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Section 2. Overview 

2.1 Description 

The HD641016 is a high-density integrated 16-bit microprocessor (MPU) with a high-speed CPU 

(to-MHz clock), l-kbyte RAM, DMA controller, timer asynchronous serial communications 

interface (ASCI), interrupt controller, peripheral controller, and memory access control devices on 

a single chip. It is based on advanced CMOS manufactming and microcomputer technology. 

The on-chip high-speed RAM can function as both high speed data RAM and global register banks 

for high-speed task switching. The HD641016 has three low power consumption modes. 

The HD64lO 16 is useful in general control system applications requiring high performance and low 

cost. 

2.2 Features 

2.2.1 CPU Features 

• Register Configuration: 
- General-purpose registers: 2, 4, 8, or 16 banks of 16 32-bit registers 

- Control registers: 7 32- bit, 2 16-bit, and 3 8-bit control registers 

• Bank Mode: Global and ring modes 

• Instruction S~t : 
- Source and destination operands can be independently addressed 

- Byte, word, and long word operand sizes provided 

- Byte-basis instruction code for efflCiency 

• 16-Mbyte linear address space 
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2.2.2 On-Chip Hardware Features 

• RAM: 
-1024bytes 

- Functions as high-speed data RAM or register banks 

- Relocatable in memory space, controlled by the RAM base register 

• DMA Controller: 
- Four channels 

- Memory to/from memory, I/O, internal ASCI, or internal timer DMA transfers 

• 16-bit Timers: 
- Two channels 

- Function as interval timer and perform PWM, two-phase output, one-shot pulse output, 

event count, pulse width measurement, and frequency measurement 

• ASCI: 
- Two channels 

- Asynchronous or clock synchronous mode 

- Band rate generator for each channel incorporated 

• Interrupt Controller: 
- Three external interrupt soun:es (NMI, IRQo, IRQt) (See Figure 2-1 and Table 3-1.) 

- 22 internal interrupt soun:es 

- External vector or autovector 

- Vector Table relocatable by the exception vector base register 

• Peripheral Controller: 
- Switches multiplexed pin function 

• Memory Access Support: 
- Dynamic RAM refresh controller 

- Wait state controller 

- Chip select controller 

2.2.3 Other Features 

• E clock output for 6800-family bus interface 

• Timing generator 
• Low power consumption modes 
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2.2.4 HD641016 Family 

Table 2-1. HD641016 Types 

Type Name 

HD641016 CP8 

HD641016 CP10 

HD641016 CP12* 

HD641016 Y8* 

HD641016 YIO* 

HD641016 Y12* 

HD641016 YP8* 

HD641016YP1O* 

HD641016 YP12* 

Operating Frequency (MHz) 

8.0 

10.0 

12.5 

8.0 

10.0 

12.5 

8.0 

10.0 

12.5 

Package 

84-pinPLCC 

(CP-84) 

135-pin ceramic PGA 

(PC-135) 

135-pin plastic PGA 
(PP-135) 

* Under development 
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2.3 Block Diagram 

Figure 2-1 is a block diagram of the HD641016. 
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Figure 2·1. 80641016 Block Diagram 
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Section 3. Pin Description 

Figures 3-1 and 3-2 show HD641016 CP-84 and PCIPP-135 pin configurations. Table 3-1 

describes the pins of the HD641016. 

A. 

A" 
Vss 

As 

14 
15 
16 

WAiT 17 
Vee 18 
HoS 19 
LOS 20 
R/W 21 
s/iJ 22 
Vss 23 
PF 24 
(NC) 25 
(NC) 26 
TIOB, 27 

TIOA, 28 
TIOa. 29 
no"" t- 30 
(NC) r-- 31 
RXO, t- 32 

'-

Jli j I I I 

L L L J 1 I I I I 

~ ~ g I~ I~ I~ ~ g ~ gl~ ~ lil~lil~lil~ Ifl~l~ .......... 
Ie II! Note: NC a Reserved pin, should be left open. Q II:: 

Figure 3·1. CP·84 Pin Arrangement (Top View) 
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Figure 3-2. PCIPP-13S Pin Arrangement (Bottom View) 
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Table 3·1. Pin Description 

Pin Number 

Symbol CP·84 PC/PP·13S I/O Function 

Vcr; 18,63 100,119 I Power supply 

Vss 1,15,23, 4,101,102, I Ground 
44,69 131,69,91,82 

XTAL 66 120 I Crystal connection 

EXTAL 68 34 I Crystal or external clock 
connection 

0 61 79 0 System clock 

E 62 32 0 Enable clock 

RES 70 121 I/O Reset 
(Open-drain) 

BR1RY 71 36 I Bus cycle retry 

BREQ 65 33 I Bus request 

BACK 60 118 0 Bus request acknowledge 

NMI 72 83 I Nonmaskable interrupt 
request 

IRQo,IRQl 73,74 37,84 I Interrupt requests 0, 1 

lACK 59 31 0 Interrupt acknowledge 
(Three-state) 

lIDS 19 57 0 High-order data strobe 

IDS 20 6 0 Low-order data strobe 

R/W 21 7 0 Read/write 

WAIT 17 56 I/O Wait 
(Three-state) 

AS 16 99 I/O Address strobe 
(Three-state) 

STo-ST2 54-56 29,116,77 0 Status 
(Three-state) 
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Table 3-1. Pin Description (cont.) 

Pin Number 

Symbol CP-84 PCIPP-135 VO Function 

S!fJ 22 58 0 Supervisor/user 
(Three-state) 

PF 24 59 0 Program fetch 
(Three-state) 

Al/DO- 75-84, 41,42,126,88,43 I/O Multiplexed address/data bus 
Al6/DlS 2-7 127, 89, 44, 90, (Three-state) 

128, 46, 47, 92, 48, 
49, 129 

A17-A23 8-14 93,50,94,130,3, I/O Address bus, bits 17-23 
98,55 (Three-state) 

DREQo- 51,49,47, 24,23,111,21 I DMA request for channels 0, 
DREQ3 45 1,2, and 3 

DACKo- 52,50,48 73,72,71,22 0 DMA acknowledge for 
DACK3 46 channels 0,1,2, and 3 

DONE 53 113 I/O DMAdone 
(Open-drain) 

TlOAl, nOBl 30, 29 104,61 I/O Timer 1 input/outputs A, B 

TlOA2, TlOB2 28, 27 10,103 I/O Timer 2 input/outputs A, B 

RXDo,RXDl 32,39 62, 17 I Receive data channels 0, 1 

TXDo, TXDl 33,40 15,68 0 Transmit data channels 0, 1 

RXCo,RXCl 34,41 108,110 I/O Receive clock channels 0, 1 

TXCo, TXCI 35,42 66, 18 I/O Transmit clock channels 0, 1 

RTSo,RTSl 38,46 67,22 0 Request to send channels 0, 1 

crSO,crSl 36,43 16,19 I Clear to send channels 0, 1 

DCDo,DCDi 37,45 109,21 I Data canier detect channels 0, 1 

PCSO,PCSI 57,58 117,78 0 Programmable chip selects 0, 1 
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3.1 Multiplexed Pins 

The lower 16 bits of the address bus (A1-A16) are multiplexed with the data bus (Do-D1s). 

DCD1/DREQ] and RTSI/DACK3 are also multiplexed pins. The function of DCDl/DREQ] is 

controlled by the PTFI bit of PCRo. The function of RTSI/DACK3 is controlled by the PTFo bit 

of PCRo. Mter reset, these pins function as DCDI and RTSI, respectively. 

3.2 Pin Function 

3.2.1 Power Supply 

Vee: Vee is the +5 V power supply pin. 

Vss: Vss is the 0 V ground pin. 

3.2.2 Clock Signals 

Crystal, External Clock (XT AL, EXT AL): A crystal resonator can be connected between 

XT AL and EXTAL to supply the system clock. The crystal should have a resonant frequency of 

twice the system clock 0. 0 max is 12.5 MHz. 

Alternately, an external clock pulse at twice the system clock frequency can be input directly to 

EXTAL. When an external clock pulse is input at EXTAL, XTAL should be left floating (open). 

See Figure 3-3. 

EXTAL JlJ1Jl External clock input CL1 
EXTAL J"t----;Jr 

XTAL Open ~ XTAL CL~ 

External clock input Crystal resonator connection 

Figure 3-3. Resonator Circuit Example 

System Clock (0): The 0 output supplies the system clock to peripheral devices. 
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Enable Clock (E): The E output provides a clock to 6800-family devices. 

3.2.3 System Control 

Reset (RES): When RES and BRTRY are both pulled low, the MPU enters reset state 
processing. When either RES or BRTRY is pulled high after that, the CPU begins reset exception 
processing. All on-chip I/O functions are then initialized (power-on reset). 

When ImS", BRTRY, and NMI are asserted low, simultaneously the MPU enters reset state but the 
internal refresh controller and external bus master continue operating (manual reset). 

When the MPU executes the RESET instruction, it pulls RES" low to reset peripherals. RES is 
open drain. 

Bus Cycle Retry (BRTRY): BRTRY requests a restart of the bus cycle. If the same bus cycle 
is requested to be restarted 3 consecutive times while BRTE = 1, the MPU starts bus error 

exception processing. However, if BRTE = 0, the MPU immediately begins bus error exception 
processing if BRTRY is asserted low even once. If BRTR Y is asserted in interrupt acknowledge 

cycle, the CPU performs acknowledge error exception processing without perform bus error 

exception processing. When BRTRY and RES are pulled low with RES. it causes a reset 
exception. (Refer to "4.6.4 Exception Processing".) 

Bus Request (BREQ): The BREQ input requests that the HD641016 release the bus. 

Bus Request Acknowledge (BACK): The BACK output indicates that the HD641016 has 
released the bus. 

3.2.4 Interrupt Control 

Nonmaskable Interrupt (NMI): The NMI is a non-maskable interrupt request input. It is also 

used with RES and BRTRY to perform a system reset with DRAM refresh. (Refer to "4.6.4 

Exception Processing".) 

Interrupt Requests 0, 1 (IRQo, IRQt): IRQo and IRQ1 are maskable external interrupt 

request inputs. 

Interrupt Request Acknowledge (~: The MPU outputs lACK to acknowledge receipt 
of an interrupt request from 1RQO during the double-acknowledge cycle. This pin must not be 
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pulled down. 

3.2.5 Memory Interface 

High-, Low-Order Data Strobe (HDS, LDS): The MPU outputs lIDS to indicate that the 

upper byte of the data bus (DlS-D8) is valid. The LDS output indicates that the lower byte of the 

data bus (D7-Do) is valid. 

ReadlWrite Strobe (RIW): The MPU outputs RIW high when using the bus for a read cycle, 

and low for a write cycle. 

Wait (WAIT): When the lID641016 is the bus master, an external device requests a Tw state 

insertion into the bus cycle by asserting the WAIT input When another device is the bus master 

while WTOE = I, the MPU outputs WAIT to request a Tw state insertion into the bus cycle of the 

external master. 

Address Strobe (AS): When the lID641016 is the bus master, it outputs AS to indicate that the 

address is valid. External circuits can latch multiplexed address information on the falling edge of 

AS. When another device is the bus master, the AS input indicates that the address information 

from the external the bus master is valid. 

3.2.6 Status 

Status (STo-ST2): The STo-ST2 outputs indicate the MPU status as shown in Table 3-2. 
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Table 3-2. MPU Status Signals 

STz STI STo Status 

0 0 0 Sleep or system stop 

0 0 1 System halt 

0 1 0 Bus locked 

0 1 1 Normal 

1 0 0 DMA single address 

1 0 1 DMA dual address 

1 1 0 Refresh 

1 1 1 Interrupt acknowledge 

Refer to "Appendix D Pin State" for details on priority and change timing at synchronization of 
these signals. 

\ 

SupervisorlUser (stU): stU output high indicates supervisor address space is being accessed. 

stU low indicates user address space is being accessed. 

Program Fetch (PF): If the CPU is the bus master, PF output high indicates that the CPU is 

fetching a program instruction. If the internal DMAC is the bus master, PF output high indicates 

that program space is being accessed, while PF low indicates data space is being accessed. 

3.2.7 Address and Data Bus 

AddresslData Bus (AlfDo-A16lDlS): When the HD641016 is the bus master, 

Al/Do-A16/DIS output multiplexed address information and input/output data information. 

Otherwise they input address information. 

Address Bus (A17-All): When the HD641016 is the bus master, A17-A23 output address 

information. Otherwise they input address information. 

3.2.8 DMAC 

DMA Requests, Channels 0-3 (DREQo-DREQ3): DREQo-DREQ3 inputs request DMA 

transfers (or DMA channels 0-3 respectively. 
I 
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DMA Acknowledge, Channels 0-3 (DACKo-DACKJ): DACKo-DACKJ outputs indicate 

that a DMA request has been received by DMA channels 0-3 respectively. 

DMA Done (DONE): DONE output indicates that the current DMA operation is completed. As 

an input, it requests that the current DMA transfer be tenninated. 

3.2.9 Timer 

Timers 1, 2lnputlOutput A, B, Channels 1, 2 (TIOAI, TIOBI, TIOAl, TIOB2): 

TIOAI, TIOBI, TIOA2, and TIOB2 are external clock outputs, trigger inputs, or timer outputs for 

channels 1 and 2, depending on the timer mode. 

3.2.10 Asynchronous Serial I/O (ASCI) 

Receive, Transmit, Channels 0, 1 (RXDo, RXDI, TXDo, TXDI): RXDo and RXDI 

receive serial data for ASCI channels 0 and 1. TXDo and TXDl transmit serial data for ASCI 

channels 0 and 1. 

Receive Clock, Transmit Clock, Channels 0, 1 (RXCo, RXCI, TXCo, TXCI): 

RXCo and RXCI input or output the receive clock for ASCI channels 0 and 1. TXCo and TXCI 

input or output the transmit clock for ASCI channels 0 and 1. 

Request to Send, Channels 0, 1 (RTSo, RTSI): RTSo and RTSI are modem control 

outputs for ASCI channels 0 and 1. RTSo and RTSI are controlled by software. 

Clear to Send, Channels 0, 1 (CTSo, CTSI): CTSo and CTSI are modem control inputs 

for ASCI channels 0 and 1. CTSo and CTSI control the ASCI transmission. 

Data Carrier Detect, Channels 0, 1 (DCDo, DCDI): DCDo and DCDI are modem 

control inputs for ASCI channels 0 and 1. DCDo and DCDI can reset the ASCI receiver. 

3.2.11 Chip Select 

Programmable Chip Select 0,1 (PCSo, PCSI): peso and PCSI decode address 

information and output a chip select signal. 
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Section 4. CPU 

The CPU perfonns 32-bit data processing using a maximum of sixteen global banks of sixteen 

32-bit general-purpose registers. 

4.1 Programming Model 

Figure 4-1 is the CPU register programming model. Each bank has sixteen 32-bit general-purpose 

registers (RO-RI5) which can be used as byte (8-bit), word (16-bit), or long-word (32-bit) data 

. registers, address pointers, or index registers. R15 can also be used as the user stack pointer 

(USP). The CPU can use 2, 4, 8, or 16 global banks, selected by the bank mode register (BMR). 

In addition, the CPU c~ use 8 global banks and a set of ring banks (8 banks) in ring mode. See 

"4.4 Register Banks" for details. 

The CPU also has the following 12 control registers: 

• Program counter, PC (32 bits) 

• Supervisor stack pointer, SSP (32 bits) 

• Bank stack pointer, BSP (32 bits) 

• Exception vector base register, EBR (32 bits) 

• RAM base register, RBR (32 bits) 

• Internal I/O base register, mR (32 bits) 

• Current bank number register, CBNR (32 bi~) 

• Status register, SR (16 bits) 

• Condition code register, CCR (16 bits) 

• Bank mod~ register, BMR (8 bits) 

• Global bank number register, GBNR (8 bits) 

• Valid bank number register, VBNR (8 bits) 

The H0641016 operates in either of two privilege modes, supervisor or user. The privilege mode 

is selected by the S bit in the status register. The privilege mode defines the available hardware 

resources. 

In the programming model, the stack pointer differs according to the S bit. When S = I, 

supervisor stack pointer (SSP) is selected as the stack pointer. When S = 0, the user stack pointer 

(USP), which is RI5 of global bank, is selected as the stack pointer. 
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General-Purpose Registers 
(16 generaJ..purpose resisterSibank) 

Control Registers 

3' 3' 

RO I PC 

R' 3' 

R2 I SSP I (Nola ') 

R3 3' • 
R4 I BSP I 
AS 3' • 
R& I eaR I 
R7 31 • 
R6 I ABA I 
R9 31 • 
R,. I I8R I 
Atl 31 • 
R'2 ctlNR I 
RI3 ,s 0 

RI. ~ 
RIS (Nolo 2) IS • 

Register BanJcs ~ 
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~ 0014 7 • 
~ 

G_, 
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Bank 
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~ GB6 

'_." ___ ~ 1 
Gtobo GIoIlaI 

Bank Bank 

I I tEr ~ = . 001 Global GBI 1 
GBO ~11k GBO 

GBO GBO GBO 

2-Ba1i< Mode _Mode _Mode 16-Bank Mode 

Global Mode RIng Mode 

Notes: 1. If R15 or stack pointer is selected by an instruction when the S bit of the SR register is set to 1, 

the supervisor stack pointer (SSP) is used. 

2. If the S bit of the SR register is cleared to 0, the user stack pointer (USP) which Is R15 of 

general-purpose register is used. 

Figure 4·1. Programming Model 
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4.2 Data Types 

The CPU can support six data types: I-bit data, binary-coded decimal (BCD) data, byte data (8 

bits), word data (16 bits),long word data (32 bits), or bit field data. Bit manipulation instructions 

support I-bit data. Bit field instructions support bit field data. 8-bit BCD arithmetic instructions 

usually operate on two BCD digits. Some instructions have implicit data types. 

4.2.1 General-Purpose Register Data Organization 

Figure 4-2 shows the six data types supported by the general-purpose registers. For I-bit data, the 

LSB is addressed as bit 0 and the MSB is addressed as bit 31. Two BCD digits or one byte occupy 

the lower 8 bits of a general purpose register. A word occupies the lower 16 bits, and a long word 

occupies the entire register. In I-bit, BCD, byte or word, and long word data types, the LSB is 

addressed as bit O. For bit field data, the MSB is addressed as bit position 0 and the LSB is 

addressed as bit position 31. The upper bytes of the register are not affected by the BCD, byte, or 

word operation. 
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~ Byte Data 

15 0 

I ~ Word Data 

~ 0 

Long Word Data 

~ 0 

I J .. 13013J Bit Field Data 

t!: Bit Position 0 ~ Bit Position 31 

Figure 4-2. General-Purpose Register Data Organization 



4.2.2 Memory Data Organization 

The HD641016 has a 16-bit external data bus (015-00), and the memory is organized on a 16-bit 

basis. However, byte or long word data can be easily addressed. Figures 4-3 through 4-5 show 

byte, word, and long word data organization in memory. 

7 0 

Byte Data in Address n I I I I I I 
MSB~~~~~~~-)~~~{~~B 

Figure 4-3. Byte Data Organization in Memory 

15 8 7 0 

Word Data in Address n II I I I I I I I I I 

MSB ..J. (n) (n+l) t..LSB 

Figure 4-4. Word Data Organization in Memory 

31 24 23 16 15 8 7 0 

Long Word Data in I 
"I " ~~" tlS8 Address n 

I I I I I I I I I I I I I I 

MSB ~ (n) (n+l) (n+2) 

Figure 4-5. Long Word Data Organization in Memory 

Two BCD digits can be addressed in the same way as byte data (Figure 4-6). The upper BCD digit 

is located at the upper four bits, and the lower digit is located at the lower 4 bits of address n. 

7 o 

BCD Data in I I I Address n Upper B~s Lower Bits 

(n) 

Figure 4-6. BCD Data Organization in Memory 
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Bit data is addressed by a byte, word, or long word address, and the number of the bit containing 

the data. The bit number of the LSB is 0, and the MSB is bit 7, 15, or 31, depending on the data 

type. Figure 4-7 shows bit numbers in a long word. 

~ 0 

(n) (n+l) (n+2) 

Figure 4-7. Bit Data in a Long Word in Memory 

Bits in bit field data (Figure 4-8) are addressed in the opposite order. The MSB is bit O. 

31 o 

~~~o~!~~nB~ \01112131- - - - - - -1- 1- - i~291301311 Address n L-I'-L...1..-'--__ --'-_____ ....L. _____ ....L. _____ L....1....L...1....J 

(n) (n+l) (n+2) (n+3) 

Figure 4-8. Bit Field Data in a Long Word in Memory 

Word data is aligned on two-byte boundaries. For example, the upper byte of the word is located 

at byte address n, and the lower byte at byte address n + 1. If n is even, a word can be accessed in 
one bus cycle. If n is odd, word data access requires two bus cycles (two byte access cycles). 

A long word occupies 4 bytes. The upper and lower 16 bits of the long word at address n 

correspond to the words at word addresses n and n + 2, respectively. If n is even, a long word 

data can be accessed in two bus cycles. If n is odd, long word data access requires three bus cycles 

(one byte access, one word access, and another byte access cycle). Note that 8 bits of invalid data 

appears on the unused data bus lines during byte data writes or writes to odd addresses. See 

Figure 4-9. 
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niseven 

Bit 15 of Data Bus 
15 8 7 0 

MSB Byte in Address n Byte in Address n+ 1 LSB Word in Address n 

15 o 
MSB Upper Word .... Word in Address n 
I-----------------:LS,.-:::B~ Long Word in Address n 

Lower Word .... Word in Address n+2 

nisodd 
15 8 7 0 

MSB Byte in Address n Word in Address n 

Byte in Address n+ 1 LSB 

15 o 
MSB Byte Access 

...---------'-----------l Long Word Address n 
Word Access 

Byte Access LSB 

Figure 4-9. Word and Long Word Data Access at Address n 
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4.3 Registers 

4.3.1 Program Counter (PC) 

The 32-bit PC (Figure 4-10) indicates the address at which the instruction being executed is stored. 
It is incremented by one after every instruction byte. Note that the upper 8 bits of the PC are 
reserved and only bits 23-0 are valid. 

A dedicated pointer, independent of the PC, prefetches instruction for the 8-bit prefetch FIFO. 
Refer to "4.10 Prefetch" for details. 

31 24 23 o 

Valid 

"': Reserved for future expansion. 

Figure 4-10. Program Counter (PC) 
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4.3.2 Status Register (SR) 

Figure 4-11 shows the 16-bit status register. 

15 8 7 0 

I T I-I S IIF I-I ~ 111 I 10 I-I-I-Iexl N I Z I v I e I 
In~ial Value 0 1 0 1 1 1 . • • • • 

ANI ANI ANI ANI ANI ANI ANI ANI ANI Readl'lVr~e ~ !f/!. 

I 
I fTTI1= Interlllpl Mask 2.0 

12·10 level 
000 Laval. 1·3. NMI 
001 Levels 2-3 NMI Zero 

010 Level 3. NMI Negalive 
011·111 NMI 

Carry for Extended Ar~hmetic 
Interrupt Status Flag 

I 0 I No Inlerrupl Accepted I 
Operation 

11 I Interrupl Accepted I 
Supervisor/User Mode 
\0 UsarMode I 

_: Reserved bit NNays read as O. Cannot be written. 11 Supervisor Mode I 
Trace Mode .: InRial value is undefined. 
I 0 I Normal Mode I 
111 TrlCll Mode I SR is not affected by lhe RESET instruction. 

Figure 4-11. Status Register (SR) 

The lower 8 bits of the SR register also functions as those of the CCR register. The SR register 

can only be accessed in the supervisor state. SR is not affected by the RESET instruction. 

Note: "Reset" means "hardware reset by the RES pin" and "RESET instruction" means "software 

reset by the RESET instruction". 

Trace Mode (T): When T = 0, instructions are executed normally. When T = 1, the CPU is in 

trace mode. In trace mode, trace exception processing is started after the execution of every 

instruction. It is cleared to ° at reset. 

SupervisorlUser Mode (S): Bit S selects the privilege state. When S = 0, the MPU is in the 

user state. When S = 1, it is in the supervisor state. It is set to 1 at reset. 

Interrupt Status Flag (IF): When IF = 0, no interrupts have been accepted. When IF = 1, an 

interrupt has been accepted. It is cleared to ° at reset. 

Interrupt Mask 2-0 (12-10): I2-IO are used to inhibit interrupts. The HD641016 supports 4 
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interrupt levels: NMI, and maskable interrupt levels 1 through 3. All interrupts oflevel equal to or 

lower than the level set in 12-10 cannot be accepted. Table 4-1 shows 12-10 and the interrupts 

which can be accepted. 12-10 are set to 1 at reset. 

Mter the MPU receives an interrupt, 12-IO are set to inhibit equal or lower level interrupts. Table 
4-2 shows 12-10 after an interrupt. 

Table 4-1. 12-10 and Acceptable Interrupt 

12 11 10 Interrupt Accepted 

0 0 0 Levels 1-3, NMI 

0 0 1 Levels 2-3, NMI 

0 1 0 Levels 3, NMI 

0 1 1 NMI 

1 0 0 NMI 

1 0 1 NMI 

1 1 0 NMI 

1 1 1 NMI 

Table 4-2. Interrupt Masking After Interrupt 

Interrupt Received 12 11 10 

Levell 0 0 1 

Level 2 0 1 0 

Level 3 0 1 1 

NMI 1 1 1 

See the condition code register (CCR) for details on the ex, N, Z, V, and C bits. 
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4.3.3 Condition Code Register (CCR) 

The condition code register CCR (Figure 4-12) stores the result of an operation. The CCR register 

is not affected by the RESET instruction. 

15 7 o 

1-1-1- I-I-I-I-I-I-I-I-I~IN Izlvici 
Initial Value 
ReadlWrite 

-: Reserved bit. Always read as O. 

Cannot be written . 

• : Initial value is undefllled. 

CCR is not alleded by the RESET instruction. 

'" • • * * 

Figure 4-12. Condition Code Register (CCR) 

Carry Rag 

Overflow Flag 

Zero Rag 

Negative Flag 

Carry for Extended 
Arithmetic Operation 
Rag 

Carry for Extended Arithmetic Operation Flag (CX): ex is the same as C after 

arithmetic or shift operations, but is unchanged after data transmission operations which affect C. 

Negative Flag (N): N = 1 when the MSB of the result is 1. N = 0 when the MSB of the result 

is O. 
/ 

Zero Flag (Z): Z = 1 when the result equals O. Otherwise it is O. 

Overflow Flag (V): V becomes 1 when an arithmetic operation causes an overflow. Otherwise 

it is O. 

Carry Flag (C): C becomes 1 when a carry or borrow from the MSB occurs. Otherwise it is O. 

See "Appendix B Condition Code Affected" for details. 
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4.3.4 Exception Vector Base Register (EBR) 

The exception vector base register EBR (Figure 4-13) specifies the start address of the exception 

processing vector table in address space. It is discussed in "4.6 Processing States and Privilege 

Modes". The EBR register is not affected by the RESET instruction. 

31 2423 o 

I * -* Exception Base Address 

0-----------------------------------------0 Initial Value 
ReadJWrite RIN RIN 

* : Reserved bits. Always read as undefined. 

EBR is not affected by the RESET instruction. 

Figure 4·13. Exception Vector Base Register (EBR) 

4.3.5 RAM Base Register (RBR) 

The RAM base register RBR (Figure 4-14) specifies the start address of internal RAM. Bits 23-10 

of RBR are valid. The RBR register can relocate the internal RAM in 1-kbyte units within a 

16-Mbyte address space. RBR is n9J; affected by the RESET instruction. See "Section 5. RAM" 

for details. 

31 24 23 10 9 

I *~·I RAM Base Address 

Initial value 
Read/write 
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1 1 1 1 1 1 1 1 1 1 1 1 1 0 
RNlRNIRNIRNIRNIRNIRNIRNIRNIRNIRlNRNIRNIRNI 

• : Reserved bits. Always read as undefined. 

RBR is not affected by the RESET instruction. 

Figure 4·14. RAM Base Register (RBR) 

o 
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4.3.6 I/O Base Register (mR) 

The I/O base register IBR specifies an internal I/O area. The physical addresses of the internal I/O 

registers are determined by bits 23-16 (IBR23-IBR16) of the IBR register and the address offset 

value of each internal I/O register (Figure 4-15). IBR is not affected by the RESET instruction. 

See "Section 6. Internal I/O" for details. 

31 24 23 1615 

. ~. 1/0 Base Address I . ---------Initial Value 
ReadlWrite 

1 1 1 1 1 1 1 1 
RNiRNiRNiRNiRNiRNiRNIRNI 

.: Reserved bits. Always read as undefined. 

IBR is not affected by the RESET instruction. 

Figure 4-15. 110 Base register (mR) 

o 
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4.3.7 Bank Mode Register (BMR) 

Figure 4-16 shows the bank: mode register BMR, which determines the usage of internal RAM. 

The BMR register is not affected by the RESET instruction. 

RAMI! spy I RAllALV I BIIO 

I~I== RAII_lAHI· . 

1:1===1 BMD SlCTI ~o - :: :x.. 
~ 

0 0 

2 __ 

I~I=:I 
0 0 _Mod. 

0 .--
I I I'-_ II 
0 Bonte • lilt 
0 

BMR Is not affected br 1118 RESET IrotNdio~ Ro_ 

Figure 4·16. Bank Mode Register (BMR) 

RAM Enable (RAME): If RAME = I, internal RAM is enabled. If RAME = 0, it is disabled. 

If an access is made to an internal RAM address when RAME = 0, external RAM is accessed. 

RAME is initialized to 1 at reset. 

Bank Permit Mode (BPM): If BPM = I, register banks cannot be accessed as data RAM. If 

BPM = 0, they can be accessed as data RAM. When BPM = 0, the register banks will always be 

read as undefined value. When BPM = 0, the contents of the register banks will not be affected by 

writes. When RAME = 0, external RAM is always accessed, regardless of BPM. BPM is 

initialized to 0 at reset. 
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RAM Access Level (RAMAL V): If RAMAL V = 0, an internal bus master (CPU or internal 

DMA controller) can access the internal RAM in user mode. If RAMAL V = 1, an internal bus 

master cannot access the internal RAM in user mode; if accessed, an access level exception occurs. 

RAMAL V is initialized to 1 at reset. 

Bank Mode (BMD): If BMD = 1, register banks can be used in the ring mode. If BMD = 0, 

they can be used in the global mode. BMD is initialized to 0 at reset. 

System Stop (SSTOP): When SSTOP is set to 1, the MPU enters system stop mode when it 

executes the SLEEP instruction. When SSTOP is cleared to 0, the MPU enters sleep mode when it 

executes the SLEEP instruction. See "Section 15. Low Power Consumption Modes" for details. 

Bus Retry Enable (BRTE): If BRTE = 0, the CPU executes the bus cycle in bus error mode. 

IfBRTE = 1, the CPU executes the bus cycle in bus retry mode. See "4. 6 Processing States and 

Privilege Modes" for details. 

Bank Select 1, 0 (SLCTl, SLCTO): SLCfl and SLCfO, combined with BMD, determine 

register bank function as shown in Table 4-3. They are initialized to 00 at reset. 

Table 4-3. Global Register Bank Function 

BMD SLCTI SLCTO Mode No. of Global Banks No. of Ring Banks 

0 0 0 2-bankmode 2 0 

0 0 1 4-bankmode 4 0 

0 1 0 8-bankmode 8 0 

0 1 1 16-bank mode 16 0 

1 0 0 Ring mode 8 1 set (8) 

1 0 1 Reserved 

1 1 0 

1 1 1 
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4.3.8 Bank Stack Pointer (BSP) 

Figure 4-17 shows the bank stack pointer BSP. BSP can be used to save/restore the ring bank 

registers when the ring bank overflows or underflows in ring mode. BSP is not initialized at reset 

and is not affected by the RESET instruction. See "4.4 Register Banks" for details. 

31 o 

Bank Stack Pointer Address 

Initial Value ........ .._---------- * 
ReadlWrHe .... RIN 

.: InHial value is undefined. 
BSP is not affected by the RESET instruction. 

Figure 4·17. Bank Stack Pointer (BSP) 

4.3.9 Global Bank Number Register (GBNR) 

Figure 4-18 shows the global bank number register (GBNR) which specifies the global bank 

number. GBNR is not affected by the RESET instruction. See "4.4 Register Banks" for details. 

7 o 

*: Initial value is undefined. 

I Global Bank Number Address I 
InHial Value * * * * 0 0 0 0 

ReadlWrHe RIN RIW RIN RIW RIW RIW PIN PIN GBNR is not affected by the RESET instruction. 

Figure 4.18. Global Bank Number Register (GBNR) 

4.3.10 Current Bank Number Register (CBNR) 

Figure 4·19 shows the current bank number register (CBNR) which specifies the current bank 

number. CBNR is not affected by the RESET instruction. See "4.4 Register Banks" for details. 

31 

Current Bank Number Address 

Initial Value ........ .._--------- 0 
ReadlWrlte .. PIN 

o 

CBNR Is not affected by the RESET Instruction. 

Figure 4·19. Current Bank Number Register (CBNR) 
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4.3.11 Valid Bank Number Register (VBNR) 

Figure 4-20 shows the valid bank nwnber register (VBNR) which indicates the valid bank nwnber. 

VBNR is not affected by the RESET instruction. See "4.4 Register Banks" for details. 

7 o 

I Valid Bank Number Address I 
Initial value * * * * 0 0 0 0 
ReadlWrite RNI RNI RNI RNI RNI RNI RNI RNI *; Initial value is undefined. 

VBNR is not affected by the RESET instruction. 

Figure 4·20. Valid Bank Number Register (VBNR) 

4.3.12 General.Purpose Registers 

Each bank has sixteen (RO-RI5) 32·bit general-purpose registers. They enable the CPU to handle 

data effectively and support versatile addressing modes. Nonnal instructions and addressing 

modes specify general-purpose registers by encoding the register's nwnber in 4 bits. That is, RO is 

0000, R5 is 0101, R15 is 1111. 

Each of the general-purpose registers can be used as a data register, address registers, or index 

registers. RI5 can also be used as a stack pointer USP or SSP. See 4.3.13 for details. The 

general-purpose registers are not initialized at reset 

4.3.13 R15 and the Stack Pointer 

The HD641016 has two types of stack pointers, user stack pointer (USP) and supervisor stack 

pointer (SSP). The S bit of SR determines which is used. If S is I, SSP is used, if 0, USP is 

used. The designated stack pointer is used under the following circumstances: 

• The stack pointer is implied by an instruction (for example, subroutine call instruction BSR). 

• RI5 of the global bank is specified in an addressing mode (for example,@RI5). However, 

when RI5 of a ring bank is specified, RI5 of the currently selected ring bank is used, regardless 

of the S bit value. 

SSP is always used during exception processing since the S bit is set to 1. When byte data is 

pushed by using USP or SSP, the USP or SSP is decremented by two; when byte data is pulled, 

the USP or SSP is incremented by two. For further details, refer to "4.6 Processing States and 

Privilege Modes". 
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4.3.14 Stack Configuration 

Figure 4-21 shows stack access using USP or SSP when the stack pointer (USP or SSP) is set to 

an even address. 

I Lower Address I Lower Address 
I I 
I I 
I c=> I 
I (Note 2) I 

: SP~ DATA I (Note 1) 

SP -7 
---------------

I I 
I I 
I I 
I Upper Address I Upper Address 

(a) Byte data stack 

I Lower Address I Lower Address 
I I 
I I 
I c=> I 
I (Note 2) I 
I SP~ DATAH I DATAL 

SP-7 :...--------------
I I 
I I 
I I 
I Upper Address I Upper Address 

(b) Word data stack 

I Lower Address I Lower Address 
I I 
I I 
I c=> (Note 2) 
I SP~ DATAHH DATAHL 
I 
I DATALH DATALL ---------------

SP~ I I 
I I 
I Upper Address I Upper Address 

(C) Long word data stack Noles: 1. No date Is written. 
2. Stack Pointer 

(USPorSSP) 

Figure 4·21. Stack Configuration (SP: Even Address) 
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Figure 4-22 shows stack access when the stack pointer (USP or SSP) is set to an odd address. 

I Lower Address I Lower Address 
I I 
I I 
I I 

~Sp(Note2) I r=>---- I DATA 

I 
---- -
~SP (Note 1) 

I 
I I 
I I 
I Upper Address I Upper Address 

(a) Byte data stack 

I Lower Address I Lower Address 
I I 
I I 
I I ~Sp(Note2J I 

~-SP-- r=>---- DATAH 

I DATAL 
I 
I I 
I I 
I UpperAddress I Upper Address 

(b) Word data stack 

I Lower Address I Lower Address 

I I 
(Note 2) 

I DATAHH ~SP I 
I r=> ---- DATAHL DATALH 

I 
------
~SP DATALL 

I 
I I 

I I 
I Upper Address I Upper Address 

(c) Long word data stack 
Notes: 1. No data is written. 

2. Stack Pointer 
(USPorSSP) 

Figure 4·22. Stack Configuration (SP: Odd Address) 
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The HD641016 provides the register indirect auto-increment and the register indirect auto­

decrement addressing modes. In these two modes, any general-purpose registers can be used as 

the stack pointer. In these modes, stack configuration for word and long word data is the same as 

in Figure 4-21 and Figure 4-22. However, stack configuration for byte data differs as shown in 

Figure 4-23. 

I Lower Address I Lower Address 

I I 
I I 
I I 
I 

------~------ I DATA ~Rn 
Rn--7 I I 

I I 
I I 
I I 
I Upper Address I Upper Address 

Figure 4·23. Stack Configuration (@.Rn, Data Size: Byte) 
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4.4 Register Banks 

The HD641016 contains a maximum of sixteen register banks in 1024 bytes of internal RAM. 

Each bank consists of sixteen 32-bit registers RO-R15. Accordingly, if such a register is 

accessed, internal RAM must be accessed. In addition, the banks can be accessed in both global 

and ring modes as described below. See Figure 4-24. 

Lower 

i 31 o 
RO 

R1 

Address 

! R15 

General-Purpose Register 
Upper 

Figure 4-24. Internal RAM Space and Banks 
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4.4.1 Global Mode 

Global Mode Specification: In global mode, either 2, 4, 8, or 16 banks can be used by 

programming the BMR register as shown in Table 4-4. 

Table 4-4. BMR Values and Their Corresponding Bank Modes 

BMRBits 

BMD SLCTl SLCTO Mode 

o 0 o 2-bankmode 

o 0 1 4-bankmode 

o 1 o 8-bankmode 

o 1 1 16-bank mode 

In 2-bank mode, up to 2 register banks can be used. The two banks can be switched by 

programming GBNR. If bit 0 of GBNR is programmed as 0, bank 0 is used, while if it is set to 

1, bank 1 can be used. Note that only bit 0 ofGBNR is valid in this mode. See Figure 4-25. 

GBNR 0 

GBNR 

Internal 
RAM 

Current Register Set 

GBO 

RO 
Rt 
R2 

R15 

GB1 GBO,1 : Global BankO, 1 

Figure 4-25. Global Bank Switch 

In 4-,8-, or 16-bank mode, bits 0-1,0-2, or 0-3 of GBNR are used to control banks, respectively. 

Table 4-5 shows the relationship between bank mode and GBNR valid bits. 
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Table 4-5. Bank Mode and GBNR Valid Bits 

Bank 
Mode 

2-Bank 
Mode 

4-Bank 
Mode 

8-Bank 
Mode 

IS-Bank 
Mode 

Available Banks 

896 bytes 

768 bytes 

Valid Bits or GUNR 

7 o 

7 o 

7 2 1 0 

7 3 2 1 0 
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/ 

Global Bank Switching: As mentioned above, banks can be switched by programming the 

GBNR register with either a control register (CR) handling instruction (ANDC, ORC, XORC, 

LDC or STC), or a bank instruction (CGBN, or PGBN). 

1. Global bank switching by a CR handling instruction (ANDC, ORC, XORC, LDC or STC) 

Figure 4-26 shows an example ofrglobal bank switching by the LDC instruction. In this 

example, bank 0 is switched to bank 3 in 4-bank mode by the LDC instruction. See "4.5 

Instruction Set" for details on CR handling instructions and their addressing modes. 
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Assembler LDC #3, GBNR 

Regi~erBank 

Sefore Execution 

GB3 

GB2 

GBI 

GBNR ~~GBO~ 

After Execution 

r-~,G~~ 
GB2 

GBI 

GBNR ~ GIlD 

RO 
RI 

R2 

R3 

R4 
RS 

R6 

R7 

R8 

R9 

RIO 

R11 

RI2 

RI3 

RI4 

"- RIS 

AD 
AI 

R2 

R3 

R4 
AS 

AS 

R7 

R8 

R9 

RIO 

1\ RII 

R12 

R13 

R14 

RIS 

GBNR: Global Bank Number Register 
GBO-GB3: Global Banks 0-3 

Figure 4·26. Global Bank Switching by LDC 



2. Global bank: switching by a bank: instruction (CGBN or PGBN) 

When global bank: is switched by a bank: instruction, register copy and the save and restore of 

the bank: number are enabled. 

Figure 4-27 shows an example of global bank switching by the privileged CGBN (push and 

change global bank number) instruction. CGBN fIrst pushes the current GBNR value onto SSP 

and then loads-operand data into the new GBNR. At this time, the contents of selected global 

bank: registers can be copied into new global bank registers if required. hi addition, the operand 

of CGBN can be specilled as static data or dynamic data: that is, immediate data or data 

specilled by register. CGBN can be used only in supervisor state. 

Assemble, CGBN #3, AS, R6, R7, AS, R9, Rl0 

Before Execution 

15 0 

SSP" Add,.ss" 1--'---1 

After Execution 

SSP+Add,ess "-2 I--t--; 
AddAlSS" 

G8NR 

GeNR 

Figure 4·27. Global Bank Switching by CGBN 
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Figure 4-28 shows an example of bank: switching by the privileged PGBN (Pull Global Bank 

Number) instruction. PGBN fIrst pulls GBNR from the SSP and then loads the popped value into 

the new GBNR. At this time. it can copy the contents of selected global bank registers into new 

global bank registers if required. PGBN can be used only in supervisor state. 

In Figure 4-28. bank 3 is switched to bank 0 and the contents of RO-R3 are copied into the new 

RO-R3. 

Assembler PGBN RO, Rl, R2, R3, ~Rci?".fi 
WRI/'/. 

V ..&.R2/ //.: 
Before execution Register Bank V,,&,R3.h0 

R4 

Stack RS 

R6 

R7 

SSP. Address n-.'l! o I R8 

I 
~ r%~~~ R9 

I Address n 
RIO GB2 

1\ 
R11 

GBI 
RI2 

GBNR~ GBO RI3 

RI4 

RIS 

V~RO/h'" IV£RJ22;: -
V/-R2 'l"/: r--
V/:,R3~ 

R4 

Register Bank AS 
After Execution 

R6 

Stack R7 

R8 

R9 

RIO 

GB3 Rll 
, RI2 n , 

GB2 
RI3 , GBI R14 

GBNR~WaO~ RIS 

Figure 4·28. Global Bank Switching by PGBN 
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RAM Access in Global Mode: In 2-, 4-, or 8-bank mode, 896, 768, or 512 bytes of the 

remaining internal RAM area can be used as either data memory space or external memory space 

according to the setting to the RAME and BPM bits ofBMR. 

If RAME is set to I, the remaining internal RAM area can be accessed as data memory area. If it is 

cleared to 0, the remaining RAM area will be accessed as external memory. In addition, the 

remaining internal RAM area, other than register banks, can be accessed as data memory area if the 

RAME is set to I and the BPM is cleared to O. See" Section 5. RAM" for details. Figure 4-29 

shows the data accessible areas. 

Inl.mal RAM 

RAM 
1024 Bytes 

(a) RAME.O (b) RAME.1 

External Memory Space 
(e) RAME.1 

BPM.1 
BPM.O PJJ : Data accessible area 

Figure 4-29. Data Accessible Area 
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4.4.2 Ring Mode 

Ring Mode Specification: In ring mode, the CPU can use 8 global banks and a set of 8 ring 

banks. 8 global banks can be used in the same way as in 8-bank mode. In this mode, the BMD, 

SLCfl, and SLCfo bits are programmed as shown in Table 4-6. Figure 4-30 shows bank 

configuration in ring mode. 

Table 4-6. BMR Bit Settings and Mode 

BMRBits 

BMD SLCTl SLCTO Mode 

o o Ring mode 

t RB7 
RBS 
RBS 

Lower 

Ring RB4 

Bank RB3 

~ 
RB2 
RB1 
RBO 

t GB7 
GBS 
GBS 

Address 

Global GB4 

Bank GB3 
GB2 

• 
GB1 
GBO 

Upper RBO-RB7: Ring Banks 0-7 

Internal RAM GBO-GB7: Global Banks 0-7 

Figure 4-30. Ring Bank Configuration 
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Ring Bank Model: Figure 4-31 shows the ring bank model. Ring banks are controlled by 

BSP, CBNR, and VBNR. 

The LCBNR bits (lower 3 bits) of CBNR indicate which bank is currently used. In general the 

bank indicated by the LCBNR bits is called "the current bank", while the bank indicated by the 

value of LCBNR bits - 1 is known as the "previous bank". 

The L VBNR bits (lower 3 bits) of VBNR indicate up to which bank contains valid data. 

The upper 5 bits of VBNR are undefined. 

7 3 2 0 31 3 2 

VBNR 000 CBNR C~ Valid o 1 0 

LVBNR LCBNR 

• : Undefined. 
IncrementlDecremenl 

Current Bank 

Figure 4-31. Ring Bank Model (When RBO-RB2 contain valid data) 

0 

I , 

Ring Bank Access: The current bank or previous bank can be accessed by selecting eithel; if 

current bank or previous bank addressing mode. Figure 4-32 shows an example of global and ring 

bank accesses by GBNR and CBNR. In this example, CBNR is set to 2 and GBNR is set to 5. If 

global bank register 9 (R9) is specified, R9 of global bank 5 (GB5) specified by GBNR is selected. 

If current bank register 9 (CR9) is specified, R9 of ring bank 2 (RB2) specified by CBNR is 

selected If previous bank register 9 (PR9) is specified, R9 of ring bank 1 (RB 1) whose value is 

indicated by CBNR - 1 is selected. 
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Register Bank Register 
RB7 RO 
RB6 Rl 
RBS R2 
RB4 R3 

Global Bank 
CBNR~ 

RB3 R4 
RB2 RS 
RBl R6 
RBO R7 
GB7 R8 

GBNR ~ 
GOO R9 

-j//JGB5//~ Rl0 
GB4 

~ 
Rll 

GB3 R12 
GB2 R13 
GBl R14 
GBO R1S 

Current Bank CBNR 0---+ 

RB7 

1/ 
CRO. 

RB6 CRl 
RBS CR2 
RB4 CR3 
RB3 CR4 

///RBi//// CAS 
RBl CRG 
R130 CR7 
GB7 CRa 

GBNR m----. GOO CR9 
GBS CRl0 
GB4 CRll 
GB3 CR12 
GB2 CR13 
GBl CR14 
GBO CR15 

Previous Bank 
CBNR 0---+ 

RB7 

/ 
PRO 

RB6 PRl 
RBS PR2 
RB4 PR3 
RB3 PR4 
RB2 PRS 

/ / ,;j RB; 'j/ //- PR6 

RBO PR7 
GB7 PR8 

GOO PR9 
GBNR~ GBS PR10 

G84 PRll 

GB3 PR12 
GB2 PR13 

GBl PR14 

GBO PR1S 

Figure 4-32. Global and Ring Bank Accessing Though GBNR and CBNR 
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Figure 4-33 shows an example in which the contents of R4 in a global bank: are moved to CRl2 in 

the current bank: by the MOV instruction. 

MOV:G • L R4. CR12 

Register Bank 

RB7 

W/hfi~////~ 
RB5 

CBNR0~ 

RB4 

RB3 

RB2 

RB1 

RBO 

GB7 

GB6 

GBS 
GB4 

GB3 
GB2 

GBNR~--+ V////9Bjij"/ ///h 
GBO 

Register 

/ 
vHU 

CR1 
CR2 
CR3 
~R4 

CR5 
CR6 
CR7 
CR8 
eR9 
CR10 
CR11 

1/// Ilii:LLL ,. 
CR13 
CR14 
CR15 

RO 
R1 
R2 
R~ 

V//"R4//// i-
R5 
R6 
R7 
R8 
R9 

.~ 
R10 
R11 
H12 
R13 
R14 
R15 

CBNR: Current Bank Number Register. 
GBNR: Global Bank Number Register 
GBO-GB7: Global Banks 0-7 
RBO-RB7: Ring Banks 0-7 

Figure 4·33. Current Bank Specification 
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Ring Bank Control Instructions: The ICBN (increment current bank number) and DCBN 

(decrement current bank number) instructions can be used to switch ring banks. 

The ICBN instruction increments the CBNR register by 1. The DCBN instruction decrements 

CBNR by 1. Figure 4-34 shows an example of ring bank control by ICBN and DCBN. In the 

example, the current bank is RB3. If ICBN is executed, RB4 becomes the current bank. On the 

other hand, if DCBN is executed, RB2 becomes the current bank. 
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ICBN instruction. 

CBNR 

DCBN Instruction 

• 

~: Valid Bank 
CBNR CBNR: Current Bank Number Register 

VBNR: Vafid Bank Nurroer Register 

Figure 4-34. Ring Bank Control by ICBN and DCBN Instructions 



In addition, ring banks can be used as variable areas for subroutines. This feature supports 

high-speed subroutine call and return. Figure 4-35 shows an example with the local variable areas 
of the procedures located in ring banks. 

PROC1 

I 
I 
I 
I 
I 

PROCl BSR 
I 
I 

IcaN --- -- --. 
I 
I 

BSR 
I 
I 
I 

PR0C2 

~--- -- ----- -- -D------ --. 
J1VBNR 

.--r_ 

PR0C2 ICBN _______ .,1----1 
¥""CBNR 

BSR 

I 
I 

o6sN 
RTS 

PR0C3 

-- ----- -- ----D----v~~--~ 
II' 

PROC3 ICBN - - - -- -- - -.-1---( 
I 
I 
I 
I 
I 

DCBN- -- - ---- -- --- ------ .... 
RTS 

Figure 4·35. Procedure Call Ring Bank Application 
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Ring Bank Overflow: If the LCBNR bits of CBNR match the L VBNR bits of VBNR after 

executing the ICBN instruction, the ring bank overflows. At this time, the CPU operates as 

follows: 

1. Pushes the registers of the bank indicated by LCBNR onto the stack area pointed to by 32-bit 

BSP. At this time, the lower 16 bits ofR15 in the bank indicated by the LVBNR bits 

determine which register are pushed onto the stack. Bits 0-15 of 32-bit R15 correspond to 

32-bit RO-RI5 of the bank. If a bit in R15 is set, the corresponding 32-bit register is pushed 

onto the stack. The registers are pushed onto the stacks in the ascending order. However, note 

that R15 itself is always stacked regardless of the state of bit 15 of R15. 

2. Increments VBNR by 1 and decrements BSP according to the number of stacked bytes. 

3. Executes the next instruction. 

Figure 4-36 shows an example of ring bank overflow. In this example, VBNR and CBNR indicate 

RBO and RB7 respectively before executing the ICBN instruction. If ICBN is executed, the 

LCBNR bits and L VBNR bits match and ring bank overflows occurs. The CPU then stack 

registers. RO, Rl, R6, R7, RIO, R13, R14, and R15 as specified by the bit values of R15 value. 

Finally, the CPU increments VBNR by 1. 
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!CBN 
Instruction 

Stack for Bank 

R15 
R14 
R13 
Rl0 
R7 

RS 

CBNR: Current Bank Number Register 
VBNR: Valid Bank Number Register 
BSP: Bank Stack Pointer 

Figure 4·36. Ring Bank Overflow 

BSP 

(BSPSalora 
ICBN 
Execution) 
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Ring Bank Underflow: If the LCBNR bits of CBNR match the L VBNR bits of VBNR after 

executing the DCBN instruction, ring bank underflow occurs. If CBNR is 0, the CPU executes 

the next instruction. Otherwise, the CPU operates as follows: 

1. Decrements VBNR by 1. 

2. Pulls R15 from the stack location pointed to by BSP. The CPU then pulls the registers 

described by R15 into the bank designated by VBNR. Rl5 functions as a register list as 

mentioned in ring bank overflow. 

3. Increments BSP according to the number of bytes to be pulled. 

4. Executes the next instruction. 

Figure 4-37 shows an example when the ring bank underflow. In this example, VBNR and CBNR 

indicate RB2 and RB3 respectively before executing the ICBN instruction. If DCBN is executed, 

the LCBNR bits and L VBNR bits match and ring bank underflow occurs. At the same time Rl5 is 

read from the stack location pointed to by BSP. Then R9, R6, R2, and RO are pulled from the 

stack onto RBI, as is R15. 
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DCBN n 
Instruction ~ 

-- ----

CBNR: Current Bank Number Register 
VBNR: Valid Bank Number Register 
BSP: Bank Stack Pointer 

Figure 4·37. Ring Bank Underflow 

~BSP 
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4.5 Instruction Set 

For most instructions, source and destination operand can be specified independently in the 

allowable addressing modes. Operand size (byte, word, or long word) can be specified 

independently of an instruction. Instructions consist of one or more bytes. In addition, short 

format instruction are provided to improve software efficiency. Moreover, this instruction set 

considering high level languages such as C and PASCAL allows the programmer to improve 

program development efficiency. 

4.5.1 Basic Instruction Formats 

The HD641016 has five kinds of basic instruction (Figure 4-38): no-operand,l-operand, 

2-operand, accumulator (RO), and register-to-register instructions (RO-R15). 
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(1) 0 - operand instruction 

(2) 1- operand instruction 
(EAd)<OP1> _ (EAcI) 

(3) 2- operand instruction 
(EAs)<OP2>(EAd) ""> (EAcI) 

(4) Accumulator 
instruction 

(EAs)«>P2>RO _ RO 

(5) Register-to-register 
instruction 
Rns<OP3>Rnd _ Rnd 

16 bks -----.. 

l:J,:~I:) 
24bks 

L ""'I" Jok EAs ;'1 EM ~ 
6 bks7"i bks 11);7 bks ~ b~ 7 bks 

16bks 

l.:J.:Jl:J 
16 bks 

l.:J2:1.:1~ 
OP3-0PO : 
EAs, EAd: 

Opcode fields which specify instruction function 
Effective address codes which specify source and 
destination addressing modes. 

Sz: 
Rns. Rnd: 
RO: .. : 

Size specification field which specifies operand size 
Global bank register number specification field 
Global bank register O. 
Don' care 

Figure 4·38. Basic Instruction Formats 



An EA expansion field may be inserted after each effective address (EA) specifying field. according 

to the addressing mode. Figure 4-39 shows this for a 2-operand instruction. 

~l __ O_P2_-,l~i--S~""~ !-f+-E_k-l!EAs,.--_E_xp""'i~,,..ns_,o_n_F_,e...,Id""*-+---I.--d_E_XP-4~:Mj 
6bits/2blS 1bft 7bfts 8bitsxn 1 bit 7bits 8bitsxm 

Figure 4·39. 2·operand Instruction with EA Expansion Field 

4.5.2 Addressing Mode 

The addressing mode is specified by the EA specifying field, and, if necessary, an expansion field. 

The EA specifying field and the EA expansion field together are called the EA field. The EA 

specifying field consists of an accumulator specifying bit and an EA code (Figure 4-40). 

(TI-J 1 bl 7 bits 

Figure 4.40. EA Specifying Field 

Accumulator Specifying Bit (A): A indicates whether RO (accumulator) is implicitly 

specified for the destination of a 2-operand instruction. If A = 1, RO is always selected as the 

destination and the destination EA specifying field (EAd) is not required. If A = 0, the EAd field 

specifies the destination operand. See Figure 4-41. 

Note that A is ignored in one operand instructions. In addition, an illegal instruction exception 

occurs if A is set to 1 in a two-operand instruction whose destination addressing mode must not be 

register direct. 
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Accumulator Instruction 

(EAs) <OP2> RO + RO 

Figure 4-41. 2-0perand Instruction and Accumulator Instruction 

EA Code: A 7-bit EA code specifies an addressing mode or general-purpose register. In 

addition, an EA expansion byte may follow the EA code depending on the addressing mode to be 

specified (Table 4-7). 

Table 4-7. EA Codes and Addressing Modes 

No. Addressing Mode Mnemonic EACode Expausion Byte, Others 

1 Register direct Rn 100 IRD' I No expansion byte 
Rn : Register number 

2 Register indirect @Rn o I'sd' IRn' ISd Expansion No. of 
or Byte Bytes 

@(disp[:Ing), Rn) 
00 None o byte 

01 d8 1 byte 

10 d16 2 bytes 

11 d32 4 bytes 

3 Register indirect @Rn+ 101 IRIl' I No expansion byte 
auto-increment 

4 Register indirect @-Rn 110 rnn:J No expansion byte 
auto-decrement 

60 HITACHI 



Table 4·7. EA Codes and Addressing Modes (cont.) 

No. Addressing Mode Mnemonic EACode ExpaDSioD Byte, Others 

11100 ~ Si Expansion No. of 
Byte Bytes 

5 Immediate If xxxx[.Sz] 

01 Imm8 1 byte 

10 ~mm16 2 bytes 

11 Imm32 4 bytes 

Note: Si = 00 indicates the EA 
code for current bank addressing 
mode. 

11101 ~ Sa Expansion No.of 
Byte Bytes 

6 Absolute Address @ aaaa[.Sz] 

01 [ Abs8 1 byte 

10 L:.].bS16 2 bytes 

11 C=Abs~ 4 bytes 

Note: Sa = 00 indicates the EA 
code for previous bank 
addressing mode. 

7 Register indirect @Rn*Sf, 11110 ~ 1*1*1 sf'l 'RIll I ldispl 
with scale @(disp, Rn * Sf) 

or Sf Scaling Factor 
@(disp[:lng], Rn * Sf) 

()() xl 

01 x2 

10 x4 

11 x8 

* : Don't care 
Refer to No.2 for details on Sd 
anddisp. 

8 Register indirect @([disp[:lng],] Xm 1 1 1 1 1 00 10lIJSdi ~'II**I Sf I Xin' I ldispl 
with index [.Sz][*Sfj, Rn) 

L Index Register Size 

o Xm:Word 

1 Xm: Long Word 

Xm: Index Register number Refer 
No. 7 for details on other symbols. 
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Table 4·7. EA Codes and Addressing Modes (cont.) 

No. Addressing Mode Mnemonic EACode Expansion Byte, Others 

9 Program counter @([disp[:lng],] Xm 1 1 1 1 101 10ILlsdl ...... *II*'*ls'fl Xni lldispl 
relative with index [.Sz][*Sf], PC] 

Refer to No. 8 for details on 
each symbol. 

10 Program counter @PC 1111101 II' 0 I S'dl*'*'**1 ldisp I 
relative or 

@(disp[:lng], PC) Refer to No.2 for details on 
each symbol. 

11 Register double @@Rn 1111110 IS'2js'II ~' I @ill Ids2 1 
indirect or 

@([displ[:lng],] (note) S2, ds2 Si Expansion No.of 
@([disp2[:lng],] is the same as Byte Bytes 
Rn» SI, dsl. 

01 d8 1 byte 

11 d32 4 bytes 

12 Current Bank <eRn> 1110000 Specify any EA code 

13 Previous Bank <PRn> 1110100 Specify any EA code 

14 Not used 1111100 11 0 0 0 0 0 0 01 
(Note: ! 
If unused address- 11 1 1 1 1 1 1 11 
ing mode is spec-
ified, the CPU 
begins illegal instruc- 1111101 11000000 
tion exception proc-
essing.) 1 1 1 1 1 1 1 1 

1111110 All other SI and S2 combina-
tions than the following in the 
register indirect mode 

S2 S1 

01 01 

01 11 

11 01 

11 11 

1111111 None 
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Symbols: 

Rn Register number 

Sd Displacement size 

disp Displacement 

d8 Displacement (8 bits) 

d16 Displacement (16 bits) 

d32 Displacement (32 bits) 

Si Immediate data size 

Imm8 Immediate value (8 bits) 

Imm16 Immediate value (16 bits) 

Imm32 Immediate value (32 bits) 

Sa Absolute size 

Abs8 Absolute value (8 bits) 

Abs16 Absolute value (16 bits) 

Abs32 Absolute value (32 bits) 

Sf Scale factor 

Xm Index register number 

L Index register size 

PC Program counter 

ds1 Displacement 1 

ds2 Displacement 2 

Sl Displacement size 1 

S2 Displacement size 2 

CRn Current bank register number 

PRn Previous bank register number 

* Don't care 

Notes: 1. Rn and Xm are global bank registers specified by GBNR. 

2. The <CRn> and <PRn> addressing modes are allowed only for ring mode. If they 

are specified in global mode, a bank mode exception occurs. 

3. <CRn> mode in No. 12 can specify any of addressing modes No.1 through No. 

13. In <CRn> mode in No. 12, Rn is always a register in the current bank specified 

by CBNR. Xm in No.8 is a register in the global bank specified by GBNR. Xm in 

No.9 is a register in the current bank specified by CBNR. 

<PRn> mode in No. 13 is almost the same as <CRn> mode in No. 12 except that 

<PRn> mode uses a register in the previous bank specified by CBNR-1. 

4. If more than one <CRn> or <PRn> mode is specified in <CRn> or <PRn> mode, 

the HD641016 uses only the last <CRn> or <PRn> and ignores all others as shown 

below. In these modes, bit 7 of the EA field is valid as the A bit In the following 
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example, A is regarded as 1, and global bank and previous bank are specified as Xm 

and Rn, respectively. 

MOVI I @(Xm,Rn) I 

Effective Address Calculation: The effective address (EA) for each addressing mode is 

calculated. as shown in Table 4-8. 

Table 4-8. Effective Address Calculation 

No. EAType EA Calculation Data 

EACode 100 00 
Addressing 
Mode Register direct None 

Mnemonic Rn 

Addressing 
Mode Register indirect 3i"-'1,,--=--,---,---::-~ 

Contents of 
regillterRn 

Mnemonic @ Rn or 
@(disp[:lng], Rn) 

Note: 
Sd = 00 No displacement 

= 01 8-bit displacement 
= 10 16-bit displacement 
= 11 32-bit displacement 
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Effective Address 

Note: Rn contains 
operand data. 



Table 4-8. Effective Address Calculation (cont.) 

No. EAType 

3 EACode 101 em 
Addressing Register indirect 
Mode 

auto-increment 

Mnemonic @Rn+ 

4 EAcode 110 ~ 

Addressing Register indirect 
Mode auto-decrement 

Mnemonic @-Rn 

EA Calculation Data 

31 o 
New contents 
of register Rn 

1,2or4 j~ 

Rn is incremented by 1 for 
byte operand. 
Rn is incremented by 2 for 
word operand. 
Rn is incremented by 4 for 
long word operand. 
However, if Rn = R15, Rn 
is incremented by 2 for 
byte or word operand. It is 
incremented by 4 for long 
word operand. 

31 o 
Contents of 

registerRn 

1,2or4 .~ 

Rn is decremented in the 
same way as in auto­
increment addressing 
mode. 

Effective Address 

31 o 
Contents of 
registerRn 

I 

31 o 
New contents of 

registerRn 

1 
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Table 4·8. Effective Address Calculation (cont.) 

No. EAType 

5 EACode 11100 l§i] 
Addressing 
Mode Immediate 

Mnemonic It xxxx [.Sz] 

Note: 
Si = 01 Byte size 

= 10 Word size 
= 11 Long word size 

6 EACode 11101 ~ 

Addressing 
Mode Absolute address 

Mnemonic @ aaaa [.Sz] 

Note: 
Sa = 01 I-byte address 

= 10 2-byte address 
= 11 4-byte address 
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EA Calculation data 

None 

Operand data is contained 
in program. 

None 

Note: Address must be 
written to the EA expansion field 
in advance. 

EtTective Address 

None 

Byte or word immediate 
data is sign extended to 
long word. 

31 0 
Sign extended 
absolute address 



Table 4-8. Effective Address Calculation (cont.) 

No. EAType EA Calculation Data Effective Address 

7 EACode 11110 ~ 

Addressing Register indirect 
Mode with scale 

o 
Mnemonic @ Rn '" Sf or Calculation result 

@(disp[:lng], Rn '" Sf) 
31 0 

Note: 
First expansion byte Sign extended disp 

I ",'", I sfl RIl'I 
"': Don't care 

Sf = 00 Scale factor X 1 
= 01 Scale factor X 2 
= 10 Scale factor X 4 
= 11 Scale factor x 8 

Sd is the same as in @ Rn. 

8 EACode 1111100 

Addressing Register indirect 
Mode with index 

Mnemonic @([disp[:lng],] Xm 
[.Sz]["'St], Rn) 

Note: 
First expansion byte 

I 0 I L ISdl It; , I 
Another byte 

1*'" Isrlxm' , I 
"': Don't care. 

All symbols are the same as 
these in @Rn '" Sf mode. 

31 
Contents of 
registerRn 

Sign extended disp 

Calculation result 

IfL =0, word Xm is 
sign extended to long 
word. 
IfL = 1, long wordXm 
is used directly. 

o 
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Table 4·8. Effective Address Calculation (cont.) 

No. EAType 

9 EACode 1 1 1 1 1 0 1 

Addressing Program counter 
Mode' relative with index 

Mnemonic @([disp[:lng),) Xm 
[.Sz][*Sf], PC) 

Note: 
First expansion byte 

loILlsdl**'** I 
Another byte 

1*'* Is'fl ~l 
: Don't care 

PC points to the address follow­
ing the expansion byte. 

All symbols are the same as 
those is @ (Xm,Rn) mode. 

10 EACode 1 1 1 1 1 0 1 

, Addressing Program counter 
Mode relative 

Mnemonic @ PC or 
@(disp[:lng), PC) 

Note: 
First expansion byte 

11101 $d 1 .. * ' * ' *1 
*: Don't care 

PC points to the address follow­
ing the expansion byte. 

Sd is the same as in @ Rn 
mode. 
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EA Calculation Data 

31 

31 

Contents of 
program counter 

Contents of 
program counter 

31 

Sign extended disp 

EtTective Address 

31 0 
Calculation result 

o 

31 0 
Calculation result 



Table 4-8. Effective Address Calculation (cont.) 

No. EAType EA Calculation Data 

11 EACode 1 1 1 1 1 1 0 

12 

13 

Addressing Register double ;'o3~1-= __ ---::~14 
Mode indirect Contents of 

registerRn 

Mnemonic @@Rn or 
@([displ[:lng),) ) 
@([disp2[:lng),) Rn) 

Note: 
First expansion byte 

IS'21 S'II'Rn' 1 
2nd and 3rd expansion bytes are 
described in order of displ and 
disp2. 

EACode 111 0000 

Addressing 
Mode Current bank: 

Mnemonic <eRn> 

EACode 1110100 

Addressing 
Mode Previous bank: 

Mnemonic <PRn> 

31 0 

Calculation 
result 

Effective Address 

(Note) 
ds2 dsl 

S2 S lExpansion Expansion 

0101 
0111 
11 01 
1111 

1 byte 
1 byte 
4 bytes 
4 bytes 

1 byte 
4 bytes 
1 byte 
4 bytes 

All other combinations dis­
abled. 
If specified,an iUegal instruc­
tion exception processing 
occurs. 

Calculation 
result 

• All EAs available. 

o 

• The CRn register is used 
instead of Rn and Xm. 
However, Xm in@ (Xm, 
Rn) always uses a 
global bank: register. 

• All EAs available. 

• The PRn register is used 
instead of Rn and Xm. 
However, Xm in @ (Xm, 
Rn) move always uses a 
global bank register. 

HITACHI 69 



Note: In PC relative with index or PC relative addressing modes, the PC points to the address 

following the expansion field. For example, in l-operand instructions, the PC indicates the 

next opcode address. In 2-operand instruction, it points to the,EAd (2nd BA) field address 

as shown below. 

Example 
BAs 

I \ 

EJ ~ 
Expansion field 
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BAd 
r , 

~8B 
i 

Pointed to by the PC 



Instruction Execution Examples in Each Addressing Mode: Figures 4-42 through 4-48 

show instruction execution in all addressing modes in machine code. 

RO 
R1 

R7 

R15 

OFE0294A -
00000000 

00105FF3 . 
FFFFFFFF 

Global Bank 

ADD:G.W RO, @(H'23F5:16, R7) 

Register Direct 
Register Indirect 

Displaceme nt 

00105FF3 I 
+ 1000023F5 

I 001083E8 I ~ 

294A 

1083E6 
1083E8 ~8B~+-::E::;:5,--.j 
1083EA 

/----'----1 

Memory 
(Before Execution) 

1083E6 
1083E8 ~85=--1-2:-:F=--i 
1083EA 1-_-'--_-1 

Memory 
(After Execution) 

Figure 4-42. Instruction Execution Example in Register Direct! 

Register Indirect Addressing Mode 
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AOO:G.W #H'A4.B, @H'06BC.W 

Immediate 

Absolute 
Address 

Absolute Address I 0006BA 
1.. __ ." 0006BC 15 39 

Immediate Value 
I 

0006BE 

Memory 
(Before Execution) 

I FFA41 

+ I 1539 ... 
1400 

0006BA I--~~~ 
0006BC 14 DO ... -_ ..... 

0006BE 1----1"-----4 

Memory 
(After execution) 

Figure 4-43. Instruction Execution Example in Immediate! 

Absolute Addressing Mode 



RO 
R1 

R4 

R9 

R14 
R15 

ADD:G.w @(H'3E:8, R4.4), @(H'2436 :16, R9 .L.2, R13) 

00000000 
00000000 

r LJ....L---'_---'L-....J'---'-"----' 

Register Indirect 
with Index 

Displacemen 

00012942 ~~~~l-----~.~0~0~01~2~9~42~' 
4 

00000029 f---

: 
00020000 r--
FFFFFFFF 

Global Bank 

I 0004A508 I 
+ , 0000003E ~ 

-~~~~~___ 04A544 
I 0004A546 I .. 04A546 ~M~:t12~3 :t--I 

00000029 I 
2 

I 00000052 I Displacement 

+ I 00002436 /.----J 
I 00002488 I 

04A548 1--'----1 

Memory 
(Before Execution) 

+', 00020000 , 

-~~~~~___ 022486 /-7.:;--1-;;;:,......, I 00022488 I .. 022488 10 95 

02248A 1----'----1 

Memory 
(Before EX8aJtion) I 1~5 I+-------~--------~ 

BAB8 

022486 I 
022488 BAI88 
02248A I 

Memory 
(After Execution) 

Figure 4-44. Instruction Execution Example in Register Indirect with Scale! 

Register Indirect with Index 
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RO 

R4 

R15 

RO 

R4 

R15 

ADD:G.W @R4+. @-R15 

00000000 . 
002B9432 

OOEFFFFO 

Global Bank 
(Before execution) 

00000000 

002B9434 -+---

OOEFFFEE 

Global Bank 
(After Execution) 

Register Indirect 
Auto Increment Register Indirect 

Auto Decrement 

002B9432 
+ 2 

002B9434 I 

00 EFFFFO , I 
- 2 

---; OOEFFFEE 

7014 

+~ 

2543 

289430 
289432 J-...",.85"..-1-2--'F"...-l 

289434 1--'-----1 

EFFFE 
EFFFEE:J-...",.70.--1--14---1 

EFFFF0I-----JL--~ 

Memory 
(Before Execution) 

EFFFEC 
EFFFEE ~25=--1-4"""'3~ 
EFFFFO 

Memory 
(After Execution) 

Figure 4·45. Instruction Execution Example in Register Indirect Auto Increment! 
Register Indirect Auto Decrement Addressing Mode 
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ADD:G.w @(H'26:S, PC), @(H'2341:16, R2.W.S, PC) 

Program Memory 

10e3E6 
10e3Ee 
10e3EA 
10e3EC 
1083EE 

01 
90 
70 
32 
41 

70 
26 
20 
23 

RO 00000000 
Rl 00000000 
R2 00000006 

RIS FFFFFFFF 

Global Bank 

PC 

PC Relative 
with Index 

010001101000001 

Displacement 
Memory 
(Before Execution) 

10840E 
I 00108410 108410 ~1,:---1f-,2"",1--j 

1 08412 f----''----l 

Displacement 

00002371 

+ I 001083EF I PC 
10A75E 
lOA 760 1-3""5:--11-4::":1-1 I 0010A760 
10A762 

1-----''---; 

4662 

10A75E I 
10A760 46 I 62 
10A762 L 

Memory 
(After Execution) 

Figure 4·46. Instruction Execution Example in PC Relative! 
PC Relative with Index Addressing Mode 
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ADD:GW @(H'FE:8, @(H'0123:16, R4)), R7 

Register Direct 

RO 00000000 

Memory 

R4 00222222 00222222 I Displacement (Before Execution) 

+ I 00000124 i---J 
00000564 r--

I 222346 I 
222344 
222346 1-:::00::--!-2"'5~ R7 

222348 32 10 

FFFFFFFF 

Global Bank I FFFFFFFE 

R15 Displacement 

~ 
(Before Execution) + I 00253210 

I 0025320E 

25320C 
25320E h:::DC:::-!-2"'F""""; 

253210 1---''---1 

0564 
Memory 
(After Execution) 

+ DC211+---------------' 

RO 00000000 ~ 
R4 00222222 

R7 
0000E193 

R15 FFFFFFFF 

Global Bank 
(After Execution) 

Figure 4-47. Instruction Execution Example in Register Double Indirect! 
Register Direct Addressing Mode 
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RO 
R1 

R15 

R1 

R7 

R15 

ADD:G.w CRO, @(H'23F5:16, PR7) 

!l1110 00 0 ~ ~ !l'11 01 00 I =",,=:-+-7""7"> 

f I~ f 
Current Bank Register Direct Previous Bank 

Register Indirect 

010001111110101 

OFE0294A '---

00000000 

. 
FFFFFFFF 

Current Bank 

00000000 
Displacement 

00105FF3 00105FF3 I 
+ I 000023F5 \+--

FFFFFFFF I 001083E8 I ~ 
Previous Bank 

1083E6 
1083E8 ~8Bn-hE"'5--i 
1 083EA 1---'----4 

294A 
Memory 
(Before Execution) 

1083E6 
1083 E8 I-::B'='5--+-::-:::-I 

1 083EA f---'----i 

Memory 
(Alter Execution) 

Figure 4·48. Instruction Execution Example in Current Bank Register Direct! 
Previous Bank Register Indirect Addressing Mode 
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4.5.3 Instruction Set Summary 

Each instruction's fonnat and the opcode map (Figure 4-48) are described here. See "Section 16. 

Instruction Set" for details. 

lower4bi1s-

0 1 I 2 3 4 5 6 7 8 9 I A B C I 0 E F 

fl 0 ADD:G SUB:G CMP:G MOV:G .. 

1\/ 
I 1 ADD:Q etA 

\1 
CMP:O \/ MOV:O 

\/ 1 
2 ADD:R SUB:R CMP:R MOV:R 

3 ADD:RQ SUB:RQ CMP:RQ MOV:RQ 

4 ADDS SUBS CMPS MOYS 

5 ADDX SUBX TST 

/\ 
MOVF 

6 SFT 

1/\ 
SFT 

/\ 
BIT BIT /\ 7 STM LDM MOVTPE MOVFPE 

8 AND XOR OR NEG 

9 NOT STRING IX BRA JMP NEGX 

A BEO DADO Bcc:G DSUB BSR SA EXTU DNEG 

B BNE XCH SCB SET RTD RTS EXTS MOVA 
r 

C 

0 LINK UNLK BFEXT I BANS I BFSCH BFMOV 

E MOVTP I MOVFP CGBN PGBN I SWAP TAS IX! MUL DIY 

F RESET I ATE I TRAPA TRAP RTR I SLEEPl >< ANDC I ORC I XORC LDC STC I ICBN I DCBN NOP 

Figure 4-49. Opcode Map 
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2.Byte Opcode Instructions: The leading opcode bytes specify the instructions in Table 4-9. 

See "Section 16. Instruction Set" for details. 

Table 4·9. 2.Byte Opcode Instructions 

Symbol in Opcode Map 

SFf 

BIT 

STRING 

MUL 

DIY 

Specified Instruction 

SHAL, SHAR, SHLL, SHLR, 

ROTL, ROTR, ROTXL, ROTXR 

BCLR, BNOT, BSET, BTST 

SMOV, SSTR, SCMP, SSCH 

MULXS, MULXU 

DIVXS, DIVXU 

CR Register Access Instructions: CR instructions such as ANDC, ORC, XORC, LDC and 

STC access CR registers other than PC and SSP by CR codes (Figure 4-50). Table 4-10 shows 

CR codes and their corresponding registers. 

CRcode 
Iii 

code 

SAU Function 

o ) Register accessible in user mode or supervisor mode 

1 Register accessible in only supervisor mode 

Sz Function 

00 Byte access 

01 Word access 

10 Long word access 

11 Reserved 

Figure 4·50. CR Code Format 
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Table 4·10. CR Codes and CR Registers 

CRCode CRRegister 

00100000 CCR 

00000001 VBNR 

01000000 CBNR 

01000001 BSP 

10000000 BMR 

10000001 GBNR 

10100000 SR 

11000000 EBR 

11000001 RBR 

11000010 USP 

11 ()()()() 11 mR 

4.5.4 Special Function Instructions 

Bank Switching Instructions: The COBN, POBN, ICBN, and DCBN instructions support 

bank switching. They allow high speed subroutine calls and interrupt response for banks. These 

instructions are covered in "4.4 Register Banks". 

String Transfer/Compare Instructions: The string transfer/compare instructions perform 

high-speed string data transfer and comparison with many conditions for variable comparisons by 

using a counter. 
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Bit Field Instruction: Bit field instructions perfonn bit field data extraction, insertion, "1" bit 

search, and block transfer at high speed, with the on-chip barrel shifter. 

Figure 4-51 shows a block transfer perfonned by the BFMOV (move bit field data) instruction. 

BFMOV transfers variable length data to any bit field. Data length n and number of data m are 

specified by registers. 

n Bytes n Bytes n Bytes 

(£) 0 
:} 

L Byte Boundary 

J 
D-TranSfer 

I· 
n Bytes 

·1 Address Offset 

( 
I 

(1) 

I G) c: 
I 
I 

Addre~s Offset' 

I 

I 0 
t.- Any Bit Boundary 

Figure 4-51. BFMOV Execution 

SLEEP Instruction: Executing the SLEEP instruction puts the HD641016 in sleep or system 

stop mode. Sleep or system stop mode is selected by the SSTOP bit of BMR. In sleep mode, the 

CPU stops operation. In system stop mode, the CPU and the internal peripheral functions other 

than the DRAM refresh controller stop operation. 
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4.6 Processing States and Privilege Modes 

4.6.1 Processing States 

HD641016 has four processing states: nonnal processing, exception processing, halt processing, 

and low power consumption processing. 

In the nonnal processing state, the CPU operates normally and executes instructions sequentially. 

The exception processing state is associated with interrupts, traps, and some types of errors. It 

allows the CPU to handle unusual conditions quic,ldy. See "4.6.3 Execution Processing State" for 

details. 

The HD641016 is put into a halt state by a fatal memory access error such as a double bus error (a 

bus error which occurs during reset, bus error or access level violation exception processing). In 

the halt state, the HD641016 stops operating and ST2-STO indicate a halt state. Only an external 

reset can restart a halt processor. 

The HD641016 has two low power consumption modes: sleep mode and system stop mode. In 

these modes, power consumption is reduced by stopping the CPU and on-chip I/O devices. See 

"Section 15. Low Power Consumption Modes" for details. 

4.6.2 Privilege Modes 

The HD641016 operates in one of two privilege modes: supervisor or user mode. The operating 

mode is determined by the S bit in SR. If S = 1, the CPU is in supervisor mode. If S = 0, it is in 

user mode. 

Supervisor mode is a higher privilege mode than user mode. In supervisor mode, all instructions 

can be executed, and all control registers other than the PC can be accessed. However, in global 

. mode, ring mode instructions and addressing modes cannot be used. In supervisor mode, the 

supervisor stack pointer SSP is the effective stack pointer. 

User mode is the lower privilege mode. In user mode, instructions that have important system 

effects cannot be executed, and privileged control registers, BMR, GBNR, SR, EBR, RBR, SSP 

and IBR cannot be accessed. The user stack pointer USP is the effective stack pointer. See 

"4.3.13 R15 and the Stack Pointer" for details. 
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The privilege mode can be changed by changing the S bit in SR. Transition from supervisor to 

user mode can be made by bit manipulation of the S bit, or by the RTE instruction; however, 

transition from user to supervisor mode can only be made by TRAP instructions or an interrupt 

exception that stores the current state of the S bit, and sets the S bit by forcing the CPU into 

supervisor mode. 

4.6.3 Exception Processing State 

Exception Processing Steps: Exception processing takes place in four steps, with variations 

for different exception causes. 

1. SR change: The CPU temporarily copies the SR to a temporary internal register. Then the S bit 

is set to 1 to set supervisor mode, and the T bit is cleared. For reset exception processing, the 

12-IO bits are set to 111. For interrupt exception processing, the interrupt priority level is copied 

into the 12-10 bits and the IF bit is set. 

2. Vector address generation: For external interrupt processing in external vector mode, the 

HD64lO 16 fetches the interrupt vector number from an external device during the interrupt 

acknowledge cycle. For other exception processing, the HD641016 generates the vector 

number internally. The CPU then caluculates an exception vector address from the vector 

number. 

3. Processor context stack: Current processor context is maintained, except during reset exception 

processing. 

4. New PC generation: The HD641016 obtains the start address of the exception routine from the 

exception vector address and starts exception processing. 

Exception Types: Exceptions can be generated either internally or externally. External 

exceptions are reset. bus error, DMA bus error, interrupts, and acknowledge error. Internal 

exceptions are access level violation, DMA access level violation, chip select controller bus error, 

trace, interrupts by on-chip I/O devices, illegal instructions, unimplemented instructions, privilege 

violation, bank mode violation, and the instruction TRAP. Table 4-11 shows these levels, 

exception sampling timing, and when exception processing starts. 
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Table 4-11. Exception Types 

Sampling 

Priority Exception Source Timing Start of Processing 

1 (Highest) Reset External RES and BRTRY Exception processing begins 
are asserteq low immediately. 

2 Access level Internal When address is Exception processing begins 
violation output after the current bus cycle has 

completed. 

3 Bus error Interna1! Falling edge of 1'2 

external or Tw state prior 
toT3 state 

4 DMAaccess Internal WhenDMA DMA operation immediately stops 
level violation address is output after the CUITent DMA cycle has 

completed. The CPU then 

5 DMA bus error Interna1! Falling edge of T2 executes the suspended instruction 

external or Tw state prior and begins exception processing. 

toT3 state 

6 Trace Internal End of Exception processing begins after 
instruction cycle completing current instruction. 

7 Interrupt Interna1! End of Exception processing begins after 

external instruction cycle completing current instruction 

or exception or exception processing. 

processing 

8 illegal Internal During instruction During instruction cycle 

instruction cycle 

9 Unimplemented Internal 

instruction 
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Table 4-11. Exception Types (cont.) 

Priority 

10 

11 

Exception 

Privilege 

violation 

Bank mode 

violation 

Source 

Internal 

Internal 

12 (Lowest) Instruction trap Internal 

TRAPA, 

TRAP, 

Division by 0 

with DIVXS or 

DIVXU 

4.6.4 Exception Processing 

Sampling 

Timing Start of Processing 

During instruction During instruction cycle 

cycle 

During instruction Exception processing begins in the 

cycle same way as for normal 

instruction execution. 

The following paragraphs describe in detail each type of exception processing. 

Reset: Reset is the highest priority exception. If RES and BRTRY are asserted low together for 

at least 12 clock cycles and then RES or BRTRY is negated high, the HD641016 will always start 

reset exception processing. The reset exception vector numbers are H'OO and HOI. 

On-chip I/O devices and some CPU registers (Table 4-12) are initialized at reset. Then the CPU 

gets 8 bytes of data from the reset vector location determined by the vector number internally 

generated. The CPU loads the upper 4 bytes into the SSP and the lower 4 bytes into the PC. The 

CPU then restarts instruction execution at the address pointed to by the PC. See Figure 4-52. 

When RES, BRTRY, and NMI are asserted low for at least 12 clock cycles, only the DRAM 

refresh controller continues operating; reset exception processing begins when these three pins are 

pulled high. See "4.11 Reset" and "Section 13. DRAM Refresh Controller" for details. 

The reset exception should not be confused with the RESET instruction, which resets external 

peripherals by asserting RES low for 256 clock cycles. Since it does not affect any internal 
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conditions, the CPU executes the next instruction following the RESET instruction. 

Note that the HD641016 accesses memory for instruction prefetch after it gets the 8-byte data from 

the reset vector address. Therefore, if a bus error occurs during reset exception processing, the 

HD641016 is halted Accordingly to complete the reset exception processing normally, BRTRY 
must be pulled high during the 8 bytes of memory access following the 8-byte data access from the 

reset vector access. 

Table 4·12. Control Registers at Reset 

CPU 

Reg. 

SR 

CCR 

EBR 

RBR 

mR 

CBNR 

BMR 

GBNR 

VBNR 

Initial Value (Binary) 

Bit 

31 23 15 7 o 

0-10-111---***** 

-----------***** 

********000000000000000000000000 

********11111111111110********** 

********11111111**************** 

00000000000000000000000000000000 

10100100 

****0000 

*****000 

Note: 0: Cleared 

1: Set 

*: Undefmed 

-: Reserved 
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SR 

SR 

I TI-I sl'FI-I'21Id ,ol-:-:-Icxl NI zl vlcl~'nitialization 

101-11101-1111111-:-:-1 * 1 * 1 * 1 * 1 * 1 ~ 
SR: Status Register 

See "Appendix G. CPU Register Initial Value" for datails on register initial values 

Yes 

Double bus error 

(Halt stale) 

load the contents of vector 

address 0 into the SSP. 

H'O~:~~ H' 00( 

Load exception vector 
(contents of vector address 4 ) 
to the PC 

2 Start instruction fetch. 

Figure 4·52. Reset Exception Processing Sequence 

Instruction fetch 
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Bus Error: Bus error exception processing is caused by either BRTRY or illegal chip select area 
access. The bus error exception vector number is H'02. 

For a bus error exception caused by BRTRY, the CPU has two processing modes: bus error mode 
and bus retry mode. The bus error exception mode is selected by the BRTE bit of BMR. In bus 
error mode (BRTE = 0), the CPU begins bus error exception processing immediately after BRTRY 
is asserted low. In bus retry mode (BRTE = 1), the CPU retries the bus cycle up to three times. 
However, if BRTRY is still asserted, bus error exception processing begins. Figure 4-53 shows 
the bus error retry processing flow. Figures 4-54 and 4-55 show bus retry and bus error timings. 
Figure 4-56 shows bus retry, bus error and access level violation exception processing flow. 

For a bus error exception caused by a chip select area access error, the CPU begins bus error 
exception processing after the bus cycle has completed. See "Section 11. Chip Select Controller" 
for details. 

Note that the HD641016 generates a double bus error and its operation is halted if a bus error 
occurs during reset, bus error, or access level violation exception processing. A double bus error 
is cancelled only by reset. In addition, if a bus error occurs during the acknowledge cycle of 
interrupt exception processing, an acknowledge error interrupt occurs. 

Since a bus error exception begins processing after the bus cycle generating the bus error has 
completed, the read or write operation in this bus cycle is actually performed. However, if a bus 
error occurs during an instruction cycle requiring multiple bus cycles, bus error exception 
processing begins immediately without completing the instruction cycle. 

The stack configuration for a bus error exception is the same as that for access level violation. See 
"4.6.7 Stack Configuration for Exceptio~ Processing" for details. 
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Bus error 

Bus retry 
exception processing 

Figure 4-53. Bus Error Retry Flow 
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(1st) r Bus retry request -+1+ Bus retry cycle ~ Normal bus cycle 
generation cycle I I 

n B n n B n n B n n 
(2) 

I : 

BRTRY ~~------±.-----------------­
(a) Without Tw state 

r--- Bus retry request generation cycle I Bus retry cycle 

T1 T2 Tw1 Tw2 Tw3 Tw last T3 T1 B Tw1 
(2) 

BRTRY 
I 

--------------~f~~--------------

(2) 

(b) With Tw state (1) 

.$ 
Sampled at the faifing edge of the T2 
or Tw state prior to the T3 state. 

r--- Bus retry request generation cycle I Nomal bus cycle 

n T2 Tw1 Tw2 Tw3 Tw last T3 T1 B Tw1 

BRTRY 

(2) 

BRTRY 
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(c) With Tw state (2) 

Figure 4-54. Bus Retry Timing 

r- Bus retry cycle , 
(1st) 

(Tw) 
n B T3 n 

Bus retry CYCle, 
(2nd) 
(Tw) 

T2 T3 n 

Bus retry cycle ~ Start bus error 
(3rd) - I""" exception processing 
(Tw) 

T2 n 

I I I 
I I I 

--~~~------~~~------~~~-------

Figure 4-55. Bus Retry to Bus Error Timing 



Bus Error/Access Level Violation Exeception Processing 

I. Stack the PC Previous SR I 

HD641016 Temporary Register 
Previous Status Register I 

SR: Status register 

2. Stack the previous PC 
I ~ : :;gIGl: + SR I"'" SSP 

Upper I Lotu 
SR Internally copied. 

NO 

YES 

3. Stack PFA when an exceplion processing begins. SSP~ I.JAl1!;C~C:.!;:'ES~SI.--I 
4. Stack access information PFA H 

PFA(L) 

PFA: Program Fetch Address 
ACCESS: Access Information 

SR 
PCH 
PC(L) 

Figure 4·56. Bus Retry/Bus Error and Access Level Violation 

Exception Processing 
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Trace: If the T bit of SR is set, the HD64lO16 generates a trace exception whenever an 

instruction completes execution. This exception is valid from the next instruction after the T bit is 

set. The trace exception triggers the system's trace routine (Figure 4-5S). The trace exception 

vector number is H'09. See "4.6.7 Stack Configuration for Exception Processing" for details on 

the stacked information. 

Note that if the SLEEP instruction is executed while T = I, the CPU enters sleep or system stop 

mode for one clock cycle and then performs trace exception processing. 

mega. Instruction Exception: An attempt to execute an illegal instruction causes the 

HD64lO16 to start illegal instruction exception processing instead of executing the illegal 

instruction (Figure 4-5S). The illegal instruction exception vector number is H'04. 

In illegal instruction exception processing, the PC stacked varies depending on the instruction field 

containing the illegal pattern. If an opcode contains an illegal pattern, the PC points to the opcode 

address. If the second opcode of the 2-byte instruction includes an illegal pattern, the PC points to 

the second opcode address. In addition, if the operand contains an illegal pattern, the PC points to 

the address following the illegal operand address. See "4.6.7 Stack Configuration for Exception 

Processing" for details. 

Unimplemented Instruction Exception: When the HD64lO16 attempts to execute an 

instruction whose opcode is H'CO to H'C7 or H'CS to H'CF, it causes an unimplemented 

instruction exception (Figure 4-5S). This allows the system to emulate these instructions in 

software. The HICO-H'C7 instruction vector number is H'lO, and the H'CS-H'CF instruction 

vector number is H'll. 

See "4.6.7 Stack Configuration for Exception Processing" for details on the stacked information. 

Privilege Violation: The HD64lO16 operates in one of two privilege modes: supervisor or 

user mode. Privileged instructions cannot be executed in user mode. When the HD64lO16 tries to 

execute a privileged instruction in user mode it causes a privilege violation exception (Figure 4-5S). 

The privilege violation exception vector number is H'OS. 

Privileged instructions are: 

• STC, LDC, ANDC, XORC, and ORC instructions specifying the BMR, GBNR, SR, EBR, 

RBR, USP, or IBR register 

• CGBN,PGBN 
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• RTE 

• RESET 

• SLEEP 

In privilege violation exception processing, the stacked PC points to the first byte of the instruction. 

See "4.6.7 Stack Configuration for Exception Processing" for details. 

Trap Exception: When the MPU executes a TRAPA instruction, TRAP instruction, or DNXS 

or DNXU division by zero, it can cause a trap exception (Figure 4-58). 

The TRAP A instruction always causes a trap exception. The vector number is H'32-H'47, 

depending on the lower 4 bits of the second opcode. 

The TRAP instruction causes a trap exception if the condition (cc) is true. The vector number is 

H'07. 

Division by zero with the DNXS or DNXU instruction always causes a trap exception, vector 

number H'05. 

See "4.6.7 Stack Configuration for Exception Processing" for details on the stacked information. 

Access Level Violation: If the MPU accesses an illegal area in user mode, it causes an access 

level violation exception (Figure 4-56). The vector number is H'12. 

illegal areas in user mode are defined as follows: 

• Internal I/O area 
• Internal RAM area which is protected from access in user mode under the control of the 

RAMALV bit in BMR 

• Chip select area which is protected from access in user mode by the chip select controller 

Since access level violation exception processing begins after the bus cycle generating the access 

level violation has completed, the read or write operation in this bus cycle is actually performed. 

However, if an access level violation occurs during an instruction cycle requiring multiple bus 

cycles, the access level violation exception processing begins immediately without completing the 

instruction cycle. See" Section 8. DMA Controller" for details. 

See "4.6.7 Stack Configuration for Exception Processing" for details on the stacked information. 
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Bank Mode Violation: The HD641016 has two register handling modes, ring and global. In 
ring mode, ring registers can be used, but in global mode, they cannot. If an addressing mode or 
instruction used only for ring mode, such as the ICBN or DCBN instruction, is specified in global 

mode, it causes bank mode violation exception (Figure 4-58). The bank mode violation vector 
number is H'13. 

See "4.6.7 Stack Configuration for Exception Processing" for details on the stacked information. 

DMA Bus Error: When BRTRY is pulled low during on-chip DMAC operation, the DMAC 

stops after the DMA cycle has completed. DMA bus error exception processing (Figure 4-58) then 
begins at the end of the suspended instruction cycle. During DMA bus error exception processing, 
the data access address and access state are not stacked since the user can obtain the required 
information from the DMAC registers. The DMA bus error exception vector number is H'18. 

See "4.6.7 Stack Configuration for Exception Processing" for details on the stacked information. 
See "Section 8. DMA Controller" for details on the DMAC BRTRY sampling timing. 

DMA Access Level Violation: If the MPU accesses an illegal area when the DMAC is in user 
area access mode, it causes a DMAC access level violation exception (Figure 4-58). The DMA 
access level violation vector number is H'19. 

Illegal areas in this mode are defined as follows: 

• Internal I/O 

• Internal RAM space which is protected from access in user mode under the control of the 
RAMALV bit in BMR 

• Chip select area which is protected from access in user mode by the chip select controller 

If the DMAC access level violation exception occurs, the DMAC stops operating after completing 
the current DMA cycle and the CPU executes the suspended instruction. DMAC access level 
violation exception processing then begins. 

The data access address and access state are not stacked during the exception processing since the 
user can obtain the required information from the DMAC registers. See "4.6.7 Stack 
Configuration for Exception Processing" for details on the stacked information. 

See "Section 8. DMA Controller" for details. 
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Interrupt: The HD641016 has 3 external and 22 internal interrupt sources at three priority levels 

which will be discussed further in the following sections (see Figure 4-59). See "4.6.7 Stack 

Configuration for Exception Processing" for details on the stacked information. Refer to "4.7 

Interrupt Controller" for details on interrupt priority. 

The 3 external interrupt sources are NMI, IRQO, and IRQ1. The lACK pin is the interrupt 

acknowledge pin. The interrupt priority register (IPR) controls the interrupt priority. The interrupt 

request control register (ICR) and the interrupt priority registers 2-0 (IPR2-IPRO) control the 

interrupt trigger mode, mask, and acknowledge mode. In non-acknowledge mode, the NMI, 

IRQO, and IRQ1 interrupt exception vector numbers are H'31, H'30, and H'29, respectively. 

The 22 internal interrupts have fixed interrupt vector numbers. Therefore, an interrupt source can 

be identified by the vector number. This allows simple interrupt processing. Internal interrupt 

sources and vector numbers are listed in Table 4-14. 

IF (Interrupt Status Flag): The IF bit in the SR register is set to 1 when an interrupt is accepted and 

its value before the interrupt is restored after the interrupt service routine has completed. 

In addition, the IF bit can also be used to control interrupt processing in a real-time OS, 

as follows. Sub-IRQ processing is performed in supervisor state and main IRQ processing in user 

state (Figure 4-57 (a». If multiple interrupts occur simultaneously, IRQ processing is quickly 

performed in supervisor state and the task dispatcher determines which main IRQ processing is 

performed first in user state (Figure 4-57 (b». 

In this sequence, the HD641016 uses the IF bit value in the stacked SR for the task switch. When 

the HD641016 detects IF = 0 (point@), the task dispatcher gains task control after the IRQ 

processing has completed. This function of the IF flag effectively supports high speed IRQ 

processing in a real-time OS. 

However, if the HD641016 cannot use the IF bit for task switching, the HD641016 detects an 

interrupt through the S bit of SR at point B and IRQ processing is delayed by the period © shown 

in Figure 4-57 (b). 
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Sub-IRQ processing Main IRQ processing (One of Ihe user tasks) 

~==pr=ocessed==in==~ D Processed in user slate (S • 0) ~ 
supervisor stale 
(S.1) (a) IRQ and Main IRQ processing 

Tasks 10 be performed slowly Tasks 10 be .rfonned quickly 

i 
Userlask 

S.o 
IF.O 

• i i i 
System task IROt processing IR02 processing 

(b) Task switching 

Figure 4-57. IF Flag Function 

Acknowledge Error: An acknowledge error exception occurs, if a bus error caused by BRTRY 

occurs during single or double acknowledge cycle of an external interrupt. The CPU then stops the 

external interrupt vector access and begins the acknowledge error interrupt exception processing by 

internally generating the exception vector number H'24. See Figure 4-59. 
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Trace, illegal or unimplemented instruction, Privilege violation, Instruction trap, 
Bank mode error, DMA Bus error, or DMA access level violation exception processing 

SR I T I-I SIIFI-1121111101-:-:-lcxl NI zl vi ci 
SR I 0 I-I tj1FI_1121111 KlI-:-:-IC1 NI zl ViC I 

COpy 

C::=>I 
HD641016 Temporary Register 

Previous Status Register I 
SR: Status Register 

Slack Iile PC Previous SR~====-_~_~:I=~~~::jl ~ _-,-,~%"",,-1~)--I SS 
2. Stack the previous SR PC ywec Lower I 

intermally copied. I 

1. 

NO 

YES 

Bus error exceptio 
processing start 

1. Load the exception vector into the PC 

2. Slart instruction letch 

Figure 4-58. Trace, Illegal or Unimplemented Instruction, Trap, Bank Mode Error, 

DMA Bus Error, DMA Access Level Violation, or Privilege 

Violation Exception Processing Sequence 
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sRIrI-1 SIIFI-1121111 KlI-:-:-lcxl NI zl vi cl 

Ip2 1p1 Ipol Interrupt priority level 

~ HD641016 Temporary Register 

Previous Status Register 

SR: Status Register 

NO 

1. Output an interrupt acknowlege status 
2. Dummy read cycle 
3. Output iACK 1. Output an interrupt code on A3/D2-A liDO YES 
4. Output lACK 
5. Read cycle 

2. Output an interrupt acknowlege status 

3. Read cycle 

1. Stack the PC """'~SR ~ A SR I+~ PC{Hl 

2. Stack the previous SR PC ywec Lower I PC{L 

Internally copied. I 

NO 

Figure 4-59. Interrupt and Acknowledge Error Exception Processing Sequence 
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4.6.5 Exception Processing Conflicts 

When more than two exceptions occur simultaneously, the CPU processes the highest priority 

exception first (fable 4-11). For example, if an interrupt exception and a trace exception occur at 

the same time during an instruction cycle while T = I, the MPU processes the trace exception flISt, 

after which it processes the pending interrupt exception. However, note that although trace 

exception processing is executed before interrupt exception processing, the interrupt routine will 

actually be executed before the trace routine. See Figure 4-60. 

Execute instruction 1 

+ 
Execute instruction 2 

I 
I 
I 

I 
I 

@) Trace service program 

3 Interrupt service program 

Figure 4-60. TRAP and Interrupt Exception Processing Flow 
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4.6.6 Exception Vectors 

Each exception vector is obtained by adding the 32-bit EBR to the 8-bit vector number. The 

exception vector is internally generated by multiplying the vector number by 4. See Figure 4-61. 

The CPU then fetches the 4-byte start address of the exception processing routine from the vector 
location. 

31 

I *"'* 
I 
I 
I 
I 
I 

+) I 
I 
131 

24 23 10 9 0 

VafKl 

1V7 VO 100 I 
I 

24 23 01 

Memory location containing the start 
address of exception routine 

EBR 

Vector Number 

*: Reserved bit Always read as undefined value. 

Figure 4-61. Exception Vector Calculation 

8-bit vector numbers are determined as follows. 

External Interrupts NMI, IRQO, and IRQ1: In single acknowledge or double acknowledge 

mode, an external device transfers the 8-bit vector number to the HD641016 through data bus 

A8107 - AII00. In non-acknowledge mode, the HD641016 internally generates the vector number 

(fable 4-14) by the same method as for exceptions other than external interrupts. See "4.7 

Interrupt Controller" for details. 

Exception Other Than External Interrupts: The HD641016 internally generates the vector 

number. See Tables 4-13 and 4-14 for details. 
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Table 4·13. Exception Vector Table 

Exception ExcenliWl Ysls:lgl: NlImbS:1: Offset from 
(Decimal) (Hexadecimal) EBR value 

Reset: SSP initial value 0 8'00 8'000 

Reset: PC initial value I H'OI 8'004 

Bus error 2 H'02 8'008 

Reserved 3 H'03 H'OOC 

megal instruction 4 8'04 H'OlO 

Division by Zero 5 8'05 H'014 

Reserved 6 H'06 H'()18 

TRAP instruction 7 H'07 H'OIC 

Privilege violation 8 H'08 H'020 

Trace 9 H'09 H'024 

H'CO-H'C7 unimplemented instruction 10 H'OA H'028 

H'C8-H'CF unimplemented instruction 11 8'OB H'02C 

Access level violation 12 8'OC H'030 

Bank: mode violation 13 8'OD H'034 

Reserved 14 8'OE 8'038 

User vector number 15 H'OF H'03C 

Reserved 16·17 H'10-H'11 8'040-8'044 

DMAbuserror 18 H'12 8'048 

DMA access level violation 19 H'13 H'04C 

Reserved 20·23 H'14·H'17 H'050-H'OSC 

Acknowledge error 24 H'18 H'060 

Reserved 2S-28 H'19-8'lC H'064-8'070 

External interrupt IRQ 1 29 H'lD H'074 

External interrupt IRQ 0 30 8'lE H'078 
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Table 4·13. Exception Vector Table (cont.) 

Exception 

External interrupt NMI 

TRAPA instruction (#0 - #15) 

Reserved 

Internal interrupt (See Table 4-13.) 

Reserved 

User vector number 

Exception l'ector Number 
(Decimal) (Hexadecimal) 

31 HIF 

32-47 H20-H2F 

48-63 H'30-H'3F 

64-90 H40-H5A 

91-127 H'5B-H7F 

128-255 H'80-HFF 

Note: Reset vectors are stored in supervisor program area. 
Other vectors are stored in supervisor data area. 
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OtT set from 
EBR value 

H07C 

H'080-HOBC 

H'oa>-HOFC 

H'I00-H'168 

H'16C-HIFC 

H'200-H'3FC 



Table 4·14. Internal Interrupt Vector Numbers 

IOll:[DlPl II:W![ Numbl:[ Offset from 
On.chipIlO Internal Interrupt Decimal Hexadecimal EBR value 

Reserved 64 H'40 H'100 
Reserved 65 H'41 H'104 

'IMR1 Count match 66 H'42 H'108 
Measurement end 67 H'43 H'lOC 
Overflow 68 H'44 H'110 

'IMR2 Count match 69 H'45 H'll4 
Measurement end 70 H'46 H'll8 

Overflow 71 H'47 H'llC 

Reserved 72 H'48 H'120 
Reserved 73 H'49 H'124 

Reserved 74 H'4A H'128 

DMACO Block transfer end 75 H'4B H'12C 
DMA transfer end 76 H'4C H'130 

DMACI Block transfer end 77 H'4D H'134 
DMAtransferend 78 H'4E H'138 

DMAC2 Block transfer end 79 H'4F H'13C 
DMA transfer end '80 H'50 H'140 

DMAC3 Block transfer end 81 H'51 H'144 

DMA transfer end 82 H'52 H'148 

ASCIO RXready 83 H'53 H'14C 

TXready 84 H'54 H'150 

RX interrupt 85 H'55 H'154 

TX interrupt 86 H'56 H'158 

ASCIl RXready 87 H'57 H'15C 
TXready 88 H'58 H'I60 

RX interrupt 89 H'59 H'164 
TX interrupt 90 H'SA H'168 
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4.6.7 Stack Configuration for Exception Processing 

Exceptions Other than Bus Error or Access Level Violation: For exceptions other than 

bus error or access level violations, long word PC and word SR are stacked as shown in Figure 

4-62. 

5 o 

SSP--. SR 
Word 

Upper word 

----PC-----------
Lower word 

Lower 

l 
T 
Upper 

SR: Status Register 
PC: Program Counter 

SSP: Supervisor Stack pointer 

Figure 4-62. Stack Configuration for Exceptions Other Than Bus Error and 
Access Level Violation Exceptions 
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Bus Error and Access Level Violation: For bus error or access level violations, the PC, 
SR, program fetch address, and access information are stacked as shown in Figure 4-63. 

15 ...................... 5 4 3 2 1 0 Lower 

ssp- * ---- * IREIRRIMEI P IMR 

vess Information (word) 

I Upper Word 

t-- _ Programfetch _________ 
address (Note) Lower Word 

Address 

SR 
Word 

Upper Word 

I- -PC----- --------
Lower Word 

Upper *: Underflned 
Note: 1. 32-bit program fetch address Is yaRd only when P.1. SR: Status Register 

In addition, note that the LSB of this program fetch address PC: Program Counter 
is always undefined. SSP: Supervisor Stack Pointer 

Figure 4·63. Stack Configuration for Bus Error and 
Access Level Violation Exceptions 

The following explains each bit function in the above access information (Figure 4-64). Note that 
only the lower 5 bits of the access information are valid. The upper 11 bits are undefmed. 

15 5 4 

'" -- '" RE 

"': Undefined 

RAM Error 

3 2 

RR 

o 

Jmory Read 

Program Fetch 

Memory Error 

RAM Read 

Figure 4·64. Access Information 
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RAM Error (RE): RE = 1 indicates that the access level violation occurred during the internal 

RAM access cycle. RE = 0 indicates that the exception occurred during a bus cycle other than the 

internal RAM access cycle. 

RAM Read (RR): RR is valid only when RE = 1. RR = 1 indicates that the access level 

violation exception occurred during the internal RAM read cycle. RR = 0 indicates that the 

exception occurred during the internal RAM write cycle. Note that RR is undefined during an 

internal RAM boundary access (Figure 5-7). 

Memory Error (ME): ME = 1 indicates that a bus error or access level violation exception 

occurred during an internal I/O or external memory access cycle. In addition, ME is set to 1 during 

the internal RAM boundary access (Figure 5-7). ME = 0 indicates that the exception occurred 

during a bus cycle other than an internal I/O or external memory access cycle. 

Program Fetch (P): P is valid only when ME = 1. P = 1 indicates that a bus error or access 

level violation exception occurred during a program fetch cycle. In addition, the program fetch 

address on the stack is valid only when the P bit is set to 1. P = 0 indicates that the exception 

occurred during a data fetch cycle. 

Memory Read (MR): MR is valid only when ME = 1. MR = 1 indicates that a bus error or 

access level violation exception processing occurred during an internal I/O or external memory 

access read cycle. MR = 0 indicates that the exception occurred dwing a write cycle. 

Table 4-15 summarizes the access information bit values and their corresponding information. 
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Table 4·15. Access Information 

RE RR ME P MR Access Information 

0 * 0 * * Reserved 

0 * 1 0 0 Memory data write 

0 * 1 0 1 Memory data read 

0 * 1 1 0 Reserved 

0 * 1 1 1 Memory program read (fetch) 

1 0 0 * * Internal RAM write 

1 1 0 * * Internal RAM read 

1 * 1 0 0 Internal RAM write (Note 1) 

1 * 1 0 1 Internal RAM read (Note 1) 

1 * 1 1 0 Reserved 

1 0 1 1 1 Internal RAM write! Memory program read (fetch) 

1 1 1 1 1 Internal RAM read! Memory program read (fetch) 

Notes: 1. Access from chip select area or I/O area to the internal RAM. 
2. * = Don't care 

For example, a value of 0* 101 for the lower 5 bits of access information indicates that an 

exception occurred during memory data read cycle. At this time, the address of the instruction to be 

read can be obtained from the stacked PC. However, note that the PC must be modified to get the 

actual instruction start address. In additions a value of 10 111 for the lower 5 bits of access 

information indicates that multiple exceptions occurred during the internal RAM write cycle and 

memory program read cycle simultaneously. Moreover, a value of 1 *100 for the lower 5 bits of 

access information indicates that an exception occurred during an internal RAM boundary access as 

shown in Figure 5-7. 

The reason is as follows: The HD641016 can fetch a program instruction without the intervention 

of the CPU. Accordingly, the CPU can execute instructions which do not use the bus during the 

HITACHI 107 



program fetch cycle. In addition, the internal RAM can be accessed in parallel with a progriun fetch 
since the internal RAM uses its specific internal bus. Consequently, the internal RAM can be 

accessed in parallel with the memory program read and multiple exceptions can occur both in RAM 

access ~d memory read cycles simultaneously. At this time, the memory program read address is 
contained in the program fetch address on the stack. The internal RAM address can be obtained 
from the PC on the stack. 

4.6.8 Exception Processing Pointers 

This section outlines the stack pointer and pointer register status when a bus error or access level 
violation is generated. 

Exception during an ICBN or DCBN Instruction Cycle: If an overflow or underflow 
occurs during an ICBN or DCBN instruction cycle, the CPU stacks registers according to the 
register list in R15. However, if a bus error or access level violation occurs during stacking, the 

CPU stops stacking. Therefore, BSP is not updated, while CBNR and VBNR are updated. See 
"4.4 Register Banks" and "Section 16. Instruction Set" for details. 

Exception during an LDM or STM Instruction Cycle: If a bus error or access level 
violation occurs during an LDM instruction cycle whose source addressing mode is auto-increment 
or auto-decrement, register Rn concerned with addressing is incremented or decremented by 
operation size. If the LDM instruction is completed normally, register Rn concerned with the 

addressing mode is updated to' (initial value ± operation size x the number of registers). This also 

applies to the STM instruction, whose destination addressing mode is auto-increment or 

auto-decrement 

Exception When an Operand Is Specified by Auto-Increment or Auto-Decrement 
Addressing Mode: If a bus error or access level violation occurs while an operand is specified 
by an auto-increment or auto-decrement addressing mode, Rn is updated. 

Exception during Information Stacking for Another Exception: If a bus error or 

access level error occurs during information stacking of another exception, the CPU stops stacking 

and SSP is maintained. The CPU then begins the bus error exception processing. 
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4.6.9 Stacked PC Value When an Exception Occurs 

Table 4-16 shows the PC stacked when an exception occurs. 

Table 4-16. PC Stacked in Exception 

Exception 

Bus error 

Access level violation 

Interrupt 

Trace 

DMA bus error 

DMA access level violation 

Acknowledge error 

TRAP instruction 

illegal instruction 

Bank mode violation 

Unimplemented instruction 

Privilege violation 

PC 

• When the bus error occurs during a bus cycle with an 
instruction prefetch: The PC to be stacked is undefmed 
since the bus cycle is perfonned asynchronously with 
instruction execution. 

• When the bus error occurs during an instruction 
cycle: The PC indicates an address from the 2nd byte of the 
instruction to the 1st byte of the next instruction 
if a bus error occurs in the read cycle. Otherwise, the PC 
is undefmed since the CPU continues executing 
instructions in the prefetch queue. 

The PC indicates the address of the 1st byte of the next 
instruction. 

The PC indicates an address from the 2nd to the last byte of 
the instruction generating this exception. 

The PC indicates the address of the 1st byte of the 
instruction generating this exception. 
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4.7 Interrupt Controller 

The HD64l0l6 has 3 external (NMI, IRQ1, and IRQO) and 22 internal interrupt sources (Table 

4-17). The interrupt priority levels of internal interrupts IRQl and IRQO are programmable. NMI 
always has the highest priority (Figure 4-69). 

The HD64lOl6 interrupts have the following features: 

• Three levels of programmable interrupt priority (other than NMI) 

• Three interrupt acknowledge modes for external interrupts: Non-acknowledge, single 
acknowledge, and double acknowledge modes 

• IRQl and IRQO individually maskable 
• IRQl and IRQO either edge or level triggered 

In non-acknowledge mode, the CPU internally generates the vector numbers for NMI, IRQO, and 
IRQl which are H'3l, H'30, and H'29, respectively. 
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Table 4·17. Internal Interrupt Vector Numbers 

On.ChipIlO Internal Interrupt lolS:tDlW; Ys:s:lat ~mbs:t Offset from 
Decimal Hexadecimal EBR value 

Reserved 64 H'40 H'lOO 
Reserved 65 H'4l H'104 

Timer 1 Count match 66 H'42 H'108 
Measurement end 67 H'43 H'lOC 
Overflow 68 H'44 H'110 

Timer 2 Count match 69 H'45 H'll4 
Mea~ntend 70 H'46 H'll8 
Overflow 71 H'47 H'llC 

Reserved 72 H'48 H'120 
Reserved 73 H'49 H'124 
Reserved 74 H'4A H'128 

DMACO Block transfer end 75 H'4B H'12C 
DMA transfer end 76 H'4C H'130 

DMACI Block transfer end 77 H'4D H'134 
DMA transfer end 78 H'4E H'138 

DMAC2 Block transfer end 79 H'4F H'13C 
DMA transfer end 80 H'50 H'l40 

DMAC3 Block transfer end 81 H'5l H'l44 
DMA transfer end 82 H'52 H'148 

ASCIO RXready 83 H'53 H'14C 
TXready 84 H'54 H'150 
RX interrupt 85 H'55 H'154 
TX interrupt 86 H'56 H'158 

ASCIl RXready 87 H'57 H'15C 
TXready 88 H'58 H'l60 
RX interrupt 89 H'59 H'164 
TX interrupt 90 H'5A H'168 
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The HD641016 interrupt controller consists of interrupt priority registers and an interrupt control 
register (Table 4-18), all of which are read/write registers. 

Table 4·18. Interrupt ControUer Registers 

Register Name Symbol Address Offset RIW Value at Reset Size 

Interrupt priority register 0 IPRO H'FF40 RIW H'OOOO W 

Interrupt priority register 1 IPR1 H'FF42 RIW H'OOOO W 

Interrupt priority register 2 IPR2 H'FF44 RIW H'OOOO W 

Interrupt control register ICR H'FF46 RIW H'OOOO W 
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4.7.1 Interrupt Controller Registers 

Interrupt Priority Register 0 (lPRO): The 16-bit read/write !PRO register (Figure 4-65) 

specifies the interrupt priorities for timer 1, ASCIO, and ASCII. !PRO is not affected by the reset 

instruction. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 -I -ISOP11sopol - 1 -IS1P1Is1Pol - 1 -I - 1 -I - 1 -1T1P11T1POI 
lonial Value 0 0 0 0 0 0 

ReadlWrite ANI FWI FWI FWI ANI ANI 

I I I 
ASCIO priority 1.0 ASCI1 priority 1. 0 Trmer 1 priority 1. 0 

SOP1 SOPO 

\ 
S1P1 S1PO 

~ T1P1 T1PO 

0 0 

0 1 

1 0 

- : Reserved bit. Always read as O. Cannot be written. 
1 1 

IPRO is not affected by the RESET instruction. 

Figure 4-65. Interrupt Priority Register 0 (lPRO) 

Prioriy Level 

0 

1 

2 

3 

(Mask) 

(Low) 

(Medium) 

(High) 

ASCI Channel 0 Priority 1,0 (SOPl, SOPO): SOPI and SOPO specify the interrupt priority level for 

ASCI channel 0 as shown in Table 4-19. 

Table 4-19. SOP1-S0PO Setting and Priority Level 

SOP1 SOPO Priority Level 

o o o (Mask) 

o 1 1 (Low) 

1 o 2 (Medium) 

1 1 3 (High) 
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ASCI Channell Priority 1,0 (SlP1, SlPO): SlP1 and SlPO specify the interrupt priority level for 

ASCI channell as shown in Table 4-20. 

Table 4·20. SIPI·SIPO Setting and Priority Level 

SIPl SIPO Priority Level 

o o o (Mask) 

o 1 1 (Low) 

1 o 2 (Medium) 

1 1 3 (High) 

Timer Channell Priority 1,0 (TIP1, TlPO): TlPl and T1PO specify the interrupt priority level 

for timer channell as shown in Table 4-21. 

Table 4·21. TIPl·T1PO Setting and Priority Level 

TlPI TIPO Priority Level 

o 0 o (Mask) 

o 1 1 (Low) 

1 0 2 (Medium) 

1 1 3 (High) 
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Interrupt Priority Register 1 (lPRl): The 16-bit read/write IPR1 (Figure 4-66) specifies 

the interrupt priorities for timer 2, DMACO, and DMACl. IPR1 is not affected by the RESET 

instruction. 

15 14 13 12 11 10 9 6 

1- 1 - IT2PlIT2Pol - 1 -I - 1 - 1 
Inilial Value 0 0 

ReadlWrile R/IN R/IN 
I 

Timer 2 Priorily 
1,0 

\ 

7 6 5 4 

o 0 
R/IN R/IN 

I 
DMACO priority 

1,0 

~ 
-: Reserved b 
IPR1 is not af 

it. Atways read as O. Cannot be written. 
fected by the RESET instruction. 

3 2 1 0 

o 0 
R/IN R/IN 

I 
DMAC 1 priority I, 0 

T2Pl T2PO 
OMOPI OMOPO 

OMIPI DMIPO Priorly Level 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

Figure 4-66. Interrupt Priority Register 1 (IPRl) 

( 

( 

Mask) 

Low) 

Medium) 

High) 

( 

( 

Timer 2 Priority 1,0 (T2P1, T2PO): T2P1 and T2PO specify the interrupt priority level for timer 2 

as shown in Table 4-22. 

Table 4-22. T2PI-T2PO Setting and Priority Level 

T2Pl T2PO Priority Level 

o o o (Mask) 

o 1 1 (Low) 

1 o 2 (Medium) 

1 1 3 (High) 
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DMAC Channel 0 Priority 1,0 (DMOP1, DMOPO): DMOP1 and DMOPO specify the interrupt 

priority level for DMAC channel 0 as shown in Table 4-23. 

Table 4·23. DMOPl·DMOPO Setting and Priority Level 

DMOPI DMOPO Priority Level 

o o o (Mask) 

o 1 1 (Low) 

1 o 2 (Medium) 

1 1 3 (High) 

DMAC Channell Priority 1, 0 (DM1P1, DM1PO): DM1P1 and DM1PO specify the interrupt 

priority level for DMAC channell as shown in Table 4-24. 

Table 4·24. DMIPl·DMlPO Setting and Priority Level 

DMIPI DMIPO Priority Level 

o o o (Mask) 

o 1 1 (Low) 

1 o 2 (Medium) 

1 1 3 (High) 

116 HITACHI 



Interrupt Priority Register 2 (lPRl): The 16-bit read/write IPR2 (Figure 4-67) specifies the 

interrupt priorities for DMAC2, DMAC3, IRQO, and IRQ1. IPR2 is not affected by the RESET 

instruction. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I - I - 1DM2P1IDM21'OI - I - I DM3PllDM3f'Ol - I - IIROPIllROpol - I - IIRIPIIIRIPII 
Innial Value 0 0 0 0 0 0 0 0 

ReadlWr&e RIW RIW RIW RIW RIW RIW RIW RIW 

I I -------T DMAC2 priority 
1, 

DMAC3 priority IROO priority 1,0 IROI priority 1, 0 
0 

"\ 

-: Reserved bit. Always read as O. Cannot be written. 

IPR2 is not affected by the RESET instruction. 

\ 
~M2f> 
DM3P1 
IROPI 

IRIPI 
0 
0 
1 
1 

DMP2PC 
DM3PO 
IROPO 
IROPO 

0 
1 
0 
1 

Figure 4-67. Interrupt Priority Register 2 (lPR2) 

PriorHy Level 

0 
I 
2 
3 

( 

( 

( 

Mask) 

Low) 

Medium) 
High) ( 

DMAC Channel 2 Priority 1,0 (DM2Pl, DM2PO): DM2Pl and DM2PO specify the interrupt 

priority level for DMAC channel 2 as shown in Table 4-25. 

Table 4-25. DMlPI-DMlPO Setting and Priority Level 

DM2Pl DM2PO Priority Level 

o o o (Mask) 

o 1 1 (Low) 

1 o 2 (Medium) 

1 1 3 (High) 
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DMAC Cbannel3 Priority 1,0 (DM3Pl, DM3PO): DM3Pl and DM3PO specify the interrupt 

priority level for DMAC channel 3 as shown in Table 4-26. 

Table 4-26. DM3Pl-DM3PO Setting and Priority Level 

DM3Pl DM3PO Priority Level 

I 
0 0 o (Mask) 

0 1 1 (Low) 

1 0 2 (Medium) 

1 1 3 (High) 

IRQO Priority 1,0 (lROPl, IROPO): IROPI and IROPO specify the IRQO interrupt priority level as 

shown in Table 4-27. 

Table 4-27. IROPl·IROPO Setting and Priority Level 

IROPl IROPO Priority Level 

o 0 o (Mask) 

o 1 1 (Low) 

1 0 2 (Medium) 

1 1 3 (High) 
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IRQI Priority 1,0 (IR IPl, IRIPO): IRIPI and IRIPO specify the IRQI interrupt priority level as 

shown in Table 4-2&. 

Table 4·28. IRIPI·IRIPO Setting and Priority Level 

IRIPI IRlPO Priority Level 

o 0 o (Mask) 

o 1 1 (Low) 

1 0 2 (Medium) 

1 1 3 (High) 

Interrupt Control Register (ICR): ICR controls external interrupt request vector modes, 

interrupt masking, edge or level triggering, and interrupt acknowledge modes (Figure 4-68). The 

upper byte of ICR is reserved, and always read as O. ICR is not affected by the RESET 

instruction. 
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1 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 -I - 1 -I - 1 - 1 - 1 -I - IIMOOINMWloowlroVlllAOJWllROMl1 -I -I 
Inkial Value 0 0 0 0 0 0 

ReadlWrke RIW RIW RIW RIW RIW RIW 

I 

1 

0 

1 

IRQ Input Mode 0, 1 

Tit otModa 

IAOIM Modo li' _Mode lACK PIn 
Unused 

0 

ft-- B -
~ 

.- IRQ Vector Select 0,1 

NMI Vector Select 

Interrupt Mode 

-: Reserved bit. Always read as O. Cannot be written. 

ICR is not affected by the RESET instruction. 

Figure 4-68. Interrupt Control Register 

Interrupt Mode (lMOD): IMOD detennines whether the IRQO interrupt acknowledge mode is 

double acknowledge. When IMOD = 0, the IRQO interrupt acknowledge mode is single 

acknowledge or non-acknowledge, depending on IRQVO. When IMOD = I, the IRQO interrupt 

acknowledge mode is double acknowledge. At this time, the IACK signal is output, bits 6-2 of 

ICR are ignored, and IRQO is specified as level triggered. 

NMI Vector Select and IRQ Vector Select 0-1 (NMI, IRQVO-I): NMIV, IRQVO, and IRQVl are 

the NMI, IRQO, and IRQl vector mode bits. If the vector mode bit is 0, that interrupt will be 

auto-vectored (non-acknowledge mode). If the bit is 1, that interrupt will be in external vector 

mode (single acknowledge for IRQl and NMI; single or double acknowledge for IRQO, depending 

onIMOD). 

IRQ Input Mode 0, 1 (lRQIMO, IRQIM1): IRQIMI and IRQIMO are the IRQl and IRQO input 

trigger mode bits. If the bit is 0, the interrupt is low-level triggered. If the bit is 1, the interrupt is 

falling-edge triggered. NMI is always edge triggered. 
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4.7.2 Interrupt Controller Operation 

Priority Specification: Interrupt priority is specified as shown in Figure 4-69. 

Highest Priority ~ NMI 

Internal interrupt 

IROQ interrupt 

IR01 interrupt 

} 
Programmable 
Interrupt 
Priority 

• 

Figure 4·69. Interrupt Priority 

Internal interrupts and IRQO, and IRQl interrupts are programmable into three levels by 

IPRO-IPR2. If interrupts of different priorities are requested simultaneously, the highest priority 

interrupt processing precedes the lower priority interrupt processing. If interrupts of the same 

priority level occur simultaneously, the CPU services the interrupt of the highest priority offset as 

shown in Table 4-29. 

Table 4·29. Internal Interrupt Offset Priority 

No. Offset Priority On·Chip I/O Device 

1 Highest ASCIO 

2 

3 
4 

5 
6 

7 

8 

9 

10 Lowest 

ASCIl 

Timerl 

Timer2 
DMA(l) 

DMACI 

DMAC2 

DMAC3 

IRQO 

IRQl 
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If the CPU accepts an interrupt request, the CPU copies the interrupt priority level into the 10-12 

bits of SR to mask any other interrupts of the same or lower priority. At this time, the interrupt 

priority level for NMI is the highest level 7. See "4.3.2 Status Register" for details on the 10-12 

bits. 

Figure 4-70 shows an example of interrupt priority programming by IPRO-IPR2. Level 3 is the 

highest priority. Interrupts of the same level are prioritized by the offset listed in Table 4-29. 

In Figure 4-70, 

Level3: DMACO > DMACI 

Leve12: ASCIO > Tunerl > DMAC2 > DMAC3 

Levell: ASCII> IRQO 

Level 0: Timer 2 and IRQI interrupts are masked. 
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Table 4-30 shows the interrupt priority for each on-chip I/O device. 

Table 4-30. Interrupt Priority in Each On-Chip I/O Device 

Priority 

Highest 

I 
Lowest 

Interrupt 

DMA Controller 

Block transfer end 

Transfer end 

On-Chip 1/0 Specified 
Device Priority Level 

ASCI 0 2 

ASCI 1 1 

TImer 1 2 

Timer 2 0 

DMACO 3 

DMAC1 3 

DMAC2 2 

DMAC3 2 

IROO 1 

IR01 0 

Timer ASCI 

Count match RX ready (RXRDY) 

Measurement end TX ready (IXRDY) 

Overflow RX interrupt (RXINT) 

TX interrupt (TXINT) 

On-Chip VO 
Priority Device 

DMACO Highest 

III DMAC1 

ASCI 0 

Timer 1 I---

DMAC2 

II DMAC3 

ASCI 1 

~ 
IROO Lowest 

Timer 2 
Mask 

IR01 

ASCI: Asynchronous Serial Communication Interface 
DMAC: DMA Controller 

Figure 4-70. Interrupt Priority Programming Example 

Interrupt Arbitrator: Figure 4-71 shows the implementation of the arbitrator. 
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Mask and 
r--------, SelectbylPR RXROYE 1 I 

RXROY---,r-<--' J-"'T"'"-f---. 
TXROYE I 

TXROY---r-<...J 
RXIN I 

RXiNT --,..-L'/ I 
TXINTE I 

TXlNT---,-4-'/ I 
I ASCIO I 
r--------...l 
I I 

L __ ,~f!!.._ ..J 

r-------., 
BIE I 

Block Transfer End -.,..;...-t.J-IJ--i-4 ...... 
llE I 

OMA Transfer End ---1--1-./ I 
I OMACO I 
1---------1 
I I 

~ __ ~~~1 ___ J 

I I 

~---~~C~---I 
I I 

~ __ ~~~ __ J 

r--------, 
CIE I I 

Count Match ':""'::'-';---IJ-;::::::rJ""";-4---...l 
MIF-..-" I 

Measurement End O-IE--::'~-::'~~ I 

OverfIoW---I1--I-'-llMER 1 : 
r--------~ 

L ___ 1l!\§''1.2 __ J 

Edge/Level 
Detection 

IRa1--~t~irou~R~~r-_t-_..J 
L-.. ____ ---' 

Mask by 
the 1 bit of 
SA 

Sleep Mode 
Release Signal 

ASCI: Asynchronous Serial Communication Interface 
OMAC: OMA Controller 

SR: Status Register 
I: Intenupt Mask Bit 

Figure 4-71. Interrupt Arbitrator 

124 HITACHI 



External Interrupt: The HD641016 has three external interrupt sources: NMI. IRQO. and 
IRQ1. 

Trigger and acknowledge modes of these interrupts can be specified as shown in Table 4-31. 

Table 4-31. Valid Trigger and Acknowledge Modes 

Trigger Mode Acknowledge Mode 

Edge Level Non-Acknowledge Single-Acknowledge Double-Acknowledge 
Mode Mode Mode 

NMI 0 X 0 0 X 

IRQO 0 0 0 0 0 

IRQ1 0 0 0 0 X 

Notes: 0 = Available 

X = Not available 

Tables 4-32 through 4-34 show acknowledge and trigger mode combinations for each interrupt. 

Note that ICR controls both acknowledge and trigger modes. 

Table 4~32. NMI Modes (Always Edge Triggered) 

NMIV Acknowledge Mode 

o Non-acknowledge mode 

1 Single acknowledge mode 
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Table 4-33. IRQl Modes 

IRQVl IRQIMl Acknowledge Mode Trigger Mode 

0 0 Non-acknowledge mode Level 

1 Non-acknowledge mode Edge 

1 0 Single acknowledge mode Level 

I Single acknowledge mode Edge 

Table 4-34. IRQO Modes 

IMOD IRQVO IRQIMO Acknowledge Mode Trigger Mode lACK Pin 

0 0 0 Non-acknowledge mode Level Unused 

1 Non-acknowledge mode Edge Unused 

1 0 Single acknowledge mode Level Unused 

1 Single acknowledge mode Edge Unused 

I 0 0 Double acknowledge mode Level Used 

1 

1 0 

I 

Trigger Mode: IRQO and IRQ1 interrupts can be programmed as either edge or level triggered. 

If an IRQ interrupt is programmed as level triggered, the CPU accepts the interrupt if the IRQ pin is 

asserted low. However, the IRQ interrupt is ignored if the IRQ pin is pulled high before it is 

accepted. (See Figures 4-72 to 4-73.) 

If an IRQ interrupt is programmed as edge triggered, the CPU accepts the interrupt when the IRQ 

pin's falling edge is internally latched. The IRQ pin must be asserted low for at least 2 clock cycles 
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to be latched correctly. Once the IRQ pin's falling edge is internally latched, the IRQ interrupt can 

be accepted even if the IRQ pin is negated. (See Figures 4-72 to 4-73.) 

In addition, the flip-flop set by the IRQ pin's falling edge is cleared when an IRQ interrupt 

exception begins. 

(a) Interrupt received 

Instruction execution Interrupt service routine 
I 
I 

\'--_-e-<11..J..L77.L.L.oL..L..JW<...L...I/ ICL../.OCL.././7..L..LI7..L..LO..L..LI7~77..L..L/7.L.L77J...L..mu..J77CL../.71..J..LI7J....L.L/ / / 

(b) Interrupt missed 

IR01oriROO 

Instruction execution G) Execution instruction <2> Instruction execution ® , 
I 
I 

\\-_--'/ II 

, , 
I 
I 
e 

Figure 4-72. Level-Triggered Interrupt Accept Timing 

Receive interrupt 

~ 
Instruction execution Interrupt excep~im2:essing Interrupt service routine 

IR010r IROQ -------ILJ 
-I I-
At least 2 clock cycles 

Figure 4-73. Edge-Triggered Interrupt Accept Timing 

Acknowledge Modes: This section outlines each of the three acknowledge sequences which 

can be selected by ICR. 
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, 
Non-Acknowledge: In non-acknowledge mode, the CPU internally generates fIxed vector numbers 

for interrupt somces to fetch the start address of the interrupt service routine (ISR) from the 

exception processing vector table. Figme 4-74 shows the non-acknowledge mode sequence. 

HD641 016 Interrupting device 

I 1. IRoo, IRQ1, or NMI is asserted low. 1/ 
2. H the Interrupt priority is higher than the 

priority level specified in the 12-10 bits, the 

CPU executes step 3. Otherwise, the CPU 

Ignores the Interrupt. 

3. The CPU internally generates the 

corresponding Interrupt vector number. 

4. The CPU begins interrupt exception 

processing. 

Figure 4-74. Non-Acknowledge Mode Interrupt Sequence 

Single Acknowledge Mode: In single acknowledge mode, the CPU internally latches an interrupt 

vector number on the data bus dlU'ing the frrst interrupt acknowledge cycle to fetch the start address 

of the ISR (interrupt service routine) from the exception processing vector table. Therefore, the 

interrupting device must place the interrupt vector on the data bus. In addition, note that the CPU 

executes bus retry or acknowledge error interrupt processing depending on the BR TE bit value, if 

BRTRY is asserted low dlU'ing interrupt acknowledge cycle. Figme 4-75 shows the interrupt 

sequence in single acknowledge mode. Figure 4-76 shows single acknowledge mode bus timing. 
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HD641016 . Interrupting device 

I 1. IROO, IR01, or NMI is asserted low. I 
2. If the interrupt priority is higher than the 

priority level specified in the 12-10 bits, the 

CPU executes step 3. Otherwise, the CPU 

ignores the interrupt. 

3. The CPU outputs the interrupt pin code 

~ 
through A31D2-A1/DO. 

4. The CPU outputs the interrupt acknowledge 

status on ST2-STO. 

5. The CPU begins read cycle. 

6. The interrupting device outputs the vector 

number corresponding to A3/D2-A1/DO 

interrupt code on A8/D7-A1/DO. 

~ 
7. The CPU fetches the vector number. 

8. The CPU completes the read cycle. 

9. The CPU begins interrupt exception 

processing. 

Figure 4-75. Single Acknowledge Mode Interrupt Sequence 
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Table 4-35 shows the interrupt pin codes for interrupt request pins. 

Table 4·35. Interrupt Pin Code 

Interrupt Request Pin Code 

NMI 7 

IRQO 6 

IRQ1 5 

Bus Cycle for Stacking 

1i T1 T2 T3 TI 1i T1 T2 

0~~~ 

ST2·STO ------/ \'-------c~I)-~ -----
Output pin code Read Data 

A81D7·A1IDO --(. AB·A1 ~~)'r~----« AB-A1 )-

A 161D15·A9/D8 ~\ 

A23·A17 , 
~\ 

AS \ ~< 

lOS ~~ 
HOS 

S\ 

RiW 7 ~\ 

Ti: CPU Internal cycle. 

S~ 

SI j 

/ S' j 

/ ~~ 

SS 

~S 

< A16-A9 >-

\ 

L 
L 

,'-----

Figure 4·76. Single Acknowledge Mode Bus Cycle Timing 
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Double Acknowledge Mode: In double acknowledge mode, the CPU internally latches an interrupt 

vector number on the data bus during the second interrupt acknowledge cycle to fetch the start 

address of the ISR from the exception processing vector table. Figure 4-77 shows the interrupt 

sequence in double acknowledge mode. Figure 4-78 shows double acknowledge mode bus timing. 
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HD641016 Intenupting device 

·1. iimO is asserted low. 

2. If the interrupt priority is higher than the 
priority level specified in the 12-10 bits, the 
CPU executes step 3. Otherwise, the 
CPU ignores the interrupt. 

3. The CPU outputs the interrupt 

~ 
acknowledge status onto ST2-STO. 

4. The. CPU executes a dummy cycle. 

5. The CPU asserts lACK low. 

6. The Interrupting device Ignores the first 
lACK signal assertion. 

~ 
7. The CPU completes the dummy read cycle 

by negating iACR to high. 

8. The CPU asserts lACK low. 

9. The CPU begins the read cycle. 

10. The Interrupting device outputs the 
corresponding vector number on .. 
A81D7-A1/DO. 

~ 11. The CPU fetches the vector number. 

12. The CPU ~Ietes the read cycle by 
negating IA to high. 

13. The CPU begins Interrupt exception 
processing. 

Figure 4·77. Double Acknowledge Mode Interrupt Sequence 
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____ -_D_.,-\.Is,.--noI_US_._d. ____ H~064'O"- ,\:(odd=,"=':.:'onIr:::::...) ---C=~E~'''~'''J!!'.~OYiCE'J A8,u7·AtlDO I , OAla (fOnd) 

AtIlD1S·AM)8 High Impodanco 
A23-A'7 \\ ~.ddrcsSon'V} 

~,---~~~--~I \~ ______ ~I 
rns \~ ____ ~/'------------,\~ ____ ~/r-----

~----------------------------

PIW=-...J 
Noe .. : 1. Tl: CPU InIemaI cyde 

2. AfIIIr DoWI. Ack. m-STO remain (0. 1.0) unIIl the next CJCII begin .. , 

Figure 4-78. Double Acknowledge Mode Bus Cycle Timing 

4.7.3 External Interrupt Applications 

Non-Acknowledge Mode Interrupt Application: Non-acknowledge mode supports 

external interrupt devices which cannot generate interrupt vector numbers (Figure 4-79). The CPU 

generates separate ftxed vector numbers for NMI, IRQO, and IRQ1 as shown in Table 4-36. In 

this mode, the ICR is set to H'OOOO. 

Nfl( 
HD641016 

moo 
TROT ,-

-- IRQ 

'---

p ower do wn mterru pt 
evice (A) Ext~ 

IRQ 

'---

Extemal device (8) 

Figure 4-79. Non-Acknowledge Mode Application 
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Table 4·36. External Interrupt Fixed Vector Numbers 

Interrupt Source Vector Number 

31 

30 

29 

Single Acknowledge Mode Interrupt Application: Single acknowledge mode allows an 
external circuit to generate multiple vector numbers for each external interrupt source. The system 
in Figure 4-80 generates only one vector number for each source. However, multiple vectors can 
be generated using a daisy-chain scheme and external circuits. During the interrupt acknowledge 

cycle, A3-Al of the address bus indicate the interrupt source as shown in Table 4-37. External 

devices put the vector number on the lower 8 bits of the data bus. 
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HD641016 

HD74LS138 
Decoder 

ST2~---I 
ST1~---l 
STO~---I 

A161D15·A1IDO Address/Data 

lACK signal 

Figure 4·80. Single Acknowledge Mode Application 



Table 4-37. A3-A1 Code in Interrupt Acknowledge Cycle 

Interrupt Source A3-A1 

7 

6 

5 

Double Acknowledge Mode 8259A Interface: Double acknowledge mode allows the 

HD641016 to interface easily with an 8259A interrupt controller, as shown in Figure 4-81. 

H0641016 

8259A 
IRQOI>-----""O<'}------IINT 

I lNTA IR7 

~S1 ~ 

IDS WR 
R/W1---M--<lL.~ 

L-~~-------4~ 
IRO 

~------------~AO 
A8/07-

A1/00 ____ ---'O:,:ata==-___ --' 07 - DO 

Figure 4-81. 8259A Interrupt Interface 

Interrupt 
Source 
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4.8 Bus Release 

4.8.1 Bus Release Timing 

The HD641016 provides the BREQ and BACK pins for releasing the bus. An external bus master 
requests bus release by asserting the BREQ signal. Upon receiving BREQ, the HD641016 

completes the current bus cycle and then asserts BACK to notify the external bus master that the 

bus has been released to it as long as another higher priority bus master does not request bus 

release. Upon receiving BACK, the external bus master begins its bus cycle. Figure 4-82 shows 

bus release timing. 

CPU DMAC, Refresh External bus master 

Address or -------~r_-------1\.------­
Control Signal ----------jf---------t' 

~------~\~----~~------------~---------

Figure 4·82. Bus Release Timing 

The external bus master can release the bus mastership by one of the following methods. In the 

rust method, the external bus master negates BREQ to release the bus and BREQ is sampled at the 

falling edge of the 0 clock. B'A"CK is also negated at the falling edge of the 0 clock one clock 
cycle after the BREQ negation. Figure 4-83 shows this bus release timing. 

In the second method, BACK is forcibly negated by a higher priority bus master. If an intemal 

DRAM refresh is requested during an external bus master cycle of lower priority, BACK is forcibly 

negated. BREQ must then be negated as shown in Figure 4-84. 

136 HITACHI 



External bus master 

o 

CPU,DMAC 
Refresh 

Address or ----------~J} ------_H 
Control Signal '--------

BREO _____ ~r 

Figure 4-83. Bus Release Timing for External Bus Master 1 

External bus master Refresh 

Addressor ~ 
Control Signal--------~~r-------------+<'___ __ 

BREQ -----____ ~~---J 

__ --'r 
Figure 4-84. Bus Release Timing for External Bus Master 2 

4.8.2 WAIT Output Function 

When the bus is released for an external bus master, address lines and the AS pin function as 

inputs. At this time, if the WTOE bit of the area wait control register, (A WCR) is set to 1, the 

address output by the external bus master is compared with the chip select area. If the address 

output by the external bus master is included within the chip select area, the WAIT signal is 

asserted according to the number of wait states specified for the area (the number of wait states + 1 

state). Note that at least one Tw state is always inserted for all bus cycles. (One Tw state is 

inserted even if 0 Tw state insertion is selected for an area.) 

HITACHI 137 



Figure 4-85 shows the Tw state insertion timing during an external bus master cycle. PCS 1 and 

PCSO output the chip select area code. However, note that the external bus masters cannot access 

the internal RAM and I/O areas. If they try, the external bus masters actually accesses an external 

memory areas. 

See "Section 11. Chip Select Controller" and "Section 12. Wait State Controller" for details. 

T1 T3 

AS Input 

Address Input ___ J 

PCSOutput -------' 

WA!TOutput 

Figure 4-85. Tw State Insertion Timing 
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4.9 CPU Basic Timing 

4.9.1 Timing Generator 

The external clock is connected to EXT AL or a crystal resonator is connected to XT AL and EXT AL 

as shown in Figure 4-86. This external clock or crystal resonator signal is divided by two to 

generate system clock 0. Furthermore, 0 is divided by eight to produce the E clock for 6800 

family LSI interface. 

XTAL 

EXTAL 

o 

E 

Oscillator 
circuit 

Divide-by- Divide-by-
two circuit 1-....---; eight circuit 

(112) (1/8) 

Figure 4-86. HD641016 Timing Generator Circuit 

E clock 
sync. 
circuit 

Figure 4-87 shows EXTAL and 0 relationship. One state is dermed as the period from one rising 

edge to the next rising edge of 0. 

1------1 State -----i~ 

Figure 4·87. HD641016 Clock Timing 
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4.9.2 CPU ReadIWrite Cycle 

The basic CPU operation consists of one or more machine cycles (MC). One machine cycle 

consists of three system states TI, 1'2, and TI. In addition, Tw states can be inserted between T2 

and TI states when accessing slow memory or I/O devices by WAIT input or by software. For 

precharging DRAM RAS, a Tp state can be inserted before Tl state by software. See "Section 12. 

Wait State Controller" for details on Tw and Tp states. 

Figure 4-88 shows the CPU readlwrite cycle with no Tw or Tp states. 

Bus Cycle 

T3 l-/ l J~'--~T'l T2 

, / )1----' 
I I 

Wrile Data : (Valid) K Address X'-->(--ti--------!,!-'--'-----' 

[ --{'-____ A_dd_re_ss __ ----')----1!f-----~< Data :Input)- J Rem 

A23·A17· ~--------ti--------'£ 

A161D15·A1IDO --< 

I 

\~----~:--------~/ 
I W' 

\ "t, rfte / 
. I '. . 

I 
----------- I ,------------

I \ 
I '------------

WAif _________ __ I 
ST2·STO, 
RtW, PF, ---v 'I:... SID, PCS1, PCSO -----1' __________________ _ 

Figure 4-88. CPU ReadIWrite Cycle with No Tw State 
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Figures 4-89 and 4-90 show the CPU read/write cycle with Tw and Tp states. 

I---------Bus Cycle----------i 

T1 T2 Tw1 Tw2 T3 

I I 
I I 
I 

A16/01S-AlIOO --{ Address Xu.{--:-___ W ...... ; _rit_e_O_at_a_(vr-: a_li_d) __ I--_C 
I I 
I I 
I I 
I I 
: I 

[ -< Address) 

I 

~ JReaj 
I 

A23-A17 ==x-----i---~: __ l!--___ C 
I I 
I I 

\~---rl __ ~~--~II----~I - I i 
I I 

HOS. LOS ,-T"\Write I I 

WMT -----------Jr-w---~------------
I I 

ST2-STO. 
RIW. PF, ==x r=. 
SID, PCS1, pcso -----------------

Figure 4-89. CPU ReadIWrite Cycle with Tw State 
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I-------Bus Cycle -----I 

Tp T1 T2 T3 

I I 
I I 

A161015-A1/00 ---< _____ Ad_d_re_s_s_---JX +ite Data (V~lid) ~ 

[~,_ ___ A_dd_re_s_s_---,); ~)-.oo 
, 

A23-A17 ~---------i-----'L 

\'------r-I _--Jr-
I 

---------"""\- _.1, Write ,---
HOS,LOS \ : \ I ___ ..... ,-'-___ -J 

WAfT I 

-------------~---------
ST2-STO, 
RIW,PF, ~ V-SID, PCS1. PCSO ____________ ----'1\-

Figure 4-90. CPU ReadlWrite Cycle with Tp State 
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Figure 4-91 shows a read-modify-write cycle for the TAS instruction. In this cycle, ST2-STO 

indicate the bus lOCk state. Here, the CPU does not accept any interrupt or perfonn bus arbitration. 

See "Section 7. Bus Arbitrator" for details. If a bus error or access level violation occurs during 

the read cycle, the CPU does not execute the write cycle and begins the corresponding exception 

processing. 

i------Read Cycle----+----Write Cycle----J 

T1 T2 T3 T1 T2 T3 

o 

A16/D15-!X===>-__ -c=~ 
Ai/DO 

A23-A17 
~.~---------~-----------~'~ 

5T2-5TO, Bus Lock 

PF, SID, 
PCS1,PCS04J·~---------~---------_4J 

Figure 4·91. CPU Read Modify Write Cycle 
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Even addresses and odd addresses are located in the upper byte and lower byte of the 16-bit data 

bus. When the HD641016 accesses the upper byte of the data bus, HDS is asserted; when the 

lID641016 accesses the lower byte, IDS is asserted. Table 4-38 shows access size, start address, 

lIDS and bus cycle relationship. 

For byte-size memory write or memory write from an odd address, invalid data the same size as the 

unused byte in the write is output on the data bus. 

Table 4·38. Size! Address and Bus Access 

Start Address 

Number Even Address Odd Address 

Byte 

Word 

Long 

word 

of 
Bus Cycles HDS LDS 

1 o 1 

1 o o 

2 

1 o o 

2 o o 

3 

Byte Access 

Word Access 

Word Ac;cess 

Word Access 

Example: Long word access from the odd address 

1 0 

1 0 

0 1 

1 0 

0 0 

0 1 

1st access: A byte is accessed with lIDS = 1 and LDS = 0 

2nd access: A word is accessed with HITS = 0 and LDS = 0 

3rd access: A byte is accessed with lIDS = 0 and LDS = 1 

Notes: 0 = Low level 

1 = High level 
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4.9.3 E Clock Timing 

The HD641016 provides the E clock for easy interfacing with 6800 family peripherals. The E 

clock is produced by dividing the 0 clock by eight. Figure 4-92 shows E clock timing. 

T1 T2 Tw1 Tw2 Tw3 Tw4 Tw5 T3 
o 

E ~------------~I L 
A16/015- ----y---\ 0-

A 1/00 --"----.J~---------------------

A23-A17 =:J<~ _______________ _ Without Tp State 

~ __________________ ~r-
\~ __________________ ~r-

0 

E \ L 
A16/015 =x 0-A1/00 

With Tp State 
A23-A17 :::=x 
N3 ~ r 
HOS, LOS J \ r 

Figure 4-92. E Clock Timing 

As shown in Figure 4-92, an instruction cycle synchronous with the E clock begins at the next 0 
clock cycle after the E clock has pulled low. A Tw state is automatically inserted between T2 and 

T3 states. Note that hardware or software WAIT is ignored during this instruction cycle. 
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4.9.4 DRAM Refresh Cycle 

Figure 4-93 shows a DRAM refresh cycle with no Tw states. See "Section 13. Dynamic RAM 

Refresh Controller" for details. 

Bus Cycle for Bus Master 
Ex cept Refresh 

12) 

-A11/D10 
A1/D 0 

0 ST2-ST 

\ 

Refresh Cycle 

TR1 TR2 

~ J \ 
Refresh \ 

Address I 

Refresh Status 

Figure 4-93. DRAM Refresh Cycle 
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4.10 Prefetch 

The HD641016 provides an 8-byte prefetch queue (Figure 4-94) in which instructions from 

external memory are prefetched on a word basis. This allows the CPU to fetch instructions from 

the prefetch queue on a byte basis and execute them at high speed. 

The HD641016 prefetches instructions in the following cases: 

• When the prefetch queue is not full and the bus is not released to another master 

• During a CPU instruction cycle (register-to-register transfer instruction cycles) which does not 

use buses. since the HD641016 prefetchesinstructions independently of the CPU operation 

• During the internal RAM access cycle. since the CPU uses a specific internal bus for RAM access 

The prefetch queue is reset in the following cases: 

• Hardware reset (reset by RESET pin) 

• Branch instructions such as in Bcc:G. BEQ. BNE. BRA. BQR or SCB instructions. 
• Jump instructions such as in JMP or JSR instructions. 

• Return instructions such as in RID, RTE. RTR or RTS instructions. 

• When the ANDC. LDC. ORC or XORC instruction is executed. 

Figure 4-94 shows the prefetch queue. The fetch pointer FP indicates the next instruction address 

to be prefetched. while the PC of the HD641016 indicates the next instruction address to be 

executed. contained in the first byte of the prefetch queue. 

External 16-Bit Data Bus 

6 
5 

~'7'7:~m 
~ Fetch Pointer 

Program Counter ¢:. 
'-"-""""''-'-''~ 

Figure 4·94. Prefetch Queue 
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4.10.1 Instruction Prefetch Sequence 

Figure 4-95 demonstrates the instruction prefetch sequence. 

: 

ICBN - CPU starts executing instruction here 
WOI ICBN .... ICBN Instruction 
Imm. MOV ..... MOV instruction 

Address 
29031E 
29031F 
290320 
290321 
290322 
290323 
290324 

EAd(» Imm. ..... Source operand of MOV Instruction: Immediate Value 

EAd0 
ADD 

: 

(I) Prefetch queue 
Is empty 

7 
6 
5 
4 
3 
2 

EAd<U 0 ... First, second bytes of the MOV Instruction destination operand 
ADD ........... Add instruction . 

(2)Execute prefetch 

6 
5 
4 

2 
FP 
12903201 

GlCPU takes the ICBN instruc­
tion out of the prefetch queue 
and executes it 
7 
6 
5 
4 
3 
2 

PC 1 FP PC 1 WOI 1 
FP 
12903201 

1 29031EI 0 129031EI 1 29031 E1 0 ICBN 

PC: Program Counter 
FP: Fetch Pointer 

@) WhOe executing the 
ICBN Instruction, 
execute prefetch 

6 
5 
4 FP 
3 12903221 

EAdID 
1 Imm. 
0 WOI 

6) While executing the 
ICBN Instruction, 
execute prefetch 

3 

1 
0 

ADD 
EAd0 
EAdID 
Imm. 
WOI 

FP 
12903241 

0 WOI 

IS> After executing the 
ICBN instruction, 
CPU takes MOV instruction 
out of the prefetch queue 
and executes it 

7 
6 
5 FP 
4 12903241 
3 ADD 
2 EAd0 
1 EAdQ) 
0 Imm. 

Figure 4·95. Instruction Prefetch Sequence 
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4.10.2 Prefetch Notes 

The HD641016 can prefetch up to 8 bytes during a CPU instruction cycle requiring no bus 

operation. Accordingly, the user must note the following to prevent an exception from occurring. 

Boundaries of Chip Select Areas and Internal RAM Area: Programs must not be 

located within 8 bytes from the upper limit of the chip select area, internal I/O, or internal RAM 

area. If they are, a bus error exception may occur when the HD64lO 16 prefetches from outside the 

chip select area, internal I/O, or internal RAM area. See Figure 4-96. 

byte • 

t n - 7_ When the CPU executes the instruction in address 
Chip select area n-7, the HD641016 automatically prefetches the 

or instruction in address n + 1. 

internal 1_lo_a_re_ar-__ t<-'-"-'-"-'-"-"1 ~ f At this time, a bus error exception occurs. 

n+1 

This area does not 
belong to chip select 
area, internal VO, or 

'"lema' RAM. 1 

Figure 4-96. Instruction Prefetch Generating a Bus Error 

Boundaries of Supervisor and User Areas: Programs must not be located within 8 bytes 

from the upper limit of the user and supervisor areas as shown in Figure 4-97. If they are, an 

access level violation exception may occur when the HD641016 prefetches from the supervisor area 

in user mode. 
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r 
n - 7 - When the CPU executes the instruction in address n-7 in 
n _ 6 user state, 

User Area i n + 1 in the sama state. At this time, an access level violation 
. occurs. 

. J the HD641 016 automatically prefetches the instruction in 

____ 4-____ ~~~~n 
n+1 

SUIl''''''r Area 

-byte-

S: SR (Status Register) S bit 

s=o User 

S = 1 Supervisor 

Figure 4-97. Instruction Prefetch Generating an Access Level Violation 

Using an Enable Signal to Assert BRTRY: In the system as shown in Figure 4-98, 

programs must not be located within 8 bytes from the memory area upper limit. If they are, a bus 

retry or bus error exception occurs when the HD641016 prefetches from an area other than the 

memory area. 

Address 
v 

HD641016 

BRTRY \.. 

I-- byte--l 

1'-'-'-'"""-"'-<-"1 

Address Enable signal for memory 

Decoder or peripheral den ice (active high) 

... 

[ 

n - 7 - When the CPU executes the instruction in address n - 7, 
n - 6f the HD641 016 prefetches the instruction in address n + 1. 
: At this time, a bus error occurs since BRTRY is asserted 
1 low in this circuit. 

n 
n+1 

Figure 4-98. Instruction Prefetch Generating a Bus Retry or Bus Error 
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Reset Vector Fetch: If the HD641016 is reset, the EBR register is cleared to H'OOOOOO. The 

HD641016 then begins prefetch from H'OOOOOO. Accordingly, the HD641016 prefetches SSP 

from H'OOOOOO-H'OOOO03 and PC from H'OOOO04-H'OOOO07. The CPU then fetches the SSP 

and PC from the prefetch queue and begins the instruction cycle. During this CPU cycle, the 

HD641016 prefetches from H'OOOOO8-H'OOOOOF. Therefore, a bus error may occur, if the user 

system is designed to assert BRTRY when data is fetched from H'OOOOO8 or higher addresses. 

See Figure 4-99. 

H'OOOOOO 
H'000002 
H'000004 
H'000006 

H'000008 

j--Word--J 

SSPlUpper) 
SSP(Lower) 

pc(Upper) 
pc(Lower) 

I , 
I 
I 
I 
I 

} -- CPU takes these locations out 
of the prefetch queue, 

- after which prefetch from this 
position begins. 

Figure 4·99. Instruction Prefetch Generating a Bus Error 
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4.11 Reset 

The HD641016 supports two reset types (Table 4-39, Figures 4-100 to 4-101): power-on reset 

and manual reset under the control of the RES, BRTRY and NMI pins. 

Table 4·39. Reset 

Pin State Signal Assertion Initialized 

Reset Type RES BRTRY NMI Period Function 

Power-on reset 0 0 1 At least 12 clock CPU and all inter-

cycles nal I/O devices 

Manual reset 0 0 0 At least 12 clock CPU and internal 

cycles J/Odevices 

other than DRAM 

refresh controller 

For power-on reset, NMI must be fixed to high before asserting RES and BRTRY for at least 12 

clock cycles. However, for system power-on, power-on reset state must be maintained for at least 

50ms. 

For manual reset, NMI must be fixed to low before asserting RES and BRTRY for at least 12 clock 

cycles, and RES and BRTRY are then negated to high. 

Each pin's status changes three clock cycles after the HD641016 has been reset. See "Appendix D. 

Pin State" for details. 
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NMI 

BRTRY 

RES 

1,--

1,-

At least 12 clocks 

Figure 4-100. Power-On Reset Timing 

NMI 

BRTRY 
-RES 

At least 12 clocks 

Figure 4-101. Manual Reset Timing 
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Section 5. RAM 

5.1 Overview 

The HD641016 contains 1024 bytes of high-speed internal RAM, which can be used as data 

memory space and as register banks. Since the internal RAM accesses long words aligned on long 

word boundaries, or words aligned on word boundaries, or byte in only two system clocks, it can 

be used as a high-speed stack area or working data area. However, misaligned data accesses 

requires four system clocks. In ~tion, three system clocks are required when the DMAC 

accesses a byte data or word data aligned on a word boundary. Moreover, six system clocks are 

required when the DMAC accesses a word data misaligned on a word boundary. 

Internal RAM bytes are logically addressed by RA9-RAO. The logical address is translated into the 

physical address by adding bits 23-10 of the RBR register to RA9-RAO (Figure 5-2). The CPU 

and DMAC access the internal RAM by the physical address. In addition, the start address of 

internal RAM is determined according to bits 23-10 of RBR. 

See Figures 5-1 and 5-2 for details on RAM physical address calculation. 

31 2423 109 0 

I V/////,777777/1 I *---*Y////I,~}Jo/J///J *---*: RBR 

I*-J/////i~~~o o I'} 
L... -----!~~"-<-'-'--<....-<....-<....(fLLLl<....<....'-'-' __ ---____i Assigned in 1 024 bytes 

I
: : 1 'I' of internal RAM 

1*--* Valid 11--~ . 
*: Don't care 

Figure 5·1. Address Assignment in Internal RAM 
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*: Don't care 

Valid 

Valid 

109 o 
*----* RBR 

RAM Lower Address 

RAM Physical Address 

*: Don't care 

Figure 5·2. RAM Physical Address Calculation 
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Figure 5-3 shows the relationships between RBR, internal RAM, and HD641016 physical address 

space. 

In Figure 5-3, internal RAM address offset and RBR are specified as H'17E and H'OOOOOCOO, 
respectively. 

31 2423 10 9 0 
1*1 *1*1*1*1*1*1*1 0101010IQI0101010101010111 11*1*1*1*1*1*1*I*I*I*IRBR 

1 1 1 
1 I 1 
1 1 Internal RAM 1 I 1 Offset (1024 Bytes) 1 I : 

H'OOO 1 I 1 
I 19 01 

I--..... ~ 101110111.111111111101 

H'3FF '----'----l 

123 1019 01 
, 1010101010101010101010101111101110111111111111101 

\ 
~, 0 " 0 1\ 0 '~\ ;. '~ 

*: Don't Care 

, L. -' --t------'-----" 
H'OOOCOO 

_ ~qO;..;.F"-FF_+_ __ --i 

H'FFFFFF '--_--' 

HD641016 Physical Address Space 

Figure 5-3. RBR, Internal RAM, and HD641016 Physical Address Space Relationships 
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5.2 RAM Configuration 

Figure 5-4 shows the logical RAM configuration. 

lobal 
ank 
15 
~ 

lobal G 
B 
# 

ank 
01 

Global 
Bank 
#00 

(0.0) 

~~ 

MSB 

(RAl.RA2) 

(0.1) (1.0) 

RO 
Rl 
R2 
H3 
R4 
AS 
R6 
R7 

( 
R12 
R13 
R14 
R1S 
RO 
Rl 
R2 
R3 
R4 
RS 
R6 
R7 
R8 
R9 
Rl0 
Rl1 
R12 
R13 
R14 
R1S 
RO 
Rl 
R2 
R3 
R4 
RS 
R6 
R7 
R8 
R9 
Rl0 
Rn 
R12 
R13 

_R14 
R1S 

(1.1) RA9- RA2 
0000 0000 
0000 0001 
0000 0010 
0000 0011 
0000 0100 
0000 0101 
0000 0110 
0000 0111 

~ ( 
1 101 1100 
1 101 1101 
1 101 1110 
1 101 1111 
1 110 0000 
1 110 0001 
1 110 0010 
1 110 0011 
1 110 0100 
1 110 0101 
1 110 0110 
1 110 0111 
1 110 1000 
1 110 1001 
1 110 1010 
1 110 1011 
1 110 1100 
1 110 1101 
1 110 1110 
1 110 1111 
1 111 0000 
1 111 0001 
1 111 0010 
1 111 0011 
1 111 0100 
1 111 0101 
1 111 0110 
1 111 0111 
1 111 1000 
1 111 1001 
1 111 1010 
1 111 1011 
1 111 1100 
1 111 1101 
1 111 1111 
1 111 1111 

LSB 

Figure 5-4. Logical RAM Configuration 
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5.3 RAM Access 

As mentioned before, the internal RAM can be accessed as both data memory space and register 

banks. However, if a program is written to the internal RAM, the program will not be executed 

since the H0641016 does not fetch instructions from the internal RAM. If the CPU tries to access 

an instruction from an address assigned for the intemal RAM, the instruction is fetched from 

external memory. Internal RAM access is controlled by the RAMB, BPM, and RAMAL V bits of 

the BMR register as shown below: 

RAME: RAME = 0 disables the internal RAM access. At this time, peripheral devices of the same 

address can be accessed. RAMB = 1 enables the internal RAM access. 

BPM: If BPM = 0, register banks in the internal RAM cannot be used as data memory. At this 

time, register banks are read as undefined values and are not affected by write. If BPM = I, the 

register banks can be used as both register banks and data memory. 

RAMALV: IfRAMALV = 0, the internal RAM can be accessed in user state. IfRAMALV = I, 

the internal RAM can be accessed only in supervisor state. If the internal RAM is accessed in user 

state while RAMAL V = I, an access level violation occurs. 

See "4.3.9 Bank Mode Register (BMR)" for details. 

5.4 RAM Access Cycle 

During the internal RAM access cycle, the H0641016 does not output the AS, HOS, and LOS 

signals to external devices. Accordingly, external devices are not affected when an internal RAM 

cycle is executed. External memory or internal I/O access, and internal RAM access are shown in 

Figures 5-5 and 5-6, respectively. 

Figures 5-7 and 5-8 show internal RAM access examples in special cases. When accessing word 

or long word data which starts in the chip select area or I/O area and continues into internal RAM, 

the data access is performed as shown in Figure 5-7. In addition, when accessing word or long 

word data whose first bytes are the upper limit of the internal RAM, data is accessed within the 

internal RAM: the first bytes from the upper limit of the internral RAM, the following bytes from 

the lower limit of the internal RAM as shown in Figure 5-8. The internal RAM is undefined at 

reset. 
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~ Word-, 

t 
External 

800010 rr;"""'~¥r'r'J~ meomor ry 
800012 

1-L-~.4:::~:..L..'-Ll tnternat 
110 

i ! 
(a) Long word data access 

aligned on long word boundary 

-----16 clocks 

~ Word -. 
t 

800010 
External 
memory 

800012 or 
Internal 
110 

t 
(eI) Word data access misaligned 

on word boundary 

------1 6 clocks 

~ Word-' 

t 
External 
memory 

or 
Internal 
110 

(b) Word data access aligned 
on word boundary 

- ----1 3 clocks 

~ Word -. 
t 

External 
800010 memory 
800012 or 

Internal 
800014 110 

t 
(e) Long word data access misaligned 

on long word boundary 

------1 9 clocks 

800010 

~ Word-, 

f-L"-=-'1----1 

I 
I 
I 

t 
External 
memory 

or 
Internal 
I/O 

(c) Byte data access aligned 
on word boundary 

-----1 3c1ocks 

Figure 5-5. Number of Clocks When. Accessing External Memory (No Wait States) 

or Internal I/O (Circled numbers indicate access sequence) 
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-+- Word --.. 
FFF800 T 
FFF810 Internal 

RAM 
FFF812 

FFFBFE 1 
(a) Lon~ word dala access 

on long word boundary 

-----1 2 clocks I 

-+- Word --.. 
FFF800 T 
FFF810 Internal 

RAM 
FFF812 

FFFBFE 1 
(d) Word data access 

on long word boundary 

-----I 2 clocks 

-+- Word --.. 
FFF800 T 
FFF810 Internal 

RAM 

FFFBFE f---;'---l 1 I 
I 

(b) Word data access 
on long word boundary 

-----\ 2 clocks I 

-+- Word --.. 
FFF800 T 
FFF81 0 Internal 

RAM 
FFF812 

FFFBFE 1 
(e) Long word dala access 

misaligned on long word boundary 

---- -I 4 clocks I 

-+- Word --.. 

FFF800 
i 
I 
I 
I 
I 

FFF810 ~i)'lJ 
I 
I 
I 
I 

T 
Internal 
RAM 

I 
I 
I 

I 
I 

FFFBFE 1 
(e) Byte data access 

on long word boundary 

-----i 2 clocks 

-+- Word --.. 
FFF800 T 
FFF810 Internal 

FFF812 
RAM 

FFF814 

FFFBFE 1 I 
I 

(~ Word data access 
misaligned on long 
word boundary 

-----1 4 clocks 

Figure 5-6. Number of Clocks When Accessing Internal RAM (Data on long word 

boundary can be accessed by 2 clocks regardless of size) 
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(c) Long word data access misaligned 
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~e!l! .!!~kLI9 clocks 

Figure 5-7. Number of Clocks When Accessing from External Memory or Internal 

I/O to Internal RAM (No external memory wait states) 
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on internal RAM boundary 
(lower lim") ----- -1 4 clocks 

Figure 5-8. Number of Clocks When Accessing from Upper Limit of Internal RAM 
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SeGtion 6. Intemall/O 

6.1 Overview 

The HD641016 incorporates a DMA controller, timers, asynchronous serial communication 

interface, interrupt controller, DRAM refresh controller, wait state controller, chip select controller, 

and peripheral controller in a single chip. The internal I/O is relocatable on 64-kbyte boundaries 

under the control of the internal I/O base register (IBR). However, internal I/O are actually located 

in addresses whose offsets are H'FEOO to H'FFFF. Addresses of offsets H'OOOO to H'FDFF are 

then handled as external memory or device areas. Accordingly, if addresses with offsets H'()()()O 

to H'FDFF are accessed, external memory or devices are actually accessed. See Figure 6-1. 

0 

* * IBR 

0 
0 

Not Intemal 
VOArea ...,.... 

0' (Note) 64 kbytes 

FEOO 
IntemalllO 
area 

FFFF 

Note: If this area Is accessed, extemal memory or device Is accessed. 

Figure 6·1. Internal I/O Access 

The internal I/O access cycle consists of three states: TI, T2, and TI. In the internal I/O cycle, 

software or hardware WAIT state insertion is ignored. However, the ASWC bit of the memory 

control register (MCR) is valid. Accordingly, ASWC = I enables insertion of a Tp state prior to 

the TI state. External devices cannot detect the internal I/O cycle since the HD641016 does not 

output the AS, HDS, and IDS signals. Note that the internal I/O can be accessed only in 

supervisor state. If it is accessed in user state, an access level violation is generated. See""Section 

11. Chip Select Controller" concerning the overlap of the internal I/O area with the internal RAM 

or chip select area. 
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6.2 I/O Register Listing 

The internal I/O registers are listed in Table 6-1. "Reserved" indicates areas reserved for future 

expansion. The reserved areas are always read as O. 

Table 6-1. 110 Register Listing 

Internal 
I/O Initial 
Name Register Name Symbol Offset RIW Value Size 

(Reserved) H'FEOO 

H'FF27 

Chip Area base register 0 ABRO H'FF28 RIW H'OOOO W 
Select 
Controller 

Area range register 0 ARRO H'FF2A RIW H'OOOO W 

Area wait control register 0 AWCRO H'FF2C RIW H'0047 W 

Area base register 1 ABRI H'FF2E RIW H'OOOO W 

Area range register 1 ARRI H'FF30 RIW H'OOOO W 

Area wait control register 1 AWCRI H'FF32 RIW H'OO47 W 

Area base register 2 ABR2 H'FF34 RIW H'OOOO W 

Area range register 2 ARR2 H'FF36 RIW H'OOOO W 

Area wait control register 2 AWCR2 H'FF38 RIW H'OO47 W 

Area base register 3 ABR3 H'FF3A RIW H'OOOO W 

Area range register 3 ARR3 H'FF3C RIW H'OOOO W 

Area wait control register 3 AWCR3 H'FF3E RIW H'0047 W 
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Table 6-1. I/O Register Listing (cont.) 

Internal Initial 
IJOName Register Name Symbol Offset R!W Value Size 

Inteuupt Interrupt priority register 0 IPRO H'FF40 R/W H'OOOO W 
Controller 

Interrupt priority register I IPRI H'FF42 R/W H'OOOO W 

Interrupt priority register 2 IPR2 H'FF44 R/W H'OOOO W 

Interrupt control register ICR H'FF46 R/W H'OOOO W 

(Reserved) H'FF48 

H'FF4D 

Peripheral Peripheral control register 0 PCRO H'FF4E R/W H'OOOO W 
Controller 

(Reserved) H'FF50 

H'FF57 

Asyn- TX/RX buffer register TRB H'FF58 R/W Undefined 
chronous 
Serial 
Commu-
nication Status register 0 STO H'FF59 R H'OO B 
Interface 0 
(Note 1) 

Status register I STl H'FF5A R/W H'OO B 

Status register 2 S1'2 H'FF5B R/W H'OO B 

Status register 3 STI H'FF5C R H'OO B 
(Note 2) 

(Reserved) H'FF5D 

Interrupt enable register 0 lEO H'FF5E R/W H'OO B 

Interrupt enable register 1 lEI H'FF5F R/W H'OO B 
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Table 6-1. 110 Register Listing (cont.) 

Internal Initial 
VOName Register Name Symbol Orrset RIW Value Size 

Asyn- Interrupt enable register 2 IE2 H'FF60 R/W H'OQ B 
chronous 
Serial 
Commu- (Reserved) H'FF61 
nication 
IntetfaceO (Nore3) 
(Note 1) Command register CMD H'FF62 W B 
(cont) 

Mode register 0 MOO H'FF63 R/W H'OO B 

Mode register 1 MD1 H'FF64 R/W H'OO B 

Mode register 2 MD2 H'FF65 R/W HOQ B 

Control register err. HFF66 R/W H'Ol B 

(Reserved) H'FF67 

(Reserved) H'FF68 

(Reserved) H'FF69 

TIme constant register TMC HFF6A R/W HOI B 

RX clock source register RXS H'FF6B R/W HOO B 

TX clock source register TXS H'FF6C R/W H'OO B 

(Reserved) H'FF6D 

(Reserved) H'FF6E 

(Reserved)(Nore 4) H'FF6F 
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Table 6·1. I/O Register Listing (cont.) 

Internal Initial 
VOName Register Name Symbol Offset RIW Value Size 

Asyn· TX/RX buffer register TRB H'FF70 R/W Undefined B 
chronous 
Serial 
Commu- Status register 0 STO H'FF71 R H'OO B 
nications 
Interface 1 
(Note 1) Status register 1 STI H'FF72 R/W H'OO B 
(cont.) 

Status register 2 ST2 H'FF73 R/W H'OO B 

(Note 2) 
Status register 3 STI H'FF74 R H'OO B 

(Reserved) H'FF7S 

Interrupt enable register 0 lEO H'FF76 R/W H'OO B 

Interrupt enable register 1 lEI H'FF77 R/W H'OO B 

Interrupt enable register 2 IE2 H'FF78 R/W H'OO B 

(Reserved) H'FF79 

(Note 3) 
Command register CMD H'FF7A W B 

Mode register 0 MOO H'FF7B R/W H'OO B 

Mode register 1 MDl H'FF7C R/W H'OO B 

Mode register 2 MD2 H'FF7D R/W H'OO B 

Control register CfL H'FF7E R/W H'Ol B 

(Reserved) H'FF7F 

(Reserved) H'FF80 

166 HITACHI 



Table 6-1. I/O Register Listing (cont.) 

Internal Initial 
VOName Register Name Symbol Offset RfW Value Size 

Asyn- (Reserved) H'FF81 
chronous 
Serial 
Commu- Tune constant register TMC H'FF82 RJW H'OI B 
nications 
Interface 1 
(Note 1) RX clock source register RXS H'FF83 RJW H'OO B 
(cont.) 

TX clock source register TXS H'FF84 RJW H'OO B 

(Reserved) H'FF85 

(Reserved) H'FF86 

(Reserved)(Note 4) H'FF87 

(Reserved) H'FF88 

H'FF8D 

Tuner 1 Upcount register UCR H'FF8E RJW H'OOOO W 

Count compare register A CCRA H'FF90 RJW H'FFFF W 

Count compare register B CCRB H'FF92 RJW H'FFFF W 

Control register CNTR H'FF94 RJW H'OOOO W 

Status register STR H'FF96 R H'OOOO W 

TImer 2 Upcount register UCR H'FF98 RJW H'OOOO W 

Count compare register A CCRA H'FF9A RJW H'FFFF W 

Count compare register B CCRB H'FF9C RJW H'FFFF W 
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Table 6-1. I/O Register Listing (cont.) 

Internal Initial 
IJOName Register Name Symbol Offset RIW Value Size 

Timer 2 Control register CNTR HFF9E R/W HOOOO W 
(cont) 

Status register STR H'FFAO R HOOOO W 

(Reserved) H'FFA2 
H'FFAB 

(Reserved) H'FFAC 
H'FFAF 

DMA Memory address register MADR H'FFBO R/W Undefined L 
Controller 0 

Device/Next block address DADR/NADR H'FFB4 R/W Undefined L 
register 

Execute transfer count ETCR H'FFB8 R/W Undefined W 
register 

Base transfer count register BTCR HFFBA R/W Undefined W 

Channel control register CHCRA H'FFBC R/W H'OOOO W 

Channel control register B CHCRB H'FFBE R/W HOOOO W 

DMA Memory address register MADR HFFCO R/W Undefined L 
Controller 1 

Device/Next block address DADR/NADR HFFC4 R/W Undefined L 
register 

Execute transfer count ETCR H'FFC8 R/W Undefined W 
register 

Base transfer count register BTCR H'FFCA R/W Undefined W 
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Table 6-1. 110 Register Listing (cont.) 

Internal Initial 
110 Name Register Name Symbol Offset RIW Value Size 

DMA Channel control register A CHCRA H'FFCC RIW H'OOOO W 
Controller 1 
(cont) 

Channel control register B CHCRB H'FFCE RIW H'OOOO W 

DMA Memory address register MADR H'FFDO RIW Undefined L 
Controller 2 

Device/Next block address DADR/NADR H'FFD4 RIW Undefined L 
register 

Execute transfer count ETCR H'FFD8 RIW Undefined W 
register 

Base transfer count register BTCR H'FFDA RIW Undefined W 

Channel control register A CHCRA H'FFDC RIW H'OOOO W 

Channel control register B CHCRB H'FFDE RIW H'OOOO W 

DMA Memory address register MADR H'FFEO RIW Undefined L 
Controller 3 

Device/Next block address DADR/NADR H'FFE4 RIW Undefined L 
register 

Execute transfer count ETCR H'FFE8 RIW Undefined W 
register 

Base transfer count register BTCR H'FFEA RIW Undefined W 

Channel control register A CHCRA H'FFEC RIW H'OOOO W 

Channel control register B CHCRB H'FFFE RIW H'OOOO W 

AllDMA Operation control register OPCR H'FFFO RIW H'OOOQ W 
Controller 
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Table 6-1. I/O Register Listing (cont.) 

Internal Initial 
VOName Register Name Symbol Offset R/W Value Size 

(ReseIVed) H'FFF2 
H'FFF7 

Memory Memory control register MCR H'FFF8 R/W H'FOEO W 
Control 

(ReseIVed) H'FFFA 
H'FFFF 

Notes: 1. The ASCI registers are located in consecutive addresses on a byte basis. They cannot 

be accessed on a word or long word basis. 

2. Bits 3 and 2 indicates the crs and DCD pin levels. respectively. 

3. Always read as O. 

4. Always read as undefined. 
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Section 7. Bus Arbitrator 

7.1 Overview 

The HD641016 incorporates a bus arbitrator to allocate bus mastership between the CPU, internal 

DMAC, DRAM refresh controller, and external bus masters. Figure 7-1 shows the bus arbitrator 

to bus masters interface. The bus arbitrator is connected to the internal bus masters through the 

REQ and ACK signals. It is interfaced to an external bus master through the BREQ and BACK 
signals. 

t;j t;j 

~ 
~ 

~ 
~ 

~ ~ 
c c 
.QI CI 

~ ~ CJ) i:i5 

Ii I~ ~ 
Bus Arbitrator 

'----- HD641016-----------------' 

Figure 7-1. Bus Arbitrator to Bus Masters Interface 
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7.2 Bus Arbitrator Operation 

If the REQ signal is low, the bus arbitrator outputs ACK to the bus master. If multiple bus masters 

assert REQ simultaneously, the bus arbitrator returns ACK to the highest priority bus master. 

Upon receiving ACK, the bus master can use the bus until ACK is negated. See "Section 13. 
DRAM Refresh Controller" for details on bus master priorities. 

The bus arbitrator always samples REQ and checks the priority of the bus master requesting bus 

mastership. The bus arbitrator then releases the bus for each bus master at the specific timing 
described below. 

7.3 Bus Master Arbitration 

7.3.1 CPU Is Current Bus Master 

If the CPU is the current bus master, the bus arbitrator can release the bus for another bus master 

while the CPU is not using the bus. However, the bus arbitrator will not release the bus in the 

following cases: 

• Between the read and write cycles in read-modify-write cycles for the TAS instruction (Figure 
7-2) 

• When BRTRY is low level and the CPU begins the bus retry cycle (Figure 7-3) 

• During the interrupt acknowledge cycle in double acknowledge mode (Figure 7-4) 

• During operations requiring 2 or more bus cycles, such as long word accesses or word accesses 

from odd addresses 

(2) 

A161D15-A1/DO.~S~::::::j~~=:i~~~~~~; 
A23-A17.=+~ ___ -;:!===+~ ___ -;::+:= 

AS.~~~----'~ __ +--===~~ 
HDS,~~ __ ~==~+-~ 
8T2-8TO, =t------+-+=======~r= 

PF, 810, PC81 , PC80-l"-----+--l--------I''--
~ 

No arbitration here. 

Figure 7-2. Timing Example 1 
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fZJ 

A161015-A1/00lS~=~2iS~;c=:s~ 
A23-A17-f1\ _____ tl--____ --r.-

N:, 
HOS, LOS -+-~~-~-!-~==:----' 

BRTRY 
t 

No arbitration here. 

Figure 7·3. Timing Example 2 

fZJ~~ 
IACK'~~ 

f.S ~ I ~i \ ,-
LOS \ I») \ r-
HOS ~ 

No arbitration here. 

Figure 7·4. Timing Example 3 

7.3.2 DMAC Is Current Bus Master 

The DMA controller can release the bus for a higher priority bus master at the breakpoint of bus 

cycles. 

In burst mode, if a higher priority bus master requests bus mastership, the DMA controller stops 

transfer and releases the bus. The DMA controller restarts the remaining DMA transfer after the 

higher priority bus master has completed its bus cycle. 

In dual address mode, the DMA controller executes a DMA transfer in two consecutive cycles: read 

and write cycles. Bus arbitration is not performed during these two cycles. However, if a bus 

error is generated during the read cycle, the DMA controller stops DMA transfer immediately 

without executing the 'write cycle and releases the bus for the other bus master. When two or more 

express channels start transfer simultaneously, the DMA controller also releases the bus for the 

other bus master at every express channel transfer completion. 
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7.3.3 DRAM Refresh Controller Is Current Bus Master 

The DRAM refresh controller releases the bus for the other bus master at the breakpoint of the 

refresh cycle. However, note that bus arbitration is not performed until the refresh counter 

decrements to 0 while refresh priority level (RPL) bit is set in burst refresh cycle. 

7.3.4 External Bus Master Is Current Bus Master 

See "4.9 Bus Release" for details. 
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Section 8. DMA Controller (DMAC) 

8.1 Overview 

The HD64lOl6 DMA controller has four independent high-speed DMA channels. Each channel 

can perfonn high-speed data transfer without intervention of the CPU in single or dual address 

modes. In single address mode, a continue operation can be specified to transfer several blocks of 

data continuously. 

In addition to memory-to/from-memory and memory-to!from-I/O device data transfers, the DMAC 

can transfer data between memory and the internal ASCIs, timers, and RAM. 

The DMAC has the following functions: 

• Address space: 16 Mbytes 

• Transfer unit: byte or word 

• Byte/word transfer capacity: 64 kbytes or 64 kwords 

• Maximum transfer rate: 3.33 Mwords/second (lO-MHz version, single address mode) 

• Address modes: single or dual 

• DMA transfer request: external or auto 

-Transfers to/from the internal ASCIs, timers 

-External requests edge or level triggered 

• DMA transfers 

-External memory to/from I/O device with DACK. signal in single address mode 

-External memory to/from memory mapped I/O, external memory, internal RAM, internal 

ASCI, internal timer, or internal I/O registers other than DMAC in dual address mode 

• Bus modes: burst, obedient, or cycle steal 

• Continue operation in single address mode 

• Priority: nonnal or express 

-Express channels have priority over nonnal channels 

-Normal channel priority is rotated, but express channel holds channel until transfer is 

complete 
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8.2 DMAC Registers 

Table 8-1 lists the DMAC registers. 

Table 8·1. DMAC Register 

Address Initial 
Channel Name Symbol Offset RIW Value Size 

0 DMA memory address register ch 0 MADRO H'FFBO R/W Undefmed L 

DMA device address register/ DADR/ H'PFB4 R/W Undefined L 
next block address register ch 0 NADRO 

DMA execute transfer count register ch 0 ETCRO H'FFB8 R/W Undefined W 

DMA next block transfer count NTCRO H'PFBA R/W Undefmed W 
register ch 0 

DMA channel control register A ch 0 CHCRAO H'FFBC R/W H'OOOO W 

DMA channel control register B ch 0 CHCRBO H'FFBE R/W H'OOOO W 

1 DMA memory address register ch 1 MADRl H'FFCO R/W Undefined L 

DMA device address register/ DADR/ H'FFC4 R/W Undefined L 

next block address register ch 1 NADRl 

DMA execute transfer count register ch 1 ETCRI H'FFC8 R/W Undefined W 

DMA next block transfer count NTCRI H'FFCA R/W Undefined W 

register ch 1 

DMA channel control register A ch 1 CHCRAl H'FFCC R/W H'OOOO W 

DMA channel control register B ch 1 CHCRBI H'FFCE R/W H'OOOO W 
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Table 8-1. DMAC Register (cont.) 

Address Initial 
Channel Name Symbol Offset R/W Value Size 

2 DMA memory address register ch 2 MADR2 H'FFDO RIW Undefined L 

DMA device address register/ DADR/ H'FFD4 RIW Undefined L 

next block address register ch 2 NADR2 

DMA execute transfer count register ch 2 ETCR2 H'FFD8 RIW Undefined W 

DMA next block transfer count NTCR2 H'FFDA RIW Undefmed W 

register ch 2 

DMA channel control register A ch 2 CHCRA2 H'FFDC RIW H'OOOO W 

DMA channel control register B ch 2 CHCRB2 H'FFDE RIW H'OOOO W 

3 DMA memory address register ch 3 MADR3 H'FFEO RIW Undefined L 

DMA device address register/ DADR/ H'FFE4 RIW Undefined L 

next block address register ch 3 NADR3 

DMA execute transfer count register ch 3 ETCR3 H'FFE8 RIW Undefined W 

DMA next block transfer count NTCR3 H'FFEA RIW Undefined W 

register ch 3 

DMA channel control register A ch 3 CHCRA3 H'FFEC RIW H'OOOO W 

DMA channel control register B ch 3 CHCRB3 H'FFEE RIW H'OOOO W 

All Operation control register OPCR H'FFPO RIW H'OOOO W 

8.2.1 Memory Address Register Channels 3-0 (MADR3-MADRO) 

DMAC channels 3-0 have identical registers MADR3-MADRO with identical functions. The 32-bit 

read/write MADR register points to the DMA operation memory address. The lower 24 bits are 

valid and can specify 16M memory addresses. The upper 8 bits are reserved for future expansion. 

MADR is not initialized by reset. 
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MADR is set to the start or last address at initialization and is updated every byte/word transfer to 

point to the next. transfer data location. The MRC bit of the channel control register A (CHCRA) 

determines the update. In addition, the update step (±1 or ±2) is automatically determined by the 

transfer operand size or device port size. See Figure 8-2. 

31 2423 o 
Vaild 

-: Reserved bit. Atways read as O. 
Cannot be Wlitten. 

Figure 8·2. Memory Address Register (MADR) 

8.2.2 Device Address RegisterlNext Block Address Register Channels 3·0 

(DADR3INADR3·DADROINADRO) 

DMAC channels 3-0 have identical 32-bit read/write registers DADR/NADR3-DADR/NADRO 

(Figure 8-3) with identical functions. The lower 24 bits of the DADR/NADR register are valid and 

the upper 8 bits are reserved for futi.rre expansions. The DADR/NADR register performs different 

functions depending on the transfer mode used. In the dual address mode (see "8.3 DMAC 

Operation and Procedures" for details), for memory to/from memory or memory to/from memory 

mapped I/O transfer, it specifies the device address (or memory space address). In this case, it is 

. updated like the MADR register. 

In single address continue operation mode, this register holds the ftrst (or last) address of the next 

block transfer. (Blocks are dermed as a group of data which can be transferred by programming 

MADR and ETCR together. Therefore, block data exists within a memory area of 64 kbytes or 

kwords.) DADR/NADR is set at initialization or during block transfer. The DMAC transfers the 

contents of DADR/NADR into MADR upon completion of the block transfer. 

In single address mode without continue, DADR/NADR has no effect on DMAC operation. 

31 2423 o 
Vaild 

-: Reserved bit. Amays read as O. 
Cannot be written. 

Figure 8·3. Device Address/ Next Block Address Register (DADRINADR) 
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8.2.3 Execute Transfer Count Register Channels 3-0 (ETCR3-ETCRO) 

DMAC chan'nels 3-0 have identical registers ETCR3-ETCRO with identical functions. The ETCR 

register is a 16-bit readlwrite register that counts the number of bytes/words (up to 64 

kbytes/kwords) to be transferred. To transfer N bytes/words (block length), the user should set the 

ETCR register to N. Then ETCR is decremented by one after e.(,ery byte/word transfer. When N 

bytes/words have been transf~ ETCR becomes 0, and the DMAC terminates the transfer. If 

ETCR is specified as H'OOOO, 64 kbytes/kworgs will be transferred. 

Note that ETCR can be read Or written by the CPU. 

8.2.4 Next Block Transfer Count Register Channels 3-0 (NTCR3-NTCRO) 

The DMAC channels 3-0 have identical registers NTCR3-NTCRO with identical functions. In the 

single address continue operation mode, the NTCR register holds the number of bytes/words to be 

transferred for the next block transfer. The user should set NTCR by software during initialization 

or during block transfer. The contents of the ETCR register and those of the NTCR register are 

automatically exchanged when a block transfer is completed. 

In other modes, NTCR has no effect on DMA operation. 

Note that NTCR can be read or written by the CPU. 

8.2.5 Channel Control Register A Channels 3-0 (CHCRA3-CHCRAO) 

DMAC channels 3-0 have identical registers CHCRA3-CHCRAO. 

Figure 8-4 shows the bits of the CHCRA register. 
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DMA Channel Control Register A 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

Inklal Value 0 0 0 0 0 0 
ReadlWrke RIW RIW RIW RIW RIW RIW RIW 

Memo 

-LT.. I ~see table 8-3 

Memory Space 1,0 

MSI usa Address ace 
ser a 

ram 

o 0 

1R ~RIW TrIr Finish 

10 I DMA not donel 
.1.DMAdone . 

TF Interrupt Enable 
OInt lsa 
1 TF int enabled 

Block Transfer Finish 
ans er not one 

1 Block transfer done 
BTF Interrupt Enable 

10 I BTF int disabled I 
J . BTF in! IOBIlIas! . 
~ 

. 1~1~::!sl 
Direction I 0 I Me~Ory to device I 

. 1 . Pep to memory . 
us Mode 

o Obedient or urst mo e 

CHCRA is not affected by 
the RESET instruction. 

1 Ie steal mode 

o erandSize 
o 

1 B e 

Device Port Size 

I~I ~~:s I 

Figure 8·4. Channel Control Register A (CHCRA) 

Memory Address Register Change (MRC): MRC determines whether the memory address 

register will be incremented or decremented. When MRC = 0, MADR is incremented. When MRC 

= I, MADR is decremented MRC is cleared by reset 

Memory Space 1, 0 (MS1, MSO): MSI and MSO specify the address space of the MADR 

register (fable 8-2). The contents of these bits are encoded onto stU and PF pins as status during 

DMA cycles. MS 1 and MSO are cleared by reset 
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Table 8·2. Memory Space Bits 

CHCRABits 

MSI MSO Address Space 

0 0 User data 

0 1 User program 

1 0 Supervisor data 

1 1 Supervisor program 

Device Classification 2·0 (DC2.DCO): DC2-DCO defme the type of device requesting DMA 

transfers as shown in Table 8-3. DC2-DCO are cleared by reset. 
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Table 8-3. Device Classification Bits 

CHCRABits Address 

DC2 DCI DCO Mode Operation Mode Request Device 

0 0 0 Single Nonna! DREQpin ACKtype 

0 0 1 Single Continue DREQpin ACKtype 

0 1 0 (Reserved)(Note ) 

0 1 1 (Reserved)(Note) 

1 0 0 Dual Nonnal DREQpin Memory-mapped I/O, 

memory 

1 0 1 Dual Nonna! Internal ASCI Memory-mapped I/O, 

memory 

1 1 0 Dual Nonna! Internal timer Memory-mapped I/O, 

memory 

1 1 1 Dual Nonnal Auto Memory-mapped I/O, 

memory 

Note: Reserved for future expansion. IT a reserved value is specified, the HD641016 may 

malfunction. 

Device Port Size (DPS): DPS designates the data bus size of a device. DPS = 0 designates a 

16-bit bus; DPS = 1 designates an 8-bit bus. DPS is cleared by reset. 

Operand Size (OPS): OPS specifies DMA transfer word-size. It is valid only when the port 

size is 16 bits (DPS = 0) in dual address mode. OPS = 0 specifies word-size transfers; OPS = 1 

specifies byte-size (8-bit) transfers. OPS is cleared by reset. 

Request Signal Sense (RQS): RQS = 0 specifies level-sensitive DMA request; RQS = 1 

specifies edge-sensitive DMA request. For the built-in ASCI DMA transfer, RQS must be cleared 

to O. For the built-in timer DMA transfer, RQS must be set to 1. RQS is cleared by reset 
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Bus Mode (BM): BM = 1 specifies cycle steal as the OMA bus mode. For extema1 requests, 

BM = 0 specifies obedient mode. For auto requests, BM = 0 specifies burst mode. BM is cleared 

to 0 by reset. 

Direction (DIR): OIR determines the direction of the OMA transfer. In dual address mode, a 

memory address has been specified by the MADR register ~d a device has been specified by the 

OADR register. In single address mode, a device has beeri spCcified by the acknowledge (DACK) 

signal. OIR = 0 specifies memory to device, and OIR = I specifies device to memory. OIR is 

cleared by reset. 

Priority (P): P = 1 sets the channel to express priority. P = 0 sets the channel to normal 

priority. P is cleared by reset. See "8.3.8 OMA Priority" for details. 

BTF Interrupt Enable (BIE): BIE = 1 enables interrupt when a block transfer is finished 

(BTF bit set). BIE = 0 disables interrupt on BTF set. BIE is cleared by reset. 

Block Transfer Finished (BTF): The BTF flag is set to 1 at the completion of a block 

transfer in the continue operation mode. However, it is not set if the TF flag is set. This bit is 

cleared to 0 by accessing the LSB (least significant byte) of the NTCR register after reading the 

CHCRA register or by reset. 

TF Interrupt Enable (TIE): TIE = 1 enables interrupt when a OMA transfer is finished (TF bit 

set). TIE = 0 disables interrupt on TF set. TIE is cleared by reset. 

Transfer Finished (TF): The TF flag is set to 1 when the OMAC completes a OMA transfer; 

that is, when ETCR reaches final H'OOOO or DONE acknowledges that all transfers are complete. 

Reading the LSB of the ETCR register after reading the CHCRA register clears this bit 

automatically. TF is cleared by reset. 
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8.2.6 Channel Control Register B Channels 3-0 (CHCRB3-CHCRBO) 

Figure 8-5 shows the bits of CHCRB. 

15 14 13 12 11 10 

Initial Value 0 0 
ReadIWriteRIW RIW 

o 0 
RIW RIW 

o 
RIW 

9 8 

I-I 
L DMA Bus Error 

7 6 5 4 

I-I 

T I 0 I No access level violation or bus error I 
I 1 I Access level violation or bus error I 

Device Space 1 ,0 

OS1-OSO Address Space 

00 User data 
01 User program 
10 lSupervisor data 
11 lSupervisor program 

Device Address Register Change 1,0 

DRC1· Register Change 
DRCO 

00 Increment 
01 Decrement 
10 Remain unchanged 

11 Reserved 
-: Reserved bit. A'rNays read as o. Cannot be written. 

CHCRB is not affected by,the RESET instruction 

Figure 8-S. Channel Control Register B (CHCRB) 

3 2 0 

I I I 

Device Address Register Change 1, 0 (DRC1, DRCO): DRCl and DRCO detennine 

whether the device address register (DADR) will be incremented, decremented, or remain the same 

after each DMA transfer (Table 8-4) in dual address mode. In single address mode, these bits are 

not used. DRCl and DRCO are cleared by reset. 
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Table 8-4. Device Address Register Change Bits 

CHCRBBits 

DRCI DRCO Register Change 

o 0 Increment 

o 1 Decrement 

1 0 Remain unchanged 

1 1 Reserved (Note) 

(Note) Reserved for future expansion. If the reserved value is specified, the HD6410 16 may 

malfunction. 

Device Space 1,0 (DS1, DSO): DSI and DSO specify the address space of the DADR (Table 

8-5). The contents of these bits are encoded and output as status on the SIU and PF pins during the 

DMA device cycle. 

In continue mode, the address space of the next block address must be specified in DS 1 and DSO. 

They will be loaded automatically into the MSO and MS 1 bits of CHCRA when the current block 

transfer is completed. DS 1 and DSO are cleared by reset. 

Table 8·5. Device Space Bits 

CHCRBBits 

DSI DSO Address Space 

o o User data 

o 1 User program 

o Supervisor data 

1 Supervisor program 

DMA Bus Error (DBER): DBER is set to 1 by an access level violation or bus error during 

DMA transfer cycles. It is cleared to 0 by writing 1 to it or by reset. Note that 1 is written to 

DBER only when it is to be cleared. 
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8.2.7 Operation Control Register (OPCR) 

Figure 8-6 shows the bits of the OPCR register. 

Inttial ValueO 0 
ReadlWrtte W RfW RfW W RfW 

DMA Enable Channel 0 

W RfW W 

Master Enable 

Wrtte Enable Channel 3 

o DE3, SUC3 write disabled 

1 DE3, SUC3 wrtte enabled 

Successive Operalion Channel 2 

Successive Operation Channell 

Write Enable Channel 2 

DMA Enable Channel 1 
o DE2, SUC2 write disabled 

1 DE2, SUC2 wme enabled o 

Write Enable Channell 

o DE1,SUCl write disabled 

Successive Operation Channel 0 1 DEI, SUCI wrlte enabled 

-: Reserved. Always read as O. Cann01 be written. 

OPCR is not affected by the reset Instruction. 

Figure 8-6. Operation Control Register (OPCR) 
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Write Enable Channels 3-0 (WE3-WEO): When the corresponding DE and SUC bits are 

updated, 1 must be written to the corresponding WE bit, simultaneously. When WE = 0, the 

corresponding DE and SUC bits are locked and cannot be changed. Note that this is a write-only 

bit and always read as O. 

DMA Enable Channels 3-0 (DE3-DEO): DE = 1 enables DMA operation on the 

corresponding channel. In auto-request mode, DMA operation starts when DE is set. When an 

external device, ASCI, or timer request occurs when DE is set, DMA transfer starts. Clearing this 

bit during transfer temporarily stops the transfer. DE3-DEO are cleared by reset. 

Successive Operation Channels 3-0.(SUC3-SUCO): SUC = 1 enables successive block 

transfers in continue mode. SUC3-SUCO are cleared by reset. See "8.3.5 Continue Operation" for 

details. 

DMA Master Enable (DME): DME is set with DE3-DEO to enable DMA transfer. However, 

it cannot be set if the corresponding channels DBER flag is set. DME is cleared at NMI interrupt, 

access level violation, or bus error which stops DMA on all channels and passes control to the 

CPU. See "8.5 DMA Transfer Stop by NMI and Bus Error" for details. Note that read-only bit 

DME cannot be written. It is cleared by reset. 

8.3 DMA Operation and Procedures 

8.3.1 Transfer Requests 

To perform DMA transfers between memory and a device, the device requests the transfer. In 

memory-to-memory transfers, the memory doesn't request the transfer, so it is initiated by the 

program. Selecting a device by setting the DC2-DCO bits of CHCRA determines which way a 

transferisreques~ 

Auto Request: When a transfer request is generated internally, as a memory-to-memory transfer, 

the CPU initializes the DMAC and starts the DMA transfer. The DMAC will perform transfers 

automatically until the ETCR register reaches H'OOOO. 

In this auto request mode, transfer requests are generated automatically in the DMAC while the DE 

bit of OPCR is 1. Auto request mode is selected by setting the DC2-DCO bits of CHCRA to 111. 
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External Request: To perform DMA transfers between memory and an external device 

including the built-in ASa and timer, the CPU initializes the DMAC and the DMAC then transfers 

one word or byte per transfer according to a transfer request signal (external request) provided from 

DREQ pin or transfer request signals which are directly connected to the DMAC. 

In this external request mode, transfers are allowed only when the DE bit of OPCR is 1. After 

ETCR reaches H'OOOO, the DE bit is automatically cleared, and no further transfers will be allowed 

(see "8.3.5 Continue Operation"). In addition, the external request is effective only when the 

corresponding mode is selected by the DC2-DCO bits of CHCRA. 

Moreover, the DREQ input can be specified as either edge or level sensitive by the RAS bit of 

CHCRA. However, DREQ must be level sensitive for the internal ASCI and edge sensitive for the 

internal timer DMA transfers. 

In bus cycles other than DMA bus cycles, the DMAC samples the DREQ pin at the falling edge of 

the 0 clock, if it is selected as level sensitive. If IDffiQ is low, the CPU gets a bus request When 

a transfer request is cancelled 2 or more clocks before the DMA operation begins, the DMA 

operation is cancelled. If it is cancelled 1 clock before, the DMA operation is executed. See Figure 

8-7. 

If there are transfer requests for more than one DMAC channel at sampling, priority will be 

determined depending on the priority specified in "8.3.8 DMA priority". 

In the DMA bus cycle, if DREQ is low at the falling edge of 1'2 in the device access cycle (final 

wait state, if wait states are inserted), it causes a transfer request and the bus is held before 

executing the next transfer. In cycle steal mode, the DMAC releases the bus once after execution. 

When DREQ is selected as edge sensitive, DMA transfers are initiated by the falling edge of the 

DREQ pin. Even if the falling edge occurs twice at the same DREQ pin before DMA execution, 

only one DMA transfer is performed. 

The DMAC samples DREQ at the falling edge of the 0 clock in CPU bus cycle and the falling edge 

of 1'2 (final wait state, if wait states are inserted) in the device access cycle. In addition, DMA 

priority is determined in the same as in the level sensitive case. 
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(a) During CPU Cycle 

------- CPU Cycle ------I 

o Clock 

After sampling 

- - - When DMA transfer Is not execuied. 
- When DMA transfer is executed. 

Channel Set 
CHO 

Channel set 
CHI 

DMA Transfer Start 

(b) During DMA Cycle 

CHODMA-----~·I----CH1DMA----

o Clock 

After sampling, _______ ---l 

Notes: + indicates valid sampling. 

': The DMAC operates according 
to the HD641016 state at this 
point. 

T3 T1 T2 TW T3 

r- --------------
I 

.----:----'--::---. 
Channel Set 

CH1 

When the next DMA 
transfer is not executed. 
When the next DMA 
transfer is executed . 

Figure 8·7. Level·Sensitive External Request Sample Timing 
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8.3.2 Applicable Devices 

The DMAC can perfonn DMA transfers between external memory and extemal I/O with DACK. 

signal in single address mode, and between extemal memory, external memory-mapped I/O, 

internal peripheral I/O registers (except internal DMAC registers), and internal RAM in dual address 

mode. However, DMA transfer between DMACs is disabled. Note that the HD641016 cannot 

support DMA transfers synchronous with E clock. Table 8-6 shows the types of external I/O 

devices the DMAC supports. 

Table 8·6. External I/O Devices 

Device Type Addr~sMode Port Size Operand Size Request Mode 

I/O device with Single address 8 bits Byte External 

DACK 

16 bits Word External 

Memory-mapped Dual address 8 bits Byte External, auto 

I/O 

16 bits Byte, word External, auto 

8.3.3 Data Transfer 

The DMAC provides two transfer modes: single address and dual address. In single address 

mode, source and destination are accessed at the same time, and DMA transfers are done in a single 

bus cycle. Accordingly, high-speed transfers are perfonned in single address mode. In dual 

address mode, source and destination are accessed in separate bus cycles. Transfer data is 

temporarily saved in a DMAC. 

Single Address Mode: In the single address mode, I/O devices can be selected by the DACK 

signal. Data transfers between memory and the external I/O device are controlled by the 

"handshake" of DREQ transfer request and DACK acknowledge signals. 

To initialize the DMAC, set the transfer mode the CHCRA and CHCRB registers, the source or 

destination address in the MADR register, and number of bytes/words to be transferred in the 

ETCR register. Then, setting the DE bit of OPCR enables DMAC operation, and DMA transfer 

will start when the DMAC gains control of the bus by DREQ. The ETCR register is decremented 
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after every transfer and the MADR register is incremented or decremented to point to the next 

transfer address. 

If the DE bit of the OPCR register is cleared before the transfer is completed, the transfer will be 

suspended. 

Single address transfers are always performed in the external request mode. They can be 

performed in obedient or cycle steal bus mode. Figure 8-8 is a single address mode operation 

flowchart. 

Figure 8-9 shows DMA transfer timing in single address mode. 
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Start transfer 
(One word or byte) 

ETCR-l ETCR-l 
Update MACR Update MADR 
[Transfer end [Transfer end 

(1) MADR,ETCR 
(2) CHCRA, CHCRB 
(3) OPCR 

ETCR-l 

(One Word or Byte) (One Word or Byte)) 

Update MADR 
(Block transfer 
end) 

NADR-+MADR 
NTCR_ETCR 

r--~=::::;--' <D Cycle Steal L-_--; __ -' 
Mode 

~ Obedient 
Mode 

Nole: END Flag: Set ifSUC= 0 upon completion of block transfer. 
This is an internal flag which stops continue operation 
after the next block transfer is completed. 
It is cleared after the lower byte of NTCR is wr~ten. 

Figure 8·8. Single Address Mode DMA Operation 
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T1 T2 Tw T3 

o Clock 

liS 
\~----~----r-----~' 

DACK--------~\~ ____ +_----~----~/ 

AtW. A23-A17 ----.X,--------+-------+---------V­
ST2-STO __ ----J.~. ----i----i------A-­

• 
A16/D15-A1/DO ---"«===»-t-----ilf--------

• HDS. LDS--------.\. l / 
___ (Note 2) : .+<t;Jote 1 ) 
DAEQ -~------~:--~~~.~~~-----

WAIT !(Note1) ..,(Note 1) 

ill I(Note1) 

BATAY -----------.~~r-------­
Notes: 1. indicates 

sample timing. 

(i) Single Address Mode with Tw State (Memory Read) 

Tp T1 T2 T3 

2. DAEQ is level 
sensitive. 

o Clock 

liS 
\'------t.-----I, 

DACK -------..... : 
\~----_r:----JI 

R1W. A23-A17 ----...... X,....--------------t· ----------.V--
ST2-STO ____ -J ~-------__'_, --___ "'--

A16/D15-A1/DO---«=======»-~!~------
• 
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HDS,LDS--------------h!\ I~---

DONE (Note 2) :*~1---..J r'\+ r------- u

-,-

Notes: 1. indicates 
sample timing. 

2 ........ :sample 
__ :output 

(ii) Single Address Mode with Tp State (Memory Write) 

Figure 8·9. DMA Transfer Timing in Single Address Mode 



Dual Address Mode: When both the source and destination have an address, such ~ 

memory-to-memory, or memory-tolfrom-memory-mapped I/O, the DMAC divides the DMA cycle 

into two parts, a read cycle and a write cycle, to access both addresses. In dual address mode, the 

data is held temporarily in the DMAC. Since the DMAC regards the read and write cycle as 

successive cycles, it does not release the bus between the cycles. However, if an access level error 

or bus error occurs during a read cycle, the DMAC does not perform a write cycle. 

External request and auto request modes are available in dual address mode. For 

memory-to-memory transfers, auto request mode is selected by the CHCRA register and the 

memory does not provide the DREQ signal. Instead, the number of byteslwords set by the 

program are transferred automatically. 

To initialize the DMAC, set the transfer mode in CHCRA and CHCRB, the source and destination 
addresses in MADR (for memory address) and DADR (for device address or memory address), 

and number of bytes/words to be transferred in ETCR. Then setting the DE bit of OPCR enables 

DMA operation. DMA transfer then begins when the DMAC gains control of the bus by setting the 

DE bit of OPCR in auto request mode. In external request mode, DMA transfer begins by the 

DMAC gaining bus control by an external request. ETCR is decremented after every transfer, and 

DADR and MADR are incremented or decremented to point to the next transfer address. 

If the DE bit is cleared before the transfer is completed, the transfer will be suspended. 

In addition, burst, cycle steal, and obedient modes are available in dual address mode. 

Figures 8-10 and 8-11 show the dual address DMA transfer operation for memory-to-I/O device 

transfer and for I/O device-to-memory transfer. As can be seen from the figures, operation 

depends on transfer direction. 

Figure 8-12 shows DMA transfer timing in dual address mode. 

HITACHI 195 



196 HITACHI 

Memory begins 
transfers 

(Read) 

UpdaleMADR 
(Memory 
transfer end) 

Device begins 
transfer 

(Write) 

(1) MADR,DADR,ETCR 
(2) CHCR A, CHCR B 
(3) OPCR 

<D Cycle Steal 
<2l Burst 

Figure 8·10. Dual Address Mode DMA Operation Flow 

(Memory···> I/O Device Transfers) 



Start 

Device begins 
transfers 

(Read) 

ETCR·1 
UpdateDAOR 
(DevIce Transfer 
End) 

Memory begins 
transfers (Write) 

UpdateDAOR 
(Memory Transfer 
End) 

Memory begins 
transfers (Write) 

UpdateDAOR 
(Memory Transfer 
End) 

(1) MADR,DADR,ETCR 
(2) CHCR A, CHCR B 
(3) OPCR 

<D Cycle Steal 
(2) Burst 

ETCR·1 
UpdateDADR 
(Device Transfer 
end) 

Figure 8·11. Dual Address Mode DMA Operation Flow 
(110 Device ••• > Memory Transfers) 
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o Clock 

DACK \ ...... _--+, __ ---II 
I 

DONE ----7------------r-----,\ .. ". : , 

I 
I 
I ; ............... -r-
I 

\!J I 
I 

Memory Read Cycle Device Write Cycle 
I 

DONE 

..... : Sample 

_: Output 

Notes: 
+ : Sample Timing 

1. AS, HDS, LOS, A161D15-A1/DO, A23-A17, ST2-STO are output, and WAIT and BRTRY are 
sampled with the same timina as in the CPU bus evcle. __ 
However, in merno'1..!2Jnternall/O device DMA cycles, OACK is output and DONE is not masked; 
while AS, HOS and LOS are not output, and WAIT and BRTRY are masked. 

2. When DREQ is level sensitive 

8.3.4 Bus Mode 

Figure 8·12. Dual Address Mode DMA Operation Timing 

(Memory to I/O Device) 

The DMAC supports obedient, burst, and cycle steal bus modes. The following explains the 

DMAC operation in a channel. 

Obedient Mode: In obedient mode, DMA transfers are executed when the external device 

acquires the bus mastership by external DREQ request. 

Accordingly, if an I/O device, which can output f5REQ at the same rate as the machine cycle or 

which can ftx DREQ at low level, performs DMA transfer in this obedient mode, the I/O device 

performs DMA transfer in the same way as in burst mode described below. 

Burst Mode: In burst mode, bus control is acquired when DE of OPCR = 1, and DMA transfers 

will be executed until a transfer end condition is satisfted The transfer end conditions are; ETCR 

reaches end count (H'OOOO), DONE input asserted externally, or the DME bit of OPCR is cleared. 

See "8.5 DMA Transfer Stop by NMI and Bus Error" for details. 
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Cycle Steal Mode: Cycle steal mode can be selected in external or auto request modes. The 

DMAC always returns the bus to a bus master other than DMAC after one word or byte DMA 

transfer. 

Figure 8-13 shows obedient and cycle steal timing. DREQ is level sensitive, and sampled at the 

arrow. IfDREQ is low when sampled, the bus is requested for a DMA transfer. In cycle steal 

mode, however, this request won't occur for one state after a transfer. A bus master other than 

DMAC can get the bus during this one state. If other bus master does not gain the bus control, 

DMA transfer begins again after one state. 

If multiple DMAC channels execute DMA transfer with rotating priority in cycle steal mode, the 

BM bit of CHCRA of the currently executing DMA transfer is valid. For example, if DMAC 

channel 0 is specified in cycle steal mode and DMAC channell is specified in obedient mode, 

DMAC channel 0 first executes DMA transfer and releases the bus for one state one byte/word 

DMA transfer. DMAC channell then gains bus control and begins DMA transfer if DREQ is 

asserted. 

(a) Obedient Mode Single DMA 
T1 T2 T3 

121 Clock 

Bus Cycle X'--_";;';;';~=::;_-' \-___ ~ __ ....J\-____ ~~~.J\.--:..;.;.;;..;,..,:;.=::;---J\.. 

121 Clock 

tl, r 
Bus Cycle X DMA Device Read X DMA Memory Write Xl... ____ -lr~---J-X DMA Device Read X 

Figure 8·13. Obedient and Cycle Steal Mode Timing 
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8.3.5 Continue Operation 

The DMAC can perform continue operation in single address mode by using the NADR, NTCR, 

and CHCRB registers. 

The continue operation can be selected by specifying the DC2-DO> bits of CHCRA as single 

address mode with continue. In continue operation, after the DMAC completes the block transfer 

specified by MADR and ETCR, the contents of the NADR are automatically transferred to the 

MADR. The contents of ETCR and of NTCR are then exchanged. The address space of the next 

block transfer specified by the DS I-DSO bits of CHCRB is automatically transferred to the MS 1 

and MSO bits of CHCRA. Then, the DMAC begins the next block transfer. 

In normal continue operation, the SUC bit of OPCR is cleared to O. Updating the lower byte of 

NTCR causes the block transfer to be continued. If the lower byte of NTCR is not updated, the 

block transfer stops after the current block has been transferred. Note that the number of 

bytes/words to be transferred must be specified in NTCR before beginning the block transfer since 

the NTCR is reloaded at least once. In addition, NADR and the DS I-DSO bits must be updated 

before NTCR is updated. 

If all blocks are 64 kbytes/wonis, the continue operation can be performed by clearing ETCR and 

NTCR before setting the SUC bit. At this time, block transfers can continue without the software 

updating NTCR. The SUC bit must be cleared one block before the block transfer is completed. 

Accordingly, clear the SUC bit only when stopping block transfer at the end of the next block 

transfer. Moreover, NTCR must not be written to in this case. See Figure 8-8. 

Note that the number of bytes/words of the next block must be specified in NTCR before setting 

continue mode by the DC2-DO> bits to perform continue operation correctly. 

8.3.6 End Operation 

The conditions that end each channel transfer are: ETCR reaches H'OOOO, the DONE signal is 

asserted, or program clears the DE bit of OPCR. In addition, all channels' DMA operations can be 

stopped by the DME bit. See "8.5 DMA Transfer Stop by NMI and Bus Error" for details. 

ETCR Reaches H'OOOO: ETCR is decremented after one byte/word transfer. When ETCR 

becomes I, the DMAC performs the last transfer. 
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The DMAC outputs DONE, unless it is perfonning a continue operation. This sets the TF bit in 

CHCRA to release the bus for a bus master other than the DMAC and finishes the transfer (ETCR 

= 0 after transfer). At this time, if the TIE bit of CHCRA is set, the DMAC interrupts the CPU. 

In a continue operation, when each block transfer has completed, the BTF bit of CHCRA is set, but 

DONE is not output. When all blocks are transferred, the TF bit is set, the BTF bit is not set, but 

DONE is output. Accordingly, if the BIE TIE bit is set while the BTF or TF bit is set, it will cause 

an BTF or TF interrupt, respectively. DREQ after the last block transfer is ignored. 

Mter the last transfer cycle, the DE bit of OPCR is cleared. Each address register points to an 

address following the final transfer address (updated in the same way as during transfer). ETCR is 

H'OOOO. 

Figure 8-14 shows the DONE output timing. DONE is an open-drain I/O pin and is output while a 

device is accessed. 

/
-.. ----- Last DMA Cycle ------I 

T3 T1 T2 Tw T1 T2 
o Clock 

Bus Cycle Device Read 

DONE Output 

Figure 8-14. DONE Output Timing 

DONE Assertion: If DONE is asserted low at the falling edge of T2 or Tw state of the last 

DMA cycle before ETCR reaches H'OOOO, the DMAC will complete the DMA transfer of the 

current channel. The TF bit of CHCRA and each register status other than ETCR are the same as 

when ETCR reaches H'OOOO. ETCR is decremented by the number of bytes/words to be 

transferred. Moreover, if DONE is asserted low at the above timing, the next block transfer 

address are not reloaded. 
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The DMAC samples DONE externally at the falling edge of 1'2 or wait state of device access cycle 

as shown in Figure 8-15. 

DREQ is ignored after DONE has been asserted. 

1'----- Last DMA Cycle-----t"I 

T3 T1 T2 Tw T3 T1 T2 Tw T3 T1 
o Clock 

Bus Cycle ~,-----=D..::.eV.;,,;.ic:....:e~R-j~~a_d _-lX,-__ M...;.e_mo_ry-<--w_ri_te_--,L. 
I 

~ ~~ __ ~: __ ~r--\~ ________ --,I 

DONE Input 

I 
I 
I 
I 

\\\ \\\ 1 HI III 

Note: DONE is open drain. 

Figure 8-15. DONE Input Timing 

DE Bit Cleared: IT the program clears the DE bit of OPCR, DMA transfer is suspended. DMA 

transfer starts from the next address if DE is set again. However, the DMA transfer requested by 

the DREQ falling edge is cancelled. 

8.3.7 Address Update and Transfer Map 

The DMAC address update depends on the address modifier (increment, decrement, no change), 

device port size, operand size, and data size (byte or word) as shown in Table 8-7. The following 

paragraphs describe the data destination location~ for these different cases. Note that the LSB of 

MADR and DADR are not used for word transfer. 
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Table 8-7. Address Update and Transfer Length 

Device Port Device 
Address Transfer Operand Memory Address Address 
Mode Size (DPS) Size (OPS) Modifier Modifier Data Size 

Single 8 Bits Byte ±1 Byte 

address 

16 Bits Word ±2 Word 

Dual 8 Bits Byte ±1 ±2, fIxed Byte 

address 

16 Bits Byte ±1 ±1, fIxed Byte 

16 Bits Word ±2 ±2,fIxed Word 

Single Address Mode, DPS = 8 Bits: In single address mode, when DPS specifIes 8 bits, 

operand size should match DPS, since the destination must receive the upper or lower data on the 

data bus provided from the source in a one bus cycle. Although DPS is 8 bits, the data bus is 16 

bits wide. Data can be transferred over the upper or lower byte of the data bus as shown in Figure 

8-16. Accordingly, the bus switch is required for reading/writing upper and lower byte data 

to/from an I/O device using the lIDS and IDS signals. 

Transfers can be started from even or odd addresses when DPS = 8 bits. See Figure 8-16. 

Memory 0r-1_5_--::o::,o __ ....... ...,00 

:+J ~ ~I ~ ~I::: 
I/O 015 

(Before N A(j) 
bus switching) -

C (3) 
-

'Byte 
"Transfer DO 

-
B (2) 
-
o(4) 

Transfer Condition 
• Single address mode 
• OPS = 8 bits 
• OPS= byte 
• Memory address increment 
• Memory start address N (even) 

Note: 1. A-O are transfer data. 
2. NumbersG)- @indicate 

transfer order. 

Figure 8-16. Single Address, DPS = 8 Bits Transfer Map 
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Single Address Mode, DPS = 16 Bits: When DPS = 16 bits, it is not necessary to switch 
the bus as when DPS = 8 bits, because the data bus for the memory and I/O devices are identical. 
However, transfer must start on an even address. If the start address is odd, the LSB will be 
assumed to be O. Figure 8-17 is an example of transfer map. 

Memory 015 00 

N-6 A@ Transfer Condition 
• Single address mode 

N-4 B (3) • DPS = 16 bits 

N-2 C(2J • OPS = word 

OW • Memory address decrement 
N • Memory start address N (even) 

~Ord Note: 1. A-O are transfer data 

015 
ransfer 

DO 2. Numbers <D -~ indicate 
1/0 transfer order. DID 

C(2) 
BCID 
A@ 

Figure 8-17. Single Address, DPS = 16 Bits Transfer Map 

Dual Address Mode, DPS = 8 Bits, OPS = Byte: In dual address mode with DPS = 8 

bits, the sizes of the memory and I/O device data bus are different However, the DMAC uses the 
upper or lower byte of the data bus (DIS-D8 or D7-DO) for reading and wtiting by switching bus. 

The device address can be specified as fixed, or incremented or decremented by 2. Data transfers 
between DMAC and I/O are performed through the upper or lower data bus, depending on whether 
the I/O start address is specified as even or odd (Figure 8-18). 
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(a) Start address: Even 

Memory 015 DO 

N - AG) N + 1 Transfer Condition 
• Dual address mode 

N+2 B® C@ N +3 • OPS = 8 bits 
N+4 O@ - N+5 • OPS - byte 

1 
Byte 

• Memory address increment 
• Memory start address N + 1 (Odd) 

transfer 
• Device address Increment 
• Device start address 

(a) M (Even) 

015 
(b) M + 1 (Odd) 

DO 

1/0 M AG) -
M+2 B@ - Note: 1. A to 0 show transfer data (byte). 

M+4 c® - 2. Numbers<D-(4) show 

M+6 O@ - transfer order. 

(b) Start address: Odd 

015 DO 

M.m,,, .:21 -
1 ~ ~I::; B ~ 

O@ N+4 - N+5 

tB~' Transfer 
Memory 015 DO 

1/0 - AID M+1 

- B(2) M+3 

- c@ M+5 

- 0(4) M+7 

Figure 8·18. Dual Address, DPS = 8 Bits Transfer Map 
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Dual Address Mode, DPS = 16 Bits, OPS = Byte: In dual address mode with DPS = 16 

bits and OPS = byte, transfer start address can be even or odd. The DMAC accesses upper and 

lower bytes alternately even if the device address is ftxed. See Figure 8-19. 

(a) Increment 
D15 

Memory N 

N+2 

N+4 

D15 

-
B (2) 
D@ 

flO M I A 
M+2 C 

(b) Decrement 

A(j) 
C (3) 

-

1 ~~:'f.' 
DO 

Memo~::! 1&.......;~;;;.....(2)""'@) ....... ~A_C_~---'I::: 
D15 

.. Byte 

.. Transfer DO 

Transfer Condition 
• Dual address mode 
• DPS = 16 bits 
• OPS. byte 
• Memory address increment 
• Memory start address N + 1 (Odd) 
• Device address 

(a) increment 
(b) decrement 

• Device start address 
(a) M (Even) 
(b) M +3 (Odd) 

Note: 1. A to 0 indicate transfer data (byte). 
2. Numbe~(D-~shaw 

transfer order. 

Figure 8·19. Dual Address, DPS = 16 Bits, OPS = Byte Transfer Map 
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Dual Address Mode, DPS = 16 Bits, OPS = Word: In dual address mode with DPS = 16 

bits and OPS = word, memory and I/O device start address should be even. If an odd address is 

selected, the LSB will be assumed to be O. See Figure 8-20. 

D15 DO ...-----=---. 
Memo~ N A CD 

N+2 B ® 
t---=-~~--I 

N +4 1-_--=-C_~C3:E_!)-_I 
D@) N+6 '-___ -= __ ...... 

D15 

t Word Transfer 

DO 
1/0 M A (I" 

M+2 B (2~ 

M +4 I--_---.,;:C;.....;;:(~!:;_-~ 
M+6 0 @ 
~---~~-~ 

Transfer Condition 
• Dual address mode 
• DPS = 16 bits 
·OPS=word 
• Each address incremented 
• Start address 
Memo~ N (Even) 
Device M (Even) 

Note: 1. A to D indicate transfer data (Word). 
2. NumbersG)-@ show 

transfer order. 

Figure 8-20. Dual Address, DPS = 16 Bits, OPS = Word Transfer Map 

8~3.8 DMA Priority 

Although, the internal DMA controller's channel can handle either a nonna! channel or express 

channel, the express channel has priority over the nonnal channel. If an express channel requests 

DMA transfer during a nonna! channel's DMA transfer, the nonna! channel is interrupted and the 

express channel, in turn, begins DMA transfer. Once an express channel gains bus control, it 

continues DMA transfer until it negates its requests. 

Prioritization among channels in the same mode is described below. 

Priority Among Normal Channels: When two or more nonnal channels request DMA 

transfer at one time, the DMA controller perfonns one word transfer at each channel by rotating bus 

control in low-to-high channel number order. If transfer requests are no longer made or if they are 

cancelled, channel 0 takes apriority. When a nonna! channel is interrupted by an express channel, 

servicing jumps to the next nonna! channel iuter the express channel's transfer has been completed. 

(Once transfer requests are cancelled, priority again returns to channel 0.) 
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Priority Among Express Channels: When more than one express channel request DMA 

transfer simultaneously, the lowest-numbered channel is given priority. HOwever, an expI:ess 

channel whose request is made first continues to be serviced even before lower-number channels. 

When a DMA request is made in a non-DMA bus cycle, the internal DMA controller determines the 

priority channel and then waits for bus availability. However, if the transfer request is cancelled, 

the priority channel is re-determined as follows: 

When an additional request is added from among normal channels, the priority channel is not 
re-determined. However, if the transfer request serviced is cancelled, the nonna! channel with the 

next lower number gains priority after which priority is passed consecutively to lower numbered 

channels. 

When an express channel which has priority cancels its request, priority is assigned in the 

following order: 

1. Other express channels (in descending channel number order) 

2. Normal channel having the next lower number from that of the cancelled express channel. 

3. Descending normal channel number 

When a normal channel is interrupted by an express channel, the priority channel is re-determined 

according to express channel prioritization. 

8.4 Internal DMA 

8.4.1 Internal ASCI and DMAC 

The DMAC is connected internally to the ASCI. The ASCI is selected by setting DC2-1)(l) of the 

CHCRA to 101. The DMAC channel 0 is connected to the ASCI channel 0 receiver, DMAC 

channell is connected to the ASCI channel 0 transmitter, DMAC channel 2 is connected to the 
ASCI channell receiver, and DMAC channel 3 is connected to the ASCI channell transmitter. 

In the internal ASCI DMA transfers, dl,lal address mode and level-sensitive request must be 

selected. If the ASCI register addresses IU'C set to the registers, the ~SCI DMA transfer is executed 

according to the request. 

The internal ASCI DMA operation is the same as that of an external devices. ~ and ImNB are 
also valid. 
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8.4.2 Internal Timer and DMAC 

The internal timer 1 is connected to DMAC channell, timer 2 is connected to DMAC channel 2. 

DMAC chanrtels 0 and 3 are not connected to the timer. 

The DMAC receives the timer DMA request when DC2-DCO is set to 110. Dual address mode and 

edge-sensitive request must be used for this operation. If the timer register addresses are set at the 

DADR registers, the timer DMA transfer can be executed according to the request. 

If an I/O address other than a timer is specified in the device address register, the data is transferred 

to or from I/O under control of the timer DMA request. 

Internal timer DMA operation is the same as for external devices. 

8.5 DMA Transfer Stop by NMI and Bus Error 

The DME bit of OPCR is cleared to 0 to stop DMA transfer when an NMI, access level violation, 

or bus error occurs during DMA transfers. 

If the DME bit is cleared, the DMAC transfer does not begin regardless of the DE bit. If the DME 

bit is cleared during DMA transfer, the DMAC stops DMA transfers after completing the remaining 

DMA bus cycles. To start DMA transfer after an interrupt processing has completed, the DE bit of 

OPCR must be set to 1 again. However, after an access level violation bus error, the DBER bit 

must be cleared before setting the DE bit. 

Note that the HD641016 does not retry the DMA transfer cycle if an error occurs during the DMA 

transfer regardless of the BRTE bit (ofBMR) state. The HD641016 stops the DMA transfer as a 

bus error and set the DBER bit of CHCRB. 

In addition, if a bus error occurs during dual address mode DMA transfer, the write cycle is not 

executed. Moreover, DADR and ETCR are updated during device access cycle, and MADR is 

updated during memory access cycle. 

Note that if an access level violation or bus error occurs in the last DMA cycle (ETCR = H'OOOO or 

DONE is input externally), the BTF and TF bits are not set. However, a bus error occurs 

simultaneously with the completion of a block transfer, the next address is loaded. 
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8.6 DMAC and Reset 

The DMAC operates as follows after power-on reset or manual reset: 

1. The ClICRA, CHCRB, and OPCR registers are reset to H'OOOO. 

2. The MADR, DADR/NADR, ETCR, and NTCR registers are undefmed. 

3. At power-on reset or manual reset, ongoing DMA transfers stop and the bus is released, even if 
the bus cycle is not complete. At this time, control signals are in the same status as in DMA 

transfer halt state. H reset and DMA end operation occur simultaneously, DONE is not output 
and no intelTUpt is requested. 

8.7 DMAC Notes 

1. The DE bit of OPCR must be cleared before CHCRA is written. 

2. The DMAC does not allow DMA transfer to its own registers. Writing to them is disabled. If 
read, they are invalid. 

3. H the SUC bit is set to 1 in continue operation mode, the CPU may not be able to control bus. 

4. During single address mode DMA transfers, the I/O device should interpret RIW polarity as 
reversed: RIW high indicates a write to the I/O device, RIW low indicates a read from the I/O 

device. 

5. To enter system stop mode, write H'8888 to OPCR twice before executing the SLEEP 

instruction. 

6. The DBER flag must be set only when it is to be cleared. 

7. H an access level violation or bus error exception occurs in the next block address after a block 

transfer has completed, the bus error exception processing may precede the block transfer end 
exception processing. 

8. H the DE bit is cleared, DMA transfer requested by the DREQ falling edge is cancelled. 
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9. When DMA transfer is performed in cycle steal mode, a bus master other than DMAC can gain 

the bus under the control of the arbitrator. Accordingly, the normal bus cycle changes as 

follows: 

DMA bus cycle ~ CPU bus cycle ~ DMA bus cycle 

However, if a refresh is requested during the normal bus cycle, the bus cycle changes as 

follows: 

DMA bus cycle ~ Refresh bus cycle ~ DMA bus cycle 
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Section 9. Timers· 

The HD6410 16 has two multifunction timers. 

9.1 Features 

9.1.1 Multifunction Timers 

• 16-Bit upcounter 
• Two 16-bit count compare registers to generate rectangular wavefonns of any duty cycle 

• PWMoutput 
• Two-phase stepper motor drive output 

• One-shot pulse output / 

• Event count 

• Pulse width or frequency measurement 

• Hardware triggered 
• Software triggered 

• Intema1 DMAC interface 
• . Timer 1 cascade operation 

• Count match, overflow, and measurement end interrupts 
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9.1.2 Block Diagram 

Figure 9-1 is the block diagrams for timer 1 and timer 2. Timers 1 and 2 have the same 

configuration. 

Other channel output ________ --, 
(Only for channel 1 ) 

Count Clear Pulse OutpuV 
External Clock Input 

TIOB +-.L-r~----....1..l-_____ c.:....o;.;:.u.:....nt:...:Co;.;:..:....nt:...:ro;.;...J1 

TIOA +--4-,----~=~.,J 
Pulse OutpUV 
Trigger Input r---"ii 

DMA request Interrupt request 
UCR: upcount register 

CCRA: Count compare register A 
CCRB: Count compare register B 
CNTR: Control register 

STR: Status register 

Figure 9-1. Timer Block Diagram 



9.2 Timer Registers 

Table 9-1 lists the timer registers. 

Table 9·1. Timer Registers 

Address Initial 
Timer Register Symbol Offset RIW Value Size 

Tuner 1 Upcount register ch 1 UCR H'FF8E RIW H'OOOO W 

Count compare register A ch 1 CCRA H'FF90 RIW H'FFFF W 

Count compare register B ch 1 CCRB H'FF92 RIW H'FFFF W 

Control register ch 1 CNTR H'FF94 RIW H'OOOO W 

Status register ch 1 STR H'FF96 R H'OOOO W 

Timer 2 Upcount register ch 2 UCR H'FF98 RIW H'OOOO W 

Count compare register A ch 2 CCRA H'FF9A RIW H'FFFF W 

Count compare register B ch 2 CCRB H'FF9C RIW H'FFFF W 

Control register ch 2 CNTR H'FF9E RIW H'OOOO W 

Status register ch 2 STR H'FFAO R H'OOOO W 

9.2.1 Upcount Registers (UCR) 

Timer 1 and timer 2 have identical 16-bit read/write UCR registers. The contents of UCR are 
incremented every count input clock. It can be read or written to by the program independently of 

counting. It is initialized to H'OOOO at reset. 

9.2.2 Count Compare Registers A, B (CCRA, CCRB) 

Timer 1 and timer 2 have identical 16-bit read/write CCRA and CCRB registers. Their contents are 
compared with the corresponding UCR. CCRA and CCRB are initialized to H'FFFF at reset. 

9.2.3 Control Registers (CNTR) 

Figure 9-3 shows the 16-bit read/write control register (CNTR). Timer 1 and timer 2 have identical 
16-bit read/write CNTR registers. It controls timer operation. It is initialized to H'OOOO at reset. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IMOSl MDSolcss2 cssllcssol TSSI Tssol DMA 1 CIE I OlE I MIE I OLB OLA I UCE lucRclsTPl 

lritial ValUe 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ReadIWrite FJt!L,B!Yi RIW RIW RIW Bt!J,....Bt!! RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I Slop ~oint 
o TIOA oreCooes 
I TIOB precedes 

Upcount Register 
Clear 

Upcount Enable 
" UCE UCRC Timer Operation 

0 0 Count StoD 
1 0 Count Run 

• 1 Count InHialization 
Output Level B.A .: Don'care 
OLB OLA Timer output 
0 0 Low 
I 1 High 

Measurement End Interrupt Enable 
0 Disable 
1 Enable 

Overflow Interrupt Enable 
0 Disable 
I Enable 

Compare Interrupt Enable 
0 Disable 

I 1 Enable 

Direct Memory Access Request 
0 Disable 
I Enable 

Clock Source Select 2-0 Trigger Source Select 1, 0 
CSS2 CSSI CSSO Inout clock SSI TSSO Irtggerlnpul 

0 0 0 lJ8C11 0 0 Reserved 
0 0 1 eselVed 0 I Reserved 
0 1 0 eserved 1 0 TIGI 
0 l' I eserved 1 1 TOUT 
1 0 0 lJ84C11 
1 0 I 8SOIVed 
1 1 0 TCKI 
1 1 1 TOUT 

Mode Select 1, 0 
MOS1 MOSo Mode 

0 0 Measurement CNTR Is not affected by 1he RESET InsiNdlon. 
0 1 One shot 
1 0 Nonnal 
1 1 wo-chase ouloiJl 

Figure 9-2. Control Register (CNTR) 
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Mode Select 1, 0 (MDS1,MDSO): MDSI and MDSO select the timer operation mode. The 
operation mode determines the functions of TIOA and TIOB, the clock source, trigger input, and 
count operation mode for the corresponding timer. Table 9-2 shows how MDS 1 and MDSO 
determine timer's operation mode. 

Table 9-2. Mod,e Select 1-0 and Timer Operation 

MDS1,MDSO 

00 01 10 11 

Mode Measurement One-shot Normal Two-phase 

TIOB Function External clock Tuner output External clock Tuner output 
input input 

TIOA Function External trigger External trigger Timer output Timer output 
input input 

Clock Input 1/8 0, 1/64 0, 1/8 0, 1/64 0, 1/8 0, 1/64 0, 1/8 0, 1/64 0, 
TCKI,TOUT TOUT TCKI, TOUT TOUT 

Count Operation Mode Free-run Auto-clear Auto-clear Auto-clear 

DMARequest Enable Enable Enable Enable (Note 2) 

Output Level Enable Enable Enable Disable 

Trigger Input ITO! TTGI, TOUT 

Notes: 1. In measurement mode, timer output to an external device is disabled. 
2. If DMA is requested in two-phase output mode, only CCRA can determine DMA 

request, interrupt request, and timer output level. See "9.3 Timer Operation". 

3. TCKI: External clock input 

ITO!: External trigger input 
TOUT: Another channel output (Timer 1 can use timer 2 output as an extemal clock 
input or a trigger input. However, timer 2 cannot use timer 1 output as an external 

clock input or a trigger input). 
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Clock Source Select 2, 1, 0 (CSS2·CSSO): CSS2·CSSO determine the timer clock source 
(Table 9-3). 

Table 9·3. Clock Select 2-0 and Clock Source 

CSS2 CSSI CSSO Clock Source 

0 0 0 1/8 0 

0 0 1 Reserved (Note) 

0 1 0 Reserved (Note) 

0 1 1 Reserved (Note) 

1 0 0 1/640 

1 0 1 Reserved (Note) 

1 1 0 TCKI 

1 1 1 TOUT 

Note: Reserved for future expansion. If a reserved value is specified, the timer operation cannot 

be guaranteed. 

Trigger Source Select 1,0 (TSSl·TSSO): TSSI and TSSO determine the corresponding 

timer's trigger input (Table 9-4). "Hardware trigger" starts timer counting by a trigger input 

selected by TSS 1 and TSSO. 

Table 9·4. Trigger Source Select 1, 0 and Trigger Source 

TSSI TSSO Trigger Source 

0 0 Reserved (Note) 

0 1 Reserved (Note) 

1 0 TIGI 

1 1 TOUT 

Note: Reserved for future expansion. If a reserved value is specified, the timer operation cannot 

be guaranteed. 
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DMA Request (DMA): DMA = 1 enables DMA requests from the corresponding timer to be 

sent to the internal DMAC. See "9.5 Timer and On-chip DMAC" for details. 

Compare Interrupt Enable (CIE): CIE = 1 enables an interrupt from the corresponding timer 

when CCRA or CCRB matches UCR. 

Overflow Interrupt Enable (OlE): OlE = 1 enables an interrupt from the corre~ponding timer 

when UCR overflows. 

Measurement End Interrupt Enable (MIE): MIE = 1 enables an interrupt from the 

corresponding timer at the falling edge of the trigger input in measurement mode. 

Output Level A and B (OLA, OLB): OLA determines the output level (level A) for the 

corresponding timer after UCR and CCRB match until UCR and CCRA match. OLB determines 

the output level (level B) from the start of counting from H'OOOO until UCR and CCRB match. 

The output level is the same as the value set in OLA or OLB. CCRA must be greater than CCRB. 

If CCRA is equal to or less than CCRB, OLA and OLB determine the output level. When the timer 

is in two-phase output mode, OLA and OLB must be set to o. 

OLA = 1 and OLB = 1 correspond to timer output high level, OLA = 0 and OLB = 0 correspond to 

timer output low level. 

, 
Upcount Enable, Upcount Register Clear (UCE, UCRC»: UCE and UCRC control 

timer counting as shown in Table 9-5. 

Table 9·5. UCElUCRC and Counter Operation 

UCE UCRC Counter Operation 

o 0 Counter stop: Timer stops counting (UCR and output maintained). 

1 0 Counter run: Timer continues counting up ("software trigger"). 
In one-shot mode, timer stops counting after one or two count matches. 

* 1 Counter initialization: UCR is set and fixed to H'OOOO, timer stops counting. 
In two-phase mode, output is low; in other modes, output is level B. 

Note: * Don't care. 

Even if the timer counting is stopped by software control, a trigger input can start it counting again, 

unless the timer is in counter initialization mode. 
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Stop Point (STP): STP is used when the timer is in one-shot or two-phase output mode. In 

one-shot mode, STP determines whether CCRA or CCRB stops the timer. When STP = 1 while 

CCRA > CCRB, the timer stops when UCR matches CCRA. When STP = 0 while CCRA > 
CCRB, the timer stops when UCR matches CCRB. 

When the timer is in two-phase mode, STP determines the phase of the outputs. When STP = 0, 

TIOA precedes TIOB. When STP = 1, TIOB precedes TIOA. See "9.3 Timer Operation" for 

details. 

9.2.4 Status Register (STR) 

Timer 1 and timer 2 have identical 16-bit read-only status registers, STR (Figure 9-3). It is 

initialized to H'OOOQ at reset. Table 9-6 summarizes CF, OF, and MF flags. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 - 1 - 1 - 1 - 1 - 1 - 1 - - 1 - 1 - 1- 1 - 1 CF 1 OF 1 MF I OLS I 
Initial Value 
ReadiWrite 

-: Reserved bit 
Always read as O. 
Cannot be written. 

STR Is not affected by the RESET instruction. 

Note: In two-phase output mode, OLS indicates the logical OR 
of the two output levels. 

o 0 0 0 
R R R R 

r- I OJP'ut Level 
Status (Note) 
o Timer 

output low 
1 Timer 

output high 

Measurement End Flag 
IlOj Measurement I 
IlU Measurement end I 

Overflow Flag 
lOi No overflow J 
L 1 I Overflow J 

Compare Fll1R 
10 I No count match I 
1 Count malch 

Figure 9·3. Timer 1 Status Register (STR) 
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Compare Flag (CF): CF is set to 1 if CCRA or CCRB matches UCR. CF is cleared to 0 if the 

CNTR is read after reading STR. 

Overflow Flag (OF): OF is set to 1 if the UCR overflows. OF is cleared to 0 if the CCRA is 

written after reading STR. 

Measurement End Flag (MF): MF is set to 1 at the falling edge of a trigger input in 

measurement mode. MF is cleared to 0 if the UCR is read after reading STR. 

Output Level Status (OLS): OLS indicates the current state of the timer output When the 

output is low, OLS is O. When the output is high, OLS is 1. In two-phase output mode,.OLS is 

the logical OR of the two output levels as shown in Figure 9-4. 

TIOA Pin 

Tloe Pin IL--_____ ..J '---___ -oJ! 

Figure 9·4. OLS Flag in Two·Phase Output Mode 

Table 9·6. Status Flags' Set and Clear Conditions 

Flag 

CF 

OF 

MF 

Set Condition 

UCR matches CCRA or CCRB 

UCR overflows 

Falling edge of trigger input is 

detected in measurement mode. 
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CNTR is read after reading STR while CF = 1. 

CCRA is written after reading STR while OF = 1. 

UCR is read after reading STR while MF = 1. 



9.3 Timer Operation 

Timer 1 and timer 2 operate in normal, measurement, one-shot, or two-phase output mode 

depending on the MDS 1 and MDSO bits' values. 

9.3.1 Normal Mode 

The timer can generate a rectangular waveform of any duty cycle by using ceRA and CCRB. In 

addition, the timer can function as interval timer or event counter. If timer output is required, the 

contents of CCRA must be greater than ceRB. 

The output level is determined by setting the OLA and OLB bits. The OLB bit determines the 

output level from the start of counting until UCR matches CCRB. The OLA bit determines the 

output level from when UCR matches CCRB until UCR matches CCRA. Then UCR is cleared to 

H'OOOO. See Figure 9-5. The contents of CCRA must be greater than ceRB. Timer output 

continues while UCE = 1. 

UCR 

UCRValue 

CCRA 
t 

ceRB 

H'OOOO 

nOAPin 

I 
I , 
I I 
I I 
I I 

--------------~----- ----------------~-----I I I I I -Time 
:: I I 
I f :: 

______ ~r_l~ ____ ~1 I~ ____ _ 
LevelB Level A Level B _ Low, Level A • High 

Horizontal Axis: Time 
Vertical Axis: UCR Value 

Figure 9·5. Timer 1 Normal Mode 

Note that ceRA can be less than or equal to CCRB if timer output is not required If so, TIOA 

always outputs level B. 

9.3.2 Measurement Mode 

The MDS 1 and MDSO bits in the CNTR can select the measurement mode. In measurement mode, 
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the timer can measure high level period of an external trigger input (ITOA) or an external clock 

frequency ('fIOB). If the timer encounters the rising edge of 'fIOA, it clears UCR and begins 

counting up while 'fIOA is pulled high. If the timer detects the falling edge of 'fIOA, it sets MF to 

1 and maintains UCR. In measurement mode, since timer operation is controlled by external 

trigger input, the UCE bit of CNTR must be cleared. In addition, UCR functions as free-running 

counter and it will not be cleared even if it matches CCRA. See Figure 9-6. 

External Clock 
or 

Internal Clock 

External Trigger ----If 
I 

UCR 

I I 
I I 
I I 

r-rxxxx 'N!:. H'0001 - "'J,.H'NNNNX H'N+N + 1 
I H'OOOO ''----1 I 

: .. Count up ------i .. ~: 
I I 

Clear UCR Set MF to 1 

Figure 9·6. Measurement Mode Timing 

9.3.3 One·Shot Mode 

The MOSl and MOSO bits in the CNTR select the one-shot mode (Figure 9-7). In one-shot mode, 

timer 1 stops counting according to the STP bit. 

In one-shot mode, the timer can be triggered either by hardware (trigger input) or software (UCE 

programming). 

Note that CCRA must be greater than CCRB. If CCRA ~ CCRB, the output level of. 'fIOB is 

always level B. 

One Count Match: STP = 0 selects one count match. The timer can generate a 'fIOB falling or 

rising edge at any time. At the beginning of counting, 'fIOB outputs level B. It changes to level A 

after the fll'st count match. UCR, then, stops counting and is maintained. 
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Note that UCRC of CNTR must be set to 1 to initialize UCR and TIOB before restarting timer 

counting by software trigger. However, this operation is not required if timer counting is restarted 

by hardware trigger, since TIOB returns to level B on detecting the rising edge of trigger input. 

Two Count Match: STP = 1 selects two count matches. Timer can generate one-shot pulse of 

any duty rate. At the beginning of counting, TIOB outputs level B and changes to level A after the 

first count match. It again changes to level B after the second count match. UCR is cleared to 

H'OOOO and then stops counting. 

Trigger: Timer counting is triggered by software or hardware. 

• Software trigger: If the UCE bit of CNTR is set to 1, the timer begins counting. Timer stops 

counting after one or two count match and UCE is automatically cleared to O. 

• Hardware trigger: If the timer detects the rising edge of a specified trigger input, it begins 

counting after clearing UCR and setting TIOB to B level. Timer counting is not affected by the 

falling edge of the trigger input. 

a. Number of Count Matches. 1 

CCRA 1l~F!. ~~I~~ - - - - - - - - - - - - - - - - - - - - - - - - -

LCR H:----------~l-----------
: I -Time 
I I 
I I 

TIOe output : Level B It--L-ev-e-I A--
I 
I 

b. Number of Count Matches. 2 : 
UCRValue : 

CCRA .L--------i~-------------- -------
CCRB----------t---------- ---- -------

LCR :: -Time 
I I 

H'OOOO ----~c---------f_-----+_-­
I 
I 
I I 

TIOe Output Level B I Level A I Level B 

Start by Software Trigger 
or 

Hardware Trigger 

Figure 9·7. One·Shot Mode Timing 

Level A - High 
Level B - Low 
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9.3.4 Two·Phase Output Mode 

The MOSl and MOSO bits in the CNTR select the two-phase output mode. In this mode. the timer 

outputs two-phase pulses with 50% duty rate. The output levels are not determined by the OLA 

and OLB bits. Output levels of both phases begin at O. Therefore. the OLB and OLA bits must be 

cleared to O. Instead, the STP bit of the CNTR determines the phase of the outputs. TIOA 

precedes when STP = 0 and nOB precedes when STP = 1. See Figure 9-8. 

a. CCRA> CCRB 

UCRValue 
CCRA __ t ______ _ 

UCR 
CCRB -- -.-
H"OOOO-- ,.....1 _______ L ____ --f-----

:: : l : I 
I I I,;.., __ ----'I--....., 

TlOA I I I' I 
Pin Output 1---1 ,I I 

I' 1 I I l--!-I ---i' 
TI08 " I I I I ~ 
Pin Output : :;: : 

b. CCRA:s CCRB or DMA bit - 1 When STP - 0, TIOA precedes TIOB by selected angle. 

UCR 

UCRValue (STPcO) 

CCRB - J_ -- - - --------- --- ---- ----------------------
CCRA 

H"OOOO --

TlOA 
Pin Output I 
TI08 I 
Pin Output""j ---i----' 

- ---'':'Time 
I , , 
I 

L--.....J....-----l' , I 
When STP _ 0, TIOA precedes TIOB by 90°. 

(STP.O) 
c. The STP bit is changed during two-phase output mode. 

UCR 

TIOA 
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: :-..Time 

r---~~ __ ~--r_--~~I : 

I 
pl •• 1 

The STP bit Is changed during IWO-phase pulse output. 

Figure 9·8. Two-Phase Output Mode 
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TIOA Precedes TIOB by Arbitrary Angle: Variable two-phase output can be ~btained if 

CCRA > CCRB as shown in Figure 9-S. Output phase changes depending on the CCRA and 

CCRB values. 

TIOA Precedes TIOB by 90°: In addition, two-phase output of ± 90° can be obtained if 

CCRA :$. CCRB. The timer output is determined only by CCRA. 

If the DMA bit of CNTR is set to 1, the timer outputs are determined only by CCRA. At this time, 

the timer does not request a DMA transfer even if UCR matches CCRB and the CF bit of STR 

remains cleared. 

If STP is modified during two-phase output, the bit is sampled when both outputs go low. The 

phase change takes place at the next count match and begins from "0, 0". 

9.4 Timer Application 

The following paragraphs show how to use the timer for various functions. Note that tcyc (sec) is 

defined as one 0 clock cycle time in the following descriptions. 

9.4.1 Interval Timer 

Function: Timer requests a count match interrupt every 1024 tcyc. 

Operating Procedure: It is assumed that the timer uses 1/S 0 clock. 

1. Write H'OOSO (=1024 + S) to CCRA. 

2. Write H'SOS4 (normal mode, 1/8 0 clock, count match interrupt enable, count run) to CNTR. 

3. Clear CF to enable a next interrupt when a count match interrupt is accepted. 

4. Repeat operation 3. 
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9.4.2 Event Counter 

Function: Timer counts external events (rising edge of TIOB) input. 

Operating Procedure: 

1. Write H'BOO4 (normal mode, external clock, count run) to CNTR. 

2. Read UCR if necessary. 

9.4.3 One-Phase Pulse Generator (PWM) 

Function: Timer outputs one-phase pulse as shown in Figure 9-9. 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'OO80 (= 1024 + 8) to CCRB. 

2. Write H'OOCO (= 1536 + 8) to CCRA. 

3. Write H800C (normal mode, 1/8 0 clock, level A = 1, level B = 0, count run) to CNTR. 

TIOA ----~Il ~r----~~ 
~1 0241cyc--: I 
I • I 

:--15361cyc-: 

Figure 9-9. One-Phase Pulse Generator Timing 

9.4.4 Two-Phase Pulse Generator 

. Function: Timer generates two-phase pulse (Figure 9-10). 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'0080 (= 1024 + 8) to CCRB. 

2. Write H'OOCO (= 1536 + 8) to CCRA. 
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3. Write H'COO5 (two-phase output mode, 1/80 clock, count run, TIOB precedes) to CNTR. 

TIOA 

TlOB I 
I 
~ I 

: 1 024 teye : 
i II III 

1536 teye 

Figure 9-10. Two-Phase Pulse Generator Timing 

9.4.5 190° Two-Phase Pulse Generator 

Function: Timer generates two-phase pulse of ± 90° as shown in Figure 9-11. 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'OO40 (= 512 + 8) to CCRA. 

L 
~ 

2. Write H'COO4 (two-phase output mode, 1/80 clock, count run, TIOA precedes) to CNTR. 

TIOA 

TIOB I 
I , 
I I 
I I 

I I I I 

Figure 9-11. 190° Two-Phase Pulse Generator Timing 
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9.4.6 Pulse Width Measurement 

Function: Timer measures high level period of an external trigger (TI0A) (Figure 9-12). 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'0420 (measurement mode, 1/8 0 clock, external trigger, measurement end interrupt 

enable, count stop) to CNTR. 

2. Input a pulse to be measured through TIOA. 

3. Read UCR to obtain high-level period when the timer accepts a measurement end interrupt. 

It is calculated as H'80 (128) X 8 = 1024. Note that there is a maximum error of ± a clock cycle. 

1/8 '11 

External Trigger 
(TIOA Pin Input) f 

UCR H'XXXX ~ [J H'007E X H'007F X H'0080 

I H'OOOO 
:: ...... o--------? (sec) .. I 
~ Measurement end interrupt occurs. 

Clear UCR Set MF to 1. 

Figure 9-12. Pulse Width Measurement Timing 

9.4.7 Frequency Measurement 

Function: Timer measures an external clock (TIOB input) frequency (Figure 9-13). 
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Operating Procedure: 

1. Write H'3420 (measurement mode, external clock, external trigger, measurement end interrupt 
enable, cOunt stop) to CNTR. 

2. Input an external trigger through TIOA. 

3. Read UCR to obtain an extema1 clock frequency if the timer accepts a measurement end 
interrupt. 

The external clock frequency is calculated as 1024 + H'80 (= 128) = 8. Accordingly, it is 1/8 0 
(Hz). 

ExternalCIock ~ 
(TIOB Pin Input) 
Frequency? (Hz) 

External Trigger I ~ I 
(TIOA Pin Input) ----I; 1-; ---

1 1 
I 1 

UCR -H'XXX)(--Xtx H'0001 ~2 a H'007E X H'007F Xr-H-'O-08+!O---

I H'OOOO I 
1 I 
I- 1024lcyc • ~ 

Measuremnt end interrupt occurs. 

ClearUCR SetMFto 1. 

Figure 9-13. Frequency Measurement Timing 

9.4.8 Software-Triggered One-Shot (1) 

Function: Timer is activated by software trigger and TIOB output falls after 1024 tcyc (Figure 

9-14). 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'OO80 (= 1024 + 8) to count compare register (CCRB). 
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2. Write H'4014 (one-shot mode, 1/80 clock, level B = 1, level A = 0, countrun, one count 

match) to count control register (CNTR). TIOB, then, falls after 1024 tcyc' 

3. Write H'4012 (counter initialize) to CNTR for bringing TIOB to level B to restart. 

Perform operations 2 and 3 to restart. 

TIOB pin output level B I 
: I 
~ 1024 fcyc ---.J 
I I 

Software trigger 

Level A I Level B 
I 
I 
I 

Counter initialization 

Figure 9-14. Software-Triggered One-Shot (1) Timing 

9.4.9 Hardware-Triggered One-Shot (1) 

Function: Timer is activated by hardware trigger and TIOB output rises after 1024 tcyc (Figure 

9-15). 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'OO80 (= 1024 + 8) to CCRB. 

2. Write H'4408 (one-shot mode, 1/8 0 clock, external trigger, level B = 0, level A = 1, count 

stop, one count match) to CNTR. 

3. TIOB rises 1024 tcyc after an external trigger input has risen. 

Perform operation 3 to restart. TIOB automatically becomes level B at the rising edge of trigger 

input. 
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Hardware Trigger Hardware Trigger 
External Trigger 
TIOA Pin Input ---n--------------~~~---
TIOB Pin Output Level B 

I 1 
1 I 

1 
~1024~c~ 
I I 

1 

Level A I Level B 
1 
I 
I r- Retry 
I 

Figure 9-lS. Hardware-Triggered One-Shot (1) Timing 

9.4.10 Software-Triggered One-Shot (2) 

Function: Timer is activated by software trigger and generates one-shot pulse (Figure 9-16). 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'OO80 (= 1024 + 8) to CCRB. 

2. Write H'OO88 (= (1024 + 64) + 8) to CCRA. 

3. Write H'4015 (one-shot mode, 1/8 0 clock, level A = 0, level B = 1, count run, two count 

matches) to CNTR. The timer then generates one-shot pulse. 

Perform operation 3 to restart. 

TIOB Pin Output 

Level A 
-~----L-e-ve-I-B----~~~-Le-v-el-B--

I 1 

1 .. I .... I .... 1 .. ---- 1024 tcyc -----O-~I .... -I-I-~i 

Software Trigger 64 ~c 

Figure 9-16. Software-Triggered One-Shot (2) Timing 
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9.4.11 Hardware-Triggered One-Shot (2) 

Function: Tuner is activated by hardware trigger and generates a one-shot pulse as shown in 
Figure 9-17. 

Operating Procedure: It is assumed that the timer uses 1/8 0 clock. 

1. Write H'OO80 (= 1024 + 8) to CCRB. 

2. Write H'OO88 (= (1024 + 64) + 8) to CCRA. 

3. Write H'4409 (one-shot mode, 1/8 0 clock, external trigger, level B = 0, level A = 1, count 
stop, two count matches) to CNTR. 

4. Input an external1rigger rising edge to obtain a one-shot pulse. 

Perform operation 4 to restart. 

Extemal Trigger 
TIOA Pin Input 

TIOB Pin Output 

--fl~--------------­I 

: Level B n Level B __ -41 ____________________ ~ ~_~ ___ 

I 
I Level A 

.... : .0------- 1024 tcyc --_. ""': • ...., ...... : 

Hardware Trigger 64 tcyc 

Figure 9·17. Hardware-Triggered One·Shot (2) Timing 

9.S Timer and On.Chip DMAC 

The HD641016 supports DMA transfers to and from timers 1 and 2. 

If the DMA bit of CNTR is set tQ 1, the timer generates a DMA transfer request whenever UCR 
matches CCRA or CCRB. The DMAC must be programmed as edge sensing to detect above. 

Note that if the timer requests DMA transfer in two-phase output mode. the timer requests a DMA 

transfer only when UCR matches CCRA. 
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9.6 Timer Interrupt Priority 

Table 9-7 shows the priority when multiple interrupts occurs simultaneously. 

Table 9·7. Timer Interrupt Priority 

Priority Interrupt Elements 

Count match 

Measurement end 

Overl1ow 

9.7 Timer and Reset 

Table 9-8 summarizes timer status just after reset If a timer is reset during its operation, all timer 

registers are initialized. See "9.2 Timer Registers" for details. 

Table 9·8. Timer After Reset 

Item Timer State 

Operation mode Measurement mode 

Clock source 1/80 

Trigger input None 

DMA transfer request Disabled 

Interrupt request Disabled 

Timer output Low 

Timer counting Stopped 

Count match 1 

Precede 110B precedes 
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9.8 Timer Notes 

1. Timer counting must be stopped before mode, count clock input, or trigger input is modified. 

2. When UCR is set to the same value as that of CCRA or CCRB, a count match does not occur. 

When UCR equals to CCRA, the timer operates normally after UCR overflows. 

3. Either the upper or lower half of CNTR or STR can be accessed by bytes. However, both 

upper and lower halves of UCR, CCRA or CCRB must be accessed sequentially in byte access. 

If the upper half is accessed in the timer after accessing the upper bit, for example, the lower 

half data will be destroyed since 16-bit data becomes valid at the upper bit access. 

4. The timer output changes when a compare match occurs 4.5 to 8.5 states after external clock 

input, as shown in Figure 9-18. The external clock is sampled at its rising edge. 

External Clock 
(TIOe Pin Input) 

UCR 

Timer Output 
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~ I 
I I 
I I 

__ ~/uV~luO: : 
I : 

i H'NNNN *r-H-'N-N-N-N-+-1---

I I 
! *,-------
I : 
I I 
~ 4.5 to 8.5 tcyc -: 

Figure 9·18. Timer Output Timing 



5. Figure 9-19 shows the timing when the nOB output level changes and UCR is cleared to 

H'OOOO after nOA has risen as an external trigger. 

o Clock 

External Clock f 
I 

I 
(TIOA Pin Input) I 

I 
I 

UCR H'XXXX X H'OOOO 
I I 
I I 

Timer OUtput Level A X LevelB 

Figure 9-19. TIOB Output Timing 

6. The maximum count frequency of an external clock is 1/8 0. 

7. When setting the CNTR. do not simultaneously set the UCRC bit to 1 (count initialization) and 

switch the OLA bit (level A output). Set level B during count initialization and then set level A if 

necessary. 
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Section 10. Asynchronous Serial Communication Interface 

10.1 Overview 

The asynchronous serial communication interface (ASCI, Figure 10-1) has two software-selectable 

modes: asynchronous and clock synchronous. The ASCI has the following features: 

• Full-duplex communication 

• Data format: 7 or 8 bits/character 

• Stop bit: 1 or 2 bits 

• Parity: Even, odd, or no parity 

• Bit rate: 1/1, 1/16, 1/32, or 1/64 clock rate for asynchronous mode 

• Programmable baud rate generator 
• Clock source: External clock or BRG output 

• Modem control signals: ers, DCD, and RTS 

• Multiprocessor communication capability 

• Built-in DMAC interface 
• Localloopback and auto-echo functions 
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RXD 
(NAZ) 

RXC Baud 
Pin Rate 

Gen­
erator 

In! DMA 
Req Req 

Internal Data Bus 

-, 
I 
I 
I 

i 
I 
I 
I 
I 

i 
I 
i 
! 

I : t"----------J 
Parity ! 
Checker ! 

i 
I 
I 

1 
i 
I 

,.-------
I 

! 
I 
I 

i 
I 
I 

: 

! 
I 

L-------------1 
I 
I 
I 
I 
I 
I 

i 
I 
I 
I 
I 
I 

i 
I 

lXCPln 

Baud Rate 
Generator 

r--- --------.1 ~--------, 

Mode Register 0 Mode Register 1 

Mode Register 2 Time Constant Reg 

Sync 
Circuit 

1XD 
(NAZ) 

I-RX_S_~_:_:_;..;.~.:..::.:9~.:..:i~..;.i:..;.:e..;.:_eg+TX-~_~_:Ioc.:..:~..;.S~..;.:.:..:~.:~_i:_e..;.i;R_~~_r_L--m --1 ~~II 
Status Register 2 Status Register 3 

Int. Enable Reg 2 

Int. Enable Reg 0 Int. Enable Reg 1 

lit DMA 
Req Req 

Figure 10-1. Block Diagram of Asynchronous Serial Communication Interface 
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10.2 ASCI Registers 

ASCI registers are all 8-bit registers assigned to consecutive memory addresses on a byte basis. 
Accordingly, these registers cannot be accessed on a word or long word basis. Table 10-1 shows 
the ASCI registers. 

Table 10-1. ASCI Registers 

Address Initial 
Register Symbol Offset RIW Value Size 

ASCIO TXIRX buffer register TRB H'FF58 R/W Undefmed B 

Status register 0 STO H'FF59 R H'OO B 

Status register 1 STI H'FF5A RJW<Notel) H'OO B 

Status register 2 ST2 H'FF5B RJW<Note 1) H'OO B 

Status register 3 ST3 H'FF5C R H'oo<N0te 2) B 

Interrupt enable register 0 lEO H'FF5E R/W H'OO B 

Interrupt enable register 1 lEI H'FF5F R/W H'OO B 

Interrupt enable register 2 IE2 H'FF60 R/W H'OO B 

Command register CMD H'FF62 W _(Note 3) B 

Mode register 0 MOO H'FF63 R/W H'OO B 

Mode register 1 MDI H'FF64 R/W H'OO B 

Mode register 2 MD2 H'FF65 R/W H'OO B 
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Table 10-1. ASCI Registers (cont.) 

Address Initial 
Register Symbol Offset RIW Value Size 

ASCIO Control register CIL H'FF66 R/W HOI B 
(cont.) 

Tune constant register 1MC HFF6A R/W HOI B 

RX clock source register RXS H'FF6B R/W H'OO B 

TX clock sotin:e register TXS H'FF6C R/W HOO B 

ASCII TX/RX buffer register TRB H'FF70 R/W Undefined B 

Status register 0 STO ~FF71 R HOO B 

Status register I STl H'FF72 RJW<Noml) H'OO B 

Status register 2 ST2 HFF73 RJW<N0ml) HOO B 

Status register 3 ST3 H'FF74 R Hoo(Nom2) B 

Interrupt enable register 0 lEO H'FF76 R/W H'OO B 

Interrupt enable register I lEI H'FF77 R/W H'OO B 

Interrupt enable register 2 IE2 H'FF78 R/W H'OO B 

Command register CMD H'FF7A W (Nom 3) B 

Mode register 0 MOO H'FF7B R/W H'OO B 

Mode register I MDI H'FF7C R/W H'OO B 

Mode register 2 MD2 H'FF7D R/W HOO B 

Control register CIL H'FF7E R/W H'OI B 
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Table 10-1. ASCI Registers (cont.) 

Register 

ASCI1 Time constant register 

Address 
Symbol Offset 

'!MC H'FF82 

RIW 

RIW 

Initial 
Value 

H'01 

Size 

B 

(cont)-------------------------------------------------------

RX clock source register RXS H'FF83 RIW 

TX clock source register TXS H'FF84 RIW 

Notes: 1. Cleared by writing 1 to a bit, not affected by writing O. 

2 .. Bits 3-2: CTS and DCD input levels. 

3. Always read as O. 

10.2.1 Mode Register 0 (MDO) 

H'OO B 

H'OO B 

Figme 10-2 shows mode register 0 (MOO). This register is not affected by the RESET instruction. 

7 6 5 

PRTC12 I PRTCll IPRTClO 

Initial Value 0 0 o 
R!W Read/Wrile R/W R/W 

Protocol Mode 2'() 

PRTCl2· Protocol Mode PRTClO 

000 Asynchronous mode 

001 

I Reserved 

101 

110 Clocked synchronous 
mode 

111 Reserved 

4 3 2 0 

AUTO STOPl STOPO I 

0 0 ,0 
R!W R/W R/W 

T 
Auto Enable Slop Bit length " 0 

STOP1· Stop Bit 
STOPO Length 

00 1 bit 

01 Reserved 

10 2 bits 
11 Reserved 

-: Reserved bit /oJways read as O. cannot be written to. 
MOO is not affected by the RESET instruction. 

Figure 10-2. Mode Register 0 (MDO) 
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Protocol Mode (PRTCL2.PRTCLO): The PRTCL2-PRTCLO bits specify the ASa protocol 

mode: 000 = asynchronous mode, 110 = clock synchronous mode. If PRTCL2-PRTCLO are not 

set to 000 or 110 during ASCI operation, a malfunction may occur. In addition, 

PRTCL2-PRTCLO should be modified just after reset or a write to the command register by the 

channel reset command. See Table 10-2. 

Table 10·2. PRTCL2·PRTCLO and ASCI Protocol Mode 

PRTCL2 PRTCLl PRTCLO Protocol Mode 

0 0 0 Asynchronous mode 

0 0 1 Reserved(Note) 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 Clock synchronous mode 

1 1 1 Reserved(Note) 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 

Auto Enable (AUTO): AUTO determines the function of modem control signals CTS, DCD, 

andRTS. 

If AUTO = 0, CTS and DCD are general-purpose input pins, and RTS is a general-purpose output 

pin independent of receive/transmit operation. 

If AUTO = I, CTS, DCD, and RTS function as modem control signals. CTS functions as the 

ASCI transmission control pin. If CTS is high, data transmission from the TX buffer to the TX 

shift register is disabled. The transmitter idles after it transmits data from the TX shift register. 

DCD functions as the ASCI receive control pin. If DCD is high, reception is disabled. If the DCD 

goes high during character assembly, the data currently being assembled is lost. However, data in 

the receive buffer is retained. RTS indicates the ASCI transmit operation state. During the ASCI 
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transmission, RTS is asserted low independently of the RTS bit of the CIL register. During TX 

disable or idle state, RTS reflects the RTS bit value. 

Stop Bit Length (STOPl, STOPO): In asynchronous mode, STOPl and STOPO detennine 

the stop bit length of the transmit data: 1 or 2 stop bits (Table 10-3). STOPl and STOPO can be 

modified during ASCI transmission. The new value becoxpes valid for the current transmit data. 

In clock synchronous mode, STOPl and STOPO are not used for ASCI operation. 

Table l0-3. STOPl·STOPO and Stop Bits Length 

STOP! STOPO Stop Bit Length 

0 0 1 stop bit 

0 1 Reserved(Note) 

1 0 2 stop bits 

1 1 Reserved(Note) 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 
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10.2.2 Mode Register 1 (MD1) 

Figure 10-3 shows mode register 1 (MDl). This register is not affected by the RESET instruction. 

lnilial Value 0 
ReacllWrlte FWI 

o 
FWI 

T 
Bit Rate 1,0 

BRATEI Bit Rate BRATEO 

00 111 clock rate 

01 1/16 clock rate 

10 1132 clock rate 

11 1164 clock rate 

o 
FWI 

I· 

o 
FWI 

nc Character Lenglll I, 0 

TXCHR1- 1ic CharacIar 
TXCHRO Length 

00 8 bits 

01 7 bits 

10 Reserved 

11 Reserved 

o 
FWI 

o 
FWI 

o 
FWI 

o 
FWI 

I 
ParbylMullprocessor 

RX Character Lenglh I, 0 Mode 1 0 
PMP1· Parityl 

PMPO Mulliprocessor 
Mode 

RXCHR1- RXa.-r 
RXCHRO Length 

00 8bita 00 None 

01 7 bits 01 MPbit 

10 Reserved 10 Even parity 

11 Reserved 
11 Odd parity 

MOl Is not affected by the RESET instruction. 

Figure 10-3. Mode Register 1 (MD1) 

Bit Rate (BRA TEl, BRATEO): In asynchronous mode, BRA TEl and BRA TEO specify the 

relation between the transmitter/receiver clock and the bit rate. In clock synchronous mode, they 

must be always set to 00 (1/1 clock rate). See Table 10-4. 

BRA TEl and BRA TEO must not be changed during transmission or reception. If they are, the 

ASCI may malfunction. 
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Table 10-4. BRATEI-BRATEO and Bit Rate 

BRATEI BRATEO Bit Rate 

o 0 1/1 clock rate 

o 1 1/16 clock rate 

1 0 1/32 clock rate 

1 1 1/64 clock rate 

TX Character Length (TXCHR1, TXCRRO): TXCHRI and TXCHRO specify the transmit 
character length. They can be changed during transmission. The new value becomes valid at the 
next transmit character. See Table 10-5. 

Table 10-5. TXCHRI-TXCHRO and Transmit Character Length 

TXCHRI TXCRRO Transmit Character Length 

o o 8 bits/character 

o 1 7 bits/character 

1 o Reserved(Note ) 

1 1 Reserved(Note) 

Note: Reserved for future expansion. If a reserved bit is specified, the ASCI may malfunction. 
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RX Character Length (RXCHR1, RXCHRO): RXCHRI and RXCHRO specify the receive 
character length. If they are changed during reception, the new value becomes valid at the next 

receive character. See Table 10-6. 

Table 10-6. RXCHR1·RXCHRO and Receive Characier Length 

RXCHRI RXCHRO Receive Characier Length 

o 0 8 bits/character 

o 1 7 bits/character 

1 0 Reserved(Note) 

1 1 Reserved(Note) 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 

Parity/Multiprocessor Mode (PMPM1, PMPMO): PMPMI and PMPMO specify whether 

even, odd, or no parity will be used in asynchronous mode, or if a multiprocessor bit (MP) will be 

used instead of the parity bit. They can be changed during operation. The new value becomes 

valid at the next transmit/receive character. See Table 10-7. 

Table 10-7. PMPM1·PMPMO and Bit Rate 

PMPMl PMPMO ParitylMP 

0 0 No parity/No MP bit 

0 1 MPbit 

1 0 Even parity 

1 1 Odd parity 
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10.2.3 Mode Register 2 (MD2) 

Figure 10-4 shows the bits of mode register 2 (MD2). This register is not affected by the RESET 

instruction. 

Initial Value 
Read/Write 

7 6 5 4 3 

-: Reserved bit. Always read as O. cannot be written to. 

MD2 is not affected by the RESET instruction. 

2 

Figure 10-4. Mode Register 2 (MD2) 

o 

CNCT1 CNCTO 

o 
RfN 

o 
ANI 

Channel ~ 1,0 

CNCT1- Transmill 
Receive 

CNCTO Mode 

00 Full-<luplex 
01 Auto·echo 

10 Not used 

11 LocaIlooPbacl< 

Channel Connection (CNCT1, CNCTO): CNCT1 and CNCTO specify the operation of the 

transmitter and receiver. Full-duplex is the normal operation mode. See "10.3 ASCI 

Asynchronous Mode Operation" and "10.4 ASCI Clock Synchronous Mode Operation" for 

details. 

In auto-echo mode, the RXD input is output directly to the TXD pin. Reception is enabled, but 

transmission is disabled. 

In localloopback mode, the data from the TX shift register goes to the RX shift register. In 

addition, data input to the RXD pin is directly output to the TXD pin. See Table 10-8. 
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Table 10-S. CNCTI-CNCTO and TransmitIReceive Mode 

CNCTl CNCTO TransmitlReceive Mode 

0 0 Full-duplex mode 

0 1 Auto-echo mode 

1 0 Reserved(Note) 

1 1 Localloopback mode 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 

10.2.4 Control Register (CTL) 

Figure 10-5 shows the bits of the control register (CfL). This register is not affected by the 

RESET instruction. 

7 

tnitial Value 
Read/Write 

6 5 4 

-: Reserved b~. Always read as O. Cannot be 
written to. 

eTl is not affected by the RESET instruction. 

3 2 

BRK 

0 
PiN 

T 
Send Break 

~ 10n 

Figure 10-5. Control Register (CTL) 

0 

RTS 

1 
PIW 

I 
Request To Send 

~ 1 H'lgh 

Send Break (BRK): In asynchronous mode, writing a 1 to the BRK bit sends a break pattern 

from the next falling edge of the TXC clock. TXD sends spaces (0) and the TX shift register is 

cleared. TXD must be held low for at least two character periods to ensure that the break is 

correctly received. See "10.3.9 Break SendlDetector" for details. 
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In clock synchronous mode, BRK must always be O. If set to 1, the ASCI may malfunction. See 

Table 10-9. 

Table 10-9. BRK Bit and Transmit Operation Mode 

BRK Transmit Mode 

o Normal transmission 

1 Break send 

Request to Send (RTS): Writing a 0 to RTS sets the RTS output low and writing a 1 to RTS 

sets the RTS output high. 

In auto-enable mode (when the AUTO bit of the MOO register is set), the RTS output goes low 

while one character is transmitted in asynchronous mode regardless of the RTS bit value. 

10.2.5 RX Clock Source Register (RXS) 

Figure 10-6 shows the bits of the RX clock source register. This register is not affected by the 

RESET instruction. 

7 6 5 4 3 2 1 0 

I - I RXCS2 I RXCS1 I RXCSO I (Note) I (Note) (Note) I (Note) I 
Initial Value 0 0 0 
Read/Write RJW RJW ANI 

I RX Clock Source Select 2- 0 

Asynchronous 000 RXCinput 
-: Reserved bit. A1Wf1¥S read as o. Cannot be written to. Mode 100 BRGoutput 
RXS is not affected by the RESET instruction. Clock synchronous 000 Slave mode 
Note: Reserved bit. Set to the same value as the 

TXBR3-TXBR6 bits of TXS. 
Mode 100 Master mode 

Figure 10-6. RX Clock Source Register (RXS) 
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RX Clock Source Select (RXCS2-RXCSO): RXCS2-RXCSO select the receiver clock 

source in asynchronous mode. If RXCS2-RXCSO = 000, the source is the RXC input. If 

RXCS2-RXCSO = 100, the source is the on-chip baud rate generator (BRG) output. The BRG 

output is transmitted from the RXC pin. See Table 10-10. 

Table 10-10. RXCS2-RXCSO and Receive Clock Source in Asynchronous Mode 

RXCS2 RXCS1 RXCSO Receive Clock Source 

0 0 0 RXCinput 

0 0 1 Reserved(Note) 

0 1 0 

0 1 1 

1 0 0 BRGoutput 

1 0 1 Reserved(Note) 

1 1 0 

1 1 1 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 
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In clock synchronous mode, RXCS2-RXCSO select slave mode or master mode. If 

RXCS2-RXCSO = 000, the receiver is configured in slave mode. If RXCS2-RXCSO = 100, the 

receiver (and transmitter) are configured in master mode. At this time, the transmitter must be also 

configured in master mode for receiving data correcdy. Refer to "10.4 ASCI Clock Synchronous 

Mode Operation" for details. See Table 10-11. 

Table 10-11. RXCS2-RXCSO and Receiver Mode in Clock Synchronous Mode 

RXCS2 RXCSI RXCSO Receiver Mode 

0 0 0 Slave mode 

0 0 1 Reserved(Note ) 

0 1 0 

0 1 1 

1 0 0 Master mode 

1 0 1 Reserved(Note ) 

1 1 0 

1 1 1 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 

RXCS2-RXCSO must be set while both the receiver and transmitter are disabled or idled; 

otherwise, the ASCI may malfunction. 

Reserved Bits 3-0: Reserved bits 3-0 of the RXS register must be set to the same value as the 

TXBR3-TXBRO bits of the TXS register for future expansion. 
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10.2.6 TX Clock Source Register (TXS) 

Figure 10-7 shows the bits of the 'IX clock source register. This register is not affected by the 

RESET instruction. 

7 6 5 4 3 2 1 0 

I - I TXCS2 I TXCS1 I TXCSO I TXBR3 I TXBR2 I TXBRl I TXBRO I 
Initial Value 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W 

I I TX Baud Rate I 0000 1+1 Select 3·0 
TX Clock Source Select 2 • 0 0001 +2 

Asynchronous 000 TXC input 0010 +4 
Mode 

100 BRG oulput 
0011 +8 

Slave mode 
0100 +16 

Clock Synchronous 000 
Mode 0101 +32 

100 Master mode 
0110 +64 

0111 +128 

1000 +256 
-: Reserved bft. Always read as O. Cannot be written to. 1001 +512 

TXS is not affected by the RESET instruction. 1010 

I Reserved 

1111 

Figure 10-7. TX Clock Source Register (TXS) 
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TX Clock Source Select (TXCS2-TXCSO): TXCS2-TXCSO select the transmitter clock 
source in asynchronous mode. IfTXCS2-TXCSO = 000, the source is the TXC input. If 

TXCS2-TXCSO = 100, the source is the BRG output and the TXC pin outputs the BRG output. 
See Table 10-12. 

Table 10-12. TXCS2-TXCSO and Transmitter Clock Source 

TXCS2 TXCSI TXCSO Transmitter Clock Source 

0 0 0 TXCinput 

0 0 t Reserved(Note) 

0 1 0 

0 1 1 

1 0 0 BRGoutput 

1 0 1 Reserved(Note) 

1 1 0 

1 1 1 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 
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In clock synchronous mode, TXCS2-TXCSO select slave or master mode. TXCS2-TXCSO must 

be changed only during ASCI transmit and receive disable or idle state, and must only be set to 000 

or 100; otherwise the ASCI may malfunction. Refer to "10.4 ASCI Clock Synchronous Mode 

Operation" for details. See Table 10-13. 

Table 10-13. TXCS2-TXCSO and Transmitter Mode 

TXCS2 TXCSI TXCSO Transmitter Mode 

0 0 0 Slave mode 

0 0 1 Reserved(Note) 

0 1 0 

0 1 1 

1 0 0 Master mode 

1 0 1 Reserved(Note) 

1 1 0 

1 1 1 

Note: Reserved for future expansion. If a reserved value is specified, the ASCI may malfunction. 

TXCS2-TXCSO must be changed during transmitter and receiver disable state or idle state. If they 

are changed during ASCI operation, a malfunction may occur. 

TX Baud Rate Select (TXBR3-TXBRO): TXBR3-TXBRO determine the divide ratio of the 

reload timer output to generate the baud rate generator (BRG) output as shown in Table 10-14. The 

BRG output is used in the transmitter and receiver. See "10.7 Baud Rate Generator" for details. 
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Table 10-14. TXBR3-TXBRO and Divide Ratio of BRG Reload Timer Output 

TXBR3-TXBRO 

o 0 0 0 

o 0 0 1 

o 0 1 0 

o 0 1 1 

0 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

Divide Ratio of BRG Reload Timer Output 

+1 

+2 

+4 

+8 

+16 

+32 

+64 

+128 

+256 

+512 

1010-1111 Reserved for future expansion. If selected, the baud rate divide ratio is 

undefined. 

10.2.7 Time Constant Register (TMC) 

Figure 10-8 shows the time constant register which contains the value to be loaded into the reload 

timer in the baud rate generator. This register is not affected by the RESET instruction. 

7 6 5 4 3 2 o 
TMC? TMC6 TMC5 TMC4 TMC3 TMC2 TMC1 TMCO 

Initial Value 0 0 0 0 0 0 0 1 
ReadlWrite RJW.:.-_-.:..::.RJW.:..:.-_----:RJW..:..:..:. __ ..:..:RJW~_..,.-:..:RJW..:.:....---!.RJW:..:..:..---"RJW:.::..:..:.--...:.RJW.:..:.:..-

Time Constant 7-0 
Value to be loaded to the Reload Timer (f0ITMC) 

TMC is not affected by the RESET instruction. 

Figure 10-S. Time Constant Register (TMC) 

Time Constant 7-0 (TMC7.TMCO): TMC7-TMCO specify the data to be loaded into the 

reload timer in the baud rate generator. The timer output frequency equals f0trMC. See "10.7 

Baud Rate Generator" for details. 
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10.2.8 Command Register (CMD) 

Writing to bits 5 through 0 of the command register (Figure 10-9) specifies a command. The 

command register is always read as O. This register is not affected by the RESET instruction. 

7 6 5 4 3 2 

CMOS CMD4 CMD3 CM02 

lritial Value 0 0 0 0 
Read/write W W W W 

I 
Commard5·0 

Transfer Commands Receive Commands 

010001 AX reset 
010010 RXenable 
010011 RXdisable 
010110 Search for MP bit 

-: Reserved bit. Always read as O. Cannot be written to. 

CMO is not affected by the RESET instruction. 

Figure 10-9. Command Register (CMD) 

0 

CM01 CMDO 

0 0 
W w 

Miscellaneous Commands 

TX Reset: The TX reset command disables the transmitter by setting the TXD pin output to mark: 

"1" and clearing the TXRDY bit of STO. It clears the TX buffer and BRK bit of CfL and resets the 

TX status in the STO-ST3 registers. No other registers are affected. 

TX Enable: The TX enable command puts the transmitter into idle state (TXD = 1). 

TX Disable: The TX disable command forcibly disables the TXRDY bit of STO. It then 

disables the transmitter after it transmits the contents of the TX buffer and shift register. 

MP Bit On: In asynchronous mode, the "MP bit on" command sets the MP bit for the next 

character to be sent to the TX buffer. This command is valid for only one character. If parity is set 

for the character, the parity is inverted. 

TX Buffer Clear: The TX buffer clear command clears the contents of the TX buffer and sets 

the TXRDY bit of STO. No other registers are affected 
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RX Reset: RX reset stops reception and disables the receiver. It clears the RX buffer and resets 
the RX sta~s in the STO-STI registers. No other registers are affected. 

RX Enable: RX enable puts the transmitter into the start bit detection state. RX enable is 
ignored if the receiver is enabled. 

RX Disable: RX disable stops reception and disables the receiver. The contents of the RX shift 
register are lost, but the RX buffer is not affected. 

Search for MP Bit: Received data will not be loaded into the receive buffer unless its MP bit is 
set. This command is effective only until the ASCI receives a character with MP = 1. 

Channel Reset: Channel reset perfonns the same function as hardware reset. Channel reset 
disables the receiver and transmitter, clears the RX and TX buffers, and then initializes all registers. 

No Operation: No operation is performed. Transmitter and receiver continue cUITent 
operations. 
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10.2.9 Status Register 0 (STO) 

Status register 0 (STO) indicates whether the TXINT or RXINT interrupts are enabled, and 

indicates the state of the TXJRX buffers (Figure 10-10). This register is not affected by the RESET 

instruction. 

7 6 5 4 3 

TXINT RXINT 

Initial Value a a 
ReadlWrlte R R 

T T 
RXINT Interrupt 

TXINT Interrupt I a I Disabled I 
I a I rnsa~edll ~ 

1 Enabled. 

-: Reserved bit Noways read as a. Cannot be written to. 
STa is not affected by the RESET instruction. 

2 

Figure 10·10. Status Register 0 (STO) 

a 

TXRDY RXRDY 

a a 
R R 

I T 

TXINT Interrupt (TXINT): TXINT indicates a transmit interrupt request. TXINT is set by 

the following conditions: 

TXINT = IDL • IDLE + ccrs • CcrSE 

Where: IDL = Bit 6 of the STl register 

ccrs = Bit 3 of the STl register 

IDLE = Bit 6 of the lEI register 

CcrSE = Bit 3 of the lEI register 

Accordingly, in either'the following cases, the TXINT bit is set to 1. 

1. The ASCI enters idle state while the IDLE bit is set. 

2. The crs pin changes while the CCTSE bit is set. 

If TXINTE of lEO is set when TXINT is set, a TXINT interrupt is requested. 
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RXINT Interrupt (RXINT): RXINT indicates a receive interrupt request RXINT is set by 

the following conditions: 

RXINT=CDCO-COCOE+BRKD-BRKDE+BRKE-BRKEE+PMP-PMPE+ 

PE -PEE + FRME - FRMEE + OVRN - OVRNE 

Where: COCO = Bit 2 of the STI register 

BRKD = Bit 1 of the STI register 

BRKE = Bit 0 of the STl register 

PMP = Bit 6 of the ST2 register 

PE = Bit 5 of the ST2 register 

FRME = Bit 4 of the ST2 register 

OVRN = Bit 3 of the ST2 register 

COCOE = Bit 2 of the lEI register 

BRKDE = Bit 1 of the lEI register 

BRKEE = Bit 0 of the lEI register 

PMPE = Bit 6 of the 1E2 register 

PEE = Bit 5 of the 1E2 register 

FRMEE = Bit 4 of the 1E2 register 

OVRNE = Bit 3 of the 1E2 register 

Accordingly, the RXINT bit is set in any of the following cases: 

1. The DCO pin changes while the COCOE bit is set to 1. 

2. The break start is detected while the BRKDE bit is set to 1. 

3. The break end is detected while the BRKEE bit is set to 1. 

4. The parity bit, MP bit or MSB bit is set to 1 while the PMPE bit is set to 1. 

5. A parity error occurs while the PEE bit is set to 1. 

6. A framing error occurs while the FRMEE bit is set to 1. 

7. An overrun error occurs while the OVRNE bit is set to 1. 

If RXINTE of lEO is set when RXINT is set, an RXINT interrupt is requested. 

TX Ready (TXRDY): TXRDY is set to indicate the TX buffer is ready to be written if the TX 

buffer is empty during TX enable state. It is cleared when data is sent to the TX buffer, negating 

the TX ready state. 

IfTXRDYE of lEO is set while TXRDY is set, the DMAC requests a TXRDY interrupt to the 

CPU. See "10.5 Serial Data Transfer by CPU and DMAC" for details on the DMA request 
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RX Ready (RXRDY): RXRDY is set if the RX buffer holds data. It is cleared when the RX 

buffer is empty. 

If RXRDYE of lEO is set while RXRDY is set, the ASCI requests an RXRDY interrupt to the 

CPU. See "to.S Serial Data Transfer by CPU and DMAC" for details on the DMA request 

10.2.10 Status Register 1 (ST1) 

Status register 1 (STl) (Figme to-II) indicates the transmitter state, CTS and DCO pin changes, 

and break start and completion. 

The status register 1 is not affected by the RESET instruction. 

7 6 5 4 3 2 0 

IOL CCTS COCO BRKD BRKE 

Initial Value 0 0 0 0 
Read/Write R 

TxI 
-: Reserved biL AMays read as O. Cannot be written to. 

STt is not affected by Ihe RESET instruction. 

Figure 10-11. Status Register 1 (ST1) 

TX Idle (IDL): IDL is set when the transmitter enters to idle state. In asynchronous mode, the 

TXD pin is set to mark "1", while, in clock synchronous mode, it is set to the MSB of the last 

character. 

IDL is cleared if the transmitter changes from idle state to another state. For example, when 

transmit data is written to the TRB (TX buffer) in asynchronous mode, the transmitter enters 

start bit send state and IDL is cleared to O. 
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IDL together with the IDLE bit of lEI can be a TXINf interrupt source. 

Change of CTS (CCTS): ccrs is set by a change of state (0 to I or I to 0) of the CTS input. 

ccrs can be cleared by writing a I to it • 

CCTS together with the CCTSE bit of lEI can be an TXlNT interrupt source. 

Change of DCD (CDCD): COCO is set by a change of state (0 to I or t to 0) of the OCO 

input COCO can be cleared by writing a t to it 

COCO together with the CDCOE bit of lEt can be an RXINT interrupt source. 

Break Start Detect (BRKD): In asynchronous mode, BRKD is set by break sequence (space 

state) start. It is cleared by writing a t to it In clock synchronous mode, it is fIxed to 0 and 

always read as O. See "10.3.9 Break SendlDetection" for details. 

BRKD together with the BRKDE bit of lEt can be an RXINT interrupt source. 

Break End Detect (BRKE): In asynchronous mode, BRKE is set by break sequence (space 

state) end It is cleared by writing a t to it. In clock synchronous mode, it is fIxed to 0 and 

always read as O. See "10.3.9 Break SendlDetection" for details. 

BRKE together with the BRKEE bit of lEt can be an RXlNT interrupt source. 

10.2.11 Status Register 2 (ST2) 

Status register 2 (STI) (Figure 10-12) indicates the parityIMP bit status, and the occurrence of 

parity error, framing error, and overrun. This register is not affected by the RESET instruction. 
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7 

Initial Value 
Read/Write 

6 5 

PMP PE 

0 0 
RtN RtN 

T T 

4 3 2 

FRME OVRN 

0 0 
RtN RtN 

T T L....-__ Overrun Error 
Framing Error 

No overrun error 

Overrun error 

Parity/Multiprocessor Parity Error 

~ 
OI:B 

Figure 10-12. Status Register 2 (ST2) 

o 

Parity/Multiprocessor Bit (PMP): PMP has the same value as the parity or MP bit of the 

corresponding received character. Whether the bit indicates parity or MP depends on the PMPMO 

and PMPMl bits of the MDI register. See Table 10-15. 

The PMP bit is modified when the next receive character can be read. It is cleared by writing a 1 to 

it or by reset. 

PMP together with PMPE of the IE2 register can be an RXINT interrupt source. 

Table 10-lS. PMP1-PMPO, PMP Bits and Parity/MP Relationships 

PMPM1 PMPMO Parity/MP PMP 

o 0 No parity/No MP bit MSB 

o 1 MPbit MPbit 

1 0 Even parity Parity bit 

1 1 Odd parity Parity bit 
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Parity Error (PE): PE is set if the receive character has a parity error. It can be cleared by 
writing a 1 to it or by reset. 

PE together with PEE of the IE2 register can be an RXINT interrupt source. 

See "10.3.8 Error Check" for details on parity error. 

Framing Error (FRME): In asynchronous mode, FRME is set if the receiver detects a framing 

error, as described in the asynchronous mode Section. It can be cleared by writing a 1 to it or by 

reset. See "10.3.8 Error Check" for details on framing error. 

FRME together with FRMEE of the IE2 register can be an RXINT interrupt source. 

In clock synchronous mode, it is fIxed to O. 

Overrun (OVRN): OVRN is set by a receive overrun. OVRN can be cleared by writing a 1 to it 

or by reset See "1O.3.S. Error Check" for details on overrun error. 

OVRN together with OVRNE of the IE2 register can be an RXINT interrupt source. 
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10.2.12 Status Register 3 (ST3) 

The bits of status register 3 (Figure 10-13) indicate the status of DCD, crs, transmitter, and 

receiver. This register is not affected by the RESET instruction. 

Initial value 
Read/write 

7 6 5 4 

I 

3 2 

CTS DCD TXENBl 

° ° ° R R R 

T 
TXEnabie 

10 I Di~e I 
1 Enable 

Data Carrier Detect 

ClearToSend 1°\ Low\ 
101 Lowl 1 ~~ 
1 High 

-: Reserved bit. AMaya read as O. Cannot be written to. 

ST3 is not affected by the RESET instruction. 

Figure 10-13. Status Register 3 (ST3) 

° I RXONBl 

° R .-
RX Enable 

I ~I:~el 

Clear to Send (CTS): crs copies the state of the crs input. It is a read-only bit and is not 

affected by a write. 

Data Carrier Detect (DCD): DeD copies the state of the DCD input. It is a read-only bit and 

is not affected by a write. 

TX Enable (TXENBL): TXENBL is set when the transmitter is enabled. It is cleared when 

the transmitter is disabled. It is a read-only bit and is not affected by a write. 

Note that the transmitter is disabled or enabled by commands. See "10.2.8 Command Register" 

for details on these commands. 

RX Enable (RXENBL): RXENBL is set when the receiver is enabled. It is cleared when the 

receiver is disabled. It is a read-only bit and is not affected by a write. 
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Note that the receiver is disabled or enabled by commands. See "10.2.8 Command Register" for 
details on these commands. 

10.2.13 Interrupt Enable Register 0 (lEO) 

Interrupt enable register 0 (Figure 10-14) indicates enable/disable ofTXINT, RXINT, TXRDY, 

and RXRDY interrupts. This register is not affected by the RESET instruction .. 

7 6 5 4 3 2 

I TXINTE I RXINTE 

Initial Value 
ReadlWrite 

0 0 
PJW PJW 

T 
T 
RXINT Interrupt Enable 

10 1 rn~1 
1 E~ 

-: Reserved bit. A1wfl¥S read ae O. Cannot be written to. 
lEO is not affected by !he RESET Instruction. 

1 0 
I TXRDYE I RXRDYE 

0 0 
PJW PJW 

T 
T 

RXRDY Interrupt Enable 

1 0 I rnsa~e I 
1 Ena~ 

TXRDY Interrupt Enable 

10 1 rn~ 1 
1 ~ 

Figure 10-14. Interrupt Enable Register 0 (lEO) 

TXINT Interrupt Enable (TXINTE): TXINTE = 1 enables a TXINT interrupt. If a TXINT 
interrupt occurs while TXINTE = 1, the ASCI requests a TXINT interrupt to the CPU. TXINTE = 

o disables a TXINT interrupt See "10.6 ASCI Interrupts" for details. 

RXINT Interrupt Enable (RXINTE): RXINTE = 1 enables an RXINT interrupt. If an, 
RXINT interrupt occurs while RXINTE = 1, the ASCI requests an RXINT interrupt to the CPU. 
RXINTE = 0 disables an RXINT interrupt. See "10.6 ASCI Interrupts" for details. 

TXRDY Interrupt Enable (TXRDYE): TXRDYE = 1 enables a TXRDY interrupt. If a 

TXRDY interrupt occurs while TXRDYE = 1, the ASCI requests a TXRDY interrupt to the CPU. 

TXRDYE = 0 disables a TXINT interrupt. See "10.6 ASCI Interrupts" for details. 
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RXRDY mterrupt Enable (RXRDYE): RXRDYE = 1 enables an RXRDY interrupt. If an 

RXRDY interrupt occurs while RXRDYE = 1, the ASCI requests an RXRDY interrupt to the 

CPU. RXRDYE = 0 disables an RXINT interrupt. See "10.6 ASCI Interrupts" for details. 

10.2.14 Interrupt Enable Register 1 (lEI) 

Interrupt enable register 1 (Figure 10-15) indicates whether TXINT and RXINT interrupts will be 

generated. This register is not affected by the RESET instruction. 

7 6 5 4 3 2 1 0 

IDLE CCTSE I CDCOE BRKDE I BRKEE 

Initial Value 0 0 0 o 0 
Read/Write RIW RIW RIW RIW RIW r BRKE ~Pt Enable 

I 0 Irnsa~ I 
1 ~ 

BRKO Interrupt Enable 

I 0 I rnsable I 
1 Enable 

COCO Interrupt Enable 

10 Irn~ I 
1 Ena~ 

,-: Reserved bit. Always read as o. Cannot be written to. 

lEI is not affected by the RESET instruction. 

Figure 10-15. Interrupt Enable Register 1 (lEI) 

IDL Interrupt Enable (IDLE): IDLE = 1 enables the IDL bit of the STl register. If IDL is set 

while IDLE = 1, the TXINT bit of the STO register is set. IDLE = 0 disables IDL. 

CCTS Interrupt Enable (CCTSE): CCTSE = 1 enables the CCTS bit of the STl register. If 

CCTS is set while CCTSE = 1, the TXINT bit of the STO register is set. CCTSE = 0 disables 

CCTS. 
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CDCD Interrupt Enable (CDCDE): COCOE = 1 enables the CDCO bit of the STI register. 

If CDCD is set while COCOE = 1, the RXINT bit of the STO register is set cbCOE = 0 disables 

COCD. 

BRKD Interrupt Enable (BRKDE): BRKDE = 1 enables the BRKD bit of the STI register. 

If BRKD is set while BRKDE = 1, the RXINT bit of the STO register is set. BRKDE = 0 disables 

BRKD. 

BRKE Interrupt Enable (BRKEE): BRKEE = 1 enables the BRKE bit of the STl register. 

If BRKE is set while BRKEE = 1, the RXINT bit of the sro register is set BRKEE = 0 disables 

BRKE. 
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10.2.15 Interrupt Enable Register 2 (1E2) 

Interrupt enable register 2 (Figure 10-16) indicates whether or not RXINT interrupts are enabled. 

This register is not affected by the RESET instruction. 

Initial Value 
ReadlWrite 

7 6 

PMPE 

o 
PJW 

5 

PEE 

o 
PJW 

o Oi bIe erEr 

4 3 2 

FRMEE I OVRNE I 
o o 

PJW PJW 

T -r:.. OVRN Interrupt Enable 

lol~~~el 
JRT1- 1 __ o Di~e 

1 Enable 

-: Reserved bit. AlwtltfS read as o. Cannot be written to. 

1E2 is not affected by the RESET instruction. 

Figure 10·16. Interrupt Enable Register 2 (1E2) 

0-

PMP Interrupt Enable (PMPE): PMPE = 1 enables the PMP bit of the STI register. If PMP 

is set while PMPE = 1, the RXINT bit of the STO register is set. PMPE = 0 disables PMP. 

PE Interrupt Enable (PEE): PEE = 1 enables the PE bit of the ST2 register. If PE is set 

while PEE = 1, the RXINT bit of the STO register is set. PEE = 0 disables PE. 

FRME Interrupt Enable (FRMEE): FRMEE = 1 enables the FRME bit of the STI register. 

If FRME is set while FRMEE = 1, the RXINT bit of the STO register is set. FRMEE = 0 disables 

FRME. 

OVRN Interrupt Enable (OVRNE): OVRNE = 1 enables the OVRN bit of the STI register. 

If OVRN is set while OVRNE = 1, the RXINT bit of the STO register is set. OVRNE = 0 disables 

OVRN. 
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10.2.16 TXlRX Buffer Register (TRB) 

Reading the TX/RX buffer register (TRB) (Figure 10-17) reads a byte from the RX buffer. 

Writing to the TRB register puts the data into the TX buffer. 

If the TRB is read while RXRDY = 0, the TRB contents are undefined. While TXRDY = 0, TRB 

cannot be written to. 

This register is not affected by the RESET instruction. 

7 6 5 4 3 2 0 

TRB7 TRB6 TRB5 TRB4 I TRB3 TRB2 TRB 1 TRBO 

Initial Value * * * * * * * * 
Read/Write RIW RIW PIN RIW RIW RIW RIW RIW 

TX / RX Buffer 7-0 

*:undefined Transmit character Is written to the TX buffer. 

TRB is not affected by the RESET instruction. Receive character is read from the AX buffer. 

Figure 10-17. TXlRX Buffer Register (TRB) 
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10.3 ASCI Asynchronous Mode Operation 

In asynchronous mode, the ASCI transfers characters synchronized with the start and stop bits 

which are included with each character. In this mode, the TXD and RXD pins are pulled high 

(mark) when characters are not being transferred. Accordingly, TXD and RXD pins oflcsw 

(space) indicate the beginning of character transfer, i.e., a start bit encountered. 

Asynchronous mode can be set by clearing the PRTCL2-PRTCL bits of the MOO register. 

10.3.1 Character Format 

Figure 10-18 shows an example of asynchronous mode character fonnat. A character transfer 

begins with the I-bit start bit. Next, 7- or 8-bit data is transferred in order of the LSB first and the 

MSB last. A parity or MP bit may then be transferred depending on the PMPMI-PMPMO bits of 

MDI. Finally. I or 2 stop bits are transferred. 

'----./ \'-__________ --J1 "-----J\ I 

1 Bit 70rSBits Oor 1or2Bits 
(TransmitlReceive Data) 1 Bit 

Figure 10-18. Asynchronous Mode Character Format 
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10.3.2 Baud Rate 

The ASCI can operate at a baud rate of 1/1, 1/16, 1/32, 1/64 of an input clock provided from an 

external pin or the baud rate generator (Figure 10-19). Bit rates for both receiver and transmitter 

can be specified as 1/1, 1/16, 1/32, or 1/64 clock rate by the BRATE1-BRATEO bits of the MD1 

register. See "10.7 Baud Rate Generator" for details. 

I---~Transmtter 

External Pin-(=R)(:::::C=-=P::-In:-') +--~ 
""0---1 ~----i~Receiver 

Figure 10.1'. Baud Rate Selection Circuit 
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10.3.3 Transmission State 

Figure 10-20 is a transition state diagram for asynchronous transmission. 

TX disable after 
transmission 

Figure 10-20. Transmission State Transition Diagram 

TX Disable: The transmitter enters 'IX disable state by reset, 'IX reset command, or 'IX disable 

command. In this state, the TXD pin outputs mark "1" and the TXRDY bit of STO is cleared. 

Idle State: TXD pin outputs mark "1" when the 'IX buffer is empty. The ASCI goes from idle 

state to start bit send state if a transmit character is written. 

Start Bit Send: The ASCI sends space "0" for 1 bit period through the 'IXD pin and enters the 

character send state. 
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Character Send: The ASCI transmits a character LSB fIrst, MSB last. 

ParitylMP Bit Send: The ASCI sends parity or MP bit depending on the PMPMI-PMPMO bits 

of MD 1. See "10.3.7 Parity/MP Bit" for details. 

Stop Bit Send: The TXD pin outputs mark "I" for the number of bit periods determined by the 

STOPI-STOPO bits of the MOO register. The ASCI then enters idle state. 

Break Send: The TXD pin outputs space "0". Setting the BRK bit of CfL to 1 sends a break. 

This can be stopped by clearing the BRK bit to O. See "10.3.9 Break Send/Detection" for details. 

Mark Send for 1 Bit Period: The TXD pin sends mark "I" for 1 bit period after break send 

state is cancelled. 

10.3.4 Transmit Operation 

TXD output changes at the falling edge ofTXC clock (Figure 10-21). The ASCI transmit 

operation is initiated by writing a character to the 'IX buffer in idle state. Figure 10-21 shows an 

example of transmit operation when a character consists of 8-bit data, a parity bit and 1 stop bit. 

Transmit Character Write 

Transmit 
Data 

Transmit 
Clock 
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lelle .JJ. Start Bit Parity Stop Bit Idle 
State I Send Character Send I Send Send I State I 

(a) 1/1 Clock Mode 

(b) 1/16, 1132 or 1/64 Clock Mode 

Figure 10-21. Asynchronous Transmission 

.. 

Stop Bit 

P: Parity 
Bit 



10.3.5 Receive State 

Figure 10-22 shows the receive state transition diagram. 

OK 
(Mark "1") 

Mark "1" 

NG 
(Space "0") 

Figure 10-22. Receive State Transition Diagram 

RX Disable: The ASCI receiver is disabled by reset, the RX reset command, or RX disable 

command. In this state, the RXD input is ignored. The contents of the receive shift register is lost, 

while the contents of the RX buffer is maintained. 

Start Bit Search: The ASCI goes from RX disable state to start bit search state by the RX 

enable command. The ASCI checks the RXD pin at each rising edge of the RXC clock to search 

for the start bit (space: "0"). 

Start Bit Check: The ASCI enters start bit check state if it detects space "0" in start bit search 

state. The ASCI then checks the RXD pin again one-half bit period later. At this time, if RXD is 

not 0, the ASCI returns to start bit search state. If RXD is 0, the ASCI enters character assembly 

state. However, in 1/1 clock mode, note that the ASCI does not check the start bit, but assembles 

the character immediately. 
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Character Assembly: The ASCI assembles characters by sampling data received through the 

RXD pin at every bit period. The character assembly ends when a stop bit is sampled. 

Wait for Half a Bit Period: The ASCI waits for one half a bit period after character assembly 

to skip the stop bit of a ch&racter with a framing error. It then returns to start bit search state. See 

"10.3.8 Error Check" for further details. 

Break End Wait: The ASCI enters break end wait state if it detects break after character 

assembly. The ASCI checks the RXD pin at each rising edge of the RXC clock to search for mark 

"1 ". See "10.3.9 Break SendlDetection" for details. 

Break End Check: If the ASCI detects mark "1" on the RXD pin in break end wait state, it 

enters break end check state. It checks RXD again one half a bit period later. If RXD does output 

mark "1", the ASCI searches for the start bit. Otherwise, it returns to break end wait state. 
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10.3.6 Receive Operation 

Figure 10-23 illustrates the data sampling timing. 

Receive Data -n 
Sampling 
Timing 

, , 
t 

L .. 

Start Bit 
Search 

4} 
Start Bit 
Detection 

Character Assembly Stop Bit 
Check 

(a) 111 Clock Mode 

Receive Data 11-....,.---I.-,OO--l.---,D_1 --'---i~~ 1 0,71 P 
J , , , 

Sampling ttttttt 1 
Timing --.,..-.J, : . 

L.....-­
Start Bit 
Search 

ttt tt ttt L ___ _ 

+' St~rt Bit 
Search Start Bit 
Start Bit) 

Check 

Character 
Assembly Stop Bit Search 

Check 
Space ·0" 
Detection 

(b) 1/16,1132 or 1/64 Clock Mode 

Figure 10-23. Receive Data Sampling Timing 

P: Parity bit 

Figure 10-24 shows the ASCI receive character fonnat in asynchronous mode. 8-bit or 7-bit 

characters can be received depending on the RXCHR1-RXCHRO bits of the MD1 register. In 7-bit 

character fonnat, the MSB contains O. 

8 bits/character 

7 bits/character 

Figure 10-24. Receive Character Format 
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The ASCI receive operation is initiated by sending RX enable command. 

In 1/1 clock mode, the receiver samples data at the rising edge of RXC clock. If it detects a space 

"0" on the RXD pin during start bit search, the ASCI begins character assembly at the rising edge 

of the next RXC clock. During character assembly, the ASCI assembles a character by sampling 

I-bit data every RXC clock and loading them into the RX shift register (Figure 10-25). After the 

RX shift register receives 7 or 8 bits (depending on the RXCHI and RXCHO bits of the MDI 

register), the ASCI samples the parity or MP bit depending on the PMPM bits ofMDl. The ASCI 

then samples the stop bit at the rising edge of the next RXC clock and completes character 

assembly. At this time, the contents of the RX shift register are loaded into the RX buffer. 

The ASCI begins to search for a start bit at the rising edge of the next RXC clock after it detects the 

stop bit. 

Sampling Data---------------, 

Shift Register 
~~~~~--+-~~~ 

.... ____ Sampling 
Clock 

7 o 
RX Buffer 

Figure 10-25. Character Assembly by Receive Shift Register 

In 1/16, 1/32, or 1/64 clock mode, when the bit rate is 1/16, 1/32, or 1/64 of clock, the receiver 

samples data at every rising edge of the RXC clock during start bit search. When the ASCI detects 

space "0" on the RXD pin, it checks RXD again one-half a bit period later. If the ASCI detects 

space "0" again, it begins character assembly with a one-bit-period delay. If the ASCI detects mark 

"1", it interprets the transition of the RXD pin as noise and continues searching for a start bit. See 

Figure 10-26. 
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Receive 
Data 

Sampling 
Timing 

Start Bit 
Search 

Character Assembly .. 

Start Bit Check 
(Space "0" Detection) 

Space 
Detection 

When a normal start bit 
is detected. 

Start Bit 
Search 

U 
I 
I , 

• 
Start Bit Search 

Start Bit Check 
(Space ·0· Detection) 

Space ·0· Detection 
When a short start bit (noise) 
is detected. 

Figure 10-26. Start Bit Sampling Timing 

The ASCI assembles characters by sampling data each bit period. 

The ASCI checks for a stop bit I-bit period after it receives the MSB or parity. At this time, if the 

ASCI receives mark "1", it immediately begins to search for a start bit If it receives space "0", it 

begins searching for a start bit after a one-half bit period delay. 

Note that in 1/16, 1/32, or 1/64 clock mode, the ASCI samples data received through the'RXD pin 

three times starting from the two RXC clock cycles prior to sampling timing, and determines the 

data value by majority consideration. This function protects the received data from noise. See 

Figure 10-27. 

Start Bit Search Start Bit Deteciion 
· .u, 

Start Bit Check 
(), 

AXC 
I I I I I I 

AXD 

I I I I I I I 
I : I I I I I 

~9--' - __ ~_I-€I~~_I-
Sampling Data 

Figure 10-27. Noise Elimination in 1116, 1/32, or 1164 Clock Mode 
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10.3.7 ParitylMP Bit 

Even parity, odd parity, MP bit, or no parity/MP bit can be selected by the PMPMl and PMPMO 
bits of the MDI register. 

When even parity is selected, the transmitter checks the number of Is in the transmitted character. 

If the number of Is is even, the transmitter sends 0 following the character. Otherwise, the 

transmitter sends 1 following the character. Accordingly, the parity bit value is detennined in order 

to force the number of Is in the character to be even. In addition, the receiver also checks whether 

or not the number of Is in the received character is even, simultaneously. When odd parity is 

selected, the ASCI transmitter and receiver function in the same way as in even parity, but forces 

the number of Is to be odd. 

When the MP bit is selected, the transmitter or receiver sends or receives the MP bit following the 

character to support multiprocessor communi~ations. See "10.3.10 Multiprocessor Support" for 

details. 

10.3.8 Error Check 

Parity C.heck: Odd, even, or no parity is checked under software control. If a parity error 

occurs in a received character, the ASCI sets the PE bit of the ST2 register. 

When a parity error occurs, sub equent characters can be received normally. However, once the 

PE bit is set it will not be cleared even if a parity error does not occur in the next character. The PE 

bit can be cleared by writing a 1 to the bit or by reset 

Framing Error: The ASCI detects a framing error when it samples space "0" during stop bit 

check. Note that only the first stop bit of 2 stop bits is checked. If a framing error occurs, the 

FRME bit of the ST2 register is set 

The ASCI can continue the receive operation after detecting a framing error. Note that the ASCI 

begins to search for a start bit after a one-half bit period delay in 1/16, 1/32, or 1/64 clock mode 

and from the next rising edge of the clock in 1/1 clock mode. This avoids the interpretation of a 

framing error as a new start bit. 

Once the FRME bit is set, it cannot be cleared even if a framing error does not occur in the next 

character. The FRME bit can be cleared by writing a 1 to the bit or by reset. 
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Overrun Error: The ASCI detects an overrun error if the next receive character is transferred 

from the RX shift register to the RX buffer register before the previous receive character in the RX 

buffer is read. At this time, the OVRN bit of the ST2 register is set to 1. 

Once the OVRN bit is set, it is not cleared. until it is cleared by writing a 1 to it or by reset 

10.3.9 Break SendlDetection 

The BRK bit of the err.. register controls the ASCI break sending and detection as described 
below. 

Break Sen~ Sequence: When the CPU requests break output, the TXD pin immediately 

outputs space "0" at the falling edge of TXC immediately after the BRK bit is set to 1. 

The TXD pin outputs mark "I" at the faIling edge of TXC immediately after the BRK bit is changed 

from 0 to I, and it is held in the mark condition for at least one bit period. 

During break: output, the data in the TX shift register is lost. 

The procedure for sending a normal break is as follows: 

1. Wait for end of transmission (idle state). 

2. Write a 1 to the BRK bit. 

3. Wait for at least 2 character periods. 

4. Write a 0 to the BRK bit. 

Break Detection: The ASCI detects the start of break: when it receives a character with data and 

parity bit all Os, and with a framing error as well. 

The ASCI detects the end of break: when it detects mark "I" on the RXD pin for at least one-half a 

bit period. Note that the ASCI detects end of break: immediately after it detects mark "I" for 1/1 

clock mode. 

RXINT interrupt can be generated on both start and end of break: output since the BRKD bit and 

BRKE bit are set on break: output start detection and break output end detection, respectively. 
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When the start of break is detected, the NULL character (all bits are Os) with framing error is 

aborted and not stored in the RX buffer. At this time, the FRME bit of the S12 register is not set to 

1. 

Figure 10-28 shows break start/end detection timing when the break starts in the middle of the 

character transmission. Note that the transmitter must maintain the break level for at least two 

character periods to be received correctly. 

r - "T" - r- -r--.--r- --, 
:01 :01l--~---: :STOP 

" / \ 
Receive data with Detect start bit 

framing error Begin start bit 
search and 
detect space 0 

Detect break start 
(The Null character 
is not stored in AX 
buffer.) 

Figure 10-28. Break During Character Transmission 

10.3.10 Multiprocessor Support 

Detect break end 

The ASCI asynchronous mode can support multiprocessor mode where the characters have an MP 

bit instead of a parity bit 

Transmission: The MP bit of transmit character is nonnally O. It can be set to 1 by the "MP bit 

on" command. Note that the "MP bit on" command is effective only for one character transmitted 

following the command. 

Receive: The MP bit status of the corresponding character is stored in the PMP bit of the S12 

register. 

The ASCI can abort characters with MP bit = 0 by sending the search for MP bit command to the 

CMD register. This command is effective until the ASCI receives a character with MP bit = 1. 

Figure 10-29 shows a multiprocessor communication example. 
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Figure 10-29. Multiprocessor Communication by MP Bit 

T is a transmitter and A, B, C, and D are receivers addressed as 0, 1,2, and 3, respectively. 

When transmitter T transmits data to receiver B, T first transfers address 1 of B on the 

communication line after the MP bit is set to 1. At this time, B checks the communication line. If 

B receives a character with MP bit = 1, it regards the character as an address and compares the 

address with its own address. If it matches, B receives the next characters with MP bit = O. 

During the communication between T and B, other receivers A, C, and D execute the search for MP 

bit command and ignore characters with MP bit = O. Consequently, the transmitter T can 

communicate with a specific receiver by sending an address with MP = 1 followed by characters 

with MP bit = O. 

The transmitter T can change receivers by sending a new address with MP bit = 1. If it does, the 

search for MP bit command is cancelled and a new communication sequence begins. 
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10.4 ASCI Clock Synchronous Mode Operation 

In clock synchronous mode, the ASCI transfers data synchronous with the clock. Clock 

synchronous mode can be selected by setting the PRTCU-PRTCLO bits of the MDO register to 

110. 

10.4.1 Character Format 

Figure 10-30 shows character format in clock synchronous mode. In clock synchronous mode, 

data always changes at the falling edge of the synchronous clock. 7- or 8-bit character length and 

parityIMP bit can be selected and checked in the same way as in asynchronous mode. However, 

there is no start bit or stop bit in this mode. 

Sync clock 

________ ~_DO __ ~_D_1~ __ ~\tr--~--D-n~--~-a~-·~-?-r----------
\ 7) 1'-
'-------7'"o-:-:r:";;S:Lb';;:i\s-:--------' 0 or 1 bk 

Data 

(Transmit/Receive data) 

Figure 10-30. Clock Synchronous Mode Character Format 

Table 10-16 summarizes ASCI error checking in each protocol mode. 

Table 10-16. ASCI Error Check 

ASCI Error 

Framing Overrun 

Mode Parity MP Error Error 

Asynchronous 0 0 0 0 

Clock synchronous 0 0 X 0 

Note: 0 = Available 

X = Not available 
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10.4.2 ASCI Clock Synchronous Mode Operation 

In clock synchronous mode, the ASCI provides two modes: master and slave. The transmitter's 

master or slave mode can be selected by the TXCS2-TXCSO bits of the TXS register. The 

receiver's master or slave mode can be selected by the RXCS2-RXCSO bits of the RXS register. 

Clock mode in clock synchronous mode is always 1/1. The master outputs the clock through the 

TXC and RXC pins. The clock level is usually high. However, the low clock pulses generated by 

the master correspond to bits being transferred. The slave operates synchronously with the clocks 

input through the TXC and RXC pins. 

Data changes at the falling edge of the TXC clock and is received at the rising edge of the TXC 

clock. 

The following describes ASCI clock synchronous mode operation in slave and master modes. 

Slave Mode: ASCI slave mode is specified by selecting an external clock as clock source. The 

TXC and RXC pins are inputs. The ASCI transmits data through the TXD pin synchronously with 

the external clock input through the TXC pin. After data transmission. the TXD pin retains the last 

bit and the TXC clock is ignored. 

The ASCI receives data through the RXD pin synchronously with external clock input through the 

RXCpin. 

Master Mode: ASCI master mode is specified by selecting built-in BRO output as the clock 

source. The TXC and RXC pins are outputs. The ASCI transmits data through the TXD pin and 

outputs the clock generated by the built-in BRO. 

The ASCI receives data through the RXD pin synchronously with the TXC clock. Therefore, even 

when the ASCI performs only receive operations, the transmitter must be enabled to perfonn 

dummy transmission. 

Recovery from Character Distortion: Receiver and transmitter must be reset by RX reset 

and TX reset commands respectively after character distortion. 
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Operation: Figure 10-31 shows the ASCI clock synchronous mode operation. Figure 1O~31 (a) 

shows master to slave data transmission. Data transmission is initiated when the master writes data 

to the TX buffer. The transmit data changes at the falling C?dge of the TXC clock. The slave 

samples data at the rising edge of the TXC clock. 

Figure 10-31 (b) shows slave to master data transmission. Data to be transmitted is written to the 

TX buffer in the slave. The slave then transmits data synchronously with the TXC clock provided 

by the master. Accordingly, the master must transmit dummy data to provide a TXC clock. The 

master then samples data at the falling edge of the TXC clock. At this time, the master outputs the 

same clock from both TXC and RXC pins. 

lXC AXC 
Master 

lXO RXO 

~~ster) ~mJ 
I I I I 

Transml 
Data 
(Master) 

Receive Data 
(Slave) 

• I I , 

1~1~111 ~~ 1~71 
I I I 
I I I 
I I I : 
I I I I 

1001011 )~ 
I 

107 

(a) Master to Slave Oata 
Transmission 

Slave 

/ 

Master 

lXC 
(Master) 

Transmft 
Data 
(Master) 
Transmft 
Data 
(Slave) 

Receive Oata 
(Master) 

lXC TXC 
Slave 

RXD TXD 

L.f1fU)W-
I 

l~mmYDa~( 
I 

1~1011 ~\ 1071 
I 
I 

1001011 ~) 1071 
(b) Slave to Master Oata 

Transmission 

Figure 10-31. ASCI Clock Synchronous Mode Operation 
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Table 10-17 shows master and slave combinations in the ASCI transmitter and receiver. If the 
ASCI transmitter and receiver are specified as slave and master respectively, the ASCI may 

malfunction. 

Table 10-17. Siave/Master Combinations 

Transmitter Receiver A1lowedINot allowed 

Slave Slave Allowed 

Slave Master Not allowed 

Master Slave Allowed 

Master Master Allowed 

10.5 Serial Data Transfer by CPU and DMAC 

The ASCI can transmit and receive data under CPU polling or interrupt control, or DMA transfers. 

10.5.1 Polling 

The CPU obtains data transmission or reception timing by checking the TXRDY or RXRDY bits of 

the STO register. TXRDY and RXRDY interrupt should be disabled, and the DMAC should be 

programmed so as not to respond to DMA requests by the ASCI. 

10.5.2 Interrupt 

If the TXINTE or RXINTE bit is 1, a TXRDY or RXRDY interrupt occurs when the TXRDY or 

RXRDY bit is set, signaling the CPU to transfer data to the TX buffer or from the RX buffer. The 

DMAC should be programmed so as not to respond to DMA request by the ASCI. 

10.5.3 DMA Transfer 

The internal DMA signal becomes active when the TXRDY or RXRDY bit is set, causing the 

DMAC to transfer data to the TX buffer or from the RX buffer. At this time, the TXRDY or 

RXRDY interrupt must be disabled. Table 10-18 shows DMA transfer conditions. 
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Table 10-18. DMA Transfer Conditions 

Item Program 

Address mode Dual address 

Device address register TRB of the ASCI 

Request signal sense Level 

Bus mode Cycle steal mode 

10.6 ASCI Interrupts 

Table 10-19 shows the ASCI interrupt sources. Figure 10-32 shows a block diagram of the ASCI 

interrupts. 
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Table 10-19. ASCI Interrupt Sources 
Source Source (Note 1) 

Status Enable Interrupt Status Enable Clear 
Interrupt Bit Bit Source Bit Bit Condition 

RXRDY (RX Ready) RXRDY RXRDYE RXReady RXbuffer 

empty 

TXRDY (TX Ready) TXRDY TXRDYE TX Ready TXbuffer 

fullorTX 

disabled 

RXINT (RX Interrupt) RXINT RXINTE DCDchange COCO COCOE 1 is written 

to the cor-

Break: start BRKD BRKDE responding 

detect source status 

bit 

Break: end BRKE BRKEE 

detect 

Parity/MP PMP PMPE 

bit set (Note 2) 

Parity error PE PEE 

Framing error FRME FRMEE 

Overrun error OVRN OVRNE 

TXINT (TX Interrupt) TXINT TXINTE TXidle IDL IDLE Transmitter 

state goes to 

a state other 

thanTX 

idle state 

CI'S"change CCTS CCTSE 1 is written 

to interrupt 

status bit 
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Notes: 1. RXRDY and RXINT interrupts are cleared by either the channel reset command or RX 

reset command TXRDY and TXINT interrupts are cleared by either the channel reset or 

TX reset command 

2. The PMP bit can be cleared when the next receive character can be read. 

(It is cleared when RXRDY is set to 1 after the receive character has read.) 

Each interrupt shown in Table 10-20 occurs under the conditions shown. Each interrupt can be 

enabled or disabled by the corresponding interrupt source status or enable bit since interrupt source 

bit values are always reflected in the RXINT or TXINT bit of the STO register regardless of the 

RXINTE or TXlNTE bit of the lEO register (Figure 10-32). See "4.7 Interrupt Controller" for 

details on interrupt priority. 

Table 10·20. Interrupt Enable Conditions 

Condition 

Interrupt Interrupt StatuslEnable Bits 

RXRDY interrupt RXRDY • RXRDYE 

TXRDY interrupt TXRDY • TXRDYE 

RXlNT interrupt RXlNT • R.XINTE 

TXINT interrupt TXINT • TXlNTE 
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Interrupt Source StatuslEnable Bits 

RXINT = COCO • CDCOE 
+BRKD·BRKDE 

+BRKE·BRKEE 

+PMP·PMPE 

+PE·PEE 
+ FRME • FRMEE 

+OVRN·OVRNE 

TXINT = IDL • IDLE 

+ CCTS • CCTSE 



ST1 
Register 

lEt 
Register 

ST2 
Register 

IE2 
Register 

IDL 

CCTS 
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Figure 10-32. ASCI Interrupt Block Diagram 
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10.7 Baud Rate Generator (BRG) 

The ASCI contains a baud rate generator (BRG) to generate the ASCI clock. 

10.7.1 BRG Features 

• Output frequency: f0/2 to f0/217 

• Frequency accuracy: ± 0.5% for f0/IOO ~ f~ f0/217 

Frequency accuracy for f0fl ~ f ~ f0fl 17: 

I f-fBRGI ~ 50/fime constant register value (%), where f = target frequency, fBRG 

= actual BRG output frequency, and f0 = frequency of the system clock 0. 

Figure 10-33 shows the BRG block diagram. 

Time Constant 
Register 

Reload 
Timer 

o 

4 

BRGOutput 
Selector 

f-----""'~ BRG Output 

TXBR 

TX Clock Source 
Register 

Figure 10-33. BRG Block Diagram 

10.7.2 BRG Operation 

BRG output frequency (fBRG) is determined by the TMC register and the TXBR3-TXBRO bits of 

the TXS register. 

The 8-bit TMC register specifies a value to be reloaded into the BRG reload timer. The BRG 

reload timer counts down every 0 system clock and outputs high level for one clock cycle when it 

reaches I as shown in Figure 10-34. However, note that TMC = 0 is interpreted as 256 and TMC 

= I fixes clock to high level. 
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o 

Reload Timer 
Output 

t--I-----TMC------I-I 

L 
Figure 10·34. Reload Timer Output 

Moreover, the reload timer output is supplied to the divider whose dividing ratio is specified by the 

TXBR3-TXBRO bits. When TXBR3-TXBRO = 0, The reload timer output is directly output as the 

BRG output. When TXBR3-TXBRO is between 1 and 9, the BRG output has a 50% duty rate and 

its frequency is detennined as follows: 

Reload timer output frequency /2 TXBR ..... TMC #: 1 (Reload timer output #: high) 

f0/2 TX B R ...................................... TMC = 1 (Reload timer output = high) 

Table 10-21 summarizes the TXBR bits and TMC values and their corresponding BRG output 

waveforms. 
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Table 10-21. TXBR, TMC Values, and BRG Output Waveform Relationships 

TXBR3· 
TXBRO 

TXBR-O 

TMC 
TMC;!1 

BRG Output Waveform 

High-level period 
1 System clock 

--*--i+ . 
TMC = 2, duty rate = 50% 
TMC ;! 2, duty rate;! 50% 

TMC=1 Fixed high (cannot be used as clock) 

TXBR-1-9 

10.7.3 BRG Output Frequency 

The BRG output is calculated as follows: 

fBRG = f0/fMC/2TXBR 

Where: fBRG = BRG output frequency 
f0 = System clock frequency 

TMe = Timer constant register (1-256) 

Duty rate = 50% 

TXBR= bits TXBR3~ TXBRO of the TXS register 

Note: fBRG must not be equal to £'0. 

10.7.4 Register Values and Bit Rates 

Table 10-22 lists the BRG register values for given clock frequencies to produce a range of bit rates 
in asynchronous and clock synchronous modes. TMe is the value of the TMe register value. BR 

is the value of the bits from TXBRO to TXBR3. CM is clock mode in asynchronous mode (bit 

rate/clock rate). 
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Table 10-22. Clock FrequencyIBit Rate Settings 

Asynchronous Mode 

f0 1.7898 MHz 2.4576 MHz 

DitRate TMC DR CM Deviation (%) TMC DR CM Deviation (%) 

38400 1 1 1/32 0.00 

1920 1 1 1/64 0.00 

9600 1 2 1/64 0.00 

4800 1 3 1/64 0.00 

2400 47 0 1/16 -0.83 1 4 1/64 0.00 

1200 93 0 1/16 -0.25 1 5 1/64 0.00 

600 93 0 1/32 -0.25 1 6 1/64 0.00 

300 93 0 1/64 -0.25 1 7 1/64 0.00 

150 93 1 1/64 -0.25 1 8 1/64 0.00 

110 127 1 1/64 -0.10 175 1 1/64 -0.25 

f0 3.072 MHz 4 MHz 

DitRate TMC DR CM Deviation (%) TMC DR CM Deviation (%) 

38400 5 0 1/16 0.00 

19200 5 0 1/32 0.00 13 0 1/16 0.16 

9600 5 0 1/64 0.00 13 o· 1/32 0.16 

4800 5 1 1/64 0.00 13 0 1/64 0.16 

2400 5 2 1/64 0.00 13 1 1/64 0.16 

1200 5 3 1/64 0.00 13 2 1/64 0.16 

600 5 4 1/64 0.00 13 3 1/64 0.16 

300 5 5 1/64 0.00 13 4 1/64 0.16 

150 5 6 1/64 0.00 13 5 1/64 0.16 

110 109 2 1/64 0.08 71 3 1/64 0.03 
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Table 10-22. Clock FrequencylBit Rate Settings (cont.) 

f0 4.60SMHz 4.9152 MHz 

Bit Rate TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 1 1 1/64 0.00 

19200 15 0 1/16 0.00 1 2 1/64 0.00 

9600 15 0 1/32 0.00 1 3 1/64 0.00 

4800 15 0 1/64 0.00 1 4 1/64 0.00 

2400 15 1 1/64 0.00 1 5 1/64 0.00 

1200 15 2 1/64 0.00 1 6 1/64 0.00 

600 15 3 1/64 0.00 1 7 1/64 0.00 

300 15 4 1/64 0.00 1 8 1/64 0.00 

150 15 5 1/64 0.00 1 9 1/64 0.00 

110 41 4 1/64 -0.22 175 2 1/64 -0.25 

f0 6 MHz 6.144 MHz 

Bit Rate TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 5 0 1/32 0.00 

19200 5 0 1/64 0.00 

9600 39 0 1/16 0.16 5 1 1/64 0.00 

4800 39 0 1/32 0.16 5 2 1/64 0.00 

2400 39 0 1/64 0.16 5 3 1/64 0.00 

1200 39 1 1/64 0.16 5 4 1/64 0.00 

600 39 2 1/64 0.16 5 5 1/64 0.00 

300 39 3 1/64 0.16 5 6 1/64 0.00 

150 39 4 1/64 0.16 5 7 1/64 0.00 

110 213 2 1/64 0.03 109 3 1/64 0.08 
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Table 10-22. Clock FrequencylBit Rate Settings (cont.) 

f0 8 MHz 9.216 MHz 

Bit Rate TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 13 0 1/16 0.16 15 0 1/16 0.00 

19200 13 0 1/32 0.16 15 0 1/32 0.00 

9600 13 0 1/64 0.16 15 0 1/64 0.00 

4800 13 1 1/64 0.16 15 1 1/64 0.00 

2400 13 2 1/64 0.16 15 2 1/64 0.00 

1200 13 3 1/64 0.16 15 3 1/64 0.00 

600 13 4 1/64 0.16 15 4 1/64 0.00 

300 13 5 1/64 0.16 15 5 1/64 0.00 

150 13 6 1/64 0.16 15 6 1/64 0.00 

110 71 4 1/64 0.03 41 5 1/64 -0.22 

f0 9.830 MHz 10 MHz 

Bit Rate TMC BR CM Deviation (%) TMC BR CM Deviation (%) 

38400 2 1 1/64 0.00 

19200 2 2 1/64 0.00 

9600 2 3 1/64 0.00 65 0 1/16 0.16 

4800 2 4 1/64 0.00 65 0 1/32 0.16 

2400 2 5 1/64 0.00 65 0 1/64 0.16 

1200 2 6 1/64 0.00 65 1 1/64 0.16 

600 2 7 1/64 0.00 65 2 1/64 0.16 

300 2 8 1/64 0.00 65 3 1/64 0.16 

150 2 9 1/64 0.00 65 4 1/64 0.16 

110 175 3 1/64 -0.25 89 4 1/64 -0.25 
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Table 10-22. Clock FrequencylBit Rate Settings (cont.) 

Clock Synchronous Mode 

f0 2.4576 MHz 3.072 MHz 

Bit Rate TMC BR Deviation (%) TMC BR Deviation (%) 

38400 32 1 0.00 40 1 0.00 

19200 32 2 0.00 40 2 0.00 

9600 32 3 0.00 40 3 0.00 

4800 32 4 0.00 40 4 0.00 

2400 32 5 0.00 40 5 0.00 

1200 32 6 0.00 40 6 0.00 

600 32 7 0.00 40 7 0.00 

300 32 8 0.00 40 8 0.00 

f0 4 MHz 4.608 MHz 

Bit Rate TMC BR Deviation (%) TMC BR Deviation (%) 

38400 52 1 0.16 60 1 0.00 

19200 52 2 0.16 60 2 0.00 

9600 52 3 0.16 60 3 0.00 

4800 52 4 0.16 60 4 0.00 

2400 52 5 0.16 60 5 0.00 

1200 52 6 0.16 60 6 0.00 

600 52 7 0.16 60 7 0.00 

300 52 8 0.16 60 8 0.00 
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Table 10-22. Clock FrequencylBit Rate Settings (cont.) 

f0 4.9152 MHz 6 MHz 

Bit Rate TMC BR Deviation (%) TMC BR Deviation (%) 

38400 64 1 0.00 78 1 0.16 

19200 64 2 0.00 78 2 0.16 

9600 64 3 0.00 78 3 0.16 

4800 64 4 0.00 78 4 0.16 

2400 64 5 0.00 78 5 0.16 

1200 64 6 0.00 78 6 0.16 

600 64 7 0.00 78 7 0.16 

300 64 8 0.00 78 8 0.16 

f0 6.144 MHz 8 MHz 

Bit Rate TMC BR Deviation (%) TMC BR Deviation (%) 

38400 80 1 0.00 104 1 0.16 

19200 80 2 0.00 104 2 0.16 

9600 80 3 0.00 104 3 0.16 

4800 80 4 0.00 104 4 0.16 

2400 80 5 0.00 104 5 0.16 

1200 80 6 0.00 104 6 0.16 

600 80 7 0.00 104 7 0.16 

300 80 8 0.00 104 8 0.16 
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Table 10-22. Clock FrequencylBit Rate Settings (cont.) 

f0 9.216 MHz 9.8304 MHz 

Bit Rate TMC BR Deviation (%) TMC BR Deviation (%) 

38400 120 1 0.00 128 1 0.00 

19200 120 2 0.00 128 2 0.00 

9600 120 3 0.00 128 3 0.00 

4800 120 4 0.00 128 4 0.00 

2400 120 5 0.00 128 5 0.00 

1200 120 6 0.00 128 6 0.00 

600 120 7 0.00 128 7 0.00 

300 120 8 0.00 128 8 0.00 

f0 10 MHz 

Bit Rate TMC BR Deviation(%) 

38400 130 1 0.16 

19200 130 2 0.16 

9600 130 3 0.16 

4800 130 4 0.16 

2400 130 5 0.16 

1200 130 6 0.16 

600 130 7 0.16 

300 130 8 0.16 

TMC: TMC7-TMCO bits in TMC 

BR: TXBR3-TXBRO bits in TXS 

eM: Oock mode in asynchronous mode (bit rate I clock rate) 
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10.8 Future ASCI Compatibility 

To maintain compatibility with future expanded versions, the following must be observed: 

1. The lower 4 bits of the RXS register and of the TXS register must be the same. Reserved bits 
must always be cleared to O. 

2. TRB must be programmed while TXRDY = 1. TRB must be read while RXRDY = 1. 

The maximum bit rates for the ASCI can be obtained by the calculations listed in Table 10-23. 

Transmission at bit rates exceeding these limits may cause malfunction. 

Table 10-23. ASCI Maximum Bit Rates 

Maximum Bit Rate Calculations 

Protocol Mode Clock Mode External Clock Internal BRG 

Asynchronous 1/64 £0 + 160 £0 + 128 

1/32 f0+80 f0+64 

1/16 f0+40 f0+32 

1/1 f0+2.5 f0+2 

Cock synchronous 1/1 f0+2.5 f0+2 

£0: System clock frequency 

For example, for 1/32 clock mode in asynchronous mode in which an external clock signal 
application and system clock frequency (H16 operation frequency) of 10 MHz are chosen, the 

maximum bit rate is obtained from calculating f0 + 80 as follows: 

10 MHz + 80 = 125 kbps 

This calculation shows the maximum rate at which transmission and reception can operate. In 

actuality, however, the maximum transmitting rates are lowered, while the maximum receiving 
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rates match the calculations. For 1/1 clock mode in asynchronous mode or clock synchronous 

mode, transmitted data is defined after a truLY delay following the falling edge of the clock signal, 

as shown in the Figure 10-35. The receiving device samples data at the rising edge of the clock 

signal after receive setup time tRSUT" Accordingly, the minimum low period of the clock signal tL is 

obtained by: 

~ = truLY + tiur 

~'L 

Input clock (TXC) 
\ 

Transmb data (TX oJ )< 

trDLY tRSUT 

Figure 10-35. Input Clock and Transmit Data 

The maximum frequency that satisfies this low period is the maximum bit rate. For example, with 

truLY of 310 ns and tRSur of 90 ns, the clock low period is: 

tL = 310 ns +90 ns =400 ns 

Assuming that the duty ratio of the clock signal with this low period is 50%, the clock signal 

frequency is as follows: 

400 ns + 400 ns = 800 ns 

Thus, the maximum bit rate is obtained by: 

808 ns 1.25 Mbps 
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Section 11. Chip Select Controller 

11.1 Overview 

The built-in chip select controller can define four areas of 64 kbytes to 16 Mbytes within a 16 

Mbytes memory space. When an internal bus master (CPU or DMAC) or external bus master 

accesses one of the four areas, PeSo and PCS 1 on the chip select controller provide signals 

indicating to the accessed area. 

The chip select controller provides the following features: 

• Four independently defmable areas 

• Area size from 64 kbytes to 16 Mbytes 

• Each area can be protected from user access 

• Operation with external bus master 

• Bus error exception processing for illegal address accesses 
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Figure 11-1 shows a block: diagram of the chip select controller. 

Address Bus 

Area 0 Area 1 Area 2 Area 3 
ABRO ABR1 ABR2 ABR3 
ARRO ARR1 ARR2 ARR3 

AWCRO AWCR1 AWCR2 AWCR3 

U U U U 
I cOmparator I I Comparator I I Comparator I I Comparator J 

I I I 
+ 11 + 

Internal RAM Select Signal 

-' 
Priority Control 

IntemalllO Select Signal Circuit 

l l l 
l Encoder 

! ~ 
PCS1 Pin PCSO Pin 

Figure 11-1. Block Diagram of Chip Select Controller 
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11.2 Chip Select Controller Registers 

Table 11-1 shows the chip select controller's readlwrite registers. 

Table 11-1. Chip Select Controller Registers 

Address Initial 

Area Register Name Symbol Offset RIW Value Size 

0 Area base register 0 ABRO H'FF28 R/W H'OOOQ W 

Area range register 0 ARRO H'FF2A R/W H'OOOO W 

Area wait control register 0 AWCRO H'FF2C R/W H'0047 W 

1 Area base register 1 ABRI H'FF2E R/W H'OOOQ W 

Area range register 1 ARRI H'FF30 R/W H'OOOQ W 

Area wait control register 1 AWCRI H'FF32 R/W H'0047 W 

2 Area base register 2 ABR2 H'FF34 R/W H'OOOQ W 

Area range register 2 ARR2 H'FF36 R/W H'OOQO W 

Area wait control register 2 AWCR2 H'FF38 R/W H'OO47 W 

3 Area base register 3 ABR3 H'FF3A R/W H'OOOO W 

Area range register 3 ARR3 H'FF3C R/W H'OOOQ W 

Area wait control register 3 AWCR3 H'FF3E R/W H'OO47 W 

The above four areas contain functionally identical registers. 
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11.2.1 Area Base Registers 3·0 (ABR3·ABRO) 

Areas 3-0 contain area base registers ABR3-ABRO having the same function. The ABR register 

(Figure 11-2) determines the start address of the area on 64 kbyte boundaries within a 16 Mbyte 

memory space. The upper byte of ABR is reserved and is always read as H'OO. At reset, ABR is 

initialized to H'OOOO. ABR is not affected by the RESET instruction. 

15 14 

I-I 

Initial Value 
ReadIWrile 

13 12 

I -I 
11 10 9 

I -I -I 

a 765432 1 ~ 

. -I AB231 AB221 AB21 I AB20 I AB191 AB1al ABHI Ad't6] 

00000000 

RlWRIWRIWRlWRIWRIWRIWRIW 

Area Base 23·16 

-: Reserved bit. Always read as O. Cannot be written to. 
Specifies bits 23-16 of the 

area start address ABR is not affected by the RESET instruction. 

Figure 11·2. Area Base Register (ABR) 

11.2.2 Area Range Registers 3·0 (ARR3·ARRO) 

The area range register ARR (Figure 11-3) determines the area size from 64 kbytes to 16 Mbytes. 

The upper byte of the ARR register is reserved and is always read as H'OO. At reset, ARR is 

cleared to H'OOOO. ARR is not affected by the RESET instruction. 

15 14 13 12 11 10 9 a 7 6 5 4 3 2 I 0 

I-I I -I -I -I -I -I AR2~ AR2~ AR211 AR2~ AR19 1 ARia I ARI71 AR161 

tnitial Value 0 
ReadIWrite 

-: Reserved bit. Always read as O. Cannot be written to. 
ARR is not affected by the RESET instruction. 

0 

RIW 

0 0 0 0 

RIW RIW RIW RIW RIW 

Area Range 23-16 

1 Specifies area range 

Figure 11·3. Area Range Register (ARR) 
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Table 11-2 shows typical ARR values and area sizes. 

Table 11-2. Typical ARR Values and Area Size 

ARR Value OOFF OOFE OOFC OOF8 OOFO OOED OOCO 0080 0000 

Area Size 64K 128K 256K 512K 1M 2M 4M 8M 16M 
(bytes) 

11.2.3 Area Wait Control Registers 3·0 (A WCR3·A WCRO) 

The area wait control register A WCR (Figure 11-4) detennines the area WAIT output, access level, 

and the number ofTw states. The A WCR upper byte is reserved and is always read as H'OO. At 

reset, A WCR is initialized to H'0047. A WCR is not affected by the RESET instruction. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I-I 
Initial Value 
Read/Wrile 

I -I -I 

-: Reserved blt. Always read as o. 
Cannot be written to. 

AWCR Is not attecled by lIle RESET instruction. 

1 -I -IBWC21 Bwc,IBWcol 
o 1 
RIW RIW 

Access Level 

Wait Oulput Enable 

o WAil' 0IApI.C disable 

, WAiT ouIpU\ enable 

, , , 
RIW RIW RIW 

I 
Bus WaR Cycle 2·0 

BWC2 BWC' BWCO No.ol 
WaR Stales 

0 0 0 0 
0 0 1 , 
0 1 0 2 
0 , , 3 
1 0 0 4 
1 0 1 5 
1 , 0 6 , , , 7 

Figure 11-4. Area Wait Control Register (AWCR) 
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WAIT Output Enable (WTOE): WTOE = 1 enables WAIT output for external device access. 
The WAIT output depends on BWC2-BWCO settings. WTOE = 0 disables WAIT output. See 
"Section 12. Wait State Controller" for details. 

Access Level (AL V): AL V detennines the area access level. External bus master accesses ~ 
performed in supervisor level. If AL V = 0, the area can be accessed in user level. If AL V :;: I, the 

area cannot be accessed in user level. An access level violation exception occurs if an area whose 
access level is supervisor leyel is accessed in user level. In addition, an external bus master can 
access all areas regardless of AL V since external device access is always performed in supervisor 
level. 

Bus Wait Cycle 2-0 (BWC2-BWCO):. BWC2-BWCO determine the number of Tw states to 
be inserted during internal or external bus master bus cycles. See "Section 12. Wait State 
Controller" for details. 

11.3 Chip Select Controller Operation 

11.3.1 Area Determination 

The chip select controller determines memory area by the ABR and ARR registers. An area start 
address can be relocated on 64 kbyte boundaries within the 16 Mbyte memory space by writing bits 

23-16 of the desired address into ABR. For example, if the user intends to specify the start address 
. of area 0 as H'C50000, the user writes H'C5 into ABRO (Figure 11-5). 

H'C50000 -tI~i""7"'!i""7"'!i""7"'!rr:I 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

ABRO 1-h 1-1-1 ~ 1-1-1-11 11 I 0 I 0 10 11 1 0 11 1 

Figure 11-5. Area Start Addre&<; Specification 
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ARR specifies area size. The chip select controller first generates an area match code by ANDing 

ARR and ABR. At this time, a bit in the area match code is "don't care" if the corresponding ARR 

bit is O. Thus, if bits 23-16 of address output from a bus master completely match an area match 

code, the address is within the area range. 

Figure 11-6 shows the area comparator circuit 

A23 ----~==========~~J-[-~-~-~l~------------lF~ 

A16 

ABR 

Figure 11-6. Area Comparator 

Figure. 11-7 gives an example. ABR and ARR are specified as H'OOEO and H'OOFC respectively. 

Accordingly, the area range is H'EOOOOO to H'E3FFFF. If bits 23-18 of an address output from a 

bus master match the area match code, the address ranges within the area. 

'76543210 r-H'EOOOOO ~ fjj 
ABR 11111110101010101 '/ 

7 6 543 2 1 0 '/ 
I 

11111111111110101 
I 

ARR I 

~ 
I 

23 22 21 20 19 18 17 16 I 
I 

Area Match~Upper Valid BitS) 1111111010101*1*1 H'E3FFFF ~ ~I 
Code for the Area 

~ 

Don't care 

Figure 11-7. Chip Select Area Specification 1 
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Figure 11-8 shows a general area specification when ABR and ARR are specified as H'15 and 
H'FC respeCtively. 

ABR 10101011101110111 

ARR 11\11111111110101 

H'140000 ~ ~ 

~~ 
I'/, 

Area Match (upper Valid) 
Code Bits for 0 0 0 1 0 

~ 
I~ 

I----'-~ H'17FFFF ~ ~~ 
the Area 

Figure 11-8. Chip Select Area Specification 2 

Another special case is shown in Figure 11-9. 

ABR 10101010101010101 

ARR 10101111111111111 

Area Match (upper Valid] * * 0 0 
Code Bits for !--1~-'--'--.L-.I--L....J 

the Area '----.,-I 

Don' care. 

H'OOOOOO~ 

H'OOFFFF~ 

H'400000~ 
H'40FFFF~ 

H'800000~ 
H'80FFFF~ 

H'COOOOO~ 
H'COFFFF~ 

T T 
Figure 11·9. Chip Select Area Specification 3 

308 HITACHI 



11.3.2 Chip Select Area, Internal RAM, and Internal I/O Overlap 

Areas 3-0 can be specified as chip select areas. If an area overlaps another area, the valid area is 

specified according to the following priority: 

Area 0 > Area I > Area 2 > Area 3 

Figure 11-10 shows an example when chip select areas overlap. 

Area 3 

Area 2 

Area 1 

Area 0 

Area 1 

Area 3 

Specified area Actual area 

Figure 11-10. Memory Areas When Areas Overlap 

If the internal RAM, internal I/O, and chip select areas overlap, each area is detennined according to 

the following priorities: 

• For program fetch: 

Internal I/O > Area 0 > Area 1 > Area 2 > Area 3 

• For data access: 

Internal RAM > Internal I/O > Area 0 > Area 1 > Area 2 > Area 3 

HITACHI 309 



Note: The internal RAM is not acc;:essed during program fetch since it is in data space. See 
"Section 5. RAM" for details. 

Figure 11-11 shows an example of area determination when the internal RAM, internal I/O, and 
chip select areas overlap. 

Chip Select Area 
ARI=l---t----I Specification 

(Note 1) 

(Note 2) 

ABR: Area Base Register 
IBR: VO Base Register 
RBR: Range Base Register 

c::::J Chip Select Area 

~ Internal RAM 

C'· ........ ..-1 Internal VO 

Chip Select Area 

Program > 

Notes: 1. See "4.3.6. 110 Base Register." 
2. See "4.3.5. RAM Base Register." 

- -----
/ ChipSele 

/ .Area· /' r-- -... ·r 
I ___ .J~,... 

I / 
I f-J-_-< 
I 
I 
I , 

o Access Area 

Figure 11·11. Memory Areas When Internal RAM, 

Internal JJO, and Chip Select Areas Overlap 
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11.3.3 PeS Output 

If an address output from the CPU, internal DMAC, or an external bus master is located in a chip 

select area, the chip select controller encodes the area on PCSo and PCSl as shown in Table 11-3. 

Table 11-3. Area Code 

Area 

AredO 

Area 1 

Area 2 

Area 3, or an area other than areas 0-2, 

internal I/O, and internal RAM 

Internal I/O or internal RAM 

11.3.4 Access Level 

PCSt PCSo 

o 0 

o 1 

1 0 

1 1 

Undefined Undefmed 

Each area can specify an access level by the AL V bit pf A WCR. AL V = 1 specifies the area as 

accessible only in supervisor level and disables any access in user level. If a supervisor level area 

is accessed in user level, an access level violation exception occurs. See "4.6 Processing States 

and Privilege Modes" for details. AL V = 0 specifies the area as user level and allows accesses in 

both user and supervisor levels. 

11.3.5 Access Disable Area 

Areas other than chip select area, internal RAM. and internal I/O are called access disable areas. If 

the CPU or internal DMAC accesses an access disable area, a bus error exception occurs. See "4.6 

Processing States and Privilege Modes" for details. 
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11.4 Chip Select Controller Applications 

11.4.1 Small Application System with ROM and I/O 

Figure 11-12 shows a small application system in which ROM and I/O are selected by PeSo and 
PeSl, respectively. Figure 11-13 shows the resulting memory map when the registers are 
programmed as shown. 

FmS 
LOS 

PCS1 
peso 

HD641016 

Address! 
Data Bus 
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I 

J. -.! J.. 
Of CE OE CE 

ROM1 ROM2 
HN27256 HN27256 

(J (1 
Address IData Bus 

Figure 11·12. Small Application System 

ToVO 
Device 

( PCS1 Is used as ) 
a negative logic 
select signal. 

( 



H'OOOOOO 

H'OOFFFF I--':'---f Alea 2 
(Note 2) 

RegIster Name Value 

ABRO HOOFE 
ARAO HOOFF 
ABR .H'0080 

ARRI HOOFF H'BOOOOO 
ABA 2 H'OOOO H'8OFFFF 1-----/' Area 1 
ARR2 H'OOFF 
ABR3 H'OOOO 
.ARR3 H'OOFF 

1=1 
H'FEOOOO I RBR H'FEFFFF AleaO 
H'FFOOOO IBR 

Notes: 1. this area cannot be speclied as memory or H'FF03FF 
extemaIlIO 818L Inaccessible 

2. Area 3 overlaps area 2. 

H'FFFEOO 
H'FFFFFF IntemallK> 

Figure 11-13. Memory Map of Small System 

\ 
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11.4.2 Expanded Application 

Figure 11-14 shows an expanded application system with ROM, DRAM, SRAM, and I/O. Figure 
11-15 shows the resulting memory map when the registers are programmed as shown. 

H~39 
r-<G.Y9~ 
r-- B~ 
r-AY3 

"---'-= 
PS 

HOC; 
LOS 
PIN .rm.l~ lH 

~~ PCS1 - r ¥JY:ffl -PCSO It To 
OE OE CE OEOEWEWECS WE CPS CPS RAS VO Device 

HD841018 
DRAM 

ROM SRAM HM511001 x 16 
HN27256x2 HM62256x2 DRAM~Control 

Control 1 J t r f {F Bus I I..... AddressJ 
Address/Data Bus Data Bus 

Figure 11-14. Expanded Application System 
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R~::r Value 

ABRO H'OOOO 

ARRO H'OOFF 

ABR1 H'OOO1 

ARR1 H'OOFF 

ABR2 H'OoaO 

ARR2 H'OOEO 

ABR3 H'OOEO 

ARR3 H'OOFF 

RBR H'FFFFOOOO 

IBR H'FFFFFEOO 

H'OOOOOO 
H'OOFFFF 
H'010000 

H'01FFFF 

H'800000 

H'9FFFFF 

H'EOOOOO 
H'EOFFFF 

H'FFOOOO 

H'FF03FF 

H'FFFEOO 

H'FFFFFF 

ROM } 54kbyte Area 0 

SRAM } 54 kbyte Area 1 

Inacces-
sible 

DRAM <; 

2Mbyte 
Area 2 

Inacces-
sible 

VO } Area 3 

Inacces-
sible 

Internal 
RAM 

Inaccesible 
Internal 

1/0 

Figure 11·15. Memory Map of Expanded Application System 
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11.5 Chip Select Controller and Reset 

At reset, the chip select controller is initialized as shown in Table 11-4 and all areas overlap as 
shown in Figure 11-16. At this time, the highest priority area, area 0, occupies the whole address 
space. Therefore, reset vectors are accessed from area 0 during reset 

Note that the AL V bits are all set to 1 during reset to disable user level accesses during reset If a 
user level access is attempted, it will generate an access level violation exception. 

Register Initial 
Name Value 

ABRO HOOOO 
ARRO H'OOOO 

AWCRO H'OO47 
ABR1 H'OOOO 
ARR1 HOOOO 
AWCR1 H'OO47 
ABR2 H'OOOO 
ARR2 H'OOOO 
AWCR2 H'OO47 
ABR3 H'OOOO 
ARR3 HOOOO 
AWCR3 H'OO47 
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H'OOOOOO 

H'FFFFFF 

, 
I" 
III 
"I 
I" 
III 
1'1 
1'1 
1,1 

t'-'-'-L1J.i:6'4 I I , 
1,1 

1-rrl"7777"7'7i , I I 
ole ", 

Internal vo I I , 

-~~~JJ 

Areas 1-3 
overlap area O. 

Note: See "Section 5. RAM" and 'Section 6. Internal I/O" for detailS. 

Figure 11·16. Memory Areas at Reset 





Section 12. Wait State Controller 

12.1 Overview 

To facilitate interface with slow memories and I/O devices. the HD641016 can employ Tw states to 

extend bus cycles. External WAIT signals or software controls the insertion of Tw states. The 

wait state controller has the following features: 

• Individually programmable Tw states for each area 

• Hardware Tw state insertion by extemal WAIT input 

• Flexible bus cycle extension 

Figure 12-1 shows a block diagram of the wait state controller. 

Bus State [ 
Control Ciruit 

Tp State Insertion 

TwState 
.... 1~n~se:!rt~io~n~.(T-L.L-_-< p.---c WAIT Pin 

(Input Mode) 

+----... -1)>0--.... WAIT Pin 
(Output Mode) 

F Ch' {Area 0 Select Signal 
rom If) Area 1 Select Signal __ ~ 

Select Area 2 Select Signal--~ 
Controller Area 3 Select Signal--~L.~---::~~~~,.j 

Mult~exer 

Figure 12·1. Wait State Controller Block Diagram 
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12.2 Wait State Controller Registers 

Table 12-1 shows the wait state controller registers. 

Table 12·1. Wait State Controller Registers 

Address Initial 

Area Register Name Symbol Offset RIW Value Size 

0 Area wait control register 0 AWCRO H'FF2C RIW H'0047 W 

1 Area wait control register 1 AWCRI H'FF32 RIW H'0047 W 

2 Area wait control register 2 AWCR2 H'FF3S RIW H'0047 W 

3 Area wait control register 3 AWCR3 H'FF3E RIW H'0047 W 

0-3 Memory control register MCR H'FFFS RIW H'FOEO W 

12.2.1 Area Wait Control Registers 3·0 (A WCR3·A WCRO) 

The wait state controller shares the 16-bit area wait control registers A WCR (Figure 12-2) with the 

chip select controller (Section 11). They determines WAIT output, access level, and the number of 

Tw states for each area. The upper byte of A WCR is reserved and is always read as OOR At 

reset, A WCR is initialized to H'0047. A WCR is not affected by the RESET instruction. 
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15 14 

1 -I 
Initial Value 

ReadlWrite 

131211109876543210 

o 
R/W R/W R/W R/W R/W 

I 
Bus Wait Cycle 2.j) 

BWC2- No.oI 
BWCO Tw Stale. 

000 0 
001 1 
010 2 
011 3 

be written to. -: Raserwcl bit. Always read as O. Cannot 

AWCR is not affected by !he RESET instructi on. 

Access Level 

I 0 I User level I 
I 1 I Sl4l8rvisor level I 

100 4 
101 5 
110 6 
111 7 

Wait Output Enable 

I 0 I Disables WAiT output lor external device access (High Impedance) 

11 I Enables WAif output lor external device access 

Figure 12·2. Area Wait Control Register (A WCR) 

I 
I 

wm Output Enable (WTOE): WTOE = 1 enables the WAIT output for external device 

access. The WAIT output depends on BWC2-BWCO settings. WTOE = 0 disables WAIT output 

Access Level (AL V): See "Section 11. Chip Select Controller" for details. 

Bus Wait Cycle 2·0 (BWC2·BWCO): BWC2-BWCO determine the number of Tw states to 
be inserted during internal or external bus master bus cycles as shown in Table 12-2. If WTOE = 
1, the WAIT signal is output for a number of states specified by the number ofTw states 
(BWC2-BWCO) +1 during external bus master bus cycles. 
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Table 12-2. BWC2-BWCO and Tw States 

BWC2 BWCl BWCO Number of Tw States 

0 0 0 0 

0 0 1 1 

0 1 0 2 

0 1 1 3 
1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 7 
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12.2.2 Memory Control Register (MCR) 

The memory control register MeR (Figure 12-3) controls the WAIT input, the number ofTp states 

to be inserted prior to the TRl state, and DRAM refresh. During reset, the MeR register is 

initialized to H'FOEO. MeR is not affected by the RESET instruction. 

Initial Value o o o o o 0 
ReadiWrite ANI ANI ANI ANI ANI ANI ANI ANI ANI ANI ANI ANI ANI 
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T 
Interrupt Wait Cycle I, 0 

IWC1- No.ofTw 
IWCO States, 

00 0 

01 1 

10 2 

11 3 

-: Reserved bit AtNays read as O. 
Cannot be written to. 

T 
Refresh Request Number 

RRN1- Max No. of Deterred 
RRNO Refresh Cycles 

00 31 
01 63 
10 127 
11 255 

R f hW C I e res all (;vc e Refresh Cycle 2-0 
RWC1- No. 01 
RWCO TRW States CYC2- Refresh 

CYCO Cycle Interval 
00 0 000 32 
01 1 001 64 

10 2 010 96 

11 3 
011 128 
100 160 
101 192 

Refresh Enable 110 224 

o Disable refresh 
cycle insertion 

Enable refrresh 
cycle insertion 

111 256 

MCR is not affected by the RESET instruction. 

Figure 12·3. Memory Control Register (MCR) 
;. 



WAIT Input Enable (WTIE): WTIE controls how the wait state controller responds to WAIT 

input. If WTIE = 0, it ignores the external WAIT input. If WTIE = 1, the wait state controller 

inserts a Tw state depending on the Tw state control signal input to the WAIT pin during CPU, 

DRAM refresh, or internal DMAC cycles. See "12.3 Wait State Controller Operation" for details. 

AS Wait Control (ASWC): ASWC = 1 enables Tp state insertion prior to T1 state of CPU, 

DMA, or refresh cycles. ASWC = 0 disables Tp insertion. 

Interrupt Wait Cycle 1,0 (IWCI, IWCO): IWCI and IWCO detennine the number of Tw 

states to be inserted during an interrupt acknowledge cycle as shown in Table 12-3. 

Table 12·3 IWCI-IWCO and Tw State 

IWCI IWCO Number of Tw States 

o 0 o 

o 1 1 

1 0 2 

1 1 3 

Refresh Priority Level (RPL): RPL determines the refresh priority leve1. See "Section 13. 

DRAM Refresh Controller" for details. 

Refresh Enable (REFE): REFE enables or disables refresh cycle insertion. See "Section 13. 

DRAM Refresh Controller" for details. 

Refresh Wait Cycle 1, 0 (RWCI, RWCO): RWCl and RWCO determine the number of 

TRw states to be inserted during a refresh cycle. See "Section 13. DRAM Refresh Controller" for 

details. 

Refresh Request Number 1, 0 (RRNI, RRNO): RRNI and RRNO determine the 

maximum number of deferred refresh requests. See "Section 13. DRAM. Refresh Controller" for 

details. 
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Refresh Cycle 2·0 (CYC2·CYCO): CYC2-CYCO determine the interval between refresh 

cycles. See "Section 13. DRAM Refresh Controller" for details. 

12.3 Wait State Controller Operation 

The wait state controller internally generates a WAIT signal when the wait counter receives the 

number of Tw states programmed in the corresponding A WCR as shown in Figure 12-4. 

The internal WAIT signal ORed with the external WAIT input controls the bus state. Therefore 

either internal WAIT or external WAIT which is longer, can cause Tw state insertion. Oearing 

WTIE to 0 masks the external 'WAlT input. 

When WTOE = 1 and external bus masters have control of the bus, the WAIT output is provided to 

control the external bus masters' bus cycle. Oearing the WTOE bit of an A WCR to 0 masks that 

area's WAIT output. 

The ASWC bit of MCR determines whether or not a Tp state is inserted prior to T1 state. 

Table 12-4 shows WAIT pin functions based on bus mode. 

Table 12·4. WAIT Pin Functions 

Bus Mode WAIT Pin 

Internal bus mode Input WTIE= 1 

External bus master mode High impedance WTOE=O 

External bus masterlBus control modes Output low WTOE=1 
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Figure 12-4 shows the wait state controller block diagram. 

Bus State 1 
Control Circuit 

Tp State Insertion 

TwState 
Insertion 

WAIT Pin 
r--=---::-_-::--~==~---;';IO---' (Output Mode) 

Figure 12-4. Wait State Controller Block Diagram 
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12.3.1 Programmable Tw State Insertion 

Programmable Tw states (Figure 12-5) can be inserted by setting the number of Tw states in the 

corresponding A WCR. Table 12-5 shows the A WCRO and MCR programming values when two 
Tw states are inserted into the area 0 bus cycle. 

o Clock 

ST2-STO, PF ,SID 
PCS1, PCSO, 
RfiN 

T1 T2 Tw Tw T3 

Control Signal Valid 

. 
Insertion of Tw states by setting AWCR 

Figure 12·5. Programmable Wait Timing 

Table 12·5. Register Values 

Register Name Value 

AWCRO H'0042 

MCR H'8000 
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· U.3.2 Tp State Insertion 

A Tp state can be inserted prior to the T1 state if the ASWC bit of MCR is set Note that the 

ASWC bit of MCR is common to all chip select areas: if the ASWC bit is set, a Tp state is inserted 

into all bus cycles other than internal RAM access cycles. Figure 12-6 shows a bus cycle, with Tp 

states inserted when MCR is programmed as shown in Table 12-6. 

o Clock 

~T2-STO,PF, S/U -----+\r---ConIro--1 Sig-.-nal-val-jef---+--+-----hl-­
PCS1, PCSO, 
RIW 

Figure U-6. Bus Cycle with Tp State 

Table U-6. Register Value 

Register Name Value 

MCR H'Q)()() 
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12.3.3 Hardware Tw State Insertion (Tw State Insertion with WAIT Input) 

If the WTIE bit of MCR is set, the wait state controller samples the WAIT signal at the falling edge 

of the 1'2 state. In this situation, a Tw state is inserted if WAIT is low, and the wait state controller 

samples WAIT at the falling edge of Tw state. Figure 12-7 shows the W AI! timing. The WAIT 

input is ignored if the WTIE bit is cleared. 

T1 T2 Tw Tw T3 
o Clock 

Figure 12·7. WAIT Timing 

12.3.4 WAIT Output during Bus Release 

If the WTOE bit of A WCR is set during bus release, Tw states are inserted depending on the 

BWC2-BWCO bit settings. At this time, the number of Tw states to be inserted are: the number of 

Tw states specified by BWC2-BWCO bits + 1. However, note that one Tw state is inserted evtn if 

the BWC2-BWCO bits are all cleared. Figure 12-8 shows WAIT output timing when the 

BWC2-BWCO bits are set to "001 ". In this case, two Tw states are inserted. 
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I~"------ External Bus Master--------<-I 

T1 T2 
12) Clock 

Address Input 

PCS1, pcso 

WAIT Output ~'-________ __'I 

Figure 12·8 • WAIT Output Timing 

12.3.5 Tw State Insertion during an Interrupt Acknowledge Cycle 

0-3 Tw states can be inserted during an interrupt acknowledge cycle if the number of Tw states is 

programmed in the IWCI-IWCO bits of MeR. In addition, if the WTIE bit of MCR is set, an 

external WAIT input can be also inserted. 

12.4 Wait State Controller Notes 

If hardware Tw state insertion is requested by external WAIT at the same time that programmable 

Tw state insertion is requested when WTIE = I, the number ofTw states will be determined by 

either the external WAIT or the BWC2-BWCO bits or, whichever is greater. 
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Section 13. Dynamic RAM Refresh Controller 

13.1 Overview 

The HD641016 DRAM refresh controller facilitates interface with dynamic RAM. The DRAM 

refresh controller has the following features: 

• Programmable refresh intervals: 32-256 states 

• Refresh address: 11 bits 

• Programmable refresh cycle length: 2-6 states 

• Programmable refresh bus priority 

• Burst refresh function 

Figure 13-1 shows a block diagram of the DRAM refresh controller. 

Refresh Execution 
Bus Priority 

~-...-_--IOQt.rmjnation 
Circuit 

Refresh Requests (Bus Priority = Low) 

Request Hold (Increment) (Decrement) 

Refresh 

Requests "::-:.....,-'-r-..------' 

Refresh Address Counter 

Address Bus 

Figure 13-1. DRAM Refresh Controller Block Diagram 
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13.2 DRAM Refresh Controller Register 

The DRAM refresh controller has one register, the memory control register, which it shares with 

the wait state controller. See Table 13-1. 

Table 13·1 DRAM Refresb Controller Register 

Register Name Symbol Address Offset RIW Initial Value Size 

Memory control register MCR H'FFF8 R/W H'FOEO W 

13.2.1 Memory Control Register (MCR) 

The memory control register MCR (Figure 13-2) controls the WAIT input, the number ofTp states 

to be inserted prior to the TRl state, and DRAM refresh. During power-on reset, the MCR register 

is initialized to H'FOEO. MCR is not affected by the RESET instruction and manual reset 
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Initial Value 01 00000 

ReadlWrile RIW RIW RIW RIW RlWRlWRIWRIWRIWRIWRIWRIWRIW 

T T 
Refresh Request Number 

RAN1- Max No. of DefelTed 
RRNO Refresh Cycles 

Interrupt Wait Cycle I, 0 

1WC1- No. 01 Tw 
IWCO Slales 

00 31 
01 63 

00 0 10 127 
11 255 

01 1 

10 2 

11 3 f hW· C I Re res all ;VCle Refresh Cycle 2-0 
AWC1- No. of TRW 
RWCO Slates 

CYC2- Refresh Cycle 
CYCO Inlerlal 

00 0 000 32 
01 1 001 64 

10 2 010 96 

11 3 
011 128 
100 160 
101 192 

Refresh Enable 110 224 

0 
Disable refresh 
cycle insertion 

111 256 

1 
Enable refresh 
cycle insertion 

-: Reserved bit Always read as o. 
Cannot be written to. 

MCR is not affected by the RESET instruction. 

Figure 13·2. Memory Control Register (MCR) 
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WAIT Input Enable (WTIE): WTIE controls how the wait state controller responds to WAIT 

input See "Section 12. Wait State Controller" for details. 

AS Wait Control (ASWC): ASWC enables or disables Tp state insertion during CPU, DMA, 

or refresh cycles. See "Section 12. Wait State Controller," for details. 

Interrupt Wait Control I, 0 (lWCl, 0): IWC1-IWCO determine the number ofTw states to 

be inserted during an interrupt acknowledge cycle. See "Section 12. Wait State Controller" for 

details. 

Refresh Priority Level (RPL): In a normal bus cycle, bus priority is as follows: 

External bus master> Internal DMAC > Refresh controller > CPU 

The RPL bit determines the refresh priority level when the refresh request count exceeds the limit 

set in the RRN bits. 

If RPL = 0, the DRAM refresh controller performs normal refresh and does not perform burst 

refresh. Bus priority is determined as follows: 

External bus master> Refresh controller> Internal DMAC > CPU 

If RPL = 1, the DRAM refresh controller performs burst refresh. Bus priority is determined as 

follows: 

Refresh controller> External bus master> Internal DMAC > CPU 

Refresh Enable (REFE): REFE = 1 enables refresh cycle insertion. REFE = 0 disables 

refresh cycle insertion. 

Refresh Wait Cycle 1,0 (RWCl, RWCO): RWC1 and RWCO determine the number of 

TRW states to be inserted during a refresh cycle (Table 13-2). 
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Table 13-2. Number of TRw States 

RWCl RWCO Number of TRw States 

0 0 0 
O' 1 1 

1 0 2 

1 1 3 

Refresh Request Number 1,0 (RRNl, RRNO): RRNI and RRNO determine the 

maximum number of deferred refresh requests (Table 13-3). 
--

Table 13-3. Refresh Request Number 

RRNI RRNO Maximum Number of Deferred Refresh Requests 

0 0 31 

0 1 63 

1 0 127 

1 1 255 

Refresh Cycle 2-0 (CYC2-CYCO): CYC2-CYCO determine the interval between refresh 

cycles (Table 13-4). 

Table 13-4. Refresh Request Interval 

CYC2 CYCI CYCO Refresh Request Intervals (States) 

0 0 0 32 

0 0 1 64 

0 1 0 96 

0 1 1 128 

1 0 0 160 

1 0 1 192 

1 1 0 224 

1 1 1 256 
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13.3 DRAM Refresh Controller Operation and Procedure 

13.3.1 Basic Operation 

The DRAM refresh controller requests refresh cycles according to the interval specified in the 

CYC2-CYCO bits. In addition, a Tp state can be inserted prior to a TRl state by programming the 

ASWC bit, and a TRw state can be inserted prior to a TR2 state by programming the 

RWCI-RWCO bits. Figures 13-3 and 13-4 show refresh bus cycle timings. 

If a refresh is requested while a bus master other than the CPU is using the bus, the refresh is not 

executed and the refresh counter increments by 1. This refresh counter accumulates the number of 

unexecuted refresh requests; it increments by 1 up to 255 if a refresh is not executed, and it 

decrements by 1 if a refresh is executed. The refresh counter is cleared to 0 by power-on-reset 

The DRAM refresh controller operates as follows according to the refresh counter and the RPL bit 

values. 

1. RPL=O 

When the refresh counter exceeds the limit set in the RRN bits, bus priority changes as 

follows: 

External bus master> Refresh controller> Internal DMAC > CPU 

Moreover, when the refresh counter then exceeds 255, it is cleared to 0 and bus priority returns 

to the normal priority: 

External bus master> Internal DMAC > Refresh controller> CPU 

Normal refresh is then performed by an external bus master. This function is effective for a 

bus master, other than the DRAM refresh controller, which uses a bus for a long time 

performing DRAM refreshes. 

2. RPL= 1 
When the refresh counter exceeds the limit set in the RRN bits, bus priority changes as 

follows: 

Refresh controller> External bus master> Internal DMAC > CPU 
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If the refresh controller gains the bus, it performs consecutive refresh operation (burst refresh) until 

the refresh request counter. At this time, the refresh counter stops incrementing when it reaches 
255. 

The refresh address counter is initialized to 0 and increments by I after a refresh is executed. Note 
that bits All-AI of the refresh counter are valid and A23-AI2 are fIXed to Os. 

I- TRl -I- TR2 -I 
o Clock 

A161D15-A1/DO X > 
A23-A17 X X 
ST2-STO ~ X 
'R3 , I 

Figure 13-3. Refresh Bus Cycle Timing 

o Clock 

A161D15-A1/DO ~xc======~)---------
A23-A17 __ ~X~ _______________________________________________________ ~X~ __ _ 
ST2-STO __ ---'X X~ __ 

,\,... _____ ---JI 

Figure 13-4. Refresh Bus Cycle Timing with Tp and TRw States 
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13.3.2 TRW State Insertion by WAIT 

IT the WTIE bit of the MCR register is set and the RWCI-RWCO bits of MCR are programmed to 

insert one or more TRw states, the refresh controller samples WAIT at the falling edge of a state 

prior to the TR2 state. In this situation, a TRw state is inserted if WAIT is asserted low. The 

DRAM refresh controller then samples WAIT at the falling edge of TRw state to determine whether 

or not another TRw state is inserted. Figure 13-5 shows the refresh timing with a TRw state. 

IZlCIock 

TRW: Programmable Wait 

Figure 13-5. Wait State Insertion by WAIT 

13.4 Application Example 

13.4.1 Refresh Insertion Interval 

For 256 refresh cycles every 4 ms, the calculated intervals are: 

4 ms/256 = 15.625 ~ 

The values of CYC2-CYCO for various clock rates are shown in Table 13-5. 
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Table 13-5. CYC2 - CYCO for Various Clock Rates 

Insertion Rate (~) at Given Clock Rate 
Insertion 
Interval 0 

CYC2 CYCl CYCO (States) 12.5 MHz lOMHz 8 MHz 6 MHz 4 MHz 

0 0 0 32 2.4 3.2 4.0 5.3 .8...0 
0 0 1 64 5.1 6.4 8.0 10.6 16.0 

0 1 0 96 7.7 9.6 .1Ul 16.0 24.0 

0 1 1 128 10.2 .!2.8. 16.0 21.3 32.0 

1 0 0 160 12.8 16.0 20.0 26.6 40.0 

1 0 1 192 ill 19.2 24.0 32.0 48.0 

1 1 0 224 17.9 22.4 28.0 37.3 56.0 

1 1 1 256 20.5 25.6 32.0 42.6 64.0 

The required insertion interval for 0 = 8 MHz is 96 states. At this interval. the time limit count of 

the number of requests (Refresh Request Number RRNO-RRN1) is 255. Therefore, the external 

bus master can control the bus for 96 states x 255 x 0.125 ~s = 3.06 ms. If there is a possibility 

that an external bus master may occupy the bus for more than 3.06 ms, give priority to refresh by 

setting the RPL bit of the MCR register to 1. 

13.4.2 DRAM Interface Circuit 

Figure 13-6 shows an interface circuit between the HD641016 and DRAM in area 1. Figure 13-7 

shows a timing chart for the circuit. In this example. if 0 = 8 MHz. one bus cycle (T1, T2. T3) is 

375 ns. 
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H0641016 Latch (LS373) HM50256x 16 ,-
A18-A10 0 A8-AO 

I I 
E""" h 
~ W 

A9-A1 0 

Address! l P"-EOEf--
Oata n Ls373 

015-00 015-00 

AS 

13 
RAS 

eLK ts-i4' (Note) 
~ ...--... 

.d CAS (015-08) 

ms (Note) 

LS139~ ~ CAS (07-00) 

PCS1 t- B Y2 
y.; 

WE" PCSO t- A "G: '70 

RflJ 
,J-

Note: Requires column setup time (lAse • 0 ns) 

Figure 13-6. DRAM Interface Circuit 
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HD641016 J T1 T2 13 L-
IZ) Clock \'-_-JI ''-_--'I ''--_--Ii 

A16/D15- __ ~ 
A11DO~ Address x<<<< Data Output 

ST2-STO, 
A23-A17, 
RIW, 
PCS1' PCSo 

CAS 

~ AS-AO 
(DRAM) 

<Read> 

<Write> 
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Row Address Column Address 

K Data Read 

( Data Write 

Figure 13·7. DRAM Interface Circuit Timing 
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13.5 DRAM Refresh Controller and Reset 

Note that the HD641016 provides two types of reset: power-on reset and manual reset. See "4.11 
Reset" for details. 

13.5.1 DRAM Refresh ControUer Operation at Power-On Reset 

• DRAM refresh: executed 
• Refresh interval: 32 states 
• Tp state insertion: enabled 

• TRw state: 3 
• Tw state insertion by Wl\rr pin: enabled 
• timit of refresh request counts: 31 
• Refresh address counter: H'OOOOOO 
• Bus priority: External bus master > Internal DMAC > Refresh controller> CPU 

• MCR: H'FOEO 

13.5.2 DRAM Refresh Controller Operation at Manual Reset 

The DRAM refresh controller is not affected by manual reset and continues operation normally. 

13.5.3 DRAM Refresh Controller Operation After the RESET Instruction 

Execution 

The DRAM refresh controller is not affected by the RESET instruction and continues operation 

normally. 

13.6 DRAM Refresh Controller Notes 

If the refresh counter exceeds the limit when RPL = 1, BACK is forcibly negated. Mter this, 

BREQ must be negated, after which the bus master releases bus mastership. See "4.8 Bus 
Release" for details. 
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Section 14. Peripheral Controller 

14.1 Overview 

The peripheral controller selects the function of multiplexed pins: DCDl/ DREQ3 and 
RTS1/DACK3. 

Figure 14-1 shows a block diagram of the peripheral controller. 

Peripheral Controller 

PCRO 

ASCI 

Channel 1 Am 

DMA Controller 

P!!, £'!l<l!!o.!! ~w.!!C!!. ~nal 

-----, I 
I I 
I I 
I I 

I 
I DCD1/5REQ3 Pin 

(Input) 

Channel 3 ~I----~ 

RTS1/DACK3 Pin 
(Output) 
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Notes: 1. If the DCD1/DREQ3 pin functions as the DREQ3 pin 

of DMA Controller 3, DCD1 of ASCI1 is pulled low. 

2. If the DCD1/DREQ3 pin functions as the DCD1 pin 

of ASCI1, DREQ3 of DMA Controller 3 is pulled high. 

Figure 14·1. Wait State Controller Block Diagram 



14.2 Peripheral Controller Register 

Table 14-1 shows the peripheral control register O. 

Table 14·1. Peripheral Control Register 0 

Register Name Symbol Address Offset RIW Initial Value Size 

Peripheral control register 0 PCRO H'FF4E RIW H'OOOO w 

14.2.1 Peripheral Control Register 0 (PCRO) 

The PCRO register (Figure 14-2) selects the function of multiplexed pins: RTS 1/ DACK3 and 

DCD1/ DREQ3. Bits 15-13, 11 and 9-0 are reserved and always read as Os. At reset, PCRO is 

initialized to H'OOOO. PCRO is not affected by the RESET instruction. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 -I - 1- IpTF1 1 - IPTFO 1- 1- 1 1-1- 1-1- 1 1 -1-1 
Initial Value 

ReaMVrite 

0 

RIW 

T 
0 

RIW 

T 

-: Reserved bit. Always read as O. Cannot be written to. 

peRO is not affected by the RESET instruction. 

Figure 14·2. Peripheral Control Register 0 (PCRO) 
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Peripheral Terminal Function 1 (PTFl): PfFl selects the function ofDC01/ DREQ3 
multiplexed pin. If PfF1 = 1, the DC01/ DREQ3 pin functions as DREQ3 of DMA controller 

channel 3 and DC01 of the ASCI channell is pulled low.IfPfF1 = 0, the multiplexed pin 
functions as DC01 and DREQ3 is pulled high. 

Peripheral Terminal Function 0 (PTFO): PfFO selects the function ofRTS1/DACK3 
multiplexed pin. If PfFO = 1, the multiplexed pin functions as DACK3 ofDMA controller channel 

3. If PfFO = 0, the multiplexed pin functions as RTS 1 of ASCI channel 1. 

14.3 Peripheral Controller Operation 

The DC01/ DREQ3 multiplexed pin functions as DC01 pin of ASCI channell at reset If the PfF1 
bit ofPCRO is set, the DCDi! DREQ3 multiplexed pin becomes the DREQ3 pin of DMA controller 
channel 3 and DCO 1 is pulled low. If the PfF1 bit is cleared, the multiplexed pin functions as the 
DC01 pin and DREQ3 is pulled high. 

The RTS 1/ DACIO multiplexed pin functions as RTS 1 of ASCI channel 1 at reset. If the PTFO bit 
of PCRO is set, the multiplexed pin functions as DACK3 of DMA controller channel 3. If the PTFO 

bit is cleared, the multiplexed pin functions as RTS1 instead. 

14.4 Peripheral Controller Operation Notes 

The peripheral controller is reset if both RES and BRTRY pins are asserted low. 
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Section 15. Low Power Consumption Modes 

15.1 Overview 

The HD641016 provides two low power consumption modes: sleep and system stop modes. 

Table 15-1 shows the bank mode register related to low power consumption modes. 

Table 15·1. Bank Mode Register 

Register Name Symbol RIW Initial Value Size 

Bank mode register BMR R/W H'A4 B 

15.2 Sleep Mode 

Executing the SLEEP instruction while the SSTOP bit of BMR is cleared puts the HD641016 in 

sleep mode. Since the CPU clock stops, this mode reduces power consumption effectively. Sleep 

mode has the following characteristics: 

• Internal clock generator continues operating, 0 and E clocks are outputs. 

• The CPU stops operating. 
• Internal I/O devices (DMA controller, timer, ASCI, peripheral controller) continue operating. 

• DRAM refresh performed if it is programmed. 

• BREQ accepted. 
• Internal and external (NMI, IRQO, IRQ1) interrupts accepted. 

• Contents of internal RAM and CPU registers maintained. 

• S1'2-Sl'O pins negated low. 

Sleep mode can be cancelled by the following methods: 

• Reset: Sleep mode is cancelled by a reset exception caused by a power-on reset or manual reset 
• Interrupt: Sleep mode is cancelled and the corresponding interrupt routine begins if an internal or 

external interrupt is accepted. However, note that sleep mode cannot be cancelled if the requested 

interrupt is masked by the IPR and SR registers. The NMI interrupt is always accepted and 

cancels sleep mode. At this time, the SSTOP bit of BMR remains cleared. See "4.7 Interrupt 

Controller" for details. 
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15.3 System Stop Mode 

Executing the SLEEP instruction while the SSTOP bit ofBN1R is set puts the HD641016 in system 

stop mode. Since the CPU and internal I/O devices stop operating, this mode saves more power 

than sleep mode. System stop mode has the following characteristics: 

• Internal clock generator continues operating, 0 and E clocks are outputs. 

• The CPU stops operating. 
• Internal I/O devices (DMA controller, timer, ASCI, peripheral controller) stop operating. Note 

that the built-in DMA controller must be stopped before the HD641016 enters system stop mode. 

See "Section 8. DMA Controller" for details. 

• DRAM refresh perfonned if it is programmed. 

• IDmQ accepted. 
• External (NMI, IRQO, IRQ1) interrupts accepted. 

• Contents of internal RAM and CPU registers maintained. 

• ST2-STO pins negated low. 

System stop mode can be cancelled by the following methods: 

• Reset: System stop mode is cancelled by a reset exception caused by a power on reset or manual 

reset The CPU begins reset exception processing. 

• External interrupt: System stop mode is cancelled and the corresponding interrupt routine begins 

if an external interrupt is accepted. However, note that system stop mode cannot be cancelled if 

the requested external interrupt is masked by the IPR and SR registers. The NMI interrupt is 

always accepted and cancels system stop mode. Note that after system stop mode has been 

cancelled by an external interrupt, the SSTOP bit of BMR is set 
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15.4 Low Power Consumption Mode Transition 

Figure 15-1 shows low power consumption mode transition. 

Reset, 
External Interrupt, 
Internal Interrupt 

Reset, 
External 
Interrupt 

SSTOP = 1, 
Sleep Instruction 

Figure 15·1. Low Power Consumption Mode Transition 

15.5 Bank Mode Register (BMR) 

The BMR register (Figure 15-2) contains the SSTOP bit related to low power consumption modes. 

7 6 5 4 3 2 0 

RAME BPM RAMALVI BMD SSTopl BRTE SLCT1 SLCTO 

Initial 1 0 1 0 0 1 0 0 
value Am Am Am Am Am Am Am ReadlWrit~ -- - Tt T -Sl1S~m SI2I! 

o I Sleep Mode - I aSiok Sili!:ll=ll 
11 System Stap Mode I See '4.4 Register Banks' 

!3ank Mode 
See '4.4 Register Banks' 

'RAM Access Level 
See '4.4 Register Banks' 

Bank Permit Mode 
See '4.4 Register Banks' 

ByS Retry Enable 
See '4.4 Register Banks' 
"4.6 Processing states and Privilege Modes" RAM ~nable 

See '4.4 Register Banks' 

BMR is not affected by the RESET instruction. 

Figure 15·2. Bank Mode Register (BMR) 
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RAM Enable (RAME): RAME determines whether or not the intema1 RAM is valid. See 
"4.4 Register Banks" for details. 

Bank Permit Mode (BPM): BPM determines whether or not the bank area can be accessed as 
memory. See "4.4 Register Banks" for details. 

RAM Access Level (RAMAL V): RAMAL V specifies the access level of internal RAM. See 

"4.4 Register Banks" for details. 

Bank Mode (BMD): BMD determines register bank mode. See "4.4 Register Banks" for 

details. 

System Stop (SSTOP): If the SLEEP instruction is executed while SSTOP = 0, the 
HD641016 enters the sleep mode. If the SLEEP instruction is executed while SSTOP = 1, the 
HD641016 enters the system stop mode. This bit is cleared at reset 

Bus Retry Enable (BRTE): BRTE selects the bus retry or the bus error mode. See "4.6 
Processing States and Privilege Modes" for details. 

Select I, ° (SLCTI,O): SLcrl and SLCTO determines bank use. See "4.4 Register Banks" 
for details. 
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15.6 Comparison between Sleep and System Stop Modes 

Table 15-2 summarizes differences between sleep and system stop modes. 

Table 15-2. Difference between Sleep and System Stop Modes 

Item Sleep Mode System Stop Mode 

Intema1 clock oscillator Operates Operates 

CPU Stops Stops 

Refresh controller Operates Operates 

BREQ Accepted Accepted 

External interrupt Accepted Accepted 

Intema1 interrupt Accepted Not Accepted (Not generated) 

Intema1 RAM and Maintained Maintained 

CPU registers 

Internal I/O (Note) Operates Stops 

ST2-STO Low Low 

Note: The chip select controller, wait state controller, and DRAM refresh controller continue 

operating in both sleep and system stop modes. The internal DMA controller, ASCI, timer, 

and peripheral controller stop operating in system stop mode. 
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Section 16. Instruction Set 

16.1 Addressing Modes 

This section discusses the various addressing modes: how they are specified and how the effective 

addresses are calculated in each. 

16.1.1 Register Direct 

Mnemonic: Rn 

EACode: 
3 4 

11001 Rn 

Expansion Bytes: None 

EA Calculation: Rn contains operand data 

16.1.2 Register Indirect 

Mnemonic: @Rn or @(disp [: lng], Rn) 

EACode: 
124 

~Isdl Rn 
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Expansion Bytes: 

Sd Expansion Byte 

00 None 

01 d8 (1 byte) 

10 d 16 (2 bytes) 

11 d32 (4 bytes) 

EA Calculation: 0, 1,2, or 4 extension bytes (depending on Sd, Table 16-1) contain a 

displacement The displacement is sign-extended to 32 bits and added to the contents of register 

Rn. The sum is the effective address. See Figure 16-1. 

3~ ________ -L ______ ~ 

3r-________________ ~O 
}---l~ Effective Address 

3r-______________ ~O 
Sign-extented Displacement 1---.... 

Figure 16·1. Register Indirect Effective Address 

Table 16·1. Displacement Size 

Sd Displacement Size 

00 No displacement 

01 8 bits (1 byte) 

10 16 bits (2 bytes) 

11 32 bits (4 bytes) 
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16.1.3 Register Indirect, Auto Increment 

Mnemonic: @Rn+ 

EACode: 
3 4 

11011 Rn 

Expansion Bytes: None 

EA Calculation: Rn contains the effective address. After the operation, the contents of Rn are 

incremented by 1,2, or 4, depending on the operand size (Table 16-2). See Figure 16-2. 

3~ ________ ~ ______ ~ 

Effective Address 

Figure 16·2. Register Indirect, Auto Increment EtTective Address 

Table 16·2. Auto Increment and Operand Size 

Increment Operand Size 

1 Byte(Note) 

2 Woref 

4 Long word 

Note: If Rn = RIS, increment by 2 for byte or word data, and by 4 for long word data. 

352 HITACHI 



16.1.4 Register Indirect, Auto Decrement 

Mnemonic: @-Rn 

EACode: 
3 4 

11101 Rn 

Expansion Bytes: None 

EA Calculation: Rn contains the effective address. After the operation, the contents of Rn are 

decremented by 1,2, or 4, depending on the operand size (Table 16-3). See Figure 16-3. 

3 
r---------~Rnr_--------_, 

3~--------~------~ 

Figure 16·3. Register Indirect, Auto Decrement Effective Address 

Table 16·3. Auto Decrement and Operand Size 

Decrement Operand Size 

1 Byte(Note) 

2 Word 

4 Long word 

Note: If Rn = R15, decrement by 2 for byte or word data, and by 4 for long word data. 

HITACHI 353 



16.1.5 Immediate 

Mnemonic: #XXxx [.Sz] 

EACode: 
5 2 

11110018Q 

Expansion Bytes: 

Si Expansion Byte 

01 Imm8 I (1 byte) 

10 Imm16 I (2 bytes) 

11 Imm32 .1 (4 bytes) 

Note: Si = 00 is the EA code for current bank addressing mode. 

EA Calculation: Data follows the instruction. Si determines the size of the immediate data 

(Table 16-4). Byte or word immediate data is sign extended to long word. 

Table 16·4. Si and Immediate Data Size 

Si Immediate Data Size 

01 Byte (8 bits) 

10 Word (16 bits) 

11 Long word (32 bits) 

16.1.6 Absolute Address 

Mnemonic: @aaaa [.Sz] 

EACode: 
5 2 

111101 Isa\ 
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Expansion Bytes: 

Sa Expansion Byte 

01 Abs8 (1 byte) 

10 Abs 16 (2 bytes) 

11 Abs32 (4 bytes) 

Note: Sa = 00 is the EA code for previous bank addressing mode. 

EA Calculation: The effective address is written to the EA expansion field in advance. Its size 

depends on Sa (Table 16-5). It is sign extended to 32 bits if required. 

Table 16-5. Sa and Absolute Address Size 

Sa Absolute Address Size 

01 8 bits (1 byte) 

10 16 bits (2 bytes) 

11 32 bits (4 bytes) 

16.1.7 Register Indirect with Scale 

Mnemonic: @Rn * Sf or @(disp [: lng], Rn * Sf) 

EACode: 
5 2 

111110lsdl 

See Table 16-1 for Sd. 
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Expansion Bytes: 

First Expansion Byte 
224 

1* ISf I Rn I *: Don't care 

Second Expansion Byte 

disp 

EA Calculation: The contents ofRn are multiplied by 1,2,4, or 8, depending on Sf (Table 

16-6). This value is added to the displacement to get the effective address. Sd specifies the 

displacement size as in the register indirect mode. See Figure 16-4. 

3 0 

r§] 
3~1 _________ .~ __ ~~ 

31 o 
, 2, 4, or 8 I----t~ Effective Address 

31 

Figure 16·4. Register Indirect with Scale Effective Address 

Table 16·6. Sf and Scale Factor 

Sf Scale Factor 

00 xl 

01 x2 

10 x4 

11 x 8 
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16.1.8 Register Indirect with Index 

Mnemonic: @ ([disp [:lng], ] Xm [.Sz] [*Sf], Rn) 

EACode: 
7 

111111001 

Expansion Bytes: 

First Expansion Byte 

1 1 2 4 

~~Isdl Rn I 
Second Expansion Byte 
224 

1* ISf I Xm 1*: Don't care 

Third Expansion Byte 

disp 

EA Calculation: If L = 0, contents of Xm are sign extended from word to long word. If L = I, 

the contents of Xm are treated as a long word. Then, the contents of Xm are multiplied by I, 2, 4, 

or 8, depending on Sf. The result is added to the contents of Rn and a displacement Sd specifies 

the length of the displacement as in the register indirect mode. See Figure 16-5. 
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3 0 

3~1 ________ ~ ______ ~ 

3 0 

31 

31 o 
Effective Address 

o 

Figure 16-5. Register Indirect with Index: Effective Address 
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16.1.9 PC Relative with Index 

Mnemonic: @ ([disp [:lng],] Xm [.Sz] [*Sfj, PC]) 

EACode: 
7 

111111011 

Expansion Bytes: 

First Expansion Byte 

1 1 2 4 

10iLlsdi * 1*: Don't care 

Second Expansion Byte 

224 

1* ISfl Xm 1*:Don'tcare 

Third Expansion Byte 

I disp 1 

EA Calculation: If L = 0, contents of Xm are sign extended from word to long word. If L = 1, 

the contents of Xm are treated as a long word. Then, the contents of Xm are multiplied by 1, 2, 4, 

or 8, depending on Sf. The result is added to the contents of the PC and a displacement Sd 

specifies the length of the displacement as in the register indirect mode. See Figure 16-6. 
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3,~ ______________ ~ 

PC Contents 

3~ ______ ~~ ____ ~ 

3i~ ______________ ~ 

Effective Address 

3~ ______ ~ ______ ~ 

Sign-Extended Displacement 

Figure 16-6. PC Relative with Index Et'lective Address 

16.1.10 PC Relative 

Mnemonic: @PCor@(disp [:lng], PC) 

EACode: 
7 

111111011 

Expansion Bytes: 

First Expansion Byte 
224 

110lSdI '" I oIl: Don' care 

Second Expansion Byte 

disp 
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EA Calculation: The contents of the sign-extended displacement are added to the PC. Sd 

specifies the displacement size as in the register indirect mode. See Figure 16-7. 

31 

PC Contents 

Effective Address 
31 

Sign-Extended Displacement 

Figure 16·7. PC Relative Effective Address 

16.1.11 Register Double Indirect 

Mnemonic: @@Rn or@(ds2, @(ds1, Rn» 

EACode: 
7 

111111101 

Expansion Bytes: 

First Expansion Byte 
224 

1521511 Rn 1 

Second Expansion Byte 

dS1 

Third Expansion Byte 

ds2 

o 
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EA Calculation: The contents of Rn and displacement cis1 are added. The contents of the 

memory location addressed by the sum is added to ds2. This second sum is the effective address 

of the operand. S1 and S2 specify the size of ds1 and ds2 as Ssd does in register indirect mode. 

However, only certain combinations are legally allowed (Table 16-7). If another combination is 

specified, aD illegal instruction exception processing occurs. See Figure 16-8. 

Table 16·7. Allowable 81 and S2 Combinations 

SI S2 dslSize ds2Size 

01 01 1,1:)yte 1 byte 

01 11 1 byte 4 bytes 

11 01 4 bytes 1 bytes 

11 11 4 bytes 4 bytes 

31 0 

Rn Contents 

31 0 

Sigh-Extended ds1 

31 

Result 

0 

31 0 

+ Effective Address 
31 1-1 I Sigh-Extended ds2 

Figure 16·8. Register Double Indirect Effective Address 

362 HITACHI 



16.1.12 Current Bank 

Mnemonic: <CRn> 

EACode: 
7 

1111 00001 

Expansion Bytes: None 

EA Calculation: Any EA mode can be used following the <CRn> prefix. Current bank 

registers will be used instead of the global bank registers. However, in@(Xm, Rn) mode, the 

global bank register is used for Xm. 

16.1.13 Previous Bank 

Mnemonic: <PRn> 

EACode: 
7 

111101 001 

Expansion Bytes: None 

EA Calculation: Any EA mode can be used following the <PRn> prefix. The previous bank 

registers (CBNR - 1) will be used instead of the global bank registers. However, in @(Xm, Rn) 

mode, the global bank register is used for Xm. 

If more than one <PRn> is used, only the last is valid. Thus the combination <PRn> <PRn> uses 

CBNR - 1, not CBNR - 2. 
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16.2 Instruction Set Description 

This section describes the symbols and abbreviations used in the instruction set summary. 

16.2.1 Assembler Format 

Format codes: Five format codes are provided. These format codes are omittable. 

: G: General format of instruction 

: Q: Quick format of instruction 

: R: Register format of instruction 

: RQ: Register q~ck foqnat of instruction 

: d: Displacement size (8,16, or 32 bits) 

<EAs>:Sourceop~d 

<BAd> : Destination operand 

,: Number: "'" indicates "immediate data" and It: number" indicates the number of bits. 
'" : Number" does not indicate assembler syntax. 

Rn : Global bank register. Smaller case alphabetical character may be appended for further 

identification. 

I: Iff' is followed by option. Options are: 

i) Options for direction 

IF: positive direction 

/8: negative direction 

ii) Options for condition 

Icc: condition 

(<register list»: specifies general purpose registers to be used for an instruction as shown 

below. 

e.g. (<RO, R3» specifies RO and R3. 

(<RO, R3-RlO, R14» specifies RO, R3-RlO, and R14. 

16.2.2 Mnemonics 

PC: Program counter 

SP: Stack pointer 

USP: User stack pointer 

SSP: Supervisor stack pointer 

CR: CR register 

SR: Status register 
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CCR: Condition code register 
CX: The CX bit of condition code register 

N: The N bit of condition code register 

Z: The Z bit of condition code register 

V: The V bit of condition code register 
C: The C bit of condition code register 

disp: displacement 

Rn: Global bank register<N°te) 

Temp.: Internal temporary register 

Note: Smaller case alphabetical character may be appended for further identification. 

16.2.3 Operation 

~ : Transfer 
~:Exchange 

+:Add 

-:Subtract 

*: Multiply 

I: Divide 

1\: Logicai AND 

E.g. Rnc, Rnf 

V: Logical OR 

a:>:Logical exclusive OR 
-: Take logical complement 

( ): The contents of the EA 

@Rn+: Register indirect with auto-increment 

@-Rn: Register indirect with auto-decrement 

16.2.4 Instruction Fields in Instruction Format 

Op: Opcode field 

S (1 bit): Operand size field 

Sz (2 bits): Operand size field 

Sd: Displacement size field 

Si: Inunediate data size field 

EA: Effectiveaddressficld 

HITACHI 365 



BAs: Somce effective address field 

BAd: Destination effective address field 

Rns: Source global bank register field 

Rnd: Destination global bank register field 

Rn: Global bank register field. Smaller case alphabetical character may be appended for 

further identification. 

CR: CR code field 

cc: Condition field 

Imm: Immediate data field 

FNC: Function field 

TYP: Type field 

16.2.5 Condition Codes 

The flags of the condition register (CCR), ex, N, Z, V, C, are either set to 1 or 0, left unchanged, 

or set according to the results. For most instructions, they are set normally; that is, N indicates a 

negative result, Z indicates a zero, V indicates an overflow, C indicates a carry, and X is the same 

as C. If a flag is affected differently, an explanation will be given with the instruction. 

1: Set to 1 

0: Oeared to 0 

U: Unaffected 

S: Set normally .. that is: 

X: Set same as C bit. 

N: Set if result is negative (MSB = I), cleared otherwise. 

Z: Set if result is zero, cleared otherwise. 

V: Set if result overflows, cleared otherwise. 

C: Set if carry is generated, cleared otherwise. 

S*1 : See explanation. 
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16.2.6 Operand Size 

Sz in the opcode indicates the operand size as follows: 

Sz Operand Size 

00 Byte 

01 Word 

10 Long word 

11 Reserved for future expansion. 
Cannot be used. 

16.2.7 Conditions 

The conditions in Table 16-8 can be used for the Bcc:G, SCB, SCMP, SET, SSCH and TRAP 

instructions. 

16.2.8 Available EAs 

1M: Effective addressing mode available 

.: Effective addressing mode not available 
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Table 16-8. Conditions 

Conditional 

Mnemonic Condition Code Expression Signed Condition Code 

CC,HS Canyclear 0100 C x ~ y Unsigned 

CS,LO Canyset 0101 C x < y Unsigned 

NE Not equal 0110 Z x ¢ y Unsigned and signed 

EQ Equal 0111 Z x = y Unsigned and signed 

OE Greater or equal 1100 N-Y+N-Y x~ySigned 

LT Less than 1101 N-Y+ N-Y x<ySigned 

OT Greater than 1110 N-Y-Z+N-Y-Z x> y Signed 

LE Less or equal 1111 Z+N-Y+N-Y x::liy Signed 

m High 0010 C-Z x > y Unsigned 

LS Lower or same 0011 C+Z x::li y Unsigned 

PL Plus 1010 N 

MI Minus 1011 N 

YC Overflow clear 1000 V 

YS Overflow set 1001 Y 

T Always true 0000 1 

F Always false 0001 0 
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Note: N: N (negative) bit in condition code 

Z: Z (zero)bit in condition code 

V: V (overflow) bit in condition code 

C: C (carry) bit in condition code 

x: Destination 
y: Source 

16.2.9 CR Registers 

CR registers used for instructions are specified as in Table 16-9. The operation size depends on the 

specified CR register. 
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Table 16-9. CR Registers and CR Codes 

CRRegister ~ ............ bO Operation Size Notes 

CCR 00100000 Word 

VBNR 00000001 Byte 

CBNR 01000000 Long word 

BSP 01000001 Long word 

BMR 10000000 Byte These registers are used for 

privileged instructions. 

GBNR 10000001 Byte 

SR 10100000 Word 

EBR 11000000 Long word 

RBR 11000001 Long word 

USP 11000010 Long word 

IBR 11000011 Long word 

16.2.10 2-Byte Opcode Instructions 

Shift, bit manipulation, string, multiple, and division instructions are 2-byte opcode instructions. 

These 2-byte opcode instructions are categorized as SFf, BIT, STRING, MUL, and DIV on the 

opcode map by the fIrst opcode. 

The second opcode, in turn, defInes the instruction mnemonics above as in Figure 16-9. (EA and 

register specillcations after the third byte are omitted.) 
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First opcode Second opcode Mnemonic on opcode map 

I I I I , , 
10 ' 01 II M'ODEI * I 

I I 

I 1 1 0 0 Sz Rn 

10 I 1 
I , I I , I 

I 
SFf 1 ' 0 I 0 I 1 I SZ IIM'ODEI Imm 

MODE 000 001 010 011 100 101 110 1 11 

Mnemonic SHAR SHLR ROTR ROTXR SHAL SHLL R01L ROTXL 

==================================;======-========================= 
10 I 1 

I I .1 '01 
, 

II * I MODEl * I 
, I I 

I 1 0 1 Sz Rn 

10 I 1 
I , I I 

I 
, 

11* I MODEl 
I I , I 

I 1 0 1 1 Sz Imm BIT 

MODE 00 01 10 11 

Mnemonic BSET BNOT BCLR BTST 

======================================-~========================== 

I 
I I , I I 

1 
, 

II 
I I I 

I 
I I I I STRING 

1 0 0 1 0 1 Sz MODE Rnc 

MODE 0000 0100 1000 1100 0010 0101 1010 1101 

Mnemonic SSTR SSCH SMOV SCMP 

Figure 16·9. Two·Byte Instruction Codes 
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Firs(op~de Second opcode Mnemonic on opcode map 

11'1'1'0'11111101 IMIOIOIEII ~ , I 

MUL 

MODE 0000 0001 0100 0101 

Mnemonic MULXS MULXU 

-- - - -- r===:- =c================- === 
11111110111111111 IMloolEl1 

I i 

1 * 
OIV 

MODE 0000 I 0001 0100 0101 

Mnemonic OIVXS OIVXU 

Notes: * = don't care 

An illegal exception occurs if codes other than above are specified 

for the second opcode. 

Figure 16-9. Two-Byte Instruction Codes (cont.) 
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16.2.11 Instruction Index 

Index in Alphabetical Order 

Page 

A ADD:O (Add Binary) ........................................................... 381 
ADD:Q (Add Quick) ................... ............................. ... ......... 382 

ADD:R (Add Register) ......... ... ......... ......... ... .... ...... .............. 383 

ADD:RQ (Add Register Quick) ..................................... ....... ..... 384 

ADDS (Add with Sign Extension) ........................................... 385 

ADDX (Add with CX Flag) ........................... .................... .... 386 

AND (AND Logical) . ...... .................... ..................... ....... ... 387 

ANDC (AND Control Register) ............................................... 388 

B Bcc:G (Branch According to Condition Codes) ............................. 391 

BCLR (Bit Test and Clear) .................................................... 394 

BEQ (Branch If Equal) ............................................... ........ 396 

BFEXT (Bit Field Data Extract) ................................................. 397 

BFINS (Bit Field Data Insert) .......................... ........................ 399 

BFMOV (Bit Field Data Move) .................................................. 401 

BFSCH (Bit Field Data Search) ................................................. 405 

BNE (Branch If Not Equal) .................................................. 407 

BNOT (Bit Test and Not) ...................................................... 408 

BRA (Branch Always) ........................................................ 410 

BSET (Bit Test and Set) ....................................................... 411 

BSR (Branch to Subroutine) ................................................. 413 

BTST (Bit Test) ................................................................. 414 

C CGBN (Push and Change Global Bank Number) ........................... 416 

CLR (Clear) .................................................................... 418 

CMP:G (Compare) ................................................................ 419 

CMP:Q (Compare Quick) ........................................................ 420 

CMP:R (Compare Register) ..................................................... 421 

CMP:RQ (Compare Register Quick) ............................................. 422 

CMPS (Compare with Sign Extension) ....................................... 423 

D DADD (Decimal ADD with CX Flag) ........................................ 424 

DCBN (Decrement Current Bank Number) .................................. 425 

DIVXS (Divide Extended as Signed) .......................................... 426 
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Page 
DIVXU (Divide Extended as Unsigned) ....................................... 428 
DNEG (Decimal Negate with CX Flag) ...................................... 430 
DSUB (Decimal Subtract with ex Flag) .......... ~ .......................... 431 

E EXTS (Extend as Signed) .... ........ ...... ................................... 432 
EXTU (Extend as Unsigned) .................................................. 433 

I ICBN (Increment Current Bank Number) ................................... 434 

J JMP (Jump) ................................................................... 436 
JSR (Jump to Subroutine) .................................................. 437 

L LDC (Load- to CR Register) .,. .............. .... ... ............... ... ....... 438 
IDM (Load to Multiple Registers) .......................................... 440 

LINK (Link) .................................................................... 442 

M mVA (Move Effective Address) ............................................. 444 

MOVF (Move Register 0 Fast) ............ .... .... ................ ............ 445 

MOVFP (Move from Peripheral) .... .............................. ............. 446 
MOVFPE (Move from Peripheral with E Clock) ................................ 448 
MOV:G (Move Data from Source to Destination) ............................. 4~0 
MOV:Q (Move Quick) ............................................................ 451 

MOV:R (Move Register) ......................................................... 452 
MOV:RQ (Move Register Quick) ................................................. 453 
MOVS (Move with Sign Extension) ........................................... 454 

MOVI'P (Move to Peripheral) .... ...................... ......................... 455 

MOV1PE (Move to Peripheral with E Clock) ................................... 457 

MULXS (Multiple Extend as Signed) ........................................... 459 

MULXU (Multiple Extend as Unsigned) ........................................ 460 

N NEG (Negate) .................................................................. 461 

NEGX (Negate with CX Flag) ................................................. 462 

NOP (No Operation) ........................................................... 463 

NOT (Not-Logical Complement) ............................................ 464 

0 OR (OR Logical) .............. ........... ......... .......... ........ ........ 465 

ORC (Logical OR CR Register) ................................•............ 466 
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Page 
P PGBN (Pull Global Bank Number) ........................................... 468 

R RESET (Reset) ..... ..... ............................... .......................... 469 

R01L (Rotate Left) ............................................................. 470 

R01R (Rotate Right) ........................................................... 472 

ROTXL (Rotate Left with CX Flag) ............................................ 474 

ROTXR (Rotate Right with CX Flag) .......................................... 476 

RID (Return and Deallocate) ................................................ 478 

R'IE (Return from Exception) ............................................... 479 

RTR (Return and Restore Condition Codes) .............................. 480 

RTS (Return from Subroutine) .............................................. 482 

S SCB (Subtract, Compare and Branch Conditionally) ..................... 483 

SCMP (String Compare According to Condition Codes) .................. 485 

SET (Set According to Condition Codes) ................................. 488 

SHAL (Shift Arithmetically Left) ............................................. 489 

SHAR (Shift Arithmetically Right) ............................................ 491 

SHLL (Shift Logically Left) ................................................... 493 

SHLR (Shift Logically Right) ................................................. 495 

SLEEP (Sleep) ................................................................... 497 

SMOV (String Move) ........................................................... 498 

SSCH (String Search According to Condition Codes) ..................... 501 

SSTR (String Store) ........................................................... 504 

STC (Store CR Register) .................................................... 507 

S1M (Store Multiple Registers) ............................................. 508 

SUB:G (Subtract Binary) ....................................................... 510 

SUB:R (Subtract Register) ..................................................... 511 

SUB:RQ (Subtract Register Quick) ............................................. 512 

SUBS (Subtract with Sign Extension) ........................................ 513 

SUBX (Subtract with CX Flag) ............................................... 514 

SWAP (Swap Register Halves) ............................................... 515 

T TAS (Test and Set) ........................................................... 517 

TRAP (Trap According to Condition Codes) ............................... 518 

TRAPA (Trap Always) .......................................................... 519 

TST (Test) .................................................................... 520 
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U UNLK 

X XCH 

XOR 
) 

XORC 
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521 

(Exchange Registers) .................................................. 522 
(Exclusive OR Logical) ................................................ 523 
(Exclusive OR Control Register) ..................................... 524 



Index by Instruction Type 

Page 
---------Aritbmetic Operation ----------

ADD 

ADD:G 381 
ADDS ........................................................................................ 385 

ADDX ...................................................... .................................. 386 

DADD ...................................................... .................................. 424 

ADD:Q ...................................................................................... 382 
ADD:R ...................................................................................... 383 

ADD:RQ .................................................................................... 384 
Subtract 

SUB:G ...................................................................................... 510 

SUBS ...................................................... ................................... 513 

SUBX ........................................................................................ 514 

DSUB ...................................................... ................................... 431 

SUB:R ....................................................................................... 511 

SUB:RQ .................................................................................... 512 
Multiply 

MULXS ...................................................... ................................ 459 

MULXU ...................................................... ............................... 460 

Divide 

DIVXS ...................................................... .................................. 426 

DIVXU ...................................................... ................................. 428 

Negate 

NEG .......................................................................................... 461 

NEGX ....................................................................................... 462 
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16.3 Instruction Set Details 

16.3.1 ADD:G (Add Binary) 

Operation: (Destination) + (Source) ~ (Destination) 

Assembler Format: ADD:G <BAs>, <BAd> 

Description: Add source operand to destination operand, and load the result to the destination 

location. 

Operand Size: Byte, word, long word. 

Instruction Format: 
2 

loooooolszli EAs 

Condition Codes: 

ex N Z V C 

S S S S S 

Available EA: 

1 .... I_E_Ad_ ...... 
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16.3.2 ADD:Q (Add Quick) \ 

Operation: (Destination) + Immediate Data -> (Destination) 

Assembler Format: ADD:Q #:8, <EAd> 

Description: Add the sign extended immediate data to destination operand, and load the result to 

the destination location. Immediate data must be between -128 to + 127. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 8 

IOOO10olszli Irrm II EAd 

Condition Codes: 

ex N Z V C 

S S S S S 

Available EA: 
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16.3.3 ADD:R (Add Register) 

Operation: Rnd + Rns ~ Rnd 

Assembler Format: ADD:R Rns, Rnd 

Description: Add SOUICe operand to destination operand, and load the result to the destination 

location. A global bank register can be specified as SOUICe and destination. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 4 4 

1"-0-0-1 -0 -0 o""Ir-"Sz""l 1 Rns 1 Rnd 

Condition Codes: 

ex N Z V C 

s s s s s 

Available EA: None 
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16.3.4 ADD:RQ (Add Register Quick) 

Operation: Rnd + Immediate Data --;. Rnd 

Assembler Format: ADD:RQ #:4, Rnd 

Description: Add the zero-extended immediate data to destination operand, and load the result to 

the destination location. A global bank register can be specified as destination. Immediate data 

must be between 0 and 15. 

Operand Size: 'Byte, word, long word 

Instruction Format: 
2 4 4 

r-I 0-0-1-1 -0 o""lr-s-'z 1 1 Rnd 1 Irrm 

Condition Codes: 

ex N Z V C 

s s s s s 

Available EA: None 
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16.3.5 ADDS (Add with Sign Extension) 

Operation: (Destination) + (Source) ~ (Destination) 

Assembler Format: ADDS <BAs>, <BAd> 

Description: Add source operand to destination operand, and load the result to the destination 

location. Byte or word operands are sign extended to long word (32 bits) prior to addition. The 

destination operand is always accessed as a long word. The result is also stored as a long word. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

I010000lszli EAs II EAd 

Condition Codes: 

ex N Z V C 

U U U U U 

Available EA: 
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16.3.6 ADDX (Add with CX Flag) 

Operation: (Destination) + (Source) +ex ~ (Destination) 

Assembler Format: ADDX <BAs>, <BAd> 

Description: Add source operand to destination operand with ex bit, and load the result to the 

destination location. 

Operand Size: Byte, word, long word. 

Instruction Format: 
2 

I010100lszli EAs 

Condition Codes: 

ex N Z V C 

S S S*1 S S 

I L-I _E_Ad_--I 

*1: Z set if the result is zero andZ = 1 prior to the operation, unaffected if the result is 0 andZ = 0 

prior to the operation, cleared otherwise. 

Available EA: 
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16.3.7 AND (AND Logical) 

Operation: (Destination) 1\ (Source) ~ (Destination) 

Assembler Format: AND <BAs>, <BAd> 

Description: AND source operand with destination operand, and load the result to the destination 

location. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

1100000lszli EAs 

Condition Codes: 

ex N Z V C 

u S S o o 

Available EA: 

11L...-._E_Ad_....I 
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16.3.8 ANDC ( AND CR Register) 

Operation: (CR) A (Source) ~ CR 

Assembler Format: ANDC <HAs>, CR 

Description: AND source operand with CR register (CR), and store the result in the CR register. 

Table 16-10 shows CR registers and CR codes. 

Notes: 1. If BMR, GBNR, EBR, SR, RBR, USP, or mR is specified as a CR register, ANDC is 

executed as a privileged instruction. 

2. If the CR field specifies a CR code not shown in Table 16-10, the source is ANDed with 
O. This result is not stored in CR. The condition codes change according to the source 
operand size specified by bits 6-5 in the CR field If bits 6-5 =11, the source operand is 

accessed as a long word. 

3. If this instruction is executed, the prefetch queue is reset and instructions following this 

instruction are fetched again. 

4. No interrupt can be accepted immediately after the ANDC instruction cycle. 

Operand Size: Same as CR 

Instruction Format: 
8 

1111110001 L..I _c_R_-,1 L.I_E_A_S_ .... 
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Table 16·10. CR Registers CR Codes 

CR b, ••••••••••• bo Operand Size 

CCR 00100000 Byte 

VBNR 00000001 Byte 

CBNR 01000000 Long word 

BSP 01000001 Long word 

BMR 10000000 Byte 

GBNR 10000001 Byte 

SR 10100000 Word 
EBR 11000000 Long word 

RBR 11000001 Long word 

USP 11000010 Long word 

mR 11000011 Long word 

Condition Codes: 

CR ¢ CCR and CR ¢ SR: 

ex N Z V C 

S S S S S 

CR = CCR or CR = SR: 

ex N Z V C 

S*1 S*1 S*1 S*1 S*1 

* 1: ex same as bit 4 of result 

N same as bit 3 of result 

Z same as bit 2 of result 

V same as bit 1 of result 

C same as bit 0 of result 
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Available EA: 
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16.3.9 Bcc:G (Branch According to Condition Code) 

Operation: If cc then PC + disp ~ PC 

Assembler Format: Bcc:G disp 

Description: If the specified condition is true, branch to the target label by adding its 

displacement to the PC. The displacement disp is the distance in bytes from the end of the 

instruction to the target label. Note that byte or word size displacement is sign-extended to long 

word. If the condition is false, the next instruction is executed. 

Table 16-11 shows the condition codes and their mnemonics. Write the corresponding mnemonic 

in place of "cc" in the instruction. For example, if the branch condition is "branch if equal", write 

"BEQ:G". 
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Table 16-11. Conditions 

Conditional 

Mnemonic Condition Code expression Signed condition code 

CC,HS Carry clear 0100 C x ~ y Unsigned 

CS,LO Carry set 0101 C x < y Unsigned 

NE Not equal 0110 Z x ¢ y Unsigned and signed 

EQ Equal 0111 Z x = y Unsigned and signed 

OE Greater or equal 1100 N·Y+N·Y x~y Signed 

LT Less than 1101 N·Y+N·Y x<y Signed 

OT Greater than 1110 N·Y·Z+N·Y.Z x>ySigned 

I.E Less or equal 1111 Z+N·y+N·Y x~ySigned 

In High 0010 c·Z x > y Unsigned 

LS Lower or same 0011 C+Z x ~ y Unsigned 

PL Plus 1010 N 

MI Minus 1011 N 

YC Overflow clear 1000 V 

YS Overflow set 1001 Y 

T Always true ()()()() 1 

F Always false 0001 0 
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Note: N, Z, V, C = Condition codes 

x = Destination 

y = Source 

Operand Size: None 

Instruction Format: 
2 4 4 

1'"""11-0-1-0 -0 -'1 II'"""Sd""l 1 * cc 1 1-1 __ d_iSP;.....-...J 

Sd specifies the displacement size as follows. 

Sd disp Size 

00 Byte 

01 Word 

10 Long word 

*: Don'l care 

Note that byte or word displacements are sign extended to long word. 

Condition Codes: 

CX N Z V C 

u u u u u 

Available EA: None 
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16.3.10 BCLR (Bit Test and Clear) 

Operation: -«bit number> of <destination» ~ Z 

o ~ «bit number> of <destination» 

Assembler Format: BCLR Rn <BAd> or BCLR #:5, <EAd> 

Description: Test a bit of destination operand, and set Z if it is O. Clear Z if it is 1. After the 

test, clear the bit to O. 

The bit number is determined in the following ways: 

1. Dynamic: The bit number is specified by the lower i bits of register Rn (global bank register). 

The remaining upper bits are ignored. 

2. Static: The bit number is specified by the lower i bits of the immediate data. The remaining 

upper bits are ignored. 

The following table shows Sz and i relationships. 

Sz 

OO(BytC) 3 

01 (Word) 4 

10 (Long word) 5 

Operand Size: Byte, word, long word 
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Instruction Format: 

Dynamic: 
2 1 1 4 

'-10-1 -1 0-1-0..-ls ..... z I 1*11 01*1 Rn II EAd I *: Don' care 

Static: 
2 1 5 

,"-0-1-1 0-1-1..-ls ..... z I HlOl Invn II EAd I *: Don' care 

Condition Codes: 

ex N Z V C 

U U S*l U U 

*1: Z set if the bit is 0, cleared otherwise 

Available EA: 
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16.3.11 BEQ (Branch If Equal) 

Operation: If EQ then PC + disp ~ PC 

Assembler Format: BEQ disp 

Descrlption: If Z is 1, branch to the target label by adding its displacement to the PC. If Z is 0, 

execute the next instruction. The PC contains the start address of the next instruction. Note that 

byte or word size displacements are sign-extended to long word. 

Operand Size: None 

Instruction Format: 
2 

110 10 00 Isz II disp 

Sd disp Size 

00 Byte 

01 Word 

10 Long word 

Condition Codes: 

ex N Z V C 

u u u u u 

Available EA: None 
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16.3.12 BFEXT (Bit F1eld Data Extract) 

Operation: <Bit field> of (Source) ---;. (Destination) 

Assembler Format: BFEXT Rob, Rnf, <EAs>, <BAd> 

Description: Fetch source operand as a long word operand and then extract bit field data from 

the source operand depending on the bit position and bit field length specified by the Rob and Rnf 

fields. Then, zero-extend the bit field to word (16 bits) and load the result to the lower word of the 

destination. See Figures 16-10 and 16-11. 

Note that the Rob and Rnf fields specify global bank registers . 

.c:--32 ---........ 
I~ ~ -+- SpecHied by EAs 

, " 

Bit Fi~ld Length""", 

Bh Poshioo """~ 
10-0_ -+- Specified by EAd 

Figure 16·10. BFEXT Operation 

When Bit position + Bit field length> 32, BFEXT operates as follows: 

--------32---------
L BH~, _-_' ..... 1 Source' ~ 

Destination 

:. '. ! Bit Field Length 

q~ I~ ,. ~, 

[32 - (Bit Position)] 

Only [32 - (bit position)] 
bits within the bit field 
data can be extracted. 

Figure 16·11. BFEXT Operation When Rnb + Rnf> 32 
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Operand size: Variable bit length up to 16 bits 

Instruction Format: 
4 4 

11 1 01 01 00 II Rnb I Rnf I L.I _EA_S ----II L.I _E_Ad_--, 

Rnb: Specifies a global bank register which specifies bit position. Only the lower 5 bits of register 

Rnbare valid. 

Rnf: Specifies a global bank register which specifies bit field length. Only the lower 4 bits of 

register Rnf are valid. If Rnf = 0, bit field length is specified as 16 bits. 

Condition Codes: 

ex N Z V C 

U S*1 S*1 0 0 

* 1: N set if the MSB of the bit field is 1, cleared otherwise. 

Z set if the bit field is zero, cleared otherwise. 

Available EA: 
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16.3.13 BFINS (Bit Field Data Insert) 

Operation: <Bit field> of (Source) --;> <Bit field> of (Destination) 

Assembler Format: BFINS Rnb, Rnf, <EAs>, <EAd> 

Description: Insert bit field data from the source operand to the destination location using bit 

position. At this time, the bit field data is lower bits (bit field length) of the source operand. 

The source and destination operands are accessed as a word and a long word, respectively. Bit 

field length and bit position are specified by global bank registers specified in the Rnf and Rnd 

fields, respectively. See Figures 16-12 and 16-13. 

Bit Position 

Source location 

Destination location 

Destination location 

/.2 

16 

~ -.- Specified by EAs 

.. . 
Bit Field Length 

* * -.- Specified by EAd 

**: Retains previous data 

Figure 16-12. BFlNS Operation 

16 

Bit Field Length 

I 
Bit Position , 

Only <[32 - (bit position)] bits 
within bit field data can be 
inserted. 

Rnf = 0 -*' (Bit Field Length) = 16 Bit Field Length 

Figure 16-13. BFINS Operation When Rnb + Rnf> 32 

HITACHI 399 



Operand Size: Variable bit length up to 16 bits 

Instruction Format: 
4 4 

11101010111 Rob 1 Rnt 1 L..I_EA_S---III EAd 1 

Rnb: Specifies a global bank register which specifies bit position. Only the lower 5 bits of register 

Rnb are valli!. 
Rnf: Specifies a global bank register which specifies bit field length. Only the lower 4 bits of 

register Rnf are valid. If Rnf = 0, bit field length is specified as 16 bits. 

Condition Codes: 

ex N Z V C 

U S*1 S*1 0 0 

* 1: N set if the MSB of the bit field is 1, cleared otherwise. 
Z set if the bit field is zero, cleared otherwise. 

Available EA: 
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16.3.14 BFMOV ( Bit Field Data Move) 

Operation: Repeat Y times 

X bytes of (Source) ~ <Bit field> of (Destination) 

Assembler Format: BFMOV Rnx, Rnb, Rny, Rno, Rns, Rnd 

Description: Move X bytes of data in the location specified by register Rns into the bit field 

specified by the destination and bit position. 

Then add Rnd to Rno and move X bytes of data into the next sequential field. Repeat this operation 

y times. The data length is specified by Rnx. The number of moves is specified by Rny. See 

Figure 16-14. Rnx, Rnb, Rny, Rno, Rns, and Rnd specify global bank: registers. 

X bytes . ~ // 
r---~--~--------r---~---r--~ ~--~--~--~ Rns~ [CD ~ @ ~~ ~ 

Rnd + Rno __ 
+ 

Rnd + 2*Rno ---..-

/ /'----"----' 

+ Rnor _ 
'+::;~:::;:;:==::~~:::.:~;::::::::~::::= 

+ + 
Byte Boundary Byte Boundary 

~ : Retains the data before the instruction execution. 

Figure 16-14. BFMOV Operation 

The CPU checks for interrupt requests whenever X bytes data transfer is performed. If there is an 

interrupt request, the CPU stops BFMOV execution and puts the current register status on the 

stack. At this time, the PC to be stacked contains the start address of BFMOV. It then processes 

the interrupt exception. After interrupt servicing, the CPU continues the BFMOV instruction. 

Tables 16-12 and 16-13 show the register values when an interrupt is accepted and when BFMOV 

execution completes. 
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Table 16-12. Register Values When an Interrupt is Accepted 

Register Name Register Value 

Rnx Unchanged 

Rnb Unchanged 

Rny (Initial Rny) - (X bytes transfer count) 

Rno Unchanged 

Rnx (Initial Rns) + X * (X-bytes transfer count) 

Rnd ( Initial Rnd) + Rno * (X-bytes transfer count) 
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Table 16·13. Register Values When BFMOV Execution Terminates 

Register Name Register Value 

Rnx Unchanged 

Rnb Unchanged 

Rny Undefined 

Rno Unchanged 

Rns (Initial Rns) + X * y 

Rnd ( Initial Rnd) + Rno * Y 

Note that Rns, Rnb, Rny, Rnx, and Rnd must not overlap. 

Operand Size: X-byte unit 

Instruction Format: 
4 4 4 4 4 4 

11 1 0 1 0 1 1 1 1 ..... 1 _Rnx--L_R_rb--l1 r-I -Rny--r-Rno----,I r-I -Rns--r-Rnd----, 

Rnx: Specifies a global bank register which specifies the number of bytes X. (Lower 16 bits are 

valid.) 

Rnb: Specifies a global bank register which specifies bit position in the destination. (Lower 4 bits 

are valid.) 

Rny: Specifies a global bank register which specifies the number of movements Y. (Lower 16 bits 

are valid.) 

Rno: Specifies a global bank register which specifies data to be added to Rnd after an X-byte 

transfer. 

Rns: Specifies a global bank register which specifies the source. 

Rnd: Specifies a global bank register which specifies the destination. 
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Condition Codes: 

ex N Z V e 

u u u u u 

Available EA: None 
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16.3.15 BFSCH (Bit Field Data Search) 

Operation: <Bit number of ftrst 1> of { <Bit fteld> of (Source)} ~ (Destination) 

Assembler Format: BFSCH Rnb, Rnf, <EAs>, <BAd> 

Description: Extract bit fteld data from the source operand using bit position and bit fteld length 

and set condition codes. Then search for the fll'st "1" bit from the lower to upper bit position in the 

bit fteld. Load the bit position of the ftrst (least signiftcant) "1" bit into the destination location. 

Bits in a bit fteld are numbered from MSB (0) to LSB. If there is no "1" bit, load the next bit 

position (bit position + bit fteld length + 1). See Figures 16-15 and 16-16. 

Rnb and Rnf specify global bank registers. 

32 

I 0 1 1 0... 00 1 0 1 0 ... I 0 1 0 ... I ~ Specified by EAs 

--... 0123 ...... r.n... .. m 

Bit field length 

..c::: 12 -......../,43 
Bit Position I 0-0 l n_ ~ Specified by EAd 

Note: If 1 bit is not found, m Is loaded into destination. 

Figure 16·15. BFSCH Operation 

When bit position + bit fteld length >32, BFSCH operates as shown in Figure 16-16. 

Source Location 
-----1 

I 
I _____ J 

Bit Field Length 

Figure 16·16. BFSCH Operation When Rnb + Rnt> 32 
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When Rnb + Rnf ': 32, only 32 - Rnb bits in the specified bit field can be searched. If a "1" bit is 

found, load the bit position. Otherwise, return the value (Rnb + Rnf) (> 32). 

Operand Size: Variable bit length up to 16 bits 

Instruction Format: 

4 4 

111 0 1 0 1 1 0 II Arb Rnf II I-_EA_S ----1111-_E_A_d----l 

Rnb: Specifies a global bank register which specifies bit position. Only the lower 5 bits of register 

Rnb are valid. 
Rnf: Specifies a global bank register which specifies bit field length. Only the lower 4 bits of 

register Rnf are valid. If Rnf = 0, bit field length is specified as 16 bits. 

Condition Codes: 

ex N Z V C 

U S*1 S*1 0 0 

* 1: N set if the MSB of the bit field is 1, cleared otherwise. 

Z set if the bit field is zero, cleared otherwise. 

Available EA: 
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16.3.16 BNE (Branch If Not Equal) 

Operation: If not EQ then PC + disp ~ PC 

Assembler Format: BNE disp 

Description: If Z is cleared to 0, branch to the target label by adding its displacement to the PC. 

The PC contains the start address of the next instruction. If Z is set to 1, the next instruction is 

executed. 

Operand Size: None 

Instruction Format: 
2 

Sd specifies the disp size as follows. 

Sd disp Size 

00 Byte 

01 Word 

10 Long Word 

Note that byte and word displacements are sign-extended to long word. 

Condition Codes: 

CX N Z V C 

u u u u u 

Available EA: None 
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16.3.17 BNOT (Bit Test and Not) 

Operation: -(<Bit number> of <Destination» ~ Z 

-(<Bit number> of <Destination» ~ (<Bit number> of <Destination» 

Assembler Format: BNOT Rn, <BAd> or BNOT #:5, <BAd> 

Description: Test a bit of destination operand, and set Z if it is O. Clear Z if it is 1. After the 

test, invert the specified bit. 

The bit number is determined in the following ways: 

1. Dynamic: The bit number is specified by the lower i bits of register Rn (global bank register). 

The remaining upper bits are ignored. 

2. Static: The bit number is specified by the lower i bits of the immediate data. The remaining 

upper bits are ignored. 

The following table shows the relationship between the Sz field and i. 

Sz 

00 (Byte) 3 

01 (Word) 4 

10 (Long word) 5 

Operand Size: Byte, word, long word 
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Instruction Format: 

Dynamic: 
2 1 1 4 

1""'0-1-1 0-1-o'l"'"ISz--'1 Ho 1H Rn II EAd I *:Don'ca~ 

Static: 
2 1 5 

""1 0-1-1 -0 -1 1""I~sz""l Ho 11 Imm II L.. _E_A_d_....I1 *: Don' care 

Condition Codes: 

ex N Z V C 

U U S*1 U U 

*1: Z set if the bit is 0, cleared otherwise. 

Available EA: 
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16.3.18 BRA (Branch Always) 

Operation: PC + disp ~ PC 

Assembler Format: BRA disp 

Description: Always branch to the target label by adding its displacement to the PC. The PC 
contains the start address of the next instruction. 

Operand Size: None 

Instruction Format: 
2 

The Sd field specifies the disp size as follows. 

Sd . disp Size 

00 Byte 

01 Word 

10 Long word 

Note that byte or word displacements are always sign-extended to long word. 

Condition Codes: 

ex N Z V C 

u u u u u 

Available EA: None 
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16.3.19 BSET (Bit Test and Set) 

Operation: -(<Bit number.> of <Destination» ~ Z 

1 ~ (<Bit number.> of <Destination» 

Assembler Format: BSET Rn, <BAd> or BSET #:5, <BAd> 

Description: Test a bit of destination operand, and set Z if it is O. Clear Z if it is 1. After the 

test, set the bit to 1. 

The bit number is determined in the following ways: 

1. Dynamic: The bit number is specified by the lower i bits of register Rn (global bank register). 

The remaining upper bits are ignored. 

2. Static: The bit number is specified by the lower i bits of the immediate data. The remaining 

upper bits are ignored. 

The following table shows the relationship between the Sz field and i. 

Sz 

00 (Byte) 3 

01 (Word) 4 

10 (Long word) 5 

Operand Size: Byte, word., long word 

Instruction Format: 

Dynamic: 
2 1 1 4 

1011 01 0 Isz 1130 0 H Rn II EAd I '" : Don' care 

Static: 
2 1 5 

I 0 1 1 0 1 1 I Sz I 1*10 0 I Imm II EAd I "': Don' care 
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Condition Codes: 

CXN Z V C 

U U S"'1 U U 

"'1: Z set if the bit is 0, cleared otherwise. 

Available EA: 
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16.3.20 BSR (Branch to Subroutine) 

Operation: PC ~ @-SP 

PC+disp~PC 

Assembler Format: BSR disp 

Description: Push the PC onto the stack, and branch to the target label by adding its 

displacement disp to the PC. At this time the PC contains the start address of the next instruction. 

The RTS instruction together with BSR allows return from a subroutine call. 

Note that byte or word size displacements are sign-extended to lc:>ng word. 

Operand Size: None 

Instruction Format: 
2 

The Sd field specifies the disp size as follows. 

Sd disp Size 

00 Byte 

01 Word 

10 Long word 

Condition Codes: 

ex N Z V C 

u u u u u 

Available EA: None 
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16.3.21 BTST (Bit Test) 

Operation: -«Bit number> of <Destination» ~ Z 

Assembler Format: BTST Rn, <BAd> or BTST #:5, <BAd> 

Description: Test a bit of destination operand, and set Z if it is O. Clear Z if it is 1. 

The bit number is determined in the following ways: 

1. Dynamic: The bit number is specified by the lower i bits of register Rn (global bank register). 

The remaining upper bits are ignored. 

2. Static: The bit number is specified by the lower i bits of the immediate data. The remaining 

upper bits are ignored. 

The following table shows the relationship between the Sz field and i 

Sz 

00 (Byte) 3 

01 (Word) 4 

10 (Long word) 5 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 1 4 

11'""0-1-1 -0 -1 0"'II-"Sz"'II*11 11*1 Rn I 1-1 __ EA_d_ .... 1 *: Don' care 

Static: 
2 1 5 

1'""1 0-1 -1 0-1-1 "l""ISz""'II*1111 Irnm II I-_EAd __ .... 1 *: Don' care 
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Condition Codes: 

ex N Z V C 

U U S*1 U U 

* 1: Z set if the bit is 0, cleared otherwise. 

Available EA: 

" c: 
a: 
a. 
v 
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1603.22 CGBN (Pusb and Change Global Bank Number) 

Operation: GBNR ~ @-SSP 

specified value ~ GBNR 

[Register copy] 

Assembler Format: CGBN Rn [, register list] or CGBN #:8 [, register list] 

Description: Push the current contents of the global bank: number register (GBNR) onto the 

supervisor stack, and change the bank by loading the contents of register Rn (dynamic) or the 

immediate data (static) into the GBNR. If the R field is cleared, registers are not copied. IfR is set, 

registers are copied according to the register list (16 bits following Rn or immediate data) into the 

new bank. The lower 2-4 bits of Rn or immediate data are used, depending on the bank mode 

(Table 16-14). 

Rn specifies a global bank: register. 

Note that,this instruction is a priviledge instruction. If this instruction is executed in user mode, a 

priviledge violation occurs. In addition, if R15 is copied, the USP instead of the SSP is copied. 

Table 16·14. Bank Mode 

Mode RnorImm 

Global 2 'Lower 1 bit 

4 Lower 2 bits 

8 Lower 3 bits 

16 Lower 4 bits 

Ring Lower 3 bits 

Operand Size: Byte 
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Instruction Format: 

Dynamic: 
1 4 4 16 

1r-"1-1-10-0-1-0T""1IRI I-1_*--L_R_" ...... 1 F1¥13 IR1 lRoi "':Do"'care. 
Register List 

Static: 
1 8 16 

1r-"1-1-1 0-0-1-1 II""'1RI L-l _lnm_~IIR15jR13 IR11RoI 
Register List 

R=O: No register list exists and registers are not copied. (Instruction length = 2 bytes) 

R=l: Registers are copied according to the 2-byte register list. (Instruction length = 4 bytes) 

Condition Codes: 

ex N Z V C 

u u u u u 

Available EA: None 
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16.3.23 CLR (Clear) 

Operation: 0 -;. (Destination) 

Assembler Format: CLR <BAd> 

Description: Clear all bits of the destination operand. 

Operand Size: Byte. word. long word 

Instruction Format: 
2 

I0001011szli EAd 

Condition Codes: 

ex N Z V C 

U 0 1 o o 

Available EA: 

418 HITACHI 



16.3.24 CMP:G (Compare) 

Operation: (Destination) - (Source) 

Assembler Format: CMP:G <EAs>, <EAd> 

Description: Subtract the source operand from the destination operand, and set the condition 

codes according to the result Do not change destination contents. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

\OOOO1O\SZ\\ EAs 

Condition Codes: 

CX N Z V C 

u S S S S 

Available EA: 

1IL--_E_Ad_---' 
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16.3.25 CMP:Q (Compare Quick) 

Operation: (Destination) - Immediate data 

Assembler Format: CMP:Q #:8, <BAd> 

Description: Subtract the immediate data from the destination operand, and set the condition 

codes according to the result. Do not change destination contents. The immediate data must be in 
the range -128 to + 127, because it is always 8 bits and is sign-extended to match the destination 

operation size. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 8 

looo11olszli Irrm II EAd 

Condition Codes: 

ex N Z V C 

U S S S S 

Available EA: 
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16.3.26 CMP:R (Compare Register) 

Operation: Rnd - Rns 

Assembler Format: CMP:R Rns, Rnd 

Description: Subtract the source operand from the destination operand, and set the condition 

cpdes according to the result Do not change destination contents. The source and destination 

operands are global bank registers specified by Rns and Rnd, respectively. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 4 4 

Ir-0-0-1-0 -1 o""ll"'"sz'll Rns Rnd 

Condition Codes: 

ex N Z V C 

u S s S S 

Available EA: None 
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16.3.27 CMP:RQ (Compare Register Quick) 

Operation: Rnd - Immediate data 

Assembler Format: CMP:RQ #:4, Rnd 

Description: Subtract the immediate data from the destination operand, and set the condition 

codes according to the result. Do not change destination contents. The immediate data must be in 

the range -8 to +7, because it is always 4 bits and is sign extended to match the destination 

operation size. The destination is a global bank register specified by Rnd. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 4 4 

1 .... 0-0-1-1 -1 o....,l .... s...,z 1 1 Rnd Inm 

Condition Codes: 

ex N Z v C 

u S S S S 

Available EA: None 
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16.3.28 CMPS (Compare with Sign Extension) 

Operation: (Destination) - (Source) 

Assembler Format: CMPS <EAs>, <HAd> 

Description: Subtract the source operand from the destination operand, and set the condition 

codes according to the result. Do not change destination contents. Byte or word operands are 

always sign-extended to long words before comparison. 

Operand Size: Byte, word, long word 
;' 

Instruction Format: 
2 

10 1 0 0 1 0 1 Sz 1 1 EAs 

Condition Codes: 

ex N Z V C 

u S S S S 

Available EA: 

1 ..... 1 _E_Ad_--, 

HITACHI 423 



16.3.29 DADD (Decimal ADD with CX Flag) 

Operation: (Destination)BcD + (Source)BcD + (CX) ~ (Destination)BCD 

Assembler Format: DADD <EAs>, <BAd> 

Description: Add source operand to destination operand with the ex bit, and load the result to 

the destination location. The addition is perfonned with BCD arithmetic. 

Operand Size: Byte 

Instruction Format: 

11010001111 EAs II EAd 

Condition Codes: 

ex N Z V C 

S S*1 S*1 S*1 S 

*1: N undefined. 

Z set if the result is zero and Z = 1 prior to the operation, unaffected if the result is zero and 
Z = 0 prior to the operation, cleared otherwise. 
Vundefmed. 

Available EA: 
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16.3.30 DCBN (Decrement Current Bank Number) 

Operation: CBNR - 1 ---;. CBNR 

if (the lower 3 bits of CBNR = the lower 3 bits of VBNR ) and (CBNR ¢ 0) 

then VBNR - 1 ---;. VBNR 

{Pop registers from stack} 

Assembler Format: DCBN 

Description: First decrement the CBNR by 1 (switching ring bank). If the lower 3 bits of 

CBNR = the lower 3 bits of VBNR and CBNR ¢ 0, decrement the VBNR by 1. Then pop the long 

word data from the stack pointed to by BSP, pull registers according to the register list to the ring 

register bank pointed by VBNR, and execute the next instruction. Otherwise, just execute the next 

instruction. 

This instruction can only be used in ring mode. If it is executed in global mode, bank mode 

violation exception processing is executed. 

Operand Size: Long word 

Instruction Format: 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: None 
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16.3.31 DIVXS (Divide Extended as Signed) 

Operation: (Destination) I (Source) ~ (Destination) 

Assembler Format: DIVXS <HAs>, <EAd> 

Description: Divide destination operand by source operand using signed arithmetic, and load the 

result in the destination. The lower byte of the destination contains the quotient, and the upper byte 

contains the remainder. The sign of the remainder, if any, is the same as the sign of the destination. 

Note that division by zero will cause a trap exception. Note also that if an overflow is detected 

before the end of the instruction, the V bit is set, and the division is not executed. Therefore, the 

destination is not changed. 

If bit 7 of the second instruction code is set to 1, or if the FNC is not specified as "000" or "001", 

an illegal instruction exception occurs. At this time, the PC indicates the second byte of DIVXS. 

Operand Size: See the FNC field. 

Instruction Format: 
3 4 

11 11 011 1 1 1 pi FNCI * 1 .... 1 _EA_s_---'1 .... 1 _E_Ad_--, 

FNC = 000: 16 bits/8 bits ~ 8 bit quotient, 8 bit remainder 

FNC = 001: 32 bits/16 bits ~ 16 bit quotient, 16 bit remainder 

Condition Codes: 

CX N z V C 

u S S S 0 

Notes: 1. If the quotient overflows, N and Z are undefined. 

2. If divisor is specified as 0, the condition codes changes as follows: 

ex N Z V C 

U 0 1 0 0 
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Available EA: 
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16.3.32 DIVXU (Divide Extended as Unsigned) 

Operatio .. : (Destination) I (Source) --;. (Destination) 

Assembler Format: DIVXU <EAs>, <BAd> 

Description: Divide destination operand by source operand using unsigned arithmetic, and load 

the result to the destination. The lower byte of the destination contains the quotient, and the upper 

byte contains the remainder. 

Note that division by zero will cause a trap exception. Note also that if an overflow is detected 

before the end of the instruction, the V bit is set, and the division is not executed. Therefore, the 

destinationisnotchang~ 

If bit 7 of the second instruction code is set to I, or if the FNC is not specified as "000" or "001 ", 

an illegal instruction exception occurs. At this time, the PC indicates the second byte of DIVXU. 

Operand Size: See the FNC field. 

Instruction Format: 
3 4 

111101111 1 pi FNCI * 1 .... 1 _E_As_ .... II~_E_Ad_....I 

FNC = 100: 16 bits/8 bits --;. 8 bit quotient, 8 bit remainder 

FNC = 101: 32 bits/16 bits --;. 16 bit quotient, 16 bit remainder 

Condition Codes: 

ex N z V C 

u S S S 0 

Notes: 1. If the quotient overflows, N and Z are undefined. 

*: Don't care 

2. If divisor is specified as 0, the condition codes changes as follows: 

ex N Z V C 

U 0 1 0 0 
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Available EA: 
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16.3.33 DNEG (Decimal Negate with CX Flag) 

Operation: 0 - (Destination)BcD - CX ----> (Destination)BcD 

Assembler Format: DNEG <EAd> 

Description: Subtract the destination operand and the CX bit from zero using BCD arithmetic, 

and load the result to the destination location. lO's complement is obtained if the CX bit is 1; 9's 

complement is obtained otherwise. 

Operand Size: Byte 

Instruction Format: 

11010111111 EAd 

Condition Codes: 

CX N z v C 

S S*1 S*1 S*1 S 

*1: N undefined. 

Z set if the result is zero and Z = 1 prior to the operation, unaffected if the result is zero and 

Z = 0 prior to the operation, cleared otherwise. 

V undefined. 

Available EA: 
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16.3.34 DSUB (Decimal Subtract with CX Flag) 

Operation: (Destination)BcD - (Source)BcD - ex ~ (Destination)BCD 

Assembler Format: DSUB <BAs>, <BAd> 

Description: Subtract the source operand and ex from the destination operand, and load the 

result to the destination location. The subtraction is a BeD operation. 

Operand Size: Byte 

Instruction Format: 

11 01 00111 II .... __ EA_s_ ...... 1 .... 1 _E_A_d_ .... 

Condition Codes: 

ex N z v e 

S S*l S*l S*l S 

* 1: N undefined. 

Z set if the result is zero and Z = 1 prior to the operation, unaffected if the result is zero and 

Z = 0 prior to the operation, cleared otherwise. 

V undefined. 

Available EA: 
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16.3.35 EXTS (Extend as Signed) 

Operation: Rnd sign extension ~ Rnd 

Assembler Format: EXTS Rnd 

Description: Sign extend the register contents from byte to word, word to long word or byte to 

long word. 

For byte to word sign-extension, bit 7 of the register is copied into bits 15-8. For word to long 
word sign-extension, bit 15 is copied into bits 31-16. For byte to long word sign-extension, bit 7 
is copied into bits 31-8. 

A global bank register is specified by Rnd. 

Operand Size: See Table in "Instruction Format". 

Instruction Format: 
2 4 4 

r-11-0-1 -1 1-1""'Ir-sz""IIL.._*......lL.--Rnd-l *: Don1care 

The Sz field specifies sign extension type: 

Sz Type Assembler 

00 Byte~Word W 

01 Word ~ Long Word L 

10 Byte -+ Long Word B 

Condition Codes: 

ex N z V C 

u S S 0 0 

Available EA: None 
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16.3.36 EXTU (Extend as Unsigned) 

Operation: 0 ----;. Upper bits of Rnd 

Assembler Format: EXTU Rnd 

Description: Extend the register contents from byte to word, or word to long word, or byte to long 

word. 

For byte to word zero extension, zero is copied into bits 15-8. For word to long word zero 
extension, zero is ·copied into bits 31-16. For byte to long word zero extension, zero is copied into 

bits 31-8. 

A global bank register is specified by Rnd 

Operand Size: See Table in "Instruction Format". 

Instruction Format: 
2 4 4 

~11-o-1-0 -1 -1 '-1 S""'z II L. _·_L-Rrd----J .: Don't care 

The Sz field specifies sign extension type: 

Sz Type Assembler 

00 Byte~Word W 

01 Word ~ Long Word L 

10 Byte ~LongWord B 

Condition Codes: 

CX N z V C 

u 0 S 0 0 

Available EA: None 
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16.3.37 ICBN (Increment Current Bank Number) 

Operation: CBNR + 1 ~ CBNR 
if (the lower 3 bits of CBNR = the lower 3 bits of VBNR) then 
{Stack the bank register} 
VBNR + 1 ~ VBNR 

Assembler Format: ICBN 

Description: First increment the CBNR by 1. If the lower 3 bits of CBNR = the lower 3 bits of 
the VBNR, push the registers specified by the lower 16 bits of R15 (register list) onto the stack 
specified by BSP with predecrement Then, stack R15 as register list Then increment the VBNR 

by 1 and execute the next instruction. Note that registers are stacked as long words. If the lower 3 

bits of CBNR ¢ the lower 3 bits of VBNR, just execute the next instruction. 

Note that this instruction can be executed only in ring mode. If this instruction is executed in global 

mode, a bank mode violation exception occurs. 

Figure 16-17 shows the stack configuration. 

R15 

High-numbered Register Lower Address 

! ! 
Low-numbered Register Higher Address 

Figure 16-17. Stack Configuration after Register Stacking 
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Operand Size: Long word 

Instruction Format: 

1111111011 

Condition Codes: 

CX N z V C 

u u u u u 

Available EA: None 
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16.3.38 JMP (Jump) 

Operation: Effective address of destination ----;. PC 

Assembler Format: JMP <BAd> 

Description: Jump to the address specified by BAd. 

Operand Size: None 

Instruction Format: 

11001101111 EAd 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: 
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16.3.39 JSR (Jump to Subroutine) 

Operation: PC ~ @-SP 

Effective address of destination ~ PC 

Assembler Format: JSR <BAd> 

Description: Push a start address of the next sequential instruction onto the stack, and jump to 
the address specified by BAd 

Operand Size: None 

Instruction Format: 
8 

110101011 II EAd 

Condition Codes: 

ex N Z V C 

U U U U U 

Available EA~ 
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16.3.40 LDC (Load to CR Register) 

Operation: (Source) ~ CR 

Assembler Format: LDC <BAs>, CR 

Description: Load the source operand to the specified CR register (CR). Table 16-10 shows CR 

registers and CR codes. 

Notes: 1. If BMR, GBNR, SR, EBR, RBR, USP, or mR is specified as a CR register, this 

instruction is handled as a privileged instruction. 

2. If the CR field specifies a CR code not shown in Table 16-10, the result is not stored in 

CR. The condition codes change according to the source operand size specified by bits 

6-5 in the CR field. If bits 6-5 are "11", the source operand is accessed as along word. 

3. If this instruction is executed, the prefetch queue is reset and instructions following IDC 

are fetched again. 

4. No interrupt can be accepted immediately after this instruction cycle. 

Operation Size: Same as CR 

Instruction Format: 
8 

111 11 1 01 1 1 1 ..... _c_R_---'1 1 .... _E_A_S_ ... 

Condition Codes: 

CR ~ CCR and CR ~ SR: 

ex N z v C 

U U U U U 

438 HITACHI 



CR = CCR or CR = SR: 

CX N z v C 

S*1 S*1 S*1 S*1 S*1 

* 1: ex same as bit 4 of result 
N same as bit 3 of result 
Z same as bit 2 of result 
V same as bit 1 of result 

C same as bit 0 of result 

Available EA: 
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16.3.41 LDM (Load to Multiple Registers) 

Operation: (Source) ~ Register 

Assembler Format: LDM <EAs>, <register list> 

Description: Load the data in memory area starting at the address specified by the source operand 

into the registers specified by the register list In register indirect auto-decrement addressing mode, 

the data are moved from upper to lower addresses. In other addressing modes, they are moved 

from lower to upper addresses. 

Note that the IDM operation in register indirect auto-increment or auto-decrement mode differs as 

follows: a register used for addressing is incremented or decremented by (the number of registers 

to be transferred) X operand size. 

Moreover, if IDM utilizes current bank or previous bank mode, data is transferred to the current 

bank or previous bank registers, respectively. 

Figure 16-18 sho~ memory configuration before IDM execution. 

High-numbered register Lower address 

! ! 
Low-numbered register Higher address 

Figure 16·18. Memory Configuration Before LDM Execution 

Operand Size: Byte. word,long word 
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Instruction Format: 
2 

101 1 1 01 ISz II EAs 

Condition Codes: 

CX N z V C 

u u u u u 

Available EA: 

16 

I b1+13 IR11Roi 
Register List 
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16.3.42 LINK (Link) 

Operation: Rn ~ @-SP 

SP~Rn 

SP + Imm~ SP 

Assembler Format: LINK Rn, #I Imm 

Description: Push the current contents of the specified register onto the stack. After the push, 

load the current SP contents to the specified register and update SP by adding an immediate data 

Imm (Figure 16-19). At this time,lmm is sign extended. LINK can define a variable area in the 

stack area. 

Before Execution After Execution 

SP ____ }anm 
Rn ____ Previous Rn 

contents 
SP -Ii 

Figure 16-19. LINK Operation 

Operand Size: Byte, word, long word 

Instruction Format: 
2 4 4 

r-11-1-0-1-0...,ol.-s ..... dl Ir--*---.,r--R-n ..... 1 ... 1 __ d_---'I *: Don' care 

Note: Sd specifies Imm size as follows: 

Sd ImmSize 

00 Byte 

01 Word 

10 Long word 
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Condition Codes: 

ex N z v e 

u u u u u 

Available EA: None 
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16.3.43 MOV A (Move Effective Address) 

Operation: Source ~ (Destination) 

Assembler Format: MOV A <BAs>, <BAd> 

Description: Calculate the effective address of the source operand and move the address to the 
destination. 

Operand Size: Long word 

Instruction Format: 

11 01 1 11 11 1 1-1 _EAs_----I1 L.I _E_A_d_...I 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: 
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16.3.44 MOVF (Move Register 0 Fast) 

Operation: RO ~ (Destination) 

Assembler Format: MOVF <EAd> 

Description: Move the contents of RO in global bank to the destination. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

1010 111 Isz II EAd 

Condition Codes: 

CX N z v 

u s s o 

Available EA: 

C 

o 
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16.3.45 MOVFP (Move from Peripheral) 

Operation: (Source) ~ (Destination) 

Assembler Format: MOVFP <BAs>, <BAd> 

Description: Move two or four bytes of data from the source address to the destination 

operand. Transfer the first byte from the source address, then increment the source address by 2, 

move the next byte, and repeat until the last byte is transferred. If the source address is even, 

then data will be moved from even addresses (Figure 16-20). If it is odd, then data will be moved 

from odd addresses (Figure 16-21). 

Example: MOVFP.L @IO. RO 

" 
Byte Number CD ® 0 CD 

Data Read Cycle " 12 13 X" 12 13 X" 12 13 X" 12 13[) 

Read Address @O @2 @4 @6 

Figure 16-20. MOVFP From Even Addresses (Destination = Register) 

Example: MOVFP.L@1001. @400 Memory (Source) 

Even Odd 

1A @1001 

@400 1A e9 e9 @1003 

@402 88 .c 88 @1005 

4C @1007 

Memory (Destination) 

Figure 16-21. MOVFP From Odd Addresses (Destination = Memory) 
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Operand Size: Word, long word 

Instruction Format: 
1 

11110001~11 EAs II EAd 

Note: S specifies operand size as follows: 

S Operand Size 

o Word 

1 Longword 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: 
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16.3.46 MOVFPE (Move from Peripheral with E Clock) 

Operation: (Source) ~ (Destination) 

Assembler Format: MOVFPE <BAs>, <BAd> 

Description: Move two or four bytes of dati, from the source address to the destination 

operand, synchronously wi~ the B clock. Transfer the fiQt ~ from the s~urce address, then 

increment the source address by 2, move the next byte, m.d ~ until the lsst byte is 

tmnsferred. H the source ~s is even, then data will be moved from even addresses (Figure 

16-22). H it is odd, then data will be moved from odd ~sses (Figure 16-23). 

Note that if the internal RAM is ~ified l!S the source a,dd!ess, the read cycle begins at the 

falling edge of B clock and completes in ","0 cycles. 

Example: MOVFPE.L @O, RO 

" 
Byte Number (0 0 0 0 

Data Read Cycle " 12 13 x" 12 13 ~" 12 13 ~" 12 13) 

ReadAclclress @O ~ @4 @6 

Figure 16·22. MOVFPE From Even Adclre!llses (Destination = Rellster) 

Example: MOVFPE.L@1001, @400 Memory (Source) 

Even. Odd 

1A @1oo1 

@4OO .1A E!9 E!9 @1003 

@402 ee 4C ee @1005 

4C @1oo7 

Memory (Destination) 

Figure 16·23. MOVFPE From Qdd Addr.sses (Destination = Memory) 
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Operand Size: Byte, wOld, long wOld 

Instruction Format: 
2 

101 1 1 1 11Sz II ..... _EA_s -----,II EAd 

Condition Codes: 

CX N z V C 

u u u u u 

Available EA: 
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16.3.47 MOV:G (Move Data from Source to Destination) 

Operation: (Source) ~ (Destination) 

Assembler Format: MOV:G <BAs>. <BAd> 

Description: Move the source operand to the destination. 

Operand Size: Byte. word. long word 

Instruction Format: 
2 

100001 1 Isz I 1 _____ EA_s_ ... 1 1 _____ E_A_:d_ .... 

Condition Codes: 

ex N z v e 

u S S o o 

Available EA: 
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16.3.48 MOV:Q (Move Quick) 

Operation: Immediate data ~ (Destination) 

Assembler Format: MOV:Q #: 8, <BAd> 

Description: Move the immediate data, which is sign extended to the operand size, to the 

destination. The immediate data must be between -128 and + 127. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 8 

1"-0-0 0-1-1-1 T'"ISz""'1I Imn 11'---_E_Ad_ ...... 

Condition Codes: 

ex N z v c 

u s s o 0 

Available EA: 
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16.3.49 MOV:R (Move Register) 

Operation: Rns ~ Rnd 

Assembler Format: MOV:R Rns, Rnd 

Description: Move the contents of source register to the destination register. Global bank 

registers can be specified as the somce and destination registers. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 4 4 

1"""10-0-1 0-1-1 T""ISz"'11 Rns 1 Rnd 1 

Condition Codes: 

ex N z v C 

u s s o 0 

Available EA: None 
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16.3.50 MOV:RQ (Move Register Quick) 

Operation: Immediate data ~ Rnd 

Assembler Format: MOY:RQ #:4, Rnd 

Description: Move the sign extended immediate data to the destination register. The immediate 

data must be in the range from -8 to +7. A global bank register can be specified as the destination 

register (Rnd). 

Operand Size: Byte, word, long word 

Instruction Format: 
2 4 4 

1"-0-0-1 -1 -1 1""I-Sz""11 And Inm 

Condition Codes: 

ex N z Y e 

u s s o o 

Available EA: None 
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16.3.51 MOVS (Move with Sign Extension) 

Operation: (Source) -;. (Destination) 

Assembler Format: MOVS <BAs>, <BAd> 

Description: Move the source operand to the destination location. Operation size may be byte, 

word, or long word. Byte or word operands are sign extended to long words (32 bits) before the 

move, and all 32 bits are moved. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

I01oo111szl1 EAs 

Condition Codes: 

CX N z V C 

u u u u u 

Available EA: 
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16.3.52 MOVTP (Move to Peripberal) 

Operation: (Source) ~ (Destination) 

Assembler Format: MOVTP <BAs>, <BAd> 

Description: Move two or four bytes of data from the source operand to the Destination 

Address (DA). Transfer the first byte to DA plus 2 if word data, or DA plus 6 if long-word data. 

Then decrement the destination address by 2, transfer the next byte, and repeat until the last byte 

is transferred. If destination address is even, then data will be moved to even addresses (Figure 

16-24). If it is odd, then dsta will be moved to odd addresses (Figure 16-25). 

Example: MOVTP.L #O1234567,@O 

" 
Byte Number CD 0 0 0 

Write Cycle " 12 13 Xn 12 13 x" 12 13 x" 12 13~ 

Write Address @6 @4 @2 @O 

Write Data #67 #45 #23 #01 

Figure 16-24. MOVTP To Even Addresses (Source = Immediate) 

Example: MOVTP.L @400, @1001 

@400 

@402 

I I 
1A ED 

88 .c 

I I 
Memory (Source) 

Memory (Destination) 

L. Even 

~ 

Odd 

1A 

ED 

88 

.c 

@1001 

@1003 

@1005 

@1007 

Figure 16-25. :(\fOVTP To Odd Addresses (Source = Memory) 
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Operand Size: Word, long word 

Instruction Format: 
1 

1111 000 0 ~ 1 .... 1 _EAs_----I1 .... 1 _E_Ad_ .... 

Note: S specifies operand size as follows: 

S Operand Size 

o Word 

1 Longword 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: 
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16.3.53 MOVTPE (Move to Peripheral with E Clock) 

Operation: (Source) ~ (Destination) 

Assembler Format: MOVTPE <BAs>, <BAd> 

Description: Move two or four bytes of data from the source operand to the Destination 

Address (DA) synchronously with the E clock. Transfer the flJ'st byte to DA plus 2 if word data, or 

DA plus 6 if long-word data. Then decrement the destination address by 2, transfer the next byte, 

and repeat until the last byte is transferred. IT destination address is even, then data will be moved 

to even addresses (Figure 16-26). IT it is odd, then data will be moved to odd addresses (Figure 16-

27). 

Note that if the internal RAM is specified as the destination, the write cycle begins at the falling 

edge of the E clock and completes in 2 cycles. 

Example: MOVTPE.L #01234567, @O 

Byte Number CD CD 0 0 
Write Cycle " 12 13 x" 12 13 x" 12 13 ~" 12 13 > 

Write Address @6 @4 @2 @O 

Write Data #67 #45 #23 #01 

Figure 16·16. MOVTPE To Even Addresses (Source = Immediate) 

Example: MOVTPE.L @400. @1001 

@4OO 

@402 

I I 
1A ES 

8B C 

I I 
Memory (Source) 

Memory (Destination) 

L.- Even 

.. 

~ 

Odd 

1A 

ES 

8B 

c 

@1001 

@1003 

@1005 

@1007 

Figure 16·17. MOVTPE To Odd Addresses (Source = Memory) 
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Operand Size: Byte, word, long word 

Instruction Format: 
2 

101111 0 IszllL-_EAs_--.lII'--_E_Ad_ ...... 

Condition Codes: 

ex N z v e 

u u u u u 

Available EA: 
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16.3.54 MULXS (Multiply Extended as Signed) 

Operation: (Destination) * (Source) ---;. (Destination) 

Assembler Format: MULXS <BAs>, <EAd> 

Description: Multiply the two byte or word operands and load the signed word or long word 

result to the destination. Multiply is a signed operation. 

Operand Size: See FNC 

Instruction Format: 
3 4 

11 11 0 1 1 1 0 1 pi FNCI * 1 .... 1 __ EA_S_ ...... II L.. __ EA_d_....J1 *: Don' care 

FNC = 000: 8 bits X 8 bits ---;. 16 bits (The destination is read as word data.) 

FNC = 001: 16 bits x 16 bits ---;. 32 bits (The destination is read as long word data.) 

Condition Codes: 

CX N z v C 

U S s o o 

Available EA: 
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16.3.55 MULXU (Multiply Extended as Unsigned) 

Operation: (Destination) * (Source) --;;. (Destination) 

Assembler Format: MULXU <HAs>, <EAd> 

Description: Multiply the two unsigned byte or word operands and load the unsigned word or 

long word result to the destination. Multiply is an unsigned operation. 

Operand Size: See FNC. 

Instruction Format: 
3 4 

11 1 1 0 1 1 1 0 I 10 I FNcl *. II '-_E_A_S ----III L.. _E_A_d_ *: Don't care 

FNC = 100: 8 bits x 8 bits --;;. 16 bits (The destination is read as word data.) 

FNC = 101: 16 bits x 16 bits --;;. 32 bits (The destination is read as long word data.) 

Condition Codes: 

CX N z v C 

u S S o o 

Available EA: 

460 HITACHI 



16.3.56 NEG (Negate) 

Operation: 0 - (Destination) ~ (Destination) 

Assembler Format: NEG <BAd> 

Description: Subtract the destination operand from zero using unsigned arithmetic, and load the 
result to the destination location. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

Condition Codes: 

ex N z 

S S S 

Available EA: 

v c 

S S 
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16.3.57 NEGX (Negate with CX Flag) 

Operation: 0 - (Destination) - ex --;. (Destination) 

Assembler Format: NEGX <BAd> 

Description: Subtract the destination operand and ex: from zero, and load the result to the 
destinationlocatioa 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

11 001 1 1 ISz II EAd 

Condition Codes: 

ex: N z v e 

S S S*1 S S 

* 1: Z set if the result is zero and Z = 1 prior to the operation, unaffected if the result is zero and 

Z = 0 prior to the operation, cleared otherwise. 

Available EA: 
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16.3.58 NOP (No Operation) 

Operation: No operation 

Assembler Format: NOP 

Description: No operation is perfonned. The PC is incremented and the next instruction is 

executed. Otherwise, the processor state is unaffected. 

Operand Size: None 

Instruction Format: 

Condition Codes: 

CX N z v C 

u u u u u 

Available EA: None 
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16.3.59 NOT (Not-Logical Complement) 

Operation: - (Destination) --;. (Destination) 

Assembler Format: NOT <BAd> 

Description: Take the one's complement of the destination operand, and store the result in the 

destination location. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

Condition Codes: 

CX N z 

u s s 

Available EA: 
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16.3.60 OR (OR Logical), 

Operation: (Destination) v (Source) -;.. (Destination) 

Assembler Format: OR <BAs>, <BAd> 

Description: Inclusive OR the source operand with the destination operand and load the result to 

the destination location. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

1100010lszl1 EAs 

Condition Codes: 

CX N z v 

u S S o 

Available EA: 

I L-I _E_Ad_-I 

C 

o 
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16.3.61 ORC (Logical OR CR Register) 

Operation: CR v (Source) ~ CR 

Assembler Format: ORC <HAs>, CR 

Description: Inclusive OR the CR register (CR) with the source operand and load the result to the 

CR register. Table 16-10 shows CR registers and CR codes. 

Notes: 1. If BMR, GBNR, SR, EBR, RBR, USP, or mR is specified as a CR register, this 

instruction is handled as a privileged instruction. 

2. If the CR field specifies a CR code not shown in not in Table 16-10, the source operand 
is ORed with O. This result is not stored in CR. The condition codes also change 

according to the source operand size specified by bits 6-5 in the CR field. If bits 6-5 are 
"11", the source operand is accessed as a long word. 

3. If this instruction is executed, the prefetch queue is reset and instructions following this 
instruction are fetched again. 

4. No interrupt can be accepted immediately after this instruction cycle. 

Operand Size: Same as CR 

Instruction Format: 
8 

111111 001 1 ..... 1 _c_R_--I1 ..... 1 _E_A_s_ .... 

b7. bS. bS •.... bO 

Condition Codes: 

CR:j: CCR and CR :j: SR: 

CX N z v C 

S S S o o 
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CR = CCR or CR = SR: 

CX N z v C 

S*1 S*1 S*1 S*1 S*1 

*1: ex same as bit 4 of result 

N same as bit 3 of result 

Z same as bit 2 of result 

V same as bit 1 of result 

C same as bit 0 of result 

Available EA: 
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16.3.62 PGBN (Pull Global Bank Number) 

Operation: @SSP+ ~ GBNR 

[Register copy] 

Assembler Format: PGBN [<register list>] 

Description: Pull the byte data from the supervisor stack and transfer it to the global bank number 

register (GBNR) to switch the bank. IfR = 1, copy the registers from the previous bank into the 

corresponding registers in the current bank according to the next 16 bits (register list). If R = 0, 

execute the next instruction. 

Note that this is a privileged instruction. If it is executed in user mode, privilege violation is 

generated. 

Operand Size: Byte 

Instruction Format: 
1 16 

r-11-1-1 0-1-o-o·I""'IIRI r15F1~ IR11ROI 
Register Ust 

R = 0: No register list exists and registers are not copied. (Instruction length = 1 byte) 

R = 1: Registers are copied according to the 2-byte register list (Instruction length = 3 bytes) 

Condition Codes: 

ex N Z V C 

u u u u u 

Available EA: None 
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16.3.63 RESET (Reset) 

Operation: Assert ImS output, no processor operation 

Assembler Format: RESET 

Description: Assert RES output low for 256 clock cycles, resetting all external devices 
connected to the tmS pin. The PC increments, and the CPU executes the next instruction. 
Otherwise the processor state is unaffected. 

Note that this is a privileged instruction, and does not initialize the internal I/O devices. 

Operand Size: None 

Instruction Format: 

1111100001 

Condition Codes: 

ex N Z V C 

U U U U U 

Available EA: None 
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16.3.64 ROTL (Rotate Left) 

Operation: (Destination) Rotate left ~ (Destination) 

Assembler Format: ROTL Rn, <BAd> or ROTL #:5, <BAd> 

Description: Rotate the bits of the destination left The bit shifted out of the MSB is copied into 

both C and the LSB. 

The rotate count can be specified in the following ways: 

1. Dynamic: The rotate count is specified by register Rn (global bank register). The rotate count 

ranges from 0 to 255. 

2. Static: The rotate count is specified by the immediate data. The rotate count ranges from 0 to 

31. 

See Figure 16-28. 

ROTL 

~~ _____ op~~_m_n_d ____ ~~ 

Figure 16·28. ROTL 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

1011 000 ISz I ~ 1 0 f I Rn II EAd *: Oon' care 

Static: 
2 5 

I0110011sz 111101 Imm II EAd 
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Condition Codes: 

CX N z V C 

u S S 0 S*1 

* 1: C same as the last bit shifted out of the destination operand, cleared if shift 

count is o. 

Available EA: 
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16.3.65 ROTR (Rotate Right) 

Operation: (Destination) Rotate right --;. (Destination) 

Assembler Format: R01R Rn, <BAd> or R01R #:5, <BAd> 

Description: Rotate the bits of the destination right. The bit shifted out of the LSB is copied into 

C and the MSB. 

The rotate count can be specified in the following ways: 

1. Dynamic: The rotate count is specified by register kn (global bank register). The rotate count 
ranges from 0 to 225. 

2. Static: The rotate count is specified by the immediate data. The rotate count ranges from 0 to 

31. 

See Figure 16-29. 

ROTR 

~.....----... -----. L.J Operand 

Figure 16-29. ROTR 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

1011000ISzII0101·1 Rn II EAd ·:Don'ca~ 

Static: 
2 5 

1011001 ISz I ~ 10 I Inm II EAd 
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Condition Codes: 

ex N z V C 

u s S 0 S*1 

*1: C same as the last bit shifted out of the destination operand, cleared if shift 

count is O. 

Available EA: 
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16.3.66 ROTXL (Rotate Left with ex Flag) 

Operation: (D~tination) Rotate left ~ (Destination) 

Assembler Format: ROTXL Rn, <BAd> or ROTXL #:5, <BAd> 

Description: Rotate the bits of the destination left. The bit shifted oilt of the MSB is copied into 

e and ex, and the old ex is shifted into the LSB. 

The rotate count can be specified in the following ways: 

1. Dynamic: The rotate count is specified by register Rn (global bank register). The rotate count 

ranges from 0 to 255. 

2. Static: The rotate count is specified by the immediate data. The rotate count ranges from 0 to 

31. 

See Figure 16-30. 

ROTXL 

Operand 

Figure 16-30. ROTXL 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

1011 000 Isz I ~ 11 1*1 Rn II EAd *: Don' care 

Static: 
2 5 

1011 00 11Sz 111111 Irnrn II EAd 

474 HITACHI 



Condition Codes: 

CX N z V C 

u S S 0 S*I 

*1: C same as the last bit shifted out of the destination operand, cleared if shift 

count is O. 

Available EA: 

HITAOHI475 



16.3.67 ROTXR (Rotate Right with ex Flag) 

Operation: (Destination) Rotate right ~ (Destination) 

Assembler Format: ROTXR Rn, <BAd> or ROTXR #:5, <BAd> 

Description: Rotate the bits of the destination right. The bit shifted out of the LSB is copied into 

e and ex, and the old ex is shifted into the MSB. 

The rotate count can be specified in the following ways: 

1. Dynamic: The rotate count is specified by register Rn (global bank register). The rotate count 

ranges from 0 to 255. 

2. Static: The rotate count is specified by the immediate data. The rotate count ranges form 0 to 

31. 

See Figure 16-31. 

Note that a global bank register can be specified as register Rn. 

~r-----.- ~cX. L.j Operand ~ 

Figure 16·31. ROTXR 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

..... 1 0-1 -1 o-o-o'T""ls"""z 110 1 1 f I Rn II L.. _E_Ad_--, *: Don' care 
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Static: 
2 5 

1011 001 Isz I P 111 Inm II EAd 

Condition Codes: 

ex N Z V C 

S S S 0 S*1 

* 1 : C same as the last bit shifted out of the destination operand, cleared if shift 

count is O. 

Available EA: 
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16.3.68 RTD (Return and Deallocate) 

Operation: @SP+ -;> PC 

SP + disp -;> SP 

Assembler Format: RID disp 

Description: Pull the program counter from the stack. Then sign-extended displacement disp is 

added to the stack pointer. Program execution continues at the address specified by the PC. 

Operand Size: None 

Instruction Format: 
2 

Note: The Sd field specifies the disp size as shown below: 

Sd disp Size 

00 Byte 

01 Word 

10 Long word 

Note that byte or word displacement is sign-extended to long word. 

Condition Codes: 

ex N z v e 

u u u u u 

Available EA: None 
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16.3.69 RTE (Return from Exception) 

Operation: @SSP + ----;. SR 

@SSP+ ----;. PC 

Assembler Format: RTE 

Description: Pull the status register and program counter from the supervisor stack Program 

execution continues at the address specified by the PC. 

Load the processor state infonnation saved on the supervisor stack at the beginning of exception 

processing back into the processor. 

Note that RTE is a privileged instruction. Accordingly. if this instruction is executed in user mode. 

a privilege violation occurs. 

Operand Size: None 

Instruction Format: 

1111100011 

Condition Codes: 

CX N z v C 

S*l S*l S*l S*l S*l 

* 1: ex same as bit 4 of the word on the stack 
N same as bit 3 of the word on the stack 

Z same as bit 2 of the word on the stack 

V same as bit 1 of the word on the stack 

C same as bit 0 of the word on the stack 

Available EA: None 
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16.3.70 RTR (Return and Restore Condition Codes) 

Operation: @SP+ --;. CCR 

@SP+ --;. PC 

Assembler Format: RTR 

Description: Pull the condition and program counter from the stack. Program execution 

continues at the address specified by the PC. 

Figure 16-32 shows the stack configuration in the RTR instruction. 

Previous SP • Lower Address 
CCR 

I ! - - - --- PC- -----

Current SP ---.. Upper Address 

Figure 16·32. Stack Configuration in RTR Instruction 

Operand Size: None 

Instruction Format: 

Condition Codes: 

CX N z v C 

S*1 S*1 S*1 S*1 S*1 
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*1: ex same as bit 4 of the word on the stack 
N same as bit 3 of the word on the stack 

Z same as bit 2 of the word on the stack 

V same as bit 1 of the word on the stack 

C same as bit 0 of the word on the stack 

Available EA: None 
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16.3.71 RTS (Return from Subroutine) 

Operation: @SP+ ~ PC 

Assembler Format: RTS 

Description: Pullthe program counter from the stack. Program execution continues at the 

address specified by the pulled PC. This instruction is used to return to the address stacked by the 

BSR and JSR instructions. 

Operand SiZe: None 

Instruction Format: 

1101110111 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: None 
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16.3.72 SCB (Subtract, Compare, and Branch Conditionally) 

Operation: If not cc then 

begin 

Rn-l ~ Rn 

IfRn ':#:-1 then PC + disp ~ PC 

end 

Assembler Format: SCBlcc Rn, disp 

Description: If the specified condition is true, only execute the next instruction. If the condition 

is false, subtract 1 from the specified register. At this time, if the subtract result is -1, execute the 

next instruction. Otherwise branch to the target label by adding the displacement to the PC. 

Note that the PC used for the address calculation indicates the next instruction start address. In 

addition, a global bank register can be specified as Rn (only lower 16 bits are valid). See Table 

16-10 for conditions and their mnemonics. Write the corresponding mnemonic in place of "cc" in 

the instruction. 

Operand Size: None 

Instruction Format: 
2 4 4 

1r-1-O-1 -1 0-1""ls""'"ldll Rn cc 1 1-1 _d_iS..;..p_...J 

Note: Sd specifies the disp size as follows: 

Sd disp Size 

00 Byte 

01 Word 

10 Long word 

Note that byte or word displacements are sign-extended to long word. 
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Condition Codes: 

ex N z V C 

u u u u u 

Available EA: None 
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16.3.73 SCMP (String Compare According to Condition Codes) 

Operation: SCMP/F: 

Rnc --;.. Temp. 

I! Rnc = 0, then {execute next instruction} 

Repeat Temp. - 1 --;.. Temp. 

Increment Rns and Rnd 

(Destination) - (Source) 

Until cc or Temp. = 0 
Temp. --;.. Rnf 

or 

SCMPIB: 

Rnc~Temp. 

I! Rnc = 0, then {execute next instruction} 

Repeat Temp. - 1 --;.. Temp. 

Decrement Rns and Rnd 

(Destination) - (Source) 

Until cc or Temp. = 0 

Temp.~Rnf 

Assembler Format: SCMP/cc/F Rns, Rnd, Rnc, Rnf or SCMP/cc/B Rns, Rnd, Rnc, Rnf 

Description: Tests the contents of the destination operand pointer Rnc. If the contents of Rnc is 

zero, the SCMP instruction is terminated without affecting Rnc and condition codes. On the 

other hand, if the contents of Rnc is zero, subtracts the contents of Rnc from the destination 

subtract the source operand from the destination operand and set condition codes accordingly 

while the condition is false and Rnc "* O. Each time, the source and destination registers are 

incremented (IF: forward option) or decremented (/B: backward option) by 1. Global bank 

registers can be specified as Rnc, Rns, Rnd, and Rnf. Rnf equals (Initial Rnc-actual comparison 

count). 

The CPU checks for interrupt requests whenever a comparison is performed. If there is an 

interrupt request, the CPU stops SCMP execution and puts the current register status on the 

stack. At this time, the PC to be stacked indicates the start address of the SCMP instruction. It 

then processes the interrupt exception. After interrupt servicing, the CPU continues the SCMP 

execution. Thbles 16-15 and 16-16 show register values after interrupt acceptance and register 

values after SCMP execution completion. 
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Table 16·15. Register Values after Interrupt Acceptance 

Register name 

Rnc 

Rns 

Rnd 

Rnf 

Value 

(Initial Rnc) - (Actual comparison count) 

Source location +1 when SCMP execution stops (@Rns+) 

Source location when SCMP execution stops (@-Rns) 

Destination location + 1 when SCMP execution stops (@Rnd+) 

Destination location when SCMP execution stops (@-Rnd) 

Rnf is not stacked 

Table 16·16. Register Values after SCMP Execution Completion 

Register name 

Rnc 

Rns 

Rnd 

Rnf 

Value 

Undefined 

The last source location + 1 (@Rns+) 

The last source location (@-Rns) 

The laSt destination location + 1 (@Rnd+) 

The last destination location (@-Rnd) 

(Initial Rnc) - (Actual comparison count) 

Rnf does not change if initial Rnc = O. 

Note that only Rnf and Rnc registers can overlap. 

See Table 16-11 for conditions and their mnemonics. Write the correspo1)ding mnemonic in place 

of "ce" in the instruction. 
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Operand Size: Byte, word 

Instruction Format: 
2 3 4 4 4 4 4 

r-11-0-0 -1 0-1 .... ls ...... z 1111 TYpl Rnc 1 1 Rns 1 And 1 1"'"1 -R-rl-r--cc---'I *: Don' care 

(1) Sz specifies the operand size as follows: 

Sz Size 

00 Byte 

01 Word 

(2) TYP specifies the source and destination addressing modes. 

SCMP/F: TYP = OlO .... Combination of@Rns+ and@Rnd+ 

SCMP/B: TYP = 101.. .. Combination of@-Rns and @-Rnd 

(3) Rnc: Specifies a global bank register which specifies the limit value of comparison count. 

(Lower 16 bits are valid) 

Rns: Specifies a global bank register which specifies the source location (32 bits). 

Rnd: Specifies a global bank register which specifies the destination location (32 bits). 

Rnf: Specifies a global bank register which stores (Initial Rnc) - (Actual comparison count). 

(Lower 16 bits are valid) 

Condition Codes: 

ex N z V C 

u u S*1 U U 

* I: If the contents of Rnc is zero before SCMP execution, Z is not affected. 

If the contents of Rnc is not zero before SCMP execution, Z is set if SCMP is completed 

with cc false; cleared otherwise. 

Available EA: None 
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16.3.74 SET (Set According to Condition Codes) 

Operation: If cc then H'FF ~ (Destination) 

else H'OO ~ (Destination) 

Assembler Format: SET/cc <BAd> 

Description: If the specified condition is true, all bits of the byte specified by the effective 

address are set to 1. If it is false, all bits of the operand are cleared to O. Table 16-11 shows the 

conditions and their mnemonics. Write the corresponding mnemonic in place of "cc" in the 

instruction. 

Operand Size: Byte 

Instruction Format: 
4 4 

11011011111 • cc II EAd I *: Don' care 

Condition Codes: 

ex N z v e 

u u u u u 

Available EA: 
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16.3.75 SHAL (Shift Arithmetically Left) 

Operation: (Destination) Shift left ---;.. (Destination) 

Assembler Format: SHAL Rn, <BAd> or SHAL #:5, <BAd> 

Description: Arithmetically shift the bits of the destination operand to the left. The bit shifted out 

of the MSB is copied into both e and ex. The LSB becomes O. V indicates whether or not the 

MSB of data changes. 

The shift count can be specified in the following ways: 

1. Dynamic: The shift count is specified by register Rn (global bank register). The shift count 

ranges from 0 to 255. 

2. Static: The shift count is specified by the immediate data. The shift count ranges from 0 to 31. 

See Figure 16-33. 

.... SHAL 

~ _____ o~p_e_ra_nd ______ ~~ 

Figure 16·33. SHAL 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

I01100olsz111001*1 Rn II EAd *: Don' care 

Static: 
2 5 

I0110011sz1110~ Imm II EAd 
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Condition Codes: 

ex N z v C 

S*1 S S S*1 S*1 

* 1: ex same as C, unaffected if the shift count is O. 
V set if the MSB changes, cleared otherwise. 

C same as the last bit shifted out of the destination operand, cleared if the shift 

count is zero. 

Available EA: 
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16.3.76 SHAR (Shift Arithmetically Right) 

Operation: (Destination) Shift right --;. (Destination) 

Assembler Format: SHAR Rn, <BAd> or SHAR #:5, <BAd> 

Description: Arithmetically shift the bits of the destination operand to the right. The bit shifted 

out of the LSB is copied into both C and CX. The old MSB is copied into the MSB. 

The shift count can be specified in the following ways: 

1. Dynamic: The shift count is specified by register Rn (global bank register). The shift count 

ranges from 0 to 255. 

2. Static: The shift count is specified by the immediate data. The shift count ranges from 0 to 31. 

See Figure 16-34. 

r7'--__ S_H_AR_~ __ __, ~cX 
L+L Operand ~ 

Figure 16-34. SHAR 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

I 011 00 olSz 110 0 0 1*1 Rn II EAd *: Don't care 

Static: 
2 5 

101100 11sz 110 0 ~ Irnm II EAd 
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Condition Codes: 

ex N z v c 

S"'1 8 8 o 8"'1 

'" 1: ex same as C, unaffected if the shift count is zero. 
C same as the last bit shifted out of the destination operand, cleared if the shift 

count is zero. 

Available EA: 
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16.3.77 SHLL (Shift Logically Left) 

Operation: (Destination) Shift left ~ (Destination) 

Assembler Format: SHLL Rn, <BAd> or SHLL #:5, <BAd> 

Description: Logically shift the bits of the destination operand to the left. The bit shifted out of 

the MSB is copied into both C and CX. The LSB becomes O. 

The shift count can be specified in the following ways: 

1. Dynamic: The shift count is specified by register Rn (global bank register). The shift count 

ranges from 0 to 255. 

2. Static: The shift count is specified by the immediate data. The shift count ranges from 0 to 31. 

See Figure 16-35. 

SHLL 

~ _____ o~p_e_ra~nd~ ____ ~~ 

Figure 16-35. SHLL 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

1011 000lszl11 011*1 Rn II EAd *: Don' care 

Static: 
2 5 

I 0 1 1 0 0 11 Sz 111 0 11 Inm II EAd 
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Condition Codes: 

ex N z v c 

8"'1 8 8 o 8"'1 

'" 1: ex same as C, unaffected if the shift count is zero. 
C same as the last bit shifted out of the destination operand, cleared if the shift 

count is zero. 

Available EA: 
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16.3.78 SHLR (Shift Logically Right) 

Operation: (Destination) shift right ~ (Destination) 

Assembler Format: SHLR Rn, <BAd> or SHLR #:5, <BAd> 

Description: Logically shift the bits of the destination operand to the right. The bit shifted out of 

the LSB is copied into C and CX. The MSB becomes O. 

The shift count can be specified in the following ways: 

1. Dynamic: The shift count is specified by register Rn (global bank register). The shift count 

ranges from 0 to 255. 

2. Static: The shift count is specified by the immediate data. The shift count ranges from 0 to 31. 

See Figure 16-36. 

SHLR . • 

~----~.~I~ ______ o~p_e_m_n_d ____ ~ 

Figure 16-36. SHLR 

Operand Size: Byte, word, long word 

Instruction Format: 

Dynamic: 
2 1 4 

I011ooolszlloo11*1 Rn II EAd *: Don't care 

Static: 
2 5 

I0110011szl10011 Invn II EAd 
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Condition Codes: 

ex N z v c 

8"'1 S S o 8"'1 

'" 1: ex same as C. unaffected if the shift count is zero. 
C same as the last bit shifted out of the destination operand. cleared if the shift 

count is zero. 

Available EA: 
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16.3.79 SLEEP (Sleep) 

Operation: The HD641016 enters low power consumption mode. 

Assembler Format: SLEEP 

Description: Put the MPU into sleep mode. In sleep mode, the MPU stops instruction execution 
and waits for exception processing requests. See "Section 15. Low Power Consumption Modes" 
for details. 

This instruction is privileged. If this instruction is executed in user mode, a privilege violation 
occurs. 

Operand Size: None 

Instruction Format: 

Condition Codes: 

CX N z v C 

U U U U U 

Available EA: None 
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16.3.80 SMOV (String Move) 

Operation: SMOVIF: 

Rnc~Temp. 

if Rnc = 0 then {execute next instruction} 
Repeat Temp. -1 ~ Temp. 

(Source) ~ (Destination) 

Increment Rns and Rnd 

Until Temp. = 0 

or 

SMOV/B: 
Rnc~Temp. 

if Rnc = 0 then {execute next instruction} 

Repeat Temp. -1 ~ Temp. 

DecrementRnsandRnd 
(Source) ~ (Destination) 

Until Temp. = 0 

Assembler Format: SMOV IF Rns, Rnd, Rnc or SMOV/B Rns, Rnd, Rnc 

Description: Move the data suing addressed by register Rns to the destination specified by Rnd, 

until Rnc becomes O. Only the lower 16 bits of Rnc is used for the counter. Rns and Rnd are 

incremented or decremented, depending on whether the IF or /B option is selected. 

The CPU checks for interrupt requests whenever a comparison is performed. If there is an interrupt 

reques~ the CPU stops SMOV execution and puts the current register status on the stack. At this 

time, the PC to be stacked indicates the start address of the SMOV instruction. It then processes the 

interrupt exception. After interrupt servicing, the CPU continues the SMOV execution. Tables 

16-17 and 16-18 show register values after interrupt acceptance and register values after SMOV 

execution completion. 
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Table 16-17. Register Values after Interrupt Acceptance 

Register name 

Rnc 

Rns 

Rnd 

Value 

(Initial Rnc) - (Actual comparison count) 

Source location + 1 when SMOV execution stops (@Rns+) 

Source location when SCMP execution stops (@-Rns) 

Destination location + 1 when SMOV execution stops (@Rnd+) 

Destination location when SCMP execution stops (@-Rnd) 

Table 16-18. Register Values after SCMP Execution Completion 

Register name 

Rnc 

Rns 

Rnd 

Value 

Undefined 

The last source location + 1 (@Rns+) 

The last source location (@-Rns) 

The last destination location + 1 (@Rnd+) 

The last destination location (@-Rnd) 

Note that Rnc, Rns and Rnd registers must not overlap. 

Operand Size: Byte, word 

Instruction Format: 

2 3 4 4 4 

1'-1-0-0-1 o-1'T""ISz""""l1 ~I TYpl Roc II Rns Roo 
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(1) The Sz field specifies the operand size as follows: 

Sz Size 

00 Byte 

01 Word 

(2) TYP specifies the source and destination addressing modes. 

SMOV~: TYP = 010 •.. Combination of@Rns+ and@Rnd+ 

SMOV IB: TYP = 101 ... Combination of@-Rns and @-Rnd 

(3) Rnc: Specifies a global bank register which specifies the limit value of comparison count 
(Lower 16 bits are valid). 

Rns: Specifies a global bank: register which specifies the source location (32 bits). 

Rnd: Specifies a global bank: register which specifies the destination location (32 bits). 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: None 
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16.3.81 SSCH (String Search According to Condition Codes) 

Operation: SSCH/F: 

Rnc~Temp. 

if Rnc = 0 then {execute next instruction} 

Repeat Temp. - 1 ~ Temp. 

(Destination) - (Rns) 

Increment Rnd 

Until cc or Temp. = 0 

Temp.~Rnf 

or 

SSCH/B: 

Rnc~Temp. 

if Rnc = 0 then {execute next instruction} 

Repeat Temp. - 1 ~ Temp. 

Decrement Rnd 

(Destination) - (Rns) 

Until cc or Temp. = 0 

Temp.~Rnf 

Assembler Format: SSCH/cc/F Rns, Rnd, Rnc, Rnf or SSCH/cc/B Rns, Rnd, Rnc, Rnf 

Description: Tests the contents of the destination operand pointer Rnc. If the contents of Rnc is 

zero, the SSCH instruction execution is terminated without affecting Rnc and condition codes. 

On the other hand, if the contents of Rnc is zero, subtracts the contents of Rnc from the 

destination subtmct the source operand from the destination operand and set the condition codes 

accordingly. Decrement Rnc and repeat while cc is not true and Rnc "* O. The destination 

operand pointer is either incremented or decremented, depending on the specification. Only the 

lower 16 bits of Rnc is used fur the counter. Rnf equals Rnc minus actual comparison count. 

The CPU checks for interrupt requests whenever a comparison is performed. If there is an 

interrupt request, the CPU stops SSCH execution and puts the current register status on the 

stack. It then processes the interrupt exception. After interrupt servicing, the CPU restarts the 

SSCH execution. Thbles 16-19 and 16-20 show register values after interrupt acceptance and 

register values after SSCH execution completion. 
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Table 16·19. Register Values after Interrupt Acceptance 

Register name 

Roc 

Rns 

Rod 

Rnf 

Value 

(Initial Roc) - (Actual comparison count) 

Unchanged 

Destination location + 1 when SSCH execution stops (@Rod+) 

Destination location when SSCH execution stops (@-Rod) 

Unchanged 

Table 16·20. Register Values after SSCH Execution Completion 

Register name 

Roc 

Ros 

Rod 

Rnf 

Value 

Undefined 

Unchanged 

The last destination location + 1 (@Rod+) 
The last destination location (@-Rod) 

(Initial Roc) - (Actual comparison count) 

Rnf does not change if initial Roc = O. 

Note that orJy Rnf and Roc registers can overlap. 

Table 16-11 shows the conditions and their mnemonics. Write the corresponding mnemonic in 

place of "cc" in the instruction. 

Operand Size: Byte, word 

Instruction Format: 
2 3 4 4 4 4 4 

1 .... 1-0-0 -1 0-1 .... ls-,z 1 ~llYpl Rnc II Rns 1 And IIr--Rnf---T"-cc----. 

502 HITACHI 



(1) The Sz field specifies the operand size. 

Sz Size 

00 Byte 

01 Word 

(2) TYP specifies the source and destination addressing modes. 

SSCH/F: TYP=OOO ... Combination of @Rns and @Rnd+ 

SSCH/B: TYP=OOO ... Combination of @Rns and @-Rnd 

(3) Rnc: Specifies a global bank: register which specifies the limit value of comparison count 

(Lower 16 bits are valid.). 

Rns: Specifies a global bank: register which specifies the source location (Lower 8 bits or 16 

bits are valid). 

Rnd: Specifies a global bank: register which specifies the destination location (32 bits). 

Rnf: Specifies a global bank: register which contains (Rnc) - (Actual comparison count). 

(Lower 16 bits are valid.) 

Condition Codes: 

CX N z V C 

u u S*1 U U 

* 1: If the contents of Rnc is zero before SSCH execution, Z is not affected. 

If the contents of Rnc is not zero before SSCH execution, Z is set if SSCH is completed with 

cc false; cleared otherwise. 

Available EA: None 
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16.3.82 SSTR (String Store) 

Operation: SSTR/F: 

Rnc~Temp. 

if Rnc = 0 then {execute next instruction} 

Repeat Temp. - 1 ~ Temp. 

Rns ~ (Destination) 

Increment Rnd 

Until Temp. = 0 

or 

SSTR/B: 

Rnc~Temp. 

if Rnc = 0 then {execute next instruction} 

Repeat Temp. - 1 ~ Temp. 

Decrement Rnd 

Rns ~ (Destination) 

Until Temp. = 0 

Assembler Format: SSTR/F Rns, Rod, Rnc or SSTR/B Rns, Rnd, Rnc 

Description: Move the data string addressed by register Rns to the destination specified by Rod, 

and increment or decrement Rnd until Rnc becomes O. 

The CPU checks for interrupt requests whenever a comparison is performed. If there is an interrupt 

request, the CPU stops SSTR execution and puts the CU11'ent register status on the stack. It then 

processes the interrupt exception. After interrupt servicing, the CPU restarts the SSTR execution. 

Tables 16-21 and 16-22 show register values after interrupt acceptance and register values after 

SSTR execution completion. In addition, global bank registers can be specified as Rnc, Rns and 

Rnd. 
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Table 16-21. Register Values after Interrupt Acceptance 

Register name 

Rnc 

Rns 

Rnd 

Value 

(Initial Rnc ) - (Actual comparison count) 

Unchanged 

Destination location + 1 when SSTR execution stops (@Rnd+) 
Destination location when SSTR execution stops (@-Rnd) 

Table 16-11. Register Values after SSTR Execution Completion 

Register name 

Rnc 

Rns 

Rnd 

Value 

Undefined 

Unchanged 

The last destination location + 1 (@Rnd+) 
The last destination location (@-Rnd) 

Note that Rnc, Rns, and Rnd registers must not overlap. 

Operand Size: Byte, word. 

Instruction Format: 
2 3 4 4 4 

Ir-1-0 0-1-0 1"T"1 Sz""1 ~ 1 TYpl RncllRnslRndl 
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(1) Sz specifies the operand size as follows: 

Sz Size 

00 Byte 

01 Word 

H any other combination is specified. an illegal instruction exception occurs. 

(2) TYP specifies the move direction of field destination operand pointer: 

SSTR/F: TYP = 000 ..• Combination of Rns and @Rnd+ 
SSTR/B: TYP = 100 ... Combination ofRns and@-Rnd 

(3) Roc: Specifies a global bank register which specifies the limit value of comparison count 

(Lower 16 bits are valid). 

Rns: Specifies a global bank register which specifies the source location (Lower 8 bits or 16 

bits are valid). 

Rod: Specifies a global bank register which specifies the destinatiQn location(32 bits). 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: None 
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16.3.83 STC (Store CR Register) 

Operation: CR ~ (Destination) 

Assembler Format: STC CR, <BAd> 

Description: Store the contents of the CR register (CR) in the destination location. Table 16-10 

shows CR registers and CR codes. 

Notes: 1. If BMR, GBNR, SR, EBR, RBR, USP, or mR is specified as a CR register, STC is 

handled as a privileged instruction. 

2. If the CR field specifies a CR code not shown in Table 16-10, 0 is stored in the 

destination. If bits 5 and 6 of the CR field is "11", the CR size is long word. 

3. If this instruction is executed, the prefetch queue is reset and the instructions following 

STC are fetched again. 

4. No interrupt can be accepted just after STC execution. 

Operand Size: Same as CR 

Instruction Format: 
8 

11 11111 00 IIL-_C_R_ ...... IIL-_E_AS_ ...... 

Condition Codes: 

CX N z v C 

U U U U U 

Available EA: 
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16.3.84 STM (Store Multiple Registers) 

Operation: Register ~ (Destination) 

Assembler Format: STM <Register List>, <BAd> 

Description: Transfer the registers specified by the register list to memory, starting at the location 

specified by the destination operand. In register direct auto-decrement addressing mode, the 

registers are stored starting at the upper address and proceeding to lower addresses. In other 

modes, they are stored from lower to upper addresses. 

Note that the STM operation in register indirect auto-increment or auto-decrement mode differs from 

that in other mode as follows: 

1. A register used for the addressing is incremented or decremented by the operand size after the 

STM execution. 

2. Registers used for the STM execution are incremented or decremented by (the number of 

registers to be transferred) x operand size after the STM execution. 

Furthermo,re, when the STM utilizes current bank or previous bank mode, current bank or previous 
bank registers are transferred, respectively. 

Figure 16-37 shows memory configuration after STM execution. 

Low-numbered Register 1 Lower Address 

t-_H..:ig:-h-nu_m_be_;_d_Reg-:.,i_ste_r--l Upper Address 

Figure 16·37. Memory Configuration after STM Execution 
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Operand Size: Byte, word, long word 

Instruction Format: 
2 

1011100lszl1 EAd 

Condition Codes: 

ex N z V C 

u u u u u 

Available EA: 

16 
1 h15fu3 IR11Roi 

RegIster Ust 
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16.3.85 SUB:G (Subtract Binary) 

Operation: (Destination) - (Source) -;. (Destination) 

Assembler Format: SUB:G <BAs>, <BAd> 

Description: Subtract the source operand from the destination operand ~d load the result to the 

destination location. 

Operand Size: Byte, word, long word. 

Instruction Format: 
2 

I0000011szli EAs 

Condition Codes: 

ex N z v C 

S S S S S 

Available EA: 
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16.3.86 SUB:R (Subtract Register) 

Operation: Rnd - Rns ~ Rnd 

Assembler Format: SUB:R Rns, Rnd 

Description: Subtract the source operand from the destination operand and load the result to the 

destination location. Global bank registers can be specified as Rns and Rnd. 

Operand Size: Byte, word, long word. 

Instruction Format: 
2 4 4 

r-10-0-1 0-0-1 T"'ISz"'11 Rns 1 Rnd 1 

Condition Codes: 

ex N z v c 

s s s s s 

Available EA: None 
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16.3.87 SUB:RQ (Subtract Register Quick) 

Operation: Rns - Immediate data ~ Rnd 

Assembler Format: SUB:RQ #:4, Rnd 

Description: Subtract the zero extended immediate data from the destination operand and load the 

result to the destination location. A global bank register can be specified as Rnd. Immediate data 

must range from 0-15. 

Operand Size: Byte, word, long word. 

Instruction Format: 
2 4 4 

.... 1 0-0-1 -1 0-1-'I-Sz-'11 RnB 1 Inm 

Condition Codes: 

ex: N z v c 

S S S S S 

Available EA: None 
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16.3.88 SUBS (Subtract with Sign Extension) 

Operation: (Destination) - (Source) ~ (Destination) 

Assembler Format: SUBS <BAs>, <BAd> 

Description: Subtract the source operand from the destination operand and load the long word 
result to the destination location. Byte and word operands are sign extended to 32 bits (long word) 
before the operation, since this subtraction is perfonned in long words. The destination is always 

accessed as long word. 

Operand Size: Byte, word, long word. 

Instruction Format: 
2 

I0100011Szli EAs 

Condition Codes: 

ex N z v 

u u u u 

Available EA: 

I L-I _E_Ad_--I 

C 

u 
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16.3.89 SUBX (Subtract with CX Flag) 

Operation: (Destination) - (Source) - ex ~ (Destination) 

Assembler Format: SUBX <HAs>, <BAd> 

Description: Subtract the source operand and ex from the destination operand and load the 

result to the destination location. 

Operand Size: Byte, word, long word. 

Instruction Format: 
2 

I0101011Szli EAs 

Condition Codes: 

ex N z V 

S S S*l S 

I .... 1 _E_Ad_....J 

C 

S 

*1: Z set if its previous value was 1 and the result is zero, cleared otherwise. 

Available EA: 
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16.3.90 SWAP (Swap Register Halves) 

Operation: <BAd> [Upper halfJ ~ <BAd> [Lower haIfJ 

Assembler Format: SWAP <BAd> 

Description: Exchange the contents of the upper half of the operand and the lower half. 

Figure 16-38 shows the SWAP operation. 

i) S=O 
Operand size: Word 

ii) S=1 
Operand size: Long word 

31 

Figure 16-38. SWAP Operation 

Operand Size: Word, long word 

Instruction Format: 
1 

111101011811 EAd 

Note: S specifies operand size as follows: 

S Operand Size 

o Byte 

1 Word 

o 
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Condition Codes: 

ex N z v C 

u s s o o 

Available EA: 
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16.3.91 T AS (Test and Set) 

Operation: (Destination) - 0 

1 ~ «bit 7> of <Destination» 

Assembler Format: TAS <BAd> 

Description: Compare the byte operand specified by the effective address to O. Set N and Z 

according to the result. Then. set the operand's MSB to 1. 

Note that this instruction performs reaci-modify-write cycle. See "4.9.2 CPU Read/Write Cycle" 

for details. 

Operand Size: Byte 

Instruction Format: 
8 

11110111011 EA 

Condition Codes: 

ex N Z v c 

U S S o o 

Available EA: 
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16.3.92 TRAP (Trap According to Condition Codes) 

Operation: If cc then 
PC ~ @-SSP; SR ~ @-SSP; H'7 ~ PC 

Assembler Format: TRAP/cc 

Description: Initiate trap exception processing if selected condition is true. Use the 
corresponding conditions (Table 16-11) in place of "cc" in the instruction. For example, to trap on 
equal condition, write ''TRAPIEQ''. The vector number is H7. 

Operand Size: None 

Instruction Format: 
4 4 

11111001111 * 1 cc 1 *: Don't care 

Condition Codes: 

ex N Z V C 

U U U U U 

Available EA: None 
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16.3.93 TRAP A (Trap Always) 

Operation: PC ~ @-SSP 

SR~@-SSP 

(Vector) ~ PC 

Assembler Format: TRAPA #:4 

Description: Initiates trap instruction exception processing. The vector number is calculated by 

adding 32 to the immediate value. See "4.6.4 Exception Processing" for details. 

Operand Size: None 

Instruction Format: 
4 4 

11111001011 * lImn. hOon,care 

Condition Codes: 

ex N z v c 

u u u u u 

Available EA: None 
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16.3.94 TST (Test) 

Operadon: (Destination) - 0 

Assembler Format: TST <BAd> 

Descripdon: Subtract 0 from the destination operand specified by the effective address. Set N 
and Z acconting to the result. The destination operand is not affected. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

1010110 ISz II EAd 

Condidon Codes: 

ex N Z v 

u S S o 

Available EA: 
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16.3.95 UNLK (Unlink) 

Operation: Rn ~ SP 

@SP+~Rn 

Assembler Format: UNLK Rn 

Description: Load the contents of the specified register into the stack pointer. Load the long 

word data from the stack to the register. ULNK is used to release the stack area defined by the 

UNK instruction. 

Operand Size: None 

Instruction Format: 
4 4 

11 1 01 00 11 IIL..-o*---lL.....-R_n .... 1 *: Don't care 

Condition Codes: 

ex N z v C 

U U U U U 

Available EA: None 
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16.3.96 XCH (Exchange Registers) 

Operand: Rnx ~ Rny 

Assembler Format: XCH Rnx, Rny 

Description: Exchange 32-bit data in register Rnx with 32-bit data in register Rny. 

Operand Size: Long word 

Instruction Format: 
4 4 

11 0 1 1 0 0 1 1 1 L-I R_"_x ...J1L--R"...;.y ..... 1 

Condition Codes: 

ex N z v C 

u u u u u 

Available EA: None 
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16.3.97 XOR (Exclusive OR Logical) 

Operation: (Destination) E9 (Source) -+ (Destination) 

Assembler Format: XOR <EAs>, <HAd> 

Description: Exclusive OR the source and destination operands, and load the result to the 

destination location. 

Operand Size: Byte, word, long word 

Instruction Format: 
2 

1100001 ISz II EAs 

Condition Codes: 

ex N z v 

'U S s o 

Available EA: 

II L.. _E_Ad_.....J 

c 

o 
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16.3.98 XORC (Exclusive OR Control Register) 

Operation: CR E9 (Source) ~ CR 

Assembler Format: XORC <BAs>, CR 

Description: Exclusive OR the CR register (CR) and source operand, and load the result to the 

destination location. Table 16-10 shows CR registers and CR codes. 

Notes: 1. If BMR, GBNR, SR, EBR, RBR, USP, or mR is specified as a CR register, XORC is 

handled as a privileged instruction. 

2. If the CR field specifies a CR code not shown in Table 16-10, XORC performs 

exclusive OR operation between 0 and the source operand. At this time, CCR changes 

according to the source operand size specified by the bits 6-5 in the CR field. Ifbits 6-5 

= 11, the source operand is assumed to be long word. 

3. If this instruction is executed, the prefetch queue is reset and the instructions following 

XORC are fetched again. 

4. No interrupt can be accepted just after XORC execution. 

Operand Size: Same as CR. 

Instruction Format: 
8 

11 1 1 1 1 0 1 0 II CR I I EAs 

~,b6' b5··· bo 
Condition Codes: 

CR ¢ CCR and CR ¢ SR: 

ex N z v C 

s S s o 0 
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CR = CCR or CR = SR: 

CX N z v C 

S*1 S*1 S*1 S*1 S*1 

* 1: ex same as bit 4 of result 

N same as bit 3 of result 

Z same as bit 2 of result 

V same as bit 1 of result 

C same as bit 0 of result 

Available EA: 
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Section 17. Electrical Characteristics 

17.1 Absolute Maximum Rating 

Item Symbol Value Unit 

Supply voltage Vex; -0.3 to +7.0 V 

Input voltage Vm -0.3 to Vcc + 0.3 V 

Operating temperature Topr -20 to +75 

Storage temperature Tstg -55 to +150 

Note: DC and AC characteristics for 10 MHz version are preliminary values. 
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17.2 DC Characteristics (Vee = 5 V ± 5%. Vss = 0 V. Ta = -20°C to +75°C) 

Item Symbol Min Type Max Unit Condition 

Input high voltage 
(EXTAL. RES. Vnn Vcc-0.6 Vee +0.3 V 
NMI. IRQO. IRQ1) 

Input high voltage 
(All inputs other than VIH2 2.1 Vee+0.3 V 
EXTAL RES 
NMI.~.MQr) 

Input low voltage Vn.D -0.3 0.6 V 
(EXTAL) 

Input low voltage 
(RES. NMI. IRQO. IRQ1) 

VR.l -0.3 0.6 V 

Input low voltage 
(All inputs other than 
EXTAL.lmS. V1L2 -0.3 0.8 V 
NMI. IRQO' IRQ1) 

Output high voltage VOH 2.4 IOH=-200 /LA 
(All outputs) V 

Vcc-1.2 IoH=-20~ 

Output low voltage VOLl 0.45 V IOL=6.4 rnA 

(DrniiE) 

Output low voltage 
(All outputs other than 
OONE) 

VOL2 2.0 V IoL=3.2mA 

Input leakage eturent 
(All inputs other than In. 2.0 ~ Vin= 
XTAL and EXTAL) 0.7 to Vee - 0.7V 

Three-state leakage I1L 2.0 ~ Vin= 
eturent 0.7 to Vee - 0.7V 

Open-drain input eturent 
(off) IoD 1.0 ~ 

Current dissipation Icc 60 90 rnA f=8MHz 
(Nonnal operation) 

70 1I0 f=10MHz 
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DC Characteristics (Vee = 5 V ± 5%, Vss = 0 V, Ta = -20°C to +75°C) (eont.) 

Item Symbol Min Type Max Unit Condition 

Current dissipation 40 65 f=8MHz (Sleep mode) 

ICC 45 80 rnA f= 10 MHz 

Current dissipation 20 45 f=8MHz (System stop mode) 

25 55 rnA f=lOMHz 

Yin = OV 
Pin capacity Cp 15 pF f= 1 MHz 

Ta = 25°C 

Oscillation Rs 500 0 f= 1 MHz limit resistance 

60 f=4MHz 

20 f=8MHz 

15 f=lOMHz 
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17.3 AC Characteristics (Vee = 5 V ±5%, Vss = 0 V, Ta = -20oe to +75°C) 

8 MHz 10 MHz Reference 
TlmiDg 

Item Symbol Min Max Min Max Unit Chart 

Clock Clock cycle time tcyc 125 1000 100 1000 ns Figure 17-1 

Clock width low teL 50 40 ns 

Clock width high tcH 50 40 ns 

Clock rise time tcr 15 12 os 

Clock fall time _ tcr 15 12 os 

E clock delay time lED 15 13 ns Figure 17-2 

Input clock rise time tmcr 25 10 os Figure 17-3 

Input clock fall time tEXf 25 10 os 

CPU Bus Address delay time 1 tADl 60 60 ns Figure 17-4 

Cycle 
Address delay time 2 tAD2 30 20 ns 

Address delay time tADZl 50 50 ns 
to high impedance 1 

Address delay time tADZ2 -5 -5 os 
to high impedance 2 

Read data setup time lRDs 40 35 os 

Read data hold time lROH 5 5 ns 

Write data setup time twos 5 5 os Figure 17-5 

Write data hold time twoH 10 10 os 

Write data delay time twoo 60 55 os 

Setup time from AS tASS 10 7 os Figure 17-4 

Hold time from AS 1 tASHI 30 25 os 

Hold time from AS 2 tASH2 10 10 ns 

AS delay time tASO 45 45 os 

R/W delay time tADI 60 60 ns 

PF delay time tADI 60 60 os 
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AC Characteristics (Vee = 5 V ±5%, Vss = 0 V, Ta = -20°C to +75°C) (eont.) 

8 MHz 10 MHz Reference 
Timing 

Item Symbol MIn Max Min Max Unit Chart 

CPU Bus sifJ delay time tADI 60 60 ns Figure i7-4 

Cycle 
(cont.) S1'2, STl, S1'O delay time tAD 1 60 60 DS 

PeSl, PeSO delay time 1 tPeSDI 60 60 ns 

HOS, LDS delay time 1 tDSDI 45 45 ns 

---
HOS, LDS delay time 2 tnSD2 45 45 ns Figure 17-5 

HOS, LDS delay time 3 tDSD3 45 45 ns Figure 17-4 

AS width high 1 tASWI 95 60 ns Figure 17-5 

AS width high 2 tASW2 120 105 DS Figure 17-6 

HOS, LDS width low tDSW 90 65 ns Figure 17-10 

WAIT setup time twTs 35 35 ns Figure 17-16 

WAIT hold time tWI'H 10 7 ns 

BRlRY setup time tBRS 40 40 ns Figure 17-17 

BRTRY hold time tsRH 20 0 ns 

Refresh Refresh address delay time tRAD 60 60 ns Figure 17-18 

Refresh address delay time tRADz 50 50 ns 
to high impedance 

Refresh address setup time tRAss 10 7 ns 
from AS 

Refresh address hold time lRASH 30 25 ns 
from AS 

Interrupt NMI pulse width fNMIw 2.0 2.0 tcyc Figure 17-19 

mQO, mQl pulse width tmQW 2.0 2.0 tcyc Figure 17-20 

mQO, mQl setup time tmQs 50 50 ns 

,--
lACK delay time tlACKD 40 40 ns Figure 17-21 
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AC Characteristics (Vee = 5 V±5%, Vss =0 V, Ta=-20°Cto +75°C) (cont.) 

8 MHz 10 MHz Reference 
Timing 

Item Symbol MID Mas: MID Mas: Unit Chart 

Bus BREQ setup time tBRQS 40 35 ns Figure 17-22 

Release 
BREQ hold time tBRQH 10 10 ns 

PCS1, PCSO delay time 2 tpcSD2 85 85 ns 

Address· delay time tADZ3 50 45 ns 
to high impedence 3 

BACK delay time tsACKD 45 40 ns 

AS input setup time tASIS 40 40 ns Figure 17-23 

Address setup time tADS 40 35 ns 

Address hold time tADH 40 35 ns 

WAIT output delay time twroD 40 40 ns Figure 17-24 

DMAC DREQ setup time toRQS 40 35 ns Figure 17-25 

DREQ hold time tDRQH 10 10 ns 

DREQ width low tDRQW 2.0 2.0 u:yc 

DACK delay time 1 toACDI 50 45 ns 

DACK delay time 2 tDACD2 50 45 ns 

DACK delay time 3 tDACD3 50 45 ns 

DONE delay time 1 tooNDI 50 45 ns 

DONE delay time 2 tDOND2 50 45 ns 

DONE semp time tDONS 40 35 ns 

DONE hold time tooNH 10 5 ns 
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AC Characteristics (Vee = 5 V ±5%, Vss = 0 V, Ta = -20°C to +75°C) (eont.) 

8 MHz 10 MHz Reference 
Timing 

Item Symbol Min Max Min Max Unit Chart 

Timer Timer clock width tTMCI 2.0 2.0 tcyc Figure 17-26 

t-rMC2 2.0 2.0 tcyc 

tTMCKW 8.0 8.0 tcyc 

Timer clock setup tipte tTMCKS 30 25 ns 

Timer trigger pulse width tTMIWL 2.0 2.0 tcyc 

tTMIWH 2.0 2.0 tcyc 

Timer trigger setup time t-rMls 35 30 ns 

Timer output delay time tTMOD 60 60 ns 

ASCI Transmit clock cycle time tTcye 2.5 2.5 !eye Figure 17-27 

Transmit clock width low lTcLw 1.0 1.0 !eyc 

Transmit clock width high tTCHW 1.0 1.0 !eye 

Transmit clock fall time !TCf 50 50 ns 

Transmit clock rise time !Ter 50 50 ns 

Transmit clock delay time tTCD 60 50 ns 

Transmit data delay time 1 tTDDl 60 50 ns 

Transmit data delay time 2 lTDD2 1.5 2.5 1.5 25 !eye 

Receive clock cyele time tRcyc 2.5 2.5 tcyc 

Receive clock width low lRCLW 1.0 1.0 !eye 

Receive clock width high lRCHW 1.0 1.0 tcyc 

Receive clock fall time lRCf 50 50 ns 

Receive clock rise time lRer 50 50 ns 

Receive clock delay time lRCD 60 50 ns 

Receive data setup time 1 tRDSl 40 35 ns 

Receive data hold time 1 lRDHI 10 10 ns 
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AC Cilaracteristics (Vee = 5 V ±5%. Vss = 0 V. Ta = -lOoC to +75°C) (cont.) 

8MBz 10Mll& Rererenee 
TlmIDC 

Item Symbol MIn Mu MID Mu UDit Chart 

ASCI Receive data setup time 2 'RoS2 40 40 DB Figure 17·27 
(conL) 

Receive data hold time 2 'RoH2 10 10 DB 

RTS delay time lRTSD 60 SS DB 

CTS width low tcTSLW 2.0 2.0 fcyc 

CTSwidthhigh tcrsHW 2.0 2.0 fcyc 

DCD width low tocDLW 2.0 2.0 fcyc 

DCD width high tocDHW 2.0 2.0 tcyC 

Reset RES setup time lREss 30 30 DB Figure 17·28 

RES hold time lREsH 0 0 DB 

RES rise time lRr SO SO ms 
(Note) (Note) 

RES fall time 1Rf SO SO ms 
(Note) (Note) 

RES width low lRESw 12 12 fcyc 

Note: ~ rise and fall times are specified as 50 ns (max). However. if reset does not satisfy all 

other AC characteristics. its fall and rise time must be changed to satisfy these. 
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o 

Figure 17-1. 0 Clock Timing 

E 

Figure 17-2. E Clock Timing 

(Input) Input clock duty = 50"k ±10"k 

tEXr 

Figure 17-3. Input Clock Timing 
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Figure 17-4. Read Cycle Timing (without Tp) 
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tASD'tASH2 

twos 

~ Ir---+---

\ 

--I-----I-~I \'-----+__ 
tAD1 tASS 

\ V-
tAD1 tASS 

PF 
>- K 

tAD1 tASS 
I 

) lC 
tAD1 tASS 

ST2-STO ) K 
tpCSD1 tASS 

PCS1,PCSO ~ C 
Figure 17-5. Write Cycle Timing (without Tp) 
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o 

A161D15-
A1/DO 

A23-A17 

PF 

ST2-STO 

PCS1.PCSO 

'AD1. 'ASD. and 'ASW2 
are 1I1e l8J11e as Ihose In wrile cycle wl1I1 Tp 

Figure 17-6. Read Cycle Timing (with Tp) 
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Write Timing 

o 

A16/D15-A1IDO 

Read Timing 

o 

A16/D15-A1/DO 
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Figure 17-7. AddresslData Timing 



" 

Figure 17-8. AS Timing 
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v 

RIW, 810, PF, A23-A17, 
ST2-STO, PCS1, PCSO, ) 

A161D15-A1/DO 1'--------------

\'-------

ST2-STO, PeS1, PeSO, ----------.JK RIW,OO, PF, A23-A17, 
A161D15-A1/DO '-----__ _ 

____ .....JI 

Figure 17-9. Control Signal Timing 
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ADS,IDS 
(Rem) 

ADS,IDS 
(Wrie) 

o 

Figure 17·10. liDS, tDS Timing. 

Figure 17·11. RIW Timing 
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12) 

PF 

Figure 17·12. PF Timing 

SiD 

Figure 17·13. s/U Timing 

12) 

ST2, sn, STO 

Figure 17·14. STI, ST1, STO Timing 
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12) 

PCS1, PCSO 

12) 

Figure 17-15. PCSI-PCSO Timing 

Figure 17-16. WAIT Input Timing 

tBRH 

tBRS 

Figure 17-17. BRTRY Timing 

Bus Retry or 
Bus Error Cycle 
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o 

A161D15-
A1/DO 

A23-A17 

8T2-

8TO 

0 

A161D15-
A1/DO 

A23-A17 

A§ 

8T2-

8TO 
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I---Tp 
4@ I • TR1 ·1· TR2---l 

tA8D 

tA8W2 

tAD1 

Figure 17.18. Refresh Timing (with or without Tw state) 



/2) 

IRQ1,IRCO 
(Level) 

IRQ1,IRQO 
(Edge) 

Figure 17-19. NMI Timing 

Figure 17-20. IRijO, IRQ1 Timing 
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o 

Figure 17-21. lACK Timing 
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o 

A161D15-
A1/DO 

A23-A17, ----------,.1 

External bus master 

tADZ3 

ST2-STO, I}---------------
PF, StU 

A23-A17 ) 
A161D15 
-A1/DO __________ ..-J 1' ___________ _ 

~ PCS1, PCSO I'l,l. 
---------------------r------J ~-------------

o 

Figure 17-22. External Bus Master Bus Timing 
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External bus master ----i 

o 

A1&o15. ____________________________________ ~_d 

A1JDO 

A23-A17. 
ST2·STO. --------------------~ 
PF.SJU 
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Figure 17·22. External Bus Master Bus Timing (cont.) 

o 

A23·A17, 
A161D15· 
A1JDO 

Figure 17·23. AS', Address Input Timing (bus release) 



o 

DRE03-DREOO 
(Level) 

Figure 17·24. WAIT Output Timing 

I· DMAcycie 

__ -il----.. _tDRO-W.----i .. ¥ 
DRE03-DREOO . 
(Edge) 

Figure 17·25. DMAC Timing 

.. 
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o 

IOAC01 

----- ------....,. 
DACK3-DACKO 
(without Tp state) 

DACK3-DACKO 
(with Tp state) 

o 

DONE Output 

DONE Input 

J 

550)HITACHI 

tOACD3 

Figure 17·25. DMAC Timing (cont.) 



Clock Input 

Trigger Input 

Timer Output 

o 

o 

TIOA1, TlOA2 
TIOB1, T1oB2 

trMC1 tTMC2 

tTMCKS 
--t---t--

tTMlWI.. 

( 

tTMIS tTMIS 
-+-1--':";;';'; 

Figure 17-26. Timer Timing 

. HITACHI 551 



Transmission (TXC, TXD) 

1----_--lTcyc----....-I 

TXC (Irp..rt) 

tTCr 

1-----tTDD2 (Note) .. 

o 

TXC (Output) 

t-roD1 

TXD 

Note: TXD delay time in TXC Input mode 

Figure 17-27. ASCI Timing 
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Reception (RXC Input, RXD) 

tACf 

Axe (Input) 

AXD 

~---------t~--------~ 

Reception (RXC Output, RXD) 

o 

Axe (Output) 

AXD 

Figure 17-27. ASCI Timing (cont.) 
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CTS 

Figure 17·27. ASCI Timing (cont.) 
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" 

Figure 17·28. RES Timing 

Vee 

R 

Test Point 1>-----1 

I C 

C=90pF, R= 1.2kn 

Vee 

Test Point 0--"--'-""1--1 

C 152074 ® 
or Equivalent 

C .. 90pF, R=6kn, RL= 1.2kn 

(1) DONE and RES pins (2) All pins other than DONE and RES (TIL load) 

Figure 17·29. Bus Timing Test Loads 
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-------v 2.0V 2.0V V-
---A.....:.O.:..:.8V-'--__ O_.8~V ~ 

~/2.4V 2.4V V--
---A..:.;O.c:;..8V,,--_..;:.O.:..:;.8V.:...1\..-

(1) Input (2) Output 

Figure17.30. Reference Levels 
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Appendix A. Available EAs 

The HD641016 available EAs are described in Table A-I. Note that only insauctions containing an 

EA field are listed in tables. 

Symbols: S : Source EA 

Destination EA 

III: EA available 
B: EA not available (If specified. illegal instruction exception processing begins.) 
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Table A·t. Available EAs 
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Table A·t. Available EAs (cont.) 
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Table A-I. Available EAs (cont.) 
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Table A-I. Available EAs (cont.) 

'E'" 2" - a: c: A (J) A + c: 

n m 
.. E E 0: c: c: c: c: c: () @J a: 0: 0: 0: 0: 0: ~ ~ D-c: I () Q. 

In!:truction SID 
0: @J @J @J @J @J @J @J @J @J v v 

SET 0 :.' 
.... ' 

SHAL D 
: . .': . I, •. .'. " . I·: .. :." 

SHAR r:> . \. : . 

~ J!. .. , ,. I,C I: ':.'. 
~ '. 

SHLR D 
, .. " .:< ., '. , , 

STC IL' . , ,.;~: r·:s ·.· .• ':'. ,. .',. 

STM i-
.":.:;'::" ",' . ". 

SUB:G ' "". I;' ' .. ' . , .... , . ,: . .. ' ..... ' . 

$U6:~ J2 • . ... , 

SUBS S '.: . .: • .' 

SUBS D . " . : . 

SUBX S . : 
I .... ·, .' . " 

SUBX 11 
_SWA~ J2 
J"Aa Jl . ' 

~ D 
XOR S 

... '., 

~ D • " 

,. 

XORC S 
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Appendix B. Condition Code Affected 

Symbols: U: Unaffected 

*: Undefined 
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S: Set nonnally, that is: 

CX=C 

N=Rm 

Z=Rm· ... ·RO 
S*l: Set special (See instruction description) 

Sm: MSB of the source operand 

Om: MSB of the destination operand 

Rm: MSB of the result 

n: Bit number 

r: Shift count 



See Table B-2 for symbols used in table. 

Table B-1. Condition Codes Affected 

Mne- Special 
Category Type monic CX N Z V C Definition 

Arithmetic Add ADD:G S S S S S A: See Table B-2. 
Operation 

ADDS U U U U U 

ADDX S S S*1 S S V=Sm·Dm·Rm+Sm·Dm·Rm 
C=Sm·Dm+Rm·Dm+Sm·Rm, 
Z=Z·Rm·Rm-l...·Ro 

DADD S * S * S C=DecirnaJ Q!ry_ 
Z=Z·Rm·Rm-l ... ·Ro 

ADD:Q S S S S S A: See Table B-2. 

ADD:R S S S S S A: See Table B-2 

ADD:RQ S S S S S A: See Table B-2. 

Sub- SUB:G S S S S S B: See Table B-2. 
tract 

SUBS U U U U U 

SUBX S S S*1 S S V=Sm·Dm·Rm+Sm·Dm·Rm 
C=Sm·Dm+Rm·Dm+Sm·Rm, 
Z=Z·Rm·Rm-l...·Ro 

DSUB S * S * S C=Decimal borrow 
Z=Z·Rm·Rm-i· ... ·Ro 

SUB:R S S S S S B: See Table B-2. 

SUB:RQ S S S S S B: See Table B-2. 

Multiply MULXS U S S 0 0 

MULXU U S S 0 0 

Divide DIVXS U S S S 0 V=Division overflow 

DIVXU U S S S 0 V=Division overflow 

Negate NEG S S S S S V=Dm·Rm, C=Dm+Rm 

NEGX S S S*1 S S V=Dm·Rm, ~Dm+Rm 
Z=Z·Rm·Rm- ..• ·Ro 

DNEG S * S * S C=Decimal Borrow 
Z=Z·Rm·Rm-l...·Ro 
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Table B-1. Condition Codes Affected (cont.) 

Mne- Special 
Category Type monic CX N Z V C Definition 

Logical Logical AND U S S 0 0 
Operation AND 

ANDC S*1 S*1 S*1 S*1 S*1 C: See Table B-2. 

Logical OR U S S 0 0 
OR 

ORC S*1 S*1 S*1 S*1 S*1 C: See Table B-2. 

Exclu- XOR U S S 0 0 
sive 
OR XORC S*1 S*1 S*1 S*1 S*1 C: See Table B-2. 

Invert NOT U S S 0 0 

Compare Com- CMP:G U S S S S B: See Table B-2. 
pare 

CMPS U S S S S B: See Table B-2. 

CMP:Q U S S S S B: See Table B-2. 

CMP:R U S S S S B: See Table B-2. 

CMP:RQ U S S S S B: See Table B-2. 

Test Test TAS U S S 0 0 

TST U S S 0 0 

Shift & Arithme- SHAL S*1 S S S*1 S*1 V=Dme(Dm-l + ... + Dm-r) + 
Rotate tic Shift Dme(Dm-l + ... + Dm-r), 

C=Dm-r+l, V=C=o (r=O) 

SHAR S*1 S S 0 S*1 C=Dr-l, C=O (r=O) 

Logical SHLL S*1 S S 0 S*1 C=Dm-r+l, C=O (r=O) 
Shift 

SHLR S*1 S S 0 S*1 C=Dr-l, C=o (r=O) 

Rotate RO'IL U S S 0 S*1 C=Dm-r+l, C=O (r=O) 

ROTR U S S 0 S*1 C=Dr-l, C=o (r=O) 

Rotate ROTXL S S S 0 S*1 C=Dm-r+l, C=CX (r=O) 
with 
Extend ROTXR S S S 0 S*1 C=Dr-l, C=CX (r=O) 
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Table B-1. Condition Codes Affected (cont.) 

Mne- Special 
Category Type monic CX N Z V C Definition 

Branch, Branch Bcc:G U U U U U 
Jump, and 
Return BEQ U U U U U 

BNE U U U U U 

BRA U U U U U 

BSR U U U U U 

SCB U U U U U 

Jump JMP U U U U U 

JSR U U U U U 

Return RID U U U 'U U 

RTE S*l S*l S*l S*l S*l * 1: Corresponding bit of the 
stack word 

RTR S*l S*l S*l S*l S*l * 1: Corresponding bit of the 
stack word 

RTS U U U U U 

Single Clear CLR U 0 1 0 0 
Operand 

Extend EXTS U S S 0 0 

EXTU U 0 S 0 0 

Set SET U U U U U 

Swap SWAP U S S 0 0 

Transfer Move MOV:G U S S 0 0 

LDC S*l S*l S*l S*l S*l D: See Table B-2. 

STC U U U U U 

MOVfP U U U U U 

MOVIPEU U U U U 

MOVFP U U U U U 

MOVFPEU U U U U 

MOVA U U U U U 
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Table B-1. Condition Codes Affected (cont.) 

Moe- Special 
Category Type monic CX N Z V C Definition 

Transfer Move MOVF U 8 8 0 0 
(cont) 

MOV:Q U S 8 0 0 

MOV:R U 8 8 0 0 

MOV:RQU 8 8 0 0 

MOVS U U U U U 

81M U U U U U 

IDM U U U U U 

Ex- XCH U U U U U 
change 

String 8tring 8MOV U U U U U 
Data 
Transfer SSTR U U U U U 

String 8CMP U U 8*1 U U * 1: 8et if this instruction 
Data completes when cc is not 
Com- true, cleared otherwise. 
pare 

SSCH U U 8*1 U U * 1: 8et if this instruction 
completes when cc is not 
true, cleared otherwise. 

Bit BCLR U U 8*1 U U Z=Dn 

BNOT U U 8*1 U U Z=Dn 

B8ET U U 8*1 U U Z=Dn 

BTST U U 8*1 U U Z=Dn 

BitFteld BFEXT U 8*1 8*1 0 0 

BFlN8 U 8*1 8*1 0 0 

BF8CH U 8 8 0 0 

BfMOV U U U U U 
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Table B-1. Condition Codes Affected (cont.) 

Mne- Special 
Category Type monic CX N Z V C Definition 

Miscel- mAPA U U U U U 
laneous 

mAP U U U U U 

LINK U U U U U 

UNLK U U U U U 

NOP U U U U U 

ICBN U U U U U 

DCBN U U U U U 

COBN U U U U U 

PGBN U U U U U 

SLEEP U U U U U 

RESET U U U U U 

Table B-2. Special Definition 

Type Condition Codes Affected 

A V=~·~·~+~·~·~ 

C=Sm·Dm+~·Dm+Sm .~ 

B v=E·~·~+~·~·~ 

C=Sm·Dm+~·Dm+Sm·~ 

C When CR ~ CCR and CR ~ SR, 

CXN Z V C 

lulslslolol 
When CR = CCR or CR = SR, 

same as the ccmesponding bit of the result 

D When CR ~ CCR and CR ~ SR, unaffected 

When CR = CCR or CR = SR, same as the ccmesponding bit of the result 
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Appendix C. Instruction Cycles 

1. The number of instruction cycles listed here assumes the best case. Accordingly, they may 
increase dwending on the instruction combination. 

2. The number of instruction cycles are calculated as follows: 

The number of fixed instruction cycles + the number of EA calculation cycles 

3. See Tables C-2 through C-lS for details on the fixed instruction cycles. 

4. See Tables C-2 through C-14 for details on the source and destination EA types. 

5. See Table C-l for details on the EA calculation cycles. 

6. Instruction execution cycles are calculated as follows. 

ADP:Q.B Rla @(WORK.B. R2) 

123 
F'mt, fmd "ADD:Q" in the insttuction cycle table. "B" in the Sz field indicates the number of 
instruction execution cycle. Fixed instruction cycles indicated in the B.CYCLE field are 4. Both 
EA (S) and EA (0) types are type b. 

Type 

No. OP Sz Base Cycles EA(S) EA(D) 

1 ADD:Q B 4 b b 
ADDX 
SUB:Q W 4 b b 
SUBX 

L 4 c c 

2 ADD:Q B 5 b 

W 5 b 

L 5 c 

3 ADD:R B 5 
SUB:R 

W 5 

L 5 
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Next, detennine the instruction execution cycles for EA (S) and EA (0) from the EA mode cycle 
table. Then, there is 1 instruction execution cycle for EA (S) and 9 instruction cycles for EA (0). 

EAMode Type a Typeb 

Rn 1 1 

@Rn disp =0 5 6 
disp =8 8 9 
disp = 16 11 12 
disp =32 16 17 

@Rn+ 5 6 

@-Rn 5 6 

EAMode Type a Typeb 

Rn 1 1 

@Rn disp =0 5 6 
disp = 8 8 9 
disp = 16 11 12 
disp =32 16 17 

@Rn+ 5 6 

@-Rn 5 6 

Finally, add these instruction execution cycles to get total number of instruction execution cycles: 

4 + 1+ 9 = 14 (cycles) 

7. Instruction execution cycles in Tables C-2 to C-14 are calculated under the following conditions: 

• One bus cycle consists of three system clocks. 
• Word or long word data is aligned on word boundaries. 
• Opcodes and the EA fields are prefetched before the CPU fetches them. 

Accordingly, instruction execution cycles will change in the following cases: 

• Tw states are inserted. 
• Word or long word data is not aligned on word boundaries. 
• Instruction prefetch cycle is required since instruction prefetch is not perfonned 

synchronously with the CPU operations .. 

• Internal RAM is accessed. 
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Table C-l. EA Mode Cycle 

EAMode Type a Typeb Typec 

Rn 1 1 1 

@Rn disp = 0 5 6 9 
8 8 9 12 

16 11 12 15 
32 16 17 20 

@Rn+ 5 6 9 

@-Rn 5 6 9 

#XXXX /8 3 3 3 
16 7 7 7 
32 12 12 12 

@aaaa 8 6 7 10 
16 9 10 13 
32 14 15 18 

@Rn"'Sf disp = 0 6 7 10 
8 9 10 13 

16 12 13 16 
32 17 18 21 

@(Xm,Rn) Xm:W disp = 0 10 11 14 
8 13 14 17 

16 16 17 20 
32 21 22 25 

Xm:LW disp = 0 9 10 13 
8 12 13 16 

16 15 16 19 
32 20 21 24 

@(Xm,PC) Xm:W disp = 0 10 11 14 
8 13 14 17 

16 16 17 20 
32 21 22 25 

@PC Xm:L disp = 0 9 10 13 
8 12 13 16 

16 15 16 19 
32 20 21 24 

@PC disp = 0 6 7 10 
8 8 9 12 

16 11 12 15 
32 16 17 20 
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Table C-l. EA Mode Cycle (cont.) 

EAMode Type a Typeb Typec 

@@Rn disp1 = 8 disp2 = 8 20 21 24 
32 28 29 32 

disp 1 =32 disp2= 8 28 29 32 
32 36 37 40 

<CRn> 2 2 2 

<PRn> 2 2 2 
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Table C-2. Arithmetic Operation 

Type 
Base 

No. OP Sz Cydes EA(S) EA(D) Note 

1 ADD: G, ADDX. B 4 b b 
SUB:G,SUBX W 4 b b 

L 4 c c 

2 ADD:Q B 5 b 
W 5 b 
L 5 c 

3 ADD: R, SUB: R B 5 
W 5 
L 5 

4 ADD:RQ, B 4 
SUB:RQ W 4 

L 4 

5 ADDS, SUBS B 4 b c 
W 4 b c 
L 4 c c 

6 MULXS B 36 b b 
W 61 b b 

7 MULXU B 35 b b 
W 58 b b 

8 DIVXS B < 61 b b 
38 b b Divide by 0 

W < 80 b c 
38 b c DividebyO 

9 DIVXU B < 51 b b 
37 b b DividebyO 

W < 70 b c 
37 b c DividebyO 

10 DADD,DSUB B 5 b b 

11 NEG,NEGX B 3 b 
W 3 b 
L 3 c 

12 DNEG B 4 b 
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Table C-3. Logical Operation 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 AND,OR,XOR B 4 b b 
W 4 b b 
L 4 c c 

2 ANDC,ORC, B 10 b 
XORC W 10 b 

L 10 c 

3 CMP:G, B 4 a a 
CMPS W 4 a a 

L 4 b b 

4 CMP:Q B 5 b 
W 5 b 
L 5 c 

5 CMP:R B 5 
W 5 
L 5 

6 CMP:RQ B 4 
W 4 
L 4 

7 NOT B 3 b 
W 3 b 
L 3 c 

8 TST B 3 b 
W 3 b 
L 3 c 

9 TAS B 7 a 
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Table C-4. Shift & Rotate 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 SHAL B < 19 b 
W <19 P 
L <19 c 

2 SHAR B <16 b 
W <16 b 
L <16 c 

3 SHLL B <12 b 
W < 12 b 
L <12 c 

4 SHLR. B < 13 b 
W < 13 b 
L < 13 c 

5 ROTL,R01R B <16 b 
W <16 b 
L <16 c 

6 ROTXL, ROTXR B <17 b 
W <17 b 
L <17 c 
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Table C-S. Branch 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 Bcc:G B 4 c.c. = FaIse 
W 5 Branch not taken 
L 7 

B 12 c.c. = True 
W 15 Branch taken 
L 20 

2 BEQ,BNE B 4 Branch not taken 
W 5 
L 7 

B 12 Branch taken 
W 15 
L 20 

3 BRA B 10 
W 14 
L 19 

4 BSR B 10 
W 14 
L 18 

5 SCB B 5 c.c. = True 
W 6 Branch not taken 
L 8 

B 7 Rn=-1 
W 8 Branch not taken 
L 10 

B 11 Rn:;l:-1 
W 13 Branch taken 
L 17 

6 JMP 10 c 

7 JSR 10 c 
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Table C-6. Return 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 RID B 15 
W 19 
L 22 

2 RTE 19 

3 RTR 17 

4 RTS 14 

Table C-7. Single Operand 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 CLR B 3 a 
W 3 a 
L 3 a 

2 EXTS,EXTU 4 B~W 
4 W~L 
4 B~L 

3 SET B 5 a 

4 SWAP W 6 b 
L 8 c 
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Table CoS. Transfer 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 MOY:G,MOYS B 4 b a 
W 4 b a 
L 4 c a 

2 MOY:Q,MOVF B 5 a 
W 5 a 
L 5 a 

3 MOY:R, B 4 
MOY:RQ W 4 

L 4 

4 MOYA 4 a a 

5 MOVFP W 10 a a 
L 18 a a 

6 MOVIP W 10 b a 
L 17 c a 

7 MOVFPE B 14 a a Best case 
W 23 a a 
L 46 a a 

B 21 a a Worst case 
W 30 a a 
L 53 a a 

8 MOVIPE B 12 b a Best case 
W 25 b a 
L 43 c a 

B 19 b a Worst case 
W 32 b a 
L 50 c a 

9 XCH 6 

10 IDe B 13 b 
W 13 b 
L 13 c 

11 STC 7 a 
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Table C-8. Transfer (cont.) 

Type 
Base' 

No. OP Sz Cycles EA(S) EA(D) Note 

12 IDM B N=O N>1 
8 6N+9 a @-Rn 
8 6N+9 @Rn+ 
8 6N+8 Others 

W N=O N>1 
8 6N+9 a @-Rn 
8 6N+9 @Rn+ 
8 6N+8 Others 

L N=O N>1 
8 8N+9 a @-Rn 
8 8N+9 @Rn+ 
8 8N+8 Others 

13 S1M B N= 0 N>1 
9 4N+ 13 a @-Rn 
8 4N+12 @Rn+ 
9 4N+9 Others 

W N=O N>1 
9 4N+ 13 a @-Rn 
8 4N+ 12 @Rn+ 
9 4N+9 Others 

L N=O N>l 
9 6N+ 13 a @-Rn 
8 6N+ 12 @Rn+ 
9 6N+9 Others 
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Table C-9. Register Bank 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 DCBN 5N+ 16 Load registers 
5 Others 

2 ICBN 4N+ 12 Store registers 
3 Others 

3 CGBN 6N+ 14 Copy registers Dynamic 
8 Others 

6N+ 13 Copy registers Static 
7 Others 

4 PGBN 6N + 12 Copy registers 
9 Others 

Table C-IO. Bit 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 BNOT,BCLR, B 8 b 
BSET W 7 b 

L 8 b 

2 BTST B 7 b 
W 6 b 
L 7 c 

Table C-ll. String 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 SSTR B 4N+ 12 
W 4N+ 12 

2 SMOV B SN+ 12 
W SN+ 12 

3 SSCH B 9N+ 17 
W 9N+ 17 

4 SCMP B 12N + 17 
W 12N + 17 
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Table C-l2. Bit Field 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 BFEXT 14 c a 

2 BPINS 23 b c 

3 BFSCH 20 c a 
22 c a 

4 BFMOV 12 + 14Y X= I,Rnb<8 
12+32Y X= I,Rnb~8 
12 + (13A + 22) Y X=EVEN,A=X!2 
13 + (13B + 36) Y X = ODD, B = (X - 1)/2, 

X~1 

Table C-13. Link 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 LINK B 10 
W 12 
L 18 

2 UNLK 11 

Table C-14. Miscellaneous 

Type 
Base 

No. OP Sz Cycles EA(S) EA(D) Note 

1 TRAP 26 Tmptaken 
3 Trap not taken 

2 TRAPA 26 

3 NOP 1 

4 SLEEP 4 

5 RESET 265 
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Table C-1S. Execution Cycles Required for Exception Processing 

Exception Processing No. of Execution Cycles 

Reset Power-on 105 (Note) 

Manual 43 

CPU bus error 51 

CPU access level violation 49 

DMA bus error 33 

DMA access level violation 33 

Interrupt Non-acknowledge 34 

Single acknowledge 41 

Double acknowledge 48 

Trace 33 

illegal instruction. 34 

Note: No. of execution cycles is calculated under the following conditions: 

Power-on reset: 1 bus cycle = 11 system clocks 

Other exceptions: 1 bus cycle = 3 system clocks 
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Symbols: 1 = Output High 

o = Output Low 

Appendix D. Pin State 

* = Output undefmed value 

Z = High impedance 

IN = Input 

OUT = Output effective value 

Notes: 1. A23-A12: 0 

All-AI: Refresh address 

2. A23-AI7: Output the address in the CPU last bus cycle 

AI6/D15 - Al/Do: Z 

3. Asserted only in the double acknowledge mode 

4. Switched by the WTOE bit in the area wait control register (A WCR) 

5. Pull up all input and I/O pins. 

6. Do not pull down lACK pin. 

Table D-I shows the external pins' state in each operation mode of the HD641016. 
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J: 

~ o 
J: -VI 
Q) 
Co.) 

Table D-1. Pin State 

Addr... Data HDS 
NO. Operation Mode Bus Bus AS LDS RIW sIU PF STl STl STO PCSl PCSO WAIT BREQ iiCK iACK iiiTiiY 0 E 

Power-on_ z z z z z z z IN IN IN our our 

2 ManuaI_ z z IN IN IN our our 

Sleep mode "2Retained Z Retained 0 o o IN IN IN our our 

4 System stop mode "2Retained Z Retained 0 o o IN IN IN our our 

Halt z z Retained 0 o IN IN IN our our 

6 Refn:sh "lOUT Z our 1 o o IN IN IN our OUT 

7 Bus release IN Z IN Z Z Z Z Z Z Z our our "40UTIL IN o Z IN our our 

8 Intenuptaclmowledge our IN OUT our 1 o IN IN "30 IN our our 

9 Normal (ExtmJal felCh) our IN our OUT·our our our 0 our our IN IN IN our OUT 

10 Normal (lntmJal felCh) our Z our our OUT 0 IN IN IN our our 

11 Normal (ExtmJal data wri1e) our IN OUT OUT OUT our OUT 0 our OUT IN IN IN our our 

12 Normal (IntmJal J,Q data) our OUT our OUT our our our 0 our our IN IN IN our our 

13 Normal (IntmJall-O data read) OUT Z OUT OUT our 0 IN IN IN our our 

14 Nonna1 (IntmJal J/O data wri1e) our our 1 our OUT our 0 IN IN IN our OUT 

15 InIemal DMAC (Dual extmJal read) our IN our OUT OUT our OUT o our OUT IN IN IN our OUT 

16 Internal DMAC (Dual external wri1e) our our our OUT OUT our OUT o our our IN IN IN our OUT 

17 IntmJal DMAC (Dual internal J,Q read) our Z our our OUT o IN IN IN our our 

18 Internal DMAC (Dual internal J,Q wri1e) our OUT 1 our OUT OUT o IN IN IN our our 

19 Internal DMAC (Single memory read) our Z OUT OUT OUT our OUT o o OUT OUT IN IN IN our our 

20 Internal DMAC (Single D1C1I\OI}' wri1e) OUT Z OUT OUT OUT our our o o our our IN IN IN our our 



Table D-2 shows the state priority when multiple states, which can be decoded by ST2-STO, occur 

simultaneously. 

Table D·1. State Priority 

No. States Name Priority State Occurring Simultaneously (No.) 

1 DMA 2 5 
Single address mode 

2 DMA 2 5 
Dual address mode 

3 Bus lock 3 

4 Nonnal 4 

5 Sleep 3 1,2,7 

6 System stop 3 7 

7 Refresh 1 5,6 

8 InteITUpt 3 
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Appendix E. Memory Map 

H'OOOOOO 

Area 0 

H'FF28 

H'FFOOOO --------- H'FF40 

H'FFF800 I~ 
Internal RAM 

Interrupt 
IBR H'FF48 

RBR H'FF58 
ASCI 0 ~ : Reserve Area 

H'FF70 

H'FFFBFF H'FF88 

H'FFFEOO 

Internal 110 I-
H'FFFFFF H'FFCO 

DMAC 1 
H'FFDO 

DMAC 2 
H'FFEO 

DMAC3 

H'FFFO DMACCommon 

H'FFFF 
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Appendix F. CPU Register Initial Values 

CPU Register are initialized as shown in Figure F-l. Note that general purpose registers and BSP 

are not initialized. 

" 7 0 

SR I 0 1-11 I 0 1-11 11 11 1-1-1-1'1 ·1 ,1 ·1 ·1 

" 7 0 

COl 1-1-1-1-1-1-1-1-1-1-\-1-1-1'1'1'1 

Jr" 23 15 7 0 

I ·1 ·1 ·1 ·1·1 ·1·1·1 0 I 01 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 10 10 10 I 0 I 0 10 I 0 I 0 I 
RBR 
~ H " 7 0 

1·'-1-'·'·'·'·1· 1111 l,j d d d d d d d 1111110' ·1 ·1 ·1·1·1·'·1·1·1·1 
IBR 
31 23 15 7 0 

1·1·1·1·1·1·1·1·111111111111111 d ·'·1·1·'·1·1·1·1·'·'·'·'·1·'·1·1 
CBNR 
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o ....... C I.ared (0) 

1 ....•.. Set(l) 

........ tk1defined 

Reserve bit. Always read as O. 
- • • • • • •• Cannot be written to. 

General perpose register and BSP are not Initialized. 

7 0 

BMR 11101110101110101 

7 0 

GBNR 1.\.1.1.101010101 
7 0 

V8NR 1-1-\.1.1-101+1 

Figure F·l. Register Initialization 



Appendix G. I/O Register 

Register abbreviation Address offset value of this register 

Register name eripheral function name 
~----~~---+~~~,---------~~~ 

Bhnumber----~_.--------------------~-----J 

Inhial value -------+-

R Readonly 

W Write only 

ANI ReadM'rite 

ANI ANI 

OVRN Interrupt Enable 

Bit abbreviation 
and bit poshion 
symbols are as 
follows: 

*= Undefined 

_. Reserve bit. 
ANiaysreaci 
aso. 
Cannot be 
written to. 

FAME Interrupt Enable --------------r--Bitname 

PMP Interrupt Enable 

o Disable 

Enable 

o 

Figure G-l. Register Description Key 

Value and 
meaning 
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Area Base Register 0 (ABRO) I H'FF28 I LCS 

15 14 13 12 11 10 9 a 7 6 5 4 3 2 1 0 

I-I -I -I -1-1--1 -I -I AB231 AB221 AB211 AB201 AB19 I ABlal AB17 I AB16 I 

0 0 0 0 0 0 0 0 

ANI ANI RJW ANI PJW ANI ANI PJW 

I 
Area Base 23-16 I Specifies bits 23-16 of the 

area start address 

Area Range Register 0 (ARRO) I H'FF2A I ~ 
15 14 13 12 11 10 9 a 7 6 5 4 3 2 1 0 

I-I -I -I -I -I -I -I -I AR23 IAR22 I AR21IAFI20 I AR1g1 AR1SIAR17IAR16I 

0 0 0 0 0 0 0 0 

ANI ANI RJW RJW ANI ANI ANI ANI 

I 
Area Range 23 -16 I Specifies bits 23-16 of the I 

area length 

Area Wait Control Register 0 (AWCRO) I H'FF2C I CS 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1-1- 1-1-1-1-1-1-IWTOEI~V/I-I-I-IBWC2IBWC1IBWCOI 
0 1 1 1 1 
RIW RIW RIW RIW RIW IJ I 

Wait Output Enable Bus Wait Cycle 2-0 

0 Disables WAIT output BWC2 BWC1 BNCO No. of 

Access level wail slates 
1 Enables WAIT output 0 0 0 0 

0 User level 0 0 1 1 
0 1 0 2 

1 Supervisor Ieo:'eI 0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 
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Area Base Register 1 (ABR1) I H'FF2E I I CS 

same as area base register O. 

Area Range Register 1 (ARR1) I H'FF30 I I CS 

same as area base register O. 

Area Wait Control Register 1 (AWCR1) I H'FF32 I I CS 

same as area wait conIIOlregister ~. 

Area Base Register 2 (ABR 2) I H'FF341 I CS 

Same as area base register O. 

Area Range Register 2 (ARR 2) I H'FF361 I CS 

Same as area range register O. 

Area Wait Control Register 2 (AWCR2) I H'FF38 I I CS 

Same as area wait control register O. 

Area Base Register 3 (ABR 3) I H'FF3AJ I CS 

Same as area base register O. 

Area Range Register 3 (ARR3) I H'FF3C1 I CS 

same as area range register O. 

Area Wall Control Register 3 (AWCR3) I H'FF3E I I CS 

same as area walt control register O. 

HITACHI 589 



Irterrupt Priority Register 0 (IPRO) I H'FF40 I IC 

15· 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 -I -ISOP1IS0POI - 1 -IS1PlIS1P~ - 1 -I -I -I -I -1T1PllT1POI 
0 0 0 0 0 0 

FWl FWl FWl FWl FWl FWl 

-r- --r 1 
ASCAO Priority 1, 0 ASCl1 Priority 1, 0 11mer 1 PrIorIty 1, 0 

SOP1 SOl'( 
Priority 

SlP1 ~lP 

\ ~ 
Level 

T1P1 ~lPO 
0 0 0 (Mask) 
0 
. 

1 (Low) 1 

1 0 2 (Medium) 
1 1 3 (High) 

Interrupt Priority Register 1 (IPR1) I H'FF42 I IC 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I - 1 - IWll T2P01 - I -I - 1 - 1 - 1 - 1000000liDMOPoI - 1 - IDM1Plloul~ 
0 0 0 0 0 0 

FWl FWl FWl FWl FWl FWl 
I 

DMACO ~riorlty -y-
llmer 2 Priority DMAC1 Priority " 0 

1,0 1,0 T2P1 12PO 
DMOP1 ~ 

Priority 

~ 
DM1PG 

Level 

\ 
DM1Pl 

0 0 0 (Mask) 
0 1 1 (Low) 
1 0 2 (Medium) 
1 1 3 (High) 

Interrupt PrIority Register 2 (IPR 2) I H'FF44 I IC 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I - I -11lM2P111MP01 - 1 - 1DM3P1let.a1'Ol - I - IIROP111ROPoI - 1 - IIR1Pl11R1Pli 
0 0 o 0 0 0 0 0 

FWl FWl FWl FWl FWl FWl FWl RIW 

I I I T 
DMAC2 Priority DMAC3Priority IRoo Priority " 0 IRQl Priority 1, 0 

1,0 

"\ S 
DM2P1 DMP2PC , 

MaP1 DM3PO Priority 

RDPI IROPO 
Level 

, IR1Pl IROPO 
0 0 0 (Mask) 
0 1 1 (Low) 
1 0 2 (Medium) 
1 1 3 (High) 
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Intenupt Control Register 1 (lOR) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 -I -I -I - 1 - 1 - 1 -I - IMlOINMlVlrow/ BlY.IRlf.3I1Of.1·1 -I -I 

Perp,eral Control Register 0 (peRO) 

15 14 13 12 11 10 9 8 

o 0 0 0 0 0 
RIW RIW RIW RIW RIW RIW 

T~-'" 
IRQ Vector Select O. 1 

NMI Vector Select 

101 Non-acknowledge mode 1 
1 Slngle acknowledge mode 

Interrupl Mode 

7 6 5 4 3 2 1 0 

IC 

PC 

1-1- 1-1- 1 1 -I -I 
o 0 

IWV IWV 

1XIRX Buffer Register (TRB) Channel 0 ASCIO 

7 6 5 4 3 2 0 

TRB7 TAB 6 mB5 TAB 4 I TRB3 mB2 TAB 1 TABol 

* * * * * * * * 
R/'N IWV IWV IWV IWV IWV R/'N IWV 

TXlRX Buffer 7-0 

Transmit character is written to the TX buffer. 

Receive character Is read from the AX buffer. 
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Status Register 0 (STO) Channel 0 I H'fFS9 

1 8 5 4 3 

o 0 
R R 

I 
RXINT In1enupI 

TXINT ~ 10 1=1 
~IEN1i1d 
~ 

Status Register 1 (ST1) Channel 0 I H'FF5A I 
1 8 5 4 3 

1 - 1 Ill. 1 -I - 1 CCTS 1 
0 0 

ANI ANI 

TXJ 

1:1:::"1 

Status Register 2 (81'2) Channel 0 I H'fFSB I 
7 6 5 4 3 

I - I PMP I PE I FAME I OVRN 

0 0 0 0 
PJW PJW PJW PJW 

2 

-

2 

coco 
0 
ANI 

I 

I 

1 0 

1 1JCRDY 1 RXRDY 1 
0 0 
R R 

I 

EXROY o No I8CIivI daIa 
1 RecaIva daIa 

~
DYInla 

o TXIUlerU 
1 TXIUIer 

1 0 

1 IIR1<D 1 BRI<E 1 
0 0 

ANI ANI 

\ 

2 1 

- I - I 
I L OVerrun Error 

Framing Error l~o"TI\-N-o ove-rru-n-err-or-', \ 

lor No framing error 1 11\ Overrun error \ 
I 1 I Framirig error I 

FI~i-1 :7:..:-1 1 'I' 
\1 I Parity error I 
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Status Register 3 (ST3) Channel 0 I H'FFSC I I ASCIO 

7 6 5 4 3 2 , 
° I - I - I - I - I Ci'i I iiCii I TXE/a I RXENBL I 

° ° ° ° R R R R 

I RXJ-

101=11~1=1 
, fnaIlII 

Doll canter IleIecI 

QewTo$n \0\ @ 
\*tJ ' 

Interrupt Enable Register 0 (lEO) Channel 01 H'FF5E I I ASCIO 

7 8 5 4 3 2 , ° I TXINTE I~ I - I - I - I - I TXRDYE I RXIIlYE I 
~ ° ° ° R/W R/W R/W 

I I 
RXINT~_ iin:r-101~1 ° Disable 
, fnaIlII 

1_ 
TXINT InIInupI Enable TXRDY InIInupI Enable 

(H:3 , fnaIlII 101~1 ,-
Interrupt Enable Register 1 (IE1)ChanneI01 H'FF5F I r ASCIO 

7 • 5 4 3 Z , ° 
I - I IlI.E I -I - I CCTSEI ~ 1 ~IREEI 

° ° 0 0 0 
RIW R/W RIW R/W R/W 

~ I 
I 

8R1CE~E_ 

101D-1 ,-
BRKD ....... ENbIe 

ccPi5!j = ,-
~LE 

coco 1nII0I4'I Enable 

lffi:j 1_ 
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Interrupt Enable Register 2 (1E2) Channel 0 I H'FF60 I I ASCIO 

7 • 5 4 3 2 , 0 

I - I Plftl PEeI_I_1 - 1 - 1 - 1 
° ° ° ° !WI !WI !WI !WI I L... OVIIN-,_ 

1°1_1 ftlej-'-0_ ,-
e-

e-
Command Register (CMD) Channel 0 H'FR2 1. I ASCIO 

7 8 5 4 3 2 1 0 

I - I - I CM>S I CMD4 I CMD3 I et.112 I ct.Ill I et.IIO I 
0 0 0 0 0 0 
w w w w w w 

I 
CommInd~ 

Transfer Convnands Receive Commands Miscellaneous Commands 

000001 TX18881 010001 RXIIIIt 1:1=1 000010 "TXenabIe 010010 RXII1IbIa 

000011 TXcIsabIe 01001 RXcIsabIe 

001000 MPblton 010110 SeardI MPbII 

001001 TX bullerClea 

Mode Register 0 (MOO). Channel 0 I H'FF63 I I ASCIO 

7 • 5 4 a z I 0 

I PRTW I PATelI IPRTClO lImO I - I - I SlOPI I SlOPO I 
0 0 0 0 0 0 

R/W R/W R/W R/W !WI R/W 

I T I ................ 
PRTCU 

~modI 
IVIIEnaIIIe Slop .l.qiI1l. 0 

PIITCI.O 

I~I::.-I 
STOP1 

_III 
000 AIJ1'dInI1UI modi STOPO ..... 
00' 00 'III . RasaI'8cI 01 RasaI'8cI 
101 

'0 2bi11 
110 =..-. " RaI8MId 

'" ReIIMd. 
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Mode Register 1 (MD1) Channel 0 H'FF64 1 I ASCIO 

7 a 5 , 3 2 1 0 

I BRAn: 1 I BRAn: 0 ITXClfll ITXCHRO I RXCHR 11 RXCIfIO I PMPMl I ~MO I 
0 0 0 0 0 0 0 0 

PJW PJW PJW PJW PJW PJW PJW PJW 

T I I I 
ParitylMultipoeessor 

RX CharacIer Lenglll, 0 _1.0 
TX Charac1er 1.engIIl, 0 

PUPMI Plllyl 
811_1,0 RXCHRI RX_ PMPMO lIuIIip_ 

TXaiIIl TX_ RXCHRO IIt!g\II ...... 
BRATEl 81_ TXCHRII IongIh 00 None 
BRATBI 00 Bbill 00 Bbill 

7b111 01 7bill 01 MPbiI 
00 111_ .... 01 10 enn_ 
01 Vla_ .... tn -- 10 - 11 'Odd".,., 
10 1132_ .... " - 11 -11 1164_1811 

Mode Register 2 (MD2) Channel 0 I H'FF65 I I ASCIO 

7 6 5 4 3 2 1 0 

I - I - I - I - I - I - I CNCTI I CNCTO I 
0 0 

RfoN RfoN 

ChameI~',O 
CNCT1 TransmitlReceive 
CNCTO Mode 

00 Full-duplex 
01 Aulo-echo 
10 Heserved 
11 LOcal 100pback 

Control Register (CTL) Channel 0 I H'FF66 I I ASCIO 

7 6 5 4 3 2 1 0 

I - I - I - I - I BRK I - I - I RTS I 
0 1 

RfoN PJW 

T -r 
Send Break RequeS1 to Send 

~ ~ Ion 
1 High 
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Time Constant Register (TMC) Channel 0 I H'FF6A I ASCIO 

7 6 S 4 3 2 1 0 

I TMC7 I TMC6 I TMCsl TMC4 I TMC3 I TMC2 I TMC1 I TMCO I 
0 0 0 0 0 0 0 1 

PJW PJW PJW PJW PJW PJW PJW PJW 
I 

Time ConsJant 7 - 0 
Value to be loaded Reload Tuner (f0(TMCl 

AX Clock Source Register (RXS) Channel 0 I H'FF6B I ASCIO 

7 6 S 4 3 2 1 0 

I - , 
RXCS2 

, 
RXCS1' RXCSO 

, - , - , - , - I 
0 0 0 

PJW PJW PJW 
I RX Clock Source Select 2· 0 

Asynchronous 000 RXCinput 

100 BRG output 

Clock synchronous 000 Slave mode 

100 Master mode 

TX C/ock Source Register (TXS) Channal 0 I H'fF6C I ASCIO 

7 • 5 4 a Z 1 0 

I - I TXCSzl TXCS ,I TlCSO I TlIIl13 I TlI8IIzl TlC8R I ITXBRO I 
0 0 0 0 0 0 0 

IW/ 1m RIW RIW RIW RIW IW/ 

I I llIBaud RIll )TxaR3.' , _3-0 . Baud 
TXC1ocl __ Z-O 

1lIBRO RIll 

~ ... "'r. .... - ' 111 

100 BRO_ 0001 Ill' 

C1odI~ 

GOO __ 
0010 114 
lIOn I. 

100 __ 

0100 1116 .... 1M 
OlIO 1184 • 
O1n 11128' 
lGOO IIl56 
1001 11512 
.... 0 -1111 
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lXIRX Buffer Register (TAB) Channel1 I H' FF70 I I ASCI 1 

Same as lXIRXbuffer register channel O. 

Status Register 0 (STO) Channel1 I H'FF71 I I ASCI1 

Same as status register 0 channel O. 

Status Register 1 (ST1) Channel1 I HFF72 I I ASCI1 

Same as status register 1 channel O. 

Status Register 2 (ST2) Channel 1 I H'FF73 I I ASCI1 

Same as statlls register 2 channel O. 

Status Register 3 (ST3) Channel 1 I H'FF74 I I ASCl1 

Same as status register 3 channel O. 

Interrupt Enable Register 0 (lEO) Channel 1 I H'FF76 I I ASCI1 

Same as interrupt enable register 0 channel O. 

Interrupt Enable Register 1 (IE1) Channel 1 I H'FF77 I I ASCI1 

Same as interrupt enable register 1 channel O. 

Interrupt Enable Register 2 (IE2) Channel 1 I H'FF78 I I ASCI1 

Same as interrupt enable register 2 channel O. 
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Command Register (CMO) Channel 1 I H'FF7A J I ASCI1 

Same as command register chaanel o. 

Mode Register 0 (MOO) Channel 1 I H'FFlB I l ASCI1 

Same as mode register 0 channel o. 

Mode Register 1 (M01) Channel 1 I H'FF7C I I ASCl1 

Same as mode register 1 channel o. 

Mode Register 2 (M02) Channel 1 I H1T7D I I ASCI1 

Same as mode register 2 channel o. 

Control Register (CTL) Channel 1 I H1T7E J I ASCI1 

Same as control register channel o. 

Time Constant Register (TMC) Channel 1 I H'fF82 I L ASCI1 

Same as time constant register channel o. 

RX Clock Source Register (RXS) Channel 11 H'fF~1 I ASCI1 

Same as RX clock source register channel O. 

TX Clock Source Register (TMS) Channel 11 H'fF84 J I ASCI1 

Same as TX clock source register channel o. 
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Up Count Register (UCR) Channel 1 I H'FF8E I I Tmer1 

1S 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I I I I I I I I 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RIW RIW RIW RIW PIN PIN ANI ANI ANI ANI ANI PIN ANI ANI ANI ANI 

I 
Count value 

Count Compare Register A (CCRA) Channel 1 I H'FF9O I I 11mer1 

1S 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I I I I I I I I 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ANI RIW ANI ANI PIN PIN ANI PIN RIW RIW ANI ANI RIW ANI RIW PIN 

I 
Compare value A 

Count Compare Register B (CCRB) Channel 11 Ii' FF92 I I Tmer1 

1S 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I I I I I I I I 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

RIW ANI ANI ANI PIN PIN ANI RIW PIN PIN PIN PIN PIN PIN RIN RIN 

I 
Compare value B 
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QlntroI Register (CNTR) Channel 1 I H'FF94 L lirner1 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IMDS1MDsolCSS2 css11cssolTSS1 TssolDMAI CIE I OlE I MIE10lB OlA I UCEJUCRCI STP I 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
RIW RIW RIW RIW RIW RIW Rm RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Stop Point 

10 II'Qa :[!I!O!S!ii I 1 TI08 recedes 
Upcount Register 
Clear 

Upcount Enable 
lICE UCRC llmer oDeralion 
0 0 COuntstoD. 
1 0 Count run . 1 count initialization 

output level B.A • cion' car. 
10lB I OLA I Timer output I 
10 10 I low I 
I 1 11 I High I 

IMeasurement End Interrupt Enable I 0 IDisabie I 1 Enable 
Over:flow Interrupt Enable 
I 0 IDisable I 
l 1 tEnable 1 

Compare Interrupt Enable 
I 0 Disable 
I 1 IEnable I 

Direct Memory Access Request 
I 0 IDisabie I 
I 1 IEnable I 

Clock Sourse Select 2-0 Trigger Source Select 1-0 
CSS2 CSS1 CSSO InDutclock SS1 TSSO Trigger input 

0 0 0 ·1180 0 0 Reserved 
0 0 1 Reserved 0 1 Reserved 
0 1 0 Reserved 1 0 TTGI 
0 1 1 Reserved 1 1 ·TOUT 
1 0 0 11640 
1 0 1 Reserved 
1 1 0 TCKI 
1 1 1 TOUT 

Mode Select 1.0 
MOS1 MDSO Mode 
0 0 Measurement 
0 1 One shot 
1 0 Normal 
1 1 ITwo-phase output 
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Status Register (S1R) Channel 1 I H'FF961 I limer2 

15 14 13 12 11 10 g 8 7 & 5 4 3 2 1 0 

I -I - 1 -I -1- 1 -1- 1 -I - 1 - 1- 1- 1 CF 1 OF 1 MFIOLSI 
0 o 0 0 

_R R R R 1 T 
OoApullMl 

I~!::I" 
_Enl!!!II 

Ifl~ril 
Note: In two-phase ouIput mode, OLS ind"1CII1S the logical OR _fila 

01 the two ouIpullevels. I:I~I 
~I 

Up Count Register (UCR) Channel2 I H'FF98 I I limer2 

Same as up count register channel 1. 

Count Compara Register A (ceRA) Channel 2 I H'FF9A I I llmer2 

Same as count compare register A channel 1. 

Count eorr.-e Agister B (CCRB) Channel2 I H'FF9C I I 1lmer2 

Same as count compare register B channel 1. 

ConbaI Register (CNTR) Channel 2 I tfFF9E I I llmer2 

Same as control register channel 1. 

Status Register (S1R) Channel 2 I H'FFAO I l Tmer2 

Same as status register channel 1. 
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Memory Address Register (MADR) Channel 0 I H1=Fso I L DMAC 0 

31 30 29 28 27 26 2S 24 23 22 21 20 19 18 17 16 

I-I-I-I-I~I-I~I-I 1 1 1 1 I I 1 I 
* * * * * * * * 
ANI ANI ANI ANtI ANtI ANtI ANI ANtI 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
* * * * * * * * * * * * * * * * 

ANI ANI ANI ANtI ANtI ANI ANtI ANtI ANI ANI ANI ANI ANI ANI ANI ANI 

Device Address/Next Block Address Register (DADRI 
NADR) Channel 0 I H'FFB41 I DMACO 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

1-1-1-1-1-1-1-1-1 1 1 1 1 1 1 1 I 
* * * * * * * * 

ANI ANI ANtI ANI ANI ANI ANtI ANtI 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 
* * * * * * * * * * * * * * * * 
ANI ANI ANI ANI ANtI ANI ANI ANI ANI ANI ANI ANI ANI ANI ANI ANI 
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Execute Transfer Count Register (ETCR ) Chamel 0 . '- H'FFB8 J I DMACO 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I I I I I I I I 
* * * * * * * * * * * * * * * * 

FWI FWI FWI FWlFWIFWIFWIFWIANlANlANlANlANlANI ANI ANI 

I 
Specifies transfer count. 

Next Block Transfer Count Register (NTCR) Channel 0 I H'FFBA I I DMACO 

1§ l~ la 12 11 1Q a § 7 § Ii 4 a 2 1 Q 

I I I I I I I I I I I I I I I I I 
* * * * * * * * * * * * * * * * 

FWI FWI ANI ANI ANI ANI FWI ANI ANI ANI ANI RlW FWI ANI ANI FWI 

I 
Contains transfer count. 
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Channel Control Register A (CHCRA) Channel 0 DMACO 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ANI RIW RIW RIW ANI ANI ANI ANI RIW ANI ANI ANI ANI ANI ANI RIW 

T' I 
Device ClassHicatlon 2-0 
See Table 8-3 

Memory Space 1,0 
TF Interrupt Enable 00 User data 

01 User ° TF int disabled 
1 TF int enabled 10 

11 

Operand Size 

101W;rdl 1 B e 
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Channel Control Register B (CHCRB) Channel 1 I DMACO 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IDRC1IDRC~ DSl I DSO pBE~ - 1 - I -I -I -I -I -I - I -I -I -I 

00 Userdata 
01 User--", 
10 5uP8IYISOr data 
11 :supervISOr program 

Devic:e AddI8SS Ragisler Change 1P 

00 Increment 
01 Decrement 
lX Reserw 
10 FIXed 
11 Reserved 

Memory Address Register (MAOR) Channel 1 

Same as memory address register channel o. 

Device AddresslNext Block Addreas Register (DA~DR) Channel 1 I H'FFC4 I 
Same as device addrasslnexl block address register channel o. 

Execute Transfer Count Register (ETCR) Channel 1 

Same as execute transfer count register channel O. 

Next iIIock Transfer Count Register (NTCR) Channel 1 

Same as neJd block transfer count register channel o. 

Channel ContrOl Register A (ctiCRA) Channel 1 I H'FFCC I 
Same as channel control register' A channel o. 

Channel Control Register B (CHCRB) Channel 1 I H'FFCEJ 

Same as channel control register B channel o. 

I DMAC1 

I DMAC1 

I DMAC1 

I DMAC1 

I DMAC1 

I DMAC1 
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MemorY Address Register ( MADR ) Channel 2 I H'FFOO I I DMAC2 

Same as memory address register channel O. 

Device AddresslNext Block Address Register (DADR INADR ) Channel 2 I H'FFD4 I I DMAC2 

Same as device address/next block address register channel O. 

Execute Transfer Count Register (ETCR ) Channel 2 I H'FFD8 I I DMAC2 

Same as execute transfer count register channelO. 

Next Block Transfer Count Register ( NTCR ) Channel 2 I H'FFDA I I DMAC2 

Same as next·block transfer count register channel O. 

Channel Control Register A ( CHCRA) Channel 2 I H'FFOC I I DMAC2 

Same as channel control register A channel O. 

Channel Control Register B ( CHCRB ) Channel 2 I H'FFDE I I DMAC2 

Same as channel control register B channel O. 

Memory Address Register ( MADR ) Channel 3 I H'FFEO I I DMAC3 

Same as memory address register channel O. 

Device AddresslNext Block Address Register ( DADRlNADR ) Channel 3 I H'FFE4 I I DMAC3 

Same as device address /next block address register channel O. 

Execute Transfer Count Register ( ETCR ) Channel 3 J H'FFES I I DMAC3 

Same as execute transfer count register channel O. 
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Next Block Transfer Count Register INTCR) Chamel 3 I H'FFEA 

Same as next block transfer count register channel o. 

Channel ContrilI Register A (CHCRA) Channel 3 I H'FFEC 

Same as channel control register A channel o. 

Channel Control Register B (CHCRB) Channel3l H'FFEE 

Same as channel control register B channel o. 

Operation Control Register (OPCR) I H'FFFO 

_ 1- 1:... DUA _Enable 

J:=:::1 
_ChonnoII 

10 I SUCC lranafar disabled 
1 Succ transfar enabled '- DMA __ • 

I~I==I - __ ChonnII. 

I~I==::=I 
'- _OporaIana.molZ 

OS""" lrans'ar disabled ' 
1 Succ lrans'ar enabled 

DUA _ChonnoI2 
__ 0p0Idan ChImoII I~I==I 

10 Isucc ",nafer disabled I 
1 Succ transfer enabled 

DIIA _ ChonnoII 

__ ChonnIII 

IOIDEI·8UC1_-1 :::::::=:------.!SU~OCI~ •• ~IO~Opoo~~-~n~ChImoI~~o 1 DEt.8UCI __ 
DUA __ O IOISucc ",nsfer disabled I I : I :;:= I .1 • Succ lranafar anabled • 

_ EnIbIo ChImoI ° 
I~I=:::=I 

_' ReS8l'/8d. /M!jSrud as O. CIMDI be wri\len. 
oPcR is not ai_ by Ih8 RESET ins1nICIion. 

I DMAC3 

I DMAC 3 

L DMAC 3 

I DMAC 3 
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Memory ConIro/ Reglsler (MeR) I H'FFF8 J I MC 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0 

I WITEIASWC IIWCIIIWCO I -
I 

- I - I RPLj REF~RWCIIRWCOIRRNII RRNIj CY9 CYCII Cycal 

I I I I 0 I I I 0 0 0 0 0 

!WI !WI !WI !WI !WI !WI !WI fW/ RIW !WI RIW !WI ANI ----T -.-- -,.-

T 
Refresh R~uest Number 

Interrupt Wait Cycle 1, 0 RANI Max No. of Deferred 
RANO Refresh Cycles 

IWCI No. 01 TW 00 31 
IWCO states 01 63 
00 0 10 127 

01 I 
II 255 

10 2 
11 3 Refresh Wait 9yc1e 1, 0 Refresh Cycle 2-0 

RWCI No. of TRW 
AS Wait Control RWCO States CYC-2 Refresh Cycle 

I 0 J Disable TD slale Insertion 
CYCO Interval 

00 0 000 32 
I 1 I Enable Tp Slala Insertion 01 I 001 64 

10 2 010 96 
011 128 - 11 3 100 WAlT l,.u Enable 160 

o I OIsabIewAlT~1 101 192 
Refresh Enable 110 224 

I I EnabIe"VWr ktpIj I 111 Disable refresh 256 
0 cycle Insertion 

I 
Enable refresh 
cycle Insertion 

Refresh Priorily Level 

I 0 I Normal refresh I 
I I I Bursl refresh I 

-: Reserved bit. flMays read as O. Cannot be written to. 
MeR is not affeded by the RESET instruc:tion. 

608 HITACHI 



Appendix H. Package Dimensions 

Unit: mm (inch) 

302HO.12(1190±0.005) 

" 184 ,~ 

12 0 74 

~ ~ 

~! 
.. 
+I 

~ 

, 
! .:: 

51 
~ .. 

+1 
I'l 
~ 

32 54 

33 53 

29.28(1.1 53) 

00.10(0.004 
(SEAT1'IG PLANE) 

(CP-84) 

37.08 J3 OHO 45 
(r.460) 3oiy,,'1 

\I.300±0.017) 

I 2.5HO.25 
0.100 ± 0.009) 

0 ED ••••• @ .@ ••• @ED '---
•••• @@@ @@@@.@ • Ilh 
@@@.@@@ @.@.@ •• ~ @@@@ @@@. +I 

.~ -+ ::: + @.@ g 
IA'E' @@. ~ ",0 ••• @.@ 0"; 

.@. - - 0 •• 
+1+1 

.o@ .@. :~ 

.o@ @.@ ""'6 

•••• O@@ 
.@@@@ •• @@@ •••• 
• @@@@@ • •• @ •••• 
ED@@@@@@ @@.@@. 

(PC-135) 
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Unit: mm (inch) 

5.0Imax. 
254 400(0100 0157) (O.200m ••. ) - - 33.02±0.45 37.01 

-3·~:~U~I') (1.30±0.011) \I..aol 1.27typ. 
(0.05typ.) (O.IOO±o.oIO) 

;;j 
-Hd 

I- ~;!! ee@"Beeeeee 
.t'"....:~ I-- eeee888ee.ee. 

"' ~ eee8eeee8eeeee 
t= 

NO 
00 eeee eeee 

0 
-Hd 8.e ee. :l!-H 11:;-

== 
N 8 ee. e.e de; 

.~ ~ ee. ••• -Hd 
jo- • ee e •• :!j-H 

== 
e.e e •• :=!2 F .ee ••• 

~ •• e. • •• ee.e •••••••••• 

== j 
.e •••••••••••• 

~ O!! 

•••••• ee •••• 
e 

(PP-135) 
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Appendix I. PLCC Installation Note 

Description: When a method such as infrared rellow method, which requires heating of the 

entire HD641016 device, is used for installing the HD641016 package on a printed circuit board 

(hereinafter called PCB), the HD641016 package must be baked to prevent package cracking or 

characteristic failures before mounting on the PCB, because the chip size of the HD641016 is 

comparatively large. In addition, baking is also required before the HD641016 is mounted on the 

PCB after being taken from a dry-pack package. 

Recommended rellow conditions are shown in Figure 1-1. 

Baking Condition: 125 C 10 C, 16 to 24 hours, non-continuity state. 

(1) Infrared retlow profile (2) Vapor phase retlow profile 

Temperature Temperature 

1-5 ·C/ssc 

Tme sec. Tme sec. 

Figure 1-1. Recommended Reno", Conditions 
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