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8041AH/S041AH-2/8641A/8741A  © NELIMINARY

UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

m 8041AH-2: 12 MHz ® Fully Com Npatlble with MCS-48™,
8041AH: 8 MHz Mcs-80"™, Mcs-85™, and iAPX-86,88
m 8-Bit CPU plus ROM, RAM, I/O, Timer MICFOPTOCGSSOT Families
and CIO.‘_:k in a Single Package s Interchangeable ROM and EPROM
= One 8-Bit Status and Two Data Versions
Registers for Asynchronous Slave-to- o
Master Interface . ® Expandable I/O
m DMA, Interrupt, or Polled Operation
Supported P P ® RAM Power-Down Capability |
= 1024 x 8 ROM/EPROM, 64 x 8 RAM, ® Over 90 Instructions: 70% Single Byte
8-Bit Timer/Counter, 18 Programmable :
1/O Pins m Single 5V Supply

The Intel® 8041AH/8741A is a general-purpose, programmable interface device designed for use with a variety
of 8-bit microprocessor systems. It contains a low cost microcomputer with program memory, data memory,
8-bit CPU, I/O ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to
enable the UPI device to function as a peripheral controlier in MCS-48TM MCS-8OT", iAPX-85™, iAPX-86,
iAPX-88, and other 8- or 16-bit systems.

The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user
flexibility the program memory is available as ROM in the 8041AH version or as UV-erasable EPROM in the
8741A version. The 8741A and the 8041AH are fully pin compatible for easy transition from prototype to
production level designs. The 8741A is a one-time programmabile (at the factory) 8741Awhich can be ordered
as the first 25. pieces of a new 8041AH order. The substitution of 8641As for 8041AHs allows for very fast
turnaround for initial code verification and evaluation results.

The device has two 8-bit, TTL-compatible I/O ports and two test inputs. Individual port lines can function as
either inputs or outputs under software control. I/O can be expanded with the 8243 device which is directly
compatible and has 16 1/O lines. An 8-bit programmable timer/counter is included in the UPI device for
generating timing sequences or counting external inputs, Additional UPI features include: single 5V supply,
low power standby mode (in the 8041AH), single-step mode for debug and dual working register banks.

INTERNAL
BUS

o (@]
PROGRAM o 1 ‘ TESTO []1 40 [Jvee
PORT 1 <::::>:,3' XTAL1 [] 2 39 [JTEST 1
D08BOUT XTAL2 (] 3 38 :}PzﬂﬁAEK
DATA
o J> w MEMORY . RESET[]4 37 [ P2g/ORQ
DBBIN D § REG. BANK1 | g §S[]s 36 [ P2s/iBF
R Nﬂ M A
Sverem " 8 stack 'ACCESS -{= 35 [ P2giosF
INTERFACE | g | REG. BANKO [ MEMORY . eall7 4 [P17
oy - MULTIPLEXER R_Dd 8 33[P1e
ff -9 L Ao 1AM 32[P1s
CONTROL - INTERFACE WR[] 10 aw“ 1A 31 [3P1a
EA. .| Loaic PoRT 2 sYNC[] 11 8741A 30 P13
SYNC—— Pao-|
- a—— ——— —led 0o [ 12 23Pr2
PROG ~——— | PonT a-7 | o1} 13 . 28Pny
———=9 ARITHMETIC] EXPANDER
0GIC UNIT |inTerFace D2[]14 271P10
K—] Kx8 03515 26 [1voo
PROGRAM D. 16 25 [ ]PROG
CRYSTAL | xraut——| | 1o MEMORY CcoNDITIONAL [~ TESTO o D
e a T — BRANCH ps[] 17 24[]P23
Loaic
TEMPORARY TEST 1 o P
[ K———) = i S
D7 19 22 21
PROM PROGRAM SUPPLY 10 817 o
Voo SUPPL PROGRAM vss[]20 21 1P20
POWER-| Vcc———— +5 SUPPLY COUNTER
Vgg————~ GROUND m ~ P
EVENT COUNTER
L

Figure 1. Block Diagram Figure 2. Pin Configuration
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Tabie 1. Pin Description

o Pin . . . R Pin
Symbol | No. Name and Function Symbol | No. | Type Name and Function
TESTO, 1 Test Inputs: Input pins which can be SYNC 11 O [Output Clock: Output signal which
TEST1 | 39 directly tested using conditional occurs once per. UPI-41A instruction
branch instructions. cycle. SYNC can be used as a strobe
‘ for external circuitry; it is also-used to
Frequency Reference: TEST 1 (Ty) synchronize single step operation.
also functions as the event timer input o
; Do-D; [12-19] /O |[Data Bus: Three-state, bidirectional
(Uncer Sorare oo o aeoT O (BUS) DATA BUS BUFFER lines used to
( 9) S : d verifi at'gon in thep87491 A interface the UPI-41A microcomputer
ming and veri '? ! : to an 8-bit master system data bus. '
XTAL1, | 2 Inputs: Inputs for a crystal, LC or an N R - : i
XTAL2 | 3 external timing signal to determine Pro-Pr7 127-34| 1/O | Port 1: 8-bit, PORT 1 quasi-bidirec
f . g .| tional /O lines.
the internal oscillator frequency.
— — - : Poo-Po7; |21-24] /O | Port 2: 8-bit, PORT 2 quasi-bidirec-
RESET | 4 :’”" ':'t’”' ”ffgem :zs‘;fn"’;‘;i 2:; - |35-38 tional /O lines. The lower 4 bits (Py-
N opsran 0 s€ prog P,3) interface directly to the 8243 I/O
© zero. expander device and contain address
—. . and data information during PORT 4-7
RrEans'fr;\ri': a‘:: d"t:?i ggar;?ognPROM pro- access. The upper 4 bits (P-P,7) can
— g 9 . - be programmed to provide interrupt
SS 5 ‘Single Step: Single step input used Request and DMA Handshake capa-
in the 8741A in conjunction with the bility. Software control can configure
SYNC output to step the program P,4 as Output Buffer Full (OBF) inter-
through each instruction. rupt, Py as Input Buffer Full (IBF)
cs 6 Chip Select: Chip select input used interrupt, Pys as DMA Request
to select one UPI-41A microcomputer (DRQ), and P, as DMA ACKnowledge
out of several connected toa common (DACK).
data bus. PROG 25 /O | Program: Muitifunction pin used as
‘EA 7 External Access: External access the program pulse input during
input which allows emulation, testing PROM programming.
and PROM/ROM verification. This .
pin should be tied low if unused. During /O expander access the PROG
— - - pin acts'as an address/data strobe to
RD 8 Read: i/O read input which enables the 8243. This pin should be tied high
the master CPU to read data and if unused.
status words from the OUTPUT DATA - -
BUS BUFFER or status register. Vee 40 Power: +5V main power supply pin.
Ao 9 Command/Data Select: Address in- Voo 2 Power: +5V during normal opera-
put used by the master processor to tion. +25V during programming
indicate whether byte transfer is data operation. Low power standby pin in
(Ao = 0, F, is reset) or command (A = ROM version.
1, F, is set). Vss 20 Ground: Circuit ground potential.
WR 10 Write: 1/O write input which enables

the master CPU to write data and com-
mand words to the UPI-41A INPUT
DATA BUS BUFFER.

AFN-00188C
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UPI-41A™ FEATURES AND
ENHANCEMENTS

1

Do-D7 (

. Two Data Bus Buffers, one for input and one for out-
put. This allows a much cleaner Master/Slave pro-
tocol.

INTERNAL
DATA BUS

INPUT
DATA

BUFFER
®)

i

OUTPUT
DATA
BUS
BUFFER
(8)

2. 8 Bits of Status

4

ST, ST, ST ST, F F, 1BF OBF
7 6 5 4 1 0

D, Dg Ds Dy D3 D, Dy Dg

ST,4-ST; are user definable status bits. These bits are
defined by the “MOV STS, A” single byte, single
cycle instruction. Bits 4-7 of the accumulator are
moved to bits 4-7 of the status register. Bits 0-3 of
the status register are not affected.

MOV STS, A Op Code: 90H

[ fof oo fofefe]e]

[ Do

. RD and WR are edge triggered. IBF, OBF, Fyand INT
change internally after the trailing edge of RD or WR.

FLAGS AFFECTED
D or WR \ :z;

During the time that the host CPU is reading the status
register, the 8041AH is prevented from updating this
register or is ‘locked out.’

. Pos and P,g are port pins or Buffer Flag pins which
can be used to interrupt a master processor. These
pins default to port pins on Reset.

If the “EN FLAGS" instruction has been executed,
P,4 becomes the OBF (Output Buffer Full) pin. A “1”
written to P,4 enables the OBF pin (the pin outputs
the OBF Status Bit). A ‘0" written to P,4 disables the
OBF pin (the pin remains low). This pin can be used
to indicate that valid data is available from the UPI-
41A (in Output Data Bus Buffer).

If “EN FLAGS” has been executed, P,5 becomes the
IBF (Input Buffer Full) pin. A “1” written to Pyg
enables the IBF pin (the pin outputs the inverse of the
IBF Status Bit). A “0” written to P, disables the IBF

pin (the pin remains low). This pin can be used to
indicate that the UPI-41A is ready for data.

[oeF ]
[ ) P24 [— OBF (INTERRUPT REQUEST)

[ Pas |
. [ ) P25 |— TBF (INTERRUPT REQUEST)

| teF ]

DATA BUS BUFFER INTERRUPT CAPABILITY

EN FLAGS Op Code: OFSH

BRI R RN KN ERER RN

[ Do

. P, and Py7 are port pins or DMA handshake pins for

use with a DMA controller. These pins default to port
pins on Reset.

If the “EN DMA” instruction has been executed, Pyg
becomes the DRQ (DMA ReQuest) pin. A “1”" written
to P,g causes a DMA request (DRQ is activated). DRQ
is deactivated by DACK-RD, DACK-WR, or execution
of the “EN DMA” instruction.

If “EN DMA" has been executed, P,; becomes the
DACK (DMA ACKnowledge) pin. This pin acts as a
chip select input for the Data Bus Buffer registers
during DMA transfers.

DRQ

P26 DRQn

8041AH/
8741A 8257

DACK| P27 DACK

o-——

DMA HANDSHAKE CAPABILITY
EN DMA Op Code: 0ESH

3 KN K EN KN EN N

8041AH ENHANCEMENTS OVER 8041A

. The RESET input on the 8041AH was changed to in-

clude a 2 stage synchronizer to support reliable reset
operation for 12 MHz operation.

. As noted in the status register description, during the

time that the host CPU is reading the status register, the
8041AH is prevented from updating or is ‘locked out.’

. When EAis enabled on the 8041A, the program counter

is placed on Port 1 and the lower two bits of Port 2. On
the 8041AH, this information is muitiplexed with PORT
DATA (see port timing diagrams -at end of this data
sheet).

. The 8041AH additionally supports single step mode as

described in the pin description section.

AFN-00188C
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DATA 02;:1‘;'/ RD| Pﬁ) <I>
8085AH '§ is ‘ To T WR (:1:) o
<22 PERIPHERAL 8048 __B041AH/ PERIPHERAL
= RD. DEVICES \|Cs 8741A DEVICES
ADOR s —lwr 1 PORT GONTROL )% 1o
coNTROL e |m sus— DATABUS  8)logs [T

Figure 3. 8085AH-8041AH Interface Figure 4. 8048AH-8041AH Interface

DOT MATRIX PRINTER

Pa 4
. ég ronu
8243 s § KEYBOARD PRINT LF. HOLD SOLENOIDS
EXPANDER 2 MATRIX -
Pg 4 133 z
2 3 5| £
P <: 8 ROWS £l & 3
= MOTOR ol ul & SOLENOID
A 2| B x| & - DRIVERS a5 2 DRIVERS
=l T 9 a 8 2 o w
ol u| 9 3 z © :;
al FI 2
PORT2 PROG PONT 2 PORT 1 3 7O0R9
8041AH/8741A PORT 2 PORT 2 PORT 1/PORT 2
o 8041AH/8741A
-DBB ‘CONTROL i
DBB.©  CONTROL
a 4 ‘ :
4
q DATA BUS T
. J [ q DATA BUS T
9 CONTROL BUS 3 I
q CONTROL BUS - T

Figure 5. 8041AH-8243 Kéyboard Scanner Figure 6. 8041AH Matrix Printer Interface

PROGRAMMING, VERIFYING, AND
ERASING THE 8741A EPROM

Programming Verification

WARNING: -

An attempk to program a missocketed 8741A will result in severe
damage to the part. An indication of a properly socketed part is the
appearance of the SYNC clock output. The lack of this clock may
In brief, the programming process consists of: activating be used to disable the programmer.
the program mode, applying an éddress, latching the
address, applying data, and applying a programming pulse.
Each word is programmed completely before moving on to
the next and is followed by a verification step. The follow-
ing is a list of the pins used for programming and a descrip-
tion of their functions:

The Program/Verify sequence is:

1. Ag=0V,CS=5V, EA =5V, RESET =0V, TESTO =5V,
VDD =5V, clock applied or internal oscillator operating,
BUS and PROG floating.

2. Insert 8741A iﬁ programming socket
Pin - Function 3. TEST 0= Ov (select program méde) .
XTAL 1 Clock Input (1 to 6MHz) 4. . EA =23V (activate program model)’
Reset Initialization and‘Address Latching 5. Address applied to.BUS and P20-1
Test0 Selection of Program or Verify Mode 6.  RESET = 5v (latch address)
EA Activation of Program/Verify Modes 7. Dataapplied to BUS®
BUS Address and Data Input ‘ 8.© Vpp = 25v (programming power)?

Data Output During Verify 9. PROG = Ov followered by one 50ms pulse to 23V2

P20-1 Address Input 10. - Vpp=5v
Vbp Programming Power Supply 11. - TEST 0 = 5v. (verify mode)
PROG Program Pulse Input O ‘

1-4
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12. Read and verify data on BUS

13. TESTO=0v

14. RESET = Ov and repeat from step 5

15.  Programmer should be at conditions of step 1 when

8741A is removed from socket.

NOTE:
1. When verifying ROM, EA = 12V.
2. Not used in verify ROM procedure.

8741A Erasure Characteristics

The erasure characteristics of the 8741A are such that
erasure begins to occur when exposed to light with
wavelengths shorter thar approximately 4000 Ang-
stroms (A). It should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-4000A range. Data show that constant exposure to
room level fluorescent lighting could erase the typical

8741A in approximately 3 years while it would take ap-
proximately one week to cause erasure when exposed
to direct sunlight. If the 8741A is to be exposed to these
types of lighting conditions for extended periods of
time, opaque labels are available from Intel which
should be placed over the 8741A window to prevent
unintentional erasure.

The recommended erasure procedure for the 8741A is
exposure to shortwave ultraviolet light which has a
wavelength of 2537A. The integrated dose (i.e., UV inten-
sity x exposure time) for erasure should be a minimum
of 15 w-secicm2. The erasure time with this dosage is
approximately 15 to 20 minutes using an ultraviolet
lamp with a 12,000 uW/cm? power rating. The 8741A
should be placed within one inch of the lamp tubes dur-
ing erasure. Some lamps have a filter on their tubes
which should be removed before erasure.

AFN-00188C
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias .........0°Cto70°C
Storage Temperature ............. -65°Cto +150°C
Voltage on Any Pin With Respect

toGround ..., L —-0.5Vto +7V
Power Dissipation ......................... 1.5 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (Ta = 0°to +70°C, Vg = Vpp = +5V + 10%)

8041AH/
o 8041AH-2 | 8641A/8741A

Symbbl Parameter Min. | Max.| Min. | Max. | Units | Test Conditions
Vi I’:g;:;ow Voltage (Excepft XTAL1, XTAL2, —05 0.8 05 0.8 v
ViL1 Input Low Voltage (8XTAL1, XTAL2,

RESET) -0.5 0.6 -0.5 0.6 \
Vin %lgh Voltage (Except XTAL1, XTALZ2, 25 Voo 29 Ve
ViH1 Input High Voltage (XTAL1, XTAL2, RESET) | 38 | Voo | 38 | Vec v
VoL Output Low Voltage (Dg-D7) 0.45 0.45 ) lop =2.0mA
VoL1 Output Low Voltage (P19P17. P2oP27.

Sync) 0.45 0.45 v loL = 1.6 mA
VoL2 Output Low Voltage (Prog) 0.45 0.45 \" loL =1.0mA
VoH Output High Voltage (Dg-D7) 24 24 \' loy = —400 A
VoH1 Output High Voltage (All Other Outputs) 2.4 2.4 \ loH = —50 uA
I ICn_g,u/t\oL,e::;ge Current (Tg, T4, RD, WR, +10 +10 uA | Ves <Vin =Vee

Output Leakage Current (Dg-D7, High Z Vgg + 0.45
loz State) +10 =10 A <Vout <Vcc
I Low Input Load Current (P1oP¢7, PooP27) 0.3 03 | mA ViL =08V
L Low Input Load Current (RESET, SS) 0.2 0.2 mA | V=08V
Ipp Vpp Supply Current 15 15 mA | Typical = 5 mA
:gg * Total Supply Current 125 125 mA Typical = 60 mA
I Input Leakage Current 100 100 NA | ViN=Vce
CiNn Input Capacitance 10 10 pF
Ci/o 1/O Capacitance 20 20 pF

1-6 AFN-00188C
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D.C. CHARACTERISTICS—PROGRAMMING (T, = 25°C +5°C, Vg = 5V +5%, Vpp = 25V * 1V)

Symbol Parameter Min. Max. Unit Test Conditions
VDOH Voo Program Voltage High Level 24.0 26.0 v
VobL Vpp Voltage Low Leve! 4.75 5.25 \
VeH PROG Program Voltage High Level 215 245 \'
VpL PROG Voltage Low Level 0.2 \Y
VEAH EA Program or Verify Voitage High Level 215 245 Y
VEAL EA Voltage Low Level 5.25 v
IpD Voo High Voltage Supply Current 300 mA
IPROG PROG High Voltage Supply Current 16.0 mA
leA EA High Voltage Supply Current 1.0 mA

A.C. CHARACTERISTICS (1cc = 0°C to +70°C, Vg = OV Vg = Vpp = +5V =10% )
DBB READ

8041AH 8041AH-2 8641A/8741A
Symbol Parameter Min. | Max. Min. | Max. Min. | Max. Units
taR CS, Ag Setup to RD} 0 0 0 ~ ns
tRA CS, Ag Hold After RD?} 0 0 0 ns
tRR RD Pulse Width 250 ns
taD TS, Ag to Data Out Delay 130 130 225 nst"!
tRD RD| to Data Out Delay 130 130 . 225 nst!!
tpr RD1 to Data Float Delay 85 85 100 ns
toy Cycle Time (Except 8741A-8) 2 15 125 | 15 | 25| 15 ust?!
toy Cycle Time (8741A-8) 417 | 15 st
DBB WRITE v
Symbol Parameter Min. | Max. Min. | Max. Min. | Max. Units
taw CS, Ag Setup to WR| 0 0 0 ns
fa %TAO Hold After 0 0 0 ns
tww WR Pulse Width 160 160 250 ns
tow Data Setup to WR?{ 130 130 150 ns:
twp Data Hold After WR} 0 0 ] ns
NOTES:
1. CL = 150 pF.

2. 8, 12, 6 MHz XTAL respectively.
3. 3.6 MHz XTAL.

1-7 AFN-00188C
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A.C. CHARACTERISTICS—PROGRAMMING (TA ='05°C £5°C, Viog = 5V = 5%, Vpp = 25V +1V)

Symbol Parameter Min. | * Max.~ Unit Test Conditions
taw Address Setup Time to RESET ! 4tcy :
twa . Address Hold Time After RESET.1 4cy
tow Data in Setup Time to PROG | dicy
two Data in Hold Time After PROG | 4tcy
teH RESET Hold Time to Verify . -4cy
tvDow Vpp Setup Time to PROG 1 4icy
tvODH Voo Hold Time After PROG | 0
tew Program Pulse Width 50 60 mS -
trw. Test 0, Setup Time for Program Mode 4cy
twr Test 0 Hold Time After Program Mode 4tcy
tpo Test 0 to Data Out Delay ’ 4tcy
tww RESET Pulse Width to Latch Address 4tcy
tr, tf Vbop and PROG Rise and Fall Times 0.5 2.0 us
tcy ' CPU Operation Cycle Time E 5.0 us
“tRe " RESET Setup Time Before EA L. - 4rcy
Note: If TEST 0 is high, tp can be triggered by RESET !.
A.C. CHARACTERISTICS
DMA )
. 8041AH 8041AH-2 8641A/8741A
Symbol Parameter Min. | Max. Min. | Max. Min. | Max. Units
tacc DACK to WR or RD 0 0 ' 0 ns
tcac RD or WR to DACK 0 , 0 o ns
tac DACK to Data Valid 130 130 225 | nsl!
tcra RD or WR to DRQ Cleared 90 90 200 ns
A.C. CHARACTERISTICS o
PORT 2 -(Ta'= 0°Cto +70°C,Vgg = +5V =10%) ‘
8041AH 8041AH-2 8641A/8741A
Symbol Parameter Min. | Max. Min. | Max. Min. | Max. Units|
Port Control Setup Before Falhng [11
tcp Edge of PROG 100 100 110 ns
Port Control Hold After Fallin 2]
tpc Edge of PROG s 60 100 ns
PR - PROG to Time P2 Input Must Be Valid 810 nst"!
toE Input Data Hold Time 0o | 150 0o | 150 0o | 150 nst?!
top Output Data Setup time 200 250 nst"
tpp Output Data Hold Time 65 nst2
tpp PROG Pulse Width 700 1200 ns
NOTES: 1. C_ = 80 pF. 2. CL =20 pF
1-8 AFN-00188C



intel 8041AH/8041AH-2/8641A/8741A

PRELIMINARY

A.C. TESTING INPUT, OUTPUT WAVEFORM

TYPICAL 8041AH/8741A CURRENT

INPUT/QUTPUT

24
20 20
> TEST POINTS <: C, = 150 pF
08 0.8
0.45

80 mA

60 mA

40 mA |-

lcc +loo

mmAr—

1 | 1 J
20° 40° 60° 80°
TEMP (°C)

CRYSTAL OSCILLATOR MODE

DRIVING FROM EXTERNAL SOURCE

P XTAL1
| 1.6 mHz
< 15 pF !
L

(INCLUDES XTAL,
SOCKET, STRAY)

t
| E— 3] xvaL2

15-25 pF
(INCLUDES SOCKET. I
STRAY)

CRYSTAL SERIES RESISTANCE SHOULD BE
<75Q AT 6 MHz; <180Q AT 3.6 MHz.

+5V

XTAL2

XTAL1

BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN.
RESISTORS TO Vcc ARE NEEDED TO ENSURE V(i = 3.8V
IF TTL CIRCUITRY IS USED.

LC OSCILLATOR MODE

L c NOMINAL §
a5uH  20pF 5.2 MHz
120,H  20pF 3.2 MHz

1

= ovic

XTAL1 or_ C43Cep
N 2

Cpp = 5 - 10 pF PIN.-TO:PIN
XTAL2  CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE.

WAVEFORMS

READ OPERATION—DATA BUS BUFFER REGISTER

(SYSTEM'S
TS 0R A0 K ADDRESS BUS)
— tan —=
R ['— tRa—>|
AD \ (READ CONTROL}
<—tap —| ~—— 10F —»]
tap
DATA BUS
{OuTPUT) DATA VALID

AFN-00188C
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U~ NS ESUINAUINIZAM U

WAVEFORMS (Continued)

WRITE OPERATION—DATA BUS BUFFER REGISTER

TS 0R Ag X

(SYSTEM'S
ADDRESS BUS)

-~ oy —

ww

I- twa >

gy ]

(WRITE CONTROL)

e MAY CHANGE X DATAVALID MAY GHANGE
COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY)
23v »
€A /
sv i
PROGRAM

trw

tww

TESTO s\
TN

DBo-DBy >— -

RESET ‘ 1
w _|._>._.t_
ADDRESS
(0-7) VALID

VERIFY — ~i PROGRAM

, |

S

twa

./

{e— tpo

ta

DATA TO BE
PROGRAMMED VALID

—_ DATA —_— NEXT ADDR
VALID VALID

LAST A NEXT
P20-Pq ADDRESS X ADDRESS (8-9) VALID X ADDRESS
tvoow —»1 tvpoH
twT ———]
+25
Voo *
5 tew
tow twp

+23

PROG / ’ :
— — —— —— ——— ———— .
+0 —\-_J —_——— .\_———_—

1-10
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WAVEFORMS (Continued)

VERIFY MODE (ROM/EPROM)

tAw— twa

DBo-DB; —_— ADDRESS DATA OUT —_— NEXT NEXTDATA N\ _ _ .
° ) (0-7) VALID VALID ADDRESS OUT VALID
P20-Py X ADDRESS (8-9) VALID X NEXT ADDRESS VALID

NOTES:

1. PROG MUST FLOAT IF EA IS LOW (i.e., = 23V), OR IF TO =5V FOR THE 8741A. FOR THE 8041AH PROG MUST ALWAYS FLOAT.

2. XTAL1 and XTAL2 DRIVEN BY 3.6 MHz CLOCK WILL GIVE 4.17 usec tcy. THIS IS ACCEPTABLE FOR 8741A-8 PARTS AS WELL AS STANDARD PARTS.
3. AO MUST BE HELD LOW (i.e., = 0V) DURING PROGRAM/VERIFY MODES.

4. TEST 0 MUST BE HELD HIGH.

The 8741A EPROM can be programmed by either of two
Intel products:
1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP series) peripheral
of the Intellec® Development System with a UPP-848
Personality Card. )

DMA

tacCl=— —-=itcaC|=—

VALID X X VALID X
’_‘ACD_’

—[tCRQ|=— —=|tCRQ|—

DATA BUS

DRQ

1-11 AFN-00188C
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WAVEFORMS (Continued)

PORT 2

EXPANDER

PORT

EXPANDER

PORT

SYNC

N

tep.

top

ouTPUT

PORT 2g_3 DATA

<

PORT CONTROL

OUTPUT DATA

}‘__._____ PR

INPUT

b

PCRT 29.3 DATA

PORT CONTROL

K X

z

N

DATA

Nd
]

PUT

P

-—tPC—

PN ———

tpp

PROG

7

PORT TIMING DURING EA

» —_/_-—_\

/N

Pio-17
ey X re X X e
ON THE RISING EDGE OF SYNC AND EA IS ENABLED, PORT DATA IS VALID AND CAN BE‘
STROBED. ON THE TRAILING EDGE OF SYNC THE PROGRAM COUNTER CONTENTS ARE
AVAILABLE.
Table 2. UPI™ Instruction Set
Mnemonic | Description | Bytes ] Cycles Mnemonic l Description [ByteiLCycles
ACCUMULATOR ) . DATA MOVES
ADD A, Rr Add register to A 1 1 MOV A, Rr Move register to A 1 1
ADD A, @Rr Add data memory | 1 1 MOV A, @Rr Move data memory 1 1
toA toA
ADD A, #data |Add immediate to A 2 2 MOV A, #data | Move immediate 2 2
ADDC A, Rr Add register to A 1 1 TOA
with carry MOV Rr, A Move A to register 1 1
ADDC A, @Rr  |Add data memory 1 1 MOV @Rr, A Move A to data 1 1
to A with carry ” memory
ADDC A, #data |Add immediate 2 2 MOV Rr, #data | Move immediate to 2 2
to A with carry ) register
ANL A, Rr AND register to A 1 1 MOV @R, Move immediate to 2 2
ANL A, @Rr AND data memory 1 1 #data data memory .
: to A MOV A, PSW Move PSW to A 1 1
ANL A, #data  |AND immediateto A| 2 2 MOV PSW, A Move A to PSW 1 1
ORL A, Rr OR register to A 1 1 XCH A, Rr Exchange A and 1 1
ORL A, @Rr OR data memory 1 1 register
to A XCHA, @Rr Exchange A and 1 1
ORL A, #data |OR immediate to A 2 2 data memory
XRL A, Rr Exclusive OR regis- 1 1 XCHD A, @Rr Exchange digit of A 1 1
terto A and register
XRL A, @Rr Exclusive OR data 1 1 MOVP A, @A Move to A from 1 2
: memory to A current page
XRL A, #data Exclusive OR imme- 2 2 MOVP3, A, @A | Move to A from 1 2
diate to A page 3

1-12
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Table 2. UPI™ Instruction Set (Continued)
Mnemonic J Description | Bytes |Cycles Mnemonic | Description |Bytes ]Cycles
ACCUMULATOR REGISTERS
INC A Increment A 1 1 INC Rr Increment register 1 1
DEC A Decrement A 1 1 INC @Rr Increment data 1 1
CLRA Clear A 1 1 memory
[C)ZLAA gomplelrr:\%nt At A 1 1 DEC Rr Decrement register 1 1
ecimal Adjus
SWAP A Swap nibbles of A 1 1 SUBROUTINE
RLA Rotate A left 1 1 CALL addr Jump to subroutine 2 2
RLC A Rotate A left through 1 1 RET Return 1 2
carry RETR Return and restore 1 2
RR A Rotate A right 1 1 : status
RRC A Rotate A right 1 1
through carry FLAGS
INPUT/OUTPUT 8%{‘8 glear |Carry o ] 1
omplement Carry
INA, Pp Input port toA 1 2 CLR FO Clear Flag 0 1 1
OUTL Pp, A Output A to port 1 2 CPL FO Complement Flag0 | ‘1 1
ANL Pp, #data AND immediate to 2 2 CLR F1 Clear F1 Flag 1 1
port PL F1 [ 1
ORL Pp, #data |OR immediate to 2 2 c Complement F1 Flag !
port BRANCH
IN A, DBB Input DBB to A, 1 1 JMP addr Jump unconditional | 2 2
clear IBF JMPP @A Jump indirect 1 2
OUT DBB, A Output A to DBB, 1 1 DJNZ Rr, addr | Decrement register 2 2
set OBF and jump
MOV STS,A  |A4;-Asto Bits4-7 of | 1 1 JC addr Jump on Carry=1 2 2
Status JNC addr Jump on Carry=0 2 2
MOVD A, Pp Input Expander 1 2 JZ addr Jump on A Zero 2 2
port to A JNZ addr Jump on A not Zero 2 2
MOVD Pp, A Output A to 1 2 JTO addr Jump on T0=1 2 2
Expander port JNTO addr Jump on T0=0 2 2
ANLD Pp, A AND A to Expander 1 2 JT1 addr Jump on T1=1 2 2
port JNT1 addr Jump on T1=0 2 2
ORLD Pp, A OR A to Expander 1 2 JFO addr Jump on FO Flag=1 | 2 2
port JF1 addr Jump on F1 Flag=1 2 2
TIMER/COUNTER JTF addr Jir:\pcgga?g\'z;ﬂag 2 2
MOV AT Read Timer/Counter 1 1 JNIBF addr Jump on IBF Flag 2 2
MOVT, A Load Timer/Counter 1 1 =0
STRTT Start Timer 1 1 JOBF addr Jump on OBF Flag 2
STRT CNT start Counter 1 1 =1
STOP TCNT Stop Timer/Counter 1 1 JBb addr Jump on Accumula- 2 2
EN TCNTI Enable Timer/ 1 1 tor Bit
Counter Interrupt
DIS TCNTI Disable Timer/ 1 1
Counter Interrupt
CONTROL
EN DMA Enable DMA Hand- 1 1
shake Lines
ENI Enable IBF Interrupt 1 1
DIS| Disable IBF Inter- 1 1
rupt
EN FLAGS Enable Master 1 1
Interrupts
SEL RBO Select register 1 1
bank 0
SEL RB1 Select register 1 1
bank 1
NOP No Operation 1 1
1-13 AFN-00188C
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- 8042/8742
UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

= 8042/8742: 12 MHz - s Fully Compatible with MCS-48™,

= Pin, Software and Architecturally MCs-51™, MCS-80™, MCS-85™, and
Compatible with 8041A/8741A/8041AH iAPX-86, 88 Microprocessor Families
= 8-Bit CPU plus ROM, RAM, I/O, Timer
and Clock in a Single Package = Inter_changeable ROM and EPROM
= 2048 x 8 ROM/EPROM, 128 x 8 RAM, Versions |
8-Bit _TlmerICounter, 18 Programmable = Expandable 1/0
110 Pins
n One 8-Bit Status and Two Data as RAM Power-Down Capability
Registers for Asynchronous
Slave-to-Master Interface = Over 90 Instructions: 70% Single Byte
= DMA, Interrupt, or Polled Operation
Supported = Single 5V Supply

The Intel 8042/8742 is a general-purpose Universal Peripheral Interface that allows the designer to grow his own

customized solution for peripheral device control. It contains a low-cost microcomputer with 2K of program memory,

128 bytes of data memory, 8-bit CPU, /O ports, 8-bit timer/counter, and clock generator in a single 40-pin package.

Interface registers are included to enable the UPI device to function as a peripheral controller in the MCS-48™,
- MCS-51™ MCS-80™, MCS-85™, iAPX-88, iAPX-86 and other 8-, 16-bit systems.

The 8042/8742 is software, pin, and architecturally compatible with the 8041AH, 8741A. The 8042/8742 doubles the on-
chip memory space to allow for additional features and performance to be incorporated in upgraded 8041AH/8741A
designs. For new designs, the additional memory and performance of the 8042/8742 extends the UPI concept to more
complex motor control tasks, 80-column printers and process control applications as examples.

- To allow full user flexibility, the program memory is available as ROM in the 8042 version or as UV-erasable EPROM in
the 8742 version. The 8742 and the 8042 are fully pin compatible for easy transition from prototype to production level
designs. The 8642 is a one-time programmable (at the factory) 8742 which can be ordered as the first 25 pieces of a new
8042 order. The substitution of 8642’s for 8042’s allows for very fast turnaround for initial code verification and evalua-
tion results.

The device has two 8-bit, TTL compatible 1/0 ports and two test inputs. Individual port lines can function as either
inputs or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and
has 16 1/0 lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8042),
single-step mode for debug, and dual working register banks.

| vemouenar
INTERFACE

Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Pin Pin
Symbol | No. | Type Name and Function Symbol | No. | Type Name and Function
TESTO, 1 | | Test Inputs: Input pins which can be SYNC 1 O |Output Clock: Output signal which
TEST1 | 39 directly tested using conditional occurs once per UPI-42 instruction
branch instructions. cycle. SYNC can be used as a strobe
for external circuitry; it is also used to
Frequency Reference: TEST 1 (T,) synchronize single step operation.
3'3:’ é‘;g:?‘;’;?&i::i::g’;};'.'F‘Eesr.lfn(; Do-D; |12-19] 1/O | Data Bus: Three-stat_e, bidirectional
. (BUS) DATA BUS BUFFER lines used to in-
(T‘.’) is used .durlng F{ROM p;ograrn- terface the UPI-42 microcomputer to
ming and verification in the 8742. an 8-bit master system data bus.
XTAL 1, | 2 | Inputs: Inputs for a crystal, LC or an . N T
XTAL2 | 3 ex't’ernal timing signarlyto determine ProPr7 |27-34) 1O :on 1: 8-bit, PORT 1 quasi-bidirec-
A . ional I/O lines.
the internal oscillator frequency. = 21241 70 [Port 2: 8-01t PORT 2 avasibia:
= X . 20-P27 - ort 2: 8-bit, quasi-bidirec-
RESET | 4 | | ::;:;n'(;“t’;"s:f‘:ge‘°p:§§‘a:";‘;i:"zgr 35-38 tional 1/0 lines. The lower 4 bits (Pzo-
to zero P,3) interface 'dlrectly to thg 8243 I/0
. expander device and contain address
_— . and data information during PORT 4-7
ngi?nE;il:::g;\s/:: ::g:t?og:ROM pro access. The upper 4 bits .(P24'-P27) can
— be programmed to provide interrupt
SS 5 I Single Step: Single step input used Request and DMA Handshake capa-
in conjunction with the SYNC out- bility. Software control can configure
put to step the program through P,4 as Output Buffer Full (OBF) inter-
each instruction. rupt, P as Input Buffer Full (IBF)
cs 6 | | Chip Select: Chip select input used to interrupt, P, as DMA Request
select one UPI microcomputer out of (DRQ), and P, as DMA ACKnowledge
several connected to a common data (DACK).
bus. PROG 25 1/0 | Program: Multifunction pin used as
EA 7 | |External Access: External access the program pulse input during
input which allows emulation, testing PROM programming.
and PROM/ROM verification. This X
pin should be tied low if unused. During |/O expander access the PROG
— - - pin acts as an address/data strobe to
RD 8 | Read: 1/O read input which enables the 8243. This pin should be tied high
the master CPU to read data and if unused.
status words from the OUTPUT DATA - -
BUS BUFFER or status register. Vee 40 Power: +5V main power supply pin.
Ao 9 | | Command/Data Select: Address input Voo 26 Power: +5V during normal opera-
used by the master processor to in- tion. +21V during programming
dicate whether byte transfer is data operation. Low power standby pin in
(Ap=0, F1 is reset) or command ROM version.
(Ag=1, F1is set). Vss 20 Ground: Circuit ground potential.
WR 10 | | Write: I/O write input which enables
the master CPU to write data and
command words to the UPl INPUT
DATA BUS BUFFER.

115
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UPI-42 FEATURES

1. Two Data Bus Buffers, one for input and one for out:
put. This allows a much cleaner Master/Slave pro-
tocol.

INTERNAL
DATA BUS
INPUT
DATA’
BUS . KR
_BUFFER
®)
] P \
ouTPUT
DATA
BUS e
BUFFER -
8
WA

2. 8 Bits of Status

lsr, ‘ STg IST's I sr4| Fy I
b7 Dg  Dg Dy D3

= e

ST,-ST;are user definable status bits. These bits are.
defined by the “MOV STS, A" single byte, single
cycle instruction. Bits 4-7 of the accumulator are
moved to bits 4-7 of the status register. Bits 0-3 of
the status register are not affected.

Fo
D

MOV STS, A Op Code: 90H

def e[ fefele]]

Do

3. RD and WR are edge triggered. [BF, OBF, F; and INT
change internally after the trailing edge of RD or WR.

FLAGS AFFECTED
RD or WR \ ¢

During the time that the host CPU is reading the
status register, the 8042/8742 is prevented from up-
dating this register or is ‘locked out.’

4. Py, and Pyg are port pins or Buffer Flag pins which
can be used to interrupt a master processor. These
pins default to port pins on Reset.

If the “EN FLAGS” instruction has been executed,
P,4 becomes the OBF (Output Buffer Full) pin. A “1”
written to P,, enables the OBF pin (the pin outputs
the OBF Status Bit). A ‘0" written to P,4 disables the
OBF pin (the pin remains low). This pin can be used
to indicate that valid data is available from the UPI-
41A (in Output Data Bus Buffer).

If “EN FLAGS” has been executed, P,5 becomes the
iBF (Input Buffer Full) pin. A “1” written to Py
enables the IBF pin (the pin outputs the inverse of the
IBF Status Bit). A “0” written to P,5 disables the iBF

pin (the pin remains low). This pin can be used to
indicate that the UPI-42is ready for data. .

- P24 |—= OBF (INTERRUPT REQUEST)
- Ip. TBF (INTERRUPT REQUEST)
. 5
m © ‘ '

DATA BUS BUFFER INTERRUPT CAPABILITY

EN FLAGS Op Code: OFSH

EIEEEREEENERE

Dy

[ ]

Do

5. P, and P,; are port pins or DMA handshake pins for

use with a DMA controller. These pins default to port
pins on Reset.

If the “EN DMA" instruction has been executed, Py’
becomes the DRQ (DMA ReQuest) pin. A “1"” written
to Pog causes a DMA request (DRQ is activated). DRQ
is deactivated by DACK-RD, DACK-WR, or execution
of the “EN DMA” instruction.

If “EN DMA" has been executed, P,; becomes the
DACK (DMA ACKnowledge) pin. This pin acts as a
chip select input for the Data Bus Buffer registers
during DMA transfers.

DRQ| P26 DRQn

8041AH/

8741A 8257

DACK{| P27 DACK

O*—-———q

DMA HANDSHAKE CAPABILITY

‘EN DMA' Op Code: OESH

| » _
I1l11’0|*0'1|o|1l

Dy

. The RESET input on the 8042/8742 includes a 2-stage

synchronizer to support reliable reset operation for
12 MHz operation.

. When EA is enabled on the 8042/8742, the program

counter is placed on Port 1 and the lower three bits of
Port 2 (MSB = P5,, LSB=P,g). On the 8042/8742 this
information is multiplexed with PORT DATA (see port
timing diagrams at end of this data sheet).

. The 8042/8742 supports single step mode as

described in the pin description section.

AFN-00188C
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DATA RD RD
8085AH 1o wh WA “ﬂ 10
PERIPHERAL 8048H M :f,’:: PERIPHERAL
ADDR DEVICES PORT CONTROL e L+, | pEVIcES
CONTROL BUS <:m> Dgs Tt
Figure 3. 8085AH-8042/8742 Interface Figure 4. 8048H-8042/8742 Interface
Pa <:I DOT MATRIX PRINTER
N 2 FORM
0243 5 <j_‘§ KEYBOARD PRINT _LF. HOLD SOLENOIDS
EXPANDER @ 5 MATRIX '
Pe 4 o z
© z Qo
e 9| F &
P7 <I 8 ROWS 1 6 8
. 5 MOTOR ol 4| & SOLENOID
2 & x| & DRIVERS -1 DRIVERS
a £ g & s 2 ol W
ol & 9 HIEIRT
o z
PORT2 PROG ~——— = PORT1 = 7O0R9
PORT 2
8042 PORT 2 PORT 2 PORT 1/PORT 2
‘8742 8042 ’
DBB CONTROL 8742
DBB CONTROL
4
¢ oatasus 5
I'T ( DATABUS
g CONTROL BUS 9 I'1
q CONTROL BUS

Figure 5. 8042/8742-8243 Keyboard Scanner Figure 6. 8042/8742 80-Column Matrix Printer Interface

PROGRAMMING, VERIFYING, AND WARNING
ERAS'NG THE 8742 EPROM An attempt to program a missocketed 8742 will result in severe damage

to the part. An indication of a properly socketed part is the appearance
of the SYNC clock output. The lack of this clock may be used to disable

In brief, the programming process consists of: activating the programmer.
the program mode, applying an address, latching the
address, applying data, and applying a programming pulse.
Each word is programmed completely before moving on to 1. Ag=0V, S =5V, EA = 5V, RESET = 0V, TESTO = 5V,
the next and is followed by a verification step. The follow- Vpp = 5V, clock applied or internal oscillator operating,
ing is a list of the pins used for programming and a descrip- BUS and PROG floating.

tion of their functions:

Programming Verification

The Program/Verify sequence is:

2. Insert 8742 in programming socket
Pin Function 3.  TEST 0= Ov (select program mode)
XTAL 1 Clock Input (1 to 12MHz) 4. EA=21V (active program mode)*
Reset Initialization and Address Latching 5. Address applied to BUS and Pjp.22
TestO Selection of Program or Verify Mode 6.  RESET = 5v (latch address)
EA Activation of Program/Verify Modes 7. Data applied to BUS**
BUS Address and Data Input 8.  Vpp=21V (programming power)**

Data Output During Verify 9. PROG =0v followed by one 50 ms pulse to 21V**

P20-1 Address Input 10.  Vpp=5v
Vpp Programming Power Supply 11.  TEST 0 = 5v (verify mode)
PROG Program Pulse Input
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12. Read and verify data on BUS

13. TESTO=0v

14. RESET = Ov and repeat from step 5

15.  Programmer should be at conditions of step 1 when

8742 is removed from socket
*When verifying ROM, EA=12V.
**Not used in verifying ROM procedure.
8742 Erasure Characteristics

The erasure characteristics of the 8742 are such that
erasure begins to occur when exposed to light with
wavelengths shorter than - approximately 4000 Ang-
stroms (A). It should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-40004 range. Data show that constant exposure to
room level fluorescent lighting could erase the typical
8742 in approximately 3 years while it would take ap-

1-18

proximately one week to cause erasure when exposed
to direct sunlight. If the 8742 is to be exposed to these
types of lighting conditions for extended periods of
time, opaque labels are available from Intel which
should be placed over the 8742 wmdow to prevent unin-
tentional erasure:

The recommended erasure procedure for the 8742 is
exposure to shortwave ultraviolet light which has a
wavelength of 2537A. The integrated dose (i.e., UV inten-
sity X exposure time) for erasure should be a minimum
of 15 w-seclcm?. The erasure time with this dosage is
approximately 15 to 20 minutes using an ultraviolet
lamp with a 12,000 yWIcm2 power rating. The 8742
should be placed within one inch of the lamp tubes dur-
ing erasure. Some lamps have a filter on their tubes
which should be removed before erasure.

AFN-00188C
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under “Absolute

Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-

Ambient Temperature UnderBias ......... 0°Cto70°C tion of the device at these or any other conditions above
Storage Temperature ............. ~65°Cto + 150°C those indicated in the operational sections of this specifi-
Voltage on Any Pin With Respect cation is not implied. Exposure to absolute maximum

toGround ................... ... —05Vto +7v rating conditions for extended periods may affect device
Power Dissipation ............. ... ... ..., 1.5 Watt reliability.

D.C. CHARACTERISTICS (To=0° to +70°C, Voc=Vpp= + 5V + 10%)

8042 8742/8642
Symbol Parameter » Min. | Max. | Min. | Max. | Units Notes
ViL Input Low Voltage (Except XTAL1, XTAL2, RESET) | -05| 0.8 |-0.5| 0.8 \"
ViLy Input Low Voltage (XTAL1, XTAL2, RESET) -05| 06 |-05| 0.6 v
Vin Input High Voltage (Except XTAL1, XTAL2, RESET) | 22 | Ve | 22 | Ve \"
Vi1 Input High Voltage (XTAL1, XTAL2, RESET) 38 | Vgc | 3.8 | Ve v
VoL Output Low Voltage (D+~D7) 0.45 0.45 v lor=2.0 mA
Voui Output Low Voltage (P19P47, P2oP27, Sync) 0.45 0.45 v lo,=1.6 mA
Vo2 Output Low Voltage (PROG) 0.45 045 | V lor=1.0 mA
VoH Output High Voltage (Dg-D7) 24 24 v lon= —400 yA
Voni Output High Voitage (All Other Outputs) 24 24 \' lop= —50xA
Iy Input Leakage Current (Tg, T4, RD, WR, CS, Ag, EA) +10 +10| pA Vss=ViN=Vee
loz Output Leakage Current (Dg-D7, High Z State) +10 +10| pA | Vss+045

=Vour=Vcc

Iy Low Input Load Current (P1gP47, P2gP27) 0.3 03 | mA Vi =0.8v
I Low Input Load Current (RESET, SS) 0.2 02 | mA ViL=0.8V
Iop Vpp Supply Current 15 15 | mA | Typical=5mA
lcc+ lpp| Total Supply Current 125 125 | mA Typical=60 mA
M Input Leakage Current 100 100 | pA Vin=Vee
Cin Input Capacitance 10 10 pF )
Cio /0 Capacitance 20 20 pF

D.C. CHARACTERISTICS—PROGRAMMING (1,=25°C +5°C, Vo =5V 5%, Vpp=21V = 1V)

Symbol Parameter Min. Max. Unit Test Conditions
VooH Voo Program Voltage High Level 20.0 22.0 Y

VooL Vpp Voltage Low Level 4.75 5.25 \

VPH PROG Program Voltage High Level 215 245 v

VpL PROG Voltage Low Level 02 \Y

VEAH EA Program-or Verify Voltage High Level 215 245 Y

VEAL EA Voltage Low Level 5.25 \Y

%) Vpp High Voltage Supply Current 30.0 mA

IPROG PROG High Voltage Supply Current 16.0 mA

lea - EA High Voltage Supply Current 1.0 mA
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A.C. CHARACTERISTICS (T,=0°C to +70°C, Vsg=0V, Vcc=Vpp= +5V *10%)
DBB READ ; ,
; 8042 8642/8742
~Symbol Parameter Min. Max. Min. Max. Units
tar CS, Ag Setup to RD! - 0 0 ) ) ns
tRa CS, Ag Hold After RD1 0 0 ns
tRR RD Pulse Width 160 160 ns
tap CS, Ap to Data Out Delay 130 130 nsl
tro RD! to Data Out Delay 130 © 130 nsll
tor RD1 to Data Float Delay 85 85 ns
tey Cycle Time 1.25 15 1.25 15 st
DBB WRITE ‘
Symbol Parameter Min. Max. Min. Max. Units
taw CS, Ag Setup to WRI 0 0 ns
twa CS, Ag Hold After WRt 0 0 ns
tww WR Pulse Width 160 260 ns
tow Data Setup to WRt 130 150 o ns
two Data Hold After WR1 0 0 ns
NOTES:
1. C_=100 pF.

2. 12 MHz XTAL.

A.C. CHARACTERISTICS —PROGRAMMING (T, = 25°C + 5°C, Vo= 5V 5%, Vpp= 21V 1V)

Symbol Parameter Min. Manx. Unit Test Conditions
taw Address Setup Time to RESET ! 4icy

twa ‘Address Hold Time After RESET | 4icy

tow Data in Setup Time to PROG ! 4tcy

two Data in Hold Time After PROG | 4icy

tpH RESET Hold Time to Verity 4icy

tvDDow Vpp Setup Time to PROG ! 4rcy

tvDDH Voo Hold Time After PROG | 0

tew Program Pulse Width ) 50 60 mS
trw Test 0 Setup Time for Program Mode . 4rcy.

twT Test 0 Hold Time After Program Mode 4icy

tbo Test 0 to Data Out Delay 4tcy

tww RESET Pulse Width to Latch Address 4icy

tr, te Voo and PROG Rise and Fail Times 05 20 us
tcy CPU Operation Cycle Time 5.0 As
tRE RESET Setup Time Betore EA 1. 4icy -

Note: If TEST 0 is high, tpg can be triggered by RESET 1.
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A.C. CHARACTERISTICS pma

8042 8642/8742
Symbol Parameter Min. Max. Min. Max. Units
tacc DACK to WR or RD 0 0 ns
tcac RD or WR to DACK 0 0 ns
taco DACK to Data Valid 130 130 nst1
tcra RD or WR to DRQ Cleared 90 90 ns
NOTE:
1. C_= 150 pF.

A.C. CHARACTERISTICS PORT 2 (To=0°C to +70°C, Vec= + 5V *10%)

8042 8642/8742
Symbol Parameter Min. Max. Min. Max. Units

tcp Port Control Setup Before Falling Edge of PROG 100 100 nst"
tpc Port Control Hold After Falling Edge of PROG 60 - 60 nsi?
ter PROG to Time P2 Input Must Be Valid 650 650 nsl
tpr Input Data Hold Time 0 150 0 150 nsi?
top Output Data Setup Time 200 200 nst!
tep Output Data Hold Time 60 60 nsi
tpp PROG Pulse Width 700 700 ns

NOTES:

1. C_=80 pF.

2. C_ =20 pF.

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/QUTPUT

24
20 20
:> TEST POINTS < C. 150pF
08 08
0.45

TYPICAL 8042/8742 CURRENT

80 mA —

60 mA _A\

40 mA -

lcc +loo

20mA

Il 1 1 1
20° 40° 60° 80°
TEMP (°C)

CRYSTAL OSCILLATOR MODE

DRIVING FROM EXTERNAL SOURCE

J— 2| xraut
: 112
15pF 1 MHz

(INCLUDES XTAL, == =

- =
SOCKET, STRAY) |

I

I

[ 31 xTAL2

15-25pF =
(INCLUDES SOCKET, I
STRAY) =

CRYSTAL SERIES RESISTANCE SHOULD BE
<750 AT 12 MHz; <1800 AT 3.6 MHz.

XTAL2

XTAL1

BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN.
RESISTORS TO Vcc ARE NEEDED TO ENSURE Viy = 3.8V
IF TTL CIRCUITRY IS USED.
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LC OSCILLATOR MODE
v C NOMINAL o]
a5.H  20pF 5.2 MHz 27
120.H 20 pF 3.2 MHz 2
XTAL1 , C+3Cep
C= ==
Cep = 5 - 10 pF PIN-TO-PIN
XTAL2Z  CApACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE.

WAVEFORMS

CSOR Ag

RO

DATA BUS
OUTPUT

READ OPERATION—DATA BUS BUFFER REGISTER

ISYSTEM'S
ADDRESS BUS!

——1ap —e

P ——

[ |._

tha =

/

——tgp—

— 1D —a]

\ (READ CONTROL}

DATA VALID

WRITE OPERATION—DATA BUS BUFFER REGISTER

€308 9 )( AoORESs 8US)
— taw — tww - == twa ==
WR (WRITE CONTROL)
- tow ——| ‘wo
gl WAy GHANGE X DATAVALID

DATA
MAY CHANGE
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WAVEFORMS (Continued)

COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY)

21V
EA

.

5V

PROGRAM VERIFY i PROGRAM

N\ / \
RESET N / \—f—_

taw —+-—><——1— twa S— xDO—-I
ADDRESS DATA TO BE —— DATA . NEXT ADDR
DBg-D8B7 - (0-7) VALID PROGRAMMED VALID VALID VALID

TESTO

J

N

LAST NEXT
ParPas AODESS X ADDRESS (8-10) VALID X ADGRESS
tvpow —| [ —y tvoDH
twy ——
+25
Voo ;l
*5 tew
tow ~ two

+23
PROG /

45— — — —— — ————

+0 —\__A —_— -\__.._—._

VERIFY MODE (ROM/EPROM)

21v
EA 5v__/

TEST,

5V
[oJ—
f- tww
RESET §l /———\_———/—__—_\—_
/]

|‘—lAw——-
twa
—_ ADDRESS DATA OUT —_— NEXT NEXT DATA - e e o -
10-7) VALID VALID ADDRESS OUT VALID
Pao-P22 X ADDRESS (8-10) VALID X NEXT ADDRESS VALID

NOTES:

1. PROG MUST FLOAT IF EA IS LOW (i.e., = 21V) OR IF TESTp=5Y FOR THE 8742. FOR THE 8042 PROG MUST ALWAYS FLOAT.
2. Ag MUST BE HELD LOW (i.e., = 0V) DURING PROGRAM/VERIFY MODES.

3. TEST 0 MUST BE HELD HIGH.

DBy-DB;

The 8742 EPROM can be programmed by the following
Intel product:

1. Universal PROM Programmer (UPP series) peripheral
of the Intellec® Development System with a UPP-549
Personality Card.
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WAVEFORMS (Continued)

DMA ‘
DACK ——\\_—_}‘[——\ S
|
AD i
|
—
- —=|tacc|— —-"CACL—
" \ 7[(
. —tacCl— —=|tcAC|=—
DATA BUS
VALID X X VALID >(
-——IACD— » ’
DRQ _\F
—hcrale— —~ltcrgl—
PORT 2
SYNC / \ / \ /
EXPANDER . -
PORT | op LY
)
OUTPUT X PORT 2.3 DATA X PORT CONTROL X OUTPUT DATA X
EXPANDER !
PORT R — tpE
/ ¥ INPUT )
INPUT X PCRT 2.3 DATA >¢ PORT CONTROL }( >§ DATA
*—ICP—=|=—tpC =
. ‘ tpp
PROG ' 4

PORT TIMING DURING EA

svm’:";___./__-\ /__\_
Pio.17 -

=X - D G
Pa22 ' DATA

ON THE RISING EDGE OF SYNC AND EA IS ENABLED, PORT DATA IS VALID AND CAN BE
STROBED. ON THE TRAILING EDGE OF SYNC THE PROGRAM COUNTER CONTENTS ARE
AVAILABLE.
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Table 2. UPI™ Instruction Set
Mnemonic J Description l Bytes [Cycles Mnemonic l Description | Bytes [Cycles
ACCUMULATOR DATA MOVES
ADD A, Rr Add register to A 1 1 MOV A, Rr Move register to A 1 1
ADD A, @Rr Add data memory 1 1 MOV A, @Rr Move data memory 1 1
toA to A
ADD A, #data Add immediate to A 2 2 MOV A, #data | Move immediate 2 2
ADDC A, Rr Add register to A 1 1 TOA
with carry MOV Rr, A Move A to register 1 1
ADDC A, @Rr Add data memory 1 1 MOV @Rr, A Move A to data 1 1
to A with carry memory .
ADDC A, #data |Add immediate 2 2 MOV Rr, #data | Move immediate o 2 2
to A with carry register
ANL A, Rr AND register to A 1 1 MOV @Rr, Move immediate to 2 2
ANL A, @Rr AND data memory 1 1 #data data memory
toA MOV A, PSW Move PSW to A 1 1
ANL A, #data AND immediate to A 2 2 MOV PSW, A Move A'to PSW 1 1
ORLA, Rr OR register to A 1 1 XCH A, Rr Exchange A and 1 1
ORL A, @Rr OR data memory 1 1 register
toA XCH A, @Rr Exchange A and 1 1
ORL A, #data |OR immediate to A 2 2 data memory
XRL A, Rr Exclusive OR regis- 1 1 XCHD A, @Rr | Exchange digit of A 1 1
terto A . and register
XRL A, @Rr Exclusive OR data 1 1 MOVP A, @A Move to A from 1 2
memory to A current page
XRL A, #data Exclusive OR imme- 2 2 MOVP3, A, @A | Move to A from 1 2
diate to A page 3
INC A Increment A 1 1
DECA Decrement A 1 1 TIMER/COUNTER
CLRA Clear A 1 1 MOV A, T Read Timer/Counter 1 1
CPL A Complement A 1 1 MOV T, A Load Timer/Counter 1 1
DA A Decimal Adjust A 1 1 STRTT Start Timer 1 1
SWAP A Swap nibbles of A 1 1 STRT CNT start Counter 1 1
RLA Rotate A left 1 1 STOP TCNT Stop Timer/Counter 1 1
RLCA Rotate A left through| 1 1 EN TCNTI Enable Timer/ 1 1
carry Counter Interrupt
RRA Rotate A right 1 1 DIS TCNTI Disable Timer/ 1 1
RRC A Rotate A right 1 1 Counter Interrupt
through carry CONTROL
INPUT/QUTPUT EN DMA Enable DMA Hand- 1 1
INA, Pp Input port toA 1 2 shake Lines
OUTL Pp, A Output A to port 1 2 ENI Enable IBF Interrupt 1 1
ANL Pp, #data |AND immediate to 2 2 DIS| Disable IBF Inter- 1 1
port rupt
ORL Pp, #data |OR immediate to 2 2 EN FLAGS Enable Master 1 1
port Interrupts
IN A, DBB Input DBB to A, 1 1 SEL RBO Select register 1 1
clear IBF bank 0
OUT DBB, A Output A to DBB, 1 1 SEL RB1 Select register 1 1
set OBF bank 1
MOV STS, A As-A;to Bits4-7of | 1 1 NOP No Operation 1 1
Status REGISTERS
MOVD A, Pp Input Expander ! 2 INC Rr Increment register 1 1
portto A
MOVD Pp,A  |OutputA to 1 2 INC @Rr ‘"nﬁ;‘:n”;er;‘ data 1 1
xpander .
ANLD Pp, A AEJE;)Z t?)eEf:;der 1 2 DEC Rr Decrement register 1 1
port SUBROUTINE
ORLD Pp, A OR A to Expander 1 2 CALL addr Jump to subroutine 2 2
port RET Return 1 2
RETR Return and restore 1 2
status
1-25 AFN-00188C
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Table 2. UPI™ Instruction Set (Continued)
Mnemonic Description [ Bytes { Cycles
FLAGS ) o )
CLRC ‘Clear Carry . 1 1
CPLC Complement Carry 1 1
CLR FO Clear Flag 0 1 1
CPL FO Complement Flag 0 1 1
CLR F1 Clear F1 Flag 1 1
CPL F1 Complement F1 Flag| 1 1
BRANCH .
JMP addr Jump unconditional |- 2 2
JMPP @A Jump indirect 1 2
DJNZ Rr, addr | Decrement register 2 2
and jump
JC addr Jump on Carry=1 2 S 2
JNC addr Jump on Carry=0 2" 2
JZ addr Jump on A Zero 2 2
JNZ addr Jump on A not Zero 2 2
JTO addr Jump on TO=1 2 .2
JNTO addr Jump on T0O=0 2 2
JT1 addr Jumpon Ti=1 2 2
JNT1 addr Jumpon T1=0" 2 2
JFO addr Jump on FO Flag=1 2 2¢
JF1 addr Jump on F1 Flag=1 2 2
JTF addr Jump on Timer Flag 2 -2
) =1, Clear Flag
JNIBF addr Jump on IBF Flag 2 2
=0 .
JOBF addr Jump on OBF Fiag 2 2
=1
JBb addr Jump on Accumula- | 2 2
tor Bit )
1-26 AFN-00188C
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8231A
ARITHMETIC PROCESSING UNIT

= Fixed Point Single and Double a Compatible with MCS-80™ and
Precision (16/32 Bit) MCS-85™ Microprocessor Families
m Floating Point Single Precision = Direct Memory Access or
(32 Bit) Programmed I/O Data Transfers

s Binary Data Formats
s Add, Subtract, Multiply and Divide
s Trigonometric and Inverse

s End of Execution Signal
m General Purpose 8-Bit Data Bus

. . . Interface
Trigonometric Functions .
= Square Roots, Logarithms, = Standard 24 Pin Package
Exponentiation s +12 Volt and +5 Volt Power
s Float to Fixed and Fixed to Float Supplies
Conversions s Advanced N-Channel Silicon Gate
m Stack Oriented Operand Storage HMOS Technology

The Intel® 8231A Arithmetic Processing Unit (APU) is a monolithic HMOS LSl device that provides high performance fixed
and floating point arithmetic and floating point trigonometric operations. it may be used to enhance the mathematical
capability of a wide variety of processor-oriented systems. Chebyshev polynomials are used in the implementation o6f the
APU algorithms.

All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional data bus.
Operands are pushed onto an internal stack and commands are issued to perform operations on the data in the stack.
Results are then available to be retrieved from the stack.

Transfers to and from the APU may be handled by the associated processor using conventional programmed |/O, or may be
handled by a direct memory access controller for improved performance. Upon completion of each command, the APU
issues an end of execution signal that may be used as an interrupt by the CPU to help .coordinate program execution.

In January 1981 Intel will be converting from 8231 to 8231A. The 8231A provides enhancements over the 8231 to allow use
in both asynchronous and synchronous systems.

s —O
D —O
-0 BUS
h CONTROL WORKING
Ay —] °;$22:° ~< REGISTERS
READY 8x1e I_
- )
Vss (1 24 END
Vee (2 23[7] ciK
16 EACK []3 22[] ReseT
SVack []a 217 Ay
svrea (s 201 @D
WR
BUS voworuse (46 ., 1900
DB0-DB7 ﬁ BUFFER prrerr co:g:\m meLow |, wh o
mocs vy
ALGORITHM oB1 ]9 167 Vpp
CONTROLLER 082 []10 15 {7 oB?
083 []11 1417] pB6
END <«+—O co:g:m
EATR —-Of
SVREQ <w——1 |NTERFACE
CONTROL
SVACK —=O)
RESET ——]
CLK
Figure 1. Block Diagram Figure 2. Pin Configuration

1-27



8231A

PRELIMINARY

Table 1. .Pin Description

Pin oo © v 4 |Pin
Symbol | No.| Type Name and Function Symbol | No. | Type Name and Function
Vee 2 Power: +5 Volt power supply. SVREQ | 5| O. |Service Request: This active high out-
Voo 16 Power: 412 Volt power supply put signal.indiqateskthat command
execution is complete and that post
Vss 1 “Ground. . execution service was requested in the
CLK 23| I | Clock: An external, TTL compatlble previous command byte. It is cleared by
timing source is applied to the CLK pin. SVACK, the next command OUtpUt to the
RESET [ 22| 1| |Reset: The active high resetsignal pro-" __ | device, or by RESET.
vides initialization for the chip. RESET READY | 17 | O | Ready: This active high output md'-
also terminates any operation in pro- cates that the 8231A is able to accept
gress. RESET clears the'status register communication with the data bus. When
and places the 8231A into the idle state. an attempt is made to read data, write
Stack contents and command registers data or to enter a new command while
are not affected (5 clock cycles). the 8231A is executing a command,
— — - - READY goes low:until execution of the
CSs 18 I thp Selgct: CS is an active low input current command is complete (See
_s:gnal which selects the 8231A and en- READY Operation, p. 5).
-ables communication with the data bus. —
- - - — — DBO- 8- | /0 | Data Bus: These eight bidirectional
Ao 21| | |Address: In conjunction with the RD DB7 15| - [lines provide for transfer of commands,
and WR signals, the A, control line es- status and data between the 8231A and
tablishes the type. of communication the CPU. The 8231A can drive the data
that is to be performed with the 8231A as bus only when CS and RD are low.
shown below: . - - -
Ao RD WR Function
0 1 ) Enterdatabytemtostack COMMAND STRUCTURE
0 ] 1 Read data byte from stack |
1 1 0 Enter command Each command entered into the 8231A consists of a single
1 0 1 Read status 8-bit byte having the format illustrated below:
RD 20 |- | | Read: This active low input indicates SV(:)EO OPE'(‘)‘I‘)TEWN i
that data or status is to be read from the SINGLE ~ FIXED
8231A if CS is low. | | | |
WR 19| | |Write: This active low input indicates 7 & s 4 32 ! 0
that data or a command is to be written | B
into the 8231A if CS is low. Bits 0-4 select the operation to be performed as shown
EACK 3 I | End of Execution: This active low input in the table. Bits 5-6 select the data format appropriate
clears the end of execution output sig- to the selected operation. If bit 5 is a 1, a fixed point data
nal (END). If EACK is tied Iow, the END format is specified. If bit 5is a 0, floating point format is
output will be a pulse that is one clock specified. Bit 6 selects the precision of the data to be
period wide. . operated upon by fixed point commands. only (if bit
SVACK | 4| I |Service Request: This active low input 5=0,.bit 6 must be 0). If bit 6 is a 1, single-precision
' clears the service request output (16-bit) operands are assumed. If bit 6 is a 0, double-
(SVREQ). ' precision (32-bit) operands are indicated. -Results are
END 24 | 'O |End: Thisactive low, open-drain output undefined for all illegal combinations of bits in the com-
indicates ‘that execution of the pre- mand byte. Bit 7 indicates whether a service request is
viously enteréd command is complete. It to be issued after the command is executed. If bit 7 is a
can be used as an interrupt request and 1, the service request output (SVREQ) will go high at the
is cleared by EACK, RESET or any read - conclusion of the command and will remain high until
or write access to the 8231. reset by a low level on the service acknowledge pin
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(SVACK) or-until completion of execution of the suc-
ceeding ‘command where service request (bit 7) is 0.
Each command issued to the 8231A requests post execu-
tion.service based upon the state of bit 7 in the command
byte. When bit 7 is a 0, SVREQ remains low.

AFN-012518



intel

8231A

PRELIMINARY

Table 2. 32-Bit Floating Point Instructions

Stack Contents(®

Instruction Description :‘:zﬁl) A}\Ior:xagutlgn Sta:;'s.:::gs(‘)
ACOS Inverse Cosine of A 0 6 R U U U S,ZE
ASIN Inverse Sine of A 05 R U U WU S,ZE
ATAN Inverse Tangent of A 07 R B U U S, Z
CHSF Sign Change of A 15 R B C D S,z
Ccos Cosine of A (radians) 0 3 R B U U 4
EXP eA Function 0 A R B U U S,ZE
FADD Add A and B 10 R CDWU S, E
FDIV Divide B by A 13 R C D U S,Z,E
FLTD 32-Bit Integer to Floating Point Conversion 1 C R B C U S, 2
FLTS 16-Bit Integer to Floating Point Conversion 1D R B C U S,z
FMUL Multiply A and B 1 2 R C DU S, Z E
FsuB Subtract A from B 11 R C D U S, ZE
LOG Common Logarithm (base 10) of A 0 8 R B U U S, Z E
LN Natural Logarithm of A 09 R B U U S,ZE
POPF Stack Pop 1 8 B C D A S, Z
PTOF Stack Push 17 A A B C S, 2
PUPI Push n onto Stack 1 A R A B C S, 2
PWR BA Power Function 0B R CUWU S, ZE
SIN Sine of A (radians) 0 2 R B U U S,z )
SQRT Square Root of A 01 R B C WU S, Z, E .
TAN Tangent of A (radians) 0 4 R B U U S,Z,E
XCHF Exchange A and B 19 B A C.D S, Z

Table 3. 32-Bit Integer Instructions
(2)

Instruction Description "éz:(;) s;iicokrsg::é:'t‘ign Sta:;'s.z:gs“’
CHSD Sign Change of A 3 4 R B C D S,2,0
DADD Add A and B 2 C R CDA §,2C,E
DDV Divide B by A 2 F R CDWU S,ZE
DMUL Multiply A and B (R = lower 32-bits) 2 E R C D U S$,20
DMUU Multiply A and B (R = upper 32-bits) 3 6 R C DU S$,2,0
DSUB Subtract A from B 2 D R C D A S,2,C,0
FIXD Floating Point to Integer Conversion 1 E R B C U S,20
POPD Stack Pop 3 8 B C D A S, Z
PTOD Stack Push 3 7 A A B C S,z
XCHD Exchange A and B 3 9 B A CD S, Z

Table 4. 16-Bit Integer Instructions
(3)
Instruction Description 2::(:) sl'\‘fll?r 2:::.’3& Su‘l\t;'seg:gs“)

Ay AL By B Cy C_ Dy D
CHSS Change Sign of A, 7 4 R A_ By B_ Cy C_ Dy D S,Z0
FIXS Floating Point to Integer Conversion 1 F RByB . CyC. U U U S, 2,0
POPS Stack Pop 7 8 AL By B Cy C_ Dy D Ay S,z
PTOS Stack Push 77 Ay Ay AL By B Cy C_ Dy S, Z
SADD Add Ay and A 6 C R By B Cy CL Dy D Ay S,ZC,E
SDIvV Divide A_ by Ay 6 F R ByB.CyCLDybD U S,ZE
SMuUL Muiltiply A_ by Ay (R = lower 16-bits) 6 E R By BL Cy CL Dy D U S,ZE
SMUU Muiltiply A_ by A (R = upper 16-bits) 76 R By B CyC_DyD U S,ZE
ssuB Subtract A, from A_ 6 D R By BL Cy CL Dy DL Ay S,2,CE
XCHS Exchange Ay and Ap 79 AL Ay By B Cy C_ Dy D S, Z
NOP No Operation 00 Ay AL By B Cy C Dy D

Notes: 1. In the hex code column, SVREQ is a 0.
2. The stack initially is composed of four 32-bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon

completion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B, C, or D).

3. The stack initially is composed of eight 16-bit numbers (Ay, AL, By, B, Cy, C, Dy, D). Ay is the TOS and A is NOS. Upon cornpletlon ofa
command the stack is composed of: the result (R); undefined (U); or the |nmal contents (Ay, AL, By, B, ..
4. Nomenclature: Sign (S); Zero (2); Overflow (O); Carry (C); Error Code Field (E).
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DATA FORMATS

The 8231A arithmetic processing unit handles operands
in both fixed point and floating point formats. Fixed
point operands may be .represented in either single
(16-bit operands) or double precision (32-bit operands),
and are always represented as binary, two’s comple-
ment values.

SINGLE PRECISION FIXED POINT FORMAT

VALUE

DNNRENNRNNUNAENE

DOUBLE PRECISION FIXED POINT FORMAT

VALUE

;IHIlJIHJIJIIllI‘III‘I'IIIIIII!'H0

The sign (positive or negative) of the operand is located
in the most-significant bit (MSB). Positive values are
represented by a sign bit of zero (S = 0). Negative values
are represented by the two’s complement of the corre-
sponding positive value with a sign bit equal to 1 (S=1).
The range of values that may be accommodated by each
of these formats is — 32,768 to + 32,767 for single preci-
sion and —2,147,483,648 to '+ 2,147,483,647 for double
precision. :

Floating point binary values are represented in a format
that permits arithmetic to be performed in a fashion
analogous to operations with decimal values expressed
in scientific notation.

(5.83 % 10?) (8.16 x 10") = (4.75728 x 10%)

In the decimal system, data may be expressed as values
between 0 and 10 times 10 raised to a power that effec-
tively shifts the implied decimal point right or left the
number of places necessary to express the result in con-
ventional form (e.g., 47,572.8). The value-portion of the
data is called the mantissa. The exponent may be either
negative or positive.

The concept of floating point notation has both a gain
and a loss associated with it. The gain is the ability to
represent the significant digits of data with values span-
ning a large dynamic range limited only by the capacity
of the exponent field. For example, in decimal notation
if the exponent field is two digits wide, and the mantissa
is five digits, a range of values (positive or negative)
from 1.0000 x 10~ %° to 9.9999x 10*% can be accom-
modated. The loss is that only the significant digits of
the value can be represented. Thus there is no distinc-
tion in this representation between the values 123451
and 123452, for example, since each would be ex-
pressed as: 1.2345x 10% The sixth digit has been
discarded. In most applications where the dynamic
range of values to be represented is large, the loss of
significance, and hence accuracy of results, is a minor
consideration. For greater precision a fixed point format
could be chosen, although with a loss of potential
dynamic range.

The 8231A is a binary arithmetic processor and requires
that floating point data be represented by a fractional
mantissa value between .5 and 1 multiplied by 2 raised
to an appropriate power. This is expressed as follows:

value = mantissa x 28xponent

For example, the value 100.5 expressed in this form is
0.1100 1001 x 27. The decimal equivalent of this value
may be computed by summing the components (powers
of two) of the mantissa and then multiplying by the ex-
ponent as shown below:

value=(@2 '+27 2425428 x 27
=0.5+0.25+ 0.03125 + 0.00290625) x 128
=0.78515625 x 128
=1005

FLOATING POINT FORMAT

The format for floating point values in the 8231A is given
below. The mantissa is expressed as a 24-bit (fractional)
value; the exponent is expressed as a two's complement
7-bit value having a range of —64 to +63. The most
significant bit is the sign of the mantissa (0 = positive,
1=negative), for a total of 32 bits. The binary point is
assumed to be to the left of the most significant man-
tissa bit (bit 23). All floating point data values must be
normalized. Bit 23 must be equal to 1, except for the
value zero, which is represented by all zeros.

EXPONENT MANTISSA

SELL LU P L L

The range of values that can be represented in this for-
mat is +(2.7x 1020 t0 9.2 x 10'8) and zero.

FUNCTIONAL DESCRIPTION

STACK CONTROL

The user interface to the 8231A includes access to an 8
level 16-bit wide data stack. Since single precision fixed
point operands are 16-bits in length, eight such values
may be maintained in the stack. When using double
precision fixed point or floating point formats four
values may be stored. The stack in these two configura-
tions can be visualized as shown below:

T0s —={ A4, A3 | A2, A1 T
Nos —| B4, B3 , B2 | Bi

i 1 i l
8 L n L

‘ —

Nos — B2 | B1

108 A2 | A1 l

L L L

-

6 —

Data are written onto the stack, eight bits at a time, in
the order shown (A1, A2, A3, .. .). Data are removed from
the stack in reverse byte order (A4, A3, A2...). Data
should be entered onto the stack in multiples of the
number of bytes appropriate to the chosen data format.
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DATA ENTRY

Data entry is accomplished by bringing the chip select
(CS), the command/data line (Ag), and WR low, as shown
in the timing diagram. The entry of each new data word
“pushes down’ the previously entered data and places
the new byte on the top of stack (TOS). Data on the bot-
tom of the stack prior to a stack entry are lost.

DATA REMOVAL

Data are removed from the stack in the 8231A by bringing
chip select (CS), command/data (Ag), and RD low as
shown in the timing diagram. The removal of each data
word redefines TOS so that the next successive byte to
be removed becomes TOS. Data removed from the stack
rotates to the bottom of the stack.

COMMAND ENTRY

After the appropriate number of bytes of data have been
entered onto the stack, a command may be issued to
perform an operation on that data. Commands which re-
quire two operands for execution (e.g., add) operate on
the TOS and NOS values. Single operand commands
operate only on the TOS.

Commands are issued to the 8231A by bringing the chip
select (CS) line low, command data (A) line high, and
WR line low as indicated by the timing diagram. After a
command is issued, the CPU can continue execution of
its program concurrently with the 8231A command
execution.

COMMAND COMPLETION

The 8231A signals the completion of each command exe-
cution by lowering the End Execution line (END).
Simultaneously, the busy bit in the status register is
cleared and the Service Request bit of the command
register is checked. If it is a “1” the service request out-
put level (SVREQ) is raised. END is cleared on receipt of
an active low End Acknowledge (EACK) pulse. Similarly,
the service request line is cleared by recognition of an
active low Service Acknowledge (SVACK) pulse.

READY OPERATION

An active high ready (READY) is provided. This line is
high in its quiescent state and is pulled low by the 8231A
under the following conditions:

1. A previously initiated operation is in progress (device
busy) and Command Entry has been attempted. In
this case, the READY line will be pulled low and re-
main low until completion of the current command
execution. It will then go high, permitting entry of the
new command.

2. A previously initiated operation is in progress and
stack access has been attempted. In this case, the
READY line will be pulled low, will remain in that
state until execution is complete, and will then be
raised to permit completion of the stack access.

3. The 8231A is not busy, and data removal has been re-
quested. READY will be pulled low for the length of
time necessary to transfer the byte from the top of
stack to the interface latch, and will then go high,
indicating availability of the data.

4. The 8231A is not busy, and a data entry has been re-
quested. READY will be pulled low for the length of
time required to ascertain if the preceding data byte,
if any, has been written to the stack. If so READY will
immediately go high. If not, READY will remain low
until the interface latch is free and will then go high.

5. When a status read has been requested, READY will
be pulled low for the length of time necessary to
transfer the status to the interface latch, and will
then be raised to permit completion of the status
read. Status may be read whether or not the 8231A is
busy.

When READY goes low, the APU expects the bus con-
trol signals present at the time to remain stable until
READY goes high.

DEVICE STATUS

Device status is provided by means of an internal status
register whose format is shown below:

BUSY SIGN ZERO [~ ERROR CODE — > CARRY

[ | | | |

7 0

BUSY: Indicates that 8231A is currently executing a com-

mand (1=Busy)

SIGN: Indicates that the value on the top of stack is

negative (1= Negative)

ZERO: Indicates that the value on the top of stack is

zero (1= Value is zero)

ERROR CODE: This field contains an indication of the
validity of the result of the last opera-
tion. The error codes are:

0000 — No error

1000 — Divide by zero

0100 — Square root or log of negative number

1100 — Argument of inverse sine, cosine, or

e* too large
XX10 — Underflow
XX01 — Overflow
CARRY: Previous operation resulted in carry or borrow

from most significant bit. (1= Carry/Borrow,
0= No Carry/No Borrow.)

If the BUSY bit in the status register is a one, the other
status bits are not defined; if zero, indicating not busy,
the operation is complete and the other status bits are
defined as given above. '

READ STATUS

The 8231A status register can be read by the CPU at any
time (whether an operation is in progress or not) by
bringing the chip select (CS) low, the command/data line
(Ag) high, and lowering RD. The status register is then
gated onto the data bus and may be input by the CPU.

EXECUTION TIMES

Timing for execution of the 8231A command set is con-
tained below. All times are given in terms of clock
cycles. Where substantial variation of execution times
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is possible, the minimum and maximum values are
quoted; otherwise, typical values are given. Variations
are data dependent.

Total execution times may require allowances for
operand transfer into the APU, command execution, and
result retrieval from the APU. Except for command exe-

cution, these times will be heavily influenced by the
nature of the data, the control interface used, the speed
of memory, the CPU used, the priority allotted to DMA
and Interrupt operations, the size and number of
operands to be transferred, and the use of chained
calculations, etc.

Table 5. Command Execution Times

Command Clock Command Clock Command Clock Command Clock
Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles
SADD 17 FADD 54-368 LN 4298-6956 POPF 12
SsuB 30 FsSuB 70-370 EXP 3794-4878 XCHS 18
SMUL 84-94 FMUL 146-168 PWR 8290-12032 XCHD 26

SMUU 80-98

SDIv 84-94 FDIV 154-184 NOP 4 XCHF 26
DADD 21 SORT 800 CHSS 23 PUPI 16
DSuB 38 SIN 4464 CHSD 27

DMUL 194-210 COs 4118 CHSF 18

DMUU 182-218

DDIV 208 TAN 5754 PTOS 16

FIXS 92216 ASIN 7668 PTOD 20

FIXD 100-346 ACOS 7734 PTOF 20

FLTS ~ 98-186 ATAN 6006 POPS 10

FLTD 98-378 LOG 4474-7132 POPD 12

DERIVED FUNCTION DISCUSSION

Computer approximations of transcendental functions
are often based on some form of polynomial equation,
such as:

F(X)= Ao+ A X+ A2X2+ A3X3+ A4X4 e - (141)

The primary shortcoming of an approximation in this
form is that it typically exhibits very large errors when
the magnitude of |X| is large, although the errors are
small when |X| is small. With polynomials in this form,
the error distribution is markedly uneven over any
arbitrary interval.

A set of approximating functions exists that not only
minimizes the maximum error but also provides an even
distribution of errors within the selected data represen-
tation interval. These are known as Chebyshev Poly-
nomials and are are based upon cosine functions. These
functions are defined as follows:

Tn(X)= Cos ng; wheren=0,1,2. .. (1-2)
#=Cos~X

The various terms of the Chebyshev series can be com-
puted as shown below:

To(X)= Cos (0 - 6)= Cos (0)= 1 (1-4)

T4(X)= Cos (Cos ~X)= X (1-5)

To(X)= oog 20=2C0s26—1=2Co0s2(Cos~'X)=1 (1-6)
=2X¢-1

In general, the next term in the Chebyshev series can be
recursively derived from the previous term as follows:

TaX)=2X[Tp= 1X)] - Tp—2(X);n>2 (1-7)

Common logarithms are computedﬁ"by multiplication
of the natural logarithm by the conversion factor
0.43429448 and the error function is therefore the same
as that for natural logarithm. The power function is
realized by combination of natural log and exponential
functions according to the equation:

XY = eybnx,

The error for the power function is a combination of that
for the logarithm and exponential functions.

Each of the derived functions is an approximation of the
true function. Thus the result of a derived function will
have an error. The absolute error is the difference be-
tween the function’s result and the true result. A more
useful measure of the function’s error is relative error
(absolute error/true result). This gives a measurement of
the significant digits of algorithm accuracy. For the
derived functions except LN, LOG, and PWR the relative
error is typically 4x 10=7. For PWR the relative error is
the summation of the EXP and LN errors, 7 x 10~7. For
LN and LOG, the absolute error is 2x 10~7.
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APPLICATION INFORMATION

The -diagram in Figure 4 shows the ‘interface connec-
tions for the APU with operand transfers handled by an
8237 DMA controller, and CPU coordination handied by
an Interrupt Controller. The APU interrupts the CPU to
indicate that'a command has been completed. When the
performance enhancements provided by the DMA and
Interrupt operations are not required, the APU interface

can be simplified as shown in Figure 3. The 8231A APU is
designed with a general purpose 8-bit data bus and in-
terface control so that it can be conveniently used with
any general 8-bit processor. .

In many systems it will be convenient to use the
microcomputer system clock to drive the APU clock
input. In the case of 8080A systems it would be the
¢2TTL signal. Its cycle time will usually fall in-the range
of 250 ns to 1000 ns, depending on the system speed.

ADDRESS BUS

|

0R F)——.O RD Ao
cPU oW — 8231A
WR  ARITHMETIC
cLock CLK  PROCESSOR
READY READY UNIT
[ SYSTEM DATA BUS )

Figure 3. Minimum Configuration Example

ADDRESS BUS

—

8205 l AB-A15
DECODER |y 3 A0-AT N
AT AEN P>o—ojae, -avoress
@ LATCH
A0-A15 l O 8237 S ADSTB STB  gog2
DMA CONTROLLER
DBO-
HLDA HLDA z o z D87 <>
| -1
x = [ < ‘o ]
HOLD HRQ o ‘g S E S &
t i
cLock
MEMR JO—
WEmw [0 |
iOR [O-
Py
oW [O-
READY —
Vee * !)
—_— OO Q
WR_RD ) 2 B 8 = B’ <
- - SigpE B
INTA p———-Q .
INTA 82598 1RO wmp = @ @ 8231A
INTERRUPT ARITHMETIC
INT INT CONTROLLER q Eack PROCESSOR UNIT
DB0-DB7 DB0-DB7 L DBO-DB7

SYSTEM DATA BUS

=)

Figure 4. High Performance Configuration Example
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ABSOLUTE MAXIMUM RATINGS‘

Storage Temperature. e - 65°C to + 150°C
Ambient Temperature Under Bias. ........ 0°Cto70°C
Vpp with RespecttoVgg............ - 0.5V to +15.0v
Vgc with RespecttoVgg............. -0.5Vto +7.0v
All Signal Voltages with Respect :
to Vss ........................... -0.5V to +7.0V

Power Dissipation.............. .. oo il 2.0W

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings’’ may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is_not implied. Exposure to absolute maximum
rating conditions for extended periods may effect device
reliability. -

D.C. AND OPERATING CHARACTERISTICS (Ta = 0°C to 70°C, Vgg = OV, Vgc = +5V = 10%,

Vpp = +12V = 10%)
Parameters Description Min. Typ. Max. Units Test Conditions
Vou Output HIGH Voltage 3.7 Volts lon= —200 pA
VoL Output LOW Voltage 0.4 Volts loL=3.2 mA
Vin Input HIGH Voltage 20 Vee Volts
Vi Input LOW Voltage | -05 0.8 Volts
m Input Load Current +10 pA Vss = ViN = Ve
loz Data Bus Leakage +10 rA Vss +0.4 < Voyt =< Ve
lce Ve Supply Current 50 95 mA
lop Vpp Supply Current 50 95 mA
Co Output Capacitance pF
C, Input Capacitance 5 pF fc=1.0 MHz, Inputs =0V
Co /0 Capacitance 10 pF
A.C. TESTING INPUT, OUTPUT WAVEFORM
37 -
2.0 20
TEST POINTS C_ = 150 pF
04 XOJ > < 0.8

ANDO&VFORALOGC

A.C TESTING: INPUTS ARE DRIVEN AT 3.7V FORA LOGIC 1" AND 0.4V FOR
ALOGIC"0." MEASUF\EMENTS ARE MADE AT 2.0V FORALOGIC 1"
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A.C. CHARACTERISTICS (Ta = 0°C to 70°C, Vgg = OV, Vgc = +5V = 10%, Vpp = +12V = 10%)

READ OPERATION
Symbol Parameter 8231A-8 8231A-3 8231A Units
Min. Max. Min. Max. Min. Max.
tar Ag, CS Setup to RD 0 0 0 ns
tra A, T8 Hold from RD 0 0 0 ns
try READY + from RD ¢ Delay (Note 2) 150 100 100 ns
tyr READY ¢ to RD * 0 0 0 ns
Data 35 tgy 35 toy 35tgy ns
trRR READY Pulse Width (Note 3) +80 +30 %0
Status 1'3 ;%V 1'i ;%V 1'3 ;%Y ns
troE Data Bus Enable from RD ¢ 50 50 50 ns
tory Data Valid to READY ] 0 0 ns
tor Data Float after RD t 50 200 50 150 50 100 ns
WRITE OPERATION
Symbol Parameter 18231A-8 8231A-3 8231A Units
Min. Max. Min. Max. Min. Max.
taw Aq, T8 Setup to WR 0 0 ] 0 ns
twa Ao, CS Hold after WR 60 30 25 ns
twy READY ¢ from WR | Delay (Note 2) 150 100 100 ns
tyw READY t to WR ‘ 0 0 0 ns
tRRW READY Pulse Width (Note 4) 50 50 50 ns
twr Wite Inactive Time (Note 4) | Com™mand 4tor 4ter 4tov s
Data 5 tcy 5tey 5tcy ns
tow Data Setup to WR 150 100 100 ns
two Data Hold after WR 20 20 20 ns
OTHER TIMINGS
Symbol Parameter 8231A-8 8231A-3 8231A Units
Min. © Max. Min. Max. Min. Max.
tey Clock Period 480 5000 320 3300 250 2500 ns
tepu Clock Pulse High Width 200 140 100 ns
tepL Clock Pulse Low Width 240 160 120 ns
tee END Pulse Width (Note 5) 400 300 200 ns
teaE EACK ¢ to END t Delay 200 175 150 ns
taa EACK Pulse Width 100 75 50 ns
tsa SVACK + to SVREQ ¢ Delay 300 200 150 ns
tss SVACK Pulse Width 100 75 50 ns
NOTES:

1. Typical values are for To=25°C, nominal supply voltages and nominal processing parameters.

2. READY is pulled low for both command and data operations.

3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered
command is being executed, READY low pulse width is the time to complete execution plus the time shown. Status may be read at any
time without exceeding the time shown.

4. READY low pulse width is less than 50 ns when writing into the data port or the control port as long as the duty cycle requirement (tw;) is
observed and no previous command is being executed. twy) may be safely violated as long as the extended tgrrw that results is
observed. If a previously entered command is being executed, READY low pulse width is the time to complete execution plus the time
shown. These timings refer specifically to the 8231A.

5. END low pulse width is specified for EACK tied to VSS. Otherwise teae applies.
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WAVEFORMS

READ OPERATION
cLock J(—\ M '
I‘_f—‘éil_’l tep = tcpL—+| ' . ' ,
Ag, TS X ' ) I(
' —tan <—’l—-'n
AD , ‘ j"__
— ]
READY i , ZF
tane.- : tory+| tor

"sus X OUTPUT VALID

WRITE OPERATION

A, CS
o ——taw—s| ) N
. |
WR - . Z ] N
) twv—l-——r —tRRW i tyw twi
READY . . A [
tow twp
'DATA 7 :
BUS VB INPUT STABLE }——-—
INTERRUPT OPERATION oy
: |‘———ise—>
END N /
’ teAE - .
|=—taa—~|
EACK \
“v SVREQ
SVACK
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8232
FLOATING POINT PROCESSING UNIT

= Compatible with Proposed IEEE For- = Standard 24-Pin Package
mat and Existing Intel Floating Point .
Standard = 12V and 5V Power Supplies
. . : . a Compatible with MCS-80™, MCS-85™
= Single (32-Bit) and Double (64-Bit) and MCS-86™ Microprocessor Families

Precision Capability

= Add, Subtract, Multiply and Divide
Functions

m Error Interrupt

m Direct Memory Access or Programmed
1/0 Data Transfers

m Stack Oriented Operand Storage = End of Execution Signal
s General Purpose 8-Bit Data Bus Inter- = Advanced N-Channel Silicon Gate
face ‘ HMOS Technology

The Intel® 8232 is a high performance floating-point processor unit (FPU). It provides single precision (32-bit) and
double precision (64-bit) add, subtract, multiply and divide operations. The 8232’s floating point arithmetic is a subset
of the proposed IEEE standard. It can be easily interfaced to enhance the computational capabilities of the host
microprocessor.

The operand, result, status and command information transfers take place over an 8-bit bidirectional data bus. Oper-
ands are pushed onto an internal stack by the host processor and a command is issued to perform an operation on the
data stack. The results of the operation are available to the host processor from the stack.

Information transfers between the 8232 and the host processor can be handled by using programmed I/O or direct
memory access techniques. After completing an operation, the 8232 activates an “‘end of execution” signal that can
be used to interrupt the host processor.

CLK CLOCK CONSTANT ROM TWO PORT DATA STACK
GENERATOR 128 x 17 8x17
1 92
\ @
MUX

17817 BUS iL ﬁ S
T I

Vss [

s —q) I WORKING REGISTERS ] I ARITHMETIC UNIT | Vee O

RD »Of 10x17 17 BITS EATK C
wR cozggm §vack O}
Ao ] svRea [}
READY. <— I ARITHMETIC ] INSTRUCTION DECODE | ERROR []
SEQUENCER AND CONTROL TiE Low (]

BUS
DB0-DB7 <:> BUFFER

END -—rf

EACK —Of
SVREQ INTERFACE
SVACK ——»(O| .CONTROL

RESET ——

’ ogo ]
8BIT BUS . ot O]
16-BIT pB2 []
STATUS MICROINSTRUCTION 083 ]
REGISTER
COMMAND
REGISTER
PROGRAM CONTROL ROM
COUNTER

768 x 16
SUBROUTINE
STACK
3x10

Figure 1. Block Diagram Figure 2. Pin Configuration

ERROR <+——f
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Table 1. Pin Description

'Name and Description

Symbol |Pin No.| Type Symbol [Pin No.| Type Name and Description
Vee 2 POWER SUPPLY: +5V power supply RD 20 | READ: A LOW level on this input is used
to read information from an internal
Voo 16 POWER SUPPLY: +12V power supply location and gate that information onto
Vss 1 GROUND the data bus. The TS input must be LOW
CLK 23 1 | CLOCK: An external timing source con- :o a(;:c:r:ipllslh the r:a(d. o‘peratllfn. 1;:16 A°
nected to the CLK input provides the nput determines wi'.n ema) loca c:n 18
‘ necessary clocking. to be read: Sge A?, CS input descriptions
- and read timing diagram for details. If the
RESET 22 | RESET: A HIGH level on this input causes END output was HIGH, performing any
initialization. Reset terminates any opera- read operation will make the END output
tion in progress, and clears the status go LOW after the HIGH to LOW transition
register to zero. The internal stack pointer of the RD input (assuming CS is LOW). If
is initialized and the contents of the stack the ERROR output was HIGH, performing
| may be affected. After a reset the END a status register read operation will make
output, the ERROR output and the SVREQ the ERROR output LOW. This will happen
output will be LOW. For proper initializa- after the HIGH to' LOW transition of the
tion, RESET must be HIGH for at least five RD input (assuming CS is LOW).
CLK periods. following stable power — q - N
WR 19 1 WRITE: A LOW level on this input is used
— S:UDDW voltages and stable clock. to transfer information from the data bus
[ 18 1 CHIP SELECT: input must be LOW to ac- into an internal location. The CS must be
complish any read or write operation to LOW to accomplish the write operation.
the 8232. Aq determines which internal location is
To perform a write operation, appropriate to be written. See Ag, CS input descrip-
data is presented on DBO through DB7 tions and write timing diagram for details. |
 lines, appropriate logic level on the Ag in- If the END output was HIGH, performing
put and the CS input is made LOW. When- any write operation will make the END
ever WR and RD inputs are both HIGH and output go LOW after the LOW to HIGH
CS is LOW, READY goes LOW. However, transition of the WR input (assuming CS is
actual writing into the 8232 cannot start LOW).
until WR is made LOW. After initiating the
write operation by the HIGH to LOW tran- — g
sition on the WR input, the READY output EACK 3 | END ACKNOWLEDGE: When LOW,
will go HIGH, indicating the write opera- makes the END output go LOW. As men-
tion has been acknowledged. The WR in- t{onéd earlier, H_IGH on the END output
put can go HIGH after READY goes HIGH. signals completion of a command exe-
- The data lines, the Ag input and the TS in- f:utlon. Thg;END mgpai is derived from an
put can change when appropriate hold | internal 'fllp-ﬂop which is clgckgd at tl'fe
time requirements are satisfied. See write completion of a command. This flip-flop is
timing diagram for details. clocked to the reset state when EACK is
: LOW. Consequently, if EACK is tied LOW,
To perform a read operation an appropriate the END output will be a pulse that is
Iogiciavel is established on the Ag input approximately one CLK period wide.
and CS is made LOW. The READY output] TR N
goes LOW because WR and RD inputs are SVACK 4 ! SERVICE ACKNOWLEDGE: A LOW level
N on this input clears SVREQ. If the SVACK
HIGH. The read operation does not start| X . N el
N B - N input is permanently tied LOW, it will
until the RD input goes LOW. READY will N 3 A :
e - conflict with the internal setting of the
go HIGH indicating that read operation is SVREQ out
R N PN put. Thus, the SVREQ
complete and the required information is o . N
X indication cannot be relied upon if the
available on the DBO through DB?7 lines. SVACK is tied LOW
This information wili remain on the data .
lines as long as RD is LOW. The RD input END 24 o END OF EXECUTION: A HIGH on this
can return HIGH anytime after READY output indicates that execution of the
goes HIGH. The CS input and Ag input can current command is complete. This output
change anytime after RD returns HIGH. will be cleared LOW by activating the
See read timing diagram for details. If the EACK input LOW or performing any read
CS is tied LOW permanently, READY will or write operation or device initialization
remain LOW until the next 8232 read or using RESET. If EACK is tied LOW, the
write access. END output will be a pulse (see EACK
Ay 21 | ADDRESS: The Ay input together with the description).
RD and WR inputs determines the type of Reading the status register while a com-
transfer to be performed on the data bus mand execution is in progress is allowed.
as follows: However, any read or write operation
_A:Ti;[)Tﬁ Function clears the flip-flop that geqera(es the E_ND
output. Thus, such continuous reading
0] 1| 0 [Enter data byte into stack could conflict with internal logic setting of
0] 0| 1 |Read data byte from stack the END flip-flop at the end of command
1] 1| 0 [Enter command execution.
1| 0] 1 |Read status
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Table 1. Pin Description (Continued)

command. Reading of the status register
can be performed while a command exe-
cution is in progress. However, it should
be noted that reading the status register
clears the ERRGR output. Thus, reading
the status register while a command
execution is in progress may result in an
internal conflict with the ERROR output.

Symbol |Pin No.| Type Name and Description Symbol |Pin No.| Type Name and Description
SVREQ 5 o SERVICE REQUEST: A HIGH on this out- READY 17 [0} READY: Output is a handshake signal used
put indicates completion of a command. while performing read or write transac-
In this sense this output is the same as the tions with the 8232. If the WR and RD
END output. However, the SVREQ output inputs are both HIGH, the READY. output
will go HIGH at the completion of a goes LOW with the CS input in anticipa-
command only when the Service Request tion of a transaction. If WR goes LOW to
Enable bit was set to 1. The SVREQ can be initiate a write transaction with proper
cleared (i.e., go LOW) by activating the signals-established on the DBO-DB7, Ag
SVACK input LOW or initializing the inputs, the READY :will return HIGH
device using the RESET. Also, the SVREQ indicating that the write operation has
will be automatically cleared ~after been accomplished. The WR can be made
completion of any command that has the HIGH after this event. On the other hand, if
service request bit as 0. aread operation is desired, the RD input is
— made LOW after activating CS LOW and
ERROR 6 (o] ERROR: Output goes HIGH to |_nd|cate that establishing proper Ag input. (The READY
the current command execution resulted will go LOW ‘in response to CS going
in an error condition. The error conditions LOW) The READY will return HIGH,
are: attempt to divide by zero, exponent indicating completion of read. The RD can
overflow and exponent underflow. The return HIGH after this event. It should be
ERROR output is cleared LOW on a status noted that a read or write operation can be
register read operation or upon RESET. initiated without any regard to whether a
The ERROR output is derived from the command execution is in progress or not.
error bits in the status register. These Proper device operation is assured by
error bits will be updated internally at an obeying the READY output |nd|cat|on as
appropriate time during a command exe- described.
cution. Thus, ERROR output going HIGH | - 'm0 ™™ 173 5™ 115 [ DATA BUS: Bidirectional lines are used to
may not coincide with the completion of a
DB7 transfer command, status and operand

information between the device and the
host processor. DBO is the least signifi-
cant and DB7 is the most significant bit
position: HIGH on-a data bus line corre-
sponds to 1 and LOW corresponds to 0.

When pushing operands on the stack
using the data bus, the least significant
byte must be pushed first and the most
significant byte last. When popping the
stack to read the result of an operation,
the most significant byte will be available
on the data bus first and the least sig-
nificant byte will be the last. Moreover, for
pushing operands and popping results,
the number of transactions must be equal
to the proper number of bytes appropriate
for the chosen format. Otherwise, the
internal byte pointer will not be aligned
properly. The single precision format
requires. 4 bytes and double precision
format requires 8 bytes.

FUNCTIONAL DESCRIPTION

Major functional units of the 8232 are shown in the
block diagram. The 8232 employs a microprogram con-
trolled stack oriented architecture with 17-bit wide data
paths.

The Arithmetic Unit receives one of its operands from
the Operand Stack. This stack is an eight word by 17-bit
two port memory with last in-first out (LIFO) attributes.
The second operand to the Arithmetic Unit is supplied
by the internal 17-bit bus. In addition to supplying the
second operand, this bidirectional bus also carries the
results from the output of the Arithmetic Unit when
required. Writing into the Operand Stack takes place

1-39

from this internal 17-bit bus when required. Also con-
nected to this bus are the Constant ROM and Working
Registers. The ROM provides the required constants to
perform the mathematical operations while the Working
Registers provide storage for the mtermednate values
during comimand execution.

Communication between the external world and the
8232 takes place on eight bidirectional input/output
lines, DBO through DB7 (Data Bus). These signals are
gated to the internal 8-bit bus through appropriate inter-
face and buffer circuitry. Multiplexing facilities exist for
bidirectional communication between the internal eight
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and 17-bit buses. The Status Register and Command
Register are also located on the 8-bit bus.

The 8232 operations are controlled by the microprogram
contained in the Control ROM. The Program Counter
supplies..the microprogram addresses and can be par-
tially loaded.from the Command Register. Associated
with the Program Counter is the Subroutine Stack where
return addresses are held during subroutine calls in the
microprogram. The Microinstruction Register holds the
current microinstruction being executed. The register
facilitates pipelined microprogram execution. The
Instruction Decode logic generates various internal con-
trol signals needed for the 8232 operation.

The Interface Control logic receives several external in-

puts and provides handshake related outputs to facili- -

tate interfacing the 8232 to microprocessors.

Command Format

The operation of the 8232 is controlled from the host
processor by issuing instructions called commands.
The command format is shown below.

SVREQ OP CODE
T R R N M|
7 6 5 4 . 3 2 1 0

The command consists of 8 bits; the least significant 7
bits specify the operation to be performed as detailed in
Table 1. The most significant bit is the Service Request
Enable bit. This bit must be a 1 if SVREQ:is to go HIGH
at the end of executing a command.

The commands fall into three categories: single pre-
cision arithmetic, double precision arithmetic and data
manipulation. There are four arithmetic operations that
can be performed with single precision (32-bit) or double
precision (64-bit) floating-point numbers: add, subtract,
multiply and divide. These operations require two oper-
ands. The 8232 assumes that these operands are
located in the internal stack as Top of Stack (TOS) and
Next on Stack (NOS). The result will always be returned
to the previous NOS which becomes the new TOS.
Results from an operation are of the same precision and
format as the operands. The results will be rounded to
preserve the accuracy. The actual data formats and
rounding procedures are described in a later section. In
addition to the arithmetic operations, the 8232 imple-
ments eight data  manipulating operations. These
include changing the sign of a double or single
precision. operand located in TOS, exchanging single
precision operands located at TOS and NOS, as well as
pushing and . popping single or double precision
operands. See also the sections on status register and
operand formats.

The execution timés of the-commands”are all data
dependent. Table 3 shows one. example of each com-
mand execution time.

Operand Entry

The 8232 commands operate on the operands located at
the TOS and NOS. Results are returned to the stack at
NOS and then popped to TOS. The operands required for
the 8232 are one of two formats — single precision
floating-point (4 bytes) or double precision floating-
point (8 bytes). The result of an operation has the same
format as the operands. In other words, operations
using single precision quantities always result in a
single precision result, while operations involving
double precision quantities will result in double
precision result.

Operands are always entered into the stack least signifi-
cant byte first and most significant byte last. The follow-
ing procedure must be followed to enter operands into
the stack:

1. The lower significant operand byte is established on
the DBO-DB?7 lines.

2. A LOW is established on the Ag input to specify that
data is to be entered into the stack.

3. The CSinput is made LOW. Whenever the WR and RD
inputs are HIGH, the READY output will follow the CS
input. Thus, READY output will become LOW.

4. After appropriate set up time (see timing diagrams),
the WR input is made LOW.

5. Sometime after this event, READY will return HIGH to
indicate that the write operation has been acknowl-
edged. -

6. Any time after the READY output goes HIGH, the WR
input can be made HIGH. The DB0-DB7, Ag and CS
inputs can change after appropriate hold time re-
quirements are satisfied (see timing diagrams).

The above procedure must be repeated until all bytes of
the operand are pushed into the stack. It should be
noted that for single precision operands 4 bytes should
be pushed and 8 bytes must be pushed for double pre-
cision. Not pushing all the bytes of a quantity will result
in byte pointer misalignment.

The 8232 stack can accommodate four single precision
quantities or two double precision quantities. Pushing
more quantities than the capacity of the stack will result
in loss of data which is usual with any LIFO stack.

The stack can be visualized as shown below:

TOS—=| A4 | A3 | A2 | A1
Nos—| B4 | B3 | B2 | B1

-—

Tos»| a8 | a7 |
NOs—| B8 | B7 |

2|2
A
2z
e[z
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Single Precision Instructions

Table 2. 8232 Command Set

2
Instruction Description g::; s::::( :,:::::;:,sn s:’:f:i::':‘gs
B C D
SADD Add A and B 01 R C DU S,Z, U,V
SsuB Subtract A from B 02 R C D U S,Z, U,V
SMUL Multiply A by B 03 R C D U S,Z U,V
SDIV Divide B by A. If Aexponent=0, 04 R C D U S,z U,V,D
then R=B. .
CHSS Change sign of A% 05 R B C D S,z
PTOS Push stack® 06 A* A B C S,z
POPS Pop stack 07 B C D A S,Z
XCHS Exchange 08 - B-A C D S, Z
Double Precision Instructions
k Contents®
_Instruction Description g:;; i‘::;:;‘::“:sn St::fu; ::gs
DADD Add A and-B ‘29 R U S,Z, U,V
DSUB Subtract A from B 2A R U S,Z,U,V .
DMUL Muitiply A by B 2B R U S,Z, UV
DDIV Divide B by A. If A=0, 2C R U S.Z,U,V,D
- then R=B.
CHSD Change sign of A5 2D "R B S,z
PTOD Push stack® 2E A* A S,z
POPD Pop stack 2F B A S,Z
CLR CLR status 00 A B
Notes:

1. In the hex code column, SVREQ bit is a 0.

2. The stack initially is composed of four 32-bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Nex! on Stack (NOS) Upon com-
pletion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A,B,C, or D).

3. The stack initially is composed of two 64-bit numbers:(A, B). A is equivalent to Top Of Stack (TOS)'and B is Next On Stack (NOS). Upon completion
of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B).

4. Any status bit(s) not affected are set to 0. Nomenclature: Sign (S); Zero (Z); Exponent Underflow (U); Exponent Overflow (V); Divide Exceptlon (D)

5. If the exponent field

of Ais zero, R or A* will be zero.

1:41
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Table 3. Execution Times

Command TOS NOS Result Clock Periods
SADD 3F800000 3F800000 40000000 58
SSuB 3F800000 3F800000 00000000 56
SMUL 40400000 3FC00000 40900000 198
SDIv 3F800000 40000000 3F000000 228
CHSS 3F800000 - BF800000 10
PTOS 3F800000 —_ —_ 16
POPS 3F800000 - — 14
XCHS 3F800000 40000000 — 26
CHSD 3FF00000 00000000 - BFF00000 00000000 24
PTOD 3FF00000 00000000 —_ — 40
POPD 3FF00000 00000000 —_ — 26
CLR 3FF00000 00000000 - —_ ' 4

. DADD 3FF00000.0A000000 3FF00000 00000000 3FF00000 0A000000 578
DSuB 3FF00000 A0O00000 3FF00000 00000000 3FF00000 A0000000 578
DMUL BFF80000 00000000 3FF80000 00000000 C0020000 00000000 1748
DDIV BFF80000 00000000 3FF80000 00000000 BFF00000 00000000 4560

Note: TOS, NOS and result are in hexadecimal; clock period is in decimal.

Command Initiation

After properly positioning the required operands in the
stack, a command may be issued. The procedure for
initiating a command execution is the same as that
described above for operand entry, except that the Ag
input is HIGH. )

An attempt to issue a new command while the current
command execution is in progress is allowed. Under
these circumstances, the READY output will not go
HIGH until the current command execution is com-
pleted.

Removing the Results

Result from an operation will be available at the TOS.
Results can be transferred from the stack to the data
bus by reading the stack.

When the stack is read for results, the most significant
byte is available first and the least significant byte last.

A result is always of the same precision as the operands
that produced it. Thus, when the result is taken from the
stack, the total number of bytes popped out should be
appropriate with the precision — single precision
results are 4 bytes and double precision ‘results are 8
bytes. The following procedure must be used for read-
ing the result from the stack:

1. A LOW is established on the Aq input.

2. The CS input is made LOW. When WR and RD inputs
are both HIGH, the READY output follows the CS
input, thus READY will be LOW.

3. After appropriate set up time (see timing diagrams),
the RD input is made LOW.

1-42

4. Sometime after this, READY will return HIGH, indi-
cating that the data is available on the DB0-DB7
lines. This data will remain on the DB0-DB7 lines as
long as the RD input remains LOW.

5. Any time after READY goes HIGH, the RD input can
return HIGH to complete the transaction.

6. The CS and A, inputs can change after appropriate
hold time requirements are satisfied (see timing dia-
gram).

7. Repeat this procedure until all bytes appropriate for
the precision of the result are popped out.

Reading of the stack does not alter its data; it only ad-
justs the byte pointer. Note data must be removed in
even byte multiples to avoid a byte pointer misalign-
ment. If more data is popped than the capacity of the
stack, the internal byte pointer will wrap around and
older data will be read again, consistent with the LIFO

" stack.

Reading Status Register

The 8232 status register can be read without any regard
to whether a command is in progress or not. The only
implication that has to be considered is the effect this
might have on the END and ERROR outputs discussed
in the signal descriptions.

The following procedure must be followed to accom-

plish status register reading:

1. Establish HIGH on the Ag input.

2. Establish LOW on the CS input. Whenever WR and
RD inputs are HIGH, READY will follow the CS input.
Thus, READY will go LOW.

3. After appropriate set up time (see timing diagram),
RD is made LOW.
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4. Sometime after the HIGH to LOW transition of RD,
READY will become HIGH, indicating that status reg-
ister contents are available on the DBO-DB?7 lines.
These lines will contain this information as long as
RD is LOW.

5. The RD input can be returned HIGH any time after
READY goes HIGH.

6. The Aginput and CS input can change after satisfying
appropriate hold time requirements (see timing
diagram).

Status Register

The 8232 contains an 8-bit status register with the
following format:

SIGN| ZERO DIVIDE EXPONENT | EXPONENT
BUSY s z RESERVED| EXCEPTION | UNDERFLOW| OVERFLOW| RESERVED,
D u v
7 6 5 4 3 2 1 0

All the bits are initialized to zero upon reset. Also,
executing a CLR (Clear Status) command will result in
all zero status register bits. A zero in bit 7 indicates that
the 8232 is not busy and a new command may be
initiated. As soon as a new command is issued, bit 7
becomes 1 to indicate the device is busy and remains 1
until the command execution is complete, at which time
it will become 0. As soon as a new command is issued,
status register bits 0-6 are cleared to zero. The status
bits will be set as required during the command execu-
tion. Hence, as long as bit 7 is 1, the remainder of the
status register bit indications should not be relied upon
unless the ERROR occurs. The following is a detailed
status bit description.

Bit 0 Reserved.

Bit 1 Exponent overfiow (V). When 1, this bit indicates
that the result exponent is more positive than
+127 (+1023). The exponent is “wrapped” into the
negative exponent range, skipping the end values.

Bit 2 Exponent Underflow (U). When 1, this bit indicates
that the result exponent is more negative than
—126 (—1022). The exponent is “wrapped” into the
positive range by the number of underflow bits,
skipping —127 (—1023) and + 128 (+1024).

Bit 3 Divide Exception (D). When 1, this bit indicates

that an attempt to divide by zero is made. Cleared
to zero otherwise.

Bit 4 Reserved.

Bit 5 Zero (Z). When 1, this bit indicates that the result
returned to TOS after a command is zero. Cleared
to zero otherwise.

Bit 6 Sign (S). When 1, this bit indicates that the resulit
returned to TOS is negative. Cleared to zero other-
wise.

Bit 7 Busy. When 1, this bit indicates the 8232 is in the
process of executing a command. It will become
zero after the command execution is complete.

All other status register bits are valid when the Busy bit
is zero.

Data Formats

The 8232 handles floating-point quantities in two differ-
ent formats — single precision and double precision.
These formats are the same as those used by Intel in
other products and those proposed by the IEEE Sub-
committee on floating point arithmetic.

The single precision quantities are 32 bits long, as
shown below:

r— IMPLIED BIT

s E M

31 30 23 22 2 1 [

Bit 31:

S = Sign of the mantissa. One represents negative and 0
represents positive.

Bits 23-30:

E =These 8 bits represent a biased exponent. The bias
is2"—1=127.

Bits 0-22:

M = 23-bit mantissa. Together with the sign bit, the man-;
tissa represents a signed fraction in sign-magni-
tude notation. There is an implied 1 beyond the
most significant bit (bit 22) of the mantissa. In other
words, the mantissa is assumed to be a 24-bit nor-
malized quantity and the most significant bit, which
will always be a 1 due to normalization, is implied.
The 8232 restores this implied bit internally before
performing arithmetic, normalizes the result and
strips the implied bit before returning the results to
the external data bus. The binary point is between
the implied bit and bit 22 of the mantissa.

The quantity N represented by the above notation is

BIAS
1- r— BINARY POINT

——

N=(= 15 25-@ = (1.m)

Provided E#0 (reserved for 0) or all 1's (illegal). The
approximate decimal range for this format is
+1.17 x 10738 to +3.40 x 10%. The format supports 7
significant decimal digits.
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A double precision quantity consists of the mantissa
sign bit, an 11-bit biased exponent (E), and a 52-bit man-
tissa (M). The bias for double precision quantities is
2'%— 1. The double precision format is illustrated below.

— IMPLIED BIT

s E M
[ | l [ [ ]
63 62 5251 : . 2 1 .0
Bit 63:

S = Slgn of the mantlssa One represents negative and 0
represents positive.

Bits 52-62:

E =These 11 bits represent a biased exponent. The bias
is 29~ 1=1023.

Bits 0-51:

M = 52-bit mantissa. Together with the sign bit the man-
tissa represents a signed fraction in sign-magni-
tude notation. There is an implied 1 beyond the
most significant bit (bit 51) of the mantissa. In Gther

. words, the mantissa is-assumed to be a 53-bit nor-
malized quantity and the most significant bit, which
will always be a 1 due to normalization, is implied.
The 8232 restores this implied bit internally before
performing arithmetic, normalizes the result and

" strips the implied bit before returmng the result to
the external data bus. The binary point is between
the implied bit and bit 51 of the mantissa.

The quantity N represented by the above notation is

i r BIAS a
~ BINARY POINT

,-—»_

—(—1)S 28-2°- (1.M)

Provided E # 0 (reserved for 0) or aII 1s (|Ilegal) The
approximate decimal range is +2.22 X 107%% to +1.80
x 10%%, The format supports 16 srgmflcant decrmal
digits.

The following are some examples of smgle precision
floating point representations:

Binary
Floating
Decimal S E M Point
0 0 0 0 0000 0000H
1 0 127 0 3F80 0000H
-1 1 127 0 - BF80 0000H
255 0 134 .9922 437F 0000H
. -0 128 .5708» 4049 OFDBH

Rounding

One of the main objectives in choosing the 8232’s Intel/
IEEE proposed floating point arithmetic was to provide
maximum accuracy with no anomalies. This means that
a mathematically unsophisticated user will not be
“surprised” by some of the results. It is probably
possible for a sophisticated user to obtain reliable
results from almost any floating point arithmetic.
However in that case there will be an addltlonal burden
on the software.

The best example of what might be called the 8232's
“safety factor” is the inclusion of guard bits for
rounding. The absence of guard bits leads to: the
problem demonstrated by the following four-blt multi-
plication:

A111x 20
.1000 x 21

.01111000 x 21
Since the last four bits are lost, the normalized result is:
~1110x 20

and the identify function is not valid. In the past this
problem has been avoided (hopefully) by relying on
excess precision.

Instead the 8232 uses a form of rounding known as
“round to even.” There are other types of rounding
provided for in the proposed IEEE standard, but “round
to even,” an unbiased rounding scheme, is required.
“Round to even” comes into play when a result is
exactly halfway between two floatmg point numbers. In
this.case the arithmetic produces the-“even” .number,
the one whose last mantissa bit is zero. The 8232 uses
three additional bits — the Guard bit (G), the Rounding
bit (R), and the “Sticky” bit (S)—to do the rounding.
These are bits which hold data shifted out (right) of the
accumulator. Rounding is carried out by -the following
rules, as shown in the following flgure after theresultis
normalized. :

Bit
G R .S Rule
0 0 -0 No Round
0 0 1 D
0 1 0 Round Down
0 1 1
1 0 0 Round to Even -
1 0 1 ‘
1 1 -0 Round Up
1 1 1
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APPLICATIONS INFORMATION

The diagram in Figure 3 represents the minimum con- In a high performance configuration (Figure 4), inter-
figuration of an 8232 system. The CPU transfers data to rupts are used in place of polling. The interrupts are
and from the 8232 Floating Point Processor using the generated for an error condition and to signal the end of
READY line. The 8232 status is checked using polling by execution. Operand transfers are handled by the DMA
the CPU. controller.
A BUS >
cPU I0R JO—~——r————30] RD Ay cs
ow jo—m»0 8232
FLOATING POINT
CLOCK CLK PROCESSOR
READY READY
[ SYSTEM DATA BUS >
Figure 3. Minimum Configuration Example
ADDRESS BUS 4>
— T T
8205 Q AB-A15
DECODER cs A0-A7
o AEN = >0—0) 0E AEE:;:S
HLDA HLDA c = . o Z 3:?' P
f i
cLock s
MEMR JO— .
MEMW [O- j
10R Jo— ?
CPU ow P‘ )
READY . l
}
Q Q Q o] Q Qo 9O
WR RD cs A0 8 2 5 8 g & <
g &
INTA o———————Q INTA s2508 RO oo & BB
INTERRUPT 8232
T T CONTROLLER IR ERROR Fl;’:ggg:g;m
DBO-DB7 DB0-DB7 EACK DB0-DB7
L
—)
N SYSTEM DATA BUS

Figure 4. High Performance Configuration Example
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ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .............. —-65°Cto +150°C
Ambient Temperature UnderBias ....... 0°Cto +70°C
Vpp with RespecttoVgg............. -0.5Vto +15.0V
Vcco withRespecttoVgg.............. -0.5Vto+7.0V
All Signal Voltages with Respect

1OVEg ot v -0.5Vto +7.0V
Power Dissipation.................... ... 2.0W

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (1, = 0°C to 70°C, Vsg = OV, Vgg = +5V % 10%, Vpp = +12V =10%)

Symbol Parameter Min. Typ. Max. Units Test Conditions
Vou Output HIGH Voltage 37 \ lon= —200uA
VoL Output LOW Voltage 0.4 v loL=3.2mA
Viu Input HIGH Voltage 2.0 Vee \
ViL Input LOW Voltage -0.5 0.8 \'
n Input Load Current x10 uA Vss < Vin < Vee
loz Data Bus Leakage +10 uA Vss + 0.4 < Voyt < Ve
lec Vee Supply Current 50 95 mA
Ipp Vpp Supply Current 50 95 mA
Co Output Capacitance 8 pF
C Input Capacitance 5 pF fc=1.0MHz, Inputs =0V
Co - I/0 Capacitance 10 pF '

A.C. CHARACTERISTICS

(Ta=0°C t0 70°C, Vgg =0V, Voo = +5V £ 10%, Vpp= +12V £ 10%)

READ OPERATION
Symbol Parameter §252 82323 82028 Units
Min. Max. Min. Max. Min. Max.
tar Ag, CS Setup to RD 0 0 0 ns
tRa Ag, TS Hold from RD 0 0 0 ns
taARY READY! from Ag, TS} Delay (Note 2) 100 100 150 ns
tyr READY! to RDt 0 0 0 ns
35 tey 35tgy 35 tgy

tRRR READY Pulse Width (Note 3) e % s %0 ”

Status 1'3 ;%Y l‘i ;%Y 1'3 ggy ns
trpE Data Bus Enable from RD} 50 50 50 ns
tory Data Valid to READY? 0 0 0 ns
tor Data Float after RDt 20 100 20 150 20 200 ns
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A.C. CHARACTERISTICS (Continued)

WRITE OPERATION
8232 82323 82328
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
taw A, CS Setup to WR 25 25 25 ns
twa A, CS Hold after WR 30 30 60 ns
tawy READY/ from Ag, CS! Delay (Note 2) 100 100 150 ns
tyw READY* to WRt 0 0 0 ns
traw READY Pulse Width gy fas ‘ay ns
tow Data Setup to WRt 100 100 150 ns
two Data Hold after WRt 20 - 20 20 ns
OTHER TIMINGS
Symbol Parameter 8232 82323 82528 Units
Min. Max. Min. Max. Min. Max.
toy Clock Period 250 2500 320 3300 480 5000 ns
tcPH Clock Pulse HIGH Width 100 140 200 ns
topL Clock Pulse LOW Width 120 160 240 ns
tee END Pulse Width (Note 4) 200 300 400 ns
teaE EACKI to END! Delay 150 175 200 ns
taa EACK Pulse Width 50 75 100 ns
tsa SVACK! to SVREQ+ Delay 100 200 300 ns
tss SVACK Pulse Width 50 75 100 ns
NOTES:

1. Typical values are for Tp = 25°C, nominal supply voltages and nominal processing parameters.
2. READY is pulled low for both command and data operations.

3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered command is being
executed, READY low pulse width is the time to complete execution plus the time shown. Status may be read at any time without exceeding the time

shown.
4. END high pulse width is specified for EACK tied to Vgg. Otherwise tgag applies.

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

3.7
2.0 20
:>TEST POINTS< C, = 150 pF
0.8 0.8
0.4
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WAVEFORMS

READ OPERATION

CcLoCK

READY

DATA
BUS

1,
tepH

44(

L—; tar

K .
4'—"—— tra

4

IARY

tRDE

tRa ‘ |___,YR __|

.
DRY

o

t
tor

A

. OUTPUT VALID

WRITE OPERATION

Ao, CS

- WR

—taw—s|

WA

[e——tawy tRRW -——tyw—>|
READY
.vw ."u
DATA Z
. BUS 4 INPUT STABLE }—-—————
INTERRUPT OPERATION
/ L——tgg—-—l \
END
tEAE
[t
EACK \ ‘/
SVREQ / ) \
'QA
:)b
SVACK \ /
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DATA ENCRYPTION UNIT

= Certified by National Bureau of = 7-Bit User Output Port
Standards

= 80 Byte/Sec Data Conversion Rate
= Peripheral to MCS-86™, MCS-85™,

m 64-Bit Data Encryption Using 56-Bit MCS-80™ and MCS-48™ Processors
Key

= Single 5V = 10% Power Supply

= Implements F'ederal‘ Information

= DMA Ingerface Processing Data Encryption Standard
= 3 Interrupt Outputs to Aid in Loading

and Unloading Data = Encrypt and Decrypt Modes Available

The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard.
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation
is reversible: if the cipher word is operated upon, the original text word is -produced. The algorithm itself is perma-
nently contained in the 8294; however, the 56-bit key is user-defined -and may be changed at any time.

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system
conversion rates which are virtually any muitiple of 80 bytes/second. The 8294 also has a 7-bit TTL compatible output
port for user-specified functions.

Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer
applications as well as other electronic banking and data handling applications where data must be encrypted.

DATA e KEY x12 safanc
BUS BUFFER o x20]3 38 |3 DACK
REGISTERS <:> _______ RESETJ4 37 ADbRO
neds 36 Psra

MESSAGE

% 8 STORAGE cs]e 35 JoAv
s Of CONTROL GND 7 INC
Ao INTERRUPT <::> ALGORITHM RO 8 33ppe
SRQ LOGIC _ Ao} 32 QPS5
OAV +——— WRILJ10 g294 s
comp—— 7B sync 1 30pr3
<:> ouTPUT <:::>p‘,‘ps po]12 29 P2
RESETWJ PORT D113 28 Pt
SYNC p2[]14 27 aro
—lE
X Logie back pade 25 |3 Ve
e e psQg 17 24 Pcemp
—_— D6 ] 18 23 NC
po\;z;_—, INTERNAL o7 19 22 Bne
BUS anod 20 C e

GND————

Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Pin Pin
Symbol | No. | Type Name and Function Symbol| No.| Type| Name and Function
NC 1 No Connection. NC 39 No Connection.
X1 2 | | |Crystal: Inputs for crystal, L-C or exter- DACK |38 | | | DMA Acknowledge: Input signal from
X2 3 nal timing signal to determine internal the 8257 DMA Controller acknowledg-
oscillator frequency. ing that the requested DMA cycle has
RESET | 4 | | |Reset: A low signal to this pin resets been granted.
the 8294. DRQ 37 | O | DMA Request: Output signal to the
NC 5 No Connection: No connection or tied 8257 DMA Controller requesting a DMA
high. . cycle.
g
cs 6| | |Chip Select: A low signal to this pin SRQ 38 | O | Service Request: Interrupt to the CPU
enables reading and writing to the 8294, indicating thadt the 52|914 is ﬂwamf;’g ;!fata
or commands at the input buffer.
GND 7 Ground: This pin must be tied to SRQ=1 implies IBF=0 i
ground. -
— - OAV 35 O |0 t Available: Int t to the CPU
RD 8 | | Read: An active low read strobe at this in‘:iz:tin; :hat thenaezfgr‘liphaz d:ta or
pin enables the CPU to read data and status available in its output buffer.
status from the internal DEU registers. OAV=1 implies OBF=1. .
Ao 9 | | Address: Address input used by the NC 34 No Connection
CPU to select DEU registers during read .
and write operations. ) gg gg o gutput ll’ort: Uslerb 'outpul: port lines.
— utput lines available to the user via a
WR 10 | | Write: An active low write strobe at this Pa 31 CPL’|) command which can assert sel-
pin enables the CPU to send data and P3 30 ected port lines. These lines have no-
commands to the DEU. P2 ‘|29 thing to do with the encryption function.
SYNC | 11| O |[Sync: High frequency (Clock + 15) out- P1 28 At power-on, each line is in-a-1 state.
put. Can be used as.a strobe for external PO 27
ciruitry. Voo |26 Power: +5V power input. (+5V +10%)
Do 12| /O | Data Bus: Three-state, bi-directional Low power standby pin.
Dy 13 data bus lines used to transfer data be- v, P : Tied high
D, 14 tween the CPU ‘and the 8294. cc 25| ower: Tied high.
Ds 15 CCMP |24 | O | Conversion Complete: Interrupt to the
D, 16 ) CPU indicating that the encryption/
Ds 17 decryption of an 8-byte block is com-
D 18 plete.
D7 19 NC 23 No Connection.
GND 20 Ground: This pin must be tied to NC 22 No Connection.
ground. NC 21 No Connection.
Vee 40 Power: +5 volt power input: +5V %= -

10%.
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FUNCTIONAL DESCRIPTION
OPERATION
The data conversion sequence is as follows:

1. A Set Mode command is given, enabling the desired
interrupt outputs.

An Enter New Key command is issued, followed by 8
data inputs which are retained by the DEU for encryp-
tion/decryption. Each byte must have odd parity.

An Encrypt Data or Decrypt Data command sets the
DEU in the desired mode.

After this, data conversions are made by writing 8 data
bytes and then reading back 8 converted data bytes. Any
of the above commands may be issued between data
conversions to change the basic operation of the DEU;
e.g., a Decrypt Data command could be issued to
change the DEU from encrypt mode to decrypt mode
without changing either the key or the interrupt outputs
enabled.

2.

3.

INTERNAL DEU REGISTERS

Four internal registers are addressable by the master
processor: 2 for input, and 2 for output. The following
table describes how these registers are accessed.

RD WR CS A Register

1 0 0 0 Data input buffer

0 1 0 0 Data output buffer

1 0 0 1 Command input buffer
0 1 0 1 Status output buffer

X X 1 X

Don’t care

The functions of each of these registers are described
below.

Data Input Buffer — Data written to this register is inter-
preted in one of three ways, depending on the preceding
command sequence.

1. Part of a key.

2. Data to be encrypted or decrypted.

3. A DMA block count.

Data Output Buffer — Data read from this register is the
output of the encryption/decryption operation.

Command Input Buffer — Commands to the DEU are
written into this register. (See command summary
below.)

Status Output Buffer — DEU status is available in this
register at all times. It is used by the processor for poll-
driven command and data transfer operations.
STATUS BIT: 3
FUNCTION: CF

6
X

5 4
X KPE

2 1 0
DEC IBF OBF

7 .
X

OBF  Output Buffer Full; OBF = 1 indicates that output
from the encryption/decryption function is
available in the Data Output Buffer. It is reset
when the data is read.
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IBF  Input Buffer Full; A write to the Data Input Buffer
or to the Command Input Buffer sets IBF = 1. The
DEU resets this flag when it has accepted the
input byte. Nothing should be written when

IBF =1.

Decrypt; indicates whether the DEU is in an en-
crypt or a decrypt mode. DEC=1 implies. the
decrypt mode. DEC=0 implies the encrypt
mode.

Completion Flag; This flag may be used to indi-
cate any or all of three events in the data transfer
protocol.

1. It may be used in lieu of a counter in the
processor routine to flag the end of an 8-
byte transfer. )

. It must be used to indicate the validity of
the KPE flag.

. It may be used in lieu of the CCMP interrupt
to indicate the completion of a DMA oper-
ation.

Key Parity Error; After a new key has been
entered, the DEU uses this flag in conjunction
with the CF flag to indicate correct or incorrect
parity.

DEC

CF

KPE

COMMAND SUMMARY

1 — Enter New Key

OP CODE: [o]1]oJoJo]o]0]0]
MsB LsB

This command is followed by 8 data byte inputs which
are retained in the key buffer (RAM) to be used in
encrypting and decrypting data. These data bytes must
have odd parity represented by the LSB.

2 — Encrypt Data

lofo[*[*]ofo]o]0]

MSB LSB

This command puts the 8294 into the encrypt mode.

OP CODE:

3 — Decrypt Data

lofo]+]oofo]o
MsB

Lo]

LsSB
This command puts the 8294 into the decrypt mode.

OP CODE:

4 — Set Mode

OP CODE: [oToJoo]a]B]c] D]
MSB LsB

where:

A is the OAV (Output Available) interrupt enable
B is the SRQ (Service Request) interrupt enable
C is the DMA (Direct Memory Access) transfer enable
D is the CCMP (Conversion Complete) interrupt enable
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This command determines which interrupt outputs will
be enabled. A ““1” in bits A, B, or D will enable the OAV,
SRQ, or CCMP interrupts respectively. A “1” in bit C will
allow DMA transfers. When bit C is set the OAV and
SRQ interrupts should also be enabled (bits A,B=1).
Following the command in which bit C, the DMA bit, is
set, the 8294 will expect oné data byte to specify the
number: of 8-Byte blocks: to e converted using DMA.

5— wme to Output Port

OP CODE: [1]Ps | Ps [Pa]Ps ‘ Pz 2 | P
MSB .. LsB

This command causes the 7 least significant bits of the
command byte to be latched as output data on the 8294
output port. The initial output data is'1111111. Use of
this port is independent of the encryptlon/decryptlon
function."

PROCESSOR/DEU INTERFACE PROTOCOL
ENTERING A NEW KEY

The timing sequence for entering a new key is shown in
Figure 3. A flowchart showing the CPU software to
accommodate this sequence is given in Figure 4.

-l I

NEW

WR | | l |KEV IKEY I |KEV
DATA DATA DATA
P y P IT
COMMAND

After the Enter New Key command is issued, 8 data
bytes representing the new key are written to the data
input buffer (most significant byte first). After the eighth
byte is accepted by the DEU, CF goes true (CF = 1). The

‘CF bit goes false again when KPE is valid. The CPU can

then check the KPE flag. If KPE =1, a parity error. has
been detected and the DEU-has not accepted the key.
Each byte is checked.for odd parity, where-the panty bit
is the LSB of each.byte.

Since the CF bit is used in this protocol to indicate the
validity of the KPE flag, it may not be used to flag the

-end of the 8 byte key entry. CF =1 only as long as KPE is

invalid. Therefore, the.CPU might not detect that CF.=1
and the key entry is complete before KPE becomes
valid. Thus, a counter should be used, as in Figure 4, to
flag the end of the new key en;ry Then, CF is used to
indicate a valid KPE flag.

NO(" \gE-02

| YES
[ 'COMMAND REGISTER—40H

% KPE=0? '

|

Figure 3. Entering a New Key

Figure 4. Flowchart for Entering a New Key
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ENCRYPTING OR DECRYPTING DATA

Figure 5 shows the timing sequence for encrypting or
decrypting data. The CPU writes 8 data bytes to the
DEU’s data input buffer for encryption/decryption. CF
then goes true (CF=1) to indicate that the DEU has
accepted the 8-byte block. Thus, the CPU may test for
IBF =0 and CF=1 to terminate the input mode, or it
may use a software counter. When the encryption/-
decryption is complete, the CCMP and OAV interrupts
are asserted and the OBF flag is set true (OBF = 1). OAV
and OBF are set false again after each of the converted
data bytes is read back by the CPU. The CCMP interrupt
is set false, and remains false, after the first read. After
8 bytes have been read back by the CPU, CF goes false
(CF =0). Thus, the CPU may test for CF = 0 to terminate
the read mode. Atso, the CCMP interrupt may be used to
initiate a service routine which performs the next series
of 8 data reads and 8 data writes.

CCMP
(IF ENABLED)

IBF

SRQ | | |
(IF ENABLED) -

OAV
(IF ENABLED)

—
iy
T

——
8 DATA WRITES 100 ms — MAXIMUM 8 DATA READS

Figure 5. Encrypting/Decrypting Data

Figure 6 offers two flowcharts outlining the alternative
means of implementing the data conversion protocol.
Either the CF flag or a software counter may be used to
end the read and write modes.

SRQ=1 implies IBF =0, OAV =1 implies OBF = 1. This
allows interrupt routines to do data transfers without
checking status first. However, the OAV service routine
must detect and flag the-end of a data conversion.

1-63

USING SOFTWARE COUNTER

USING CF FLAG

L READ 1 CODED DATA BYTE J

SR

Figure 6. Data Conversion Flowcharts
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USING DMA

The timing sequence for data conversions using DMA is
shown in Figure 7. This sequence can be better
understood when considered in conjunction with the
hardware DMA interface in Figure 8. Note that the use of
the DMA feature requires 3 external AND gates and 2
DMA channels (one for input, one for output). Since the
DEU has only one DMA request pin, the SRQ and OAV
outputs are used in conjunction with two of the AND
gates to create separate DMA request outputs for the 2
DMA channels. The third AND gate combines the two
active-low DACK inputs.

CCMP
IF ENABLED)

CF

T
e n Tl

OAV

DMAR

E
=i

Iy
ainiminn!

SET  DMA
DMA  BLOCK 8 DMA READS

MODE COUNT (n)

[
LI

5

8 DMA WRITES

REPEATED n TIMES

Figure 7. DMA Sequence

Ao-A1s  Do-D7

Do-D7

~

Ag-Ass 8212

Ao-A7 Ag-A7

DACK1

DACKO
DMAR1
DMARO

£
E

"

Figure 8. DMA Interface

To initiate a DMA transfer, the CPU must first initialize
the two DMA channels as shown in the flowchart in
Figure 9. It must then issue a Set Mode command to the
DEU enabling the OAV, SRQ, and DMA outputs.  The
CCMP interrupt may be enabled or disabled, depending
on whether that output is desired. Following the Set
Mode command, there must be a data byte giving the
number of 8-byte blocks of data (n<256) to be converted.
The DEU then generates the required number of DMA
requests to the 2 DMA channels with no further CPU
intervention. When the requested number of blocks
has been converted, the DEU will set CF and assert the
CCMP interrupt (if enabled). CCMP then goes false
again with the next write to the DEU (command or data).
Upon completion of the conversion, the DMA mode is
disabled and the DEU returns to the encrypt/decrypt
mode. The enabled interrupt outputs, however, will
remain enabled until another Set Mode command is
issued.

USING DMA

—®

INITIALIZE DMA READ CHANNEL POINTER

INITIALIZE DMA WRITE CHANNEL POINTER

ENABLE DMA CHANNELS

NO

YES
r COMMAND REGISTER <— OEH OR OFH I

NO

@
n
o
S

YES

l DATA REGISTER =—— NUMBER OF BLOCKS TO BE CODED

1

NO

o
n
3

9<
B
)

Figure 9. DMA Flowchart

SINGLE BYTE COMMANDS

Figure 10 shows the timing and protocol for single byte
commands. Note that any of the commands is effective
as a pacify command in that they may be entered at any
time, except during a DMA conversion. The DEU is thus
set to a known state. However, if a command is issued
out of sequence, an additional protocol is required
(Figure 11). The CPU must wait until the command is
accepted (IBF = 0). A data read must then be issued to
clear anything the preceding command sequence may
have left in the Data Output Buffer.
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CPU/DEU INTERFACES

Figures 12 through 15 illustrate four interface configura-
tions used in the CPUIDEU data transfers. In all cases
SRQ will be true (if enabled) and IBF will be false when
the DEU is ready to accept data orcommands.

INTERFACE TO 8086, 8088,
080, 8085, 8048, OR
| | OTHER PROCESSOR

8294
DEU

933
J)

SRQ
(IF ENABLED)

N A
. L
L]

|

Q Figure 12. Polling Interface
START
LNO 1BF =07

YES INT

INT
COMMAND REGISTER COMMAND
wasten | O
PROCESSOR—{ =7
INTERFACE | gp __,J
- 8294
WR ——— Q| DEU
€8 ——— 9
Figure 10. Single Byte Commands Ro come »‘

PACIFY

START

Figure 13. Single Interrupt Interface

NO iBF =0? '

YES
[ COMMAND REGISTER <— 00H ] T
INT2

IBF =0? D,
masten | D0 g
PROCESSOR—| .~ SRQ,

YES INTERFACE RD

_ 8294
WR————0 DEU

Ag ] oAV

READ DATA REGISTER

|
(=)

Figure 11. Pacify Protocol ' Figure 14. Dual Interrupt Interface
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Ag-A1s  Dg-D7

Do-D7

8257 .
Ag-A7
4 P

| DACK1
| DACKO

DMAR1
DMARO

SRQ

HOAV.
DACK

| Do-D7
8294
TS

L)

DMARO IS FOR MEMORY TO.DEU DATA TRANSFER
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER

USE OF CCMP IS OPTIONAL

Figure 15. DMA Interface

OSCILLATOR AND TIMING CIRCUITS

The 8294’s internal timing generation is controlled by a
self-contained oscillator and timing circuit. A choice of
crystal, L-C or external clock can be used to derive the
basic oscillator frequency.

The resident timing circuit consists of an oscillator, a
state counter and a cycle counter as illustrated in Figure
16.

05

6 MHz
OSCILLATOR

3 +5 sYNC
STATE ’ cYCLE . ouTPUT
COUNTER I COUNTER I (2.5 psec)

INTERNAL TIMING

Figure 16. Oscillator Configuration

OSCILLATOR

The on-board oscillator is a series resonant circuit with
a frequency range of 1 to 6 MHz. Pins X1 and X2 are
input and output (respectively) of a high gain amplifier
stage. A crystal or inductor and capacitator connected
between X1 and X2 provide the feedback and proper
phase shift for oscillation. Recommended connections
for crystal or L-C are shown in Figure 17.

2
— X1
r 1-6 MHz
<15pF |
(INCLUDES XTAL, =
SOCKET, STRAY) | 8294
L 3 xo
15-25 pF
(INCLUDES
SOCKET, :_E
STRAY)

L 8294

X2

Figure 17. Recommended Crystal
and L-C Connections

A recommended range of inductance and capacitance
combinations is given below:

L=120uH corresponds to 3MHz
L= 45uH corresponds to 5MHz

An external clock signal can also be used as a frequency
reference to the 8294; however, the levels are not com-
patible. The signal must be in the 1MHz-6MHz fre-
quency range and must be connected to pins X1 and X2
by buffers with a suitable pull-up resistor to guarantee
that a logic “1” is above 3.8 volts. The recommended
connection is shown in Figure 18.
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+5V
o 4709
2
fc—,>° ' X1
+5V
) 8294
4705
3 Xy
STANDARD TTL OR
OPEN COLLECTOR

Figure 18. Recommended Connection for External Clock Signal

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0°Cto 70°C
Storage Temperature ............ —65°C to +150°C

Voltage on Any Pin With
Respectto Ground .............. .. ©=0.5V to +7V

Power Dissipation .. ... e 1.5 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. AND OPERATING CHARACTERISTICS (1, = 0°C to 70°C, Vgc = +5V * 10%, Vgg = ov)

Symbol Parameter - Limits ~ Unit Test Conditions
) Min. Typ. Max.

ViL Input Low Voltage (All -05 0.8 \"
Except X1, X5, RESET)

VL Input Low Voltage (X4, X», -05 0.6 \"
RESET)

ViH Input High Voltage (All 22 Vee Vv
Except X4, Xo, RESET)

Vi1 Input High Voltage (X4, Xo, 3.8 Voo \"
RESET)

VoL Output Low Voltage (Do-D7) 0.45 \ loL=2.0mA

Vous Output Low Voltage (All 0.45 \ lo,=1.6mA
Other Outputs)

VoH Output High Voltage (Dg-D-) 24 \'] loy= —400uA

VoH1 Output High Voltage (All 24 \" loy= —50uA
Other Outputs)

I Input Leakage Current +10 uA Vss < VIN< Ve
(RD, WR, CS, Ag)

loz Output Leakage Current +=10 uA Vss +0.45 < Voy1 < V¢
(Do-Dg7, High Z State) .

Iop Vpp Supply Current 5 15 mA

Ipp+ lcc Total Supply Current 60 125 mA

I Low Input Load Current 0.5 mA ViL=08V
(Pins 24, 27-38)

[T Low Input Load Current 0.2 mA ViL=08V
(RESET)

i Input High Leakage Current 100 nA Vin = Vee
(Pins 24, 27-38)

Cin Input Capacitance 10 pF

Cyo 1/O Capacitance 20 pF

157
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A.C. CHARACTERISTICS (T, = 0°C to 70°C, Ve = Vpp = +5V * 10%, Vgs = OV)

DBB READ o . )
Symbol Parameter Min. Max. Unit Test Conditions
~ tar §§, Ag Setup to RD Y 0 ns

tha TS, Ao Hold After RD 0 ns

tan RD Pulse Width 250 ns ‘
tao TS, Ag to Data Out Delay 225 ns CL=150pF
tro D ¢ to Data Out Delay 225 ns CL= 150pF
tor RD t to Data Float Delay 100 ns B

toy Cycle Time 25 15 us 6MHz Crystal

DBB WRITE ‘

Symbol Parameter Min. Max. Unit Test Conditions
taw CS, Ag Setup to WR ¢ 0 ns
twa C3, Ag Hold After WR * 0 ns
tww WR Pulse Width 250 ~ ns
tow Data Setup to WR * 150 ns
twop Data Hold to WR * 0 ns

DMA AND INTERRUPT TIMING

Symbol Parameter - Min. Max. Unit Test Conditions
tace DACK Setup to Control 0 ns
tcac DACK Hold After Control 0 ns
taco DACK to Data Valid 225 ns CL = 150 pF
tcra Control L.E. to DRQ T.E. . 200 ns
ta Control T.E. to Interrupt T.E. toy+ 500 ns

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

24
i 2.0 20
> TEST POINTS < C, = 150 pF
()] : 0.8
0.45
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WAVEFORMS
READ OPERATION—OUTPUT BUFFER REGISTER:
GSORAD I X ADDRESS BUS)
~— AR
RR |<—!nA—>
RD _\ } X (READ CONTROL)
<~—trp —>] toF —>|
?35?,?,"}? : DATA VALID
WRITE OPERATION—INPUT BUFFER REGISTER
ICS OR Ag X fgg;:gésau&
| taw—>] tww 'Oiwr*
WR (WRITE CONTROL)
+——tpw—>1 [«—{twp":
DAEQ»EJ’TS; MAY CHANGE \ DATA VALID \ MAY CHANGE
DMA AND INTERRUPT TIMING
DACK v
. \ [ tacc— /
\ —| tcac f—
RD WR \ /—————
DRQ
tcra \
taco | .
DATA BUS
- VALID ><
OAV SRQ
NN
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DOT MATRIX PRINTER CONTROLLER

» Interfaces Dot Matrix Printers to = Programmable Print Intensity
MCsS-48™, MCS-80/85™, MCS-86™ v
Systems a Single or Double Width Printing

= 40 Character Buffer On Chip

= Serial or Parallel Communicétion with = Programmable Multiple Line Feeds
Host

= DMA Transfer Capability s 3 Tabulations

s Programmable Character Density (10 or
12 Chararcters/inch) m 2 General Purpose Outputs

The |nté‘!5 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot
matrix impact printers. It may also be used as an interface to other similar printers.

The chip may be used in a serial or parallel communication mode with the host processor. In parallel mode, data
transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters
and contains a 7 x 7 matrix character generator accommodating 64 ASCII characters.

INTERNAL
B8US
—
. M PFEED[} 1 40 vece
DATA 'L’:,‘s“ CHARACTER xtau1 [ 2 39 [1HOME
BUS BUFFERS BUFFER xta2[]3 38 [JERCRISIN
. RESET[] 4 37 [1DRQICTS
T l 1 Ned s 36 [JIRQISER
w5 9 e 35 (JMOT
WR -0 __:,>m GND[] 7 34 [sT8
T — .o L . st wos Eni)
[ common |5 (T ot — o s P
BACKISIN ————— | — FPm WA o PSS
DRQICTS -] l«———— HOME sYNC[] 11 30 0%
RESET ——— 9 |« preeo Do(]12 20 [153
IRQISER D113 28 [152
! ’ l D2(] 14 2%
SYNG 03[ 15 26 [1VoD
XTALT —————=] TIMING B s di . g‘;E : : g:&c
XTALZ ] *
Dg[] 18 2311GP2
o 07(] 19 22 [JTOF
GND[] 20 21[)PFm
- outpuT b
| BUFFERS ap2 )
Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Pin Pin
Symbol | No. | Type Name and Function Symbol | No.| Type Name and Function
PFEED 1| | |Paper Feed: Paper feed input HOME 39 | | [Home: Home input switch, used by
switch. the 8295 to detect that the print head
XTAL1 2 | | | Crystal: Inputs for a crystal to set in- is in the home position.
XTAL2 3 ternal OSCi“?tOf frequency. For DACK/SIN| 38 | | DMA Acknowledge/Serial Input: In
proper operation use 6 MHz crystal. the parallel mode used as DMA ac-
RESET 4 | | |Reset: Reset input, active low. After knowledgment; in the serial mode,
reset the 8295 will be set for 12 char- used as input for data.
acters/inch single width printing, DRQ/CTS | 37 | O |DMA Request/Clear to Send: In the
solenoid strobe at 320 msec. parallel mode used as DMA request
NC 5 No Connection: No connection or output pin to indicate to the 8257 that
ied high. a DMA transfer is requested; in the
tied hig
— - - serial mode used as clear-to-send
CS 6 | | Chip Select: Chip select input used signal
to enable the RD and WR inputs ex- -
cept during DMA. IRQ/SER | 36 | O |[Interrupt Request/Serial Mode: In
. N parallel mode it is an interrupt re-
GND 7 Ground: This pin must be tied to quest input to the master CPU; in
ground. serial mode it should be strapped to
RD 8 | | |Read: Read input which enables the Vss.
master CPU to read data and status. ™MOT 35 | O |Motor: Main motor drive, active low.
In the serial mode this pin must be
tied to Vcc. STB 34 | O |Solenoid Strobe: Solenoid strobe
- N output. Used to determine duration of
Vee 9 Power: +5 volt power input: +5V * solenoids activation.
10%. —
— — - S; 33 | O |Solenoid: Solenoid drive outputs;
WR 10 | | Write: Write input which enables the N 32 active low.
master CPU to write data and com- ,§§ 31
mands to the 8295. In the serial mode ?} 30
this pin must be tied to Vgs. 5, 29
SYNC 11 | O [Sync: 2.5 us clock output. Can be S, 28
used as a strobe for external circuitry. S, 27
Do 12 | I/O |Data Bus: Three-state bidirectional Voo 26 Power: +5V power input (+5V *
D, 13 data bus buffer lines used to interface 10%). Low power standby pin.
D, 14 the 8295 to the host processor in the Vee 25 Power: Tied high.
Dy 15° parallel mode. In the serial mode
D, 16 Dy—D sets up the baud rate. GP1 24| O GeneraI'Purpose: General purpose
Ds 17 GP2 23 | O [output pins.
D 18 TOF 22 | | |TopofForm: Top of form input, used
D; 19 to sense top of form signal for type T
GND 20 Ground: This pin must be tied to printer.
ground. PFM 21 O |Paper Feed Motor Drive: Paper
Vee 40 Power: +5 volt power input: +5 = feed motor drive, active low.

10%.
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FUNCTIONAL DESCRIPTION

The 8295 interfaces microcomputers to the LRC 7040
Series dot matrix impact printers, and to other similar
printers. It provides internal buffering of up to 40 char-
acters. Printing begins automatically when the buffer is
full or when a carriage return character is received. It
provides a modified 7x7 matrix character generator. The
character set includes 64 ASCII characters.

Communication between the 8295 and the host proc-
essor can be implemented in either a serial or parallel
mode. The parallel mode allows for character transfers
into the buffer via DMA cycles. The serial mode features
selectable data rates from 110 to 4800 baud.

The 8295 also offers two general purpose output pins
which can be set or cleared by the host processor. They
can be used with various printers to implement such
functions as ribbon color selection, enabling form
release solenoid, and reverse document feed.

COMMAND SUMMARY
Hex Code Description

00 Set GP1. This command brings the GP1 pin
to a logic high state. After power on it is
automatically set high. :

o1 Set GP2. Same as the above but for GP2.

02 Clear GP1. Sets GP1 pin to logic low state,
inverse of command 00.

03 Clear GP2. Same as above but for GP2. In-
verse command 01.
04 Software Reset. This is a pacify command.

This command is not effective immediately
after commands requiring a parameter, as
the Reset command will be interpreted as a

. parameter.
05 Print 10 characters/in. density.
06 Print 12 characters/in. density.
07 Print double width characters. This com-

mand prints characters at twice the normal
width, that is, at either 17 or 20 characters
per line. :

08 Enable DMA mode; must be followed by
two bytes specifying the number of data
characters to be fetched. Least significant
byte accepted first.

Hex Code Description

09 Tab character.

0A Line feed.

0B Multiple Line Feed; must be followed by a
byte specifying the number of line feeds.

oC Top of Form. Enables the line feed output
until the Top'of Form input is activated.

oD Carriage Return. Signifies end of a line and

enables the printer to start printing.
OE Set Tab #1, followed by tab position byte.

OF Set Tab #2, followed by tab position byte.
Should be greater than Tab #1.

10 Set Tab #3, followed by tab position byte.
Should be greater than Tab #2.
1 Print Head Home on Right. On some

printers the print head home position is on
the right. This command would enable nor-
mal left to right printing with such printers.

12 Set Strobe Width; must be followed by
strobe width selection byte. This command
adjusts the duration of the strobe activa-
tion.

PROGRAMMABLE PRINTING OPTIONS
CHARACTER DENSITY

The character density is programmable at 10 or 12 char-
acters/inch (32 or 40 characters/line). The 8295 is auto-
matically set to 12 characters/inch at power-up. Invoking
the Print Double-Width command halves the character
density (5 or 6 characters/inch). The 10 char/in or 12
char/in command must be re-issued to cancel the
Double-Width mode. Different character density modes
may not be mixed within a single line of printing.

PRINT INTENSITY

The intensity of the printed characters is determined by
the amount of time during which the solenoid is on. This
on-time is programmable via the Set Strobe-Width com-
mand. A byte following this command sets the solenoid
on-time according to Table 2. Note that only the three
least significant bits of this byte are important.

Table 2. Solenoid On-Time

D7—D3 D2 D1 DO Solenoid On
(microsec)
X 0 0 0 200
X 0 0 1 240
X 0 1 0 280
X 0 1 1 320
X 1 0 0 360
X 1 0 1 400
X 1 1 0 440
X 1 1 1 480
TABULATIONS

Up to three tabulation positions may be specified with
the 8295. The column position of each tabulation is
selected by issuing the Set Tab commands, each fol-
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lowed by a byte specifying the column. The tab posi-
tions will then remain valid until new Set Tab commands
are issued.

Sending a tab character (09H) will automatically fill the
character buffer with blanks up to the next tab position.
The character sent immediately after the tab character
will thus be stored and printed at that position.

CPU TO 8295 INTERFACE

Communication between the CPU and the 8295 may
take place in either a serial or parallel mode. However,
the selection of modes is inherent in the system hard-
ware; it is not software programmable. Thus, the two
modes cannot be mixed in a single 8295 application.

PARALLEL INTERFACE

Two internal registers on the 8295 are addressable by
the CPU: one for input, one for output. The following
table describes how these registers are accessed.

RD WR CS Register
1 0 0 Input Data Register
0 1 0 Output Status Register

Input Data Register—Data written to this register is
interpreted in one of two ways, depending on how the
data is coded.

1. A command to be executed (OXH or 1XH).

2. A character to be stored in the character buffer for
printing (2XH, 3XH, 4XH, or 5XH). See the character
set, Table 2.

Output Status Register—8295 status is available in this
register at all times.

STATUS BIT: [7 6 5 a 3 2 1 o]
FUNCTION: [ x

PA—Parameter Required; PA =1 indicates that a com-
mand requiring a parameter has been received. After the
necessary parameters have been received by the 8295,
the PA flag is cleared.

DE—DMA Enabled; DE = 1 whenever the 8295 is in DMA
mode. Upon completion of the required DMA transfers,
the DE flag is cleared.

IBF —Input Buffer Full; IBF = 1 whenever data is written
to the Input Data Register. No data should be written to
the 8295 when IBF =1.

A flow chart describing communication with the 8295 is
shown in Figure 3.

The interrupt request output (IRQ, Pin 36) is available on
the 8295 for interrupt driven systems. This output is
asserted true whenever the 8295 is ready to receive data.

To improve bus efficiency and CPU overhead, data may
be transferred from main memory to the 8295 via DMA
cycles. Sending the Enable DMA command (08H) acti-
ivates the DMA channel of the 8295. This command must
be followed by two bytes specifying the length of the
data string to be transferred (least significant byte first).
The 8295 will then assert the required DMA requests to

the 8257 DMA controller without further CPU interven-
tion. Figure 4 shows a block diagram of the 8295 in DMA
mode.

READ 8295
STATUS

WRITE TO 8295
A0=0
8295 STATUS
IBF =1

DONE

Figure 3. Host to 8295 Protocol Flowchart

' 8257

DMA
CONTROLLER
DACKx

DRQx

T L™

SYSTEM BUS
g
ol

PRINTER

MOT —| MOTOR
DRIVERS
PFM |—=
D7
Do s7 SOLENOID
s7 DRIVERS

IRQ T
STB

Figure 4. Parallel System Interface

Data transferred in the DMA mode may be either com-
mands or characters or a mixture of both. The procedure
is as follows:

1. Set up the 8257 DMA controller channel by sending a
starting address and a block length.

2. Set up the 8295 by issuing the “Enable DMA” com-
mand (08H) followed by two bytes specifying the
block length (least significant byte first).

The DMA enabled flag (DE) will be true until the
assigned data transfer is completed. Upon completion
of the transfer, the flag is cleared and the interrupt re-
quest (IRQ) signal is asserted. The 8295 then returns to
the non-DMA mode of operation.
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SERIAL INTERFACE

The 8295 may be hardware programmed to operate in
a serial mode of communication. By connecting the
IRQ/SER pin (pin 36) to logic zero, the serial mode is
enabled immediately upon power-up. The serial Baud
rate is also hardware programmable; by strapping pins
14, 13, and 12 according to Table 3, the rate is selected.
CS, RD, and WR must be strapped as shown in Figure 5.

Table 3. Serial Baud Rate

Pin13 | Pin12 | Baud Rate
0 110

Pin 14

~aaas0000
O o = I Gy .}
“o~0—=0=0

The serial data format is shown in Figure 5. The CPU
should wait for a clear to send signal (CTS) from the
8295 before sending data.

e

il

X1 X2
+5— RD M™MOT }——=| moTOR
CS PFM }——| DRIVERS
WR
8295
57 SOLENOID !
BAUD D2 & :‘J> DRIVERS PRINTER
RATE D1 -
SELECT oo sTB t
PFEED
HOME
8251A TXD [—— —— SIN
USART €75 [«—4 ——1 &78
s
SERIAL
INPUT
START STOP
mark | SET 1 oo | o1 [ D2 | b3 | 04 | b5 | pe | o7 ST

"

Figure 5. Serial Interface to UART (8251A)

8295 TO PRINTER INTERFACE

The strobe output signal of the 8295 determines the
duration of the solenoid outputs, which hold the data to
the printer.- These solenoid outputs cannot drive the
printer solenoids directly. They should be buffered
through solenoid drivers as shown in Figure 6. Recom-
mended solenoid and motor driver circuits may be found
in the printer manufacturer's interface guide. )

\

1-64

STB

5
1
>
7 1~
w1
Y S )
s —Do——D'—
wot |J> TO MOTOR
PR j'> DRIVERS

Figure 6. 8295 To Printer Solenoid Interface

OSCILLATOR AND TIMING CIRCUITS

The 8295’s internal timing generation is controlled by a
self-contained oscillator and timing circuit. A 6 MHz
crystal is used to derive the basic oscillator frequency.
The resident timing circuit consists of an oscillator, a
state counter and a cycle counter as illustrated in Figure
7. The recommended crystal connection is shown in
Figure 8.

pin

XTAL1 XTAL2
6 MHz
OSCILLATOR
+3 +5 SYNC
STATE CYCLE OUTPUT
COUNTER COUNTER (2.5 usec)
INTERNAL TIMING

Figure 7. Oscillator Configuration

2 xvaL1

I

1-6 MHz A 8295

XTAL2

3
.;H";_l—'

Figure 8. Recommended Crystal Connection
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8295 CHARACTER SET
Hex Code Print Char. Hex Code Print Char. Hex Code Print Char. Hex Code Print Char.
20 space 30 0 40 @ 50 P
21 ! 3 1 41 A 51 Q
22 " 32 2 42 B 52 R
23 # 33 3 43 C 53 S
24 $ 34 4 44 D 54 T
25 % 35 5 45 E 55 u
26 & 36 6 46 F 56 Vv
27 , 37 7 47 G 57 W
28 ( 38 8 48 H 58 X
29 ) 39 9 49 | 59 Y
2A * 3A : 5A J 5A V4
2B + 3B ; 4B K 5B [
2C ’ 3C < 4C L 5C \
2D - 3D = 4D M 5D ]
2E . 3E > 4E N 5E t
2F / 3F ? 4F o 5F —_
ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute
. . . Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
Ambient Temperature Under Bias. ........ 0°C to 70°C " tion of the device at these or any other conditions above
Storage Temperature. .............. —65°to + 150°C . those indicated in the operational sect_ions of this specifi-
Voltage on Any Pin With _cation is not implied. Exposure -to absolute maximum
Respect to Ground .. ................ —0.5V to +7V rating conditions for extended periods may affect device
Power Dissipation......................... 1.5 Watt reliability.

D.C. AND OPERATING CHARACTERISTICS (1, = 0°C t0 70°C, V¢ = Vpp = +5V * 10%, Vgg = 0V)

Symbol Parameter . Limits Unit Test Conditions
' Min. Typ. Max. )
Vi Input Low Voltage (All -05 0.8 Vv
. Except X4, X5, RESET) .
Vil Input Low Voltage (X4, X3, -05 0.6 \
) RESET) :
Vi Input High Voltage (All 22 Vee \
Except X4, X5, RESET)
ViH1 Input High Voltage (X4, Xa, 3.8 Vece \
RESET) . ) .
Vou Output Low Voltage (Dg-D7) 0.45 \" lo,=2.0mA
Vou1 Output Low Voltage (All 0.45 \ lo,=1.6mA
Other Outputs)
Vou Output High Voltage (Dg-D5) 24 \" lon= —400uA
VoH1 Output High Voltage (All 24 \ lon= —50uA
Other Outputs) i
I Input Leakage Current +10 uA Vss < ViN € Vee
(RD, WR, CS, Ay
loz Output Leakage Current +10 uA Vss+0.45 < Voyr < Ve
(Do-D+, High Z State)
lop Vpp Supply Current 5 15 mA
lpp+lcc Total Supply Current 60 125 mA
Iy Low Input Load Current 05 mA ViL.=08V
(Pins 24, 27-38)
Lt Low Input Load Current 0.2 mA ViL=08V
(RESET)
™ Input High Leakage Current 100 nA Vin = Ve
(Pins 22, 38)
Cin Input Capacitance 10 pF
Cyo 1/0 Capacitance 20 pF
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AFN-00231C



intgl 8295

A.C. CHARACTERISTICS (T, = 0°C 10 70°C, Ve = Vpp = +5V * 10%, Vgg = OV)

DBB READ

Symbol Parameter Min. Max. - Unit ‘Test Conditions
tar CS, Ag Setup to RD { 0 | ‘ ns
tra CS, Ag Hold After RD * 0 ‘ ns
tan RD Pulse Width 250 ns
1taD CS, A to Data Out Delay 225 ‘ ns C_= 150 pF -
tro RD | to Data Out Delay | 225 ns C_= 150 pF
tor RD * to Data Float Delay ; 100 ns
toy Cycle Time 25 15 = us
DBB WRITE
~ Symbol Parameter Min. Max. Unit Test Conditions
taw CS, A Setup to WR | 0 ) © 'ns
twa CS, A Hold After WR * .0 ns
tww ' ‘WR Pulse Width - - o280 ¢ ns
tow | Data Setup to WR t 150 - | ns
two ~ Data Hold to WR * ] 0 ns

DMA AND INTERRUPT TIMING

- Symbol. . Lo Parameter B Min. Max. - Unit Test Conditions -
tacc DACK Setup-to Control 0 ‘ ns
tcac DACK Hold After Control 0 o ns
tcra ‘WR to DRQ Cleared . | 200 ns ,
tacp DACK to Data Valid 225 ns CL = 150 pF

A.C. TEST-NG INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

24 . -
20 i 2.0
> TEST POINTS < C, =150 pF
0.8 0.8
0.5
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WAVEFORMS

READ OPERATION—OUTPUT BUFFER REGISTER

CSORA,

DATA BUS
(OUTPUT)

X

I‘- tRa ’l

trr

|e—— tpp —

j ﬂ
toF—=|

DATA VALID

(SYSTEM'S
ADDRESS BUS)

(READ CONTROL)

WRITE OPERATION—INPUT BUFFER REGISTER

= (SYSTEM'S
CSOR A, X K ADDRESS BUS)
«—taw _-—I tww | twa |
WR \ / (WRITE CONTROL)
~— tow —>| two
DATA BUS DATA § ) DATA
(INPUT) MAY CHANGE [+ DATA VALID —7 MAY CHANGE
DMA AND INTERRUPT TIMING
DACK Slk
tacc tcac—

\

DRQ

|l— lcnq—_:};

|

taco

DATA
BUS

VALID
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mte[ 8295
WAVEFORMS (Continued)
PRINTER INTERFACE TIMING
WOTOR BRIVE ' \.4 ]Z
HOME 7[ ‘\K
X —§ \ K -
SOLENOID DATA .
—  |~—sp, = Mu, ~—
SOLENOID STROBE . \
g...._/
|~ Po, Shg —>|
PFEED
Ps, PHp
PEM
Symbol Parameter Typical
Ppn Print delay from 1.8 ms
home inactive
Sps Solenoid data 25 us
setup time before
strobe active '
Shs Solenoid data >1ms
hold after strobe
inactive
Mua - Motor hold timg 3.2 ms
after home active
Psp PFEED setup time 58 ms
after PFM active
Pup PFM hold time 9.75 ms
after PFEED active
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8202A
DYNAMIC RAM CONTROLLER

m Provides All Signals Necessary to Control
2104A, 2117, or 2118 Dynamic Memories

m Directly Addresses and Drives Up to 64K
Bytes Without External Drivers

m Provides Address Multiplexing and
Strobes

m Provides a Refresh Timer and a Refresh
Counter

m Refresh Cycles May be Internally or Exter-
nally Requested

m Provides Transparent Refresh Capability

m Fully Compatible with Intel® 8080A,
8085A,iAPX 88, and iAPX 86 Family Micro-
processors '

m Decodes CPU Status for Advanced Read
Capability

m Provides System Acknowledge and Trans-
fer Acknowledge Signals

= Internal Clock Capability with the 8202A-1

The Intel® 8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2104A, 2117, or
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address strobes, as well
as refresh/access arbitration. The 8202A-1 supports an internal crystal oscillator.

AHQ-AHg )
UMN
ADDRESS
Mux ) OUTo-0UTe ’--—-u_._
Ang [ 40 [Jvee
ALo-Ale ) aHg []2 39 AHg
AH2 []3 38 [] AHg
MUX aH1 s a7 (s ek
ROW aHp [ 36 [_J(Xo) oP2
ADDRESS
a0 [e 35 JNC.
Bo |———— RASo outo [(]7 34 [7] REFRQ/ALE
ALY 8 33| | pCs
REFRESH B1/0P1 ——— RAS O ]
COUNTER R, ooty []9 32 [ ] Ad/st
e az 1o gy 31 [1WR
——— RAS3
[ peennn— i N T R PO vee out, [ 11 30 [ ] SAck
WR ————————— e aLs [ 12 29 [ XAk
PCSE — ——— CAS outs [ 13 28 [ WE
TIMING WE AL 14 s
ARBITER GENERATOR we + 27[] CAs
- oute []15 26 || RAS;
4
TR ALs []18 25 7] B1/0Pq
REFRQ/ALE LATCH SYNC outs [ |17 24| JBo
|———— XACI P
ALg/OP3 [] 18 23 [ ] RAS,
ouTe [ ] 19 22 [ ] RAS4
GND [] 20 21 [7] RASo
e OSCILLATOR
(xo) oP2 —1
(x1) CLk —

Figure 1. 8202A Block Diagram

Figure 2. Pin Configuration

1-69



intel

8202A

PRELIMINARY

Table 1. Pin Descriptions

Pin Pin
Symbol | No. | Type | Name and Function Symbol | No. | Type | Name and Function
ALg 6 |l Address Low: CPUraddress in- RASg 21 |0 Row Address Strobe: Used to
AL 8 |l puts used to generate memory RAS, 22 |O latch the Row Address into the
ALo 10 |1 row address. RAS, 23 |0 bank of dynamic RAMs, select-
ALz 12 |1 ALg/OP3 used to select 4K RAS3 26 |0 ed by the 8202A Bank Select
ALg4 14 || RAM mode. pins (Bg, B1/0P4).
ALs 16 |1 — -
ALa/OP 18 |1 XACK 29 |O Transfer Acknowledge: This
6 3 . L
output is a strobe indicating val-
id data during a read cycle or
AHg 5 | Address High: CPU address in- data written during a write cycle.
AH 4 4 | puts used to generate memory XACK can be used to latch valid
AHo 3 [ column address. data from the RAM array.
AHg3 2 ! SACK 30 |0 System Acknowledge: This
AHg 1 ! output indicates the beginning of
AHg 39 I a memory access cycle. It can
AHg %8 |! be used as an advanced trans-
BO 24 |1 Bank Select Inputs: Used to fer acknowledge to eliminate
B1/OP¢y |25 |I gate the appropriate RASg- wait states. (Note: If a memory
RAS3 output for a memory cy- access request is made during a
cle. B1/OP option used to se- refresh cycle, SACK is delayed
lect the Advanced Read Mode. until XACK in the memory ac-
p— cess cycle).
PCS 33 |1 Protected Chip Select: Used to
enable the memory read and (Xg)OP2 |36 |1/0 Oscillator Inputs: These inputs
write inputs. Once a cycle is (Xq) CLK 37 [I/0 are designed for a quartz crystal
started, it will not abort even if to control the frequency of the
PCS goes inactive before cycle oscillator. If Xg/OP2 is connect-
completion. ed to a 1KQ resistor pulled to
p— +12V then X1/CLK becomes a
WR 31 |1 Memory Write Request. TTL input for an external clock.
RD/S1 32 |1 Memory Read Request: S1 N.C. 35 Reserved for future use.
function used in Advanced Read
mode selected by OP { (pin 25). Vce 40 Power Supply: +5V.
REFRQ/ |34 |I External Refresh Request: ALE GND 20 Ground.
ALE function used in Advanced Read NOTE: Crystal mode for the 8202A-1 only.
mode, selected by OP { (pin 25).
OuUTg 7 o Output of the Multiplexer:
OUT4 9 o} These outputs are designed to
OUT, 11 |0 drive the addresses of the Dy- —e WE
OUT3 13 |0 namic RAM array. For 4K RAM s
UTy 15 | O operation, OUTg is designed to
OUTs 17 |0 drive the 2104A CS input. (Note [— FASo
OUTg 19 |0 that the OUTg.g pins do not re- ]
quire inverters or drivers for 820241 —
proper operation.
WE 28 |0 Write Enable: Drives the Write = e
Enable inputs of the Dynamic Cs < 10pF —— XACK
RAM array. FUNDAMENTAL XTAL ——> SACK
CAS 27 |0 Column Address Strobe: This
output is used to latch the Col-
umn Address into the Dynamic

RAM array.

Figure 3. Crystal Operation for the 8202A-1
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Functional Description

The 8202A provides a complete dynamic RAM controller
for microprocessor systems as well as expansion memory
boards. All of the necessary control signals are provided
for 2104A, 2117, and 2118 dynamic RAM’s.

All 8202A timing is generated from a single reference
clock. This clock is provided via an external oscillator or
an on chip crystal oscillator. All output signal transitions
are synchronous with respect to this clock reference, ex-
cept for the CPU handshake signals SACK and XACK
(trailing edge).

CPU memory requests normally use the RD and WR in-
puts. The advanced EE_AD mode allows ALE and S1 to be
used in place of the RD input.

Failsafe refresh is provided via an internal refresh timer
which generates internal refresh requests. Refresh re-
quests can also be generated via the REFRQ input.

An on-chip synchronizer/arbiter prevents memory and re-
fresh requests from affecting a cycle in progress. The
READ, WRITE, and external REFRESH requests may be
asynchronous to the 8202A clock; on-chip logic will syn-
chronize the requests, and the arbiter will decide if the re-
quests should be delayed, pending completion of a cycle in
progress.

Option Selection

The 8202A has three strapping options. When OP 1 is se-
lected (16K mode only), pin 32 changes from a RD input to
an S1 input, and pin 34 changes from a REFREQ input to
an ALE input. See “Refresh Cycles” and “Read Cycles”
for more detail. OP is selected by tying pin 25 to +12V
though a 5.1K ohm resistor.

When OP2 is selected, by connecting pin 36 to +12V
through a 1K ohm resistor, pin 37 changes from a crystal
input (X1) to the CLK input for an external TTL clock.

OP3 is selected by connecting Pin 18 to +12V through a
6.1K ohm resistor. The 8202A will change its internal re-
fresh timer from 128-row refresh (2118, 2117) to 64-row
refresh (2104A).

Refresh Timer

The refresh timer is used to monitor the time since the last
refresh cycle occurred. When the appropriate amount of
time has elapsed, the refresh timer will request a refresh
cycle. External refresh requests will reset the refresh tim-
er.

- Refresh Counter

The refresh counter is used to sequentially refresh all of
the memory’s rows. The 8-bit counter is incremented after
every refresh cycle.

Address Multiplexer

The address muitiplexer takes the address inputs and the
refresh counter outputs, and gates them onto the address
outputs at the appropriate time. The address outputs, in
conjunction with the RAS and CAS outputs, determine the
address used by the dynamic RAMs for read, write, and
refresh cycles. During the first part of a read or write cy-
cle, ALg-ALg are gated to OUTo-OUTg, then AHg-AHg
are gated to the address outputs.

During a refresh cycle, the refresh counter is gated onto
the address outputs. All refresh cycles are RAS-only re-
fresh (CAS inactive, RAS active).

To minimize buffer delay, the information on the address
outputs is inverted from that on the address inputs.

OUTp-OUTg do not need inverters or buffers unless addi-
tional drive is required.

Synchronizer/Arbiter

The 8202A has three inputs, REFRQ/ALE (pin 34), RD
(pin 32) and WR (pin 31). The RD and WR inputs allow an
external CPU to request a memory read or write cycle,
respectively. The REFRQ/ALE allows refresh requests to
be requested external to the 8202A.

All three of these inputs may be asynchronous with re-
spect to the 8202A’s clock. The arbiter will resolve con-
flicts between refresh and memory requests, for both
pending cycles and cycles in progress. Read and write re-
quests will be given priority over refresh requests.

System Operation
The 8202A is always in one of the following states:
a) IDLE
b) TEST Cycle
c) REFRESH Cycle
d) READ Cycle
e) WRITE Cycle

The 8202A is normally in the IDLE state. Whenever one of
the other cycles is requested, the 8202A will leave the
IDLE state to perform the desired cycle. If no other cycles
are pending, the 8202A will return to the IDLE state.

Description Pin # Normal Function Option Function
B1/0OP1 25 ‘ Bank (RAS) Select Advanced-Read Mode
Xo/OP2 36 Crystal Oscillator (8202A-1) External Oscillator
AL6/0P3 18 Address Input 64-ROW Refresh

Figure 4. 8202A Option Selection
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Test Cycle

The TEST Cycle is used to check operation of several
8202A internal functions. TEST cycles are requested by
activating the RD and WR inputs, independent of PCS. The
TEST Cycle will reset the refresh address counter and per-
form a WRITE Cycle. The TEST Cycle should not be used
in normal system operation, since it would affect the dy-
namic RAM refresh.

Refresh Cycles
The 8202A has two ways of provudlng dynamic RAM re-
fresh:

1) Internal (failsafe) refresh
2) External (hidden) refresh

Both types of 8202A refresh cycles activate all of the RAS
outputs, while CAS, WE, SACK, and XACK remain inac-
tive.

Internal refresh is generated by the on-chip refresh timer.
The timer uses the 8202A clock to ensure that refresh of
all rows of the dynamic RAM occurs every 2 milliseconds.
If REFRQ is inactive, the refresh timer will request a re-
fresh cycle every 10-16 microseconds.

External refresh is requested via the REFRQ input (pin 34).
External refresh control is not available when the Ad-
vanced-Read mode is selected. External refresh requests
are latched, then synchronized to the 8202A clock.

The arbiter will allow the refresh request to start a refresh
cycle only if the 8202A is not in the middle of a cycle.

Simultaneous memory request and external refresh re-
quest will result in the memory request being honored first.
This 8202A characteristic can be used to “hide” refresh
cycles during system operation. A circuit similar to
Figure 5 can be used to decode the CPU’s instruction
fetch status to generate an external refresh request. The
refresh request is latched while the 8202A performs the
instruction fetch; the refresh cycle will start immediately
after the memory cycle is completed, even if the RD input
has not gone inactive. If the CPU'’s métructuon decode time
is long enough, the 8202A can complete the refresh ‘cycle
before the next memory request is generated.

Certain system configurations require complete external
refresh requests. If external refresh is requested faster
than the minimum internal refresh timer (trgF), then; in ef-
fect, all refresh cycles will be caused by the external re-
fresh request, and the internal refresh timer will never
generate a refresh request.

REFRQ

8085A

1 8202A

SACK or
CAs

Figure 5. Hidden Refresh

Read Cycles
The 8202A can accept two different types of ‘memory
Read requests:

1) Normal Read, via the RD input
2) Advanced Read, using the S1 and ALE inputs

The user can select the desired Read request configura-
tion via the B1/OP 1 hardware strapping option on pin 25.

Normal Read | Advanced Read
Pin 25 B1 input +12 Volt Option
Pin 32 RD input S1 input
Pin 34 REFRQ input ALE input
# RAM banks 4 (RAS o.3) 2 (RAS 2.3)
Ext. Refresh Yes No

Figure 6. 8202A Read Options

Normal Reads are requested by activating the RD input,
and keeping it active until the 8202A responds with an
XACK pulse. The RD input can go inactive as soon as the
command hold time (tCHS) is met.

Advanced Read cycles are requested by pulsing ALE
while S1 is active; if S1 is inactive (low) ALE is ignored.
Advanced Read timing is similiar to Normal Read timing,
except the falling edge of ALE is used as the cycle start
reference.

If a Read cycle is requested while a refresh cycle is in
progress, then the 8202A will set the internal delayed-
SACK latch. When the Read cycle is eventually started,
the 8202A will delay the active SACK transition until XACK
goes active, as shown in the AC tlmmg diagrams. This de-
lay was designed to compensate for the CPU’'s READY
setup and hold times. The delayed-SACK latch is cleared
after every READ cycle.

Based on system requirements, either SACK or XACK can
be used to generate the CPU READY signal. XACK will
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normally be used; if the CPU can tolerate an advanced.

READY, then SACK can be used, but only if the CPU can

tolerate the amount of advance provided by SACK. If
SACK arrives too early to provide the appropriate number
of WAIT states, then either XACK or a delayed form of

SACK should be used.

Write Cycles

Write cycles are similiar to Normal Read cycles, except

for the WE output. WE is held inactive for Read cycles, but

goes active for Write cycles All 8202A Write cycles are
“early-write” cycles; WE goes active before CAS goes ac-

tive by an amount of time sufficient to keep the dynamtc

RAM output buffers turned off. .

General System Considerations

All memory requests (Normal Reads, Advanced Reads,
Writes) are qualified by the PCS input. PCS should be sta-
ble, either active or mactlve, pnor to the leading edge of
RD, WR, or ALE. Systems which use battery backup
should pullup PCS to prevent erroneous memory requests,
and should also pullup WR to keep the 8202A out of its
test mode :

In order to minimize propagation delay, the 8202A uses an
inverting address multiplexer without latches. The system
must provide adequate address setup and hold times to
guarantee RAS and CAS setup and hold times for the
RAM. The 8202A taop AC parameter should be used for
this system calculation.

The BO-B1 inputs are similiar to the address inputs in that
. they-are not latched. BO and B1:should not be changed

during a memory cycle, since they dlrectly control whlch
RAS output is activated. .

The 8202A uses a two-stage synchronizer for the memory
request inputs (RD, WR, ALE), and a separate two stage
synchronizer for the external-refresh input (REFRQ). As
with'any synchronizer, there is always a finite probability
of metastable states inducing system errors. The 8202A
synchronizer was designed to have a system error rate
less than 1 memory cycle every three years based on the
full operating range of the 8202A.

1-73

A microprocessor system is concerned with the time data
is valid after RD goes low. See Figure 7. In order to calcu-
late memory read access times, the dynamic RAM's A.C.
specifications must be ‘examined, ‘especially the RAS-ac-
cess time (tRAC) and the CAS-access time (tcAC). Most
configurations will bé CAS-access limited; i.e., the data
from the RAM will be stable ‘tcc max- (8202A) + tCAC
(RAM) after a memory read cycle is started. Be sure to
add any delays (due to buffers, data latches, etc ) to cal-
culate the overall read access tlme

Since the 8202A normally performs “early-write” cycles,
the data must be stable at the RAM data inputs by the time
CAS goes active, including the RAM's data setup time. If
the system does not normally guarantee sufficient write
data setup, you must either delay the WR mput signal or
delay the 8202A WE output.

Delaymg the WR input will delay all 8202A timing, including
the READY handshake signals, SACK and XACK, which
may increase the number of WAIT states generated by the
CPU. .

If the WE outputis externally delayed beyond the CAS ac-
tive transition, then the RAM will use the falling edge of WE
to strobe the write data into the RAM. This WE transition
should not occur too late during the CAS active transition,
or else the WE to CAS requirements of the RAM will not be
met. Lo ’

tRLDV

DATA

Figure 7. Read Access Time
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[eXe)

o
—

ALo-6 OUT0-6

8202A
(16K MODE) WE

cAs [

RD/S;  RASo
wR
RAS1

. RAS2
SACK RAS3

XACK

A Ao-6

l()

22

OE STB

2118
DYNAMIC RAM ARRAY

BANKO

DIN
Dout

cas

BANK 1

Y
Dout

RAS
DiN Dout

T &
e

1T
|

BANK 2

DN
Dout

WE

cas DN -
RAS D

DN DouT |, DOUT

DN
Dout

BANK 3

DIy,
DN bout

OIN
Dout

Dout

DN
Dout

Dout

DATA BUS

DATA
Latch N

Figure 8. Typical 8088 System
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias
Storage Temperature
Voltage On any Pin
With Respect to Ground —0.5V to +7v4
Power Dissipation ................ e 1.5 Watts

*NOTE: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

D.C. CHARACTERISTICS T, = 0°Cto 70°C; Voo = 5.0V % 10%; GND = OV

Symbol Parameter Min Max Units - | Test Conditions
Ve Input Clamp Voltage -1.0 v Ic = =5 mA
Icc Power Supply Current 270 mA
Ig- Forward input Current
CLK -2.0 mA VE = 0.45V
All Other Inputs3 -320 uA VE = 0.45V
IR Reverse Input Current3 40 nA VR=Vcc (Note 1)
VoL Output Low Voltage
SACK, XACK 0.45 v loL =5 mA
All Other Outputs 0.45 \ loL = 3mA
| VoH Output High Voltage ViL = 0.65V
: SACK, XACK 2.4 v IoH = —1mA
All Other Outputs 2.6 \ IOH = —1mA
Vi Input Low Voltage 0.8 v Vee = 5.0V (Note 2)
VIH1 Input High Voltage 2.0 v Vge = 5.0V
ViH2 Option Voltage \ (Note 4)
F = 1MHz
CIN Input Capacitance 30 pF VBIAS = 2.8V, Vcg = 5V
TA = 26°C
NOTES: :
1. Ig=200 mA for pin 37 (CLK) for external clock mode.
2. For test mode RD & WR must be held at GND.
3. Except for pin 36.
4.
+12 Volt Ve 38 | op,
*10% vy :
82024
51K 25 -
M—8] opg
Resistor +5%
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A.C. CHARACTERISTICS
TA = 0°C to 70°C, Vog = 5V + 10%

Measurements made with respect to RASg-RAS3, CAS, WE,OUTg-OUTg are at 2.4V and 0.8V. All
other pins are measured at 1.5V. All times are in nsec.

Symbol Parameter Min Max Notes
tp Clock Period 40 54

tpH External Clock High Time 20

tpL External Clock Low Time—above (>) 20 mHz 17

tpL External Clock Low Time—below (<) 20 mHz 20

tRC Memory Cycle Time 10tp — 30 12tp 4,5
tREF Refresh Time (64 cycles—4K mode) 548tp 576tp

tREF Refresh Time (128 cycles— 16K mode) 264tp 288tp

tRp RAS Precharge Time 4tp — 30

tRSH RAS Hold After CAS 5tp — 30 3
tASR Address Setup to RAS tp — 30 3
tRAH Address Hold From RAS tp — 10 3
tasc Address Setup to CAS ’ tp — 30 3
tCAH Address Hold from CAS 5tp — 20 3
tcAs CAS Pulse Width 5tp — 10

twes WE Setup to CAS tp — 40

tWCH WE Hold After CAS 5tp — 35 8
tRs RD, WR, ALE, REFRQ delay from RAS 5tp )
tMRP RD, WR setup to RAS 0 5
tRMS REFRQ setup to RD, WR 2tp

tRMP REFRQ setup to RAS 2tp 5
tpcs PCS Setup to RD, WR, ALE 20

tAL S1 Setup to ALE 15

tLA S1 Hold from ALE 30

tcr RD, WR, ALE to RAS Delay tp + 30 2tp + 70

tcc RD, WR, ALE to CAS Delay 3tp + 25 4tp + 85

tsc CMD Setup to Clock 15 1
tMRS RD, WR setup to REFRQ 5 )

tcA RD, WR, ALE to SACK Delay 2tp + 47 2
tox CAS to XACK Delay 5tp — 25 5tp + 20

tcs CAS to SACK Delay 5tp — 25 5tp + 40 2
tACK XACK to CAS Setup 10

txw XACK Pulse Width tp—25 ' 7
tok SACK, XACK turn-off Delay 35

tKCH CMD Inactive Hold after SACK, XACK 10

tLL REFRQ Pulse Width 20

tCHS CMD Hold Time 30

tRFR REFRQ to RAS Delay 4tp + 100

tww WR to WE Delay 0 50

tAD ~ CPU Address Delay (o] 40 3
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WAVEFORMS
Normal Read or Write Cycle

tRS
— - ti
RAS ~— \in
|«— ICR
MAX
- tce E F
CAS MIN
tcc
MAX
XACK
<—tca —.l

SACK *

Advanced Read Mode

7§

taL

trg —————|

CAS -~ ,ﬁgmfk
tce
MAX
XACK

| tCX —»

~——tcs

——tcA—>
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WAVEFORMS (cont’d)
Memory Compatibility Timing

Bo-B1

ALo-ALg, VALID ADDRESS
AHp-AHg
1AD «— taD |
T MAX T MR
h
RAS \
N
tRSH

tcas

le—tasR—»{ e~ tRAH tasc tcaH

y -\
OUTo-0UTe ROW COLUMN
- 7

Write Cycle Timing

— [? /
RAS ~ u‘iﬁ

- tCR - > -
MAX tww |

CAs

-— (wcsj twCH
tcc
MIN

tcc
MAX
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WAVEFORMS (cont’d)
Read or Write Followed By External Refresh

T _

«— tMRS —|€—— t | ———

REFRQ ]

| tRMP tRp
A ——=1
| tRC
cAs e — 34\ ' /
tce
MAX
External Refresh Followed By Read or Write
D, WR
tRMS - —— tMRP
REFRQ z
<
- tRS tRFR | tRP )
I - - RC
cAS . \
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WAVEFORMS (cont’d)
Clock And System Timing

CLK

| ————tpCS§ — > |— t5C —>

g
2
ol

Table 2 8202A Output Test

Loading.
Test Load
Pin
SACK, XACK CL = 30 pF
UTp-OUTg CL = 160 pF
ASo-RAS3 Cp = 60 pF
WE CL = 224 pF
CAS CL = 320 pF
NOTES:

w

[+

o0

. tgc is a reference point only. ALE, RD, WR, and REFRQ inputs do

not have to be externally synchronized to 8202A clock.

. If tgg min and tyyrg min are met then, tca, tcR. and tcg are

valid, otherwise tcg is valid.

- tASR: tRAH. tASC. tCAH. and trsH depend upon BO-B 1 and CPU

address remaining stable throughout the memory cycle. The ad-
dress inputs are not latched by the 8202A. ‘

. For back-to-back refresh cycles, trc max = 13tp
. trc max is valid only if trpp min is met (READ, WRITE followed

by REFRESH) or tpgpp min is met (REFRESH followed by READ,
WRITE).

. tRFR is valid only if tgg min and tys min are met.
. txw min applies when RD, WR has already gone high. Otherwise

XACK follows RD, WR.

. WE goes high according to twgH or tww, whichever occurs

first.
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The typical rising and falling characteristic curves
can be used to determine the effects of capacitive

loading on the A.C. Timing Parameters. Using this ing shifts based on system

‘A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS

design tool in conjunction with the ‘timing
waveforms, the designer can determine typical tim-

capacitive load.

so CAPACITANCE: pF
| T ] ]
/ ] ——
E— —
/-— V /"+ /; | %
s NO LOAD o%no / y 31/ \,/“n/ 560 %
g 24 Z pd // |
° / /
/ ]
/%
0.8
" TIME |5 "'—"
so CAPACITANCE: pF
NO LOAD 68 Xso\zzo \30 N\Q‘% :
08 N ‘Q J — \__\__,
0.0 ﬁt A‘“
TIME |"‘5 "‘—’l
NOTE: TYPICAL CONDITIONS:
Use the Test Load as the base capacitance for estimating timing Ta = 25°C Pins not under test are loaded with Test Load

shifts for system critical timing parameters.

Vgo = +5V capacitance.
to = 50ns
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Example: Find the effect on tcg and tgc using 64
2118 Dynamic RAMs configured in 4 banks.

1. Determine the typical RAS and CAS capacitance:
From. the data sheet RAS = 4 pF and CAS = 4 pF.
~. RAS load = 64 pF + board capacitance.

CAS load = 256 pF + board capacitance.
Assume 2 pF/in (trace length) for board
capacitance.

2.

1-82

From the waveform diagrams, we determine that
the falling edge timing is needed for tcg and tcc.
Next find the curve that best approximates the
test load; i.e., 68 pF for RAS and 330 pF for CAS.

. If we use 72 pF for RAS loading, then the tcgr

(max.) spec should be increased by about 1 ns.
Similarly if we use 288 pF for CAS, then tcc (min.)
and (max.) should decrease about 1 ns.
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8203
64K DYNAMIC RAM CONTROLLER

m Provides All Signals Necessary to Control
64K (2164), 16K (2117, 2118) and 4K
(2104A) Dynamic Memorles

m Directly Addresses and Drives Up to 64
Devices Without External Drivers

m Provides Address Multiplexing and
Strobes

m Provides a Refresh Timer and a Refresh
Counter

m Provides Refresh/Access Arbitration

m External or Internal Clock Capability

m Fully Compatnble with Intel® 8080A,
8085A,iAPX 88, and |APX 86 Famlly Micro-
processors :

m Decodes CPU Status for Advanced Read
Capability in 16K mode

m Provides System Acknowledge and Trans-
fer Acknowledge Signals

m Refresh Cycles May be Internally or Exter-
nally Requested (For Transparent Refresh)

= Internal Series Damping Resistors on All
Outputs

The Intel® 8203 is a Dynamic Ram System Controller designed to provide all signals necessary to use 2164, 2118, 2117,
or 2104A Dynamic RAMSs in microcomputer systems. The 8203 provides multiplexed addresses and address strobes,
refresh logic, refresh/access arbitration. Refresh cycles can be started internally or externally.

...........

TIMING
GENERATOR

S
AHo-AH7 .
COLUMN
L AvorEss
PP —
ALo-AL7
Mux
ROW.
Bo
REFRESH 81/0P1
COUNTER
"8 — ]
L R ———E——
WA sYNe
s ———————————————]
ARBITER
— l_.
REFRQ/ALE LATCH swe |—
‘—I_L
W OSCILLATOR
ed X0/0P2

X1/CLK

Figure 1. 8203 Block Diagram

—
aHg [ 40| Jvce
avg [ 2 39 D AHs
a2 []3 381 ] AHg
Ay [ 27 [] xq/cLk
aHo [ 36 [] xo/0P2
A s 35 [ ] 16K/84K
outo [ 7 34 [T] REFRQ/ALE
o A s 33[]pcs
N, T __
ouri [ 32 [ ] @b/s1
RSy i
- az[Jio g0 a1 []WR
s out, [ 11 30 [ ] sAck
a3 []12 29 [7] XACK
s outs [ 13 28| ] WE
wE ALg [[]14 277 TAs
oute []1s 26 |_] RAS3 (Bo)
p— as []1e 25 7] B1/0P1 (AH7)
i outs []17 24 | ] 8o (AL7)
ALg/opg [ 18 23 | ] RAS2 (OUT7)
oute [ 19 22 | ] RSy
GND [} 20 21 ] RASo

Figure 2. Pin Configuration
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Table 1. Pin Descriptions

Pin Pin
Symbol | No. | Type | Name and Function Symbol | No. | Type | Name and Function
ALg 6 ! Address Low: CPU address in- RASp 21 |O Row Address Strobe: Used to
AL 8 1 puts used to generate memory RAS; 22 |0 latch the Row Address into the
AL 10 || row address. R_AS'QI 23 O bank of dynamic RAMs, select-
ALz 12 |1 ALg/OP3 used to select 4K OuTy ed by the 8203 Bank Select pins
AlLg4 14 |1 RAM mode. RAS3/Bg [26 [1/0 (Bg, B1/0P4). In 64K mode,
ALs 16 |1 only RASg and RAS1 are avai.
ALg/OP3 [18 |1 able; pin 23 operates as OUT7
AHgp 5 | Address High: CPU address in- ;::kp;nelzgtci)::;ta. tes as the Bo
AH{ 4 | puts used to generate memory
AHp 3 | column address. XACK 29 |0 Transfer Acknowledge: This
AHg3 2 | output is a strobe indicating val-
AHy4 1 | id data during a read cycle or
AHs 39 |1 data written during a write cycle.
AHg 38 |1 XACK can be used to latch valid
data from the RAM array.
Bo/AL7 24 |1 -Bank Select Inputs: Used to pE— X
B4/OP4/ |25 |1 gate the appropriate RAS output SACK 30 |0 System Acknowledge: This
AH7 for a memory cycle. B1/OP{ op- output indicates the beginning of
tion used to select the Advanced a memory access cycle. It can
Read Mode. (Not available in be used as an advanced trans-
64K mode.) See Figure 5. fer acknowledge to eliminate
When in 64K RAM Mode, pins 24 wait states. (Note: if a memory
and 25 operate as the AL7 and access request is ma(}le duringa
AH7 address inputs. refresh cycle, SACK is delayed
until XACK .in the memory ac-
PCS 33 |1 Protected Chip Select: Used to cess cycle).
en.abk.e the memory read an.d Xo/OP2 |36 |1/0 Oscillator Inputs: These inputs
write mf:\uts'. Once a cycle ',s X1/CLK 37 |10 are designed for a quartz crystal
Started, it ?m" n'ot abort even if i to control the frequency of the
PCS goes inactive before cycle oscillator. If Xg/OP3 is directly
completion. pulled up to Vg or if Xg/ OP2 is
WR 31 |1 Memory Write Request. connected to a 1KQ resistor
— ulied to +12V then X 1/CLK be-
RD/S1 32 |I Memory Read Request: S1 2omes a TTL input for1 an exter-
function used in Advanced Read nal clock.
mode selected by OP{ (pin 25). —
16K/64K |35 |1 Mode Select: This input selects
REFRQ/ |34 |I External Refresh Request: ALE 16K mode (2117, 2118) or 64K
ALE function used in Advanced Read mode (2164). Pins 23-26
mode, selected by OP { (pin 25). change function based on the
out, |7 |o Output of the Multiplexer: mode of operation.
_UT1 9 (o] These outputs are designed to Vee 40 Power Supply: +5V.
OUTo 11 |0 drive the addresses of the Dy- -
OUT3 13 |0 namic RAM array. (Note that the GND 120 Ground.
OUT,4 15 |0 OUTQ.7 pins do not require in-
uT 17 | O verters or drivers for proper op-
Wg 19 lo eration. d P p_, : Functional Description
— The 8203 provides a complete dynamic RAM controller for
WE 28 |0 Write Enable: Drives the Write microprocessor systems as well as expansion memory
E"A:;’:T:‘y‘?”'s of the Dynamic boards. All of the necessary control signa!s are provided
- for 2164, 2118, 2117, and 2104A dynamic RAM'’s.
CAS 27 |0 Column Address Strobe: This
output is used to latch the Col- The 82083 has three modes, one for 4K dynamic RAM's,
;’Z:A Address into the Dynamic one for 16K’s and one for 64K'’s, controlled by pin 35 and
array. pin 18.
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8203

Cs < 10pF

FUNDAMENTAL XTAL

Figure 3. Crystal Operation

All 8203 timing is generated from a single reference clock.
This clock is provided via an external oscillator or an on-

chip crystal oscillator. All output signal transitions are syn-

chronous with respect to this clock reference, except for
the CPU handshake signals SACK and XACK.

CPU memory requests normally use the RD and WR in-
puts. The Advanced-Read mode allows ALE and S1 to be
used in place of the RD input.

Failsafe refresh is provided via an internal timer which gen-
erates refresh requests. Refresh requests can also be
generated via the REFRQ input.

An on-chip synchronizer/ arbiter prevents memory and re-
fresh requests from affecting a cycle in progress. The
READ, WRITE, and external REFRESH requests may be
asynchronous to the 8203 clock; on-chip logic will syn-
chronize the requests, and the arbiter will decide if the re-
quests should be delayed, pending completion of a cycle in
progress.

16K /64K Option Selection

Pin 35 is a strap input that controls the two 8203 modes.
Figure 4 shows the four pins that are multiplexed. In 16K
mode (pin 35 tied to VG or left open), the 8203 has two
Bank Select inputs to select one of four RAS outputs. In
this mode, the 8203 is exactly compatible with the Intel
8202A Dynamic RAM Controller. In 64K mode (pin 35 tied
to GND), there is only one Bank Select input (pin 26) to
select the two RAS outputs. More than two banks of 64K
dynamic RAM’s can be used with external logic.

Other Option Selections

The 8203 has three strapping options. When OP1 is se-
lected (16K mode only), pin 32 changes from a RD input to
an S1input, and pin 34 changes from a REFRQ input to an
ALE input. See “Refresh Cycles” and “Read Cycles” for
more detail. OP1 is selected by tying pin 25 to +12V
through a 5.1K ohm resistor.

When OP32 is selected, by connecting pin 36 to Vcg, pin
37 changes from a crystal input (X1) to the CLK input for
an external TTL clock.

OP3 is selected by connecting pin 18 to +12V through a
5.1K ohm resistor, the 8203 will change its internal refresh
timer from 128-row refresh (2164, 2118, 2117) to 64-row
refresh (2104A).

Refresh Timer

The refresh timer is used to monitor the time since the last
refresh cycle occurred. When the appropriate amount of
time has elapsed, the refresh timer will request a refresh
cycle. External refresh requests will reset the refresh
timer.

Refresh Counter

The refresh counter is.used to sequentially refresh all of
the memory’s rows. The 8-bit counter is incremented after
every refresh cycle.

Pin # | 16K Function 64K Function

23 RAS2o Address Output (OUT?7)|
24 Bank Select (Bg) Address Input (AL7)
25 Bank Select (B1) Address Input (AH7)
26 RAS3 Bank Select (Bp)

Figure 4. 16K/64K Mode Selection

Inputs Outputs

Bo B1 RASo RASt{ RAS2 RAS3

0 0 (0] 1 1 1.
16K 0 1 1 0 1 1
Mode 1 ] 1 1 o] 1

1. 1 1 1 1 0
64K | O — 0 1 — —
Mode 1 —_ 1 0 — —

Figure 5. Bank Selection

Description Pin # Normal Function Option Function
B1/0P1(16Konly)/AH7| 25 Bank (RAS) Select Advanced-Read Mode
Xo/OP2 36 Internal (Crystal) Oscillator External Oscillator
ALg/OP3 18 Address Input . 64-Row Refresh

Figure 6. 8203 Option Selection
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Address Multiplexer

The address multiplexer takes the address inputs and the
refresh counter outputs, and gates them onto the address
outputs at the appropriate time. The address outputs, in
conjunction with the RAS and CAS outputs, determine the
address used by the dynamic RAMs for read, write, and
refresh cycles. During the first part of a read or write cy-
cle, ALp-AL7 are gated to OUTg-OUT7, then AHg—AH7
are gated to the address outputs.

During a refresh cycle, the refresh counter is gated onto
the address outputs. All refresh cycles are RAS-only re-
fresh (CAS inactive, RAS active).

To minimize buffer delay, the information on the address
outputs is inverted from that on the address inputs.

OUTp—-OUT7 do not need inverters or buffers unless addi-
tional drive is required.

Synchronizer/Arbiter

The 8203 has three inputs, REFRQ/ALE (pin 34), RD (pin
32) and WR (pin 31). The RD and WR inputs allow an ex-
ternal CPU to request a memory read or write cycle, re-
spectively. The REFRQ/ALE allows refresh requests to
be requested external to the 8203.

All three of these inputs may be asynchronous with re-
spect to the 8203's clock. The arbiter will resolve conflicts
between refresh and memory requests, for both pending
cycles and cycles in progress. Read and write requests
will be given priority over refresh requests.

System Operation
The 8203 is always in one of the following states:

a) IDLE

b) TEST Cycle

c) REFRESH Cycle
d) READ Cycle

e) WRITE Cycle

The 8203 is normally in the IDLE state. Whenever one of
the other cycles is requested, the 8203 will leave the IDLE
state to perform the desired cycle. If no other cycles are
pending, the 8203 will return to the IDLE state.

Test Cycle

The TEST Cycle is used to check operation of several
8203 internal functions. TEST cycles are requested by ac-
tivating the PCS, RD and WR inputs. The TEST Cycle will
reset the refresh address counter and perform a WRITE
Cycle. The TEST Cycle should not be used in normal sys-
tem operation, since it would affect the dynamic RAM re-
fresh.

1-86

Refresh Cycles
The 8203 has two ways of providing dynamic RAM
refresh:

1) Internal (failsafe) refresh
2) External (hidden) refresh

Both types of 8203 refresh cycles activate all of the RAS
outputs, while CAS, WE, SACK, and XACK remain
inactive.

Internal refresh is generated by the on-chip refresh timer.
The timer uses the 8203 clock to ensure that refresh of all
rows of the dynamic RAM occurs every 2 milliseconds
(128 cycles) or every 4 milliseconds (256 cycles). If
REFRQ is inactive, the refresh timer will request a refresh
cycle every 10-16 microseconds.

External refresh is requested via the REFRQ input (pin 34).
External refresh control is not available when the Ad-
vanced-Read mode is selected. External refresh requests
are latched, then synchronized to the 8203 clock.

The arbiter will allow the refresh request to start a refresh
cycle only if the 8203 is not in the middle of a cycle.

Simultaneous memory request and external refresh re-
quest will result in the memory request being honored first.
This 8203 characteristic can be used to “hide” refresh cy-
cles during system operation. A circuit similar to Figure 7
can be used to decode the CPU's instruction fetch status
to generate an external refresh request. The refresh re-
quest is latched while the 8203 performs the instruction
fetch; the refresh cycle will start immediately after the
memory cycle is completed, even if the RD input has not
gone inactive. If the CPU’s instruction decode time is long
enough, the 8203 can complete the refresh cycle before
the next memory request is generated.

Certain system configurations require complete external
refresh requests. If external refresh is requested faster
than the minimum internal refresh timer (tRgF), then, in ef-
fect, all refresh cycles will be caused by the external re-
fresh request, and the internal refresh timer will never
generate a refresh request.

So
8085A

1 8203

SACK or
CAS

Figure 7. Hidden Refresh
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Read Cycles
The 8203 can accept two different types of memory Read
requests:

1) Normal Read, via the RD input
2) Advanced Read, using the S1 and ALE inputs (16K
mode only)

The user can select the desired Read request configura-
tion via the B1/0OP1 hardware strapping option on pin 25.

Normal Read Advanced Read
Pin 25 - | B1input +12 Volt Option
Pin 32 RD input S1input
Pin 34 'REFRQ input 'ALE input
# RAM banks 4 (RAS 0.3) 2 (RAS 5.3)
Ext. Refresh Yes No

Figure 8. 8203 Read Options

Normal Reads are requested by activating the RD input,
and keeping it active until the 8203 responds with an
XACK pulse. The RD input can go inactive as soon as the
command hold time (tcHS) is met.

Advanced Read cycles are requested by pulsing ALE
while S$1 is active; if S1 is inactive (low) ALE is ignored.
Advanced Read timing is similiar to Normal Read timing,
except the falling edge of ALE is used as the cycle start
reference.

If a Read cycle is requested while a refresh cycle is in
progress, then the 8203 will set the internal delayed-
SACK latch. When the Read cycle is eventually started,
the 8203 will delay the active SACK transition until XACK
goes active, as shown in the AC timing diagrams. This de-
lay was designed to compensate for the CPU’s READY
setup and hold times. The delayed-SACK latch is cleared
after every READ cycle.

Based on system requirements, either SACK or XACK can
be used to generate the CPU READY signal. XACK will
normally be used; if the CPU can tolerate an advanced
READY, then SACK can be used, but only if the CPU can
tolerate the amount of advance provided by SACK. If
SACK arrives too early to provide the appropriate number
of WAIT states, then either XACK or a delayed form of
SACK should be used.

Write Cycles

Write cycles are similiar to Normal Read cycles, except
for the WE output. WE is held inactive for Read cycles, but
goes active for Write cycles. All 8203 Write cycles are
“early-write” cycles; WE goes active before CAS goes ac-
tive by an amount of time sufficient to keep the dynamic
RAM output buffers turned off.

General System Considerations .

All memory requests (Normal Reads, Advanced Reads,
Writes) are qualified by the PCS input. PCS should be sta-
ble, either active or inactive, prior to the leading edge of
RD, WR, or ALE. Systems which use battery backup
should pullup PCS to prevent erroneous memory requests.

In-order to minimize propagation delay, the 8203 uses an
inverting address multiplexer without latches. The system
must provide adequate address setup and hold times to
guarantee RAS and CAS setup and hold times for the
RAM. The tpop ‘AC parameter should be used for this sys-
tem calculation.

The Bp-B1 inputs are similiar to the address inputs in that
they are not latched. Bp and B4 should not be changed
during a memory cycle, since they directly control which
RAS output is activated.

The 8203 uses a two-stage synchronizer for the memory
request inputs (RD, WR, ALE), and a separate two stage
synchronizer for the external refresh input (REFRQ). As
with any synchronizer, there is always a finite probability
of metastable states inducing system errors. The 8203
synchronizer was designed to have a system error rate
less than 1 memory cycle every three years based on the
full operating range of the 8203.

A microprocessor system is concerned when the data is
valid after RD goes low. See Figure 9. In order to calculate
memory read access times, the dynamic RAM’s A.C.
specifications must be examined, especially the RAS-ac-
cess time (tRAC) and the CAS-access time (tCAC)- Most
configurations will be CAS-access limited; i.e., the data
from the RAM will be stable tcc max (8203) + tcac
(RAM) after a memory read cycle is started. Be sure to
add any delays (due to buffers, data latches, etc.) to cal-
culate the overall read access time.

Since the 8203 normally performs “early-write” cycles,
the data must be stable at the RAM data inputs by the time
CAS goes active, including the RAM’s data setup time. If
the system does not normally guarantee sufficient write

data setup, you must either delay the WR input signal or

delay the 8203 WE output.

Delaying the WR input will delay all 8203 timing, including
the READY handshake signals, SACK and XACK, which
may increase the number of WAIT states generated by the
CPU.

If the WE output is externally delayed beyond the CAS ac-
tive transition, then the RAM will use the falling edge of WE
to strobe the write data into the RAM. This WE transition
should not occur too late during the CAS active transition,
or else the WE to CAS requirements of the RAM will not be
met.

AFN 00203E



8203

PRELIMINARY

tRLDV

Figure 9. Read Access Time

2118

DYNAMIC RAM ARRAY

Ag-15 ALo-6 OUT0-6 A A0-6
AHO-6 BANK 0
" 8282 Bo-1 DIN
ae [—q o2 | o200 B oot
8088 (16K MODE) WE fo- L wE
ADo-7 cas o ] CAS 1
—a} RAS 1
RD —o Ro/5y;  Raso P DIN DoUT|
WR —O wr t
RASY K
RAS2 01 ::) AQ-6
<] SACK Rrasz P - BANK 1
XACK DIN
T _ D
— L» WE ouT
-1 }|—| CAS
1| |—] RAS
T .__::r-..
) Ao-6
BANK 2
IN
— Dout
— |—=f WE
—— —=]Cas
—»{ RAS
DiN DouT
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OIN
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] RAS " Dout
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias
Storage Temperature
Voltage On any Pin
With Respectto Ground ................ —0.5V to +7V4
Power Dissipation ............................ 1.5 Watts

0°C to 70°C
—65°C to +150°C

*NOTE: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indi¢ated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

D.C. CHARACTERISTICS T, = 0°Ct0 70°C; VoG = 5.0V + 10% (5.0V + 5% for 8203-3); GND = OV

Syrribol Parameter Min Max Units Test Conditions
\'/e} Input Clamp Voltage -1.0 \% I = —-5mA
Icc Power Supply Current 270 mA
IF Forward Input Current

CLK -2.0 mA VE = 0.45V

All Other Inputs3 -320 kA VE = 0.45V
R Reverse Input Current3 40 uA VR=Vcc (Note 1)
VoL ‘Output Low Voltage

SACK, XACK 0.45 v loL=56mA .

All Other Outputs 0.45 v loL =3 mA
VOH Output High Voltage ViL=0.65V

SACK, XACK 2.4 v loH=—1mA

All Other Outputs 2.6 v IoH=—1mA
ViL Input Low Voltage 0.8 v Vce = 5.0V (Note 2)
VIH1 Input High Voltage 2.0 vee v | vec = 5.0v
ViH2 Option Voltage Vee v (Note 3)

) F = 1 MHz
CiN Input Capacitance 30 pF VBIAS = 2.5V, Voe = 5V
TA = 25°C
NOTES:

1. 1r=200 mA for pin 37 (CLK) for external clock mode.
2. For test mode RD & WR must be held at.GND.

3. Except for pin 36 in XTAL mode.
4.

+12 Voit 25

+10%

8203

5.1KQ
—AAA
VWV

oP3

Resistor T
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A.C. CHARACTERISTICS

Ta=0°Cto 70°C; vcc 5V + 10% (5.0V *

other pins are measured at 1.6V. AII times are in nsec.

5% for 8203-3); GND = 0V

Symbol Parameter Min Max Notes
tp " Clock Period 40 54 '
tPH External Clock High Time 20

tPL . External Clock Low Time—above (>) 20 mHz 17

tpL External Clock Low Time—below (<) 20 mHz 20

tRC Memory Cycle Time 10tp — 30 12tp 4,5
tREF Refresh Time (64 cycles—4K mode) 548tp -576tp

tREF Refresh Time (128 cycles) 264tp 288tp

tRP RAS Precharge Time Atp — 30

tRSH RAS Hold After CAS 5tp — 30 3
tASR Address Setup to RAS tp — 30 3
tRAH Address Hold From RAS tp— 10 3
tASC Address Setup to CAS tp — 30 3
tCAH Address Hold from CAS . 5tp — 20 3
tcas CAS Pulse Width 5tp — 10

twes WE Setup to CAS tp — 40

tWCH WE Hold After CAS 5tp — 35 8
RS RD, WR, ALE, REFRQ delay from RAS " 5tp 2,6
tMRP RD, WR setup to RAS 0

tRMS - REFRQ setup to RD, WR 2tp

tRMP REFRQ setup to RAS 2tp

tpcs PCS Setup to RD, WR, ALE 20

tAL S1 Setup to ALE 15

tLA S1 Hold from ALE 30

tcR RD, WR, ALE to RAS Delay tp + 30 2tp + 70 2
tcc RD, WR, ALE to CAS Delay 3tp + 25 4tp + 85 2
tsc CMD Setup to Clock 15 B
tMRS RD; WR setup to REFRQ 5 2
tca RD, WR, ALE to SACK Delay 2tp + 47 2
tcx CAS to XACK Delay 5tp — 25 5tp + 20

tcs TAS to SACK Delay 5tp — 25 5tp + 40 2
tACK XACK to CAS Setup 10

txw XACK Pulse Width . tp — 25

tok SACK, XACK turn-off Delay 35

tKCH CMD Inactive Hold after SACK, XACK 10

L REFRQ Puise Width 20

tCHs CMD Hold Time 30

tRFR REFRQ to RAS Delay 4tp + 100

tww WR to WE Delay 0 50

tAD CPU Address Delay 40
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WAVEFORMS
Normal Read or Write Cycle

3
3l

RS

2|
ol

=\ /

O
>
w

XACK

SACK

Advanced Read Mode

$1 7

ALE

taL

RS

RAS /

CAS
tce
MAX
XACK
«— tcx
SACK

le—tcaA—>

<—tcsz

. tec fk_
MIN
tACK
|t
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WAVEFORMS (cont’d)
Memory Compatibility Timing

Bo-B1

ALo-ALg, VALID ADDRESS
AHo-AHg

, t
T MAX T 'ﬁﬁ —

E
./'u
7l

tRSH |

tcas

OI
>
2
<

|e—tASR—1 |e—tRAH [+—tasCc tCAH

~ r 4 p
OUTo-0UTg ROW COLUMN
K. 7

Write Cycle Timing

) |

—
_ tcR /
RAS T MIN

ltJAX > — tww

- twcs—»l - tweH
tcc

tcc
MAX

-~

]
-3
i
E
Z
1

1 ‘93 AFN 00203E



intel 8203 PRELIMINARY

WAVEFORMS (cont’d)
Read or Write Followed By External Refresh

RD, WR y\

<+— tMRS —»|+—— tL| ——»|

REFRG 7

| tRMP | tRp
RS WAX !
tRC

p—

MAX

O
pd
ol

External Refresh Followed By Read or Write

tRMS | tMRP

REFRQ 7
e

trs tRFR | tRP

- VR

8
|
[
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WAVEFORMS (cont’d)
Clock And System Timing

tp ———»

CLK

|<— tpL—>|

< tPH —|

tPCS—> tsc—>|

I

L —

[
P
[

Table 2 8203 Output Loading.

All specifications are
for the Test Load un-
less otherwise noted.

(S0

o

Pin Test Load
SACK, XACK CpL =30 pF
UTp-OUTg Cp = 160 pF
ASp-RAS3 CL =60 pF
WE CL = 224 pF
CAS CL = 320 pF
NOTES:

. tgc is a reference point only. ALE, RD, WR, and REFRQ inputs do

not have to be externally synchronized to 8203 clock.

. If trg min and t\yrg Min are met then tca, toR, and toc are valid,

otherwise tcg is valid.

- tASR: tRAH: tASC: tCAH. and trsH depend upon BO-B1 and CPU

address remaining stable throughout the memory cycle. The ad-
dress inputs are not latched by the 8203.

. For back-to-back refresh cycles, tgc max = 13tp
. tRc max is valid only if tgpp min is met (READ, WRITE followed

by REFRESH) or tpyrp min is met (REFRESH followed by READ,
WRITE).

- tRFR is valid only if tgg min and tpms min are met.
. txw min applies when RD, WR has already gone high. Otherwise

XACK follows RD, WR.

. WE goes high according to twcH or tww, whichever occurs

first.
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The typical rising and falling characteristic curves design tool in conjunction with the timing

can be used to determine the effects of capacitive waveforms, the designer can determine typical tim-
loading on the A.C. Timing Parameters. Using this ing shifts based on system capacitive load.

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS

=
Eu NO LOAD %;/A//Ng 0 %%
/ =
=
e p—

74

OUTPUT (V)

AN

NO LOAD 68 120 3.

(/]

\
o8 Q‘WS%\

00 . P

B—

1P

NOTE: TYPICAL CONDITIONS:
Use the Test Load as the base capacitance for estimating timing Tp = 25°C Pins not under test are loaded with Test Load
shifts for system critical timing parameters. Vee = +5V capacitance.

to =50 ns
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Example: Find the effect on tcg and tgc using 32
2164 Dynamic RAMs configured in 2 ‘banks.

1. Determine the typical RAS and CAS capacitance:
From the data sheet RAS = 5 pF and CAS = 5 pF.
.. RAS load = 80 pF + board capacitance:
CAS load = 160 pF + board capacitance.
Assume 2 pF/in (trace length) for board
capacitance. .

2. From the waveform diagrams, we determine that
the falling edge timing is needed for tcg and tcc.

1-97

- Next find the curve that best approximates the

test load; i.e., 68 pF for RAS and 330 pF for CAS.

. 'If we use 88 pF for RAS loading, then tcg (min.)

spec should be increased by about 1 ns, and tcg
(max.) spec should be:increased by about 2 ns.
Similarly if we use 176 pF for CAS, then tgc (min.)
should decrease by 3 ns and tgc (max.) should
decrease about 7 ns.
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8206
ERROR DETECTION AND CORRECTION UNIT

= Detects and Corrects All Single Bit = Separate Input and Output
Errors Busses—No Timing Strobes Required

= Detects All Double Bit and Most = Supports Reads With and Without
Multiple Bit Errors Correction, Writes, Partial (Byte)

= 52 ns Maximum for Detection; 67 ns Writes, and Read-Modify-Writes
Maximum for Correction (16 Bit ‘
System) = HMOS Technology for Low Power
= Expandable to Handle 80 Bit Memories  ® 68 Pin Leadless JEDEC Package
= Syndrome Outputs for Error Logging = Single +5V Supply

The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206
handles 8 or 16 data bits and up to 8 check bits. 8206’s can be cascaded to provide correction and detection for
up to 80 bits of data. Other 8206 features include the ability to handle byte writes, memory initialization, and
error logging. ‘

VA
18
Dlws:> DATA IN :
LATCH -
READ 2 _POSpy R
PARTIAL PARITY (::t— ERROR
st ———4 __»|  GENERATOR
. »CE
cnl/sw,,,:"} CHECK BIT s
8 I N2 ‘ AV4
e——— CRCT
o] g | AR A
s"°’°'°’”°”<:.__,L._._ PARTIAL PARITY [ 17 [ ATCH ,L,% EAnDR z> correcTion [ C::>°°’“'°'°-'5
GENERATOR D R N
8
L ey s—,

posa, H.? 1 L 2 nsto,

WRITE
mM3 PARTIAL PARITY /
GENERATOR 4

T |

SEDCU R/W Vss Voo @ WZ - BMy,

Figure 1. 8206 Block Diagram
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Table 1. Pin Description

Symbol ' |{:Pin:No.:| Type | N - :Name and Function:" .
Dlp.15 1, 68-61 | Data In: These inputs accept a 16 bit data word from RAM for error detection
59-53 and/or correction.
CBI/SYlg 5 . I...|. Check Bits In/Syndrome In: In a single 8206 system, or.in the master in a multi- |.
CBI/SYl4 6 "I | 8206 system, these inputs accept the check bits (5 to 8) from the RAM. In a
CBI/SYly - 7 ~ 1" | single:8206 16 bit system, CBlg.5 are used. In slave 8206’s these inputs accept
CBI/SYl3 8 1 the syndrome from thé master, with the syndrome latched by R/W going low.
CBI/SYly 9 e e , R ' ' ‘
CBI/SYIg 10 1
CBI/SYlg 1 [
CBI/SYly 12 [
DO/WDlg - .. 51 /O | :Data Out/Write Data In: In a read cycle, data accepted Dlop- 15 appears at
DO/MWDI; 50 /0 | these outputs corrected if CRCT is low, or uncorrected if CRCT is high. The BM
DO/WDIy 49 /0 inputs- must be high to enable the output buffers during the read cycle. In a
DO/WDi3 148 1/0 write cycle, data to be written into the RAM is accepted by these inputs for com-
DO/WDIy 47 /o puting the write check bits. In a partial-write cycle, the byte not to be modified |
DO/WDIg 46 ‘1O | appears at either rDOg.7 if BMyg is high, or DOg_q5 if BMy is high, for writing'to |
DO/WDIg 45 /0 | the RAM. When WZ is active, it causes the 8206 to output all zeros at DOg.15,
DO/WDly 44 I/O | With the p%per write check bits on CBO.
DO/WDlg 42 1/0 Ll o :
DO/WDlg 41 1/0 }
DO/WDI1q 40 110
DO/WD]"' 39 110
DO/WDl42 38 - 110
DO/WDI43 37 1/0
DO/WDlq4 36 110
DO/WDly5 35 1/0 )
SYO/CBO/PPOg 23 e Syndrome Out/Check Bits Out/Partial Parity Out: In.a single 8206 system, or
SYO/CBO/PPO+ 24 o in the master in a multi-8206 system, the syndrome appears at these outputs
SYO/CBO/PPO2 25 (o} during a read. During a write, the write check bits appear. In slave 8206's the
SYO/CBO/PPO3 27 o partial parity bits used by the master appear at these outputs. The syndrome is
SYO/CBO/PPOg4 28 (o} jatched (during read-modify-writes) by R/W going low.
SYO/CBO/PPOs 29 (o} 5
SYO/CBO/PPOg 30 (o}
SYO/CBO/PPO7 31 o
PPl/POSg 13 | Partial Parity In/Position: In the master in a multi-8206 system, these inputs
PP14/POS4 14 | accept partlal parity bits 0 and 1 from the slaves. In a slave 8206 these inputs in-
form it of its position within the system (1 to 4). Not used in a single 8206
. systém.
PPI3/NSLg 15 1 Partial Panty ln/Number of Slaves: In the master in a multi-8206 system, these
PPI3/NSL4 16 | inputs accept partial parity bits 2 and 3 from the slaves. In a multi-8206 system
: . these mputs are used in slave number 1 to tell it the total number of slaves in the
system (1:to-4). Not used in other slaves or in a single 8206 system.
PPI4/CE 17 1/0 Partial Parity In/Correctable Error: In the master in a multi-8206 system this
' pin accepts partial parity: bit 4. In slave number 1 onIy or in a single 8206
system, this pln outputs the correctable error flag. CE is Iatched by R/W going
low. Not used in other slaves.
PPlg - 18 | Partial Parity In: In the master in'a multi-8206 system these pins accept partial
PPlg 19 | parity bits 5 to 7. The number of partial parity bits equals the number of check
PPI7 20 1 bits. Not used i in single 8206 systems or in slaves.
ERROR 22 0 Error: This pin outputs the error flag in a single 8206 system or in the master of
& . a muiti-8206 system. It is latched by R/W going low. Not used in slaves.
CRCT 52 | Correct: When low this pin causes data correction during a read or read-
modify-write cycle. When high, it causes error correction to be disabled,
although error checking is still enabled.
STB 2 | | Strobe: STB is aninput control used to strobe data at the DI inputs and check-

bits at the CBI/SY! inputs. The signal is active high to admit the inputs. The
signals are latched by the high-to-low transition of STB.
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Table 1. Pin Description (Continued)

Symbol Pin No. | Type Name and Function

BMo 33 l Byte Marks: When high, the Data Out pins are enabled for a read cycle. When

BMy 32 | low, the Data Out buffers are tristated for a write cycle. BMg controls DOg.7,
while BMy controls DOg_15. In partial (byte) writes, the byte mark input is low
for the new byte to be written.

RW 21 | Read/Write: When high this pin causes the 8206 to perform detection and
correction (if CRCT is low). When low, it causes the 8206 to generate check bits.
On the high-to-low transition the syndrome is latched internally for read-
modify-write cycles.

wZ 34 I Write Zero: When low this input overrides the BMg.4 and R/W inputs to cause
the 8206 to output all zeros at DOg-15 with the corresponding check bits at
CBOg.7. Used for memory initialization.

M/S 4 1 Master/Slave: Input tells the 8206 whether it is a master (high) or a slave (low).

SEDCU 3 1 Single EDC Unit: Input tells the master whether it is operating as a single 8206
(low) or as the master in a multi-8206 system (high). Not used in slaves.

Vee 60 | Power Supply: +5V

Vss 26, 43 [ Ground

FUNCTIONAL DESCRIPTION

The 8206 Error Detection and Correction Unit
provides greater memory system reliability through
its ability to detect and correct memory errors. Itis a
single chip device that can detect and correct all
single bit errors and detect all double bit and some
higher multiple bit errors. Some other odd multiple
bit errors (e.g., 5 bits in error) are interpreted as
single bit errors, and the CE flag is raised. While
some even multiple biterrors (e.g., 4 bitsin error) are
interpreted as no error, most are detected as double
bit errors. This error handling is a function of the
number of check bits used by the 8206 (see Figure 2)
and the specific Hamming code used. Errors in
check bits are not distinguished from errors in a
word.

For more information on error correction codes, see
Intel Application Notes AP-46 and AP-73.

Asingle 8206 handles 8 or 16 bits of data, and upto 5
8206’s can be cascaded in order to handle data
paths of 80 bits. For a single 8206 8 bit system, the
Dlg.15, DO/WDIg_15 and BM; inputs are grounded.
See the Multi-Chip systems section for information
on 24-80 bit systems.

The 8206 has a “‘flow through’’ architecture. It sup-

ports two kinds of error correction architecture: 1)
Flow-through, or correct-always; and 2) Parallel, or
check-only. There are two separate 16-pin busses,

DATA WORD BITS CHECK BITS

8
16
24
32
40
48
56
64
72
80

@ ®® ® O 0 N N O o O

1-100

Figure 2. Number of Check Bits Used by 8206

one to accept data from the RAM (DI) and the other
to deliver corrected data to the system bus (DO/
WDI). The logic is entirely combinatorial during a
read cycle. This is in contrast to an architecture with
only one bus, with bidirectional bus drivers that
must first read the data and then be turned around to
output the corrected data. The latter architecture
typically requires additional hardware (latches
and/or transceivers) and may be slower in a system
due to timing skews of control signals.

AFN-01966A
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READ CYCLE

With the R/W pin high, data is received from the RAM
outputs into the DI pins where it is optionally latched
by the STB signal. Check bits are generated from the
data bits and compared to the check bits read from
the RAM into the CBI pins. If an error is detected the
ERROR flag is activated and the correctable error
flag (CE) is used to inform the system whether the
error was correctable or not. With the BM inputs
high, the word appears corrected at the DO pins if

the error was correctable, or unmodified if the error -

was uncorrectable.

If more than one 8206 is being used, then the check

bits are read by the master. The slaves generate a

partial parity output (PPO) and pass it to the master.
The master 8206 then generates and returns the
syndrome to the slaves (SYO) for correction of the
data.

The 8206 may alternatively be used in a “check-
only” mode with the CRCT pin left high. With the
correction facility turned off, the propagation delay
from memory outputs to 8206 outputs is signifi-
cantly shortened. In this mode the 8206 issues an
ERROR flag to the CPU, which can then performone
of several options: lengthen the current cycle for
correction, restart the instruction, perform a diag-
nostic routine, etc.

A syndrome word, five to eight bits in length and
containing all necessary information about the exis-
tence and location of an error, is made available to
the system at the SYOy_7 pins. Error logging may be
accomplished by latching the syndrome and the
memory address of the word in error. =

WRITE CYCLE

For a full write, in which an entire word is written to
memory, the data is written directly to the RAM,
bypassing the 8206. The same data enters the 8206
through the WDI pins where check bits are gener-
ated. The Byte Mark inputs must be low to tristate
the DO drivers. The check bits, 5 to 8 in number, are
then written to the RAM through the CBO pins for
storage along with the data word. In a multi-chip
system, the master writes the check bits using par-
tial parity information from the slaves.

In a partial write, part of the data word is overwritten,
and part is retained in memory. This is accomplished
by performing a read-modify-write cycle. The com-
plete old word is read into the 8206 and corrected,
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with the syndrome internally latched by RW going
low. Only that part of the word not to be modified is
output onto the DO pins, as controlled by the Byte
Mark inputs. That portion of the word to be overwrit-
ten is supplied by the system bus. The 8206 then
calculates check bits for the new word, using the
byte from the previous read and the new byte from
the system bus, and writes them to the memory.

READ-MODIFY-WRITE CYCLES

Upon detection of an error the 8206 may be used to
correct the bit in error in memory. This reduces the
probability of getting multiple-bit errors in sub-
sequent read cycles. This correction is handled by
executing read-modify-write cycles.

The read-modify-write cycle is controlled by the R/W
input. After (during) the read cycle, the system
dynamic RAM controller or CPU examines the 8206
ERROR and CE outputs to determine if a correctable
error occurred. If it did, the dynamic RAM controller
or CPU forces R/W low, telling the 8206 to latch the
generated syndrome and drive the corrected check
bits onto the CBO outputs. The corrected data is
available on the DO pins. The DRAM controller then
writes the corrected data and corresponding check
bits into memory.

The 8206 may be used to perform read-modify-
writes in one or two RAM cycles. If it is done in two
cycles, the 8206 latches are used to hold the data
and check bits from the read cycie to be used in the
following write cycle. The intel 8207 Advanced
Dynamic RAM controller allows read-modify-write
cycles in one memory cycle. See the System
Environment section.

INITIALIZATION

A memory system operating with ECC requires some
form of initialization at system power-up in order to
set valid data and check bit information in memory.
The 8206 supports memory initialization by the write
zero function. By activating the WZ pin, the 8206 will
write a data pattern of zeros and the associated
check bits in the current write cycle. By thus writing
to all memory at power-up, a controller can set
memory to valid data and check bits. Massive mem-
ory failure, as signified by both data and check bits
all ones or zeros, will be detected as an uncorrecta-
ble error.

AFN-01966A
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MULTI-CHIP SYSTEMS

A single 8206 handles 8 or 16 bits of data and 5 or 6
check bits, respectively. Up to 5 8206’s can be cas-
caded for 80 bit memories with 8 check bits.

When cascaded, one 8206 operates as a master, and
all others as slaves. As an example, during a read
cycle in a 32 bit system with one master and one
slave, the slave calculates parity on its portion of the
word—"'partial parity”’—and presents it to the mas-
ter through the PPO pins. The master combines the
partial parity from the slave with the parity it calcu-
lated from its own portion of the word to generate

the syndrome. The syndrome is then returned by the
master to the slave for error correction. In systems
with more than one slave the above description con-
tinues to apply, except that the partial parity outputs
of the slaves must be XOR'd externally. Figure 3
shows the necessary external logic for multi-chip
systems. Write and read-modify-write cycles are car-
ried out analogously. See the System Operation sec-
tion for multi-chip wiring diagrams.

There are several pins used to define whether the
8206 will operate as a master or a slave. Tables 2 and
3 illustrate how these pins are tied.

3a. 48 BIT SYSTEM

MASTER

PPI

SLAVE 1

PPO

SLAVE 2

PPO

8

—< =

8

3b. 64 BIT SYSTEM

MASTER SLAVE 1

SLAVE 2

PPO

SLAVE 3

PPO

@

3c. 80 BIT SYSTEM

PPI PPO

MASTER SLAVE 1 SLAVE 2

PPO

SLAVE 3

SLAVE 4

G

ey

Figure 3. External Logic For Multi-Chip Systems
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Table 2. Master/Slave Pin Assignments
Pin No. Pin Name Master Slave 1 Slave 2 Slave 3 Slave 4
4 . M5 . +5V Gnd Gnd . Gnd Gnd
3 SEDCU : +5V +5V +5V +5V +5V
13 PPlg/POSq PPI Gnd +5V Gnd +5V
14 PPI4/POS4 PPI Gnd Gnd +5V +5V
15 PPI5/NSLg PP * +5V +5V +5V
16 PPI3/NSL4 PP * +5V +5V +5V
*See Table 3. ’ o
Table 3. NSL Pin Assignments for Slave 1
‘Number of Slaves
Pin 1 2 3 4
PPIo/NSLg Gnd +5V Gnd +5V
PPI3/NSL4 Gnd Gnd +5V +5V

The timing specifications for multi-chip systems
must be calculated to take account of the external
XOR gating in 3, 4, and 5-chip systems. Let tXOR be
the delay for a single external TTL XOR gate. Then
the following equations show how to calculate the
relevant timing parameters for 2-chip (n=0), 3-chip
(n=1), 4-chip (n=2), and 5-chip (n=2) systems:

Data-in to corrected data-out (read cycle) =
TDVSV + TPVSV + TSVQV + ntXOR

Data-in to error flag (read cycle) =
TDVSV + TPVEV + ntXOR

Data-in to correctable error flag (read cycle) =
TDVSV + TPVSV + TSVCV + ntXOR

Write data to check-bits valid (full write cycle) =
TQVQV + TPVSV + ntXOR

Data-in to check-bits valid (read-mod-write cycle) =
TDVSV + TPVSV + TSVQV + TQVQV + TPVSV +
2ntXOR

Data-in to check-bits valid (non-correcting read-
modify-write cycle) =
TDVQU + TQVQV + TPVSV + ntXOR

HAMMING CODE

The 8206 uses a modified Hamming code which was
optimized for multi-chip EDCU systems. The code is
such that partial parity is computed by all 8206’s in
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parallel. No 8206 requires more time for propagation
through logic levels than any other one, and hence
no one device becomes a bottleneck in the parity
operation. However, one or two levels of external
TTL XOR gates is required in systems with three to
five chips. The code appears in Table 4. The check
bits are derived from the table by XORing or XNOR-
ing together the bits indicated by ‘X’s in each row
corresponding to a check bit. For example, check bit
0 in the MASTER for data word 1000110101101011
will be “0.” It should be noted that the 8206 will
detect the gross-error condition of all lows or all
highs.

Error correction is accomplished by identifying the
bad bit and inverting it. Table 4 can also be used as
an error syndrome table by replacing the ‘X's with
‘1’s. Each column then represents a different syn-
drome word, and by locating the column corre-
sponding to a particular syndrome the bit to be cor-
rected may be identified. If the syndrome cannot be
located then the error cannot be corrected. For
example, if the syndrome word is 00110111, the bit
to be corrected is bit 5 in the slave one data word (bit
21).

The syndrome decoding is also summarized in Table
5, which can be used for error logging. By finding
the appropriate syndrome word (starting with bit
zero, the least significant bit), the result is either: 1)
no error; 2) an identified (correctable) single bit
error; 3) a double bit error; or 4) a multi-bit uncor-
rectable error.
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Table 4. Modified Hamming Code Check Bit Generation

Check bits are generated by XOR'ing (except for the CB0 and CB1 data bits, which are XNOR'ed in the Master) the data
bits in the rows corresponding to the check bits. Note there are 6 check bits in a 16-bit system, 7 in a 32-bit system, and
8 in 48-or-more-bit systems. :

BYTE NUMBER 0 1 OPERATION 2 ) 3 4 5
BITNUMBER (01 234567(01234567 01234567/01234567/01234567|01234567
CBO= [x X - X - X X -|X - - X - X - - XNOR - X X X - X X -|- XX - - X - -[XX - X-XX-|X - -X-X- -
CB1=|x - x - - x - X[- X=X X - X - XNOR X X X = = X = X|X X = == ="= X[X = X' = - X = X[|- X - XX - X -
CHECK [CB2= |- x x - X - X X]- - X - X - - X XOR X X X = X X X{- = X X - = = =|]- XX - X~ XX[--X-X- -X
CB3=|x x X' x X - - =[x X X - - - - - XOR X X = = X = X X[X - - X X - - -|XX XXX - - -|XXX - - - - -
BITS CB4= |- - - xXXXX|- - - - -XXX XOR X X - = X X X X|= - - = X - X =[- - - XXXXX[- - - - XXX
CBS= |- - - - - - - -|IX X XXX X XX XOR S e X X X X X[fs - s s - X X X[X X X X X X X X|- - - - - - - -
CB6= |- - - - - - - -[- = - - - - - - XOR S - - - - - - aIXOX X X X X X X|X X X X X X X X|- - - - - - - -
CB7= |- - - - - - |- - = - - - = - XOR - - s - - s e e e e e e e e e e e e e - XXX X X X XX
DATA BITS 0000000000 T1T 11111 11112222|22222233/33333333/44444142434
0123456 7|89012345 678901234567 8901|23456789|012345¢637
16 BIT OR MASTER J SLAVE #1 JI SLAVE #2
BYTE NUMBER 6 7 8 9 OPERATION
BITNUMBER [0 1234567|01234567(01234567/012345¢67
CBO= | x =X - XX = =|X - XX - =X =-[-XXX"=-XX-[-XX-=- -X- - XOR
CBT=]- XX - = = X X[Xx XX = = =X -]+ XXX = XX X|- = XX = = = = XOR
CHECK ©CB2= |- x x X = X X -|- X X = = X = =|Xx = = X = X X =[- x x - - x - x XOR
. CB3=| X =X - = XX -[X X - = XX -~ -[- X XXX~ - X[X X~ - X - - - XOR
BITS CB4=]- - - x X X X X|- - = - = XXX[|[- XX - - =X X[xxx---x - XOR
CBS5= |- - - - - - - -[X XXX XXXX[X - XXXX=-X|-=-+-X- - -X XOR
CB6=|x X X X X X X X|- = = = = = = =[x X - = XXX X[~ - - -X-X - XOR
CB7=|- - - - - - - -|x xx X X X X X|[- - - - - - - =]xxx X X X X X XOR
4 4555555|55556¢66¢6|6666¢6%677(77777777
DATA BITS 89012345/6789012345678901/2345¢6178289
SLAVE #3 l| SLAVE #4 J

9028
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Table 5. Syndrome Decoding

60 1 0o 1 0 1 0 1 0 1 0 1 0.1 0 1
Syndrome 10 0 1 1 0 0 1 i 0 o0 1 i 0 o 1 1
Bits 20 0 0 0 1 1 1 1 0 0 0 -0 1 1 1 1
7 6 5 4/30 0 0 0 0 0 O 0 1 1 1 1 1 1 1 1
0 0 0 o N CBOCBI D CB2 D D 18 CB3 D D 0 D.1 2 D
0 0 0 1] cB4 D D 5 D 6 7 D D 3 16 D 4 D D 17
0 0 1 O0| cBs D D 11 D 19 12 D D 8 9 D 10 D D 67
0 0 1 1 D 13 14 D 15 D D 21 20 D D 66 D 22 23 D
0 1 0 O]/ cB6 D D 25 D 26 49 D D 48 24 D 27 D D 50
0 1 0 1| p 55 D 5 D D 70 2 D D 65 D 53 54 D
0 1 1 0] D 29 3 D 64 D D 69 68 D D 32 D 33 34 D
0 1 1 1 30 D D 3 D 3 3 D D 3 71 D 3 D D U
1 0 0 0| CcB7T D D 43 D 77 4 D D 40 4 D 42 D D U
1. 0 0 1 D 45 46 D 47 D D 74 72 D D U D:738 U D
1.0 1 0 D 59 75 D 79 D D 5 60 D D 5 .D U 57 D_
1.0 1 1 63 D D 62 D U U D D U U D 6 D D U
1 1 0 0 D U U D U D D U 7% D D U D U U D
1 1 0 1 7 D D U D U U D D U U D U.D D U
1.1 1 0 U b b U D U U D D U U D U D D U
11 1 1 D U U D U D D U U D D U D U U D
N = No Error .
X = ErrorinC itX .
X2 Error in Data BitX SYSTEM ENVIRONMENT
D = Double Bit Error . . i
U = Uncorrectable Multi-Bit Error The 8206 interface to a typical 32 bit memory system
is illustrated in Figure 4. For larger systems, the
partial parity bits from slaves two to four must be
DATA MEMORY CHECK BITS DATA MEMORY
OE 16 BITS 7 BITS 16 BITS
g l DI DO DI DO Dl . DO
c_‘_—_f [ ] 1 '
32BIT @ x —
DATA Cc
BUS v .
R (‘
— J
AV V4 Z ' A\
DO/WDI DI SYO/CBO CBlyg SYige DPMDI
) e— P
" CRCT PPI, (_, CRCT ' POS,
CONTROL wz csly % 'S : NSl
LINES sTB ng‘}”in 5 8206 NSL,
~ ’ r——— STB SLAVE N
- RW M/S :j—ow (—— RIW COME
SEDCU PPl
LU BM, mﬂ»—«; +5V
BYTE B, ERROR M, cE vy
MARKS
SIGNALS

Figure 4. 32-Bit 8206 System Interface
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XOR’ed externally, which calls for one level of XOR
gating for three 8206’s and two levels for four or five
8206’s. | : '

The 8206 is designed for direct connection to the
Intel 8207 Advanced Dynamic RAM Controller, due .
to be sampled in the first quarter of 1982. The 8207
has the ability to perform dual port memory control,

and Figure 5 illustrates a highly integrated dual port
RAM implementation using the 8206 and 8207. The
8206/8207 combination permits such features as au-
tomatic scrubbing (correcting errors in memory dur-
ing refresh), extending RAS and CAS timings for
Read-Modify-Writes in single memory cycles, and
automatic memory initialization upon reset. To-
gether these two chips. provide a complete dual-
port, error-corrected dynamic RAM subsystem.

DYNAMIC
RAM

32BITS +
7.CHECK BITS

CBI DO/CBO)

4

__"

A
+5V—] STB PPI (‘ PPO STBp— +5V
8206 8206

;—c CRCT MASTER g-c CRCT SLAVE
wz p q wz
BM__DO/WDI BM _ DO/WDI

L 1
Fv’

ERROR SYO/ DI/CBI

Rw  €BO

l CE SsvI DI
R/W

o [l

==

ACKB = ACKB
ADDR
> mAs [N
CMD/PEA —A
CMD/PEB/ N cmopes WE -~ wg .
! 8207 A
MUX  ADRC
ADDR )
e CLK > CLK PSEN p——
©CE
ERROR
DBM |—
mux ADDR AW
CMD/PEA ACKA PSEL
ADDR A )
ACKA ~—
A4
BYTE
MARK
DECODER
L

PORT A PORT B

Figure 5. Dual Port RAM Subsystem with 8206/8207 (32-bit bus)
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MEMORY BOARD TESTING

The 8206 Iends atself to stranghtforward memory

board testing with-a minimum of hardware over-

head: The following is a descriptionof fourcommon

test modes and their implementation.

Mode 0—Read and: write with error correction. -
Implementation: This mode is:the normal
8206 operating mode.

Mode 1—Read and write data with error correction .

disabled to allow test of data memory.
Implementation: This mode is performed
with CRCT deactivated.

Mode 2—Read and write check bits with error cor-
rection disabled to allow test of check bits
memory.

Implementation: Any pattern may be wrlt-
ten into the check bits memory by judi-
ciously choosing the proper data word to
generate the desired check bits, through
the use of the 8206 Hamming code. To
read out the check bits it is first necessary

. to fill the data memory with. all. zeros,

"which may be done by activating WZ .and

incrementing memory addresses with WE

to the check bits memory held inactive,

and then performing ordinary reads. The

check bits will then :appear directly at the

: SYO outputs, with bits CBO and CB1
mverted

Mode 3—;Write data, without altering or writing
check bits, to allow the storage of bit
combinations to cause error correction
and detection. .
Implementation: This mode is im-
plemented by writing the desired word to
memory with WE to the check bits array
held inactive.

PACKAGE

The 8206 is packaged in a 68-pin, leadless JEDEC
type A hermetic chip carrier. Figure 6 illustrates the
package, and Figure 7 is the pinout.

050

094"
(2.39)

066
(1.68)

11

(1.27)
BE :
B :
=] =
.800 B
] .960
(20.32) ) ; é . (24.38) -
039 =
[
(0.99) = E
‘ ]EnnnnnnnnnhnnnnnnnE -
PIN NO. 18 . PIN NO. 1—/ \PIN NO 1 MARK
.960
(24.38)

130
(3.30)

" Figure 6. 8206 JEDEC Type A Package -
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Figure 7. 8206 Pinout Diagram
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ......... 0°C to 70°C
Storage Temperature ............... —65°C to +150°C
Voltage On Any Pin

With Respect to Ground ............ -0.5V to +7V
Power Dissipation ..................... ... 2.5 Watts

*NOTE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (15 = o°C to 70°C; Veg = 5.0V + 10%, Vgg= GND)

Symbol Parameter Min. Max. Unit Test Conditions
lcc Power Supply Current
—Single 8206 or 230 mA
Slave #1
—Master in Multi-Chip 190 mA
or Slaves #2, 3, 4
V“_1 input Low Voitage -0.5 0.8 \
Vi Input High Voltage 2.0 VCC+ v
0.5V
Output Low Voltage
VoL —DO 0.4 \ loL = 8mA
—All Others 0.4 Vv loL = 2.0mA
Output High Voltage
VoH —DO, CBO 2.6 v loH = —2mA
—AIll Other Outputs 24 v loy = —0.4mA
loL Output Leakage Current +10 uA 0.45V < Voyt < Vee
Input Leakage Current
I —WDI, PPI, CB16-7, SEDCU 20 nA
—All Other Inputs 10 uA 0V=Vin =<Vce

NOTES:

1. SEDCU (pin 3) and M/S (pin 4) are device strapping options and should be tied to Ve orGND. Vjy min=V¢c —~0.5Vand V| max=0.5V.
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A.C. CHARACTERISTICS (T4 = 0°C to 70°C, V¢ = +5V * 10%, Vgg = OV, C|_ = 100pF; all times are in nsec.)
Measurements made with respect to STB, R/W, BMg_4 are at 1.5V. All other pins are measured at 2.4V and 0.8V. All
times are in nsec.

8206 8206-8
Symbol Parameter
Min. Max. Min. Max.

TRHEV ERROR Valid from R/W? 25 34
TRHCV CE Valid from R/W1 (Single 8206) 44 59
TRHQV Corrected Data Valid from R/W 1 49 66
TRVSV SYO/CBO/PPO Valid From R/W 42 56
TDVEV ERROR Valid from Data/Check Bits In 52 70
TDVCV CE Valid from Data/Check Bits In 70 94
TDVQV Corrected Data Valid from Data/Check Bits In 67 90
TDVSV SYO/PPO Valid from Data/Check Bits In 55 74
TBHQV Corrected Data Access Time 32 43
TDXQX Hold Time from Data/Check Bits In 0 0

TBLQZ Corrected Data Float Delay 5 28 5 38
TSHIV STB High to Data Valid 30 40

TIVSL Data/Check Bits In to STB| Set-up 0 0

TSLIX Data/Check Bits In from STB| Hold 20 30

TPVEV ERROR Valid from Partial Parity In 30 40
TPVQV Corrected Data (Master) from Partial Parity in 56 76
TPVSV Syndrome/Check Bits Out from Partial Parity In 38 51
TSvQv Corrected Data (Slave) Valid from Syndrome 51 69
TSVCV CE Valid from Syndrome (Slave number 1) 48 65
TQvQv Check Bits/Partial Parity Out from Write Data In 59 80
TRHSX Check Bits/Partial Parity Out from R/W, WZ Hold 0 0

TRLSX Syndrome Out from R/W Hold 0 0

TQXax Hold Time from Write Data In 0 0

TQVRL Syndrome Out to R/W| Set-up 17 22

TDVRL Data/Check Bits In to R/W Set-up 34 46

TDvVQU Uncorrected Data Out from Data In 32 43
TTVQV Corrected Data Out from CORRECT | 30 40
TWLQL WZ| to Zero Out 30 40
TWHQX Zero Out from WZ? Hold 0 0
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WAVEFORMS

READ~—16 BIT ONLY
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WAVEFORMS (Continued)
READ—MASTER/SLAVE
!
T8 | '
A i
| TsHIV
al . !
RIW | } : |<nvs|.~>;<—>|
| . TSLIX I TBLQZ___J
| | | !J' |
- [ H | | [
| ! | | \ﬁ\ :
: : |<——Tsuov—>| | l :
DI | ' { ’ k }
el ————gl | VALI | ,,k i
| : |
1 TRVTSI;IVSV { i II |<——Toxox——>] |

PPO (SLAVE)
PPI (MASTER)

DO (MASTER)

sYo
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>'<////////§f
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|
<—-—~Tonv-—-—>|

q///////%2
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1-112

AFN-01966A



PRELIMINARY

WAVEFORMS (Contmued)

FULL WRITE—16 BIT ONLY

TRVSV »>|

TRHSX !

e — o — —_—— —

WRITE DATA IN }i

Taxax!

W//K -

e

SYO/CBO SYN
FULL WRITE—MASTER/SLAVE
- i TRVBY ;
“’w——_xli | )/——
|
: ) I. |
TBLQZ I : : TRHSX
| I ! I
; I | |
N I I
o ] | |
|
| : |<——-—-mvov———>! :
L |
|

- | -
Do/wph . DATA ouT H: . | WRITE DATA IN
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. . |
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|
|
I
|
I
|
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WAVEFORMS (Continued)

READ MODIFY WRITE—16 BIT ONLY
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TRHQV.

- TDVQV
-
TRVSV
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WAVEFORMS (Continued)
| READ MODIFY WRITE—MASTER/SLAVE
I/ l |
nlw w
. : : - : Imusx
L | N
I K L
. I ]
m X | X
i ' ranoV-————»!l | b TéLOZ —"i
‘ I
e 1 -
S S — ;
| | oy TOVSV ol [ | |
T — — T
Cgl ____r.{ : ! VALID | I |
R ) | | |
| | |
L——l,—-mnsv—-——ﬂ : '|<,—rovm.—>:<—'rnvsv->| | :
PPO (SLAVE) : —— : : : S | | }
PPI (MASTER)  — >:<// RE/A D/ ik : ll b ‘”“"5/<:: K %
» A
i | |
(Mgg,r/"ég; - :W { I VALID | »—
l o I b I
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} |
. 4
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WAVEFORMS (Continued)

NON-CORRECTING READ

2 S g

TBLQZ

! | TDVQU! | hmﬁ
: i | leTTvav—s| | TDXQX |
| | | | ] |
DI I } | | N | |
a—t< | | R
: : | : bl
|<—1:nov—>( | : | : }
) | | | |
DO/WDI {W /<: UNCORRECTED { CORRECTED } UNCORRECTED :%—

WRITE ZERO

TwLaL

-——TQvav 1-—>|

ITQVQV 2

>

PPO (SLAVE) | |
X wnire x
PPI (MASTER) | |
I TPVSV, |
| . l
| |
I |
SYO/CBO SYN >< cB >< cs X

1:16 BIT ONLY 2: MASTER/SLAVE
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PROGRAMMABLE FLOPPY DISK CONTROLLER

= IBM 3740 Soft Sectored Format Compatible m Internal CRC Generation and Checking

= Programmable Record Lengths = Programmable Step Rate, Settle-Time, Head

Load Time, Head Unload Index Count
m Multi-Sector Capability

_anT™ o TM
m Maintain Dual Drives with Minimum Software = Fully MCS-80™ and MCS-85"" Compatible
Overhead Expandable to 4 Drives
P m Single + 5V Supply
=» Automatic Read/Write Head Positioning and
Verification = 40-Pin Package

The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LS| component designed to interface one to 4 floppy
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software
overhead normally associated with floppy disk controllers.

REGISTERS
STATUS REG.| COMMAND REG. F“
RESULT REG. [PARAMETER REG.
RESET
FAULT RESET/OPO [ 1 ~ 40 b Vee
R
WR DATA SELECTO [] 2 39 |7 LOW CURRENT
EE—
o8 DATA BUS SERIAL NSYNC amHzcLk [ 3 38 [ LOAD HEAD
0-7 BUFFER <:> INTERFACE RESET [ 4 37 [] DIRECTION
CONTROLLER
——— READY
RO DATA 10s 36 [ ] SEEK/STEP
b DATA WINDOW SELECT1 [] 6 35 [] WR ENBLE
R pack (7 34 [J INDEX
-
BATK PLO/SS oRQ s 33|] WR PROTECT
INT 7 o 321 READY 0
wr [ 10 p— [ TRKO
_ o«— READY 0 INT 1 30 [J counT/oPI
RD ——Q e
hhing ?::g:; pBo []12 29 b WR DATA
R INPUT os1 [ 13 281 FauLT
READ/ BUFFER f'?:s";’”'
WRITE il o N— DB2 14 27 UNSEP DATA
A, ——] DMA ) o-— WR PROTECT g g
CONTROL oRivE be— FAULT B3 [ 15 26 [ ] DATA WINDOW
Ag —1 LoaIC
° L INTERFACE o84 [ 16 25 [] PLO/SS
CONTROLLER DBS 17 24 cs
RESET ———f . — SELECTO = 5
b seLECT1 086 [} 18 23] INsYNC
WR ENABLE 087 (] 19 22
= ourpur 2 [oap Hea g H A
s 0 GND
BUFFER | o SEEK/STEP 2 210 A,
[—— DIRECTION
INTERNAL [—— LOW CURRENT
DATA BUS [—> FAULT RESET/OPO
CPU INTERFACE —J DISK INTERFACE
Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description
Pin ) Pin
Symbol No. Type Name and Function Symbol No. | Type Name and Function
Vee 40 +5V Supply. Fault Reset/ 1 [e] Fault Reset: The optional
OPO fault reset output line is used

GND 20 Ground. to reset an error condition

which is latched by the drive.

Clock 3 | Clock: A square wave clock. If this line is not used for a

fault reset it can be used as

Reset 4 | Reset: A high signal on the an optional output line. This
reset input forces the 8271 to line is set with the write spe-
an idle state. The 8271 re- cial register command.
mainsidle untilacommand is
issued by the CPU. The out- Write Enable| 35 o Write Enable: This signal
put signals of the drive inter- enables the drive write logic.
face are forced inactive
(LOW). Reset must be active Seek/Step 36 [¢] Seek/Step: This multi-
for 10 or more clock cycles. function line is used during

drive seeks.

Cs 24 | Chip Select: The /O Read
and /O Write inputs are Direction 37 [¢] Direction: The direction line
enabled by the chip select specifies the seek direction.
signal. A high level on this pin steps

the R/W head toward the

DB;-DByg 19-12 /0 Data Bus: The Data Bus lines spindle (step-in), a low level
are bidirectional, three-state steps the head away from the
lines (8080 data bus com- spindle (step-out).
patible). :

Load Head 38 o Load Head: The load head

WR 10 | Write: The Write signal is line causes the drive to load
used to signal the control the Read/Write head against
logic that a transfer of data the diskette.
from the data bus to the 8271
is required. Low Current 39 (o] Low Current: This line

notifies the drive that track 43

RD 9 | Read: The Read signal is or greater is selected.
used to signal the control
logic that a transfer of data Ready 1, 5 | Ready 1: These two lines in-
from the 8271 to the data bus Ready 0 32 dicate that the specified drive
is required. is ready.

INT 11 [¢] Interrupt: The interrupt sig- Fault 28 | Fault: Thislineisusedbythe
nal indicates that the (8271 drive to specify a file unsafe
requires service. condition.

Ao B o oPU tatortons Roa, CountOPT | 30 | | | Count/OPI: If the optional
ister select lines. seek/qlrectlon/count seek

mode is selected, the count

DRQ 8 (o] Data Request: The DMA pin receives pulses to step
request signal is used to re- the R/W head to the desired
quest a transfer of data be- track. Otherwise, this line can
tween the 8271 and memory. be used as an optional input.:

DACK 7 | Data Acknowledge: The
DMA acknowledge signal Write Protect| 33 | Write Protect: This signal
notifies the 8271 that a DMA specifies that the diskette in-
cycle has been granted. For serted is write protected.
non-DMA transfers, this sig-
nal should be driven in the TRKO 31 1 Track Zero: This signal indi-
manner of a “Chip Select.” cates when the R/W head is

positioned over track zero.

Select 1- 6 (e} Selected Drive: These lines

Select 0 2 are used to specify the Index 34 I Index: The index signal gives

selected drive. These lines
are set by the command byte.

an indication of the relative
position of the diskette.
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Table 1. Pin Description (Continued)

Pin

Symbol No. | Type Name and Function

PLO/SS 25 | Phase-Locked Oscillator/
Single Shot: This pinis used
to specify the type of data

separator used.

Write Data 29 (o] Write Data: Composite write

data.

Unseparated | 27 ] Unseparated Data: This
Data input is the unseparated data
and clocks.

Data Window | 26 | Data Window: This is a data
window established by a
single-shot or phase-locked

oscillator data separator.

INSYNC 23 (o] Input Synchronization: This
line is high when 8271 has at-
tained input data synchroni-
zation, by detecting 2 bytes of
zeros followed by an ex-
pected Address Mark. It will
stay high until the end of the
ID or data field.

FUNCTIONAL DESCRIPTION

General

The 8271 Floppy Disk Controller (FDC) interfaces either
two single or one dual floppy drive to an eight bit
microprocessor and is fully compatible with Intel's
new high performance MCS-85 microcomputer system.
With minimum external circuitry, this innovative controller
supports most standard, commonly-available flexible disk
drives including the mini-floppy.

The 8271 FDC supports a comprehensive soft sectored
format which is IBM 3740 compatible and includes
provision for the designating and handling of bad tracks. It
is a high level controller that relieves the CPU (and user) of
many of the control tasks associated with implementing a
floppy disk interface. The FDC supports a variety of high
level instructions which allow the user to store and retrieve
data on a floppy disk without dealing with the low. level
details of disk operation.

In addition to the standard read/write commands, a scan
command is supported. The scan command allows the
user program to specify a data pattern and instructs the
FDC to search for that pattern on a track. Any application
that is required to search the disk for information (such as
point of sale price lookup, disk directory search, etc.), may
use the scan command to reduce the CPU overhead. Once
the scan operation is initiated, no CPU intervention is
required.
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CPU Interface Description

This interface minimizes CPU involvement by supporting
a set of high level commands and both DMA and non-DMA
type data transfers and by providing hierarchical status
information regarding the result of command execution.

The CPU utilizes the control interface (see the Block
diagram) to specify the FDC commands and to determine
the result of an executed command. This interface is
supported by five Registers which are addressed by the
CPU via the A1, Ao, RD and WR signals. If an 8080 based
system is used, the RD and WR signals can be driven by
the 8228's T/OR and I/OW signals. The registers are
defined as follows:

Command Register

The CPU loads an appropriate command into the
Command Register which has the following format:

Ay Ag Dy Dg Ds Dy D3 Dy Dy Do

NN N N N Y B A

\—L COMMAND OPCODE

SURFACE/DRIVE
(SELECT 0, 1)

Parameter Register

Accepts parameters of commands that require further
description; up to five parameters may be required,
example:

A1 Ap D7 Dg Ds Dg D3 Dz D7 Do

R I I O O A

/

[——— EXPECTED PARAMETER

Result Reglstér

The Result Register is used to supply the outcome of FDC
command execution (such as a good/bad completion) to
the CPU. The standard Result byte format is:

Ay Ag D7 Dg D5 Dg D3 D2 D1 Do

[efrJofJo] [T [ ] [o]

t———-‘ NOT USED =0

COMPLETION CODE
COMPLETION TYPE
DELETED DATA FOUND

NOT USED = 00

AFN-00223B



8271/8271-6

REGISTERS
[starusrec [ commann res.
| ResuL ReG.|PaRAMETER REG.

~ “TESTMODE

WR DATA

SERIAL
INTERFACE
CONTROLLER
pe—————— RO DATA

P‘—— DATA WINDOW
| Y

o-— TRACKO
K: INPUT
BUFFER [PT— COUNT/OPI

DRIVE
INTERFACE
CONTROLLER

|- WR ENABLE
OUTPUT [+ L OAD HEAD
:> BUFFER |~ SEEK/STEP
INTERNAL [ LOW CURRENT
DATA BUS [~ FAULT RESET/
.0PO y

CPU INTERFACE - DISK INTERFACE

Figure 3. 8271 Block Diagram Showing CPU
Interface Functions

Status Register
Reflects the state of the FDC.

Ay Ag D7 Dg Ds Dy D3 D Dy Do

Lofol [ [ [ [T [o]o]

l—; 1=NON-DMA DATA REQUEST
1= INTERRUPT REQUEST

1=RESULT REGISTER FULL
1= PARAMETER REGISTER FULL

1=COMMAND REGISTER FULL

1= COMMAND BUSY

Reset Register

Allows the 8271 to be reset by the program. Reset must
be active for 11 or more chip clocks.

INT (Interrupt Line)

Another element of the control interface is the Interrupt
line (INT). This line is used to signal the CPU that an FDC
operation has been completed. It remains active until the
result register is read.

DMA Operation

The 8271 can transfer data in either DMA or non DMA
mode. The data transfer rate of a floppy disk drive is high
enough (one byte every 32 usec) to justify DMA transfer.
In DMA mode the elements of the DMA interface are:
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DRQ: DMA Request: :
The DMA request signal is used to request a transfer of
data between the 8271 and memory.

DACK: DMA Acknowledge:
The DMA acknowledge signal notifies the 8271 thata DMA
cycle has been granted.

RD, WR: Read, Write
The read and write signals are used to speclfy the
direction of the data transfer. -

DMA transfers require the use ofa DMA controller such as
the Intel®8257. The function of the DMA controller is to
provide sequential addresses and timing for the transfer
at a starting address determined by the CPU. Counting of
data block lengths is performed by the FDC.

To request a DMA transfer, the FDC raises DRQ. DACK
and RD enable DMA data onto the bus (independently of
CHIP SELECT). DACK and WR transfer DMA data to the
FDC. If a data transfer request (read or write) is not
serviced within 31 usec, the command is cancelied, a late
DMA status is set, and an interrupt is generated. In DMA
mode, an interrupt is generated at the completion of the
data block transfer.

When configured to transfer data in non-DMA mode, the
CPU must pass data to the FDC in response to the non-
DMA data requests indicated by the status word. The
data is passed to and from the chip by asserting the
DACK and the RD or WR signals. Chip select should be
inactive (HIGH).

REGISTERS
I STATUSREG.| COMMAND REG.
IRESULT REG. |PARAMETER REG.
RESET

DATA BUS
DBo.y <‘::> BUFFER

DRQ

WR DATA

INSYNC

UNSEP DATA
DATA WINDOW

PLO/SS

READ/

WRITE
Ay ] /DMA
CONTROL
LoGIC

LOW CURRENT
FAULT
RESET/OPO

INTERNAL
DATA BUS

CPU INTERFACE ~J

.. DISK INTERFACE

Figure 4. 8271 Block Dlagram Showing Dlsk Interface
Functions
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Disk Drive Interface

The 8271 disk drive interface suppons the hvgh level
command structure described in the Command. Descrip-
tion section. The 8271 maintains the location of bad tracks
and the current track location for two drives. However,
with minor software support, this interface can support
four drives by expanding the two drive select lines (select
0, select 1) with the addition of minimal support hardware.

The FDC Disk Drive Interface has the followmg major
functions. ‘

READ FUNCTIONS

Utilize the user supplied data window to obtain the clock
and data patterns from the unseparated read data. ~ °

Establish byte synchromzatuon

Compute and venfy the ID and data field CRCs
WRITE FUNCTIONS ) '

Encode composite. write data

Compute the ID and data ﬂeld CRCs and append them to
their respective fields.

CONTROL FUNCTIONS

Generate the programmed step rate head load time, head
settling time, head unload delay, and monitor drwe
functions.

Data Separation

The 8271 needs only a data window ‘tc:) separate the data
from the composite read data as well as to detect missing
clocks in the Address Marks. '

The window generation logic may be implemented using
eithera singleoshot separator or a phase-locked oscillator.
Single-Shot Separator

The single-shot separator approach is the lowest cost
solution. :

The FDC samples the value of Data Window on the leading
edge of Unseparated Data and determines: whether the
delay from the previous pulse was a half or full bit-cell

' (high input = full bit-cell, low input = half bit-cell).

. DATA
SEPARATOR

DATAWINDOW
UNSEPARATED DATA

WRITE DATA

WRITE ENABLE
SEEK/STEP

DIRECTION:

YYYY

COUNT/OPY

AD HE,

!

{

2|
O
mi
x|

8271

oA . TRACKD

SELECT 0

SELECT 1

LOW CURREI

WRITE PROTECT

WRITE FAULT

WRITE FAULT RESET/OPO

TTTFAT

READY 0 -

READY 1

INPUTS TO CHIP MAY REQUIRE RECEIVERS
(AT LEAST PULL UP/DOWN PAIRS).

NOTE:

Flguré 5. 8271 Disk Drive Interface
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PLO/SS shéUId be tied to Ground.

Insync Pin

This pin gives an indication of whether the 8271 is
synchronized with the serial data stream during read
operations. This pin can be used with a phase-locked
oscillator for soft and hard locking.

FOUND SYNC & ID MARK
READ ID FIELD BUT
TRACK OR SECTOR
INCORRECT

FOUND SYNC & ID MARK
1D FIELD CORRECT

S
i B e I

FOUND SYNC & DATA MARK
READ DATA SECTOR

INSYNC

FOUND SYNC & DATA MARK
NOT AN ID MARK

AFN-002238
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DATA WINDOW
RETRIGGERABLE > : R
—=0f SINGLE-SHOT 8271 FDC

2.85us WINDOW *
Jruoss

UNSEPARATED ___
DATA

*FOR MINI-FLOPPY DATA WINDOW = 5.7usec

Figure 6. Sirgle-Shot Data Separator Block Diagram

c D c _ . C -
. UNSEPARATED , \_/ \ J_
DATA \_/ . v
: ) ) tps>100ns ——»|  ft—r

o\ | Fan e

tpH>0ns — [e——

Figure 7. Single-Shot Data Window Timing

Phase-Locked Oscillator Separator

The FDC samples the value of Data Window on the leading Insyhc may ‘be used to provide soft and hard locking
edge of Unseparated Data and determines whether the control for the phase-locked oscillator.
pulse represents a Clock or Data Pulse.

PLO/SS should be tied to Vcc (+5V).

DATA WINDOW o
b—————»

UNSEPARATED .
DATA o PLO 8271 FDC
—____»0
) |
H ! IPLO/SS
b e H
IN SYNC* +5V

*OPTIONAL

Figure 8. PLO Data Separator Block Diagram
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c

VARV ¥

\/

[*—— tps>50ns

*DATA

WINDOW f L__/

—_—

\ U

l@—— tp=>0ns

*DATA WINDOW MAY BE 180° OUT OF PHASE IN PLO DATA SEPARATION MODE.

Figure 9. PLO Data Window Timing

Disk Drive Control Interface

The disk drive control interface performs the high level
and programmable flexible disk drive operations. It
custom tailors many varied drive performance parameters
such as the step rate, settling time, head load time, and
head unload index count. The following is the description
of the control interface.

Write Enable

The Write Enable controls the read and write functions of a
flexible disk drive. When Write Enable is a logical one, it
enables the drive write electronics to pass current through
the Read/Write head. When Write Enable is a logical zero,
the drive Write circuitry is disabled and. the Read/Write
head detects the magnetic flux transitions recorded on a
diskette. The write current turn-on is as follows.

WRITE DATA

— }q—twg

I ____J11T1

| twe—>

WRITE ENABLE

Tus<tyg<3us

Figure 10. Write Enable Timing
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Seek Control

Seek Control is accomplished by Seek/Step, Direction,
and Count pins and can be implemented two ways to
provide maximum flexibility in the subsystem design. One
instance is when the programmed step rate is not equal to
zero. In this case, the 8271 uses the Seek/Step and
Direction pins (the Seek/Step pin becomes a Step pin).
Programmable Step timing parameters are shown.

Another instance is when the programmable step rate is
equal to zero, in which case the 8271 holds the seek line
high until the appropriate number of user-supplied step
pulses have been counted on the count input pin.

The Direction pin is a control level indicating the direction
in which the R/W head is stepped. A logic high level on this
line moves the head toward the spindle (step-in). A logic
low level moves the head away from the spindle (step-out).

DIRECTION ){\ i K
— .<—tos —>' [+—tsD
SEEK/STEP M M e B
B 7 -
tpg=tps=tgp=10us
STANDARD: 1ms< tg<255ms
MINI-FLOPPY: 2ms < t; < 510ms
Figure 11. Seek Timing
DIRECTION k
— L—tDS "l Ltso
SEEK/STEP
I le—tsc —| fe—tcs
COUNT I I I I r_|
-
I“ tc "l"’l—"’c LAST COUNT

tps=tsp =tcs=10us

tsc > Tus
tpc > 20us
tc>1ms

Figure 12. Seek/Step/Count Timing
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Head Seek Settling Time-

The 8271 allows the head settling time to be programmed
from 0 to 255ms, in increments of 1ms.

The head settling time is defined as the interval of time
from completion of the last step to the time when reading
or writing on the diskette is possible (R/W Enable). The
R/W head is assumed loaded.

. LAST STEP COMPLETE

SEEK OR LAST STEP I I

*tgw —— "—
WRITE/READ ENABLE I )

STANDARD: 0<*tgyy<255ms
_ *R/W HEAD IS ASSUMED LOADED.

MINI-FLOPPY: 0 <*tsy< 510ms

Figure 13. Head Load Settling Timing

Load Head

When active, load head output pin causes the drive’s
read/write head to be loaded on the diskette. When the
head is initially loaded, there is a programmed delay (0 to
60ms in 4ms increments) prior to any read or write
operation. Provision is also made to unload the head
following an operation within a programmed number of
diskette revolutions.

LOAD HEAD I

tLW —»{ ’o—
EARLIEST WRITE ENABLE ' I—_— -
OR INTERNAL READ DATA __ ,

STANDARD: 0<t; y < 60ms

MINI-FLOPPY: 0 < t; yy < 120ms

Figure 14. Head Load to Read/Write Timing
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Index

The Index input is used to determine “Sector not found”
status and to initiate format track/read |D commands and
head unload Index and Count operations.

tp) ———P‘

L
L

tp) = 0.5us

Figure 15. Index Timing

Track 0

This input pin indicates that the diskette is at track O.
During any seek operation, the stepping out of the
actuator ceases when the track 0 pin becomes active.

Select 1,0

Only one drive may be selected at a time. The
Input/Output pins that must be externally qualified with
Select 0 and Select 1 are:

Unseparated Data
Data Window

Write Enable
Seek/Step
Count/Optional Input
Load Head

Track 0

Low Current

Write Protect

Write Fault

Fault Reset/Optional Output
Index

When a new set of select bits is specified by a new com-
mand or the FDC finishes the index count before head
unload, the following pins will be set to the 0 state:

Write Enable (35)
Seek/Step (36)
Direction (37)

Load Head (38)

Low Head Current (39)

The select pins will be set to the state specified by the
command or both are set to zero following the index
count before head unload.

Low Current

This output pin is active whenever the physical track
location of the selected drive is greater than 43. Generally
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this signal is used to enable compensation for the lower
velocities encountered while recording on the inner
tracks.

Write Protect

The 8271 will not write to a disk when this input pin is
active and will interrupt the CPU if aWrite attempt is made.
Operations which check Write Protect are aborted if the
Write Protect line is active.

This signal normally originates from a sensor which
detects the presence or absence of the Write Protect
hole in the diskette jacket.

Write Fault and Write Fault Reset

The Write Fauit input is normally latched by the drive
and indicates any condition which could endanger data
integrity. The 8271 interrupts the CPU anytime Write
Fault is detected during an operation and immediately
resets the Write Enable, Seek/Step, Direction, and Low
Current signals. The write fault condition can be cleared
by using the write fault reset pin. If the drive being used
does not support write fault, then this pin should be
connected to Vg through a pull-up resistor.

Ready 1,0

These two pins indicate the functional status of the disk
drives. Whenever an operation is attempted on a drive
which is not ready, an interrupt is generated. The inter-
face continually monitors this input during an operation
and if a Not Ready condition occurs, immediately ter-
minates the operation. Note that the 8271 latches the
Not Ready condition and it can only be reset by the exe-
cution of a Read Drive Status command. For drives that
do not support a ready signal, either one can be derived
with a one shot and the index pulse, or the ready inputs
can be grounded and Ready determined through some
software means. : )
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PRINCIPLES OF OPERATION

As an 8080 peripheral device, the 8271 accepts commands
from the CPU, executes them and provides a RESULT
back to the 8080 CPU at the end of command execution.
The communication with the CPU is established by the
activation of CS and RD or WR. The A1, Ao inputs select
the appropriate registers on the chip:

DACK

g
>
°

Operation

Read Status
Write Command
Read Result
Write Parameter
Write Reset Reg.
Write Data

Read Data

Not Allowed

Oaa000O0O 8|
XO =2 aa20a0 g|
X100 A0 = ;I

OO0 -t b
XXX-=+0000
XXXO0o-+ =00

The FDC operation is composed of the following
sequence of events.

8080 WRITES THE COMMAND AND PARAMETERS INTO
COMMAND PHASE | 1h 8271 COMMAND AND PARAMETER REGISTERS.
EXECUTION PHASE | THE 8271 IS ON ITS OWN TO CARRY OUT THE COMMANDS.
| THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS

FINISHED. THE CPU MUST PERFORM A READ OPERATION
RESULTPHASE OF ONE OR MORE OF THE REGISTERS TO DETERMINE
THE OUTCOME OF THE OPERATION.

START

READ FDC
STATUS
REGISTER

COMMAND
BUSY BIT SET
?

INITIALIZE
DMA CHANNEL
(SEE FIGURE 19)

WRITE FDC
COMMAND
REGISTER

(MORE)

PARAMETERS

REQUIRED
?

READ FDC
STATUS
REGISTER

PARAMETER
FULL BIT SET
?

WRITE FDC
PARAMETER
REGISTER

ENTER
. EXECUTION
PHASE

Figure 16. Passing the Command and Parameters
to the 8271

The Command Phase

The software writes a command to the command register.
As a function of the command issued, from zero to five
parameters are written to the parameter register. Refer to
diagram showing a flow chart of the command phase.
Note that the flow chart shows that acommand may not be
issued if the FDC status register indicates that the device
is busy. Issuing a command while another command is in
progress is illegal. The flc w chart also shows a parameter
buffer full check. The FDC status indicates the state of the
parameter buffer. If a parameter is issued while the
parameter buffer is full, the previous parameter is over
written and lost.

STANDARD
RESULT
RETURNED
?

IMMEDIATE
RESULT
RETURNED
?

READ FDC
STATUS
REGISTER

COMMAND
BUSY BIT SET
?

ENTER D
RESULT
PHASE END

NOTE:

STANDARD RESULT RETURNED CAN BE
DETERMINED BY MASKING OUT THE
DRIVE SELECT BITS OF THE COMMAND

* BYTE (BITS 7 AND 6) AND CHECKING
FOR A VALUE OF LESS THAN 2C16 (IF
LESS THAN 2C1g, STANDARD RESULT
IS RETURNED).

IMMEDIATE RESULT RETURNED CAN
BE DETERMINED BY ADDITIONALLY
MASKING OUT BITS 5 AND 4 OF THE
COMMAND BYTE AND CHECKING FOR
A VALUE OF C16 OR GREATER (IF C1g
OR GREATER, IMMEDIATE RESULT
RETURNED).

1127

Figure 17. Checking for Result Type Following 8271
Command and Parameters )

The Execution Phase

During the execution phase the operation specified
during the command phase is performed. During this
phase, there is no CPU involvement if the system utilizes
DMA for the data transfers. The execution phase of each
command is discussed within the detailed command
descriptions. The following table summarizes many of the
basic execution phase characteristics.
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EXECUTION PHASE BASIC CHARACTERISTICS

The following table summarizes the various commands

with corresponding execution phase characteristics.

Table 2. Execution Phase Basic Characteristics

1 2 3 4 5 6 7 8
Deleted Write/ Seek Completion

 COMMANDS Data Head Ready Protect Seek Check Resuit Interrupt
SCAN DATA SKIP LOAD N X YES YES YES YES
SCAN DATA AND XFER LOAD J X YES YES YES YES
DEL DATA

WRITE DATA X LOAD M v YES YES YES YES
WRITE DEL DATA X LOAD J J YES YES YES YES
READ DATA SKIP LOAD M X YES YES YES YES
READ DATA AND XFER LOAD v X YES YES YES YES
DEL DATA

READ ID X LOAD N YES NO YES YES
VERIFY DATA AND XFER LOAD v X YES YES YES YES
DEL DATA

FORMAT TRACK X LOAD J J YES NO YES YES
SEEK X LOAD y X YES NO YES YES
READ DRIVE STATUS X - X X NO NO NOTE 5 NO
SPECIFY X - X X NO NO NO NO
RESET X UNLOAD X X NO NO NO NO

R SP REGISTERS X - X X NO NO NOTE 6 NO
W SP REGISTERS X — X X NO NO NO NO
Note: 1. “x" — DON'T CARE 2. “/" — check 3. "=" — No change 4. "y" — Check at end of operation 5. See “READ DRIVE STATUS” command.

6. See “READ SPECIAL REGISTER™ command.

Explanation of the execution phase characteristics table.
1. Deleted Data Processing

If deleted data is encountered during.an operation that
is marked skip in the table, the deleted data record is
not transferred into memory, butthe record is counted.
For example, if the command and parameters specify a
read of five records and one of the records was written
with a deleted data mark, four records are transferred
to memory. The deleted data flag is set in the result
byte. However, if the operation is marked transfer, all
data is transferred to memory regardless of the type of
data mark.

2. Head

The Head column in the table specifies whether the
Read/Write head will be loaded or not. If the table
specifies load, the head is loaded after it is positioned
over the track. The head loaded by acommand remains
loaded until the user specified number of index pulses
have occurred.

3. Ready

The Ready column indicates if the ready line (Ready
1, Ready 0) associated with the selected drive is
checked. A not ready state is latched by the 8271 un-
til the user executes a read status command.
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4. Write Protect

The operations that are marked check Write Protectare
immediately aborted if Write Protect line is active at the
beginning of an operation.

. Seek

Many of the 8271 commands cause a seek to the
desired track. A current track register is maintained for
each drive or surface.

. Seek Check

Operations that perform Seek Check verify that
selected data in the ID field is correct before the 8271
accesses the data field.
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CPU INTERRUPT

( START )

POLLED INTERRUPT

‘ START '

READ FDC -
- STATUS
" REGISTER

__FDC

SUNTERRUPT > |y
7

INTERRUPT

VES REQUEST BIT

?

READ
RESULT
BYTE . READ
RESULT
BYTE

]

'Figure 18. Getting the Result

The Result Phase

During the Result Phase, the FDC notifies the CPU of the
outcome of the command execution. This phase may be
initiated by: -

1. The successful completion of an operation.
2. An error detected during an operation.

PROGRAMMING
Ay Ao CS RD CS WR
0 0 Status Reg Command Reg
0 1 Result Reg Parameter Reg
1 0 — Reset Reg
1 1 — —

STATUS REGISTER
FDC Status

D, Dg Dy D, Dy D, D; D,

LT T T 1T Jeofo]
COMMAND BUSY —’ NON-DMA MODE
COMMAND REG FULL INTERRUPT REQ

PARAMETER REG FULL RESULT REG FULL

Bit 7: Command Busy

The command busy bit is set on wrmng to the command
register. Whenever the FDC is busy processing a
command, the command busy bit is setto aone. This bitis
set to zero after the command is completed.

Bit 6: Command Full

The command full bit is set on writing to the command
buffer and cleared when the FDC begins processing the
command.

Bit 5: Parameter Full
This bit indicates the state of the parameter buffer. This bit

is set when a parameter is written to the FDC and reset
after the FDC has accepted the parameter.
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Bit 4: Result Full

This bit indicates the state of the result buffer. It is valid
only after Command Busy bit is low. This bit is set when
the FDC finishes a command and is reset after the result
byte-is read by the CPU. The data in the result buffer is
valid only after the FDC has completed a command.
Reading the result buffer while acommand is in progress
yields no usefu) information.

Bit 3: Interrupt Request

This bit reflects the state of the FDC INT pm It is set
when FDC requests attention as a result of the comple-
tion of an operation or failure to complete an intended
operation. This bit is cleared by reading the result
register.

Bit 2: Non-DMA Data Request

When the FDC is utilized without a DMA controller, this bit
is used to indicate FDC data requests. Note that in the
non-DMA mode, an interrupt is generated (interrupt
request bit is set) with each data byte written to or read
from the diskette.

Bits 1 and 0:
Not used (zero returned).

After reading the Status Register, the CPU then reads the
Result Register for more information. )

THE RESULT REGISTER

This byte format facilitates the use of an address table
to look up error routines and messages. The standard
result byte format is:

D; Dg Ds Dg D3 D Dy Do

Lofol T [ ] ] Jof

N N
. D ‘NOT USED =0
COMPLETION CODE

COMPLETION TYPE

DELETED DATA FOUND

NOT USED = 00

Bits 7 and 6:
Not used (zero returned).

Bit 5:

Deleted Data Found: This-bit is set when deleted data is
encountered during a transaction.

Bits 4 and 3: Completion Type

‘The ‘completion type field provides general information

regarding the outcome of an operation.

The completion -type field provides general information
regarding the outcome of an operation.

Completion
Type Event
00 Good Completion — No Error
01 System Error — recoverable errors;
10  operator intervention probably required
for recovery.
11 Command/Drive Error — either a program

error or drive hardware failure.
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Bits 2 and 1: Completion Code

The completion code field provides more detailed
information about the completion type (See Table).

It is important to note the hierarchical structure of the
result byte. In very simple systems where only a GO-NO
GO result is required, the user may simply branch on a
zero result (a zero result is a good completion). The next

Completion  Completion level of complexity is at the completion type interface. The
Type Code Event completion type supplies enough information so that the
00 00 Good Completion/ software may distinguish between fatal and non-fatal
Scan Not Met errors. If a completion type 01 occurs, ten retries should
00 01 Scan Met Equal be performed before the error is considered unre-
00 10 Scan Met Not Equal coverable.
00 1 —_—
01 00 Clock Error
01 o1 Late DMA The Completion Type/Completion Code interface sup-
01 1;0 ID CRC Error plies the greatest detail about each type of completion.
?; (1)(1) g?it/i %Z? :;;z; This interface is used when detailed information about the
10 01 Write Protect transaction completion is required.
10 10 Track 0 Not Found
10 1 Write Fault .
1 00 Sector Not Found Bit 0:
11 01 — Not used (zero returned).
11 10 —
1 11 —_
Table 3. Completion Code Interpretation
Definition | Interpretation

Successful Completion/
Scan Not Met

Scan Met Equal

Scan Met Not Equal

Clock Error

Late DMA

ID Field CRC Error

Data Field CRC Error

Drive Not Ready.

Write Protect
Track 00 Not Found
Write Fault

Sector th Found

The diskette operation specified was completed without error. If séan operation
was specified, the pattern scanned was not found on the track addressed.

The data pattern specified with the scan command was found on the track
addressed with the specified comparison, and the equality was met.

The.data pattern specified with the scan command. was found with the ' -
specified comparison on the track addressed, but the equality was not met.

During a diskette read operation, a clock bit was missing (dropped). Note that this
function is disabled when reading any of the ID address marks (which contain
missing clock pulses). If this error occurs, the operation is terminated immedi-.
ately and an interrupt is generated.

During either a diskette read or write operation, the data channel did not respond
within the allotted time interval to prevent data from being overwritten or lost. This,
error immediately terminates the operation and generates an interrupt.

The CRC word (two bytes) derived from the data read in an ID field did not match
the CRC word written in the ID field when the track was formatted. If this error
occurs, the associated diskette operation is prevented and no data is transferred.

During a diskette read operation, the CRC word derived from the data field read
did not match the data field CRC word previously written. If this error occurs, the
data read from the sector should be considered invalid.

The drive addressed was not ready. This indication is caused by any of the
following conditions:

1. Drive not powered up

2. Diskette not loaded

3. Non-existent drive addressed

4. Drive went not ready during an operation

Note that this completion code is cleared only through an FDC read drive
status command.

A diskette write operation was specified on a write -protected diskette. The
intended write operation is prevented and no Gata is written on the diskette.

During a seek to track 00 operation, the drive failed to provide a track 00
indication after being stepped 255 times.

This error is dependent on the drive supported and indicates that the faultinput to
the FDC has been activated by the drive.

Either the sector addressed could not be found within one complete revolution of
the diskette (two index marks encountered) or the track address specified did not
match the track address contained in the ID field. Note that when the track
address specified and the track address read do not match, the FDC automatically
increments its track address register (stepping the drive to the next track) and
again compares the track addresses. If the track addresses still do not match, the
track address register is incremented a second time and another comparison is
made before the sector not found completion code is set.
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INITIALIZATION

Reset Command
Ay Ao Dy Deg Ds Dy D3 D2 Dy Do

PAR: 1 0 0 0 0 0 0 ] 0 1

PAR:| 1 0 0o | o 0 0 0 0 0 [

Function: The Reset command emulates the action of
the reset pin. It is issued by outputting a one followed
by a zero to the Reset register.

1. The drive control signals are forced low.

2. An in-progress command is aborted.

3. The FDC status register flags are cleared.

4. The FDC enters an idle state until the next command is
issued.

Reset must be active for 10 or more clock cycles.

SPECIFY COMMAND

Many of the interface characteristics of the FDC are
specified by the systems software. Prior to initiating any
drive operation command, the software must execute
the three specify commands. There are two types of
specify commands selectable by the first parameter
issued.

First Parameter Specify Type

0DH Initialization
104 Load bad Tracks Surface ‘0’
18H Load bad Tracks Surface ‘1’

The Specify command ‘is used prior to performing any
diskette operation (including formatting of a diskette) to
define the drive’s inherent operating characteristics and
also is used following a formatting operation or
installation of another diskette to define the locations of
bad tracks. Since the Spec:fy command only loads
internal registers within the 8271 and does not involve an
actual diskette operation, command processing is limited
to only Command Phase. Note that once the operating
characteristics and bad tracks have been specified for
a given drive and diskette redefining these values need
only be done if a diskette with unique bad tracks is to be
used or if the system is powered down.

Initialization:
Ay A D Dg Ds D, D Dy Dy Do
cmD:| 0 0 0 0 1 1 [ 1 [ 1
PAR:] 0 1 0 [ [ 0 1 1 [ 1
PAR:] © 1 STEP RATE*
PAR:] 0 1 HEAD SETTLING TIME*
PAR:| 0 1 INDEX CNT BEFORE HEAD LOAD TIME*
HEAD UNLOAD*

*Note: Mini-floppy parameters are doubled.

Parameter 0 — 0DH = Select Specify Initialization.
Parameter 1 — D7-Do = Step Rate (0-255ms in 1ms steps).
Parameter 2 — D7-Do = Head Settling Time (0-255ms in 1
ms steps). {0-510ms in 2ms steps} () = standard,
{} = mini .
Parameter 3 — D7-Da = Index Count — Specifies the
number of Revolutions (0-14) which are to occur before
the FDC automatically unloads the R/W head. If 15 is
specified, the head remains loaded.
“D3-Do = Head Load Time (0-60ms in steps of 4ms).
{0 - 120ms in 8ms steps} () = standard, {} = mini
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Load Bad Tracks
A, A, D, Dg Dg. D,. Dy D, O D
cvo: o 0 0 o | v o -1 o 1
PAR:| © 1 0 0 o |1t ] o o | o
PAR: 0 1 BAD TRACK NO. 1
par:| o 1 | BaDTRACKNO.2
par:| o 1| CURRENT TRACK

Parameter 0: 104 = Load Su:face zero bad tracks
18n = Load Surface one bad track

Parameter. 1;
Bad track address number 1 (Physical Address).

It is recommended to program both bad tracks and cur-
rent track to FFy during initialization.

SEEK COMMAND

The seek command moves the head to the specified track
without loading the head or verifying the track.

The seek operation uses the specified bad tracks to
compute the physical track address. This feature insures
that the seek operation positions the head over the correct
track. )

When a seek to track zero is specified, the FDC steps
the head until the track 00 signal is detected.

If the track 00 signal is not detected within (FF)y steps, a
track 0 not found error status is returned.

A seek to track zero is used to position the read/write head
when the current head position is unknown (such as after
a power up).

Ay Ao D7 Dg Ds Dg D3 D2 Dy Do
SEL | SEL
cmp:| o o | g 0]1|oT1|0l011
PAR:| 0 1 | TRACK ADDRESS 0-255

Seek operations are not verified. A subsequent read or
write -operation must be performed to determine if the
correct track is located.

READ DRIVE STATUS COMMAND

This command is used to interrogate the drive status.
Upon completion the result register will hold the final
drive status. :

Ai  Ag D7 Dg Ds Dy D3 D Dy Do
SEL SEL
CMD:[0!0‘1—IOI1lﬂ|1|1l0]0|
RESULT EACH BIT INDICATES CURRENT STATE OF INPUT PINS

[T L e e Tr e

IF ADRIVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST
BE ISSUED TO CLEAR THE CONDITION,

*Note the two ready bits are zero latching. Therefore, to clear the drive
not ready condition, assuming the drive is ready, and to detect it via soft-
ware, one must issue this command twice.
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SET NON-DMA

START
AND/OR
SINGLE ACTUATOR

NON-DMA
OR

SINGLE
ACTUATOR?

POWER-UP
ALL DRIVES ‘

SEEKTO
TRACK 0
‘ON DRIVE 0

RESET

INTERFACE

(= ][

SPECIFY
DRIVE
CHARACTERISTICS

WAIT FOR
INTERRUPT

]

SPECIFY

BAD TRACKS
DRIVE 0

SPECIFY READ
BAD TRACKS RESULT
DRIVE 1 BYTE

|

SEEK TO
TRACK 0
ON DRIVE 1

WAIT FOR
INTERRUPT

2ND DRIVE
PRESENT
?

Figure 19. Initialization of the 8271 by the User

Read/Write Special Registers

This command is used to access special registers within
the 8271.

Aq Ag D7 Dg Ds D4 D3 Dy D, Do
SEL SEL

1 0

REGISTER ADDRESS

CMD: 0 0 COMMAND OPCODE

PAR: 0 1

Command code:

3DH Read Special Register

3AH Write Special Register
For both commands, the first parameter is the register
address; for Write commands a second parameter

specifies data to be written. Only the Read Special
Register command supplies a resulit.

Table 4. Special Registers

Register Address
D ipti in Hex Comment
Scan Sector Number 06 See Scan Description
Scan MSB of Count 14 See Scan Description
Scan LSB of Count 13 See Scan Description
Surface 0 Current Track 12
Surface 1 Current Track 1A
Mode Register 17 See Mode Register
Description
Drive Control Output Port 23 See Drive Output
Port Description
Drive Control Input Port 22 See Drive Input
Port Description
Surface 0 Bad Track 1 10
Surface 0 Bad Track 2 11
Surface 1 Bad Track 1 18
Surface 1 Bad Track 2 19
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Mode Register Write Parameter Format

D; Dg Dg Dy D3 D; Dy Do
Lilifofojofol [ ]

=0 DMA MODE, = 1 NON DMA

=0 DOUBLE, = 1 SINGLE ACTUATOR

Bits 6 & 7
Must be one.

Bits 5-2
(Not used). Must be set to zero.

*Bit 1

Double/Single Actuator: Selects single or double actuator
mode. If the single actuator mode is selected, the FDC
assumes that the physical track location of both disks'is
always the same. This mode facilitates control of a drive
which has a single actuator mechanism to move two
heads.

*Bit o0

Data Transfer Mode: This bit selects the data transfer
mode. If this bit is a zero, the FDC operates in the DMA
mode (DMA Request/ACK). If this bit is a one, the FDC
operates in non-DMA mode. When the FDC is operating in
DMA mode, interrupts are generated at the completion of
commands. If the non-DMA mode is selected, the FDC
generates an interrupt for every data byte transferred.

*Bits 0 and 1 are initialized to zero.
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Non-DMA Transfers in DMA Mode

If the user desires, he may retain the use of interrupts
generated upon command completions. This mode is
accomplished by selecting the DMA capability, but
using the DMA REQ/ACK pins as effective INT and CS
signals, respectively.

Drive Control Input Pori-

Reading this port will give the CPU exactly the data that
the FDC sees at the corresponding pins. Reading this
port will update the drive not ready status, but will not
clear the status. (See Read Drive Status Command for
Bit locations.)

Drive Control Output Port Format

D; Dg Ds Dy D3 Dy Dy Dy

CITTTTT T
[——~WRITE ENABLE
SEEK/STEP
DIRECTION
LOAD HEAD

LOW HEAD CURRENT

WRITE FAULT RESET/
OPTIONAL OUTPUT

SELECT 0

SELECT 1

Each of these signals correspond to the chip pin of the
same name. On standard-sized drives with write fault
detection logic, bit 5 is set to generate the write fault
reset signal. This signal is used to clear a write fault
indication within the drive. On mini-sized drives, this bit
can be used to turn on or off the drive motor prior to initi-
ating adrive operation. A time delay after turn on may be
necessary for the drive to come up to speed. The regis-
ter must be read prior to writing the register in order to
save the states of the remaining bits. When the register
is subsequently written to modify bit 5, the remaining
bits must be restored to their previous states.

IBM DISKETTE GENERAL FORMAT
INFORMATION -

The IBM Flexible Diskette used for data storage and
retrieval is organized into concentric circular paths or
TRACKS. There are 77 tracks on either one or both sides
(surfaces) of the diskette. On double-sided diskettes, the
corresponding top and bottom tracks are referred to as a
CYLINDER. Each track is further divided into fixed length
sections or SECTORS. The number of sectors per track —
26, 15 or 8 —is determined when a track is formatted and is
dependent on the sector length — 128, 256 or 512 bytes
respectively — specified. _

All tracks on the diskette are referenced to a physical
index mark (a small hole in the diskette). Each time the
hole passes a photodetector cell (one revolution of the
diskette), an Index pulse is generated to indicate the
logical beginning of a track. This index pulse is used to
initiate a track formatting operation.
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Track Format

Each Diskette Surface is divided into 77 tracks with each
track divided into fixed length sectors. A sector can hold a
whole record or a part of a record. If the record is shorter
than the sector length, the unused bytes are filled with
binary zeros. If a record is longer than the sector length,
the record is written over as many sectors as its length
requires. The sector size that provides the most efficient
use of diskette space can be chosen depending upon the
record length required.
Tracks are numbered from 00 (outer-most) to 76 (inner-
most) and are used as follows:

TRACK 00 reserved as System Label Track

TRACKS 01 through 74 used for data

TRACKS 75 and 76 used as alternates.

Each sector consists of an ID field (which holds a unique
address for the sector) and a data field.

The ID field is seven bytes long and is written for each
sector when the track is formatted. Each iD field consists
of an ID field Address Mark, a Cylinder Number byte which
identifies the track number, a Head Number byte which
specifies the head used (top or bottom) to access the
sector, a Record Number byte identifying the sector
number (1 through 26 for 128 byte sectors), an N-byte
specifying the byte length of the sector and two CRC
(Cyclic Redundancy Check) bytes.

The Gaps separating the index mark and the ID and data
fields are written on a track when it is formatted. These
gaps provide both an interval for switching the drive elec-
tronics from reading or writing and compensation for rota-
tional speed and other diskette-to-diskette and drive-to-
drive manufacturing tolerances to ensure that data written
on a diskette by one system can be read by another
(diskette interchangeability).

IBM Format Implementation Summary

Track Format

The disk has 77 tracks, numbered physically from 00 to 76,
with track 00 being the outermost track. There are
logically 75 data tracks and two alternate tracks. Any two
tracks may be initialized as bad tracks. The data tracks are
numbered logically in sequence from 00 to 74, skipping
over bad tracks (alternate tracks replace bad tracks).
Note: In IBM format track 00 cannot be a bad track.

Sector Format

Each track is divided into 26, 15, or 8 sectors of 128, 256,
or 512 bytes length respectively. The first sector is
numbered 01, and is physically the first sector after the
physical index mark. The logical sequence of the
remaining sectors may be nonsequential physically. The
location of these is determined at initialization by CPU
software.

Each sector consists of an ID field and a data field. All
fields are separated by gaps. The beginning of each field
is indicated by 6 bytes of (00)4 followed by a one byte
address mark. ) )

Address Marks

Address Marks are unique bit patterns one byte in Iength
which are used to identify the beginning of ID and Data
fields. Address Mark bytes are unique from all other data
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! Sector 01 | Sector 02 Sector 03 l \
J
~
~
~
- — ~
— =~ IDField Data Field AN
- ~
_ - — ~
- K—A—J% r N ~
Last Sync Sync Sync [}
) Soctor | GP Gap Fralq | AM1 CcRC | Gap Peta | AM2 128, 256, or 512 Bytes CRC Gap Flols | AMT | fiag

®0 o |

\

AM2: Data: hex FB or F8

®

FB = data field

® 6

Detected

Cylinder Head Record Physical
Number Number Number Record
Length

L

I

Hex 01 for side 1 of two-sided diskettes

Hex 00 through 4A (Decimal 1 through 74. Cylinders 75 and 76
are used as alternate cylinders.)

AM?1: identifies ID field
—— Data: hex FE
Clock: hex C7

Hex 00 for 128 byte per sector format
Hex 01 for 256 byte per sector format
Hex 02 for 512 byte per sector format

Hex 01 through 1A for 128 byte per sector format diskette
Hex 01 through OF for 256 byte per sector format diskette
Hex 01 through 08 for 512 byte per sector format diskette

Hex 00 for one-sided diskettes and side 0 of two-sided diskettes

F8 = control field

(The control field can
begin witha D or an F:
D = deleted record

F = defective record
Clock: hex C7)

Pre-index gap.
Post-index gap.
6 bytes of zeroes.

Cyclic redundancy check.
The check bytes are
generated during a write
operation. They are used
during a read operation
to verify that data is

read correctly.

(OXOJOXO)

Post-1D gap.

@

Post-data gap.

Figure 20. Track Format

bytes in that certain bit cells do not contain a clock bit (all
other data bytes have clock bits in every bitcell.) There are
four different types of Address Marks used. Each of these
is used to identify different types of fields.

Index Address Mark

The Index Address Mark is located at.the beginning of
each track and is a fixed number of bytes in front of the
first record.

ID Address Mark

The ID Address Mark byte is located at the beginning of
each ID field on the diskette.

Data Address Mark

The Data Address Mark byte is located at the beginning of
each non-deleted Data Field on the diskette.

Deleted Data Address Mark

The Deleted Data Address Mark byte is located at the
beginning of each deleted Data Field on the diskette.

ID Field
MARK | C H R N CRC | CRC
C = Cylinder (Track) Address, 00-74
H = Head Address
R = Record (Sector) Address, 01-26
N = Record (Sector) Length, 00-02
Note: Sector Length = 128 x 2N bytes
CRC = 16 Bit CRC Character (See Below)
Data Field
MARK DATA . CRC CRC

Data is 128, 256, or 512 bytes long.

Note: All marks, data, ID characters and CRC
characters are recorded and read most
significant bit first.

. Clock Data
Address Mark Summary Pattern Pattern
Index Address Mark D7 FC
ID Address Mark c7 FE
Data Address Mark Cc7 FB
Deleted Data Address Mark Cc7 F8
Bad Track ID Address Mark Cc7 FE

CRC Character

The 16-bit CRC character is generated using the

generator polynominal X16 + X12 + X5 + 1, normally

initialized to (FF)H. It is generated from all characters

(except the CRC in the ID or data field), including the data

(not the clocks) in the address mark. It is recorded and

read most significant bit first.
1-134

AFN-00223B



intel

8271/8271-6

Data Format
Data is written (general case) in the following manner:

MISSING
CLOCK CLOCK CLOCK cLocK
DATA “0” DATA “1” DATA “1”

I-——TF——->‘<—— 1,,_.| «
Te = FULL BIT TIME = NOMINALLY 4us*
Ty = HALF BIT TIME = NOMINALLY 2,:8*

DATA “1”

*For Standard Drive.

References

“The IBM Diskette for Standard Data Interchange,” IBM
Document GA21-9182-0. “System 32,” Chapter 8, IBM
Document GA21-9176-0.

Bad Track Format

The Bad Track Format is the same as the good track
format except that the bad track ID field is initialized as
follows:

C=H=R=N=(FF}y

When formatting, bad track registers should be set to
FFy for the drive during the formatting, thus specifying
no bad tracks. Thus, all tracks are left available for for-
matting.

The track following the bad track(s) should be one
higher in number than track before the bad track(s).

Upon completion of the format the bad tracks should be
set up using the write special register command. The
8271 will then generate an extra step pulse to.cross the
bad track, locating a new track that now happens to be
an extra track out.

Format Track
Format Command

Ay Ao D7 De Ds Ds D3 D2 D1 Do
cmo: | o ustS§L|1|o|uJo|7111
PAR: 0 1 TRACK ADDRESS
PAR: 0 1 GAP 3 SIZE MINUS 6
PAR: 0 1 RECORD LENGTH. [ NO. OF SECTORS/TRACK
PAR: 0 1 GAP 5 SIZE MINUS 6
PAR: Q 1 GAP 1 SIZE MINUS 6

The format command can be used to initialize a disk track
compatible with the IBM 3740 format. A Shugart “IBM
Type” mini-floppy format may also be generated.

The Format command can be used to initialize a disk-
ette, one track at a time. When format command is used,
the program must supply ID fields for each sector on the
track. During command execution, the supplied ID fields
(track head sector addresses and the sector length) are
written sequentially on the diskette. The ID address
marks originate from the 8271 and are written auto-
matically as the first byte of each ID field. The CRC char-
acter is written in the last two bytes of the ID field and is
derived from the data written in the first five bytes. Dur-
ing the formatting operation, the data field of each sec-
tor is filled with data pattern (ES5)y. The CRC, derived
from the data pattern is also appended to the last byte.

1-135

1. The parameter 2 (D; - Dg) of the Format command specify
record length, the bits are coded the same way as in the
Read Data commands.

2. The programmable gap sizes (gap 3, gap 5, and gap 1) must
be programmed such that the 6 bytes of zero (sync) are sub-
tracted from the intended gap size i.e., if gap 1 is intended
to be 16 bytes long, programmed length must be 16 — 6 =10
bytes (of FFy’s).

Mini-Floppy Disk Format
The mini-floppy disk format differs from the standard

- disk format in the following ways:

1. Gap 5 and the Index Address mark have been elimi-
nated.

2. There are fewer sectors/tracks.

GAPS
The following is the gap size and description summary:

Gap 1 Programmable
Gap 2 17 Bytes
Gap 3 Programmable
Gap 4 Variable
Gap 5 Programmable

The last six bytes of gaps 1,2,3 and 5 are (00)H, all other
bytes in the gaps are (FF)H. The Gap 1,3 and 5 count
specified by the user are the number of bytes of (FF)4. Gap
4 is written until the leading edge of the index pulse. If a
Gap 5 size of zero is specified, the Index Mark is not
written.

Gap 1: This gap separates the index ad-

N bytes FF’s dress mark of the index pulse from

6 bytes 0’s for sync the first ID mark. It is used to pro-
tect the first ID field from a write on
the last physical sector of the cur-
rent track.

Gap 2: This gap separates the ID field from

11 bytes FF's the data mark and field such that

6 bytes 0’s for sync during a write only the data field
will be changed even if the write
gate turns on early, due to drive
speed changes.

Gap 3: This gap separates a data area from

N bytes FF’s the next ID field. it is used so that

6 bytes 0’s for sync during drive speed changes the
next ID mark will not be overwritten,
thus causing loss of data.

Gap 4: This gap fills out the rest of the disk

FF’s only and is used for slack during format-
ting. During drive speed variations
this gap will shrink or grow if the
disk is re-formatted.

Gap 5: This gap separates the last sector

N bytes FF’s from the Index Address mark and

6 bytes 0’s for sync is used to assure that the index ad-
dress mark is not destroyed by
writing on the last physical data
sector on the track.

The number of FF bytes is programmable for gaps 1, 3
and 5.
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INDEX I l

DATA [[+] DATA D
FIELDJ GAP 4 l GAP 5 IL\GAP1 l FIELD I GAP 2 ] FIELD [ GAP 3 l FIELD l GAP 2

INDEX ADDRESS MARK
GAPS

GAP1: POST INDEX GAP
I L |
r 7]

| o]

GAP 2: POST ID FIELD GAP

I I SYNC J
L- WRITE GATE TURN-ON FOR UPDATE OF NEXT

DATA FIELD.

NOTE: THE WRITE GATE TURN-ON SHOULD BE TIMED
TO WITHIN £ =1 BIT BY COUNTING THE BYTES
IN THE GAP UNTIL 1 BYTE BEFORE THE
TURN-ON.

GAP 3: POST DATA FIELD GAP

I L '

L |
[ [~ ]

T— WRITE GATE TURN-OFF FROM UPDATE OF PREVIOUS DATA FIELD.

NOTE: IBM FORMAT REQUIRES AT LEAST 2BINARY “1” BITS AS A DATA FIELD POSTAMBLE.

2.BITS

GAP4: FINAL GAP
[ L i

GAP5: INITIAL GAP
| ' i
l ' I SYNC ]

Figure 21. Track Format
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I"' PHYSICAL
INDEX
|MARK. . .
/- 3 POST 08 /A
stcron vt li&%@ amoex l::l;sf} SECTOR| "RE. | - secrors - DATA .| sECTOR ity SECTOR2 §,‘E[é SECTOR ?g!:%x‘)n /7 stcron
FED | ©AP9 | Gaps | MARK | gapy | DFIELD | (Gaty PATAFIELD Sy | PP oz | TATED B i ) PEb
|
HEX FF (HSEVX“&) HEX FF ‘":;’;:) HEX FF (:Ev):‘:m HEX VF” ("SEV;C&)
40 BYTES 6 BYTES 26 BYTES 6 BYTES n BYTES 6 BYTES 11 BYTES 6 BYTES
(TYPICAL) (TYPICAL) — —
(B mrwmomores | o0 | 5, | (o | oonc] bt i covn | oo, | oites
BYTE 1 BYTE 2 BYTE3 BYTE4 BYTES BYTE 6 BYTE7
NUMBER OF BYTES
NUMBER GAP 1 GAP 2 GAP 3 GAP 5
ID FIELD DATA FIELD GAP 4
OF SECTORS *ONES | SYNC ONES SYNC *ONES | SYNC *ONES SYNC
26 26 6 7 1 6 131 27 6 275 40 6
15 26 6 7 " 6 259 48 6 129 40 6
8 26 6 7 1" 6 515 90 6 146 40 6
4 26 6 7 1 6 1027 224 6 236 40 6
2 26 ) 6 7 1 [} 2051 255 6 719 40 6
1 26 6" 7 1 6 4099 0 0 1007 40 6
*Program Specified 5208 Bytes Per Track
Figure 22.. Standard Diskette Track Format
PHYSICAL
INDEX
i I I MARK
skcTon| FINAL IEESIE} SECTOR P%E{;I)D SECTOR 1 }.;,Zﬁ SECTOR P%E{; SECTOR 2 é%?‘vg SECTOR P%%{pl;n sicron
Pl | ©@4Pa | Gapy | oFED | (5, DATAFIELD apy | orE | ey DATA FIELD N L] el oA
16 BYTES 6 BYTES 11 BYTES 6 BYTES n BYTES 6 BYTES
(TYPICAL) |
\TA
apgh ADBAESS | aobaEss | Aboaces | Lenarn | aviet | eviez ( ‘°;n°:";m; I 128 x 2" USER DATA BYTES I T I sTe2 ]
BYTE 1 BYTE2 BYTE3 BYTE4 BYTES  BYTEG ~ BYTE7 )
NUMBER OF BYTES
NUMBER GAP 1 GAP 2 GAP 3
[o] ID FIELD DATA FIELD GAP 4
F SECTORS *CNES SYNC ONES SYNC *ONES - SYNC
18 16 6 7 1 6 131 1 6 24
10 16 6 7 1 6 259 21 6 30
5 16 6 7 1" 6 515 74 6 88
2 16 - 6 - 7 1" 6 1027 255 6 740
1 16 6 7 1 6 2051 0 0 1028
*Program Specified 3125 Bytes Per Track

Figure 23. Mini-Diskette Track Format

1-137

AFN-00223B



8271/8271-6

SCAN
OPERATION
?

MODE SET AUTO LOAD AND

WRITE DMAC SET:
REGISTER DMA ENABLE BITS

SET: WRITE DMAC
TC STOP AND MODE SET
DMA ENABLE BITS REGISTER

WRITE DMAC
CONTROL
REGISTER

i

WRITE DMAC
STARTING MEMORY
ADDRESS REGISTER

}

Figure 24. User DMA Channel Initialization Flowchart

Read ID Command

A, A, D, Dg D D, D D, D D,
cmp:. | o o | S I SEL | 0 l 1 ] 1 l 0 l 1 I 1
pAR: | 0 1 | TRACk ADDRESS

paR: | 0 1 0 ] 0 I 0 l 0 l 0 I 0 —[ 0 I 0
PAR: | © 7| NUMBER OF ID FIELDS

The Read ID command transfers the specified number of
ID fields into memory (beginning with the first ID field after
Index). The CRC character is checked but nottransferred.

These fields are entered into memory in the order in
which they are physically located on the disk, with the
first field being the one starting at the index pulse.

Data Processing Commands

All the routine Read/Write commands examine specific
drive status lines before beginning execution, perform
an implicit seek to the track address and load the drive’s
read/write head. Regardless of the type of command
(i.e., read, write or verify), the 8271 first reads the ID
field(s) to verify that the correct track has been located
(see sector not found completion code) and also to
locate the addressed sector. When a transfer is com-
plete (or cannot be completed), the 8271 sets the inter-
rupt request bit in the status register and provides an in-
dication of the outcome of the operation in the result
register.

If a CRC error is detected during a multisector transfer,
processing is terminated with the sector in error. The
address of the failing sector number can be determined by
examining the Scan Sector Number register using the
Read Special Register command.
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Full power of the multisector read/write commands can be
realized by doing DMA transfer using Intel® 8257 DMA
Controller, For example, in a 128 byte per sector
multisector write command, the entire data block
(containing 128 bytes times the number of sectors) can be
located in a disk memory buffer. Upon completion of the
command phase, the 8271 begins execution by accessing
the desired track, verifying the ID field, and locating the
data field of the first record to be written. The 8271 then
DMA-accesses the first sector and starts counting and
writing one byte at a time until all 128 bytes are written. It
then locates the data field of the next sector and repeats
the procedure until all the specified sectors have been
written. Upon completion of the execution phase the 8271
enters into the result phase and interrupts the CPU for
availability of status and completion results. Note that all
read/write commands, single or multisector are executed
without CPU intervention.

Note, execution of multi-sector operations are faster if
the sectors are not interleaved.

128 Byte Single Record Format

Aq Ao D7 D¢ Ds Ds D3 D2 Dy Do
CMD: 0 0 S1EL l SOEL I COMMAND OPCODE
PAR: 0 1 TRACK ADDR 0-255
PAR: 0 1 SECTOR 0-255
Commands Opcode
READ DATA 12
READ DATA AND DELETED DATA 16
WRITE DATA 0A
WRITE DELETED DATA 0E
VERIFY DATA AND DELETED DATA 1E
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Variable Length/Multi-Record Format

Ay Ay D; Dg Ds Dy D3 Dp. Dy Do

CMD: o 0 S.FL l SOEL l COMMAND OPCODE

PAR: 0 1 TRACK ADDR 0-255

PAR: 0 1 SECTOR 0-255

PAR: [1] 1 LENGTH I NO. OF SECTORS

D7-Ds of Parameter 2 determine the length of the disk
record.

000 128 Bytes

001 256 Bytes

010 512 Bytes

011 1024 Bytes

100 2048 Bytes

101 4096 Bytes

110 8192 Bytes

111 16,384 Bytes

Commands Opcode
READ DATA 13
READ DATA AND DELETED DATA 17
WRITE DATA 0B
WRITE DELETED DATA OF
VERIFY DATA AND DELETED DATA 1F
SCAN DATA 00
SCAN DATA AND DELETED DATA 04

Read Commands
Read Data, Read Data and Deleted Data.

Function

The read command transfers data from a specified disk
record or group of records to memory. The operation of
this command is outlined in execution phase table.

Write Commands
Write Data, Write Deleted Data.

Function

The write command transfers data from memory to a
specified disk record or group of records.

Verify Command
Verify Data and Deleted Data.

Function

The verify command is identical to the read data and
deleted data command except that the data is not
transferred to memory. This command is used to check
that a record or a group of records has been written
correctly by verifying the CRC character.
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Scan Commands

Ay, Ay D; Dg Ds Dg Dz Dy Dy Dg
. SEL | SEL SDATA
cvD: | 0 0 ; LO ] 0 ] 0 ] 0 Is,osml 0 | 0

PAR: [} 1 TRACK ADDR 0-255

PAR: 0 1 SECTOR 0-255
PAR: 0 1 LENGTH J NO. OF SECTORS
PAR: ] 1 SCAN TYPE l STEP SIZE

PAR: 0 1 FIELD LENGTH (KEY)
Command D, = 0 Scan Data
D, = 1 Scan Data and Deleted Data

Scan Commands, Scan Data and Scan Data and Deleted
Data, are used to search a specific data pattern or “key”
from memory. The 8271 FDC operation during a scan is
unique in that data is read from memory and from the
diskette simultaneously.

During the scan operation, the key is compared
repetitively (using the 8257 DMA Controller in auto load
mode) with the data read from the diskette (e.g., an eight
byte key would be compared with the first eight bytes (1-8)
read from the diskette, the second eight bytes (3-16), the
third eight bytes (17-24), etc.). The scan operation is
concluded when the key is located or when the specified
number of sectors have been searched without locating
the key. When concluded, the 8271 FDC requests an
interrupt. The program must then read the result register
to determine if the scan was successful (if the key was
located). If successful, several of the FDC's special
registers can be examined (read special registers
command) to determine more specific information
relating to the scan (i.e., the sector number in which the
key was located, and thenumber of bytes within the sector
that were not compared when the key was located).

The 8271 does not do a sliding scan, it does a fixed
block linear search. This'means the key in memory is
compared to an equal length block in a sector; when
these blocks meet the scan conditions the scan will
stop. Otherwise, the scan continues until all the sectors
specified have been searched.

The following factors regarding key length must be
considered when establishing a key in memory.

1. When searching multiple sectors, the length of the key
must be evenly divisible into the sector length to
prevent the key from being split at subsequent sector
boundaries. Since the character FFH is not compared,
the key in memory can be padded to the required length
using this character. For example, if the actual pattern
compared on the diskette is twelve characters in length,
the field length should be sixteen and four bytes of FF
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would be appended to the key. Conséquently, the last
block of sixteen bytes compared within the first sec-
tor would end at the sector boundary and the first
byte of the next sector would be compared with the
first byte of the key. Splitting data over sector bound-
arys will not work properly since the FDC expects the
start of key at each sector boundary.

2. Since the first byte of the key is compared with the first
byte of the sector, when the pattern does not begin with
the first byte of the sector, the key must be offset using
the character FF1e. For example, if the first byte of a
nine byte pattern begins on the fifth byte of the sector,
four bytes of FF1¢ are prefixed to the key (and three
bytes of FFie are appended to the key to meet the
length requirement) so that the first actual comparison
begins on the fifth byte.

The Scan Commands require five parameters:

Parameter 0, Track Address

Specifies the track number containing the sectors to be
scanned. Legal values range from 00, to 4Cy (0 to 76) for
a standard diskette and from 00y to 22 (0 to 34) for a
mini-sized diskette.

Parameter 1, Sector Address

Specifies the first sector to be scanned. The number of
sectors scanned is specified in parameter 2, and the order
in which sectors are scanned is specified in parameter 3.

Parameter 2, Sector Length/Number of Sectors

The sector length field (bits 7-5) specifies the number of
data bytes allocated to each sector (see parameter 2,
routine read and write commands for field interpretation).
The number of sectors field (bits 4-0) specifies the number
of sectors to be scanned. The number specified ranges
from one sector to the physical number of sectors on the
track.

Parameter 3
D7-Deg:
00-EQ

Indicate scan type

Scan for each character within the field
length (key) equal to the corresponding char-
acter within the disk sector. The scan stops
after the first equal condition is met.

01-GEQ Scan for each character within the disk sec-
tor greater than or equal to the correspond-
ing character within the field length (key).
The scan stops after the first greater than or
equal condition is met.
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10-LEQ Scan for each character within the disk sec-
tor less than or equal to the corresponding
character within the field length (key). The
scan stops after the first less than or equal
condition is met.

D5-Dg: Step Size: The Step Size field specifies the
offset to the next sector in a multisector
scan. In this case, the next sector address is
generated by adding the Step Size to the

current sector address.

Parameter 4, Field Length

Specifies the number of bytes to be compared (length of
key). While the range of legal values is from 1 to 255, the
field length specified should be evenly divisible into the
sector length to prevent the key from being split at sector
boundaries, if the multisector scan commands are used.

Scan Command Results

More detailed information about the completion of Scan
Commands may be obtained by executing Read Special
Register commands.

Read Special Register

Parameter Results
(Hex)
06 The sector number of the sector in which the

specified scan data pattern was located.

14 MSB Count — The number of 128 byte blocks
remaining to be compared in the current sector
when the scan data pattern was located. This
register is decremented with each 128 byte block
read.

13 LSB Count — The number of bytes remaining to
be compared in the current sector when the scan
data pattern is located. This register is initialized
to 128 and is decremented with each byte
compared.

Upon a scan met condition, the equation below can be
used to determine the last byte in the located pattern.

Pointer = sector length — ((Register 14H)*128 + (Register 13H))
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8271 Scan Command Example
Assume there are only 2 records on track 0 with the

following data:
Record 01: 01

02 03 04 05 06 07 08 000....00

Record 02: 01 02 AA 55 00 00 00 00 ........ 00
: ; 14
Field | Starting | # of _ Completion | SPecial Registers
. Command |[Length |Sector # | Sectors Key? Code® | RO6 | R14 | R13 Comment
* SCAN EQ 2 1 1 01,02 SME 01 0 127D |Met in first field
SCAN EQ 2 1 1 02,03 SNM X X X Not met
SCAN EQ 2 1 1 FF®,05 SNM X X X Not met with don't care
* SCAN EQ 2 1 1 FF®,06 SME 01 | 0 | 123D |Met with don't care
* SCAN EQ 2 1 2 AA,55 SME 02 0 125D |Met in Record 02
* SCAN EQ 2 2 1 01,02 SME 02 0 127D |Starting sector # 1
* SCAN EQ 4 1 1 05,06,07,08 SME 01 0 121D |Field, Key length = 4
* SCAN GEQ 4 1 1 05,06,07,08 SME 01 0 121D [GEQ-SME
* SCAN GEQ 4 1 1 05,04,07,08 SMNE 01 0 121D |GEQ-SMNE
* SCAN GEQ| 4 1 2 00,03,AA 44  SNM X | X X | GEQ-SNM
* SCAN LEQ 4 1 1 01,03,FF,04 SMNE 01 0 125D '|LEQ-SMNE
* SCAN LEQ 4 1 1 01,02,FF,04 SME 01 0 125D |LEQ-SME
NOTES:

1. Field Length — Each record is partitioned into a number of fields equal to the record size divided by the field Iehgth
Note that the record size should be evenly divisable by the field length to insure proper operation of multi record
scan. Also, maximum field length = 256 bytes.

2. Key — The key is a string of bytes located in the user system memory. The key length should equal the field length.
By programming the 8257 DMA Controller into the auto load mode, the key will be recursively read in by the chip
(once per field).

3. Completion Code — Shows how Scan command was met or not met.
SNM — SCAN Not Met — 0 0 (also Good Complete)
SME — SCAN Met Equal — 0 1
SMNE — SCAN Met Not Equal — 1 0

4. Special Registers
R06 — This register contains the record number where the scan was met.
R14 — This register contains the MSB count and is decremented every 128 characters.

R14 = 21- 1
Length ( {) (Initialize at
(D7-D5 of PAR 2) Record Size Beginning of Record)
000 128 Bytes 0
001 256 Bytes 1
010 512 Bytes 3
‘011 1024 Bytes 7
L] e L]
L] L] L[]
. . .

R13 — This register contains a modulo 128 LSB count which is initialized to 128 at beginning of each record. This
count is decremented after each character is compared except for the last character in a pattern match
situation.

(&)

. The OFFH character in the key is treated as a don’t care character position.

6. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each field is compared to byte 1 of the key,
byte 2 of each field is compared to byte 2 of the key, etc.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias........ 0°C to 70°C'
Storage Temperature............. —-65°C to +150°C
Voltage on Any Pin with
RespecttoGround................. -05Vto +7V
Power Dissipation.......................... 1 Watt

D.C. CHARACTERISTICS (Vcc= +5.0V £5%

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings”” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

8721 and 8271-8: T,=0°C to 70°C; 8271-6: T,=0°C to 50°C)

Symbol Parameter Min. Max. Unit Test Conditions
ViL Input Low Voltage -05 0.8 Vv
Vi Input High Voltage 20 (Vec+0.5) \"
Voip Output Low Voltage (Data Bus) 0.45 \' lor=2.0mA
Vou Output Low Voltage (Interface Pins) 0.5 v lop=16 mA
VoH Output High Voltage 24 v lop= —220 pA
I Input Load Current +10 rA Vin=Vgc to OV
loz Off-State Output Current +10 A Vour=Vgcto OV
lce Ve Supply Current 180 mA
CAPACITANCE (Ta = 25°C; Vo = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF te=1MHz
Cio 1/0 Capacitance 20 pF Unmeasured Pins Returned to GND
NOTE: 1. Ambient temperature under bias for 8271-6 is 0°C to 50°C.

A.C. CHARACTERISTICS (Ve = +5.0V £5%)

(8271 and 8271-8: To= 0°C to 70°C; 8271-6: Ta= 0°C to 50°C)

READ CYCLE
Symbol Parameter Min. | Max. | Unit Test Conditions
tac Select Setup to RD 0 ns Note 2
tca Select Hold from RD 0 ns Note 2
tRR RD Pulse Width 250 ns
tap Data Delay from Address 250 ns Note 2
trRD Data Delay from RD 150 ns | C_=150 pF, Note 2
top Output Float Delay 20 100 | ns ?é-o:pz'?g: :a;)l:/ilgli]r:’um;
toc DACK Setup to RD 25 ns
tep DACK Hold from RD 25 ns
tkp Data Delay from DACK 250 ns
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE \ i
Symbol Parameter Min. | Max. | Unit Test Conditions.
tac | Select Setup to WR 0 ns
tca Select Hold from WR 0 ns
tww WR Pulse Width 250 ns
tow Data Setup to WR 150 ns
two Data Hold from WR 0 ns
toc DACK Setup to WR 25 ns
teo DACK Hold from WR 25 ns

DMA
Symbol Parameter Min. | Max. | Unit Test Conditions
tca Request Hold from WR or RD (for Non-Burst Mode) 150 ns

OTHER TIMINGS
8271/8271-6
Symbo’l Parameter - Min. | Max. Unit | Test Conditions
tpsTw | Reset Pulse Width 10 toy
t, Input Signal Rise Time 20 ns
ts Input Signal Fall Time 20 ns
trsts | Reset to First IOWR 2 toy
tey Clock Period 250 Note 3
toL Clock Low Period 110 ns
tcH Clock High Period 125 ns
tps Data Window Setup to Unseparated Clock and Data | 50 ns
ton Data Window Hold from Unseparated Clock and Data | 0 ns
NOTES:

1. All timing measurements are made at the reference voltages unless otherwise specified:

2.taD: tRD. tAC, @and tc are not concurrent specs.
3. Standard Floppy: tcy =250 ns +0.4%

A.C. TESTING INPUT, OUTPUT WAVEFORM

Input “1” at 2.0V, “0” at 0.8V
Output 1" at 2.0V, “0” at 0.8V

Mini-Floppy: tcy =500 ns +0.4%

A.C. TESTING LOAD CIRCUIT

24

2.0 2.0
> TEST POINTS <
0.8 0.8

0.45

AC.TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1” AND 0.45V FOR
A LOGIC '0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1"
AND 0.8V FOR A LOGIC "0.”

DEVICE
UNDER
TEST

Cu. i

Cy INCLUDES JIG CAPACITANCE
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WAVEFORMS

READ

DACK K

toc tco
Ag, A1, CS X
AR ‘—'CA—;
fb N
tac RD tDF
DATABUS == =t = e — e — - — — — X e ——— -
tAD
b
WRITE
DACK x
toc [«—tco—
Ag, Aq, CS
tac tww - —tcaA—
WR \ Iy
DATA BUS
tow twp
DMA

DRQ / S
|e——tcc—
DACK \

CY

CHIP CLOCK \ ? 5‘ /

—tcL ! tcH
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WAVEFORMS (Continued)
READ DATA WRITE DATA
Pw:_.l l" I | | l I I
e ] ]
F F |
*tcy = 250 ns **tcy = 500 ns PULSE WIDTH PW = tcy =30 ns
H (HALF BIT CELL) = 8tcy
F (FULL BIT CELL) = 16 tcy
f{ =_ 16 tcy =8 tcy

8tcy x4tcy

*STANDARD FLEXIBLE DISK DRIVE TIMING
**MINI-FLOPPY TIMING

*tcy = 250 ns +0.4%
250 ns =30 ns
20us = 8ns
40us =16 ns

**tcy = 500 ns =0.4%
500 ns =30 ns
4.0 us =16 ns
80us £32ns

SINGLE-SHOT DATA SEPARATOR

UNSEPARATED
DATA

DATA
WIN!

\

tpH>0 ns - —+|

PLO DATA SEPARATOR

UNSEPARATED
' DATA
—=>] tps>50 ns

*DATA
WINDOW

*DATA WINDOW MAY BE 180° OUT OF PHASE
IN PLO DATA SEPARATION MODE.
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SINGLE/DOUBLE DENSITY

FLOPPY DISK CONTROLLER

s IBM Compatible in Both Single and m Data Transfers in DMA or Non-DMA
Double Density Recording Formats Mode
= Programmable Data Record Lengths: = Parallel Seek Operations on Up to
= gﬂ:lggﬁf;or and Multi-Track Transfer . Compétible with Most
P Microprocessors Including 8080A,
m Drive Up to 4 Floppy Disks 8085A, 8086 and 8088
= Data Scan Capability — Will Scan a = Single-Phase 8 MHz Clock

Single Sector or an Entire Cylinder's
Worth of Data Fields, Comparing on a m Single +5 Volt Power Supply
. Byte by Byte Basis, Data in the
Processor's Memory with Data Read = Available in 40-Pin Plastic Dual-in-Line
from the Diskette . Package

The 8272 is an LS| Floppy Disk Controller (FDC) Chip, which contains the circuitry and control functions for interfacing
a processor to 4 Floppy Disk Drives. It is capable of supporting either IBM 3740 single density format (FM), or IBM
System 34 Double Density format (MFM) including double sided recording. The 8272 provides control signals which
simplify the design of an external phase locked loop, and write precompensation circuitry. The FDC simplifies and
handlies most of the burdens associated with implementing a Floppy Disk Drive Interface.

~
DATA BUS \J
DBM@ BUFFER <:> <:> REGISTERS . RESET[] 1 a0 E Veo
: RD[] 2 39 [7] RWISEEK
WR[] 3 38 JLcnmn
cs[]a 37 [[] FRISTP
«—— WR CLOCK Aol 36 [JHDL
— WR DATA
| > WR ENABLE DBo[] 6 35 [JROY
SERIAL — PRE-SHIFT 0 051‘%‘ 7 34 7] wPITS
O | PRESHIFT1 e[ 8 33 [ FLTITRKO
* }«—— READ.DATA . pB3[] 9 32[7]PS,
TERMINAL < DATA WINDOW oes10 %22 31 [qes,
—> Vco SYNC k
COUNT l pBs[] 11 30 [ WR DATA
DRQ <— l«— READY i 0B 12 210S
01;55 —0O} READ C: INPUT  j<e—— WRITE PROTECT/TWO SIDE DB;[]13 28] DS
<— WRITE PORT  |—— INDEX
RD —=O| DMA [<—— FAULTITRACK 0 LRE: 1 27 | THDSEL
WR —»O] CONTROL N DACK[] 15 26 [ ] MFM
Ay —»] LOGIC
RESET DRIVE DRIVE SELECT 0 TCE e % we
- INTERFACE DRIVE SELECT 1 1bx[] 17 24V,
s A /| CONTROLLER ) MFM MCDE : w18 23 [7RD DATA
OpTRUT | —» RWisEEK cik[] 1 2[Jow
[—> HEAD LOAD GNo[] 20 21 [ TWR cLk
CLK —— |—> HEAD SELECT
Ve — |— LOW CURRENT/DIRECTION
GND —> N |—— FAULT RESETISTEP
Figure 1. 8272 Internal Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description
Pin Connec- ) : ) Pin | Connec-
Symbol No. | Type | tion To [ Name and Function Symbol No. kTy‘pe tion To | Name and Function
RST 1 1 uP | Reset: Places FDC in Vee 40 D.C. Power: +5V
idle state. Resets output -
lines.to FDD to ‘0" RW/SEEK | 39 (0] FDD |[Read Write/SEEK:
(low). ’ When “1” (high) Seek
— mode selected and
RD 2 | M uP  |Read: Control signal when “0” (low) Read/
- for transfer of data from Write mode selected.
FDC to Data Bus, when - -
“0” (low). LCT/DIR 38 | O FDD | Low Current/Direction:
—— : Lowers Write. current
WR 3 [ uP - |Write: Control signal on inner tracks in
for transfer of data to Read/Write mode, de-
FDC via Data Bus, when termines direction head
“0” (low). will step in Seek mode.
cs 4 1 P | Chip Select: ICselected FR/STP 37 o FDD | Fault Reset/Step: Re-
when 0" (low), allow- ; sets fault FF in FDD in
ing RD and WR to be Read/Write mode, pro-
enabled. vides step pulses to
move head to another
Ao 5 .| | uP | Data/Status Register cylinder in Seek mode.
Select: Selects Data g
Reg (Ag = 1) or Status HDL 36 o FDD | Head Load: Command
Reg (Ao = 0) content be which causes read/write
sent to Data Bus. head in FDD to contact
- - diskette.
DBy-DB; - | 6-13 |#/O™ | uP = |Data Bus: Bidirectional - -
o 8-Bit Data Bus. RDY 35 | FDD | Ready: Indicates FDD
T - is ready to send or re-
DRQ 14 [0} DMA |Data DMA Request: ceive data.
DMA Request is being
made by FDC when WP/TS 34 I FDD | Write Protect/ Two-
DRQ “1.” : Side: Senses Write Pro-
tect status in Read/
DACK 15 I DMA |DMA Acknowledge: Write mode, and Two
DMA cycle is active Side Media in Seek
when ‘0"’ (low) and mode.
Controller is perform-
ing DMA transfer. FLT/TRKO 33 1 FDD | Fault/Track 0: Senses
FDD fault condition in
TC 16 | DMA |Terminal Count: Indi- Read/Write mode and
cates the termination of Track 0 condition in
a DMA transfer when Seek mode.
“17 (high)(2! — -
PS4,PS, 31,32 'O FDD | Precompensation (pre-
IDX 17 | FDD [Index: Indicates the shift): Write precom-
beginning of a disk pensation status during
track. MFM mode. Determines
- early, late, and normal
INT 18 [o] uP Interrupt: ‘Interrupt Re- times.
quest Generated by ; -
FDC. WR DATA 30 (o} FDD | Write Data: Serial clock
' and data bits to FDD.
CLK 19 | Clock: Single Phase 8 ;
MHz Squarewave Clock. DS;,DSy 2829| O FDD | Drive Select: Selects
: FDD unit.
GND 20 Ground: D.C. Power -
Return. HDSEL 27 [0} FDD | Head Select: Head 1
selected when ‘17
_ (high) Head 0 selected
Note 1: Disabled when CS=1. when “0” (low).
Note 2: TC must be d to the Phase of any
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Table 1. Pin Description (Continued)

Pin Connec- . Pin Connec-
Symbol No. | Type| tion To | Name and Function Symbol No. | Type | tion To Name and Function
MFM 26 [¢] PLL | MFM Mode: MFM mode DwW 22 1 PLL | Data Window: Gener-
when ““1,”” FM mode ated by PLL, and used
when “0.” to sample data from
FDD.
WE 25 (0] FDD |(Write Enable: Enables
write data into FDD. WR CLK 21 | Write Clock: Write data
rate to FDD FM = 500
vCco 24 o PLL |VCO Sync:Inhibits VCO kHz, MFM = 1 MHz, with
in PLL when “0” (low), a pulse width of 250 ns
enables VCO when 1. for both FM and MFM.
RD DATA 23 | FDD |Read Data: Read data Must be enabled for all

from FDD, containing
clock and data bits.

operations, both Read
and Write.

8272 SYSTEM BLOCK DIAGRAM

SYSTEM BUS

1 —
I DATA

oRQ | WINDOW

RD DATA
WR DATA
oWA DACK 8272 DRIVE
CONTROLLER Foc INPUT CoNTROL | NTERFACE

OUTPUT CONTROL

TC

TERMINAL
COUNT

Hand-shaking signals are provided in the 8272 which
make DMA operation easy to incorporate with the aid of
an external DMA Controller chip, such as the 8237. The
FDC will operate in either DMA or Non-DMA mode. In
the Non-DMA mode, the FDC generates interrupts to the
processor for every transfer of a data byte between the
CPU and the 8272. In the DMA mode, the processor need
only load a command into the FDC and all data transfers
occur under control of the 8272 and DMA controller.

There are 15 separate commands which the 8272 will
execute. Each of these commands require multiple 8-bit
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bytes to fully specify the operation which the processor
wishes the FDC to perform. The following commands
are available.

Read Data Write Data

Read ID Format a Track

Read Deleted Data Write Deleted Data
Read a Track Seek

Scan Equal Recalibrate (Restore to

Scan High or Equal
Scan Low or Equal
Specify

Track 0)
Sense Interrupt Status
Sense Drive Status

FEATURES

Address mark detection circuitry is internal to the FDC
which simplifies the phase locked loop and read elec-
tronics. The track stepping rate, head load time, and
head unioad time may be programmed by the user. The
8272 offers many additional features such as multiple
sector transfers in both read and write modes with a
single command, and full IBM compatibility in both
single (FM) and double density (MFM) modes.

8272 REGISTERS — CPU INTERFACE

The 8272 contains two registers which may be accessed
by the main system processor; a Status Register and a
Data Register. The 8-bit Main Status Register contains
the status information of the FDC, and may be accessed
at any time. The 8-bit Data Register (actually consists of
several registers in a stack with only one register pre-
sented to the data bus at a time), stores data, com-
mands, parameters, and FDD status information. Data
bytes are read out of, or written into, the Data Register
in order to program or obtain the results after execution
of a command. The Status Register may only be read
and is used to facilitate the transfer of data between the
processor and 8272.
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The relationship between the Status/Data registers and
the signals RD, WR, and A is shown below.

Ay | RD | WR
0 0 1

FUNCTION

Read Main Status
Register

Illegal

lllegal

lllegal

Read from Data Register

alalalolo
- lOlO|O| =
o|=|lOjO]| O

Write into Data Register

The bits in the Main Status Register are defined as
follows:

BIT NUMBER NAME SYMBOL
DBy FDD 0 Busy DB

DESCRIPTION

FDD number Ois in the Seek
mode.

FDD number 1is in the Seek
mode.

FDD number 2is in the Seek
mode.

FDD number 3is in the Seek
mode.

DBy FOD 1 Busy 048

DBy FDD 2 Busy DoB

DBy FDD 3 Busy D38

DBy FDC Busy cB A read or write command is

in process.

The FDC is in the non-DMA
mode. This bit is set only
during the execution phase
in non-DMA mode. Tran-
sition to “0” state indicates
execution phase has ended.

DBj Non-DMA mode NDM

Indicates direction of data
transfer between FDC and
Data Register. If DIO=“1"
then transter is from Data
Register to the Processor.
If DIO="0", then transfer
is from the Processor to
Data Register.

DBg Data Input/Output DIO

DBy Request for RQM Indicates Data Register is
Master ready to send or receive
data to or from the Proc-
essor. Both bits DIO and
RQM should be used to
perform the handshaking
functions of “ready” and
“direction” to the
processor.

The DIO and RQM bits in the Status Register indicate
when Data is ready and in which direction data will be
transferred on the Data Bus.

‘OUT OF FDC AND INTO PROCESSOR

DATA IN-OUT
(010)
__OUT OF PROCESSOR AND INTO FDC
READY

REQUEST B
FOR MASTER NOT J
(RQM) READY L.

WR

o L

C
C

IA B A B| A c ] Cc | b |8 A

NOTES: [A] — DATA'REGISTER READY TO BE WRITTEN INTO BY PROCESSOR
[B] — DATA REGISTER NOT READY TO BE WRITTEN INTO BY PROCESSOR
[C] — DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ BY THE
PROCESSOR
[D] — DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ BY
PROCESSOR

STATUS REGISTER TIMING
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The 8272 is capable of executing 15 different com-
mands. Each command is initiated by a multi-byte
transfer from the processor, and the result after execu-
tion of the command may also be a multi-byte transfer
back to the processor. Because of this multi-byte inter-
change of information between the 8272 and the proc-
essor, it is convenient to consider each command as
consisting of three phases:

Command Phase: The FDC receives all information
required to perform a particular
operation from the precessor.

Execution Phase: The FDC performs the operation it

was instructed to do.

After completion of the operation,

status and other housekeeping in-

formation are made available to
the processor.

Result Phase:

During Command or Result Phases the Main Status
Register (described earlier) must be read by the proc-
essor before each byte of information is written into or
read from the Data Register. Bits D6 and D7 in the Main
Status Register must be in a 0 and 1 state, respectively,
before each byte of the command word may be written
into the 8272. Many of the commands require multiple
bytes, and as a result the Main Status Register must be
read prior to each byte transfer to the 8272. On the other
hand, during the Result Phase, D6 and D7 in the Main
Status Register must both be 1's (D6=1 and D7=1)
before reading each byte from the Data Register. Note,
this reading of the Main Status Register before each
byte transfer to the 8272 is required in only the Com-
mand and Result Phases, and NOT during the Execution
Phase.

During the Execution Phase, the Main Status Register
need not be read. If the 8272 is in the Non-DMA Mode,
then the receipt of each data byte (if 8272 is reading data
from FDD) is indicated by an Interrupt signal on pin 18
(INT=1). The generation of a Read signal (RD = 0) will
reset the Interrupt as well as output the Data onto the
Data Bus. For example, if the processor cannot handie
Interrupts fast enough (every 13 us for MFM mode) then
it may poll the Main Status Register and then bit D7
(RQM) functions just like the Interrupt signal. If a Write

Command is in process then the WR signal performs
the reset to the Interrupt signal.

If the 8272 is in the DMA Mode, no Interrupts are gener-
ated during the Execution Phase. The 8272 generates
DRQ’s (DMA Requests) when each byte of data is
available. The DMA Controller responds to this request
with both a DACK =0 (DMA Acknowledge) and a RD=0
(Read signal). When the DMA Acknowledge signal goes
low (DACK = 0) then the DMA Request is reset (DRQ = 0).
If a Write Command has been programmed then a WR
signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has
occurred) then an Interrupt will occur (INT=1). This
signifies the beginning of the Result Phase. When the
first byte of data is read during the Result Phase, the In-
terrupt is automatically reset (INT =0).

It is important to note that during the Result Phase all
bytes shown in the Command Table must be read. The
Read Data Command, for example, has seven bytes of
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data in the Result Phase. All seven bytes must be read in
order to successfully complete the Read Data Com-
mand. The 8272 will not accept a new command until all
seven bytes have been read. Other commands may re-
quire fewer bytes to be read during the Result Phase.

The 8272 contains five Status Registers. The Main
Status Register mentioned above may be read by the
processor at any time. The other four Status Registers
(STO, ST1, ST2, and ST3) are only available during the
Result Phase, and may be read only after successfully
completing a command. The particular command which
has been executed determines how many of the Status
Registers will be read.

The bytes of data which are sent to the 8272 to form the
Command Phase, and are read out of the 8272 in the
Result Phase, must occur in the order shown in the
Command Table. That is, the Command Code must be
sent first and the other bytes sent in the prescribed se-
quence. No foreshortening of the Command or Result
Phases are allowed. After the last byte of data in the
Command Phase is sent to the 8272 the Execution
Phase automatically starts. In a similar fashion, when

the last byte of data is read out in the Result Phase, the
command is automatically ended and the 8272 is ready
for a new command. A command may be aborted by
simply sending a Terminal Count signal to pin 16
(TC=1). This is a convenient means of ensuring that the
processor may always get the 8272's attention even if
the disk system hangs up in an abnormal manner.

POLLING FEATURE OF THE 8272

After the Specify command has been sent to the 8272,
the Drive Select Lines DSO and DS1 will automatically
go into a polling mode. In between commands (and be-
tween step pulses in the SEEK command) the 8272 polls
all four FDDs looking for a change in the Ready line from
any of the drives. If the Ready line changes state (usual-
ly due to a door opening or closing) then the 8272 will
generate an interrupt. When Status Register 0 (ST0) is
read (after Sense Interrupt Status is issued), Not Ready
(NR) will be indicated. The polling of the Ready line by
the 8272 occurs continuously between instructions,
thus notifying the processor which drives are on or off
line.

Table 2. 8272 Command Set

DATA BUS DATA BUS
PHASE |RW |D; Dg D5 Dg D3 Dy Dy Dy REMARKS PHASE |RW | D; Dg D5 Dy D3 D Dy Dp |REMARKS
READ DATA WRITE DATA
Command | W MTMFMSK 0 0 1 1.0 Command Codes Command | W MTMFM 0 0 0 1 0 1 Command Codes
W 0O 0 0 0 O HDSDSt1DSO w 0 0 0 0 0 HDSDS1,0S0
w c Sector ID information w [} Sector ID information
w H prior to Ci d w H prior to C
w R { w R execution
w N w N
w EOT w EOT
w GPL w GPL
W DTL W DTL
Execution Data transfer Execution Data transfer
between the FDD between the main-
and main-system system and FDD
Result R STO Status information Result R STO Status information
R ST1 after C R ST1 after C
R ST2 l R 8T2 ion
R (o] R Cc
R H Sector ID information R H Sector ID information
R R after command R R after C
R N i R N i
READ DELETED DATA WRITE DELETED DATA
Command | W MT MFM SK 0 1 1 0 O Command Codes Command | W MTMFM 0 0 1 o o 1 Command Codes
w 0 0 0 0 O HDSDS1DSO w 0 0 0 0 0 HDSDS1DSO
w C Sector ID information w [ Sector 1D information
w H prior to Ci I w H prior to C
w R i w R execution
w N w N
w EOT w EOT
w GPL w GPL
w DTL w DTL
Execution Data transfer Execution Data transfer
between the FDD between the FDD
and main-system and main-system
Result R STO Status information Result R sTO Status information
R ST1 after C R ST1 after C
R ST2 i R ST2 execution
R [} R c
R H Sector ID information R H Sector ID information
R R after C R R after C
R N ion R N i

Note: 1. Symbols used in this table are described at the end of this section.
2. Ag=1 for all operations.
3. X=Don't care, usually made to equal binary 0.
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Table 2. 8272 Command Set (Continued)

) DATA BUS DATA BUS
PHASE |RW | Dy Dg D5 Dg D3 D Dy Dy |REMARKS PHASE |RW | D; Dg Dg Dy D3 D Dy Do |REMARKS
) READ A TRACK ] ) " SCAN LOW OR EQUAL
Command | W 0O MFMSK 0 0 O 1 0 [CommandCodes Command | W MTMFMSK 1 1 0 0 1 Command Codes
w 0 0 0 0 0 HDSDS1 DSO w 0 0 0 0 O HDSDSY DSO
w [ Sector 1D information w [ Sector 1D
w H prior to C w H prior C
w R w R
w N w N
w EOT w EOT
w GPL w GPL
w DTL W sTP
Execution Data transfer Execution Data compared
between the FDD between the FDD
and main-system. and main-system
FDC reads all of _
cylinders contents Result R STO Status
from index hole to R ST1 after C:
EOT R ST2
R [
Resuit R sTO Status inf { R H Sector ID
R SsT1 after Com R R after C
R sT2 R N i
R [}
R “H Sector D SCAN HIGH OR EQUAL
: : after G c d| W | MTMFMSK 1 1 1 0 1 |Command Codes
w 0 0 0 0 O HDSDS1DSO
READ ID w Cc Sector ID inf {
Command| W | 0 MFM 0 0 1 0 1 0 |Commands w : prior G
w 0 0O 0 O O HDSDst1DSO w N
w EOT
Execution The first correct 1D w GPL
information on the w sTP
Cylinder is stored in
Data Register Execution Data compared
between the FDD
Result R sTO Status and main-system
R ST1 after C
R ST2 i Result R STO Status i
R C R ST1 after C
R H Sector 1D information R SsT2
R R during E i R c
R N Phase R H Sector 1D inf
c
FORMAT A TRACK ] R 4 after Cc
Command x (OJ MZM g g ; "; s Dg D;{, Command Codes RECALIBRATE
1
W N Command | W 0 0 0 0 0 1 1 1 |CommandCodes
w sC ylinder W |0 0 0 0 0 o0 DStDSO
w GPL Gap 3 Execution Head retracted to
w D Filler Byte Track 0
Execution FDC formats an SENSE INTERRUPT STATUS
entire cylinder Command[W [0 0 0 0 1 0 0 0 |CommandCodes
Result R sTO Status inf Result R sTO Status inf at
R ST1 after C R PCN the end of each seek
R ST2 operation about the
R [0} FDC
R H In this case, the ID
R R i ion has no SPECIFY
R N Command | W o 0 0 0 o0 o 1 1 Command Codes
W [ SRT HUT ___
SCAN EQUAL W HLT ——— ND
Command | W MTMFMSK 1 0 0 0 1 [|CommandCodes -
w 0 0 O O O HDS DS1DSO SENSE DRIVE STATUS
w C Sector ID information |} Command | W 0 0 0 0 0 1 0 0 [CommandCodes
w H prior to W |0 0 0 0 0 HDSDS!DSO
w R ,
w N Result R ST3 Status
w EOT about FDD
w GPL
w sTP SEEK
. . o | Command [ W 0 0 0 0 1 1 1 1 |CommandCodes
xecution ata compare:
between the FOD w 0 0 0 0 0 HDSDS1DSO
and main-system w NCN
Result R STO Status i E Head is positioned
: R ST1 after C over proper Cylinder
R sT2 on Diskette
R c INVALID
R H Sector ID inf N
R R after C C d| W Invalid Codes Invalid C
R N Codes (NoOp— FDC
goes into Standby
State)
Result R STO ST 0=80
(16)
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Table 3. CQmmand Mnemonics

SYMBOL NAME DESCRIPTION
Ag Address Line 0 Ag controls selection of Main Status
. Register (Ag = 0) or Data Register (Ag=1).

[of Cylinder Number C stands for the current selected Cylinder
track number 0 through 76 of the medium.

D Data D stands for the data pattern which is
going to be written into a Sector.

D7-Dg Data Bus 8-bit Data Bus where D7 is the most
significant bit, and Dy Is the least signifi-
cant bit. )

DS0, DS1 | Drive Select DS stands for a selected drive number 0
or1.

DTL Data Length When N is defined as 00, DTL stands for
the data length which users are going to
read out or write into the Sector.

EOT End of Track EOT stands for the final Sector number of
a Cylinder.

GPL Gap Length GPL stands for the length of Gap 3

Sectors g VCO
Sync Field).

H Head Address H stands for head number 0 or 1, as
specified in 1D field.

HDS Head Select HDS stands for a selected head number 0
or 1 (H=HDS in all command words).

HLT Head Load Time HLT stands for the head load time in the
FDD (2 to 2564ms in 2ms increments).

HUT Head Unload Time HUT stands for the head unload time after
a read or write operation has occurred (16
to 240ms in 16 ms increments).

MFM FM or MFM Mode If MF is low, FM mode is selected and if
it is high, MFM mode is selected.

MT Multi-Track If MT is high, a multi-track operation is to
be performed (a cylinder under both HDO
and HD1 will be read or written).

N Number N stands for the number of data bytes
written in a Sector.

SYMBOL NAME DESCRIPTION

NCN New Cylinder Number | NCN stands for a new Cylinder number,
which is going to be reached as a result
of the Seek operation. Desired position of
Head

ND stands for operation in the Non-DMA
Mode.

ND Non-DMA Mode

PCN Present Cylinder
Number

PCN stands for the Cylinder number at
the completion of SENSE INTERRUPT

STATUS Command. Position of Head at
present time.

R Record R stands for the Sector number, which

will be read or written.

R/W stands for either Read (R) or Write
(W) signal.

SC indicates the number of Sectors per
Cylinder.

SK stands for Skip Deleted Data Address
Mark.

SRT stands for the Stepping Rate for the
FDD (1to 16 ms in 1 ms increments). The
same Stepping Rate applies to all drives

(F=1ms, E=2 ms, etc.).

ST 0-3 stand for one of four registers
which store the status information after

a command has been executed. This
information is available during the result
phase after command execution. These
registers should not be confused with the
main status register (selected by Ag=0).
ST 0-3 may be read only after a command
has been and contain inf i
relevant to that particular command.

STP During a Scan operation, if STP=1, the
data in '] sectors is P

byte by byte with data sent from the
processor (or DMA), and if STP =2, then
alternate sectors are read and compared.

RIW Read/Write

sC Sector

SK Skip

SRT Step Rate Time

STO Status 0
ST1 Status 1
§T2 Status 2
ST3 Status 3

COMMAND DESCRIPTIONS

During the Command Phase, the Main Status Register
must be polled by the CPU before each byte is written
into the Data Register. The DIO (DB6) and RQM (DB7)
bits in the Main Status Register must be in the “0” and
“1” states respectively, before each byte of the com-
mand may be written into.the 8272. The beginning of the
execution phase for any of these commands will cause
DIO and RQM to switch to “1” and ““0” states respective-
ly.

READ DATA

A set of nine (9) byte words are required to place the
FDC into the Read Data Mode. After the Read Data com-
mand has been issued the FDC loads the head (if it is in
the unloaded state), waits the specified head settiing
time (defined in the Specify Command), and begins
reading ID Address Marks and ID fields. When the cur-
rent sector number (“R”) stored in the ID Register (IDR)

compares with the sector number read off the diskette,
then the FDC outputs data (from the data field) byte-by-
byte to the main system via the data bus.

After completion of the read operation from the current
sector, the Sector Number is incremented by one, and
the data from the next sector is read and output on the
data bus. This continuous read function is called a
“Multi-Sector Read Operation.” The Read Data Com-
mand may be terminated by the receipt of a Terminal
Count signal. Upon receipt of this signal, the FDC stops
outputting data to the processor, but will continue to
read data from the current sector, check CRC (Cyclic
Redundancy Count) bytes, and then at the end of the
sector terminate the Read Data Command.

The amount of data which can be handled with a single
command to the FDC depends upon MT (multi-track),
MFM (MFM/FM), and N (Number of Bytes/Sector). Table 4
below shows the Transfer Capacity.

Table 4. Transfer Capacity

Multi-Track | MFM/FM | Bytes/Sector Maximum Transfer Capacity Final Sector Read

mMT MFM N « N of from

[) 0 00 (128) (26)= 3,328 26 at Side 0

o (256) (26)= 6,656 or 26 at Side 1

1 0 00 (128) (52)= 6,656 4

1 1 01 (256) (52) = 13,312 26 at Side-1
0 [) 01 (256) (15)= 3,840 15 at Side 0.
0 1 02 (512) (15)= 7,680 or 15 at Side 1
1 [) 01 (256) (30)= 7,680 )

1 1 02 (512) (30) = 15,360 1 at Side 1
0 0 02 (512)(8) = 4,096 8 at Side 0
0 1 03 (1024)(8) = 8,192 or 8 at Side 1
1 ) 02 (512) (16)= 8,192

1 1 03 (1024) (16) = 16,384 8atSide 1
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The “multi-track” function (MT) allows the FDC to read’
data from both sides of the diskette. For a particular
cylinder, data will be transferred. starting at Sector 1,
Side 0 and completing at Sector L, Side 1 (Sector L = last
sector on the side). Note, this function pertains to only
one cylinder (the same track) on each side of the
diskette.

When N = 0, then DTL defines the data length which the
FDC must treat as a sector. If DTL is smaller than the ac-
tual data length in a Sector, the data beyond DTL in the
Sector, is not sent to the Data Bus. The FDC reads (inter-
nally) the complete Sector performing the CRC check;,
and depending upon the manner of command termina-
tion, may perform a Multi-Sector Read Operation. When
N is non-zero, then DTL has no meaning and should be
set to OFFH.

At the completion of the Read Data Command, the head
is not unloaded until after Head Unload Time Interval
(specified in the Specify Command) has elapsed. If the
processor issues another command before the head
unloads then the head settling time may be saved be:
tween subsequent reads. This time out is particularly
valuable when a diskette is copled from one drive to
another.

If the FDC detects the Index Hole twice without finding
the right sector, (indicated in “R”), then the FDC sets
the ND (No Data) flag in Status Register 1 to a 1 (high),
and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 set to 0 and 1 respective-
ly.)

After reading the ID and Data Fields in each sector, the
FDC checks the CRC bytes. If a read.error is detected
(incorrect CRC in ID field), the FDC sets the DE (Data Er-
ror) flag in Status Register 1 toa 1 (high), and if a CRC er-
ror occurs: in the Data Field the FDC also sets the DD
(Data Error in Data Field) flag in Status Register2toa 1
(high), and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 setto 0 and 1 respec-
tively.)

If the FDC reads a Deleted Data Address Mark off the
diskette, and the SK bit (bit D5 in the first Command
Word) is not set (SK = 0), then the FDC sets the CM (Con-
trol Mark) flag in Status Register 2 to a 1 (high), and ter-
minates the Read Data Command, after reading all the
data in the Sector. If SK=1, the FDC skips the sector
with the Deleted Data Address Mark and reads the next
sector.

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serviced
by the processor every 27 us in the FM Mode, and every
13 us in the MFM Mode, or the FDC sets the. OR (Over
Run) flag in Status Register 1 to a 1 (high), and ter-
minates the Read Data Command.

If the processor terminates a read (or write) operation in
the FDC, then the ID Information in the Result Phase is
dependent upon the state of the MT bit and EOT byte.
Table 5 shows the values for C, H, R, and N, when the
processor terminates the Command.
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Notes: 1. NC (No Change): The same value as the one at the beginning of command

Table 5. ID Information When Processor
Termlnates COmmand

] Inlomutlon at Result th |

Final Sector Trar to i i
) Processor cC | H R N

1A Sector.1 to 25 at Side 0 . :
OF Sector 1 to 14 at Side 0 NC NC R+1 NC
08 ‘Sector 1to 7hal Side 0

1A Sector 26 at Side 0 i
OF Sector 15 at Side 0 - C+1 NC R=01 NC
08 Sector 8 at Side 0

1A Sector 1 to 25 at Side 1 \
OF Sector 1to 14 at Side 1 . NC NC R+1 NC
08 Sector 1to 7 at Side 1

1A Sector 26 at Side 1
OF Sector 15 at Side 1 C+1 NC R=01 NC
08 | Sector8 at Side 1

1A Sector 1 to 25 at Side 0 §
OF Sector 1 to 14 at Side 0 NC NC R+1 NC
08 Sector 1to 7 at Side 0

1A Sector 26 at Side 0
OF Sector 15 at Side 0 . NC LsB R=01 NC
08 Sector 8 at Side 0

1A Sector 1 to 25 at Side 1
OF Sector 1 to 14 at Side 1 NC NC R+1 NC
08 Sector 1 to 7 at Side 1

1A Sector 26 at Side 1
OF Sector 15 at Side 1 C+1 LSB R=01 NC
08 Sector 8 at Side 1 ’

MT .| EOT

execution.

. LSB (Least Significant Bit): The least significant bit of H is
complemented.

WRITE DATA

A set of nine (9) bytes are required to set the FDC into
the Write Data mode. After the Write Data command has
been issued the FDC loads the head (if it is in the
unloaded state), waits the specified head settling time
(defined in the Specify Command), and begins reading
ID Fields. When the current sector number (“R”), stored
in the ID Register (IDR) compares with the sector
number read off the diskette, then the FDC takes data
from the processor byte-by-byte via the data bus, and
outputs it to the FDD.

After writing data into the current sector, the Sector
Number stored in “R” is incremented by one, and the
next data field is written into, The FDC continues this
“Multi-Sector Write Operation” until the issuance of a
Terminal Count signal. If a Terminal Count signal is sent
to the FDC it continues writing into the current sector to
complete the data field. If the Terminal Count signal is
received while a data field is being written then the re-
mainder of the data field is filled with 00 (zeros).

The FDC reads the ID field of each sector and checks
the CRC bytes. If the FDC detects a read error (incorrect
CRC) in one of the ID Fields, it sets the DE (Data Error)
flag of Status Register 1 to a 1 (high), and terminates the
Write Data Command. (Status. Register 0 also has bits 7
and 6 set to 0 and 1 respectively.)

5]

The Write Command operates in much the same manner
as the Read Command. The following items are the
same; refer to the Read Data Command for details:

¢ Transfer Capacity- .

¢ EN (End of Cylinder) Flag

e ND (No Data) Flag
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¢ Head Unload Time Interval

o |D Information when the processor terminates com-
mand (see Table 2)

e Definition of DTL when N=0 and when N # 0

In the Write Data mode, data transfers between the proc-
essor and FDC must occur every 31 us in the FM mode,
and every 15 us in the MFM mode. If the time interval
between data transfers is longer than this then the FDC
sets the OR (Over Run) flag in Status Register 1 to a 1
(high), and terminates the Write Data Command.

WRITE DELETED DATA

This command is the same as the Write Data Command
except a Deleted Data Address Mark is written at the
beginning of the Data Field instead of the normal Data
Address Mark.

READ DELETED DATA

This.command is the same as the Read Data Command
except that when the FDC detects a Data Address Mark
at the beginning of a Data Field (and SK =0 (low)), it will
read all the data in the sector and set the CM flag in
Status Register 2 to a 1 (high), and then terminate the
command. If SK= 1, then the FDC skips the sector with
the Data Address Mark and reads the next sector.

READ A TRACK

This command is similar to READ DATA Command
except that the entire data field is read continuously
from each of the sectors of a track. Immediately after
encountering the INDEX HOLE, the FDC starts reading
all data fields on the track as continuous blocks of data.
If the FDC finds an error in the ID or DATA CRC check
bytes, it continues to read data from the track. The FDC
compares the ID information read from each sector with
the value stored in the IDR, and sets the ND flag of
Status Register 1 to a 1 (high) if there is no comparison.
Multi-track or skip operations are not allowed with this
command.

This command terminates when EOT number of sectors
have been read. If the FDC does not find an ID Address
Mark on the diskette after it encounters the INDEX
HOLE for the second time, then it sets the MA (missing
address mark) flag in Status Register 1 to a 1 (high), and
terminates the command. (Status Register 0 has bits 7
and 6 set to 0 and 1 respectively.)

READ ID

The READ ID Command is-used to give the present posi-
tion of the recording head. The FDC stores the values
from the first ID Field it is able to read. If no proper ID
Address Mark is found on the diskette, before the IN-
DEX HOLE is encountered for the second time then the
MA (Missing Address Mark) flag in Status Register 1 is
set to a 1 (high), and if no data is found then the ND (No
Data) flag is also set in Status Register 1 to a 1 (high)
and the command is terminated.

FORMAT A TRACK

The Format Command allows an entire track to be for-
matted. After the INDEX HOLE is detected, Data is writ-
ten on the Diskette: Gaps, Address Marks, ID-Fields and
Data Fields, all per the IBM System 34 (Double Density)
or System 3740 (Single Density) Format are recorded.
The particular format which will be written is controlled
by the values programmed into N (number of bytes/sec-
tor), SC (sectors/cylinder), GPL (Gap Length), and D
(Data Pattern) which are supplied by the processor dur-
ing the Command Phase. The Data Field is filled'with
the Byte of data stored in D. The ID Field for each sector
is supplied by the processor; that is, four data requests
per sector are made by.the FDC for C (Cylinder Number),
H (Head Number), R (Sector Number) and N (Number of
Bytes/Sector). This allows the diskette to be formatted

“with nonsequential sector numbers, if desired.”

After formatting each sector; the processor must send
new values for C, H, R, and N to the 8272 for each sector
on the track. The contents of the R register is in-
cremented by one after each sector is formatted, thus,
the R register contains a value of R+ 1 when it is read
during the Result Phase. This incrementing and format-
ting continues for the whole track until the: FDC en-
counters the INDEX HOLE for the second time, where-
upon it terminates the command.

If a FAULT signal is received from the FDD at the end of
a write operation, then the FDC sets the EC flag of
Status Register 0 to a 1 (high), and terminates the com-
mand after setting bits 7 and 6 of Status Register 0 to 0
and 1 respectively. Also the loss of a READY signal at
the beginning of a command execution phase causes
command termination.

Table 6 shows the relatlonsh:p between N, SC and GPL
for various sector sizes:

Table 6. Sector Size Relationships

FORMAT SECTORSIZE | N aprL! | apL? REMARKS
128 bytes/Sector | 00 | 1A(4g) 07(16) | 1B(16) | IBM Diskette 1°
FM Mode | 256 01 | OF1g) | OE(g) | 2A(1g) | IBM Disktte 2
512 02 | 08 | 1By | 3Acg)
1024 bytes/Sector | .03 - -
FM Mode | 2048 04 - -
4096 05 - -
256 01 | 1Aqg) | OF1g) | 36(16) | IBM Diskette2D
i;; gg OF“s) ;?w) ?:(15) IBM Diskette 2D
16) 16) skette
MFMMode | .22 or (16) | T4te)
4096 05 - -
8192 06 - -

Note: 1. Suggested values of GPL in Read or Write Commands to avoid splice point
between data field and ID field of contiguous sections.

2. Suggested values of GPL in format command.
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SCAN COMMANDS

The SCAN Commands aliow data which is being read
from the diskette to be compared against data which is
being supplied from the main system (Processor in
NON-DMA mode, and DMA Controlier in DMA mode).
The FDC compares the data on a byte-by-byte basis, and
looks for a sector of data which meets the conditions of
Depp = Dprocessor DFpp < Dprocessors OF DFpD > Dprocessor:
Ones complement arithmetic is used fér comparison
(FF = largest number, 00=smallest number). After a
whole sector of data is compared, if the ,conditions are
not met, the sector number is mcremeﬁted (R+STP —>
R), and the scan operation is contlnuéd The scan opera-
tion continues until one of the followmg conditions oc-
cur; the conditions for scan are met (equal, low, or high),
the last sector on the track is reached (EOT), or the ter-
minal count signal is received.

If the conditions for scan are met then the FDC sets the
SH (Scan Hit) flag of Status Register 2 to a 1 (high), and
terminates the Scan Command. If the conditions for
scan. are not met between the starting sector (as
specified by R) and the last sector on the cylinder (EOT),
then the FDC sets the SN (Scan Not Satisfied) flag of
Status Register 2 to a.1.(high), and terminates the Scan
Command. The receipt of a TERMINAL COUNT signal
from the Processor or DMA Controller during the scan
operation will cause the FDC to complete the com-
parjson of the particular byte which is in process, and
then to terminate the command. Table 7 shows the
status of bits SH and SN under various conditions of
SCAN. -

Table 7. Scan Status Codes

. STATUS REGISTER 2
COMMAND BIT2=SN BIT3=SH COMMENTS
0 1 D =D
Scan Equal 1 0 | DFDD*Dbracesser
0 1 DFpp=Dprocessor
Scan Low or Equal 0 0 Drpp < Dprocessor
: 1 0 Drpp % Dprocessor
0 1 Drpp=Dprocessor -
Scan High or Equal 1] 0 Depp > Dprocessor
1 o Dppp # Dprocessor

I1f the FDC encounters a Deleted Data Address Mark on
one of the sectors (and SK=0), then it regards the sec-
tor as the last sector on the cylinder, sets CM (Control
Mark) flag of Status Register 2 to a 1 (high) and ter-
minates the command. If SK= 1, the FDC skips the sec-
tor with the Deleted Address Mark, and reads the next
sector. In the second case (SK = 1), the FDC sets the CM
(Control Mark) flag of Status Register 2 to a 1 (high) in
order to show that a Deleted Sector had been en-
countered.

1-155

When. either the STP (contiguous sectors STP=01, or
alternate sectors STP=02 sectors are read) or the MT
(Multi-Track) are programmed, it is necessary to
remember that the last sector on the track must be read.
For example, if STP=02, MT=0, the sectors are
numbered ‘sequentially 1 through 26, and we start the
Scan Command at sector 21; the following will happen.
Sectors 21, 23, and 25 will be read, then the next sector
(26) will be skipped and the Index Hole will be en-
countered before the EOT value of 26 can be read. This
will result in an abnormal termination of the command.
If the EOT had been set at 25 or the scanning started at
sector 20, then the Scan Command would be completed
in a normal manner.

During the Scan Command data is supplied by either the
processor or DMA Controller for comparison against the
data read from the diskette. In order to avoid having the
OR (Over Run) flag set in Status Register 1, it is nec-
essary to have the data available in less than 27 us (FM
Mode) or 13 us (MFM Mode). If an Overrun occurs the
FDC terminates the command.

SEEK -

The read/write head within the FDD is moved from
cylinder to cylinder under control of the Seek Command.
The FDC compares the PCN (Present Cylinder Number)
which is the current head position with the NCN (New
Cylinder Number), and performs the following operation
if there is a difference:

PCN.< NCN: Direction signal to. FDD set to a 1 (high),
and Step Pulses are issued. (Step In.)

PCN > NCN: Direction signal to FDD set to a 0 (low),
and Step Pulses are issued. (Step Out.)

The rate at which Step Pulses are issued is controlled by
SRT (Stepping Rate Time) in the SPECIFY Command.
After each Step Pulse is issued NCN is compared
against PCN, and when NCN = PCN, then the SE (Seek
End) flag is set.in Status Register 0 to a 1 (high), and the
command is terminated.

During the Command Phase of the Seek operation the

FDC is in the FDC BUSY state, but during the Execution
Phase it is in the NON BUSY state. While the FDC is in
the NON BUSY state, another Seek Command may be
issued, and in this manner parallel seek operations may

“be done on up to 4 Drives at once.

If an FDD is in a NOT READY state at the beginning of
the command execution phase or during the seek opera-
tion, then the NR (NOT READY) flag is set in Status
Register 0 to a 1 (high), and the command is terminated.
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RECALIBRATE

This command causes the read/write head within the
FDD to retract to the Track 0 position. The FDC clears
the contents of the PCN counter, and checks the status
of the Track 0 signal from the FDD. As long as the Track
0 signal is low, the Direction signal remains 1 (high) and
Step Pulses are issued. When the Track 0 signal goes
high, the SE (SEEK END) flag in Status Register 0 is set
to a 1 (high) and the command is terminated. If the Track
0 signal is still low after 77 Step Pulses have been
issued, the FDC sets the SE (SEEK END) and EC (EQUIP-
MENT CHECK) flags of Status Register 0 to both 1s
(highs), and terminates the command.

The ability to overlap RECALIBRATE Commands to
multiple FDDs, and the loss of the READY signal, as
described in the SEEK Command, also applies to the
RECALIBRATE Command.

SENSE INTERRUPT STATUS

An Interrupt signal is generated by the FDC for one of
the following reasons:

1. Upon entering the Result Phase of:
. Read Data Command
. Read a Track Command
. Read ID Command
. Read Deleted Data Command
. Write Data Command

Format a Cylinder Command
. Write Deleted Data Command

h. Scan Commands

2. Ready Line of FDD changes state
3. End of Seek or Recalibrate Command
4. During Execution Phase in the NON-DMA Mode

Interrupts caused by reasons 1 and 4 above occur during
normal command operations and are easily discernible
by the processor. However, interrupts caused by
reasons 2 and 3 above may be uniquely identified with
the aid of the Sense Interrupt Status Command. This
command when issued resets the interrupt signal and
via bits 5, 6, and 7 of Status Register O identifies the
cause of the interrupt.

Q0 a0U

Table 8. Seek, Interrupt Codes

SEEK END |INTERRUPT CODE

BITS | BiTs | BIT? CAUSE
0 1 1 Ready Line changed
state, either polarity
1 0 0 Normal Termination

of Seek or Recalibrate
Command

Abnormal Termination of
Seek or Recalibrate
Command
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Neither the Seek or Recalibrate Command have a Result
Phase. Therefore, it is mandatory to use the Sense Inter-
rupt Status Command after these commands to effec-
tively terminate them and to provide verification of the
head position (PCN).

SPECIFY

The Specify Command sets the initial values for each of
the three internal timers. The HUT (Head Unload Time)
defines the time from the end of the Execution Phase of
one of the Read/Write Commands to the head unload
state. This timer is programmable from 16 to 240 ms in
increments of 16 ms (0O1=16 ms, 02=32 ms....OF =
240 ms). The SRT (Step Rate Time) defines the time in-
terval between adjacent step pulses. This timer is pro-
grammable from 1 to 16 ms in increments of 1 ms (F=1
ms, E=2 ms, D=3 ms, etc.). The HLT (Head Load Time)
defines the time between when the Head Load signal
goes high and when the Read/Write operation starts.
This timer is programmable from 2 to 254 ms in in-
crements of 2 ms (01=2 ms, 02=4 ms, 03=6ms....
FE =254 ms).

The time intervals mentioned above are a direct function
of the clock (CLK on pin 19). Times indicated above are
for an 8 MHz clock, if the clock was reduced to 4 MHz
(mini-floppy application) then all time intervals are in-
creased by a factor of 2.

The choice of DMA or NON-DMA operation is made by
the ND (NON-DMA,) bit. When this bit is high (ND = 1) the
NON-DMA mode is selected, and when ND =0 the DMA
mode is selected.

SENSE DRIVE STATUS

This command may be used by the processor whenever
it wishes to obtain the status of the FDDs. Status
Register 3 contains the Drive Status information.

INVALID

If an invalid command is sent to the FDC (a command
not defined above), then the FDC will terminate the com-
mand. No interrupt is generated by the 8272 during this
condition. Bit 6 and bit 7 (DIO and RQM) in the Main
Status Register are both high (“1”) indicating to the
processor that the 8272 is in the Result Phase and the
contents of Status Register 0 (STO) must be read. When
the processor reads Status Register 0 it will find a 80H
indicating an invalid command was received.

A Sense Interrupt Status Command must be sent after a
Seek or Recalibrate interrupt, otherwise the FDC will
consider the next command to be an Invalid Command.

In some applications the user may wish to use this com-
mand as a No-Op command, to place the FDC in a stand-
by or no operation state.
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Table 9. Status Registers

BIT

SYMBOL |

.DESCRIPTION

NOT[‘ NAME

STATUS REGISTER 0

Dy

Dg

Interrupt
Code

IC

D7=0and Dg=0

Normal Termination of Command,
(NT). Command was completed and
properly executed.

D7=0and Dg=1

Abnormal Termination of Com-
mand, (AT). Execution of Command
was started, but was not
successfully completed.

D;=1and Dg=0

Invalid Command issue, (IC).
Command which was issued was
never started.

Dy;=1and Dg=1

Abnormal Termination because
during command execution the
ready signal from FDD changed
state.

Dsg

Seek End

SE

When the FDC completes the
SEEK Command, this flag is set to 1
(high).

Dy

Equipment
Check

EC

If a fault Signal is received from the
FDD, or if the Track 0 Signal fails to
occur after 77 Step Pulses (Recali-

brate Command) then this flag is set.

D3

Not Ready

NR

When the FDD is in the not-ready
state and a read or write command is
issued, this flag is set. If a read or
write command is issued to Side 1
of a single sided drive, then this flag
is set.

Dy

Head
Address

HD

This flag is used to indicate the
state of the head at Interrupt.

D4

Unit Select 1

Us 1

Do

Unit Select0

uso

These flags are used to indicate a
Drive Unit Number at Interrupt

STATUS

REGISTER 1

D7

End of
Cylinder

EN

When the FDC tries to access a
Sector beyond the final Sector of a
Cylinder, this flag is set.

Dg

Not usad. This bit is always 0 (low).

Ds

Data Error

DE

When the FDC detects a CRC error
in either the ID field or the data field,
this flag is set.

D4

Over Run

OR

If the FDC is not serviced by the
main-systems during data transfers,
within a certain time interval, this
flag is set.

D3

Not used. This bit always 0 (low).

D,

No Data

ND

During execution of READ DATA,
WRITE DELETED DATA or SCAN
Command, if the FDC canriot find
the Sector specified in the IDR
Register, this flag is set.

During executing the READ ID Com-
mand, if the FDC cannot read the
ID field without an error, then this
flag is set.

During the execution of the READ A
Cylinder Command, if the starting
sector cannot be found, then this
flag is set.
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BIT

DESCRIPTION

No.| NAME | symsoL

STATUS REGISTER 1 (CONT)
D; | Not _NW | During execution of WRITE DATA," -
Writable WRITE DELETED DATA or Format A
g Cylinder Command, if the FDC
detects a write protect signal from
the FDD, then this flag is set.
Dy | Missing MA If the FDC cannot detect the ID
Address Address Mark after encountering the
Mark indéx hole twice, then this flag is set.
If the FDC cannot detect the Data
-| Address Mark or Deleted Data
Address Mark, this flag is set. Also
at the same time, the MD (Missing
Address Mark in Data Field) of
Status Register 2 is set.
STATUS REGISTER 2
D; Not used. This bit is always 0 (low).
Dg | Control CcM During executing the READ DATA or
Mark SCAN Command, if the FDC
encounters a Sector which contains
a Deleted Data Address Mark, this
»ﬂag is set.
Ds | DataErrorin DD If the FDC detects a CRC error in
Data Field the data field then this flag is set.
D4 | Wrong wC This bit is related with the ND bit,
Cylinder and when the contents of C on the
medium is different from that stored
in the IDR, this flag is set.
D3 | Scan Equal SH During execution, the SCAN
Hit Command, if the condition of
“‘equal” is satisfied, this flag is set.
D, | Scan Not SN During executing the SCAN
Satisfied Command, if the FDC cannot find a
Sector on the cylinder which meets
the condition, then this flag is set.
D, | Bad BC This bit is related with the ND bit,
Cylinder and when the content of C on the
medium is different from that stored
in the IDR and the content of C is
FF, then this flag is set.
Dy | Missing MD When data is read from the medium,
Address if the FDC cannot find a Data
Mark in Data Address Mark or Deleted Data
Field Address Mark, then this flag is set.
STATUS REGISTER 3
D; | Fault FT This bit is used to indicate the
status of the Fault signal from the
FDD.
Dg | Write - WP This bit is used to indicate the
Protected status of the Write Protected signal
. from the FDD.
D5 | Ready RDY This bit is used to indicate the status
of the Ready signal from the FDD.
Dy | Track O TO This bit is used to indicate the status
of the Track O signal from the FDD.
D3 | Two Side TS This bit is used to indicate the status
of the Two Side signal from the FDD.
D, | Head HD This bit is used to indicate the status
Address of Side Select signal to the FDD.
Dy | Unit Select1 us1 This bit is used to indicate the status
of the Unit Select 1 signal to the FDD.
Dg | Unit Select0 uso This bit is used to indicate the status
of the Unit Select 0 signal to the FDD.
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ABSOLUTE MAXIMUM RATINGS*
Operating Temperature ............ —10°C to +70°C NOTICE: Stress above those listed under ““Absolute Max-
Storage Temperature ............. -40°Cto +125°C  imum Ratings” may cause permanent damage to the de-
All Output Voltages ............... —0.51to +7 Volts vice. This is a stress rating only and functional operation of
All Input Voltages ................. —0.5to +7 Volts the device at these or any other conditions above those
Supply Voltage Vg «ovovveenn... —0.5to +7 Volts indicated in the operational sections of this specification
Power Dissipation ............cvviriininnnn. 1 Watt is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
*Tpo=25°C reliability.
D.C. CHARACTERISTICS (T, = 0°Cto +70°C, Vo = +5V + 5%)
Svmbol Limits ) Test
ymbo Parameter Min. Max. Unit Conditions
Vi, Input Low Voltage -05 0.8 v
ViH, Input High Voltage 20 Vec+0.5 \"
Vi, (CLK & WR CLK) -0.5 0.65 v
Vin, (CLK & WR CLK) 24 Vec+0.5 v
VoL Output Low Voltage 0.45 V) loL=2.0 mA
VoH Output High Voltage 2.4 Veo v lon= —200 uA
lcc Ve Supply Current 150 mA
| Input Load Current 10 uA Vin=Vcc
I (All Input Pins) -10 'y Vin=0V
ILoH High Level Output 10 uA Vour=Vcc
Leakage Current
oL Low Level Output -10 uA Vour= +0.45V
Leakage Current
CAPACITANCE (T, = 25°C, fo = 1 MHz, Ve = 0V)
Limits ) Test
Symbol Parameter Min. Max. Unit Conditions
Cinw) Clock Input Capacitance 20 pF All Pins Except
- Pin Under Test
Cin Input Capacitance 10 pF Tied to AC
Cout Output Capacitance 20 pF Ground
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A.C. CHARACTERISTICS (Ta = 0°C to 70°C; Vcc = +5.0V = 5%)
Symbol Parameter Min. Max. | Unit Test Conditions
toy Clock Period o 125 ns
ton Clock High Period 40 ns Note 4
tRsT Reset Width 14 toy
Read Cycle
taR Select Setup to RD+ 0 ns
tRa Select Hold from RDt 0 ns
trR RD Pulse Width 250 ns
tRp Data Delay from RD+ 200 ns
tor Output Fioat Delay 20 100 ns
Write Cycle _
taw Select Setup to WRV 0 ns
twa Select Hold from WRt 0 ns
tww WR Pulse Width 250 ns
tow .| Data Setup to WRt 150 ns
twp | Data Hold from WRt 5 ns
Interrupts
tr INT Delay from RD? - 500 ns
twi INT Delay from WR? 500 ns
DMA
tracy DRQ Cycle Period 13 us
takRQ DACK: to DRQV 200 ns
traR DRQt to RD¢ 800 ns 8 MHz clock
thaw DROtto WRt 250 ns 8 MHz clock
trQRW DRQt to RDt or WR? 12 us 8 MHz clock
FDD Interface we' o e e
twey WCK Cycle Time 20r4 ) MFM=0
| o2 _|_ [P | wemar N2
tweH WCK High Time 250 100 350 ns
tcp Pre-Shift Delay from WCK? 20 100 ns
tcp WDA Delay from WCK* 20 100 ns
twop Write Data Width tweH — 50 ns
twe WEt to WCKt or WE! to WCKi Delay | . _2 1w ns
twwoey Window Cycle Time 2 s MFM=0
a__ | MFM=1 —
twRD Window Setup to RDD? 15 1 ns
trow Window Hold from RDDV 15 ns
tRoD RDD Active Time (HIGH) 40 ns
FDD
SEEK/
DIRECTION/
STEP \
tus USy,; Setup to RWISEEK? 12 us
tsp RWISEEK Setup to LCT/DIR 6.8 us
tos RWISEEK Hold from LCT/DIR 30 us
tpsT LCTI/DIR Setup to FRISTEPt 1 us
ts1D LCT/DIR Hold from FRISTEPY .24 us ¥ 8MHz clock
tstu DSy 4 Hold from FR/Stept 5 us
tstp STEP Active Time (High) 5 ©us
tsc STEP Cycle Time 33 us Note 3
ter FAULT RESET Active Time (High) 8 10 us
tiox INDEX Pulse Width 625 us )
trc Terminal Count Width 1 toy
NOTES:

1. Typical values for T, =25°C and nominal supply voltage.

2. The former values are used for standard floppy and the latter values are used for mini-floppies.
3. tgc=33us min. is for different drive units. In the case of same unit, tgc can be ranged from 1ms to 16 ms with 8 MHz clock period, and 2ms to 32ms

with 4MHz clock, under software control.
. From 2.0Vfto +2.0V|.

»
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24
2,0 20
> TEST POINTS <
0.8 0.8
0.45

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" AND 0.45V FOR
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1"
AND 0.8V FOR A LOGIC “0."

DEVICE
UNDER
TEST

1

C, = 100 pF

CL=1

00 pF

Cy INCLUDES JIG CAPACITANCE

WAVEFORMS

PROCESSOR READ OPERATION

Ao, CS.
DACK

-— R 1

/1

|<e————1oF

VALID

INT
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WAVEFORMS (Continued)

PROCESSOR WRITE ‘OPERATION

Ao, CS, DACK

/|

tow ————p|

DATA

INT

DMA OPERATION

taacy

oRa —/

~traRW

WR or RD
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WAVEFORMS (Continued)

CLOCK TIMING

CLK

FDD WRITE OPERATION

WRITE CLOCK
(WCK)

twe

WRITE ENABLE
(WE)

tcp
N
PRESHIFT O or 1
(PSo.1)
/]
|—twoo—| teo
WRITE DATA
(WDA)
PRESHIFT 0 | PRESHIFT 1
NORMAL 0 0
LATE 0 1
EARLY 1 0
INVALID 1 1
1-162
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WAVEFORMS (Continued)
SEEK OPERATION
DS STABLE
tus 1
'STU yl
RW/SEEK
150 | | <——— tpg ———|
X 3
LCT/
DIRECTION
K /]
tost
[o|tsTp
STEP \
s TP —m
FLT RESET INDEX

FAULT RESET
FAIL UNSAFE RESET
trR —|

<——tDx ——»

tiox
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WAVEFORMS (Continued)

FDD READ OPERATION

READ DATA

tRoo—|

t tRoW —]

READ DATA
WINDOW
T 7

2

TERMINAL COUNT RESET

RESET
TC

—tre trsT
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PROGRAMMABLE COMMUNICATION INTERFACE

Synchronous and Asynchronous
Operation

Synchronous 5-8 Bit Characters;
Internal or External Character
Synchronization; Automatic Sync
Insertion

Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation;
1,1, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect
and Handling

Synchronous Baud Rate—DC to
64K Baud

Asynchronous Baud Rate—DC to
19.2K Baud

Full-Duplex, Double-Buffered
Transmitter and Receiver

Error Detection—Parity, Overrun and
Framing

Compatible with an Extended Range
of Intel Microprocessors

28-Pin DIP Package

All Inputs and Outputs are TTL
Compatible

Single +5V Supply
Single TTL Clock

The Intel® 8251A is the enhanced version of the industry standard, Intel 8251 Universal Synchronous/
Asynchronous Receiver/Transmitter (USART), designed for data communications with Intel’s microprocessor
families such as MCS-68, 80, 85, and iAPX-86, 88. The 8251A is used as a peripheral device and is programmed
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM
“bi-sync”). The USART accepts data characters from the CPU in parallel format and then converts them into a
continuous serial data stream for transmission. Simultaneously, it can receive serial data streams and convert
them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept a new
character for transmission or whenever it has received a character for the CPU. The CPU can read the
complete status of the USART at any time. These include data transmission errors and centrol signals such as
SYNDET, TXEMPTY. The chip is fabricated using N-channel silicon gate technology.

DATA
BUS
BUFFER

TRANSMIT
BUFFER
(P-S)

L

. TxD

T [ |

READ/WRITE
CONTROL
LoGIC

TRANSMIT
CONTROL

»TXRDY
—TxE

| «—TxC

T

RECEIVE
BUFFER
(S+P)

MODEM
CONTROL

|« RxD

il

NS e B

RECEIVE

INTERNAL CONTROL

DATA BUS

|~ RxRDY
|« RxC

|« SYNDET

N/

Figure 1. Block Diagram

28130,
DO
26 [ v,
RxC
DTR
RTS
DSR
RESET
CcLK
™
TXEMPTY
TS
SYNDET/BD
TXRDY

8251A 22

T>C
c/id

RD
RxRDY

Figure 2. Pin Configuration

®INTEL CORPORATION, 1981
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FEATURES AND ENHANCEMENTS

The 8251A is an advanced design of the industry
standard USART, the Intel® 8251. The 8251A
operates with ‘an extended range of Intel
microprocessors and maintains compatibility with
the 8251. Familiarization time is minimal because of
compatibility and involves only knowing the addi-
tional features and enhancements, and reviewing
the AC and DC specifications of the 8251A.

The 8251A incorporates all the key features of the
8251 and has the following additional features and
enhancements: . i

e 8251A has double-buffered data paths with sepa-
rate I/O registers for control, status, Data In, and
Data Out, which considerably simplifies control
programming and minimizes CPU overhead.

® In asynchronous operations, the Receiver detects
~and handles “break” automatically, relieving the
CPU of this task.

e A refined Rx initialization prevents the Récéiver
from starting when in “break” state, preventing
unwanted interrupts from a disconnected USART.

e At the conclusion of a transmission, TxD line will
always return to the marking state unless SBRK is
programmed.

e Tx Enable logic enhancement prevents a Tx Dis-
able command from halting transmission until all
data previously written has been transmitted. The
logic also prevents the transmitter from turning
off in the middle of a word.

e When External Sync Detect is programmed, Inter-
nal Sync Detect is disabled, and an External Sync
Detect status is provided via a flip-flop which
clears itself upon a status read.

e Possibility of false sync detect is minimized by
ensuring that if double character sync is program-
med, the characters be contiguously detected and
also by clearing the Rx register to all ones
whenever Enter Hunt command is issued in Sync
mode.

* As long as the 8251A is not selected, the RD and
WR do not affect the internal operation of the
device.

e The 8251A Status can be read at any time but the
status update will be inhibited during status read.

® The 8251A is free from extraneous glitches and
has enhanced AC and DC characteristics, provid-
ing higher speed and better operating margins.

e Synchronous Baud rate from DC to 64K.
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FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchro-
nous Receiver/Transmitter -designed. for a wide
range of Intel microcomputers such as 8048, 8080,
8085, 8086 and 8088. Like other I/O devices in a
microcomputer system, its functional configuration
is programmed by the system'’s software for maxi-
mum flexibility. The 8251A can support most serial
data techniques in use, including IBM “bi-sync.”

In a communication environment an interface
device must convert parallel format system data into
serial format for transmission and convert incoming
serial format datainto parallel system data for recep-
tion. The interface device must also delete or insert
bits or characters that are functionally unique to the
communication technique. In essence, the interface
should appear “transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

_ This 3-state, bidirectional, 8-bit buffer is used to in-

terface the 8251A to the system Data Bus. Data is
transmitted or received by the buffer upon execution
of INput or OUTput instructions of the CPU. Control
words, Command words and Status information are
also transferred through the Data Bus Buffer. The
Command Status, Data-In and Data-Out registers
are separate, 8-bit registers communicating with the
system bus through the Data Bus Buffer.

This functional block accepts inputs from the system
Control bus and generates control signals for overall
device operation. It contains the Control Word Reg-
ister and Command Word Register that store the
various control formats for the device functional
definition.

RESET (Reset)

A “high” on this input forces the 8251A into an “Idle”

-mode. The device will remain at “Idle” until a new set

of control words is written into the 8251A to program
its functional definition. Minimum RESET pulse
width is 6 tcy (clock must be running).

A command reset operation also puts the device into
the “Idle” state.
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CLK (Clock)

The CLK input is used to generate internal device
timing and is normally connected to the Phase 2
(TTL) output of the Clock Generator. No external
inputs or outputs are referenced to CLK but the
frequency of CLK must be greater than 30 times the
Receiver or Transmitter data bit rates.

WR (Write)

A “low” on this input informs the 8251A that the CPU
is writing data or control words to the 8251A.

RD (Read)

A “low” on this input informs the 8251A that the CPU
is reading data or status information from the 8251A.

TRANSMIT
BUFFER
(P-S)

1

TRANSMIT
CONTROL

| 7xD

—> TxRDY

— TXEMPTY
L TxC

L | Rrecewve
MODEM « _RxD
- CONTROL <: BUFFER x

] l

|
RECEIVE
CONTROL

|~ RxRDY

lo<—RxC

|« SYNDET/
BRKDET

INTERNAL e
DATA BUS

Figure 3. 8251A Block Diagram Showing Data
Bus Buffer and Read/Write Logic
Functions

c/b RD WR

8251A DATA = DATA BUS
DATA BUS = 8251A DATA
STATUS = DATA BUS
DATA BUS = CONTROL
DATA BUS = 3-STATE
DATA BUS = 3-STATE

XX = =00
X = =0 =0
X =~ O =0 =
~ooooold

1-167

C/D (Control/Data)

This input, in conjunction with the WR and RD in-
puts, informs the 8251A that the word on the Data
Bus is either a data character, control word or status
information.

1 = CONTROL/STATUS; 0 = DATA.
CS (Chip Select)

A “low” on this input selects the 8251A. No reading or
writing will occur ‘unless the device is selected.
When CSis high, the Data Busiis in the float state and
RD and WR have no effect on the chip.

Modem Control

The 8251A has a set of control inputs and outputs
that can be used to simplify the interface to aimost
any modem. The modem control signals are general
purpose in nature and can be used for functions
other than modem control, if necessary.

DSR (Data Set Ready)

The DSR input signal is a general-purpose, 1-bit in-
verting input port. Its condition can be tested by the
CPU using a Status Read operation. The DSR input
is normally used to test modem conditions such as
Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is a general-purpose, 1-bit
inverting output port. It can be set “low” by pro-
gramming the appropriate bit in the Command In-
struction word. The DTR output signal is normally
used for modem control such as Data Terminal
Ready.

RTS (Request to Send)

The RTS output signal is a general-purpose, 1-bit
inverting output port. It can be set “low” by pro-
gramming the appropriate bit in the Command In-
struction word. The RTS output signal is normally
used for modem control such as Request to Send.

CTS (Clear to Send)

A “low” on this input enables the 8251A to transmit
serial data if the Tx Enable bitin the Command byte
is set to a “one.” If either a Tx Enable off or CTS off
condition occurs while the Tx is in operation, the Tx
will transmit all the data in the USART, written prior
to Tx Disable command before shutting down.
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Transmitter Buffer

The Transmitter Buffer accepts parallel data from the
Data Bus Buffer, converts it to a serial bit stream,
inserts the appropriate characters or:bits (based on
the communication technique) and outputs a com-
posite serial stream of data on the TxD output pin on.
the falling edge of TxC. The transmitter will begin
transmission upon being enabled if. CTS = 0. The
TxD line will be held in the marking state immedi-
ately upon a master Reset or when Tx Enable or CTS
is off or the transmitter is empty.

Transmitter Control

The Transmitter Control manages all activities asso-
ciated with the transmission of serial data. It accepts
and issues signals both externally and internally to
accomplish this function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is
ready to accept a data character. The TxRDY output
pin.can be used as an interrupt to the system, since it
is masked by TxEnable; or, for Polled.operation, the
CPU can check TxRDY using a Status Read opera-
tion. TxRDY is automatically reset by the leading
edge of WR when a data character is loaded from
the CPU. .

Note that when using the Polled operation, the
TxRDY status bit is not masked by TxEnable, but will
only indicate the Empty/Full Status of the Tx Data
Input Register.

TxE (Transmitter Empty)

When the 8251A has no characters to send, the
TXEMPTY output will go “high.” It resets upon
receiving a character from the CPU if the transmitter
is enabled. TXEMPTY remains low when the trans-
mitter is disabled even if it is actually empty.
TXEMPTY can be used to indicate the end of atrans-
mission mode, so that the CPU “knows” when to
“turn the line around” in the half-duplex operational
mode. : '

In the Synchronous mode, a “high” on this output
indicates that a character has not been loaded and
the SYNC character or characters are about to be or
are being transmitted- automatically as “fillers.”
TXEMPTY does not go low when the SYNC charac-
ters are being shifted out.
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RECEIVE
BUFFER |=—RxD
(5 -P)

| RxRDY

INTERNAL Lol RECEIVE | AxC

CONTROL
DATA BUS L |+ SYNDET/

BRKDET
Figure 4. 8251A Block Diagram Showing Modem
and Transmitter Buffer and Control
Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the
character is to be transmitted. In the Synchronous
transmission mode, the Baud Rate (1x) is equal to
the TxC frequency. In Asynchronous transmission
mode, the baud rate'is a fraction of the actual TxC
frequency. A portion of the mode instruction selects
this factor; it can be 1, 1/16 or 1/64 the TxC.

For Example:

If Baud Rate equals 110 Baud,

TxC equals 110 Hz in the 1x mode.
TxC equals 1.72 kHz in the 16x mode.
TxC equals 7.04 kHz in the 64x mode.

The falling edge of TxC shifts the serial data out of
the 8251A. i i

Receiver Buffer

The Receiver accepts serial data, converts this serial
input to parallel format, checks for bits or characters
that are unique to the communication technique
and sends an “assembled” character to the CPU.
Serial data is input to RxD pin, and is clocked in on
the rising edge of RxC.
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Receiver Control

This functional block manages all receiver-related
activities which consists of the following features.

The RxD initialization circuit prevents the 8251A
from mistaking an unused input line for an active
low data line in the “break condition.” Before
starting to receive serial characters on the RxD
line, a valid “1” must first be detected after a chip
master Reset. Once this has been determined, a
search for a valid low (Start bit) is enabled. This
feature is only active in the asynchronous mode,
and is only done once for each master Reset.

The False Start bit detection circuit prevents false
starts due to a transient noise spike by first detect-
ing the falling edge and then strobing the nominal
center of the Start bit (RxD = low).

Parity error detection sets the corresponding
status bit.

The Framing Error status bit is set if the Stop bit is
absent at the end of the data byte (asynchronous
mode).

RxRDY (Receiver Ready)

This output indicates that the 8251A contains a char-
acter that is ready to be input to the CPU. RxRDY can
be connected to the interrupt structure of the CPU
or, for polled operation, the CPU can check the con-
dition of RxRDY using a Status Read operation.

RxEnable, when off, holds RxRDY in the Reset Con-
dition. For Asynchronous mode, to set RxRDY, the
Receiver must be enabled to sense a Start Bit and a
complete character must be assembled and trans-
ferred to the Data Output Register. For Synchronous
mode, to set RxRDY, the Receiver must be enabled
and a character must finish assembly and be trans-
ferred to the Data Output Register.

Failure to read the received character from the Rx
Data Output Register prior to the assembly of the
next Rx Data character will set overrun condition
error and the previous character will be written over
and lost. If the Rx Data is being read by the CPU
when the internal transfer is occurring, overrun er-
ror will be set and the old character. will be lost.
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RxC (Receiver Clock)

The Receiver Clock controls the rate at which the
character is to be received. In Synchronous Mode,
the Baud Rate (1x) is equal to the actual frequency of
RxC. In Asynchronous Mode, the Baud Rate is a
fraction of the actual RxC frequency. A portion of
the mode instruction selects this factor: 1, 1/16 or
1/64 the RxC.

For example:

Baud Rate equals 300 Baud, if

RxC equals 300 Hz in the 1x mode;
RxC equals 4800 Hz in the 16x mode;
RxC equals 19.2 kHz in the 64x mode.

Baud Rate equals 2400 Baud, if

RxC equals 2400 Hz in the 1x mode;
RxC equals 38.4 kHz in the 16x mode;
RxC equals 153.6 kHz in the 64x mode.

Data is sampled into the 8251A on the rising edge of
RxC.

NOTE: In most communications systems, the 8251A
will be handling both the transmission and reception
operations of a single link. Consequently, the
Receive and Transmit Baud Rates will be the same.
Both TxC and RxC will require identical frequencies
for this operation and can be tied together and con-
nected to a single frequency source (Baud Rate
Generator) to simplify the interface.

TRANSMIT
Nli> BUFFER |—=Tx0
®-s)

11

@ DATA
BUS
0; Do BUFFER

— TxRDY
CLK 1 READ/WRITE

b CONTROL TRANSMIT
RD LoGIC CONTROL

-
-
-

—= TxEMPTY

T

MODEM
TS CONTROL

/

INTERNAL
DATABUS

BRKDET

NS

Figure 5. 8251A Block Diagram Showing
Receiver Buffer and Control Functions
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SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is used in Synchronous Mode for SYN-
DET and may be used as either input or output,
programmable through the Control Word. It is reset
to output mode low upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
“high” to indicate that the 8251A has located the
SYNC character in the Receive mode. If the 8251A is
programmed to use double Sync characters (bi-
sync), then SYNDET will go “high” in the middle of
the last bit of the second Sync character. SYNDET is
automatically reset upon a Status Read operation.

When used as an input (external SYNC detect mode),
a positive going signal will cause the 8251A to start
assembling data characters on the rising edge of the
next RxC. Once in SYNC, the “high” input signal can
be removed. " When External SYNC Detect is pro-
grammed, Internal SYNC Detect is disabled.

BREAK (Async Mode Only)

This output will go high whenever the receiver
remains low through two consecutive stop bit se-
quences (including the start bits, data bits, and
parity bits). Break Detect may also be read as a
Status bit. It is reset only upon a master chip Reset or
Rx Data returning to a “one” state.

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251A is
programmed by the system’s software. A set of con-
trol words must be sent out by the CPU to initialize
the 8251A to support the desired communications
format. These control words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER OF STOP
BITS, SYNCHRONOUS or ASYNCHRONOUS OPER-
ATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to
select either internal or external character
synchronization.

Once programmed, the 8251A is ready to perform its
communication functions. The TxRDY output is
raised “high” to signal the CPU that the 8251A is
ready to receive a data character from the CPU. This
output (TxRDY) is reset automatically when the CPU
writes a character into the 8251A. On the other hand,
the 8251A receives serial data from the MODEM or
1/0 device. Upon receiving an entire character, the
RxRDY output is raised “high” to signal the CPU that
the 8251A has a complete character ready for the
CPU to fetch. RxRDY is reset automatically upon the
CPU data read operation.

The 8251A cannot begin transmission until the Tx
Enable (Transmitter Enable) bit is set in the Com-
mand Instruction and it has received a Clear To Send
(CTS) input. The TxD output will be held in the mark-
ing state upon Reset.

{ ADDRESS BUS 1

{ CONTROL BUS
i70 R’I 7o vﬂ asserl %

(TTL)
WR

§ DATA BUS

D,~D,  RD RESET  CLK

8251A

Figure 6. 8251A Interface to 8080 Standard
System Bus
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c/b =1 MODE INSTRUCTION
c/b=1 SYNC CHARACTER 1
SYNC MODE

_ i
ciBb=1 SYNC CHARACTER 2 ONLY
C/D=1 | COMMAND INSTRUCTION
cb=0 %~ DATA
c/b=1 COMMAND INSTRUCTION
co=0 2 DATA L

_ s
¢/b=1 | COMMAND INSTRUCTION

* The second SYNC character is skipped if MODE instruction has program-
med the 8251A to single character Internal SYNC Mode. Both SYNC
IODE has to

ASYNC mode or External SYNC mode.

Figure 7. Typical Data Block
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Programming the 8251A

Prior to starting data transmission or reception, the
8251A must be loaded with a set of control words
generated by the CPU. These control signals define
the complete functional definition of the 8251A ana
must immediately follow a Reset operation (internal
or external).

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This instruction defines the general operational
characteristics of the 8251A. It must follow a Reset
operation (internal or external). Once the Mode In-
struction has been written into the 8251A by the
CPU, SYNC characters or Command Instructions
may be written.

Command Instruction

This instruction defines a word that is used to control
the actual operation of the 8251A.

Both the Mode and Command Instructions must
conform to a specified sequence for proper device
operation (see Figure 7). The Mode Instruction must
be written immediately following a Reset
operation, prior to using the 8251A for data
communication.

All control words written into the 8251A after the
Mode Instruction will load the Command Instruc-
tion. Command Instructions can be written into the
8251A atany time in the data block during the opera-
tion of the 8251A. To return to the Mode Instruction
format, the master Reset bit in the Command In-
struction word can be set to initiate an internal Reset
operation which automatically places the 8251A
back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or
Sync characters.

Mode Instruction Definition

The 8251A can be used for either Asynchronous or
Synchronous data communication. To understand
how the Mode Instruction defines the functional
operation of the 8251A, the designer can best view
the device as two separate components, one
Asynchronous and the other Synchronous, sharing
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the same package. The format definition can be
changed only after a master chip Reset. For explana-
tion purposes the two formats will be isolated.

NOTE: When parity is enabled it is not considered
as one of the data bits for the purpose of program-
ming the word length. The actual parity bit received
on the Rx Data line cannot be read on the Data Bus.
Inthe case of a programmed character length of less
than 8 bits, the least significant Data Bus bits will
hold the data; unused bits are “don’t care” when
writing data to the 8251A, and will be “zeros” when
reading the data from the 8251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the
8251A automatically adds a Start bit (low level) fol-
lowed by the data bits (least significant bit first), and
the programmed number of Stop bits to each char-
acter. Also, an even or odd Parity bit is inserted prior
to the Stop bit(s), as defined by the Mode Instruc-
tion. The character is then transmitted as a serial
data stream on the TxD output. The serial data is
shifted out on the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the
Mode Instruction. BREAK characters can be contin-
uously sent to the TxD if commanded to do so.

When no data characters have been loaded into the
8251A the TxD output reamins “high” (marking) un-
less a Break (continuously low) has been
programmed.

D, Dg Dg D, Dy D, D, D,

B 30

EP | PEN

S LYy

L BAUD RATE FACTOR
o 1 o 1
0 0 1 1
e | o | e | eax)
CHARACTER LENGTH
o 1 0 1
o 0 1 1
BI%S BIQI'S : BI7TS BlaTS

PARITY ENABLE
1=ENABLE 0= DISABLE

EVEN PARITY GENERATION/CHECK
1=EVEN 0=0DD

NUMBER OF STOP BITS

[ 1 0 1

o o 1 1

1 1% 2
INVALID| gi7 | giTs | BITS

ONLY AFFECTS Tx; Rx
_ NEVER REQUIRES MORE
THAN ONE STOP BIT)

Figure 8. Mode Instruction Format,
- Asynchronous Mode
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Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this
line triggers the beginning of a START bit. The
validity of this START bit is checked by again strob-
ing this bit at its nominal center (16X or 64X mode
only). Ifalow is detected again, itis a valid START bit,
and the bit counter will start counting. The bit coun-
ter thus locates the center of the data bits; the parity
bit (if it exists) and the stop bits. If parity error oc-
curs, the parity error flag is set. Data and parity bits
are sampled on the RxD pin with the rising edge of
RxC. If a low level is detected as the STOP bit, the
Framing Error flag will be set. The STOP bit signals
the end of a character. Note that the receiver re-
quires only one stop bit, regardless of the number of
stop bits programmed. This character is then loaded
into the parallel I/O buffer of the 8251A. The RxRDY
pin is raised to signal the CPU that a character is
ready to be fetched. If a previous character has not
been fetched by the CPU, the present character
replaces it in the I/O buffer, and the OVERRUN Error
flag is raised (thus the previous character is lost). All
of the error flags can be reset by an Error Reset
Instruction. The occurrence of any of these errors
will not affect the operation of the 8251A.

GENERATED
TRANSMITTER OUTPUT Do D -~~~ Dx BY 8251A

I TART | | PARITY |
0 MARKING | S B’?T DATABITS BIT %TI%’
— -
DOES NOT APPEAR
Dg D7 ———-Dx ON THE DATA BUS

RECEIVER INPUT

4 & 4
| START PARITY | sTop I
RxD BIT [ DATA BITS I BIT ] BITS .

PROGRAMMED
CHARACTER
LENGTH

TRANSMISSION FORMAT
CPU BYTE (5-8 BITS/CHAR)

e
l DATA CHARACTER J
s

ASSEMBLED SERIAL DATA OUTPUT (TxD)

5 5
START PARITY sTOP |
l BIT I DATA CHARACTER [ BIT | BITS
4

RECEIVE FORMAT
SERIAL DATA INPUT (RxD)

¥ J j
PARITY STOP
DATA CHA‘HACTER l BIT I BITS

— f

START
BIT

CPU BYTE (5-8 BITS/CHAR)*

i f
| DATA CHARACTER ]
i

*NOTE: IF CHARACTER LENGTH IS DEFINED AS 5,6 OR 7
BITS THE UNUSED BITS ARE SET TO ""ZERO"

Figure 9. Asynchronous Mode
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Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU
sends its first character to the 8251Awhich usually is

" a SYNC character. When. the CTS line goes low, the

first character is serially transmitted out. All charac-
ters are shifted out on the falling edge of TxC. Data is
shifted out at the same rate as the TxC.

Once transmission has started, the data stream at
the TxD output must continue at the TxC rate. If the
CPU does not provide the 8251A with a data charac-
ter before the 8251A Transmitter Buffers become
empty, the SYNC characters (or character ifin single
SYNC character mode) will be automatically in-
serted in the TxD data stream. In this case, the
TxEMPTY pin is raised high to signal that the 8251A
is empty and SYNC characters are being sent out.
TXEMPTY does not go low when the SYNC is being
shifted out (see figure below). The TXEMPTY pin is
internally reset by a data character being written
into the 8251A.

AUTOMATICALLY INSERTED BY USART

TxD I DATA I DATA ISVNC‘I I SYNC 2 | DATA ] ————— ]
FALLS UPON CPU WRITING A
/ \ \\/CHARACTER TO THE USART

NOMINAL CENTER OF LAST BIT

TxEMPTY

Synchronous Mode (Receive)

In this mode, character synchronization can be inter-
nally or externally achieved. If the SYNC mode has
been programmed, ENTER HUNT command should
be included in the first command instruction word
written. Data on the RxD pin is then sampled on
the rising edge of RxC. The content of the Rx buffer
is compared at every bit boundary with the first
SYNC character until a match occurs. If the 8251A
has been programmed for two SYNC characters, the
subsequent received character is also compared;
when both SYNC characters have been detected,
the USARTends the HUNT mode and is in character
synchronization. The SYNDET pin is then set high,
and is reset automatically by a STATUS READ. If
parity is programmed, SYNDET will not be set until
the middle of the parity bit instead of the middle of
the last data bit.

In the external SYNC rﬁ‘ode, synchronization is
achieved by applying a high level on the SYNDET
pin, thus forcing the 8251A out of the HUNT mode.
The high level can be removed after one RxC cycle.
An ENTER HUNT command has no effect in the
asynchronous mode of operation. '
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Parity error and overrun error are both checked in
the same way as in the Asynchronous Rx mode.
Parity is checked when not in Hunt, regardless of
whether the Receiver is enabled or not.

D, Dg Dy D, D, D, D, D,

Iscs]zso] €p LZ] L

PEN [ )

CHARACTER LENGTH
[} 1 0 1

0. 0 1 1

6 7 8
BITS | BITS | BITS | BITS

t————————————» PARITY ENABLE
(1= ENABLE)
(0 = DISABLE)

EVEN PARITY GENERATION/CHECK
1=EVEN
0=0DD

EXTERNAL SYNC DETECT
1=SYNDET IS AN INPUT
0= SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1=SINGLE SYNC CHARACTER
0= DOUBLE SYNC CHARACTER

NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER
SYNC WILL AFFECT ONLY THE Tx.

Figure 10. Mode Instruction Format,
Synchronous Mode

The CPU can command the receiver to enter the
HUNT mode if synchronization is lost. This will also
set all the used character bits in the buffer to a
“one,” thus preventing a possible false SYNDET
caused by data that happens to be in the Rx Buffer at
ENTER HUNT time. Note that the SYNDET F/F is
reset at each Status Read, regardless of whether
internal or external SYNC has been programmed.
This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not in HUNT, Sync
Detection is still functional, but only occurs at th