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. MOTOROLA

RECTIFIER DEVICE DATA

This book presents technical data for Motorola’s broad line of rectifiers. Complete
specifications are provided in the form of data sheets and accompanying selection guides provide
a quick comparison of characteristics to simplify the task of choosing the best device for a circuit.

The information in this book has been carefully checked and is believed to be accurate;
however, no responsibility is assumed for inaccuracies.

Motorola reserves the right to make changes without further notice to any products herein.
Motorola makes no warranty, representation or guarantee regarding the suitability of its products
for any particular purpose, nor does Motorola assume any liability arising out of the application
or use of any product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical’ parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. Motorola does not convey any license under its
patent rights nor the rights of others. Motorola products are not designed, intended, or authorized
for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the Motorola
product could create a situation where personal injury or death may occur. Should Buyer
purchase or use Motorola products for any such unintended or unauthorized application, Buyer
shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and
distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney
fees arising out of, directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding
the design or manufacture of the part. Motorola and ® are registered trademarks of Motorola,
Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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Printed in U.S.A. “All Rights Reserved”



MOTOROLA DEVICE CLASSIFICATIONS

In an effort to provide up-to-date information to the customer regarding the status of any given device, Motorola has
classified all devices into three categories: Preferred devices, Current products and Not Recommended for New
Design products.

A Preferred type is a device which is recommended as a first choice for future use. These devices are “preferred” by
virtue of their performance, price, functionality, or combination of attributes which offer the overall “best” value to the
customer. This category contains both advanced and mature devices which will remain available for the foreseeable
future.

“Preferred devices” are identified in the Selector Guide Section and
the Data Sheet Section.

Device types identified as “current” may not be a first choice for new designs, but will continue to be available because
of the popularity and/or standardization or volume usage in current production designs. These products can be
acceptable for new designs but the preferred types are considered better alternatives for long term usage.

l Any device that has not been identified as a “preferred device” is a “current” device.

Products designated as “Not Recommended for New Design” may become obsolete as dictated by poor market
acceptance, or a technology or package that is reaching the end of its life cycle. Devices in this category have an
uncertain future and do not represent a good selection for new device designs or long term usage.

“Not Recommended for New Design” devices are identified as such within the
appropriate table in the Selector Guide Section of this data book.

Designer’s, POWERTAP, SCANSWITCH, MEGAHERTZ, Surmetic and SWITCHMODE are trademarks of Motorola Inc.
Thermal Clad is a trademark of the Bergquist Company.
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INDEX AND CROSS REFERENCE

The following table represents an index and cross-reference guide for all rectifier devices which are either manufactured directly
by Motorola or for which Motorola manufactures a suitable equivalent. Where the Motorola part number differs from the industry part
number, the Motorola device is a “form, fit and function” replacement for the industry type number — however, subtle differences in
characteristics and/or specifications may exist. Where multiple replacement parts appear for a givenindustry part number, the page
number represents the first replacement device listed.

Motorola Motorola Motorola Motorola
Industry Nearest Similar Page Industry Nearest Similar Page
Part Number Replacement Replacement Number Part Number Replacement Replacement Number

1N1183 1N1183A 3-2 1N3880 1N3880 3-7
1N1183A 1N1183A 3-2 1N3881 1N3881 3-7
1N1184 1N1184A 3-2 1N3882 1N3882 3-7
1N1184A 1N1184A 3-2 1N3883 1N3883 3-7
1N1185 1N1186A 3-2 1N3889 1N3889 3-12
1N1185A 1N1185A 3-2 1N3890 1N3890 3-12
1N1186 1N1186A 3-2 1N3891 1N3891 3-12
1N1186A 1N1186A 3-2 1N3892 1N3892 3-12
1N1187 1N1188A 3-2 1N3893 1N3893 3-12
1N1187A 1N1187A 3-2 1N3899 1N3899 3-17
1N1188 1N1188A 3-2 1N3900 1N3900 3-17
1N1188A 1N1188A 3-2 1N3901 1N3901 3-17
1N1189 1N1190A 3-2 1N3902 1N3902 3-17
1N1169A 1N1190A 3-2 1N3903 1N3903 3-17
1N1190 1N1190A 3-2 1N3909 1N3909 3-22
1N1190A 1N1190A 3-2 1N3910 1N3910 3-22
1N1199A 1N1199A 3-4 1N3911 1N3911 3-22
1N1200A 1N1200A 3-4 1N3912 1N3912 3-22
1N1201A 1N1202A 3-4 1N3913 1N3913 3-22
1N1202A 1N1202A 3-4 1N3957 1N4007 3-27
1N1203A 1N1204A 3-4 1N3957GP 1N4007 3-27
1N1204A 1N1204A 3-4 1N4001 1N4001 3-27
1N1205A 1N1206A 3-4 1N4001GP 1N4001 3-27
1N1206A 1N1206A 3-4 1N4002 1N4002 3-27
1N2069,A 1N4003 3-27 1N4002GP 1N4002 3-27
1N2070,A 1N4004 3-27 1N4003 1N4003 3-27
1N2071,A 1N4005 3-27 1N4003GP 1N4003 3-27
1N3208 1N3208 3-6 1N4004 1N4004 3-27
1N3209 1N3209 3-6 1N4004GP 1N4004 3-27
1N3210 1N3210 3-6 1N4005 1N4005 3-27
1N3211 1N3211 3-6 1N4005GP 1N4005 3-27
1N3212 1N3212 3-6 1N4006 1N4006 3-27
1N3611 1N4003 3-27 1N4006GP 1N4006 3-27
1N3611GP 1N4003 3-27 1N4007 1N4007 3-27
1N3612 1N4004 3-27 1N4007GP 1N4007 3-27
1N3612GP 1N4004 3-27 1N4245 1N4003 3-27
1N3613 1N4005 3-27 1N4245GP 1N4003 3-27
1N3613GP 1N4005 3-27 1N4246 1N4004 3-27
1N3614 1N4006 3-27 1N4246GP 1N4004 3-27
1N3614GP 1N4006 3-27 1N4247 1N4005 3-27
1N3670A MR1128 3-218 1N4247GP 1N4005 3-27
1N3671A MR1128 3-218 1N4248 1N4006 3-27
1N3672A MR1130 3-218 1N4248GP 1N4006 3-27
1N3673A MR1130 3-218 1N4249 1N4007 3-27
1N3879 1N3879 3-7 1N4249GP 1N4007 3-27




INDEX AND CROSS REFERENCE (Continued)

Motorola Motorola Motorola Motorola
Industry Nearest Similar Page Industry Nearest Similar Page
Part Number Repl t Repl t Number Part Numb Repl t pl Number
1N4933 1N4933 3-32 1N5812 MUR2505 3-285
1N4933GP 1N4933 3-32 1N5813 MUR2510 3-285
1N4934 1N4934 3-32 1N5814 MUR2510 3-285
1N4934GP 1N4934 3-32 1N5815 MUR2515 3-285
1N4935 1N4935 3-32 1N5816 MUR2515 3-285
1N4935GP 1N4935 3-32 1N5817 1N5817 3-40
1N4936 1N4936 3-32 1N5818 1N5818 3-40
1N4936GP 1N4936 3-32 1N5819 1N5819 3-40
1N4937 1N4937 3-32 1N5820 1N5820 3-45
1N4937GP 1N4937 3-32 1N5821 1N5821 3-45
1N4942 1N4935 3-32 1N5822 1N5822 3-45
1N4942GP 1N4935 3-32 1N6095 1N6095 3-67
1N4943 1N4936 3-32 1N6096 1N6096 3-67
1N4944 1N4936 3-32 1N6097 1N6097 3-1
1N4944GP 1N4936 3-32 1N6098 1N6098 3-71
1N4945 1N4937 3-32 1N6304 MUR7005 3-305
1N4946 1N4937 3-32 1N6305 MUR7010 3-305
1N4946GP 1N4937 3-32 1N6306 MUR7015 3-305
1N5185 MR850 3-209 1N6391 MBR3545 3-121
1N5185GP MR850 3-209 1N6392 MBR6545 3-143
1N5186 MR851 3-209 10CTF10 MUR810 3-263
1N5186GP MR851 3-209 10CTF20 MUR820 3-263
1N5187 MR852 3-209 10CTF30 MUR330 3-263
1N5187GP MR852 3-209 10CTF40 MURB840 3-263
1N5188 MR854 3-209 10DL1 1N4934 3-32
1N5188GP MR854 3-209 10DL2 1N4935 3-32
1N5189 MR856 3-209 10TQ030 MBR1035 3-90
1N5189GP MR856 3-209 10TQ035 MBR1035 3-90
1N5190 MR856 3-209 10TQ040 MBR1045 3-90
1N5190GP MR856 3-209 10TQ045 MBR1045 3-90
1N5400 1N5400 3-38 11DQ03 1N5818 3-40
1N5401 1N5401 3-38 11DQo4 1N5819 3-40
1N5402 1N5402 3-38 11DQ05 MBR150 3-75
1N5403 1N5404 3-38 11DQ06 MBR160 3-75
1N5404 1N5404 3-38 11DQ09 MBR190 3-78
1N5405 1N5406 3-38 11DQ10 MBR1100 3-78
1N5406 1N5406 3-38 12CTQ030 MBR1535CT 3-96
1N5415 MR850 3-209 12CTQ035 MBR1535CT 3-96
1N5416 MR851 3-209 12CTQ040 MBR1545CT 3-96
1N5417 MR852 3-209 12CTQ045 MBR1545CT 3-96
1N5418 MR854 3-209 12F10 MR1121 3-218
1N5419 MR856 3-209 12F100 MR1130 3-218
1N5420 MR856 3-209 12F20 MR1122 3-218
1N5614 1N4003 3-27 12F40 MR1124 3-218
1N5615 1N4935 3-32 12F60 MR1126 3-218
1N5615GP 1N4935 3-32 12F80 MR1128 3-218
1N5616 1N4004 3-27 12FL10SXX 1N3890 3-12
1N5617 1N4936 3-32 12FL20SXX 1N3891 3-12
1N5617GP 1N4936 3-32 12FL40SXX 1N3893 3-12
1N5618 1N4005 3-27 12FL60SXX MR1376 3-12
1N5619 1N4937 3-32 15CT0035 MBR1535CT 3-96
1N5619GP 1N4937 3-32 15CTQ045 MBR1545CT 3-96
1N5620 1N4006 3-27 16F10 MR2001 3-221
1N5802 MURA405 3-253 16F100 MR2010 3-221
1N5803 MUR410 3-253 16F20 MR2002 3-221
1N5804 MUR410 3-253 16F40 MR2004 3-221
1N5805 MUR415 3-253 16F60 MR2006 3-221
1N5806 MUR415 3-253 16F80 MR2008 3-221
1N5807 MUR405 3-253 6A05 MR750 3-196
1N5808 MUR410 3-253 6A1 MR751 3-196
1N5809 MUR410 3-253 6A10 MR760 3-196
1N5810 MUR415 3-253 6A2 MR752 3-196
1N5811 MUR415 3-253 6A4 MR754 3-196




INDEX AND CROSS REFERENCE (Continued)

Motorola Motorola Motorola Motorola
Industry Nearest Similar Page Industry Nearest Similar Page
Part Number Replacement Replacement Number Part Numb Repl Repla Numb

6A6 MR756 3-196 50HQ040 MBR6045 3-135
6A8 MR758 3-196 50HQ045 MBR6045 3-135
6F10 MR1121 3-218 505SQ030 1N5824 3-49
6F100 MR1130 3-218 505SQ040 1N5825 3-49
6F20 MR1122 3-218 51HQ045 MBR6035 3-135
6F40 MR1124 3-218 52HQ030 MBR6035 3-135
6F60 MR1126 3-218 52HQ035 MBR6035 3-135
6F80 MR1128 3-218 52HQ040 MBR6045 3-135
6FL10SXX 1N3880 3-7 52HQ045 MBR6045 3-135
BFL20SXX 1N3881 3-7 55HQ015 MBR7535 3-147
BFL40SXX 1N3883 3-7 55HQ020 MBR7535 3-147
6FLE60SXX MR1366 3-7 55HQ025 MBR7535 3-147
20CTQ030 MBR2035CT 3-103 55HQ030 MBR7535 3-147
20CTQ035 MBR2035CT 3-103 60CDQ020 MBR3035CT 3-113
20CTQ040 MBR2045CT 3-103 60CDQ030 MBR3035CT 3-113
20CTQ045 MBR2045CT 3-103 60CDQO35 MBR3035CT 3-113
20FQ020 MBR3535 3-121 60CDQO40 MBR3045CT 3-113
20FQO030 MBR3535 3-121 60CDQ045 MBR3045CT 3-113
20FQ035 MBR3535 3-121 75HQ030 MBR8035 3-149
20FQ040 MBR3545 3-121 75HQ035 MBR8035 3-149
20FQ045 MBR3545 3-121 75HQ040 MBR8045 3-149
21DQ03 1N5821 3-45 75HQ045 MBR8045 3-149
21DQ04 1N5822 3-45 85HQ030 MBR8035 3-149
21FQ030 MBR3535 3-121 85HQ035 MBR8035 3-149
21FQ035 MBR3535 3-121 85HQ040 MBR8045 3-149
21FQ040 MBR3545 3-121 85HQ045 MBR8045 3-149
21FQ045 MBR3545 3-121 200CNQ020 MBR30035CT 3-162
28CPQ030 MBR3035PT 3-17 200CNQ030 MBR30035CT 3-162
28CPQ040 MBR3045PT 3-117 200CNQ035 MBR30035CT 3-162
30CTQ030 MBR2535CT 3-109 200CNQ040 MBR30045CT 3-162
30CTQO35 MBR2535CT 3-109 200CNQ045 MBR30045CT 3-162
30CTQ040 MBR2545CT 3-109 201CNQ020 MBR20035CT 3-157
30CTQ045 MBR2545CT 3-109 201CNQ030 MBR20035CT 3-157
30DL1 MR851 3-209 201CNQ035 MBR20035CT 3-157
30DL2 MR852 3-209 201CNQ040 MBR20045CT 3-157
31DQ03 1N5821 3-45 201CNQ045 MBR20045CT 3-157
31DQ04 1N5822 3-45 At14A 1N4934 3-32
31DQ05 MBR350 3-81 A114B 1N4935 3-32
31DQo6 MBR360 3-81 A114C 1N4936 3-32
31DQ09 MBR390 3-85 A114D 1N4936 3-32
31DQ10 MBR3100 3-85 AT14E 1N4937 3-32
40CDQ020 MBR3035CT 3-113 Al14F 1N4933 3-32
40CDQO30 MBR3035CT 3-113 Al14M 1N4937 3-32
40CDQO35 MBR3035CT 3-113 A115A MR851 3-209
40CDQ040 MBR3045CT 3-113 A115B MR852 3-209
40CDQO45 MBR3045CT 3-113 A115C MR854 3-209
40D1 MR751 3-196 A115D MR854 3-209
40D2 MR752 3-196 A15E MR856 3-209
40D4 MR754 3-196 Al15F MR850 3-209
40D6 MR756 3-196 A115M MR856 3-209
40D8 MR758 3-196 Al14A 1N4002 3-27
40HF10 1N1184A 3-2 A14C 1N4004 3-27
40HF20 1N1186A 3-2 A14D 1N4004 3-27
40HF30 1N1187A 3-2 A14E 1N4005 3-27
40HF40 1N1188A 3-2 Al4F 1N4001 3-27
40HF5 1N1183A 3-2 Al4M 1N4005 3-27
40HF50 1N1190A 3-2 A14N 1N4006 3-27
40HF60 1N1190A 3-2 A14P 1N4007 3-27
40HFL10SXX MURS5010 3-299 AR25A MR2500 3-235
40HFL20SXX MURS5020 3-299 AR25B MR2501 3-235
50HQ020 MBR6035 3-135 AR25D MR2502 3-235
50HQ030 MBR6035 3-135 AR25G MR2504 3-235
50HQ035 MBR6035 3-135 AR25J MR2506 3-235
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Motorola Motorola Motorola Motorola

Industry Nearest Similar Page Industry Nearest Similar Page
Part Numb Repl Repl t Number Part Number Replacement Replacement Number
AR25K MR2508 3-235 BYV27-50 MUR105 3-244
AR25M MR2510 3-235 BYV28-100 MUR410 3-253
ARS25A MR2500 3-235 BYV28-150 MUR415 3-253
ARS25B MR2501 3-235 BYV28-50 MBR2035CT 3-103
ARS25D MR2502 3-235 BYV29-300 MUR1530 3-272
ARS25G MR2504 3-235 BYV29-400 MUR1540 3-272
ARS25J MR2506 3-235 BYV29-500 MUR1550 3-272
ARS25K MR2508 3-235 BYV33-35 MBR2035CT 3-103
ARS25M MR2510 3-235 BYV33-40 MBR2045CT 3-103
BY229-200 MUR820 3-263 BYV33-45 MBR2045CT 3-103

BY229-400 MUR840 3-263 BYV39-35 MBR1635 3-98

BY229-600 MURB860 3-263 BYV39-40 MBR1645 3-98

BYP21-100 MUR810 3-263 BYV39-45 MBR1645 3-98
BYP21-150 MUR815 3-263 BYV43-35 MBR2535CT 3-103
BYP21-200 MUR820 3-263 BYV43-40 MBR2545CT 3-103
BYP21-50 MURB805 3-263 BYV43-45 MBR2545CT 3-109
BYP22-100 MUR3010PT 3-287 BYW29-100 MUR810 3-263
BYP22-150 MUR3015PT 3-287 BYW29-150 MUR815 3-263
BYP22-200 MUR3020PT 3-287 BYW29-200 MUR820 3-263
BYP22-50 MUR3005PT 3-287 BYW29-50 MUR805 3-263
BYQ28-100 MUR1610CT 3-277 BYW29-50 MURB805 3-263
BYQ28-150 MUR1615CT 3-277 BYW31-100 MUR2510 3-285
BYQ28-200 MUR1620CT 3-277 BYW31-150 MUR2515 3-285
BYQ28-50 MUR1605CT 3-277 BYW31-200 MUR2520 3-285
BYR29-600 MUR860 3-263 BYW31-50 MUR2505 3-285
BYS76 MBR7545 3-147 BYW77-100 MUR2510 3-285
BYS80 MBR3045CT 3-113 BYW77-150 MUR2515 3-285
BYS92-40 MBR20045CT 3-157 BYW77-50 MUR2505 3-285
BYS92-45 MBR20045CT 3-157 BYW78-100 MUR7010 3-305
BYS92-50 MBR20050CT 3-157 BYW78-150 MUR7015 3-305
BYS93-40 MBR30045CT 3-162 BYW?78-50 MUR7005 3-305
BYS93-45 MBR30045CT 3-162 BYW80-100 MUR810 3-263
BYS93-50 MBR30050CT 3-162 BYW80-150 MUR815 3-263
BYS95-40 MBR12045CT 3-153 BYW80-200 MUR820 3-263
BYS95-45 MBR12045CT 3-153 BYW80-50 MUR805 3-263
BYS95-50 MBR12050CT 3-153 BYW92-100 MURS5010 3-299
BYS97-40 MBR20045CT 3-157 BYW92-150 MUR5015 3-299
BYS97-45 MBR20045CT 3-157 BYW92-200 MUR5020 3-299
BYS97-50 MBR20050CT 3-157 BYW92-50 MUR5005 3-299
BYS98-40 MBR12045CT 3-153 BYW93-100 MUR7010 3-305
BYS98-45 MBR12045CT 3-153 BYW83-150 MUR7015 3-305
BYS98-50 MBR1535CT 3-96 BYW93-200 MUR7020 3-305
BYT28-300 MUR1630CT 3-277 BYW93-50 MUR7005 3-305
BYT28-400 MUR1640CT 3-277 BYX42-300 MR1123 3-218
BYT28-500 MUR1650CT 3-277 BYX42-600 MR1126 3-218
BYT79-300 MUR1530 3-272 CPT12035 MBR12035CT 3-153
BYT79-400 MUR1540 3-272 CPT12045 MBR12045CT 3-153
BYT79-500 MUR1550 3-272 CPT12050 MBR12050CT 3-153
BYV18-35 MBR1535CT 3-96 CPT20035 MBR20035CT 3-157
BYV18-45 MBR1545CT 3-96 CPT20045 MBR20045CT 3-157
BYV19-35 MBR1035 3-90 CPT20050 MBR20050CT 3-157
BYV19-45 MBR1045 3-90 CPT20120 MBR20020CTL 3-155
BYV20-30 1N5827 3-54 CPT20125 MBR20025CTL 3-155
BYV20-45 1N5828 3-54 CPT30035 MBR30035CT 3-162
BYV22-35 MBR3535 3-121 CPT30045 MBR30045CT 3-162
BYV22-45 MBR3545 3-121 CPT30050 MBR30050CT 3-162
BYV23-35 MBR8035 3-149 EGP10A MUR105 3-244
BYV23-45 MBR8045 3-149 EGP10B MURT110 3-244
BYV26A MUR120 3-244 EGP10C MUR115 3-244
BYV26B MUR140 3-244 EGP10D MUR120 3-244
BYV26C MUR160 3-244 EGP20A MUR405 3-253
BYV27-100 MUR110 3-244 EGP20B MUR410 3-253
BYV27-150 MUR115 3-244 EGP20C MUR415 3-253
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Motorola Motorola Motorola Motorola
Industry Nearest Similar Page Industry Nearest Similar Page
Part Number pi nt Repl Numb Part Numt Repla t Repl Numb
EGP20D MUR420 3-253 FEBA MUR805 3-263
EGP30A MUR405 3-253 FE8B MUR810 3-263
EGP30B MUR410 3-253 FE8C MURB15 3-263
EGP30C MUR415 3-253 FEBD MUR820 3-263
EGP30D MUR420 3-253 FEBF MUR830 3-263
EGP50A MUR405 3-253 FEBG MUR840 3-263
EGP50B MUR410 3-253 FEP16AT MUR1605CT 3-277
EGP50C MUR415 3-253 FEP16BT MUR1610CT 3-277
EGP50D MUR420 3-253 FEP16CT MUR1615CT 3-277
ERA81 1N5819 3-40 FEP16DT MUR1620CT 3-277
ERB35 MUR120 3-244 FEP16FT MUR1640CT 3-277
ERB44 1N4935-7 3-32 FEP16GT MUR1640CT 3-277
ERB91 MUR120 3-244 FEP16HT MUR1660CT 3-277
ERC24 1N4936-7 3-32 FEP16JT MUR1660CT 3-277
ERC38 MUR140-160 3-244 FES16AT MUR1505 3-272
ERC62 MBR1045 3-90 FES16BT MUR1510 3-272
ERC80 MBR745 3-88 FES16CT MUR1515 3-272
ERC90 MUR820 3-263 FES16DT MUR1520 3-272
ERC91 MUR420 3-253 FES16FT MUR1540 3-272
ERD24,74 1N3889-93 3-12 FES16GT MUR1540 3-272
ERD75 1N3899-3901 3-17 FES16HT MUR1560 3-272
ERD80 MBR3045CT 3-113 FES16JT MUR1560 3-212
ERD81 1N5828 3-54 FESBAT MUR805 3-263
ERE24,74 1N3899-3903 3-17 FES8BT MUR810 3-263
ERET75 1N3909-11 3-22 FESBCT MUR815 3-263
ERES81 1N5834 3-63 FES8DT MUR820 3-263
ERG24,74 1N3909-13 3-22 FESBFT MURB840 3-263
ERG81,A MBR6045 3-135 FES8GT MURB40 3-263
ESAB33 MUR820 3-263 FESBHT MURB860 3-263
ESAB82 MBR745 3-88 FES8JT MURB860 3-263
ESAB92 MUR820 3-263 FRO61 1N4933 3-32
ESAC33 MUR820 3-263 FRO61L 1N4933 3-32
ESAC82 MBR1045 3-90 FR062 1N4934 3-32
ESAC92 MUR1520 3-272 FRO62L 1N4934 3-32
ESAC93 MUR3020PT 3-287 FR063 1N4935 3-32
ESAD33 MUR3040PT 3-287 FRO63L 1N4935 3-32
ESAD81 MBR3045CT 3-113 FR064 1N4936 3-32
FE16A MUR1605CT 3-2717 FR065 1N4937 3-32
FE16B MUR1610CT 3-277 FRO65L 1N4936 3-32
FE16C MUR1615CT 3-277 FRO65L 1N4937 3-32
FE16D MUR1620CT 3-277 FR101 1N4933 3-32
FE16F MUR1630CT 3-277 FR102 1N4934 3-32
FE16G MUR1640CT 3-217 FR103 1N4935 3-32
FE1A MUR105 3-244 FR104 1N4936 3-32
FE1B MUR110 3-244 FR105 1N4937 3-32
FE1C MUR115 3-244 FR251 MR850 3-209
FE1D MUR120 3-244 FR252 MR851 3-209
FE2A MUR405 3-253 FR253 MR852 3-209
FE2B MUR410 3-253 FR254 MR854 3-209
FE2C MUR415 3-253 FR255 MR856 3-209
FE2D MUR420 3-253 FR301 MR850 ‘ 3-209
FE3A MUR405 3-253 FR302 MR851 3-209
FE3B MUR410 3-253 FR303 MR852 3-209
FE3C MUR415 3-253 FR304 MR854 3-209
FE3D MUR420 3-253 FR305 MRB856 3-209
FESA MUR405 3-253 FR601 MR820 3-200
FE5B MUR410 3-253 FR602 MR821 3-200
FE5C MUR415 3-253 FR603 MR822 3-200
FE5D MUR420 3-253 FR604 MR824 3-200
FE6A MUR405 3-253 FR605 MR826 3-200
FE6B MUR410 3-253 FRM3205CC MUR3005PT 3-287 -
FE6C MUR415 3-253 FRM3210CC MUR3010PT 3-287
FE6D MUR420 3-253 FRM3215CC MUR3015PT 3-287
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FRM3220CC MUR3020PT 3-287 GI1303 MUR415 3-253
FRP1605CC MUR1605CT 3-277 Gl1304 MUR420 3-253
FRP1610CC MUR1610CT 3-277 Gl1401 MUR805 3-263
FRP1615CC MUR1615CT 3-277 Gl1402 MUR810 3-263
FRP1620CC MUR1620CT 3-277 GI1403 MUR815 3-263
FRP805 MUR805 3-263 Gl1404 MUR820 3-263
FRP810 MUR810 3-263 Gl2401 MUR1605CT 3-277
FRP815 MUR815 3-263 GI2402 MUR1610CT 3-217
FRP820 MUR820 3-263 Gl2403 MUR1615CT 3-217
FST1240 MBR1545CT 3-96 Gl2404 MUR1620CT 3-2717
FST1245 MBR1545CT 3-96 GI2500 MR2500 3-235
FST1540 MBR1545CT 3-96 GI2501 MR2501 3-235
FST1545 MBR1545CT 3-96 GI2502 MR2502 3-235
FST20035 MBR20035CT 3-157 GI2504 MR2504 3-235
FST20040 MBR20045CT 3-157 GI2506 MR2506 3-235
FST20045 MBR20045CT 3-157 GI2508 MR2508 3-235
FST20050 MBR20050CT 3-157 Gl2510 MR2510 3-235
FST2040 MBR2045CT 3-103 GI5823 1N5823 3-49
FST2045 MBR2045CT 3-103 GI5824 1N5824 3-49
FST2050 MBR2060CT 3-107 G15825 1N5825 3-49
FST30035 MBR30035CT 3-162 GP10A 1N4001 3-27
FST30040 MBR30045CT 3-162 GP10B 1N4002 3-27
FST30045 MBR30045CT 3-162 GP10D 1N4003 3-27
FST30050 MBR30050CT 3-162 GP10G 1N4004 3-27
FST3040 MBR2545CT 3-109 GP10J 1N4005 3-27
FST3045 MBR2545CT 3-109 GP10K 1N4006 3-27
FST6035 MBR12035CT 3-153 GP10M 1N4007 3-27
FST6040 MBR12045CT 3-153 GP80A MURB805 3-263
FST6045 MBR12045CT 3-153 GP80B MUR810 3-263
FST6050 MBR12050CT 3-153 GP80D MUR820 3-263
GER4001 1N4001 3-27 GP80G MUR840 3-263
GER4002 1N4002 3-27 GP80J MUR860 3-263
GER4003 1N4003 3-27 HER101 MUR105 3-244
GER4004 1N4004 3-27 HER102 MUR110 3-244
GER4005 1N4005 3-27 HER103 MUR120 3-244
GER4006 1N4006 3-27 HER104 MUR130 3-244
GER4007 1N4007 3-27 HER105 MUR140 3-244
GI750 MR750 3-196 HER151 MUR105 3-244
GiI751 MR751 3-196 HER152 MUR110 3-244
GI752 MR752 3-196 HER153 MUR120 3-244
GI754 MR754 3-196 HER154 MUR130 3-244
GI756 MR756 3-196 HER155 MUR140 3-244
GI758 MR758 3-196 HER301 MURA405 3-253
Gl820 MR820 3-200 HER302 MUR410 3-253
Gl821 MR821 3-200 HER303 MUR420 3-253
Glg22 MR822 3-200 HER304 MUR430 3-253
Gl824 MR824 3-200 HER305 MUR440 3-253
G1826 MR826 3-200 HER801 MUR805 3-263
GI850 MR850 3-209 HER802 MUR810 3-263
Gl851 MR851 3-209 HER803 MUR820 3-263
Glg52 MR852 3-209 HER804 MURB830 3-263
Gl854 MR854 3-209 HER805 MURB840 3-263
G856 MR856 3-209 IRD3899,R 1N3899,R 3-17
GI1001 MUR105 3-244 IRD3300,R 1N3900,R 3-17
Gi1002 MUR110 3-244 IRD3901,R 1N3901,R 3-17
GI11003 MUR115 3-244 IRD3902,R 1N3902,R 3-17
Gl1004 MUR120 3-244 IRD3903,R 1N3903,R 3-17
Gi1101 MUR405 3-253 IRD3909,R 1N3909,R 3-22
Gi1102 MUR410 3-253 IRD3910,R 1N3910,R 3-22
GI1103 MUR415 3-253 IRD3911,R 1N3911,R 3-22
Gl1104 MUR420 3-253 IRD3912,R 1N3912,R 3-22
GI1301 MUR405 3-253 IRD3913,R 1N3913,R 3-22
GI1302 MUR410 3-253 P600A MR750 3-196
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P600B MR751 3-196 RGP30A MRB50 3-209
P600D MR752 3-196 RGP30B MR851 3-209
P600G MR754 3-196 RGP30D MRB52 3-209
P600J MR756 3-196 RGP30G MR854 3-209
P600K MR758 3-196 RGP30J MR856 3-209
R711 MR4422CT 3-243 RGP80A MURB05 3-263
R711A MR4422CTR 3-243 RGP80B MUR810 3-263
R711X R711IXPT 3-339 RGP80D MUR820 3-263
R712X R712XPT 3-339 RGP80G MURB840 3-263
R714X R714XPT 3-339 RGP80J MURB60 3-263
RA2505 MR2500 3-235 RLO61 1N4001 3-27
RA251 MR2501 3-235 RL062 1N4002 3-27
RA2510 MR2510 3-235 RL063 1N4003 3-27
RA252 MR2502 3-235 RL064 1N4004 3-27
RA253 MR2504 3-235 RL065 1N4005 3-27
RA254 MR2504 3-235 RLO66 1N4006 3-27
RA255 MR2506 3-235 RL067 1N4007 3-27
RA256 MR2506 3-235 RL251 1N5400 3-38
RA258 MR2508 3-235 RL252 1N5401 3-38
RG1A 1N4933 3-32 RL253 1N5402 3-38
RG1B 1N4934 3-32 RL254 1N5404 3-38
RG1D 1N4935 3-32 RL255 1N5406 3-38
RG1G 1N4936 3-32 RL256 1N5406 3-38
RG1J 1N4937 3-32 RL257 1N5406 3-38
RG2A MR850 3-209 RP300A MR850 3-209
RG28 MR851 3-209 RP300B MR851 3-209
RG2D MR852 3-209 RP300D MR852 3-209
RG2G MR854 3-209 RP300G MR854 3-209
RG2J MR856 3-209 RP300J MRB856 3-209
RG3A MR850 3-209 RUD810 MUR1610CT 3-277
RG3B MRB851 3-209 RUD815 MUR1615CT 3-277
RG3D MRB852 3-209 RUD820 MUR18620CT 3-277
RG3G MR854 3-209 RUR810 MUR810 3-263
RG3J MR856 3-209 RUR815 MUR815 3-263
RG4A MRB850 3-209 RUR820 MUR820 3-263
RG4B MRB851 3-209 RURD1610 MUR3010PT 3-287
RG4D MR852 3-209 RURD1615 MUR3015PT 3-287
RG4G MR854 3-209 RURD1620 MUR3020PT 3-287
RG4J MRB856 3-209 $00601DF 1N3880 3-7
RGMB30A MUR3005PT 3-287 S006020F 1N3881 3-7
RGM30B MUR3010PT 3-287 S00603DF 1N3882 3-7
RGM30D MUR3020PT 3-287 S00604DF 1N3883 3-7
RGM30G MUR3040PT 3-287 S006AADF 1N3879 3-7
RGP10A 1N4933 3-32 S01201DF 1N3890 3-12
RGP108 1N4934 3-32 S01202DF 1N3e91 3-12
RGP10D 1N4935 3-32 S01203DF 1N3892 3-12
RGP10G 1N4936 3-32 S01204DF 1N3893 3-12
RGP10J 1N4937 3-32 S012AADF 1N3889 3-12
RGP15A MRB850 3-209 $20100 MR2010
RGP15B MRB851 3-209 $2040 MR2004 3-221
RGP15D MR852 3-209 520410 MR1121 3-218
RGP15G MRB854 3-209 520420 MR1122 3-218
RGP15J MRB856 3-209 520440 MR1124 3-218
RGP20A MR850 3-209 $20460 MR1126 3-218
RGP20B MRB851 3-209 52060 MR2006 3-221
RGP20D MRB852 3-209 52080 MR2008 3-221
RGP20G MR854 3-209 $21100 MR2010 3-221
RGP20J MR856 3-209 $2140 MR2004 3-221
RGP25A MRB50 3-209 52160 MR2006 3-221
RGP25B MR851 3-209 52180 MR2008 3-221
RGP25D MR852 3-209 S30410 1N1184A 3-2
RGP25G MR854 3-209 $30420 1N1186A 3-2
RGP254 MRB856 3-209 530440 1N1188A 3-2
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S30460 1N1190A 3-2 SBS1020T MBR1035 3-90
S3410 1N1184A 3-2 SBS1030T MBR1035 3-90
§3420 1N1186A 3-2 SBS1035T MBR1035 3-90
S3440 1N1188A 3-2 SBS1040T MBR1045 3-90
S3460 1N1190A 3-2 SBS1045T MBR1045 3-90
SB1020 MBR1035 3-90 SBS1620T MBR1635 3-98
SB1035 MBR1035 3-90 SBS1630T MBR1635 3-98
SB1040 MBR1045 3-90 SBS1635T MBR1635 3-98
SB1045 MBR1045 3-90 SBS1640T MBR1645 3-98
SB120 1N5817 3-40 SBS1645T MBR1645 3-98
SB130 1N5818 3-40 SBS520T MBR735 3-88
SB140 1N5819 3-40 SBS530T MBR735 3-88
SB150 MBR15u 3-75 SBS535T MBR735 3-88
SB160 MBR160 3-75 SBS540T MBR745 3-88
SB1620 MBR1535CT 3-96 SBS545T MBR745 3-88
SB1630 MBR1535CT 3-96 SBS820T MBR735 3-88
SB1640 MBR1545CT 3-96 SBS830T MBR735 3-88
SB1645 MBR1545CT 3-96 SBS835T MBR735 3-88
SB3020 MBR3035CT 3-113 SBS840T MBR745 3-88
SB3030 MBR3035CT 3-113 SBS845T MBR745 3-88
SB3040 MBR3045CT 3-113 SBS850T MBR1060 3-94
SB3045 MBR3045CT 3-113 SBS860T MBR1060 3-94
SB320 MBR320 3-81 SBT3035 MBR3035CT 3-113
SB330 MBR330 3-81 SBT3040 MBR3045CT 3-113
SB340 MBR340 3-81 SBT3045 MBR3045CT 3-113
SB350 MBR350 3-81 Sb241 SD241 3-113
SB360 MBR360 3-81 SD41 SD4t 3-67
SB520 1N5823 3-49 SD41 SD41 3-67
SB530 1N5824 3-49 SD41 SD41 3-67
SB540 1N5825 3-49 SD51 SD51 3-7
SB820 MBR735 3-88 SES5001 MUR105 3-244
SB830 MBR735 3-88 SES5002 MUR110 3-244
SB840 MBR745 3-88 SES5003 MUR115 3-244
SB845 MBR745 3-88 SES5301 MUR405 3-253
SB850 MBR1060 3-94 SES5302 MUR410 3-253
SB860 MBR1060 3-94 SES5303 MUR415 3-253
SBP1020T MBR1535CT 3-96 SES5401 MURB05 3-263
SBP1030T MBR1535CT 3-96 SES5401C MUR1605CT 3-217
SBP1035T MBR1535CT 3-96 SES5402 MUR810 3-263
SBP1040T MBR1545CT 3-96 SES5402C MUR1610CT 3-277
SBP1045T MBR1545CT 3-96 SES5403 MUR815 3-263
SBP1620T MBR1535CT 3-96 SES5403C MUR1615CT 3-277
SBP1630T MBR1535CT 3-96 SES5404 MURB820 3-263
SBP1635T MBR1535CT 3-96 SES5404C MUR1620CT 3-217
SBP1640T MBR1545CT 3-96 SES5501 MUR1505 3-272
SBP1645T MBR1545CT 3-96 SES5502 MUR1510 3-272
SBR1040 MBR1045 3-90 SES5503 MUR1515 3-272
SBR1045 MBR1045 3-90 SES5504 MUR1520 3-272
SBR1050 MBR1060 3-94 SES5701 MUR2505 3-285
SBR1640 MBR1645 3-98 SES5702 MUR2510 3-285
SBR1645 MBR1645 3-98 SES5703 MUR2515 3-285
SBR2520 1N5832 3-63 SES5801 MUR5005 3-299
SBR2530 1N5833 3-63 SES5802 MUR5010 3-299
SBR3035 MBR3535 3-121 SES5803 MURS015 3-299
SBR3045 MBR3545 3-121 SI231 MBR3045CT 3-113
SBR3540 MBR3545 3-116 SI232 MBR3045CT 3-113
SBR3545 MBR3545 3-121 SI31 MBR3535 3-121
SBR6025 MBR6045 3-135 SI32 MBR3545 3-116
SBR8035 MBR8035 3-149 SI7T1 MBR7545 3-147
SBR8040 MBR8045 3-149 SR1002 MBR1035 3-90
SBR8040 MBR8045 3-149 SR1003 MBR1035 3-90
SBR8045 MBR8045 3-149 SR1004 MBR1045 3-90
SBR8045 MBR8045 3-149 SR1005 MBR1060 3-94
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SR1006 MBR1060 3-94 UES1503 MUR1515 3-272
SR102 MBR150 3-75 UES1504 MUR1520 3-2712
SR103 MBR150 3-75 UES2401 MUR1605CT 3-217
SR104 MBR150 3-75 UES2402 MUR1610CT 3-277
SR105 MBR150 3-75 UES2403 MUR1615CT 3-277
SR106 MBR160 3-75 UES2404 MUR1620CT 3-277
SR1602 MBR1535CT 3-96 UES2601 MURB3005PT 3-287
SR1603 MBR1535CT 3-96 UES2602 MUR3010PT 3-287
SR1604 MBR1545CT 3-96 UES2603 MUR3015PT 3-287
SR302 MBR320 3-81 UES2604 MUR3020PT 3-287
SR303 MBR330 3-81 UES2605 MUR3030PT 3-287
SR304 MBR340 3-81 UES2606 MUR3040PT 3-287
SR305 MBR350 3-81 UES701 MUR2505 3-285
SR306 MBR360 3-81 UES702 MUR2510 3-285
SR802 MBR735 3-88 UES703 MUR2515 3-285
SR803 MBR735 3-88 UES704 MUR2520 3-285
SR804 MBR745 3-88 UES705 MUR2520 3-285
SRP100A 1N4933 3-32 UES706 MUR2520 3-285
SRP100B 1N4934 3-32 UES801 MUR7005 3-305
SRP100D 1N4935 3-32 UESB02 MUR7010 3-305
SRP100G 1N4936 3-32 UES803 MUR7015 3-305
SRP100J 1N4937 3-32 UES804 MURS5020 3-299
SRP300A MR850 3-209 UES805 MUR5020 3-299
SRP300B MR851 3-209 UESB06 MURS5020 3-299
SRP300D MR852 3-209 UF4001 MUR105 3-244
SRP300G MR854 3-209 UF4002 MUR110 3-244
SRP300J MR856 3-209 UF4003 MUR120 3-244
SRP600A MR820 3-200 UF4004 MUR140 3-244
SRP600B MR821 3-200 UF5400 MUR405 3-253
SRP600D MR822 3-200 UF5401 MUR410 3-253
SRP600G MR824 3-200 UF5402 MUR420 3-253
SRP600J MR826 3-200 UF5403 MUR430 3-253
1G24 MUR440 3-253 UF5404 MUR440 3-253
TG26 MUR460 3-253 USD1120 MBR150 3-75
TG284 MUR1640CT 3-277 USD1130 MBR150 3-75
TG286 MUR1660CT 3-277 USD1140 MBR150 3-75
TG288 MUR1660CT 3-277 USD320C MBR3035CT 3-113
TG4 MUR140 3-244 USD335C MBR3035CT 3-113
TG6 MUR160 3-244 USD345C MBR3045CT 3-113
TG84 MURB840 3-263 USD520 MBR8035 3-149
TG86 MURB60 3-263 USD535 MBR8035 3-149
UES1001 MUR105 3-244 USD545 MBR8045 3-149
UES1002 MUR110 3-244 USD550 MBRB8045 3-149
UES1003 MUR115 3-244 USD620 MBR735 3-88
UES1101 MUR105 3-244 USD620C MBR1535CT 3-96
UES1102 MUR110 3-244 USD635 MBR735 3-88
UES1103 MUR115 3-244 USD635C MBR1535CT 3-96
UES1104 MUR120 3-244 UsD640 MBR745 3-88
UES1105 MUR130 3-244 USD640C MBR1545CT 3-96
UES1106 MUR140 3-244 USD645 MBR745 3-88
UES1301 MUR405 3-253 USD645C MBR1545CT 3-96
UES1302 MUR410 3-253 usD720 MBR1035 3-90
UES1303 MUR415 3-253 UsD720C MBR1535CT 3-96
UES1304 MUR420 3-253 USD735 MBR1035 3-90
UES1305 MUR430 3-253 USD735C MBR1535CT 3-96
UES1306 MUR440 3-253 USD740 MBR1045 3-90
UES1401 MURB805 3-263 usD740C MBR1545CT 3-96
UES1402 MUR810 3-263 USsD745 MBR1045 3-90
UES1403 MUR815 3-263 USD745C MBR1545CT 3-96
UES1404 MUR820 3-263 USsD820 MBR1635 3-98
UES1420 MURB860 3-263 usD835 MBR1635 3-98
UES1501 MUR1505 3-272 UsD840 MBR1645 3-98
UES1502 MUR1510 3-272 USD845 MBR1645 3-98
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USsD920 MBR1635 3-98 UTR62 1N4937 3-32
USD935 MBR1635 3-98 UTX105 1N4933 3-32
USD940 MBR1645 3-98 uTXx110 1N4934 3-32
USD945 MBR1645 3-98 UTX115 1N4935 3-32
UT234 1N4003 3-27 UTX120 1N4935 3-32
UT235 1N4004 3-27 uTx125 1N4935 3-32
UT236 1N4002 3-27 UTX205 1N4933 3-32
uT237 1N4005 3-27 UTX210 1N4934 3-32
uT238 1N4005 3-27 UTX215 1N4935 3-32
UT242 1N4003 3-27 UTX220 1N4935 3-32
UT244 1N4004 3-27 UTX225 1N4935 3-32
uT245 1N4005 3-27 UTX3105 MR850 3-209
uT247 1N4005 3-27 UTX3110 MR851 3-209
UT249 1N4002 3-27 UTX3115 MR852 3-209
uT251 1N4002 3-27 UTX3120 MR852 3-209
uT252 1N4003 3-27 UTX4105 MR850 3-209
uT254 1N4004 3-27 uTX4110 MR851 3-209
uT2s5 1N4005 3-27 UTX4115 MRB852 3-209
uT2s57 1N4005 3-27 UTX4120 MR852 3-209
UT258 1N4006 3-27 V322 1N5402 3-38
uT347 1N4007 3-27 V324 1N5404 3-38
UT361 1N4006 3-27 V326 1N5406 3-38
UT362 1N4006 3-27 V330X MR850 3-209
UT363 1N4007 3-27 V331X MR851 3-209
UT364 1N4007 3-27 V332X MR852 3-209
UTRoO1 1N4933 3-32 V334X MR854 3-209
UTR02 1N4933 3-32 V336X MRB856 3-209
UTR10 1N4934 3-32 V342 1N5402 3-38
UTR11 1N4934 3-32 V344 1N5404 3-38
UTR12 1N4934 3-32 V346 1N5406 3-38
UTR20 1N4935 3-32 V350X MR850 3-209
UTR21 1N4935 3-32 V351X MR851 3-209
UTR22 1N4935 3-32 V352X MR852 3-209
UTR2305 MR850 3-209 V354X MR854 3-209
UTR2310 MR851 3-209 V356X MR856 3-209
UTR2320 MR852 3-209 VHE1401 MUR805 3-263
UTR2340 MR854 3-209 VHE1402 MUR810 3-263
UTR2350 MR856 3-209 VHE1403 MUR815 3-263
UTR2360 MR856 3-209 VHE1404 MUR820 3-263
UTR30 1N4936 3-32 VHE205 MUR105 3-244
UTR31 1N4936 3-32 VHE210 MUR110 3-244
UTR32 1N4936 3-32 VHE215 MUR115 3-244
UTR3305 MR850 3-209 VHE220 MUR120 3-244
UTR3305 MRB850 3-209 VHE240! MUR1605CT 3-277
UTR3310 MR851 3-209 VHE2402 MUR1610CT 3-277
UTR3320 MR852 3-209 VHE2403 MUR1615CT 3-277
UTR3340 MR854 3-209 VHE2404 MUR1620CT 3-277
UTR3350 MR856 3-209 VHE605 MUR405 3-253
UTR3360 MR856 3-209 VHE610 MUR410 3-253
UTR40 1N4936 3-32 VHE615 MUR415 3-253
UTR41 1N4936 3-32 VHE620 MUR420 3-253
UTR42 1N4936 3-32 VHE701 MUR2505 3-285
UTR4305 MR850 3-209 VHE702 MUR2510 3-285
UTR4310 MR851 3-209 VHE703 MUR2515 3-285
UTR4320 MR852 3-209 VHE704 MUR2520 3-285
UTR4340 MR850 3-209 VHE801 MUR7005 3-305
UTR4350 MR856 3-209 VHE802 MUR7010 3-305
UTR4360 MR856 3-209 VHE803 MUR7015 3-305
UTR50 1N4937 3-32 VHE804 MUR7020 3-305
UTR51 1N4937 3-32 VSK1020 MBR1035 3-90
UTR52 1N4937 3-32 VSK1035 MBR1035 3-90
UTR60 1N4937 3-32 VSK1045 MBR1045 3-90
UTR61 1N4937 3-32 VSK12 MBR1535CT 3-96
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VSK120 1N5817 3-40 VSK3030T MBR3035CT 3-113
VSK13 MBR1535CT 3-96 VSK3040S MBR3545 3-116
VSK130 1N5818 3-40 VSK3040T MBR3045CT 3-113
VSK14 MBR1545CT 3-96 VSK32 MBR3545 3-116
VSK140 1N5819 3-40 VSK320 MBR320 3-81
VSK1520 1N5829 3-58 VSK330 MBR330 3-81
VSK1530 1N5830 3-58 VSK340 MBR340 3-81
VSK1540 1N5831 3-58 VSK4020 1N5832 3-63
VSK2004 MBR20050CT 3-157 VSK4030 1N5833 3-63
VSK2020 MBR2035CT 3-103 VSK4040 1N5834 3-63
VSK2035 MBR2035CT 3-103 VSK41 SD41 3-67
VSK2045 MBR2045CT 3-103 VSK51 SD51 3-7
VSK2420 MBR2535CT 3-109 VSK62 MBR735 3-88
VSK2435 MBR2535CT 3-109 VSK63 MBR735 3-88
VSK2445 MBR2545CT 3-109 VSK64 MBR745 3-88
VSK30208 MBR3535 3-121 VSK920 MBR1535CT 3-96
VSK3020T MBR3035CT 3-113 VSK935 MBR1535CT 3-96
VSK3030S MBR3535 3-121 VSK945 MBR1545CT 3-96




Selector Guide

Continuing investment in research and development for discrete Contents
products has led to a rectifier manufacturing facility that matches the
precision and versatility of the most advanced integrated circuits. As Page
a result, Motorola’s silicon rectifiers span all applications categories

with quality levels capable of passing the most stringent Application Specific Rectifiers .............. 22

environmental tests — including those for automotive under-hood

applications. Schottky (High Speed, Low Voltage) . ....... 2-3

Product Highlights:

o Application specific rectifiers — SCANSWITCH™ devices for high Ultrafast Recovery ................. ... ... 2-8
resolution monitors, MEGAHERTZ™ series rectifiers for high
frequency switching power supplies and automotive transient Fast Recovery e e J 2-12
SUppressors.

o Schottky rectifiers for low voltage (15 to 200 volts), high current (to General Purpose .........cooviiiineinnnn. 2-14
600 amps) requirements in switching power supplies.

® Fast and Ultrafast rectifiers with reverse recovery times as low as Automotive Transient Suppressors ...... ... 216

25 ns to complement the Schottky devices for higher voltage
requirements in high frequency applications.

A full line of low-cost, general-purpose rectifiers with forward
currents from 1 to 50 amps and breakdown voltages from 50 to
1000 volts.

A wide variety of package options to match virtually any potential
requirement.



Application Specific Rectifiers

The focus for Rectifier Products continues to be on Schottky
and Ultrafast technologies, with process and packaging
improvements to achieve greater efficiency in high frequency
switching power supplies, high current mainframe supplies,
and high resolution monitors. Our new product thrust is
intended to be more “application specific” than in the past,

Table 1 — MEGAHERTZ

while continuing to strive for broad market acceptance.
MEGAHERTZ Series — This group of Schottky and Ultra-
fast rectifiers are designed to provide improved efficiency in
very high frequency switching power supplies with low VE
(0.41 volts), high voltage (to 200 volts) Schottkys and faster

Ultrafast (tyr = 28 nsec.).

Maximum
VE @ Rated IR @ Rated

lo VRRM lo and Temp. VRRM/ 25°C trr
Device (Amps) (Volts) (Volts) (mAmps) (Nanosecond)
MBR2030CTL 20 30 0.48 5 (5)
MBR2535CTL 25 35 0.41 20 ()
MBR20200CT 20 200 0.9 1 (5)
MURH840CT 8 400 1.7 0.01 28
MURH860CT 8 600 2.0 0.01 28

(5) schottky barrier device.

SCANSWITCH Series — This group of Fast and Ultrafast

time (tfr) and high voltage (1200-1500 volts) are primary

rectifiers are designed for improved performance in very high considerations.

resolution monitors and work stations where forward recovery

Table 2 — SCANSWITCH

Maximum
lo VRRM tr tr VRem(®)

Device (Amps) (Volts) (Nanosecond) (Nanosecond) (Volts)
MURS5150E 5 1500 225 175 20
MR10120E 10 1200 175 1000 14
MUR10120E 10 1200 175 175 14
MR10150E 10 1500 175 1000 16
MUR10150E 10 1500 175 175 16

(6) Vg = Maximum Transient Overshoot Voltage.

Automotive transient suppressors are designed for protec-
tion against over-voltage conditions in the auto electrical

Table 3 — Automotive Transient Suppressors

system including the “LOAD DUMP” phenomenon that occurs
when the battery open circuits while the car is running.

lo VRRM V(BR) Irsm(? T
Device (Amps) (Volts) (Volts) (Amps) (°C)
MR2535L 35 20 24-32 110 175

(7) Time constant = 10 ms, Duty Cycle < 1%, T = 25°C.

Devices listed in bold, italic are Motorola preferred devices.
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Schottky Rectifiers

SWITCHMODE™ Schottky power rectifiers with the high
speed and low forward voltage drop characteristic of
Schottky’s metal/silicon junctions are produced with
ruggedness and temperature performance comparable to
silicon-junction rectifiers. Ideal for use in low-voltage,
high-frequency power supplies, and as very fast clamping
diodes, these devices feature switching times less than 10 ns,
and are offered in current ranges from 1 to 600 amperes, and
reverse voltages to 200 volts.

In some current ranges, devices are available with junction
temperature specifications of 125°C, 150°C, 175°C. Devices

Table 4 — Schottky Rectifiers

with higher Ty ratings can have significantly lower leakage
currents, but higher forward-voltage specifications. These
parameter tradeoffs should be considered when selecting
devices for applications that can be satisfied by more than one
device type number.

All devices are connected cathode-to-case or cathode-to-
heatsink, where applicable. Reverse polarity may be available
on some devices upon special request. Contact your Motorola
representative for more information.

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)“)
1 3 5 6
59-04 403A-03 267-03 403-03 369A-11 60-01 369A-11
Plastic SMB Plastic SMC DPAK Metal DPAK
Cathode = Cathode = Cathode = Cathode = Style 3 Style 1 Style 3
Polarity Band Notch Polarity Band Notch Z::l_o
® b
VRRM
(Volts)
20 1N5817 1N5820 MBR320 MBRD320 1N5823 MBRD620CT
25
30 1N5818 1N5821 MBR330 MBRD330 1N5824 MBRD630CT
35
40 1N5819 MBRS140T3 1N5822 MBR340 MBRS34073 | MBRD340 1N5825 MBRD640CT
45
50 MBR150 MBR350 MBRD350 MBRD650CT
60 MBR160 MBR360 MBRD360 MBRD660CT
70 MBR170 MBR370
80 MBR180 MBR380
90 MBR190 MBR390
100 MBR1100 | MBRS1100T3 MBR3100
IESM 25 40 80 80 80 75 500 75
(Amperes)
Max Vg @ 0.6(2) 0.6(2) 0.525(2) 0.74(2) 0.525(2) 0.45 0.38(2) 0.85
IEM=lo TL=25°C | Tc=25°C | T =25°C | T =25°C | T =25°C | Tg=125°C | Tg=25°C | Tg=125°C
Ty (Max) °C 125 125 125 150 125 150 125 150

(1)1g is total device output current.
(2) values are for 40 volt units, lower voltage parts exhibit lower VE.

Devices listed in bold, italic are Motorola preferred devices.




SCHOTTKY RECTIFIERS (continued)

There are many other standard features in Motorola
Schottky rectifiers that give added performance and reliability.
1. GUARDRINGS are included in all Schottky die for reverse
voltage stress protection from high rates of dv/dt to virtually
eliminate the need for snubber networks. The guardring also
operates like a zener and avalanches when subjected to volt-
age transients.

Table 4 — Schottky Rectifiers (continued)

2. MOLYBDENUM DISCS on both sides of the die minimize
fatigue from power cycling in all metal products. The plastic
TO-220 devices have a special solder formulation for the
same purpose.

3. QUALITY CONTROL monitors all critical fabrication opera-

tions-and performs selected stress tests to assure constant
processes.

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)
75 | 10 15 16 20 25
221B-02 221A-06 56-03 221B-02 221A-06 56-03
(TO-220AC) (TO-220AB) | (DO-203AA) | (TO-220AC) | (TO-220AB) (DO-203AA)
Style 1 Style 6 Style 2 Style 1 Style 6 Style 2
Z'ﬂ“’@ N
VRRM
(Volts)
15 MBR2015CTL
20 1N5826 1N5829
30 1N5827 MBR2030CTL | 1N5830 1N6095
35 MBR735 | MBR1035 | MBR1535CT MBR1635 | MBR2035CT
MBR2535CTL
40 1N5828 1N5831 1N6096
45 MBR745 | MBR1045 | MBR1545CT MBR1645 | MBR2045CT sD41
50
60 MBR1060 MBR2060CT
70 MBR1070 MBR2070CT
80 MBR1080 MBR2080CT
90 MBR1090 MBR2090CT
100 MBR10100 MBR20100CT
200 MBR20200CT
IEsm 150 150 150 500 150 150 800 400
(Amperes)
Max Vg @ 0.57 0.57 0.72 0.5 0.57 0.72(2) 0.48(2) 0.86 @ 78.5 A
IEM=lo |Tc=125°C | Tc=125°C | Tc=125°C | Tc=125°C | Tc=125°C | Tc=125°C | Tc=25°C Tc =70°C
Tg (Max) °C 150 150 150 150 150 150 125 150

(110 is total device output current.
(2) values are for 40 volt units, lower voltage parts exhibit lower Vg.

Devices listed in bold, italic are Motorola preferred devices.
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Table 4 — Schottky Rectifiers (continued)
10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)

25 30 35 40
221D-02 11-03 221A-06 340E-01 340D-01 340F-03 56-03 257-01
ISOLATED (TO-204AA) | (TO-220AB) (TO-218) (TO-218AC) (TO-247) (DO-203AA) | (DO-203AB)
TO-220 Style 4 Style 6 Style 1 Style 2 Style 2 Style 2 Style 2
Style 3

S ) N T

it
9
s | 7

(Volts)
15

20 MBR3020CT MBR3520 1N5832
25

30 1N5833
35 MBRF2535CT | MBR3035CT | MBR2535CT MBR3035PT | MBR3035WT | MBR3535
40 1N5834

45 MBRF2545CT | MBR3045CT | MBR2545CT | MBR3045 | MBR3045PT | MBR3045WT | MBR3545
SD241

50

60

70

80

90
100

IFsm 150 400 300 300 400 350 600 800
(Amperes)

MaxVF@ |0.62@ 125A 0.72 0.73 0.62 0.72 0.72 0.55 0.59
IEm=lo Tc=125°C Tc=125°C | Tc=125°C | Tc=100°C | Tc=125°C | Tc=125°C Tc=25°C Tc=25°C

Ty (Max) °C 150 150 150 150 150 150 150 125
M lp is total device output current.

Devices listed in bold, italic are Motorola preferred devices.



SCHOTTKY RECTIFIERS (continued)

Table 4 — Schottky Rectifiers (continued)

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)
50 60 | e | 75 | 80
257-01 340E-01 257-01
(DO-203AB) | (TO-218) (DO-203AB)
Style 2 Style 1 Style 2
VRRM
(Volts)
15 MBR6015L
20 MBR6020L
25 MBR5025L MBR6025L
30 1N6097 MBR6030L
35 MBR6035 MBR6535 MBR7535 MBR8035
40 1N6098
45 sDs1 MBR6045 MBR6545 | MBR7545 | MBR8045
50
60
70
80
90
100
IESM 800 500 800 1000 800 1000 1000
(Amperes)
MaxVE@ | 0.86@ 157 A 0.65(2) 0.6(2) 0.38 0.62 0.6(2) 0.59
IEM=lo Tc=70°C | Tc=150°C | Tc=125°C | Tc=150°C | Tc=150°C | Tg=125°C | Tg=150°C
T, (Max) °C 125 150 150 150 175 150 175

(1 is total device output current.
(2) Values are for 40 volt units, lower voltage parts exhibit lower V.

Devices listed in bold, italic are Motorola preferred devices.




Table 4 — Schottky Rectifiers (continued)

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)
120 | 200 [ 300 600
357C-03
POWERTAP™
Cathode = Mounting Plate
Anode = Terminal
OS>
T
%
&
VRRM
(Volts)
15 MBR20015CTL
20 MBR20020CTL
25 MBR20025CTL
30 MBR20030CTL
35 MBR12035CT MBR20035CT MBR30035CT MBR60035CTL
40
45 MBR12045CT MBR20045CT MBR30045CT
50 MBR12050CT MBR20050CT MBR30050CT
60 MBR12060CT MBR20060CT MBR30060CT
70
80
90
100
IEsm 800 1500 2500 4000
(Amperes)
Max Vg @ 0.62 0.48 0.64 0.50
IEM=lo Tg=175°C Tg = 150°C Tc=125°C Tg=100°C
T, (Max) °C 175 175 175 150

(D1g is total device output current.

Devices listed in bold, italic are Motorola preferred devices.




Ultrafast Recovery Rectifiers

The Ultrafast Recovery Rectifiers, with reverse times of 25 increase from 20 kHz to 250 kHz and beyond. Additional
to 100 nanoseconds, are expanding the SWITCHMODE package styles and operating current levels are planned.
rectifier family. They complement the broad array of Schottky All devices are connected cathode-to-case or cathode-to-
devices for use in the higher voltage outputs and internal heatsink, except where noted. Contact your Motorola repre-
circuitry of switching power supplies as operating frequencies sentative for more information.

Table 5 — Ultrafast Recovery Rectifiers

lo, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(‘)
1 3 4 6 8
59-04 403A-03 403-03 369A-11 267-03 369A-11 221A-06 221B-02
Plastic SMB SMC DPAK Plastic DPAK (TO-220AB) | (TO-220AC)
Cathode = Cathode = Cathode = Style 3 Cathode = Style 3 Style 6 Style 1
Polarity Band Notch Notch Polarity Band 0
VRRM Z:]* ::}0
(Volts)
50 MUR105 MURD305 MUR405 MURDG605CT | MUR605CT MUR805
100 MUR110 MURD310 MUR410 MURD610CT | MUR610CT MUR810
150 MUR115 MURD315 MUR415 MURD615CT | MUR615CT MURB815
200 MUR120 MURS120T3 | MURS320T3 | MURD320 MUR420 MURD620CT | MUR620CT MUR820
300 MUR130 MUR430 MURB830
400 MUR140 MUR440 MURS840
500 MUR150 MUR450 MURB850
600 MUR160 MURS160T3 | MURS360T3 MUR460 MURS860
700 MUR170E MUR470E MURS870E
800 MUR180E MUR480E MURBSS0E
900 MUR190E MUR490E MURB90E
1000 MUR1100E MUR4100E MURS8100E
IEsm 35 40 75 75 125 63 75 100
(Amperes)
trr 25/50/75 25/50 25/50 35 25/50/75 35 35 35/60/100
nsec
TJ (Max) °C 175 175 175 175 175 175 175 175

(M1g is total device output current.

Devices listed in bold, italic are Motorola preferred devices.



Table 5 — Ultrafast Recovery Rectifiers (continued)

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)
8 15 16 25 30
221A-06 221B-02 221A-06 56-03 340E-01 340D-01
(TO-220AB) | (TO-220AC) (TO-220AB) (DO-203AA) (TO-218) (TO-218AC)
Style 1 Style Style Style 2 Style 1 Style 2
6 7
@ 0
VRRM :}(’ Z:]”
(Volts)

50 MUR1505 | MUR1605CT | MUR1605CTR | MUR2505 R710XPT | MUR3005PT
100 MUR1510 | MUR1610CT | MUR1610CTR | MUR2510 R711XPT | MUR3010PT
150 MUR1515 | MUR1615CT | MUR1615CTR | MUR2515 MUR3015PT
200 MUR1520 | MUR1620CT | MUR1620CTR | MUR2520 MUR3020 R712XPT | MUR3020PT
300 MUR1530 | MUR1630CT MUR3030 MURB3030PT
400 MURH840CT | MUR1540 | MUR1640CT MUR3040 R714XPT | MUR3040PT
500 MUR1550 | MUR1650CT MURS3050PT
600 MURH860CT | MUR1560 | MUR1660CT MUR3060PT
700
800
900

1000
IFsm 100 200 200 100 500 300 150 400
(Amperes)
ter 28 35/60 35 35 50 100 100 35
nsec
Tg (Max) °C 175 175 175 175 175 175 150 175

(1o is total device output current.

Devices listed in bold, italic are Motorola preferred devices.




ULTRAFAST RECOVERY RECTIFIERS (continued)

Table 5 — Ultrafast Recovery Rectifiers (continued)

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)
30 50 60 70
340F-01 257-01 340E-01 257-01
(TO-247) (DO-203AB) (TO-218) (DO-203AB)
Style 2 Style 1 Style 2
VRRM
(Volts)
50 MURS005 MUR7005
100 MURS010 MUR7010
150 MURS5015 MUR7015
200 MUR3020WT MURS5020 MUR6020 MUR7020
300 " MUR6030
400 MUR3040WT MURG6040
* 500
600 MUR3060WT
700
800
900
1000
IFSm 350 600 600 1000
(Amperes)
ter 60 50 100 50
nec
Ty (Max) °C 175 175 175 175

(N1g is total device output current.

Devices listed in bold, italic are Motorola preferred devices.
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Table 5 — Ultrafast Recovery Rectifiers (continued)

lo, AVERAGE RECTIFIED FORWARD
CURRENT (Amperes)(1)
100 | 200
357C-03
POWERTAP
Cathode = Mounting Plate
Anode = Terminal
VRRM
(Volts)
50
100
150
200 MUR10020CT MUR20020CT
300
400 MUR20040CT
500
600
700
800
900
1000
IFsm 400 800
(Amperes)
trr 50 50
nec
Ty (Max) °C 175 175

(M1g is total device output current.

Devices listed in bold, italic are Motorola preferred devices.



Fast Recovery Rectifiers

All devices are connected cathode-to-case or cathode-to-
heatsink, where applicable. Reverse polarity may be available
on some devices upon special request. Contact your Motorola
representative for more information.

Fast Recovery Rectifiers are available for designs that re-
quire a power rectifier with maximum switching times ranging
from 200 ns to 750 ns. These devices are offered in current
ranges of 1 to 30 amperes and in voltages to 600 volts.

Table 6 — Fast Recovery Rectifiers

1o, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)
1 3 5 6
59-03 60-01 267-03 194-04 245A-02
Plastic Metal Plastic Plastic (DO-203AA)
Cathode = Style 1 Cathode = Style 1 Metal
Polarity Band Polarity Band Style 2
VRRM
(Volts)
50 1N4933(3) MR830 MR850 MR820 1N3879
100 1N4934(3) MR831 MR851 MR821 1N3880
200 1N4935(3) MR832 MR852 MR822 1N3881
400 1N4936(3) MR834 MR854 MR824 1N3883
600 1N4937(3) MR836 MR856 MR826 MR1366
IEsm 30 100 100 300 150
(Amps)
T @ Rated Ig 75 90(8) 55(8)
(°C)
Tc @ Rated Ig 100 100
(°C)
Ty (n\gax) 150 150 175 175 150
ter 0.2 0.2 0.2 0.2 0.2
(us)

(Mg is total device output.

(3) Package Size: 0.120” max diameter by 0.260” max length.
(8) Must be derated for reverse power dissipation. See data sheet.

Devices listed in bold, italic are Motorola preferred devices.




Table 6 — Fast Recovery Rectifiers (continued)

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)

12 20 24 30
245A-02 42A-01 339-02 42A-01
(DO-203AA) (DO-203AB) Plastic(4) (DO-203AB)
Metal Metal Style 1 Metal
Style 2 Style 2 Style 2
VRRM
(Volts)
50 1N3889 1N3899 MR2400F 1N3909
100 1N3890 1N3900 MR2401F 1N3910
200 1N3891 1N3901 MR2402F 1N3911
400 1N3893 1N3903 MR2404F 1N3913
600 MR1376 MR1386 MR2406F MR1396
IFSM 200 250 300 300
(Amps)
TA @ Rated Ig
(°C)
Tc @ Rated Ig 100 100 125 100
(°C)
Ty (I\gax) 150 150 175 150
try 0.2 0.2 0.2 02
(us)

(N1q is total device output.

(4) Meets mounting configuration of TO-220 outline.

Devices listed in bold, italic are Motorola preferred devices.

* Not recommended for new designs.




General-Purpose Rectifiers

Motorola offers a wide variety of low-cost devices, pack-
aged to meet diverse mounting requirements. Avalanche
capability is available in the axial lead 1.5, 3.0 and 6.0 amp
packages, shown below, to provide protection from transients.

Table 7 — General-Purpose Rectifiers

All devices are connected cathode-to-case or cathode-to-
heatsink, where applicable. Reverse polarity may be available
on some devices upon special request. Contact your Motorola
representative for more information.

10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)

1 3 6 12 | 20 24
59-03 60-01 267-03 194-04 245A-02 339-02
(DO-41) Metal Plastic Plastic (DO-203AA) Plastic(4)
Plastic Style 1 Cathode = Style 1 Metal Style 1
Cathode = Polarity Band Style 2
Polarity
Band
VRRM
(Volts)
50 1N4001(3) 1N4719 1N5400 MR750 MR1120 MR2000 MR2400
1N1199,A,B
100 1N4002(3) 1N4720 1N5401 MR751 MR1121 MR2001 MR2401
1N1200,A,B
200 1N4003(3) 1N4721 1N5402 MR752 MR1122 MR2002 MR2402
1N1202,A B
400 1N4004(3) 1N4722 1N5404 MR754 MR1124 MR2004 MR2404
1N1204,A,B
600 1N4005(3) 1N4723 1N5406 MR756 MR1126 MR2006 MR2406
1N1206,A,B
800 1N4006(3) 1N4724 MR758 MR1128 MR2008
1000 1N4007(3) 1N4725 MR760 MR1130 MR2010
IFSM 30 300 200 400 300(9) 400 400
(Amps)
TaA @ Rated Ig 75 75 TL=105 60
(°C)
Tc @ Rated Ip 150 150 125
(°C)
Ty (Ngax) 175 175 175 175 190 175 175

(D1g is total device output.

(3) Package Size: 0.120” max diameter by 0.260” max length.
(4) Meets mounting configurations of TO-220 outline.

(9)IFSM is for MR1120 series, 1N1199 = 100, -A = 240, -B = 250.

Devices listed in bold, italic are Motorola preferred devices.
* Not recommended for new designs.
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Table 7 — General-Purpose Rectifiers (continued)
10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)

25 30 40
193-04 1-07 42A-01
Plastic(10) (TO-204AA) (DO-203AB)
Cathode = Metal Metal
Polarity Band Styles 8 and 9 Style 1

&)

VRRM
(Volts)
50 MR2500 1N1183A
100 MR2501 MR4422CT MR4422CTR 1N1184A
200 MR2502 1N1186A
400 MR2504 1N1188A
600 MR2506 1IN1190A
800 MR2508
1000 MR2510
IESm 400 400 400 800
(Amps)
Ta @ Rated Ip
(°C)
Tc @ Rated Ig 150 150
(°C)
Ty (Igax) 175 150 150 190

(1o is total device output.
(10) Request data sheet for mounting information.

Devices listed in bold, italic are Motorola preferred devices.
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Automotive Transient Supressors

Automotive Transient Suppressors are designed for protection against over-voltage conditions in the auto electrical system
including the “LOAD DUMP” phenomenon that occurs when the battery open circuits while the car is running.

AUTOMOTIVE TRANSIENT SUPPRESSOR 194-01
CASE 194-01
MR2535L
VRRM (Voits) 20
lo (Amp) 35
V(BR) (Volts) 24-32
IRsm*
(Amp) o2
Tc @(?g)ted lo 150
(°1(-:) 175
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Data Sheets




m SEMI

MOTOR
TECHNICAL DATA

OLA
CONDUCTOR I

1N1183A
thru
1N1190A

rugged construction.
® High Surge Handling Ability
® Rugged Construction

Hardware in Many Cases

® Reverse Polarity Available; Eliminates Need for Insulating

1N1190A is a
Motorola Preferred Device
40-AMP
MEDIUM-CURRENT RECTIFIERS RECTIFIERS
... for applications requiring low forward voltage drop and SILICON

DIFFUSED-JUNCTION

. CASE 42A-01
® Hermetically Sealed DO-203AB
METAL
*MAXIMUM RATINGS
Rating Symbol 1N1183A | 1N1184A | 1N1186A | 1N1188A | 1N1190A Unit
Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 Volts
VRWM
VR
Average Half-Wave Rectified Forward Current lo 40 40 40 40 40 Amp
With Resistive Load @ Tao = 150°C
Peak One Cycle Surge Current IFsm 800 800 800 800 800 Amp
(60 Hz and 150°C Case Temperature)
Operating Junction Temperature Ty -65to +200 °C
Storage Temperature Tstg —65to +200 °C
*ELECTRICAL CHARACTERISTICS (All Types) at 25°C Case Temperature MECHANICAL CHARACTERISTICS
Characteristic Symbol Value Unit CASE: Welded, hermetically sealed construction
Maximum Forward Voltage at 100 Amp VE 11 Volts FINISH: All ext.ema| sur‘faces f:orrosnon-resnstant
DC Forward Current and the terminal lead is readily solderable
WEIGHT: 25 grams (approx.)
Maximum Reverse Current at Rated DC IR 5.0 mAdc POLARITY: Cathode connected to case (reverse
Reverse Voltage polarity available denoted by Suffix R,
i.e.: IN1183RA
THERMAL CHARACTERISTICS MOUNTING POSITION: Any
Characteristic Symbol Typical Unit MOUNTING TORQUE: 25 in-Ib max
Thermal Resistance, Junction to Case RgJc 1.0 °CW

*Indicates JEDEC registered data.




MOTOR

OLA
m SEMICONDUCTOR I

TECHNICAL DATA

1N1199
thru
1N1206

1N1204 is a
Motorola Preferred Device

® High Current Surge —

MEDIUM-CURRENT SILICON RECTIFIERS
Silicon rectifiers for medium-current applications requiring:

240 Amperes @ Ty = 190°C

® Peak Performance at Elevated Temperature —
12 Amperes @ T¢ = 150°C

*MAXIMUM RATINGS

MEDIUM-CURRENT
SILICON RECTIFIERS

50-600 VOLTS
12 AMPERES

DIFFUSED JUNCTION

CASE 245A-02
. N JIN | IN | IN | IN .
Characteristic Symbol Unit DO-203AA
1199 | 1200 | 1202 { 1204 | 1206 METAL
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage | VRyym | 50 | 100 | 200 | 400 | 600
DC Blocking Voltage V .
\ng Yonag R MECHANICAL CHARACTERISTICS
Average Rectified Forward Current lo Amp
(Single phase, resistive load, 12 CASE: Welded, hermetically sealed construction
60 Hz, Tc = 1560°C) FINISH: All external surfaces are corrosion-
Non-Repetitive Peak Surge Current| lrgm Amp resistant and the terminal lead is readily
(Surge applied at rated load 4 solderable
conditions, half wave, 240 (for 1 cycle) POLARITY: Cathode to case (reverse polarity
single phase, 60 Hz) units are available and denoted by an “R" suffix,
Operating Junction T e 65 10 +190 ————| °c i.e., IN1202R)
Temperature Range MOUNTING POSITION. Any
MOUNTING TORQUE: 15 in-lb max
*THERMAL CHARACTERISTICS MAXIMUM TERMINAL TEMPERATURE FOR
— s v Omi SOLDERING PURPOSES: 275°C for 10
Characteristic ymbol ax nit seconds at 3 kg tension.
Thermal Resistance, Junction to Case Rguc 20 °C/wW WEIGHT: 6 grams (approx.)
*ELECTRICAL CHARACTERISTICS
Ch ic and Conditi Symbol Max Unit
Maximum Instantaneous Forward Voltage VE 18 Volts
(1f =40 A, T¢ = 25°C)
Maximum Instantaneous Reverse Current R 10 mA
{Rated voltage, Tc = 150°C)

*Indicates JEDEC registered data




MOTOROLA 1N1199A
m SEMICONDUCTOR IS thru

TECHNICAL DATA 1N1206A

1N1204A is a
Motorola Preferred Device

MEDIUM-CURRENT SILICON RECTIFIERS
. - . o . MEDIUM-CURRENT
Silicon rectifiers for medium-current applications requiring: SILICON RECTIFIERS
® High Current Surge — 50-600 VOLTS
240 Amperes @ T = 200°C 12 AMPERES
® Peak Performance at Elevated Temperature —
DIFFUSED JUNCTION
12 Amperes @ T¢ = 150°C
*MAXIMUM RATINGS
et N N N N N 3
Characteristic Symbol 1199A [ 12004 | 12024 | 1204A | 12084 Unit
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage | VRwm | 50 | 100 | 200 | 400 | 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse VRSM Volts
Voltage (Halfwave, single 100 { 200 | 350 | 600 | 800 CASE 245A-02
phase, 60 Hz peak) DO-203AA
Average Rectified Forward Current o Amp METAL
(Single phase, reststive load, 12
60 Hz, Tc = 150°C)
Non-Repetitive Peak Surge Current| Iggm Amp MECHANICAL CHARACTERISTICS
(Surge applied at rated load 4 1 | |
conditions, half wave, 240 ffor 1 cycle) CASE: Welded, hermetically sealed construction
single phase, 60 Hz) FINISH: All external surfaces are corrosion-
Operating and Storage Junction [T, Tgig | _65 to +200 -] °C resistant and the terminal lead is readily
Temperature Range solderable
POLARITY: Cathode to case (reverse polarity
*THERMAL CHARACTERISTICS units are available and denoted by an “R” suffix,
T © i.e., IN1202RA)
Characteristic Symbol Max Unit MOUNTING POSITION: Any
Thermal Resistance, Junction to Case Rgyc 20 °c/w MOUNTING TORQUE: 15 in-lb max
MAXIMUM TERMINAL TEMPERATURE FOR
*ELECTRICAL CHARACTERISTICS SOLDERING PURPOSES: 275°C for 10
- s s " seconds at 3 kg tension.
c and C Symbol Max Unit WEIGHT: 6 grams (approx.)
Maximum Instantaneous Forward Voltage VE 1.35 Volts
(ig =40 A, Tc = 25°C)
Maximum Average Reverse Current at IRO mA
Rated Conditions
1N1199A 30
1N1200A 25
1N1202A 20
1N1204A 15
1N1206A 1.0

*Indicates JEDEC registered data.



MOTORO N1199B
L SEMICLGNDUCTOR I ! thru -

TECHNICAL DATA 1N1206B

1N1204B is a
Motorola Preferred Device

MEDIUM-CURRENT SILICON RECTIFIERS

Compact, highly efficient silicon rectifiers for medium-current MEDIUM-CURRENT
applications requiring: SILICON RECTIFIERS
@ High Current Surge — 50-600 VOLTS

250 Amperes @ Tj = 200°C 12 AMPERES

® Peak Performance at Elevated Temperature —

DIFFUSED JUNCTION
12 Amperes @ T¢ = 150°C

*MAXIMUM RATINGS

et iN 1N 1N N N :
Characteristic Symbol |, 1598 | 12008 | 12028 | 12048 | 12088 | UM
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage | VRwm | 50 | 100 | 200 | 400 | 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse VRSM Volts
Voltage (Halfwave, single 100 | 200 | 350 | 600 | 800
phase, 60 Hz peak) CASE 245A-02
Average Rectified Forward Current o Amp DO-203AA
(Single phase, resistive load, 12 METAL
60 Hz, Tc = 150°C)
Non-Repetitive Peak Surge Current( lgsm Amp
(Surge applied at rated load ¢ 250 (for 1 cycle) -] MECHANICAL CHARACTERISTICS
conditions, half wave,
single phase, 60 Hz) CASE: Welded, hermetically sealed construction
FINISH: All external surfaces are corrosion-
Operating and Storage Junction T, T | °C
F’Tempe?a,ure Rangi anet 819 pet——— -65 10 +200 ——— resistant and the terminal lead is readily
solderable
*THERMAL CHARACTERISTICS POLARITY: Cathode to case (reverse polarity
Characteristic Symbol Max Unit units are available and denoted by an “R" suffix,
Thermal Resistance, Junction to Case RgJc 20 °c/wW i.6., IN1202RB)
MOUNTING POSITION: Any
*ELECTRICAL CHARACTERISTICS :g:miNG TORQUE: 15 in-Ib max
. — : UM TERMINAL TEMPERATURE FOR
Characteristic and Conditions Symbol Max Unit SOLDERING PURPOSES: 275°C for 10
Maximum Instantaneous Forward Voltage VF 12 Volts seconds at 3 kg tension.
(F =40 A Tc = 25°C) WEIGHT: 6 grams (approx.)
Maximum Reverse Current IR 10 mA
(Rated dc voltage, T¢ = 150°C)
Maximum Average Reverse Current at RO 0.9 mA
Rated Condrtions
DC Forward Voltage VE 1.1 Volts
(IF=12 A, Tg = 25°C)
Reverse Recovery Time (Igp = 40 A, ter 50 us

di/dt =25 A/us to Igppm = 0,
tp = 4 0 s, 60 pulses/second, 25°C)

*indicates JEDEC registered data
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MOTOROLA
m SEMICONDUCTOR I

TECHNICAL DATA

1N3208
thru
1N3212

rugged construction.

® Rugged Construction

@ Hermetically Sealed

® High Surge Handling Ability

MEDIUM-CURRENT RECTIFIERS

... for applications requiring low forward voltage drop and

® Reverse Polarity Available; Eliminates Need for Insulating
Hardware in Many Cases

15-AMP
RECTIFIERS

SILICON
DIFFUSED-JUNCTION

CASE 42A-01
DO-203AB
METAL
*MAXIMUM RATINGS
1N3208 | 1N3209 | 1N3210 | 1N3211 | 1N3212 .
Rating Symbol | 1N3208R | 1N3209R | 1N3210R | 1N3211R | 1N3212R | U
DC Blocking Voltage VR 50 200 300 400 Volts
RMS Reverse Voltage VR(RMS) 35 140 210 280" Volts
Average Half-Wave Rectified Forward Current o 15 15 15 15 Amp
With Resistive Load (« Tc = 150°C
Peak One Cycle Surge Current IEsm
(60 Hz and 25°C Case Temperature) 250 250 250 250 Amp
Operating Junction Temperature Ty - 6510 +175 ————————————| °C
Storage Temperature Tstg ~t——-———————— 6510 +175 —————————=| °C

*ELECTRICAL CHARACTERISTICS (All Types) at 25°C Case Temperature

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed construction

FINISH: All external surfaces corrosion-resistant
and the terminal lead is readily solderable

WEIGHT: 25 grams (approx.)

POLARITY: Cathode connected to case (reverse
polarity available denoted by Suffix R, i.e.:
1N3212R)

MOUNTING POSITION: Any

Characteristic Symbol Value Unit
Maximum Forward Voitage at 40 Amp VE 15 Volts
DC Forward Current
Maximum Reverse Current at Rated DC IR 1.0 mAdc
Reverse Voltage
THERMAL CHARACTERISTICS
Characteristic Symbol Typical Unit
Thermal Resistance, Junction to Case ReJc 17 °C/W

MOUNTING TORQUE: 25 in-lb max

*Indicates JEDEC registered data.
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MOTOROLA
E SEMICONDUCTOR IS

TECHNICAL DATA

1N3879 thru 1N3883
MR1366

1N3881 and MR1366 are
Motorola Preferred Devices

STUD MOUNTED
FAST RECOVERY POWER RECTIFIERS

.. . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheeling diodes. A complete line of fast recovery rectifiers
having typical recovery time of 150 nanoseconds providing high efficiency

FAST RECOVERY
POWER RECTIFIERS
50-600 VOLTS
6 AMPERES

at frequencies to 250 kHz.

istics — are given to facilitate “‘worst case’’ design.

Designer’s Data for ‘“Worst Case’’ Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-

CASE 245A-02
DO-203AA
METAL

*MAXIMUM RATINGS

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed

FINISH: All external surfaces corrosion
resistant and readily solderable

POLARITY: Cathode to Case

WEIGHT: 5.6 Grams (approximately)

MOUNTING TORQUE: 15 in-lbs max.

Rating Symbol | 1N3879 | 1N3880 | 1N3881 | 1N3882 |1N3883 |MR1366{  Unit
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage VRWM 50 100 200 300 400 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRsSM 75 150 250 350 450 650 | Voits
RMS Reverse Voltage VR(Rms) | 35 70 140 210 280 420 | Vons
‘Average Rectfied Forward Current ) Amps
(Single phase, resistive load, 6.0
Tc = 100°C)
Non-Repetitive Peak Surge Current IEsm Amps
(surge applied at rated load 150
continuous) {one cycle)
Operating Junction Temperature Range T -65 to +150 °c
Storage Temperature Range Totg -6510 +175 o °c
THERMAL CHARACTERISTICS
[ Characteristic Symbol | Max | Unit
[ Thermal Resistance, Junction to Case | RoJC B 3.0 | oc/w

Motorola guarantees the listed value, although parts having higher values of thermal resistance will meet the current rating.

Thermal resistance is not required by the JEDEC registration.

*ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Voltage VE Volts
(i = 19 Amp, Ty = 150°C) - 1.2 15
Forward Voltage Vg Volts
(Ig = 6.0 Amp, T¢ = 25°C) - 1.0 14
Reverse Current (rated dc voltage) Tg = 25%¢C IR - 10 15 HA
T =100°C - 05 1.0 mA
REVERSE RECOVERY CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Reverse Recovery Time tre ns
*llgm = 1.0 Amp to Vg = 30 Vdc, Figure 16) - 150 200
(IgpM = 36 Amp, di/dt = 25 Alus, Figure 17) - 200 400
Reverse Recovery Current IRMIREC) Amp
*(1g = 1.0 Amp to Vg = 30 Vdc, Figure 16) - - 20

*Indicates JEDEC Registered Data for 1N3879 Series.




1N3879 thru 1N3883, MR1366

FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — MAXIMUM SURGE CAPABILITY
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FIGURE 4 — FORWARD POWER DISSIPATION

1N3879 thru 1N3883, MR1366
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tir, FORWARD RECOVERY TIME (us)

QR, RECOVERED STORED CHARGE (uc)

QR. RECOVERED STORED CHARGE (uc)

1N3879 thru 1N3883, MR1366

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 - FORWARD RECOVERY TIME FIGURE 11 — JUNCTION CAPACITANCE
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1N3879 thru 1N3883, MR1366

FIGURE 16 — JEDEC REVERSE RECOVERY CIRCUIT
R1

AA
V-

L
di/dt ABJUST

+
;g~ I{pK) ADJUST

b

R1 =50 Ohms T

R2 =250 Ohms

D1 =1N4723

120 VAC 03 ¢

SCR1=MCR729-10 60 Hz

C1=05to 50 uF

€2 ~ 4000 uF : i 02

; - R<0.25Q

T3 = 1:1 {to trigger circuit) 01 Tgmm L <001 M

¢ I AAA '

02 = 1N4001
03 = 1N4933
ouT 6
L1=10-27uH 2
ariac Adjusts 1(p) and di/dt R2 n
L v Ll VW\-

0SCILLOSCOPE i iCURRENT

VIEWING

RESISTOR

NOTE 2

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current.

Reverse recovery time is a direct function of the forward -
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using Ig = 1.0 A, VR = 30 V. In order to cover all circuit

'Fm

IRM(REC)

conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

To use these curves, it 1s necessary to know the forward .

current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (ty)
and peak reverse recovery current (IRpM(REC)) can be closely
approximated using the following formulas:

QR] 1/2

IRM(REC) = 141 x [Qg x difa] /2
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MOTOROLA 1N3889 thru 1N3893
AR
= $EiCOnpuCTOR WR13Ts

i 1N3891 and MR1376
Desi gners Data Sheet are Motorola Preferred Devices

STUD MOUNTED
FAST RECOVERY POWER RECTIFIERS FAST RECOVERY

POWER RECTIFIERS
. . . designed for special applications such as dc power supplies, inverters, 50-600 VOLTS
converters, ultrasonic systems, choppers, low RF interference, sonar power 12 AMPERES
supplies and free wheelingdiodes. A complete line of fast recovery rectifiers

having typical recovery time of 150 nanoseconds providing high efficiency
at frequencies to 250 kHz.

Designer’s Data for “Worst Case” Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate “‘worst case’’ design.

CASE 245A-02
DO-203AA
METAL
*MAXIMUM RATINGS
Rating Symbol | IN3889 | TN3890 | 1N3891 | 1IN3892 | IN3893 | MR1376{ Unit

Peak Repetitive Reverse Voltage| VRRM Volts

Working Peak R Volt: \Y 50 100 200 300 400 600

DC Blocking Voltage | R MECHANICAL CHARACTERISTICS

Non-Repetitive Peak Reverse VRsSM 75 150 250 350 | . 450 650 | Volts CASE: Welded, hermetically sealed
Voltage FINISH: All external surfaces corrosion

RMS Reverse Voltage VR{Rms)| 38 70 140 210 280 420 | Volts resistant and readily solderable
Average Rectified Forward o Amps POLARITY: Cathode to Case
Current (Single phase, resistive 12 . .
foad, T = 100°C) WEIGHT: 5.6 grams (appr<.>X|mater)
Non-Repetitive Peak Surge Trem Amp MOUNTING TORQUE: 15 in-Ib max
Current (Surge applied at 200
rated load conditions) {one cycle)
o) ing Junction T Ty -65 to +150 °c
Range
Storage Temperature Range Tstg -65to +175 °c
THERMAL CHARACTERISTICS
r Characteristics | Symbol ] Max Unit I
| Thermal Resistance, Junction to Case r Royc | 2.0 oc/w |
Motorola guarantees the listed value, although parts having higher values of thermal resistance
will meet the current rating. Thermal resistance is not required by the JEDEC registration.
*ELECTRICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Voltage VE Volts
(iF = 38 Amp, T = 150°C) - 1.2 15
Forward Voltage Vg Volts
(Ig = 12 Amp, T¢ = 25°C) - 1.0 14
Reverse Current (rated dc voltage) Tc = 25°C I - 10 25 HA
T¢ = 100°C - 0.5 3.0 mA

*REVERSE RECOVERY CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Reverse Recovery Time tr ns
(1 = 1.0 Amp to VR = 30 Vdc, Figure 16) - 150 200
(1gm = 36 Amp, di/dt = 25 A/us, Figure 17) - 200 400
Reverse Recovery Current IRM(REC) Amp
(I = 1.0 Amp to Vg = 30 Vdc, Figure 16) - - 20

*Indicates JEDEC Registered Data for 1N3889 Series.



1N3889 thru 1N3893, MR1376

FIGURE 1 — FORWARD VOLTAGE FIGURE 2 ~ MAXIMUM SURGE CAPABILITY
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1N3889 thru 1N3893, MR1376

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION
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QR, RECOVERED STORED CHARGE (uc)

QR, RECOVERED STORED CHARGE {uc)

tir, FORWARD RECOVERY TIME (us)

FIGURE 10 — FORWARD RECOVERY TIME

1N3889 thru 1N3893, MR1376

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 11 — JUNCTION CAPACITANCE
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1N3889 thru 1N3893, MR1376

FIGURE 16 — JEDEC REVERSE RECOVERY CIRCUIT
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NOTE 2
Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier ,
diode, passes thru zero going negatively until the reverse current FM
recovers to a point which is less than 10% peak reverse current.
Reverse recovery time is a direct function of the forward -1
current prior to the application of reverse voltage.
For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast IRM(REC)
recovery power rectifiersare rated under a fixed set of conditions

using I = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before ion, the circuit i
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (t;)
and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formulas:

172

QR
ter = 1.41 x| =R |
e x[di/dt]

IRM(REC) = 1.41 x [QR x di/dt 12
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MOTOROLA
T 1N3899 thru 1N3903
o eI ATA CTOR MR1386 |

1N3901 and MR1386 are
Motorola Preferred Devices

ers Data Sheet

FAST RECOVERY
STUD MOUNTED POWER RECTIFIERS

50-600 VOLTS
FAST RECOVERY POWER RECTIFIERS 20 AMPERES

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheeling diodes. A complete line of fast recovery rectifiers
having typical recovery time of 150 nanoseconds providing high efficiency
at frequencies to 250 kHz.

" CASE 42A-01
DO-203AB
METAL

Designers Data for “Worst Case” Conditions
The Designers  Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate ‘‘worst case’’ design.

MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed
FINISH: All external surfaces corrosion

*MAXIMUM RATINGS resistant and readily solderable
Rating Symbol | 1N3899 | 1N3900 | 1N3901 | 1N3902 | TN3903| MR 1386 | Unit POLARITY: Cathode to Case
Peak Repetitive Reverse Voltage | VRRM Volts WEIGHT: 17 grams (approximately)
Working Peak Reverse Voltage | VRWM | 50 100 | 200 | 300 } 400 | 600 MOUNTING TORQUE: 25 in-lb max
DC Blocking Voltage VR
Non-Repetitive Peak Reverse VRsSM 7% 150 250 350 450 650 | Volts
Voltage
RMS Reverse Voltage VR@RMS) | 35 70 140 210 280 420 | Volts
Average Rectified Forward o Amps
Current (Single phase, resistive 20
load, T = 100°C)
Non-Repetitive Peak Surge IESM Amps
Current (surge applied at 250
rated load conditions) (one cycle}
Operating Junction Te Ty -65 t0 150 ~—————————= [ OC
Range
Storage Temperature Range Tstg -65 to +175 °c

*THERMAL CHARACTERISTICS

Characteristic I Symbol I Max I Unit ]
l Thermal Resistance, Junction to Case [ RgJc I 1.8 ‘ ocrw I

*ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Voltage VE Volts
(ig =63 Amp, T = 150°C) — 1.2 1.5
Forward Voltage VE Volts
(1 = 20 Amp, T¢ = 25°C) — 1.1 1.4
Reverse Current (rated dc voltage) T¢ = 25°C [ - 10 50 A
Tc = 100°C - 0.5 6.0 mA

*REVERSE RECOVERY CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Reverse Recovery Time ter ns
(1 = 1.0 Amp to VR = 30 Vdc, Figure 16) - 150 200
(Igm = 36 Amp, di/dt = 25 A/us, Figure 17) - 200 400
Reverse Recovery Current IRM(REC) Amp
(Ig = 1.0 Amp to VR = 30 Vdc, Figure 16) - - 3.0

*Indicates JEDEC Registered Data for 1N3899 Series.
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1N3899 thru 1N3903, MR1386

FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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30 The temperature of the case should be measured using a thermocouple placed
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20 connected to the case is normally large enough so that it will not significantly
3 respond to heat surges generated in the diode as a result of pulsed operation once
steady-state conditions are achieved. Using the measured value of T, the junction
temperature may be determined by"
Ty=Tg+aTye
1.0 where & T ¢ 1s the increase in junction temperature above the case temperature.
1t may be determined by:
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IF(AV), AVERAGE FORWARD CURRENT (AMP)

R, REVERSE CURRENT (uA)

PF(AV), AVERAGE FORWARD POWER
DISSIPATION (WATTS)

1N3899 thru 1N3903, MR1386

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION

SQUARE WAVE INPUT

FIGURE 5 — FORWARD POWER DISSIPATION
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IF(AV). AVERAGE FORWARD CURRENT (AMP)

FIGURE 7 — CURRENT DERATING
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QR, RECOVERED STORED CHARGE (uc) tfr, FORWARD RECOVERY TIME (us)

QR, RECOVERED STORED CHARGE (uc)

FIGURE 10 - FORWARD RECOVERY TIME

1N3899 thru 1N3903, MR1386

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 11 — JUNCTION CAPACITANCE
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1N3899 thru 1N3903, MR1386

FIGURE 16 — JEDEC REVERSE RECOVERY CIRCUIT
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VIEWING
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NOTE 2

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current.

Reverse recovery time is a direct function of the forward -1
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using If = 1.0 A, VR = 30 V. In order to cover all circuit

IFm

'RM(REC)

conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (tg)
and peak reverse recovery current (IR\M(REC)) can be closely
approximated using the following formulas:

172
QR
ter = 1.41 —_—
i x[di/dt]

IRMIREC) = 141 x [QR x difaf] /2
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MOTOROLA
m SEMICONDUCTOR
TECHNICAL DATA

Des Data Sheet

STUD MOUNTED
FAST RECOVERY POWER RECTIFIERS

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheeling diodes. A complete line of fast recovery rectifiers
having typical recovery time of 150 nanoseconds providing high efficiency
at frequencies to 250 kHz.

Designer’s Data for “Worst Case’” Conditions

The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics - - are given to facilitate "‘worst case’’ design.

*MAXIMUM RATINGS

Rating Symbol | TN3909 | 1N3910 | IN3911 | 1N3912 | IN3913[|MR 1396 Unit
Peak Repetitive Reverse Voltage | VRRM Volts
Working Peak Reverse Voltage| VRwm 50 100 200 300 400 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse VRSM 75 150 250 350 450 650 | Volts
Voltage
RMS Reverse Voltage VR(Rms) | 35 70 140 210 280 420 | voits
Average Rectified Forward o Amps
Current (Single phase, 30
resistive load, Tc = 100°C)
Non-Repetitive Peak Surge IFSM Amp
Current (surge applied st rated 300
load ions)
Operating Junction Temperature Ty o - 65 to +150 oc
Range
Storage Temperature Range Tstg |~ -66 10 +176 —————— °c

THERMAL CHARACTERISTICS
] Characteristic | Symbol I Max I Unit l
LThsrmal Resistance, Junction to Case J Rgyc l 1.2 l ocm J

*ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Voltage 73 - 12 15 Volts
(iF =93 Amp, Ty = 150°C)
Forward Voltage Vg - 1.1 14 | Volts
(I = 30 Amp, T¢ = 26°C)
Reverse Current (rated dc voltage) T = 255C ‘R - 10 25 BA
T = 100°C - 05 10 | mA

*REVERSE RECOVERY CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Reverse Recovery Time

trr ns
lg =1.0Amp to VR =30 Vdc, Figure 16) - 150 200
(1EM = 36 Amp, di/dt = 25 A/us, Figure 17) - 200 400
Reverse Recovery Current IRM(REC) - 15 20 Amp

(IF = 1.0 Amp to VR = 30 Vdc, Figure 16)

*Indicates JEDEC Registerad Data for 1N3909 Series.

3-22

1IN3909 thru 1N3913
MR1396

1N3911 and MR1396 are
Motorola Preferred Devices

FAST RECOVERY
POWER RECTIFIERS

50-600 VOLTS
30 AMPERES

Y4

4

# CASE 424-01
DO-203AB
METAL

MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed

FINISH: All external surfaces corrosion
resistant and readily solderable

POLARITY: Cathode to Case
WEIGHT: 17 Grams (Approximately)
MOUNTING TORQUE: 25 in-Ibs max.




1N3909 thru 1N3913, MR1396

FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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PF(AV), AVERAGE FORWARD POWER

IF(AV). AVERAGE FORWARD CURRENT (AMP)

R, REVERSE CURRENT {uA)

1N3909 thru 1N3913, MR1396

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION
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QR. RECOVERED STORED CHARGE (uc) tfr, FORWARD RECOVERY TIME (us)

QR. RECOVERED STORED CHARGE (uc)

1N3909 thru 1N3913, MR1396

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME FIGURE 11 — JUNCTION CAPACITANCE
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1N3909 thru 1N3913, MR1396

FIGURE 16 — JEDEC REVERSE RECOVERY CIRCUIT
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NOTE 3

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current.

Reverse recovery time is a direct function of the forward
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before the circuit ion
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

IRM(REC)

From stored charge curves versus di/dt, recovery time (t)
and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formulas:

QR ] 1/2
di/dt

trr = 1.41 x[

IRM(REC) = 1:41 x [QR » di/dt] "2
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MOTOROLA
SEMICONDUCTOR H
TECHNICAL DATA

-
Axial-Lead thru
- -
Standard Recovery Rectifiers 1N4007
1N4004 and 1N4007 are Motorola
. . R R .. . . e Preferred Devices
This data sheet provides information on subminiature size, axial lead mounted rectifiers for
general-purpose low-power applications.
LEAD MOUNTED
RECTIFIERS
50-1000 VOLTS
DIFFUSED JUNCTION
Mechanical Characteristics
Case: Void free, Transfer Molded
Maximum Lead Temperature For Soldering Purposes: 350°C, 3/8” from
case for 10 seconds at 5 Ibs. tension
Finish: All external surfaces are corrosion-resistant, leads are readily solderable
Polarity: Cathode indicated by color band
Weight: 0.33 Grams (approximately)
CASE 59-03
DO-41
MAXIMUM RATINGS
Rating Symbol | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1N4005 | 1N4006 | 1N4007 Unit
*Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
*Non-Repetitive Peak Reverse Voltage VRSM 60 120 240 480 | 720 1000 1200 Volts
(halfwave, single phase, 60 Hz)
*RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Volts
*Average Rectified Forward Current lo 1.0 Amp
(single phase, resistive load,
60 Hz, see Figure 8, Ta = 75°C)
*Non-Repetitive Peak Syrge Current IFsm 30 (for 1 cycle) Amp
(surge applied at rated load
conditions, see Figure 2)
Operating and Storage Junction Ty -65t0 +125 °C
Temperature Range Tstg —65to0 +150

*Indicates JEDEC Registered Data
Preferred devices are Motorola recommended choices for future use and best overall value.
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iF, INSTANTANEOUS FORWARD CURRENT (AMP)

ELECTRICAL CHARACTERISTICS*

1N4001 thru 1N4007

Rating Symbol Typ Max Unit
Maximum Instantaneous Forward Voltage Drop VE 0.93 11 Volts
(iF = 1.0 Amp, T = 25°C) Figure 1
Maximum Full-Cycle Average Forward Voltage Drop VE(AV) — 0.8 Volts
(lo=1.0 Amp, T|_ =75°C, 1 inch leads)
Maximum Reverse Current (rated dc voltage) IR pA
(Ty=25°C) 0.05 10
(Ty = 100°C) 0 50
Maximum Full-Cycle Average Reverse Current IR(AV) — 30 HA
(lo=1.0 Amp, T{ =75°C, 1inch leads)
50 r —— _ 100
10 E 0~ tZ LOAD CONDITIONS
50 = T Ty=25°C
O === &g 50 = ~—
20} TYPICAL L [ e S
1.0 o 3 T
05 / = ]
i g .
02 o 20—
0.1 = N N N
0.05 o —  le—>}1CYCLE
-
0.02—F = 10}— VRRMAPPLIED AFTER SURGE
0.01 E 0= ——— TYPICAL FAILURES
0.005 =i} w M DESIGN LIMITS
= } Il Il VIR TR T O I
b.08 ) N A WA A
704 08 12 1.6 2.0 2.4 28 3.2 36 40 - 1.0 20 30 50 7.0 10 20 30 50 70 100
v, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) NUMBER OF CYCLES
Figure 1. Forward Voltage Figure 2. Non-Repetitive Surge Capability
45
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35
3.0
S 25 /
2
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Figure 3. Forward Voltage Temperature Coefficient
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Ry, JUNCTION-TO-LEAD TRANSIENT

RgJt, THERMAL RESISTANCE

1N4001 thru 1N4007

100 — - - T
— Pok Pok . =

O] i . p DUTY CYCLE, D=1yl ~
g 50 4 TIME pgak POWER, Ppk is peak of an L=1
Sk F— u - equivalent square power pulse — i
ug S0 4Ty, = Pk (Roy(e) + D+ (1 - D) » Ryl (1 + o) + Reyitp) - Reut ()] — L=1/2"
Z 20 |— where ATy - increasein junction temperature above the lead = _'/7 | i i ’
E — Rguyy = value of transient thermal resistance at time't, i.e.: 17
7] | Rogt +tp) = value of R attime 19 +1 ol - -
@B 10 = 1 oJL(Y) P 3 L=1/32
= 0 RouL(ty) = value of Ry g at time ty+1y
e R(-)JL(ID) =value of Rgy 1) at end of pulse width t,
g 501 RouL(y) = value of Rgyy gy attime
L 30 —t
=

—
20 ]
30 50 70 10 20 30 50 70 100 200 300 500 700 1000 2000 3000 5000 7000 10k 20k 30k
t, TIME (ms)

Figure 4. Thermal Response

The temperature of the lead should be measured using a thermocouple placed on the lead as close as possible to the tie point.
The thermal mass connected to the tie point is normally large enough so that it will not significantly respond to heat surges
generated in the diodes as a result of pulsed operation once steady-state conditions are achieved. Using the measured value

of T, the junction temperature may be determined by:

Ty=TL+ ATYL.

CURRENT DERATING DATA

80

70

60

50 /‘
40

)
//TYPICAL

30 -

JUNCTION-TO-LEAD (°C/W)

20 //
-

0 18 14 38 12 58 34 78 1 118 1-1/4

L, LEAD LENGTH (INCHES)

Figure 5. Steady-State Thermal Resistance

PARAMETER DERATING FACTOR

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
0°C

20°C  40°C  60°C 80°C  100°C  125°C
LEAD TEMPERATURE (°C)

Figure 6. Parametric Derating Curve

NOTE 1

Data shown for thermal resistance junction-to-ambient (Rg4) for the mountings
shown is to be used as typical guideline values for preliminary engineering or in
case the tie point temperature cannot be measured.

TYPICAL VALUES FOR Rgja IN STILL AIR

P C. BOARD
MOUNTING METHOD 1 MOUNTING METHOD 2
MOUNTING |__LEADLENGTH,L(N) [ g
METHOD 1/32 3/8 1
1 — 75 85 °C/W
2 55 72 85 °C/W
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t, FORWARD RECOVERY TIME (us)

1N4001 thru 1N4007

TYPICAL DYNAMIC CHARACTERISTICS
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Figure 9. Typical Junction Capacitance
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1N4719

MOTOROLA
= SEMICONDUCTOR N thru |
TECHNICAL DATA 1N 4725
1N4722 and 1N4725 are
Motorola Preferred Devices
SILICON RECTIFIERS
3.0 AMPERES
50- 0 VOLTS
LEAD MOUNTED POWER RECTIFIERS I
... having low forward voltage drop and hermetic metal packages.
High surge current capability and good thermal characteristics
provide reliable operation.
®Rgya = 30°C'W
CASE 60-01
METAL

*MAXIMUM RATINGS (Both Package Types) Ta = 25°C unless otherwise noted

Rating Symbol 1N4719 | TN4720 | 1N4721 | 1N4722 | 1IN4723 | 1N4724 | 1IN4725 Unit
Peak Repetitive Reverse Volitage VRRM 50 100 200 400 600 800 1000 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Nonrepetitive Peak Reverse Voltage VRsSM 100 200 300 500 720 1000 1200 Volts
(one half-wave, single phase,
80 cycle peak)
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Volts
Average Rectified Forward Current lo 30 Amp
(single phase, resistive load, 60 Hz,
Ta=75°C)
Nonrepetitive Peak Surge Current lEsm 300 (for 172 cycle) Amp
(superimposed on rated current
at rated voltage, Tp = 75°C)
Operating and Case Temperature TJ). Tstg |== -651t0 +175 °C

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Max Limit Unit

*Instantaneous Forward Voltage VF 1.0 Volts
(if = 3.0 A, Ty = 75°C, Half Wave Rectifier)

*Full Cycle Average Reverse Current IR(AV) 15 mA

(lo = 3.0 Amps and Rated VR, Ta = 75°C,
Half Wave Rectifier)

DC Reverse Current IR 0.5 mA
(Rated VR, Tp = 25°C)

*Indicates JEDEC Registered Data

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed construction

FINISH: All external surfaces corrosion-resistant and leads readily solderable
POLARITY: CATHODE TO CASE

MOUNTING POSITIONS: Any.
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MOTOROLA
SEMICONDUC TOR 1551

TECHNICAL DATA
-
Axial-Lead thru
- -
Fast-Recovery Rectifiers 1N4937
1N4935 and 1N4937 are Motorola
" i ) . Preferred Devices
Axial-lead, fast-recovery rectifiers are designed for special applications such as dc power
supplies, inverters, converters, ultrasonic systems, choppers, low RF interference and free
wheeling diodes. A complete line of fast recovery rectifiers having typical recovery time of
L ) o . FAST RECOVERY
150 nanoseconds providing high efficiency at frequencies to 250 kHz.
S0 nanoseconds providing hig v atireq RECTIFIERS
50-600 VOLTS
1.0 AMPERE
Mechanical Characteristics
Case: Void free, Transfer Molded
Finish: External leads are readily solderable
Polarity: Cathode indicated by polarity band
Weight: 0.4 Gram (approximately)
CASE 59-03
DO-41
MAXIMUM RATINGS
Rating Symbol | 1N4933 | 1N4934 | 1N4935 | 1N4936 | 1N4937 Unit
*Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
*Non-Repetitive Peak Reverse Voltage VRsSM 75 150 250 450 650 Volts
RMS Reverse Voltage VR(RMS) 35 70 140 280 420
*Average Rectified Forward Current lo 1.0 Amp
(Single phase, resistive load,
Ta =75°C)
*Non-Repetitive Peak Surge Current IFSm 30 Amps
(Surge applied at rated load
conditions)
Operating Junction Temperature Range Ty - 6510 +125 °C
Storage Temperature Range Tstg - 65t0 +150
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient ReJc 65 °C/W
(Typical Printed Circuit Board Mounting)

*Indicates JEDEC Registered Data for 1N4933 Series.
Preferred devices are Motorola recommended choices for future use and best overall value.
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iF, INSTANTANEOUS FORWARD CURRENT (AMP)

1N4933 thru 1N4937

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Instantaneous Forward Voltage VF — 1.0 1.2 Volts
(lg=3.14 Amp, Ty = 125°C)
Forward Voltage Vg — 1.0 1.1 Volts
(IF = 1.0 Amp, Tp = 25°C)
*Reverse Current (Rated dc Voltage) Tp = 25°C IR — 1.0 5.0 A
Ta =100°C —_ 50 100
*REVERSE RECOVERY CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Reverse Recovery Time trr ns
(IF = 1.0 Amp to VR = 30 Vdc) (Figure 13) — 150 200
(IFMm = 15 Amp, di/dt = 10 A/us) (Figure 14) — 175 300
Reverse Recovery Current IRM(REC) — 1.0 2.0 Amp
(Il = 1.0 Amp to VR = 30 Vdc) (Figure 13)

*Indicates JEDEC Registered Data for 1N4933 Senes.

50
» T? = 100 TTIT 1T T 171 11
— > . ”
20 S— ~ 050 Az 90 Prior to surge, the rectifier
— TJI 25( c A %0 is operated such that T = 125°C;
10 == = o VRRM may be applied between
5 TYPICALIZS o 70 each cycle of surge
" w L 1 ' 1 ' . O
30 ya S2 g H
20 / cs
! 7 o Q Q Q
C)‘l-_u'7 50 B
(1)-2 . - . —=licveee |
. y i =%%] N B
o w
g'g v 3 M~
R y A > N~
02 f © 9 N
. - \\\
0.1 / 10 e
PSS : T
‘00,4 0.8 1.2 16 2.0 24 28 3.2 10 20 30 50 70 10 20 30 50 70 100
vE, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) NUMBER OF CYCLES AT 60 Hz
Figure 1. Forward Voltage Figure 2. Maximum Surge Capability
45
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a0 ~ o HHE A 4
& 25 et T e R i
z 204444+ -4 - i - __‘._][. b
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Z 10ft1d __L", - PR O S l. 1IN
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| | l i VoM e
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-1.0 vt ' Tt 1
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-2.0 =3 i | RN .
25 1 il
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IF, INSTANTANEOUS FORWARD CURRENT (AMP)

Figure 3. Forward Voltage
Temperature Coefficient
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r(t), TRANSIENT

1N4933 thru 1N4937

1.0 80 B
2 g; —- — 70 BOTH LEADS TO HEAT SINK,
5" LEAD LENGTH = 1/4" A w EQUAL LENGTH
S 03 v i SE60

3 <O

g 02 % 2250 —
= w
= LT | seenoTE gz L~
EN = o4
200 =L TYPICAL
.2 >
3% i w62 g
= ous ” 5
E 0.03 7 i /
W 0,02
% 10~

0.01 0

00501 0204 1.0 2040 10 20 40 100 200400 10002000 5000 0 18 s 38 2 58 3/4 7/8 1
t, TIME (ms) LEAD LENGTH (INCHES)
Figure 4. Thermal Response Figure 5. Thermal Resistance
NOTE 1 NOTE 2
Ppk Ppk Datashownfor Iresi ion-to-ambi

OUTY CYCLE, D = tp/ty
-t | PEAK POWER, Py, 1s peak of an
equivalent square power pulse.

— TIME

1
1

To ds i junction of the diode 1 a given situation,
the following procedure 1s recommended.

The temperature of the case should be measured using a thermocauple placed
on the case at the temperature reference point (see Note 3) The thermal mass
connected to the case 1s normally large enough so that it will not significantly
respond to heat surges generated in the diode as a result of pulsed operation once
steady-state conditionsare achieved. Using the measured value of T, the junction
temperature may be determined by

Ty=Tg+ Tyc
where  Tyc is the increase 1n junction ahoave the case
It may be determined by

ATYC =Ppk “Royc [0+ (1-0) - rley + tp) +rltp)  rltp))
where

rft) = normalized value of transient thermal resistance at time, t, from Figure

3ie

1 (1 + tp) = normalized value of transient thermal resistance at time t + 1,

t (Roya)forth

shown is to be used as typical guxdehne values for preliminary engineering or in
case the tie point temperature cannot be measured.

TYPICAL VALUES FOR f/ja IN STILL AIR

-I
. *4
72

[J—-l l-i-—]'
MOUNTING METHOD 2

7///////4
Vector pin mounting

LEAD LENGTH, L (IN)
MOUNTING
METHOD | 1/8 | 1/4 | 1/2 | 3/4 |RuiA
1 65 | 72 | 82 | 92 [°C'W
2 7a | 81 [ 91 [ 101 [°cw
3 20 Scw
MOUNTING METHOD 1 MOUNTING METHOD 3

P.C. Board with

1-1/2" x 1-1/2" copper surface

—L

B0

Board Ground”

3/8”

Plane

100%
90%

80%

70%

60%

50%

0%
30%

PARAMETER DERATING FACTOR

20%
10%

\

\

20°C  40°C 60°C  80°C  100°C  125°C

LEAD TEMPERATURE (°C)

Figure 6. Parametric Derating Curve
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1N4933 thru 1N4937

Ta = Ambient Temperature
Ty = Lead Temperature

Rgg = Thermal Resistance, Heat Sink to Ambient
Rg| = Thermal Resistance, Lead to Heat Sink
Tc = Case Temperature Rgy = Thermal Resistance, Junction to Case

T, = Junction Temperature Pp = Power Dissipation

(Subscripts A and K refer to anode and cathode sides respectively.)

T LA Tca Values for thermal resistance components are:
RgL = 112°C/W/IN. Typically and 128°C/W/IN Maximum
1 l l ‘ l Rgy = 18°C/W Typically and 30°C/W Maximum
The lead may be as follows:

Ty = 150° - ATy
AT can be calculated as shown in NOTE 1 or it may be approximated as follows:

Use of the above model permits junction to fead thermal resistance for any
mounting configuration to be found. For agiven total lead length, lowest values

occur when one side of the rectifier 1s brought as close as possible to the heat ATy = Rgyp * Pr: Pp may be for from Figure 3.
sink  Terms in the model signify.
Figure 7. Thermal Circuit Model
(For Heat Conduction Through The Leads)
TYPICAL DYNAMIC CHARACTERISTICS
0.5
) A 30
= [l
= =
= 03 V=11V ~
g Ty = 250C i g T Ty=250C
s 7 = ~ ’
> = N
x 02 S ™~
w <
I 1 < ~
g e
= ,‘/ = ~
o L £ 70
< A =) N
‘g‘ 0.1 =
2
o = ™N
2 = S 80
£007
0.05 30
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{F, FORWARD CURRENT (AMP)

Figure 8. Forward Recovery Time
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1N4933 thru 1N4937

TYPICAL RECOVERED STORED CHARGED DATA
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1N4933 thru 1N4937

RECOVERY TIME
» 30
o
NON INDUCTIVE
@) o
UNDER TEST

CP CLARE
10 Adc FROM
HPG 1002 1 AMP CONSTANT
SLSU%IEU »n% VOLTAGE SUPPLY
N < :u'fn/ RIPPLE 3 mVems MAX
w1 O NON INDUCTIVE | C1 '
CONSTANT VOLTAGE =< 1 0uF 1 0uF=
SUPPLY _+ 300 v 300 V
o —0
MINIMIZE ALL LEAD LENGTHS Zout 1% SPMAX,
OC to 2 kHz

A TEKTRONIX 545A, K PLUG IN
PRE AMP, P6000 PROBE OR EQUIVALENT

Ry -~ ADJUSTED FOR 14 Q2BETWEEN
POINT 2 OF RELAY AND RECTIFIER
INDUCTANCE = 38 uH

Rz TEN 1W,10¢. 1 .CARBON CORE
IN PARALLEL

Ta-25 '100c FOR RECTIFIER

Figure 13. Reverse Recovery Circuit

NOTE 3

Reverse recovery time 1s the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current.

Reverse recovery time is a direct function of the forward
current prior to the apphcation of reverse voltage.

For any given rectifier, recovery time 1s very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using Ig = 1.0 A, Vg = 30 V. In order to cover all circuit
condiuions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 76°C, 100°C, and
150°C.

To use these curves, 1t is necessary to know the forward
current level just before the circuit i
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

R1
A Em
L
i dt ADJUST .
T
h¢3
120 VAC ci 'RM(REC)
60 H2 1% 03 ,{' l(pK) ADJUST ouT CD
1M e From stored charge curves versus di/dt, recovery time (tg)
2 and peak reverse recovery current (IR (REC)) can be closely
R1 - 50 Ghms R2 ;{ R<0250 approxif using the fol formulas:
A2 =250 Ohms <
Jiea vyt o ”NR' L<001 uH rara] 08 12
02 = 1N4001 %) [ ] e = AT )
03 = 1N4934 T« < H Vat
SCR1 = MCR729 10 CURRENT
C1-051050gF T Vara Adusts (p) and diidt 0scitLoscore VIEWING IRMIREC) - 141 x [Qg x aa] 2
€2 4000 uF T2=11 RESISTOR
L1=10-27uH T3 1.1 {to tgger cneant)
Figure 14. JEDEC Reverse Recovery Circuit
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Figure 15. Typical Reverse Leakage
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MOTOROLA
SEMICONDUC TO R 0mmm
TECHNICAL DATA

1N5400

Axial-Lead thru
Standard Recovery Rectlflers 1N5408

1N5404 and 1N5406 are Motorola
Preferred Devices

Lead mounted standard recovery rectifiers are designed for use in power supplies and
other applications having need of a device with the following features:

e High Current to Small Size STANDARD

e High Surge Current Capability RECOVERY RECTIFIERS
e Low Forward Voltage Drop 50-1000 VOLTS

® Void-Free Economical Plastic Package 3.0 AMPERE

e Available in Volume Quantities

Mechanical Characteristics

Case: Void free, Transfer Molded

Finish: External Leads are Plated, Leads are readily Solderable

Polarity: Indicated by Cathode Band

Weight: 1.1 Grams (Approximately)

Maximum Lead Temperature for Soldering Purposes: 240°C, 1/8” from
case for 10 s at 5.0 Ib. tension

CASE 267-02
MAXIMUM RATINGS
Rating Symbol | 1N5400 | 1N5401 | 1N5402 | 1N5404 | 1N5406 | 1N5407 | 1N5408 | Unit
Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts
Working Peak Reverse Voltage VRwWM
DC Blocking Voltage VR
Non-repetitive Peak Reverse Voltage VRSM 100 200 300 525 800 1000 1200 Volts
Average Rectified Forward Current lo 3.0 Amp

(Single Phase Resistive Load,
1/2” Leads, T|_ = 105°C)

Non-repetitive Peak Surge Current IFSm ) 200 (one cycle) Amp
(Surge Applied at Rated Load Conditions)

Operating and Storage Junction Ty - 65t0+125 °C
Temperature Range Tstg - 65to +150
THERMAL CHARACTERISTICS
Characteristic Symbol Typ Unit
Thermal Resistance, Junction to Ambient RgJA 53 °C/W

(PC Board Mount, 1/2” Leads)

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
*Instantaneous Forward Voltage (1) VF — — 1.2 Volts
(iF = 9.4 Amp) .
Average Reverse Current (1) IR(AV) — — 500 HA
DC Reverse Current (Rated dc Voltage, T|_ = 80°C) IR — — 500

*JEDEC Registered Data.
(1) Measured in a single phase halfwave circuit such as shown in Figure 6.25 of EIA RS-282, November 1963. Operated at rated load conditions T = 80°C, g =3.0 A, V; = VRwm-
Preferred devices are Motorola recommended choices for future use and best overall value.
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i, INSTANTANEOUS FORWARD CURRENT (AMP)

1N5400 thru 1N5408

200 e T 400 1T
[— Ty=25° = Py SURGE APPLIED
198 — ,‘%‘( & 300 AT RATED LOAD +
50 TVPICAL i E CONDITIONS
30 Z = =60 Hz
/ & 200 e
20 7 [+=
. 7/ g NN
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2 100
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03 - 50
02 20 N
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VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) NUMBER OF CYCLES
Figure 1. Forward Voltage Figure 2. Maximum Non-repetitive Surge Current

Data shown for thermal resistance junction-to-ambient (Rg ) for the mountings shown 1s to be used as typical guideline
values for preliminary engineering or in case the tie point temperature cannot be measured.
TYPICAL VALUES FOR Rgya IN STILL AIR
MOUNTING LEAD LENGTH, L (IN)
METHOD 18 1/4 112 3/4 RoJA
1 50 51 53 55 °CW
2 58 59 61 63 °CW
3 28 °CW
MOUNTING METHOD 1 MOUNTING METHOD 2 MOUNTING METHOD 3
P.C. Board Where Available Vector Push-In Terminals T-28 P.C. Board with
Copper Surface area is small. 1-1/2” x 1-1/2” Copper Surface
o e e T L=
' P n3
W i - N
/4—>
Board Ground Plane
100%
90%
o
2 80%
2
&L 70%
o \
= 60%
2
w
G 50%
E 0% \
= 30%
g
£ 20% \
10% \

20°C  40°C 60°C  80°C  100°C  125°C
LEAD TEMPERATURE (°C)

Figure 3. Parametric Derating Curve
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MOTOROLA
SEMICONDUCTO R s
TECHNICAL DATA

1N5817

Axial Lead Rectifiers 1N5818

.. .employing the Schottky Barrier principle in a large area metal-to-silicon power diode. 1 N581 9
State-of-the-art geometry features epitaxial construction with oxide passivation and metal INGE19 s a
overlap contact. Ideally suited for use as rectifiers in low-voltage, high-frequency inverters, Motorola Preferred Device
free wheeling diodes, and polarity protection diodes.

SCHOTTKY BARRIER
RECTIFIERS
1 AMPERE

20, 30 and 40 VOLTS

e Extremely Low v
o Low Stored Charge, Majority Carrier Conduction
e Low Power Loss/High Efficiency

Mechanical Characteristics

CASE: Void free, transfer molded

FINISH: All external surfaces corrosion-resistant and the terminal leads are readily solderable
POLARITY: Cathode indicated by polarity band

MOUNTING POSITIONS: Any

SOLDERING: 220°C 1/16” from case for ten seconds

CASE 59-04
MAXIMUM RATINGS
Rating Symbol | 1N5817 | 1N5818 | 1N5819 Unit
Peak Repetitive Reverse Voltage VRAM 20 30 40 \Y%
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 \
RMS Reverse Voltage VR(RMS) 14 21 28 \
Average Rectified Forward Current (2) lo 1.0 A
(VR(equiv) < 0.2 VR(dc), T = 90°C,
RgJA = 80°C/W, P.C. Board Mounting, see Note 2, Tp = 55°C)
Ambient Temperature (Rated VR(dc), PF(Av) = 0, Rgya = 80°C/W) TA 85 I 80 | 75 °C
Non-Repetitive Peak Surge Current IFSM 25 (for one cycle) A
(Surge applied at rated load conditions, half-wave, single phase 60 Hz, T|_ = 70°C)
Operating and Storage Junction Temperature Range (Reverse Voltage applied) TJ Tstg —65 10 +125 °c
Peak Operating Junction Temperature (Forward Current applied) Ty(pk) 150 °C
THERMAL CHARACTERISTICS (Note 2)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RgJA 80 °CIW
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) (2)
Characteristic Symbol 1N5817 | 1IN5818 | 1N5819 Unit
Maximum Instantaneous Forward Voltage (1) (i = 0.1 A) VE 0.32 0.33 0.34 v
(iF=1.0A) 0.45 0.55 0.6
(iF=3.0A) 0.75 0.875 0.9
Maximum Instantaneous Reverse Current @ Rated dc Voltage (1) (T = 25°C) iR 1.0 1.0 1.0 mA
(T = 100°C) 10 10 10

(1) Pulse Test. Pulse Width = 300 us, Duty Cycle = 2.0%
(2) Lead Temperature reference Is cathode lead 1/32” from case.
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1N5817 thru 1N5819

NOTE 1 — DETERMINING MAXIMUM RATINGS 125 E§\\ ‘1‘0 30 /23
Reverse power dissipation and the possibility of thermal runaway S P~ NN M
must be considered when operating this rectifier at reverse voltages & 115 ~ NN F
. . w N AN \ N,
above 0.1 VRwM. Proper derating may be accomplished by use of [ N AN N <
equation (1). = \ \\ N
c 105 N
TA(max) = LIJ(max) - Fl‘l(-)JA‘:)II:(AV)b— RaJAPR(AV) (1) '§ PN \)\\\
where TA(max) = Maximum allowable ambient temperature et RgJA (CC/W) = 110
TJ(max) = Maximum allowable junction temperature 2o 0JA \\ \\\ \
(125°C or the temperature at which thermal Q 80 \ N
runaway occurs, whichever is lowest) & 60
PF(Av) = Average forward power d!ss!pat!on w8 \
PR(AV) = Average reverse power dissipation D;: <
RgJA = Junction-to-ambient thermal resistance = 75
Figures 1, 2, and 3 permit easier use of equation (1) by taking re- 20 30 40 50 70 10 15 20
verse power dissipation and thermal runaway into consideration. The VR, DC REVERSE VOLTAGE (VOLTS)
figures solve for a reference temperature as determined by equation Figure 1. Maximum Reference Temperature
@ 1N5817
TR = Ty(max) — ReJAPR(AV) )
Substituting equation (2) into equation (1) yields: 125
T TR~ RouAP ®) SSS=S=o
' f A(ma;) = dFla 0JA! ' F(:V)T ) X S s ~ \\ \:\ 40 |30 | 23
nspection of equations (2) an reveals that TR is the ambient w \ N
p q. 2 3 R w NN \&‘M
temperature at which thermal runaway occurs or where Tj = 125°C, 2 \\ N \\
when forward power is zero. The transition from one boundary condi- % 105 NN N
tion to the other is evident on the curves of Figures 1, 2, and 3 as a dif- g RgJa (°CIW) = 110 \&\\
ference in the rate of change of the slope in the vicinity of 115°C. The o 80 /)\ \\\
dataof Figures 1, 2, and 3is based upon dc conditions. For use in com- 8% 60 AN
mon rectifier circuits, Table 1 indicates suggested factors for an equiv- b N
alent dc voltage to use for conservative design, that is: ﬁ \
VR(equiv) = Vin(PK) X F @ 428 N
The factor F is derived by considering the properties of the various rec- = N
tifier circuits and the reverse characteristics of Schottky diodes. 75 \
EXAMPLE: Find TA(max) for 1N5818 operated in a 12-volt dc sup- 30 40 50 7.0 10 1520 30
ply using a bridge circuit with capacitive filter such that Ipg = 0.4 A VR, DC REVERSE VOLTAGE (VOLTS)
(IF(Av) = 0.5 A), I(Fmy/I(Av) = 10, Input Voltage = 10 V(rms), ReJA = Figure 2. Maximum Reference Temperature
80°C/W. 1N5818
Step 1. Find VR(gquiv)- Read F = 0.65 from Table 1, 125
. VR(equiv) = (1.41)(10)(0.65) = 9.2 V. 40
Step 2. Find TR from Figure 2. Read TR = 109°C s M \\: & |30
@ VR =9.2V and Rgya = 80°C/W. < 115 N 23
Step 3. Find P (ay) from Figure 4. *“Read PF(ay) = 0.5 W w AN \(\
p=)
JEm) . g PANN NON
@ =10and IF(av) = 0.5 A. T 105 NN Y
l(av) u ReJa (CCW) = 110 _L-1 AN N
Step 4. Find Ta(max) from equation (3). = 30 AN \\\\\\ N
TA(max) = 109 - (80) (0.5) = 69°C. o9 ! NCNOSON
A . e 60 NORORCK
**Values given are for the 1N5818. Power is slightly lower for the o N N N Y
1N5817 because of its lower forward voltage, and higher for the w 85 \\\\\‘
1N5819. & NONL
& N
0 50 70 10 5 2 0 40
VR, DC REVERSE VOLTAGE (VOLTS)
Figure 3. Maximum Reference Temperature
1N5819
Table 1. Values for Factor F
Circuit Half Wave Full Wave, Bridge Full Wave, Center Tapped* t
Load Resistive Capacitive* Resistive Capacitive Resistive Capacitive
Sine Wave 0.5 13 0.5 0.65 1.0 1.3
Square Wave 0.75 1.5 0.75 0.75 1.5 1.5
*Note that VH'FK) =20 Vm(PK) 1. Use line to center tap voltage for V,,
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1N5817 thru 1N5819
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5 B 1.0=oads = + B de
o 60 @ — —L°
3 MAXIMUM g 0.7 20 ~—
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wi = A | ]
Q TYPICAL o) - 7

A Z [ 1
3 - w 03 7 Ty=125C
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Figure 4. Steady-State Thermal Resistance Figure 5. Forward Power Dissipation
1N5817-19
a
&
2 10 T
Zz 07
2 05 o
w03 =T
Z et Z =ZggLer(t)
g 02 11 — eJle| :JlL (] b ]
n k k DUTY CYCLE. D =t,
% 01 // tp P P PEAK POWER. Py 1s peak ofan 3
< 007 TIME  equivalent square power pulse 1
= '1— t —»{ ]
T 005 s 1 b
w 4
E 003 —— ﬂg}; Ppk *Rgy [D+(1-D)erlty + lp) + v(lp)- ity ]
uZJ 0.02 AT =the increase in junction temperature above the lead temperature n
@ )= value of transient thermal resistance at time. 1. from Figure 6. 1e.* _|
<Z( 001 1ty + tp) = normalized value of transient thermal resistance at time. t + 15
o< v Lt PN PR S S S A PR PU S S R AT Y
:; 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 10k 20k 50k 10k
= t, TIME (ms)
Figure 6. Thermal Response
NOTE 2 — MOUNTING DATA Mounting Method 1 Mounting Method 3

Data shown for thermal resistance junction-to-ambient (Rga) for
the mountings shown is to be used as typical guideline values for pre-
liminary engineering, or in case the tie point temperature cannot be

measured.

TYPICAL VALUES FOR Rgga IN STILL AIR

Mounting Lead Length, L (in)
Method 1/8 1/4 1/2 3/4 RgJA
1 52 65 72 85 °C/W
2 67 80 87 100 °C/W
3 50 °C/W

P.C. Board with
1-1/2” x 1-1/2”

P.C. Board with
1-1/2" x 1-1/2”

copper surface. copper surface.
L=38"
BOARD GROUND
Mounting Method 2 PLANE
¢ )
e =t
R Z W7z 0 % 4
VECTOR PIN MOUNTING
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1N5817 thru 1N5819

NOTE 3 — THERMAL CIRCUIT MODEL
(For heat conduction through the leads)

Use of the above model permits junction to lead thermal resistance
for any mounting configuration to be found. For a given total lead
length, lowest values occur when one side of the rectifier is brought as
close as possible to the heatsink. Terms in the model signify:

Ta = Ambient Temperature T = Case Temperature
T = Lead Temperature T4 = Junction Temperature
Rgs = Thermal Resistance, Heatsink to Ambient

RgL = Thermal Resistance, Lead to Heatsink

Rgy = Thermal Resistance, Junction to Case
Pp = Power Dissipation

(Subscripts A and K refer to anode and cathode sides, respectively.)
Values for thermal resistance components are:

RgL = 100°C/WV/in typically and 120°C/W/in maximum

RgJ = 36°C/W typically and 46°C/W maximum.

125 1 1 T 11
= awwausii
E ~ 5 10ycle fe
20 7 = NN
V. /] = .
/ p T =70°C Ny
w0 ,// £ f=60 Hz s
A w 105
V4 S
70 V7 z -
| Tg=100°C = ) @D g5 ™~
5.0 \ x NN
<
\ & 85
3.0 =
\ /' @2 |— Surge Applied at
20 Rated Load Conditions
// 05°C 75 1 1 1 [l
/ 1.0 20 3.0 50 70 10 20 30 40 70 100
/ NUMBER OF CYCLES

1.0
0.7

05 7

03
j

o1

P—) ™
~ N
T~y N

iF, INSTANTANEOUS FORWARD CURRENT (AMP)

]
0.07—F
0.05 Il

IR, REVERSE CURRENT (mA)

ir
I
|
|

[
0.03
[

0.02
01 02 03 04 05 06 07 08 09 10 1.1
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Figure 7. Typical Forward Voltage

3

Figure 8. Maximum Non-Repetitive Surge Current

30 T T
20 [ Ty=125°C L1 [ I T [ _
100°C 4-\1_—3 — = =
gg | —t—t=
4 - =
20 =TT
I b = ===
X =
0.5 L 22
0.3 25°C T+
0.2 | 1 —
== | I |
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0.05 ——=t===F T i T 1= === == 1N5818 —
00 Pt — - — B1s
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Figure 9. Typical Reverse Current
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1N5817 thru 1N5819

NOTE 4 — HIGH FREQUENCY OPERATION

Since current flow ina Schottky rectifier is the result of majority carrier
conduction, itis not subject to junction diode forward and reverse recov-
ery transients due to minority carrier injection and stored charge. Satis-
factory circuit analysis work may be performed by using a model con-
sisting of an ideal diode in parallel with a variable capacitance. (See Fig-
ure 10.)

Rectification efficiency measurements show that operation will be
satisfactory up to several megahertz. For example, relative waveform
rectification efficiency is approximately 70 percent at 2.0 MHz, e.g., the
ratio of dc power to RMS power in the load is 0.28 at this frequency,
whereas perfect rectification would yield 0.406 for sine wave inputs.
However, in contrast to ordinary junction diodes, the loss in waveform
efficiency is not indicative of power loss: it is simply a result of reverse
current flow through the diode capacitance, which lowers the dc output
voltage.
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MOTOROLA N5821
|
= SEMICONDUCTOR H 1 Il
TECHNICAL DATA 1N5822
1N5822is a
Motorola Preferred Device
igners Data Sheet
AXIAL LEAD RECTIFIERS
. . S - SCHOTTKY BARRIER
...employing the Schottky Barrier principle in a large area metal-to-silicon
power diode. State-of-the-art geometry features epitaxial construction with RECTIFIERS
oxide passivation and metal overlap contact. ldeally suited for use as rectifiers 3.0 AMPERES
in low-voltage, high-frequency inverters, free wheeling diodes, and polarity
protection diodes. 20,30,40 VOLTS
® Extremely Low vF ® [Low Stored Charge, Majority
® Low Power Loss/High Efficiency Carrier Conduction
Designer’s Data for Worst-Case Conditions
The Designers Data sheets permit the design cf most circuits entirely from the informa-
tion presented. Limit curves—representing boundaries on device characteristics—are given
to facilitate worst-case design.
*MAXIMUM RATINGS
Rating Symbol 1N5820 1N5821 1N5822 Unit
Peak Repetitive Reverse Voltage VRRM 20 30 40 v CASE 267-03
Working Peak Reverse Voltage VRwWM PLASTIC
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRsm 24 36 48 Vv
RMS Reverse Voltage VR{RMS) 14 21 28 Y MECHANICAL CHARACTERISTICS
A:/e:(::f:f'g ';f’z F\f:::: ?.Tf;;‘gé lo 30 A CASE. .. ...... Transfer molded plastic
(Rg ya = 28°C/W, P.C. Board FINISH. . . ... ...... All external surfaces
Mounting, see Note 2) corrosion-resistant and the terminal
Ambient Temperature Ta 90 85 80 oc leads are readily solderable
Rated VR (dc). PF(AV) =0 POLARITY ... ..... Cathode indicated by
RgJa = 28°C/W . polarity band
Non-Repetitive Peak Surge Current IFsw  [=e——80 (for one cycle) ——m=] A MOUNTING POSITIONS .. .. ...... Any
{Surge applied at rated load condi- SOLDERING . . .. . . 220°C /16" from case
tions, half wave, single phase 60 Hz, for ten seconds
TL = 75°C)
Operating and Storage Junction Ty, Tstg |~———— -6510 +125 ———wmm| oc
Temperature Range (Reverse
Voltage applied)
Peak Operating Junction Temperature TJ(pk) 150 oc
(Forward Current Applied)
*THERMAL CHARACTERISTICS (Note 2)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 28 oc/w
*ELECTRICAL CHARACTERISTICS (T|_ = 25°C unless otherwise noted) (2)
Ch istic ymbol 1N5820 1N5821 1N5822 Unit
Maximum Instantaneous VE \2
Forward Voltage (1)
lig = 1.0 Amp) 0.370 0.380 0.390
(i = 3.0 Amp) 0.475 0.500 0.525
(ip =9.4 Amp) 0.850 0.900 0.950
Maximum Instantaneous iR mA
Reverse Current @ Rated
dc Voltage (1)
TL =25°C 2.0 2.0 2.0
TL= 100°C 20 20 20

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
(2) Lead Temperature reference is cathode lead 1/32" from case.
*Indicates JEDEC Registered Data for 1N5820-22.
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1N5820 thru 1N5822

NOTE 1 —~ DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the paossibility of thermal
runaway must be considered when operating this rectifier at
reverse voltages above 0.1 VRwm. Proper derating may be accom-
plished by use of equation (1).

TA(max) = TJ(max) = RoJAPF(AV) - RgJaPR(AV)
where T (max) = Maximum allowable ambient temperature

TJ(max) = Maximum allowable junction temperature
(125°C or the temperature at which thermal
runaway occurs, whichever is lowest)

Pg(av) = Average forward power dissipation

PR(AV) = Average reverse power dissipation

Rg A = Junction-to-ambient thermal resistance

(1)

Figures 1, 2, and 3 permit easier use of equation (1) by taking
reverse power dissipation and thermal runaway into consideration.
The figures solve for a reference temperature as determined by
equation (2).

TR = Ty(max) =~ ReJAPR(AV) @
Substituting equation (2) into equation (1) yields:
TA(max) = TR ~ RgJAPF(AV) 3)

Inspection of equations (2) and (3) reveals that TR is the
ambient temperature at which thermal runaway occurs or where
Ty = 125°C, when forward power is zero. The transition from one
boundary condition to the other is evident on the curves of
Figures 1, 2, and 3 as a difference in the rate of change of the

slope in the vicinity of 115°C. The data of Figures 1, 2, and 3 is
based upon dc conditions. For use in common rectifier circuits,
Table 1 indicates suggested factors for an equivalent dc voltage
to use for conservative design, that is:

. VR(equiv) = V(FM) X F (4)
The factor F is derived by considering the properties of the various
rectifier circuits and the reverse characteristics of Schottky diodes.

EXAMPLE: Find TA(max) for 1N5821 operated in a 12-volt
dc supply using a bridge circuit with capacitive filter such that
Ipc = 2.0 A Ig(av) = 1.0 A), I{Em)/1{AV) = 10, Input Voltage
=10 V(rms), RgJa = 40°C/W.

Step 1. Find VR (equiv)- Read F = 0.65 from Table 1,

- VR(equiv) = (1.41)(10)(0.65) =9.2 V.

Step 2. Find TR from Figure 2. Read Tg = 108°C

@ VR =9.2V and Rg p = 40°C/W.

Step 3. Find PE(av) from Figure 6. **Read PE(ay) =085 W
HEm)
lav)

Step 4. Find T (max) from equation (3).

TA(max) = 108 ~ (0.85) (40) = 74°C.
**Values given are for the 1N5821. Power is slightly lower for the
1N5820 because of its lower forward voltage, and higher for the
1N5822, Variations will be similar for the MBR-prefix devices,
using PE(ay) from Figure 7.

@ =10and If(av) =1.0A.

TABLE 1 — VALUES FOR FACTOR F

Circuit Full Wave, Full Wave,
Half Wave Bridge Center Tapped*t
Load Resistive | Capacitive* Resistive Capacitive Resistive Capacitive
Sine Wave 05 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 15 0.75 0.75 1.5 15

*Note that VR(pK) = 2.0 Vin(pK). 1Use line to center tap voltage for Vj,.

FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE
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1N5820 thru 1N5822

FIGURE 5 — THERMAL RESPONSE
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g 5 0.05 - at time, 1, i.e.” A surges generated in the diade as a result of pulsed ::
(=573 0.03 «(ty + tp) = normalized value of [~ once steady-stat i are acheved. | ]
=g [ transient thermal resistance L+ Using the measured value of T, the junction tem- |
T & g02f—at timety +tp, etc. perature may be by B
[ EEERTEE. 1 AP L
oo AT 3
0.2 05 10 20 5.0 10 20 50 00 200 500 1.0k 20k 5.0k 10k 20k
t, TIME (ms)
FIGURE 6 — FORWARD POWER DISSIPATION NOTE 3 — APPROXIMATE THERMAL CIRCUIT MCDEL
1N5820-22
% 10  w—
E 70 — ,
g 70 T—T
Z 5 — P 2
= Sine Wave ; ; 4
2 | A
= 30 (F)_ (Resistive Load) v’
; 20 tav) } 44 dc
2 11T < 7 i
o
5.0
T 10 Capacitve | 1o Ppadr // Square Wave 43
H] 0.7 Loads 2083201
=
w 05 A~
&
& 03 7% Ty~ 1250C Use of the above model permits junction to lead thermal
< g2 /'/ resistance for any mounting configuration to be found. For a given
’5 // total lead length, lowest values occur when one side of the rectifier
= 01 // A / 1s brought as close as possible to the heat sink. Terms in the model
s Toa 02 03 05 07 10 20 30 50 70 10 signify:

IF(AV). AVERAGE FORWARD CURRENT (AMP)

NOTE 2 — MOUNTING DATA

Ta = Ambient Temperature Tc = Case Temperature

TL = Lead Temperatire Ty = Junction Temperature
Rpg = Thermal Resistance, Heat Sink to Ambient

Rg = Thermal Resistance, Lead to Heat Sink

Ry J = Thermal Resistance, Junction to Case

Pp = Total Power Disstpation = P + Pg

PE = Forward Power Dissipation

PR = Reverse Power Dissipation

(Subscripts (A) and (K) refer to anode and cathode sides, respec-
tively.) Values for thermal resistance components are:

Rp L= 42°C/W/in typically and 48°C/W/in maximum

Rgy = 10°C/W typically and 16°C/W maximum

The maximum lead temperature may be found as follows:

TL = Ty(max) - ATyL
where AT ), = Rgy * Pp

Data shown for thermal resistance junction-to-ambient (RgJA)
for the mountings shown is to be used as typical guideline values
for preliminary engineering, or in case the tie point temperature
cannot be measured.

TYPICAL VALUES FOR Rgja IN STILL AIR

Lead Length, L (in)
Method 8 14 12 3/4 Roya
1 50 51 53 55 °c/w
2 58 59 61 63 °c/w
3 . 28 °c/w

Mounting Method 1
P.C. Board where
available copper surface
is small.

1» L~ 1 ——i
—{

Mounting Method 3
P.C. Board with
with 2-1/2" X 2-1/2"
copper surface

L=1/2"

i

Mounting Method 2
Vector Push-In
Terminals T-28

Board Ground Plane
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1N5820 thru 1N5822

FIGURE 8 — TYPICAL FORWARD VOLTAGE
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NOTE 4 — HIGH FREQUENCY OPERATION
Since current flow in a Schottky rectifier is the result of
majority carrier conduction, it 1s not subject to junction diode

forward and reverse recovery transients due to munority carrier

injection

and stored charge. Satisfactory circuit analysis work

may be performed by using a model consisting of an i1deal diode
in parallel with a variable capacitance. (See Figure 11.)
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1N5823, 1N5824
TECHNICAL DATA MBR5825,H,H1
1N5825is a
Motorola Preferred Device
Designers Data Sheet
SCHOTTKY BARRIER
HOT CARRIER POWER RECTIFIERS RECTIFIERS
. employing the Schottky Barrier principle in a large area metal-
to-silicon power diode. State-of-the-art geometry features epitaxial 5 AMPERE
construction with oxide passivation and metal overlap contact. 20, 30, 40 VOLTS
Ideally suited for use as rectifiers in low-voltage, high-frequency
inverters, free-wheeling diodes, and polarity-protection diodes.
© Extremely Low vg ® “H” & “H1"” Version Available
® Low Stored Charge, Majority Similar to TX
Carrier Conduction Processing
® Low Power Loss/ High Efficiency
Designer’s Data for *“Worst Case’’ Conditions
The Designers Data sheets permit the design of most circuits entirely from
the information presented. Limit curves — representing boundaries on CAMng?im
device characteristics — are given to facilitate “'worst case” design.
*MAXIMUM RATINGS
1N5825
Rating Symbol 1N5823 1N5824 MBR5825H, H1 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 20 30 40 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 Voits
RMS Reverse Voltage VR(RMS) 14 21 28 Volts
Average Rectified Forward Current o Amp
VR(equiv) < 0.2 VR (dc). Tc = 75°C 15
VR(equiv) < 0.2 VR (gg), T = 80°C 5.0
RpJA = 25°C/W, P.C. Board
Mounting, See Note 3)
Ambient Temperature TA °C
Rated VR (dc). PF(av) =0 65 60 55
RgyA = 25°C/W
Non-Repetitivel Peak Surge Current IFSM | ~et————————— 500 (for 1 cycle) ———————1 Amp
(Surge applied at rated load conditions,
halfwave, single phase 60 Hz)
Operating and Storage Junction Temperature Range Ty Tstg -~ -6510 #1256 ——————————— °C
(Reverse Voltage applied)
Peak Operating Junction Temperature TJI(pk) 150 °C
(Forward Current Applied)
*THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rgyc 3.0 °C/W
*ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
1N5825
Characteristic Symbol 1N5823 1N5824 MEBR5825H, H1 Unit
Maximum Instantaneous Forward Voitage (1) VE Volts
(IF= 3.0 Amp) 0.330 0.340 0.350
(iF = 5.0 Amp) 0.360 0.370 0.380
(i = 15.7 Amp) 0.470 0.490 0.520
Maximum Instantaneous Reverse Current iR mA
@ rated dc Voitage
Tg=25°C 10 10 10
Tc =100°C 100 126 150

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0% *Indicates JEDEC Registered Data for 1N5823-1N5825
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1N5823, 1N5824, 1N5825, MBR5825H, H1

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal runaway
must be considered when operating this rectifier at reverse voltages
above 0.1 VRy\m. Proper derating may be accomplished by use
of equation (1):
Taimax) = Ta(max) — ReJa PE(AvV) — RoyaPriav) (1)
where
T A(max) = Maximum allowable ambient temperature
TJ{max) = Maximumallowable junction temperature
(125°C or the temperature at which ther-
mal runaway occurs, whichever is lowest).
PE(AV) = Average forward power dissipation
PR{AV) = Average reverse power dissipation

RgJA = Junction-to-ambient thermal resistance
Figures 1, 2 and 3 permit easier use of equation (1) by taking
reverse power dissipation and thermal runaway into consideration.
The figures solve for a reference temperature as determined by
equation (2):

TR = Tyimax) -~ ReyaPR(AV) (2
Substituting equation {2) into equation (1) yields:
Ta(max) = TR = Rgya PF(AV) (3

Inspection of equations (2) and (3) reveals that TR is the ambient
temperature atwhich thermal runaway occurs or where Tj = 125°C,
when forward power is zero. The transition from one boundary
condition to the other is evident on the curves of Figures 1, 2 and

3 as a difference in the rate of change of the slope in the vicinity
of 1156°C. The data of Figures 1, 2 and 3 1s based upon dc condi-
tions. For use in common rectifier circuits, Table | indicates sug
gested factors for an equivalent dc voltage to use for conservative
design; i.e.:
VRiequiv) = VIN(PK) X F ()

The Factor F 1s derived by considaring the properties of the various
rectifier circuits and the reverse characteristics of Schottky diodes.

Example: Find Ta(max) for 1N6825 operated in a 12-Volit dc
supply using a bridge circuit with capacitive filter such that Ipc =
10 A (If(av) = 5 A), I(pk)/I(AV) =10, Input Voltage = 10
V(rms), Rgyp = 10°C/W.

Step 1:  Find VR(equiv). Read F = 0.65 from Table | .
VR(equw) = (1.41)(10)(0.65) = 9.2 V
Step2: Find TR from Figure 3. Read TR =113°C @ VR =
9.2V & Rgya = 10°C/W.
Step 3:  Find PE(ay) trom Figure 4.**Read PE(Ay) = 5.5 W
!
@ﬂL 10 & IFeav)=5A
HAv)
Step4. Find Ta(max) from equation (3). Ta(max) = 113-(10)
(5.5) = 58°C.

**Value given are for the 1N5825. Power is slightly lower for the
other units because of their lower forward voltage.

TABLE | — VALUES FOR FACTOR F

N . Full Wave,
Circuit Half Wave Full Wave, Bridge Center Tapped *+
Load Resistive | Capacitive” Capacitive Resistive | Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 1.5 0.75 0.75 1.5 1.5

*Note that VR(pK) =2 Vin(PK)

FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — 1N5823
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FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — 1N5824
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FIGURE 4 -- FORWARD POWER DISSIPATION
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1N5823, 1N5824, 1N5825, MBR5825H, H1

THERMAL CHARACTERISTICS
FIGURE 5 - THERMAL RESPONSE
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) | 294C(t) = RoJC  rit)
28 . 1117
=N CH P
w01 . P DUTY CYCLE, D = tp/ty E
'; E 007 P TIME PEAK POWER, Ppk, 15 peak of an b
g =z 0:05 1 — ) —1 equivalent square power pulse 9
@
= ATyC =Ppk -+ Ragg [0+ (1-0) -ty *tg) + eltp)=r(ty)]
z o0 where
- 0.02 ATyc = the increase in junction temperature above the case temperature
= ) = ll value of transient thermal resistance at time, t, from Figure §, i.e.:
0.01 1ty + tp} = normahized value of transient thermal resistance at ime, t) + tp
05 10 20 5.0 10 20 50 100 200 500 1.0k 20k 5.0k 10k 20k 50k
t, TIME (ms)

NOTE 2 — FINDING JUNCTION TEMPERATURE

NOTE 3 - MOUNTING DATA

Pok Pok
DUTY CYCLE.D -tp 1y
<t - PEAK POWER, Ppy 15 peak of an
equivalent square power pulse
TIME
et —

To determine maximum junction temperature of the diode i 3 gven situation,
the following procedure 1s recommended

The temperature of the case should be measured using a thermocouple placed
on the case at the temperature reference point (see Note 3) The thermal mass
connected 10 the case s normally large enough su that it will not signiticantly
respond to heat surges generated 1n the dinde os ¢ tesult of pulsed operation nnce
steady state conditionsare achieved  Using the measured valueof T¢ the junction
temperature may be determmned by

TyoTee Tue
where Ty s the increase i junction temperature above the (ase temperature
1t may be determined by

ATye = Ppx Ryyc 1D+ (1-D) ey« 1p) * rlry)
where

{1} - normetized value at transient thermal resistance ot ime 1, from Figure

Sie

e {ty ¢ 1p) = normabized value of transient thermal resistance gt time 1y - 1y,

)]

Data shown for thermal resistance junction-to-ambient
(Rgya) for the mountings shown is to be used as typical
guideline values for preliminary engineering.

TYPICAL VALUES FOR Rpja INSTILL AIR

LEAD LENGTH, L (IN)
MOUNTING
METHOD 1/4 1 Rgua
1 55 60 °c/w
2 65 70 °c/w
3 25 o°c/w

MOUNTING METHOD 3
P C. Board with
21/2" x 2 1/2" copper surface

MOUNTING METHOD 1
™ naly

=

MOUNTING METHOD 2

L - 5/8"

b=L

L]

Board Ground
Plane

Vector pin mounting

FIGURE 6 — APPROXIMATE THERMAL CIRCUIT MODEL

Rgca
70°c/w
RoLA RoJA Rosc © i
RASA  40%c/w/IN 25°Cc/w 2°%/w
AN AN VA—
RecL RoLk Rosk
0.5°Cc/w 40°C/W/IN -
TaA TLa Ty TPD Tak = Ta_—
Use of the above mcdel permits calculation of average TEMPERATURES THERMAL RESISTANCES

junction temperature for any mounting situation. Lowest
values of thermal resistance will occur when the cathode
lead is brought as close as possible to a heat dissipator; as
heat conduction through the anode lead is small. Terms
in the model are defined as follows:

*Case temperature reference

is at cathode end.

Rgca = Case to Ambient
Rpsa = Anode Lead Heat Sink to Ambient

Ta = Ambient
TAA = Anode Heat Sink Ambient

Tak = Cathode Heat Sink Ambient
TLA = Anode Lead
TiLk = Cathode Lead

Ty = Junction

Rgsk = Cathode Lead Heat Sink to Ambient
RgLA = Anode Lead

Rg Lk = Cathode Lead

RgcL = Case to Cathode Lead

Rgyc = Junction to Case

Rgya = Junction to Anode Lead (S bend)



C, CAPACITANCE (pF)

1f, INSTANTANEOUS FORWARD CURRENT (AMP)

1N5823, 1N5824, 1N5825, MBR5825H, H1

FIGURE 7 — TYPICAL FORWARD VOLTAGE
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FIGURE 8 — MAXIMUM SURGE CAPABILITY
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NOTE 4 — HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result of majority
carrier conduction, it is not subject to junction diode forward and
reverse recovery transients due to minority carrier injection and
stored charge. Satisfactory circuit analysis work may be performed
by using a model consisting of an ideal diode in parallel with a
variable capacitance. (See Figure 10).

Rectification efficiency measurements show that operation will
be satisfactory up to several megahertz. For example, relative
waveform rectification efficiency 1s approximately 70 per cent at
2.0 MHz, e.g., the ratio of dc power to RMS power in the load 1s
0.28 at this frequency, whereas perfect rectification would yield
0.406 for sine wave inputs. However, n contrast to ordinary
junction diodes, the loss in waveform efficiency 1s not indicative of
power loss; it is ssmply a result of reverse current flow through the
diode capacitance, which lowers the dc output voltage.

3-52



1N5823, 1N5824, 1N5825, MBR5825H, H1

NOTE 5 — HI-REL PROGRAM OPTIONS

PRODUCTION PROCESS: INSPECTION LOT FORMATION The 1N5825 is also available with two levels of extra testing
1. Raw Material e AFTER FINAL ASSEMBLY similarto “TX" screening and including Group A and B inspection

2. Factory Processing OPERATION (SEALING) programs. Both the MBR5825H and MBRE825H1 go through
100% screening consisting of high temperature storage, temper-

‘ ature cycling, constant acceleration and hermetic seal testing

prior to a sample being submitted to Group A and B inspection.
100% PROCESS CONDITIONING After completion of Group B inspection, the MBR5825H is avail-
1. High Temperature Storage able without additional screening. MBR5825H1 devices are
2. Temperature Cycling further processed through a hightemperature reverse bias
3. Constant Acceleration (HTRB) and forward burn-in. Consult factory for details.
4. Hermetic Seal (Fine and Gross)

] -

INSPECTION TESTS o
MBRSB25H HOLDING AREA: | TO VERIFY LTPD: , ‘E?gc/;:g:"’TEe‘:tCOND'T'°N‘NG
100% Group A Test Group A 2. HTRB (160 Hrs Min)
Group B 3. Electrical Test (PDA = 10)
(Sample Tests) 4. DC Forward Burn-in (24 Hrs Min)
‘ 5.'Electrical Test (PDA = 10)
PREPARATION REVIEW OF
FOR GROUPS A & B DATA MBR5825H1 PREPARATION
DELIVERY FOR ACCEPT OR REJECT HOLDING AREA: FOR
100% Group A Test DELIVERY
Accept Accept
Data | Data

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed construction.

FINISH: All external surfaces corrosion-resistant and the terminal leads are readily solderable.
WEIGHT: 2.4 grams (approximately).

POLARITY: Cathode to case.

MOUNTING POSITONS: Any

3-53



MOTOROLA
m SEMICONDUCTOR N
TECHNICAL DATA

ners Data Sheet

HOT CARRIER POWER RECTIFIER

. employing the Schottky Barrier principle in a large area metal-to-silicon power
diode. State of the art geometry features epitaxial construction with oxide passiva-
tion and metal overlap contact. ldeally suited for use as rectifiers in low-voltage,
high-frequency inverters, free wheeling diodes, and polarity protection diodes.
® Extremely Low v ® Low Power Loss/High Efficiency
® Low Stored Charge, Majority e High Surge Capacity

Carrier Conduction

1N5826
1N5827
1N5828

1N5828 is a
Motorola Preferred Device

SCHOTTKY
BARRIER
RECTIFIERS

15 AMPERE
20,30,40 VOLTS

Designer’s Data for ““Worst Case’’ Conditions
The Designers Data sheets permit the design of most circuits entirely from
the information presented. Limit curves — representing boundaries on device char-
acteristics — are given to facilitate ‘‘worst case’’ design.

CASE 56-03
DO-203AA
METAL

3 *MAXIMUM RATINGS
Rating Symbol | 1N5826 | 1N5827 | 1N5828 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwM 20 30 40 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRsM 24 36 48 Volts
Average Rectified Forward Current lo 15 Amp
VR(equiv) £0.2 VR(dc), Tc =85°C
Ambient Temperature Ta 95 90 85 oc
Rated VR(dc). PF(AV) = O,
Rgya= 5.0°C/W

Non-Repetitive Peak Surge Current IEgMm | ==—500 (for 1 cycle) —m— Amp
(surge applied at rated load conditions,
halfwave, single phase, 60 Hz)

Operating and Storage Junction TJ,Ts'g e -65 10 +125 oc
Temperature Range (Reverse
voltage applied)

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed

FINISH: All external surfaces corrosion
resistant and terminal leads are
readily solderable

POLARITY: Cathode to Case

MOUNTING POSITION: Any

MOUNTING TORQUE: 15 in-lb max

Peak Operating Junction Temperature Ti(pk) | == 150 °c
(Forward Current Applied)

*THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RgpJC 2.5 °c/w

*ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

Characteristic Symbol | 1N5826 | IN5827 | 1N5828 Unit

Maximum Instantaneous Forward VE Volts

Voltage (1)

(ig = 8.0 Amp) 0.380 0.400 0.420

(iF = 15 Amp) 0.440 0.470 0.500

(ip = 47.1 Amp) 0.670 0.770 0.870
Maximum Instantaneous Reverse iR mA

Current @ rated dc Voltage (1) 10 10 10

Tc = 100°C 75 75 75

*Indicates JEDEC Registered Data.
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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1N5826 thru 1N5828

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal runaway
must be considered when operating this rectifier at reverse voltages
above 0.2 VRwm. Proper derating may be accomplished by use
of equation (1):
Tatmax) = Td(max) = Rgya PF(aV) ~ Roya PR(AV)
where
T A(max) = Maximum allowable ambient temperature
TJ(max) = Maximum allowable junction temperature (125°C
or the temperature at which thermal runaway
occurs, whichever is lowest).
PE(aV) = Average forward power dissipation
PR(AV) = Average reverse power dissipation
Rpya = Junction-to-ambient thermal resistance
Figures 1, 2 and 3 permit easier use of equation (1) by taking
reverse power dissipation and thermal runaway into consideration.
The figures solve for a reference temperature as determined by
equation (2):

(1)

TR = Ty(max) —Reua PR(AV) (2)
Substituting equation (2) into equation (1) yields:
Ta(max) = TR — Resa PE(AV) 3

Inspection of equations (2) and (3) reveals that TR is the ambient
temperature atwhich thermal runaway occurs or where T = 125°C,
when forward power is zero. The transition from one boundary
condition to the other is evident on the curves of Figures 1, 2 and

3 as a difference in the rate of change of the slope in the vicinity
of 116°C. The data of Figures 1, 2 and 3 is based upon dc condi-
tions. For use in common rectifier circuits, Table | indicates sug-
gested factors for an equivalent dc voltage to use for conservative
design; i.e.:
VR(equiv) = Vin(PK) X F t4)

The Factor F is derived by considering the properties of the various
rectifier circuits and the reverse characteristics of Schottky diodes.

Example: Find Ta(max) for 1N5828 operated in a 12-Volt dc
supply using a bridge circuit with capacitive filter such that Ipc =
10 A (Ig(av) = 5 Al, l(pk)/l(Av) = 20, Input Voltage = 10
V(rms), Rga = 5°C/W.

Step 1:  Find VR(aquiv)- Read F = 0.65from Table | ..
VR(equiv) =(1.41)(10)(0.65) =9.18 V
Step2: Find TR from Figure 3. Read Tp = 121°C @ VR =9.18
& RgyA =5°C/W
Step 3:  Find Pr(py) from Figure 4. *Read PR (ay) = 10W
!(PK)
@—=20&1! =5A
Av) F(AV)
Step 4:  Find TaA(max) from equation (3). Ta(max) = 121-(5)(10)
=71°C

** Value given are for the IN5828. Power is slightly lower for the
other units because of their lower forward voltage.

TABLE | — VALUES FOR FACTOR F

P . Full Wave,
Circuit Half Wave Full Wave, Bridge Center Tapped *t
Load Resistive Capacitive*| Resistive Capacitive Resistive Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.76 1.5 0.75 0.756 1.5 1.5

*Note that VR (pk) =2 Vjn(PK)
FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — 1N5826
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*No external heat sink.

FIGURE 2 — MAXIMUM REFER

Pr(Av), AVERAGE FORWARD

*tUse line to center tap voltage for Vj,.

ENCE TEMPERATURE — 1N5827
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t(t), TRANSIENT THERMAL RESISTANCE

FIGURE 5 — TYPICAL FORWARD VOLTAGE

1N5826 thru 1N5828

FIGURE 6 — MAXIMUM SURGE CAPABILITY
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iR, REVERSE CURRENT (NORMALIZED)

C, CAPACITANCE (pF)

1N5826 thru 1N5828

FIGURE 9 — NORMALIZED REVERSE CURRENT FIGURE 10 — TYPICAL REVERSE CURRENT
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FIGURE 11 — CAPACITANCE
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1000 \\\ N 1N5826 by using a model consisting of an ideal diode in parallel with a
AN variable capacitance. (See Figure 11).
700 N \\ N H Rectification efficiency measurements show that operation will
IN5827 N be satisfactory up to several megahertz. For example, relative
NN \\ waveform rectification efficiency 1s approximately 70 per cent at
500
WQ‘ N 2.0 MHz, e.g., the ratio of dc power to RMS power in the load is
400 \\\ 0.28 at this frequency, whereas perfect rectification would yield
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300 T-IJ N junction diodes, the loss in waveform efficiency ts not indicative of
50 power loss; it 1s simply a result of reverse current flow through the
004006 01 02 0406 10 20 4060 10 20 40 diode capacitance, which lowers the dc output voltage.

VR, REVERSE VOLTAGE (VOLTS)
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MOTOROLA
B SEMICONDUCTOR s e e s
TECHNICAL DATA

1N5829
Designer’s Data Sheet 1N5830
Switchmode Power Rectifiers 1N5831

... employing the Schottky Barrier principle in a large area metal-to-silicon power MBR5831 H,
diode. State of the art geometry features epitaxial construction with oxide passiva- H 1

tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage,
high-frequency inverters, free wheeling diodes, and polarity protection diodes.

1N5831 |
o Extremely Low vp ® Low Power Loss/High Motorola p,e,e,,se: Device
o Low Stored Charge, Majority Efficiency
Carrier Conduction e High Surge Capacity
@ High Reliability Processing Similar to JAN,JTX Processing Available (See Note 3) 25 AMPERE
20, 30, 40 VOLTS
MAXIMUM RATINGS
Rating Symbol | *1IN5829 | *1N5830 *1N5831 Unit
MBR5831H,H1
Peak Repetitive Reverse Voltage VRRM 20 30 40 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Nonrepetitive Peak Reverse Voltage| VRsM 24 36 48 Volts
Average Rectified Forward Current lo 25 Amps CASE 56-03
VR(equiv) < 0.2 VR(dc), DO-203AA
TC = 85°C METAL
Ambient Temperature TA 90 - 85 80 °C
Rated VR(dc). PF(av) = 0.
Roa = 357C/W MECHANICAL
Nonrepetitive Peak Surge Current IFsMm 800 (for 1 cycle) Amps CHARACTERISTICS
(surge applied at rated load CASE: Welded, hermetically
conditions, halfwave, single sealed
phase, 60 Hz) FINISH: All external surfaces
. . o corrosion resistant and
Operating and Storage Junction TJ4: Tstg 65to +125 C terminal leads are readily
Temperature Range
(Reverse voltage applied) solderable.
POLARITY: Cathode to Case
Peak Operating Junction TJ(pk) 150 °C MOUNTING POSITION: Any
Temperature MOUNTING TORQUE:
(Foward Current Applied) 15 in-lb max
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJC 1.75 °C/W
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristic Symbol *1N5829 | *1N5830 *1N5831 Unit
MBR5831H,H1
Maximum Instantaneous Forward Voltage(1) VF Volts
(i = 10 Amps) 0.360 0.370 0.380
(i = 25 Amps) 0.440 0.460 0.480
(i = 78.5 Amps) 0.720 0.770 0.820
Maximum Instantaneous Reverse Current @ Rated dc 20 20 20 mA
Voltagel!) (T¢ = 100°C) 150 150 150

*Indicates JEDEC Registered Data.

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%.

D_es!gner's Data for “Worst Case” Conditions — The Designer’s Data Sheet permits the design of most circuits entirely from the information presented.
Limit curves — representing boundaries on device characteristics — are given to facilitate “worst case” design.
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1N5829, 1N5830, 1N5831, MBR5831H, H1

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal
runaway must be considered when operating this recti-
fier at reverse voltages above 0.2 VRyym. Proper derating
may be accomplished by use of equation (1):

TA(max) = TJ(max) — RoJA PF(Av) —Reya Pr(av) (1)
where

TA(max) = Maximum allowable ambient
temperature
TJ(max) = Maximum allowable junction
temperature (125°C or the temperature
at which thermal runaway occurs,
whichever is lowest).
PF(Av) = Average forward power dissipation
PR(Av) = Average reverse power dissipation
Rgyc = Junction-to-ambient thermal resistance

Figures 1, 2 and 3 permit easier use of equation (1) by
taking reverse power dissipation and thermal runaway
into consideration. The figures solve for a reference tem-
perature as determined by equation (2):

TR = TJ(max) — Raya PR(AV)
Substituting equation (2) into equation 91) yields:

Ta(max) = TR — ReayA PF(av) @3
Inspection of equations (2) and (3) reveals that TR is the
ambient temperature at which thermal runaway occurs
or where Tj = 125°C, when forward power is zero. The
transition from one boundary condition to the other is
evident on the curves of Figures 1, 2 and 3 as a difference
in the rate of change of the slope in the vicinity of 115°C.

(2)

The data of Figures 1, 2 and 3 is based upon dc conditions.
For use in common rectifier circuits, Table 1 indicates
suggested factors for an equivalent dc voltage to use for
conservative design; i.e.:

VR(equiv) = Vin(PK) X F (@)
The Factor F is derived by considering the properties of

the various rectifier circuits and the reverse characteris-
tics of Schottky diodes.

Example: Find TA(max) for 1N5831 operated in a 12-Volt
dc supply using a bridge circuit with capacitive filter such

that Ipc = 16 A (If(av) = 8 A), l(pk)y/l{Av) = 20, Input
Voltage = 10 V(rms), Rgya = 5°C/W.

Step 1: Find VR(equiv)- Read F = 0.65 from Table 1
VR(equiv) = (1.41)(10)(0.65) = 8.18 V

Step 2: Find TR from Figure 3. Read TR = 113°C @ VR
= 9.18 & Rgya = 5°C/W
Step 3: Find Pr(ay) from Figure 4.** Read PE(ay) = 12.8
1
wa@ B _ 208 Ipay) = 8 A
l(Av)
Step 4: Find To(max) from equation (3). TA(max) = 113-

(5) (12.8) = 49°C

**Value given are for the 1N5828. Power is slightly lower
for the other units because of their lower forward
voltage.

Table 1. Values for Factor F

Circuit Half Wave Full Wave, Bridge Cen't::ll'|'l"lz:l;;: gt
Load
Resistive Capacitivet R Capaciti Resistive Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1 1.3
Square Wave 0.75 1.5 0.75 0.75 1.5 1.5
tNote that VR(PK) =~ 2 Vin(PK) ttUse line to center tape voltage for Vjn.
125 125
— =
£ 5\\\\ \?\\\ e B N N e N ~
n J5— P
NN NN 4 £ RN SN
Y N 5 S N
g 105 \\\ RN £ s \\\\\\\ \\\\2}\
E N | NAN \i £ N NERNSS:NAN J
8wl DU NN AN N \i\\\\\\
& NEER NNy \\\\ & NUNINAN N
w
£ ERN AN - AU NN \
= \\ 30N, \ \ = } N, N
- Rasa o) = sortt SN T N NN NN J5L__Reua (o) = Bottt N N\ N
2 3 4 5 7 10 15 20 3 4 5 7 10 15 20 30

VR, REVERSE VOLTAGE (VOLTS)

Figure 1. Maximum Reference Temperature — 1N5829
1HNO EXTERNAL HEAT SINK

VR, REVERSE VOLTAGE (VOLTS)

Figure 2. Maximum Reference Temperature — 1N5830
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1N5829, 1N5830, 1N5831, MBR5831H, H1
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Figure 3. Maximum Reference Temperature - 1N5831
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1N5829, 1N5830, 1N5831, MBR5831H, H1
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1N5829, 1N5830, 1N5831, MBR5831H, H1

NOTE 2 — HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result
of majority carrier conduction, it is not subject to junction
diode forward and reverse recovery transients due to
minority carrier injection and stored charge. Satisfactory
circuit analysis work may be performed by using a model
consisting of an ideal diode in parallel with a variable
capacitance. (See Figure 11.) )

Rectification efficiency measurements show that op-
eration will be satisfactory up to several megahertz. For
example, relative waveform rectification efficiency is ap-
proximately 70 percent at 2 MHz, e.g., the ratio of dc
power to RMS power in the load is 0.28 at this frequency,
whereas perfect rectification would yield 0.406 for sine

wave inputs. However, in contrast to ordinary junction
diodes, the loss in waveform efficiency is not indicate of
power loss; it is simply a result of reverse current flow
through the diode capacitance, which lowers the dc out-
put voltage.

NOTE 3 — HI-REL PROGRAM OPTIONS

The 1N5831 is also available with two levels of extra

PRODUCTION PROCESS:
1. Raw Material
2. Factory Processing

INSPECTION LOT FORMATION
AFTER FINAL ASSEMBLY
OPERATION (SEALING)

¥

100% PROCESS CONDITIONING

1. HIGH TEMPERATURE STORAGE

2. TEMPERATURE CYCLING

3. CONSTANT ACCELERATION

4. HERMATIC SEAL (FINE AND GROSS)

testing similar to “TX"" screening and including Group
A and Group B inspection programs. Both the
MBR5831H and MBR5831H1 go through 100% screen-
ing consisting of high temperature storage, tempera-
ture cycling, constant acceleration and hermetic seal
testing prior to a sample being submitted to Group A
and B inspection. After completion of Group B inspec-
tion, the MBR5831H is available without additional
screening. MBR5831H1 devices are further processed
through a high temperature reverse bias (HTRB) and
forward burn-in. Consult factory for details.

\

L

MBRS83TH HOLDING AREA INSPECTION TESTS 100% POWER CONDITIONING
31 AREA: TO VERIFY LTPD:
100% GROUP A TEST - GROUP A 1. ELECTRICAL TEST
GROUP B 2. HTRB (160 HRS. MIN.)
(SAMPLE TESTS) 3. ELECTRICAL TEST (PDA = 10)
4. DC FORWARD BURN-IN (24 HRS. MIN)
\ * 5. ELECTRICAL TEST (PDA = 10)
PREPARATION REVIEW OF i
FOR GROUPS A & B DATA MBRS831H1 PREPARATION
DELIVERY FOR ACCEPT OR REJECT . FOR
HOLDING AREA: DELNVERY
ACCEPT | ACCEPT 100% GROUP A TEST
DATA | DATA
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MOTOROLA 1N5832

mE SEMICONDUCTOR SN 1N5833 =
TECHNICAL DATA 1N5834

1N5834 is a
) : ; Motorola Preferred Device
Data Sheet
SCHOTTKY
BARRIER
SWITCHMODE POWER RECTIFIER
RECTIFIERS
. employing the Schattky Barrier principle in a large area metal-to-silicon power

diode. State of the art geometry features epitaxial construction with oxide passiva- 40 AMPERE
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 20,30,40 VOLTS
high-frequency inverters, free wheeling diodes, and polarity protection diodes.
® Extremely Low vg ©® Low Power Loss/High Efficiency
® Low Stored Charge, Majority @ High Surge Capacity

Carrier Conduction

CASE 257-01
DO-203AB
METAL

Designer’s Data for ‘“Worst Case” Conditions

The Designers Data sheets permit the design of most circuits entirely from
the information presented. Limit curves — representing boundaries on device char-
acteristics — are given to facilitate “‘worst case’’ design.

*MAXIMUM RATINGS

Rating Symbol | IN5832 | IN5833 | 1N5834 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 20 30 40 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage | VRsm 24 36 48 Volts
Average Rectified Forward Current o 40 Amp

VR(equiv) S 0.2 VR(dc).T¢ = 75°C
Ambient Temperature

Rated VR (dc). PF(AV) = O, Ta 100 95 90 oc

RgJa = 2.0°C/W
Non-Repetitive Peak Surge Current IESM

{surge applied at rated load conditions ~a— 800 (for 1 cycle) —p— Amp
halfwave, single phase, 60 Hz)

Operating and Storage Junction Tu4.Tstg
Temperature Range (Reverse ~t—— -G5 10 +125 ———3= oc
voltage applied)

Peak Operating Junction Temperature TJ(pk) 150 °oc
(Forward Current Applied)

*THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RgJc 1.0 oc/w

*ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

Characteristic Symbol | 1N5832 |1N5833 | 1N5834 Unit
Maximum Instantaneous Forward VE Volts
Voltage(1)
(iF = 10 Amp) 0.360 | 0.370 0.380
(ig = 40 Amp) 0.520 | 0.550 0.590
(ig = 125 Amp) 0.980 1.080 1.180
Maximum Instantaneous Reverse iR mA
Current @ rated dc Voltage (1) 20 20 20
Tc=100°C 150 150 150

*Indicates JEDEC Registered Data.
{1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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1N5832 thru 1N5834

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal runaway
must be considered when operating this rectifier at reverse voltages
above 0.2 VRwm. Proper derating may be accomplished by use
of equation (1):

TA(max) = Tamax) ~Reua PF(AV) ~ Reya PR(AV)
where

(1)

T A{max) = Maximum allowable ambient temperature
TJ(max) = Maximum allowable junction temperature (125°C
or the temperature at which thermal runaway
occurs, whichever is lowest).
PE({AV) = Average forward power dissipation
PR(AV) = Average reverse power dissipation
RgJyc = Junction-to-ambient thermal resistance
Figures 1, 2 and 3 permit easier use of equation (1) by taking
reverse power dissipation and thermal runaway into consideration.
The figures solve for a reference temperature as determined by
equation (2):

TR = Ty(max) —Roua PR(AV) (2
Substituting equation (2) into equation (1) yields:
TA(max) = TR — RoJa PF(AV) 3)

Inspection of equations (2) and (3) reveals that TR is the ambient
temperature atwhich thermal runaway occurs or where T = 125°C,
when forward power is zero. The transition from one boundary
condition to the other is evident on the curves of Figures 1, 2 and

3 as a difference in the rate of change of the slope in the vicinity
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi-
tions. For use in common rectifier circuits, Table | indicates sug-
gested factors for an equivalent dc voltage to use for conservative
design; i.e.:
VR(equiv) = Vin(PK) x F (4)

The Factor F is derived by considering the properties of the various
rectifier circuits and the reverse characteristics of Schottky diodes.

Example: Find Tp(max) for 1N5834 operated in a 12-Volt dc
supply using a bridge circuit with capacitive filter such that Ipc =
30 A (IF(av) =15A), I(pk)/1(Av) = 10, Input Voltage = 10
Virms), Rgya = 3°C/W.

Step 1:  Find VR(equiv). Read F = 0.65 from Table | ."
VR(equiv) = (10)(1.41)(0.65) =9.18 V
Step2: Find TR from Figure 3. Read TR = 118°C @ VR = 9.18 V
& Rgya =3°C/W
Step 3:  Find Pg(av) from Figure 4.TRead PE(ay) = 20 W
|(PK)
@—=10&I =16 A
WAV) F(AVI)
Step4: Find TA(max) from equation (3). TA(max) = 118-(3)(20)

=58°C

tValues given are for the 1N5834. Power is slightly lower for the
other units because of their lower forward voltage.

TABLE | — VALUES FOR FACTOR F

— . Full Wave,
Circuit Half Wave Full Wave, Bridge Center Tapped (1).(2)
Load Resistive | Capacitive (1)| Resistive | Capacitive Resisti Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 15 0.75 0.75 1.5 1.5
(1) Note that VR(pK) = 2 Vin(PK) (2)Use line to center tap voltage for V.
FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — 1N5832 FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — 1N5833
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FIGURE 3 — MAXIMUM REFERENCE TEMPERATURE — 1N5834
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VR, REVERSE VOLTAGE (VOLTS)

FIGURE 4 — FORWARD POWER DISSIPATION
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1N5832 thru 1N5834

FIGURE 5 — TYPICAL FORWARD VOLTAGE

FIGURE 6 — MAXIMUM SURGE CAPABILITY

300 1000
1 =
200 % 700
/ E
L 500
10 / L1 E <L
Ty=250C - o 3
° y 7 $m ~.
E ~
50 V/ 5 - — SN
/ < 200 Prior to surge, the rectifier is operated such | | ||
= = that Ty = 100°C; VRRM may be applied
= 20 / = between each cycle of surge
< a
= = =60 Hz
=4
: / [ 111]
= / 100
o 1.0 20 5.0 10 20 50 100
g / NUMBER OF CYCLES
g w0 ymu
2 117
2 7.0 Hi
o
%’ 50 FIGURE 7 — CURRENT DERATING
= ]
= g \ dc, CONTINUOUS
IR = (MAX I[)c=(:‘3 A)
2 30
: z SINEWAVE,  _|
= L ® < RESISTIVE LOAD
20 I I = N |
e QUARE
§ b s \ /f‘.'AVE—
L1 : ~
10 11 2 R \ \
] I w 16
07 ‘L " a — g
o
05 | % ol SNEWAVE, ) e _ Pl vas NN
’ | = 80 capacimive f iy 2071050 ~ =
l z — I.OAIDS 1] 1} ] ! \
03 =3 0 CUHLVES APPLY WPEN TEﬁSEPUWEF Is NE,,LIG|BlI.E
0 0.2 0.4 06 08 1.0 1.2 14 75 85 95 105 115 125
VF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C)
FIGURE 8 — THERMAL RESPONSE
10 T T
w 0.7
= 05 |
2 L
g = Zpuc( = Roac @ v(1)
= 02 +H
28 ] ok Fok DUTY CYCLE, D = tp/ty il
: 5 0.1 /// o TIME PEA_K POWER, Py, is peak of an
u ; . -1 equivalent square power pulse.
Foo0.07
£o ATye=Ppk + ROYC (D +(1-D) - ety + tp) +rltp) - r(ty)]
é Z 005 where . ’ 11
2 A Tyc = the increase in junction temperature above the case temperature :_
= 083 r(t) = normalized value of transient thermal resistance at time, t, from Figure 8, i.e..
Yowm t{tq + tp) = normalized value of transient thermal resistance at time, 11+ tp. 144
A1 11 AR
0.01
0.1 0.2 05 1.0 20 i 50 10 20 50 100 200 500 1.0k 2.0k 5.0k 10k
t, TIME (ms)

3-65




1N5832 thru 1N5834

FIGURE 9 — NORMALIZED REVERSE CURRENT
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FIGURE 11 — CAPACITANCE
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NOTE 2: HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result of majority
carrier conduction, it is not subject to junction diode forward and
reverse recovery transients due to minority carrier injection and
stored charge. Satisfactory circuit analysis work may be performed
by using a model consisting of an ideal diode in parallel with a
variable capacitance. (See Figure 11). :

Rectification efficiency measurements show that operation will
be satisfactory up to several megahertz. For example, relative

/A
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VR, REVERSE VOLTAGE (VOLTS)

MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed
FINISH: All external surfaces corrosion
resistant and terminal lead is
readily solderable.
POLARITY: Cathode to Case
MOUNTING POSITION: Any
MOUNTING TORQUE: 25 in-Ib max
SOLDER HEAT: See Note 3

m rectification efficiency is approximately 70 per cent at
2.0 MHgz, e.g., the ratio of dc power to RMS power in the load is
0.28 at this frequency, whereas perfect rectification would yield
0.406 for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficiency is not indicative of
power loss; it is simply a result of reverse current flow through the
diode capacitance, which lowers the dc output voltage.

NOTE 3: SOLDER HEAT

The excellent heat transfer property of the heavy duty copper
anode terminal which transmits heat away from the die requires
that caution be used when attaching wires. Motorola suggests a
heat sink be clamped between the eyelet and the body during any
soldering operation.
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oLA 1N6095
—
IR DATA CTOR iN6096 |

SD41

1N6096 and SD41 are
Motorola Preferred Devices

SCHOTTKY BARRIER
RECTIFIERS
SWITCHMODE POWER RECTIFIERS
25 and 30 AMPERES
... using the Schottky Barrier principle with a platinum barrier metal. 30to 45 VOLTS
These state-of-the-art devices have the following features:
» Guardring for Stress Protection
* Low Forward Voltage
* 150°C Operating Junction Temperature Capability
¢ Guaranteed Reverse Avalanche
* Mounting Torque: 15 in-Ib max
CASE 56-03
DO-203AA
METAL
MAXIMUM RATINGS
Rating Symbol 1N6095* 1N6096* SD41 Unit
Peak Repetitive Reverse Voltage VRRM 45
Working Peak Reverse Voltage VRWM 30 40 35 Volts
DC Blocking Voltage VR 45
Average Rectified Forward Current o 25 25 30 Amps
(Rated VR) Tc=70°C Tc=70°C Tc=105°C
Case Temperature Tc 105 105 — °C
(Rated VR)
Nonrepetitive Peak Surge Current IESMm 400 400 600 Amp
(Surge applied at rated load conditions
halfwave, single phase, 60 Hz)
Peak Repetitive Reverse Surge Current IRRM 20 2.0 2.0 Amps
(2.0 us, 1.0 kHz) See Figure 10. (1)
Operating and Storage Junction Temperature Range TJ. Tstg -65t0+125 | -65to+ 125 |-551t0+ 150°C °C
Peak Operating Junction Temperature TJ(pk) 150 150 150 °C
(Forward Current Applied)
Voltage Rate of Change dv/dt — — 700 V/us
(Rated VR)
THERMAL CHARACTERISTICS
Characteristic Symbol 1N6095* 1N6096* SD41 Unit
M um Thermal Resistance, Junction to Case Rgyc - 2.0 °C/W
ELECTRICAL CHARACTERISTICS
Characteristic Symbol 1N6095* 1N6096* SD41 Unit
Maximum Instantaneous Forward Vqltage (2) VE " Volts
(i = 30 Amp, T = 125°C) — - 0.55
(ip = 78.5 Amp, Tc = 70°C) 0.86 0.86 —
Maximum Instantaneous Reverse Current (2) iR 250 250 125 mA
(Rated dc Voltage, Tc = 125°C) @VR =35V
Capacitance Ct 6000 6000 2000 pF
(100 kHz = f > 1.0 MHz) VR=1.0V VR=10V VR=6.0V
*Indicates JEDEC Registered Data.
(1) Not JEDEC requirement, but a Motorola product capability.
{2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%
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FIGURE 1 — TYPICAL FORWARD VOLTAGE
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HIGH FREQUENCY OPERATION

Since current flowin a Schottky rectifier is the result of majority
carrier conduction, it is not subject to junction diode forward and
reverse recovery transients due to minority carrier injection and
stored charge. Satisfactory circuit analysis work may be per-
formed by using a model consisting of an ideal diode in parallel
with a variable capacitance. (See Figure 4.)

Rectification efficiency measurements show that operation will
be satisfactory up to several megahertz. For example, relative
waveform rectification efficiency is approximately 70 per cent at
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is
0.28 at this frequency, whereas perfect rectification would yield
0.406 for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficieny is not indicative of
power loss; it is simply a result of reverse current flow through the
diode capacitance, which lowers the dc output voltage.
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FIGURE 2 — TYPICAL REVERSE CURRENT
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1N6095, 1N6096, SD41

FIGURE 5 — SD41 CURRENT DERATING

FIGURE 6 — 1N6095/6 CURRENT DERATING
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FIGURE 9 — SCHOTTKY RECTIFIER
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Motorola builds quality and reliability into its Schottky Recti-
fiers.

First is the chip, which has an interface metal between the
platinum-barrier metal and nickel-gold ohmic-contact metal to
eliminate any possible interaction with the barrier. The indicated
guardring prevents dv/dt problems, so snubbers are not required.

The guardring also operates like a zener to absorb over-voltage

transients.

Second is the package. There are molybdenum disks which
closely match the thermal coefficient of expansion of silicon on
each side of the chip. The top copper lead is also stress-reliefed.

Copper Lead
Moly Disk

Barrier Metal

Oxide Passivation

Moly Disk

Guardring VIEW A-A

These two features give the unit the capability of passing
stringent thermal fatigue tests for 5,000 cycles. The top copper
lead provides a low resistance to current and therefore does not
contribute to device heating; a heat sink should be used when
attaching wires.

Third is the redundant electrical testing. The device is tested
before assembly in “’sandwich’’ form, with the chip between the
moly disks. It is tested again after assembly. As part of the final
electrical test, devices are 100% tested for dv/dt at 1,600 V/us
and reverse avalanche.

FIGURE 10 — TEST CIRCUIT FOR dv/dt AND
REVERSE SURGE CURRENT

Vee
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Amplitude

Adjust

0-10 Amps

2N2222
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100 0
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1N5817
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m SEMICONDUCTOR 1N6097 -
R
TECHNICAL DATA lgggfl)s

1N6098 and SD51 are
Motorola Preferred Devices

WITCHMODE POWER RECTIFIERS
SWITCHMODE PO ¢ SCHOTTKY BARRIER
... using a platinum barrier metal in a large area metal-to-silicon RECTIFIERS
power diode. State-of-the-art geometry features epitaxial construc-
tion with oxide passivation and metal overlap contact. |deally suited 60 AMPERES
for uss_.‘ as r.ectiﬁers in Iow-yc!tage, hi.gh-fr.equency inverters, free- 20 to 45 VOLTS
wheeling diodes, and polarity-protection diodes.
® Guaranteed Reverse Avalanche
Q@ Extremely Low v
® Low Stored Charge, Majority Carrier Conduction
@ Guardring for Stress Protection CASE 257-01
@ Low Power Loss/High Efficiency Dl\on-Ez‘?z‘l}B
@ 150°C Operating Junction Temperature Capability
@ High Surge Capacity
MAXIMUM RATINGS
Rating Symbol 1N6097* 1N6098* SD51 Unit
Peak Repetitive Reverse Voltage VRRM 30 40 45 Volts
Working Peak Reverse Voltage VRWM 35
DC Blocking Voitage VR 45
Peak Repetitive Forward Current IERM - — 120 Amps
(Rated VR, Square Wave, 20 kHz) Tc =90°C
Average Rectified Forward Current lo 50 50 - Amps
(Rated VR) Tc=70°C Tc=70°C
Case Temperature Tc 115 115 — °C
(Rated VR)
Nonrepetitive Peak Surge Current lesm 800 Amps
{Surge applied at rated load conditions
halfwave, single phase, 60 Hz)
Peak Repetitive Reverse Surge Current (2) IRRM - 2.0 — Amps
(2.0 us, 1.0 kHz) See Figure 10.
Operating Junction Temperature Range Ty -651to0 +125 -65to +125 -65 to +150 °C
(Reverse Voltage Applied)
Storage Temperature Range Tstg -65to +125 -651t0+125 -65to +165 °C
Voltage Rate of Change dv/dt — — 700 V/us
(Rated VR)
THERMAL CHARACTERISTICS
Characteristic Symbol 1N6097* 1N6098* I SD51 Unit
Thermal Resistance, Junction-to-Case RgpJuc < 1.0 °c/wW
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristic Symbol 1N6097* 1N6098* SD51 Unit
Maximum Instantaneous Forward Voltage (2) VE Volts
(ip = 157 Amp, T¢ = 70°C) 0.86 0.86 —
(iF = 60 Amp) — — 0.70
(iF = 60 Amp, Tc = 125°C) — — 0.60
(iF = 120 Amp, T¢ = 125°C) - — 0.84
Maximum Instantaneous Reverse Current (2) iR 200 mA
(Rated Voltage, T¢ = 125°C) 250 250 50
(Rated Voltage, T¢ = 25°C) — — @VR =35V
DC Reverse Current IR 250 250 —_ mA
(Rated Voltage, T¢c = 115°C)
Maximum Capacitance Ct 7000 7000 4000 pF
(100 kHz < f < 1.0 MHz2) VR =1.0Vdc VR=1.0Vde | VR=5.0Vdc

*Indicates JEDEC Registered Data.
(1) Not a JEDEC requirement, but of Motorola product capability.
{2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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FIGURE 1 — TYPICAL FORWARD VOLTAGE

FIGURE 2 — TYPICAL REVERSE CURRENT
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Since current flow in a Schottky rectifier is the result of majority A K 100 kHz = £ = 1.0 MHz —1—
carrier conduction, it is not subject to junction diode forward and \l\
reverse recovery transients due to minority carrier injection and @ 3000 Max
stored charge. Satisfactory circuit analysis work may be per- f \
formed by using a model consisting of an ideal diode in parallel .2 N
with a variable capacitance. (See Figure 4.) = 2000 T ~ N
Rectification efficiency measurements show that operation will E \ \\
be satisfactory up to several megahertz. For example, relative % Y
waveform rectification efficiency is approximately 70 per cent at b NN ’\
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is < \r\
0.28 at this frequency, whereas perfect rectification would yield 1000
0.406 for sine wave inputs. However, in contrast to ordinary P
junction diodes, the loss in waveform efficiency is not indicative 700 ~
of power loss; itis simply a result of reverse current flow through
the diode capacitance, which lowers the dc output voltage. .05 1.0 20 30 5070 10 20 30 50
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FIGURE 5§ — CURRENT DERATING
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FIGURE 6 — CURRENT DERATING
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FIGURE 9 — SCHOTTKY RECTIFIER
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Motorola builds quality and reliability into its Schottky Rectifiers.

First is the chip, which has an interface metal between the
platinum-barrier metal and nickel-gold ohmic-contact metal to
eliminate any possible interaction with the barrier. The indicated
guardring prevents dv/dt problems, so snubbers are not manda-
tory. The guardring also operates like a zener to absorb over-
voltage transients.

Second is the package. There are molybdenum disks which
closely match the thermal coefficient of expansion of silicon on
each side of the chip. The top copper lead has a stress relief

Copper Lead
Moly Disk

Barrier Metal

Oxide Passivation

Y

Lo
) s
Moly Disk
Guardring  VIEW A-A

feature which protects the die during assembly. These two
features give the unit the capability of passing stringent thermal
fatigue tests for 5,000 cycles. The top copper lead provides a low
resistance to current and therefore does not contribute to device
heating; a heat sink should be used when attaching wires.

Third is the redundant electrical testing. The device is tested
before assembly in “sandwich’’ form, with the chip between the
moly disks. It is tested again after assembly. As part of the final
electrical test, devices are 100% tested for dv/dt at 1,600 V/us
and reverse avalanche.

FIGURE 10 — TEST CIRCUIT FOR dv/dt
AND REVERSE SURGE CURRENT
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MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed
FINISH: All external surfaces corrosion
resistant and terminal lead is readily
solderable.

POLARITY: Cathode to Case
MOUNTING POSITION: Any
MOUNTING TORQUE: 25 in-Ib max
SOLDER HEAT: The excellent heat trans-
fer property of the heavy duty copper
anode terminal which transmits heat
away from the die requires that caution
be used when attaching wires. Motorola
suggests a heat sink be clamped between
the eyelet and the body during any sol-
dering operation.
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MBR150

Axial Lead Rectifiers MBR160

. employing the Schottky Barrier principle in a large area metal-to-silicon power diode. MBR160 is a
State-of-the-art geometry features epitaxial construction with oxide passivation and Motorola Preferred Device
metal overlap contact. Ideally suited for use as rectifiers in low-voltage, high-frequency
inverters, free wheeling diodes, and polarity protection diodes. SCHOTTKY BARRIER
® Low Reverse Current RECTIFIERS
® Low Stored Charge, Majority Carrier Conduction 1 AMPERE
® Low Power Loss/High Efficiency 50, 60 VOLTS

® Highly Stable Oxide Passivated Junction
Mechanical Characteristics:
Case: Void free, transfer moided
Finish: All external surfaces corrosion-resistant and the terminal leads are readily
solderable
Polarity: Cathode indicated by polarity band
. Mounting Positions: Any
Soldering: 220°C 1/16" from case for ten seconds

CASE 59-04
PLASTIC
MAXIMUM RATINGS
Rating Symbol MBR150 MBR160 Unit

Peak Repetitive Reverse Voltage VRRM 50 60 Volts

Working Peak Reverse Voltage VRWM

DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 42 Volts
Average Rectified Forward Current (2) lo 1 Amp

(VR(equiv) < 0.2 VR(dc), T = 90°C, Rgya = 80°C/W, P.C. Board Mounting,

see Note 3, TA = 55°C)
Nonrepetitive Peak Surge Current IFsm 25 (for one cycle) Amps

(Surge applied at rated load conditions, half-wave,
single phase, 60 Hz, T_ = 70°C)

Operating and Storage Junction Temperature Range Ty Tstg —-65to +150 °C
(Reverse Voltage applied)

Peak Operating Junction Temperature TJ(pk) 150 °C
(Forward Current applied)

THERMAL CHARACTERISTICS (Notes 3 and 4)

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 80 °CW
ELECTRICAL CHARACTERISTICS (T| = 25°C unless otherwise noted) (2)
Characteristic Symbol Max Unit
Maximum Instantaneous Forward Voltage (1) VF Volt
(iF = 0.1 A) 0.550
ik = 1) 0.750
(i = 3A) 1.000
Maximum Instantaneous Reverse Current @ Rated dc Voltage (1) iR mA
(TL = 25°C) 0.5
(T = 100°C) 5

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
(2) Lead Temperature reference is cathode lead 1/32" from case.
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MBR150, MBR160
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Figure 5. Steady-State Thermal Resistance

NOTE 3 — MOUNTING DATA:

Data shown for thermal resistance junction-to-ambient (Rga)
for the mounting shown is to be used as a typical guideline
values for preliminary engineering or in case the tie point tem-
perature cannot be measured.

Typical Values for Rgya in Still Air

A g Lead Length, L (in) R
Method 1/8 14 12 3/4 0JA
1 52 65 72 85 °CW
2 67 80 87 100 °CW
3 50 °CW

NOTE 4 — THERMAL CIRCUIT MODEL:
(For heat conduction through the leads)

Roy(k)

!

Po

ReJ(a)

— Ta

TLiA) Tcar Ty Tew Tk

|

Use of the above model permits junction to lead thermal re-
sistance for any mounting configuration to be found. For a given
total lead length, lowest values occur when one side of the rec-
tifier is brought as close as possible to the heat sink. Terms in
the model signify:

TA = Ambient Temperature Tc = Case Temperature
TL = Lead Temperature Ty = Junction Temperature
Rgs = Thermal Resistance, Heat Sink to Ambient

RgL = Thermal Resistance, Lead to Heat Sink

Rgy = Thermal Resistance, Junction to Case

Pp = Power Dissipation

TAK) =
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Figure 6. Typical Capacitance
Mounting Method 1 Mounting Method 3
P.C. Board with P.C. Board with
1-1/2" x 1-1/2" 1-1/2" x 1-172"
copper surface. copper surface.
, L L 8
Mounting Method 2 {F } ;
b BOARD GROUND

VECTOR PIN MOUNTING

(Subscripts A and K refer to anode and cathode sides, respec-
tively.) Values for thermal resistance components are:

RgL = 100°C/W/in typically and 120°C/W/in maximum.

Rgy = 36°C/W typically and 46°C/W maximum.

NOTE 5 — HIGH FREQUENCY OPERATION:

Since current flow in a Schottky rectifier is the result of ma-
jority carrier conduction, it is not subject to junction diode for-
ward and reverse recovery transients due to minority carrier
injection and stored charge. Satisfactory circuit analysis work
may be performed by using a model consisting of an ideal diode
in parallel with a variable capacitance. (See Figure 6.)

Rectification efficiency measurements show that operation
will be satisfactory up to several megahertz. For example, rel-
ative waveform rectification efficiency is approximatley 70 per-
cent at 2 MHz, e.g., the ratio of dc power to RMS power in the
load is 0.28 at this frequency, whereas perfect rectification would
yield 0.406 for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficiency is not indicative
of power loss: itis simply a result of reverse current flow through
the diode capacitance, which lowers the dc output voltage.
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MBR170

Axial Lead Rectifiers MBR180
MBR190

. employing the Schottky Barrier principle in a large area metal-to-silicon power diode.

State-of-the-art geometry features epitaxial construction with oxide passivation and MBR 1 1 oo
metal overlap contact. Ideally suited for use as rectifiers in low-voltage, high-frequency
inverters, free wheeling diodes, and polarity protection diodes. MBR1100 is a

Motorola Preferred Device
® Low Reverse Current

o Low Stored Charge, Majority Carrier Conduction
® Low Power Loss/High Efficiency SCHOTTKY BARRIER
o Highly Stable Oxide Passivated Junction RECTIFIERS
® Guard-Ring for Stress Protection 1 AMPERE
e Low Forward Voltage : 70, 80, 90, 100 VOLTS
e 150°C Operating Junction Temperature
e High Surge Capacity
Mechanical Characteristics
Case: Void free, transfer molded
Finish: All external surfaces corrosion-resistant and the terminal leads are readily
solderable

Polarity: Cathode indicated by polarity band
Mounting Positions: Any
Soldering: 220°C 1/16" from case for ten seconds

CASE 59-04
PLASTIC
MAXIMUM RATINGS
Rating Symbol |MBR170 | MBR180 | MBR190 | MBR1100 | Unit
Peak Repetitive Reverse Voltage VRRM 70 80 90 100 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current lo 1 Amp

(VR(equiv) < 0.2 VR(dc), Rgga = 50°C/W, P.C. Board Mounting,
see Note 1, Ta = 120°C)

Nonrepetitive Peak Surge Current IFSM 50 Amps
(Surge applied at rated load conditions, half-wave, single phase, 60 Hz)

Operating and Storage Junction Temperature Range Ty Tsig —65to +150 °C
Voltage Rate of Change (Rated VR) dv/dt 10 V/ns
THERMAL CHARACTERISTICS (See Note 2)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA See Note 1 °C/W
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristic Symbol Max Unit
Maximum Instantaneous Forward Voltage* . VF Volt
(if = 1A T = 25°C) 0.79
(i = 1A, T = 100°C) 0.69
Maximum Instantaneous Reverse Current (« Rated dc Voltage* iR mA
(TL = 25°C) 0.5
(TL = 100°C) 5

*Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.
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*The curves shown are typical for the highest voltage device in the voltage
grouping. Typical reverse current for lower voltage selections can be
estimated from these same curves if VR is sufficiently below rated Vg.
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MBR170, MBR180, MBR190, MBR1100

NOTE 1 — MOUNTING DATA:

Data shown for thermal resistance junction-to-ambient (Rgga)
for the mountings shown is to be used as typical guideline values
for preliminary engineering or in case the tie point temperature
cannot be measured.

Typical Values for Rgya in Still Air

M ing Lead Length, L (in)
Method e | va | vz | 34| T6IA
1 52 | 65 | 72 | 85 | TW
67 | 80 | 87 | 100 | ‘oW
50 CW

Mounting Method 3

Mounting Method 1 i
P.C. Board with

P.C. Board with

1-1/2" x 1-1/2" 1-1/2" x 1-1/2"
copper surface. copper surface.
L L L=38

=

Mounting Method 2

=

) . T BoRD GROURD
—C PLANE
Lt =t
VECTOR PIN MOUNTING

— TA(A)
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NOTE 2 — THERMAL CIRCUIT MODEL:
(For heat conduction through the leads)

RoLiK)

1"0J(K)

Ros(K) |

E Tak) =

T Tea Ty Tek) TLK)

l

Use of the above model permits junction to lead thermal resis-
tance for any mounting configuration to be found. For a given
total lead length, lowest values occur when one side of the rec-
tifier is brought as close as possible to the heat sink. Terms in
the model signify:

Ta = Ambient Temperature Tc = Case Temperature
TL = Lead Temperature Ty = Junction Temperature
Rgs = Thermal Resistance, Heat Sink to Ambient

RgL = Thermal Resistance, Lead to Heat Sink

Rgy = Thermal Resistance, Junction to Case

Pp = Power Dissipation

&

(Subscripts A and K refer to anode and cathode sides, respec-
tively.) Values for thermal resistance components are:

RgL = 100°C/W/in typically and 120°C/W/in maximum.

RgJy = 36°C/W typically and 46°C/W maximum.

NOTE 3 — HIGH FREQUENCY OPERATION:

Since current flow in a Schottky rectifier is the result of major-
ity carrier conduction, it is not subject to junction diode forward
and reverse recovery transients due to minority carrier injection
and stored charge. Satisfactory circuit analysis work may be
performed by using a model consisting of an ideal diode in
parallel with a variable capacitance. (See Figure 5.)

Rectification efficiency measurements show that operation
will be satisfactory up to several megahertz. For example, rel-
ative waveform rectification efficiency is approximately 70 per-
cent at 2.0 MHz, e.g., the ratio of dc power to RMS power in the
load is 0.28 at this frequency, whereas perfect rectification would
yield 0.406 for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficiency is not indicative
of power loss: it is simply a result of reverse current flow through
the diode capacitance, which lowers the dc output voltage.



MOTOROLA MBR320 MBR340
= SEMICONDUCTOR s | MBR330 MBR350 | ™=

TECHNICAL DATA MBR360

MBR340 and MBR360 are
Motorola Preferred Devices

. SCHOTTKY BARRIER
AXIAL LEAD RECTIFIERS RECTIFIERS

3.0 AMPERES

... employing the Schottky Barrier principle in a large area metal-to-silicon 20, 30, 40, 50, 60 VOLTS

power diode. State-of-the-art geometry features epitaxial construction with
oxide passivation and metal overlap contact. ldeally suited for use as rec-
tifiers in low-voltage, high-frequency inverters, free wheeling diodes, and
polarity protection diodes.
® Extremely Low vg
® Low Power Loss/High Efficiency
e Highly Stable Oxide Passivated Junction
® Low Stored Charge, Majority

Carrier Conduction

CASE 267-03
PLASTIC
MAXIMUM RATINGS
Rating Symbol MBR320 MBR330 | MBR340 | MBR350 | MBR360 Unit
Peak Repetitive Reverse Voltage VRRM 20 30 40 50 60 \
Working Peak Reverse Voitage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current lo 3.0 A
Ta = 65°C
(RgyA = 28°C/W, P.C. Board Mounting,
see Note 3)
Nonrepetitive Peak Surge Current (2) IFSM 80 A
(Surge applied at rated load conditions, half wave,
single phase 60 Hz, T = 75°C)
Operating and Storage Junction TJ. Tstg —65 to 150°C °C
Temperature Range (Reverse Voltage applied)
Peak Operating Junction Temperature TJ(pk) 150 °C
(Forward Current Applied)

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient, (see Note 3, Mounting Method 3) RaJA 28 °CW
ELECTRICAL CHARACTERISTICS (T| = 25°C unless otherwise noted )(2)
Characteristic Symbol | MBR320 | MBR330 | MBR340 | MBR350 | MBR3SO | Unit
Maximum Instantaneous VE v
Forward Voltage (1)
(ig = 1.0 Amp) 0.500 0.600
(ip = 3.0 Amp) 0.600 0.740
(i = 9.4 Amp) 0.850 1.080
Maximum Instantaneous iR mA
Reverse Current ( Rated
dc Voltage (1)
T = 25°C 0.60
TL = 100°C 20

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
(2) Lead Temperature reference is cathode lead 1/32” from case.
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FIGURE 2 — TYPICAL REVERSE CURRENT*
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MBR320, MBR330, MBR340, MBR350, MBR360

NOTE 3 — MOUNTING DATA

Data shown for thermal resistance junction-to-
ambient (Rgja) for the mountings shown is to be used
as typical guideline values for preliminary engineering,
orin case the tie point temperature cannot be measured.

TYPICAL VALUES FOR Rgja IN STILL AIR
Lead Length, L (in)

Method | 18 | 14 | 12 | 34 | Rgya
1 50 | 51 | 53 | 85 | cw
2 s8 | 59 | 61 | 63 | cw
3 28 W

Mounting Method 1
P.C. Board where
available copper surface
is small.

e

—L =
LT R

Mounting Method 2
Vector Push-In
Terminals T-28

e

Mounting Method 3
P.C. Board with
2-1/2" x 2-1/2"
copper surface.

Board Ground Plane
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MECHANICAL CHARACTERISTICS

CASE. ... .... Void free, transfer molded
FINISH. . ......... All external surfaces
corrosion-resistant and the terminal

leads are readily solderable

POLARITY. . ... ... Cathode indicated by

polarity band
MOUNTING POSITIONS . . . . ... ... Any
SOLDERING . . . ... 220°C 1/16" from case

for ten seconds




MOTOROLA
Il SEMICONDUCTOR /5
TECHNICAL DATA

MBR370
Axial Lead Rectifiers MBR380

MBR390
... employing the Schottky Barrier principle in a large area metal-to-silicon power diode.
State-of-the-art geometry features epitaxial construction with oxide passivation and MBR31 oo
metal overlap contact. ldeally suited for use as rectifiers in low-voltage, high-frequency
inverters, free wheeling diodes, and polarity protection diodes. MBR3100 is a
Motorola Preferred Device
® Low Reverse Current
Low Stored Charge, Majority Carrier Conduction
Low Power Loss/High Efficiency
Highly Stable Oxide Passivated Junction
Guard-Ring for Stress Protection
Low Forward Voltage
150°C Operating Junction Temperature
High Surge Capacity
Mechanical Characteristics:

Case: Void free, transfer molded

Finish: All external surfaces corrosion-resistant and the terminal leads are readily
solderable

Polarity: Cathode indicated by polarity band Z

Mounting Positions: Any

Soldering: 220°C 1/16” from case for ten seconds CASE 267-03

PLASTIC

SCHOTTKY BARRIER
RECTIFIERS
3 AMPERES

70, 80, 90, 100 VOLTS

MAXIMUM RATINGS

Rating Symbol |MBR370 | MBR380 | MBR390 | MBR3100 | Unit

Peak Repetitive Reverse Voltage VRRM 70 80 90 100 Vv
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR

Average Rectified Forward Current lo 3 A
Ta = 100°C
(Rgya = 28°C/W, P.C. Board Mounting, see Note 1)

Nonrepetitive Peak Surge Current IFSM 150 A
(Surge applied at rated load conditions, half-wave, single phase, 60 Hz)

Operating and Storage Junction Temperature Range TJ, Tstg -65to +150 °C
(Reverse Voltage applied)

Voltage Rate of Change (Rated VR) dv/dt 10 V/ns
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit

Thermal Resistance, Junction to Ambient RguA 28 °C/W
(see Note 1, Mounting Method 3)

ELECTRICAL CHARACTERISTICS (T|. = 25°C unless otherwise noted)
Characteristic Symbol Max Unit

Maximum Instantaneous Forward Voltage* VF \
(iF = 3 Amps, T = 25°C) 0.79
{iF = 3 Amps, T = 100°C) 0.69

Maximum Instantaneous Reverse Current (v Rated dc Voltage* iR mA
(T = 25°C) 0.6
(TL = 100°C) 20

*Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.

3-85



MBR370, MBR380, MBR390, MBR3100
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MBR370, MBR380, MBR390, MBR3100

NOTE 1 — MOUNTING DATA:

Data shown for thermal resistance junction-to-ambient (Rgja)
for the mountings shown is to be used as typical guideline values
for preliminary engineering or in case the tie point temperature
cannot be measured.

Typical Values for Rgja in Still Air

Mounting Lead Length, L (in) R
Method 18 | 14 | 12 | 34 A
1 50 | 51 | 53 | 55 | CW
58 | 59 | 61 | 63 | CW
3 28 °C/W

Mounting Method 1
P.C. Board where
available copper surface

is small.
L+ L
ey

L __I——}
R IR

Mounting Method 2
Vector Push-In
Terminals T-28

b e —ef

L L

Mounting Method 3
P.C. Board with
2-1/2" x 2-1/2"
copper surface.

BOARD GROUND PLANE
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MOTOROLA
m SEMICONDUCTOR I
TECHNICAL DATA

MBR735
SWITCHMODE POWER RECTIFIERS MBR745

... using the Schottky Barrier principle with a platinum barrier metal.

These state-of-the-art devices have the following features: MBR745 is a
Motorola Preferred Device

® Guardring for Stress Protection

® Low Forward Voltage
@ 150°C Operating Junction Temperature

@ Guaranteed Reverse Avalanche SCHOTTKY BARRIER
® Epoxy Meets UL94, VO at 1/8” RECTIFIERS
7.5 AMPERES

35 and 45 VOLTS

CASE 221B-02

TO-220AC
PLASTIC
MAXIMUM RATINGS
Rating Symbol MBR735 MBR745 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 35 45 Volts
DC Blocking Volitage VR
Average Rectified Forward Current (Rated VR) IFAV) 75 75 Amps B
Tc=105°C
Peak Repetitive Forward Current IFRM 15 15 Amps
(Rated VR, Square Wave, 20 kHz) T¢ = 1056°C
Nonrepetitive Peak Surge Current lesm 150 150 Amps
(Surge appled at rated load conditions halfwave,
single phase, 60 Hz)
Peak Repetitive Reverse Surge Current IRRM 10 1.0 Amps
(2.0 s, 1.0 kHz)
Operating Junction Temperature Ty -65 to +150 -65to +150 °C
Storage Temperature Tstg -65t0 +175 -65t0 +175 °C
Voltage Rate of Change (Rated VR) dv/dt 1000 1000 V/us
THERMAL CHARACTERISTICS
Maximum Thermal Resistance, Junction to Case RgJyc 30 30 °C/W
| Maximum Thermal Resistance, Junction to Ambient RpJA 60 60 °C/W
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) VF Volts
(ig = 7.5 Amp, Tc = 125°C) 0.57 057
(ip = 16 Amp, T¢ = 125°C) 0.72 0.72
(ip=15 Amp, T¢ = 25°C) 0.84 0.84
Maximum Instantaneous Reverse Current (1) iR mA
(Rated dc Voltage, T¢ = 125°C) 15 15
(Rated dc Voltage, T¢ = 25°C) 0.1 0.1

(1) Pulse Test. Pulse Width = 300 us, Duty Cycle < 2 0%
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MOTOROLA

m SEMICONDUCTOR I
TECHNICAL DATA

MBR1035
MBR1045

' MBR1045is a
Motorola Preferred Device

SWITCHMODE POWER RECTIFIERS

... using the Schottky Barrier principle with a platinum barrier metal.
These state-of-the-art devices have the following features:

[ ] Guardring for Stress Protection

® Low Forward Voltage

@ 150°C Operating Junction Temperature
@ Guaranteed Reverse Avalanche

® Epoxy Meets UL94, VO at 1/8”

SCHOTTKY BARRIER

RECTIFIERS

10 AMPERES
20 to 45 VOLTS

CASE 221B-02

TO-220AC
PLASTIC
MAXIMUM RATINGS
Rating Symbol MBR1035 MBR1045 Unit

Peak Repetitive Reverse Voltage VRRM

Working Peak Reverse Voitage VRWM 35 45 Volts

DC Blocking Voltage o VR
Average Rectified Forward Current (Rated VR) IF(AV) 10 10 Amps

Tc=135°C
Peak Repetitive Forward Current lerM 20 20 Amps

(Rated VR, Square Wave, 20 kHz) T = 135°C
Nonrepetitive Peak Surge Current lesm 150 150 Amps

(Surge applied at rated load conditions halfwave,

single phase, 60 Hz)

Peak Repetitive Reverse Surge Current IRRM 1.0 1.0 Amps

(2.0 us, 1.0 kHz) See Figure 12
Operating Junction Temperature T -65to + 150 -651t0+ 150 °C
Storage Temperature Tstg ~65to +175 -65to +175 °C
Voltage Rate of Change (Rated VR) dv/dt 1000 1000 V/us
THERMAL CHARACTERISTICS

Characteristic Symbol MBR1035 MBR1045 Unit
Maximum Thermal Resistance, Junction to Case ReJuc 20 20 °C/W
ELECTRICAL CHARACTERISTICS
Characteristic Symbol MBR1035 MBR1045 Unit

Maximum Instantaneous Forward Voltage (1) VF Volts

(if=10 A, Tc=125°C) 0.57 0.57

(if=20 A, Tc = 125°C) 0.72 0.72

(iF=20 A, Tc=25°C) 0.84 0.84
Maximum Instantaneous Reverse Current (1) iR mA

(Rated dc Voltage, Tc = 125°C) 15 15

(Rated dc Voltage, Tc = 25°C) 0.1 0.1

{1) Pulse Test: Pulse Width = 300 gs, Duty Cycle < 2.0%

3-90




100

70

50

30

20

~ -
= =]

o
o

g
=]

if, INSTANTANEOUS FORWARD CURRENT (AMPS)
w
o

MBR1035, MBR1045

FIGURE 1 —MAXIMUM FORWARD VOLTAGE

D
/
Ty = 150°C /,/ -

// /e

N

N

N

\\\

S~
i\\\‘\\4

1.0 J 17
-
07 =~
05 i
03 [
02 l I[
0.1
02 04 06 08 10 12 14
vr. INSTANTANEGUS VOLTAGE (VOLTS)
FIGURE 3 — MAXIMUM REVERSE CURRENT
100 —
T, = 150°C —]
T
_ 10 1250¢
'é
E 100°C
Z 10 t
& 750¢
] b
o
2 01
=
'?'g"- 25°C —
<001
0.001
0 10 20 30 a0 50

VR, REVERSE VOLTAGE (VOLTS)

FIGURE 2 —TYPICAL FORWARD VOLTAGE

100 —
70 /, V.
44100°C
50 // <
Ty = 150°C H4A ,/
0 // /
25°C
20 //
//
10 oy
iq
=
5.0
17/

B/
/

P
ﬁ\
o

i, INSTANTANEOUS FORWARD CURRENT (AMPS)

&)
0.7 IL
0.5 I
os I

ny

0.1
02 04 06 0.8 10 12 14
vf. INSTANTANEOUS VOLTAGE (VOLTS)
FIGURE 4 — MAXIMUM SURGE CAPABILITY

200
g2
s
=
=
=
& 100
3 N
= (1]
S <
< 50 N
T N
4
é 10 \\\
= F—
= T

20
1.0 20 30 5.0 70 10 20 30 50 70 100
NUMBER OF CYCLES AT 60 Hz

3-91



FIGURE 5 — CURRENT DERATING, INFINITE HEATSINK
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FIGURE 6 — CURRENT DERATING, Rgya = 16° C/W
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MBR1035, MBR1045

HIGH FREQUENCY OPERATION

Since current flowin a Schottky rectifier is the result of majority
carrier conduction, it is not subject to junction diode forward and
reverse recovery transients due to minority carrier injection and
stored charge. Satisfactory circuit analysis work may be per-
formed by using a model consisting of an ideal diode in parallel
with a variable capacitance. (See Figure 10.)

Rectification efficiency measurements show that operation will
be satisfactory up to several megahertz. For example, relative
waveform rectification efficiency is approximately 70 per cent at
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is
0.28 at this frequency, whereas perfect rectification would yield
0.406 for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficieny is not indicative of
power loss; itis simply a result of reverse current flow through the
diode capacitance, which lowers the dc output voitage.

C. CAPACITANCE (pf)

FIGURE 10 — CAPACITANCE
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FIGURE 11 — SCHOTTKY RECTIFIER

Anode

Schottky Chip (See View A-A)
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Copper Leads
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Schottky Chip — View A-A

' . Aluminum Contact Metal
Platinum Barrier Metal Oxide

Passivation
o
/I/U
Guardring [

Motorola builds quality and reliability into its Schottky
Rectifiers.

First is the chip, which has an interface metal between the
barrier metal and aluminum-contact metal to eliminate any
possible interaction between the two. The indicated guardring
prevents dv/dt problems, so snubbers are not mandatory. The
guardring alsooperates like azener to absorbover-voltage
transients.

Second is the package. The Schottky chip is bonded to the
copper heat sink using a specially formulated solder. This gives
the unit the capability of passing 10,000 operating thermal-
fatigue cycles having a AT j of 100°C. The epoxy molding
compound is rated per UL 94, VO @ 1/8". Wire bonds are 100%
tested in assembly as they are made.

Third is the electrical testing, which includes 100% dv/dt at
1600 V/us and reverse avalanche as part of device
characterization.

T I

FIGURE 12 — TEST CIRCUIT FOR dv/dt AND
REVERSE SURGE CURRENT
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MOTOROLA
m SEMICONDUCTOR I

TECHNICAL DATA

Switchmode
Power Rectifiers

... using the Schottky Barrier principle with a platinum barrier metal. These state-of-the-

art devices have the following features:

© Guard-Ring for Stress Protection

® Low Forward Voltage

® 150°C Operating Junction Temperature

® Guaranteed Reverse Avalanche

® Epoxy Meets UL94, VO at 1/8”

® Low Power Loss/High Efficiency

® High Surge Capacity

e Low Stored Charge Majority Carrier Conduction

MBR1060
MBR1070
MBR1080
MBR1090
MBR10100

MBR1060 and MBR10100 are
Motorola Preferred Devices

SCHOTTKY BARRIER
RECTIFIERS
10 AMPERES
60-100 VOLTS

CASE 221B-02

TO-220AC
PLASTIC
MAXIMUM RATINGS
MBR
Rating Symbol Unit
1060 | 1070 | 1080 | 1090 | 10100
Peak Repetitive Reverse Voltage VRRM 60 70 80 920 100 | Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current (Rated VR) Tc = 133°C IF(AV) 10 Amps
Peak Repetitive Forward Current IFRM 20 Amps
(Rated VR, Square Wave, 20 kHz) Tc = 133°C
Nonrepetitive Peak Surge Current IFsm 150 Amps
(Surge applied at rated load conditions halfwave, single phase, 60 Hz)
Peak Repetitive Reverse Surge Current (2 us, 1 kHz) IRRM 0.5 Amp
Operating Junction Temperature Ty —-65to +150 °C
Storage Temperature Tstg -65to +175 °C
Volitage Rate of Change (Rated VR) dv/dt 1000 Vips
THERMAL CHARACTERISTICS
Maximum Thermal Resistance — Junction to Case RoJc 2 °‘CwW
— Junction to Ambient RgJA 60
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) VE Volts
(i = 10 Amp, Tc = 125°C) 0.7
(i = 10 Amp, T¢c = 25°C) 0.8
(iF = 20 Amp, T¢ = 125°C) 0.85
(iF = 20 Amp, T¢ = 25°C) 0.95
Maximum Instantaneous Reverse Current (1) iR mA
(Rated dc Voltage, T¢c = 125°C) 150
(Rated dc Voltage, Tc = 25°C) 0.15

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
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Ir, INSTANTANEQUS FORWARD CURRENT (AMPS)

IF (AV), FORWARD CURRENT (AMPS)

MBR1060, MBR1070, MBR1080, MBR1090, MBR10100

% Ty = 150 e
20 . $ ) SR R
LK 10 Ty = 125C

0 we | AN/ z —F = ;_{»
I'/ ,' A—~100°C E Ty = 100°C !
Z, Z VA E
5 /7 7 [ S - ——
// ,/ / =
s /XA = 3
AN/ /WAVA 8
/ 1/ R
o
i LA e
v A VA Z P
F——F o —
05 7117 001 I==l==Ty = 25°= #E@
0 01 02 03 04 05 06 07 08 09 1 2 4 60 80 00 120
VE, INSTANTANEOUS VOLTAGE (VOLTS) VR, REVERSE VOLTAGE (VOLTS)
Figure 1. Typical Forward Voltage Figure 2. Typical Reverse Current
i \ VoL v ——— (HEATSINK) Rgja = 16°CW
RATED VOLTA 0JA = 16°
S \ APPSELD G 9 N~ — = (N HEATSINK) Rgya = 60 °CW
8 N f % 8 RATED VOLTAGE APPLIED ——
7 \ \ I E \\
] \ de\| Rouc = 20w =a d
SQUARE &
5 WAVE \ 35 ""‘X \
4 \ \ g 4 N L
AT - N\I~Je \
; 1\ 2, NEDS SN
2 = 2 <
\ z SQUARE WAVE\ ~o
’ = 1 N\
10 120 130 140 150 160 0 20 4 60 8 100 120 140 160 180 200
Tc, CASE TEMPERATURE (°C) T, AMBIENT TEMPERATURE (°C)
Figure 3. Current Derating, Case Figure 4. Current Derating, Ambient
» 10
E o
= ——t
H T = 25°C
=z 8
2
7 IPKIAV = PI—]
2 s 4
= 5 Py =5 L AT
g , oy =10 Y NN
w _ L= \
g3 PRIAY = — s wave |
g dc
2! #
Z
a0

1 2

3 4 5 6 7
I (AV), AVERAGE CURRENT (AMPS)

Figure 5. Forward Power Dissipation

3-95




MOTOROLA
m SEMICONDUCTOR I

TECHNICAL DATA

MBR1535CT
MBR1545CT

MBR1545CT is a
Motorola Preferred Device

® Center-Tap Configuration
® Guardring for Stress Protection
® Low Forward Voltage

® Guaranteed Reverse Avalanche
® Epoxy Meets UL94, VO at 1/8”

® 150°C Operating Junction Temperature

SWITCHMODE POWER RECTIFIERS

...using the Schottky Barrier principle with a platinum barrier metal.
These state-of-the-art devices have the following features:

SCHOTTKY BARRIER
RECTIFIERS

15 AMPERES
35 and 45 VOLTS

CASE 221A-06

TO-220AB
PLASTIC
MAXIMUM RATINGS
Rating Symbol MBR1535CT MBR1545CT Unit
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage VRwWM 35 45
DC Blocking Voltage VR
Average Rectified Forward Current Per Diode IFAV) 75 75 Amps
Tc = 105°C (Rated VR) Per Device 15 15
Peak Repetitive Forward Current, T¢ = 105°C IERM 15 15 Amps
(Rated VR, Square Wave, 20 kHz) Per Diode
Nonrepetitive Peak Surge Current IFSM 150 150 Amps
(Surge applied at rated load conditions halfwave,
single phase, 60 Hz)
Peak Repetitive Reverse Surge Current IRRM 1.0 1.0 Amps
(2.0 us, 1.0 kHz)
Operating Junction Temperature Ty ~-65 to +150 -65 to +150 °C
Storage Temperature Tstg -65to +175 -65t0+175 °Cc
Voltage Rate of Change (Rated VR) dv/dt 1000 1000 V/us
THERMAL CHARACTERISTICS PER DIODE
Maximum Thermal Resistance, Junction to Case RpJyc 3.0 3.0 °C/W
Maximum Thermal Resistance, Junction to Ambient ReJA 60 60 °C/W
ELECTRICAL CHARACTERISTICS PER DIODE
Maximum Instantaneous Forward Voltage (1) VF Volts
(ig = 7.5 Amp, Tg = 125°C) 0.57 0.57
(ip = 15 Amp, T¢ = 125°C) 0.72 0.72
(ig =15 Amp, T¢ = 25°C) 0.84 0.84
Maximum Instantaneous Reverse Current(1) iR mA
(Rated dc Voltage, T¢ = 125°C) 15 15
(Rated dc Voltage, T¢ = 25°C) 0.1 0.1

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%
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MBR1535CT, MBR1545CT

FIGURE 1 — TYPICAL FORWARD VOLTAGE
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SWITCHMODE POWER RECTIFIERS

... using the Schottky Barrier principle with a platinum barrier metal.
These state-of-the-art devices have the following features:

® Guardring for Stress Protection

@ Low Forward Voltage

® 150°C Operating Junction Temperature
@ Guaranteed Reverse Avalanche

MBR1635
MBR1645

MBR1645 is a
Motorola Preferred Device

SCHOTTKY BARRIER
RECTIFIERS

16 AMPERES
35 and 45 VOLTS

CASE 221B-02

TO-220AC
PLASTIC
MAXIMUM RATINGS
Rating Symbol MBR1635 MBR1645 Unit
Peak Repetitive Reverse Voltage VRRM Volts
Working Peak Reverse Voltage VRWM 35 45
DC Blocking Voltage VR
Average Rectified Forward Current(Rated VR) IFAV) 16 16 Amps
Tc=125°C
Peak Repetitive Forward Current 'FRM 32 32 Amps
(Rated VR, Square Wave, 20 kHz) T¢ = 125°C
Nonrepetitive Peak Surge Current IFsm 150 150 Amps
(Surge applied at rated load conditions halfwave,
single phase, 60 Hz)
Peak Repetitive Reverse Surge Current IRRM 1.0 10 Amps
(2.0 us, 1.0 kHz)
Operating Junction Temperature Ty -65 to +150 -65 to +150 °C
Storage Temperature Tstg -651to0 +175 -65to +175 °C
Voltage Rate of Change (Rated VR) dv/dt 1000 1000 V/us
THERMAL CHARACTERISTICS
[ Maximum Thermal Resistance, Junction to Case J RgJc 15 1.5 °C/W
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) VE Volts
(ip = 16 Amp, Tc = 125°C) 057 0.57
(ip = 16 Amp, Tc = 256°C) 0.63 0.63
Maximum Instantaneous Reverse Current(1) iR mA
(Rated dc Voltage, Tc = 125°C) 40 40
(Rated dc Voltage, Tc = 25°C) 0.2 0.2

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%
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MBR1635, MBR1645

FIGURE 1 — TYPICAL FORWARD VOLTAGE FIGURE 2 — TYPICAL REVERSE CURRENT
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TECHNICAL DATA

MBR2015CTL

SWITCHMODE MBR2030CTL

Dual Schottky
Power Rectifiers Wemao0CTL 2

Motorola Preferred Device

. employing the Schottky Barrier principle in a large area metal-to-silicon power diode.
State-of-the-art geometry features epitaxial construction with oxide passivation and
metal overlay contact. Ideally suited for use as rectifiers in very low-voltage, high-
frequency switching power supplies, free wheeling diodes and polarity protection
diodes.

o Highly Stable Oxide Passivated Junction
Very Low Forward Voltage Drop (0.4 Max (@ 10 A, T¢c = 150°C)
Matched Dual Die Construction (10 A per Leg or 20 A per Package) a\

SCHOTTKY BARRIER
RECTIFIERS
20 AMPERES
15 and 30 VOLTS

High Junction Temperature Capability
High dv/dt Capability

Excellent Ability to Withstand Reverse Avalanche Energy Transients /
Guardring for Stress Protection //
Epoxy Meets UL94, VO at 1/8" /

CASE 221A-06
TO-220AB
MAXIMUM RATINGS (Per Leg)
Rating Symbol | MBR2015CTL | MBR2030CTL | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 15 30 Volts
DC Blocking Voltage VR
Average Rectified Forward Current IF(AV) 10 Amps
Nonrepetitive Peak Surge Current IFsm 150 Amps
(Surge applied at rated load conditions halfwave, single phase, 60 Hz)
Peak Repetitive Reverse Surge Current (2.0 us, 1.0 kHz) IRRM 1.0 Amp
Operating Junction Temperature Ty -65to +150 °C
Storage Temperature Tstg -65to +175 °C
Voltage Rate of Change (Rated VR) dv/dt 10000 Vius
THERMAL CHARACTERISTICS (Per Leg)
Thermal Resistance, Junction to Case RyJc 2.0 l °C/W I
ELECTRICAL CHARACTERISTICS (Per Leg)
Maximum Instantaneous Forward Voltage (1) VE Volts
(iF = 10 Amp, T¢ = 25°C) 0.52
(i = 10 Amp, Tc = 150°C) 0.40
(i = 20 Amp, T¢ = 25°C) 0.568
(i = 20 Amp, T¢c = 150°C) 0.48
Maximum Instantaneous Reverse Current (1) iR mA
(Rated DC Voltage, Tc = 25°C) 5.0
(Rated DC Voltage, Tc = 100°C) 40
(Rated DC Voltage, Tc = 125°C) 75

(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%.
SWITCHMODE is a trademark of Motorola Inc.
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