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Supertex Inc. Life Support Policy

As a general policy, Supertex Inc. does not recommend the use of any of its products in life support applications where
the failure or malfunction of the Supertex product can be reasonably expected to cause failure of the life support device
or to significantly affect its safety or effectiveness. Supertex will not knowingly sell its products for use in such applications
unless it receives an adequate “products liability indemnification insurance agreement”, satisfactory to Supertex, stating
that the risks of injury or damage have been minimized, that the customer assumes all such risks, and that the liability of
Supertex is adequately covered in the customer’s insurance policy.

Examples of devices considered to be life support devices are neonatal oxygen analyzers, nerve stimulators (for any use),
autotransfusion devices, blood pumps, defibrillators, arrhythmia detectors and alarms, pacemakers, hemodialysis
systems, peritoneal dialysis systems, ventilators of all types, infusion pumps, and any other devices designated as “critical”
by the FDA. The above are representative examples only and are not intended to be conclusive on any other life support
device.

General

This catalog has been carefully checked and is believed to be reliable; however, no responsibility is assumed for possible
omissions or inaccuracies. Specifications are subject to change without notice.

Supertex cannot assume responsibility for use of circuitry described; no circuit patent licenses are implied; and Supertex
reserves the right to change said circuity at any time without notice. Liability of Supertex to circuits it manufactures is
limited to the replacement of such circuits if they are determined to be defective due to workmanship and not due to misuse
or mishandling.

Copyright © 1988 by Supertex, Inc. All rights reserved. Printed in the U.S.A.
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Device Page # Device Page # Device Page # Device Page #
2N6659 8-1 DC7X 12-1 HV0406T 11-21 HV06H06LC 11-28
2N6660 8-3 ED5P 12-10 HV0406X 11-21 HV06H06PG 11-28
2N6661 8-3 ED9P 12-10 HV0408DG 11-21 HV06HO06PJ 11-28
2N7000 8-5 EDOWG 12-10 HV0408LC 11-21 HV06HO6T 11-28
2N7007 8-7 ED11P 12-10 HV0408PG 11-21 HV0BH06X 11-28
2N7008 8-9 ED11WG 12-10 HV0408PJ 11-21 HV06H08DG 11-28
ANO116NA 10-3 ED15J 12-10 HV0408T 11-21 HVO06H08LC 11-28
ANO116NB 10-3 ED15P 12-10 HV0408X 11-21 HV06H08PG 11-28
ANO116ND 10-3 ED15WG 12-10 HV04H06DG 11-28 HV06H08PJ 11-28
ANO116WG 10-3 ET13P 12-19 HV04Y06LC 11-28 HVO6H08T 11-28
ANO120NA 10-3 ET13WG 12-19 HV04HO06PG 11-28 HV06H08X 11-28
ANO120NB 10-3 HT0130D 10-13 HV04H06PJ 11-28 HVvV08DJ 11-35
ANO120ND 10-3 HT0130LC 10-13 HVO04HO6T 11-28 HV08X 11-35
ANO130NA 10-3 HTO130P 10-13 HV04HO06X 11-28 HV1014C 11-39
ANO130NB 10-3 HTO130WG 10-13 HV04H08DG 11-28 HV1014P 11-39
ANO130ND 10-3 HT0130X 10-13 HV04H0O8LC 11-28 HV1014X 11-39
ANO132NA 10-3 HVO01C 11-3 HV04HO8PG 11-28 HV1016C 11-39
AN0132NB 10-3 HVO1CF 11-3 HV04HO08PJ 11-28 HV1016P 11-39
ANO132ND 10-3 HV01CS 11-3 HV04HO8T 11-28 HV1016X 11-39
ANO0132WG 10-3 HVO1CR 11-3 HV04H08X 11-28 HV1214C 11-44
ANO140NA 10-3 HVO1LC 11-3 HV0522DG 11-14 HV1214P 11-44
AN0140NB 10-3 HV01X 11-3 HV0522L.C 11-14 HV1214X 11-44 ‘
ANO140ND 10-3 HV02C 11-9 HV0522PG 11-14 HV1216C 11-44 !
ANO140WG 10-3 HV02CF 11-9 HV0522PJ 11-14 HV1216P 11-44 |
APO116NA 10-8 HV0522T 11-14 HV1216X 11-44
HV02CS 11-9 ‘
APO0116NB 10-8 HV02CR 11-9 HV0522X 11-14 HV1314C 11-50 !
AP0116ND 10-8 Hvo2LC 11-9 HV0530DG 11-14 HV1314P 11-50
AP0O116WG 10-8 HV02X 11-9 HV0530LC 11-14 HV1314X 11-50 :
AP0120NA 10-8 HV0322DG 11-14 HV0530PG 11-14 HV1316C 11-50 |
AP0120NB 10-8 HV0322LC 11-14 HV0530PJ 11-14 HV1316P 11-50 ‘
AP0120ND 10-8 HV0322PG 11-14 HV0530T 11-14 HV1316X 11-50 r
AP0O130NA 10-8 HV0322PJ 11-14 HV0530X 11-14 HV1414C 11-55 |
AP0130NB 10-8 HV0322T 11-14 HV0606DG 11-21 HV1414P 11-55 !
AP0130ND 10-8 HV0322X 11-14 HV0606LC 11-21 HV1414X 11-55 |
APO132NA 10-8 HV0322LC 11-14 HV0606PG 11-21 HV1i416C 11-55 |
AP0132NB 10-8 HV0330DG 11-14 HV0606PJ 11-21 HV1416P 11-55
AP0132ND 10-8 HV0330LC 11-14 HV0606T 11-21 HV1416X 11-55
AP0132WG 10-8 HV0330PG 11-14 HV0606X 11-21 HV1514C 11-60
APO140NA 10-8 HV0330PJ 11-14 HV0608DG 11-21 HV1514P 11-60
AP0140NB 10-8 HV0330T 11-14 HV0608LC 11-21 HV1514X 11-60
AP0140ND 10-8 HV0330X 11-14 HV0608PG 11-21 HV1516C 11-60
AP0140WG 10-8 HV0406DG 11-21 HVO0608PJ 11-21 HV1516P 11-60
DC7P 12-1 HV0406LC 11-21 HV0608T 11-21 HV1516X 11-60
DC7PJ 12-1 HV0406PG 11-21 HV0608X 11-21 HV1614C 11-65
DC7WG 12-1 HV0406PJ 11-21 HV06H06DG 11-28 HV1614CS 11-65




Device Page # Device Page # Device Page # Device Page #
HV1614P 11-65 HV4222DJ 11-95 HV5708DJ 11-130 RBMP693D 12-24
HV1614PJ 11-65 HV4222PJ 11-95 HV5708PJ 11-130 RCMP690D 12-24
HV1614X 11-65 HV4222X 11-95 HV5708X 11-130 RCMP691D 12-24
HV1616C 11-65 HV4522DJ 11-100 HV5808DJ 11-130 RCMP692D 12-24
HV1616CS 11-65 HV4522PJ 11-100 HV5808PJ 11-130 RCMP693D 12-24
HV1616P 11-65 HV4522X 11-100 HV5808X 11-130 SD2P 12-39
HV1616PJ 11-65 HV4530DJ 11-100 HV6008D 11-135 SD3AP 12-46
HV1616X 11-65 HV4530PJ 11-100 HV6008P 11-135 TC0604WG 10-17
HV1714C 11-72 HV4530X 11-100 HV6008PG 11-135 TNO102N2 7-5
HV1714P 11-72 HV4622DJ 11-100 HV6008X 11-135 TNO102N3 7-5
HV1714X 11-72 HV4622PJ 11-100 HV6810P 11-140 TNO102ND 7-5
HV1716C 11-72 HV4622X 11-100 HV6810WGS 11-140 TNO104N2 7-5
HV1716P 11-72 HV4630DJ 11-100 IRF510 8-11 TNO104N3 7-5
HV1716X 11-72 HV4630PJ 11-100 IRF511 8-11 TNO104ND 7-5
HV1814C 11-77 HV4630X 11-100 IRF512 8-11 TNO106N2 7-1
HV1814CS 11-77 HV500D 11-105 IRF513 8-11 TNO106N3 7-1
HV1814P 11-77 HV500DJ 11-105 IRF520 8-13 TNO106ND 7-1
HV1814PJ 11-77 HV500P 11-105 IRF521 8-13 TNO110N2 7-1
HV1814X 11-77 HV500PJ 11-105 IRF522 8-13 TNO110N3 7-1
HV1816C 11-77 HV500X 11-105 IRF523 8-13 TNO110ND 7-1
HV1816CS 11-77 HV501D 11-110 IRF531 8-15 TNO202N2 7-9
HV1816P 11-77 HV501DJ 11-110 IRF9521 9-1 TNO0202N3 7-9
HV1816PJ 11-77 HV501P 11-110 IRF9522 9-3 TNO0204N2 7-9
HV1816X 11-77 HV501PJ 11-110 IRF9523 9-3 TNO204N3 7-9
HV30C 11-84 HV501X 11-110 MP690MD 12-24 TNO520N2 7-10
HV30D 11-84 HV5122DJ 11-115 MP6&90MP 12-24 TNO520N3 7-10
HV30P 11-84 HV5122PJ 11-115 MP690P 12-24 TNO520ND 7-10
HV30X 11-84 HV5122X 11-115 MP691MD 12-24 TNO0524N2 7-10
HV341D 11-88 HV5222DJ 11-115 MP691MP 12-24 TNO0524N3 7-10
HV341MD 11-88 HV5222PJ 11-115 MP691MWG 12-24 TNO0524ND 7-10
HV341MWG 11-88 HV5222X 11-115 MP691P 12-24 TNO602N2 7-22
HV341P 11-88 HV5306DJ 11-120 MP691WG 12-24 TNO602N3 7-22
HV341WG 11-88 HV5306PJ 11-120 MP691X 12-24 TN0602ND 7-22
HV341X 11-88 HV5306X 11-120 MP692MD 12-24 TNO604N2 7-22
HV343D 11-88 HV5308DJ 11-120 MP692MP 12-24 TNO604N3 7-22
HV343MD 11-88 HV5308PJ 11-120 MP692P 12-24 TN0604ND 7-22
HV343MWG 11-88 HV5308X 11-120 MP6&93MD 12-24 TNO0604WG 10-18
HV343P 11-88 HV5406D 11-120 MP693MP 12-24 TNOB06N2 7-14
HV343WG 11-88 HV5406PJ 11-120 MP693MWG 12-24 TNOB06N3 7-14
HV343X 11-88 HV5406X 11-120 MP693P 12-24 TNO606N5 7-14
HV345D 11-88 HV5408DJ 11-120 MP693WG 12-24 TNOB606N6 10-19
HV345MD 11-88 HV5408PJ 11-120 MP693X 12-24 TNOB06N7 10-19
HV345MWG 11-88 HV5408X 11-120 R520 8-13 TNO606ND 7-14
HV345P 11-88 HV5522DJ 11-125 R521 8-13 TNO610N2 7-14
HV345WG 11-88 HV5522PJ 11-125 R531 8-15 TNO610N3 7-14
HV345X 11-88 HV5522X 11-125 R9521 9-1 TNO610N5 7-14
HV348D 11-88 HV5530DJ 11-125 R9522 9-3 TNO610ND 7-14
HV348MD 11-88 HV5530PJ 11-125 R9523 9-3 TNO620N2 7-18
HV348MWG 11-88 HV5530X 11-125 RBHV341D 11-88 TNO620N3 7-18
HV348P 11-88 HV5622DJ 11-125 RBHV343D 11-88 TNO620N5 7-18
HV348WG 11-88 HV5622PJ 11-125 RBHV345D 11-88 TNO620ND 7-18
HV348X 11-88 HV5622X 11-125 RBHV348D 11-88 TNO0624N2 7-18
HV4122DJ 11-95 HV5630DJ 11-125 RBMP690D 12-24 TNO0624N3 7-18
HV4122PJ 11-95 HV5630PJ 11-125 RBMP691D 12-24 TNO0624N5 7-18
HV4122X 11-95 HV5630X 11-125 RBMP692D 12-24 TN0624ND 7-18
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TP0102N2 7-26 VNO106ND 8-17 VNO355ND 8-41 VN1116N5 8-77
TP0102N3 7-26 VNO106NE 10-28 VNO360N1 8-41 VN1116ND 8-77
TP0102ND 7-26 VNO109N2 8-17 VNO360N5 8-41 VN1120N1 8-77
TPO104N2 7-26 VNO109N3 8-17 VNO360ND 8-41 VN1120N2 8-77
TP0O104N3 7-26 VNO109N5 8-17 VNO535N2 8-47 VN1120N5 8-77
TP0104ND 7-26 VNO109N9 8-17 VNO535N3 8-47 VN1120ND 8-77
TP0202N2 7-26 VNO109ND 8-17 VNO535ND 8-47 VN1204N1 8-81
TP0202N3 7-30 VNO109NE 10-28 VNO540N2 8-47 VN1204N2 8-81
TP0204N2 7-30 VNO116N2 8-21 VNO540N3 8-47 VN1204N5 8-81
TP0204N3 7-30 VNO116N3 8-21 VNO0540ND 8-47 VN1204ND 8-81
TP0602N2 7-39 VNO116N5 8-21 VNO0545N2 8-51 VN1206B 8-89
TP0O602N3 7-39 VNO116ND 8-21 VNO545N3 8-51 VN1206D 8-89
TP0602ND 7-39 VNO120N2 8-21 VNO0545ND 8-51 VN1206L 8-89
TP0604N2 7-39 VNO120N3 8-21 VNO550N2 8-51 VN1206N1 8-81
TP0O604N3 7-39 VNO120N5 8-21 VNO550N3 8-51 VN1206N2 8-81
TP0604ND 7-39 VNO120ND 8-21 VNO550ND 8-51 VN1206N5 8-81
TP0604WG 10-20 VN0204N2 8-25 VNOB06L 8-65 VN1206ND 8-81
TP0606N2 7-31 VNO0204N5 8-25 VNO0610LL 8-65 VN1210B 8-89
TP0606N3 7-31 VNO204N6 10-29 VNO635N2 8-53 VN1210D 8-89
TP0O606N5 7-31 VNO204N7 10-29 VNO635N3 8-53 VN1210L 8-89
TP0606N6 10-21 VNO0206N2 8-25 VNO0635N5 8-53 VN1210N1 8-81
TPO606N7 10-21 VNO206N3 8-25 VNO0635ND 8-53 VN1210N2 8-81
TP0606ND 7-31 VNO206N5 8-25 VNOB640N2 8-53 VN1210N5 8-81
TP0O610N2 7-31 VNO206N6 10-29 VNO640N3 8-53 VN1210ND 8-81
TP0610N3 7-31 VNO206N7 10-29 VNO640N5 8-53 VN1216N1 8-85
TP0610N5 7-31 VNO210N2 8-25 VNO0640ND 8-563 VN1216N2 8-85
TP0610ND 7-31 VNO210N3 8-25 VNO0645N2 8-57 VN1216N5 8-85
TP0O616N2 7-35 VNO0210N5 8-25 VNO645N3 8-57 VN1216ND 8-85
TP0616N3 7-35 VNO216N2 8-29 VNO645N5 8-57 VN1220N1 8-85
TP0616N5 7-35 VNO0216N3 8-29 VNO0645ND 8-57 VN1220N2 8-85
TP0616ND 7-35 VNO0216N5 8-29 VNO650N2 8-57 VN1220N5 8-85
TP0620N2 7-35 VNO0220N2 8-29 VNO650N3 8-57 VN1220ND 8-85
TP0620N3 7-35 VNO220N3 8-29 VNO650N5 8-57 VN1304N2 8-91
TP0620N5 7-35 VNO0220N5 8-29 VNO650ND 8-57 VN1304N3 8-91
TP0620ND 7-35 VNO300B 8-45 VNOB55N2 8-61 VN1306N2 8-91
TQ3001N6 10-22 VNO0300D 8-45 VNO655N3 8-61 VN1306N3 8-91
TQ3001N7 10-22 VNO300L 8-45 VNO0655N5 8-61 VN1310N2 8-91
TQ3001NF 10-22 VNO335N1 8-33 VNO0655ND 8-61 VN1310N3 8-91
VC0106N6 10-25 VNO335N2 8-33 VN0660N2 8-61 VN1316N2 8-95
VCO0106N7 10-25 VNO335N5 8-33 VNOB660N3 8-61 VN1316N3 8-95
VCO0206N6 10-26 VNO335ND 8-33 VNO660N5 8-61 VN1320N2 8-95
VC0206N7 10-26 VNO0340N1 8-33 VNO660ND 8-61 VN1320N3 8-95
VNO104N2 8-17 VNO340N2 8-33 VNO0808L 8-67 VN1706B 8-99
VNO104N3 8-17 VNO340N5 8-33 VN10KN3 8-69 VN1706D 8-99
VNO104N5 8-17 VNO0340ND 8-33 VN10KN9 8-69 VN1706L 8-99
VNO104N6 10-27 VNO0345N1 8-37 VN1106N1 8-73 VN1710B 8-99
VNO104N7 10-27 VNO345N2 8-37 VN1106N2 8-73 VN1710D 8-99
VNO104N9 8-17 VNO345N5 8-37 VN1106N5 8-73 VN1710L 8-99
VNO104ND 8-17 VNO0345ND 8-37 VN1106ND 8-73 VN2010L 8-101
VNO106N2 8-17 VNO350N1 8-37 VN1110N1 8-73 VN2106ND 10-30
VNO106N3 8-17 VNO350N2 8-37 VN1110N2 8-73 VN2106NF 10-30
VNO106N5 8-17 VNO350N5 8-37 VN1110N5 8-73 VN2110ND 10-30
VNO106N6 10-27 VNO350ND 8-37 VN1110ND 8-73 VN2110NF 10-30
VNO106N7 10-27 VNO355N1 8-41 VN1116N1 8-73 VN2206ND 8-103
VNO106N9 8-17 VNO0355N5 8-41 VN1116N2 8-77 VN2206NW 8-103
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Device Page # Device Page # Device Page #
VN2210ND 8-103 VP0220N3 9-17 VP1106ND 9-49
VN02210NW 8-103 VP0220N5 9-17 VP1110N1 9-49
VN2222LL 8-105 VP0300B 9-29 VP1110N2 9-49
VN2406B 8-107 VPO300L 9-29 VP1110N5 9-49
VN2406D 8-107 VP0335N1 9-21 VP1110ND 9-49
VN2406L 8-107 VP0335N2 9-21 VP1116N1 9-53
VN2410B 8-107 VPO0335N5 9-21 VP1116N2 9-53
VN2410D 8-107 VP0335ND 9-21 VP1116N5 9-53
VN2410L 8-107 VP0340N1 9-21 VP1116ND 9-53
VN3515L 8-109 VP0340N2 9-21 VP1120N1 9-53
VN4012L 8-109 VP0340N5 9-21 VP1120N2 9-53
VN6035L 8-109 VP0340ND 9-21 VP1120N5 9-53
VPO0104N2 9-5 VP0345N1 9-25 VP1120ND 9-53
VP0104N3 9-5 VP0345N2 9-25 VP1204N1 9-57
VP0104N5 9-5 VP0345N5 9-25 VP1204N2 9-57
VP0104N6 10-32 VP0345ND 9-25 VP1204N5 9-57
VP0104N7 10-32 VPO350N1 9-25 VP1204ND 9-57
VP0O104N9 9-5 VPO350N2 9-25 VP1206N1 9-57
VP0104ND 9-5 VP0O350N5 9-25 VP1206N2 9-57
VPO106N2 9-5 VPO350ND 9-25 VP1206N5 9-57
VP0106N3 9-5 VP0535N2 9-31 VP1206ND 9-57
VP0O106N5 9-5 VP0535N3 9-31 VP1210N1 9-57
VPO0106N6 10-32 VP0535ND 9-31 VP1210N2 9-57
VP0O106N7 10-32 VP0540N2 9-31 VP1210N5 9-57
VP0106N9 9-5 VP0540N3 9-31 VP1210ND 9-57
VP0106ND 9-5 VP0540ND 9-31 VP1216N1 9-61
VP0O109N2 9-5 VP0545N2 9-35 VP1216N2 9-61
VP0109N3 9-5 VP0545N3 9-35 VP1216N5 9-61
VP0O109N5 9-5 VP0545ND 9-35 VP1216ND 9-61
VP0109N9 9-5 VP0550N2 9-35 VP1220N1 9-61
VP0109ND 9-5 VP0550N3 9-35 VP1220N2 9-61
VP0116N2 9-9 VP0550ND 9-35 VP1220N5 9-61
VPO116N3 9-9 VP0635N2 9-39 VP1220ND 9-61
VP0116N5 9-9 VP0635N3 9-39 VP1304N2 9-65
VP0116ND 9-9 VP0635N5 9-39 VP1304N3 9-65
VP0O120N2 9-9 VP0635ND 9-39 VP1306N2 9-65
VP0120N3 9-9 VP0640N2 9-39 VP1306N3 9-65
VP0O120N5 9-9 VP0640N3 9-39 VP1310N2 9-65
VP0O120ND 9-9 VP0640N5 9-39 VP1310N3 9-65
VP0204N2 9-13 VP0640ND 9-39 VP1316N2 9-69
VP0204N5 9-13 VP0645N2 9-43 VP1316N3 9-69
VP0204N6 10-33 VP0645N3 9-43 VP1320N2 9-69
VP0204N7 10-33 VPO0645N5 9-43 VP1320N3 9-69
VP0206N2 9-13 VP0645ND 9-43 VQ1000N6 10-34
VP0206N3 9-13 VP0650N2 9-43 VQ1000N7 10-34
VP0206N5 9-13 VPO650N3 9-43 VQ1001P 10-39
VP0206N6 10-33 VPO0B650N5 9-43 VQ1004J 10-41
VP0206N7 10-33 VP0650ND 9-43 VQ1004P 10-41
VP0210N2 9-13 VP0808B 9-47 VQ3001N6 10-22
VP0210N3 9-13 VP0808L 9-47 VQ3001N7 10-22
VP0210N5 9-13 VP1008B 9-47 VQ3001NF 10-22
VP0216N2 9-17 VP1008L 9-47 VQ7254N6 10-22
VP0216N3 9-17 VP1106N1 9-49 VQ7254N7 10-22
VP0216N5 9-17 VP1106N2 9-49

VP0220N2 9-17 VP1106N5 9-49
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Product Nomenclature/Ordering
Information

DMOS Proprietary Products
VNO109NS3 |

FAMILY TYPE POLARITY FAMILY BVDSS PACKAGE TYPE
NUMBER DIVIDED BY 10
A = Lateral DMOS N = N-Channel 01 02 N1 =TO-3
Arrays 02 04 N2 =TO-39
03 06 N3 =TO-92
T = Low Threshold P = P-Channel 05 09 N5 =TO-220
DMOS Discretes 06 10 N6 = 14-Pin Plastic DIP
11 16 N7 = 14-Pin Ceramic DIP
V = Vertical DMOS C = Complementary 12 20 N9 =TO-52
Discretes & Quads (2N & 2P) 13 24 NA = 18-Pin Plastic DIP
21 30 NB = 18-Pin Ceramic DIP
Q = Arrays 22 35 NE = 16-Terminal Ceramic LCC
40 NF = 20-Terminal Ceramic LCC
45 WG = 20 Lead SOW
50 ND = Die in Waffle Pack
55 NW = Die in Wafer Form
60
(e.g., 09 = 90V)

CMOS Products |
Encoder / Decoder !

ED - 5 P |
I_I T |
FAMILY TYPE NUMBER OF PACKAGE TYPE
ADDRESS BITS
ED = Programmable ED-5 =5 PJ = Molded Plastic Surface Mount
Encoder/Decoder DC-7 =7 J-Lead Chip Carrier
ED-9 = 9 P = Molded Plastic DIP
DC = Data Coder ED-11 = 11 X = Dice
ET-13 = 13 WG = Small Outline Surface Mount
ET = Encoder/Transmitter ED-15 = 15

i
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Smgkgr DQIQQIQFS :

SD 2 _IT_
FAMILY TYPE PRODUCT PACKAGE TYPE
DESIGNATOR
SD = Smoke Detectors 2 P = Molded Plastic DIP
3A X = Dice
HVIC Products
RBHVO106C
1 T
HI-REL FAMILY TYPE PRODUCT ABSOLUTE MAX PACKAGE TYPE
DESIGNATOR VOLTAGE DIVIDED
BY 10
RB = Hi-Rel 883 HV = High Voltage IC 01 46 04 14 25 P = Plastic DIP
type processing 02 51 06 16 27 C = Ceramic Side Brazed
03 52 08 18 30 D = CERDIP
RC = Mil-Temp Testing 04 53 10 20 X = Dice
only 05 54 12 22 LC = LCC Ceramic
06 55 (e.g.,22=220V) CF = Ceramic Leaded Chip
10 56 Carriers with Flat Leads
12 57 CS = Ceramic Chip Carrier-
13 58 STD Bent Leads
14 60 CR = Ceramic Chip Carrier-
15 341 Reverse Bent Leads
16 343 DG = CERDIP Gullwing
17 345 PG = Plastic Gullwing
18 348 WG = SOW Gullwing
30 500 DJ = Quad CERDIP J Lead
41 501 PJ = Quad Plastic J Lead
42 6810
45
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@ Supertexinc.

Company Profile

Success Through Innovation

Founded in 1976, Supertex designs and manufactures complex
proprietary and industry-standard integrated circuits (ICs) and
discrete components for a select range of diverse markets,
including the medical, data processing, military, telecommunica-
tions, instrumentation, and consumer product industries.
Throughout the years the company has developed advanced
technologies utilizing high-performance Complementary Metal
Oxide Semiconductors (CMOS) and Double-Diffused MOS
(DMOS) processes.

In 1980, Supertex pioneered SMART POWER high voltage inte-
grated circuitry with its proprietary HVCMOS® technology, a
merging of the CMOS and DMOS process technologies onto one
chip. SMART POWER chips have the “brains” and low power
consumption of CMOS ICs and the high-voltage output of DMOS

Product Development Milestones

Supertex has continued the commitment to new product and
technology development that enhances and complements exist-
ing product lines. Supertex is recognized as a world leader in
SMART POWER and POWER MOSFET innovations. While
responding to market demands for current products, the company
is also maintaining a leadership position as an industry innovator
in our product niches as evidenced by the product development
milestones listed below:

Introduced

1976 Industry leader in CMOS Wafer Foundry technology

and production.

1977 Forerunner in VMOS Silicon-gate technology

development.

Patent filed for High Power VMOS process.

First U.L. approved Smoke Detector IC.

First in the industry to introduce P-Channel VMOS
Power FETs.

State-of-the-art High Voltage (500V) Power Fet
introduced.

Widest product offering CMOS Encoder/Decoder ICs,
using Manchester coding.

Development of combined Bipolar and DMOS
technologies (Superfet™).

World's first 32K CMOS ROM commercially available.

High Voltage DMOS/CMOS IC technology developed
for Ultra Sonic Imaging.

1978

1979

power transistors. These advanced HVCMOS [Cs, as well as
Supertex’s families of CMOS and DMOS products, provide per-
formance and cost benefits to give customers a competitive edge
in developing new products.

Supertex now focuses on two process technologies, DMOS and
HVCMOS, which allow for a varied product mix of integrated
circuits and MOS power field effect transistors (FETs) and arrays.
The company’s products are targeted for application-specific
markets, such as ultrasound imaging for medical electronics, flat-
panel display terminals, and high reliability products for military
systems. Supertex has demonstrated technological leadership in
specific product areas that has earned the company international
as well as domestic recognition.

1980 Industry Leader in Photo Electric Smoke Detection IC.

Introduction of High Voltage DMOS Lateral Arrays.

Highest density 64K and 128K CMOS ROMs
introduced.

1981 First to develop fully TTL compatible High Speed

CMOS HCT Octal Interface Logic Family of 22 ICs.

1982 First fully integrated Electroluminescent (EL) Flat Panel

Display Drive chip set (HVO1/HVO2).
CMOS Encoder/Decoder with byte-wide Data Capacity
(DC-7) introduced.

1983 First to introduce 64-line density EL Display Drivers

(HVO3/HVO4).

1984 First major printer HVIC design win.

First Hi-Rel HCT in leadless chip carriers.

MVIC (40-Volt) and HVIC technologies developed for
wafer foundry production.

First Hi- Rel HYCMOS display drivers in industry

(RB HVO1/HVO2).

Registered HYCMQOS trademark.

First to introduce 32-Channel high voltage Matrix-
addressed LCD Driver (HV60) with three state outputs.

Introduction of 32-Channel HV51 through HV54 low
power flat panel display drivers, suitable for portable
applications.

1985

1986




1986 - Introduction of industry’s first low-threshold P-Channel
power MOSFET family.

First to introduce 8-Channel high voltage level.
translator chip (HTO1).

Introduction of 84-lead, surface-mount gullwing
packaged for EL flat panel display drivers.

Introduction of 32-Channel P-Channnel EL row driver,
HV41 and 42 to be used for high voltage, high current
push-pull applications in conjunction with HV51 and 52.
Expanding the 32-channel display driver product line to
a total of 12 products.

1987

Introduction of low power 32-Channel AC plasma flat
panel display drivers (HV500 and HV501).

Custom Wafer Foundry

Supertex specializes in CMOS and DMOS Wafer Foundry pro-
duction providing state-of-the-art wafer fabrication for Customer-
Owned-Tooling (C.O.T.) production. Standard as well as modi-
fied processes can be produced per specific customer require-
ments thus providing the highest possible yields and quality.
Engineering runs and preproduction volumes can be run with very

short. throughput time (i.e., 3 weeks typically). In addition
Supertex can also support back-end packaging and testing
needs.

The following table lists the process types that can be accommo-
dated by Supertex in Custom Wafer Foundry production:

Process Type Preferred Minimum
Data Format Feature Size
Metal-Gate CMOS Masks 4um
Metal-Gate PMOS Masks 4um
High Voltage Silicon-Gate HYCMOS Masks 4um
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@ Supertexinc.

Application Notes

Power MOS Transistor Electrical Performance

The electrical behavior of power MOS transistors has been
explained by numerous authors. A different, and non-traditional
way of viewing their behavior arises when the device structure is
closely examined. The source and body regions comprise one
side of a diode, with the drain region being the other side. A
voltage on the gate allows carriers to flow from source to drain
through an induced surface channel. Figure 1A shows the forward
and reverse current vs. voltage characteristics of a diode, while
Figure 1B shows the current vs. voltage characteristics of a power
MOS transistor.

A power MOS transistor is characterized by a set of parameters
different in many ways from a bipolar transistor. The parameters
specified in a power MOS transistor data sheet are defined and
briefly explained below:

A. VGS(TH) —The gate threshold voltage. It is defined as the voltage
from gate to source required to produce a specified drain
current. For ease of measuring, the drain is commonly shorted
to the gate. (The measurement circuit is shown in Figure 2.)

Threshold current is usually measured at a current in the range of
1to 10mA. (Threshold voltage measurement can be normalized

to the amount of source perimeter when comparing different size

transistors. Full current is usually obtained at Vg = VGS(TH] +8

volts (N-channel). The threshold voltage is a function of tempera-
ture as shown in Figure 3 for a 500 volt Supertex VNO3 transistor.

The decrease in the measured value of V¢ ., is primarily caused
by thermally generated carriers or leakage current that add to the
induced surface current flow, thus decreasing the amount of
applied voltage needed to obtain a specified current.

B. lsss — The gate to body leakage current. It is measured with
drain and source at ground, and gate biased to specified
voltage. NOTE: Due to input capacitance, large die size MOS
transistors may prove difficult to measure with automatic test
equipment, unless a preconditioning test is performed to
charge the gate capacitance prior to test. (See Figure 4 for the
measurement circuit.)

l Vgs = 6V

Vas = 4V
8V } 8V Vgs = 2V
—~ 1l — Ve =0V

~—— 450V — ' ~———450V

A. Diode characteristics B. Gated diode characteristics

Figure 1.

This leakage current results from current flow through the insulat-
ing layer of silicon dioxide surrounding the gate. Typical DC-
leakage currents are in the picoampere range between the
temperatures of -55°C and +200° C. This value is well below the
level of concern in most power conversion circuits. When an on-
chip diode is incorporated between the gate and the source, the
leakage current, which is that of a reverse-biased diode, doubles
approximately every 10°C.

C. l,ss— The zero gate voltage drain current or offstate leakage
current. It is determined by applying specified voltage from
drain to source (with gate shorted to source) and measuring
the resulting current. (See Figure 5 for the measurement
circuit.)

VGS (th)

Figure 2. N-Channel V, Measurement

GS(th)

Vasrs) M
68 (TH) (25°C)

12 |-

-

1.0 SREER B

0 +25 450 +75 100 125 150 175 200

Temperature (°C)

Figure 3. Normalized V
Transistor

asqn VS- Temperature for the VNO3




Figure 4. N-Channel I, Measurement
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Figure 5. N-Channel I, Measurement
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Figure 6. N-Channel BV, Measurement
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Figure 7. N-Channel G;, Measurement

This leakage current is that of a reverse-biased diode. As with a
reverse-biased diode, this current is a measure of the integrity of
the structure and may degrade under extremes of voltage and
temperature.

D. BV,¢s— The breakdown voltage of drain to source with gate
shorted to source. It is determined by forcing a specified

3-2

current from drain to source and measuring the resulting
voltage. Properly designed DMOS transistors should not have
a latchback breakdown and a low current measurement is
sufficiently accurate. (See Figure 6 for the measurement
circuit.)

This parameter is most likely to degrade if exceeded for an
extended period of time in high voltage applications, because of
the large current (and, hence, high power dissipation that may
occur). A lower clamping breakdown voltage diode from source-
to-drain will prevent degradation of the parameter.

E. g org, —The small signal forward transconductance. ltis the
ratio of Al/AV ., measured for a 10% change in drain current
at a specified quiescent drain bias point.

This parameter depends on device structure as shown in the

equation below (see Figure 7 for measurement circuit):

poff Ze .

Om = T (Vas - Vo)
where Z  Source perimeter
L Channel length

V4 = Effective carrier mobility

Gate Dielectric constant
tox = Gate oxide thickness

These parameters are shown in Figure 8. The forward transcon-
ductance is proportional to source perimeter, hence proportional
to chip area. For a given device area, maximizing the source
perimeter results in a maximum value of gm. This parameter is
also increased by decreasing the gate dielectric thickness, but
this approach limits the total voltage swing on the gate because
of the dielectric strength of silicon dioxide (60V/1000A of SiO,).
Typical gate oxide thicknesses are in the 1000A range. In power
MOS structures, the transconductance vs. VGS varies as shownin
Figure 9 for a 500 Volt VNO3 power MOSFET.

F. Rps oNy The static drain-source on-state resistance. It is
measured as the drain-source voltage divided by the drain
current at specified values of drain current and gate source

voltage. (See Figure 10 for the measurement circuit.)

The on-state resistance of a high voltage MOS transistor is
dominated by the resistance of the drain region. For a given
breakdown voltage and device area, there is a minimum value of
RDS(ON . The variations in source geometrics and body-to-drain
breakdown structures discussed earlier are all aimed at realizing
this minimum Ry, value. In device operation, Ry o, may
appear to be considerably higher than at room temperature. This
behavior occurs because the heating of the device decreases the
carrier mobility, thus reducing the current for a given voltage. This

SOURCE GATE
/ ‘
i
L |
Yz oXx
P l N+ l
(BODY)

—fL =

Figure 8. Parameters Affecting MOSFET Transconductance



Vps = 10V
300 usec pulse
2% duty cycle

Grs — TRANSCONDUCTANCE (mhos)

2 4 6 8 10
Ipion) — DRAIN CURRENT (ON STATE (Amps)
Figure 9A.
1
VDS = 10V
3 300 usec pulse

. 2% duty cycle

GFS — TRANSCONDUCTANCE {mhos)
~
—

2 4 6 8 10

Vgs — GATE-SOURCE VOLTAGE (Voits)

Figure 9B.

Figure 9. Transconductance vs. Drain Current or Gate-
Source Voltage for the VN03

Vas

Measurement

Figure 10. N-Channel R

DS(ON)

behavior fora 500 volt VNO3 transistor is shown in Figure 11. This
negative feedback characteristic is the key to power MOSFETs
thermal stability.

G. Inony — The on-state drain current. It is measured at specified
values of drain-source and gate-source voltage. NOTE: To re-
duce heating of the device, this should be performed in a pulse
mode, or with an adequate heat sink. (See Figure 12 for meas-

urement circuit.)

The on-state drain current is proportional to the amount of source
perimeter and the total chip area. Since current flow causes
device heating, the pulsed value of ID(ON) is considerably greater
than the steady state value because of the increasing value of
Roson with temperature. This specific behavior is shown by the
dotted line for the VNO3 in Figure 13.
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Figure 12. N-Channel | Measurement
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TRANSFER CHARACTERISTICS
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/ 300 usec pulse
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g2 /
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VGS — GATE-SOURCE VOLTAGE (Volts)
Figure 13. 1, asa Function of Gate-Source Voltage for the
VNO3

H. Capacitances — Power MOSFETSs are characterized by three
capacitances:

1. Cgs'  Input capacitance
2. Cygs: Common source capacitance
3. Cpeq: Reverse transfer capacitance

These measured capacitances are related to device structure as
shown in Figure 14. We see from this figure that the value of C,¢¢
for a dual layer access structure will be correspondingly greater
per unit area than an interdigitated structure. With these capaci-
tances, a simple small signal equivalent circuit may be derived as
shown in Figure 15. This equivalent circuit is also useful in more
elaborate transient analysis. These three capacitances have
been measured over temperature, with no appreciable tempera-
ture dependence found.
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Conclusion

The power MOS transistor is a device with its own set of electrical
parameters. These parameters depend on the device structure.
The success with which power MOS transistors are used will
depend on adesigner’s understanding of these electrical parame-
ters and their limits. This article has attempted to link the perform-
ance of power MOS transistors to their optimum design and
processing and to establish some physical limits for optimum
performance.
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Low-Threshold MOSFETSs:
Structure, Performance and Applications

Since an increasing amount of attention is being focused on
system interface from low-level logic, the need for higher current
and/or low on-resistance at drive levels of only 3-5 volts has
become a major concern. Supertex has always known of the
importance of the gate drive consideration and has been offering
N-channel low-threshold devices with threshold voltages of 2.4
and 1.6 volts for many years. Additionally, standard and low-
threshold versions of P-channel DMOS devices are available. To
understand the reasons that low-threshold processing requires
very specialized techniques, one needs to understand the DMOS
structure.

DMOS Structure

Most double-diffused MOS (DMOS) structures have very similar
cross-section characteristics, as shown in Figure 1. For conduc-
tion to occur, a channel of electrons is needed between the gate
and the source. This potential produces an inversion layer called
the channel. The depth of this layer is the limiting factor in allowing
current flow between the drain and source terminal. The greater
the voltage applied, the deeper the induced channel; resulting in
more current flow. The voltage needed to invert the channel
region is called the threshold voltage V. However, when
examining most manufacturers data books, one finds Vg, de-
fined as the voltage needed to produce a specified drain current
(Ip)- This differs from the theoretical definition of knowing when a
channel is produced, which is of little interest to power MOSFET
users. Comparing VGS(m) at the same |, simplifies the analysis of
databook parameteric guarantees, allowing the designer to
compare the product to actual needs.

The control of the threshold voltage is dependent on many factors,
such as dopant concentration, gate-to-silicon work function and
surface change. The greater the body dopant concentration, the
larger the applied voltage needed to produce a channel, which

Poly

Gate Gate
Ox ’__‘L—J N+, "—Z———‘
A/

drain

Figure 1. Double Diffused MOS (DMOS)

translates to a higher threshold voltage. One method of reducing
threshold voltage is to reduce the body dopant concentration until
the required Ves<m) is met. This technique by itself is dangerous
because it degrades other device parameters. The first and most
important of these is drain-source breakdown (B, ), which is a
result of certain conditions, most commonly punch-through.
Punch-throughis defined as the drain voltage needed to create an
electric field connecting the drain and source, as shown in Figure
2, at voltages less than the actual B, ¢4 rating.

The susceptibility to punch-through increases dramatically as the
body dopant concentration is lowered. There is an optimum body
dopant level that is needed in order to stay away from the punch-
through mechanism, but this concentration is too high for low
thresholds. This is one of the reasons why P-channel devices
typically have higher thresholds, because the optimum body
dosage is higher than N-channel FETs.

Another technique, used by some manufacturers, is to lower
threshold by reducing the gate oxide thickness. Again, there are
tradeoffs using this method: (1) The input capacitance increases
which will effect the switching speed efficiency and (2) the
maximum gate voltage rating is decreased, making it more
susceptible to input voltage spikes.

Supertex has developed a proprietary technique to successfully
lower threshold voltage without these major tradeoffs. This
method mainly depends on modifying the diffusion profile and
altering the charge distribution to produce low-threshold N- and P-
channel devices. This process, which makes use of Supertex’s
interdigitated design structure, allows typical thresholds of 1.1

Figure 2. Electric Field Connecting Drain and Source




Part Number IRF 520

VN1210N5

Parameter Min | Max Conditions Min Max Conditions Unit
Vasin 2.0 4.0 Vps = Vo |p = 250pA 0.8 24 | Vpg=Vge lp=10mA \"
Gate Threshold Voltage
8.0 Vos > Ipon 20.0 Vps = 25V A
ID o) On-State Rosiony Max Vg = 10V
Drain Current Ve =10V
5.0 Vps =25V A
Vgs =5V
03 | Vgg=10V 03 | V=10V Q
Rosmm State Drain- Iy =4.0A I, = 10.0A )
to-Source On Resistance 0.45 Vgs =5V Q
I, =2.0A

Table 1. Comparison between power MOSFET and standard threshold Supertex device

volts for N-channel and 1.8 volts for P-channel, DMOS devices.

An added benefit of Supertex’s design is the lower input capaci-
tance achieved by the interdigitated geometry, rather than the
more conventional closed cell approach. “The Ideal Interface,” an
article published in Supertex's DMOS applications booklet, dis-
cusses these geometric considerations. As stated in the article,
less charge is needed to control the device input. Therefore, it can
be concluded that a lower threshold device will start conducting
earlier for a given gate drive and allow control of larger drain
current than a higher threshold device.

The availability of such low-threshold DMOS devices insures the
performance needed to be driven by low level logic systems, in
which the maximum voltage available is only 3-5 volts.

Performance Advantages

With the first device shipped in 1982, Supertex was the pioneer in
low-threshold DMOSFET technology and still maintains a per-
formance edge over other manufacturers. Supertex currently
supplies the lowest threshold power MOSFETS in the industry. A

300
< TNO520N3
£ 200
L

100 VN0220N3

0
0 1 2 3 4
Vgs (volts)

Figure 3. Typical Transfer Characteristics
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threshold voltage of 1.6 volts for N-channel and 2.4 volts maxi- -
mum for P-channel clearly supports this claim.

Supertex measures threshold voltages at Ip= 1mA, 2.5mA, and

10mA for small, medium and large-sized devices, respectively.

Although some manufacturers use test conditions as low as |, =
250uA for large devices, Supertex devices, in comparison, still

have lower values of threshold voltages at higher values of | ,. See
Table 1 for a comparison between a popular power MOSFET and

a standard-threshold Supertex device.

A true comparison can be made by normalizing the value of the
|, test condition. The threshold voltage for VN1210N5 will be
lower than 2.4 volts, maximum, when it is tested at |, = 250uA.
Supertex’s test conditions therefore portray a realistic picture of
the device’s capabilities at low V4 conditions.

The threshold voltage is an important indicator of performance at
low V4 conditions because a device that starts conducting at a
very low bias will exhibit good characteristics under such condi-
tions. In fact, RDS(ON), maximum, and Ioony Minimum, at low Vo
conditions are much more important than just the threshold
voltage value because quiescent gate voltage conditions are
usually at least a few volts above the VGS((h value. Figure 3 shows
the transfer characteristics of a standarcf-threshold and a low-
threshold device. For example, if the drain current requirement is
100mA, TNO520N3 will typically need V. = 1.8 volts and
VN0220N3 will require 2.8 volts to achieve this value. Incasea 2.8
volts drive is not available, as in many applications, a VN0220N3
will be incapable of functioning in the circuit. In spite of the TN0O5
die being half the size of a VNO2, the TN0520N3 performance is
far superior at low gate to source voltages.

When confronted by low gate drive voltage, a designer basically
has two choices:

Approach 1: Use a large industry-standard-threshold device to
obtain the required low Ry, maximum, and
ID(ON), minimum, values. ID(ON) can be obtained from
the transfer characteristics and RDS(ON) values will
be read off the typical saturation or output charac-

teristics.

Approach 2: Compared to the device used in Approach 1, use a
relatively small (die size), low-threshold device to
achieve the desired I, and Ry, at the given

minimum gate-to-source voltage.
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Figure 4. Motor of a Fluid Injection Pump

Comparison of Approach 1 and 2

1. Large die always have larger parasitic capacitance and conse-
quently slower switching speeds. This could pose a restriction
inmany applications, where limited gate drive charging current
is available.

2. Large die must be accommodated in large packages, and this
may resultin unnecessary waste of board space. For example,
the total volume occupied by a TO-220 package including
stand off could be 8 to 10 times more than a TO-92 package.

3. Ajudicious choice using smaller die in a smaller package can
result in considerable cost savings. With more silicon and
several times the raw material content for packaging, a low-
threshold TO-92 will definitely be a much more cost-effective
alternative.

Supertex publishes Ros oNy’ maximum, and |, oN) minimum,
specifications at V¢ = 5 volts (see Table 1). This data is very
useful to a designer because it is always desirable to rely on
guaranteed values instead of typical curves. Typical curves are
based on a high statistical probability of the majority of devices
closely meeting values on the curves. They do not 100% guaran-
tee performance of all devices. Manufacturing tolerances and
some variations from one fabrication lot to another are likely to
cause lower than expected values of these parameters. Depend-
ing entirely on curves tends to be risky for production runs even
if prototypes built earlier perform satisfactorily.

The combined effect of low-threshold voltage and low-input
capacitance is ease of drive, which is a key consideration in most
circuits employing power MOSFETs. What better trait can a
designer expect than a small amount of charge controlling high
voltages and large currents? These low-threshold FETs from
Supertex are ideally suited to interface low-voltage logic to the
outside world.

Applications

Low-threshold power MOSFETS play a key role in circuit design
whenever there is a low gate-to-source voltage situation. Conven-
tional devices are often very inefficient and sometimes unusable
in some applications as follows:

e Handheld, battery-operated equipment requiring satisfactory
operation at low/end-of-discharge voltages. This is necessary
for complete utilization of battery energy. Inadequate turn-on of
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a FET can cause two problems: A) loss of control signal or
data; or B) loss of power due to resistive losses. Supertex TN/
TP series devices are being used for a variety of data acquisi-
tion and remote-control applications.

Medical equipment with battery back up is another popular
application. Figure 4 shows the motor of a fluid injection pump
powered by the utility supply and backed by a NiCad battery.
The Vg4 = 6 volts condition demands carefully attention, be-
cause the R, has to be low in order to ensure a low drain
to source voltage drop. A large voltage drop can A) affect motor
performance, and B) cause high I°R losses, reducing system
efficiency and battery back-up time.

+
Photovoltaic
Diode Stack
r———{ ¥

A7
A7

Control
Signal

Figure 5. Photovoltaic Drive Scheme

o Solid-state relaysutilize optically-isolated drive schemes for
isolation purposes. Figure 5 shows a commonly-used pho-
tovoltaic drive scheme. Usually a low voltage is available to turn
on the FET to meet the relay’s assured R4 ,,, specifications.
Precautions are taken to avoid excessive drive since the charge
applied during turn-on must be quickly discharged during turn-
off. Turn-off circuitry is not shown in this simplified schematic.

e Figure 6 shows a simple charge pump converting 5vdc to
12vdc. The key parameter for efficient functioning of this circuit

is Rpg oy at Vg = 5 volts.
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Figure 6. Charge Pump Converting 5vdc to 12vdc

e Telephone. handsets encounter wide variations of voltage
during normal operation (Figure 7). While the DC voltage
appearing across the unit may vary from approximately 3 to 25
volts when the phone is off the hook, high voltage AC ringer
signals and associated transients have to be handled safely.
Moreover, atmospheric disturbances (e.g., lightening and RF
radiations) are picked up by the lines, inducing high voltages
which are suppressed by MOVs, gas discharge tubes, etc. (not
shown in the figure).

Supertex low-threshold TNO5 devices used for the pulser and
mute switch operate satisfactorily, even at voltages as low as 3
volts. A TN0524N3's guaranteed I, ,, minimum = 100mA at V¢
= 3 volts is more than adequate for this purpose.

Advances in low-threshold power MOSFET technology offers
several useful choices to a designer. Circuit design for many
applications are simplified and use of components minimized.
Consequently, system complexity is reduced and reliability en-
hanced. All these benefits combined with the cost-effectiveness
of the devices makes the low-threshold FETs an excellent choice.

Receiver
(240V
—0 O———————. Constant-current
Hook-switch Device)
. Dial
Microphone ™ Pulse
(b el (&= O”
Pulse\
Switch
Mute
Line Switch
N\ TNO524N3 Pulse Key
—o €ﬂ TNOS24NG| D! board
Mute
o/P J

Figure 7. MOSFETs in a Telephone Handset
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Application Notes
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Basics of EL Panel Drive Techniques

Thin film electroluminescent (EL) panels operate on a principle of to the row scan pulse. This combination of row and column voltage
successive pulses of opposite polarity. These pulses must ex- across the phosphor will exceed the threshold and cause the
ceed a threshold of approximately 200V for the panel to emit light. phosphor in areas between the energized row electrodes and the

energized column electrodes to glow. This sequence, applied to

A flat panel display is a sandwich of phosphor material with ’ | ! :
successive rows, causes certain portions of the display to be

dielectric coating on either side; transparent ITO (indium Tin

Oxide) row electrodes on one side and column electrodes on the iluminated.
opposite side. These layers are built up on a sheet of glass to form Because the phosphor requires successive pulses of opposite
a very thin, lightweight display panel. polarity to operate, an opposite polarity refresh pulse is applied to

all row electrodes simultaneously while the column drivers are
kept atground. The sequence then begins again at row #1 with the
next frame of data. Figure 2 is a representative timing diagram of
the signals applied to a TFEL panel showing the first four rows and
the first column.

Since the drive electrodes are dielectrically isolated from the
phosphor material, and each other, the display panel exhibits a
capacitive load to the drive electronics. On larger panels this
capacitance can be quite high. Surge currents can be large,
therefore coupling from the row to the column electrodes should
be considered. Due to the fact that the phosphor illumination threshold has a
slope of illumination versus applied voltage within a short range,
the column drive electronics can be made to vary the applied
voltage within this range, dictated by the intensity of light desired
. . . for a particular element on the display. By this means, a grey
Generally, the row electrode electronics supply the major pomgn shade image can be created using the EL display.

of the threshold voltage, called the scan pulse, and the opposite

polarity “refresh” pulse , which is necessary for the panel to emit

light. The refresh pulse is usually applied to all rows at one time Row Drivers (HV02, HV03, HV05)

while the scan pulse is applied to one row at a time (starting with
row #1), similar to a television raster scan.

The drive electronics used to operate the panel are organized in
amanner to surround the display panel with contacts as shown in
Figure 1.

To allow the open drain outputs to provide the opposite polarity
pulses to the panel, the sources of the output MOSFETs must be

Depending on the data to be displayed in each column, the switched between the different voltages required for the panel.
column electrode electronics supply a voltage of opposite polarity
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Figure 1. Block diagram of the driver system for a TFEL (Thin Film Electroluminescent) panel. Note that the column drivers have |
two data lines with interleaved pixel data. )
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Figure 2. Simplified diagram illustrating row and column timing to operate an EL Panel. V___ only lights pixels that were turned
on by Vg, and V__ pulses in the previous frame of information.

Since these MOSFET source connections are connected to chip
ground, the entire device needs to be isolated or “floated” from the
system ground. The control signals to the row driver chips
therefore must be opto-isolated from the system ground. Figure
3 shows a simplified way to accomplish this.

The two high voltage supplies are switched to the row substrate
(driver chip ground) using MOSFET switches. Application of the
voltages to the panel is as follows: the refresh pulse is applied to
the entire panel at the same time by pulsing on “C,” forward
biasing the body-drain diodes on all row outputs. The panel is
returned to ground by pulsing “D” while having all the row driver
outputs on. The scan pulse is applied, one row atatime, by pulsing
on “A” while the selected row output is on. The selected row is
returned to ground by turning on “B.” The next row to be scanned
isthen selected, and the scanis repeated; first “A,”then “B.” When
the entire panel has been scanned, the refresh sequence is
executed; first “C,” then “D.” The scan cycle then begins again.
In this way the proper voltages and sequences are applied to the
panel for operation.
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Monolevel Column Driver (HV04, HV06)

The column drivers are used to apply the data to be displayed onto
the panel. The data for each row of picture elements (pixels) is
loaded into all the column drivers serially and latched into the
output latches. The outputs are thus turned to their desired state,
and then the high voltage (V) is applied. Columns selected for
data display are connected to V_ through the CMOS output and
are pulled up to V.. The combination of the column V,,, and the
selected row voltage will cause selected pixels to light in that
particular row.

During the time that the data for one row is being displayed, the
data for the next row is being loaded into the shift registers,
awaiting the display of the next row. When a row is completed, the
column driver V,,, is brought low and the data waiting in the shift
register is loaded into the output latches. The cycle then begins
again for each successive row.

The column drivers are designed with a serial shift register output
for use in cascading the column drivers together. This allows the
data for one row to be loaded serially, using one serial input at the
first column driver device.



Grey Scale Column Driver (HV01)

This device is designed to take four data inputs in paraliel into four
shift registers. The data is then taken from equivalent stages of
each shift register and converted to an analog level, 1 of 16
between ground and V.. this is done by a digital counter using
four bits of input data. The counter is preset with data counting
down to turn off a transistor. This transistor isolates a ramp input
(VR) from an internal storage capacitor, which controls a CMOS
output stage. The output voltage therefore represents the value of
the ramp voltage (VR) at the time the counter for each output
counted down. This voltage, applied to the column of the panel,
combines with the row scan voltage to vary the light output from
each pixel in the selected row.

Panel Brightness

The varying brightness of an EL panel by voltage variation can
only achieve a limited range. Dramatically increased panel out-

+190V Refresh

put, such as required by panels to be operated in direct sunlight,
requires- another method of increasing output. This is done by
increasing the panel.frame rate, or refresh rate. Normal CRT
based systems work on a 60Hz frame rate. Most applications of
EL panels replacing CRTs, then, also opeérate at this rate: Thisis
fine for office and home use but does not provide enough
brightness to accommodate most military applications. By in-
creasing the refresh rate up to tenfold, a dramatic increase in
brightness can be achieved.

Thisincrease in refresh rate requires some changes in the column
driver configuration. Instead of cascading all the column drivers
together, each column driver shift register inputis driven in parallel
by the controlling system at the same time. This increases the
number of data lines required but allows the data to be loaded
much faster, enabling the faster frame rates desired. The row
drivers are used at a much slower rate, so no changes are
required to achieve faster operation.

-
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Figure 3. Row driver panel switching block diagram.
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Application Notes

Cascading Encoder-Decoder

The Supertex family of Encoder-Decoder devices allows address
matching of up to 32,768 different codes. Four bits of data can be
sent to up to 2048 different receive devices. This has been
adequate for the vast majority of applications. Some applications,
however, require even more addressing capability than the larg-
est part can offer.

A cable TV control system, with which a cable company would
want to control operation of all the decoders in their area, is one
applicationin which the possible remote addresses could number
more than 32,768. Another possible use is remote meter reading
of domestic and industrial power meters by the local utility
company. This offers tremendous savings in labor costs over
manual meter reading. Both of these applications require a low
cost, simple means of implementing single unit identity coding of
alarge number of remote devices. The Supertex ED devices offer
this capability.

Mode of Operation

Figure 1 shows a simple means of cascading two ED devices to
allow more than 1.07 x 10° addresses. The basic requirement for
using this design is that the transmission into the receiver consists
of two ED-style data packets (preamble and data) separated by
a short interval. The first data packet will go to the primary ED
device (ED #1) and the second data packet will go to the
secondary ED device (ED #2). These groups of two data packets
must be separated by a much longer delay. Figure 2 is a timing
diagram of the operation of this cascaded receiver.

On initial condition, in which the receiver is waiting for an address
group to arrive, one-shot IC #1 enables the incoming signal into
the Start/Data Input (SDI) of ED #1 while disabling the path to ED
#2. When the group arrives, the first data packet is input into ED
#1. When this data packet, both preamble and data, have been
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Figure 1.
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Figure 2.

received by ED #1, the Data Valid (DV) signal will go high,
triggering the one-shot. This will disable the SDI input to ED #1.
If the data in data packet 1 matched the address data on the ED
#1 data pins, then ED #1 Decode/Data Output (DDO) pin will also
go high. This and the triggered one-shot enables the path from the
signal input to the SDI pin of ED #2. The second data packet will
then be received by ED #2 and compared to the data input pins.
If the address matches, the ED #2 DDO will go high.

The one-shot timing must be set to allow data packet 2 to be
completely received before the one-shot times out and returns to
the off condition. This time period will vary depending on the
transmission speed of the communication link and the ED speed
used. After both data packets have been received and the one-
shot has timed out on all the receivers in the system, the
transmitter can then send out a new address group.

Address Decode

The circuit shown in Figure 1 and described in the previous sec-
tionimplements the address decode function. The DDO pinon ED
#2 should be connected to a device that operates on a positive
going edge to signal the correct addressing of both ED #1 and ED
#2.

Different combinations of ED devices can give a different number
of possible addresses. The following table illustrates these pos-
sibilities:

ED #1 ED #2 # of possible addresses
ED-15 ED-15 1,073,741,824
ED-15 ED-9 16,777,220
ED-15 ED-5 1,048,576

The ED-9 cannot be used in the ED #1 position because it does
not have a DV output available.

Address and Data

Often itis necessary not only to address a particular device within
a large number of devices in a system, but also to send some
amount of data only to that device. The ED-11 and DC-7 devices
easily implement this capability in the cascaded design. Figure 3
illustrates a data transmission variation of the cascade circuit.

The input controls for ED #1 and #2 operate the same as for the
address matching case. In this case, however, the Serial Data
Output (SDO) and Data Clock (DC) of ED #2 are connected to a
4094 serial to parallel shift register. The SDO is connected to the
Data In pin, while the DC is connected to the Clock pin to clock the
data into the shift register. The rising edge of the ED #2 DDO
signal is converted to a pulse and used to transfer the data from
the shift register to the parallel output latches of the 4094 if the
address match is detected. The DDO pulse is also available from
the receiver system as an interrupt to the external circuitry
signalling the arrival of data from the transmitter.

ED #1 | ED #2 | Data Bits Address Combinations
ED-15 | ED-11 4 67,108,864

ED-15 | DC-7 8 4,194,304

ED-15 | ED-5 15 32,768 *special case
ED-5 | ED-11 4 65,536

ED-5 | DC-7 8 4,098

ED-5 | ED-5 15 32 *special case

* The special cases noted above represent a situation in which 15 data bits must be
received. Thisisimplemented by using ED #1 only for address matching and using
ED #2 only for data reception. To receive 15 bits, two 4094s must be serially
connected to form a 16 bit shift register. The Data Valid (DV) output of ED #2 would
be connected in place of the DDO output to strobe the data into the latches of the
4094s.
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Figure 3.

Transmitter

The transmitter used to address this receiver design would
normally be microprocessor controlled, with a peripheral adapter
port connected to the data pins of an ED-15 device. The data pins
could be changed to implement the data packet #1 and #2 by the
much faster microprocessor. Alternatively, two ED-15s could be
OR-gated to atransmission media and controlled by normal logic.
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Conclusion

This application should help implement a simple low cost means
to address a large number of remote devices in an addressing
system. If there are any questions or suggestions for improve-
ment, please contact the applications engineering department at
Supertex.
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Application Notes

DC-7, ED-5, ED-9, ED-11 Applications

The Supertex “ED Family” of remote control encoder/decoder
chips has almost unlimited uses. To make the user aware of some

of the salient features of these unique ICs, we have put together”

this application note. When used in conjunction with the data
sheet for these parts, most of the questions that may arise from
attempts to design systems around them may be answered.

Remote Control Systems

As electronic systems become increasingly more sophisticated,
the need to perform certain functions at a distance becomes
increasingly important. In many cases, the need arises for central
automatic control of remote operations. Here, too, remote control
devices are necessary. Until recently, remote control of various
functions required a plethora of discrete circuits, raising the cost,
in many cases, to prohibitive levels. Recently the MOS LSI
industry has responded with integrated circuits of varying useful-
ness and complexity. Most of these ICs are geared to perform a
single task such as opening garage doors, controlling TV func-
tions, and the like. Until now, all remote control ICs were sold in
aset; i.e., aseparate encoder and decoder. The Supertex EDs on
the other hand are a single chip. The encode/ decode function is
determined by a programming pin, which is tied to V, for the
encode function and V¢ for the decode function. Having only one
chip reduces the complexity of purchasing remote control. Spares
are easier to stock, and reliability is enhanced.

The Supertex EDs

In addition to the “lock-and-key” feature of ED codability, the ED-
11 has the feature of being able to transmit and receive 4
additional bits of binary data which are available at the decoder’s

output. The DC-7 has 8 bits of data. These can be used to perform
tasks such as channel recognition (with digital readouts), micro-
processor interface and event sequencing. This feature makes
the ED family of encoders/decoders extremely versatile.

Simple, Two-Wire Interface Utilizing ED-15s

The basic application for the ED-15 is the simple two wire
interface. This configuration is useful for optimizing ED parame-
ters such as encoder/decoder frequency stability, and lockup
time. It is also a useful way of observing waveforms and can be
invaluable for troubleshooting a more complicated system using
other transmission media.

In Figure 1, the output is not latched and will stay high only so long
as the trigger circuit keeps cycling the encoder. The CMOS
oscillator is necessary to produce the start pulse. By utilizing an
oscillator, it is possible to get a continuous data stream. This is
useful for observing all waveforms involved. The start pulse
oscillator can even be used to trigger the scope, making the
waveforms easy to sync. The wire used can be just a jumper when
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Figure 1. Basic Two-Wire ED System




both encoder and- decoder are on the same breadboard but
twisted pair or shielded cable should be used for long runs.

ED-11, DC-7 System Utilizing Hardwire
Transmission and Output Latches for
Additional Data

As stated earlier, one of the great features of the ED family of
encoder/decoders is the ability of the ED-11 and ED-5 to transmit
4 bits of binary code along with the “lock-and-key” recognition bits,
the DC-7 to transmit 8 bits of binary code along with the “lock-and-
key” recognition bits, and these 4 or 8 bits to appear at the data
clock output of the receiver. This feature allows the transmission
of useful data instead of just the “code valid” output common to
other so-called remote control encoder/decoders. The following is
an adaptation of the hard-wired system seen above. The differ-
ence is that even though an ED-15is used for the encoder, an ED-
11 is used for the receiver, and this data is decoded for use as a
parallel latched data bus. Of course, since the last 4 bits in the ED-
11 are used as actual transmitted non-dedicated data, it has only
2048 different possible code combinations instead of the 32,768
combinations possible with the ED-15 system. The trigger circuit
is the same as above and will be represented from here on only
‘as a block diagram.

In Figure 2, an ED-11 can be used for the transmitter as well as
for the receiver. An ED-15 is shown to illustrate the compatibility
of the ED family of encoder/decoders. The 4015 in the circuitis a
serial to parallel converter and the 4042 is a quad 4-bit latch. The
data valid pin is used to clock the parallel data into the latch and
Q as well as Q outputs are available on this IC. The bit sequence

chart is given below the schematic to show the reIa’uonshup of the
“key-code” bits to the last 4 data bits.

In Figure 3, a DC-7 can be used for the transmitters as well as for
the receiver. An ED-15 is shown 1o illustrate the compatibility. of
the ED family of encoder/decoders. The 4094 in the circuit is a
serial to parallel converter and an 8-bit latch. This circuit demon-
strates the use of the DC-7 in which both the data and address can
be transmitted from one location to another and both the data and
address of the transmitter recovered. In an application in which
only the data is to be recovered and a special address assigned
to the receiver, the D/DO signal should be connected to the 4094
and only the TOP 4094 used. In a system in which all incoming
data and addresses are to be decoded the DV signal would be
connected to both 4094s as shown. The bit sequence chart is
given below the schematic to show the relationship of the “key-
code” bits to the last 8 data bits.

Infrared Transmission

Often it is necessary to transmit data over some distance without
wires. In such aninstance it is necessary to couple the data (in this
case from ED-series encoder/decoders) by way of some trans-
mission media. Here is a simple but effective way to use IR as a
medium for signalling between two EDs.

The circuit in Figure 4 is designed so that the ED-15 is operating
at 25KHz. The output of the chip (Pin 7) is applied to an NPN
transistor gated with a 3.3KQ base resistor to act as a switch. The
data stream turns the 2N4401 hard on or off depending upon the
coded state. This in turn switches on and off the Monsanto
MV5000 series infrared LEDs. Three of the LEDs are used to
make aiming at the receiver easier.
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Figure 2. ED System with Latched Parallel Data Out
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Figure 4. IR Remote Control Transmitter/Receiver

The receiver circuit consists of a three-stage amplifier (the CA
3035) with Siemens Bp104IR photo diodes arrayed for maximum
coverage of the reception area. The output of the CA3035 is then
applied to the ED-15 receiver chip and the signal is decoded in the
normal way. The range of this set-up should be about 10 meters.

Even though in this application the ED-15 is shown, it will work
equally well with any of the other ED ICs. This application can be
combined with the application in Figure 2 to provide 4 bits of
parallel data or Figure 3 to provide 8 bits of paraliel data to operate
displays, relays, etc.

Microprocessor Interface to ED-11, ED-5

ltis possible to use the ED-11 and the ED-5 in conjunction with an
8-bit microprocessor to remotely control functions at a distance.

Because of the Supertex ED system’s “single chip” approach to
encode-decode remote control, it is possible to use these ICs in
a “hand-shaking” arrangement, allowing for 2-way communica-
tion between 2 or more microprocessors with a 4-bit data word. To
do this, an 8-bit up is required, 4 bits are used as data, and the
remaining bits control the EDs and and associated logic required
to change the system from a data transmission system to a data
receiving system.
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In Figure 6, an 8-bit microprocessor such as a 6502 or 6800 is
used to enable the ED-11 or ED-5 to transmit data to another 8-
bit microprocessor telling it to perform some function. When the
transmitting uP is finished sending its message, it returns to the
“receiver” mode. The interrogated P then performs its function
and switches itself to the “transmit” mode and sends confirmation
back to the first pP.

In Figure 7, a “possible” timing diagram is shown for such an
application. One can see that DB6 or transmit enable is actuated
first. With all of the gates shown in Figure 6 now in the “transmit”
mode, DB5 sends out a trigger pulse to the ED chip. This initiates
adatatransmission (shown as D/DO in the timing diagram). Atthe
end of this data transmission DB6 drops back low, returning the
ED and data systems to the “receive” mode. For RF transmission
the DBG6 signal can also be used (via a buffer) to drive a relay to
key the RF transceiver to the transmit mode. The uP software for
such an application would have to be developed by the user, and
the circuit diagram shown here is only a suggestion. Microproces-
sor information used in this circuit is from the 6502 or 6800
literature and assumes its use.
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ED “Carrier Current” One-Way Remote
Control System

Inthe following application (Figure 8), the AC power lines running
through a house or office building are used to transmit data from
one ED to another. Such a system is an ideal way to interconnect
multiple smake alarms, turn on or off appliances from a central
location, or monitor energy use in the home or plant.

This particular circuit (Figure 9) utilizes 160KHz as the transmis-
sion frequency. The reason that this frequency is used is thatithas
been shown that “around” 160KHz is the best compromise
between noise and capacitive attenuation of typical building
wiring. One of the major problems with “carrier current” commu-
nication devices is that house wiring is a very difficult transmission
medium. Most building codes require that buildings be wired with
a large two-conductor solid wire called “ROMEX.” Since both
conductors are jacketed together, the capacitance between them
is quite high and the attenuation of high frequencies is consider-
able. To compound this problem many building codes require that
the wiring be conduited. This will be found mostly in commercial
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Figure 8. Carrier Current Transmitter
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Figure 9. Carrier Current Receiver. 160KHz transformer consists of a 18 x 11mm ungapped pot core (Siemens, ferrocube, etc.)
utilizing magnetics incorporated type “F” material wound with 80-1/2 turns of No. 35 wire for the secondary and 4-1/2
turns for the primary. This gives a turns ratio of approximately 15to 1.

and multiple-dwelling buildings, but since the conduit is ground,
the capacitance is even greater. Another problem with building
wiring as a communication medium is the fact that many appli-
ances hooked to the wiring are large inductive loads (motors,
power transformers, etc.). When these inductors are in parallel
with the ROMEX, very effective high frequency filters are formed.

External Oscillator for ED-15, ED-11, ED-5,
DC-7

Often it is desired to drive the ED-series devices with an external
clock. Due to external considerations it is not recommended in the
general case.

However, the ED-15, ED-11, ED-5 and DC-7 device types may be
externally driven in the transmission mode if certain precautions
are taken. Using the circuit in Figure 10 will allow driving of the
transmitter chip. The external oscillator MUST be gated on only
during the transmission time after the START pulse. During all
other times the O/I pin MUST be held high. The DRS signal in the
transmit mode is a convenient signal to use as a gate for this
purpose. A 1KQ resistor in series will minimize possible current
spikes inside the device. The gates shown in Figure 10 should be
CMOS logic and share the same V) used on the ED device.

The synchronizing characteristics of the ED series in the receive
mode do not allow an external oscillator to be used. The use of the
data sheet curves will allow calculation of the resistor and capaci-
tor network to use on the receiver to match frequencies with the
external clock of the transmitter.

0OsC

NeUT BT o—wm— o

1K

NC | OC

NC | OR

DRS

<]

Figure 10. External Oscillator Gate for ED-15, ED-11, ED-15,
DC-7A Transmission mode only.
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Application Notes

Encoder-Decoders for Power Line Carrier Remote Control

Power Line Carrier Communication is starting to emerge as a
viable, cost effective means for control and information exchange
in both consumer and industrial applications.

Energy Management Systems for heating, air conditioning and
lighting control are obvious examples of the use of the power line
as a communication link. A system is shown in Figure 1 using
Supertex Encoders and Decoders for transmitting and receiving
controlinformation over the power line. The prototype system was
designed to allow remote On/Off and brightness control for a
fluorescent lighting fixture using a dimming ballast. The design
was simple and implemented in about a week’s time.

System Description

The system uses an ED Encoder-Decoder chip set to generate
the Power Line control messages and to decode the messages for
appropriate action. The system transmitter is able to selectivity
address 32 different receivers and transmit 16 different control
commands to the receivers that are connected to the AC power
line.

The control message is coupled to the AC power line by a
Signetics NE5050 Power Line Modem. The modem takes a serial
bit stream, generated by the ED-9, and turns it into a series of
125KHz bursts. Each burst represents a digital “1” in the serial bit
stream. This series of 125KHz bursts is transmitted over the AC
power line to any receiver that is coupled to the AC line.

The series of 125KHz bursts are received by a second Power Line
Modem and translated back into the original serial bit stream
generated by the ED-9. This serial bit stream message contains
address and control information. The message is decoded by an
ED-5 to determine address match and control command. If the
address does not match, then the rest of the message is ignored.

+V +V
ED-9 S ED-5 -—J Shift —
Register f———
SDI SDO
SOt =10 O R
DG Data
_J_— D/DO Control
= |D/DO = | sal Bits
Power Power
Line Line
Modem Modem
Transmit Receive
Jll 1]
1 1 AC Power Line

Figure 1. System Diagram
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When there is an address match at the receiver, the ED-5 will
serially transmit the data information into the serial to parallel shift
register. The data can then be decoded to determine which of the
16 control commands was transmitted.

Transmitter (Figure 2)

The ED-9 performs address matching only. In this application, the
9 bits that are available for addressing are split into 5 bits of
address (D4,D5,D6,D7,D9) and 4 bits of control data (D12-D15).
The 5 bits of address are set with dip switches, and the 4 data bits
can be set with dip switches or a rotary selector switch.

The transmission of a message is initiated by a pulse on the Start/
Datainput (SDI). The message baud rate, f , is determined by the
RC combination of 10K ohms and .039uf at the OI, OR, and OC
pins of the ED-9.

f, = 0.375/RC = .961KHz

T, =1/ =1.04ms

Data Bit Width = 2T = 2.08ms
Data Clock Width = 0.5T_ = .52ms

+V +V
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c DR Modem
DC TX IN
soI D/bo Transmitter

L

Address  Control
Data  Data
Bits  Bits

AC Power Line

Figure 2. Transmit Circuit

Message Format (Figure 3)

The message (shown in Figure 3) consists of a preamble burst
and a data transmission. The preamble burst is used to synchro-
nize the receiver with the transmitter.

The data transmission consists of 15 bits of information. In this
application only 5 bits are used for address information and 4 bits
for control information. The data transmission is Manchester
encoded. Manchester coding uses the transition from low to high
to represent a binary “1” and a transition from high to low to
represent a binary “0”. With this technique, the first half of each
data bit time is always the logical inverse of the second half. This




provides for a level transition during each data-bit time, and allows '

a synchronized receiver to easily read the correct data, even
when large noise spikes are present.

SDI

Sync Burst Input Bits D1-D15 L
f 126 TC |
Data Bits D1-D15 (
1 2 3 ) 9 10 11 12 13 14 15
I 627TC |

Figure 3. Message Format

Receiver (Figure 4)

The receiver uses an ED-5 in the receive mode by first checking
the address of the incoming message against the preset 5-bit
address in the receiver unit. If the address in the message
matches the receiver address, then the 4-bit control data is
serially shifted into the serial-to-parallel shift register. This 4-bit
word is now available for further decoding and control.

The message enters the device on the Start/Data Input (SDI) pin.
the ED-5 then matches the message address information with the
address of the receiver, and if the bits match, the Decode/Data
Out (D/DO) pin goes high until the next stream of serial data
arrives at the SDI pin. D/DO going high pulses the strobe input to
the CD4094. This action resets the shift register, and the DC
output from the ED-5 clocks the entire message into the shift
register. The last four bits of the message (D12-D15) contain the
control information (refer to Figure 5). The control information will
be at the outputs of the shift register (Q1-Q4) at the completion of
the receive sequence.
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R " Drivers
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Power
Line
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Figure 4. Receive Circuit

Power Line Interface

The Power Line Modem was calibrated to transmit a 125KHz
burst at a signal level of 7.5 volts p-p into a 50 ohm load.
Impedances of residential wiring may be over 50 ohms while
industrial impedances may be less than 1 ohm, with the receiver
sensitivity set at 15 millivolts.
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The AC Power Line

The constraints imposed by the power line interface dictate the
overall system operation. The power lines are a hostile environ-
ment-for signals. The noise on the power line can be put into two
categories: broad band and impulse. The broad band noise
levels vary from a few to hundreds of millivolts. Impulse noise
levels can range from millivolts to tens of volts. Examples of noise
sources are light dimmers, universal motors, hair dryers, induc-
tion motors, radio and television receivers, and fluorescent lights.
In general, noise levels in a factory environment will be much
greater than in a residential environment.

The system described in this application note can, depending on
the noise level, be affected by impulse noise on the power line.
The communication link between the transmitter and receiver is
an open loop one way command link. An impulse could cause
false command decode if the impulse happened at the time when
the receiver was decoding the control data section of the data
transmission. The receiver would have to have properly received
and decoded the address for the command to be improperly
executed.
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Figure 5. Data Patterns

Impulse noise could also cause errors in the address section of
the data transmission, in which case the control command would
be ignored due to improper address match. The effect of impulse
noise on the operating system is not as much a problem with the
encoder/decoder section but with the power line modem, which is
improperly decoding the 125KHz bursts.

The impedance of the line is likewise ill-defined. It may be
resistive, inductive or capacitive. Line attenuation is difficult to
estimate because it is extremely load dependent. A high-power
load can significantly reduce the impedance of the line at the point
of connection and thus dominate attentuation for all points of
communication that occur beyond the offending load unless that
load is isolated with chokes. Capacitive loads can be equally
troublesome and are not necessarily associated with high-power
loads. Another large component of the net attenuation can be the
signal loss incurred in coupling across the multiple windings of a
power distribution transformer. This alone can amount to 20 to 40
db, depending on carrier frequency and transformer construction.
The system described in this application will have problems
communicating to the receiver units if the line attenuation is large
enough to load the transmitted signal to a level below the receive
sensitivity of the power line modem.



Designing for the Power line Environment

The application described in this paper is a relatively simple use
of existing technology to achieve a low cost means of control
communication overthe AC power line. The system s very flexible
with regards to the ability to add microprocessor intelligence to the
transmit and receive ends of the communication link. This added
intelligence may be used to overcome some of the problems
associated with power line noise.

The microprocessor could be used to allow both receive and
transmit at the same location. The microprocessor would enable
the use of a closed-loop communication link with the unit that is to
be controlled. This ability could be used to obtain status reports
from the control unit, to make sure the unit properly responded to
control information. In the case of a unit not properly responding
to control messages, the controller would simply resend the
control message until the unit properly responds. The micropro-
cessor software could also include algorithms that detect power
line noise or other power line communication. When noise or
communication is detected, the microprocessor would simply wait
until the power line was quiet enough for it to transmit its control
message.
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There are numerous methods for overcoming the problems
associated with power line impedance. If the problem is due to the
transmitted signal level, then line drivers can be added to boost
the transmitted signal level. If the problem is due to cross phase
attenuation caused by transformers, then a capacitor can be used
to couple the communijcation signal across the windings.

The primary problem that everybody is faced with when interfac-
ing to the power line is that the communication media (power line)
is different at each installation. The key is to offer a system that is
flexible enough to adapt to the demands of the environment.

Summary

Flexibility of the Supertex Encoder-Decoder devices can be
utilized to make practical a simple power line interface design that
has the capability to transmit data bidirectionally as well as the
simple address match On/Off function. This design is only a
representation of the many possible new product designs that can
resultfrom the use of the Supertex Encoder-Decoder in power line
systems.
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Static Handling and Testing Techniques For MOS Devices

CAUTION MUST BE USED WHEN HANDLING AND TESTING MOS DEVICES. STANDARD PROCEDURES SHOULD INCLUDE THE
FOLLOWING TECHNIQUES IN ORDER TO AVOID POSSIBLE STATIC DAMAGE:

1. Store MOS devices in conductive carbon or nickel shipping 6. All parts should be handled by their packages and not by the
bags, conductive foam, or conductive tote bins. leads. w
2. The person handling the device should be grounded by the use 7. Relative room humidity should be kept between 45 to 60% —
of a 0.5 to 1.5MQ wrist-strap. since static generation increases exponentially as humidity
3. Workstations should have grounded conductive mats over decreases.
non-conducting surfaces. 8. Work, testing and storage areas should be mopped monthly

4. All conductive surfaces and equipment must be connected to with staticide solution or equivalent.
earth ground. 9. For further details refer to DOD Handbook 263 and DOD

5. Rubber gloves and clothing that do not generate static are Standard 1686.

recommended to be worn by any person handling parts.

FOR YOUR CONVENIENCE, THE FOLLOWING IS A PARTIAL LIST OF COMPANIES THAT SUPPLY ANTISTATIC PRODUCTS:

1. 3M Nuclear Products Conductive Bags, Grounding |
3M Center Mats, Tote Bins and Other |
St. Paul, MN 55101 Material I

2. Wescorp/DAL Industries, Inc. ~ Wrist Straps
1155 Terra Belia Ave.
Mountain View, CA 94043

3. Biggam Enterprises, Inc. Wrist Straps, Staticide and
2124 Bering Dr. Other Antistatic/Conductive
San Jose, CA 95131 Material

4. Free-Flow Packaging Corp. Anti-Static Packaging
2500 Middlefield Rd. Material

Redwood City, CA 94063
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Quality Assurance

The Management of Supertex Incorporated is committed to the
continued enhancement of product excellence and service
through the dynamics of its Reliability and Quality Assurance
System, through the integrity of its people, and through the many
professional disciplines engaged in new product development
and process innovation.

It is the chartered responsibility of the Reliability and Quality
Assurance Manager to oversee and ensure enforcement of
Supertex’s Quality System. A formal yearly review is undertaken
to ensure continued development of a Quality System that main-
tains a competitive stance with the marketplace and meets
customer requirements.

Primary Job Charter of the
R & QA Departments:

In-Process QC — The primary responsibilities of the Quality
Control department are to establish and maintain effective con-
trols for monitoring manufacturing processes and equipment; to
provide information concerning the state-of-control; and to initiate
statistically valid technigues to further improve Quality and Relia-
bility levels. This concept is used extensively in, but not limited to,
the following major Quality Control functions:

e Incoming Raw Materials Qualification
Wafer Fabrication Monitors/Audits
Assembly Monitors/Audits

Test Monitors/Audits

Quality Assurance (Standard and Hi-Reliability) -~ The primary
responsibilities of the Quality Assurance department are to en-
sure that the delivered product meets appropriate workmanship
standards and any special customer requirements. Thisis accom-
plished through a program of process controls and gates de-
signed so that all devices are properly tested and sampled prior
to shipment. Control/inspection data keeps all relevant personnel
fully informed on the quality level of product going through final
test operations. Major Quality Assurance functions include:

e Incoming Contract Subassemblies Inspection
o Wafer Electrical Test

e Product Assurance Electrical Test

e Outgoing Plant Clearance

Reliability — The primary responsibility of the Reliability function
is to assure that a high and consistent level of product reliability
is maintained. Reliability establishes, defines and maintains
evaluation programs to determine process/product reliability.
Major Reliability activities include:

e Failure Analysis
e Hi-Reliability Programs
e Process/Product Qualifications
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e New Product Design Evaluations
o Reliability Assurance Monitors

Document Control — The primary responsibilities of the Docu-
ment Control department are to translate and format internal
operating procedures and customer requirements into a system
of regulatory written instructions. Document Control functions to
ensure documentation integrity by establishing and maintaining
procedures for:

e Initiating, revising, approving, distributing, recalling, and
archiving documents.

Organization

The Manager of Quality Assurance/Quality Control reports
directly to executive staff level of Management.

Reliability Assurance maintains a dual level of reporting — to the
QA/QC Manager for R & QA program coordination, Reliability
Assurance monitor and control, failure analysis, and to the Prod-
uct Vice President for Reliability Assurance and qualification of
product/process. This type of structure provides for the autonomy
anddirection thatis needed to successfully manage the Reliability
functions and maintain technological awareness in specific prod-
uct support areas.

It is the responsibility of the R & QA Manager to administer the
planning, organization, execution, surveillance, appraisal, cor-
rective action and documentation of Quality Programs within the
chartered responsibility. The character, responsibility and author-
ity vested with the R & QA Manager will establish the means to
attain the necessary Quality and Reliability objectives in all
aspects of manufacturing.

Quality programs administered by the R & QA Department
support the following functions:

Operator Training — Supertex maintains a System of Operator
Training and Qualification specific to the nature and complexity of
each manufacturing operation, inspection, or test requirement.
The basic training approach used by Supertex is supervised on-
the-job training assisted by experienced/qualified personnel to
provide a “buddy system” of training.

Training is typically performed with the same equipment and tools
used in the normal manufacturing environment. The use of
training aids, such as films, photographs and demonstrations of
equipment and tools, is typical.

Each department manager is responsible for the training and
evaluation of the workmanship performance to manufacturing
norms.

The R & QA department maintains a System of Audits/Monitors
for evaluating Operator's adherence to specification and quality of
workmanship.



Raw Material Procurement and Qualification— Supertex main-
tains a system that ensures economical control and conformance
to detailed technical and quality requirements of purchased
materials (direct and critical indirect). Material procurement is
performed through regulated specifications and drawings. R &
QA functions within this system by providing the following
services:

o Documented instructions for material evaluation, proce-
dures, flow, workmanship standards, test methods and sta-
tistical sampling.

e Incoming inspection of raw materials.

e |dentification and segregation of qualified and nonconform-
ing material.

e Vendor qualification and ongoing vendor performance
appraisal.

e Feedback of inspection results and informing suppliers of
new design changes on raw materials.

o Formal review for disposition of nonconforming materials.

Equipment Calibration — Supertex maintains a Calibration Sys-
tem that ensures measurement accuracy of equipment used to
determine product workmanship and acceptability.

The Calibration System conforms to MIL-STD-45662. Major
provisions of the R & QA program are described as follows:

e Qualification of external calibration services.

e Traceability of references to National Bureau of Standards.
Identifications of measurement and test equipment (electri-
cal, mechanical, and optical) for type and frequency of
calibration.

e Document file certifying equipment calibration and recall
history.

e Management report on recall status.

o R & QA audits of equipment calibration (date stickers and
recall designation).

Manufacturing Flow, Inspection, and Test Points — Supertex
maintains Flow Charts that describe the sequential steps of
semiconductor processing and associated documentation for
Wafer Fabrication, Assembly, and Post Assembly Finishing
through Final Outgoing Plant Clearance. Flow charts are pre-
pared for each product family and associated manufacturing
technology.

Flow charts that delineate Fabrication processing are regarded as
proprietary and are not available for external dissemination with-
out prior approvals from the R & QA Manager and respective
Product/Operations Vice President. Applicable Assembly Pack-
aging Flow Charts are Available upon request.

Flow charts for Customer Hi-Reliability Products are documented
by a detailed lot traveler which defines all sequential operations,
manufacturing inspection points, Customer Source Inspection
points, and Quality Assurance product sample acceptance
points.

In-Process Quality Control — Quality Control is a system of
measurement and surveillance. The System is comprised of
visual, dimensional, structural, and electrical characterization of
material from incoming receipt of raw goods to outgoing finished
product. Information obtained provides management with an
overview on the state-of-the-process by specifically quantifying
position of product yield, quality, and reliability.
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Major elements found in Supertex’s Quality Control Program are
summarized by, but not limited to, the following:

e Environmental monitors (Airborne Particle counts, % RH
and temperature).

e Routine Scanning Electron Micrography (SEM) of semicon-

ductor devices.

Specification compliance audits.

Random monitor of wafers in-process.

Electrostatic discharge prevention/monitor.

Product lot sample qualification at critical manufacturing

points.

Wafer/die electrical sort monitor.

Quality performance/trend data reporting.

Return material analysis reporting.

Monitoring of storage, handling, packaging, and identifica-

tion of raw materials, of work-in-process, and of finished

product.

Product Assurance Inspection — Supertex maintains a system
of Product Qualification through inspection and test of finished
product prior to customer shipment.

The Quality Assurance department provides inspection based on
statistical sampling to ensure that outgoing product quality meets
internal workmanship standards and customer procurement
requirements.

The following process controls, inspections, tests, and documen-
tation requirements are assured prior to submission of product to
Customer Source Inspection and prior to final Outgoing Plant
Clearance:

o Test equipment correlation and qualification.

e Monitor manufacturing test operations.

e Ensure conformance of product lots to detailed customer
testrequirements (Electrical, External Visual, and Mechan-
ical).

e Assure proper and complete documentation for each prod-
uct lot, both in-process and at-plant clearance.

Reliability Assurance — At Supertex the Reliability Concept is
introduced at the design phase of all new products. The factors
that may affect product reliability are: compatibility of fabrication
process, circuit layout and characteristics, assembly process,
package materials, and application. Hence, Reliability Engineer-
ing is involved in evaluating all critical factors of reliability, starting
with the design and first prototype functional circuit. From analy-
sis, modification of design, wafer fabrication, and assembly,
process changes can be implemented to enhance the reliability of
the product. Approval is given for the release of new product to
manufacturing only after the reliability of the product is estab-
lished as acceptable within standard norms.

The Reliability department provides the Product group with a
number of programs to define product reliability levels. Among
these programs are: 1) Qualification, 2) Reliability, 3) Failure
Analysis, and 4) Data Collection and Presentation.

Qualification Program of New Products and Processes:

e Procedures for qualification of new product designs require
Reliability participation and approval in design reviews,
documentation, characterization, and reliability stress
studies. '




o New package qualification is approved and released for
production by Reliability after prescribed environmental
tests have been successfully completed.

e Qualification of a new product is granted only after Quality
and Reliability have completed evaluation of process con-
trol studies. Significant modifications to existing processes
are treated as new processes for the purpose of qualifi-
cation.

o Proper documentation of all changes to process steps and
procedure, and of any new or improved designs or material,
is assured by Reliability's approval.

Reliability Monitor Programs:

e Device and Package Reliability Monitor Programs are
effected for all packages using a variety of device types to
maximize data usefulness and to evaluate cost effec-
tiveness of equipment.

o Packages are evaluated using all applicable methods of Mi
STD-883; Level B, or MIL-STD-750, as appropriate. Data
are reported, as specified, in detailed procedures for each
package-chip combination. Package Monitor programs
include, but are not limited to, the following general tests,
using the appropriate conditions specified in MIL-STD-883,
Level B, Method 5005:

Condition Method
Operating Life (HTRB) 1005
Steam Pressure (Molded packages) N/A
Temperature Cycling 1010
Package Hermeticity 1014
Intermittent Opens (Molded package) N/A
Salt Atmosphere (Initial Qual, only) 1009
Constant Acceleration 2001
Mechanical Shock (Initial Qual, only) 2002
Solderability : 2003
Lead Integrity 2004
Vibration (Initial Qual, only) 2007
Biased Temperature Humidity N/A
(Molded packages)

e Accelerated Stress Monitor Programs are conducted to
obtain timely feedback for process evaluations, as well as
for ultimate device capability studies.

Failure Analysis:

e ltis the policy of Supertex to perform analysis of defective
product and utilize the resulting findings to improve product
yield and integrity.

o Reliability Engineeering also performs failure analysis in
mode and the mechanism of all failures (both from routine
reliability tests and customer returns).
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Failure Analysis Support Activities Include:

e Qualification of existing products for new applications.

e Customer Qualifications. Reliability is responsible for re-
view and acceptance of all customer requirements. When
qualification programs or special testing is required, Relia-
bility designs and implements appropriate test plans and
coordinates with customer.

e Failure analysis, in support of In-Process Quality Control
monitors, is handled by Reliability through Failure Report
Requests. This support includes such services as visual
inspection, metallography, thickness measurements,
selective etching, and die probing.

e Customer’s requests for failure analysis are filled by Relia-
biltiy, which coordinates all replies to customers and
approves all correspondence outside the Company.

e Where Reliability has determined that corrective action is
necessary prior to the release of product for shipment, or
to proceed further in production processing, a Corrective
Action Request is generated by Reliability. No shipment
may occur if the integrity of product reliability would be
jeopardized.

Reporting and Publication of Data:

Qualification test reports are prepared and distributed by
Reliability for all certified products and processes which have
been formally qualified and released for manufacturing.

Reliability is responsible for assisting the Marketing depart-
ment in the preparation of publications for distribution to field
sales locations and to customers.

Presently, the in-house Reliability Assurance testing is supple-
mented by testing done at outside Test Laboratories that have
been approved by D.E.S.C. for performing MIL-STD testing.

In addition, Reliability Assurance maintains a routine monitor
of commercial grade finished product to evaluate reliability
attributes against internally published norms. Products and
packages are deliberately selected to represent typical char-
acteristics and conditions of manufacturing —with the following
considerations given:

e Design complexity and fabrication processing technology.
e Package type/assembly construction and materials.
e Assembly plant location.

Supertex reliability data for standard product is published for
internal use. Specific reliability information is made available to
customers upon request.

Plant Clearance Inspection — Supertex maintains a Final Out-
going Inspection on Finished asssembled/tested product to
ensure that all conditions of processing have been satisfied and
that support documentation, as specified by contract, is main-
tained for each shipped lot.

Provisions for the control of shipped product during the Outgoing
Plant Clearance Final Acceptance Program are structured to
ensure product workmanship guarantees are met.



Summary

Supertex maintains R & QA Programs at critical operations to

assure that products are manufactured under a documented and

controlled system for consistency in workmanship standards (fit,

form, function, and reliability).

The following Standards and Specifications have been integrated

into Supertex’s manufacturing operations and process control

programs:

e FED-STD-209 Clean Room and Work Station

Requirements, Controlled
Environments.

o MIL-M-38510 Microcircuits, General
Specification For.

o MIL-Q-9858 Quality Program Requirements.

o MIL-1-45208 Inspection Systems.

o MIL-S-19500 Semiconductor Devices, General
Specification For.

o MIL-STD-105 Sampling Procedures and Tables for
Inspection by Attributes.

o MIL-STD-750 Test Methods for Semiconductor
Devices.

e MIL-STD-883 Test Method and Procedures for
Microelectronics.

o MIL-STD-202 TestMethods for Electronic and Elec-

trical Component Parts.
e MIL-STD-45662 Calibration System Requirements.
e Special Customer Specifications

-
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@ Supertexinc.

HVCMOS Standard Product Flow

INCOMING QC QC FINISHED
PHOTOMASK INSPECTION WAFER INSPECTION

WAFER
FABRICATION

| CUSTOM WAFERS TO
PLANT CLEARANCE

(SD DEVICES 1.5% AQL)

DIE ORDERS TO POST SORT QA WAFER ELECTRICAL
ASSEMBLY PLANT CLEARANCE VISUAL INSPECTION TEST (WAFER SORT)
(OPTIONAL)
STABILIZATION TEMPERATURE
MOLDED HERMETIC BAKE —— CYCLE
(OPTIONAL)
POSTMOLD GROSS LEAK FINE LEAK CONSTANT
CURE 100% AND/OR 1% AQL 100% AND/OR 1% AOL ACCELERATION
(OPTIONAL) (OPTIONAL) e
STABILIZATION TEMPERATURE INCOMING QA
BAKE CYCLE SOME DEVICES MARKED INSPECTION MECH./VIS
AT THIS POINT AND ELECT.
(OPTIONAL)
MARK POST BURN-IN BURN-IN FINAL ELECTRICAL
SOME DEVICES MARKED | ELECTRICAL TEST IN-HOUSE SAMPLE TEST
AT THIS POINT 100% AND/OR 100%
FINAL QA \
INSPECTION
MECHANICAL/VISUAL BOX STOCK { QA INSPECTION: )
AND ELECT. (0.65% Ay INVENTORY UANT CLEARANCE

Note: Quality Assurance shall exercise the option to incorporate this screen to assure quality workmanship and conformance guarantees.
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@ Supertexinc.

DMOS Standard Product Flow

INCOMING QC
PHOTOMASK INSPECTION

WAFER
FABRICATION

Qc
FINISHED WAFER
INSPECTION

SAW
AND
VISUAL

WAFER ORDERS TO
PLANT CLEARANCE

POST SORT QA
INSPECTION
VISUAL /ELECTRICAL

WAFER
BACKSIDE
PROCESS

WAFER ELECTRICAL
TEST (WAFER SORT)
100%

STABILIZATION
BAKE: 100%
24 HOURS AT 150°C

TEMPERATURE CYCLE*
5 CYCLES —55°C TO +150°C

FINAL QA INSPECTION
MECH/VIS AND ELECT.

0.65% AQL

MARK

BOX STOCK

DICE ORDERS TO ASSEMBLY HERMETIC
PLANT CLEARANCE
GROSS LEAK FINE LEAK
MOLDED
1.0% AQL 1.0% AQL
POST MOLD STABILIZATION BAKE* INSPIET:CT?gl\]l'-“GM%gH/vns
CURE 100% 24 HOURS AT 150°C AND ELECT

IN-PROCESS QA
ELECTRICAL TEST

QA INSPECTION:

INVENTORY

PLANT CLEARANCE

FINAL
ELECTRICAL
TEST

RELIABILITY
MONITOR

*Note: Quality Assurance shall exercise the option to incorporate this screen to assure quality workmanship and conformance guarantees.
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HVCMOS IC Process Option Flow Chart

RB PRODUCT FLOW

(SIMILAR TO MIL-STD-883 CLASS B)

Preseal Visual
Method 2010, Condition B

T
Stabilization Bake
Method 1008, Condition C,
24 Hrs. @ 150°C

I
Temperature Cycle 2)
Method 1010, Condition C,
10 Cycles, -65°C to + 150°C
10 min. Minimum @
Temperature Extremes

L

Constant Acceleration  (2)
Method 2001, Condition E,

Y, Axis Only

20,000 G for 24-40 LD PKGS
30,000 G for 8-20 LD PKGS

Fine Leak 2)
Method 1014, Condition A

orB, s
5x 10™ atm cc/sec

I
Gross Leak (2)
Method 1014, Condition C
T
[ rim and Mark @ |
1
l External Visual I
1
Electrical Test (4)
100% Go/No-Go,
Static and Functional
Tests @ Max Rated
Temperature
I
Electrical Test 4)

100% Go/No-Go
Static Dynamic and
Functional Tests @ 25°C

T
Dynamic/HTRB Burn-in
Method 1015, Condition C,

48 Hrs. @ 125°C
T

Electrical Test
100% Go/No-Go e e
Static Dynamic and —_|

Functional Tests @ 25°C I

Group B Sample
Per MIL-STD-883

@) ’

:
]

Electrical Test

100% Go/No-Go
Static and Functional
Tests @ Max. Rated
Temperature

Group A

25°C Tests LTPD2
Max. Rated Temp  LTPD3
Min. Rated Temp  LTPD5

Note 1:  Processing consists of 100% screening and Group A.
Generic data available on request.
Note 2: Hermetic packages only.

COMMERICAL PRODUCT FLOW

Preseal Visual
Supertex Standard

-
Stabilization Bake
Method 1008, Condition C,
24 Hrs. @ 150°C

Fine Leak 1% AQL (2)
Method 1014, Condition A,

or B,
5x 108 atm cc/sec

I
Gross Leak 1% AQL 2)
Method 1014, Condition C

I

I Trim and Mark I
I

| External Visual I

I—dpﬁonal Electrical Test —l
100% Go/No-Go,
Static and Functional |
Tests @ Max. Rated
l_Temperature

—_——_——

R B [ I
Optional HTRB or ] [S100 Grade Option
Dynamic Burn-in HTRB Burn-in Method 1015,
Method 1015, Conditon A | | Condition A, 160 Hrs @ 125°C |
orC,

leerse@mwesc_ | | _ |

Electrical Test

100% Go/No-Go
Static and Functional
Tests @ Max. Rated
Temperature

T
Group A
25°C Tests

0.65% AQL

Note 3:  Group C & D periodic lot sampling per MIL-STD-883.
Note 4:  As required.

All test methods are per MIL-STD-883 unless specified otherwise.




@ Supertexinc.

DMOS Process Option Flow Chart

DMOS ARRAY SX FLOW
RB FLOW (SIMILAR TO JAN TX)
(SIMILAR TO MIL-STD-83 XV FL
CLASS B) (1) (SIMILAR TO JAN TXV) (1)
Preseal Visual | Preseal Visual —I
Method 2010, Condition B Method 2072
T

COMMERCIAL BURN-IN
SC FLOW

STANDARD PRODUCTS

SJ FLOW
(SIMILAR TO JAN)

Stabilization Bake
Method 1008, Condition C,

Stabilization Bake
Method 1032,
24 Hrs. @ 150°C

Stabilization Bake
Method 1032,
24 Hrs. @ 150°C

Stabilization Bake
Method 1032,
24 Hrs. @ 150°C

Stabilization Bake
Method 1032,
24 Hrs. @ 150°C

24 Hrs. @ 150°C
I

Temperature Cycle

Method 1010, Condition C,

10 Cycles, -65°C to +150°C
1

1

Temperature Cycle

Method 1051

20 Cycles, -65°C to + 150°C
T

Method 2001, Condition E,
Y1 Axis Only

Constant Acceleration  (2)

Constant Acceleration  (2)
‘(l Axis,
TO-3-10,000 G,

Others - 20,000 G
I

Fine Leak

orB,
5 x 10°® atm co/sec

(2)
Method 1014, Condition A

Fine Leak (2)

Method 1071, Condition G

or

Maximum Leak Rate

TO-3-5x 107 atm co/sec

Others - 5 x 10°® atm cc/sec
T

Fine Leak 1% AQL 2)

Method 1071, Condition G

orH,

Maximum Leak Rate

TO-3-5x 107 atm co/sec

Others — 5 x 10°® atm cc/sec
I

Fine Leak 1% AQL (2)

Method 1071, Condition G

orH,

Maximum Leak Rate

TO-3-5x 107 atm cc/sec

Others — 5 x 10™ atm cc/sec
T

Fine Leak 1% AQL ()

Method 1071, Condition G

orH,

Maximum Leak Rate

TO-3-5x 107 atm ce/sec

Others -5 x 10°® atm cc/sec
I

Gross Leak 2)
Method 1014, Condition C

Gross Leak (2)1

Gross Leak (2)
Method 1071, Condmon [

Gross Leak (2)
Method 1071, Condmon C

Gross Leak )
Method 1071, Condmon C

réle-cmcal_'l‘ e-th_ - _(m

100% Gio/No-Go,

L_5°C D.C. Parameters _I

HTRGE Burn-in (5)
Method 1015, Condition A,
I 48 Hrs. @ 150°C
—_—=r——

Method 1071, Condition C
1

Electrical Test 4)
100% Go/No-Go,
25°C D.C. Parameters

T

Electrical Test
100% Go/No-Go,
25°C D.C. Parameters

Electrical Test
100% Go/No-Go,
25°C D.C. Parameters

Electrical Test
100% Go/No-Go,
25°C D.C. Parameters

HTRGB Burn-in 3)
Method 1039, Condition A,
48 Hrs. @ 150°C

Electrical Test (4)
100% Go/No-Go
25°C D.C. Parameters

I
Electrical Test (4)
100% Read and Record,
25°C D.C. Parameters

T

HTRB Burn-in
Method 1015, Condition A,
160 Hrs. @ 125°C

HTRB Burn-in
Method 1039, Condition A,
168 Hrs. @ 150°C

HTRB Burn-in
Method 1039, Condition A,
96 Hrs. @ 150°C

I

Electrical Test (4)
100% Go/No-Go
25°C D.C. Parameters

Electrical Test (4)
100% Read and Record,
25°C D.C. Parameters

Electrical Test
100% Go/No-Go
25°C D.C. Parameters

Electrical Test
100% Go/No-Go,
Group A, Subgroup 2

Group A

Subgroup 1 VIS/MEC,

LTPD 5,

Subgroup 2D.C.@25°C
TPD 5,

Subgroup 3 D.C. Min./Max.,
LTPD 5,
Subgroup 4 A.C. LTPD 5

Group

Subgroup 1 VISIMEC,

LTPD 5,

Subgroup 2D.C. @25°C
LTPD 5,

Subgroup 3 D.C. Min./Max.,
LTPD 5
Subgroup 4AC.LTPDS

Group

Subgroup 1 VIS/MEC,
LTPD 5,

Subgroup 2 D.C. @ 25°C
LTPD 5,

Subgroup 3 D.C. Min./Max.,
LTPD

Subgroup 4AC.LTPDS

Group A

Subgroup A 0.65% AQL
Subgroup 1 VIS/MEC,
Subgroup 2 D.C. @ 25°C

Note 1:  Processing consists of 100% screening and Group A only. Preseal Visual applies to "SXV" version only.

Note 2: Hermetic packages only.

Note 3: HTRGB-High temperature reverse gate bias.

Note 4. Read and Record with delta and percent values is optional.

Note 5: Optional.

All test methods are per MIL-STD-750 unless specified otherwise.
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Group A

Subgroup 1 VIS/MEC,
LTPD 5

Subgroup 2 D.C. @ 25°C,
LTPD 5

Subgroup 3 D.C. Min./Max.,
LTPD
Subgroup 4AC.LTPD5
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@ Supertexinc.

Understanding MOSFET Data

The VNO1A data sheet was chosen as an example because this
is one of the most popular devices and has the largest choice of
packages. The product nomenclature shown applies only to
Supertex proprietary products.

The following outline explains how to read and use Supertex
MOSFET data sheets. The approach is simple and care has been
taken to avoid getting lost in a maze of technical jargon.

‘ﬂSUpértex inc.

) Type of Channel Voltage Range
Device Structure ® N Channel, or Suffix Min BVpsstvolts!
V: \Vertical DMOS

(discretes & quads) e P Channel ; 4218 gg %, 100
T: Low threshold - g ;gg igg 240
vertical DMOS Design £ 450, 500
discretes Supertex Family = P 550, 600
A: Lateral DMOS number ®  Some A range devices not
' available in 40, 90 & 100V

arrays

Some C range devices not
available in 240V

Advanced DMOS Technology

These enhancement-mode (normally-off) power transistors util-
ize a vertical DMOS structure and Supertex's well-proven silicon-
gate manufacturing process. This combination produces devices
with the power handling capabilities of bipolar transistors and with
the high input impedance and negative temperature coefficient
inherent in MOS devices. Characteristic of all MOS structures,

these devices are free from thermal runaway and thermally-
induced secondary breakdown.

Supertex vertical DMOS power FETs are ideally suited to a wide
range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speed are desired.

This section outlines main
features of the product

l-—Product Summary

BV, /
BVDG S
40v
60V
TV

N-Channel Enhancement-Mode
Vertical DMOS Power FET s

Order Number / Package
TO-220 |Quad P-DIP
VNO104N5 | VNO104N6 | VNO104N7 —_
VNO106N5 | VNO106N6 | VNO106N7 | VNO106NE
VNO109N5 — — VNO109NE

RDS(QN) ID(OII)
(max) |(min)
3Q [20A
3Q [20A
3Q [20A

L |

DICE
VNO104ND
VNO106ND
VNO109ND

TO-52 Quad C-DIP|Quad CLCC

VNO104N9
VNO106N9
'VNO10SNS

) 1

TO-92
VNO104N3
VNO106N3
VNO109N3

TO-39
VNO104N2
VNO106N2
VNO109N2

Drain to source breakdown
voltage & drain to gate
breakdown voltage

Maximum resistance from
drain to source when device
is fully turned on

Minimum drain current when
device is fully turned on




Package Options
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i N
T0-220 .ll
T0-39 TO-62 y T 1
Hermetic metal can Plastic 0% Hermetic metal can Plastic 14.LEAD DI
® Moderate power ~® Low power Low power ® High power Dual in line plastic
dissipation ® Mainly commercial Industrial/Military * Commercial/ @ 4 dice in one package
® [ndustrial/Military applications applications Industrial ® Commercial/Industrial
applications ® Cost effective applications applications
| 1 l
Product Summary l l
BVpss | Rosiom | oo Order /Packag ND: Die in waffle pack
BV | (max) | (min) | TO-39 TO-92 TO-52 | TO-220 |QuadP-DIP | Quad C-DIP{QuadC-LCC| Dice [ Die can be visually
40V | 3Q [ 2.0A | VNO104N2 [ VNO104N3| VNO104N9| VNO104N5] VNO104N6 | VNO104N7 — VNO104ND inspected to
60V | 3Q | 2.0A | VNO106N2 | VNO106N3| VNO106NS| VNO106N5| VNO106NG | VNO106N7 | VNO10BNE | VNO106ND commercial (standard)
90V | 3Q | 20A | VNO109N2 |VNO109N3| VNO109NS| VNO10ONS|  — — VNO109NE | VNO109ND or military visual
criteria (specify
r while ordering).
=)
N
16-TERMINAL LCC 103 14.LEAD DIP )
Ceramic Leadless Chip Carrier Hermetic metal can Dual in line ceramic ‘
® 4 dice in one package @ \lery high power ® 4 dice in one package NW: Die in wafer form
* Commercial/Industrial/ Industrial/Military ® 4" diameter wafers
Military requirements requirements ® Reject die are inked

Extreme conditions a device can be
subjected to electrically and thermally.

Stress in excess of these ratings will |
usually cause permanent damage. l
Ratings given in product summary —I: Absolute Maximum Ratings

Drain-to-Source Voltage Bvoss
Vas .
o All Supertex FETSs are rated for +20V Drain-to-Gate BVbas
e *+ voltage handling capability allows quick
Gate-to-Source Voltage +20V

turn off by reversing bias.

® External protection should be used when ) [
there is a possibility of exceeding this Operating and Storage Temperature -55°C to +150°C ;
\

rating. Stress exceeding +20V will result

in gate insulation degradation and eventual Soldering Temperature 300°C i
failure. I |

® All Supertex devices can be stored and operated satisfactorily Maximum allowable temperature at leads
within these junction temperature (Ty) limits while soldering, 1.6mm away from case for 10
® Appropriate derating factors from curves and change in seconds.

parameters due to reduced/elevated temperatures have to be
considered when temperature in not 25°C
® Operation at Ty below maximum limit can enhance operating life
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Thermal Characteristics

Device characteristics affecting
limits of heat produced and removed
from device. Die size, Rps(oN), and
packaging type are the main factors
determining these thermal
limitations.

bja

junction to air.

package and die

Thermal resistance from

e Depends mainly on

size.

ﬂjc

Thermal resistance from junction to
case.
e Depends mainly on
package and die size
®  To determine Ty use equation
Ty=Pp X 6ic + TA

Package 1D (continuous) 1D (pulsed) Power Dissipation Sia Sic IDRM
(Note 3) @Tc=25C ‘o cw

7039 0.8A 25A 3.5W 125 36 25A
T0-92 05A 20A 1.0W 170 125 20A
T052 0.5A 20A 1.0W 170 125 20A
70220 158 25A 15.0W 70 8 25A
Plastic DIP " 1al Funct
Ceramic DIP See DMOS Arrays and Special Functions section.

Ip (continuous)

Maximum Continuous current carrying
capability of device.
* Depends mainly on:

A.  Rps(oN) — on state resistance
B. PD — maximum power
dissipation for package
C. Diesize
D. Maximum junction temperature
Ip (pulsed)

Maximum non-continuous pulse current
carrying capabilty for a 300 uS 2% duty
cycle puise.

e Depends mainly on:

moow>»

Rbps(ON)

Pp max.

Diameter of bonding wire

Die size

Maximum junction temperature

IDRM

300 uS, 2% duty cycle pulsed

Current handling capability of drain

to source diode.

®  Factors affecting this
parameter same as 1D (pulsed)

bR

ID (continuous)

Continuohs current handling
capability of drain to source diode.
e Factors affecting value same as

Power Dissipation

®  Maximum power package
can dissipate when case
temperature is 25°C.

e  When case temperature is
higher than 25°C, use
PD vs. Tc curve to
determine dissipation
permissible.
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The following DC parameters are 100% tested with 300 uS, 2% duty cycle pulse at 25°C; BVpss,

"VGs(TH), Ipss, Ip©oN) & RDS(ON).

®  \Vgs(TH) and ARDs(ON) are guaranteed by design ie., when device is functional for other DC
parameters, these two parameters will not deviate from published values.

®  Since a representative sample is adequate to assure consistency of specs, A.C. parameters
are sample tested on a lot/batch basis.

*  High temperature testing on sample basis when requested with hi-rel processing.

®  Refer to section 3 “power MOS structures” for test circuits used for measurement.

BVoss Electrical Characteristics (@ 25° C unless otherwise specified)
®  Please see product summary (part 1)
®  Positive temperature coefficient.
See curve BVpss VS. Ty.
VGS(TH) Symbol Parameter Min Typ Max Unit Conditions
' BVDSS Drain-to-Source VNG109 %0
® \Voltage requnred from gate to source to Breakdown Voltage  VNO106 60 v |ip=1ma vas=0
turn on device to certain Ip current value VNot04 40
given in “condition” column
. 1 t d,t is | f VGS(th) Gate Threshold Voltage 0.8 2.4 \ VGS = VDS, ID = 1mA
D measurement condition is low for AVGS(th) Change in VGS{th) with Temperature -3.8 -55 mv/°C ID = 1mA, VGS = VDS
small die and higher for larger die 1GSS Gate Body Leakage 03 | 100 nA_| VGS = £20V, VDS = 0
IDSS Zero Gate Voltage Drain Current T VGS = 0, VDS = Max Rating
100 uA [ VGS =0, VDS = 0.8 Max Rating
TA = 125%C
’__J 1D(ON} ON-State Drain Current 0.5 1.0 A VGS =5V, VDS = 26V,
2 2.50 VGS = 10V, VDS = 26V
_— RDS(ON) Static Drain-to-Source 3 4.50 5 VGS = 5V, ID= 260mA
ON-State Resistance 2.3 2 3 2 VGS =10V, 1D = TA
= ARDS(ON) Change in RDS(ON) with Temperature 0.70 1 %/°C 1D = 1A, VGS = 10V
Grs Forward 300 400 my VDS =25V, 1D = 0.5A
Ciss Input Capacitance 45| 60
Coss Common Source Output Capacitance 20 | % pF | VGS=0,VDs =26V
Crss Reverse Transfer Capacitance 2 5 f=1MHz
1d(ON} Turn-ON Delay Time 3 5
tr Rise Time 5 8 ns VDD =25V, 1D = 1A, |
AVGS(TH) td(OFF) Turn-OFF Delay Time 6 B RS = RL =500 )
tf Fall Time 5 8 |
VsD Diode Forward Voltage Drop 1.2 18 v 1SD = 2.5A, VGS =0 |
* :.hreseh::d \_roltage Ved:cgs when J tr Reverse Recovery Time 300 ns | 15D = 1A, VGS =0 |
lemperature increases and vice versa. |
e Value at temperature other than 25°C i
can be determined by VGs(TH) |
(normalized) VS. Ty curve. RDs(oN)
| ARDS(ON) * Drain to source resistance measured
ass when device is partially turned on at Vas
" . ® Positive =5V, and fully turned on at Vas = 10V.

L incethe gateisin [{ f . N
tshe deviceg b eassilizlgs‘:i:&r: itr'?:uleai;itr:.J temperature ¢ Designers should use maximum values
layer, this ’ arameter depends og ||  coefficient. for worst case condition.
th?’ckllless /inteprif of layer ;; 4 size of e Enhances ®  When better turn on characteristics (ie.,
device arty 4 stability due to low Rps(on)) is required for logic level

. MeasQred at maximum permissible current sharing inputs, Supertex’s low threshold TN & TP

during parallel devices may be used.
voltage from ga rce.+20V. .

. Valuegs of t?ﬂsw g)af;):\:;r i?: often operation. * Typicalvalue of Roson) can be calculated i
tens/hundreds of times less than atvarious Vas conditions by using output ;
published maximum value : characteristics or saturation characteris- |

] M tics family of curves (VGs Vs Ip).
Electrical screening is done at 100nA « Rosiom yincreases (with high)er drain |
since test equipment functions slowly at currents 1
lower val hich is n ractical for \ N !
n(:ass m;z:'ﬁ:n ch is not practical fo RDs(ON) Vs. ID(ON) curve has a slight slope |
Cons:lt factory. for screening lower for values low values of Ip, but rises |
values rapidly for high values. 1

Ipss

ID(ON)

® This is the leakage current from drain to
source when device is fully turned off.

®  Measured by applying maximum permissible
voltage between drain and source (BVpss)
and gate shorted to source (VGgs=0)

®  Special electrical screening possible at lower
values since max. published values are higher
to achieve practical testing speeds.

e Defined as the minimum drain current
when device is turned on.

e Supertex measures Ip(oN) min. at two test
conditions:
Vas = 5V and Vas = 10V, to give the
designer a look at both logic level turn on
and full turn on.
Although Supertex specifies a typical
value of Ip(on), the designer should use
minimum value as the worst case.
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SWITCHING CHARACTERISTICS

Extremely fast switching compared to
bipolar transistors, due to absence of
minority carrier storage time during turn
off.

Switching times depend almost totally
on interelectrode capacitance, Rs
(source impedance) and RL (load
impedance) as shown on test circuit.

C. C

188 ~RsS? Coss
Please see section 3 in data book “power
MOSFET Electrical Performance” for
interelectrode capacitances and equiva-
lent circuit.

Supertex interdigitated structures have
lowest C, ¢ in the industry for compa-
rable die sizes and exhibit excellent
switching characteristics.

Values of these capacitances are high at
low voltages across them. Please see
capacitance vs. V¢ curves for details.

Negligible effect of temperature on ca-
pacitances.

The following equation may be used for
calculating effective value of C g with
“Miller Effect”:

Ciss=Cas + (1 +Geg R) Cgp

Grs

* Represents gainof the device and can be
compared to Hre of a bipolar transistor.

® \alue is the ratio of change in Ip for a
change in Vgs

Grs= —
© AVas

® Rises rapidly with increasing Ip, and
then becomes constant in the saturation
region. See VaGs vs. Ip curve.

DRAIN

4 = cos

GATE

SOURCE

Ciss = Cgd + Cgs
Coss = Cgd + Cds
Crss = Cgd

TD(oN)

® During this period, the drive circuit
changes Ciss to up to Vas(TH). Since
no drain current flows prior to turn on,
Vbs and consequently Ciss remain
constant. Region | on the Vgs vs. Qg
curve shows linear change in voltage
with increasing Qa.

Gate Drive Dynamic Characteristics

vos=1ov | |
7T, VDS = 40V
: /

@
£ e Jlm ¥ 1/
S /
2
@ y
g . / ‘/
I
2 [~
0
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Electrical Characteristics (@ 25° C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions

BVDSS Drain-to-Source VNO0109 90
Breakdown Voltage ~ VNO0106 60 A ID=1mA,VGS=0
VN0104 40
VGS(th) Gate Threshold Voltage 0.8 24 \ VGS = VDS, ID=1mA
AVGS(th) | Change in VGS(th) with Temperature -38 |-55 | mV/°C| ID=1mA, VGS = VDS
1GSS Gate Body Leakage 0.1 100 nA VGS = +20V, VDS =0
IDSS Zero Gate Voltage Drain Current 1 VGS =0, VDS = Max Rating
100 uA VGS =0, VDS = 0.8 Max Rating
TA=125C
ID(ON) ON-State Drain Current 0.5 1.0 A VGS =5V, VDS = 25V
2 2.50 VGS = 10V, VDS = 25V
RDS(ON) Static Drain-to-Source 3 4.50 5 VGS =5V, ID= 250mA
ON-State Resistance 23 2 3 Y VGS=10V,ID=1A
ARDS(ON) | Change in RDS(ON) with Temperature 0.70 1 %/°C | ID = 1A, VGS = 10V
Grs Forward Transconductance 300 400 my VDS =25V, ID = 0.5A
Ciss Input Capacitance 45 60
Coss Common Source Output Capacitance 20 25 pF VGS =0, VDS = 25V
CRss Reverse Transfer Capacitance 2 5 f=1MHz
1d(ON) Turn-ON Delay Time 3 5
tr Rise Time 5 8 ns VDD =25V, ID = 1A,
td(OFF) Turn-OFF Delay Time 6 9 RS = RL =50Q
tf Fall Time 5 8
VSD Diode Forward Voltage Drop 1.2 1.8 Vv ISD = 2.6A, VGS =0
trr Reverse Recovery Time 400 ns ISD=1A,VGS =0
TR TRR

® When Ciss is driven to a voltage
exceeding VaGs(TH), conduction from
drain to source begins. Grs increases
causing increase in Ciss due to “Miller
Effect”. Charge requirements for Region
llincrease considerably. Gain stabilizes
in Region Il and Miller Effect is nullified,
resulting in a linear change in Vas for
increase in Qa.

® The reverse recovery time is the time
needed for the carrier gradient, formed
during forward biasing, to be depleted
when the biasing is reversed.

®  An external fast recovery diode may be
connected from drain to source to im-
prove recovery time.

TD(oFF)

® The sequence of events now begins to
reverse. Ciss discharges through Rs
and the 50 () resistor. The rise of Vps is
initally slowed by increase of output
capacitance.

TF

® Vps rises rapidly as the output capaci-
tance falls.

Vsp

® This is the forward voltage drop of the
parasitic diode between drain and
source.

e Diode mybe used as acommutatorin H
bridge configurations or in a synchro-
nous rectifier mode. Excessive fly back
voltages may be clamped by this diode
in a totem pole configuration.




‘b Supertexinc.

DMOS Products

The Supertex DMOS Power MOSFET family utilizes both vertical ~ switching speeds, and low threshold voltages. Available in a wide
and lateral, double-diffused MOS processes. These DMOS Power variety of packages types, they give the designer flexibility using
MOSFETs are ideally suited for a wide range of switching, driving,  state-of-the-art power semiconductor technology.

and amplifying applications. They feature high input impedance, fast

N-Channel Low Threshold MOSFETs

Device BVpe RDS g, Inony Ciss Vasan Package Options
Family Min (V) Max (ohms) Min (A) Typ (pf) Max (V) | TO-39 | TO-92 | TO-220 | Quad’ Die
TNO1 20, 40 1.8 2.0 45 1.6 ° ° °
TNO1 60, 100 3.0 2.0 50 1.6 . . .
TNO2 20, 40 0.75 4.0 85 1.6 . . °
TNO5 200, 240 10.0 0.3 45 1.5 . . .
TNO6 20, 40 0.75 4.0 85 1.6 . . .
TNO6 60, 100 1.50 3.0 85 1.6 ° . . . °
TNO6 200, 240 6.0 1.0 85 1.6 ° ° ° °
Note 1: Refer to Arrays and Special Functions section for packages available.
P-Channel Low Threshold MOSFETs
Device BVpes RDS(ON) ID(ON, Cis VGS("‘) Package Options
Family Min (V) Max (ohms) Min (A) Typ (pf) Max (V) | TO-39 | TO-92 | TO-220 | Quad'’ Die
TPO1 20, 40 4.0 0.85 45 24 ° . .
TPO2 20, 40 2.0 2.0 85 24 ° ° .
TP06 20, 40 2.0 2.0 85 2.4 ° ° .
TP06 60, 100 3.5 1.5 85 24 . . . . .
TPO6 160, 200 12.0 0.75 85 2.4 ° ° . °

Note 1: Refer to Arrays and Special Functions section for packages available.
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N-Channel DMOS Power FETs

Device BVpes RDS(ON) 'n(om . Ciss Package Options
Family Min (V) Max (ohms) Min (A) Typ (pf) TO-3 | TO-39 | TO-52 | TO-92| TO-220 | Quad' | Die
VNO1 | 40,60,90 3.0 2.0 45 ° ° ° ° ° °
VNO1 160, 200 10.0 04 45 ) . . .
VNO02 40,60,100 2.0 3.0 85 . . . . .
VNO02 160, 200 6.0 1.0 75 . . . .
VNO3 350, 400 25 3.0 550 ° . . .
VNO3 450, 500 4.0 2.0 550 ° ° ° 0
VNO3 550,600 6.0 1.5 550 . o .
VNO05 350, 400 35.0 0.25 45 . . .
VN05 450, 500 60.0 0.15 45 o 0 .
VN06 350, 400 10.0 0.75 85 . . ° .
VNO6 450, 500 16.0 0.50 85 . . . .
VN06 550, 600 20.0 0.25 85 . . . .
VN11 60, 100 0.7 8.0 300 . . ° °
VN11 160, 200 3.0 2.0 300 ) . . .
VN12 40,60,100 0.3 20.0 600 . ° . °
VN12 160, 200 1.0 6.0 600 . . . °
VN13 40,60,100 8.0 0.50 25 . ° °
VN13 160, 200 40.0 0.25 25 ° .
VN21 60, 100 3.0 0.5 45 ° °
VN22 60, 100 0.3 8.0 400 .
R520? 100 0.3 8.0 500
R5212 60 0.3 8.0 500
R5312 60 0.18 12.0 600
Note 1: Refer to Arrays and Special Functions section for packages available.
Note 2: TO-220 compatible lead bend available.
P-Channel DMOS Power FETs
Device BVpes RDSq,,, Ioony Ces Package Options
Family Min (V) Max (ohms) Min (A) Typ (pf) TO-3 | TO-39 | TO-52 | TO-92 | TO-220 | Quad' | Die
VP01 40,60,90 8.0 0.50 40 ° ° ° ° ° °
VPO1 160, 200 25.0 0.35 40 ° ° ° .
VP02 40,60,100 4.0 2.0 75 ° . . ° .
VP02 160, 200 16.0 0.75 75 . . . .
VP03 350, 400 6.0 1.5 600 . . . .
VP03 450, 500 7.5 1.0 500 . . . .
VP05 350, 400 75.0 0.25 45 . ° o '
VP05 450, 500 125.0 0.10 45 . ° o :
VP06 350, 400 25.0 0.40 75 ° ° . .
VP06 450, 500 25.0 0.20 75 . . . .
VP11 60, 100 2.0 5.0 325 ° o ° °
VP11 160, 200 5.0 1.5 325 ° . . °
VP12 40,60,100 0.8 6.0 600 . . ° °
VP12 160, 200 2.5 4.0 600 ° . . °
VP13 40,60,100 25.0 0.25 25 . ° ° °
VP13 160, 200 100.0 0.10 25 . . .
R95212 60 0.6 6.0 400 °
R95222 100 0.8 5.0 400 .
R95232 60 0.8 5.0 400 .

Note 1: Refer to Arrays and Special Functions section for packages available.
Note 2: TO-220 compatible lead bend available.
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‘b Supertexinc.

DMOS Power FETS

The following table represents an industry cross—reference for power MOSFETs. The Supertex devices are a "form, fit, and function”
replacement for the industry standard part types, but subtle differences in charateriestics and/or specifications may exist.

Industry Supertex Industry Supertex Industry Supertex Industry Supertex
Part Part Part Part Part Part Part Part
Number Number Number Number Number Number Number Number
2N6659 2N6659 2SK176 VN1220N1 ANO11ONA  ANO120NA BUZ60B VNO340N5
2N6660 2N6660 2SK176H VN1220N1 ANO120NA  ANO120NA BUZ63B VNO340N1
2N6661 2N6661 2SK196H VNO116N2 ANO130NA  ANO130NA BUZ72 VN1210N5
2N6755 VN1206N1 25K213 VNO216N5 ANO140NA  ANO140NA BUZ72A VN1210N5
2N6756 VN1210N1 2SK214 VNO216N5 BS107P VN1320N3 BUZ73A VN1220N5
2N6757 VN1216N1 25K215 VNO0220N5 BS107PT VN1320N3 BUZ74 VNO350N5
2N6757 VN1216N5 2SK216 VNO220N5 BS170 VNO106N3 BUZ74A VNO350N5
2N6759 VNO335N1 25K216K VNO0220N5 BS170P VNO106N3 BUZ76 VNO0340N5
2N6761 VNO0345N5 2S8K220 VN1216N1 BS250 VP0106N3 BUZ76A VNO0340N5
2N6761 VNO345N1 25K221 VN1220N1 BS250P VPO106N3 D80AK2 VNO206N3
2N7000 2N7000 2SK259 VNO335N1 BSR78 TP0604N3 D80AL2 VN0210N3
2N7000 VNO106N3 2SK260 VNO340N1 BSS100 VNO210N3 D80AM2 VNO0216N3
2N7007 2N7007 25K294 VN1210N5 BSS101 VNO120N3 D80AN2 VNO0220N3
2N7008 2N7008 25K295 VN1210N5 BSS110 VPO106N3 D84BK2 VN1206N5
2N7009 VNO550N3 25K296 VNO335N5 BSS88 TNO0524N3 D84BL2 VN1210N5
2N7014 VN1110N5 25K298 VNO340N1 BSS89 VNO220N3 D84BM2 VN1216N5
28J101 VP1204N5 2SK310 VNO340N5 BSS98 VNO106N3 D84BN2 VN1220N5
28J102 VP1206N5 25K311 VNO0345N5 BST70A VNO109N3 D84BQ1 VNO335N5
28J117 VP0340N5 2SK319 VNO0340N5 BST72 VN1310N3 D84BQ2 VNO0340N5
2SJ4121 VP1204N5 2SK345 VN1204N5 BST72A VN1310N2 D84CK2 VN1206N5
25448 VP1216N1 2SK346 VN1206N5 BST74 VNO0220N3 D84CL2 VN1210N5
28J49 VP1216N1 25K382 VNO350N5 BST74A VNO220N3 D84CM2 VN1216N5
28450 VP1216N1 2SK383 VN1210N5 BST76 VNO220N3 D84CN2 VN1220N5
2S8J55 VP1220N1 2SK398 VN1210N1 BST76A VNO220N3 D84CQ1 VNO335N5
25456 VP1220N1 25K399 VN1210N1 BUZ171 VP1206N5 D84CQ2 VNO0340N5
28J56H VP1220N1 25K400 VN1220N1 BUZ172 VP1210N5 D84CR1 VNO0345N5
258476 VP0116N5 25K402 VNO340N1 BUZ173 VP1220N5 D84CR2 VNO350N5
28477 TP0616N5 2SK408 VNO220N5 BUZ20 VN1210N5 D84DK2 VN1206N5
28478 VP1220N5 25K409 VNO220N5 BUZ23 VN1210N1 D84DL2 VN1210N5
258479 VP0120N5 2SK411 VNO360N1 BUZ30 VN1220N5 D86DK2 VN1206N1
2S8J79K VP0120N5 2SK413 VN1216N1 BUZ33 VN1220N1 D86DL2 VN1210N1
28K133 VN1216N1 2SK414 VN1216N1 BUZ40 VNO350N5 IRF120 VN1210N1
25K134 VN1216N1 25K428 VN1206N5 BUZ42 VNO350N5 IRF121 VN1206N1
25K135 VN1216N1 25K440 VN1220N5 BUZ43 VNO350N1 IRF122 VN1210N1
2SK175 VN1220N1 2SK441 VNO650N2 BUZ46 VNO350N1 IRF123 VN1206N1
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Industry Supertex Industry Supertex Industry Supertex Industry Supertex
Part Part Part Part Part Part Part Part
Number Number Number Number Number Number Number Number
IRF130 VN1210N1 IRF722 VNO340N5 IRFF220 VN1220N2 IVN5200TNE  VN1206N2
IRF131 VN1206N1 IRF723 VNO335N5 IRFF221 VN1216N2 IVN5200TNH  VN1210N2
IRF132 VN1210N1 IRF732 VNO340N5 IRFF222 VN1220N2 IVN5201CND VN1204N5
IRF133 VN1206N1 IRF733 VNO335N5 IRFF223 VN1216N2 IVN5201CNE  VN1206N5
IRF220 VN1220N1 IRF820 VNO350N5 IRFF232 VN1220N2 IVN5210CNF  VN1210N5
IRF221 VN1216N1 IRF821 VNO0345N5 IRFF233 VN1216N2 IVN5210CNH VN1210N5
IRF222 VN1220N1 IRF822 VNO350N5 IRFF310 VN0340N2 IVN5210KND  VN1204N1
IRF223 VN1216N1 IRF823 VNO0345N5 IRFF311 VNO335N2 IVN5210KNE VN1206N1
IRF232 VN1220N1 IRF832 VNO350N5 IRFF312 VNO340N2 IVN5210KNF  VN1210N1
IRF233 VN1216N1 IRF833 VNO345N5 IRFF313 VNO335N2 JVN5210KNH VN1210N1
IRF320 VNO340N1 IRF9132 VP1210N1 IRFF320 VNO340N2 IVN5210TND  VN1204N2
IRF321 VNO335N1 IRF9133 VP1206N1 IRFF321 VNO0335N2 IVN5210TNE  VN1206N2
IRF322 VNO340N1 IRF9232 VP1220N1 IRFF322 VNO340N2 IVN5210TNF  VN1210N2
IRF323 VNO335N1 IRF9233 VP1216N1 IRFF323 VNO0335N2 IVN5210TNH  VN1210N2
IRF332 VNO340N1 IRF9510 VP1210N5 IRFF332 VNO340N2 IVNBOOOCNE VN1206N5
IRF333 VNO335N1 IRF9511 VP1206N5 IRFF333 VNO0335N2 IVN60OOCNF  VN1210N5
IRF420 VNO350N1 IRF9512 VP1210N5 IRFF420 VNO350N2 IVN60OOCNH TNO610N5
IRF421 VNO345N1 IRF9513 VP1206N5 IRFF421 VNO345N2 IVNGOOOCNR VN0340N5
IRF422 VNO350N1 IRF9520 IRF9520 IRFF422 VNO350N2 IVN600OCNS VNO0340N5
IRF423 VNO345N1 IRF9521 IRF9521 IRFF423 VNO345N2 IVN60OOCNT  VNO0345N5
IRF432 VNO350N1 IRF9522 IRF9522 IRFG9113 TPO606N7 IVNB60OOCNU VNO350N5
IRF433 VNO345N1 IRF9523 IRF9523 IVN5000AND TNO104N3 IVNBOOOKNE VN1206N1
IRF510 IRF510 IRF9532 VP1210N5 IVN5000AND TNO104N3 IVNBOOOKNF  VN1210N1
IRF511 IRF511 IRF9533 VP1206N5 IVN5000ANE  VNO206N3 IVNG6OOOKNH VN1210N1
IRF512 IRF512 IRF9610 VP1220N5 IVN5000ANF  VN0210N3 IVN600OKNR  VNO0340N1
IRF513 IRF513 IRF9611 VP1216N5 IVN5S000ANF  VN0210N3 IVNBOOOKNS VNO340N1
IRF520 IRF520 IRF9612 VP1120N5 IVN5000ANH VN0210N3 IVNBOOOKNT  VNO345N1
IRF521 IRF521 IRF9613 VP1116N5 IVN5000ANH VN0210N3 IVNBOOOKNU  VNO350N1
IRF522 IRF522 IRF9620 VP1220N5 IVN5000SND VNO104N9 IVNBOOOTNE TNO606N2
IRF523 IRF523 IRF9621 VP1216N5 IVN5000SND  VNO109N9 IVNBOOOTNF  VN0610N2
IRF530 VN1210N5 IRF9622 VP1220N5 IVN5000SNE  VNO106N9 IVNBOOOTNH TNO610N2
IRF531 IRF531 IRF9623 VP1216N5 IVN5000SNF  VNO109N9 IVN6OOOTNR  VNO0340N2
IRF532 VN1210N5 IRF9632 VP1220N5 IVN5000SNF  VNO109N9 IVN60OOTNS VN0O340N2
IRF533 VN1206N5 IRF9633 VP1216N5 IVN5000SNH VNO109N9 IVN6OOOTNT  VN0345N2
IRF610 VN1220N5 IRFF110 VN1210N2 IVN5000TND TNO104N2 IVN6OOOTNU  VNO350N2
IRF611 VN1216N5 IRFF111 VN1206N2 IVN5000TND TNO104N2 IVN6001CNE VN1206N5
IRF612 VN1120N5 IRFF112 VN1110N2 IVN5S000TNE VN0206N2 IVN6001CNF  VN1210N5
IRF613 VN1216N5 IRFF113 VN1106N2 IVN5000TNF  VNO210N2 IVN60O1CNH TNO610N5
IRF620 VN1220N5 IRFF120 VN1210N2 IVN5000TNF  VNO210N2 IVN60O1KNE VN1206N1
IRF621 VN1216N5 IRFF121 VN1206N2 IVN5000TNH  VN0O210N2 IVNBOO1KNF  VN1210N1
IRF622 VN1220N5 IRFF122 VN1210N2 IVN5000TNH  VN0210N2 IVN60O1KNH  VN1210N1
IRF623 VN1216N5 IRFF123 VN1206N2 IVN5200HND VN1204N5 IVNB6OO1TNE VN1206N2
IRF632 VN1220N5 IRFF130 VN1210N2 IVN5200HNE VN1206N5 IVNBOO1TNF  VN1210N2
IRF633 VN1216N5 IRFF131 VN1206N2 IVN5200HNF  VN1210N5 IVN600O1TNH VN1210N2
IRF710 VNO0340N5 IRFF132 VN1210N2 IVN5200HNH VN1210N5 IVNB6002CND VN1204N5
IRF711 VNO335N5 IRFF133 VN1210N2 IVN5200KND  VN1204N5 IVNB002KND VN1204N1
IRF712 VNO0340N5 IRFF210 VN1220N2 IVN5200KNE VN1206N5 IVN6OO2TND TNO104N2
IRF713 VNO335N5 IRFF211 VN1216N2 IVN5200KNF  VN1210N5 IVN6100TNS VNO640N2
IRF720 VNO0340N5 IRFF212 VN1120N2 IVN5200KNH VN1210N5 IVN6100TNT  VN0O645N2
IRF721 VNO335N5 IRFF213 VN1216N2 IVN5200TND VN1204N2 IVN6100TNU  VNO650N2
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IVN6200ANE  VN1206N5 MTM5N18 VN1220N1 MTP8N08 VN1210N5 RFLIN10 VN1110N2
IVN6200ANF  VN1210N5 MTM5N20 VN1220N1 MTP8N10 VN1210N5 RFLIN12 VN1216N2
IVN6200ANH VN1210N5 MTM7N12 VN1216N1 MTP8N12 VN1216N5 RFL1IN15 VN1216N2
IVN6200ANM  VN1220N5 MTM7N15 VN1216N1 MTP8N15 VN1216N5 RFL1N18 VN1120N2
IVN6200ANS VNO340N5 MTM7N18 VN1220N1 MTP8P08 VP1210N5 RFL1N20 VN1120N2
IVN6200CND VN1204N5 MTM7N20 VN1220N1 MTP8P10 VP1210N5 RFL1P08 TP0610N2
IVN6200CNE VN1206N5 MTM8NO08 VN1210N1 PM1001L VNO0210N3 RFL1P10 TP0610N2
IVN6200CNF VN1210N5 MTM8N10 VN1210N1 PM1002L VNO0210N3 RFL2NO5 VN1106N2
IVN6200CNH VN1210N5 MTM8N12 VN1216N1 PM1003P VN1110N5 RFL2NO06 VN1106N2
IVN6200CNM  VN1220N5 MTM8N15 VN1216N1 PM1004P VN1110N5S RFM12N08  VN1210N1
IVN6200CNR VN0340N5 MTM8P08 VP1210N1 PM1006M VN1210N1 RFM12N10  VN1210N1
IVN6200CNS VNO0340N5 MTM8P10 VP1210N1 PM1006P VN1210N5 RFM15N05  VN1206N1
IVN6200CNU  VNO350N5 MTP10NO5  VN1206N5 PM1010M VN1210N1 RFM15N06  VN1206N1
IVN6200KNE VN1206N1 MTP10NO6  VN1206N5 PM1010P VN1210N5 RFM3N45 VNO345N1
IVN6200KNH VN1210N1 MTP10NO8  VN1210N5 PM1201L VNO0216N3 RFM3N50 VNO350N1
IVN6200KNM  VN1220N1 MTP10N10  VN1210N5 PM1203P VN1216N5 RFM4N35 VNO335N1
IVN6200KNR  VNO340N1 MTP12NO5  VN1206N5 PM1206P VN1216N5 RFM4N40 VNO340N1
IVN6200KNS  VNO340N1 MTP12N0O6  VN1206N5 PM1503P VN1216N5 RFM6P08 VP1210N1
IVN6200KNU  VNO350N1 MTP12N0O8  VN1210N5 PM1504P VN1216N5 RFM6P10 VP1210N1
IVN6300ANE VN1306N3 MTP12N10  VN1210N5 PM1506M VN1216N1 RFM8N18 VN1220N1
IVN6300ANF  VN1310N3 MTP15N05  VN1206N5 PM1506P VN1216N5 RFM8N20 VN1220N1
IVN6300ANH VNO0210N3 MTP15N06  VN1206N5 PM503L TNOB06N3 RFM8P08 VP1210N1
IVN6300ANM  VN1320N3 MTP1N45 VN0645N5 PM506L TNOB06N3 RFM8P10 VP1210N1
IVN6300ANP  VNO0635N3 MTP1N50 VNO350N5 PM509P VN1206N5 RFP12N08 VN1210N5
IVN6300ANS VNO0540N3 MTP1N55 VNO355N5 PM510P VN1206N5 RFP12N10 VN1210N5
IVN6300ANT VNO545N3 MTP1N60 VNO360N5 PM512M VN1206N1 RFP15N05 VN1206N5
IVN6300ANU VNO0545N3 MTP20NO8  VN1210N5 PM512P VN1206N5 RFP15N06 VN1206N5
IVN6300SNE VNO106N9 MTP20N10  VN1210N5 PM601L VNO106N3 RFP1N35 VNO635N5
IVN6300SNF  VNO109N9 MTP2N18 VN1220N5 PM602L TNO606N3 RFP1N40 VNO0640N5
IVN6300SNH  VNO109N9 MTP2N20 VN1220N5 PM603L VNO206N3 RFP2N08 TNO610N5
IVN6660 VNO106N2 MTP2N35 VNO335N5 PM604P VN1106N5 RFP2N10 VN1110N5
IVN6661 VNO109N2 MTP2N40 VNO0340N5 PM605P VN1206N5 RFP2N12 VN1216N5
MTM10NO5  VN1206N1 MTP2N45 VNO0345N5 PM606L TNO606N3 RFP2N15 VN1216N5
MTM10N0O6  VN1206N1 MTP2N50 VNO350N5 PM608M VN1206N1 RFP2N18 VN1120N5
MTM10NO8  VN1210N1 MTP2P45 VNO0345N5 PM608P VN1206N5 RFP2N20 VN1120N5
MTM10N10  VN1210N1 MTP2P50 VNO350N5 PM609P VN1206N5 RFP2P08 TP0610N5
MTM12NO5  VN1206N1 MTP3N12 VN1216N5 PM609R VN1206N5 RFP2P10 TP0610N5
MTM12NO6  VN1206N1 MTP3N15 VN1216N5 PM610P VN1206N5 RFP3N45 VNO345N5
MTM12N0O8  VN1210N1 MTP3N35 VNO335N1 PM612M VN1206N1 RFP3N50 VNO350N5
MTM12N10  VN1210N1 MTP3N40 VNO0340N5 PM612P VN1206N5 RFP4N05 VN1106N5
MTM15N05  VN1206N1 MTP4N08 VN1110N5 PM614M VN1206N1 RFP4N06 VN1106N5
MTM15N06  VN1206N1 MTP4N10 VN1110N5 PM614P VN1206N5 RFP4N35 VNO335N5
MTM20NO8  VN1210N1 MTP5N05 VN1106N5 PM801L VNO109N3 RFP4N40 VNO340N5
MTM20N10  VN1210N1 MTP5N06 VN1206N5 PM802L TNO610N3 RFP6P08 VP1210N5
MTM2N45 VNO345N1 MTP5N18 VN1220N5 PMB805P VN1210N5 RFP6P10 VP1210N5
MTM2N50 VNO350N1 MTP5N20 VN1220N1 PM808M VN1210N1 RFP8N18 VN1220N5
MTM2P45 VP0345N1 MTP7N12 VN1216N5 PM808P VN1210N5 RFP8N20 VN1220N5
MTM2P50 VPO350N1 MTP7N15 VN1216N5 PM814M VN1210N1 RFP8P08 VP1210N5
MTM3N35 VNO335N1 MTP7N18 VN1220N5 PM814P VN1210N5 RFP8P10 VP1210N5
MTM3N40 VNO0340N1 MTP7N20 VN1220N5 RFL1NO08 TNO610N2 SD1100HD  VNO0545N2
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SD1101BD VNO0640N3 SGSP311 VN1210N5 UFN423 VNO345N1 UFNF122 VN1210N2
SD1101HD  VNO0640N2 SGSP312 VN1210N5 UFN432 VNO350N1 UFNF123 VN1206N2
SD1102BD VN0635N3 SGSP317 VN1220N5 UFN433 VNO345N1 UFNF130 VN1210N2
SD1102BD VNO635N3 SGSP318 VNO355N5 UFN441 VN1106N1 UFNF131 VN1206N2
SD1102HD  VN0635N2 SGSP319 VNO350N5 UFN510 VN1210N5 UFNF132 VN1210N2
SD1104BD VNO210N3 SGSP330 VNO345N5 UFN511 VN1206N5 UFNF133 VN1206N2
SD1104DD  VNO109N9 SGSP331 VNO0340N5 UFN512 VN1110N5 UFNF210 VN1220N2
SD1104HD  VN0210N2 SGSP351 VN1210N5 UFN513 VN1106N5 UFNF211 VN1216N2
SD1105BD VN0210N3 SGSP352 VN1210N5 UFN520 VN1210N5 UFNF212 VN1110N2
SD1105DD  VNO109N9 SGSP354 VNO0345N5 UFN521 VN1206N5 UFNF213 VN1216N2
SD1105HD  VN0210N2 SGSP355 VNO340N5 UFN522 VN1210N5 UFNF220 VN1220N2
SD1106AD VNO106N3 SGSP367 VN1220N5 UFN523 VN1206N5 UFNF221 VN1216N2
SD1106AD VNO106N3 SGSP511 VN1210N1 UFN530 VN1210N5 UFNF222 VN1220N2
SD1106DD  VNO106N9 SGSP512 VN1210N1 UFN531 VN1206N5 UFNF223 VN1216N2
SD1107BD  VN0210N3 SGSP517 VN1220N1 UFN532 VN1210N5 UFNF232 VN1220N2
SD1107BD VN0210N3 SGSP519 VNO350N1 UFN533 VN1206N5 UFNF233 VN1216N2
SD1107DD  VNO109N9 SGSP530 VNO0345N1 UFN610 VN1220N5 UFNF310 VNO0340N2
SD1107HD  VN0210N2 SGSP531 VNO340N1 UFN611 VN1216N5 UFNF311 VNO335N2
SD1107N VN0210N6 SGSP579 VN1106N1 UFN612 VN1110N5 UFND312 VNO340N2
SD1112BD VN0220N3 SNO120NB  ANO120NB UFN613 VN1216N5 UFNF313 VNO335N2
SD1112BD VN0220N3 SNO130NB  ANO130NB UFN620 VN1220N5 UFNF320 VNO0340N2
SD1112HD  VN0220N2 SNO140NB  ANO0140NB UFN621 VN1216N5 UFNF321 VNO335N2
SD1113BD VNO120N3 TNO106N3 VNO106N3 UFN622 VN1220N5 UFNF322 VNO0340N2
SD1113BD VNO120N3 TNO110N3 VN0210N3 UFN623 VN1216N5 UFNF323 VNO335N2
SD1113HD  VNO120N2 TZ402BD VN1304N3 UFN632 VN1220N5 UFNF332 VNO0340N2
SD1114BD VNO109N3 TZ403BD VN1304N3 UFN633 VN1216N5 UFNF333 VNO335N2
SD1114DD  VNO109N9 TZ404BD VN1304N3 UFN710 VNO0340N5 UFNF420 VNO350N2
SD1114HD  VNO109N2 UFN120 VN1210N1 UFN711 VNO335N5 UFNF421 VNO0345N2
SD1115BD VNO109N3 UFN121 VN1206N1 UFN712 VNO340N5 UFNF422 VNO350N2
SD1115DD  VNO109N9 UFN122 VN1210N1 UFN713 VNO335N5 UFNF423 VNO0345N2
SD1115HD  VNO109N2 UFN123 VN1206N1 UFN720 VNO340N5 UFNF432 VNO0350N2
SD1117BD VNO0206N3 UFN130 VN1210N1 UFN721 VNO335N5 UFNF433 VNO345N2
SD1117DD  VNO106N9 UFN131 VN1206N1 UFN722 VNO0340N5 VNO1000A VN1210N1
SD1117HD  VN0206N2 UFN132 VN1210N1 UFN723 VNO335N5 VN01000D VN1210N5
SD1117N VN0206N6 UFN133 VN1206N1 UFN732 VNO0340N5 VNO104N3 VNO104N3
SD1122BD VNO120N3 UFN220 VN1220N1 UFN733 VNO0335N5 VNO106N3 VNO106N3
SD1122BD VN1320N3 UFN221 VN1216N1 UFN820 VNO350N5 VNO109N3 VNO109N3

SD1124BD VNO106N3 UFN222 VN1220N1 UFN821 VNO345N5 VNO0300B VNO0300B
SD1124BD VNO0106N3 UFN223 VN1216N1 UFN822 VNO350N5 VN0300D VN0300D
SD1127BD VNO106N3 UFN232 VN1220N1 UFN823 VNO345N5 VNO300L VNO300L
SD1137BD VN0206N3 UFN233 VN1216N1 UFN832 VNO350N5 VNO300M VNO0300L
SD1202BD VN1320N3 UFN320 VNO340N1 UFN833 VNO0345N5 VNO400A VN1204N1
SD1202BD VN1320N3 UFN321 VNO335N1 UFNA11 TNOB06N3 VNO401A VN1204N1
SD1$00BD VNO660N3 UFN322 VNO340N1 UFNA12 TNO610N3 VN0401D VN1204N5
SD1501BD VN0655N3 UFN323 VNO335N1 UFNF110 VN1210N2 VNO601A VN1206N1
SD5101N VN1304N6 UFN332 VNO340N1 UFNF111 VN1206N2 VN0601D VN1206N5
SGSP111 VN1210N2 UFN333 VNO335N1 UFNF112 VN1110N2 VNO60M VNO0606L
SGSP112 VN1210N2 UFN420 VNO350N1 UFNF113 VN1106N2 VNO610LL VNO610LL
SGSP151 VN1210N2 UFN421 VNO0345N1 UFNF120 VN1210N2 VNO800A VN1210N1
SGSP152 VN1210N2 UFN422 VNO350N1 UFNF121 VN1206N2 VN0800D VN1210N5
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VNO801A VN1210N1 VN46AD VNO104N5 ZVNO0104B VNO104N2 ZVN0210M VN1110N1
VNO0801D VN1210N5 VN5002A VNO350N1 ZVNO0104L VNO104N5 ZVN0214B VNO216N2
VNO0808M VNO0808L VN5002D VNO350N5 ZVNO106A VNO106N3 ZVNO0214L VN1216N5
VN1001A VN1210N1 VN6035L VN6035L ZVNO0106B VNO106N2 ZVN0214M VN1116N1
VN10KE VNO106N9 VN64GA VN1206N1 ZVNO106L VNO106N5 ZVN0216B VNO0216N2
VN10KM VN10KN3 VN66AD VNO106N5 ZVNO108A VNO109N3 ZVNO0216L VNO0216N5
VN10KMA VN10KN3 VN66AK VNO106N2 ZVN0108B VNO109N2 ZVN0216M VNO216N1
VN10KN3 VN10KN3 VNB7AA VNO106N5 ZVNO0108L VNO109N5 ZVN0220B VNO0220N2
VN10LE VNO106N9 VN67AB VNO106N2 ZVNO109A VNO109N3 ZVN0220L VNO0220N5
VN10LM VN10KN3 VN67ABA VNO106N2 ZVNO109A VNO109N3 ZVNO02A2B TNO602N2

VN10LM VN10KN3 VN67AD VNO106N5 ZVNO109B VNO109N2 ZVNO02A2L VNO0300D
VN10LP VN1306N3 VN67AK VNO106N2 ZVNO109L VNO109N5 ZVNO02A2M VN1106N1
VN1206B VN1206B VN88AD VNO109N5 ZVNO110A VN1310N3 ZVNO02A3B TNO0604N2
VN1206D VN1206D VN89ABA VNO109N2 ZVNO110B VN1310N2 ZVNO2A3L VNO0300D
VN1206L VN1206L VN89AD VNO109N5 ZVNO110L VNO0210N5 ZVNO2A3M VN1106N1
VN1206M VN1206L VN90AA VN1110N1 ZVNO114A VNO216N3 ZVN0330B VNO335N2
VN1210L VN1210L VNSOAB VNO109N2 ZVNO0114B VNO0216N2 ZVNO330L VNO335N5
VN1210M VN1210L VN9OABA VNO109N2 ZVNO114L VNO0216N5 ZVNO330M VNO335N1
VN1216B VN1216N2 VN98AK VNO109N2 ZVNO116A VNO116N3 ZVNO0335B VNO335N2
VN99AB VNO109N2 ZVNO116B VNO116N2 ZVNO0335L VNO335N5
VN1706B VN1706B
VN1706D VN1706D VN99AK VNO109N2 ZVNO116L VNO115N5 ZVN0335M VNO335N1
VN1706L VN1706L VP0104N3 VP0104N3 ZVNO117TA  VNO120N3 ZVN0340B VNO340N2
VN1706M VN1706L VP0106N3 VPO106N3 ZVNO120A VNO120N3 ZVN0340L VNO340N5
VN1710L VN1710L VPO109N3 VP0O109N3 ZVNO120A VNO120N3 ZVN0340M VNO340N1
VN1710M VN1710L VP0300B VP0300B ZVN0120B VNO120N2 ZVN0345B VNO345N2
VN2010L VN2010L VP0O300L VP0300L ZVN0120B VNO120N2 ZVNO0345L VNO345N5
VN2222KM VN1306N3 VP0300M VP0300L ZVNO120L VNO120N5 ZVN0345M VNO345N1
VN2222L VN2222LL VP0540L VP0640N5 ZVNO120L VNO120N5 ZVNO0350L VNO350N5
VN2222L L VN2222LL VP0808B VP080B ZVNO124A TNO0524N3 ZVNO0350M VNO350N1
VN2222LM VN1306N3 VP0808L VP0808L ZVN0124B TN0524N2 ZVN0355B VNO355N2
VN2222LM VN1306N3 VP0808M VP0808L ZVNO124L TNO0624N5 ZVNO0355L VNO355N5
VN2406B VN2406B VP1008B TP0610N2 ZVNO1A2A TNO102N3 ZVN0355M VNO355N1
VN2406D VN2406D VP1008M TP0610N3 ZVNO1A2B TN0602N2 ZVNO0360B VNO360N2
VN2406L VIN2406L VQ1000J VQ1000N6 ZVNO1A2L VNO300D ZVNO360L VNO360N5
VN2406M VN2406L VQ1000P VQ1000N7 ZVNO1A3B TN0604N2 ZVN0360M VNO360N1
VN2410L VN2410L vQ1001J TNOB06N6 ZVNO1A3L VNO0204N5 ZVN0450M VNO350N1
VN2410M VN2410L VQ1001P VQ1001P ZVN0204B TNO104N2 ZVNO530A VNO535N3
VN30ABA VNO104N2 VQ1004J VQ1004J ZVN0204L VNO0204N5 ZVN0530B VNO535N2
VN3501A VNO335N1 VQ1004P VQ1004P ZVN0204M VN120N1 ZVNO0535A VNO535N3
VN3501D VNO335N5 VQ2001J TP0604N6 ZVN0206B VNO206N2 ZVNO535A VNO635N3
VN3515L VN3515L VQ2001P TP0604N6 ZVN0206L VNO0206N5 ZVN0535B VNO635N2
VN35AA VN1106N1 VQ2004J TPO606N6 ZVN0206M VN1106N1 ZVNO0535L VNO0635N5
VN35AB VNO0204N2 VQ2004P TPOB06N7 ZVN0208B VNO0210N2 ZVN0540A VNO540N3
VN35AK VNO0204N2 VQ2006J TP0O606N6 ZVN0208L VNO210N5 ZVN0540B VNO0540N2
VN4001A VNO340N1 VQ2006P TP0O606N7 ZVN0208M VN1110N1 ZVN0540L VNO0640N5
VN4001D VNO340N5 VQ3001J VQ3001N6 ZVN0209B TNO610N2 ZVNO0545A VNO545N3
VN4012L VN4012L VQ3001P VQ3001N7 ZVNO0209L TNO0610N5 ZVNO0545B VNO545N2
VN40AD VNO104N5 VQ7254J VQ7254N6 ZVN0209M VN1110N1 ZVN0545L VNO0645N5
VN4502A VNO345N1 VQ7254P VQ7254N7 ZVN0210B VNO0210N2 ZVN1104B TNO604N2
VN4502D VNO345N5 ZVNO104A VNO0104N3 ZVNO0210L VNO0210N5 ZVN1104L VN1106N5
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ZVN1104M  VN1106N1 ZVN1206M  VN1206N1 ZVN1408B VN1310N2 ZVP0120L VPO120N5
ZVN1106B VN1106N2 ZVN1208B VN1210N2 ZVN1409A VN1310N3 ZVP0535A VPO535N3
ZVN1106L VN1106N5 ZVN1208L VN1210N5 ZVN1409A VN1310N3 ZVP0535B VPO535N2
ZVN1106M  VN1106N1 ZVN1208M  VN1210N1 ZVN1409B VN1310N2 ZVP0535L VP0635N5
ZVN1108B VN1110N2 ZVN1209B VN1210N2 ZVN1410A VN1310N3 ZVP0540A VP0540N3
ZVN1108L VN1110N5 ZVN1209L VN1210N5 ZVN1410B VN1310N2 ZVP0540B VP0540N2
ZVN1108M  VN1110N1 ZVUN1209M  VN1210N1 ZVN1414A VN1316N3 ZVP0545A VP0545N3
ZVN1109B VN1110N2 ZVN1210B VN1110N2 ZVN1414B VN1316N2 Z\VP0545B VP0545N2
ZVN1109L VN1110N5 ZVN1210L VN1110N5 ZVN1416A VN1316N3 ZVP0545L VP0645N5
ZVN1109M  VN1110N1 ZVN1210M  VN1110N1 ZVN14168B VN1316N2 ZVP1320A VP1320N3
ZVN1110B VN0210N2 ZVN1214B VN1216N5 ZVN1420A VNO120N3 ZVP1320B VP1320N2
ZVN1110L VNO0210N5 ZVN1214B VN1216N2 Z\VN1420B VNO120N2 ZVP2106A TP0606N3
ZVN1110M VN1110N1 ZVN1214L VN1216N5 ZVN2106A VNO0206N3 ZVP2106B TPO606N2
ZVN1114B VN1216N2 ZVN1214M  VN1216N1 ZVN2106B VN0206N2 ZVP2106L TPO606N5
ZVN1114L VN1216N5 ZVN1216L VN1216N5 ZVN2106L VNO0206N5 ZVP2110A VPO109N3
ZVN1114M  VN1216N1 ZVN1216M  VN1216N1 ZVN2110A VN0210N3 ZVP2110B VPO109N2
ZVN1116B VN1116N2 ZVN1220B VN1220N2 ZVN2110B VN0210N2 ZVP2110L TPO610N5
ZVN1116L VN0216N5 ZVN1220L VN1220N5 ZVN2110L VN0210N5 ZVP2120A VP0O120N3
ZVN1116M  VN1116N1 ZVN1220M  VN1220N1 ZVN2120A VNO120N3 ZVP2120B VPO120N2
ZVN1120B VN1120N2 ZVN12A2B VN1204N2 ZVN2120B VNO120N2 ZVP2120L VP0O120N5
ZVN1120L VN1120N5 ZVN12A2M  VN1204N1 ZVN2120L VNO120N5 ZVP2206B VP1206N2
ZVN1120M  VN1120Nt ZVN12A3B VN1204N2 ZVN2206B VN1206N2 ZVP2206L VP1206N5
ZVN1130B VNO0335N2 ZVN12A3L VN1204N5 ZVN22061. VN1206N5 ZVP2210B VP1110N2
ZVN1130L VNO335N5 ZVN12A3M  VN1204N1 ZVN2210B VN1110N2 ZVP2210L VP1110N5
ZVN1130M  VNO335N1 ZVN1304A VN1304N3 ZVN2210L VN1110N5 ZVP2220B TP0620N2
ZVN1135B VNO335N2 ZVN1304B VN1304N2 ZVN2220B VN1120N2 ZVP2220L TP0620N5
ZVN1135L VNO0335N5 ZVN1306A VN1306N3 ZVN2220L VN1120N5 ZVP3306A VP0O106N3
ZVN1135M  VNO335N1 ZVN1306B VN1306N2 ZVN2224B TNO0624N2 ZVP3306B VP0O106N2
ZVN11408B VNO340N2 ZVN1308A VN1310N3 ZVN2224L TNO0624N5 ZVP3310A VP1310N3
ZVN1140L VNO340N5 ZVN1308B VN1310N2 ZVN2535A VNO0535N3 ZVP3310B VP1310N2
ZVN1140M  VNO340N1 ZVN1309A VN1310N3 ZVN25358B VNO0535N2
ZVN1145B VNO0345N2 ZVN1309B VN1310N2 ZVN2535L VNO535N5
ZVN1145L VNO0345N5 ZVN1310A VN1310N3 ZVN3210L VN1210N5S
ZVN1145M  VNO0345N1 ZVN1310B VN1310N2 ZVN3220L VN1220N5
ZVN11A2B VN1204N2 ZVN1314A VNO116N2 ZVN3306A VNO106N3
ZVN11A2L VN1204N5 ZVN1314B VNO116N2 ZVN3306B VNO106N2
ZVN11A2M  VN1204N1 ZVN1316A VN1316N3 ZVN3310A VN1310N3
ZVN11A3B VN1204N2 ZVN1316B VN1316N2 ZVN3310B VN1310N2
ZVN11A3L VN1204N5 ZVN1320A VN1320N3 Z\VN3320A VN1320N3
ZVN11A3M  VN1204N1 ZVN1320B VN1320N2 ZVN3320B VN1320N3
ZVN1204B VN1204N2 ZVN1404A VN1304N3 ZVN4206A TNOB606N3
ZVN1204L VN1204N5 ZVN1404B VN1304N2 ZVNL120A VNO120N3
ZVN1204M  VN1204N1 ZVN1406A VN1306N3 ZVNL535A VNO535N3
ZVN1206B VN1206N2 ZVN1406B VN1306N2 ZVP0120A VP0120N3
ZVN1206L VN1206N5 ZVN1408A VN1310N3 ZVP0120B VPO120N2
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV g/ Roson Ioony Vasin Order Number / Package
va_s (max) (min) (max) TO-39 TO-92 DICE
60V 3Q 2A 1.6V TNO106N2 TNO106N3 TNO106ND
100V 3Q 2A 1.6V TNO110N2 TNO110N3 TNO110ND
Features Advanced DMOS Technology
O Low threshold These enhancement-mode (normally-off) power transistors util-
L . ize a vertical DMOS structure and Supertex's well-proven silicon-
O Highinput impedance gate manufacturing process. This combination produces devices
O Low input capacitance with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
[0 Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
O Low on resistance ghese devices are free from thermal runaway and thermally-
induced secondary breakdown.
U Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide
O Low input and output leakage range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
O Solid state relays
O Battery operated systems
O Photo voltaic drive
O Analog switch
O General purpose line driver
Absolute Maximum Ratings 1039 1092
Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage +20V
Operatmg and Storage Temperature -55°C to +150°C Note 1: See Package Outline section for discrete pinouts.
Soldering Temperature‘ 300°C Note 2:  See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Lo TNO1A
Thermal Characteristics '
Package I, (continuous)* I, (pulsed)* . Power Dissipation '19ic Gia . Iorm*
) ‘ - @Ty=25°C °C/W, : °C/W | :
TO-92 0.5A "2.0A 1.0W 170 125 1.0A 4.0A
TO-39 0.8A 2.5A 3.5W 125 35 2.5A 5.0A
* Ip (continuous) is limited by max rated Tj. -
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1 and 2)
Symbol Parameter Min Typ Max Unit Conditions
BV Drain-to-Source TNO110 100
DSS \" l,=1mA,V =0
Breakdown Voltage TNO106 60 D Gs
VGS(m) Gate Threshold Voltage 0.6 1.6 Vv Vas = Vst I, = 0.5mA
Av Gs(ih) Change in VGS(M with Temperature -3.2 -5.0 | mV/°C Vas = Vpg Ip = 1.0mA
lass Gate Body Leakage 100 nA Vgs =120V, V=0
loss Zero Gate Voltage Drain Current 10 Vgs = 0, Vg = Max Rating
500 HA Vgs = 0, Vpg = 0.8 Max Rating
T,=125°C
ID(ON) ON-State Drain Current 0.75 1.5 A Vas = 5V, Vpg = 25V
20 | 35 Vg = 10V, Vg = 25V
Rosiom Static Drain-to-Source 25 45 Q Vgs = 5V, Iy = 250mA
ON-State Resistance 2.0 3.0 Vas =10V, lh= 500mA
ARpsion Change in Ry, With Temperature 0.6 1.1 %/°C lp=0.5A, Vo = 10V
G Forward Transconductance 225 400 mo Vps = 25V, I, = 500mA
C Input Capacitance 50 60
iss put ap : Vg =0, Vpg = 25V
Coss Common Source Output Capacitance 25 35 pF f= 1 MHz
Crss Reverse Transfer Capacitance 4 8
tion Turn-ON Delay Time 2 5 V. _osy
t, Rise Time 3 5 | oo ; oA
- ns =1.
tyorr) Turn-OFF Delay Time 6 7 ';’ - 500
t, Fall Time 3 5 °
Veo Diode Forward Voltage Drop 1 1.5 \ lgp=0.5A, Vg =0
t, Reverse Recovery Time 400 ns lgp=05A, V=0

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

Input_%
t(oN) Y{OFF)
td(ON) | tr td(OFF), 1f
Output
——evn e
10% \ / 10%
90%. 90%
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N TNO1A
Typical Performance Curves

Output Characteristics Saturation Characteristics I
5 5
4 4
VGS = 10V E
_ 33 & VGS = 10V
8 3 / v w 3 !
E 8V 9 g / — 8V
2 9
. L[ F v : zZ—
o 6V [ i 6V 1
V1 T
B g =
SV !
0 2V 4 0 ' 2V 4
0 10 20 30 40 50 0 2 4 6 8 10
Vps (VOLTS) Vps (VOLTS)
Transconductance Vs. Drain Current Power Dissipation Vs. Case Temperature
0.5 10
TA = -55°C°
0.4 25°C 8
/f
5 I 150° C
0.3 @
e I £ e
w
e 42 : 4
g e TO=30_
‘\
0.1 2
) \
VDS = 10v — ,\\‘
o | [ 0 —
0 6 1.2 1.8 24 3.0 0 25 50 75 100 125 150
1D (AMPERES) Tc c)
Maximum Rated Safe Operating Area Thermal Response Characteristics
10 T T T T—TT 1.0
I I B 3 ‘
| TO-39 PULSED (1 u / i
=TI T TN N / |
0782 fseR @ N : o || A |
T TC=25°C
IT0—39 DC N o
w ! . — a z PD=3.5W \J
w ; T 6 |
4 T0-92 DO\ N w
g ANIAN A < /
< N 5 a4
2} K ,
o, NC 2 V w
% ’ t
g 2
N s - U T0-92
g P a | | Tasec
z PD=1W
01 0 1l [
1 10 100 1000 .001 .01 A 1 10
Vps (VOLTS) tp (MILLISECONDS)

(1) 300uS pulse @ 2% D.C.

(2) 10uS pulse @ 2% D.C. 7.3 1



Typical Performance Curves
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Transfer Characteristics
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0 10
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Vps (VOLTS)
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V(th) and RDS Variation with Temperature
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Gate Drive Dynamic Characteristics
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV s / RDS(ON] lD(ou) Order Number / Package
BV s (max) (min) TO-39 TO-92 DICE
20V 1.8Q 2.0A TNO102N2 TNO102N3 TNO102ND
40V 1.8Q 2.0A TNO104N2 TNO104N3 TNO104ND
Features Advanced DMOS Technology
Low threshold These enhancement-mode (normally-off) power transistors util-

High input impedance

Low input capacitance

Fast switching speeds

Low on resistance

Freedom from secondary breakdown
Low input and output leakage

O00ooogoao

Complementary N- and P-channel devices

Applications

Logic level interface
Solid state relays

Battery operated systems
Photo voltaic drive
Analog switch

Oooooaoag

General purpose line driver

ize a vertical DMOS structure and Supertex's well-proven silicon-
gate manufacturing process. This combination produces devices
with the power handling capabilities of bipolar transistors and with
the high input impedance and negative temperature coefficient
inherent in MOS devices. Characteristic of all MOS structures,
these devices are free from thermal runaway and thermally-
induced secondary breakdown.

Supertex Vertical DMOS Power FETs are ideally suited to a wide
range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.

Package Options

(Note 1)

Absolute Maximum Ratings 1039 1092

Drain-to-Source Voltage BVpes

Drain-to-Gate Voltage BVpes

Gate-to-Source Voltage + 20V

Operating and Storage Temperature -55°C to +150°C ‘
Soldering Temperature* 300°C Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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TNO1L

Thermal Characteristics
Package I, (continuous)* ‘I'D' (pUIsed)* Power Dissipation 9] N 6ja Ion loam'
, . ' i @T,=25C °C/W CIW
TO-39 1.25A 2.90A ‘3.5W 125 - 35 1.25A 2.90A
TO-92 0.80A 2.40A 1.0W 170 125 0.80A 2.40A

* I (continuous) is |

Electrical Characteristics (@ 25°C unless otherwise specified)

imited by max rated Tj.

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVoss g:::ké%m?: L\llrccjage 1:21 gz Zg v Vas = 0, Ip = 1.0mA
Vasi) Gate Threshold Voltage 0.6 1.6 \ Vas = Vpgr |p = 500uA
AV Gsiny Change in V¢, With Temperature -3.8 -5.0 | mvreC Vas = Vpgr Ip = 1.0mA
|Gss Gate Body Leakage 0.1 100 nA VGS =120V, VDs =0
Ioss Zero Gate Voltage Drain Current 1 HA Vs = 0, Vg = Max Rating
100 HA VGS =0, VDs = 0.8 Max Rating
T,=125°C
Ioon) ON-State Drain Current 0.5 Vg =3V, Vpg =25V
0.5 0.8 A Vg = 5V, Vpg =25V
2.0 2.8 Ve = 10V, Vo = 25V
Rosony Static Drain-to-Source 5.0 Vgg =3V, Iy = 50mA
ON-State Resistance 23 25 Q Vg = 5V, | = 250mA
1.5 1.8 Vg =10V, I;=1A
ARpsion) Change in Ry oy, With Temperature 0.7 1.0 | %/°C Iy =1A, Vg = 10V
(N Forward Transconductance 034 | 045 ($) Vpg =25V, I, = 0.5A
Ciss Input Capacitance 45 60
Coss Common Source Output Capacitance 20 25 pF Ves =0, Vpg= 25V
Crss Reverse Transfer Capacitance 2 5 f=1MHz
tyon Turn-ON Delay Time 3 5
t Rise Time 7 8 ns Vpp =25V, I,= 1A
tyorr) Turn-OFF Delay Time 8 9 Rg = 50Q
t, Fall Time 5 8
Voo Diode Forward Voltage Drop 1.2 1.8 \ lgp=2.5A, Vg =0
t, Reverse Recovery Time 300 ns lgp= 1A, Vge =0

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300ps pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

Input _%

{(ON) {(OFF)

td(ON) | r td(OFF), U

Output

10%

/ 10%
A90%

90%.

—
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Typical Performance Curves
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Output Characteristics
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BVps / Rosion) loony Order Number / Package
BV as (max) (min) TO-39 T0O-92
20V 1.0Q 4.0A TN0202N2 TNO202N3
40V 1.0Q 4.0A TNO0204N2 TNO204N3
Features Advanced DMOS Technology
O Low threshold These enhancement-mode (normally-off) power transistors util-
o . ize a vertical DMOS structure and Supertex's well-proven silicon-
0 High input impedance gate manufacturing process. This combination produces devices
O Low input capacitance with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
O Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
; these devices are free from thermal runaway and thermally-
[ Low on resistance induced secondary breakdown.
O Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide
O Low input and output leakage range of switching and amplifying applications where high break-
. down voltage, high input impedance, low input capacitance, and
0 Complementary N- and P-channel devices fast switching speeds are desired.
Applications Package Options (Note 1)
O Logic level interface
O Solid state relays
[J Battery operated systems
O Photo voltaic drive
O Analog switch
O General purpose line driver

Ratings and Characteristics

TNO2L not recommended for new designs. Refer to TNO6L data
sheet for all ratings and characteristics.

7-9

TO-39 TO-92

Note 1: See Package Outline section for discrete pinouts.




@ Supertexinc.

Ordering Information

N-Channel Enhancement-Mode

Vertical DMOS Power FETs

BV, / RDS(ON) 'n(ou) sz(m Order Number / Package
bas (max) (min) (max) TO-39 TO-92 DICE
200V 10Q 300mA 1.5V TNO520N2 TNO520N3 TNO520ND
240V 10Q 300mA 1.5V TNO0524N2 TNO524N3 TNO0524ND
Features Advanced DMOS Technology
[0 Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
) . ize a vertical DMOS structure and Supertex's well-proven silicon-
U Low power drive requirement gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
O Low Cgand fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
m these devices are free from thermal runaway and thermally-
L1 Excellent thermal stability induced secondary breakdown.
D Integral Source-Drain diode Supertex Vertical DMOS Power FETs are ideally suited to a wide
[ High input impedance and high gain range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
O Very low threshold voltage fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
O Telecommunications: Outpulsing switch
Muting switch
] Battery operated systems
[ Solid state relays
Absolute Maximum Ratings 039 1092
Drain-to-Source Voltage BVpsg
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage +20V
Operatlng and Storage Temperature -55°C to +150°C Note 1: See Package Outline section for discrete pinouts.
Soldering Temperature® 300°C Note 2: See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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TNO5C

Thermal Characteristics
Package 1, (continuous)* I, (pulsed)* Power Dissipation 6 6 lor -
@T,=25°C °C/W °C/W
TO-39 0.7A 1.5A 3.5W 35 125 0.7A 1.5A
TO-92 0.3A 1.0A 1.0W 125 170 0.3A 1.0A

* I (continuous) is limited by max rated Ti'

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BV, Drain-to-Source TNO0524 240
DSS \" V=0, |, =1mA
Breakdown Voltage TNO520 200 GS D
Vasm Gate Threshold Voltage 0.6 1.5 v Vas = Vogr Ip = 1.0mA
AV sum) Change in V¢, with Temperature -3.0 -4.0 | mV/rC Vas = Vpgr Ip = 1.0mA
lass Gate Body Leakage 100 nA Vg =120V, V=0
Ihss Zero Gate Voltage Drain Current 10 Vas = 0, Vg = Max Rating
500 HA Vpg =0, Vg = 0.8 Max Rating
T,=125°C
'o(ou) ON-State Drain Current 100 390 mA Vas = 3V, VDS =25V
300 800 Vgs =5V, Vpg =25V
Roscon) Static Drain-to-Source 9 15 Q Vg =3V, I, = 50mA
ON-State Resistance 7 10 Vgs =5V, I = 100mA
ARos(om Change in RDS(ON) with Temperature 0.9 15 %/°C Vgs =5V, I, =0.2A
Cis Forward Transconductance 0.15 0.3 (8] Vpg =28V, I, =0.2A
C Input Capacitance 45 60
[ put -ap : Vgg =0, Vpg = 25V
Coss Common Source Output Capacitance 15 35 pF f=1 MHz
Crss Reverse Transfer Capacitance 3 8
t Turn-ON Delay Time 3 5
—dO- —— Vo = 25V
t, Rise Time 3 5 ns | Dl 0.2A
- i D=
tyorn) Turn-OFF Delay Time 5 7 Rg = 500
t Fall Time 3 5
Voo Diode Forward Voltage Drop 1.1 2.5 \ Vgs = 0, lgp = 100mA
t Reverse Recovery Time 400 ns Vg =0, I, = 100mA
Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
/____N 90%
10% T s
Input 7 ’\_ PULSE
P ton) {oFF) | GENERATOR SCOPE
| ’ D.U.T.
td(ON) | tr td(OFF), tf 'l l
|
Output |
T (oo
10% \‘ 10% : }
|
90%N_ £90% !_ __________ } = = =




Typical Performance Curves
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Typical Performance Curves
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@ Supertexinc.

N-Channel Enhancement-Mode

Vertical DMOS Power FETs

Ordering Information

BV. /IR 1 Y, Order Number / Package
DSS DS(ON) | 'D(ON) GS(th)
BVjs | (max) | (min) | (max) TO-39 TO-92 TO-220 Quad P-DIP | Quad C-DIP DICE
60V | 1.5Q | 3.0A | 1.6V | TNO606N2 TNO606N3 TNO606NS5 TNO606N6 TNO606N7 TNO606ND
100V | 1.5Q 3.0A 1.6V TNO610N2 TNO610N3 TNO610N5 — — TNO0610ND
Features Advanced DMOS Technology
7 Low threshold These enhancement-mode (normally-off) power transistors util-
e . ize a vertical DMOS structure and Supertex's well-proven silicon-

O High input impedance gate manufacturing process. This combination produces devices

O Low input capacitance with the power handling capabilities of bipolar transistors and with
the high input impedance and negative temperature coefficient

O Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,

oL ist these devices are free from thermal runaway and thermally-

Oow on resistance induced secondary breakdown.

0 Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide

O Low input and output leakage range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.

Applications Package Options (Notes 1 and 2)

O Logic level interface

O Solid state relays

[0 Battery operated systems \’

O Photo voltaic drive <)

[0 Analog switch .

O General purpose line driver r T I

TO-220

Absolute Maximum Ratings To-30 1092

Drain-to-Source Voltage BVpes

Drain-to-Gate Voltage BVpas

Gate-to-Source Voltage +20V 14-Lead DIP

Operating and Storage Temperature -55°C to +150°C Note 1:  See Package Outline section for discrete pinouts.

Soldering Temperature* 300°C Note 2:  See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics TNOBA

Package I, (continuous)* I, (pulsed)* Power Dissipation 0} 6}a Ior | F—
@T,=25°C °C/W °C/W
TO-92 0.8A 4A 1W 125 170 0.8A 4.0A
TO-39 1.5A 4A — 20 125 1.5A 4.0A
T0-220 3.0A 4A 28W 2.7 70 3.0A 4.0A
PLASTIC DIP Refer to Al & Special Functions Secti
CERAMIC DIP efer to Arrays & Special Functions Section.
* ID (continuous) is limited by max rated Ti'
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1 and 2)
Symbol Parameter Min Typ Max Unit Conditions
BV, Drain-to-Source TNO0610 100
DSs Vv Voo =0,15=1mA
Breakdown Voltage TNOG06 60 GS D
Vasin Gate Threshold Voltage 0.6 1.6 \% Vas = Vpg I = 1TMA
AV g Change in Vg, with Temperature -4.5 | mv/°C Vas = Vpg Ip = TMA
lass Gate Body Leakage 100 nA Vgg =120V, V=0
Ioss Zero Gate Voltage Drain Current 10 A Vs = 0, Vg = Max Rating
1 mA Ves =0, Vos = 0.8 Max Rating
T,=125°C (note 2)
Ioon) ON-State Drain Current 1.2 2.0 A Vg =5V, Vg =25V
3.0 6.0 Vas = 10V, Vg =25V
Rosion Static Drain-to-Source 15 2.0 Q Vas =5V, Ip = 0.75A
ON-State Resistance 1.0 1.5 Vg =10V, Iy = 0.75A
ARps0n) Change in Ry oy, With Temperature 075 | %/°C
Ceg Forward Transconductance 0.4 0.6 O Vps =25V, I, = 1.0A
C Input Capacitance 85 150
iss put “ap : Vag =0, Vyg = 25V
Coss Common Source Output Capacitance 50 85 pF f=1MHz
Cess Reverse Transfer Capacitance 10 35
t Turn-ON Delay Time 10
| doNn) = Vyp = 25V
t Rise Time 10
- ns I, =1.5A
tyorr) Turn-OFF Delay Time 20 R = 500
t Fall Time 10
Voo Diode Forward Voltage Drop 0.8 1.8 ) Vgs =0, lgp = 1.5A
t Reverse Recovery Time 300 ns Vs =0, lgp = 1.5A

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

/ \_90%
Input __% \_—

SCOPE
t{ON) {(OFF)
D.UT.
d(ON) | tr td(OFF),
Output
10% /‘10%
90%N A90%
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Typical Performance Curves
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV ../ R 1 Y Order Number / Package
DSS 'DS(ON) D(ON) GS(th)
BVpes (max) (min) (max) TO-39 T0-92 TO-220 DICE
200V 6Q 1.0A 1.6V TNO620N2 TNO620N3 TNO620N5 TNO620ND
240V 6Q 1.0A 1.6V TN0624N2 TNO624N3 TNO624N5 TN0624ND

Features Advanced DMOS Technology

hresh These enhancement-mode (normally-off) power transistors util-
O Low threshold ize a vertical DMOS structure and Supertex's well-proven silicon-
O High input impedance gate manufacturing process. This combination produces devices

. . with the power handling capabilities of bipolar transistors and with
O Low input capacitance the high input impedance and negative temperature coefficient
[0 Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,

. these devices are free from thermal runaway and thermally-

O Low on resistance induced secondary breakdown.
O Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide

; range of switching and amplifying applications where high break-
O Lowinputand output leakage down voltage, high input impedance, low input capacitance, and
[0 Complementary N- and P-channel devices fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
O Logic level interface
[0 Solid state relays
[0 Battery operated systems
O Photo voltaic drive
O Analog switch
O General purpose line driver

\'
TO-39 m. TO-82
7

Absolute Maximum Ratings T”
Drain-to-Source Voltage BVpes TO-220
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage +20V
Operatmg and Storage Temperature -55°C 10 +150°C Note 1: See Package Outline section for discrete pinouts.
Soldering Temperature* 300°C Note 2:  See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

TN06C

Package 1, (continuous)* 1, (pulsed)* Power Dissipation 6, 6, lon loam”
@T, =25C °C/W °C/W

TO-39 0.7A 2.5A 6W 20 125 0.7A 2.5A

TO-92 0.4A 2.0A 1W 125 170 0.4A 2.0A

TO-220 1.5A 2.5A 28W 4.5 70 1.5A 2.5A

* ID (continuous) is limited by max rated T].

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BV, Drain-to-Source TNO0624 240
DSs \Y) V..=0,1,=2.0mA
Breakdown Voltage TN0620 200 GS D
Vasin Gate Threshold Voltage 0.6 1.6 \ Vas = Vog Ip = 1.0mA
AVGS“M Change in VGS(\h) with Temperature -5.0 mV/°C Vas = Vpg Ip = 1.0mA
lass Gate Body Leakage 100 nA Vgs =120V, Vo =0
Ioss Zero Gate Voltage Drain Current 10 pA Vgs = 0, Vg = Max Rating
’ mA VGS =0, VDS = 0.8 Max Rating
T,=125°C
ID(ON] ON-State Drain Current 0.5 A Vgs = 5V, Vg = 25V
1.0 Vgs = 10V, Vg =25V
Rosion Static Drain-to-Source 6 8 Q Vg =5V, 1,=0.25A
ON-State Resistance 6 Vg = 10V, |5 = 0.5A
ARpson) Change in Ry oy, With Temperature 1.4 %l/°C Vgg = 10V, 1, = 0.5A
G Forward Transconductance 300 mo Vg = 25V, |5 = 0.5A
C Input Capacitance 85 150
1SS
C Common Source Output Capacitance 50 85 pF Vas = 0 Vos =28V
0ss f=1MHz
Crss Reverse Transfer Capacitance 10 35
tyony Turn-ON Delay Time 10
t, Rise Time 10 Vop =25V
Turn-OFF Delay Ti 20| ™ lo = 1.0A
tyorr urn- elay Time R = 5002
t Fall Time 20
Voo Diode Forward Voltage Drop 1.8 \ Vs =0, lgp = 1.0A
| st
t, Reverse Recovery Time 300 ns Vs =0, Igp = 1.0A
Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: Al A.C. parameters sample tested.
Switching Waveforms and Test Circuit
90%
10% \ D puse |
Input 27
g HoN) {OFF) GENERATOR SCOPE
D.U.T.
td(oN) | Ir 'd(OFF), t

Output

10% 10%

90% 90%
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Typical Performance Curves
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Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV, / Rns(ou) Ioony Vesm.) Order Number / Package
oes (max) (min) (max) TO-39 T0-92 SOW-20* DICE
20V 0.75Q 4.0A 1.6V TNOB02N2 TNO602N3 — TN0602ND
40V 0.75Q 4.0A 1.6V TNO604N2 TNO604N3 TNO604WG TNO604ND

*Same as SO-20 with 300 mil wide body.
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O L dri . ize a vertical DMOS structure and Supertex's well-proven silicon-

ow power drive requirement gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with

N the high input impedance and negative temperature coefficient

0 Low Cyggand fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
0 Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.

o . . . Supertex Vertical DMOS Power FETs are ideally suited to a wide
O High input impedance and high gain range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and

fast switching speeds are desired.
Applications Package Options (Notes 1and 2)
O Motor control
O Convertors
O Amplifiers
O] Switches
O Power supply circuits
O Driver (Relays, Hammers, Solenoids, Lamps
Memories, Displays, Bipolar Transistors, etc.)
TO-39 TO-92

Absolute Maximum Ratings @
Drain-to-Source Voltage BVpes Sow-20
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage + 20V
Operating and Storage Temperature -55°C 1o +150°C Note 1: See Package Outline section for discrete pinouts.
Soldering Temperature* 300°C Note 2: See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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. . TNO6L
Thermal Characteristics

Package I (continuous)* I, (pulsed)* Power Dissipation 6,. c Gj a Iom [ F—
@ T =25C °C/W °C/W
TO-39 2.5A 4.6A 4W 35 125 2.5A 4.6A
TO-92 1.0A 4.6A 1w 125 170 1.0A 4.6A
SOW-20 Refer to Arrays & Special Functions Section.
* ID (continuous) is limited by max rated T]-
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1and 2)
Symbol Parameter Min Typ Max Unit Conditions
BV Drain-to-Source TN0604 40
DSS \ V.=0, |, =2.0mA
Breakdown Voltage TNOBO2 20 Gs D
Vasin Gate Threshold Voltage 0.6 1.6 \" Vas = Vpgr Ip = 1.0mA
AV sy Change in Vg, with Temperature -3.8 -45 | mvV/eC Vas = Vogr Ip = 2.5mA
lass Gate Body Leakage 100 nA Vas = 220V, Vo =0
Ioss Zero Gate Voltage Crain Current 10 uA Vgs = 0, Vg = Max Rating
] mA Vgs = 0, Vg = 0.8 Max Rating
T,=125°C
loony ON-State Drain Current 1.5 2.1 A Vgg = 5V, Vg = 25V
40 | 70 Ve = 10V, V=25V
RDS(ON) Static Drain-to-Source 0.8 1.5 Q Vgs =5V, Iy = 0.75A
ON-State Resistance 0.60 0.75 Vg = 10V, I = 1.5A
ARDS(ON) Change in RDS(ON) with Temperature 0.5 0.75 %/°C VGS =10V, ID =2.0A
Cis Forward Transconductance 0.5 1.0 [$) Vg = 25V, |y =2.0A
C Input Capacitance 85 150
iss put -ap : Vig =0, Vg = 25V
C Common Source Output Capacitance 50 85 pF -
oss =1MHz
T ~ .
Crss Reverse Transfer Capacitance 12 35
t Turn-ON Delay Time 10
d(ON) : - y V., =25V
t Rise Time 10 bb
- ns I, =0.5A
tyorr Turn-OFF Delay Time 25 R = 500
t, Fall Time 13
Veo Diode Forward Voltage Drop -1.2 -1.8 ) Vs =0, Igp = 1.5A
t Reverse Recovery Time 300 ns V@é =0l =1A

Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

90%
__________ hl
10% \ ! PULSE |

Input ——4 | SCOPE
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| i D.UT.
td(oN) | tr td(OFF), 1t } :
|
Output |
10% /‘10% : :
|
o I+ < +
90%N /90% L | -
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Typical Performance Curves
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@ Supertexinc.

P-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV, / nDs( ony |D( on) Order Number / Package
bas (max) (min) TO-39 TO-92 DICE
-20V 4.0Q -0.85A TPO102N2 TP0102N3 TP0O102ND
-40V 4.0Q -0.85A TP0O104N2 TPO104N3 TP0O104ND
Features Advanced DMOS Technology
[0 Low threshold These enhancement-mode (normally-off) power transistors util-
I ) ize a vertical DMOS structure and Supertex's well-proven silicon-
0 Highinput impedance gate manufacturing process. This combination produces devices
O Low input capacitance with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
O Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
. these devices are free from thermal runaway and thermally-
L Low on resistance induced secondary breakdown.
L Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide
[0 Low input and output leakage range of switching and amplifying applications where high break-
. down voltage, high input impedance, low input capacitance, and
O Complementary N- and P-channel devices fast switching speeds are desired.
Applications Package Options (Note 1)
[0 Logic level interface
[0 Solid state relays
[0 Battery operated systems
] Photo voltaic drive
[J Analog switch
[0 General purpose line driver

Absolute Maximum Ratings

Drain-to-Source Voltage

DSS
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage +20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

TO-92 TO-39

Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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TPO1L

Thermal Characteristics
Package I, (continuous)* I, (pulsed)* Power Dissipation 6, 9“ Ior orm
@T,=25C °C/W °C/W
TO-39 -0.9A -2.6A 3.5W 35 125 -0.9A -2.6A
TO-92 -0.5A -2.4A 1.0W 125 170 -0.5A -2.4A

* ID (continuous) is limited by max rated TJ..

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
Poos | orionss | ] @ v | Vet oma
Vasn) Gate Threshold Voltage -1.0 2.4 v Vas = Vpg Ip =-1.0mA
AV s Change in Vg, with Temperature -5.8 6.5 | mv/°C Vas = Vpg Ip =-1.0mA
lass Gate Body Leakage -1.0 | -100 nA Vgg =120V, Vg =0
Inss Zero Gate Voltage Drain Current -10 uA Vs =0, Vg = Max Rating
p mA Vgs =0, Vg = 0.8 Max Rating
T,=125°C
loony ON-State Drain Current 0.08 Vg =3V, Vpg = -25V
-0.25 | -0.40 A Vgs =5V, Vpg=-25V
-0.85 | -1.70 Vag=-10V, Vo = -25V
Rosony Static Drain-to~Sour<;e 15 Vgs = -3V, Iy = -25mA
ON-State Resistance 55 7.5 V.. =-5V, 1 =-0.1A
Q Gs ''D
25 4.0 Vgs =-10V, |5 =-0.5A
ARDS(ON) Change in RDS(ON) with Temperature 0.55 1.0 %/°C Iy =-0.5A, Vg = -10V
Gis Forward Transconductance 225 300 ms Vpg =25V, I, = -0.5A
Cies Input Capacitance 45 60
Coss Common Source Output Capacitance 22 30 pF Vg =0, Vpg = -25V
Crss Reverse Transfer Capacitance 3 8 f=1MHz
tion) Turn-ON Delay Time 4 6
t Rise Time 7 10 ns VDD =-25V, ID =-1A
tiorR) Turn-OFF Delay Time 3 5 Rg = 50Q
t, Fall Time 4 6
Voo Diode Forward Voltage Drop -1.2 -2.0 ' lgp=-0.25A, V=0
t, Reverse Recovery Time 300 ns lgp=-1.0A, V=0
Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)

Note 2:  All A.C. parameters sample tested.

Switching Waveforms and Test Circuit
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Typical Performance Curves
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Ordering Information

P-Channel Enhancement-Mode
Vertical DMOS Power FETs

BVjes ! Rns(ou) |D(°N) Order Number / Package
BVjes (max) (min) TO-39 TO-92
-20V 2.0Q -2.0A TP0202N2 TP0202N3
-40V 2.0Q -2.0A TP0204N2 TP0204N3
Features Advanced DMOS Technology
[0 Low threshold These enhancement-mode (normally-off) power transistors util-
o . ize a vertical DMOS structure and Supertex's well-proven silicon-
O High input impedance gate manufacturing process. This combination produces devices
O Low input capacitance with the power handling capabilities of_ bipolar transistors anq with
the high input impedance and negative temperature coefficient
[0 Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
. these devices are free from thermal runaway and thermally-
D Low on resistance induced secondary breakdown.
O Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide
O Low input and output leakage range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
O Complementary N- and P-channel devices fast switching speeds are desired.
Applications Package Options (Note 1)
O Logic level interface
[0 Solid state relays
) Battery operated systems
O Photo voltaic drive
[0 Analog switch
0 General purpose line driver

Ratings and Characteristics

TPO2L not recommended for new designs. Refer to TPO6L data
sheet for all ratings and characteristics.
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P-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV._ /IR 1 Y; Order Number / Package
DSS DS(ON) | 'D(ON) GS(th)
BV s | (max) | (min) | (max) TO-39 TO-92 TO-220 Quad P-DIP | Quad C-DIP DICE
-60V | 3.5Q | -1.5A | -2.4V | TPO606N2 TPOB06N3 TPO606N5 TP0O606N6 TPO606N7 TP0B06ND
-100V | 3.5Q | -1.5A | -2.4V | TP0610N2 TP0610N3 TP0610N5 — — TP0610ND
Features Advanced DMOS Technology
0 Low threshold These enhancement-mode (normally-off) power transistors util-
. A ize a vertical DMOS structure and Supertex's well-proven silicon-
0 High input impedance gate manufacturing process. This combination produces devices
O Low input capacitance with the power handling capabilities of bipolar transistors and with
e the high input impedance and negative temperature coefficient
0 Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
T Low on resistance these devices are free from thermal runaway and thermally-
induced secondary breakdown.
U Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide
O Low input and output leakage range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
O Logic level interface
O Solid state relays
[0 Battery operated systems \'
O Photo voltaic drive g’
O Analog switch .
O General purpose line driver I r T
TO-220
Absolute Maximum Ratings To39 To-%2
Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpss
Gate-to-Source Voltage +20V 14-Lead DIP
Operatlng and Storage Temperature -55°C 1o +150°C Note 1:  See Package Outline section for discrete pinouts.
Soldering Temperature® 300°C Note 2:  See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

TPO6A

Package I, (continuous)* I, (pulsed)* Power Dissipation 6 6ja Ibr loam*
@ T, =25°C °C/W °C/W
TO-39 -1.0A -4.0A 6w 125 20 -0.8A -4.0A
TO-92 -0.5A -3.5A 1w 170 125 -0.4A -3.5A
T0-220 -2.0A -4.5A 28W 70 2.7 -2.0A -4.5A
Plastic Dip
Ceramic Dip Refer to Arrays & Special Functions Section.
* ID (continuous) is limited by max rated Tj.
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1 and 2)
Symbol Parameter Min Typ Max Unit Conditions
BV Drain-to-Source TP0610 | -100
DSS vV V..=0,1,=-2.0mA
Breakdown Voltage TPO606 60 Gs D
Vasin Gate Threshold Voltage -1.0 2.4 \Y Vas = Vpgr Ip = -1.0mA
AV s Change in Vg, With Temperature -5.0 | mv/°C Vgs = Vpgr Ip =-1.0mA
loss Gate Body Leakage -100 nA Vs =120V, Vo =0
loss Zero Gate Voltage Drain Current -10 pA Vgs =0, Vg = Max Rating
] mA Vas = 0, Vpg = 0.8 Max Rating
T,=125°C
Ioony ON-State Drain Current -0.4 -0.6 A Vgs = -5V, Vg = -25V
-15 25 Vg =-10V, Vg =-25V
Rosion Static Drain-to-Source 5 7 Q Vgs = -5V, I = -250mA
ON-State Resistance 3 35 Vgg =-10V, I, = 0.75A
ARys0n) Change in Ry, With Temperature 1.7 %l/°C Vg =-10V, I, =0.75A
Geg Forward Transconductance 300 mo Vg = -25V, I = 0.75A
C Input Capacitance 85 150
=8 peZ 4P _ Vg =0, Vg = -25V
Coss Common Source Output Capacitance 50 85 pF f=1 MHz
Chss Reverse Transfer Capacitance 10 35
taon Turn-ON Delay Time 10 V=25V
t, Rise Time 15 | oo 1 oA
- ns b=-1.
tyorr Turn-OFF Delay Time 20 Ry = 500
t, Fall Time 15
Ve Diode Forward Voltage Drop -1.8 v Vs =0, Iy =-1.0A
t Reverse Recovery Time 300 ns Vs =0, lgp = -1.0A

Note 1. All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: Al A.C. parameters sample tested.

Switching Waveforms and Test Circuit

/ \_90%
input 2% \____

Output

t(ON) Y OFF)

td(ON) | tr td(OFF), tf

10%

/ 10%
H90%

90%.

—
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Typical Performance Curves
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Ordering Information

P-Channel Enhancement-Mode

Vertical DMOS Power FETs

BV. ./ R 1 Vv Order Number / Package
DsSs DS(ON) D(ON) GS{th)
BVpas (max) (min) (max) TO-39 TO-92 T0-220 DICE
-160V 12Q -0.75A -2.4A TP0616N2 TP0616N3 TP0616N5 TP0616ND
-200V 12Q -0.75A -2.4A TP0620N2 TP0620N3 TP0620N5 TP0620ND
Features Advanced DMOS Technology
0 Low threshold These enhancement-mode (normally-off) power transistors util-
I , ize a vertical DMOS structure and Supertex's well-proven silicon-
O High input impedance gate manufacturing process. This combination produces devices
O Low input capacitance with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
[0 Fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
O Low on resistance ’_these devices are free from thermal runaway and thermally-
induced secondary breakdown.
U Freedom from secondary breakdown Supertex Vertical DMOS Power FETs are ideally suited to a wide
0 Low input and output leakage range of switching and amplifying applications where high break-
. down voltage, high input impedance, low input capacitance, and
[0 Complementary N- and P-channel devices fast switching speeds are desired.
Applications Package Options (Note 1)
O Logic level interface
[0 Solid state relays
[0 Battery operated systems
[0 Photo voltaic drive
J Analog switch
0 General purpose line driver
I
G
T0-39 i‘ T0-92
Absolute Maximum Ratings m
Drain-to-Source Voltage BVpgs
TO-220
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage +20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C Note 1: See Package Outiine section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

TP0O6C

Package I, (continuous)* | I, (pulsed)* Power Dissipation 6, 6, Ior Ioam®

, ' @T,=25°C °C/W °C/W
-TO-39 -1.0A -1.5A W 21 125 -1.0A -1.5A
TO-92 -0.4A -0.8A 1w 125 170 -0.4A -0.8A
TO-220 -1.0A -2.5A 28W 2.7 70 -1.0A -2.5A

*
1

Electrical Characteristics (@ 25°C unless otherwise specified)

b (continuous) is limited by max rated Ti‘

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVoss Drain-to-Source TP0620 -200
v Ve =0,1 =-2.0mA
Breakdown Voltage TPOG16 | -160 Gs D
VGS(“‘) Gate Threshold Voltage -1.0 2.4 \ VGS = VDS, I, =-1.0mA
AV gy Change in V., with Temperature -4.5 | mvV/°C Vas = Vpgr Ip = -1.0mA
lass Gate Body Leakage -100 nA Vgs =320V, Vo =0
loss Zero Gate Voltage Drain Current -10 HA Vs = 0, Vg = Max Rating
Vg =0, V¢ = 0.8 Max Rating
A mA Gs DS
T,=125°C
loony ON-State Drain Current -0.25 A Vag =BV, Vg = -25V
-0.75 Vgg =10V, Vo= -25V
Rosiony Static Drain-to-Source 12 15 Q Vas =5V, I =-0.1mA
ON-State Resistance 9 12 Vg =-10V, Iy =-0.2A
ARpgon Change in Ry o, With Temperature 1.7 | %/rC Vgs =-10V, I, =-0.2A
Gig Forward Transconductance 100 mO Vpg =25V, |, = -0.2A
C Input Capacitance 85 150
= pr e . Vgg =0, Vpg = -25V
Coss Common Source Output Capacitance 50 85 pF f=1MHz
Crss Reverse Transfer Capacitance 10 35
t Turn-ON Delay Time 10
— o —— Vyp = -25V
t Rise Time 15 ns | 10A
t Turn-OFF Delay Time 20 LA
d(OFF) . RS =50Q
t, Fall Time 5
A Diode Forward Voltage Drop -1.8 \' Vas =0, lgp = 0.5A
t, Reverse Recovery Time 300 ns Vs =0, I§D =0.5A
Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300yus pulse, 2% duty cycle.)
Note 2:  All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
/—5 90%
o T T e
Input 2% 4 \— PULSE
i t(ON) t(OFF) : GENERATOR SCOPE
| | D.U.T.
td(ON) | tr td(OFF), : [
|
Output |
10% /‘ 10% : :
|
0%\ 90% '._ __________ : = = =
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Typical Performance Curves
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Ordering Information

P-Channel Enhancement-Mode
Vertical DMOS Power FETs

BV s/ FIDS‘ON) ID(ON) VGs(m) Order Number / Package
BVpes (max) (min) (max) TO-39 TO-92 SOW-20* DICE
-20V 2.0Q -2.0A -2.4V TP0602N2 TP0602N3 — TP0602ND
-40V 2.0Q -2.0A -2.4V TP0604N2 TP0604N3 TP0604WG TP0604ND
*Same as SO-20 with 300 mil wide body.
Features Advanced DMOS Technology
] Low threshold These enhancement-mode (normally-off) power transistors util-
O Highi imped ize a vertical DMOS structure and Supertex's well-proven silicon-
igh input impedance gate manufacturing process. This combination produces devices
O Low input capacitance with the power handling capabilities of bipolar transistors and with
O Fast switching speeds the high input impedance and negative temperature coefficient
9 sp inherent in MOS devices. Characteristic of all MOS structures,
0 Low on resistance these devices are free from thermal runaway and thermally-
0 Freedom from secondary breakdown induced secondary breakdown.
O Low inout and outout leakage Supertex Vertical DMOS Power FETs are ideally suited to a wide
P P 9 range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
O Logic level interface
O Solid state relays
[0 Battery operated systems
O Photo voltaic drive
O Analog switch
[0 General purpose line driver
TO-39 TO-92
Absolute Maximum Ratings @
Drain-to-Source Voltage BVpes SOW-20
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage +20V
Operatmg and Storage Temperature -55°C to +150°C Note 1: See Package Outline section for discrete pinouts.
Soldering Temperature* 300°C Note 2:  See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics TRost
chkage ) I, (continuous)* I, (pulsed)* Power Dissipation 6, 6, b —
, @T,=25C °CIW °CIW
TO-39 -2.0A -4.8A 6W 20 125 -2.0A -4.8A
TO-92 -0.75A -4.2A 1w 125 170 -0.75A -4.2A
SOW-20 Refer to Arrays & Special Functions Section

* ID (continuous) is limited by max rated Ti<

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVpes Drain-to-Source TP0604 -40
Breakdown Voltage TP0B02 20 v Ves =0, lp=-2.0mA
Vasin Gate Threshold Voltage -1.0 2.4 \% Vas = Vogr lp = -1.0mA
AV Gsam) Change in Vg, with Temperature -3.0 -45 | mvV/°C Vas = Vpgr lp = -1.0mA
lass Gate Body Leakage -100 nA Ve =120V, V=0
Ioss Zero Gate Voltage Drain Current -10 uA Vas = 0, Vpg = Max Rating
4 mA Vgs =0, Vg = 0.8 Max Rating
T,=125°C
ID(ON) ON-State Drain Current -0.4 -0.7 A Ves =-5V, VDS =-25V
-2.0 -3.3 Vg = -10V, V= -25V
Rosion Static Drain-to-Source 2.0 35 Q Vge =5V, Ip = -250mA
ON-State Resistance 15 2.0 Vgs =-10V, 1, = -1.0A
ARpson Change in Ry, With Temperature 0.75 1.2 %/°C Vg =-10V, 15 = -1.0A
G Forward Transconductance 04 | 065 [¢) Vps = 25V, |, = -1.0A
C Input Capacitance 85 150
= prap , Vg =0, Vpg = -25V
Coss Common Source Output Capacitance 55 85 pF f=1MHz
Crss Reverse Transfer Capacitance 15 35
)_—— N
taon) Turn-ON Delay Time 5 10 V. - o8y
t, Rise Time 7 10 | oD _1 oA
- ns =-1.
tyorr) Turn-OFF Delay Time 10 15 Fi)s - 500
t Fall Time 6 10
Voo Diode Forward Voltage Drop -1.3 -2.0 \ Vs =0, lgp = -1.5A
t, Reverse Recovery Time 300 ns Vs = 0, Igp = -1.5A
Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2:  All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
/—x 90%
10% T Teuse
Input ——— 7 \— PULSE
. t(ON) YOFF) : GENERATOR SCOPE
| | D.U.T.
'd(oN) | I td(OFF) t } :
|
Output |
10% £ 0% : :
|
90% ZO% L { = = =
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Typical Performance Curves
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@ Supertexinc.

2N6659

N-Channel Enhancement-Mode
Vertical DMOS Power FET

Ordering Information

BVpss / Rosion) Ioon) Order Number / Package
BV .s (max) (min) TO-39
35V 1.8Q 1.5A 2N6659
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
. . ize a vertical DMOS structure and Supertex's well-proven silicon-
[0 Low power drive requirement . . L -
gate manufacturing process. This combination produces devices
0 Ease of paralleling with the power handling capabilities of bipolar transistors and with
P the high input impedance and negative temperature coefficient
O LowC f tch
oW Cigs and fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
ok : : . Supertex Vertical DMOS Power FETs are ideally suited to a wide
High h
L High input impedance and high gain ) range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
O Motor control
O Converters
O Amplifiers
O Switches
OO Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps,

Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVpes
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage +40V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

*Distance of 1.6 mm from case for 10 seconds.

8-1
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TO-39

Note 1: See Package Outline section for discrete pinouts.
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P - 2N6659
Thermal Characteristics '

Package Iy (cqntinuous)* k Ip (pulsed) Power Disélpation Oia qc
’ ' @T,=25C °C/W °C/W
TO-39 v 1.4A 3A 625 170 20
*I, (continuous) is limited by max rated T
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1 and 2)
Symbol Parameter Min Typ Max Unit Conditions
BVbss g::::;f:u \;glatage % v Ip = 10uA, Vas =0
VGS(th) Gate Threshold Voltage 0.8 2.0 ' Vgs = Vps. Ip = TmA
IGss Gate Body Leakage 100 nA Vgs = =15V, Vpg =0
IDss Zero Gate Voltage Drain Current 10 VGs = 0, Vpg = Max Rating
500 wA _\I{Si =1205,OZDS = 0.8 Max Rating

ID(ON) ON-State Drain Current 1.5 A Vgs = —10V, Vps = 2 Vpg(ON)
RDS(ON) Static Drain-to-Source 5.0 Vgs = 5V, Ip = 0.3A

ON-State Resistance 8 0 Vas - 10V, Ip - 1A
GFs Forward Transconductance 170 mU | Vps = 24V, Ip = 0.5A
Ciss Input Capacitance 50
Coss Common Source Output Capacitance 65 pF :/231 ;IHOZ Vos = 28V
CRrss Reverse Transfer Capacitance 10
{(ON) Turn-ON Time 10 Vpp = 25V, Ip = 1A
t{(OFF) Turn-OFF Time 10 " Rg = 50Q
Vsp Diode Forward Voltage Drop 0.9 " Isp =—14A, Vgs = 0

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

90%

INPUT —_————
t(OFF) _ '_ PULSE .l
=~ | GENERATOR SCOPE
td(ON)  tr td(OFF) tf | D.UT
OUTPUT =y !
10% \ /‘10% |
90% ¥ A 90% |
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2N6660
2N6661

@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV,es / Roson loon) Order Number / Package
BV, (max) (min) TO-39
60V 3.0Q 1.5A 2N6660
90V 4.0Q 1.5A 2N6661

Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
0 L dri . ize a vertical DMOS structure and Supertex's well-proven silicon-

ow power drive requirement gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with

P the high input impedance and negative temperature coefficient

O Low Cygg and fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.

o . . . Supertex Vertical DMOS Power FETs are ideally suited to a wide
0 High input impedance and high gain range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and

fast switching speeds are desired.

Applications Package Options (Note 1)
O Motor control
0 Converters
O Amplifiers
O Switches
O Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps,

Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVpes
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage + 30V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature® 300°C

*Distance of 1.6 mm from case for 10 seconds.

TO-39

Note 1: See Package Outline section for discrete pinouts.




Thermal Characteristics

2N6660/2N6661

Package I, (continuous)* I, (pulsed)* Power Dissipation B¢ 6, Ior lorm*
@T,=25°C °C/W °C
2N6660 1.1A 3A 6.25W 125 20 2.5A 5.0A
2N6661 0.9A 3A 6.25W 125 20 2.5A 5.0A

*Ip, (continuous) is limited by max rated T

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVDSS Drain-to-Source 2N6660 60
Breakdown Voltage 2N6661 90 \% VGS =0, ID = 10uA
VGS(th) Gate Threshold Voltage 0.8 2.0 Vv VDS = VGS, ID=1TmA
AVGS(th) Change in VGS(th) with Temperature —-3.8 [-55 | mv/°C| VGS=VDS, ID=1mA
IGSS Gate Body Leakage 100 nA VGS =15V,VDS =0
500 VGS =15V, VDS =0, TA = 1256°C
IDSS Zero Gate Voltage Drain Current 10 VGS =0, VDS = Max Rating
500 MA VGS = O,OVDS = 0.8 Max Rating
TA=125C
ID(ON) ON-State Drain Current 15 A VDS = 25V, VGS = 10V
RDS(ON) Static Drain-to-Source | ALL 5.0 VGS =5V, ID = 0.3A
ON-State Resistance | oN6660 3.0 & Ves=iov,ip-1A
2N6661 4.0 VGS =10V, ID=1A
Grs Forward Transconductance 170 m{§ VDS =25V, Ip = 0.6A
Ciss Input Capacitance 50
Coss Common Source Qutput Capacitance 40 pF VDS =25V, VGS =0
CRss Reverse Transfer Capacitance 10 f=1MHz
td (ON) Turn-ON Delay Time 10
tr Rise Time ns VDD = 25V, R =238’
td(OFF) Turn-OFF Delay Time 10 Rg = 250
tf Fall Time
VsSD Diode Forward Voltage Drop 1.2 Vv VGS=0,Isp=1A
trr Reverse Recovery Time 350 ns VGS=0,ISD=1A

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300ms pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.
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2N7000

@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FET

Ordering Information

BV s/ Rosion ID(?N) Order Number / Package
BV,qs (max) (min) TO-92
60V 5Q 75mA 2N7000

Features Advanced DMOS Technology

O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util- ‘
O Low power drive requirement ize avertical DMQS structure aqd Supe(tex s well-proven sﬂpon-
gate manufacturing process. This combination produces devices !
O Ease of paralleling with the power handling capabilities of bipolar transistors and with \
O Low C.... and fast switching speeds the high input impedance and negative temperature coefficient !
188 o 9 5 inherent in MOS devices. Characteristic of all MOS structures,
OO Excellent thermal stability these devices are free from thermal runaway and thermally- |
O Integral Source-Drain diode induced secondary breakdown. !
ok : : ; Supertex Vertical DMOS Power FETs are ideally suited to a wide
O High input impedance and high gain
g inp P ne ) range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
00 Motor control
O Converters
O Amplifiers |
O Switches
O Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps,

Memories, Displays, Bipolar Transistors, etc.)

TO-92
Absolute Maximum Ratings
Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage + 40V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.




Thermal Characteristics

2N7000

Package lo (continuous)* 'n (pulsed)* ~ Power Dissipétion °g;;V og}"’,v
TO-92 200mA ’ 500mA 400mwW 3125 40
“I (continuous) is limited by max rated T
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1 and 2)
Symbol Parameter Min Typ Max Unit Conditions
BY0SS | srakdown vorage 60 i
VGS(th) Gate Threshold Voltage 0.8 3.0 \ Vgs = Vps, Ip = 1mA
Igss Gate Body Leakage 10 nA |Vgs = =15V, Vpg =0
Ipss Zero Gate Voltage Drain Current 1 pA | VGs =0, Vps = 48V
Vgs = 0, Vpg = 48V
1 mA
Ta = 125°C
ID(ON) ON-State Drain Current 75 mA | Vgs = 4.5, Vps = 10V
RDS(ON) Static Drain-to-Source
ON-State Resistance 5] @ ]Vgs=10V.Ip=05A
GFs Forward Transconductance 100 mU | Vps = 10V, Ip = 0.2A
Ciss Input Capacitance 60 Vgs = 0, Vpg = 25V
Coss Common Source Output Capacitance 25 pF |f= 1MHz
CRrss Reverse Transfer Capacitance 5
t(ON) Turn-ON Time 10 Vpp = 15V, Ip = 0.5A
{(OFF) Turn-OFF Time 10 " Rs = 500
Vsp Diode Forward Voltage Drop -0.85 \ Isp = -0.2A, VGs = 0

Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

9
INPUT 10%

ouTPUT ~———————

10% /
9%‘ F 90%

90%

t(ON) t(OFF)

td(ON) | tr td(OFF) tf

M o1

GENERATOR SCOPE

D.U.T.
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2N7007

N-Channel Enhancement-Mode
Vertical DMOS Power FET

Ordering Information

BV e/ Roson loony Order Number / Package
BVpes (max) (min) T0-92
240V 45Q 150mA 2N7007
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O Low power drive requirement ize a vertical DMOS structure and Supertex's well-proven silicon-
po ve requi gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
0 Low Cygq and fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
0 Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
T ; . " Supertex Vertical DMOS Power FETs are ideally suited to a wide
0 High input impedance and high gain range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
O Motor control
O Converters
O Amplifiers
O Switches
O Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps,

Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVjes
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage +40V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

*Distance of 1.6 mm from case for 10 seconds.
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TO-92

Note 1:

See Package Outline section for discrete pinouts.




Thermal Characteristics 2N7007

Package v Ip (continuous)* | " Ip (pulsed) Power Dissipation ' og;'w o C‘RN
TO-92 65mA ) 260mA 400mwW 3125 40
* I (continuous) is limited by max rated Ti‘
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1 and 2)
Symbol Parameter Min Typ Max Unit Conditions
BVOSS | creakdown Votige 240 V. |Io=100uA Vas = 0
VGS(th) Gate Threshold Voltage 1 25 \ VGs = Vps. Ip = 250 nA
Igss Gate Body Leakage 10 nA VGs = 20V, Vpg =0
IDSS Zero Gate Voltage Drain Current 100 Vags = 0, Vpg = 120V
Vgs = 0, Vpg = 120V
1 A
Ta = 125°C
IDON) - ON-State Drain Current 50 A Vs = 4.5V, Vps = 2 VDS(ON)
150 Vs = 10V, Vps = 2 Vps(ON)
RDS(ON) Static Drain-to-Source 45 Vgs = 4.5V, Ip = 20mA
ON-State Resistance Q
45 V@s = 10V, Ip = 50mA
GFs Forward Transconductance 30 mU VDS = 2 VpS(ON), Ip = 50mA
Ciss Input Capacitance 30
Coss Common Source Outbut Capacitance 15 pF Vgs = 0, Vps = 25V
CRss Reverse Transfer Capacitance 10 f = 1MHz
{(ON) Turn-ON Time 30 Vpp = 60V, Ip = 50mA
{(OFF) Tum-OFF Time 0| © |Rs - s00
Vsp Diode Forward Voltage Drop -1.2 \ Isp = —65mA, Vgg = 0

Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

- 90%

INPUT 0% \—_. —— e ——

t(ON) _ tlOFF) r PULSE -I SCOPE
‘ = | GENERATOR
td(ON)  tr td(OFF) tf | D.U.T.
OUTPUT ===\ Con |
\ / ,

8-8



@ Supertexinc.

2N7008

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BVpss / Roson) loony Order Number / Package
BV, (max) (min) TO-92
60V 7.5Q 500mA 2N7008
Features Advanced DMOS Technology

[0 Freedom from secondary breakdown
[0 Low power drive requirement

Ease of paralleling

Low C ¢ and fast switching speeds
Excellent thermal stability

Integral Source-Drain diode

High input impedance and high gain

Oo0ooocoao

Complementary N- and P-Channel devices

Applications

Motor control
Converters
Amplifiers

Switches

Power supply circuits

Ooo0oogooadg

Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVpeg
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage 40V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

*Distance of 1.6 mm from case for 10 seconds.

These enhancement-mode (normally-off) power transistors util-
ize a vertical DMOS structure and Supertex's well-proven silicon-
gate manufacturing process. This combination produces devices
with the power handling capabilities of bipolar transistors and with
the high input impedance and negative temperature coefficient
inherent in MOS devices. Characteristic of all MOS structures,
these devices are free from thermal runaway and thermally-
induced secondary breakdown.

Supertex Vertical DMOS Power FETs are ideally suited to a wide
range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.

Package Options

(Note 1)

TO-92

Note 1: See Package Outline section for discrete pinouts.




Thermal Characteristics

2N7008

6, 6,
Package I, (continuous)* Ip (pulsed) Power Dissipation oc}“'N °c}§N
TO-92 150mA 1A 400mW 312.5 40

*Ip (continuous) is limited by max rated Ti‘

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVbss g::;;z:: li;gﬁage 60 V' |'o=~10uA Vs =0
VGs(th) Gate Threshold Voltage 1 25 \ VGs = Vps. Ip = 250uA
Igss Gate Body Leakage 100 nA VGgs = =30V, Vpg =0
Ipss Zero Gate Voltage Drain Current 1 VGs = 0V, Vps = 50V

wA | Vgs = OV, Vpg = 50V
500
Ta = 125°C
ID(ON) ON-State Drain Current 500 mA | Vgs = 10V, Vps = 2 VpS(ON)
RpS(ON) Static Drain-to-Source 7.5 0 Vgs = 5V, Ip = 50mA
ON-State Resistance 7.5 Vas = 10V, Ip = 500mA
GFs Forward Transconductance 80 mU | VDS = 2 VDS(ON). D = 200mA
Ciss Input Capacitance 50
Vgs = 0, Vpg = 25V
Coss Common Source Output Capacitance 25 pF
Crss Reverse Transfer Capacitance 5 fo ke
t(ON) Turn-ON Time 20 Vpp = 30V, Ip = 200mA
{OFF) Turn-OFF Time 20 " Rg = 50Q
VsD Diode Forward Voltage Drop -1.5 vV |lsp = —150mA, VGgs = 0
Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)

Note 2:  All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

L 90%
neuT  —0%4 \____
tON) _| H{OFF) |
‘td(ONL tr B td(OFF) tf
OUTPUT W\ e
20% ¥ ,A)%
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Ordering Information

IRF510
IRF511
IRF512
IRF513

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

BVpes/ Rpsion Inon) Order Number / Package
BV, s (max) (min) T0-220
100V 0.6Q 4.0A IRF510
60V 0.6Q 4.0A IRF511
100V 0.8Q 3.5A IRF512
60V 0.8Q 3.5A IRF513
Features Advanced DMOS Technology
[0 Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
oL dri . t ize a vertical DMOS structure and Supertex's well-proven silicon-
Ow power drive requiremen gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
[ Low Cysq and fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
L . A ’ Supertex Vertical DMOS Power FETs are ideally suited to a wide
0 High input impedance and high gain range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
O Motor control
O Converters
O Amplifiers
O Switches
O Power supply circuits \‘
O Drivers (Relays, Hammers, Solenoids, Lamps, g‘

Memories, Displays, Bipolar Transistors, et

c.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVpes
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage +20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

N

]
i

GDS
TO-220

Note 1: See Package Outline section fro discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.



IRF510/IRF511/IRF512/IRF513

Thermal Characteristics
Package 'iD (continuous)* I, (pulsed)* Power Dissipation 6 0 Ibr [—
] @T,=25°C °CIW °C/W o
IRF510 4.0A 16.0A 20W 80 6.4 4.0A 16.0A
IRF511 4.0A 16.0A 20W 80 6.4 4.0A 16.0A
IRF512 3.5A 14.0A 20W 80 6.4 3.5A 14.0A
IRF513 3.5A 14.0A 20W 80 6.4 3.5A 14.0A

*ID (continuous) is limited by max rated Tj.

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVpes Drain-to-Source IRF510, IRF512 | 100
Vv Voo =0, 1, =250
Breakdown Voltage IRF511, IRF513 | 60 6s= 01 =250uA
VGS(m) Gate Threshold Voltage 2.0 4.0 \ Vas = Vpg Ip = 250uA
lass Gate Body Leakage 500 nA Ve =120V, V=0
250 Vas = 0, Vg = Max Rating
Ioss Zero Gate Voltage Drain Current 1000 A Vas =0, Vpg = 0.8 Max Rating
T.=125°C
ID(ON) ON-State Drain Current | IRF510, IRF511 4.0 A Vg = 10V
IRF512, IRF513 3.5 Vs > ID(ON) X RDS‘ON) Max Rating
RDS(ON) Static Drain-to-Source IRF510, IRF511 0.6
Q V=10V, | =2.0A
ON-State Resistance | IRF512, IRF513 0.8 es °
G Forward Transconductance 1.0 1.5 5 Vos > Ipon) X Rog(on Max Rating
I,=2.0A
Cies Input Capacitance 150
- Vs =0, Vpg =25V
Coss Common Source Output Capacitance 100 pF £ 25 Mz
Crss Reverse Transfer Capacitance 25
tion Turn-ON Delay Time 20
— Vpp = 0.5BV ¢
t Rise Time 25 L 2 0A Dss
- ns b =2
tyorr) Turn-F)FF Delay Time 25 R - 500
t; Fall Time 20
Veo Diode Forward IRF510,IRF511 25 Vs =0, Igp = 4.0A
Vv
Voltage Drop IRF512,IRF513 2.0 Vg =0, Igp = 3.5A
t, Reverse Recovery Time 230 ns T;=150°C, Igp = 4.0A,
di,, = 100A/uS
Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
90%
imput 1% T T SCOPE
{(ON) YOFF) | GENERATOR
| | D.UT.
td(ON) | tr td(OFF) 1 } :
|
Output |
10% /ﬂ 10% : :
|
90%N_ H90% L __________ : = = =
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Ordering Information

IRF520 IRF521
IRF522 IRF523
R520 R521

Preliminary

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

BV e/ Rosion) Ioon Order Number / Package
BVyes (max) (min) TO-220 TO-92
100V 0.3Q 8.0A IRF520 R520
60V 0.3Q 8.0A IRF521 R521
100V 0.4Q 7.0A IRF522 —
60V 0.4Q 7.0A IRF523 —
Features Advanced DMOS Technology

Freedom from secondary breakdown
Low power drive requirement

Ease of paralleling

Low C,¢ and fast switching speeds
Excellent thermal stability

Integral Source-Drain diode

High input impedance and high gain

Oo0OooDoooao

Complementary N- and P-Channel devices

Applications

Motor control
Converters
Amplifiers

Switches

Power supply circuits

OoDOoooag

Memories, Displays, Bipolar Transistors, et

Drivers (Relays, Hammers, Solenoids, Lamps,

C.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVpes
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage + 20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

*Distance of 1.6 mm from case for 10 seconds.

8-13

These enhancement-mode (normally-off) power transistors util-
ize a vertical DMOS structure and Supertex's well-proven silicon-
gate manufacturing process. This combination produces devices
with the power handling capabilities of bipolar transistors and with
the high input impedance and negative temperature coefficient
inherent in MOS devices. Characteristic of all MOS structures,
these devices are free from thermal runaway and thermally-
induced secondary breakdown.

Supertex Vertical DMOS Power FETs are ideally suited to a wide
range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.

Package Options

g

GDS
TO-92
With TO-220
pin out
(lead bend
option: P11) r
GDS GDS

TO-92 TO-220




Thermal Characteristics

IRF520/'IRF521 /IRF522/IRF523/R520/R521

Package I, (continuous)* I, (pulsed)* | Power Dissipation elc 0, lor -

- @T,=25°C °C/W °C/W .

IRF520, IRF521 8.0A 32.0A 40W 80 3.12 8.0A 32.0A
IRF522, IRF523 7.0A 32.0A 40W 80 3.12 8.0A 32.0A
R520, R521 1.0A 9.0A 1W 170 125 1.0A 9.0A

*Ip, (continuous) is limited by max rated T

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
IRF520, IRF522, | 100
Drain-to-Source R520
BVoss Breakdown Voltage | IRF521, IRF523, | 60 v Vs =0, Ip = 250uA
R521
VGS@ Gate Threshold Voltage 2.0 4.0 \" Vas = Vps Ip = 250pA
lass Gate Body Leakage 500 nA Vs =120V, V=0
loss Zero Gate Voltage Drain Current 250 Vs = 0, Vg = Max Rating
1000 uA Vgs = 0, Vg = 0.8 Max Rating
T.=125°C
Ioon) N- IRF520, IRF521,| 8.0 Vgg = 10V
( 8rai§tgtuerrent R520, R521 A Vos > Ioon X Roson Max Rating
IRF522, IRF523 | 7.0 N N
Roson gt'z\latigtDtrais-tq-Stource ::'?5':2502%;2::521 03 Q Vgg = 10V, I = 4.0A
il esistance I 1RFs2z, IRF523 04
Geg Forward Transconductance 1.5 2.9 5 Vps > |D(0N) X RDS(ON) Max Rating
I, =4.0A
C Input Capacitance 600
iss put ~ap ‘ Vgg =0, Vpg = 25V
Coss Common Source Output Capacitance 400 pF f=1 MHz
Crss Reverse Transfer Capacitance 100
t Turn-ON Delay Time 40
N — Y Vpp = 0.5BV¢
t Rise Time 70
¢ . ns I, =4.0A
L Turn-OFF Delay Time 100 Vys = 0.8 Max Rating
%, Fall Time 70
Veo Diode Forward IRF520, IRF521 25 v Ves =0V, Iy = 1A
Voltage D R520, R521
oltage Lrop IRF522, IRF523 23 Vgs =0V, Iy, = 8A
t, Reverse Recovery Time 280 ns Ti =150°C, I = 8.0A,
di., = 100A/uS

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2:  All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

/ \_90%
Input ﬂi \_—___

Output

t(ON) t{(OFF)

td(OFF), U

td(ON) | tr

—

/ 10%
90%

10%

90%.

¥ 7
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@ Supertexinc.

IRF531
R531

Preliminary

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BVpes/ Roson) Ihon) Order Number / Package
BVpes (max) (min) TO-39 T0-92
60V 0.18Q 12.0A IRF531 R531
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
) ) ize a vertical DMOS structure and Supertex's well-proven silicon-
[ Low power drive requirement gate manufacturing process. This combination produces devices
[0 Ease of paralleling with the power handling capabilities of bipolar transistors and with
o the high input impedance and negative temperature coefficient
Low nd fast switching s
O Low Cygq and fast s mi ing speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
O High input impedance and high gain Supertex Vertical DMOS Power FETs are ideally suited to a wide

Applications

Ooo0ooooadad

Absolute Maximum Ratings

Motor control
Converters
Ampilifiers

Switches

Power supply circuits

Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.)

Drain-to-Source Voltage BVpsg
Drain-to-Gate Voltage BVjes
Gate-to-Source Voltage +20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

*Distance of 1.6 mm from case for 10 seconds.
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range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.

Package Options

GDS
TO-92
With TO-220
pin out
(lead bend
option: P11)

GDS

TO-92 TO-220




Thermal Characteristics

IRF531/R531

Power Dissipation

Package I, (continuous)* I, (pulsed)* 6 6ia bR [—
’ @T.=25C - °C/W = | °C/W -
IRF531 14.0A 56.0A 75W 80 - 3.12 14.0A 56.0A
R531 1.5A 15.0A 1w 170 125 1.5A 15.0A

"ID (continuous) is limited by max rated TJ..

Electrical Characteristics (@ 25°C uniess otherwise specified)

(Notes 1 and 2)

‘Symbol Parameter Min Typ Max Unit Conditions
BVpes Drain-to-Source Breakdown Voltage 60 \" Vgs =0, I = 250uA
Vasin Gate Threshold Voltage 20 4.0 \Y Vas = Vg Ip = 250pA
lass Gate Body Leakage 500 nA Vs =120V, V=0
loss Zero Gate Voltage Drain Current 250 Vas =0, Vg = Max Rating
1000 HA Vgs = 0, Vg = 0.8 Max Rating
T,=125°C
hoon) ON-State Drain Current 120 A Vgs = 10V
’ Vos > Ipon) * Rosiony Max Rating
Rosion) Static Drain-to-Source 0.18 Q Vgs =10V, I, =8.0A
ON-State Resistance
Gig Forward Transconductance 40 5 Vos > Ipon) X Bosiony Max Rating
' I, = 8.0A
Ciss Input Capacitance 800
Coss Common Source Output Capacitance 500 pF :/es1='\:'_\‘/v Vps = 25V
= z
Crss Reverse Transfer Capacitance 150
tyon) Turn-ON Delay Time 30
) Rise Time 75 :’DD : g:BVDSS
- ns b =4
::“OFF’ :u:lnTgFF Delay Time jz Vys = 0.8 Max Rating
all Time
Veo Diode Forward Voltage Drop 25 v Vas = 0V, Iy = 1A
23 Ves =0V, Ig, = 8A
t, Reverse Recovery Time 360 ns T;=150°C, I. = 8.0A,
dl.,, = 100A/uS

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)

Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

Input .l%7

< 90%

{(ON) Y{(OFF)
td(oNn) | tr td(OFF),
Output
10% /HO%
90%! J90%
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N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

/{R I

BVpss/ | Rosion | Toiom

Order Number / Package

BVpgs | (Max) |(min) I 10.39 TO-92 TO-52

TO-220

Quad P-DIP | Quad C-DIP|Quad C-LCC| DICE

40V 3Q | 2.0A | VNO104N2 | VNO104N3 | VNO104N9

VNO104N5

VNO0104N6 | VNO104N7 — VNO0104ND

60V 3Q |[2.0A | VNO106N2 | VNO106N3 | VNO106N9

VNO106N5

VNO106N6 | VNO106N7 | VNO106NE [VNO106ND

90V 3Q [ 2.0A | VNO109N2 | VNO109N3 | VNO109N9

VNO109N5 — .

VNO109NE [VNO109ND

Features

Freedom from secondary breakdown
Low power drive requirement

Ease of paralleling

Low C o4 and fast switching speeds
Excellent thermal stability

Integral Source-Drain diode

High input impedance and high gain

Oooooocoaoao

Complementary N- and P-Channel devices

Applications

Motor control
Converters
Amplifiers

Switches

Power supply circuits

Ooooogao

Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Volitage BVee
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage +20V

-55°C to +150°C
300°C

Operating and Storage Temperature

Soldering Temperature*

*Distance of 1.6 mm from case for 10 seconds.
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Advanced DMOS Technology

These enhancement-mode (normally-off) power transistors util-
ize a vertical DMOS structure and Supertex's well-proven silicon-
gate manufacturing process. This combination produces devices
with the power handling capabilities of bipolar transistors and with
the high input impedance and negative temperature coefficient
inherent in MOS devices. Characteristic of all MOS structures,
these devices are free from thermal runaway and thermally-
induced secondary breakdown.

Supertex Vertical DMOS Power FETs are ideally suited to a wide
range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.

Package Options

) TO-39

TO-92 l

&)

I I r TO-52
TO-220 %
16-Terminal LCC

14-Lead DIP




Thermal Characteristics

VNO1A

Package - I, (continuous)* Ip (pulsed)* Power Dissipation 6l 6 lor [ —

B . @T,=25°C °C/W °C/W :
TO-39 0.8A 2.5A 3.5W 125 35 0.08A 2.5A
TO-92 0.5A 2.0A 1.0W 170 125 0.5A 2.0A -
TO-52 0.5A 2.0A 1.0W 170 125 0.5A 2.0A
TO-220 1.5A 2.5A 15.0W 70 8 1.5A 2.5A
Plastic DIP
Ceramic DIP See DMOS Arrays & Special Functions section
Ceramic LCC

* 'D (continuous) is limited by max rated Ti'

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BV s Drain-to-Source VNO0109 90
Breakdown Voltage
VNO0106 60 v Ves =0, lp =1mA
VNO0104 40
Vasin) Gate Threshold Voltage 0.8 24 v Vas = Vogr Ip = TMA
AV sy Change in Vg, with Temperature -3.8 -5.5 | mv/rC Vas = Vogr Ip = TMA
lass Gate Body Leakage 0.1 100 nA Vg =120V, V=0
Ioss Zero Gate Voltage Drain Current 1 Vs = 0, Vg = Max Rating
100 uA Vgs =0, Vg = 0.8 Max Rating
T,=125°C
ID(ON) ON-State Drain Current 0.5 1.0 A Vs = 5V, Vpg = 25V
20 | 250 Vgs = 10V, V=25V
RDS(ON) Static Drain-to-Source 4.50 5 a Vg =5V, Iy = 250mA
ON-State Resistance > 3 Vee = 10V, Ip = 1A
ARDS(ON) Change in RDS(ON) with Temperature 0.70 1 %/°C Vs =10V, 1, =1A
(CHN Forward Transconductance 300 400 mo Vs =25V, I, = 0.5A
C Input Capacitance 45 60
iss P~ ~ap : Ves =0, Vpg = 25V
Coss Common Source Output Capacitance 20 25 pF f=1MHz
| —oss : =
Coss Reverse Transfer Capacitance 2 5
tyon Turn-ON Delay Time 3 5 V. 25V
t Rise Time 5 8 oo~
Turn-OFF Delay Ti 6| 9] ™ | b=
tyorr) urn- elay Time Re = R_ =500
t, Fall Time 5 8
Vep Diode Forward Voltage Drop 1.2 1.8 \' Vas =0, Igp =2.5A
t, Reverse Recovery Time 400 ns Vas =0, lgp = 1A

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

Input

90%

10%7l \

Output

t(ON) t(OFF)

td(OFF), tf

td(ON) | tr

10% 10%

90%. 90%

7
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Typical Performance Curves
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PD (WATTS) 1D (AMPERES)

THERMAL RESISTANCE (NORMALIZED)

Saturation Characteristics
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N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information 5

BVpgs / Ros(ou) |D(°N) Order Number / Package
BVpas (max) (min) TO-39 TO-92 TO-220 Dice
160V 10Q 0.4A VNO116N2 VNO116N3 VNO116N5 VNO116ND
200V 10Q 0.4A VNO120N2 VNO120N3 VNO120N5 VNO120ND
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O Low power drive requirement ize a vertical DMQS structure aqd Supeftex.s well-proven stltgon-
gate manufacturing process. This combination produces devices
[0 Ease of paralleling with the power handling capabilities of bipolar transistors and with
i the high input impedance and negative temperature coefficient
O LowC d fast switching speeds
OW Piss BNC TaST SWI c Ing spee inherent in MOS devices. Characteristic of all MOS structures,
0 Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
[ ; ; ; Supertex Vertical DMOS Power FETs are ideally suited to a wide
O High t d d high
197 Input impegance and high gain . range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1) |
O Motor control ‘
O Converters — |
O Amplifier: m" |
plitiers o~ |
O Switches . i
O Power supply circuits |
O Drivers (Relays, Hammers, Solenoids, Lamps, I r { f
Memories, Displays, Bipolar Transistors, etc.) }
TO-220
i
1‘
Absolute Maximum Ratings TO-92 To% |
|
Drain-to-Source Voltage BVpss |
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage + 20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

VNO1C

Package Ip (continuous)* | 1, (pulsed)* | Power Dissipation 0 8, lon (.
' @T.=25C °C/W | °C/W
TO-39 350mA 1.0A 3.5W 125 35 350mA 1.0A
TO-92 250mA 0.9A 1.0W 170 125 250mA 0.9A
TO-220 700mA 1.2A 15.0W 70 8.3 700mA 1.2A
* |D (continuous) is limited by max rated Tj.
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1and 2)
Symbol Parameter Min Typ Max Unit Conditions
BVDSS Drain-to-Source
Breakdown Voltage VNO120 200 Vv ID=1mA, VGS =0
VNO116 160
VGS(th) Gate Threshold Voltage 1 3 \% VGS = VDS, ID = TmA
AVGS(th) Change in VGS(th) with Temperature -5.1 -6.0 | mv/°C| VGS=VDS,!D=1mA
1GSS Gate Body Leakage 0.1 100 nA | VGS =220V, VDS =0
1DSS Zero Gate Voltage Drain Current 10 MA VGS =0, VDS = Max Rating
VGS =0, VDS = 0.8 Max Rating
T mA A= 128C
ID(ON) ON-State Drain Current 0.3 0.5 A VGS =5V, VDS = 25V
0.4 0.8 VGS = 10V, VDS = 25V
RDS(ON) Static Drain-to-Source 10 15 VGS =5V, ID = 100mA,
ON-State Resistance . 8 10 f VGS = 10V, ID = 100mA,
ARDS(ON) | Change in RDS(ON) with Temperature 1.0 1.2 %/°C | ID =500mA, VGS = 10V
Grs Forward Transconductance 100 150 my VDS = 25V, ID = 250mA
Ciss Input Capacitance 40 55
Coss Common Source Output Capacitance 20 30 pF VGS =0, VDS =25V,
CRss Reverse Transfer Capacitance 5 8 f=1MHz
td(ON) Turn-ON Delay Time 3 5
tr Rise Time 5 8 ns VDD =25V, ID = 260mA,
td(OFF) Turn-OFF Delay Time 6 9 RS = 500
tf Fall Time 5 8
VSD Diode Forward Voltage Drop 1.2 1.8 \% ISD =2.5A,VGS =0
trr Reverse Recovery Time 400 ns ISD = 1A, VGS =0

Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300ps pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

INPUT

OUTPUT

/ \-90%
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|
I
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Saturation Characteristics
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N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV e/ Rpsion loon Order Number / Package
BVjes (max) (min) TO-39 TO-92 TO-220 Quad P-DIP | Quad C-DIP
40V 2Q 3.0A VN0204N2 — VNO0204N5 VNO0240N6 VN0204N7
60V 2Q 3.0A VNO0206N2 VNO0206N3 VNO206N5 VNO0206N6 VNO0206N7
100V 2Q 3.0A VNO210N2 VNO210N3 VNO210N5 — —
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
[ Low power drive requirement ize avertical DMQS structure aqd Supeftex s well-proven sﬂpon-
gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
O LowC nd fast switchi d the high input impedance and negative temperature coefficient
OW Lygs ANC 1aSLSWE c g speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
[J Integral Source-Drain diode induced secondary breakdown.
ik ; : ; Supertex Vertical DMOS Power FETs are ideally suited to a wide
[J High input impedance and high gain
gh Inp P one ) range of switching and amplifying applications where high break-
0 Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
3 Motor control
O Converters
O Amplifiers
[0 Switches
[0 Power supply circuits
) ) T0-92 oy
[J Drivers (Relays, Hammers, Solenoids, Lamps, &
Y

Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVyes
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage + 20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

T0-39 .i
TO-220
14-Lead DIP
Note 1: See Package Outline section for discrete pinouts.

Note 2:  See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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VNO2A

Thermal Characteristics
Package I, (continuous)* le(pulse'd)* | Power Dissipation 6, 6 Ibr [ I—
. . @T,=25C - °C/W ' °C/W )
TO-39 1.5A 4A 4w 25 125 2A “4A
TO-92 0.8A 4A 1W 125 170 0.8A 4A
TO-220 3.0A 4A 28W 4.8 70 3A 4A
Plast|c'D|p‘ Refer to Arrays and Special Functions section.
Ceramic Dip :
*ID (continuous) is limited by max rated Tr
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1and 2)
Symbol Parameter Min Typ Max Unit Conditions
Drainto.S VNO0204 40
rain-to-Source
BVpe Breakdown Voltage VNO0206 60 \Y Vgs =0, 1y = 2.5mA
VNO0210 100
VGS((h) Gate Threshold Voltage 0.8 2.4 \% Ves =Vpge Ip =2.5mA
AV s Change in Vg, With Temperature -3.8 -4.5 | mv/°C Vas = Vpg Ip =2.5mA
lass Gate Body Leakage 100 nA Veg =120V, V=0
25 HA Vs = 0, Vg = Max Rating
Ioss Zero Gate Voltage Drain Current 1 mA Vgs = 0, Vpg = 0.8 Max Rating
T,=125°C
loony ON-State Drain Current 1.2 1.6 A Vgs =5V, Vpg = 25V
3.0 4.0 Vgs = 10V, Vg =25V
RDS(ON) Static Drain-to-Source 1.6 25 Veg =5V, I5=1A
ON-State Resistance 15 > Q Voo = 10V, I, = 2A
ARpson Change in Ry oy, With Temperature 05 | 075 | %/°C Vgs =10V, I, =2A
(CH Forward Transconductance 0.4 0.65 [¢) Vps =25V, I, =2A
C Input Capacitance 85 150
iss put “ap : Vgg = 0, Vp = 25V
Coss Common Source Output Capacitance 50 85 pF f=1 MHz
Chss Reverse Transfer Capacitance 12 35
tion) Turn-ON Delay Time 10 v -
t Rise Time 10 | oD (_) A
- ns b =0.
tyorm) Turn-(')FF Delay Time 25 R, = 500
t, Fall Time 13
Voo Diode Forward Voltage Drop 1.2 1.8 ) Vgs =0, Igp = 1.5A
t, Reverse Recovery Time 330 ns Vas =0, lgp=1A
Note 1: All D.C. parameters 100% tested at 25°C uniess otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)

Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit
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Typical Performance Curve

Output Characteristics
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THERMAL RESISTANCE (NORMALIZED)
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Saturation Characteristics
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV g/ Roson ID(?N) Order Number / Package
BVpes (max) (min) TO-39 TO-92 TO-220
160V 6Q 1A VNO0216N2 VNO0216N3 VNO0216N5
200V 6Q 1A VN0220N2 VN0220N3 VNO220N5
Features Advanced DMOS Technology
0 Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O Low power drive requirement ize a vertical DMQS structure aqd Supeu.'tex.s well-proven sﬂpon-
gate manufacturing process. This combination produces devices
[0 Ease of paralleling with the power handling capabilities of bipolar transistors and with
i the high input impedance and negative temperature coefficient
O Low C, and fast switching speeds
188 N 9 sp inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
0 High input impedance and high gain Supertex Vertical DMOS Power FETs are ideally suited to a wide
gh inp P 'gn g ) range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
O Motor control
O Converters E’
O Amplifiers \‘
O Switches .
O Power supply circuits I x
O Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.) T0-220
H H - TO-39
Absolute Maximum Ratings T
Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage + 20V
Operating and Storage Temperature -55°C to +150°C Note 1: See Package Qutline section for discrete pinouts.
Soldering Temperature* 300°C Note 2: See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

- VNO2C

Package Ip (continuous)* I (pulsed)*. Power Dissipation 6 . R lor boru®

, @T. =25C °C/W °C/W
TO-39 0.7A 2.5A aw 125 32 0.7A 2.5A
T0-92 0.4A 2.5A 1w 170 125 0.5A 2.5A
T0-220 1.5A 2.5A 28W 70 4.6 1.7A 2.5A

* ID (continuous) is limited by max rated Tj.

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVpse Drain-to-Source VNO0216 160
\' Vi =0,1,=2.0mA
Breakdown Voltage VN0220 200 Gs D
Vasin Gate Threshold Voltage 0.75 3 v Vas = Voo Ip =2.0mA
AV g Change in Vg, with Temperature -4.6 -56.5 | mV/°C Vas = Vogr Ip = 1.0mA
lass Gate Body Leakage 100 nA Vgs =120V, V=0
Ioss Zero Gate Voltage Drain Current 25 HA Vgs = 0, Vg = Max Rating
25 mA Vgs = 0, Vg = 0.8 Max Rating
T,=125°C
Ioony ON-State Drain Current 0.5 1.3 A Vgs =5V, Vg =25V
1.0 2.2 Vgg = 10V, V=25V
RDS( on) Static Drain-tq—Source 5.0 8 vGS =5V, I, =0.5A
ON-State Resistance 20 5 Q Vo= 10V, I = 05A
ARDS(ON) Change in RDS(ON) with Temperature 0.8 1.4 %/°C VGs =10V, I, = 500mA
GFS Forward Transconductance 0.3 0.7 (6} VDS =25V, Ip=1A
C Input Capacitance 75 150
Iss put “ap ‘ Vgg =0, Vpg = 25V
Coss Common Source Output Capacitance 34 85 pF f=1MHz
Crss Reverse Transfer Capacitance 15 35
tion Turn-ON Delay Time 10 oy
t, Rise Time 10 | oo ; 5A
- ns =0.
tyorr) Turn-OFF Delay Time 20 F[i’ - 500
t, Fall Time 20 s
Veo Diode Forward Voltage Drop 1.2 1.8 \ Vas =0, lgp=1A
t, Reverse Recovery Time 430 ns Ves =0, 'so =1A
Note 1: '

Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

10%

Input 7

Output

90%

t(ON) t(OFF)

td(ON) | tr 'd(OFF), Y

10% 10%

90% 90%

/N
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All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
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VNO2C
Typical Performance Curves
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV e/ Rosion) loon) Order Number / Package
BVpes (max) (min) T0-3 TO-39 TO-220 Dice
350V 2.5Q 3A VNO335N1 VNO335N2 VNO335N5 VNO335ND
400V 2.5Q 3A VNO340N1 VNO340N2 VNO0340N5 VNO340ND
Features Advanced DMOS Technology
0 Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O Low power drive requirement ize avertical DMQS structure aqd Super}ex_s well-proven snhgon-
gate manufacturing process. This combination produces devices
[0 Ease of paralleling with the power handling capabilities of bipolar transistors and with
i the high input impedance and negative temperature coefficient
O Low C . and fast switch d
OW Higg BNC 1aSTSWE C Ing speeds inherent in MOS devices. Characteristic of all MOS structures,
0 Excelient thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
ik f : ; Supertex Vertical DMOS Power FETs are ideally suited to a wide
O High t d d high
197 Input impecance and nigh gain ) range of switching and amplifying applications where high break-
0 Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
O Motor control
O Converters ~_
O Amplifiers m-’
<
O Switches .
O Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps, T T f

Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Voltage BVpsg
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage +20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

*Distance of 1.6 mm from case for 10 seconds.

8-33

TO-39 TO-220

Note 1:  See Package Outline section for discrete pinouts.
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VN03D

Thermal Characteristics
Package I, (continuous)* I, (pulsed)* Power Dissipation 6, % lor loam”
@T,=25°C °C/W °C/W
TO-3 . 3.5A 8A 100W . 30 1.25 3.5 8A
TO-39 1.0A 7A 6W 125 20.8 1.0 7A
TO-220 2.1A 8A 50W 40 25 2.1 8A
*I,, (continuous) is limited by max rated T
Electrical Characteristics (@ 25°C unless otherwise specified) (Notes 1 and 2)
Symbol Parameter Min Typ Max Unit Conditions
BV Drain-to-Source VN0340 400
ose Breakdown Voltage VNO335 | 350 v Vgs = 0. Ip = 10mA
VGS(mL Gate Threshold Voltage 2 4 Vv Vgs = VDS, I, =10mA
AVGS(th) Change in Vesum with Temperature -4.8 -6 mV/°C Vgs = Vpgr Ip = 10MA
lass Gate Body Leakage 100 nA Ves =120V, V=0
Ioss Zero Gate Voltage Drain Current 100 HA Vs = 0, Vg = Max Rating
2 mA Vs = 0, Vg = 0.8 Max Rating
T,=125°C
ID(ON) ON-State Drain Current 4.5 A Vgs =5V, Vg =25V
3 6 Vgg = 10V, V=25V
Roson Static Drain-to-Source 22 Vg =5V, Iy = 0.5A
R i Q
ON-State Resistance ) 55 Ves = 10V, I = 1A
ARps0n Change in Ry, with Temperature 1 2 | %I°C Vs =10V, 1, = 1A
G Forward Transconductance 1 1.5 (¢ Vps =25V, I, =1A
C Input Capacitance 550 650
iss put ~ap : Ve =0, Vpg = 25V
Coss Common Source Output Capacitance 75 125 pF f=1MHz
Crss Reverse Transfer Capacitance 25 50
t Turn-ON Delay Time 12 20
— o —— Vgp = 25V
t, Rise Time 12 20 ns .
- i b=
tyorr) Turn-OFF Delay Time 65 100 Rg = 500
t, Fall Time 20 30
Vep Diode Forward Voltage Drop 1.1 1.5 v Vs =0, Igp = 5A
t, Reverse Recovery Time 450 ns Vs =0 lgp=1A

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

Input_1%
t{(ON) t(OFF)
td(ON) | tr td(OFF),
Output ____.1_0%3\ W
90%N_ A90%
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Typical Performance Curves

Output Characteristics
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THERMAL RESISTANCE (NORMALIZED)

Saturation Characteristics
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BVpss / Roson) Ioon Order Number / Package
BViss (max) (min) TO-3 TO-39 TO-220 Dice
450V 4Q 2A VNO0345N1 VNO345N2 VNO345N5 | VNO345ND
500V 4Q 2A VNO350N1 VNO350N2 VNO350N5 | VNO350ND
Features Advanced DMOS Technology
[0 Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
[ Low power drive requirement ize a vertical DMQS structure aqd Supeljtex s well-proven sﬂngon-
gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
[ Low C.. and fast switching speeds the high input impedance and negative temperature coefficient
158 i} ing spe inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
O High input impedance and high gain Supertex Vgrtigal DMOS Powgr FETs are .ideally suiteq to awide
. range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
O Motor control ‘
O Converters >
O Amplifiers -
) Switches [T
OO Power supply circuits T0-3
0 Drivers (Relays, Hammers, Solenoids, Lamps, —
Memories, Displays, Bipolar Transistors, etc.) Q’;
N
. . r T T TO-39
Absolute Maximum Ratings
TO-220
Drain-to-Source Voltage BV gs
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage +20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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VNO3E

Thermal Characteristics
Package I, (continuous)* I, (pulsed)* Power Dissipation oic O Iba —
N @T, =25°C ..°C/W °C/W . '
TO-3 2.5A 5.0A 100W 1.256 30 2.5A 5.0A
TO-39 0.35A 4.5A 6W 20.8 125 0.35A 4.5A
TO-220 1.5A 5.0A 50W 25 40 1.5A 5.0A
*Ip, (continuous) is limited by max rated T '

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BV Drain-to-Source VNO0350 500
DSS Y, V..=0,1 =10mA
Breakdown Voltage VNO0345 | 450 Gs D
Vasan Gate Threshold Voltage 2 4 v Vs = Vg Ip = 10mA
AV sy Change in Vg, with Temperature -7 -9 | mvV/°C Vs = Vpgr Ip = 10mA
lass Gate Body Leakage 100 nA Ve =120V, V=0
loss Zero Gate Voltage Drain Current 100 nA Vgs =0, Vg = Max Rating
2 mA Ves =0, VDS = 0.8 Max Rating
T,=125°C
A
ID(ON) ON-State Drain Current 3.5 A VGS =5V, VDS =25V
2 45 Vgs = 10V, Vg =25V
Roson) Static Drain-to-Source 3.5 o Vg =5V, Iy =0.5A
ON-State Resistance 28 Vg = 10V, I, = 0.5A
ARps0n) Change in Ry, with Temperature 1 1.5 | %/°C Vgs = 10V, I, = 0.5A
Ges Forward Transconductance 500 | 1000 mo Vps =25V, I, =0.5A
Ciss Input Capacitance 550 650
- Ves =0, Vpg =25V
Coss Common Source Output Capacitance 50 75 pF f=1MHz
Crss Reverse Transfer Capacitance 15 25
tion Turn-ON Delay Time 8 15
t, Rise Time 8 15 :/DD ::’SV
ns =
tyorr) Turn-OFF Delay Time 65 | 100 F‘{ - 500
4 Fall Time 15 25 s
Ve Diode Forward Voltage Drop 1.3 1.8 v Vos=0,lgp=1A
t, Reverse Recovery Time 450 ns Ve =0, Igp = 0.5A

Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

Input_l%
t{(ON) {(OFF)
td(ON) | tr td(OFF),
Output _____10;._5 ZE—
90%N ,Zo%
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Typical Performance Curves
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@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BVpes/ Roson) loony Order Number / Package

BVpes (max) (min) TO-3 TO-220 Dice

550V 6Q 1.5A VNO335N1 VNO335N5 VNO335ND

600V 60 1.5A VNO360N1 VNO360N5 VNO360ND
Features Advanced DMOS Technology

Freedom from secondary breakdown
Low power drive requirement

Ease of paralleling

Low C 4 and fast switching speeds
Excellent thermal stability

Integral Source-Drain diode

High input impedance and high gain

Ooooooogoao

Complementary N- and P-Channel devices

Applications

Motor control
Converters
Amplifiers

Switches

Power supply circuits

Ooo0oooag

Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.)

Absolute Maximum Ratings

Drain-to-Source Voltage BV

DSS
Drain-to-Gate Voltage BVpes
Gate-to-Source Voltage 20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C

*Distance of 1.6 mm from case for 10 seconds.
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These enhancement-mode (normally-off) power transistors util-
ize a vertical DMOS structure and Supertex's well-proven silicon-
gate manufacturing process. This combination produces devices
with the power handling capabilities of bipolar transistors and with
the high input impedance and negative temperature coefficient
inherent in MOS devices. Characteristic of all MOS structures,
these devices are free from thermal runaway and thermally-
induced secondary breakdown.

Supertex Vertical DMOS Power FETs are ideally suited to a wide
range of switching and amplifying applications where high break-
down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.

(Note 1)

Package Options

Note 1: See Package Outline section for discrete pinouts.

-




Thermal Characteristics

VNO3F

Package 1S (continuous)* | : I, (pulsed)* | - Power Dissipation | . 0}, Ol lor —
R @T,=25C °CIW °CIW..

TO-3 2.5A 6A 00w . 1.25 30 2.5A 6A

TO-220 1.6A 6A 50w 40 40 1.6A 6A

*ID (continuous) is limited by max rated Ti'

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVDSS Drain-to-Source VNO0360 600
Breakdown Voltage VNO0355 550 Y VGS=0, ID = 1T0mA
VGS(th) Gate Threshold Voltage 2 4 V] VGS = VDS, ID = 10mA
AVGS(th) Change in VGS(th) with Temperature -4.8 -6.0 | mv/°C | VGS = VDS, ID = 10mA
1GSS Gate Body Leakage 100 nA | VGS=120V,VDS=0
IDSS Zero Gate Voltage Drain Current 100 HA VGS =0, VDS = Max Rating
2 mA VGS = O,OVDS = 0.8 Max Rating
TA=125C
ID(ON) ON-State Drain Current 1.3 A VGS =5V, VDS = 26V
1.5 3.0 VGS = 10V, VDS = 26V
RDS(ON) Static Drain-to-Source 5.5 VGS = 5V, ID = 0.25A
ON-State Resistance 4.5 6.0 Q VGS = 10V, ID = 0.5A
ARDS(ON) | Change in RDS(ON) with Temperature 1 2 %/°C | VGS =10V, iD= 0.5A
Grs Forward Transconductance 0.5 1 4] VDS =25V, 1D =0.5A
Ciss Input Capacitance 550 650
Coss Common Source Output Capacitance 75 125 pF ;/S?';l_?; VDS =25V
CRss Reverse Transfer Capacitance 25 50
td(ON) Turn-ON Delay Time 8 15 VDD = 25V
tr Rise Time 8 15 ns ID = 0.5A
td{OFF) Turn-OFF Delay Time 65 100 RS = 50Q
tf Fall Time 12 25
VsD Diode Forward Voltage Drop 1.1 1.5 \ VGS =0, ISD = 5A
ter Reverse Recovery Time 450 ns VGS =0, I1SD = bA
Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)

Note 2:  All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

INPUT L e
tHoN) | tOFF) ™ Solse 1
< | GENERATOR

td(ON)  tr td(OFF) tf |
) - - - |
OUTPUT =y o |
/ '
90%¥_ 90% |

I |
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Typical Performance Curves
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Pp (watts) Ip (amperes)
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Saturation Characteristics
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‘b Supertexinc.

VNO0300

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BVpes / Roson) o Order Number / Package
BVoes (max) (min) TO-39 TO-92 T0-220
30V 1.2Q 2.0A VN0300B VNO300L VN0300D
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
oL ower drive requirement ize a vertical DMOS structure and Supertex's well-proven silicon-
owp quire gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
. the high input impedance and negative temperature coefficient
D Low Cygg and fast switching speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.

P N . ’ Supertex Vertical DMOS Power FETs are ideally suited to a wide
©) High input impedance and high gain range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and

fast switching speeds are desired.
Applications Package Options (Note 1)
0 Motor control
O Converters
O Amplifiers
O Switches
O Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.) TO-39 TO-92
I
G
. . <S>
Absolute Maximum Ratings .
Drain-to-Source Voltage BVpgs x
Drain-to-Gate Voltage BVjas I
Gate-to-Source Voltage + 40V TO-220
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

Package I, (continuous)* Ip (pulsed) Power Dissipation - °g;\.ﬂ N gll‘\:N
TO-39 1.2A 3A 6.25W 170 20

TO-92 4A 3A AW 3125 43.5
TO-220 2.11A 6A 20W 80 6.25

* 'D (continuous) is limited by max rated Tj.

VN0300

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
Drain-to-Source
BVbss Breakdown Voltage 30 v D = 108A, Vgs = 0
VGS(th) Gate Threshold Voltage 8 25 \ VGgs = Vps: Ip = 1mA
lgss Gate Body Leakage 100 nA | Vgs = +30V, Vpg =0
Ipss Zero Gate Voltage Drain Current 10 VGs = 0V, Vps = Max Rating
wA | Vas = 0V, Vps = Max Rating
500
Ta = 125°C
ID(ON) ON-State Drain Current 2 A Vgs = .10V, Vps = 2 Vpg (ON)
Rps(oN) Static Drain-to-Source 3.3 Vgs =5V, Ip = .3A
ON-State Resistance QO

1.2 Vgs = 10V, Ip = 1A
Gfs Forward Transconductance 200 mU | Vbs =2 VpS(ON). I = 0.5A
Ciss Input Capacitance 100
Coss Common Source Output Capacitance 95 pF Vgs = 0, Vpg = 15V
CRss Reverse Transfer Capacitance 25 f = 1MHz
t(ON) Turn-ON Time 30 s Vpp =25V, Ip = 1.0
{(OFF) Turn-OFF Time 30 Rg = 50Q
Vsp Diode Forward Voltage Drop -0.9 \ Isp = 0.63A Vgg =0

Note 1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)

Note 2: Al A.C. parameters sample tested.

Switching Waveforms and Test Circuit

INPUT

OuUTPUT

- 90%
10%j \
tON) t(OFF) |
td(ON)  tr td(OFF) tf
€ - >
10%3 ‘10%
90%¥ 90%
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@ Supertexinc.

Ordering Information

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

BVes/ Rpsion) loiony Order Number / Package
BVoss (max) (min) T0-39 T0-92 Dice
350V 35Q 250mA VNO535N2 VNO535N3 VNO535ND
400V 35Q 250mA VNO540N2 VNO540N3 VNO540ND
Features Advanced DMOS Technology
0 Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O Low power drive requirement ize avertical DMQS structure aqd Supell'tex s well-proven scl«gon-
gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
O Low C... and fast switching speeds the high input impedance and negative temperature coefficient
188 a ' - 9 sp inherent in MOS devices. Characteristic of all MOS structures,
0 Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
[y : f ; Supertex Vertical DMOS Power FETs are ideally suited to a wide
O High input impedance and high gain
an np P 9n g ) range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
O Motor control
O Converters
O Amplifiers
O Switches
O Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.)
TO-92 TO-39
Absolute Maximum Ratings
Drain-to-Source Voltage BVpgs
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage + 20V
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal CharacteristiC§

VNO5D

Package I, (continuous)* I, (pulsed)* Power Dissipation ja 5 05 . Ion - R —
L @T,=25C °C/W | .°C/W.

TO-39 250mA 500mA 6.0W 125 20.8 250mA | 500mA.

TO-92 100mA 400mA 1.0W 170 125 100mA | 400mA

* ID (continuous) is limited by max rated TJ.4

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVDSS Drain-to-Source VNO0540 400
Breakdown Voltage VNO0535 350 Y, ID=1mA, VGS =0

VGS(th) Gate Threshold Voltage 2.0 4.0 \% VGS = VDS, ID = TmA

AVGS(th) Change in VGS(th) with Temperature —-35 | —45 mv/°C

1GSS Gate Body Leakage 100 nA VGS = +20V, VDS =0

IDSS Zero Gate Voltage Drain Current 10 VGS =0, VDS = Max Rating

500 uA | VGS =0, VDS = 0.8 Max Rating

TA =125C

ID(ON) ON-State Drain Current 200 VGS =5V, VDS = 25V

250 | 300 mA VGS = 10V, VDS = 25V
RDS(ON) Static Drain-to-Source 30 VGS =6V, ID = 20mA
ON-State Resistance 25 35 2 VGS = 10V, ID = 0.1A ]

ARDS(ON) | Change in RDS(ON) with Temperature 0.9 1.5 %/°C ID =0:1A, VGS = 10V

Grs Forward Transconductance 100 200 my VDS =25V, ID=0.1A

Ciss Input Capacitance 45 55

Coss Common Source Output Capacitance 8 10 pF VGS =0, VDS = 25V,

CRss Reverse Transfer Capacitance 2 5 f=1MHz

td (ON) Turn-ON Delay Time 3 5

tr Rise Time 3 5 ns VDD =25V, ID = 50mA,

td(OFF) Turn-OFF Delay Time 3 5 RS = 509

tf Fall Time 3 5

VSD Diode Forward Voltage Drop 0.8 \J ISD = 0.5A,VGS =0

trr Reverse Recovery Time 400 ns ISD = 0.5A, VGS =0

Note 1: All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)

Note 2:  All A.C. parameters sample tested.

Switching Waveforms and Test Circuit

§ 90%

INPUT _10%
tON) | tOFF) |
td(ON) | tr td(OFF) tf
OUTPUT == \ Ton
90% 90%
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Typical Performance Curves
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(b Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BVpss / Rosion Iniony Order Number / Package
BVoss (max) (min) TO-39 T0-92 Dice
450V 60Q 150mA VNO0545N2 VNO0545N3 VN0545ND
500V 60Q 150mA VNO550N2 VNO550N3 VNO550ND
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O Low power drive requirement ize a vertical DMOS structure aqd Supeu.'tex s well-proven sthgon-
gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
O LowC d fast switchi d the high input impedance and negative temperature coefficient
OW Ligg BNC 1aST SWE C Ing speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
ik ; : ; Supertex Vertical DMOS Power FETs are ideally suited to a wide
[0 High input impedance and high gain
gnine P gne ) range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Notes 1 and 2)
0 Motor control
O Converters
O Amplifiers
O Switches
0 Power supply circuits
O Drivers (Relays, Hammers, Solenoids, Lamps,
Memories, Displays, Bipolar Transistors, etc.)
. . TO-39 TO-92
Absolute Maximum Ratings
Drain-to-Source Voltage BVyss
Drain-to-Gate Voltage BV as
Gate-to-Source Voltage +20V
Op erating and Storage Temperature -65°C to +150°C Note 1: See Package Outline section for discrete pinouts.
Soldering Temperature* 300°C Note 2: See Array section for quad pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

VNO5E

Package ID (cor\liiﬁnuous)**’ » o (pylg@)‘ Power Dissipation 6 0 s  I—
: : @T,=25C CW | CW

TO-39 100mA 300mA W 20 125 100mA | 300mA

TO-92 50mA 250mA w 125 170 50mA | 250mA

*I, (continuous) is limited by max rated T

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BV Drain-to-Source
. Breakdown Voltage VNOS50 500 \ VGgs =0, Ip = 1mA
VNO0545 450
VGS(th) Gate Threshold Voltage 2 4 Vv VGs = Vbps. Ip =1mA
AVGS(th) Change in VGS(th) with Temperature -38 | -5 mV/°C | Vgs = Vps. Ip = TmA
IGSS Gate Body Leakage 100 nA VGS =+20V, VDS =0
IDSS Zero Gate Voltage Drain Current 10 VGS =0, VDS = Max Rating
uA | VGS =0, VDS = 0.8 Max Rating
1000 TA=125°C
ID(ON) ON-State Drain Current 100 A VGs = 5V, Vps = 25V
150 200 VGs = 10V, Vpg = 25V
RDS(ON) Static Drain-to-Source 50 Vgs = 5V, Ip = 50mA
ON-State Resistance 45 60 f Vgs = 10V, Ip =50mA
ARDS(ON) | Change in RDS(ON) with Temperature 1 1.7 %/°C | VGs = 10V, Ip = 50mA
Grs Forward Transconductance 50 75 my Vps = 25V, Ip = 50mA
Ciss Input Capacitance 45 55
Coss Common Source Output Capacitance 8 10 pF VGs = 0, Vps = 25V
CRss Reverse Transfer Capacitance 2 5 f=1MHz
td(ON) Tern-(?N Delay Time 3 5 Vpp = 25V
tr Rise Time _ 3 5 ns ID = 50mA
td(OFF) Turn-OFF Delay Time 3 5
- Rg = 50Q
tf Fall Time 3 5
VsSD Diode Forward Voltage Drop 0.8 A VGgs =0, Isp = 0.5A
trr Reverse Recovery Time 300 ns Vgs = 0, Isp = 0.5A

Note 1:  All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
Note 2: Al A.C. parameters sample tested.

Switching Waveforms and Test Circuit

R )

INPUT 0% ——— ——
t(ON) tOFF) PULSE -I
> = | GENERATOR I
td(ON)  tr td(OFF) tf | I

D |

ouTPUT 0% £10% | |
\ / I |
90%¥__ 90% ( |
b

SCOPE
D.UT.
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N-Channel Enhancement-Mode
Vertical DMOS Power FETs

Ordering Information

BV s/ Rosion Ioon) Order Number / Package
BVoes (max) (min) T0-39 T0-92 T0-220 Dice
350V 10Q 0.75A VNO635N2 | VNOB35N3 VNO635N5 | VNO0635ND
400V 10Q 0.75A VNOB40ON2 | VNOB4ON3 VNO640N5 | VNO640OND
Features Advanced DMOS Technology
O Freedom from secondary breakdown These enhancement-mode (normally-off) power transistors util-
O Low power drive requirement ize a vertical DM_OS structure aqd Supeu_'tex.s well-proven sﬂlgon-
gate manufacturing process. This combination produces devices
O Ease of paralleling with the power handling capabilities of bipolar transistors and with
b the high input impedance and negative temperature coefficient
O Low C and fast switch d
OW Digs ANC 1aS1 SWH - Ing speeds inherent in MOS devices. Characteristic of all MOS structures,
O Excellent thermal stability these devices are free from thermal runaway and thermally-
O Integral Source-Drain diode induced secondary breakdown.
R ; f ; Supertex Vertical DMOS Power FETs are ideally suited to a wide
[0 High input impedance and high gain
gnine P ang ) range of switching and amplifying applications where high break-
O Complementary N- and P-Channel devices down voltage, high input impedance, low input capacitance, and
fast switching speeds are desired.
Applications Package Options (Note 1)
OO Motor control
O Converters
O Amplifiers
0 Switches
O Power supply circuits
[0 Drivers (Relays, Hammers, Solenoids, Lamps, TO-39
Memories, Displays, Bipolar Transistors, etc.) TO-92
Iy
G
T
Absolute Maximum Ratings T
Drain-to-Source Voitage BVpes T T
Drain-to-Gate Voltage BVpes TO-220
Gate-to-Source Voltage +20V
Operating and Storage Temperature -55°C to +150°C
Solderin 9 T emp erature* 300°C Note 1: See Package Outline section for discrete pinouts.

*Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

“VN06D

Package . Inv,((;onllnuoqs)" I (pu’lseqr i | Power Dissipation G G “ lbr Ioam"

y -» : | @Tg=25°C  [T°C/W. [ °C/W - “
703 0.25A T 1A | " 125|170 0.25A 157
TO-39 0.6A 2.5A 21 125 6A 2.5A
TO-220 1.6A 2.5A - 28W 2.7 70 1.6A 2.5A

*ID (continuous) is limited by max rated Ti'

Electrical Characteristics (@ 25°C unless otherwise specified)

(Notes 1 and 2)

Symbol Parameter Min Typ Max Unit Conditions
BVpes Drain-to-Source VN0635 350 v Vgs =0, I, =2mA
Breakdown Voltage VNO0640 400
Vasn) Gate Threshold Voltage 2 4 Vv Vas = Vpgr Ip = 2MA
AV sy Change in Vg, with Temperature -4.0 | mv/°C Vas = Vpgr Ip = 2MA
lass Gate Body Leakage 100 nA Vas =120V, V=0
loss Zero Gate Voltage Drain Current 10 pA Vs =0, Vg = Max Rating
1 mA Ves =0, VDs =0.8 Max Rating
T,=125°C
ID(ON) ON-State Drain Current 0.6 A VGs =5V, VDS =25V
0.75 1.3 Ves =10V, Vg =25V
R Static Drain-to-Source 8 Vge =5V, I, = 100mA
DS(ON) . Q GS ’'D
ON-State Resistance
8 10 Vgg = 10V, I = 500mA
ARps0n) Change in Ryg oy, With Temperature 075 | %/°C Vgs = 10V, I = 500mA
G Forward Transconductance 0.1 [¢] Vps = 25V, |, = 500mA
C Input Capacitance 85 130
C'SS Cp P o . Vg =0, Vg = 25V
088 ommon Source Output Capacitance 50 75 p f=1MHz
Chss Reverse Transfer Capacitance . 10 20
tyon) Turn-ON Delay Time 10 V. o5V
t, Rise Time 10 | oo ; A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>