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2N6659 8-1 DN2535N2 11-3 HV0522PG 12-3 HV22716PJ 13-76
2N6660 8-3 DN2535N3 11-3 HV0522T 12-3 HV22716WG 13-76
2N6661 8-3 DN2535N5 11-3 HV0522X 12-3 HV22716X 13-76
2N7000 8-5 DN2535ND 11-3 HV0530DG 12-3 HV22816P 13-76
2N7002 8-9 DN2540N2 11-3 HV0530PG 12-3 HV22816PJ 13-76
2N7007 8-13 DN2540N3 11-3 HV0530T 12-3 HV22816WG 13-76
2N7008 8-15 DN2540N5 11-3 HV0530X 12-3 HV22816X 13-76
ANO116NA 10-1 DN2540N8 11-3 HV1516P 13-1 HV3137PG 12-9
ANO116ND 10-1 DN2540ND 11-3 HV1516X 13-1 HV3137X 12-9
ANO116WG 10-1 DN2620N3 11-7 HV1616P 13-7 HV3418DG 12-14
ANO120NA 10-1 DN2620ND 11-7 HV1616PJ 13-7 HV3418PG 12-14
ANO120ND 10-1 DN2624N3 11-7 HV1616X 13-7 HV3418T 12-14
ANO130NA 10-1 DN2624ND 11-7 HV1816CS 13-15 HV3418X 12-14
ANO130ND 10-1 DN2640N3 11-9 HV1816P 13-15 HV3527DG 12-19
ANO132NA 10-1 DN2640ND 11-9 HV1816PJ 13-15 HV3527PG 12-19
ANO132ND 10-1 ED5SP 15-9 HV1816X 13-15 HV3527T 12-19
ANO132WG 10-1 EDSP 15-9 HV20220FG 13-41 HV3527X 12-19
ANO140NA 10-1 EDOWG 15-9 HV20220P 13-41 HV3622C 12-24
ANO140ND 10-1 ED10WG 15-9 HV20220PJ 13-41 HV3622DJ 12-24
ANO140WG 10-1 ED11P 15-9 HV20220X 13-41 HV3806DG 12-29
ANO0332CG 10-6 ED11WG 15-9 HV20320PJ 13-41 HV3806PG 12-29
ANO332ND 10-6 ED15P 15-9 HV20420P 13-50 HV3806X 12-29
APO116NA 10-10 ED15PJ 15-9 HV20420PJ 13-50 HV4122DJ 12-37
AP0O116ND 10-10 ED15WG 15-9 HV20420X 13-50 HV4122PJ 12-37
APO116WG 10-10 ED15X 15-9 HV20520PJ 13-50 HV4122X 12-37
APO120NA 10-10 ET13P 15-18 HV20620PJ 13-50 HV4222DJ 12-37
AP0120ND 10-10 ET13WG 15-18 HV20722PJ 13-56 HV4222PJ 12-37
APO130NA 10-10 ET15P 15-24 HV20722X 13-56 HV4222X 12-37
AP0O130ND 10-10 ET15WG 15-24 HV20822FG 13-61 HV4522DJ 12-42
APO132NA 10-10 HTO0130P 10-19 HV20822X 13-61 HV4522PG 12-42
APO132ND 10-10 HTO0130WG 10-19 HV2116P 13-23 HV4522PJ 12-42
AP0132WG 10-10 HT0130X 10-19 HV2116PJ 13-23 HV4522X 12-42
APO140NA 10-10 HT0440LG 10-22 HV2116X 13-23 HV4530DJ 12-42
AP0140ND 10-10 HT0440N4 10-22 HV21716P 13-67 HV4530PG 12-42
APO140WG 10-10 HT0740LG 10-26 HV21716PJ 13-67 HV4530PJ 12-42
AP0332CG 10-15 HT0740N4 10-26 HV21716WG 13-67 HV4530X 12-42
AP0332ND 10-15 HV0322DG 12-3 HV21716X 13-67 HV4622DJ 12-42
BSS123 8-17 HVO0322PG 12-3 HV21816P 13-67 HV4622PG 12-42
DC7P 15-1 HV0322T 12-3 HV21816PJ 13-67 HV4622PJ 12-42
DC7PJ 156-1 HV0322X 12-3 HV21816WG 13-67 HV4622X 12-42
DC7WG 15-1 HV0330DG 12-3 HV21816X 13-67 HV4630DJ 12-42
DC7X 156-1 HVO0330PG 12-3 HV2216P 13-32 HV4630PG 12-42
DN2530N3 111 HV0330T 12-3 HV2216PJ 13-32 HV4630PJ 12-42
DN2530N8 11-1 HV0330X 12-3 HV2216X 13-32 HV4630X 12-42
DN2530ND 11-1 HV0522DG 12-3 HV22716P 13-76 HV4937PG 12-48
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HV4937X 12-48 HV5808X 12-71 HV9102P 14-21 HV9408X 12-156
HV50530DG 12-76 HV6008DJ 12-103 HV9102PJ 14-21 HV9708DJ 12-161
HV50530PG 12-76 HV6008PG 12-103 HV9103C 14-21 HV9708PJ 12-161
HV50530X 12-76 HV6008PJ 12-103 HV9103P 14-21 HV9708X 12-161
HV5122DJ 12-53 HV6008X 12-103 HV9103PJ 14-21 HVv9808DJ 12-161
HV5122PG 12-53 HV62106X 12-113 HV9105P 14-28 HVvV9808PJ 12-161
HV5122PJ 12-53 HV62106XW 12-113 HV9105PJ 14-28 HV9808X 12-161
HV5122X 12-53 HV62208PG 12-118 HV9106P 14-35 LND150N3 11-11
HV518P 12-81 HV62208X 12-118 HV9106PJ 14-35 LND150N8 11-11
HV518PJ 12-81 HV6506PG 12-108 HV9108P 14-28 LND150ND 11-11
HV5222DJ 12-53 HV6506PJ 12-108 HV9108PJ 14-28 LND250K1 11-15
HV5222PG 12-53 HV6506X 12-108 HV9109P 14-35 LNE150K1 8-21
HV5222PJ 12-53 HV6810D 12-124 HV9109PJ 14-35 LNE150ND 8-21
HV5222X 12-53 HV6810P 12-124 Hv9110C 14-42 LPO701LG 7-1
HV5308DJ 12-59 HV6810PJ 12-124 HV9110NG 14-42 LP0O701N3 71
HV5308PG 12-59 HV6810WG 12-124 HV9110P 14-42 LPO701ND 71
HV5308PJ 12-59 HV7022DJ-C 12-129 HV9110PJ 14-42 LP0801K1 7-5
HV5308X 12-59 HV7022PJ-C 12-129 HV9110X 14-42 LP0O801ND 7-5
HV5408DJ 12-59 HV7022X-C 12-129 HV9111C 14-42 LR645LG 14-1
HV5408PG 12-59 HV7224DG 12-135 HV9111NG 14-42 LR645N3 141
HV5408PJ 12-59 HV7224PG 12-135 HV9111P 14-42 LR645N4 14-1
HV5408X 12-59 HV7224X 12-135 HV9111PJ 14-42 LR645N5 1441
HV5522DJ 12-65 HV7324X 12-135 HV9111X 14-42 LR645N8 14-1
HV5522PG 12-65 HV7620DG 12-141 HV9112C 14-42 LR645ND 14-1
HV5522PJ 12-65 HV7620PG 12-141 HV9112NG 14-42 LR745N3 14-5
HV5522X 12-65 HV7620XW 12-141 HV9112P 14-42 LR745N8 14-5
HV5530DJ 12-65 HV7708DG 12-146 HV9112PJ 14-42 LR745ND 14-5
HV5530PG 12-65 HV7708PG 12-146 HV9112X 14-42 RBHV0322DG 12-3
HV5530PJ 12-65 HV7708X 12-146 Hv9113C 14-42 RBHV0522DG 12-3
HV5530X 12-65 HV7808DG 12-151 HV9113NG 14-42 RBHV3806DG 12-29
HV5622DJ 12-65 HV7808PG 12-151 HV9113P 14-42 RBHV4122DJ 12-37
HV5622PG i2-65 HV7808X 12-151 HVI113PJ 14-42 RBHV42220J 12-37
HV5622PJ 12-65 HV803LG 14-10 HV9113X 14-42 RBHV5122DJ 12-53
HV5622X 12-65 HV803X 14-10 Hv9114C 14-49 RBHV5222DJ 12-53
HV5630DJ 12-65 HV8051LG 14-13 HV9114NG 14-49 RBHV5308DJ 12-59
HV5630PG 12-65 HV8051P 14-13 HV9114P 14-49 RBHV5408DJ 12-59
HV5630PJ 12-65 HV8051X 14-13 HV9114X 14-49 RBHV57009DG 12-86
HV5630X 12-65 HV8053LG 14-13 HV9120C 14-54 RBHV5708DJ 12-71
HV57009DG 12-86 HV8053P 14-13 HV9120NG 14-54 RBHV57708DG 12-93
HV57009PG 12-86 HV8053X 14-13 HV9120P 14-54 RBHV57908DG 12-98
HV57009X 12-86 HV8061LG 14-17 HV9120PJ 14-54 RBHV5808DJ 12-71
HV5708DJ 12-71 HV8061NG 14-17 HV9120X 14-54 RBHV6810D 12-124
HV5708PJ 12-71 HV8061X 14-17 HV9123C 14-54 RBHV7022DJ-C 12-129
HV5708X 12-71 HV8063LG 14-17 HV9123NG 14-54 RBHV7224DG 12-135
HV57708DG 12-93 HV8063NG 14-17 HV9123P 14-54 RBHV7708DG 12-146
HV57708PG 12-93 HV8063X 14-17 HV9123PJ 14-54 RBHV7808DG 12-151
HV57708X 12-93 HV9100C 14-21 HV9123X 14-54 RBHV9308DJ 12-156
HV57908DG 12-98 HV9100P 14-21 HV9308DJ 12-156 RBHV9408DJ 12-156
HV57908PG 12-98 HV9100PJ 14-21 HV9308PJ 12-156 RBHV9708DJ 12-161
HV57908X 12-98 HV9101P 14-21 HV9308X 12-156 RBHV3808DJ 12-161
HV5808DJ 12-71 HV9101PJ 14-21 HV9408DJ 12-156 SD2P 15-30
HV5808PJ 12-71 Hv9102C 14-21 HV9408PJ 12-156 SD2WG 15-30
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SD4P 15-37 TNO0624N3 7-35 TPO606N6 10-39 VNO106N2 8-23
SD4WG 15-37 TNO0624N5 7-35 TPO606N7 7-87 VNO106N3 8-23
TC0604WG 10-29 TNO0624ND 7-35 TPOB06N7 10-39 VNO106N5 8-23
TD9944TG 7-7 TNO635N3 7-39 TPO606ND 7-87 VNO106N6 8-23
TNO102N2 7-11 TNO635ND 7-39 TP0610N2 7-87 VNO106N6 10-44
TNO102N3 7-11 TNO640N3 7-39 TP0610N3 7-87 VNO106N7 8-23
TNO102ND 7-11 TNO0640OND 7-39 TP0610N5 7-87 VNO106N7 10-44
TNO104N2 7-11 TNO702N3 7-43 TP0610ND 7-87 VNO106N9 8-23
TNO104N3 7-11 TNO702ND 7-43 TP0610T 7-91 VNO106ND 8-23
TNO104N8 7-11 TN2101K1 7-47 TP0616N2 7-95 VNO109N2 8-23
TNO104ND 7-11 TN2106K1 7-49 TP0616N3 7-95 VNO109N3 8-23
TNO106N2 7-15 TN2106N3 7-49 TP0616N5 7-95 VNO109N5 8-23
TNO106N3 7-15 TN2124K1 7-53 TP0616ND 7-95 VNO109N9 8-23
TNO106ND 7-15 TN2130K1 7-55 TP0620N2 7-95 VNO109ND 8-23
TNO110N2 7-15 TN2501N8 7-57 TPO620N3 7-95 VNO0300B 8-39
TNO110N3 7-15 TN2501ND 7-57 TP0620N5 7-95 VNO300L 8-39
TNO110ND 7-15 TN2502ND 7-61 TP0620ND 7-95 VNO335N1 8-27
TNO520N2 7-19 TN2504N8 7-61 TP2105K1 7-99 VNO335N2 8-27
TNO520N3 7-19 TN2504ND 7-61 TP2105N3 7-99 VNO335N5 8-27
TNO520ND 7-19 TN2506ND 7-65 TP2502ND 7-103 VNO335ND 8-27
TNO524N2 7-19 TN2510N8 7-65 TP2504N8 7-103 VNO340N1 8-27
TNO0524N3 7-19 TN2510ND 7-65 TP2504ND 7-103 VNO340N2 8-27
TNO524ND 7-19 TN2520ND 7-69 TP2506ND 7-107 VNO340N5 8-27
TNO535N3 7-23 TN2524N8 7-69 TP2510N8 7-107 VNO340ND 8-27
TNO535ND 7-23 TN2524ND 7-69 TP2510ND 7-107 VNO345N1 8-31
TNO540N3 7-23 TN2535ND 7-73 TP2516ND 7-111 VNO0345N2 8-31
TNO540ND 7-23 TN2540N8 7-73 TP2520N8 7-11 VNO345N5 8-31
TNO602N2 7-27 TN2540ND 7-73 TP2520ND 7-111 VNO345ND 8-31
TNO602N3 7-27 TN2635N3 7-77 TP2535N3 7-115 VNO350N1 8-31
TNO602ND 7-27 TN2635ND 7-77 TP2535ND 7-115 VNO350N2 8-31
TNO604N2 7-27 TN2640LG 7-77 TP2540N3 7-115 VNO350N5 8-31
TNO604N3 7-27 TN2640N3 7-77 TP2540N8 7-115 VNO350ND 8-31
TNO0604ND 7-27 TN2640ND 7-77 TP2540ND 7-115 VNO355N1 8-35
TNO0604WG 7-27 TPO102N2 7-79 TP2635N3 7-119 VNO355N5 8-35
TNO604WG 10-30 TPO102N3 7-79 TP2635ND 7-119 VNO355ND 8-35
TNOB06N2 7-31 TPO102ND 7-79 TP2640LG 7-119 VNO360N1 8-35
TNOG06N3 7-31 TP0104N2 7-79 TP2640N3 7-119 VNO360N5 8-35
TNO606N5 7-31 TPO104N3 7-79 TP2640ND 7-119 VNO360ND 8-35
TNO606N6 7-31 TP0104N8 7-79 TQ3001N6 10-40 VNO535N2 8-41
TNO606N6 10-34 TP0104ND 7-79 TQ3001N7 10-40 VNO535N3 8-41
TNOB06N7 7-31 TP0602N2 7-83 TQ3001NF 10-40 VNO535ND 8-41
TNOG606N7 10-34 TPO602N3 7-83 VCO0106N6 10-43 VNO540N2 8-41
TNO606ND 7-31 TP0602ND 7-83 VCO0106N7 10-43 VNO0540N3 8-41
TNO610N2 7-31 TP0O604N2 7-83 VNO0104N2 8-23 VNO540ND 8-41
TNO610N3 7-31 TP0604N3 7-83 VNO104N3 8-23 VNO545N2 8-45
TNO610N5 7-31 TP0604ND 7-83 VNO0104N5 8-23 VNO545N3 8-45
TNO610ND 7-31 TP0604WG 7-83 VNO0104N6 8-23 VNO545ND 8-45
TNO620N2 7-35 TP0604WG 10-35 VNO104N6 10-44 VNO550N2 8-45
TNO620N3 7-35 TP0O606N2 7-87 VNO104N7 8-23 VNO550N3 8-45
TNO620N5 7-35 TPO606N3 7-87 VNO104N7 10-44 VNO550ND 8-45
TNO620ND 7-35 TPO606N5 7-87 VNO0104N9 8-23 VNO606L 8-61
TNO0624N2 7-35 TPO606N6 7-87 VNO104ND 8-23 VNO610LL 8-61
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VNO635N2 8-49 VN2206ND 8-83 VP0116ND 9-5 VP0808L 9-35

VNO635N3 8-49 VN2210N2 8-83 VP0120N2 9-5 VP1008B 9-35

VNO635N5 8-49 VN2210N3 8-83 VP0O120N3 9-5 VP1008L 9-35

VNO0635ND 8-49 VN2210ND 8-83 VP0120N5 9-5 VP1304N2 9-37

VNO0640N2 8-49 VN2220N2 8-87 VP0120ND 9-5 VP1304N3 9-37

VNO0640N3 8-49 VN2220N3 8-87 VP0300B 9-17 VP1306N2 9-37

VNO640N5 8-49 VN2220ND 8-87 VP0O300L 9-17 VP1306N3 9-37

VNO0640ND 8-49 VN2222LL 8-91 VP0O335N1 9-9 VP1310N2 9-37

VNO645N2 8-53 VN2222NC 8-87 VP0335N2 9-9 VP1310N3 9-37

VNO645N3 8-53 VN2224N2 8-87 VPO0335N5 9-9 VP1310N8 9-37

VNO0645N5 8-53 VN2224N3 8-87 VP0335ND 9-9 VP2106N3 9-41

VNO0645ND 8-53 VN2224ND 8-87 VP0340NH1 9-9 VP2106ND 9-41

VNO650N2 8-53 VN2406B 8-93 VP0340N2 9-9 VP2110K1 9-41

VNO650N3 8-53 VN2406D 8-93 VP0340N5 9-9 VP2110N3 9-41

VNO650N5 8-53 VN2406L 8-93 VP0340ND 9-9 VP2110ND 9-41

VNO650ND 8-53 VN2410L 8-93 VP0345N1 9-13 VP2206N2 9-45

VNO655N2 8-57 VN2780LG 8-95 VP0345N2 9-13 VP2206N3 9-45

VNO655N3 8-57 VN2780ND 8-95 VP0345N5 9-13 VP2206ND 9-45

VNO655N5 8-57 VN3012L 8-97 VP0345ND 9-13 VP2210N2 9-45

VNO655ND 8-57 VN3205N3 8-99 VPO350N1 9-13 VP2210N3 9-45

VNO660N2 8-57 VN3205N6 8-99 VP0O350N2 9-13 VP2210ND 9-45

VNO660N3 8-57 VN3205N8 8-99 VP0O350N5 9-13 VP3203N3 9-49

VNO660N5 8-57 VN3205ND 8-99 VP0O350ND 9-13 VP3203N8 9-49

VNO660ND 8-57 VN3515L 8-103 VP0535N2 9-19 VP3203ND 9-49

VNO0808L 8-63 VN4012B 8-103 VP0535N3 9-19 VQ1000N6 10-46

VN10KN3 8-65 VN4012L 8-103 VPO0535ND 9-19 VQ1000N7 10-46

VN10KN9 8-65 VP0104N2 9-1 VP0540N2 9-19 VQ1001P 10-51

VN1206B 8-69 VP0104N3 9-1 VP0540N3 9-19 vQ1004J 10-53

VN1206D 8-69 VP0104N5 9-1 VP0540ND 9-19 vVQ1004P 10-53

VN1206L 8-69 VP0104N6 9-1 VP0545N2 9-23 VQ2001P 10-55

VN1210L 8-69 VPO0104N6 10-45 VP0545N3 9-23 VQ2006P 10-57

VN1304N2 8-71 VP0104N7 9-1 VP0545ND 9-23 VQ3001N6 10-40

VN1304N3 8-71 VP0104N7 10-45 VP0O550N2 9-23 VQ3001N7 10-40

VN1306N2 8-71 VP0104N9 9-1 VPO550N3 9-23 VQ3001NF 10-40

VN1306N3 8-71 VP0104ND 9-1 VP0550ND 9-23 VQ7254N6 10-40
VQ7254N7 10-40

VN1310N2 8-71 VP0106N2 9-1 VP0635N2 9-27

VN1310N3 8-71 VPO106N3 9-1 VP0635N3 9-27

VN1310N8 8-71 VP0106N5 9-1 VP0635N5 9-27

VN1706B 8-75 VPO106N6 9-1 VP0635ND 9-27

VN1706D 8-75 VP0106N6 10-45 VP0640N2 9-27

VN1706L 8-75 VP0O106N7 9-1 VP0640N3 9-27

VN1710L 8-75 VP0106N7 10-45 VP0640N5 9-27

VN2010L 8-77 VP0106N9 9-1 VP0640ND 9-27

VN2106N3 8-79 VP0O106ND 9-1 VP0645N2 9-31

VN2106ND 8-79 VPO109N2 9-1 VP0645N3 9-31

VN2106NF 8-79 VPO109N3 9-1 VP0645N5 9-31

VN2110K1 8-79 VPO109N5 9-1 VP0645ND 9-31

VN2110N3 8-79 VP0O109N9 9-1 VP0O650N2 9-31

VN2110ND 8-79 VP0O109ND 9-1 VP0O650N3 9-31

VN2110NF 8-79 VP0O116N2 9-5 VPO0650N5 9-31

VN2206N2 8-83 VPO116N3 9-5 VP0650ND 9-31

VN2206N3 8-83 VPO116N5 9-5 VP0808B 9-35




@ Supertexinc.

Product Nomenclature/Ordering Information

The Supertex DMOS MOSFET family utilizes both vertical and ¢ N ar.wd P-c_hanngl low/high voltage complemepts for simple
lateral double diffused MOS processes, featuring: circuit configuration and low power consumption.
. . * Surface mount packaging.
* Enh ent- | - . .
R H:;haaceuq‘ﬁ;g:ﬁi:?griig:tg;r(]jrri]\ﬁ/oede devices * TO-92, tape & reel, and lead bends to fit into TO-5, TO-18,
. Low thr?ashol d for direct logic level inter-face or TO-220 sockets; TO-92 also available with surface mount
o . : .' lead bends.
o L h-f
o:;vrgtli%snwnh interdigitated structures for high-frequency « Excellent SOA characteristics.

* High drain-to-source voltage for direct interface to the
outside world.

DMOS Proprietary Products
SX V N 0109 N3

—— T

HI-REL FAMILY TYPE POLARITY FAMILY BV, PACKAGE
NUMBER  DIVIDEBBY 10 TYPE
RB = MIL-STD-883 A = Lateral DMOS C = Complementary
for Arrays Arrays (2N & 2P) D1 *01 AG = 16 Lead Narrow Body
SJ = Similar to D = Vertical N = N-Channel D2 02 SOIC (Quad)
JAN Depletion- P = P-Channel E1 03 C = 20 Pin Ceramic DIP
SC = Commercial Mode DMOS  ( _ Arrays 01 04 CG = 16 Lead Narrow Body
Burn-in Discretes 03 05 soIC
SX = Similar to L = Lateral DMOS 04 06 K1 = TO-236AB (SOT-23)
JANTX Discretes 05 09 LG = SO-8 (Single)
SXV = Similar to T = Low Threshold N1 - TO-3
JANTXV DMOS 06 10 N2 < TO-39
Discretes 07 16 =
V = Vertical DMOS 1 20 N3  =TO92
Discretes & 12 24 N4 = 8 Pin Plastic DIP
Quads 13 30 N5 =TO-220
21 32 N6 = 14 Pin Plastic DIP
2o 33 N7 = 14 Pin Ceramic DIP
25 35 N8 = TO-243AA (SOT-89)
26 40 N9 =TO-52
27 45 NA = 18 Pin Plastic DIP
32 50 NC = 20 Pin Ceramic DIP
LR6 55 ND = Die in Waffle Pack
LR7 60 NF =20 Terminal
80 Ceramic LCC
(e.g., 09 = 90V) NG = 18 Lead Narrow Body
*16.5V (LP07) (SOI.C) .
18V (TN25U) NT = 16 Pin Plastic DIP
15V (TN21U) NW = Die in Wafer Form
P =20 Pin Plastic DIP

TG = S0-8 (Dual)
WG = 20 Lead SOIC



CMOS Products

Encoder/Decoder

ED - 5 R P
T T
|
FAMILY NUMBER OF R = Ruggedized PACKAGE
TYPE ADDRESS BITS TYPE
ED = Programmable ED5 = 5 PJ = Molded Plastic Surface
Encoder/Decoder DC-7 7 Mount J-Lead Chip Carrier
DC = Data Coder P = Molded Plastic DIP
ED9 = 9
ET = Encoder/ X = Dice
Transmitter ED-10 = 10
WG = Small Outline Surface Mount
ED-11 = 11
ET-13 = 13
ED-15 = 15
Smoke Detectors
SD 2 %
FAMILY TYPE PRODUCT PACKAGE TYPE
DESIGNATOR
SD = Smoke P = Molded Plastic DIP
Detectors 2
WG = SOW Gullwing
4
X = Dice
HVIC Products
RB HV 54 08 DJ
l 1 T T
HI-REL FAMILY TYPE PRODUCT ABSOLUTE PACKAGE TYPE
DESIGNATOR MAX VOLTAGE
RB = MIL-STD-883 HV = High Voltage IC DIVIDED BY 10 BX = Bumped Dice
processing gi gg g}g 04 18 C = Ceramic Side Brazed
RC = MIL-STD-883 05 57 227 06 20 CS = Ceramic Chip Carrier -
processing 06 58 228 STD Bent Leads
except burn-in 15 60 341 08 22
16 65 343 D = CERDIP
18 68 345 028 DG = CERDIP Gullwing
21 70 348 12 27
22 72 518 DJ = Quad CERDIP J Lead
gl ;g g;g 14 30 FG = TQFP
16 37
35 91 579 LG = SO-8
36 93 622 =
38 94 623 (e.g., 22 =220V) NG = Narrow Body Gullwing
41 97 701 - i
4 98 702 P = Plastic DIP
45 202 711 PG = Plastic Gullwing
ig ggi ggﬁ PJ = Quad Plastic J Lead
51 205 802 T = TABTape
52 206 803
53 207 805 WG = SOW Gullwing
54 208 X = Dice
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@ Supertexinc.

Corporate Profile

Success Through Innovation

Supertex designs and manufactures complex proprietary and
industry-standard integrated circuits (ICs).. Our customers in-
clude the medical, data processing, military, telecommunica-
tions, instrumentation, and consumer productindustries. Through-
out the years the company has developed several advanced
technologies utilizing high-performance Complementary Metal
Oxide Semiconductors (CMOS) and Double-Diffused MOS
(DMOS) processes.

In 1980, Supertex pioneered high voltage integrated circuitry
with its proprietary HVCMOS® technology, a merging of the
CMOS and DMOS process technologies onto one chip. Super-
tex HVCMOS chips have the “brains” and low power consump-
tion of CMOS ICs and the high voltage output of DMOS FET
transistors.

These advanced HVCMOS ICs, as well as Supertex’s families of
CMOS and DMOS products, provide performance and cost
benefits, giving customers a competitive edge in developing
their products.

Supertex now focuses on its process technologies, DMOS,
HVCMOS, and BiCMOS which allows for a diversified product
mix of integrated circuits and MOS field effect transistors (FETs)
and arrays. The Company’s products are targeted for applica-
tion-specific markets such as telecommunications, ultrasound
imaging for medical electronics, flat-panel display terminals and
high reliability products for commercial aviation and industrial
systems. Supertex has earned domestic as well as international
recognition as a demonstrated technological leader in high
voltage semiconductor products.

Product Development Milestones

Supertex has continued the commitment to product and techno-
logical development to enhance and complement our existing
product lines. Supertex is a recognized world leader in high
voltage ICs and MOSFET innovations. While responding to
market demands for state-of-the-art products, the Company
maintains a leadership position as an industry innovator, evi-
denced by the product development milestones listed below:

1976 Industry leader in CMOS wafer foundry technology and
production.

1977 Patent filed for silicon-gate high power VMOS process.

First in the industry to introduce both N and P-channel
silicon-gate VMOS power FETs.

1978 State-of-the-art high voltage 500V power VMOS FET
introduced.

1979 Development of combined bipolar and DMOS technolo-
gies (Superfet™).

High Voltage DMOS/CMOS IC technology developed for
medical ultrasonic imaging applications.

Widest product offering for CMOS encoder/decoder ICs,
using Manchester coding.

1980 Firstin the industry to introduce high voltage DMOS lateral
arrays.

1981 First to develop fully TTL-compatible CMOS logic ICs.

1982 First fully integrated electroluminescent (EL) flat panel
display driver chip set, including gray scales.

1983 First to introduce 64-line density EL display driver ICs.
1984 First HVCMOS IC to be used in a major plotter program.

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

1985 First Hi-Rel HVCMOS display driver IC in the industry.

Introduction of industry’s first low threshold N-channel
power MOSFET family.

1986 Introduction of low cost, low power 32-channel flat panel
display driver ICs.

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

First to introduce 8-channel high voltage level translator
chip.

1987 Introduction of 32-channel complements (N and P-chan-
nel) for high voltage, high current push-pull applications.

Introduction of low power 32-channel AC plasma flat panel
display driver ICs.

1988 Introduction of 32-channel 300V complementary (N and P-
channel) high voltage ICs for electrostatic plotters and ATE
bareboard testers.

Introduction of first commercial gray-shade/video analog
display driver ICs.

(continued)
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Product Development Milestones (continued)

1989 Introduction of second generation low power high voltage
analog multiplexers with CMOS control logic.

Introduction of single chip 225V push-pull IC with CMOS
control logic.

Introduction of 64-channel second generation 80V push-
pull ICs with CMOS control logic and 400V open drain ICs.

1990 Implementation of macro-cell custom capability in high
voltage ICs.

Introduction of ultralow threshold DMOS discrete transis-
tors for Ni-Cad and other battery operated applications.

1992 Introduction of current mode power supply family utilizing
high and low voltage Bi-CMOS processes.

1994 Introduction of high voltage P-channel MOSFETs and
isolated MOSFET drivers for telecommunication applica-
tions.

1995 First to introduce high voltage 64 channel 256 gray shade
column driver IC for flat panel displays.

Introduction of high voltage electroluminescent backlight-
ing ICs powered by single 1.0V cell, suitable for non-
emmisive display panels.

Custom Wafer Foundry

Supertex specializes in HYCMOS, HVBICMOS and DMOS
Wafer Foundry production providing state-of-the-art wafer fabri-
cation for Customer-Owned-Tooling (COT) production. Stan-
dard as well as modified processes can be produced per specific
customer requirements. Engineering and pre-production vol-

umes can be run with very short throughput times. Supertex can
also support the customers’ needs for back-end packaging and
testing.

In addition, Supertex can also run standard metal-gate CMOS
and PMOS processes.
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DMOS FET Electrical Performance

The electrical behavior of MOSFETs has been explained by
numerous authors. A different, and nontraditional way of viewing
their behavior arises when the device structure is closely exam-
ined. 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 MOSFET.

Vgs = 6V
Vs = 4V
Voo = 2V
< Vas =0V

— f—

«—A450V —»

- 450V ——l

A. Diode Characteristics B. Gated Diode Characteristics

Figure 1

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

A. Vg w— 1he gate threshold voltage. Itis 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.)

Vash)
Figure 2:
N-Channel Vg, -
Measurement

Threshold current is usually measured at a current in the range of
1 to 10mA. (Threshold voltage measurement can be normalized
to the amount of source perimeter when comparing different size
transistors. Full currentis usually obtained at Vo =V g, + 8 volts
(N-channel). The threshold voltage is a function of temperature as
shown in Figure 3 for a 500 volt Supertex transistor. The decrease
in the measured value of Vesm«) 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.

Vasany (T)
Vas) (25°C)

+25 +50 475 100 125 150 175

Temperature (°C)

200

Figure 3:

Normalized V

s VS Temperature for the VNO3 Transistor

B. l;ss — 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
MOSFETs 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.)

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. I 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.)

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




Figure 4: N-Channel |, Measurement

IDSS

D
+
VDS
G S
Figure 5: N-Channel |, Measurement
D +
TBVDSS Ip

Vgs + AVgg

Figure 7: N-Channel G, Measurement

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 smallsignal forward transconductance. Itis 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

9, = Lt (Ves - VGS(TH))

OX

where Z _ Source perimeter
L ~  Channel length
u,, = Effective carrier mobility

€, = Gate Dielectric constant

tx = Gate oxide thickness
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Figure 8: Parameters Affecting MOSFET Transconductance

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 inamaximumvalue of g . This parameteris 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 Si0,).
Typical gate oxide thicknesses are in the 1000A range. In
MOSFETSs, the transconductance vs. Vg varies as shown in
Figure 9 for a 500 Volt VNO3 MOSFET.
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Figure 9: Transconductance vs. Drain Current or
Gate-Source Voltage for the VNO3



Figure 10: N-Channel R Measurement

DS(ON)

F. RDS(ON — 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 MOSFET is dominated
by the resistance of the drain region. For a given breakdown
voltage and device area, there is a minimum value of R, . The
variations in source geometrics and body-to-drain breakdown
structures discussed earlier are all aimed at realizing this mini-
mum RDS(ON) value. In device operation, RDS(ON) 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
behavior for a 500 volt VNO3 MOSFET is shown in Figure 11. This
negative feedback characteristic is the key to MOSFETSs thermal
stability.

G. ID(ON) — The on-state drain current. It is measured at specified
values of drain-source and gate-source voltage. NOTE: To
reduce heating of the device, this should be performed in a
pulse mode, or with an adequate heat sink. (See Figure 12 for
measurement circuit.)
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Figure 11: Ros«m) as a Function of Temperature for the VNO3
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Figure 12: N-Channel Ioony
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Transfer Characteristics
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Figure 13: ID(ON) as a function of
Gate-Source Voltage for the VNO3

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
HDS(ON) with temperature. This specific behavior is shown by the
dotted line for the VNO3 in Figure 13.

H. Capacitances — MOSFETSs are characterized by three capaci-
tances:

1. Cgg' Input capacitance
2. Coss: Common source capacitance

3. C. s 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 o

Source
]

4
Y

Ciss = Cas + Cpg (unguarded)

C

o Crss = Cpg (guarded)
Coss = Cps + Cpg (unguarded)
1 Drain Ct)s
Figure 14: DMOS Transistor Capacitance
Gate ?2 Drain
O v o

fr 1

Vas Grs * Vas

l TCGS fas ¢ ;II:CGS 'ps
Source

Figure 15: FET Equivalent Circuit—Small Signal




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 MOSFET is a device with its own set of electrical parameters.
These parameters depend on the device structure. The success
with which MOSFETs are used will depend on a designer's
understanding of these electrical parameters and their limits. This
article has attempted to link the performance of MOSFETS 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 VGSW However, when
examining most manufacturers’ databooks, one finds VGS(m) de-
fined as the voltage needed to produce a specified drain current
(I5)- This differs from the theoretical definition of knowing when a
channel is produced, which is of little interest to MOSFET users.
Comparing VGS(‘h at the same |, simplifies the analysis of
databook parame{ric guarantees, allowing the designer to com-
pare 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
translates to a higher threshold voltage. One method of reducing
threshold voltage is to reduce the body dopant concentration until
the required V¢, 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 (BVDSS), whichis a
result of certain conditions, most commonly punch-through.

Poly
Gate

drain
Figure 1: Double Diffused MOS (DMOS)

Punch-through is 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 BV 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
trade-offs using thismethod: (1) Theinputcapacitance 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 trade-offs. 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
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. 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.

Figure 2: Electric Field Connecting Drain and Source
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Part Number , IRF 520 VN1210N5
Parameter Min Max - Conditions Min Max -~ Conditions Unit
Vs 2.0 4.0 Vps = Ve Ip = 2500A 0.8 2.4 Vps = Vger Ip = 10mA \%
Gate Threshold Voltage
8.0 Vos > Ioon X 20.0 Vps =25V A
ID(ON) On-State RDS(ON) max Vg =10V
Drain Current Vgs = 10V
5.0 Vs =25V A
Ve =5V
0.3 Vg = 10V 0.3 Vgs = 10V Q
RDS(ON) State Drain- I, =4.0A I, =10.0A
to-Source On Resistance 0.45 Vgs =5V Q
I, =2.0A

Table 1: Comparison between MOSFET and standard threshold Supertex device

Performance Advantages

With the first device shipped in 1982, Supertex was the pioneerin
low-threshold DMOS FET technology and still maintains a per-
formance edge over other manufacturers. Supertex currently
supplies the lowest threshold MOSFETSs in the industry. A thresh-
old voltage of 1.6 volts for N-channel and 2.4 volts maximum for
P-channel clearly supports this claim.

Supertex measures threshold voltages at ID =1mA, 2.5mA, and
10mA for small, medium and large-sized devices, respectively.
Although some manufacturers use test conditions as low as |, =
250pA 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 MOSFET and a
standard-threshold Supertex device.

A true comparison can be made by normalizing the value of the
I, 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 V¢ conditions.

300
< TNO520N3
£ 200
o

100 VNO0220N3

0
0 1 2 3 4
Vgs (volts)

Figure 3: Typical Transfer Characteristics

The threshold voltage is an important indicator of performance at
low V¢ conditions because a device that starts conducting at a
very low bias will exhibit good characteristics under such condi-
tions. In fact, Rg o, maximum, and I, ., minimum, at low V¢
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 standard-threshold and a low-
threshold device. For example, if the drain current requirement is
100mA, TNO520N3 will typically need V 4 = 1.8 volts and
VNO0220N3 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 TN05
die being half the size of a VN02, the TNO520N3 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
obtainthe required low RDS(ON s maxirr?um 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 characteris-
tics.

Approach 2: Compared to the device used in Approach 1, use a
relatively small (die size), low-threshold device to
aghieve the desired ID(ON) and RDS(ON) at the given
minimum gate-to-source voltage.

Comparison of Approach 1 and 2

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

2. Large die must be accommodated in large packages, and this
may result in unnecessary waste of board space. Forexample,
the total volume occupied by a TO-220 package including
stand off could be 8 to 10 times more than a TO-92 package.
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Figure 4: Motor of a Fluid Injection Pump

3. A judicious 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 RDS(ON), maximum, and |, o) Minimum, speci-
fications 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% guarantee
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. Depending
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 MOSFETs. What better trait can a designer
expect than a smaii amount of charge controiiing high voitages
and large currents? These low-threshold FETs from Supertex are
ideally suited to interface low-voltage logic to the outside world.

Applications

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

+
Photovoltaic
Diode Stack |
Hq +
Nr Y |
A7
Control |
Signal hv4
;E T

Figure 5: Photovoltaic Drive Scheme

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
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.

e Medical equipment with battery backup 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 VGS = 6 volts condition demands careful attention, because
the R op, has to be low in order to ensure a low drain to source
voltage drop. A large voltage drop can A) affect motor perfor-
mance, and B) cause high I°R losses, reducing system effi-
ciency and battery back-up time.

+ 4.8

o +
ICM7555
5Vde Timer TNOBOANS 1, 12 Vde
IN T 2% out
- © -

Figure 6: Charge Pump Converting 5VDC to 12VDC

e Solid-state relays utilize 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 R ¢ on) 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.

o Figure 6 shows a simple charge pump converting 5V, to 12V_..
The key parameter for efficient functioning of this circuit is

RDS(ON) atVgq =5 volts.

e Telephone handsets encounter wide variations of voltage dur-
ing normal operation (Figure 7). While the DC voltage appear-
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ing across the unit may vary from approximately 3 to 25 volts volts. A TN0524N3s guaranteed ID(ON) minimum = 100mA at V ;¢
when the phone is off the hook, high voltage AC ringer signals = 3 volts is more than adequate for this purpose.
and associgted.transients havetol?ehapdled safely. Mqref)ver, Advances in low-threshold MOSFET technology offer several
atmospheric disturbances (e.g., lightning and RF radiations) useful choices to a designer. Circuit design for many applications
are picked up by the lines, inducing high voltages which are are simplified and use of components is minimized. Conse-
suppressed by MOVs, gas discharge tubes, etc. (not shown in quently, system complexity is reduced and reliability enhanced.
the figure). All these benefits, combined with the cost-effectiveness of the
Supertex low-threshold TNO5 devices used for the pulser and devices, make the low-threshold FETs an excellent choice.
mute switch operate satisfactorily, even at voltages as low as 3
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Dial {.‘ or
Pulse
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Figure 7: MOSFETs in a Telephone Handset
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Basics of EL Panel Drive Techniques

Thin film electroluminescent (EL) panels operate on a principle of
successive pulses of opposite polarity. These pulses must ex-
ceed a threshold of approximately 200V for the panel to emit light.

A flat panel display is a sandwich of phosphor material with
dielectric coating on either side; transparent ITO (Indium Tin
Oxide) row electrodes on one side and column electrodes on the
opposite side. These layers are built up on a sheet of glass to form
a very thin, lightweight display panel.

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.

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

Generally, the row electrode electronics supply the major portion
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

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

Depending on the data to be displayed in each column, the
column electrode electronics supply a voltage of opposite polarity
tothe row scan pulse. This combination of row and column voltage
across the phosphor will exceed the threshold and cause the
phosphor in areas between the energized row electrodes and the
energized column electrodes to glow. This sequence, applied to
successive rows, causes certain portions of the display to be
illuminated.

Because the phosphor requires successive pulses of opposite
polarity to operate, an opposite polarity refresh pulse is applied to
all row electrodes simultaneously while the column drivers are
kept at ground. 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.

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 gray
shade image can be created using the EL display.

ooe E 5.8
ata
et "] T I —1Th
Voor | HV:77 | [ Thvszz ][ wvszr ]| Hvi77 |
Enable/Datao———{ uPing s S el S
Right Row o—J o+ . . Tl
Enable/Clock [___ Electroluminescent display _]
] (512 x 256 pixels) ]
it e
Vscan/V, op
e L T T L= Vscan/Vrer
[ hvszz ) [ hvsrr || nvs | [ Hvsir |
LT 1 LI
%Y LiF 153 L
Bottom Data Input o——— > (Zg >8
Column Clock o
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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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Refresh
Pulse
Row 1 | | 8 8 | |
Scan
Pulse
Row 2 8 8 | |
Row 3 | I () 8 I I
Row 4 . j) () I-J_
Column 1 I I ] I 8 8 I_L—
Pixel On I Pixel Off Pixel Off
YScan } - -
Vpp Voo IVScan
l l PP l |
VPixel 8 8 l_l—
(Row 1, Col. 1)

Figure 2: Simplified diagram illustrating row and column timing to operate an EL Panel.
Veer Only lights pixels that were turned on by V., and V., pulses in the previous frame of information.

Row Drivers (HV51, HV52, HV70)

To allow the open drain outputs to provide the opposite polarity
pulses to the panel, the sources of the output MOSFETs must be
switched between the different voltages required for the panel.

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 ata time, 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
isthenselected, and the scanis repeated:; first“A,” then “B.” When
the entire panel has been scanned, the refresh sequence is
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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.

Monolevel Column Driver (HV577)

The columndrivers 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.

Gray Scale Column Driver (HV38)

This device is designed to take four data inputs in parallel 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.

+190V Refresh

HVCMOS Applications
Panel Brightness

The varying brightness of an EL panel by voltage variation can
only achieve a limited range. Dramatically increased panel output
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 operate at this rate. This is
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 input is driven in
parallel by the controlling system at the same time. Thisincreases
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.

+190V I | Row Driver R
ow
Refresh R Logi | Electrode
efres| ow ogic
Power Q2 Logic Z Opto p— — CS;{:' —{ - l
Supply B Supply 2 Isolator T_ |
System
Ground 1 l L — — — 4
Q1,Q4 =VNO345N5 450V
Scan o Q3 Q2,03 = VN0335N5 350V
Power
Supply
-190V
sk

-190V Scan

Figure 3: Row driver panel switching block diagram.
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Cascading Encoder-Decoder

The Supertex family of encoder-decoder devices allows address Voo
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 1c1
want to control operation of all the decoders in their area, is one ED #1 Cno
application in which the possible remote addresses could number Signal spi TR Q

more than 32,768. Another possible use is remote meter reading Input >—912 OR =

of domestic and industrial power meters by the local utility R A
company. This offers tremendous savings in labor costs over T DV [ =
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 T
this capability.

14538 Rrp
2

ol

ol D/DO

OoC Data

Do D14

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. Figure 1
Address Group
A
“Primary Address Secondary Address
Data Packet #1 Data Packet #2
Preamble #1 Data #1 Preamble #2 Data #2

[ L_J | I L |
ED#1DV 1 |

Ic#1Q l [

ED #1D/DO =="---
Address Match

ED#2D/DO ... T I
Address Match

ED #2 SDI [ . [

Figure 2
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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
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
sectionimplements 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.

ED Series Applications

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 it is 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
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14538
Q Rrp
1/2
ED #1 IC1
signal ___|i#o%%, sbi TR Q Tco
nput ~ e’ OR =
A s |1
DV
Ol p/DO
Cy
T __oc Ry
ED #2
C
‘[ ol OR
OoC D/DO 4081
[ b o 4y )4 INT
1K
SDI I .O1pf
r TR Sbo [ 3/6
= Strobe
DC IC3
4069 v Data
Q Parallel
Outputs Data Out
CK
Out EN
4094 Tri-State
Enable

Figure 3
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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. This is implemented 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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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 a transmission media and controlled by normal logic.

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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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., a separate 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

~0O Voo L
v ; 281—0Vpp
.025 025 T 15227
HF uF T_10K 14 B 56l Data valid
N 6 25— Data Clock
237 Decode Out
Data Out
L 045 uF

4049 or 4069
Trigger Circuit
=1 KHz

Figure 1: Basic two-wire ED system

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 justajumper when
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-15 is 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 relationship of the
“key-code” bits to the last 4 data bits.
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In Figure 3, a DC-7 can be used for the transmitters as well as for
the receiver. An ED-15 is shown to 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-

+9V

?SPST
Momentary

+15V

ED Series Applications

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.

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 setup 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 parallel data to operate
displays, relays, etc.
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Figure 4: IR remote control transmitter/receiver
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Figure 5: Block Diagram showing basic configuration for transmitting
microprocessor data over remote control system using ED-11s as encode/decode
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Figure 7: Possible timing diagram for circuit shown in Figure 5

Microprocessor Interface to ED-11, ED-5

Itis 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 pp is required, 4 bits are used as data, and the
remaining bits control the EDs and associated logic required to

change the system from a data transmission system to a data

receiving system.

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 pP is finished sending its message, it returns to the
“receiver” mode. The interrogated pP then performs its function
and switches itself to the “transmit” mode and sends confirmation
back to the first uP.

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
adata transmission (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 DB6 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.

ED “Carrier Current” One-Way
Remote Control System

In the 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 smoke 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 usedis that it has
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
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the wiring be conduited. This will be found mostly in commercial External Oscillator for

and multiple-dwelling buildings, but since the conduit is ground, ED-15. ED-11, ED-5, DC-7

the capacitance is even greater. Another problem with building ’ ’ ’

wiring as a communication medium is the fact that many appli- Often it is desired to drive the ED-series devices with an external
ances hooked to the wiring are large inductive loads (motors, clock. Due to external considerations it is not recommended in the
power transformers, etc.). When these inductors are in parallel general case.

with the ROMEX,, very effective high frequency filters are formed.
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Figure 8: Carrier Current Transmitter
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Figure 9: Carrier Current Receiver. 160KHz transformer consists of an 18x11mm 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 15 to 1.
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However, the ED-15, ED-11, ED-5 and DC-7 device types may be

externally driven in the transmission mode if certain precautions 0sc Dw— ol
are taken. Using the circuit in Figure 10 will allow driving of the Input

transmitter chip. The external oscillator MUST be gated on only
during the transmission time after the START pulse. During all
other times the O/l pin MUST be held high. The DRS signal in the NC | oC

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 NC | OR

CMOS logic and share the same Vpp Used on the ED device.

The synchronizing characteristics of the ED series in the receive o

mode do not allow an external oscillator to be used. The use of the N DRS
data sheet curves will allow calculation of the resistor and capaci-

tor network to use on the receiver to match frequencies with the Figure 10: External oscillator gate for ED-15, ED-11, ED-5,
external clock of the transmitter. DC-7 transmission mode only.
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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
control information over the power line. The prototype systemwas
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 selectively
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 3 ED-5 ——| Shift
Register
SDI SDO
DC
b/DO Control
= fD/DO = I Bl Bits
Power Power
Line Line
Modem Modem
Transmit Receive
11 11
Ji 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/
Data input (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

Te =1/, =1.04ms

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

+V +V
R ED-9 Flower
c DR Modem
DC TX IN
SDI D/bo Transmitter

1Ll J:-—

= Il

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

nnnnndsun , L
Sync Burst Input Bits D1-D15

} 126 TC 1'
Data Bits D1-D15 [{
1 2 3 9 10 11 12 13 14 15

} 62TC {

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.

[

D4-D7, D9 -J CD4094 :}

D/DO S Control
R tr Drivers

EDs | SDO Strobe Da

Data
c DC DC Cik Clk
bC XX
T/R

||F;,

Power
Line
Modem

Receiver

1]

] AC Power Line

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.

+V +V
ED-9 3 ED-5 _J
TR
TR
D/DO SDI l

ED-9 Transmitted Data Bits

L SWIOIXIXIXIXIOIX!OIOIX|XIXI;<I DeDTDe
1 15

ED-5 Received Address Bits A

I1Iglo!OIXIXIXIXIOIXJOWIDIDIDJ:SI Di5-D15
1 1

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 attenuation 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 over the AC power line. The system is very
flexible with regards to the ability to add microprocessor intelli-
gence 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 communication 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 thatcan
result from the use of the Supertex Encoder-Decoderin power line
systems.
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Encoder-Decoders for Telemetry and Control

Today’s industrial environment is the site of a modern revolution
—the newest technology in control electronics is available for even
the simplest task, at a reasonable price. New techniques of
measurement offer increased speed and accuracy with low-cost
simplicity. But, interfacing these components in the electrically
noisy environment of a modern factory has proved to be a difficuilt
problem. Motors, switches and other high-voltage, high current
components used in a factory create a difficult environment for the
transmission of the digital signals of the new electronics technology.

A device for maintaining digital data integrity while allowing simple
transmission in a factory environment is needed. This device
should be easy to interface with (or without) a microprocessor,
offer serial transmission to minimize wiring, and be inexpensive.
Additional features would include address recognition, so that
several devices could be attached to the same control loop, and
two-way communication capability.

A family of products meets these requirements. Designed origi-
nally for garage-door openers, this series of Encoder-Decoders
has performed in many control and telemetry applications, includ-
ing control loops, cordless phones, security systems, wildlife
tracking, pagers, etc. Control loops are addressed here.

Device Description
ED Encoder-Decoders use an address-matching technique. They
use CMOS technology to provide low power consumption for
battery-operated systems.

Table 1 lists the basic characteristics. The ED-9 performs ad-
dress-matching only, in the smallest package for lowest cost. The
DC-7 allows a combination of 7-bit data transmission for micro-
processor applications.

All can be used in either the Transmit or Receive mode by
changing the logic level of the T/R pin. This allows the same
device to be switched for two-way communications, thus reducing
the cost and parts count.

The devices have an on-chip oscillator, using only a resistor and
capacitor to set the clock frequency for device operation. The
basic clock frequency is 20KHz, with a serial transmission fre-
quency being 1/4 that. The actual data flow rate, which must allow
for preamble and delay times, works out to be one “word” every
6.7ms.

Device Number of Number of Serial
Address Bits Data Bits Output
ED5 5 0 Yes
DC7 7 8 Yes
ED9 9 0 No
ED11 11 4 Yes
ED15 15 0 Yes

Table 1. ED Series of Encoder-Decoders

Data Transmission
The data transmission for the ED family is a 15-bit serial data
“packet” with a 12-bit preamble. The data is Manchester encoded
to provide noise immunity.

Manchester code (as implemented in the ED series) divides the
time for each data bit in the serial string into two halves. A binary
1 becomes a transition from low to high; a binary 0 becomes a
transition from high to low (Figure 1). The first half of each data bit
time is always the logical inverse of the second half. This provides
for a level of transition (high-to-low or low-to-high) during each
data-bit time, and allows a synchronized receiver to easily read
the correctdata, even when large noise spikes are present. Figure
1 illustrates the Manchester-encoding method.

Each preamble burst, which is sent before the data bits, consists
of 12 consecutive bits. The preamble is sent because the receiver
of the transmitted signal, another ED family device, has no way of
inherently synchronizing with the transmitter. The preamble burst
allows a digital phase-locked loop (used in the Receive mode) to
“lock in” to the transmitted signal. Then, when the actual data
arrives, after the preamble, the Receive device can correctly
extract the data from the bit stream. The Receive device also
generates a clock signal which is in phase with the data stream
(described later).

In the Transmission mode of operation a pulse on the Start/Data
Input (SDI) will initiate the transmission of the data packet. The
device will send a complete data packet (preamble and data) for
each pulse on the start pin.

in the Receive mode, three functional options are available,
depending on which device is selected: address matching, data
recovery, or a combination of the two. All devices, when enabled
in the Receive mode, accept a serial data packet generated by
any other ED device. The serial data enters the device on the
Start/Data Input (SDI) pin. The 12-bit preamble burst, which
arrives first, is routed to the digital phase-locked loop to start and
synchronize the R-C oscillator on the device. The 15-bit data word
is the next to arrive. This is where the functional types differ.

Matching Operation

In the Receive mode, the data input pins are used to input data to
be matched with the data received from the serial transmission.
Each device is designed to “match” a different number of bits. If
the bits on the data pins exactly match the received data, the
Decode/Data Out (DDO) pin goes high until the next stream of
serial data arrives at the SDI pin. If the data bits do not match, the
DDO pin remains low. This is how the original application to
garage-door openers was implemented, and it is the only function
that the ED-9 can perform. As shown in Table 1, the ED-9 has no
serial data output.

Courtesy Measurement and Controls Magazine
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Figure 1. Manchester code converts a binary 1 into a low-high transition, and a binary 0 into a high-low transition.

Data Recovery

All the other ED series devices (ED-15, ED-11, ED-5, DC-7) can
be used for data recovery. In these, the received data is carried
through the device unaltered, and output on the Serial Data Out
(SDO) pin. At the same time, the clock signal is output at the Data
Clock (DC) pin. The leading edge of each clock pulse is situated
during the time that the data on the SDO pin is correct (valid). The
data clock signal can thus be used to load the correct received
data into an external shift register for other uses.

This function does not depend on the data-making function, and
can be used regardless of whether the data on the data pins
matches the received data. When a data word is received,
matched or not, the Data Valid (DV) pin goes high to signal the
reception of a complete data word. This signal can be used to
signal an awaiting system that data is present in the shift register.

Two of these devices (ED-11, DC-7) can use both functions
simultaneously to achieve more capability. Both have 15 data
input pins, one for each data bit in the Transmission mode. In the
Receive mode, however, not all 15 data input pins are matched to
the incoming data. In the ED-11, only the 11 most-significant data
bits are matched; the 4 least-significant bits are ignored. The DC-
7 matches only the 7 most-significant bits of the data; the 8 least-
significant bits (1 byte) are ignored. This allows these devices to
be used to transmit data (4 bits or 8 bits) to a receiver that is
selected by the matching codes (11 bits or 7 bits). The use of this
capability will be explained.

Communication media can be via (1) RF transmission (as in
garage-door openers), (2) a long direct wire hookup, with digital
line drivers, (3) infrared optical link or (4) fiber optic line. Use of the
devices is independent of the communication medium used;
presentation of a digital serial signal to the receiver input is all that
is required. In the following application examples, although one
particular communication medium is described, others could be
substituted wherever desired.

Microprocessor Interfacing

ED devices are easily interfaced to microprocessor systems for
either transmission or reception. If you are working directly with
the microprocessor device and using assembly language, the
task is made simpler because the microprocessor is fast com-
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pared to the ED devices. For data transmission, direct hookup to
a Peripheral Interface Adapter (PIA), of the correct number of
parallel bits to correspond to the data input pins on the ED device
is the simplest interface. An alternative would be using one output
from a PlA into a serial shift-register corresponding to the ED data
input pins. A simple start pulse generated by the microprocessor
after the data bits are set will then send the data out. Figure 2
illustrates these methods.

For the Receive mode, several types of interface are possible,
depending on the receive function required. For address-match
recognition only, the Data Input pins would be set by manual dip
switches, and the Decode pin DDO would be connected to the
microprocessor, either on a PIA pin or an Interrupt input. This
would tell the microprocessor that a transmitter had called its
“name.”
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directly, the ED device would be connected to a serial shift register
through the SDO and DC function, to latch the data into paraliel
format. This shift register would be connected to an input PIA.
Either the Data Valid (DV) or Decode (DDO) signal would be used
to signal the microprocessor (via an Interrupt input) that data was
available to the PIA. The DDO signal would be used only with the
ED-11 or DC-7, which combine the matching function with data
transmission.
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An alternate method of interfacing the ED series device to a fast
microprocessor is to connect the serial data output directly to a
PIA pin, and use the Data Clock (DC) output as an interrupt to tell
the microprocessor that the nest data bit is available. Fast
response is necessary in this case.

A third method of interface for data reception is to use a tri-state
output shift register, attached directly to the data bus of the
microprocessor. An interrupt input from the DDO or DV will let the
microprocessor read the data from the shift register in a similar
manner as data is read from memory.

These are some of the more common interface possibilities
available. Interface to a bundled system where an external
parallel port is used may limit input flexibility due to the software
overhead involved in using higher-level languages, but effective
interface is still easily accomplished.
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Figure 2. Peripheral Interface Adapter (PIA) interfaces microprocessor and ED-15 for data transmission.

Basic Systems

The simplest use of the ED device is where one transmitter is used
with one receiver. For address matching (such as a garage-door
opener), the devices are used as shown in Figure 3. The start
pulse is generated by a simple push-button. Switch bounce is not
a problem because these devices “restart” the transmission each
time the SDI pin pulses. Therefore, the last “bounce” will send a
complete data packet, which will be received correctly. When the
transmission is completed, the Data Valid (DV) pin goes high to

signal a successful reception of a correctly formatted signal. If the
input data stream also matches the receive device Data Input
pins, the Decode Output (DDO) pin also goes high at this time.

A similar simple application for data transmission would use an
ED device with serial Data Output and Data Clock to allow data
collection at the receiver. In Figure 4, one DC-7 and one ED-15
are used, with the data byte latched into a 4094 serial-to-parallel
shift register.

Transmit VDO Transmit VDO
— 7 16 L—‘w 16—
GND = ol 1518 aND 2 Olf4g 15 R
GND
cT -[ %OR 1 ED-9 CcT -[ iOR 1 ED-9 =
-Lﬁ 2 _Lﬁ 2
" Soi [o]{v]e] SDi O/00
Start Signal 46 145 46 145
Address Address
Figure 3. Address matching use.
To Interrupt Logic
Transmit VDo Transmit voo | vo
r 1 28 —? DT_ 16 4 07
TR | GND._L olf, 27T 5106
E}; 1 Strob 6 ——05
0/00 #— CT 3 26|.0/00 robe| 7—o04
DC-7 4094 14}——03
oCl, 25}DC Clock |, 13 f——02
SDI D SDI S00 D I ac
ata 23 ata 11 p——00
Start Signal 8 14— g 14 3108 15
Address Address 'l" l g:;‘;‘l‘;
Fixed GND  , vpc
Bit Key Code Data
A0 A6 DO D7

Figure 4. Addressed data transmission. Data is loaded into a shift register and latched if the transmitted address matches the receive address.
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Multipoint Control Network

ED-11 or DC-7 devices can be used to implement a simple, low
cost multipoint control network using a serial loop daisy-chained
to each controlled system. Figure 5A illustrates this interconnect
scheme. One transmission device is connected to a common
serial data bus with multiple receivers, one per controlled system.
The number of receive devices possible is determined by the
number of address bits implemented in the transmit and receive
devices. The DC-7 can address 128 receivers; the ED-11 can
address 2048 receivers.

The transmitting ED device in this type of network is normally
connected to a microcomputer of some kind, while the receivers
may interface directly to the controlled system. In operation, the
microprocessor will select the data word to initiate the desired
functioninthat system. This information is then placed onthe Data

ED Series Applications

Input pins or the transmission ED device, and a Start pulse applied
to the SDI pin. The serial transmission will be received by all ED
devices in the network; however, only the device with a similar
address pin code will match and raise the DDO pin high. The SDO
pins of the receiver EDs are each connected to serial-parallel shift
registers to capture the data word portion of the transmission. The
system with the address match will read the command word form
the shift register and execute the command.

The serial wire loop is only one implementation of this type of
control network. A multipoint “star” type of network (Figure 5B),
ideal for a factory floor where visibility is good, could be imple-
mented easily using an infrared transmitter at the control station.
Each receiver station would use a infrared detector to receive the
signal; no wiring is necessary. Additional receive stations are
easily added to the network.

A
E-D E-D E-D
Receiver # 1 Receiver # 2 Receiver # 3
SDI SDI SDI
Controller
C
DDO
Twisted Pair Cable
B
E-D E-D E-D E-D
Receiver # 1 Receiver # 2 Receiver # 3 Reciever # 4
I-R I-R I-R I-R
Recvr Recvr Recvr Recvr
N— —~ _/_,,_’—7/
Infra-red
fra-
'nT’;:‘::d Optical Link
E-D Controller
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Figure 5. Multipoint one-way control network.



A Bidirectional Network

An enhancement to the network described in the previous section
is to implement two-way communication. Many applications re-
quire this flexibility, where a controller needs to monitor the status
of a remote system, or have a remote instrument make a mea-
surement and report the results to the central controller. This type
of network, where the controller sends out a request and receives
a response, is called a “polled” system; it is the simplest way to
implement two-way communication. No interrupt conflicts are
involved, and the controller selects the priority in which the
controlled systems are queried.

The capability of ED devices to be switched between transmitter
and receiver allows low-cost implementation of two-way commu-
nication with a minimum number of parts. Using a microprocessor
with the ED data input pins attached to a Peripheral Interface
Adapter (PIA) port is the simplest method, although discrete logic
is usable for less complex requirements. Figure 6 shows one
possible configuration.

The interaction between a controller and a remote system is
straightforward. The controller will transmit an address and data
word, as in the one-way network explained previously. It will then
switch the ED device to Receive mode, connecting the SDI pin to
the network transmission medium and monitoring the Data Valid

ED Series Applications

(DV) pin for a signal that a transmission has been received. The
SDO and DC pins of the controller are connected to a shift register
to receive the information from the remote system.

The remote system, with its ED device in the Receive mode,
receives the transmission from the controller and matches the
address to the status of its Data Input pins. At the same time, the
data word is latched into a shift register through the SDO and DC
pins. If an address match is found, the remote system then takes
the data word from the shift register and executes the command.
If data or status is to be sent back to the controller, the remote
system will then apply the data to be sent back to the controller on
the Data Input pins associated with the data bits of the transmitted
packet. The Decode Data Out (DDO) pin is connected to the
transmission media, and Start pulse is applied to the SDI pin. The
remote ED device then will transmit the address and data to the
controller. The remote system transmits its own address back to
the controller with the data to prevent other remote systems from
receiving and decoding the transmission in error.

In this type of network interaction, some timing constraints must
be met. The controller, when sending out a request and awaiting
an answer, must have a time-out feature to prevent lockup of the
system if the receiver does not receive the request. After the
controller sends its message, it should wait an appropriate time
and then resend the message.

TR %

Port_VO ——‘

Address
Bus /0
/0
Do-14
PIA Port 15 DDO ouT TR
uP DC-7 System
Data 110 IN
B :) >— SDI
= e} DC CLK
SDO IN

C [ —sm
Shift Reg

Parallel

8 Outputs

Figure 6. Bidirectional communication.
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High Voltage Pulser Circuits

Introduction

The high voitage pulser circuit shown in Figure 1 utilizes Supertex
complementary N- and P-channel DMOS transistors to achieve
excellent performance and efficiency with minimal components.
The output voltage swings are -100V to +100V. Rise and fall
times are less than 10 nsec while sourcing and sinking over 0.75
and 1.0 amps respectively. The output is conveniently controlled
by TTL or CMOS input signals.

High voltage, high speed, and high current pulses at low duty
cycles are required in several applications. Ultrasound cleaning
equipment, flaw detection, medical imaging, and test instruments
are but a few examples. Complementary N- and P-channel DMOS
transistors, VN1304N3, VP1304N3, TNO102N3, TP0O102N3,
TPO0620N3, and TNO620N3 are used for their low threshold volt-
ages, low input capacitances and high output current capabili-
ties. These are essential features to generate high voltage pulses
with high speeds and currents. Another aspect considered was
their cost-effective TO-92 package, which saves board space.

Vop = 10V Vpp = +100V
H 4wl L
b vP1304N3 —{F TPO102N3 Q2 R A
. l- 0.01uF e
A | ' TPO620N3
c G b
H L - P
= VN1304N3 =1 TNO102N3
4 —
Inputs = = V.
Vpp = 10V ouT
. AL
100Q
VP1304N3 TPO102N3
}—| j 0OWF gy |- =
B - i * f=; TNO620N3
] o |
+
R
VN1304N3 TNO102N3 15V
1K -
- - VN = -100V

Figure 1. High Voltage Pulser
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Circuit Description/Design Considerations

The high voitage puiser in Figure 1 consists of 3 basic stages:
(A) input signal interface, (B) high current buffer and level trans-
lation, and (C) high voltage and current output drivers. Each stage

has its own specific requirements for device parameters, which
will be discussed in the following section.

Stage 1:

Stage 1, consisting of VN1304N3 and VP1304N3, is an
input stage to interface directly with TTL or CMOS logic
signals. Low input capacitance and fast switching speed
are the most important considerations in this stage. The
VN1304N3 and VP1304N3 are chosen for their low in-
put capacitance, 35pF maximum, and their 2nS typical/
5nS maximum td(on), tr, td(off) and tf switching speed.
This will minimize loading and distortion on the input
drive signals. Often the input signals are from fairly re-
sistive sources, which may be in the order of 100’s of
ohms, creating large RC constants. Low C,gg and Crgg
will allow the gate voltage to charge past the transistors’
threshold voltage rapidly, to accomplish high speed
switching.

The low threshold ratings will accommodate TTL and
CMOS compatibility. Max threshold ratings, Vggn), for
VN1304N3 and VP1304N3 are 2.4V and -3.5V
respectively. For the ‘worst case’ design consideration,
VN1304N3 will turn on when the input signal voltage
reaches 2.4V. For a given input signal voltage rise and
fall time of 50 nsec for 0 to 10V, the time required for the
input to reach 2.4V is 12 nsec. For VP1304N3, time re-
quired to turn on is about 35 nsec. Once the devices are
turned on, the output voltage rising and falling edges
will have a waveform similar to that of an RC circuit where
R is the on-resistance of the transistor and C is the total
equivalent capacitance the transistor is driving.

In addition to performing the interface to TTL and CMOS
signals and improving rise and fall times, Stage 1 is also
a high current low impedance buffer. Output currents of
more than 250mA source and 500mA sink (based on
Iniony specifications of these devices) are available to
adequately drive the inputs of the 2nd stage.




Stage 2:

Stage 2 provides high output peak currents, improves rise
and fall times, and performs high voltage level translation.
This stage consists of device types TN0102N3 & TPO102N3.
The Supertex low threshold DMOS transistors TNO102N3
and TP0O102N3 provide typical output peak currents of 2.8
amps sink and 1.7A source. Such high currents are
required to adequately drive the input capacitances, in-
cluding Miller effect of the output transistors, to accom-
plish fast switching speeds. The low threshold guaran-
teed maximum limits of 1.6V and -2.4V for TNO102N3 and
TPO102N3 respectively will further improve rise and fall
time transitions. Resistor R and Capacitor C provide the
DC level shifting. Value of C should be much larger than
Cy of the output stage where Cy is equal to C,gg plus
Miller effect: C;y = C\ss + Crss (Grs+ Ry). Resistor value
R is selected such that time constant RC is much greater
than the output high voltage pulse width required.

With the source at +100V, gate voltage driving the P-chan-
nel of the output stage are +100V and +90V to provide gate-
to-source drives of OV and -10V. Similarly for the N-channel,
with the source at -100V, gate voltages are -100V and -90V
to provide OV and +10V gate-to-source drives.

Stage 3:

Stage 3 is the output stage and consists of Supertex low
threshold DMOS discrete transistors TP0620N3 and
TNO620N3. These devices have a breakdown voltage rat-
ing of 200V minimum. Output voltage swings can switch
from -100V to +100V. Input capacitance is increased due
to Miller effect, Cy = C,gg + Crss (Grs+ RL). Low Crgs &
C,ss capacitance, high output current, low on-resistance
and 200V breakdown voltage are required parameters for
the output transistors. The Supertex TP0620N3 and
TNO620N3 are ideally suited. Their guaranteed param-
eters are listed in Table 1:

VN/VP13 Series Applications

During power up and power down conditions, it is possible for tran-
sient voltages greater than 20V to appear across the gate-to-source
on the output transistors. Maximum gate-to-source voltage, Vgg, is
rated at +20V. 15V zener diodes are connected across the gate
and source of the output transistors to protect against such tran-
sient voltages. These diodes will not be zenering during normal
operation.

The zener protection diodes can be omitted if Vpp and Vi can be
ramped slowly to their rail voltages during power up.

Input signals and corresponding voltages are shown in Figure 2.
Actual output waveforms with a 100Q load for a 60 nsec and a 100
nsec positive and negative pulse are shown on Figures 3A to 3D.
Vep and Vy,, voltages can be varied without additional changes
within the circuitry. For example, Vyy can be -10V and Vpp +190V
for -10V to -+190V pulses. Higher voltages and currents can be
accomplished with minimal changes.

1
L

+

A\
1

100V
Gp
9OV - ————

) |V —
o [ ] [
-100V
100V - ————
Vour OV | I [ | l |
00V ——————

Figure 2. Input/ Output Signals
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Table 1
BVpss (V) Rosion)(€2) Ipiony (A) Ciss (pF) Crss (PF)
DEVICE min typ max min typ max | typ max
TNO620N3 200 4.0 6.0 1.0 110 150 10 35
TPO620N3 -200 9.0 12.0 -0.75 110 150 10 35
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Figure 3A. 60 nsec Output Pulse
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Figure 3C. Positive Going Pulse

Optional Variations

The high voltage pulser in Figure 1 can be easily modified to suit
various high voltage pulser needs. Figures 4A to 4D show some
examples.

Figure 4A is a positive high voltage pulser with one end pulling to
ground. Basically, components R and C are not needed to drive
the N-Channel.

Figures 4B and 4C are high and low side open drain pulsers. Su-
pertex VPO650N3 and VNO650N3 are used to satisfy applications
with 500V pulse requirements.

Figure 4D utilizes Supertex VNO550N3 and VP0O550N3 for high
voltage +250V push-pull 100mA requirements. Max input capaci-
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Figure 3D. Negative Going Pulse

tances of VNO550N3 and VPO550N3 are only 55pF and 60pF
respectively. These can be driven directly from Stage 1 with mini-
mal loss in switching speed.

Conclusion

Supertex DMOS transistors are ideal for high speed, high voltage,
high current pulsing applications. Bipolar transistors require base
currents and time to recover from the saturation region. MOSFETs
do not require any DC gate current thus enabling them to be easily
driven with a simple AC coupling scheme. Because of Miller effect
on the high voltage outputs, large peak currents are essential for
the second stage to drive the outputs hard for fast switching speeds.
The Supertex line of DMOS transistors has low input capacitance
ratings making them ideal candidates for high speed, high voltage
pulsing applications.
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Battery Back-Up Utilizes
Low Threshold MOSFETs

Introduction

The simple battery backup circuit shown in Figure 1 utilizes
Supertex low threshold DMOS devices to achieve excellent
efficiency.

In fact, one of the main reasons why MOSFETs are gaining
popularity is that very low voltage drops, which surpass the
performance of various kinds of diodes and bipolar transistors, can
be achieved. Many other benefits of low gate threshold MOSFETs
are explained in the text.

Circuit Description and Operation

The battery backup circuit has two modes: 1) Battery charging,
and 2) Battery backup.

1) Battery charging mode

The 120VAC is stepped down via transformer and full-wave
rectified by D1, D2, and C1 to 7.5VDC. This 7.5VDC supplies
power to RL as well as providing the charging current to the
batteries. R1, D3, and D4 generate a 1.2V reference for COMP
1and 2. D5, R2, R3, C2, and COMP 2 keep Q1 and Q2 off when
switch S is closed. The battery, consisting of 5 nickel cadmium

cells in series, is being charged with a current set by R8 and the
intrinsic drain to source diode of Q2. For fully discharged batter-
ies, there will be a high charge current for a few seconds, rapidly
decaying to a slow charge.

As the battery becomes almost fully charged to 6.8V, the current
is reduced to a trickle charge current of a few milliamperes. The
trickle charge current is further reduced to microamperes when
VearT €Xceeds 7.0 volts. This is because the voltage across the
diode of Q2 is 0.5 volts and will allow only a small amount of current
flow. This maintains full charge of the battery, when not in use, over
an extended period of operation.

2) Battery backup mode

When switch S is opened, simulating power outage, unplugged
equipment, or blown fuse, the circuit goes into battery backup mode.
COMP 2 turns Q1 and Q2 on. As Vgt supplies the 60 ohm load,
COMP 1 monitors the Va1t voltage keeping it from fully discharg-
ing, as complete discharge and subsequent cell voltage reversal
can degrade the performance of the NiCd battery. The circuit is
designed for the COMP 1 to turn Q1 and Q2 off if Vgar is less than
5.5V andonif greaterthan 6.5V. The hysteresis is designed to avoid
oscillation and is set by R4, R5, R6, and R7.

0.1uF
I
I
s DI
£ L 7a sk SR B.2K§ R R7§ 5.1K
|l N Q
crll Vrer | comp1 7 1+
120VAC 1000uF 214 —
D5 D3 R6 — VearT
) =
2K Everead - §
100K $ R2  150K$ R3 c2 RS NY;'? Y| RL=600
0.1uF 500 mAH
Q1

5
>
comp 2>—
ok 7

Q2

Figure 1. Battery Back-up Circuit

3-33




Design Considerations
and Component Selection

The design of this circuit utilizes standard, readily available
components. The number and different types of components are
minimized. Diodes D1 to D5 are 1N4001. All resistors are standard
1/4 watt, 5% tolerance. National Semiconductor’s Dual Comparator
LM393N is used for its low biasing current. The battery consists of
5 Eveready nickel cadmium cells in series. The cells are AA size,
CH15 with a C rating of 500 mAH.

The most important factor to be considered in the design is the
selection of the MOSFETs Q1 and Q2, which are configured as
an analog switch. In the battery backup mode, the voltage drop
across the MOSFETs must be low to minimize resistive voltage
drop and power loss, consequently enhancing battery life.

Supertex TNO602N3, low threshold N-channel DMOS transistors,
are selected for their guaranteed low on resistance at low gate
drive. Another aspect considered was their cost-effective TO-92
package, which saves board space.

Device Rps(on) Rps(on) Test

Type Typical Maximum | Conditions

TNO602N3| 0.9 ohms | 1.5 0ohms | Vgg=5V, Ip=750mA
0.6 ohms | 0.75 ohms| Vgg= 10V, Ip=1.5A

Q1 and Q2 are easily turned on with a simple pull-up resistor, R7.
For a “worst case” design, Rpg(on) = 1.5 ohms and a load current
of 125 mA are used. Maximum voltage drop across Q1 and Q2
works out to only 375 mV. In actual operation, this voltage drop is
substantially lower because the typical value of Rpg o is 0.8 ohms.
The voltage drop across Q1 and Q2 was measured to be 200 mV.

Figure 2 is a discharge curve of Vg1t vs Time showing battery
backup operation of approximately 4 hours. Figure 3 is a charge
curve of the battery.

VBATT vs Time
6.5 \
6.0
=z
S 55
Z
&
> 5.0
45
0
0 60 120 180 240
t (minutes)

Figure 2. Vg,rr Discharge Curve
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Figure 3. Vgary Charge Curve

The component selection ensured that basic charging current
guidelines for Nicad cells were not violated. Assuming the worst
case, using fully discharged batteries, the maximum charging
current will be 227mA.

Rectified D.C. voltage - diode drop _7.5-0.7

R8 30

This current will last only for a few seconds, and is completely safe
for the battery as well as Q2.

=227mA

In the charging mode, the battery voltage will be between 6.5V to
6.7V for the majority of the time. The charging current will be from

75-6.5-0.7 75-6.7-0.7
—a0 - 10mA to —30 - 3.3mA
The charge rate will be from 1_0m_A_ = 0.02C to
500mAH
2.3mA

500mAH 0.007C which is very safe for the Nicad cells.

Optional Features

When space is at a premium, Supertex’s TN2504N8 provides
performance almost identical to TNO602N3, in the SOT-89
(TO-243AA) surface mount package.

Added features such as battery backup mode indicator, low
battery voltage early warning, or battery shutdown indicator can
be incorporated by using one or more of the optional circuits
shown in Figure 4A through 4C. These can be easily modified to
interface with a microprocessor in more complex systems.

Nickel cadmium batteries are quite rugged. However, they are
prone to damage due to cell voltage reversal if fully discharged.
Other kinds of batteries are more sensitive, and may be dam-
aged below a certain voltage per cell, e.g., 1.75V for lead acid.

The circuits shown can be modified to suit other kinds of
rechargeable batteries, e.g. lead acid, lead calcium (gel), lithium,
etc. For lead acid, the threshold voltage, to disconnect the load
from the battery can be adjusted to 1.75 volt per cell.
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A) Battery Back-up Mode Indicator

VBATT

B) Low Battery Voltage Early Warning

TNO6 Series Applications

PIN3 0———
VREF O———

C) Battery Shutdown Indicator

Figure 4. Optional Circuitry

Conclusion

Very low drain to source voltage drops can be achieved with
MOSFETSs. Bipolar transistor performance is limited by VCE
(sat) and diodes by VF, depending upon the semiconductor
material used. This circuit utilized the following features of
MOSFETSs:

1) Low drain to source voltage drop.
2) Complete turn-on/off of bidirectional currents.
3) Turn-on with low biasing voltages.

4) No biasing power compared to base current loss in
bipolar transistors.

5) Utilization of the intrinsic drain to source diode for
limiting charging currents to efficient and safe levels.
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The battery backup circuit described demonstrates the benefits
of Supertex N-channel low gate threshold devices. These are
available in either surface mount (TN2504N8) or TO-92
(TNO602N3) packages. These are ideally suited for battery
powered applications. Very often, circuit designs require low on
resistance to prolong battery life, low gate drive to meet battery
voltage limitations, and small packages to accommodate board
space limitations. The Supertex low threshold DMOS discrete
transistor family were designed to satisfy such requirements.
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Off-Line Compact Universal Linear Regulator

Introduction

An off-line compact universal linear regulator is shown in Figure 1.
The regulating device is the Supertex LND150N3. The LND1 is a
500V N-channel depletion mode MOSFET with gate-to-source
ESD protection. The regulated voltage, Vo, is an ideal supply for
CMOS ICs and a variety of other circuits that require low current.

Circuit Description

The 120V AC input voltage is rectified by a full bridge, consisting
of diodes D, D,, D3, and D, A smallfilter or smoothing capacitor,
C,, is usedto hold the rectified voltage to approximately +170VDC.

The unregulated 170VDC is connected to the drain of the LND1.
The LND1 and trimpot R, are configured as a 1.0mA constant
current source. The 1.0mA constant current flows through R,
which is a 5.1Kohm resistor to ground. A constant voltage drop
of 5.1V is developed across R,. Vo is taken as the voltage
across R, and is used to supply, for example, a simple CMOS
timer circuit.

Capacitor C, is a low voltage bypass capacitor to supply any
peak current required by the CMOS timer circuit during switching
transitions. Dy is a 5.6V zener diode used to clamp transient
voltages that may occur during powering up the 120VAC input
line. D5 does not conduct during normal operation.

Calculations for Component Values

C, is a 0.1puF 200V capacitor, chosen to minimize ripple on the
170VDC which would affect the regulated output voltage. The
minimum value of C, is calculated as follows:

VIN = A sin2xft; A = 170V, f = 60Hz
dv
I=C1a?,l=1.OmA

1
dv=AV=A-VouT- [ID(ON) . RDS(ON)]; dt=At= o

]
C1 21 At=(1.0mA) ( 2(60Hz) )
AV 170V - 5.1V - (10mA)(1KQ)

C1 2 0.054uF

The LND1 can maintain a virtually constant current over a wide
input voltage range. Large ripple voltages on the drain of the
LND1 will have very little effect on the output current. The device
can also withstand transient voltages up to 500V.

120VAC/
240VAC

‘ 0.1mA
LND150N3

Ds T 0.1pF

R1

10K

De

Potter &
Brumfield
KUMP
11A-18-240

VNO650N3

l
I
l
|
|
l
|
|
|

MC14030
14-BIT

Reset |

+ i, CZ_L
5.6V D5 5.1K :_]:— 1.0uF

Counter

100k L

—t

Load

A

CMOS Timer

Figure 1. Linear Regulator



The value of the constant current source is a function of R,
Vas(orr), @nd Ipgs Where Vg (o and Ipgs are characteristics of
the device. R, is a variable resistor adjusted for 1.0 mA and is
approximated by:

V, —
Ry =_Gs|_|(30|=_|=)( Ip/lpss -1)

where, Ip = desired constant current value,
Vas(orr) = pinch-off voltage, and
Ipss = saturation current at Vgg =0 V.

Vas(orr) @nd Ipgs may vary from lot to lot. The range of adjust-
ment for R, is calculated for operation over the range of LND1
values for Vgg(orr) and Ipgs.

Symbol | Parameter Min Max
Vas(orr | Pinch-off Voltage -1.0V -3.0v
-1.0mA -3.0mA

Ipss Saturation Current

For the above values, R, is calculated to be from 0 to 1.3K ohm.
A 10Kohm trimpot is chosen for R,.

Since the constant current is adjusted to 1.0mA, R, is chosen to
be 5.1K to obtain a Vout of 5.1 VDC. The value of C, is selected
to supply the peak current required by the load on Vg over a
period of time. C, can be calculated as follows:

C, = loyr(d/dVoyt) Where, gt = output current
dt = required time duration of Iy
dVut = acceptable change in Vgt
For example, a 10.0mA output peak current for a duration of
1.0usec with a maximum Vg drop of 100mV will require a C,

value of 1.0mA(1.0usec/100mV) = 0.1pF or greater. C, is cho-
sen to be 1.0uF.

LND1 Series Applications

Figure 2 is an oscilloscope picture showing the actual voltage
waveforms on the drain of the LND1 and V.

Figure 3 is an output characteristic showing the regulation of the
circuit over a wide range of input voltage.

Alternative Applications

For a 10V source, R, can be replaced with a 10K resistor.
Applications requiring multiple voltage references can be gener-
ated by using a string of resistors as shown in Figure 4.

The constant current can easily be changed by readjusting R, for
the desired current. However, the power dissipation on the LND1
should be taken into consideration. Py for the LND1 in the TO-
92 package should not exceed Ipg(Vy-Vour) = 600 mW.

Universality

The universality of the linear regulator can benefit a variety of
industrial or consumer applications as it can be used from a very
wide range of input voltages, anywhere in the world. Input voltages
can be up to 450V for linear regulation. Protection is afforded for
line voltage transients up to 500V since the LND1 breakdown
voltage is guaranteed to be greater than 500V. A simple, low cost,
transient protection (e.g., MOV) will protect the circuit from virtually
anything, other than a direct lightning strike.

Regulation can also be achieved with AC or DC voltages from
6.8V to 240V with no modifications of the circuit. This allows
manufacture of one model of equipment for worldwide usage
without any voltage setting tappings.

Conclusion

The Supertex LND1 can be configured as a simple, constant
current source to create an economical compact off-line, low
current regulated, voltage supply for powering CMOS ICs and
other low current loads. The need for transformers can be
eliminated.

170V

Voran
ov
5V

Vour
ov

Vpra @nd Voyr vs Time

Figure 2. Input/Output Waveforms
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Figure 4. Multiple Voltage References
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+500 VoIt Protection Circuit

Introduction Circuit Description

A 500V protection circuit for iow voltage high impedance The circuit consists of two transistors, Q; and Q,, and one
measuring instruments is shown in Figure 1. The protection is resistor, R. Both Q, and Q, are Supertex LND150N8, 500V N-
accomplished by limiting the amount of current going into the channe! depletion mode MOSFETs with gate-to-source ESD
measuring instrument. The circuit will protect against destruc- protection in a SOT-89 surface mount package. Q1 and Q2 are
tive high voltages inadvertently connected to the probes (Vyeas) configured back-to-back as two constant current sources with
of up to 500VDC of positive and negative polarity. a nominal value of 1.0mA. Resistor R sets the current limiting

value. Figure 2 is a typical low voltage high impedance mea-
surement instrument. Figure 3 is a simplified equivalent circuit
showing the protection scheme.

LND150N8 LND150N8

Probe o

+ Qq Measuring
VMEAS

Instrument
- V:2
Probe o

Figure1. 1500V Protection Circuit Figure 2. Typical Low Voltage High Impedance

Measurement
—— e e |
i ! Vsup | Vsup
| I
L R : > v
Vsup — : - " A: 1 > Probe
- | ! b 10mA  1.0mA
| | 2
| - |
L L=
- I VMEAS
: Vsup I Vgup M
| |
| | D3 -
| R by Va
| 45 } AI o o Probe
| |
| : TD4
|
| = | =
L o e |
Internal ESD Protection

Figure 3. Equivalent Circuit

3-39



Under normal operation, the absolute value of Vygag is less
than the supply voltage of the circuit. Q; and Q, will be fully on
with a maximum guaranteed Rpg of 1.0Kohms. Since the
instrument’s input impedance is typically very high, say above
10Mohms, the additional 2.0Kohm series resistance from Q,
and Q, will not affect measurement accuracy.

Under the fault condition, the absolute value of Vygag is
greater than the supply voltage, Q, limits the current to 1.0mA
against large positive voltages and Q2 limits the current to -
1.0mA against large negative voltages across Vygag.

For example, if Vyeas is connected to £500V, Q, and Q, will
limit the input current to +1.0mA causing the input voltage to
the measurement instrument to clamp to 1.3V above its supply
voltage (when R = 600Q) and 0.7V below ground.

Typically the measuring instrument has ESD protection di-
odes connected from both probes to its power supply and
ground. The ESD protection diodes can usually handle 1.0mA
continuously. In case there are no ESD diodes provided,
external diodes D,, D,, D3, and D, can be added.

Calculation for Resistor Value

For a current limiting value of £1.0mA, R can be approximated
by the following equation:

Ry = Y300 (g -1)

where, | = desired constant current value,
Vas(orr) = pinch-off voltage, and
Ipss = saturation current at Vgg = OV.
Vas(orr) @and lpgs are device characteristics and will vary from

lot to lot. Actual constant current values are not critical as long
as the power dissipation of the LND1 is less than 600mW.

Ppiss = 600mW = (constant current value)(max. input voltage)
Figures 4A and 4B are pictures of current due to Vygag Vs.

Vyeas Voltage of the actual circuit. R was chosen to be
1.0Kohm.

LND1 Series Applications
Conclusion

The high voltage protection circuit is ideal for both bench
measurement and handheld measurement instruments. It is
simple, reliable and cost effective. It eliminates the possibility
of input damage to very sensitive and expensive high imped-
ance devices within the measurement instrument.

Figure 4B.
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High Voltage Ramp Generator

Introduction

A low cost 500V high voltage ramp generator is shown in Fig-
ure 1. High voltage ramps are ideal for applications requiring
a linear relationship between output voltage and time, e.g.,
high voltage sweeping, automatic test equipment and piezo
electric drivers.

500V

—{ LND150N3
R1
13K 4—1

L
T

O Vout

3.3K Ro

o

VNO550N3

1

Figure 1.

The high voltage ramp generator shown in Figure 1 utilizes
two Supertex high voltage DMOS transistors, the LND150N3
and the VNO550NS3, two resistors, R; and R,, and a capacitor
C. R, is a trimpot resistor. The LND150N3 is a 500V ESD
protected N-channel depletion-mode MOSFET and the
VNOS50N3 is a 500V N-channel enhancement-mode MOS-
FET. Both transistors are available in the TO-92 package.

The LND1 is configured as a constant current source charg-
ing a capacitor C. Ry introduces negative feedback to regu-
late and set the desired constant current value. When the
constant current source begins charging capacitor C, a volt-
age ramp is generated across the capacitor. The voltage ramp,
Vour is the voltage across the capacitor.

The VNO5 can be turned on with TTL or CMOS control signal
to reset the ramp voltage Vo by discharging the capacitor
to ground through R,. The VNO5 has a typical On-Resistance
of 45 ohms at 10V gate drive and 50 ohms at 5V gate drive.
Resistor R, is calculated to limit the discharge current for the
VNOS5 to operate within its SOA rating.
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Calculations for Component Values

The ramp is designed to be 0.1 V/usec. Capacitor value C
should be kept small to reduce charging and discharging a
large amount of energy. The selection of C should be large
enough so that output loads and stray capacitances will not
introduce significant error. C is chosen to be 1.0 nF.

The charging characteristic for a capacitor is | = C (dv/dt).
1=1.0 nF x 0.1 V/usec = 100 pA.

Calculating R, for a 100 pA constant current source:

500V

Ves )2
Ip=Ip 1- —22_ )5, Vgs=-IpR
: D ss( VGS(OFF)) GS =-IDR1
IbR1_ )2
=lpss (1 + ———"—
LND1 ( VGs(OFF) )
S VD Solving for R1:
Ri VGS(OFF) (, fin]
= | -
A== (/'0/ipss ")
Vas(orr) = pinch-off voltage. Measured value = -1.6V.

Ipss = saturation current at Vgg = OV. Measured value = 3.0
mA.

Calculating for R, using the typical values:

1.6V
R4 _100_A(A /100uA/3 omA -1) =13.1KQ

R, should therefore be adjusted to approximately 13.1Kohms.

During power up and down, it is possible to have high transient
voltages to the gate of the LND1. The LND1 internal ESD gate-
to-source protection will protect the device against such tran-
sients.

The VNOS5 performs the reset function by discharging capaci-
tor C through resistor R,. The VNO5’s low output capacitance,
(Coss) of 10pF max, minimizes additional parallel capacitance
across capacitor C.

Itis desirable to discharge Vot rapidly and as close to ground
as possible. This can be accomplished with a low value R,.
However, care should be taken not exceed the SOA rating of
the VNO550N3.



Maximum peak power for VNO5 in a TO-92 package is 3.0W.
Calculating for a minimum R2:

Poiss = Ip * Vbs, Vps = 500V - (Ip* Ry)
|D(0N) min = 150mA, Ppgs = 3.0W
R, = (1/1p)(500V - Ppss/lp)
= (1/150mA)(500V - 3.0W/150mA)
=3.2K
R, is set to a standard resistor value of 3.3K.

Figures 2 and 3 show two different input signals with their corre-
sponding output voltage ramps. The ramp can be adjusted by
varying R;.

Figure 2.

LND1 Series Applications

Conclusion

The LND1 is ideally suited for high voitage, low constant current
source applications. High voltage ramp generators, high voltage
triangular waveform generators, high voltage references, biasing
circuitry and active loads for discrete high voltage amplifiers are
some examples.

Figure 3.
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Designing High-Performance Flyback Converters
with the HV9110 and HV9120

by Ray Ruble, Applications Engineer

Introduction

Although the HV91XX family of PWM ICs can be used to
control single-switch converters of any topology or size, their
primary usage is in low-cost, low to medium power, discontinu-
ous-mode flyback converters. Designing such converters is
relatively simple and quick if one has a basic understanding of
how a flyback converter functions. It is the purpose of this note
to provide such an understanding, and to illustrate, with a
couple of examples, one way in which such a converter design
can proceed. It should be noted that this is an engineering
approach, meant to allow the user to develop a working design
quickly, not a textbook approach meant to teach underlying
theory. Safety margins are taken into account, and the path
taken through the design is intended to make these margins
work with each other in order to generate an economical and
producible power supply. Many apparently arbitrary values are
used. They are arbitrary, and different ones could have been
used that would have resulted in different power supplies, that
would have been, for whatever feature was optimized, just as
valid as the examples chosen.

On Flyback Function

A flyback converter functions, as does almost every other
switchmode converter, by storing energy in an inductor during
a main switch ON period, then discharging the stored energy
into a load during the switch’s OFF period. The trickiness to this
(if there is any) is that the inductor has two or more windings,
(an input winding and one or more output windings) and that
the current flow alternates between the input and output wind-
ings, with effectively no current (other than a little leakage)
flowing in the nonconducting winding while its partner carries
the current.

The way a flyback converter works can lead to some confusion
if the designer tries to approach the design of its magnetic as
if it were a transformer, because, except for the case of multiple
output windings, the magnetic in a flyback converter is NOT a
transformer. Perhaps the easiest way to view the magnetic in
a flyback converter is as an energy bucket which is alternately
filled (when the main switch is ON) and dumped (when the
switch is OFF). A flyback magnetic is NOT a transformer de-
spite its superficial resemblance to one: A transformer func-
tions as a voltage-in, voltage-out power transfer device, where
input and output windings conduct simultaneously. A flyback
magnetic is an energy-in, energy-out power transfer device
where the input and output windings do not conduct current
simultaneously. Obviously, voltages present on the active wind-
ing are reflected, by the turns ratio, to the inactive winding, but
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the old saw “The voltage on the main switch is twice the input
voltage” is incorrect, because the voltage reflected from the
output winding can be either higher or lower than the input
voltage (generally it is lower) depending on the voltage at the
output, and the time allotted for the output inductance to dis-
charge into it. Discontinuous-mode operation merely means
that all the energy (neglecting losses) put into the coupled
inductor during one time period when the main switch is ON is
then emptied out during the following period when the main
switch is OFF. No energy is carried forward to a subsequent
cycle. (See Figure 1.)

For both converter and magnetic design, a flyback magnetic
can be thought of as two independent inductors which share a
common core. Once the designer is accustomed to thinking of
the flyback magnetic as a dual inductor, the rest of the design
becomes easier.

What the designer needs to do is define the output side induc-

tor so that it delivers enough energy to the load, while the .

switch is off, to produce the desired current at the desired
voltage. Next, define the input side of the inductor so that it
takes in enough energy when the switch is on to provide for
both the output and system losses. To facilitate this, a conver-

sion formula is necessary:
t
loc =lpk ® =
i P 3tperiod X .
This formula converts DC to peaks of nhoncontiguous triangle
waves.'

If we deal with ON time as a percent of total clock period, (duty
cycle) and define

D=_loN .4p

period
the formula reduces to:

—_torr
tperiod

Ipc = lpk *~\ ’% for the input side and

1-D

loc =1l *\ 3

Because the designer knows the length of time the switch will

be ON and OFF (these are defined by the clock frequency and

the PWM IC used) as well as the input and output voltages

desired, the peak currents found from the formulae can be used
with the defining formula for inductance

E =L « (dl/dt)
to determine the required inductances for the input and output

sides of the coupled inductor. In the process, the rest of the
design generally falls into place.

for the output side



Data Needed to Start the Design

. Minimum and Maximum Input Voltage

. Nominal Output Voltage(s) and Tolerance(s)
. Maximum Output Wattage

. Minimum Output Wattage

. Maximum Allowable Output Ripple

. A defined clock frequency

N OO O A W DN =

. A list of mechanical and thermal constraints (if any)

Operating Frequency

Most designers approach converter design with the idea of
operating at the highest possible frequency that is convenient.
This is generally a useful approach, because it minimizes the
size and cost of output capacitors and the coupled inductor.
However, it is not always the best way to choose a frequency.
In the case of low-power converters, once the magnetics are

HV91 Applications

reduced in size to a vendor-dependent minimum, further reduc-
tions in size will raise the cost of the magnetics. Very small
cores and ultra-fine wire are hard to handle.

There is another important consideration in the choice of fre-
quency that is often overlooked: dynamic range. If the differ-
ence between the widest pulse a PWM IC can generate (which
is a function of its operating frequency) and the narrowest pulse
it can produce (a function of the PWM IC’s speed and internal
structure) is small, the ratio between P sy at low line and
Poutminy @t high line must also be small, or reducing the size of
the inductor and output filters will be paid for by increasing the
size and cost of the EMI filter. Further, if the PWM IC selected
cannot handle the full range of pulse widths required, it will start
cycle-skipping (failing to turn on at all for some cycles).

While most PWM ICs, including the HV91XX family, can simply
skip cycles by not turning on at all, if the differential between V;,
and P, becomes too great, skipping cycles reduces the effec-
tive clock frequency of the converter, and redefines the mini-
mum frequency for which the input EMI filter must be designed.
For example, if the converter skips every other cycle at high

The “Energy Bucket”

Situation 1: V) varies, Load is fixed.

e

The PWM IC holds (LI2) constant
by shutting input switch OFF at the
required current regardless of how
long current took to rise to that level.

input inductance (fixed) and Vy (varying). v
WA T T T Y |
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| | ! 1 | |
| | ] | | I
—0- ~— : ! { — !
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\ | | | 1 1 i
i i i | i i i
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oyt ! E ! ! ! !
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i i l —— i i T
; ! Torr: Energy stored ! ! !
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line/light load, the size (and cost) of the EMI filter can be doubled.
Cycle skipping also increases either the size of the output ca-
pacitors or the amount of ripple on the converter’s output.

Recently, dynamic range has been overlooked because most
bipolar PWMs do not have a wide dynamic range. For example,
a bipolar 1845 PWM operating at 50KHz has a dynamic range of
only =17.6:1. A CMOS 9110, in contrast, has a dynamic range
of >120:1 at 50KHz. Proper use of dynamic range can have a
significant effect on EMI filter cost.

Another consideration in choosing an optimal frequency is switch-
ing power loss, which increases linearly with frequency in non-
resonant converters.

Example 1

A 48W converter patterned after an instrument power supply.
This will be a simple generic example with no bells and whistles.
First, we need the input parameters listed above:

65VDC
18VDC
A: 5.0V, £1%, 0.25 to 8A, < 25mV ripple
B: 12.0V, +5%, 0.01 to 0.7A, < 0.5V ripple
Maximum Output Wattage: 48.4W
1.37W
Operating Frequency: 50KHz
(See Figure 2.)

Maximum Input Voltage:
Minimum Input Voltage:

Outputs:

Minimum Output Wattage:

HV91 Applications

An HV9110, which will accept input voltages of up to 120V is
used. As previously noted, this chip will allow a dynamic range
sufficient to handle the stated line/load variations at 50KHz.
Setting the clock frequency requires selecting an appropriate
timing resistor. From a graph on the data sheet, the appropriate
resistor for 50KHz operation is =330KQ. This however does not
account for the tolerance of either the resistor or the chip. To
ensure that all device-resistor combinations operate at or above
50KHz, 261KQ is a better choice. The reason that the clock
frequency should be set to a minimum rather than a nominal
value, despite the reduction in dynamic range this causes, is to
prevent the slowest converter from saturating its coupled in-
ductor. While magnetic saturation does not cause damage in a
current-mode converter as it would in a voltage-mode con-
verter, it still causes additional dissipation and stress on the
main switch. It can also limit power throughput.

The Design

First, translate the RMS current of the major output winding at
maximum load to a peak current. From the data sheet for the
HV9110 it can be seen that maximum ON time for a cycle is
50% minus approximately 150 nsec. At 50KHz, this amounts to
a little over 49%. We can declare a maximum duty cycle (D) of
.49 and allow a small safety margin. If Dy, is .49, then mini-
mum 1-D is .51. Using .50 as a value for 1-D (thus allowing a
1% overall dead band as safety margin) determine peak sec-
ondary current:

. ’ 50
ka(5v) = 8.0A + T = 1959A

T 5 D2
L1 o » /ouzv
e D1
+VIN O—py- & 4 D! \ov
+C8 'T“ ® J _Ti' + _I_C7
+C9 20 Cc2 - Cc3 C6
R4 T coM
T
R3
R2 Ui
|28 7|6
14| £2= 25 8 .
FOBK "Hve110 0UT4—|":‘ Q1
13lcomP,, i o e
gesz3223
W11 ]el5]3
120 R6
Rt C5T = c4
iRs
COM o

Figure 2
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This value will also be used to determine the actual voltage
required of the winding, which is the output voltage plus the drop
in the output diode:

Vwinding = Voutput + VF(diode)

Also, repeat this procedure for each auxiliary output winding as
an aid in determining the real voltage required of these windings:

Iokcizvy = 0.7A + ’_g_o = 1.715A

Next calculate minimum t,, which will be 50% of the maximum
PWM oscillator frequency. Using a 261K timing resistor, maxi-
mum frequency should be < 67KHz, which gives a tygoq Of 214.9
usec, and a tygmin) Of 7.46 psec.

Next, we need to generate an estimate of instantaneous forward
drop of the diode on the main output. We cannot actually choose
a diode until we know what its reverse voltage needs to be, which
will not be known until input side inductance is calculated. 0.8V
should be a reasonable estimate. This voltage is added to the 5V
output voltage to determine the actual voltage on the main output
winding (5.8V in this instance). ’

Knowing the peak current and voltage of the output winding and
the minimum t.4, we can calculate the inductance of the output
winding from the defining equation for inductance, E = L dl/dt.

19.6A ) = 2.21uH

5.8V H{ ——2~
7.46 x 10°6sec

The same procedure is used to calculate primary inductance.
First we need to calculate the total power into the magnetic. This
is the power out of the magnetic, plus the losses in the magnetic
itself.

The power out of the magnetic is just the continuous output
power of the converter, plus the losses in the output diodes. Use
an average forward drop for the diodes for this step.

Pousy) = 5.6V * 8.0A = 44.8W
Poutizv) = 12.7V ¢ 0.7A = 8.89W
Poutrorar) = 44.8W + 8.89W = 53.69W

The losses in a well-designed magnetic assembly, for a fixed
frequency and power output, interestingly enough, depend pri-
marily on the physical size of the magnetic. Smaller magnetics
will be less efficient and run hotter. Larger magnetics will have
less loss and run cooler. The effect is logarithmic, and means
that no one will ever build a magnetic less than = 90% efficient,
because the insulation required would burn up under normal
operating conditions, and that very few people could accept a
magnetic that is over 99% efficient, because the size would be
prohibitively large. For a switchmode converter of the type de-
scribed 95% to 97% efficiency will result in a reasonable mag-
netic size that is economical to build. Using an estimated mag-
netic efficiency of 96%, calculate input power (which is just
output power divided by magnetic efficiency):

53.69W + .96 = 55.93W

Next, determine the minimum voltage across the input winding.
This is just the minimum input voltage to the converter, minus the
drop across the switch and the current sensing resistor.

The drop across the current sensing resistor is easy to determine
from the data sheet for the 9110. According to the data sheet, the
minimum trip point for the current limiting section of the chip is
1.0V. This means that our maximum normal operating peak
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voltage across the resistor should be slightly below 1.0V. If we
establish a maximum peak voltage that is much less than 1V, we
will increase the distance between maximum normal operating
current and the maximum guaranteed overcurrent trip point,
which is 1.4V. Usually the best choice is to operate with a normal
peak voltage across the current sense resistor very close to 1V,
so 0.99V is a reasonable value. Note that this voltage drop
across the current sensing resistor only occurs during current
limit. In normal operation at loads below maximum, the trip point
for the switch moves down to limit the energy going to the output.
That is how this form of converter regulates.

The drop across the switch is more complicated, because first
we have to choose a main switch. To do this we need an estimate
of what the current will be. Generally a close enough estimate
can be made using the wattage into the magnetic and an esti-
mated minimum voltage across the winding. If we assume that
the voltage across the switch will be no greater than 1.5V peak,
we can subtract this voltage, and the current sense voltage, from
the minimum input voltage and estimate DC input current:

18V — (1.5V + 1V) = 15.5V

Dividing the previously determined input wattage to the inductor
produces a DC input current:

55.93W + 15.5V = 3.61A

Dividing that by the DC to peak conversion factor (based on toy
= 49%) gives us an estimated peak current.

361+ A / % = 8.93A

Dividing the previously assumed drop across the switch by the
estimated peak current gives us a target Rpgp, for the main
switch:

1.5V + 8.93A = 0.168Q

Estimating that 100V should be sufficient maximum drain voltage
gives us a wide variety of devices from which to choose. The
IRF530 at 0.16Q and the MTP20N10 at 0.15Q are closest.

Aside

Obviously, by altering the estimated value for drop across the
switch up or down one could change which switch ended up
satisfying the circuit requirements. The end result does not change
the design process, only the efficiency of final converter, and how
much one pays for the switch. It is also possible to start the
design with a main switch already selected or a mandatory
efficiency goal, and just fill in the appropriate value for Rpgon
when you get to that step of the process, but doing so may mean
repeating that section of the calculations once or twice.

Similarly, one can specify different transformer efficiencies, if
efficiency or volume is more than ordinarily important. Readers
are cautioned, however, that magnetic efficiencies below 92% or
over 98% may not result in a practical design.

By using the IRF530, our original estimate is close enough so
there is no need to recalculate, and we can use the already
calculated peak current to determine the value of current sensing
resistor needed, which is simply

Ipeak * Vourrent senser OF 0.99V + 8.93A = 0.111Q

The closest lower value is 0.110Q in 1%. A 0.11Q in 5% values
could also be used with small risk of a worst-case combination
causing current limiting at less than 100% of normal output. To



determine wattage we can use the DC input current:
3.61A20.11Q = 1.43W

so a 1.5W or 2W resistor would work.

A Word on
Current Sense Resistors

Obtaining a good current sensing resistor is still a problem. Most
common resistors are not fit for this service because they are too
inductive. What answer there is probably lies in bulk metal resis-
tors, or noninductive resistors, but be careful. Some “noninduc-
tive” resistors are only “noninductive” at low frequencies, and
can be the source of considerable error at high frequencies.
Carbon film resistors and most metal film resistors are not rec-
ommended. Also, most of the low value resistors that look like
carbon composition resistors are actually film or wirewound re-
sistors in molded cases. 4-terminal resistors specifically meant
for current sensing are for the most part wirewound, and meant
only for DC, not switched current measurements. Be sure to test
the inductance of the resistor you intend to use before you install
it in your circuit! Also, even a good noninductive resistor will not
work properly if long leads or long printed circuit board traces are
allowed to add inductance to the mechanical assembly. Good
PCB layout practice is mandatory.

The DeSig n (continued)

We can also use the same procedure (12 ¢ R) to determine the
approximate power loss in the main switch. This is not the
absolute loss, which will be a little higher due to the rise in Rpg(on)
with temperature in the MOSFET, but generally it will be close
enough to start determination of heatsinking requirements.

3.61A% « 0.16Q = 2.085W

Note that because the DC input current is equivalent in this
instance to the RMS current through the switch (or the current
sense resistor), one does not need to account for duty cycle or
time effects.

Next, we need to determine the inductance required of the input
winding. Now that we know the voltage across the winding and
the peak current through the winding, all we need do is calculate
the minimum t,, and repeat the same procedure as for the
output:

ton = .49 * 14.92usec = 7.31pusec

8.93A

then L = 15.5V + = 12.7uH
7.31usec

Now that we have the inductances of the output and input
windings we can determine the voltage stresses applies to the
switch and diodes, and make a final determination of the appro-
priate devices. The trick here is that the inductance varies as the
square of the number of turns, so the turns ratio varies as the
square root of the ratio of the inductances.

12.7

557 = 2.40 :1 or 1: .417

turns ratio =

Thus, when there is 65V present on the input winding, there will
be 65V * .417 = 27.1V on the 5V output winding. Adding to this
the +5V that will be present on the cathode end of the diode from
the output gives 32.1V, and means that a 45V diode allows a
40% margin for noise spikes and should work well. Two good
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choices are the Motorola #MBR1045 and the #MBR1645, the
difference between them being that the larger one would be a
bit more efficient.

Similarly, when the main switch is OFF, in addition to the 65V
present from the input, there will be

5.8V 240 =13.9V

reflected from the output, for a total of 78.9V present on the
drain of the main switch. This leaves a 26% margin for spikes.
A 100V FET should work.

A similar procedure based on turns ratio finds the voltage
present on the diode on the 12V output. This output is
ratiometrically linked to the 5V winding with its own turns ratio
of 12.8 : 5.8, or 2.20:1, so when there is 27.1V reflected from
the input winding there will be 27.1V « 2.2 = 59.6V, plus 12V
from the output, for a total of 71.6V across the 12V diode. A
100V, 1A ultra high speed silicon diode, like a Motorola #MUR105
is a reasonable choice. Note that in the case of multiple outputs
which conduct at the same time, the flyback magnetic does act
like a transformer, but this is the only case in which it does.

Next, we can complete the definition of the magnetic assembly.
The inductances of the input and output side are known. What
remains is to define the resistances of the windings. These can
be calculated from the rule that for an optimum size/efficiency
magnetic, 50% of the loss occurs as resistive loss in the wind-
ings, and this loss is balanced among the windings based on
the percentage of total power handled by each (the other 50%
of the loss occurs in the core as hysteresis loss). Output power,
as previously calculated, is 53.69W. Input power was calcu-
lated to be 55.93W. Thus power loss in the magnetic is

55.93W — 53.69W = 2.24W.

The copper loss should be close to 1.12W. Half of this, .56W,
occurs in the input winding, which must supply all the outputs.
The other half is split between the 5V and 12V windings in the
ratio of their respective powers. For the 5V winding this is:

44.8 V., 56 =
( 537 ) 56 = .467W

For the 12V winding it is:

889\, re _
(——53_7) 56 = .093W

Knowing a target wattage and DC current for each winding (in
this case DC = RMS) we can calculate resistances from 12 « R.

input: .56W + (3.61A)2 = .043Q
5V output: .467W + (8A)2 = .0073Q
12V output: .093W + (0.7A)2 = 0.190Q

This completes the definition of the magnetic assembly.

Actually, because it is difficult to balance power loss between
windings, or between windings and core, easing the calculated
values up somewhat (as much as 20%) may result in a mag-
netic that would be significantly smaller with no increase in total
losses. This should be discussed with your magnetics vendor.
Also, because modern high-performance ferrites tend to have
very low losses at moderate frequencies like 50 to 100KHz, you
may wish to divide the total power loss differently, say 40%
core, 60% copper. This can also reduce the cost of the inductor
without increasing its size. This probably will not work if the
clock frequency of the converter is 200KHz or more.




Leakage Inductance

The final thing you need to specify with regard to the magnetic
is a maximum leakage inductance. Leakage inductance is a
measure of the amount of flux generated by one winding in a
magnetic assembly that is not coupled to the other winding(s) by
the core and winding structure. For a flyback converter it is a
measure of how much of the energy taken into the input winding
is incapable of being transferred to the output winding when the
switch turns OFF. This energy appears as a voltage spike on the
drain of the MOSFET each time it turns off and must be dissi-
pated either by the MOSFET directly, or in a snubber circuit. A
reasonable value for leakage inductance is 1% to 2% of nominal
inductance, but this is highly variable and depends on the in-
tended operating frequency, size, and efficiency of the magnetic
being developed. An actual maximum value should be discussed
with your magnetics vendor before it is cast in concrete, and that
maximum value should be used later for the development of a
snubber, if a snubber appears to be worthwhile. (See Figure 3.)

Next, we select the output capacitors. Two criteria need to be
met. First, the minimum capacitance must satisfy the standard
capacitance definition | = C dV/dt where | is in Amperes, C in
Farads, delta t = toy and delta V = 25% of the allowable output
ripple. Second, and almost inevitably harder, the Equivalent
Series Resistance (ESR) of the capacitor(s) must provide no
more than the part of the ripple (75% in this case) not provided
from the first criteria, in accordance with

Eripple = Ipr:\ak * ESR

where |, is the peak current from the output inductance during
discharge. (This is because when the main switch turns OFF, the

Coupled Inductor Specification

(Preliminary)
5
2 O
. % 4
(input) ® (outputs)
19

[

Schematic

Nominal Operating Frequency: 50 to 60 KHz
WDG 1-2: L =12.7uH + 5% with 8.9 A DC Flowing
DCR < 0.045 Ohm
Leakage Inductance 1-2 with 3—4 shorted: < 200nH

WDG 3-4: L =2.2uH + 5% with 19.6 A DC Flowing
DCR < 0.0075 Ohm

WDG 3-5: Voltage ratio of 3-5 to 3-4 12.8: 5.8 + 2%
DCR <0.19 Ohm

Polarization: Starts must be as shown on schematic
(pins 1, 4, 5)

Insulation: Vacuum impregnate in class A
thermosetting varnish

Interwinding Insulation: Not applicable
Expected Thermal Rise: <45°C in 40°C ambient

Mounting: Through-hole PCB
Figure 3
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current in the filter capacitor switches, effectively instantaneously,
from an outbound current I, to an inbound current, (Ipea — lout)-
The reason for splitting the allowable ripple between the two
criteria is that in the final converter they will tend to add. The
reason for the asymmetrical split of the allowable ripple is that
the ESR-caused ripple limit is the more difficult criteria to meet.
In some instances a more drastic partitioning (5 or more to 1 in
favor of the ESR ripple) may be better.

For the 5V output these criteria calculate out as follows:
C = 8A + ((.25 » .025V)/10usec) = 12,800uF

and
ESR = (.75  .025V) =+ 19.59A = 957uQ

Based on Mallory type THF capacitor (330uF, 6 WVDC, ESR <
0.04Q) (a typical good output filter capacitor). This works out to
42 pieces in parallel to satisfy ripple from an ESR standpoint, and
39 pieces to satisfy ripple from a capacitance standpoint. Close
enough. Note that the capacitor chosen is a tantalum capacitor,
If you wish to use aluminum capacitors to perform the same
service you can ignore ripple from capacitive droop and assign
100% of the ripple to ESR. Sizing an aluminum capacitor strictly
from ESR will generally provide one with 40 to 100 times more
capacitance than is needed. This will slow down the transient
response of the converter, but it means that you will rarely, if
ever, encounter stability problems.

Aside

Based on the price of Mallory THFs, the stated solution may not
be an optimum solution to the problem. A better solution might be
to change the effective ripple specification from <0.025V to
<0.250V and add an additional stage of LC filtering from the
nominal output to the “real” output seen by the load. This means
that instead of 42 capacitors we can use 4, but these must be
followed by an LC filter with 10:1 attenuation (20dB) at 50KHz.
This implies a corner frequency, fs, of 5KHz, which means it
won’t be a small filter, but there is no necessity of using a high
performance capacitor on this second filter stage. The other
difficulty with a second-stage filter is that the DC resistance of
the inductor is not cancelled by the feedback loop, and conse-
quently the variation in output voltage with load current can
exceed the specifications for the power supply. To hold the + 1%
regulation specification on the 5V line we would need an inductor
with = .003Q resistance.

A second alternative would be to use a combination of electro-
lytic and film capacitors in parallel with the electrolytics sized
solely to the load current ripple criterion and the film capacitors
sized solely to the ESR ripple criterion. In this instance, ESR and
capacitive droop should divide the ripple about 50-50. (See
Figure 4.)

Next we define the filter capacitors for the 12V output in the same
way:

.25 .5V
10usec
ESR < (.75 » .5) + 1.715A, therefore ESR < 0.219Q
This is a much easier capacitor to find. A Sprague type 676,
900pF 12WVDC, aluminum electrolytic (the smallest 12V ca-

pacitor in this series) will work well. A 56uF, 15V, Mallory type
THF will also work.

C20.7A -:-( ) therefore C > 56uF

Next we define the divider resistors which will be used to feed
back a sample of the 5V output to the error ampilifier in the PWM.
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Output Filters for Equivalent Ripple

5
$ ???3‘)32'0 Mgllory #THF337M006P1G 2 4 4
otal 13,860
Cost: Highest le ? ’ < T ST " AERCREE ﬁfF Mylar
Response: Fastest 3 T T TTTT ‘Ko
Volume:  Smallest Feedback
A |

1.55pH, .0025 Ohm

5
C1 =4 pes. Mallory #THF337M006P1G 2 || ?
C2 =1 United Chemi-Con #RZA 22,000uF 6.3v 4,
1 o§

L =1.5pH; .0025 Ohm o s+ e s |+ 22,000uF
Total C = 23,3204F s TTTT T T M Myler
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Cost: Intermediate
Response: Intermediate (Reduced Load Regulation) B fﬁgﬁ?gg?gr:hs%‘ggn%eﬁ‘kaekre{(‘,
Volume:  Largest < avoid stability problems.
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Response: Slowest 3 —Ko
Volume: Intermediate
Feedback Figure 4
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Because the error amp in the HV9110 is CMOS, its input bias
current is negligible, and the divider string can carry a very small
current; 100pA is plenty. The feedback terminal of the HV9110
(the inverting terminal of the error ampilifier) is satisfied by 4.00V
+1%. If we use a 100pA divider, the lower resistor should be

4.00V + .0001A = 40kQ

The closest real value is 40.2KQ. To produce exactly 4.00V with
40.2KQ we need an actual divider string current of

4.00V + 40200Q = 99.50pA

Dividing the 1V remaining between 4V and our intended output
of 5V by our actual divider string current, gives a value of

1.00 + .00009950 = 10,0502
The closest value is 10.0K.

Normally, the next and final step in the design process would be
stability analysis. However, it turns out that one of the advan-
tages of discontinuous-mode, current-mode flyback converters
with a maximum duty cycle of < 50%, with output capacitors
(especially if they are aluminum electrolytics) sized to ripple
requirements, is that they are usually stable “as is.” As a matter
of prudence, checking the loop response of a new power supply
on a network analyzer or Venable machine is always a good
idea, but for supplies of this nature this writer no longer considers
full analysis mandatory. For this reason, and because including
stability analysis in this application note would probably double
its length, analysis is omitted. For those desirous of performing
a full mathematical analysis of every loop, the following texts® on
the subject are recommended:

DC to DC Switching Regulator Analysis
Dan Mitchell, McGraw-Hill, ISBN 0-07-042597-3

Switch Mode Power Conversion
K. Kit Sum, Marcel Dekker, ISBN 0-8247-7234-2

Modeling, Analysis and Design of PWM Converters, vol. 2
VPEC staff, VPEC?, ISBN (none)?

Advances in Switched-Mode Power Conversion, vol. | and Il
R. D. Middlebrook and S. Cuk, Teslaco, ISBN (none)*

Dynamic Analysis of Switching-Mode DC to DC Converters
Nathan Sokal, Andre Kislovski, and Richard Redl, Van Nostrand
Reinhold, ISBN 0-442-21396-4

Modern DC to DC Switchmode Power Converter Circuits
R. Severns and G.E. Bloom, Van Nostrand Reinhold,
ISBN 0-442-21396-4

Accessory Circuits

1. The snubber circuit for the MOSFET drain switching spike
should be sized to absorb the energy taken into the magnetic that
is not coupled to the output. The available energy is 1/2 L o I2
where L is the leakage inductance of the primary and | is the peak
input side current. Using a reasonable estimate of 2% for leakage
inductance gives a value of 250nH. Spike energy then is:

1/2 (250nH  8.93A2) = 10.1pJ

Multiplying this by the maximum repetitions per second (which
occurs at maximum frequency) gives

10.1pJ © 67,000Hz = .679W,

which is the amount of power to be dissipated either in the
MOSFET or the snubber.

To dissipate it in the snubber it must be captured in the snubber
capacitor without exceeding the drain breakdown of the FET.

100V

Maximum circuit-supplied voltage on FET drain:

Minimum FET breakdown:
78.9V

Maximum voltage for snubber cap: 21.1V
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High Switched Current Paths
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1: 5V Output Loop: 19.5A delta I

3: 12V Output Loop: 1.7A delta I
4: MOSFET drive ON Loop: 0.6A delta I
5: MOSFET drive OFF Loop: 0.6A delta I

Figure 5

e T
1
1
VIN " ’
B A o | o
e ] [ T,
_____ | [ ==
| : T3ET
i R |
1 e ___ ]
1 |
2 L
| ]
| I
| ]
I ]
1 I
| I
1 1
| 28 76 4
14 =2 g5 8V
! FOBK k9 2: Input Loop: 8.9A delta I
| Boowey 50 i <
: u|> T > o o :> 153 5 i
! 1thlihlefsfs =
! 1210 ! |
I
| - i !
[} == |
| | 1
| | 1
L DN NEUh S AL N 13-
COM o_ b %

To calculate the size of the snubber capacitor we convert the
1/2 L « 12 energy previously calculated to 1/2 C « V2 energy, and
divide by the maximum voltage we desire on the capacitor:

(2 « 10.1p) + 21.1V2 = 0.045uF

Using the next larger real capacitor (.047 in this case) assures
us that the voltage spike will not be large enough to break down
the MOSFET. The resistor in series with the snubber capacitor
must have a low enough value to allow the capacitor to dis-
charge in the minimum on-time of the switch, which for a
HV9110 will be about 200nsec. Because the discharge dis-
tance (62.5V max) is much greater than the charge distance
(21.1V) declaring 400nsec = RC will work. Thus

400nsec + 47nF = 8.51Q

The catch here is that, except when the switch is on for the
minimum time, the capacitor will reverse charge to

VIN - (VFET + chrrent sense) or 62.5V.
It is this energy which must be dissipated in the resistor:
1/2 (62.5V2 » 47nF) » 67KHz = 6.15W

So a 10W resistor will be necessary. To save 679mW in the
FET, this hardly seems worthwhile, but it can be done if desired.

2. If a snubber is used, an RC filter network should be added
between the current sense resistor and the current sense ter-
minal of the HV9110 to prevent the higher-than-usual leading
edge spike on the current waveform from shutting the switch off
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prematurely. The RC time constant of this filter should be ap-
proximately 20% of the snubber time constant, but never more
than =100 nsec. (Otherwise authentic fault current spikes may
be slowed down too much.) The R for the current spike filter can
be a lot larger, and the C much smaller, because the load
presented by the HV9110 is quite small (on the order of 3pF).
Using a 1KQ resistor and a 75pF capacitor should be sufficient
for the snubber above.

3. Two small capacitors are shown in Fig. 2, connected directly
at the converter outputs. These are 1uF stacked film capacitors
with very good AC characteristics, intended for general noise
suppression. They may not be necessary, but they are reason-
able insurance.

4. An Input EMI filter will also be required under most circum-
stances. For conducted emissions, generally an asymmetrical
pi-type filter is sufficient. The converter-side capacitor should be
sized to convert the delta | caused by switching to a reasonably
low delta voltage over t.4. The inductor and iiput side capacitor
should be designed to have a corner frequency that comple-
ments the corner frequency of the regulator loop, to minimize
susceptibility to outside noise coming in to the regulator.

In this case, from previous calculations, input switching current
is known to be a maximum of 8.9A. Similarly, minimum t.; is
7.46usec, and a reasonably low value for delta V is 250mV.
Thus, from | = C dV/dt, the converter side capacitor calculates
out to:

8.9A + (.25V + 7.6 x 10°® sec) = 271pF



A good choice is 330uF. This capacitor can also serve to insure
a minimum holdup time for short input dropouts.

The values of the inductor and the input side capacitor can be
calculated from

1
fe = 2nLC

once the corner frequency of the regulator loop is known. In this
case the regulator loop is rather slow, due to the large output
capacitors required by the ripple specifications, and an appro-
priate frequency to use is only 750Hz. This gives us a VLC = 212
x 106, This means that any combination of inductor and capaci-
tor values whose product is 4.5 x 10 will provide an adequate
filter. Generally, it is best to use a larger value of capacitor and
a smaller value of inductor because inductors usually cost more.
in this case using a 1000pF capacitor resulits in a 45pH inductor,
47 or 50uH is easily obtainable, small and inexpensive. The
DCR should be low enough so that our previous calculations
based on Vy remain valid. Based on 3.6A maximum DC input
current, a 0.5Q DCR will give a 0.14V drop, which is well within
allowable safety margins, and results in a cheap, small inductor.

On Layout and Noise
(Radiated EMI)

Anyone using the HV9100, HV9110, or other parts in the same
family, will end up switching current flow on and off. Sometimes,
quite large currents are switched in short periods of time. In the
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current example, the dlI/dt on the 5V secondary will be over 300
amps per microsecond! This is sufficient to cause significant
radiated EMI if it is improperly handled.

Controlling EMI from a switchmode converter is neither difficult
nor costly, provided attention is paid to the subject early enough
in the design cycle.

There are no “tricks” to EMI control, only one basic rule: Minimize
the area of the loops around which switched currents circulate.

This is purely a mechanical constraint, and should be dealt with
during PCB layout. Generally, unless you have a PCB layout
person with prior experience with switching converters, the cir-
cuit designer will have to lead the board designer through the
first few layouts, and even thereafter, will have to show the board
designer where the switched current loops are in the circuit. (See
Figure 5.)

Obviously, there are other constraints to a switchmode converter
PCB as well, and these also affect system performance. Most
converters should be laid out single-sided, with the second side
of the PCB reserved for a ground plane. Also, high currents
require wide lands, just to keep DC resistances low. First and
foremost though, should be the effort to keep switched current
loop area minimized. Loop length is also important, as long runs
can have enough inductance to disrupt circuit operation. On the
9110/9120 this is only likely around the gate drive loops, which
have relatively low delta I's, and the current sense resistor,
where stray inductance can cause the overcurrent sensing to
shut the main switch off prematurely, thereby limiting power
output.

Effect of a Local V,;, -Vss Capacitance
on Area of MOSFET On-Drive Loop
| 3 |
' > i +12V
S B [ =
Current loop with no local capacitor —> | Q o) £ [ i _(O 8V
: 20 g T e
Area deleted with local capacitor —— 5 , T: —Ko coM
Resultant smaller loop E ____________ |
L
£ 28 [7]e! E :
14 28= 2= 81 ! i
FDBK (=} oo > _4__JE | :
13COMPMEmed~T- ----- - i !
111 1l1 9f53 o]
1200 Lo |
coM o % Figure 6




Board layout should proceed by taking the switched current
loops in order of delta |, and laying the DC portions of the circuit
out last. Using the first circuit as an example, this means
starting with the 5V loop, (which includes only the coupled
inductor, 5V diode, and output capacitors) taking the input loop
next (coupled inductor, power MOSFET, current sense resistor,
and input filter cap) and following those with the 12V output
loop, and the MOSFET drive loops. In each instance, it is the
entire loop that matters, including the return path. Assuming
that the return path is good, even on boards with ground
planes, is risky. Look at each loop carefully to see that its area
is minimized. After the switched current loops are laid out, the
DC sections can be fitted where they are convenient. They do
not contribute noise, but they can convey it if it is generated
elsewhere. The feedback loop is a special case. By itself, this
is a DC loop, but it is susceptible to noise generated on other
loops, and because it is, for the most part, a high-impedance
path, not much energy is required to disrupt it. The feedback
loop should also be laid out for minimum area, but it is more
important that the path of its circuitry lies well away from, and
where possible perpendicular to, the switched current loops.
Generally, layout grows outward from the transformer, and
careful choosing of which pins on the transformer connect to
which windings can do a lot to make layout convenient.

There are a few things that can be done in designs with the
HV91XX family that may make a specific layout more conve-
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nient: First, it should be remembered that the high current paths
associated with the current sense resistor do not include the
line from the junction of the resistor and the MOSFET to the
current sense terminal of the IC. The sense lead to the IC is a
very low current path, and can be comparatively long providing
that the path from MOSFET to resistor to ground is short. The
output lead from HV9110s and HV9120s however should be
kept short, because it services both the charge and discharge
paths from the MOSFET gate. Also, when a 10V or 12V winding
on the transformer is used to power the HV91XX, it may help
to split the filter capacitor into two pieces, one near the trans-
former and diode (to keep that current loop short) and a second
near the HV91XX to keep the ON-drive current loop short. The
Vpp and Vgg terminals of the HV91XX are adjacent to each
other specifically to allow this. (See Figure 6.)

Inevitably, there will be some residual radiated EMI, and some
of this will be picked up by the DC circuits and seen on the input
and outputs as conducted EMI. The 1puF film capacitor previ-
ously noted should suffice to remove this from the outputs, and
a small commercial line filter should suffice for the input. Most
commercial EMI filter suppliers offer EMI lab services (some-
times free!) to assure that the end converter + filter meets
whatever requirements are in force for your particular circum-
stances. Using these services as a final check is generally
worthwhile.

The Final Design
T D2
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- T o +
1,005§g‘ +C9 YIN414E o o M55R1°45 ce | tfgest -KCGOHLF
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Figure 7
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Example 2
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There is only one additional noise control measure necessary.
The reference pin of the HV91XX is a high impedance node,
and is designed to work with a 0.01uF to 0.1uF capacitor be-
tween itself and Vgg. This capacitor should not be omitted. On
the other hand, a capacitor between the bias pin and Vgg should
not be required. If a capacitor from the bias pin to Vgg improves
operation, the capacitor should be placed from Vpp to Vgg. As
usual for any switching circuit, all noise filtration capacitors
should be types with good high frequency performance: Stacked
Mylar and ceramic multi-layer caps generally are best. (See
Figure 7.)

Example 2

A 3W converter for a DPM. Size is to be as small as is consistent
with low cost, input range is 65VAC to 240VAC, load is fairly
constant.

As before, the first thing we need is specifications to design to:
Maximum Input Voltage: 390VDC {[(240 + 15%) * V2]-1.4}
Minimum Input Voltage: 90VDC [(65 ¢ V2)-1.4]

Outputs: A: +5V £ 5%, 0.4 to 0.55A, < 100mV ripple
B: -5V + 5%, 30mA, < 100 mV ripple
C: +10V + 10%, 14mA, < 100mV ripple
Maximum Output Wattage: 3.04W
Minimum Output Wattage: 2.29W
Operating Frequency: 500KHz (min)

An HV9120, which accepts input voltages up to 450VDC will be
required. This time, even with the high operating frequency,
sufficient dynamic range exists (13.2:1) so that the end supply
should not exhibit cycle skipping. This minimizes the size of
output filters. (See Figure 8.)
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The Design

First, select a timing resistor. To assure that all units operate at
500KHz or above despite tolerance effects, a 16.5KQ resistor
should be sufficient. But, because parasitic capacitances asso-
ciated with the PCB layout can have a serious effect on clock
oscillator performance at high frequencies (the timing capaci-
tance in the 9120 totals less than 10pF), the value of the timing
resistor should be confirmed in the final assembly to assure
desired performance.

Next, calculate minimum t 4 and t,. If minimum frequency is
500KHz, worst case maximum can be up to 600KHz, and at
600KHz, maximum duty cycle will be no greater than 46.5%.
Thus, minimum t,, will be:

1667 nsec ¢ .465 = 775 nsec
and minimum t; will be:
1667 — 775 = 892 nsec

or 53.5% of total period. For peak current calculations (to
follow) it will be sufficient to declare D (duty cycle) = 46.5%, and
1-D = 51.5%, leaving a 2% deadband to assure discontinuous-
mode operation.

Next, translate the DC current of the output with the greatest
percentage of the load (+5V this time) to a peak current using
the same formula as in the previous example:
.515
3

55A + = 1.328A lpea

This allows us to calculate the inductance of the secondary
using E = L dl/dt. Remember that the voltage seen by the
inductor includes the forward drop of the output diode, so the
actual calculation works out to:

5.75V + ( 1.328A =+ 858nsec) = 3.72uH



The -5V winding will be equal in turns (thus also in voltage and
inductance) to the +5V winding. The 10V winding, (which pow-
ers the HV9120) conducts at the same time as the main +5V
winding, and thus has a turns ratio equal to its voltage ratio,
(10.7 : 5.7) and no inductance calculation for it is necessary.

SIDE NOTE: The load stated above for the 10V winding (14mA)
is considerably larger than the 1mA specification for the HV9120.
The remaining 13mA are what is required to provide the charge
to the gate of the power MOSFET the HV9120 will be driving
at 500KHz. This current was determined by dividing the total
gate charge of the MOSFET (Q) at V, = 10V (from the MOS-
FET data sheet) by 10V (V) to determine the effective gate
capacitance, then using that capacitance value in | = CV3f
(converting charge to current) to determine the current required
to charge the gate 500,000 times per second. While this calcu-
lation is a good check of real supply current for the HV9120 in
operation, it is seldom necessary unless the converter is oper-
ating at over 100KHz.

Next, using the same system, calculate the required inductance
of the input winding. To start, we need the power into the
magnetic, which is just the power out of the magnetic divided
by its efficiency. Power out of the magnetic includes not only
output power, but the voltage drop through the output diodes.
At the currents needed, 0.75V is a safe estimate for diode drop.
So maximum power out of the magnetic will be:

[5.75V * (.55A+.03A)] + (10.75V » .014A) = 3.485W

Because it is more difficult to design small magnetics (and size
was one of our original constraints) to high efficiency, and
because higher frequency magnetics tend to be less efficient,
this time | will adopt an efficiency estimate of only 94%. Now,
power into the magnetic calculates out as:

3.485W + 0.94 = 3.707W

To obtain a DC input current, this wattage is divided by the
minimum DC voltage across the input winding, which is just the
minimum DC input voltage less the drop in the current sensing
resistor and the power MOSFET. The maximum drop across
the current sensing resistor again should be set to just under
1.0V (from the HV9120 spec.) and a reasonable estimate for
drop in the MOSFET is 2.1V, (based on the use of a Supertex
#VNO660N3, 600V, 20Q MOSFET). So minimum input side
voltage will be:

90 — (1 + 2.1) = 86.9V
and DC input current will be:
3.707W + 86.9V = 42.7mA

Knowing DC input current and duty cycle we can now calculate
peak input current, which will be:

0.0427A + /% = 0.108A

Knowing peak input current, minimum input voltage and small-
est maximum t,,, we can now calculate input side inductance
from E = L dl/dt. This works out to:

.108A
775nsec

86.9V + ( ) = 624uH

Next, we need to determine the DC resistances of the various
windings of the magnetic. In this case, because of the operating
frequency, copper losses and core losses probably will be
' approximately equal. Again, power loss in the magnetic is just
Pin — Py OF 222mW. Assuming half of this is copper loss gives
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Coupled Inductor Specification
(Preliminary)

1
()

0N

7@

Schematic
Nominal Operating Frequency: 500 to 600 KHz

WDG 1-2: L=625uH + 5% with 0.10 A DC Flowing
DCR = 30 Ohms MAX
Leakage Inductance 1-2 with 3—4 shorted
10uH MAX

WDG 3—4: 3.7uH + 5% with 1.3 A DC Flowing

DCR = 0.16 Ohms MAX

WDG 5—4: Voltage ratio WDG 54 to WDG 34
1.00:1.00 £ 2%
DCR = 3.0 Ohms MAX

WDG 6-7: Voltage ratio WDG 6-7 to WDG 3—4
10.7:5.7+2%
DCR = 12.5 Ohms MAX

Polarization: Starts must be as shown on schematic
(pins 1,4,5,7)

Insulation: Vacuum impregnate with class H
thermosetting varnish

Interwinding Insulation: WDG 3-4-5 to WDG 1-2 and 6-7
min 1.5KVAC
WDG 1-2 to WDG 6—7 min 500VAC

Expected Thermal Rise: <60°C in 50°C ambient

Mounting: Through-hole PCB Figure 9

a copper loss of 111mW. This should be divided among the
various windings in proportion to their proportion of the total
wattage.

Input winding: 50%, or 55.5 mW

45.4% or 50.4 mW

2.5% or 2.75 mW
2.2% or 2.40 mW

Actually, this shortchanges the input winding somewhat, as it
carries slightly more power than all outputs combined, but this
is usually trivial. As before, DC current (NOT peak) is used to
determine resistance knowing dissipation:

.0555W =+ .0427A2 = 30Q
.0504W + .55A2 = .166Q
.00275W -+ .030A2 = 3.06Q
.0024W + .014A? = 12.24Q

+5V output:
-5V output:
+10V output:

For the input winding:
For the +5V winding:
For the -5V winding:
For the 10V winding:



This gives us enough information to complete a specification
for the coupled magnetic. (See Figure 9.)

The value of the current sensing resistor can be determined
once the peak input current is known. The sensing voltage
levels for the HV9120 are the same as they were for the
HV9110 in example 1. Thus

0.99V =+ 0.108A = 9.16Q

The next lower resistor is 9.09Q in 1% or 9.1Q in 5%. As the last
time, using a 5% resistor will probably result in very few (if any)
units that do not allow full output power at low line. Wattage of
the current sense resistor is calculated as I°R using DC input
current (42.7 mA). This calculates out to 16.6 mW based on a
9.1Q resistor, so a 1/10 watt resistor (if you can find a nonin-
ductive one) can be used.

The drop across the main switch and its power loss shouid be
calculated next. In this case we already selected a main switch
(a Supertex VNO660N3) based solely on its being the smallest
(and least expensive) 600V MOSFET available. The on-resis-
tance of the VNO660N3 is 2012, which implies a peak-current
voltage drop of 2.16V, and a power dissipation of 36mW, which
is easily handled by the TO-92 version.

Using the “square root of inductances ratio” we can now deter-
mine the approximate voltages reflected across the coupled
inductor to determine the actual voltages present on the main
switch when it is off and the diodes when they are blocking.
This time that works out to:

625 x 10

3.7x10°
or almost exactly 13:1. Thus when the main switch is off, it will
see:

5.7V x 13 = 74V

added to the 390V present from the input, a total of 464V. The
diodes, when blocking, can see a maximum of

390 + 13 = 30V

HV91 Applications

added to the 5V present on the output capacitors. So 1A 40V
Schottky diodes, such as the 1N5819, should work well for 5V
output diodes.

If increased efficiency were required, 1N5822 three-amp
Schottky diodes, and/or a 500V, 162, VNO650N3 main switch
could be substituted.

As with the first example, the next thing to do is to calculate the
requirements for the output filter capacitors. This time the ripple
specification is easier to meet (100mV vs 25) and the loads are
smaller. The technique remains the same, and a 25%/75%
division of ripple between capacitance and ESR should still
hold. Thus, for the +5V output

C = 0.55A + (.025V + 930 x 10%sec) = 20.5uF

Remember that for capacitor holdup, maximum rather than
minimum t,, is used, as the time for which the capacitor must
hold up is the maximum time the switch could possibly be on.
ESR ripple is also done exactly as before:

ESR = .075V + 1.328A = .565Q

This is a much easier capacitor to find. A Nichicon SF type
150uF, 6.3V would work fine. So would a Sprague
672D227H6R3CG3C (220uF, 6.3V aluminum) or a Sprague
199D336X96R3DA1 (33uF, 6.3V dipped tantalum).

The -5V secondary works the same way, except the current is
only 30mA:

C = 0.030A + (.025V + 930 x 10%ec) = 1.1pF
ESR = .075V + .073A = 1.0Q

In this case, because the load current (and thus the capacitor)
are so small, it is probably better to use a 1uF stacked film
capacitor and ignore the ESR which will be orders of magnitude
below requirements. A 1uF 50V Wima #MKS-2 (ESR = .02Q)
would be fine. The same capacitor could also be used on the
10V output that feeds the HV9120 (14mA). This particular
capacitor is also an excellent choice for the final noise filters on

The Final Design

1 T1 3 ﬂD1 +5V OUT
>
» § 1Ns81e + C1 C3

IF DT
D3 L4 | 6av }OOutput

v le 6 tl_ c2 Ea return
i [ 1nars i 1E WF
E R6. 16.5K Tc7 Tolled oD2
! 1lo la ; Ut 1uF 1N5819 -5V OUT
i o o= o If the converter’s outputs do not exit the enclosure
i FDEK 8.;-" &3 ¢ 5 a1l C3 and C4 generally are not used, or are replaced
' b 9,,]20 Rl VNO660N3 with bypass caps at the loads they supply.
i geszges | |\
i 11l |1]6l4 3
E sjreo 5‘1—‘ i i Option B
\ 0.ARFT 1K H
! s = ; R
' 33Pf ' 6.11°?K
1 o

Input ote 1 RS i

return R3 9.09 1% ! R8

390K Noninductive : 6'110/51K
. : . 1 R

Note 1: Delete with Option A E_ _eflirjw _______________ . Figure 10
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the regulator’s outputs (as in example 1). But in this case the
regulator’s outputs will not go outside the enclosure and extra
noise filters are probably unnecessary.

Feedback for this circuit is shown two ways: First, as just a
resistive divider off the secondary that feeds the HV9120, and
second as optical feedback, which requires additional circuitry.
(See Figure 10.) For the regulation specifications given, (£5%)
a resistive divider on a separate winding is sufficient over the
industrial temperature range (-40°C to +85°C). Such a “divider
on a separate output” relies on the magnetic coupling between
windings on a common core to regulate the isolated windings.
Within limits (accuracy, mostly) it works very well, but it would
require an excellent transformer builder to be able to meet +5%
regulation of magnetically coupled outputs over a full -55°C to
+125°C military temperature range.

The resistive divider, as in the previous example, can draw very
little current, because the CMOS error amp in the HV9120 does
not draw significant bias current. Because the last example
used 100pA divider current this one will use 40pA. (Using much
less than 20pA requires using high value precision resistors
that are expensive.) Again, the feedback point of the HV9120
is internally trimmed to expect 4.00V at design output voltage.
This time the design voltage of the winding directly coupled to
the divider is 10V, so using a 40pA divider current, the lower
resistor becomes 100KQ, and the upper resistor becomes
150KQ.

Accessory Circuits

1. No snubber circuit is shown on this converter, and none
should be necessary. Maximum energy available to be snubbed,
like last time, is just Ligakage X lpear? OF 117nJ per switch-off. At
600KHz that works out to 70mW, which is easy to ignore. Also,
the main switch chosen has 20pF of reverse transfer capaci-
tance, which can absorb this much energy while only rising an
additional 76V. This still leaves Vi, of the MOSFET below
90% of breakdown and should be safe.

2. Leading-edge spike suppression on the current sense resis-
tor can be handled as it was in the first example, with a 1KQ
resistor between the top of the current sense resistor and the
current sense pin on the HV9120, plus a capacitor between the
current sense terminal and ground. For this regulator, leading
edge spike suppression is probably more important than it was
for the last one, because the peak gate drive current to the
power MOSFET is actually greater than the load current! Be-
cause the gate capacitance of the FET is much smaller though,
the capacitor’s size should be reduced. 33pF is a good starting
value.

3. Optical feedback is usually only used on isolated outputs
that must be regulated to a tighter tolerance than +5% over
industrial temperature range or £7.5% over the military tem-
perature range. Optically isolated feedback has been devel-
oped over the past few years so that it is straightforward and
relatively inexpensive, consisting of a T.|. #TL431, an optocoupler
and two to four resistors. Because of the high gain of the TL431
(80dB), virtually any level of accuracy desired is achievable.

The TL431 requires 2.5V at its third terminal to achieve regu-
lation. As we require a 5V output, the divider resistors will be
equal. The TL431 requires a maximum of 4uA into the refer-
ence terminal. To hold reference current to a maximum of 1%
divider error, divider current must be >400uA. Thus the divider
resistors should be <6250Q each. A reasonable value is 6.19K.
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The original feedback divider at the. HV9120 is replaced by a
divider composed of the phototransistor and its emitter load.
Precision resistors for this divider are no longer required be-
cause the regulation loop will compensate for any errors here.
The current used earlier on this path (40puA) can be kept, or
adjusted as convenient. We will stay with the original value.

The choice of optocoupler will depend on the loop response
speed required. Optocouplers tend to be slow, and uniess care
is taken in optocoupler selection; the optocoupler ends up
being the controlling element in regulation loop response speed.
For this example, | used a 4N26 because it was on hand. A
6N135 or similar high speed optocoupler would have given
loop response more appropriate for a 500KHz converter. The
resistor shown between the base of the optoisolator transistor
and ground is a noise/leakage eliminator and should have a
value between 1MQ and 10MQ, depending on the optocoupler
used. For a 4N26, 4.7M works well.

Because there are now two op amps in the regulation loop,
loop gain will be far more than necessary, and some of it must
be done away with. Otherwise stabilization will be a problem.
There are two simple ways to eliminate gain. Either convert the
error amp in the HV9120 to a gain of —1 configuration with two
equal resistors, or add a resistor between the anode of the
TL431 and output return to reduce its gain to approximately 1.
Both methods work equally well. The error amp in the HV9120
has a minimum guaranteed output sink current of 120uA, so
any feedback resistor greater than 50K will allow full opposite
swing. 150K gives plenty of margin, and reduces power a little.

Alternatively, a resistor between the anode of the TL431 and
output return can be used as a gain-destroyer to reduce the
gain of the TL431 (plus the optoisolator) to approximately 1.
The value of the gain-destroyer resistor is dependent on the
coupling “gain” of the optoisolator and the current required
from the phototransistor. Using a 4N26, the current required
from the phototransistor is approximately 40uA, and the LED
current required to achieve it will be approximately 100pA. To
adequately reduce the gain of the TL431 will require a delta V
on its anode of about 50mV, so a 470Q resistor should work.

Conclusion

To demonstrate functionality, both examples were assembled
and tested by a technician at our facility. A few suggestions to
avoid difficulties are as follows:

First, wire-wrap construction methods are, and always will be,
completely incompatible with power supply construction. The
light gauge wire will not carry the current, and the stray induc-
tance caused by longer-than-necessary paths will disrupt the
circuit and cause additional EML. Seriously, the requirement for
short, low-inductance, low-resistance paths and good me-
chanical layout throughout the design is mandatory. Every
unnecessary tenth of an inch of lead should be eliminated.
This may not appear to save space in a completed design, but
in fact it will save both space and trouble.

Second, flyback power supplies should never be operated
without a load! Once the main switch turns off, the energy
stored in the coupled inductor inevitably goes into the output
and charges the output filter capacitors. If no load is present
to remove the charge, the capacitors or the output diodes will
break down.

Third, output voltage ratios for the multiple output windings
may need to be adjusted slightly, to get all output voltages into



tolerance. This happened in the small converter where the 10V
output winding, because it was closer to the input winding than
the other output windings, put out more voltage than planned.
The solution was to reduce the number of turns on that winding
by about 10%.

Last, my choice of the optoisolator (a 4N26) was not appropri-
ate. The result was that the regulation loop crossover fre-
quency was only 9KHz, when it should have been over 100KHz.
A transistor with a 10usec storage time, like the phototransistor
in the 4N26, just isn’t capable of the response speed desired
from a 500KHz switcher.

In summation, two different circuits have been developed to
show the flexibility of flyback converters built with the HV91XX
family PWM ICs, and the simplicity of their design and con-
struction. Both circuits met their original design goals. The field
of use for the HV91XX family is a lot broader than can be
illustrated in a single application note. Many other forms of
converters, which may be best suited for their particular pur-
poses can also be built using the HV91XX PWM ICs. Contact
Supertex for additional application notes.

3-57

HV91 Applications

Reference Data for Radio Engineers, 6th ed.
Howard Sams & Co., chapter 44, table 4.

Virginia Power Electronics Center,

Bradley Department of Electrical Engineering,
Virginia Polytechnic Institute and State University,
Blacksburg VA 24061.

Available from publisher or see footnote 5.

Only available from publisher: TESLAco,
10 Mauchly, Irvine CA 92718 (714) 727-1960.

Books with ISBN numbers can be ordered from any book-
store. All the books in this list except the TESLAco book
can also be acquired from:

E.J. Bloom Assoc. Educational Division,

115 Duran Dr., San Rafael CA 94903-2317

(415) 492-1239. They generally have them in stock.

Magnetic assemblies for the converters were supplied by:
GFS Manufacturing, Inc.
140 Crosby Rd., Dover NH 03820-1409 (603) 742-4375.
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Low Dropout 3.0 Volt Linear Regulator

by Jimes Lei, Applications Engineer

Introduction

Low dropout regulators are becoming increasingly important as
more and more equipment utilizes 3 volt and 5 volt analog and
digital circuits.

The main advantage of low dropout 3.0V linear regulators is full
utilization of battery life which makes them desirable for battery-
powered applications. The low dropout feature will allow for
output regulation even when the input battery voltage is dis-
charged close to its output regulated voltage. This will extend the
operating input voltage range and allow circuits to operate at a
lower battery voltage.

This application note discusses the advantages of using Super-
tex part number LPO701N3, which is a very low gate threshold
voltage P-Channel MOSFET. This part has a guaranteed maxi-
mum threshold of -1.0V and a maximum Rpgon of 2.0 ohms at
-3.0V drive. This performance is essential for designing an
ultralow dropout, low voltage linear regulator.

Circuit Description

The low dropout 3.0V linear regulator shown on Figure 1 utilizes
an LP07, an LM10, 4 resistors, and 3 capacitors. The LP07 is a
16.5V, 2.0 ohm, P-Channel MOSFET with a maximum threshold
of -1.0V. The LM10 is a dual op-amp with a 0.2V reference. R1
is a potentiometer. R2, R3, and R4 are 5%, 1/ 4 watt resistors.
C1, C2, and C3 can be either ceramic or electrolytic capacitors.

A1 is configured as a unity gain buffer for the 0.2V reference. The
output of A1 is attenuated by R1 and R2 and is connected to the
inverting input of A2. A2 is configured as a noninverting amplifier
with a closed-loop gain of (R4 / R3 + 1). The LP07 is configured
as a common source amplifier, which functions as a series pass
transistor while contributing additional gain to the open-loop gain
of A2. The output of A2 regulates the gate of the LP0O7 for a Vot
of 0.2V x[R1/(R1 + R2) x (R4 / R3 + 1)]. The resistor values are
chosen (explained in detail in the design considerations section of
this application note) and R1 adjusted for an output voltage of 3.0V.
C3 is in parallel with R4 to reject external noise. C1 and C2 are
bypass capacitors.

Any small decrease in V7 due to a load applied to the output is
sensed by R3 and R4 which is fed back to the noninverting input of
A2. The output of A2 will drive the gate of the LPO7 to a lower
potential thereby increasing the gate drive adequately to source
current to the output load and maintain a constant output voltage.

Design Considerations

The objective is to implement a 3.0V linear regulator with the
lowest possible voltage drop from input to output. The output
transistor for a linear regulator can be designed with N-Channel
or P-Channel MOSFETs or bipolar NPN or PNP transistors.

Flmlrnc 2a to 2d show the four poss!

In figure 2a, the dropout voltage using an N-Channel MOSFET
is too large since it cannot be better than the threshold voltage

8
1 R2 12 LM10 o
mimio 22K LPO701N3 I
+ —
Vrer T 02V R1  AAA——e
I 2K R4 150K
c3

I——{)T—O Vour = 3.0V
10uF

R3 < 500Q I

Figure 1: Low Dropout 3.0V Linear Regulator =
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VearT

N-Channel

Vout = 3.0V

Figure 2a: N-Channel MOSFET

VBaTT

Vout = 3.0V

Figure 2c: PNP Transistor

VatT
!
NPN
AAA o Vourt =3.0V
R4
R3
= Figure 2b: NPN
Transistor
VBarT
l
P-Channel
AAA- )‘l o Vour =3.0V
R4
R3

= Figure 2d: P-Channel MOSFET

of the MOSFET, which is 1.0V to 4.0V, depending on the type of
device used. In figure 2b, the dropout voltage using an NPN is
lower but still fairly large. The dropout voltage is typically 0.7V,
which is the Vi rating of the transistor.

In figure 2c¢, the dropout voltage using a PNP transistor is limited
by the Vg sqy rating of the transistor, which is typically -200mV at
low collector current. This approach also requires the output of the
op-amp to operate 0.7V below its most positive rail at all times.

In figure 2d, the dropout voltage for the P-Channel MOSFET
approach is determined by the on-resistance of the device times
the load current. The device is driven by the battery voltage minus
the minimum output voltage of the op-amp. Similar to the PNP
approach, the op-amp is required to operate one threshold below
the battery voltage during the no load condition. When the battery
voltage is discharged close to 3.0V, the MOSFET chosen should
have a very low threshold and a very low on-resistance at low Vgg
ratings to achieve low dropout.

Conventional P-Channel MOSFETSs have guaranteed maximum
thresholds of -4.0V, which would require the supply voltage to be
greater than 4.0V for adequate turn on. A low threshold, low on-
resistance P-Channel MOSFET is ideal for this approach.

The Supertex LP07 has a guaranteed maximum threshold of -
1.0V and guaranteed on-resistance at -2.0V, -3.0V, and -5.0V
drives. The specifications are shown on the following table.

Parameter | Min | Typ | Max | Units | Conditions

Vasith) -0.5-0.7 |-1.0 | volts |Vgs = Vps, Ip=-1.0mA

Rps(on) 2.0 | 4.0 | ohms | Vgg =-2V, Ip=-50mA
1.7 | 2.0 | ohms | Vgg = -3V, Iy =-150mA
1.3 | 1.5 | ohms | Vgg = -5V, Ip =-300mA

At -3.0V, the on-resistance is 1.7 ohms typical and 2.0 ohms
maximum, which helps achieve a low drain-to-source voltage
drop. Since the LM10 can swing very close to ground i.e., 0V, the
dropout voltage can be estimated to be 2.0 ohms x (I oap)- For
a 50mA load, the dropout voltage is 0.1V which means the
battery voltage can be 3.1V with the output still regulated at 3.0V.

Preventing Unwanted Oscillation

The LPO7 acts as an additional gain stage to the open-loop gain
of A2. The increase in open-loop gain causes the loop gain to be
greater than 1 at low closed-loop gain conditions, which causes
oscillation. Oscillation can be eliminated by setting the loop-gain
to be less than 1. This can be achieved by setting B(negative
feedback) < 1/ gain contributed by the LP07.

The gain contributed by the LPO7 is a function of the load and the
transconductance, Gg, of the LPQ7. Figure 3 shows an equiva-
lent circuit of the open-loop gain of the LP07.

vgo--‘gl:Pw Grs = 2{7
9
Vout
Vour =ld [_(__:3 +:4)(RLQAQ)]
R4 3 + R4 + RLoap
Rioap Vour = Ggs|(R3 + R4)(RLoap)
Vg R3 + R4 + RLoap
R3 =

Figure 3: LP07 Open-Loop
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Figure 4a: G vs. |, at Low Currents
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Figure 4b: G, vs. |, at High Currents
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The Ggg of the LP07 varies with Ip, which is also the load current.
Typical Geg versus | for low and high currents of the LP07 is shown
on figure 4a and 4b respectively.

For the no load condition, I = 3.0V / (R3 + R4). ltis desirable have
R3 + R4 large to minimize the amount of biasing current. The sum
of R3 + R4 is chosen to be approximately 150K. From figure 4a, Ggg
is 0.62m0 for an Iy of 20pamps. Vour / Vg is calculated as
(0.62mU)(150K) = 93.

Foraload currentof 100mA, R oap=3.0V/100mA. Using figure 4b,
Vour/ Vg is calculated as (310md )(30ohms) = 9.3. The open-loop
gain varies with load and is at its maximum during the no load
condition. The negative feedback, B, is R3/ (R3 + R4) and should
be set less than or equal to 1/ (Voyt/ V).

Itis desirable to set B <<1/93 since 1/93 is a typical value. R3 and

DA ara nhncan tn ha ENN A
R4 are chosen to be 500 chms and 150K respectively fora 8 of

1/ 301, providing an adequate safety margin.

Calculations

The offset voltage, Vg, input biasing current, I3 + and lg-, and
tolerances of the external resistors will affect the output voltage.
R1 is used to adjust Vo1 to 3.0V. Figure 5 is an equivalent circuit
showing Vps, Ig +, and Ig-.

To determine the range of R1, the range of V| needs to be
determined under the worst case conditions. Using superposi-
tion, Vgyr is calculated as:

R4 -, _R1R2 , R4
Vour = (Vos + V)( Rz +1) + le R4 + Is (R14m3 (B3 +1)

The LM10 guarantees Vog = 4.0mV max and lg = 30nA max.
R1 x R2/(R1 + R2) is set at 2K.

For minimum Vi:

3.0V = (v, + 4.0mV)(1552K +1) + 30nA (157.5K) +

3onA@K)(1353K 4 1)

3.0V = 3332.6Vi + 1.330V + 4.725mV + 19.95mV
Vi(min) = 4.947mV

For maximum Vi:

3.0V = (v, - 4.0mv)(1423K 1) _ 30nA (142.5K) -

3onA@K) (123K . 1)

3.0V = 272.4Vi-1.090V-4.275mV-16.35mV
Vi(max) = 156.09mV

R2

VBaTT

Figure 5: Offset Voltage and
Input Biasing Current
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Figure 6: Dropout Voltage
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The range for R1 is: A1
Ri+R2 (200mV) = Vi
R2
R1= 3940 © 17225

Choosing R1 to be a 2K potentiometer, R2 = (2K)(12.25) =24.5K.
R2 should be less than 24.5K so under the worst case conditions,
R1 would not operate at its maximum value of 2K. R2 is chosen
to be 22K. The range of R1 is calculated as:

R1 = 22K(0.95) / 39.4 to 22K(1.05) / 12.25
R1 =531 ohms to 1.89K ohms

Measurements

Actual measurements were recorded and are shown on figures
6 and 7. Figure 6 shows the dropout voltage at different load
currents. Figure 7 shows the output voltage regulation versus the
decrease in battery voltage with a fixed load.
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The low dropout 3.0V regulator in figure 1 can be easily modified
to a 5.0V or adjustable low dropout regulator by changing R1 to
a 5K potentiometer. Using a voltage controlled resistor for R1 will
allow for a programmable low dropout regulator.

Conclusion

Low dropout 3.0V linear voltage regulators are ideal for portable
battery operated applications to help extend battery life. The low
dropout voltage allows the battery powered equipmentto operate
at a lower battery voltage.

In addition to the other advantages discussed, MOSFETs increase
the efficiency of the circuit because of the current required to drive
the gate is virtually zero as it is usually in the sub nanoampere area.
Bipolars need base current and this is undesirable especially when
battery energy is at a budget. LP07 is ideal for linear applications
requiring high efficiency because of its low threshold voltage and
low guaranteed on-resistances at 2V, 3V and 5V drives.
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Understanding MOSFET Data

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.

‘b Supertexinc.

The VNO104/VNO106/VNO109 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.

VNO104
VNO106
VNO0109

Advanced DMOS Technology

These enhancement-mode (normally-off) DMOS FET transis-
tors utilize a vertical DMOS structure and Supertex’s well-proven
silicon-gate manufacturing process. This combination produces
devices with the power handling capabilities of bipolar transis-
tors and with the high input impedance and negative tempera-
ture coefficient inherent in MOS devices. Characteristic of all

This section outlines main features of the product

Ordering Information

Device Structure Type of Channel
V: Vertical DMOS (discretes & quads) ¢ N-Channel, or D_ra.m-to-Source Breakdown Voltage
divided by 10.
D: Vertical Depletion-Mode DMOS ¢ P-Channel .
discretes 04: 40V
T: Low threshold vertical DMOS 06 cov
: Low vertica ; .
discretes Design || 09: 90V
A: Lateral DMOS arrays Supertex Family number
L: Lateral DMOS discretes

&

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

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

N-Channel Enhancement-Mode
Vertical DMOS FETs

BVpss/ | Rosion Ioon) Order Number / P

BVpgs | (max) | (min) T0-39 TO-92 TO-52 TO-220 |Quad P-DIP [Quad C-DIP| DICE
40V 3Q 2.0A |VNO104N2 | VNO104N3 [ VNO104N9 |VNO104N5 | VNO104N6 | VNO104N7 |VNO104ND
60V 3Q 2.0A |VNO106N2 | VNO106N3 [ VNO106N9 |VNO106N5 | VNO106N6 | VNO106N7 |VNO106ND
90V 30 2.0A |VNO109N2 | VNO109N3 | VNO109N9 |VNO109N5 — — VNO109ND

|

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
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Package Options

Understanding MOSFET Data

TO-39

TO-92

TO-52

o

Ty
I

TO-220

NI

Hermetic metal can Plastic _ _
« Moderate power  Low power Hermetic metal can Plastic
dissipation ¢ Mainly commerical * Low power Industrial/ * High power
« Industrial/Military applications Military applications « Commerical/Industrial
applications  Cost effective applications
Ordering Information | [
BVpss/ | Roson| Ioony Order Number / Package
BVpss | (max) | (min) TO-39 T0-92 TO-52 TO-220 |Quad P-DIP [ Quad C-DIP| DICE
40V 3Q 2.0A |VNO104N2 | VNO104N3 | VNO104N9 | VNO104N5 | VNO104N6 | VNO104N7 |VNO104ND
60V 3Q 2.0A | VNO106N2 | VNO106N3 | VNO106N9 | VNO106N5 | VNO106N6 | VNO106N7 |VNO106ND
90V 3Q 2.0A | VNO109N2 | VNO109N3 | VNO109N9 | VNO109N5 — — VNO109ND

14-Lead DIP
Dual in line plastic
* 4 dice in one package
* Commerical/Industrial
applications

14-Lead DIP
Dual in line ceramic
* 4 dice in one package for
Industrial/Military
requirements

NW: Die in wafer form
4 inch diameter wafers
* Reject die are inked

ND: Die in waffle pack
Die can be visually
inspected to commercial
(standard) or military
visual criteria (specify
while ordering)

Extreme conditions a device can be subjected to electri-
cally and thermally. Stress in excess of these ratings will
usually cause permanent damage.

—— Absolute Maximum Ratings

Ves

* Most Supertex FETs are rated for +20V

¢ + voltage handling capability allows quick turn off by
reversing bias.

External protection should be used when there is a
possibility of exceeding this rating. Stress exceeding
+20V will result in gate insulation degradation and
eventual failure.

r— Drain-to Source Voltage BVpss

— Drain-to-Gate BVpas

Ratings given in product summary. — Gate-to-Source Voltage +20V
— Operating and Storage Temperature -55°C to +150°C

Soldering Temperature 300°C

1.6mm away from ca

Maximum allowable temperature at leads while soldering,

se for 10 seconds.

* All Supertex devices can be stored and operated satisfactorily within these junction
temperature (T,) limits.

Appropriate derating factors from curves and change in parameters due to reduced/
elevated temperatures have to be considered when temperature is not 25°C.

¢ Operation at T,; 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, Rpg(on) @nd packaging type are
the main factors determining these thermal limitations.

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6ia i Ibr* loam
@ Tg=25°C °C/W °C/W

TO-39 0.8A 2.5A 3.5W 125 35 0.8A 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 See DMOS Arrays & Special Functions section

Ceramic DIP

L

1

Ip (continuous) 0ja

Maximum continuous current carrying Thermal resistance from junction to air.

capability of device. X .
¢ Depends mainly on package and die size

* Depends mainly on:

A. Rpg(on) - On state resistance

B. Pp - maximum power dissipation for y
package le

. Thermal resistance from junction to case.
C. Die size

; . . Depen i iesize —
D. Maximum junction temperature * Depends mainly on package and die size
* To determine T, use equation

Ty=Ppx68c+Ty

Ip (pulsed)

Maximum non-continuous pulse current
carrying capability for a 300 uS 2% duty
cycle pulsed. Continuous current handling capability of
drain to source diode.

IDR

e Depends mainly on :

A R - * Factors affecting value same as |Ip
" TDS(ON) (continuous)
B. Pp max

C. Diameter of bonding wire

D. Die size lorm
300 uS, 2% duty cycle pulsed. Current
handling capability of drain source diode.

E. Maximum junction temperature

* Factors affecting this parameter same
as I (pulsed)

Power Dissipation

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

* When case temperature is higher than
25°C, use Pp vs. T curve to determine
dissipation permissible.

3-64



Electrical Characteristics

The following DC parameters are 100% tested with 300uS, 2% duty cycle pulsed at
25°C, BVpss: Vas(rh): Ipss: Inon) & Roson)-

* AVggrhy) @nd ARpg(ony 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.

BVpgs
¢ Please see product summary (part 1)

* Positive temperature coefficient. See
curve BVpgg vs. T.

Vas(rh)

* Voltage required from gate to source to
turn on device to certain Iy current
value given in “condition” column.

* |5 measurement condition is low for
small die and higher for larger die.

AVasrh

* Threshold voltage reduces when
temperature increases and vice versa.

 Value at temperature other than 25 °C

can be determined by Vggry) (normal-
ized) vs. T curve.

Electrical Characteristics

Understanding MOSFET Data

(@ 25°C unless otherwise specified)

IGSS

* Since the gate is insulated from the rest
of device by a silicon dioxide insulating
layer, this parameter depends on thick-
ness/integrity of layer and size of device.

* Measured at maximum permissible
voltage from gate to source: +20V.

 Values of this parameter are often tens/
hundreds of times less than published
maximum value. Electrical screening is
done at 100nA since test equipment
functions slowly at lower values, which is
not practical for mass production. Con-
sult factory for screening lower values.

Symbol Parameter Min Typ | Max Unit Conditions.
BVogs Drirto-Source: VNDi09 el
Breakdown Voltage VNOIE | &0 v V,,=0,1, = imA
VD104 40
Vaary Gate Thieshdld Valage o8 z4 |V Vo= Voo lo= 1MA
Vo | CNANDRIN Vg g, Wit Tempemtue BB | 55 | MUFC | Vge= Voo lp= ImA
[ Gate Body Leakage 100 | nA Vo= 20V, Voo= 0
boo Zen Ga® Valtage Drin Current [ Vo= 0, Vo= Max Fating
100 | pa Vo= 0, Vpe = 0.3 Max Fating
Ty = 125°C
| oy O 5= DAin Cunart 05 | 1D Vao= SV, Vgo= 25V
20 25 A Vo= 10V, Vo, =25V
| Foac | St DaintoSoure 30 s Vae= SV, lp=250mA
ON-Stae Resistance 25 ) Q@ Vao= 10V, Ip= 1A
| APoony | ONANGRIN Ry pqorg Wit Temperiie 07 S Vo= 10V, lp= 1A
Gro Fowrard T mnscondustance 30 | 40 me os=25V, b= 0.64
Cige Input Capacitarce 45 0
% Commen Source Ot Capaciance 20 | a5 | pF
Cros Reverse Trnster Capacitnce B 8
T Tur-ON Delay Time 3 B
% Rise Time s 3 Vpp=25V
= TunOFF Delay Time 3 5| ™ ‘F'L::z o
B Fal Time: 5 3
Voo Diode Fomard Voltage Drop 12 | 18 v Vo= 0, loo =1 DA
[ Feverss Recovery Time 200 e Vae=0, loo =104
Ioon)

* Defined as the minimum drain current when device is turned on.
* Supertex measures Ip oy, mMin. at two test conditions:

Vgs =5V and Vgg = 10V, to give the designer a look at both logic

level turn on and full turn on

Although Supertex specifies a typical value of I oy, the designer
should use minimum value as the worst case.

'DSS

* 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 (BVpgg) and gate shorted to
source (Vgg=0)

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

RDS(ON)

* Drain to source resistance measured when device is partially
turned on at Vgg = 5V, and fully turned on at Vgg = 10V.

* Designers should use maximum values for worst case condition.

* When better turn on characteristics (ie., low Rpgony) is required for
logic level inputs, Supertex’s low threshold TN & TP devices may be
used.

* Typical value of Rpgon) can be calculated at various Vg conditions
by using output characteristics or saturation characteristics family of
curves (Ip vs. Vpg).

* Rps(on) increases with higher drain currents. Rpgon, curve has a
slight slope for low values of Iy, but rises rapidly for high values.

ARpg(on)
* Positive temperature coefficient.

* Enhances stability due to current sharing during parallel operation.

3-65



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,
Rg (source impedance) and R, (load
impedance) as shown on test circuit.

Grs

Represents gain of the device and

can be compared to Hgg of a bipolar —

transistor.

Value is the ratio of change in I, for a
change in Vgg

Alp

GFS - AVGS

Rises rapidly with increasing Ip, and
then becomes constant in the satur-

Understanding MOSFET Data

Electrical Characteristics (@ 25°C uniess otherwise specified)
“Wn | Unit

"Symbol Paraneter [ Typ | Max Condiions
BVoee Drir+to-Source VNoioo | <o
Breakdown Voltage Vo105 | &0 v Voy =0, lp = imA
Vo104 | 40
Vastn Gate Threshold Valege o8 24 v Vao= Yoo, lp= IMA
AV,_,:’ Changein Vaemy Wit Temperture -38 -55 | mviC Vae=Vpe, Ip= iMA
[y Gate Body Leakage 100 nA Vae=220V, Vpe=0
bee Zeo Gaw Vdtage Drain Cunent 1 Vge =0, Vo= Max Rating
100 | pA ¥,._=‘§g;8.=o.emhﬁg
=
Towrs ON-Sae Drin Cunert 05 10 Vae= 5V, Vpg=25V
26 | 28 A Vo= 10V, Vg 25V
Roacrs ‘Stato Drin-to Source 30 s Vgo= SV, lp=250mA
ON-Stae Resistarce 25 3| @ Vo= 10V, lp= 1A
A&ﬂ G\mh&,w&hTm\unme 07 1 RC Vge= 10V, Ip= 14
Gpg. Foward T ansconductance 300 450 me Vpe=25V, L, =0.54
Cigo InputCapacience 45 60
Cose Common Source Output Capacitance 20 25 pF
Cres Reverse Trnsfer Capaciance s 8
AE’" Tur-ON Delay Time 3 B
1, Fise Time s 8 Voo =25V
wery | TUrOFF Defay Time s o] ™ | B2V
Y Fal Time s s
Voo Diode Foward Vdtage Drop 12 [ v Vae=0, leo =10A
t Reverse Recovery Time 400 3 Vae=0, lgo =104

ation region. See Ggg vs. Ip curve.

cISS’ CRSS! COSS

Please see section 3 in Databook “Power MOSFET
Electrical Performance” for interelectrode capaci-
tances and equivalent circuit.

Supertex interdigitated structures have lowest Cgg in
the industry for comparable die sizes and exhibit
excellent switching characteristics.

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

Negligible effect of temperature on capacitances.

The following equation may be used for calculating
effective value of C,gg with “Miller Effect.”

Ciss = Cas + (1+Gs R Cap

I —Cbs
GATE I |
A |

Cas
SOURCE

Ciss = Cep + Cas
Coss=Cap + Cps

Crss= Cep
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Taion)

increasing Qg.

During this period, the drive circuit charges C;gg up to
Vas(rn)- Since no drain current flows prior to turn on, Vpg
and consequently Cigg remain constant. Region | on the
Vgs Vs. Qg curve shows linear change in voltage with

Gate Drive Dynamic Characteristics

10

T 17
Vps = 10V
8
Vps =40V
I 6 14— n——m
°
K / 7
[92]
>¢5 4 Y.,
2
0
0 0.2 0.4 0.6 0.8 1.0
Qg (nanocoulombs)




Switching Characteristics (continueq)

Electrical Characteristics (@ 25°C unless otherwise specified)
Pamner p [ vex | Wit

‘__?'nhl d Min | Ty Conditions
BVpeo Drinto>-Source Vhoies | 0
Voitage VNO106 60 v Voo =0,1; = imA
VNO104 40
Voo Gate Threshdld Vdtage 08 24 v Vao= Voo, lo= IMA
Vo | OANgein Voo, with Tempertuse 38 | -55 | VPG | Vae= Voo lo= IMA
Gate Body Leakage 100 nA Vae= 220V, Vpe=0
boo Zen Gae Vatage DrinCunent 1 Vao= 0, Voo = Max Fating
100 | pa Ve =0, Vpe= 0.8 Max Fating
Tp=128°C
Torors ON-Stat Dain Ounert 05 | 1D Voo= 5, Vpou 25V
26 | 25 A Voo 10V, Vpgm 25V
Fooom | State Drin-to Soure 30 s Vo= &V, lp=290mA
ON-Stae Resistance 25 3| & Voo= 10V, lp= 1A
_Ahﬂ Changein oo it Tempentue 07 1 RIC Vao= 10V, lp= 1A
G Fowand Transconductance 300 | 480 me Vpe=25V, b =0.64
IrputCapaciance % | &
Cose Common Source Output Capacitnce 20 28 PF
Croe Reverse Trnster Capaciance s 8
i,) Tun-ON Delay Time 3 s
Rise Time s 8 Voo =25V
[ TurOFF Delay Time 3 3| ™ 'F-;:f 50
0 Fal Time s B} N
Veo Diode Fomard Valtage Diop 12 18 v Vae=0, log =104
W Reverse Recovery Time 400 ns Vae=0, leo =1 0A

t

¢ When Cigs is driven to a voltage exceeding Vggw), conduction
from drain source begins. G increases causing increase in Cigg
due to “Miller Effect” Charge requirements to Region Il increase
considerably. Gain stabilizes in Region Il and “Miller Effect” is
nullified, resulting in a linear change in Vgg for increase in Qg

td(OFF)

¢ The sequence of events now begins to reverse. C,gg discharges
through Rgey. The rise of Vg is initially slowed by increase of
output capacitance.

Y

* Vpg rises as the load resistor charges the output capacitance.

VSD

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

* Diode my be used as a commutator in H bridge configurations
or in a synchronous rectifier mode. Excessive fly back voltages
may be clamped by this diode in a totem pole configuration.

tar

¢ 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 improve recovery time.

3-67

Understanding MOSFET Data



@ Supertexinc.

LND1 Series
Application Note
AN-D16

Constant Current Sources and Depletion-Mode FETs

Depletion-mode MOSFETs can be used either as “normally

closed” switches or current sources. This note shows circuits,
utilizing depletion mode devices, that will benefit many
applications. The main performance features of the circuits and

High Voltage Protected Regulator

examples of applications are listed. For more applications
information on depletion mode MOSFETS, refer to other LND1
and DN25 series application notes.

Zero Bias Amplifier

Vin
LND150N3 l———
Veea oVoyr = 3.0V
c I T TC
— RX5RA30AX =

+500V transient protection

O

[0 +5 to +500V operation

[ Typically 800nA quiescent current
O

See application note AN-D17 for details

Switchable Bleed Resistor

+500V

VOUT

LND150N3

GegR
Vour=Vbp— ﬁ-ﬁ Vin

[ Very high input impedance
[0 Large output swing

Instrumentation amplifier for sensors/transducers

Off-Line Trickle Charger

High Voltage Nyt
Regulator % C 500VDC
- LND150N3 h
-10V E R
100K
= L —

Viy LND150N3

+
NiCd =

L

[J 500V operation
[J Saves power

High voltage power supply, lab equipment

[ Suitable for single or multiple cells

[0 High compliance voltage

Hard-wired smoke alarms, burglar alarms, security systems



LND1 Series Applications

Off-Line Voltage Reference High Voltage Ramp Generator

500V

LND150N3
LND150N3

VOUT

3.3K

VNO550N3

[ Universal input [ High linearity
[0 Resistor values determine voltage references O Adjustable slope
[0 See application note AN-D10 for details [0 See application note AN-D12 for details
Instrumentation, VCRs, televisions, ATEs Piezo transducer drivers, measuring instruments, soft start
controls
High Voltage Protection High Voltage High Gain Amplifier
Probe +V
LND150N8 END150N3
R
Vour
Vin o——! VNO550N3
LND150N8
Probe Measuring
—C_—3+—— Instrument Y,
[0 +500V protection [0 High input impedance
[0 stack for 1000V or higher O Up to 500 V operation
[ Current limiter [J Over 60dB gain
[0 See application note AN-D11 for details High voltage linear regulators, instrumentation amplifiers,

Handheld meters, lab instruments, data communication lines, piezo transducer drivers

resettable fuses
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@ Supertexinc.

LND1 Series
Application Note
AN-D17

High Voltage Off-Line Linear Regulator

by Jimes Lei, Applications Engineer

Introduction

There are many applications for small, linear voltage regulators
that operate from high input voltages. They are ideally suited for
powering CMOS ICs, small analog circuits, and other loads
requiring low current. These circuits can be used in several
applications requiring power directly from the utility line. They can
also be used for applications which either have very wide input
voltage variations or environments with high voltage spikes; for
example, telecommunications, automotive, and avionics. This ap-
plication note discusses several circuits which will benefit these
applications.

Direct off-line applications require operation at 120VAC to 240VAC
which corresponds to maximum peak voltages of £340V. Applica-
tions in telecommunications, automotive, and avionics require
immunity against very fast, high voltage transients. In telecommu-
nications, the high voltage transients are caused by lightning or
spurious radiations. In automotive and avionics they are caused by
inductive loads such as ignition coils and electrical motors. Interna-
tional Standards Organization specification ISO/TR7637, for elec-
trical interference by conduction and coupling in automobiles,
shows that transients up to -300V and +120V can be generated due
to various inductive loads

In addition to the ability to withstand high voltages, many circuits
used for the above mentioned applications also require low
quiescent current. The low quiescent current is required to mini-
mize power dissipation in these linear regulators. Many telecom-
munication applications require very low quiescent current be-
cause there are limitations to the allowable current that can be
drawn from the telephone lines. Automotive and avionics appli-
cations require low quiescent current to minimize the loading on
batteries, especially when the vehicles are not in use for long
periods of time. For example, only a few microamperes are needed
for powering memory ICs. In such situations the quiescent current
of the regulator should be within a few microamperes.

The high voltage protected, 5.0V linear regulator shown in Figure
1 meets all of the above requirements. Itis very simple, compact

IN4005

HVIN O

VOUT = 50V

C; TO.01WF SR

L

Cz TO.01WF

T
lanl;
ll'—’v\/\J

Figure 1: High Voltage Universal
Off-Line Linear Regulator
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and inexpensive. The high operating voltage and high transient
voltage protection are achieved by using Supertex part
#LND150N8 in conjunction with a 5.0V linear regulator, Ricoh
part #RH5RA50AA.

Circuit Description

The LND150N8 is a 500V, N-channel, depletion-mode MOSFET.
It has a maximum Rpg oy, Of 1.0Kohm, Vg o, Of -1.0V to -3.0V,
and an |4 of 1.0mA to 3.0mA.The RH5RA50AAisa 5.0V +2.5%
voltage regulator with a maximum quiescent current of 1.0pamp.
Both these parts are available in the SOT-89 (TO-243AA) sur-
face mount package.

The high voltage input, HV,,, is connected to the anode of diode D.
The cathode of the diode is connected to the drain of the LND1.The
diode is used as protection against negative transient voltages and
as a half-wave rectifier for off-line application. The LND1 is
connected in the source follower configuration, with its gate
connected to the output, V7, and its source to the input of the 5.0V
regulator, V. Capacitors C,, C, and C, are bypass capacitors.C,
is required when HV,, is negative, such as during the negative
half cycle of an AC line, or negative transients. The proper value of
C, is chosen based on the worst case duration and duty cycle of the
negative pulses on HV,,.

HV,,, V\yandV,; are at 0V before a voltage is applied to HV . The
LND1 is turned on when its gate-to-source voltage, V5= 0V. Once
a voltage is applied to HV,, current will flow through the diode and
the “normally on” channel of the LND1 charging capacitor C,. The
voltage across C, is connected to V. As V starts to increase, V
will also continue to increase until it reaches its regulated voltage of
5.0V.

The LND1 is configured as a source follower with its gate connected
to a fixed 5.0V value (nominal). The voltage on the source, V,, will
follow the voltage on its gate, minus V. V,y = Vo1 -VasWhere Vg
is the voltage required to supply the input current |,. If 500VDC is
applied on HV,y, V,,; Will remain at 5.0V and V, should be between
6V to 8V, since Vg orr, of LND150N8 is guaranteed to be -1V to -
3V volts. The actual observed value was 6.26V.

The dropout voltage, (V,, -Voyr), for the 5.0V regulator with a 1.0mA
load is rated as 30mV. To maintain regulation, V,, must be equal to
or greater than 5.03V. As |, increases, V,, decreases and thereby
increases the gate-to-source voltage on the LND1 to meet the |,
requirement. The transfer characteristics of the LND1 gives a good
indication of Vg vs. |

Advantages of the LND1

The important parameters of the LND1 are its 500V breakdown
voltage, 1.5pF output capacitance and 1.0Mohm dynamic output



impedance. Supertex utilizes a proprietary design and fabrication
process to achieve very flat output characteristics which gives this
device its very high dynamic impedance, r,. The RHSRA50AA has
an absolute maximum input voltage rating of 13.5V. The high
breakdown voltage of the LND1 extends the maximum input
operating voltage range from 13.5V to 500V. The low output
capacitance and high dynamicimpedance prevent the input voltage
of the RHSRA50AA from exceeding its absolute maximum value of
13.5V when very fast high voltage transients are present. The ripple
rejection ratio is also improved by several orders of magnitude.

LND1 improves the performance of the 5.0V linear regulator in the
areas listed below. Observations and measurements were taken
under three different loading conditions: no load, 10Kohm, and
5.0Kohm.

a) DC operation extended from 13.5V to 500V
b) High voltage transient protection
c) Greatly improved ripple rejection ratio

d) Eliminates power-up transients

DC Operation

The LND1 increases the maximum operating voltage range from
13.5VDC to 500VDC. In order for the output to maintain regulation,
thevoltage difference (V-V,,,;), mustbe greaterthanthe regulator's
specified dropout voltage of 30mV at 1.0mA load current. The
measurements are shown below.

HV,, Iy Vi Vour | Conditions
10V to 500V | 770nA | 6.26V 5.02v No load
10V to 500V | 503uA | 5.56V 5.02v 10Kohm
10Vto 500V | 1.0mA | 5.30V 5.02v 5.0Kohm

Since the LND150N8 is connected in a source follower configura-
tion, the value of V, can be estimated as shown in Figure 2.

High Voltage Transient Protection

Positive and negative transient voltages were applied on HV,. The
positive transient voltages are blocked by the LND1 and the

LND1 Series Applications

2
__Ves
Vas(oFF)

}—G—V Vas = Vout - Vin
ouT

’ Ip
Vin = Vour - Vas(orr) (1' TD_S;)

Figure 2: V Calculation

Ib =lpss (1

Vin

negative transient voltages are blocked by the 1N4005 diode, which
has a 600V PIV rating.

Figure 3 shows the test conditions used for simulating transient
voltages. Positive 300V pulses with a pulse width of 500nsec, arise
time of 10nsec, and a duty cycle of 1.0% are superimposed on the
10VDCline of HV,. Figures 4aand 4b are waveforms showing HV,,
Viyand V.

The low drain-to-source capacitance, Cps = Cogg - Cres = 1.5pF, and
high dynamic output impedance, r, = 1.0Mohm, of the LND1
inherently give the LND1 excellent frequency response. The LND1
configured as a source follower will effectively protect high voltage

HVin
LND1 ’——
Vin REG Vour
Cp TO.01MF 0.01uF T C, 5KQ
= = = =
f 50usec |
310V L .
HViy
10V {
=
500nsec tr = 10nsec
Figure 3: Positive Transient Test Condition

HV,y =
310v
VIN =
5.4V

Figure 4a: HV jand V

HViy =
310V

Vour =
5.1V

10V

Figure 4b: HV, and V.
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HVy Ip >

F

o CDS = 1.5pF
Vin

C, & 0.01pF

r, = AC resistance, typically 1.0MQ
(almost no effect on Vyy)

v
Ip = Cos I = 1.5pF(1%%ch) = 45mA

ledt (45mA) (10nsec)
C, ~ 0.01uF

AViN = 45mVpgak

AViy =

Figure 5: Estimate V, Increase due to Transients

transients on HV, from affecting V. The only paths for transient
voltages to get into V are through the 1.5pF Cgor 1.0Mohmi 7.
Any transient voltages that pass through will be further attenu-
ated by C,. The increase in V, caused by the transient voltage
can be estimated with the equivalent circuit shown in Figure 5.

Negative 300V pulses with a pulse width of 500nsec, a rise time
of 10nsec, and a duty cycle of 1.0% are superimposed on the
10VDC line of HV,. The 1N4005 diode is reverse biased and
blocks the negative voltage. Figures 6a and 6b are waveforms
showing HV,, V,\, and V;.

The LND1 with the 1N4005 effectively protects the input of the
5.0V regulator from positive and negative transient voltages.
Theoretical and measured values indicated V,, will never exceed
its maximum rating of 13.5V.

Ripple Rejection Ratio

The ripple rejection ratio, RR, demonstrates the LND150N8’s
capability of filtering AC ripple on the input of HV,. A 4.0V,
1.0MHz sinusoidal signal was applied to the 5.0V regulator with
and without the LND1. Figure 7 shows the test conditions.

HVin Vin = HVjy = 9.0VDC + 2.0SIN2xftV
f=1.0MHz
|
3 1 Ve
J_ VREG ouT
L

VOUT

Figure 7: Ripple Rejection Test Conditions

Measured resulits are as follows:

V,
Peak-to-peak output AC voltage, RR = 20log 4%’{, I
V,,, with LND1 V,,; Without LND1 | Conditions

out ouTt

1.3mV, RR = -70dB

2.90V, RR = -2.8dB No load

1.3mV, RR = -70dB

2.90V, RR = -2.8dB 10Kohm

1.3mV, RR =-70dB

2.90V, RR = -2.8dB 5.0Kohm

The amount of AC attenuation due to the LND1 can be estimated
by the equivalent circuit and equations shown in Figure 8.

The ripple rejection ratio was improved by a factor of 1000. Such a
high ripple rejection ratio is particularly useful for off-line applica-
tions. A typical 240VAC off-line application is shown in Figure 9a.

HVin
CDS== 1.5pF
Vin ) 2SIN2nfty  ¢————0 Viy
=1.0MHz ¢ =0 01uF
- Cos
Vin = Goo o, HVin
i g 1.5pF

Figure 8: Ripple Vjy= m—e—=—5757—= (4.0Vpp)

Rejection 1.5pF + 0.01uF

Calculation Vin = 600uVp.p

HV |y =
10v

Vin=
5.4V

-300V

Figure 6a: HV, and V,,

HVy =
10v

Vour =
5.1V

Figure 6b: HV, and V

ouT
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IN005 VbraIN

Figure 9a: 240VAC Off-Line 5.0V Regulator

Figure 9b shows the voltage waveforms at the drain, Vpgu, Of the
LND1 and the AC voltage atV ;. There were 290 Volts of AC ripple
observed on Vg, With less than 2.0millivolts of ripples on V.

C, is a high voltage holding capacitor. In order to minimize size
and cost, more often than not it is desirable to select C, to be as
small as possible. The high ripple rejection ratio helps in achiev-
ing a small size of C,because it allows for large AC input voltage
with negligible AC output voltage.

Power-Up Transient Suppression

The circuits shown in Figures 10a and 10b are powered up from
0V to 10V in 100nsec. This test demonstrates the stability of the
circuit, the amount of overshoot voltage on V;;, and the amount
of time required for the output to settle. Large overshoot voltages
on V,,; may damage sensitive loads, such as CMOS circuits.

The test results were:

With LND1 Without LND1
Conditions
VPEAK tr VPEAK tr
0.0V 50usec 7.6V 1.0usec No load
0.0V 60usec 7.0V 1.0usec 10Kohm
0.0v 80usec 6.9V 1.0pusec 5.0Kohm

While there was a large overshoot voltage without the LND1, no
overshoots were observed in the circuit employing the LND1.
Loads prone to damage by overshoots can be effectively pro-
tected by using the LND1.

Vbrain =
340V

50V

VOUT

Figure 9b: V

and V,

DRAIN

Conclusion

The high voltage protected, low power, 5.0V linear regulator in
Figure 1 is a robust, compact, cost effective regulator. It can
operate up to 500VDC, protect against 500V transients, and
has a maximum quiescent current of 1.0pamp. The electrical
characteristics of the LND1 allow for the 500V operation and
protection. Some examples are proximity controlled light switches,
street lamp control, fax machines, modems, and power supplies
for CMOS ICs in automotive, avionics and a variety of applications.

Other Application Ideas

The circuit in Figure 1 can be easily modified for higher current
capability. The LND1 can be replaced by the Supertex DN2540NS5,
which is a 400V, 150mA depletion-mode MOSFET in a TO-220
package. In case the current is low and the worst case power
dissipation for the DN25 is below 1Watt, the TO-92 version (part
#DN2540N3) can be used to save space and cost. Figure 11
utilizes an op-amp and an enhancement-mode MOSFET for a
much higher output current capability. Figure 12 is an off-line
street lamp control where V. is the input voltage from a light
sensing device.

10V

Figure 10a: Power Up Response with LND1

Vourt

REG

Cy T 0.01WF A

1l

oV

VIN ov ¢— t= 100nsec

VpEAk

Vout qv

t
Figure 10b: Power Up Response without LND1
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5.0V
=+ V. 2 Max
SET 408 VNO340N5
R, 1
1 l o Vour=Vser
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Figure 11: High Output Current Linear Regulator
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Figure 12: Off-Line Street Lamp Controller
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Constant Current Sources and Depletion-Mode FETs 3

Depletion-mode MOSFETs can be used either as “normally examples of applications are listed. For more applications

closed” switches or current sources. This note shows circuits, information on depletion mode MOSFETS, refer to other LND1

utilizing depletion mode devices, that will benefit many and DN25 series application notes.

applications. The main performance features of the circuits and

Current Surge Protection High Voltage Protected Regulator
DN2540N8

DN2540N8 }-———/

i

Vrea —1—0Vour =3.0V
Vin (+ T
a00v\ _ oKT ¢ I L ©
N 1 =
= = — RX5RA30AX —
[ Current limit up to 150mA [ +400V transient protection
[0 Back-to-back pair for bi-directional limiting [] +5V to +400V operation
Inrush limiting for lamps/motors/capacitive loads, instrumen- [0 Typically 800nA quiescent current
tation, telecommunication Telecommunication, automotive, fax machines, off-line
control circuits
Solid State Relay SMPS Start-Up
5V R [} Vv,
- IN
ot E@{; P o 2
>
\Y Y ®
I° 2 2
= =2 DC -DC
) 12v
% g Converter
o P =] M = L
5 § A =
o v " Z
= K-
[0 Normally on [J Off-line capability
O +400V blocking [0 Switchable to save power
0 Low Cyy for fast switching O Improves efficiency
Telecommunication, instrumentation, fax machines, modems, Switchmode power supply

data line diagnostics
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High Voltage Level Translator for Motor Drives

by Jimes Lei, Applications Engineer

H guaranteed clamp voltage of the device, Vpp—V,. The N-channel
|ntr0duct|0n transistors are driven directly from the CMOS logic.
The Supertex HT0130 is a 300V 8-channel high voltage level
translator designed to drive and control the gates of eight indepen-
dent high voltage P-channel MOSFETS via low voltage CMOS logic
control signals. A logic low on one of the inputs of the HTO1 will cause
the corresponding output to drop typically 14V below the high
voltage rail, which is used to safely turn on an external P-channel
MOSFET with —14V gate-to-source voltage. A typical application of
the HTO1 being used in a full H-bridge high voltage DC motor TrUth Table

To forward wind the tape, P1 and N2 are on and P2 and N1 are
off. To rewind, P2 and N1 are on and P1 and N2 are off. To brake,
N1 and N2 are on and P1 and P2 are off. The logic truth table
showing the different states is as follows:

controller for tape drives, utilizing several DC motors, is shown in .

Figure 1. The major advantages of the HTO1 over existing level Logic MOSFETs Motor
translation approaches are the ease in design, the reduction of A | B |[C|D|[P1|Nt|P2|N2 Status
discrete components and the ability to operate at DC levels. 0 0 1 1 On | Off | Off | On | Forward
The advantage of high voltage DC motors over lower voltage DC 1 1 0 o |off | on | on | Off | Rewind
motors is that they require less current for the same mechanical

output. Although their operating voltage is higher, the total input 1 1 1 1 | Off | On | Off | On | Brake
power is approximately the same. The lower current operation is 1 0 1 o | off | off | off | Off | Coast

advantageous to minimize the power dissipated across the driver
transistor due to reduced 1’Rpgoyy losses. The output drivers

therefore need not have low on-resistance. It is desirable to brake the motor during transitions between

forwarding and rewinding. This will avoid stretching and possibly

CIrCU|t Descrlptl on breaking _th(_e tape. Brgkmg between'transmons will also ellmupatt,a,

the possibility of having both transistors on the same leg “on,
The DC motor shown in Figure 1 is used for industrial tape drives. thereby shorting the Vpp line to ground creating high crossover
A full H-bridge configuration is required for bi-directional capability current.

used for tape rewinding and forwarding. The full H-bridge consists
of the Supertex TQ3001N6 low threshold complementary quad N- . .
and P-channel MOSFETs operating from a 35V line. The N-channel Adva ntages in Usi ng the HTO1
transistors are low threshold MOSFETSs and can be driven directly

from 5.0V logic. The designer can choose from many different techniques for high

voltage high side P-channel drivers. They all, however, require

A logic low signal at the input of the HTO1 will turn on the P-channel a fair amount of external components per driver. Bootstrapping,
transistors by driving the gate to the positive rail minus the charge pumps, optocouplers, floating power supplies and pulse
35V -
5.0V
A /s HTO1 P1 P2 s HTO1 C
= VourTi Vourz
B o | N1 N2 | oD
Figure 1: H-Bridge Motor Driver - -
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VDD =5.0V e Vpp =35V
+ 35V
5.0V A, I CD 17/\Vz 5.0V
Vo] 1R LT
oV IN Logic 200pA Vour —— _‘—_ Vour
= — 1/8 HTO1 [—o
V
I SINK IN
QQOOHA —_l_—
. 7T S
_1_Vnn=GND
=W Figure 2: 1 of 8 HT0O1 Output

transformers are a few examples. The HTO1, which is available
in a single 20 pin DIP will drive eight independent P-channel
MOSFETSs with no external components required. Applications
for this device include motor drivers, solenoid drivers, and high
side DC switches. The HTO1 will also operate with a DC input to
keep the P-channel MOSFET continuously “on” as required in
this application. Other techniques such as the use of bootstrapping
capacitors and pulsed transformers cannot operate at DC be-
cause these schemes require periodic charging.

The HTO1 is guaranteed to operate at logic levels from 4.75V to
15.0V, making it compatible with both TTL and CMOS logic. The
outputs are designed with constant current sources that can sink
and source 100pamps and 200pamps, respectively. The outputs
can be easily paralleled for higher current capability. Output
voltages will swing from Vpp to Vpp-V, Where V; is guaranteed to
be between 11V min and 17V max when Vp; is between 12V to
275V.

HTO1 Output

The HTO1 outputs are designed to drive capacitive loads. A
simplified internal schematic of 1 of 8 HTO1 output is shown in
Figure 2.1, and |, are constant current sources. A logic low on V)
will close switch S. |, will sink 300pamps to Vi and is equal to
ly+l+lgnk- Vour is therefore discharged by Ik to Vpp—Vz. A

logic high on Vy will open switch S. |, will have no current path
to Vy and therefore will appear effectively as a series resistor
with the opened switch S. |, will charge Vot to Vpp with a
constant current of 200pamps. As Vg charges close to Vpp, |4
will effectively appear as a resistor between Vg1 and Vpp.

HTO01 Switching Speed

The switching speed will depend on the input capacitance of the
MOSFETs driving the motor. The following explains various
factors to be considered in order to understand the charging and
discharging requirements of the input capacitance. The calcu-
lated values are based on a single channel driving the P-channel
MOSFET of the TQ3001N6. Faster switching speeds can be
obtained by connecting multiple HTO1 outputs in parallel.

During the forward mode, the HTO1 will try to discharge the gate
of P1 to Vpp—V, = 22V through a constant current sink of
100pamps. The gate-to-drain, Cgp, and gate-to-source, Cgg,
capacitances will start to discharge to 22V. As the voltage on the
gate reaches the threshold of the device, the device will start to
turn on and the voltage on the drain will increase to Vpp. This will
cause the voltage on the gate V, to increase due to the capacitive
coupling of Cgp. This results in a plateau on the gate of P1.

This additional discharging of Cgp is often referred to as Miller
effect. Once Vg 14 reaches 35V, the gate will continue to dis-

Figure 3: Gate Voltage Waveform

OFF ON

v

35V
V,
100ua Isink VouT1
22V 35V.
L
EQ Vout
— oV

v




charge to 22V fully turning on the device. Figure 3 shows a simplified
equivalent circuit and a sketch of the three different regions.

The waveforms in each of the three regions can be approximated
by the following equations to determine the switching speed.

Region I: The output of the HTO1 discharges the Cigg of the
P-channel MOSFET to its threshold voltage. This estimates the
delay time of Vgyr.

1= o‘(’j—‘t’; Ciss = Cas + Cap at Vpg = -35V
dVes _-lsink _ -1000A _ 4 h5v/se
dt C(ss 95pF ’ hsec

_ Ves(th) _ -2.0V

- - 20V _y
Vs /ol - 1,06V / psec ~ | -OMseC

1

Region li: The output of the HT02 discharges the Cgrgg of the
P-channel MOSFET by 35V. This estimates the rise time of V1.

1=C: Cpes = Cap at Vps = -35V to OV

dt ’
ot = Cass °dV _ (60pF) (:35V) _ 21usec
-lsink -1 OOHA

t, = t; + dt = 22.9usec

HTO1 Applications

Region Ill: The output of the HTO1 discharges the Cgg of the
P-channel MOSFET from —2V to —13V. This estimates the time
to fully turn on the MOSFET.

1= C%‘ti; C = Ciss at Vps = OV
—GS - Sk 310pF =-0.32V/usec

-V, - Vgs(th) 13V - (2V)
dVgs/di ~ -0.32psec

t3 =1, + dt = 57.3usec

dt= = 34.4usec

Figure 4 is an oscilloscope picture showing the voltage wave-
forms of the gate of P1 and Vg1 to the motor during startup.
Figure 5 shows the amount of inrush current, 1.2A into the motor
during startup. The RPM of the motor will start to increase until
it reaches 6000 RPM at no load. The DC current drawn by the
motor is only 11.0mA.

The continuous total power dissipation on the TQ3001N6 forano
load condition is (11.0mA)2 ¢ (1.5 + 2.0) = 424uW. The total peak
power dissipation is (1.2A)2 ¢ (1.5 + 2.0) = 5.04W.The 1.2A peak
is below the pulsed current rating of the TQ3001N6 which is 3.0A
for both the N- and P-channels.

Figure 6 shows the gate of P1 and V7 during turn-off. Because
the back EMF holds V74 to 35V, there is very little Miller effect on

22V
35V

VOUT

ov

22V

35V
VOUT
0

1.2A

-1.2A

Figure 6: Output Voltage During Coasting

Figure 7: Output Current During Braking



the gate. The gate voltage plateaus for only 2 to 3usec. Figure 7
shows the gates of P1 and N1 and the current through the motor
whenitis braking. Both N1 and N2 are on for 300ms discharging the
energy stored in the motor to ground. The peak current measured
was 1.2A.

Other Applications

The HTO1 can also be used for solenoid drivers and high side
switches for power management. Figure 8 is an example to show
the ease of using the HT01 for multiple loads. It is being used as
four separate high side switches and four separate solenoid
drivers controlled by 5.0V logic signals.

Depending on the number of loads to be driven, one could use
eitheran eight-channel array (e.g., Supertex part #AP0130NA or
APO132WG) or discrete MOSFETs (e.g., VP05, VP06, or VP03
products) available in various packages.

Conclusion

The HTO1 simplifies gate driver designs on high voltage P-
channel MOSFETs. Eight independent channels are available in
a single 20 pin package. A considerable amount of board space
can be saved as compared to discrete approaches. Its wide
operating high voltage and logic voltage operating ranges allow
for easy logic interfacing with high voltage P-channel driver
applications up to 275V.

The outputs can be connected in parallel for faster switching
speeds for the output MOSFET.

The HTO1 can operate even when the control signal is held
constantata DC level, i.e., a static condition. It does not have the
disadvantage of other capacitively or inductively coupled
schemes, where the control signal has to vary with time.

HTO1 Applications

Logic Inputs




@ Supertexinc.

Non-Impact Printing
Application Note
AN-H20

HVCMOS Drivers for Non-Impact Printing

by Frank Yang, Applications Engineer

This article discusses the use of monolithic high voltage ICs for
non-impact printing and plotting applications. Supertex’s
HVCMOS?® process technology allows combining low voltage
logic as well as high voltage DMOS outputs up to 400V on one
monolithic IC. The principle of operation for inkjet and electro-
static printing/plotting is also described briefly.

Inkjet Printing

The inkjet printing industry has grown dramatically in recent
years because of the low cost and improved quality. There are
two basic types of inkjet printing technologies: Continuous and
Drop-on-Demand, though there are several variations. Both
systems, under electronic digital control, “paint” the images on a
substrate using carefully formulated and controlled jet droplets.

The continuous method in Figure 1 directs the flight of charged
ink droplets to the receptor substrate, e.g., paper.

Inthe drop-on-demand method, however, ink droplets are ejected
from the nozzle only as required; no circulation system is
needed. Figure 2 shows a drop-on-demand inkjet printing method.

The expulsion of droplets from the nozzle is controlled by an internal
change in pressure caused by a piezoelectric transducer.

Deflection
V. Plates @
Cha':rge‘:' N
Ink
Supply JLPump Plates
Filter
Ink Reservoir
Figure 1: Continuous Method
Ink "r;i’e'zaél‘e'ciric‘ """ @
Supply ransducers
Ink Reservoir Figure 2: Drop-on-Demand
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Figure 3: HV34 Functional Block
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High Voltage Drivers
for Inkjet Printers

Supertex HV34, which was designed for driving the deflection
plates to control the path of charged ink particles, can help optimize
performance and cost.

The HV34 is a low voltage serial input to high voltage parallel output
converter with 64 push-pull outputs at up to 180V. Figure 3 shows
afunctional block diagram of the HV34. This device consists of a 64-
bit shift register, 64 latches, and control logic to perform the polarity
select and blanking of the outputs. A DIR pin controls the direction
of the data shift through the device. Data output buffers are provided
for cascading multiple devices. The low voltage logic section of the
HV34 can be operated either at a 5V or 12V logic supply voltage.
The corresponding maximum data shift frequency possible with
these logic supply voltages is 6Mhz or 12MHz respectively. The
user can therefore choose the appropriate V,, voltage to suit the
application requirements.

Normally, the load on the outputs of the drivers is capacitive. Since
the output has a true complementary MOS configuration, either the
P-channel or N-channel MOSFET can be tumned on atatime. When
the output P-channel FET is turned on, the capacitive load starts to
charge and its voltage increases until it reaches V.

One can calculate how fast a certain value of the capacitive load can
be charged up, as explained in the following example. Assuming the
voltage onthe load s at zero volt and a DC voltage of 100V is applied
to the V,, terminal of the IC. As soon as the P-channel transistor
turns on, the load starts to charge up. Initially, the drain-to-source
voltage is at maximum value, because V, ; =0Vand V=V, -
Vour- This P-channel transistor operates in saturation and delivers
maximum possible current to charge the capacitor. The dV/dt is
calculated as

dV/dt = I/C

where lis the source current of the P-channel transistor and C is the
load capacitance. Assuming a capacitive load of 1nF, the output
source current of the HV34 is 5mA, so the dV/dt is

dV/dt = I/C =5 x 10°%/1x10?°

Since the V. is at 100V, the time required to charge the load to 90%
of the V. is 90%V,,, / (dV/dt) = 18us. The dV/dt to charge the load
for the remaining 10% of the V,,, will be slower. This is due to
decrease in the V, voltage of the P-channel transistor as the
voltage on the load increases. The transistor finally gets out of
saturation and operates in the linear region, thereby causing a
reduction in the output current.

In the above example, the output of the IC was “hot switched.” The
term “hot switch” means that a high voltage DC supply is applied to
device V,,, atall times even when the high voltage outputs are being
switched. On the other hand, “cold switch” means that the high
voltage supply is brought to a much lower voltage, sometimes to
zero volt depending on the application, while the high voltage
outputs are being switched. After switching the outputs, the high
voltage supply is brought up to the desired voltage level.

Cold switching may be necessary on some ICs as this prevents
possible damage to the device due to large crossover currentduring
transition from the high-side transistor to the low-side transistor and
vice versa. In a hot switching system, only a DC high voltage power
supply is needed; this is simpler than the cold switch system where
an extra high voltage switch or a high voltage ramp circuit is
necessary.
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Figure 4: Ramp Generator

When the load connected to the output of the IC is very large, the
risk of damage to the output transistors is not only from the
crossover current but also because the safe operating area of the
device may be exceeded. This risk is eliminated by ramping the V.,
which minimizes the drain-to-source voltage drop across the device
by controlling the slew rate of the ramping voltage. Ramped high
voltage supplies are not only less strenuous to the output of the ICs,
but have the following additional advantages:

a. Lower power dissipation in the high voltage IC.

b. Reduced switching noise, which has several disadvantages, e.g.,
malfunction of logic, latch-up, etc.

The rise and fall time of the output voltage is determined by the
output sink and source current of the device and the size of the load.
The slew rate of ramp voltage can be designed to closely follow the
rising load voltage to minimize the drain-to-source voltage drop.
Figure 4 shows a typical ramp generator circuit.

The above circuit utilizes Supertex high voltage DMOS transistors
VP0635N5 and VNO635N5. The T0-220 package was chosen to
handie a iarge power dissipation. if the ouiput current required is
low, the TO-92 version of these parts, the VN0635N3 and VPO635N3,
may be used to save component cost and board space. The 15V
zener diodes provide extra protection for the gate of the DMOS
transistors. The value of the R and C is chosen in such a way that
the time constant of this RC is much greater than the output pulse
width of the ramp generator.V,, and V. are fixed voltages available
from the system’s main power supply. If a negative voltage is not
needed, the V,,, can be kept at zero volt.

Theinput A and B are connected to 5V or 12V logic IC outputs. Care
must be taken to ensure that either VPO635N5 or VNO635N5 is on
at a time to avoid large crossover currents flowing through both
transistors at the same time, which may cause catastrophic failure.

In applications where different V,,, voltages are required to be
applied to the deflection plates, a Supertex HV1016P can be used
to connect the V,,, pin of the IC to the appropriate high voltage.
Figure 5 shows the block diagram of HV1016P , which is used to
supply 4 different voltages to the V., of the HV34 by controlling the
SWO0, SW1, SW2 and SW3 turned-on time.

Piezoelectric transducers can also be driven by Supertex high
voltage push-pull drivers. The high voltage output of the driver
forces the interspace of the piezoelectric transducer to expand,
thereby sucking liquid ink into the nozzle. Then, when a high
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voltage of reverse polarity is applied to the transducer while the
nozzle is filled with ink, the ink will be expelled and deposited on
the paper.

Electrostatic Printing/Plotting

The electrostatic method of printing/plotting is relatively new. Elec-
trostatic printers and plotters produce images by converting vector
data into raster data and applying dots to the medium. This allows
them to lay down the image across the entire width of the media

I—+—°Vss
Loaqi ic (P-Channel)
cl>rg1;lc_ Logic ‘lE} HV49
Vop = (Vss — 5V)
R NIB (Stylus)
. frm— Paper
Figure 6:
Electrostatic Printing/Plotting SHOE
Open Drain Configuration
+375V Vs
. — P-Channel
Logic | ogic % »} (HV49)
e

Voo =(Vss — 5V)

Voo =(Vss + 5V)

— N-Channel
Logic | Logic L',‘} (HV31) NIB
In -
———Paper
——0 V, 0
Figure 7: 375V > = SHOE

Electrostatic Printing/Plotting
Push-Pull Configuration
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simultaneously and thus increase printing speed.

The electrostatic printing/plotting process typically uses a toner and
a paper that will hold charge. The paper is passed over the print
head which contains a stylus array (NIB) that lays down negative
charges on the paper. The higher the charge voltage across the
paper (i.e., between the print head NIB and the SHOE), the better
the image definition.

To implement electrostatic printing technology requires very high-
voltage driver circuits for the stylus arrays either in an open drain
configuration as shown in Figure 6 or, preferably in a push-pull
configuration for better efficiency as shown in Figure 7. The current
required, however, is relatively low, typically below 1mA.

High Voltage Drivers for
Electrostatic Printer/Plotter
HV31 and HV49

Supertex HV31 and HV49 are ideally suited for electrostatic
printer/plotter applications.

The HV31 is a low voltage serial input to high voltage parallel
output converter with 64 N-channel open-drain outputs with a
375V rating. Figure 8 shows a functional block diagram of the
HV31. This device consists of a 64 bit shift register, 64 latches
and logic control to perform the output enable function. A
direction (DIR) pin controls the data shift through the device,
which can be clockwise or counterclockwise as desired. Since
many devices are often used in one system, data output buffers
are provided for cascading purposes.

The HV31 allows up to 6Mhz data shift frequency with logic
supply voltage of 5 volts, which is convenient to interface with
microcomputers directly without the need for voltage shifting
circuits.

The HV49is a high voltage open-drain P-channel device thatcan
be operated up to -375V. The functional block diagram of the
HV49 is the same as for HV31 except that the output section
consists of open drain P-channel MOSFETSs. Being a P-channel
device, the polarity of all the voltages are reversed.

For high performance systems, a 375V push-pull configuration
can be formed using the combination of the HV31 and HV49
(Figure 7). In this configuration, level shifting of the logic signal
is required because the input logic voltages for both the HV31
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and HV49 are referenced to VSS. The circuit shown in Figure 9,
utilizing opto-couplers, may be used to achieve the desired level
shifting and isolation.

Assume that the logic input signals coming from the TTL logic to
the opto-couplers are 0 to 5V. The power needed to run the opto-
couplers is taken from the two floating power supplies. The logic
signals coming out of the opto-couplers are referenced to the
floating power supplies. The V¢ voltage normally is ramped, as
discussed earlier, to minimize the voltage drop across the output
transistor of the device. The two floating power supplies are
formed by using a transformer, the primary winding of which is
connected to the 120V AC utility power line. There are two
secondary windings on the transformer; the outputs will be
rectified by the bridge rectifiers and stabilized by LM340 linear
regulators.

Since a very high voltage is used for electrostatic printers and
plotters, arcing can occur between the NIB or stylus and the
SHOE due to pin holes or cracks in the paper. High current during
this arcing will be destructive to the driver IC, and adding circuitry
for protection becomes necessary. Some protection for a short
duration is afforded by the saturation current of the HV31 and
HV49 , which typically is around 2 to 4mA . However this is really
not adequate because considerable heat may be generated for
durations longer than a few milliseconds. Current limiting resis-
tors are required to lower the current further.

HV46 and HV55

In some applications such as electrostatic plotters where much
higher currentis desired, Supertex HV46 and HV55 can be used.

The HV46 offers 32 P-channel open drain outputs similar to the
HV49. The output voltage and current of the HV46 is -300V and
60mA respectively. The HV55 is an 32 output, N-channel open
drain device similar to the HV31, and has a 300V, 100mA rating.

These devices can be used in either an open drain (Figure 6) or,
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preferably, in a push-pull configuration (Figure 7). Short circuit
protection by limiting the current will be necessary. The driving
scheme for the HV49 and HV31 can also be used to drive these
devices.

HV32

The HV32 offers 64 channel push-pull outputs with 250V rating.
The uniqueness of this device is that the output current can be
programmed by a resistor network and a reference voltage.

Figure 10 shows a functional block diagram and Figure 11 shows
the bias circuit for programming the output sink and source
current. R is an internal resistor of 20Kohms, the Vx is an
internal reference voltage of 1.3V. |, and |, are the source and
sink current respectively. For example, if the V,_ is 200V, V. =
V., — 12V= 188V, and the current to be programmed is 100pA,
R, will be calculated as

R, = [(Vqer - 1-3V)/100 x 109] - R,
= [(188-1.3)/100x10%] - 20x10°
= 1.8 Mohm

The similar calculation can be done for the sink current. For
example, if a 100uA sink current is desired, R, is calculated as,

R, = [(Vger - 1.3V)/100 x 10°] - R,
=[(12V - 1.3V)/100 x 10} - 20 x 10°
= 87 Kohm

The range for the programmed output currents is from 25pA to
250uA. Sincethe P, and N, areallcommon for 64 outputs, the
sink and source current of each individual output cannot be
programmed independently.

The output current programmability gives users the flexibility to
drive different sizes of print heads. Only one resistor network is
needed for programming the current for the whole integrated
circuit.
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T Vpp =
e Ry Conclusion
Current Control Vrers = Vpp —12V Multichannel high voltage ICs provide practical solutions for
(Pctl) P driving printer/plotter heads utilizing inkjet and electrostatic
technologies. High density solutions, which require a low unit
area per output channel, save printed circuit board space and
costs. The high voltage devices mentioned in this application
N-Channel R note are also available in die form suitable for mounting the chips
Current Control 2 o on circuit boards or “flip chip” on suitable substrates.
(NcTu) Vaer, = 12V
T N
VRerp —Vxi
Rq + Rint = =
I
VRery —Vx2
Rz + RinT = ——T——
2
Vy = 1.3V (Nominal)
R!NT = 20K (Nominal)
Figure 11: Typical Current Programming Circuitry
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Calculating Power Dissipation and
Supply Current in HV91 Series Parts

Part |

The internal circuitry of the HV9110/11/12/13/14and HV9120/23
uses very little current by itself—generally less than 1mA.
However, when driving a large MOSFET very fast, considerable
current can be demanded from the V, supply for the chip. Total
current required is the sum of three component currents: the first
two component currents, quiescent supply current and clock
current, generally total less than 1mA, while the third, MOSFET
drive current, can vary considerably and is generally responsible
for most of the current required for operation of the chip.
Reasonably accurate values for the current consumed by the
internal circuitry and the clock oscillator can be taken from the

graphs of quiescent i, vs. bias current (Figure 1) and oscillator
current vs. R o, (Figure 2). MOSFET drive current must be
calculated.

Calculating the current needed to drive the MOSFET is straight-
forward, but requires using the “Total Gate Charge vs. Gate-
Source Voltage” graph from the MOSFET’s data sheet. The
calculation proceeds as follows:

First, the operational V, the IC will use should be known. This
is generally a parameter decided upon by the designer for his
convenience. Once V is known, it is used to find the total gate
charge ofthe MOSFET by using V, for the gate voltage. Dividing
total charge by gate voltage calculates the effective gate capaci-
tance of the MOSFET at that gate voltage. (Because the output

of the HV91 family PWMs swings rail-to-rail, V.. will be nearly
equal to V..
QGATE / Voo = CGATE(e"eclive)
Figure 1
4
I\
< \ \ Vpp = 12V
£ . \ Voo
8 ~,\
1 ‘\Q
N
Vpp = 10V \hﬁ_‘ |

Il

4 5 67 10515 2 3 4 5 6 7 10815 2

Raias ()

Next, a calculation of power can be made with the effective gate
capacitance from the formula

P, =C xV,

DRIVE GATE(effective)
where f is the operating frequency of the converter. Adding the
power calculated in this step to the two other components of total
power (for clock and quiescent power this is merely the current
found on the graph, multiplied by V) gives the total power
dissipated in the IC.

P =P +P +P

TOTAL QUIESCENT CLOCK DRIVE

2
GATE X f

P =1 xV
QUIESCENT — *DD(quiescent) ** * DD

Pocook = looeas X Voo

CLOCK ~ 'DD(clock)

Poave = C

DRIVE GATE(effective)
Drive power is actually dissipated almost entirely in the IC, and
not in the gate of the MOSFET, because what dissipates the
power in an R-C circuit is the resistance, not the capacitance.
The gate resistance of a MOSFET is quite low (usually less than
.05Q) when compared to the on resistance of the driver that is
driving it (typically 15Q to 202 for the HV91 family) so calcula-
tions which neglect MOSFET gate resistance will generally be off
by less than 1%. The reason the 1/2 is missing from the familiar
E = 1/2 CV2 equation is that the driver dissipates power both in
charging and discharging the MOSFET gate. If a series resistor
is used between the gate of the MOSFET and the PWM IC then
the dissipation is divided between the PWM IC and the gate
resistor in proportion to their resistance. Gate resistors are not

XV 2xf

Figure 2
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recommended, however, when a MOSFET is being driven from
a CMOS driver like the HV91 family devices. A gate resistor will
only slow down the rate of rise and fall of gate voltage, which will
increase switching losses in the MOSFET and reduce system
efficiency.

To calculate the current load on the power supply that supplies
power to the IC, divide the total power dissipated inthe ICby V
to produce a current required from the supply. The drive portion
of the current will be taken in pulses, with peaks many times the
DC rate, but the DC current can be used to calculate the load on
the supply because the capacitor between V,; and V of the IC
serves as a reservoir for the energy required. This also shows
why that capacitor must have excellent high frequency perfor-
mance. Incidentally, this procedure can be used to define a
reasonable minimum size for the V  to V capacitor: 100 x
Conreetiocivey IS @ g00d minimum value. Usually, for reasons having
to do with regulator loop stability or output ripple, a larger
capacitor will be required. This formula defines the smallest
capacitor that is practical to use.

Examples

Example 1: An HV9120 using a 1.2M bias resistor, aV, of 10V,
and driving a VN0O660 at 20KHz.

From Figure 1, with a bias resistor of 1.2M, quiescent I will be
275pA.The data sheet curve for R ., vs. frequency shows that
820K is an appropriate clock resistor value for operation at
20KHz. Figure 2 shows that this will require an additional 160pA
of 1.

From the VNO660 data sheet, Q; will be 2.17nC at maximum
drain voltage. Dividing by the 10V V, gives an effective gate
capacitance of 217pF. Now the three components of power can
simply be calculated as follows:

Poave = 217 X 1072F x 10V2 x 20,000Hz = 434uW
P ouiescent = 275MA X 10V = 2.75mW
PCLOCK = 160pA x 10V = 1.6mW

Summing the three dissipations gives a total chip power dissipa-
tion of 4.78mW. Dividing by 10V gives a total |, requirement of
478pA. That is all the power needed to operate under this simple
set of conditions.

Example 2: An HV9113 using a bias resistor of 100K and aV,,
of 12V, driving an IRF630 at 750KHz.

Again from Figure 1, a bias resistor of 100K with a 12V V
requires a quiescent |, of 2mA. This time, the appropriate clock
resistor (from the data sheet graph) will be 36K, and, from Figure
2, this will require an additional |, of 1.6mA.

From the data sheet for the IRF630, total gate charge (Q,) with
Veare = 12V will be 22nC at maximum drain voltage. Dividing by
12V gives an effective gate capacitance of 1.83nF, and the
power dissipation will be:

Pomye = 1.83 X 10°F x 12V2 x 750,000Hz = 0.198W
Pouescent = -002A X 12V = .024W
Peiook = -0016A x 12V = .0192W

Summing gives a total dissipation of 241.2mW, and dividing by
V,, gives atotal I, requirement of 20.1mA. This set of operating
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conditions is more demanding than those of the first example,
but is still well within the dissipation limits of the part. It also
serves to demonstrate that, when using very large MOSFETs in
avery high frequency power supply, it is better to use a separate
driver IC. It should also be noted that if C;; had been used for
these calculations, instead of Q, + V;,, the resulting total power
calculation would have been less than half of the true power loss
in the part.

Part li

The foregoing gives complete power dissipation for an HV91
family PWM IC when it is powered from its V__ terminal. Gener-
ally, this is how HV91 family parts are intended to be used, with
power from V, terminal used only for starting or for powering the
PWM IC while it is in shutdown mode. (The V, terminal actually
shuts off when power is supplied to the V_ terminal.) In some
cases, the HV91 family parts can be operated with power
supplied to their V, terminal. In such cases, extreme care must
be taken not to overstress the part, as the maximum allowable
voltage (on an HV9120, for instance) can be up to 450V, and the
voltage drop between V, and Vg results in power dissipation.

If you intend to operate an HV91 family part from its V, terminal,
first calculate the low-voltage current requirement according to
the first part of this note; then, when the required input current is
known, multiply that current by the maximum input voltage to
calculate complete power dissipation.

lop XV
For the first example, if we assume a maximum input voltage of
407V, then maximum dissipation will be:

.000478A x 407V = .195W

which is still reasonable for the part, but may not be reasonable
from an efficiency standpoint, as it represents an increase of 40
times in power dissipation. In the second example, even with the
constraint of the HV9113 only being capable of 120V max on its
V, terminal, the situation is very different:

.0201A x 120V = 2.412W

In this case, the HV9113 would burn up due to the excessive
power.

= P(max)

IN(max)

Asageneral rule, because the V, regulator represents less than
1/4 of the total chip area of the IC, it is not practical for it to provide
more than 25% of total package power dissipation on a continu-
ous basis. For the plastic DIP, this works out to 250mW continu-
ously. So, actually, the second example is worse than it looks. If
we assume that the 20.1mA remains constant (in practice, it will
go down somewhat, as the original power calculations were
based on a V, of 12V, and when running an HV91 series PWM
from the V, terminal, V__ will be approximately 9.2V) the maxi-
mum input voltage that will hold continuous dissipation in the
input regulator to 250mW is 21.6V. This may still be useful in
some circumstances, but illustrates how quickly power dissipa-
tion in the input regulator can get out of hand. It is much better,
when operating an HV91 family part, to have power for continu-
ous operation supplied to the V_ terminal from the supply it is
controlling. Either mode of operation is possible, but using the
Vyp is more efficient, and there are no problems even at high
frequencies or with large loads.

K
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Customizing the Linear Circuitry Response of
HV91 Family PWM ICs via the Bias Resistor

The data sheets for the HV91 family of devices state that a
resistor is required between the BIAS terminal on the chip and
V, for operation of the part, and the resistor should have the
value given on the data sheet. Although the first part of that
statement is correct, the second part is not necessarily true.

For a specific application the best value for the bias resistor may
be quite different from the value stated on the data sheet,
particularly if the circuit under development has requirements for

Figure 1
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response speed, or quiescent power dissipation that differ from
the values stated on the data sheet, or if the HV91xx will be
operated at a V; other than 10V.

The performance of the analog sections of the HV91xx depends
on a series of internal current sources (one or more per analog
block) that are controlled by the external current that travels from
the bias terminal of the IC to V. According to the data sheets,
this current should be 7.5uA foran HV9105, or 15pA for the other

Figure 2
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devices in this family. These data sheet numbers reflect test
conditions used to test the parts. For operation by the customer,
however, bias current can be set to any value from 2.5A to >
70upA, if the performance of the part with that bias current reflects
the performance desired from the system.

In an HV91 series PWM, reducing the value of the bias resistor
(to increase the bias current) increases the bandwidth of the
error amplifier and the speed of the current limit and modulation
comparators. It also increases the supply current drawn by the
IC. Because the comparators may be acceptably fast even at
very low bias currents, the trade-off with bias control usually
works out to be error amplifier bandwidth vs. supply current. The
primary place where low supply current is important is in ultra-
efficient converters which, to reduce switching losses, operate at
low frequencies and therefore need less error amp bandwidth.
Also, current-mode operation tends to reduce error amplifier
bandwidth requirements. The primary application where high
error amplifier and comparator speeds are needed is in high
frequency supplies, where absolute minimum quiescent current
may not be as important.

There are, however, limits to the range of bias resistors that will
result in acceptable performance. If the bias resistor is made too
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small, the undervoltage shutdown circuit becomes sensitive to
extremely small changes in V, and can disrupt circuit opera-
tions (see Figure 4). Likewise, if the bias resistor becomes too
large, not only does the bandwidth of the error amplifier go down,
open loop gainis also reduced (to about 50dB at |, = 3uA). This
can reduce regulation accuracy, and may not be acceptable for
some circuits. A bias current of 3uA corresponds to a bias
resistor of approximately 2.2M with V= 10V, or approximately
3M with V, = 12V. To accurately relate bias current to bias
resistor value, use the graph of bias resistance vs. bias current
inthe HV91 data sheet. The curves printed with this note provide
data on performance vs. bias resistor value.

The accompanying graphs show the relationship between com-
parator speed, error amplifier gain bandwidth, supply current,
andbias resistor value forV = 10V and 12V. These should allow
users to optimize the performance of HV91 series PWMs for
whatever performance goals the user finds important. Note that
over most of the bias current range, the changes in speed and
supply current occur slowly. Thus, for most circuits, precision
resistors will not be required. Also note that even at the high
speed end of the bias current range (75pA), supply current only
increase to a little over 2.5mA, meaning that power dissipation
in the chip can still be quite low.
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Avoiding Turn-on Oscillations in HV91 Family PWM ICs

Since there is no hysteresis in the undervoltage shutdown in the
Supertex HV91 series of converters, there may be situations
where insufficient power is provided to the V, terminal of the
chip by the power supply on its first cycle to replace the charge
that was removed from the V-to-V capacitor to drive the
MOSFET on its first cycle. As a consequence of the lower V;
caused by driving the MOSFET, the undervoltage shutdown is
triggered and the PWM shuts off, until the energy in the capacitor
is replenished via the internal depletion-mode starting FET. This
condition is more prevalent when the HV91 must drive a large
MOSFET, and the V, capacitor is an electrolytic and located
some distance fromthe IC, oris heavily loaded externally, as can
be the case when the V, supply for the PWM is also used by a
load the power supply is powering.

There are a couple of methods of preventing this turn-on oscil-
lation. The simplest is to use a capacitor with very good high
frequency performance and that is sized to slightly more than
100 times the effective gate capacitance (not the C ) of the
MOSFET being driven. Mount it very close to the V, and V
terminals. To determine the effective gate capacitance of the
MOSFET, find the total gate charge on the “Gate Charge vs. Gate
Voltage” graph on the MOSFET data sheet and, using the V, of
the HV91 as a gate voltage divide gate charge by gate voltage
to determine effective gate capacitance. (It will be a larger value
than C..) A good stacked film capacitor of 100 times the
effective gate capacitance should prevent the oscillations.

If the above solution is not possible, there is a second solution
that is almost as simple, but it requires a bit more calculation:

The shutdown termina!l of the HVQA1 has an interna! current
1€ SNUGOWN 8rminas O w v an imemas Current

source that is normally used only to keep the pin high so that it
can be ignored when remote shutdown is not used. This current
source will source approximately 50% of the current being drawn
from the bias pin by the bias setting resistor (see Figure 3 on the
data sheet to determine IC bias current). Placing a delay capaci-
tor on the shutdown terminal will delay the normal turn-on of the
HV91 until V_ has risen high enough so that the capacitor on the

oo line can supply the power necessary to drive the MOSFET
withoutV  falling so low that the undervoltage turns the PWM off
again.

To determine the size of capacitor required, first calculate how
long it will take for V to rise to where it will not be turned off by
a slight droop. Generally this time (in seconds) will be 500 to
1000 times the value of the capacitor connected between V_
and V¢ (in farads). The value of the delay capacitor then can be
calculated from:

C

t

DELAY

el
DELAY _'BIAS

DD
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To discharge the delay capacitor, many schemes can be used.
Two of the simplest are to use a diode from shutdown to V,
(though this can be disrupted by very short drops in power) or to
use an active discharge.

If rapid power cycling is expected, an active discharge such as
that shown in Figure 3 can be used. This circuit uses a 2N6027
programmable unijunction transistor, which, when V_, drops
approximately 0.7V below the voltage on the delay capacitor,
quickly discharges the delay capacitor.

Figure 1: The Easy Way
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Expected Voltages and Waveforms
from an HV9120-Controlled Flyback Converter

The following drawings provide details of the waveforms that one
should expect to see at selected points around the converter
circuit. For reference purposes, each voltage and time is defined
only once across all drawings in the series. Thus, a T, ora V,
means the same thing regardless of on which drawing it occurs.

In most circumstances, the waveforms will be as shown. How-
ever, it is possible that, because of certain circuit features of an
individual converter, different waveforms may be observed.

@

Generally, though, if a waveform differs significantly from the
ones shown here, it may be a symptom of a circuit which is not
operating as expected, and a valuable clue as to what to do about
correcting the improper operation.

It should also be noted that, though the sketches were based on
aconverter usingan HV9120, results will be very similar with any
of the PWM ICs or SMPS ICs in the HV91 family of products.
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Expected Voltages
1V
2

IN

If the converter is running, this will usually be 10V +1%. For
some converters, a different voltage may be used. If the
converter is shut off or disabled (by removing the FET, for
example), this will be 9V +.5V.

With the converter running and regulating, this will be very
close to 4.0V. Be careful measuring 3. Pin 15 is a high
impedance node and is very sensitive.

4.00V £ <2%.

(V50 -0.9) to (V, -4) depending on the value of bias resistor
chosen.

If V, is below its regulated value, this will be 6-8V. If Voo
equals its regulated value, this will be between 1.8V and 5V.
IfV,,, is greater than 10V, this will be very close to zero. This
last condition can only be observed as a transient, when a
large load is removed from the output or when a large rise
in V,, occurs.
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Expected Waveforms
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Expected Waveforms (continued)
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Maximum Load, Medium Load Low Load, These waveforms must be viewed with the
Minimum Line and Line High Line oscilloscope input AC coupled. All others can
be viewed with the oscilloscope input DC
coupled.
V, Can be any height. For best results, should be less than T, Thisis the section of t,__ during which the coupled inductor

approximately 2.5V. Height is dependent on Q, of MOSFET,
transformer intrawinding (not interwinding) capacitance, t..,
of outputdiodes, and board layout. Q, of FET is usually main
component, as can be shown by operating PWM with FET
drain open.

Between 0 and 1V when unit is regulating. Actual value
depends on the energy the regulator needs to provide to the
load. May be as high as 1.4V during startup or overload.

V, Usually between .5 and .7 of V.. If it is much less than half
of V,, check t__ of output diodes.

V, V,, (pin7).

V (RDS(ON) ° lF'EAK) + (HCURRENT SENSE ° IF'EAK)' ThlS iS Shown On'y tO
note that there is a small ramp at the bottom of the switch’s
on-time waveform.

Noutput winping
Vi + (Vour X N ) or
INPUT WINDING

A ’ Loutpur
\Y \"
w* Vour X Linput )

Output ripple voltage depends on size and particularly on
ESR of output capacitors. Beware of cheap aluminum
electrolytics!

This wouldn’t exist if capacitors were perfect. The largest
one is the main switch turning off. The next largest is the
main switch turning on. The small one (which may not exist)
is the diodes turning off. To reduce these, parallel the main
capacitors with ceramics, mylars, or both, with good high
frequency characteristics. The noise is coupled into the
outputs by the interwinding capacitance of the coupled
inductor and the layout. Sometimes using a Faraday shield
on the coupled inductor helps, but generally mylar capaci-
tors are an easier way to deal with it.

Should be kept to <80nsec, or current sense will end cycle
prematurely. Width is dependent on Q, of FET, ESR, and
size of the capacitor between pins 6 and 7 of the IC.

Anywhere from approximately 80nsec (minimum) to 1/2T,
for HV9120 (for HV9123 can be >1/2T ), depending on line
and load. Length is directly proportional to load, and in-
versely proportional to line.

T, Determined by oscillator resistor value (= 1/F cpamon)-
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is discharging into the load. Its actual width is dependent
only on load. At maximum load it is close to 50% of T,. At
smaller loads it is less. During the time that the inductor is
discharged into the output, the output waveform ramps up.
The rest of the time it ramps down.

T, 1/20f T, for HV9110, HV9120 and equal to T, for HV9113,
HV9123.

Te 100nsec+100%—50%. Actuai time depends on V,, the size
of clock resistor, additional clock loading (if any), whether
the partis an HV9110/20 (faster) or an HV9113/23 (slower),
and process variation.

Notes

S —The rise time of T, is equal to the entire width of the leading
edge spike on waveform A.

U — Due to the heavy capacitive load from the FET gate, and
clamping by body diodes of the FETs in the IC driving the external
FET, there is usually very little ringing on this waveform.

V — At extreme low load and/or extreme high input, the ramp
section of the waveform can virtually shorten until it disappears.
Current starts ramping up in the inductor, however, almost as
soon as the leading edge spike starts rising.

W —The leading edge spike is caused when the PWM charges
the gate capacitance of the FET. The trailing edge negative spike
is caused by gate discharge.

X — Alittle ringing during the transition from leading edge spike
to ramp sections is normal. If there is a lot of ringing here, check
board layout.

Y —This ring looks horrific, huge, and ugly. It is unavoidable and
innocuous—it contains almost no energy (not enough to forward
bias a diode, anyway). What is ringing is the FET’s drain
capacitance and the coupled inductor’s input side inductance.
Eventually the ringing will die out, and the voltage level will return
toV,.

Because this waveform appears on the MOSFET drain/coupled
inductor interface, it will also be visible on all other windings of
the coupled inductor (as shown or inverted).

Z — Ringing when the main switch turns off is unavoidable. The
energy to do this comes from the leakage inductance in the
coupled inductor. Leakage inductance should be minimized
because too much of a spike here can overheat or damage the
main switch.
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Efficient Switchmode Power Supply Start-Up Circuit

by Jimes Lei, Applications Engineer

Introduction

The purpose of this application note is to demonstrate the many maximum voltage rating of the IC, the voltage has to be re-
advantages of using the Supertex LND150N3 in the start-up duced with a start-up circuit. A frequent requirement is for
circuit for switchmode power supplies. operation directly from a rectified 120V or 240V AC line without
Commonly used low voltage bipolar, CMOS and BICMOS the use of tap changing switches for the selection of different

. voltages.

switchmode power supply PWM ICs usually operate from sup-

ply voltages of up to 18V. When the input power for the The circuit in Figure 1 shows the Supertex LND150N3 being
switchmode converter is available at voltages higher than the used to provide the low voltage power supply to be connected

+
IN4006 AJIN40OB |  1mTTTTEmmoog 1oV
2 47 —
2 231 1000uF
)
Z 35V
GND
0
| ._OV
ouT
Il 6T popr T
100pF =
— AN 1 8
150K == 0.01yF
2 7 s
1 ‘q
ucssasN | 100KF == Ct
= VNO66ONS |
3 6
—\/\/VT 4 5 l
10K L
~]0.0022uF Z
1K
T 470pF 4%1 0Q
20K =
4.9K . . .
Figure 1: SMPS with LND1 Start-Up Figure 2: Power
= . Resistor
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LND1 Series Applications

to the V¢ pin of the Unitrode UC3845N PWM IC. This circuit The Unitrode part #UC3845N specifications relevant to the
is capable of providing start-up over an input voltage range of start-up are as follows:

40VDC to 500VDC. Start-up current 1.0 mA max

A simple and often-used approach utilizes a power resistor and Operating current 17.0 mA max

a zener diode as shown in Figure 2. The major difference Start-threshold voltage 9.0 volts max
between the two approaches is that the LND1E consumes Min. operating voltage after turn-on 8.2 volts max

negligible power after the SMPS has started whereas the resis-

: : N N The start-up current is the biasing current for the IC when the
tor will draw power continuously from the input line.

output is not switching. Once the output starts switching, the IC

For technical information on various aspects of designing such is considered to be in the operating mode and will draw no
power supplies, please refer to the Supertex application notes more than 17.0mA plus the load current being sourced into the
AN-H13 and AN-H21 through AN-H24. gate of the MOSFET. This load current is calculated as fCV,

where f is the operating frequency, C is the effective input
capacitance, and V is the V¢ voltage. The value for the resis-

Power Resistor Appr oach tor, R, must be small enough such that under the worst case
Depending on whether the PWM IC utilizes bipolar or CMOS condition of m,inimt'xm.input line voltage, it can source 1.0mAto
technology, the power rating of the supply and the input voltage the IC and some biasing current for the zener diode, Igas. The
available, the continuous power dissipated in the resistor may value of R is calculated as follows:
be up to 5 watts or even higher. For example, if the current Vjymin
required is 10mA, from a 240 VAC line the power dissipated will R= TTOMA + Tgas)
be 3.4 watts. The start-up current can be quite high when the . .
power supply uses a large MOSFET switch, since a consider- The worst case power dissipation is determined as follows:
able current is required by the buffers or MOSFET drivers in P (Vymax)?
addition to the Ipp or Igc of the PWM IC. This causes 4 major Diss =
problems: . G .
The continuous power dissipation at higher voltages from R
a) Excessive heat on the PC board; increases when the required input operating voltage for the
b) Narrow input voltage operating range; converter is widened. Consider for example a converter re-
c) Loss of efficiency; quired to operate at 120VAC and 240VAC. R is calculated as:
d) Large size of power resistor.
These problems can become very difficult to solve, especially (120)(1.414)V
in compact, off-line switchmode power supplies used in por- R = 7.0mA + T00pA)
table equipment, e.g., laptop and notebook computers, battery
chargers, etc.. In such equipment, space is at a premium and R = 154KQ.
management of the generated heat is very troublesome. Re- . - L
ducing the temperature rise on densely populated PC boards Operating the power supply from rectified 240VAC, R will dis-
may often be impossible, resulting in potentially reduced sys- sipate:
tem reliability. For such applications, designers often face the (240 x 1.414)2
task of achieving very high efficiency for power supplies, with = 154KQ
minimal board space, operating directly from 120VAGC, 240VAC,
or other international utility voltages. P = 0.75 watts
Ip _LND1E Ip=0mA L LND1E
. ¥ l
PWM Voo &% PWM Vec
I
c l lsias ic _Lm (m
I \L 200K _L I 200K
vz Tov vy & Tov
< VOUT <8.0V e VOUT =127V
¢ from AUX & from AUX
_ winding winding
laux =0 laux
Figure 3a: Current Paths During Start-Up Figure 3b: Current Paths After Start-Up
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LND150 Circuit Description

The start-up circuit portion of Figure 1 is analyzed and shown
with additional notes in Figures 3a and 3b. Figure 3a shows the
current paths during start-up and Figure 3b is after the start-up
has occurred. The following main specifications of the LND1E
are considered:

Parameter min max
Drain-to-Source breakdown voltage — BVpgg 500V

Gate-to-Source off voltage — Vgg(orr -1.0v. -3.0V
Saturated Drain-to-Source current — Ipgg 1.0mA 3.0mA

LND150N3, the TO-92 version of LND1E, is configured as a
source follower. Being a depletion-mode MOSFET, the LND1E
is always in the “ON” state when there is OV gate-to-source
bias. When power is available at the input of the power supply,
the LND1 supplies current to charge up capacitor C and biases
the 9V zener diode through the external 200KQ source resistor
as shown in Figure 4a. The Vgg(orr) Of the LND1E divided by
this resistor approximates the biasing current for the zener
diode. The V¢ generated is approximately equal to:

]
Vee = (V- Vas(orr) (1' '\, T )
pss

and is almost completely constant within the input voltage
range of (Vz+3V) to 500V. The same circuit can therefore be
used without any modifications for both 120VAC and 240VAC.
A sourcing current equal to the Ipgg of the device will cause V¢
to be equal to V. The amount of source current will range from
1.0mA to 3.0mA per guaranteed minimum and maximum val-
ues of lpgg in the LND1E data sheet. The guaranteed 1.0mA
minimum specification satisfies the maximum current required
for the UC3835N to start up.

Once V¢ is generated, it allows the PWM IC to start up and
generate a DC voltage Vg1 from one of the auxiliary winding.
The turns ratio on the transformer should be designed so that

Vour 2 3.0V+V5+0.7V

This allows the LND1E to be turned “OFF” as shown in Figure
3b. By setting Vour = 12.7V, the source of the LND1E will be
at 12V and the gate will be at 9.0V. The LND1E gate-to-source
voltage will therefore be 9.0V-12V=-3.0V, which turns it “OFF”.
After the start-up described above, the only current drawn by

LND1 Series Applications

this circuit from the rectified AC line is the small amount of
drain-to-source leakage current, Iporr), typically less than
100nA.

The maximum power dissipation on the LND1E is determined
by
Ppiss = (Ipss max)(V;y max)
= (3.0mA)(240V)(1.414)
= 1.02 watts

The 1.02 watt is only being dissipated for a short duration
during start-up. After start-up, it dissipates virtually no power.

Start-up Current Waveforms

To demonstrate the performance of the LND1E in the start-up
circuit, the 3 watt power supply shown in Figure 1 was built and
tested. V,, was tested with a DC input of 40VDC and a rectified
sinusoidal 285VAC, which was obtained from the utility via a
step-up transformer. The converter was powered up with its
maximum load of 3 watts connected to the outputs. The V¢
voltage, drain current of the LND1E (Ip), and the current from
the auxiliary winding (layx) were simultaneously monitored during
the start-up.

Figure 4 shows the voltage and current waveforms with V\ =
40VDC. Figure 5 shows voltage and current waveforms of the
same circuit under the same conditions except the input volt-
age is a rectified 285VAC.

You will observe that the performances shown in Figures 4 and
5 are similar except that the latter shows a faster power-up.

The sequence of events before the start-up, as shown in Figure
4, is described as follows. Initially, all voltages are at OV. When
40VDC is applied to V), the LND150N3 starts charging the
100uF capacitor C1 at a rate equal to the LND150N3’s Ipgg
minus the input current drawn by the IC, |,c. The actual value
of Ipgs for this device is 2.4mA as seen by the waveform Ip. V¢
will therefore ramp up at the following rate:

VCC .
(tovoiv)__ I
Ip -
(1mA/DIV)

laux
(20mA/

DIV)

Figure 4: Start-Up Waveforms for
Vior I Ly @t V,, = 40VDC

CC’ 'D? "AUX

_(i‘j_ - (Ipss - he)
g —~ Cc1
_ (2.4-0.5)mA
= TT100pF
VCC
(1ov/DIv)
lp  —
(1mA/DIV)
laocx —
(20mA/
DIV)
Figure 5: Start-Up Waveforms for
Vo Ips Ly @t V,, = 400VDC
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Figure 6: High Current Start-Up

which is 3.8V/200msec or 3.8V/division. Initially, there is no
current from the auxiliary winding because the converter is not
running. Once V¢ reaches the UC3835N’s start-up threshold
voltage of 9.0V, the output will start switching the power MOS-
FET, Supertex VNO660NS5 at a frequency of 40KHz. During the
time the IC is driving the external switching MOSFET, it will
draw 16mA from C1. The IC will continue to operate and drive
the MOSFET until V¢ discharges to the IC minimum operating
voltage after turn-on specification which is about 8.0V, at which
time the under voltage lock-out does not allow operation. Dur-
ing the time the MOSFET is switching, the auxiliary winding
supplies current and charges the capacitor C1, which builds up
its voltage step by step, every time the MOSFET switches. As
long as the voltage build-up in steps is below the under voltage
lock-out level, i.e., less than 8.0V, the sequence of events
above will be repeated.

Once again, the LND1E charges C1 from 8.0V to 9.0V. Once
V¢ reaches 9.0V, the IC starts switching the VNO660N5 MOS-
FET and the voltage on the auxiliary winding, Voyr, further
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increases. The cycle repeats itself several times until the Vot
reaches 9.0V. Once Vo1 reaches 9.0V, it will supply the 16mA
to the IC so C1 will no longer discharge to 8.0V. This allows the
converter to continue to operate and Vg to reach 12.7V. At
this time, the LND1E is turned “OFF”, I, goes to OmA, V¢
ramps up to 13V and l,yx charges C1 from 9.0V to 13V and
settles to 16mA.

The only difference between the waveforms shown in Figures
4 and 5 is that the circuit powers up faster when a higher
voltage is applied at the input of the power supply. A rectified
285VAC line gives a 400VDC line which allows the primary of
the transformer to have a higher di/dt and consequently induce
a large voltage in the secondary auxiliary winding. This causes
the capacitor C1 to charge up faster as compared to operation
at 40V. The peak power dissipation for the LND1E is
P=(400V)(2.4mA)=0.96 Watts for only 240 milliseconds.

Higher Start-up Current

The Supertex DN2540N3 can be used for applications requir-
ing much higher start-up currents because the Idss minimum of
this device is rated at 150mA. This device has a BVpgg rating
of 400V minimum and is available in the TO-92, TO-220, SOT-
89 and TO-39 package to suit various commercial, industrial
and military grade applications.

This device can be used by an addition of a current limiting
resistor, Ry as shown in Figure 6. The small current limiting
resistor, Ry, is recommended to develop a slightly negative
Vs to set the desired output current and ensure the I, value
does not allow the DN25D power rating to be exceeded.

Conclusion

The start-up circuit using the LND150N3 improves the overall
efficiency, reduces power dissipation, widens operating input
voltage range, and reduces board space which would be re-
quired by a large power resistor. For surface mount require-
ments, the LND150N8, which is the SOT-89 (TO-243AA) ver-
sion of the part, allows efficient use of board space.

K]
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HTO04 Series
Application Note
AN-D26

High Voltage Isolated MOSFET Driver

The Supertex HT0440 is a dual high voltage isolated driver
utilizing Supertex’s proprietary HVCMOS technology. It is de-
signed to drive discrete MOSFETSs configured as bidirectional
or unidirectional switches. It can drive N-channel MOSFETSs as
high side switches up to 400V. The HT04 has an internal clock
which generates two independent DC isolated voltages to the
outputs, Voyra and Voyre, When logic inputs A and B are at

logic high. The internal clock can be disabled by applying an
external clock signal to the CLK pin. This allows the power
dissipation and AC characteristics to be tailored to meet spe-
cific needs. The HT04 does not require any external power
supplies. The internal supply voltage is supplied by either of the
two logic inputs A or B when they are at logic high.

. A O0—
Logic
Inputs

B 0—]

CLOCK O—

Figure 1

For

| e ouT
) T IN oy

A i ———

OUTPUTS

B

Switches up to £400V from ground referenced logic
Provides £700V isolation between outputs
No floating power supplies required to bias MOSFETs

1mA max. input operating current per channel
No biasing current required from high voltage rails
Low profile, surface-mount packaging
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N-CHANNEL HIGH SIDE SWITCHES:

Driving high side N-channel MOSFETSs from ground referenced
logic requires a separate power supply thatis 10V to 15V higher
in potential than the high side rail. This is necessary to provide
the gate bias to control the MOSFETSs. Alternatively, a P-channel
MOSFET can be used with a voltage level translation scheme
that maintains a safe 10V to 15V differential between gate to
source. As shown in figure 2, an N-channel MOSFET can be
driven from afloating gate drive provided by the HT04. As shown

HTO04 Series Applications

in the circuit, the input to the HT04 is connected to the output of
a microprocessor, thereby providing a convenient and safe
interface. Another advantage is the lower cost of an N-channel
MOSFET compared to a P-channel device, especially if low on-
resistance is necessary. This two chip solution is cost effective,
since the component count is much lower than any other
previously used method.

0V to +400V

o——MUa
3.3Vto 5.0V
Logic
o——28
2 CLK
! GND

VouTt
0V to +400V

Vout2
0V to +400V

Figure 2

HT04

TOTEM POLE HIGH VOLTAGE OUTPUT

The high side, or “top-side,” switch in a totem pole configuration
requires complicated drive and level translation schemes as
mentioned earlier in this application note. A simple way of
switching an output between positive and negative voltage rails
directly from 5 volt logic is to use 2 N-channel MOSFETs with a
single HT04. Again, the floating and isolated outputs of the HT04
are used to directly drive the top and bottom side N-channel
MOSFETSs. The logic control inputs can be exercised to produce
break-before-make switching that eliminates potential short
circuiting of the positive and negative rails. This easy technique
enables the output to be switched between +350 volts and -350

volts by simply applying a +5 volt logic control to both logic inputs
of the HT04. No other interfacing is required. The circuit is ideal
for lower switching speed applications. An external clock can be
used at a lower frequency than the on-chip clock of 1MHz to
reduce current input demand into the logic control pins. In this
case, Pin 2 is simply connected to the external clock instead of
ground.

Compared to previously used schemes for driving MOSFETS,
e.g. pulse transformers and optical isolators, this technique
utilizes smaller and less costly components, thereby saving
board space and cost.

Vpp = OV to +350V

oO———A

3.3Vto 5.0V
Logic

External 2
Clock | CLK

GND

—1
Vour = Vep to Vn

——

Figure 3

HT04

1
Viy = OV to —350V
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CONSTANT RESISTANCE ANALOG SWITCH:

Applications that require a constant on-resistance over a wide
range of analog signals will benefit considerably from the HT04.
Any MOSFET used in conjunction with a HT04 will exhibit a fixed
“ON" state resistance due to the constant value of voltage across
the gate and source of the MOSFET switch (see Figure 5). This
gate-source voltage differential will remain independent of the
voltage level and polarity of the analog signal through the switch.
Some examples of applications that benefit from this technique

CONVENTIONAL APPROACH

are high-end audio, sample and hold, and data conversion
circuits.

Figure 4 shows a commonly used scheme for most Analog
Switch ICs that utilizes an N- and P-channel MOSFET. A major
disadvantage of this configuration is that the on-resistance of the
analog switch changes with variations in the amplitude of the
signal voltage.

15V

L
L_<_{'>
_|

— | ..

Rswitch

P ~
* o)
AN c o .
N S O ’
N = C ’
N =8 ’
N\\ R UJ.% L’
~ ~ (] .
o ~ o PR
~ ~ - P
~ ~ _-
S a Sl -7

-15V ov +15V
Analog Signal Voltage
Figure 4
HT04 SOLUTION
)
& B
+ ®
(]
Vour -
HT04 - Rswitch
}_‘—o 4—‘ -15V ov +15V
) Analog Voltage
Figure 5
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POWER MANAGEMENT CIRCUITS:

With outputs that are not only electrically isolated from each
other but also isolated from the logic controls and the ground
reference, the HT04 is useful in a variety of power management
circuits. The simple application of input logic allows for power
rails to directly switch up to 400 volts via high voltage N channel

HT04 Series Applications

MOSFETS. The HT04 structure, which has a high degree of
galvanic isolation, independently controls two separate power
circuits. These power loops need not even have the same
ground reference as the logic signals; they can be totally floating
systems with their own “ground” references.

VN3205N8
l——K]'—l Vep = 12V
L vNazosns L ¥ L
12V — -
T L—Kl—l Vpp = 5.0V
N s
Flash
5.0V
3.3V 10 5.0V : cireut | Moo
. 0 2. 8
Logic i _L
7

Figure 6 =

ELECTROLUMINESCENT BACKLIGHT DRIVER:

The isolation feature of the HT04 driver outputs make themideal
for driving Totem Pole N-channel MOSFETS between both
positive and negative voitage raiis. The low input logic current of
the HT04, together with the fact that it need not be driven from

a power supply, conserves power from batteries in portable
systems. The low profile height and package size of the surface
mounted HT04 make it ideal for use in backlight systems in a
portable application.

O—oH
3.3Vto 5.0V
Logic 8
2
7

+100V
TN2524N8
+100V

J—]——r—mov

Figure 7

TN2524N8

-100V




HIGH VOLTAGE SELECTOR SWITCH:

The HT04 is compatible in voltage capability with the wide range
of high voltage driver ICs from Supertex. Figure 8 shows an
HV2216 Analog Switch used in a typical ultrasound detection
system.

To exercise the required control on piezoelectric transducer
connected to the outputs of the HV22186, different levels of high

HTO04 Series Applications

voltages need to be applied to the analog switch. The HT04
driver offers a simple and cost affective way to achieve this
control. In applications where high board density is required, the
low power dissipation and surface mount packaging of the HT04
make it an ideal solution.

Figure 8

+150V
o1 TN2524N8
3.3V t0 5.0V v
i PP
Logic 8
2
TN2524N8
7
HV2216
= +40V Analog
Switch
IC
o1 TN2524N8
3.3V t0 5.0V
Logic 8 Van
2
TN2524N8
7
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FAST TURN-OFF BREAK-BEFORE-MAKE SWITCH:

The turn-on time of a typical driver is related to the input
capacitance of the MOSFET it is driving. T,, is 0.25 x 10° x
MOSFET C,.

Similarly, the turn-off time of the driver is 106 x (MOSFET C

ISS) -

In this situation, t,._ is greater than t . For a system using

multiple switches, however, there may be a problem since some
switches will close before others open. Using the HT04 as shown
in Figure 9 will provide a solution to this problem and ensure that
the correct switches open before others close. To achieve turn-
off time that is less than turn-on time, a small depletion-mode
MOSFET placed on the output of the HT04 (as shown) will slow
t,, such that the circuit exhibits break-before-make switching.

(e

TN2524N8 TN2540N8
i T3 E
-1 1 =1 =

LND150N8

3.3V to 5.0V
Logic

2! cLK

Figure 9 L HT04

AUTOMOTIVE HIGH SIDE SWITCHES:

In automotive applications requiring large MOSFETSs, an N-
Channel MOSFET with the same R, and BV ¢ as a P-channel
will be half the size of the P-channel device and, cost-wise, would
be a more effective solution.

The floating gate drive of the HT04 allows direct interface of a 5V
microprocessor output to an N-channel MOSFET. An important
advantage of using the HT04 is that isolation is provided between
the load, which is usually in a high transient voltage environment,
and the low voltage control circuitry.

12V Battery
o1 4 o .
Logic 8 3 — —e
Input S q
2 5 i
7
- HT04 VAN Solenoid Lamp
Figure 10 =
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DATA ACQUISITION USING FLYING CAPACITOR:

Present solutions for collecting and routing analog data into data
acquisition systems usually use relays or opto-coupled systems.
Although these solutions provide the necessary isolation from
the analog line to the control line, they have significantdrawbacks.
They are typically large, high profile devices that draw
considerable power and exhibit slow switching speeds. With the
HTO4, higher speeds are achieved in routing the signals, and

there is no degradation of the isolation voltage. Additionally,
higher board density and a lower profile solution is provided with
the HTO4 in the SO-8 package. Another advantage is greatly
reduced power consumption. Figure 11 shows a solution using
the HT04, LND150N8 (depletion-mode MOSFETSs) and
TN2540N8 (enhancement mode MOSFETSs) all manufactured
by Supertex in surface mount packages.

LND150N8 LND150N8 TN2540N8 TN2540N8
0]
T 1 —r‘_{
4 | 1
Input Signal c O i
with Large H 3 8 Logic Signal
Common Mode 5 Input Processing
Voltage — Circuit
6 6 7
=t — |
] [} ] T T 5
| IR B S | HTO04 =
LND150N8 LND150N8 TN2540N8 TN2540N8
Figure 11

SOLID STATE RELAY:

The HTO04 technology allows multiple channel drives to be built
monolithically IC. The 2 channel HT04 has galvanic +400V
isolation between the outputs and logic inputs, and +700V
isolation between output channels. The HT04 driver along with
the MOSFET switches is analogous to a relay.

The HTO04 will drive both depletion-mode and enhancement-
mode bidirectional MOSFETS, thereby giving either normally
open and normally closed “contacts.” The low profile SO-8
surface mount HT04 gives this solution an added advantage
over the single channel high profile opto packages, and is also
lower in cost.

A Input o—n—|

B Input o———

CLK |

ov

400V

—| - 400V

Figure 12




HIGH AND LOW SIDE MOTOR DRIVERS:

Motor drive that requires on/off as well as reverse control often
use P-channel, MOSFET switches in the top end of H-bridge
configurations. With the HT04, these P-channel FETs can be
replaced by less expensive N-channel switches. This solution is

HTO4 Series Applications

particularly attractive where it is only necessary to have a
forward/reverse control without any critical speed control. Shown
below are 4 N-channel MOSFETS configured with a HT04 driver
to provide a cost effective solution.

Logic
Inputs

Logic
Inputs

Figure 13

350VO:

TN2540N8

cO

i}mzsms {(ﬁ
TN2540N8
TN2540N8

B O0——————e]
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Application Note
AN-D27

DMOS Devices For Telecommunications

Supertex DMOS transistors provide rugged and efficient solu-
tions for various functions for telecommunication applications.
Their combined features of high breakdown voltage, low thresh-
old voltage, low on-resistance, and low input capacitance are
the basis for their design-ins. High breakdown voltage is re-
quired to withstand ring voltages, AC line power crossing, and
the residuals of lightning surges. Low threshold voltage and low
on-resistance ensure handset specifications are met under

Electronic Hook Switch

long loop conditions: far away from the central office. Low input
capacitance allows for fast switching speeds while minimizing
bias current.

Supertex high voltage low threshold DMOS transistors are
available in N-channel and P-channel versions. Both enhance-
ment-mode and depletion-mode are offered. Various through
hole and surface mount packages are available.

Tip

Ring O—

TP2640N3

N
LT

Telephone
Handset
Circuits

400V P-channel MOSFET

-2.0V maximum threshold voltage

Guaranteed 15Q maximum on-resistance at Vgg = -2.5V
Negligible susceptibility to transient turn-on



Pulse Dialing/Muting Function

AN-D27

Tip

Ring O—

v e
=

TN2540N8

L

4

[:K] Receiver

ﬂ Microphone

TN2540N8

-

Pulse
Dialer
IC

Mute

* 400V N-channel MOSFET
¢ 1.8V maximum threshold voltage
¢ Maximum input capacitance of 125pF

Memory Power Supply

Tip

Ring O—

IN4625

= (5.1V)

LND150N3

Vop

Memory
IC

L

* 500V depletion-mode MOSFET
¢ 1.0pamp maximum quiescent current
¢ 1.0mamp on demand output current
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LR Series
Application Note
AN-H28

Selecting High Input Voltage
Start-Up ICs for SMPS

Supertex LR6 and LR7 are high input voltage switch mode
power supply (SMPS) start-up circuit ICs. These start-up ICs
allow industry standard low voltage PWM ICs to be operated
from rectified utility power lines, e.g. 120VAC or 240VAC,
eliminating the use of power resistors often used for this
purpose. Current from the high voltage line is drawn only
during the start-up period. The LR6 is designed for PWM ICs
with low start threshold voltages whereas the LR7 is suitable
for PWM ICs with high start threshold voltages. Please refer
to the LR6 and LR7 data sheets for detailed information and
specifications.

Vourt Vee

VIN O— PWM IC

|

LR6

T
1

Figure 1: Adding a series low voltage diode

The chart shown below is a list of popular industry standard
PWM ICs. Either the LR6 or LR7 is recommended to power
these PWM ICs directly from a high voltage bus up to 450VDC.
The majority of devices in this selector guide can utilize the
LR6 or the LR7 without any additional components. However,
the start voltages for some PWM ICs require an additional
diode or a zener diode. One asterisk in the start-up device
column indicates the LR6 is to be used with a diode in series
to ground as shown in Figure 1 below. Two asterisks indicate
the LR6 requires a zener diode in series to ground as shown in
Figure 2.

Voutr Vee

ViIN O—

+
5.1V

Figure 2: Adding a series 5.1V zener diode

LR6

PWMIC

GND C
vz

=
e

Industry Standard IC Start Threshold Voltage

Stop Voltage Start-up Device

uc1823
uc2823
uc3823

8.8109.6

7.6t09.2 LR6*

UC1823A/25A
UC2823A/25A
UC3823A/25A

8.4109.6

721092 LR6*

uC1823B/25B
uC2823B/25B
uC3823B/25B

14t0 17

9.0to 10 LR7

uc1824
uc2824
uC3824

8.8109.6

7.6109.2 LR6*

*  Add a diode in series with the ground pin of the LR6 to ground.
**  Add a 5.1V zener diode in series with the ground pin of the LR6 to ground.
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LR Series Applications

Industry Standard IC

Start Threshold Voltage

Stop Voltage

Start-up Device

uc1825
ucas25
UC3825

8.8109.6

7.6109.2

LR6*

UC1842/44
UC2842/44

15t0 17

9.0to 11

LR7

UC3842/44

145t017.5

85t0 115

LR7

UC1843/45
UC2843/45

9.0to 11

7.0t0 8.2

LR6**

UC3843/45

85t011.5

7.0t082

LR6™*

UC1842A/44A
UC2842A/44A

151017

9.0to 11

LR7

UC3842A/44A

145t017.5

8.5t 11.5

LR7

UC1843A/45A
UC2843A/45A
UC3843A/45A

7.8109.0

7.0t08.2

LR6

uC1848
uCc2848
UC3848

11.5t0 14

9.0to 11.5

LR6™*

uc1854
uc2854
UC3854

145t017.5

9.0to 11

LR7

UC1854A
UC2854A
UC3854A

16to0 17.5

9.0to 10

LR7

uc1854B
uca854B
uC3854B

10.5t0 10.8

9.0to 10

LR6**

ucC1860
UC2860
UC3860

1610 18.5

9.5t0 12

LR7

UC1861/62/65/66
UC2861/62/65/66

|___UC3861/62/65/66

15t0 18

9.5t0 11.5

LR7

UC1863/64/67/68
UC2863/64/67/68
UC3863/64/67/68

7.0t09.0

6.0t0 8.0

LR6

ucC1875/77
uc2875/77
uca875/77

10.75

9.25

LR6**

UC1876/78
uC2876/78
uUC3876/78

15.25

9.25

LR7

UC1891/93
UC2891/93
UC3891/93

15t0 16

9.0to 10

LR7

UC1892/94
UC2892/94
UC3892/94

11t0 115

9.0t0 10

LR6**

UCC1570
UCC2570
UCC3570

12t0 13

8.0to 10

LR6**

*

Add a diode in series with the ground pin of the LR6 to ground.

** Add a 5.1V zener diode in series with the ground pin of the LR6 to ground.
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LR Series Applications

Industry Standard IC Start Threshold Voltage Stop Voltage Start-up Device
UCC1800 6.6t07.8 6.3t07.5 LRé
uCC2800

UCC3800

ucc1801 8.6t0 10.2 6.810 8.0 LR6**
ucc2801

UCC3801

UCC1802/04 11.5t013.5 7.6109.0 LR6**
UCC2802/04

UCC3802/04

UCC1806 6.51t0 8.0 5.75t07.25 LR6
UCC2806

UCC3806

uccC1883 8.0to 10 6.5t07.5 LR6**
uCcC2883

uUCC3883

UC1855A 16t0 17.5 9.0to 10 LR7
UC2855A

UC3855A

uUCC1855B 10.5t0 10.8 9.0to 10 LR6**
uCcC2855B

UCC3855B

uccC1810 10.5t0 13.2 7.5t09.5 LR6™*
ucca810

UCC3810

ML1825 8.810 9.6 7.6t09.2 LR6*
ML4809/10/11 15t0 17 7.51010.5 LR7
ML4812/13 15to0 17 9.0to 11 LR7
ML4815 134 9.8 LR6**
ML4819 15t0 17 9.0to 11 LR7
ML4823 8.8109.6 7.6t09.2 LR6*
ML4824 1210 14 9.0to 11 LRe**
ML4825 8.810 9.6 7.6t09.2 LR6*
LT1241 9.0t0 10.2 7.0t08.2 LR6**
LT1242/44/46 15t0 17 9.0to 11 LR7
LT1243/45 7.8109.0 7.0t08.2 LR6
LT1248/49 15510 17.5 9.5t011.5 LR7

* Add a diode in series with the ground pin of the LR6 to ground.
** Add a 5.1V zener diode in series with the ground pin of the LR6 to ground.
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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 IN-
CLUDETHE FOLLOWING TECHNIQUES IN ORDERTO AVOID
POSSIBLE STATIC DAMAGE:

MOS devices must be stored in containers such as bags or
tubes made of conductive and/or static dissipative material
(DOD-HDBK-263).

. The person handling the device should wear a wrist-strap

grounded through a resistor of 1MQ £10%

. Workstations should have grounded conductive mats over

non-conducting surfaces.

. All conductive surfaces and equipment must be connected to

earth ground.

. Rubber gloves, finger cots and clothing that are recom-

mended to be worn by any person handling parts must be the
type which does not generate electrostatic charges.

. All parts should be handled by their packages and not by the

leads.

. Relative room humidity should be kept between 45 to 60%

since static generation increases exponentially as humidity
decreases.

. Work, testing and storage areas should be mopped monthly

with staticide solution or equivalent.

. For further details refer to DOD Handbook 263 and DOD

Standard 1686.

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

3M Nuclear Products
3M Center
St. Paul, MN 55101

Wescorp/DAL Industries, Inc.

Conductive Bags, Grounding
Mats, Tote Bins and Other
Material

Wrist Straps

1155 Terra Bella Ave.
Mountain View, CA 94043

Biggam Enterprises, Inc.
2124 Bering Dr.
San Jose, CA 95131

Free-Flow Packaging Corp.
2500 Middlefield Rd.

Wrist Straps, Staticide and
Other Antistatic/Conductive
Material

Anti-Static Packaging
Material

Redwood City, CA 94063

SpectraScan

Static Control Monitors

1110A Elkton Dr.
Colorado Springs, CO 80907



UNDERWRITERS LABORATORIES INC.
CERTIFICATE O F R EGISTRATI ON

Supertex, Inc.
1225 Bordeaux Drive
Sunnyvale, CA 94088-3607

Underwriters Laboratories Inc.® (UL) issues this certificate to the Firm named above, after assessing
the Firm's quality system and finding it in compliance with

ISO 9001:1994

EN 29001:1994; BS EN ISO 9001:1994; ANSI/ASQC Q9001:1994

for the following scope of registration
3674 (US) : Semiconductors and Related Devices

The design and manufacture of semiconductor components utilizing
advanced Double-Diffused Metal Oxide Semiconductor (DMOS) and High
Voltage Complementary Metal Oxide Semiconductor (HVCMOS) integrated
circuit technologies.

This quality system registration is included in UL's Directory of Registered Firms and applies to the
provision of goods and/or services as specified in the scope of registration from the address(es)
shown above. By issuance of this certificate the firm represents that it will maintain its registration in
accordance with the applicable requirements. This certificate is not transferable and remains the
property of Underwriters Laboratories inc. ®.

File Number:. A3037

Volume: 1

Issue Date: July 28, 1994
Revision Date: March 21, 1995
Expiration Date: July 28, 1996

=V

S. Joe Bhatia
Vice President
Follow-Up Services

4-2



@ Supertexinc.

Quality Assurance

The Management of Supertex, Inc. 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 timely 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
controls for monitoring manufacturing processes and equip-
ment; to provide real time feedback of information concerning
the state-of-control; and to initiate statistically valid techniques to
furtherimprove quality and reliability levels. This concept is used
extensively in, but not limited to, the following major Quality
Control functions:

* Incoming Raw Materials
* In-process Wafer Fabrication
* In-process Assembly

Quality Assurance (Standard and Hi-Reliability) — The pri-
mary responsibilities of the Quality Assurance Department are to
assure that the delivered product meets workmanship standards
imposed for standard or hi-reliability products and/or special
customer requirements. This is accomplished through a pro-
gram of process controls and gate inspections designed so that
all devices are properly tested and sampled prior to shipment.
Real time feedback, concerning control/inspection data, keeps
all relevant personnel fully informed on the quality level of
product going through final test operations. Major Quality Assur-
ance functions include:

* Incoming Contract Subassemblies

* Outgoing Wafer Electrical and Visual Inspection
* Product Assurance Electrical Test

¢ Plant Clearance

Reliability — The primary responsibility of the Reliability function
is to assure that a high and consistent level of product reliability
is continually being produced. The Reliability Department estab-
lishes, defines and maintains evaluation programs to determine
process/product reliability. Major Reliability activities include:

* Failure Analysis
* Hi-Reliability Program

* Process/Product Qualification
* New Product Design Evaluations
* 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:

« 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 Management maintains a dual level of
reporting; with direct report to the R & QA Manager for R & QA
program coordination and by dotted line to the Product Vice
President respective of product service for Reliability Assurance
support.

It is the responsibility of the R & QA Manager to administer the
planning, organization, execution, surveillance, appraisal, correc-
tive action and documentation of Quality Programs. The character,
responsibility and authority vested with the R & QA Manager will
establish the means to attain the necessary quality and reliability
objectives in all aspects of manufacturing within the accorded
guidelines of this manual.

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:

* Documented instructions for material evaluation, proce-
dures, flow, workmanship standards, test methods and
statistical sampling.

* Incoming inspection of raw materials.

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

* Vendor qualification and ongoing vendor performance
appraisal.

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

* 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:

¢ Qualification of external calibration services.

* Traceability of references to National Institution of Stan-
dards and Technology. Identifications of measurement and
test equipment (electrical, mechanical, and optical) for type
and frequency of calibration.

* Document file certifying equipment calibration and recall
history.

* Management report on recall status.

* 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 semi-
conductor processing and associated documentation for Wafer
Fabrication, Assembly, and Post Assembly Finishing through Final
Outgoing Plant Clearance. Flow charts are prepared 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 without
prior approvals from the R & QA Manager and respective Product/
Operations Vice President. Applicable Assembly Packaging 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,
manufacturinginspection 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.

Major elements found in Supertex's Quality Control Program are
summarized by, but not limited to, the following:

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

* Routine Scanning Electron Micrography (SEM) of semicon-
ductor devices.

* Specification compliance audits.

* Random monitor of wafers in-process.

* Electrostatic discharge prevention/monitor.

* Productlot 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 identification
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 documenta-
tion requirements are assured prior to submission of product to
Customer Source Inspection and final Outgoing Plant Clearance:

» Test equipment correlation and qualification.

* Monitor manufacturing test operations.

* Ensure conformance of product lots to detailed customer test
requirements (electrical, external visual, mechanical).

* Assure proper and complete documentation for each product
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 pro-
cess, circuit layout and characteristics, assembly process, package
materials, and application. Hence, Reliability Engineering is in-
volved in evaluating all critical factors of reliability, starting with the
design and first prototype functional circuit. From analysis, modifi-
cation 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 established 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

* Procedures for qualification of new product designs require
Reliability participation and approval in design reviews, docu-
mentation, characterization, and reliability stress studies.

* New package qualification is approved and released for pro-
duction by Reliability after prescribed environmental tests have
been successfully completed.

* Qualification of a new product is granted only after Quality and
Reliability have completed evaluation of process control stud-
ies. Significant modifications to existing processes are treated
as new processes for the purpose of qualification.

* 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

* 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 effectiveness of equip-
ment.



* Packages are evaluated using all applicable methods of MIL-
STD-883; Class B, or MIL-STD-750, as appropriate. Data are
reported, as specified, in detailed procedures for each pack-
age-chip combination. Package Monitor programs include, but
are not limited to, the following general tests, using the appro-
priate conditions specified in MIL-STD-883, Class 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)

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

Failure Analysis

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

* Reliability Engineering also performs failure analysis in mode
and the mechanism of all failures (both from routine reliability
tests and customer returns).

Failure Analysis Support Activities include:

* Qualification of existing products for new applications.

» 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.

* 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, metalography, thickness measurements, selec-
tive etching, and die probing.

* Customer’s requests for failure analysis are filled by Reli-
ability, which coordinates all replies to customers and ap-
proves all correspondence outside the Company.

* 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 Ac-
tion Request is generated by Reliability. No shipment may
occur ifthe integrity of product reliability would be jeopardized.

Reporting and Publication of Data

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

Reliability is responsible for assisting the Marketing department 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 DESC 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 characteristics and condi-
tions of manufacturing — with the following considerations given:

» Design complexity and fabrication processing technology.
* Package type/assembly construction and materials.
* 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 assembled/tested product to ensure
that all conditions of processing have been satisfied and that
support documentation, as specified by contract, is maintained 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:

* 1SO 9001 International Standard, Quality Manage-
ment and Quality System.

Clean Room and Work Station Require
ments, Controlled Environments.
Electrostatic Discharge Control Hand-
book for Protection of Electrical and
Electronic Parts, Assemblies and
Equipment

Electrostatic Discharge Control Program
for Protection of Electrical and Elec
tronic Parts, Assemblies and Equipment.

* FED-STD-209

* DOD-HDBK-263

* DOD-STD-1686

* MIL-M-38535 Microcircuits, General Specification For.

* MIL-Q-9858 Quality Program Requirements.

* MIL-1-45208 Inspection Systems.

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

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

* MIL-STD-750 Test Methods for Semiconductor

Devices.

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

* MIL-STD-202 Test Methods for Electronic and Electri-

cal Component Parts.
* MIL-STD-45662  Calibration System Requirements.
* Special Customer Specifications
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Wafer Fab

Qc
Photomasks and
Substrates

Wafer Fabrication

QcC
Finished Wafer
Inspection

Wafer
Backside Process

100% Wafer
Electrical Test
(Sort)

QA

Visual Inspection

To Assembly or
QA Plant Clearance
(Wafers Only)

Assembly

Saw and Visual

Qc
Visual Inspection

Die Attach

Wire Bond

QcC
Visual Inspection

DMOS /HVCMOS
Standard Product
Flow

QA Plant Clearance
(Dice orders only)

Qc
Die Attach
Monitor

QcC
Wire Bond
Monitor

[ |
Seal Mold
(Hermetic Only) (Plastic Only)
Stabilization Post Mold Cure
Bake

Gross and Fine
Leak

Marking

Marking

Trim and Form

l

Temperature
Cycle (option)

QcC

Visual Inspection

To Test
(See page 5-2)

[ D |



DMOS /HVCMOS Standard Product Flow

Test

QA Visual
Inspection

100% Electrical Test

Optional Burn-in

[ Reliability
Monitor

100% Electrical Test

Mark

QA Visual,
Mechanical and
Electrical Inspection

QA Plant
Clearance Inspection

Ship




@ Supertexinc.

RB PRODUCT FLOW (1)

(SIMILAR TO MIL-STD-883

CLASS B)

Preseal Visual
Method 2010, Condition B

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

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

I
Constant Acceleration  (2)
Method 2001, Condition D/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 AI
or B,

5x10°® atm cc/sec

I
Gross Leak 2
Method 1014, Condition C1

I
Trim and Mark @ |

I
Extemal Visual I

T
Electrical Test (4)
100% Go/No-Go,

Static and Functional

Tests @ Max Rated
Temperature

|
Dynamic/HTRB Bum-in
Method 1015, Condition C,
160 Hrs. @ 125°C

Electrical Test

100% Go/No-Go

Static Dynamic and
Functional Tests @ 25°C

Electrical Test

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

I

Group A

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

Group B Sample  (3)
Per MIL-STD-883

RC PRODUCT FLOW

Preseal Visual
Method 2010, Condition B

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

T
Temperature Cycle [(3)
Method 1010, Condition C,
10 Cycles, -65°C to + 150°C
10 min. Minimum @
Temperature Extremes

I
Constant Acceleration  (2)
Method 2001, Condition D/E,
Y, Axis Only
2,000 G for 24-40 LD PKGS
30,000 G for 8-20 LD PKGS

Fine Leak )
Method 1014, Condition A‘
orB,

5x 10°® atm cc/sec

I
Gross Leak 2)
Method 1014, Condition C1

|
Trim and Mark @ |

1
Extemal Visual '

I
Electrical Test 4)
100% Go/No-Go,
Static and Functional
Tests @ Max Rated
Temperature

Group A

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

Group B Sample 5)
Per MIL-STD-883

HVCMOS IC
Process Option Flows

COMMERICAL PRODUCT FLOW

Preseal Visual
Supertex Standard

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

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

orB,
5x 10°® atm co/sec

Method 1014, Condition C1
I
Trim and Mark

T
Gross Leak 1% AQL () 1

’ External Visu;l ,

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

I_T"E“’L.|_ —

[OptionalHTRB or  — ™|
Dynamic Bum-in

| Method 1015, Condition A |
orC,

Li&is.g125°0_ _ _]

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

1

Group A

25°C Tests 0.65% AQL

D |

Note 1: Processing consists of 100% screening and Group A.
Generic group B, C and D data available on request.

Note 2: Hermetic packages only.

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

Note 4:  As required.

Note 5: No group C & D

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

DMOS Process
Option-Flow Chart

SX FLOW
DMOS ARRAY (SIMILAR TO JAN TX)
RB FLOW® SXV FLOW®
(SIMILAR TO MIL-STD-883 (SIMILAR TO JAN TXV)
CLASS B) MIL-STD-750
Preseal Visual Preseal Visual 6)
Method 2010, Condition B Method 2072

SJ FLOW
(SIMILAR TO JAN)
MIL-STD-750

COMMERICAL BURN-IN
SC FLOW
MIL-STD-750

STANDARD PRODUCTS
MIL-STD-750

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

I
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

T
Temperature Cycle
Method 1010, Condition C,
10 Cycles, -65°C to +150°C
10 minutes minimum @
each temperature extreme

I
Temperature Cycle
Method 1051
20 Cycles, -65°C to + 150°C
15 minutes minimum @
each temperature extreme

1
Constant Acceleration ~ (2)
Method 2001, Condition E,
Y1 Axis Only -20,000 G

I
Constant Acceleration  (2)
Method 2006
Y1 Axis only.
TO-3-10,000 G,
Others — 20,000 G

Fine Leak (2
Method 1014, Condition A
or B,

5x 108 atm cc/sec

Fine Leak (2)
Method 1071, Condition G
orH,

Maximum Leak Rate

TO-3 -5 x 10°® atm cc/sec
Others — 5 x 10™ atm cc/sec

Gross Leak 2)
Method 1014, Condition C,
I

I
Gross Leak 2
Method 1071, Condition C

I

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

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

—_ L
HTRGB Burn-in (
Method 1015, Condition A,

l_48 Hrs. @ 150°C

I
HTRGB Burn-in (3)
Method 1042, Condition B,
48 Hrs. @ 150°C

[_Elemcm' est - (E'Tl
100% Go/No-Go

L35°_C_D._(_3; Parameters |

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

HTRB Burn-in
Method 1015, Condition A,
80 Hrs. @ 150°C

HTRB Burn-in

Method 1042, Condition A,
160 Hrs. (+8 Hrs., - 0 Hrs.)
@ 150°C

I
Electrical Test (Post burn-in)
100% Go/No-Go
25°C D.C. Parameters

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

Electrical Test
100% Go/No-Go,

Group A, Subgroup 2
I

Fine Leak 1% AQL 2)
Method 1071, Condition G
orH,

Maximum Leak Rate

TO-3=

Cond. H 5 x 10°® atm cc/sec
Cond. H 1 x 107 atm cc/sec
Others =5 x 10°® atm cc/sec

Fine Leak 1% AQL 2)
Method 1071, Condition G
orH,

Maximum Leak Rate
TO-3=

Cond. H 5 x 10°® atm cc/sec
Cond. H 1 x 107 atm cc/sec
Others = 5 x 10°® atm cc/sec

Fine Leak 1% AQL (2)
Method 1071, Condition G
or H,

Maximum Leak Rate

TO-3=

Cond. H 5 x 10°® atm cc/sec
Cond. H 1x 107 atm cc/sec
Others = 5 x 10°® atm cc/sec

Gross Leak (2)
Method 1071, Condition C

Gross Leak (2)
Method 1071, Condition C

|
Gross Leak (2
Method 1071, Condition C

I

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

Group A Group A Group A
Subgroup 1 VIS/MEC, Subgroup 1 VIS/MEC, Subgroup 1 VIS/MEC,
LTPD 5, LTPD 5, LTPD 5
Subgroup 2D.C. @ 25°C Subgroup 2 D.C. @ 25°C Subgroup 2 D.C. @ 25°C,
LTPD 2, LTPD2, LTPD 2,
Subgroup 3 D.C. Min./Max. Subgroup 3 D.C. Min./Max. Subgroup 3 D.C. Min./Max.
Temperature, Temperature, Temperature,
LTPD 2, LTPD 2, LTPD 2,
Subgroup 4 A.C. Subgroup 4 A.C. Subgroup 4 A.C. LTPD
LTPD 2 LTPD2 2

Note 1: Processing consists of 100% screening and Group A only. Note 4:

Generic Group B, C, & D data available on request. Note 5:

Note 2:
Note 3:

Hermetic packages only.

HTRGB-High temperature reverse gate bias.

Note 6:

HTRB Burn-in
Method 1042, Condition A,
96 Hrs. @ 150°C

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

Group A Group A
Subgroup 1 VIS/MEC, Subgroup A 0.65% AQL
LTPD 5, Subgroup 1 VIS/MEC,

Subgroup 2 D.C. @ 25°C
LTPD 5

Subgroup 2 D.C. @ 25°C

Read and Record with delta and percent values is optional.
Optional.
Preseal visual for SXV flow only. Not applicable for SX flow

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



DMOS High

‘b Supertexinc. Reliability Products

The following products are available with High Reliability processing per test methods and flows of MIL-STD-750 and MIL-STD-883.
For ordering purposes, add the process flow prefix to the device number as shown in the following examples:

Process Flow Device T' High Rel Part Number

SX VNO104N2 SXVNO104N2

RB VNO106N7 RBVNO106N7
Device Type RB SX SXV SJ SC Device Type RB SX SXvV SJd SC
2N6659 . . . . VNO109N2 . . . .
2N6660 . . . . VNO109N9 . . . .
2N6661 . . . . VNO116N2 . . . .
TNO102N2 . . . . VNO120N2 . L d .
TNO104N2 . . . . VNO335N1 . d . .
TNO106N2 . . . . VNO335N2 . . . .
TNO110N2 . . . . VNO340N1 . . . .
TNO520N2 . . . . VNO340N2 . . . .
TNO0524N2 . . . . VNO0345N1 . . . .
TNO602N2 . . . . VNO345N2 . . . .
TNO604N2 D . . . VNO350N1 . . . .
TNOG606N2 . . . . VNO350N2 . . . .
TNOG606N7 . VNO0300B Refer to TNO604N2
TNO610N2 . . . . VNO535N2 . . . .
TNO620N2 . . . . VNO0540N2 . . . .
TNO0624N2 . . . . VNO545N2 . . . .
TPO102N2 . . . . VNO550N2 . . . .
TPO104N2 . . . . VNO635N2 . . . .
TP0602N2 . . . . VNO640N2 . . . .
TP0604N2 . . . . VNO0645N2 . . . .
TPO606N2 . . . . VNO650N2 . . . .
TPO606N7 . VN10KN9 . . . .
TP0610N2 . . . . VN1206B Refer to TNO620N2
TP0616N2 . . . . VN1210B Refer to TNO620N2
TP0620N2 . . . . VN1304N2 . . . .
TQ3001N7 . VN1306N2 . . . .
VCO0106N7 . VN1310N2 . . . .
VNO104N2 . . . . VN1706B Refer to TNO620N2
VNO104N7 . VN1710B Refer to TNO620N2
VNO104N9 . . . . VN2106NF .
VNO106N2 . . . . VN2110NF .
VNO106N7 . VN2206N2 . . . .
VNO106N9 . . . . VN2210N2 . . . .

D |



DMOS High Reliability Products

Device type RB SX SXV SJ SC Device type | RB SX SXV SJ SC
VN2220N2 . . o . VP0535N2 . . .
VN2222NC . VPO0540N2 L4 * o .
VN2224N2 ] . . . VPO0545N2 . . 4 .
VPO0O104N2 . . . . VP0550N2 . 4 o .
VPO104N7 . VP0O635N2 . . . .
VP0104N9 . . . 3 VP0640N2 . . . .
VP0106N2 . . . . VP0645N2 . ° . .
VPO106N7 . VPO650N2 . . . .
VPO106N9 o o . . VP0808B Refer to TP0610N2
VPO109N2 . . . . VP1008B Refer to TPO610N2
VPO109N9 . . . . VP1304N2 . . d b
VPO116N2 . . . . VP1306N2 . L . .
VPO120N2 . . . . VP1310N2 . . . L
VPO0O335N1 . d d 4 VP2206N2 . . . 4
VP0O335N2 . . . . VP2210N2 . . . .
VP0340N1 . . . . VQ1000N7 i

VP0340N2 . . . . VQ1001P .

VP0345N1 . . . . VQ1004P .

VPO0345N2 . . . . VQ2001P .

VPO350N1 . o . . VQ2006P J

VP0O350N2 . . . . VQ3001N7 .

VP0300B Refer to TP0O604N2 VQ7254N7 .




Alphanumeric Index and Ordering Information

Corporate Profile

Applications Notes 1§

Quality Assurance and Handling Procedures

Process Flow

Selector Guides and Cross Reference K

N- and P-Channel Low Threshold MOSFETs
DMOS N-Channel MOSFETs
DMOS P-Channel MOSFETs

DMOS Arrays and Special Functions

DMOS Depletion Mode MOSFETs

High Voltage Driver/interface ICs W

2R VRSN & FRIRGEE B LS % S n

High Voltage Analog Switches and Multiplexers
High Volitage Inverters/Power Supply ICs B

CMOS Consumer/industrial Products

Package and Lead Bend Options il

Package OQutlines

Die Specifications iL¥

Representatives/Distributors
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Selector Guides

‘b Supertexinc.

Low Threshold MOSFETs

N-Channel
Device BVpee Rpscon loon Ciss Vasm [SOT-23| TO-39 | TO-92 | TO-220 SOT-89| Die | Quad'
Number | min (V) | max(Q) | min{A) | typ(ef) | max(V) | K1 | N2 | N3 | N5 | N8 | ND
TNO102 20 1.8 2.0 50 1.6 L . .
TNO104 40 1.8 2.0 50 1.6 N . L .
TNO106 60 3.0 2.0 50 1.6 . . .
TNO110 100 3.0 2.0 50 1.6 . . .
TN0520 200 10.0 0.3 45 1.5 . . .
TNO524 240 10.0 0.3 45 1.5 . . .
TNO0535 350 22.0 0.25 48 2.0 . ]
TNO0540 400 22.0 0.25 48 2.0 L L
TNO0602 20 0.75 4.0 140 1.6 . . .
TNO0604 40 0.75 4.0 140 1.6 . . . .
TNO606 60 1.50 3.0 100 1.6 . . . . .
TNO610 100 1.50 3.0 100 1.6 . . . .
TN0620 200 6.0 1.0 110 1.6 . . . .
TNO0624 240 6.0 1.0 110 1.6 . . . .
TNO0635 350 10.0 1.0 85 1.8 . .
TNO0640 400 10.0 1.0 85 1.8 . .
TNO0702 20 1.3 0.5 130 1.0 . .
TN2101 15 7.0 0.06 45 1.0 . .
TN2106 60 2.5 0.6 45 1.6 . . .
TN2124 240 10.0 0.14 38 1.8 ] .
TN2130 300 25 0.25 35 2.4 .
TN2501 18 2.5 0.25 70 1.0 . .
TN2502 20 1.0 4.0 70 1.6 .
TN2504 40 1.0 4.0 70 1.6 ® .
TN2506 60 1.5 3.0 70 1.6 d
TN2510 100 1.5 3.0 70 1.6 . .
TN2520 200 6.0 1.0 65 2.0 *
TN2524 240 6.0 1.0 65 2.0 . .
TN2535 350 12.0 1.0 95 1.8 .
TN2540 400 12.0 1.0 95 1.8 . .
TN2635 350 5.0 2.0 180 2.0 . .
TN2640 400 5.0 2.0 180 2.0 . .
Add package suffix for complete part number, e.g., TNO102N3 is TN0102 in TO-92 package.
Note:

1. Package options are defined on individual data sheets.



Low Threshold MOSFETs

P-Channel )

Device | "BVgg Rpsion Ioon Ciss Vasan |SOT-23| TO-39 | TO-92 |TO-220{SOT-89| Die Quad’
Number | min (V) | max (d) min (}\) typ (pf) | max (V) K1 N2 N3 N5 N8 ND
LP0O701 -16.5 1.5 -1.2 120 -1.0 . 2 .

LP0801 -16.5 12 -0.2 70 -1.0 o .
TPO102 -20 4.0 -0.85 45 -2.4 . . .
TP0104 -40 4.0 -0.85 45 -2.4 . . . .
TP0602 -20 2.0 -2.0 95 24 . . .
TP0604 -40 2.0 -2.0 95 -2.4 . . . .
TP0606 -60 3.5 -1.5 80 -2.4 . . . . .
TP0610 -100 3.5 -1.5 80 -2.4 o o . .
TP0616 -160 12.0 -0.75 85 -2.4 . . . .
TP0620 -200 12.0 -0.75 85 -2.4 . . . .
TP2105 -50 6.0 -0.6 45 -2.0 . . .
TP2502 -20 2.0 -2.0 100 -2.4 .
TP2504 -40 2.0 -2.0 100 -2.4 . .
TP2506 -60 35 -1.5 80 2.4 .
TP2510 -100 3.5 -1.5 80 -2.4 . .
TP2516 -160 12.0 -0.75 75 -2.4 .
TP2520 -200 12.0 -0.75 75 -2.4 . .
TP2535 -350 25.0 -0.4 60 -2.4 . .
TP2540 -400 25.0 -0.4 60 -2.4 . . .
TP2635 -350 15.0 -0.7 220 -2.0 . .
TP2640 -400 15.0 -0.7 220 -2.0 . o2 .
Add package suffix for complete part number, e.g., LP0701N3 is LP0701 in TO-92 package.
Notes:

1. Package options are defined on individual data sheets.

2. SO-8 (LG) package.
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Selector Guides

MOSFETs
N-Channel

Device | BVoe |Rosom| 'mom | Ces |SOT-23] TO-3 | TO-39 | TO-52 | T0-62 |T0-220] Quad' |SOT-89| Die
Number | min (V) |max ()| min(A)|typ(e)| K1 | N1 | N2 | No | N3 | N5 N8 | ND
LNE150 500 | 1000 | 30 | 12 | -~ .
VNO104 40 30 | 20 | 55 . . . . . .
VN0106 60 30 | 20 | 55 . . . . . .
VNO0109 90 30 | 20 | 55 . . . . .
VN0335 350 25 | 30 | 550 . . . .
VN0340 400 25 | 30 | 550 . . . .
VN0345 450 40 | 20 | 550 . . , . .
VN0350 500 | 40 | 20 | 550 . . . .
VN0355 550 60 | 15 | 550 . . .
VN0360 600 | 60 | 15 | 550 . . .
VNO535 350 | 350 | 025| 45 . . .
VN0540 400 | 350 | 025| 45 . . .
VN0545 450 | 600 | 0.15| 45 . . .
VN0550 500 | 600 | 0.15| 45 . . .
VN0635 350 | 100 | 0.75] 105 . . . .
VN0640 400 | 100 | 075| 105 . . . .
VN0645 450 | 160 | 050 120 . . . .
VN0650 500 | 160 | 050| 120 . . . .
VNOB55 550 | 200 | 025| 85 . . . .
VN0B60 600 | 200 | 025| 85 . . . .
VN1304 40 80 | 050 25 . . .
VN1306 60 80 | 050| 25 . . .
VN1310 100 | 80 | 050| 25 . . .
VN2106 60 40 | 06 | 35 . .
VN2110 100 | 40 | 06 | 3 | - . .
VN2206 60 035| 80 | 300 . . .
VN2210 100 035| 80 | 300 . . .
VN2220 200 125| 50 | 300 . . .
VN2222 | 220V | 125| 50 | 300 .

VN2224 240 125| 50 | 300 . . .
VN2780 800 | 16 0.5 | 400 2 .
VN3205 50 03 | — | 220 . . . .

Add package suffix for complete part number, e.g., VNO104N3 is VN0104 in TO-92 package.

Note:
1. Package options are defined on individual data sheets.
2. SO-8 (LG) package.
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Selector Guides

MOSFETs
P-Channel
Device BVpss | Rosion | Ipcon Css |SOT-23| TO-3 | TO-39 | TO-52 | TO-92 |TO-220 | Quad' |SOT-89| Die
Number min (V) |max (d) min (1\) typ (pf)| K1 N1 N2 N9 N3 N5 N8 ND
VP0104 -40 8.0 -0.50 45 N 4 4 4 . .
VPO0106 -60 8.0 -0.50 | 45 . . . . . .
VP0109 -90 8.0 -0.50 45 . . A . i
VPO116 -160 25.0 -0.35 | 50 . . . .
VP0120 -200 25.0 -0.35 | 50 . . . .
VP0335 -350 6.0 -1.5 550 . . . .
VP0340 -400 6.0 -1.5 550 . . . .
VP0345 -450 7.5 -1.0 720 . . . .
VP0350 -500 7.5 -1.0 720 . . . d
VP0535 -350 75.0 -0.20 40 . . .
VP0540 -400 75.0 -0.20 | 40 . . .
VP0545 -450 125.0 -0.10 40 . . .
VP0550 -500 125.0 -0.10 40 . . L
VP0635 -350 25.0 -0.40 | 105 . . . .
VP0640 -400 25.0 -0.40 | 105 . . . .
VP0645 -450 30.0 -020 | 95 o . . .
VP0650 -500 30.0 -0.20 | 95 . . . .
VP1304 -40 25.0 -025 | 20 . .
VP1306 -60 25.0 -0.25 20 . .
VP1310 -100 25.0 -0.25 20 . . .
VP2106 -60 12.0 -0.5 45 . .
VP2110 -100 12.0 -0.50 | 45 . . .
VP2206 -60 0.9 -4.0 325 . 4 .
VP2210 -100 0.9 -4.0 325 . . .
VP3203 -30 0.6 - 220 . . .

Add package suffix for complete part number, e.g., VP0104N3 is VP0104 in TO-92 package.

Note:
1. Package options are defined on individual data sheets.



Low Threshold Multi-Channel Arrays

Selector Guides

N-Channel
Device Channels/ | BV, S(ON S(0 Plastic | Ceramic | Ceramic SO-8 | SOW-20?
Number Types' min (V) max (d) max (d) DIP DIP LCC TG WG
N-Channel | P-Channel N6, J N7,NC, P NF
TD9944 2N 240 6.0 — .
TN0604 4N 40 1.0 —_ .
TNO0606 4N 60 1.5 — . .
VNO104 4N 40 3.0 — . .
VNO0106 4N 60 3.0 — . °
VN2106 4N 60 4.0 — .
VN2110 4N 100 4.0 — .
VN2222 4N 220 1.25 — .
VN3205 4N 50 0.3 — .
vQ10003 4N 60 5.5 — . .
vaQ1001 3 4N 30 1.0 —_ .
vQ1004 3 4N 60 3.5 — . °
Add package suffix for complete part number, e.g., TD9944TG is TD9944 in SO-8 package.
P-Channel
Device Channels/ | BV, Rpsion s Plastic | Ceramic | Ceramic SO-8 | SOW-20?
Number Types' min (V) max (d) max (d) DIP DIP LCC TG WG
N-Channel | P-Channel N6, J N7,P NF
TP0604 4P -40 — 2.0 .
TP0606 4P -60 -_ 3.5 . .
VP0104 4P -40 -_ 8.0 . .
VP0106 4P -60 —_ 8.0 . .
VQ2001 8 4P -30 — 2.0 .
VQ2006 3 4P -90 — 5.0 o
Add package suffix for complete part number, e.g., TP0604WG is TP0604 in SOW-20 package.
Low Voltage Quad Arrays
Complementary N- and P-Channel
Device Channels/ | BV, Rpsion Rpsion Plastic | Ceramic | Ceramic SO-8 | SOW-20?
Number Types' min (V) max (d) max (d) DIP DIP LCC TG WG
N-Channel | P-Channel N6, J N7, P NF
TC0604 2N + 2P 40 1 2 o
TQ30014 2N + 2P 40 1 2 . . .
VC0106 2N + 2P 60 3 8 . .
VQ30013 2N + 2P 40 1 2 . . .
vQ72543 2N + 2P 20 1 2 . .
Add package suffix for complete part number, e.g., TC0604WG is TC0604 in SOW -20 package.
Notes:

1. Four independent and isolated die.

2. Same as SO-20 with 300 mils wide body.
3. Direct second source parts.
4. Low gate threshold version of VQ3001.

6-5




Direct Second Source Discrete MOSFETs

Selector Guides

N-Channel

Device BVpes Roson SOT-23 T0-39 TO-92 TO-220 TO-52

Number min (V) max (d) B L D E
2N6659 35 1.8 i
2N6660 60 3.0 N
2N6661 90 4.0 M
2N7000 60 5.0 .
2N7002 60 7.5 .
2N7007 240 45.0 .
2N7008 60 7.5 .
BSS123 100 6.0 .
TN3012 300 12.0 .
VNO300 30 1.2 . .
VNO0606 60 3.0 .
VNO0610 100 5.0 .
VNO0808 80 4.0 .
VN10K 60 5.0 . .
VN1206 120 6.0 . . .
VN1210 120 10.0 .
VN1706 170 6.0 . . .
VN1710 170 10.0 .
VN2010 200 10.0 .
VN2222L 60 75 .
VN2406 240 6.0 . . .
VN2410 240 10.0 .
VN3515 350 15.0 .
VN4012 400 12.0 . .

Add package suffix for complete part number, e.g., VNO30OL is VN0300 in TO-92 package.
P-Channel
Device BVpss F!,,s«DN SOT-23 TO-39 TO-92 TO-220 TO-52

Number min (V) max (d) T B L D E
TP0610 -60 10 .
VP0300 -30 25 . 3
VP0808 -80 5.0 . .
VP1008 -100 5.0 . .

Add package suffix for complete part number, e.g., TP0610T is TP0610 in SOT-23 package.



Selector Guides

High Voltage Arrays >
Device Number of BVpss Rps (on) Package Options
No.! Channels/Type Min (V) Max (Q) Plastic Dip SOW-20 Die
AN0120 8N 200 300 . .
ANO0130 8N 300 300 . .
ANO0140 8N 400 350 . . .
AP0120 8P -200 600 . .
APO130 8P -300 600 . .
AP0140 8P -400 700 o o .
Notes:
1. Excluding package suffix.
2. Monolithic 8 Channel Array.
High Voltage Low Leakage Arrays 2°
Device Number of BVpss Ros (on) Package Options
No.! Channels/Type Min (V) Max () Plastic Dip SOW-20 Die
ANO116 8N 160 350 . . .
ANO0132 8N 320 350 . . .
ANO0332 8N 320 350 . ot ot
AP0116 8P -160 700 . . .
AP0132 8P -320 700 . . .
AP0332 8P -320 700 . ot .
Notes:
1. Excluding package suffix.
2. Monolithic 8 Channel Array.
3. Lowl Leakage (refer to data sheet for details).
4. SO-16 (CG) package.
High Voltage Level Translators and MOSFET Drivers
Device Number of Vpp lsource lsink Package Options
No. Channels | yax (v) | Min (mA) | Min (mA)| Plastic Dip | CeramicDip | soic Die
HT0130 8 300 0.2 0.1 . ° . o
HT0440 2 400' — — . .
HT0740 1 400' — — o o
Note:

1. Input to output isolation
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Selector Guides

High Voltage Depletion-Mode MOSFETs

The Supertex family of high-voltage depletion-mode MOSFETs
utilizes both vertical and lateral double-diffused MOS processes.
The devices can be used for constant current sources, high
voltage ramp generators, overvoltage protection and normally
closed switches. Applications for these “normally on” products

N-Channel Current Sources

include telecommunications, instrumentation, .test equipment
and solid state relays. When used in conjunction with high
voltage linear regulators (see page 6-13), these products are
ideal for use in SMPS start-up circuits.

Device BVpss | Rosion ' Ihss @ Vgs =0V |SOT-23| TO-39 | TO-92 |TO-220|SOT-89| Die
Number [min (V) [max (d) Pinch-Off Voitage Saturated Current K1 N2 N3 N5 N8 ND
min (V) | max (V) | min (mA) | max (mA)
LND150 500 1000 -1.0 -3.0 1.0 3.0 . . .
LND250 500 1000 -1.0 -3.0 1.0 3.0
DN2530 300 12 -1.0 -5.0 200.0 — . . .
DN2535 350 25 -1.5 -3.5 150.0 — . . . . .
DN2540 400 25 -1.5 -3.5 150.0 — . . . . .
DN2620 200 4.0 -1.0 -3.0 600.0 — . .
DN2624 240 4.0 -1.0 -3.0 600.0 — . .
DN2635 350 6.0 -1.0 -5.0 300.0 — . .
DN2640 400 6.0 -1.0 -5.0 300.0 — . .

Add package suffix for complete part number, e.g., LND150N3 is LND150 in TO-92 package.

CMOS Industrial / Commercial ICs

Supertex Smoke Detector Circuits are designed for low-power and
low cost, minimizing the number of components necessary to build
photoelectric smoke detectors which meet UL requirements. These
devices have 1/O pins allowing the local alarm to trigger a remote
system or a remote system to trigger a local alarm.

The ED series are monolithic devices using metal-gate CMOS
technology for low cost, low power and high reliability. These

Smoke Detector ICs

devices utilize Manchester phase encoding for reliable encoding
and decoding. They are used for applications where exclusive
identity code recognition is required, such as cordless telephones,
security systems, pagers, remote control and monitor systems.
Some of the products are capable of operating in a data
communication mode, allowing 4 or 8 bits of data to be sent from
a remote ED device and received by the local ED device.

Device Number Detector Type Package Pins PackageOptions'
SD2 Photoelectric 16 P
SD4 Photoelectric 16 P
Digital Encoder/Decoders
Device Transmit Mode Receive Mode Package Package
Number Address Bits Data Bits Address Bits Data Bits Pins Options!
ED5 5 0 5 4 18 P
ED9 9 0 9 0 18 P, WG (20)
ED10 10 0 10 0 20 WG
ED11 11 4 11 4 28 P, WG (20)
ED15 15 0 15 0 28 P, PJ, WG, X
DC7 7 8 7 8 28 P, PJ, WG, X
ET13 13 0 - - 20 P, WG
ET15 12 0 - - 20 P, WG
Add package suffix for complete part number, e.g., ED5P is ED5 in plastic DIP package.
Notes:

1. Package options are defined on page 16-1.
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High Voltage Integrated Circuits

The Supertex line of high voltage integrated circuits is based on
the proprietary HYCMOS® technology, which combines low
power CMOS control logic with high voltage DMOS output
switches. Products include open drain, push-pull and bilateral
outputs, providing solutions to many applications where multiple
high voltage switches need to be controlled at high speeds with
low power consumption. Flat panel displays, non-impact printers
and plotters and medical ultrasound scanners are some of the
applications benefiting from Supertex HVCMOS products.

High-Voltage Source-Only Outputs
Open Drain P-Channel

Supertex offers a wide range of package options for these
products to maximize the benefits of the high-density capability
of HVCMOS. All products are available in die form for hybrid
assembly. Tape Automated Bonding (TAB) on selected products
provides the industry’s highest package density today for
applications where space saving is critical. All of these products
are available with Hi-Rel processing.

Device Output Logic Output Output Pkg Package
Number Channels/ Configuration Operating| Current Pins Options?
Direction’ Voltage |Per Channel
HV4122 32/CCW Serial to parallel converter -225V -80mA 44 DJ, PJ, X
HV4222 32/CW w/output enable and strobe
HV4522 32/CCW Serial to parallel converter -220V -60mA 44 DJ, PG, PJ, X
HV4622 32/CW w/latches, polarity and blanking
HV4530 32/CCW Serial to parallel converter -300V -60mA 44 DJ, PG, PJ, X
HV4630 32/CW w/latches, polarity and blanking
HV4937 64/B Serial to parallel converter -375V 0.5mA 80 PG, X
Add package suffix for complete part number, e.g., HV4122PJ is HV4122 in PLCC package.
High-Voltage Sink-Only Outputs
Open Drain N-Channel
Device Output Logic Output Output Pkg Package
Number Channels/ Configuration Operating| Current Pins Options 2
Direction’ Voltage |Per Channel
HV03223 64/CCW Serial to parallel converter 220V +100mA 80 DG, PG, X
HV0522 64/CW w/latches, Supertex logic
HV0330°2 64/CCW Serial to parallel converter 300V +100mA 80 DG, PG, X
HV0530 64/CW w/latches, Supertex logic
HV3137 64/B Serial to parallel converter 375V +1mA 80 PG, X
w/output enable
HV5122 32/CCW Serial to parallel converter 225V +100mA 44 DJ, PG, PJ, X
HV5222 32/CW w/output enable and strobe
HV5522 32/CCW Serial to parallel converter 220V +100mA 44 DJ, PG, PJ, X
HV5622 32/CW w/latches, polarity and blanking
HV5530 32/CCW Serial to parallel converter 300V +100mA 44 DJ, PG, PJ, X
HV5630 32/CCW w/latches, polarity and blanking

Add package suffix for complete part number, e.g., HV3137PG is HV3137 in 80-pin plastic guliwing package.

Notes:

1. Legend: CW = Clockwise; CCW = Counterclockwise; B = Direction pin for both directions; S = Special (see datasheet).

2. Package options are defined on page 16-1.

3. Not recommended for new designs. Use HV51/52, HV55/56 or HV70 for improved performance.
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High Voltage Integrated Circuits

High-Voltage Source/Sink Outputs

Selector Guides

Push-Pull
Device Output Logic Output Output Pkg Package
Number Channels/ Configuration Operating| Current Pins Options 2
Direction’ Voitage | Per Channel

HV3418 64/B Serial to parallel converter w/latches, 180V +5mA 80 DG, PG, X
polarity and blanking, V,, = 5V

HV3527 64/B Serial to parallel converter 275V +1.0mA 80 DG, PG, X
w/ polarity and blanking

HV3622 4/CW PIN diode driver 220V 10mA 20 C, X

28 DJ

HV3806 32/B Gray shade column driver 60V +15mA 64 DG, PG, X
w/16 analog levels

HV5308 32/CW Serial to parallel converter 80V +20mA 44 DJ, PG, PJ, X

HV5408 32/CCW w/latches, output enable

HV5708 32/CW Serial to paraliel converter 80V +20mA 44 DJ, PJ, X

HV5808 32/CCW w/latches, polarity and blanking

HV505 64/B Serial to parallel converter 300V +1.0mA 80 DG, PG, X
with polarity and blanking

HV518 32/CW Serial to parallel converter 80V +50pA 40 P
w/latch enable and strobe pins -25mA 24 PJ

HV6008 32/CW LCD driver w/active return to ground +40V +15mA 44 DJ, PG, PJ, X

HV621 64/B Gray shade column driver +15mA 105 X
w/4 output levels -12mA

HV622 32 Gray shade column driver +4mA 64 PG, X
w/256 output levels

HV6506 32/B Serial to parallel converter 60V +5mA 44 PJ, X
w/backplane output

HV6810 10/CW Serial to parallel converter w/latches 80V +100pA 18 D,P

-25mA 20 | PJ,WG

HV7022-C 34/B Serial to parallel converter 230V +70mA 44 DJ, PJ, X
w/polarity and output enable

HV7225 40/B Serial to parallel converter w/polarity, output| 240V +70mA 64 DJ, PJ, X
enable (only one output on at any time)

HV73 40/B Serial to parallel converter +240 +70mA 62 X
w/polarity output enable

HV77083 64/B Serial to parallel converter 80V +15mA 80 DG, PG, X

HV57708 64/B w/four 16-bit shift registers

HV7808 64/B Serial to parallel converter 80V +15mA 80 DG, PG, X
w/two 32-bit shift registers

HV7908 64/B Serial to parallel converter 80V +40mA 80 DG, PG, X
w/four 16-bit shift registers

HV7014 40/S Serial to parallel VF driver w/shift register 220V +0.5mA 60 PG, X

HV711 40/S -3.0mA

HV7024 40/S Serial to parallel VF driver w/shift register 220V +2.5mA 60 PG, X

HV712 40/S -10mA

Notes: (more)

1. Legend: CW = Clockwise; CCW = Counterclockwise; B = Direction pin for both directions; S = Special (see datasheet).

2. Package options are defined on page 16-1.
3. Recommend HV577 for new designs.
4. Consult factory for availability.



Selector Guides
High Voltage Integrated Circuits
High-Voltage Source/Sink Outputs (continued)

Push-Pull
Device Output Logic Output Output Pkg Package
Number Channels Configuration Operating| Current Pins Options 2
Voltage |Per Channel
HV9308 32/CW Serial to parallel converter 80V +5mA 44 DJ, PJ, X
HV9408 32/CCW | wi/latches output enable, V,, = 5V -20mA
HV9708 32/CW Serial to parallel converter w/latches, 80V +5mA 44 DJ, PJ, X
HV9808 32/CCW polarity and blanking, V,, = 5V -20mA

Add package suffix for complete part number, e.g., HV7708PG is HV7708 in 80-pin plastic gullwing package.

High-Voltage Bilateral Switches

Device Output Logic Operating Voltage Output On- Pkg Package
Number | Channels Configuration Supply | Analog Current Resistance | Pins Options 2
Signal | Per Channel | Per Channel
HV1516 8 Decoders, latches and 160V 130V +1.5A 35Q 20 P, X
chip selects
HV1616 8 Shift register, latches 160V 130V +1.5A 35Q 24 P, X
28 PJ
HV1816 8 Shift register, latches 160V 130V +1.5A 35Q 24 P, X
and clear 28 PJ
36 Cs

Add package suffix for complete part number, e.g., HY1016P is HV1016 in plastic package.

Notes:
1. Legend: CW = Clockwise; CCW = Counterclockwise; B = Direction pin for both directions; S = Special (see datasheet).

2. Package options are defined on page 16-1.
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High Voltage Integrated Circuits

Low-Power High-Voltage Bilateral Switches

Selector Guides

Device Output Logic Operating Voltage Output On- Pkg Package
Number | Channels Configuration Suppl Analo Current Resistance | Pins Options !
PPly A
Signal |Per Channel | Per Channel
HV2116 8 Shift register, latches 160V 140V +2.0A 27Q 24 C,P X
28 PJ
HV2216 8 Shift register, latches 160V 140V +2.0A 27Q 28 C,P,PJ, X
and clear
HV21716 8 Shift register, latches 160V2 140V +2.0A 25Q 24 C,P X
28 PJ
HV21816 8 Shift register, latches 160V3 140V +2.0A 25Q 24 C, P X
28 PJ
HV22716 8 Shift register, latches 160V?2 140V +2.0A 25Q 28 C, P PJ, X
and clear
HV22816 8 Shift register, latches 160V3 140V +2.0A 25Q 28 C,PPJ, X
and clear
HV20220 8 Shift register, latches 200 180 +2.0A 25Q 28 P, PJ, X
HV20320 clear, low charge 48 FG
injection
HV20420 8 Shift register, latches, 200V 180V +2.0A 27Q 28 C, P PJ, X
HV20520 clear, low charge
HV20620 injection
HV20722 8 Dual 1:4 decoder 225 205 +2.0A 35Q 28 PJ, X
and clear
HV20822 16 2 input latches for 220 200 +2.0A 22Q 44 FG, X
2 sets of 8 switches
Add package suffix for complete part number, e.g., HV2116P is HV2116 in plastic DIP package.
Notes:

1. Package options are defined on page 16-1.
2. Vpp =40V to 80V and Vp, — V= 160V.
3. Vpp =80V to 150V and Vi, -V, = 160V.



Selector Guides

High Voltage EL Backlighting Lamp Driver

The Supertex line of high voltage EL backlighting lamp driver integrated circuits utilize the proprietary BICMOS/DMOS technology, which
allows for operation at very low input voltages. This family of inverters is designed to drive electroluminescent lamps for backlighting with
minimal external components, and is capable of driving loads from 1nF to 30nF depending on the brightness required. Applications include

watches, pagers, cellular phones, remote controllers, and portable instruments.

Input Nominal Maximum
Device Voltage Output Switch Output SO-14 8-Pin SO-8 Die
Number ) Voltage (V) | Resistance | Regulation' DIP
Q)
HV803 24-95 +80 6 Yes . .
HV80512 1.0-1.6 +50 15 No i . .
HV80532 24-35 +50 15 No . . .
HV80612 1.0-16 +50 12 Yes . . .
HV80632 24-35 +50 12 Yes . 4 d
Notes:

1. Regulation may not occur if the output load is too large.
2. Same pin configuration as the HV802.

High Voltage Off-Line Power Management Circuits

The LR6 is a high-input voltage linear regulator for simple functions such as SMPS start-up and high-voitage line conditioning/regulation.
The LR7 is a high-input voltage SMPS start-up circuit.

High-Voltage SMPS Start-Up/Linear Regulator ICs

Device +Viy Output Output Regulation S0-8 | 8-Pin | TO-92 |TO-220 |SOT-89| Die
Number Voitage | Current’ typical LG P N3 N5 N8 ND
min max typical max Line Load
LR645 15V 450V 10V 3.0mA 0.1mV/V | 50mV/mA . . . . . .
LR745 25V | 450V 20V 4.0mA - - 3 . .
Add package suffix for complete part number, e.g., LR645P is LR645 in plastic DIP package.
Notes:

1. Output current limited by power dissipation. Current rating may be significantly enhanced, up to 150mA, by using a depletion-mode MOSFET.

See page 6-8.
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High-Voltage Switchmode PWM Controllers with MOSFET

Selector Guides

High Voltage Off-Line Power Management Circuits

This series of BICMOS/DMOS devices are intended for use in
high-voltage power supplies. The HV91XX products provide all
the functions necessary to implement a single-switch current-
mode PWM with a minimum of external components. These

power management devices are suitable for a variety of applica-
tions including DC/DC converters, variable speed motor drives,
ISDN and PBX equipment, modems and distributed power
systems.

Device +Viy Feedback | Duty Cycle MOSFET Switch Package Package
Number min max Voltage max max BVpss Rosion) Pins Options
HV9100 10V 70V +1% 49% 150V 5.0Q 14 C,P

20 PJ
HV9101 10V 70V +10% 49% 150V 5.0Q 14 C,P
20 PJ
HV9102 iov 120V +1% 49% 200V 7.0Q 14 C,P
20 PJ
HV9103 10V 120V +1% 99% 200V 7.0Q 14 C,P
20 PJ
HV9105 1o0v 120V +2% 49% 200V 5.0Q 14 P
20 PJ
HV9106 12v 450V +2% 49% 600V 20Q 16 P
20 PJ
HV9108 iov 120V +2% 99% 200V 5.0Q 14 P
20 PJ
HV9109 12V 450V +2% 99% 600V 20Q 16 P
20 PJ
Add package suffix for complete part number, e.g., HY9100P is HV9100 in plastic DIP package.
High-Voltage Switchmode PWM Controllers
Device +V)y Feedback | Duty Cycle Package Package
Number min max Voltage max max Pins Options’
HV9110 iov 120V +1% 49% 14 C, P NG, X
20 PJ

HV9111 1ov 120V +10% 49% 14 C, P, NG, X
20 PJ

HV9112 9V 80V +2% 49% 14 C, P NG, X
20 PJ

HV9113 1ov 120V +1% 99% 14 C, P, NG, X
20 PJ

HV91142 11V 200V +1.5% 49% 14 C,P PJ, X

HV9120 iov 450V +2% 49% 16 C PX
20 PJ

HV9123 iov 450V +2% 99% 16 C,PX
20 PJ

Add package suffix for complete part number, e.g., HV9110P is HV9110 in TO-92 package.
Notes:

1. Package options are defined on page 16-1.

2. Consult factory for availability.
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@ Supertexinc.

DMOS FETs
Cross Reference*

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 ANO110NA ANO116NA BST72 VN1310N3 IRF713 VNO335N5
2N6660 2N6660 ANO120NA ANO120NA BST72A VN1310N2 IRF720 VNO0340N5
2N6661 2N6661 ANO130NA ANO130NA BST74 TNO620N3 IRF721 VNO335N5
2N6759 VNO0335N1 ANO140NA ANO140NA BST74A TNO620N3 IRF722 VNO340N5
2N6761 VNO0345N1 APO120NA APO120NA BST76 TNO620N3 IRF723 VNO335N5
2N6781 VN2206N2 APO130NA APO130NA BST76A TNO620N3 IRF732 VNO0340N5
2N6782 VN2210N2 APO140NA APO140NA BST80 TN2510N8 IRF733 VNO335N5
2N7000 2N7000 BS107 TNO520N3 BST82 VN2110K1 IRF820 VNO350N5
2N7001 TN2124K1 BS107P VNO120N3 BST84 TN2524N8 IRF821 VNO345N5
2N7002 2N7002 BS170 VNO106N3 BST86 TN2524N8 IRF822 VNO350N5
2N7007 2N7007 BS170F VN2110K1 BUZ40 VNO350N5 IRF823 VNO0345N5
2N7008 2N7008 BS170P VNO106N3 BUZ42 VNO350N5 IRF832 VNO350N5
2N7009 VNO550N3 BS229 TNO0624N3 BUZ43 VNO350N1 IRF833 VNO345N5
2N7010 VN2206N3 BS250 VP2106N3 BUZ46 VNO350N1 IRFF110 VN2210N2
2N7011 VN2206N3 BS250F VP2110K1 BUZ60B VNO340N5 IRFF111 VN2206N2
2SJ117 VP0340N5 BS250P VPO106N3 BUZ63B VNO340N1 IRFF112 VN2210N2
2SJ76 VP0116N5 BSN20 TN2106K1 BUZ74 VNO350N5 IRFF113 VN2206N2
28J77 TP0616N5 BSR78 TPO604N3 BUZ74A VNO350N5 IRFF120 VN2210N2
2S8J79 VP0120N5 BSS84 TP2105K1 BUZ76 VNO340N5 IRFF121 VN2206N2
2S8J79K VP0O120N5 BSS100 TNO610N3 BUZ76A VNO340N5 IRFF122 VN2210N2
2SK196H VNO116N2 BSS101 TNO524N3 D80AK2 TNO606N3 IRFF123 VN2206N2
2SK213 TNO620N5 BSS110 VPO106N3 D80AL2 TNO610N3 IRFF130 VN2210N2
2SK214 TNO620N5 BSS119 VN2110K1 D80AM2 TNO620N3 IRFF131 VN2206N2
2SK215 TNO620N5 BSS123 BSS123 D80AN2 TNO620N3 IRFF132 VN2210N2
2SK216 TNO620N5 BSS124 TNO640N3 D84BQ1 VNO0335N5 IRFF133 VN2210N2
2SK216K TNO620N5 BSS125 VNO660N3 D84BQ2 VNO340N5 IRFF210 VN2220N2
2SK259 VNO335N1 BSS131 TN2124K1 D84CQ1 VNO335N5 IRFF211 VN2220N2
2SK260 VNO340N1 BSS135 VNO660N3 D84CQ2 VNO340N5 IRFF212 VN2220N2
2SK296 VNO335N5 BSS138 TN2106K1 D84CR1 VNO0345N5 IRFF213 VN2220N2
2SK298 VNO340N1 BSS145 VN2110K1 D84CR2 VNO350N5 IRFF220 VN2220N2
2SK302 TNO104N8 BSS149 TNO0624N3 IRF320 VNO340N1 IRFF221 VN2220N2
2SK310 VNO0340N5 BSS192 TP2520N8 IRF321 VNO335N1 IRFF222 VN2220N2
2SK311 VNO345N5 BSS229 TNO0624N3 IRF322 VNO340N1 IRFF223 VN2220N2
2SK319 VNO340N5 BSS250 VP0O106N3 IRF323 VNO335N1 IRFF232 VN2220N2
25K382 VNO350N5 BSS295 VN2206N3 IRF332 VNO340N1 IRFF233 VN2220N2
2SK402 VNO340N1 BSS296 VN2210N3 IRF333 VNO335N1 IRFF310 VNO0340N2
2SK408 TNO620N5 BSS297 TNO620N3 IRF420 VNO350N1 IRFF311 VNO335N2
2SK409 TNO620N5 BSS87 TN2524N8 IRF421 VNO345N1 IRFF312 VNO0340N2
2SK411 VNO360N1 BSS88 TNO0624N3 IRF422 VNO350N1 IRFF313 VNO335N2
2SK441 VNO650N2 BSS89 TNO620N3 IRF423 VNO345N1 IRFF320 VNO340N2
2SK680 TNO104N8 BSS92 TPO620N3 IRF432 VNO350N1 IRFF321 VNO335N2
AMO610LL TNO624N3 BSS98 VNO106N3 IRF433 VNO0345N1 IRFF322 VNO0340N2
AM10LM VNO106N3 BST120 TP0104N8 IRF710 VNO340N5 IRFF323 VNO335N2
AM2222L L VNO106N3 BST122 TP0104N8 IRF711 VNO335N5 IRFF332 VNO340N2
AM2222L.M VNO106N3 BST70A VNO109N3 IRF712 VNO340N5 IRFF333 VNO335N2

*The Supertex devices are a “form, fit, and function” replacement for the industry standard part types, but subtle differences in characteristics and/or specifications may exist.
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DMOS FETs Cross Reference

industry Supertex Industry Supertex Industry Supertex Industry Supertex
Part Part Part Part Part Part Part Part

Number Number Number Number Number Number Number Number
IRFF420 VNO350N2 MXF930 TNO104N8 SD1104BD TNO610N3 SD2107HD TP0O610N2
IRFF421 VNO0345N2 MXF960 TNO104N8 SD1104DD VNO109N9 SD2204BD VP0540N3
IRFF422 VNO350N2 MXF990 TN2524N8 SD1104HD TNO610N2 SD2204CHP  VP0540ND
IRFF423 VNO345N2 ND2012L DN2530N3 SD1105BD TNO610N3 SD3300BD VN2210N3
IRFG9113 TPO606N7 ND2020L DN2530N3 SD1105DD VNO109N9 SD3300CHP  VN2210ND
IRFS120 TN2524N8 ND2406L DN2624N3 SD1105HD TNO610N2 SD3300HD TNO610N2
IRFS1Z3 TNO104N8 ND2410L DN2530N3 SD1106AD VNO106N3 SD3301BD TNO604N3
MFE350 VNO535N2 PM1001L TNO610N3 SD1106CHP  VNO106ND SD3301CHP  VN2206ND
MFES00 VNO550N2 PM1002L TNO610N3 SD1106DD VNO106N9 SD3301HD TNO604N2
MFE910 VN10KN9 PM1201L TNO620N3 SD1107BD TNO110N3 SD5101N VN1304N6
MFE9200 VN2406L PM503L TNO606N3 SD1107CHP  TNO110ND SGSP531 VNO340N1
MFE930 TNO604N2 PM506L TNO606N3 SD1107DD VNO109N9 SNO120NA ANO120NA
MFE960 TNO606N2 PM601L VNO106N3 SD1107HD TNO110N2 SNO120NB ANO120NB
MFE990 TNO610N2 PM602L TNO606N3 SD1107N VQ1000N6 SNO130NA ANO130NA
MFQ1000C TNO606N7 PM603L TNO606N3 SD1112BD TNO620N3 SNO130NB ANO130NB
MFQ170P TNO606N6 PM606L TNO606N3 SD1112HD TNO620N2 SNO140NA ANO140NA
MFQ6660C TNO606N7 PM801L VNO109N3 SD1113BD TNO520N3 SNO140NB ANO140NB
MFQ6660P TNO606N6 PM802L TNO610N3 SD1113CHP  TN0520ND SN7000 2N7000
MFQ6661P vQ1006J PMBF107 TN2124K1 SD1113HD TNO520N2 SP0610L VP0106N3
MPF480 VN1310N3 RFL1NO8 TNO610N2 SD1114BD VNO109N3 SP0610T TPO610T
MPF481 VN1310N3 RFL1IN10 TNO610N2 SD1114DD VNO109N9 TD9944 TD9944TG
MPF500 VNO550N3 RFL1N12 VN2220N2 SD1114HD VNO109N2 TNO106N3 TNO106N3
MPF6659 TNO604N3 RFL1N15 VN2220N2 SD1115BD VNO109N3 TNO106ND TNO106ND
MPF6660 TNO606N3 RFL1N18 VN2220N2 SD1115DD VNO109N9 TNO110N3 TNO110N3
MPF6661 TNO610N3 RFL1N20 VN2220N2 SD1115HD VNO109N2 TNO110ND TNO110ND
MPF910 VNO106N3 RFL1P08 TPO610N2 SD1117BD TNO606N3 TNO201L TNO602N3
MPF9200 TNO620N3 RFL1P10 TPO610N2 SD1117DD VNO106N9 TNO401L TNO604N3
MPF930 TNO604N3 RFL2NO05 VN2206N2 SD1117HD TNO606N2 TNO601L TNO606N3
MPF960 TNO606N3 RFL2N06 VN2206N2 SD1117N vQ1001J TN1206L TNO620N3
MPF990 TNO610N3 RFM3N45 VNO345N1 SD1122BD TNO520N3 TP0202T TP2105K1
MTM2N45 VNO345N1 RFM3N50 VNO350N1 SD1122CHP  TNO520ND TPO610L TPO606N3
MTM2N50 VNO350N1 RFM4N35 VNO335N1 SD1124BD VNO106N3 TP0610T TPO610T
MTM2P45 VP0345N1 RFM4N40 VNO340N1 SD1127BD VNO106N3 TP1220L TP0616N3
MTM2P50 VPO350N1 RFP1N35 VNO635N5 SD1127CHP  VNO106ND TP2010L TPO620N3
MTMB3N35 VNO335N1 RFP1N40 VNO640N5 SD1137BD TNO606N3 TP2020L TPO620N3
MTM3N40 VNO340N1 RFP2N08 TNO610N5 SD1137CHP  TNO606ND TP2410L TP2535N3
MTP1N45 VNO645N5 RFP2P08 TPO610NS SD1200CHP  VNO0545ND TQ3001J TQ3001P
MTP1N50 VNO350N5 RFP2P10 TPO610N5 SD1201BD VNO540N3 TQ3001NG TQ3001N7
MTP1N55 VNO355N5 RFP3N45 VNO0345N5 SD1201CHP  VNO540ND TZ400BD VNO104N3
MTP1N60 VNO360N5 RFP3N50 VNO350N5 SD1202BD TNO520N3 TZ402BD VN1304N3
MTP2N35 VNO335N5 RFP4N35 VNO335N5 SD1202CHP  TN0520ND TZ403BD VN1304N3
MTP2N40 VNO340N5 RFP4N40 VNO340N5 SD1500BD VNO660N3 TZ404BD VN1304N3
MTP2N45 VNO345N5 SD1100CHP  VNO0545ND SD1500CHP  VNO660ND TZ404CY TNO104N8
MTP2N50 VNO350N5 SD1100HD VNO0545N2 SD1501BD VNO655N3 UFNF433 VNO345N2
MTP2P45 VP0345N5 SD1101BD VNO640N3 SD1501CHP  VNO660OND VNO01000D VN1210N5
MTP2P50 VP0350N5 SD1101CHP  VNO540ND SD204CHP VN2106ND VNO104N3 VNO104N3
MTP3N35 VNO335N1 SD1101HD VNO0640N2 SD204HD VNO104N3 VNO104ND VNO104ND
MTP3N40 VNO340N5 SD1102BD VNO635N3 SD2107BD VP0O109N3 VNO106N3 VNO106N3
MXF350 TN2524N8 SD1102CHP  VNO635ND SD2107CHP  TP0610ND VNO106ND VNO106ND
MXF500 TN2524N8 SD1102HD VNO635N2 SD2107DD VP0O109N9 VNO109N3 VNO109N3

*The Supertex devices are a “form, fit, and function” replacement for the industry standard part types, but subtle differences in characteristics and/or specifications may exist.
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DMOS FETs Cross Reference

Industry Supertex Industry Supertex Industry Supertex Industry Supertex
Part Part Part Part Part Part Part Part

Number Number Number Number Number Number Number Number
VNO109ND VNO109ND VN4012L VN4012L VP1008L VP1008L ZVNO1A2B TNO602N2
VNO300D VNO0300D VN40AD VNO104N5 VP1008M TPO610N3 ZVNO1A2L VNO300D
VNO300L VNO300L VN4502A VNO0345N1 VQ1000J VQ1000N6 ZVNO1A3B TNO604N2
VNO300M VNO300L VN4502D VNO0345N5 VQ1000P VQ1000N7 ZVNO1A3L TNOB606N5
VNO0603T TN2106K1 VN46AD VNO104N5 vQ1001J TNO606N6 ZVN0204B TNO104N2
VNO605T VN2110K1 VN5002A VNO350N1 VQ1001P VQ1001P ZVNO0204L TNOB06N5
VNO0606M VNO606LL VN5002D VNO350N5 vQ1004J vQ1004J ZVN0206B TNOB06N2
VNO610L VNO610LL VN6035L VN6035L VQ1004P VQ1004P ZVN0206L TNO606N5
VNO610LL VNO610LL VN66AD VNO106N5 VQ2000J TPO606N6 ZVN0208B TNO610N2
VNO0808M VNO808L VN66AK VNO106N2 VQ2000P VQ2006P ZVNO0208L TNO610N5
VN10OKE VNO106N9 VNG67AA VNO106N5 VQ2001J TP0604N6 ZVN0209B TNOG610N2
VN10KM VN10KN3 VN67AB VNO106N2 VQ2001P VQ2001P ZVNO0209L TNO610N5
VN10KMA VN10KN3 VN67ABA VNO106N2 VQ2004J TPO606N6 ZVNO0210B TNO610N2
VN10KN3 VN10KN3 VN67AD VNO106N5 VQ2004P VQ2006P ZVNO0210L TNO610N5
VN10LE VNO106N9 VN67AK VNO106N2 VQ2006J TPO606N6 ZVN0214B TNO620N2
VN10LM VN10KN3 VN88AD VNO109N5 VQ2006P VQ2006P ZVNO0216B TNO620N2
VN10OLP VN1306N3 VN89ABA VNO109N2 VQ3001J VQ3001N6 ZVNO216L TNO620N5
VN1206B VN1206B VN89AD VNO109N5 VQ3001P VQ3001N7 ZVN0220B TNO620N2
VN1206D VN1206D VNY0AB VNO109N2 VQ7254J VQ7254N6 ZVNO0220L TNO620N5
VN1206L VN1206L VNOOABA VNO109N2 VQ7254P VQ7254N7 ZVNO02A2B TNO602N2
VN1206M VN1206L VN98AK VNO109N2 ZVC2106E VCO0106N6 ZVNO2A2L VNO0300D
VN1210L VN1210L VN99AB VNO109N2 ZVNO104A VNO104N3 ZVNO2A3B TNO604N2
VN1210M VN1210L VN99AK VNO109N2 ZVN0104B VNO104N2 ZVNO2A3L VNO300D
VN1216B VN2216N2 VNCO010B VN2206N2 ZVNO0104L VNO104N5 ZVNO0330B VNO335N2
VN1706B VN1706B VNCO011B VN2206N2 ZVNO106A VNO106N3 ZVNO0330L VNO335N5
VN1706D VN1706D VNDO10B VN2210N2 ZVN0106B VNO106N2 ZVNO330M VNO335N1
VN1706L VN1706L VNDO11B VN2210N2 ZVNO106L VNO106N5 ZVN0335B VNO335N2
VN1706M VN1706L VNEO10B VN2210N2 ZVNO108A VNO109N3 ZVNO335L VNO335N5
VN1710L VN1710L VNEO11B VN2210N2 ZVN0108B VNO109N2 ZVNO335M VNO335N1
VN1710M VN1710L VP0104N3 VP0104N3 ZVNO108L VNO109N5 ZVN0340B VNO340N2
VN2010L VN2010L VPC104ND VPQO104ND ZVNQ10SA VNQO10SN3 ZVNO340L VNO340NS5
VN2222KM VN2222LL VPO106N3 VPO106N3 ZVN0109B VNO109N2 ZVNO0340M VNO340N1
VN2222L VN2222LL VPO106ND VP0106ND ZVNO109L VNO109N5 ZVNO0345B VNO345N2
VN2222LL VN2222LL VPO109N3 VPO109N3 ZVNO110A VN1310N3 ZVNO0345L VNO345N5
VN2222LM VN2222LL VPO109ND VPO109ND ZVNO110B VN1310N2 ZVN0345M VNO345N1
VN2406B VN2406B VP0300B VP0300B ZVNO110L TNO610N5 ZVNO0350L VNO350N5
VN2406D VN2406D VP0300L VP0300L ZVNO114A TNO620N3 ZVNO350M VNO350N1
VN2406L VN2406L VPO300M VP0300L ZVNO0114B TNO620N2 ZVNO0355B VNO355N2
VN2406M VN2406L VP0535N3 VP0535N3 ZVNO114L TNO620N5 ZVNO355L VNO355N5
VN2410L VN2410L VP0535ND VP0535ND ZVNO116A VNO116N3 ZVNO355M VNO355N1
VN2410M VN2410L VP0540L VP0640N5 ZVNO116B VNO116N2 ZVNO0360B VNO360N2
VN3012L VN3012L VP0540N3 VP0540N3 ZVNO116L VNO116N5 ZVNO360L VNO360N5
VN30ABA VNO104N2 VP0540ND VP0540ND ZVNO117TA TNO520N3 ZVNO360M VNO360N1
VN3501A VNO335N1 VP0O610L VPO106N3 ZVNO120A VNO120N3 ZVN0450M VNO350N1
VN3501D VNO335N5 VP0610T TPO610T ZVN0120B VNO120N2 ZVNO530A VNO535N3
VN3515L VN3515L VP0614L VP0O106N3 ZVNO120L VNO120N5 ZVNO0530B VNO535N2
VN35AB TNO606N2 VP0808B VP0808B ZVNO124A TNO0524N3 ZVNO535A VNO535N3
VN35AK TNO606N2 VP0808L VP0808L ZVN0124B TNO524N2 ZVN0535B VNO635N2
VN4001A VNO340N1 VP0808M VP0808L ZVNO124L TNO0624N5 ZVNO0535L VNO635N5
VN4001D VNO340N5 VP1008B TP0610N2 ZVNO1A2A TNO102N3 ZVNO540A VNO540N3

*The Supertex devices are a “form, fit, and function” replacement for the industry standard part types, but subtle differences in characteristics and/or specifications may exist.

6-17

L O]



DMOS FETs Cross Reference

Industry Supertex Industry Supertex Industry Supertex Industry Supertex
Part Part Part Part Part Part Part Part
Number Number Number Number Number Number Number Number

ZVN0540B VNO540N2 ZVN1314A VNO116N3 ZVN3320F TN2124K1 ZVP2206B VP1206N2
ZVNO0540L VNO640N5 ZVN1314B VNO116N2 ZVN4106F TN2106K1 ZVP2206L VP1206N5
ZVNO545A VNO0545N3 ZVN1316A VN1316N3 ZVN4206A TNO606N3 ZVP2210B VP2210N2
ZVNO0545B VNO545N2 ZVN1316B VN1316N2 ZVN4206E TNO606N6 ZVP2220B TPO620N2
ZVNO0545L VNO0645N5 ZVN1320A VN1320N3 ZVNL120A TNO520N3 ZVP2220L TPO620N5

ZVN1104B TNO604N2 ZVN1320B VN1320N2 ZVNL535A TNO535N3 ZVP3306A VP2106N3
ZVN1106B VN2206N2 ZVN1404A VN1304N3 ZVP0104A VP0104N3 ZVP3306B VP0O106N2
ZVN1108B VN2210N2 ZVN1404B VN1304N2 ZVP0104B VP0104N2 ZVP3306E VP0106N6
ZVN1109B VN2210N2 ZVN1406A VN1306N3 ZVP0104L VP0104N5 ZVP3306F VP2110K1
ZVN1110B TNO610N2 ZVN1406B VN1306N2 ZVPO0106A VPO106N3 ZVP3310A VP1310N3

ZVN1110L TNO610N5 ZVN1408A VN1310N3 ZVP0106B VP0106N2 ZVP3310B VP1310N2
ZVN1114B VN2220N2 ZVN1408B VN1310N2 ZVP0106L VP0106N5 ZVP3310F VP2110K1
ZVN1114L VN2220N5 ZVN1409A VN1310N3 ZVPO108A VPO109N3 ZVP4105A TP2105N3
ZVN1116B VN2216N2 ZVN1409B VN1310N2 ZVP0108B VPO109N2
ZVN1116L TNO620N5 ZVN1410A VN1310N3 ZVP0108L VP0109N5

ZVN1120B VN2220N2 ZVN1410B VN1310N2 ZVPO109A VP0109N3
ZVN1130B VNO335N2 ZVN1414A VNO116N3 ZVP0109B VP0109N2
ZVN1130L VNO335N5 ZVN1414B VNO116N2 ZVP0109L VP0109N5
ZVN1130M VNO335N1 ZVN1416A VNO116N3 ZVP0O110A VPO109N3
ZVN1135B VNO335N2 ZVN1416B VN1316N2 ZVP0110B VP0109N2

ZVN1135L VNO335N5 ZVN1420A VNO120N3 ZVPO110L VP0109N5
ZVN1135M VNO335N1 ZVN1420B VNO120N2 ZVP0120A VP0120N3
ZVN1140B VNO340N2 ZVN2106A TNO606N3 ZVP0120B VP0120N2
ZVN1140L VNO340N5 ZVN2106B TNO606N2 ZVP0120L VP0120N5
ZVN1140M VNO340N1 ZVN2106L TNO606NS ZVP0204A TPO606N3

ZVN1145B VNO0345N2 ZVN2110A VN2110N3 ZVP0204B TPO606N2
ZVN1145L VNO345N5 ZVN2110B TNO610N2 ZVP0206A TPO606N3
ZVN1145M VNO345N1 ZVN2110E VNO106N6 ZVP0206B TPO606N2
ZVN11A2B VN1204N2 ZVN2110L TNO610N5 ZVP0208A TPO610N3
ZVN11A2L VN1204N5 ZVN2120A TNO520N3 ZVP0208B TPO610N2

ZVN11A3B VN1204N2 ZVN2120B TNO520N2 ZVPO0535A VP0O535N3
ZVN1204B VN2204N2 ZVN2120CSM  TN2524N8 ZVP0535B VPO0535N2
ZVN1206B VN2206N2 ZVN2120L VNO120N5 ZVP0535L VP0635NS5
ZVN1208B VN2210N2 ZVN2206B VN2206N2 ZVP0540A VP0540N3
ZVN1209B VN2210N2 ZVN2210B VN2210N2 ZVP0540B VP0540N2

ZVN1210B VN2210N2 ZVN2220B VN2220N2 ZVP0545A VP0545N3
ZVN1214B VN2220N2 ZVN2224B TNO0624N2 ZVP0545B VP0545N2
ZVN1220B VN2220N2 ZVN2224L TNO0624N5 ZVP0545L VP0645N5
ZVN12A2B VN2204N2 ZVN2535A VNO535N3 ZVP1320A VP0535N3
ZVN12A3B VN2204N2 ZVN2535B VNO535N2 ZVP1320B VPO535N2

ZVN1304A VN1304N3 ZVN2535L VNO535N5 ZVP2106A TPO606N3
ZVN1304B VN1304N2 ZVN3306A TN2106N3 ZVP2106B TPO606N2
ZVN1306A VN1306N3 ZVN3306B VNO106N2 ZVP2106E TPO606N6
ZVN1306B VN1306N2 ZVN3306E VNO106N6 ZVP2106L TPO606N5
ZVN1308A VN1310N3 ZVN3306F VN2110K1 ZVP2110A VPO109N3

ZVN1308B VN1310N2 ZVN3310A VN1310N3 ZVP2110B VP0109N2
ZVN1309A VN1310N3 ZVN3310B VN1310N2 ZVP2110L TPO610N5
ZVN1309B VN1310N2 ZVN3310F VN2110K1 ZVP2120A VP0120N3
ZVN1310A VN1310N3 ZVN3320A TNO520N3 ZVP2120B VP0O120N2
ZVN1310B VN1310N2 ZVN3320B TNO520N2 ZVP2120L VP0120N5

*The Supertex devices are a “form, fit, and function” replacement for the industry standard part types, but subtle differences in characteristics and/or specifications may exist.
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Chapter 7 — N- and P-Channel Low Threshold MOSFETs

LPO701  =16.5V; 1.5 ONMS ..ottt ettt et s et e eae e st e eseesesenesaeenseneessenseensseeneennes 7-1
LP0801 -16.5V; 12.0 ohms ..7-5
TD9944 240V; 6 ONMS ....occvviiieeeeiieiiie et stes e e steeete st esesesseessessseeaeas 77
TNO102/TNO104 20, 40V; 1.8, 2.0 ONMS .....ecvevireerrereeeeeeereereeenens . 7-11
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TNO606/TN0610 60, 100V; 1.5 ohms.............. . 7-31
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LP0701

@ 5upertex inc.

Low Threshold

P-Channel Enhancement-Mode
Lateral MOSFET

Ordering Information

Order Number / Package
BVDSS / RDS{ON) ID(?N) vGS(th) g
BV,qs (max) (min) (max) T0-92 S0-8 Dice
-16.5V 1.5Q -1.25A -1.0v LP0O701N3 LPO701LG LPO701ND
Features Advanced MOS Technology
[ Ultra low threshold These enhancement-mode (normally-off) transistors utilize a lat-
o . eral MOS structure and Supertex’s well-proven silicon-gate
[ High input impedance manufacturing process. This combination produces devices with
[1 Low input capacitance the power handling capabilities of bipolar transistors and with the
high inputimpedance and negative temperature coefficientinher-
[0 Fast switching speeds ent in MOS devices. Characteristic of all MOS structures, these
. devices are free from thermal runaway and thermally-induced
[ Low on resistance secondary breakdown. The low threshold voltage and low on-
[0 Freedom from secondary breakdown resistance characteristics are ideally suited for hand held battery
. operated applications.
[0 Low input and output leakage
[0 Complementary N- and P-channel devices
Applications
[ Legic leve! interface = - .
5 Package Options
O Solid state relays
[ Battery operated systems
[0 Photo voltaic drive
[0 Analog switch
O Generai purpose line driver
SGD
Absolute Maximum Ratings T0-92
Drain-to-Source Voltage BVpes
Drain-to-Gate Voltage BV e N [T]e ~— &1 D
Gate-to-Source Voltage +10V NC [ 2 | 7] D
Operating and Storage Temperature -55°C to +150°C S [3 6 D
Soldering Temperature* 300°C G [ 4 5] D
*Distance of 1.6 mm from case for 10 seconds.
SO-8
Note: See package outline section for dimensions.
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Thermal Characteristics

LP0701

Package I, (continuous)* I, (pulsed)* Power Dissipation 9|c 0 lor |
@T, =25°C °C/W °C/IwW
TO-92 -0.5A -1.25A 1w 125 170 -0.5A -1.25A
SO-8 -0.7A -1.25A 1.5Wt 83 104t -0.7A -1.25A
* I, (continuous) is limited by max rated Tr
t Mounted on FR4 board, 25mm x 25mm x 1.57mm.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage -16.5 \ Vgs=0, lp=-1mA
Vasn) Gate Threshold Voltage -0.5 -0.7 -1.0 \ Vas = Vps: Ip =-1mA
AV gsith) Change in Vg, With Temperature -4.0 | mv/°C Vas = Vps, Ip=-1mA
lass Gate Body Leakage -100 nA Vgs =10V, Vpg = 0V
Ipss Zero Gate Voltage Drain Current -100 nA Vps =-15V, Vgg = OV
-1.0 mA Vps = 0.8 Max Rating,
Vags =0V, TA = 125°C
-0.4 A Vgs = Vps = -2V
Iniony ON-State Drain Current -0.6 -1.0 Vgs = Vps =-3V
-1.25 | 23 Vgs = Vpg = -5V
Static Drain-to-Source 29 49 Q Vos = 2V, lp = -S0mA
Ros(on) ON-State Resistance 1.7 20 Vas = -3V, Ip = -150mA
1.3 1.5 Vgs = -5V, Ip = -300mA
ARpson) Change in Rpg o) With temperature 0.75 %/°C Vgs = -5V, Ip = -300mA
Ggs Forward Transconductance 500 700 mo Vps =-18V, Ip =-1A
Ciss Input Capacitance 120 250
Coss Common Source Output Capacitance 100 125 pF Vgs =0V, Vpg =-15V, f = 1IMHz
Crss Reverse Transfer Capacitance 40 60
taon) Turn-ON Delay Time 20 ns
t, Rise Time 20 Vpp=-15V, Ip = -1.25A,
taorr) Turn-OFF Delay Time 30 Rgen = 25Q
t Fall Time 30
Vgp Diode Forward Voltage Drop -1.2 -1.5 \ Vgs =0V, Igp = -500mA
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
V0% /—‘ PULSE
INPUT _ _ SENERATOR _ _
-10v \___9% :
ton torr) I
taon) t taorm | tF i D.UT.
ov 1 OUTPUT
90% 90% |
OUTPUT / \ :
Vop ———  F10% 10%% L
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Typical Performance Curves
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Output Characteristics
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Maximum Rated Safe Operating Area
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-1.0 -10
Vps (volts)

LP0701

Saturation Characteristics

25 |
Vgg = -5V
20
— /
8 15 4V
5
Q
§ e
= 10 g 3 Vet
05 — -2\
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Power Dissipation vs. Case Temperature
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0
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Thermal Response Characteristics
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;’ 0.6 ,
2 /
8 TO-92
» Tc=25°C
7] .4 [of
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©
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LP0701
Typical Performance Curves

BVpss Variation with Temperature On-Resistance vs. Drain Current
: ' 10 ™
14 Vgs = -2V
8
T Pt Vs =-3V
9 ~ % Vgs = -5V
3 E s
£ o
8 1.0 g
p= A s
(9] 1] 4
g T <
; /
2 L/
0.9
0
-50 0 50 100 150 0 -1 2 -3
T,(°C) Ip (amperes)
Transfer Characteristics Vi) @nd Rpg Variation with Temperature
2 r 1.4 16
|| .
T T kd ’
Vps = -15V J1 ot
i 7 12 Viny @ -1mA 14
T, =-55°C / =) T
2 Ta=25°C JAVAV ¥ 0 £
] A= U 7 % K 12 @®
3 1 £ P E
g - ‘ 3 g
< / o Ta= 125G < s \ 10 =
U4 £ 8 K
/r’ > ™ Roson) @ -5V, -300mA T
/ 06 DS(ON) ) \ \ 08
0 r | 0.4 0.6
0 -1 2 -3 -4 -5 -50 0 50 100 150
Vgs (volts) T; (°C)
Capacitance vs. Drain-to-Source Voltage Gate Drive Dynamic Characteristics
200 -10 ’ l /
f=1MHz —
. Vps = -10V /
& /-20V
B Ciss w -6
5 g VAR
s 100 2 y 238pF
8 Coss 3 //
= > -4
© /
A //
Crss 2
Ciss= 115pF
0 0 —
0 5 -10 -15 0 1 2 3 4 5
Vps (volts) Qg (nanocoulombs)
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LP0801

@ Supertexinc.

Low Threshold

Preliminary
P-Channel Enhancement-Mode
Lateral MOSFET
Ordering Information
BV, / Roscon) ooy Vasen Order Number / Package Product marking for SOT-23:
BV s (max) (min) (max) TO-236AB* Dice
-16.5V 12.0Q -200mA -1.0v LP0801K1 LPO8O1ND where % = 2-week alpha date code

*Same as SOT-23. All units shipped on 3,000 piece carrier tape reels.

Features Advanced MOS Technology

[J Ultra low threshold These enhancement-mode (normally-off) transistors utilize a lat-
L . eral MOS structure and Supertex’s well-proven silicon-gate
O High input impedance manufacturing process. This combination produces devices with
i i the power handling capabilities of bipolar transistors and with the
t t
U Low input capacitance high input impedance and negative temperature coefficientinher-
[0 Fast switching speeds ent in MOS devices. Characteristic of all MOS structures, these
0L ist devices are free from thermal runaway and thermally-induced
Ow on resistance secondary breakdown. The low threshold voltage and low on-
[0 Freedom from secondary breakdown resistance characteristics are ideally suited for hand held battery
. operated applications.
O Low input and output leakage
Applications
[0 Logic level interface
[ Solid state relays Package 0pti°ns
[0 Battery operated systems
O Photo voltaic drive
[ Analog switch
[0 General purpose line driver
Drain
[1
Absolute Maximum Ratings
Drain-to-Source Voltage BVpes
Drain-to-Gate Voltage BVpes L L
Gate-to-Source Voltage +16.5V Gate Source
Operating and Storage Temperature -65°C to +150°C TO-236AB
Soldering Temperature* 300°C (SOT-23)

*Distance of 1.6 mm from case for 10 seconds.

Note: See package outline section for dimensions.
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Thermal Characteristics

LP0801

Package I, (continuous)* I, (pulsed)* Power Dissipation elc ei‘ e —
A @T,=25°C °C/W °CIW
SOT-23 -100mA -250mA 0.36W 200 350 -100mA -250mA
* 1, (continuous) is limited by max rated Tj.
Electrical CharacteristiCs (@ 25°C uniess otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage -16.5 \" Vgs=0,Ip=-1mA
Vash) Gate Threshold Voltage -0.5 -1.0 \" Vgs = Vps: Ip =-1.0mA
AVgsn) Change in Vg With Temperature -40 | mv/C Vgs = Vps: Ip =-1.0mA
lass Gate Body Leakage -100 nA Vgs = 15V, Vpg = 0V
Ipss Zero Gate Voltage Drain Current -100 nA Vgs = 0V, Vpg = Max Rating
-1.0 mA Vps = 0.8 Max Rating,
Vgs =0V, T, = 125°C
Ipion) ON-State Drain Current -200 mA Vgs =-5.0, Vpg =-15V
Rps(on) Static Drain-to-Source 50 Vgs =-1.2V, I =-2.0mA
ON-State Resistance . 12 Q Vgs = -3V, Ip = -50mA
ARpson) Change in Rpgon) With temperature 1.1 %/°C Vgs =-3.0V, Ip = -50mA
Ges Forward Transconductance 100 mo Ip =-150mA, Vpg = -10V
Ciss Input Capacitance 70 Vgs =0V, Vpg = -15V,
Coss Common Source Output Capacitance 35 pF f=1.0MHz
Cgss Reverse Transfer Capacitance 17
taony Turn-ON Delay Time 20
t Rise Time 20 ns Vpp=-15V, Iy = -100mA,
taoFr) Turn-OFF Delay Time 30 Rgen = 25Q
t Fall Time 30
Vsp Diode Forward Voltage Drop -1.8 \" Vgs = 0V, Igp = -200mA
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
o /— PULSE
INPUT \ GENERATOR
-1ov 90% : ——————————
‘ ton) torF) :
taion) t tyorry Y : D.UT.
ov : OUTPUT
90% 90% I
OUTPUT \ :
Vop —— HF10% 10% Yo .
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@ Supertexinc.

TD9944

Low Threshold

Preliminary

Dual N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss/ | Rosion) Vasan) Inon) Order Number/Package
BVpgs (max) (max) (min) SO-8
240V 6Q 2.0V 1.0A TD9944TG
Features Low Threshold DMOS Technology
[0 Dual N-channel devices These dual low threshold enhancement-mode (normally-off) tran-
sistors utilize a vertical DMOS structure and Supertex's well-
[ Low threshold — 2.0V max. proven silicon-gate manufacturing process. This combination
0 High input impedance produces devices with the power handling capabilities of bipolar
; : _ transistors and with the high input impedance and positive tem-
L] Low input capacitance — 125 pF max. perature coefficient inherent in MOS devices. Characteristic of all
[J Fast switching speeds MOS structures, these devices are free from thermal runaway and
[0 Low on resistance thermally induced secondary breakdown.
Supertex vertical DMOS FETs are ideally suited to a wide range
[1 Free from secondary breakdown of switching and amplifying applications where very low threshold
[0 Low input and output leakage voltage, high breakdown voltage, high inputimpedance, low input
g
capacitance, and fast switching speeds are desired.
Applications
O Logic level interface — ideal for TTL and CMOS
[0 Solid state relays Pin Conflguratlon
[0 Battery operated systems
[OJ Photo voltaic drive
[0 Analog switches
[0 General purpose line driver
[0 Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
Gate-to-Source Voltage +20V
Operating and Storage Temperature -565°C to +150°C
Soldering Temperature* 300°C

* Distance of 1.6 mm from case for 10 seconds.
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Electrical Characteristics (each device, @ 25°C unless otherwise specified)

TD9944

Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage 240 \ Vgs=0,lp=2mA
Vasith) Gate Threshold Voltage 0.6 20 v Vgs = Vps, Ip= TMA
AVgsin) Change in Vggn) With Temperature -5.0 | mv/°C Vas = Vps: Ip= TMA
lass Gate Body Leakage 100 nA Vgs =+ 20V, Vpg =0V
loss Zero Gate Voltage Drain Current 10 pA Vgs =0, Vpg = Max Rating
1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Ipion) ON-State Drain Current 0.5 1.9 A Vgs =4.5V, Vpg = 25V
1.0 28 Vgs = 10V, Vpg =25V
Rosion) Static Drain-to-Source 4.0 6.0 Q Vgs = 4.5V, Ip = 250mA
ON-State Resistance 4.0 6.0 Vas = 10V, Iy = 05A
ARpsion) Change in Rpg(on) With Temperature 1.4 %/°C Vgs = 10V, Ip =0.5A
Ges Forward Transconductance 300 600 my Vps =25V, Ip = 0.5A
Ciss Input Capacitance 65 125
- Vgs =0, Vpg =25V
Coss Common Source Output Capacitance 35 70 pF f= 1 MHz
Chgss Reverse Transfer Capacitance 10 25
taon) Turn-ON Delay Time 10
t, Rise Time 10 Vop =25V,
ns Ip=1.0A,
taorF) Turn-OFF Delay Time 20 Reen = 25Q
t Fall Time 20
Vso Diode Forward Voltage Drop 1.8 v Vgs =0, Isp = 1.0A
- Reverse Recovery Time 300 ns Vgs =0, Igp =1.0A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. Al A.C. parameters sample tested.
Switching Waveforms and Test Circuit Voo
10v
90% PULSE
INPUT / - GENERATOR __. ouTPUT
ov _10%7 1
tom torr) :
I
laow b tyorm) & : [
| : D.UT.
v
o 0% 0% ! I
OUTPUT / : = : =
ov 90% 90% e ——— -




Typical Performance Curves
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Saturation Characteristics
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Typical Performance Curves

Capacitance vs. Drain-to-Source Voltage

C (picofarads)

Grg (siemens)

200

100

50

08

0.6

04

0.2

|

f=1MHz

N Ciss
Coss
Crss

—————
10 20 30 40
Vps (volts)

Transconductance vs. Drain Current

— Vps = 25V
Ta=-55°C \
/] \
/ Ta=25°C
\
Ta = 150°C \
\
\[
VA
|
0 0.8 1.6 24 3.2 4.0
Ip (@amperes)

Vgs (volts)

10

Gate Drive Dynamic Characteristics

/

)4

4
/ =40V

63pF

0.4

08 1.2
Qg (nanocoulombs)

1.6 2.0

TD9944



TNO0102
TNO104
Low Threshold

@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Ros(on) Vasan o) Order Number / Package

BVpas (max) (max) (min) TO-39 TO-92 TO-243AA* DICET
20V 1.8Q 1.6V 2.0A TNO102N2 TNO102N3 — TNO102ND
40V 1.8Q 1.6V 2.0A TNO104N2 TNO104N3 — TNO104ND
40V 2.0Q 1.6V 2.0A — — TNO104N8 —

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

T MIL visual screening available

Features

Low threshold —1.6V max.

High input impedance

Low input capacitance

Fast switching speeds

Low on resistance

Free from secondary breakdown
Low input and output leakage

ooooogooao

Complementary N- and P-channel devices

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

oooooogoad

Telecom switches

Absolute Maximum Ratings

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

* For TO-39 and TO-92, distance of 1.6 mm from case for 10 seconds.

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options
TO-243AA
(SOT-89)
TO-39 TO-92
Note: See package outline section for discrete pinouts.




TNO102/TN0O104

Thermal Characteristics

Package Ip (continuous)* Ip (pulsed) Power Dissipation Oc 6a Ipr* Iprm
@ T, =25°C °C/W °C/W
TO-39 1.25A 2.90A 3.5W 35 125 1.25A 2.90A
TO-92 0.80A 2.40A 1.0wW 125 170 0.80A 2.40A
TO-243AA 1.40A 2.90A 1.6Wt 15 78t 1.40A 2.90A

* I, (continuous) is limited by max rated T,.
 Mounted on FR5 Board, 25mm x 25mm x 1.57mm. Signficant P, increase possible on ceramic substrate.

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions
BV, in-to- TNO104 40
> g:z:k;%v?:lcgﬁage TNO102 20 v Ves=0, Ip=1.0mA
Vasn) Gate Threshold Voltage 0.6 1.6 \' Vgs = Vps: Ip = 500pA
AVasith) Change in Vggny With Temperature -3.8 -5.0 | mv/°C Vgs = Vps, Ip=1.0mA
lass Gate Body Leakage 0.1 100 nA Vgs =120V, Vpg=0
lbss Zero Gate Voltage Drain Current 1 uA Vgs =0, Vpg = Max Rating
100 WA ‘\l{fs: y (2)5:/3S 0.8 Max Rating
Ioiony ON-State Drain Current 0.35 Vgs =3V, Vpg =20V
0.5 1.1 A Vgs =5V, Vpg =20V
20 2.6 Vgs = 10V, Vpg = 20V
Ros(on) Static Drain-to-Source 50 Vas =3V, Ip = 50mA
ON-State Resistance All Packages 23 25 Vgs = 5V, Ip = 250mA
TO-39, TO-92 1.5 1.8 Q Vgs =10V, Ip=1A
TO-243AA 20 Vgs =10V, I = 1A
ARpsion) Change in Rpgon) With Temperature 0.7 1.0 %/°C Vgs =10V, Ip = 1A,
Ges Forward Transconductance 0.34 0.45 4] Vps =20V, I =0.5A
Ciss Input Capacitance 70 )
Coss Common Source Output Capacitance 50 pF :/251 =M°'_";IDS =20V
Cpss Reverse Transfer Capacitance i5
taon) Turn-ON Delay Time 3.0 5.0
t, Rise Time 7.0 8.0 Vpp =20V, Ip = 1A
tyorr) Turn-OFF Delay Time 6.0 9.0 ne Raen = 25Q
t Fall Time 5.0 8.0
Vsp Diode Forward TO-39, TO-92 1.2 1.8 Vgs =0, Igp = 1.0A
Voltage Drop TO-243AA 2.0 v Vgs =0, Isp = 0.5A
ty Reverse Recovery Time 300 ns Vs =0, lsp=1A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. AllA.C. parameters sample tested.
VDD

Switching Waveforms and Test Circuit

1ov
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ov 90% 90% e -




TNO102/TNO104

Typical Performance Curves
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TNO102/TNO104

Typical Performance Curves

BVpgs Variation with Temperature On-Resistance vs. Drain Current
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@ '5upertex inc.

N-Channel Enhancement-Mode

Vertical DMOS FETs

Ordering Information

TNO106
TNO110

Low Threshold

BVpss / Ros(on) Ioony Vasqh Order Number / Package

BVpas (max) (min) (max) TO-39 TO-92 DICEt
60V 3Q 2A 1.6V TNO106N2 TNO106N3 TNO106ND
100V 3Q 2A 1.6V TNO110N2 TNO110N3 TNO110ND

* MIL visual screening available

High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering Information.

Features

0 Low threshold — 1.6V max.

[ High input impedance

] Low input capacitance — 50 pF typical
[0 Fast switching speeds

[} Low on resistance

[J Free from secondary breakdown

[J Low input and output leakage

Applications

[0 Logic level interface — ideal for TTL and CMOS
[J Solid state relays

[J Battery operated systems

1 Photo voltaic drive

J Analog switches

0 General purpose line driver

1 Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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.

7-15

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

T

TO-39 TO-92

Note: See Package Outline section for discrete pinouts.




Thermal Characteristics

TNO106/TNO110

Package- Ip (continuous)* Ip (pulsed) Power Dissipation 6a O “Ipr* IoRm
' @ Tc=25°C °CIW °C/W
TO-92 0.5A 2.0A 1.0W 170 125 0.5A 2.0A
TO-39 0.8A 2.5A 3.5wW 125 35 - 0.8A 2.5A
* 1, (continuous) is limited by max rated T,.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TNO110 100
\) |Q=1mA,VGs=0
Breakdown Voltage TNO106 60 !
Vasin) Gate Threshold Voltage 0.6 1.6 v Vgs = Vps, Ip =0.5mA
AVasn) Change in Vggyy) with Temperature -3.2 -5.0 | mv/°C Vgs = Vps: Ip = 1.0mA
lgss Gate Body Leakage 100 nA Vgs =120V, Vpg=0
Ipss Zero Gate Voltage Drain Current 10 Vgs =0, Vps = Max Rating
500 pA Vgs =0, Vps = 0.8 Max Rating
Ta=125°C
Ipon) ON-State Drain Current 0.75 1.4 A Vgs =5V, Vpg =25V
2.0 34 Vgs = 10V, Vpg =25V
Rps(on) Static Drain-to-Source 2.0 4.5 o Vgs =5V, Ip =250mA
ON-State Resistance 16 3.0 Vas = 10V, Ip = 500mA
ARps(on) Change in Rpg(on) With Temperature 0.6 1.1 %/°C Ip =0.5A, Vgg = 10V
Ggs Forward Transconductance 225 400 mo Vps =25V, Iy = 500mA
Ciss Input Capacitance 50 60
- Vgs =0, Vpg =25V
Coss Common Source Output Capacitance 25 35 pF f= 1 MH
= z
Chgss Reverse Transfer Capacitance 4.0 8.0
taon Turn-ON Delay Time 2.0 5.0
t, Rise Time 30 | 50 Voo =25V
ng =10
- - ns Ib=1.0A
taorr) Turn-OFF Delay Time 6.0 7.0 Ragn = 250
t Fall Time 3.0 6.0
Vsp Diode Forward Voltage Drop 1.0 1.5 \ lsp=0.5A, Vgg =0
t, Reverse Recovery Time 400 ns lgp=0.5A, Vgs =0
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. AllA.C. parameters sample tested.
Switching Waveforms and Test Circuit v
DD
10V
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INPUT / \ SRR, ouTPUT
ov _10%7 1
ton) torp) :
|
taon) t tiormy : I
-t 1 : D.UT.
v,
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OUTPUT / : - : =
ov 90% 90% L P -
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TNO106/TNO110

Typical Performance Curves

Output Characteristics Saturation Characteristics
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TNO106/TNO110
Typical Performance Curves

BVpgs Variation with Temperature On-Resistance vs. Drain Current
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TN0520
TN0524

Low Threshold

@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Ros(on) Ioon) Vasqn) Order Number / Package

BVpgs (max) (min) (max) TO-39 TO-92 DICEt
200V 10Q 300mA 1.5V TNO520N2 TNO520N3 TNO520ND
240V 10Q 300mA 1.5V TN0524N2 TN0524N3 TNO0524ND

T MIL visual screening available

High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering Information.

Features

7 Low threshold —1.5V max.

] High input impedance

[ Low input capacitance — 45 pF typical
[ Fast switching speeds

[J Low on resistance

[J Free from secondary breakdown

[ Low input and output leakage

nentary N- and P-channei devices

Applications
O Logic level interface — ideal for TTL and CMOS

[ Solid state relays

[ Battery operated systems
1 Photo voltaic drive

[ Analog switches

[ General purpose line driver
[ Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
Gate-to-Source Voltage +20V
Operating and Storage Temperature -565°C to +150°C
Soldering Temperature* 300°C

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

T

TO-39 T0-92

Note: See Package Outline section for discrete pinouts.

* Distance of 1.6 mm from case for 10 seconds.




Thermal Characteristics

TNO0520/TN0524

Package Ip (continuous)* Ip (pulsed) Power Dissipation Oc O lor* loam
@ T¢=25°C °C/W °C/wW
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 T,.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TNO524 240
\' V=0, |, =1mA
GS| *'D
Breakdown Voltage TNO0520 200
Vasn) Gate Threshold Voltage 0.6 1.5 \ Vgs = Vps: Ip = 1.0mA
AV s(ihy Change in Vg With Temperature -3.0 -40 | mv/°C Vgs = Vps: Ip = 1.0mA
lgss Gate Body Leakage 100 nA Vgs =120V, Vpg =0
Ipss Zero Gate Voltage Drain Current 10 Vgs = 0, Vps = Max Rating
500 A Vps =0, Vgg = 0.8 Max Rating
T, =125°C
Ipiony ON-State Drain Current 100 360 mA Vgs =3V, Vpg =25V
300 850 Vgs =5V, Vpg =25V
RDS(ON) Static Drain-to-Source 9.0 15 Vgs =3V, Ip = 50mA
N-State Resist Q
ON-State Resistance 70 | 10 Vas = 5V, I = 100mA
ARps(on) Change in Rpgony With Temperature 0.9 1.5 %/°C Vgs =5V, Ip=0.2A
Ggs Forward Transconductance 0.15 0.35 (&) Vps =25V, Ip = 0.2A
Ciss Input Capacitance 45 60
Vgs =0, Vpg =25V
Coss Common Source Output Capacitance 15 35 pF ; fs‘1 MHz bs
Crss Reverse Transfer Capacitance 3.0 8.0
taony Turn-ON Delay Time 3.0 5.0
t, Rise Time 3.0 5.0 Vop =25V
ns Ip=0.3A
taorF) Turn-OFF Delay Time 5.0 10 Raen = 25Q
t Fall Time 3.0 9.0
Vsp Diode Forward Voltage Drop 1.1 2.5 \' Vgs =0, Igp = 100mA
t, Reverse Recovery Time 400 ns Vas =0, Igp = 100mA
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
. . . . v
Switching Waveforms and Test Circuit *
10V
90% PULSE
INPUT \ — _GENERATOR ., ouTPUT
ov _10%4 1
t(ON) 110FF) :
| |
t t, t 1
aon) laorm I : | D.UT.
\Y |
oo 0% Fo% : !
ouTPUT : = : =
ov 90% 90% [ -
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Typical Performance Curves
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Ip (amperes)

Pp (watts)

Thermal Resistance (normalized)

TNO520/TN0524

Saturation Characteristics
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TN0520/TN0524
Typical Performance Curves
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TNO0535
TNO540
Low Threshold

@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rps(on) Inion) Vasn) Order Number / Package
BVpas (max) (min) (max) TO-92 DICE!
350V 22Q 250mA 2.0v TNO535N3 TNO535ND
400V 22Q 250mA 2.0V TNO540N3 TNO540ND

T MIL visual screening available

High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering Information.

Features

] Low threshold —2.0V max.
High input impedance

O 0O

Low input capacitance — 48 pF typical

Fast switching speeds

[0 Low on resistance

[0 Free from secondary breakdown

[J Low input and output leakage

[l Complementary N- and P-channel devices

Applications

[J Logic level interface — ideal for TTL and CMOS
[ Solid state relays

[J Battery operated systems

[J  Photo voltaic drive

7 Analog switches

0 General purpose line driver

[J Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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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Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

TO-92

Note: See Package Outline section for discrete pinouts.




Thermal Characteristics

TNO0535/TN0540

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6a e lor* lorm
@ T;=25°C °C/W °C/IW
TO-92 140mA 750mA 1.0W 170 125 140mA 750mA
I, (continuous) is limited by max rated TI
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TNO0540 400 \% Vgs=0, lp=1mA
Breakdown Voltage TNO535 350
Vasn) Gate Threshold Voltage 0.8 2.0 \ Vgs = Vps, Ip=1MA
AVgs(th) Change in Vg, With Temperature -3.5 -4.5 mV/°C Vgs =Vps, Ip=1mA
lass Gate Body Leakage 100 nA Vgs =120V, Vps=0
Ipss Zero Gate Voltage Drain Current 10 HA Vgs = 0, Vpg = Max Rating
500 A Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Ipon) ON-State Drain Current 550 mA Vgs =5V, Vpg =25V
250 750 Vgs = 10V, Vpg =25V
Rps(on) Static Drain-to-Source 20 22 Q Vgs =4.5V, Ip = 100mA
ON-State Resistance 19 22 Vgs = 10V, I = 150mA
ARps(on) Change in Rpg o) With Temperature 0.9 15 %l/°C Vgs =10V, I =0.1A
Gs Forward Transconductance 125 200 mo Vps =25V, I =0.1A
C Input Capacitance 48 60
= : Vgs =0, Vpg = 25V
Coss Common Source Output Capacitance 11 15 pF f=1 MHz
Cgss Reverse Transfer Capacitance 3.0 8.0
taony Turn-ON Delay Time 5.0 8.0
t Rise Time 50 | 80 Vop =25V,
L - . ns Ip = 250mA,
taoFr) Turn-OFF Delay Time 5.0 9.0 Reen = 25Q
t Fall Time 5.0 8.0
Vsp Diode Forward Voltage Drop 0.8 1.2 \% Vgs =0, Isp = 150mA
t Reverse Recovery Time 400 ns Vgs =0, Igp = 150mA
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. Al A.C. parameters sample tested.
Switching Waveforms and Test Circuit Vo
10v R,
90% PULSE
INPUT / \ ~— GENERATOR __ OUTPUT
ov _10%4 — I
!(ON) ‘(OFF) :
|
taon) t tiorm : |
t | : D.U.T.
v,
e 5% Frow— I !
OuTPUT / : = : =
ov 90% 90% e - —— -
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Typical Performance Curves
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TNO0535/TN0540
Typical Performance Curves

BVpss Variation with Temperature On-Resistance vs. Drain Current
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@ Supertexinc.

TN0602
TNO0604

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rps(on Ibon) Vasqn) Order Number / Package
BVpas (max) (min) (max) TO-39 TO-92 SOw-20* DICE?
20V 0.75Q 4.0A 1.6V — TNO602N3 — TNO602ND
20V 0.85Q 4.0A 1.6V TNO602N2 - — —
40V 0.75Q 4.0A 1.6V — TNO604N3 — TNO604ND
40V 0.85Q 4.0A 1.6V TNO604N2 — — —
40V 1.0 Q 4.0A 1.6V — — TN0604WG —_
* Same as SO-20 with 300 mil wide body.
T MIL visual screening available
Low Threshold DMOS Technology
Features These low threshold enhancement-mode (normally-off) transis-
tors utilize a vertical DMOS structure and Supertex's well-proven
[ Low threshold — 1.6V max. silicon-gate manufacturing process. This combination produces
[ High input impedance devices with the power handling capabilities of bipolar transistors
. . . and with the high input impedance and positive temperature
L)' Low input capacitance — 140pF typical coefficient inherent in MOS devices. Characteristic of all MOS
[0 Fast switching speeds structures, these devices are free from thermal runaway and
[ Low on resistance thermally-induced secondary breakdown.
Supertex vertical DMOS FETs are ideally suited to a wide range
[ Free from secondary breakdown of switching and amplifying applications where very low threshold
[0 Low input and output leakage voltage, high breakdown voltage, high inputimpedance, low input
X capacitance, and fast switching speeds are desired.
[0 Complementary N- and P-channel devices
L Package Options
Applications
O Logic level interface — ideal for TTL and CMOS
[ Solid state relays
[0 Battery operated systems
[J Photo voltaic drive
[0 Analog switches
[0 General purpose line driver
[0 Telecom switches TO-39 TO-92
Absolute Maximum Ratings
Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
Gate-to-Source Voltage +20V
- SOW-20
Operating and Storage Temperature -55°C to +150°C
Soldering Temperature* 300°C
*  Distance of 1.6 mm from case for 10 seconds. Note: See package outline section for dimensions.
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TN0602/TN0604

Thermal Characteristics

Package Ip (continuous)* Ip (pulsed) Power Dissipation Bic 6a lpr* lorm
@ Tc=25°C °C/W °CIW
TO-39 2.5A 4.6A 6W 20.8 125 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.
* 1, (continuous) is limited by max rated T,
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbo| Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TNO0604 40 v Vgs=0, Ip = 2.0mA
Breakdown Voltage TNOB02 20
Vasith) Gate Threshold Voltage 0.6 1.6 \ Vas = Vps, Ip = 1.0mA
AVgsan | Change in Vg with Temperature -3.8 -4.5 mV/°C Vgs = Vps: Ip =2.5mA
lass Gate Body Leakage 100 nA Vgg =120V, Vpg =0
lpss Zero Gate Voltage Drain Current 10 uA Vgs =0, Vpg = Max Rating
1.0 mA Vgs =0, Vps = 0.8 Max Rating
Ta=125°C
Ipony ON-State Drain Current 1.5 2.1 A Vas =5V, Vpg =20V
4.0 7.0 Vgs = 10V, Vpg =20V
Rps(on) Static Drain-to-Source | TO-39/TO-92/SOW-20 1.0 1.6 Q Vgs =5V, Ip = 0.75A
ON-State Resistance | 1o.go 0.6 0.75
TO-39 0.85 Q Vgs =10V, Ip = 1.5A
SOW - 20 1.0
ARpg(on) | Change in Rpgon) With Temperature 0.5 0.75 %/°C Vgs =10V, Ip = 1.5A
Gs Forward Transconductance 0.5 0.8 (&) Vps =20V, Iy =1.5A
Ciss Input Capacitance 140 190 Vgs =0, Vpg = 20V
Coss Common Source Output Capacitance 75 110 pF f=1MHz
Cgss Reverse Transfer Capacitance 25 50
Turn-ON Delay Time 10
taon) el y Vpp = 20V
t, Rise Time 6.0 ns Ip = 0.5A
tjop,:) Turn-OFF Delay Time 25 Rgen = 25Q
t Fall Time 20
Vsp Diode Forward Voltage Drop 1.2 1.8 \ Vgs =0, Isp = 1.5A
ty Reverse Recovery Time 300 ns Ves=0,lsp=1A
Notes:
1: Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2: All A.C. parameters sample tested.
VDD
Switching Waveforms and Test Circuit
10V
90% PULSE
INPUT / \ - GENERATOR __, OUTPUT
ov _10% 1
ton torr) :
|
taon t taorm : 1
-t 1 : D.UT.
v
o 10% 0% : 1
OuTPUT { = : =
ov 90% 90% L -
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Typical Performance Curves
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Typical Performance Curves

Ip (amperes) BVpss (normalized)

C (picofarads)

0.9

10

200

150

100

50

BVpgs Variation with Temperature

Ve
/
1
L~ r
-50 0 50 100 150
T (°C)
Transfer Characteristics
Vps =25V
éo (¢)
y_; 0
2 ,/‘2«/:
<Y ’%3 s
4
/Tr ¢ —
/ 7’ ’Irrfje
4 N
7 v
/, /r AR
y/ a
I
0 2 4 6 8 10
Vgs (volts)

Capacitance vs. Drain-to-Source Voltage

f=1MHz
Ciss -
N
Coss
N
Crss
0 10 20 30 40
Vps (volts)

7-30

Vas(th) (normalized) Rps(on) (ohms)

Vgs (volts)

2.0

0.8

0.6

TNO0602/TN0604

On-Resistance vs. Drain Current

L

Vgs =5V

Vgs = 10V

\ .

5.0 10.0
Ip (amperes)

V(th) @nd Rpg Variation with Temperature

/l 1.4
\\ Vi) @ 1A /,/ 12
,/

Rps @ 10V, 1.5A

>< DS 10
e n
N 08
N ;
NG
\\
06
-50 0 50 100 150
T;(°C)
Gate Drive Dynamic Characteristics
/N
Vps =10V / //
170pF Y 170 pF
/( Vpg = 40V
// 1/
10 2.0 3.0 40 50

Qg (nanocoulombs)

Rps(on) (normalized)



@ Supertexinc.

TNO0606
TNO610

Low Threshold

N-Channel Enhancement-Mode

Vertical DMOS FETs

Ordering Information

BVpss /| Rosion | Toony | Vasen) Order Number / Package

BVpgs | (max) | (min) | (max) TO-39 TO-92 TO-220 Quad P-DIP | Quad C-DIP* DICE?
60V 1.5Q | 3.0A 1.6V TNOB06N2 TNO606N3 TNO606N5 TNO606N6 TNO606N7 TNO606ND
100V | 1.5Q | 3.0A 1.6V TNO610N2 TNO610N3 TNO610N5 — — TNO610ND

* 14 pin side brazed ceramic DIP
t MIL visual screening available

High Reliability Devices

See pages 5-4 and 5-5 for MILITARY STANDARD Process

Flows and Ordering Information.

Features

] Low threshold — 1.6V max.

[J High input impedance

[J Low input capacitance — 100 pF typical
[ Fast switching speeds

[J Low on resistance

[J Free from secondary breakdown

[J Complementary N- and P-channel devices

Applications

[J Logic level interface — ideal for TTL and CMOS

[J Solid state relays

[J] Battery operated systems
[ZJ Photo voltaic drive

J Analog switches

[J General purpose line driver

] Telecom switches

Absolute Maximum Ratings

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

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

TO-39 TO-92

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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Thermal Characteristics

TNO0606/TN0610

Package Ip (continuous)* Ip (pulsed) Power Dissipation O 6a Ipr* lprm
@ Tc=25°C °C/W °C/wW
TO-92 0.8A 3.2A 1w 125 170 0.8A 3.2A
TO-39 1.5A 4.0A 6W 20.8 125 1.5A 4.0A
TO-220 3.0A 4.1A 45W 2.7 70 3.0A 4.1A
Plastic DIP Refer to Arrays & Special Functions Section.
Ceramic DIP
* 1, (continuous) is limited by max rated T,.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
e mosto] 10 V[ vesmop=1ma
Vasth) Gate Threshold Voltage 0.6 1.6 v Vgs = Vps, Ip=1mA
AV gs(th) Change in Vgg ) With Temperature -4.5 mV/°C Vgs = Vps, Ip=1mA
lass Gate Body Leakage 100 nA Vgs =#20V, Vps=0
lbss Zero Gate Voltage Drain Current 10 A Vgs =0, Vpg = Max Rating
1.0 mA Vgs =0, Vps = 0.8 Max Rating
Ta=125°C (note 2)
Inony ON-State Drain Current 1.2 2.0 A Vgs =5V, Vpg =25V
3.0 6.7 Vgs = 10V, Vpg = 25V
Ros(on) Static Drain-to-Source 1.5 2.0 Vas =5V, Ip=0.75A
ON-State Resistance 1.0 1.5 Q Vgs = 10V, I = 0.75A
ARps(on) Change in Rpgony With Temperature 0.75 %/°C Vgs = 10V, I = 0.75A
Ggs Forward Transconductance 0.4 0.5 (¢) Vps =25V, Ip = 1.0A
Ciss Input Capacitance 100 150 pF Vgs =0, Vpg =25V
Coss Common Source Output Capacitance 50 85 f=1MHz
CRgss Reverse Transfer Capacitance 10 35
taony Turn-ON Delay Time 10
t, Rise Time 10 Vop =25V
ns Ip=1.5A
taorm) Turn-OFF Delay Time 20 Ragy = 250
t Fall Time 12
Vsp Diode Forward Voltage Drop 0.8 1.8 \ Vgs =0, Igp =1.5A
t, Reverse Recovery Time 300 ns Vgs =0, Isp=1.5A
Notes:

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

Switching Waveforms and Test Circuit

10V
INPUT
ov

Voo

OUTPUT
ov
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Typical Performance Curves
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Saturation Characteristics
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Typical Performance Curves
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TN0620

TNO0624
Low Threshold

@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss/ Rps(on) Inon) Vas(n) Order Number / Package
BVpas (max) (min) (max) TO-39 TO-92 TO-220 DICE!
200V 6Q 1.0A 1.6V TNO620N2 TNO620N3 TNO620N5 TN0O620ND
240V 6Q 1.0A 1.6V TNO0624N2 TNO0624N3 TNO624N5 TNO624ND
1 MIL visual screening available
High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering nformation Low Threshold DMOS Technology

Features
[0 Low threshold — 1.6V max.

[ High input impedance

O Low input capacitance — 110 pF typical
[0 Fast switching speeds

J Low on resistance

0 Free from secondary breakdown

0 Low input and output leakage

[J Complementary N- and P-channel devices
Applications

[J Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

0o oo

Photo voltaic drive

Analog switches

O

General purpose line driver

O

[

Telecom switches

Absolute Maximum Ratings

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

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high input impedance, low input
capacitance, and fast switching speeds are desired.

Package Options

=

TO-39 TO-92

TO-220

Note: See Package Outline section for discrete pinouts.

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

TN0620/TN0624

Package lp (continuous)* Ip (pulsed) Power Dissipation 6c Bia lor* lorm
@ Te=25°C °C/IW °CIW
TO-39 0.7A 2.5A 6W 20.8 125 0.7A 2.5A
TO-92 0.4A 2.0A 1w 125 170 0.4A 2.0A
TO-220 1.5A 2.5A 45W 2.7 70 1.5A 2.5A
* 1, (continuous) is limited by max rated T,.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVoss grr::lank;c;v?: L\];gﬁage I:gzz: zz(; v Vas =0, Ip = 2.0mA
Vasqn) Gate Threshold Voltage 0.6 1.6 \ Vgs = Vps, Ip = 1.0mA
AV as(tny Change in Vg With Temperature -5.0 | mV/°C Vas = Vps, Ip = 1.0mA
lass Gate Body Leakage 100 nA Vgs =120V, Vpg=0
Ibss Zero Gate Voltage Drain Current 10 A Vgs =0, Vpg = Max Rating
1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Inon) ON-State Drain Current 0.5 A Vgs =5V, Vpg =25V
1.0 Vgs = 10V, Vpg = 25V
Ros(on) Static Drain-to-Source 6 Q Vgs =5V, Ip = 0.25A
ON-State Resistance Ves = 10V, Ip = 0.5A
ARps(on) Change in Rpg(on With Temperature 1.4 %/°C Vgs =10V, Ip = 0.5A
Ges Forward Transconductance 300 400 mo Vps =25V, Ip = 0.5A
| Ciss Input Capacitance 110 150
Coss Common Source Output Capacitance 40 85 pF st1 =M0':';/DS =25V
Crss Reverse Transfer Capacitance 10 35
taon Turn-ON Delay Time 10
t, Rise Time 8.0 Vop =25V
taorr) Turmn-OFF Delay Time 20 " lo=1.0A
Rgen = 25Q
1" Fall Time 20
Vsp Diode Forward Voltage Drop 1.8 \ Vgs =0, Igp =1.0A
te Reverse Recovery Time 300 ns Vgs =0, Igp =1.0A
Notes:

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

2. Al A.C. parameters sample tested.

Switching Waveforms and Test Circuit
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Typical Performance Curves
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Thermal Resistance (normalized)
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Saturation Characteristics

4.0
32
Vas =
24 10V
8V
= 6V
16 o
=
av
_1—‘
0.8 i
3v
* 2v
0
0 2 4 6 8 10
Vps (volts)
Power Dissipation vs. Case Temperature
50 —
TO-220
40 \
N
” AN
10 \
TO-39 \
==
TO-92 [
0
0 25 50 75 100 125 150
Tc(°C)
Thermal Response Characteristics
1.0
A
0.8 /
TO-220
Pp = 45W / I
0.6 Tc=25°C / /
0.4 //
/|
/ TO-39
02 / Pp=6W
L Tc=25°C —
]
0.001 0.01 0.1 1 10

tp (seconds)



TNO0620/TN0624

Typical Performance Curves
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TNO0635
TNO0640

Low Threshold

‘b Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rps(on) Inon Vasqn) Order Number / Package
BVpas (max) (min) (max) TO-92 DICE!
350V 10Q 1.0A 1.8V TNO635N3 TNO635ND
400V 10Q 1.0A 1.8V TNO640N3 TNO640ND
t MIL visual screening available -
I
Features Low Threshold DMOS Technoloc

1 Low threshold —1.8V max.
[J High input impedance
0 Low input capacitance — 85 pF typical

O

Fast switching speeds
Low on resistance

Free from secondary breakdown

0o od

Low input and output leakage

O

Complementary N- and P-channel devices

Applications

O Logic level interface — ideal for TTL and CMOS
) Solid state relays

[J Battery operated systems

[ Photo voltaic drive

[J  Analog switches

[0 General purpose line driver

[0 Telecom switches

Absolute Maximum Ratings

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

* Distance of 1.6 mm from case for 10 seconds.

7-39

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

TO-92

Note: See Package Outline section for discrete pinouts.




TNO0635/TN0640

Thermal Characteristics

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6ia B Ipr* loam
@ T =25°C °C/W °CIW
TO-92 200mA 1.5A 1.0W 170 125 200mA 1.5A

I, (continuous) is limited by max rated Tl

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TNO640 | 400 v Vgs =0, Ip = 100pA
Breakdown Voltage TNO635 350
Vas(h) - Gate Threshold Voltage 0.6 1.8 \' Vgs = Vps, Ip= TMA
AVsn) Change in Vgg,) with Temperature -25 -40 | mV/°C Vas = Vps: Ip= TMA
lass Gate Body Leakage 100 nA Vgs =120V, Vpg=0
lpss Zero Gate Voltage Drain Current 10 MA Vgs =0, Vpg = Max Rating
1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Tp=125°C
Ipion) ON-State Drain Current 0.3 1.5 A Vgs =5V, Vpg =25V
1.0 1.8 Vgs = 10V, Vpg =25V
Rps(on Static Drain-to-Source 8.0 10 Q Vgs =4.5V, Ip = 150mA
ON-State Resistance 70 10 Vas = 10V, I = 0.5A
ARps(on) Change in Rpgon) With Temperature 0.75 %/°C Vgs = 10V, Ip = 500mA
Ges Forward Transconductance 125 350 myo Vps =25V, Ip = 100mA
C Input Capacitance 85 130
= . Vas =0, Vpg = 25V
Coss Common Source Output Capacitance 30 75 pF f=1 MHz
Chgss Reverse Transfer Capacitance 10 20
taon) Turn-ON Delay Time 20
Vpp =25V,
t, Rise Time 15 op =23
ns Ip=1.0A,
taoFF) Turn-OFF Delay Time 25 Raen = 259
7 Fall Time 20
Vsp Diode Forward Voltage Drop 1.8 \' Vgs =0, Isp = 200mA
te Reverse Recovery Time 300 ns Vgs =0, Isp = 1.0A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit Voo
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Typical Performance Curves
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Thermal Resistance (normalized)
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Saturation Characteristics
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T\}pical Performance Curves
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@ Supertexinc.

TNO0702

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpgs / Rps(on) inon) Vasith) Order Number / Package
BVpes (max) (min) (max) TO-92 DICE!
20V 1.3Q 0.5A 1.0V TNO702N3 TNO702ND

ML visual screening available

Features

Low threshold — 1.0 volt max

On resistance guaranteed at Vgg = 2, 3, and 5 volts
High input impedance

Low input capacitance —130 pF typical

Fast switching speeds

Low on resistance

Free from secondary breakdown

ooooogoao

Low input and output leakage

Applications

Logic level interface
Solid state relays

Battery operated systems
Photo voltaic drive
Analog switches

General purpose line driver

ogoooonoao

Telecom switches

Absolute Maximum Ratings

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

*Distance of 1.6 mm from case for 10 seconds maximum.
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Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

TO-92

Note: See Package Outline section for discrete pinouts.




Thermal Characteristics

TNO0702

Package Ip (continuous)* Ip (pulsed) Power Dissipation c 6 lpr* oM
@ Te=25°C °C/W °CIW
TO-92 0.6A 1.0A 1w 125 170 0.6A 1.0A
*Ip (continuous) is limited by max rated T;
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage 20 \ Vgs=0,lp=1mA
Vasith) Gate Threshold Voltage 0.5 0.8 1.0 \ Vas = Vps, Ip = 1.0mA
AV sthy Change in Vg with Temperature -4.0 mV/°C Vgs = Vps, Ip = 1.0mA
lass Gate Body Leakage 100 nA Vgs =120V, Vpg =0V
Ipss Zero Gate Voltage Drain Current 100 nA Vps =20V, Vgg =0V
100 pA Vps = 0.8 Max Rating,
Vgs =0V, Tp=125°C
Inony ON-State Drain Current 0.5 1.0 A Vgs = Vps =5V
4.0 5.0 Vgs =2V, Ip =50mA
Static Drain-to-Source
Ros(om ON-State Resistance 9 25 @ Vas =3V, Ip = 200mA
1.0 1.3 Vgs =5V, Ip =500mA
ARps(on Change in Rpg(on) With Temperature 0.75 %/°C Vgs =5V, Ip = 500mA
Ges Forward Transconductance 100 500 mO Vps =5V, Ip = 500mA
Ciss Input Capacitance 130 200
Coss Common Source Output Capacitance 70 125 pF Vgs =0V, Vpg =20V, f =1MHz
Cgss Reverse Transfer Capacitance 30 60
taon) Turn-ON Delay Time 20
t, Rise Time 20 | ns Vop =20V, Ip =0.54,
. Rgen = 25Q
taoFr) Turn-OFF Delay Time 30
te Fall Time 20
Vsp Diode Forward Voltage Drop 1.0 \) Vgs =0V, Igp = 0.5A
Notes:
1. All D.C. parameters 100% tested at 25°C unless otherwide stated. (Pulse test: 300 us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit v
DD
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Typical Performance Curves
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Saturation Characteristics
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Typical Performance Curves
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@ Supertexinc.

TN2101

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rosion) Vasqn) Order Number / Package Product marking for SOT-23:
BVpgs (max) (max) TO-236AB* N1U¥
15V 7.0Q 1.0V TN2101K1 where % = 2-week alpha date code

*Same as SOT-23. All units shipped on 3,000 piece carrier tape reels.

Features

Free from secondary breakdown
Low power drive requirement
Ease of paralleling

Low C¢
Excellent thermal stability

and fast switching speeds

Integral Source-Drain diode
High input impedance and high gain

oooooooao

Complementary N- and P-channel devices

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

ooooogno

Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
Gate-to-Source Voltage +15V
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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Advanced DMOS Technology

These enhancement-mode (normally-off) transistors utilize 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 positive temperature coefficient inher-
ent in MOS devices. Characteristic of all MOS structures, these
devices are free from thermal runaway and thermally-induced
secondary breakdown.

Supertex vertical DMOS FETs are ideally suited to a wide range
of switching and amplifying applications where high breakdown
voltage, high input impedance, low input capacitance, and fast
switching speeds are desired.

Package Options

Drain

L L

Gate Source

TO-236AB
(SOT-23)
top view

Note: See package outline section for dimensions.




Thermal Characteristics

TN2101

Package Ip (continuous)* lp (pulsed) Power Dissipation Ba Bic Ipr* Iprm
@ T,=25°C °C/wW °C/W
TO-236AB 0.17A 0.8A 0.36W 350 200 0.17A 0.8A
* Ip (continuous) is limited by max rated T}.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage 15 \ Ip=1mA, Vgg = 0V
Vesiin) Gate Threshold Voltage 0.5 1.0 \' Vgs = Vpg, Ip=1mA
AVgs(th) Change in Vgg,y With Temperature -5.5 | mv/°C Ip=1mA, Vgs = Vps
lgss Gate Body Leakage 100 nA Vgs =%15V, Vpg =0V
Ibss Zero Gate Voltage Drain Current 10 pA Vgs = 0V, Vpg = Max Rating
1.0 mA Vgs = 0V, Vpg = 0.8 Max Rating
Ta=125°C
Ipon ON-State Drain Current 60 mA Vgs =3.0, Vpg = 15V
Rps(on Static Drain-to-Source 50 Q Vgs =1.2V, Ip =2.0mA
ON-State Resistance 7.0 Q Vas = 3V, I = 50mA
ARps(on) Change in Rpgon) With Temperature 0.75 %/°C Ip =50mA, Vgg=3V
Ges Forward Transconductance 50 mo Vps =3V, Ip = 50mA
Ciss Input Capacitance 110
Coss Common Source Output Capacitance 60 pF Vgs=0V, Vpg =15V, f = 1IMHz
CRrss Reverse Transfer Capacitance 35
tyon) Turn-ON Delay Time 5
t, Rise Time 15 Vop = 15V
- ns Ip = 50mA
taoFr) Turn-OFF Delay Time 15 Reen = 250
4 Fall Time 25
Vsp Diode Forward Voltage Drop 1.8 \ Isp = 50mMA, Vgg = 0V
t. Reverse Recovery Time 100 ns lsp = 50mA, Vgg = 0V
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300ps pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
VDD
10V R,
90% PULSE
INPUT / \ - GENERATOR __ OUTPUT
ov _10% 1
'{ON) t(OFF) :
|
tyon) t tyorn : ]
t | : D.U.T.
V,
e 10% 0% : 1
OUTPUT / : = : =
ov 90% 90% [ P |
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@ Supertexinc.

TN2106

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Ros(on) Vasqn) Order Number / Package Product marking for SOT-23:
BVpgs (max) (max) TO-236AB* TO-92 N1l
60V 2.5Q 1.6V TN2106K1 TN2106N3 where % = 2-week alpha date code
*Same as SOT-23. All units shipped on 3,000 piece carrier tape reels.
Features Advanced DMOS Technology
[0 Free from secondary breakdown These enhancement-mode (normally-off) transistors utilize a
[ Low power drive requirement vertical DMOS structure and Supertex’s well-proven silicon-gate
P q manufacturing process. This combination produces devices with
[0 Ease of paralleling the power handling capabilities of bipolar transistors and with the
s high input impedance and positive temperature coefficient inher-
Ly fi
[ Low Cy; and fast switching speeds ent in MOS devices. Characteristic of all MOS structures, these
[J Excellent thermal stability devices are free from thermal runaway and thermally-induced
O Integral Source-Drain diode secondary breakdown.
[ High input impedance and high gain Supertex vertical DMOS FETs are ideally suited to a wide range
. of switching and amplifying applications where high breakdown
[0 Complementary N- and P-channel devices voltage, high input impedance, low input capacitance, and fast
switching speeds are desired.
Applications
O Logic level interface — ideal for TTL and CMOS Package Options
[J Solid state relays
[0 Battery operated systems
[0 Photo voltaic drive
Analog switches
U 9 Drain
[J General purpose line driver 1
[0 Telecom switches
Absolute Maximum Ratings
Drain-to-Source Voltage BVpss L L
Gate Source seb
Drain-to-Gate Voltage BVpgs TO-92
Gate-to-Source Voltage +20V TO-236AB
Operating and Storage Temperature -55°C to +150°C (SOT-23)
Soldering Temperature* 300°C top view
* Distance of 1.6 mm from case for 10 seconds.
Note: See package outline section for dimensions.
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Thermal Characteristics

TN2106

Package Ip (continuous)* Ip (pulsed) Power Dissipation Ga 6ic Ipr* Iprm
@ T,=25C °C/IW °C/W
TO-236AB 0.28A 0.8A 0.36W 350 200 0.28A 0.8A
TO-92 0.30A 1.0A 0.74W 170 125 0.30A 1.0A
* Ip (continuous) is limited by max rated T;.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage 60 \ Ip=1mA, Vgg =0V
Vasith) Gate Threshold Voltage 0.6 1.6 \% Vgs = Vps: Ip = 1TMA
AV sy Change in Vg With Temperature -3.8 -6.5 | mv/°C Ip=1mA, Vgg = Vpg
lgss Gate Body Leakage 0.1 100 nA Vgs =220V, Vpg = 0V
Ipss Zero Gate Voltage Drain Current 1 HA Vgs = 0V, Vpg = Max Rating
100 pA Vgs = 0V, Vpg = 0.8 Max Rating
Ta=125°C
Ipiony ON-State Drain Current 0.6 A Vgs =10V, Vpg = 25V
Rps(on Static Drain-to-Source 5.0 Q Vgs = 4.5V, I =200mA
ON-State Resistance 25 Q Vas = 10V, I = 0.5A
ARpson) Change in Rpg(on) With Temperature 0.70 1.0 %/°C lp = 500mA, Vgg= 10V
Ges Forward Transconductance 150 400 mg Vps =25V, Ip =0.5A
Ciss Input Capacitance 35 50
Coss Common Source Output Capacitance 17 25 pF Vgs=0V, Vpg =25V, f = IMHz
Crss Reverse Transfer Capacitance 7 8
taon) Turn-ON Delay Time 3 5
1, Rise Time 5 8 Vop =25V
- ns Ip=0.5A
taorF) Turn-OFF Delay Time 6 9 Reen = 25Q
t Fall Time 5 8
Vsp Diode Forward Voltage Drop 1.2 1.8 \ lsp = 0.5A, Vgg = 0V
t, Reverse Recovery Time 400 ns lsp = 0.5A, Vgg = 0V
Notes:
1. All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
VDD
10V
90% PULSE
INPUT / \ —- SENERATOR OUTPUT
ov _10% |
t(ON) t(()FF) :
I
taony t tiorr te : |
-t 1 : D.U.T.
\%
”® 10% F10% : 1
OUTPUT / : L : =
ov 90% 90% | U !
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Typical Performance Curves
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Thermal Resistance (normalized)

TN2106

Saturation Characteristics
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TN2106

Typical Performance Curves
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@ Supertexinc.

TN2124

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rosion) Vasqn) Order Number / Package Product marking for SOT-23:
BVpgs (max) (max) TO-236AB* N1C%
240V 10Q 1.8V TN2124K1 where % = 2-week alpha date code

*Same as SOT-23. All units shipped on 3,000 piece carrier tape reels.

Features

Free 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

OooooobDogo

Complementary N- and P-channel devices

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

ooooooo

Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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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Advanced DMOS Technology

These enhancement-mode (normally-off) transistors utilize 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 positive temperature coefficient inher-
ent in MOS devices. Characteristic of all MOS structures, these
devices are free from thermal runaway and thermally-induced
secondary breakdown.

Supertex vertical DMOS FETs are ideally suited to a wide range
of switching and amplifying applications where high breakdown
voltage, high input impedance, low input capacitance, and fast
switching speeds are desired.

Package Options

Drain

L

Gate

|

Source
TO-236AB
(SOT-23)

top view

Note: See package outline section for dimensions.




Thermal Characteristics

TN2124

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6a Oc Ior* Iorm
@ T,=25°C °C/W °C/W )
TO-236AB 134mA 250mA 0.36W 350 200 134mA 250mA

* Ip (continuous) is limited by max rated T;.

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions

BVpss Drain-to-Source Breakdown Voltage 240 \' Ip=1mA, Vgg =0V

Vasiih) Gate Threshold Voltage 0.8 1.8 \' Vgs =Vps: Ip=1mA

AV asiih Change in Vg With Temperature -5.5 mV/°C Ip=1mA, Vgg = Vpg

lass Gate Body Leakage 0.1 100 nA Vgs =20V, Vpg =0V

Ibss Zero Gate Voltage Drain Current 1 A Vgs = 0V, Vpg = Max Rating

100 pHA Vgs = 0V, Vpg = 0.8 Max Rating

Tp=125°C

Ipony ON-State Drain Current 140 mA Vgs = 4.5V, Vpg =25V

Rpsony Static Drain-to-Source 12 Q Vgs =3V, Ip =25mA

ON-State Resistance 10 o Vas = 4.5V, Ip = 120mA

ARpsg(on) Change in Rpgon) With Temperature 0.7 1.0 %/°C Ip = 120mA, Vgg = 4.5V

Ggs Forward Transconductance 100 170 my Vps =25V, Ip = 120mA

Ciss Input Capacitance 38 50

Coss Common Source Output Capacitance 9 15 pF Vags=0V, Vpg =25V, f = 1MHz

Crss Reverse Transfer Capacitance 3

taony Turn-ON Delay Time 4

t, Rise Time 2 . :’DD: 1=420€:1/A

taoFF) Turn-OFF Delay Time 7 10 Regn = 25Q

" Fall Time 9 12

Vsp Diode Forward Voltage Drop 1.8 v lsp = 120mA, Vgg = OV

t, Reverse Recovery Time 400 ns Igp = 120mMA, Vgg = OV

Notes:

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

Switching Waveforms and Test Circuit

10V
90% PULSE
INPUT GENERATOR
o ——————
10%

oV Y237
ton) Yorr)

taon) t tyorn

Voo — ]

) 10% 10%
OUTPUT \ /
ov 90% 90%
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@ Supertexinc.

TN2130

Low Threshold

Preliminary

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Ros(oN) Vasn) Order Number / Package roduct marking for SOT-23:
BVpas (max) (max) TO-236AB* N1T%
300V 25Q 2.4V TN2130K1 where % = 2-week alpha date code

*Same as SOT-23. All units shipped on 3,000 piece carrier tape reels.

Features

Free from secondary breakdown
Low power drive requirement
Ease of paralleling

Low C
Excellent thermal stability

s @nd fast switching speeds

Integral Source-Drain diode

ooooooao

High input impedance and high gain

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

Opopooood

Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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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Advanced DMOS Technology

These enhancement-mode (normally-off) transistors utilize 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 positive temperature coefficient inher-
ent in MOS devices. Characteristic of all MOS structures, these
devices are free from thermal runaway and thermally-induced
secondary breakdown.

Supertex vertical DMOS FETs are ideally suited to a wide range
of switching and amplifying applications where high breakdown
voltage, high input impedance, low input capacitance, and fast
switching speeds are desired.

Package Options

Drain

L L

Gate Source

TO-236AB
(SOT-23)

top view

Note: See package outline section for dimensions.




Thermal Characteristics

TN2130

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6a O Ipr* Iprm
@ T,=25°C °C/W °C/W
TO-236AB 85mA 200mA 0.36W 350 200 85mA 200mA
* Ip (continuous) is limited by max rated T
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage 300 \% Ip=1mA, Vgg =0V
Vas(h) Gate Threshold Voltage 0.8 2.4 \% Vgs = Vps, Ip = 1TMA
AVgs(thy Change in Vg With Temperature -56.5 | mV/°C Ip=1mA, Vg5 =Vpg
lass Gate Body Leakage 100 nA Vgs =+20V, Vpg =0V
Ipss Zero Gate Voltage Drain Current 10 A Vgs = 0V, Vpg = Max Rating
100 pA Vgs = 0V, Vpg = 0.8 Max Rating
Ta=125°C
Incony ON-State Drain Current 250 mA Vgs = 10V, Vpg =25V
Rpson) Static Drain-to-Source ON-State Resistance 25 Q Vgs =4.5V, Ip = 120mA
ARpson) | Change in Rpgon) With Temperature 1.1 %/°C Ip = 120mA, Vgg = 4.5V
Grs Forward Transconductance 250 mgs Vps =25V, Ip = 100mA
Ciss Input Capacitance 50
Coss Common Source Output Capacitance 15 pF Vgs=0V, Vpg =25V, f = 1MHz
CRrss Reverse Transfer Capacitance 5
taony Turn-ON Delay Time 10
t, Rise Time 7 Vop =25V,
ns Ip = 120mA
taorm Turn-OFF Delay Time 12 Ragn = 25Q
t Fall Time 15
Vsp Diode Forward Voltage Drop 1.8 \ Isp = 120mA, Vgg = 0V
te Reverse Recovery Time 400 ns Isp = 120mA, Vgg = OV
Notes:
1. All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
VDD
10V
90% PULSE
INPUT —= GENERATOR __ . OUTPUT
ov 0% 1
ton) torr) :
|
taon t taorn | : I
| 1 D.UT.
Vop —, — | !
10% 10% 1 1
OUTPUT \ / : = : =
ov 90% 90% [ -
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@ Supertexinc.

TN2501

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rps(on) loon) Vas Order Number /Package
BVpgs (max) (min) (max) TO-243AA* Dicet
18V 2.5Q 250mA 1.0v TN2501N8 TN2501ND

*Screening to 0.8V available.

*Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

TMIL visual screening available.

Features

Low threshold

High input impedance

Low input capacitance — 110pF max.
Fast switching speeds

Low on resistance

Free from secondary breakdown

Oooooooao

Low input and output leakage

Applications

[ Logic level interface ~ ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

oooood

Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpas
Gate-to-Source Voltage + 15V
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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Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

S

TO-243AA
(SOT-89)

Note: See package outline section for dimensions.




TN2501
Thermal Characteristics

Package Ip (continuous)* | -~ Ip (pulsed) Power Dissipation O 6a Ipr* Iorm
@ T,=25°C °C/W °C/W
TO-243AA 400mA 750mA 1.6Wt 15 78t 400mA 750mA

* |p (continuous) is limited by max rated T
Mounted on FR5 board, 25mm x 256mm x 1.57mm. Significant Py, increase possible on ceramic substrate.

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage 18 \ Vgs =0, Ip =1.0mA
Vasitn) Gate Threshold Voltage 0.3 1.0 v Vs = Vps, Ip= 1.0mA
AVasith) Change in Vg With Temperature -4.0 | mv/°C Vgs = Vps, Ip= 1.0mA
lgss Gate Body Leakage 100 nA Vgs =% 15V, Vpg=0
lbss Zero Gate Voltage Drain Current 10 pA Vgs =0, Vpg = Max Rating
1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Ipiony ON-State Drain Current 250 600 mA Vgs = Vpg = 3.0V
Rps(on) Static Drain-to-Source 25 Vgs = 1.2V, Ip =3.0mA
ON-State Resistance 35 Q Vas = 2.0V, I = 50mA
25 Vgs = 3.0V, Ip = 200mA
ARpgon) Change in Rpg(on) With Temperature 0.75 %/°C Vgs = 3.0V, Ip =200mA
Ges Forward Transconductance 0.15 0.3 (&) Vps = 3.0V, Ip = 200mA
Ciss Input Capacitance 110
Vgs =0, Vpg = 15V
Coss Common Source Output Capacitance 60 pF ffs-l MHz bs
Cpgss Reverse Transfer Capacitance 35
taon) Turn-ON Delay Time 5.0
t, Rise Time 15 Vop = 15V,
Turn-OFF Delay Time 5| I = 250mA,
urn- i
taiorF) y Rogn = 250
t Fall Time 8.0
Vsp Diode Forward Voltage Drop 1.1 1.8 \ Vgs =0, Igp = 200mA
t, Reverse Recovery Time 100 ns Vgs =0, Igp = 200mA
Notes: )
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300psec pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit Voo
10V R,
90% PULSE
INPUT \ oA ouTPUT
ov _19% 1
t(ON) t(OFF) }
I
taony | b torn W : 1
+ 1 : D.UT.
v,
® 0% 0% | i
OUTPUT / : = : =
ov 90% 90% [ -
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Typical Performance Curves
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Typical Performance Curves
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TN2502
TN2504

Low Threshold

@ Supertexinc.

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpgs / Rps(on) Vas(tn) Ipon) Order Number / Package

BVpgs (max) (max) (min) TO-243AA* DICEt
20V 1.0Q 1.6V 4.0A —_— TN2502ND
40V 1.0Q 1.6V 4.0A TN2504N8 TN2504ND

*Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

t MIL visual screening available.

Features

[0 Low threshold — 1.6V max.

[ High input impedance

[0 Low input capacitance — 125 pF max.

[0 Fast switching speeds

[ Low on resistance

[0 Free from secondary breakdown

O Low input and output leakage

[J Complementary N- and P-channel devices

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

Oooooooao

Telecom switches

Absolute Maximum Ratings

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

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

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETSs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

S

TO-243AA
(SOT-89)

Note: See package outline section for dimensions.




Thermal Characteristics

TN2502/TN2504

Package Ip (continuous)* Ip (pulsed) Power Dissipation Oc 6a lpr* Ipam
@ T,=25°C °C/IW °C/IW
TO-243AA 2.0A 4.5A 1.6Wt 15 78t 2.0A 4.5A
* Ip (continuous) is limited by max rated T,.
Mounted on FRS board, 25mm x 25mm x 1.57mm. Significant Py, increase possible on ceramic substrate.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TN2504 40 \Y Vgs =0, Ip =2mA
Breakdown Voltage TN2502 20
Vash Gate Threshold Voltage 0.6 1.6 \ Vas = Vps, Ip= TMA
AVgsith) Change in Vg with Temperature -3.8 -45 | mV/°C Vgs = Vps, Ip= TMA
lass Gate Body Leakage 100 nA Vgs =120V, Vpg=0
lpss Zero Gate Voltage Drain Current 10 pA Vgs = 0, Vpg = Max Rating
1 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Ipiony ON-State Drain Current 1.0 1.7 A Vgs =5V, Vpg =15V
4.0 4.5 Vgs = 10V, Vpg = 15V
Rpsony Static Drain-to-Source 1.25 1.5 Q Vgs =5V, Ip = 300mA
ON-State Resistance 0.8 10 Vas = 10V, I, = 1.5A
ARps(on) Change in Rpg(on) With Temperature 0.75 %/°C Vgs =10V, Iy = 1.5A
Ges Forward Transconductance 0.5 0.7 (4] Vps = 15V, Iy = 2.0A
C Input Capacitance 70 125
S : Vgs =0, Vpg = 20V
Coss Common Source Output Capacitance 50 70 pF f=1MHz
CRrss Reverse Transfer Capacitance 20 25
taony Turn-ON Delay Time 10
t Rise Time 10 Vop = 20V,
ns 5 =500mA,
taorm Turn-OFF Delay Time 25 Reen = 25Q
t Fall Time 13
Vsp Diode Forward Voltage Drop 1.2 1.8 \ Vs =0, Igp = 1.5A
t, Reverse Recovery Time 300 ns Vgs =0, lgp=1A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit Vou
10V R,
90% PULSE
INPUT / \ - GENERATOR _ _ OUTPUT
ov _10%4 1
ton) toFr) :
|
taony t tyoFF) te : |
t | : D.U.T.
v,
e 10% 0% : 1
OUTPUT / : = : =
ov 90% 90% S, -
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Typical Performance Curves
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Pp (watts) Ip (amperes)

Thermal Resistance (normalized)

TN2502/TN2504

Saturation Characteristics
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TN2502/TN2504

Typical Performance Curves
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@ Supertexinc.

TN2506
TN2510

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rpsion) Vasith) Ipon Order Number / Package

BVpes (max) (max) {(min) TO-243AA* DICE!
60V 1.5Q 1.6V 3.0A — TN2506ND
100V 1.5Q 1.6V 3.0A TN2510N8 TN2510ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

T MIL visual screening available.

Features

[J Low threshold —1.6V max.

[J High input impedance

[0 Low input capacitance — 125 pF max.

[J Fast switching speeds

[J Low on resistance

[ Free from secondary breakdown

[0 Low input and output leakage

[0 Complementary N- and P-channel devices

-k

ions
Logic level interface — ideal for TTL and CMOS

o
2
o

Solid state relays

Battery operated systems
Photo voltaic drive

Analog switches

General purpose line driver

Telecom switches

Ooooooog

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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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Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

A

S

TO-243AA
(SOT-89)

Note: See package outline section for dimensions.
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Thermal Characteristics

TN2506/TN2510

Package Ip (continuous)* Ip (pulsed) Power Dissipation | - 6 i Ibr* Iprm
@T,=25°C °C/W °C/W
TO-243AA 1.3A 5.0A 1.6WT 15 78t 1.3A 5.0A
* 1, (continuous) is limited by max rated T,
* Mounted on FR5 board, 25mm x 25mm x 1.57mm. Significant P, increase possible on ceramic substrate.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TN2510 100 v Vgs =0, Ip =2mA
Breakdown Voltage TN2506 60
Vst Gate Threshold Voltage 0.6 1.6 Vv Vgs = Vps, Ip= TMA
AVasth) Change in Vggp With Temperature -45 | mv/°C Vas = Vps, Ip= 1.0mA
lgss Gate Body Leakage 100 nA Vgs =% 20V, Vpg=0
Ipss Zero Gate Voltage Drain Current 10 pHA Vgs =0, Vps = Max Rating
1.0 mA Vgs =0, Vps = 0.8 Max Rating
Ta=125°C
Inon ON-State Drain Current 1.2 2.0 A Vgs =5V, Vpg =25V
3.0 6.0 Vgs =10V, Vpg =25V
RDS(ON) Static Drain-tq—Source 15 2.0 Q Vgs =5V, Ip = 750mA
ON-State Resistance 10 15 Ves = 10V, Ip = 750mA
ARps(on) Change in Rpg(on) With Temperature 0.75 %l/°C Vgs =10V, I =0.5A
Grs Forward Transconductance 0.4 0.8 (&) Vps =25V, Ip =1.0A
Ciss Input Capacitance 70 125 Vgs =0, Vpg = 25V
Coss Common Source Output Capacitance 30 70 pF f=1MHz
Crss Reverse Transfer Capacitance 15 25
taon) Turn-ON Delay Time 10 Vpp =25V,
1, Rise Time 0] " o =1.5A,
. Rgen = 25Q
taorr) Turn-OFF Delay Time 20
t Fall Time 10
Vsp Diode Forward Voltage Drop 1.8 \" Vgs =0, Isp = 1.5A
t, Reverse Recovery Time 300 ns Vgs =0, Igp =1.5A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
- . . - V,
Switching Waveforms and Test Circuit >
10v R.
90% PULSE
INPUT \ —= GENERATOR __. OUTPUT
ov 10% 4 i R |
| gen ]
ton torr) | 1
1
tyon) t tiorn : ]
| : D.UT.
v,
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OuUTPUT \ / : L { =
ov 90% 90% b -
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Typical Performance Curves

Output Characteristics
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Pp (watts) Ip (amperes)

Thermal Resistance (normalized)

TN2506/TN2510

Saturation Characteristics
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TN2506/TN2510

Typical Performance Curves
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Ordering Information

TN2520
TN2524

Low Threshold

N-Channel Enhancement-Mode

Vertical DMOS FETs

BVpss/ Rosion) Vasn) Ioon) Order Number / Package
BVpas (max) (max) (min) TO-243AA* DICE
200V 6Q 2.0V 1.0A — TN2520ND
240V 6Q 2.0v 1.0A TN2524N8 TN2524ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

Features Low Threshold DMOS Technology
O Low threshold — 2.0V max. These low threshold enhancement-mode (normally-off) transis-
] High input impedance tors utilize a vertical DMOS structure and Supertex's well-proven
gn Inp P silicon-gate manufacturing process. This combination produces
O Low input capacitance — 125 pF max. devices with the power handling capabilities of bipolar transistors
F - and with the high input impedance and positive temperature
[ Fast switching speeds coefficient inherent in MOS devices. Characteristic of all MOS
[J Low on resistance structures, these devices are free from thermal runaway and

O] Free from secondary breakdown thermally induced secondary breakdown.

; Supertex vertical DMOS FETs are ideally suited to a wide range
O Lowinput and output leakage of switching and amplifying applications where very low threshold
[J Complementary N- and P-channel devices voltage, high breakdown voltage, high inputimpedance, low input

capacitance, and fast switching speeds are desired.

Applications
Logic level interface — ideal for TTL and CMOS
Solid state relays

Package Options

Battery operated systems
Photo voltaic drive
Analog switches

General purpose line driver

ooooooaaga

Telecom switches

S

TO-243AA

Absolute Maximum Ratings (SOT-89)

Drain-to-Source Voltage BVpss
BVpas
+20V

-55°C to +150°C

300°C

Drain-to-Gate Voltage

Gate-to-Source Voltage

Operating and Storage Temperature

Soldering Temperature*

o Note: See package outline section for dimensions.
Distance of 1.6 mm from case for 10 seconds.
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Thermal Characteristics

TN2520/TN2524

Package Ip (continuous)* Ip (pulsed) Power Dissipation O 0a Ibr* Iprm
@ T,=25°C °CIW °CIW
TO-243AA 0.8A 2.0A 1.6Wt 15 78t 0.8A 2.0A
* 1, (continuous) is limited by max rated T,
T Mounted on FR5 board, 25mm x 25mm x 1.57mm. Significant P, increase possible on ceramic substrate.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TN2524 240 v Vs =0, Ip =2mA
B wn V
reakdo! oltage TN2520 200
Vas(th) Gate Threshold Voltage 0.6 2.0 \% Vgs = Vps, Ip= TMA
AVisith) Change in Vggpy With Temperature -5.0 | mv/°C Vas = Vps, Ip= TMA
lass Gate Body Leakage 100 nA Vgs=%20V, Vpg=0
Ipss Zero Gate Voltage Drain Current 10 pA Vgs =0, Vpg = Max Rating
1.0 mA Vgs =0, Vps = 0.8 Max Rating
Ta=125°C
Ipiony ON-State Drain Current 0.5 1.9 A Vgs =4.5V, Vpg =25V
1.0 2.8 Vgs =10V, Vpg =25V
Rpsion) Static Drain-to-Source 4.0 6.0 o Vgs = 4.5V, I = 250mA
N-State Resist
ON-Staie Resistance 40 | 60 Vas = 10V, Ip = 0.5A
ARpson) Change in Rpg(on) With Temperature 1.4 %/°C Vgs =10V, Ip =0.5A
Grs Forward Transconductance 300 600 mo Vps =25V, I =0.5A
C Input Capacitance 65 125
= ke _ Vs =0, Vpg = 25V
Coss Common Source Output Capacitance 35 70 pF f=1 MHz
Chrss Reverse Transfer Capacitance 10 25
taony Turn-ON Delay Time 10
- - Vpp =25V,
t, Rise Time 10 ns IDD: 1.0A,
taorr) Turn-OFF Delay Time 20 Raen = 250Q
t Fall Time 20
Vsp Diode Forward Voltage Drop 1.8 \ Vgs =0, Isp =1.0A
t, Reverse Recovery Time 300 ns Vgs=0, Igp=1.0A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit Vo,
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TN2520/TN2524
Typical Performance Curves
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TN2520/TN2524
Typical Performance Curves

BVpgg Variation with Temperature On-Resistance vs. Drain Current
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TN2535
TN2540

Low Threshold

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Rpson Vasn) Inon Order Number / Package
BVpgs (max) (max) (min) TO-243AA* DICE?
350V 12Q 1.8V 1.0A — TN2535ND
400V 12Q 1.8V 1.0A TN2540N8 TN2540ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

T MIL visual screening available.

Features

[0 Low threshold — 1.8V max.

[J High input impedance

[J Low input capacitance — 125 pF max.

[J Fast switching speeds

[J Low on resistance

[0 Free from secondary breakdown

[0 Low input and output leakage

[0 Complementary N- and P-channel devices

>

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

ooooooad

Telecom switches

Absolute Maximum Ratings

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

* Distance of 1.6 mm from case for 10 seconds.

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

S

TO-243AA
(SOT-89)

Note: See package outline section for dimensions.
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TN2535/TN2540
Thermal Characteristics

Package Ip (continuous)* Ip (pulsed) Power Dissipation O Ga lpr* lorm
@ T,=25°C °C/W °C/W
TO-243AA 570mA 1.8A 1.6WfH 15 78t 570mA 1.8A

* 1, (continuous) is limited by max rated T
T Mounted on FR5 board, 25mm x 25mm x 1.57mm. Significant P increase possible on ceramic substrate.

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TN2540 400 v Vgs =0, Ip = 100pA
Breakdown Voltage TN2535 350
Vasith) Gate Threshold Voltage 0.6 1.8 \' Vgs = Vps: Ip= 1TMmA
AVgs(tn Change in Vg With Temperature -2.5 -4.0 | mv/°C Vgs = Vps: Ip= TMA
lass Gate Body Leakage 100 nA Vgs =120V, Vpg=0
Ipss Zero Gate Voltage Drain Current 10 pA Vgs = 0, Vps = Max Rating
1.0 mA Vgs =0, Vps = 0.8 Max Rating
Ta=125°C
Ipon ON-State Drain Current 0.3 0.5 A Vgs = 4.5V, Vpg =25V
1.0 1.4 Vgs = 10V, Vpg = 25V
Rps(on) Static Drain-to-Source 8.0 12 o Vgs =4.5V, Ip = 150mA
ON-State Resistance 8.0 12 Vgs = 10V, Ip = 0.5A
ARpson Change in Rp, with Temperature 0.75 %/°C Vgs = 10V, Ip = 500mA
(ON) S(ON) GS D
Ges Forward Transconductance 125 200 m0O Vps =25V, Ip = 100mA
C Input Capacitance 95 125
188 . Vgs =0, Vps = 25V
Coss Common Source Output Capacitance 20 70 pF f=1 MHz
Crss Reverse Transfer Capacitance 10 25
taon) Turn-ON Delay Time 20
t, Rise Time 15 Voo =25V,
ns 'D =1A,
tyorn Turn-OFF Delay Time 25 Regn = 25Q
t Fall Time 20
Vsp Diode Forward Voltage Drop 1.8 Vv Vgs =0, Isp = 200mA
t, Reverse Recovery Time 300 ns Vgs=0,lgp=1A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit y
DD
10V R
90% PULSE
INPUT _ . GENERATOR __ OUTPUT
|
ov 0% 1
ton torr) :
|
oy & Yyorm I : !
H : D.UT.
v,
o 0% F1o% ! I
OUTPUT \ : = :
ov 90% 90% b -
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Typical Performance Curves
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TN2535/TN2540

Typical Performance Curves
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@ Supertexinc.

TN2635
TN2640
Low Threshold

Preliminary

N-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss/ Roscon) Vasith) Ioon) Order Number / Package
BVpgs (max) (max) (min) SO-8 TO-92 DICE?
350V 5.0Q 2.0V 2.0A - TN2635N3 TN2635ND
400V 5.0Q 2.0V 2.0A TN2640LG TN2640N3 TN2640ND
T MIL visual screening available.
Features Low Threshold DMOS Technology
O Low threshold — 2.0V max. These low threshold enhancement-mode (normally-off) transis-
O Hiah inout i " tors utilize a vertical DMOS structure and Supertex’s well-proven
Igh input impedance silicon-gate manufacturing process. This combination produces
0 Low input capacitance devices with the power handling capabilities of bipolar transistors
o and with the high input impedance and positive temperature
-
tJ Fast switching speeds coefficient inherent in MOS devices. Characteristic of all MOS
0 Low on resistance structures, these devices are free from thermal runaway and
O Free from secondary breakdown thermally-induced secondary breakdown.
. Supertex vertical DMOS FETs are ideally suited to a wide range
[ Low input and output leakage of switching and amplifying applications where very low threshold
[J Complementary N- and P-channel devices voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.
Applications
[J Logic level interface — ideal for TTL and CMOS PaCkage Options
0 Solid state relays
[J Battery operated systems
1 Photo voltaic drive
00 Analog switches
[ General purpose line driver
] Telecom switches
SGD
H g TO-92
Absolute Maximum Ratings
Drain-to-Source Voltage BVpss
_/
Drain-to-Gate Voltage BVpgs NC [1]e [ e] D
Gate-to-Source Voltage +20V NC E (71 D
Operating and Storage Temperature -55°C to +150°C s [&] (6] D
Soldering Temperature* 300°C G [4] I
* Distance of 1.6 mm from case for 10 seconds.
SO-8
Note: See Package Outline section for dimensions.
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TN2635/TN2640
Thermal Characteristics

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6c " Ba Ipr* lorm
@ T.=25°C °C/wW °c/wW
TO-92 0.4A 2.0A 1.0W 125 170 0.4A 2.0A

* 1, (continuous) is limited by max rated Ti.

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions

BVpss Drain-to-Source TN2640 400 \' Vgs=0,lp=1mA
Breakdown Voltage TN2635 350

Vas(n) Gate Threshold Voltage 0.8 2.0 Vv Vas = Vps: Ip=2mMA

AVas(in) Change in Vg With Temperature 2.5 -4.0 | mV/°C Vgs = Vps: Ip=2mA

lgss Gate Body Leakage 100 nA Vgs =120V, Vpg=0

lpss Zero Gate Voltage Drain Current 10 A Vgs =0, Vpg = Max Rating

1 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Ipon ON-State Drain Current 1.5 3.5 A Vgs =5V, Vpg =25V
2.0 4.0 Vgs = 10V, Vpg = 25V

Rps(on) Static Drain-to-Source 3.2 5.0 Vgs =5V, Ip = 150mA
ON-State Resistance 3.0 5.0 Q Vgs = 10V, Ip = 500mA

ARpson Change in Rpgon) With Temperature 0.75 %/°C Vgs = 10V, Ip = 500mA

Ggs Forward Transconductance 200 330 mo Vps =25V, Ip = 100mA

Ciss Input Capacitance 180 225

Coss Common Source Output Capacitance 35 70 pF :,Ss; =M0'_»|;/Ds =28V

Crss Reverse Transfer Capacitance 7 25

taony Turn-ON Delay Time 4 15

t, Rise Time 15 | 20| |VD°: N :5V'

tyorr) Turn-OFF Delay Time 20 25 Reen = 25Q

t Fall Time 22 27

Vsp Diode Forward Voltage Drop 0.9 \' Vgs =0, Isp = 200mA

t, Reverse Recovery Time 300 ns Vgs=0,lgp=1A

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

Switching Waveforms and Test Circuit

10V
90% PULSE
INPUT TR ouTPUT
ov _10% A H
ton torr) :
i |
tyon) t borm ]
s : | D.UT.
Voo I
10% F10% : |
OUTPUT : L : =
ov 90% 90% e .
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@ Supertexinc.

Ordering Information

TP0102
TP0104

Low Threshold

P-Channel Enhancement-Mode
Vertical DMOS FETs

BVpss/ Rosion) Vasah) Iocon Order Number / Package

BVpgs {max) {max) (min) TO-39 T0-92 TO-243AA* DICE?
-20V 4.0Q -2.4V -0.85A TP0102N2 TPO102N3 — TPO102ND
-40V 4.0Q -2.4V -0.85A TPO104N2 TPO104N3 TPO104N8 TPO104ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

T MIL visual screening available

Features
Low threshold — 2.4V max.

High input impedance

Low input capacitance

Fast switching speeds

Low on resistance

Free from secondary breakdown

Low input and output leakage

oooooogo

Complementary N- and P-channel devices

Applications
[ Logic level interface — ideal for TTL and CMOS

Solid state relays

Battery operated systems
Photo voltaic drive
Analog switches

General purpose line driver

Ooooooo

Telecom switches

Absolute Maximum Ratings

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

* For TO-39 and TO-92, distance of 1.6 mm from case for 10 seconds.
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Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options
TO-243AA
(SOT-89)
TO-39
TO-92
Note: See Package Outline section for discrete pinouts.




Thermal Characteristics

TP0102/TP0104

Package Ip (continuous)* Ip (puised) Power Dissipation Bic Bia Ipr* Iorm
@ T.=25°C °Cc/w °C/W
TO-39 -0.9A -2.0A 3.5W 35 125 -0.90A -2.0A
TO-92 -0.5A -2.0A 1.0w 125 170 -0.50A -2.0A
TO-243AA -0.26A -2.0A 1.6W 15 78t -0.26A -2.0A

* Ip (continuous) is limited by max rated T;.
Mounted on FR5 board, 25mm x 25mm x 1.57mm. Significant Pp, increase possible on ceramic substrate.

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions
BV in-to- TP0O104 -40
o g:::ank:i%v?:l\j;gﬁage TP0102 -20 v Ves =0, Ip=-1.0mA
Vas(h) Gate Threshold Voltage -1.0 24 \ Vgs = Vps, Ip=-1.0mA
AV asiih) Change in Vgg,) With Temperature -5.8 -6.5 | mV/°C Vgs = Vps: Ip =-1.0mA
lgss Gate Body Leakage -1.0 -100 nA Vgs =+20V, Vpg=0
Ipss Zero Gate Voltage Drain Current -10 pA Vgs =0, Vpg = Max Rating
Vgs =0, Vpg = 0.8 Max Rating
-1 mA T, =125°C
Inion) ON-State Drain Current -0.08 Vgs = -3V, Vpg =-20V
-0.25 | -0.50 A Vgs = -5V, Vpg = -20V
-0.85 | -1.70 Vgs=-10V, Vpg = -20V
Rosion Static Drain-to-Source 15 Vas =-3V, Ip = -25mA
ON-State Resistance 4.7 7.5 Q Vgs=-5V, Ip=-0.1A
25 4.0 Vgs =-10V, Iy =-0.5A
ARpg(on) Change in Rpg oy With Temperature 0.55 1.0 %/°C Ip =-0.5A, Vgg =-10V
Ges Forward Transconductance 225 250 mo Vps =-20V, Iy = -0.5A
Ciss Input Capacitance 60
Coss Common Source Output Capacitance 50 pF Vas =0, Vps=-20V
Crss Reverse Transfer Capacitance 25 f=1MHz
taon) Turn-ON Delay Time 4.0 6.0
t, Rise Time 7.0 10 ns Vpp=-20V, Ip=-0.85A
taorF) Turn-OFF Delay Time 3.0 9.0 Rgen = 25Q
t Fall Time 4.0 13
Vsp Diode Forward Voltage Drop -1.2 -2.0 \ Isp=-0.25A, Vg5 =0
ty Reverse Recovery Time 300 ns lgp =-0.25A, Vg =0
Notes:

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

Switching Waveforms and Test Circuit

ov
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Typical Performance Curves
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Typical Performance Curves
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@ Supertexinc.

TP0602
TP0604

Low Threshold

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss / Ros(on) Ioon) Vasm) Order Number / Package

BVpas (max) (min) (max) TO-39 TO-92 SOw-20* DICE?
-20V 2.0Q -2.0A -2.4V TPO602N2 TPO602N3 — TP0602ND
-40V 2.0Q -2.0A -2.4V TPO604N2 TP0604N3 TP0604WG TP0604ND

* Same as SO-20 with 300 mil wide body.
MIL visual screening available

High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering Information.

Features

[0 Low threshold — -2.4V max.

O High input impedance

[ Low input capacitance — 95 pF typical

[J Fast switching speeds

[J Low on resistance

[0 Free from secondary breakdown

[ Low input and output leakage

[0 Complementary N- and P-channel devices

Applications

O Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

Ooooooo

Telecom switches

Absolute Maximum Ratings

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

Low Threshold DMOS Technology

These low threshold enhancement-mode (normaliy-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

T

TO-39 TO-92

SOW-20

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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Thermal Characteristics

TP0602/TP0604

Package Ip (continuous)* Ip (pulsed) Power Dissipation Bic Ba Ipr* Iprm
@ To=25°C °C/IW °C/W
TO-39 -2.0A -4.8A 6w 20.8 125 -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
* Ip (continuous) is limited by max rated Tj.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BV, in-to- TP0604 -40
DSS Drain-to-Source v Vas = 0, I = -2.0mA
Breakdown Voltage TP0602 -20
Vst Gate Threshold Voltage -1.0 -2.4 \ Vgs = Vps, Ip =-1.0mA
AV gsih) Change in Vggn) With Temperature -3.0 -4.5 mV/°C Vgs = Vps, Ip =-1.0mA
lass Gate Body Leakage -100 nA Vgs =+20V, Vpg =0
Ipss Zero Gate Voltage Drain Current -10 pHA Vgs = 0, Vpg = Max Rating
-1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Inony ON-State Drain Current -0.4 -0.6 A Vgs = -5V, Vpg = -20V
-2.0 -3.3 Vgs =-10V, Vpg = -20V
Rps(on) Static Drain-to-Source 2.0 35 Vgs = -5V, Ip = -250mA
ON-State Resistance Q
1.5 2.0 Vgs =-10V, I =-1.0A
ARpg(on) Change in Rpgon) With Temperature 0.75 1.2 %/°C Vgs =-10V, Ip =-1.0A
Ggs Forward Transconductance 0.4 0.6 [¢] Vps =-20V, Ip =-1.0A
Ciss Input Capacitance 95 150
- Vgs =0, Vpg =-20V
Coss Common Source Output Capacitance 85 120 pF f= 1 MHz
Crss Reverse Transfer Capacitance 35 60
taon) Turn-ON Delay Time 5.0 8 Vpp = -20V
t, Rise Time 7.0 18 ns Ip=-1.0A
tyorr) Turn-OFF Delay Time 10 15 Rgen = 25Q
" Fall Time 6.0 19
Vsp Diode Forward Voltage Drop -1.3 -2.0 \ Ves =0, Igp=-1.5A
te Reverse Recovery Time 300 ns Vgs =0, Igp =-1.5A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300ps pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
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TP0602/TP0604
Typical Performance Curves
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TP0602/TP0604

Typical Performance Curves

BVpgs Variation with Temperature On-Resistance vs. Drain Current
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TP0606
TPO0610
Low Threshold

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss /| Rosiony | Yorony | Vasin) Order Number / Package

BVpgs | (max) | (min) | (max) TO-39 TO-92 TO-220 Quad P-DIP | Quad C-DIP* DICE?
-60V 3.5Q | -1.5A | -2.4V TPO606N2 TPO606N3 TPOB06N5 TPO606N6 TPO606N7 TP0606ND
-100V | 3.5Q -1.5A | -2.4V TPO610N2 TPO610N3 TPO610N5 — — TP0610ND

* 14 pin side brazed ceramic DIP
MIL visual screening available

High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering Information.

Features

3 Low threshold — -2.4V max

[ High input impedance

0 Low input capacitance — 80 pF typical
1 Fast switching speeds

[J Low on resistance

L] Free from secondary breakdown

O Low input and output leakage

[J Complementary N- and P-channel devices

Applications

O Logic level interface — ideal for TTL and CMOS
[J Solid state relays

[ Battery operated systems

[J  Photo voltaic drive

[J Analog switches

0 General purpose line driver

[] Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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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Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options
W \'
S
TO-39 >
TO-92 .
TO-220
14-Lead DIP
Note 1: See Package Outline section for discrete pinouts.
Note 2: See Array section for quad pinouts.




Thermal Characteristics

TP0606/TP0610

Package Ip (continuous)* Ip (pulsed) Power Dissipation O 6a Ipr* lprM
@ Tc.=25°C °C/W °CIW
TO-39 -1.0A -4.0A 6W 20.8 125 -1.0A -4.0A
TO-92 -0.5A -3.5A 1w 125 170 -0.5A -3.5A
TO-220 -2.0A -4.5A 45W 2.7 70 -2.0A -4.5A
Plastic Dip . .
Refer to Arrays & Special Functions Section.
Ceramic Dip
* Ip (continuous) is limited by max rated T;
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TP0O610 | -100 _ _
Breakdown Voltage TPOG606 60 v Vas =0, Ip =-2.0mA
Vasth) Gate Threshold Voltage -1.0 -2.4 \ Vgs = Vps: Ip =-1.0mA
AV gty Change in Vg With Temperature -5.0 | mV/°C Vgs = Vps: Ip =-1.0mA
lass Gate Body Leakage -100 nA Vgs =20V, Vps =0
Ibss Zero Gate Voltage Drain Current -10 pA Vgs =0, Vpg = Max Rating
-1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Ipon) ON-State Drain Current -0.4 -0.6 Vgs =-5V, Vpg =-25V
-1.5 -2.5 A Vgs =-10V, Vpg =-25V
RDS(ON) Static Drain-to-Source 5.0 7.0 Vgs =-5V, Ip = -250mA
ON-State Resistance 30 35 Q Ves =10V, Ip = -0.75A
ARpg(on) Change in Rpg(on) With Temperature 1.7 %/°C Vgs =-10V, Ip =-0.75A
Gk Forward Transconductance 300 400 mo Vpg =-25V, Ip =-0.75A
Ciss Input Capacitance 80 150
Coss Common Source Output Capacitance 50 85 pF :/GS =M0I:| Vps =-25V
Cgss Reverse Transfer Capacitance 15 35 =1 z
taony Tl.Jm-C?N Delay Time 10 Vpp = -25V
t Rise Time 15 ns Ip = -1.0A
tyorm Turn-OFF Delay Time 20 Rgen = 25Q
t Fall Time 15
Vsp Diode Forward Voltage Drop -1.8 \ Vgs =0, Igp=-1.0A
te Reverse Recovery Time 300 ns Vgs =0, Isp =-1.0A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. Al A.C. parameters sample tested.
Switching Waveforms and Test Circuit
ov
K 10% / PULSE
INPUT GENERATOR
\ m————————
-10v 90% I
ton torr) :
taony t tsorn ¢ : D.U.T.
ov : OUTPUT
90% 90% I
OUTPUT / \ :
Vop — 0% 10%% Y
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Typical Performance Curves
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Pp (watts) Ip (amperes)

Thermal Resistance (normalized)

TP0606/TP0610

Saturation Characteristics
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TP0606/TP0610

Typical Performance Curves

BVpgg Variation with Temperature On-Resistance vs. Drain Current
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TP0610T

@ Supertexinc.

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss/ Roscon) Ioon) Order Number/Package Product marking for SOT-23:
BVpes (max) (min) TO-236AB* T50%
-60V 10Q -50mA TP0610T where % = 2-week alpha date code

*Same as SOT-23. All units shipped on 3,000 piece carrier tape reels.

Features Advanced DMOS Technology
[ Free from secondary breakdown These enhancement-mode (normally-off) transistors utilize a
. " vertical DMOS structure and Supertex’s well-proven silicon-gate
[ Low power drive requirement manufacturing process. This combination produces devices with
[0 Ease of paralleling the power handling capabilities of bipolar transistors and with the
it high input impedance and positive temperature coefficient inher-

Low C  and fast switching speeds
U 188 - 9 &P ent in MOS devices. Characteristic of all MOS structures, these
[0 Excellent thermal stability devices are free from thermal runaway and thermally-induced
O Integral Source-Drain diode secondary breakdown.

O High input impedance and high gain Supertex vertical DMOS FETs are ideally suited to a wide range
. of switching and amplifying applications where high breakdown
[J Complementary N- and P-channel devices voltage, high input impedance, low input capacitance, and fast

Applications

ooooooaog

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage

BVpss

Drain-to-Gate Voltage

BVpas

Gate-to-Source Voltage

+20V

Operating and Storage Temperature

-65°C to +150°C

Soldering Temperature*

300°C

* Distance of 1.6 mm from case for 10 seconds.
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switching speeds are desired.

Package Options

Drain

Ll

Gate

LI

Source

SOT-23

Note: See package outline section for dimensions.




Thermal Characteristics

TP0610T

Package Ip (continuous)* Ip (pulsed) Power Dissipation Ga 6ic Ipr* lorm
@ Tc=25°C °C/wW °C/W
SOT-23 -120mA -400mA 0.36W 350 200 -120mA -400mA

* Ip (continuous) is limited by max rated T;.

Electrical Characteristics (@ 25°C unless otherwise specified)

Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage -60 \" Vgs =0V, Ip =-10pA
Vasith) Gate Threshold Voltage -1.0 -2.4 \ Vgs = Vps: Ip =-1.0mA
AVasan) Change in Vg With Temperature 6.5 mV/°C Vgs = Vps, Ip =-1.0mA
lass Gate Body Leakage +10 nA Vgs =120V, Vpg = 0V
Ipss Zero Gate Voltage Drain Current -1 A Vgs = 0V, Vpg = Max Rating
-200 A Vgs = 0V, Vpg = 0.8 Max Rating
Tp=125°C
Ioony ON-State Drain Current -50 mA Vgs =-4.5V, Vpg =-10V
Roson) Static Drain-to-Source 25 Q Vgs =-4.5V, Ip = -25mA
ON-State Resistance 10 Q Vas = -10V, Ip = -0.2A
ARps(on) Change in Rpgon) With Temperature 1.0 %/°C Vgs=-10V, I =-0.2A
Ggs Forward Transconductance 60 my Vps =-10V, I =-0.1A
Ciss Input Capacitance 60
Coss Common Source Output Capacitance 30 pF 21251 :Mol-\llz, Vos =28V
Crss Reverse Transfer Capacitance 10
taon) Turn-ON Delay Time 10
t, Rise Time 15 Vop = -25V
ns Ip=-0.18A
taorr) Turn-OFF Delay Time 15 Raen = 250
t Fall Time 20
Vsp Diode Forward Voltage Drop -2.0 v Vgs =0V, Igp =-0.12A
t, Reverse Recovery Time 400 ns Vgs =0V, Igp =-0.4A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
M xow /—‘ PULSE
INPUT \ _ _ SENERATOR
-10v 0% :
ton Yorr) :
taon b tyorr 1 : D.UT.
ov : OUTPUT
OUTPUT i

Voo ———
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TPO610T

Typical Performance Curves
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TP0610T

Typical Performance Curves

BVpss Variation with Temperature On-Resistance vs. Drain Current
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Ordering Information

TP0616
TP0620

Low Threshold

P-Channel Enhancement-Mode
Vertical DMOS FETs

BVpss / Rosion) Ioon) Vasqn) Order Number / Package
BVpas (max) (min) (max) TO-39 TO-92 TO-220 DICE!
-160V 12Q -0.75A -2.4V TP0616N2 TP0616N3 TP0616N5 TP0616ND
-200V 12Q -0.75A -2.4V TP0620N2 TP0O620N3 TP0620N5 TP0620ND

T MIL visual screening available

High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering Information.

Features

[J Low threshold — -2.4 V max

] High input impedance

7 Low input capacitance — 85 pF typical
[J Fast switching speeds

[] Low on resistance

[J Free from secondary breakdown

[J Low input and output leakage

[0 Complementary N- and P-channel devices

Applications

[J Logic level interface — ideal for TTL and CMOS
[J Solid state relays

[ Battery operated systems

] Photo voltaic drive

7 Analog switches

[J General purpose line driver

[J Telecom switches

Absolute Maximum Ratings

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

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

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

TO-39 TO-92

Note: See Package Outline section for discrete pinouts.




Thermal Characteristics

TP0616/TP0620

Package Ip (continuous)* Ip (pulsed) Power Dissipation Bic Ga Ipr* lorm
@ Tc=25°C °C/wW °C/wW
TO-39 -0.6A -1.5A 6W 20.8 125 -0.6A -1.56A
TO-92 -0.4A -0.8A 1w 125 170 -0.4A -0.8A
TO-220 -1.4A -2.5A 45W 27 70 -1.4A -2.5A
* Ip (continuous) is limited by max rated T
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TP0620 | -200
\ Vgs =0, Ip =-2.0mA
Breakdown Voltage TPO616 | -160
Vasih) Gate Threshold Voltage -1.0 -2.4 \ Vgs = Vps: Ip =-1.0mA
AV asiny Change in Vgg) with Temperature -4.5 | mV/°C Vs = Vps: Ip =-1.0mA
lass Gate Body Leakage -100 nA Vgs =120V, Vpg =0
Ipss Zero Gate Voltage Drain Current -10 uA Vgs =0, Vps = Max Rating
-1.0 mA Vgs =0, Vps = 0.8 Max Rating
Ta=125°C
Ipon) ON-State Drain Current -0.25 A Vgs = -5V, Vpg = -25V
-0.75 Vgs =-10V, Vpg = -25V
Rps(on) Static Drain-to-Source 9.0 15 o Vgg =-5V, Ip=-0.1A
ON-State Resistance 7.0 12 Vs =-10V, Ip = -0.2A
ARpgon) Change in Rpg(on) With Temperature 1.7 %l/°C Vgs =-10V, Ip =-0.2A
Ges Forward Transconductance 100 150 mo Vps =-25V, Ip =-0.4A
C Input Capacitance 85 150
S8 i : Vs =0, Vpg = -25V
Coss Common Source Output Capacitance 30 85 pF f= 1 MHz
Chrss Reverse Transfer Capacitance 10 35
taon Turn-ON Delay Time 10 Vpp = -25V
t, Rise Time 15 ns Ip =-0.75A
tyorn) Turn-OFF Delay Time 20 Raen = 25Q
1" Fall Time 16
Vsp Diode Forward Voltage Drop -1.8 \ Vs =0, Igp =-0.5A
te Reverse Recovery Time 300 ns Vs =0, Igp =-0.5A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
ov
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t t [
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ov : OUTPUT
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(T p— o) 10% Yo e ————
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Typical Performance Curves
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Pp (watts) Ip (amperes)

Thermal Resistance (normalized)

TP0616/TP0620

Saturation Characteristics
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TP0616/TP0620

Typical Performance Curves

BVpgs Variation with Temperature On-Resistance vs. Drain Current
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TP2105

Low Threshold

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss/ Rps(on) Vash) Order Number/Package Product marking for SOT-283:
BVpgs (max) (max) TO-236AB* TO-92 P1L%
-50V 6Q -2.0V TP2105K1 TP2105N3 where % = 2-week alpha date code

*Same as SOT-23. All units shipped on 3,000 piece carrier tape reels.

Features

ooooooogoao

Free 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
Complementary N- and P-channel devices

Applications

goooood

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

Telecom switches

Absolute Maximum Ratings

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

* Distance of 1.6 mm from case for 10 seconds.

7-99

Advanced DMOS Technology

These enhancement-mode (normally-off) transistors utilize 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 positive temperature coefficient inher-
ent in MOS devices. Characteristic of all MOS structures, these
devices are free from thermal runaway and thermally-induced
secondary breakdown.

Supertex vertical DMOS FETs are ideally suited to a wide range
of switching and amplifying applications where high breakdown
voltage, high input impedance, low input capacitance, and fast
switching speeds are desired.

Package Options

Drain

I—I u SGD

Gate Source TO-92
TO-236AB
(SOT-23)

Note: See package outline section for dimensions.




Thermal Characteristics

TP2105

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6a Oc Ipr* lorm
@ T, =25°C °C/W °C/W
SOT-23 -0.16A -0.8A 0.36W 350 200 -0.16A -0.8A
TO-92 -0.25A -1.0A 0.74W 170 125 -0.25A -1.0A
* Ip (continuous) is limited by max rated T;.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source Breakdown Voltage -50 v Vas =0V, Ip =-1.0mA
Vasith) Gate Threshold Voltage -1.0 -2.0 Vv Vas = Vps, Ip =-1.0mA
AV asith) Change in Vg, with Temperature 5.8 6.5 | mv/°C Vs = Vps, Ip =-1.0mA
lass Gate Body Leakage -1.0 -100 nA Vas =120V, Vpg =0V
lbss Zero Gate Voltage Drain Current -10 A Vgs = 0V, Vpg = Max Rating
-1 mA Vas =0V, Vpg = 0.8 Max Rating
Ta=125°C
Ipon) ON-State Drain Current -0.6 A Vgs =-10V, Vpg = -25V
Rps(on) Static Drain-to-Source 10 Q Vgs =-4.5V, Ip = -50mA
ON-State Resistance 6 Q Vgs = -10V, Ip = -0.5A
ARps(on) Change in Rpgony With Temperature 0.55 1.0 %/°C Vgs=-10V, I =-0.5A
GEes Forward Transconductance 150 200 mgy Vps =-25V, Ip =-0.5A
Ciss Input Capacitance 35 60
Coss Common Source Output Capacitance 22 30 pF VGS1 =l\r1(:-ivz Vos =-25V
Chgss Reverse Transfer Capacitance 8 10
taon Turn-ON Delay Time 4 6
1 Rise Time 4 8 Vop = -25V
t Turn-OFF Delay Ti 5 ° | lo=-0.8
urn- elay Time
d(OFF) y Rgen = 25Q
t Fall Time 5 8
Vsp Diode Forward Voltage Drop -1.2 -2.0 \' Vgs =0V, Igp =-0.5A
t, Reverse Recovery Time 400 ns Vgs =0V, Igp =-0.5A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
ov
K 10% / PULSE
INPUT \ GENERATOR
e ——————
-10v 90% 1
ton torr) :
taony t, tyorr | IF : D.U.T.
ov : OUTPUT
90% 90% I
OUTPUT / \ :
Vop  —e K 10% 10% Y .
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Typical Performance Curves
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Ip (amperes)

Pp (watts)

Thermal Resistance (normalized)

TP2105

Saturation Characteristics
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TP2105

Typical Performance Curves

BVpgg Variation with Temperature On-Resistance vs. Drain Current
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@ Supertexinc.

TP2502
TP2504

Low Threshold

Preliminary

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpgs/ Rps(on) Vasith) Inon) Order Number / Package

BVpgs (max) (max) (min) TO-243AA* DICEt
-20V 2.0Q -2.4V -2.0A — TP2502ND
-40V 2.0Q -2.4V -2.0A TP2504N8 TP2504ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

MIL visual screening available.

Features
Low threshold — -2.4V max.
High input impedance
Low input capacitance — 125 pF max.

Low on resistance
Free from secondary breakdown

Low input and output leakage

Od
O
Od
[0 Fast switching speeds
O
(]
O
O

Complementary N- and P-channel devices

Applications
Logic level interface — ideal for TTL and CMOS

Solid state relays
Battery operated systems

Analog switches

General purpose line driver

O
O
O
[ Photo voltaic drive
O
O
O

Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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.

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) power
transistors utilize 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 positive tem-
perature 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

S

TO-243AA
(SOT-89)

Note: See package outline section for dimensions.
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Thermal Characteristics

TP2502/TP2504

Package Ip (continuous)* Ip (pulsed) Power Dissipation 6c 6a Ipr* Iorm
@T,=25°C °C/IW °CIW
TO-243AA -1.2A -3.3A 1.6Wt 15 78t -1.2A -3.3A
* Ip (continuous) is limited by max rated T;.
Mounted on FR5 board, 25mm x 25mm x 1.57mm. Significant Pp increase possible on ceramic substrate.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TP2502 -20 v Vas =0, Ip =-2mA
Breakdown Voltage TP2504 40
Vasith) Gate Threshold Voltage -1.0 24 Vv Vas = Vpg, Ip=-1mA
AVgs(th) Change in Vg With Temperature 3.0 45 | mv/°C Vgs = Vps, Ip=-1mA
lass Gate Body Leakage -100 nA Vgs =120V, Vps=0
lpss Zero Gate Voltage Drain Current -100 A Vgs = 0, Vps = Max Rating
-10.0 mA Vgs = 0, Vpg = 0.8 Max Rating
Ta=125°C
Ipion) ON-State Drain Current -0.4 -0.7 A Vgs = -5V, Vpg =-15V
20 | -33 Vgg = -10V, Vpg = -15V
Rpsion) Static Drain-to-Source 2.0 3.5 Q Vgs = -5V, Ip =-250mA
ON-State Resistance 15 2.0 Vas = 10V, Ip = -1A
ARps(on) Change in Rpgon) With Temperature 0.75 1.2 %/°C Vgs =-10V, Ip =-1A
Ges Forward Transconductance 0.3 0.65 8] Vps =-15V, Ip =-1A
C Input Capacitance 125
1SS P p Vas =0, Vpg = -20V
Coss Common Source Output Capacitance 70 pF f=1 MHz
Crss Reverse Transfer Capacitance 25
Turn-ON Delay Time 10
taon) ——— Vpp = -20V,
t, ise Time 11 ns I5=-1.0A,
| taorr) Turn-OFF Delay Time 15 Rgen = 25Q
t Fall Time 12
Vsp Diode Forward Voltage Drop -1.3 -2.0 \ Vgs =0, Igp =-1.5A
t, Reverse Recovery Time 300 ns Vgs =0, Isp=-1.5A
Notes:
1. All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
ov
1o% / PULSE
INPUT \ GENERATOR
| =
10V 90% ]
ton torr) :
tiony tworn | I : D.U.T.
ov : OUTPUT
90% 90% 1
OUTPUT / :
10% 10%

Voo ———
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TP2502/TP2504

Typical Performance Curves

Output Characteristics Saturation Characteristics
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TP2502/TP2504

Typical Performance Curves

BVpgg Variation with Temperature On-Resistance vs. Drain Current
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TP2506
TP2510

Low Threshold

‘b Supertexinc.

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

/ Pack:
BVpss / Ros(on) Vasu) ooy Order Number / Package
BVpgs (max) (max) (min) TO-243AA* Dicet
-60V 3.5Q -2.4V -1.5A — TP2506ND
-100V 3.5Q -2.4V -1.5A TP2510N8 TP2510ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

tMIL visual screening available.

Features

[0 Low threshold — -2.4V max.

[0 High input impedance

[OJ Low input capacitance — 125 pF max

[0 Fast switching speeds

[0 Low on resistance

[0 Free from secondary breakdown

[J Low input and output leakage

[0 Complementary N- and P-channel devices

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

oOoooooao

Telecom switches

Absolute Maximum Ratings

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

* Distance of 1.6 mm from case for 10 seconds.

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) tran-
sistors utilize 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 positive
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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low thresh-
old voltage, high breakdown voltage, high input impedance, low
input capacitance, and fast switching speeds are desired.

Package Options

A

S

TO-243AA
(SOT-89)

Note: See package outline section for dimensions.
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Thermal Characteristics

TP2506/TP2510

Package Ip (continuous)* Ip (pulsed) Power Dissipation O Ga Ipr* Iprm
@ T,=25°C °CIW °CIwW
TO-243AA © -1.0A -2.5A 1.6WT 15 78t -1.0A -2.5A
* Ip (continuous) is limited by max rated T;.
Mounted on FR5 board, 25mm x 25mm x 1.57mm. Significant Py, increase possible on ceramic substrate.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TP2510 -100 \' Vgs =0, Ip=-2mA
Breakdown Voltage TP2506 60
Vasith) Gate Threshold Voltage -1.0 -2.4 \" Vgs = Vps, Ip=-1mA
AVgs(in) Change in Vggt) With Temperature 5.0 | mv/°C Vas = Vps, Ip=-1MA
lass Gate Body Leakage -100 nA Vgs =120V, Vpg=0
Ipss Zero Gate Voltage Drain Current -10 nA Vgs =0, Vpg = Max Rating
-1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
Ipony ON-State Drain Current -0.4 -0.6 A Vgs = -5V, Vpg = -25V
-1.5 -2.5 Vgs =-10V, Vpg = -25V
Rops(on) Static Drain-to-Source 5.0 7.0 Q Vgs =-5V, Ip =-250mA
ON-State Resistance 20 35 Vgs = 10V, Ip = -0.75A
ARpg(on Change in Rpg(on) With Temperature 1.7 %/°C Vgs =-10V, Ip =-0.75A
Ggs Forward Transconductance 300 360 mO Vps =-25V, Ip =-0.75A
Input i
Ciss nput Capacitance 80 125 Vs =0, Vpg = -25V
Coss Common Source Output Capacitance 40 70 pF f=1MHz
Chrss Reverse Transfer Capacitance 10 25
taony Turn-ON Delay Time 10 Vpp = -25V,
t, Rise Time 15
t Turn-OFF Delay Ti 20| ™ lo=-1.04,
urn- elay Time
d(OFF) y Reey = 25Q
1" Fall Time 15
Vsp Diode Forward Voltage Drop -1.8 v Vs =0, Igp =-1.0A
te Reverse Recovery Time 300 ns Vgs =0, lgp=-1.0A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
o
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I
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TP2506/TP2510

Typical Performance Curves
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TP2506/TP2510

Typical Performance Curves

BVpgg Variation with Temperature On-Resistance vs. Drain Current
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@ Supertexinc.

TP2516
TP2520

Low Threshold

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss/ Rps(on) Vas(th) Inon Order Number / Package
BVpas (max) (max) (min) TO-243AA* DICE!
-160V 12Q -2.4V -0.75A - TP2516ND
-200V 12Q -2.4V -0.75A TP2520N8 TP2520ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

MIL visual screening available.

Features

[J Low threshold — -2.4V max.

O High input impedance

[0 Low input capacitance — 125 pF max.

[0 Fast switching speeds

[0 Low on resistance

[0 Free from secondary breakdown

[0 Low input and output leakage

[0 Complementary N- and P-channel devices

Applications

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Photo voltaic drive

Analog switches

General purpose line driver

Ooo0oogoo o

Telecom switches

Absolute Maximum Ratings

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

* Distance of 1.6 mm from case for 10 seconds.

7-111

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

G
D
S

TO-243AA
(SOT-89)

Note: See package outline section for dimensions.
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Thermal Characteristics

TP2516/TP2520

Package Ip (continuous)* Ip (pulsed) Power Dissipation Bic 6a log* lprm
@ T,=25°C °CW °C/wW
TO-243AA -0.57A -2.0A 1.6W 15 78t -0.57A -2.0A
* Ip (continuous) is limited by max rated Tj.
Mounted on FR5 board, 25mm x 25mm x 1.57mm. Significant Py, increase possible on ceramic substrate.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TP2520 | -200 \ Vgs =0, Ip =-2mA
Breakdown Voltage TP2516 | -160
Vasith Gate Threshold Voltage -1.0 -2.4 \ Vas = Vpg, Ip=-1mA
AVigin) Change in Vg With Temperature 45 | mvV/rC Vas = Vps: Ip=-1mA
lass Gate Body Leakage -100 nA Vgs =120V, Vpg=0
Ibss Zero Gate Voltage Drain Current -10 MA Vgs =0, Vpg = Max Rating
-1.0 mA Vgs =0, Vpg = 0.8 Max Rating
Ta=125°C
loon) ON-State Drain Current -0.25 -0.7 A Vgs =-4.5V, Vpg = -25V
-0.75 -2.1 Vgs =-10V, Vpg = -25V
Rps(on) Static Drain-to-Source 10 15 Q Vgs =-4.5V, Ip = -100mA
ON-State Resist
ale Resistance 80 | 12 Vas = -10V, Ip = -200mA
ARps(on Change in Rpgony With Temperature 1.7 %/°C Vgs =-10V, Iy = -200mA
Ges Forward Transconductance 100 250 mO Vps = -25V, Ip = -200mA
Ciss Input Capacitance 75 125 Vgs = 0, Vpg = 25V
Coss Common Source Output Capacitance 20 85 pF f=1MHz
Chrss Reverse Transfer Capacitance 10 35
taony Turn-ON Delay Time 10 Vpp =-25V,
t, Rise Time 15 ns I =-0.75A,
Rgen = 25Q
taorr) Turn-OFF Delay Time 20 GEN
t Fall Time 15
Vsp Diode Forward Voltage Drop -1.8 \ Vgs =0, Igp =-0.5A
t, Reverse Recovery Time 300 ns Vgs =0, Igp =-0.5A
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300us pulse, 2% duty cycle.)
2. AllA.C. parameters sample tested.
Switching Waveforms and Test Circuit
ov
TR0 /_— PULSE
INPUT \ GENERATOR
I __________ -
-10V 90% ]
ton torr) :
tyon) t torm | : D.UT.
ov : OUTPUT
90% 90% 1
OUTPUT / 1
Vop — A 10% 10% % e

7-112




Typical Performance Curves
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Typical Performance Curves
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@ Supertexinc.

TP2535
TP2540

Low Threshold

P-Channel Enhancement-Mode
Vertical DMOS FETs

Ordering Information

BVpss/ Rosion) Vasan) ) Order Number / Package

BVpgs (max) (max) (min) TO-92 TO-243AA* DICE?
-350V 25Q -2.4V -0.4A TP2535N3 — TP2535ND
-400V 25Q -2.4V -0.4A TP2540N3 TP2540N8 TP2540ND

* Same as SOT-89. For carrier tape reels specify P023 for 1,000 units or P024 for 2,000 units.

T MIL visual screening available.

Features

[0 Low threshold — -2.4V max.

[J High input impedance

[0 Low input capacitance — 125 pF max.

[0 Fast switching speeds

[0 Low on resistance

[ Free from secondary breakdown

[0 Low input and output leakage

[0 Complementary N- and P-channel devices

Logic level interface — ideal for TTL and CMOS
Solid state relays

Battery operated systems

Analog switches

General purpose line driver

g
O
O
[ Photo voltaic drive
O
O
O

Telecom switches

Absolute Maximum Ratings

Drain-to-Source Voltage BVpss
Drain-to-Gate Voltage BVpgs
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.

Low Threshold DMOS Technology

These low threshold enhancement-mode (normally-off) transis-
tors utilize 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 positive 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 FETs are ideally suited to a wide range
of switching and amplifying applications where very low threshold
voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.

Package Options

G
D
S

TO-243AA
(SOT-89)

SGD

TO-92

Note: See package outline section for dimensions.
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Thermal Characteristics

TP2535/TP2540

Package Ip (continuous)* Ip (pulsed) Power Dissipation Oc Gia Ibr* Iprm
@ T, =25°C °C/W °C/wW
TO-92 -0.12A -0.6A 0.74W 125 170 -0.12A -0.6A
TO-243AA -0.4A -1.2A 1.6Wt 15 78t -0.4A -1.2A
* I, (continuous) is limited by max rated T.
T Mounted on FRS Board, 25mm x 25mm x 1.57mm. Signficant P, increase possible on ceramic substrate.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TP2540 | -400
Breakdown Voltage TP2535 | -350 v Vs =0, Ip =-2mA
Vasith) Gate Threshold Voltage -1.0 -2.4 \ Vas = Vps: Ip=-1mA
AVasiih Change in Vggny With Temperature 4.8 | mV/°C Vgs = Vps: Ip=-1mA
lgss Gate Body Leakage -100 nA Vgs =+20V, Vpg=0
Ipss Zero Gate Voltage Drain Current -10 uA Vgs = 0, Vpg = Max Rating
B Vgs =0, Vpg = 0.8 Max Rating
101 mA T, =125°C
Ipiony ON-State Drain Current -0.2 -0.3 A Vgs = -4.5V, Vpg = -25V
-0.4 -1.1 Vgs =-10V, Vpg = -25V
Rps(on) Static Drain-to-Source 20 30 Q Vgs =-4.5V, I =-100mA
ON-State Resistance 19 25 Vgs =-10V, Iy = -100mA
ARps(on) Change in Rpg(on) With Temperature 0.75 %/°C Vgs =-10V, I =-100mA
Ggs Forward Transconductance 100 175 mO Vps = -25V, Iy = -100mA
C Input Capacitance 60 125
1SS P p : Vas =0, Vpg = -25V
Coss Common Source Output Capacitance 20 70 pF f= 1 MHz
Cgss Reverse Transfer Capacitance 10 25
t Turn-ON Delay Time 10
4(ON) e y Vop = -25V
t, Rise Time 10 . nan
- ns Ip = -U.4A
taoFr) Turn-OFF Delay Time 20 Rgen = 25Q
t Fall Time 13
Vsp Diode Forward Voltage Drop -1.8 \ Vgs =0, Isp =-100mA
t, Reverse Recovery Time 300 ns Vgs =0, Igp =-100mA
Notes:
1. Al D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300ps pulse, 2% duty cycle.)
2. All A.C. parameters sample tested.
Switching Waveforms and Test Circuit
ov
Rio% / PULSE
INPUT \ GENERATOR
' __________ —
-10v 90% I
t{ON) t(OFF) :
taon) t taorr) , I D.UT.
ov : OUTPUT
90% 90% I
OouUTPUT / \ :
10% 10%

Vop  ——————
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TP2535/TP2540
Typical Performance Curves
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TP2535/TP2540
Typical Performance Curves
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TP2635

@ Supertexinc. « TP2640
Low Threshold

Preliminary
P-Channel Enhancement-Mode
Vertical DMOS FETs
Ordering Information
BVpss / Roson) Vasan) Ioon) Order Number / Package
BVpgs (max) (max) (min) SO-8 TO-92 DICE?
-350V 15Q -2.0v -0.7A - TP2635N3 TP2635ND
-400V 15Q -2.0V -0.7A TP2640LG TP2640N3 TP2640ND

T MIL visual screening available.

L[
Features Low Threshold DMOS Technology

[0 Low threshold — -2.0V max. These low threshold enhancement-mode (normally-off) transis-
] High input impedance to.rs utilize a vertical DMQS structure anq Super;ex’_s well-proven
) ) silicon-gate manufacturing process. This combination produces
[0 Low input capacitance devices with the power handling capabilities of bipolar transistors
[0 Fast switching speeds and with the high input impedance and positive temperature
. coefficient inherent in MOS devices. Characteristic of all MOS
[0 Low on resistance structures, these devices are free from thermal runaway and
[ Free from secondary breakdown thermally-induced secondary breakdown.
[0 Low input and output leakage Supe.rtex. vertical DMQ$ FETs are !deally suited to a wide range
. of switching and amplifying applications where very low threshold
[0 Complementary N- and P-channel devices voltage, high breakdown voltage, high inputimpedance, low input
capacitance, and fast switching speeds are desired.
Applications
O Logic level interface — ideal for TTL and CMOS Package 0ptions
[0 Solid state relays
[0 Battery operated systems
[0 Photo voltaic drive
[0 Analog switches
[0 General purpose line driver
[0 Telecom switches
SGD
TO-92
Absolute Maximum Ratings —
Drain-to-Source Voltage BVpss NC [1]e s8] D
Drain-to-Gate Voltage BVpgs NC [2] (71 D
Gate-to-Source Voltage +20V S [&] [e] D
Operating and Storage Temperature -55°C to +150°C G [4] 51 D
Soldering Temperature* 300°C
SO-8

* Distance of 1.6 mm from case for 10 seconds.

Note: See package outline section for dimensions.
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TP2635/TP2640

Thermal Characteristics

Package Ip (continuous)* Ip (pulsed) Power Dissipation Oc Ga Ipr* lorm
@ Tc=25°C °CIW °C/W
SO-8 -700mA -1.25A 1.3wt 24 96t -700mA -1.25A
TO-92 -200mA -0.8A 1.0W 125 170 -200mA -0.8A
* 1, (continuous) is limited by max rated T,.
t Mounted on FR4 board, 25mm x 25mm x 1.57mm.
Electrical Characteristics (@ 25°C unless otherwise specified)
Symbol Parameter Min Typ Max Unit Conditions
BVpss Drain-to-Source TP2640 | -400 \ Vgs =0, Ip=-2.0mA
Breakdown Voltage TP2635 | -350
Vasin) Gate Threshold Voltage -0.8 -2.0 \ Vgs = Vps, Ip=-1.0mA
AVgsn) Change in Vesah) with Temperature 5.0 | mV/°C Vas = Vps, Ip=-1.0mA
lgss Gate Body Leakage -100 nA Vgs =20V, Vpg =0V
Ibss Zero Gate Voltage Drain Current -1 MHA Vgs =0V, Vpg =-100V
-10 HA Vgs = 0V, Vpg = Max Rating
-1 mA Vgs = 0V, Vpg = 0.8 Max Rating
T =125°C
Ipon ON-State Drain Current 0.7 A Vgs =-10V, Vpg = -25V
Ropsion Static Drain-to-Source 12 15 Vgs =-2.5V, Iy = -20mA
ON-State Resistance 1 15 Q Vgs = 4.5V, Ip = -150mA
11 15 Vgs =-10V, Ip = -300mA
ARpson) Change in Rpg(on) With Temperature 0.75 %/°C Vgs =-10V, I =-300mA
Ggs Forward Transconductance 200 mo Vpg =-25V, Ip = -300mA
Ciss Input Capacitance 300 Ve = OV, Vpg = -25V
Coss Common Source Output Capacitance 50 pF f=1MHz
Crss Reverse Transfer Capacitance 12
taon Turn-ON Delay Time 10
i, Rise Time 15 | ?’DD: _:3;)205::]/2\’
taorr) Turn-OFF Delay Time 60 Regn = 250
|1 Fall Time 40
Vsp Diode Forward Voltage Drop -1.8 \ Vgs =0V, Igp = -200mA
t, Reverse Recovery Time 300 ns Vgs =0V, Igp = -200mA

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

Switching Waveforms and Test Circuit

ov
R1o% PULSE
INPUT ___GENERATOR
Fm————————
10V . 90% i
ton torr) :
]
taon) t, taorr | Y 1 D.U.T.
ov : OUTPUT
]
I
I

Vop ———

I
|
|
|
90% 90% :
OUTPUT = | R
10% 10% Y% L |
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Chapter 8 — DMOS N-Channel MOSFETs

2NB659 35V; 1.8 ONIMS ..ceeeieieiece et etie e e s e et e s e e e s s e e s s ea s e e e e e e e e se s as s s e s b b s e e nne s s e s snbas e s anseaanseenannenns 8-1
2N6660/2N6661 B0V/I0V; 3 ONMS/A ONIMS ...ttt s s ae e ananaannns 8-3
2NT7000 BOV; 5 ONMS ....oveieeeieeieeeieetieteteteeteueeseesaesaeseeatest e tesse st e s aeesasaseessesseasses s e s esaeesaeesseseeasesssessasannsnnsbaan 8-5
2N7002 60V; 7.5 ohms . ... 8-9

2N7007 240V, 45 ohms ...
2N7008 60V; 7.5 ohms ....

BSS123 100V; 6 ohms ..... .. 8-17
LNE150 500V; 1.0K ohms ........cccoeiemminrininennne .. 821
VNO104/VNO106/VNO109 40V/60V/90V; 3 ONMS ...ccueirreieiireieietnetet sttt .. 8-23
VNO335/VN0O340 350V/400V; 2.5 ONMS ....cviiiuiiritetetentese ettt .. 8-27
VNO0345/VNO350 450V/500V; 4 ohms ..... 8-31
VNO0355/VN0360; 550V/600V; 6 ohms ..

VNO300 30V;1.20hms.......ccceeevrimrnneee

VNO535/VNO540 350V/400V; 35 ONMS ....ccuiuiiriiniiieinieisiisi sttt 8-41
VNO0545/VN0550 450V/500V; 60 ohms.. .. 8-45
VNO0635/VN0640 350V/400V; 10 ohms......ccceveiivenrnnennns .. 8-49
VNO0645/VN0650 450V/500V; 16 ohms.........cccceevneeee. ... 8-53

VN0655/VN0660 550V/600V; 20 ohms ..

VNO0606/VN0610 60V; 3 ohms/5 ohms ... .. 8-61
VINOBO8 8OV; 4 ONMS .....ueiiiiiiiciiieetieeeeterte et e seessae s saesae s e e s e s e e e e b e s easesaeesasb s s ba e st e s b e e s bt e s ab e s satasabessannarans 8-63
VNTOK B0V, 5 ONIMS ..oociiieiieecicitieee ettt e ses et e saessae s e s abe s sabesabeasase s ab e s s ba e s e s s e s ba e sas e e be s s nn s e abasanessanesnns 8-65
VN1206/VN1210 120V; 6 ohms/10 ohms ............ ... 8-69

VN1304/VN1306/VN1310 40V/60V/100V; 8 ohms .
VN1706/VN1710 170V; 6 ohms/10 ohms ..

VN2010L 200V; 10 ohms......ccocovvminnnne .. 8-77
VN2106/VN2110 60V/100V; 4 ohms ... ... 8-79
VN2206/VN2210 60V/100V; 0.35 ONMS .....oiuiiiiiiiicteitee ettt 8-83
VN2220/VN2222/VN2224 200V/220V/240V; 1.25 ONMS ......ccoiviiiiiiicicntictcei e 8-87
VN2222LL 60V; 7.5 0hmMS....cccceviieriiicenentcieine .. 8-91
VN2406/VN2410 240V; 6 ohms/10 ohms .. 8-93
VN2780 800V; 16 ohms..... 8-95
VN3012L 300V; 12 ohms... ... 8-97
VN3205 50V; 0.3 0NMS......ooviimiiriiieicieeeieieens ... 8-99

VN3515L/VN4012L 350V/400V; 15 0hMS/12 ORMS ....cucouimiiieiiieicieie e 8-103



@ Supertexinc.

2N6659

N-Channel Enhancement-Mode
Vertical DMOS FET

Ordering Information

BVpss/ Rpsion Ioon Order Number / Package
BVpgs (max) (min) TO-39
35V 1.8Q 1.5A 2N6659

High Reliability Devices
See pages 5-4 and 5-5 for MILITARY STANDARD Process
Flows and Ordering Information.

Features

O ooo0ooao

O

O

Free from secondary breakdown

Low power drive requirement

Ease of paralleling

Low C,sg and fast switching speeds
Excellent thermal stability

Integral Source-Drain diode

High input impedance and high gain
Complementary N- and P-channel devices

Applications

O
[
O
O
0

Motor control
Converters
Amplifiers

Switches

Power supply circuits

Drivers (relays, hammers, solenoids, lamps,
memories, displays, bipolar transistors, etc.)

Absolute Maximum Ratings

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

Advanced DMOS Technology

These enhancement-mode (normally-off) transistors utilize a l:‘
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 positive temperature coefficient inher-

ent in MOS devices. Characteristic of all MOS structures, these

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

Supertex vertical DMOS FETs are ideally suited to a wide range
of switching and amplifying applications where high breakdown
voltage, high input impedance, low input capacitance, and fast
switching speeds are desired.

Package Options

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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Thermal Characteristics

Package Ip (continuous)’ Ip (pulsed) Power Dissipation 6a Bc
@ T =25°C °C/W °C/W
TO-39 1.4A 3A 6.25W 125 20

* Ip (continuous) is limited by max rated T;.

Electrical Charac