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VOLUME IO

This volume contains complete data sheets for
Mgctorola non-registered devices. Data sheets are in
alphanumeric sequence according to device type number
except for those data sheets that cover several devices
with different type numbers. The alphanumerical index
in front of the book permits the user to quickly locate
the page number of the data sheet for any device
characterized in the book.

Econocap, Epibase , Epicap, Glassivated, Isothermal , *k-Pak, McMOS, Meg-A-Life 11, MDTL,
MECL, MECL 10,000, MHTL, Micro-T, MIDA, MRTL, mW MRTL, MTTL, Multi-Cell I,
RamRod, Surmetic, Surmetic 20, Surmetic 30, Surmetic 40, Thermopad, Thermowatt, Unibase,
Unibloc and Uniwatt are trademarks of Motorola Inc.

Annular Semiconductors and Field-Relief Electrode are patented by Motorola Inc.



ALPHA-NUMERIC INDEX

Devices characterized in Volume Il show the page reference
only. Devices characterized in Volume | and Volume Il are
referenced by volume and page number.

DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
%M2.4A2 2 .5M2.5ZS 1] 1-20 1M3.6AZ210 ] 1-59
%M2.7AZ .5M2.72S 1M3.9AZ10
%M3.0AZ .5M3.0ZS ; 1M4.3AZ10
%M3.3AZ .5M3.32S 1M4.7AZ10
%M3.6AZ .5M3.62S 1M5.1AZ10
%M3.9AZ .5M3.92S 1M5.6AZ10
%M4.3AZ .5M4.3ZS 1M6.2AZ10
%BM4.7AZ .5M4.7ZS 1M6.8AZ10
%M5.1AZ .5M5.1ZS 1M7.5AZ10
%M5.6AZ .5M5.62ZS 1M6.82
%M6.2AZ .5M6.0ZS 1M7.52
%M6.82 .5M6.2ZS 1M8.22
%M7.52 .5M6.82S 1™M9.12Z
%M8.22 .5M7.5ZS ™m10z
%M9.12 .5M8.2ZS m™M11z
%M10Z .5M8.7ZS 1M12Z
%M11Z .5M9.1ZS 1™M13Z
%M122Z .5M10ZS M152Z
%M132 .5M112ZS ™M16Z
%M14Z .BM12ZS 1mM18Z
%M152 .5M132S 1M20Z
%M16Z .5M14ZS 1M22Z
%“M17Z .5M152S 1M242Z
%M18Z .5M162S 1M27z
%M19Z .5M17ZS 1M30Z
%M20Z .5M182S 1M33z
%M22Z .5M192S 1M36Z
%M24Z .5M20ZS 1™M39Z
%M26Z .5M22ZS 1M432
%M272 .56M24ZS 1™M47Z
%M30Z .5M25ZS 1M512
%M332 .5M27ZS 1M56Z
%M36Z .5M28ZS 1M62Z
1%M39Z .5M30ZS 1M682
%M43Z .5M33zS 1M752
%M452 .5M362S 1m822
%M472 .6M392S 1™M912
1%M50Z .5M43ZS 1™M100Z
%M522Z .5M472S 1M110Z
1%M56Z .5M51ZS 1M1202
1%M62Z .5M56ZS 1M1302
1%M68Z .5M60ZS 1M1502Z
%M752Z .5M62ZS 1M160Z
%M82Z .5M682ZS 1M180Z
%M91Z .5M752S 1M200Z 1-59
%M100Z .5M822S 1M3.32S10 1-100
%M105Z .5M872S 1M3.62510
%M110Z2 .5M91ZS 1M3.92510
%M120Z .5M100ZS 1M4.3zS10
%M1302 .5M110ZS 1M4.7Z2s10
%M140Z .5M1202S 1M5.12S10
%M150Z .5M1302S 1M5.62510
%M1752 .5M140ZS 1M6.22S10
1%M200Z 2 .5M150ZS 1M6.82510
.4M.64FR10 1 1-10 .5M160ZS 1M7.5Z2S10
.4M1.36FR5 .5M170ZS 1M8.22510
.4M1.36FR2 .5M1802S 1M9.1Z2S10
.4M2.04FR5 .5M190ZS 1M10Zs10
.4M2.04FR2 1 1-10 .5M200ZS 1 1-20 1M112S10
.5M2.4ZS " 1-20 1M3.3AZ10 1 1-59 1M122S10 1 1-100




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
1M13ZS10 | 1-100 5M75ZS I 1-30 50M132 ! 1-41
1M15ZS10 5M82ZS 50M142
1M162ZS10 5M872ZS 50M152
1M18ZS10 5M912S 50M162Z
1M20ZS10 5M100ZS 50M172
1M22ZS10 5M110ZS 50M182
1M242S10 5M120Zs 50M 192

1 1mM272s10 5M130ZS 50M20Z
1M30Zs10 5M140ZS 50M222Z
1M33ZSs10 5M1560ZS 50M24Z
1M36ZS10 5M160ZS 50M25Z
1M39ZS10 5M170Zs 50M272
1M43ZS10 5M180ZS 50M30Z
1M472S10 5M190Zs 50M332
1M512ZS10 5M200ZSs i 1-30 50M362Z
1M562ZS10 10M6.8Z 1-44 50M39Z
1M62ZS10 10M7.5Z 50M43Z
1M682S10 10M8.2Z 50M45Z
1M75ZS10 10M9.1Z 50M47Z
1M82ZS10 10M10z 50M50Z
1M912ZS10 1momM112 50M512Z
1M100Zs10 iom1i12z 50M52Z
1M110Zs10 10M132 50M562
1M120ZS10 10M14z 50M622Z
1M1302s10 10M152 50M682
1M150ZS10 1omM162 50M752Z
1M160ZS10 10mM18z 50M82Z
1M1802ZS10 1omM192 50M912Z
1M200Zs10 | 1-100 10M202z 50M1002
5M3.3Z8 1 1-30 10mM22z 50M1052
5M3.6ZS 10mM24z 50M1102
5M3.9ZS 10M27Z 50M 1202
5M4.3Zs 10M30z 50M1302
5MA4.7ZS 10M33z 50M1402
5M5.1ZS 10M362 50M1502
5M5.6ZS 10M392 50M1602
5M6.0ZS 10M432 50M1752
5M6.2ZS 10M472 50M180Z
5M6.8ZS 10M502 50M2002 ! 1-41
5M7.5ZS 10M51Z BB105A,B,G 4
5M8.2ZS 10M522 BU105 364
5M8.72S 10M56Z BU108 6
5M9.1ZS 10M622Z MA202 12
5M10ZS 10M68Z MA206 12
5M11ZS 10M752 MA4404 14
5M122ZS 10mM822 MA4404A 14
5M13Zs 10M912Z MACS5-1 16
5M14ZSs 10M100Z MACS5-2
5M152ZS 10M1052 MAC5-3
5M16ZS 10M1102 MAC5-4
5M172ZS 10M1202 MACS5-5
5M18ZS 10M130Z MACS5-6
5M19ZS 10M140Z MACS5-7
5M20ZS 10M1502 MAC5-8
5M222ZSs 10M160Z MACG-1
5M242ZS 10M1802 MAC6-2
5M25ZS 10M200Z 1-44 MAC6-3
5M27ZS 50M3.92 1-41 MACS6-4
5M28ZS 50M4.3Z2 MACG6-5
5M30Zs 50M4.72 MAC6-6
5M33ZSs 50M5.12Z MAC6-7
5M36ZS 50M5.62 MAC6-8 16
5M39ZSs 50M6.2Z MAC10-1 20
5M43ZS 50M6.8Z MAC10-2
5M472ZS 50M7.6Z MAC10-3
5M51ZS 50M8.22 MAC10-4
5M56ZS 50M9.1Z MAC10-5
5M60ZS 50M10Z MAC10-6
5M62ZS 50M112Z MAC10-7
5M68ZS ] 1-30 50M122 | 1-41 MAC10-8 20




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MAC11-1 20 MBR4040 68 MCR39-40 91
MAC11-2 MBS 100 76 MCR39-50 91
MAC11-3 MBS4991 78 MCR39-60 91
MAC11-4 MBS4992 78 MCRO5 1 93
MAC11-5 MCA1911N P 82 MCRO052
MAC11-6 MCA1912N,P MCRO53 *
MAC11-7 MCA1913N,P MCRO054 93
MAC11-8 20 MCA1914N P MCR80-0.5 97
MAC37-1 24 MCA1921N P MCR80-10
MAC37-2 MCA1922N P MCR80-20
MAC37-3 MCA1923N,P MCR80-30
MAC37-4 MCA1924N P MCR80-40
MAC37-5 MCA1931N P MCR80-50
MAC37-6 MCA1932N,P MCR80-60
MAC37-7 MCA1933N,P MCR80-70
MAC38-1 MCA1934N P MCR80-80
MAC38-2 MCA2011N,P MCR81-0.5
MAC38-3 MCA2012N P MCR81-10
MAC38-4 MCAZ2013N,P MCR81-20
MAC38-5 MCA2014N,P MCR81-30
MAC38-6 MCA2021N,P MCR81-40
MAC38-7 24 MCA2022N P MCR81-50
MAC92,A-1 28 MCAZ2023N,P MCR81-60
MAC92,A-2 MCAZ2024N,P MCR81-70
MAC92,A-3 MCAZ2031N,P MCR81-80
MAC92,A-4 MCA2032N,P MCR82-0.5
MAC92,A-5 MCAZ2033N,P MCR82-10
MAC92,A-6 28 MCA2034N P MCR82-20
MAC93,A-1 32 MCA2111N,P MCR82-30
MACO3,A-2 & MCA2112N,P MCR82-40
MAC93,A-3 MCAZ2113N,P MCR82-50
MAC93,A-4 32 MCA2114N,P MCR82-60
MAC94,A-1 36 MCA2121N,P MCR82-70
MAC94,A-2 MCAZ2122N P MCR82-80 97
MAC94,A-3 MCAZ2123N P MCR101 99
MAC94,A-4 36 MCA2124N,P MCR102
MAC40688 " 2-164 MCA2131N,P MCR103
MA C40689 1 2-164 MCA2132N,P MCR104 99
MAC40690 1 2-164 MCA2133N,P MCR106-1 101
MACA0797 " 5.186 MCA2134N,P MCR106-2
MAC40798 1" 2-186 MCA2211N P MCR106-3
,MAC800-02,A,8 40 MCA2212N,P MCR106-4
MACS800-05,A,8 MCA2213N,P MCR106-6
MACS800-10,A,B MCA2214N,P MCR 106-8 101
MACS800-20,A,8 MCA2221N,P MCR107-1 103
MACS800-40,A,B MCA2222N,P MCR107-2
MAC800-60,A,B MCA2223N P MCR107-3
MACB800-80,A,B 40 MCA2224N P MCR107-4
MBD101 a4 MCA2231N P MCR107-5
MBD102 46 MCA2232N P MCR107-6
MBD103 a8 MCA2233N,P MCR107-7
MBDS501 50 MCA2234N,P 82 MCR107-8 103
MBD502 52 MCL 1300 84 MCR115 105
MBD701 50 MCL 1301 MCR120 105
MBD702 52 MCL1302 MCR154-10 107
MBI-101 54 MCL 1303 MCR154-20
MBR320M 56 MCL 1304 84 MCR 154-30
MBR330M 56 MCLTC6010 85 MCR154-40
MBR340M 56 MCLTC6025 MCR 154-50
MBR1520 60 MCLTC6050 MCR154-60
MBR1530 60 MCLTC6100 85 MCR155-10
MBR 1540 60 MCR32-05 87 MCR155-20
MBR2520 64 MCR32-20 MCR155-30
MBR2530 64 MCR32-30 MCR 155-40
MBR2540 64 MCR32-40 MCR 155-50
MBR4020 68 MCR32-50 MCR 155-60
MBR4020PF 72 MCR32-60 87 MCR156-10
MBR4030 68 MCR39-05 91 MCR 156-20
MBR4030PF 72 MCR39-20 91 MCR156-30

MCR39-30 91 MCR 156-40 107




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MCR156-50 107 MCR320-2 125 MCR470-110 141
MCR156-60 MCR320-3 MCR470-120
MCR157-10 MCR320-4 MCR470-130
MCR157-20 MCR320-5 MCR470-140
MCR157-30 MCR320-6 MCR470-150 141
MCR157-40 MCR320-7 MCR470C-10 145
MCR157-50 MCR320-8 125 MCR470C-20
MCR157-60 107 MCR380-10 129 MCR470C-30
MCR158-50 111 MCR380-20 MCR470C-40
MCR158-60 MCR380-30 MCR470C-50
MCR158-70 MCR380-40 MCR470C-60
MCR158-80 MCR380-50 MCR470C-70
MCR158-90 MCR380-60 MCR470C-80
MCR158-100 MCR380-70 MCR470D-10
MCR158-110 MCR380-80 MCR470D-20
MCR158-120 MCR380-90 MCR470D-30
MCR159-50 MCR380-100 MCR470D-40
MCR159-60 MCR380-110 MCR470D-50
MCR159-70 MCR380-120 MCR470D-60
MCR159-80 MCR380-130 MCR470D-70
MCR159-90 MCR 380-140 MCR470D-80
MCR159-100 MCR380-150 129 MCR470D-90
MCR159-110 MCR3808B-10 133 MCR470D-100
MCR159-120 111 MCR3808B-20 MCR470E-10
MCR201 115 MCR380B-30 MCR470E-20
MCR202 MCR3808-40 MCR470E-30
MCR203 MCR3808B-50 MCR470E-40
MCR204 MCR3808B-60 MCR470E-50
MCR205 MCR380B-70 MCR470E-60
MCR206 115 MCR380B-80 MCR470E-70
MCR235-10 119 MCR380C-10 MCR470E-80
MCR235-20 MCR380C-20 MCR470E-90
MCR235-30 MCR380C-30 MCR470E-100
MCR235-40 MCR380C-40 MCR470E-120 145
MCR235-50 MCR 380C-50 MCR550C-10 147
MCR235-60 MCR 380C-60 MCR550C-20
MCR235-70 MCR380C-70 MCR550C-30
MCR235-80 MCR380C-80 MCR550C-40
MCR235-90 MCR380C-90 MCR550C-50
MCR235-100 MCR380C-100 MCR550C-60
MCR235-110 MCR380D-10 MCR550C-70
MCR235-120 MCD380D-20 MCR550C-80
MCR235-130 MCR380D-30 MCR550C-90
MCR235-140 MCR380D-40 MCR550C-100
MCR235-150 119 MCR380D-50 MCR550D-10
MCR235A-10 123 MCR380D-60 MCR550D-20
MCR235A-20 MCR380D-70 MCR550D-30
MCR235A-30 MCR380D-80 MCR550D-40
MCR235A-40 MCR380D-90 MCR550D-50
MCR235A-50 MCR380D-100 MCR550D-60
MCR235A-60 MCR380D-110 MCR550D-70
MCR2358-10 MCR380D-120 133 MCR550D-80
MCR235B-20 MCR406-1 135 MCR550D-90
MCR235B-30 MCR406-2 MCR550D-100
MCR2358B-40 MCR406-3 MCR550D-110
MCR235B-50 MCR406-4 135 MCR550D-120 147
MCR2358B-60 MCR407-1 139 MCR649-1 149
MCR235B-70 MCR407-2 MCR649-2
MCR2358B-80 MCR407-3 * MCR649-3
MCR235C-10 MCR407-4 139 MCR649-4
MCR235C-20 MCR470-10 141 MCR649-5
MCR235C-30 MCR470-20 MCR649-6
MCR235C-40 MCR470-30 MCR649-7 149
MCR235C-50 MCR470-40 MCR729-5 152
MCR235C-60 MCR470-50 MCR729-6
MCR235C-70 MCR470-60 MCR729-7
MCR235C-80 MCR470-70 MCR729-8
MCR235C-90 MCR470-80 MCR729-9
MCR235C-100 123 MCR470-90 MCR729-10 152
MCR320-1 125 MCR470-100 141 MCR800-10 154

vi




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MCR800-20 154 | [Mcr3o1sa 171 MDA922-1 262
MCR800-30 MCR3918.5 MDA922-2
MCR800-40 MCR3918-6 MDA922-3
MCR800-50 MCR3918-7 MDA922.4
MCR800-60 MCR3918-8 171 MDA922-5
MCR800-70 MCR3935-1 173 MDA922-6
MCR800-80 MCR3935-2 MDA922.7
MCR800-90 MCR3935.3 MDA922-8
MCR800-100 MCR3935-4 MDA922-9 262
MCR800-110 MCR3935-5 MDA942.1 266
MCR800-120 MCR3935-6 MDA942.2
MCR800-130 MCR3935.7 MDA942.3
MCR800-140 MCR3935-8 173 MDA942.4
MCR800-150 154 | {MD708,A,8 175 | |MDA9425
MCR846-1 158 | |MD708F,AF,BF 175 | |MDA9426 266
MCR846-2 MD918,A,B 178 | | MDA952FR-1 270
MCR846-3 MD918F,AF,BF 178 | | MDA952FR-2
MCR846-4 158 | |[MDos2,F 181 MDA952F R-3
MCR1336-5 160 | [MDosa 183 | | MDA952FR-4
MCR1336-6 MD985,F 185 | [ MDA952FR-5 270
MCR1336-7 MD986,F 187 MDA970-1 271
MCR1336-8 MD1120,F 189 | [MDA970-2 271
MCR1336.9 MD1121 180 | |mMDA9703 271
MCR1336-10 160 | [MD1122 189 | [MDA972-1 266
MCR1718-5 162 | [MD1123 191 MDA972-2
MCR1718-6 MD1129,F 193 | [MDA972-3
MCR1718-7 MD1130.F 191 MDA972-4
MCR1718-8 162 | [MD2218.A,F,AF 195 | |MDA9725 266
MCR1906-1 164 | |MD2219,A.F.AF 195 | |MDA980-1 275
MCR1906-2 MD2369,A.B,F,AF 200 | |Mpagso-2
MCR1906-3 ‘BF MDA980-3
MCR1906-4 164 | |MD2904,A F,AF 204 | |mMpAgs04
MCR1907-1 166 | |MD2905,A.F.AF 204 | |mMpAgsos
MCR1907-2 MD3250,A.F . AF 209 MDA980-6
MCR1907-3 MD3251,A.F,AF 200 MDA990-1
MCR1907-4 MD3409 213 | [MpAg9o-2
MCR1907-5 MD3410 213 | |MbpAgso-3
MCR1907-6 166 | |MD3467,F 215 | |MpAagso-a
MCR2315-1 169 | |MD3725.F 219 MDA990-5
MCR2315-2 MD3762,F 223 | |MpA99o-6 275
MCR2315-3 MD4957 227 MDA 1200 279
MCR2315-4 MD5000,A,B 231 MDA1201
MCR2315-5 MD6001,F 233 | |mpai1202
MCR2315-6 MD6002, F 233 | |mMpA1204
MCR2614L-1 MD6003,F 233 | |MDA1206 279
MCR2614L-2 MD7000 238 MDA1330H 283
MCR2614L-3 MD7001,F 240 | [MDA1331H *
MCR2614L-4 MD7002,A,8 242 MDA1332H
MCR2614L-5 MD7003,F 244 | [mMDA1333H 283
MCR2614L.6 160 | [MID7003A AF 244 MDA1505-1 266
MCR3818-1 171 MDA 1505-2
MCR3818-2 MD7004,F 246 | |MDA1505-3
MCR3818-3 MD7007,A,8 248 | [MDA1505-4
MCR3818-4 MD7007F 248 MDA1505-5
MCR3818-5 MD7021,F 250 | |MDA1505-6
MCR3818-6 MD8001 252 MDA1591-1
MCR3818-7 MD8002 252 MDA1591-2
MCR3818-8 171 MD8003 252 MDA1591-3
MCR3835-1 173 | |[MDA100 264 | |MDA1591-4
MCR3835-2 VPP MDA1591-5
MCR3835-3 MDA1591-6 266
MCR3835-4 MDA104 MDA3551 287
MCR3835-5 MDA106 MDA3552 *
MCR3835.6 MDA108 MDA3661
MCR3835-7 MDA110 254 | | MDA3662 287
MCR3835.8 173 | |MDA80O 256 | |MFE130 796
MCR3918-1 171 MDAS01 MEE 131 796
MCR3918-2 171 MDA802 MFE132 796
MCR3918-3 171 MDAB04 MFE590 289

MDAS06 256 | [MFES91 289
MDA920 260

vii




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MFE823 295 MJ450 378 MJ4646 456
MFE824 297 MJ480 380 MJ4647 456
MFE2000 299 MJ481 380 MJ4648 456
MFE2001 299 MJ490 382 MJ5415 | 2-499
MFE2004 301 MJ491 382 MJ5416 | 2.499
MFE2005 301 MJ802 384 MJ6257 437
MFE2006 301 MJ900 386 MJ6302 442
MFE2007 303 MJS061 386 MJ6700 458
MFE2008 303 MJ920 388 MJB701 458
MFE2009 303 MJ921 388 MJ7000 460
MFE2010 305 MJ 1000 386 MJ7160 462
MFE2011 305 MJ1001 386 MJ7161 462
MFE2012 305 MJ1200 388 MJ7260 466
MFE2093 307 MJ 1201 388 MJ7261 466
MFE2094 307 MJ 1800 393 MJ8 100 468
MFE2095 307 MJ2249 395 MJ8101 468
MFE3001 308 MJ2250 395 MJ9000 470
MFE3002 310 MJ2251 397 MJE 105 472
MFE3003 311 MJ2252 397 MJE 105K 472
MFE3004 312 MJ2253 399 MJE 170 475
MFE3005 312 MJ2254 399 MJE171
MFE3006 314 MJ2267 401 MJE 172
MFE3007 314 MJ2268 401 MJE 180
MFE3008 314 MJ2500 403 MJE 181
MFE3020 320 MJ2501 403 MJE 182 475
MFE3021 320 MJ2801 405 MJE200 479
MFE4007 322 MJ2840 407 MJE 205 483
MFE4008 MJ2841 407 MJE 205K 483
MFE4009 MJ2901 405 MJE210 479
MFE4010 MJ2940 409 MJE 220 486
MFE4011 MJ2941 409 MJE221
MFE4012 322 MJ2955 411 MJE222
MFE5000 328 MJ3000 403 MJE223
MHQ918 330 MJ3001 403 MJE 224
MHQ2221 332 MJ3026 415 MJE 225
MHQ2222 332 MJ3027 415 MJE230
MHQ2369 334 MJ3028 417 MJE231
MHQ2483 336 MJ3029 419 MJE232
MHQ2484 336 MJ3030 419 MJE233
MHQ2906 338 MJ3040 421 MJE234
MHQ2907 338 MJ3041 421 MJE235 486
MHQ3467 340 MJ3042 421 MJE 240 290
MHQ3546 342 MJ3101 395 MJE 241
MHQ3798 344 MJ3201 423 MJE 242
MHQ3799 344 MJ3202 423 MJE 243
MHQ4001A 346 MJ3260 425 MJE244
MHQ4002A 346 MJ3430 429 MJE 250
MHQ4013 348 MJ3480 6 MJE 251
MHQ4014 348 MJ3583 i 2-537 MJE 252
MHQ6001 350 MJ3584 1 2-537 MJE 253
MHQ6002 350 MJ3585 | 2.537 MJE254 490
MHQ6100 352 MJ3701 399 MJE 340 294
MHQ6100A 352 MJ3760 431 MJE 340K 494
MHW559 354 MJ3761 431 MJE 341 497
MHW560 355 MJ3771 437 MJE 341K
MHWS561 356 MJ3772 437 MJE 344
MHW562 357 MJ3773 442 MJE 344K 497
MHW709 358 MJ4030 447 MJE 350 500
MHW710 361 MJ4031 MJE 370 502
MJ105 364 MJ4032 MJE370K 502
MJ400 368 MJ4033 MIES71 505
MJ410 370 MJ4034 MJE 37 1K 505
MJ411 370 MJ4035 447 MJES520 508
MJ413 372 MJ4200 449 MJE 520K 508
MJ420S 374 MJ4201 * MJE521 511
MJ421S 374 MJ4210 MJES21K 511
MJ423 372 MJ4211 449 MJE 700 514
MJ424 376 MJ4240 | 2.537 MJE 701
MJ425 376 MJ4502 454 MJE 702 ‘
MJ431 372 MJ4645 456 MJE 703 514

MJE710 516

viii




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MJE711 516 MJEB192 i 2-67 MM3007 607
MJE712 516 MJEG193 2-71 MM3008 609
MJE720 518 MJEG194 2-71 MM3009 609
MJE 721 518 MJES195 2-71 MM3053 611
MJE722 518 MJE5655 2-237 MM3726 613
MJES800 614 MJE 5656 2-237 MM3734 617
MJE801 MJES657 2-237 MM3735 617
MJE802 MJES974 2-374 MM3736 621
MJE803 514 MJEB975 2-374 MM3737 621
MJE 1090 520 MJEG976 2-374 MM3903 625
MJE1091 MJEB977 2-378 MM3904 625
MJE 1092 MJEG978 2-378 MM3905 630
MJE 1093 MJE5979 2-378 MM3906 630
MJE1100 MJE5980 2-382 MM4000 635
MJE1101 MJES5981 2-382 MM4001 ‘
MJE1102 .MJE 5982 2-382 MM4002
MJE 1103 520 MJE 5983 2-386 MM4003 635
MJE 1290 523 MJE 5984 2-386 MM4005 636
MJE 1291 MJE 5985 2-386 MM4006 636
MJE 1660 * MJE6040 2-408 MM4007 636
MJE1661 523 MJE6041 MM4008 638
MJE2010 525 MJE 6042 MM4009 638
MJE2011 MJE 6043 MM4010 638
MJE2020 ‘ MJE 6044 MM4018 640
MJE2021 525 MJE 6045 [}l 2-408 MM4019 642
MJE2050 527 MLEDSO 557 MM4030 646
MJE2090 520 MLEDGS 557 MM4031 ‘
MJE2091 MLEDG60 559 MM4032
MJE2092 MLED90 559 MM4033 646
MJE2093 MLED92 561 MM4036 648
MJE2100 MLED440 563 MM4037 650
MJE2101 MLEDA445 565 MM4049 652
MJE2102 MLEDS00 567 MM4052 654
MJE2103 520 MLED600 569 MM4208 656
MJE2150 527 MLEDG610 571 MM4208A *
MJE2160 528 MLED640 573 MM4209
MJE2360 530 MLEDG655 575 MM4209A 656
MJE2361 530 MLED660 577 MM4257 658
MJE2370 532 MLED900 579 MM4258 658
MJE 2480 534 MLED910 581 MM4261H 662
MJE2481 MLED930 583 MMSE005 670
MJE2482 MLS101 585 MM5006 670
MJE2483 534 MiS102 MM5007 670
MJE2490 536 MLS5103 MM5189 672
MJE2491 536 MLS104 MM5262 674
MJE2520 538 MLS105 MM6427 676
MJE2801 540 MLS201 MM8000 678
MJE2801K 540 MLS202 MM8001 678
MJE 2901 543 MLS203 MM8006 680
MJE2901K 543 MLS204 MM8007 680
MJE2965 546 MLS205 585 MM8008 684
MJE2955K 546 MM439 5687 MM8009 688
MJE3055 549 MM1500,A 589 MM8010 684
MJE3055K 549 MM1501 589 MM8011 684
MJE3370 502 MM1505 591 MMCM918 691
MJE3371 505 MM15563 593 MMCM930 693
MJE3439 552 MM1748, A 597 MMCM2222 695
MJE3440 552 MM1803 1 2-425 MMCM2369 697
MJE3520 508 MM1941 599 MMCM2484 693
MJE3521 511 MM2005-2 601 MMCM2857 729
MJE3738 554 MM2258 603 MMCM2807 699
MJE3739 654 MM2259 603 MMCM3798 738
MJE4918 | 2-872 MM2260 603 MMCM3799 738
MJE4919 | 2-872 MM3000 606 MMCM3903 743
MJE4920 | 2-872 MM3001 MMCM3904 743
MJE4921 | 2-876 MM3002 ‘ MMCM3905 747
MJE4922 { 2-876 MM3003 606 MMCM3906 747
MJE4923 | 2-876 MM3005 607 MMCM3960A 753
MJES190 1l 2-67 MM3006 607 MMD70 701
MJES5191 I 2-67 MMD6050 702




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MMD6100 702 MPF112 795 MPS3397 881
MMD6150 702 MPF130 796 MPS3398 881
MMD7000 702 MPF131 796 MPS3663 869
MMD7001 704 MPF132 796 MPS3638,A 883
MMF1 706 MPF161 800 MPS3639 885
MMF2 MPF256 802 MPS3640 887
MMF3 MPF820 803 MPS3646 890
MMF4 MPF970 805 MPS3693 894
MMF5 MPF971 805 MPS3694 894
MMF6 706 MPF 4391 809 MPS3702 896
MMT70 708 MPF 4392 809 MPS3703 896
MMT71 709 MPF 4393 809 MPS3704 898
MMT72 710 MPI-3401 813 MPS3705 898
MMT73 712 MPM5006 815 MPS3706 898
MMT74 714 MPN3401 817 MPS3707 900
MMT75 716 MPN 3402 817 MPS3709 *
MMT76 716 MPN3411 819 MPS3710
MMT806 718 MPN3601 821 MPS3711 200
MMT807 720 MPQ918 823 MPS3826 902
MMT808 722 MPQ1000 825 MPS3827 902
MMT809 724 MPQ1050 827 MPS4354 204
MMT918 691 MPQ2221 332 MPS4355 204
MMT930 693 MPQ2222 332 MPS4356 204
MMT2222 726 MPQ2369 334 MPS5172 208
MMT2369 697 MPQ2483 829 MPS6507 210
MMT2484 693 MPQ2484 829 MPS6511 912
MMT2857 729 MPQ2906 338 MPS6512 914
MMT2907 731 MPQ2907 338 MPS6513
MMT3014 734 MPQ3303 831 MPS6514
MMT3546 736 MPQ3467 833 MPS6515
MMT3798 738 MPQ3546 342 MPS6516
MMT3799 738 MPQ3725,A 835 MPS6517
MMT3823 741 MPQ3762 838 MPS6518
MMT3903 743 MPQ3798 840 MPS6519 914
MMT3904 743 MPQ3799 840 MPS6520 916
MMT3905 747 MPQ3904 842 MPS6521 ‘
MMT3906 747 MPQ3906 844 MPS6522
MMT3960 751 MPQ4003 846 MPS6523 916
MMT3960A 753 MPQ4004 846 MPS6530 918
MMT8015 756 MPQ6001 849 MPS6531
MO C2000 761 MPQ6002 849 MPS6532
MP110 763 MPQ6100 851 MPS6533
MP1108 765 MPQ6100A 851 MPS6534
MP500 767 MPQ6501 849 MPS6535 918
MP501 MPQ6502 849 MPS6539 920
MP502 MPQ6600,A 851 MPS6540 922
MP504 MPQ6700 853 MPS6541 924
MP505 MPS404 855 MPS6543 926
MP506 767 MPS404A 855 MPS6544 928
MP600 769 MPS706,A 859 MPS6545 928
MP601 MPS708 861 MPS6546 930
MP602 MPS753 863 MPS6547 932
MP603 MPS834 865 MPS6548 934
MP1613 771 MPS835 867 MPS6560 936
MP2000A 773 MPS918 869 MPS6561 940
MP2060 777 MPS2369 871 MPS6562 936
MP2061 MPS2712 873 MPS6563 940
MP2062 MPS2714 875 MPS6565 944
MP2063 777 MPS2716 873 MPS6566 944
MP2100A 773 MPS2923 877 MPS6567 948
MP2200A l MPS2924 877 MPS6568,A 950
MP2300A MPS2925 877 MPS6569,A 950
MP2400A 773 MPS2926 879 MPS6970,A 950
MP3730 781 MPS3390 881 MPS6571 954
MP3731 781 MPS3391 MPS6573 957
MPC1000 783 MPS3392 MPS6574
MPF102 789 MPS3393 MPS6575 *
MPF 108 790 MPS3394 MPS6576 957
MPF 109 792 MPS3395 MPS6580 959
MPF111 794 MPS3396 881 MPS8000 961




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MPS8001 963 MPS-U05 1087 MR8 11 1154
MPS8907 965 MPS-U06 1087 MR812
MPS8098 970 MPS-UO7 1089 MR814
MPS8099 MPS-U10 1091 MR816
MPS8598 MPS-U31 1095 MR817
MPS8599 970 MPS-U45 1099 MR818 1153
MPS-A05 976 MPS-U51,A 1103 MR820 1159
MPS-A06 976 MPS-U52 1105 MR821
MPS-A09 982 MPS-U55 1107 MR822
MPS-A12 985 MPS-U56 1107 MR824
MPS-A13 987 MPS-U57 1109 MR826 1159
MPS-A14 987 MPS-U60 1111 MR830 1167
MPS-A16 290 MPS-U95 1113 MR831
MPS-A17 990 MPT20 1117 MR832
MPS-A18 992 MPT28 1119 MR824
MPS-A20 997 MPT32 1119 MR836
MPS-A42 1001 MPU131 1121 MR840
MPS-A43 1001 MPU132 1121 MR841
MPS-A55 976 MPU133 1121 MR842
MPS-A56 976 MPUG027 1125 MR844
MPS-A65 1003 MPU6028 1125 MR846 1167
MPS-A66 1003 MPZ5-16 1129 MR850 1168
MPS-A70 1006 MPZ5-32 1129 MR851
MPS-A92 1010 MPZ5-180 1129 MR852
MPS-A93 1010 MQ930 1131 MR854
MPS-DO1 1012 mMQ982 181 MR856 1168
MPS-D02 1014 MQ1120 189 MR860 1176
MPS-D03 1016 MQ1129 193 MR861
MPS-D04 1018 MQ2218,A 195 MR862
MPS-DO5 1020 MQ2219,A 195 MR864
MPS-D06 1022 MQ2369 200 MR866 1176
MPS-D51 1012 MQ2484 1131 MR870 1181
MPS-D52 1014 MQ2904 204 MR871
MPS-D563 1016 MQ2905A 204 MR872
MPS-D54 1018 MQ3251 209 MR874
MPS-D55 1020 MQ3467 215 MR876 1181
MPS-D56 1022 MQ3725 219 MR 1030 | 1-98
MPS-H02 1025 MQ3762 223 MR1031
MPS-HO04 1028 MQ3798 1134 MR 1032
MPS-HO0S 1028 MQ3799,A 1134 MR 1033
MPS-HO7 1032 MQ6001 233 MR 1034
MPS-HO08 1032 MQ6002 233 MR 1035
MPS-H10 1036 MQ7001 240 MR 1036
MPS-H11 1036 MQ7003 244 MR 1038
MPS-H17 1039 MQ7004 246 MR 1040 | 198
MPS-H19 1041 MQ7007 248 MR 1120 1187
MPS-H20 1043 MQ7021 250 MR1121
MPS-H24 1046 MR1-1200 1138 MR1122
MPS-H30 1049 MR1-1400 1138 MR1123
MPS-H31 1049 MR1-1600 1138 MR1124
MPS-H32 1053 MR250-1 1141 MR 1125
MPS-H34 1057 MR250-2 MR1126
MPS-H37 1060 MR250-3 MR1128
MPS-H54 1062 MR250-4 MR1130 1187
MPS-H55 1062 MR250-5 1141 MR1205FL 1191
MPS-H81 1066 MR327 | 1-50 MR1209FL 1191
MPS-H83 1068 MR328 MR1215FL 1194
MPS-H85 1072 MR330 * MR1219FL 1194
MPS-K20 997 MR331 1 1-50 MR1235FL SL 1198
MPS-K21 997 MR501 1143 MR1239FL SL 1198
MPS-K22 997 MR502 MR1245FL,SL 1201
MPS-K70 1006 MR504 MR1249FL,SL 1201
MPS-K71 1006 MR506 MR1265FL 1203
MPS-K 72 1006 MR508 MR1269FL 1203
MPS-LO1 1074 MRS510 1143 MR1337-1 1205
MPS-L51 1078 MR 751 1149 MR1337-2
MPS-UO1,A 1082 MR752 MR1337-3
MPS-U02 1084 MR754 * MR1337-4
MPS-UO3 1086 MR756 1149 MR1337-5 1205
MPS-U04 1086 MR810 1154 MR 1366 [ 1-64

Xi




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MR1376 1 1-69 MRF226 1285 MV 1632 1410
MR 1386 1 1-74 MRF230 1287 MV 1634
MR1396 1 1-79 MRF231 1291 MV 1636
MR1815SL 1194 MRF232 1295 MV 1638
MR1819SL 1194 MRF233 1299 MV 1640
MR2000S 1208 MRF234 1303 MV 1642
MR2001S MRF304 1307 MV 1644
MR2002S MRF 305 1311 MV 1646
MR2004S MRF401 1315 MV 1648
MR2006S MRF501 1318 MV 1650 1410
MR2008S MRF502 1318 MV 1652 1411
MR2010S 1208 MR F509 1320 MV 1654
MR2083HA 1212 MRF511 1324 MV 1656
MR2266 1214 MRF603 1330 MV 1658
MR2271 1 1-107 MRF607 1332 MV 1660
MR2272 1216 MRF618 1335 MV 1662
MR2273 1214 MRF619 1339 MV 1664
MR2500 1218 MRF620 1339 MV 1666 1411
MR2500S 1224 MRF621 1343 MV 1803 { 2-425
MR2501 1218 MRF628 1347 MV1805C 1413
MR2501S 1224 MRF816 1350 MV 1809C1 1415
MR2502 1218 MRF817 1353 MV 1858D 1417
MR2502S 1224 MRF818 1357 MV 1860D
MR2504 1218 MRF5174 1361 MV1862D
MR2504S 1224 MRF5175 1364 MV 1863D
MR2506 1218 MRF5176 1367 MV 1864D
MR2506S 1224 MRF5177 1370 MV1865D 1417
MR2508 1218 MRF8004 1374 MV 1866 1421
MR2508S 1224 MSD6100 1376 MV 1866D 1417
MR2510 1218 MSD6101 1378 MV 1868 1421
MR2510S 1224 MSD6102 1380 MV 1868D 1417
MR2525 1228 MSD6150 1382 MV 1870 1421
MR2525R 1228 MSD7000 1384 MV1870D 1417
MR 5005 1233 MU851 1386 MV1871 1421
MR5010 MU852 1386 MV1872
MR5020 1 MU853 1386 MV 1874
MR5030 MU2646 1388 MV 1876
MR 5040 1233 MU2646M 1390 MV 1877
MRA133,B 1235 MU4891 1392 MV 1878 1421
MRA163,B 1237 MuU4892 ‘ MV2101 1425
MRA333,B 1239 MU4893 MV2102
MRA363,B 1241 MU4894 1392 MV2103
MRD148 1 2-264 MUS4987 1394 MV2104
MRD150 1243 MUS4988 1394 MV2105
MRD300 1247 MV 104 1398 MV2106
MRD310 1247 MV 109 1400 MV2107
MRD360 1251 MV 205 1402 MV2108
MRD370 1251 MV206 1402 MV2109
MR D450 1255 MV209 1404 MV2110
MRDS500 1259 MV830 1406 MvV2111
MRD510 1259 Mv831 MV2112
MRD601 1263 Mv832 MV2113
MR D602 MV833 MVv2114
MR D603 Mv8s34 MV2115 1425
MR D604 1263 MV835 MV2201 1429
MRD810 1267 MV836 MV2203 *
MRD3050 1269 Mv837 MV2205
MR D3051 Mv83s MV 2209 1429
MRD3052 MV839 MV2301 1431
MRD3053 MV840 1406 MV2302
MRD3054 MV 1401 1408 MV2303
MRD3055 MV 1403 MV2304
MR D3056 1269 MV 1404 * MV2305
MRF207 1273 MV 1405 1408 MV2306
MR F208 1273 MV 1620 1410 MV2307
MRF209 1273 MV 1622 MV2308 1431
MRF215 1277 MV 1624 MV3102 1433
MRF216 1280 MV 1626 MV3103 1433
MRF221 I 2-443 MV 1628 MV3140 1435
MRF225 1283 MV 1630 1410 MV3141 1435

Xii




DEVICE VOL | PAGE DEVICE VOL | PAGE DEVICE VOL | PAGE
MV3142 1435 Mz821,A 1452 MZ5555 1462
MV 3501 1437 Mz823,A MZ5556
MV 3502 MZ825,A + MZ5557
MV3503 mMz827,A 1452 MZ5558 1462
MV3504 MZ840 1449
MV 3505 MZ935,A,8 1452

I MV 3506 MZ936,A,B
MV 3507 1437 MZ937,A,B
MVAM-1 1439 MZ938,A,B
MV1-2097 1441 MZ941,A,B
MV1-2098 MZ942,A,B
MV1-2099 MZ943,A,B
MV1-2100 MZ944,A,8 1452
MV1-2101 MZ1000-1 1460
MV1-2102 MZ1000-2
MVi-2103 MZ1000-3
MVI-2104 MZ1000-4
MVi-2108 MZ1000-5
MVi-2106 MZ1000-6
MVi-2107 MZ1000-7
MV1-2108 MZ1000-8
MVI-2109 1441 MZ1000-9
MVS460 1445 MZ1000-10
MZ500-1 1447 MZ1000-11
MZ500-2 MZ1000-12
MZ500-3 MZ1000-13
MZ500-4 MZ1000-14
MZ500-5 MZ1000-15
MZ500-6 MZ1000-16
MZ500-7 MZ1000-17
MZ500-8 MZ1000-18
MZ500-9 MZ1000-19
MZ500-10 MZ1000-20
MZ500-11 MZ1000-21
MZ500-12 MZ1000-22
MZ500-13 MZ1000-23
Mz500-14 MZ1000-24
MZ500-15 MZ1000-25
MZ500-16 MZ1000-26
MZ500-17 MZ1000-27
MZ500-18 MZ1000-28
MZ500-19 MZ1000-29
MZ500-20 MZ1000-30
MZ500-21 MZ1000-31
MZ500-22 MZ1000-32
MZ500-23 MZ1000-33
MZ500-24 MZ1000-34
MZ500-25 MZ1000-35
MZ500-26 MZ1000-36 1460
MZ500-27 MZ1000-37
MZ500-28 MZ2360 t 1-10
MZ500-29 MZ2361 t 1-10
MZ500-30 MZ2362 | 1-10
MZ500-31 MZ3154,A 1452
MZ500-32 MZ31565,A 1452
MZ500-33 MZ3156,A 1452
MZ500-34 Mz4614 | 1-89
MZ500-35 MZ4615
MZ500-36 MZ4616
MZ500-37 MZ4617
MZ500-38 MZ4618
MZ500-39 MZ4619
MZ500-40 1447 MZ4620
MZ605 1449 MZ 4621
MZ610 MZ 4622
MZ620 MZ4623
Mz640 MZ4624
Mz805 MZ 4625
MZ810 MZ4626
mMz820 1449 MZ4627 1 1-89
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IN-HOUSE NUMBERED
DEVICE SPECIFICATIONS

DIODES
OPTOELECTRONICS
MODULES

POWER VARACTORS
RECTIFIERS

RECTIFIER ASSEMBLIES
THYRISTORS & TRIGGERS
TRANSISTORS



II



AM. 64FR10
AM]1. 36FR5
AMI. 36FR2
AM2. 04FR5
AM2. 04FR2

For Specifications, See IN816 Data, Volume I.

SM2. AZS i, .5M200ZS

For Specifications, See IN5221 Data, Volume II.

1M3.3AZ .. IM7.5AZ

For Specifications, See 1N3821 Data, Volume 1.

1M3.3ZS .. 1M200ZS

For Specifications, See 1N4728 Data, Volume I.

1M6.8Z 1. IM200Z

For Specifications, See 1N3821 Data, Volume I.

5M3.3ZS thru 5M200ZS

For Specifications, See 1N5333 Data, Volume II.

10M6.8Z thru 10M200Z

For Specifications, See 1N2970 Data, Volume I.

50M3.9Z thru 50M2002Z

For Specifications, See IN2804 Data, Volume I.



1/4M2.4AZ 1. 1/4M200Z (SILICON) 1/4 W

24-200V

Hermetically sealed, all-glass case with all external surfaces cor-
rosion resistant. Cathode end, indicated by color band, will be
Ci(-})SOEJS))l positive with respect to anode end when operated in the zener
region. These devices are in the same 400 mW glass package as the
IN746 and 1N957 Series, but designated 1/4 Watt to allow char-
acterization at a different test current level.

MAXIMUM RATINGS

Junction and Storage Temperature: -65°C to +175°C
D C Power Dissipation: 1/4 Watt (Derate 1.67 mW/°C Above 25°C)

The type numbers specified have a standard voltage (V) tolerance of +20%
For closer tolerances, add suffix '"10" for +10% or "5" for +5%. (3%, 2%, 1%
tolerances also available.)

ELECTRICAL CHARACTERISTICS (Ta= 25°C, Vi = 1.5 V max @ 100 mA)

NOMINAL MAXIMUM 1 Maximum REVERSE LEAKAGE CURRENT
ZENER |
VUG @1, | tesr | MPEDANGE | BT
4 *
WPEND., | (voirs | curmewt | “m@le () mA | 1y MAX TEST VOLTAGE Vde
(Ilr) mA (}J.A) ! VR. sz
1/4M2. 4AZ 2.4 10 60 70 75 1 1
1/4M2.7AZ 2.7 10 60 65 5 1 1
1/4M3.0AZ 3.0 10 55 60 50 1 1
1/4M3.3AZ 3.3 10 55 55 50 1 1
1/4M3. 6AZ 3.6 10 50 52 50 1 1
1/4M3.9AZ 3.9 10 50 49 25 1 1
1/4M4. 3AZ 4.3 10 45 46 25 1.5 1.5
1/4M4.TAZ 4.7 10 35 42 10 .5 1.5
1/4M5.1AZ 5.1 10 25 39 5 1.5 1.5
1/4M5. 6AZ 5.6 10 20 36 5 1.5 1.5
1/4M6. 2AZ 6.2 10 15 33 5 3.5 3.5
1/4M6. 82 6.8 9.2 7.0 33 150 5.2 4.9
1/4M7.52 7.5 8.3 8.0 - 30 5 5.7 5.4
1/4M8. 22 8.2 7.6 9.0 26 50 6.2 5.9
1/4M9.12 9.1 6.9 10 24 25 6.9 6.6
1/4M102 10 6.3 11 21 10 7.6 7.2
1/4M11Z 11 5.7 13 19 5 8.4 8.0
1/4M127 12 5.2 15 18 5 9.1 8.6
1/4M13%Z 13 4.8 18 16 5 9.9 9.4
1/4M142 14 4.5 20 15 5 10.6 10.1
1/4M152Z 15 4.2 22 14 5 11.4 10.8
1/4M16Z 16 3.9 24 13 5 12.2 11.5
1/4M17Z 17 3.7 26 12.5 5 13.0 12.2
1/4M18Z 18 3.5 28 11.5 5 13.7 13.0
1/4M19Z 19 3.3 30 11.0 5 14. 4 13.7
1/4M20Z 20 3.1 33 10.5 5 15.2 14.4
1/4M22Z 22 2.8 40 9.5 5 16.7 15.8
1/4M242Z 24 2.6 46 9.0 5 18.2 11.3
1/4M252 25 2.5 50 8.0 5 19.0 18.0
1/4M272Z 27 2.3 58 7.5 5 20.6 19.4
1/4M302 30 2.1 70 7.0 5 22.8 21.6
*VRI — Test Voltage for 5% Tolerance Device VRZ — Test voitage for 10% Tolerance Device

No Leakage Specified as 20% Tolerance Device

2



1/4M2.4AZ thru 1/4M200Z (continued)

ELECTRICAL CHARACTERISTICS (Ta = 25°C, V¢ = 1.5 V max @ 100 mA) (continued)

MAXIMUM
NOMINAL ZENER MAXIMUM REVERSE LEAKAGE CURRENT
zzgcn IMPEDANCE |  DC ZENER

VOLTAGE @ I | TEST 2) @1y CURRENT "

TYPE NO. (V,)VOLTS | CURRENT ohms (Izw) mA In MAX TEST VOLTAGE Vde
(ly) mA m Vo Viz
1/4M33Z 33 1.9 85 6.5 5 25.1 23.8
1/4M362Z 36 1.7 100 6.0 5 27.4 25.9
1/4M392 39 1.6 120 5.0 5 29.7 28.1
1/4M43Z 43 1.5 140 4.8 5 32.7 31.0
1/4M45Z 45 1.4 150 4.5 5 34.2 32.4
1/4M472 47 1.3 160 4.3 5 35.8 33.8
1/4M50Z 50 1.2 180 4.1 5 38.0 36.0
1/4M52Z 52 1.2 200 4.0 5 39.5 37.4
1/4M562 56 1.1 230 3.8 5 42.6 40.3
1/4M622 62 1.0 290 3.3 5 47.1 44.6
1/4M68Z 68 0.92 350 3.0 5 51.7 49.0
1/4M752 5 0.83 450 2.8 5 56.0 54.0
1/4M82Z 82 0.176 550 2.5 5 62.2 59.0
1/4M91Z 91 0.69 700 2.3 5 69.2 65.5
1/4M1002Z 100 0.63 900 2.0 5 76.0 72.0
1/4M105Z 105 0.60 1000 1.9 5 79.8 75.6
1/4M110Z 110 0.57 1200 1.8 5 83.6 79.2
1/4M1202Z 120 0.52 1500 1.7 5 91.2 86.4
1/4M1302 130 0.48 1900 1.5 5 98.8 93.6
1/4M140Z 140 0.45 2200 1.4 5 106. 4 100.8
1/4M1502 150 0.42 2500 1.3 5 114.0 108.0
1/4M1752 175 0.36 3300 1.1 5 133.0 126.0
1/4M200Z 200 0.31 4300 1.0 5 152.0 144.0
*VRI — Test Voltage for 5% Tolerance Device VR2 — Test Voltage for 10% Tolerance Device

No Leakage Specified as 20% Tolerance Device

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details)
1 — Nominal zener voltages between those shown.
2 — Matched sets: (Standard Tolerances are =5.0%, *=3.0%, =2.0%, *=1.0%) depending on volitage per device.
a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher
zener voltages and provide lower temperature coefficients, lower dynamic impedance and greater power handling ability.
b. Two or more units matched to one another with any specified tolerance.
3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%.



BB105A (siicon)
BB105B
BB105G

VVC Pl

VOLTAGE VARIABLE
CAPACITANCE DIODES

SILICON EPICAP DIODES 30 VOLTS

. . . designed in the new low-inductance mini-L package for high
volume requirements of UHF and VHF TV tuning and AFC, general
frequency control and tuning applications; providing solid-state reli-

ability in replacement of mechanical tuning methods.

o Guaranteed Minimum Q Values at VHF and UHF Frequencies

e Controlled and Uniform Tuning Ratio

e Guaranteed Matching” Tolerance From Diode to Diode and Group
to Group

*Upon request, diodes are available in matched sets of any number or in
matched groups. All diodes in a set or group can be matched for capacitance
to your specified conditions along the entire tuning range.

If you require BB150A and BB1058 matched to +1.5% between 3.0 and
25 Volts, add "M to the device title (i.e., BB105BM). BB105G can be
ordered matched to *3.0% by adding M to the device title. For any other
matched tolerances or conditions, please contact your local Motorola Repre-
sentative.

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 30 Volts
Forward Current 13 200 mA
Device Dissipation @ T = 25°C Pp 400 mwW
Derate above 25°C 4.0 mW/°C
Junction Temperature Ty +125 oc
Storage Temperature Range Tstg -65 to +150 oc T
ls
FIGURE 1 — DIODE CAPACITANCE
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BB105A, BB105B, BB105G (continued)

ELECTRICAL CHARACTERISTICS (T 5 = 26°C unless otherwise noted)

Characteristic-All Types Symbol Min Max Unit
Reverse Breakdown Voltage BVR 30 - Vdc
(IR = 10 uAdc) |
Reverse Voltage Leakage Current IR
(VR=28V) - 50.0 nAdc
(VR =28 V) Tp = 60°C 0.5 pAdc
Series Inductance Ls - 3.0 nH
(f = 2560 MHz)
Diode Capacitance Temperature Coefficient TCc - 400 ppm/°C
(VR = 3.0 Vdc, f = 1.0 MHz)
Ct Q
Device VR = 25 Vdc f =100 MHz Rs Stripe on| Ridge
Type pF Ct=9pF Ohms C3/C2s Body Stripe
Min Max Min Max Min Max Color Color
BB105A 23 2.8 225 0.8 4.0 5 Blue White
BB105B 2.0 23 225 0.8 4.5 6 Yellow | White
BB105G 1.8 2.8 150 1.2 4.0 6 Green White
FIGURE 2 — FIGURE OF MERIT FIGURE 3 — DIODE CAPACITANCE
1600 I / 1.04
1400 Ta = 25°C / g 1.03
=100 MHz / S
. 1200 / $102 -
« 3 VR =3.0 Vdc
< 1000 / / ERTY —
5 / 3
w800 BB105A,8 — / Z 100 —
2 / 5
£ 0 A ss10s6 o ]
a 7 3 A
400 7/ A @ 098 1
L—1 // ‘53
200 — o 097
0 0.96
0 40 8.0 12 16 20 2 2 32 -15 S0 25 0 25 450 +15 4100 +125

VR, REVERSE VOLTAGE (VOLTS)

TA.AMBIENT TEMPERATURE (°C)

BU105

For Specifications, See MJ105 Data.



BU108 (siuicon)
MJ3480

Ic = 5.0 Adc

@ Collector-Emitter Voltage —
VCER = 1500 Vdc

e Collector Current —

e Fall Time @ Ic = 4.5 Adc —
tf= 0.7 us (Typ) ® tf = 1.0 us (Max)

HORIZONTAL DEFLECTION SILICON
TRANSISTORS

.. . designed for use in large screen color television receivers.

5.0 AMPERE

TRIPLE DIFFUSED
POWER TRANSISTORS
NPN SILICON

1300, 1500 VOLTS
56 WATTS

MAXIMUM RATINGS

A——a

B ]

) ——tee]

Rating BU108 MJ3480 Unit
Collector-Emitter Voltage 750 700 Vdc
Collector-Emitter Voltage 1500 1300 Vde

(Rgg = 100 Q)
Collector-Base Voltage 1500 1300 Vdc
Emitter-Base Voltage 5.0 7.0 Vdc
Collector Current — Continuous 5.0 Adc
— Peak 10
Base Current 4.0 Adc
Total Device Dissipation @ T¢ = 25°C 56 Watts
Derate Above 25°C 0.625 w/°c
Operating and Storage Junction -65to +115 oc
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Max Unit
Thermal Resistance, Junction to Case 1.6 oc/w

g

A
SEATING

PLANE

D).

FIGURE 1 — POWER DERATING

56
\\
= 48
E \\
<
Z 40
=z \
=]
c 3
£
a
5 2
o«
w
Z % AN
o \
5 N
80 ™
\‘
0 N
20 30 40 50 90 100 110

Tc, CASE TEMPERATURE (°C)

\J 1@

STYLE1:

PIN 1. BASE
2. EMITTER
CASE: COLLECTOR

MILLIMETERS INCHES

DIM ["'miN_ [ MAX_ | MIN | MAX

- 39.37 - .550

- 21.08 - .830

6.35 7.62 | 0.250 00

0.99 1.08 | 0.039 | 0.043

- 34 ~ .135
29.90 | 304 1177 1 1197

10.67 | 11.18 | 0.420 | 0.440

5.33 | 559 | 0.210 | 0.220

o|o|x|—|x|o) ‘.I...unw>

16.64 | 17.15 | 0.655 | 0.675 |
1118 112.19 | 0.440 | 0.480 |
3.84 4.09 .151 .161
- 26.67 | — .050
Collector connected to case.
CASE 11




BU 108, MJ3480 (continued)

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

—

Characteristic

[

Symbol

l Min l Typ T Max l Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1)
(Ic = 10 mAdc, Ig = 0) BU108

MJ3480

VCEO(sus)

Vdc
750 - —
700 — -

Collector Cutoff Current
(VcE = 1500 Vdc, Vgg = 0)
(VGE = 1300 Vdc, Vgg = 0)

BU108
MJ3480

IcES

mAdc
1.0
1.0

Emitter Cutoff Current
(Vgg =5.0Vdc, Ic=0)

lEBO

mAdc
1.0

ON CHARACTERISTICS

Collector-Emitter Saturation Voltage
(Ic = 4.5 Adc, Ig = 2.0 Adc)

VCE(sat)

Vdc
5.0

Base Emitter Saturation Voltage
(I¢c = 4.5 Adc, Ig = 2.0 Adc)

VBE (sat)

Vdc

Second Breakdown Collector Current with Base
Forward Biased
(t=1.0s, Vg = 100 Vdc)

IS/b

mAdc
200 - —

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product (2)
(I = 0.1 Adc, Vg = 5.0 Vdc, figst = 1.0 MHz)

MHz

Output Capacitance
(Ve =10 Vde, I =0, f= 0.1 MHz)

Cob

pF

SWITCHING CHARACTERISTICS

Fall Time

(lc = 4.5 Adc, Igq = 1.8 Adc, Lg = 10 uH, See Figure 2)

1.0

(2 f1 = |hrel ® frest

(1) Pulse Test: Pulse Width 300 us, Duty Cycle ~ 2.0%

FIGURE 2 — TEST CIRCUIT

+80 V —MN— _L

0.005 uF

Y
Uil
(e}

Py

\
Vi

Volt
Meter

~ 130V

DRIVER TRANSFORMER (T1)

enamel wire.

Motorola part number 25D68782A05-1/4"' laminate “E’’ iron
core. Primary Inductance—39 mH, Secondary Inductance—0.22 mH,
Leakage inductance with primary shorted—2.0 pH. Primary 260
turns, #28 AWG enamel wire, Secondary 17 turns, #22 AWG

||}—<

Cr
uF

0.0133

Ly
mH

L

3.5 18 2.5

4.5 1.0 2.5 0.02

TEST CIRCUIT OPTIMIZATION

The test circuit and operating waveforms for the BU108 and

MJ3480 transistors are shown in Figures 2 and 3. The test circuit
may be used to evaluate devices in the conventional manner, i.e.,
to measure fall time, storage time, and saturation voltage. How-
ever, this circuit was designed to evaluate devices by a simple
criterion, power supply input. Excessive power input can be
caused by a variety of problems, but it is the dissipation in the

transistor that is of fundamental importance. Once the required
transistor operating current is determined, fixed circuit values
may be selected from the table. Factory testing is performed by
reading the current meter only, since the input power is pro-
portional to current. No adjustment of the test apparatus is re-
quired.




BU108, MJ3480 (continued)

BASIC CONSIDERATIONS

The primary consideration when choosing a deflection
transistor for a conventional (parallel-.connected) circuit,
as shown in Figure 2, is voltage capability. The flyback
voltage that the device will be subjected to is a relatively
predictable value with respect to the main power supply
voltage. This voltage pulse, shown in Figure 3, will usually

FIGURE 3 — TEST CIRCUIT WAVEFORMS

Rep Rate = 15,750 Hz

Fundamental waveforms of a simplified horizontal
deflection circuit.

B

FIGURE 4 — RELATIONSHIP OF POWER DISSIPATION
TO Lg WITH CHANGING Igq,icm=4.5A

18 7 T
/ Lg=2.0uH
2N '
=
W\
£ s\ \ N\ /.
s AR
PERI\\NAVA
8 L1 T
N
140.5 1.0 15 20 25

1B, BASE CURRENT (AMP)

be 8 times the 130-volt power supply voitage Or approx-
imately 1000 volts, but may be varied slightly by adjust-
ing retrace time and flyback tuning. For this reason, high
voltage devices are particularly useful in cost conscious
solid-state receivers as they permit the use of an off-the-
line half wave power supply.

The power supply used in the circuit of Figure 2,
was chosen to produce approximately a 1000 V collector
pulse on the transistor, a conservative value, recommended
for unregulated applications.

The values of yoke inductance (Ly), flyback primary
inductance (LF), retrace capacitor (CR) and 'S’ shaping
capacitor (Cg) are shown for operating collector currents
of 3.5 A which is suitable for 90° color and 110° large
screen black and white receivers, and 4.5 A for 110°
color receivers. Peak collector currents to 10 A may be
handled by these transistors. The most efficient applica-
tion results when the power supply voltage is held con-
stant. Adjustments of the amount of deflection can then
be ‘made by raising or lowering Ly and L. Lyly is con-
stant for the fixed voltage situation, and actual deflection
is proportional to |y JL_\( Values of Cg and CR must
be varied inversely with Ly to maintain retrace and “’S”
shaping periods. )

TEST CIRCUIT VALUES

The driver power supply and driver transistor type
can be selected according to convenience. A TO-5 or
plastic power type will generally be needed. For testing
convenience, the Darlington arrangement of the driver
transistor shown in Figure 2 was used to produce a wide
range of Igq current values. Once the driver circuitry is
chosen, the turns ratio of the driver transformer can be
selected to produce 4 to 5 volts peak-to-peak at the base
of the output device. Tight coupling between windings is
recommended on early designs to allow optimizing leak-
age inductance by adding inductance externally. Later,
the leakage can be “‘designed in’’ to the transformer. The
RB and its bypass electrolytic, often called the “‘speed
up” circuit, allows adjustment of Ig 1 (or Ig “end of scan”
or Ig end) while still providing a low AC impedance for
good turn-off of the output device.

In Figure 4, the effects of varying Lg and Ig1 on
total power input to a deflection circuit requiring an Ig
of 4.5 A are shown. Note that an optimum LB can be
found which will produce low dissipation over a wide
range of 'Ig1. This is desirable in order to produce ef-
ficient operation over a wide range of circuit component
tolerances. Likewise, best Lp also gives the least sensitiv-
ity to output transistor hFg.

The best value of Lg found in Figure 4 is 12 uH. This
is the sum of the actual leakage inductance of the driver
transformer (secondary inductance with primary shorted)
and an external L if necessary. The value of Ig1 is ap-
proximately 1.75 A achieved in a typical device by using
RB = 2.3 §2, which was derived experimentally. These
are the choices recommended for the test fixture when
the transistor is used at Icp = 4.5 A.



BU108, MJ3480 (continued)

Today many TV receivers operate with an Ic\m of
approximately 3.5 A, Figure 8 shows the relationship of
power dissipation to Lg, with changing Ig1, when I¢ of
3.5 A is required.

The best value of Lg, found in Figure 9 is 22 uH. This
value is the sum of the driver transformer leakage induct-
ance and an external inductance if necessary. The best
value of Ig1 is approximately 1.15 A, with an Rp of
3.2 . These are the choices recommended for the test
fixture when the transistor is used at Icp = 3.5 A.

For other values of I\ the drive circuit components
must be changed. Figures 5, 6 and 7 show the values of
Lp and Ig 1 which should be used. The value of Rg which
will be required to produce the corresponding Ig1 is also
given, but, it is not an independent variable.

PERFORMANCE

Shown in Figures 9 and 10 are the typical results that
will be obtained with the test circuit at various operating
conditions.

INTERRELATION OF BASE RESISTANCE,
BASE INDUCTANCE AND
BASE CURRENT

FIGURE 5 — OPTIMUM BASE RESISTANCE
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FIGURE 7 — OPTIMUM BASE CURRENT
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FIGURE 8 — RELATIONSHIP OF POWER DISSIPATION
TO Lg, WITH CHANGING Ig1,Ilcm=35A
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BU108, MJ3480 (continued)

FIGURE 9 — INTERRELATION OF t;, FALL TIME
AND tg, STORAGE TIME
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FIGURE 11 — DC CURRENT GAIN
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FIGURE 13 — ACTIVE REGION SAFE OPERATING AREA

10k : :
5.0k T s

E fz: g <005}80 I

&00
500

200

T

N
N

B o 1 s~ s
e S S .~ S B

)
[ Region (D) - (de)
[Z Transistor may be operated
100 | Under al base emitter condi q|

00 1ions provided no hmiting
50 [ values are exceeded
[ Region (2) - (Pulse}
20 | Transistor may be operated under pulse
I conditions provided RgE < 100 ohms,

<20us,d=025= 4T

iy

1 T

850C

;

N
LN

Vi

Te - 85°C
~—=— Bonding Wire Limited
Thermal Limitation H
Second Breakdown Limited Ly sy =
BU108 has 750 V and 1500 V hmits 2
— t e MJ3480 has 700V and 1300 V timuts H
DN N I 1 1 T I T 11
5.0 10 20 50 100 200 500 1.0k 2.0k
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

i

Ic, COLLECTOR CURRENT

b
o

b
=3

ts, STORAGE TIME (us)

2.0

10

FIGURE 10 — EFFECT OF COLLECTOR CURRENT
ON INPUT POWER

15 VeEM = 1000 V

Pin, INPUT POWER (WATTS)
=

1 (/
10
90
3.0 35 4.0 45 5.0
Icm, COLLECTOR CURRENT (AMP)
FIGURE 12 — “ON” VOLTAGES
14
12
7
& 10 Ty =250C ”~
g /JI; ~ /
[=] Lot
= 0.8{—VBE(sat) @Ic/IB = = A
5 ' T e L~ 1000¢ 4
< T 1" | /
= 0.6 =t 1
S T 1000C ,/
>
Sos LA
// /
02 2500 F—
VCE(sat) @ Ic/lg =2 L+ A
1
0 T 111 1 )
0.05 0.07 0.1 02 03 05 07 10 20 30 50

Ic, COLLECTOR CURRENT (AMP)

There are two limitations on the power handling ability of a
transistor: average junction temperature and second breakdown.
Safe operating area curves indicate I¢ — Vg limits of the tran-
sistor that must be observed for reliable operation; i.e., the
transistor must not be subjected to greater dissipation than the
curves indicate.

The data of Figure 13 is based on Tg = 85°C. Thermal pulse

limits shown in region are valid for a duty cycle of 5.0%. For

other conditions, TJ(pk) must be calculated and kept below
115°C. Ty(pk) may be calculated from the data of Figure 14.

. At higher case temperatures, thermal limitations will reduce the

power that can be handled to values less than the limitation im-
posed by second breakdown.



BU108, MJ3480 (continued)

r{t), TRANSIENT THERMAL RESISTANCE (NORMALIZED)

Ig, COLLECTOR CURRENT (uA)

FIGURE 14 — THERMAL RESPONSE
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MA202 p MA 206 cermanium)

2 Germanium PNPtransistor designed for high-voltage
applications in the audio frequency range, such as neon
! 3 driver, solenoid or relay driver applications.
CASE 31(1)
(TO-5)
All leads isolated from case
STYLE 1:
PIN 1.EMITTER
2.BASE

3.COLLECTOR

MAXIMUM RATINGS (T = 25°C unless otherwise noted.)

Rating Symbol MA202 MA206 Unit
Collector-Base Voltage Ves 105 60 Vdc
Collector-Emitter Voltage VCcE 105 60 Vdc
Emitter-Base Voltage VEB 10 10 Vdc
Collector Current Ic 200 mAdc
Emitter Current Ig 200 mAdc
Operating and Storage Junction Ty Tstg -65 to +100 °c
Temperature Range
Thermal Resistance Roya 0.5 oc/mw
Collector Dissipation @ T 5 = 25°C Pp 150 mW
Derate above 25°C 2.0 mW/°C
ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Collector-Base Cutoff Current lcso A
(Veg =105V, Ig = 0) MA202 - 12 50
(Veg =60V, Ig =0) MA206 - 12 50
Collector-Base Cutoff Current lcBO - 5.0 14 MA
(Ve =25V, Ig=0)
Emitter-Base Cutoff Current leBO - 3.0 50 MA
(VEB =10V, Ic=0)
Collector-Emitter Saturation Voltage VCE(sat) - 0.1 0.35 Vdc
(1c = 5.0 mAdc, Ig = 0.25 mAdc)
Base-Emitter Saturation Voltage VBE(sat) - 0.22 0.40 Vdc
(g =5.0 mAdc, Ig = 0.25 mAdc)
DC Current Gain hgg -
(Ic =5.0 mAdc, Vcg = 0.35 Vde)  MA206 ' 20 - -
MA202 40 — -
DC Collector-Emitter Punch-Through Voltage VpT Vdc
(VB necessary to obtain Vgg of -1.0 V max,
using instrument with Zjn > 11 M2 to
measure VgEg) MA202 105 - -
MA 206 60 - -
Small-Signal Short-Circuit Forward Current Transfer fop — 1.0 - MHz
Ratio Cutoff Frequency
(Vcp = 6.0 Vdc, Ig = 1.0 mAdc)

12




MA202,MA206 (continued)

DC CHARACTERISTICS

(Ty= 25°C unless otherwise noted)

CURRENT GAIN ““ON’’ VOLTAGES
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MA4404, MA4404A cermanium)

PNP GERMANIUM SWITCHING TRANSISTORS
.. designed for medium-speed saturated switching and chopper PNP GERMANIUM
applications. SWITCHING
® Low Collector-Emitter Sawration Voltage — TRANSISTORS
VCE (sat) = 0.2 Vdc (Max) @ I¢ = 24 mAdc
= 0.25 Vdc (Max) @ ic = 200 mAdc
@ High Emitter-Base Breakdown Voltage @ |g = 100 uAdc —
BVEBO = 12 Vdc (Min) — MA4404
=25 Vdc (Min) — MA4404A
MAXIMUM RATINGS
Rating Symbol MA4404 | MA4404A Unit
Collector-Emitter Voltage VCES 24 35 Vdc
Collector-Base Voltage \o:] 25 40 Vdc
Emitter-Base Voltage VEB 12 25 Vdc
Collector Current-Continuous Ic 350 mAdc
Total Power Dissipation @ Ta =25°C Pp 200 mW
Derate above 25°C 2.67 mw/°C MA4404
- MA4404A
Total Power Dissipation @ Tc = 25°C|  Pp 300 mw A
Derate above 25°C 4.0 mw/°C ﬂ 8
Operating and Storage Junction TyTstg |+——-65t0 +100 —— oc | T A * %
Temperature Range 1 — T
L
THERMAL CHARACTERISTICS € [=F.t
SEATING L3
Characteristic Symbol Max Unit PLANE |
Thermal Resistance, Junction RgpJA 375 oc/w STYLE2 l o l
to Ambient PIN 1. CATHODE
2. GATE
Thermal Resistance, Junction Rgic 250 cmw 3. ANODE J_N
to Case _
FIGURE 1 — SWITCHING TIMES TEST CIRCUIT
+5.0V -10v MILLIMETERS] _ INCHES
DIM ["mIN_| MAX
.51 19.40
75 {851
.10 5.60
.406(0.533
10 uF 5.0k 508 BSC
.711/0.864 i}
o o) A 0SCILLOSCOPE Jﬁ .028 |
t, <15 ns 3810 | —
-1V 56 Rin > 10 Megohms 35 | s_c (0250
= ~ Cin 7.0 pF ] 450 B!
GENERATOR Ig1=1g2~1.0mA = n N 2.54 BSC
t, <20 ns -2
= 54 | —
t5 <20 ns - . 2—5 0.179
ty =>5.0us
Duty Cyc‘(ﬂé 22,0% Al JEDEC glzgvésn;v;s.;;d notes apply.
T0-5

14



MA4404, MA4404A (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

L

Characteristic

Symbol

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(1c =100 pAdc, Ig = 0)

MA4404,
MA4404A

BVCEs

24
35

Vdc

Collector-Base Breakdown Voltage
(1 = 20 pAdc, Ig = 0)

MA4404,
MA4404A

BVceo

25
40

Vdc

Emitter-Base Breakdown Voltage
{1g = 100 pAdc, Ic = 0)

MA4404,
MA4404A

BVeso

12
25

Vdc

Collector Cutoff Current
(Vg = 12 Vdc, Ig = 0)

(Veg = 12 Vdc, 1g = 0, Ta = 80°C)

cBo

500

uAdc

Emutter Cutoff Current
(Vgg = 25 Vde, I = 0)

leBO

0.5

5.0

uAdc

ON CHARACTERISTICS

DC Current Gain
(1c = 12 mAdc, VcE = 0.2 Vdc)
(I =24 mAdc, Vcg = 0.2 Vdc)

hFE

30
24

80
70

Collector-Emitter Saturation Voltage
{lgc = 12 mAdc, Ig = 0.4 mAdc)
(Ic = 24 mAdc, Ig = 1.0 mAdc)
{i¢ = 200 mAdc, Ig = 20 mAdc)

VCE(sat)

0.09
0.09
0.13

0.20
0.20
0.25

Vdc

Base-Emuitter Saturation Voltage
(Ic = 12 mAdc, Ig = 04 mAdc})
{Ig = 24 mAdc, Ig = 1.0 mAdc)

VBE(sat)

027
0.30

0.38
0.40

Vdc

SMALL-SIGNAL CHARACTERISTICS

Alpha Cutoff Frequency
(Ig = 1.0 mAde, Vg = 6.0 Vdc)

fhib

20

MHz

Output Capacitance
(Vcg = 6.0 Vdc, g =0, f = 10 MHz)

(VeB = 60 Vdc, Ig = 1.0 mAdc, f = 2.0 MHz)

MA4404

MA4404A

40

25

25

pF

Input Impedance

(Ic = 1.0 mAdc, Vcg = 6.0 Vdc, f = 1.0 kHz)

4.0

k ohm

Voltage Feedback Ratio

(Ic = 1.0 mAdc, Vg = 6.0 Vdc, f = 1.0 kHz)

8.5

x1074

Small-Signal Current Gain

(1 = 1.0 mAdc, Vg = 6.0 Vdc, f=1.0 kHz)

145

Output Admittance

(ic = 1.0 mAdc, Vg = 6.0 Vdc, f = 1.0 kHz)

50

umhos

SWITCHING CHARACTERISTICS

Detay Time

Rise Time 10 mAdc) (Figure 1)

(Vee = 10 Vdc, Ig a2 10 mAdc)
VBE(off) = 50 Vdc, Ig1 =~

MA 4404

us

MA4404

us

Storage Time

1g1 = Ig2~ 10 mAdc)

Fall Time (Figure 1)

(Vee = 10 Vdc, Ic ~ 10 mAdc,

MA4404

s

MA4404

060

Hs

Total Control Charge {Figure 2)

MA4404

3000

3600

pC

Capacitor Cq

FIGURE 2 — TOTAL CONTROL CHARGE TEST CIRCUIT

is adjusted to a minimum

value which will produce a turn-off wave-

form similar to the one
Cq= Copt-

Q1 =Copt Vin

o) [ W
—6A0v~ / IV.n 5.6k
GENERATOR
t, <20 ns
t§ <20 ns
ty >5.0 us
Duty Cycle <2.0%

shown where

c1
M

a1
0-250 pF

15

560

-6.0V

TURN-OFF WAVEFORM

Output

C1=Copt

OSCILLOSCOPE

tr <15 ns

R,n =10 Megohms

Cin < 7.0 pF

TIME —=




MACS SERIES  (SILICON)
MA(6 SERIES

SILICON BIDIRECTIONAL THYRISTORS

. . designed primarily for full-wave ac control applications, such as
light dimmers, motor controls, heating controls and power supplies;
or wherever full-wave silicon gate controlled solid-state devices are
needed. Triac type thyristors switch from a blocking to a conducting
state for either polarity of applied anode voltage with positive or
negative gate triggering.

® Glass Passivated Junctions
® Low “on’ Voltage — VT = 1.3V (Typ) @ 14 A Peak

® Four Mode and Isolated Stud Versions Available
(2N6 139 Series)

TRIACS
(THYRISTORS)

10 AMPERES RMS
25 THRU 600 VOLTS

MAXIMUM RATINGS

MAC 5 T—m

STYLE2.
PIN 1. GATE
2. MAIN TERMINAL 1
STUD: MAIN TERMINAL 2

K
L

CASE 86 NOTE:
1.DIM “G" MEASURED AT CAN.

Rating Symbol Value Unit
Repetitive Peak Off-State Voltage (1) VDRM Volts
(T4 =100°C) -1 25
-2 50
-3 100
MACS5 and MAC6 -4 200
-5 300
s 400
-7 500
-8 600
On-State Current RMS (T = 75°C) IT(RMS) 10 Amp
Peak Surge Current ITsm 100 Amp
(One Full cycle, 60 Hz, Ty = -40to +100°C)
Circuit Fusing Considerations 12¢ 40 A2s
(Ty=-4010 +100°C, t=1.0t0 8.3 ms)
Peak Gate Power PGwm 10 Watts
Average Gate Power PG(AV) 0.5 Watt
Peak Gate Current IGM 2.0 Amp
Operating Junction Temperature Range Ty -40to +100 oc
Storage Temperature Range Tstg -40to +150 oc
Stud Torque, MAC5 — 15 | mn.lb.

(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested
with a constant current source for blocking capability such that the volitage

applied exceeds the rated blocking voltage.

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 03c 2.0 oc/w
Thermal Resistance, Case to Ambient ocA 50 oc/w

MAC 6

=

STYLE2:
PIN 1. GATE

TMAINTERMINALY | A | - (1092 | - [o43

3. MAIN TERMINAL 2 — e -
33,
1 91 [0
3431368 0
457] 5,08 |0
048] -

NOTES
CASE 87L 1.DIM “G" MEASURED AT CAN

2 LEAD NO 3 +7.50 DISPLACEMENT.
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MACS series, MACG series (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Blocking Current (Either Direction) IDRM - - 2.0 mA
Rated VprM @ Ty = 100°C, Gate Open
On-State Voltage (Either Direction) VTm - 1.3 1.8 Volts
IT\m = 14 A Peak
Gate Trigger Current, Continuous dc IGT - - 50 mA
Main Terminal Voltage = 12 Vdc, R{_= 100 ohms
MT2(+)G(+); MT2(-}G(-)
Gate Trigger Voltage, Continuous dc e d - 10 25 Volts
Main Terminal Voltage = 12 Vdc, Ri_= 100 ohms
MT2(+)G(+); MT2(-)G(-)
Gate Trigger Voltage, Continuous dc — All Modes Vebp 0.2 - - Volts
Main Terminal Voltage = Rated Vprm. R = 100 ohms, T = 100°C
Holding Current (Either Direction) Iy - - 50 mA
Main Terminal Voltage = 12 Vdc, Gate Open,
Initiating Current = 100 mA
Turn-On Time ton ~ 1.5 - M
fTm = 14 Adc, IgT = 100 mAdc
Blocking Voltage Application Rate at Commutation dv/dt - 5.0 - Vius
@ VpRrM. Ty = 75°C, Gate Open

QUADRANT DEFINITIONS

Trigger devices are recommended for gating on Triacs. They provide:

MT2(+)

QUADRANT 11 QUADRANT ! 1. Consistent predictable turn-on points.
2. Simplified circuitry.
3. Fast turn-on time for cooler, more efficient
and reliable operation.
MT2(+), G(-) MT2(+), G(+)
ELECTRICAL CHARACTERISTICS of RECOMMENDED
BIDIRECTIONAL SWITCHES
USAGE General Lamp Dimmer
G(-) G(+)
QUADRANT Il QUADRANT IV PART NUMBER MBS4991 MBS4992 MBS100
Vg 6.0—-10V 7590V 3.0-50V
Is 350 pA Max 120 pA Max 100 — 400 pA
Vg1 — Vs2 0.5 V Max 0.2 V Max 0.35 V Max
MT2(-), 6(-) MT2(-), G(+) Temperature Coefficient = 0.02%/°C Typ
See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches.
MT2(-)
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MACS series, MACG series (continued)

Tg, CASE TEMPERATURE (0C)

P(Av), AVERAGE POWER (WATTS)

VGT, GATE TRIGGER VOLTAGE (NORMALIZED)

FIGURE 1 — AVERAGE CURRENT DERATING
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r(t), TRANSIENT THERMAL RESISTANCE

MACS series, MACBG series (continued)

FIGURE 7 — MAXIMUM ON-STATE CHARACTERISTICS

FIGURE 8 — TYPICAL HOLDING CURRENT
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See AN-292 for details on using transient thermal response curve.
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MAC I O'I thru MACI 0‘8 (SILICON)
MACT1-1+. MACT1-8

SILICON BIDIRECTIONAL THYRISTORS

. . . designed primarily for full-wave ac control applications, such as
light dimmers, motor controls, heating controls and power supplies;
or wherever full-wave silicon gate controlled solid-state devices are
needed. Triac type thyristors switch from a blocking to a conducting

state for either polarity of applied anode voltage with positive or
negative gate triggering.

® All Diffused and Passivated Junctions for Greater Parameter Uni-
formity and Stability

® Small, Rugged, Ther’mopad Construction for Low Thermal
Resistance, High Heat Dissipation and Durability

® Gate Triggering Guaranteed in Two (MAC11) or Four Modes
(MAC10)

TRIACS
(THYRISTORS)

10 AMPERES RMS
25 THRU 600 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit B ¢ M
Repetitive Peak Off-State Voltage, Note 1 VDRM Volts - U '4— *
(Ty = 100°C) -1 25 }
-2 50 e I 7
-3 100 el A |
MAC10/11 -4 200 i A
-5 300 1373 !
-6 400 T 1
-7 500
—8 600 tH '*(
On-Stat t RMS (T¢ = 76°C | 10 A —
n-State Curren (Te ) T(RMS) mp D ey
Peak Surge Current Itsm 100 Amp G
(One Full cycle, 60 Hz, Ty =-40 to +100°C)
Circuit Fusing Considerations 12t 40 A2s STYLE 4:
(Ty=-401t0 +100°C, t=1.0to 8.3 ms) R PINT.MT1
Peak Gate Power PGMm 10 Watts EJ—":— § EX'I?E
Average Gate Power PG(AV) 05 Watt _TT
Peak Gate Current IGm 2.0 Amp
Operating Junction Temperature Range Ty -40to +100 °c ——‘m INCHES
Storage Temperature Range Tst_g -40to +150 oc DIM[ MIN | MAX [ MIN | MAX |
Mounting Torque (6-32 Screw), Note 2 - 8 in. Ib. A |16.13 [16.38 | 0.635 |0.645 |
B | 12,57 {12. .495 | 0.505
C 3.18 | 3.4 1125 [0.135
NOTES: D 1.09 | 1.24 .043 |0.049
1. Rati . . . F 351 | 3. .138 10.148
. atings apply for open gate conditions. Thyristor devices shall not be tested S 422 BSC 0.166 W
with a constant current source for blocking capability such that the voltage H 7 9 65 115
applied exceeds the rated blocking voltage. 1] = 7 .864 - 32 10,034
2. Torgue rating applies with use of torque washer (Shakeproof WD19522 #6 K | 15.11 |16.38 | 0.595 |0.645
or equivalent). Mounting torque in excess of 8 in. Ibs. does not appreciably M 90 ﬁp 90 TYP
lower case-to-sink thermal resistance. Anode lead and heatsink contact pad 4.7 4.95 .185 | 0.195
are common. 9 .16 .075 | 0.085
For soldering purposes (either terminal connection or device mounting), solder- 2 48 | 0.245 E“——
ing temperatures shall not exceed +200°C. For optimum results, an activated CASE 90-05
flux (oxide removing) is recommended.
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MAC10-1 thru MAC10-8/MAC11-1 thru MAC11-8 (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Blocking Current (Either Direction) IDRM - — 2.0 mA
Rated VpRrM @ Ty = 100°C, Gate Open
On-State Voltage (Either Direction) VTm — 1.3 1.8 Volts
ITM = 14 A Peak
Gate Trigger Current, Continuous dc IgT mA
Main Terminal Voltage = 12 Vdc, R|_= 100 ohms
MT2(+)G(+); MT2(-)G(-) MAC10, MAC11 - — 50
MT2(+)G(-); MT2(-)G(+) MAC10 - - 75
Gate Trigger Voltage, Continuous dc 3 VGT Volts
Main Terminal Voltage =12 Vdc, R{_=100 ohms
MT2(+)G(+); MT2(-)G(-) MAC10, MAC11 - 0.9 2.0
MT2(+)G(-); MT2(-)G(+) MAC10 - 1.0 25
Gate Trigger Voltage, Continuous dc — All Modes VGD 0.2 - - Volts
Main Terminal Voltage = Rated Vprw, R = 100 ohms, Ty = 100°C
Holding Current (Either Direction) Iy - — 50 mA
Main Terminal Voltage = 12 Vdc, Gate Open,
Initiating Current = 100 mA
Turn-On Time ton - 1.5 - us
ITm = 14 Adc, IGT = 100 mAdc
Blocking Voltage Application Rate at Commutation dv/dt - 5.0 - V/us
@ VpRrM. Ty = 75°C, Gate Open
Thermal Resistance, Junction to Case 65c - - 2.0 oc/w
Thermal Resistance, Case to Ambient 6CA - - 50 oc/w
MBS4991/MBS4992

Recommended for Triac Triggering

Triggers Provide:
1. Consistent predictable turn-on points.
2. Simplified circuitry.
3. Fast turn-on time for cooler, more efficient and reliable
operation.

Electrical Characteristics

Symbol MBS4991 MBS4992
Vg = 6-10V 7.5-9.0V

Is= 350 pA Max 120 uA Max
Vg1—-Vsgo = 0.5 V Max 0.2 V Max

Temperature Coefficient = 0.02%/°C Typ

(For light dimmer applications the MBS100 is recommended).
See AN-526 for Theory and Characteristics of Silicon Bidirectional

Switches.
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MAC10-1 thru MAC10-8/MAC11-1 thru MAC11-8 (continued)

FIGURE 1 — AVERAGE CURRENT DERATING
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MAC10-1 thru MAC10-8/MAC11-1 thru MAC11-8 (continued)

FIGURE 7 — MAXIMUM ON-STATE CHARACTERISTICS FIGURE 8 — TYPICAL HOLDING CURRENT
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See AN-292 for details on using transient thermal response curve.
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MAC37-1 te MAC37-7 (siuicon)
MAC38-1 .. MAC38-7

SILICON BIDIRECTIONAL THYRISTORS

.. . designed primarily for industrial and military applications for the

control of ac loads in applications such as light dimmers, power sup-
plies, heating controls, motor controls, welding equipment and power
switching systems; or wherever full-wave, silicon gate controlled
solid-state devices are needed.

@ Glass Passivated and Center Gate Fire TRIAC
® 25 Amperes RMS @ T¢ = 67°C
® |solated Stud Available (THYRISTORS)

25 AMPERES RMS
25 thru 500 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Repetitive Peak Off-State Voltage (1) VDRM Volts
(Ty=110°C) -1 25
-2 50
maca? )3 100
macas |78 200
-5 300
-6 400
-7 500
On-State Current RMS IT(RMS) 25 Amp
Peak Surge Current ITsm 225 Amp

(One Full cycle, 60 Hz,
T, = —40 to +110°C)
Circuit Fusing Considerations 12¢ 210 A2s

(Ty = —40 to +110°C,
t=1.0t08.3ms)

Peak Gate Power (2) PGM 5.0 Watts

Average Gate Power PG(AV) 0.5 Watt MAC37
Peak Gate Current (2) 1GM 2.0 Amp

Operating Junction Temperature Range Ty —40 to +110 oc

Storage Temperature Range Tstg —40 to +150 oc

Stud Torque | - 30 in. lb.

(DEor either direction of blocking voltage. VpR M for all types can be applied on a con-
tinuous dc basis without incurring damage. Ratings apply for open gate conditions.
Thyristor devices shall not be tested with a constant current source for blocking cap-
ability such that the voltage applied exceeds the rated blocking voltage.

(207 = 110°C, 1.0 second maximum duration; 5.0% duty cycle, ITy = 10 Amp.

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

MAC38

Thermal Resistance, Junction to Case 0yc 1.0 oc/w
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MAC37-1 thru MAC37-7/MAC38-1 thru MAC38-7 (continued)

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Peak Blocking Current (Either Direction) IDRM - - 2.0 mA
Rated VprM @ T3 = 110°C
On-State Voltage (Either Direction) VTm - 14 19 Volts
ITM = 35 A Peak
Gate Trigger Current, Continuous dc (1)
Main Terminal Voltage = 7.0 Vdc, R_ = 47 ohms
MT2(+)G(+); MT2(-)G(-) IGT - 20 75 mA
mA
Gate Trigger Voltage, Continuous dc (1)
Main Terminal Voltage = 7.0 Vdc, R|_= 47 ohms
MT2(+)G(+); MT2(~)G(-) vVGT - 1.0 3.0 Volts
Gate Trigger Voltage, Continuous dc — MT2(+) G(+); MT2(-) G(-) VgD 0.2 - - Volt
Main Terminal Voltage = Rated VpRrm, R| = 100 ohms, T = 110°C
Holding Current (Either Direction) Iy - 10 75 mA
Main Terminal Voltage = 7.0 Vdc, Gate Open,
Initiating Current = 150 mA
Turn-On Time ton - 1.0 - us
ITMm = 25 Adc, IgT = 200 mA
Critical Forward Voltage Application Rate (Exponential Rise dv/dt — 100 - V/us
of Voltage)
@ Vpgrm. Ty =110°C, Gate Open
(Man voltage polarity reference to main terminal 1.
FIGURE 1 — MAXIMUM THERMAL RESPONSE
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CASE MT2
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All JEDEC dimensions and notes apply
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MAC37-1 thru MAC37-7/MAC38:1 thru MAC38-7 (continued)

Tc, CASE TEMPERATURE (°C)

Tc. CASE TEMPERATURE (°C)
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MAC37-1 thru MAC37-7/MAC38-1 thru MAC38-7 (continued)

iTM, INSTANTANEQUS ON-STATE CURRENT (AMP)

NORMALIZED GATE TRIGGER CURRENT

FIGURE 8 — MAXIMUM ON-STATE CHARACTERISTICS

FIGURE 9 — MAXIMUM MULTI-CYCLE SURGE RATING
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MAC92-1 . MAC92-6 (SILICON)
MAC92A-1 .. MAC92A-6

mMT2 MT1
G

SILICON BIDIRECTIONAL THYRISTORS

. . . designed for use in solid state relays, TTL logic and light indus-
trial applications. Supplied in an inexpensive plastic TO-92 package
which is readily adaptable for use in automatic insertion equipment.
® Gate Triggering Guaranteed in Two Modes (MAC92 Series)

or Four Modes (MAC92A Series)

® One-Piece, Injection-Molded Unibloc Package

TRIACS
(THYRISTORS)

0.45 AMPERE RMS
30-400 VOLTS

p— A~

¢
MAXIMUM RATINGS { {
Ratin Symbol Value Unit I'n
ating ymeo o o SEATING"/P T “FI
Repetitive Peak Off-State Voltage VDRM Volts PLANE i
(T} =-40 to +100°C) K
% Sine Wave 50 to 60 Hz, Gate Open __i
MAC92 and MAC92A — 1 30 D
-2 60 STYLE 12: =L
-3 100 PIN 1. ANODE1 R =
— 2. GATE Q e
4 200 3. ANQDE?2
-5 300 ‘
-6 400 — |
On-State RMS Current IT(RMS) Amp oy s B
Full Cycle Sine Wave 50 to 60 Hz, ,
(Tc = +60°C) 0.45 —{ S *-1
Peak Non-Repetitive Surge Current ITsm Amp MILLIMETERS INCHES
(One Full Cycle, 60 Hz, T ¢ = +60°C) DIM | MIN | MAX | MIN | MAX
preceded and followed by rated 6.0 A 2,450 | 5.200 | 0.17 0.205
current . B | 3.180 | 4.190 [ 0.125 | 0.165 |
Circuit Fusing Considerations 12t AZs g E%g _gggg :]zg ;(1]
Ty =-401t0+100°C, t=1.0t0 8.3 ms) 0.15 F 1407 | 0.482 | 0.016_| 0.019
K112 = 0500 =
Average Gate Power PG(AV) 0.1 Watt T “T50 | 7,390 | 0.045 0,055
Peak Gate Current Im 1.0 Amp N — 1.270 - 0.050
Operating Junction Temperature Range Ty -40 to +100 °c g ?gg — fgg —
Storage Temperature Range Tstg -40 to +150 °c R 410 | 2.670 [0.095 | 0.105
S .030 | 2.670 [ 0.080 | 0.105
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RgJc 75 oc/w CATS_CE).gg-OZ
Thermal Resistance, Junction to RgJA 200 oc/w
Ambient

28




MAC92-1 thru MAC92-6, MAC92A-1 thru MAC92A-6 (continued)

ELECTRICAL CHARACTERISTICS (T = 25°C uniess otherwise noted)

Characteristic Symbol Min Max Unit

Peak Blocking Current (Either Direction) IDRM HA
Rated Vprm @ T, = 100°C, Gate Open — 100

Peak On-State Voltage (Either Direction) VTM Voits
ITM = 0.7 A Peak; Pulse Width = 1.0 to 2.0 ms, Duty Cycle <2.0% - 1.7

Gate Trigger Current, Continuous dc IGT mA
Main Terminal Voltage = 7.0 Vdc, R|_= 100 Ohms

MT2 (+), G(+); MT2(-), G(-) All Devices - 5.0

MT2(+), G(-); MT2(-), G(+) MAC92A-1 thru MAC92A-6 — 15

Gate Trigger Voltage, Continuous dc VGT Volts

Main Terminal Voltage = 7.0 Vdc, R{_= 100 Ohms
Minimum Gate Pulse Width = 2.0 us

MT2 (+), G(+); MT2(-), G(-) All Devices - 2.0
MT2(+), G(-); MT2(-), G(+) MAC92A-1 thru MAC92A-6 - 2.0
MT2 (+), G(+); MT2(-), G(-), T¢ = -40°C All Devices — 3.0
MT2(+), G(-); MT2(-), G(+) T¢ =-40°C MAC92A-1 thru MAC92A-6 Co- 3.0
Main Terminal Voltage = Rated VpRm, R = 10 k ohms, T = 125°C
MT2 (+), G(+); MT2(-), G(-) All Devices 0.1 -
MT2(+), G(-); MT2(-), G(+) MAC92A-1 thru MAC92A-6 0.1 -
Holding Current (Either Direction) IH mA
Main Terminal Voltage = 7.0 Vdc, Gate Open; Tc= 25°C - 10
Initiating Current = 20 mA Tc = -40°C - 20
FIGURE 1 — TYPICAL GATE TRIGGER FIGURE 2 — TYPICAL GATE TRIGGER
VOLTAGE CURRENT
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3 QUADRANT 4 <
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s ‘\'\\ = QUADRANT 4
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[ l] — g 5 0 ‘3 .
w P —
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2 08 = 30 ~
x ~— = . ——
- w -
w 08 520 ~
3 04 e —~
.5‘ © 10
> 02 07
(] 0.5
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MAC92-1 thru MAC92-6, MAC92A-1 thru MAC92A-6 (continued)

FIGURE 3 — AVERAGE CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)
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FIGURE 4 — RMS CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)
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FIGURE 6 — RMS CURRENT DERATING
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MAC92-1 thru MAC92-6, MAC92A-1 thru MAC92A-6 (continued)

r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED)

FIGURE 9 — MAXIMUM ONSTATE

CHARACTERISTICS

FIGURE 10 — TYPICAL HOLDING CURRENT

6.0 .
70 B 1
GATE OPEN
40 e 50 APPLIES TO EITHER DIRECTION
A =
// E Y
T) = 1000C 74 p
20 74 E 3.0
&0 £
/7 g ~
1.0 ,,l =] \
II 2
7 =
g 06 i 10
< [/
5 04 07
L '/ -60 -40 -20 0 +20 +40 +B60 +80 +100 +120 +140
o«
3 TJ, JUNCTION TEMPERATURE (°C)
02
=
<
s I
=
° [ FIGURE 11 — MAXIMUM ALLOWABLE
B SURGE CURRENT
g o H
= 1] 10 — T T T TT
R 1]
= 1]
< 0.06 11 =
% 270 4
= -
=004 [’ E 50 L CYCLE
~
N~
| : SuY
0.02 2 30
=1
w
= Ty =1000C
W 20 f=60 Hz
0.01 : g Surge is preceded and followed by rated current
’, E
0.006
04 1.2 2.0 2.8 38 44 5.2 6.0 1.0
1.0 20 30 50 10 30 50 100
vT, INSTANTANEQUS ON-STATE VOLTAGE (VOLTS)
NUMBER OF CYCLES
FIGURE 12 — THERMAL RESPONSE
1.0
05
02 T
|4 Zgycit) = rlt) « ReJC
0.1
0.05
0.02
0.01
2.0 5.0 10 20 50 100 200 500 1.0k 2.0k 5.0k 10k 20k

t, TIME (ms)

31



MAC93-1 inv MAC93-4 (siLicon)
MAC93A-1 ... MAC93A-4

MT2

MT1

Modes (MACQ3A Series)

® One-Piece, Injection-Molded Unibloc Package

SILICON BIDIRECTIONAL THYRISTORS

.. . designed for use in solid state relays, TTL logic and light indus-
trial applications. Supplied in an inexpensive plastic TO-92 package
which is readily adaptable for use in automatic insertion equipment.

® Gate Triggering Guaranteed in Two Modes (MAC93 Series) or Four

TRIACS

(THYRISTORS)
0.65 AMPERE RMS

30-200 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Repetitive Peak Off-State Voltage VDRM Volts
(T =-40 to +125°C)
% Sine Wave 50 to 60 Hz, Gate Open
MAC93 and MAC93A — 1 30
2 60
3 100
4 200
On-State RMS Current IT(RMS) Amp
Full Cycle Sine Wave 50 to 60 Hz, 0.65
(T = +60°C)
Peak Non-Repetitive Surge Current ITsm Amp
(One Full Cycle, 60 Hz, T = +60°C) 6.0
preceded and followed by rated
current
Circuit Fusing Considerations 12¢ AZs
(Ty=-401to +125°C, t = 1.0 t0 8.3 ms) 0.15
Average Gate Power PG(AV) 0.01 Watt
Peak Gate Current IGM 1.0 Amp
Operating Junction Temperature Range Ty -40 to +125 oc
Storage Temperature Range Tst_g -40 to +150 oc
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJuc 75 oc/w
Thermal Resistance, Junction to Rgya 200 oc/w

Ambient

rA

P] <

{H

SEATING ’7| T

PLANEF___‘ }
STYLE 12: H ___L K

PIN 1. MAIN TERMINAL 1
2. GATE
3. MAIN TERMINAL 2

D

-

MILLIMETERS| _INCHES
DIM[ MIN_| MAX | MIN | MAX
A | 432 | 633 0170] 0.210
B | 444 | 521 0175] 0.205
C | 3.8 | 4.19 | 0.125] 0.165
D 56  0.016 | 0.022
F_| 041 [ 0487 0.016] 0.019
6 40 | 0.045 | 0.055 |
H 541 — 10100
47 | 267 [ 0095 0105

1270 | - 0500 -

L [ 635 — |o0250] -
N | 2.03 | 292 [ 0.080 [ 0.115
- lons[ -

R_| 3. - Joms| -
36 | 0.41 | 0.014 [ 0016

All JEDEC dimensions and notes apply.

CASE 29-02
T0-92
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MAC93-1 thru MAC93-4,MAC93A-1 thru MAC93A-4 (continued)

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

Characteristic Symbol Min Max Unit
Peak Blocking Current (Either Direction) IDRM uA
Rated VprMm @ T = 125°C, Gate Open — 100
Peak On-State Voltage (Either Direction) VTm Volts
ITm = 0.92 A Peak; Pulse Width = 1.0 to 2.0 ms, Duty Cycle < 2.0% - 1.85
Gate Trigger Current, Continuous dc IGT mA

Main Terminal Voltage = 7.0 Vdc, R|_= 100 Ohms
Minimum Gate Pulse Width = 2.0 us

MT2 (+), G(+); MT2(-), G(-) All Devices - 5.0
MT2(+), G(-); MT2(-), G(+) MAC93A-1 thru MAC93A-4 - 12
Gate Trigger Voltage, Continuous dc VGT Volts

Main Terminal Voltage = 7.0 Vdc, R_= 100 Ohms
Minimum Gate Pulse Width = 2.0 us

MT2 (+), G{+); MT2(-), G(-) All Devices - 20
MT2(+), G(-); MT2(-), G(+) MAC93A-1 thru MAC93A-4 - 2.0
MT2 (+), G(+); MT2(-), G(-) Tg =-40°C All Devices - 2.5
MT2(+), G(-); MT2(-), G(+) T¢~= -40°C MAC93A-1 thru MAC93A-4 - 3.0
Main Terminal Voltage = Rated Vpgm, R = 10 k ohms, Ty = 125°C
MT2 (+), G(+); MT2(-), G(-) All Devices 0.1 -
MT2(+), G(+); MT2(-), G(-) MAC93A-1 thru MAC93A-4 0.1 -
Holding Current (Either Direction) Iy mA
Main Terminal Voltage = 7.0 Vac, Gate Open, Tc= 259C — 10
Initiating Current = 20 mA Tc =-40°C - 20
FIGURE 1 — TYPICAL GATE TRIGGER VOLTAGE FIGURE 2 — TYPICAL GATE TRIGGER CURRENT
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MAC93-1 thru MAC93-4, MAC93A-1 thru MAC93A-4 (continued)

FIGURE 3 — AVERAGE CURRENT DERATING FIGURE 4 — RMS CURRENT DERATING
(REFERENCE: CASE TEMPERATURE) (REFERENCE: CASE TEMPERATURE)
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MAC93-1 thru MAC93-4, MAC93A-1 thru MAC93A-4 (continued)

FIGURE 9 — MAXIMUM ON-STATE CHARACTERISTICS FIGURE 10 — TYPICAL HOLDING CURRENT
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MAC94-1 ... MAC94-4 (siicon)
MAC94A-1 ... MAC94A-4

Modes (MVAC94A Series)

SILICON BIDIRECTIONAL THYRISTORS

... designed for use in solid state relays, TTL logic and light indus-
trial applications. Supplied in an inexpensive plastic TO-92 package
which is readily adaptable for use in automatic insertion equipment.

® Gate Triggering Guaranteed in Two Modes (MAC94 Series) or Four

TRIACS
(THYRISTORS)

0.8 AMPERE RMS
30—-200 VOLTS

® One-Piece, Injection-Molded Unibloc Package
MAXIMUM RATINGS
Rating Symbol Value Unit
Repetitive Peak Off-State Voltage VDRM Volts
(Ty=-40 to +125°C;
%2 $ine Wave 50 to 60 Hz, Gate Open
MAC94 and MAC94A — 1 30
2 60
3 100
4 200
On-State RMS Current IT(RMS) Amp
Full Cycle Sine Wave 50 to 60 Hz, 0.8
(T¢ = +60°C)
Peak Non-Repetitive Surge Current ITsm Amp
(One Full Cycle, 60 Hz, T = +60°C) 6.0
preceded and followed by rated
current
Circuit Fusing Considerations 12¢ A2
(Tj=-40to +125°C, t= 1.0t0 8.3 ms) 0.15
Average Gate Power PG(AV) 0.01 Watt
Peak Gate Current IGM 1.0 Amp
Operating Junction Temperature Range Ty -40 to +125 oc
Storage Temperature Range Tstg -40 to +150 °c
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 75 °c/w
Thermal Resistance, Junction to RgJa 200 °c/w
Ambient

rA
Py
- H
SEATING { T
PLANE _ I Fo |
STYLE 12: I
PIN 1. MAIN TERMINAL 1
2. GATE
3. MAIN TERMINAL 2 ‘|

ol L L
e E}%
Tt e

=

sl

N
MILLIMETERS]  INCHES
DiM[ MIN | MAX | MIN | MAX
A | & 533 | 0.170 | 0.210
B | 4. 5.21 | 0.175 | 0.205
C 419 | 0. 165
D 56 .022
F 4 .48 | 0.016 | 0.019
G 40 | 0.045 | 0.055
H | - 54 | — | 0100
41 | 267 | 0.095 | 0.105
1270 | — o500 -
L [ 635 | — [o0250] —
N | 2.03 | 292 | 0.080 ] 0115
92 | - lens| -
R | 343 | — [o0135] =
.36 | 0.41 ] 0.014 | 0.016
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MAC94-1 thru MAC94-4, MAC94A-1 thru MAC94A-4 (continued)

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

Characteristic Symbol Min Max Unit
Peak Blocking Current (Either Direction) IDRM mA
Rated Vprm @ Ty = 125°C, Gate Open - 2.0
Peak On-State Voltage (Either Direction) VTm Volts
ITm = 1.12A Peak; Pulse Width = 1.0 to 2.0 ms, Duty Cycle <2.0% - 1.5
Gate Trigger Current, Continuous dc feha mA
Main Terminal Voltage = 7.0 Vdc, R|_ = 100 Ohms
Minimum Gate Pulse Width = 2.0 us
MT2 (+), G(+); MT2(-), G(-) All Devices - 5.0
MT2{+), G(-); MT2(-), G(+) MAC94A-1 thru MAC94A-4 - 10
Gate Trigger Voltage, Continuous dc VGT Volts
Main Terminal Voltage = 7.0 Vdc, R|_= 100 Ohms
Minimum Gate Pulse Width = 2.0 us
MT2 (+), G(+); MT2(-), G(-) All Devices - 2.0
MT2(+), G(-); MT2(-), G(+) MAC94A-1 thru MAC94A-4 - 2.0
MT2 (+), G(+); MT2(-), G(-) T¢ =-40°C All Devices - 3.0
MT2(+), G(-); MT2(-), G(+) T¢= -40°C MAC94A-1 thru MAC94A-4 - 3.0
Main Terminal Voltage = Rated VpRrM, R = 10 k ohms, T = 125°C
MT2 (+), G(+); MT2(-), G(-) All Devices 0.1 -
MT2(+), G(+); MT2(-), G(-) MAC94A-1 thru MAC94A-4 0.1 -
Holding Current (Either Direction) IH mA
Main Terminal Voltage = 7.0 Vdc, Gate Open, T¢ = 25°C - 10
Initiating Current = 20 mA Tc=-40°C - 20

FIGURE 1 — TYPICAL GATE TRIGGER
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FIGURE 2 — TYPICAL GATE TRIGGER
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MAC94-1 thru MAC94-4, MAC94A-1 thru MAC94A-4 (continued)

TA, AMBIENT TEMPERATURE (°C)

PAv, AVERAGE POWER (WATTS)

Tc. CASE TEMPERATURE (°€)

FIGURE 3 — AVERAGE CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)
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FIGURE 5 — AVERAGE CURRENT DERATING
(REFERENCE: AMBIENT TEMPERATURE)
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FIGURE 4 — RMS CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)

130 { l
120 <=390
=y 0
110 - ag0
w I,
5 100 AN \‘g ~
= 1200
<
b 90 1800/‘“ \\
% | dc«r'\ NN
= g0 t— ™ \
w ——ia}—— \ "~ ~
3 70— “! N \
S i ~N
- o
60|—a = CONDUCTION ANGLE
" N
0 100 200 300 400 500 600 700 800
IT(RMS), RMS ON-STATE CURRENT (mA)
FIGURE 6 — RMS CURRENT DERATING
(REFERENCE: AMBIENT TEMPERATURE)
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MAC94-1 thru MAC94-4, MAC94A-1 thru MAC94A-4 (continued)

FIGURE 9 — MAXIMUM ON-STATE
CHARACTERISTICS

FIGURE 10 — TYPICAL HOLDING CURRENT
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MAC40688 . MAC40690

For Specifications, See 2N5441 Data, Volume II.

MAC40797, MAC40798

For Specifications, See 2N5571 Data, Volume II.
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MAC800, A, B (siicon)

Series

MT2 D————-H:?O MT1
G

Blocking Voltages to 800 Volts

formity and Stability

® Center Gate Fire for High di/dt Capability

SILICON BIDIRECTIONAL THYRISTORS
... designed primarily for full-wave ac control applications, such as light
dimmers, motor controls, heating controls and power supplies; or wherever
full-wave silicon gate controlled solid-state devices are needed. Triac type
thyristors switch from a blocking to a conducting state for either polarity
of applied anode voltage with positive or negative gate triggering.

® Sensitive Gate Triggering (A and B versions) Uniquely Compatible for

Direct Coupling to TTL, HTL, CMOS and Operational Amplifier
Integrated Circuit Logic Functions.

® Gate Triggering 2 Quadrants — MACB800 Series

4 Quadrants — MAC800A B Series

All Diffused and Glass Passivated Junctions for Greater Parameter Uni-

SENSITIVE GATE

TRIACS
(THYRISTORS)

4 AMPERES RMS
25 thru 800 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Repetitive Peak Off-State Voltage, Note 1 VDRM Volts
(Ty=128°C)  MACB800,A,8-02 25
-05 50
-10 100
-20 200
-40 400
-60 600
-80 800
RMS On-State Current  T¢ = 95°C IT(RMS) 4.0 Amp
(Full Cycle Sine Wave 50 to 60 Hz)
Peak Non-Repetitive Surge Current ITsm 40 Amp
(One Full cycle, 60 Hz, Ty = -40 to +1 25°C)
Circuit Fusing Considerations 12 6.5 A2
(T =-40 to +126°C, t = 1.0 to 8.3 ms)
Peak Gate Power Pam 10 Watts
(Maximum Pulse Width = 10 us)
Average Gate Power PG(AV) 0.5 Watt
Peak Gate Voltage VGem 5.0 Volts
(Maximum Pulse Width = 10 us)
Operating Junction Temperature Range Ty -40to +125 °c
Storage Temperature Range Tstg -40 to +150 oc
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RegJc 5.0 oc/w
Thermal Resistance, Case to Ambient Rgca 150 oc/w

NOTES:

1. Ratings apply for open gate conditions. Thyristor devices shall not be
tested with a constant current source for blocking capability such that
the voltage applied exceeds the rated blocking voltage.

2. Forsoldering purposes, soldering temperatures shall not exceed +230°C

for 10 seconds.

40

SEATING' __j|__p
PLANE

—

MILLIMET! INCHES |
DIM ["MIN | MAX [ MIN_T MAX |
A | 889 350 | 0370

.00 | 0.315 | 0385 |
C_[6.10 240 | 0.260
D | 0.406 [0.016 | 0.021
E 1229 009 | 0.125
F_| 0406 016 | 0.019
G |48 190 10
H | 0711 .028 | 0.034 |
J 737 1.02_] 0029 | 0.040
K_[12.7 - 500 | -
L [63 — |« -
W 459 NOM 450 NOM

E NN — ]0:050
] 907 NOM 90° NOM
R [ 254 | — [0100 | -

STYLE4:
PIN 1. MAIN TERM. 1
2. GATE
3. MAIN TERM. 2

All JEDEC notes and dimensions apply.

CASE 79-02
TO-39




MACB800,A,B series (continued)

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

Characteristic

Peak Blocking Current (Either Direction)
Rated VpRM @ T = 125°C, Gate Open

Peak On-State Voltage (Either Direction)
ITm = 6.0 A Peak, Pulse Width <300 us, Duty Cycle <2.0%.

Peak Gate Trigger Voltage
Main Terminal Voltage = 12 Vdc, R|_=1000hms, T = -40°C
Minimum Gate Pulse Width = 8.3 ms

MT2 (+), G(+); MT2 (-}, G(-) All Types
MT2 (+), G(-); MT2 (-}, G(+) MACBO0A B Series

Main Terminal Voltage = Rated Vprm. R = 10 k ohms, T = 125°C
Minimum Gate Pulse Width = 8.3 ms

MT2 (+), G(+); MT2 (-), G(-) All Types

MT2 (+), G(-); MT2 (-), G(+) MACBO00A,B Series

Ty =25°C

Holding Current (Either Direction)
Main Terminal Voltage = 12 Vdc, Gate Open, T = -40°C
Initiating Current = 1.0 Adc

Ty = -40°C

MACB800 Series
MACB00A B Series
MACB800 Series
MACBO00A ,B Series

Gate Controlled Turn-On Time (Either Direction)
Rated VpRM. ITMm = 14 Adc, IgT = 100 mAdc

Critical Rate of Rise of Off-State Voltage
Rated VpRM. Exponential Waveform, T¢ = 95°C, Gate Open

Peak Gate Trigger Current
Main Terminal Voltage = 12 Vdc, R_ = 100 ohms
Minimum Gate Pulse Width = 8.3 ms

Symbol Min Typ Max Unit
IDRM - 0.5 2.0 mA
VTm - - 2.0 Volts
VGT™ Volts
- 1.4 2.5
- 1.4 2.5
0.2 - -
02 - -
1H mA
- - 70
- - 30
- - 30
- - 15
tgt - 1.0 2.0 us
dv/dt - 5.0 — V/us
IgTm* (mA) for the following Quadrants
Junction (See Definition Below)
Device Temperature ) " m W
MAC800 +25°9C 30 - 30 =
Series _40°C 60 _ 60 _
MACS800A +259C 5.0 5.0 5.0 10
Series -40°C 20 20 20 30
MAC800B +25°C 3.0 30 30 5.0
Series -40°C 15 15 15 20

*The values listed are Maximum Values.

QUADRANT DEFINITIONS

MT2(+)
QUADRANT H QUADRANT |
MT2(+), G(-) MT2(+), G(+)
G(-) G(+)
QUADRANT 11 QUADRANT IV
MT2(-), G(-) MT2(-), G(+)
MT2(-)

Trigger devices are recommended for gating on Triacs  They provide

1 Consistent predictable turn-on points

2 Simplhified circuitry

3 Fast turn-on time for cooler, more efficient
and reliable operation

ELECTRICAL CHARACTERISTICS of RECOMMENDED
BIDIRECTIONAL SWITCHES

USAGE General Lamp Dimmer
PART NUMBER MBS4991 MBS4992 MBS100
Vg 60—-10V 75—-9.0V 30-50V
Is 350 pA Max 120 pA Max 100 — 400 pA
IVs1 —Vsa2| 05V Max 02V Max 0.35 V Max
Temperature 0.02%/°C Typ 0.05%/°C Typ
Coefficient

See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches
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MACS800,A,B series (continued)

FIGURE 1 — RMS CURRENT DERATING
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FIGURE 3 — TYPICAL GATE-TRIGGER VOLTAGE
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SAMPLE APPLICATION:
IC LOGIC FIRING QUADRANT
FUNCTIONS 1 1 i
TTL MACS800A MAC800A
Series Series
HTL MAC800A | MACB0QA
Series Series
CMOS (NAND) MAC8008 MAC8008B
Series Series
CMOS (Buffer) MAC800B | MAC800B
Series Series
Operational MACS800A MAC800A
Amplifier Series Series
Zero Voltage MACS800A | MAC800A
Switch Series Series
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MACS800,A,B series (continued)

iT, INSTANTANEOUS ON-STATE CURRENT (AMP)
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FIGURE 5 — MAXIMUM ON-STATE CHARACTERISTICS FIGURE 6 — TYPICAL HOLDING CURRENT
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MBD101 (SILICON)

requirements.

SILICON HOT-CARRIER DIODE
(SCHOTTKY BARRIER DIODE)

® Very Low Capacitance — Less Than 1.0 pF @ Zero Volts

. . . designed primarily for UHF mixer applications but suitable also
for use in detector and ultra-fast switching circuits. Supplied in an
inexpensive plastic package for low-cost, high-volume consumer

® The Rugged Schottky Barrier Construction Provides Stable Char-
acteristics by Eliminating the “Cat-Whisker’’ Contact

© Low Noise Figure — 7.0 dB Max @ 1.0 GHz

® High Forward Conductance — 0.48 Volts (Typ) @ Ig = 10 mA

SILICON HOT-CARRIER
UHF MIXER DIODE

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 4.0 Volts
Forward Power Dissipation @ T 5 = 25°C L3 280 mw
Derate above 25°C 28 mW/°C
Junction Temperature Ty +125 oc
Storage Temperature Range Tstg -65 to +150 oc

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

P‘| ZZE

N
SEATING t *
PLANE 1l L

i

L
pani D
—-J ¢ LO

A

Charaﬁeristic Symbol Min Typ Max Unit ST:I‘;\IE11 :ANODE —i S
Reverse Breakdown Voltage V(BR)R 4.0 5.0 - Volts 2. CATHODE 'r
(I = 10 uA) N
Diode_CapafitanceH , Cr - 0.88 1.0 pF Wi LIM 5 fER Sﬁ T E'S
(VR =0, f=1.0MHz, Note 1) DIM{MIN | MAX | WIN | MAX
Forward Voltage Ve |~ 048 | 060 | Voits A | 432 | 533 | 0170 [0210
(IF = 10 mA) B | 445 | 5.21 |0.175 [0.205
e Fi C_| 3.18 | 419 ] 0.125 |0.165 |
Noise Figure NF - 6.0 7.0 dB > : 53370014 10021
(f=1.0 GHz, Note 2) £ | 0407 | 0.482 ] 0.016 |0.019 |
Reverse Leakage IR - 0.02 0.25 HA 1.27 BSC 0.050 BSC
> — (127 [ - [0050
Vr=30V) 26485C | 0100BSC
Series Inductance (Note 3) ° Lg - 6.0 - nH 1 .?ig = gSUE =
f= , h~1/16" L .. - . —
(f=250 MHz, Lead Lengtl /16") 3T 25 T 0080 To105
Case Capacitance (Note 1) Cc - 0.18 - pF P 293 | - [0.116] —
(f=1.0MHz, Lead Length~ 1/16") R .43 = 0.136{ —
(1) Matched sets available. Contact Motorola Sales Office with specific requirements. CASE 182-02
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MBD 101 (continued)

IR, REVERSE LEAKAGE (uA)

C, CAPACITANCE (pF)

TYPICAL CHARACTERISTICS

FIGURE 1 — REVERSE LEAKAGE
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FIGURE 5 — NOISE FIGURE TEST CIRCUIT
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UHF DIODE IN
NOISE SOURCE TUNED
H.P. 349A MOUNT
NOISE IF AMPLIFIER
FIGURE METER NF=15dB
H.P. 342A f=30MHz
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FIGURE 4 — NOISE FIGURE

< [T T 1171
A LOCAL OSCILLATOR FREQUENCY = 1.0 GHz

(Test circuit Figure 5)
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0.2 05 1.0 . 20 5.0 10

PL0o, LOCAL OSCILLATOR POWER (mW)

NOTES ON TESTING AND SPECIFICATIONS

Note 1 —Cc and Ct are measured using a capacitance bridge

(Boonton Electronics Model 75A or equivalent).

Note 2 — Noise figure measured with diode under test in tuned

diode mount using UHF noise source and local oscillator
(LO) frequency of 1.0 GHz. The LO power is adjusted
for 1.0 mW. |IF amplifier NF = 1.5 dB, f = 30 MHz,
see Figure 5.

Note 3 — Lg is measured on a package having a shortinstead of a

die, using an impedance bridge (Boonton Radio Model
250A RX Meter).



MBD] 02 (SILICON)

SILICON HOT-CARRIER DIODE
(SCHOTTKY BARRIER DIODE)

. . . designed primarily for UHF mixer applications but suitable also
for use in detector and ultra-fast switching circuits. Supplied in the
low-inductance Mini-L package for low-cost, high-volume consumer

requirements.

® The Rugged Schottky Barrier Construction Provides Stable Char-
acteristics by Eliminating the "'Cat-Whisker"' Contact

and Mounting

Low Noise Figure — 5.5 dB Typical @ 1.0 GHz

Very Low Capacitance — Less Than 1.0 pF @ Zero Volts
High Forward Conductance — 0.48 volts (Typ) @ I = 10 mA
Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling

SILICON HOT-CARRIER
UHF MIXER DIODE

MAXIMUM RATINGS (T = 125°C unless otherwise noted)

Rating Symboal Value Unit
Reverse Voltage VR 4.0 Volts
Forward Power Dissipation @ Tz = 256°C P 400 mwW
Derate above 25°C 4.0 mw/°c
Junction Temperature Ty +125 oc
Storage Temperature Range Tstg -65 to +150 °c

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

T
=

PIN 1. CATHODE
2.ANODE

o

|-

f 1
(3

m[j,___?.q

Characteristic Symbol Min Typ Max Unit K
Reverse Breakdown Voltage V(BR)R 4.0 5.0 - Volts
(IR = 10 wA)
Diode Capacitance Cr - 0.8 1.0 pF DIM M“I‘ll.hIMEJIE‘F;(S -——nﬁ:im—r%—
-0 f= | MAX | MIN | WAX |
(VR=0,f=1.0MHz, Note 1) A 85 | 4. 15 162
Forward Voltage VgD - 0.48 0.60 Volts B .92 . .11 125
(1F = 10 mA) C . .075 | 0.085
D 4 89 .02 .035
Noise Figure NF - 6.0 7.0 dB 18 .00 .007
{f=1.0 GHz, Note 2) 30 | 1.565 | 0.051 | 0.061
Reverse Leakage ™ - 002 | 025 | wA N _gﬂ
VR=3.0V) 236 | 2.62 | 0.09 0
Series Inductance (Note 3) Ls - 3.0 - nH N 7 lg '37 044 | 0.054 |
(f = 250 MHz, Measured at Lead 719 1104 | 0.031 | 0.04
Stopa1/8") 11.99 11275 .47 502
P 1.14 .40 .04 055
Case Capacitance (Note 1) Cc - 0.1 — pF 0.43 .69 .01 027
(f = 1.0 MHz)

(D Matched sets available. Contact Motorola Sales Office with specific requirements.

CASE 226

Cc
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MBD 102 (continued)

IR, REVERSE LEAKAGE (uA)

CT, DIODE CAPACITANGE (pF)

TYPICAL CHARACTERISTICS
(TA = 25°C unless noted)

FIGURE 1 — REVERSE LEAKAGE
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NOTES ON TESTING AND SPECIFICATIONS

Note 1 —Cc and Ct1 are measured using a capacitance bridge

(Boonton Electronics Model 75A or equivalent).

Note 2 — Noise figure measured with diode under test in tuned

diode mount using UHF noise source and local oscillator
(LO) frequency of 1.0 GHz. The LO power is adjusted
for 1.0 mW. |F amplifier NF = 1.5 dB, f = 30 MHz,
see Figure 5.

Note 3 — Lg is measured on a package having a short instead of a

die, using an impedance bridge (Boonton Radio Model
250A RX Meter).



MBD103 (siicon)

SILICON HOT-CARRIER DIODE
(SCHOTTKY BARRIER DiODE)

.. . designed primarily for microwave mixer applications but suitable
also for use in detector and ultra-fast switching circuits.

® Supplied in Hermetic Ceramic Pill Package with low package

parasitics

® The Rugged Schottky Barrier Construction Provides Stable
Characteristics by Eliminating the ‘‘Cat-Whisker’’ Contact

® Low Noise Figure — 6.0 dB Typ @ 1.0 GHz
Very Low Capacitance — Less Than 1.0 pF @ Zero Volts

.

® High Forward Conductance — 0.35 Volts (Typ) @ Ig = 100 uA

SILICON HOT-CARRIER
MICROWAVE MIXER DIODE

MAXIMUM RATINGS

Cathode

Rating Symbol Value Unit
Reverse Voltage VR 4.0 Volts
Forward Power Dissipation @ T 5 = 25°C P 280 mw
Derate above 25°C 2.8 mw/°C
Junction Temperature T +125 oc
Storage Temperature Range Tstg -65 to +150 °c

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

Characteristic Symbol Min Typ Max Unit

Reverse Breakdown Voltage V(BR)R 4.0 5.0 - Volts
(IR = 10 uA)

Diode Capacitance Cr - 0.88 1.0 pF
(VR =0, f=1.0MHz, Note 1)

Forward Voltage Vg - 0.48 0.60 Volts
(Ig = 10mA)

Noise Figure NF - 6.0 7.0 ds
(f=1.0 GHz, Note 2)

Reverse Leakage IR - 0.016 0.25 uA
(VR=3.0V)

Series Inductance (Note 3) Ls - 0.8 - nH
(f = 2560 MHz) -

Case Capacitance {Note 1) Cc - 0.15 - pF
(f = 1.0 MHz)

STYLET
PIN 1. CATHODE
2 ANODE

MILLIMETERS
DIM[ MiN

CASE 45-01
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C, CAPACITANCE (pF)

IR, REVERSE LEAKAGE CURRENT (uA)

MBD103 (continued)

TYPICAL CHARACTERISTICS
(T = 25°C unless noted)

FIGURE 1 — REVERSE CURRENT
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FIGURE 2 — FORWARD VOLTAGE
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NOTES ON TESTING AND SPECIFICATIONS

Note 1 — Cc and CT are measured using a capacitance bridge
(Boonton Electronics Model 75A or equivalent).

Note 2 — Noise figure measured with diode under test in tuned
diode mount using UHF noise source and local oscitlator
(LO) frequency of 1.0 GHz. The LO power is adjusted
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz,
see Figure 5.

Note 3 — Lg is measured on a package having a short instead of a
die, using an impedance bridge (Boonton Radio Model
250A RX Meter).



MBD501 siicon
MBD701

o—”——o HIGH-VOLTAGE
SILICON HOT-CARRIER
DETECTOR AND SWITCHING
DIODES
SILICON HOT-CARRIER DIODE 50.70 VOLTS
(SCHOTTKY BARRIER DIODE)
.. . designed primarily for high-efficiency UHF and VHF detector
applications. Readily adaptable to many other fast switching RF and
digital applications. Supplied in an inexpensive plastic package for B
low-cost, high-volume consumer and industrial/commerical require- P A
ments. T
IR
® The Schottky Barrier Construction Provides Ultra-Stable Character- SEATING 6 ] )
istics By Eliminating the “’Cat-Whisker” or “’S-Bend’’ Contact F l._
® Extremely Low Minority Carrier Lifetime — 100 ps (Max) " X
® Very Low Capacitance — 1.0 pF Al i
D ~fle o
® High Reverse Voltage — to 70 Volts j LLL_G i°
3 -
® |ow Reverse Leakage — 200 nA (Max) - R ‘SECT AA
STYLE 1: r T ¢
PIN 1. ANODE s A
2. CATHODE w N
MAXIMUM RATING (Ty= 1259C unless otherwise noted) N i
Rating Symbol Value Unit [WILLMETERS]  TNEHES ]
Reverse Voltage VR Volts o M;'; M;: M";“n an‘:;
MBD501 50 45 | 521 [ 0175 0205
MBD701 70 ::3ﬁ:%3%
Forward Power Dissipation @ Tp = 25°C PE 500 mw cASE 1821 ooty
Derate Above 25°C 5.0 mW/°C S (1
T — o5 - |
Operating Junction Temperature Range Ty -55 to +125 Oc e -
Storage Temperature Range Tstg -65 to +150 °c = :_;E =
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Breakdown Voltage V(BRIR Volts
(IR = 10 uAdc) MBD501 50 _ _
MBD701 70 — —
Total Capacitance, Figure 1 Crt - 0.5 1.0 pF
(VR = 20 Volts, f = 1.0 MHz)
Minority Carrier Lifetime, Figure 2 T - 15 100 ps
(Ig = 5.0 mA, Krakauer Method)
Reverse Leakage, Figure 3 IR nAdc
(VR =25V) MBD501 - 7.0 200
(VR =35V) MBD701 - 9.0 200
Forward Voltage, Figure 4 VE - 1.0 1.2 Vdc
(If = 10 mAdc)
Series Inductance Ls - 6.0 - nH
(f = 250 MHz, Lead Lenthx1/16")
Case Capacitance Cc - 0.18 - pF
(f = 1.0 MHz, Lead Lenth~1/16")
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MBD501, MBD701 (continued)

KRAKAUER METHOD OF MEASURING LIFE TIME

T CAPACITIVE
CONDUCTION
IF (Peak)

FORWARD ] STORAGE
CONDUCTION CONDUCTION
1
BALLAST SAMPLING
EIENNUESF?A%; NETWORK PADS 0SCILLISCOPE
(PADS) (50 2 INPUT)
DuT
TYPICAL ELECTRICAL CHARACTERISTICS
FIGURE 1 — TOTAL CAPACITANCE FIGURE 2 — MINORITY CARRIER LIFETIME
20 500
B
E-,‘;- 16 f=1.0MHz g 400
w 5 KRAKAUER METHOD
Z 1 5 300
5 [\ & /
< o
s =
S 08 S 200
< >
5 = =
= ] — 2 100
5 04 = | —
e L/'/
0 0
0 50 10 15 20 25 30 3% 40 45 50 0 10 20 30 4 50 60 70 8 90 100
VR, REVERSE VOLTAGE (VOLTS) Ig, FORWARD CURRENT (mA)
FIGURE 3 — REVERSE LEAKAGE FIGURE 4 — FORWARD VOLTAGE
10 ‘ 100 ——
] 50 T
| Ta = 1000
— Ta =100°C - 2
S0 ! T L 250C
& i S 50 =
< Ta - 750C —T £ 0 %
vl ) e A7 VALUES SHOWN ARE J
2o S 1 STEADY STATE.
2 < 05 = TYPICAL PRINTED
] E F CIRCUIT BOARD ]
@ S 02 1 MOUNTING .
=001 TA = 250C — L i
T 005
117
002 H
0.001 [V .
0 10 20 30 40 50 0 04 08 12 16 20 24 2.8
VR, REVERSE VOLTAGE (VOLTS) Vg, FORWARD VOLTAGE (VOLTS)
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MBD502 (siicon
MBD702

O—N—O

SILICON HOT-CARRIER DIODE
(SCHOTTKY BARRIER DIODE)

.. . designed primarily for high-efficiency UHF and VHF detector
applications. Readily adaptable to many other fast switching RF
and digital applications. Supplied in the low-inductance Mini-L pack-
age for low-cost, high-volume consumer and industrial/commercial
requirements.

® The Schottky Barrier Construction ProvidesUltra-Stable Character-
istics by Eliminating the ““Cat-Whisker”’ or “‘S-Bend’’ Contact

HIGH-VOLTAGE
SILICON HOT-CARRIER
DETECTOR AND SWITCHING
DIODES

50-70 VOLTS

MBD502 Marked with Orange Celor Stripe
MBD702 Marked with Brown Color Stripe

o Extremely Low Minority Carrier Lifetime — 100 ps (Max) o
. |- A
o Very Low Capacitance — 1.0 pF Ut |
e High Reverse Voltage — to 70 Volts J_L———‘ rz:j—'ﬁ
@ Low Reverse Leakage — 200 nA (Max) f I L Y
-IN 1
® Mini-L Ridge Clearly Identifies Cathode Lead for Easy Handling L 8
and Mounting s
PIN 1 CATHODE
- 2. ANODE
H fL——r*———a-
] J N}
F L
MAXIMUM RATING (T = 125°C unless otherwise noted) P ¢
Rating Symbol Value Unit
[ TwrLLiveTers]
Reverse Voltage VR Volts DIM MrlulthME;i‘;(s '.M_I:lu%%
MBD502 50 A | 386 | 411 | 0152
MBD702 70 .92 .18 115
— 91 [ 2.16 | 0.075]
Forward Power Dissipation @ Tp = 25°C PE 400 mw .64 | 0.89 | 0.025 | (
te Above 259 y 0, .08 | 0.18 | 0.003 | 0.
Derate ve 25°C 4.0 mw/°C H_| 1.30 | 1.55 | 0.051 | 0.
Operating Junction Temperature Range Ty -55 to +125 °c -gz _%_ %.g._ X
Storage Temperature Range Tstg -65 to +150 oc ?g _%_ :gsa [t
N . .044
79 | 1.04 | 0.031 ¢
99 [12.75 472
14 .40 045
43 .69 017
CASE 226
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Breakdown Voltage V(BR)R Volts
(IR = 10 uAdc) MBD502 50 - -
MBD702 70 - -
Diode Capacitance, Figure 1 Ct - 0.48 1.0 pF
(VR = 20 Volts, f = 1.0 MHz)
Minority Carrier Lifetime, Figure 2 T - 15 100 ps
(I = 5.0 mA, Krakauer Method)
Reverse Leakage, Figure 3 IR nAdc
(VR=25V) MBD502 - 7.0 200
{(VR=35V) MBD702 - 9.0 200
Forward Voltage, Figure 4 VE - 1.0 1.2 Vdc
(IF = 10 mAdc)
Series Inductance Ls - 3.0 - nH
{f = 250 MHz, Measured at Lead Stop~1/8")
Case Capacitance Cc - 0.1 — pF
(f = 1.0 MHz)
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MBD502, MBD702 (continued)

KRAKAUER METHOD OF MEASURING LIFE TIME

CAPACITIVE
CONDUCTION

IF (Peak)

SINUSOIDAL
GENERATOR

FORWARD -t STORAGE
CONDUCTION CONDUCTION
BALLAST | SAMPLING
NETWORK PADS 0SCILLISCOPE
(PADS) DUT (50 2 INPUT)

FIGURE 1 — DIODE CAPACITANCE

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 2 — MINORITY CARRIER LIFETIME

2.0 500
TA =250C _
! E
= 16 f= 1.0 MHz w 400
e =
=] Im KRAKAUER METHOD
2 12 E 300
5 =
:
§ 08 N S 200
= \ E
=] ~—— o«
5 oa 2 100
—
[ —
0 0 b—1
60 10 15 20 25 30 35 40 45 50 0 10 20 3 4 50 60 70 8 90 100
VR, REVERSE VOLTAGE (VOLTS) I, PEAK FORWARD CURRENT (mA)
FIGURE 3 — REVERSE LEAKAGE FIGURE 4 — FORWARD VOLTAGE
10 T 100
| TA = 100 ——
-~ TA = 100°C z T
§ 1.0 L E 10 oY
1
] I E 50 =
g Ta=750C e o A
vl — < 20 A VALUES SHOWN ARE T
S0 S 10 STEADY STATE. o
g Z 05 ¥ TYPICALPRINTED 3
s = 1 CIRCUITBOARD
H — § 02— MOUNTING 7
=001 TA =250C " 0.1 =] | 1
- 005 =FEF
0.02—1+
0.001 0.0
0 10 20 30 40 50 0 04 038 12 16 20 24 28

VR, REVERSE VOLTAGE (VOLTS)
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MBI-101 siucon,

SILICON HOT-CARRIER MICRO-I DIODE
(SCHOTTKY BARRIER DIODE)
SILICON HOT-CARRIER

UHF MIXER
.. . designed primarily for UHF mixer applications but suitable also MICRO-1 DIODE

for use in detector and ultra-fast switching circuits.

® The Rugged Schottky Barrier Const}uction Provides Stable Char-
acteristics by Eliminating the “Cat-Whisker’’ Contact

® Low Noise Figure — 7.0 dB Max @ 1.0 GHz

® Very Low Capacitance — Less Than 1.0 pF @ Zero Volts
® High Forward Conductance — 0.48 Volts (Typ) @ I = 10 mA

® Supplied in Space Saving Miniature Package AN
MAXIMUM RATINGS

Rating Symbol Value Unit X
Device Marked with Yellow Top.
Reverse Voltage VR 4.0 Volts
Forward Power Dissipation @ Ta = 25°C Pe 200 mw
Derate above 25°C 2.0 mW/°C
- " ) A STYLE 1:
Operating Junction Temperature Ty +125 C I"_ ’1 PIN 1. ANODE
Storage Temperature Range Tstg -65 to +150 oc [ L I 2. CATHODE
ELECTRICAL CHARACTERISTICS (T A = 259C unless otherwise noted) C ]<£(3 I ] *
- 1 2
Characteristic Symbol Min Typ Max Unit \ \/ b
Reverse Breakdown Voltage V(BR)R 4.0 5.0 - Volts N
(IR = 10 uA) k K K 1
Diode Capacitance Crt - 0.88 1.0 pF
(VR =0, f=1.0MHz, Note 1) c rJ
Forward Voltage VE(1) - 0.48 0.60 Volts { I *
(1g =10 mA) ) | y H
Noise Figure i NE - 6.0 7.0 dB 1 | T +
(f=1.0 GHz, Note 2) ) { F
Reverse Leakage iR - 0.02 0.25 uA
(VR=3.0V)
i MILLIMETERS INCHES
Series Inductance (Note 3) Ls - 3.0 - nH DIM[ MIN | MAX | MIN | MAX
(f =250 MHz, Lead Length =~ 1/16") o8
A .
Case Capacitance (Note 1) Cc - 0.15 - pF C 22
(f=1.0MHz, Lead Length ~ 1/16") D_| 026
(1) Matched sets available. Contact Motorola Sales Office with specific requirements. H
J .
K 1419
TYPICAL HIGH DENSITY MOUNTING TECHNIQUE |r-‘ gg
N Y (S S 1 1
y W W ///3 Optional Package with Raised
B W e WD 0025 Circular Tab Available; Specify
Case 166-01.
PC BOARD MOUNTING
Maximum Solder Temperature ¥
2500C for 10s CASE 166-02
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MBI-101 (continued)

IR, REVERSE LEAKAGE (uA)

C71,DIODE CAPACITANCE (pF)

TYPICAL CHARACTERISTICS
(T = 25°C unless noted)

FIGURE 1 — REVERSE LEAKAGE

1.0 T f ai
07 { t =
I I
VR =3.0 Vdc
/
0.2
0.1 P
0.07
0.05
.
0.02
001
30 40 50 60 70 80 30 100 110 120 130
Ta, AMBIENT TEMPERATURE (°C)
FIGURE 3 — CAPACITANCE
1.0
0.9
038
\\.
0.7
0.6
0 1.0 2.0 3.0 4.0

VR, REVERSE VOLTAGE (VOLTS)

FIGURE 5 — NOISE FIGURE TEST CIRCUIT

LOCAL
OSCILLATOR
UHF DIODE IN
NOISE SOURCE TUNED
HP 349A MOUNT
NOISE IF AMPLIFIER
FIGURE METER NF=15d8B
H.P.342A f=30MHz

NF, NOISE FIGURE (dB)
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Ig, FORWARD CURRENT (mA)
N

FIGURE 2 - FORWARD VOLTAGE

100
50 7

7
05 7
7
02 /
01 /
02 0.3 04 05 0.6 0.7

Vg, FORWARD VOLTAGE (VOLTS)

FIGURE 4 — NOISE FIGURE

TN\ [ [ T 111
10 LOCAL OSCILLATOR FREQUENCY = 1.0 GHz
9.0 (Test circurt Figure 5)

8.0
70

50
4.0

3.0

2.0
1.0

0.1 0.2 05 10 2.0 5.0 10

PLQ, LOCAL OSCILLATOR POWER (mW)

NOTES ON TESTING AND SPECIFICATIONS

Note 1 — Cc and Ct are measured using a capacitance bridge
{Boonton Electronics Model 75A or equivalent).

Note 2 — Noise figure measured with diode under test in tuned
diode mount using UHF noise source and local oscillator
(LO) frequency of 1.0 GHz. The LO power is adjusted
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz,
see Figure 5.

Note 3 — Lg is measured on a package having a short instead of a
die, using an impedance bridge (Boonton Radio Mode!l
250A RX Meter).



MBR320M
MBR330M
MBR340M

tion and metal overlap contact.

® Extremely Low vp
® Low Stored Charge, Majority
Carrier Conduction

HOT CARRIER POWER RECTIFIERS

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

® Low Power Loss/High Efficiency

® High Surge Capacity

SCHOTTKY
BARRIER
RECTIFIERS

3 AMPERE
20, 30, 40 VOLTS

MAXIMUM RATINGS

Rating Symbol | MBR320M|MBR330M|MBR340M| Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwm 20 30 40 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRsMm 24 36 48 Volts
Average Rectified Forward Current o Amp
VR(equiv)< 0.2 VR (dc), T¢ = 65°C 15
VR(equiv)< 0.2 VRi(dc), TL = 90°C 3.0
(Rgya=25°C/W, P.C. Board
Mounting, See Note 3)
Ambient Temperature TA °c
Rated VR (dc), PE(av) = 0 65 60 56
Rgya = 25°C/w
Non-Repetitive Peak Surge Current I3V Amp
(surge applied at rated load condi- —=— 500 (for 1 cycle) —>»
tions, halfwave, single phase 60 Hz)
Operating and Storage Junction TJ.Tstg —~&—— -65 t0 +125 ——» oc (_:_
Temperature Range (Reverse
Voltage applied) STYLE 1:
Peak Operating Junction Temperature | T y(pk) 150 oc K PIN 1. CATHODE
{Forward Current Applied) l 2. ANODE
2
THERMAL CHARACTERISTICS oy At EIERS INCHES.
—
Characteristic Symbol Max Unit A ~ 11143 - 0.450
Thermal Resistance, Junction to Case R 3.0 oc/w B - 8.89 - 0.350
rma ! 0JC C - 1.62 - 0.300
D 1171 142 | 0.046 ] 0.056
2483 - 0980 -
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) CASE 60
Characteristic Symbeol Min Typ Max Unit
Maximum Instantaneous Forward VF Volts MECHANICAL CHARACTERISTICS
Voltage (1)
(ig = %.0 Amp) _ — 0.450 CASE: Welded, hermetically sealed construction.
. FINISH: All external surfaces corrosion-resistant
Maximum Instantaneous Reverse IR mA and the terminal leads are readily
Current @ rated dc Voltage (1) solderable.
Tc =25°C - - 10 .
o= 100°C _ _ 75 POLARITY: Cathode to case.
MOUNTING POSITIONS: Any

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MBR320M, MBR330M, MBR340M (continued)

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal runaway when forward power is zero. The transition from one boundary
must be considered when operating this rectifier at reverse voltages condition to the other is evident on the curves of Figures 1, 2 and
above 0.1 VRwm. Proper derating may be accomplished by use 3 as a difference in the rate of change of the slope in the vicinity
of equation (1): of 116°C. The data of Figures 1, 2 and 3 is based upon dc condi-
tions. For use in common rectifier circuits, Table | indicates sug-
= — P — o
hTA(max) Tamax) — Rosa Pr(av) — ResaPr(av) o gested factors for an equivalent dc voltage to use for conservative
where fan i e
T A(max) = Maximum allowable ambient temperature design; i.e.:
T = Maximum allowable junction temperature VR(equiv) = VIN(PK) X F @
J(max) ) "pe The Factor F is derived by considering the properties of the various

(125°C or the temperature at which ther-

N . rectifier circuits and the reverse characteristics of Schottky diodes.
mal runaway occurs, whichever is lowest).

Example: Find Ta(max)for MBR340M operated in a 12-Volt dc

PE(AV) = Average forward power dissipation . Kk x) TOT VT P
supply using a bridge circuit with capacitive filter such that Ipc =

PR(AV) = Average reverse power dissipation 10 A (IF(av) = 5 Al, I(PK)/I{AV) = 10, Input Voltage = 10
Rg A = Junction-to-ambient thermal resistance Virms), Rgja =1 °C/W.
Figures 1, 2 and 3 permit easier use of equation (1) by taking . . . _ .
reverse power dissipation and thermal runaway into consideration. Step 1: \F/md VFf(eq_“'V)' Read F 0'6_5 from Table | ..
The figures solve for a reference temperature as determined by R(equiv) = (1.41)(10}(0.65) =9.2 V
equation (2): Step2. Find TR from Figure 3. Read T = 117°C @ VR =
- _ 9.2 V & Rgya = 10°C/W.
TR = Tuimax) = ReJaPR(AV) 2) Step 3 Find PE(av) from Figure 4. Read PE(av) =6.3W
Substituting equation (2) into equation (1) yields. 1(PK)
TA(max) = TR = Rgya PF(AV) 3 Oy L& IRV T8 A
Inspection of equations (2) and (3) reveals that TR Is the ambient Step 4 Find TA(@ax) from equation (3). Ta(max) = 117-(10)
temperature at which thermal runaway occurs or where T = 125°¢, (6.3) =54°C.
TABLE | — VALUES FOR FACTOR F
- . Full Wave,
Circuit Half Wave Full Wave, Bridge Center Tapped (1), (2)
Load Resistive |Capacitive (1) | Resistive Capacitive Resistive Capacitive
Sine Wave 05 1.3 05 0.65 1.0 1.3
Square Wave 0.75 1.5 0.75 0.75 1.5 15
(1) Note that VR(pK) =2 Vin (PK) (2)Use line to center tap voltage for Vjn.

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE — MBR320M FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE — MBR330M
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FIGURE 3 —- MAXIMUM REFERENCE TEMPERATURE — MBR340M FIGURE 4 — FORWARD POWER DISSIPATION
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MBR320M, MBR330M, MBR340M (continued)

THERMAL CHARACTERISTICS
FIGURE 5 — THERMAL RESPONSE

1.0
w 0.7
H 05
b;’ -
b 0.3
=2 02 1 ZgJc(t) = Rode » (1)
IE b T 1T 11
e F b
w01 . P DUTY CYCLE, D = tp/ty 1
== P - TIME PEAK POWER, Pp, is peak of an 1
E g 0'05 - —t—t equivalent square power pulse. 1
2 ATye =Ppk - Roye [0 +(1-D) - rltg +tp) +rltp)—r(ty)] ]
£ oo where
Lo 0.02 ATyc = the increase in junction above the case
z ! ft) = lized value of transient thermal resistance at time, t, from Figure 5, i.e.:
0.01 r{t1 + tp) = normalized value of transient thermal resistance at time, t{ + tp.
0.5 1.0 20 5.0 10 20 50 100 200 - 500 1.0k 20k 50k 10k 20k 50k
t, TIME (ms)

NOTE 2 — FINDING JUNCTION TEMPERATURE

NOTE 3 — MOUNTING DATA

respond to heat surges generated in the diode as a result of pulsed operation once
steady-state conditionsare achieved. Using the measured value of T, the junction
temperature may be determined by
Ty=Te+aTye

where & T 1s the increase in junction
It may be determined by

ATye =Ppk -RgJC [D+(1-D) - rlty +tp) +rltp) —r(ty)]
where

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

5re.

7 (t1 + tp) = normalized value of transient thermal resistance at time ty+tp

above the case

Ppk Pk guideline values for preliminary engineering.
DUTY CYCLE. D = tp/t
tp PEAK POWER, Py, is peak of an TYPICAL VALUES FOR Rgja INSTILL AIR
equivalent square power pulse
TIME LEAD LENGTH, L (IN)
S —
MOUNTING R
To di junction of the diode in a given situation, METHOD /4 1 6JA
the following procedure is recommended. 1 55 60 oc/w
The temperature of the case should be measured using a thermocouple placed 2 65 70 °c/w
on the case at the temperature reference point (see Note 3). The thermal mass SCw
connected to the case 1s normally large enough so that it will not significantly 3 25

Data shown for thermal resistance junction-to-ambient
(RgJA) for the mountings shown is to be used as typical

MOUNTING METHOD 1

e

MOUNTING METHOD 2

MOUNTING METHOD 3

P. C. Board with
2 1/2" x 2 1/2"" copper surface

o 1

Board Ground
Plane

L~ =L

Vector pin mounting

FIGURE 6 — APPROXIMATE THERMAL CIRCUIT MODEL

Rgca
70%°C/wW
* —— AN
RoL(A) Rou(A) Rguc
Ros(a) 40°C/W/IN 25°C/w 2°c/w
VA~ AL = 2 g A
RecL RoL(K) Ros(K)
0.5°c/w 40°C/W/IN
—Ta(a)  TL(A) Ty TPD TAK) = TAE
Use of the above model permits calculation of average TEMPERATURES THERMAL RESISTANCES

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

is at cathode end.

TaA = Ambient
TA(A)= Anode Heat Sink Ambient
Ta(k)= Cathode Heat Sink Ambient Rgg(k)= Cathode Lead Heat Sink to Ambient
Ti(a)= Anode Lead
T (k)= Cathode Lead
T, = Junction

58

Rgca = Case to Ambient
Rgs(a) = Anode Lead Heat Sink to Ambient

RgL(A)= Anode Lead
Rg L(K)= Cathode Lead
RgcL = Case to Cathode Lead
Rgjc = Junction to Case
RgJ(a) = Junction to Anode Lead (S bend)



MBR320M, MBR330M, MBR340M (continued)
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FIGURE 7 — TYPICAL FORWARD VOLTAGE
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FIGURE 10 — CAPACITANCE
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FIGURE 8 — MAXIMUM SURGE CAPABILITY

1000 T ——
§ Prior to surge, the rectifier is operated such
< 700 that T = 1009C; VRRM may be applied be-
= tween each cycle of surge.
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FIGURE 9 — TYPICAL REVERSE CURRENT
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NOTE 4 — HIGH FREQUENCY OPERATION

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

Rectification efficiency measurements show that operation will
be satisfactory up to several megahertz. For example, relative
waveform rectification efficiency i1s approximately 70 per cent at
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is
0.28 at this frequency, whereas perfect rectification would yield
0.406 for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficiency is not indicative of
power loss; it 1s simply a result of reverse current flow through the
diode capacitance, which lowers the dc output voltage.



MBR1520
MBR1530
MBR1540

® Extremely Low vF
® | ow Stored Charge, Maj

® High Surge Capacity

HOT CARRIER POWER RECTIFIER

ority Carrier Conduction

® | ow Power Loss/High Efficiency

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

SCHOTTKY
BARRIER
RECTIFIERS

15 AMPERE
20,30,40 VOLTS

MAXIMUM RATINGS

Rating Symbol | MBR1520| MBR1530 | MBR 1540 | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 20 30 40 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltagel VRsm 24 36 48 Volts
Average Rectified Forward Current o 15 Amp STYLE 1:
(VR(equiv $02 VR(dc) Tc =80°C ; Klmjgne
Ambient Temperature TA 95 90 85 °c '
Rated VR(dc), PF(AV) = O I
RgyA =5.00C/W c
Non-Repetitive Peak Surge Current | Ipgm | == 500 (for 1 cycle) ———»— | Amp E
{surge applied at rated load condi-
tions, halfwave, single phase, 60 Hz)
Operating and Storage Junction Ty Tstg |~ -65 t0 +125 ~——i °c 10-32 UNF-2A — =]
Temperature Range (Reverse —
voltage applied) MILLIMETERS INCHES
Peak Operating Junction Tempera- [T j(pk) 150 °c DM [ MIN_| MAX | MIN [ MAX
ture (Forward Current Applied) I} 10.77 : ;g 0.424 :g;
- .35 | — [ 0.250
THERMAL CHARACTERISTICS g; .45 gzg .175
Characteristic Symbol Max Unit J 1072 [ 1151 | 04220453
Thermal Resistance, Junction to Case RgJc 25 ocw kK[ - 12052] - 10800
CASE 24501
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit MECHANICAL CHARACTERISTICS
Maximum Instantaneous Forward VE Volts CASE: Welded, hermetically sealed
Voltage (1) ,
(io :3; Amp) _ _ 0.550 FINISH: All external surfaces corrosion resistant
F ) and terminal lead is readily solderable.
Maximum Instantaneous Reverse IR mA POLARITY: Cathode to C
Current @ rated dc Voltage (1) - - 10 P e © to Case
Te = 100°C _ _ 75 'MOUNTING POSITION: Any
STUD TORQUE: 15 in. Ib. max

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MBR 1520, MBR 1530, MBR 1540 (continued)

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal runaway
must be considered when operating this rectifier at reverse voltages
above 0.2 VRwMm. Proper derating may be accomplished by use
of equation (1):
TA(max) = TJ(max) —Rea PF(AV) — Resa PRiAv)
where
T A(max) = Maximum allowable ambient temperature

(1)

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

PE(AV) = Average forward power dissipation

PR(AV) = Average reverse power dissipation

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

TR = Ty(max) = Rgya PR(AV) (2)
Substituting equation (2) into equation (1) yields:
Ta(max) = TR — Rgua PF(Av) (3

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

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

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

Example:  Find TA(max) for MBR1540 operated in a 12-Voltdc
supply using a bridge circuit with capacitive filter such that Ipc =

10 A (If(av) = 5 A), I{pk)/1(Av) = 20, Input Voitage = 10
V(rms), Rgya = 5°C/W.

Step 1:  Find VR(equiv)- Read F = 0.65 from Table | ..
VR(equiv) = (1.41)(10)(0.65) = 5.18 V

Step 2: Find TR from Figure 3. Read TR = 121°C @ VR =9.18
& Rgya =8°C/W

Step 3:  Find Pg(ay) from Figure 4. Read PF(ay) = 10.5 W

1

@I((%(\;); 20& If(av) =5 A

Step4:  Find TA(max) from equation (3). Ta(max) = 121-(5)

(10.5) = 68.5°C).

TABLE | — VALUES FOR FACTOR F

- . Full Wave,
Circuit Half Wave Full Wave, Bridge Center Tapped (1)(2
Load Resistive C itive(1)| R C itive Resistive Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 1.5 0.75 0.7% 15 1.5
(1) Note that VR (pk) =2 Vin(PK) (2) Use line to center tap voltage for V.
FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — MBR1520 FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — MBR1530
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r{t), TRANSIENT THERMAL RESISTANCE

MBR 1520, MBR 1530, MBR 1540 (continued)

FIGURE 5 — TYPICAL FORWARD VOLTAGE

FIGURE 6 - MAXIMUM SURGE CAPABILITY
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MBR 1520, MBR 1530, MBR 1540 (continued)

IR, REVERSE CURRENT (NORMALIZED)

C, CAPACITANCE (pF)

FIGURE 9 — NORMALIZED REVERSE CURRENT
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FIGURE 11 — CAPACITANCE
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FIGURE 10 — TYPICAL REVERSE CURRENT
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NOTE 2 — HIGH FREQUENCY OPERATION

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

Rectification efficiency measurements show that operation will
be satisfactory up to several megahertz. For example, relative
waveform rectification efficiency 1s approximately 70 per cent at
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is
0.28 at this frequency, whereas perfect rectification would yield
0.406 for sine wave inputs However, in contrast to ordinary
junction diodes, the loss in waveform efficiency 1s not indicative of
power loss; i1t ts simply a result of reverse current flow through the
diode capacitance, which lowers the dc output voltage.



MBR2520
MBR2530
MBR2540

® Extremely Low v

Carrier Conduction

® | ow Stored Charge, Majority

HOT CARRIER POWER RECTIFIER

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

® | ow Power Loss/High
Efficiency

® High Surge Capacity

SCHOTTKY
BARRIER
RECTIFIERS

25 AMPERE
20, 30, 40 VOLTS

MAXIMUM RATINGS

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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Rating Symbol{MBR2520|{MBR2530 [MBR2540|Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwM 20 30 40 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRsm 24 36 48 Volts STYLET:
Average Rectified Forward Current lo 25 Amp 1. CA'I:HODE
VR(equiv.) S0.2 VR(dc). Tc =80°C 2. ANODE
Ambient Temperature Ta Sc T—
Rated VR(dc). PF(AV) = O 90 85 80
RgJa = 35°C/W ¢
Non-Repetitive Peak Surge Current IFsm Amp E
(surge applied at rated load 800 (for 1 cycle)
conditions, halfwave, single phase,
60 Hz) 10-32 UNF-2A ——|
Operating and Storage Junction ), Tstg ~——— 65 t0 +125 ———= oc
Temperature Range (Reverse
voltage applied)
Peak Operating Junction Temperature Ty (pk) 150 oc w INCHES
(Forward Current Applied) DIM | MIN_ | MAX | WIN | MAX |
£r A |10.77 | 11.10 | 0.424] 0437
C - 10.29 - .405
- .35 - 250
91 .45 | 0.075 | 0.175
ISTIC! .62 - .060 | —
THERMAL CHARACTERISTICS ‘ S AR R AR
Characteristic Symbol Max Unit K — 20.32 — 0.800
Thermal Resistance, Junction to Case RgJyc 1.75 ocw
CASE 245-01
ELECTRICAL CHARACTERISTICS (T¢ =25°C unless otherwise noted.)
Characteristic Symbol. [ Min Typ Max Unit MECHANICAL CHA_RACTER ISTICS
- CASE: Welded, hermetically sealed
Maximum Instantaneous Forward VF Volts FINISH: All external surfaces corrosion
Voitage (1) resistance and terminal lead is
(ip =25 Amp) - - 0.550 readily solderabte.
Maximum Instantaneous Reverse Current | IR - - 20 mA POLARITY: Cathode to Case
@ Rated dc Voltage (1) (T¢ = 100°C) - - 150 MOUNTING POSITIONS: Any
STUD TORQUE: 15in. Ib. Max




MBR2520, MBR2530, MBR2540 (continued)

NOTE 1: DETERMINING MAXIMUM RATINGS

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

TA(max) = TJ(max) —Roya PF(AV) — Rgya Pr(av) (1)
where
TA(max) = Maximum allowable ambient temperature

TJ(max) = Maximum allowable junction temperature (125°C

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

The Factor F is derived by considering the properties of the various

or the temperature at which thermal runaway
occurs, whichever is lowest).

rectifier circuits and the reverse characteristics of Schottky diodes.

Example: Find TA(max) for MBR2540 operated in a 12-Voltdc
supply using a bridge circuit with capacitive filter such that Ipc =
16 A (Ig(av) = 8 A), I(pk)/l(AV) = 20, Input Voltage = 10
Virms), Rgja = 5°C/W.

PE(AV) = Average forward power dissipation
PR(AV) = Average reverse power dissipation
RgJyC = Junction-to-ambient thermal resistance

Figures 1, 2 and 3 permit easier use of equation (1) by taking Step 1:  Find VR(gquiv). Read F = 0.65 from Table I ..
reverse power dissipation and thermal runaway into consideration. v <y =(1.41)(10)(0.65) =9.18 V
The figures solve for a reference temperature as determined by R(equiv) . : :
equation (2): Step 2: Find TR from Figure 3. Read TR = 113°C @ Vg =9.18
& Rgya =5°C/W
TR = Ty(max) — Reua PR(AV) (2) Step 3:  Find PE(av) from Figure 4. Read PE(ay) = 14.8 W
L . . . . |
Substituting equation (2) into equation (1) yields: (PK)_ _
; e %o @ @ —=20&IF(ay)=8A
A(max) R 6JA "F(AV) (AV)

Inspection of equations (2) and (3) reveals that TR is the ambient Step4:  Find TA(max) from equation (3). Ta(max) = 113-(5)

(14.8) = 39°C
TABLE | — VALUES FOR FACTOR F

temperature at which thermal runaway occurs or where T = 125°C,

- . Full Wave,
Circuit Half Wave Full Wave, Bridge Center Tapped (1), (2)
Load Resistive | Capacitive (1)| Resistive | Capacitive Resistive | Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 1.5 0.75 0.75 1.5 1.5

(1) Note that VR(pK) =2 Vin(PK) (2)Use line to center tap voltage for Vip.

FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — MBR2520 FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — MBR2530
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MBR2520, MBR2530, MBR2540 (continued)

FIGURE 5 — TYPICAL FORWARD VOLTAGE

FIGURE 6 — MAXIMUM SURGE CAPABILITY
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MBR2520, MBR2530, MBR2540 (continued)

FIGURE 9 — NORMALIZED REVERSE CURRENT
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FIGURE 11 — CAPACITANCE
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FIGURE 10 — TYPICAL REVERSE CURRENT
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NOTE 2 — HIGH FREQUENCY OPERATION

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

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



MBR4020
MBR4030
MBR4040

HOT CARRIER POWER RECTIFIER

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

e Extremely Low vp e Low Power Loss/High Efficiency
® Low Stored Charge, Majority o High Surge Capacity
Carrier Conduction

SCHOTTKY
BARRIER
RECTIFIERS

40 AMPERE

20,30,40 VOLTS

MAXIMUM RATINGS

Rating ) Symbol| MBR4020|MBR4030| MBR4040 | Unit

Peak Repetitive Reverse Voltage VRRM )
Working Peak Reverse Voitage . |VRwM 20 30 40 Volts
DC Blocking Voltage VR .
Non-Repetitive Peak Reverse Voitage | VRsMm 24 36 48 Volts
Average Rectified Forward Current o | 40 Amp

VR(equiv) 0.2 VR(dc) Tc = 70°C

Ambient Temperature ' ] . SEATING ' J
Rated VR (dc): PF(AV) = O, Ta | 100 | 5 | s0 °c L — D
RgJA = 2.0°C/W ]
Non-Repetitive Peak Surge Current IFSM MILLIMETERS mcuz'r:u %
(surge applied at rated load conditions ~=— 800 (for 1 cycle) —s— | Amp | DIM] MIN _!‘_X___E__.__
halfwave, single phase, 60 Hz) 18_34 :i;i 0‘_67 u %—‘
o) ing and Juncti TiTstg - 11 ;g = 3%05_
Temperature Range (Reverse ~a—— -65 t0 +125 ——»= °c 5T 508 T o375 1 0200
voltage applied) T - o080
Peak Operating Junction Temperature | Tj(pk) 150 °c "'325 6 zfg- "E.:"“ggg
(Forward Current Applied) N 1,000
96 | - | 053] -
.59 6.32 0.220 | 0.249
G | 356 | 445 | C.140]0.175
THERMAL CHARACTERISTICS NOTES:

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RgJC 1.0 °cw

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

1. Dimension “P" is diameter.
2. Al JEDEC dimensions and notes apply.

CASE 257-01
DO-5

Characteristic Symbol Min Typ Max Unit
Maximum Instantaneous Forward VE Volits
Voltage (1)
(ip = 40 Amp) - - 0.630
Maximum Instantaneous Reverse IR mA
Current @ rated dc Voltage (1) - - 20
Tc = 100°C - - 150

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed

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

POLARITY: Cathode to Case
MOUNTING POSITION: Any
STUD TORQUE: 256 in. Ib. Max




MBR4020, MBR4030, MBR4040 (continued)

NOTE 1: DETERMINING MAXIMUM RATINGS

Reverse power dissif and the ibility of thermal runaway
must be idered when operating this rectifier at reverse voltages
above 0.2 VRywm. Proper derating may be accomplished by use
of equation (1):

TA(max) = TJ(max) —RoJA PF(AV) — Rgya PR(AV)
where

(§)]

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

TR = Ty(max) — Rgya PR(AV) (2)
Substituting equation (2) into equation (1) yields:
TA(max) = TR = Rgya PE(Av) (3

Inspection of equations (2) and (3) reveals that TR is the ambient
temperature atwhich thermal runaway occurs or where T = 125°C,

"

when forward power is zero. The tr from one b Y
condition to the other is evident on the curves of Figures 1, 2 and
3 as a difference in the rate of change of the slope in the vicinity
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi-
tions. For use in rectifier circuits, Table | indi sug
gested factors for an equivalent dc voltage to use for conservative
design; i.e.:
VR(squiv) = Vin(PK) X F (4

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

Example: Find Ta(max) for MBR4040 operated in a 12-Volt dc
supply using a bridge circuit with capacitive filter such that Ipc =
30 A (If(av) =15A), I{pk)/l(Av) = 10, Input Voltage = 10
V(rms), RoJA = 3°C/w.

Step 1:  Find VR(equiv)- Read F = 0.65 from Table | ..
VR(equiv) = (10)(1.41)(0.65) =9.18 V
Step 2:  Find TR from Figure 3. Read TR = 118°C@ VR = 9.18 V
& Rgya =3°C/wW
Step 3:  Find PE(av) from Figure 4. Read PF(ay) =25 W
(PK)
—=1 =
@'(AV) O&Ip(av)=15A
Step 4:

Find TA(g\ax) from equation (3). Ta(max) = 118-(3)
(25) = 43°C.

TABLE | — VALUES FOR FACTOR F

L . Full Wave,
) Circuit Half Wave Full Wave, Bridge Center Tapped (1).(2)
Load R Cap (M R C itive | Resistive | Capacitive
_Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.76 1.5 0.75 0.75 1.5 15

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

FIGURE 1 —~MAXIMUM REFERENCE TEMPERATURE —MBR4020
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(2)Use line to center tap voltage for Vip.

FIGURE 2 —- MAXIMUM REFERENCE TEMPERATURE — MBR4030
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MBR4020, MBR4030, MBR4040 (continued)

FIGURE 5 — TYPICAL FORWARD VOLTAGE

FIGURE 6 — MAXIMUM SURGE CAPABILITY
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MBR4020, MBR4030, MBR4040 (continued)
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FIGURE 10 — TYPICAL REVERSE CURRENT
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NOTE 2 HIGH FREQUENCY OPERATION

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

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



MBR4020PF
MBR4030PF

.HOT CARRIER POWER RECTIFIER

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

® Low Stored Charge, Majority, Carrier Conduction

® | ow Power Loss/High Efficiency

® High Surge Capacity

SCHOTTKY .
BARRIER
RECTIFIERS

40 AMPERE
20,30, VOLTS

MAXIMUM RATINGS
Rating Symbol |MBR4020PF| MBR4030PF | Unit
Peak Repetitive Reverse Voltage - VRRM
Working Peak Reverse Voltage VRWM 20 . 30 Volts
DC Blocking Voitage VR
Non-Repetitive Peak Reverse Voltage VRSM 24 36 Voits
Average Rectified Forward Current 16 - 40 ——— Amp
VR(equiv) <0-2 VR(dc). T¢ = 50°C
Ambient Temperature
Rated VR(dc), PF(AV) = 0, Ta 100 95 °c
RgJA = 2.0°C/W )
Non-Repetitive Peak Surge Current Igsm | == 800 (for 1 cycle)—=| Amp

(surge applied at rated load conditions
halfwave, single phase, 60 Hz)

Operating and Storage Junction TJ,T“g oc
Temperature Range (Reverse ~&— 65 to +125 ———==
voltage applied)

Peak Operating Junction Temperature TJ(pk) ~———— 150 —— oc

(Forward Current Applied)

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case Rgyc 1.3 oc/w

e T
N =
SEATING PLANE L s _‘I

MILLIMETERS INCHES
DIM| MIN AX | MIN | MAX
A_[15.494] 16.256] 0.610 | 0.640
127751 12.821] 0501 | 0505
08 | 635 [0.200 [ 050 ]
193] 1348} 0.047 .053
— {097 | - |04z
7032|4826 0.080 [ 0.190 |
W] _4.572] 6.350] 0.180 | 02507
T | - [ 3886l - [ 0.40]
K 1270 - o5 -
CASE 43-02
DO-21

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

Characteristic Symbol Min Typ Max Unit
Maximum Instantaneous Forward VE Voits
Voitage (1)
(ig = 40 Amp) — 0.57 0.630
Maximum Instantaneous Reverse IR mA
Current @ rated dc Voltage (1) - - 20
Tc = 100°C - - 150

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed

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

POLARITY: Cathode to Case
MOUNTING POSITION: Any
WEIGHT: 9 grams (Approximately)

{1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MBR4020PF, MBR4030PF (continued)

NOTE 1: DETERMINING MAXIMUM RATINGS

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

TA(max) = TJ(max) ~ Reja PF(AV) — ReJa PR(AV)
where

(1)

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

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

Inspection of equations (2) and (3) reveals that TR Is the ambient
temperature at which thermal runaway occurs or where T = 125°C,

when forward power is zero. The transition from one boundary
condition to the other is evident on the curves of Figures 1 and
2 as a difference in the rate of change of the siope in the vicinity
of 116°C. The data of Figures 1 and 2 is based upon dc condi-
tions. For use in common rectifier circuits, Table | indicates sug-
gested factors for an equivalent dc voltage to use for conservative
design; i.e.:

VR(equiv) = Vin(PK) X F 4
The Factor F is derived by considering the properties of the various
rectifier circuits and the reverse characteristics of Schottky diodes.
Example: Find T A (max) for MBR4030PF operated in a 12-Volit dc
supply using a bridge circuit with capacitive filter such that Ipc =
30 A (IF(AV) = 15 A), I(EM)/V{AV) = 10, Input Voltage = 10
Virms), Rgja = 3°C/W.

Step 1:  Find VR(equiv). Read F = 0.65 from Table | .\
VR(equiv) = (10)(1.41)(0.65) = 9.18 V

Step 2: FindTR from Figure 2. Read TR = 118°C@VR=9.18V
& Rgya =3°C/w

Step 3:  Find PE(ay) from Figure 3. Read PE(ay) =25 W
@ iEm)/l(av) = 10 & IF(Ay) = 15 A

Step4: Find Ta(max) from equation (3).

T A(max) = 118-(3) (25) = 43°C.

TABLE | — VALUES FOR FACTOR F

. . . Full Wave,
Circuit Half Wave Full Wave, Bridge Center Tapped (1),(2)
Load Resistive | Capacitive (1)| Resistive | Capacitive Resistive | Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 15 0.75 0.75 15 15

(1) Note that VR (RM) =~ 2 Vin(PK)

(2)Use line to center tap voltage for V,,

FIGURE 1— MAXIMUM REFERENCE TEMPERATURE—-MBR4020PF FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE—MBR4030PF
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MBR4020PF, MBR4030PF (continued)

FIGURE 4 — TYPICAL FORWARD VOLTAGE
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MBR4020PF, MBR4030PF (continued)

FIGURE 8 — NORMALIZED REVERSE CURRENT

FIGURE 9 — TYPICAL REVERSE CURRENT

e w0 Frimse
= ! ! 300 FTu= ==
Q l _VR=V e T
o SR ===
Fa 4 < 100
3 / £ F—+ 100°C
2 1w 7 = T
= = 30 1 ==
= 07 7 = 2 ] 1 poe P
50 3 " 75C > =
] 03 e % w0 =
g w
g ~ Z 50 —
= " ~ % 30— as0c ="
& = = 20 ] —
@ 01 ?.4/ > MBR4020PF — 20 V
= 007 T 1.0 = e one e M BR4030PF — SDV_—
IJ.05[F i 0.5 i S S w— — —
’ 25 45 65 105 125 20 6.0 10 14 18 22 26 30
Tc, CASE TEMPERATURE (°C) VR, REVERSE VOLTAGE (VOLTS)
FIGURE 10 — CAPACITANCE NOTE 2 HIGH FREQUENCY OPERATION
8000 = TIT Since current flow in a Schottky rectifier is the result of majority
6000 -5 g T , carrier cond 1, it is not subject to junction diode forward and
Ty =250C reverse recovery transients due to minority carrier injection and
4000 ™ stored charge. Satisfactory circuit analysis work may be performed
_ N \\ by using a8 model consisting of an ideal diode in parallel with a
£ 3000 SN variable capacitance. (See Figure 10).
w Rectification efficiency measurements show that operanon wm
Z 2000 \\ be Yy up to several megahertz. For pl
E 1500 N MBR4020PF waveform rectification efficiency is approximately 70 pef cent at
£ N W 2.0 MHz, e.g., the ratio of dc power to RMS power in the load is
s / “\ 0.28 at this frequency, perfect rectifi would yield
o 1000 MBR4030PF 0.406 for sine wave inputs. However, in contrast to ordinary
800 N junction diodes, the loss in waveform efficiency is not indicative of
600 power loss; it is simply a result of reverse current flow through the
diode capacitance, which lowers the dc output voltage.
400
0.040.06 0.1 02 0406 10 20 4060 10 20 40

VR, REVERSE VOLTAGE (VOLTS)

MOUNTING INFORMATION

Recommended procedures for mounting are as follows:

1. Drill a hole in the heat sink 0.499 * 0.001 inch in diameter.

2. Break the hole edge as shown to provide a guide into the hole
and prevent shearing off the knurled side of the rectifier.

3. The depth and width of the break should be 0.010 inch
maximum to retain maximum heat sink surface contact.

4. To prevent damage to the rectifier during press-in, the
pressing force should be applied only on the shoulder ring
of the rectifier case.

5. The pressing force should be applied evenly asbout the
shoulder ring to avoid tilting or canting of the rectifier case
in the hole during the press-in operation. Also, the use of a
thermal iubricant such as D.C. 340 will be of considerable aid.

For more information see: Mounting Techniques for Metal Pack-
aged Power Semiconductors, AN-599.
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MBS100 (SILICON)

Al A2
G SILICON

BIDIRECTIONAL SWITCH
(PLASTIC)

3to5 VOLTS
500 mW

SILICON BIDIRECTIONAL SWITCH

.. . designed specifically for low cost lamp dimmer and small motor
speed controls. Supplied in an inexpensive plastic TO-92 package
for high-volume requirements, this low-cost plastic package is readily
adaptable for use in automatic insertion equipment.

Low Switching Voltage — 4.0 Volts Typical

Minimizes “Flash-On” in a Lamp Dimmer

.
® Uniform Characteristics in Each Direction
.
.

Minimizes “‘Cogging’’ in a Motor Speed Control' .

F— A~

1
i
I'n '
SEATING"/P T o F
PLANE _i
| i
D —=[=r
1 feti
STYLE 12: —»{ R |-—
PINT. ANODE1 o o
MAXIMUM RATINGS 2. GATE
3. ANODE?2 ‘ _L
Rating Symbol Value Unit T A_ s
Power Dissipation Pp 500 mwW —-1——rs
DOC Forward Anode Current ‘ Ig 200 mA ) —{ S
DC Gate Current (off-state only) 1Gloff) 5.0 mA MILLIMETERS INCHES
TERS1 1
Repetitive Peak Forward Current tEm(rep) 2.0 Amp |[DIM | MIN | MAX MIN_[ MAX
(1.0% Duty Cycle, 10 us Pulse A | 4450 | | 0.17 0.205
Width, T4 = 100°C) B | 3180 | 4.190 [0.17% | 0.16
. C 4.320 | 5.330 .170 .210
Non-Repetitive Forward Current Igm(nonrep) 6.0 Amp D .407 | 0.5633 | 0.016 21
10 us Pulse Width, Ta = 25°C F 0‘%17; 0.482 o.g_a% 19 |
Operating Junction Temperat T 55 to +125 o¢ 12 ——__ (0500 1 — |
PRange, T on emeeratare I ° ¢ L[ 1150 | 1.390 | 0.045 | 0.055
- N - 1.270 - 0.050
|Storage Temperature Range Tstg -65 to +150 °c P 350 250 -
[0 30 = .135 -
R 10 | 2.670 | 0.095 0.105
S 30 | 2670 1 0.080 | 0105
CASE 29-02
T0-92
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MBS100 (continued)

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Switching Voitage Vs 3.0 4.0 5.0 Vdc
Switching Currerit Is 100 - 400 pAdc
Switching Voltage Differential Ivg1-Vvsal - - 0.35 Vde
Holding Current IH - - 1.0 mAdc
Forward On-State Voltage VE — - 2.0 Vdc

(Ig = 175 mAdc)
Voltage Switchback av 2.0 2.8 - Vdc

(Ig = 10 mAdc)

FIGURE 1 - FULL RANGE CONTROL CIRCUIT

()—l LOAD I

P
1.0
<

120 VAC

R
I/

Q:
TRIAC

APPLICATION NOTE

The circuit shown in Figure 1 is for full range control and may

be used as a lamp dimmer or small motor speed control.

“flash-on’’ and motor '‘cogging’’ is minimized. Suggested triacs
listed below give power capacity available for each device. The in-
rush current and/or motor locked rotor current must be within the

maximum multicycle surge rating for the triacs suggested.

022 4F A MBS100
.4
TRIAC RECOMMENDATIONS
Package Maxii M Maxi Single
Triac Type Lamp Load Motor Load Cycle Surge

MAC77-4/2N6071 | Case 77 500 Watts 1/2 HP 30A
(Plastic)

MAC11-4 Case 90 | 1500 Watts 1-1/2 HP 700 A
(Plastic) .

MAC37-4 Case 174 | 3000 Watts 3 HP 225 A
(Pressfit)

MAC38-4 Case 176 | 3000 Watts 3 HP 225 A

(Stud)

77
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MBS4991 siucon
MBS4992

SILICON BIDIRECTIONAL SWITCH

... designed for full-wave triggering in Triac phase control circuits,
half-wave SCR triggering application and as voltage level detectors.
Supplied in an inexpensive plastic TO-92 package for high-volume
requirements, this low-cost plastic package is readily adaptable for use
in automatic insertion equipment.

Low Switching Voltage — 8.0 Volts Typical
Uniform Characteristics in Each Direction

Low On-State Voltage — 1.7 Volts Maximum

Low Off-State Current — 0.1 uA Maximum

Low Temperature Coefficient — 0.02 %/°C Typical

SILICON
BIDIRECTIONAL SWITCH
(PLASTIC)

6.0-10 VOLTS
500 mW

s A ——
1
| i
SEATING’/ :’ N‘ l
PLANE  § —F K
D
— =L
STYLE 12: —| R }=—
PIN 1. ANODE? Q
2. GATE
MAXIMUM RATINGS 3. ANODE2
Rating Symbol Value Unit $48 :!;— B
Power Dissipation Pp 500 mwW T
DC Forward Anode Current Ig 200 mA =18 =
MILLIMETERS INCHES
DC Gate Current (off-state only) Igloff) 5.0 mA ST WiN | MAX T WIN | MAX
Repetitive Peak Forward Current Iemlrep) 20 Amp A 4.450 | 5.200 | 0.17 0.205
(1.0% Duty Cycle, 10 us Puise ;gﬂ 4.1 _3.:;3 [0) ?g
Width, T = 1009 C .320 ] 5.330 ] 0. .
o A < D | 0.407 | 0533 ] 0016 ] 0.021
Non-Repetitive Forward Current Igm(nonrep) 6.0 Amp X 70482 | 0016 | 0.019
10 us Pulse Width, T4 = 25°C 12700 - 0. -
[¢) ing J ion T e Ty -55 t0 +125 oc L 1.150 | 1.390 | 0.045 | 0.055
Range " N - 1210 | - 0.050
P .350 = 250 =
Storage Temperature Range Tstg -65 to +150 °c Q 430 | - [0135 | —
R .410 | 2.670 | 0.085 0.105
S .030_| 2.670 080 0.105
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MBS4991, MBS4992 (continued)

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

Characteristic Symbol Min Typ Max Unit
Switching Voltage Vs Vdc
MBS4991 6.0 8.0 10
MBS4992 75 8.0 9.0
Switching Current Is nAdc
MBS4991 - 175 500
MBS4992 - 90 120
Switching Voltage Differential IVs1-Vsal vde
MBS4991 - 0.3 0.5
MBS4992 — 0.1 0.2
Gate Trigger Current IGF wAdc
(Vg = 5.0 Vdec R_= 1.0 K ohm) MBS4992 - - 100
Holding Current ] mAdc
MBS4991 - 0.7 156
MBS4992 — 0.2 0.5
Off-State Blocking Current g nAdc
(VE = 5.0 Vdc, Ta = 25°C) MBS4991 - 0.08 1.0
(Vg = 5.0 Vde, Tp = 85°C) MBS4991 - 2.0 10
(VE =5.0 Vde, Ta = 25°C) MBS4992 - 0.08 0.1
(VE = 6.0 Vde, T = 100°C) MBS4992 - 6.0 10
Forward On-State Voltage VE Vde
(Ig = 175 mAdc) MBS4991 - 1.4 1.7
(Ig = 200 mAdc) MBS4992 - 1.5 1.7
Peak Output Voltage (Cc = 0.1uF, Ri_=200hms, (Figure 7) Vo 35 4.8 — Vdc
Turn-On Time (Figure 8) ton - 1.0 — us
Turn-Off Time (Figure 9) toff — 30 — _us
Temperature Coefficient of Switching Voltage (-50 to +125°C) Tc - +0.02 - %1°C

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 1 — SWITCHING VOLTAGE versus TEMPERATURE FIGURE 2 — SWITCHING CURRENT versus TEMPERATURE

1.04 80
g
E 1.03 S 70
< N
= .2 T;‘ 6.0
o
=2 [
S " S 50
(%) =
< (=
5 100 & 40
g |_—1 &
2 09 L 3 30
= (&}
z : N
£ 098 £ 20 N
& S

5 097 3 10

s %

0.96 0

-5 50 225 0 425 450 475 4100  +125 -5 50 25 0 +25  +50 475 4100 +125
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
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MBS4991, MBS4992 (continued)

FIGURE 3 — HOLDING CURRENT versus TEMPERATURE
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FIGURE 5 — ON-STATE VOLTAGEversus FORWARD CURRENT
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FIGURE 4 — OFF-STATE BLOCKING CURRENT

versus TEMPERATURE
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FIGURE 6 —~PEAK OUTPUT VOLTAGE (FUNCTION OF R ANDC)
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FIGURE 7 — PEAK OUTPUT VOLTAGE TEST CIRCUIT
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MBS4991, MBS4992 (continued)

FIGURE 8 — TURN-ON TIME TEST CIRCUIT

MERCURY RELAY
1
LI

ANODE
VOLTAGE

E D.UT.

>
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<
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|
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T T

- | L

——:ton li-— VE

VE+0.1 (Vs—VF)

Turn-on timeismeasured fromthetime Vg is achieved to the time when the anode voltage drops to within 90% of the difference between Vgand VEg.

FIGURE 9 — TURN-OFF TIME TEST CIRCUIT

+
| ANODE
>
$ e S50 VOLTAGE
9 9 VF —{ toff
° 4
Ve
1 A2
O~ r +
AL MERCURY VAT
=X RELAY -
(N.0)
Al

With the SBS in conduction and the relay contacts open, close the contacts to cause anode A2 to be driven negative. Decrease C until the SBS
just remains off when anode A2 becomes positive. The turn-off time, toff, is the time from initial contact closure and until anode A2 voltage

reaches zero volts.

FIGURE 10 — DEVICE EQUIVALENT CIRCUIT, CHARACTERISTICS AND SYMBOLS

+
A2 ‘ﬁ Ve

VA~

AAA

0 A2

H1 —— Vst
1
o2 R s l
6 G -1 —'-} v
+
v L
—————— -l
] S2 181
Vs2 —— IH2
OA1 B
S
CIRCUIT SYMBOL <
VF2
dm H
EQUIVALENT CIRCUIT CHARACTERISTICS
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MCAI 9] I N, P series MCA20] I N, P sefies (SILICON)

6.8 Volts 8.6 Volts

MCA2| ] I N, P series

9.5 Volis

MCA22] I N, P series

11 Volts

REFERENCE AMPLIFIERS

. . . designed for use in regulated power supplies as a combination
voltage reference element and error voltage amplifier, providing tem-
perature compensation for excellent reference voltage stability.

® Available With Either PNP or NPN Polarity for Versatility of
Circuit Design

® Specified With a Variety of Reference Voltage Stability Factors
Allowing for a Wide Selection of the Most Economical Device
to Meet Circuit Requirements

® Auvailable for Operation in Three Different Test Temperature
Ranges: 0 to +75°C, -55 to +100°C, -55 to +150°C

Guaranteed Maximum Impedance

® “In-Line” Leads — ldeal for Automatic Insertion

MAXIMUM RATINGS

Rating Symbol Value Unit
Zener Current Iz 20 mA
Collector Current ic 20 mA
Collector-Emitter Voltage VcEo 30 Volts
Operating and Storage Junction Temperature Range Ty Tstg -65 to +175 oc

REFERENCE AMPLIFIERS
DS 6039 R1
[+ c
E B E B
NPN (Ve PNP  fVeee
(1) m
A A

(1) MCA1911 Series uses only zener
diode and transistor.

!
|
|

ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) ﬁE:L'E“G
Characteristic Symbol Value Unit e
Nominal Reference Voltage VREF 6.8-11 Volts
(1z=5.0mA, Vcg = 3.0V, Ic = 250 uA) {Nom) °
(Table 1)
Maximum Reference Voltage Change with Temperature | AVREE (Table 1) Volts RN i S STYLE
(Iz=5.0mA, Vcg = 3.0V, Ic = 250 uA) ~lE . PIN) ZEneR
Min | Max 3 BASE
l 4 COLLECTOR
Zener Impedance 2zT ohms t
(IzT=56.0mA, lgc = 10% 12) H
MCA1911N, P; MCA2011N,P; MCA2111N,P; Series - 40 ° °°e°— 8
MCA2211N, P Series - | 120 i
Collector-Emitter Breakdown Voltage BVcEo 30 - Volts
(Ic =250 uA)
Collector-Cutoff Current IcBo KA
(Vcg=45V) - ]0.05
(Vcg =45V, Tp = 1560°C) - 10
DC Current Gain hEg 50 | 300 -
(Ic=250uA, Vgg =3.0V)
mall-Signal Transconductance dfe 6500 — umhos CASE 212-(2)
(VCE=3.0V,Ic=250uA, f=1.0kHz) (Formerly Case 181)
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MCA1911N,Pseries, MCA2011N P series, MCA2111N,Pseries, MCA2211N Pseries(continued)

TABLE 1 — ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise specified)

Max Voltage Reference Max Voltage Reference
Type Change Test Voltage Type Change Test Voltage
Number {Note 2) @ Temperature VREE Number (Note 2) @ Temperature VREF
(Note 1) AVREF (°c) (Volts) (Note 1) AVREF °c) (Volts)
(Volts) (Volts)
6.8 Volt Series (12T = 5 mA) 8.6 Volt Series (IzT = 5 mA)
MCA1911N 0.051 MCA2011N 0.060
MCA1912N 0.025 MCA2012N 0.030
MCA1913N [  0.010 0, %25, 475 6.8+ 10% MCA2013N | 0.012 0.+25,476 8.6+ 10%
MCA1914N 0.005 MCA2014N 0.006
MCA1921N 0.105 MCA2021N 0.124
MCA1922N 0.052 -56, 0, +25, +75, 5 MCA2022N 0.062 -55, 0, +25, +75,
MCA1923N 0.020 +100 68+ 5% MCA2023N 0.024 +100 8.6:+5%
MCA1924N 0.010 MCA2024N 0.012
MCA1931N 0.139 MCA2031N 0.164
MCA1932N 0.069 -5, 0, +25, +75, MCA2032N 0.082 66, 0, +25, +75,
MCA1933N |  0.026 +100, +150 68+ 5% MCA2033N 0.032 +100, +150 86+5%
MCA1934N 0.013 MCA2034N 0.016
9.5 Volt Series (121 = 5 mA) 11 Volt Series (171 = 5 mA)
MCA2111N 0.071 MCA2211N 0.082
MCA2112N 0.035 MCA2212N 0.041
1 10%
MCA2113N |  0.014 0, %25, +75 9.5+ 10% MCA2213N 0.016 0,425, +75 *10%
MCA2114N 0.007 MCA2214N 0.008
MCA2121N 0.147 MCA2221N 0.170
MCA2122N 0.073 -65,0,425,475, | oo o MCA2222N 0.085 55,0,+25,475, | . oo
MCA2123N 0.028 +100 - MCA2223N 0.034 +100 =
MCA2124N 0.014 MCA2224N 0.017
MCA2131N 0.194 MCA2231N 0.225
MCA2132N 0.097 -65,0,425,475, | o MCA2232N 0.112 -55, 0, +25, +75 S
MCA2133N 0.038 +100, +150 - MCA2233N 0.044 +100, +150 +
MCA2134N 0.019 MCA2234N 0.022
NOTES:

1. Type numbers listed are NPN polarity. For PNP polarity devices
substitute “'P** suffix - e.g.. MCA1911N (NPN)
MCA1911P (PNP)

2. AVREF is the maximum voltage variation over the specified
test temperature range, verified by tests at specified points
within the range.

TYPICAL APPLICATION IN REGULATED POWER SUPPLIES

NOMENCLATURE
MCA 1911 N O 3 -9~ z
R4 R3 SR
< F <
-
|
Motorola Polarity N-NPN P-PNP DC : RECIGUL"I'%’TJ.‘I;'ED
Circuit Assembly INPUT h
|
!
Iy
i IR2
I H v P:
Reference Temperature AVREF as Specified in
Voltage Range Table 1 (i.e., for 6.8 : :ngliﬁggs
19- 68V 1. 010 750C Volt Series, 1 designates i b !
20- 86V 2. -55 1o +100°C AVREF of 0.051V) [ -
21- 95V 3. -55 to +1500C o A °
22- 1v »
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MCL1300 . MCL1304 (SILICON)

POLARITY MARK

{CATHODE)

CASE 51

(DO-7)

Field-effect current limiting diodes designed for ap-

plications requiring a current reference or a constant
current over a specified voltage range.

CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION
(See Notes 1 thru 6

95 I Il
£ Zk lp@VT /
E 4 "
&3 —~ v
% 2t =
3] (r L r

0 1

O 10 20 30 40 50 60 70 80 90
VOLTS

MAXIMUM RATINGS (Ta =25°C unless otherwise noted)

Junction and Storage Temperature:

Peak Operating Voltage: See Table _
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

-65°C to +200°C

Knee Peak
Nominal ~Test | Limiter Imped. Limiting | Operating
Pinch-Off Volt. Imped. at 6 Vv Voltage Voltage
Current Note 2 Note 3 Note 4 Note 5 Note 6
Type Notel | Tol. | Vo Zyp (min) | Zyg (min) |V (max) Vpo
Number Ip (mA) | (mA)| (volts) (megohms) (megohms) (volts) (volts)
MCL1300 0.5 0.3 | 25 4.000 0. 500 1.0 75
MCL1301 1.0 +0.6 | 25 0. 800 0.200 1.5 75
MCL1302 2.0 +0.6 [ 25 0. 400 0.100 2.0 75
MCL1303 3.0 +0.6 | 25 0. 300 0.050 2.0 75
MCL1304 4.0 +0.6 .| 25 0.250 0. 025 2.5 75

These specifications are preliminary. Selections may be made to obtain nominal currents
between those shown, as well as tighter tolerance units.

SYMBOL DEFINITIONS:

- The pinch-off current is the guaranteed current at a specified V
I, is specified as a nominal with a tolerance.

- The test voltage for measurement of IP‘

Note 1 IP
Note 2V,
Note 3 ZT
Note 4 Z
Note 5 VL
Note 6 VP o

- The impedance at the test voltage,
current Z

desired. VK
- Limiting Voltage.
knee of the device.

, specified. To provide the most constant

should be as high as poss ble; thus a minimum Zg is specified. Z
is derived from the 90 cycle per second current which results when an AC voltage
having an RMS value equal to 10% of the test voltage (VT) is superimposed on VT'

- Knee impedance is specified as a minimum also since again the highest value is

is established as 6.0 V for convenience.

This specification is provided with Z
The specification is analogous to I

R

VL a maximum specification is measured at 80% on I toleranc§
- The peak-operating voltage is provided and mdlcates the maximum voltage to be

applied to the device.

power limited or breakdown limited beyond this specified voltage.
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MCLTC6010
MCLTC6025
MCLTC6050
MCLTC6100

CURRENT LIMITED
TEMPERATURE COMPENSATED
VOLTAGE REFERENCE DIODES

CURRENT LIMITED

VOLTAGE REFERENCE

s DIODES
Voltage reference element with inherent temperature compen-
sation and current regulation resulting in excellent reference stability
over temperature excursions and wide variations of input voltage.
Inpu
® Available in a Wide Range of Temperature Compensation to o3
Allow for Economical Circuit Design
® Peak Operating Voltage — Vi = 75 Volts Reterence
® Variations in Input Current, Peak operating voltages and compen-
sation temperature range are available upon request. CASE 181-02
03
MAXIMUM RATINGS
Rating Symbol Value Unit

Input Voltage Vin 75 Volts B

Operating and Storage Junction TyTsyg |-65t0 +175 °c
Temperature Range f

DC Power Dissipation Pp 180 mwW A STYLET
L=3/8", T =25° PIN1 REFERENCE

Derate above T|_ = 25°C 1.2 mw/°C 2. INPUT
/ 3. COMMON
ELECTRICAL CHARACTERISTICS (T_ = 25°C unless otherwise noted.) SEATING
Characteristic mbol Min Max Unit PLANE K
Reference Voltage VREF 6.08 6.72 Volts ﬂ ﬂ "
(Vijn = 31 Volts)

Input Voltage Vin. 12 75 Volts

Input Current lin 3.2 4.8 mA
(Vjp = 31 Volts)

Input Impedance - 0.2 — MOhms

Zener Impedance ZREF - 50 Ohms
(lin = 4.0 mA)

Voltage Reference Change (1) AVREF Volts Al - |mo2| - 670
(Vin = 31 Volts) 4 78 | 0.360 | 0.385
-55°C, +25°C, +100°C ;g 016

MCLTC6010 - 0.010 Rl AR
MCLTC6025 - 0.025 [ J .5 - .020 | -
MCLTC6050 - 0.050 B8.1 - 500 | -
MCLTC6100 - 0.100 1[40 | a0 | 420 ] 480
FIGURE 1 — POWER DERATING
200 T
s N L=3/8" _
£ Temperature Reference
S 160 isatL=3/8"onthe __|
E Input Lead.
(1) All reference diodes are characterized by the ‘‘box method”’. This <
guarantees a maximum voltage variation (AVREF) over the speci- 2 "
fied temperature range, at the specified input voltage, verified 3 120 N
by tests at indicated temperature points within the range. This =
method of indicating voltage stability is now used for JEDEC g
registration as well as for military quatification. The former ; 80
method of indicating voltage stability — by means of temperature 2 N
coefficient — accurately reflects the voltage deviation at the =
temperature extremes, buttis not necessarily accurate within the g 40
temperature range because reference diodes have a nonlinear S
temperature relationship. &
Y20 40 60 80 100 120 140 160 180

TL, LEAD TEMPERATURE (°C)




MCLTC6010, MCLTC6025, MCLTC6050, MCLTC6100 (continued)

FIGURE 2 — EFFECTS OF INPUT VOLTAGE
ON REFERENCE VOLTAGE

s

E 0 T T

w Normalized to 31 Vdc

2 s Input Voltage _

5 2 Ty=250¢C

o 1 .

w -1.0

2 / N

5.5 N

: / N\

>

w

o =20

z / N

-

w25 / \

i

(-

w -30

]

: /

2 35 / \\
-40

AVREF, TYPICAL REFERENCE VOLTAGE CHANGE (mV)

FIGURE 3 — EFFECTS OF TEMPERATURE
ON REFERENCE VOLTAGE
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FIGURE 4 — TYPICAL CURRENT REGULATING
CHARACTERISTICS (Current Regulator Only)
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FIGURE 6 — EFFECTS OF LOAD CURRENT ON AVREF
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(2) These curves can be used to determine the typical voltage
change of any device in the series over any specified temper-
ature range. For example, a temperature change from O to
+50°C will cause a typical voltage change no greater than +16
mV or -16 mV for MCLTC6050.
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FIGURE 5 — EFFECTS OF LOAD RESISTANCE
ON REFERENCE VOLTAGE
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FIGURE 7 — EFFECTS OF INPUT VOLTAGE ON AVRgf
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) Figure 4 applies only to the FET portion of the device (from
Input to Reference).



MCR32 SERIES (SILICON)

—

SILICON CONTROLLED RECTIFIERS

.. . designed primarily for industrial applications. |deally suited for
capacitor-discharge ignition, systems, power switching and power con-

trol.

® Glass Passivated for High Reliability

® [ow Profile Hermetic Package for Tight
Printed Circuit Board Applications

® High di/dt Capability

THYRISTORS

7 AMPERES RMS
50-600 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Reverse Blocking Voltage VRRM Volts
MCR32- -05 50
20 200
30 300
40 400
50 500
60 600
Forward Current RMS (See Figures 4 & 5) IT(RMS) 7.0 Amps
(All Conduction Angles)
Peak Forward Surge Current, Ta = 25°C ITsm 80 Amps
(1/2 cycle, Sine Wave, 60 Hz)
Circuit Fusing Considerations, Tp = 25°C 12¢ 0.15 A2s
(t=1.0108.3ms)
Forward Peak Gate Power, Tp =26°C PGM 10 Watts
Forward Average Gate Power, T = 25°C PGF(AV) 0.5 Watt
Forward Peak Gate Current, Tp = 25°C IGFM 10 Amps
(300 us, 120 PPS)
Reverse Peak Gate Voltage VGRM 4.0 Volts
Operating Junction Temperature Range Ty -40 to +135 oc
Storage Temperature Range Tstg -40 to +1580 °c
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 5.0 oc/w
Thermal Resistance, Junction to Ambient RoJaA 150 oc/w

- A~

{R

1
s s
1
te Pt
NFY| K
SEATING 4‘
PLANE ——I=—D
STYLE3
PIN 1. CATHODE
2.GATE
3.ANODE Q
MILLIMETERS INCHES
DIM| MIN |[MAX | MIN | MAX
A .89 .40 .350 | 0.370
B .00 | 851 .315 | 0.336
C .1 .60 .240 | 0.260
D .406 | 0533 | 0.016 ] 0.02
E .229 | 3.18 09 | 0.12!
F .406 | 0.483 X
G .8 33
H 711 0.864 | 0. .
7371 1.02 .029 | 0.040 |
12.7 - .50 -
L | 6.35 - 250 -
M 450 NOM 450 NO
P - 1.27 - 10.050
Q 900 NOM 90° NO
R | 254 - 0100 -
All JEDEC dimensions and notes apply.
CASE 79-02
TO-39
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MCR32 series (continued)

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (1) VDRM Volts
MCR32-05 50 -
MCR32-20 200 -
MCR32-30 300 -
MCR32-40 400 -
MCR32-50 500 -
MCR32-60 600 -
Peak Forward Blocking Current IDRM - 1.0 mA
(Rated VprMm @ T¢ = 135°C)-
Peak Reverse Blocking qurent IRRM - 1.0 mA
(Rated VRRm @ T¢ = 135°C) ’
Forward “On" Voltage (2) VTm - 26 Volts
(I7m = 30 A peak @ T¢ = 25°C)
Gate Trigger Current (Continuous dc) IGT - 20 mA
(Anode Voltage = 12 Vdc, Ri_ = 30 Ohms, T¢ = 25°C)
Gate Trigger Voltage (Continuous dc) ) VGgT - 15 Volts
(Anode Voltage = 12 Vdc, R = 30 Ohms, T¢ = 25°C)
Gate Non-Trigger Voltage VGD 0.1 - Volts
(Anode Voltage = Rated Vpgm, RL = 30 Ohms, T¢ = 135°C)
Holding Current IH - 20 mA
(Gate Open, T = 25°C) -

(1) Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source in a
manner that the voltage applied exceeds the rated blocking voltage.

(2) Forward current applied for 1.0 ms maximum duration, duty cycle <1.0%.

FIGURE 1 — TYPICAL PULSE TRIGGER CURRENT
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FIGURE 2 — TYPICAL GATE TRIGGER CURRENT

30
L1 ]
E 20 ~ OFF-STATE VOLTAGE = 12V —|
[ \
@ ~
o= \
=1
o \
& 10 SN
3 ~
E 70
~
S 50 \\\
] S
30 ™~
60 40 20 20 a0 60 80 100 120 140

88

T4, JUNCTION TEMPERATURE (°C)



MCR32 series (continued)

FIGURE 3 — MAXIMUM ON-STATE POWER DISSIPATION
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FIGURE 4 — AVERAGE CURRENT DERATING
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MCR32 series (continued)
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FIGURE 9 — MAXIMUM ON-STATE CHARACTERISTICS

FIGURE 10 — MAXIMUM NON-REPETITIVE SURGE CURRENT
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MCR39 SERIES (SILICON)

Advance Information

]

6 THYRISTORS
A 0——’&-—0 K
7 AMPERES RMS
50-600 VOLTS
SILICON CONTROLLED RECTIFIERS
. . . designed for CD ignition and crowbar applications requiring
high repetitive di/dt.
® Glass Passivated for High Reliability
® 180 Amp Repetitive di/dt
® Low Profile Hermetic Package for Tight Printed Circuit -— A
Board Applications. R B
{ ¢
i s A
! ]
E L
N F | K
SEATING | 1
MAXIMUM RATINGS PLANE D gry g3
Ratin Symbol Val Unit PIN 1. CATHODE
il i e L 7 2.GATE
Peak Reverse Blocking Voltage VRRM Volts 3. ANODE
MCR39- -05 50
-20 200
-30 300
-40 400
-60 500
-60 600
Peak Forward Current, T¢ = 125°C ITsm 180 Amps
PW. =10 us, Duty Cycle =0.1% MILLIMETERS INCHES
Peak Forward Gate Power — T 5 = 25°C PGEM 10 Watts DIM [ MIN_|[MAX | MIN | MAX
Average Forward Gate Power — T =259C PGE(AV) 05 Watt ‘; gg
Peak Reverse Gate Voltage VGRM 5.0 Volts C 70
Operating Junction Temperature Range @ Ty -65 to +135 oc D .406
Rated VRgmand Vprm(1) d Zgg =
Storage Temperature Range Tstg -65 to +200 oc G :B
Critical Rate-of-Rise of On-State Current di/dt 500 Ampl/us H 711 ] .034
during Turn-On Interval 7137 | 1.02 .029 _._l‘
127 - 500 -
. L | 635 | - 250] —
THERMAL CHARACTERISTICS [0 150 NOM 450 NOM
Characteristic Symbol Max Unit P - 1.27 — _1.0.050
Thermal Resistance, Junction to Case Ré 5.0 ocw 0 900 NOM 900 NOM |
; il - i€ > R | 254 | — [0100] -
Thermal Resistance, Junction to Ambient Ré A 150 cw
— " " " N PP n Al JEDEC dimensions and notes apply.
This is advance information on a new introduction and specifications are subject to
change without notice. CASE 79-02
TO-39
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MCR39 series (continued)

ELECTRICAL CHARACTERISTICS (Rgk = 1000 Ohms)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VDRM Volts
(Tc=13°C) MCR39.05 50 -
MCR39-20 200 -
MCR39-30 300 _
MCR39-40 400
MCR39-560 500 -
MCR39-60 600 -
Peak Forward Blocking Current IDRM - 20 mA
(Rated Vprm @ T = 135°C)
Peak Reverse Blocking Current IRRM — 2.0 mA
(Rated VRRM @ T¢ =135°C)
Forward "‘On”’ Voltage (Note 2) VTm - 35 Volts
(ITM = 50 A peak @ Tp ='25°C)
Gate Trigger Current (Continuous dc) (Note 3) Tc =25°C IGT 1.0 15 mA
(Anode Voltage = Rated VpRMm) T¢ = -40°C - 30
Gate Trigger Voltage (Continuous dc) T¢ = 25°C VGT 0.25 1.25 Volts
(Anode Voltage = Rated VpRM) Tc = -40°C - 1.5
Holding Current Iy mA
(Anode Voltage = 7.0 Vdc, Gate Open, Tc = 135°C) 1.0 -
Turn-On Time ton — 500 ns
(ITm = 180 A, Rated VpRrM. C = 1.0 uF, 10 to 90%)
Critical Exponential Rate of Rise dv/dt 50 - V/us
(Rated VpRwm, Gate Open, T¢ = 135°C)

1. Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source ina

manner that the voltage applied exceeds the rated blocking voltage.
2. Forward current applied for 0.1 ms maximum duration, duty cycle < 0.1%.
3. Rgk current is not included in measurement.

FIGURE 1 — TYPICAL PULSE TRIGGER CURRENT

FIGURE 2 — MAXIMUM ON-STATE POWER DISSIPATION
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MCRO51 (SILICON)

thru

MCR054

G
A K

® Small Size for High Density Packaging

PLASTIC THYRISTORS

® Sensitive Gate Trigger Current — 200 uA Maximum

Low Reverse and Forward Blocking Current —
50 A Maximum, Ta = 125°C

® |Low Holding Current — 5.0 mA Maximum
Passivated Surface for Reliability and Uniformity

... Annular PNPN devices designed for applications such as relay
and lamp drivers, small motor controls, gate drivers for larger thy-
ristors, and sensing and detection circuits.

MICRO-T
PLASTIC SILICON
CONTROLLED RECTIFIERS

0.25 AMPERE RMS
15 thru 100 VOLTS

MAXIMUM RATINGS

(<1/16" from case, 10 s max)

Rating Symbol Value Unit
Peak Reverse Blocking Volitage VRRM Voits T 7
MCRO51 15 A
MCRO052 30
MCRO53 60
MCRO054 100
Forward Current RMS (See Figure 3) IT(RMS) 0.25 Amp
(All Conduction Angles) STYLE 8:
Peak Forward Surge Current, T = 25°C ITsm 6.0 Amp PIN 1. CATHODE
(1/2 cycle, Sine Wave, 60 Hz) 2. GATE
3. ANODE
Circuit Fusing Considerations, T = 25°C 12¢ 0.15 AZs "
(t=1.0to 8.3 ms) rc (.l ,—\ *
Peak Gate Power — Forward, Tp = 25°C PGM 0.1 Watt T [
Average Gate Power — Forward, T = 25°C PGF(AV) 0.01 Watt L I N £ tH
Peak Gate Current — Forward, T = 25°C IGFM 1.0 Amp
(300 us, 120 PPS) G MILLIMETERS INCHES
- DIM[ MIN
Peak Gate Voltage — Reverse VGRM 4.0 Volts A | 198
Operating Junction Temperature Range @ Rated Ty -65 to +125 oc 3 .38
VRRM and VpRM D :gg
Storage Temperature Range Tstg -65 to +150 °c F [ 0.10
Lead Solder Temperature - +230 oc J‘ g;
K |4
M| 30

CASE 28-01




MCRO051 thru MCRO054 (continued)

ELECTRICAL CHARACTERISTICS (Rgk = 1000 Ohms)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VDRM Volts
(Ta = 125°C) MCRO51 15 -
MCRO052 30 -
MCRO053 60 -
MCRO054 100 -
Peak Forward Blocking Current 'DRM - 50 nA
(Rated VpRMm @ Ta = 125°C)
Peak Reverse Blocking Current IRRM - 50 uA
(Rated VRRM @ Ta = 125°C)
Forward “‘On’* Voltage (Note 2) VTm - 1.3 Volts
(ITm = 0.25 A peak @ Tp = 25°C)
Gate Trigger Current (Continuous dc) (Note 3) Te = 25°C IGT - 200 uA
(Anode Voitage = 7.0 Vdc, R|_ = 100 Ohms)
Gate Trigger Voltage (Continuous dc) T = 25°C VGT - 0.8 Volts
{Anode Voltage = 7.0 Vdc, R|_= 100 Ohms) T =-65°C - 1.2
(Anode Voltage = Rated VpRrm, R = 100 Ohms) Te = 125°C VGD 0.1 -
Holding Current Te = 25°C (M - 5.0 mA
(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) Tc= -65°C - 10"
Thermal Resistance, Junction to Ambient 6JA - 500 ociw
1. Ratings apply for zero or negative gate voltage but positive 2. Forward current applied for 1.0 ms maximum duration, duty
gate voltage shall not be applied concurrently with a negative cycle € 1.0%.

potential on the anode. When checking forward or reverse
blocking capability, thyristor devices should not be tested
with a constant current source in a manner that the voltage
applied exceeds the rated blocking voltage.

3. Rgk current is not included in measurement.
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MCRO051 thru MCR054 (continued)

FIGURE 1 — POWER DISSIPATION
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MCRO051 thru MCRO054 (continued)

VGT, GATE VOLTAGE (VOLTS)

IH, HOLDING CURRENT (NORMALIZED)

TYPICAL CHARACTERISTICS

FIGURE 4 — GATE TRIGGER VOLTAGE FIGURE 5 — GATE TRIGGER CURRENT
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SELECTED THYRISTOR-TRIGGER
APPLICATION NOTES

AN-240 — SCR Power Control Fundamentals
AN-295 — Suppressing RFI in Thyristor Circuits
AN-422 — Testers for Thyristors and Trigger Diodes
AN-453 — Zero Point Switching Techniques

To obtain copies of these notes list the AN number (s)
on your company letterhead and send your request to:

Technical Information Center
Motorola Semiconductor Products, Inc.
P.O. Box 20924

Phoenix, Arizona 85036
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MCR80 series (SILICON)

MCR8I series
MCR82 series

G

® All Devices are Hermetically Sealed

SILICON CONTROLLED RECTIFIERS

.. . designed for high power industrial and consumer applications in
power and speed controls such as welders, furnaces, motors, space
heatersand other equipment where control of high current is needed.

® Glass Passivated Junctions with Center Gate Fire for Greater
Parameter Uniformity and Stability.

® Epoxy Encapsulated for Long Voltage Creepage Path
® MCRB82 Series Internally Isolated with 5000 Volt Dielectric

THYRISTORS
PNPN

80 AMPERES RMS
50 thru 800 VOLTS

MCR80 SERIES

capability in a manner such that the voltage applied exceeds the rated blocking voltage.

Strength b
. . STYLE
® Flexible Leads are Optional — Consult Factory TERM. 1. ATHODE
3. CASE, ANODE Ca]
CASE 287-01
MAXIMUM RATINGS MCR81 SERIES
Rating Symbol Value Unit 7
Repetitive Peak Reverse Blocking -0.5 VRRrm(1) 50 Volts T
Voltage MCR80- -10 100
MCR81- -20 200
MCR82- -30 300
-40 400
-50 500 .
-60 600 | oim]
-70 700 72 | 30.23
40 #00 el
Average On-State Current (T¢ = 75°C) IT(AV) 50 Amp 36
71.59 | 22.48
Peak Non-Repetitive Surge Current ITsm 1000 Amp 2 -;,: 2 g;
(One Cycle, 60 Hz) (T¢ = 75°C) 17.15 [2
— " " " 2 3 STYLE 1. .83
Circuit Fusing Considerations 1<t 4150 A<s TERM. 1. CATHODE »‘5|
(T = -40 to +125°C) (t = 1.5 t0 8.3 ms) STUS. AROGE %75
Peak Gate Power PGM 15 Watts CASE 288-01
Average Gate Power PG(AV) 3.0 Watts MCR82 SERIES
Peak Forward Gate Current Iom 4.0 Amp
Peak Reverse Gate Voltage vVem 5.0 Volts T | I
Operating Junction Temperature Range Ty -40to +125 °c a Ln__ ﬁ .
Storage Temperature Range Tstg -40to +150 oc @ A ==
Stud Torque (3) - 130 in. Ib. G\ ‘ INCHES
a MIN_| MAX | MIN | MAX
2972 | 3023 1470 | 1.190
THERMAL CHARACTERISTICS F1 26. ﬂg 1040 :n‘ﬁJ
Characteristic Symbol Max Unit . t Il oeni i
Thermal Resistance, Junction to Case RoJc 0.6 o°c/w =N AR o o
=] SEATING 22.86 [ 27.94 0.900 | 1.100
=N .08 | 9531 0.200 | 0.375
(1) Ratings apply for zero or negative gate voitage. Devices should not be tested for blocking = z ﬁi; &w: M;“

(2) Devices should not be operated with a positive bias applied to the gate concurrent with a

negative potential applied to the anode.

(3) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent,

or seal broken.
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MCR80 Series, MCR81 Series, MCR82 Series (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Voltage (1) -0.5 VDRM 50 Volts
(Ty = 125°C) MCR80- -10 100 - -
MCR81- -20 200 - -
MCR82- -30 300 - -
-40 400 - -
-50 500 - -
-60 600 - —
-70 700 - -
-80 800 - -
Peak Forward Blocking Current IDRM - - 4.0 mA
(Rated VpRM, with gate open, Ty = 125°C) '
Peak Reverse Blocking Current IRRM - - 4.0 mA
(Rated VRRM, with gate open, T = 125°C)
Peak On-State Voltage (2) VTm — — 155 Volts
(ITm = 160 A Peak)
Gate Trigger Current, Continuous dc IGT - - 70 mA
(Vak =12V, R =3.00hms)
Gate Trigger Voltage, Continuous dc VGT - — 3.0 Volts
(Vak =12V, R_=3.0 Ohms)
Holding Current Iy - - 70 mA
(VAK =12V, Gate Open)
Non-Trigger Gate Voltage VGD 0.25 — — Volts
(Anode Voltage = Rated Vp, R = 100 ohms, T = 125°C)
Circuit Commutated Turn-Off Time tq - 70 - us
(IT=50A, Ig = 20A, Ty = 125°C)
Critical Rate of Rise of Off-State Voltage dv/dt - 100 - V/us

(Rated VpRrMm, Exponential Waveform, T = 125°C, Gate Open)

(1) Ratings apply for zero or negative gate voltage. Devices should not be tested with a constant current source for forward or reverse blocking
capability such that the voltage applied exceeds the rated blocking voltage.

(2) Pulse Test: Pulse Width <300 us, Duty Cycle < 2.0%.

FIGURE 1 — AVERAGE CURRENT DERATING ‘ FIGURE 2 — ON-STATE POWER DISSIPATION
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MCRI01 (sicon)

thru

MCR104

—

PLASTIC THYRISTORS

® Low Reverse and Forward Blocking Current —
100 pA Maximum, Tc = 85°C

® Low Holding Current — 5.0 mA Maximum
® Passivated Surface for Reliability and Uniformity

® Sensitive Gate Trigger Current — 200 uA Maximum

... Annular PNPN devices designed for low cost, high volume con-
sumer applications such as relay and lamp drivers, small motor
controls, gate drivers for larger thyristors, and sensing and detection
circuits. Supplied in an inexpensive plastic TO-92 package which is
readily adaptable for use in automatic insertion equipment.

PLASTIC SILICON
CONTROLLED RECTIFIERS

0.8 AMPERE RMS

15 thru 100 VOLTS

MAXIMUM RATINGS(1)

Rating Symbol Value Unit
Peak Reverse Blocking Voltage VRRM Volts
MCR101 15
MCR102 30
MCR103 60
MCR1C4 100
Forward Current RMS (See Figures 1 & 2) IT(RMS) 08 Amp A
{All Conduction Angles) T
Peak Forward Surge Current, Tp = 25°C lrsm 6.0 Amp [
(1/2 cycle, Sine Wave, 60 Hz) i *
Circuit Fusing Considerations, Tp = 25°C 12¢ 0.15 A2 SE AT,NG_/f, '-‘"—— [
{t=1.0t0 8.3 ms) PLANE  { FK
Peak Gate Power — Forward, Tp = 25°C PGM 0.1 Watt
Average Gate Power — Forward, T 5 = 256°C PG(AV) 0.01 Watt D <—|_—
L
Peak Gate Current — Forward, Tp = 25°C iGMm 1.0 Amp _...: R
(300 us, 120 PPS) Q
Peak Gate Vol —R . ‘l r
eak Gate Voltage everse Vgm 4.0 Volts STYLE 10: -
Operating Junction Temperature Range @ Rated Ty -65 to +86 °c PIN ; g’}\:‘r_:ODE & B
VRAM and VDRV 3. ANODE
Storage Temperature Range Tgm -65 to +150 oc __‘ 1
Lead Solder Temperature - +230 °c WILLIMETERS
(<1/16" from case, 10 s max) DIM | MIN | MAX MAX
A 4.450 | 5.200 .205
3.180_| 4.190 165
THERMAL CHARACTERISTICS C_| 4320 | 5330 1210
D .407 | 0.533 .021
Characteristic Symbol Max Unit F ; %7 0.487 19
Thermal Resistance, Junction to Case RO C 75 oc/w N N T 5355
Thermal F Junction to Ambient Roga 200 oc/w N = 1200 | - 0.050
P .360 - .250 -
Q .430 - .135 -
R .410 | 2.670 .095 0.105
(1) Temperature reference point for all case temperature is center of flat S 030 | 2670 080 [ 0.105 |
portion of package. CA1§§ 3202

(Tc = +85°C unless otherwise noted.)
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MCR101 thru MCR104 (continued)

ELECTRICAL CHARACTERISTICS (RGK = 1000 Ohms)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VDRM . Volts
(Tc = 85°C) ’ MCR101 15 -
MCR102 30 -
MCR103 60 -
MCR104 100 —
Peak Forward Blocking Current IDRM - 100 nA
(Rated VpRrm @ T = 85°C)
Peak Reverse Blocking Current IRRM - 100 - MA
(Rated VRRm @ T¢ = 85°C)
Forward “On"’ Voltage (Note 2) VTm - 1.7 Volts
(ITm = 1.0 A peak @ T = 25°C)
Gate Trigger Current (Continuous dc) (Note 3) Tc = 25°C IGT - 200 BA
(Anode Voltage = 7.0 Vdc, Ri_ = 100 Ohms) '
Gate Trigger Voltage (Continuous dc) Tc= 25°C VGT - 0.8 Volts
(Anode Voltage = 7.0 Vdc, R = 100 Ohms) Tc =-65°C - 1.2
Tc =85°C VGD 0.1 -
Holding Current T = 25°C IH - 5.0 mA
(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) Tc= -65°C - 10

. VDRM and VgRm for all types can be applied on acontinuous

dc basis without incurring damage. Ratings apply for zero or
negative gate voltage but positive gate voltage shall not be
applied concurrently with a negative potential on the anode.
When checking forward or reverse blocking capability, thyris-
tor devices should not be tested with a constant current source

FIGURE 1 — CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)
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in a manner that the voltage applied exceeds the rated blocking

voltage.

2. Forward current applied for 1.0 ms maximum duration, duty
cycle € 1.0%.

3. Rgk current is not included in measurement.’

FIGURE 2 — CURRENT DERATING
(REFERENCE: AMBIENT TEMPERATURE)
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MCR106-1 siicon

thru

MCR106-4
MCR106-6, MCR106-8

G
A K

SILICON
CONTROLLED RECTIFIERS

.. . Annular PNPN devices designed for high volume consumer
applications such as temperature, light, and speed control; process
and remote control, and warning systems where reliability of oper-
ation is important.

Annular Passivated Surface for Reliability and Uniformity

THYRISTORS

4.0 AMPERES RMS
30 thru 600 VOLTS

Power Rated at Economical Prices

ance, High Heat Dissipation and Durability.

Practical Level Triggering and Holding Characteristics
Flat, Rugged, Thermopad Construction for Low Thermal Resist-

MAXIMUM RATINGS

Rating Symbol Value Unit l
Peak Reverse Blocking Voltage VRRM Volts
(Note 1) MCR106-1 30
-2 60
-3 100
-4 200 |
6 400 =l _}-F
-8 600 L G B
RMS Forward Current IT(RMS) 40 Amp 12 3
(All Conduction Angles) ——T
Average Forward Current IT(AV) Amp HEAT SINK
Tc=93%C 2.55 CONTACT AREA
Ta = 30°C 0.68 (BOTTOM)
Peak Non-Repetitive Surge Current ITsm 25 Amp Pin 1. Cathode
(1/2 cycle, 60 Hz, T = —40 to +110°C) 2. Anode
Circuit Fusing Considerations 12t 26 A2 3' Gate
(T =-40 t0 +110°C, t = 1.0 to 8.3 ms) .
Peak Gate Power PGMm 0.5 Watt
—
Average Gate Power PG(AV) 0.1 Watt MILLIMETERS |:“NCHES
Peak Forward Gate Current IGM 0.2 Amp
Peak Reverse Gate Voltage VRGM 6.0 Volts
Operating Junction Temperature Range Ty -40to +110 °c
Storage Temperature Range Tgs -40 to +150 °c
Mounting Torque (Note 2) - 6.0 in. Ib.
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 3.0 ocmw €77
Thermal Resistance, Junction to Ambient RoJA 75 ocw CASE 77-02
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MCR106-1 thru MCR106-4 (continued)
MCR106-6, MCR106-8

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted, Rg = 1000 ohms.)

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Voltage VDRM Volts
(T4 =110°C, Note 1) MCR106-1 30 - -
2 60 - -
-3 100 - -
-4 200 - -
-6 400 - -
-8 600 - -
Peak Forward Blocking Current IDRM - - 200 nA
(Rated VprM, Ty = 110°C) )
Peak Reverse Blocking Current IRRM - - 200 nA
(Rated VRRM, Ty = 110°C)
Forward *“On’’ Voltage VTm - - 2.0 Volts
(I7m = 4.0 A Peak)
Gate Trigger Current (Continuous dc) IcT HA
(VAK = 7.0 Vdc, R = 100 ohms) - - 200
(Vak = 7.0 Vdc, R|_ = 100 ohms, T¢ = -40°C) - - 500
Gate Trigger Voltage (Continuous dc) VGT - - 1.0 Volts
(VAK = 7.0 Vdc, Ri_ = 100 ohms, T¢ = 25°C) )
Gate Non-Trigger Voltage VGD 0.2 - - Voits
(VAK = Rated VprMm, R = 100 ohms, Ty = 110°C)
Holding Current IH -~ - 5.0 mA
(VAK = 7.0 Vdc, T¢ = 25°C)
Forward Voltage Application Rate dv/dt - 10 - V/us
(Ty = 110°C)
NOTES:

1.

Ratings apply for zero or negative gate voltage but positive

gate voltage shall not be applied concurrently

with a negative

. potential on the anode. When checking forward or reverse
blocking capability, thyristor devices should not be tested with
a constant current source in a manner that the voltage applied

Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C)

exceeds the rated blocking voltage.

2.

Torque rating applies with use of torque washer (Shakeproof
WD19523 or equivalent). Mounting torque in excess of 6 in. Ib.
does not appreciably lower case-to-sink thermal resistance. Anode
lead and heatsink contact pad are common. {See AN-290 B)

For soldering purposes (either terminal connection or device
mounting), soldering temperatures shall not exceed +225°C. For
optimum results, anactivated flux (oxide removing) isrecommended.

CURRENT DERATING

FIGURE 1 — MAXIMUM CASE TEMPERATURE
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MCR107-1 thru MCR107-8 (SILICON)

__SN__

PLASTIC THYRISTORS
(PLASTIC SILICON CONTROLLED RECTIFIERS)

. Annular PNPN devices designed for high volume consumer
applications such as temperature, light, and speed control; process
and remote control, and warning systems where reliability of oper-
ation is important.

Annular Passivated Surface for Reliability and Uniformity
Power Rated at Economical Prices

Practical Level Triggering and Holding Characteristics

Flat, Rugged, Thermopad Construction for Low Thermal Resist-
ance, High Heat Dissipation and Durability

PLASTIC SILICON
CONTROLLED RECTIFIERS

4.0 AMPERES RMS
30 thru 600 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Reverse Blocking Voltage v Volts
(Note 1) MCR107 -1 RRM 30
-2 60
-3 100
-4 200
-5 300
-6 400
-7 500
-8 600
Forward Current RMS IT(RMS) 4.0 Amp
(All Conduction Angles)
Peak Forward Surge Current ITsm 25 Amp

(% cycle, 60 Hz,
Ty = -40to +110°C)

Circuit Fusing Considerations 12t 26 A2s
(Ty = —40 to +110°C)
t=1.01t08.3ms

STYLE2
PIN 1. CATHODE

— ¢
—A 2. ANODE
Ml | 3. GATE

s
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MILLIMETERS INCHES
Peak Gate Power - Forward PGFM 0.5 Watt pim[ MIN [MAX | MIN | MAX
Average Gate Power - Forward PGF(AV) 0.1 Watt A | 10.80 |11.05 | 0.425 | 0.435
A 1
Peak Gate Current - Forward IGFM 0.2 Amp ?. Y ;g Sgg “—g%
Peak Gate Voltage - Reverse VGRM 6.0 Volts D . 66 | 0.020 | 0.02
N N .00 | 0.115 [ 0.1
Operating Junction Temperature 4 091 09
Range Ty —40 to +110 °c ; 085 ] 0.095 |
) ¥ X X
Storage Temperature Range Tstg —40 to +150 o¢ .38 .64 .015 | 0.025
K | 15.38 |16.64 .605_| 0.655
Mounting Torque (4-40) - 8.0 in. Ib. ™M 30T 30 TY
(Note 2) Q .76 .01 | 0.148 | 0.158
THERMAL CHARACTERISTICS R 1a0 QM5 0085
Characteristic Symbol Max Unit u 68 94 | 0.145 | 0.155
Thermal Resistance, Junction to Case ¢ 3.0 o°c/w CASE 77-03
Thermal Resistance, Junction to Ambient %A 75 oc/w




MCR107-1 thru MCR107-8 (continued)

ELECTRICAL CHARACTERISTICS (T¢ = 259C unless otherwise noted, RGK = 1090 ohms)

Characteristics Symbol Min Typ Max Unit
Peak Forward Blocking Voltage VDRM Volts
(T3 =110°C) (Note 1) MCR107 1 30 - -
-2 60 — -
-3 100 - -
-4 200 - -
-5 300 - -
-6 400 - -
-7 500 - -
-8 600 - -
Peak Forward Blocking Current IDRM uA
(Rated Vprm. Ty = 110°C) - — 200
Peak Reverse Blocking Current IRRM HA
(Rated VRgM, Ty = 110°C) - - 200
Forward “On’’ Voltage VTm Volts
(ITm = 4.0 A Peak) - _ 2.0
Gate Trigger Current {(Continuous dc) IGT mA
(Anode Voltage=7 0 Vdc, R|_ = 100 ohms, T¢ = 25°C) - - 20
Gate Trigger Voltage (Continuous dc) Volts
{Anode Voltage = 7 0 Vdc, RL =100 ohms, T = 250C) VGT - - 1.5
(Anode Voltage = Rated Vpgm. R = 100 ohms, T j = 110°C) VGo 0.2 - -
Hoiding Current In mA
(Anode Voltage = 7.0 Vdc, T¢ = 25°C) — — 20
Forward Voltage Application Rate dv/dt V/us
(Ty = 110°C) - 10 -

(1) Does not include current through Rg resistor.

NOTES:

(1) Ratings apply for zero or negative gate voitage. Devices shall
not have a positive bias applied to the gate concurrently with
a negative potential on the anode. Devices should not be tested
with a constant current source for forward or reverse blocking
capability such that the voltage applied exceeds the rated
blocking voltage.

(2) Torque rating applies with use of torque washer (Shakeproof
WD 19523 or equivalent). Mounting torque in excess of 6 in.
ib. does not appreciably lower to-sink thermal r
Anode lead and heatsink contact pad are common.
For soldering purposes (either terminal connection or device
mounting), soldering temperatures shall not exceed +225°C,

CURRENT DERATING DATA

FIGURE 1 — MAXIMUM CASE TEMPERATURE
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MCR115 (siicon
MCR120

P

. . . Annular

PLASTIC THYRISTORS

® Low Reverse and Forward Blocking Current —
100 uA Maximum, Tc = 110°C

e Low Holding Current — 5.0 mA Maximum

® Passivated Surface for Reliability and Uniformity

® Sensitive Gate Trigger Current — 200 uA Maximum

PNPN devices designed for high volume consumer
applications such as relay and lamp drivers, small motor controls, gate
drivers for larger thyristors, and sensing and detection circuits.
Supplied in an inexpensive plastic TO-92 package which is readily
adaptable for use in automatic insertion equipment.

PLASTIC SILICON
CONTROLLED RECTIFIERS

0.8 AMPERE RMS
100 and 200 VOLTS

MAXIMUM RATINGS(1)

= A

¢
s
K

(1) Temperature reference point for all case temperatures in center of flat portion

of package. (T = +110°C unless otherwise noted.)
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SEATING 4 ‘
Rating Symbol Value Unit PLANE  { ~F
Peak Reverse Blocking Voltage VRRM Volts
MCR115 150 ___i
MCR120 200 D
Forward Currertt RMS (See Figures 1 & 2) IT(RMS) 0.8 Amp R‘i
{All Conduction Angles)
. Q
Peak Forward Surge Current, Tp = 25°C ITsm 6.0 Amp ST:III\IE ]1(1 CATHODE
(1/2 cycle, Sine Wave, 60 Hz) 2‘ GATE
Circuit Fusing Considerations, T = 250C 12¢ 0.15 A2s 3. ANODE
(t=1.0to 8.3 ms)
Peak Gate Power — Forward, Ta = 250C PGM 0.1 Watt
Average Gate Power — Forward, T = 25°C PGF(AV 0.01 Watt ‘
Peak Gate Current — Forward, Tp = 25°C ’G(FM ) 1.0 Amp DIM M‘ﬂ';h'MEaiF;(s Ml:\NCH;SAX
(300 us, 120 PPS) A 4.450 | 5200 | 0.17 0.205
B 3.180 | 4.190 [ 0.125 .165
[Peak Gate Voltage — Reverse VGRM 5.0 Volts C | 4.320 | 5.330 | 0170 | 0.210
Operating Junction Temperature Range @ Rated Ty -65 to +110 oc E g:g; —gzgg g:g - f;
VRRM and VpRM R [12700 | = [0500 | —
Storage Temperature Range Tsig | -65to +150 °c L | 1150 | 1.390 | 0.045 [ 0.055
Lead Solder Temperature = +230 °c ',‘,l 550 120 750 £.050
(<1/16" from case, 10 s max) Q 430 - 135 —
R 410 | 2670 | 0095 | 0.105
S .030 | 2.670 .080 0.105

CASE 29-02
T0-92




MCR115, MCR 120 (continued)

ELECTRICAL CHARACTERISTICS (Rgk = 1000 Ohms)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VDRM Volts
(Tc = 110°C) MCR115 150 -
MCR120 200 —
Peak Forward Blocking Current IDRM - 100 MA
(Rated VDR @ T¢ = 110°C)
Peak Reverse Blocking Current IRRM - 100 uA
(Rated VRRM @ T¢ = 110°C)
Forward “On"’ Voltage (Note 2) VTm - 1.7 Volts
(1T = 1.0 A peak @ T 5 = 25°C) )
Gate Trigger Current (Continuous dc) (Note 3) Tc = 25°C IGT - 200 rA
(Anode Voltage = 7.0 Vdc, Ri_= 100 Ohms)
Gate Trigger Voltage (Continuous dc) Tc= 25°C VeT - 0.8 Volts
(Anode Voltage = 7.0 Vdc, R_= 100 Ohms) T =-65°C - 1.2
(Anode Voltage = Rated VpRrpM, R = 100 Ohms) Tc = 110°C VgD 0.1 -
Holding Current Te = 25°C IH - 5.0 mA
(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) Tc= -65°C - 10
Thermal Resistance, Junction to Case fyc: - 75 oc/w
Thermal Resistance, Junction to Ambient AV - 200 oc/w

1. Vprmand VRRgwm forall typescan be applied dn acontinuous
dc basis without incurring damage. Ratings apply for zero or
negative gate voltage but positive gate voltage shall not be
applied concurrently with a negative potential on the anode.
When checking forward or reverse blocking capability, thyris-
tor devices should not be tested with a constant current source

FIGURE 1 — CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)
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in a manner that the voltage applied exceeds the rated blocking
voltage.

2. Forward current applied for 1.0 ms maximum duration, duty
cycle £1.0%.

3. Rk currentis not included in measurement.

FIGURE 2 — CURRENT DERATING
(REFERENCE: AMBIENT TEMPERATURE)
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MCR154, MCR155 (si.icon)
MCR156, MCR157

THYRISTORS
SILICON CONTROLLED RECTIFIERS
THYRISTORS
PNPN
.. . designed for high frequency power switching applications such as 110 AMPERES RMS
inverters, choppers, transmitters, induction heaters, cycloconverters 100 thru 600 VOLTS
and high frequency lighting.
® High Voltage Application Rate —
dv/dt = 200 Volts/us {Min), MCR 154, 156
® Fast Turn-Off Time —
tg = 10 us (Max), MCR 154, MCR 156
MAXIMUM RATINGS © 9
Rating Symbol Value Unit
Repetitive Peak Voltage VpRMm (1) Volts
(Ty = +125°C) and
MCR154, 155, 156,157 -10 VRRM(T) 100
-20 200 @
-30 300
-40 400
-50 500
-60 600 h
Non-Repetitive Peak Reverse Blocking Voltage VRsSM Volts
(t<5.0ms)
MCR154, 155, 156,157 -10 200 ﬂ
-20 300
-30 400
-40 500
-50 600
-60 650
Average On-State Current IT(AV) 70 Amp
(T¢ = 65°C, 180 Conduction Angle) \
Peak Surge Current ITsm 1800 Amp
(One cycle, 60 Hz) (T = 40 to +125°C)
Circuit Fusing Considerations 12t Azs MCR156, MCR157
(t=1.5 ms) 9,500 iy
= 0 SERIES
{Ty = -40 to +125°C) (t=8.3ms) 13,000 CASE 246
TO-83
Peak Gate Power PGm 15 Watts
Average Gate Power PG(AV) 3.0 Watt
Peak Forward Gate Current IGm 4.0 Amp
Peak Reverse Gate Voltage VGRM 5.0 Volts
Operating Junction Temperature Range Ty -40 to +125 °c
Storage Temperature Range Tseg -40 to +150 oc
Stud Torque (2) — 150 in.b.
175 Kg —cm

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
N . 0, MCR154, MCR155
Thermal Resistance, Junction to Case 6c 0.3 Cc/wW SERIES
CASE 219
n Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias TO-94

applied to the gate concurrently with a negative potential on the anode. Devices should
not be tested with a constant current source for forward or reverse blocking capability
such that the voltage applied exceeds the rated blocking voltage.

(2) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent, or
seal broken.
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MCR154, MCR155, MCR 156, MCR 157 (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current IDRM - - 10 mA
(Rated VpRM, with gate open, Tj = 125°C)
Peak Reverse Blocking Current IRRM - - 15 mA
(Rated VRRM, with gate open, Tj = 125°C)
Forward ““On"’ Voltage Vtm - - © 3.0 Volts
(ITm = 500 A Peak, Duty Cycle = 0.01%)
Gate Trigger Current Ty =25°C IgT -~ 50 150 mA
(Anode Voltage = 6 V, R|_=3.00hms, t, =>20 us) Ty =-40°C — 100 200
Ty =+125°C - 30 120
Gate Trigger Voltage VGT Volts
{Anode Voltage = 6.0 V, R|_=3.0 ohms, T = -40°C) - - 3.0
(VpRM = Rated, R|_ = 1000 ohms, T = +125°C) 0.25 - -
Holding Current IH - 30 200 mA
( Anode Voltage = 24 V, Gate Open, Initiating Current = 2.0 A)
Circuit Commutated Turn-Off Time tq us
(VR =50V (Min); Vprm = Rated; T = +125°C;
dig/dt = 5.0 A/us; Repetition Rate = 1.0 pps;
ITm = 50 A; Duty Cycle <0.01%; Gate
Bias during Turn-Off Interval = 0 V, 100 ohms;
Rate of Rise of Reapplied Forward Blocking Voltage = 20 V/us Linear)
MCR154, 156 - - 10
MCR155, 157 — — 20
Critical Exponential Rate of Rise of dv/dt Vlius
Forward Blocking Voltage MCR154, 156 200 - -
(VpRM = Rated, T = 125°C, Gate Open) MCR155, 1567 100 - -
FIGURE 1 — THERMAL RESPONSE
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MCR154, MCR 155, MCR156, MCR157 (continued)

- P(AV), MAXIMUM POWER DISSIPATION (WATTS)
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P(AV), MAXIMUM POWER DISSIPATION (WATTS)

Tc, MAXIMUM CASE TEMPERATURE (°C)

Tc, MAXIMUM CASE TEMPERATURE (°C)
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FIGURE 6 — SINE WAVE
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MCR154, MCR155, MCR156, MCR 157 (continued)

L
1/2-20-UNF-2A
(Coated)

1{9)

STYLET:
TERM. 1. GATE

2. CATHODE

MILLIMETERS] __ INCHES 3.CATHODE

DIM [MIN | MAX | MIN | MAX 4. ANODE

| MAX | MIN
Al - 3118 - [1227
26.19 | 27.00 | 1.031] 1.063
cC | — .50 | - | 2.500
11.10 | 16.50 | 0.437] 0.650
4.40 [ 12.70 | 0.170] 0.500
46 | 7.62 | 0.215] 0.300
H — 317 — 1012
20.25 121.00 | 0.797] 0.827 |
K _[174.0 | 190.5 | 6.850] 7.500
635 - | 0.250] -
N [ - 2.8 — | 1081
P | 10.80 | 12.67] 0.425| 0.499
6.61 | 7.87| 0.260{ 0.310
146.7 | 159. .775|_6.265
11.73311.874] 0.4619] 0.4675
356 | 3.81] 0.140] 0.150
All JEDEC dimensions and notes apply
CASE 219
TO-94

A

”1 Terminal 2
_/ T

[—1 Seatii
eating
JH —_— Plane
= Terminal 3
1/2-20-UNF-2A L_ STYLE 1:
(Coated) S TERMINAL 1. GATE
2. CATHODE
MILLIMETERS] __INCHES
DIM [ WMIN | MAX | Win [ MAX | O ANODE
Al - (38| - [1227
2613 | 27.00 | 1.031 | 1.063
— [1651 | - [0650
44 | 1270 | 0.170 | 0.500
458 | - 0180 | —
6 | - 1460 - (0575
H | - | 317 - [012%
J_[2025 [21.00 | 0.797 | 0.827
— 14597 - 10 |
L | 031 | 1.27 | 0.012 | 0.050 |
N | - [2.18] - [1.031
10. 12.67 | 0.425 | 0.499
[ 6.60 | 0.180 | 0.260
R |2 4.06 | 0.115 | 0.160
11733 | 11.874] 0.4619] 0.4675
T 1. .03 | 0.060 | 0.080
U [ 1. .92 | 0.060 | 0.115
R 1. .360 | 0.470
All JEDEC dimensions and notes apply
CASE 246
T0-83
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MCR158 (siicon)
MCR159

INTEGRATED GATE THYRISTORS
SILICON CONTROLLED RECTIFIERS
. . . designed for high frequency applications which require high
di/dt such as inverters, choppers, transmitters, induction heaters,
crowbars, cycloconverters and high frequency lighting.

10 kHz Sine Wave Operation

5 kHz Rectangular Waveform Operation

Critical Rate-of-Rise of On-State Current — di/dt = 800 Amp/us (Max) *
Critical Exponential Rate — dv/dt = 200 V/us (Min)

Low Switching Losses at High Frequency

Integrated Gate Permits Soft-Fire Gate Control

INTEGRATED GATE
THYRISTORS
PNPN

110 AMPERES RMS
500 thru 1200 VOLTS

MAXIMUM RATINGS

MCR159
SERIES
CASE 246
TO-83

MCR158
SERIES
CASE 219
TO-94

Rating Symbol Value Unit
Repetitive Peak off-State Voltage VDRM(1) Volts
(Ty = +125°C) MCR 158,159 — 50 500
- 60 600
-70 700
- 80 v 800
- 90 RRM 900
- 100 1000
-110 1100
-120 1200
Non-Repetitive Peak Reverse VRsM Volts
Block Voltage
(t<5.0 ms) MCR158,159 - 50 600
—60 720
-70 840
—80 960
-90 1080
— 100 1200
- 110 1300
- 120 1400
Average Forward Current, T¢ = 65°C ITav) 70 Amp
180°C Conducted Angle
Peak Surge Current ITsm 1600 Amp
(One cycle, 60 Hz) (T = -40 to +125°C)
Circuit Fusing Considerations 12 A2s
(t=1.5ms) 5200
=_ +1259;
(Ty=-4010 12570 |1 _g3mg) 10,500
Peak Gate Power PGFM 15 Watts
Average Gate Power PGF(AV) 3.0 Watt
Peak Forward Gate Current IGFM 4.0 Amp
Peak Reverse Gate Voltage VGRM 5.0 Volts
Operating Junction Temperature Range T -40to +125 oc
Storage Temperature Range Tstg -40to +150 °c
Stud Torque (2) - 1650 in.lb. .
175 Kg-cm
Critical Rate-of-Rise of On-State Current during di/dt 800 Amp/us

Turn * On Interval

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

(1) Ratings apply for zero or negative gate voltage.

Devices shall not have a positive bias applied to
the gate concurrently with a negative potential
on the anode. Devices should not be tested with
a constant current source for forward or reverse
blocking capability such that the voltage applied
exceeds the rated blocking voitage.

(2) Reliable operation can be impaired if torquerating

is . terminal tubes bent, or seal broken.

Thermal Resistance, Junction to Case 04c 03 oc/w

*With 0.05 uF and 20 ohm snubber circuit.
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MCR 158, MCR159 (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current IDRM - - 10 mA
(Rated VpRrm, with gate open, T = 125°C) i
Peak Reverse Blocking Current IRRM - - 15 mA
(Rated VR RM. with gate open, T = 125°C) N
Forward “On"* Voltage V™M - - 3.0 Volts
(I7m = 500 A Peak, Duty Cycle < 0.01%)
Gate Trigger Current IgT - - 150 mA
(Anode Voltage = 6.0 V, R|_= 3.0 Ohms)
Gate Trigger Voltage VGT - — — 3.0 Volts
(Anode Voltage = 6.0 V, R = 3.0 Ohms)
Holding Current [f%) - 20 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)
Non-Triggering Gate Voltage VGpom 0.15 - - Volts
(Anode Voltage = Rated Vpgm., R = 1000 Ohms, T = 125°C)
Circuit Commutated Turn-Off Time . tq - - 30 us
VR =50 V (Min); Vprm = Rated; T = +125°C;
dig/dt = 5.0 A/us; Repetition Rate = 1.0 pps;
ITm =150 A; Duty Cycle <0.01%; Gate
Bias during Turn-Off Interval = 0 V, 100 ohms;
Rate of Rise of Reapplied Forward Blocking Voltage = 20 V/us Linear
Turn-On Time ton - 2.0 — us
(ITm =50 A, VprMm = Rated)
Gate Supply = 10 V open circuit, 20 Ohm
: pPly 0.1 us (Max) rise time
Gate Pulse Width Necessary to Trigger —_ — 10 us
_ 5.0 V open circuit, 5.0 Ohm
the Supply 0.1 us (Max) rise time
Critical Exponential Rate of Rise dv/dt 200 — - V/ius
(VpDRM = Rated, Gate open, Tj = 125°C)
ALLOWABLE PEAK ON-STATE CURRENT
FIGURE 1 — SQUARE WAVE FIGURE 2 — SINE WAVE
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MCR 158, MCR159 (continued)

FORWARD POWER DISSIPATION

FIGURE 3 — SQUARE WAVE

FIGURE 4 — SINE WAVE

VTM. MAXIMUM FORWARD VOLTAGE DROP (VOLTS)
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MCR158, MCR 159 (continued)

TRANSIENT THERMAL IMPEDANCE (°C/WATT)

FIGURE 8 — THERMAL RESPONSE
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Terminal 2

N
t

L
|

[

S
floane
? P\—Seating Plane

Terminal 4

1/2-20-UNF-2A —s—
(Coated) A

STYLE 1:
TERM. 1. GATE
- 2. CATHODE
MILLIMETERS INCHES 3. CATHODE
DIM [MIN_ [ MAX | MIN | MAX 4. ANODE
Al - [3118] - [1227
26.19 | 27.00 | 1.031] 1.063
c | - .50 | — | 2.500
71.10 | 16.50 | 0.437] 0.650
.40 [12.70 | 0.170] 0.500_
46 | 7.62 | 0.215] 0.300
H — [ 317 - 125
312025 [21.00 | 0.797] 0.827
1740 |1905 | 6.850] 7.500
636 | — 250 —
N A }_.031
P_| 10.80 | 12.67] 0.425] 0.499
6.61 | 7.87] 0.260] 0.310
146.7 | 159. 775 6.265
11.733] 11.874] 0.4619] 0.4675
I | 356 | 3.81] 0.140] 0.150
All JEDEC dimensions and notes apply
CASE 219
T0-94

e

/Terminal 2
/Al

Seating
Plane

-Terminal 3

1/2:20-UNF-2A __I L STYLE 1:
(Coated) S TERMINAL
MILLIMETERS| _INCHES
DIM [TMIN | MAX | WIN [ MAX
Al - 31| - |1227
26.19 | 27.00 | 1.031 | 1.063

— 1651 — | 0.650
4.4 [12.70 [ 0.170 | 0500
458 | — [0180 | -
G | - [1460 | - [0575
H | - [ 37| - 10125
J 2025 [21.00 [ 0797 | 0.827
K | - [4597[ - [1.810
L 031 | 127 | 0.012 | 0.05
N | - [2618] - [1.031 |
P_[10.80 | 12.67 | 0.425 | 0.49
0|4 60 | 0.180 | 0.2
R 115
11.733 | 11.874] 0.4619] 0.4675
.060 | 0.080 |
. 060 [ 0.115
v 11.9_]0.360 [ 0.470

All JEDEC dimensions and notes apply

CASE 246
T0-83

1. GATE

2. CATHODE -

3. ANODE




MCR201 (SILICON)

thru

MCR206

P

SILICON
CONTROLLED RECTIFIERS

0.5 AMPERE RMS

15 thru 200 VOLTS
SIGNAL THYRISTORS
... Annular PNPN devices designed for industrial/military applica-
tions such as relay and lamp drivers, small motor controllers and
drivers for larger thyristors, and in sensing and detection circuits.
® Sensitive Gate Trigger Current — 200 uA Maximum
® Low Reverse and Forward Blocking Current —
100 pA Maximum, Tg = 125°C
® | ow Holding Current — 5.0 mA Maximum
® Passivated Surface for Reliability and Uniformity
® T0O-18 Metal Package
e A =]
B
]
N s
MAXIMUM RATINGS * lf_
Rating Symbol Value Unit l—F l K
Peak Reverse Blocking Voltage VRRM Volts SEATING
MCR201 15 PLANE
MCR202 gg
MCR203
by 100 STYLE 6:
yisticrnd 150 PIN 1.CATHODE ——{—D
MCR206 200 % GQT%E — =N
Forward Current RMS (See Figures 4 & 5) IT(RMS) 05 Amp -AND /'T‘ [Ny
(All Conduction Angles) i 1 3\ g
Peak Forward Surge Current, Tp = 25°C ITsm 6.0 Amp M \/
R J
1/2 le, Sine Wave, 60 H
{1/2 cycle, Sine Wave, 2) &%\\/
Circuit Fusing Considerations, T = 26°C 12¢ 0.15 A2
(t=1.0to 8.3 ms) MILLIMETERS| _INCHES
= DIM["WIN [ MAX | MIN | MAX
Peak Gate Power — Forward, T = 26°C PGM 0.1 Watt - ]
S A |531 |584 |0.209 |0.230 |
Average Gate Power — Forward, T = 25°C PGF(AV) 0.01 Watt B | 452 [495 |0.178 95
Peak Gate Current — Forward, Tp = 25°C IGEM 1.0 Amp C A'igﬁ : 3 :]Zg 0;2
(300 us, 120 PPS) = Te0 T = 030
Peak Gate Voltage — Reverse VGRM 4.0 Volts 0.406 |0.483 | 0.016 | 0.019
o ing J ion T R R T 65104110 oc 2.54 BSC .100 BSC
perating Junction Temperature Range @ Rated J o 0914 [1.17 0.036 [ 0.046
VRrM and Vprmit) 0.711 [1.22 _]0.028 [ 0.048
T . ) K 1270 | - 0500 [ =
Storage Temperature Range stg 65 to +150 C T 635 — 0750 —
M 450 BS 450 BSC
THERMAL CHARACTERISTICS N 137 B¢ G050 E
Characteristic Symbol Max Unit P - [127 - 1 0'[:50
n : All JEDEC notes and dimensions apply.
[
Thermal Resistance, Junction to Case 94c 150 C/W CASE 22-03
Thermal Resistance, Junction to Ambient 6JA 400 ocmw (TO-18)

(1) Higher Temperature Devices Available — Consult Factory.
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MCR201 thru MCR206 (continued)

ELECTRICAL CHARACTERISTICS (RgK = 1000 Ohms)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VDM . Voits
MCR201 16 = -
MCR202 30 -
MCR203 60 —
MCR204 100
MCR205 150 -
MCR206 200 -
Peak Forward Blocking Current IDRM - 100 MA
(Rated VpRym @ T¢ = 110°C)
Peak Reverse Blocking Current IRRM - 1.5 HA
(Rated VRRm @ T¢ = 110°C)
Forward “On” Voltage (Note 2) VTm - 1.7 Volts
(I7m = 500 mA peak @ Tp = 256°C)
Gate Trigger Current (Continuous dc) (Note 3) Tc = 25°C IgT - 200 uA
(Anode Voltage = 7.0 Vdc, R = 100 Ohms) T =-65°C - 350
Gate Trigger Voltage (Continuous dc) Tc = 25°C VGT - 0.8 Volts
(Anode Voltage = 7.0 Vdc, Ri_ = 100 Ohms) Tc =-65°C - 1.2
(Anode Voltage = Rated Vpgrm) Tc= 110°C VGb ‘0.1 -
Holding Current T = 25°C H - 5.0 mA
(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) Tc= -65°C - 10

1. Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source in a
manner that the voltage applied exceeds the rated blocking voltage.

2. Forward current applied for 1.0 ms maximum duration, duty cycle £ 1.0%.

3. R current is not included in measurement.

FIGURE 1 — SURGE RATINGS
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MCR201 thru MCR206 (continued)

FIGURE 3 — FORWARD VOLTAGE

FIGURE 4 — CURRENT DERATING
(REFERENCE: CASE TEMPERATURE)

5.0 120 ] I l
10
3.0 P 2 100 __.Q%_
3 o« —
/ W 90 P < ' t
20 Ty = 1250¢ 2¢ N N = CONDUCTION ANGLE
/ / S g0 N =60 Hz
250C S2 20 \ \
< < N
=% w NN
1.0 3¢ N Y
F—F b= \ N
g / iFw NS <
tw 2 ANANANN S
c A g oW \ NN
g o5 / / 30 " c\ "
= 0
£ " a=30 g0\ 900\j200N "\ 180
e / / 0 50 100 150 200 250 300 350 400 450 500
2 03 1
£ 1 IF(AV), AVERAGE FORWARD CURRENT (mA)
o
€ 02
-
3 I FIGURE 5 — CURRENT DERATING
z ’ / (REFERENCE: AMBIENT TEMPERATURE)
=
=
5 0.1 1 120 ] T
2 I ~ 110
T o i g
= Il s 100 e —]
=
0.05 [1] 59 — | ]
[ 22 = CONDUCTION ANGLE
w h =60 H
il N Z
0.03 5% 10
I’ I 2= NN
s 60
5=
0.02 [ éE 5 \ \\ dc |
<<
= 40
<
0.01 T a0
0 05 1.0 15 2.0 25 2 “‘,30“\ 50\ 9007\ 180°
50 ]
VF, INSTANTANEQOUS FORWARD VOLTAGE (VOLTS) 0 % 7 % 150 175 200
IF(AV), AVERAGE FORWARD CURRENT (mA)
FIGURE 6 — THERMAL RESPONSE
10 -
-
zE W
Z 05
< =
803 -
I
=z 1 =
28 LA+ solt) = rit)eye
we gy 1
w -
T =
NE 2
2%0.05
= A
g o
= 0m
0.01
0.0001 0.0003 0.0005 _0.001 0.003 0.005 001 003 005 01 03 05 10 30 50 10

t, TIME (SECONDS)

117



MCR201 thru MCR206 (continued)

TYPICAL CHARACTERISTICS

FIGURE 7 — GATE TRIGGER VOLTAGE
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FIGURE 8 — GATE TRIGGER CURRENT
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MCR235 SERIES (SILICON)

BEAM-FIRED INTEGRATED GATE
SILICON CONTROLLED RECTIFIERS

. . . designed for high power industrial and consumer applications
in power and speed controls such as welders, furnaces, motors, space
heaters and other equipment where control of high current is needed.
In addition, the entire series employs the unique Beam-Fired gate
design to allow high di/dt and to reduce turn-on losses.

® Critical Rate-of-Rise of On-State Current —

di/dt = 1000 Amp/us (Max)*
® Critical Exponential Rate — dv/dt = 200 V/us (Min)
® Low Switching Losses at High Frequency

® |Integrated Gate Permits Soft-Fire Gate Control
*With 0.05 uF and 20-ohm snubber circuit

BEAM-FIRED
INTEGRATED GATE
THYRISTORS

235 AMPERES RMS
100 thru 1500 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Repetitive Peak Off-State Voltage VDRM(1) Volts
(T, = +125°C) MCR235 -10 100
-20 VRRM 200
-30 300
-40 400
-50 500
-60 600
-70 700
-80 800
-90 900
-100 1000
-110 1100
-120 1200
-130 1300
-140 1400
-150 1500
Non-Repetitive Peak Reverse VRSM Volts
Block Voltage
(1<5.0 ms) MCR235 -10 200
-20 300
-30 400
-40 500
-50 600
-60 720
-70 840
-80 960
-90 1080
-100 1200
-110 1300
-120 1450
-130 1550
-140 1650
-150 1800
Average Forward Current, T¢ = 75°C IT(AV) 150 Amp
(180° Conduction Angle)
Peak Surge Current I1sm 1800 Amp
(One cycle, 60 Hz, T = -40 to +125°C)
Circuit Fusing Considerations 12¢ A2s
(t=15ms) 9500
= - 3
(T = -40 to +125°C) t-83m 13.000
Peak Forward Gate Power PGFM 15 Watts
Average Forward Gate Power PGF(AV) 30 Watts
Peak Forward Gate Current IGFM 4.0 Amp
Peak Reverse Gate Voltage VGRM 5.0 Voits
Operating Junction Temperature Range Ty -40 to +125 oc
Storage Temperature Range Tstg -40 to +150 °c
Mounting Force - 1000 ibs
Critical Rate-of-Rise of On-State Current during di/dt 1000 Amp/us
Turn-On Interval (Non-Repetitive Rating)

THERMAL CHARACTERISTICS
Characteristic [ symbot | max | umit |
[ Thermal Resistance, Junction to Case [ Rasc | o013 | ocw |

" STYLE1:

W B{
[N L’_ 1. ANODE
TN g e
SEATING PLANE & -
Q

TERMINAL 2

OTE: N
1. DIM “K" APPLIES TO BOTH LEADS

MILLIMETERS | _INCHES
oM MIN | MAX | MIN | MAX
A | 36,07 | 43.18 | 1.420 | 1.00
B | 18.54 | 2950 | 0.730 | 1.165
C [ 1245 [ 1524
D | 472 485
E | 0.25] 254
F | 035] 048
H | 250 -
J | 6221930 | C
(K [202.69 [206.12 | 7.
L] - | 162
M| 200 | 500 |
N | 1549 | 2858
8] 3.89
18
68
92
78
v 56
W] 0. 511 0.010
Y | 145 7
Z ] 064
CASE 220-03

(1) Ratings apply for zero or negative gate voltage.
Devices shall not have a positive bias applied to
the gate concurrently with a negative potential
on the anode. Devices should not be tested with
a constant current source for forward or reverse
blocking capability such that the voltage applied
exceeds the rated block ing voitage.




MCR235 series (continued)

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

Characteristic Symbol .| Min Typ Max Unit

Peak Forward Blocking Current IDRM - - 15 mA
(Rated VpRM. with gate open, Tj = 125°C) )

Peak Reverse Blocking Current IRRM - - 15 “mA
(Rated VRRM. with gate open, T = 125°C) )

Forward “On’’ Voltage VTm - - 1.6 Voits
(ITm = 220 A Peak, Pulse Width = 8.3 ms, Duty Cycle < 1.0%)

Gate Trigger Current IgT — - 150 mA
(Anode Voltage = 6.0 V, R_= 3.0 Ohms) )

Gate Trigger Voltage L VGgT - - 3.0 Volts
(Anode Voltage = 6.0 V, R|_= 3.0 Ohms)

Holding Current Iy - 20 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)

Non-Triggering Gate Voitage VGDM 0.15 - - Volts
(Anode Voltage = Rated VpRM. R|_ = 1000 Ohms, T = 125°C)

Turn-On Time ton - 20 - us
(ITm =50 A, Rated VpRMm) -

Gate Pulse {10 V open cln?un,‘ 20 Ohm Source
0.1 us (Max) rise time
Gate Pulse Width Necessary to Trigger — - 10 us
Gate Pulse {5.0 V open c|r'<:unt 5.0 Ohm Source
0.1 us (Max) rise time -

Critical Exponential Rate of Rise dv/dt 200 — — Vius

(VpRm = Rated VpR\, gate open, T, = 125°C)

CURRENT DERATING
(f = 50 to 400 Hz)
FIGURE 1 — SQUARE WAVE

FIGURE 2 — SINE WAVE
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MCR235 series (continued)

P(av). MAXIMUM AVERAGE POWER (WATTS)

FORWARD POWER DISSIPATION
(f = 50 to 400 Hz)
FIGURE 3 — SQUARE WAVE

FIGURE 4 — SINE WAVE
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FIGURE 5 — MAXIMUM ONSTATE
CHARACTERISTICS
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MCR235 series (continued)

264¢(t). TRANSIENT
THERMAL IMPEDANCE (9C/W)

FIGURE 6 — TRIGGERING CHARACTERISTICS
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MCR235A SERIES (SILICON)

MCR235B seres
MCR23SC SERIES

Advance Information

BEAM-FIRED INTEGRATED GATE
FAST SWITCH THYRISTORS
.. designed for high-current, high-frequency applications in inverters,
choppers, cycloconverters, induction heating and high-frequency light-
ing. Optimum cathode shunt placement permits high di/dt without

sacrificing dv/dt capability.

® Low Switching Losses — @ 3.0 us with 30 us Pulse, Ip = 100 A

MCR235A Series = 3.0 Volts
MCR2358B Series = 6.0 Volts
MCR235C Series = 6.0 Volts

® Critical Rate-of-Rise of On-State Current —

di/dt = 1000 Amp/us (Max)*

® Critical Exponential Rate — dv/dt = 200 V/us (Min)
® [ntegrated Gate Permits Soft-Fire Gate Control

® Fast Turn-Off Time — 10 t0 20 us
*With 0.05 uF and 20 ohm snubber circuit.

BEAM-FIRED
INTEGRATED GATE
THYRISTORS

235 AMPERES RMS

MAXIMUM RATINGS

Repetitive Peak Off-State Non-Repetitive Peak
Voltage (T = +125°C) Reverse Blocking Voltage

VDRM, VRRM VRsM

Device Type Volts Volts

Turn-Off Time = 10 us Max

MCR235A -10 100 200
-20 200 300

-30 300 400

-40 400 500

-50 500 600

-60 600 700

Turn-Off Time = 15 us Max

MCR2358 -10 100 200
-20 200 300

-30 300 400

-40 400 500

-50 500 600

-60 600 700

-70 700 800

-80 800 900

Turn-Off Time = 20 us Max

MCR235C -10 100 200
-20 200 300

-30 300 400

-40 400 500

-50 500 600

-60 600 700

-70 700 800

-80 800 900

-90 900 1000

-100 1000 1100

123

AT
\ 4l
w 7 STYLE1:
.”‘ Lﬁmm ANODE
2. GATE
3. CATHODE
rsnmmu ) semuc PLANE K‘ CATDE
Q
-‘-I D J .
L— A‘j
T8 (G e
T
TERMINAL 3 739
NOTE:

1. DIM “K” APPLIES TO BOTH LEADS

MILLIMETERS | INCHES
DIM| MIN | MAX | MIN | MAX
A | 36.07 | 43.18 | 1.420] 1.700
B | 18.54 | 2959 | 0.730] 1.165
C [ 12.45 [ 15.24 | 0490 [ 0.600
D | 472 485]0.186] 0.191
E | 025 2.54(0.010] 0.100
35 | 048 0.014] 0.019
| 264 — [0300] -
J | 6.22]19.30 | 0.245 [ 0.760
K_[202.69 [206.12 | 7.980 | 8.115
L] - [ 762 - [o0a300
M 200 [ 50° | 200 | 500 |
1549 | 28.58 | 0.610
1 | 348 3890137
27] 3180050
12] 368 0.123] 0.145
T 4 92 [ 0.186| 0312 |
1] 78 | 0.050] 0.070
v] 2 .56 | 0115 0.140
W 025 051 0.010] 0020 |
Y | 1.45] 1.50| 0.057 | 0.053
Z ] 064] 1.65]0.025] 0.065]

CASE 220-03

This is advance information on a new introduction and specifications are subject to change without notice.




MCR235A séries, MCR235B series, MCR235C series (continued)

MAXIMUM RATINGS

Rating Symbol Value Unit
Average Forward Current, Tc = 60°C IT(AV) 150 Amp
(180° Conduction Angle)
Peak Surge Current ITsm 1600 Amp
(One Cycle, 60 Hz, T = -40 to +125°C)
Circuit Fusing Considerations 12¢ 10,500 A2s
(Ty =-40 to +125°C, t = 1.5 -8.3 ms)
Peak Forward Gate Power PGFM 15 Watts
Average Forward Gate Power PGF(AV) 3.0 Watts
Peak Forward Gate Current IGFM 4.0 Amp
Peak Reverse Gate Voltage - VGRM 5.0 Volts
Operating.Junction Temperature Range ' Ty -40 to +125 oc
Storage Temperature Range ng -40 to +150 oc
Mounting Force — 1000 +200 Ibs
Critical Rate-of-Rise of On-State Current — Repetitive di/dt 200 Amp/us
Non-Repetitive 1000
THERMAL CHARACTERISTICS
) Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 0.13 oc/w
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current IDRM - - 15 mA
(Rated VpRw, with gate open, T = 125°C)
Peak Reverse Blocking Current IRRM - - 15 mA
(Rated VRRM, with gate open, T = 125°C)
Forward On"’ Voltage VTm - - 1.85 Volts
(ITM=220 A Peak, Pulse Width=8.3 ms, Duty Cycle=<1 0%,T)= 25°C)
Gate Trigger Current IGT - - 150 mA
(Anode Voltage = 6.0 V, R_= 3.0 Ohms)
Gate Trigger Voltage VGT - - 3.0 Volts
(Anode Voltage = 6.0 V, R|_= 3.0 Ohms)
Holding Current ' : : 14 - 50 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)
Non-Triggering Gate Voltage VGpm 0.15 - = Volts
(Anode Voltage = Rated VpgrM, Ri = 1000 Ohms, T, = 125°C)
Circuit Commutated Turn-Off Time tq us
(VR =50V (Min); Rated VpgMm, Ty = +125°C, MCR235A - - 10
dig/dt = 20 A/us; Repetition Rate = 1.0 pps; MCR2358B — - 15
ITm = 150 A dv/dt = 20 V/us) MCR235C - - 20
Transient Turn-On Voltage MCR235A VT1o0 - - 5.0 Volts
(VDRM = 100 V, I = 200 A, PW = 8.0 us, MCR2358B —_ — 8.0
Gate Drive = 600 mA, rise = 0.1 us, test point = 4.0 us) MCR235C - - 8.0
Critical Exponential Rate of Rise dv/dt 200 - - Vius
(Rated VpRM, gate open, T = 125°C)
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MCR320 series (siicon

G
A o_% K THYRISTORS
7 AMPERES RMS
50-600 VOLTS
SILICON CONTROLLED RECTIFIERS
. . . designed primarily for industrial applications. Ideally suited for
capacitor-discharge ignition, systems, power switching and power con-
trol.
e Glass Passivated for High Reliability
® Low Profile Hermetic Package for Tight
Printed Circuit Board Applications
® High di/dt Capability
~— A—
[ .
]
MAXIMUM RATINGS i T T f
] Rating Symbol Value Unit QE T t f
Peak Reverse Blocking Voltage VRRM Volts Fi K
MCR320 —1 25 &
-2 50 SEATING
-3 100 PLANE ——D
PIN 1. CATHODE
—4 200 2 GATE
-5 300 3. ANODE
-6 400
-7 500
-8 600
Forward Current RMS (See Figures 4 & 5) IT(RMS) 7.0 Amps
(All Conduction Angles)
Peak Forward Surge Current, Tp = 25°C ITsm 80 Amps
(1/2 cycle, Sine Wave, 60 Hz)
Circuit Fusing Considerations, Ta=25°C 12¢ 0.15 A2
(t=1.010 8.3 ms) MILLIMETERS INCHES
Forward Peak Gate Power, Tp = 25°C PGm 10 Watts DIM| MIN [MAX | MIN | MAX
Forward Average Gate Power, Tp = 26°C PG(AV) 0.5 Watt A
Forward Peak Gate Current, T = 25°C Igm 10 Amps 3
{300 us, 120 PPS) :
Reverse Peak Gate Voltage VGm 4.0 Voits
Operating Junction Temperature Range Ty -40 to +100 oc
Storage Temperature Range Tstg -40 to +150 °c H
THERMAL CHARACTERISTICS )
. Characteristic Symbol Max Unit L
Thermal Resistance, Junction to Case Royc 5.0 ocw ':'
Thermal Resistance, Junction to Ambient Rgja 150 oc/w Q
- R |.254 | - |0.100] -
All JEDEC dimensions and notes apply.
CASE 79-02

TO-39
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MCR320 series (continued)

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (1) VDRM Volts
MCR320—1 25 -
MCR320—-2 50 -
MCR320—3 100 -
MCR320-4 200 -
MCR320-5 300 -
MCR320—6 400 -
MCR320 -7 500 -
MCR320-8 600 -
Peak Forward Blocking Current IpRM - 1.0 mA
(Rated Vppm @ T = 100°C)
Peak Reverse Blocking Current IRRM - 1.0 mA
(Rated VRrm @ T¢ = 100°C)
Forward “‘On’* Voltage (2) VTm - 2.6 Volts
{ITM = 30 A peak @ T¢ = 25°C)
Gate Trigger Current (Continuous dc) (3) IGT - 20 mA
(Anode Voltage = 12 Vdc, R|_ = 30 Ohms, T¢ = 25°C)
Gate Trigger Voltage (Continuous dc) VGT - 1.5 Volts
(Anode Voltage = 12 Vdc, Ry =30 Ohms, T = 25°C)
Gate Non-Trigger Voltage VGbD 0.1 - Volts
(Anode Voltage = Rated Vpgm. R = 30 Ohms, T¢ = 100°C)
Holding Current IH - 20 ‘mA
(Gate Open, T = 25°C)

(1) Ratings apply for zero or negative gate voltage but positive gate voltage shall not be applied concurrently with a negative potential on the
anode. When checking forward or reverse blocking capability, thyristor devices should not be tested with a constant current source in a
manner that the voltage applied exceeds the rated blocking voltage.

(2) Forward current applied for 1.0 ms maximum duration, duty cycle <1.0%.

IGTM, PEAK GATE CURRENT (mA)

FIGURE 1 — TYPICAL PULSE TRIGGER CURRENT
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FIGURE 2 — TYPICAL GATE TRIGGER CURRENT
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MCR320 series (continued)

FIGURE 3 — MAXIMUM ON-STATE POWER DISSIPATION
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MCR320 series (continued)

FIGURE 9 — MAXIMUM ON-STATE CHARACTERISTICS FIGURE 10 — MAXIMUM NON-REPETITIVE SURGE CURRENT
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FIGURE 11 — CHARACTERISTICS AND SYMBOLS

TYPICAL I-V CHARACTERISTICS
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MCR380 series (siicon)

BEAM-FIRED INTEGRATED GATE

SILICON CONTROLLED RECTIFIERS

. . . designed for high power industrial and consumer applications in
power and speed controls such as welders, furnaces, motors, space
heaters and other equipment where control of high current is needed.
In addition, the entire series employs the unique Beam-Fired gate

design to allow high di/dt and to reduce turn-on losses.
® (Critical Rate-of-Rise of On-State Current —

di/dt = 1000 Amp/us (Max)*

® Critical Exponential Rate — dv/dt = 200 V/us (Min)

® | ow Switching Losses

® |[ntegrated Gate Permits Soft-Fire Gate Control

*With 0.05 uF and 20-ohm snubber circuit.

BEAM-FIRED
INTEGRATED GATE
THYRISTORS

380 AMPERES RMS
100 thru 1500 VOLTS

MAXIMUM RATINGS

Y
w T

= STYLE 1°
Tf T i PIN.1. ANODE

I T = ¢ 2.GATE .
N *3. CATHOD

E  SEATING PLANE 4.CATHODE
TERMINAL 2 Q
Q

D J f
1P i
] j Y
v =
4T

N/

K
m
NOTE

3
N
1 DIM “K” APPLIES TO BOTH LEADS
MILLIMETERS INCHES
MIN | MAX | MIN | MAX
36.07 | 43.18 | 1.420 | 1.700
18.54 | 29.59 | 0.730 | 1.165
1245 | 15.24 | 0.490 | 0.600

TERMINAL 3 S
TY

DIM
A
8
C
D | 472] 485]0.186] 0.191
E ' 025 2.540.010] 0.100
F | 0.35] 0.48]0.014] 0.019
H - loa0] -
) | 6.22[19.30 | 0.245| 0.76
K_|202.69 [206.12 | 7.980 | 8.1
L] - | 7621 - | o300
M| 200 [ 500 | 200 | 500
N | 1549 | 2858 | 0.610 | 1.125
0| 348 137 ] 0.153
R 7 050 ] 0.12
s 7 123 0.14
T 186 | 031
U 050 | 0.07
v 56 ] 0.115] 0.140
W 025] 051]0.010] 0.020
Y | 1.45| 1.50 | 0.057 | 0.059
Z | 064 1.6 0:025] 0.065

CASE 220.03

Rating Symbol Value Unit
Repetitve Peak Off-State Voltage VDRM(1) Voits
(T = +125°C) MCR380 -10 100
-20 VRAM 200
-30 300
-40 400
-50 500
-60 600
-70 700
-80 800
-90 900
-100 1000
-110 1100
-120 1200
-130 1300
-140 1400
-150 1500
Non-Repetitive Peak Reverse VRsm Volts
Block Voltage
(1<5.0 ms) MCR380 -10 200
-20 300
-30 400
-40 500
-50 600
-80 720
-70 840
-80 960
-90 1080
-100 1200
-110 1300
-120 1450
-130 1550
-140 1650
-150 1800
Average Forward Current (T¢ = 72°C) IT(AV) 250 Amp
(180° Conduction Angle)
Peak Surge Current ITsm 3500 Amp
(One cycle, 60 Hz, T = -40 to +125°C)
Circuit Fusing Considerations 12t A2s
(t= 1.5 ms) 32,000
- #1250 ,
(Ty =-40 to +125°C) (t=8.3ms 50,000
Peak Forward Gate Power PGEM 15 Watts
Average Forward Gate Power PGF(AV) 3.0 Watt
Peak Forward Gate Current IGFM 4.0 Amp
Peak Reverse Gate Voltage VGRM 5.0 Volts
Operating Junction Temperature Range Ty -40 to +125 °c
Storage Temperature Range Tstg -40 to +150 °c
Mounting Force - 1000 Ibs
Critical Rate-of-Rise of On-State Current during didt 1000 Amp/s
Turn-On Interval (Non-Repetitive Rating)
THERMAL CHARACTERISTICS
Characteristic [ symbot | Max | unmit
[ Thermat Resistance, Junction to Case Rosc | o005 | °cw

(1) Ratings apply for zero or negative gate voltage.
Devices shall not have a positive bias applied to
the gate concurrently with a negative potential
on the anode. Devices should not be tested with
a constant current source for forward or reverse
block ing capability such that the voltage applied
exceeds the rated blocking voltage.
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MCR380 series (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current IDRM - - 15 mA
(Rated VpRm. with gate open, Ty = 125°C)
Peak Reverse Blocking Current IRRM - - 20 mA
(Rated VR R, with gate open, T = 125°C)
Forward “On’’ Voltage - VTm - - 24 Volts
(ITm = 1000 A Peak, Pulse Width = 8.3 ms, Duty Cycle< 1.0%) .
Gate Trigger Current IeT - - 150 mA
(Anode Voltage = 6.0 V, R|_= 3.0 Ohms) . .
Gate Trigger Voltage VGT - - 3.0 Volts
(Anode Voltage =6.0 V, R|_= 3.0 Ohms) R
Holding Current . . Iy - 20 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)
Non-Triggering Gate Voltage . VGDM 0.15 - - Volts
(Anode Voltage = Rated Vpgm, R = 1000 Ohms, T = 125°C) : '
Turn-On Time ton - 20 - us
(Itm =50 A, Rated Vprm!
- 10 V open circuit, 20 Ohm Source
Gate Pulse {0‘1 us (Max) rise time
Gate Pulse Width Necessary to Trigger - - 10 us
5.0 V open circuit, 5.0 Ohm Source
P s
Gate Pulse {0.1 us (Max) rise time
| Critical Exponential Rate of Rise dv/dt 200 - - 7
(Rated VpRrw. gate open, Tj = 125°C)

CURRENT DERATING

(f = 50 to 400 Hz)

FIGURE 1 — SQUARE WAVE
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MCR380 series (continued)

g
8

FORWARD POWER DISSIPATION

FIGURE 3 — SQUARE WAVE

(f = 50 to 400 Hz)

FIGURE 4 — SINE WAVE
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MCR380 series (continued)

FIGURE 6 — TRIGGERING CHARACTERISTICS
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M(R3808 SERIES (SILICON)
MCR380C serees
MCR380D serues

Advance Information

BEAM-FIRED INTEGRATED GATE
FAST SWITCH THYRISTORS
.. designed for high-current, high-frequency applications in inverters,
choppers, cycloconverters, induction heating and high-frequency light-
ing. Optimum cathode shunt placement permits high di/dt without
sacrificing dv/dt capability.
® Low Switching Losses — @ 3.0 us with 30 us Pulse, Ip = 150 A
MCR380B Series = 3.0 Volts
MCR380C Series = 6.0 Volts
MCR380D Series= 6.0 Volts
e Critical Rate-of-Rise of On-State Current —
di/dt = 1000 Amp/us (Max)*
® Critical Exponential Rate — dv/dt = 200 V/us (Min)
® Integrated Gate Permits Soft-Fire Gate Control
® Fast Turn-Off Time — 15 to 30 us
*With 0.05 uF and 20 ohm snubber circuit.

BEAM-FIRED
INTEGRATED GATE
THYRISTORS

380 AMPERES RMS

MAXIMUM RATINGS

Repetitive Peak Off-State Non-Repetitive Peak
Voltage (T = +125°C) Reverse Blocking Voltage
VDRM. VRRM VRSM
Device Type Volts Volts
Turn-Off Time = 15 us Max
MCR3808 -10 100 200
-20 200 300
-30 300 400
-40 400 500
-50 500 600
-60 600 700
-70 700 800
-80 800 900
Turn-Off Time = 20 us Max

MCR380C -10 100 200
-20 200 300
-30 300 400
-40 400 500
-50 500 600
-60 600 700
-70 700 800
-80 800 900

-90 900 1000

-100 1000 1100

Turn-Off Time = 30 us Max

MCR380D -10 100 200
-20 200 300
-30 300 400
-40 400 500
-50 500 600
-60 600 700
-70 700 800
-80 800 900

-90 900 1000

-100 1000 1100

-110 1100 1200

-120 1200 1300

n

R r
R
Q = A

Y
3
= 2. GATE
T A
£ L 3 catHooe
SEATING PLANE R\ CATHODE
TERMINAL 2
)
]
Vi
TERMINAL 3

NOTE:

N
1. DIM “K" APPLIES TO BOTH LEADS

MILLIMETERS | INCHES |
DIM[ MIN | MAX | MIN | MAX |

A | 36.07 | 43.18 | 1.420 | 1.700 |
B | 18.54 | 2959 | 0.730 | 1.165
C | 12.45 | 15.24 | 0.490 ] 0,600
D | 472" 485 0.186 | 0191

Smaue

Ni<|=|<]

CASE 220-03

This is advance information on a new introduction and specifications are subject to change without notice.
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MCR380B series, MCR380C series, MCR380D series (continued)

MAXIMUM RATINGS

Rating Symbol Value Unit
Average Forward Current, T = 60°C IT(AV) 250 Amp
(180° Conduction Angle)
Peak Surge Current ITsm 3500 Amp
(One cycle, 60 Hz, T = -40 to +125°C)
Circuit Fusing Considerations 12t 50,000 A2
(Ty =-40 10 +125°C, t = 1.5 — 8.3 ms)
Peak Gate Power PGFMm 15 Watts
Average Gate Power PGF(AV) 3.0 Watts
Peak Forward Gate Current IGFM 4.0 Amp
Peak Reverse Gate Voltage - . VGRM 5.0 Volts
Operating Junction Temperéture Range Ty -40 to +125 °c
Storage Temperature Range Tstg -40 to +150 oc
Mounting Force — 1000 +200 Ibs
Critical Rate-of-Rise of On-State Current — Repetitive di/dt 200 Amplus
Non-Repetitive . 1000
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 0.095 oc/w
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current ‘ IDRM - - 15 mA
(Rated VpRr. with gate open, T = 125°C)
Peak Reverse Blocking Current IRRM — - 15 mA
(Rated VRRM. with gate open, T = 125°C)
Forward ‘On’* Voltage VTm - —_ 2.65 Volts
(1Tm = 1000 A Peak, Duty Cycle <0.01%, T = 25°C)
Gate Trigger Current IGT - — 150 mA
(Anode Voltage = 6.0 V, R_ = 3.0 Ohms)
" Gate Trigger Voltage VGT = = 3.0 Volts
(Anode Voltage = 6.0 V, R_ = 3.0 Ohms)
Holding Current o IH - 50 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)
Non-Triggering Gate Voltage VGDM 0.15 — — Volts
(Anode Voltage = Rated VprM, RL = 1000 ohms, T = 125°C)
Circuit Commutated Turn-Off Time tq us
(VR = 50 V (Min); Rated VpRrm, Ty = +125°C; MCR380B - - 15
dig/dt = 20 A/us, Repetition Rate = 1.0 pps, MCR380C —_ — 20
IT™M = 250 A; dv/dt = 20 V/us) MCR380D - - 30
Transient Turn-On Voltage MCR380B VTt0 — - 5.0 Volts
(VpRm = 100 V, IT\ = 300 A, PW = 8.0 us, MCR380C — - 8.0
Gate Drive = 600 mA, rise = 0.1 us, test point = 4.0 us) MCR380D — - 8.0
Critical Exponential Rate of Rise dv/dt 200 — — V/us
(Rated VpRrm. Gate open, Ty = 125°C)
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MCR406'I (SILICON)

thru

MCR406-4

e

directly from low level sensors.

PLASTIC THYRISTORS

Higher Surge Current Rating — ITgy = 30 Amp

Flat, Rugged, Thermopad?t Construction — for Low Thermal
Resistance, High Heat Dissipation, and Durability

® Annular Passivated Surface for Reliability and Uniformity

® True Power Rated — 4.0 Amp @ T¢ = 97°C

® | ow Level Gate Characteristics — |GT = 200 uA @ Tp = 25°C
°

°

.. . Annular PNPN devices designed for high volume consumer
applications, such as temperature, light, and speed control, process
and remote control, and warning systems where reliability of opera-
tion is important. Sensitive gate trigger permits operation as a switch

PLASTIC SILICON
CONTROLLED RECTIFIERS

4.0 AMPERES RMS
30 thru 200 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Reverse Blocking Voltage VRRM Volts
(Note 1) MCR406-1 30
MCR406-2 60
MCR406-3 100
MCR406-4 200
Forward Current RMS IT(RMS) Amp
(All Conduction Angles) 4.0
Peak Forward Surge Current ITsm Amp
(1/2 cycle, 60 Hz, T j = -40 to +110°C) 30
Circuit Fusing Considerations 12¢ A2
(Ty=-40to 110°C, t=1.0 to 8.3 ms) 36
Peak Gate Power — Forward PGFM 05 Watt
Average Gate Power — Forward PGE(AV) 0.1 Watt
Peak Gate Current — Forward IGFM 0.2 Amp
Peak Gate Voltage — Reverse VGRM 6.0 Volts
Operating Junction Temperature Ty -40to +110 °c
Range
Storage Temperature Range Tstg -40 to +150 °c
Mounting Torque (6-32 screw) (Note 2) — 8 in. Ib.
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:l‘z";__j_ f AN
IR

YLE 1:
R-v PIN 1. CATHODE
__Y_ 2.ANODE

E:[_Cr 3. GATE
[ [MILLIMETERS| _INCHES
DIM [MIN | MAX | MIN | MAX
A 11613 |16.38 | 0.635 |0.645
B[ 1267 [1 495 (0505
C | 318 [ 34 75 0.1%
D | 1.09 43 [0.049
F | 351 376 ] 0.138 [0.148
G | 42285C | 0.16685C |
W_| 267 | 292 0,10 [0.115
J [ 0813] 0.864] 0.032 [0.034
K | 16.11 [16.38 | 0.595 [0.645
M 0 TYP 9T
470 | 495 | 0.185 [0.195
91| 2.16 | 0.075 [0.085 |
2 .48 | 0.245 ]0.255 |
CASE 9005

NOTE:
1. LEADS WITHIN .005" RAD OF TRUE
POSITION (TP) AT MMC




MCR406-1 thru MCR406-4 (continued)

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted, Rgk = 1000 Ohms)

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Voltage VDRM Volts
(T4 = 110°C) Note 1 MCR406-1 30 - -
MCR406-2 60 — —
MCR406-3 100 - -
MCR406-4 200 -~ -
Peak Forward Blocking Current IDRM nA
(Rated VprM @ T3 = 110°C) - - 100
Peak Reverse Blocking Current IRRM kA
(Rated VRrm @ Ty = 110°C) - - 100
Forward “On’* Voltage VTm Volts
(I7m = 4.0 A peak) - - 2.2
Gate Trigger Current (Continuous dc) IGT LA
(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) - - 200
Gate Trigger Voltage (Continuous dc) VgT Volits
(Anode Voltage = 7.0 Vdc, R_ = 100 Ohms) — — 0.8
(Anode Voltage = Rated Vprm, R = 100 Ohms, T 3= 110°C) VGp 0.2 - -
Holding Current Iy mA
(Anode Voltage = 7.0 Vdc) - - 3.0
Turn-On Time ton -
Circuit Dependent. Consult Manufacturer.
Turn-Off Time toff
Forward Voltage Application Rate dv/dt V/us
(Ty=110°C) - 10 -
Thermal Resistance, Junction to Case 84c - - 2.0 oc/w
Thermal Resistance, Junction to Ambient AT - - 50 oc/w
NOTES:
1. Vprmand VRrm for all types can be applied on a continuous 2. Torque rating applies with use of torque washer (Shakeproof

dc basis without incurring damage.

Ratings apply for zero or

negative gate voltage but positive gate voltage shall not be applied
concurrently with a negative potential on the anode. When check-
ing forward or reverse blocking capability, thyristor devices should
not be tested with a constant current source in a manner that
the voltage applied exceeds the rated blocking voltage.

FIGURE 1 — CASE TEMPERATURE versus CURRENT
110
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TA, MAXIMUM ALLOWABLE AMBIENT

WD19522 #6 or equivalent). Mounting torque in excess of
8 in. Ibs. doesnot appreciably lower case-to-sink thermal resistance.
Anode lead and heatsink contact pad are common.

For soldering purposes (either terminal connection or device
mounting), soldering temperatures shall not exceed +225°C.
For optimum results, an activated flux (oxide removing) is
recommended.

FIGURE 2 — AMBIENT TEMPERATURE versus CURRENT
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MCR406-1 thru MCR406-4 (continued)

FIGURE 3 — FORWARD CONDUCTION CHARACTERISTICS

FIGURE 4 — Pp, POWER DISSIPATION
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MCR406-1 thru MCR406-4 (continued)

FIGURE 7 — TYPICAL GATE TRIGGER CURRENT

FIGURE 8 — TYPICAL GATE TRIGGER VOLTAGE
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FIGURE 9 — TYPICAL HOLDING CURRENT
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SELECTED THYRISTOR-TRIGGER APPLICATION NOTES

AN-240° — SCR Power Control Fundamentals

AN-290B — Mounting Procedure for, and Thermal Aspects of,
Thermopadtt Plastic Power Devices

AN-295 — Suppressing RF1 in Thyristor Circuits

AN-453 — Zero Point Switching Techniques\

To obtain copies of these notes list the AN number(s)
on your company letterhead and send your request to:

Technical Information Center
Motorola Semiconductor Products, Inc.
P.0O. Box 20924

Phoenix, Arizona 85036
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MCR407-1 siuicon
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MCR407-4

G
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PLASTIC SILICON CONTROLLED RECTIFIERS

...Annular PNPN devices designed for high volume consumer
applications such as temperature, light, and speed control; process
and remote control, and warning systems where reliability of oper-
ation is important.

Annular Passivated Surface for Reliability and Uniformity
Power Rated at Economical Prices
Practical Level Triggering and Holding Characteristics

Flat, Rugged, Thermopad Construction--for Low Thermal Re-
sistance, High Heat Dissipation and Durability

THYRISTORS

4.0 AMPERES RMS
30 thru 200 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
Repetitive Peak Reverse Blocking Voltage VRRM Volts
(Note 1) MCR407-1 30
-2 60
3 100
-4 200
RMS On-State Current IT(RMS) 40 Amp
(All Conduction Angles)
Average On-State Current IT(AV) 2.55 Amp
(Tc = 89°C)
Peak Non-Repetitive Surge Current ITsm 20 Amp

(One cycle, 60 Hz,
T, = -40 to +110°C)

Circuit Fusing Considerations 12 16 A2
(T4 =-40to +110°C)
t=1.0to 8.3 ms)

Peak Gate Power PGFM 0.5 Watt
Average Gate Power PGF(AV) 0.1 Watt
Peak Gate Current IGFM 0.2 Amp
Peak Gate Voltage VGRM 6.0 Volts
Operating Junction Temperature Range Ty -40to +110 oc
Storage Temperature Range Totg -40 to +150 oc
Mounting Torque (6-32 Screw) - 8.0 in. Ib.
(Note 2)
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rgic 2.0 ocw
Thermal Resistance, Junction to Ambient RgJA 50 °c/w
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R PIN 1. CATHODE
2.ANODE
E:[—% 3 GATE
[ [MILLIMETERS| INCHES |
DIM [ MIN | MAX | MIN | MAX |
A [16.13 |16.38 | 0.635 |0.645
B | 12.57 |12, 495 | 0.505
C_ | 318 | 3. 125 |0.135
D[ 1.08 4| 0.043 [0.049
351 138 10.148
G 4.22 BSC 0.166 BSC
H | 2.67 [ 292 | 0,105 [0.115
J_| 0.813] 0.864] 0.032 |0.034
K| 15.11 |16.38 | 0.595 |0.645
M | 99TYP 90 TYP
4.70 | 495 | 0.185 [0.195
91 | 2.16 | 0.075 |0.085 |
22 [ 648 | 0.245 [0.256 |
CASE 90-05
NOTE:

1. LEADS WITHIN .005" RAD OF TRUE
POSITION (TP) AT MMC




MCR407-1 thru MCR407-4 (continued)

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted, Rg k = 1000 ohms)

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Voltage VDRM Volts
(Ty=110°C) Note 1 MCR407-1 30 - -
-2 60 ~ -
-3 100 - -
-4 200 - -
Peak Forward Blocking Current IDRM - - 100 KA
(Rated VprM, T4 = 100°C)
Peak Reverse Blocking Current IRRM - - 100 uA
(Rated VRrm. Ty = 110°C)
Peak On-State Voltage VTm - - 26 Volts
(lym=4.0A) .
Gate Trigger Current (Continuous dc) IGT - - 500 nA
(Anode Voltage = 7.0 Vdc, R|_ = 100 ohms)
Gate Trigger Voltage (Continuous dc) VGT Volts
(Anode Voltage = 7.0 Vdc, R_ = 100 ohms) - - 1.0
(Anode Voltage = Rated VprM, R = 100 ohms, T = 110°C) 0.2 - -
Holding Current I - - 5.0 mA
(Anode Voltage = 7.0 Vdc)
Forward Voltage Application Rate dv/dt - 10 - V/us
(Ty=110°C)
NOTES:

1. VDRM and VRRM for all types can be applied on a continuous dc

basis without incurring damage. Ratings apply for zero or negative
gate voltage but positive gate voltage shall not be applied con-
currently with a negative potential on the anode. When checking
forward or reverse blocking capability, thyristor devices should not
be tested with a constant current source in a manner that the
voltage applied exceeds the rated blocking voltage.

2. Torque rating applies with use of torque washer (Shakeproof

WD19522 #6 or equivalent). Mounting torque in excess of 8 in.
Ibs. does not appreciably lower case-to-sink thermal resistance.

Anode lead and heatsink contact pad are common.

For soldering purposes (either terminal connection or device
mounting), soldering temperatures shall not exceed +225°C. For
optimum results, anactivated flux (oxide removing) isrecommended.

CURRENT DERATING

FIGURE 1 — MAXIMUM CASE TEMPERATURE
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FIGURE 2 — MAXIMUM AMBIENT TEMPERATURE
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MCR470 SERIES (SILICON)

BEAM-FIRED INTEGRATED GATE
SILICON CONTROLLED RECTIFIERS

.. . designed for high power industrial and consumer applications in
power and speed controls such as welders, furnaces, motors, space
heaters and other equipment where control of high current is needed.
In addition, the entire series employs the unique Beam-Fired gate
design to allow high di/dt and to reduce turn-on losses.

® Critical Rate-of-Rise of On-State Current —
di/dt = 1000 Amp/us (Max)*

® Critical Exponential Rate — dv/dt = 200 V/us (Min)

Low Switching Losses
® |ntegrated Gate Permits Soft-Fire Gate Control
*With 0.05 uF and 20 ohm snubber circuit.

MAXIMUM RATINGS

BEAM-FIRED
INTEGRATED GATE
THYRISTORS

470 AMPERES RMS
100 thru 1500 VOLTS

Rating Symbol Value Unit
Repetitive Peak Off-State Voltage VDRM(1) Volts
(T4 = +126°C) MCR470 — - 10 100
~ 20 200
~ 30 300
~ 40 400
~ 50 500
~ 60 600
- 70 700
- 80 800
- 90 900
~100 1000
~110 1100 i
e e Wz  ervie
~140 1400 Lo + C PIN.1. ANODE
1 T 2. GATE
~150 1500 I L LS 5 CaTHODE
Non-Repetitive Peak Reverse VRSM Volts W 4. CATHODE
Block Voltage SEATING PLANE )
(t <50 ms) MCR470 — - 10 200 TERMINAL 2 a
- 20 300 o
- 30 400 J 5
b o Pl
~ 50 600
~ 60 720 v
- 70 840 l——-}—T
- 80 960 s
~ %0 1080 TERMINAL 3 vp h
~100 1200
~110 1300 NOTE: NS
~120 1450 1. DIM “K” APPLIES TO BOTH LEADS ™
~130 1550
140 1650 MILLIMETERS INCHES
~150 1800 DIM| MIN | MAX | MIN | MAX
Average Forward Current IT(AV) 300 Amp A | 36.07 | 43.18 | 1.420 | 1.700
(180° Conduction Angle, T¢ = 76°C) B | 18.54 | 2969 | 0.730 | 1.165
Peak Surge Current 1Tsm 5500 Amp C [0,
(One cycle, 60 Hz , T = -40 to +125°C) D
Circuit Fusing Considerations 1% A2 £
. 5 (t=15ms) 50,000 =
(Ty = -40 10 +125%C) (t=8.3ms) 120,000 1
Peak Forward Gate Power PGEM 15 Watts 3
‘Average Forward Gate Power PGE(AV] 30 Watts K
Peak Forward Gate Current IGFM 40 Amp L
Peak Reverse Gate Voltage VGRM 50 Volts M
Operating Junction Temperature Range Ty -40 to +125 o¢c
Storage Temperature Range Tsig -40 to +150 oc ]
Mounting Force - 1000 Ibs
Critical Rate-of-Rise of On-State Current during difdt 1000 Amplus
Turn * On Interval (Non-Repetitive Rating) T
THERMA L CHARACTERISTICS 1]
Characteristic [ symbol [ max | umie ] V] 2 X . 140
Thermal Resistance, Junction to Case Ry 008 °c/wW w .25 .51 | 0.010 | 0.020 |
c 0510010
71 Ratings apply for zero or negative gate voitage Devices shall not have a positive bias applied to the gate concur- Y .45 .50 | 0.057 | 0.059 |
rently with a negative potential on the anode Devices should not be tested with a constant current source for F3 .64 .65 | 0.02 .065
forward or reverse blocking capability such that the voltage applied exceeds the rated blocking voltage
CASE 220-03
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MCRA470 series (continued)

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

N N

N

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current IDRM - - 15 mA
(Rated VpRM, with gate open, T = 125°C)
Peak Reverse Blocking Current IRRM - - 15 mA
(Rated VRRM, with gate open, T3 = 125°C)
Forward “On" Voltage VTm - - 19 Volts
(I7m = 1000 A Peak, Puise Width = 8.3 ms, Duty Cycle < 1.0%)
Gate Trigger Current IGT - - 160 mA
(Anode Voltage = 6.0 V, R_= 3.0 Ohms) ' :
Gate Trigger Voltage VGoT - - 3.0 Voits
(Anode Voltage = 6.0 V, R = 3.0 Ohms)
Holding Current 1] - 20 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)
Non-Triggering Gate Voltage VGom 0.156 - - Volts
{Anode Voltage = Rated Vpgrm, R = 1000 Ohms, T = 125°C)
Turn-On Time ton - 2.0 - us
(ITm = 50 A, Rated Vprm)
10 V open circuit, 20 Ohm Source
Gate Pulse { 0.1 us (Max) rise time
Gate Pulse Width Necessary to Trigger - - 10 us
5.0 V open circuit, 5.0 Ohm Source
P
Gate Pulse { 0.1 us {Max) rise time
Critical Exponential Rate of Rise dv/dt 200 - - Vlus
(Rated VpRM. gate open, Tj = 125°C)
CURRENT DERATING
(f = 560 to 400 Hz)
FIGURE 1 — SQUARE WAVE FIGURE 2 — SINE WAVE
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MCRA470 series (continued)

FIGURE 3 — SQUARE WAVE FIGURE 4 — SINE WAVE
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MCRA470 series (continued)

ZpJc(t), TRANSIENT THERMAL IMPEDANCE (°C/W)

FIGURE 6 — TRIGGERING CHARACTERISTICS
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M(R47 0( SERIES (SILICON)
M(R470D SERIES
MCR470E serees

[ Advance Information

BEAM-FIRED INTEGRATED GATE
FAST SWITCH THYRISTORS
... designed for high-current, high-frequency applications in inverters,
choppers, cycloconverters, induction heating and high-frequency light-
ing. Optimum cathode shunt placement permits high di/dt without
sacrificing dv/dt capability.

® Low Switching Losses — @ 3.0 us with 30 us Pulse, Ip = 150 A
MCR470C Series — 3.0 Volts
MCR470D Series — 6.0 Volts
MCR740E Series — 6.0 Volts
® Critical Rate-of-Rise of On-State Current —
di/dt = 1000 Amp/us (Max)*
® Critical Exponential Rate — dv/dt = 200 V/us (Min)
® |Integrated Gate Permits Soft-Fire Gate Control
® Fast Turn-Off Time — 20 to 40 us
*With 0.05 uF and 20 ohm snubber circuit.

BEAM-FIRED
INTEGRATED GATE
THYRISTORS

470 AMPERES RMS

MAXIMUM RATINGS

'Repetitive Peak Off-State Non-Repetitive Peak
Voltage (T = +125°C) Reverse Blocking Voltage
VDRM: VRRM VRSM A- .
. ] — £
Device Type Volts Volts | B I ,_‘[
Turn-Off Time = 20 us Max f =T
MCR470C  -10 100 200 W [z He " STYLET:
20 00 3 1 1. C PIN.1. ANODE
- 2 00 8 T 2. GATE
-30 300 400 1 : L 3 CATHODE
-40 400 500 77 4. CATHODE
-50 500 600 TERMINAL 2
-60 600 700
-70 700 800 1P
-80 800 900 rf?f'l
— v
Turn-Off Time = 30 us Max T
MCR470D -10 100 200 TERMINAL 3 S
-20 200 300
-30 300 400 NOTE: N 4\
_a0 400 500 1. DIM K" APPLIES TQ BOTH LEADS
-50 500 600 MILLIMETERS | INCHES
-60 600 700 piM| MIN [MAX | MIN | MAX
-70 700 800 A | 36.07 | 43.18 | 1.420 | 1.700
-80 800 900 B | 18.54 | 2959 | 0.730 | 1.165 |
~ C | 1245 | 15.24 | 0.490 | 0.600 |
?go 3,0& :?gg "D | 472 4.85]0.186] 0.191
- E [ 0.25 % 254 | 0.010] 0.100
Turn-Off Time = 40 us Max F gi .48 "1](')8 019
MCR470E  -10 100 200 :22 19.30 :245 K 73_0(
-20 200 300 | K [202.69 [206.12 | 7.980 [ 8.115
-30 300 400 L | - 762 - | 0300
-40 400 500 200 | 500 | 200 | 500
-50 500 600 N | 15.49 | 28.58 | 0.610 | 1.125
60 600 700 .4 .89 | 0.137 | 0.153
2 .18 | 0.050 | 0.125
-70 700 800 12| 3,68 ] 0.123 | 0.145
-80 800 900 X
-90 900 1000 .
-100 1000 1100 V] 2
-110 1100 1200 'Cl 2
-120 1200 1300 7T o6t
CASE 220-03

This is advance information on a new introduction and specifications are subject to change without notice.
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MCR470C series, MCR470D series, MCR470E series (continued)

MAXIMUM RATINGS

Rating Symbol - Value Unit
Average Forward Current, T = 60°C AT(AVv) 300 Amp
(180°Conduction Angle) '
Peak Surge Current ITsm 4500 Amp
(One cycle, 60 Hz, Ty =-40 to +125°C)
Circuit Fusing Considerations 12¢ . 84,000 A2s
(Ty =-40 to +125°C, t = 1.5 - 8.3 ms) .
Peak Forward Gate Power i PGFM 15 Watts
Average Forward Gate Power PGF(AV) 3.0 . Watts
Peak Forward Gate Current B IGFM - 40 Amp
Peak Reverse Gate Voitage . ' VGRM 5.0 Volts
Operating Junction Temperature Range ) T -40 to +125 oc
Storage Temperature Range Tstg -40 to +150 oc
Mounting Force - 1000 +.200 Ibs
Critical Rate-of-Rise of On-State Current — Repetitive di/dt 200 Amp/us
. . Non-Repetitive - 1000
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 0.08 oc/w
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
) Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current . IDRM - - 15 mA
(Rated VpRMm, with gate open, T = 125°C)
Peak Reverse Blocking Current IRRM - - 15 mA
(Rated VRRM. With gate open, T = 125°C) .
Forward "“On" Voltage VTm - - 2.30 Volts
(I7m = 1000 A Peak, Duty Cycle <0.01%, T = 25°C)
Gate Trigger Current : IGT - - 150 mA
(Anode Voltage = 6.0 V, R|_ = 3.0 Ohms) :
Gate Trigger Voltage : VGT - - 3.0 Volts
(Anode Voltage = 6.0 V, R = 3.0 Ohms) .
Holding Current : : ) - 50 500 mA
(Anode Voltage =24 V, gate open, Inmatmg Current = 2.0 A) i
Non-Triggering Gate Voltage VGsm 0.15 - - Volts
(Anode Voltage = Rated Vp gy, R = 1000 Ohms, T, = 125°C}
Circuit Commutated Turn-Off Time - . tq us
(VR =50 V .(Min); Rated Vprm, Ty = +125°C, MCR470C - - 20
dig/dt = 20 A/us; Repetition Rate = 1.0 pps; ~ MCR470D - - 30
ITm = 250 A; dv/dt = 20 V/us) MCR470E - - 40
Transient Turn-On Voltage MCR470C V10 - - 5.0 Volts
(VDRM = 100 V, ITp = 300 A, PW = 8.0 us MCR470D - - 8.0
Gate Drive = 600 mA, rise = 0.1 us, test point = 4.0 us) MCR470E - - 8.0
Critical Exponential Rate of Rise - : dv/dt . 200 - - Vius
(Rated VpRrm, gate open, T) = 125°C)
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MCR550C series
MCR550D series

| Advance Information

BEAM-FIRED
BEAM-FIRED INTEGRATED GATE INTEGRATED GATE
FAST SWITCHING THYRISTORS THYRISTORS

... designed for high-current, high-frequency applications in inverters, 550 AMPERES RMS

choppers, cycloconverters, induction heating and high-frequency light-
ing. Optimum cathode shunt placement permits high di/dt without
sacrificing dv/dt capability.

e Critical Rate-of-Rise of On-State Current —
di/dt = 1000 Amp/us (Max)
@ Critical Exponential Rate — dv/dt = 200 V/us (Min)
Integrated Gate Permits Soft-Fire Gate Control
® Fast Turn-Off Time — 20 and 30 us

MAXIMUM RATINGS

Repetitive Peak Off-State Non-Repetitive Peak
Voltage (Ty = +125°C) Reverse Blocking Voltage
VDRM: VRRM VRsM
Device Type Volts Volts TERMINAL 2
Turn-Off Time = 20 us M
urn ime us Max D ) __I—U J
MCRSB50C -10 100 200
-20 200 300 Vi
-30 300 400
-40 400 500 TERMINAL 3
-50 500 600 7Y Aiooe
-60 600 700 g gns
-70 700 800 & CAmone
-80 800 900 NOTE:
-90 900 1000 1. DIM “K" APPLIES TO. BOTH LEADS
-100 1000 1100 ] ]
om
Turn-Off Time = 30 us Max MIN_{ MAX
| A 2.200 [2.500
MCR550D0 -10 100 . 200 | 8 | 1.031 {1.500
-20 200 300 | C 1.000 {1.065 |
-30 300 400 o186 j.191 )
X 0.110
-40 400 500 0.014 [0.019
-50 500 600 0.126 | —
-60 600 ‘ 700 [ J ] 30 | 0.245 [0.760
70 700 800 [ K 1202.69]206.12] 7.980 [8.115
L] - 162 | — 10300
-80. 800 900 W 750 T 500 759 ] 500 ]
-90 900 1000 —|3645 | - 143
-100 1000 1100 48 | 3.89 [0.137 10.153 |
-110 1100 1200 ij 406 1 0.00 10,160 |
-120 1200 1300 SFARE AR HL
21 | 1.78 [0.050 [0.070
92 | 356 [0.115 [0.140
.25 | L
——AJL’ -
64 | 1.65 | 0.025 |0.064
CASE 220-02
This is advance information on a new intr and specificati are subject to change without notice.
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MCRS550C Series, MCR550D Series (continued)

MAXIMUM RATINGS

Rating Symbol Value Unit

Average On-State Current, T¢ = 60°C IT(AV) 350 Amp
(180° Conduction Angle)

Peak Non-Repetitive Surge Current ITsm . 5500 Amp
(One cycle, 60 Hz, Tj = -40 to +125°C) -

Circuit Fusing Considerations Izt 120,000 Azs
(Ty=-40to +125°C, t = 1.5 — 8.3 ms)

Peak Gate Power PGFm 200 Watts
(Maximum Pulse Width = 40 us)

Average Gate Power PGF(AV) 3.0 Watts

Peak Forward Gate Current IGFM 4.0 Amp
(Maximum Pulse Width = 40 us)

Peak Reverse Gate Voltage VGRM 10 Volts

Operating Junction Temperature Range Ty -40 to +125 °c

Storage Temperature Range Tstg -40 to +150 oc

Mounting Force - 2000 + 200 Ibs

Critical Rate-of-Rise of On-State Current — Repetitive di/dt 200 Ampl/us
(R = 20 Ohms, C = 0.05 uF) Non-Repetitive 1000

THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit

Thermal Resistance, Junction to Case Rgyc 0.06 ocw

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

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Current iDRM - - 30 mA
(Rated VpR M, with gate open, Ty = 125°C)
Peak Reverse Blocking Current IRRM - - 30 mA
(Rated VRRM. with gate open, T = 125°C)
Peak On-State Voltage VTm - - 24 Volts
(I7m = 1000 A Peak, Pulse Width <2.0 ms, Duty Cycle <0.01%,
Ty = 25°C)
Gate Trigger Current, Continuous dc IGT - - 150 mA
(Anode Voltage = 6.0 V, R|_= 3.0 Ohms)
Gate Trigger Voltage, Continuous dc ’ VGT - - 3.0 Volts
(Anode Voltage = 6.0 V, R|_= 3.0 Ohms) :
Non-Trigger Gate Voltage . VGDM - - 0.15 Volts
(Anode Voltage = Rated Vprm, R = 1000 ohms, T = 125°C)
Holding Current [¥) - 50 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)
Circuit Commutated Turn-Off Time tq us
(VR = 50 V (Min); Rated Vpgm. Ty = +125°C,
dig/dt = 20 A/us; Repetition Rate = 1.0 pps, MCR550C - - 20
ITm = 250 A; dv/dt = 20 V/us) MCR550D - - 30
Transient Turn-On Voltage V10 - - Voits
(VDpRrM =100 V, I\ =300 A, PW = 8.0 us, - - 10

Gate Drive = 600 mA, rise = 0.1 us, test point = 4.0 us) - -

Critical Exponential Rate of Rise of Off-State Voltage dv/dt 200 - - Vlius
(Rated VpRM. Gate open, Ty = 125°C)
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MCR649-1 nv MCR649-7 (siicon

CASE 61 CASE 54
(TO-41) (TO-3 Modified)

PIN 1. GATE

PIN1 ANODE

2. CATHODE 2. GATE
CASE ANODE CASE CATHODE

MAXIMUM RATINGS (Ty= 100°C unless otherwise noted)

Industrial-type, silicon controlled rectifiers in a
(o) o ‘‘diamond’’ package for applications requiring a high

© surge-current rating or low thermal resistance.
For units with pins (TO-3) specify devices MCR649P-1
thru MCR649P-17.

Rating Symbol Value Unit
Peak Reverse Blocking Voltage* VROM* Volts
MCR649-1 25
-2 50
-3 100
-4 200
-5 300
-6 400
=1 500
Forward Current RMS If 20 Amp
(All Conduction Angles)
Circuit Fusing Considerations Izt Azs
(T; = -40 to +100°C; t = 8.3 ms) 275
Peak Forward Surge Current IFM(surge Amp
(One Cycle, 60 Hz, Ty = -40 to +100°C) (surge) 260
Peak Gate Power - Forward PGFM 5.0 Watts
Average Gate Power - Forward PGF( AV) 0.5 Watt
Peak Gate Current - Forward IGFM 2.0 Amp
Peak Gate Voltage - Forward Vorm 10 Volts
Reverse VGRM 5.0
Operating Junction Temperature Range Ty -40 to +100 oc
Storage Temperature Range Tstg -40 to +150 °c

*Vyowm for all types can be applied on a continuous dc basis without incurring damage.

VROM ratings apply for zero or negative gate voltage.

149




MCR649-1 thru MCR649-7 (continued)

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

Characteristic Symbol Min | Typ | Max Units
Peak Forward Blocking Voltage V’FOM Volts
(T; =100°C) MCR649-1 25 | — —_
-2 . 50 | — —_
-3 100 | — —_
-4 200 | — —_
-5 300 | — —_
-6 400 | — _—
-7 500 | — —_
Peak Forward Blocking Current Irom mA
(Rated Vg with gate open, Ty = 100°C) — | — 1 5.0
Peak Reverse Blocking Current . IRom mA
(Rated Vpop With gate open, Ty = 100°c) —_| - 5.0
Gate Trigger Current (Continuous dc) ' IGT mA
(Anode Voltage = 7 Vdc, RL =50 Q) — | 30 80
Gate Trigger Voltage (Continuous dc) Vor Volts
(Anode Voltage = 7 Vdc, R, =50 Q) — |1.0 3.5
- - - 0
(Anode Voltage = Rated Vyopy, Rp, =.50%, Ty = 100 C) | . VGNT 0.3 | — —_
Holding Current ) Iyo " mA
(Anode Voltage = 7 Vdc, Gate Open) — | 20 —_
Forward On Voltage Vg . Volts
(Ip = 20 Adc) — |11 | 15
Turn-On Time (tq + t,) ton {;7§
(Ig = 50 mA, I = 10 A) ‘ — |1.0 —_
Turn-Off Time tost us
(Ip = 10 A, I = 10 A, dv/dt = 20 V/ gs min, T;=100°C) — | 25 -
(VpxMm = rated voltage)
(VRxM = rated voltage)
Forward Voltage Application Rate dv/dt V/ us
(Gate open, Ty = 100°C)
MCR649-1 thru MCR649-4 — | 20 —_
MCR649-5 thru MCR649-17. ’ — | 30 -
Thermal Resistance (Junction to Case) 65c — 1.0 1.5 oc/w
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MCR649-1 thru MCR649-7 (continued)

MAXIMUM ALLOWABLE NON-RECURRENT
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MCR729-5 . MCR729-10 (siicon

PIN1 CATHODE
2 GATE
3 STUD ANODE

Fast-switching, high-voltage silicon controlled rec-
tifiers especially designed and characterized for radar,
proximity fuse, beacon and similar pulse applications.

CASE 63

MAXIMUM RATINGS (T3 = 105°C unless otherwise noted)

Rating Symbol Value Unit
Peak Reverse Blocking Voltage* vROM(rep)* 50 Volts
Forward Current RMS If 2.0 Amp
ng;,ﬁi;ivioiusl)se Current IFM(pulse) 100 Amp
Average Forward Power PF( AV) ' 5.0 Watts
Peak Gate Power - Forward PgrMm 20 Watts
Average Gate Power - Forward PGF( AV) 1.0 Watt
Peak Gate Current - Forward IgFrM 5.0 Amp
Peak Gate Voltage - Forward VGFM 10 Volts

Reverse VGRM 10

Operating Junction Temperature Range Ty -65 to+ 105 °c
Storage Temperature Range Tstg -65 to +150 oc
Stud Torque —_ 15 in. lb.

*Characterized for unilateral applications where reverse blocking capability is not important. Higher

VROM rated units available on request.
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ELECTRICAL CHARACTERISTICS

MCR729-5 thru MCR729-10 (continued)

(Tc = 25°C unless otherwise noted)

Characteristic Symbol Min | Typ Max Units
Peak Forward Blocking Voltage*v VroMm™* Volts
(Ty = 1059C) MCR729-5 300 — —
-6 400 — —_—
-7 500 — —_
-8 600| — —
-9 700f — —
-10 800| — —
Peak Forward Blocking Current Irom mA
(Rated Vo, Ty = 105°C, gate open) —{02 | 20
Gate Trigger Current (Continuous dc) IGT mAdc
(Anode Voltage = 7 Vdc, Ry, = 100 ohms) — 1 10 50
Gate Trigger Voltage (Continuous dc) var Volts
(Anode Voltage = 7 Vdc, Ry, = 100 ohms) —1 0.8 1.5
Holding Current Iyo mA
(Anode Voltage = 7 Vdc, gate open) 5.0 15 —
Forward On Voltage Vg Volts
(g = 2 Adc) — 1 1.1 1.5
Dynamic Forward On Voltage VF(on) Volts
(0.5 4 s after 50% pt, Ig = 200 mA,
Ipulse = 30 Amps) —1] 15 25
Turn-On Time (tg + t;) ton ns
(Ig =200 mA)
(Ipulse = 30 Amps peak) -— — | 200 —_—
(Ipulse = 100 Amps peak) — | 400 —_—
Turn-On Time Variatign At ns
(Ty = +25°C to +105"C and -65°C to +25°C) on — %50 | —
Pulse Turn-Off Time bott(pulse) | — | 16 | — us
Test Conditions: PFN discharge; Forward Current = 30 A pulse; Reverse Current =5 A;
Rep. Rate = 100 pps; Duty cycle = 0,05%; Forward Voltage = rated Vroms
T = 85°C; dv/dt = 250 V/ is; Reverse anode voltage applied during turn-off
interval = rated Vpops
Reverse gate bias during turn-off interval = -6 V;
Gate Trigger Pulse: 200 mA, 1 us wide, 2 ns rise time.
Turn-off time measured from 90% pt. of forward, current decay to 10% pt. of reapplied forward voltage.
Forward Voltage Application Rate dv/dt V/us
(Ty = 105°C, gate open) 50 | — -
Thermal Resistance (Junction to Case) JjC —_] - 3.0 |%/w

*QOther voltage units available upon request.
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MC R800 series (SILICON)

BEAM-FIRED INTEGRATED GATE
SILICON CONTROLLED RECTIFIERS
.. . designed for high power industrial and consumer applications in
power and speed controls such as welders, furnaces, motors, space
heaters and other equipment where control of high current is needed.
In addition, the entire series employs the unique Beam-Fired gate
design to allow high di/dt and to reduce turn-on losses.
® Critical Rate-of-Rise of On-State Current —
di/dt = 1000 Amp/us (MaxJ(2)
® Critical Exponential Rate-of-Rise of Off-State Voltage —
dv/dt = 200 V/us (Min)
® [ ow Switching Losses
® [ntegrated Gate Permits Soft-Fire Gate Control
MAXIMUM RATINGS
Rating Symbol Value Unit
Repetitive Peak Off-State Voltage VDRM(1} Voits
(T, = +125°C) MCR800— - 10 100
- 20 200
- 30 300
~ a0 400
- 50 500
- 60 600
- 70 700
- 80 800
) 900
—-100 1000
-110 1100
-120 1200
~130 1300
140 1400
—150 1500
Non-Repetitive Peak Reverse VRSM Volits
Block Voltage
{t<5.0 ms) MCR800— - 10 200
- 20 300
- 30 400
- 40 500
- 50 600
- 60 720
- 70 840
- 80 960
- 90 1080
-100 1200
-110 1300
-120 1450
-130 1650
-140 1650
~i50 1800
Average On-State Current T{AV) 500 Amp
(180° C Angle, T = 75°C)
Peak Surge Current Irsm 7000 Amp
(One cycle, 60 Hz . T, = -40 to +125°C)
Circuit Fusing Considerations. 12 A2
100 125% R e
Peak Forward Gate Power PQ_FM 25 Watts
Average Forward Gate Power PGF(AV) 5.0 Watts
Peak Forward Gate Current IGEM 6.0 Amp
Peak Reverse Gate Voltage VGRM 10 Voits
Operating Junction Temperature Range Ty -40to +125 oc
Storage Temperature Range Tstg -40 to +150 oc
Mounting Forcé = 2000 lbs.
Critical Rate-of-Rise of On-State Current during di/dt 1000 Amp/us
Turn-On Interval (Non-Repetitive Rating) (2)

THERMAL CHARACTERISTICS

Characteristic

I Thermal Resistance, Junction to Case

|

Symbol Max Unit
Raic 0.06 ocm

{1) Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias applied to the gate concur-

rently with a negative potential on the anode.

Devices should not be tested with a constant current source for

forward or reverse blocking capability such that the voltage applied exceeds the rated blocking voltage.

{2) With 0.05 uF and 20 ohm snubber circuit.
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MCRS800 series (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Forward and Reverse Blocking Current IDRM mA
(Rated VpRM, with gate open) IRRM — — 15
(Rated VRR M. with gate open, Ty = 125°C) _ _ 30
Peak On-State Voltage VTm - - 1.55 Volts
(1Tm = 1000 A Peak, Pulse Width = 8.3 ms, Duty Cycle < 1.0%)
Gate Trigger Current, Continuous dc IgT - - 150 mA
(Anode Voltage = 6.0 V, R|_= 3.0 Ohms)
Gate Trigger Voltage, Continuous dc VGT Volts
(Anode Voltage = 6.0 V, R_= 3.0 Ohms) - - 3.0
(Anode Voltage = Rated Vpgrm. R = 1000 Ohms, T j = 125°C) 0.15 - -
Holding Current iy — 100 500 mA
(Anode Voltage = 24 V, gate open, Initiating Current = 2.0 A)
Gate Controlled Turn-On Time tgt _ 4.0 _ us
(lTm =50 A, Rated VpRm)
10 V open circuit, 20 Ohm Source
Pul; !
Gaepuise { o us (Max) rise time
Gate Pulse Width Necessary to Trigger - - 10 us
Gate Pulse 5.0 V open cnr-cuntt 5.0 Ohm Source
0.1 us (Max) rise time
Critical Exponential Rate of Rise of Off-State Voltage dv/dt 200 — - V/us
(Rated VpRM. gate open, Ty = 125°C)
CURRENT DERATING
(f = 50 to 400 Hz)
FIGURE 1 — SQUARE WAVE FIGURE 2 — SINE WAVE
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MCRB800 series {continued)

FORWARD POWER DISSIPATION

FIGURE 3 — SQUARE WAVE FIGURE 4 — SINE WAVE
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MCRS800 series (continued)

FIGURE 6 — TRIGGERING CHARACTERISTICS
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MCR846 series (SILICON)

Silicon controlled rectifiers for low-power switching
and control applications requiring blocking to 200 volts
and load currents to 2 amp.

PIN 1. CATHODE
2. GATE
3. STUD ANODE

CASE 63

MAXIMUM RATINGS (T; = 105°C unless otherwise noted)

Rating Symbol Value Unit
Peak Reverse Blocking Voltage . V. Volts
MCR846-1 ROM(rep) 25
-2 ' 50
-3 100
-4 200
Forward Current RMS (all conduction angleé) If 2.0 Amp
Circuit Fusing Considerations 12t Azs
(T = -65t0+105°C; t = 8.3 ms) 35
Peak Forward Surge Current Iem Amp
(One Cycle, 60 Hz, Ty = -65 to +105°C) (surge) 30
Peak Gate Power - Forward PGFM 5.0 Watts
Average Gate Power - Forward PGF( AV) 0.5 Watt
Peak Gate Current - Forward IGFM 2.0 Amp
Peak Gate Voltage - Forward VerMm 10 Volts
Reverse k VGrM 10
Operating Junction Temperature Range Ty -65 to +105 °c
Storage Temperature Range . Tstg -65 to +150 °c
Stud Torque ' : —_ 15 in -1b.
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MCR846 series (continued)

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic Symbol | Min | Typ | Max Units
Peak Forward Blocking Voltage VFOM Volts
(Ty =105°C) MCR846-1 25 | — | —
-2 50 —_ —_
-3 100 | — _—
-4 200 | — —_
Peak Forward Blocking Current IroMm mA
(Rated Vo) with gate open, Ty = 105°C) —_| = 2.0
Peak Reverse Blocking Current o Irom mA
(Rated Vg With gate open, Ty = 105°C) —_ - 2.0
Gate Trigger Current (Continuous dc) IgT mA
(Anode Voltage = 7 Vdc, Ry, = 1009) — | 10 50
Gate Trigger Voltage (Continuous dc) VGT ' Volts
(Anode Voltage = 7 Vde, Ry, = 1009) — | 0.8 1.5
Holding Current Ino mA
(Anode Voltage = 7 Vdc, Gate Open) v — | 15 —_
Forward On Voltage VF Volts
(I = 2 Adc) — | 1.3 1.6
Turn-On Time (tg4 + tr) ton us
(Ig = 50 mA, Ip= 2 A) — {05 —_
Turn-Off Time toff us
(Ip= 2A,Ig = 10 A, dv/dt = 50 V/us) — |60 | —
(VFXM = rated voltage)
(VRXM = rated voltage)
Forward Voltage Application Rate dv/dt 50 — — V/us
(Ty = 105°C, gate open)
Thermal Resistance (Junction to Case) 03¢ —_| — 3.0 | °c/w
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MCR1336-5 (siicon)

thru

MCR1336-10

‘Fast switching, high-voltage thyristors especially
N designed for pulse modulator applications in radar and
" other similar equipment.
NS 7
PIN 1. CATHODE

2. GATE
3. STUD ANODE

CASE 63-02

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Revex;se Blocking Voltage* VROM(r ep)* 50 Volts
(T 3= 105°C)
Repetitive Peak Forward Current 1 300 Amp
(PW = 3.0 us, Duty Cycle = 0. 6%, FM(rep)
T c= 85°C max)
Current Application Rate** di/dt** 1000 A/us
Peak Gate Power-Forward PGFM 20 Watts
Average Gate Power-Forward PGF( AV) 1.0 Watt
Peak Gate Current-Forward IGFM 5.0 Amp
Peak Gate Voltage-Forward VGFM 7.0 Volts
%k kK % kk
Reverse VGRM 7.0
Operating Junction Temperature Range T 3 -65 to +105 °C
Storage Temperature Range TStg -65 to +200 °C
Stud Torque - 15 in. lb.

*Characterized for unilateral applications where reverse blocking capability is
not important. Higher voltage units available upon request. VROM(rep) may
be applied as a continuous dc voltage for zero or negative gate voltage but
positive gate voltage must not be applied concurrently with a negative potential

on the anode. When checking blocking capability, do not permit the applied
voltage to exceed the rated voltage.

**Minimum Gate Trigger Pulse: i, = 500 mA, PW = 1.0 ys, t_ =20 ns.
G T

***Do not reverse bias gate during forward conduction if anode current exceeds
10 amperes.
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MCR1336-5 thru MCR1336-10 (continued)

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

Characteristic Symbol Min | Typ | Max Unit

Peak Forward Blocking Voltage* VFOM* Volts
(TC =105°C) -5 300 - -
-6 400 - -

MCR1336 { 7 500 - '

-9 700 - -
-10 800 - -

Peak Forward and Reverse Blocking Current I FOM - - 2.0 mA
(Rated Veom 29 Veowr Tc = 105°C, gate open) IROM

Gate Trigger Current (Continuous dc) IGT mA

(Anode Voltage = 7.0 Vdc, Ry =100 ohms, T, = 25°C) - - 40
(Anode Voltage = 7.0 Vdc, Ry, = 100 ohms, Te = -65°C) - - 100

Gate Trigger Voltage (Continuous dc) VGT Volts
(Anode Voltage = rated Vreow B = 100 ohms, To = 105°C)

(Anode Voltage = 7.0 Vde, RL =100 ohms, T, = 25°C) - - 1.25
(Anode Voltage = 7.0 Vdc, R, =100 ohms, T = -65°C) - - 2.0

C
L C

Holding Current IHO mA
(Anode Voltage = 7.0 Vdc, gate open, Te = 105°C)

(Anode Voltage = 7.0 Vdc, gate open, Tc =25°C) - - 50

Forward "On" Voltage VF Volts
(If =1.0 Adc, PW = 1.0 ms max, Duty cycle = 1.0%) - - 2.0

Dynamic Forward ""On" Voltage VF(on) . Volts
(0.5 us after 50% decay point on dynamic forward voltage waveform)
Forward Current: 100 A pulse (PFN discharge circuit) - 45 -
Gate Pulse: at 500 mA, PW = 1.0 us, t.= 20 ns

Turn~On Time ns
Delay Time t 4 - 75 -

Rise Time t - 75 -

Forward Current: 100 A Pulse (Capacitor discharge circuit)
Gate Pulse: at 500 mA, PW = 1.0 us, tr =20ns

Pulse Turn-Off Time toff( ulse) us
Test Conditions: PFN discharge; Forward Current = 100 A pulse; P - 7.0 -
Reverse Current = 5.0 A, Te = 85°C, dv/dt = 250 V/us to Rated Vrom’

Reverse anode voltage during turn-off interval = 0 V;
Reverse gate bias during turn-off interval = 6.0 V.

Forward Voltage Application Rate (Linear Rise of Voltage) dv/dt V/us
(TC = 105°C, gate shorted) 250 - -

Thermal Resistance (Junction to Case) BJC - - 2.5 °Cc/wW

*Vgowm for all types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate
voltage. When checking forward or reverse blocking capability, these devices should not be tested with a constant current
source in a manner that the voltage applied exceeds the rated blocking voltage. Other voltage units available upon request.
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MCR1718-5 siicon

thry

MCR1718-8

THYRISTORS
SILICON CONTROLLED RECTIFIERS

... fast switching, high-voltage thyristors especially designed for
pulse modulator applications.

THYRISTORS
PNPN

25 AMPERES RMS
300 thru 600 VOLTS

STYLE1:
PIN 1. CATHODE
2. GATE
3. ANODE

MILLIMETERS] _INCHES |
MIN_ [ MAX | MIN |

x|
| osu] osu]
0551] 05

© High-Voltage Capability from 300 to 600 Volts
© Repetitive Pulse Current to 1000 Amp
@ Pulse Repetition as High as 4000 pps
® Current Application Rate as High as 1000 A/us
MAXIMUM RATINGS
Rating Symbol Value Unit
Peak Reverse Blocking Voltage(1) VRRM Volts
MCR1718-5 300
-6 400
-7 500
-8 600
Non-Repetitive Peak Reverse Voltage
(Transient) (Non-Recurrent5 ms (max) VRsSM Volts
' MCR1718-5 400
-6 500
-7 600
-8 700
Forward Current RMS IT(RMS) 25 Amp
Peak Forward Surge Current ITsm 1000 Amp
(1-10 us Pulse Width)
Current Application Rate di/dt 1000 Alus
(up to 1000 Adc peak)
Circuit Fusing Considerations 12t 250 A2
(Ty=-6510+125°C; t S 1.0ms
Dynamic Average Power . PR(AV) 30 Watts
(T = 65°C)
Peak Gate Power - Forward PGM 20 Watts
Average Gate Power - Forward PG(AV) 1.0 Watt
Peak Gate Current - Forward IGm . 5.0 Amp
Peak Gate Voltage . Vgm 10 Volts
Operating Junction T Range Ty -65 to +125 °c
Storage Temperature Range" Tstg -65 to +150 oc
Stud Torque - 30 in.-lb

("VRRM for all types can be applied on a continuous dc basis without incurring damage.

Ratings apply for zero or negative gate voltage.

THERMAL CHARACTERISTICS

| 01357 0.160]
0.090 REF
| 0470

[ 0.455 ]
[ 0620 0670

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case RgJc 20 o°c/w

CASE 263-02
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MCR1718-5 thru MCR1718-8 (continued)

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

Characteristic Symbol Min Typ Max Units
Peak Forward Blocking Voltage (1) VDRM Volts
(Ty=125°C) MCR1718-6 300 - -
-6 400 - -
-7 500 - -
-8 600 - -
Peak Forward Blocking Current IDRM mA
(Rated VpRm with gate open, Ty = 125°C) - - 8.0
Peak Reverse Blocking Current IRRM mA
(Rated VRRM with gate open, T = 125°C) - - 8.0
Forward “On” Voltage VTm Volts
(Ig = 25 Adc) - 1.1 1.3
(IGT = 600 MA, Ipyjse = 500 Amps)
(1.0 us after start (10% pt.) of Ipy)se) — 30 -
(5.0 us after start (10% pt.) of Ipyse) - 5.0 -
Gate Trigger Current (Continuous dc) IGT mA
(Anode Voltage = 7.0 Vdc, R|_ = 50 Ohms) - 10 50
Gate Trigger Voltage (Continuous dc) VGT Volts
(Anode Voltage = 7.0 Vdc, R = 50 Ohms) - 08 1.5
(Anode Voltage = Rated Vprm, R = 500 Ohms, Ty = 125°C) VGbD 0.25 - -
Holding Current IH mA
(Anode Voltage = 7.0 Vdc, Gate Open) 5.0 15 -
(Anode Voltage = 7.0 Vdc, Gate Open, T j = 125°C) - 6.0 -
Circuit Commutated Turn-Off Time tq us
(I =500 A, Ig = 10 A, dv/dt = 20 V/us) - 20 -
{Conductive Charging Circuit — Circuit dependent)
Critical Exponential Rate of Rise dv/dt V/us
(Gate Open, T = 125°C) - 100 -

(”VDRM for all types can be supplied on a continuous dc basis without incurring damage.

Ratings apply for zero or negative gate voltage.
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MCR1906-1 v MCR1906-4 ;siicon,

THYRISTORS
SILICON CONTROLLED RECTIFIERS PNPN

1.6 AMPERES RMS
25 thru 200 VOLTS

... designed for applications in control systems and sensing circuits
where low-level gating and holding characteristics are necessary.

® Low-Level Gate Characteristics —
IgT= 1.0 mA (Max) @ T¢ = 25°C

® Low Holding Current — |4 = 5.0 mA (Max) @ T¢ = 25°C
@ Anode Common to Case ‘
@ Glass-to-Metal Bond for Maximum Hermetic Seal

f— A —f
MAXIMUM RATINGS (T = 100°C unless otherwise noted.) E‘ 8
Rating Symbol Value Unit J T {P %
Peak Reverse Blocking VRRM Volts ‘ ) |‘_
Voltage (Note 1) E I>F {
MCR1906-1 25 SEATING K
MCR 1906-2 50 PLANI |
MCR1906-3 100 ﬂ ﬂ _p
- STYLE2:
MCR1906-4 200 PIN 1. CATHODE
2.GATE
Forward Current RMS IT(RMS) 1.6 Amp 3 ANODE N
(All Conduction Angles) -1
Peak Forward Surge Current ITsm 15 Amp K @ —'T
(One Cycle, 60 Hz, Tj = -40 to +100°C) \/< \/J
No Repetition Until Thermal Equilibrium >
is Restored
Peak Gate Power-Forward PGm 0.1 Watt DiM
Average Gate Power-Forward PGF(AV) 0.01 Watt o ¥
Peak Gate Current-Forward Igm 0.1 Amp I Y X
Peak Gate Voltage Vam 6.0 Volt 483 1 0 Y
N N ) 508 8SC_ | 0.200 BSC
Operating Junction Temperature Range Ty -65 to +100 C .711[0.864 | 0.028 70.034
o .734[1.14 029 | 0.045
Storage Temperature Range Tsig -65 to +150 C 38.00 | - % =
35 | - .2! -
Lead Solder Temperature - +230 °c M 450 BSC_ | 450 BSC
0 N 254 BSC 0.100 BSC
(>>1/16" From Case, 10 s max.) S —T0050
R 254 | - 0.100] -
- 10.179 - 10.007

All JEDEC dimenstons and notes apply.
CASE 31-03
T0-6
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MCR1906-1 thru MCR1906-4 (continued)

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted, Rgk = 1000 ohms.)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (1) VDRM Volt
MCR1906-1 25 -
MCR1906-2 50 -
MCR1906-3 100 -
MCR1906-4 200 -
Peak Forward Blocking Current IDRM - 500 nA
(Rated VpRMm, Ty = 100°C)
Peak Reverse Blocking Current (3) IRRM - 500 A
(Rated VRRrM, Ty = 100°C)
Forward “On’* Voltage (Pulsed, 1.0 ms max, Duty Cycle << 1.0%) VM — 1.75 Volt
(IF = 1.0 Adc peak)
Gate Trigger Current (2) (Continuous dc) IGT - 1.0 mAdc
(Anode Voltage = 7.0 V, R_= 100 ohms)
Gate Trigger Voltage (Continuous dc) Volt
(Anode Voltage = 7.0 V, R|_ = 100 ohms) VGT - 1.0
(Anode Voltage = Rated VprM, R = 100 ohms, T = 100°C) \7es) 0.1 -
Holding Current I - 5.0 mA
(Anode Voltage = 7.0 V)
Turn-On Time ton Circuit dependent,
Turn-Off Time toff consult manufacturer

(1) VRRM and VpRM can be applied for all types on a continuous dc basis without incurring damage. Thyristor devices shall not be tested
with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the rated blocking voltage.

(2) Rgk current is not included in measurement.

(3) Thyristor devices shall not have a positive bias applied to the gate concurrently with a negative potential applied to the anode.

FIGURE 1 — CASE TEMPERATURE versus CURRENT FIGURE 2 — AMBIENT TEMPERATURE versus CURRENT

100 100
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> = 300
= = a = 30 600 \ S P
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S 2 AN e N
= < 2 \Vil
S = \ \
=
3 x « =300 \60°) ggo 1800
0 It 1 A 1 \
0 02 04 06 08 10 12 14 16 0 0.1 0.2 03 04 0.5 0.6 0.7
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MCR1907-1 . MCR1907-6 siuicon)

Fast turn-on, fast turn-off silicon controlled recti-
fiers for high-frequency applications requiring block-
ing to 400 volts and load currents to 25 amp.

PIN 1. CATHODE
2. GATE
3. STUD ANODE

CASE 64
(TO-48)

MAXIMUM RATINGS (Tj= 125°C unless otherwise noted)

Rating Symbol Valuve Unit
Peak Reverse Blocking Voltage* V. * Volts
MCR1907-1 ROM(rep) 25
-2 50
-3 100
-4 200
-5 300
-6 400
Peak Reverse Blocking Voltage VrRoMm _ Volts
(Non-Recurrent 5 ms (max.) (non-rep)
MCR1907-1 35
-2 75
-3 150
-4 300
-5 400
-6 500
Forward Current RMS I 25 Amp
(All Conduction Angles)
Circuit Fusing Considerations 2t AZg
(Ty = -65t0+125°C; t = 8.3 ms) - 5
Peak Forward Surge Current IFM(surge) Amp
(One Cycle, 60 Hz, Ty = -65 to +125°C) 150
Peak Gate Power - Forward ParMm 5.0 Watts
Averaée Gate Power - Forward PGF( AV) 0.5 Watt
Peak Gate Current — Forward IgFM 2.0 Amp
Peak Gate Voltage - Forward VerMm 10 Volts
Reverse VerM . 5.0
Operating Junction Temperature Range Ty -85 to +125 oc
Storage Temperature Range ' Tstg -65 to +150 °c
Stud Torque —_— 30 in. b,

*V for all types can be applied on a continuous dc¢ basis without incurring damage.
ROM(rep)
Ratings apply for zero or negative gate voltage.
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MCR1907-1 thru MCR1907-6 (continued)

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

Characteristic Symbol Min { Typ | Max Units
Peak Forward Blocking Voltage* VFOM* Volts
(TJ = 125°C) MCR1907-1 25 —_ —
-2 50 | — —_
-3 100 | — —
-4 200 | — —_—
-5 300 | — —
-6 400 | — -
Peak Forward Blocking Current Irom mA
(Rated Vo with gate open, Ty = 125°C) — | =] 40
Peak Reverse Blocking Current IRoMm mA
(Rated Vo) With gate open, Ty = 125°C) — | — | 40
Gate Trigger Current (Continuous dc) IgT mA
(Anode Voltage = 7 Vde, Ry = 509) — | 15 30
Gate Trigger Voltage (Continuous dc) VGT Volts
(Anode Voltage = 7 Vdc, R; =50 Q) - - 1.5
(Anode Voltage = Rated Vo, Rp, = 502, Ty =125°C) | Vgnp [025| — | —
Holding Current Iyo mA
(Anode Voltage =7 Vdc, Gate Open) — | 12 -
Forward On Voltage Vg Volts
(IF = 20 Adc) — (1.4 1.7
Turn-On Time ton us
(IG = 200 mA, Ip = 10 A) — 10.5 —
Turn-Off Time toff us
Iz =10 4,15 = 10 A, dv/dt = 30 V/us min.) —_ | - 12
(Vyxm = rated voltage) T = 125°C
(Vaxm = rated voltage)
Forward Voltage Application Rate dv/dt 30 | — — V/us
(Ty = 125°C, gate open)
Thermal Resistance (Junction to Case) 635c — |1.0 1.7 oc/w

*VyoM for all types can be applied on a continuous dc basis without incurring damage.

Ratings apply for zero or negative gate voltage. These devices should never be tested
with a constant current source for forward or reverse blocking capability such that
the voltage applied exceeds the rated blocking voltage.

CURRENT DERATING
165, 36, 665, CIRC [T 1
125 [ DC, 15, 3¢5, 6¢, CIRCUIT — l
RESISTIVE ORINDUCTIVE LOAD, 5070 400Kz ™ A
_ 10 N\ T S / -
< N \ — 0 180°_
e
=) AR ™~ *CONDUCTION ANGLE |
g AIRTANNY g
Y 30°" NN
5] O I NN
- 60° 90°* N N
3 120 100>
O
8
50 d
0 2 & § 8 10 12 14 1 18 22 2 2 2

Ie(av) AVERAGE FORWARD CURRENT (AMP)
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MCR1907-1 thru MCR1907-6 (continued)

TURN-OFF TIME TEST CIRCUIT | TYPICAL TURN-OFF TIME versus
PEAK FORWARD CURRENT AND JUNCTION TEMPERATURE

14 T T T I
lr=10A lg=20A
= 12— gv/dt =30V/ s min T
EL 10 |1 (STANDARD TEST VALUE)
o = +
1oy ,a"',,' !& b, RECOVERY DIODE) = :;IOJ\/—P
ot RATE OF RISE SCOPE VOLTAGE) g 8 [ I 5A L —"1
= F=
SUPRLY (V[ TESTUNIT s 6 __.—-«—"F/
REVERSE . §—O SCOPE (GROUND) 3 'L:,ZA//
c”’:,’;fm scaf R 3 4 |
SUPPLY > O SCOPE (CURRENT)
"™ o . 2L
(NON-NDUCTIVE) —65 —50 —25 0 25 50 75 100 125
Ty, JUNCTION TEMPERATURE (°C)
=i | > SCR, TRIGGERED “ON"
HEH ‘
! ¥
g g'\ THE—=> (thovmwf\/ FORWARD CONDUCTING CHARACTERISTICS
ZIE SR, AnD TESTUNIT oMo
TRIGGERED "ON" ! , & loo
e o 3 ==
=1 | & e = Z =z T
= . v I — . [T
518 TIME v.’u 3 — t
2|z . SCRy TRIGGERED “ON" & Yt —==T,=125C ——
s // // // —T, =250 ——]
5 10 £
Forward conduction current is passed through the device é i
(SCR; and test device triggered on). The anode is then = | i "
driven negative (SCR; triggered on), causing reverse current = o1
to flow. The anode-to-cathode potential goes negative with 2 00 05 10 15 20 25
a decrease in reverse current. Forward voltage is then ap- =

¢ R ) vr, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS)
plied to the anode of the device (SCRj triggered on). The F

device has fully recovered when it regains its ability to block
the reapplied forward voltage.

TConsu]t manufacturer for further circuit information.
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MCR23I 5 SERIES (SILICON)

MCR26I 4'. SERIES

versatility.

Turn-Off at 25°C

Glass-to-Metal Hermetic Seal

Fatigue-Free Solder Construction

SILICON CONTROLLED RECTIFIERS
.. .designed for applications requiring blocking voltages through 400

volts and rms currents through 8.0 amperes. These devices are avail-
able in a choice of space-saving, economical packages for mounting

All-Diffused Junctions for Greater Parameter Uniformity

® Low Forward Voltage Drop — Typically 1.0 Volt at 5.0 A at 25°C
® Fast, Stable Switching Times — Typically 1.0 us Turn-On, 12 us

SILICON CONTROLLED
RECTIFIERS

8.0 AMPERES RMS
25 thru 400 VOLTS

MAXIMUM RATINGS

MCR2315
CASE 86

STYLE !
PIN1 GATE
2 CATHODE SEATING PLANE

STUD ANODE
10 32 UNF-2A

[MILLIMETERS]  INCHES |
OIM | MIN_T mi MA

J
K
L
NOTE
1.DIM “G” MEASURED AT CAN.

CASE 86

Rating Symbol Value Unit
Peak Reverse Blocking Voltage (1) VRRM Volts
-1 25
—2 50
MCR2315 ) -3 100
MCR2614L ) —4 200
-5 300
—6 400
Forward Current RMS IT(RMS) 8.0 Amp
(All Conduction Angles)
Peak Forward Surge Current ITsm Amp
{One cycle, 60 Hz,
Ty = -40 to +100°C)
Forward Polarity 80
Circuit Fusing Considerations 12t A2
(T = -40 to +100°C; t < 8.3 ms)
Forward Polarity 40
Peak Gate Power — Forward PGm 5.0 Watts
Average Gate Power — Forward PGM(AV) 0.5 Watt
Peak Gate Current — Forward IGM 2.0 Amp
Peak Gate Voltage vVGm 10 Volts
Operating Junction Temperature Ty -40 to +100 oc
Range
Storage Temperature Range Tstg -40 to +150 oc
Stud Torque (MCR2315 series) 15 in. 1b.

(1) VRRMm for all types can be applied on a continuous dc basis without incurring damage.

Ratings apply for zero or negative gate voltage.

Devices should not be tested with a constant current source for forward or reverse
blocking capability such that the voltage applied exceeds the rated blocking voltage.

THERMAL CHARACTERISTICS

Characteristic Symbol Typ Max Unit
Thermal Resistance, Junction to Case RgJc oc/w
MCR2315 1.5 2.7
MCR2614L 1.8 3.0
Thermal Resistance, Case to Ambient RgcA oc/w
MCR2614L 5012 |

(2) Applies for the worst-case conditions of: (a) highest Rgca package configuration, (b)
leads terminated at end points, (c) temperature measured at hottest spoton device
(center of case bottom), and (d) still air mounting.
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MCR2614L
CASE 87L L i
o _ c
1
PIN 1 GATE
2 CATHODE
3. ANOD
WILLIWETERS] INCHES
DIM ["MIN A IAX
A .60 |
350 ]
T023
Lotk
110
Tvp_|
0075
[0.185]
0200 ]

NOTES:
1.DIM. “G" MEASURED AT CAN.
2. LEAD NO. 3 £7.5% DISPLACEMENT.

CASE 87L-01




MCR2315 series, MCR2614L. series (continued)

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

Apply to all case types unless otherwise noted

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Voltage (1) VDRM Volts
(T4 = 100°C) -1 . 25 - -
2 50 - -
MCR2315 -3 100 - -
MCR2614L ) 4 200 - -
300 - -
-6 400 — —
Peak Forward Blocking Current IDRM mA
(Rated VprM. T4 = 100°C, gate open) - - 3.0
Peak Reverse Blocking Current IRRM mA
(Rated VRRM, Ty = 100°C, gate open) - - 3.0
Forward On Voltage VTm Volts
(Ig = 5.0 Adc) - 1.0 1.6
Gate Trigger Current (Continuous dc) IgT mA
(Anode Voltage = 7.0 Vdc, R|_ = 10052) - 10 40
Gate Trigger Voltage (Continuous dc) Volts
(Anode Voltage = 7.0 Vdc, Ry_= 100 Q) VGT - 06 15
(Anode Voltage = 7.0 Vdc, R|_ = 100 , T = 100°C) VGD 0.2 - -
Holding Current IH mA
(Anode Voltage = 7.0 Vdc, gate open) — 10 50
Turn-On Time ton us
(IF = 5.0 Adc, IGT = 20 mAdc) - 1.0 -
Circuit Commutated Turn-Off Time tq us
(Ig = 5.0 Adc, IR = 5.0 Adc) - 15 -
(IF = 5.0 Adc, IR = 5.0 Adc, Ty = 100°C) - 30 =
Critical Exponential Rate of Rise dv/dt V/us
(Ty = 100°C) - 50 -

(1) VpRm for all types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage.

Devices should not be tested with a constant current source for forward or reverse blocking capability in a manner that the voltage

applied exceeds the rated blocking voltage.

FIGURE 1 — CURRENT DERATING - HALF WAVE
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MCR3818-1 v MCR3818-8 (siicon)

MCR3918-1 . MCR3918-8

THYRISTORS
THYRISTORS PNPN
SILICON CONTROLLED RECTIFIERS 20 AMPERES RMS
25 thru 600 VOLTS
.. . designed for industrial and consumer applications such as power
supplies, battery chargers, temperature, motor, light and welder con-
trols. MCR3818 Series
® Economical for a Wide Range of Uses
@ High Surge Current — ITsM = 240 Amp
® Low Forward “On’"’ Voltage — 1.2V (Typ) @ ITp = 20 Amp
® Practical Levei Triggering and Holding Characteristics —
10 mA (Typ) @ T¢ = 25°C
® Rugged Construction in Either Pressfit or Stud Package
STYLE1
TERM 1 CATHODE
MAXIMUM RATINGS 2. GATE
Rating Symbol Value Unit —TWILLIMETERS TNCHES
Repetitive Peak Reverse Blocking VRRMm(1) Volts DIM | MIN _."M‘_M'"_LMAL
Voltage -1 25 A_|12.72612.827 | 0.501 | 0.505
-2 50 B |11.811]12.065| 0.465 | 0.475
-3 100 C .39 | 9.65 | 0.330 { 0.380
MCR3818 i 200 E | 254 | - 0100 -
-5 300 F_] 089 | 1.72 | 0.035 | 0.068 |
MCR3918 IS 200 04| 2.46 | 0.080 | 0.097
5 500 - 2032 | - 0800
8 600 - 12.95 - .510
- 1.66 | 2.28 | 0.065 | 0.090
Non-repetitive Peak Reverse VRSM Volts . |
Blocking Voltage (t< 5.0 ms) - 35 All JEDEC dimensions and notes apply
2 75 CASE 174-02
3 150 TO-203AA
MCR3818 2 200
-5 400 MCR3918 Series
MCR3918 I 500
-7 600
-8 700
Forward Current RMS IT(RMS) 20 Amp
Peak Surge Current (one cycle, 60 Hz) ltsm 240 Amp
(T4 = -40 to +100°C)
Circuit Fusing Considerations 12¢ 235 A2s
(T4 = -40 to +100°C) (t=1.0t0 8.3 ms)
Peak Gate Power PGm 5.0 Watt STYLEY X searing puane
TERM | CATHORE J =
Average Gate Power PG(AV) 0.5 Watt 2 GATE e T
Peak Forward Gate Current IGm 2.0 Amp
Peak Gate Voltage Volts MILLIMETERS INCHES
Forward VGEM 10 OIM| MIN [MAX | MIN | MAX
Rever v 10 A {1534 (15,60 | 0.604 | 0.614 |
everse GRM B_[14.00 [14.20 | 0.551 | 0.559
Operating Junction Temperature Range Ty -40 to +100 oc ; 20.70 124.13 | ( g;g _g_%__
Storage Temperature Range Tstg -40 to +150 oc H [ 0.090 REF |
Stud Torque (MCR3918 Series) - 30 in. Ib. .J( I I§§2 %
1 .275 | 0.305
(1) VRRM for all types can be applied on a continuous dc basis with incurring d ] 03 | 2.41 ] 0.080 [0.095 |

Ratings apply for zero or negative gate valtage. Devices shall not have a positive bias appli-
ed to the gate concurrently with a negative potential on the anode.
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MCR3818-1 thru MCR3818-8, MCR3918-1 thru MCR3918-8 (continued)

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

Characteristic Symbol Min Typ Max Unit
Peak Forward Blocking Voltage (T = 100°C) Vprm(1 Volts
-1 25 - -
-2 50 - -
-3 100 - -
MCR3818 - 200 - —-
-5 300 - -
MCR23918 6 200 _ _
-7 500 - -
-8 600 - -
Peak Forward Blocking Current IpRM - 1.0 5.0 mA
(Rated VpR, with gate open, T = 100°C)
Peak Reverse Blocking Current IRRM - 1.0 5.0 mA
(Rated VRR, with gate open, T = 100°C)
Forward “On”" Voltage (I = 20 A Peak) VTm - 1.2 1.5 Volts
Gate Trigger Current (Continuous dc) IGT - 10 40 mA
(Anode Voltage = 7.0 V, R|_= 100 Q)
Gate Trigger Voltage (Continuous dc)
(Anode Voltage = 7.0 V, R|_= 100 ) \7ehd - 0.7 15 Volts
(Anode Voltage = Rated Vpgw, R = 10022, Tj = 100°C) VGp 0.2 - -
Holding Current (Anode Voltage = 7.0 V, gate open) IH - 10 50 mA
Turn-On Time (tg +t,) (I = 20 Adc, IGT = 40 mAdc) ton - 1.0 - us
Turn-Off Time toff us
' (ITm=10A, 1R = 10A) - 15 -
(Itm=10A,1g =10 A, Ty = 100°C) - 25 —
Forward Voltage Application Rate (T = 100°C) dv/dt - 50 - Vl/us
Thermal Resistance, Junction to Case 64c - oc/w
MCR3818 - - 1.5
MCR3918 - - 1.6

(1 VpRM for all types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage.
Devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds
the rated blocking voltage.

Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C)
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FIGURE 1 — CURRENT DERATING
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FIGURE 2 — POWER DISSIPATION
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MCR3835-1 v MCR3835-8 siuicon

MCR3935-1 t MCR3935-8

controls.

10 mA (Typ) @ T = 25°C

e Economical for a Wide Range of Uses

o High Surge Current — iTgy = 325 Amp
e Low Forward “On" Voltage — 1.2 V (Typ) @ ITy = 35 Amp
e Practical Level Triggering and Holding Characteristics —

THYRISTORS
SILICON CONTROLLED RECTIFIERS

Rugged Construction in Either Pressfit or Stud Package

. . . designed for industrial and consumer applications such as power
supplies, battery chargers, temperature, motor, light and welder

THYRISTORS
PNPN

35 AMPERES RMS
25 thru 600 VOLTS

MAXIMUM RATINGS

MCR3835 Series

STYLE1
TERM 1 CATHODE
2 GATE

MILLIMETERS JHI
DIM [ MIN [ MAX | MIN | MAX

12.726 112.827 | 0.501 | 0.505
11.81112.065 | 0.465 { 0.475
.39 | 9.65 | 0.330 | 0.380

e|nimio|m|s

.54 .100

.89 | 1.72 | 0.035 | 0.068

.04 | 2.46 | 0.080 | 0.097

- 120.32 - 0.800 |
12.95 - 0.510

1.66 | 2.28 | 0.065 | 0.030

All JEDEC dimensions and notes apply

CASE 174-02
TO-203AA

Rating Symbol Value Unit
Repetitive Peak Reverse Blocking Vrrm(t Volts
Voltage -1 25
-2 50
-3 100
MCR3835 - 200
-5 300
MCR3935 6 200
-7 500
-8 600
Non-Repetitive Peak Reverse VRSM Valts
Blocking Voltage
(t<5.0 ms) ¢ -1 35
-2 75
-3 150
MCR3835 - 300
-5 400
MCR3935 e 500
-7 600
-8 700
Forward Current RMS IT(RMS) 35 Amp
Peak Surge Current ITsm 325 Amp
(One cycle, 60 Hz) (T =-40 to +100°C)
Circuit Fusing Considerations 12¢ 435 A2s
(T, =-4010+100°C) (t=1.0t0 8.3 ms)
Peak Gate Power PGFM 5.0 Watts
Average Gate Power PGE(AV) 0.5 Watt
Peak Forward.Gate Current IGFM 2.0 Amp
Peak Gate Voltage — Forward VGFM 10 Volts
Reverse VGRM 10
Operating Junction Temperature Range Ty -40to +100 °c
Storage Temperature Range Tst_g -40to +150 oc
Stud Torque (MCR3935 Series) - 30 in. lb.

(1)VRRM for all types can be applied on a continuous dc basis without incurring damage.
Ratings apply for zero or negative gate volitage. Devices shall not have a positive bias applied

to the gate concurrently with a negative potential on the anode.
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MCR3935 Series

SEATING PLANE

STYLE 1.
TERM. 1.CATHODE TO ACCEPT

1428 UNF NYT

|

MILLIVETERS

DIM [WIN_| MAX
15.34_|15.60 14
14.00 [14.20 558

20.70 |24.13 0:815 .950
140 | 1.65 | 0.065 | 0.065

-t 2| | x| | x| || ®|>
<)
ol
o)

. 20 | 0.465
78 |10.5 .385 | 0.415
99 | 7.7 .275 | 0.305
03 | 2.4 .080_[ 0.095
1.65 REF 0.085 REF
12.70 12.83 | 0.500 | 0.505
CASE 175




MCR3835-1 thru MCR3835-8, MCR3935-1 thru MCR3935-8 (continued)

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

Characteristic Symbol Min Typ Max Unit

Peak Forward Blocking Voltage Vprm(1) Volts
{Ty=100°C) -1 25 - -

-2 50 - -
-3 100 - -
MCR3835 4 200 _ _
-5 300 - -
MCR3935 6 400 _ -
-7 500 - -
-8 600 - -

Peak Forward Blocking Current IDRM - 1.0 5.0 mA
(Rated VpRM, with gate open, Tj = 100°C)

Peak Reverse Blocking Current IRRM - 1.0 5.0 mA
(Rated VRRM. with gate open, T = 100°C})

Forward "‘On" Voltage VTm - 1.2 15 Volts
(ITm = 35 A Peak)

Gate Trigger Current (Continuous dc) IGT - 10 40 mA
(Anode Voltage = 7.0 V, Ri_= 100 Q)

Gate Trigger Voitage (Continuous dc) VGgT 0.7 15 Volts
(Anode Voltage =7.0 V, R_= 100 ) -

(Anode Voltage = Rated Vp, Ry = 10082, T = 100°C) VGbD 0.2 - -

Holding Current } Iy - 10 50 mA
(Anode Voltage = 7.0 V, gate open)

Turn-On Time (tg + t7) ton - 1.0 - us
(ITpm = 35 Adc, IgT = 40 mAdc)

Turn-Off Time toff us
(lrm=10A,Ig =10 A) - 15 -
(lTm=10A,1g = 10 A, Ty = 100°C) - 25 -

Forward Voltage Application Rate dv/dt - 50 - V/us
(Ty=100°C)

Thermal Resistance, Junction to Case MCR3835 AT - - 1.2 oc/w

MCR3935 - - 1.3

(1)VDHM for all types can be applied on a continuous dc basis withoutincurring damage. Ratings apply for zero or negative gate voltage. Devices
should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the

rated blocking voltage.
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MD708, F (siicon
MD708A, AF
MD708B, BF

NPN SILICON ANNULAR MULTIPLE TRANSISTORS

...designed for use as differential amplifiers, dual high-speed NPN SILICON

switches, front end detectors and temperature compensation ap- MULTIPLE TRANSISTORS
plications.
® Excellent Matching Characteristics @ I = 10 mAdc
hrg1/hFg2=0.9 (M.in) — MD708A ,AF MD708
= 0.8 (Min) — MD7088B,BF MD708A
: : MD7088 A
® Low Collector-Emitter Saturation Voltage — 8
VCE(sat) = 0.20 Vdc (Max) @ Ic = 10 mAdc
. e c
® DC Current Gain Specified from 500 uAdc to 160 mAdc 0
® High Current-Gain—Bandwidth Product — E
= i = K
fT = 300 MHz (Min) @ I = 20 mAdc SEATING } STYLE T
® Fast Switching Time — PLANE L P 1. gms.éecmn
A
ton = 35 ns (Max) 3. EMITTER
- 4.0MITTED
toff = 75 ns (Max) 5.EMITTER
6. BASE
7.COLLECTOR
8.OMITTED
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCcEo 15 Vdc MILLIMETE TNCHES
0IM [ MIN | MAX | WIN | MAX
Collector-Base Voltage Vee 40 Vdc 851 | 9.40 | 0.335 | 0.370
- 7.75 | 851 | 0.305 | 0.335
Emitter-Base Voltage VEB 5.0 Vdc 81470 [ 0150 | 0.185
— i 0411 053 10,016 [ 0.021
Collector Current — Continuous Ic 200 mAdc aase 200850
Operating and Storage Junction T3.Tstg -65 to +200 oc 3 055 n&g 0,038
Temperature Range 7 "Issf‘ ﬂjm 0;5
n - 450 BS|
One Die Both Die X ‘?s%— 0.100 BSC
Equal Power
Total Power Dissipation @ TA = 25°C Pp mwW CASE 654-07
MD708,MD708A,MD708B 550 600
MD708F,MD708AF MD708BF 350 400 MD708F
Derate above 25°C mwW/°C MD708AF
MD708,MD708A,MD7088 313 3.42 MD708BF
MD708F,MD708AF MD708BF 2.0 2.28
Total Power Dissipation @ T = 25°C Pp Watts G
MD708,MD708A,MD7088 1.4 2.0 L’C—____' 1
MD708F,MD708AF,MD708BF 0.7 1.4 r N 9 -
Derate above 25°C mw/°C -r | | A
MD708,MD708A,MD7088 8.0 1.4 i E 4 = l
MD708F, MD708AF MD7088F 4.0 8.0 1—: : | "
o =
R R
THERMAL CHARACTERISTICS K —’I 8 «— ["‘
Characteristic Symbol One Die Both Die Unit = ;
Equal Power I c‘ Tts
Thermal Resistance, Junction Reyalt o°c/w L
to Ambient STYLET
MD708,MD708A,MD708B 319 292 PIN1 BASE 5 BASE
. 2 EMTTER 7 COLLECTOR
MD708F,MD708AF MD708BF 500 438 2 EMTTER ] couLtcTon
Thermal Resistance, Junction to Case | Rgyc oc/w —
MD708,MD708A,MD7088 125 875 OIM [ M
MD708F,MD708AF,MD708BF 250 125
|[Junctionto| Junctionto
Ambient Case
Coupling Factors %
MD708,MD708A,MD708B 83 40
MD708F,MD708AF ,MD708BF 75 0

(1) R A is measured with the device soldered into a typical printed circuit board.
CASE 610A-03
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MD708,F,A,AF ,B,BF (continued)

The junction temperature can be calculated as follows: simplifies to:

(17.aTy1=Rg1 Py +Re2 Kg2 PD2
Where AT y1 1s the change in junction temperature of die 1
Rg 1 and Rg 7 i1s the thermal resistance of die 1 and die 2
Pp1 and Ppy is the power dissipated in die 1 and die 2
Kg2 1s the thermal coupling between die 1 and die 2.

results in:

(2)Rg(EFF) = ATy1/PDT
Where PpyT 15 the total package power dissipation.

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

(3)aTy1=Rg1 (Pp1+Ke2Pp2)

(8) Rg(EFF) = Rg1 (1 + Kgo)/2
An effective package thermal resistance can be defined as Values for the coupling factors when either the case or the
follows" ambient s used as a reference are given in the table on page 1.

In muluple chip devices, coupling of heat between die occurs. Assuming equal thermal resistance for each die, equation (1)

For the conditions where P = Ppg = PpT = 2 Pp, equation
(3) can be further simplified and by substituting into equation (2)

ELECTRICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted).

Characteristic [ Symbol

Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage{1) BVCEO
(Ig =30 mAdc, ig = 0)

Vdc

Collector-Base Breakdown Voltage BVeBo
(Ic = 10 gAdc, 1g = 0)

40

Vdc

Emitter-Base Breakdown Voltage BVEBO
(Ig =10 pAdc, Ic = 0)

5.0

Vdc

Collector Cutoff Current IcBo
(Veg =20 Vdc, Ig = 0)
(Ve =20 Vdc, Ig = 0, Tp = 150°C)

15
30

nAdc
uAdc

ON CHARACTERISTICS

DC Current Gain(1) hgg
(I¢ = 500 pAdc, Vg = 1.0 Vdc)
{ig = 10 mAdc, Vcg = 1.0 Vdc)
(Ig = 100 mAdc, Vg = 5.0 Vdc)
(ic = 150 mAdc, VCE = 5.0 Vdc)

40
40
35
20

200

Collector-Emitter Saturation Voltage VCE(sat)
(Ic = 10 mAdc, Ig = 1.0 mAdc)
(Ig = 50 mAdc, Ig = 5.0 mAdc)
(Ic = 100 mAdc, Ig = 10 mAdc)

0.20
0.35
0.50

Vdc

Base-Emitter Saturation Voltage VBE(sat)
{Ig = 10 mAdc, Ig = 1.0 mAdc)
{Ic = 50 mAdc, Ig = 5.0 mAdc)
(Ic = 100 mAdc, Ig = 10 mAdc)

085
0.95
1.10

Vdc

(1) Puise Test: Puise Width <300 us, Duty Cycle < 2.0%.
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MD708,F,A,AF,B,BF (continued)

ELECTRICAL CHARACTERISTICS (continued)

[ Characteristic [ Symbol l Min I Max l Unit l
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product fr 300 - MHz
(Ic =20 mAdc, Vcg = 10 Vdc, f = 100 MHz)
Output Capacitance Cob - 5.0 pF
(Vg =10 Vdc, Ig = 0, f = 100 MHz)
Input Capacitance Cip - 7.0 pF
(Vgg = 0.5 Vdc, I¢ = 0, f = 100 MHz)
SWITCHING CHARACTERISTICS
Turn-On Time (Figure 1) ton - 35 ns
Turn-Off Time (Figure 2) toff - 75 ns
Storage Time (Figure 2) g - 25 ns
MATCHING CHARACTERISTICS
DC Current Gain Ratiof2) hrg1/hFg2 -
(I¢ = 10 mAdc, Vg = 1.0 Vdc) MD708A,AF 0.9 1.0
MD708B,BF 0.8 1.0
Base Votlage Differential VBE1-VBE2] mVdc
(g = 10 mAdc, Vg = 1.0 Vdc) MD708A,AF - 5.0
MD708B,BF — 10
Base-Emitter Voltage Differential Change A‘VBE1/VBE">|
(Ic = 10 mAdc, Vg = 1.0 Vdc, MD708A,AF #Kﬂ“—— - 10 uVde
TA =-55°C to 1259C) MD7088B,BF - 20

(2) The lowest hg g reading is taken as hggq for this ratio.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT FIGURE 2 — STORAGE TIME TEST CIRCUIT

+10 V

Toff
Vg =+16 V
o

-19 Vv
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MD918, A, B scon
MD918F, AF, BF

NPN SILICON
MULTIPLE SILICON ANNULAR TRANSISTORS MULTIPLE TRANSISTORS .

. . . designed for use as differential amplifiers, dual high frequency

amplifiers, front end detectors and temperature compensation
applications. ~—
==

® Low Collector-Emitter Saturation Voltage —

VCE(sat) = 0.2 Vdc (Max) @ Ic = 10 mAdc

® DC Current Gain — 50 (Min) @ Ic = 3.0 mAdc

A
e High Current-Gain — Bandwidth Product — MD918 8
T = 600 MHz @ I = 4.0 mAdc MD918A
T c=40 MD9188 !
4
E|
S SEATING ¥
PIN 1. COLLECTOR
2. BASE PLANE __i
3. EMITTER
MAXIMUM RATINGS 4.0MITTED
Rating Symbol Value Unit 5. EMITTER
6. BASE
Collector-Emitter Voltage VCEO 15 vde | 7. COLLECTOR
8. OMITTED
Collector-Base Voltage Ves 30 Vdc,
Emitter-Base Voltage VEB 3.0 Vde
Collector Current — Continuous Ic 50 mAdc
One Die All Die
Total Power Dissipation @ T p = 25°C Pp
MD918,A,8 550 600 mw CASE 65407
MD918F ,AF,BF 350 400
Derate Above 25°C
MD918,A,B 3.14 3.42 mw/°c
MD918F AF,BF 2.0 2.28 25185 3,190 BSC
Total Power Dissipation @ T¢ = 25°C Pp
MD918,A,B 1.4 2.0 Watts MD918F
MD918F AF,BF 0.7 1.4 MD918AF
Derate Above 25°C MD918BF
MD918,A.B 8.0 14 mW/°C __{_G
MD918F,AF,BF 4.0 8.0 Y sm—
Operating and Storage Junction T4 Tstg -65 to +200 °c T A T
Temperature Range _'_L
]
THERMAL CHARACTERISTICS '{D— _—l
All Die
Characteristic Symbol One Die | Equal Power Unit K
Thermal Resistance, Junction to Rgyal1) o°c/w o
Ambient MD918,A.B 319 292
MD918F,AF,BF - 500 438 l r
Thermal Resistance, Junction to Case Rouc °c/w
MD918,A,B 126 87.5 _MILLIMEJ:;S -
MD918F,AF,BF 250 126 STYLE 1:
PIN 1. BASE
Junction to]| Junction to 3 Em:‘g:g
Ambient Case 5. BASE
Coupling Factors % ; ggttgggg
MD918,A,B 83 40 ’
MD918F AF,BF 75 o CASE 610A-03

(1) RpyA is measured with the device soldered into a typical printed circuit board.
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MD918,A,B, MD918F,AF,BF (continued)

thermal r

(1) aTyq1 = Rgq1 Pp1 + Rg2 Kg2 Pp2

An effective packag
follows:

(2) Rg(EFF) = aTy4/PpT

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows:

Where aT jq is the change in junction temperature of die 1
Rg1 and Rg2 is the thermal resistance of die 1 and die 2
Pp1 and Ppy is the power dissipated in die 1 and die 2
kg2 is the thermal coupling between die 1 and die 2

can be defined as

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

where: Ppr is the total package power dissipation.
Assuming equal thermal resistance for each die, equation (1)

simplifies to

(3) AT 41 =Rg1 (Ppy + K2 PD2)

For the conditions where Pp1q= Pp2. PpT = 2Pp,
equation (3) can be further simplified and by substituting into

equation (2) results in

(4) Rg(EFF) = Rg1 (1 +Kg2)/2

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

ELECTRICAL CHARACTERISTICS (Tp = 25°C uniess otherwise noted.)

L Characteristic l Symbol l Min _[ Typ Max Unit J

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(1) BVCEO 16 - - Vdc
(Ic = 3.0 mAdc, Ig = 0)

Collector-Base Breakdown Voltage BVcBoO 30 - - Vdc
(Ic = 1.0 gAdc, Ig = 0)

Emitter-Base Breakdown Voltage BVEBO 3.0 - - Vde
(lg = 10 uAdc, I = 0)

Collector Cutoff Current IcBO
(Vg = 15 Vdc, Ig = 0) - - 10 nAdc
(Ve = 15 Vdc, Ig = 0, Ta = 150°C) -~ — 1.0 pAdc

ON CHARACTERISTICS

DC Current Gain heg 50 165 - -
(Ic = 3.0 mAdc, Vcg =5.0 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) - 0.09 0.2 Vdc
(Ic = 10 mAdc, Ig = 1.0 Adc)

Base-Emitter Saturation Voltage VBE(sat) - 0.86 0.9 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product fr 600 1150 - MHz
(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz)

Output Capacitance Cob - 11 1.7 pF
(Vg = 10 Vdc, 1g = 0, f = 100 kHz)

Input Capacitance Cip - 1.15 20 pF
(VBg = 0.5 Vdc, Ic =0, f = 100 kHz)

Noise Figure NF — - 6.0 dB
(Ic = 1.0 mAdc, Vg = 6.0 Vdc, Rg = 400 , f = 60 MHz)

MATCHING CHARACTERISTICS

DC Current-Gain Ratio(2] hre1/hFE2 -
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) MD9188B,BF 0.8 - 1.0

MD918A,AF 0.9 — 1.0

Base-Emitter Voltage Differential IVge1-VBE2! mVdc

(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) MD918B,BF - - 10
MD918A,AF — - 5.0

Base-Emitter Voltage Differential Gradient ~ llvge1-vee2!
(Ic=1.0 mAdc, VcE = 5.0 Vdc, MD9188B,AF ,BF ATp - - 20 1V/de
TA = -55 to +125°C) MD918A o - — 10 °c

(1) Pulse Test: Pulse Width <300 us, Duty Cycle <2.0%.
(2) The lowest hgg reading is taken as hgg1 for this ratio.
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heE, DC CURRENT GAIN

9y, TEMPERATURE COEFFICIENTS (mV/0C)

MD918,A,B, MD918F ,AF BF (continued)

FIGURE 1 — DC CURRENT GAIN FIGURE 2 ~ “ON” VOLTAGES
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MD 982 (siicon)
MD982F
MQ982

applications.

® DC Current Gain Specified —
100 uAdc to 150 mAdc

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.5 Vdc (Max) @ Ic = 150 mAdc

® High Current-Gain—Bandwidth Product —
f1 =320 MHz (Typ) @ Ic = 50 mAdc

MULTIPLE SILICON ANNULAR TRANSISTORS

... designed for use as differential amplifiers, dual general-purpose
amplifiers, front end detectors, and temperature compensation

MAXIMUM RATINGS

PNP SILICON
MULTIPLE
TRANSISTORS
—1 MD982
(~—8
T
c
4]
\l'” IEL
e
Jeo
MILLIMETERS] __ INCHES
MIN_| MAX MAX
8.5 .40 .335 | 0.370
7.75 | 851 | 0.305  0.335
3, .70 | 0.150 | 0.185
. 0. 53 170.016 | 0.021
“:tlu\‘cguscmn s oormren ) i »°3l9§gs D.géﬂ"ﬁ]ﬁu
3 EMITTER 7 COLLECTOI 0. 114 0.029 | 0.045
LoMTED 8 omiTED I
450 BSC 450 BSC
CASE 654.07 254 BSC 0100 BSC ]
MD982F
I
g ~eem— L]

T
1+ ! =
J |
[ W
.——;_ B I——x——‘
e oy SR
T ——

STYLE A
PN
2 EMITTER

4 EMITTER

5 BASE D
7 COLLECTOR
3 COLLECTOR

CASE 610A-03

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 50 Vdc
Collector-Base Voltage Ve 60 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous Ic 600 mAdc
One Die | All Die
Total Power Dissipation @ Tp = 26°C Pp mwW
MD982 600 650
MD982F 350 400
MQ982 400 600
Derate above 25°C mw/°c
MD982 3.42 3.7
MD982F 20 2.28
MQ982 2.28 3.42
Total Power Dissipation @ T¢ = 25°C Pp Watts
MD982 2.1 3.8
MD982F 1.25 25
MQ982 1.0 4.0
Derate above 25°C mw/°C
MD982 12 17.2
MD982F 7.15 14.3
MQ982 5.71 22.8
Operating and Storage Junction TyTstg -65 to +200 °c,
Temperature Range
THERMAL CHARACTERISTICS
All Die
Characteristic Symbol |OneDie |Equal Power | Unit
Thermal Resistance, Junction to Ambient Rgyall) ocw
MD982 292 270
MD982F 500 438
MQ982 438 292
Thermal Resistance, Junction to Case RoJyc ocw
MD982 83.3 58.3
MD982F 140 70
MQgg2 175 438
Junction to | Junction to
Ambient Case
Coupling Factor %
MD982 85 40
MD982F 75 0
MQ982 (Q1-Q2) 57 (4]
(Q1-Q3 or Q1-Q4) 55 (‘]

(1) Rg A is measured with the device soldered into a typical printed circuit board.
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N [ 025 ] - 000 -
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MD982, MD982F, MQ982 (continued)

THERMAL COUPLING AND

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows:

(1) 2Ty1 = Rg1 Pp1 + Rg2 Kg2 PD2 + Rg3 Kg3 Pp3
+Ro4 Ko Pp4

Where 4T jq is the change in junction temperature of die 1

Rg1 thru 4 is the thermal resistance of die 1 through 4

PD1 thru 4 is the power dissipated in die 1 through 4

Kg2 thru 4 is the thermal coupling between die 1 and
die 2 through 4.

An effective package thermal resistance can be defined as
follows:

(2) Rg(eFF) = 2Tya/PpT

EFFECTIVE THERMAL RESISTANCE

where:

PpT is the total package power dissipation.

Assuming equal thermal resistance for each die, equation (1)

simplifies to

(3) 2Ty1 = Rg1 (Pp1 + Kg2 Pp2 + K3 Pp3 + Kpa Ppa.
For the conditions where Ppy = Pp2 = Pp3 = Ppg, PpT = 4Pp

equation (3) can be further simplified and by substituting into

equation (2) results in

(4) Ro(EFF) = Ro1(1 + Kg2 + K3 + Kog) /4

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

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

L Characteristic

| symbol | min | Ty

Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1)
{Ic =10 mAdc, Ig = 0)

BVceo

Vdc

Collector-Base Breakdown Voltage
(Ig =10 Adc, Ig = 0)

BVcBo 60 -

Vde

Emitter-Base Breakdown Voltage
(lg = 10 uAdc, Ic = 0)

BVEBO 5.0 -

Vdc

Collector Cutoff Current
(Vg =50 Vdc, Ig = 0)
(Ve = 50 Vdc, Ig = 0, Ta = 150°C)

IcBo

0.020
20

uAdc

ON CHARACTERISTICS (1)

DC Current Gain
(Ic = 0.1 mAdc, Vg = 10 Vdc)
(Ic = 1.0 mAdc, Vgg = 10 Vdc)
(Ig = 10 mAdc, Vg = 10 Vdc)
(I¢ = 150 mAdc, Vcg = 10 Vdc)

hFE
20 50
25 75
35 90
40 60

Collector-E mitter Saturation Voltage
(g = 150 mAdc, Ig = 15 mAdc)

VCE(sat) - 0.25

Vdc

Base-Emitter Saturation Voltage
(I¢c = 150 mAdc, Ig = 15 mAdc)

VBE(sat) - 0.88

Vdc

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product
(Ig =50 mAdc, Vg = 20 Vdc, f = 100 MHz)

T 200 320

MHz

Output Capacitance
(Ve =10 Vdc, Ig = 0, f= 100 kHz)

Cob - 5.8

8.0

pF

Input Capacitance
(VBe = 2.0 Vdc, Ic =0, f = 100 kHz)

30

pF

(1) Pulse Test: Pulse Width <300 ps, Duty Cycle < 2.0%.
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MD984 (siicon

cations.

® | ow Collector-Emitter Saturation Voltage —
VCE(sat) = 0.18 Vdc (Typ) @ Ic = 10 mAdc

® High Current-Gain—Bandwidth Product —
fT =550 MHz (Typ) @ Ic = 20 mAdc

MULTIPLE SILICON ANNULAR TRANSISTOR

. . . designed for use as differential amplifiers, dual general-purpose
amplifiers, front end detectors and temperature compensation appli-

PNP SILICON
MULTIPLE TRANSISTOR

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VcEo 20 Vde
Collector-Base Voltage Ves 40 Vde
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous Ic 200 mAde

One Die Both Die
Equal Power
Total Power Dissipation @ Pp mw
Ta = 25°C 575 625
Derate above 25°C 3.29 357 mw/°c
Total Power Dissipation @ Pp . Watts
Tc = 25°C 1.8 25
Derate above 25°C 10.3 14.3 mw/°C
Operating and Storage Junction TyTstg -65 to +200 °c
Temperature Range
THERMAL CHARACTERISTICS
Both Di
Characteristic Symbol | One Die |gqualPower| Unit
Thermal Resistance, Junction to Rgyall) 304 280 oc/w
| Ambient
Thermal Resistance, Junction to Case | Rpc 97 70 ocw
Junction to| Junction to
Ambient Case
Coupling Factor 84 44 %

(1) Rgya is measured with the device soldered into a typical printed circuit board.
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MD984 (continued)

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

In multiple chip devices, coupling of heat between die occurs. where: PpT is the total package power dissipation.
The junction temperature can be calculated as follows: Assuming equal thermal resistance for each die, equation (1)
simplifies to
(1) 4Ty41 = Rgq Ppy + Rg2 Kp2 Pp2
Where 4T jq is the change in junction temperature of die 1 (3) 2T,1 = Rgq (Pp1 + Ko2 PD2)
Rg1 and Rg2 is the thermal resistance of die 1 and die 2 For the conditions where Ppq= Ppoy, PpT = 2Pp,

Pp1 and Pp2 is the power dissipated in die 1 and die 2

equation (3) can be further simplified and by substituting into
kg2 is the thermal coupling between die 1 and die 2

equation (2) results in
(4) Ro(eFF) = Ro1 (1 + Kp2)/2

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

An effective package thermal resistance can be defined as
follows:

(2) Ro(EFF) = aTyq/PpT

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

[ Characteristic [ symbot T Min | Tyo | Max [ unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) BVcEO 20 -~ - Vdc
(Ic =10 mAdc, Ig = 0)
Collector-Base Breakdown.Voltage BVcBO 40 - - Vdc
(Ic =10 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vdc
(Ig = 10 pAdc, Ic = 0)
Collector Cutoff Current cBO
(Vcg = 20 Vdc, g =0) - - 25 nAdc
(Veg = 20 Vdc, Ig = 0, T = 150°C) - - 30 uAdc

ON CHARACTERISTICS

DC Current Gain (1) hgg 25 75 - -
(Ig = 10 mAdc, Vgg = 10 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) Vdc
{ic =10 mAdc, Ig = 1.0 mAdc) - 0.18 0.3
(Ic = 50 mAdc, Ig = 5.0 mAdc) (1) - 0.38 0.5

Base-Emitter Saturation Voltage VBE (sat) - 0.8 0.9 Vdc

(Ic = 10 mAdc, Ig = 1.0 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product(1) fr 250 550 - MHz
(Ic = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz)

(1) Pulse Test: Pulse Width <300 us, Duty Cycle < 2.0%.
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MD985 (siicon)
MD985F

MULTIPLE SILICON ANNULAR TRANSISTORS NPN/PNP SILICON
MULTIPLE
TRANSISTORS

.. .designed for use as differential amplifiers, dual general-purpose
switches and amplifiers, front end detectors, and temperature com-
pensation amplifiers.

e Low Collector-Emitter Saturation Voltage —

MD985
VCE(sat) = 0.5 Vdc (Max) @ I¢ = 150 mAdc A
e Fast Switching Times — —el
ton = 25 ns (Typ) and toff = 75 ns (Typ) ¢
e DC Current Gain Specified — —-L
0.1 mAdc to 150 mAdc / E
K
@ High Current-Gain—Bandwidth Product — SEATING e
T = 320 MHz (Typ) @ in = 50 mAde - TR coLtecton
2 BASE
- 3 EMITTER
4 OMITTED
5. EMITTER
MAXIMUM RATINGS 6 BASE
7 COLLECTOR
Rating Symbol Value Unit 8. OMITTED
Collector-Emitter Voltage VcEo 30 Vdc
Collector-Base Voltage Ves 60 Vdc MILLIMETERS] __INCHES
oM [ MIN_| MAX | MIN | MAX
Emitter-Base Voltage Ve 5.0 Vdc A_| 851|940 | 0335 | 0370
775 | 851 0305 | 0335
Collector Current — Continuous Ic 500 mAdc 381 470 | 0150 [ 0185
0.41 ] 053 | 0.016 [.002)
. - 0 08 BSC 0.200 BSC
Operating and Storage Junction T4.Tstg -65 to +200 (o} 971 [ 065 | 0058 [ 005
Temperature Range 074 | 114 [ 0.029 [ 0045
12 0500 [ -
One Die Both Die 0 BSC 450 8SC
Equal Power 2548SC 0.100 BSC
Total Power Dissipation @ T = 25°C Pp mw CASE 654-07
MD985 575 625
MD985F 350 400
Derate above 25°C mw/°c MD985F
MD985 3.29 3.57
MD985F 2.0 2.28
Total Power Dissipation @ T¢ = 25°C Pp Watts
MD985 1.8 2.5 LG
MD985F 1.0 2.0 -
Derate above 25°C mw/°c T
MD985 10.3 14.3 i
MD98SF 5.71 1.4 T
D
THERMAL CHARACTERISTICS
Characteristic Symbol One Die Both Die Unit
Equal Power
Thermal Resistance, Junction to Ambient | Rgja(1) oc/iw
MD985 304 280
MD985F 500 438 STYLE 1
; i o N e 7 Cotecton
Therm:;g;:;tance, Junction to Case Rouc o 1 C/W e o CorrEeoR
MILLIMETERS| __INCHES
MDO8SF 75 875 OIM [ MIN_[MAX_| MiN | MAX
Junction to| Junction to 0.240 | 0.290
i 0.115 | 0.160
Ambient Case ST 080
Coupling Factor % 1 X ?&3:13 g:g:,:
MD985 84 44 [ 27BSC | 0.050BSC
MDg8SF 75 0 BT A
254 B5C 0100 B5C
— (127 ] - 1005

(1) Rg A is measured with the device soldered into a typical printed circuit board.
CASE 610A-03
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MD985,F (continued)

THERMAL COUPLING AND EF

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows:

(1) 2Tyq9 = Rg1 Pp1 + Rg2 Kg2 Pp2

Where 4T yq is the change in junction temperature of die 1

Rg1 and Rg2 is the thermal resistance of die 1-and die 2

Pp1 and Pp2 is the power dissipated in die 1 and die 2

kg2 is the thermal coupling between die 1 and die 2

An effective package thermal resistance can be defined as
follows:

(2) Ro(EFF) = aTy4/PpT

FECTIVE THERMAL RESISTANCE

where: PpT is the total package power dissipation.

Assuming equal thermal resistance for each die, equation (1)
simplifies to

(3) aTy1 =Rgq (Pp1 + Kg2 PD2)

For the conditions where Ppq= Ppa, PpT = 2Pp,
equation (3) can be further simplified and by substituting into
equation (2) results in

(4) Rg(EFF) = Rg1 (1 +Kg2)/2

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

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

Characteristic

Symbol Min Typ Max Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1)
(Ic=10mAdc, Ig = 0)

BVCEO 30 Vde

Collector-Base Breakdown Voltage
(Ic=10uAdc, Ig =0) -

BVcgo 60 Vdc

Emitter-Base Breakdown Voltage
(lg = 10 #Adc, Ic = 0)

BVEBO 5.0 Vdc

Collector Cutoff Current
(Ve =50 Vdc, Ig = 0)
(Vcg =50 Vdc, |E = 0, T = +150°C)

IcBO
20
20

nAdc
uAdc

ON CHARACTERISTICS

DC Current Gain
({ic = 0.1 mAdc, Vg = 10 Vdc)
(ic =1.0 mAdc, Vg = 10 Vdc)
(Ic=10mAdc, Vg = 10 Vdc)
(Ic = 150 mAdc, Vcg = 10 Vdc)

hee

Col Iector-Emitter Saturation Voltage
(Ic = 150 mAdc, |g = 15 mAdc)

VCE(sat) Vdc

Base-Emitter Saturation Voltage
{I¢ = 150 mAdc, Ig = 16 mAdc)

VBE(sat) Vdc

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product

(Ic = 60 mAdc, Vg = 20 Vdc, f = 100 MHz) MD985

fr 200 320 MHz

Output Capacitance
(Veg = 10 Vdc, Ig = 0, f = 100 kHz)

Cob 5.8 8.0 pF

Input Capacitance oo
(VBg = 0.5 Vdc, Ic = 0, f = 100°kHz)

Cib 20 pF

SWITCHING CHARACTERISTICS

Turn-On Time
(Ve = 30 Vde, ic = 150 mAdc, 1g1 = 15 mAdc)

ton 25

Turn-Off Time - .
(Vee = 30 Vdc, Ic = 150 mAdc, Ig1 = Ig2 = 15 mAdc)

ns

toff 75

(1) Pulse Test: Pulse Width <300 us, Duty Cycle <2.0%.
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MD986 (siicon)
MD986F

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.3 Vdc (Max) @ Ic = 10 mAdc
® DC Current Gain —
hgg = 25 (Min) @ Ic = 10 mAdc
® High Current-Gain—Bandwidth Product —
fT=200 MHz @ ic = 20 mAdc
® Fast Switching Time @ Ic= 150 mAdc
ton = 28 ns (Typ)
toff = 72 ns (Typ)

MULTIPLE SILICON ANNULAR TRANSISTORS

... designed for use as switches, dual general-purpose amplifiers,
front end detectors and in temperature compensation applications.

NPN/PNP SILICON
MULTIPLE TRANSISTORS

MAXIMUM RATINGS

—A

-8

SEATING
PLANE

[

B
E

¥

Pt

D

STYLE1:
PIN 1. COLLECTOR

3. EMITTER
4.OMITTED

5. EMITTER

8. BASE
7.COLLECTOR
8. OMITTED

2.54 85C 0.100 BSC
CASE 654-07

Rating Symbol Value Unit
Collector-Emitter Voltage VcEO 15 Vdc
Collector-Base Voltage Vee 40 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Coliector Current — Continuous Ic 200 mAdc
One Die Both Die
Equal Power]
Total Power Dissipation @ T 5 = 25°C Pp mwW
MD986 550 600
MD986F 350 400
Derate Above 25°C mw/°c
MD986 3.14 3.42
MD986F 2.0 2.28
Total Power Dissipation @ T¢ = 25°C Pp Watts
MD986 1.4 2.0
MD986F 0.7 1.4
Derate Above 25°C mw/°c
MD986 8.0 14
MD986F 4.0 8.0
Operating and Storage Junction Ty Tsrg -65 to +200 °c
Temperature Range
THERMAL CHARACTERISTICS
Both Die
Characteristic Symbol | One Die qual Power| Unit
Thermal Resi Junction to Ambient | Rgja(1) o°c/w
MD986 319 292
MD986F 500 438
Thermal Resistance, Junction to Case RoJC oc/w
MD986 125 87.5
MD986F 250 126
Junction to { Junction to
Ambient Case
Coupling Factors %
MD986 83 40
MD886F 75 [}

MD986F

. COLLECTOR
. COLLECTOR

CASE 610A-03

(1) Rgya is measured with the device soldered into a typical printed circuit board.
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MD986,F (continued)

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

In multiple chip di , coupling of heat b
The junction temperature can be calculated as follows:

(1) aTy1 =Rg1 Pp1 +Re2 Kg2 Pp2

Where AT j1 is the change in junction temperature of die 1
Rg 1 and Rg2 is the thermal resistance of die 1 and die 2
Pp1 and Pp2 is the power dissipated in die 1 and die 2
Kg2 is the thermal coupling between die 1 and die 2.

An effective package thermal resistance can be defined as
follows:

v die occurs.

Assuming equal thermal resistance for each die, equation (1)
simplifies to:
(3) ATy1=Rg1 (Pp1 +Kg2Pp2)

For the conditions where Pp{ = Ppg = PpT = 2 Pp, equation
(3) can be further simplified and by substituting into equation (2)
results in:

(4) Rg(EFF) = Rg1(Pp1 + Kg2 Pp2)

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

(2) Rg(eFF) = ATy1/PpT
Where PpT is the total package power dissipation.

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
L Characteristic L Symbol —l Min
OFF CHARACTERISTICS
BVceo

Collector-Emitter Breakdown Voltage (1)
(Ilc=10mAdc, Ig=0)

T v | max [ unit]

Collector-Base Breakdown Voltage
(lc= 10 uAdc, Ig = 0)

Emitter-Base Breakdown Voltage
(Ig = 10 pAdc, Ic = 0)
Collector Cutoff Current IceBo
(Ve =20 Vdc, Ig = 0) - - 25 nAdc
(Veg = 20 Vdc, Ig = 0, T = 150°C) - - 30 uAdc
ON CHARACTERISTICS
DC Current Gain hgg 25 - - -
{Ilc =10 mAdc, Vgg = 10 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) Vde
(g = 10 mAdc, Ig = 1.0 mAdc) - - 03
(Ic =50 mAdc, Ig = 10 mAdc) - - 0.5

VBE(sat) = - 0.9 Vde

BVceo 40 - - Vde

BVERO 5.0 - - Vde

Base-Emitter Saturation Voltage
(ic =10 mAdc, Ig = 1.0 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product fT 200 320 - MHz
(Ig =20 mAdc, VcE = 20 Vde, f = 100 MHz)
(Ic =20 mAdc, Vgg = 10 Vdc, f = 100 MHz) MD986F
OQutput Capacitance . Cob - - 4.0 pF
(Ve =10 Vdc, IE = 0, f = 100 kHz)
(1) Pulse Test: Pulse Width <300 us, Duty Cycle < 2.0%.
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MD1120, MD1120F (siicon)
MD1121]
MD1122
MQ1120

MULTIPLE SILICON ANNULAR TRANSISTORS

. . . designed for use as differential amplifiers, dual general-purpose
amplifiers, front end detectors and temperature compensation
applications.

® Excellent Temperature Tracking — Dual Devices
AlVBE1 - VBE2I = 0.8 mVdc (Max) @ -55 to +25°C
=1.0 mVdc (Max) @ +25 to +125°C
® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 80 mVdc (Typ) @ Ic = 10 mAdc
® DC Current Gain Specified — 10 uAdc to 10 mAdc
® High Current-Gain-Bandwidth Product —
fT =250 MHz @ I = 20 mAdc

NPN SILICON
MULTIPLE TRANSISTORS

SEATING
PLANE mu __l

A— MD1120
-8 ~ MD1121
MD1122

THERMAL CHARACTERISTICS

All Die
Characteristic Symbol | One Die| Equal Power | Unit
Thermal Resistance, Junction to Ambient Rgyall) oc/w
MD1120,MD1121,MD1122 304 280
MD1120F 500 438
MQ1120 438 292
Thermal Resistance, Junction to Case RgJc oc/w
MD1120,MD1121,MD1122 97 70
MD1120F 175 875
MQ1120 195 48.8
Junction to | Junction to Unit
Ambient Case
Coupling Factors %
MD1120,MD1121,MD1122 84 44
MD1120F 75 0
MQ1120 (Q1-Q2) 57 0
(Q1-Q3 or Q1-04) 55 0

“)F‘oJA s measured with the device soldered into a typical printed circurt board.
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MILLIMETERS| __INCHES
"y e Tow [ows o
MAXIMUM RATINGS 7571 851 [ 0305 | 0.3
Rating Symbol Value Unit 811 470 10150 01
Collector-Emitter Voltage VcEo 30 Vdc ST owecon s ewmTEn . 103 Bg%s__a‘géﬂu %Sé:u
Collector-Base Voltage Ves 60 Vdc %E&?‘:ﬁg Z Eﬁ?;rsgnu 074 | 1.14 | 0029 [ 0.045
itter| | . 2701~ 0500 ] ]
Emitter-Base Voltage VEg 5.0 Vdc : e 55 B5C
Collector Current — Continuous ic 500 mAdc CASE 654-07 254 BSC 0.100 BSC
One Die Pélclu?aif IMD1120F
Power
Total Power Disipation @ T 5 = 25°C Pp
MD1120,MD1121,MD1122 575 625 mwW
MD1120F 350 400
MQ1120 400 600
Derate Above 25°C [J
MD1120,MD1121,MD1122 3.29 3.57 mw/°c T ' R
MD1120F 2.0 2.28
MQ1120 2.28 342
: - MILLIMETERS| __INCHES
Total Power Dissipation @ T¢ = 25°C Pp M % WiN | MAX
MD1120,MD1121,MD1122 1.8 25 Watts
STYLED A 736 | 0240 | 0290
MD1120F 1.0 2.0 LN AL X 06 175 [ 0.160 |
MQ1120 0.9 36 4 BMTTER . 03 | 0.030 1 0080
48| 0.014 [ 0019
Derate Above 25°C 3 Covtecron £ 005 10 15| 0013 T 0008
MD1120,MD1121,MD1122 10.3 143 mw/°C 127 BSC 0050 BSC
— 089 | -
MD1120F 5.71 11.4 SRR
MQ1120 5.13 20.5 N 254 BSC 0100 BSC
Operating and Storage Junction Ty Tsig -65 to +200 °c CASE 610A-03 S Ll - 1080
Temperature Range

DIM Mu

TYLE T
PN 1 COLLECTOR
2 BASE A

EMITTER
NOT CONNECTED
EMITTER D

BASE
COLLECTOR
COLLECTOR
BASE

10 EMITTER

11 NOT CONNECTED
EMITTER

BASE
14 COLLECTOR

CASE 607-04




MD1120, MD1120F, MD1121,MD1122, MQ1120 (continued)

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

In multiple chip devices, coupling of heat between die occurs. Agsgming equal thermal resistance for each die, equation (1)
The junction temperature can be calculated as follows: simplifies to )
(1) 8Tyq = Rgy Pp1 + Rg2 K2 Pp2 + Re3 Kg3 PD3 (3) aTy1 = Rg1 (Pp1 + Kg2 Pp2 + K3 Pp3 + Kggq PpDg
+Rgq Kga Pps For the conditions where Pp1 = Pp2 = Pp3 = Ppg, PpT = 4Pp
Where AT )1 is the change in junction temperature of die 1 equation (3) can be further simplified and by substituting into
Rg1 thru 4 is the thermal resistance of die 1 through 4 equation (2) results in : .
PD1 thru 4 is the power dissipated in die 1 through 4 . @) R = Rpq(1 + Kgo + Kga + Kpa) /4
Kg2 thru 4 is the thermal coupling between die 1 and 0(EFF) o1 ) 62 63 X 64
die 2 through 4. Values for the coupling factors when either the case or the
) ambient is used as a reference are given in the table on page 1.
An effective pack thermal i can be defined as )
follows:

(2) Rg(erF) = 2Ty1/PDT
where: PpT is the total package power dissipation.

ELECTRICAL CHARACTERISTICS (Tp = 25°C uniess otherwise noted)

Characteristic l Symbol Min J Typ ] Max ] Unit J

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1) BVCEO Vde
(Ic = 10 mAdc, Ig = 0) 30 - -

Collector-Base Breakdown Voltage BVcBo Vdc
(lc =10 uAdc, Ig = 0) . 60 - -

Emitter-Base Breakdown Voltage BVEBO . Vdc
(g = 10 gAde, I = 0) 5.0 - -

Collector Cutoff Current tcBO nAdc
(Vcg =50 Vdc, Ig = 0) _ _ 10
(Vcp =50 Vde, I =0, T = 150°C) - - 10 pAde

Emitter Cutoff Current leEBO nAdc '
(VEg =3.0 Vdc, Ic =0) - - 10

ON CHARACTERISTICS

DC Current Gain (1) hEE —
(lc = 10 Adc, VeE = 10 Vde) 20 40 100
(Ic = 100 wAdc, VCE = 10 Vdc) 30 50 120
(Ic = 1.0 mAdc, Vcg = 10 Vde) 40 60 1 160
(Ic = 10 mAdc, VCE = 10 Vde) 50 65 200

Collector-Emitter Staruation Voltage VCE(sat) mVdc
(Ic = 10 mAdc, g = 1.0 mAdc) - 80 100

Base-Emitter Saturation Voltage VBE(sat) mVdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) - 700 850

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwidth Product(1) fr MHz
(Ic = 20 mAdc, Vg = 20 Vdc, f = 100 MHz) 200 250 -

Output Capacitance Cob pF
(Vcg = 10 Vde, Ig = 0, f = 100 kHz) - 35 8.0

MATCHING CHARACTERISTICS (MD1120,MD1120F MD1121 MD1122)

DC Current Gain Ratio (2) hrg1/hEE2
(lc =100 mAdc, Vcg = 10 Vdc)  All Devices : 0.8 - 1.0
(lc = 1.0 mAdc, VGE = 10 Vde)  MD1122 0.9 - 1.0

Base-Emitter Voltage Differential IVBE1-VBE2! mVdc
(Ic = 100 wAdc, Ve = 10 Vde) Al Devices - - 10
(1c = 1.0 mAdc, Vg = 10 Vde)  MD1122 - - 5.0

Base-Emitter Voltage Differential Change "121VBE1-VBE2! mVdc
Due to Temperature — MD1121, MD1122

(g = 100 pAdc, VG = 10 Vde, T = -56 to +25°C)
(Ic =100 pAdc, VcEg = 10 Vdc, Tp = +25 to +125°C)

) (1) Pulse test: Pulse Width <300 us, Duty Cycle << 2.0%.
(2) The lowest hg g reading is taken as hggq for this ratio
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MD1123 (siicon)
MD1130
MD1130F

MULTIPLE SILICON ANNULAR TRANSISTORS

. . . designed for use as differential amplifiers, dual general-purpose
amplifiers, front end detectors and temperature compensation
applications.

o Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.18 Vdc (Typ) @ Ic = 10 mAdc

e DC Current Gain Specified — 10 uAdc to 10 mAdc — MD1130,F

e High Current-Gain—Bandwidth Product —
fT=600MHz @ Ic = 20 mAdc — MD1123

PNP SILICON
MULTIPLE TRANSISTORS

MAXIMUM RATINGS

MD1123 __
MD1130 Ta,
b

o

]

YLE1 \

PIK 1. COLLECTOR
Tanse e SEATING
3 EMITTER PLANE
4 OMITTED _
5. EMITTER
& BASE

7 COLLECTOR
8 OMITTED

MILLIMETERS INCHES
IIN_| MA;

0iM | MIN T MAX [ Wi X

74114 [ 0029 |0045

0500 ] -

0 | -
459 BSC 459 BSC

254 B5C gi008sc | CASE 654-07

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 40 Vdc
Collector-Base Voltage Vce 60 Vde
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous Ic 200 mAdc

One Die All Die
Total Power Dissipation @ Tp = 25°C Pp
MD1123, MD1130 575 625 mw
MD1130F 350 400
Derate Above 25°C

MD1123, MD1130 3.29 3.57 mw/°c

MD1130F 2.0 2.28
Total Power Dissipation @ T¢ = 25°C Pp

MD1123, MD1130 1.8 25 Watts

MD1130F 1.0 2.0

Derate Above 25°C

MD1123, MD1130 103 14.3 mw/°C

MD1130F 5.71 1.4
Operating and Storage Junction T4 Tstg -65 to +200 oc

Temperature Range
THERMAL CHARACTERISTICS
All Die
Characteristic Symbol One Die | Equal Power Unit
Thermal Resistance, Junction to Royal1) ocw
Ambient MD1123, MD1130 304 280

MD1130F 500 438
Thermal Resistance, Junction to Case RgJc °c/w

MD1123, MD1130 97 70

MD1130F 175 87.5

Junction to| Junction to
Ambient Case Unit
Coupling Factors %
MD1123, MD1130 84 44
MD1130F 75 o

(1) Rgya is measured with the device soldered into a typical printed circuit board.
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MD1123, MD 1130, MD 1130F (continued)

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

tn multiple chip devices, coupling of heat between die occurs. Assuming equal thermal resistance for each die, equation (1)
The junction temperature can be calculated as follows: simplifies to
(1) 2Tyq = Rg1 PD1 + Re2 Kg2 PD2 + Re3 Kg3 Pp3 (3) 2Ty1 = Rg1 (Pp1 + Kg2 Pp2 + Kg3 Pp3 + Kga Ppa.
+Rgq Kga Ppa For the conditions where Pp1 = Pp2 = Pp3 = Ppg, PpT = 4Pp
Where 2T jq is the change in junction temperature of die 1 : equation (3) can be further simplified and by substituting into
Rg1 thru 4 is the thermal resistance of die 1 through 4 equation (2) results in

PD1 thru 4 is the power dissipated in die 1 through 4 4) R = Rp1(1 + Koo + Kpa + Koa) /4
Kg2 thru 4 is the thermal coupling between die 1 and 0(EFF) 61 62 63 64
die 2 through 4. Values for the coupling factors when either the case or the

. . ) ambient is used as a reference are given in the table on page 1.
An effective package thermal resistance can be defined as
follows:

(2) Rg(eFF) = »Ty1/PDT
where: PpT is the total package power dissipation.

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

l Characteristic Symbol l Min l Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) BVcEO 40 - - Vdc
(Ic = 10 mAdc, Ig = 0)
Collector-Base Breakdown Voltage BVeBo 60 - - Vdc
(Ic = 10uAdc, Ig = 0)
Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vde
(Ig = 10 uAdc, Ic = 0)
Collector Cutoff Current IcBo
(Vg = 50 Vdc, Ig = 0) - - 10 nAdc
(Veg = 50 Vdc, Ig = 0, Tp = 150°C) - - 10 uAdc
Emitter Cutoff Current lEBO — - 10 nAdc
(Vge = 3.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain (1) hFE -
(Ig = 10 wAdc, Vg = 10 Vdc) MD1130,F 60 100 -
(Ig =100 uAdc, Vcg = 10 Vdc) MD1123 30 80 120
MD1130,F 100 170 300
(Ic = 1.0 mAdc, Vcg = 10 Vdc) MD1130,F 100 180 -
(Ic =10 mAdc, Vg = 10 Vdc) MD1123 50 75 200
MD1130,F 100 150 -
Collector-Emitter Saturation Voltage VCE(sat) - 0.18 0.25 Vdc
(ic =10 mAdc, Ig = 1.0 Adc)
Base-Emitter Saturation Voltage VBE (sat) - 0.8 0.9 Vdc

(Ic = 10 mAdc, |g = 1.0 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwidth Product MD1123 fr 250 600 - MHz
(I = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz) MD1130,F 200 550 -
Output Capacitance MD1130,F Cob - 35 4.0 pF

(Ve = 10 Vdc, Ig = 0, f = 100 kHz)
MATCHING CHARACTERISTICS

DC Current-Gain Ratio (2) hgg1/hgg2 -
(Ic = 100 uAdc, Vg = 10 Vdc) MD1123 0.8 - 1.0
MD1130,F 0.9 - 1.0
Base-Emitter Voltage Differential [VBE1/VBE?2| mVdc
(g = 100 wAdc, Vg = 10 Vdc) MD1123 - - 10
(Ic = 1.0 mAdc, Vcg = 10 Vdc) MD1130,F — — 5.0
Base-Emitter Voltage Differential Change A|VBE1/VBE?2] mVdc

Due to Temperature — MD1121, MD1122
(Ig =100 uAdc, Vo = 10 Vde, T = +25 to +125°C)
MD1130,F - - 10

(1) Pulse test: Pulse Width << 300 us, Duty Cycle < 2.0%.
(2) The lowest hgg reading is taken as hgg 1 for this ratio.
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MD 1129 (siicon)
MD1129F
MQ1129

MULTIPLE SILICON ANNULAR TRANSISTORS

. .. designed for use as differential amplifiers, dual general-purpose NPN SILICON
amplifiers, front end detectors and temperature compensation ap- MULTIPLE TRANSISTORS
plications.

® Excellent Temperature Tracking — MD1129,F
A|VBE1- VBE2l = 0.8 mVdc (Max) @ -55 to +25°C
= 1.0 mVdc (Max) @ +25°C to +125°C A MD1129
® Low Collector-Emitter Saturation Voltage — |
VCE(sat) = 0.09 Vdc (Typ) @ Ic = 10 mAdc — MD1129,MQ1129
® DC Current Gain Specified at Low Collector Currents — m

hgg =60 (Min) @ Ic = 10 uAdc
o High Current-Gain-Bandwidth Product —
fT =250 MHz (Typ) @ Ic = 20 mAdc

SEATING
PLANE

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 30 Vde
Collector-Base Voltage VeB 60 Vdc
Emitter-Base Voltage VER 5.0 Vdc STl cowecror 5 emreR
Collector Current — Continuous Ic 500 mAdc Shutren 7 couecron
ro—n T JoWTED 3 OMITTED
- ANl Di
Equal Power| CASE 654-07 254 BSC 0.100 BSC
Total Power Dissiaption @ Tp = 25°C Pp mwW MD1129F
MD1129 575 625
MD1129F 350 400
MQ1129 400 600
Derate above 250C
MD1129 3.29 357 mw/°c
MD1129F 2.0 2.28
MQ1129 2.28 3.42
Total Power Dissipation @ T¢ = 25°C Pp
MD1129 1.8 2.5 Watts
MD1129F 1.0 2.0
MQ1129 0.9 36
Derate above 25°C
MD1129 10.3 14.3 mW/°C
MD1129F 5.71 1.4
MQ1129 5.13 20.5 ey
Operating and Storage Junction T3, Tstg -65 to +200 oc H 5::35:
Temperature Range o i
THERMAL CHARACTERISTICS
Characteristic Symbol | One Die All Die | ypit CASE 610403
Equal Power N MQ1129
Thermal Resi , Junction to Ambient RgJA oc/w . y —
MD1129 ™ 304 280 1 e, [
MD1129F 500 438 I N
mMQ1129 438 292 1 ° o L
Thermal Resistance, Junction to Case Rayc oc/w < it 4"'._ i 1 _
MD1129 97 70 Lp ’ W -
MD1129F 175 87.5 T — s — 1,
MQ1129 195 4838 N e e/
Junction to| Junction to Unit stvien oI ’MIILN"IM%
Ambient Case PIN 1 COLLECTOR ——-"-TT—
‘ 5 tuitren 76 | 2.03 |
Coupling Factors % ¢ KT counecreo e T 048
MD1129 84 a4 o 06 1015
MD1129F 75 0 8 COLLECTOR 01{57 Bgcﬂs
MQ1129 (Q1-Q2) 57 0 10 EMITTER = ¥
(Q1-Q3 or Q1-Q4) 55 0 i; :3;'52:““‘“ X 6w 038
880 |
(1) RgyA is measured with the device soldered into a typical printed circuit board. 1 couLecton M Tos T =
- | 038
CASE 607-04 \ 762 | 8.38
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MD1129, MD1129F, MQ1129 (continued)

The junction temperature can be calculated as follows:
(1) 2Ty1 = Rg1 Pp1 + Rp2 Kg2 Pp2 + Rg3 Kg3 Pp3
+Rgq Koa Ppa
Where AT jq is the change in junction temperature of die 1
Rg1 thry 4 is the thermal resistance of die 1 through 4
PD1 thru 4 is the power dissipated in die 1 through 4

Kg2 thry 4 is the thermal coupling between die 1 and
die 2 through 4.

An effective package thermal resistance can be defined as
follows: E

(2) Rg(erF) = 2Ty1/PpT

In multiple chip devices, coupling of heat between die occurs.

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

"

power dissipation.

where: PpT is the total packag

Assuming equal thermal resistance for each die, equaiion (1)
simplifies to

(3) 2Ty1 = Rgq (Pp1 + Kg2 Pp2 + Kg3 Pp3 + Kga Ppa)

For the conditions where Pp1 = Pp2 = Pp3 = Ppg, PpT = 4Pp

equation (3) can be further simplified and by substituting into
equation (2) results in

(4) Ro(EFF) = Rg1{1 + Kg2 + Kg3 + Kpa) /4

Values for the.coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

r Characteristic ) I

Symbol I i Typ i Max I Unit

OFF CHARACTERISTICS

Collector-E mitter Breakdown Voltage (1)
(ic = 10 mAdc, Ig = 0)

BVcEO Vdc

30 - -

Collector-Base Breakdown Voltage
(Ic =10 uAdc, Ig = 0)

BVcBO Vde

60 S- L

Emitter-Base Breakdown Voltage
(lg = 10 uAdc, I = 0)

BVEBO Vde

Collector Cutoff Current
(Vcg = 50 Vdc, Ig = 0)
(Vgp =50 Vde, Ig = 0, Tp = 1560°C)

Iceo
10 nAdc

uAdc

Emitter Cutoff Current
(Vgg = 3.0 Vdc, Ic = 0)

lEBO nAdc

ON CHARACTERISTICS

DC Current Gain (1)
(i = 10 uAdc, Vg = 10 Vdc)
(I = 100 wAde, VGg = 10 Vdc)
(I = 1.0 mAde, Vg = 10 Vdel
(Ic = 10 mAdc, Vcg = 10 Vdc)

heg -

300
120 -
140 -

Collector-E mitter Saturation Volitage
(Ic =10 mAdc, Ig = 1.0 mAdc) MD1129, MQ1129

MD1129F

VCE(sat) 000 o Vdc

0.15

Base-E mitter Saturation Voltage
(I = 10 mAdc, Ig = 1.0 mAdc)

VBE(sat) Vdc

0.85

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwidth Product (1)
(ic = 20 mAdc, VGg = 10 Vdc, f = 100 MHz)

T 200 250 - MHz

Output Capacitance
(Vgg = 10 Vdc, Ig = 0, f = 100 kHz)

Cob pF

8.0

MATCHING CHARACTERISTICS (MD1129, MD1129F)

DC Current Gain Ratio (2)
(Ig = 100 uAdc, Vcg = 10 Vdc)
(I¢ = 1.0 mAdc, Vg = 10 Vdc)

hre1/hFE2 -
0.9 - 1.0
1.0

Base-Emitter Voltage Differential
(Ic 100 uAdc, Veg = 10 Vdc)
(I¢ = 1.0 mAdc, Vcg = 10 Vdc)

IVBe1-VeEe2l . mVdc
5.0

5.0

Base-Emitter Voltage Differential Change Due to Temperature
(ic = 100 uAdc, Vcg = 10 Vdc, T = =55 to +25°C)
(I¢ =100 uAdc, Vg = 10 Vdc, T = +25 to +125°C)

2|Vge1-Vgea2l

mVdc
0.8
1.0

(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%
(2) The lowest hgg reading is taken as hgg1 for this ratio.

MDI1130
MDT1130F

For Specifications, See MD1123 Data.
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MD2218, MD2218A siicon)
MD2218F, MD2218AF
MD2219, MD2219A
MD2219F, MD2219AF
MQ2218,A, MQ2219,A

MULTIPLE SILICON ANNULAR TRANSISTORS
STO NPN SILICON
. . . designed for use as differential amplifiers, dual general-purpose MULTIPLE TRANSISTORS
amplifiers, front end detectors and temperature compensation ap-
plications.
o A MD2218,A
® Fast Switching — MD2218A,AF, MD2219A AF __B_J MD2219,A
td = 15 pus (Max) ty = 30 us (Max)
ts = 250 us (Max) tf = 60 us (Max) )
® | ow Collector-Emitter Saturation Voltage — MD2218AF, MD2219AF
VCE(sat) = 0.3 Vdc (Max) @ Ic = 150 mAdc SEATING
s PLANE
® DC Current Gain Specified — MD2218,A, MD2219,A
0.1 mAdc to 300 mAdc
@ High Current-Gain-Bandwidth Product
fT = 250 MHz @ Ic = 20 mAdc H
T 0 (Typ) @ IC A [N ]
s i 08BSC_| 0.2008SC
M T NG PIN | COLLECTOR 5 EMITTER 071 0.86 0,028 | 0.034
wren 1 "
MAXIMUM RATINGS jEwTER 7 EDLLECTO 0.74 | 1.14 | 0.029 | 0.045
MD2218 A F 1270 | - [ 0500 - |
MD2219'A F M | 450 BSC 450 BSC
MQ2218'A MD2218AF CASE 654.07 2.548SC 0.100 BSC
Rating Symbol MQ2219.A MD2219AF Unit
Collector-Emitter Voltage VCEO 30 40 Vdc MD2218F AF
Collector-Base Voltage Ves 60 75 Vdc I MD2219F AF
Emitter-Base Voltage VEB 50 60 Vac -
Collector Current — Continuous Ic 500 mAdc
One Die All Die
EqualPower
Total Power Dissipation @ T5=25°C Pp
MD2218,A,MD2219,A 575 626 mwW
MD2218F AF, MD2219F AF 350 400
MQ2218,A, MQ2219,A 400 600
Derate Above 250C
MD2218,A,MD2219,A 329 357 mw/°C
MD2218F,AF,MD2219F AF 20 2.28
MQ2218,A,MQ2219,A 228 342 STHT sase .
Total Power Dissipation @ T=25°C Po § Emrien
MD2218,A MD2219,A 18 25 Watts S e ccToR
MD2218F, AF,MD2219F ,AF 10 20 9 COLLECTOR
MQ2218,A,MQ2219,A 09 36
Derate Above 256°C
MD2218,A,MD2219,A 103 143 mwW/°C
MD2218F AF ,MD2219F AF 571 14
MQ2218,A,MQ2219,A 513 208 CASE 610A-03
Operating and Storage Junction Ty Tseg -65 to +200 °c ‘—— . MQ2218,A
Temperature Range . n
THERMAL CHARACTERISTICS 1
All Die L o o
Characteristic Symbol One Die Equal Power Unit A [o
Thermal Resistance, Junction to l %
Ambrent RaJA(1) oc/w I i
MD2218,A MD2219,A 304 280 {
MD2218,F,AF,MD2219,F,AF 500 438 Tt =
MQ2218,A.MQ2219.A 438 292 « !
Thermal Resistance, Junction to Case RyJc ocw
MD2218,A,MD2219,A 97 70 .
MD2218F,AF,MD2219F AF 175 875 PIN 1 COLLECTOR
MQ2218.A,MQ2219,A 195 4838 1 e
& NOT CONNECTED
Junction to Junction to : ST&""
Ambeent Case 7 COLLECTOR
8 COLLECTOR
Coupling Factors 9 BASE
MD2218,A,MD2219,A 84 a4 % 1 Nor comwecreo
MD?2218F AF ,MD2219F AF 75 0 g s:;virn
MQ2218,A,MQ2219,A (Q1-Q2) 57 0 1t GolLecron
(Q1-Q3 or 01-Q4) 55 0
(1) Rgya 1s measured with the device soldered into a typical printed circuit board CASE 607-04
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MD2218, MD2218A, MD2218F, MD2218AF (continued)
MD2219, MD2219A, MD2219F, MD2219AF
MQ2218, MQ2218A, MQ2219, MQ2219A

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows:

(1) 2Ty1 = Rgq PD1 + Re2 Kg2 PD2 + Rg3 Kg3 Pp3
*+Rg4 Kga Ppa

Where 2T )4 is the change in junction temperature of die 1

Rg1 thru 4 is the thermal resistance of die 1 through 4

PD1 thru 4 is the power dissipated in die 1 through 4

Kg2 thru 4 is the thermal coupling between die 1 and
die 2 through 4.

An effective package thermal resistance can be defined as
follows:

(2) Rg(EFF) = Ty1/PpT

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

where: PpT is the total package power dissipation.

Assuming equal thermal resistance for each die, equation (1)
simplifies to

(3) ©Ty1 = Rgq (Ppq + Kg2 Pp2 + Kg3 PD3 + Kga Pp4)

For the conditions where Ppq = Ppp = Pp3 = Ppg, PpT = 4Pp

equation (3) can be further simplified and by substituting into
equation (2) results in

(4) Rg(eFF) = Ro1(1 + Kg2 + Kg3 + Kpa) /4

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

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

l Characteristic Symbol Min I Typ 1 Max l Unit l
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage(1) BVcEO Vdc
(Ic = 10 mAdc, Ig = 0)
MD2218,A,F, MD2219,A,F, MQ2218,A, MQ2219,A 30 - -
MD2218AF, MD2219AF 40 - -
Collector-Base Breakdown Voltage BVcBo Vdc
(I =10 gAdc, 1 g = 0)
MD2218,A,F, MD2219,A,F MQ2218,A,MD2219,A 60 - -
MD2218AF, MD2219AF 75 - -
Emitter-Base Breakdown Voltage BVEBO Vdc
(1g = 10 pAdc, I = 0)
MD2218,A,F, MD2219,A.F. MQ2218,A, MQ2219,A 5.0 - -
MD2218AF, MD2219AF 6.0 - -
Collector Cutoff Current Icev ' nAdc
(Vcg = 60 Vdc, VEB(off) = 3.0 Vdc)
MD2218,F,MD2219,F,MQ2218,A 20 - -
MD2218A,AF,MD2219A, AF,MQ2219,A 15 - -
Base Cutoff Current IBL nAdc
(VcE = 50 Vde, VEB(off) = 3.0 Vdc) 30 - -
ON CHARACTERISTICS (1)
DC Current Gain hre -
(Ic = 0.1 mAdc, Vg = 10 Vdc)
MD2218,A,F,AF,MQ2218,A 20 50 -
MD2219,A,F,AF,MQ2219,A 35 45 -
(Ic = 1.0 mAdc, Vg = 10 Vdc)
MD2218,A,F, AF,MQ2218,A 25 55 -
MD2219,A,F,AF,MQ2219,A 50 55 -
(g = 10 mAdc, Vcg = 10 Vdc)
: MD2218,A,F,AF,MQ2218,A 35 65 -
MD2219,A,F,AF,MQ2219,A 75 85 -
(Ic = 150 mAdc, VcEg = 1.0 Vdc)
MD2218,A,F,AF,MQ2218 A 20 65 -
MD2219,A,F, AF,MQ2219,A 50 65 -
(Ic = 1560 mAdc, VcEg = 10 Vdc) -
MD2218,A F AF,MQ2218 A 40 30 120
MD2219,A,F,AF, MQ2219,A 100 120 300
(Ic =300 mAdc, Vcg = 10 Vdc)
MD2218,A,MQ2218,A 25 7% -
MD2219,A,MQ2219,A 30 75 -
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MD2218, MD2218A, MD2218F, MD2218AF (continued)
MD2219, MD2219A, MD2219F, MD2219AF
MQ2218, MQ2218A, MQ2219, MQ2219A

hrg, DC CURRENT GAIN (NORMALIZED)

ic, COLLECTOR CURRENT (mA)

197

r Characteristic l Symbol ] Min 1 Typ l Max I Unit J
ON CHARACTERISTICS (continued) (1)
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ic = 150 mAdc, Ig = 15 mAdc)
MD2218,A,F,MD2219,A,F MQ2218,A,MQ2219,A - 0.2 0.4
MD2218AF, MD2219AF - - 0.3
(Ic = 300 mAdc, Ig = 30 mAdc)
MD2218,A,F,MD2219,A,F, MQ2218,A,MQ2219,A - 0.35 1.2
MD2218AF MD2219AF - - 09
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc)
MD2218,A,F, MD2219,A,F MQ2218,A,MQ2219,A 0.6 0.95 1.3
MD2218AF MD2219AF 0.6 1.0 1.2
(Ic =300 mAdc, g = 30 mAdc)
MD2218,A,F,MD2219,A,F, MQ2218,A,MQ2219,A - - 2.0
MD2218AF MD2219AF - - 1.8
DYNAMIC CHARACTERISTICS
Current-Gain-Bandwidth Product fr MHz
{lc = 20 mAdc, Vg = 20 Vdc, f = 100 MHz 200 250 -
Output Capacitance Cob pF
(Vcp = 10 Vdc, Ig = 0, f = 100 kHz) - 35 8.0
Input Capacitance Cib pF
(VEg = 0.5 Vdc, I =0, f = 100 kHz)
MD2218,A,F, MD2219,A,F,MQ2218,A,MQ2219,A - 15 30
MD2218AF,MD2219AF - 18 25
SWITCHING CHARACTERISTICS
Delay Time | (Ve =30 Vde, I = 150 mAde,
VBE(off) = 0.5 Vdc, |g7 = 16 mAdc)
(Figure 11)
MD2218,F,MD2219,F td ~ - 20 us
MD2218A AF MD2219A AF ~ - 15
Rise Time MD2218,F,MD2219,F tr -~ - 40 us
MD2218A AF MD2219A,AF - - 30
Storage Time| (Vg = 30 Vdc, I¢ = 150 mAdc,
Ig1 =1g2 = 15 mAdc)
(Figure 12)
MD2218,F MD2219,F tg -~ - 280 us
MD2218A,AF ,MD2219A,AF — — 250
Fall Time MD2218,F, MD2219,F tf - - 70 us
MD2218A,AF , MD2219A AF - - 60
(1) Pulse Test: Pulse Width <<300 us, Duty Cycle < 2.0%.
FIGURE 1 — NORMALIZED DC CURRENT GAIN
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MD2218, MD2218A, MD2218F, MD2218AF (continued)
MD2219, MD2219A, MD2219F, MD2219AF ‘
MQ2218, MQ2218A, MQ2219, MQ2219A

FIGURE 2 — “ON” VOLTAGES FIGURE 3 — TEMPERATURE COEFFICIENTS
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MD2218, MD2218A, MD2218F, MD2218AF (continued)
MD2219, MD2219A, MD2219F, MD2219AF
MQ2218, MQ2218A, MQ2219, MQ2219A

SWITCHING TIME CHARACTERISTICS

FIGURE 8 - TURN-ON TIME
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FIGURE 9 — CHARGE DATA
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MD2369, A, B (SILICON)
MD2369F, AF, BF

MQ2369

MULTIPLE SILICON ANNULAR TRANSISTORS

... designed for use as differential amplifiers, dual general-purpose
switches and amplifiers, front end detectors, and temperature com-

pensation amplifiers.

ton = 15 ns (Max)
toff = 20 ns (Max)

@ DC Current Gain —

hFE = 40 (Min) @ Ic = 10 mAdc
® High Current-Gain—Bandwidth Product —
fT =800 MHz (Typ) @ Ic = 10 mAdc

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.25 Vdc (Max) @ Ic = 10 mAdc

® Fast Switching Times @ IC = 10 mAdc

NPN SILICON
MULTIPLE
TRANSISTORS

MAXIMUM RATINGS

A—t

MD2369
MD2369A
MD23698

B -

200

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vde
Collector-Base Voltage VcB 40 Vdc
Emitter-Base Voltage Veg 5.0 Vdc o1 coLLecToR & emiTTER
2 BASE 6 BASE
Collector Current — Continuous Ic 500 mAdc T SonEcioR
One Die All Die
Equal Power CASE 654-07
Total Power Dissipation @ T p = 25°C Pp mwW
MD2369,A,8B 550 600 ' N
MD2369F ,AF BF 350 400 -L-|=|
MQ2369 400 600 T 7
Derate above 25°C mw/°c 4! N
' MD2369,A.B 3.14 3.42 I |
MD2369F AF BF 2.0 2.28 e e e e
MQ2369 2.28 3.42 i 0
Total Power Dissipation @ T¢ = 25°C Pp Watts T Tl
MD2369,A.8B 1.4 2.0
MD2369F AF BF 0.7 1.4
Ma2369 0.7 238 . L T
Derate above 25°C mwW/°C stvier A {610 [ 736 | 0200 ] 0290
MD2369,A B 8.0 14 e B {292 | 406 [ 011501
MD2369F ,AF ,BF 4.0 8.0 : EMITTER C .76 .03 | 0.030 | 0.080
o | ; o [0.36 | 048 | 0014 ] 0019
MQ2369 4.0 16 3 toriceron 08 [ 0.15 | X
Operating and Storage Junction Ty Tstg -65 to +200 °c MATESL | BOSDESE
Temperature Range 381 - -
254 BSC 0.100 BSC
THERMAL CHARACTERISTICS CASE 610A-03 = 1127 ] - 0
Characteristic Symbol One Die All Die Unit L MQ2369
Equal Power N "
—
Thermal Resistance, Junction to Ambient | Rgja(1) oc/w | o | ] A_[
MD2369,A.B 319 292 N s
MD2369F AF BF 500 438 ‘ ot o t", |
MQ2369 438 292 - gl IA——J{ i
Thermal Resistance, Junction to Case Rgic oc/w Ls"‘ — i %
MD2369.A,B 125 87.5 T —— VA
SEATING PLANE
MD2369F ,AF BF 250 125
MQ2369 250 62.6 @
STYLEL DIMI MIN_ T MAX
Junction to| Junction to PN 1 SOLLECTOR 3 10| 6.99
Ambient Case T EeeECTED .76 | 2.03 | 0.
i 5 EMITTER .25 | 048
Coupling Factor % 6 BASE .08 | 015
7 COLLECTOR
MD2369,A.B 83 40 § coLLecTon 0‘1?7 Bicas
MD2369F AF BF 75 ] L - = 038
MQ2369 (Q1-Q2) 57 0 12 ewrren 635 | —
(Q1-Q3 or Q1-Q4) 55 0 14 COLLECTOR : |:gg =
) . . . . K . R | - 038 |
(1) Rg ja is measured with the device soldered into a typical printed circuit board. 7562 | 8.38

CASE 607-04




MD2369,A,B, MD2369F,AF,BF, MQ2369 (continued)

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows"
(1) 2Ty1 = Rg1 Pp1 + Rg2 Kg2 Pp2 + Rp3 Ko3 Pp3
*Rga Kga Ppg
Where AT jq 1s the change in junction temperature of die 1
Rg1 thru 4 's the thermal resistance of die 1 through 4
PD1 thru 4 s the power dissipated in die 1 through 4

Kg2 thru 4 1s the thermal coupling between die 1 and
die 2 through 4.

An effective package thermal resistance can be defined as
follows:
(2) Rg(eFF) = 2Ty1/POT

where PpT 15 the total package power dissipation

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

Assuming equal thermal resistance for each die, equation (1)
simplifies to

(3) 4Ty1 = Rg1 (Ppy + Kg2 Pp2 + Kg3 Pp3 + Kggq Ppa)

For the conditions where Pp1 = Ppo = Pp3 = Ppg, PpT = 4Pp

equation (3) can be further simphfied and by substituting into
equation (2) results in

(4) Ro(EFF) = Ro1(1 + Kgp + Kg3 + Kgal /4

Values for the coupling factors when either the case or the
ambient 1s used as a reference are given in the table on page 1

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

r Characteristic l Symbol [ Min Typ T Max l Unit
Collector-Emitter Breakdown Voltage (1) BVcEO 15 - - Vde
(Ic=10mAdc, Ig = 0)
Collector-Base Breakdown Voltage BVcBO 40 - - Vdc
(Ic=10pAdc, Ig = 0)
Emitter-Base Breakdown Voltage BVEBO 50 - — Vdc
(Ig = 10 uAdc, I = 0)
Collector Cutoff Current IcBO uAdc
(Veg =20 Vdc, |g = 0) — - 0.03
(Veg = 20 Vdc, Ig = 0, Ta = +150°C) - - 30
ON CHARACTERISTICS (1)
DC Current Gain hEE —
(Ic = 10 mAdc, Vg = 1 0 Vde) 40 95 140
(Ic = 10 mAdc, Vg = 1.0 Vdc, Tp = -55°C) 20 - -
Collector-Emitter Saturation Voltage VCE (sat) - ~ 0.25 Vdc
(Ic=10mAdc, g = 1.0 mAdc)
Base-Emitter Saturation Voltage VBE(sat) 0.7 - 0.85 Vdc
(Ic = 10 mAdc, Ig = 1 0 mAdc)
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product (1) fr 500 800 — MHz
(Ic =10 mAdc, Vcg = 10 Vdc, f = 100 MHz)
Output Capacitance Cob - = 20 oF
(Veg =50 Vde, Ig = 0, f = 100 kHz)
Input Capacitance Cip — - 40 pF
(Vgg = 1.0 Vdc, Ic = 0, f = 100 MHz)
SWITCHING CHARACTERISTICS
Storage Time (Figure 1) tg — —- 13 ns
(Voo =10 Vdc, Ic=1g1 = g2 = 10 mAdc)
Turn-On Time (Figures 2,4) ton - - 15 ns
(Voo = 3.0 Vde, Vgg(off) = 1.5 Vdc, I¢ = 10 mAdc,
g1 = 3.0 mAdc)
Turn-Off Time (Figures 3,5) toff - - 20 ns
(Vge =30 Vdc, Ig = 10 mAdc, Ig1 = 3.0 mAdc,
Ig2 = 15 mAdc)
MATCHING CHARACTERISTICS
DC Current Gain Ratio (2) hgg1/hFE2 -
(g = 3.0 mAdc, Vcg = 1.0 Vdc) MD2369A, MD2369AF 0.9 - 10
MD 23698, MD2369BF 0.8 - 1.0
Base Voltage Differential IVBe1-VBE2! mVdc
(ic = 30mAdc, Vgg = 1.0 Vdc) MD2369A, MD2369AF - - 5.0
MD23698, MD2369BF — - 10
Base Voltage Differential Gradient AVRe1-VgEe2| uV/°C
(Ic = 3.0 mAdc, Vgg = 1.0 Vde, T = -55 to +125°C) ATa
MD2369A, MD2369AF - - 10
MD 23698, MD2369BF - - 20

(1) Pulse Test. Pulse Width < 300 us, Duty Cycle < 2 0%.
(2) The lowest hpg reading is taken as hp g1 for this test
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MD2369,A,B, MD2369F,AF,BF, MQ2369 (continued)

FIGURE 1 — STORAGE TIME TEST CIRCUIT

+10V

+6.0 V
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-40V
Pulse Width = 300 ns
4 <1.0ns
Duty Cycle<<2.0%

FIGURE 2 — TURN-ON TIME FIGURE 3 — TURN-OFF TIME
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FIGURE 4 — TURN-ON TEST CIRCUIT FIGURE 5 — TURN-OFF TEST CIRCUIT
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! 1
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202



MD2369,A,B, MD2369F,AF,BF, MQ2369 (continued)

hfg, DC CURRENT GAIN C, CAPACITANCE (pF)

Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

FIGURE 6 — CAPACITANCE
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FIGURE 10 — COLLECTOR SATURATION REGION
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FIGURE 7 — CURRENT-GAIN-BANDWIDTH PRODUCT
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MD2904, MD2904A siicon)

MD2904F, MD2904AF
MD2905, MD2905A

MD2905F, MD2905AF
MQ2904,MQ2905A

MULTIPLE SILICON ANNULAR TRANSISTORS PNP SILICON
.. .designed for use as differential amplifiers, dual general-purpose MULTIPLE
amplifiers, front end detectors, and temperature compensation TRANSISTORS
amplifiers.
o Low Collector-Emitter Saturation Voltage — .
VCE(sat) = 0.4 Vdc (Max) @ Ic = 150 mAdc A MD2904,A
I . —B = MD2905,A
o Fast Switching Times — -
ton = 45 ns (Max) and toff = 130 ns (Max) ;
o DC Current Gain Specified — {E
0.1 mAdc to 500 mAdc
) ) ) SEATING
e High Current-Gain—Bandwidth Product — PLANE o
fT =320 MHz (Typ) @ IC = 50 mAdc
MAXIMUM RATINGS j
MD2904,F | MD2904A AF
MD2905,F | MD2905A,AF
Rating Symbol | MQ2904 MQ2905A Unit
Collector-Emitter Voltage Vceo 40 60 Vdc .
Collector-Base Voltage Vcs 60 Vdc PIN] COUECTOR  § ENTTER
Emitter-Base Voltage VEs 5.0 Vdc Lommeo 8 owmreo
Coll — Ci i
Current Ic 600 mAde CASE 654.07 N | 25065C | 010085C
One Die Ali Die
Total Power Dissipation @ T 5 = 265C Pp 5
MD2904,A, MD2905,A 575 625
MD2904F AF, MD2905F AF 350 400
MQ2904, MQ2905A 400 600
Derate above 25°C mw/°C
MD2904,A, MD2905,A 3.29 3.57
MD?2904,F AF, MD2905F AF 2.0 2.28
MQ2904, MQ2905A 2.28 ' 3.42
Total Power Dissipation @ T¢ = 25°C Pp Watts
MD2904,A, MD2905,A 18 25
MD2904F AF, MD2905F AF 1.0 2.0
MQ2904, MQ2905A 0.9 3.6
Derate above 25°C mW/°C STHLEL e
MD2904,A, MD2905,A 10.3 143 2 ehimren
MD2904F AF, MD2905F AF 5.71 114 some
MQ2904, MQ2905A 5.13 20.5 9 COLLECTOR
Operating and Storage Junction Ty.Tstg -65 to +200 °c
Temperature Range
THERMAL CHARACTERISTICS CASE 610A-03
] Theracteristic Symbol| One Die AN Die Unit N
MQ2904
Equel Power . . MQ2905A
Thermal Resistance, Junction to Rgyall) ocmw 3
Ambient | o2 af——
MD2904,A, MD2905,A 304 280 sl 1
MD2904F AF, MD2905F AF 500 438 | i Y
MQ2904, MQ2905A 438 292 E =3 T
Thermal Resistance, Junction to Case | ReJC Scw 5 = . . ,
MD2904,A, MD2905,A 97 70 R Y A d
MD2904F ,AF, MD2905F AF 175 875 '
MQ2904, MQ2905A 195 48.8 . MILLIMETERS
Junction to| Junction to TH '; coLecton Ll M'l':, %1—1
Ambient Case 3 EMITTER .76 | 2.03
Coupling Factor % 2 Eﬁfv‘él‘"“m 52 :g oy
MD2904,A, MD2905,A 84 44 7 COLLECTOR T T v
MD2904F AF, MD2905F AF 75 0 ¢ coltecron ll‘l-§7 a%(fw 5
MQ2904, MQ2905A  (Q1-Q2) 57 0 11 Nov commecren — o8 [ — |
(Q1-Q3 or Q1-Q4) 55 0 2 gMTER 1::?1 - [0 -
(1) Rg ya is measured with the device soldered into a typical printed circuit board. 1 coueeton N T o2 T — Toolo | =
- 1038 | — 10015}
CASE 607-04 7.62 | 8.38 | 0.300 | 0.330 |
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MD2904, MD2904A, MD2904F, MD2904AF (continued)
MD2905, MD2905A, MD2905F, MD2905AF

MQ2904
MQ2905A

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows:
(1) 2Tyq = Rgq Ppq + Rg2 Kg2 PD2 + Rg3 Kg3 Pp3
+Rgq Koa Ppa
Where 4T jq is the change in junction temperature of die 1
Rg1 thru 4 is the thermal resistance of die 1 through 4
PD1 thru 4 is the power dissipated in die 1 through 4

Kg2 thru 4 is the thermal coupling between die 1 and
die 2 through 4.

An effective package thermal resistance can be defined as
follows:

(2) Rg(eFF) = 2Ty1/PDT
where: PpT is the total k

S

ge power ion.

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

Assuming equal thermal resistance for each die, equation (1)
simplifies to

(3) 2Ty1 = Ry (Pp1 + Kg2 Pp2 + Kg3 Pp3 + Kgg Pp4)

For the conditions where Ppq = Pp2 = Pp3 = Ppg, PpT =4Pp

equation (3) can be further simplified and by substituting into
equation (2) results in

(4) Rg(EFF) = Re1(1 + Kga + Kg3 + Kgg) /4

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

ELECTRICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted.)
(Characteristics apply to corresponding flat package, and quad type number.)

[ Characteristic [ Symbol | Min T Typ | Max [ unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) BVCEO Vdc
(lc =10 mAdc, Ig = 0) MD2904, MD 2905 40 - -
MD2904A, MD2905A 60 — —
Collector-Base Breakdown Voltage BVceo 60 - - Vdc
(Ic =10 yAdc, Ig = 0)
Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vde
(Ig =10 pAdc, Ic = 0)
Collector Cutoff Current lceBo rAdc
(Veg =50 Vdc, Ig = 0) - - 0.020
(VcB = 50 Vdc, Ig = 0, T = 150°C) - - 30 -
Emitter Cutoff Current leBO - - 30 nAdc
(VBg = 3.0 Vdc, I¢ = 0)
ON CHARACTERISTICS (1)
DC Current Gain hee -
(1¢ = 0.1 mAdc, Vcg = 10 Vde) MD2904 20 50 -
MD2904A 40 70 -
MD2905 35 70 -
MD2905A 75 150 -
(Ic = 1.0 mAdc, Vg = 10 Vdc) MD2904 25 7% -
MD2904A 40 75 -
MD 2905 50 100 -
MD2905A 100 175 -
(ic = 10 mAdc, Vg = 10 Vdc) MD2904 35 90 -
MD2904A 40 90 -
MD2905 75 110 -
MD2905A 100 200 -
(Ic = 150 mAdc, Vcg = 10 Vdc) MD2904,A, B 40 90 120
MD2905,A 100 200 300
(Ic =500 mAdc, Vcg = 10 Vdc) MD2904 20 60 -
MD2904A 40 80 -
MD2905 30 130 -
MD2905A 50 150 =
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ig = 150 mAdc, Ig = 15 mAdc) - 0.26 0.4
(Ic = 500 mAdc, Ig = 50 mAdc) - 0.5 1.6
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 150 mAdc, g = 15 mAdc) - 088 1.3
{i¢ =500 mAdc, |g = 50 mAdc) - 1.0 26

(1) Pulse Test: Pulse Width <300 us, Duty Cycle < 2.0%
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MD2904, MD2904A, MD2904F, MD2904AF (continued)
MD2905, MD2905A, MD2905F, MD2905AF

MQ2904

MQ2905A

ELECTRICAL CHARACTERISTICS (continued)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product(1) fr 200 320 - MHz
(Ic =50 mAdc, V¢ = 20 Vdc, f = 100 MHz) -

Output Capacitance Cob - 5.8 8.0 pF
(Ve =10 Vdc, Ig = 0, f = 100 kHz2)

Input Capacitance Cip - 16 30 pF

(Vge =2.0 Vdc, Ic =0, f = 100 kHz)

SWITCHING CHARACTERISTICS

Turn-On Time (Vee = 30 Vde, VBE(off) = 0.5 Vde, ton - — 45 ns
Delay Time I¢c = 150 mAdc, td — — 12 ns
Rise Time g1 = 15 mAdc) (Figure 12) ty — - 35 ns
Turn-Off Time (Vge = 30 Vdc, | toff — - 130 ns
Storage Time I¢ = 160 mAdc, s - - 100 ns
Fall Time 181 =182=15mAdc)  (Figure 13) t - - 40 “ns
(1) Pulse Test: Pulse Width < 300 us, Duty. Cycle < 2.0%.
FIGURE 1 — DC CURRENT GAIN
20 —T L-(
_ e Ty=+1750C "\\‘
— — =t

2 LT 1dd44--1 -4 NG

EE annl 1L dt=1-1 | N
U o = = —— +25°C ‘ N
g B ey ~i< N N N
Z w S= =71 S N AN
< - -4

] L L — - - — n

= =3 P =g -

£ s — T | L = =1~ 7] ~IR TS
e “CHH— L L1d-1 A TR
«Q += - 2 3
H T T Vee =10V N
S m—me Vg = 1OV Wi oK
e 0.3 x
2

AN
\
0.2 - . AVAY
05 07 1.0 20 30 50 70 10 20 30 50 70 100 200 300

Ic, COLLECTOR CURRENT (mA)
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MD2904, MD2904A, MD2904F, MD2904AF (continued)
MD2905, MD2905A, MD2905F, MD2905AF

MQ2904
MQ2905A

FIGURE 2 — “ON” VOLTAGES

FIGURE 3 — TEMPERATURE COEFFICIENTS

Ic.COLLECTOR CURRENT (MA)

207

20 +20
16 T, = 25°C +1.0 [+ bve FOR Veg(sar)
| RN 2
> i _ T ~55°C 10 +25°C
- (=3 eyt *'
g 12 Vog(san @ e/l = 1 0 =
s l ’ z +25°C 10 +175°C
g < g [ .
2 44 H I I I I »
s o8 H / —1.0 |1 e FOR Ve »
g Vie @ Vee =10V E Il q% g
L s o
+25°C T0 +175°C T ¥
04 -20 1 !
. ‘{cmxn @Ic/lg=10 H HHH —55°C T0 +25°C
BR LiLil L
0 HHtH -30
05 10 20 50 10 20 50 100 200 500 05 10 20 50 10 2 50 100 200 500
I, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
NOISE FIGURE
Vce=10V,Ta = 25°C
FIGURE 4 — FREQUENCY EFFECTS FIGURE 5 — SOURCE RESISTANCE EFFECTS
6.0 T 17T 10
[ vee = 10vee AR L LT AL
Ta = 250C \ B RRLL URBAAAL
5.0 \ lc=104A f=1.0kHz
80 i/
40 N g \
g s o\
w le=10 >
2 4 N by o e 10048 {
[ - M LLLLl i w
§ H ﬂl } g 40 /
2 4
= 20 lc=10mA :* \\ / ,v/
£ B ™~ = H
Rs=07kQ =
R e N VTN
. IR 20 VeE - ve ]
10 -t 1mA NN e Ta = 25°C
lc =100 A N
Rs=12kQ
0 LI | o
01 02 05 10 20 50 10 20 50 100 01 02 05 10 20 50 10 2 50 100
f, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (k OHMS)
FIGURE 6 — CURRENT-GAIN BANDWIDTH PRODUCT FIGURE 7 — CAPACITANCE
600 30
= 11 l FHITH
ES VEE = 20 Vde - Ty = 5%
= 4001+ f = 100 MHz 20 — I Cib =100 kHz T
§ Ty = 259 - _ I~ ~NL
=] 5 =
3 LA1 I
: 1 8 N
E 00 P Z
e 7~ =
H S
2 <
E g 1.0 N
z <
& 10 50 S
3 N
Z 80
g
3 wll 30
£ 05 07 10 20 30 50 7.0 10 20 30 50 02 03 05 07 10 20 30 50 70 10 20

VR, REVERSE VOLTAGE (VOLTS)



MD2904, MD2904A, MD2904F, MD2904AF (continued)
MD2905, MD2905A, MD2905F, MD2905AF
MQ2904

MQ2905A

TIME (ns)

t,, STORAGE TIME (ns)

FIGURES8 — TURN ON TIME
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MD3250, A, F, AF (suicon)

MD3251, A, F,

MQ3251

AF

MULTIPLE SILICON ANNULAR TRANSISTORS

. . . designed for use as differential amplifiers, dual general-purpose
amplifiers, front end detectors and temperature compensation

applications.

® Excellent Temperature Tracking — Dual Devices
A|VBE1 - VBE2! = 0.8 mVdc (Max) @ -55 to +25°C
= 1.0 mVdc (Max) @ +25 to +125°C
® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.18 Vdc (Typ) @ Ic = 50 mAdc
® DC Current Gain Specified — 10 uAdc to 50 mAdc
® High Current-Gain-Bandwidth Product —
fT =600 MHz (Typ) @ Ic = 10 mAdc — MQ3251

PNP SILICON
MULTIPLE TRANSISTORS

SEATING
PLANE

MAXIMUM RATINGS om ’:“l'-':"‘f'::‘s L] “r:ix
Rating Symbol Value Unit 40 | 0.335 | 0370
Collector-Emitter Voltage Vceo 40 Vdc ?“) K ?g: g-::g:
Collector-Base Voltage VB 50 Vdc e e s e .41 | 053 | 0.016] 0.021
- .08 BSC 0.200 BSC
Emitter-Base Voltage VEB 5.0 Vdc e 37.?;53“' T -|——-] 0,86 | 0.028 ] 0.03 |
— - 074 [ 114 10,029 | 0.045
Collector Current — Continuous Ic 50 - mAdc x b3 ol s“ 05000 -
ie 450 BSC 450 BSC
One Die | Equal Power CASE 654.07 254856 | 0.100 BSC
Total Power Dissipation @ Tp = 25°C Pp mw " MD3250F, AF
MD3250,A, MD3251,A 575 625 Fe—jy [ MD3z51F.AF
MD3250F AF, MD3251F AF 350 400 TFE 1 7 e I
MQ3251 400 600 c < ﬁ-;} |
Derate Above 25°C mw/°c N
MD3250,A, MD3251,A 3.29 3.57 R " R
MD3250F AF, MD3251F AF 2.0 2.28 i1
MQ3251 2.28 3.42 1___
Total Power Dissipation @ T¢ = 25°C PD Watts
MD3250,A, MD3251,A 1.8 25
MD3250F ,AF, MD3251F AF 1.0 2.0
MQ3251 09 3.6 stvier
Derate Above 25°C mw/°c L3y
MD3250,A, MD3251,A 10.3 143 e
MD3250F ,AF, MD3251F AF 5.71 1.4 et
MQ3251 5.13 20.5
Operating and Storage Junction Ty Tstg -65 to +200 °c
Temperature Ran,
i * CASE 610A-03
THERMAL CHARACTERISTICS r—
All Die L] *
Characteristic Symbol | One Die |Equal Power Unit 1 -
Thermal Resistance, Junction to Ambient| Rg (1) °c/w b
MD3250,A, MD3251,A 304 280 1 s
MD3250F AF, MD3251F AF 500 438 P i
MQazs1 438 202 Ly
Thermal Resistance, Junction to Case RgJyc °c/w T
MD3251,A, MD3251,A 97 70
MD3250F AF, MD3251F AF 175 87.5 sTYLe
MQ3251 195 48.8 ™5 s
EMITTER
e e
7 COLLECTOR
Coupling Factors % 3 Saugecron 0.69 0.035
MD3250,A, MD3261,A 84 44 ) Nor comecreo — Toe3ss | - Joos |
MD3250F AF, MD3251F AF 75 0 B e A Eme
MQ3251 (Q1-Q2) 57 0 e TN oz - Joon] -
(Q1-Q3 or Q1-Q4) 55 0 R | - 1038 | — 10015
CASE 607-04 762 | 8.38 | 0.300 | 0.330 |

(1) Rg ya is measured with the device soldered into a typical printed circuit board.
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MD3250,A AF,F, MQ3251,A,AF,F, MQ3251 (continued)

THERMAL COUPLING AND

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows:

(1) 2Ty = Rg1 Pp1 + Reg2 Kg2 PD2 + Rg3 Kp3 Pp3
+Roa Kga Ppa

Where &T jq is the change in junction temperature of die 1

Rg1 thry 4 is the thermal resistance of die 1 through 4

PD1 thru 4 is the power dissipated in die 1 through 4

Kg2 thru 4 is the thermal coupling between die 1 and
die 2 through 4. ’

An effective package thermal resistance can be defined as
follows:

aTy1/PpT
PpT is the total package power dissipation.

(2) Rg(EFF)
where:

EFFECTIVE THERMAL RESISTANCE
Assuming equal thermal resistance for each die, equation (1)
simplifies to . . .
(3)6Ty1 = Rg1 (Pp1 + Kg2 Pp2 + Kg3 PD3 + Kga Ppa)
For the conditions where Pp¢ = Pp = Pp3 = Ppg, PpT = 4Pp

equation (3) can be further simplified and by substituting into
equation (2) resuits in

(4) Ro(EFF) = Rg1l1 + Kg2 + Kg3 + Kga) /4

Values for the coupling factors when either the case or the
ambient is used as a reference are given in the table on page 1.

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

[ Characteristic Symbol I Min I Tye r Max [ Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) BVCEO Vdc
(Ic =10 mAdc, Ig = 0) 40 - -
Collector-Base Breakdown Voltage BVceo Vdc
lic = 10 pAdc, Ig = 0) 50 - -
Emitter-Base Breakdown Voltage BVEBO Vdc
(lg = 10 pAdc, Ic = 0) 5.0 - -
Collector Cutoff Current IcBO
(Vg = 40 Vdc, Ig = 0) - - 10 nAdc
(VcB =40 Vdc, Ig = 0, T = 150°C) - - 10 uAdc
Emitter Cutoff Current lEBO - - 10 nAdc
(VBg =3.0 Vdc, ic = 0)
ON CHARACTERISTICS (1)
DC Current Gain hEge
(Ic = 10 Adc, VcE = 5.0 Vdc) MD3250,A,F, AF 25 75 -
MD3251,A,F AF 50 100 -
(ic = 100 pAdc, VcE = 5.0 Vdc) MD3250,A,F,AF 50 82 150
MD3251,A,F,AF 80 170 300
MQ3251 80 170 -
(Ig = 100 uAdc, Vg = 5.0 Vdc, Ta = -55°C)
MD3250,A,F, AF 25 . 35 -
MD3251,A,F,AF 50 75 -
{ic = 1.0 mAdc, Vgg = 5.0 Vdc) MD3250,A,F AF 50 87 150
MD3251,A,F,AF 100 180 300
MQ3251 100 180 -
(1c = 10 mAdc, VcE = 5.0 Vdc) MD3250,A,F AF 50 92 -
MD3251,A,F,AF 100 190 -
mMQ3251 100 190 300
(Ig = 50 mAdc, VcEg = 5.0 Vdc) MD3250,A,F,AF 15 50 -
MD32561,A,F AF 30 90 -
MQ3251 30 90 -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
{Ic= 10 mAdc, Ig = 1.0 mAdc) — 0.11 0.25
(I = 50 mAdc, |g = 5.0 mAdc) - 0.18 05
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ig = 10 mAdc, Ig = 1.0 mAdc) 06 0.78 09
{Ic =50 mAdc, Ig = 5.0 mAdc) - 0.88 1.2

(1) Pulse Test: Pulse Width <<300 us, Duty Cycle <2.0%
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MD3250,A AF,F, MQ3251,A AF,F, MQ3251 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol Min Typ Max Unit
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product . fr MHz
(Ic = 10 mAdc, Vg = 20 Vdc, f = 100 MHz MD3250,A F AF 200 600 -
MD3251,A F AF 250 600 -
MQ3251 300 600 -
QOutput Capacitance Cob pF
(Veg = 5.0 Vdc, Ig =0, f=100 kHz) = 25 6.0
Input Capacitance Cib pF
(Vgg = 1.0 Vdc, Ig = 0, f = 100 kHz) - 6.0 8.0

MATCHING CHARACTERISTICS (MD3250A,AF, MD3251A AF only)

DC Current Gain Ratio (2) heg1/hpgr
(Ic = 100 uAdc, VGE = 5.0 Vdc) 09 - 1.0
(Ic = 1.0 mAdc, Vg = 5.0 Vdc) 0.9 - 1.0
Base-Emitter Voltage Differential IVge1/VgEe2l mVdc
(ic = 100 pAde, VCE = 5.0 Vdc) - - 3.0
(Ic = 10 pAdc, Vcg = 5.0 Vdc) - - 5.0
(I¢ = 10 mAdc, Vg = 5.0 Vdc) - - 5.0
Base-Emitter Voltage Differential Change alvge1/Vgeal mVdc
Due to Temperature )
(Ic = 100 uAde, VGE = 5.0 Vdc, Tp = -65 to +25°C) - - 0.8
(Ic = 100 pAde, VGE = 5.0 Vdc, T = +25 to +125°C) - - 1.0
(2) The lowest hgg reading is taken as hggq for this ratio
FIGURE 1 — CAPACITANCE FIGURE 2 — CURRENT-GAIN BANDWIDTH PRODUCT
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MD3250,A AF,F, MQ3251,A,AF,F, MQ3251 (continued)

FIGURE 5 — DC CURRENT GAIN
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MD3409 (siicon
MD3410

NPN SILICON ANNULAR MULTIPLE TRANSISTORS

.. .designed for use as differential amplifiers, dual general-purpose

amplifiers, front end detectors and temperature compensation
applications.

® Excellent Temperature Tracking — MD3410 —
2| VBE1-VBE2 | = 0.8 mVdc (Max) @ Ta = -55 to +25°C
= 1.0 mVdc (Max) @ T = +25 to +125°C
® |ow Collector-Emitter Saturation Voltage —
VCE(sat) = 0.15 Vdc (Max) @ Ic = 10 mAdc
® |ow DC Current Gain —
hEE = 20-100 @ IC = 10 uAdc — MD 3410
® High Current-Gain—Bandwidth Product —
fT =250 MHz (Typ) @ Ic = 20 mAdc

NPN SILICON
MULTIPLE TRANSISTORS

MAXIMUM RATINGS

Both Die
Ov'm Equal
Die Power

Total Power Dissipation @ Tp, = 25°C Pp 575 625 mwW
Derate above 25°C 3.29 3.57 mW/°C

Total Power Dissipation @ T¢ = 25°C Pp 1.8 25 Watts
Derate above 25°C 10.3 143 | mWw/°C

THERMAL CHARACTERISTICS

One _ |Both Die

Characteristic Symbol | Die Baual 1 ynie
Thermal Resistance, Junction to Ambient Rgyall) 304 280 ocw
Thermal Resistance, Junction to Case Royc 97 70 °cw

Junction | Junction
to Ambient| to Case

Coupling Factors

84 44 %

(1) Rgya 1s measured with the device soldered into a typical printed circuit board.

IiB:
¢
iy
le!

Rating Symbol Value Unit €
Collector-Emitter Voltage VCEO 30 Vdc
Collector-Base Voltage Vcs 60 Vdc SEATING
erer PLANE ——{
Emitter-Base Voltage Ve 5.0 Vdc ‘J
Collector-Current Ic 500 mAdc . b
Operating and Storage Junction TJ,Ts(g -65 to +200 oc
Temperature Range

STYLE
PIN 1 COLLECTOR 5 EMITTER
2 BASE 6

3 EMITTER 7 COLLECTOR
4 OMITTED 8 OMITTED
MILLIMETERS]

oM [ MIN

CASE 654-07
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MD3409, MD3410 (continued)

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE
In multiple chip devices, coupling of heat between die occurs. Assuming equal thermal resistance for each die, equation (1)
The junction temperature can be calculated as follows:- simplifies to:
(1) ATy1 =Rg1 Ppq + Rg2 Kg2 Pp2 (3)ATy1=Rg1 (Pp1 +Kg2Pp2)
Where AT j1 is the change in junction temperature of die 1 3 For :::e fcon:mo'ns vlvlf'-en: P%‘.: PD2 = PPT = 2Pp, equat«)zr;
Rg1and Rg2 is the thermal resistance of die 1 and die 2 <|:an' : urther simplified and by substituting into equation (
Pp1 and Pp 2 is the power dissipated in die 1 and die 2 results in:
Kg2 is the thermal coupling between die 1 and die 2. (4) Rg(eFF) = Rg1(Pp1 + Kg2 Pp2)
An effective package thermal resistance can be defined as Values for the coupling factors when either the case or the
follows: ambient is used as a reference are given in the table on page 1.
(2) Rg(EFF) = ATy1/PDT
Where PpT is the total package power dissipation.

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

L Characteristic Symbol i Min I Typ Max Unit

OFF CHARACTERISTICS

‘Collector-Emitter Breakdown Voltage BVcEO 30 - — Vdc
(Ic = 10 uAdc, Ig = 0)

Collector-Base Breakdown Voltage BVceo 60 - - Vdc
(Ig = 10 uAdc, Ig = 0)

Emitter-Base Breakdown Voltage BVEgO 5.0 - - Vde
(lg =10 uAdc, Ic = 0)

Collector Cutoff Current IcBO
(Vcg =50 Vvdc, Ig = 0 - - 10 nAdc
(Vcg =50 Vdc, Ig = 0, T4 = 150°C) - - 10 uAdc

Emitter Cutoff Current lEBO - - 10 nAdc

(VE = 3.0 Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain (1) heg —
(Ic =10 uAdc, Vcg = 10 Vdc) MD3410 20 40 100
(I¢c =100 pAdc, Vgg = 10 Vdc) Both Devices 30 50 120
(Ig = 1.0 mAdc, Vcg = 10 Vdc) Both Devices 40 60 160
(Ic = 10 mAdc, Vcg = 10 Vdc) Both Devices 50 65 200
Collector-Emitter Saturation Voltage VCE(sat) - 0.09 0.15 Vdc
(Ic =10 mAdc, Ig = 1.0 mAdc)
Base-E mitter Saturation Voltage VBE(sat) - 0.7 0.85 Vdc

(Ic =10 mAdc, Ig = 1.0 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product fr 200 250 - MHz
(Ic = 20 mAdc, VGg = 20 Vdc, f = 100 MHz)

Output Capacitance Cob - 35 8.0 pF
(Vcg =10 Vdc, Ig = 0, f = 1.0 MHz)

Input Capacitance Cip - 15 25 pF

(VBE = 05 Vdc, Ic = 0, f = 1.0 MH2)

MATCHING CHARACTERISTICS

Base-Emitter Voltage Differential Change Due to Temperature A|VBE1-VBE2! mVdc
(I¢ = 100 pAdc, Vcg = 10 Vdc, MD3409 - - 1.6
Ta =-55°C to +25°C) MD3410 - - 08
(1c = 100 pAdc, Vcg = 10 Vdc, MD 3409 - - 2.0
Ta =+25°C to +125°C) MD3410 - - 1.0

(1) Puise Test: Pulse Width <300 us, Duty Cycle < 2.0%
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MD3 4 67 (SILICON)
MD3467F
MQ3467

MULTIPLE SILICON ANNULAR TRANSISTORS

... designed for use as differential amplifiers, dual general-purpose
amplifiers, and temperature compensation applications.
® Collector-Emitter Breakdown Voltage —
BVCEQ = 40 Vdc (Min) @ Ic = 10 mAdc
©® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.52 Vdc (Typ) @ I = 500 mAdc
® DC Current-Gain Specified —
hgg = 20 (Min) @ I = 500 mAdc
® Fast Switching Times @ Ic = 500 mAdc —
ton = 40 ns (Max)
toff = 110 ns (Max)

PNP SILICON
MULTIPLE
TRANSISTORS

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VcEo 40 Vdc
Collector-Base Voltage Vce 40 Vdc Lommres b oo
Emitter-Base Voltage VEB 5.0 Vdc CASE 65407
Collector Current — Continuous Ic 1.5 Adc
All Die I -
One Die | Equal Power TE
Total Power Dissipation @ T 5 = 25°C Pp mw L L
MD3467 600 650 r==.f s
MD3467F 350 400 ° Al—in
MQ3467 400 600 . x
Derate above 26°C mw/°C ij ~ _T
MD3467 3.42 3.7 l—_:___
MD3467F 2.0 2.28 c [—
MQ3467 2.28 3.42
Total Power Dissipation @ T¢ = 25°C Pp Watts
MD3467 21 3.0
MD3467F 1.25 25 s
MQ3467 1.0 40 o b
Derate above 25°C mw/°C 4 oumen
MD3467 12 17.2 7 COLLECTOR
MD3467F 7.15 143 * couteeron
MQ3467 | 5.71 228
Operating and Storage Junction TiTstg _65 to +200 oc CASE 610A-03
Temperature Range r— T
THERMAL CHARACTERISTICS ==
All Die i o2
Characteristic Symbol One Die | Equal Power | Unit . b
Thermal Resi , Junction to Ambient | Rg (1) o°c/w L o
MD3467 292 270 £
MD3467F 500 438 it -
MQ3467 438 292 TTE =« ——a—
Thermal Resistance, Junction to Case Rgic oc/w
MD3467 83.3 58.3 STYLE T
MD3467F 140 70 e
mMQ3467 175 43.8 { it mecreo
Junction to | Junction to § st ron
Ambient Case 8 SoLecTon
Coupling Factors % 1 NOT CoRNECTED
MD3467 85 40 12 ewren
MD3467F 75 0 % COLLECTOR
MQ3467 (Q1-Q2) 57 0o
(Q1-Q3 or Q1-Q4) 55 0 CASE 607-04

(1) Rg ya is measured with the device soldered into a typical printed circuit board.
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MD3467,F, MQ3467 (continued)

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

In multiple chip devices, coupling of heat between die occurs. Assuming equal thermal resistance for each die, equation (1)
The junction temperature can be calculated as follows: simplifies to .

(1) ATy1=Re1Pp1+Rg2 Kg2PD2 + Rg3 Kg3 PD3 (3)ATy1=Rg1 (Pp1+Kg2 Pp2+ Kg3 Pp3 + Kga Ppg)

* Roa Ko4 P4 F diti here P P P Ppa, P ap
is t h P tion t t £ die 1 or the conditions where Py =' Dz= D3 =FD4, DT = %D

;V::r:hfjﬁs'sth:etﬁera;gfr':si];gf“;:gfZ?;pf:ah:g:g?‘4'e equation (3) can be further simplified and by substituting into

Pp1 thru 4 is the power dissipation in die 1 through 4 equation (2) results in

Kg2 thru 4 is the thermal coupling between die 1 and (4) Rg(EFF) = Rg1 (1 + Kgo+ Kg3z + Kgg) /4

die 2 through 4.

An effective package thermal resistance can be defined as Values for the coupling factors when either the case or the

-follows: ambient is used as a reference are given in the table on page 1. If

(2R = AT /P significant power is to be dissipated in two die, die at the opposite
6 (EFF) = ATy1/PDT ends of the package should be used so that lowest possible junction
Where: Pp is the total package power dissipation. temperatures will result.

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

o Characteristic Symbol Min Typ Max J Unitj

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1) BVcEO 40 - - Vdc
(Ig=10mAdc, Ig = 0)

Collector-Base Breakdown Voltage BVcBo 40 - - Vdc
(Ig=10uAdc, Ig = 0)

Emitter-Base Breakdown Voltage BVERO 5.0 - - * Vde
(lg = 10uAdc, Ic=0)

Collector Cutoff Current IcBO - - 10 rAdc

(Vgg =30 Vdc, Ig = 0, Tp = 100°C)

Emitter Cutoff Current IEBO - - 100 nAdc
(Vge =3.0 Vdc, Ic=0)

ON CHARACTERISTICS

DC Current Gain hrge 20 - - -
(Ic = 500 mAde, Vg = 1.0 Vde)

Collector-Emitter Saturation Voltage' VCE(sat) - 0.32 0.5 Vdc
(g = 500 mAdc, g = 50 mAdc)

Base-Emitter Saturation Voltage VBE(sat) - 0.95 1.2 Vde
(I¢ = 500 mAdc, Ig = 50 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product fr 150 220 - MHz
(Ic = 50 mAdc, Vg = 10 Vdc, f = 100 MHz)

Output Capacitance Cob - 8.5 20 pF
(Vcg =10 Vdc, Ig = 0, f = 140 kHz)

Iriput Capacitance Cib - 22 80 pF
(VgE = 0.5 Vdc, Ic = 0, f = 140 kHz)

SWITCHING CHARACTERISTICS

Delay Time (Vee = 30 Vdc, VgE (off) = 2.0 Vdc, tq - 7.0 10 ns
Rise Time . I¢ = 500 mAdc, Ig1 = 50 mAdc) te — 17 30 ns
Storage Time (Ve = 30 Vde, Ic = 500 mAdc, ts - 58 80 ns
Fall Time 1g1=1g2 =50 mAdc) tf - 14 30 ns

(1) Pulse Test: Pulse Width <<300 us, Duty Cycle < 2.0%.
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MD3467,F, MQ3467 (continued)
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FIGURE 1 — DC CURRENT GAIN
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FIGURE 2 — COLLECTOR SATURATION REGION
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FIGURE 4 — TEMPERATURE COEFFICIENTS
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FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA
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MD3467,F, MQ3467 (continued)

FIGURE 6 — TURN-ON TIME FIGURE 7 — RISE AND FALL TIME
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