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ON SEMICONDUCTOR DEVICE CLASSIFICATIONS

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

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

“Preferred devices” are denoted below the device part numbers on the individual datd sheets.

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

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

This data book does not contain any “Not Recommended for New Design” devices.

Surmetic and MOSORB are trademarks of Semiconductor Components Industries, LLC (SCILLC).
Thermal Clad is a trademark of the Bergquist Company.

All brand names and product names appearing in this document are registered trademarks or trademarks of their respective
holders.
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CHAPTER 1
Alphanumeric Index of Part Numbers
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DEVICE
1.5KE100A
1.5KE100CA
1.5KE10A
1.5KE10CA
1.5KE110A
1.5KE110CA
1.5KEL1A
1.5KEI1CA
1.5KE120A
1.5KE120CA
1.5KE12A
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1.5KE170A
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1.5KE180A
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PAGE
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74
59
74

DEVICE
1.5KE33A
1.5KE33CA
1.5KE36A
1.5KE36CA
1.5KE39A
1.5KE39CA
1.5KE43A
1.5KE43CA
1.5KE47A
1.5KE47CA
1.5KE51A
1.5KE51CA
1.5KE56A
1.5KE56CA
1.5KE6.8A
1.5KE6.8CA
1.5KE62A
1.5KE62CA
1.5KE6G8A
1.5KE68CA
1.5KE7.5A
1.5KE7.5CA
1.5KE75A
1.5KE75CA
1.5KE8.2A
1.5KE8.2CA
1.5KE82A
1.5KE82CA
1.5KE9.1A
1.5KE9.1CA
1.5KE91A
1.5KE91CA
1.5SMC10AT3
1.5SMCI11AT3
1.5SMC12AT3
1.5SMC13AT3
1.5SMC15AT3
1.5SMC16AT3
1.5SMC18AT3
1.5SMC20AT3
1.5SMC22AT3
1.5SMC24AT3
1.5SMC27AT3
1.5SMC30AT3
1.5SMC33AT3
1.5SMC36AT3
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DEVICE
1.5SMC39AT3
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1.5SMC51AT3
1.5SMC56AT3
1.5SMC6.8AT3
1.5SMC62AT3
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1N4678
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DEVICE

1N5230B
1N5231B
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1N5255B
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1IN5257B
1N5258B
1N5259B
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1N5261B
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1N5338B
1N5339B
1N5340B
1N5341B
1N5342B
1N5343B
1N5344B
1N5345B
1N5346B
1N5347B
1N5348B
1N5349B
1N5350B
1N5351B
1N5352B
1N5353B
1N5354B
1N5355B
1N5356B
1IN5357B
1N5358B
1N5359B
1N5360B
1N5361B
1N5362B
1N5363B
1N5364B
1N5365B
1N5366B
1N5367B
1N5368B
1N5369B
1N5370B
1IN5371B
1N5372B
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DEVICE
1N5384B
1N5385B
1N5386B
1N5387B
1N5388B
1N5908
1N5913B
1IN5917B
1N5919B
1N5920B
1N5921B
1N5923B
1N5924B
1N5925B
1N5926B
1N5927B
1N5929B
1N5930B
1N5931B
1N5932B
1N5933B
1N5934B
1N5935B
1N5936B
1N5937B
1N5938B
1N5940B
1N5941B
1N5942B
1N5943B
1N5944B
1N5945B
1N5946B
1N5947B
1N5948B
1N5950B
1N5951B
1N5952B
1N5953B
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1N5985B
1N5987B
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1N5990B

PAGE
249
249
249
249
249

78
230
230
230
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230
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230
230
230
230
230
230
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230
230
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230
230
230
230
230
230
230
230
230
230
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182
182
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182

DEVICE
1N5991B
1N5992B
1N5993B
1N5994B
1N5995B
1N5996B
1N5997B
1N5998B
1N5999B
1N6000B
1N6001B
1N6002B
1N6004B
1N6007B
1IN6373
1N6374
1IN6375
1N6376
1IN6377
1N6378
1IN6379
1N6380
1N6381
1N6382
1N6383
1N6384
1N6385
1N6386
1N6387
1N6388
1N6389
IN746A
IN747A
IN748A
IN749A
1IN750A
IN751A
IN752A
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IN754A
IN755A
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IN758A
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1N957B
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DEVICE
1N958B
1N959B
1N960B
1N961B
1N962B
1N963B
1N964B
1N965B
1N966B
1N967B
1N968B
1N969B
1N970B
1IN971B
1IN972B
1N973B
1N974B
1N975B
1N978B
1N979B
1N982B
1PMT12AT3
1PMT16AT3
1PMT18AT3
1PMT22AT3
1PMT24AT3
1PMT26AT3
1PMT28AT3
1PMT30AT3
1PMT33AT3
1PMT36AT3
1PMT40AT3
1PMT48AT3
1PMT5.0AT3
1PMT51AT3
1PMT58AT3
1PMT5920BT3
1PMT5219BT3
1PMT5922BT3
1PMT5923BT3
1PMT5924BT3
1PMT5925BT3
1PMT5927BT3
1PMT5929BT3
1PMT5930BT3
1PMT5931BT3
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174
174
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174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
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95
95
95
95
95
95
95
95
95
95
95
95
95
95
284
284
284
284
284
284
284
284
284
284

DEVICE
1PMT5933BT3
1PMT5934BT3
1PMT5935BT3
1PMT5936BT3
1PMT5939BT3
1PMT7.0AT3
1PMT59BT3
1SMA10AT3
1SMA10CAT3
1SMA11AT3
1SMAL1CAT3
1SMA12AT3
1SMA12CAT3
1SMA13AT3
1SMA13CAT3
1SMA14AT3
1SMA14CAT3
1SMA15AT3
1SMA15CAT3
1SMA16AT3
1SMA16CAT3
1SMAL7AT3
1SMAL17CAT3
1SMA18AT3
1SMA18CAT3
1SMA20AT3
1SMA20CAT3
1SMA22AT3
1SMA22CAT3
1SMA24AT3
1SMA24CAT3
1SMA26AT3
1SMA26CAT3
1SMA28AT3
1SMA28CAT3
1SMASO0AT3
1SMA30CAT3
1SMAS3AT3
1SMAS33CAT3
1SMASGAT3
1SMAS36CAT3
1SMA40AT3
1SMA40CAT3
1SMA43AT3
1SMA43CAT3
1SMA45AT3

PAGE
284
284
284
284
284
284

95
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100
103
100

DEVICE
1SMA45CAT3
1SMA48AT3
1SMA48CAT3
1SMAS.0AT3
1SMAS1AT3
1SMAS51CAT3
1SMAS4AT3
1SMAS54CAT3
1SMAS8AT3
1SMAS8CAT3
1SMA5913BT3
1SMA5914BT3
1SMA5915BT3
1SMA5916BT3
1SMA5917BT3
1SMA5918BT3
1SMA5919BT3
1SMA5920BT3
1SMA5921BT3
1SMA5922BT3
1SMA5923BT3
1SMA5924BT3
1SMA5925BT3
1SMA5926BT3
1SMA5927BT3
1SMA5928BT3
1SMA5929BT3
1SMA5930BT3
1SMA5931BT3
1SMA5932BT3
1SMA5933BT3
1SMA5934BT3
1SMA5935BT3
1SMA5936BT3
1SMA5937BT3
1SMA5938BT3
1SMA5939BT3
1SMA5940BT3
1SMA5941BT3
1SMA5942BT3
1SMA5943BT3
1SMA5944BT3
1SMA5945BT3
1SMAG.0AT3
1SMAG.5AT3
1SMAGOAT3

PAGE
103
100
103
100
100
103
100
103
100
103
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
289
100
100
100

DEVICE
1SMAGOCAT3
1SMAG4AT3
1SMAGACAT3
1SMA7.0AT3
1SMA7.5AT3
1SMA70AT3
1SMA70CAT3
1SMAT75AT3
1SMA75CAT3
1SMAT78AT3
1SMA78CAT3
1SMAB8.0AT3
1SMAB8.5AT3
1SMA9.0AT3
1SMB100AT3
1SMB10AT3
1SMB10CAT3
1SMB110AT3
1SMB11AT3
1SMB11CAT3
1SMB120AT3
1SMB12AT3
1SMB12CAT3
1SMB130AT3
1SMB13AT3
1SMB13CAT3
1SMB14AT3
1SMB14CAT3
1SMB150AT3
1SMB15AT3
1SMB15CAT3
1SMB160AT3
1SMB16AT3
1SMB16CAT3
1SMB170AT3
1SMB17AT3
1SMB17CAT3
1SMB18AT3
1SMB18CAT3
1SMB20AT3
1SMB20CAT3
1SMB22AT3
1SMB22CAT3
1SMB24AT3
1SMB24CAT3
1SMB26AT3

PAGE
103
100
103
100
100
100
103
100
103
100
103
100
100
100
107
107
118
107
107
118
107
107
118
107
107
118
107
118
107
107
118
107
107
118
107
107
118
107
118
107
118
107
118
107
118
107
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DEVICE
1SMB26CAT3
1SMB28AT3
1SMB28CAT3
1SMB30AT3
1SMB30CAT3
1SMB33AT3
1SMB33CAT3
1SMB36AT3
1SMB36CAT3
1SMB40AT3
1SMB40CAT3
1SMB43AT3
1SMB43CAT3
1SMB45AT3
1SMB45CAT3
1SMB48AT3
1SMB48CAT3
1SMB5.0AT3
1SMB51AT3
1SMB51CAT3
1SMB54AT3
1SMB54CAT3
1SMB58AT3
1SMB58CAT3
1SMB5913BT3
1SMB5914BT3
1SMB5915BT3
1SMB5916BT3
1SMB5917BT3
1SMB5918BT3
1SMB5919BT3
1SMB5920BT3
1SMB5921BT3
1SMB5922BT3
1SMB5923BT3
1SMB5924BT3
1SMB5925BT3
1SMB5926BT3
1SMB5927BT3
1SMB5928BT3
1SMB5929BT3
1SMB5930BT3
1SMB5931BT3
1SMB5932BT3
1SMB5933BT3
1SMB5934BT3

PAGE
118
107
118
107
118
107
118
107
118
107
118
107
118
107
118
107
118
107
107
118
107
118
107
118
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294

DEVICE
1SMB5935BT3
1SMB5936BT3
1SMB5937BT3
1SMB5938BT3
1SMB5939BT3
1SMB5940BT3
1SMB5941BT3
1SMB5942BT3
1SMB5943BT3
1SMB5944BT3
1SMB5945BT3
1SMB5946BT3
1SMB5947BT3
1SMB5948BT3
1SMB5949BT3
1SMB5950BT3
1SMB5951BT3
1SMB5952BT3
1SMB5953BT3
1SMB5954BT3
1SMB5955BT3
1SMB5956BT3
1SMB6.0AT3
1SMB6.5AT3
1SMB60AT3
1SMB60CAT3
1SMB64AT3
1SMB64CAT3
1SMB7.0AT3
1SMB7.5AT3
1SMB70AT3
1SMB70CAT3
1SMB75AT3
1SMB75CAT3
1SMB78AT3
1SMB78CAT3
1SMB8.0AT3
1SMB8.5AT3
1SMB85AT3
1SMB9.0AT3
1SMB90AT3
1SMC10AT3
1SMC11AT3
1SMC12AT3
1SMC13AT3
1SMC14AT3

PAGE
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
294
107
107
107
118
107
118
107
107
107
118
107
118
107
118
107
107
107
107
107
129
129
129
129
129

DEVICE
1SMC15AT3
1SMC16AT3
1SMC17AT3
1SMC18AT3
1SMC20AT3
1SMC22AT3
1SMC24AT3
1SMC26AT3
1SMC28AT3
1SMC30AT3
1SMC33AT3
1SMC36AT3
1SMCA40AT3
1SMC43AT3
1SMCA45AT3
1SMC48AT3
1SMC5.0AT3
1SMC51AT3
1SMC54AT3
1SMC58AT3
1SMCG6.0AT3
1SMCB6.5AT3
1SMCG60AT3
1SMCG64AT3
1SMC7.0AT3
1SMC7.5AT3
1SMC70AT3
1SMC75AT3
1SMC78AT3
1SMCB8.0AT3
1SMCB8.5AT3
1SMC9.0AT3
3EZ10D5
3EZ13D5
3EZ15D5
3EZ16D5
3EZ18D5
3EZ220D5
3EZ240D5
3EZ24D5
3EZ330D5
3EZ36D5
3EZ39D5
3EZ4.3D5
3EZ6.2D5
3EZ8.2D5

PAGE
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
236
236
236
236
236
236
236
236
236
236
236
236
236
236

DEVICE
BZX79C10RL
BZX79C12RL
BZX79C15RL
BZX79C16RL
BZX79C18RL
BZX79C22RL
BZX79C24RL
BZX79C27RL
BZX79C2V4RL
BZX79C2V7RL
BZX79C30RL
BZX79C33RL
BZX79C3VORL
BZX79C3V3RL
BZX79C3V6RL
BZX79C3VIRL
BZX79C4V7RL
BZX79C5V1RL
BZX79C5V6RL
BZX79C6V2RL
BZX79C6V8RL
BZX79C7V5RL
BZX79C8V2RL
BZX84C10LT1
BZX84C11LT1
BZX84C12LT1
BZX84C13LT1
BZX84C15LT1
BZX84C16LT1
BZX84C18LT1
BZX84C20LT1
BZX84C22LT1
BZX84C24LT1
BZX84C27LT1
BZX84C2V4LT1
BZX84C2V7LT1
BZX84C30LT1
BZX84C33LT1
BZX84C36LT1
BZX84C39LT1
BZX84C3VOLT1
BZX84C3V3LT1
BZX84C3V6LT1
BZX84C3VILT1
BZX84C43LT1
BZX84C47LT1

PAGE
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
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DEVICE
BZX84C4V3LT1
BZX84C4V7LT1
BZX84C51LT1
BZX84C56LT1
BZX84C5V1LT1
BZX84C5V6LT1
BZX84C62LT1
BZX84C68LT1
BZX84C6V2LT1
BZX84C6V8LT1
BZX84C75LT1
BZX84C7V5LT1
BZX84C8V2LT1
BZX84C9V1LT1
BZX85C10RL
BZX85C12RL
BZX85C13RL
BZX85C15RL
BZX85C16RL
BZX85C18RL
BZX85C22RL
BZX85C24RL
BZX85C27RL
BZX85C30RL
BZX85C33RL
BZX85C36RL
BZX85C3V3RL
BZX85C3V6RL
BZX85C3VIRL
BZX85C43RL
BZX85C47RL
BZX85C4V3RL
BZX85C4V7RL
BZX85C5V1RL
BZX85C5V6RL
BZX85C62RL
BZX85C6V2RL
BZX85C6V8RL
BZX85C75RL
BZX85C7V5RL
BZX85C82RL
BZX85C8V2RL
BZX85C9V1RL
DF6A6.8FUT1
ICTE-10
ICTE-10C

PAGE
261
261
261
261
261
261
261
261
261
261
261
261
261
261
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
223
158

84
89

DEVICE
ICTE-12
ICTE-12C
ICTE-15
ICTE-15C
ICTE-18
ICTE-18C
ICTE-22
ICTE-22C
ICTE-36
ICTE-36C
ICTE-5
MM3Z10VT1
MM3Z11VT1
MM3z12VT1
MM3Z13VT1
MM3Z15VT1
MM3Z16VT1
MM3zZ18VT1
MM3z20VT1
MM3z22VT1
MM3zZ24VT1
MM3z27VT1
MM3zZ2V4T1
MM3z2V7T1
MM3Z30VT1
MM3Z33VT1
MM3Z36VT1
MM3Z39VT1
MM3zZ3V0T1
MM3Z3V3T1
MM3Z3V6T1
MM3Z3V9T1
MM3z43VT1
MM3z47VT1
MM3z4V3T1
MM3z4V7T1
MM3zZ51VT1
MM3Z56VT1
MM3zZ5V1T1
MM3Z5V6T1
MM3z62VT1
MM3z68VT1
MM3z6V2T1
MM3zZ6V8T1
MM3Z75VT1
MM3Z7V5T1

PAGE
84
89
84
89
84
89
84
89
84
89
84

256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256
256

DEVICE
MM3z8V2T1
MM3Z9V1T1
MMBZ10VALT1
MMBZ12VALT1
MMBZ15VALT1
MMBZ15VDLT1
MMBZ18VALT1
MMBZ20VALT1
MMBZ27VALT1
MMBZ27VCLT1
MMBZ33VALT1
MMBZ5221BLT1
MMBZ5222BLT1
MMBZ5223BLT1
MMBZ5224BLT1
MMBZ5225BLT1
MMBZ5226BLT1
MMBZ5227BLT1
MMBZ5228BLT1
MMBZ5229BLT1
MMBZ5230BLT1
MMBZ5231BLT1
MMBZ5232BLT1
MMBZ5233BLT1
MMBZ5234BLT1
MMBZ5235BLT1
MMBZ5236BLT1
MMBZ5237BLT1
MMBZ5238BLT1
MMBZ5239BLT1
MMBZ5240BLT1
MMBZ5241BLT1
MMBZ5242BLT1
MMBZ5243BLT1
MMBZ5244BLT1
MMBZ5245BLT1
MMBZ5246BLT1
MMBZ5247BLT1
MMBZ5248BLT1
MMBZ5249BLT1
MMBZ5250BLT1
MMBZ5251BLT1
MMBZ5252BLT1
MMBZ5253BLT1
MMBZ5254BLT1
MMBZ5255BLT1

PAGE
256
256
140
140
140
146
140
140
140
146
140
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266

DEVICE
MMBZ5256BLT1
MMBZ5257BLT1
MMBZ5258BLT1
MMBZ5259BLT1
MMBZ5260BLT1
MMBZ5261BLT1
MMBZ5262BLT1
MMBZ5263BLT1
MMBZ5264BLT1
MMBZ5265BLT1
MMBZ5266BLT1
MMBZ5267BLT1
MMBZ5268BLT1
MMBZ5269BLT1
MMBZ5270BLT1
MMBZ5V6ALT1
MMBZ6V2ALT1
MMBZ6V8ALT1
MMBZ9V1ALT1
MMQA12VT1
MMQA13VT1
MMQA15VT1
MMQA18VT1
MMQA20VT1
MMQA21VT1
MMQA22VT1
MMQA24VT1
MMQA27VT1
MMQA30VT1
MMQA33VT1
MMQAS5V6T1
MMQAGV2T1
MMQAGVS8T1
MMSZ10T1
MMSZ11T1
MMSZ12T1
MMSZ13T1
MMSZ15T1
MMSZ16T1
MMSZ18T1
MMSZ20T1
MMSZ22T1
MMSZ24T1
MMSZ27T1
MMSZ2V4T1
MMSZ2V7T1

PAGE
266
266
266
266
266
266
266
266
266
266
266
266
266
266
266
140
140
140
140
151
151
151
151
151
151
151
151
151
151
151
151
151
151
280
280
280
280
280
280
280
280
280
280
280
280
280
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DEVICE
MMSZ30T1
MMSZ33T1
MMSZ36T1
MMSZ39T1
MMSZ3V0T1
MMSZ3V3T1
MMSZ3V6T1
MMSZ3V9IT1
MMSZ43T1
MMSZ4678T1
MMSZ4679T1
MMSZ4680T1
MMSZ4681T1
MMSZ4682T1
MMSZ4683T1
MMSZ4684T1
MMSZ4685T1
MMSZ4686T1
MMSZ4687T1
MMSZ4688T1
MMSZ4689T1
MMSZ4690T1
MMSZ4691T1
MMSZ4692T1
MMSZ4693T1
MMSZ4694T1
MMSZ4695T1
MMSZ4696T1
MMSZ4697T1
MMSZ4698T1
MMSZ4699T1
MMSZ4700T1
MMSZ4701T1
MMSZ4702T1
MMSZ4703T1
MMSZ4704T1
MMSZ4705T1
MMSZ4706T1
MMSZ4707T1
MMSZ4708T1
MMSZ4709T1
MMSZ4710T1
MMSZ4711T1
MMSZ4712T1
MMSZ4713T1
MMSZ4714T1

PAGE
280
280
280
280
280
280
280
280
280
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276
276

DEVICE
MMSZ4715T1
MMSZ4716T1
MMSZ4717T1
MMSZ4V3T1
MMSZ4V7T1
MMSZ51T1
MMSZ5221BT1
MMSZ5222BT1
MMSZ5223BT1
MMSZ5224BT1
MMSZ5225BT1
MMSZ5226BT1
MMSZ5227BT1
MMSZ5228BT1
MMSZ5229BT1
MMSZ5230BT1
MMSZ5231BT1
MMSZ5232BT1
MMSZ5233BT1
MMSZ5234BT1
MMSZ5235BT1
MMSZ5236BT1
MMSZ5237BT1
MMSZ5238BT1
MMSZ5239BT1
MMSZ5240BT1
MMSZ5241BT1
MMSZ5242BT1
MMSZ5243BT1
MMSZ5244BT1
MMSZ5245BT1
MMSZ5246BT1
MMSZ5247BT1
MMSZ5248BT1
MMSZ5249BT1
MMSZ5250BT1
MMSZ5251BT1
MMSZ5252BT1
MMSZ5253BT1
MMSZ5254BT1
MMSZ5255BT1
MMSZ5256BT1
MMSZ5257BT1
MMSZ5258BT1
MMSZ5259BT1
MMSZ5260BT1

PAGE
276
276
276
280
280
280
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271

DEVICE
MMSZ5261BT1
MMSZ5262BT1
MMSZ5263BT1
MMSZ5264BT1
MMSZ5265BT1
MMSZ5266BT1
MMSZ5267BT1
MMSZ5268BT1
MMSZ5269BT1
MMSZ5270BT1
MMSZ5272BT1
MMSZ56T1
MMSZ5V1T1
MMSZ5V6T1
MMSZ6V2T1
MMSZ6V8T1
MMSZ7V5T1
MMSZ8V2T1
MMSZ9V1T1
MSQAGBV1IWS5T2
MZP4729A
MZP4734A
MZP4735A
MZP4736A
MZP4737A
MZP4738A
MZP4740A
MZP4741A
MZP4744A
MZP4745A
MZP4746A
MZP4749A
MZP4750A
MZP4751A
MZP4752A
MZP4753A
P6KE100A
P6KE100CA
P6KE10A
P6KE10CA
P6KE110A
P6KE110CA
P6KE11A
P6KE11CA
P6KE120A
P6KE120CA

PAGE
271
271
271
271
271
271
271
271
271
271
271
280
280
280
280
280
280
280
280
155
242
242
242
242
242
242
242
242
242
242
242
242
242
242
242
242

47
53
47
53
47
53
47
53
47
53

DEVICE
P6KE12A
P6KE12CA
P6KE130A
P6KE130CA
P6KE13A
P6KE13CA
P6KE150A
P6KE150CA
P6KE15A
P6KE15CA
P6KE160A
P6KE160CA
P6KE16A
P6KE16CA
P6KE170A
P6KE170CA
P6KE180A
P6KE180CA
P6KE18A
P6KE18CA
P6KE200A
P6KE200CA
P6KE20A
P6KE20CA
P6KE22A
P6KE22CA
P6KE24A
P6KE24CA
P6KE27A
P6KE27CA
P6KE30A
P6KE30CA
P6KE33A
P6KE33CA
P6KE36A
P6KE36CA
P6KE39A
P6KE39CA
P6KE43A
P6KE43CA
P6KE47A
P6KE47CA
P6KE51A
P6KE51CA
P6KES56A
P6KE56CA

PAGE
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
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DEVICE
P6KEG.8A
P6KEG.8CA
P6KEG2A
P6KEG62CA
P6KEG8BA
P6KEGSCA
P6KE7.5A
P6KE7.5CA
P6KE75A
P6KE75CA
P6KES8.2A
P6KES8.2CA
P6KE82A
P6KE82CA
P6KE9.1A
P6KE9.1CA
P6KE91A
P6KE91CA
P6SMB100AT3
P6SMB10AT3
P6SMB110AT3
P6SMB11AT3
P6SMB11CAT3
P6SMB120AT3
P6SMB12AT3
P6SMB12CAT3
P6SMB130AT3
P6SMB13AT3
P6SMB13CAT3
P6SMB150AT3
P6SMB15AT3
P6SMB15CAT3
P6SMB160AT3
P6SMB16AT3
P6SMB16CAT3
P6SMB170AT3
P6SMB180AT3
P6SMB18AT3
P6SMB18CAT3
P6SMB200AT3
P6SMB20AT3
P6SMB20CAT3

PAGE
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53
47
53

113
113
113
113
123
113
113
123
113
113
123
113
113
123
113
113
123
113
113
113
123
113
113
123

DEVICE
P6SMB22AT3
P6SMB22CAT3
P6SMB24AT3
P6SMB24CAT3
P6SMB27AT3
P6SMB27CAT3
P6SMB30AT3
P6SMB30CAT3
P6SMB33AT3
P6SMB33CAT3
P6SMB36AT3
P6SMB36CAT3
P6SMB39AT3
P6SMB39CAT3
P6SMB43AT3
P6SMB43CAT3
P6SMB47AT3
P6SMB47CAT3
P6SMB51AT3
P6SMB51CAT3
P6SMB56AT3
P6SMB56CAT3
P6SMBG6.8AT3
P6SMBG62AT3
P6SMB62CAT3
P6SMBG8AT3
P6SMBG68CAT3
P6SMB7.5AT3
P6SMB75AT3
P6SMB75CAT3
P6SMB8.2AT3
P6SMB82AT3
P6SMB82CAT3
P6SMB9.1AT3
P6SMB91AT3
P6SMB91CAT3
SA100A
SA100CA
SA10A
SA10CA
SA110A

PAGE
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
123
113
113
123
113
123
113
113
123
113
113
123
113
113
123

65
70
65
69
65

DEVICE
SA110CA
SAl11A
SAl11CA
SA120A
SA120CA
SA12A
SA12CA
SA130A
SA130CA
SA13A
SA13CA
SAl4A
SAl14CA
SA150A
SA150CA
SA15A
SA15CA
SA160A
SA160CA
SA16A
SA16CA
SA170A
SA170CA
SA17A
SAl17CA
SA18A
SA18CA
SA20A
SA20CA
SA22A
SA22CA
SA24A
SA24CA
SA26A
SA26CA
SA28A
SA28CA
SA30A
SA30CA
SA33A
SA33CA

PAGE
70
65
69
65
70
65
69
65
70
65
69
65
69
65
70
65
69
65
70
65
69
65
70
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69

DEVICE
SA36A
SA36CA
SA40A
SA40CA
SA43A
SA43CA
SA45A
SA45CA
SA48A
SA48CA
SAS5.0A
SA5.0CA
SAS51A
SA51CA
SA58A
SAS58CA
SAG6.0A
SA6.0CA
SAGOA
SAGOCA
SAG4A
SAG4CA
SA7.0A
SA7.0CA
SA7.5A
SA7.5CA
SA70A
SA70CA
SAT8A
SA78CA
SA8.0A
SA8.0CA
SA8.5A
SA8.5CA
SA85CA
SA9.0A
SA9.0CA
SA90A
SA90CA
SMS05T1
SMS05T3

PAGE
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
69
65
70
65
69
65
69
65
70
65
70
65
69
65
69
70
65
69
65
70

160
160
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CHAPTER 2
Selector Guide for Transient Voltage Suppressors
and Zener Diodes
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ON Semiconductor's standard TVS (Transient
Voltage Suppressors) and Zener diodes comprise the
largest inventoried line in the industry. Continuous
development of improved manufacturing techniques
have resulted in computerized diffusion and test, as well
as critical process controls learned from
surface—sensitive MOS fabrication. The resulting higher
yields have lowered the factory costs. Check the
following features for application to your specific
requirements:

» Wide selection of package materials and styles:

— Plastic (Surmetic) for low cost, mechanical
ruggedness
— Glass for high reliability, low cost
— Surface Mount packages for state of the art
designs

» Steady State Power Dissipation from 0.25 to
5.0 Watts

» Breakdown voltages from 1.8 to 400 Volts in
approximately 10% steps

» Transient Voltage Suppression Protection from 24 to
1500 Watts with Working Peak Reverse \oltage
from 5.0 to 214 \Volts

» ESD protection devices

» Special selection of electrical characteristics
available at low cost due to high—volume lines
(check your ON Semiconductor sales representative
for special quotations)

« UL Recognition on many TVS device types

« Tape and Reel options available on all axial leaded
and surface mount types

e Many TVS are offered as bidirectional
(clipper devices)

» Standard Zener tolerance4s5.0%

Zener Diodes
Axial Leaded .......... ... ... i 15

Surface Mount . ........ ... . i 17
TVS (Transient Voltage Suppressors) ........... 21
AxialLeaded ......... ... ..., 21
BOOWALL . .o 21
BOOWaALL . ... 23
1500 Watt .. ovve e 25
Surface Mount Packages ................... 28
175 Watt (Powermite) . ................... 28
400 Watt (SMA) .. ... 29
600 Watt (SMB) . ... 31
1500 Watt (SMC) ...t 36
Multiple Device Packages . .................. 38
Duals (Typical) . .......... ..o ... 38
Quads (Typical) ..., 40
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Zener Diodes — Regulation in Axial Leads

Table 1. Axial Leaded — 3, 5 Watt

Nominal 3 Watt 5 Watt
Zener
Breakdown
\oltage Cathode = Polarity Band Cathode =Polarity Band
Volts
Plastic
Surmetic 30 Plastic
Case 59-03 Surmetic 40

(DO-41) Case 17
1.8
2.0
2.2
2.4
2.5
2.7
2.8
3.0
3.3 1N5913B 1N5333B
3.6 MZP4729A 1N5914B 1N5334B
3.9 MZP4730A 1N5915B 1N5335B
4.3 MZP4731A 1N5916B 1N5336B
4.7 MZP4732A 1N5917B 1N5337B
5.1 MZP4733A 1N5918B 1N5338B
5.6 MZP4734A 1N5919B 1N5339B
6.0 1N5340B
6.2 MZP4735A 1N5920B 1N5341B
6.8 MZP4736A 1N5921B 1N5342B
7.5 MZP4737A 1N5922B 1N5343B
8.2 MZP4738A 1N5923B 1N5344B
8.7 1N5345B
9.1 MZP4739A 1N5924B 1N5346B
10 MZP4740A 1N5925B 1N5347B
11 MZP4741A 1N5926B 1N5348B
12 1N5927B 1N5349B
13 MZP4743A 1N5928B 1N5350B
14 1N5351B
15 MZP4744A IN59298 1N5352B
16 MZP4745A 1N5930B 1N5353B
17 1N5354B
18 MZP4746A 1N5931B 1N5355B
19 1N5356B
20 MZPA4747A 1N5932B 1N5357B
22 MZP4748A 1N5933B 1N5358B
24 MZP4749A 1N5934B 1N5359B

Devices listed in bold, italic are ON Semiconductor preferred devices.
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Zener Diodes — Regulation in Axial Leads

Table 1. Axial Leaded — 3, 5 Watt (continued)

(continued)

Nominal 3 Watt 5 Watt
Zener
Breakdown
\oltage Cathode = Polarity Band Cathode = Polarity Band
Volts
Plastic
Surmetic 30 Plastic
Case 59-03 Surmetic 40
(DO-41) Case 17
25 1N5360B
27 MZP4750A 1N5935B 1N5361B
28 1N5362B
30 MZP4751A 1N59368 1N5363B
33 1N5937B 1N5364B
36 1N5938B 1N5365B
39 1N5939B 1N5366B
43 1N5940B 1N5367B
47 1N5941B 1N5368B
51 1N5942B 1N5369B
56 1N5943B 1N5370B
60 1N5371B
62 1N5944B 1N5372B
68 1N5945B 1N5373B
75 1N5946B 1N5374B
82 1N5947B 1N5375B
87 1N5376B
91 1N5948B 1N5377B
100 1N5949B 1N5378B
110 1N5950B 1N5379B
120 1N5951B 1N5380B
130 1N5952B 1N5381B
140 1N5382B
150 1N5953B 1N5383B
160 1N5954B 1N5384B
170 1N5385B
180 1M180ZS5 1N59558 1N5386B
190 1N5387B
200 1M200ZS5 1N5956B 1N5388B
220
240
270
300
330
360
400
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Zener Diodes — Regulation in Surface Mount

Table 2. Surface Mount Packages — .2, .225, .5 Watt

Nominal 200 mwW 225 mW 500 mW
Zener
Break—down
Voltage
SOD-323 SOT-23 SOD-123
Cathode
Anode %\ @
Volts No Connection
Plastic Plastic
CS;?:Z ! Case 318 Case 425, Style 1
TO-236AB

1.8 MMSZ4678T1
2.0 MMSZ4679T1
2.2 MMSZ4680T1
2.4 MM3Z2V4T1 BZX84C2V4LT1 MMBZ5221BLT1 MMSZ2V4T1 MMSZ4681T1 MMSZ5221BT1
2.5 MMBZ5222BLT1 MMSZ5222BT1
2.7 MM3Z2V7T1 BZX84C2V7LT1 MMBZ5223BLT1 MMSZ2V7T1 MMSZ4682T1 MMSZ5223BT1
2.8 MMBZ5224BLT1 MMSZ5224BT1
3.0 MM3Z3V0T1 BZX84C3VOLT1 MMBZ5225BLT1 MMSZ3V0T1 MMSZ4683T1 MMSZ5225BT1
3.3 MM3Z3V3T1 BZX84C3V3LT1 MMBZ5226BLT1 MMSZ3V3T1 MMSZ4684T1 MMSZ5226BT1
3.6 MM3Z3V6T1 BZX84C3V6LT1 MMBZ5227BLT1 MMSZ3V6T1 MMSZ4685T1 MMSZ5227BT1
3.9 MM3Z3V9T1 BZX84C3VIOLT1 MMBZ5228BLT1 MMSZ3V9T1 MMSZ4686T1 MMSZ5228BT1
4.3 MM3z4V3T1 BZX84C4V3LT1 MMBZ5229BLT1 MMSZ4V3T1 MMSZ4687T1 MMSZ5229BT1
4.7 MM3z4V7T1 BZX84C4V7LT1 MMBZ5230BLT1 MMSZ4V7T1 MMSZ4688T1 MMSZ5230BT1
5.1 MM3Z5V1T1 BZX84C5V1LT1 MMBZ5231BLT1 MMSZ5V1T1 MMSZ4689T1 MMSZ5231BT1
5.6 MM3Z5V6T1 BZX84C5V6LT1 MMBZ5232BLT1 MMSZ5V6T1 MMSZ4690T1 MMSZ5232BT1
6.0 MMBZ5233BLT1 MMSZ5233BT1
6.2 MM3Z6V2T1 BZX84C6V2LT1 MMBZ5234BLT1 MMSZ6V2T1 MMSZ4691T1 MMSZ5234BT1
6.8 MM3Z6V8T1 BZX84C6V8LT1 MMBZ5235BLT1 MMSZ6V8T1 MMSZ4692T1 MMSZ5235BT1
7.5 MM3Z7V5T1 BZX84C7V5LT1 MMBZ5236BLT1 MMSZ7V5T1 MMSZ4693T1 MMSZ5236BT1
8.2 MM3Z8V2T1 BZX84C8V2LT1 MMBZ5237BLT1 MMSZ8V2T1 MMSZ4694T1 MMSZ5237BT1
8.7 MMBZ5238BLT1 MMSZ4695T1 MMSZ5238BT1
9.1 MM3Z9V1T1 BZX84C9V1LT1 MMBZ5239BLT1 MMSZ9V1T1 MMSZ4696T1 MMSZ5239BT1
10 MM3Z10VT1 BZX84C10LT1 MMBZ5240BLT1 MMSZ10T1 MMSZ4697T1 MMSZ5240BT1
11 MM3Z11VT1 BZX84C11LT1 MMBZ5241BLT1 MMSZ11T1 MMSZ4698T1 MMSZ5241BT1
12 MM3Z12VT1 BZX84C12LT1 MMBZ5242BLT1 MMSZ12T1 MMSZ4699T1 MMSZ5242BT1
13 MM3Z13VT1 BZX84C13LT1 MMBZ5243BLT1 MMSZ13T1 MMSZ4700T1 MMSZ5243BT1
14 MMBZ5244BLT1 MMSZz4701T1 MMSZ5244BT1
15 MM3Z15VT1 BZX84C15LT1 MMBZ5245BLT1 MMSZ15T1 MMSZ4702T1 MMSZ5245BT1
16 MM3Z16VT1 BZX84C16LT1 MMBZ5246BLT1 MMSZ16T1 MMSZ4703T1 MMSZ5246BT1
17 MMBZ5247BLT1 MMSZ4704T1 MMSZ5247BT1
18 MM3Z18VT1 BZX84C18LT1 MMBZ5248BLT1 MMSZ18T1 MMSZ4705T1 MMSZ5248BT1
19 MMBZ5249BLT1 MMSZ4706T1 MMSZ5249BT1
20 MM3Z20VT1 BZX84C20LT1 MMBZ5250BLT1 MMSZ20T1 MMSZ4707T1 MMSZ5250BT1
22 MM3Z22VT1 BZX84C22LT1 MMBZ5251BLT1 MMSZ22T1 MMSZ4708T1 MMSZ5251BT1
24 MM3Z24VT1 BZX84C24LT1 MMBZ5252BLT1 MMSZ24T1 MMSZ4709T1 MMSZ5252BT1
25 MMBZ5253BLT1 MMSzZ4710T1 MMSZ5253BT1
27 MM3Z27VT1 BZX84C27LT1 MMBZ5254BLT1 MMSZ27T1 MMSZ4711T1 MMSZ5254BT1
28 MMBZ5255BLT1 MMSz4712T1 MMSZ5255BT1
30 MM3Z30VT1 BZX84C30LT1 MMBZ5256BLT1 MMSZ30T1 MMSZ4713T1 MMSZ5256BT1
33 MM3Z33VT1 BZX84C33LT1 MMBZ5257BLT1 MMSZ33T1 MMSZ4714T1 MMSZ5257BT1
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Zener Diodes — Regulation in Surface Mount

Table 2. Surface Mount Packages — .2, .225, .5 Watt

(continued)

(continued)

Nominal 200 mwW 225 mW 500 mW
Zener
Break—down
Voltage
SOD-323 SOT-23 SOD-123
Cathode
Anode %\ @
Volts No Connection
Plastic Plastic
CS;?:Z ! Case 318 Case 425, Style 1
TO-236AB
36 MM3Z36VT1 BZX84C36LT1 MMBZ5258BLT1 MMSZ36T1 MMSzZ4715T1 MMSZ5258BT1
39 MM3Z39VT1 BZX84C39LT1 MMBZ5259BLT1 MMSZ39T1 MMSZ4716T1 MMSZ5259BT1
43 MM3Z43VT1 BZX84C43LT1 MMBZ5260BLT1 MMSZ43T1 MMSZz4717T1 MMSZ5260BT1
47 MM3z47VT1 BZX84C47LT1 MMBZ5261BLT1 MMSz47T1 MMSZ5261BT1
51 MM3z51VT1 BZX84C51LT1 MMBZ5262BLT1 MMSZ51T1 MMSZ5262BT1
56 MM3Z56VT1 BZX84C56LT1 MMBZ5263BLT1 MMSZ56T1 MMSZ5263BT1
60 MMBZ5264BLT1 MMSZ5264BT1
62 MM3Z62VT1 BZX84C62LT1 MMBZ5265BLT1 MMSZ62T1 MMSZ5265BT1
68 MM3Z68VT1 BZX84C68LT1 MMBZ5266BLT1 MMSZ68T1 MMSZ5266BT1
75 MM3Z75VT1 BZX84C75LT1 MMBZ5267BLT1 MMSZ75T1 MMSZ5267BT1
82 MMBZ5268BLT1 MMSZ5268BT1
87 MMBZ5269BLT1 MMSZ5269BT1
91 MMBZ5270BLT1 MMSZ5270BT1
100
110
120
130
150
160
180
200
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Zener Diodes — Regulation in Surface Mount

Table 3. Surface Mount Packages — 1.5, 3 Watt

(continued)

Nominal 1.5 Watt 3 Watt 3 Watt
Zener
Break—down
Voltage
SMA Powermite SMB
Q Cathode O
Volts \% @
Plastic Plastic Anode Plastic
Case 403B
Cathode = Notch Case 457 Case 403A

1.8

2.0

2.2

2.4

25

2.7

2.8

3.0

3.3 1SMA5913BT3 1SMB5913BT3
3.6 1SMA5914BT3 1SMB5914BT3
3.9 1SMA5915BT3 1SMB5915BT3
4.3 1SMA5916BT3 1SMB5916BT3
4.7 1SMA5917BT3 1SMB5917BT3
51 1SMA5918BT3 1SMB5918BT3
5.6 1SMA5919BT3 1SMB5919BT3
6.0

6.2 1SMA5920BT3 1PMT5920BT3 1SMB5920BT3
6.8 1SMA5921BT3 1PMT5921BT3 1SMB5921BT3
7.5 1SMA5922BT3 1PMT5922BT3 1SMB5922BT3
8.2 1SMA5923BT3 1PMT5923BT3 1SMB5923BT3
8.7

9.1 1SMA5924BT3 1PMT5924BT3 1SMB5924BT3
10 1SMA5925BT3 1PMT5925BT3 1SMB5925BT3
11 1SMA5926BT3 1SMB5926BT3
12 1SMA5927BT3 1PMT5927BT3 1SMB5927BT3
13 1SMA5928BT3 1SMB5928BT3
14 1PMT5929BT3 1SMB5929BT3
15 1SMA5929BT3

16 1SMA5930BT3 1PMT5930BT3 1SMB5930BT3
17

18 1SMA5931BT3 1PMT5931BT3 1SMB5931BT3
19

20 1SMA5932BT3 1SMB5932BT3
22 1SMA5933BT3 1PMT5933BT3 1SMB5933BT3
24 1SMA5934BT3 1PMT5934BT3 1SMB5934BT3
25

27 1SMA5935BT3 1PMT5935BT3 1SMB5935BT3
28

30 1SMA5936BT3 1PMT5936BT3 1SMB5936BT3
33 1SMA5937BT3 1SMB5937BT3
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Zener Diodes — Regulation in Surface Mount

Table 3. Surface Mount Packages — 1.5, 3 Watt

(continued)

(continued)

Nominal 1.5 Watt 3 Watt 3 Watt
Zener
Break—down
Voltage
SMA Powermite SMB
Q Cathode O Q
Volts Plastic N% Anode Plasti
4038 Plastic astic
Catﬁgzg = Notch Case 457 Case 403A

36 1SMA5938BT3 1SMB5938BT3
39 1SMA5939BT3 1PMT5939BT3 1SMB5939BT3
43 1SMA5940BT3 1SMB5940BT3
47 1SMA5941BT3 1PMT5941BT3 1SMB5941BT3
51 1SMA5942BT3 1SMB5942BT3
56 1SMA5943BT3 1SMB5943BT3
60

62 1SMA5944BT3 1SMB5944BT3
68 1SMA5945BT3 1SMB5945BT3
75 1SMB5946BT3
82 1SMB5947BT3
87

91 1SMB5948BT3
100 1SMB5949BT3
110 1SMB5950BT3
120 1SMB5951BT3
130 1SMB5952BT3
150 1SMB5953BT3
160 1SMB5954BT3
180 1SMB5955BT3
200 1SMB5956BT3
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TVS — in Axial Leads

Table 4. Peak Power Dissipation,

Case 59-04 — Mini Mosorb

500 Watts @ 1 ms Surge

CASE 59-04 (Mini Mosorb 00)

PLASTIC

Cathode = Polarity Band

IRSM
IRSM
2

0 1 2

T —t

3 4 5 6

Time —» (ms)
Surge Current Characterisitcs

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 35 A Pulse
(except bidirectional devices).

. Breakdown Voltage . .
Working Peak Maximum Maximum
Reverse Reverse Maximurm Reverse Voltage
Voltzge @+ Leakage Reverse Surge @ Irsm
VRwM Pulse @ VrRwMm Currenttliggy (Clampinmy \{rdtirage )
(Volts) Device Min Max (mA) IR (MA) (Amps) VRrswm (Volts)

5 SA5.0A 6.4 7 10 600 54.3 9.2

6 SA6.0A 6.67 7.37 10 600 48.5 10.3
6.5 SAG6.5A 7.22 7.98 10 400 44.7 11.2

7 SA7.0A 7.78 8.6 10 150 41.7 12

7.5 SA7.5A 8.33 9.21 1 50 38.8 12.9

8 SA8.0A 8.89 9.83 1 25 36.7 13.6
8.5 SA8.5A 9.44 10.4 1 5 34.7 14.4

9 SA9.0A 10 11.1 1 1 325 15.4

10 SA10A 11.1 12.3 1 1 29.4 17

11 SA11A 12.2 135 1 1 27.4 18.2

12 SA12A 13.3 14.7 1 1 25.1 19.9

13 SA13A 14.4 15.9 1 1 23.2 215

14 SA14A 15.6 17.2 1 1 215 23.2

15 SA15A 16.7 18.5 1 1 20.6 24.4

16 SA16A 17.8 19.7 1 1 19.2 26

17 SA17A 18.9 20.9 1 1 18.1 27.6

18 SA18A 20 22.1 1 1 17.2 29.2

20 SA20A 22.2 24.5 1 1 154 324

22 SA22A 24.4 26.9 1 1 141 35.5

24 SA24A 26.7 295 1 1 12.8 38.9

26 SA26A 28.9 31.9 1 1 11.9 42.1

28 SA28A 31.1 34.4 1 1 11 45.4

30 SA30A 33.3 36.8 1 1 10.3 48.4

33 SA33A 36.7 40.6 1 1 9.4 53.3

For bidirectional types use CA suffix, SA6.5CA, SA12CA, SA13CA and SA15CA are ON Semiconductor preferred devices.
Bi—directional devices have cathode polarity band on each end. (Consult factory for availability).
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TVS — in Axial Leads (continued)

Table 4. Peak Power Dissipation, 500 Watts @ 1 ms Surge
Case 59-04 — Mini Mosorb  (continued)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 35 A Pulse
(except bidirectional devices).

Breakdown Voltage

Working Peak Maximum Maximum
Reverse v Reverse Maximurm Reverse Voltage
Voltage (Vo?tr\s’ ) @i Leakage | Reverse Surge @ Irsm

VRwM Pulse @ VrwMm Currentt'lrgm (Clampinmg \Xrditeage )
(Volts) Device Min Max (mA) Ig (UA) (Amps) Vrswm (Volts)
36 SA36A 40 44.2 1 1 8.6 58.1
40 SA40A 44.4 49.1 1 1 7.8 64.5
43 SA43A 47.8 52.8 1 1 7.2 69.4
45 SA45A 50 55.3 1 1 6.9 72.7
48 SA48A 53.3 58.9 1 1 6.5 77.4
51 SA51A 56.7 62.7 1 1 6.1 82.4
54 SA54A 60 66.3 1 1 5.7 87.1
58 SAS58A 64.4 71.2 1 1 53 93.6
60 SA60A 66.7 73.7 1 1 5.2 96.8
64 SABG4A 71.1 78.6 1 1 4.9 103
70 SA70A 77.8 86 1 1 4.4 113
75 SA75A 83.3 92.1 1 1 4.1 121
78 SAT8A 86.7 95.8 1 1 4 126
85 SA85A 94.4 104 1 1 3.6 137
90 SA90A 100 111 1 1 3.4 146
100 SA100A 111 123 1 1 3.1 162
110 SA110A 122 135 1 1 2.8 177
120 SA120A 133 147 1 1 2.5 193
130 SA130A 144 159 1 1 2.4 209
150 SA150A 167 185 1 1 21 243
160 SA160A 178 197 1 1 1.9 259
170 SA170A 189 209 1 1 1.8 275

For bidirectional types use CA suffix, SAI8CA and SA24CA are ON Semiconductor preferred devices.
Bi—directional devices have cathode polarity band on each end. (Consult factory for availability).
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TVS — in Axial Leads (continued)

Table 5. Peak Power Dissipation, 600 Watts
Case 17 — Surmetic 40

@ 1 ms Surge

CASE 17
PLASTIC

Cathode = Polarity Band

IRSM
TRsm | N
2 .
0 1 2 3 4 5 6
Time —» (ms)

Surge Current Characterisitcs

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 50 A Pulse

(except bidirectional devices).

Breakdown
Voltage Working Peak Maximum Maximum
v Reverse Reverse Maximum Reverse Voltage
(Vo?tRs) @h Voltage Leakage Reverse Sumge @ Irswm
Puise VrRwM @ VrwMm Currenttliggm (Clamping \njteass)
Nom (mA) Device (Vohts) IR (MA) (Amps) VRrsm (VoltsY)
6.8 10 P6KE6.8A 5.8 1000 57 10.5
7.5 10 P6KE7.5A 6.4 500 53 11.3
8.2 10 P6KES8.2A 7.02 200 50 12.1
9.1 1 P6KE9.1A 7.78 50 45 13.4
10 1 P6KE10A 8.55 10 41 145
11 1 P6KE11A 9.4 5 38 15.6
12 1 P6KE12A 10.2 5 36 16.7
13 1 P6KE13A 11.1 5 33 18.2
15 1 P6KE15A 12.8 5 28 21.2
16 1 P6KE16A 13.6 5 27 225
18 1 P6KE18A 15.3 5 24 25.2
20 1 P6KE20A 17.1 5 22 27.7
22 1 P6KE22A 18.8 5 20 30.6
24 1 P6KE24A 20.5 5 18 33.2
27 1 P6KE27A 23.1 5 16 375
30 1 PEKE30A 25.6 5 14.4 41.4
33 1 PEKE33A 28.2 5 13.2 45.7
36 1 PEKE36A 30.8 5 12 49.9
39 1 PEKE39A 33.3 5 11.2 53.9
43 1 P6KE43A 36.8 5 10.1 59.3
47 1 P6KE47A 40.2 5 9.3 64.8
51 1 P6KE51A 43.6 5 8.6 70.1
56 1 P6KE56A 47.8 5 7.8 77
62 1 P6KEG2A 53 5 7.1 85
68 1 PEKEG8A 58.1 5 6.5 92
75 1 P6KE75A 64.1 5 5.8 103
82 1 P6KE82A 70.1 5 5.3 113
91 1 P6KE91A 77.8 5 4.8 125
100 1 P6KE100A 85.5 5 4.4 137
110 1 P6KE110A 94 5 4 152
120 1 P6KE120A 102 5 3.6 165
130 1 P6KE130A 111 5 3.3 179

For bidirectional types use CA suffix, P6KE7.5CA and P6KE11CA are ON Semiconductor preferred devices.
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TVS — in Axial Leads (continued)

Table 5. Peak Power Dissipation, 600 Watts

Case 17 — Surmetic 40 (continued)

@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 50 A Pulse
(except bidirectional devices).

Breakdown
Voltage Working Peak Maximum Maximum
v Reverse Reverse Maximum Reverse Voltage
(Vo?tZ) @k Voltage Leakage Reverse Surge @ Irsm
Puise VeRwM @ VrwMm Currenttliggm (Clamping \indteao)

Nom (mA) Device (Volts) IR (MA) (AmpsY) VRrsm (Volts)

150 1 P6KE150A 128 5 29 207

160 1 P6KE160A 136 5 2.7 219

170 1 P6KE170A 145 5 2.6 234

180 1 P6KE180A 154 5 2.4 246

200 1 P6KE200A 171 5 2.2 274

For bidirectional types use CA suffix. Bi—directional devices have cathode polarity band on each end. (Consult factory for

availability).
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TVS — in Axial Leads (continued)

Table 6. Peak Power Dissipation, 1500 Watts @ 1 ms Surge
Case 41A — Mosorb

IRsM
RsM | \
2 '
0 12 3 4 5 6
CASE 41A ]
PLASTIC Time —» (ms)
Cathode = Polarity Band Surge Current Characterisitcs
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 100 A Pulse)
(C suffix denotes standard back to back bidirectional versions. Test both polarities)
Clamping Voltage ©
Breakd Maximum Peak
Max r\e/al own Reverse Peak Pulse
Reverse oltage Maximum | Voltage @ Pulse Current @
Stand- Maximum. | Reverse Irsm Current @ lpp2 =
Off Reverse Surge (Clamping | lppr =1A 10A
Voltage VBr @ lt | Leakage Current Voltage) Ve Vo
VRWM JEDEC ) VO!tS Pulse @ VRwM |RSM VRsMm (VOltS (VOltS
(Volts) Device Device Min (mA) IR (MA) (Volts) (Volts) max) max)
5 IN5908 6 1 300 120 8.5 76 @ 8@
30A 60 A
5 IN6373 | ICTE-5/MPTE-5 6 1 300 160 9.4 7.1 7.5
8 1N6374 |ICTE-8/MPTE-8 9.4 1 25 100 15 11.3 11.5
8 1N6382 |ICTE-8C/MPTE-8C 9.4 1 25 100 15 11.4 11.6
10 1N6375 |ICTE-10/MPTE-10 11.7 1 2 90 16.7 13.7 14.1
10 1N6383 |ICTE-10C/MPTE-10C | 11.7 1 2 90 16.7 141 14.5
12 1N6376 |ICTE-12/MPTE-12 14.1 1 2 70 21.2 16.1 16.5
12 1N6384 |ICTE-12C/MPTE-12C | 14.1 1 2 70 21.2 16.7 171
15 1IN6377 |ICTE-15/MPTE-15 17.6 1 2 60 25 20.1 20.6
15 1N6385 |ICTE-15C/MPTE-15C | 17.6 1 2 60 25 20.8 21.4
18 1N6378 | ICTE-18/MPTE-18 21.2 1 2 50 30 24.2 25.2
18 1N6386 |ICTE-18C/MPTE-18C | 21.2 1 2 50 30 24.8 25.5
22 1IN6379 |ICTE-22/MPTE-22 25.9 1 2 40 37.5 29.8 32
22 1N6387 |ICTE-22C/MPTE-22C | 25.9 1 2 40 37.5 30.8 32
36 1N6380 |ICTE-36/MPTE-36 42.4 1 2 23 65.2 50.6 54.3
36 1N6388 | ICTE-36C/MPTE-36C | 42.4 1 2 23 65.2 50.6 54.3
45 1IN6381 | ICTE-45/MPTE-45 52.9 1 2 19 78.9 63.3 70
45 1N6389 |ICTE-45C/MPTE-45C | 52.9 1 2 19 78.9 63.3 70

1N6382 thru 1N6389 and C suffix ICTE/MPTE device types are bidirectional. Bi—directional devices have cathode polarity band on each
end. All other device types are unidirectional only. (Consult factory for availability)
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TVS — in Axial Leads (continued)

Table 7. Peak Power Dissipation, 1500 Watts @ 1 ms Surge
Case 41A — Mosorb

PLASTIC

CASE 41A

Cathode = Polarity Band

IRSM
IRSM
2

0 1

2 3 4 5 6

Time —» (ms)
Surge Current Characterisitcs

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 100 A Pulse

Maximum
Breakdown Voltage Reverse
Working Maximum Voltage
Vv Peak Maximum Reverse @ Irsm
Vo?ti Reverse Reverse Surge (Clamping
@it Voltage Leakage Current Voltage)
Pulse JEDEC VRwM @ VrRwMm IrRsMm VRsm
Nom (mA) Device Device (Volts) IR (MA) (Amps) (Volts)
6.8 10 IN6267A 1.5KE6.8A 5.8 1000 143 105
7.5 10 1N6268A 1.5KE7.5A 6.4 500 132 11.3
8.2 10 1N6269A 1.5KE8.2A 7.02 200 124 121
9.1 1 1IN6270A 1.5KE9.1A 7.78 50 112 134
10 1 1IN6271A 1.5KE10A 8.55 10 103 145
11 1 1IN6272A 1.5KE11A 9.4 5 96 15.6
12 1 1IN6273A 1.5KE12A 10.2 5 90 16.7
13 1 1IN6274A 1.5KE13A 11.1 5 82 18.2
15 1 IN6275A 1.5KE15A 12.8 5 71 21.2
16 1 1IN6276A 1.5KE16A 13.6 5 67 225
18 1 IN6277A 1.5KE18A 15.3 5 59.5 25.2
20 1 1IN6278A 1.5KE20A 17.1 5 54 271.7
22 1 1IN6279A 1.5KE22A 18.8 5 49 30.6
24 1 IN6280A 1.5KE24A 20.5 5 45 33.2
27 1 IN6281A 1.5KE27A 23.1 5 40 375
30 1 IN6282A 1.5KE30A 25.6 5 36 41.4
33 1 IN6283A 1.5KE33A 28.2 5 33 45.7
36 1 1N6284A 1.5KE36A 30.8 5 30 49.9
39 1 IN6285A 1.5KE39A 333 5 28 53.9
43 1 1N6286A 1.5KE43A 36.8 5 253 59.3
47 1 1N6287A 1.5KE47A 40.2 5 23.2 64.8
51 1 1IN6288A 1.5KE51A 43.6 5 21.4 70.1
56 1 1N6289A 1.5KE56A 47.8 5 195 77
62 1 1N6290A 1.5KE62A 53 5 17.7 85
68 1 1IN6291A 1.5KE68A 58.1 5 16.3 92
75 1 1IN6292A 1.5KE75A 64.1 5 14.6 103
82 1 1IN6293A 1.5KE82A 70.1 5 13.3 113
91 1 1IN6294A 1.5KE91A 77.8 5 12 125
100 1 1N6295A 1.5KE100A 85.5 5 11 137
110 1 1N6296A 1.5KE110A 94 5 9.9 152
120 1 1N6297A 1.5KE120A 102 5 9.1 165
130 1 1N6298A 1.5KE130A 111 5 8.4 179

For bidirectional types use CA suffix on 1.5KE series only. Bi—directional devices have cathode polarity band on each end.
(Consult factory for availability) 1N6267-6303A series do not have CA option since the CA is not included in EIA Registration.
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TVS — in Axial Leads (continued)

Table 7. Peak Power Dissipation, 1500 Watts @ 1 ms Surge
Case 41A — Mosorb  (continued)

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Iz = 100 A Pulse
Maximum
Breakdown Voltage Reverse
Working Maximum Voltage
v Peak Maximum Reverse @ Irsm
Vo?tF; Reverse Reverse Surge (Clamping
@ it Voltage Leakage Current Voltage)
Pulse JEDEC VRwM @ VRwwm IrsM VRsM
Nom (mA) Device Device (Volts) Ir (MA) (Amps) (Volts)
150 1 1IN6299A 1.5KE150A 128 5 7.2 207
160 1 1IN6300A 1.5KE160A 136 5 6.8 219
170 1 1IN6301A 1.5KE170A 145 5 6.4 234
180 1 1IN6302A 1.5KE180A 154 5 6.1 246
200 1 1IN6303A 1.5KE200A 171 5 55 274
220 1 1.5KE220A 185 5 4.6 328
250 1 1.5KE250A 214 5 5 344

For bidirectional types use CA suffix. Bi—directional devices have cathode polarity band on each end. (Consult factory for
availability). 1N6267-6303A series do not have CA option since the CA is not included in EIA Registration.
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TVS — in Surface Mount

Table 8. 1PMT Series Unidirectional Overvoltage Transient Suppressors, 175 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (T_ = 30°C unless otherwise noted) (Vg = 1.25 Volts @ 200 mA)

) ) Vrwm (V) Vgr @ I (V) (Note 2.) It Ir @ VrRwMm Ve @ lpp Ipp (A)
Device Marking
(Note 1.) Min | Nom | Max (mA) (HA) V) (Note 3.)
IRsM
IRSM
‘ POWERMITE 2 -
§ CASE 457-04 !
PLASTIC 012 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
1PMT5.0AT3 MKE 5.0 6.4 6.7 7.0 10 800 9.2 19
1PMT7.0AT3 MKM 7.0 7.78 8.2 8.6 10 500 12 14.6
1PMT12AT3 MLE 12 13.3 14 14.7 1.0 5.0 19.9 8.8
1PMT16AT3 MLP 16 17.8 18.75 19.7 1.0 5.0 26 7.0
1PMT18AT3 MLT 18 20 21 22.1 1.0 5.0 29.2 6.0
1PMT22AT3 MLX 22 24.4 25.6 26.9 1.0 5.0 355 4.9
1PMT24AT3 MLZ 24 26.7 28.1 29.5 1.0 5.0 38.9 45
1PMT26AT3 MME 26 28.9 30.4 31.9 1.0 5.0 42.1 4.2
1PMT28AT3 MMG 28 31.1 32.8 34.4 1.0 5.0 454 3.9
1PMT30AT3 MMK 30 33.3 35.1 36.8 1.0 5.0 48.4 3.6
1PMT33AT3 MMM 33 36.7 38.7 40.6 1.0 5.0 53.3 3.3
1PMT36AT3 MMP 36 40 42.1 44.2 1.0 5.0 58.1 3.0
1PMT40AT3 MMR 40 44.4 46.8 49.1 1.0 5.0 64.5 2.7
1PMT48AT3 MMX 48 53.3 56.1 58.9 1.0 5.0 77.4 2.3
1PMT51AT3 MMZ 51 56.7 59.7 62.7 1.0 5.0 82.4 21
1PMT58AT3 MNG 58 64.4 67.8 71.2 1.0 5.0 93.6 1.9

1. A transient suppressor is normally selected according to the Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.

2. Vggr measured at pulse test current |t at ambient temperature of 25°C.

3. 10 x 1000 ps exponential decay surge waveform.
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TVS — in Surface Mount (continued)

Table 9. 1SMA Series Unidirectional Overvoltage Transient Suppressors; 400 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (Vg = 3.5 Volts @ I = 40 A for all types)

Working Breakdown Voltage Maximum Maximum Maximum.
Peak Reverse Voltage Reverse )
Device Reverse VBR @l Surge Current Reverse Leakage | Device
It _RSM @V Marking
Voltage V g Volts mA (Clamping Volt- Ipp | RX\VM
(Volts) (Min) age) V¢ (Volts) (Amps) R (HA)
lRSM
fRsM |\
SMA 2 )
CASE 403B-01 '
Q PLASTIC 0 12 3 4 5 6
Time —» (ms)

Surge Current Characterisitcs
1SMAS5.0AT3 5.0 6.4 10 9.2 43.5 400 QE
1SMAG6.0AT3 6.0 6.67 10 10.3 38.8 400 QG
1SMAG.5AT3 6.5 7.22 10 11.2 35.7 250 QK
1SMA7.0AT3 7.0 7.78 10 12.0 33.3 250 QM
1SMA7.5AT3 7.5 8.33 1 12.9 31.0 50 QP
1SMAB8.0AT3 8.0 8.89 1 13.6 29.4 25 QR
1SMA8.5AT3 8.5 9.44 1 14.4 27.8 5.0 QT
1SMA9.0AT3 9.0 10 1 154 26.0 2.5 Qv
1SMA10AT3 10 11.1 1 17.0 23.5 25 QX
1SMA11AT3 11 12.2 1 18.2 22.0 2.5 Qz
1SMA12AT3 12 13.3 1 19.9 20.1 2.5 RE
1SMA13AT3 13 14.4 1 215 18.6 2.5 RG
1SMA14AT3 14 15.6 1 23.2 17.2 25 RK
1SMA15AT3 15 16.7 1 24.4 16.4 25 RM
1SMA16AT3 16 17.8 1 26.0 154 25 RP
1SMAL7AT3 17 18.9 1 27.6 145 25 RR
1SMA18AT3 18 20 1 29.2 13.7 2.5 RT
1SMA20AT3 20 22.2 1 324 12.3 2.5 RV
1SMA22AT3 22 24.4 1 35.5 11.3 2.5 RX
1SMA24AT3 24 26.7 1 38.9 10.3 2.5 Rz
1SMA26AT3 26 28.9 1 42.1 9.5 25 SE
1SMA28AT3 28 31.1 1 45.4 8.8 25 SG
1SMAS30AT3 30 33.3 1 48.4 8.3 25 SK
1SMAS33AT3 33 36.7 1 53.3 7.5 25 SM
1SMA36AT3 36 40 1 58.1 6.9 2.5 SP
1SMA40AT3 40 44.4 1 64.5 6.2 2.5 SR
1SMA43AT3 43 47.8 1 69.4 5.8 2.5 ST
1SMA45AT3 45 50 1 72.2 5.5 2.5 SV
1SMA48AT3 48 53.3 1 77.4 5.2 2.5 SX
1SMA51AT3 51 56.7 1 82.4 4.9 25 Sz
1SMA54AT3 54 60 1 87.1 4.6 25 TE
1SMAS8AT3 58 64.4 1 93.6 4.8 25 TG
1SMAGOAT3 60 66.7 1 96.8 4.1 2.5 TK
1SMAG4AT3 64 71.1 1 103.0 3.9 2.5 ™
1SMA70AT3 70 77.8 1 113.0 3.5 2.5 TP
1SMA75AT3 75 83.3 1 121.0 3.3 2.5 TR
1SMA78AT3 78 86.7 1 126.0 3.2 2.5 TS
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TVS — in Surface Mount (continued)

Table 10. 1SMA Series Bidirectional Zener Overvoltage Transient Suppressors; 400 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS

) Maximum )
Breakdown Voltage
Working g Reverse \laliage Maximum Maximum,
Peak @l Reverse R Leak D
Device Reverse VER | (Clanszsix Surge Cur- everse;/ caxage M e\li'ce
Voltage Vrwm | Volts mTA Voltage)g rent I pp @IP (EXV)M arking
; R
(Volts) (Min) Ve (Volts) (Amps)
IRSM
RSM |\
SMA 2 )
% CASE 403B-01 L S~~~
PLASTIC 012 3 4 5 6
Time — (ms)
Surge Current Characterisitcs
1SMA10CAT3 10 11.1 1 17.0 23.5 2.5 QXC
1SMA11CAT3 11 12.2 1 18.2 22.0 2.5 QzC
1SMA12CAT3 12 13.3 1 19.9 20.1 2.5 REC
1SMA13CAT3 13 14.4 1 21.5 18.6 2.5 RGC
1SMA14CAT3 14 15.6 1 23.2 17.2 2.5 RKC
1SMA15CAT3 15 16.7 1 24.4 16.4 2.5 RMC
1SMA16CAT3 16 17.8 1 26.0 154 2.5 RPC
1SMA17CAT3 17 18.9 1 27.6 14.5 2.5 RRC
1SMA18CAT3 18 20 1 29.2 13.7 2.5 RTC
1SMA20CAT3 20 22.2 1 324 12.3 2.5 RVC
1SMA22CAT3 22 24.4 1 35.5 11.3 2.5 RXC
1SMA24CAT3 24 26.7 1 38.9 10.3 2.5 RzC
1SMA26CAT3 26 28.9 1 42.1 9.5 2.5 SEC
1SMA28CAT3 28 311 1 45.4 8.8 2.5 SGC
1SMA30CAT3 30 33.3 1 48.4 8.3 2.5 SKC
1SMA33CAT3 33 36.7 1 53.3 7.5 2.5 SMC
1SMA36CAT3 36 40 1 58.1 6.9 2.5 SPC
1SMA40CAT3 40 44.4 1 64.5 6.2 2.5 SRC
1SMA43CAT3 43 47.8 1 69.4 5.8 2.5 STC
1SMA45CAT3 45 50 1 72.2 55 2.5 SVC
1SMA48CAT3 48 53.3 1 77.4 5.2 2.5 SXC
1SMA51CAT3 51 56.7 1 82.4 4.9 2.5 SzZC
1SMA54CAT3 54 60 1 87.1 4.6 2.5 TEC
1SMAS58CAT3 58 64.4 1 93.6 4.3 2.5 TGC
1SMAG0CAT3 60 66.7 1 96.8 4.1 2.5 TKC
1SMAG64CAT3 64 71.1 1 103.0 3.9 2.5 TMC
1SMA70CAT3 70 77.8 1 113.0 35 2.5 TPC
1SMA75CAT3 75 83.3 1 121.0 3.3 2.5 TRC
1SMA78CAT3 78 86.7 1 126.0 3.2 2.5 TSC
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TVS — in Surface Mount (continued)

Table 11. 1SMB Series Unidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power

@ 1ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted).
Working Breakdown Voltage Maximum Maximum
Peak Reverse Vor @ | Clamping Peak Reverse Leakage
Voltage BR =T Voltage Pulse Currentt @ Vr )
VRwM Volts Ve @ lpp lop IR Device
Device Volts Min mA Volts Amps HA Marking
IRsm
LiSUNIN
SMB 2 )
CASE 403A e e~
PLASTIC 0 12 3 4 5686
Time — (ms)
Surge Current Characterisitcs

1SMB5.0AT3 5.0 6.40 10 9.2 65.2 800 KE
1SMB6.0AT3 6.0 6.67 10 10.3 58.3 800 KG
1SMB6.5AT3 6.5 7.22 10 11.2 53.6 500 KK
1SMB7.0AT3 7.0 7.78 10 12.0 50.0 200 KM
1SMB7.5AT3 7.5 8.33 1.0 12.9 46.5 100 KP
1SMB8.0AT3 8.0 8.89 1.0 13.6 44.1 50 KR
1SMB8.5AT3 8.5 9.44 1.0 14.4 41.7 10 KT
1SMB9.0AT3 9.0 10.0 1.0 15.4 39.0 5.0 KV
1SMB10AT3 10 11.1 1.0 17.0 35.3 5.0 KX
1SMB11AT3 11 12.2 1.0 18.2 33.0 5.0 Kz
1SMB12AT3 12 13.3 1.0 19.9 30.2 5.0 LE
1SMB13AT3 13 14.4 1.0 21.5 27.9 5.0 LG
1SMB14AT3 14 15.6 1.0 23.2 25.8 5.0 LK
1SMB15AT3 15 16.7 1.0 24.4 24.0 5.0 LM
1SMB16AT3 16 17.8 1.0 26.0 23.1 5.0 LP
1SMB17AT3 17 18.9 1.0 27.6 21.7 5.0 LR
1SMB18AT3 18 20.0 1.0 29.2 20.5 5.0 LT
1SMB20AT3 20 22.2 1.0 324 18.5 5.0 LV
1SMB22AT3 22 24.4 1.0 35.5 16.9 5.0 LX
1SMB24AT3 24 26.7 1.0 38.9 15.4 5.0 LZ
1SMB26AT3 26 28.9 1.0 42.1 14.2 5.0 ME
1SMB28AT3 28 31.1 1.0 45.4 13.2 5.0 MG
1SMB30AT3 30 33.3 1.0 48.4 12.4 5.0 MK
1SMB33AT3 33 36.7 1.0 53.3 11.3 5.0 MM
1SMB36AT3 36 40.0 1.0 58.1 10.3 5.0 MP
1SMB40AT3 40 44.4 1.0 64.5 9.3 5.0 MR
1SMBA43AT3 43 47.8 1.0 69.4 8.6 5.0 MT
1SMB45AT3 45 50.0 1.0 727 8.3 5.0 MV
1SMB48AT3 48 53.3 1.0 77.4 7.7 5.0 MX
1SMB51AT3 51 56.7 1.0 82.4 7.3 5.0 Mz
1SMB54AT3 54 60.0 1.0 87.1 6.9 5.0 NE
1SMB58AT3 58 64.4 1.0 93.6 6.4 5.0 NG
1SMB60AT3 60 66.7 1.0 96.8 6.2 5.0 NK
1SMB64AT3 64 711 1.0 103 5.8 5.0 NM
1SMB70AT3 70 77.8 1.0 113 53 5.0 NP
1SMB75AT3 75 83.3 1.0 121 4.9 5.0 NR
1SMB78AT3 78 86.7 1.0 126 4.7 5.0 NT
1SMB85AT3 85 94.4 1.0 137 4.4 5.0 NV
1SMB90AT3 90 100 1.0 146 4.1 5.0 NX
1SMB100AT3 100 111 1.0 162 3.7 5.0 Nz

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 11. 1SMB Series Unidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power
@ 1 ms Surge (continued)

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

Working. Breakdown Voltage Maximum Maximum
Peak Reverse Vor @ | Clamping Peak Reverse Leakage
Voltage BR=T Voltage Pulse Currentt @ VR )
VewM Vo!ts Ve @ lpp lop IR DeV|_ce
Device \Volts Min mA \Volts Amps HA Marking
lRsM
fsM |\
SMB 2 )
CASE 403A = S
PLASTIC 0 1 2 3 4 5 6
Time — (ms)
Surge Current Characterisitcs
1SMB110AT3 110 122 1.0 177 3.4 5.0 PE
1SMB120AT3 120 133 1.0 193 3.1 5.0 PG
1SMB130AT3 130 144 1.0 209 2.9 5.0 PK
1SMB150AT3 150 167 1.0 243 25 5.0 PM
1SMB160AT3 160 178 1.0 259 2.3 5.0 PP
1SMB170AT3 170 189 1.0 275 2.2 5.0 PR

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 12. 1SMB Series Bidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power

@ 1ms Surge

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

Working Breakdown Voltage Maximum Maximum
Peak Reverse Vor @ | Clamping Peak Reverse Leakage
Voltage BR =T Voltage Pulse Currentt @ Vr )
VRwM Volts Ve @ lpp lop IR Device
Device Volts Min mA Volts Amps PA Marking
lRsm
IsM |\
SMB 2 )
CASE 403A e~
PLASTIC 0 12 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
1SMB10CAT3 10 11.1 1.0 17.0 35.3 5.0 KXC
1SMB11CAT3 11 12.2 1.0 18.2 33.0 5.0 KzC
1SMB12CAT3 12 13.3 1.0 19.9 30.2 5.0 LEC
1SMB13CAT3 13 14.4 1.0 21.5 27.9 5.0 LGC
1SMB14CAT3 14 15.6 1.0 23.2 25.8 5.0 LKC
1SMB15CAT3 15 16.7 1.0 24.4 24.0 5.0 LMC
1SMB16CAT3 16 17.8 1.0 26.0 23.1 5.0 LPC
1SMB17CAT3 17 18.9 1.0 27.6 21.7 5.0 LRC
1SMB18CAT3 18 20.0 1.0 29.2 20.5 5.0 LTC
1SMB20CAT3 20 22.2 1.0 324 18.5 5.0 LvC
1SMB22CAT3 22 244 1.0 355 16.9 5.0 LXC
1SMB24CAT3 24 26.7 1.0 38.9 154 5.0 LzC
1SMB26CAT3 26 28.9 1.0 42.1 14.2 5.0 MEC
1SMB28CAT3 28 31.1 1.0 454 13.2 5.0 MGC
1SMB30CAT3 30 33.3 1.0 48.4 124 5.0 MKC
1SMB33CAT3 33 36.7 1.0 53.3 11.3 5.0 MMC
1SMB36CAT3 36 40.0 1.0 58.1 10.3 5.0 MPC
1SMB40CAT3 40 44.4 1.0 64.5 9.3 5.0 MRC
1SMB43CAT3 43 47.8 1.0 69.4 8.6 5.0 MTC
1SMB45CAT3 45 50.0 1.0 72.7 8.3 5.0 MVC
1SMB48CAT3 48 53.3 1.0 77.4 7.7 5.0 MXC
1SMB51CAT3 51 56.7 1.0 82.4 7.3 5.0 MzC
1SMB54CAT3 54 60.0 1.0 87.1 6.9 5.0 NEC
1SMB58CAT3 58 64.4 1.0 93.6 6.4 5.0 NGC
1SMB60OCAT3 60 66.7 1.0 96.8 6.2 5.0 NKC
1SMB64CAT3 64 71.1 1.0 103 5.8 5.0 NMC
1SMB70CAT3 70 77.8 1.0 113 5.3 5.0 NPC
1SMB75CAT3 75 83.3 1.0 121 4.9 5.0 NRC
1SMB78CAT3 78 86.7 1.0 126 4.7 5.0 NTC

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 13. P6SMB Series Unidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power

@ 1 ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 50 A for all types.
Maximum
Reverse
Breakdown Voltage Workingl | Maximwm, | Maximum: | Voltagie
Peak Reverse Reverse @ lpp Maximum
Ver @ It Reverse Leakage Surge (Clamping | Temperature
Volts Voltage @ Vrwm | Current Voltage) Coefficient
VRwM IR Ipp Ve of Vgr Device
Device Min | Nom | Max mA Volts UA Amps Volts %/°C Marking
lRsM
Rsm |\
SMB 2 '
CASE 403A e e~
PLASTIC 0 1 2 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
P6SMB6.8AT3 645 | 68 | 7.14 10 5.8 1000 57 10.5 0.057 6V8A
P6SMB7.5AT3 7.13 7.5 7.88 10 6.4 500 53 11.3 0.061 7V5A
P6SMB8.2AT3 779 | 82 | 861 10 7.02 200 50 12.1 0.065 8V2A
P6SMB9.1AT3 8.65 9.1 9.55 7.78 50 45 13.4 0.068 9V1A
P6SMB10AT3 9.5 10 10.5 1 8.55 10 41 14.5 0.073 10A
P6SMB11AT3 10.5 11 11.6 1 9.4 5 38 15.6 0.075 11A
P6SMB12AT3 114 12 12.6 1 10.2 5 36 16.7 0.078 12A
P6SMB13AT3 12.4 13 13.7 1 11.1 5 33 18.2 0.081 13A
P6SMB15AT3 14.3 15 15.8 1 12.8 5 28 21.2 0.084 15A
P6SMB16AT3 15.2 16 16.8 1 13.6 5 27 22.5 0.086 16A
P6SMB18AT3 17.1 18 18.9 1 15.3 5 24 25.2 0.088 18A
P6SMB20AT3 19 20 21 1 17.1 5 22 27.7 0.09 20A
P6SMB22AT3 20.9 22 23.1 1 18.8 5 20 30.6 0.092 22A
P6SMB24AT3 22.8 24 25.2 1 20.5 5 18 33.2 0.094 24A
P6SMB27AT3 25.7 27 28.4 1 23.1 5 16 37.5 0.096 27A
P6SMB30AT3 28.5 30 31.5 1 25.6 5 14.4 41.4 0.097 30A
P6SMB33AT3 31.4 33 34.7 1 28.2 5 13.2 45.7 0.098 33A
P6SMB36AT3 34.2 36 37.8 1 30.8 5 12 49.9 0.099 36A
P6SMB39AT3 37.1 39 41 1 33.3 5 11.2 53.9 0.1 39A
P6SMB43AT3 40.9 43 45.2 1 36.8 5 10.1 59.3 0.101 43A
P6SMB47AT3 44.7 47 49.4 1 40.2 5 9.3 64.8 0.101 47A
P6SMB51AT3 48.5 51 53.6 1 43.6 5 8.6 70.1 0.102 51A
P6SMB56AT3 53.2 56 58.8 1 47.8 5 7.8 77 0.103 56A
P6SMBG62AT3 58.9 62 65.1 1 53 5 7.1 85 0.104 62A
P6SMBG68AT3 64.6 68 71.4 1 58.1 5 6.5 92 0.104 68A
P6SMB75AT3 71.3 75 78.8 1 64.1 5 5.8 103 0.105 75A
P6SMB82AT3 77.9 82 86.1 1 70.1 5 53 113 0.105 82A
P6SMB91AT3 86.5 91 95.5 1 77.8 5 4.8 125 0.106 91A
P6SMB100AT3 95 100 | 105 1 85.5 5 44 137 0.106 100A
P6SMB110AT3 105 110 116 1 94 5 4 152 0.107 110A
P6SMB120AT3 114 120 126 1 102 5 3.6 165 0.107 120A
P6SMB130AT3 124 130 137 1 111 5 3.3 179 0.107 130A
P6SMB150AT3 143 150 158 1 128 5 2.9 207 0.108 150A
P6SMB160AT3 152 160 168 1 136 5 2.7 219 0.108 160A
P6SMB170AT3 162 170 179 1 145 5 2.6 234 0.108 170A
P6SMB180AT3 171 180 189 1 154 5 2.4 246 0.108 180A
P6SMB200AT3 190 200 210 1 171 5 2.2 274 0.108 200A
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TVS — in Surface Mount (continued)

Table 14. P6SMB Series Bidirectional Overvoltage Transient Suppressors; 600 Watts Peak Power
@ 1 ms Surge

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 50 A for all types.

Maximum

Reverse

Breakdown Voltage Workingl | Maximum: | Maximwri: | Voltage

Peak Reverse Reverse @ lpp Maximum
Ver @ It Reverse Leakage Surge (Clamping | Temperature
Volts Voltage | @ Vrwm | Current | Voltage) Coefficient
VRwM Ir Ipp Ve of Vgr Device
Device Min | Nom [ Max | mA Volts WA Amps Volts %/°C Marking
lRSM
RsM |\
SMB 2 )
CASE 403A e e—
PLASTIC 0 1 2 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs

P6SMB11CAT3 10.5 11 11.6 1 9.4 5 38 15.6 0.075 11C
P6SMB12CAT3 11.4 12 12.6 1 10.2 5 36 16.7 0.078 12C
P6SMB13CAT3 124 13 13.7 1 1.1 5 33 18.2 0.081 13C
P6SMB15CAT3 14.3 15 15.8 1 12.8 5 28 21.2 0.084 15C
P6SMB16CAT3 15.2 16 16.8 1 13.6 5 27 225 0.086 16C
P6SMB18CAT3 171 18 18.9 1 15.3 5 24 25.2 0.088 18C
P6SMB20CAT3 19 20 21 1 17.1 5 22 27.7 0.09 20C
P6SMB22CAT3 20.9 22 231 1 18.8 5 20 30.6 0.092 22C
P6SMB24CAT3 22.8 24 25.2 1 20.5 5 18 33.2 0.094 24C
P6SMB27CAT3 25.7 27 28.4 1 23.1 5 16 375 0.096 27C
P6SMB30CAT3 285 30 315 1 25.6 5 144 41.4 0.097 30C
P6SMB33CAT3 31.4 33 34.7 1 28.2 5 13.2 45.7 0.098 33C
P6SMB36CAT3 34.2 36 37.8 1 30.8 5 12 49.9 0.099 36C
P6SMB39CAT3 37.1 39 41 1 33.3 5 1.2 53.9 0.1 39C
P6SMB43CAT3 40.9 43 45.2 1 36.8 5 10.1 59.3 0.101 43C
P6SMB47CAT3 44.7 47 49.4 1 40.2 5 9.3 64.8 0.101 47C
P6SMB51CAT3 48.5 51 53.6 1 43.6 5 8.6 70.1 0.102 51C
P6SMB56CAT3 53.2 56 58.8 1 47.8 5 7.8 77 0.103 56C
P6SMB62CAT3 58.9 62 65.1 1 53 5 7.1 85 0.104 62C
P6SMB68CAT3 64.6 68 71.4 1 58.1 5 6.5 92 0.104 68C
P6SMB75CAT3 71.3 75 78.8 1 64.1 5 5.8 103 0.105 75C
P6SMB82CAT3 77.9 82 86.1 1 70.1 5 5.3 113 0.105 82C
P6SMB91CAT3 86.5 91 95.5 1 77.8 5 4.8 125 0.106 91C
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TVS — in Surface Mount (continued)

Table 15. ISMC Series Unidirectional Overvoltage Transient Suppressors; 1500 Watts Peak Power

@ 1 ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted).
Working "
Peak Breakdown Voltage Maximmum Maximmumm
Reverse Ver @ It Clamping Peak Reverse Leakage
Volt: f V
Voltage Volts oltage Pulse Current @ Vr Device
i VR Min mA Ve @ lop 'op = Marking
Device Volts Volts Amps HA
lRsMm
IsM |\
SMC 2 '
CASE 403B [ —
PLASTIC 0 123 4 56
Time —» (ms)
Surge Current Characterisitcs
1SMC5.0AT3 5.0 6.40 10 9.2 163.0 1000 GDE
1SMC6.0AT3 6.0 6.67 10 10.3 145.6 1000 GDG
1SMC6.5AT3 6.5 7.22 10 11.2 133.9 500 GDK
1SMC7.0AT3 7.0 7.78 10 12.0 125.0 200 GDM
1SMC7.5AT3 7.5 8.33 1.0 12.9 116.3 100 GDP
1SMCB8.0AT3 8.0 8.89 1.0 13.6 110.3 50 GDR
1SMC8.5AT3 8.5 9.44 1.0 14.4 104.2 20 GDT
1SMC9.0AT3 9.0 10.0 1.0 15.4 97.4 10 GDV
1SMC10AT3 10 11.1 1.0 17.0 88.2 5.0 GDX
1SMC11AT3 11 12.2 1.0 18.2 82.4 5.0 GDz
1SMC12AT3 12 13.3 1.0 19.9 75.3 5.0 GEE
1SMC13AT3 13 14.4 1.0 21.5 69.7 5.0 GEG
1SMC14AT3 14 15.6 1.0 23.2 64.7 5.0 GEK
1SMC15AT3 15 16.7 1.0 24.4 61.5 5.0 GEM
1SMC16AT3 16 17.8 1.0 26.0 57.7 5.0 GEP
1SMC17AT3 17 18.9 1.0 27.6 53.3 5.0 GER
1SMC18AT3 18 20.0 1.0 29.2 51.4 5.0 GET
1SMC20AT3 20 22.2 1.0 324 46.3 5.0 GEV
1SMC22AT3 22 24.4 1.0 355 42.2 5.0 GEX
1SMC24AT3 24 26.7 1.0 38.9 38.6 5.0 GEz
1SMC26AT3 26 28.9 1.0 42.1 35.6 5.0 GFE
1SMC28AT3 28 31.1 1.0 45.4 33.0 5.0 GFG
1SMC30AT3 30 33.3 1.0 48.4 31.0 5.0 GFK
1SMC33AT3 33 36.7 1.0 53.3 28.1 5.0 GFM
1SMC36AT3 36 40.0 1.0 58.1 25.8 5.0 GFP
1SMC40AT3 40 44.4 1.0 64.5 23.2 5.0 GFR
1SMC43AT3 43 47.8 1.0 69.4 21.6 5.0 GFT
1SMC45AT3 45 50.0 1.0 72.7 20.6 5.0 GFV
1SMCA48AT3 48 53.3 1.0 77.4 19.4 5.0 GFX
1SMC51AT3 51 56.7 1.0 82.4 18.2 5.0 GFz
1SMC54AT3 54 60.0 1.0 87.1 17.2 5.0 GGE
1SMC58AT3 58 64.4 1.0 93.6 16.0 5.0 GGG
1SMCG60AT3 60 66.7 1.0 96.8 155 5.0 GGK
1SMCG64AT3 64 71.1 1.0 103 14.6 5.0 GGM
1SMC70AT3 70 77.8 1.0 113 13.3 5.0 GGP
1SMC75AT3 75 83.3 1.0 121 12.4 5.0 GGR
1SMC78AT3 78 86.7 1.0 126 11.4 5.0 GGT

A transient suppressor is normally selected according to the reverse Working Peak Reverse Voltage (Vrwm) Which should be equal to or
greater than the DC or continuous peak operating voltage level.
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TVS — in Surface Mount (continued)

Table 16. 1.5 SMC Series Unidirectional Overvoltage Transient Suppressors; 1500 Watts Peak Power

@ 1 ms Surge
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Vg = 3.5 V Max, Ig = 100 A for all types.
Maximum
Reverse
Breakdown Voltage Workingl | Maximwm, | Maximum: | Voltagie
Peak Reverse Reverse @ lpp Maximum
Ver @ It Reverse Leakage Surge (Clamping | Temperature
Volts Voltage | @ Vgwwm | Current | Voltage) | Coefficient
VRwM IR Ipp Ve of Vgr Device
Device Min | Nom | Max | mA Volts MA Amps Volts %/°C Marking
lRsm
RsM | \
SMC 2 !
% CASE 403 L S~
PLASTIC 0 1 2 3 4 5 6
Time —» (ms)
Surge Current Characterisitcs
1.5SMC6.8AT3 6.45 | 6.8 | 7.14 10 5.8 1000 143 10.5 0.057 6V8A
1.5SMC7.5AT3 7.13 7.5 7.88 10 6.4 500 132 11.3 0.061 7V5A
1.5SMC8.2AT3 779 | 82 | 861 10 7.02 200 124 12.1 0.065 8V2A
1.5SMC9.1AT3 8.65 9.1 9.55 1 7.78 50 112 134 0.068 9V1A
1.5SMC10AT3 9.5 10 10.5 1 8.55 10 103 14.5 0.073 10A
1.5SMC11AT3 10.5 11 11.6 1 9.4 5 96 15.6 0.075 11A
1.5SMC12AT3 114 12 12.6 1 10.2 5 90 16.7 0.078 12A
1.5SMC13AT3 12.4 13 13.7 1 111 5 82 18.2 0.081 13A
1.55MC15AT3 14.3 15 15.8 1 12.8 5 71 21.2 0.084 15A
1.5SMC16AT3 15.2 16 16.8 1 13.6 5 67 225 0.086 16A
1.5SMC18AT3 171 18 18.9 1 15.3 5 59.5 25.2 0.088 18A
1.5SMC20AT3 19 20 21 1 171 5 54 27.7 0.09 20A
1.5SMC22AT3 20.9 22 23.1 1 18.8 5 49 30.6 0.092 22A
1.55MC24AT3 228 | 24 | 25.2 1 20.5 5 45 33.2 0.094 24A
1.5SMC27AT3 25.7 27 28.4 1 23.1 5 40 37.5 0.096 27A
1.5SMC30AT3 28.5 30 31.5 1 25.6 5 36 41.4 0.097 30A
1.5SMC33AT3 31.4 33 34.7 1 28.2 5 33 45.7 0.098 33A
1.5SMC36AT3 34.2 36 37.8 1 30.8 5 30 49.9 0.099 36A
1.55MC39AT3 37.1 39 41 1 33.3 5 28 53.9 0.1 39A
1.55MC43AT3 40.9 | 43 | 45.2 1 36.8 5 25.3 59.3 0.101 43A
1.55MC47AT3 44.7 47 49.4 1 40.2 5 23.2 64.8 0.101 47A
1.5SMC51AT3 48.5 51 53.6 1 43.6 5 21.4 70.1 0.102 51A
1.5SMC56AT3 53.2 56 58.8 1 47.8 5 195 77 0.103 56A
1.5SMC62AT3 58.9 62 65.1 1 53 5 17.7 85 0.104 62A
1.5SMC68AT3 64.6 68 71.4 1 58.1 5 16.3 92 0.104 68A
1.5SMC75AT3 71.3 75 78.8 1 64.1 5 14.6 103 0.105 75A
1.5SMC82AT3 77.9 82 86.1 1 70.1 5 13.3 113 0.105 82A
1.5SMC91AT3 86.5 91 95.5 1 77.8 5 12 125 0.106 91A
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Multiple TVS — Duals in Surface Mount

MMBZ15VDLT1 — Common Cathode Series

Table 17. SOT-23 Bipolar Zener Overvoltage Transient Suppressor; 40 Watts Peak Power (10 x 1000 us)
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
BIDIRECTIONAL (Circuit tied to Pins 1 and 2)
(VE=0.9V Max @ Iz = 10 mA)
Breakdown Voltage Reverse Max Max Max Reverse Maximum
Voltage Reverse | Voltage @ | pp
. Reverse - Temperature
) VgRr (Note 1.) Working Surge (Clamping -
Device Leakage Coefficient of
V) @y Peak Current Voltage)
Current VBR
(mA) VeRwMm o (NA Ipp Ve V/°C
Min Nom Max ) R (NA) (A) ) (m )
V CASE 318-08 1o—P—
TO-236AB —o0 3
1 ’ LOW PROFILE SOT-23 20—)1—
2
mvBzisvDLTL | 143 | 15 | 158 | 10 | 128 | 10 | 19 | 212 | 12
(VE= 1.1V Max @ I = 200 mA)
[MvBzo7veLT: | 2565 | 27 [2835 | 10 | 22 | s0 | 10 | 38 | 26
1. Vgr measured at pulse test current |+ at an ambient temperature of 25°C.
MMBZ5V6ALT1 — Common Anode Series
Table 18. SOT-23 Dual Zener Overvoltage Transient Suppressor; 24 Watts Peak Power (10 x 1000 us)
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)
(VE=0.9V Max @ Ig = 10 mA)
Max Reverse Max Zener Impedance Max
Breakdown Voltage Leakage (Note 3? ) Max Reverse Max
Current ' Reverse | Voltage @ Temp
. Surge lpp Co-
Device Vgr (Note 2.) Current | (Clamping | efficient
(V) @l R @ VR Z71 @ lz7 | Zzx @ Iz Ipp Voltage) of Vggr
MmA) | WA V) [ (@ MmA) [ (Q (mA) (A) Ve (mv/°C)
Min | Nom | Max V)
V CASE 318-08 10 ]‘
STYLE 12 3
1%’ LOW PROFILE SOT-23 20 q‘ —°
9 PLASTIC
MMBZ5V6ALT1 | 5.32 | 5.6* | 5.88 20 5.0 3.0 11 1600 | 0.25 3.0 8.0 1.26
MMBZ6V2ALT1 | 5.89 | 6.2* | 6.51 1.0 0.5 3.0 — — — 2.76 8.7 2.80
(VE=1.1V Max @ I =200 mA)
MMBZ6V8ALT1 | 6.46 6.8 7.14 1.0 0.5 4.5 — — — 25 9.6 3.40
MMBZ9V1ALT1 | 8.65 9.1 9.56 1.0 0.3 6.0 — — —_ 1.7 14 7.50
MMBZ10VALT1 | 9.50 10 10.5 1.0 0.3 6.5 - - - 1.7 14.2 7.50

2. Vgr measured at pulse test current Iy at an ambient temperature of 25°C.
3. Zzt and Zzk are measured by dividing the AC voltage drop across the device by the AC current supplied. The specified limits
are Iziac) = 0.1 Izpc), with AC frequency = 1 kHz.

*Other voltages are available; please contact product marketing.
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Multiple TVS — Duals in Surface Mount

MMBZ5V6ALT1 — Common Anode Series

(continued)

(continued)

Table 19. SOT-23 Dual Zener Overvoltage Transient Suppressor; 40 Watts Peak Power (10 x 1000 us)
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)
(VE=1.1V Max @ Ig = 200 mA)
Breakdown Voltage Max
Reverse Max Reverse .
Voltage Max Reverse | Voltage @ Maximum
: Reverse Temperature
) VgRr (Note 4.) Working Surge Ipp -
Device V) Peak Leakage Current | (Clampin Coefficient
@l Current ping of Vgr
(mA) Vrwm Ik (A Ipp Voltags) (MVI°C)
Mi (Volts) R (A) Ve
in Nom Max
v)
V CASE 318-08 Lo \a
STYLE 12 3
1%’ LOW PROFILE SOT-23 ro— ¢ 0
) PLASTIC
MMBZ12VALT1 11.40 12 12.60 1.0 8.5 200 2.35 17 7.50
MMBZ15VALT1 14.25 15 15.75 1.0 12.0 50 1.9 21 12.30
MMBZ18VALT1 17.10 18 18.90 1.0 145 50 1.6 25 15.30
MMBZ20VALT1 19.00 20 21.00 1.0 17.0 50 1.4 28 17.20
MMBZ27VALT1 25.65 27 28.35 1.0 22.0 50 1.0 40 24.30
MMBZ33VALT1 31.35 33 34.65 1.0 26.0 50 0.87 46 30.40

4. Vgr measured at pulse test current It at an ambient temperature of 25°C.
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Multiple TVS — Quads in Surface Mount

MMQA Series
Table 20. SC-74 Quad Transient Voltage Suppressor; 24 Watts Peak Power (10 x 1000

150 Watts Peak Power (8.0 x 20 us)

ELECTRICAL CHARACTERISTICS (Tp =25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to pins 1, 2, and 5; Pins 2, 3, and 5; Pins 2, 4, and 5; or Pins 2, 5, and 6)

(VE=0.9V Max @ I = 10 mA)

us),

Max Reverse Max Max
Breakdown Voltage Leakage Current Max Zener Re'\\/llzl)’(se Vﬁﬁ;’gés(e@ Temp
o | "SR | e
Vzr (V) @ lzr Ir VRwM Current ((\:/I;gggg of Vz
Device Min | Nom | Max | (mA) (nA) ) (Zé)T @(H']Z/I) '(ZF)’ X/C) (mV/°C)
L] ¢ |
S )
% 1 CASE 318F-02
4%‘ STYLE 1 IZ E'
5 6 SC-74 PLASTIC
4] ]
MMQA5V6T1,T3 | 5.32 5.6 5.88 1.0 2000 3.0 400 3.0 8.0 1.26
MMQA6V2T1,T3 | 5.89 6.2 6.51 1.0 700 4.0 300 2.66 9.0 10.6
MMQAG6V8T1,T3 | 6.46 6.8 7.14 1.0 500 4.3 300 2.45 9.8 10.9
MMQA12VT1,T3 | 11.4 12 12.6 1.0 75 9.1 80 1.39 17.3 14
MMQA13VT1,T3 | 124 13 13.7 1.0 75 9.8 80 1.29 18.6 15
MMQA15VT1,T3 | 14.3 15 15.8 1.0 75 11 80 1.1 21.7 16
MMQA18VT1,T3 | 17.1 18 18.9 1.0 75 14 80 0.923 26 19
MMQA20VT1,T3 19 20 21 1.0 75 15 80 0.84 28.6 20.1
MMQA21VT1,T3 20 21 22.1 1.0 75 16 80 0.792 30.3 21
MMQA22VT1,T3 | 20.9 22 23.1 1.0 75 17 80 0.758 31.7 22
MMQA24VT1,T3 | 22.8 24 25.2 1.0 75 18 100 0.694 34.6 25
MMQA27VT1,T3 | 25.7 27 28.4 1.0 75 21 125 0.615 39 28
MMQA30VT1,T3 | 285 30 315 1.0 75 23 150 0.554 43.3 32
MMQA33VT1,T3 | 314 33 34.7 1.0 75 25 200 0.504 48.6 37
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Multiple TVS — Quads in Surface Mount

Table 21. SC-74 Quad Transient Voltage Suppressor; 40 Watts Peak Power (10 x 1000
350 Watts Peak Power (8.0 x 20 us)

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

UNIDIRECTIONAL (Circuit tied to pins 1, 2, and 5; Pins 2, 3, and 5; Pins 2, 4, and 5; or Pins 2, 5, and 6)

(VE=0.9V Max @ Ig = 10 mA)

(continued)

us),

Max Reverse Max Max
Breakdown Voltage Leakage Current Max Zener R Max Vﬁﬁzefe@ Temp
Impedance everse 9 Coef-
Surge - lep ficient
Current Clamping
Vzt (V. | | V|
zT (V) @ Izr R RWM Voltage) of Vg
. ; Z71 @ Izr lpp Ve
Device Min Nom Max mA nA V mvV/°C
(mA) (nA) ) Q@ (mA) A) ) ( )
[1] <]
3
% 1 CASE 318F-02
%‘ STYLE 1 2 5
45 6 SC-74 PLASTIC
4] ]
smsost2 | 60 | 66 | 72 | - | 1000 | 50 | - | 23 | 155 -
MSQABV1W5
Table 22. SC-88A/SOT-353 Quad Array for ESD Protection; 150 Watts (8.0 x 20  us)
Breakdown Voltage Leakage Current Ca-rl)-);‘():lif:rzce Max
Device VBr @ 1.0 mA (VO|tS) IR @ Vrwm = 3.0V @ 0V Bias VE @ I =200 mA
Min | Nom | Max (uA) (pF) V)
1 o*—«»—ﬂho 5
‘ CASE 419A 20— o
‘ SC-88A/SOT-353
30——+—P—o
MSQAG6V1WS5S | 6.1 | 6.6 | 7.2 1.0 | 90 | 1.25

NOTE: Contact ON Semiconductor Sales for additional voltages.
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Multiple TVS — Quads in Surface Mount

(continued)

DF6A6.8FU
Table 23. SC-88 Quad Array for ESD Protection
Maximum Leakage Typical
Breakdown Voltage Current 9 Cap)géitance Max
Device VBR @ 1.0 mA (VOltS) |R @ VRWM @ 0V Bias V|: @ ||: =10 mA
Min | Nom | Max (HA) (pF) V)
6
O CASE 419B
SC-88 (SOT-363) 5
PLASTIC
4
DF6A6BFU | 64 | 68 | 72 | 1.0 40 1.25

NOTE: Contact ON Semiconductor Sales for additional voltages.
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CHAPTER 3
Transient Voltage Suppressors —
Axial Leaded Data Sheets
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PG6KEG.8A Series

600 Watt Peak Power
Surmetic " -40 Zener Transient
Voltage Suppressors

Unidirectional*

ON Semiconductor™

http://onsemi.com

The P6KEG6.8A series is designed to protect voltage sensitive

components from high voltage, high energy transients. They have

excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’'s exclusive, cost-effective, highly reliable
Surmetic” axial leaded package and is ideally-suited for use in

[o,

N

communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

Working Peak Reverse Voltage Range —5.8to 171 V
Peak Power — 600 Watts @ 1 ms

ESD Rating of Class 3 (>16 KV) per Human Body Model
Maximum Clamp Voltage @ Peak Pulse Current

Low Leakage < A above 10 V

Maximum Temperature Coefficient Specified

UL 497B for Isolated Loop Circuit Protection

Response Time is typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, Transfer-molded, Thermosetting plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING:

230°C, 1/16 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 600 Watts

@ T <25°C
Steady State Power Dissipation Pp 5.0 Watts

@ T <75°C, Lead Length = 3/8"

Derated above T| = 75°C 50 mwW/°C
Thermal Resistance, Junction-to—Lead RoaL 15 °C/IW
Forward Surge Current (Note 2.) IEsm 100 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-55t0 °C

Temperature Range +150

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C per

Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses

per minute maximum.

*Please see P6KE6.8CA — P6KE200CA for Bidirectional devices.

0 Semiconductor Components Industries, LLC, 2001 45
March, 2001 — Rev. 4

Cathode

AXIAL LEAD

CASE 17
STYLE 1

L

L
P6KE
XXXA
YYWW

I

L = Assembly Location

P6KEXxxA = ON Device Code

YY =

Year

WW = Work Week

ORDERING INFORMATION

Device Package Shipping
PEKEXXXA Axial Lead 1000 Units/Box
P6KEXxXARL Axial Lead | 4000/Tape & Reel

Publication Order Number:

P6KE6.8A/D




P6KEG.8A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5V Max. @ I (Note 6.) = 50 A)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ I
IT Test Current
BOVgR Maximum Temperature Coefficient of Vgr
I Forward Current
\= Forward Voltage @ I
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P6KEG.8A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5V Max. @ I (Note 6.) =50 A)

Breakdown Voltage Ve @ Ipp (Note 5.)
VRwM

Device (Note 3) IR @ VRWM VBR (NOte 4) (VOltS) @ IT VC |pp G)VBR
Device Marking Volts pA Min Nom Max mA Volts A %/°C
P6KEG.8A P6KEG.8A 5.8 1000 6.45 6.80 7.14 10 10.5 57 0.057
P6KE7.5A P6KE7.5A 6.4 500 7.13 7.51 7.88 10 11.3 53 0.061
P6KE8.2A P6KES8.2A 7.02 200 7.79 8.2 8.61 10 121 50 0.065
P6KE9.1A P6KE9.1A 7.78 50 8.65 9.1 9.55 1 134 45 0.068
P6KE10A P6KE10A 8.55 10 9.5 10 10.5 1 14.5 41 0.073
P6KE11A P6KE11A 9.4 5 10.5 11.05 11.6 1 15.6 38 0.075
P6KE12A P6KE12A 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6KE13A P6KE13A 11.1 5 12.4 13.05 13.7 1 18.2 33 0.081
P6KE15A P6KE15A 12.8 5 14.3 15.05 15.8 1 21.2 28 0.084
P6KE16A P6KE16A 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6KE18A P6KE18A 15.3 5 17.1 18 18.9 1 25.2 24 0.088
P6KE20A P6KE20A 17.1 5 19 20 21 1 27.7 22 0.09
P6KE22A P6KE22A 18.8 5 20.9 22 23.1 1 30.6 20 0.092
P6KE24A P6KE24A 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6KE27A P6KE27A 231 5 25.7 27.05 28.4 1 37.5 16 0.096
P6KE30A P6KE30A 25.6 5 28.5 30 31.5 1 41.4 14.4 0.097
P6KE33A P6KE33A 28.2 5 31.4 33.05 347 1 45.7 13.2 0.098
P6KE36A P6KE36A 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6KE39A P6KE39A 33.3 5 37.1 39.05 41 1 53.9 11.2 0.1
P6KE43A P6KE43A 36.8 5 40.9 43.05 45.2 1 59.3 10.1 0.101
P6KE47A P6KE47A 40.2 5 44.7 47.05 49.4 1 64.8 9.3 0.101
P6KE51A P6KES51A 43.6 5 48.5 51.05 53.6 1 70.1 8.6 0.102
P6KES6A P6KES6A 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6KEG2A P6KEG2A 53 5 58.9 62 65.1 1 85 7.1 0.104
P6KEG8SA P6KEG8A 58.1 5 64.6 68 71.4 1 92 6.5 0.104
P6KE75A P6KE75A 64.1 5 71.3 75.05 78.8 1 103 5.8 0.105
P6KE82A P6KE82A 70.1 5 77.9 82 86.1 1 113 53 0.105
P6KE91A P6KE91A 77.8 5 86.5 91 95.5 1 125 4.8 0.106
P6KE100A P6KE100A 85.5 5 95 100 105 1 137 4.4 0.106
P6KE110A P6KE110A 94 5 105 110.5 116 1 152 4 0.107
P6KE120A P6KE120A 102 5 114 120 126 1 165 3.6 0.107
P6KE130A P6KE130A 111 5 124 130.5 137 1 179 3.3 0.107
P6KE150A P6KE150A 128 5 143 150.5 158 1 207 29 0.108
P6KE160A P6KE160A 136 5 152 160 168 1 219 2.7 0.108
P6KE170A P6KE170A 145 5 162 170.5 179 1 234 2.6 0.108
P6KE180A P6KE180A 154 5 171 180 189 1 246 2.4 0.108
P6KE200A P6KE200A 171 5 190 200 210 1 274 2.2 0.108

3. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

4. Vgr measured at pulse test current It at an ambient temperature of 25°C
5. Surge current waveform per Figure 4 and derate per Figures 1 and 2.
6. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
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P6KEG.8A Series
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P6KEG.8A Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitanceperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 7. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 6. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormalized and used for this purpose.

Figure 8.Minimizing this overshoot is very importantin the At first glance the derating curves of Figure 6 appear to be
application, since the main purpose for adding a transientin error as the 10 ms pulse has a higher de_rating factor than
suppressor is tdamp voltage spikes. The P6KE6.8A series the 10us pulse. However, when the derating factor for a
has very good response time, typically < 1 ns and negligiblegiVe” pulse of Figure 6 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.

TYPICAL PROTECTION CIRCUIT

Z|n ' “
Vin 7 9% LOAD v,
o )\ ]

Vin (TRANSIENT)
OVERSHOOT DUE TO

v — Vin (TRANSIENT) V| INDUCTIVE EFFECTS

¢ "

tp = TIME DELAY DUE TO CAPACITIVE EFFECT
t t

Figure 7. Figure 8.
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P6KEG.8A Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to P6KE6.8A, CA — PEKE200A, CA.
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PG6KEG.8CA Series

600 Watt Peak Power
Surmetic " -40 Zener Transient
Voltage Suppressors

Bidirectional*

The P6KEG6.8CA series is designed to protect voltage sensitive
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmetic axial leaded package and is ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

* Working Peak Reverse \Voltage Range — 5.8t0 171V

* Peak Power — 600 Watts @ 1 ms

* ESD Rating of class 3 (>16 KV) per Human Body Model
¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JA above 10 V

* Maximum Temperature Coefficient Specified

ON Semiconductor™

http://onsemi.com

o H o

¢ UL 497B for Isolated Loop Circuit Protection Aﬂﬁ'é'E‘ElgD
* Response Time is Typically < 1 ns PLASTIC
Mechanical Characteristics:
CASE: Void-free, Transfer-molded, Thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable ] IF'>6KE ]
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: XX

230°C, 1/16” from the case for 10 seconds
POLARITY: Cathode band does not imply polarity
MOUNTING POSITION: Any

MAXIMUM RATINGS

L = Assembly Location
P6KEXxXCA = ON Device Code
YY = Year

WW = Work Week

1. Nonrepetitive current pulse per Figure 3 and derated above Tp = 25°C
per Figure 2.

*Please see P6KE6.8A — P6KE200A for Unidirectional devices.

0 Semiconductor Components Industries, LLC, 2001 51
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Rating Symbol Value Unit

Peak Power Dissipation (Note 1.) Ppk 600 Watts ORDERING INFORMATION

@ T <25°C

Device Package Shipping

Steady State Power Dissipation Pp 5 Watts

@ T_ £75°C, Lead Length = 3/8" PEKExxxCA Axial Lead 1000 Units/Box

Derated above T| = 75°C 50 mw/°C

P6KEXxxxCARL Axial Lead | 4000/Tape & Reel

Thermal Resistance, RoiL 15 °C/W

Junction-to-Lead
Operating and Storage T3, Tsig | —551t0 +150 °C

Temperature Range

Publication Order Number:
P6KEG6.8CA/D




P6KEG.8CA Series

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

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ It
IT Test Current
©OVgRr Maximum Temperature Variation of Vgr

lpp

T
Vc Ver VrRwM R

lpp

VrRwMm VBR Ve

Bi—Directional TVS
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P6KEG.8CA Series

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

Breakdown Voltage Ve @ Ipp (Note 4.)
VrRwm
. Note 2. V| Note 3.) (Volts I V |

Device ( ote ) IR @ VRWM BR ( ) ( ) @ T C PP @VBR
Device Marking (Volts) (HA) Min Nom Max (mA) (Volts) (A) (%/°C)
P6KE6.8CA PEKE6.8CA 5.8 1000 6.45 6.80 7.14 10 10.5 57 0.057
P6KE7.5CA PEKE7.5CA 6.4 500 7.13 7.51 7.88 10 11.3 53 0.061
P6KE8.2CA PEKE8.2CA 7.02 200 7.79 8.2 8.61 10 12.1 50 0.065
P6KE9.1CA PEKE9.1CA 7.78 50 8.65 9.1 9.55 1 13.4 45 0.068
P6KE10CA PEKE10CA 8.55 10 9.5 10 10.5 1 14.5 41 0.073
P6KE11CA PEKE11CA 9.4 5 10.5 11.05 11.6 1 15.6 38 0.075
P6KE12CA PEKE12CA 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6KE13CA PEKE13CA 11.1 5 12.4 13.05 13.7 1 18.2 33 0.081
P6KE15CA PEKE15CA 12.8 5 14.3 15.05 15.8 1 21.2 28 0.084
P6KE16CA PEKE16CA 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6KE18CA PEKE18CA 15.3 5 17.1 18 18.9 1 25.2 24 0.088
P6KE20CA PEKE20CA 17.1 5 19 20 21 1 27.7 22 0.09
P6KE22CA PEKE22CA 18.8 5 20.9 22 23.1 1 30.6 20 0.092
P6KE24CA PEKE24CA 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6KE27CA PEKE27CA 23.1 5 25.7 27.05 28.4 1 375 16 0.096
P6KE30CA PEKE30CA 25.6 5 28.5 30 315 1 414 14.4 0.097
P6KE33CA PEKE33CA 28.2 5 314 33.05 34.7 1 45.7 13.2 0.098
P6KE36CA PEKE36CA 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6KE39CA PEKE39CA 333 5 37.1 39.05 41 1 53.9 11.2 0.1
P6KE43CA P6KE43CA 36.8 5 40.9 43.05 45.2 1 59.3 10.1 0.101
P6KE47CA PEKE47CA 40.2 5 44.7 47.05 49.4 1 64.8 9.3 0.101
P6KE51CA P6KES51CA 43.6 5 48.5 51.05 53.6 1 70.1 8.6 0.102
P6KES56CA PEKES6CA 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6KE62CA PEKE62CA 53 5 58.9 62 65.1 1 85 7.1 0.104
P6KE68CA PEKEG8CA 58.1 5 64.6 68 714 1 92 6.5 0.104
P6KE75CA PEKE75CA 64.1 5 71.3 75.05 78.8 1 103 5.8 0.105
P6KE82CA PEKE82CA 70.1 5 77.9 82 86.1 1 113 5.3 0.105
P6KE91CA PEKE91CA 77.8 5 86.5 91 95.5 1 125 4.8 0.106
P6KE100CA P6KE100CA 85.5 5 95 100 105 1 137 4.4 0.106
P6KE110CA P6KE110CA 94 5 105 110.5 116 1 152 4 0.107
P6KE120CA P6KE120CA 102 5 114 120 126 1 165 3.6 0.107
P6KE130CA P6KE130CA 111 5 124 130.5 137 1 179 3.3 0.107
P6KE150CA P6KE150CA 128 5 143 150.5 158 1 207 2.9 0.108
P6KE160CA P6KE160CA 136 5 152 160 168 1 219 2.7 0.108
P6KE170CA PEKE170CA 145 5 162 170.5 179 1 234 2.6 0.108
P6KE180CA P6KE180CA 154 5 171 180 189 1 246 2.4 0.108
P6KE200CA P6KE200CA 171 5 190 200 210 1 274 2.2 0.108

2. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

3. Vpr measured at pulse test current |+ at an ambient temperature of 25°C.

4. Surge current waveform per Figure 3 and derate per Figures 1 and 2.
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P6KEG.8CA Series
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P6KEG.8CA Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitanceperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 6. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 5. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormalized and used for this purpose.

Figure 7.Minimizing this overshoot is very importantinthe At first glance the derating curves of Figure 5 appear to be
application, since the main purpose for adding a transientin error as the 10 ms pulse has a higher de_rating factor than
suppressor is tdamp voltage spikes. The P6KE6.8A series the 10us pulse. However, when the derating factor for a
has very good response time, typically < 1 ns and negligiblegiVe” pulse of Figure 5 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.

TYPICAL PROTECTION CIRCUIT

: Zln ' “
Vin x LOAD v,
O ® v

Vin (TRANSIENT)
OVERSHOOT DUE TO

v P Vin (TRANSIENT) V| INDUCTIVE EFFECTS
| v
" / /\

%td._

tp = TIME DELAY DUE TO CAPACITIVE EFFECT
t t

Figure 6. Figure 7.
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P6KEG.8CA Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to P6KE6.8A, CA — PEKE200A, CA.
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1N6267A Series

1500 Watt Mosorb(1 Zener
Transient Voltage Suppressors

Unidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener

ON Semiconductor™

http://onsemi.com

impedance and fast response time. These devices are

ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeti¢] axial leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls,

o 11 o}
Cathode Anode

medical equipment, business machines, power supplies and many

other industrial/consumer applications, to protect CMOS, MOS and

Bipolar integrated circuits.

Specification Features:

* Working Peak Reverse \oltage Range — 5.8 V to 214 V
* Peak Power — 1500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < A Above 10V

¢ UL 497B for Isolated Loop Circuit Protection

* Response Time is Typically <1 ns

Mechanical Characteristics:

CASE: \Void-free, transfer-molded, thermosetting plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts

@ T <25°C
Steady State Power Dissipation Pp 5.0 Watts

@ T <75°C, Lead Length = 3/8"

Derated above T| = 75°C 20 mw/°C
Thermal Resistance, Junction—to—Lead RgiL 20 °C/IW
Forward Surge Current (Note 2.) IEsm 200 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

1. Nonrepetitive current pulse per Figure 5 and derated above Ty = 25°C per
Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses
per minute maximum.

*Please see 1.5KE6.8CA to 1.5KE250CA for Bidirectional Devices

0 Semiconductor Components Industries, LLC, 2001 57
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AXIAL LEAD
CASE 41A
PLASTIC

L
1N6

XXXA
] T OKE 1]
XXXA
YYWW

L = Assembly Location

1N6xxxA = JEDEC Device Code
1.5KExxxA = ON Device Code
YY = Year

WW = Work Week

ORDERING INFORMATION

Device Package Shipping

1.5KEXxxA Axial Lead 500 Units/Box

1.5KExxxARL4 | Axial Lead | 1500/Tape & Reel

INBXXXA Axial Lead 500 Units/Box

1N6xxXARL4 Axial Lead | 1500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:
1N6267A/D




1IN6267A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5 V Max., Ig (Note 3.) = 100 A)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ I
IT Test Current
BOVgR Maximum Temperature Coefficient of Vgr
I Forward Current
\= Forward Voltage @ I

http://onsemi.com
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1N6267A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ I (Note 3.) = 100 A)

Breakdown Voltage Ve @ lpp (Note 7.)
JEDEC VRwm

Device (Note 5) IR @ VRWM VBR (Note 6) (VOltS) @ IT Vc |pp ®VBR
Device (Note 4.) (Volts) (HA) Min Nom Max (mA) (Volts) (A) (%/°C)
1.5KE6.8A IN6267A 5.8 1000 6.45 6.8 7.14 10 10.5 143 0.057
1.5KE7.5A 1IN6268A 6.4 500 7.13 7.5 7.88 10 11.3 132 0.061
1.5KE8.2A 1IN6269A 7.02 200 7.79 8.2 8.61 10 12.1 124 0.065
1.5KE9.1A 1IN6270A 7.78 50 8.65 9.1 9.55 1 13.4 112 0.068
1.5KE10A IN6271A 8.55 10 9.5 10 10.5 1 14.5 103 0.073
1.5KE11A 1IN6272A 9.4 5 10.5 11 11.6 1 15.6 96 0.075
1.5KE12A 1IN6273A 10.2 5 11.4 12 12.6 1 16.7 90 0.078
1.5KE13A 1IN6274A 11.1 5 12.4 13 13.7 1 18.2 82 0.081
1.5KE15A IN6275A 12.8 5 14.3 15 15.8 1 21.2 71 0.084
1.5KE16A 1IN6276A 13.6 5 15.2 16 16.8 1 225 67 0.086
1.5KE18A ING277A 15.3 5 17.1 18 18.9 1 25.2 59.5 0.088
1.5KE20A 1IN6278A 17.1 5 19 20 21 1 27.7 54 0.09
1.5KE22A ING6279A 18.8 5 20.9 22 23.1 1 30.6 49 0.092
1.5KE24A IN6280A 20.5 5 22.8 24 25.2 1 33.2 45 0.094
1.5KE27A IN6281A 23.1 5 25.7 27 28.4 1 37.5 40 0.096
1.5KE30A IN6282A 25.6 5 28.5 30 31.5 1 41.4 36 0.097
1.5KE33A IN6283A 28.2 5 31.4 33 34.7 1 45.7 33 0.098
1.5KE36A 1N6284A 30.8 5 34.2 36 37.8 1 49.9 30 0.099

1.5KE39A IN6285A 33.3 5 37.1 39 41 1 53.9 28 0.1
1.5KE43A 1N6286A 36.8 5 40.9 43 45.2 1 59.3 25.3 0.101
1.5KE47A 1IN6287A 40.2 5 44.7 47 49.4 1 64.8 23.2 0.101
1.5KE51A IN6288A 43.6 5 48.5 51 53.6 1 70.1 21.4 0.102
1.5KE56A 1N6289 47.8 5 53.2 56 58.8 1 77 19.5 0.103
1.5KE62A 1ING6290A 53 5 58.9 62 65.1 1 85 17.7 0.104
1.5KE68A 1IN6291A 58.1 5 64.6 68 71.4 1 92 16.3 0.104
1.5KE75A 1IN6292A 64.1 5 71.3 75 78.8 1 103 14.6 0.105
1.5KE82A 1IN6293A 70.1 5 77.9 82 86.1 1 113 13.3 0.105
1.5KE91A 1ING6294A 77.8 5 86.5 91 95.5 1 125 12 0.106
1.5KE100A 1IN6295A 85.5 5 95 100 105 1 137 11 0.106
1.5KE110A 1IN6296A 94 5 105 110 116 1 152 9.9 0.107
1.5KE120A 1IN6297A 102 5 114 120 126 1 165 9.1 0.107
1.5KE130A 1IN6298A 111 5 124 130 137 1 179 8.4 0.107
1.5KE150A 1IN6299A 128 5 143 150 158 1 207 7.2 0.108
1.5KE160A 1N6300A 136 5 152 160 168 1 219 6.8 0.108
1.5KE170A 1IN6301A 145 5 162 170 179 1 234 6.4 0.108
1.5KE180A 1IN6302A 154 5 171 180 189 1 246 6.1 0.108
1.5KE200A 1ING6303A 171 5 190 200 210 1 274 55 0.108
1.5KE220A 185 5 209 220 231 1 328 4.6 0.109
1.5KE250A 214 5 237 250 263 1 344 5 0.109

3. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

4. Indicates JEDEC registered data

5. A transient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

6. Vgr measured at pulse test current |t at an ambient temperature of 25°C

7. Surge current waveform per Figure 5 and derate per Figures 1 and 2.
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1IN6267A Series
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1IN6267A Series
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APPLICATION NOTES
RESPONSE TIME application, since the main purpose for adding a transient

In most applications, the transient suppressor device isSUppressor is to clamp voltage spikes. These devices have
placed in parallel with the equipment or component to be excellent response time, typically in the picosecond range
protected. In this situation, there is a time delay associatec@nd negligible inductance. However, external inductive
with the capacitance of the device and an overshoot€ffects could produce unacceptable overshoot. Proper
condition associated with the inductance of the device andcircuit layout, minimum lead lengths and placing the
the inductance of the connection method. The capacitancéuppressor device as close as possible to the equipment or
effect is of minor importance in the parallel protection components to be protected will minimize this overshoot.
scheme because it only produces a time delay in the Some inputimpedance represented pyiZessential to
transitionfrom the operating voltage to the clamp voltage as prevent overstress of the protection device. This impedance
shown in Figure 8. should be as high as possible, without restricting the circuit

The inductive effects in the device are due to actual operation.
turn-on time (time required for the device to go from zero DUTY CYCLE DERATING
current to full current) and lead inductance. This inductive  The data of Figure 1 applies for non-repetitive conditions
effect produces an overshoot in the voltage across theand at a lead temperature of @5If the duty cycle increases,
equipment or component being protected as shown inthe peak power must be reduced as indicated by the curves
Figure 9. Minimizing this overshootvgry importantinthe  of Figure 7. Average power must be derated as the lead or
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1N6267A Series

ambient temperature rises abové@5The average power the 10us pulse. However, when the derating factor for a

derating curve normally given on data sheets may begivenpulse of Figure 7 is multiplied by the peak power value

normalized and used for this purpose. of Figure 1 for the same pulse, the results follow the
At first glance the derating curves of Figure 7 appear to beexpected trend.

in error as the 10 ms pulse has a higher derating factor than

TYPICAL PROTECTION CIRCUIT

O— Zi 4
Vin 7 % LOAD v,
O ® y

Vi, (TRANSIENT)
OVERSHOOT DUE TO

v Vo (TRANSIENT) V| INDUCTIVE EFFECTS

' "
N

[N
— V2

tp = TIME DELAY DUE TO CAPACITIVE EFFECT

t t

Figure 8. Figure 9.

UL RECOGNITION*

The entire series hasUnderwriters Laboratory Conditioning, Temperature test, Dielectric Voltage-
Recognitionfor the classification of protectors (QVGV2) Withstand test, Discharge test and several more.
under the UL standard for safety 497B and File #116110. Whereas, some competitors have only passed a
Many competitors only have one or two devices recognizedflammability test for the package material, we have been
or have recognition in a non-protective category. Somerecognized for much more to be included in their Protector
competitors have no recognition at all. With the UL497B category.
recognition, our parts successfully passed several tests
including Strike \oltage Breakdown test, Endurance *Appliesto 1.5KE6.8A, CA thru 1.5KE250A, CA

CLIPPER BIDIRECTIONAL DEVICES

1. Clipper-bidirectional devices are available in the 3. The 1N6267A through 1N6303A series are JEDEC
1.5KEXXA series and are designated with a “CA” registered devices and the registration does not include
suffix; for example, 1.5KE18CA. Contact your nearest a “CA” suffix. To order clipper-bidirectional devices
ON Semiconductor representative. one must add CA to the 1.5KE device title.

2. Clipper-bidirectional part numbers are tested in both
directions to electrical parameters in preceeding table
(except for \E which does not apply).
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SA5.0A Series

500 Watt Peak Power
MiniMOSORB " Zener Transient
Voltage Suppressors

Unidirectional*

The SAL5.0A series is designed to protect voltage sensitive
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SA5.0A series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmetic” axial leaded package and is ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

* Working Peak Reverse Voltage Range — 5to0 170 V

* Peak Power — 500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < LA above 8.5V

¢ UL 497B for Isolated Loop Circuit Protection

¢ Maximum Temperature Coefficient Specified

* Response Time is typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, Transfer-molded, Thermosetting plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING: 230°C,
1/18' from the case for 10 seconds

POLARITY: Cathode indicated by polarity band.
MOUNTING POSITION: Any

MAXIMUM RATINGS

— ) A
XXXA

ON Semiconductor™

http://onsemi.com

o 11 o)
Cathode Anode
AXIAL LEAD
CASE 59
PLASTIC
L

I

YYWW

L = Assembly Location
SAxxxA = ON Device Code
YY = Year

WW = Work Week

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C per
Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses
per minute

*Please see SA5.0CA — SA170CA for Bidirectional devices.

0 Semiconductor Components Industries, LLC, 2001 63
March, 2001 — Rev. 5

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 500 Watts ORDERING INFORMATION
@T =25°C Device Package Shipping
Steady State Power Dissipation Pp 3.0 Watts . .
@ T, < 75°C, Lead Length = 3/8" SAXXXA Axial Lead 1000 Units/Box
Derated above T =75°C 30 mWw/°C SAXXXARL Axial Lead | 5000/Tape & Reel
Thermal Resistance, Junction—to—Lead RgaL 33.3 °C/IW
FO(%N?I_rdf;J;%(e; Current (Note 2.) IFsm 0 Amps Devices listed in bold, italic are ON Semiconductor
A Preferred devices. Preferred devices are recommended
Operating and Storage Temperature T3, Tetg _55to0 °C choices for future use and best overall value.
Range +175

Publication Order Number:
SA5.0A/D




SA5.0A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5V Max. @ I (Note 6.) = 35 A)

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ I
IT Test Current
©OVgRr Maximum Temperature Variation of Vgr
I Forward Current
\= Forward Voltage @ I

http://onsemi.com
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SA5.0A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5V Max. @ I (Note 6.) = 35 A)

Breakdown Voltage Ve @ Ipp (Note 5.)
VRwM
. Note 3. V| Note 4.) (Volts [ V, |
Device ( oe ) IR @ VRWM BR ( ) ( ) @ T C PP OVBR

Device Marking Volts HA Min Nom Max mA Volts A mv/°C
SA5.0A SA5.0A 5 600 6.4 6.7 7 10 9.2 54.3 5

SA6.0A SAG6.0A 6 600 6.67 7.02 7.37 10 10.3 48.5 5

SA7.0A SA7.0A 7 150 7.78 8.19 8.6 10 12 41.7 6

SA7.5A SA7.5A 7.5 50 8.33 8.77 9.21 1 12.9 38.8 7

SA8.0A SA8.0A 8 25 8.89 9.36 9.83 1 13.6 36.7 7

SA8.5A SA8.5A 8.5 5 9.44 9.92 104 1 14.4 34.7 8

SA9.0A SA9.0A 9 1 10 10.55 1.1 1 154 32,5 9

SA10A SA10A 10 1 11.1 11.7 12.3 1 17 29.4 10
SA11A SA11A 11 1 122 12.85 13.5 1 18.2 27.4 11
SA12A SA12A 12 1 13.3 14 14.7 1 19.9 25.1 12
SA13A SA13A 13 1 14.4 15.15 15.9 1 215 23.2 13
SAl4A SAl14A 14 1 15.6 16.4 17.2 1 23.2 21.5 14
SA15A SA15A 15 1 16.7 17.6 185 1 24.4 20.6 16
SA16A SA16A 16 1 17.8 18.75 19.7 1 26 19.2 17
SA17A SAL17A 17 1 18.9 19.9 20.9 1 27.6 18.1 19
SA18A SA18A 18 1 20 21.05 22.1 1 29.2 17.2 20
SA20A SA20A 20 1 22.2 23.35 24.5 1 32.4 15.4 23
SA22A SA22A 22 1 24.4 25.65 26.9 1 35.5 14.1 25
SA24A SA24A 24 1 26.7 28.1 29.5 1 38.9 12.8 28
SA26A SA26A 26 1 28.9 30.4 31.9 1 42.1 11.9 30
SA28A SA28A 28 1 31.1 32.75 34.4 1 45.4 11 31
SA30A SA30A 30 1 33.3 35.05 36.8 1 48.4 10.3 36
SA33A SA33A 33 1 36.7 38.65 40.6 1 53.3 9.4 39
SA36A SA36A 36 1 40 42.1 44.2 1 58.1 8.6 41
SA40A SA40A 40 1 44.4 46.55 49.1 1 64.5 7.8 46
SA43A SA43A 43 1 47.8 50.3 52.8 1 69.4 7.2 50
SA45A SA45A 45 1 50 52.65 55.3 1 72.7 6.9 52
SA48A SA48A 48 1 53.3 56.1 58.9 1 77.4 6.5 56
SA51A SA51A 51 1 56.7 59.7 62.7 1 82.4 6.1 61
SA58A SAS58A 58 1 64.4 67.8 71.2 1 93.6 5.3 70
SAGOA SAGOA 60 1 66.7 70.2 73.7 1 96.8 5.2 71
SAG4A SAG4A 64 1 71.1 74.85 78.6 1 103 49 76
SA70A SA70A 70 1 77.8 81.9 86 1 113 4.4 85
SA78A SA78A 78 1 86.7 91.25 95.8 1 126 4.0 95
SA90A SA90A 90 1 100 105.5 111 1 146 3.4 110
SA100A SA100A 100 1 111 117 123 1 162 3.1 123
SA110A SA110A 110 1 122 128.5 135 1 177 2.8 133
SA120A SA120A 120 1 133 140 147 1 193 25 146
SA130A SA130A 130 1 144 151.5 159 1 209 2.4 158
SA150A SA150A 150 1 167 176 185 1 243 2.1 184
SA160A SA160A 160 1 178 187.5 197 1 259 1.9 196
SA170A SA170A 170 1 189 199 209 1 275 1.8 208

NOTES:

3. MiniMOSORB™ transients suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which
should be equal to or greater than the dc or continuous peak operating voltage level.

4. VR measured at pulse test current I+ at an ambient temperature of 25°C.

Surge current waveform per Figure 4 and derate per Figures 1 and 2.

6. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute

o
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SA5.0A Series
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SA5.0A Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to SA5.0A, CA — SA170A, CA.
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SA5.0CA Series

500 Watt Peak Power
MiniMOSORB[] Zener Transient
Voltage Suppressors

Bidirectional*

The SA5.0CA series is designed to protect voltage sensitive
components from high voltage, high—energy transients. They havé
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SA5.0CA series is supplied in
ON Semiconductor’'s exclusive, cost-effective, highly reliable
Surmetic” axial leaded package and is ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications.

Specification Features:

* Working Peak Reverse \Voltage Range —5.0to 170 V

* Peak Power — 500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < LA above 8.5V

¢ UL 497B for Isolated Loop Circuit Protection

¢ Maximum Temperature Coefficient Specified

o : AXIAL LEAD
* Response Time is typically < 1 ns CASE 59
Mechanical Characteristics: PLASTIC
CASE: Void-free, Transfer-molded, Thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

readily solderable L
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: ] SA
230°C, 1/18 from the case for 10 seconds ¢)$<v(\:/0v

POLARITY: Cathode band does not imply polarity
MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com
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L = Assembly Location

SAxxXCA = ON Device Code

YY = Year
WW = Work Week

Rating Symbol Value Unit
Peak Power Dissipation (Note 1. P 500 Watts
@ T, <25°C pation ( ) PK ORDERING INFORMATION
Steady State Power Dissipation @ Pp 3.0 Watts Device Package Shipping
TL < 75°C, Lead Length = 3/8" . .
Derated above T, = 75°C 30 MW/ SAXxxCA Axial Lead 1000 Units/Box
Thermal Resistance, RojL 33.3 °C/W SAXxXxCARL Axial Lead | 5000/Tape & Reel
Junction-to-Lead
OF;e"atlng and Storage Temperature T TStg — 5510 +175 c Devices listed in bold, italic are ON Semiconductor
ange Preferred devices. Preferred devices are recommended
1. Nonrepetitive current pulse per Figure 3 and derated above Tp = 25°C choices for future use and best overall value.
per Figure 2.

*Please see SA5.0A to SA170A for Unidirectional devices.
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SA5.0CA Series

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

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

Vrwm | Working Peak Reverse Voltage |$ Vrwm VBr Ve

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It

It Test Current pp
®VRRr Maximum Temperature Variation of Vpg Bi-Directional TVS

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

Breakdown Voltage Ve @ lpp (Note 4.)
VRwM
Device (Note 2.) IR @ VRwMm Vgr (Note 3.) (Volts) @ Iy Ve Ipp OVgRr

Device Marking (Volts) (HA) Min Nom Max (mA) (Volts) (A) (mV/°C)
SA5.0CA SA5.0CA 5 600 6.4 6.7 7 10 9.2 54.3 5
SA6.0CA SA6.0CA 6 600 6.67 7.02 7.37 10 10.3 48.5
SA6.5CA SA6.5CA 6.5 400 7.22 7.60 7.98 10 11.2 44.7 5
SA7.0CA SA7.0CA 7 150 7.78 8.19 8.6 10 12 41.7 6
SA7.5CA SA7.5CA 7.5 50 8.33 8.77 9.21 1 12.9 38.8 7
SA8.0CA SA8.0CA 8 25 8.89 9.36 9.83 1 13.6 36.7 7
SA8.5CA SA8.5CA 8.5 5 9.44 9.92 10.4 1 14.4 34.7 8
SA9.0CA SA9.0CA 9 1 10 10.55 11.1 1 154 325 9
SA10CA SA10CA 10 1 111 11.7 12.3 1 17 29.4 10
SAl11CA SAl11CA 11 1 12.2 12.85 135 1 18.2 27.4 11
SA12CA SA12CA 12 1 13.3 14 14.7 1 19.9 25.1 12
SA13CA SA13CA 13 1 14.4 15.15 15.9 1 21.5 23.2 13
SA14CA SA14CA 14 1 15.6 16.4 17.2 1 23.2 215 14
SA15CA SA15CA 15 1 16.7 17.6 18.5 1 24.4 20.6 16
SA16CA SA16CA 16 1 17.8 18.75 19.7 1 26 19.2 17
SA17CA SA17CA 17 1 18.9 19.9 20.9 1 27.6 18.1 19
SA18CA SA18CA 18 1 20 21.05 221 1 29.2 17.2 20
SA20CA SA20CA 20 1 22.2 23.35 24.5 1 32.4 154 23
SA22CA SA22CA 22 1 244 25.65 26.9 1 35.5 141 25
SA24CA SA24CA 24 1 26.7 28.1 29.5 1 38.9 12.8 28
SA26CA SA26CA 26 1 28.9 30.4 31.9 1 42.1 11.9 30
SA28CA SA28CA 28 1 31.1 32.75 34.4 1 454 11 31
SA30CA SA30CA 30 1 33.3 35.05 36.8 1 48.4 10.3 36
SA33CA SA33CA 33 1 36.7 38.65 40.6 1 53.3 9.4 39
SA36CA SA36CA 36 1 40 42.1 44.2 1 58.1 8.6 41
SA40CA SA40CA 40 1 44.4 46.55 49.1 1 64.5 7.8 46
SA43CA SA43CA 43 1 47.8 50.3 52.8 1 69.4 7.2 50
SA45CA SA45CA 45 1 50 52.65 55.3 1 72.7 6.9 52
SA48CA SA48CA 48 1 53.3 56.1 58.9 1 77.4 6.5 56
SA51CA SA51CA 51 1 56.7 59.7 62.7 1 82.4 6.1 61
SA58CA SA58CA 58 1 64.4 67.8 71.2 1 93.6 5.3 70
SAB0CA SAB0CA 60 1 66.7 70.2 73.7 1 96.8 5.2 71

NOTES:

2. MiniMOSORB™ transient suppressors are normally selected according to the maximum working peak reverse voltage (Vrwm), which should
be equal to or greater than the dc or continuous peak operating voltage level.

3. Vggr measured at pulse test current It at an ambient temperature of 25°C.

4. Surge current waveform per Figure 3 and derate per Figures 1 and 2.

http://onsemi.com
69



SA5.0CA Series

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

Breakdown Voltage Vc @ Ipp (Note 7.)
VrRwm
Device (Note 5) Ir @ VRwM VR (Note 6.) (Volts) @ It Ve lpp OVgRr
Device Marking (Volts) (HA) Min Nom Max (mA) (Volts) (A) (mV/°C)

SAB4CA SAB4ACA 64 1 71.1 74.85 78.6 1 103 4.9 76
SA70CA SA70CA 70 1 77.8 81.9 86 1 113 4.4 85
SA78CA SA78CA 78 1 86.7 91.25 95.8 1 126 4.0 95
SA85CA SA85CA 85 1 94.4 99.2 104 1 137 3.6 103
SA90CA SA90CA 90 1 100 105.5 111 1 146 3.4 110
SA100CA SA100CA 100 1 111 117 123 1 162 3.1 123
SA110CA SA110CA 110 1 122 1285 135 1 177 2.8 133
SA120CA SA120CA 120 1 133 140 147 1 193 2.5 146
SA130CA SA130CA 130 1 144 151.5 159 1 209 2.4 158
SA150CA SA150CA 150 1 167 176 185 1 243 2.1 184
SA160CA SA160CA 160 1 178 187.5 197 1 259 1.9 196
SA170CA SA170CA 170 1 189 199 209 1 275 1.8 208

NOTES:

5. MiniMOSORB™ transient suppressors are normally selected according to the maximum working peak reverse voltage (Vrwwm), which should
be equal to or greater than the dc or continuous peak operating voltage level.

6. Vgr measured at pulse test current It at an ambient temperature of 25°C.

7. Surge current waveform per Figure 3 and derate per Figures 1 and 2.
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SA5.0CA Series

UL RECOGNITION*

The entire series including the bidirectional CA suffix has Breakdowrtest, Endurance ConditioningeMperaturgest,
Underwriters Laboratory Recognitidier the classification  Dielectric Voltage-Withstand test, Discharge test and
of protectors (QVGV2) under the UL standard for safety several more.
497Band File #E 116110. Many competitors only have one Whereas, some competitors have only passed a
or two devices recognized or have recognition in a flammability test for the package material, we have been
non-protective category. Some competitors have norecognized for much more to be included in their protector
recognition at all. With the UL497B recognition, our parts category.
successfully passed several tests including Strike Voltageapplies to SA5.0A, CA — SA170A, CA.
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1.5KEG6.8CA Series

1500 Watt Mosorb(1 Zener
Transient Voltage Suppressors

Bidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’'s exclusive, cost-effective, highly reliable O_H_O
Surmetic axial leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls;
medical equipment, business machines, power supplies and many
other industrial/ consumer applications, to protect CMOS, MOS and
Bipolar integrated circuits.

ON Semiconductor™

http://onsemi.com

Specification Features:

* Working Peak Reverse \oltage Range — 5.8 V to 214 V

* Peak Power — 1500 Watts @ 1 ms

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

* Maximum Clamp Voltage @ Peak Pulse Current AXIAL LEAD
* Low Leakage < %A above 10V CASE 41A

PLASTIC
¢ UL 497B for Isolated Loop Circuit Protection
* Response Time is typically < 1 ns
Mechanical Characteristics: L
. . . 1N6
CASE: \Void-free, transfer-molded, thermosetting plastic ] XXXCA ]
FINISH: All external surfaces are corrosion resistant and leads are ixi'éi
readily solderable Yyww
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: B .
L = Assembly Location
230°C, 1/16 from the case for 10 §econds _ IN6xxxCA = JEDEC Device Code
POLARITY: Cathode band does not imply polarity 1.5KExxxCA = ON Device Code
MOUNTING POSITION: Any YY = Year

WW = Work Week
MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts ORDERING INFORMATION
T_<25°C

en Device Packaging Shipping
Steady State Power Dissipation Pp 5.0 Watts ] ]

@ T < 75°C, Lead Length = 3/8" 1.5KExxCA Axial Lead 500 Units/Box

Derated above T, = 75°C 20 W/°C .

crafed above 'L m 15KEXxCARL4 | Axial Lead | 1500/Tape & Reel

Thermal Resistance, Junction—to—Lead RgiL 20 °C/IW
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C per
Figure 2.

*Please see 1N6267A to 1IN6306A (1.5KE6.8A — 1.5KE250A)
for Unidirectional Devices

0 Semiconductor Components Industries, LLC, 2001 72 Publication Order Number:
March, 2001 — Rev. 0 1.5KE6.8CA/D



1.5KE6.8CA Series

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

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp
VRwM Working Peak Reverse Voltage
IR Maximum Reverse Leakage Current @ Vrwwm
VBR Breakdown Voltage @ It
IT Test Current
BOVgR Maximum Temperature Coefficient of Vgr

lpp

T
Vc Ver VrRwM R

lpp

VrRwMm VBR Ve

Bi—Directional TVS
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1.5KE6.8CA Series

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

Breakdown Voltage Ve @ Ipp (Note 4.)
VrRwM

(Note 2) IR @ VRWM VBR (Note 3) (VOltS) @ IT VC |pp @VBR
Device (Volts) (HA) Min Nom Max (mA) (Volts) (A) (%/°C)
1.5KE6.8CA 5.8 1000 6.45 6.8 7.14 10 105 143 0.057
1.5KE7.5CA 6.4 500 7.13 7.5 7.88 10 11.3 132 0.061
1.5KE8.2CA 7.02 200 7.79 8.2 8.61 10 121 124 0.065
1.5KE9.1CA 7.78 50 8.65 9.1 9.55 1 13.4 112 0.068
1.5KE10CA 8.55 10 9.5 10 10.5 1 145 103 0.073
1.5KE11CA 9.4 5 105 11 11.6 1 15.6 96 0.075
1.5KE12CA 10.2 5 11.4 12 12.6 1 16.7 90 0.078
1.5KE13CA 11.1 5 12.4 13 13.7 1 18.2 82 0.081
1.5KE15CA 12.8 5 143 15 15.8 1 21.2 71 0.084
1.5KE16CA 13.6 5 15.2 16 16.8 1 225 67 0.086
1.5KE18CA 15.3 5 17.1 18 18.9 1 25.2 59.5 0.088
1.5KE20CA 17.1 5 19 20 21 1 27.7 54 0.09
1.5KE22CA 18.8 5 20.9 22 23.1 1 30.6 49 0.092
1.5KE24CA 20.5 5 22.8 24 25.2 1 33.2 45 0.094
1.5KE27CA 23.1 5 25.7 27 28.4 1 375 40 0.096
1.5KE30CA 25.6 5 28.5 30 315 1 41.4 36 0.097
1.5KE33CA 28.2 5 31.4 33 34.7 1 45.7 33 0.098
1.5KE36CA 30.8 5 34.2 36 37.8 1 49.9 30 0.099

1.5KE39CA 33.3 5 37.1 39 41 1 53.9 28 0.1
1.5KE43CA 36.8 5 40.9 43 45.2 1 59.3 25.3 0.101
1.5KE47CA 40.2 5 44.7 47 49.4 1 64.8 23.2 0.101
1.5KE51CA 43.6 5 48.5 51 53.6 1 70.1 21.4 0.102
1.5KE56CA 47.8 5 53.2 56 58.8 1 77 19.5 0.103
1.5KE62CA 53 5 58.9 62 65.1 1 85 17.7 0.104
1.5KE68CA 58.1 5 64.6 68 71.4 1 92 16.3 0.104
1.5KE75CA 64.1 5 71.3 75 78.8 1 103 14.6 0.105
1.5KE82CA 70.1 5 77.9 82 86.1 1 113 13.3 0.105
1.5KE91CA 77.8 5 86.5 91 95.5 1 125 12 0.106
1.5KE100CA 85.5 5 95 100 105 1 137 11 0.106
1.5KE110CA 94 5 105 110 116 1 152 9.9 0.107
1.5KE120CA 102 5 114 120 126 1 165 9.1 0.107
1.5KE130CA 111 5 124 130 137 1 179 8.4 0.107
1.5KE150CA 128 5 143 150 158 1 207 7.2 0.108
1.5KE160CA 136 5 152 160 168 1 219 6.8 0.108
1.5KE170CA 145 5 162 170 179 1 234 6.4 0.108
1.5KE180CA 154 5 171 180 189 1 246 6.1 0.108
1.5KE200CA 171 5 190 200 210 1 274 5.5 0.108
1.5KE220CA 185 5 209 220 231 1 328 4.6 0.109
1.5KE250CA 214 5 237 250 263 1 344 5 0.109

2. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwam), Which should be equal to or
greater than the dc or continuous peak operating voltage level.

3. Vgr Measured at pulse test current It at an ambient temperature of 25°C.

4. Surge current waveform per Figure 4 and derate per Figures 1 and 2.
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1.5KE6.8CA Series
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1.5KE6.8CA Series
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APPLICATION NOTES

RESPONSE TIME circuit layout, minimum lead lengths and placing the

In most applications, the transient suppressor device issuppressor device as close as possible to the equipment or
placed in parallel with the equipment or component to be components to be protected will minimize this overshoot.
protected. In this situation, there is a time delay associated Some input impedance represented pyiZessential to
with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance
condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit
the inductance of the connection method. The capacitanceéperation.
effect is of minor importance in the parallel protection DUTY CYCLE DERATING
scheme because it only produces a time delay in the The data of Figure 1 applies for non-repetitive conditions
transitionfrom the operating voltage to the clamp voltage as and at a lead temperature of @5If the duty cycle increases,
shown in Figure 7. the peak power must be reduced as indicated by the curves

The inductive effects in the device are due to actual of Figure 6. Average power must be derated as the lead or
turn-on time (time required for the device to go from zero ambient temperature rises abové@5The average power
current to full current) and lead inductance. This inductive derating curve normally given on data sheets may be
effect produces an overshoot in the voltage across thenormalized and used for this purpose.
equipment or component being protected as shown in At first glance the derating curves of Figure 6 appear to be
Figure 8. Minimizing this overshootigry importantin the  in error as the 10 ms pulse has a higher derating factor than
application, since the main purpose for adding a transientthe 10us pulse. However, when the derating factor for a
suppressor is to clamp voltage spikes. These devices havgivenpulse of Figure 6 is multiplied by the peak power value
excellent response time, typically in the picosecond rangeof Figure 1 for the same pulse, the results follow the
and negligible inductance. However, external inductive expected trend.
effects could produce unacceptable overshoot. Proper
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1.5KE6.8CA Series

TYPICAL PROTECTION CIRCUIT

o z, L 4
Vin 7% LOAD A
(o, * Y
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\ P Vin (TRANSIENT) V| INDUCTIVE EFFECTS

Y v
\

A
— V2

tp = TIME DELAY DUE TO CAPACITIVE EFFECT
t t

Figure 7. Figure 8.

UL RECOGNITION*

The entire series hasUnderwriters Laboratory Conditioning, Temperature test, Dielectric Voltage-
Recognitionfor the classification of protectors (QVGV2) Withstand test, Discharge test and several more.
under the UL standard for safety 497B and File #116110. Whereas, some competitors have only passed a
Many competitors only have one or two devices recognizedflammability test for the package material, we have been
or have recognition in a non-protective category. Some recognized for much more to be included in their Protector
competitors have no recognition at all. With the UL497B category.
recognition, our parts successfully passed several tests
including Strike Voltage Breakdown test, Endurance *Appliesto 1.5KE6.8CA — 1.5KE250CA

CLIPPER BIDIRECTIONAL DEVICES

1. Clipper-bidirectional devices are available in the 3. The 1N6267A through 1N6303A series are JEDEC
1.5KEXXA series and are designated with a “CA” registered devices and the registration does not include
suffix; for example, 1.5KE18CA. Contact your nearest a “CA” suffix. To order clipper-bidirectional devices
ON Semiconductor representative. one must add CA to the 1.5KE device title.

2. Clipper-bidirectional part numbers are tested in both
directions to electrical parameters in preceeding table
(except for \E which does not apply).
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1N5908

1500 Watt Mosorb(l Zener
Transient Voltage Suppressors

Unidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeticl] axia leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications, to protect CMOS, MOS and
Bipolar integrated circuits.

Specification Features:

¢ Working Peak Reverse Voltage Range—5V

* Peak Power — 1500 Watts @ 1 ms

¢ Maximum Clamp Voltage @ Peak Pulse Current
¢ Low Leakage <5 pA Above 10V

* Response Timeis Typically <1ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230°C, 1/16" from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts

@ T <25°C
Steady State Power Dissipation Pp 5.0 Watts

@ T <75°C, Lead Length = 3/8"

Derated above T| = 75°C 50 mw/°C
Thermal Resistance, Junction—to—Lead RoaL 20 °C/IW
Forward Surge Current (Note 2.) IEsm 200 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C
per Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms,
duty cycle = 4 pulses per minute maximum.

* Bidirectional device will not be available in this device

0 Semiconductor Components Industries, LLC, 2001 78
May, 2001 — Rev. 2

o
Cathode

ON Semiconductor™
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Anode

AXIAL LEAD
CASE 41A
PLASTIC

L

IN
L] 5908 ]

YYWW

L = Assembly Location

1N5908 = JEDEC Device Code
YY = Year

WW = Work Week

ORDERING INFORMATION

Device Package Shipping

Axial Lead 500 Units/Box

1N5908RL4 Axial Lead | 1500/Tape & Reel

Publication Order Number:
1N5908/D




1N5908

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless |
otherwise noted, Vg = 3.5V Max. @ Iz (Note 3.) =100 A) IF‘L
Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ lpp }
Vrwm | Working Peak Reverse Voltage Vc VBr VRWM_ | Y
Ir Maximum Reverse Leakage Current @ Vrwm v I$ Ve
VR Breakdown Voltage @ It ‘
IT Test Current }
I Forward Current ] — Ipp
Ve Forward Voltage @ I
Uni-Directional TVS
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ I (Note 3.) =53 A)
Breakdown Voltage V¢ (Volts) (Note 7.)
VRwM
Device (Note 5.) IR @ VRwwMm Vgr (Note 6.) (Volts) @l
(Note 4.) (Volts) (HA) Min Nom Max (MA) | @lpp=120A | @lpp=60A | @lpp=30A
1N5908 5.0 300 6.0 — — 1.0 8.5 8.0 7.6
NOTES:

3. Square waveform, PW = 8.3 ms, Non-repetitive duty cycle.

4. 1N5908 is JEDEC registered as a unidirectional device only (no bidirectional option)

5. A transient suppressor is hormally selected according to the maximum working peak reverse voltage (Vgrwwm), Which should be equal to
or greater than the dc or continuous peak operating voltage level.

6. Vgr Mmeasured at pulse test current Iy at an ambient temperature of 25°C and minimum voltages in Vgg are to be controlled.

7. Surge current waveform per Figure 4 and derate per Figure 2 of the General Data — 1500 W at the beginning of this group
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1N5908

APPLICATION NOTES

RESPONSE TIME

In most applications, the transient suppressor device is
placed in parallel with the equipment or component to be
protected. In this situation, there is atime delay associated
with the capacitance of the device and an overshoot
condition associated with the inductance of the device and
the inductance of the connection method. The capacitance
effect is of minor importance in the parallel protection
scheme because it only produces a time delay in the
transition from the operating voltage to the clamp voltage as
shown in Figure 6.

The inductive effects in the device are due to actua
turn-on time (time required for the device to go from zero
current to full current) and lead inductance. Thisinductive
effect produces an overshoot in the voltage across the
equipment or component being protected as shown in
Figure 7. Minimizing this overshoot is very important in the
application, since the main purpose for adding a transient
suppressor is to clamp voltage spikes. These devices have
excellent response time, typically in the picosecond range
and negligible inductance. However, externa inductive
effects could produce unacceptable overshoot. Proper

circuit layout, minimum lead lengths and placing the
suppressor device as close as possible to the equipment or
components to be protected will minimize this overshoot.

Some input impedance represented by Z;, is essential to
prevent overstress of the protection device. Thisimpedance
should be as high as possible, without restricting the circuit
operation.

DUTY CYCLE DERATING

The data of Figure 1 applies for non-repetitive conditions
and at alead temperature of 25°C. If the duty cycle increases,
the peak power must be reduced as indicated by the curves
of Figure 5. Average power must be derated as the lead or
ambient temperature rises above 25°C. The average power
derating curve normally given on data sheets may be
normalized and used for this purpose.

At first glance the derating curves of Figure 5 appear to be
in error as the 10 ms pulse has a higher derating factor than
the 10 ps pulse. However, when the derating factor for a
given pulse of Figure 5 ismultiplied by the peak power value
of Figure 1 for the same pulse, the results follow the
expected trend.

TYPICAL PROTECTION CIRCUIT

LOAD VL

o4 1z L 4
Vin x
(o, ®
v _— Vin (TRANSIENT)
Vi

tp = TIME DELAY DUE TO CAPACITIVE EFFECT

t

Figure 6.

Vi, (TRANSIENT)
OVERSHOOT DUE TO

v INDUCTIVE EFFECTS

¢ "
VA

T

Figure 7.
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1N5908

CLIPPER BIDIRECTIONAL DEVICES

1. Clipper-bidirectional devices are availablein the 3. The IN6267A through IN6303A series are JEDEC
1.5KEXXA series and are designated with a“ CA” registered devices and the registration does not include
suffix; for example, 1.5KE18CA. Contact your nearest a“CA” suffix. To order clipper-bidirectional devices
ON Semiconductor representative. one must add CA to the 1.5KE devicetitle.

2. Clipper-bidirectional part numbers are tested in both
directionsto electrical parametersin preceeding table
(except for VE which does not apply).
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1N6373 - 1N6381 Series

(ICTE-5 - ICTE-36,

MPTE-5 - MPTE-45)

1500 Watt Peak Power

Mosorb(l] Zener Transient
Voltage Suppressors

Unidirectional*

Mosorb devices are designed to protect voltage sensitive

[o,
Cathode

components from high voltage, high—energy transients. They have

excellent clamping capability, high surge capability, low zener

impedance and fast response time. These devices are

ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeti¢] axial leaded package and are ideally-suited for use in

communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many

other industrial/consumer applications, to protect CMOS, MOS and

Bipolar integrated circuits.

Specification Features:

* Working Peak Reverse \Voltage Range —5V to 45V

* Peak Power — 1500 Watts @ 1 ms
* ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < %A Above 10 V

* Response Time is Typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:

230°C, 1/16 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Ppk 1500 Watts

@ T <25°C
Steady State Power Dissipation Pp 5.0 Watts

@ T < 75°C, Lead Length = 3/8"

Derated above T| = 75°C 20 mwW/°C
Thermal Resistance, Junction-to—Lead RoaL 20 °C/IW
Forward Surge Current (Note 2.) IEsm 200 Amps

@ Tp=25°C
Operating and Storage T3, Tstg —-65to °C

Temperature Range +175

*Please see 1N6382 — 1N6389 (ICTE-10C — ICTE-36C, MPTE-8C — MPTE-45C)

for Bidirectional Devices

[0 Semiconductor Components Industries, LLC, 2001

May, 2001 — Rev. 0
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AXIAL LEAD
CASE 41A
PLASTIC

L
MPTE

63xx
YYWW

L
ICTE :l

YYWW

L = Assembly Location
MPTE—xx = ON Device Code
ICTE—xx = ON Device Code
1N63xx = JEDEC Device Code
YY = Year

WW = Work Week

ORDERING INFORMATION

Device Package Shipping
MPTE—xx Axial Lead 500 Units/Box
MPTE—xxRL4 Axial Lead | 1500/Tape & Reel
ICTE—xx Axial Lead 500 Units/Box
ICTE—xxRL4 Axial Lead | 1500/Tape & Reel
1N63xx Axial Lead 500 Units/Box
1N63xxRL4 Axial Lead | 1500/Tape & Reel
NOTES:

1. Nonrepetitive current pulse per Figure 5 and der-
ated above Tp = 25°C per Figure 2.

2. 1/2 sine wave (or equivalent square wave), PW =
8.3 ms, duty cycle = 4 pulses per minute maxi-

mum.

Publication Order Number:
1N6373/D




1N6373 — 1N6381 Series (ICTE-5 — ICTE-36, MPTE-5 — MPTE-45)

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 3.5V Max. @ Ir (Note 3.) = 100 A)

I
Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ lpp }
Vrwm | Working Peak Reverse Voltage Vc VBr VRwM \ Y
IR Maximum Reverse Leakage Current @ Vrwm I$ F
VBR Breakdown Voltage @ I
IT Test Current
®OVpR Maximum Temperature VariatonofVgg | | §+———— Ipp
I Forward Current
Vg Forward Voltage @ I
Uni-Directional TVS
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 3.5V Max. @ I (Note 3.) = 100 A)
Breakdown Voltage Ve @ lpp (Note 6.) | V¢ (Volts) (Note 6.)
JEDEC Vewm | IR @ )
. Note 4.) | V V Note 5.) (Volts I V I
Device Device ( ) | VRwm Br ( (Volts) | @ It c PP @lop= | @lpp= OVgr
(ON Device) Marking (Volts) (HA) Min Nom | Max | (mA) | (Volts) (A) 1A 10A (mV/°C)
1N6373 1N6373
(MPTE-5) MPTE-5 5.0 300 6.0 - — 1.0 9.4 160 7.1 7.5 4.0
1N6374 1N6374
(MPTE-8) MPTE-8 8.0 25 9.4 - — 1.0 15 100 11.3 11.5 8.0
1IN6375 1N6375
(MPTE-10) MPTE-10 10 2.0 11.7 - — 1.0 16.7 90 13.7 14.1 12
1N6376 1N6376
(MPTE-12) MPTE-12 12 2.0 14.1 - — 1.0 21.2 70 16.1 16.5 14
1IN6377 1IN6377
(MPTE-15) MPTE-15 15 2.0 17.6 - — 1.0 25 60 20.1 20.6 18
1N6378 1N6378
(MPTE-18) MPTE-18 18 2.0 21.2 - — 1.0 30 50 24.2 25.2 21
1IN6379 1IN6379
(MPTE-22) MPTE-22 22 2.0 25.9 - - 1.0 375 40 29.8 32 26
1N6380 1N6380
(MPTE-36) MPTE-36 36 2.0 42.4 - - 1.0 65.2 23 50.6 54.3 50
1IN6381 1IN6381
(MPTE-45) MPTE-45 45 2.0 52.9 - - 1.0 78.9 19 63.3 70 60
ICTE-5 ICTE-5 5.0 300 6.0 - - 1.0 9.4 160 7.1 7.5 4.0
ICTE-10 ICTE-10 10 2.0 11.7 - - 1.0 16.7 90 13.7 14.1 8.0
ICTE-12 ICTE-12 12 2.0 14.1 - — 1.0 21.2 70 16.1 16.5 12
ICTE-15 ICTE-15 15 2.0 17.6 - - 1.0 25 60 20.1 20.6 14
ICTE-18 ICTE-18 18 2.0 21.2 - - 1.0 30 50 24.2 25.2 18
ICTE-22 ICTE-22 22 2.0 25.9 - — 1.0 375 40 29.8 32 21
ICTE-36 ICTE-36 36 2.0 42.4 - — 1.0 65.2 23 50.6 54.3 26
NOTES:

3. Square waveform, PW = 8.3 ms, Non-repetitive duty cycle.
4. A transient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to

or greater than the dc or continuous peak operating voltage level.
5. Vggr Measured at pulse test current Iy at an ambient temperature of 25°C and minimum voltage in Vgg is to be controlled.
6. Surge current waveform per Figure 5 and derate per Figures 1 and 2.
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1N6373 — 1N6381 Series (ICTE-5 — ICTE-36, MPTE-5 — MPTE-45)

APPLICATION NOTES

RESPONSE TIME circuit layout, minimum lead lengths and placing the
In most applications, the transient suppressor device issuppressor device as close as possible to the equipment or
placed in parallel with the equipment or component to be components to be protected will minimize this overshoot.
protected. In this situation, there is a time delay associated Some input impedance represented pyiZessential to
with the capacitance of the device and an overshootPrevent overstress of the protection device. This impedance
condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit
the inductance of the connection method. The capacitanceoperation.
effect is of minor importance in the parallel protection DUTY CYCLE DERATING
scheme because it only produces a time delay in the The data of Figure 1 applies for non-repetitive conditions
transitionfrom the operating voltage to the clamp voltage as and at a lead temperature of @51f the duty cycle increases,
shown in Figure 8. the peak power must be reduced as indicated by the curves
The inductive effects in the device are due to actual of Figure 7. Average power must be derated as the lead or
turn-on time (time required for the device to go from zero ambient temperature rises abov€@5The average power
current to full current) and lead inductance. This inductive derating curve normally given on data sheets may be
effect produces an overshoot in the voltage across thenormalized and used for this purpose.
equipment or component being protected as shown in At first glance the derating curves of Figure 7 appear to be
Figure 9. Minimizing this overshootv&ry importantinthe  in error as the 10 ms pulse has a higher derating factor than
application, since the main purpose for adding a transientthe 10us pulse. However, when the derating factor for a
suppressor is to clamp voltage spikes. These devices havgivenpulse of Figure 7 is multiplied by the peak power value
excellent response time, typically in the picosecond rangeof Figure 1 for the same pulse, the results follow the
and negligible inductance. However, external inductive expected trend.
effects could produce unacceptable overshoot. Proper

TYPICAL PROTECTION CIRCUIT

O Zin 4
Vin 7% LOAD v
(o, * Y
OVERSHOOT DUE TO Vin (TRANSIENT)
v Vi (TRANSIENT) v| INDUCTIVE EFFECTS

| "
Vi

[N

tp = TIME DELAY DUE TO CAPACITIVE EFFECT

t t

Figure 8. Figure 9.
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1N6382 - 1N6389 Series
(ICTE-10C - ICTE-36C,
MPTE-8C - MPTE-45C)

1500 Watt Peak Power
Mosorb(l] Zener Transient
Voltage Suppressors

Bidirectional*

Mosorb devices are designed to protect voltage sensitive
components from high voltage, high—energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. These devices are
ON Semiconductor’s exclusive, cost-effective, highly reliable
Surmeti¢] axial leaded package and are ideally-suited for use in
communication systems, numerical controls, process controls,
medical equipment, business machines, power supplies and many
other industrial/consumer applications, to protect CMOS, MOS and
Bipolar integrated circuits.

Specification Features:

* Working Peak Reverse \Voltage Range —8 V to 45V

* Peak Power — 1500 Watts @ 1 ms

* ESD Rating of Class 3 (>16 KV) per Human Body Model
* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < %A Above 10 V

* Response Time is Typically <1 ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230(°C, 1/186 from the case for 10 seconds

POLARITY: Cathode band does not imply polarity

MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com

AXIAL LEAD
CASE 41A
PLASTIC

MPTE
—xxC

63xx
YYWW

L

ICTE
—XxxC
YYWW

L]

]

L = Assembly Location

MPTE—xxC = ON Device Code
ICTE—xxC = ON Device Code
1N63xx = JEDEC Device Code

YY = Year
WW = Work Week

- - ORDERING INFORMATION
Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) Pok 1500 Watts Device Package Shipping
@T =25C MPTE-xxC Axial Lead | 500 Units/Box
Steady State Power Dissipation Pp 5.0 Watts MPTE—xxCRL4 | Axi
— al Lead | 1500/Tape & Reel
@ T, < 75°C, Lead Length = 3/8" X X P
Derated above Ty =75°C 20 mwW/°C ICTE-xxC Axial Lead | 500 Units/Box
Thermal Resistance, Junction-to—Lead RoaL 20 °C/IW ICTE—xxCRL4 Axial Lead | 1500/Tape & Reel
Operating and Storage T3, Tstg —-65to °C
Temperature Range +175 1INB3xx Axial Lead 500 Units/Box
1. Nonrepetitive current pulse per Figure 4 and derated above Tp = 25°C 1N63xxRL4 Axial Lead | 1500/Tape & Reel

per Figure 2.

*Please see 1N6373 — 1N6381 (ICTE-5 — ICTE-36, MPTE-5 — MPTE-45)
for Unidirectional Devices

0 Semiconductor Components Industries, LLC, 2001 88
May, 2001 — Rev. 0

Publication Order Number:
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1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)

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

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

Vrwm | Working Peak Reverse Voltage |$ Vrwm VBR Ve

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It

It Test Current lpp
®VRRr Maximum Temperature Variation of Vpg Bi-Directional TVS

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

Breakdown Voltage Ve @ Ipp (Note 4.) | V¢ (Volts) (Note 4.)
JEDEC VrRwM lr@
. Note 2.) |V, V| Note 3.) (Volts [ V |
Device Device L ) | VrRwm | VBr ( ) (Volts) | @ Iy c PP @ Ipp @ Ipp OVpr
(ON Device) Marking (Volts) (uA) Min Nom | Max | (mA) (Volts) (A) =1A =10A [(mV/°C)
1N6382 1N6382
(MPTE-8C) MPTE-8C 8.0 25 9.4 - - 1.0 15 100 11.3 11.5 8.0
1N6383 1N6383
(MPTE-10C) | MPTE-10C 10 2.0 11.7 - - 1.0 16.7 90 13.7 14.1 12
1N6384 1N6384
(MPTE-12C) | MPTE-12C 12 2.0 14.1 - - 1.0 21.2 70 16.1 16.5 14
1N6385 1N6385
(MPTE-15C) | MPTE-15C 15 2.0 17.6 - - 1.0 25 60 20.1 20.6 18
1N6386 1N6386
(MPTE-18C) | MPTE-18C 18 2.0 21.2 - - 1.0 30 50 24.2 25.2 21
1N6387 1N6387
(MPTE-22C) | MPTE-22C 22 2.0 25.9 - - 1.0 37.5 40 29.8 32 26
1N6388 1N6388
(MPTE-36C) | MPTE-36C 36 2.0 42.4 - - 1.0 65.2 23 50.6 54.3 50
1N6389 1N6389
(MPTE-45C) | MPTE-45C 45 2.0 52.9 - - 1.0 78.9 19 63.3 70 60
ICTE-10C ICTE-10C 10 2.0 11.7 — - 1.0 16.7 90 13.7 14.1 8.0
ICTE-12C ICTE-12C 12 2.0 14.1 — - 1.0 21.2 70 16.1 16.5 12
ICTE-15C ICTE-15C 15 2.0 17.6 — - 1.0 25 60 20.1 20.6 14
ICTE-18C ICTE-18C 18 2.0 21.2 — - 1.0 30 50 24.2 25.2 18
ICTE-22C ICTE-22C 22 2.0 25.9 — - 1.0 37.5 40 29.8 32 21
ICTE-36C ICTE-36C 36 2.0 42.4 — - 1.0 65.2 23 50.6 54.3 26
NOTES:

2. Atransient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwm), which should be equal to
or greater than the dc or continuous peak operating voltage level.

3. Vggr measured at pulse test current It at an ambient temperature of 25°C and minimum voltage in VgR is to be controlled.

4. Surge current waveform per Figure 4 and derate per Figures 1 and 2.
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100

Ppk, PEAK POWER (kW)

Pp, STEADY STATE POWER DISSIPATION (WATTS)

10

1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)

Figure 3. Steady State Power Derating

Figure 4. Pulse Waveform

http://onsemi.com

90

\ T T T T T TTTI0]
N NONREPETITIVE 1l &
PULSE WAVEFORM 1| s 9
SHOWN IN FIGURE 5 {1 <<
Z®
N o
™ Z 5100
< C
N 55 80 \\
oo \
&S N
N S o 60 \
N o
N x = AN
N é g 40 N
x AN
Ll 20 N
N o
N, 0
01ps 1ps 10 ps 100 ps 1ms 10 ms 0 25 50 75 100 125 150 175 200
t, PULSE WIDTH Ta, AMBIENT TEMPERATURE (°C)
Figure 1. Pulse Rating Curve Figure 2. Pulse Derating Curve
I I I | | T T T T T
— T T PULSE WIDTH (tp) IS DEFINED AS |
., —> f&— t,<10yus THAT POINT WHERE THE PEAK -
%{ 3/8 | | CURRENT DECAYS TO 50% OF lpp. |
1 PEAK VALUE - Ipp
PN N
w o [\
N .
|
N = ¢ HALF VALUE - —2-
\\ = 50
N N
N tp \\\
\‘
0
0 25 50 75 100 125 150 175 200 0 1 2 3 4
T., LEAD TEMPERATURE (°C) {, TIME (ms)



IT, TEST CURRENT (AMPS)

1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)
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1N6382 — 1N6389 Series (ICTE-10C - ICTE-36C, MPTE-8C — MPTE—45C)

APPLICATION NOTES

RESPONSE TIME circuit layout, minimum lead lengths and placing the
In most applications, the transient suppressor device issuppressor device as close as possible to the equipment or
placed in parallel with the equipment or component to be components to be protected will minimize this overshoot.
protected. In this situation, there is a time delay associated Some input impedance represented pyiZessential to
with the capacitance of the device and an overshootPrevent overstress of the protection device. This impedance
condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit
the inductance of the connection method. The capacitanceoperation.
effect is of minor importance in the parallel protection DUTY CYCLE DERATING
scheme because it only produces a time delay in the The data of Figure 1 applies for non-repetitive conditions
transitionfrom the operating voltage to the clamp voltage as and at a lead temperature of @51f the duty cycle increases,
shown in Figure 7. the peak power must be reduced as indicated by the curves
The inductive effects in the device are due to actual of Figure 6. Average power must be derated as the lead or
turn-on time (time required for the device to go from zero ambient temperature rises abov€@5The average power
current to full current) and lead inductance. This inductive derating curve normally given on data sheets may be
effect produces an overshoot in the voltage across thenormalized and used for this purpose.
equipment or component being protected as shown in At first glance the derating curves of Figure 6 appear to be
Figure 8. Minimizing this overshootv&ry importantin the  in error as the 10 ms pulse has a higher derating factor than
application, since the main purpose for adding a transientthe 10us pulse. However, when the derating factor for a
suppressor is to clamp voltage spikes. These devices havgivenpulse of Figure 6 is multiplied by the peak power value
excellent response time, typically in the picosecond rangeof Figure 1 for the same pulse, the results follow the
and negligible inductance. However, external inductive expected trend.
effects could produce unacceptable overshoot. Proper

TYPICAL PROTECTION CIRCUIT

O— Zi \ 4
Vin 7% LOAD v
(o, * Y

Vin (TRANSIENT)
OVERSHOOT DUE TO

v _—Vin (TRANSIENT) V| INDUCTIVE EFFECTS

¢ .

I

tp = TIME DELAY DUE TO CAPACITIVE EFFECT

t t

Figure 7. Figure 8.
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CHAPTER 4
Transient Voltage Suppressors —
Surface Mounted Data Sheets
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1PMT5.0AT3 Series

Zener Transient
Voltage Suppressor
POWERMITE" Package

The 1PMT5.0AT3 Series is designed to protect voltage sensitive ON Semiconductor™

components from high voltage, high energy transients. Excellent
clamping capability, high surge capability, low zener impedance and
fast response time. The advanced packaging technique provides for a

http://onsemi.com

highly efficient micro miniature, space saving surface mount withits ~PLASTIC SURFACE MOUNT
unique heat sink design. The POWERMITE has the same thermal ZENER OVERVOLTAGE
performance as the SMA while being 50% smaller in footprint area, TRANSIENT SUPPRESSOR

5—-58 VOLTS
phones, portable devices, business machines, power supplies and 175 WATT PEAK POWER

and delivering one of the lowest height profiles (1.1 mm) in the
industry. Because of its small size, it is ideal for use in cellular

many other industrial/consumer applications.

Specification Features:

* Stand-off Voltage: 5 — 58 \Volts 10 k O 2
* Peak Power — 175 Watts @ 1 ms 1: CATHODE

* Maximum Clamp Voltage @ Peak Pulse Current 2: ANODE

* Low Leakage

* Response Time is Typically <1 ns

* ESD Rating of Class 3 (> 16 kV) per Human Body Model 1 0

* Low Profile — Maximum Height of 1.1 mm N&

¢ |ntegral Heat Sink/Locking Tabs 9

¢ Full Metallic Bottom Eliminates Flux Entrapment

» Small Footprint — Footprint Area of 8.45 Mm PgXVSESQAgE

* Supplied in 12 mm Tape and Reel — 12,000 Units per Reel PLASTIC

* POWERMITE is JEDEC Registered as DO-216AA

¢ Cathode Indicated by Polarity Band MARKING DIAGRAM
Mechanical Characteristics: D

CASE: Void-free, transfer-molded, thermosetting plastic 1 I: moc [T
FINISH: All external surfaces are corrosion resistant and leads are CATHODE ANODE

readily solderable

Mxx = Specific Device Code
MOUNTING POSITION: Any XX =5_58
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: (See Table Next Page)
260°C for 10 Seconds D = Date Code
ORDERING INFORMATION
Device Package Shipping
1PMTxxAT3 | POWERMITE | 12,000/Tape & Reel
LEAD ORIENTATION IN TAPE:
Cathode (Short) Lead to Sprocket Holes
0 Semiconductor Components Industries, LLC, 2001 94 Publication Order Number:

May, 2001 — Rev. 4
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1PMT5.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Maximum Ppy Dissipation @ Tp = 25°C, (PW-10/1000 us) (Note 1.) Ppk 175 w
Maximum Ppy Dissipation @ Tp = 25°C, (PW-8/20 us) (Note 1.) Ppk 1000 W
DC Power Dissipation @ T = 25°C (Note 2.) Pp 500 mw
Derate above 25°C 4.0 mw/°C
Thermal Resistance from Junction to Ambient Rgia 248 °C/W
Thermal Resistance from Junction to Lead (Anode) Rojanode 35 °C/W
Maximum DC Power Dissipation (Note 3.) Pp 3.2 W
Thermal Resistance from Junction to Tab (Cathode) Rgjcathode 23 °C/W
Operating and Storage Temperature Range T3, Tstg —55 to +150 °C

1. Non-repetitive current pulse at Ty = 25°C.
2. Mounted with recommended minimum pad size, DC board FR—4.

3. At Tab (Cathode) temperature, Tiq, = 75°C I
ELECTRICAL CHARACTERISTICS (T = 25°C unless | +
otherwise noted, Vg = 3.5V Max. @ I (Note 4.) = 35 A) F
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ lpp Ve Ver VRwm } v
VrRwm | Working Peak Reverse Voltage | T T I$ VE
IR Maximum Reverse Leakage Current @ Vrwwm |
VgR Breakdown Voltage @ It }
IT Test Current
______ Ipp
I Forward Current
VE Forward Voltage @ I Uni-Directional TVS
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.25 Volts @ 200 mA)
VRwM Vgr @ It (V) (Note 6.) It IR@Vrwm [ Vc @ lpp Ipp (A)
Device Marking (Note 5.) Min Nom Max (mA) (nA) ) (Note 7.)
1PMT5.0AT3 MKE 5.0 6.4 6.7 7.0 10 800 9.2 19
1PMT7.0AT3 MKM 7.0 7.78 8.2 8.6 10 500 12 14.6
1PMT12AT3 MLE 12 13.3 14.0 14.7 1.0 5.0 19.9 8.8
1PMT16AT3 MLP 16 17.8 18.75 19.7 1.0 5.0 26 7.0
1PMT18AT3 MLT 18 20.0 21.0 22.1 1.0 5.0 29.2 6.0
1PMT22AT3 MLX 22 24.4 25.6 26.9 1.0 5.0 355 4.9
1PMT24AT3 MLZ 24 26.7 28.1 29.5 1.0 5.0 38.9 4.5
1PMT26AT3 MME 26 28.9 30.4 31.9 1.0 5.0 42.1 4.2
1PMT28AT3 MMG 28 31.1 32.8 34.4 1.0 5.0 45.4 3.9
1PMT30AT3 MMK 30 33.3 35.1 36.8 1.0 5.0 48.4 3.6
1PMT33AT3 MMM 33 36.7 38.7 40.6 1.0 5.0 53.3 3.3
1PMT36AT3 MMP 36 40.0 42.1 44.2 1.0 5.0 58.1 3.0
1PMT40AT3 MMR 40 44.4 46.8 49.1 1.0 5.0 64.5 2.7
1PMT48AT3 MMX 48 53.3 56.1 58.9 1.0 5.0 77.4 2.3
1PMT51AT3 MMZ 51 56.7 59.7 62.7 1.0 5.0 82.4 2.1
1PMTS58AT3 MNG 58 64.4 67.8 71.2 1.0 5.0 93.6 1.9

4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

5. A transient suppressor is normally selected according to the Working Peak Reverse Voltage (Vrwwm) Which should be equal to or greater
than the DC or continuous peak operating voltage level.

6. Vgr measured at pulse test current Iy at ambient temperature of 25°C.

7. Surge current waveform per Figure 2 and derate per Figure 4.
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1PMT5.0AT3 Series

TYPICAL PROTECTION CIRCUIT
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Figure 3. 8 X 20 ps Pulse Waveform
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1PMT5.0AT3 Series
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1SMAS5.0AT3 Series

400 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMA series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http:/fonsemi.com

impedance and fast response time. The SMA series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmetic” package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS

industrial/consumer applications. 5.0-78 VOLTS

Specification Features: 400 WATTS PEAK POWER

* Working Peak Reverse \Woltage Range — 5.0 Vto 78 V

¢ Standard Zener Breakdown Voltage Range — 6.7 V t0 91.25 V N

* Peak Power — 400 Watts @ 1 ms ° K‘ °©
CATHODE ANODE

¢ ESD Rating of Class 3 (> 16 KV) per Human Body Model
* Response Time is Typically <1 ns

¢ Flat Handling Surface for Accurate Placement =
¢ Package Design for Top Slide or Bottom Circuit Board Mounting

* Low Profile Package

SMA
Mechanical Characteristics: CASE 403B
CASE: Void-free, transfer-molded plastic PLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable MARKING DIAGRAM
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds
POLARITY: Cathode indicated by molded polarity notch or polarity I:D XX
LLYWW
band
MOUNTING POSITION: Any
XX = Specific Device Code
(See Table on Page 100)
MAXIMUM RATINGS LL = Assembly Location
Please See the Table on the Following Page Y = Year
WW = Work Week

ORDERING INFORMATION

Device T Package Shipping

1SMAXXAT3 SMA 5000/Tape & Reel

*Please see 1SMA10CAT3 to 1SMA78CATS3 for
Bidirectional devices.

1TThe “T3" suffix refers to a 13 inch reel.

0 Semiconductor Components Industries, LLC, 2001 98 Publication Order Number:
May, 2001 — Rev. 4 1SMAS.0AT3/D



1SMAKL.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 400 w
DC Power Dissipation @ T = 75°C Pp 15 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 20 mw/°C
Thermal Resistance from Junction to Lead RgiL 50 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.5 W

Derate Above 25°C 4.0 mw/°C
Thermal Resistance from Junction to Ambient Roia 250 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 40 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

1. 10 X 1000 us, non-repetitive
2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as shown in 403B case outline dimensions spec.
4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
ELECTRICAL CHARACTERISTICS “|
(Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ L
Ir = 30 A for all types) (Note 5.) I
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current \
. \
Ve Clamping Voltage @ lpp Ve Ver VRwm ‘ v
Vrwm | Working Peak Reverse Voltage } — IR Ve
T
IR Maximum Reverse Leakage Current @ Vrwwm \
VBR Breakdown Voltage @ I }
IT Test Current
______ lpp
IE Forward Current
VF Forward Voltage @ Ir Uni-Directional TVS

5. 1/2 sine wave or equivalent, PW = 8.3 ms, non-repetitive
duty cycle.
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1SMAKL.0AT3 Series

ELECTRICAL CHARACTERISTICS

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwM
. V| \ol N 7. | V |
Device (Note 6.) IR @ VrwM BR (Volts) (Note 7.) @l c PP
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMAS.0AT3 QE 5.0 400 6.4 6.7 7.0 10 9.2 435
1SMAG6.0AT3 QG 6.0 400 6.67 7.02 7.37 10 10.3 38.8
1SMAG6.5AT3 QK 6.5 250 7.22 7.6 7.98 10 11.2 35.7
1SMA7.0AT3 QM 7.0 250 7.78 8.19 8.6 10 12.0 33.3
1SMA7.5AT3 QP 7.5 50 8.33 8.77 9.21 1 12.9 31.0
1SMAB8.0AT3 QR 8.0 25 8.89 9.36 9.83 1 13.6 29.4
1SMA8.5AT3 QT 8.5 5.0 9.44 9.92 104 1 14.4 27.8
1SMA9.0AT3 Qv 9.0 2.5 10 10.55 11.1 1 15.4 26.0
1SMA10AT3 QX 10 2.5 11.1 11.7 12.3 1 17.0 23.5
1SMA11AT3 Qz 11 2.5 12.2 12.85 135 1 18.2 22.0
1SMA12AT3 RE 12 25 13.3 14.0 14.7 1 19.9 20.1
1SMA13AT3 RG 13 2.5 14.4 15.15 15.9 1 21.5 18.6
1SMA14AT3 RK 14 2.5 15.6 16.4 17.2 1 23.2 17.2
1SMA15AT3 RM 15 2.5 16.7 17.6 18.5 1 24.4 16.4
1SMA16AT3 RP 16 2.5 17.8 18.75 19.7 1 26.0 15.4
1SMA17AT3 RR 17 2.5 18.9 19.9 20.9 1 27.6 14.5
1SMA18AT3 RT 18 25 20 21.05 22.1 1 29.2 13.7
1SMA20AT3 RV 20 2.5 22.2 23.35 24.5 1 324 12.3
1SMA22AT3 RX 22 2.5 24.4 25.65 26.9 1 35.5 11.3
1SMA24AT3 RZ 24 2.5 26.7 28.1 29.5 1 38.9 10.3
1SMA26AT3 SE 26 2.5 28.9 30.4 31.9 1 42.1 9.5
1SMA28AT3 SG 28 2.5 311 32.75 34.4 1 45.4 8.8
1SMA30AT3 SK 30 2.5 33.3 35.05 36.8 1 48.4 8.3
1SMA33AT3 SM 33 2.5 36.7 38.65 40.6 1 53.3 7.5
1SMA36AT3 SP 36 2.5 40 42.1 44.2 1 58.1 6.9
1SMA40AT3 SR 40 2.5 44.4 46.75 49.1 1 64.5 6.2
1SMA43AT3 ST 43 2.5 47.8 50.3 52.8 1 69.4 5.8
1SMA45AT3 SV 45 2.5 50 52.65 55.3 1 72.2 55
1SMA48AT3 SX 48 2.5 53.3 56.1 58.9 1 77.4 5.2
1SMAS51AT3 Sz 51 2.5 56.7 59.7 62.7 1 82.4 4.9
1SMAB54AT3 TE 54 2.5 60 63.15 66.3 1 87.1 4.6
1SMABS8AT3 TG 58 2.5 64.4 67.8 71.5 1 93.6 4.3
1SMAG0AT3 TK 60 25 66.7 70.2 73.7 1 96.8 4.1
1SMAB4AT3 ™ 64 25 71.1 74.85 78.6 1 103 3.9
1SMA70AT3 TP 70 2.5 77.8 81.9 86.0 1 113 35
1SMA75AT3 TR 75 2.5 83.3 87.7 92.1 1 121 3.3
1SMA78AT3 TS 78 25 86.7 91.25 95.8 1 126 3.2

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level

7. Vgr Mmeasured at pulse test current It at an ambient temperature of 25°C

8. Surge current waveform per Figure 2 and derate per Figure 3
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R 120 [ [ ' ! ' ' ' '
Tp = 25°C
He— <10 s — A -
NONREPETITVE i ;; b PW (Ip) IS DEFINED AS THE |
PULSE WAVEFORM 1y = ! POINT WHERE THE PEAK CURRENT
SHOWN IN FIGURE 2. & PEAK VALUE ~ DECAYS TO 50% OF . 7
™ Ta=25°C L] T g I
5 N loom
o \
; Ty AN
ANY 3 = HALF VALUE - 2
~‘~. x |
o 40 _
o 10/1000 p1s WAVEFORM
£ AS DEFINED BY REA. —
T £ 9 \\‘
N tg —> —
1=
104 0001 0.01 0.1 1 10 0 1 2 3 4 5
tp, PULSE WIDTH (ms) t, TIME (ms)
Figure 1. Pulse Rating Curve Figure 2. Pulse Waveform
T T 10,000 e
10 x 1000 WAVEFORM | fTJ y Z“fHC E
_ - f=1 MHz .
AS DEFINED BY REA. MEASURED AT vy 250, , |
= (™ zErO BIAS
\ S 1,000 WD -
N s} ~=
\ = N N
E N h
N 2 r
o
N 3 100 MEASURED AT
N S STAND-OFF N
< VOLTAGE, Viyw -
10
0 40 80 120 160 200 1 2 5 10 20 50 100 200

Ta, AMBIENT TEMPERATURE (°C)

Figure 3. Pulse Derating Curve

Pp, MAXIMUM POWER DISSIPATION (WATTS)

V(gr), BREAKDOWN VOLTAGE (VOLTS)

Figure 4. Typical Junction Capacitance

6
5
4
3 @ T_=75C
TN Pp=15W
2
@ Ta =25°C
T=pPp=05W
0 ﬁ;\
0 25 50 75 100 125 150

T, TEMPERATURE (°C)

Figure 5. Steady State Power Derating

http://onsemi.com
101



1SMA10CAT3 Series

400 Watt Peak Power Zener
Transient Voltage Suppressors

Bidirectional*

The SMA series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http://onsemi.com

impedance and fast response time. The SMA series is supplied in

ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmetic” package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS
industrial/consumer applications. 10-78 VOLTS Vgr

Specification Features: 400 WATTS PEAK POWER
* Working Peak Reverse \oltage Range — 10 V to 78 V

¢ Standard Zener Breakdown Voltage Range — 11.7 Vt0 91.3 V

* Peak Power — 400 Watts @ 1 ms ° H °

¢ ESD Rating of Class 3 (> 16 KV) per Human Body Model

* Response Time is Typically <1 ns

¢ Flat Handling Surface for Accurate Placement =

¢ Package Design for Top Slide or Bottom Circuit Board Mounting @

* Low Profile Package

SMA
Mechanical Characteristics: CASE 403B
CASE: Void-free, transfer-molded plastic PLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable MARKING DIAGRAM

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

POLARITY: Cathode polarity notch does not indicate polarity I:D xxC

MOUNTING POSITION: Any LYWW

MAXIMUM RATINGS

- - xxC = Specific Device Code
Rating Symbol | Value Unit (See Table Next Page)
Peak Power Dissipation (Note 1.) Ppk 400 w LL = Assembly Location
@ T = 25°C, Pulse Width = 1 ms Y = Year
Ww = Work Week
DC Power Dissipation @ T = 75°C Pp 15 W
Measured Zero Lead Length (Note 2.)
Derate Above 75°C 20 mwW/°C ORDERING INFORMATION
Thermal Resistance from Junction to Lead RojL 50 °CIW n
— Device Package Shippin
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.5 W 9 PPIng
Derate Above 25°C 1SMAXXCAT3 SMA 5000/Tape & Reel
Thermal Resistance from Junction 4.0 mw/°C
to Ambient Roia 250 °CIW
Operating and Storage Ty, Tsig | 6510 °C tThe “T3" suffix refers to a 13 inch reel.
Temperature Range +150
1. 10 X 1000 ps, non-repetitive
2. 1" square copper pad, FR-4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as
shown in 403B case outline dimensions spec.
*Please see 1ISMA5.0AT3 to 1SMA78AT3 for Unidirectional devices.
0 Semiconductor Components Industries, LLC, 2001 102 Publication Order Number:
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1SMA10CAT3 Series

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

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

VRwM Working Peak Reverse Voltage

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It
IT Test Current

Bi—Directional TVS

ELECTRICAL CHARACTERISTICS

Breakdown Voltage Ve @ Ipp (Note 6.)
VrRwM
Device (Note 4.) IR @ VrRwMm VgRr (Volts) (Note 5.) @ It Ve Ipp
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMA10CAT3 QXC 10 25 11.1 11.69 12.27 1.0 17.0 23.5
1SMA11CAT3 QzC 11 25 12.2 12.84 | 13.48 1.0 18.2 22.0
1SMA12CAT3 REC 12 25 13.3 14.00 14.70 1.0 19.9 20.1
1SMA13CAT3 RGC 13 25 14.4 15.16 15.92 1.0 215 18.6
1SMA14CAT3 RKC 14 25 15.6 16.42 17.24 1.0 23.2 17.2
1SMA15CAT3 RMC 15 25 16.7 17.58 18.46 1.0 24.4 16.4
1SMA16CAT3 RPC 16 25 17.8 18.74 19.67 1.0 26.0 15.4
1SMA17CAT3 RRC 17 25 18.9 19.90 20.89 1.0 27.6 14.5
1SMA18CAT3 RTC 18 25 20 21.06 | 22.11 1.0 29.2 13.7
1SMA20CAT3 RVC 20 25 222 23.37 | 24.54 1.0 324 12.3
1SMA22CAT3 RXC 22 25 24.4 25.69 | 26.97 1.0 35.5 11.3
1SMA24CAT3 RzC 24 25 26.7 28.11 | 29.51 1.0 38.9 10.3
1SMA26CAT3 SEC 26 2.5 28.9 30.42 31.94 1.0 42.1 9.5
1SMA28CAT3 SGC 28 2.5 311 32.74 34.37 1.0 45.4 8.8
1SMA30CAT3 SKC 30 25 333 35.06 | 36.81 1.0 48.4 8.3
1SMA33CAT3 SMC 33 25 36.7 38.63 | 40.56 1.0 53.3 7.5
1SMA36CAT3 SPC 36 25 40 42.11 44.21 1.0 58.1 6.9
1SMA40CAT3 SRC 40 25 44.4 46.74 49.07 1.0 64.5 6.2
1SMA43CAT3 STC 43 25 47.8 50.32 52.83 1.0 69.4 5.8
1SMA45CAT3 SvC 45 25 50 52.63 55.26 1.0 72.2 55
1SMA48CAT3 SXC 48 25 53.3 56.11 58.91 1.0 77.4 52
1SMA51CAT3 SZC 51 2.5 56.7 59.69 62.67 1.0 82.4 4.9
1SMA54CAT3 TEC 54 2.5 60 63.16 66.32 1.0 87.1 4.6
1SMA58CAT3 TGC 58 25 64.4 67.79 71.18 1.0 93.6 4.3
1SMAGOCAT3 TKC 60 25 66.7 70.21 73.72 1.0 96.8 4.1
1SMAG4CAT3 T™MC 64 25 71.1 74.84 78.58 1.0 103 3.9
1SMA70CAT3 TPC 70 25 77.8 81.90 85.99 1.0 113 3.5
1SMA75CAT3 TRC 75 25 83.3 87.69 92.07 1.0 121 3.3
1SMA78CAT3 TTC 78 25 86.7 91.27 95.83 1.0 126 3.2

4. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level

5. Vgr measured at pulse test current Iy at an ambient temperature of 25°C

6. Surge current waveform per Figure 2 and derate per Figure 3

http://onsemi.com
103



Ppk’ PEAK POWER (kW)

100

10

0.1

1SMA10CAT3 Series

RATING AND TYPICAL CHARACTERISTIC CURVES

TR 120 [ [ j ' j j j j
Tp=25°C
= = 10 ps — A -
NONREPETITIVE - = ;0’ b PW (Ip) IS DEFINED AS THE ]
PULSE WAVEFORM iy & | POINT WHERE THE PEAK CURRENT
i SHOWNINFIGURE 21} = PEAK VALUE ~ DECAYS TO 50% OF I, 7
™ Tp=25°C < 80 \N— loom
3 N\
(&)
S & 6 \ HALF VALUE - I,,,/2
N =) P = Ippl
N o ;
N ~ |
< 4 —
o 10/1000 ps WAVEFORM
£ < ASDEFINEDBYREA. —
S £ 20 S~
N tg —> S~
0
104 0.001 0.01 0.1 1 10 0 1 2 3 4 5
tp, PULSE WIDTH (ms) t, TIME (ms)
Figure 1. Pulse Rating Curve Figure 2. Pulse Waveform
120 | | I I
10 x 1000 WAVEFORM —|
& 100 AS DEFINED BY REA. —
235
=g
23" S
=
=5 N\
w - 60
(=TT \
W=
25 A\
S50 4 \
o X \
%0 N
o
™ 2 N
0
40 80 120 160 200

Ta, AMBIENT TEMPERATURE (°C)

Figure 3. Pulse Derating Curve

http://onsemi.com

104



1SMB5.0AT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http:/fonsemi.com

impedance and fast response time. The SMB series is supplied in

ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS

industrial/consumer applications. 5.0-170 VOLTS

Specification Features: 600 WATT PEAK POWER

* Working Peak Reverse \oltage Range — 5.0 Vto 170 V

¢ Standard Zener Breakdown Voltage Range — 6.7 V to 199 V N

* Peak Power — 600 Watts @ 1 ms ° N °
Cathode Anode

* ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection @
* Response Time is Typically < 1 ns

Mechanical Characteristics: SMB
CASE: Void-free, transfer-molded, thermosetting plastic CSLS AES‘;?EA
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MARKING DIAGRAM
260°C for 10 Seconds ( 3\
LEADS: Modified L-Bend providing more contact area to bond pads I: YWwW :I
POLARITY: Cathode indicated by polarity band XX
MOUNTING POSITION: Any > .
Y = Year
WWwW = Work Week
MAXIMUM RATINGS XX = Specific Device Code

Please See the Table on the Following Page (See Table Page 107)

ORDERING INFORMATION

*Please see 1SMB10CAT3 to 1SMB78CATS3 for Bidirectional devices. Device T Package Shipping

1SMBXxxXAT3 SMB 2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T3" suffix refers to a 13 inch reel.

0 Semiconductor Components Industries, LLC, 2001 105 Publication Order Number:
May, 2001 — Rev. 4 1SMB5.0AT3/D



1SMB5.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 600 w
DC Power Dissipation @ T = 75°C Pp 3.0 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 40 mw/°C
Thermal Resistance from Junction to Lead RgiL 25 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.55 w

Derate Above 25°C 4.4 mw/°C
Thermal Resistance from Junction to Ambient Roia 226 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 100 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

10 X 1000 us, non-repetitive

1" square copper pad, FR—4 board

FR-4 board, using ON Semiconductor minimum recommended footprint, as shown in 403A case outline dimensions spec.
1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

MwNPE

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 3.5V Max. @ Iz (Note 5.) =30 A) IF‘L
Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ Ipp }
Vrwm | Working Peak Reverse Voltage Vc Ver VRWM_ — | v
IR Maximum Reverse Leakage Current @ Vrwm } _____ I$ Ve
VR Breakdown Voltage @ It |
IT Test Current }
Ie Forward Current (] Ipp
Vg Forward Voltage @ I
5. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, Uni-Directional TVS

non-repetitive duty cycle.
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1SMB5.0AT3 Series

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwM
. V N 7.) Vol | V |

Device (Note 6.) Ir @ VRwM BRr (Note 7.) Volts @k c PP
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMB5.0AT3 KE 5.0 800 6.40 6.7 7.0 10 9.2 65.2
1SMB6.0AT3 KG 6.0 800 6.67 7.02 7.37 10 10.3 58.3
1SMB6.5AT3 KK 6.5 500 7.22 7.6 7.98 10 11.2 53.6
1SMB7.0AT3 KM 7.0 500 7.78 8.19 8.6 10 12.0 50.0
1SMB7.5AT3 KP 7.5 100 8.33 8.77 9.21 1.0 12.9 46.5
1SMB8.0AT3 KR 8.0 50 8.89 9.36 9.83 1.0 13.6 44.1
1SMB8.5AT3 KT 8.5 10 9.44 9.92 104 1.0 14.4 41.7
1SMB9.0AT3 KV 9.0 5.0 10.0 10.55 11.1 1.0 15.4 39.0
1SMB10AT3 KX 10 5.0 11.1 11.7 12.3 1.0 17.0 35.3
1SMB11AT3 Kz 11 5.0 12.2 12.85 13.5 1.0 18.2 33.0
1SMB12AT3 LE 12 5.0 13.3 14 14.7 1.0 19.9 30.2
1SMB13AT3 LG 13 5.0 14.4 15.15 15.9 1.0 21.5 27.9
1SMB14AT3 LK 14 5.0 15.6 16.4 17.2 1.0 23.2 25.8
1SMB15AT3 LM 15 5.0 16.7 17.6 18.5 1.0 24.4 24.0
1SMB16AT3 LP 16 5.0 17.8 18.75 19.7 1.0 26.0 23.1
1SMB17AT3 LR 17 5.0 18.9 19.9 20.9 1.0 27.6 21.7
1SMB18AT3 LT 18 5.0 20.0 21.05 22.1 1.0 29.2 20.5
1SMB20AT3 LV 20 5.0 22.2 23.35 245 1.0 32.4 18.5
1SMBZ22AT3 LX 22 5.0 24.4 25.65 26.9 1.0 35.5 16.9
1SMB24AT3 Lz 24 5.0 26.7 28.1 29.5 1.0 38.9 15.4
1SMB26AT3 ME 26 5.0 28.9 30.4 31.9 1.0 42.1 14.2
1SMB28AT3 MG 28 5.0 31.1 32.75 34.4 1.0 454 13.2
1SMB30AT3 MK 30 5.0 333 35.05 36.8 1.0 48.4 12.4
1SMB33AT3 MM 33 5.0 36.7 38.65 40.6 1.0 53.3 11.3
1SMB36AT3 MP 36 5.0 40.0 42.1 44.2 1.0 58.1 10.3
1SMB40AT3 MR 40 5.0 44.4 46.75 49.1 1.0 64.5 9.3
1SMB43AT3 MT 43 5.0 47.8 50.3 52.8 1.0 69.4 8.6
1SMBA45AT3 MV 45 5.0 50.0 52.65 55.3 1.0 72.7 8.3
1SMBA48AT3 MX 48 5.0 53.3 56.1 58.9 1.0 77.4 7.7
1SMB51AT3 Mz 51 5.0 56.7 59.7 62.7 1.0 82.4 7.3
1SMB54AT3 NE 54 5.0 60.0 63.15 66.3 1.0 87.1 6.9
1SMB58AT3 NG 58 5.0 64.4 67.8 71.2 1.0 93.6 6.4
1SMB60AT3 NK 60 5.0 66.7 70.2 73.7 1.0 96.8 6.2
1SMB64AT3 NM 64 5.0 71.1 74.85 78.6 1.0 103 5.8
1SMB70AT3 NP 70 5.0 77.8 81.9 86 1.0 113 5.3
1SMB75AT3 NR 75 5.0 83.3 87.7 92.1 1.0 121 4.9
1SMB78AT3 NT 78 5.0 86.7 91.25 95.8 1.0 126 4.7
1SMB85AT3 NV 85 5.0 94.4 99.2 104 1.0 137 4.4
1SMB90AT3 NX 90 5.0 100 105.5 111 1.0 146 4.1
1SMB100AT3 NZ 100 5.0 111 117 123 1.0 162 3.7
1SMB110AT3 PE 110 5.0 122 128.5 135 1.0 177 34
1SMB120AT3 PG 120 5.0 133 140 147 1.0 193 3.1
1SMB130AT3 PK 130 5.0 144 151.5 159 1.0 209 2.9
1SMB150AT3 PM 150 5.0 167 176 185 1.0 243 2.5
1SMB160AT3 PP 160 5.0 178 187.5 197 1.0 259 2.3
1SMB170AT3 PR 170 5.0 189 199 209 1.0 275 2.2

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

7. Vgr measured at pulse test current |t at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 W at the beginning of this group.
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1SMB5.0AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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1SMB5.0AT3 Series
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Figure 7. Typical Derating Factor for Duty Cycle

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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P6SMBG6.8AT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SMB series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable =~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER OVERVOLTAGE

systems, automotive, numerical controls, process controls, medical
equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS

http://onsemi.com

industrial/consumer applications. 5.8-171 VOLTS
Specification Features: 600 WATT PEAK POWER
* Working Peak Reverse \Voltage Range —5.8t0 171 V

¢ Standard Zener Breakdown Voltage Range — 6.8 to 200 V N

* Peak Power — 600 Watts @ 1 ms ° N °

. Cathod Anod
* ESD Rating of Class 3 (>16 KV) per Human Body Model athode node

¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection @
* Response Time is Typically < 1 ns

Mechanical Characteristics: SMB
. . . CASE 403A
CASE: Void-free, transfer-molded, thermosetting plastic BLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MARKING DIAGRAM
26C°C for 10 Seconds ( )
LEADS: Modified L-Bend providing more contact area to bond pads I: YWW :I
POLARITY: Cathode indicated by polarity band XXXA
MOUNTING POSITION: Any > .
Y = Year
ww = Work Week
MAXIMUM RATINGS xxxA = Specific Device Code

Please See the Table on the Following Page (See Table on Page

113)

ORDERING INFORMATION

*Please see P6SMB11CAT3 to P6SMB91CAT3 for Bidirectional devices. Device T Package Shipping

P6SMBXXXAT3 SMB 2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

1TThe “T3" suffix refers to a 13 inch reel.

0 Semiconductor Components Industries, LLC, 2001 111 Publication Order Number:
May, 2001 — Rev. 5 P6SMB6.8AT3/D



P6SMBG6.8AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 600 w
DC Power Dissipation @ T = 75°C Pp 3.0 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 40 mw/°C
Thermal Resistance from Junction to Lead RgiL 25 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.55 w

Derate Above 25°C 4.4 mw/°C
Thermal Resistance from Junction to Ambient Roia 226 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 100 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

10 X 1000 us, non-repetitive

1" square copper pad, FR—4 board

FR-4 board, using ON Semiconductor minimum recommended footprint, as shown in 403A case outline dimensions spec.
1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.

MwNPE

ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted, Vg = 3.5 V Max. @ A
I (Note 4) = 30 A) (Note 5.) I =
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ lpp Ve Ver VRwm }
Vrwm | Working Peak Reverse Voltage } —— }$ VE v
IR Maximum Reverse Leakage Current @ Vrwwm \
VgR Breakdown Voltage @ It |
IT Test Current [ Iop
OVpR Maximum Temperature Coefficient of Vgr
Ir Forward Current Uni-Directional TVS
Vg Forward Voltage @ I

5. 1/2 sine wave or equivalent, PW = 8.3 ms, non—repetitive
duty cycle

http://onsemi.com
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P6SMBG6.8AT3 Series

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwm

Device (Note 6.) Ir @ VRwMm VgRr Volts (Note 7.) @ It Ve Ipp ®Vgr

Device Marking Volts HA Min Nom Max mA Volts Amps %/°C
P6SMB6.8AT3 6V8A 5.8 1000 6.45 6.8 7.14 10 10.5 57 0.057
P6SMB7.5AT3 7V5A 6.4 500 7.13 7.51 7.88 10 11.3 53 0.061
P6SMB8.2AT3 8V2A 7.02 200 7.79 8.2 8.61 10 12.1 50 0.065
P6SMB9.1AT3 9V1A 7.78 50 8.65 9.1 9.55 1 13.4 45 0.068
P6SMB10AT3 10A 8.55 10 9.5 10 10.5 1 14.5 41 0.073
P6SMB11AT3 11A 9.4 5 10.5 11.05 11.6 1 15.6 38 0.075
P6SMB12AT3 12A 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6SMB13AT3 13A 11.1 5 124 | 13.05 | 13.7 1 18.2 33 0.081
P6SMB15AT3 15A 12.8 5 14.3 15.05 | 15.8 1 21.2 28 0.084
P6SMB16AT3 16A 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6SMB18AT3 18A 15.3 5 171 18 18.9 1 25.2 24 0.088
P6SMB20AT3 20A 17.1 5 19 20 21 1 27.7 22 0.09
P6SMB22AT3 22A 18.8 5 20.9 22 23.1 1 30.6 20 0.092
P6SMB24AT3 24A 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6SMB27AT3 27A 23.1 5 25.7 | 27.05 | 284 1 37.5 16 0.096
P6SMB30AT3 30A 25.6 5 28.5 30 31.5 1 41.4 14.4 0.097
P6SMB33AT3 33A 28.2 5 31.4 | 33.05| 34.7 1 45.7 13.2 0.098
P6SMB36AT3 36A 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6SMB39AT3 39A 33.3 5 37.1 | 39.05 41 1 53.9 11.2 0.1
P6SMB43AT3 43A 36.8 5 40.9 | 43.05 | 45.2 1 59.3 10.1 0.101
P6SMB47AT3 47A 40.2 5 44,7 | 47.05 | 49.4 1 64.8 9.3 0.101
P6SMB51AT3 51A 43.6 5 48.5 | 51.05 | 536 1 70.1 8.6 0.102
P6SMB56AT3 56A 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6SMB62AT3 62A 53 5 58.9 62 65.1 1 85 7.1 0.104
P6SMB68AT3 68A 58.1 5 64.6 68 71.4 1 92 6.5 0.104
P6SMB75AT3 75A 64.1 5 71.3 | 75.05 | 78.8 1 103 5.8 0.105
P6SMB82AT3 82A 70.1 5 77.9 82 86.1 1 113 5.3 0.105
P6SMB91AT3 91A 77.8 5 86.5 91 95.5 1 125 4.8 0.106
P6SMB100AT3 100A 85.5 5 95 100 105 1 137 4.4 0.106
P6SMB110AT3 110A 94 5 105 110.5 116 1 152 4.0 0.107
P6SMB120AT3 120A 102 5 114 120 126 1 165 3.6 0.107
P6SMB130AT3 130A 111 5 124 130.5 137 1 179 3.3 0.107
P6SMB150AT3 150A 128 5 143 | 1505 | 158 1 207 2.9 0.108
P6SMB160AT3 160A 136 5 152 160 168 1 219 2.7 0.108
P6SMB170AT3 170A 145 5 162 170 179 1 234 2.6 0.108
P6SMB180AT3 180A 154 5 171 180 189 1 246 2.4 0.108
P6SMB200AT3 200A 171 5 190 200 210 1 274 2.2 0.108

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

7. Vgr Measured at pulse test current I at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3.
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P6SMBG6.8AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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P6SMBG6.8AT3 Series
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Figure 5. Figure 6.
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Figure 7. Typical Derating Factor for Duty Cycle

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1SMB10CAT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Bidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http://onsemi.com

impedance and fast response time. The SMB series is supplied in

ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmetic” package and is ideally suited for use in communication ZENER OVERVOLTAGE
systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS
industrial/consumer applications. 10-78 VOLTS

Specification Features: 600 WATT PEAK POWER
* Working Peak Reverse \oltage Range — 10 V to 78 V

¢ Standard Zener Breakdown Voltage Range — 11.7 Vt0 91.3 V

* Peak Power — 600 Watts @ 1 ms ° H °

¢ ESD Rating of Class 3 (> 16 KV) per Human Body Model

* Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < A Above 10V

¢ UL 497B for Isolated Loop Circuit Protection Q

* Response Time is Typically <1 ns

SMB
Mechanical Characteristics: CASE 403A
CASE: Void-free, transfer-molded, thermosetting plastic PLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable MARKING DIAGRAM
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: r <
260°C for 10 Seconds VWW
LEADS: Modified L-Bend providing more contact area to bond pads XXC
POLARITY: Polarity band will not be indicated L )
MOUNTING POSITION: Any
Y = Year
MAXIMUM RATINGS Ww = Work Week
- - xxC = Specific Device Code
Rating Symbol Value Unit (See Table Next Page)
Peak Power Dissipation (Note 1.) Ppk 600 W
@ T =25°C, Pulse Width =1 ms
DC Power Dissipation @ T, = 75°C Pp 3.0 w ORDERING INFORMATION
Measured Zero Lead Length (Note 2.) 1 —
Derate Above 75°C 40 | mwrc Device Package Shipping
Thermal Resistance from Junction to Lead RoiL 25 CIW 1SMBxXCAT3 SMB 2500/Tape & Reel
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.55 W
Derate Above 25°C
Thermal Resistance from Junction 4.4 mw/°C Devices listed in bold, italic are ON Semiconductor
to Ambient Rgia 226 °C/W Preferred devices. Preferred devices are recommended
- choices for future use and best overall value.
Operating and Storage T3 Tstg | 6510 °C
Temperature Range +150 1TThe “T3" suffix refers to a 13 inch reel.

1. 10 X 1000 us, non-repetitive

1" square copper pad, FR—4 board

3. FR—4 board, using ON Semiconductor minimum recommended footprint, as
shown in 403A case outline dimensions spec.

*Please see 1SMB5.0AT3 to 1SMB170AT3 for Unidirectional devices.

N
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1SMB10CAT3 Series

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

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

VRwM Working Peak Reverse Voltage

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It
IT Test Current

Bi—Directional TVS

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 6.)
VRwM
Device (Note 4.) IR @ VrRwMm Vgr (Note 5.) Volts @ v Ve Ipp
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMB10CAT3 KXC 10 5.0 11.1 11.69 12.27 1.0 17.0 35.3
1SMB11CAT3 KzC 11 5.0 12.2 12.84 135 1.0 18.2 33.0
1SMB12CAT3 LEC 12 5.0 13.3 14.00 14.7 1.0 19.9 30.2
1SMB13CAT3 LGC 13 5.0 14.4 15.16 15.9 1.0 21.5 27.9
1SMB14CAT3 LKC 14 5.0 15.6 16.42 17.2 1.0 23.2 25.8
1SMB15CAT3 LMC 15 5.0 16.7 17.58 18.5 1.0 24.4 24.0
1SMB16CAT3 LPC 16 5.0 17.8 18.74 19.7 1.0 26.0 23.1
1SMB17CAT3 LRC 17 5.0 18.9 19.90 20.9 1.0 27.6 21.7
1SMB18CAT3 LTC 18 5.0 20.0 21.06 22.1 1.0 29.2 20.5
1SMB20CAT3 Lvc 20 5.0 222 23.37 245 1.0 324 185
1SMB22CAT3 LXC 22 5.0 24.4 25.69 27.0 1.0 35.5 16.9
1SMB24CAT3 LzC 24 5.0 26.7 28.11 29.5 1.0 38.9 15.4
1SMB26CAT3 MEC 26 5.0 28.9 30.42 31.9 1.0 42.1 14.2
1SMB28CAT3 MGC 28 5.0 31.1 32.74 34.4 1.0 454 13.2
1SMB30CAT3 MKC 30 5.0 333 35.06 36.8 1.0 48.4 12.4
1SMB33CAT3 MMC 33 5.0 36.7 38.63 40.6 1.0 53.3 11.3
1SMB36CAT3 MPC 36 5.0 40.0 42.11 44.2 1.0 58.1 10.3
1SMB40CAT3 MRC 40 5.0 44.4 46.74 49.1 1.0 64.5 9.3
1SMB43CAT3 MTC 43 5.0 47.8 50.32 52.8 1.0 69.4 8.6
1SMB45CAT3 MVC 45 5.0 50.0 52.63 55.3 1.0 72.2 8.3
1SMB48CAT3 MXC 48 5.0 53.3 56.11 58.9 1.0 77.4 7.7
1SMB51CAT3 MzC 51 5.0 56.7 59.69 62.7 1.0 82.4 7.3
1SMB54CAT3 NEC 54 5.0 60.0 63.16 66.32 1.0 87.1 6.9
1SMB58CAT3 NGC 58 5.0 64.4 67.79 71.18 1.0 93.6 6.4
1SMB60OCAT3 NKC 60 5.0 66.7 70.21 73.72 1.0 96.8 6.2
1SMB64CAT3 NMC 64 5.0 71.1 74.84 78.58 1.0 103 5.8
1SMB70CAT3 NPC 70 5.0 77.8 81.90 | 85.99 1.0 113 5.3
1SMB75CAT3 NRC 75 5.0 83.3 91.65 92.07 1.0 121 49
1SMB78CAT3 NTC 78 5.0 86.7 91.26 | 95.83 1.0 126 4.7

4. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

5. Vggr measured at pulse test current Iy at an ambient temperature of 25°C.

6. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 Watt at the beginning of this group.
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1SMB10CAT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 4. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 6. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 5. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 6 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 6 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.

http://onsemi.com
120



1SMB10CAT3 Series
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UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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P6SMB11CAT3 Series

600 Watt Peak Power Zener
Transient Voltage Suppressors

Bidirectional*

The SMB series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have . )
excellent clamping capability, high surge capability, low zener http://onsemi.com

impedance and fast response time. The SMB series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable ~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER OVERVOLTAGE

systems, automotive, numerical controls, process controls, medical
equipment, business machines, power supplies and many other TRANSIENT SUPPRESSORS
industrial/consumer applications. 9.4-78 VOLTS

Specification Features: 600 WATT PEAK POWER
* Working Peak Reverse \Voltage Range —9.4to 77.8 V

¢ Standard Zener Breakdown Voltage Range — 11 to 91 V

* Peak Power — 600 Watts @ 1 ms ° H o

* ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection Q

* Response Time is Typically < 1 ns

Mechanical Characteristics: SMB
. . . CASE 403A
CASE: Void-free, transfer-molded, thermosetting plastic BLASTIC
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MARKING DIAGRAM
260°C for 10 Seconds ( 3\
LEADS: Modified L-Bend providing more contact area to bond pads I: YWW :I
POLARITY: Polarity band will not be indicated xxC
MOUNTING POSITION: Any ~ .
Y = Year
MAXIMUM RATINGS WW - Work Week
Rating Symbol Value Unit xxC = Specific Device Code
— (See Table Next Page)
Peak Power Dissipation (Note 1.) Ppk 600 W
@ T = 25°C, Pulse Width =1 ms
DC Power Dissipation @ T_ = 75°C Pp 3.0 W
Measured Zero Lead Length (Note 2.) ORDERING INFORMATION
Derate Abqve 75°C _ 40 mwW/°C Device T Package Shipping
Thermal Resistance from Junction to Lead RoiL 25 °C/W
DC Power Dissipation (Note 3.) @ Ta = 25°C | Pp 0.55 w P6SMBxxCAT3 | SMB | 2500/Tape & Reel
Derate Above 25°C
Thermal Resistance from Junction 4.4 mwW/°C
to Ambient Roa 226 °C/W Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
Operating and Storage T3, Tstg | 6510 °C choices for future use and best overall value.
Temperature Range +150

— The “T3” suffix refers to a 13 inch reel.
1. 10 X 1000 us, non-repetitive TThe suffixreters foa 23 inch ree

2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as
shown in 403A case outline dimensions spec.

*Please see P6SMB6.8AT3 to P6SMB200AT3 for Unidirectional devices.
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P6SMB11CAT3 Series

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

Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ lpp

Vrwm | Working Peak Reverse Voltage |$ Vrwm VBr Ve

IR Maximum Reverse Leakage Current @ Vrwwm
VgR Breakdown Voltage @ It

It Test Current pp
©Vgr | Maximum Temperature Coefficient of Vgg Bi-Directional TVS

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Vc @ Ipp (Note 6.)
VRwM

Device (Note 4.) IR @ VRwm VgRr Volts (Note 5.) @ It Ve Ipp OVgr

Device Marking Volts HA Min Nom Max mA Volts Amps %/°C
P6SMB11CAT3 11C 9.4 5 10.5 | 11.05 | 11.6 1 15.6 38 0.075
P6SMB12CAT3 12C 10.2 5 11.4 12 12.6 1 16.7 36 0.078
P6SMB13CAT3 13C 11.1 5 12.4 | 13.05 | 13.7 1 18.2 33 0.081
P6SMB15CAT3 15C 12.8 5 143 | 15.05 | 15.8 1 21.2 28 0.084
P6SMB16CAT3 16C 13.6 5 15.2 16 16.8 1 22.5 27 0.086
P6SMB18CAT3 18C 15.3 5 17.1 18 18.9 1 25.2 24 0.088
P6SMB20CAT3 20C 17.1 5 19 20 21 1 27.7 22 0.09
P6SMB22CAT3 22C 18.8 5 20.9 22 23.1 1 30.6 20 0.09
P6SMB24CAT3 24C 20.5 5 22.8 24 25.2 1 33.2 18 0.094
P6SMB27CAT3 27C 23.1 5 257 | 27.05 | 284 1 375 16 0.096
P6SMB30CAT3 30C 25.6 5 28.5 30 315 1 41.4 14.4 0.097
P6SMB33CAT3 33C 28.2 5 31.4 | 3305 | 34.7 1 45.7 13.2 0.098
P6SMB36CAT3 36C 30.8 5 34.2 36 37.8 1 49.9 12 0.099

P6SMB39CAT3 39C 333 5 37.1 | 39.05 41 1 53.9 11.2 0.1
P6SMB43CAT3 43C 36.8 5 409 | 43.05 | 45.2 1 59.3 10.1 0.101
P6SMB47CAT3 47C 40.2 5 447 | 47.05 | 494 1 64.8 9.3 0.101
P6SMB51CAT3 51C 43.6 5 485 | 51.05 | 53.6 1 70.1 8.6 0.102
P6SMB56CAT3 56C 47.8 5 53.2 56 58.8 1 77 7.8 0.103
P6SMB62CAT3 62C 53 5 58.9 62 65.1 1 85 7.1 0.104
P6SMB68CAT3 68C 58.1 5 64.6 68 71.4 1 92 6.5 0.104
P6SMB75CAT3 75C 64.1 5 71.3 | 75.05 | 78.8 1 103 5.8 0.105
P6SMB82CAT3 82C 70.1 5 77.9 82 86.1 1 113 5.3 0.105
P6SMB91CAT3 91C 77.8 5 86.5 91 95.5 1 125 4.8 0.106

4. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

5. Vgr measured at pulse test current Iy at an ambient temperature of 25°C.

6. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 600 Watt at the beginning of this group.
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P6SMB11CAT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 4. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 6. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 5. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 6 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMB series havde 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 6 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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P6SMB11CAT3 Series
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Figure 6. Typical Derating Factor for Duty Cycle

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance
Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric
under the UL standard for safety 497B and File #116110. Voltage-Withstand test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1SMC5.0AT3 Series

1500 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMC series is designed to protect voltage sensitive ON Semiconductor™
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener
impedance and fast response time. The SMC series is supplied in
ON Semiconductor’s exclusive, cost-effective, highly reliable =~ PLASTIC SURFACE MOUNT
Surmeti¢] package and is ideally suited for use in communication ZENER TRANSIENT
systems, automotive, numerical controls, process controls, medical
equipment, business machines, power supplies and many other VOLTAGE SUPPRESSORS

http://onsemi.com

industrial/consumer applications. 5.0-78 VOLTS

Specification Features: 1500 WATT PEAK POWER

* Working Peak Reverse \Woltage Range — 5.0 Vto 78 V

¢ Standard Zener Breakdown Voltage Range — 6.7 V t0 91.25 V N

* Peak Power — 1500 Watts @ 1 ms ° N °
Cathode Anode

* ESD Rating of Class 3 (>16 KV) per Human Body Model
¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V
* UL 497B for Isolated Loop Circuit Protection %
* Maximum Temperature Coefficient Specified
* Response Time is Typically < SMC

: ypically <1 ns CASE 403
Mechanical Characteristics: PLASTIC

CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

readily solderable MARKING DIAGRAM
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:

260°C for 10 Seconds [ YWW ]
LEADS: Modified L—Bend providing more contact area to bond pads oxx

POLARITY: Cathode indicated by molded polarity notch

MOUNTING POSITION: Any Y = Year
WW = Work Week
Gxx = Specific Device Code
MAXIMUM RATINGS (See Table on Page
129)

Please See the Table on the Following Page

ORDERING INFORMATION

Device T Package Shipping

1SMCxxxAT3 SMC 2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

*Bidirectional devices will not be available in this
series.

TThe “T3" suffix refers to a 13 inch reel.
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1SMC5.0AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 1500 w
DC Power Dissipation @ T = 75°C Pp 4.0 w
Measured Zero Lead Length (Note 2.)
Derate Above 75°C 54.6 mw/°C
Thermal Resistance from Junction to Lead RgiL 18.3 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.75 w
Derate Above 25°C 6.1 mw/°C
Thermal Resistance from Junction to Ambient Roia 165 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 200 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C
1. 10 X 1000 us, non-repetitive
2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as shown in 403 case outline dimensions spec.
4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
ELECTRICAL CHARACTERISTICS (Tp =25°C unless ) |
otherwise noted, Vg = 3.5V Max @ I = 100 A) (Note 5.) e
F

Symbol Parameter

Ipp Maximum Reverse Peak Pulse Current \

Ve Clamping Voltage @ Ipp }

Vrwm | Working Peak Reverse Voltage Vc‘: VBRr VRWM \ Y
IR Maximum Reverse Leakage Current @ Vrwm ‘ I$ F
VR Breakdown Voltage @ It }
I Test Current |
I Forward Current (| Ipp
Ve Forward Voltage @ I
5. 1/2 sine wave or equivalent, PW = 8.3 ms Uni-Directional TVS

non—repetitive duty cycle
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1SMC5.0AT3 Series

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

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwM
. Vgr Volts (Note 7. | V |

Device (Note 6.) IR @ VrwM BR Volts (Note 7.) @l c PP
Device Marking Volts HA Min Nom Max mA Volts Amps
1SMC5.0AT3 GDE 5.0 1000 6.4 6.7 7.0 10 9.2 163
1SMC6.0AT3 GDG 6.0 1000 6.67 7.02 7.37 10 10.3 145.6
1SMC6.5AT3 GDK 6.5 500 7.22 7.6 7.98 10 11.2 133.9
1SMC7.0AT3 GDM 7.0 200 7.78 8.19 8.6 10 12 125
1SMC7.5AT3 GDP 7.5 100 8.33 8.77 9.21 1 12.9 116.3
1SMCB8.0AT3 GDR 8.0 50 8.89 9.36 9.83 1 13.6 110.3
1SMCB8.5AT3 GDT 8.5 25 9.44 9.92 10.4 1 14.4 104.2
1SMC9.0AT3 GDV 9.0 10 10 10.55 11.1 1 15.4 97.4
1SMC10AT3 GDX 10 5 11.1 11.7 12.3 1 17 88.2
1SMC11AT3 GDz 11 5 12.2 12.85 13.5 1 18.2 82.4
1SMC12AT3 GEE 12 5 13.3 14 14.7 1 19.9 75.3
1SMC13AT3 GEG 13 5 14.4 15.15 15.9 1 21.5 69.7
1SMC14AT3 GEK 14 5 15.6 16.4 17.2 1 23.2 64.7
1SMC15AT3 GEM 15 5 16.7 17.6 185 1 24.4 61.5
1SMC16AT3 GEP 16 5 17.8 18.75 19.7 1 26 57.7
1SMC17AT3 GER 17 5 18.9 19.9 20.9 1 27.6 53.3
1SMC18AT3 GET 18 5 20 21.05 221 1 29.2 51.4
1SMC20AT3 GEV 20 5 22.2 23.35 24.5 1 324 46.3
1SMC22AT3 GEX 22 5 24.4 25.65 26.9 1 35.5 42.2
1SMC24AT3 GEz 24 5 26.7 28.1 29.5 1 38.9 38.6
1SMC26AT3 GFE 26 5 28.9 30.4 31.9 1 42.1 35.6

1SMC28AT3 GFG 28 5 31.1 32.75 34.4 1 454 33

1SMC30AT3 GFK 30 5 33.3 35.05 36.8 1 48.4 31
1SMC33AT3 GFM 33 5 36.7 38.65 40.6 1 53.3 28.1
1SMC36AT3 GFP 36 5 40 42.1 44.2 1 58.1 25.8
1SMC40AT3 GFR 40 5 44.4 46.75 49.1 1 64.5 32.2
1SMC43AT3 GFT 43 5 47.8 50.3 52.8 1 69.4 21.6
1SMC45AT3 GFV 45 5 50 52.65 55.3 1 72.2 20.6
1SMC48AT3 GFX 48 5 53.3 56.1 58.9 1 77.4 19.4
1SMC51AT3 GFz 51 5 56.7 59.7 62.7 1 82.4 18.2
1SMC54AT3 GGE 54 5 60 63.15 66.3 1 87.1 17.2

1SMC58AT3 GGG 58 5 64.4 67.8 71.2 1 93.6 16
1SMC60AT3 GGK 60 5 66.7 70.2 73.7 1 96.8 155
1SMC64AT3 GGM 64 5 71.1 74.85 78.6 1 103 14.6
1SMC70AT3 GGP 70 5 77.8 81.9 86 1 113 13.3
1SMC75AT3 GGR 75 5 83.3 87.7 92.1 1 121 12.4
1SMC78AT3 GGT 78 5 86.7 91.25 95.8 1 126 11.4

6. A transient suppressor is normally selected according to the maximum working peak reverse voltage (Vrwwm), Which should be equal to or
greater than the DC or continuous peak operating voltage level.

7. Vgr Measured at pulse test current Iy at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 1500 Watt at the beginning of this group.
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1SMC5.0AT3 Series
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UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance

Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric Voltage-Withstand
under the UL standard for safety 497B and File #116110.test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1SMC5.0AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMC series havée 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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1SMC5.0AT3 Series
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1.5SMCG6.8AT3 Series

1500 Watt Peak Power Zener
Transient Voltage Suppressors

Unidirectional*

The SMC series is designed to protect voltage sensitive
components from high voltage, high energy transients. They have
excellent clamping capability, high surge capability, low zener

ON Semiconductor™

http://onsemi.com

impedance and fast response time. The SMC series is supplied in

ON Semiconductor’'s exclusive, cost-effective, highly reliable
Surmetid] package and is ideally suited for use in communication

systems, automotive, numerical controls, process controls, medical

equipment, business machines, power supplies and many othe
industrial/consumer applications.

Specification Features:

* Working Peak Reverse \Voltage Range —5.8t0 77.8 V

¢ Standard Zener Breakdown Voltage Range — 6.8 to 91 V
* Peak Power — 1500 Watts @ 1 ms

* ESD Rating of Class 3 (>16 KV) per Human Body Model
¢ Maximum Clamp Voltage @ Peak Pulse Current

* Low Leakage < JIA Above 10 V

* UL 497B for Isolated Loop Circuit Protection

* Maximum Temperature Coefficient Specified

* Response Time is Typically < 1 ns

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic

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

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

LEADS: Modified L-Bend providing more contact area to bond pads

POLARITY: Cathode indicated by molded polarity notch

MOUNTING POSITION: Any

MAXIMUM RATINGS

Please See the Table on the Following Page

PLASTIC SURFACE MOUNT
ZENER OVERVOLTAGE

r

TRANSIENT SUPPRESSORS

5.8-78 VOLTS
1500 WATT PEAK POWER

o 11 o}
Cathode Anode
SMC
CASE 403
PLASTIC

MARKING DIAGRAM

Y
WWwW
XXXA

135)

[ YWW ]
XXXA

= Year
= Work Week

= Specific Device Code
(See Table on Page

ORDERING INFORMATION

Device

Package

Shipping

1.5SMCxxxAT3

SMC

2500/Tape & Reel

0 Semiconductor Components Industries, LLC, 2001 133
May, 2001 — Rev. 4

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

*Bidirectional devices will not be available in this

series.

1tThe “T3” suffix refers to a 13 inch reel.

Publication Order Number:

1.5SMC6.8AT3/D




1.5SMC6.8AT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation (Note 1.) @ T, = 25°C, Pulse Width =1 ms Ppk 1500 w
DC Power Dissipation @ T = 75°C Pp 4.0 W

Measured Zero Lead Length (Note 2.)

Derate Above 75°C 54.6 mw/°C
Thermal Resistance from Junction to Lead RgiL 18.3 °C/IW
DC Power Dissipation (Note 3.) @ Tp = 25°C Pp 0.75 w

Derate Above 25°C 6.1 mw/°C
Thermal Resistance from Junction to Ambient Roia 165 °C/W
Forward Surge Current (Note 4.) @ Tp = 25°C IEsm 200 A
Operating and Storage Temperature Range T3 Tstg —65 to +150 °C

1. 10 X 1000 us, non-repetitive
2. 1" square copper pad, FR—4 board
3. FR—4 board, using ON Semiconductor minimum recommended footprint, as shown in 403 case outline dimensions spec.
4. 1/2 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum.
ELECTRICAL CHARACTERISTICS (Tp =25°C unless ) |
otherwise noted, Vg = 3.5V Max. @ I (Note ) = 100 A) e
F
Symbol Parameter
Ipp Maximum Reverse Peak Pulse Current \
Ve Clamping Voltage @ Ipp }
Vrwm | Working Peak Reverse Voltage V‘c VeRr VRwWM \ Y
IR Maximum Reverse Leakage Current @ Vrwm ‘ I$ F
VR Breakdown Voltage @ It }
IT Test Current |
BOVgR Maximum Temperature CoefficientofVgg | | ¥+—————— Ipp
Ie Forward Current
VE Forward Voltage @ Ig Uni-Directional TVS

5. 1/2 sine wave or equivalent, PW = 8.3 ms
non—-repetitive duty cycle
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1.5SMC6.8AT3 Series

ELECTRICAL CHARACTERISTICS (Devices listed in bold, italic are ON Semiconductor Preferred devices.)

Breakdown Voltage Ve @ Ipp (Note 8.)
VrRwm

Device (Note 6) IR @ VRWM VBR \olts (Note 7) @ IT VC |pp G)VBR
Device Marking Volts HA Min Nom Max mA Volts Amps %/°C
1.5SMC6.8AT3 6V8A 5.8 1000 6.45 6.8 7.14 10 10.5 143 0.057
1.5SMC7.5AT3 7V5A 6.4 500 7.13 7.5 7.88 10 11.3 132 0.061
1.5SMC8.2AT3 8V2A 7.02 200 7.79 8.2 8.61 10 12.1 124 0.065
1.5SMC9.1AT3 9V1A 7.78 50 8.65 9.1 9.55 1 13.4 112 0.068
1.5SMC10AT3 10A 8.55 10 9.5 10 10.5 1 145 103 0.073
1.5SMC11AT3 11A 9.4 5 10.5 11 11.6 1 15.6 96 0.075
1.5SMC12AT3 12A 10.2 5 11.4 12 12.6 1 16.7 90 0.078
1.5SMC13AT3 13A 11.1 5 12.4 13 13.7 1 18.2 82 0.081
1.5SMC15AT3 15A 12.8 5 14.3 15 15.8 1 21.2 71 0.084
1.5SMC16AT3 16A 13.6 5 15.2 16 16.8 1 22.5 67 0.086
1.5SMC18AT3 18A 15.3 5 171 18 18.9 1 25.2 59.5 0.088
1.5SMC20AT3 20A 17.1 5 19 20 21 1 27.7 54 0.09
1.5SMC22AT3 22A 18.8 5 20.9 22 23.1 1 30.6 49 0.092
1.5SMC24AT3 24A 20.5 5 22.8 24 252 1 33.2 45 0.094
1.5SMC27AT3 27A 23.1 5 25.7 27 28.4 1 375 40 0.096
1.5SMC30AT3 30A 25.6 5 28.5 30 315 1 41.4 36 0.097
1.5SMC33AT3 33A 28.2 5 31.4 33 34.7 1 45.7 33 0.098
1.5SMC36AT3 36A 30.8 5 34.2 36 37.8 1 49.9 30 0.099

1.5SMC39AT3 39A 33.3 5 37.1 39 41 1 53.9 28 0.1
1.5SMC43AT3 43A 36.8 5 40.9 43 45.2 1 59.3 25.3 0.101
1.55MC47AT3 47A 40.2 5 44.7 47 49.4 1 64.8 23.2 0.101
1.5SMC51AT3 51A 43.6 5 48.5 51 53.6 1 70.1 21.4 0.102
1.5SMC56AT3 56A 47.8 5 53.2 56 58.8 1 77 19.5 0.103
1.5SMC62AT3 62A 53 5 58.9 62 65.1 1 85 17.7 0.104
1.5SMC68AT3 68A 58.1 5 64.6 68 71.4 1 92 16.3 0.104
1.5SMC75AT3 75A 64.1 5 71.3 75 78.8 1 103 14.6 0.105
1.5SMC82AT3 82A 70.1 5 77.9 82 86.1 1 113 13.3 0.105
1.5SMC91AT3 91A 77.8 5 86.5 91 95.5 1 125 12 0.106

6. A transient suppressor is normally selected according to the working peak reverse voltage (Vrwwm), Which should be equal to or greater than
the DC or continuous peak operating voltage level.

7. Vgr measured at pulse test current |t at an ambient temperature of 25°C.

8. Surge current waveform per Figure 2 and derate per Figure 3 of the General Data — 1500 Watt at the beginning of this group.
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1.5SMC6.8AT3 Series
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Figure 3. Pulse Derating Curve Figure 4. Dynamic Impedance

UL RECOGNITION

The entire series hasUnderwriters Laboratory including Strike \oltage Breakdown test, Endurance

Recognitionfor the classification of protectors (QVGV2) Conditioning, Temperature test, Dielectric Voltage-Withstand
under the UL standard for safety 497B and File #116110.test, Discharge test and several more.
Many competitors only have one or two devices recognized Whereas, some competitors have only passed a
or have recognition in a non-protective category. Some flammability test for the package material, we have been
competitors have no recognition at all. With the UL497B recognized for much more to be included in their Protector
recognition, our parts successfully passed several testzategory.
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1.5SMC6.8AT3 Series

APPLICATION NOTES

RESPONSE TIME minimum lead lengths and placing the suppressor device as
In most applications, the transient suppressor device isclose as possible to the equipment or components to be

placed in parallel with the equipment or component to be protected will minimize this overshoot.

protected. In this situation, there is a time delay associated Some input impedance represented fyiZessential to

with the capacitance of the device and an overshootprevent overstress of the protection device. This impedance

condition associated with the inductance of the device andshould be as high as possible, without restricting the circuit

the inductance of the connection method. The capacitiveoperation.

effect is of minor importance in the parallel protection

scheme because it only produces a time delay in thePUTY CYCLE DERATING

transitionfrom the operating voltage to the clamp voltage as  1he data of Figure 1 applies for non-repetitive conditions
shown in Figure 5. and at a lead temperature of @5If the duty cycle increases,

The inductive effects in the device are due to actual the peak power must be reduced as indicated by the curves
turn-on time (time required for the device to go from zero Of Figure 7. Average power must be derated as the lead or
current to full current) and lead inductance. This inductive 2@mbient temperature rises abové@5The average power
effect produces an overshoot in the voltage across thefderating curve normally given on data sheets may be
equipment or component being protected as shown innormghzed and used for.th|s purpose.

Figure 6. Minimizing this overshooti@ry important in the At first glance the derating curves_of Figure 7 appear to be
application, since the main purpose for adding a transient!n €rror as the 10 ms pulse has a higher de_ratlng factor than
suppressor is to clamp voltage spikes. The SMC series havée 10ps pulse. However, when the derating factor for a
a very good response time, typically < 1 ns and neg|igib|eg|ver.1pulse of Figure 7 is multiplied by the peak power value
inductance. However, external inductive effects could Of Figure 1 for the same pulse, the results follow the
produce unacceptable overshoot. Proper circuit layout,expected trend.
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CHAPTER 5
Transient Voltage Suppressor Arrays —
Surface Mounted Data Sheets
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MMBZ5V6ALT1 Series

Preferred Devices

24 and 40 Watt Peak Power
Zener Transient Voltage

Suppressors
ON Semiconductor™
SOT-23 Dual Common Anode Zeners _
for ESD Protection hitp:/fonsemi.com
These dual monolithic silicon zener diodes are designed for o q‘
applications requiring transient overvoltage protection capability. They PIN %: gﬁmggg ! L o3

are intended for use in voltage and ESD sensitive equipment such as 3. ANODE 20—\@—
computers, printers, business machines, communication systems,
medical equipment and other applications. Their dual junction common
anode design protects two separate lines using only one package. These MARKING

devices are ideal for situations where board space is at a premium. w DIAGRAM
Specification Features: %’
2

* SOT-23 Package Allows Either Two Separate Unidirectional
Configurations or a Single Bidirectional Configuration

XXX =

SOT-23

» Working Peak Reverse \oltage Range — 3 V to 26 V CASE 318 L] L]
¢ Standard Zener Breakdown Voltage Range — 5.6 V to 33 V STYLE 12 xxx = Device Code
* Peak Power — 24 or 40 Watts @ 1.0 ms (Unidirectional), M = Date Code
per Figure 5. Waveform
* ESD Rating of Class N (exceeding 16 kV) per the Human ORDERING INFORMATION
Body Model Device Package Shippin
* Maximum Clamping Voltage @ Peak Pulse Current 9 ppmo
* Low Leakage < 5.QA MMBZ5V6ALT1 | SOT-23 | 3000/Tape & Reel
* Flammability Rating UL 94V-O MMBZ6V2ALTL | SOT-23 | 3000/Tape & Reel
Mechanical Characteristics: MMBZ6VBALT1 | SOT-23 | 3000/Tape & Reel
CASE: \Void-free, transfer-molded, thermosetting plastic case
FINISH: Corrosion resistant finish, easily solderable MMBZOVIALT1 | SOT-23 | 3000/Tape & Reel

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: MMBZ10VALT1 | SOT-23 3000/Tape & Reel

260°C for 10 Seconds
Package designed for optimal automated board assembly MMBZ12VALT1 [ SOT-23 | 3000/Tape & Reel

Small package size for high density applications

Available in 8 mm Tape and Reel MMBZ15VALT1 | SOT-23 3000/Tape & Reel

Use the Device Number to order the 7 inch/3,000 unit reel. MMBZ18VALT1 | SOT-23 | 3000/Tape & Reel

Replace the “T1” with “T3” in the Device Number to order the MMBZ20VALTL | SOT—23 | 3000/Tape & Reel
13 inch/10,000 unit reel. apesTee

MMBZ27VALT1 | SOT-23 3000/Tape & Reel

MMBZ33VALT1 | SOT-23 3000/Tape & Reel

Preferred devices are recommended choices for future use
and best overall value.

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the table on page 142 of this data sheet.

0 Semiconductor Components Industries, LLC, 2001 140 Publication Order Number:
March, 2001 — Rev. 5 MMBZ5V6ALT1/D



MMBZ5V6ALT1 Series

MAXIMUM RATINGS

Rating Symbol Value Unit

Peak Power Dissipation @ 1.0 ms (Note 1.) MMBZ5V6ALT1 thru MMBZ10VALT1 Ppk 24 Watts

@ T <25°C MMBZ12VALT1 thru MMBZ33VALT1 40
Total Power Dissipation on FR-5 Board (Note 2.) @ Ta = 25°C Pp 225 mw

Derate above 25°C 1.8 mwW/°C
Thermal Resistance Junction to Ambient Raia 556 °C/W
Total Power Dissipation on Alumina Substrate (Note 3.) @ Tp = 25°C Pp 300 mw

Derate above 25°C 2.4 mwW/°C
Thermal Resistance Junction to Ambient Raia 417 °C/W
Junction and Storage Temperature Range T3 Tsig —551t0 +150 °C
Lead Solder Temperature — Maximum (10 Second Duration) T 260 °C

1. Non-repetitive current pulse per Figure 5. and derate above Tp = 25°C per Figure 6.
2. FR-5=1.0x0.75x0.62 in.
3. Alumina = 0.4 x 0.3 x 0.024 in., 99.5% alumina

*Other voltages may be available upon request

ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted)

UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or 2 and 3) Ir
Symbol Parameter
lpp Maximum Reverse Peak Pulse Current
Ve Clamping Voltage @ Ipp
VRwM Working Peak Reverse Voltage v
Ir Maximum Reverse Leakage Current @ Vrwm
Vgr Breakdown Voltage @ It
T Test Current
BOVgR Maximum Temperature Coefficient of Vgr
Ir Forward Current Uni-Directional TVS
Vg Forward Voltage @ I
Z77 Maximum Zener Impedance @ Izt
Iz Reverse Current
Zzk Maximum Zener Impedance @ lzk
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MMBZ5V6ALT1 Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)

(VE=0.9V Max @ I =10 mA) 24 WATTS
Max Zener Ve @ lpp
Ir @ Breakdown Voltage Impedance (Note 5.) (Note 6.)
Device | VRwm | VRwwm VgR (Note 4.) (V) @l | Zz1@lzr | Zzk @lzx | Ve | lpp | OVpgR
Device Marking Volts pA Min [ Nom | Max | mA Q Q mA \% A mvV/°C
MMBZ5V6ALT1 5A6 3.0 5.0 5.32 5.6 5.88 20 11 1600 | 0.25 | 8.0 3.0 1.26
MMBZ6V2ALT1 6A2 3.0 0.5 589 | 6.2 | 651 | 1.0 - - - 8.7 | 2.76 2.80
(VE=1.1V Max @ Ig = 200 mA)
Breakdown Voltage Ve @ lpp (Note 6.)
Device VRwM IR @ VRwm Ver (Note 4.) (V) @lr Ve Ipp OVgr
Device Marking Volts pA Min Nom Max mA \Y A mv/°C
MMBZ6VSALT1 6A8 4.5 0.5 6.46 6.8 7.14 1.0 9.6 25 3.4
MMBZ9V1ALT1 9A1 6.0 0.3 8.65 9.1 9.56 1.0 14 1.7 7.5
MMBZ10VALT1 10A 6.5 0.3 9.50 10 10.5 1.0 14.2 1.7 7.5
(VE=1.1V Max @ Ig = 200 mA) 40 WATTS
Breakdown Voltage Ve @ lpp (Note 6.)
Device VRwMm IR @ VRwM Vgr (Note 4.) (V) @l Ve Ipp OVer
Device Marking Volts nA Min Nom Max mA \Y A mV/°C
MMBZ12VALT1 12A 8.5 200 11.40 12 12.60 1.0 17 2.35 7.5
MMBZ15VALT1 15A 12 50 14.25 15 15.75 1.0 21 1.9 12.3
MMBZ18VALT1 18A 14.5 50 17.10 18 18.90 1.0 25 1.6 15.3
MMBZ20VALT1 20A 17 50 19.00 20 21.00 1.0 28 1.4 17.2
MMBZ27VALT1 27A 22 50 25.65 27 28.35 1.0 40 1.0 24.3
MMBZ33VALT1 33A 26 50 31.35 33 34.65 1.0 46 0.87 30.4

4. Vgr measured at pulse test current I+ at an ambient temperature of 25°C.

5. Zzt and Zz are measured by dividing the AC voltage drop across the device by the AC current applied. The specified limits are for Iz(ac)
= 0.1 Iz(pc), with the AC frequency = 1.0 kHz.

6. Surge current waveform per Figure 5. and derate per Figure 6.
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BREAKDOWN VOLTAGE (VOLTS)

C, CAPACITANCE (pF)

MMBZ5V6ALT1 Series

TYPICAL CHARACTERISTICS
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Figure 1. Typical Breakdown Voltage
versus Temperature
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VALUE (%)

Ppk PEAK SURGE POWER (W)

MMBZ5V6ALT1 Series

TYPICAL CHARACTERISTICS

| | o 100
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Figure 5. Pulse Waveform Figure 6. Pulse Derating Curve
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Figure 7. Maximum Non-repetitive Surge Figure 8. Maximum Non-repetitive Surge
Power, P ¢ versus PW Power, P, (NOM) versus PW
Power is defined as Vrgm X Iz(pk) where Vggwm is Power is defined as Vz(NOM) x Iz(pk) where
the clamping voltage at I7(pk). Vz(NOM) is the nominal zener voltage measured at

the low test current used for voltage classification.
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MMBZ5V6ALT1 Series

TYPICAL COMMON ANODE APPLICATIONS
A quad junction common anode design in a SOT-23 whenboard space is at a premium. Teimplified examples

packageprotects four separate lines using only one package.of TVS applications are illustrated below.
This adds flexibility and creativity to PCB design especially

Computer Interface Protection

A
KEYBOARD B
TERMINAL 0 c FUNCTIONAL
PRINTER DECODER
ETC. D
r—1—r0 r=1—r
[ R 2 I R P
| [ |
| [ |
L—t_—a L—4 _J
¢ . GND
—
MMBZ5V6ALT1
THRU
MMBZ33VALT1
Microprocessor Protection
O Vpp
O Vga
ADDRESS BUS
| [ |
RAM ROM
1"
— I 7 I, / I
| |
— | |
DATA BUS R
10 cPU MMBZ5VEALT 1
THRU
CLOCK MMBZ33VALT1
CONTROL BUS ]
1= rTe
R
| [ |
| [ |
L—t a0 L—4_ 4
. . O GND
A
MMBZ5V6ALT1
THRU
MMBZ33VALT1

SOLDERING PRECAUTIONS
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MMBZ15VDLT1,
MMBZ27VCLT1

Preferred Devices

40 Watt Peak Power
Zener Transient Voltage
Suppressors

SOT-23 Dual Common Cathode Zeners
for ESD Protection

These dual monolithic silicon zener diodes are designed for
applications requiring transient overvoltage protection capability. They
are intended for use in voltage and ESD sensitive equipment such as
computers, printers, business machines, communication systems,
medical equipment and other applications. Their dual junction common
cathode design protects two separate lines using only one package.
These devices are ideal for situations where board space is at a
premium.

Specification Features:

* SOT-23 Package Allows Either Two Separate Unidirectional
Configurations or a Single Bidirectional Configuration

* Working Peak Reverse \oltage Range —12.8V, 22 V

¢ Standard Zener Breakdown \Voltage Range — 15V, 27 V

* Peak Power — 40 Watts @ 1.0 ms (Bidirectional),
per Figure 5. Waveform

¢ ESD Rating of Class N (exceeding 16 kV) per the Human
Body Model

* Maximum Clamping Voltage @ Peak Pulse Current

* Low Leakage <100 nA

* Flammability Rating UL 94V-O

Mechanical Characteristics:

CASE: \Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

Package designed for optimal automated board assembly

ON Semiconductor™

http://onsemi.com

PIN 1. ANODE
2. ANODE
3. CATHODE

SOT-23
CASE 318
STYLE 9

MARKING DIAGRAM

I_I
XXX =
L L
xxx =15D or 27C
M = Date Code

ORDERING INFORMATION

Small package size for high density applications

Device

Package Shipping

Available in 8 mm Tape and Reel
Use the Device Number to order the 7 inch/3,000 unit reel.

MMBZ15VDLT1 | SOT-23 3000/Tape & Reel

Replace the “T1” with “T3” in the Device Number to order the MMBZ15VDLT3 | SOT-23 | 10,000/Tape & Reel

13 inch/10,000 unit reel.

MMBZ27VCLT1 | SOT-23 3000/Tape & Reel

Preferred devices are recommended choices for future use
and best overall value.

O Semiconductor Components Industries, LLC, 2001 146
April, 2001 — Rev. 5

Publication Order Number:
MMBZ15VDLT1/D




MMBZ15VDLT1, MMBZ27VCLT1

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Power Dissipation @ 1.0 ms (Note 1.) @ T < 25°C Ppk 40 Watts
Total Power Dissipation on FR-5 Board (Note 2.) @ Ta = 25°C Pp 225 mw
Derate above 25°C 1.8 mw/°C
Thermal Resistance Junction to Ambient Raia 556 °C/W
Total Power Dissipation on Alumina Substrate (Note 3.) @ Tp = 25°C Pp 300 mw
Derate above 25°C 2.4 mwW/°C
Thermal Resistance Junction to Ambient Raia 417 °C/W
Junction and Storage Temperature Range T3, Tsig —551t0 +150 °C
Lead Solder Temperature — Maximum (10 Second Duration) T 230 °C
1. Non-repetitive current pulse per Figure 5. and derate above Tp = 25°C per Figure 6.
2. FR-5=1.0x0.75x 0.62 in.
3. Alumina = 0.4 x 0.3 x 0.024 in., 99.5% alumina
ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or 2 and 3) Ik
Symbol Parameter |
Ipp Maximum Reverse Peak Pulse Current |
, I
Ve Clamping Voltage @ lpp Ve Var VRwm | y
VRWM Working Peak Reverse Voltage | = T IR Ve
T
IR Maximum Reverse Leakage Current @ Vrwwm |
VR Breakdown Voltage @ It :
T Test Current |
______ PP
BOVgR Maximum Temperature Coefficient of Vgr
IF Forward Current Uni-Directional TVS
Vg Forward Voltage @ I
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MMBZ15VDLT1, MMBZ27VCLT1

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
UNIDIRECTIONAL (Circuit tied to Pins 1 and 3 or Pins 2 and 3)

(VE=0.9V Max @ I = 10 mA)

Breakdown Voltage Ve @ Ipp (Note 5.)
Device VRwM IR @ VrRwM Vgr (Note 4.) (V) @l Ve Ipp OVgr
Device Marking Volts nA Min Nom Max mA \Y A mv/°C
MMBZ15VDLT1 15D 12.8 100 14.3 15 15.8 1.0 21.2 1.9 12
(VE=1.1V Max @ Ig = 200 mA)
Breakdown Voltage Ve @ Ipp (Note 5.)
Device VRwM IR @ VRwM Vgr (Note 4.) (V) @l Ve Ipp OVer
Device Marking Volts nA Min Nom Max mA \Y A mV/°C
MMBZ27VCLT1 27C 22 50 25.65 27 28.35 1.0 38 1.0 26
4. Vgr measured at pulse test current |1 at an ambient temperature of 25°C.
5. Surge current waveform per Figure 5. and derate per Figure 6.
TYPICAL CHARACTERISTICS
MMBZ15VDLT1 MMBZ27VCLT1
17 = 29
S o
® p BIDIRECTIONAL
e BIDIRECTIONAL &£
£ 16 ' /‘ = 28 l
= (%]
& [
= 3
) =
VIR G 27
w
3 >
=
% 14 _— 3 %
a
5 _— UNIDIRECTIONAL =
< &
L o
£ 13 25
-40 +25 +85 +125 -55 +25 +85 +125

TEMPERATURE (°C)

Figure 1. Typical Breakdown Voltage
versus Temperature

Figure 2. Typical Breakdown Voltage
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Pp , POWER DISSIPATION (mW)

300

250

200

150

100

MMBZ15VDLT1, MMBZ27VCLT1

10000
100 ’é
_ 10 __—
<<
£ ——
[a s
—_ /
1 ;
0.1
0.01
-40 +25 +85 +125
TEMPERATURE (°C)
Figure 3. Typical Leakage Current
versus Temperature
| PULSE WIDTH (tp) IS DEFINED
| AS THAT POINT WHERE THE |
N |t' = “f us PEAK CURRENT DECAYSTO |
\ALUM'NA SUBSTRATE 100 PEAK VALUE — IPP 1 50% OF IPP' B
N \ / _ :\
R
\\\ I-:I>J \\ |pp
/‘ \\ = N\_| / HALFVALUE — ——
>
N sof— -
! N
FR-5 BOARD \\ N
D ~— tp—> N
— ~
\
0 B—
25 50 75 100 125 150 175 0 1 2 3 4
TEMPERATURE (°C) t, TIME (ms)

Figure 4. Steady State Power Derating Curve

PEAK PULSE DERATING IN % OF PEAK POWER

=25°C

OR CURRENT @ Tp

Figure 5. Pulse Waveform

100

90
80

70
60

50

40
30

20

10

25

SOLDERING PRECAUTIONS

50 75 100 125 150
Ta, AMBIENT TEMPERATURE (°C)

Figure 6. Pulse Derating Curve

http://onsemi.com
149

175

200



MMQAS5VG6T1 Series

24 Watt Peak Power Zener
Transient Voltage Suppressors

SC-59 Quad Common Anode for Zeners
ESD Protection ON Semiconductor™
These quad monolithic silicon voltage suppressors are designed for

applications requiring transient voltage protection capability. They are
intended for use in voltage and ESD sensitive equipment such as

http://onsemi.com

computers, printers, business machines, communication systems, medical PIN ASSIGNMENT

equipment, and other applications. Their quad junction common anode

design protec';s fom_Jr separate lines using or_1|y one pack_age. These devices E E

are ideal for situations where board space is at a premium. 6 H‘T*

Specification Features: ‘4 IZ EI

* SC-59 Package Allows Four Separate Unidirectional Configurations 1%‘ E APRER Z‘

* Working Peak Reverse \Voltage Range — 3.0 Vto 2.5V ’

* Standard Zener Breakdown Voltage Range — 5.6 V to 33 V SC-59 PIN 1. CATHODE
- —_ . CASE 318F 2. ANODE

* Peak Power — Minimum 24 W @ 1 ms (Unidirectional), per Figure 5 STYLE 1 3. CATHODE

* Peak Power — Minimum 150 W @ 26 (Unidirectional), per Figure 6 g: m{)"t')%DE

* ESD Rating of Class 3 (> 16 KV) per Human Body Model 6. CATHODE

¢ Maximum Clamp Voltage @ Peak Pulse Current
¢ Package Designed for Optimal Automated Board Assembly

* Small Package Size for High Density Applications MARKING DIAGRAM
* Low Leakage < 2.Q0A (11111
Mechanical Characteristics: xXxx =
CASE: Void-free, transfer-molded, thermosetting plastic |:| T
FINISH: All external surfaces are corrosion resistant and leads are
readily solderable xxx = Device Code
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: (See Table Next Page)
260°C for 10 Seconds M =Date Code
MAXIMUM RATINGS
Rating Symbol | Value Unit ORDERING INFORMATION
Peak Power Dissipation (Note 1.) Ppk 24 W Device T Package Shipping
@10ms@ T <25°C
Peak Power Dissipation (Note 2.) Ppk 150 W MMQAXXTL SC-59 8000/Tape & Reel
@20us @ T, <25°C MMQAXXXT3 SC-59 10,000/Tape & Reel
Total Power Dissipation (Note 3.) @ Ta = 25°C Pp 225 mwW
Derate Above 25°C 1.8 mw/°C
Thermal Resistance — Junction to Ambient Roia 556 °CIW . .
TThe “T1" suffix refers to an 8 mm, 7 inch reel.
Total Power Dissipation (Note 4.) @ Tp = 25°C Pp 300 mwW The “T3" suffix refers to an 8 mm, 13 inch reel.
Derate Above 25°C 24 mwW/°C
Thermal Resistance — Junction to Ambient Roia 417 °CIW
Junction and Storage Temperature Range Ty Tstg | —55t0 °C
+150
1. Nonrepetitive current pulse per Figure 5 and derated above Tp = 25°C per
Figure 4
2. Nonrepetitive current pulse per Figure 6 and derated above Tp = 25°C per
Figure 4

3. FR-5board =1.0 X 0.75 X 0.62 in.
4. Alumina substrate = 0.4 X 0.3 X 0.024 in., 99.5% alumina

0 Semiconductor Components Industries, LLC, 2001 150 Publication Order Number:
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MMQASV6T1 Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless “|
otherwise noted, Vg = 0.9 V Max. @ I (Note 5.) = 10 mA) e
Unidirectional (Circuit tied to Pins 1, 2 and 5; Pins 2, 3 and F
5; or 2, 4 and 6; or Pins 2, 5 and 6) |
Symbol Parameter ‘
Ipp Maximum Reverse Peak Pulse Current |
Vc Ver VRwm \ Y
Ve Clamping Voltage @ lpp ——— == |p Vg
It
VRwM Working Peak Reverse Voltage }
IR Maximum Reverse Leakage Current @ Vrwm \
Z77 Maximum Zener Impedance @ Izt |
—————— |
VBR Breakdown Voltage @ It PP
T Test Current L .
Uni—Directional TVS
BOVgR Maximum Temperature Coefficient of Vgr
Ie Forward Current
Vg Forward Voltage @ I
ELECTRICAL CHARACTERISTICS
Breakdown Voltage Y Ipp (Note 7.
IR @ d Z71 (Note 6.) c@lpr )
Devioe VRwM VRwM VgRr (Note 5.) (Volts) @ I+ @ lz7 Ve Ipp OVgr
Device Marking Volts nA Min Nom Max mA Q mA Volts Amps mwW/°C
MMQA5V6T1 5A6 3.0 2000 5.32 5.6 5.88 1.0 400 1.0 8.0 3.0 1.26
MMQAG6V2T1 6A2 4.0 700 5.89 6.2 6.51 1.0 300 1.0 9.0 2.66 10.6
MMQAG6V8T1 6A8 4.3 500 6.46 6.8 7.14 1.0 300 1.0 9.8 2.45 10.9
MMQA12VT1 12A 9.1 75 11.4 12 12.6 1.0 80 1.0 17.3 1.39 14
MMQA13VT1 13A 9.8 75 12.35 13 13.65 1.0 80 1.0 18.6 1.29 15
MMQA15VT1 15A 11 75 14.25 15 15.75 1.0 80 1.0 21.7 1.1 16
MMQA18VT1 18A 14 75 17.1 18 18.9 1.0 80 1.0 26 0.923 19
MMQA20VT1 20A 15 75 19.0 20 21.0 1.0 80 1.0 28.6 0.84 20.1
MMQA21VT1 21A 16 75 19.95 21 22.05 1.0 80 1.0 30.3 0.792 21
MMQA22VT1 22A 17 75 20.9 22 23.1 1.0 80 1.0 31.7 0.758 22
MMQA24VT1 24A 18 75 22.8 24 25.2 1.0 100 1.0 34.6 0.694 25
MMQA27VT1 27A 21 75 25.65 27 28.35 1.0 125 1.0 39.0 0.615 28
MMQAS30VT1 30A 23 75 28.5 30 31.5 1.0 150 1.0 43.3 0.554 32
MMQAS33VT1 33A 25 75 31.35 33 34.65 1.0 200 1.0 48.6 0.504 37

5. Vggr measured at pulse test current It at an ambient temperature of 25°C

6. ZzTis measured by dividing the AC voltage drop across the device by the AC current supplied. The specified limits are 1z(ac) = 0.1 Iz(dc)
with the AC frequency = 1.0 kHz

7. Surge current waveform per Figure 5 and derate per Figure 4
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C, CAPACITANCE (pF)

Pp , POWER DISSIPATION (mW)

MMQAS5V6TL1 Series

TYPICAL CHARACTERISTICS
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Ta, AMBIENT TEMPERATURE (°C)

Figure 4. Pulse Derating Curve

10,000
—
1,000 =
E —— N
5] +150°C™ |
S 100 —
E NN T
= N\ +25°C—1
= |
10 20°C =
0
5.6 6.8 20 27 33
V'z, NOMINAL ZENER VOLTAGE (V)
Figure 2. Typical Leakage Current
o 100
w
2 9
o
x
< o 80
el 70
o
= < 60
=
G2 50
ET 4
=
T E
W3 3
w oc
QO 2
>
o 10
<C
g 0
0 25 50 75 100 125 150 175 200



|

VALUE (%)

Ppk PEAK SURGE POWER (W)

MMQAS5V6TL1 Series

TYPICAL CHARACTERISTICS
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Power is defined as Vrgm X 1z(pk) where Vrgm

is the clamping voltage at Iz(pk).
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MMQASV6T1 Series

TYPICAL COMMON ANODE APPLICATIONS
A quad junction common anode design in a SC-74 when board space is at a premium. A simplified example of

packageprotects four separate lines using only one package. MMQA Series Device applications is illustrated below.
This adds flexibility and creativity to PCB design especially

Computer Interface Protection

A
KEYBOARD B
TERMINAL 110 c FUNCTIONAL
PRINTER DECODER
ETC. D
—F+-4-
I /__//__//__/ —|
gLy
GND
A
MMQA SERIES DEVICE
Microprocessor Protection
O Vpp
O Vge
ADDRESS BUS
| [ |
RAM ROM
DATA BUS
CPU
I/0
CLOCK
CONTROL BUS ]
P e B
I /__//__//__//__/—l
gty
O GND
k_/Y\J

MMQA SERIES DEVICE
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MSQA6V1IWS5T2

Quad Array for
ESD Protection

This quad monolithic silicon voltage suppressor is designed for

applications requiring transient overvoltage protection capability. It is ON Semiconductor™

intended for use in voltage and ESD sensitive equipment such as

computers, printers, business machines, communication systems, http://onsemi.com

medical equipment, and other applications. Its quad junction common

anode design protects four separate lines using only one package. MARKING
These devices are ideal for situations where board space is at a DIAGRAM
premium. ‘
4 5

Specification Features %ﬁ
» SCB88A Package Allows Four Separate Unidirectional Configurations 61 o
. SC-88A/SOT-323

Low Leakage < 1A @ 3 Volt CASE ALOA 123
¢ Breakdown Voltage: 6.1 Volt — 7.2 Volt @ 1 mA
* Low Capacitance (90 pF typical) 61 = Device Marking
* ESD Protection Meeting IEC1000-4-2 D = One Digit Date Code
Mechanical Characteristics
* \oid Free, Transfer—Molded, Thermosetting Plastic Case J
¢ Corrosion Resistant Finish, Easily Solderable ! >
¢ Package Designed for Optimal Automated Board Assembly 20— ¢

* Small Package Size for High Density Applications

ORDERING INFORMATION

Device

Package

Shipping

MSQAGV1IW5T2

SC-88A

3000/Tape & Reel

NOTE: T2 Suffix Devices are Packaged with Pin 1

Opposing Sprocket Hole.

0 Semiconductor Components Industries, LLC, 2001 155
March, 2001 — Rev. 1
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MSQAG6VIWS5T2

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

Characteristic Symbol Value Unit
Peak Power Dissipation @ 20 us @Tp < 25°C (Note 1.) Ppk 150 Watts
Steady State Power — 1 Diode (Note 2.) Pp 385 mwW
Thermal Resistance Junction to Ambient Roia 325 °CIW
Above 25°C, Derate 3.1 mwW/°C
Maximum Junction Temperature Timax 150 °C
Operating Junction and Storage Temperature Range Ty Tstg -55to +150 °C
ESD Discharge MIL STD 883C — Method 3015-6 Vpp 16 kv
IEC1000-4-2, Air Discharge 16
IEC1000-4-2, Contact Discharge 9
Lead Solder Temperature (10 seconds duration) T 260 °C
ELECTRICAL CHARACTERISTICS
Breakdown Voltage Leakage Current Capacitance Max
Ver @ 1 mA (Volts) Irm @ VRm =3V @ 0V Bias VE @ I =200 mA
Device Min Nom Max (nA) (pF) V)
MSQAG6V1WS5S 6.1 6.6 7.2 1.0 90 1.25

1. Non-repetitive current per Figure 1. Derate per Figure 2.

2. Only 1 diode under power. For all 4 diodes under power, Pp will be 25%. Mounted on FR—-4 board with min pad.
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Figure 2. 8 x 20 us Pulse Waveform
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DF6AG6.8FUT1

Quad Array for
ESD Protection

This quad voltage suppressor is designed for applications requiring

transient overvoltage protection capability. It is intended for use in ON Semiconductor™
voltage and ESD sensitive equipment such as computers, printers, _
business machines, communication systems, medical equipment, and http://onsemi.com

other applications. Its quad junction common anode design protects
four separate lines using only one package. These devices are ideal for

situations where board space is at a premium. 1 6
Specification Features 2 5
* SC-88 Package Allows Four Separate Unidirectional Configurations

* Low Leakage < A @ 5 Volt 3 4

* Breakdown \oltage: 6.4 — 7.2 Volt @ 5 mA
¢ Low Capacitance (40 pF typical)

* ESD Protection Meeting 61000—4-2 Level 4
and 16 kV Human Body Model MARKING

g%@ DIAGRAM
Mechanical Characteristics 6[] 5[] 4[]

* \oid Free, Transfer—Molded, Thermosetting Plastic Case sc_ss
* Corrosion Resistant Finish, Easily Solderable CASE 4198 o 68¢
* Package Designed for Optimal Automated Board Assembly PLASTIC nBIEl

Small Package Size for High Density Applications
68 = Device Marking
d = One Digit Date Code

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted) O = Pin 1 Indicator
Rating Symbol Value Unit
Peak Power Dissipation @ 8 x 20 us Ppk 75 Watts
(Note 1) ORDERING INFORMATION
Steady State Power Dissipation Pp 385 mwW Device Package Shipping
(Note 2)
Thermal Resistance — Roon DF6A6.8FUT1 SC-88 3000/Tape & Reel
Junction to Ambient 328 °C/W
Derate Above 25°C 3.0 mw/°C
Maximum Junction Temperature T Imax 150 °C
Operating Junction and Storage T3, Tstg -55to °C
Temperature Range +150
ESD Discharge Vpp kv
MIL STD 883C — Method 3015-6 16
IEC61000—4-2, Air Discharge 16
IEC61000-4-2, Contact Discharge 8
Lead Solder Temperature T 260 °C
(10 seconds duration)

1. Per Waveform Figure 1
2. Mounted on FR-5 Board = 1.0 X 0.75 X 0.062 in.

0 Semiconductor Components Industries, LLC, 2001 158 Publication Order Number:
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DF6A6.8FUT1

VBr VRWM
I
V—| Curve
ELECTRICAL CHARACTERISTICS
Typical Max Max
Breakdown Voltage Leakage Current Capacitance Max Z; @ Zzx @
Devi Vgr @ 5 mA (Volts) Irv @ VRwm=5V | @0VBias | VF@Ir=10mA | 5mA | 0.5mA
evice
Device Marking Min Nom Max (uA) (pF) ) (Q) (Q)
DF6A6.8FUT1 68 6.4 6.8 7.2 1.0 40 1.25 30 300
100 f—> T T T T 50
t, PEAK VALUE Iggy @ 8 us
= 9 I [ I ~ 45
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Ve, CLAMPING VOLTAGE (VOLTS)

Figure 4. Clamping Voltage versus Peak

Pulse Current




SMSO05T1

SC-74 Quad Transient
Voltage Suppressor

for ESD Protection

This quad monolithic silicon voltage suppressor is designed for
applications requiring transient overvoltage protection capability. It is
intended for use in voltage and ESD sensitive equipment such as
computers, printers, business machines, communication systems and
other applications. This quad device provides superior surge SC-74 QUAD TRANSIENT
protection over current quad Zener MMQA series by providing up to VOLTAGE SUPPRESSOR
350 watts peak power. 350 WATTS PEAK POWER
Features: 5VOLTS
* SC-74 Package Allows Four Separate Unidirectional Configurations
* Peak Power — 350 Watts, 8 x 28
* ESD Rating of Class N (Exceeding 25 kV) per the

Human Body Model
¢ ESD Rating:

IEC 61000-4-2 (ESD) 15 kV (air) 8 kV (contact) E

3
IEC 61000—4—4 (EFT) 40 Amps (5/50 ns) %?é B B
ot g

ON Semiconductor™

http://onsemi.com

PIN ASSIGNMENT

IEC 61000-4-5 (lighting) 23 Amps (8/2@)

¢ UL Flammability Rating of 94V-0 E

Typical Applications: CASS(;_ZEBF PIN 1. CATHODE
¢ Hand Held Portable Applications such as Cell Phones, Pagers, STYLE 1 2 ANODE
Notebooks and Notebook Computers 3. CATHODE
4. CATHODE
5. ANODE
MAXIMUM RATINGS 6. CATHODE
Rating Symbol Value Unit
Peak Power Dissipation Ppk 350 W MARKING DIAGRAM
8x20uS @ Tp =25°C (Note 1.) |—| |—| |—|
Total Power Dissipation on FR-5 Board Pp 225 mwW d
@ Ta = 25°C (Note 2.) ° XXX
Derate Above 25°C 1.8 mw/°C |_| |_| |_|
Thermal Resistance, Rgia 556 °C/W ]
Junction—to—Ambient xxx = Device Code
d = Date Code
Junction and Storage T3, Tstg -55to °C
Temperature Range +150
Lead Solder Temperature — T 260 °C
Maximum 10 Seconds Duration ORDERING INFORMATION
1. Non-repetitive current pulse 8 x 20 uS exponential decay waveform Device Package Shipping
2. FR-5=1.0x0.75x0.62 in.
SMS05T1 SC-74 3000/Tape & Reel
SMSO05T3 SC-74 10,000/Tape & Reel
0 Semiconductor Components Industries, LLC, 2001 160 Publication Order Number:
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SMSO05T1

Ve Ver VrRwM

\%
ELECTRICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Reverse Breakdown Voltage @ |, = 1.0 mA VBR 6.0 - 7.2 \Y
Reverse Leakage Current @ Vrwn = 5.0 Volts Ir N/A - 20 uA
Maximum Clamping Voltage @ Ipp = 5.0 A, 8 x 20 uS Ve N/A - 9.8 \%
Maximum Clamping Voltage @ Ipp = 23 A, 8 X 20 uS Ve N/A - 155 \%
Between I/O Pins and Ground @ Vg = 0 Volts, 1.0 MHz Capacitance 250 300 400 pF
10 110
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Figure 1. Non—Repetitive Peak Pulse Power

versus Pulse Time
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Ta, AMBIENT TEMPERATURE (°C)

Figure 2. Power Derating Curve
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CHAPTER 6
Zener Voltage Regulator Diodes —
Axial Leaded Data Sheets
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1N4370A Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

http://onsemi.com

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:

* Zener \oltage Range —2.4Vto 12V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 165

May, 2001 — Rev. 1

o 11 o
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| x 1
ww

L

1NxxxxA = Device Code

Y
ww

= Assembly Location

(See Table Next Page)

= Year

= Work Week

ORDERING INFORMATION

Device Package Shipping
INXXXXA Axial Lead 3000 Units/Box
INXxxxxARL Axial Lead | 5000/Tape & Reel
INXxxxARL2 * Axial Lead | 5000/Tape & Reel
INxxxxARAL Axial Lead | 3000/Ammo Pack
INXXXXATA Axial Lead | 5000/Ammo Pack
INXXXXATA2 * Axial Lead | 5000/Tape & Reel
INxxxxARRL Axial Lead | 3000/Tape & Reel
INxxxxARR2 ¥ | Axial Lead | 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:

1N4370A/D




1N4370A Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types)

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izm Maximum DC Zener Current o
IR Reverse Leakage Current @ VR
VR Reverse Voltage
I Forward Current
Vg Forward Voltage @ Ir
Zener Voltage Regulator
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 200 mA for all types)
Zener Voltage (Note 3. | VgR=1V
ge ( ) Zr (Note 4.) RO VR
Vz (Volt | Ta =25°C Ta = 150°C
Device Devioe z (Volts) @ lzr @ Iz Izm (Note 5.) A A
(Note 2.) Marking Min Nom Max (mA) (Q) (mA) (HA) (HA)
1N4370A 1N4370A 2.28 24 2.52 20 30 150 100 200
1N4371A 1IN4371A 2.57 2.7 2.84 20 30 135 75 150
1IN4372A 1IN4372A 2.85 3.0 3.15 20 29 120 50 100
IN746A IN746A 3.14 3.3 3.47 20 28 110 10 30
IN747A IN747A 3.42 3.6 3.78 20 24 100 10 30
IN748A IN748A 3.71 3.9 4.10 20 23 95 10 30
IN749A IN749A 4.09 4.3 4.52 20 22 85 2 30
IN750A 1IN750A 4.47 4.7 4.94 20 19 75 2 30
IN751A IN751A 4.85 5.1 5.36 20 17 70 1 20
IN752A IN752A 5.32 5.6 5.88 20 11 65 1 20
IN753A IN753A 5.89 6.2 6.51 20 7 60 0.1 20
IN754A IN754A 6.46 6.8 7.14 20 5 55 0.1 20
IN755A IN755A 7.13 7.5 7.88 20 6 50 0.1 20
IN756A IN756A 7.79 8.2 8.61 20 8 45 0.1 20
IN757A IN757A 8.65 9.1 9.56 20 10 40 0.1 20
IN758A IN758A 9.50 10 10.5 20 17 35 0.1 20
IN759A IN759A 11.40 12 12.6 20 30 30 0.1 20
2. TOLERANCE AND TYPE NUMBER DESIGNATION (V z)
The type numbers listed have a standard tolerance on the nominal zener voltage of +5%.
3. ZENER VOLTAGE (Vz) MEASUREMENT
Nominal zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T, ) at 30°C + 1°C and 3/8"
lead length.
4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zzk are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(5c) =
0.1 Iz(gc) with the ac frequency = 60 Hz.
5. MAXIMUM ZENER CURRENT RATINGS (Izm)

Values shown are based on the JEDEC rating of 400 mW where the actual zener voltage (Vz) is known at the operating point, the maximum
zener current may be increased and is limited by the derating curve.
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1N4370A Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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1N4370A Series
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1N957B Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:

* Zener \Voltage Range — 6.8V to 75V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 173

May, 2001 — Rev. 1

A

http://onsemi.com

o k‘ o}
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| o 1
X
YWW
L = Assembly Location

1N9xxB = Device Code

Y
ww

(See Table Next Page)

= Year

= Work Week

ORDERING INFORMATION

Device Package Shipping
1N9xxB Axial Lead 3000 Units/Box
1N9xxBRL Axial Lead | 5000/Tape & Reel
1IN9xxBRL2 * Axial Lead | 5000/Tape & Reel
1IN9xxBRA1 Axial Lead | 3000/Ammo Pack
1N9xxBTA Axial Lead | 5000/Ammo Pack
IN9XXBTA2 * Axial Lead | 5000/Tape & Reel
IN9xxBRR1 T Axial Lead | 3000/Tape & Reel
1N9xxBRR2 ¥ Axial Lead | 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Publication Order Number:

1N957B/D




1N957B Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types) ‘L
|
Symbol Parameter F
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current o
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ I
- Zener Voltage Regulator
Izm Maximum DC Zener Current
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.5 V Max @ Ig = 200 mA for all types)
Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current |
™M
V7 (Volts | Z I Z | | V .
Device Device z (Volts) @ Izt 21 @ lz7 2K @ Iz¢ R @ VR (Note 5.)
(Note 2.) Marking Min Nom Max mA Q Q mA HA Volts mA
1IN957B 1IN957B 6.46 6.8 7.14 18.5 4.5 700 1.0 150 5.2 47
1N958B 1N958B 7.125 7.5 7.875 16.5 5.5 700 0.5 75 5.7 42
1N959B 1N959B 7.79 8.2 8.61 15 6.5 700 0.5 50 6.2 38
1N960B 1N960B 8.645 9.1 9.555 14 7.5 700 0.5 25 6.9 35
1N961B 1IN961B 9.5 10 10.5 12.5 8.5 700 0.25 10 7.6 32
1N962B 1N962B 10.45 11 11.55 11.5 9.5 700 0.25 5 8.4 28
1N963B 1N963B 11.4 12 12.6 10.5 11.5 700 0.25 5 9.1 26
1N964B 1N964B 12.35 13 13.65 9.5 13 700 0.25 5 9.9 24
1N965B 1N965B 14.25 15 15.75 8.5 16 700 0.25 5 11.4 21
1N966B 1N966B 15.2 16 16.8 7.8 17 700 0.25 5 12.2 19
1N967B 1N967B 171 18 18.9 7.0 21 750 0.25 5 13.7 17
1N968B 1N968B 19 20 21 6.2 25 750 0.25 5 15.2 15
1N969B 1N969B 20.9 22 23.1 5.6 29 750 0.25 5 16.7 14
1N970B 1N970B 22.8 24 25.2 5.2 33 750 0.25 5 18.2 13
1IN971B 1IN971B 25.65 27 28.35 4.6 41 750 0.25 5 20.6 11
1N972B 1N972B 28.5 30 315 4.2 49 1000 0.25 5 22.8 10
1N973B 1N973B 31.35 33 34.65 3.8 58 1000 0.25 5 25.1 9.2
1N974B 1N974B 34.2 36 37.8 3.4 70 1000 0.25 5 27.4 8.5
1N975B 1N975B 37.05 39 40.95 3.2 80 1000 0.25 5 29.7 7.8
1N978B 1N978B 48.45 51 53.55 25 125 1500 0.25 5 38.8 5.9
1N979B 1N979B 53.2 56 58.8 2.2 150 2000 0.25 5 42.6 54
1N982B 1N982B 71.25 75 78.75 1.7 270 2000 0.25 5 56 4.1

2. TOLERANCE AND VOLTAGE DESIGNATION
Tolerance designation — Device tolerance of 5% is indicated by a “B” suffix.

3. ZENER VOLTAGE (Vz) MEASUREMENT
Nominal zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T|) at 30°C + 1°C and 3/8"
lead length.

4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 60 Hz.

5. MAXIMUM ZENER CURRENT RATINGS (Izm)
Values shown are based on the JEDEC rating of 400 mW where the actual zener voltage (V) is known at the operating point, the maximum
zener current may be increased and is limited by the derating curve.
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1N957B Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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1N957B Series

TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)
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1N957B Series
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1N957B Series
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Figure 13. Zener Voltage versus Zener Current —V 7 = 30 thru 105 Volts
10
p— |
/ - _—
1 ﬁ / A/ A
[ / / / /
0.1
0.01
10 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

Vz, ZENER VOLTAGE (VOLTS)

Figure 14. Zener Voltage versus Zener Current —V 7 = 110 thru 220 Volts
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1N5985B Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead
hermetically sealed glass package that offers protection in all common
environmental conditions.

Specification Features:

* Zener \oltage Range — 2.4V to 20 V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

ON Semiconductor™

http://onsemi.com

A

o k‘ o}
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| XX 1
xxB
YWW
L = Assembly Location

1NxxxxB = Device Code

(See Table Next Page)

Y = Year
Rating Symbol Value Unit WW = Work Week
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C ORDERING INFORMATION
Operating and Storage T3, Tetg —65 to °C Device Package Shipping
Temperature Range +200 . .
1NxxxxB Axial Lead 3000 Units/Box
1. Some part number series have lower JEDEC registered ratings.
1NxxxxBRL Axial Lead | 5000/Tape & Reel
INxxxxBRL2 * Axial Lead | 5000/Tape & Reel
INxxxxBTA Axial Lead | 5000/Ammo Pack
INxxxxBTA2 * Axial Lead | 5000/Tape & Reel
INxxxxBRR1 Axial Lead | 3000/Tape & Reel
1NxxxxBRR2 ¥ Axial Lead | 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

0 Semiconductor Components Industries, LLC, 2001 181
May, 2001 — Rev. 1

Publication Order Number:
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1N5985B Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless |
otherwise noted, Vg = 1.5V Max @ I = 100 mA for all types) A
|
Symbol Parameter F
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current o
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ I
- Zener Voltage Regulator
Izm Maximum DC Zener Current
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 100 mA for all types)
Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current |
™
V7 (Volt | Z I Z | | V .
Devioe Device z (Volts) @ Izt 21 @ Iz7 7k @ Izk R @ VR (Note 5.)
(Note 2.) Marking Min Nom Max mA Q Q mA HA Volts mA
1N5985B 1N5985B 2.28 2.4 2.52 5 100 1800 0.25 100 1.0 208
1IN5987B 1N5987B 2.85 3.0 3.15 5 95 2000 0.25 50 1.0 167
1N5988B | 1N5988B 3.13 3.3 3.46 5 95 2200 0.25 25 1.0 152
1N5990B 1N5990B 3.7 3.9 4.09 5 90 2400 0.25 10 1.0 128
1IN5991B 1N5991B 4.08 4.3 4.51 5 88 2500 0.25 5.0 1.0 116
IN5992B | 1N5992B 4.46 4.7 4.93 5 70 2200 0.25 3.0 15 106
IN5993B IN5993B 4.84 5.1 5.35 5 50 2050 0.25 2.0 2.0 98
IN5994B IN5994B 532 5.6 5.88 5 25 1800 0.25 2.0 3.0 89
1IN5995B 1N5995B 5.89 6.2 6.51 5 10 1300 0.25 1.0 4.0 81
1IN5996B 1N5996B 6.46 6.8 7.14 5 8.0 750 0.25 1.0 5.2 74
1N5997B 1N5997B 7.12 7.5 7.87 5 7.0 600 0.25 0.5 6.0 67
IN5998B IN5998B 7.79 8.2 8.61 5 7.0 600 0.25 0.5 6.5 61
1N5999B 1N5999B 8.64 9.1 9.55 5 10 600 0.25 0.1 7.0 55
1N6000B 1N6000B 9.5 10 10.5 5 15 600 0.25 0.1 8.0 50
1N6001B 1N6001B 10.45 11 11.55 5 18 600 0.25 0.1 8.4 45
1N6002B | 1N6002B 11.4 12 12.6 5 22 600 0.25 0.1 9.1 42
1N6004B 1N6004B 14.25 15 15.75 5 32 600 0.25 0.1 11 33
1N6007B 1N6007B 19 20 21 5 48 600 0.25 0.1 15 25

2. TOLERANCE AND VOLTAGE DESIGNATION
Tolerance designation — Device tolerance of +5% is indicated by a “B” suffix.

3. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T ) at 30°C + 1°C and 3/8" lead
length.

4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 1.0 kHz.

5. MAXIMUM ZENER CURRENT RATINGS (I zm)
This data was calculated using nominal voltages. The maximum current handling capability on a worst case basis is limited by the actual
zener voltage at the operation point and the power derating curve.
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Figure 1. Steady State Power Derating
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1N5985B Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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1N5985B Series
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1N5985B Series
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Figure 11. Zener Voltage versus Zener Current—V 7 = 1 thru 16 Volts
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Figure 12. Zener Voltage versus Zener Current —V 7 = 15 thru 30 Volts
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1N5985B Series
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Figure 14. Zener Voltage versus Zener Current —V 7 = 110 thru 220 Volts
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BZX79C2V4RL Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage

Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

http://onsemi.com

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:
* Zener \oltage Range — 2.4V to 33V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional

DO-204AA Package
¢ Double Slug Type Construction
* Metallurgical Bonded Construction

Mechanical Characteristics:
CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are

readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:

230°C, 1/18 from the case for 10 seconds
POLARITY: Cathode indicated by polarity band
MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

o 11 o
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
| o0 1
YWW

L

79Cxxx = Device Code

Y
ww

= Assembly Location

(See Table Next Page)

= Year

= Work Week

ORDERING INFORMATION

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 189

May, 2001 — Rev. 1

Device Package Shipping
BZX79CxxxRL Axial Lead | 5000/Tape & Reel
BZX79CxxxRL2* | Axial Lead [ 5000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.

Publication Order Number:

BZX79C2V4RL/I5




BZX79C2V4RL Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless |
otherwise noted, Vg = 1.5V Max @ I = 100 mA for all types) A
Symbol Parameter IF
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
BOVgR Temperature Coefficient of Vgg (Typical) -
IR Reverse Leakage Current (Tp = 25°C) @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ Ir
C Capacitance (Typical)
Zener Voltage Regulator
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 100 mA for all types)
Zener Voltage (Note 3.) Zz7 (Note 4.) | Leakage Current OVgRr Cc
@ Izr Vz=0,
V7 (Volts | =1. | V mV/°C =1.
Device Device z ( ) @ Izt | (Ff=1.0kHz) R @ VR f=1.0 MHz
(Note 2.) Marking Min Nom Max mA Q MA Volts Min Max pF
BZX79C2V4RL 79C2Vv4 2.28 2.4 2.52 5 100 100 1 -35 0 255
BZX79C2V7RL 79C2V7 2.57 2.7 2.84 5 100 75 1 -3.5 0 230
BZX79C3VORL 79C3V0 2.85 3.0 3.15 5 95 50 1 -3.5 0 215
BZX79C3V3RL | 79C3V3 3.14 3.3 3.47 5 95 25 1 -35 0 200
BZX79C3V6RL 79C3V6 3.42 3.6 3.78 5 90 15 1 -3.5 0 185
BZX79C3V9ORL 79C3V9 3.71 3.9 4.10 5 90 10 1 -35 0.3 175
BZX79C4V7RL 79C4vV7 4.47 4.7 4.94 5 80 3 2 -3.5 0.2 130
BZX79C5V1RL 79C5V1 4.85 5.1 5.36 5 60 2 2 -2.7 1.2 110
BZX79C5V6RL 79C5V6 5.32 5.6 5.88 5 40 1 2 -2.0 2.5 95
BZX79C6V2RL 79C6V2 5.89 6.2 6.51 5 10 3 4 0.4 3.7 90
BZX79C6V8RL 79C6V8 6.46 6.8 7.19 5 15 2 4 1.2 4.5 85
BZX79C7V5RL 79C7V5 7.13 7.5 7.88 5 15 1 5 2.5 5.3 80
BZX79C8V2RL 79C8Vv2 7.79 8.2 8.61 5 15 0.7 5 3.2 6.2 75
BZX79C10RL 79C10 9.5 10 10.5 5 20 0.2 7 4.5 8.0 70
BZX79C12RL 79C12 11.4 12 12.6 5 25 0.1 8 6.0 10 65
BZX79C15RL 79C15 14.25 15 15.75 5 30 0.05 10.5 9.2 13 55
BZX79C16RL 79C16 15.2 16 16.8 5 40 0.05 11.2 10.4 14 52
BZX79C18RL 79C18 17.1 18 18.9 5 45 0.05 12.6 12.9 16 47
BZX79C22RL 79C22 20.9 22 23.1 5 55 0.05 15.4 16.4 20 34
BZX79C24RL 79C24 22.8 24 25.2 5 70 0.05 16.8 18.4 22 33
BZX79C27RL 79C27 25.65 27 28.35 5 80 0.05 18.9 - 235 30
BZX79C30RL 79C30 28.5 30 315 5 80 0.05 21 - 26 27
BZX79C33RL 79C33 31.35 33 34.65 5 80 0.05 23.1 - 29 25

2. TOLERANCE AND VOLTAGE DESIGNATION
Tolerance designation — the type numbers listed have zener voltage min/max limits as shown.
3. REVERSE ZENER VOLTAGE (Vz) MEASUREMENT
Reverse zener voltage is measured under pulse conditions such that T; is no more than 2°C above Ta.
4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zzg are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for I7(ac) =
0.1 Iz(gc) With the ac frequency = 1.0 kHz.
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BZX79C2V4RL Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
7
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 19 i
For worst-case design, using expected limitspfitits = 50 \
of Pp and the extremes of ;_AT; may be estimated. = 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \“‘
- . 5
Byz, the zener voltage temperature coefficient, is found § \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01
. . . \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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BZX79C2V4RL Series

TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)
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Figure 4c. Range for Units 120 to 200 Volts
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BZX79C2V4RL Series
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I7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

BZX79C2V4RL Series
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Figure 11. Zener Voltage versus Zener Current—V 7 = 1 thru 16 Volts
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|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

BZX79C2V4RL Series

10 \
/ Tp=25°
( / / /
| | '/ ! /
0.1
0.01
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105
V7, ZENER VOLTAGE (VOLTS)
Figure 13. Zener Voltage versus Zener Current —V 7 = 30 thru 105 Volts
10
p— |
/ - _—
1 ﬁ / A/ A
[ / / / /
0.1
0.01
10 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

Vz, ZENER VOLTAGE (VOLTS)
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1N4678 Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead
hermetically sealed glass package that offers protection in all common

ON Semiconductor™

http://onsemi.com

environmental conditions. o 11 )
Cathode Anode
Specification Features:
* Zener \oltage Range — 1.8 Vto 27 V
¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package
¢ Double Slug Type Construction
* Metallurgical Bonded Construction AXIAL LEAD
CASE 299
Mechanical Characteristics: GLASS
CASE: Double slug type, hermetically sealed glass
FINISH: All external surfaces are corrosion resistant and leads are MARKING DIAGRAM
readily solderable L
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: IN
23C°C, 1/186 from the case for 10 seconds - §>><< ]
POLARITY: Cathode indicated by polarity band TWW
MOUNTING POSITION: Any L - Assembly Location

1N4xxx = Device Code

MAXIMUM RATINGS (Note 1.)

(See Table Next Page)

- - Y = Year
Rating Symbol Value Unit WW = Work Week
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C ORDERING INFORMATION
Operating and Storage T3, Tetg —65 to °C Device Package Shipping
Temperature Range +200 . .
1N4xxx Axial Lead 3000 Units/Box
1. Some part number series have lower JEDEC registered ratings.
1N4xxxRL Axial Lead | 5000/Tape & Reel
1N4xxxRL2 * Axial Lead | 5000/Tape & Reel
IN4xXxXTA Axial Lead | 5000/Ammo Pack
1N4xxxTA2 * Axial Lead | 5000/Tape & Reel
1N4xxxRR1 T Axial Lead | 3000/Tape & Reel
1N4xxxRR2 ¥ Axial Lead | 3000/Tape & Reel
* The “2” suffix refers to 26 mm tape spacing.
Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first
Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.
0 Semiconductor Components Industries, LLC, 2001 197 Publication Order Number:

May, 2001 — Rev. 1

1N4678/D




Low level oxide passivated zener diodes for applications
requiring extremely low operating currents, low leakage,

and sharp breakdown voltage.

ELECTRICAL CHARACTERISTICS (Tp =25°C unless
otherwise noted, Vg = 1.5 V Max @ Ig = 100 mA for all types)

1N4678 Series

IR VF

Zener Voltage Regulator

Symbol Parameter
Vz Reverse Zener Voltage @ Iz7
Vas Reverse Current
AVz Reverse Zener Voltage Change
Izm Maximum Zener Current

Ir Reverse Leakage Current @ Vg
VR Breakdown Voltage

Ir Forward Current

VE Forward Voltage @ I

http://onsemi.com
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1N4678 Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Iz = 100 mA for all types)

Zener Voltage (Note 3.) Leakage Current (Note 4.)
Izm AVz
Device Device V7 (Volts) @ Izt Ir @ VR (Note 5.) (Note 6.)
(Note 2.) Marking Min Nom Max pA HA Max Volts mA Volts
1N4678 1N4678 1.71 1.8 1.89 50 7.5 1 120 0.7
1N4679 1N4679 1.9 2.0 2.1 50 5 1 110 0.7
1N4680 1N4680 2.09 2.2 231 50 5 1 100 0.75
1N4681 1N4681 2.28 2.4 2.52 50 2 1 95 0.8
1N4682 1N4682 2.565 2.7 2.835 50 1 1 90 0.85
1N4683 1N4683 2.85 3.0 3.15 50 0.8 1 85 0.9
1N4684 1N4684 3.135 3.3 3.465 50 7.5 1.5 80 0.95
1N4685 1N4685 3.42 3.6 3.78 50 7.5 2 75 0.95
1N4686 1N4686 3.705 3.9 4.095 50 5.0 2 70 0.97
1N4687 1N4687 4.085 4.3 4515 50 4.0 2 65 0.99
1N4688 1IN4688 4.465 4.7 4.935 50 10 3 60 0.99
1N4689 1N4689 4.845 51 5.355 50 10 3 55 0.97
1N4690 1N4690 5.32 5.6 5.88 50 10 4 50 0.96
1N4691 1N4691 5.89 6.2 6.51 50 10 5 45 0.95
1N4692 1N4692 6.46 6.8 7.14 50 10 5.1 35 0.9
1N4693 1N4693 7.125 75 7.875 50 10 5.7 31.8 0.75
1N4694 1N4694 7.79 8.2 8.61 50 1 6.2 29 0.5
1N4695 1N4695 8.265 8.7 9.135 50 1 6.6 27.4 0.1
1N4696 1N4696 8.645 9.1 9.555 50 1 6.9 26.2 0.08
1N4697 1N4697 9.5 10 10.5 50 1 7.6 24.8 0.1
1N4698 1N4698 10.45 11 11.55 50 0.05 8.4 21.6 0.11
1N4699 1N4699 11.4 12 12.6 50 0.05 9.1 20.4 0.12
1N4700 1N4700 12.35 13 13.65 50 0.05 9.8 19 0.13
1N4701 1N4701 13.3 14 14.7 50 0.05 10.6 17.5 0.14
1N4702 1N4702 14.25 15 15.75 50 0.05 11.4 16.3 0.15
1N4703 1N4703 15.2 16 16.8 50 0.05 12.1 15.4 0.16
1N4704 1N4704 16.15 17 17.85 50 0.05 12.9 14.5 0.17
1N4705 1N4705 17.1 18 18.9 50 0.05 13.6 13.2 0.18
1N4707 1N4707 19 20 21 50 0.01 15.2 11.9 0.2
1IN4711 1IN4711 25.65 27 28.35 50 0.01 20.4 8.8 0.27
2. TOLERANCE AND TYPE NUMBER DESIGNATION (V z)
The type numbers listed have a standard tolerance of 5% on the nominal zener voltage.
3. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T_) at 30°C + 1°C and 3/8" lead
length.
4. REVERSE LEAKAGE CURRENT (IR)

Reverse leakage currents are guaranteed and measured at Vg shown on the table.
5. MAXIMUM ZENER CURRENT RATINGS (I zp)
Maximum zener current ratings are based on maximum zener voltage of the individual units and JEDEC 250 mW rating.

6. MAXIMUM VOLTAGE CHANGE (AVy)
Voltage change is equal to the difference between V7 at 100 uA and at 10 pA.
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Pp, STEADY STATE
POWER DISSIPATION (WATTS)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

1N4678 Series

HEAT -
SINKS |
N\ ]
N __ISIB“L"SIB"I‘_ _
\\
N\
N
\‘\
N
20 40 60 80 100 120 140 160 180 200

T., LEAD TEMPERATURE (°C)

Figure 1. Steady State Power Derating
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1N4678 Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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Vz, NOMINAL ZENER VOLTAGE (VOLTS)
Figure 3. Typical Leakage Current
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1N4678 Series

TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)
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1N4678 Series
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I7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N4678 Series
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Figure 11. Zener Voltage versus Zener Current—V 7 = 1 thru 16 Volts
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Figure 12. Zener Voltage versus Zener Current —V 7 = 15 thru 30 Volts
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|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N4678 Series
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Figure 14. Zener Voltage versus Zener Current —V 7 = 110 thru 220 Volts
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1N5221B Series

500 mW DO-35 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 500 mW Zener diodes with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

http://onsemi.com

hermetically sealed glass package that offers protection in all common

environmental conditions.

Specification Features:

* Zener \oltage Range —2.4Vto 91V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ DO-204AH (DO-35) Package — Smaller than Conventional
DO-204AA Package

¢ Double Slug Type Construction

¢ Metallurgical Bonded Construction

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/186 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 500 mw
@ T_ £75°C, Lead Length = 3/8"
Derate above 75°C 4.0 mw/°C
Operating and Storage T3, Tstg —65 to °C
Temperature Range +200
1. Some part number series have lower JEDEC registered ratings.
0 Semiconductor Components Industries, LLC, 2001 206

May, 2001 — Rev. 2

o 11 o}
Cathode Anode
AXIAL LEAD
CASE 299
GLASS
MARKING DIAGRAM
L
IN
| 52 1
XX
YWW
L = Assembly Location

1N52xxB = Device Code

Y
ww

(See Table Next Page)

= Year
= Work Week

ORDERING INFORMATION

Device Package Shipping
1N52xxB Axial Lead 3000 Units/Box
1N52xxBRL Axial Lead | 5000/Tape & Reel
1IN52xxBRL2 * Axial Lead | 5000/Tape & Reel
IN52xxBRA1 Axial Lead | 3000/Ammo Pack
IN52xxBTA Axial Lead | 5000/Ammo Pack
IN52xxBTA2 * Axial Lead | 5000/Ammo Pack
IN52xxBRR1 T | Axial Lead 3000/Tape & Reel
1IN52xxBRR2 ¥ | Axial Lead 3000/Tape & Reel

* The “2” suffix refers to 26 mm tape spacing.
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:

1N5221B/D




1N5221B Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Based on dc measurements at thermal A
equilibrium; lead length = 3/8"; thermal resistance of heat sink I
=30°C/W, VE=1.1V Max @ I = 200 mA for all types)
Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current Y
Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current
Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
Ir Forward Current Zener Voltage Regulator
Vg Forward Voltage @ I
OByz Maximum Zener Voltage Temperature Coefficient

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Based on dc measurements at thermal equilibrium; lead
length = 3/8"; thermal resistance of heat sink = 30°C/W, Vg = 1.1 V Max @ |r = 200 mA for all types)

Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current 0
\74
Device Device Vz (VO|tS) @ IzT Z77 @ Iz Z7k @ Iz IR @ VR (Note 5.)
(Note 2.) Marking Min Nom Max mA Q Q mA pA Volts %l/°C
IN5221B | 1N5221B 2.28 24 2.52 20 30 1200 0.25 100 1 —0.085
1IN5222B 1N5222B 2.375 2.5 2.625 20 30 1250 0.25 100 1 —0.085
1IN5223B 1N5223B 2.565 2.7 2.835 20 30 1300 0.25 75 1 -0.08
1IN5224B 1N5224B 2.66 2.8 2.94 20 30 1400 0.25 75 1 -0.08
1IN5225B 1N5225B 2.85 3.0 3.15 20 29 1600 0.25 50 1 -0.075
IN5226B | 1N5226B 3.14 3.3 3.46 20 28 1600 0.25 25 1 -0.07
1IN5227B 1N5227B 3.42 3.6 3.78 20 24 1700 0.25 15 1 —-0.065
IN5228B IN5228B 3.71 3.9 4.09 20 23 1900 0.25 10 1 -0.06
1N5229B 1N5229B 4.09 4.3 451 20 22 2000 0.25 5 1 +0.055
1N5230B 1N5230B 4.47 4.7 4.93 20 19 1900 0.25 5 2 +0.03
IN5231B IN5231B 4.85 5.1 5.35 20 17 1600 0.25 5 2 +0.03
IN5232B | 1N5232B 5.32 5.6 5.88 20 11 1600 0.25 5 3 0.038
1N5233B | 1N5233B 5.7 6.0 6.3 20 7 1600 0.25 5 35 0.038
IN5234B IN5234B 5.89 6.2 6.51 20 7 1000 0.25 5 4 0.045
IN5235B | 1N5235B 6.46 6.8 7.14 20 5 750 0.25 3 5 0.05

2. TOLERANCE
The JEDEC type numbers shown indicate a tolerance of +5%.
3. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T_) at 30°C + 1°C and 3/8" lead
length.
4. ZENER IMPEDANCE (Z7) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 60 Hz.
5. TEMPERATURE COEFFICIENT (0yz) *
Test conditions for temperature coefficient are as follows:
A. Iz1=7.5mA, T; =25°C, T, = 125°C (1N5221B through 1N5242B)
B. Izt = Rated Izt, Ty = 25°C, T, = 125°C (1N5243B through 1N5281B)
Device to be temperature stabilized with current applied prior to reading breakdown voltage at the specified ambient temperature.

* For more information on special selections contact your nearest ON Semiconductor representative.
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1N5221B Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Based on dc measurements at thermal equilibrium; lead
length = 3/8"; thermal resistance of heat sink = 30°C/W, Vg = 1.1 V Max @ Ig = 200 mA for all types) (continued)

Zener Voltage (Note 7.) Zener Impedance (Note 8.) Leakage Current 0vy
Device Device Vz (Volts) @lzt | Zzr @ lzr Zzk @ Izx Ir @ Vg5 (Note 9.)
(Note 6.) Marking Min Nom Max mA Q Q mA pA Volts %/°C
1IN5236B 1N5236B 7.13 7.5 7.87 20 6 500 0.25 3 6 0.058
IN5237B | 1N5237B 7.79 8.2 8.61 20 8 500 0.25 3 6.5 0.062
1N5238B | 1N5238B 8.265 8.7 9.135 20 8 600 0.25 3 6.5 0.065
1N5239B | 1N5239B 8.65 9.1 9.55 20 10 600 0.25 3 7 0.068
IN5240B IN5240B 9.5 10 10.5 20 17 600 0.25 3 8 0.075
1N5241B 1N5241B 10.45 11 11.55 20 22 600 0.25 2 8.4 0.076
IN5242B IN5242B 11.4 12 12.6 20 30 600 0.25 1 9.1 0.077
1N5243B | 1N5243B 12.35 13 13.65 9.5 13 600 0.25 0.5 9.9 0.079
1N5244B 1N5244B 13.3 14 14.7 9 15 600 0.25 0.1 10 0.082
IN5245B IN5245B 14.25 15 15.75 8.5 16 600 0.25 0.1 11 0.082
IN5246B IN5246B 15.2 16 16.8 7.8 17 600 0.25 0.1 12 0.083
1N5247B 1N5247B 16.15 17 17.85 7.4 19 600 0.25 0.1 13 0.084
1N5248B 1N5248B 17.1 18 18.9 7 21 600 0.25 0.1 14 0.085
1N5249B | 1N5249B 18.05 19 19.95 6.6 23 600 0.25 0.1 14 0.086
IN5250B | 1N5250B 19 20 21 6.2 25 600 0.25 0.1 15 0.086
1IN5251B 1N5251B 20.9 22 23.1 5.6 29 600 0.25 0.1 17 0.087
1IN5252B 1N5252B 22.8 24 25.2 5.2 33 600 0.25 0.1 18 0.088
1N5253B | 1N5253B 23.75 25 26.25 5.0 35 600 0.25 0.1 19 0.089
1N5254B 1N5254B 25.65 27 28.35 4.6 41 600 0.25 0.1 21 0.090
1IN5255B 1N5255B 26.6 28 29.4 4.5 44 600 0.25 0.1 21 0.091
1N5256B | 1N5256B 28.5 30 315 4.2 49 600 0.25 0.1 23 0.091
IN5257B 1N5257B 31.35 33 34.65 3.8 58 700 0.25 0.1 25 0.092
1IN5258B 1N5258B 34.2 36 37.8 3.4 70 700 0.25 0.1 27 0.093
1IN5259B 1N5259B 37.05 39 40.95 3.2 80 800 0.25 0.1 30 0.094
1IN5260B 1N5260B 40.85 43 45.15 3.0 93 900 0.25 0.1 33 0.095
1N5261B 1N5261B 44.65 47 49.35 2.7 105 1000 0.25 0.1 36 0.095
1IN5262B 1N5262B 48.45 51 53.55 2.5 125 1100 0.25 0.1 39 0.096
1N5263B 1N5263B 53.2 56 58.8 2.2 150 1300 0.25 0.1 43 0.096
1IN5264B 1N5264B 57 60 63 2.1 170 1400 0.25 0.1 46 0.097
1N5265B | 1N5265B 58.9 62 65.1 2.0 185 1400 0.25 0.1 47 0.097
1N5266B | 1N5266B 64.6 68 71.4 1.8 230 1600 0.25 0.1 52 0.097
1IN5267B 1N5267B 71.25 75 78.75 1.7 270 1700 0.25 0.1 56 0.098
1N5268B | 1N5268B 77.9 82 86.1 15 330 2000 0.25 0.1 62 0.098
1N5269B | 1N5269B 82.65 87 91.35 14 370 2200 0.25 0.1 68 0.099
1N5270B | 1N5270B 86.45 91 95.55 14 400 2300 0.25 0.1 69 0.099

6. TOLERANCE
The JEDEC type numbers shown indicate a tolerance of +5%.
7. ZENER VOLTAGE (Vz) MEASUREMENT
The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T_) at 30°C + 1°C and 3/8" lead
length.
8. ZENER IMPEDANCE (Zz) DERIVATION
Zzt and Zz are measured by dividing the ac voltage drop across the device by the ac current applied. The specified limits are for Iz(ac) =
0.1 Iz(gc) with the ac frequency = 60 Hz.
9. TEMPERATURE COEFFICIENT (0yz) *
Test conditions for temperature coefficient are as follows:
A. Iz1=7.5mA, T; =25°C, T, = 125°C (1N5221B through 1N5242B)
B. Izt = Rated Izt, Ty = 25°C, T, = 125°C (1N5243B through 1N5281B)
Device to be temperature stabilized with current applied prior to reading breakdown voltage at the specified ambient temperature.

* For more information on special selections contact your nearest ON Semiconductor representative.
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1N5221B Series

APPLICATION NOTE — ZENER VOLTAGE

E (CM)
g

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to determiné%
junction temperature under any set of operating conditions & 400
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

300

200

O_a is the lead-to-ambient thermal resistari€\(V) and B
is the power dissipation. The value fiyra will vary and

100
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use

JUNCTION-TO-LEAD THERMAL RES

and for printed circuit board wiring.
The temperature of the lead can also be measured using g;
thermocouple placed on the lead as close as possible to the
tie point. The thermal mass connected to the tie point is
normally large enough so that it will not significantly

%::p:é _
e
2.4-60V_—"
// |
| 62-200 V
L~ ~
[
0 02 04 06 08 1

L, LEAD LENGTH TO HEAT SINK (INCH)
Figure 2. Typical Thermal Resistance

respond to heat surges generated in the diode as a result of 1990 I\ T T T T 7
pulsed operation once steady-state conditions are achieved. 5000 \ TYPICAL LEAKAGE CURRENT |
Using the measured value of , Tthe junction temperature 2000 “ AT 80% OF NOMINAL |
may be determined by: " \ BREAKDOWN VOLTAGE
Ty=TL+ ATy 700 \‘\
ATy is the increase in junction temperature above the lead \\
temperature and may be found from Figure 2 for dc power: 200 \
ATy =6,.Pp. 10 1
For worst-case design, using expected limitspfitits _ 50 \
of Pp and the extremes of ;{llT; may be estimated. 3 2 \\
Changes in voltage,/ can then be found from: = \|
AV = evaJ. % 19 \\“
Byz, the zener voltage temperature coefficient, is found % ° \\
from Figures 4 and 5. g 2 \
Under high power-pulse operation, the zener voltage will 4 4 \
vary withtime and may also be affected significantly by the «< 8; \
zener resistance. For best regulation, keep current ' \ +125°C
excursions as low as possible. 0.2 —
Surge limitations are given in Figure 7. They are lower 01 \
than would be expected by considering only junction 3-8; \
temperature, asurrent crowding effects cause temperatures ' \\
to be extremely high in small spots, resulting in device  0.02 N
degradation should the limits of Figure 7 be exceeded. 0.01 N -
0.007 ~ +25°C
0.005
0.002
0.001
3 4 5 6 7 8 9 10 U 12 13 14 15
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1N5221B Series

100 —— 1 T
7 ™~ T RECTANGULAR [
£ 50 ~ 11V-91 V NONREPETITIVE WAVEFORM H
= \‘\ T [ T;=25°CPRIORTO [
S 30|~ 5% DUTY CYCLE ~& 1.8 V-10 V NONREPETITIVE INTIALPULSE |
o —— ST
w 20 Pt P~y
; T — Ty \

2 | T ~
w 10— 10% DUTY CYCLE — —
S 1 I I | — ~
= — ==
n 5 y ¥ — ]
=< | 20% DUTY CYCLE —— ———
< — —
w 3 \~~~. \\:\_~_-
< 2 P
Q_Q-

1

0.01  0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 50 100 200 500 1000

PW, PULSE WIDTH (ms)
Figure 7a. Maximum Surge Power 1.8-91 Volts

1000 e 1000 = T -
_ 1 S = N\, V=27V b |
E a0 RECTANGULAR Hla NN ‘ﬂ‘\L fz= 60 H-z B
S 500N WAVEFORM, T, = 25°C ?25 200 N I
& 100 b8 o 100 \‘ﬂl.\ N
£ 70 e 27V
a 50 100-200 VOLTS NONREPETITIVE S 50 —

L N ) N —
S 30 o ]
% 20 a % 2 ~e
x 10 ™ = 10 g 82V S
o7 = = -
& 5 ' £ 5
~ a ~
2 S —
1 1
0.01 0.1 1 10 100 1000 01 02 0.5 1 2 5 10 20 50 100
PW, PULSE WIDTH (ms) Iz, ZENER CURRENT (mA)
Figure 7b. Maximum Surge Power DO-204AH Figure 8. Effect of Zener Current on
100-200 Volts Zener Impedance

1000 —_—— - —

700 T, =25°C o maxivum
@ 500 iz(rms) = 0.1 Iz(dc) s00F 7
= —— PE= =N N [ ————- MINIMUM 71717
3 Iz=1mA \ =60 Hz P z " A1
uOT 200 — | / P §200 7 K / y g
&) I \ A A E 4 [ A

1 \ 4 St
E 98 5mA So 1 | Z T - E 100 ’l 7 = "rl "I III’/
w50 i N 7 - % 50 i 7 7
o | \ = 7 3 /- VAL // Z
= / [m]

5 20mA N HHH A — £ 2 75°C 2 T 7/
% 10 \\ o == % 10 7 E——F i
5 3 7 " 5[150°C Al N 'l/*:ﬁ 2°C
Ny \{ Hy4 o X /1 /,' 1 (I)OC

2 ™ 217 177 A7 =

1 1 y.4 / /l |

1 2 3 5 7 10 20 30 50 70 100 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

Vz, ZENER VOLTAGE (VOLTS) Vi, FORWARD VOLTAGE (VOLTS)
Figure 9. Effect of Zener Voltage on Zener Impedance Figure 10. Typical Forward Characteristics

http://onsemi.com
212



I7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N5221B Series
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1N5221B Series
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1N4728A Series

1 Watt DO-41 Hermetically
Sealed Glass Zener Voltage
Regulator Diodes

This is a complete series of 1 Watt Zener diode with limits and

ON Semiconductor™

excellent operating characteristics that reflect the superior capabilities

of silicon—oxide passivated junctions. All this in an axial-lead

hermetically sealed glass package that offers protection in all common
environmental conditions.

Specification Features:
Zener \oltage Range —3.3Vto 91V
ESD Rating of Class 3 (>16 KV) per Human Body Model

DO-41 (DO-204AL) Package

Double Slug Type Construction

Metallurgical Bonded Construction

Oxide Passivated Die

Mechanical Characteristics:
CASE: Double slug type, hermetically sealed glass

FINISH: All external surfaces are corrosion resistant and leads are

readily solderable

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band
MOUNTING POSITION: Any

MAXIMUM RATINGS

http://onsemi.com

AXIAL LEAD

CASE 59
GLASS
N
| 47 1
XXA
YWW
L = Assembly Location
1N47xxA = Device Code
Y = Year
Www = Work Week
o \@ o}
Cathode Anode

ORDERING INFORMATION (1)(NO TAG)

Rating Symbol Value Unit
Max. Steady State Power Dissipation Pp 1.0 Watt
@ T <50°C, Lead Length = 3/8"
Derated above 50°C 6.67 mw/°C
Operating and Storage T3, Tstg —-65to °C
Temperature Range +200
0 Semiconductor Components Industries, LLC, 2000 215

November, 2000 — Rev. 1

Device Package Shipping
IN47xxA Axial Lead 2000 Units/Box
1N47xxARL Axial Lead 6000/Tape & Reel
1IN47xxARL2 Axial Lead 6000/Tape & Reel
IN47xxATA Axial Lead 4000/Ammo Pack
IN47xxATA2 Axial Lead 4000/Ammo Pack
NOTES:

1. The “2" suffix refers to 26 mm tape spacing.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

Publication Order Number:

1N4728A/D




1N4728A Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.2 V Max., Ig = 200 mA for all types) ‘L
|
Symbol Parameter F
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current o
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
Vg Forward Voltage @ I
Zener Voltage Regulator
Iy Surge Current @ Tp = 25°C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max, Ig = 200 mA for all types)
Zener Voltage (3)(4) Zener Impedance (5. Leakage Current
V2 (Volt | Z | Z | | Vi (6.
JEDEC z (Volts) @ Izr 1 @ Iz7 7k @ Izk R @ VR Ir
Device (2) Min Nom Max (mA) (®)] (Q) (mA) (A Max) | (Volts) (MA)
1N4728A 3.14 3.3 3.47 76 10 400 1 100 1 1380
1IN4729A 3.42 3.6 3.78 69 10 400 1 100 1 1260
1IN4730A 3.71 3.9 4.10 64 9 400 1 50 1 1190
1IN4731A 4.09 4.3 4.52 58 9 400 1 10 1 1070
1IN4732A 4.47 4.7 4.94 53 8 500 1 10 1 970
IN4733A 4.85 51 5.36 49 7 550 1 10 1 890
IN4734A 5.32 56 5.88 45 5 600 1 10 2 810
IN4735A 5.89 6.2 6.51 41 2 700 1 10 3 730
IN4736A 6.46 6.8 7.14 37 3.5 700 1 10 4 660
1IN4737A 7.13 7.5 7.88 34 4 700 0.5 10 5 605
IN4738A 7.79 8.2 8.61 31 4.5 700 0.5 10 6 550
1N4739A 8.65 9.1 9.56 28 5 700 0.5 10 7 500
IN4740A 9.50 10 10.50 25 7 700 0.25 10 7.6 454
IN4741A 10.45 11 11.55 23 8 700 0.25 5 84 414
IN4742A 11.40 12 12.60 21 9 700 0.25 5 9.1 380
1IN4743A 12.4 13 13.7 19 10 700 0.25 5 9.9 344
IN4744A 14.3 15 15.8 17 14 700 0.25 5 11.4 304
IN4745A 15.2 16 16.8 15.5 16 700 0.25 5 12.2 285

TOLERANCE AND TYPE NUMBER DESIGNATION
2. The JEDEC type numbers listed have a standard tolerance on the nominal zener voltage of +5%.
SPECIALS AVAILABLE INCLUDE:

3. Nominal zener voltages between the voltages shown and tighter voltage tolerances. For detailed information on price, availability, and
delivery, contact your nearest ON Semiconductor representative.

ZENER VOLTAGE (Vz) MEASUREMENT

4. ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C
+ 1°C, 3/8" from the diode body.

ZENER IMPEDANCE (Z7) DERIVATION

5. The zener impedance is derived from the 60 cycle ac voltage, which results when an ac current having an rms value equal to 10% of the
dc zener current (Izt or Izk) is superimposed on Izt or Izk.

SURGE CURRENT (Ig) NON-REPETITIVE

6. The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or equiv-
alent sine wave pulse of 1/120 second duration superimposed on the test current, I>1, per JEDEC registration; however, actual device
capability is as described in Figure 5 of the General Data — DO-41 Glass.
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1N4728A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max, I = 200 mA for all types) (continued)

Zener Voltage (8)(9) Zener Impedance (10.) Leakage Current

JEDEC Vz (Volts) @lzr | Zz1 @77 Zzk @ Izx IR @ VR Iy (1)
Device (7)) Min Nom Max (mA) Q) (Q) (mA) (LA Max) | (Volts) (mA)
IN4746A 17.1 18 18.9 14 20 750 0.25 5 13.7 250
IN4747A 19.0 20 21.0 12.5 22 750 0.25 5 15.2 225
IN4748A 20.9 22 23.1 11.5 23 750 0.25 5 16.7 205
IN4749A 22.8 24 25.2 10.5 25 750 0.25 5 18.2 190
IN4750A 25.7 27 28.4 9.5 35 750 0.25 5 20.6 170
IN4751A 28.5 30 31.5 8.5 40 1000 0.25 5 22.8 150
IN4752A 31.4 33 34.7 7.5 45 1000 0.25 5 25.1 135
1N4753A 34.2 36 37.8 7 50 1000 0.25 5 27.4 125
1N4754A 37.1 39 41.0 6.5 60 1000 0.25 5 29.7 115
1N4755A 40.9 43 45.2 6 70 1500 0.25 5 32.7 110
1N4756A 44.7 47 49.4 55 80 1500 0.25 5 35.8 95
1N4757A 48.5 51 53.6 5 95 1500 0.25 5 38.8 90
1N4758A 53.2 56 58.8 4.5 110 2000 0.25 5 42.6 80
1IN4759A 58.9 62 65.1 4 125 2000 0.25 5 47.1 70
1N4760A 64.6 68 71.4 3.7 150 2000 0.25 5 51.7 65
1IN4761A 71.3 75 78.8 3.3 175 2000 0.25 5 56 60
1IN4762A 77.9 82 86.1 3 200 3000 0.25 5 62.2 55
1N4763A 86.5 91 95.6 2.8 250 3000 0.25 5 69.2 50

TOLERANCE AND TYPE NUMBER DESIGNATION

7. The JEDEC type numbers listed have a standard tolerance on the nominal zener voltage of +5%.
SPECIALS AVAILABLE INCLUDE:

8. Nominal zener voltages between the voltages shown and tighter voltage tolerances. For detailed information on price, availability, and
delivery, contact your nearest ON Semiconductor representative.

ZENER VOLTAGE (Vz) MEASUREMENT

9. ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C + 1°C,

3/8" from the diode body.
ZENER IMPEDANCE (Z7) DERIVATION

10.The zener impedance is derived from the 60 cycle ac voltage, which results when an ac current having an rms value equal to 10% of the

dc zener current (Iz7 or Izk) is superimposed on Iz7 or lzk.
SURGE CURRENT (Ir) NON-REPETITIVE

11. The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or equivalent
sine wave pulse of 1/120 second duration superimposed on the test current, |77, per JEDEC registration; however, actual device capability
is as described in Figure 5 of the General Data — DO-41 Glass.
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6JL , JUNCTION-TO-LEAD THERMAL RESISTANCE (mV/° C/W) 6Vz , TEMPERATURE COEFFICIENT (mV/°C)

Ppk, PEAK SURGE POWER (WATTS)

1N4728A Series

a. Range for Units to 12 Volts b. Range for Units to 12 to 100 Volts
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Figure 5. Maximum Surge Power
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1N4728A Series
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1N4728A Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT} is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found as follows:
junction temperature under any set of operating conditions ATj = 65.Pp.
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

0. may be determined from Figure 3 for dc power
conditions. For worst-case design, using expected limits of
Iz, limits of B and the extremes of AT;) may be
estimated. Changes in voltagez,¢an then be found from:
O_a is the lead-to-ambient thermal resistari€\(V) and B AV = By7 AT;.
is the power dissipation. The value fiyra will vary and
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use Under high power-pulse operation, the zener voltage wil

and for printed circuit board wiring. o -
. vary withtime and may also be affected significantly by the
The temperature of the lead can also be measured using & : ;
. Zener resistance. For best regulation, keep current
thermocouple placed on the lead as close as possible to the

: ) . .~ . excursions as low as possible.
tie point. The thermal mass connected to the tie point is o : N

L S Surge limitations are given in Figure 5. They are lower
normally large enough so that it will not significantly ¢

respond to heat surges generated in the diode asaresultq;flan would be expected by considering only junction

Bvz, the zener voltage temperature coefficient, is found
from Figure 2.

, . . emperature, asurrent crowding effects cause temperatures
pulsed operation once steady-state conditions are achieve

Using the measured value of , Tthe junction temperature 0 be extremely high in small spots, resulting in device
may be determined by:

degradation should the limits of Figure 5 be exceeded.
Ty=TL+ AT,
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BZX85C3V3RL Series

1 Watt DO-41 Hermetically
Sealed Glass Zener Voltage
Regulators

This is a complete series of 1 Watt Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead
hermetically sealed glass package that offers protection in all common
environmental conditions.

Specification Features:

¢ Zener Voltage Range —3.3Vto 85V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model
* DO-41 (DO-204AL) Package

* Double Slug Type Construction

¢ Metallurgical Bonded Construction

* Oxide Passivated Die

Mechanical Characteristics:

CASE: Double slug type, hermetically sealed glass

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com

o 11 o
Cathode Anode
AXIAL LEAD

CASE 59

GLASS
MARKING DIAGRAM

I|§.zx

85C

L

= Assembly Location
BZX85Cxxx= Device Code
(See Table Next Page)

- . Y = Year
Rating Symbol Value Unit WW - Work Week
Max. Steady State Power Dissipation Pp 1 w
@ T <50°C, Lead Length = 3/8"
Derate above 50°C 6.67 mwW/°C
- ORDERING INFORMATION
Operating and Storage T3 Tstg —65 to °C
Temperature Range +200 Device Package Shipping
BZX85CxxxRL Axial Lead | 6000/Tape & Reel
BZX85CxxxRL2 | Axial Lead 6000/Tape & Reel
* The “2” suffix refers to 26 mm tape spacing.
0 Semiconductor Components Industries, LLC, 2001 221 Publication Order Number:

May, 2001 — Rev. 0
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BZX85C3V3RL Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.2 V Max., Ig = 200 mA for all types)
Symbol Parameter e
Vyz Reverse Zener Voltage @ Izt |
I7T Reverse Current |
Z77 Maximum Zener Impedance @ Izt |
Izx Reverse Current Ir \l/F
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Ir Surge Current @ Ta = 25°C Zener Voltage Regulator
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BZX85C3V3RL Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max., Ig = 200 mA for all types)

Zener Voltage (Notes 2. and 3.) Zener Impedance (Note 4.) Leakage Current I
Device Device Vz (Volts) @lzr | Zz1 @ Iz7 Zz7k @ Iz Ir @ VR (Note 5.)
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA
BZX85C3V3RL | BZX85C3V3 3.1 3.3 35 80 20 400 1 1 60 1380
BZX85C3V6RL | BZX85C3V6 3.4 3.6 3.8 60 15 500 1 1 30 1260
BZX85C3VIORL | BZX85C3V9 3.7 3.9 4.1 60 15 500 1 1 5 1190
BZX85C4V3RL | BZX85C4V3 | 4.0 4.3 4.6 50 13 500 1 1 3 1070
BZX85C4V7RL | BZX85C4V7 | 4.4 4.7 5.0 45 13 600 1 15 3 970
BZX85C5V1RL | BZX85C5V1 4.8 51 5.4 45 10 500 1 2 1 890
BZX85C5V6RL | BZX85C5V6 | 5.2 5.6 6.0 45 7 400 1 2 1 810
BZX85C6V2RL | BZX85C6V2 5.8 6.2 6.6 35 4 300 1 3 1 730
BZX85C6V8BRL | BZX85C6V8 6.4 6.8 7.2 35 35 300 1 4 1 660
BZX85C7V5RL | BZX85C7V5 | 7.0 7.45 7.9 35 3 200 0.5 45 1 605
BZX85C8V2RL | BZX85C8V2 7.7 8.2 8.7 25 5 200 0.5 5 1 550
BZX85C9V1RL | BZX85C9V1 85 9.05 9.6 25 5 200 0.5 6.5 1 500
BZX85C10RL BZX85C10 9.4 10 10.6 25 7 200 0.5 7 0.5 454
BZX85C12RL BZX85C12 11.4 12.05 12.7 20 9 350 0.5 8.4 0.5 380
BZX85C13RL BZX85C13 12.4 13.25 14.1 20 10 400 0.5 9.1 0.5 344
BZX85C15RL BZX85C15 13.8 14.7 15.6 15 15 500 0.5 10.5 0.5 304
BZX85C16RL BZX85C16 15.3 16.2 17.1 15 15 500 0.5 11 0.5 285
BZX85C18RL BZX85C18 16.8 17.95 19.1 15 20 500 0.5 12.5 0.5 250
BZX85C22RL BZX85C22 20.8 22.05 23.3 10 25 600 0.5 15.5 0.5 205
BZX85C24RL BZX85C24 22.8 24.2 25.6 10 25 600 0.5 17 0.5 190
BZX85C27RL BZX85C27 25.1 27 28.9 8 30 750 0.25 19 0.5 170
BZX85C30RL BZX85C30 28 30 32 8 30 1000 0.25 21 0.5 150
BZX85C33RL BZX85C33 31 33 35 8 35 1000 0.25 23 0.5 135
BZX85C36RL BZX85C36 34 36 38 8 40 1000 0.25 25 0.5 125
BZX85C43RL BZX85C43 40 43 46 6 50 1000 0.25 30 0.5 110
BZX85C47RL BZX85C47 44 47 50 4 90 1500 0.25 33 0.5 95
BZX85C62RL BZX85C62 58 62 66 4 125 2000 0.25 43 0.5 70
BZX85C75RL BZX85C75 70 75 80 4 150 2000 0.25 51 0.5 60
BZX85C82RL BZX85C82 77 82 87 2.7 200 3000 0.25 56 0.5 55

. TOLERANCE AND TYPE NUMBER DESIGNATION

The type numbers listed have zener voltage min/max limits as shown and have a standard tolerance on the nominal zener voltage of +5%.

. AVAILABILITY OF SPECIAL DIODES

For detailed information on price, availability and delivery of nominal zener voltages between the voltages shown and tighter voltage

tolerances, contact your nearest ON Semiconductor representative.
. ZENER VOLTAGE (Vz) MEASUREMENT

Vz measured after the test current has been applied to 40 +10 msec, while maintaining the lead temperature (T) at 30°C £1°C, 3/8" from
the diode body.

. ZENER IMPEDANCE (Z7) DERIVATION
The zener impedance is derived from 1 kHz cycle AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (Izt or Izk) is superimposed on Izt or Izk.

. SURGE CURRENT (Igr) NON-REPETITIVE
The rating listed in the electrical characteristics table is maximum peak, non—repetitive, reverse surge current of 1/2 square wave or eqgivalent
sine wave pulse of 1/120 second duration superimposed on the test current, Iz1. However, actual device capability is as described in Figure
5 of the General Data — DO-41 Glass.
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Pp, STEADY STATE POWER DISSIPATION (WATTS)

BZX85C3V3RL Series

1.25 T T T
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. . L= 18"
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Figure 1. Power Temperature Derating Curve
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6JL , JUNCTION-TO-LEAD THERMAL RESISTANCE (mV/° C/W) 6Vz , TEMPERATURE COEFFICIENT (mV/°C)

Ppk, PEAK SURGE POWER (WATTS)

BZX85C3V3RL Series

a. Range for Units to 12 Volts b. Range for Units to 12 to 100 Volts
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Figure 3. Typical Thermal Resistance Figure 4. Effect of Zener Current
versus Lead Length
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This graph represents 90 percentile data points.
For worst case design characteristics, multiply surge power by 2/3.

Figure 5. Maximum Surge Power
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BZX85C3V3RL Series
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BZX85C3V3RL Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT} is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found as follows:
junction temperature under any set of operating conditions ATj = 65.Pp.
in order to calculate its value. The following procedure is
recommended:

Lead Temperature, T should be determined from:

T|_ = GLAPD + TA-

0. may be determined from Figure 3 for dc power
conditions. For worst-case design, using expected limits of
Iz, limits of B and the extremes of AT;) may be
estimated. Changes in voltagez,¢an then be found from:
O_a is the lead-to-ambient thermal resistari€\(V) and B AV = By7 AT;.
is the power dissipation. The value fiyra will vary and
depends othe device mounting metha@.  is generally 30

to 40°C/W for the various clips and tie points in common use Under high power-pulse operation, the zener voltage wil

and for printed circuit board wiring. o -
. vary withtime and may also be affected significantly by the
The temperature of the lead can also be measured using & : ;
. Zener resistance. For best regulation, keep current
thermocouple placed on the lead as close as possible to the

: ) . .~ . excursions as low as possible.
tie point. The thermal mass connected to the tie point is o : N

L S Surge limitations are given in Figure 5. They are lower
normally large enough so that it will not significantly ¢

respond to heat surges generated in the diode asaresultq;flan would be expected by considering only junction

Bvz, the zener voltage temperature coefficient, is found
from Figure 2.

, . . emperature, asurrent crowding effects cause temperatures
pulsed operation once steady-state conditions are achieve

Using the measured value of , Tthe junction temperature 0 be extremely high in small spots, resulting in device
may be determined by:

degradation should the limits of Figure 5 be exceeded.
Ty=TL+ AT,
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1N5913B Series

3 Watt DO-41 Surmetic™ 30
Zener Voltage Regulators

This is a complete series of 3 Watt Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common
environmental conditions.

Specification Features:

* Zener \Voltage Range — 3.3 V to 200 V

ESD Rating of Class 3 (>16 KV) per Human Body Model

* Surge Rating of 98 W @ 1 ms

¢ Maximum Limits Guaranteed on up to Six Electrical Parameters
Package No Larger than the Conventional 1 Watt Package

Mechanical Characteristics:

CASE: Void free, transfer-molded, thermosetting plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

ON Semiconductor™

http://onsemi.com

o 11 o
Cathode Anode
AXIAL LEAD
CASE 59
PLASTIC

MARKING DIAGRAM

MOUNTING POSITION: Any L
1IN59
] B ]
MAXIMUM RATINGS vYww
Rating Symbol Value Unit L = Assembly Location
Max. Steady State Power Dissipation Ppb 3 w IN59xxB = Device Code
@ T, =75°C, Lead Length = 3/8" (See Table Next Page)
Derate above 75°C 24 mw/°C YY = Year
ww = Work Week
Steady State Power Dissipation Pp 1 w
@ Tp =50°C
Derate above 50°C 6.67 mw/°C
Operating and Storage T3, Tstg —65 to °C ORDERING INFORMATION
Temperature Range +200 Device Package Shipping
1N59xxB Axial Lead 2000 Units/Box
1N59xxBRL Axial Lead | 6000/Tape & Reel
IN59xxBRR1 T | Axial Lead 2000/Tape & Reel
1IN59xxBRR2 ¥ | Axial Lead 2000/Tape & Reel
T Polarity band up with cathode lead off first
Polarity band down with cathode lead off first
Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.
0 Semiconductor Components Industries, LLC, 2001 228 Publication Order Number:

May, 2001 — Rev. 1
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ELECTRICAL CHARACTERISTICS
(T, = 30°C unless otherwise noted,
VE =15V Max @ Ig = 200 mAdc for all types)

1N5913B Series

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current

Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Breakdown Voltage

I Forward Current

Vg Forward Voltage @ I

Izm Maximum DC Zener Current
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1N5913B Series

ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.5 V Max @ Ig = 200 mAdc for all types)

Zener Voltage (Note 2.) Zener Impedance (Note 3.) Leakage Current

Device Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ lzx Ir @ VR Izm
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA
1IN5913B 1N5913B 3.14 3.3 3.47 113.6 10 500 1 100 1 454
1IN5917B 1N5917B 4.47 4.7 4.94 79.8 5 500 1 5 15 319
1N5919B 1N5919B 5.32 5.6 5.88 66.9 2 250 1 5 3 267
1N5920B 1IN5920B 5.89 6.2 6.51 60.5 2 200 1 5 4 241
1IN5921B 1N5921B 6.46 6.8 7.14 55.1 2.5 200 1 5 5.2 220
1N5923B 1N5923B 7.79 8.2 8.61 45.7 3.5 400 0.5 5 6.5 182
1N5924B 1N5924B 8.65 9.1 9.56 41.2 4 500 0.5 5 7 164
1N5925B 1N5925B 9.50 10 10.50 37.5 4.5 500 0.25 5 8 150
1N5926B 1N5926B 10.45 11 11.55 34.1 5.5 550 0.25 1 8.4 136
1N5927B 1N5927B 11.40 12 12.60 31.2 6.5 550 0.25 1 9.1 125
IN5929B IN5929B 14.25 15 15.75 25.0 9 600 0.25 1 11.4 100
1N5930B 1N5930B 15.20 16 16.80 23.4 10 600 0.25 1 12.2 93
1N5931B 1N5931B 17.10 18 18.90 20.8 12 650 0.25 1 13.7 83
1N5932B 1N5932B 19.00 20 21.00 18.7 14 650 0.25 1 15.2 75
1N5933B 1N5933B 20.90 22 23.10 17.0 175 650 0.25 1 16.7 68
1N5934B 1N5934B 22.80 24 25.20 15.6 19 700 0.25 1 18.2 62
1N5935B 1N5935B 25.65 27 28.35 13.9 23 700 0.25 1 20.6 55
IN5936B IN5936B 28.50 30 31.50 12.5 28 750 0.25 1 22.8 50
1N5937B 1N5937B 31.35 33 34.65 11.4 33 800 0.25 1 25.1 45
1N5938B 1N5938B 34.20 36 37.80 10.4 38 850 0.25 1 27.4 41
1N5940B 1N5940B 40.85 43 45.15 8.7 53 950 0.25 1 32.7 34
1IN5941B 1N5941B 44.65 47 49.35 8.0 67 1000 0.25 1 35.8 31
1N5942B 1N5942B 48.45 51 53.55 7.3 70 1100 0.25 1 38.8 29
1N5943B 1N5943B 53.20 56 58.80 6.7 86 1300 0.25 1 42.6 26
1N5944B 1N5944B 58.90 62 65.10 6.0 100 1500 0.25 1 47.1 24
1N5945B 1N5945B 64.60 68 71.40 55 120 1700 0.25 1 51.7 22
1N5946B 1N5946B 71.25 75 78.75 5.0 140 2000 0.25 1 56 20
1IN5947B 1N5947B 77.90 82 86.10 4.6 160 2500 0.25 1 62.2 18
1N5948B 1N5948B 86.45 91 95.55 4.1 200 3000 0.25 1 69.2 16
1N5950B 1N5950B 104.5 110 115.5 3.4 300 4000 0.25 1 83.6 13
1IN5951B 1N5951B 114 120 126 3.1 380 4500 0.25 1 91.2 12
1N5952B 1N5952B 123.5 130 136.5 2.9 450 5000 0.25 1 98.8 11
1N5953B 1N5953B 1425 150 157.5 2.5 600 6000 0.25 1 114 10
1N5954B 1N5954B 152 160 168 2.3 700 6500 0.25 1 121.6 9
1IN5955B 1IN5955B 171 180 189 2.1 900 7000 0.25 1 136.8 8
1IN5956B 1N5956B 190 200 210 1.9 1200 8000 0.25 1 152

1. TOLERANCE AND TYPE NUMBER DESIGNATION
Tolerance designation — device tolerance of +5% are indicated by a “B” suffix.

2. ZENER VOLTAGE (Vz) MEASUREMENT
ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C £1°C,
3/8" from the diode body.

3. ZENER IMPEDANCE (Z7) DERIVATION
The zener impedance is derived from 60 seconds AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (Iz7 or Izk) is superimposed on Izt or Izk.
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1N5913B Series
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1N5913B Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT, is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found from Figure 2 for a train of
junction temperature under any set of operating conditionspowerpulses (L = 3/8 inch) or from Figure 10 for dc power.
in order to calculate its value. The following procedure is ATy =65 Pp
recommended:

. For worst-case design, using expected limits pfimits
Lead Temperature, T should be determined from: g g exp 0

of Pp and the extremes of ;T{AT;) may be estimated.

_ TL=8APp+Ta Changes in voltage, )/ can then be found from:
B_a is the lead-to-ambient thermal resistariéz\(V) and B AV = Byz AT,

is the power dissipation. The value fiyra will vary and o )
depends on the device mounting metHyd, is generally Bvz, the zener voltage temperature coefficient, is found
from Figures 5 and 6.

30-40C/W for the various clips and tie points in common : ) .
Under high power-pulse operation, the zener voltage will

use and for printed circuit board wiring. = T8

The temperature of the lead can also be measured using 7Y Withtime and may also be affected significantly by the
thermocouple placed on the lead as close as possible to th&€Ner resistance. For best regulation, keep current
tie point. The thermal mass connected to the tie point is€XCUrsions as low as possible.
normally large enough so that it will not significanty ~ Data of Figure 2 should not be used to compute surge

respond to heat surges generated in the diode as a result GPapility. Surge limitations are given in Figure 3. They are

pulsed operation once steady-state conditions are achieved®Wer than would be expected by considering only junction

Using the measured value of Tthe junction temperature temperature, asurrent crowding effects cause temperatures
may be determined by: to be extremely high in small spots resulting in device

T, T, + ATy, degradation should the limits of Figure 3 be exceeded.
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0yz TEMPERATURE COEFFICIENT (mV/°C) @ | zT

|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

1N5913B Series

TEMPERATURE COEFFICIENT RANGES
(90% of the Units are in the Ranges Indicated)
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3EZ4.3D5 Series

3 Watt DO-41 Surmetic™ 30
Zener Voltage Regulators

This is a complete series of 3 Watt Zener diodes with limits and

excellent operating characteristics that reflect the superior capabilities ON Semiconductor™
of silicon—oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common http://onsemi.com
environmental conditions.
A
it . o < o)
Specification Features: Cathode L\ Anode
* Zener \Voltage Range — 4.3 V to 330 V
* ESD Rating of Class 3 (>16 KV) per Human Body Model
* Surge Rating of 98 W @ 1 ms
¢ Maximum Limits Guaranteed on up to Six Electrical Parameters
* Package No Larger than the Conventional 1 Watt Package
Mechanical Characteristics:
CASE: Void free, transfer-molded, thermosetting plastic AXIAL LEAD
FINISH: All external surfaces are corrosion resistant and leads are CASE 59
readily solderable PLASTIC
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230°C, 1/18 from the case for 10 seconds MARKING DIAGRAM
POLARITY: Cathode indicated by polarity band
MOUNTING POSITION: Any I§Ez
] ooy —1
MAXIMUM RATINGS vYww
Rating Symbol Value Unit L = Assembly Location
Max. Steady State Power Dissipation Ppb 3 w 3EZxxxD5 = Device Code
@ T, =75°C, Lead Length = 3/8" (See Table Next Page)
Derate above 75°C 24 mw/°C YY = Year
ww = Work Week
Steady State Power Dissipation Pp 1 w
@ Tp =50°C
Derate above 50°C 6.67 mw/°C
Operating and Storage T3, Tstg —65 to °C ORDERING INFORMATION
Temperature Range +200 Device Package Shipping
3EZxxxD5 Axial Lead 2000 Units/Box
3EZxxxD5RL Axial Lead | 6000/Tape & Reel
3EZxxxD5RR1 T | Axial Lead 2000/Tape & Reel
3EZxxxD5RR2 ¥ | Axial Lead 2000/Tape & Reel
T Polarity band up with cathode lead off first
Polarity band down with cathode lead off first
0 Semiconductor Components Industries, LLC, 2001 234 Publication Order Number:

May, 2001 — Rev. 1 3EZ4.3D5/D



3EZ4.3D5 Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types)

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Izm Maximum DC Zener Current
IR Surge Current @ Tp = 25°C
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3EZ4.3D5 Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.5V Max @ |g = 200 mA for all types)

Zener Voltage (Note 2.)

Zener Impedance (Note 3.)

Leakage Current

IR

Device Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ Iz IR @ VR Izm | (Note 4.)
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA mA
3EZ4.3D5 3EZ4.3D5 4.09 4.3 4.52 174 4.5 400 1 30 1 590 4.1
3EZ6.2D5 3EZ6.2D5 5.89 6.2 6.51 121 1.5 700 1 5 3 435 3.1
3EZ8.2D5 3EZ8.2D5 7.79 8.2 8.61 91 2.3 700 0.5 5 6 330 2.44
3EZ10D5 3EZ10D5 9.50 10 10.5 75 35 700 0.25 3 7.6 270 2.0
3EZ13D5 3EZ13D5 12.35 13 13.65 58 4.5 700 0.25 0.5 9.9 208 1.54
3EZ15D5 3EZ15D5 14.25 15 15.75 50 55 700 0.25 0.5 11.4 180 1.33
3EZ16D5 3EZ16D5 15.2 16 16.8 47 55 700 0.25 0.5 12.2 169 1.25
3EZ18D5 3EZ18D5 17.1 18 18.9 42 6.0 750 0.25 0.5 13.7 150 1.11
3EZ24D5 3EZ24D5 22.8 24 25.2 31 9.0 750 0.25 0.5 18.2 112 0.83
3EZ36D5 3EZ36D5 34.2 36 37.8 21 22 1000 0.25 0.5 27.4 75 0.56
3EZ39D5 3EZ39D5 37.05 39 40.95 19 28 1000 0.25 0.5 29.7 69 0.51
3EZ220D5 | 3EZ220D5 209 220 231 3.4 1600 9000 0.25 1 167 12 0.09
3EZ240D5 | 3EZ240D5 228 240 252 3.1 1700 9000 0.25 1 182 11 0.09
3EZ330D5 | 3EZ330D5 | 313.5 330 346.5 2.3 2200 9000 0.25 1 251 8 0.06

1. TOLERANCE AND TYPE NUMBER DESIGNATION
Tolerance designation — device tolerance of +5% are indicated by a “5” suffix.
2. ZENER VOLTAGE (Vz) MEASUREMENT
ON Semiconductor guarantees the zener voltage when measured at 40 ms +10 ms, 3/8" from the diode body. And an ambient temperature
of 25°C (+8°C, —2°C)
3. ZENER IMPEDANCE (Z7) DERIVATION
The zener impedance is derived from 60 seconds AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (IzT or Izk) is superimposed on Izt or Izk.

SURGE CURRENT (Ir) NON-REPETITIVE

The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or
equivalent sine wave pulse of 1/120 second duration superimposed on the test current, Iz, per JEDEC standards. However, actual device
capability is as described in Figure 3 of the General Data sheet for Surmetic 30s.
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Figure 1. Power Temperature Derating Curve

http://onsemi.com

236

200




3EZ4.3D5 Series
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3EZ4.3D5 Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT, is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found from Figure 2 for a train of
junction temperature under any set of operating conditionspowerpulses (L = 3/8 inch) or from Figure 10 for dc power.
in order to calculate its value. The following procedure is ATy =65 Pp
recommended:

. For worst-case design, using expected limits pfimits
Lead Temperature, T should be determined from: g g exp 0

of Pp and the extremes of ;T{AT;) may be estimated.

_ TL=8APp+Ta Changes in voltage, )/ can then be found from:
B_a is the lead-to-ambient thermal resistariéz\(V) and B AV = Byz AT,

is the power dissipation. The value fiyra will vary and o )
depends on the device mounting metHyd, is generally Bvz, the zener voltage temperature coefficient, is found
from Figures 5 and 6.

30-40C/W for the various clips and tie points in common : ) .
Under high power-pulse operation, the zener voltage will

use and for printed circuit board wiring. = T8

The temperature of the lead can also be measured using 7Y Withtime and may also be affected significantly by the
thermocouple placed on the lead as close as possible to th&€Ner resistance. For best regulation, keep current
tie point. The thermal mass connected to the tie point is€XCUrsions as low as possible.
normally large enough so that it will not significanty ~ Data of Figure 2 should not be used to compute surge

respond to heat surges generated in the diode as a result GPapility. Surge limitations are given in Figure 3. They are

pulsed operation once steady-state conditions are achieved®Wer than would be expected by considering only junction

Using the measured value of Tthe junction temperature temperature, asurrent crowding effects cause temperatures
may be determined by: to be extremely high in small spots resulting in device

T, T, + ATy, degradation should the limits of Figure 3 be exceeded.
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0yz TEMPERATURE COEFFICIENT (mV/°C) @ | zT
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3EZ4.3D5 Series

TEMPERATURE COEFFICIENT RANGES
(90% of the Units are in the Ranges Indicated)
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MZP4729A Series

3 Watt DO-41 Surmetic™ 30
Zener Voltage Regulators

This is a complete series of 3 Watt Zener diodes with limits and
excellent operating characteristics that reflect the superior capabilities
of silicon—oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common
environmental conditions.

Specification Features:

* Zener Voltage Range — 3.6 Vto 30 V

ESD Rating of Class 3 (>16 KV) per Human Body Model

* Surge Rating of 98 W @ 1 ms

¢ Maximum Limits Guaranteed on up to Six Electrical Parameters
Package No Larger than the Conventional 1 Watt Package

Mechanical Characteristics:

CASE: Void free, transfer-molded, thermosetting plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
23C°C, 1/18 from the case for 10 seconds

POLARITY: Cathode indicated by polarity band

ON Semiconductor™

http://onsemi.com

o 11 o
Cathode Anode
AXIAL LEAD
CASE 59
PLASTIC

MARKING DIAGRAM

MOUNTING POSITION: Any L
MZP4
| o 1
MAXIMUM RATINGS YYWw
Rating Symbol Value Unit L = Assembly Location
Max. Steady State Power Dissipation Ppb 3 w MZP47xxA = Device Code
@ T, =75°C, Lead Length = 3/8" (See Table Next Page)
Derate above 75°C 24 mw/°C Yy = Year
Ww = Work Week
Steady State Power Dissipation Pp 1 w
@ Tp =50°C
Derate above 50°C 6.67 mwW/°C
Operating and Storage T3, Tstg —65 to °C ORDERING INFORMATION
Temperature Range +200 Device Package Shipping
MZP47xxA Axial Lead 2000 Units/Box
MZP47xxARL Axial Lead | 6000/Tape & Reel
MZP47xxATA Axial Lead | 4000/Ammo Pack
MZP47xxARRL T| Axial Lead | 2000/Tape & Reel
MZP47xxARR2 ¥ | Axial Lead | 2000/Tape & Reel
T Polarity band up with cathode lead off first
* Polarity band down with cathode lead off first
0 Semiconductor Components Industries, LLC, 2001 240 Publication Order Number:

May, 2001 — Rev. 1
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MZP4729A Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 1.5 V Max @ I = 200 mA for all types)
Symbol Parameter e
Vyz Reverse Zener Voltage @ Izt |
I7T Reverse Current |
Z77 Maximum Zener Impedance @ Izt |
Izx Reverse Current Ir \l/F
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Ir Surge Current @ Ta = 25°C Zener Voltage Regulator
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MZP4729A Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.5V Max @ |g = 200 mA for all types)

Zener Voltage (Note 2.)

Zener Impedance (Note 3.)

Leakage Current

The rating listed in the electrical characteristics table is maximum peak, non-repetitive, reverse surge current of 1/2 square wave or
equivalent sine wave pulse of 1/120 second duration superimposed on the test current, Iz, per JEDEC standards. However, actual device

capability is as described in Figure 3 of the General Data sheet for Surmetic 30s.

Pp, MAXIMUM STEADY STATE
POWER DISSIPATION (WATTS)

T., LEAD TEMPERATURE (°C)

5
A
N\ L= LEAD LENGTH
N L=1/8" TO HEAT SINK |
. \‘\
L= Y
. 38 \\
2\\
L=1"
\
1
0
0 20 40 60 8 100 120 140 160 180 200

Figure 1. Power Temperature Derating Curve
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Ir
Device Device Vz (Volts) @lzr |Zz1 @77 Zzk @ Iz Ir @ Vg (Note 4.)
(Note 1.) Marking Min Nom Max mA Q Q mA HA Max Volts mA

MZP4729A MZP4729A 3.42 3.6 3.78 69 10 400 1 100 1 1260
MZP4734A MZP4734A 5.32 5.6 5.88 45 5 600 1 10 2 810
MZP4735A MZP4735A 5.89 6.2 6.51 41 2 700 1 10 3 730
MZP4736A MZP4736A 6.46 6.8 7.14 37 35 700 1 10 4 660
MZP4737A MZP4737A 7.13 7.5 7.88 34 4 700 0.5 10 5 605
MZP4738A MZP4738A 7.79 8.2 8.61 31 4.5 700 0.5 10 6 550
MZP4740A MZP4740A 9.50 10 10.50 25 7 700 0.25 10 7.6 454
MZP4741A MZP4741A 10.45 11 11.55 23 8 700 0.25 5 8.4 414
MZP4744A MZP4744A 14.25 15 15.75 17 14 700 0.25 5 114 304
MZP4745A MZP4745A 15.20 16 16.80 155 16 700 0.25 5 12.2 285
MZP4746A MZP4746A 17.10 18 18.90 14 20 750 0.25 5 13.7 250
MZP4749A MZP4749A 22.80 24 25.20 10.5 25 750 0.25 5 18.2 190
MZP4750A MZP4750A 25.65 27 28.35 9.5 35 750 0.25 5 20.6 170
MZP4751A MZP4751A 28.50 30 31.50 8.5 40 1000 0.25 5 22.8 150
MZP4752A MZP4752A 31.35 33 34.65 7.5 45 1000 0.25 5 25.1 135
MZP4753A MZP4753A 34.20 36 37.80 7.0 50 1000 0.25 5 274 125

1. TOLERANCE AND TYPE NUMBER DESIGNATION
The type numbers listed have a standard tolerance on the nominal zener voltage of +5%.

2. ZENER VOLTAGE (Vz) MEASUREMENT
ON Semiconductor guarantees the zener voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C £1°C,
3/8" from the diode body.

3. ZENER IMPEDANCE (Zz) DERIVATION
The zener impedance is derived from 60 seconds AC voltage, which results when an AC current having an rms value equal to 10% of the
DC zener current (Izt or Izk) is superimposed on Izt or Izk.

4. SURGE CURRENT (Ir) NON-REPETITIVE




MZP4729A Series
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MZP4729A Series

APPLICATION NOTE

Since the actual voltage available from a given zener AT, is the increase in junction temperature above the lead
diode is temperature dependent, it is necessary to determineemperature and may be found from Figure 2 for a train of
junction temperature under any set of operating conditionspowerpulses (L = 3/8 inch) or from Figure 10 for dc power.
in order to calculate its value. The following procedure is ATy =65 Pp
recommended:

. For worst-case design, using expected limits pfimits
Lead Temperature, T should be determined from: g g exp 0

of Pp and the extremes of ;T{AT;) may be estimated.

_ TL=8APp+Ta Changes in voltage, )/ can then be found from:
B_a is the lead-to-ambient thermal resistariéz\(V) and B AV = Byz AT,

is the power dissipation. The value fiyra will vary and o )
depends on the device mounting metHyd, is generally Bvz, the zener voltage temperature coefficient, is found
from Figures 5 and 6.

30-40C/W for the various clips and tie points in common : ) .
Under high power-pulse operation, the zener voltage will

use and for printed circuit board wiring. = T8

The temperature of the lead can also be measured using 7Y Withtime and may also be affected significantly by the
thermocouple placed on the lead as close as possible to th&€Ner resistance. For best regulation, keep current
tie point. The thermal mass connected to the tie point is€XCUrsions as low as possible.
normally large enough so that it will not significanty ~ Data of Figure 2 should not be used to compute surge

respond to heat surges generated in the diode as a result GPapility. Surge limitations are given in Figure 3. They are

pulsed operation once steady-state conditions are achieved®Wer than would be expected by considering only junction

Using the measured value of Tthe junction temperature temperature, asurrent crowding effects cause temperatures
may be determined by: to be extremely high in small spots resulting in device

T, T, + ATy, degradation should the limits of Figure 3 be exceeded.
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0yz TEMPERATURE COEFFICIENT (mV/°C) @ | zT

|7, ZENER CURRENT (mA)

|7, ZENER CURRENT (mA)

MZP4729A Series

TEMPERATURE COEFFICIENT RANGES
(90% of the Units are in the Ranges Indicated)
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Figure 10. Typical Thermal Resistance



1N5333B Series

5 Watt Surmetic™ 40
Zener Voltage Regulators

This is acomplete series of 5 Watt Zener diodes with tight limits and

better operating characteristics that reflect the superior capabilities of ON Semiconductor™
silicon—-oxide passivated junctions. All this in an axial-lead,
transfer—molded plastic package that offers protection in all common http://onsemi.com
environmental conditions.
Al
PP . o < o}
Specification Features: Cathode C Anode

* Zener \Voltage Range — 3.3 V to 200 V

* ESD Rating of Class 3 (>16 KV) per Human Body Model

¢ Surge Rating of upto 180 W @ 8.3 ms

¢ Maximum Limits Guaranteed on up to Six Electrical Parameters

Mechanical Characteristics:
CASE: Void free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are

AXIAL LEAD

readily solderable CASE 17
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: PLASTIC
230C°C, 1/16 from the case for 10 seconds
POLARITY: Cathode indicated by polarity band MARKING DIAGRAM
MOUNTING POSITION: Any
L
MAXIMUM RATINGS N B
Rating Symbol Value Unit YW
Max. Steady State Power Dissipation Pp 5 \W L = Assembly Location
@ T =75°C, Lead Length = 3/8" IN53xxB = Device Code
Derate above 75°C 40 mw/°C (See Table Next Page)
- Y = Year
Operating and Storage T3 Tstg —65 to °C "
Temperature Range +200 Ww = Work Week

ORDERING INFORMATION

Device Package Shipping

1N53xxB Axial Lead 1000 Units/Box

1N53xxBRL Axial Lead | 4000/Tape & Reel

IN53xxBTA Axial Lead 2000/Ammo Pack

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

0 Semiconductor Components Industries, LLC, 2001 246 Publication Order Number:
May, 2001 — Rev. 1 1N5333B/D



ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.2 V Max @ I = 1.0 A for all types)

1N5333B Series

IR VF

Zener Voltage Regulator

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current
Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Breakdown Voltage
I Forward Current
\= Forward Voltage @ I
Ir Maximum Surge Current @ Tp = 25°C
AVz Reverse Zener Voltage Change
Izm Maximum DC Zener Current
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1N5333B Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max @ Ig = 1.0 A for all types)

Leakage
Zener Voltage (Note 2.) Zener Impedance (Note 2.) Current
Ir AVz Izm
Device Device VZ (VOltS) @ IZT ZZT @ IZT ZZK @ IZK IZK IR @ VR (Note 3) (Note 4) (Note 5)
(Note 1.) | Marking Min | Nom | Max mA Q Q pA | pA Max | Volts A Volts mA
IN5333B | 1IN5333B | 3.14 3.3 3.47 380 3 400 1 300 1 20 0.85 1440
1N5334B | 1IN5334B | 3.42 | 3.6 | 3.78 | 350 25 500 1 150 1 18.7 0.8 1320
1N5335B | 1N5335B | 3.71 | 3.9 | 4.10 | 320 2 500 1 50 1 17.6 0.54 1220
1N5336B | 1N5336B | 4.09 | 4.3 | 452 | 290 2 500 1 10 1 16.4 0.49 1100
IN5337B | IN5337B | 4.47 | 4.7 | 494 | 260 2 450 1 5 1 15.3 0.44 1010
IN5338B | IN5338B | 4.85 | 51 | 5.36 | 240 1.5 400 1 1 1 14.4 0.39 930
IN5339B | 1N5339B | 5.32 | 5.6 | 588 | 220 1 400 1 1 2 134 0.25 865
1N5340B | 1N5340B | 5.70 | 6.0 | 6.30 [ 200 1 300 1 1 3 12.7 0.19 790
IN5341B | 1N5341B | 5.89 6.2 6.51 200 1 200 1 1 3 12.4 0.1 765
IN5342B | 1N5342B | 6.46 6.8 7.14 175 1 200 1 10 5.2 11.5 0.15 700
1IN5343B | 1N5343B | 7.13 7.5 7.88 175 1.5 200 1 10 5.7 10.7 0.15 630
1N5344B | 1N5344B | 7.79 8.2 8.61 150 1.5 200 1 10 6.2 10 0.2 580
1N5345B | 1N5345B | 8.27 8.7 9.14 150 2 200 1 10 6.6 9.5 0.2 545
1N5346B | 1N5346B | 8.65 | 9.1 | 9.56 | 150 2 150 1 7.5 6.9 9.2 0.22 520
IN5347B | 1IN5347B | 9.50 10 10.5 125 2 125 1 5 7.6 8.6 0.22 475
1IN5348B | 1N5348B | 10.45 11 11.55 | 125 2.5 125 1 5 8.4 8.0 0.25 430
IN5349B | 1IN5349B | 11.4 12 12.6 100 2.5 125 1 2 9.1 7.5 0.25 395
IN5350B | 1IN5350B | 12.35 | 13 |13.65| 100 2.5 100 1 1 9.9 7.0 0.25 365
IN5351B | 1IN5351B | 13.3 14 14.7 100 25 75 1 1 10.6 6.7 0.25 340
IN5352B | 1IN5352B | 14.25 | 15 | 15.75 75 2.5 75 1 1 11.5 6.3 0.25 315
IN5353B | 1IN5353B | 15.2 16 16.8 75 2.5 75 1 1 12.2 6.0 0.3 295
1IN5354B | 1N5354B | 16.15 17 |17.85 70 25 75 1 0.5 12.9 5.8 0.35 280
IN5355B | 1IN5355B | 17.1 18 18.9 65 2.5 75 1 0.5 13.7 5.5 0.4 264
1IN5356B | 1N5356B | 18.05 19 [19.95 65 3 75 1 0.5 14.4 5.3 0.4 250
1IN5357B | 1N5357B 19 20 21 65 3 75 1 0.5 15.2 5.1 0.4 237
IN5358B | 1N5358B | 20.9 22 23.1 50 3.5 75 1 0.5 16.7 4.7 0.45 216
IN5359B | 1IN5359B | 22.8 24 25.2 50 3.5 100 1 0.5 18.2 4.4 0.55 198
1IN5360B | 1IN5360B [ 23.75 | 25 |[26.25 50 4 110 1 0.5 19 4.3 0.55 190
IN5361B | 1IN5361B | 25.65 | 27 |28.35 50 5 120 1 0.5 20.6 4.1 0.6 176
1IN5362B | 1N5362B | 26.6 28 29.4 50 6 130 1 0.5 21.2 3.9 0.6 170

1. TOLERANCE AND TYPE NUMBER DESIGNATION
The JEDEC type numbers shown indicate a tolerance of +5%.

2. ZENER VOLTAGE (V) and IMPEDANCE (I 77 and | z¢)
Test conditions for zener voltage and impedance are as follows: |7 is applied 40 +10 ms prior to reading. Mounting contacts are located 3/8"
to 1/2" from the inside edge of mounting clips to the body of the diode (T = 25°C +8°C, —2°C).

3. SURGE CURRENT (IR)
Surge current is specified as the maximum allowable peak, non-recurrent square—wave current with a pulse width, PW, of 8.3 ms. The data
given in Figure 6 may be used to find the maximum surge current for a square wave of any pulse width between 1 ms and 1000 ms by plotting
the applicable points on logarithmic paper. Examples of this, using the 3.3 V and 200 V zener are shown in Figure 7. Mounting contact located
as specified in Note 2 (Tp = 25°C +8°C, —2°C).

4. VOLTAGE REGULATION (AVZ)
The conditions for voltage regulation are as follows: Vz; measurements are made at 10% and then at 50% of the I; max value listed in the
electrical characteristics table. The test current time duration for each VVz; measurement is 40 £10 ms. Mounting contact located as specified
in Note 2 (Ta = 25°C +8°C, —2°C).

5. MAXIMUM REGULATOR CURRENT (I z\1)
The maximum current shown is based on the maximum voltage of a 5% type unit, therefore, it applies only to the B—suffix device. The actual
17\ for any device may not exceed the value of 5 watts divided by the actual V; of the device. T = 75°C at 3/8" maximum from the device
body.
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1N5333B Series

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 1.2 V Max @ Ig = 1.0 A for all types)

Leakage
Zener Voltage (Note 7.) Zener Impedance (Note 7.) Current
Ir AVz Izm
Device Device VZ (VOltS) @ IZT ZZT @ IZT ZZK @ IZK IZK IR @ VR (Note 8) (Note 9) (Note 10)
(Note 6.) | Marking Min | Nom | Max mA Q Q pA | pA Max | Volts A Volts mA
1N5363B | 1N5363B | 28.5 30 | 315 40 8 140 1 0.5 22.8 3.7 0.6 158
IN5364B | 1IN5364B |[31.35 | 33 [34.65| 40 10 150 1 0.5 25.1 35 0.6 144
IN5365B | 1IN5365B | 34.2 36 | 37.8 30 11 160 1 0.5 27.4 3.5 0.65 132
1N5366B | 1N5366B |37.05 | 39 |[40.95 | 30 14 170 1 0.5 29.7 3.1 0.65 122
IN5367B | 1IN5367B [40.85 | 43 [45.15| 30 20 190 1 0.5 32.7 2.8 0.7 110
IN5368B | IN5368B | 44.65 | 47 |49.35| 25 25 210 1 0.5 35.8 2.7 0.8 100
IN5369B | 1IN5369B [48.45 | 51 |[5355 | 25 27 230 1 0.5 38.8 25 0.9 93
IN5370B | 1N5370B | 53.2 56 58.8 20 35 280 1 0.5 42.6 2.3 1.0 86
IN5371B | 1IN5371B | 57 60 63 20 40 350 1 0.5 45.5 2.2 12 79
IN5372B | 1IN5372B | 58.9 62 65.1 20 42 400 1 0.5 47.1 21 1.35 76
1IN5373B | 1IN5373B | 64.6 68 71.4 20 44 500 1 0.5 51.7 2.0 1.52 70
IN5374B | IN5374B |71.25 | 75 |78.75| 20 45 620 1 0.5 56 1.9 1.6 63
IN5375B | 1IN5375B | 77.9 82 | 86.1 15 65 720 1 0.5 62.2 1.8 18 58
IN5376B | 1IN5376B |82.65 | 87 [91.35| 15 75 760 1 0.5 66 1.7 2.0 54.5
IN5377B | IN5377B |86.45 | 91 [9555 | 15 75 760 1 0.5 69.2 1.6 2.2 52.5
1N5378B | 1IN5378B | 95 100 | 105 12 90 800 1 0.5 76 15 25 47.5
IN5379B | 1IN5379B | 104.5 | 110 [ 1155 | 12 125 1000 1 0.5 83.6 14 25 43
1N5380B | 1N5380B | 114 | 120 | 126 10 170 1150 1 0.5 91.2 1.3 25 39.5
1N5381B | 1IN5381B |123.5 | 130 [136.5 | 10 190 1250 1 0.5 98.8 1.2 25 36.6
1N5382B | 1N5382B | 133 | 140 | 147 8 230 1500 1 0.5 106 1.2 25 34
IN5383B | 1IN5383B | 142.5 | 150 | 157.5 8 330 1500 1 0.5 114 1.1 3.0 31.6
1N5384B | 1N5384B | 152 | 160 | 168 8 350 1650 1 0.5 122 11 3.0 29.4
1N5385B | 1N5385B | 161.5 | 170 | 178.5 8 380 1750 1 0.5 129 1.0 3.0 28
1N5386B | 1N5386B | 171 | 180 | 189 5 430 1750 1 0.5 137 1.0 4.0 26.4
1N5387B | 1N5387B | 180.5 | 190 [ 199.5 5 450 1850 1 0.5 144 0.9 5.0 25
1N5388B | 1N5388B | 190 | 200 | 210 5 480 1850 1 0.5 152 0.9 5.0 23.6
6. TOLERANCE AND TYPE NUMBER DESIGNATION
The JEDEC type numbers shown indicate a tolerance of £5%.
7. ZENER VOLTAGE (Vz) and IMPEDANCE (I zt and k)
Test conditions for zener voltage and impedance are as follows: |7 is applied 40 +10 ms prior to reading. Mounting contacts are located 3/8"
to 1/2" from the inside edge of mounting clips to the body of the diode (Ta = 25°C +8°C, —2°C).
8. SURGE CURRENT (IR)
Surge current is specified as the maximum allowable peak, non-recurrent square—wave current with a pulse width, PW, of 8.3 ms. The data
given in Figure 6 may be used to find the maximum surge current for a square wave of any pulse width between 1 ms and 1000 ms by plotting
the applicable points on logarithmic paper. Examples of this, using the 3.3 V and 200 V zener are shown in Figure 7. Mounting contact located
as specified in Note 7 (T = 25°C +8°C, -2°C).
9. VOLTAGE REGULATION (AVy)

The conditions for voltage regulation are as follows: V; measurements are made at 10% and then at 50% of the I; max value listed in the
electrical characteristics table. The test current time duration for each Vz measurement is 40 +10 ms. Mounting contact located as specified
in Note 7 (Tp = 25°C +8°C, —2°C).

10.MAXIMUM REGULATOR CURRENT (I zp1)

The maximum current shown is based on the maximum voltage of a 5% type unit, therefore, it applies only to the B—suffix device. The actual
Iz, for any device may not exceed the value of 5 watts divided by the actual V; of the device. T = 75°C at 3/8" maximum from the device
body.
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6Vz, TEMPERATURE COEFFICIENT

1N5333B Series
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1IN5333B

Series
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Figure 10. Zener Voltage versus Zener Current
V7 = 82 thru 200 Volts

APPLICATION NOTE

Since the actual voltage available from a given zener

For worst-case design, using expected limits pfitnits

diode is temperature dependent, it is necessary to determinef Pp and the extremes of TAT; may be estimated.
junction temperature under any set of operating conditionsChanges in voltage, 2/ can then be found from:

in order to calculate its value. The following procedure is
recommended:
Lead Temperature, T should be determined from:
TL=6APp+Ta
O A is the lead-to-ambient thermal resistance anisPhe
power dissipation.
Junction Temperature gTmay be found from:

Ty=TL+ ATy

AV = 9\/2 ATJ
Bvz, the zener voltage temperature coefficient, is found
from Figures 2 and 3.

Under high power-pulse operation, the zener voltage will
vary withtime and may also be affected significantly by the
zener resistance. For best regulation, keep current
excursions as low as possible.

Data of Figure 4 should not be used to compute surge

ATy is the increase in junction temperature above the leadcapability. Surge limitations are given in Figure 6. They are
temperature and may be found from Figure 4 for a train of lower than would be expected by considering only junction

power pulses or from Figure 5 for dc power.
ATy =65 Pp

temperature, asurrent crowding effects cause temperatures
to be extremely high in small spots resulting in device
degradation should the limits of Figure 6 be exceeded.
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CHAPTER 7
Zener Voltage Regulator Diodes —
Surface Mounted Data Sheets
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MM32Z2V4T1 SERIES

Zener Voltage Regulators
200 mW SOD-323 Surface Mount

This series of Zener diodes is packaged in a SOD-323 surface
mount package that has a power dissipation of 200 mW. They are
designed to provide voltage regulation protection and are especially
attractive in situations where space is at a premium. They are well
suited for applications such as cellular phones, hand held portables,
and high density PC boards.

Specification Features:
¢ Standard Zener Breakdown Voltage Range — 2.4V to 75V
* Steady State Power Rating of 200 mW
¢ Small Body Outline Dimensions:
0.067 x 0.049 (1.7 mm x 1.25 mm)
* Low Body Height: 0.035(0.9 mm)
¢ Package Weight: 4.507 mg/unit
* ESD Rating of Class 3 (>16 KV) per Human Body Model
Mechanical Characteristics:
CASE: Void-free, transfer-molded plastic
FINISH: All external surfaces are corrosion resistant
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260C°C for 10 Seconds
LEADS: Plated with Pb/Sn for ease of solderability
POLARITY: Cathode indicated by polarity band
FLAMMABILITY RATING: UL94 V-0
MOUNTING POSITION: Any

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com

1 2
Cathode Anode
SOD-323
CASE 477-02
STYLE 1

MARKING DIAGRAM

XX M :D

xx = Specific Device Code
M = Date Code

1. FR—4 Minimum Pad

Rating Symbol Max Unit

Total Device Dissipation FR-5 Board, Pp

(Note 1.) @ Tp = 25°C 200 mw ORDERING INFORMATION

Derate above 25°C 15 mw/°C 1 —

Device Package Shipping

Thermal Resistance from Roia 635 °C/IW

Junction to Ambient MM3ZxxxT1 | SOD-323 3000/Tape & Reel
Junction and Storage T3 Tstg —65 to °C

Temperature Range +150

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 256 of
this data sheet.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.

O Semiconductor Components Industries, LLC, 2001 254
May, 2001 — Rev. 5

Publication Order Number:
MM3Z2V4T1/D




MM3Z2V4T1 SERIES

ELECTRICAL CHARACTERISTICS |
(Ta = 25°C unless otherwise noted,

VE=0.9 V Max. @ I = 10 mA for all types) I
Symbol Parameter |
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current
Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Reverse Voltage
Ir Forward Current Zener Voltage Regulator
Vg Forward Voltage @ I
BOVz Maximum Temperature Coefficient of Vz
C Max. Capacitance @Vg =0 and f =1 MHz
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MM3Z2V4T1 SERIES

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA for all types)

Zener Voltage (Note 2.)

Zener Impedance

Leakage Current

vy C
Zz7 (mV/K) @Vg=0
Device Vz (Volts) @lzr [@lzr | Zzk @ Iz« IR @ VR @ Izt f=1MHz

Device Marking Min Nom Max mA Q Q mA pA Volts Min Max pF
MM3Z2V4T1 00 2.2 2.4 2.6 5 100 | 1000 0.5 50 1.0 -3.5 0 450
MM3z2V7T1 01 2.5 2.7 2.9 5 100 1000 0.5 20 1.0 -3.5 0 450
MM3Z3V0T1 02 2.8 3.0 3.2 5 100 1000 0.5 10 1.0 -35 0 450
MM3Z3V3T1 05 3.1 3.3 35 5 95 1000 0.5 5 1.0 -3.5 0 450
MM3Z3V6T1 06 3.4 3.6 3.8 5 90 1000 0.5 5 1.0 -3.5 0 450
MM3Z3V9T1 07 3.7 3.9 4.1 5 90 1000 0.5 3 1.0 -35 -2.5 450
MM3Z4V3T1 08 4.0 4.3 4.6 5 90 1000 0.5 3 1.0 -35 0 450
MM3Z4V7T1 09 4.4 4.7 5.0 5 80 800 0.5 3 2.0 -3.5 0.2 260
MM3Z5V1T1 0A 4.8 5.1 5.4 5 60 500 0.5 2 2.0 2.7 1.2 225
MM3Z5V6T1 oC 5.2 5.6 6.0 5 40 200 0.5 1 2.0 -2.0 2.5 200
MM3Z6V2T1 OE 5.8 6.2 6.6 5 10 100 0.5 3 4.0 0.4 3.7 185
MM3z6V8T1 OF 6.4 6.8 7.2 5 15 160 0.5 2 4.0 1.2 4.5 155
MM3Z7V5T1 0G 7.0 7.5 7.9 5 15 160 0.5 1 5.0 2.5 5.3 140
MM3z8V2T1 OH 7.7 8.2 8.7 5 15 160 0.5 0.7 5.0 3.2 6.2 135
MM3Z9V1T1 OK 8.5 9.1 9.6 5 15 160 0.5 0.2 7.0 3.8 7.0 130
MM3Z10VT1 oL 9.4 10 10.6 5 20 160 0.5 0.1 8.0 4.5 8.0 130
MM3Z11VT1 oM 10.4 11 11.6 5 20 160 0.5 0.1 8.0 54 9.0 130
MM3Z12VT1 ON 11.4 12 12.7 5 25 80 0.5 0.1 8.0 6.0 10 130
MM3Z13VT1 oP 12.4 |113.25 | 14.1 5 30 80 0.5 0.1 8.0 7.0 11 120
MM3Z15VT1 oT 14.3 15 15.8 5 30 80 0.5 0.05 10.5 9.2 13 110
MM3Z16VT1 ouU 15.3 16.2 17.1 5 40 80 0.5 0.05 11.2 10.4 14 105
MM3Z18VT1 ow 16.8 18 19.1 5 45 80 0.5 0.05 12.6 12.4 16 100
MM3Z20VT1 0z 18.8 20 21.2 5 55 100 0.5 0.05 14.0 14.4 18 85
MM3z22VT1 10 20.8 22 23.3 5 55 100 0.5 0.05 15.4 16.4 20 85
MM3Z224VT1 11 22.8 24.2 25.6 5 70 120 0.5 0.05 16.8 18.4 22 80
MM3Z27VT1 12 25.1 27 28.9 2 80 300 0.5 0.05 18.9 21.4 25.3 70
MM3Z30VT1 14 28 30 32 2 80 300 0.5 0.05 21.0 24.4 29.4 70
MM3Z33VT1 18 31 33 35 2 80 300 0.5 0.05 23.2 27.4 33.4 70
MM3Z36VT1 19 34 36 38 2 90 500 0.5 0.05 25.2 30.4 374 70
MM3Z39VT1 20 37 39 41 2 130 500 0.5 0.05 27.3 334 41.2 45
MM3Z43VT1 21 40 43 46 2 150 500 0.5 0.05 30.1 37.6 46.6 40
MM3z47VT1 1A 44 47 50 2 170 500 0.5 0.05 32.9 42.0 51.8 40
MM3Z51VT1 1C 48 51 54 2 180 500 0.5 0.05 35.7 46.6 57.2 40
MM3Z56VT1 1D 52 56 60 2 200 500 0.5 0.05 39.2 52.2 63.8 40
MM3Z62VT1 1E 58 62 66 2 215 500 0.5 0.05 43.4 58.8 71.6 35
MM3z68VT1 1F 64 68 72 2 240 500 0.5 0.05 47.6 65.6 79.8 35
MM3Z75VT1 1G 70 75 79 2 255 500 0.5 0.05 52.5 73.4 88.6 35

2. Zener voltage is measured with a pulse test current Iz at an ambient temperature of 25°C.
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MM3Z2V4T1 SERIES

Typical Characteristics
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BZX84C2V4LT1 Series

Zener Voltage Regulators
225 mW SOT-23 Surface Mount

This series of Zener diodes is offered in the convenient, surface
mount plastic SOT-23 package. These devices are designed to provide
voltage regulation with minimum space requirement. They are well
suited for applications such as cellular phones, hand held portables,

and high density PC boards.

Specification Features:

* 225 mW Rating on FR—4 or FR-5 Board

* Zener Breakdown Voltage Range — 2.4V to 75V

* Package Designed for Optimal Automated Board Assembly
Small Package Size for High Density Applications

ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
26C°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

3
Cathode

3

b

2

SOT-23
CASE 318
STYLE 8

ON Semiconductor™

http://onsemi.com

Anode

MARKING DIAGRAM

O

XXX S

U L

xxx = Specific Device Code

M

= Date Code

ORDERING INFORMATION

Rating Symbol Max Unit

Total Power Dissipation on FR-5 Board, Ppo

(Note 1.) @ Ta = 25°C 225 mw

Derated above 25°C 1.8 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 556 °C/W
Total Power Dissipation on Alumina Pp

Substrate, (Note 2.) @ Tp = 25°C 300 mw

Derated above 25°C 2.4 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 417 °C/IW
Junction and Storage T3, Tstg —65 to °C

Temperature Range +150

1. FR-5=1.0X0.75 X 0.62 in.
2. Alumina =0.4 X 0.3 X 0.024 in., 99.5% alumina

0 Semiconductor Components Industries, LLC, 2001 259
May, 2001 — Rev. 1

Device T Package Shipping
BZX84CxxxLT1 SOT-23 3000/Tape & Reel
BZX84CxxxLT3 SOT-23 |10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 261 of

this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3" suffix refers to an 8 mm, 13 inch reel.

Publication Order Number:

BZX84C2V4LT1/D




BZX84C2VA4LT1 Series

ELECTRICAL CHARACTERISTICS |
(Pinout: 1-Anode, 2-No Connection, 3-Cathode) (T = 25°C )
unless otherwise noted, Vg = 0.95 V Max. @ Iz = 10 mA) IF
Symbol Parameter |
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
IR Reverse Leakage Current @ VR
VR Reverse Voltage
Ie Forward Current
Ve Forward Voltage @ I
BVy Maximum Temperature Coefficient of V2 Zener Voltage Regulator
c Max. Capacitance @ Vg =0 and f =1 MHz

http://onsemi.com
260



ELECTRICAL CHARACTERISTICS

BZX84C2VA4LT1 Series

(Pinout: 1-Anode, 2-No Connection, 3-Cathode) (Tp = 25°C unless otherwise noted, Vg = 0.90 V Max. @ Iz = 10 mA)

Vz1 (Volts) Vz, (Volts) Vz3 (Volts) Max Reverse Oyz
@ lzr1=5mA @ lzr2=1mA 2712 @ lIzr3 =20 mA Leakage (mV/K)
(Note 3.) Z711 (Note 3.) (Ohms) (Note 3.) Z713 Current @ lz11 =5mA
(Ohms) @lzm2= (Ohms) C (pF)
Device ) @ lzr1= ‘ 1mA . @lzrz= | IR @ VR ‘ @Vg=0
Device Marking Min | Nom | Max 5mA Min Max (Note 4.) Min Max 20 mA A Volts Min Max f=1MHz
BZX84C2V4LT1 Z11 2.2 2.4 2.6 100 1.7 2.1 600 2.6 3.2 50 50 1 -3.5 0 450
BZX84C2V7LT1 z12 2.5 2.7 2.9 100 1.9 2.4 600 3 3.6 50 20 1 -3.5 0 450
BZX84C3VOLT1 Z13 2.8 3 3.2 95 2.1 2.7 600 3.3 3.9 50 10 1 -3.5 0 450
BZX84C3V3LT1 Z14 3.1 3.3 3.5 95 2.3 2.9 600 3.6 4.2 40 5 1 -3.5 0 450
BZX84C3V6LT1 715 3.4 3.6 3.8 90 2.7 3.3 600 3.9 4.5 40 5 1 -35 0 450
BZX84C3VILT1 Z16 3.7 3.9 4.1 90 2.9 35 600 4.1 4.7 30 3 1 -35 -2.5 450
BZX84C4V3LT1 w9 4 4.3 4.6 90 3.3 4 600 4.4 51 30 3 1 -35 0 450
BZX84C4V7LT1 Z1 4.4 4.7 5 80 3.7 4.7 500 4.5 5.4 15 3 2 -35 02 260
BZX84C5V1LT1 z2 4.8 5.1 54 60 4.2 53 480 5 59 15 2 2 2.7 1.2 225
BZX84C5V6LT1 zZ3 52 5.6 6 40 4.8 6 400 52 6.3 10 1 2 -2.0 2.5 200
BZX84C6V2LT1 zZ4 5.8 6.2 6.6 10 5.6 6.6 150 5.8 6.8 6 3 4 0.4 3.7 185
BZX84C6V8LT1 Z5 6.4 6.8 7.2 15 6.3 7.2 80 6.4 7.4 6 2 4 1.2 4.5 155
BZX84C7V5LT1 Z6 7 7.5 7.9 15 6.9 7.9 80 7 8 6 1 5 25 53 140
BZX84C8V2LT1 z7 7.7 8.2 8.7 15 7.6 8.7 80 7.7 8.8 6 0.7 5 3.2 6.2 135
BZX84C9V1LT1 z8 8.5 9.1 9.6 15 8.4 9.6 100 8.5 9.7 8 0.5 6 3.8 7.0 130
BZX84C10LT1 Z9 9.4 10 10.6 20 9.3 10.6 150 9.4 10.7 10 0.2 7 4.5 8.0 130
BZX84C11LT1 Y1 10.4 11 11.6 20 10.2 11.6 150 10.4 11.8 10 0.1 8 5.4 9.0 130
BzZX84C12LT1 Y2 11.4 12 12.7 25 11.2 12.7 150 11.4 12.9 10 0.1 8 6.0 10.0 130
BZX84C13LT1 Y3 124 13 141 30 123 14 170 125 14.2 15 0.1 8 7.0 11.0 120
BZX84C15LT1 Y4 143 15 15.8 30 13.7 155 200 13.9 15.7 20 0.05 105 9.2 13.0 110
BZX84C16LT1 Y5 15.3 16 17.1 40 15.2 17 200 15.4 17.2 20 0.05 11.2 10.4 14.0 105
BZX84C18LT1 Y6 16.8 18 19.1 45 16.7 19 225 16.9 19.2 20 0.05 12.6 12.4 16.0 100
BZX84C20LT1 Y7 18.8 20 21.2 55 18.7 21.1 225 18.9 21.4 20 0.05 14 14.4 18.0 85
BZX84C22LT1 Y8 20.8 22 233 55 20.7 23.2 250 20.9 234 25 0.05 15.4 16.4 20.0 85
BZX84C24LT1 Y9 22.8 24 25.6 70 22.7 255 250 22.9 25.7 25 0.05 16.8 18.4 22.0 80
Max Reverse 0yz
Vz1 Below Vz, Below 2712 Vz3 Below Leakage (mV/Kk) Below
@ lz11 =2 mA Zz711 @ lz12=0.1 mA Below @ lz13 =10 mA Z713 Current @ lzr1=2mA
Below @ lz1a= Below C (pF)
Device ) @ lzr1 = ) 0.5 mA ) @lzr3= | R @ VR ) @VR=0
Device Marking | Min | Nom | Max 2mA Min Max (Note 4.) Min Max 10 mA nA Volts Min Max | f=1MHz
BZX84C27LT1 Y10 25.1 27 28.9 80 25 28.9 300 25.2 29.3 45 0.05 18.9 21.4 25.3 70
BZX84C30LT1 Y11 28 30 32 80 27.8 32 300 28.1 324 50 0.05 21 24.4 29.4 70
BZX84C33LT1 Y12 31 33 35 80 30.8 35 325 311 354 55 0.05 23.1 27.4 334 70
BZX84C36LT1 Y13 34 36 38 90 33.8 38 350 34.1 38.4 60 0.05 25.2 30.4 37.4 70
BZX84C39LT1 Y14 37 39 41 130 36.7 41 350 37.1 41.5 70 0.05 27.3 33.4 41.2 45
BZX84C43LT1 Y15 40 43 46 150 39.7 46 375 40.1 46.5 80 0.05 30.1 37.6 46.6 40
BZX84C47LT1 Y16 44 47 50 170 43.7 50 375 44.1 50.5 90 0.05 329 42.0 51.8 40
BZX84C51LT1 Y17 48 51 54 180 47.6 54 400 48.1 54.6 100 0.05 35.7 46.6 57.2 40
BZX84C56LT1 Y18 52 56 60 200 51.5 60 425 52.1 60.8 110 0.05 39.2 52.2 63.8 40
BZX84C62LT1 Y19 58 62 66 215 57.4 66 450 58.2 67 120 0.05 43.4 58.8 71.6 35
BZX84C68LT1 Y20 64 68 72 240 63.4 72 475 64.2 73.2 130 0.05 47.6 65.6 79.8 35
BZX84C75LT1 Y21 70 75 79 255 69.4 79 500 70.3 80.2 140 0.05 52.5 73.4 88.6 35

3. Zener voltage is measured with a pulse test current Iz at an ambient temperature of 25°C

4. The Zener impedance, Zz1,, for the 27 through 75 volt types is tested at 0.5 mA rather than the test current of 0.1 mA used for Vz,
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BZX84C2VA4LT1 Series

TYPICAL CHARACTERISTICS
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BZX84C2VA4LT1 Series

TYPICAL CHARACTERISTICS
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MMBZ25221BLT1 Series

Zener Voltage Regulators

225 mW SOT-23 Surface Mount

This series of Zener diodes is offered in the convenient, surface

mount plastic SOT-23 package. These devices are designed to provide ON Semiconductor™

voltage regulation with minimum space requirement. They are well
suited for applications such as cellular phones, hand held portables,

and high density PC boards.

Specification Features:

* 225 mW Rating on FR—4 or FR-5 Board
* Zener \Voltage Range — 2.4V to 91V
* Package Designed for Optimal Automated Board Assembly

Mechanical Characteristics:

Small Package Size for High Density Applications
ESD Rating of Class 3 (>16 KV) per Human Body Model

CASE: Void-free, transfer-molded, thermosetting plastic case
FINISH: Corrosion resistant finish, easily solderable
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:

260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

http://onsemi.com
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MARKING DIAGRAM
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XXX S
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xxx = Specific Device Code
M = Date Code

ORDERING INFORMATION

Device T Package Shipping

MMBZ52xxBLT1| SOT-23 3000/Tape & Reel

Rating Symbol Max Unit
Total Power Dissipation on FR-5 Board, Ppo
(Note 1.) @ Ta = 25°C 225 mw
Derated above 25°C 1.8 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 556 °C/W
Total Power Dissipation on Alumina Pp
Substrate, (Note 2.) @ Tp = 25°C 300 mw
Derated above 25°C 2.4 mwW/°C
Thermal Resistance — Junction to Ambient Rgia 417 °C/IW
Junction and Storage T3, Tstg —65 to °C
Temperature Range +150
1. FR-5=1.0X0.75 X 0.62 in.
2. Alumina = 0.4 X 0.3 X 0.024 in., 99.5% alumina
0 Semiconductor Components Industries, LLC, 2001 264

April, 2001 — Rev. 2

MMBZ52xxBLT3 | SOT-23 |10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 266 of
this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3” suffix refers to an 8 mm, 13 inch reel.

Publication Order Number:
MMBZ5221BLT1/D




MMBZ5221BLT1 Series

ELECTRICAL CHARACTERISTICS |
(Pinout: 1-Anode, 2-No Connection, 3-Cathode) (T = 25°C

unless otherwise noted, Vg = 0.95 V Max. @ Iz = 10 mA) I
Symbol Parameter |
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current
Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Reverse Voltage
Ir Forward Current Zener Voltage Regulator
Vg Forward Voltage @ I
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MMBZ5221BLT1 Series

ELECTRICAL CHARACTERISTICS (Pinout: 1-Anode, 2-NC, 3-Cathode) (Vg = 0.9 V Max @ I = 10 mA for all types.)

Zener Voltage (Note 3.) Zener Impedance Leakage Current
Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ Iz Ir @ VR
Device Marking Min Nom Max mA Q Q mA pA Volts
MMBZ5221BLT1 18A 2.28 24 2.52 20 30 1200 0.25 100 1
MMBZ5222BLT1 18B 2.37 25 2.63 20 30 1250 0.25 100 1
MMBZ5223BLT1 18C 2.56 2.7 2.84 20 30 1300 0.25 75 1
MMBZ5224BLT1 18D 2.66 2.8 2.94 20 30 1400 0.25 75 1
MMBZ5225BLT1 18E 2.85 3 3.15 20 29 1600 0.25 50 1
MMBZ5226BLT1 8A 3.13 3.3 3.47 20 28 1600 0.25 25 1
MMBZ5227BLT1 8B 3.42 3.6 3.78 20 24 1700 0.25 15 1
MMBZ5228BLT1 8C 3.70 3.9 4.10 20 23 1900 0.25 10 1
MMBZ5229BLT1 8D 4.08 4.3 4.52 20 22 2000 0.25 5 1
MMBZ5230BLT1 8E 4.46 4.7 4.94 20 19 1900 0.25 5 2
MMBZ5231BLT1 8F 4.84 51 5.36 20 17 1600 0.25 5 2
MMBZ5232BLT1 8G 532 5.6 5.88 20 11 1600 0.25 5 3
MMBZ5233BLT1 8H 5.70 6 6.30 20 7 1600 0.25 5 35
MMBZ5234BLT1 8J 5.89 6.2 6.51 20 7 1000 0.25 5 4
MMBZ5235BLT1 8K 6.46 6.8 7.14 20 5 750 0.25 3 5
MMBZ5236BLT1 8L 7.12 7.5 7.88 20 6 500 0.25 3 6
MMBZ5237BLT1 8M 7.79 8.2 8.61 20 8 500 0.25 3 6.5
MMBZ5238BLT1 8N 8.26 8.7 9.14 20 8 600 0.25 3 6.5
MMBZ5239BLT1 8P 8.64 9.1 9.56 20 10 600 0.25 3 7
MMBZ5240BLT1 8Q 9.50 10 10.50 20 17 600 0.25 3 8
MMBZ5241BLT1 8R 10.4 11 11.55 20 22 600 0.25 2 8.4
MMBZ5242BLT1 8S 11.40 12 12.60 20 30 600 0.25 1 9.1
MMBZ5243BLT1 8T 12.35 13 13.65 9.5 13 600 0.25 0.5 9.9
MMBZ5244BLT1 8u 13.30 14 14.70 9 15 600 0.25 0.1 10
MMBZ5245BLT1 8v 14.25 15 15.75 8.5 16 600 0.25 0.1 11
MMBZ5246BLT1 8w 15.20 16 16.80 7.8 17 600 0.25 0.1 12
MMBZ5247BLT1 8X 16.15 17 17.85 7.4 19 600 0.25 0.1 13
MMBZ5248BLT1 8y 17.10 18 18.90 7 21 600 0.25 0.1 14
MMBZ5249BLT1 8z 18.05 19 19.95 6.6 23 600 0.25 0.1 14
MMBZ5250BLT1 81A 19.00 20 21.00 6.2 25 600 0.25 0.1 15
MMBZ5251BLT1 81B 20.90 22 23.10 5.6 29 600 0.25 0.1 17
MMBZ5252BLT1 81C 22.80 24 25.20 5.2 33 600 0.25 0.1 18
MMBZ5253BLT1 81D 23.75 25 26.25 5 35 600 0.25 0.1 19
MMBZ5254BLT1 81E 25.65 27 28.35 4.6 41 600 0.25 0.1 21
MMBZ5255BLT1 81F 26.60 28 29.40 45 44 600 0.25 0.1 21
MMBZ5256BLT1 81G 28.50 30 31.50 4.2 49 600 0.25 0.1 23
MMBZ5257BLT1 81H 31.35 33 34.65 3.8 58 700 0.25 0.1 25
MMBZ5258BLT1 81J 34.20 36 37.80 34 70 700 0.25 0.1 27
MMBZ5259BLT1 81K 37.05 39 40.95 3.2 80 800 0.25 0.1 30
MMBZ5260BLT1 81L 40.85 43 45.15 3 93 900 0.25 0.1 33
MMBZ5261BLT1 81M 44.65 47 49.35 2.7 105 1000 0.25 0.1 36
MMBZ5262BLT1 81N 48.45 51 53.55 25 125 1100 0.25 0.1 39
MMBZ5263BLT1 81P 53.20 56 58.80 2.2 150 1300 0.25 0.1 43
MMBZ5264BLT1 81Q 57.00 60 63.00 21 170 1400 0.25 0.1 46
MMBZ5265BLT1 81R 58.90 62 65.10 2 185 1400 0.25 0.1 47
MMBZ5266BLT1 81S 64.60 68 71.40 1.8 230 1600 0.25 0.1 52
MMBZ5267BLT1 81T 71.25 75 78.75 17 270 1700 0.25 0.1 56
MMBZ5268BLT1 81U 77.90 82 86.10 15 330 2000 0.25 0.1 62
MMBZ5269BLT1 81V 82.65 87 91.35 1.4 370 2200 0.25 0.1 68
MMBZ5270BLT1 81W 86.45 91 95.55 1.4 400 2300 0.25 0.1 69

3. Zener voltage is measured with a pulse test current I at an ambient temperature of 25°C
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MMBZ5221BLT1 Series

TYPICAL CHARACTERISTICS
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MMBZ5221BLT1 Series

TYPICAL CHARACTERISTICS
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MMSZ5221BT1 Series

Zener Voltage Regulators
500 mW SOD-123 Surface Mount

Three complete series of Zener diodes are offered in the convenient,
surface mount plastic SOD-123 package. These devices provide a
convenient alternative to the leadless 34—package style.

Specification Features:

¢ 500 mW Rating on FR—4 or FR-5 Board

* Wide Zener Reverse Voltage Range — 2.4 Vto 110 V

¢ Package Designed for Optimal Automated Board Assembly
* Small Package Size for High Density Applications

¢ General Purpose, Medium Current

* ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: \Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

ON Semiconductor™

http://onsemi.com

1 2
Cathode Anode

&

1

SOD-123
CASE 425
STYLE 1

MARKING DIAGRAM

Rating Symbol Max Unit Li2d  xx M :I
Total Power Dissipation on FR-5 Board, Pp 5§5§
(Note 1.) @ T = 75°C 500 mw
Derated above 75°C 6.7 mw/°C xx = Specific Device Code
M = Date Cod
Thermal Resistance — Rea 340 °CIW ate Lode
Junction to Ambient (Note 2.)
Thermal Resistance — ReiL 150 °C/W
Junction to Lead (Note 2.) ORDERING INFORMATION
Junction and Storage T3 Tatg -55to °C ot L
Temperature Range +150 Device Package Shipping
1. FR-5=23.5 X 1.5 inches, using the ON minimum recommended footprint MMSZ52xxBT1 | SOD-123 | 3000/Tape & Reel
2. Thermal Resistance measurement obtained via infrared Scan Method MMSZ52xxBT3 | SOD-123 | 10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 271 of
this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.

0 Semiconductor Components Industries, LLC, 2001 269
May, 2001 — Rev. 1

The “T3” suffix refers to an 8 mm, 13 inch reel.

Publication Order Number:
MMSZ5221BT1/D




ELECTRICAL CHARACTERISTICS (Tp =25°C unless
otherwise noted, Vg = 0.95 V Max. @ Ig = 10 mA)

MMSZ5221BT1 Series

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current

Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Reverse Voltage
I Forward Current

\= Forward Voltage @ I

Zener Voltage Regulator
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MMSZ5221BT1 Series

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA)

Zener Voltage (Notes 3. and 4.)

Zener Impedance (Note 5.)

Leakage Current

Device Vz (Volts) @lzr | Zz1 @ Iz7 Zzk @ Iz IR @ VR

Device Marking Min Nom Max mA Q Q mA pA Volts
MMSZz5221BT1 C1 2.28 2.4 2.52 20 30 1200 0.25 100 1
MMSZz5222BT1 c2 2.38 2.5 2.63 20 30 1250 0.25 100 1
MMSZ5223BT1 C3 2.57 2.7 2.84 20 30 1300 0.25 75 1
MMSZ5224BT1 C4 2.66 2.8 2.94 20 30 1400 0.25 75 1
MMSZzZ5225BT1 Cc5 2.85 3.0 3.15 20 29 1600 0.25 50 1
MMSZ5226BT1 D1 3.14 3.3 3.47 20 28 1600 0.25 25 1
MMSZ5227BT1 D2 3.42 3.6 3.78 20 24 1700 0.25 15 1
MMSZ5228BT1 D3 3.71 3.9 4.10 20 23 1900 0.25 10 1
MMSZ5229BT1 D4 4.09 4.3 4.52 20 22 2000 0.25 5 1
MMSZ5230BT1 D5 4.47 4.7 4.94 20 19 1900 0.25 5 2
MMSZ5231BT1 E1 4.85 51 5.36 20 17 1600 0.25 5 2
MMSZ5232BT1 E2 5.32 5.6 5.88 20 11 1600 0.25 5 3
MMSZ5233BT1 E3 5.70 6.0 6.30 20 7 1600 0.25 5 35
MMSZ5234BT1 E4 5.89 6.2 6.51 20 7 1000 0.25 5 4
MMSZ5235BT1 E5 6.46 6.8 7.14 20 5 750 0.25 3 5
MMSZ5236BT1 F1 7.13 75 7.88 20 6 500 0.25 3 6
MMSZ5237BT1 F2 7.79 8.2 8.61 20 8 500 0.25 3 6.5
MMSZ5238BT1 F3 8.27 8.7 9.14 20 8 600 0.25 3 6.5
MMSZ5239BT1 F4 8.65 9.1 9.56 20 10 600 0.25 3 7
MMSZ5240BT1 F5 9.50 10 10.50 20 17 600 0.25 3 8
MMSZ5241BT1 H1 10.45 1 11.55 20 22 600 0.25 2 8.4
MMSZz5242BT1 H2 11.40 12 12.60 20 30 600 0.25 1 9.1
MMSZ5243BT1 H3 12.35 13 13.65 9.5 13 600 0.25 0.5 9.9
MMSZ5244BT1 H4 13.30 14 14.70 9.0 15 600 0.25 0.1 10
MMSZz5245BT1 H5 14.25 15 15.75 8.5 16 600 0.25 0.1 11
MMSZ5246BT1 J1 15.20 16 16.80 7.8 17 600 0.25 0.1 12
MMSZ5247BT1 J2 16.15 17 17.85 7.4 19 600 0.25 0.1 13
MMSZz5248BT1 J3 17.10 18 18.90 7.0 21 600 0.25 0.1 14
MMSZ5249BT1 J4 18.05 19 19.95 6.6 23 600 0.25 0.1 14
MMSZ5250BT1 J5 19.00 20 21.00 6.2 25 600 0.25 0.1 15
MMSZ5251BT1 K1 20.90 22 23.10 5.6 29 600 0.25 0.1 17
MMSZz5252BT1 K2 22.80 24 25.20 52 33 600 0.25 0.1 18
MMSZ5253BT1 K3 23.75 25 26.25 5.0 35 600 0.25 0.1 19
MMSZ5254BT1 K4 25.65 27 28.35 4.6 41 600 0.25 0.1 21
MMSZ5255BT1 K5 26.60 28 29.40 4.5 44 600 0.25 0.1 21
MMSZz5256BT1 M1 28.50 30 31.50 4.2 49 600 0.25 0.1 23
MMSZ5257BT1 M2 31.35 33 34.65 3.8 58 700 0.25 0.1 25
MMSZ5258BT1 M3 34.20 36 37.80 34 70 700 0.25 0.1 27
MMSZ5259BT1 M4 37.05 39 40.95 3.2 80 800 0.25 0.1 30
MMSZ5260BT1 M5 40.85 43 45.15 3.0 93 900 0.25 0.1 33
MMSZz5261BT1 N1 44.65 47 49.35 2.7 105 1000 0.25 0.1 36
MMSZ5262BT1 N2 48.45 51 53.55 2.5 125 1100 0.25 0.1 39
MMSZ5263BT1 N3 53.20 56 58.80 2.2 150 1300 0.25 0.1 43
MMSZ5264BT1 N4 57.00 60 63.00 2.1 170 1400 0.25 0.1 46
MMSZ5265BT1 N5 58.90 62 65.10 2.0 185 1400 0.25 0.1 47
MMSZ5266BT1 P1 64.60 68 71.40 1.8 230 1600 0.25 0.1 52
MMSZ5267BT1 P2 71.25 75 78.75 1.7 270 1700 0.25 0.1 56
MMSZ5268BT1 P3 77.90 82 86.10 15 330 2000 0.25 0.1 62
MMSZ5269BT1 P4 82.65 87 91.35 1.4 370 2200 0.25 0.1 68
MMSZ5270BT1 P5 86.45 91 95.55 1.4 400 2300 0.25 0.1 69
MMSZ5272BT1 R2 104.5 110 115.5 1.1 750 3000 0.25 0.1 84

P

The type numbers shown have a standard tolerance of +5% on the nominal Zener voltage.

Nominal Zener voltage is measured with the device junction in thermal equilibrium at T = 30°C +1°C
Zz1 and Zz are measured by dividing the AC voltage drop across the device by the ac current applied.

The specified limits are for Izac) = 0.1 Iz(gc) with the AC frequency = 1 KHz.

271
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6yz, TEMPERATURE COEFFICIENT (mV/°C)
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TYPICAL CHARACTERISTICS
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MMSZ4678T1 Series

Zener Voltage Regulators
500 mW SOD-123 Surface Mount

Three complete series of Zener diodes are offered in the convenient,
surface mount plastic SOD-123 package. These devices provide a
convenient alternative to the leadless 34—package style.

Specification Features:

¢ 500 mW Rating on FR—4 or FR-5 Board

* Wide Zener Reverse \Voltage Range — 1.8 Vto 43V

¢ Package Designed for Optimal Automated Board Assembly
Small Package Size for High Density Applications

ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Max Unit
Total Power Dissipation on FR-5 Board, Pp
(Note 1.) @ T, = 75°C 500 mw
Derated above 75°C 6.7 mw/°C
Thermal Resistance — Roia 340 °C/IW

Junction to Ambient (Note 2.)

Thermal Resistance — RoaL 150 °C/IW
Junction to Lead (Note 2.)

ON Semiconductor™

http://onsemi.com
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Cathode Anode

&

1

SOD-123
CASE 425
STYLE 1

MARKING DIAGRAM

545
;5;5 XX M
5559

xx = Specific Device Code
M = Date Code

Junction and Storage T3 Tstig | 5510 °C ORDERING INFORMATION
Temperature Range +150 :
1. FR-5=3.5 X 1.5 inches, using the ON minimum recommended footprint Device Package Shipping
MMSZ4xxxT1 SOD-123 | 3000/Tape & Reel
2. Thermal Resistance measurement obtained via infrared Scan Method
MMSZ4xxxT3 SOD-123 | 10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 276 of
this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3” suffix refers to an 8 mm, 13 inch reel.

O Semiconductor Components Industries, LLC, 2001 274
May, 2001 — Rev. 1
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MMSZ4678T1 Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless
otherwise noted, Vg = 0.95 V Max. @ Ig = 10 mA)

Symbol Parameter
Vyz Reverse Zener Voltage @ Izt
Iz Reverse Current
IR Reverse Leakage Current @ VR
VR Reverse Voltage

I Forward Current
Vg Forward Voltage @ I

Zener Voltage Regulator
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MMSZ4678T1 Series

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA)

Zener Voltage (Notes 3.) Leakage Current
Device Vz (Volts) @ Izr IR @ VR
Device Marking Min Nom Max pA A Volts
MMSZ4678T1 CcC 1.71 1.8 1.89 50 7.5 1
MMSZ4679T1 CD 1.90 2.0 2.10 50 5 1
MMSZ4680T1 CE 2.09 2.2 2.31 50 4 1
MMSZ4681T1 CF 2.28 24 2.52 50 2 1
MMSZ4682T1 CH 2.565 2.7 2.835 50 1 1
MMSZ4683T1 CJ 2.85 3.0 3.15 50 0.8 1
MMSZ4684T1 CK 3.13 33 3.47 50 75 15
MMSZ4685T1 CM 3.42 3.6 3.78 50 7.5 2
MMSZ4686T1 CN 3.70 3.9 4.10 50 5 2
MMSZ4687T1 CP 4.09 43 4.52 50 4 2
MMSZ4688T1 CT 4.47 4.7 4.94 50 10 3
MMSZ4689T1 CuU 4.85 51 5.36 50 10 3
MMSZ4690T1 cv 5.32 5.6 5.88 50 10 4
MMSZ4691T1 CA 5.89 6.2 6.51 50 10 5
MMSZ4692T1 CX 6.46 6.8 7.14 50 10 5.1
MMSZ4693T1 CcY 7.13 75 7.88 50 10 5.7
MMSZ4694T1 cz 7.79 8.2 8.61 50 1 6.2
MMSZ4695T1 DC 8.27 8.7 9.14 50 1 6.6
MMSZ4696T1 DD 8.65 9.1 9.56 50 1 6.9
MMSZ4697T1 DE 9.50 10 10.50 50 1 7.6
MMSZ4698T1 DF 10.45 11 11.55 50 0.05 8.4
MMSZ4699T1 DH 11.40 12 12.60 50 0.05 9.1
MMSZ4700T1 DJ 12.35 13 13.65 50 0.05 9.8
MMSZ4701T1 DK 13.30 14 14.70 50 0.05 10.6
MMSZ4702T1 DM 14.25 15 15.75 50 0.05 11.4
MMSZ4703T1 DN 15.20 16 16.80 50 0.05 12.1
MMSZ4704T1 DP 16.15 17 17.85 50 0.05 12.9
MMSZ4705T1 DT 17.10 18 18.90 50 0.05 13.6
MMSZ4706T1 DU 18.05 19 19.95 50 0.05 14.4
MMSZ4707T1 DV 19.00 20 21.00 50 0.01 15.2
MMSZ4708T1 DA 20.90 22 23.10 50 0.01 16.7
MMSZ4709T1 DX 22.80 24 25.20 50 0.01 18.2
MMSZ4710T1 DY 23.75 25 26.25 50 0.01 19.0
MMSZ4711T1 EA 25.65 27 28.35 50 0.01 20.4
MMSZ4712T1 EC 26.60 28 29.40 50 0.01 21.2
MMSZ4713T1 ED 28.50 30 31.50 50 0.01 22.8
MMSZ4714T1 EE 31.35 33 34.65 50 0.01 25.0
MMSZz4715T1 EF 34.20 36 37.80 50 0.01 27.3
MMSZ4716T1 EH 37.05 39 40.95 50 0.01 29.6
MMSZ4717T1 EJ 40.85 43 45.15 50 0.01 32.6

3. Nominal Zener voltage is measured with the device junction in thermal equilibrium at T, = 30°C £1°C
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MMSZ2V4T1 Series

Zener Voltage Regulators
500 mW SOD-123 Surface Mount

Three complete series of Zener diodes are offered in the convenient,
surface mount plastic SOD-123 package. These devices provide a
convenient alternative to the leadless 34—package style.

Specification Features:

¢ 500 mW Rating on FR—4 or FR-5 Board

* Wide Zener Reverse Voltage Range — 2.4 Vto 56 V

¢ Package Designed for Optimal Automated Board Assembly
Small Package Size for High Density Applications

ESD Rating of Class 3 (>16 KV) per Human Body Model

Mechanical Characteristics:

CASE: Void-free, transfer-molded, thermosetting plastic case

FINISH: Corrosion resistant finish, easily solderable

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Max Unit
Total Power Dissipation on FR-5 Board, Pp
(Note 1.) @ T, = 75°C 500 mw
Derated above 75°C 6.7 mw/°C
Thermal Resistance — Roia 340 °C/IW

Junction to Ambient (Note 2.)

Thermal Resistance — RoaL 150 °C/IW
Junction to Lead (Note 2.)

ON Semiconductor™

http://onsemi.com

1 2
Cathode Anode

&

1

SOD-123
CASE 425
STYLE 1

MARKING DIAGRAM

545
;5;5 XX M
5559

xx = Specific Device Code
M = Date Code

Junction and Storage T3 Tstig | 5510 °C ORDERING INFORMATION
Temperature Range +150 :
1. FR-5=3.5 X 1.5 inches, using the ON minimum recommended footprint Device Package Shipping
MMSZxxxT1 SOD-123 | 3000/Tape & Reel
2. Thermal Resistance measurement obtained via infrared Scan Method
MMSZxxxT3 SOD-123 | 10,000/Tape & Reel

DEVICE MARKING INFORMATION

See specific marking information in the device marking
column of the Electrical Characteristics table on page 280 of
this data sheet.

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

TThe “T1” suffix refers to an 8 mm, 7 inch reel.
The “T3” suffix refers to an 8 mm, 13 inch reel.

0 Semiconductor Components Industries, LLC, 2001 279
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MMSZ2V4T1 Series

ELECTRICAL CHARACTERISTICS (Tp =25°C unless |
otherwise noted, Vg = 0.95 V Max. @ I = 10 mA) IF‘L
Symbol Parameter
Vyz Reverse Zener Voltage @ Izt \
Iz Reverse Current }
Zs7 Maximum Zener Impedance @ 7 Vz VR \
IR Reverse Leakage Current @ VR T I?TVF
VR Reverse Voltage
I Forward Current
Vg Forward Voltage @ Ir
Zener Voltage Regulator

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, Vg = 0.9 V Max. @ Ig = 10 mA)

Vz1 (Volts) Zzm Vzz (Volts) Z712
(Notes 3. and 4.) (Note 5.) (Notes 3. and 4.) (Note 5.) | Leakage Current
Device @ IZTl =5mA @ IZTZ =1mA IR @ VR
Device Marking Min Nom Max Q Min Max Q nA Volts
MMSZ2V4T1 T1 2.28 2.4 2.52 100 1.7 2.1 600 50 1
MMSZ2V7T1 T2 2.57 2.7 2.84 100 19 24 600 20 1
MMSZ3V0T1 T3 2.85 3.0 3.15 95 21 2.7 600 10 1
MMSZ3V3T1 T4 3.14 3.3 3.47 95 2.3 2.9 600 5 1
MMSZ3V6T1 T5 3.42 3.6 3.78 90 2.7 3.3 600 5 1
MMSZ3V9T1 Ul 3.71 3.9 4.10 90 2.9 35 600 3 1
MMSZ4V3T1 U2 4.09 4.3 4.52 90 3.3 4.0 600 3 1
MMSZ4V7T1 U3 4.47 4.7 4.94 80 3.7 4.7 500 3 2
MMSZ5V1T1 u4 4.85 51 5.36 60 4.2 5.3 480 2 2
MMSZ5V6T1 95 5.32 56 5.88 40 4.8 6.0 400 1 2
MMSZ6V2T1 V1 5.89 6.2 6.51 10 5.6 6.6 150 3 4
MMSZ6V8T1 V2 6.46 6.8 7.14 15 6.3 7.2 80 2 4
MMSZ7V5T1 V3 7.13 7.5 7.88 15 6.9 7.9 80 1 5
MMSZ8V2T1 V4 7.79 8.2 8.61 15 7.6 8.7 80 0.7 5
MMSZ9V1T1 V5 8.65 9.1 9.56 15 8.4 9.6 100 0.5 6
MMSZ10T1 Al 9.50 10 10.50 20 9.3 10.6 150 0.2 7
MMSZ11T1 A2 10.45 11 11.55 20 10.2 11.6 150 0.1 8
MMSZ12T1 A3 11.40 12 12.60 25 11.2 12.7 150 0.1 8
MMSZ13T1 A4 12.35 13 13.65 30 12.3 14.0 170 0.1 8
MMSZ15T1 A5 14.25 15 15.75 30 13.7 15.5 200 0.05 10.5
MMSZ16T1 X1 15.20 16 16.80 40 15.2 17.0 200 0.05 11.2
MMSZ18T1 X2 17.10 18 18.90 45 16.7 19.0 225 0.05 12.6
MMSZz20T1 X3 19.00 20 21.00 55 18.7 21.1 225 0.05 14
MMSZz22T1 X4 20.90 22 23.10 55 20.7 23.2 250 0.05 15.4
MMSZ24T1 X5 22.80 24 25.20 70 22.7 25.5 250 0.05 16.8
MMSZ27T1 Y1 25.65 27 28.35 80 25 28.9 300 0.05 18.9
MMSZ30T1 Y2 28.50 30 31.50 80 27.8 32 300 0.05 21
MMSZ33T1 Y3 31.35 33 34.65 80 30.8 35 325 0.05 231
MMSZ36T1 Y4 34.20 36 37.80 90 33.8 38 350 0.05 25.2
MMSZ39T1 Y5 37.05 39 40.95 130 36.7 41 350 0.05 27.3
MMSZ43T1 Z1 40.85 43 45.15 150 39.7 46 375 0.05 30.1
MMSZ51T1 Z3 48.45 51 53.55 180 47.6 54 400 0.05 35.7
MMSZ56T1 Z4 53.20 56 58.80 200 51.5 60 425 0.05 39.2

&

The type numbers shown have a standard tolerance of +5% on the nominal Zener Voltage.

Tolerance and Voltage Designation: Zener Voltage (VZ) is measured with the Zener Current applied for PW = 1 ms.
ZzT and Zzk are measured by dividing the AC voltage drop across the device by the AC current applied.

The specified limits are for Izac) = 0.1 Izpc), with the AC frequency = 1 kHz.

http://onsemi.com
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Z 71, DYNAMIC IMPEDANCE (Q)

6yz, TEMPERATURE COEFFICIENT (mV/°C)
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MMSZ2V4T1 Series

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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1PMT5920BT3 Series

3.2 Watt Plastic
Surface Mount
POWERMITE" Package

This complete new line of 3.2 Watt Zener Diodes are offered in ON Semiconductor™
highly efficient micro miniature, space saving surface mount with its
unique heat sink design. The POWERMITE package has the same
thermal performance as the SMA while being 50% smaller in
footprint area and delivering one of the lowest height profiles (1.1  PLASTIC SURFACE MOUNT
mm) in the industry. Because of its small size, it is ideal for use in
cellular phones, portable devices, business machines and many other 3.2 WATT ZENER DIODES

http://onsemi.com

industrial/consumer applications. 6.2 — 47 VOLTS
Specification Features:
* Zener Breakdown Voltage: 6.2 — 47 \olts
* DC Power Dissipation: 3.2 Watts with Tab 1 (Cathode) @75 10 k 02
* Low Leakage < A 1: CATHODE
* ESD Rating of Class 3 (> 16 kV) per Human Body Model 2: ANODE
* Low Profile — Maximum Height of 1.1 mm
¢ |ntegral Heat Sink/Locking Tabs
¢ Full Metallic Bottom Eliminates Flux Entrapment 1 O
* Small Footprint — Footprint Area of 8.45 Mm N&
¢ Supplied in 12 mm Tape and Reel — 12,000 Units per Reel 9
* POWERMITE is JEDEC Registered as DO-216AA
. . POWERMITE
¢ Cathode Indicated by Polarity Band CASE 457
PLASTIC
Mechanical Characteristics:
CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are MARKING DIAGRAM
readily solderable
MOUNTING POSITION: Any 1 |: e[,
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: CATHODE ANODE
260°C for 10 Seconds
xxB = Specific Device Code
XX =20-41
(See Table Next Page)
D = Date Code

ORDERING INFORMATION

Device Package Shipping

1PMT59xxBT3| POWERMITE| 12,000/Tape & Reel

LEAD ORIENTATION IN TAPE:
Cathode (Short) Lead to Sprocket Holes

0 Semiconductor Components Industries, LLC, 2001 283 Publication Order Number:
May, 2001 — Rev. 3 1PMT5920BT3/D



1PMT5920BT3 Series

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T = 25°C (Note 1.) Pp 500 mw
Derate above 25°C 4.0 mw/°C
Thermal Resistance from Junction to Ambient Rgia 248 °C/W
Thermal Resistance from Junction to Lead (Anode) Rejanode 35 °CIW
Maximum DC Power Dissipation (Note 2.) Pp 3.2 W
Thermal Resistance from Junction to Tab (Cathode) Rgjcathode 23 °C/W
Operating and Storage Temperature Range T3, Tstg —55 to +150 °C

1. Mounted with recommended minimum pad size, PC board FR-4.
2. At Tab (Cathode) temperature, Tigp = 75°C

ELECTRICAL CHARACTERISTICS (T, = 25°C unless “|
otherwise noted, Vg = 1.5 V Max. @ Ir = 200 mAdc for all types) I L
Symbol Parameter
Vz Reverse Zener Voltage @ Iz7 \
Vas Reverse Current }
Z77 Maximum Zener Impedance @ Izt v
Izk Reverse Current I?TVF
Z7k Maximum Zener Impedance @ Izk
Ir Reverse Leakage Current @ Vg
VR Reverse Voltage
Ie Forward Current
Ve Forward Voltage @ Ir Zener Voltage Regulator
ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted, Vg = 1.25 Volts @ 200 mA)
Zener Voltage (Note 3.) Zrr @ ot | Zok @ bk
Device Vz @ Izt (Volts) Pas IR @ VR VR (Note 4.) | (Note 4.) Iz
Device Marking Min Nom Max (mA) (nA) V) (Q) (Q) (mA)
1PMT5920BT3 20B 5.89 6.2 6.51 60.5 5.0 4.0 2.0 200 1.0
1PMT5921BT3 21B 6.46 6.8 7.14 55.1 5.0 5.2 25 200 1.0
1PMT5922BT3 22B 7.12 7.5 7.88 50 5.0 6.0 3.0 400 0.5
1PMT5923BT3 23B 7.79 8.2 8.61 45.7 5.0 6.5 35 400 0.5
1PMT5924BT3 24B 8.64 9.1 9.56 41.2 5.0 7.0 4.0 500 0.5
1PMT5925BT3 25B 9.5 10 10.5 375 5.0 8.0 45 500 0.25
1PMT5927BT3 27B 11.4 12 12.6 31.2 1.0 9.1 6.5 550 0.25
1PMT5929BT3 29B 14.25 15 15.75 25 1.0 11.4 9.0 600 0.25
1PMT5930BT3 30B 15.2 16 16.8 23.4 1.0 12.2 10 600 0.25
1PMT5931BT3 31B 171 18 18.9 20.8 1.0 13.7 12 650 0.25
1PMT5933BT3 33B 20.9 22 231 17 1.0 16.7 17.5 650 0.25
1PMT5934BT3 34B 22.8 24 25.2 15.6 1.0 18.2 19 700 0.25
1PMT5935BT3 35B 25.65 27 28.35 13.9 1.0 20.6 23 700 0.25
1PMT5936BT3 36B 28.5 30 31.5 125 1.0 22.8 28 750 0.25
1PMT5939BT3 39B 37.05 39 40.95 9.6 1.0 29.7 45 900 0.25
1PMT5941BT3 41B 44.65 47 49.35 8.0 1.0 35.8 67 1000 0.25

3. Zener voltage is measured with the device junction in thermal equilibrium with an ambient temperature of 25°C.
4. Zener Impedance Derivation Zzt and Zzi are measured by dividing the AC voltage drop across the device by the AC current applied. The
specified limits are for Iz(ac) = 0.1 Iz(dc) with the ac frequency = 60 Hz.

http://onsemi.com
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1PMT5920BT3 Series

TYPICAL CHARACTERISTICS
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1PMT5920BT3 Series
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1SMA5913BT3 Series

1.5 Watt Plastic
Surface Mount
Zener Voltage Regulators

This complete new line of 1.5 Watt Zener Diodes offers the

following advantages.

Specification Features:

¢ Standard Zener Breakdown Voltage Range — 3.3 V to 68 V

¢ ESD Rating of Class 3 (>16 kV) per Human Body Model

* Flat Handling Surface for Accurate Placement

¢ Package Design for Top Slide or Bottom Circuit Board Mounting
* Low Profile Package

* |deal Replacement for MELF Packages

Mechanical Characteristics:

CASE: \Void-free, transfer-molded plastic

FINISH: All external surfaces are corrosion resistant with readily
solderable leads

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 seconds

POLARITY: Cathode indicated by molded polarity notch or cathode
band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T = 75°C, Pp 15 Watts
Measured Zero Lead Length (Note 1.) 20 mw/°C

Derate above 75°C
Thermal Resistance —

Junction—-to—Lead RoiL 50 °C/W
DC Power Dissipation @ Ta = 25°C Pp 0.5 Watts

(Note 2.) Derate above 25°C 4.0 mw/°C
Thermal Resistance —

Junction-to—Ambient Rgia 250 °C/W
Operating and Storage T3, Tstg —65 to °C

Temperature Range +150

1. 1" square copper pad, FR—4 board
2. FR—4 Board, using ON Semiconductor minimum recommended footprint

0 Semiconductor Components Industries, LLC, 2001 287
May, 2001 — Rev. 2

ON Semiconductor™
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o 11 ‘o)
CATHODE ANODE
SMA
CASE 403B
PLASTIC

MARKING DIAGRAM

:) 8xxB
LLYWW

8xxB = Specific Device Code
(See Table Next Page)

LL = Assembly Location
Y = Year
ww = Work Week

ORDERING INFORMATION

Device T Package Shipping

1SMAS59xxBT3 SMA 5000/Tape & Reel

1tThe “T3" suffix refers to a 13 inch reel.

Publication Order Number:
1SMA5913BT3/D




1SMA5913BT3 Series

ELECTRICAL CHARACTERISTICS (Ta =25°C unless
otherwise noted, Vg = 1.5 V Max. @ | = 200 mA for all types)

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izk Reverse Current

Zzk Maximum Zener Impedance @ lzk
IR Reverse Leakage Current @ VR
VR Reverse Voltage

I Forward Current

\= Forward Voltage @ I

Izm Maximum DC Zener Current

http://onsemi.com
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1SMA5913BT3 Series

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted, Vg = 1.5 V Max. @ I = 200 mA for all types)

Zener Voltage (Note 4.) Zener Impedance Leakage Current
V7 (Volts | Z I Z | | V|

Device z (Volts) @ Izt 771 @ Iz7 7K @ Iz R @ VR Izm
Device (Note 3.) Marking Min Nom Max mA Q Q mA UA Volts mA(dc)
1SMA5913BT3 813B 3.13 3.3 3.47 113.6 10 500 1.0 50 1.0 455
1SMA5914BT3 814B 3.42 3.6 3.78 104.2 9.0 500 1.0 35.5 1.0 417
1SMA5915BT3 815B 3.70 3.9 4.10 96.1 7.5 500 1.0 125 1.0 385
1SMA5916BT3 816B 4.08 4.3 4.52 87.2 6.0 500 1.0 25 1.0 349
1SMA5917BT3 817B 4.46 4.7 4.94 79.8 5.0 500 1.0 2.5 15 319
1SMAS5918BT3 818B 4.84 51 5.36 73.5 4.0 350 1.0 25 2.0 294
1SMA5919BT3 819B 5.32 5.6 5.88 66.9 2.0 250 1.0 25 3.0 268
1SMA5920BT3 820B 5.89 6.2 6.51 60.5 2.0 200 1.0 25 4.0 242
1SMA5921BT3 821B 6.46 6.8 7.14 55.1 25 200 1.0 2.5 5.2 221
1SMAS5922BT3 822B 7.12 7.5 7.88 50 3.0 400 0.5 25 6.0 200
1SMAS5923BT3 823B 7.79 8.2 8.61 45.7 3.5 400 0.5 25 6.5 183
1SMA5924BT3 824B 8.64 9.1 9.56 41.2 4.0 500 0.5 25 7.0 165
1SMAS5925BT3 825B 9.5 10 10.5 37.5 4.5 500 0.25 25 8.0 150
1SMA5926BT3 826B 10.45 11 11.55 34.1 5.5 550 0.25 0.5 8.4 136
1SMA5927BT3 827B 11.4 12 12.6 31.2 6.5 550 0.25 0.5 9.1 125
1SMAS5928BT3 828B 12.35 13 13.65 28.8 7.0 550 0.25 0.5 9.9 115
1SMAS5929BT3 829B 14.25 15 15.75 25 9.0 600 0.25 0.5 11.4 100
1SMAS5930BT3 830B 15.2 16 16.8 23.4 10 600 0.25 0.5 12.2 94
1SMA5931BT3 831B 17.1 18 18.9 20.8 12 650 0.25 0.5 13.7 83
1SMAS5932BT3 832B 19 20 21 18.7 14 650 0.25 0.5 15.2 75
1SMAS5933BT3 833B 20.9 22 23.1 17 17.5 650 0.25 0.5 16.7 68
1SMAS5934BT3 834B 22.8 24 25.2 15.6 19 700 0.25 0.5 18.2 63
1SMAS5935BT3 835B 25.65 27 28.35 13.9 23 700 0.25 0.5 20.6 56
1SMA5936BT3 836B 28.5 30 315 12.5 26 750 0.25 0.5 22.8 50
1SMA5937BT3 837B 31.35 33 34.65 11.4 33 800 0.25 0.5 25.1 45
1SMAS5938BT3 838B 34.2 36 37.8 10.4 38 850 0.25 0.5 27.4 42
1SMA5939BT3 839B 37.05 39 40.95 9.6 45 900 0.25 0.5 29.7 38
1SMA5940BT3 840B 40.85 43 45.15 8.7 53 950 0.25 0.5 32.7 35
1SMA5941BT3 841B 44.65 47 49.35 8.0 67 1000 0.25 0.5 35.8 32
1SMA5942BT3 842B 48.45 51 53.55 7.3 70 1100 0.25 0.5 38.8 29
1SMAS5943BT3 843B 53.2 56 58.8 6.7 86 1300 0.25 0.5 42.6 27
1SMA5944BT3 844B 58.9 62 65.1 6.0 100 1500 0.25 0.5 47.1 24
1SMA5945BT3 845B 64.6 68 71.4 5.5 120 1700 0.25 0.5 51.7 22

3. Tolerance and Voltage Regulation Designation — The type number listed indicates a tolerance of +5%.
4. V7 limits are to be guaranteed at thermal equilibrium.
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1SMA5913BT3 Series

Rating and Typical Characteristic Curves (T 5 = 25°C)
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1SMA5913BT3 Series

Rating and Typical Characteristic Curves (T 5 = 25°C)
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1SMB5913BT3 Series

3 Watt Plastic Surface Mount
Zener Voltage Regulators

This complete new line of 3 Watt Zener diodes offers the following
advantages.

Specification Features:

¢ Zener Voltage Range — 3.3 V to 200 V

¢ ESD Rating of Class 3 (>16 KV) per Human Body Model

Flat Handling Surface for Accurate Placement

Package Design for Top Side or Bottom Circuit Board Mounting

Mechanical Characteristics:

CASE: Void-free, transfer-molded plastic

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

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
260°C for 10 Seconds

LEADS: Modified L-Bend providing more contact area to bond pads

POLARITY: Cathode indicated by polarity band

FLAMMABILITY RATING: UL94 V-0

MAXIMUM RATINGS

Rating Symbol Value Unit
Maximum Steady State Power Dissipation Pp 3.0 w
@ T =75°C
Measured at Zero Lead Length
Derate Above 75°C 40 mwW/°C
Thermal Resistance from Junction to Lead RoJL 25 °C/W
Maximum Steady State Power Dissipation Pp 550 mwW

@ Ta = 25°C (Note 1.)
Derate Above 25°C

Thermal Resistance from Junction 4.4 mwW/°C
to Ambient Roia 226 °CIW

Operating and Storage T3, Tstg | 6510 °C
Temperature Range +150

1. FR-4 board, within 1" to device, using ON Semiconductor minimum
recommended footprint, as shown in case 403A outline dimensions spec.

0 Semiconductor Components Industries, LLC, 2001 292
May, 2001 — Rev. 1

ON Semiconductor™

http://onsemi.com

PLASTIC SURFACE MOUNT
ZENER VOLTAGE
REGULATOR DIODES
3.3-200 VOLTS
3 WATT DC POWER

[o

Cathode

SMB

CASE 403A

PLASTIC

MARKING DIAGRAM

Y
Ww
9xxB

7

YWW
9xxB

\L

N

]

= Year

= Work Week

= Specific Device Code
(See Table Page 294)

ORDERING INFORMATION

Device

Package

Shipping

1SMB59xxBT3

SMB

2500/Tape & Reel

Devices listed in bold, italic are ON Semiconductor
Preferred devices. Preferred devices are recommended
choices for future use and best overall value.

1tThe “T3” suffix refers to a 13 inch reel.

Publication Order Number:

1SMB5913BT3/D




ELECTRICAL CHARACTERISTICS
(T, = 30°C unless otherwise noted,
VE =15V Max. @ I = 200 mA(dc) for all types)

1SMB5913BT3 Series

Zener Voltage Regulator

Symbol Parameter

Vyz Reverse Zener Voltage @ Izt

Iz Reverse Current

Z77 Maximum Zener Impedance @ Izt
Izx Reverse Current

Zzk Maximum Zener Impedance @ Izk
IR Reverse Leakage Current @ Vg
VR Reverse Voltage

I Forward Current

Vg Forward Voltage @ I

Izm Maximum DC Zener Current
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1SMB5913BT3 Series

ELECTRICAL CHARACTERISTICS (T_ = 30°C unless otherwise noted, Vg = 1.5 V Max. @ Iz = 200 mA(dc) for all types)

Zener Voltage (Note 3.) Zener Impedance (Note 4.) Leakage Current
V7 (Volts | Z | V4 | | V

Device Device z (Volts) @ lzr 721 @ Iz7 7k @ Izk R@ VR Izm

(Note 2.) Marking Min Nom Max mA Q Q mA HA Volts mA(dc)
1SMB5913BT3 913B 3.13 3.3 3.47 113.6 10 500 1 100 1 454
1SMB5914BT3 914B 3.42 3.6 3.78 104.2 9 500 1 75 1 416
1SMB5915BT3 915B 3.70 3.9 4.10 96.1 7.5 500 1 25 1 384
1SMB5916BT3 9168 4.08 4.3 4.52 87.2 6 500 1 5 1 348
1SMB5917BT3 917B 4.46 4.7 4.94 79.8 5 500 1 5 1.5 319
1SMB5918BT3 918B 4.84 5.1 5.36 73.5 4 350 1 5 2 294
1SMB5919BT3 919B 5.32 5.6 5.88 66.9 2 250 1 5 3 267
1SMB5920BT3 920B 5.89 6.2 6.51 60.5 2 200 1 5 4 241
1SMB5921BT3 921B 6.46 6.8 7.14 55.1 2.5 200 1 5 5.2 220
1SMB5922BT3 922B 7.12 7.5 7.88 50 3 400 0.5 5 6 200
1SMB5923BT3 923B 7.79 8.2 8.61 45.7 3.5 400 0.5 5 6.5 182
1SMB5924BT3 924B 8.64 9.1 9.56 41.2 4 500 0.5 5 7 164
1SMB5925BT3 925B 9.5 10 10.5 37.5 4.5 500 0.25 5 8 150
1SMB5926BT3 9268 10.45 11 11.55 34.1 55 550 0.25 1 84 136
1SMB5927BT3 927B 11.4 12 12.6 31.2 6.5 550 0.25 1 9.1 125
1SMB5928BT3 928B 12.35 13 13.65 28.8 7 550 0.25 1 9.9 115
1SMB5929BT3 929B 14.25 15 15.75 25 9 600 0.25 1 11.4 100
1SMB5930BT3 930B 15.2 16 16.8 23.4 10 600 0.25 1 12.2 93
1SMB5931BT3 931B 17.1 18 18.9 20.8 12 650 0.25 1 13.7 83
1SMB5932BT3 932B 19 20 21 18.7 14 650 0.25 1 15.2 75
1SMB5933BT3 933B 20.9 22 231 17 175 650 0.25 1 16.7 68
1SMB5934BT3 934B 22.8 24 25.2 15.6 19 700 0.25 1 18.2 62
1SMB5935BT3 9358 25.65 27 28.35 13.9 23 700 0.25 1 20.6 55
1SMB5936BT3 9368 28.5 30 31.5 12.5 28 750 0.25 1 22.8 50
1SMB5937BT3 937B 31.35 33 34.65 11.4 33 800 0.25 1 25.1 45
1SMB5938BT3 938B 34.2 36 37.8 10.4 38 850 0.25 1 27.4 41
1SMB5939BT3 939B 37.05 39 40.95 9.6 45 900 0.25 1 29.7 38
1SMB5940BT3 940B 40.85 43 45.15 8.7 53 950 0.25 1 32.7 34
1SMB5941BT3 941B 44.65 47 49.35 8 67 1000 0.25 1 35.8 31
1SMB5942BT3 942B 48.45 51 53.55 7.3 70 1100 0.25 1 38.8 29
1SMB5943BT3 943B 53.2 56 58.8 6.7 86 1300 0.25 1 42.6 26
1SMB5944BT3 944B 58.9 62 65.1 6 100 1500 0.25 1 47.1 24
1SMB5945BT3 945B 64.6 68 71.4 55 120 1700 0.25 1 51.7 22
1SMB5946BT3 946B 71.25 75 78.75 5 140 2000 0.25 1 56 20
1SMB5947BT3 947B 77.9 82 86.1 4.6 160 2500 0.25 1 62.2 18
1SMB5948BT3 948B 86.45 91 95.55 4.1 200 3000 0.25 1 69.2 16
1SMB5949BT3 949B 95 100 105 3.7 250 3100 0.25 1 76 15
1SMB5950BT3 950B 104.5 110 115.5 34 300 4000 0.25 1 83.6 13
1SMB5951BT3 951B 114 120 126 3.1 380 4500 0.25 1 91.2 12
1SMB5952BT3 952B 1235 130 136.5 29 450 5000 0.25 1 98.8 11
1SMB5953BT3 953B 142.5 150 157.5 25 600 6000 0.25 1 114 10
1SMB5954BT3 954B 152 160 168 2.3 700 6500 0.25 1 121.6 9
1SMB5955BT3 955B 171 180 189 2.1 900 7000 0.25 1 136.8 8
1SMB5956BT3 956B 190 200 210 1.9 1200 8000 0.25 1 152 7

2. TOLERANCE AND TYPE NUMBER DESIGNATION
The type numbers listed indicate a tolerance of +5%.

3. ZENER VOLTAGE (Vz) MEASUREMENT
Nominal Zener voltage is measured with the device junction in thermal equilibrium with ambient temperature at 25°C.

4. ZENER IMPEDANCE (Zz) DERIVATION Zz7 and Zzk are measured by dividing the ac voltage drop across the device by the ac current
applied. The specified limits are for Iz(ac) = 0.1 Iz(gc) With the ac frequency = 60 Hz.
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1SMB5913BT3 Series
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1SMB5913BT3 Series
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CHAPTER 8
Surface Mount Information
and Packaging Specifications
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INFORMATION FOR USING SURFACE MOUNT PACKAGES
RECOMMENDED FOOTPRINTS FOR SURFACE MOUNTED APPLICATIONS

Surfacemount board layout is a critical portion of the total interface between the board and the package. With the
design. The footprint for the semiconductor packages mustcorrect pad geometry, the packages will self align when
be the correct size to ensure proper solder connectiorsubjected to a solder reflow process.

POWER DISSIPATION FOR A SURFACE MOUNT DEVICE

The power dissipation for a surface mount device is a— 160 | | |
function ofthe drain/collector pad size. These can vary from 2

the minimum pad size for soldering to a pad size given for%
maximum power dissipation. Power dissipation for a

Board Material = 0.0625" Ta=25°C

\ G-10/FR-4, 2 0z Copper
! | |
< 0.8 Watts

—_
S
o

(*CwW)

m

surface mount device is determined bymbx) the %

maximum rated junction temperature of the digjaRthe 55120

thermal resistance from the device junction to ambient, andd &

i i i - 1.25 Watls* 1.5 Watts

the operating temperaturey . TUsing the values provided on 3= / .

the data sheetgxan be calculated as follows: 5;91 00 \'\A
ju S—

_ TJ(maX) —Ta " T
Pp= § *Mounted on the DPAK footprint B
Reaa o g ] I ! | P I %~
0.0 0.2 0.4 0.6 0.8 1.0

The values for the equation are found in the maximum
ratingstable on the data sheet. Substituting these values into
the equation for an ambient temperatyeo25°C, one can
calculate the power dissipation of the device. For example,

A, AREA (SQUARE INCHES)

Figure 1. Thermal Resistance versus Drain Pad
Area for the SOT-223 Package (Typical)

for a SOT-223 device,Fs calculated as follows. = 100 T T T
g Board Material = 0.0625"
o ° D) G-10/FR-4, 2 oz Copper
pp= L50°C=25°C _ gnq miliwatts = |\ 1,75 Watts
156°C/W = 80 }
§ s Tp=25°C
The 156C/W for the SOT-223 package assumes the useE ;
of the recommended footprint on a glass epoxy printed® & 60
circuit board to achieve a power dissipation of 800 ;% \ 3.0 Watts
milliwatts. There are other alternatives to achieving higher = o
power dissipation from the surface mount packages. One i 40
. . . . 5.0 Watts
to increase the area of the drain/collector pad. By increasingz
the area of the drain/collector pad, the power dissipation can®
be increased. Although the power dissipation can almost be 2 2 4 6 8 10
doubled with this method, area is taken up on the printed _ A, AREA (SQUARE INCHES) _
circuit board which can defeat the purpose of using surface ~ Figure 2. Thermal Resistance versus Drain Pad
mount technology. For example, a graph @fRversus Area for the DPAK Package (Typical)
drain pad area is shown in Figures 1, 2 and 3. =~ 70 | | | |
g Board Material = 0.0625"
; : G-10/FR-4,2 0z C 2 050
Anotheralternative would be to use a ceramic substrate or%J 60 / 01 OPPEr,  Ta=25°C
an aluminum core board such as Thermal Cladsing a  j— 2.5 Watts
board material such as Thermal Clad, an aluminum core‘g’gso
board, the power dissipation can be doubled using the sam& E
footprint. oy | 3.5 Watts
=40
JiS
o~
w 5 Watts
E 30
<
E \;/
T 20
0

2 4 6 8 10 12 14 16
A, AREA (SQUARE INCHES)
Figure 3. Thermal Resistance versus Drain Pad
Area for the D 2PAK Package (Typical)
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SOLDER STENCIL GUIDELINES

Prior to placing surface mount components onto a printedpattern of the opening in the stencil for the drain pad is not
circuit board, solder paste must be applied to the padscritical aslong as it allows approximately 50% of the pad to
Solder stencils are used to screen the optimum amountbe covered with paste.

These stencils are typically 0.008 inches thick and may be

made of brass or stainless steel. For packages such as the
SC-59, SC-70/SOT-323, SOD-123, SOT-23, SOT-143
SOT-223, SO-8, SO-14, SO-16, and SMB/SMC diode § \Q NN N SOLDER PASTE
packages, the stencil opening should be the same as the pad AN\ N\ k OPENINGS
size or a 1:tegistration. This is not the case with the DPAK
and PPAK packages. If a 1:1 opening is used to screen & Q NN

solder onto the drain pad, misalignment and/or k k > STENCIL
“tombstoning” may occur due to an excess of solder. For
these two packages, the opening in the stencil for the paste ] _ ]
should be approximately 50% of the tab area. The opening Figure 4. TypZICa| Stencil for DPAK and
for the leads is still a 1:1 registration. Figure 4 shows a DPAK Packages

typical stencil for the DPAK and 4PAK packages. The

SOLDERING PRECAUTIONS

The melting temperature of solder is higher than the rateds After soldering has been completed, the device should
temperature of the device. When the entire device is heated be allowed to cool naturally for at least three minutes.
to a high temperature, failure to complete soldering within ~ Gradual cooling should be used since the use of forced
a short time could result in device failure. Therefore, the  cooling will increase the temperature gradient and will
following items should always be observed in order to  result in latent failure due to mechanical stress.
minimize the thermal stress to which the devices are. Mechanical stress or shock should not be applied during
subjected. cooling.

» Always preheat the device.

« The delta temperature between the preheat and® Soldering a device without preheating can cause
soldering should be 10Q or less.* excessive thermal shock and stress which can result in

« When preheating and soldering, the temperature of thedamage to the device.

leads and the case must not exceed the maximum

temperature ratings as shown on the data sheet. Whefi Due to shadowing and the inability to set the wave height

using infrared heating with the reflow soldering to incorporate other surface mount components, #RAR

method, the difference should be a maximum 6€10 is not recommended for wave soldering.
» The soldering temperature and time should not exceed

260°C for more than 10 seconds.
e« When shifting from preheating to soldering, the

maximum temperature gradient shall B€Br less.
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TYPICAL SOLDER HEATING PROFILE

For any given circuit board, there will be a group of actual temperature that might be experienced on the surface
control settings that will give the desired heat pattern. Theof a test board at or near a central solder joint. The two
operatomust set temperatures for several heating zones angrofilesare based on a high density and a low density board.
a figure for belt speed. Taken together, these control setting§he Vitronics SMD310 convection/infrared reflow
make up a heating “profile” for that particular circuit board. soldering system was used to generate this profile. The type
On machines controlled by a computer, the computerof solder used was 62/36/2 Tin Lead Silver with a melting
remembers these profiles from one operating session to th@ointbetween 17-189C. When this type of furnace is used
next. Figure 5 shows a typical heating profile for use when for solder reflow work, the circuit boards and solder joints
soldering a surface mount device to a printed circuit board.tend to heat first. The components on the board are then
This profile will vary among soldering systems, but it is a heated by conduction. The circuit board, because it has a
good starting point. Factors that can affect the profile large surface area, absorbs the thermal energy more
includethe type of soldering system in use, density and typesefficiently, then distributes this energy to the components.
of components on the board, type of solder used, and the typBecause of this effect, the main body of a component may
of board or substrate material being used. This profile showsbe up to 30 degrees cooler than the adjacent solder
temperature versus time. The line on the graph shows thgoints.

STEP 1 STEP2 STEP3 STEP 4 STEP 5 STEP6  STEP7
PREHEAT  VENT HEATING  HEATING  HEATING  VENT  COOLING
ZONE 1 “SOAK’ ZONES28&5 ZONES3&6 ZONES4&7
“RAMP” o “RAMP’ “SOAK’ SPIKE’ 205° T0 219°C
. , PEAK AT
200°C—- DESIRED CURVE FOR HIGH 170°C SOLDER JOINT
MASS ASSEMBLIE‘S 160°C
150°C /
150°C_| ¥
SOLDER IS LIQUID FOR
40 TO 80 SECONDS
100°C 140°c (DEPENDING ON
MASS OF ASSEMBLY)
100°c_|
DESIRED CURVE FOR LOW
MASS ASSEMBLIES
50°C_|
TIME (3 TO 7 MINUTES TOTAL) > Tuax

Figure 5. Typical Solder Heating Profile
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Footprints for Soldering
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Footprints for Soldering
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TVS/Zener Axial-Lead

Lead Tape Packaging Standards for Axial-Lead

Components

1.0 SCOPE

This section covers packaging requirements for the
following axial-lead component’s use in automatic testing
and assembly equipment: ON Semiconductor Case 17-02,
Case 41A-02, Case 51-02 (DO-7), Case 59-03 (DO-41),
Case 59-04, Case 194-04 and Case 299-02 (DO-35).
Packaging, as covered in this section, shall consist of
axial-lead components mounted by their leads on pressure
sensitive tape, wound onto a reel.

2.0 PURPOSE

This section establishes ON Semiconductor standard
practices for lead-tape packaging of axial-lead components
and meets the requirements of EIA Standard RS-296-D
“Lead-taping of Components on Axial Lead Configuration
for Automatic Insertion,” level 1.

3.0 REQUIREMENTS

3.1 Component leads

3.1.1- Component leads shall not be bent beyond
dimension E from their normal position. See Figure 2.

3.1.2— The “C” dimension shall be governed by the
overall length of the reel packaged component. The
distance between flanges shall be 0.059 inch to 0.315

inch greater than the overall component length. See3.4

Figures 2 and 3.

3.1.3— Cumulative dimension “A” tolerance shall
not exceed 0.059 over 6 in consecutive components.

3.2 Orientation

All polarized components must be oriented in one
direction. The cathode lead tape shall be blue and the
anode tape shall be white. See Figure 1.

3.3 Reeling 4.0

3.3.1- Components on any reel shall not represent
more than two date codes when date code
identification is required.

3.3.4— 50 Ib. Kraft paper is wound between layers
of components as far as necessary for component
protection.

3.3.5— Components shall be centered between tapes
such that the difference between D1 and D2 does not
exceed 0.055.

3.3.6— Staples shall not be used for splicing. No more
than four layers of tape shall be used in any splice area
and no tape shall be offset from another by more than
0.031 inch noncumulative. Tape splices shall overlap
at least 6 inches for butt joints and at least 3 inches for
lap joints and shall not be weaker than unspliced tape.

3.3.7— Quantity per reel shall be as indicated in
Table 1. Orders for tape and reeled product will only
be processed and shipped in full reel increments.
Scheduled orders must be in releases of full reel
increments or multiples thereof.

3.3.8— A maximum of 0.25% of the components
per reel quantity may be missing without consecutive
missing per level 1 of RS-296-D.

3.3.9 — The single face roll pad shall be placed
around the finished reel and taped securely. Each reel
shall then be placed in an appropriate container.

Marking

Minimum reel and carton marking shall consist of
the following (see Figure 3):

ON Semiconductor part number
Quantity
Manufacturer’s name

Date codes (when applicable; see a1

Requirements differing from this ON Semiconductor
standard shall be negotiated with the factory.
The packages indicated in the following table are suitable

3.3.2 — Component’s leads shall be positioned for lead tape packaging. The table indicates the specific
perpendicularly between pairs of 0.250 inch tape. Seedevices (transient voltage suppressors and/or zeners) that

Figure 2.

3.3.3— A minimum 12 inch leader of tape shall be
provided before the first and last component on the
reel.

can be obtained from ON Semiconductor in reel packaging
and provides the appropriate packaging specification.
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Lead Tape Packaging Standards for Axial-Lead Components (continued)

Table 1. Packaging Details (all dimensions in inches)

MPQ
Device | Quantity Component Tape Reel Reel Max Off
Product Title Per Reel Spacing Spacing Dimension | Dimension | Alignment
Case Type Category Suffix | (Item 3.3.7) | A Dimension B Dimension C D (Max) E
Case 17 Surmetic 40 & RL 4000 0.2 +/- 0.015 | 2.062 +/— 0.059 3 14 0.047
600 Watt TVS
Case 41A 1500 Watt TVS RL4 1500 0.4 +/-0.02 |2.062 +/-0.059 3 14 0.047
Case 51-02 DO-7 Glass RL 3000 0.2 +/-0.02 |2.062 +/-0.059 3 14 0.047
(For Reference only)
Case 59-03 DO-41 Glass & RL 6000 0.2 +/-0.015 | 2.062 +/-0.059 3 14 0.047
DO-41 Surmetic 30
Rectifier
Case 59-04 500 Watt TVS RL 5000 0.2 +/-0.02 |2.062 +/-0.059 3 14 0.047
Rectifier
Case 194-04 110 Amp TVS RL 800 0.4 +/-0.02 |1.875 +/-0.059 3 14 0.047
(Automotive)
Rectifier
Case 267-02 Rectifier RL 1500 0.4 +/-0.02 |2.062 +/-0.059 3 14 0.047
Case 299 DO-35 Glass RL 5000 0.2 +/-0.02 |2.062 +/-0.059 3 14 0.047
Overall LG
Kraft Paper Iltem 3.1.2
4——' Reel < B »
Roll Pad = A
Item 3.1.1 = A
Max Off —
Alignment 3
. E 1 =
Container {3
Tape, Blue Tape, White ltem 3.3.5 | DL| [|D2]] 950
Item 3.2 ltem 3.2 Both Sides ! ‘ "7 ltem3.3.2
Cathode,
( ) (Anode) 0.031
ltem 3.3.5

Figure 1. Reel Packing

Figure 2. Component Spacing

Optional Design

1.188

3.5 Dia.
y

Item 3.4

Figure 3. Reel Dimensions
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TVS/Zener Surface Mount
Embossed Tape and Reel

Embossed Tape and Reel is used to facilitate automatic pick and
place equipment feed requirements. The tape is used as the shipping
container for various products and requires a minimum of handling.
The antistatic/conductive tape provides a secure cavity for the product
when sealed with the “peel-back” cover tape.
¢ Used for Automatic Pick and Place Feed Systems
* Minimizes Product Handling

* EIA 481-1, 8 mm and 12 mm Taping of Surface Mount Components
for Automatic Handling and EIA 481-2, 16 mm and 24 mm
Embossed Carrier Taping of Surface Mount Components for
Automatic Handling

* SOD-123, SOT-23 in 8 mm Tape, SOD-323

¢ SMB in 12 mm Tape

¢ SMC in 16 mm Tape

Ordering Information

Use the standard device title and add the required suffix as listed in
the option table below. Note that the individual reels have a finite
number of devices depending on the type of product contained in the
tape. Also note the minimum lot size is one full reel for each line item
and orders are required to be in increments of the single reel quantity.

SOT-23
8 mm

o

SOD-123, SOD-323
8 mm

VBEEE )

Tape and Reel
Data for
TVS/Zener
Surface Mount
Devices

PACKAGES
SOD-123  SOT-23
SMB SMC

SMA, SMB,
POWERMITE SMC
12 mm 16 mm

O O O O O OO O O O

CIEICIC]

Pitch @ Devices Per Reel

Tape Widith Reel Size and Minimum Device

Package Case Type (mm) (mm) (in) (inch)* Order Quantity Suffix
SOD-123, SOT-23, Case 318 8 40+£0.1 .157 +.004 7 3,000 T1
SOD-323 8 13 10,000 T3
SMA Case 403B 12 8.0+£0.1 .315 +.004 13 5,000 T3
SMB Case 403A 12 8.0+0.1 .315 +.004 13 2,500 T3
SMC Case 403 16 8.0+£0.1 .315 +.004 13 2,500 T3
POWERMITE Case 457 12 8.0+0.1 .315 +.004 13 12,000 T3

SC-88 Case 419B 8 40+£0.1 .157 +.004 7 3,000 T1/T2

SC-88A Case 419A 8 40+0.1 .157 + .004 7 3,000 T1/T2
SC-74 Case 318F 8 4.0+£0.1 .157 + .004 7 3,000 T1
8 13 10,000 T3

(1)See Next Page.
* 7 inch reel = 180 mm, 13 inch reel = 330 mm
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CARRIER TAPE SPECIFICATIONS

10 PITCHES
CUMULATIVE
TOLERANCE ON
TAPE

< K r; Po —> +0.2 mm
. % 0 F P, | (£0008") i
TOP ‘ ‘ T i i E

COVER — - { %f
TAPE H A | | \ FTW
1 il
T
e e BN

L
.{

D,
EMBOSSMENT CENTER LINES FOR COMPONENTS
OF CAVITY
FOR MACHINE REFERENCE —_— 20 mmx 1.2 mm
AND LARGER
ONLY USER DIRECTION OF FEED
INCLUDING DRAFT AND RADII
CONCENTRIC AROUND B,
*TOP COVER
BAR CODE ml(’)EanI]-IICKNESS (ty)
, RMIN LABEL <~ (004") MAX.
’ TAPE AND COMPONENTS \
SHALL PASS AROUND RADIUS ‘R
WITHOUT DAMAGE 20
- =
BENDING RADIUS EMBOSSED
CARRIER
10° \‘ﬂ MAXIMUM COMPONENT ROTATION . 23"33[‘7'"; EMBOSSMENT
r 1 mm MAX
TYPICAL S
COMPONENT CAVITY fv\o 0T \ y ~< ° |
CENTER LINE N | TAPE
1 mm
(:039") MAX 250 mm
TYPICAL (0.843") >~
COMPONENT CAMBER (TOP VIEW)
‘'« CENTERLINE ALLOWABLE CAMBER TO BE 1 mm/100 mm NONACCUMULATIVE OVER 250 mm
DIMENSIONS
Tape By
Size Max(@ D D4 E F K P Py Py R Min T Max W Max
8mm | 455mm | 1.5+0.1 mm 1.0 Min 1.7520.1 mm | 3.5+0.05 mm 2.4 mm Max 4.0+0.1 mm 4.0£0.1 mm 2.0+0.1mm | 25 mm | 0.6 mm 8.3 mm
(179" -0.0 (039" | (.069+.004") | (.138+.002") (094" (157+.004") | (.157+.004") | (.079+.002") | (.98") | (.024") (:327")
12mm | 8.2mm ('05_9(;'(%04 1.5 mm Min 5.5+0.05mm | 6.4 mm Max 4.0+0.1 mm 30 mm 12+.30 mm
(-323") ' (-060") (-217+.002") (-252") (-157+.004") (1.18") (470+.012")
8.0+0.1 mm
(:315+.004")
16 mm | 121 mm 7.5£0.10 mm 7.9 mm Max 4.0+0.1 mm 16.3 mm
(:476") (-295+.004") (3117 (157+.004") (642")
8.0+0.1 mm
(:315+.004")
12.0£0.1 mm
(:472+.004")
24 mm | 20.1 mm 11.5+0.1 mm | 11.9 mm Max | 16.0+.01 mm 24.3 mm
(791" (453+.004") (:468") (.63+.004") (.957")

Metric dimensions govern — English are in parentheses for reference only.

NOTE 1: Ag, Bg, and Kg are determined by component size. The clearance between the components and the cavity must be within .05 mm min. to .5 mm max.,
the component cannot rotate more than 10° within the determined cavity.

NOTE 2: If B; exceeds 4.2 mm (.165) for 8 mm embossed tape, the tape may not feed through all tape feeders.
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REEL CONFIGURATION

Metric Dimensions Govern — English are in parentheses for reference only

ﬂ h T MAX
OUTSIDE DIMENSION

1.5 mm MIN
(-06")

13.0mm £ 0.5 mm
(512" +.002")

20.2 mm MIN

MEASURED AT EDGE

50 mm MIN

(.795")

FULL RADIUS

(1.969")

- |l G INSIDE DIMENSION
MEASURED NEAR HUB

Size A Max G T Max

8 mm 330 mm 8.4 mm+ 1.5 mm, —0.0 14.4 mm
(12.992") (.33" +.059", —0.00) (.56")

12 mm 330 mm 12.4 mm + 2.0 mm, —0.0 18.4 mm
(12.992") (.49" +.079", —0.00) (.72")

16 mm 360 mm 16.4 mm + 2.0 mm, -0.0 22.4 mm
(14.173") (.646" +.078", —0.00) (.882")

24 mm 360 mm 24.4 mm + 2.0 mm, —0.0 30.4 mm

(14.173") (.961" +.070", —0.00) (2.197")
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TAPE LEADER AND TRAILER DIMENSIONS

Carrier Tape
END Cover Tape
|> Y START
ollo 0 ollo 0 0l ©
_| | Y
I ﬂ s Fﬂ ﬂ == Fﬂ ‘Fﬂ ‘Fﬂ |
=] I NP AR L] B LY TRy |
Trailer Components Leader
l«— (Note 2) —» l«———— (Notel) —
160 mm 390 mm
Top Cover Tape (6.30) Min (15.35) Min
Metric dimensions govern
NOTES

1. There shall be a leader of 230 mm (9.05) minimum which may consist of carrier and/or cover tape followed
by a minimum of 160 mm (6.30) of empty carrier tape sealed with cover tape.

2. There shall be a trailer of 160 mm (6.30) minimum of empty carrier tape sealed with cover tape. The entire carrier
tape must release from the reel hub as the last portion of the tape unwinds from the reel without damage to the
carrier tape and the remaining components in the cavities.

ELECTRICAL POLARIZATION

TWO TERMINATION DEVICES

A A A A

\O\O\O\

0o0oO

—>
User Direction of Feed
Top Cover Tape Removed

Metric dimensions govern

NOTES

1. All polarized components must be oriented in one direction. For components with two terminations the cathode
shall be adjacent to the sprocket hole side.

http://onsemi.com
309



http://onsemi.com
310



CHAPTER 9
Package Outline Dimensions
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Package Outline Dimensions

SURMETIC 40
CASE 17-02
ISSUE C

@ NOTES:
1. LEAD DIAMETER AND FINISH NOT CONTROLLED
B

WITHIN DIMENSION F.

INCHES MILLIMETERS
DIM[ MIN | MAX [ MIN [ MAX
< D A | 0330 | 0350 | 838 | 889
K B | 0130 | 0.145 | 330 | 368
D | 0037 | 0.043 | 094 | 1.09
F} F | — [ 0050 | —— | 127
|2 - K | 1.000 | 1.250 | 25.40 [ 31.75
T STYLE 1:
A PIN 1. ANODE
l * 2. CATHODE
{ 1
F
K
MOSORB
CASE 41A-02
ISSUE A
B
NOTES:
—»lle— D 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
- 2. CONTROLLING DIMENSION: INCH.
3. LEAD FINISH AND DIAMETER
UNCONTROLLED IN DIMENSION P.
K INCHES MILLIMETERS

| DIM[ MIN | MAX | MIN | MAX
0.360 | 0.375 | 014 | 952
0.190 | 0.205 | 4.83 | 521
0.038 | 0.042 | 097 | 1.07

100 | ——- | 2540 | ——-
- 0050 | -] 127

!
o|x|(O|w|>

http://onsemi.com
312



PACKAGE OUTLINE DIMENSIONS (continued)

GLASS/PLASTIC
DO-41
CASE 59-03
ISSUE M

NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH
R JEDEC DO-41 OUTLINE SHALL APPLY.

2. POLARITY DENOTED BY CATHODE BAND.
3. LEAD DIAMETER NOT CONTROLLED WITHIN F
DIMENSION.
—> <—D
K MILLIMETERS INCHES
F DIM[ MIN [ MAX [ MIN [ mAX
A | 407 [ 520 [ 0.160 | 0.205
i ¢ B [ 204 | 271 [ 0080 | 0107
T l A D[ 071 | 086 [ 0028 | 0034
Fl — [ 127 —— [0050
1 _f K [270a [ — [1100 ]
F
K
MINI MOSORB
CASE 59-04
ISSUEM

©
B NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH
— JEDEC DO-41 OUTLINE SHALL APPLY.
. POLARITY DENOTED BY CATHODE BAND.
. LEAD DIAMETER NOT CONTROLLED WITHIN F
DIMENSION.

-]
w N

K MILLIMETERS INCHES

| DIM| MIN MAX MIN | MAX

A 597 6.60 | 0.235 | 0.260

A B 2.79 3.05 | 0.110 | 0.120

) D 0.76 0.86 | 0.030 | 0.034
u K | 27.94 -— | 1.100 —
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PACKAGE OUTLINE DIMENSIONS (continued)

GLASS DO-35/DO-204AH
CASE 299-02
ISSUE A

_»I L_ 5 NOTES:

. PACKAGE CONTOUR OPTIONAL WITHIN A AND B
R HEAT SLUGS, IF ANY, SHALL BE INCLUDED
WITHIN THIS CYLINDER, BUT NOT SUBJECT TO
THE MINIMUM LIMIT OF B.

LEAD DIAMETER NOT CONTROLLED IN ZONE F
K <D TO ALLOW FOR FLASH, LEAD FINISH BUILDUP
AND MINOR IRREGULARITIES OTHER THAN

[

F HEAT SLUGS.
{ . POLARITY DENOTED BY CATHODE BAND.
DIMENSIONING AND TOLERANCING PER ANSI

f ﬁ A Y14.5M, 1982.

] Y MILLIMETERS INCHES
_f MIN | MAX | MIN | MAX
F 3.05 | 508 | 0120 | 0.200
152 | 229 | 0.060 | 0.090
046 | 056 | 0.018 | 0.022
— | 127 | —— | 0.050
2540 | 38.10 | 1.000 | 1.500

All JEDEC dimensions and notes apply.

S oow

=
7:-ncm>|g

SOT-23 (TO-236)
CASE 318-08

ISSUE AF
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.
e——— A —> 3. MAXIMUM LEAD THICKNESS INCLUDES LEAD
> | e FINISH THICKNESS. MINIMUM LEAD THICKNESS
IS THE MINIMUM THICKNESS OF BASE

Y MATERIAL.

| INCHES | MILLIMETERS

B S | DIM[ MIN | MAX | MIN | MAX
01102 [0.1197 | 280 | 3.04
0.0472 [0.0551 | 120 | 1.40
00350 [0.0440 | 089 | 1.1
0.0150 [0.0200 | 037 | 050
0.0701 [0.0807 | 178 | 2.04
0.0005_[0.0040 | 0.013 | 0.100
0.0034_[0.0070 | 0.085 | 0.177
0.0140 [0.0285 | 035 | 0,69
00350 [0.0401 | 089 | 1.0
0.0830 [0.1039 | 210 | 264
00177 10,0236 | 045 | 0.60

ool A K_t

ool b LN E

e
<|wirXl-lxooo|w>

STYLE 1 THRU 5: STYLE 6: STYLET: STYLE 8: STYLE 9:
CANCELLED PIN1. BASE PIN1. EMITTER PIN1. ANODE PIN1. ANODE
2. EMITTER 2. BASE 2. NO CONNECTION 2. ANODE
3. COLLECTOR 3. COLLECTOR 3. CATHODE 3. CATHODE
STYLE 10: STYLE 11: STYLE 12: STYLE 13: STYLE 14:
PIN1. DRAIN PIN1. ANODE PIN1. CATHODE PIN1. SOURCE PIN 1. CATHODE
2. SOURCE 2. CATHODE 2. CATHODE 2. DRAIN 2. GATE
3. GATE 3. CATHODE-ANODE 3. ANODE 3. GATE 3. ANODE
STYLE 15: STYLE 16: STYLE17: STYLE 18: STYLE19:
PIN1. GATE PIN1. ANODE PIN1. NO CONNECTION PIN1.  NO CONNECTION PIN1. CATHODE
2. CATHODE 2. CATHODE 2. ANODE 2. CATHODE 2. ANODE
3. ANODE 3. CATHODE 3. CATHODE 3. ANODE 3. CATHODE-ANODE
STYLE 20: STYLE 21: STYLE 22: STYLE 23: STYLE 24:
PIN1. CATHODE PIN1. GATE PIN1. RETURN PIN1. ANODE PIN 1. GATE
2. ANODE 2. SOURCE 2. OUTPUT 2. ANODE 2. DRAIN
3. GATE 3. DRAIN 3. INPUT 3. CATHODE 3. SOURCE
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PACKAGE OUTLINE DIMENSIONS (continued)

SC-74
CASE 318F-03
ISSUE E

£l
H

-~

Sy

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

[EN )

Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
. MAXIMUM LEAD THICKNESS INCLUDES LEAD

FINISH THICKNESS. MINIMUM LEAD THICKNESS
IS THE MINIMUM THICKNESS OF BASE

MATERIAL.

®1 2 3 4. 318F-01 AND -02 OBSOLETE. NEW STANDARD
U—' U—' |_| + 318F-03.
. ‘ |<_ INCHES MILLIMETERS
D DIM[ MIN [ mAX | mIN [ mAX
G A [0.1142 J01220 | 290 | 3.10
B [0.0512 [0.0669 | 1.30 [ 1.70
C [0.0354 [0.0433 [ 090 | 1.10
l M D [0.0098 [0.0197 | 0.25 | 0.50
) G [0.0335 [0.0413 [ 0.85 | 1.05
c J] H [0.0005 [0.0040 | 0.013 | 0.100
| 0.05 (0.002) l :U J [0.0040 [0.0102 | 010 | 0.26
= K [0.0079 [0.0236 | 0.20 | 0.60
L H K (- L [0.0493 [0.0649 | 1.25 | 1.65
1] 0°] 10°] 0o 10°
S [0.09085 [0.1181 | 250 | 3.00
STYLE 1: STYLE 2:
PIN 1. CATHODE PIN 1. NO CONNECTION
2. ANODE 2. COLLECTOR
3. CATHODE 3. EMITTER
4. CATHODE 4. NO CONNECTION
5. ANODE 5. COLLECTOR
6. CATHODE 6. BASE
SMC
CASE 403-03
ISSUE B
S
|<— A
NOTES:
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1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. D DIMENSION SHALL BE MEASURED WITHIN

0.020 REF 0.51 REF

DIMENSION P.

INCHES | MILLIMETERS
|Dm[ mIN | MAX | MIN [ MAX
A [ 0260 [ 0.280 | 660 [ 7.11
B [ 0220 [ 0240 | 559 | 6.10
c [ 0075 [ 0095 | 190 [ 241
D [ 0115 [ o121 [ 292 | 307
H [0.0020 [0.0060 | 0.051 | 0152
J [ 0006 [ 0012 | 015 | 030
K | 0030 [ 0050 | 076 | 127
P
s

0305 | 0320 | 7.75

[ 813




PACKAGE OUTLINE DIMENSIONS (continued)

< S

T
|

SMB
D0-214AA
CASE 403A-03
ISSUE D
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.
3. D DIMENSION SHALL BE MEASURED WITHIN

DIMENSION P.
INCHES MILLIMETERS
| Dm|[ MIN | MAX | MIN | MAX
A | 0.160 | 0.180 | 406 | 457
B | 0130 | 0.150 | 330 | 3.81
C | 0075 | 0095 | 190 | 241
l D | 0077 | 0083 | 196 | 2.11
H 0.0020 [0.0060 | 0.051 | 0.152
[ \ J | 0006 [ 0012 | 015 030
_____ c K | 0.080 | 0050 | 076 | 1.7
P | 0.020REF 0.51 REF
----- s | 0205 [ 020 521 [ 559

o

by

SMA
CASE 403B-01
ISSUE O

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS

| DIM| MIN MAX MIN | MAX
A | 0.160 | 0.180 4.06 4.57

B | 0090 | 0.115 229 292

C | 0075 | 0.105 1.91 267

D | 0.050 | 0.064 1.27 1.63

H | 0.004 | 0.008 0.10 0.20

J | 0.006 | 0.016 0.15 0.41

K | 0.030 | 0.060 0.76 1.52

S [ 0190 | 0.220 4.83 5.59

[~
|/
(')—>
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PACKAGE OUTLINE DIMENSIONS (continued)

SOD-123
CASE 425-04
ISSUE C

e— C—>

~—H

.

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

'y —] INCHES | MILLIMETERS
M| WMIN | MAX | MIN | MAX
A | 0055 | 0.071 | 1.40 | 180
B | 0100 | 0.112 | 255 | 285
C | 0.037 | 0,053 | 095 | 135
K B D | 0020 | 0028 | 050 | 070
El 001 | — | 025 ] -
H | 0.000 | 0.004 | 000 | 010
| — o006 — [ 015
S K | 0.140 | 0.152 | 355 | 385
) n E
STYLE1:
f PIN 1. CATHODE
, 2. ANODE
— D |=— J [
SOD-323
CASE 477-02
ISSUE B
o - NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

W —>

e

|<—
|
>

NOTE 3
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Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETERS.
3. LEAD THICKNESS SPECIFIED PER L/F DRAWING
WITH SOLDER PLATING.
MILLIMETERS INCHES
| DIM| MIN MAX MIN | MAX
A 1.60 1.80 | 0.063 | 0.071
B 1.15 1.35 | 0.045 | 0.053
C 0.80 1.00 | 0.031 | 0.039
D 0.25 0.40 | 0.010 | 0.016
E 0.15 REF 0.006 REF
H 0.00 0.10 | 0.000 | 0.004
J | 0089 | 0.177 |0.0035 |0.0070
K 2.30 270 | 0.091 | 0.106
STYLE 1:
PIN 1. CATHODE
2. ANODE



PACKAGE OUTLINE DIMENSIONS (continued)

SC-88A (SOT-323)
CASE 419A-01

< A > ISSUE E
G i NOTES:
V = 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

| INCHES MILLIMETERS

. =~ _f | DIM[ MIN | MAX [ MIN | MAX

| | A | 0071 [ 0087 [ 1.80 | 220

| | B [ 0045 [ 0053 | 115 | 1.35

S C [ 0031 | 0043 [ 080 1.10

O, | 2 | 3 _{ D | 0004 | 0012 [ 010 [ 030
* * G 0.026 BSC 0.65 BSC

H —— Jo0004 [ —— T 010

J [ 0004 [ 0010 010 [ 025

_J L_ K [ 0004 [ 0012 ] 010 [ 030
N 0.008 REF 0.20 REF

DsPL |$| 0.2 (0.008) ®| B @| s | 0079 [ 0.087 | 200 | 220

v [ 0012 [ 0016 [ 030 [ 040

fN
1 F o
J J I_l_{

]
el

-_,L—>||<—

STYLE 1: STYLE 2: STYLE 3: STYLE 4:
PIN 1. BASE PIN 1. ANODE PIN 1. ANODE 1 PIN 1. SOURCE 1
2. EMITTER 2. EMITTER 2. NIC 2. DRAIN1/2
3. BASE 3. BASE 3. ANODE 2 3. SOURCE 1
4. COLLECTOR 4. COLLECTOR 4. CATHODE 2 4. GATE1
5. COLLECTOR 5. CATHODE 5. CATHODE 1 5. GATE 2
STYLE5: STYLE6: STYLET:
PIN 1. CATHODE PIN 1. EMITTER PIN 1. BASE
2. COMMON ANODE 2. BASE 2. EMITTER
3. CATHODE 2 3. EMITTER 3. BASE
4. CATHODE 3 4. COLLECTOR 4. COLLECTOR
5. CATHODE 4 5. COLLECTOR 5. COLLECTOR
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PACKAGE OUTLINE DIMENSIONS (continued)

SC-88 (SOT-363)
CASE 419B-01
ISSUE G

BB

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
s 5 2 _f Y14.5M, 1982.
| | 2. CONTROLLING DIMENSION: INCH.
| |
S INCHES MILLIMETERS
i DIM[ MIN | MAX | MIN | MAX
! 2 3 A | 0071 | 0087 | 1.80 | 220
B | 0045 | 0053 | 115 1.35
C | 0031 | 0043 | 080 | 1.10
D | 0004 | 0012 010 | 030
G | 0026BSC 0.65 BSC
DePL |$| 0.2 (0.008) ®| B ®| H| —— [o0004] — | 00
J | 0004 | 0010 | 010 | 025
K | 0004 | 0012 | 010 | 030
N N | 0.008 REF 0.20 REF
S | 0079 | 0087 | 200 | 220
v | 0012 [ 0016 [ 030 | 040
1 F J
| v l
E Ot _{ _f
H .
STYLE 1: STYLE 2: STYLE 3: STYLE 4: STYLE 5:
PIN 1. EMITTER 2 CANCELLED CANCELLED PIN 1. CATHODE PIN 1. ANODE
2. BASE2 2. CATHODE 2. ANODE
3. COLLECTOR 1 3. COLLECTOR 3. COLLECTOR
4. EMITTER 1 4. EMITTER 4. EMITTER
5. BASE1 5. BASE 5. BASE
6. COLLECTOR 2 6. ANODE 6. CATHODE
STYLE 6: STYLE7: STYLE 8: STYLE 9: STYLE 10:
PIN 1. ANODE 2 PIN 1. SOURCE 2 CANCELLED PIN 1. EMITTER 2 PIN 1. SOURCE 2
2. NIC 2. DRAIN 2 2. EMITTER 1 2. SOURCE 1
3. CATHODE 1 3. GATE 1 3. COLLECTOR 1 3. GATE1
4. ANODE 1 4. SOURCE 1 4. BASE 1 4. DRAIN 1
5. NIC 5. DRAIN 1 5. BASE 2 5. DRAIN 2
6. CATHODE 2 6. GATE 2 6. COLLECTOR 2 6. GATE 2
STYLE 11: STYLE 12; STYLE 13; STYLE 14: STYLE 15
PIN 1. GATHODE 2 PIN 1. ANODE 2 PIN 1. ANODE PIN 1. VREF PIN 1. ANODE
2. CATHODE 2 2. ANODE 2 2. NIC 2. GND 2. ANODE
3. ANODE 1 3. CATHODE 1 3. COLLECTOR 3. GND 3. ANODE
4. CATHODE 1 4. ANODE 1 4. EMITTER 4. 10UT 4. CATHODE
5. CATHODE 1 5. ANODE 1 5. BASE 5. VEN 5. CATHODE
6. ANODE 2 6. CATHODE 2 6. CATHODE 6. VCC 6. CATHODE
STYLE 16: STYLE17: STYLE 18: STYLE 19:
PIN 1. BASE 1 PIN 1. BASE 1 PIN 1. VIN1 PIN1. 10UT
2. EMITTER 2 2. EMITTER 1 2. VCC 2. GND
3. COLLECTOR 2 3. COLLECTOR 2 3. VOUT2 3. GND
4. BASE 2 4. BASE2 4. VIN2 4.VCC
5. EMITTER 1 5. EMITTER 2 5. GND 5 VEN
6. COLLEGTOR 1 6. COLLECTOR 1 6. VOUT1 6. V REF
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PACKAGE OUTLINE DIMENSIONS (continued)

POWERMITE
CASE 457-04
ISSUE D
NOTES:
A < C > E 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
I |€B 0.08 (0.003)@| T| B® | C @| 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH,
y PROTRUSIONS OR GATE BURRS. MOLD FLASH,
| | S |_ PROTRUSIONS OR GATE BURRS SHALL NOT
T EXCEED 0.15 (0.006) PER SIDE.
MILLIMETERS | __INCHES
TERM. 1 piM[ MIN | MAX | mIN | mAX
A 175 | 205 | 0069 | 0081
K B | 175 | 218 | 0.069 | 0.086
C | 085 | 1.5 | 0033 | 0.045
TERM. 2 D | 040 | 069 | 0.016 | 0.027
! K F | 070 | 1.00 | 0.028 | 0,039
H | 005 | +0.10 |-0.002 |+0.004
R _{ J | 010 | 025 | 0.004 | 0.010
L K | 360 | 390 | 0142 | 0154
\ + L | 050 | 080 | 0.020 | 0.031
R | 120 | 150 | 0.047 | 0.059
3 o e S | 050REF 0.019 REF
H —>ije— D
] [@[os8003®[1[8 O[cO)
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ZENER DIODE THEORY

INTRODUCTION now see. Silicon is a tetravalent element, one with four

The zener diode is a semiconductor device unique in itSyalence electrons in the outer shell; all are virtually locked

mode of operation and completely unreplaceable by any'nto place by the covalent bonds of the crystal lattice

other electronic device. Because of its unusual properties itStru,::tu”r ed as sh(t)wnf jchemancal_![y n GF|gureV 1?' Whten
fills a long-standing need in electronic circuitry. It provides, controlled amounts of donor impurities (Group V elements)

among other useful functions, a constant voltage referenceSUCh as pho.sphorus are added, the pen_tavalent phosphorus
or voltage control element available over a wide spectrum ofatoms entering the lattice structure provide extra electrons
voltage and power levels not required by the covalent bonds. These impurities are

The zener diode is unique among the semiconductorcaHEd donor impurities since they “donate” a free electron
family of devices because its electrical properties are to the lattice. These donated electrons are free to drift from

derived from a rectifying junction which operates in the negative tgositive across the crystal when a field is applied,

reverse breakdown region. In the sections that follow, thea? sho&/vn tlln?gurelllb.“The tl'\l Torr?enclature_ for this kind
reverse biased rectifying junction, some of the terms ©' cONAuCtivity Implies ‘negative™ charge carriers.

associated with it, and properties derived from it will be In P-type conductivity, the c;harges that carry electric
discussed fully. currentacross the crystal act as if they were positivegesar

The zener diode is fabricated from the element silicon. We know that electricity is always carried by drifting

Special techniques are applied in the fabrication of Zenerelegtrons in any materl_al, af‘d that t.here areé no mobile
diodes to create the required properties. positively charged carriers in a solid. Positive charge

This manual was prepared to acquaint the engineer, th&arrierscan exist in gases and liquids in the form of positive

equipmendesigner and manufacturer, and the experimenter'f?ns 'butthnot n ?0"";- Tthe pos[[tnlle chatr)acttﬁ r of rt:e fcurrtehnt
with the fundamental principles, design characteristics, own the semiconductor crystal may be thought ol as the

applications and advantages of this important movement of/_acancies (c_a_lled holes) in the_ coyalent Iattic_e.
semiconductor device. 'I_'heseholes _drlft fro_m positive towar_d_ negatw_e in an electric
field, behaving as if they were positive carriers.
SEMICONDUCTOR THEORY P-type (.:ondu_c.tivity irsemiconductors result from adding
acceptor impurities (Group Il elements) such as boron to
The active portion of a zener diode is a semiconductor PNsjjicon to the semiconductor crystal. In this case, boron
junction. PN junctions are formed in various kinds of atoms, with three valence electrons, enter the tetravalent
semiconductor devices by several techniques. Among thesgjjicon lattice. Since the covalent bonds cannot be satisfied
are the widely used techniques known as alloying andpy only three electrons, each acceptor atom leaves a hole in
diffusion which are utilized in fabricating zener PN the |attice which is deficient by one electron. These holes
junctions to providexcellent control over zener breakdown readily accept electrons introduced by external sources or
voltage. created by radiation or heat, as shown in Figure 1c. Hence
At the present time, zener diodes use silicon as the basi¢nhe name acceptor ion or acceptor impurity. When an
material in the formation of their PN junction. Silicon is in  external circuit is connected, electrons from the current
Group IV ofthe periodic table (tetravalent) and is classed as g rce “fill up” these holes from the negative end and jump
a “semiconductor” due to the fact that it is a poor conductor from hole to hole across the crystal or one may think of this
in a pure state. When controlled amounts of certain process in a slightly different but equivalent way, that is as
“impurities” are added to a semiconductor it becomes athe displacement of positive holes toward the negative
better conductor of electricity. Depending on the type of terminal. It isthis drift of the positively charged holes which
impurity added to the basic semiconductor, its conductivity accounts for the term P-type conductivity.
may take two different forms, called P- and N-type \wnhen semiconductor regions of N- and P-type
respectively. conductivities are formed in a semiconductor crystal
N-type conductivity in a semiconductor is much like the agjacent teach other, this structure is called a PN junction.
conductivity due to the drift of free electrons in a metal. In gych a junction is responsible for the action of both zener

pure silicon at room temperature there are t00 few freegigdesand rectifier devices, and will be discussed in the next
electrons to conduct current. However, there are ways ofggction.

introducing free electrons into the crystal lattice as we shall
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ELECTRONS ARE LOCKED
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Figure 1. Semiconductor Structure

THE SEMICONDUCTOR DIODE

Conversely, electrons in the N-type are readily attracted by
the positive polarity in the other direction.

When a PN junction is reverse biased, the P-type side is
made more negative than the N-type side. (See Figure 2b.)
At voltages below the breakdown of the junction, there is
very little current flow across the junction interface. At first
thought one would expect no reverse current under reverse
bias conditions, but several effects are responsible for this
small current.

Under this condition the positive holes in the P-type
semiconductor are repelled from the junction interface by
the positive polarity applied to the N side, and conversely,
the electrons in the N material are repelled from the interface
by the negative polarity of the P side. This creates a region
extending from the junction interface into both P- and
N-type materials which is completely free of charge carriers,
that is, the region is depleted of its charge carriers. Hence,
this region is usually called the depletion region.

Although the region is free of chargarriers, the P-side
of the depletion region will have an excess negative charge
due to the presence of acceptor ions which are, of course,
fixed in the lattice; while the N-side of the depletion region
has an excess positive charge due to the presence of donor
ions. These opposing regions of charged ions create a strong
electric field across the PN junction responsible for the
creation of reverse current.

The semiconductor regions are never perfect; there are
always a few free electrons in P material and few holes in N
material. A more significant factor, however, is the fact that
great magnitudes of electron-hole pairs may be thermally
generated abom temperatures in the semiconductor. When
these electron-hole pairs are created within the depletion
region,then the intense electric field mentioned in the above
paragraph will cause a small current to flow. This small
current is called the reverse saturation current, and tends to
maintain a relatively constant value for a fixed temperature
at all voltages. The reverse saturation current is usually
negligiblecompared with the current flow when the junction
is forward biased. Hence, we see that the PN junction, when
not reverse biased beyond breakdown voltage, will conduct
heavily in only one direction. When this property is utilized
in a circuit we are employing the PN junction as a rectifier.
Let us see how we can employ its reverse breakdown
characteristics to an advantage.

As the reverse voltage is increased to a point called the
voltage breakdown point and beyond, current conduction
across the junction interface increases rapidly. The break
from a low value of the reverse saturation current to heavy
conductance is very sharp and well defined in most PN
junctions. It is called the zener knee. When reverse voltages

In the forward-biased PN junction, Figure 2a, the P region greater than the voltage breakdown point are applied to the
is made more positive than the N region by an externalPN junction, the voltage drop across the PN junction
circuit. Under these conditions there is a very low resistanceremains essentially constant at the value of the breakdown
to current flow in the circuit. This is because the holes in the voltage for a relatively wide range of currents. This region
positive P-type material are very readily attracted across theébeyond the voltage breakdown point is called the zener
junction interface toward the negative N-type side. control region.
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Figure 2. Effects of Junction Bias

ZENER CONTROL REGION: VOLTAGE
BREAKDOWN MECHANISMS VRev

-—
Figure 3 depicts the extension of reverse biasing to the '
point where voltage breakdown occurs. Although all PN |
junctions exhibit a voltage breakdown, it is important to
know that there are two distinct voltage breakdown
mechanism®ne is calledener beakdowrand the other is |
calledavalanche breakdowin zener breakdown the value |
of breakdown voltage decreases as the PN junction :
|
|

VBREAKDOWN

IRev
SLOPE

temperature increases; while in avalanche breakdown the

value ofthe breakdown voltage increases as the PN junction

temperature increases. Typical diode breakdown

characteristics of each category are shown in Figure 4. The Figure 3. Reverse Characteristic Extended
factor determining which of the two breakdown to Show Breakdown Effect
mechanisms occurs is the relative concentrations of the . . . -
impurities in the materials which comprise the junction. If presence of more ions/unit volume in the less resistive

two different resistivity P-type materials are placed against m.atenal. Ajunction that re:'sults' In a narrow depletion region
two separate but equally doped low-resistivity pieces of will therefore develop a high field intensity and breakdown

N-type materials, the depletion region spread in the low by the zener mechanism. A junction that results in a wider

resistivity P-type material will be smaller than the depletion gepletlobn retghlon andl, thuﬁ a Iowehr f|e_|d mtgn?lty will break
region spread in the high resistivity P-type material. own Dy the avalanché mechanism before a zener

Moreover, in both situations little of the resultant depletion briﬁkdown condﬂ;}on can be r%acr(;ed. ibed litativel
width lies in the N material if its resistivity is low compared € zener mechanism can be described qualitalively as

to the P-type material. In other words, the depletion regionfolloyvs:.because the deplgtlon width is very ;mall, the
always spreads principally into the material having the a_1ppl|cat|on of low reverse b'f”‘s (5 volts or less) will cause a
highest resistivity. Also, the electric field (voltage per unit Re]!_d IZC“;SS thﬁ g_epr:etlon rggl(;n on thte ordler of 1;,5)(/llﬂn th

length) in the less resistive material is greater than the Ile OISL;C Igf mzi_gnl u te ex?r Sd.a atrge orcetor:h €
electric field in the material of greater resistivity due to the valenceelectrons of a silicon atom, tending to separate them
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Figure 4. Typical Breakdown Diode Characteristics. Note Effects of Temperature for Each Mechanism

from their respective nuclei. Actual rupture of the covalent before combining with a carrier of opposite conductivity).
bondsoccurs when the field approaches 3 R\/@m. Thus, Therefore, when temperature is increased, the increased
electron-hole pairs are generated in large humbers and #atticevibration shortens the distance a carrier travels before
sudden increase of current is observed. Although we spealkolliding and thus requires a higher voltage to get it across
of a rupture of the atomic structure, it should be understoodthe depletion region.
that this generation of electron-hole pairs magdreied on As established earlier, the applied reverse bias causes a
continuously as long as an external source suppliessmallmovement of intrinsic electrons from the P material to
additional electrons. If a limiting resistance in the circuit the potentially positive N material and intrinsic holes from
external to the diode junction does not prevent the currentthe N material to the potentially negative P material (leakage
fromincreasing to high values, the device may be destroyedcurrent). As the applied voltage becomes larger, these
due to overheating. The actual critical value of field causing electrons and holes increasingly accelerate. There are also
zener breakdown is believed to be approximately collisions between these intrinsic particles and bound
3 x 10°V/cm. On most commercially available silicon electrons as the intrinsic particles move through the
diodes, the maximum value of voltage breakdown by the depletion region. If the applied voltage is such that the
zener mechanism is 8 volts. In order to fabricate devicesintrinsic electrons do not have high velocity, then the
with higher voltage breakdown characteristics, materials collisions take some energy from the intrinsic particles,
with higher resistivity, and consequently, wider depletion altering their velocity. If the applied voltage is increased,
regions are required. These wide depletion regions hold thecollision with a valence electron will give considerable
field strength down below the zener breakdown value energy to the electron and it will break free of its covalent
(3 x 1PV/cm). Consequentlypr devices with breakdown  bond. Thus, one electron by collision, has created an
voltage lower than 5 volts the zener mechanism electron-hole pair. These secondary particles will also be
predominates, between 5 and 8 volts both zener and aracceleratednd participate in collisions which generate new
avalanche mechanism are involved, while above 8 volts theelectron-hole pairs. This phenomenon is called carrier
avalanche mechanism alone takes over. multiplication. Electron-hole pairs are generated so quickly
The decrease of zener breakdown voltage as junctionand in such large numbers that there is an appavatenche
temperature increases can be explained in terms of ther self-sustained multiplication process (depicted
energies of the valence electrons. An increase of temperaturgraphically in Figure 5). The junction is said to be in
increases the energies of the valence electrons. This weakerseakdown and the current is limited only by resistance
the bonds holding the electrons and consequently, less appliedxternal to the junction. Zener diodes above 7 to 8 volts
voltage is necessary to pull the valence electrons from theirexhibit avalanche breakdown.
position around the nuclei. Thus, the breakdown voltage As junction temperature increases, the voltage breakdown
decreases as the temperature increases. point for the avalanche mechanism increases. This effect can
The dependence on temperature of the avalanchebe explained by considering the vibration displacement of
breakdowrmechanism is quite different. Here the depletion atoms in their lattice increases, and this increased
region is of sufficient width that the carriers (electrons or displacement corresponds to an increase in the probability
holes) can suffer collisions before traveling the region that intrinsic particles in the depletion region will collide
completely i.e., the depletion region is wider than one with the lattice atoms. If the probability of an intrinsic
mean-free path (the average distance a carrier can travegbarticle-atom collision increases, then the probability that a
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LARGE CURRENT ﬁ REVERSE-BIASED
PN JUNCTION IN AVALANCHE

- N y |p +
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Figure 5. PN Junction in Avalanche Breakdown

given intrinsic particle will obtain high momentum a different symbol. For the leakage current region, i.e.
decreases, and it follows that the low momentum intrinsic non-conducting region, between 0 volts and e reverse
particlesare less likely to ionize the lattice atoms. Naturally, current isdenoted by the symbak;l but for the zener control
increased voltage increases the acceleration of the intrinsigegion, \k = Vz, the reverse current is denoted by the
particles, providing higher mean momentum and more symbol . Ir is usually specified at a reverse voltage
electron-hole pairs production. If the voltage is raised Vg = 0.8 V7.

sufficiently, the mean momentum becomes great enough to The PN junction breakdown voltagez Ms usually called
create electron-hole pairs and carrier multiplication results.the zener voltage, regardless whether the diode is of the
Hence, for increasing temperature, the value of thezener or avalanche breakdown type. Commercial zener

avalanche breakdown voltage increases. diodes are available with zener voltages from about
1.8 V—-400 V. For most applications the zener diode is
VOLT-AMPERE CHARACTERISTICS operated well into the breakdown regiopr(to Izp). Most

The zener volt-ampere characteristics for a typical 30 volt manufactgrers_ give an z_idd_monal sp_e(_:|f|cat|on ok _I
(= 5 mA in Figure 6) to indicate a minimum operating

zener diode is illustrated in Figure 6. It shows that the zener\™ i
diode conducts current in both directions: the forward CUITent to assure reasonable regulation.

current f being a function of forward voltage-WNote that This minimum currentz varies in the various types of
I is small until \E = 0.65 V; then ¢ increases very rapidly. zener diodes and, consequently, is given on the data sheets.

For Ve > 0.65 V E is limited primarily by the circuit The _maximum zener currentyl should be considered the
resistance external to the diode maximum reverse current recommended by the
manufacturer. Values ofj\y are usually given in the data

FORWARD JT 1° sheets.
[~ CHARACTERISTIC TYPICAL / a Between the limits ofA and ky, which are 5 mA and
T 0 2 1400 mA(1.4 Amps) in the example of Figure 6, the voltage
w across the diode is essentially constant, and;. This
ZK In / v & plateau region has, however, a large positive slope such that
N y - S the precise value of reverse voltage will change slightly as
Vz || lzxk=5mA 4 0 .<: a function of . For any point on this plateau region one may
N L - 420 mA E calculate an impedance using the incremental magnitudes of
Zzr 05 g the voltage and current. This impedance is usually called the
Iz -~ | u zener impedancezZand is specified for most zener diodes.
L REVERSE ' & Most manufacturers measure the maximum zener
=t 1204 C!'IARf\CTEBIST!C 1.5 E impedance atvo test points on the plateau region. The first
o 20, 10008, 118 is usually near the knee of the zener plateaw, Znd the
(VOLTS) (VOLTS) latter point near the midrange of the usable zener current
Figure 6. Zener Diode Characteristics excursion. Two such points are illustrated in Figure 6.

) ) This section was intended to introduce the reader to a few
The reverse current is a function of the reverse voltagge V ¢ the major terms used with zener diodes. A complete

but for most prNO TAGactical purposes is zero until the gegcription of these terms may be found in chapter four. In
reverse voltage approacheg, ¥he PN junction breakdown  chanter four a full discussion of zener leakage, DC

voltage, at which time the reverse current increases VelYpreakdown, zener impedance, temperature coefficients and
rapidly. Since the reverse current is small fgy &/Vz, but many other topics may be found.

greatfor VR > Vz each of the current regions is specified by
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ZENER DIODE FABRICATION TECHNIQUES

INTRODUCTION

A brief exposure to the techniques used in the fabrication
of zener diodes can provide the engineer with additional
insight using zeners in their applications. That is, an
understanding of zener fabrication makes the capabilities
and limitations of the zener diode more meaningful. This
chapter discusses the basic steps in the fabrication of th
zener from crystal growing through final testing.

have the same surge carrying capability as diffused diodes.
The manufacturing process begins with the growing of high
quality silicon crystals.

Crystals for ON Semiconductor zener diodes are grown
using the Czochralski technique, a widely used process
which begins with ultra-pure polycrystalline silicon. The
é)olycrystalline silicon is first melted in a nonreactive
crucible held at a temperature just above the melting point.
A carefully controlled quantity of the desired dopant
ZENER DIODE WAFER FABRICATION impqrity, such as phosphorus_ or boron i§ add_ed. A high

. ] _quality seed crystal of the desired crystalline orientation is
~ The major steps in the manufacture of zeners are providedhen |owered into the melt while rotating. A portion of this
in the process flow in Figure 1. It is important to point out seeq crystal is allowed to melt into the molten silicon. The
that the manufacturing steps vary somewhat from geeq js then slowly pulled and continues to rotate as it is
manufacturer tananufacturer, and also vary with the type of raised from the melt. As the seed is raised, cooling takes
zener diode produced. This is driven by the type of packagép|ace and material from the melt adheres to it, thus forming
required as well as the electrical characteristics desired. Fog single crystal ingot. With this technique, ingots with

example, alloy diffused devices provide excellent lIow giameters of several inches can be fabricated.
voltagereference with low leakage characteristics but do not

SILICON CRYSTAL WAFER OXIDE
GROWING PREPARATION PASSIVATION
e
el s Y S
TEST FLIEf‘SDH ASSEMBLY
MARK TEST PACKAGE
SHIP

Figure 1. General Flow of the Zener Diode Process
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SILICON DIOXIDE SELECTIVELY REMOVED

SILICON DIOXIDE GROWTH
H s, r 1
DOPANT ATOMS DEPOSITED ONTO DOPANT ATOMS DIFFUSE INTO SILICON

THE EXPOSED SILICON BUT NOT APPRECIABLY INTO THE SILICON DIOXIDE
_ N /

( (d)

Figure 2. Basic Fabrication Steps in the Silicon Planar Process: a) oxide formation, b) selective oxide removal,
c¢) deposition of dopant atoms, d) junction formation by diffusion of dopant atoms.

Once the single-crystal silicon ingot is grown, it is tested  Dopant is then introduced onto the wafer surface using
for doping concentration (resistivity), undesired impurity various techniques such as aluminum alloy for low voltage
levels, and minority carrier lifetime. The ingot is then sliced devices, ion-implantation, spin-on dopants, or chemical
into thin, circular wafers. The wafers are then chemically vapor deposition. Once the dopant is deposited, the
etched taemove saw damage and polished in a sequence ofunctionsare formed in a subsequent high temperature (1100
successively finer polishing grits until a mirror-like defect to 1250 degrees celcius are typical) drive-in. The resultant
free surface is obtained. The wafers are then cleaned angunction profile is determined by the background
placed in vacuum sealed wafer carriers to prevent anyconcentration ofhe starting substrate, the amount of dopant
contamination from getting on them. At this point, the placed at the surface, and amount of time and temperature
wafers are ready to begin device fabrication. used during the dopant drive-in. This junction profile

Zener diodes can be manufactured using differentdetermines the electrical characteristics of the device.
processing techniques such as planar processing or medauring the drive-in cycle, additional passivation oxide is
etched processing. The majority of ON Semiconductor grown providing additional protection for the devices.
zenerdiodes are manufactured using the planar technique as After junction formation, the wafers are then processed
shown in Figure 2. through what is called a getter process. The getter step

The planar process begins by growing an ultra-cleanutilizes high temperature and slight stress provided by a
protective silicon dioxide passivation layer. The oxide is highly doped phosphosilicate glass layer introduced into the
typically grown in the temperature range of 900 to 1200 backside of the wafers. This causes any contaminants in the
degrees celcius. Once the protective layer of silicon dioxidearea of the junction to diffuse away from the region. This
has been formed, it must be selectively removed from thoseserves to improve the reverse leakage characteristic and the
areas into which dopant atoms will be introduced. This is stability ofthe device. Following the getter process, a second
done using photolithographic techniques. photo resist step opens the contact area in which the anode

First a light sensitive solution called photo resist is spun metallization is deposited.
onto the wafer. The resist is then dried and a photographic Metal systems for ON Semiconductor’s zener diodes are
negative or mask is placed over the wafer. The resist is therdetermined by the requirements of the package. The metal
exposed to ultraviolet light causing the molecules in it to systems are deposited in ultra-clean vacuum chambers
cross link or polymerize becoming very rigid. Those areas utilizing electron-beam evaporation techniques. Once the
of the wafer that are protected by opaque portions of themetal isdeposited, photo resist processing is utilized to form
mask are not exposed and are developed away. The oxide ithe desired patterns. The wafers are then lapped to their final
thenetched forming the exposed regions in which the dopantthickness and the cathode metallization deposited using the
will be introduced. The remaining resist is then removed andsame e-beam process.
the wafers carefully cleaned for the doping steps.
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The quality of the wafers is closely monitored throughout a solder disc is placed into each cavity and then a die is put
the process by using statistical process control techniquesn on top. A solder disc is put in on top of the die. Another
and careful microscopic inspections at critical steps. Specialassembly boat containing only leads is mated to the boat
wafer handling equipment is used throughout the containingthe leads, die, and two solder discs. The boats are
manufacturing process to minimize contamination and to passedhrough the assembly furnace; this operation requires
avoid damaging the wafers in any way. This further only one pass through the furnace.
enhances the quality and stability of the devices. After assembly, the leads on the Surmetic 30s, 40s and

Upon completion of the fabrication steps, the wafers are MOSORBSs are plated with a tin-lead alloy making them
electricallyprobed, inspected, and packaged for shipment toreadily solderable and corrosion resistant.
the assembly operations. All ON Semiconductor zener
diode product is sawn using 100% saw-through techniquesPouble Slug (DO-35 and DO-41)

stringently developed to provide high quality silicon die. Doubleslugs receive their name from the dumet slugs, one
attached to one end of each lead. These slugs sandwich the

ZENER DIODE ASSEMBLY pre-tinned die between them and are hermetically sealed to

Surmetic 30, 40 and MOSORB the glass envelope or body during assembly. Figure 4 shows

The plastic packages (Surmetic 30, 40 and MOSORBs)tyIOical assembly.

- : o The assembly begins with the copper clad steel leads
are assembled using oxygen free high conductivity copper, . . ) i
leads for efficient heat transfer from the die and allowing being loaded into assembly *boats.” Every other boat load

maximum power dissipation with a minimum of external _Of leads has a glass body set over the slug. A pre-tinned die
heatsinkingFigure 3 shows typical assembly. The leads are is placed into each glass body and the other boat load of leads

of nail head construction, soldered directly to the die, which is mated to the boat holding the leads, body and die. These
further enhances the heat dissipating capabilities of the

matedboats are then placed into the assembly furnace where
package the total mass is heated. Each glass body melts; and as the

The Surmetic 30s, 40s and MOSORBs are basicallyboat proceeds through the cooling portion of the furnace

assembled ithe same manner; the only difference being the Cha".‘be“ the tin which has W?ttEd to each slug solidifies
MOSORBs are soldered together using a solder diSCformlng a bond between the die and both slugs. The glass

between the lead and die whereas the Surmetic 30s anq]ardensattaching itself to the sides of the two slugs forming
Surmetic 40s utilize pre-soldered leads the hermetic seal. The above illustrates how the diodes are

Assembly isstarted on the Surmetic 30 and 40 by loading cqmpllet.ely assergnlbled b?sing a single furace pass
the leads into assembly boats and pre-soldering the naifMNiMIZINg assembly problems.
heads. After pre-soldering, one die is then placed into eac@. The encapsulated devices are then processed through lead
i

cavity of one assembly boat and another assembly boat inish. This consists of dipping the leads in molten tin/lead
then mated to it. Since the MOSORBS do not use solder alloy. The solder dipped leads produce an external

pre-soldered leads, the leads are put into the assembly boaft',nISh which is tarnish-resistant and very solderable.

OFHC COPPER LEAD, g
SOLDER PLATED ~~__ [
PLASTIC
(THERMO SET) — =2
ENCAPSULATED
LEAD, STEEL, CU CLAD
NAILHEAD LEAD ~—_| A N SOLDER DIPPED
T SLUG DUMET
ZENER DIE — SnPb «— GLASS SLEEVE
PASSIVATED
NAILHEAD LEAD — Y1 ZENER DIE
=
OFHC COPPER LEAD, =
SOLDER PLATED B
Figure 3. Double-Slug Plastic Figure 4. Double Slug Glass
Zener Construction Zener Construction
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ZENER DIODE TEST, MARK AND PACKAGING parameters ake units are being tested to ensure that the lot
Double Slug, Surmetic 30, 40 and MOSORB is testing well to the process average and compared against
other lots of the same voltage.

After testing, the units are marked as required by the
specification. The markers are equipped to polarity orient
'the devices as well as perform 100% redundant test prior to
gackaging.

After marking, the units are packaged either in “bulk”
rm or taped and reeled or taped and ammo packed to
ccommodate automatic insertion.

After lead finish, all products are final tested, whether
theyare double slug or of Surmetic construction, all are 100
percent final tested for zener voltage, leakage current
impedance and forward voltage drop.

Process average testing is used which is based upon th
averages of the previous lots for a given voltage line andfo
package type. Histograms are generated for the various‘,j1

http://onsemi.com
331



RELIABILITY

INTRODUCTION distributions will be centered within the specification limits
with aproduct distribution of plus or minus Six Sigma about
mean. Six Sigma capability, shown graphically in Figure 1,

Idetails the benefit in terms of yield and outgoing quality

levels. This compares a centered distribution versus a 1.5

sigma worst case distribution shift.

New product development at ON Semiconductor requires
more robust design features that make them less sensitive to
minor variations in processing. These features make the
implementation of SPC much easier.

A complete commitment to SPC is present throughout

STATISTICAL PROCESS CONTROL ON Semiconductc_)r. All managers, engineers, production
) ) ) _ operators, supervisors and maintenance personnel have

ON Semiconductor’s Discrete Group is continually recejved multiple training courses on SPC techniques.
pursuingnew ways to improve product quality. Initial design  pmanufacturing has identified 22 wafer processing and 8
improvement is one method that can be used to produce gssemblysteps considered critical to the processing of zener
superior product. Equally important to outgoing product products. Processes, controlled by SPC methods, that have
quality is the ability to produce product that consistently ghown significant improvement are in the diffusion,
conforms to specification. Process variability is the basic photolithography and metallization areas.
enemy of semiconductor manufacturing since it leads to 1q petter understand SPC principles, brief explanations

product variability. ~Used in all phases of nhave been provided. These cover process capability,
ON Semiconductor’s product manufacturing, jmplementation and use.

STATISTICAL PROCESS CONTROL (SPC) replaces
variability with predictability. The traditional philosophy in

the semiconductor industry has been adherence to the data
sheet specification. Using SPC methods assures the product

ON Semiconductor's Quality System maintains
“continuousproduct improvement” goals in all phases of the
operation. Statistical process control (SPC), quality contro
sampling, reliability audits and accelerated stress testing
techniquesnonitor the quality and reliability of its products.
Management and engineering skills are continuously
upgraded through training programs. This maintains a
unified focus on Six Sigma quality and reliability from the
inception of the product to final customer use.

will meet specific process requirements throughout the 8¢ s -40 30 20 -lo 0 1g 20 30 40 5o 60
manufacturing cycle. The emphasis is on defect prevention, Standard Deviations From Mean
not detection. Predictability through SPC methods requires  piggipution Centered Distribution Shifted + 1.5
the manufacturing culture to focus on constant and At+3 02700 ppm defective 66810 ppm defective
permanent improvements. Usually these improvements 99.73% yield 93.32%yield
cannot be bought with state-of-the-art equipment or At*4063 gg’gggjﬁfc;'l‘éfd 2513)073")’/”‘)/;1?;9““’6
. N . . . . 0 . 0

automated factories. With quality in design, process and _ _

terial selection coupled ith manufacturin At+5 0 0.57 ppm defective 233 ppm defective
material ion,  coup wi utacturing 99.999943% yield 99.9767% yield
predictability, ON Semiconductor can produce world class At6 60,002 ppm defective 3.4 ppm defective
products. 99.9999998% yield 99.99966% yield

The immediate effect of SPC manufacturing is
predictability through process controls. Product centered andrigure 1. AOQL and Yield from a Normal Distribution of

distributed well within the product specification benefits ON Product With 6 ¢ Capability
Semiconductor with fewer rejects, improved yields and lower
cost. The direct benefit to ON Semiconductor’s customers PROCESS CAPABILITY

includes better incoming quality levels, less inspection time
and ship-to-stock capability. Circuit performance is often
dependent on the cumulative effect of component variability.
Tightly controlled component distributions give the customer
greater circuit predictability. Many customers are also
converting to just-in-time (JIT) delivery programs. These
programs require improvements in cycle time and vyield © ™ ) g C .
predictability achievable only through SPC techniques. The© identify and ehmmgte.t.he .most significant a35|g_nable
benefit derived from SPC helps the manufacturer meet theCauSes. Random variability is generally present in the

customer’s expectations of higher quality and lower cost system and dpeg not_ fluctuate.. Some_tlmes, thes_e are
product. considered basic limitations associated with the machinery,

Ultimately, ON Semiconductor will have Six Sigma materials, personnel skills or manufacturing methods.
capability (;n all products. This means parametric Assignable cause inconsistendielate to time variations in
' yield, performance or reliability.

One goal of SPC is to ensure a procesSAPABLE.
Process capability is the measurement of a process to
produce products consistently to  specification
requirements. The purpose of a process capability study is
to separate the inhereRANDOM VARIABILITY  from
ASSIGNABLE CAUSES Once completed, steps are taken
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PREDICTION

PREDICTION

SIZE—

TIME
SIZE ———==

Process “under control” — all assignable causes are
removed and future distribution is predictable.

Figure 2. Impact of Assignable Causes on Process Predictable

Lower
Specification Limit

—=—— Upper
Specification Limit

In control and capable
(variation from random
TIME variability reduced)

In control assignable
causes eliminated
TIME

Out of control SIZE In control but not capable
(assignable causes present) (variation from random variability
excessive)
SIZE
Figure 3. Difference Between Process Control and Process Capability
Traditionally, assignable causes appear to be random due SPC IMPLEMENTATION AND USE

to the lack of close_exam_lnatlon or analy5|s. Figure 2 shows The Discrete Group uses many parameters that show
the impact on predictability that assignable cause can have

Fi 3sh the diff bet irol Cgonformance to specification. Some parameters are
Igure 5 shows the dilterence between process control antye gijive to process variations while others remain constant
process capability.

. . . ... for a given product line. Often, specific parameters are
A process capability study involves taking periodic g P P P

les f th q olled diti Th influenced when changes to other parameters occur. It is
sanpr €s from he prt:cgsi un ?rtﬁon rofie clon ' |onsr.l ; oth impractical and unnecessary to monitor all parameters
performance cnaracteristics of these samples are charte sing SPC methods. Only critical parameters that are
againstime. In time, assignable causes can be identified and,

. dut. Careful d ot fth is k sensitive to process variability are chosen for SPC
engineeredut. Lareiul documentation of the process IS key monitoring. The process steps affecting these critical
to accurate diagnosis and successful removal of the

ioanabl S i " ianabl h vvﬂ rametersnust be identified also. It is equally important to
assigna elcauses. >ome m|1es, de assigna tet.causes d a measurement in these process steps that correlates
remain unciear requiring prolonged experimentation. with product performance. This is called a critical process
Elements which measure process variation control andparameter
capa_tf)_lllt)(_ are. d(t:hp d_af‘ dd dCbpkthrespectlvely. . d(t:hp ISC th_e Oncethe critical process parameters are selected, a sample
specitication wit vided Dy € process wi or-p = plan must be determined. The samples used for
(specification width) / 6. Cpk is the absolute value of the

closest specification value to the mean, minus the mean measurement = are  organized - intoRATIONAL
" ) ' SUBGROUPS of approximately 2 to 5 pieces. The
divided by half the process width or Cpk = | closest bp y P

ificati ~ % subgroup size should be such that variation among the
specification — : . sampleswithin the subgroup remain small. All samples must
At ON Semiconductor, for critical parameters, the process

e ) ~~>~come from the same source e.g., the same mold press
capability is aq_:ep_table with a Cpk = %'33' _The desired operator, etc.. Subgroup data should be collected at
Process capgpl!lty is a Cpk = 2 and the ideal is a Cpk = 5'appropriatetime intervals to detect variations in the process.
Cpk, by definition, shows where the current production

fits with relationshin to th ication limits. Off As the process begins to show improved stability, the
process Hits with reationship to the spectiication Imits. M a4 may be increased. The data collected must be
center distributions or excessive process variability will

itin | th i diti carefully documented and maintained for later correlation.
result infess than optimum conditions. Examples of common documentation entries would include
operator, machine, time, settings, product type, etc..
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Figure 4. Example of Process Control Chart Showing Oven Temperature Data

Once the plan is established, data collection may begin.problems with piece to piece variability related to the
The data collected will generate ahd R values that are  process. The X chart can often identify changes in people,
plotted with respect to time. Xefers to the mean of the machinesmethods, etc. The source of the variability can be
values within a given subgroup, while R is the range or difficult to find and may require experimental design
greatesvalue minus least value. When approximately 20 or techniques to identify assignable causes.
more Xand R values have been generated, the average of Some general rules have been established to help

these values is computed as follows: determinevhen a process QUT-OF-CONTROL . Figure
X = X+X2+X3+..)K 5a shows a control chart subdivided into zones A, B, and C
R=(R1+R2+R3+..)/K corresponding to 3 sigma, 2 sigma, and 1 sigma limits

respectively. IrFigure 5b through Figure 5e four of the tests
that can be used to identify excessive variability and the
presence adissignable causes are shown. As familiarity with
a given process increases, more subtle tests may be
employed successfully.

Once the variability is identified, the cause of the
variability must be determined. Normally, only a few factors
have a significant impact on the total variability of the

where K = the number of subgroups measured.

The values of Xand Rare used to create the process
control chart. Control charts are the primary SPC tool used
to signal a problem. Shown in Figure 4, process control
charts show Xand R values with respect to time and
concerning reference to upper and lower control limit
values. Control limits are computed as follows:

R upper control limit = UCk = D4 R process. The importance of correctly identifying these

R lower control limit LClg = D3 R factors is stressed in the following example. Suppose a

X upper control limit = UCk = X + A2 R proceswariability depends on the variance of five factors A,

X lower control limit = LCly = X — A B, C, D_ and E. Each has a variance of 5, 3, 2, 1 and 0.4
respectively.

Where D4, D3 and A2 are constants varying by sample Since:

size, with values for sample sizes from 2 to 10 shown in agtot= /gA2 +gB2 + 6C2 + oD? + oE?

the following partial table: otot= _/52+32+22+12+(0.4)2 =6.3

Control charts are used to monitor the variability of
critical process parameters. The R chart shows basic

n 2 3 4 5 6 7 8 9 10
Dy 3.27 2.57 2.28 211 2.00 1.92 1.86 1.82 1.78
D3 * * * * * 0.08 0.14 0.18 0.22
As 1.88 1.02 0.73 0.58 0.48 0.42 0.37 0.34 0.31

* For sample sizes below 7, the LCLg would technically be a negative number; in those cases there is no lower control limit;
this means that for a subgroup size 6, six “identical” measurements would not be unreasonable.
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Now if only D is identified and eliminated then; be identified and eliminated in the most expeditious manner

stot= _/52+32+22+(0.4)2 =6.2 possible. _ o
Thisresults in less than 2% total variability improvement. ~ Aftér_assignable causes have been eliminated, new
If B. C and D were eliminated. then: control limits are calculated to provide a more challenging
otot=_ /524 (0.4)2=5.02 yarlablllty qntena for the process. As ygalt;is and variability
improve, it may become more difficult to detect

This gives a considerably better improvement of 23%. If

only A is identified and reduced from 5 to 2, then: improvementdecause they become much smaller. When all

assignable causes have been eliminated and the points

otot=./22+32+22+12+(0.4)2 =43 _ remain within control limits for 25 groups, the process is
Identifyingand improving the variabilitrom 5to 2 gives  g3id to be in a state of control.

us a total variability improvement of nearly 40%.

Mosttechniques may be employed to identify the primary SUMMARY
assignable cause(s). Out-of-control conditions may be ON Semiconductor is committed to the use of
correlated talocumented process changes. The product maySTATISTICAL PROCESS CONTROLS. These principles,
be analyzed in detail using best versus worst partysed throughout manufacturing, have already resulted in
comparisons or Product Analysis Lab equipment. many significant improvements to the processes. Continued
Multi-varianceanalysis can be used to determine the family dedication to the SPC culture will allow ON Semiconductor
of variation (positional, critical or temporal). Lastly, to reach the Six Sigma and zero defect capability goals. SPC
experiments may be run to test theoretical or factorial will further enhance the commitment tdOTAL
analysis. Whatever method is used, assignable causes MusilUSTOMER SATISFACTION .

UCL UCL
ZONE A (+ 3 SIGMA) o
ZONE B (+ 2 SIGMA) )
ZONE C (- 1 SIGMA) o
ZONE B (- 2 SIGMA) S
ZONE A (— 3 SIGMA) LCL A Lo
Figure 5a. Control Chart Zones Figure 5b. One Point Outside Control Limit
Indicating Excessive Variability
uCL UCL
LCL A LcL
Figure 5c. Two Out of Three Points in Zone A or Figure 5d. Four Out of Five Points in Zone B or
Beyond Indicating Excessive Variability Beyond Indicating Excessive Variability
UCL
A
,,,,, B
Cc
,,,,,,,,,,,,,,,,,,,,,,,,,, C
,,,,,,,,,,,,,,,,,,,,,,,,,, B
A Lol

Figure 5e. Seven Out of Eight Points in Zone C or
Beyond Indicating Excessive Variability
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RELIABILITY STRESS TESTS HIGH TEMPERATURE STORAGE LIFE (HTSL)

The following gives brief descriptions of the reliability ~ High temperature storage life testing is performed to
tests commonly used in the reliability monitoring program. accelerate failure mechanisms which are thermally
Not all of the tests listed are performed on each product.activated through the application of extreme temperatures.
Othertests may be performed when appropriate. In addition  TyPical Test Conditions Ta = 70°C to 200C, no bias,

some form of preconditioning may be used in conjunction
with the following tests.

AUTOCLAVE (aka, PRESSURE COOKER)
Autoclave is an environmental test which measures

t = 24 to 2500 hours

Common Failure Modes Parametric shifts in leakage
Common Failure Mechanisms Bulk die and diffusion
defects

Military Reference: MIL-STD-750, Method 1032

device resistance to moisture penetration and the resultant

effects of galvanic corrosion. Autoclave is a highly
accelerated and destructive test.
Typical Test Conditions Ta = 121°C, rh = 100%, p =
1 atmosphere (15 psig), t = 24 to 96 hours
Common Failure Modes Parametric shifts, high
leakage and/or catastrophic
Common Failure Mechanisms Die corrosion or
contaminants such as foreign material on or within the
package materials. Poor package sealing

HIGH HUMIDITY HIGH TEMPERATURE BIAS
(H3TB or H3TRB)

This is an environmental test designed to measure the
moisture resistance of plastic encapsulated devices. A bias

is applied to create an electrolytic cell necessary to
accelerate corrosion of the die metallization. With tithis,
is a catastrophically destructive test.
Typical Test Conditions Ta = 85°C to 95C, rh = 85%
to 95%, Bias = 80% to 100% of Data Book max. rating,
t = 96 to 1750 hours
Common Failure Modes Parametric shifts, high
leakage and/or catastrophic
Common Failure Mechanisms Die corrosion or
contaminants such as foreign material on or within the
package materials. Poor package sealing
Military Reference: MIL-STD-750, Method 1042

HIGH TEMPERATURE REVERSE BIAS (HTRB)
The purpose of this test is to align mobile ions by means

of temperature and voltage stress to form a high-current

leakage path between two or more junctions.
Typical Test Conditions Ta = 85°C to 150C, Bias =
80% to 100% of Data Book max. rating, t = 120 to 1000
hours
Common Failure Modes Parametric shifts in leakage
Common Failure Mechanisms lonic contamination on
the surface or under the metallization of the die
Military Reference: MIL-STD-750, Method 1039
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INTERMITTENT OPERATING LIFE (I0OL)

The purpose of this test is the same as SSOL in addition
to checking the integrity of both wire and die bonds by
means of thermal stressing.

Typical Test Conditions: Ta = 25°C, Pd = Data Book
maximum rating, d, = Toff = A of 50°C to 100C, t =

42 to 30000 cycles

Common Failure Modes Parametric shifts and
catastrophic

Common Failure Mechanisms:Foreign material, crack
and bulk die defects, metallization, wire and die bond
defects

Military Reference: MIL-STD-750, Method 1037

MECHANICAL SHOCK
This test is used to determine the ability of the device to
withstand a sudden change in mechanical stress due to
abruptchanges in motion as seen in handling, transportation,
or actual use.
Typical Test Conditions Acceleration 1500 g’s,
Orientation = X, Y1, Yo plane, t = 0.5 msec, Blows = 5
Common Failure Modes: Open, short, excessive
leakage, mechanical failure
Common Failure Mechanisms Die and wire bonds,
cracked die, package defects
Military Reference: MIL-STD-750, Method 2015

MOISTURE RESISTANCE

The purpose of this test is to evaluate the moisture
resistance of components under temperature/humidity
conditions typical of tropical environments.

Typical Test Conditions Tp =-1C0C to 65C, rh = 80%

to 98%, t = 24 hours/cycle, cycle = 10

Common Failure Modes Parametric shifts in leakage

and mechanical failure

Common Failure Mechanisms Corrosion or

contaminants on or within the package materials. Poor

package sealing

Military Reference: MIL-STD-750, Method 1021
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SOLDERABILITY and transitions between temperature extremes. This testing
The purpose of this test is to measure the ability of deviceWill also expose excessive thermal mismatch between
leads/terminals to be soldered after an extended period ofmaterials.

storage (shelf life). Typical Test Conditions Tp = —65C to 200C, cycle
Typical Test Conditions Steam aging = 8 hours, Flux = 10 to 1000
= R, Solder = Sn60, Sn63 Common Failure Modes: Parametric shifts and
Common Failure Modes: Pin holes, dewetting, catastrophic
non-wetting Common Failure Mechanisms:Wire bond, cracked or
Common Failure Mechanisms: Poor plating, lifted die and package failure
contaminated leads Military Reference: MIL-STD-750, Method 1051

Military Reference: MIL-STD-750, Method 2026
THERMAL SHOCK (LIQUID TO LIQUID)
SOLDER HEAT The purpose of this test is to evaluate the ability of the
This test is used to measure the ability of a device todevice to withstand both exposure to extreme temperatures
withstandthe temperatures as may be seen in wave So|dering’ind sudden transitions between temperature extremes. This
operations. Electrical testing is the endpoint criterion for this testing will also expose excessive thermal mismatch

stress. between materials.
Typical Test Conditions: Solder Temperature = 280, Typical Test Conditions: T = O°C to 100C, cycles
t = 10 seconds =10 to 1000
Common Failure Modes Parameter shifts, mechanical ~Common Failure Modes: Parametric shifts and
failure catastrophic
Common Failure Mechanisms Poor package design Common Failure Mechanisms Wire bond, cracked or
Military Reference: MIL-STD-750, Method 2031 lifted die and package failure

Military Reference: MIL-STD-750, Method 1056
STEADY STATE OPERATING LIFE (SSOL)
The purpose of this test is to evaluate the bulk stability of YARIABLE FREQUENCY VIBRATION
the die and to generate defects resulting from manufacturing This test is used to examine the ability of the device to
aberrationshat are manifested as time and stress-dependentvithstand deterioration due to mechanical resonance.

failures. Typical Test Conditions Peak acceleration = 20 g's,
Typical Test Conditions: Ta = 25°C, B = Data Book Frequency range = 20 Hz to 20 kHz, t = 48 minutes.
maximum rating, t = 16 to 1000 hours Common Failure Modes Open, short, excessive
Common Failure Modes Parametric shifts and leakage, mechanical failure
catastrophic Common Failure Mechanisms Die and wire bonds,
Common Failure Mechanisms Foreign material, crack cracked die, package defects

die, bulk die, metallization, wire and die bond defects  Military Reference: MIL-STD-750, Method 2056
Military Reference: MIL-STD-750, Method 1026

TEMPERATURE CYCLING (AIR TO AIR)

The purpose of this test is to evaluate the ability of the
device to withstand both exposure to extreme temperatures
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At first glance the zener diode is a simple device
consisting of one P-N junction with controlled breakdown
voltage properties. Howevearhen considerations are given
to the variations of temperature -coefficient, zener
impedance, thermal time response, and capacitance, all of REVERSE VOLTAGE
which are a function of the breakdown voltage (from 1.8 to

to the voltage spectrum, a variety of power packages are on

ZENER DIODE CHARACTERISTICS

INTRODUCTION

FORWARD CHARACTERISTIC

FORWARD CURRENT

-

400 V), amuch more complicated picture arises. In addition LEAKAGE REGION FORWARD VOLTAGE

the market with a variation of dice area inside the
encapsulation.

This chapter is devoted to sorting out the important
considerations in a “typical” fashion. For exact details, the
data sheets must be consulted. However, much of the
information contained herein is supplemental to the data
sheet curves and will broaden your understanding of zener
diode behavior.

Specifically, the following main subjects will be detailed:

BREAKDOWN
REGION

REVERSE CURRENT

Figure 1. Typical Zener Diode DC V-I Characteristics
(Not to Scale)

While the common form of the diode equation suggests

Basic DC Volt-Ampere Characteristics that Ig is constant, in facilis itself strongly temperature
Impedance versus Voltage and Current dependent. The rapid increase ip With increasing
Temperature Coefficient versus Voltage and Current temperature dominates the decrease contributed by the
Power Derating exponential term in the diode equation. As a result, the
Mounting forward current increases with increasing temperature.

Thermal Time Response — Effective Thermal Impedance
Surge Capabilities
Frequency Response — Capacitance and Switchin

Figure 2 shows a forward characteristic temperature
dependence for a typical zener. These curves indicate that
for a constant current, an increase in temperature causes a
Yecrease in forward voltage. The voltage temperature

Effects coefficient values are typically in the range of —1.4 to
—2 mVFC.
BASIC ZENER DIODE DC VOLT-AMPERE
CHARACTERISTICS 1000 F——F =
Reverse and forward volt-ampere curves are representeds 500 ya 7 a /
in Figure 1 for a typical zener diode. The three areas — § 200 / /
forward, leakage, and breakdown — will each be examined. é 100 ,"/ ',/ = £
£ 7 7 7
FORWARD DC CHARACTERISTICS g // // ; a /I
The forward characteristics of a zener diode are = fg 1,=150°C £ 100°c/ 25°C /| -s5°C/
essentially identical with an “ordinary” rectifier and is § £ 2 £ £
shown in Figure 2. The volt-ampere curve follows the basic 5 > A £ /
diode equation ofd = IredV/KT where KT/q equals about 9 // / /
0.026 volts at room temperature anpd(teverse leakage 1 / / / /
current) is dependent upon the doping levels of the P-N 03 0.4 0.5 0.6 0.7 08 0.9
junction as well as the area. The actual plot pi&rsus ¢ Vr, FORWARD VOLTAGE (VOLTS)

deviates from the theoretical due to slightly “fixed” series
resistance of the lead wire, bonding contacts and some bulk
effects in the silicon.

Figure 2. Typical Forward Characteristics of
Zener Diodes
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LEAKAGE DC CHARACTERISTICS 1000 7 2 z 7

When reverse voltage less than the breakdown is applied 200
to a zener diode, the behavior of current is similar to any < 400
back-biasedilicon P-N junction. Ideally, the reverse current £ 4,
Woulq reach a Ievel' at about one volt reverse voltage ancé.E 20 -
remain constant until breakdown is reached. There are botrB 10 ! ’?ﬁl’ jg"’ L~
theoretical and practical reasons why the typical V-l curve 5 5 — — —7 ==
will have a definite slope to it as seen in Figure 3. £ 7 7
Multiplication effects and charge generation sites are [
present in a zener diode which dictate that reverse current 05 = = i f i — i
(even at low voltages) will increase with voltage. In 0.2 1= -55°¢ — 25°C 100°C 4 150°C
addition, surface charges are ever present across P-N 014l | ' 1 |
junctions which appear to be resistive in nature.

The leakage currents are generally less than one
microampere at 13C except with some large area devices.
Quite often a leakage specification at 80% or so of
breakdown voltage is used to assure low reverse currents.

~
\l

1

@
g2
N

t

25 26 27 28 29 30 31 32
Viz, ZENER VOLTAGE (VOLTS)

Figure 4. Typical Zener Characteristic
Variation with Temperature

An exaggerated view of the knee region is shown in
Figure 5. As can be seen, the breakdown or avalanche

—_
o
(=1
(=1
o

< current does not increase suddenly, but consists of a series
E 1000 of smoothly rising current versus voltage increments each
o : with a sudden break point.
< Ty =150°C Z——
o 10—
< =
s =
i o
= 10 A c
‘!:’ = o
w 25°C —— g
@1 5
o 3 VOLTAGE—>
- : o
= -55°C —— T ]
0.1 S EXAGGERATED V-|
0 4 6 12 16 20 OF KNEE REGION
VR, REVERSE VOLTAGE (VOLTS)
Figure 3. Typical Leakage Current j

versus Voltage ZENER VOLTAGE

Figure 5. Exaggerated V-l Characteristics

VOLTAGE BREAKDOWN of the Knee Region

At some definite reverse voltage, depending on the doping At the lowest point, the zener resistance (slope of the
levels(resistivity) of the P-N junction, the current will begin  curve)would test high, but as current continues to climb, the
to avalanche. This is the so-called “zener” or “breakdown” resistance decreases. It is as though each discharge site has
area and is where the device is usually biased during use. Aigh resistance with each succeeding site being in parallel
typical family of breakdown curves showing the effect of wuntil the total resistance is very small.
temperature is illustrated in Figure 4. In addition to the resistive effects, the micro plasmas may

Betweerthe minimum currents shown in Figure 4 and the act as noise generators. The exact process of manufacturing
leakage currents, there is the “knee” region. The avalancheaffectshow high the noise will be, but in any event there will
mechanism may not occur simultaneously across the entirégbe some noise at the knee, and it will diminish considerably
area of the P-N junction, but first at one microscopic site, as current is allowed to increase.
then at an increasing number of sites as further voltage is Since the zener impedance and the temperature
applied. This action can be accounted for by the coefficient are of prime importance when using the zener
“microplasma discharge” theory and correlates with severaldiode as a reference device, the next two sections will
breakdown characteristics. expand on these points.
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ZENER IMPEDANCE 100 s===—

The slope of the ¥— Iz curve (in breakdown) is defined /' f / ,'
as zener impedance or resistance. The measurement is. 1o VAVINWA
generally done with a 60 Hz (on modern, computerized £ =7
equipment this test is being done at 1 kHz) current variation 2 7/
whose value is 10% in rms of the dc value of the current. % 1 4
(That is,Alz peak to peak = 0.282.) This is really not a Q 777 1
smallsignal measurement but is convenient to use and gives= /17 7 / /
repeatable results. N o4 / [

The zener impedance always decreases as current : 7 I/’ I/’ 7 1 '
increases, although at very high currents (usually beyond | —f1 / / / /
max) the impedance will approach a constant. In contrast, 0-011 / 2/ 3/ 2 / 3 6/ 7 3
the zener impedance decreases very rapidly with increasing ZENER VOLTAGE (VOLTS)
current inthe knee region. On Semiconductor specifies most
zenerdiode impedances at two pointst land px. The term Figure 7. Zener Current versus Zener Voltage

Izt usually is at the quarter power point, apg is an (Low Voltage Region)

arbitrary low value in the knee region. Between these two Possibly the plots shown in Figure 8 of zener impedance
points a plot of impedance versus current on a log-log scalg,grg s voltage at several constar more clearly points

is close to a straight line. Figure 6 shows a typical plogof Z ¢ this effect. It is obvious that zener diodes whose

versus # for a 20 volt-500 mW zener. The worst case phreakdowns are about 7 volts will have remarkably low
impedance between+ and bk could be approximated by impedance.

assuming atraight line function on a log-log plot; however,

at currents abovert or below kg a projection of this line 200 /[I/l’l ]
may give erroneous values. g 100 A T=5C
1000 __ S 70 IZ(ac) = 0.1 Iz(e)
~H - TmA
—N g % V4
& N = AR /
& \ZK(MAX) T APPROXIMATE MAXIMUM LINE a 30 \ -7
% N N & 20 |7\ \ rd
9100 \\ N g \\ ‘ / 7~ 10mA
[&] 4
o] N ~ s 4 \ ‘\ /C
= ~ Z7T(MAX) = —
a S s 7 \ 7 20 mA
E \ o 5 \[\ y
= ‘\\ N N \\ /1~
c 10 N N, A
2 =~
i —>~ 2
N > 2 3 5 7 10 20 30 50 70 100 200
Vz, ZENER VOLTAGE (VOLTS)
10_1 1 10 100 Figure 8. Dynamic Zener Impedance (Typical)

ZENER CURRENT (mA) versus Zener Voltage

However, this is not the whole picture. A zener diode
figure of merit as a regulator could bg/¥ . This would
give some idea of what percentage change of voltage could

The impedance variation with voltage is much more be expected for some given change in current. Of course, a
complex.First of all, zeners below 6 volts or so exhibit “field low Zz/V7 is desirable. Generally zener current must be
emission” breakdown converting to “avalanche” at higher decreased asltage is increased to prevent excessive power
currentsThe two breakdowns behave somewhdedintly dissipationhence zener impedance will rise even higher and
with “field emission” associated with high impedance and the “figure of merit” will become higher as voltage
negative temperature coefficients and “avalanche” with increases. This is the case wigh taken as the test point.
lower impedance and positive temperature coefficients.  However, if bk is used as a comparison level in those

A V-l plot of several low voltage 500 mW zener diodes is devices which keep a constagk lover a large range of
shown in Figure 7. It is seen that at some given currentvoltage, the “figure of merit” will exhibit a bowl-shaped
(higher for the lower voltage types) there is a fairly sudden curve — first decreasing and then increasing as voltage is
decrease ithe slope oAV/Al. Apparentlythis currentis the  increased. Typical plots are shown in Figure 9. The
transition from one type of breakdown to the other. Above conclusion can be reached that for uses where wide swings
6 volts the curves would show a gradual decreas®/ 4l of current may occur and the quiescent bias current must be
rather than an abrupt change, as current is increased. high, the lower voltage zener will provide best regulation,

Figure 6. Zener Impedance versus
Zener Current

http://onsemi.com
340



but for low power applications, the best performance could 9.3 volts at 7%C for all useful current levels (disregarding

WHOLE NUMBER ON A DATA SHEET)

be obtained between 50 and 100 volts. impedance effects).
100 As was mentioned, the situation is further complicated by
L I t t t . . .
c K 400 mW, Zzpqax) AT 0.25 mA the normal deviation of J at a given current. For example,
= ~ ¥ i i for 7.5 mA the normal spread o Texpressed in %) is
z A oWz i 0.85 mA shown inFigure 11. This is based on limited samples and in
w \ m . . .
Z 1 N ZKMAY) 13 ’“ﬁé no manner implies that all On Semiconductor zeners
% —— 12.5mA g between 2 and 12 volts will exhibit this behavior. At other
] — .. ..
= / 3.8mA ﬁ: — SEE NOTE BELOW | current levels similar deviations would occur.
[&]
S / /V 1.7mA / / +0.08 P MAX |
g 400 mW, Z — — S ,0.06 _— _——TYPICAL
E ——— » £ZT(MAX) 3 7 o T / = _——1MIN
= — 250mA— 75 mA y i / < y. A/
= m Y | / — +0.04
& . ——7 1 X 17mA =7 = ///
1 I =
G o4 L_10W Zzrpuay 28mA | g +002 [[
10 30 5