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ALPHANUMERIC INDEX 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1M110ZS5 4-2-56 1N967B 4-2-28 1 N4571 4-3-15 

1M120ZS5 4-2-56 1N968B 4-2-28 1 N4571 A 4-3-15 

1M130ZS5 4-2-56 1N969B 4-2-28 1N4572 4-3-15 

I 
1M150ZS5 4-2-56 1N970B 4-2-28 1N4572A 4-3-15 

1M160ZS5 4-2-56 1N971 B 4-2-28 1N4573 4-3-15 

1M180ZS5 4-2-56 1N972B 4-2-28 1N4573A 4-3-15 

1M200ZS5 4-2-56 1N973B 4-2-28 1N4574 4-3-15 

1N746A 4-2-28 1N974B 4-2-28 1N4574A 4-3-15 

1N747A 4-2-28 1N975B 4-2-28 1N4678 4-2-30 

1N748A 4-2-28 1N976B 4-2-28 1N4679 4-2-30 

1N749A 4-2-28 1N977B 4-2-28 1N4680 4-2-30 

1N750A 4-2-28 1N978B 4-2-28 1 N4681 4-2-30 

1N751A 4-2-28 1N979B 4-2-28 1N4682 4-2-30 

1N752A 4-2-28 1N980B 4-2-28 1N4683 4-2-30 

1N753A 4-2-28 1N981B 4-2-29 1N4684 4-2-30 

1N754A 4-2-28 1N982B 4-2-29 1N4685 4-2-30 

1N755A 4-2-28 1N983B 4-2-29 1N4686 4-2-30 

1N756A 4-2-28 1N984B 4-2-29 1N4687 4-2-30 

1N757A 4-2-28 1N985B 4-2-29 1N4688 4-2-30 

1N758A 4-2-28 1N986B 4-2-29 1N4689 4-2-30 

1N759A 4-2-28 1N987B 4-2-29 1N4690 4-2-30 

1N821 4-3-10 1N988B 4-2-29 1 N4691 4-2-30 

1N821A 4-3-10 1N989B 4-2-29 1N4692 4-2-30 

1N823 4-3-10 1N990B 4-2-29 1N4693 4-2-30 

1N823A 4-3-10 1N991 B 4-2-29 1N4694 4-2-30 

1N825 4-3-10 1N992B 4-2-29 1N4695 4-2-30 

1N825A 4-3-10 1N4370A 4-2-28 1N4696 4-2-30 

1N827 4-3-10 1N4371A 4-2-28 1N4697 4-2-30 

1N827A 4-3-10 1N4372A 4-2-28 1N4698 4-2-30 

1N829 4-3-10 1N4565 4-3-15 1N4699 4-2-30 

1N829A 4-3-10 1N4565A 4-3-15 1N4700 4-2-30 

1N957B 4-2-28 1N4566 4-3-15 1N4701 4-2-30 

1N958B 4-2-28 1N4566A 4-3-15 1N4702 4-2-30 

1N959B 4-2-28 1N4567 4-3-15 1N4703 4-2-30 

1N960B 4-2-28 1N4567A 4-3-15 1N4704 4-2-30 

1 N961 B 4-2-28 1N4568 4-3-15 1N4705 4-2-30 

1N962B 4-2-28 1N4568A 4-3-15 1N4706 4-2-30 

1N963B 4-2-28 1N4569 4-3-15 1N4707 4-2-30 

1N964B 4-2-28 1N4569A 4-3-15 1N4708 4-2-30 

1N965B 4-2-28 1N4570 4-3-15 1N4709 4-2-30 

1N966B 4-2-28 1N4570A 4-3-15 1 N4710 4-2-30 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1N5351B 4-2-59 1N5915B 4-2-51 1N5956B 4-2-52 

1N5352B 4-2-59 1N5916B 4-2-51 1N5985B 4-2-33 

1N5353B 4-2-59 1N5917B 4-2-51 1N5986B 4-2-33 

I 
1N5354B 4-2-59 1N5918B 4-2-51 1N5987B 4-2-33 

1N5355B 4"2-59 1N5919B 4-2-51 1N5988B 4-2-33 

1N5356B 4-2-59 1N5920B 4-2-51 1N5989B 4-2-33 

1N5357B 4-2-59 1N5921B 4-2-51 1N5990B 4-2-33 

1N5358B 4-2-59 1N5922B 4-2-51 1N5991B 4-2-33 

1N5359B 4-2-59 1N5923B 4-2-51 1N5992B 4-2-33 

1N5360B 4-2-59 1N5924B 4-2-51 1N5993B 4-2-33 

1N5361B 4-2-59 1N5925B 4-2-51 1N5994B 4-2-33 

1N5362B 4-2-59 1N5926B 4-2-51 1N5995B 4-2-33 

1N5363B 4-2-59 1N5927B 4-2-51 1N5996B 4-2-33 

1N5364B 4-2-59 1N5928B 4-2-51 1N5997B 4-2-33 

1N5365B 4-2-59 . 1N5929B 4-2-51 1N5998B 4-2-33 

1N5366B 4-2-59 1N5930B 4-2-51 1N5999B 4-2-33 

1N5367B 4-2-59 1N5931B 4-2-51 1N6000B 4-2-33 

1N5368B 4-2-59 1 NS932B 4-2-51 1N6001B 4-2-33 

1N5369B 4-2-S9 1N5933B 4-2-51 1N6002B 4-2-33 

1N5370B 4-2-59 1 NS934B 4-2-51 1N6003B 4-2-33 

1NS371B 4-2-S9 1 NS935B 4-2-S1 1N6004B 4-2-33 

1N5372B 4-2-59 1N5936B 4-2-S1 1N600SB 4-2-33 

1N5373B 4-2-59 1N5937B 4-2-51 1N6006B 4-2-33 

1N5374B 4-2-S9 1 NS938B 4-2-S1 1N6007B 4-2-33 

1N5375B 4-2-59 1N5939B 4-2-51 1N6008B 4-2-33 

1N5376B 4-2-S9 1N5940B 4-2-51 1N6009B 4-2-33 

1N5377B 4-2-S9 1N5941B 4-2-S1 1N601OB 4-2-33 

1N5378B 4-2-59 1 NS942B 4-2-51 1N6011B 4-2-33 

1N5379B 4-2-S9 1N5943B 4-2-S1 1N6012B 4-2-33 

1N5380B 4-2-S9 1N5944B 4-2-S1 1N6013B 4-2-33 

1N5381B 4-2-59 1N594SB 4-2-51 1N6014B 4-2-33 

1N5382B 4-2-59 1N5946B 4-2-51 1N6015B 4-2-33 

1N5383B 4-2-60 1 NS947B 4-2-51 1N6016B 4-2-33 

1N5384B 4-2-60 1N5948B 4-2-52 1N6017B 4-2-33 

1N5385B 4-2-60 1N5949B 4-2-52 1N6018B 4-2-33 

1N5386B 4-2-60 1N5950B 4-2-52 1N6019B 4-2-33 

1N5387B 4-2-60 1NS951B 4-2-S2 1N6020B 4-2-33 

1N5388B 4-2-60 1 NS952B 4-2-52 1N6021B 4-2-33 

1N5908 4-1-42 1 NS953B 4-2-52 1N6022B 4-2-33 

1N5913B 4-2-S1 1N5954B 4-2-S2 1N6023B 4-2-33 

1N5914B 4-2-51 1N5955B 4-2-52 1N6024B 4-2-33 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1SMB58AT3 4-1-59 1 5MB5939BT3 4-2-79 1SMC33AT3 4-1-65 

1SMB60AT3 4-1-59 1 5MB5940BT3 4-2-79 1SMC36AT3 4-1-65 

1SMB64AT3 4-1-59 1 5MB5941 BT3 4-2-79 1SMC40AT3 4c1-65 

• 
1SMB70AT3 4-1-59 1 5MB5942BT3 4-2-79 1SMC43AT3 4-1-65 

1SMB75AT3 4-1-59 1 5MB5943BT3 4-2-79 1SMC45AT3 4-1-65 

1SMB78AT3 4-1-59 1 5MB5944BT3 4-2-79 1SMC48AT3 4-1-65 

1SMB85AT3 4-1-59 1 5MB5945BT3 4-2-79 1SMC51AT3 4-1-65 

1SMB90AT3 4-1.59 1SMB5946BT3 4-2-79 1SMC54AT3 4-1-65 

1SMB100AT3 4-1-59 1SMB5947BT3 4-2-79 1SMC58AT3 4-1-65 

1SMB11QAT3 4-1-59 1 5MB5948BT3 4-2-79 1SMC60AT3 4-1-65 

1SMB120AT3 4-1-59 1SMB5949BT3 4-2-79 1SMC64AT3 4-1-65 

1SMB130AT3 4-1-59 1 5MB5950BT3 4-2-79 1SMC70AT3 4-1-65 

1SMB150AT3 4-1-59 1SMB5951BT3 4-2-79 1SMC75AT3 4-1-65 

1SMB160AT3 4-1-59 1 5MB5952BT3 4-2-79 1SMC78AT3 4-1-65 

1SMB170AT3 4-1-59 1 5MB5953BT3 4-2-79 1.5KE6.8 4-1-43 

1 5MB5913BT3 4-2-78 1 5MB5954BT3 4-2-79 1.5KE6.8A 4-1-43 

1SMB5914BT3 4-2-78 1 5MB5955BT3 4-2-79 1.5KE7.5 4-1-43 

1SMB5915BT3 4-2-78 1 5MB5956BT3 4-2-79 1.5KE7.5A 4-1-43 

1 5MB5916BT3 4-2-78 1SMC5.0AT3 4-1-65 1.5KE8.2 4-1-43 

1SMB5917BT3 4-2-78 1SMC6.0AT3 4-1-65 1.5KE8.2A 4-1-43 

1 5MB5918BT3 4-2-78 1SMC6.5AT3 4-1-65 1.5KE9.1 4-1-43 

1SMB5919BT3 4-2-78 1SMC7.0AT3 4-1-65 1.5KE9.1A 4-1-43 

1 5MB5920BT3 4-2-78 1SMC7.5AT3 4-1-65 1.5KE10 4-1-43 

1 5MB5921 BT3 4-2-78 1SMC8.0AT3 4-1-65 1.5KE10A 4-1-43 

1 5MB5922BT3 4-2-78 1SMC8.5AT3 4-1-65 1.5KE11 4-1-43 

1 5MB5923BT3 4-2-78 1SMC9.0AT3 4-1-65 1.5KE11A 4-1-43 

1 5MB5924BT3 4-2-78 1SMC10AT3 4-1-65 1.5KE12 4-1-43 

1 5MB5925BT3 4-2-78 1SMC11AT3 4-1-65 1.5KE12A 4-1-43 

1 5MB5926BT3 4-2-78 1SMC12AT3 4-1-65 1.5KE13 4-1-43 

1 5MB5927BT3 4-2-78 1SMC13AT3 4-1'65 1.5KE13A 4-1-43 

1 5MB5928BT3 4-2-78 1SMC14AT3 4-1-65 1.5KE15 4-1-43 

1 5MB5929BT3 4-2-79 1SMC15AT3 4-1-65 1.5KE15A 4-1-43 

1 5MB5930BT3 4-2-79 1SMC16AT3 4-1-65 1.5KE16 4-1-43 

1 5MB5931BT3 4-2-79 1SMC17AT3 4-1-65 1.5KE16A 4-1,43 

1 5MB5932BT3 4-2-79 1SMC18AT3 4-1-65 1.5KE18 4-1-43 

1 5MB5933BT3 4-2-79 1SMC20AT3 4-1-65 1.5KE18A 4-1-43 

1 5MB5934BT3 4-2-79 1SMC22AT3 4-1-65 1.5KE20 4-1-43 

1 5MB5935BT3 4-2-79 1SMC24AT3 4-1-65 1.5KE20A 4-1-43 

1 5MB5936BT3 4-2-79 1SMC26AT3 4-1-65 1.5KE22 4-1-43 

1 5MB5937BT3 4-2-79 1SMC28AT3 4-1-65 1.5KE22A 4-1-43 

1 5MB5938BT3 4-2-79 1SMC30AT3 4-1-65 1.5KE24. 4-1-43 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

3EZ160D5 4-2-53 BZV55C39 4-2-73 BZX55C82 4-2-34 

3EZ170D5 4-2-53 BZV55C43 4-2-73 BZX55C91 4-2-34 

3EZ180D5 4-2-53 BZV55C47 4-2-73 BZX79C2V4 4-2-35 

• 
3EZl90D5 4-2-53 BZV55C51 4-2-73 BZX79C2V7 4-2-35 

3EZ200D5 4-2-54 BZV55C56 4-2-73 BZX79C3VO 4-2-35 

3EZ220D5 4-2-54 BZX55C2V4 4-2-34 BZX79C3V6 4-2-35 

3EZ240D5 4-2-54 BZX55C2V7 4-2-34 BZX79C3V9 4-2-35 

3EZ270D5 4-2-54 BZX55C3VO 4-2-34 BZX79C4V3 4-2-35 

3EZ300D5 4-2-54 BZX55C3V3 4-2-34 BZX79C5V1 4-2-35 

3EZ330D5 4-2-54 BZX55C3V6 4-2-34 BZX79C5V6 4-2-35 

3EZ360D5 4-2-54 BZX55C3V9 4-2-34 BZX79C6V2 4-2-35 

3EZ400D5 4-2-54 BZX55C4V3 4-2-34 BZX79C6V8 4-2-35 

BZV55C2V4 4-2-73 BZX55C4V7 4-2-34 BZX79C7V5 4-2-35 

BZV55C2V7 4-2-73 BZX55C5V1 4-2-34 BZX79C8V2 4-2-35 

BZV55C3VO 4-2-73 BZX55C5V6 4-2-34 BZX79C9V1 4-2-35 

BZV55C3V3 4-2-73 BZX55C6V2 4-2-34 BZX79C10 4-2-35 

BZV55C3V6 4-2-73 BZX55C6V8 4-2-34 BZX79C11 4-2-35 

BZV55C3V9 4-2-73 BZX55C7V5 4-2-34 BZX79C12 4-2-35 

BZV55C4V3 4-2-73 BZX55C8V2 4-2-34 BZX79C13 4-2-35 

BZV55C4V7 4-2-73 BZX55C9V1 4-2-34 BZX79C15 4-2-35 

BZV55C5V1 4-2-73 BZX55C10 4-2-34 BZX79C16 4-2-35 

BZV55C5V6 4-2-73 BZX55C11 4-2-34 BZX79C18 4-2-35 

BZV55C6V2 4-2-73 BZX55C12 4-2-34 BZX79C20 4-2-35 

BZV55C6V8 4-2-73 BZX55C13 4-2-34 BZX79C22 4-2-35 

BZV55C7V5 4-2-73 BZX55C15 4-2-34 BZX79C24 4-2-35 

BZV55C8V2 4-2-73 BZX55C16 4-2-34 BZX79C27 4-2-35 

BZV55C!lV1 4-2-73 BZX55C18 4-2-34 BZX79C30 4-2-35 

BZV55C10 4-2-73 BZX55C20 4-2-34 BZX79C33 4-2-35 

BZV55C11 4"2-73 BZX55C22 4-2-34 BZX79C36 4-2-35 

BZV55C12 4-2-73 BZX55C24 4-2-34 BZX79C39 4-2-35 

BZV55C13 4-2-73 BZX55C27 4-2-34 BZX79C43 4-2-35 . 

BZV55C15 4-2-73 BZX55C30 4-2-34 BZX79C47 4-2-35 

BZV55C16 4-2-73 BZX55C33 4-2-34 . BZX79C51 4-2-35 

BZV55C18 4-2-73 BZX55C36 4-2-34 BZX79C56 4-2-35 

BZV55C20 4-2-73 BZX55C39 4-2-34 BZX79C62 4-2-35 

BZV55C22 4-2-73 BZX55C43 4-2-34 BZX79C68 4-2-35 

BZV55C24 4-2-73 BZX55C47 4-2-34 BZX79C75 4-2-35 

BZV55C27 4-2-73 BZX55C51 4-2-34 BZX79C82 4-2-35 

BZV55C30 4-2-73 BZX55C56 4-2-34 BZX79C91 4-2-35 

BZV55C33 4-2-73 . BZX55C62 4-2-34 BZX79C100 4-2-35 

BZV55C36 4-2-73 . BZX55C68 4-2-34 BZX79C110 4-2-35 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE· PAGE 

ICTE-45C 4-1-46 MLL5221B 4-2-75 MLL5263B 4-2-75 

MLL4678 4-2-74 MLL5222B 4-2-75 MMBZ15VDLT1 4-1-52 

MLL4679 4-2-74 MLL5223B 4-2-75 MMBZ5221BL 4-2-66 

• 
MLL4680 4-2-74 MLL5224B ·4-2-75 MMBZ5222BL 4-2-66 

MLL4681 4-2-74 MLL5225B 4-2-75 MMBZ5223BL 4-2-66 

MLL4682 4-2-74 MLL5226B 4-2-75 MMBZ5224BL 4-2-66 

MLL4683 4-2-74 MLL5227B 4-2-75 MMBZ5225BL 4-2-66 

MLL4684 4-2-74 MLL5228B 4-2-75 MMBZ5226BL 4-2-66 

MLL4685 4-2-74 MLL5229B 4-2-75 MMBZ5227BL 4-2-66 

MLL4686 4-2-74 MLL5230B 4-2-75 MMBZ5228BL 4-2-66 

MLL4687 4-2-74 MLL5231B 4-2-75 MMBZ5229BL 4-2-66 

MLL4688 4-2-74 MLL5232B 4-2-75 MMBZ5230BL 4-2-66 

MLL4689 4-2-74 MLL5233B 4-2-75 MMBZ5231BL 4-2-66 

MLL4690 4-2-74 MLL5234B 4-2-75 MMBZ5232BL 4-2-66 

MLL4691 4-2-74 MLL5235B 4-2-75 MMBZ5233BL 4-2-66 

MLL4692 4-2-74 MLL5236B 4-2-75 MMBZ5234BL 4-2'-66 

MLL4693 4-2-74 MLL5237B 4-2-75 MMBZ5235BL 4-2-66 

MLL4694 4-2-74 MLL5238B 4-2~75 MMBZ5236BL 4-2-66 

MLL4695 4-2-74 MLL5239B 4-2-75 MMBZ5237BL 4-2-66 

MLL4696 4-2-74 MLL5240B 4-2-75 MMBZ5238BL 4c2-66 

MLL4697 4-2-74 MLL5241B 4-2-75 MMBZ5239BL 4-2-66 

MLL4698 4-2-74 MLL5242B 4-2-75 MMBZ5240BL 4-2-66 

MLL4699 4-2-74 MLL5243B 4-2-75 MMBZ5241BL 4-2-66 

MLL4700 4-2-74 MLL5244B 4-2-75 MMBZ5242BL 4-2-66 

MLL4701 4-2-74 MLL5245B 4-2-75 MMBZ5243BL 4-2-66 

MLL4702 4~2-74 MLL5246B 4-2-75 MMBZ5244BL 4-2-66 

MLL4703 4-2-74 MLL5247B 4-2-75 MMBZ5245BL 4-2-66 

MLL4704 4-2-74 MLL5248B 4-2-75 MMBZ5246BL 4-2-66 

MLL4705 4-2-74 MLL5249B 4-2-75 MMBZ5247BL 4-2-66 

MLL4706 4-2-74 MLL5250B 4-2-75 MMBZ5248BL 4-2-66 

MLL4707 4-2-74 MLL5251B 4-2-75 MMBZ5249BL 4-2-66 

MLL4708 4-2-74 MLL5252B 4-2-75 MMBZ5250BL 4-2-66 

MLL4709 4-2-74 MLL5253B 4-2-75 MMBZ5251BL 4-2-66 

MLL4710 4-2-74 MLL5254B 4-2-75 MMBZ5252BL 4-2-66 

MLL4711 4-2-74 MLL5255B 4-2-75 MMBZ5253BL 4-2-66 

MLL4712 4-2-74 MLL5256B 4-2-75 MMBZ5254BL 4-2-66 

MLL4713 4-2-74 MLL5257B 4-2-75 MMBZ5255BL 4-2-66 

MLL4714 4-2-74 MLL5258B 4-2-75 MMBZ5256BL 4-2-66 

MLL4715 4-2-74 MLL5259B ·4-2-75 MMBZ5257BL 4-2-66 

MLL4716 4-2-74 MLL5260B 4-2-75 MMBZ5258BL 4-2-66 

MLL4717 4-2-74 MLL5261B 4-2-75 MMBZ5259BL 4-2-66 
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ALPHANUMI:RIC'INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

MZP4750A 4-2-56 MZPY47 4-2-46 P6KE33A 4:1-33 

MZP4751A 4-2-56 MZPY51 4-2-46 P6KE36 4-1-33 

MZP4752A 4-2-56 MZPY56 4-2-46 P6KE36A 4-1-33 

I 
MZP4753A 4-2-56 MZPY62 4-2-46 P6KE39 4-1-33 

MZP4754A 4-2-56 MZPY68 4-2-46 P6KE39A 4-1-33 

MZP4755A 4-2-56 MZPY75 4-2-46 PSKE43 4-1-33 

MZP4756A 4-2-56 MZPY82 4-2-46 P6KE43A 4-1-33 

MZP4757A 4-2-56 MZPY91 4-2-46 P6KE47 4-1-33 

MZP4758A 4-2-56 MZPY100 4-2-46 P6KE47A 4-1-33 

. MZP4759A 4-2-56 P6KE6.8 4-1-33 P6KE51 4-1-33 

MZP4760A 4-2-56 P6KE6.8A 4-1-33 P6KE51A 4-1-33 

MZP4761A 4-2-56 . P6KE7.5 4-1-33 P6KE56 4-1-33 

MZP4762A 4-2-56 P6KE7.5A 4-1-33 P6KE56A 4-1-33 

MZP4763A 4-2-56 P6KE8.2 4-1-33 P6KE62 4-1-33 

MZP4764A 4-2-56 P6KE8.2A 4-1-33 P6KE62A 4-1-33 

MZPY3.9 4-2-46 P6KE9.1 4-1-33 P6KE68 4-1-34 

MZPY4.3 4-2-46 P6KE9.1A 4-1-33 P6KE68A 4-1-34 

MZPY4.7 4-2-46 P6KE10 4-1-33 P6KE75 4-1-34 

MZPY5.1 4-2-46 P6KE10A 4-1-33 P6~75A 4-1-34 

MZPY5.6 4-2-46 P6KE11 4-1-33 P6KE82 4-1-34 

MZPY6.2 4-2-46 P6KE11A 4-1-33 P6KE82A 4-1-34 

MZPY6.8 4-2-46 P6KE12 4-1-33 P6KE91 4-1-34 

MZPY7.5 4-2-46 P6KE12A 4-1-33 P6KE91A 4-1-34 

MZPY8.2 4-2-46 P6KE13 4-1-33 P6KE100 4-1-34 

MZPY9.1 4-2-46 P6KE13A 4-1-33 P6KE100A 4-1-34 

MZPY10 4-2-46 P6KE15 4-1-33 P6KE110 4-1-34 

MZPY11 4-2-46 P6KE15A 4-1-33 P6KE110A 4-1-34 

MZPY12 4-2-46 P6KE16 4-1-33 P6KE120 4-1-34 

MZPY13 4-2-46 P6KE16A 4-1-33 P6KE120A 4-1-34 

MZPY15 4-2-46 P6KE18 4-1-33 P6KE130 4-1-34 

MZPY16 4'2-46 P6KE18A 4-1-33 P6KE130A 4-1-34 

MZPY18 4-2-46 P6KE20 4-1-33 P6KE150 4-1-34 

MZPY20 4-2-46 P6KE20A 4-1-33 P6KE150A 4-1-34 

MZPY22 4-2-46 P6KE22 4-1-33 P6KE160 4-1-34 

MZPY24 4-2-46 P6KE22A 4-1-33 P6KE160A 4-1-34 

MZPY27 4-2-46 P6KE24 4-1-33 P6KE170 4"1-34 

MZPY30 4-2-46 P6KE24A 4-1-33 P6KE170A 4-1-34 

MZPY33 4-2-46 P6KE27 4-1-33 P6KE180 4-1-34 

MZPY36 4-2-46 P6KE27A 4-1-33 P6KE180A 4-1-34 

MZPY39 4-2-46 P6KE30 4-1-33 P6KE200 4-1-34 

MZPY43 4-2-46 P6KE33 4-1-33 P6KE200A 4-1-34 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

1-14 



DEVICE 

SA150 

SA150A 

SA160 

I 
SA160A 

SA170 

SA170A 

ZPD2.7 

ZPD3.0 

ZPD3.3 

ZPD3.6 

ZPD3.9 

ALPHANUMERIC INDEX (continued) 

PAGE DEVICE PAGE DEVICE 

4-1-27 ZPD4.3 4-2-36 ZPD12 

4-1-27 ZPD4.7 4-2-36 ZPD13 

4-1-27 ZPD5.1 4-2-36 ZPD15 

4-1-27 ZPD5.6 4-2-36 ZPD16 

4-1-27 ZPD6.2 4-2-36 ZPD18 

4-1-27 ZPD6.8 4-2-36 ZPD20 

4-2-36 ZPD7.5 4-2-36 ZPD22 

4-2-36 ZPD8.2 4-2-36 ZPD24 

4-2-36 ZPD9.1 4-2-36 ZPD27 

4-2-36 ZPD10 4-2-36 ZPD30 

4-2-36 ZPD11 4-2-36 ZPD33 
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4-2-36 

4-2-36 

4-2-36 

4-2-36 

4-2-36 

4-2-36 

4-2-36 

4-2-36 

4-2-36 

4-2-36 

4-2-36 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

.4T110 1 NS272A 4-2-32 1.0KE1S0CA 

.4T110A 1 NS272A 4-2-32 1.0KE1SA 

.4T110B 1 NS272B 4-2-32 1.0KE1SCA 

.4T12 1 NS242A 4-2-31 1.0KE170A 

.4T12A 1 NS242A 4-2-31 1.0KE170CA 

.4T128 1 NS242B 4-2-31 1.0KE17A 

.4TS.S 1 NS232A 4-2-31 1.0KE17CA 

.4TS.6A 1 NS232A 4-2-31 1.0KE1BA 

.4T5.68 1N5232B 4-2-31 1.0KE1BCA 

.4TS.8 1 NS235A 4-2-31 1.0KE20A 

.4TS.8A 1 NS23SA 4-2-31 1.0KE20CA 

.4TS.88 1 NS23S8 4-2-31 1.0KE22A 

.4Z1100 1N5272A 4-2-32 1.0KE22CA 

.4Z110010 1N5272A 4-2-32 1.0KE24A 

.4Z11005 1 NS2728 4-2-32 1.0KE24CA 

.4Z6.80 1 NS23SA 4-2-31 1.0KE2SA 

.4ZS.8010 1 NS23SA 4-2-31 1.0KE26CA 

.4Z6.80S 1 NS23S8 4-2-31 1.0KE2BA 

.SM110Z10 1 NS272A 4-2-32 1.0KE2BCA 

.SM110Z5 1N52728 4-2-32 1.0KE30A 

.SM110ZS 1N5272A 4-2-32 1.0KE30CA 

.SM2.4ZS 1N5221A 4-2-31 1.0KE33A 

.5M2.4ZS10 1 NS221 A 4-2-31 1.0KE33CA 

.5M2.4ZS5 1 NS2218 4-2-31 1.0KE36A 
0.2ST110 1 NS2728 4-2-32 1.0KE36CA 
0.2ST110A 1 NS2728 4-2-32 1.0KE40A 
0.2STS.6 1 NS2328 4-2-31 1.0KE40CA 
0.2STS.6A 1N52328 4-2-31 1.0KE43A 
1.0KE1 OOA 1N6297A 4-1-44 1.0KE43CA 
1.0KE100CA l.SKE120CA 4-1-44 1.0KE45A 

1.0KE10A 1N6273A 4-1-43 1.0KE45CA 
1.0KE10CA 1.5KE12CA 4-1-43 1.0KE4BA 
1.0KE110A 1N6298A 4-1-44 1.0KE48CA 
1.0KE110CA 1.5KE130CA 4-1-44 1.0KE5.0A 
1.0KE11A 1N6274A 4-1-43 1.0KE5.0CA 
1.0KE11CA 1.5KE13CA 4-1-43 1.0KES1A 
1.0KE120A 1 NS299A 4-1-44 1.0KE51CA 
1.0KE120CA 1.5KE150CA 4-1-44 1.0KE54A 
1.0KE12A 1 NS275A 4-1-43 1.0KE54CA 
1.0KE12CA 1.5KE15CA 4-1-43 1.0KE5BA 

1.0KE130A 1N6300A 4-1-44 1.0KE5BCA 
1.0KE130CA 1.SKE160CA 4-1-44 1.0KE6.0A 
1.0KE13A 1 NS275A 4-1-43 1.0KE6.0CA 
1.0KE13CA 1.5KE15CA 4-1-43 1.0KE6.SA 
1.0KE14A 1 NS277A 4-1-43 1.0KE6.5CA 
1.0KE14CA 1.5KE18CA 4-1-43 1.0KE60A 
1.0KE150A 1N6302A 4-1-44 1.0KE60CA 
1.0KE150CA 1.SKE1BOCA 4-1-44 1.0KE64A 
1.0KE15A 1 NS277A 4-1-43 1.0KE64CA 
1.0KE15CA 1.5KE18CA 4-1-43 1.0KE7.0A 
1.0KE160A 1 NS303A 4-1-44 1.0KE7.0CA 

CF = consult factory representative 
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Replacement Number 

1.5KE200CA 4-1-44 
1 NS27BA 4-1-43 
1.5KE20CA 4-1-43 
1N6303A 4-1-44 
1.SKE200CA 4-1-44 
1N627BA 4-1-43 
1.5KE20CA 4-1-43 
1 NS279A 4-1-43 
1.SKE22CA 4-1-43 
1 NS2BOA 4-1-43 

1.5KE24CA 4-1-43 
1N62B1A 4-1-43 
1.5KE27CA 4-1-43 
1 NS2B2A 4-1-43 
1.5KE30CA 4-1-43 
1 NS283A 4-1-43 
1.SKE33CA 4-1-43 
1 NS283A 4-1-43 
1.5KE33CA 4-1-43 
1N6284A 4-1-43 

1.5KE3SCA 4-1-43 
1N6285A 4-1-43 
1.5KE39CA 4-1-43 
1N62B6A 4-1-43 
1.5KE43CA 4-1-43 
1N62B7A 4-1-43 
1.5KE47CA 4-1-43 
1N62BBA 4-1-43 
1.5KE51CA 4-1-43 
1N62B9A 4-1-44 

1.sKE56CA 4-1-44 
1N62B9A 4-1-44 
1.5KE56CA 4-1-44 
1 NS267A 4-1-43 
1.5KES.BCA 4-1-43 
1N6290A 4-1-44 
1.5KE62CA 4-1-44 
1 N6291 A 4-1-44 
1.5KE68CA 4-1-44 
1N6291A 4-1-44 

1.5KE6BCA 4-1-44 
1N626BA 4-1-43 
1.5KE7.5CA 4-1-43 
1N6268A 4-1-43 
1.5KE7.5CA 4-1-43 
1N6292A 4-1-44 
1.5KE75CA 4-1-44 
1N6292A 4-1-44 
1.5KE75CA 4-1-44 
1N6269A 4-1-43 
1.5KEB.2CA 4-1-43 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1.2KE8.5A 1N6271A 4·1-43 1.5KE13A 1.5KE13A 
1.2KE8.5CA 1.5KE10CA 4-1-43 1.5KE13C 1.5KE13C 
1.2KE85A 1N6295A 4-1-44 1.5KE13CA 1.5KE13CA 
1.2KE85CA 1.5KE100CA 4-1-44 1.5KE13CP 
1.2KE9.0A 1N6272A 4-1-43 1.5KE13P 
1.2KE9.0CA 1.5KE11CA 4-1-43 1.5KE15 1.5KE15 
1.2KE90A 1N6296A 4-1-44 1.5KE150 1.5KE150 
1.2KE90CA 1.5KE110CA 4-1-44 1.5KE150A 1.5KE150A 
1.5KE10 1.5KE10 4-1-43 1.5KE150C 1.5KE150C 
1.5KE100 1.5KE100 4-1-44 1.5KE150CA 1.5KE150CA 

1.5KE100A 1.5KE100A 4-1-44 1.5KE150CP 
1.5KE100C 1.5KE100C 4-1-44 1.5KE150P 
1.5KE100CA 1.5KE100CA 4-1-44 1.5KE15A 1.5KE15A 
1.5KE100CP 1.5KE100CA 4-1-44 1.5KE15C 1.5KE15C 
1.5KE100P 1.5KE100A 4-1-44 1.5KE15CA 1.5KE15CA 
1.5KE10A 1.5KE10A 4-1-43 1.5KE15CP 
1.5KE10C 1.5KE10C 4-1-43 1.5KE15P 
1.5KE10CA 1.5KE10CA 4-1-43 1.5KE16 1.5KE16 
1.5KE10CP 1.5KE10CA 4-1-43 1.5KE160 1.5KE160 
1.5KE10P 1.5KE10A 4-1-43 1.5KE160A 1.5KE160A 

1.5KE11 1.5KE11 4-1-43 1.5KE160C 1.5KE160C 
1.5KEl1 0 1.5KE110 4-1-44 1.5KE160CA 1.5KE160CA 
1.5KE110A 1.5KE110A 4-1-44 1.5KE160CP 
1.5KE110C 1.5KE110C 4-1-44 1.5KE160P 
1.5KE110CA 1.5KE110CA 4-1-44 1.5KE16A 1.5KE16A 
1.5KE110CP 1.5KE110CA 4-1-44 1.5KE16C 1.5KE16C 
1.5KE110P 1.5KE110A 4-1-44 1.5KE16CA 1.5KE16CA 
1.5KE11A 1.5KE11A 4-1-43 1.5KE16CP 
1.5KE11C 1.5KE11C 4-1-43 1.5KE16P 
1.5KE11CA 1.5KE11CA 4-1-43 1.5KE170 1.5KE170 

1.5KE11CP 1.5KE11CA 4-1-43 1.5KE170A 1.5KE170A 
1.5KE11P 1.5KE11A 4-1-43 1.5KE170C 1.5KE170C 
1.5KE12 1.5KE12 4-1-43 1.5KE170CA 1.5KE170CA 
1.5KE120 1.5KE120 4-1-44 1.5KE170CP 
1.5KE120A 1.5KE120A 4-1-44 1.5KE170P 
1.5KE120C 1.5KE120C 4-1-44 1.5KE18 1.5KE18 
1.5KE120CA 1.5KE120CA 4-1-44 1.5KE180 1.5KE180 
1.5KE120CP 1.5KE120CA 4-1-44 1.5KE180A 1.5KE180A 
1.5KE120P 1.5KE120A 4-1-44 1.5KE180C 1.5KE180C 
1.5KE12A 1.5KE12A 4-1-43 1.5KE180CA 1.5KE180CA 

1.5KE12C 1.5KE12C 4-1-43 1.5KE180CP 
1.5KE12CA 1.5KE12CA 4-1-43 1.5KE180P 
1.5KE12CP 1.5KE12CA 4-1-43 1.5KE18A 1.5KE18A 
1.5KE12P 1.5KE12A 4-1-43 1.5KE18C 1.5KE18C 
1.5KE13 1.5KE13 4-1-43 1.5KE18CA 1.5KE18CA 
1.5KE130 1.5KE130 4-1-44 1.5KE18CP 
1.5KE130A 1.5KE130A 4-1-44 1.5KE18P 
1.5KE130C 1.5KE130C 4-1-44 1.5KE20 1.5KE20 
1.5KE130CA 1.5KE130CA 4-1-44 1.5KE200 1.5KE200 
1.5KE130CP 1.5KE130CA 4-1-44 1.5KE200A 1.5KE200A 
1.5KE130P 1.5KE130A 4-1-44 1.5KE200C 1.5KE200C 

CF = consult factory representative 
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4-1-43 
4-1-43 
4-1-43 

1.5KE13CA 4-1-43 
1.5KE13A 4-1-43 

4-1-43 
4-1-44 
4-1-44 
4-1-44 
4-1-44 

1.5KE150CA 4-1-44 
1.5KE150A 4-1-44 

4-1-43 
4-1-43 
4-1-43 

1.5KE15CA 4-1-43 
1.5KE15A 4-1-43 

4-1-43 
4-1-44 
4-1-44 

4-1-44 
4-1-44 

1.5KE160CA 4-1-44 
1.5KE160A 4-1-44 

4-1-43 
4-1-43 
4-1-43 

1.5KE16CA 4-1-43 
1.5KE16A 4-1-43 

4-1-44 

4-1-44 
4-1-44 
4-1-44 

1.5KE170CA 4-1-44 
1.5KE170A 4-1-44 

4-1-43 
4-1-44 
4-1-44 
4-1-44 
4-1-44 

1.5KE180CA 4-1-44 
1.5KE180A 4-1-44 

4-1-43 
4-1-43 
4-1-43 

1.5KE18CA 4-1-43 
1.5KE18A 4-1-43 

4-1-43 
4-1-44 
4-1-44 
4-1-44 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number . Replacement 

1.SKE6VSA 1.SKE6.SA .4-1-43 1.SR6.BB 
1.SKE6V8CA l.SKE6.SCA 4-1-43 l.SSMC10AT3 l.SSMC10AT3 
1.SKE6VSCP 1.SKE6.SCA 4-1-43 l.SSMC11AT3 ·1.5SMC11AT3 
1.SKE6VSP 1.SKE6.BA 4-1-43 l.SSMC12AT3 l.SSMC12AT3 
1.SKE7.S l.SKE7.S 4-1-43 l.SSMC13AT3 l.SSMC13AT3 
1.5KE7.SA 1.SKE7.SA 4-1-43 l.SSMC1SAT3 l.SSMC1SAT3 
1.SKE7.SC l.SKE7.SC 4-1-43 l.SSMC16AT3 l.SSMC16AT3 
1.SKE7.SCA 1.SKE7.SCA 4-1-43 l.SSMC1BAT3 l.SSMC18AT3 
1.SKE7S l.SKE7S 4-1-44 1.5SMC20AT3 1.5SMC20AT3 
1.SKE7SA 1.SKE7SA 4-1-44 1.SSMC22AT3 1.SSMC22AT3 

1.SKE7SC 1.SKE7SC 4-1-44 1.SSMC24AT3 1.SSMC24AT3 
1.SKE7SCA 1.SKE7SCA 4-1-44 l.SSMC27AT3 l.SSMC27 AT3 
1.SKE7SCP 1.SKE7SCA 4-1-44 1.SSMC30AT3 1.SSMC30AT3 
1.SKE7SP 1.5KE75A 4-1-44 1.SSMC33AT3 1.SSMC33AT3 
1.5KE7VSA 1.SKE7.SA 4-1-43 1.SSMC36AT3 1.SSMC36AT3 
1.5KE7VSCA 1.SKE7.SCA 4-1-43 1.SSMC39AT3 1.SSMC39AT3 
1.5KE7VSCP 1.5KE7.SCA 4-1-43 1.SSMC43AT3 1.SSMC43AT3 
1.SKE7VSP 1.5KE7.SA 4-1-43 l.SSMC47AT3 l.SSMC47 AT3 
l.SKES.2 1.SKES.2 4-1-43 l.SSMCS1AT3 l.SSMCS1 AT3 
1.5KES.2A 1.5KES.2A 4-1-43 1.SSMCS6AT3 l.SSMCS6AT3 

1.5KES.2C 1.5KES.2C 4-1-43 1.SSMC6.BAT3 1.SSMC6.BAT3 
1.5KES.2CA 1.5KES.2CA 4-1-43 1.SSMC62AT3 1.SSMC62AT3 
1.5KE82 1.5KES2 4-1-44 1.SSMC6BAT3 1.SSMC68AT3 
1.SKES2A 1.SKES2A 4-1-44 l.SSMC7.SAT3 l.SSMC7.SAT3 
1.SKES2C 1.5KES2C 4-1-44 1.SSMC7SAT3 1.SSMC7SAT3 
1.5KEB2CA 1.5KES2CA 4-1-44 1.SSMCB.2AT3 1.SSMCB.2AT3 
1.5KEB2CP 1.SKEB2CA 4-1-44 1.SSMCB2AT3 1.SSMCB2AT3 
1.SKE82P 1.SKEB2A 4-1-44 1.SSMC9.1 AT3 1.SSMC9.1AT3 
1.SKESV2A 1.SKEB.2A 4-1-43 1.SSMC91 AT3 1.SSMC91 AT3 
1.5KEBV2CA 1.SKES.2CA 4-1-43 1/2R200 

1.SKEBV2CP 1.SKE8.2CA 4-1-43 1/2R200A 
1.SKEBV2P 1.5KEB.2A 4-1-43 1/2R200B 
l.SKE9.1 l.SKE9.1 4-1-43 1/2R6.8 
l.SKE9.1A l.SKE9.1A 4-1-43 112R6.8A 
l.SKE9.1C l.SKE9.1C 4-1-43 1/2R6.BB 
l.SKE9.1CA 1.5KE9.1CA 4-1-43 1/4LZ2.2D 
1.5KE91 1.5KE91 4-1-44 1/4LZ2.2D10 
1.5KE91A 1.5KE91A 4-1-44 1/4LZ2.2DS 
l.SKE91C l.SKE91C 4-1-44 1/4LZ6.BD 
l.SKE91CA l.SKE91CA 4-1-44 1/4LZ6.BD10 

1.SKE91CP l.SKE91CA 4-1-44 1/4LZ6.8DS 
1.SKE91P l.SKE91A 4-1-44 1/4M100Z10 
l.SKE9V1A l.SKE9.1A 4-1-43 1I4M100ZS 
l.SKE9V1CA l.SKE9.1CA 4-1-43 1/4M10SZ10 
l.SKE9V1CP l.SKE9.1CA 4-1-43 1 14M1 OSZS 
1.SKE9V1P l.SKE9.1A 4-1-43 1/4M10Z10 
1.SR200 1 NS9S6A 4-2-S2 1/4M10ZS 
1.SR200A 1N5956A 4-2-52 1/4M110Z10 
1.SR200B 1 NS9S6B 4-2-S2 1/4M110ZS 
l.SR6.B 1 NS921 A 4-2-S1 1/4M11Z10 
1.SR6.BA 1 NS921 A 4-2-S1 1/4M11ZS 

CF = consult factory representative 
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1NS921B 4-2-S1 
4-1-66 
4-1-66 

. 4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 

4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 

4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 
4-1-66 

1 NS2B1A 4-2-32 

1 NS281 A 4-2-32 
1NS2B1B 4-2-32 
1 NS23SA 4-2-31 
1 NS23SA 4-2-31 
1 NS23SB 4-2-31 
1 NS221 A 4-2-31 
1N5221A 4-2-31 
1 NS221B 4-2-31 
1 NS23SA 4-2-31 
1 NS23SA 4-2-31 

1 NS23SB 4-2-31 
1NS271B 4-2-32 
1 NS271B 4-2-32 
1 NS272B 4-2-32 
1 NS272B 4-2-32 
1 NS240B .4-2-31 
1 NS240B 4-2-31 
1N5272B 4-2-32 
1 NS272B 4-2-32 
1NS241B 4-2-31 
1NS241B 4-2-31 



----- .. 

C~REFERENCE(continued) . 

IMlUstry --- Metwela tnGllIIStry M!DteroIa 
Part DIr!tct SiR'liler ,.. Part .D~ 

Num&Ier RepIfIcemeftt AetalaselMftt ~ ~ Replacement 

1/4ZUD10 1N5235A 4·2·31 1N1510A 
1/426.805 1N5235B 4,2-81 1N1S11 
1M110ZS10 ,tM11OZSJ9 4,2.56 tN15.11A 
lM11ezs5 1M11C1ZS5 4-2·56 .m1512 
lM120ZS1Q 1M12025·10 4-2·56 1N1512A 
1M12QlSS 1M12tZS5 +2-56 '. 1N1513 
1M13OZS1Q 1M130ZS10. 4·2·56 1Nl,513A 
1M130ZS5 1M13OZS5 4-2-56 1N1514 
1Ml50ZS10 1M150ZStO 4·2~56 1N15t4A 
1M150ZS5 1M1sQZS5 4-2·56 1N1515 

1M16OZS10 lM160ZS10 4·2·56 lN1515A 
1M160ZS5 1M160ZSS 4·2·56 1N151S 
1M180ZS10 1 1.1 180.Z51 0 4·2·56 1N1516A 
1M180ZSS 1M1S0ZS5 4·2·56 1N1517 
1M200ZS10 1 M200ZS1 0 4·2·56 1N1517A 
1M200ZS5 1M200ZS5 4·2·56 1N1518 
1N1313 MZ41 02 4·2·37 1N1518A 
1N1313A MZ41 02 4·2·37 1N1519 
1N1314 1N4697 4·2·30 1N1519A 
1N1314A 1N4697 4·2·30 1N1520 

1N1315 1N4700 4·2·30 1N1520A 
1N1315A 1N4700 4·2·30 1N1521 
1N1316 1N4703 4·2·30 1N1521A 
1N1316A 1N4703 4·2·30 1N1522 
1N1317 1N4706 4·2'30 1N1522A 
1N1317A 1N4706 4·2·30 1N1523 
1N1318 1N4709 4·2·30 1N1523A 
1N1318A 1N4709 4·2·30 1N1524 
1N1319 1N4712 4·2·30 1N1.524A 
1N1319A 1N4712 4·2·30 1N1525 

1N1320 1N4715 4·2·30 1N1525A 
1N1320A 1N4715 4·2·30 1N1526 
1N1321 1N4717 4·2·30 1N1526A 
1N1321A 1N4717 4·2-30 1N1527 
1N1425 1N4738A 4·2-44 1N1527A 
1N1426 1N4742A 4·2-44 1N1528 
1N1427 1N4744A 4·2·44 1N1528A 
1N1428 1N4746A 4·2·44 1N1735 
1N1429 1N4748A 4·2·44 1N1744 
1N1430 1N4750A 4·2·44 1N1765 

1N1431 1N4760A 4·2·44 1N1765A 
1N1432 1N4764A 4·2·44 1N1766 
1N1484 1N4732A 4·2·44 1N1766A 
1N1485 1N4735A 4·2·44 1N1767 
1N1507 1N4730 4·2-44 1N1767A 
1N1507A 1N4730A 4·2·44 1N1768 
1N1508 1N4732 4·2·44 1N1768A 
1N150SA 1N4732A 4·2·44 1N1769 
1N1S09 1N4734 4·2·44 1N1769A 
1N150SA 1N4734A 4·2·44 1N1770 
1N1510 1N4736 4·2·44 1N1770A 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZEN~R DIODES 

2-8 

Motorola 
Similar Page 

Replacement Nutl1ber 

1N4736A 4-2-44 
1N4738 4·2-44 
1N4738A 4-2-44 
1N4740 4·2·44 
1N474OA 4-2·44 
1N4742 4·2·44 
1N4742A 4·2·44 
1N4744 4·2·44 
1N4744A 4·2·44 
1N4746 4·2·44 

1N4746A 4·2·44 
1N4748 4-2·4.4 
1N4748A 4·2·44 
1N4750 4·2·44 
1N4750A 4·2·44 
1N4730 4·2-44 
1N4730A 4·2·44 
1N4732 4·2·44 
1N4732A 4·2-44 
1N4734 4-2-44 

1N4734A 4-2-44 
1N4736 4·2-44 
1N4736A 4·2-44 
1N4738 4·2-44 
1N4738A 4-2-44 
1N4740 4-2-44 
1N4740A 4·2-44 
1N4742 4·2-44 
1N4742A 4-2·44 
1N4744 4-2-44 

1N4744A 4-2-44 
1N4746 4-2·44 
1N4746A 4-2·44 
1N4748 4·2·44 
1N4748A 4·2-44 
1N4750 4·2-44 
1N4750A 4·2·44 
1N823 4-3-10 
1N4740 4-2-44 
1N4734 4·2-44 

1N4734A 4-2-44 
1N4735 4-2·44 
1N473SA 4·2·44 
1N4736 4·2-44 
1N4736A 4·2·44 
1N4737 4-2-44 
1N4737A 4·2-44 
1N4738 4·2-44 
1N4738A 4-2-44 
1N4739 4-2·44 
1N4739A 4·2·44 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number .Replacement Replacement Number Number Replacement 

1N1958 1N5237A 4-2-31 1N2038A 
1N1959 1N5240A 4-2-31 1N2039 
1Nl960 1N5242A 4-2-31 1N2039A 
1N1961 1N5245A 4-2-31 1N2040 
1Nl962 1N5248A 4-2-31 1N2040A 
1N1963 1 N5251 A 4-2-31 1N2387. 
1N1964 1N5254A 4-2-31 1N2765 
1N1965 1N5257A 4-2-31 1N2765A 
1N1966 1N5259A 4-2-31 1N3016 
1Nl967 1N5261A 4-2-31 1N3016A 

1N1968 1N5263A 4-2-31 1N3016B 
1N1969 1N5266A 4-2-32 1N3017 
1N1970 1N5268A 4-2-32 1N3017A 
1N1971 1N5271A 4-2-32 1N3017B 
1N1972 1N5273A 4-2-32 1N3018 
1N1973 1N5276A 4-2-32 1N3018A 
1N1974 1N5279A 4-2-32 1N3018B 
1N1981 1N5228A 4-2-31 1N3019 
1N1982 1N5230A 4-2-31 1N3019A 
1N1983 1N5232A 4-2-31 1N3019B 

1N1984 1N5235A 4-2-31 1N3020 
1N1985 1N5237A 4-2-31 1N3020A 
1N1986 1N5240A 4-2-31 1N3020B 
1N1987 1N5242A 4-2-31 1N3021 
1Nl988 1N5245A 4-2-31 1 N3021 A 
1 N1989 1N5248A 4-2-31 1N3021B 
1N1990 1 N5251 A 4-2-31 1N3022 
1Nl991 1N5254A 4-2-31 1N3022A 
1N1992 1N5257A 4-2-31 1N3022B 
1N1993 1N5259A 4-2-31 1N3023 

1Nl994 1 N5261 A 4-2-31 1N3023A 
1N1995 1N5263A 4-2-31. 1N3023B 
1N1996 1N5266A 4-2-32 1N3024 
1N1997 1N5268A 4-2-32 1N3024A 
1N1998 1 N5271 A 4-2-32 1N3024B 
1N1999 1N5273A 4-2-32 1N3025 
1N2000 1N5276A 4-2-32 1N3025A 
1N2001 1N5279A 4-2-32 1N30258 
1N2032 1N4733A 4-2-44 1N3026 
1N2032A 1N4733A 4-2-44 1N3026A 
lN2033 1N4734A 4-2-44 1N3026B 
1N2033A 1N4734A 4-2-44 lN3027 

1N2034 1N4736A 4-2-44 1N3027A 
1N2034A 1N4736D 4-2-44 lN3027B 
lN2035 1N4739A 4-2-44 1N3028 
1N2035A 1N4739D 4-2-44 1N3028A 
1N2036 1 N4741 A 4-2-44 lN3028B 
1N2036A 1 N4741 0 4-2-44 1N3029 
1N2037 1N4743A 4-2-44 1N3029A 
lN2037A 1N4743D 4-2-44 1N3029B 
1N2038 1N4745A 4-2-44 1N3030 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-10 

Motorola 
Similar Page 

Replacement Number 

1N4745D 4-2-44 
1N4747A 4-2-44 
1N4747D 4-2-44 
1N4749A 4-2-44 
1N4749C 4-2-44 
1N4751 4-2-44 
1N823A 4-3-10 
1N825A 4-3-10 
MZP4736 4-2-56 
MZP4736 4-2-56 

MZP4736A 4-2-56 
MZP4737 4-2-56 
MZP4737 4-2-56 
MZP4737A 4-2-56 
MZP4738 4-2-56 
MZP4738 4-2-56 
MZP4738A 4-2-56 
MZP4739 4-2-56 
MZP4739 4-2-56 
MZP4739A 4-2,56 

MZP4740 4-2-56 
MZP4740 4-2-56 
MZP4740A 4-2-56 
MZP4741 4-2-56 
MZP4741 4-2-56 
MZP4741A 4-2-56 
MZP4742 4-2-56 
MZP4742 4-2-56 
MZP4742A 4-2-56 
MZP4743 4-2-56 

MZP4743 4-2-56 
MZP4743A 4-2-56 
MZP4744 4.-2-56 
MZP4744 4-2-56 
MZP4744A 4-2-56 
MZP4745 4-2-56 
MZP4745 4-2-56 
MZP4745A 4-2-56 
MZP4746 4-2-56 
MZP4746 4-2-56 
MZP4746A 4-2-56 
MZP4747 4-2-56 

MZP4747 4-2-56 
MZP4747A 4-2-56 
MZP4748 4-2-56 
MZP4748 4-2-56 
MZP4748A 4-2-56 
MZP4749 4-2-56 
MZP4749 4-2-56 
MZP4749A 4-2-56 
MZP4750 4-2-56 



CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N3447 3EZ12D5 4-2-53 1N3533 
1N3448 3EZ15D5 4-2-53 1N3534 
1N3449 3EZ18D5 4-2-53 1N3553 
1N3450 3EZ22D5 4-2-53 1N3675 
1N3451 3EZ27D5 4-2-53 1N3675A 
1N3452 3EZ30D5 4-2-53 1N3675B 
1N3453 3EZ33D5 4-2-53 1N3676 
1N3454 3EZ39D5 4-2-53 1N3676A 
1N3455 3EZ47D5 4-2-53 1N3676B 
1N3456 3EZ56D5 4-2-53 1N3677 

1N3457 3EZ68D5 4-2-53 1N3677A 
1N3458 3EZ82D5 4-2-53 1N3677B 
1N3459 3EZ100D5 4-2-53 1N3678 
1N3460 3EZ120D5 4-2-53 1N3678A 
1N3461 3EZ150D5 4-2-53 1N3678B 
1N3462 3EZ180D5 4-2-53 1N3679 
1N3463 3EZ220D5 4-2-54 1N3679A 
1N3477 1N5985B 4-2-33 1N3679B 
1N3477A 1N5985B 4-2-33 1N3680 
1N3496 1N823 4-3-10 1N3680A 

1N3497 1N825 4-3-10 1N3680B 
1N3498 1N827 4-3-10 1N3681 
1N3499 1N829 4-3-10 1 N3681 A 
1N3500 1N821 4-3-10 1N3681B 
1N3506 1N5226B 4-2-31 1N3682 
1N3507 1N5227B 4-2-31 1N3682A 
1N3508 1N5228B 4-2-31 1N3682B 
1N3509 1N5229B 4-2-31 1N3683 
1N3510 1N5230B 4-2-31 1N3683A 
1N3511 1N5231B 4-2-31 1N3683B 

1N3512 1N5232B 4-2-31 1N3684 
1N3513 1N5234B 4-2-31 1N3684A 
1N3514 1N5235B 4-2-31 1N3684B 
1N3515 1N5236B 4-2-31 1N3685 
1N3516 1N5237B 4-2-31 1N3685A 
1N3517 1N5239B 4-2-31 1N3685B 
1N3518 1N5240B 4-2-31 1N3686 
1N3519 1N5241B 4-2-31 1N3686A 
1N3520 1N5242B 4-2-31 1N3686B 
1N3521 1N5243B 4-2-31 1N3687 

1N3522 1N5245B 4-2-31 1N3687A 
1N3523 1N5246B 4-2-31 1N3687B 
1N3524 1N5248B 4-2-31 1N3688 
1N3525 1N5250B 4-2-31 1N3688A 
1N3526 1N5251B 4-2-31 1N3688B 
1N3527 1N5252B 4-2-31 1N3689 
1N3528 1N5254B 4-2-31 1N3689A 
1N3529 1N5256B 4-2-31 1N3689B 
1N3530 1N5257B 4-2-31 1N3690 
1N3531 1N5258B 4-2-31 1N3690A 
1N3532 1N5259B 4-2-31 1N3690B 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-12 

Motorola 
Similar Page 

Replacement Number 

1N5260B 4-2-31 
1N5261B 4-2-31 
1N821 4-3-10 
1N4736A 4-2-44 
1N4736A 4-2-44 
1N4736A 4-2-44 
1N4737A 4-2-44 
1N4737A 4-2-44 
1N4737A 4-2-44 
1N4738A 4-2-44 

1N4738A 4-2-44 
1N4738A 4-2-44 
1N4739A 4-2-44 
1N4739A 4-2-44 
1N4739A 4-2-44 
1N4740A 4-2-44 
1N4740A 4-2-44 
1N4740A 4-2-44 
1 N4741 A 4-2-44 
1 N4741 A 4-2-44 

1 N4741 A 4-2-44 
1N4742A 4-2-44 
1N4742A 4-2-44 
1N4742A 4-2-44 
1N4743A 4-2-44 
1N4743A 4-2-44 
1N4743A 4-2-44 
1N4744A 4-2-44 
1N4744A 4-2-44 
1N4744A 4-2-44 

1N4745A 4-2-44 
1N4745A 4-2-44 
1N4745A 4-2-44 
1N4746A 4-2-44 
1N4746A 4-2-44 
1N4746A 4-2-44 
1N4747A 4-2-44 
1N4747A 4-2-44 
1N4747A 4-2-44 
1N4748A 4-2-44 

1N4748A 4-2-44 
1N4748A 4-2-44 
1N4749A 4-2-44 
1N4749A 4-2-44 
1N4749A 4-2-44 
1N4750A 4-2-44 
1N4750A 4-2-44 
1N4750A 4-2-44 
1 N4751 A 4-2-44 
1 N4751 A 4-2-44 
1 N4751 A 4-2-44 



CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number ·Replacement Replacement . Number Number Replacement 

1N37938 1N59298 4-2-51 1N3810 
1N3794 1N5930A 4-2-51 1N3810A 
1N3794A 1N5930A 4-2-51 1 N381 08 
1N37948 1N59308 4-2-51 1N3811 
1N3795 1 N5931 A 4-2-51 1N3811A 
1N3795A 1 N5931 A 4-2-51 1N38118 
1N37958 1N59318 4-2-51 1N3812 
1N3796 1N5932A 4-2-51 1N3812A 
1N3796A 1N5932A 4-2-51 1N3812B 
1N37968 1N59328 4-2-51 1N3813 

1N3797 1N5933A 4-2-51 1N3813A 
1N3797A 1N5933A 4-2-51 1N38138 
1N37978 1N59338 4-2-51 1N3814 
1N3798 1N5934A 4-2-51 1N3814A 
1N379BA 1N5934A 4-2-51 1N38148 
1N37988 1N59348 4-2-51 1N3815 
1N3799 1N5935A 4-2-51 1N3815A 
1N3799A 1N5935A 4-2-51 1N38158 
1N37998 1N59358 4-2-51 1N3816 
1N380 1N5243A 4-2-31 1N3816A 

1N3800 1N5936A 4-2-51 1N38168 
1N3800A 1N5936A 4-2-51 1N3817 
1N38008 1N59368 4-2-51 1N3817A 
1N3801 1N5937A 4-2-51 1N38178 
1 N3801 A 1N5937A 4-2-51 1N3818 
1N38018 1N59378 4-2-51 1N3818A 
1N3802 1N5938A 4-2-51 1N38188 
1N3802A 1N5938A 4-2-51 1N3819 
1N38028 1N59388 4-2-51 1N3819A 
1N3803 1N5939A 4-2-51 1N38198 

1N3803A 1N5939A 4-2-51 1N382 
1N38038 1N59398 4-2-51 1N3820 
1N3804 1N5940A 4-2-51 1N3820A 
1N3804A 1N5940A 4-2-51 1N38208 
1N38048 1N59408 4-2-51 1N3821 
1N3805 1N5941A 4-2-51 1N3821A 
1N38P5A 1N5941A 4-2-51 1N3822 
1N38058 1N59418 4-2-51 1N3822A 
1N3806 1N5942A 4-2-51 1N3823 
1N3806A 1N5942A 4-2-51 1N3823A 

1N38068 1N59428 4-2'51 1N3824 
1N3807 1N5943A 4-2-51 1N3824A 
1N3807A 1N5943A 4-2-51 1N3825 
1N38078 1N59438 4-2-51 1N3825A 
1N3808 1N5944A 4-2-51 1N3826 
1N380BA 1N5944A 4-2-51 1N3826A 
1N38088 1N59448 4-2-51 1N3827 
1N3809 1N5945A 4-2-51 1N3827A 
1N3809A 1N5945A 4-2-51 1N3828 
1N38098 1N59458 4-2-51 1N3828A 
1N381 1N5246A 4-2-31 1N3829 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-14 

Motorola 
Similar Page 

Replacement Number 

1N5946A 4-2-51 
1N5946A 4-2-51 
1N5946B 4-2-51 
1N5947A 4-2-51 
1N5947A 4-2-51 
1N59478 4-2-51 
1N5948A 4-2-52 
1N5948A 4-2-52 
1N59488 4-2-52 
1N5949A 4-2-52 

1N5949A 4-2-52 
1N59498 4,2-52 
1N5950A 4-2-52 
1N5950A 4-2-52 
1N59508 4-2-52 
1N5951A 4-2-52 
1N5951A 4-2-52 
1N59518 4-2-52 
1N5952A 4-2-52 
1N5952A 4-2-52 

1N59528 4-2-52 
1N5953A 4-2-52 
1N5953A 4-2-52 
1N59538 4-2-52 
1N5954A 4-2-52 
1N5954A 4-2-52 
1N59548 4-2-52 
1N5955A 4-2-52 
1N5955A 4-2-52 
1N59558 4-2-52 

1N5249A 4-2-31 
1N5956A 4-2-52 
1N5956A 4-2-52 
1N59568 4-2-52 
MZP4728 4-2-56 
MZP4728A 4-2-56 
MZP4729 4-2-56 
MZP4729A 4-2-56 
MZP4730 4-2-56 
MZP4730A 4-2-56 

MZP4731 4-2-56 
MZP4731A 4-2-56 
MZP4732 4-2-56 
MZP4732A 4-2-56 
MZP4733 4-2-56 
MZP4733A 4-2-56 
MZP4734 4-2-56 
MZP4734A 4-2-56 
MZP4735 4-2-56 
MZP4735A 4-2-56 
MZP4736 4-2-56 



CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N4106 1N4699 4·2·30 1N4165 
1N4107 1N4700 4·2·30 1N4165A 
1N4108 1N4701 4·2·30 1N4165B 
1N4109 1N4702 4,2·30 1N4166 
1N4110 1N4703 4·2·30 1N4166A 
1N4111 1N4704 4·2·30 1N4166B 
1N4112 1N4705 4·2·30 1N4167 
1N4113 1N4706 4·2·30 1N4167A 
1N4114 1N4707 4·2·30 1N4167B 
1N4115 1N4708 4·2·30 1N4168 

1N4116 1N4709 4·2·30 1N4168A 
1N4117 1N4710 H·30 1N4168B 
1N4118 1N4711 4·2·30 1N4169 
1N4119 1N4712 4·2·30 1N4169A 
1N4120 1N4713 4-2·30 1N4169B 
1N4121 1N4714 4·2·30 1N4170 
1N4122 1N4715 4·2·30 1N4170A 
1N4123 1N4716 4·2·30 1N4170B 
1N4124 1N4717 4·2·30 1N4171 
1N4125 1N5261B 4·2·31 1N4171A 

1N4126 1N5262B 4·2·31 1N4171B 
1N4127 1N5263B 4·2·31 1N4172 
1N4128 1N5264B 4·2·31 1N4172A 
1N4129 1N5265B 4·2·31 1N4172B 
1N4130 1N5266B 4·2·32 1N4173 
1N4131 1N5267B 4·2·32 1N4173A 
1N4132 1N5268B 4·2·32 1N4173B 
1N4133 1N5269B 4·2·32 1N4174 
1N4134 1N5270B 4·2·32 1N4174A 
1N4135 1N5271B 4·2·32 1N4174B 

1N4158 1N4736 4·2·44 1N4175 
1N4158A 1N4736 4·2·44 1N4175A 
1N4158B 1N4736A 4·2·44 1N4175B 
1N4159 1N4737 4·2·44 1N4176 
1N4159A 1N4737 4·244 1N4176A 
1N4159B 1N4737A 4·244 1N4176B 
1N4160 1N4738 4·2·44 1N4177 
1N4160A 1N4738 4·2·44 1N4177A 
1N4160B 1N4738A 4·244 1N4177B 
1N4161 1N4739 4·2·44 1N4178 

1N4161A 1N4739 4·2·44 1N4178A 
1N4161B 1N4739A 4·2·44 1N4178B 
1N4162 1N4740 4·2·44 1N4179 
1N4162A 1N4740 4·2·44 1N4179A 
1N4162B 1N4740A 4·2·44 1N4179B 
1N4163 1N4741 4·2·44 1N4180 
1N4163A 1N4741 4·2·44 1N4180A 
1N4163B 1 N4741 A 4·2·44 1N4180B 
1N4164 1N4742 4·2·44 1N4181 
1N4164A 1N4742 4·2·44 1N4181A 
1N4164B 1N4742A 4·2·44 1N4181B 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-16 

Motorola 
Similar Page 

-Replacement Number 

1N4743 4·2·44 
1N4743 4·2·44 
1N4743A 4·2·44 
1N4744 4·2·44 
1N4744 4·2·44 
1N4744A 4·2·44 
1N4745 4·244 
1N4745 4·244 
1N4745A 4-2·44 
1N4746 4·2·44 

1N4746 4·2·44 
1N4746A 4·2·44 
1N4747 4·2·44 
1N4747 4·2·44 
1N4747A 4·2·44 
1N4748 4·2·44 
1N4748 4·2·44 
1N4748A 4-2·44 
1N4749 4·2·44 
1N4749 4·2·44 

1N4749A 4·2·44 
1N4750 4·2·44 
1N4750 4·2·44 
1N4750A 4·2·44 
1N4751 4·2·44 
1N4751 4·2·44 
1 N4751 A 4·2·44 
1N4752 4·2·44 
1N4752 4·2·44 
1N4752A 4·2·44 

1N4753 4·2·44 
1N4753 4·2·44 
1N4753A 4·2·44 
1N4754 4·244 
1N4754 4·2·44 
1N4754A 4·2·44 
1N4755 H·44 
1N4755 4·2·44 
1N4755A 4·2·44 
1N4756 4·2·44 

1N4756 4·2·44 
1N4756A 4-2·44 
1N4757 4·244 
1N4757 4·2·44 
1N4757A 4·2·44 
1N4758 4·2·44 
1N4758 4·2·44 
1N4758A 4·244 
1N4759 4-2·44 
1N4759 4·2·44 
1N4759A 4·2·44 



CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N43448 1N4757A 4-2-44 1N4401 
1N4345 1N4758 4'2-44 1N4402 
1N4345A 1N4758 4-2-44 1N4403 
1N43458 1N4758A 4-2-44 1N4404 
1N4346 1N4759 4-2-44 1N4405 
1N4346A 1N4759 4-2-44 1N4406 
1N43468 1N4759A 4-2-44 1N4407 
1N4347 1N4760 4-2-44 1N4408 
1N4347A 1N4760 4-2-44 1N4409 
1N43478 1N4760A 4-2-44 1N4410 

1N4348 1N4761 4-2-44 1N4411 
1N4348A 1N4761 4-2-44 1N4412 
1N43488 1 N4761 A 4-2-44 1N4413 
1N4349 1N4762 4-2-44 1N4414 
1N4349A 1N4762 4-2-44 1N4415 
1N43498 1N4762A 4-2-44 1N4416 
1N4350 1N4763 4-2-44 1N4417 
1N4350A 1N4763 4-2-44 1N4418 
1N43508 1N4763A 4-2-44 1N4419 
1N4351 1N4764 4-2-44 1N4420 

1 N4351 A 1N4764 4-2-44 1N4421 
1N43518 1N4764A 4-2-44 1N4422 
1N4352 1M110ZS10 4-2-56 1N4423 
1N4352A 1M110ZS10 4-2-56 1N4424 
1N43528 1M110ZSS 4-2-56 1N4425 
1N4353 1M120ZS10 4-2-56 1N4426 
1N4353A 1M120ZS10 4-2-56 1N4427 
1N43538 1M120ZS5 4-2-56 1N4428 
1N4354 1M130ZS10 4-2-56 1N4429 
1N4354A 1M130ZS10 4-2-56 1N4430 

1N43548 1M130ZSS 4-2-56 1N4431 
1N4355 1M150ZS10 4-2-56 1N4432 
1N4355A 1M150ZS10 4-2-56 1N4433 
1N43558 1M150ZS5 4-2-56 1N4434 
1N4356 1M160ZS10 4-2-56 1N4435 
1N4356A 1M160ZS10 4-2-56 1N4460 
1N43568 1M160ZS5 4-2-56 1N4461 
1N4357 1M180ZS10 4-2-56 1N4462 
1N4357A 1M180ZS10 4-2-56 1N4463 
1N4357B 1M180ZS5 4-2-56 1N4464 

1N4358 1M200ZS10 4-2-56 1N4465 
1N4358A 1M200ZS10 4-2-56 1N4466 
1N43588 1M200ZS5 4-2-56 1N4467 
1N4360 1N52218 4-2-31 1N4468 
1N4370 1N4370 4-2-28 1N4469 
1N4370A 1N4370A 4-2-28 1N4470 
1N4371 1N4371 4-2-28 1N4471 
1 N4371 A 1 N4371 A 4-2-28 1N4472 
1N4372 1N4372 4-2-28 1N4473 
1N4372A 1N4372A 4-2-28 1N4474 
1N4400 1N4736 4-2-44 1N4475 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-18 

Motorola 
Similar Page 

Replacement Number 

1N4737 4-2-44 
1N4738 4-2-44 . 
1N4739 4-2-44 
1N4740 4-2-44 
1N4741 4-2-44 
1N4742 4-2-44 
1N4743 4-2-44 
1N4744 4-2-44 
1N4745 4-2-44 
1N4746 4-2-44 

1N4747 4-2-44 
1N4748 4-2-44 
1N4749 4-2-44 
1N4750 4-2-44 
1N4751 4-2-44 
1N4752 4-2-44 
1N4753 4-2-44 
1N4754 4-2-44 
1N4755 4-2-44 
1N4756 4-2-44 

1N4757 4-2-44 
1N4758 4-2-44 
1N4759 4-2-44 
1N4760 4-2-44 
1N4761 4-2-44 
1N4762 4-2-44 
1N4763 4-2-44 
1N4764 4-2-44 
1M110ZS10 4-2-56 
1M120ZS10 4-2-56 

1M130ZS10 4-2-56 
1M150ZS10 4-2-56 
1M160ZS10 4-2-56 
1M180ZS10 4-2-56 
1M200ZS10 4-2-56 
1N4735A 4-2·44 
1N4736A 4-2-44 
1N4737A 4-2-44 
1N4738A 4-2-44 
1N4739A 4-2-44 

1N4740A 4-2-44 
1N4741A 4-2-44 
1N4742A 4-2-44 
1N4743A 4-2-44 
1N4744A 4-2-44 
1N4745A 4-2-44 
1N4746A 4-2-44 
1N4747A 4-2-44 
1N4748A 4-2-44 
1N4749A 4-2-44 
1N4750A 4-2-44 



I 

CROSS-REFERENCE (continued) 

Industry Motorola . Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N4651 1N4730A .4-2-44 1N4684 1N4684 
1N4652 1 N4731 A 4-2-44 1N4684C 1N4684C 
1N4653 1N4732A 4-2-44 1N4684D 1N4684D 
1N4654 1N4733A 4-2:44 1N4685 1N4685 
1N4655 1N4734A 4-2-44 1N4685C 1N4685C 
1N4656 1N4735A 4-2-44 1N4685D 1N4685D 
1N4657 1N4736A 4-2-44 1N4686 1N4686 
1N4658 1N4737A 4-2-44 1N4686C 1N4686C 
1N4659 1N4738A 4-2-44 1N4686D 1N4686D 
1N465A 1N5223B 4-2-31 1N4687 1N4687 

1N466 1N5226A 4-2-31 1N4687C 1N4687C 
1N4660 1N4739A 4-2:44 1N4687D 1N4687D 
1N4661 1N4740A 4-2-44 1N4688 1N4688 
1N4662 1 N4741 A 4-2-44 1N4688C 1N4688C 
1N4663 1N4742A 4-2-44 1N4688D 1N4688D 
1N4664 1N4743A 4-2-44 1N4689 1N4689 
1N4665 1N4744A 4-2-44 1N4689C 1N4689C 
1N4666 1N4745A 4-2,44 1N4689D 1N4689D 
1N4667 1N4746A 4-2-44 1N468A 
1N4668 1N4747A 4-2-44 1N469 

1N4669 1N4748A 4-2-44 1N4690 1N4690 
1N466A 1N5226B 4-2-31 1N4690C 1N4690C 
1N467 1N5228B 4-2-31 1N4690D 1N4690D 
1N4670 1N4749A 4-2-44 1N4691 1N4691 
1N4671 1N4750A 4-2-44 1N4691C 1N4691C 
1N4672 1 N4751 A 4-2-44 1N4691D 1N4691D 
1N4673 1N4752A 4-2-44 1N4692 1N4692 
1N4674 1N4753A 4-2-44 1N4692C 1N4692C 
1N4675 1N4754A 4-2-44 1N4692D 1N4692D 
1N4676 1N4755A 4-2-44 1N4693 1N4693 

1N4677 1N4756A 4-2-44 1N4693C 1N4693C 
1N4678 1N4678 4-2-30 1N4693D 1N4693D 
1N4678C 1N4678C 4-2-30 1N4694 1N4694 
1N4678D 1N4678D 4-2-30 1N4694C 1N4694C 
1N4679 1N4679 4-2-30 1N4694D 1N4694D 
1N4679C 1N4679C 4-2-30 1N4695 1N4695 
1N4679D 1N4679D 4-2-30 1N4695C 1N4695C 
1N467A 1N5228B 4-2-31 1N4695D 1N4695D 
1N468 1N5230A 4-2-31 1N4696 1N4696 
1N4680 1N4680 4-2-30 1N4696C 1N4696C 

1N4680C 1N4680C 4-2-30 1N4696D 1N4696D 
1N4680D 1N4680D 4-2-30 1N4697 1N4697 
1N4681 1N4681 4-2-30 1N4697C 1N4697C 
1N4681C 1N4681C 4-2-30 1N4697D 1N4697D 
1 N4681 0 1 N4681 0 4-2-30 1N4698 1N4698 
1N4682 1N4682 4-2-30 1N4698C 1N4698C 
1N4682C 1N4682C 4-2-30 1N4698D 1N4698D 
1N4682D 1N4682D 4-2-30 1N4699 1N4699 
1N4683 1N4683 4-2-30 1N4699C 1N4699C 
1N4683C 1N4683C 4-2-30 1N4699D 1N4699D 
1N4683D 1N4683D 4-2-30 1N469A 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Motorola 
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Replacement Number 

4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 

4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 

1N5230B 4-2-31 
1N5232B 4-2-31 

4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 

4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 

4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 
4-2-30 

1N5232B 4-2-31 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Num~r Replacement Replacement Number Number Replacement 

1N4739C 1N4739C 4-2-44 1N4752A 1N4752A 
1N4739D 1N4739D 4-2-44 1N.4752C 1N4752C 
1N4740 1N4740 4-2-44 1N4752D 1N4752D 
1N4740A 1N4740A 4-2-44 1N4753 1N4753 
1N4740C 1N4740C 4-2-44 1N4753A 1N4753A 
1N4740D 1N4740D 4-2-44 1N4753C 1N4753C 
1N4741 1N4741 4-2-44 1N4753D 1N4753D 
1 N4741 A 1 N4741 A 4-2-44 1N4754 1N4754 
1N4741C 1N4741C 4-2-44 1N4754A 1N4754A 
1N4741D 1N4741D 4-2-44 1N4754C 1N4754C 

1N4742 1N4742 4-2-44 1N4754D 1N4754D 
1N4742A 1N4742A 4-2-44 1N4755 1N4755 
1N4742C 1N4742C 4-2-44 1N4755A 1N4755A 
1N47420 1N4742D 4-2-44 1N4755C 1N4755C 
1N4743 1N4743 4-2-44 1N4755D 1N4755D 
1N4743A 1N4743A 4-2-44 1N4756 1N4756 
1N4743C 1N4743C 4-2-44 1N4756A 1N4756A 
1N4743D 1N4743D 4-2-44 1N4756C 1N4756C 
1N4744 1N4744 4-2-44 1N4756D 1N4756D 
1N4744A 1N4744A 4-2-44 1N4757 1N4757 

1N4744C 1N4744C 4-2-44 1N4757A 1N4757A 
1N4744D 1N4744D 4-2-44 1N4757C 1N4757C 
1N4745 1N4745 4-2-44 1N4757D 1N4757D 
1N4745A 1N4745A 4-2-44 1N4758 1N4758 
1N4745C 1N4745C 4-2-44 1N4758A 1N4758A 
1N4745D 1N4745D 4-2-44 1N4758C 1N4758C 
1N4746 1N4746 4-2-44 1N4758D 1N4758D 
1N4746A 1N4746A 4-2,44 1N4759 1N4759 
1N4746C 1N4746C 4-2-44 1N4759A 1N4759A 
1N4746D 1N4746D 4-2-44 1N4759C 1N4759C 

1N4747 1N4747 4-2-44 1N4759D 1N4759D 
1N4747A 1N4747A ·4-2-44 1N4760 1N4760 
1N4747C 1N4747C 4-2-44 1N4760A 1N4760A 
1N4747D 1N4747D 4-2-44 1N4760C 1N4760C 
1N4748 1N4748 4-2-44 1N4760D 1N4760D 
1N4748A 1N4748A 4-2-44 1N4761 1N4761 
1N4748C 1N4748C 4-2-44 1 N4761 A 1N4761A 
1N4748D 1N4748D 4-2-44 1N4761C 1N4761C 
1N4749 1N4749 4-2-44 1N4761D 1N4761D 
1N4749A 1N4749A 4-2-44 1N4762 1N4762 

1N4749C 1N4749C 4-2-44 1N4762A 1N4762A 
1N4749D 1N4749D 4-2-44 1N4762C 1N4762C 
1N4750 1N4750 4-2-44 1N4762D 1N4762D 
1N4750A 1N4750A 4-2-44 1N4763 1N4763 
1N4750C 1N4750C 4-2-44 1N4763A 1N4763A 
1N4750D 1N4750D 4-2-44 1N4763C 1N4763C 
1N4751 1N4751 4-2-44 1N4763D 1N4763D 
1N4751A 1N4751A 4-2-44 1N4764 1N4764 
1N4751C 1N4751C 4-2-44 1N4764A 1N4764A 
1N4751D 1N4751D 4-2-44 1N4764C 1N4764C 
1N4752 1N4752 4-2~44 1N4764D 1N4764D 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Motorola 
Similar Page 

Replacement . Number 

4-2-44 
4-2-44 
4-2-44 
4-2"44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 



I 

CROSS-REFERENCE (continued) 

Industry Motorola :Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N4961 1N5350B 4-2-59 1N5019 
1N4962 1N5352B 4-2-59 1N50l9A 
1N4963 1N5353B 4-2-59 1N5020 
1N4964 1N5355B 4-2-59 1N5020A 
1N4965 1N5357B 4-2-59 lN5021 
1N4966 1N5358B 4-2-59 1 NS021 A 
1N4967 1N5359B 4-2-59 1N5022 
1N4968 1N5361B 4-2-59 1N5022A 
1N4969 1N5363B 4-2-59 lN5023 
1N4970 1N5364B 4-2-59 1N5023A 

1N4971 1N5365B 4-2-59 1N5024 
1N4972 1N5366B 4-2-59 1 NS024A 
1N4973 1N5367B 4-2-59 lN502S 
1N4974 1N5368B 4-2-59 lN502SA 
lN4975 lN5369B 4-2-59 lN5026 
1N4976 1N5370B 4-2-59 lN5026A 
lN4977 lN5372B 4-2-59 lN5027 
lN4978 lN5373B 4-2-59 1 NS027A 
1N4979 1N5374B 4-2-59 1 NS028 
lN4980 lN5375B 4-2-59 lN5028A 

1N498l 1N5377B 4-2-S9 lN5029 
1N4982 1 NS378B 4-2-S9 lN5029A 
lN4983 1 NS379B 4-2-59 1N5030 
lN4984 1N5380B 4-2-59 1 NS030A 
1N4985 1N5381B 4-2-59 lN503l 
1N4986 lN5383B 4-2-60 lNS031A 
1N4987 1 NS384B 4-2-60 1 NS032 
lN4988 1 NS386B 4-2-60 1 NS032A 
1N4989 lN5388B 4-2-60 lN5033 
1 NS008 lN5333A 4-2-59 1N5033A 

lN5008A 1N5333B 4-2-59 1N5034 
1N5009 1N5334A 4-2-59 lN5034A 
lN5009A 1 NS334B 4-2-59 1N5035 
lNS010 3EZ3.9D10 4-2-53 1N5035A 
lN50l0A 3EZ3.9D5 4-2-53 lN5036 
1N5011 3EZ4.3D10 4-2-53 1N5036A 
lN50l1A 3EZ4.3D5 4-2-53 lN5037 
lN5012 3EZ4.7D10 4-2-53 lN5037A 
1N50l2A 3EZ4.7D5 4-2-53 1N5038 
1N50l3 3EZ5.1D10 4-2-53 lN5038A 

1 NS013A 3EZ5.1D5 4-2-53 lN5039 
1N50l4 3EZ5.6Dl0 4-2-53 1N5039A 
1 NS014A 3EZ5.6D5 4-2-53 lN5040 
1NS015 3EZ6.2Dl0 4-2-S3 lN5040A 
1N501SA 3EZ6.2D5 4-2-53 lN5041 
lN5016 3EZ6.8Dl0 4-2-S3 1 N504l A 
lN50l6A 3EZ6.8D5 4-2-53 1N5042 
1N5017 3EZ7.5Dl0 4-2-53 1 NS042A 
lN5017A 3EZ7.5DS 4-2-53 lN5043 
lN5018 3EZ8.2D10 4-2-53 1N5043A 
1N50l8A 3EZ8.2DS 4-2-53 1 NS044 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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3EZ9.1Dl0 4-2-53 
3EZ9.1D5 4-2-53 
3EZ10D10 4-2-53 
3EZ10D5 4-2-S3 
3EZ11D10 4-2-53 
3EZ11D5 4-2-53 
3EZ12D10 4-2-53 
3EZ12D5 4-2-53 
3EZ13D10 4-2-53 
3EZ13D5 4-2-53 

3EZ14D10 4-2-53 
3EZ14D5 4-2-S3 
3EZ15D10 4-2-53 
3EZ1SD5 4-2-53 
3EZ16D10 4-2-53 
3EZ16DS 4-2-53 
3EZ17D10 4-2-53 
3EZ17DS 4-2-53 
3EZ18D10 4-2-53 
3EZ18D5 4-2-53 

3EZ19D10 4-2-53 
3EZ19DS 4-2-53 
3EZ20Dl0 4-2-53 
3EZ20DS 4-2-53 
3EZ22D10 4-2-53 
3EZ22DS 4-2-53 
3EZ24Dl0 4-2-53 
3EZ24D5 4-2-53 
3EZ24D5 4-2-53 
3EZ24D5 4-2-53 

3EZ27Dl0 4-2-53 
3EZ27D5 4-2-53 
3EZ30D10 4-2-54 
3EZ30D5 4-2-S3 
3EZ33Dl0 4-2-53 
3EZ33D5 4-2-53 
3EZ36D10 4-2-53 
3EZ36D5 4-2-53 
3EZ39D10 4-2-53 
3EZ39D5 4-2-53 

3EZ43D10 4-2-53 
3EZ43D5 4-2-53 
3EZ47D5 4-2-53 
3EZ47D5 4-2-S3 
3EZ47D5 4-2-53 
3EZ47D5 4-2-53 
3EZ51D5 4-2-S3 
3EZS1D5 4-2-53 
3EZS1D10 4-2-53 
3EZ51D5 4-2-53 
3EZS1D5 4-2-53 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N5225A 1N5225A 4-2-31 1N5235B 1N5235B 
1N5225B 1N5225B 4-2-31 1N5235C 1N5235C 
1N5225C 1N5225C 4-2-31 1N5235D 1N5235D 
1N5225D 1N5225D 4-2-31 1N5236 1N5236A 
1N5226 1N5226A 4-2-31 1N5236A 1N5236A 
1N5226A 1N5226A 4-2-31 1N5236B 1N5236B. 
1N5226B 1N5226B 4-2-31 1N5236C 1N5236C 
1N5226C 1N5226C 4-2-31 1N5236D 1N5236D 
1N5226D 1N5226D . 4-2-31 1N5237 1N5237A 
1N5227 1N5227A 4-2-31 1N5237A 1N5237A 

1N5227A 1N5227A 4-2-31 1N5237B 1N5237B 
1N5227B 1N5227B 4-2-31 1N5237C 1N5237C 
1N5227C 1N5227C 4-2-31 1N5237D 1N5237D 
1N5227D 1N5227D 4-2-31 1N5238 1N5238A 
1N5228 1N5228A 4-2-31 1N523BA 1N5238A 
1N522BA 1N522BA H-31 1N5238B 1N5238B 
1N5228B 1N5228B 4-2-31 1N5238C 1N5238C 
1N5228C 1N5228C 4-2-31 1N5238D 1N5238D 
1N5228D 1N5228D 4-2-31 1N5239 1N5239A 
1N5229 1N5229A 4-2-31 1N5239A 1N5239A 

1N5229A 1N5229A 4-2-31 1N5239B 1N5239B 
1N5229B 1N5229B 4-2-31 1N5239C 1N5239C 
1N5229C 1N5229C 4-2-31 1N5239D 1N5239D 
1N5229D 1N5229D 4-2-31 1N5240 1N5240A 
1N52.30 1N5230A 4-2-31 1N5240A 1N5240A 
1N5230A 1N5230A 4-2-31 1N5240B 1N5240B 
1N5230B 1N5230B 4-2-31 1N5240C 1N5240C 
1N5230C 1N5230C 4-2-31 1N5240D 1N5240D 
1N5230D 1N5230D 4-2-31 1N5241 1 N5241 A 
1N5231 1N5231A 4-2~31 1N5241A 1 N5241 A 

1N5231A 1N5231A 4-2-31 1N5241B 1N5241B 
1N5231B 1N5231B 4-2-31 1N5241C 1N5241C 
1N5231C 1N5231C 4-2-31. 1N5241D 1N5241D 
1N5231D 1N5231D 4-2-31 1N5242 1N5242A 
1N5232 1N5232A 4-2-31 1N5242A 1N5242A 
1N5232A 1N5232A 4-2-31 1N5242B 1N5242B 
1N5232B 1N5232B 4-2-31 1N5242C 1N5242C 
1N5232C 1N5232C 4-2-31 1N5242D 1N5242D 
1N5232D 1N5232D 4-2:31 1N5243 1N5243A 
1N5233 1N5233A 4-2-31 1N5243A 1N5243A 

1N5233A 1N5233A 4-2-31 1N5243B 1N5243B 
1N5233B 1N5233B 4-2-31 1N5243C 1N5243C 
1N5233C 1N5233C 4-2-31 1N5243D 1N5243D 
1N5233D 1N5233D 4-2-31 1N5244 1N5244A 
1N5234 1N5234A 4-2-31 1N5244A 1N5244A 
1N5234A 1N5234A 4-2-31 1N5244B 1N5244B 
1N5234B 1N5234B 4-2-31 1N5244C 1N5244C 
1N5234C 1N5234C 4-2-31 1N5244D 1N5244D 
1N5234D 1N5234D 4-2-31 1N5245 1N5245A 
1N5235 1N5235A 4-2-31 1N5245A 1N5245A 
1N5235A 1N5235A 4-2-31 1N5245B 1N5245B 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-26 

Motorola 
Similar Page 

Replacement Number 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31. 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 



I 

CROSS-REFERENCE (continued) 

Industry 'Motorola " Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N5266 1N5266A 4·2·32 1N5276A 1N5276A 
1N5266A 1N5266A 4·2·32 1N5276B 1N5276B 
1N5266B 1N5266B 4·2·32 1N5276C 1N5276C 
1N5266C 1N5266C 4·2·32 1N5276D 1N5276D 
1N5266D 1N5266D 4·2·32 1N5277 1N5277A 
1N5267 1N5267A 4·2·32 1N5277A 1N5277A 
1N5267A 1N5267A 4·2·32 1N5277B 1N5277B 
1N5267B 1N5267B 4·2·32 1N5277C 1N5277C 
1N5267C 1N5267C 4·2·32 1N5277D 1N5277D 
1N5267D 1N5267D 4·2·32 1N5278 1N5278A 

1N526B 1N526BA 4·2·32 1N527BA 1N5278A 
1N526BA 1N526BA 4·2·32 1N527BB 1N5278B 
1N526BB 1N5268B 4·2·32 1N5278C 1N5278C 
1N5268C 1N5268C 4·2·32 1N5278D 1N5278D 
1N5268D 1N5268D 4·2·32 1N5279 1N5279A 
1N5269 1N5269A 4·2·32 1N5279A 1N5279A 
1N5269A 1N5269A 4·2·32 1N5279B 1N5279B 
1N5269B 1N5269B 4·2·32 1N5279C 1N5279C 
1N5269C 1N5269C 4·2·32 1N5279D 1N5279D 
1N5269D 1N5269D 4·2·32 1N52BO 1N52BOA 

1N5270 1N5270A 4·2·32 1N5280A 1N52BOA 
1N5270A 1N5270A 4·2·32 1N52BOB 1N52BOB 
1N5270B 1N5270B 4·2·32 1N5280C 1N5280C 
1N5270C 1N5270C 4·2·32 1N5280D 1N52BOD 
1N5270D 1N5270D 4·2·32 1N5281 1N5281A 
1N5271 1N5271A 4·2·32 1N5281A 1N52B1A 
1 N5271 A 1 N5271 A 4·2·32 1N5281B 1N52B1B 
1N5271B 1N5271B 4·2·32 1N52B1C 1N5281C 
1N5271C 1N5271C 4·2·32 1N52B1D 1N5281D 
1N5271D 1N5271D 4·2·32 1N5283 1N5283 

1N5272 1N5272A 4·2·32 1N52B4 1N5284 
1N5272A 1N5272A 4·2·32 1N52B5 1N52B5 
1N5272B 1N5272B 4·2·32 1N52B6 1N5286 
1N5272C 1N5272C 4·2·32 1N5287 1N5287 
1N5272D 1N5272D 4·2·32 1N5288 1N52B8 
1N5273 1N5273A 4-2·32 ' 1N5289 1N52B9 
1N5273A 1N5273A 4·2·32 1N5290 1N5290 
1N5273B 1N5273B 4·2·32 1N5291 1N5291 
1N5273C 1N5273C 4·2·32 1N5292 1N5292 
1N5273D 1N5273D 4·2·32 1N5293 1N5293 

1N5274 1N5274A 4·2·32 1N5294 1N5294 
1N5274A 1N5274A 4·2·32 1N5295 1N5295 
1N5274B 1N5274B 4·2·32 1N5296 1N5296 
1N5274C 1N5274C 4·2·32 1N5297 1N5297 
1N5274D 1N5274D 4·2·32 1N5298 1N5298 
1N5275 1N5275A 4·2·32 1N5299 1N5299 
1N5275A 1N5275A 4·2·32 1N5300 1N5300 
1N5275B 1N5275B 4·2·32 1N5301 1N5301 
1N5275C 1N5275C 4·2·32 1N5302 1N5302 
1N5275D 1N5275D 4·2·32 1N5303 1N5303 
1N5276 1N5276A 4·2·32 1N5304 1N5304 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-28 

" " ,: ~. 

Motorola 
Similar Page 

Replacement Number 

4·2·32 
4-2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 

4·2·32 
4·2·32 
4·2·32 
4·2·32 
4:2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4'2·32 

4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 
4·2·32 

CF 

CF 
CF 
CF 
CF 
CF 
CF 
CF 
CF 
CF 
CF 

CF 
CF 
CF 
CF 
CF 
CF 
CF 
CF 
CF 
CF 
CF 



• 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N5351B 1N5351B 4-2-59 1N5361C CF 
1N5351C CF - 1N5361D CF 
1N5351D CF - 1N5362 1N5362A 
1N5352 1N5352A 4-2-59 1N5362A 1N5362A 
1N5352A 1N5352A 4-2-59 1N5362B 1N5362B 
1N5352B 1N5352B 4-2-59 1N5362C CF 
1N5352C CF - 1N5362D CF 
1N5352D CF - 1N5363 1N5363A 
1N5353 1N5353A 4-2-59 1N5363A 1N5363A 
1N5353A 1N5353A 4-2-59 1N5363B 1N5363B 

1N5353B 1N5353B 4-2-59 1N5363C CF 
1N5353C CF - 1N5363D CF 
1N5353D CF - 1N5364 1N5364A 
1N5354 1N5354A 4-2'59 1N5364A 1N5364A 
1N5354A 1N5354A 4-2-59 1N5364B 1N5364B 
1N5354B 1N5354B 4-2-59 1N5364C CF 
1N5354C CF - 1N5364D CF 
1N5354D CF - 1N5365 1N5365A 
1N5355 1N5355A 4-2-59 1N5365A 1N5365A 
1N5355A 1N5355A 4-2-59 1N5365B 1N5365B 

1N5355B 1N5355B 4-2-59 1N5365C CF 
1N5355C CF - 1N5365D CF 
1N5355D CF - 1N5366 1N5366A 
1N5356 1N5356A 4-2-59 1N5366A 1N5366A 
1N5356A 1N5356A 4-2-59 1N5366B 1N5366B 
1N5356B 1N5356B 4-2-59 1N5366C CF 
1N5356C CF - 1N5366D CF 
1N5356D CF - 1N5367 1N5367A 
1N5357 1N5357A 4-2-59 ' 1N5367A 1N5367A 
1N5357A 1N5357A 4-2-59 1N5367B 1N5367B 

1N5357B 1N5357B 4-2-59 1N5367C CF 
1N5357C CF - 1N5367D CF 
1N5357D CF - 1N5368 1N5368A 
1N5358 1N5358A 4-2-59 1N5368A 1N5368A 
1N5358A 1N5358A 4-2-59 1N5368B 1N5368B 
1N5358B 1N5358B 4-2-59 1N5368C CF 
1N5358C CF - 1N5368D CF 
1N5358D CF - 1N5369 1N5369A 
1N5359 1N5359A ,4-2-59 1N5369A 1N5369A 
1N5359A 1N5359A 4-2-59 1N5369B 1N5369B 

1N5359B 1N5359B 4-2-59 1N5369C CF 
1N5359C CF - 1N5369D CF 
1N5359D CF - 1N5370 1N5370A 
1N5360 1N5360A 4-2-59 1N5370A 1N5370A 
1N5360A 1N5360A 4-2-59 1N5370B 1N5370B 
1N5360B 1N5360B 4-2-59 1N5370C CF 
1N5360C CF - 1N5370D CF 
1N5360D CF - 1N5371 1 N5371 A 
1N5361 1N5361A 4-2-59 1 N5371 A 1N5371A 
1 N5361 A 1N5361A 4-2-59 1N5371B 1N5371B 
1N5361B 1N5361B 4-2-59 ' 1N5371C CF 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER. DIODES 

2-30 

Motorola 
Similar Page 

Replacement Number 
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CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page ,Part Direct 

Number Replacement Replacement Number Number Replacement 

1 N5521 A MZ5521B 4-2-38 1N5531B 
1N5521B MZ5521B 4-2-38 1N5531C 
1N5521C CF - 1N5531D 
1N5521D CF - 1N5532 
1N5522 MZ5522B 4-2-38 1N5532A 
1N5522A MZ5522B 4-2-38 1N5532B 
1N5522B MZ5522B 4-2-38 1N5532C 
1N5522C CF - 1N5532D 
1N5522D CF - 1N5533 
1N5523 MZ5523B 4-2-38 1N5533A 

1N5523A MZ5523B 4-2-38 1N5533B 
1N5523B MZ5523B 4-2-38 1N5533C 
1N5523C CF - 1N5533D 
1N5523D CF - 1N5534 
1N5524 MZ5524B 4-2-38 1N5534A 
1N5524A MZ5524B 4-2-38 1N5534B 
1N5524B MZ5524B 4-2-38 1N5534C 
1N5524C CF - 1N5534D 
1N5524D CF - 1N5535 
1N5525 MZ5525B 4-2-38 1N5535A 

1N5525A MZ5525B 4-2-38 1N5535B 
1N5525B MZ5525B 4-2-38 1N5535C 
1N5525C CF - 1N5535D 
1N5525D CF - 1N5536 
1N5526 MZ5526B 4-2:38 1N5536A 
1N5526A MZ5526B 4-2-38 1N5536B 
1N5526B MZ5526B 4-2-38 1N5536C 
1N5526C CF - 1N5536D 
1N5526D CF - 1N5537 
1N5527 MZ5527B 4-2-38 1N5537A 

1N5527A MZ5527B 4-2-38 1N5537B 
1N5527B MZ5527B 4-2-38 1N5537C 
1N5527C CF - 1N5537D 
1N5527D CF - 1N5538 
1N5528 MZ5528B 4-2-38 1N5538A 
1N5528A MZ5528B 4-2-38 1N5538B 
1N5528B MZ5528B 4-2-38 1N5538C 
1N5528C CF - 1N5538D 
1N5528D CF - 1N5539 
1N5529 MZ5529B 4-2-38 1N5539A 

1N5529A MZ5529B 4-2-38 1N5539B 
1N5529B MZ5529B 4-2-38 1N5539C 
1N5529C CF - 1N5539D 
1N5529D CF - 1N5540 
1N5530 MZ5530B 4-2-38 . 1N5540A 
1N5530A MZ5530B 4-2-38 1N5540B 
1N5530B MZ5530B 4-2-38 1N5540C 
1N5530C CF - 1N5540D 
1N5530D CF - 1N5541 
1N5531 1N4698 4-2-30 1 N5541 A 
1N5531A 1N4698 H-30 1N5541B 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-32 

Motorola 
Similar Page 

Replacement Number 

1N4698 4-2-30 
1N4698C 4-2-30 
1N4698D· 4-2'30 
1N4699 4-2-30 
1N4699 4-2-30 
1N4699 4-2-30 
1N4699C 4-2-30 
1N4699D 4-2-30 
1N4700 4-2-30 
1N4700 4-2-30 

1N4700 4-2-30 
1N4700C 4-2-30 
1N4700D 4-2-30 
1N4701 4-2-30 
1N4701 4-2-30 
1N4701 4-2-30 
1N4701C 4-2-30 
1N4701D 4-2-30 
1N4702 4-2-30 
1N4702 4-2-30 

1N4702 4-2-30 
1N4702C 4-2-30 
1N4702D 4-2-30 
1N4703 4-2-30 
1N4703 4-2-30 
1N4703 4-2-30 
1N4703C 4-2-30 
1N4703D 4-2-30 
1N4704 4-2-30 
1N4704 4-2-30 

1N4704 4-2-30 
1N4704C 4-2-30 
1N4704D 4-2-30 
1N4705 4-2-30 
1N4705 4-2-30 
1N4705 4-2-30 
1N4705C 4-2-30 
1N4705D 4-2-30 
1N4706 4-2-30 
1N4706 4-2-30 

1N4706 4-2-30 
1N4706C 4-2-30 
1N4706D 4-2-30 
1N4707 4-2-30 
1N4707 4-2-30 
1N4707 4-2-30 
1N4707C 4-2-30 
1N4707D 4-2-30 
1N4708 4-2-30 
1N4708 4-2-30 
1N4708 4-2-30 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N5582B 1N4759A 4-2-44 1N5634 
1N5583 1N4760 4-2-44 1N5634A 
1N5583A 1N4760 4-2-44 1N5635 
1N5583B 1N4760A 4-2-44 1N5635A 
1N5584 '- 1N4761 4-2-44 1N5636 
1N5584A 1N4761 4-2-44 1N5636A 
1N5584B 1 N4761 A 4-2-44 1N5637 
1N5585 1N4762 4-2-44 1N5637A 
1N5585A 1N4762 4-2-44 1N5638 
1N5585B 1N4762A 4-2-44 1N5638A 

1N5586 1N4763 4-2-44 1N5639 
1N5586A 1N4763 4-2-44 1N5639A 
1N5586B 1N4763A 4-2-44 1N5640 
1N5587 1N4764 4-2-44 1N5640A 
1N5587A 1N4764 4-2-44 1N5641 
1N5587B 1N4764A 4-2-44 1 N5641 A 
1N5588 1M110ZS10 4-2-56 1N5642 
1N5588A 1M110ZS10 4-2-56 1N5642A 
1N5588B 1M110ZS5 4-2-56 1N5643 
1N5589 1M120ZS10 4-2-56 1N5643A 

1N5589A 1M120ZS10 4-2-56 1N5644 
1N5589B 1M120ZS5 4-2-56 1N5644A 
1N5590 1M130ZS10 4'2-56 1N5645 
1N5590A 1M130ZS10 4-2-56 1N5645A 
1N5590B 1M130ZS5 4-2-56 1N5646 
1N5591 1M150ZS10 4-2-56 1N5646A 
1N5591A 1M150ZS10 4-2-56 1N5647 
1N5591B 1M150ZS5 4-2-56 1N5647A 
1N5592 1M160ZS10 4-2-56 1N5648 
1N5592A 1M160ZS10 4-2-56 1N5648A 

1N5592B 1M160ZS5 4-2-56 1N5649 
1N5593 1M180ZS10 4-2-56 1N5649A 
1N5593A 1M180ZS10 4-2-56 1N5650 
1N5593B 1M180ZS5 4-2-56 1N5650A 
1N5594 1M200ZS10 4-2-56 1N5651 
1N5594A 1M200ZS10 4-2-56 1 N5651 A 
1N5594B 1M200ZS5 4-2-56 1N5652 
1N5610 1N6284A 4-1-43 1N5652A 
1N5611 1N6287A 4-1-43 1N5653 
1N5612 1N6289A 4'1-44 1N5653A 

1N5613 1N6303A 4-1-44 1N5654 
1N5629 1N6267 4-1-43 1N5654A 
1N5629A 1N6267A 4-1-43 1N5655 
1N5630 1N6268 4-1-43 1N5655A 
1N5630A 1N6268A 4-1-43 1N5656 
1N5631 1N6269 4-1-43 1N5656A 
1N5631A 1N6269A 4-1-43 1N5657 
1N5632 1N6270 4-1-43 1N5657A 
1N5632A 1N6270A 4-1-43 1N5658 
1N5633 1N6271 4-1-43 1N5658A 
1N5633A 1N6271A 4-1-43 1N5659 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-34 

Motorola 
Similar . Page 

Replacement Number 

1N6272 4-1-43 
1N6272A 4-1-43 
1N6273 4-1-43 
1N6273A 4-1-43 
1N6274 4-1-43 
1N6274A 4-1-43 
1N6275 4-1-43 
1N6275A 4-1-43 
1N6276 4-1-43 
1N6276A 4-1-43 

1N6277 4-1-43 
1N6277A 4-1-43 
1N6278 4-1-43 
1N6278A 4-1-43 
1N6279 4-1-43 
1N6279A 4-1-43 
1N6280 4-1-43 
1N6280A 4-1-43 
1N6281 4-1-43 
1 N6281 A 4-1-43 

1N6282 4-1-43 
1N6282A 4-1-43 
1N6283 4-1-43 
1N6283A 4-1-43 
1N6284 4-1-43 
1N6284A 4-1-43 
1N6285 4-1-43 
1N6285A 4-1-43 
1N6286 4-1-43 
1N6286A 4-1-43 

1N6287 4-1-43 
1N6287A 4-1-43 
1N6288 4-1-43 
1N6288A 4-1-43 
1N6289 4-1-44 
1N6289A 4-1-44 
1N6290 4-1-44 
1N6290A 4-1'44· 
1N6291 4-1-44 
1N6291A 4-1-44 

1N6292 4-1-44 
1N6292A 4-1-44 
1N6293 4-1-44 
1N6293A 4-1-44 
1N6294 4-1-44 
1N6294A 4-1-44 
1N6295 4-1-44 
1N6295A 4-1-44 
1N6296 4-1-44 
1N6296A 4-1-44 
1N6297 4-1-44 



I 

CROSS-REFERENCE (continued) \. ' ''' ,',' , '..' ,: i '~ , 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page 

Number Replacement Replacement Number 
Part Direct 

Number Replacement 

1N5757D 1 N6021 0 4-2-33 1N5853B 
1N5837 1N5221A 4-2-31 1N5854 
1N5837A 1N5221A 4-2-31 1N5854A 
1N5837B 1N5221B 4-2-31 1N5854B 
1N5838 1N5222A 4-2-31 1N5855 
1N5838A 1N5222A 4-2-31 1N5855A 
1N5838B 1N5222B 4-2-31 1N5855B 
1N5839 1N5223A 4-2-31 1N5856 
1N5839A 1N5223A 4-2-31 1N5856A 
1N5839B 1N5223B 4-2-31 1N5856B 

1N5840 1N5224A 4-2-31 1N5857 
1N5840A 1N5224A 4-2-31 1N5857A 
1N5840B 1N5224B 4-2-31 1N5857B 
1N5841 1N5225A 4-2-31 1N5858 
1N5841A 1N5225A 4-2-31 1N5858A 
1N5841B 1N5225B 4-2-31 1N5858B 
1N5842 1N5226A 4-2-31 1N5859 
1N5842A 1N5226A 4-2-31 1N5859A 
1N5842B 1N5226B 4-2-31 1N5859B 
1N5843 1N5227A 4-2-31 1N5860 

1N5843A 1N5227A 4-2-31 1N5860A 
1N5843B 1N5227B 4-2-31 1N5860B 
1N5844 1N5228A 4-2-31 1N5861 
1N5844A 1N5228A 4-2-31 1N5861A 
1N5844B 1N5228B 4-2-31 1N5861B 
1N5845 1N5229A 4-2-31 1N5862 
1N5845A 1N5229A 4-2-31 1N5862A 
1N5845B 1N5229B 4-2-31 1N5862B 
1N5846 1N5230A 4-2-31 1N5863 
1N5846A 1N5230A 4-2-31 1N5863A 

1N5846B 1N5230B 4-2-31 1N5863B 
1N5847 1 N5231 A 4-2-31 1N5864 
1N5847A 1 N5231 A 4-2-31 1N5864A 
1N5847B 1N5231B 4-2-31 1N5864B 
1N5848 1N5232A 4-2-31 1N5865 
1N5848A 1N5232A 4-2-31 1N5865A 
1N5848B 1N5232B 4-2-31 1N5865B 
1N5849 1N5233A 4-2-31 1N5866 
1N5849A 1N5233A 4-2-31 1N5866A 
1N5849B 1N5233B 4-2-31 1N5866B 

1N5850 1N5234A 4-2-31 1N5867 
1N5850A 1N5234A 4-2-31 1N5867A 
1N5850B 1N5234B 4-2-31 1N5867B 
1N5851 1N5235A 4-2-31 1N5868 
1 N5851 A 1N5235A 4-2-31 1N5868A 
1N5851B 1N5235B 4-2-31 1N5868B 
1N5852 1N5236A 4-2-31 1N5869 
1N5852A 1N5236A 4-2-31 1N5869A 
1N5852B 1N5236B 4-2-31 1N5869B 
1N5853 1N5237A 4-2-31 1N5870 
1N5853A 1N5237A 4-2-31 1N5870A 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-36 

Motorola 
Similar 

Replacement 

1N5237B 
1N5238A 
1N5238A 
1N5238B 
1N5239A 
1N5239A 
1N5239B 
1N5240A 
1N5240A 
1N5240B 

1 N5241 A 
1 N5241 A 
1N5241B 
1N5242A 
1N5242A 
1N5242B 
1N5243A 
1N5243A 
1N5243B 
1N5244A 

1N5244A 
1N5244B 
1N5245A 
1N5245A 
1N5245B 
1N5246A 
1N5246A 
1N5246B 
1N5247A 
1N5247A 

1N5247B 
1N5248A 
1N5248A 
1N5248B 
1N5249A 
1N5249A 
1N5249B 
1N5250A 
1N5250A 
1N5250B 

1N5251A 
1 N5251 A 
1N5251B 
1N5252A 
1N5252A 
1N5252B 
1N5253A 
1N5253A 
1N5253B 
1N5254A 
1N5254A 

. : ~ ", ; 

Page 
Number 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 

4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 
4-2-31 



• 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola I Industry Motorola 
, Part Direct '·Similar Page Part Direct 

. Number·· Replacement Replacement Number Number Replacement 

1N5919 1N5919A 4-2-51 1N5936 1N5936A· 
1N5919A 1N5919A 4-2-51· 1N5936A 1N5936A 
1N5919B 1N5919B 4-2-51 1N5936B 1N59368 
1N5920 1N5920A 4-2-51 1N5937 1N5937A 
1N5920A 1N5920A 4-2-51 1N5937A 1N5937A 
1N5920B 1N5920B 4-2-51 1N5937B 1N5937B 
1N5921 1 N5921 A 4-2-51 1N5938 1N5938A 
1 N5921 A 1N5921A 4-2-51 1N5938A 1N5938A 
1N5921B 1N5921B 4-2-51 1N5938B 1N5938B 
1N5922 1N5922A 4-2-51 1N5939 1N5939A 

1N5922A 1N5922A 4-2-51 1N5939A 1N5939A 
1N5922B 1N5922B 4-2-51 1N5939B 1N5939B 
1N5923 1N5923A 4-2-51 1N5940 1N5940A 
1N5923A 1N5923A 4-2-51 1N5940A 1N5940A 
1N5923B 1N5923B 4-2-51 1N5940B 1N5940B 
1N5924 1N5924A 4-2-51 1N5941 1 N5941 A 
1N5924A 1N5924A 4-2-51 1 N5941 A 1N5941A 
1N5924B 1N5924B 4-2-51 1N5941B 1N5941B 
1N5925 1N5925A 4-2-51 1N5942 1N5942A 
1N5925A 1N5925A 4-2-51 1N5942A 1N5942A 

1N5925B 1N5925B 4'2-51 1N5942B 1N5942B 
1N5926 1N5926A 4-2-51 1N5943 1N5943A 
1N5926A 1N5926A 4-2-51 . 1N5943A 1N5943A 
1N5926B 1N5926B 4-2-51 1N5943B 1N5943B 
1N5927' 1N5927A 4-2-51 1N5944 1N5944A 
1N5927A 1N5927A 4-2-51' 1N5944A 1N5944A 
1N5927B 1N5927B 4-2-51 1N5944B 1N5944B 
1N5928 1N5928A 4-2-51 1N5945 1N5945A 
1N5928A 1N5928A 4-2-51 1N5945A 1N5945A 
1N5928B 1N5928B 4-2-51 1N5945B 1N5945B 

1N5929 1N5929A 4-2-51 1N5946 1N5946A 
1N5929A 1N5929A 4-2-51 1N5946A 1N5946A 
1N5929B 1N5929B 4-2-51 1N5946B 1N5946B 
1N5930 1N5930A 4-2-51 1N5947 1N5947A 
1N5930A 1N5930A 4-2-51 1N5947A 1N5947A 
1N5930B 1N5930B 4-2-51 1N5947B 1N5947B 
1N5931 1 N5931 A 4-2-51 1N5948 1N5948A 
1N5931A 1 N5931 A 4-2-51 1N5948A 1N5948A 
1N5931B 1N5931B 4-2-51 . 1N5948B 1N5948B 
1N5932 1N5932A 4-2-51 1N5949 1N5949A 

1N5932A 1N5932A 4-2-51 1N5949A 1N5949A 
1N5932B 1N5932B 4-2-51 1N5949B 1N5949B 
1N5933 1N5933A 4-2-51 1N5950 1N5950A 
1N5933A 1N5933A 4-2-51 1N5950A 1N5950A 
1N5933B 1N5933B 4-2-51 1N5950B 1N5950B 
1N5934 1N5934A 4-2-51 1 NS951 1 N5951 A 
1N5934A 1N5934A 4-2-51 1N595l!A 1 N5951 A 
1N5934B 1N5934B 4-2-51 1N5951B 1N5951B 
1N5935 1N5935A 4-2-51 1N5952 1N5952A 
1N5935A 1N5935A 4-2-51 1N5952A 1N5952A 
1N5935B 1N5935B 4-2-51 1N5952B 1N5952B 

CF = consult factory representative 

TRANsrENT VOLCrAGE' SUPPRESSORS AND ZENER DIODES 

2·38 

Motorola 
Similar Page 

Replacement Number 

4-2~51 
4-2-51 
4-2-51 
4-2-51 
4:2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 

4-2-51 
4-2-51 
4-2-51 
4-2-51· 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 

4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 

4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-51 
4-2-52 
4-2-52 
4-2-52 
4-2-52 

4-2-52 
4-2-52· 
4-2-52 
4-2-52 
4-2-52 
4-2-52 
4-2-52 
4-2-52 
4-2-52 
4-2-52 
4-2-52 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
. Part Direct Similar Page Part Direct 
Number . Repliicfmlent Replacement Number Number Replacement 

1N6003 1N6003A 4-2-33 1N6013A 1N6013A 
1N6003A 1N6003A 4-2-33 1N60138 1N60138 
1N6003B 1N60038 4-2-33 1N6013C 1N6013C 
1N6003C 1N6003C 4-2-33 1N6013O 1N6013D 
1N6003O 1N6003O 4-2-33 1N6014 1N6014A 
1N6004 1N6004A ·4-2-33 1N6014A lN6014A 
1N6004A 1N6004A 4-2-33 1N60148 1N6014B 
1N60048 1N60048 4-2-33 1N6014C lN6014C 
1N6004C 1N6004C 4-2-33 lN60140 1N6014O 
1N6004O 1N6004O 4-2-33 1N6015 1N6015A 

1N6005 1N6005A 4-2-33 1N6015A 1N6015A 
1N6005A 1N6005A 4-2-33 1N60158 1N60158 
1N60058 1N60058 4-2-33 lN6015C lN6015C 
1N6005C 1N6005C 4-2-33 1N6015O lN60150 
1N6005O 1N6005O 4-2-33 1N6016 1N6016A 
1N6006 1N6006A 4-2-33 lN6016A 1N6016A 
1N6006A 1N6006A 4-2-33 lN6016B lN60168 
1N60068 1N60068 4-2-33 1N6016C lN6016C 
1N6006C 1N6006C 4~2-33 1N6016O lN60160 
1N6006D 1N6006D 4-2-33 1N6017 lN6017A 

1N6007 1N6007A 4-2-33 1N6017A lN6017A 
1N6007A 1N6007A 4-2-33 1N60178 lN60178 
1N60078 1N60078 4-2-33 1N6017C 1N6017C 
1N6007C 1N6007C 4-2-33 lN60170 1N6017O 
1N6007D 1N6007O 4-2-33 lN6018 1N6018A 
1N6008 1N6008A 4-2-33 1N6018A lN6018A 
1N6008A 1N6008A 4-2-33 lN60188 lN60188 
1N60088 1N60088 4-2-33 1N6018C lN6018C 
1N6008C 1N6008C 4-2-33 lN60180 1N6018O 
1N6008O 1N6008O 4-2-33 lN6019 1N6019A 

1N6009 1N6009A 4-2-33 1N6019A 1N6019A 
1N6009A 1N6009A 4-2-33 1N60198 lN60198 
1N60098 1N60098 4-2-33 1N6019C lN6019C 
1N6009C 1N6009C 4-2-33 1N6019O 1N6019O 
1N6009D 1N6009D 4-2-33 1N6020 1N6020A 
1N6010 1N6010A 4-2-33 1N6020A 1N6020A 
1N6010A 1N6010A 4-2-33 1N602OB lN60208 
1N60108 1 N601 08 4-2-33 1N6020C 1N6020C 
1N6010C 1N6010C 4-2-33 1N6020O 1N6020O 
1N6010O 1 N601 00 4-2-33 lN6021 lN6021A 

1N6011 1N6011A 4-2-33 1N6021A 1N6021A 
1N6011A 1N6011A 4-2-33 lN6021B 1N60218 
1N60118 1N60118 4-2-33 1N6021C 1N6021C 
1N6011C 1N6011C 4-2-33 1N60210 lN6021D 
1N6011D 1N6011D 4-2-33 1N6022 1N6022A 
1N6012 1N6012A 4-2-33 lN6022A 1N6022A 
1N6012A 1N6012A 4-2-33 1N6022B lN6022B 
1N60128 1N60128 4-2-33 lN6022C lN6022C 
1N6012C 1N6012C 4-2-33 1N6022O lN60220 
1N6012D 1N6012O 4-2-33 1N6023 1N6023A 
1N6013 1N6013A 4-2-33 lN6023A 1N6023A 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-40 

Motorola 
Similar Page 

Replacement Number 

4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2'33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 

4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 

4'2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 

4-2-33 
4-2-33 
4-2-33 
4-2:33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 

4-2-33 
4-2-33 
4-2-33 

·4-2-33 
4-2:33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 
4-2-33 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
. Part Direct Similar Page 
Number Replacement Replacement Number 

Part Direct 
Number Replacement 

lN6071A 1.5KE200CA 4-1-44 1NS140A 
lN6072 1.5KE220C 4-1-44 lN6141A 
lN6072A 1.5KE220CA 4-1-44 1NS142A 
lN6082 MZ5521B 4-2-38 lN6143A 
lN6083 MZ5522B 4-2-38 1N6144A 
lN6084 MZ5523B 4-2-38 1N6145A 
lN6085 MZ5524B 4-2-38 1N6146A 
lN6086 MZ5525B 4-2-38 1N6147A 
lN6087 MZ5526B 4-2-38 1N6148A 
lN6088 MZ5527B 4-2-38 1N6149A 

lN6089 MZ5528B 4-2-38 1N6150A 
lN6090 MZ5529B 4-2-38 1N6151A 
lN6091 MZ5530B 4-2-38 1N6152A 
lN6102A SA6.0CA 4-1-26 1N6153A 
lN6103A SA6.5CA 4-1-26 1N6154A 
lN6104A SA7.0CA 4-1-26 1N6155A 
lN6105A SA7.5CA 4-1-26 1N6156A 
lNS10SA SAB.5CA 4-1-26 1N6157A 
lN6107A SA9.0CA 4-1-26 1N6158A 
lN610BA SA10CA 4-1-26 1N6159A 

lNS109A SAllCA 4-1-26 1N6160A 
lN6110A SA12CA 4-1-26 1N6161A 
lN6111A SA13CA 4-1-26 1N6162A 
lN6112A SA15CA 4-1-26 1N6163A 
1N6113A SA17CA 4-1-26 1N6164A 
lN6114A SA18CA '4-1-26 1N6165A 
1N6115A SA20CA 4-1-26 1N6166A 
lN6116A SA22CA 4-1-26 1N6167A 
1N6117A SA24CA 4-1-26 1N6168A 
1N611BA SA28CA 4-1-26 1N6169A 

1N6119A SA30CA 4-1-26 1N6170A 
lN6120A SA33CA 4-1-26 1N6171A 
1N6121A SA36CA 4-1-27 1N6172A 
lN6122A SA40CA 4-1-27 1N6173A 
1N6123A SA43CA 4-1-27 1N6267 1N6267 
lN6124A SA48CA 4-1-27 1N6267A 1N6267A 
1N6125A SA51CA 4-1-27 1N6268 1N6268 
1N6126A SA5BCA 4-1-27 1N6268A 1N6268A 
lN6127A SA64CA 4-1-27 1N6269 1N6269 
1N6128A SA70CA 4-1-27 1N6269A 1N6269A 

1N6129A SA75CA 4-1-27 1N6270 1N6270 
1N6130A SA85CA 4-1-27 1N6270A 1N6270A 
lN6131A SA90CA 4-1-27 1N6271 1N6271 
1N6132A SA100CA 4-1-27 1N6271A 1N6271A 
lN6133A SA110CA 4-1-27 1N6272 1N6272 
lN6134A SA120CA 4-1-27 1N6272A 1 NS272A 
1N6135A SA130CA 4-1-27 1N6273 1N6273 
1 NS136A SA150CA 4-1-27 1N6273A 1N6273A 
1N6137A SA170CA 4-1-27 1 NS274 1N6274 
1N6138A 1.5KES.8CA 4-1-43 1N6274A 1N6274A 
1N6139A 1.5KE7.5CA 4-1-43 1N6275 1N6275 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2-42 

Motorola 
Similar Page 

Replacement Number 

1.5KE8.2CA 4-1-43 
1.5KE9.1CA 4-1-43 
1.5KE10CA 4-1-43 
1.5KE11CA 4-1-43 
1.5KE12CA 4-1-43 
1.5KE13CA 4-1-43 
1.5KE15CA 4-1-43 
1.5KE16CA 4-1-43 
1.5KE18CA 4-1-43 
1.5KE20CA 4-1-43 

1.5KE22CA 4-1-43 
1.5KE24CA 4-1-43 
1.5KE27CA 4-1-43 
1.5KE30CA 4-1-43 
1.5KE33CA 4-1-43 
1.5KE36CA 4-1-43 
1.5KE39CA 4-1-43 
1.5KE43CA 4-1-43 
1.5KE47CA 4-1-43 
1.5KE51CA 4-1-43 

1.5KE56CA 4-1-44 
1.5KE62CA 4-1-44 
1.5KE68CA 4-1-44 
1.5KE75CA 4-1-44 
1.5KE82CA 4-1-44 
1.5KE91CA 4-1-44 
1.5KE100CA 4-1-44 
1.5KE110CA 4-1-44 
1.5KE120CA 4-1-44 
1.5KE130CA 4-1-44 

1.5KE150CA 4-1-44 
1.5KE160CA 4-1-44 
1.5KE180CA 4-1-44 
1.5KE200CA 4-1-44 

4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 

4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-1-43 
4-H3 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

1N6407A P6KE10A 4-1-33 1N6433 
1N6408 P6KE10A 4-1-33 1N6433A 
1N6408A P6KE10A 4-1-33 1N6434 
1N6409 P6KE11A 4-1-33 1N6434A 
1N6409A P6KE11A 4-1-33 1N6435 
1N6410 P6KE12A 4-1-33 1N6435A 
1N6410A P6KE12A 4-1-33 1N6436 
1N6411 P6KE13A 4-1-33 1N6436A 
1N6411A P6KE13A 4-1-33 1N6437 
1N6412 P6KE15A 4-1-33 1N6437A 

1N6412A P6KE15A 4-1-33 1N6438 
1N6413 P6KE15A 4-1-33 1N6438A 
1N6413A P6KE15A 4-1-33 1N6439 
1N6414 P6KE18A 4-1-33 1N6439A 
1N6414A P6KE18A 4-1-33 1N6440 
1N6415 P6KE18A 4-1-33 1N6440A 
1N6415A P6KE18A 4-1-33 1N6441 
1N6416 P6KE20A 4-1-33 1N6441A 
1N6416A P6KE20A 4-1-33 1N6442 
1N6417 P6KE20A 4-1-33 1N6442A 

1N6417A P6KE20A 4-1-33 1N6443 
1N6418 P6KE22A 4-1-33 1N6443A 
1N6418A P6KE22A 4-1-33 1N6444 
1N6419 P6KE24A 4-1-33 1N6444A 
1N6419A P6KE24A 4-1-33 1N6445 
1N6420 P6KE27A 4-1-33 1N6445A 
1N6420A P6KE27A 4-1-33 1N6446 
1N6421 P6KE30A 4-1-33 1N6446A 
1N6421A P6KE30A 4-1-33 1N6447 
1N6422 P6KE33A 4-1-33 1N6447A 

1N6422A P6KE33A 4-1-33 1N6448 
1N6423 P6KE33A 4-1-33 1N6448A 
1N6423A P6KE33A 4-1-33 1N6449 
1N6424 P6KE36A 4-1-33 1N6449A 
1N6424A P6KE36A 4-1-33 1N6450 
1N6425 P6KE39A 4-1-33 1N6450A 
1N6425A P6KE39A 4-1-33 1N6461 
1N6426 P6KE43A 4-1-33 1N6462 
1N6426A P6KE43A 4-1-33 1N6463 
1N6427 P6KE47A 4-1-33 1N6464 

1N6427A P6KE47A 4-1-33 1N6465 
1N6428 P6KE51A 4-1-33 1N6466 
1N6428A P6KE51A 4-1-33 1N6467 
1N6429 P6KE56A 4-1-33 1N6468 
1N6429A P6KE56A 4-1-33 1N6469 
1N6430 P6KE56A 4·1-33 1N6470 
1N6430A P6KE56A 4-1-33 1N6471 
1N6431 P6KE62A 4-1-33 1N6472 
1 N6431 A P6KE62A 4-1-33 1N6473 
1N6432 P6KE68A 4-1-34 1N6474 
1N6432A P6KE68A 4-1-34 1N6475 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Replacement Number 

P6KE68A 4-1-34 
P6KE68A 4-1-34 
P6KE75A 4-1-34 
P6KE75A 4-1-34 
P6KE75A 4-1-34 
P6KE75A 4-1-34 
P6KE82A 4-1-34 
P6KE82A 4-1-34 
P6KE91A 4-1-34 
P6KE91A 4-1-34 

P6KE91A 4-1-34 
P6KE91A 4-1-34 
P6KE100A 4-1-34 
P6KE100A 4-1-34 
P6KE110A 4-1-34 
P6KE110A 4-1-34 
P6KE120A 4-1-34 
P6KE120A 4-1-34 
P6KE130A 4-1-34 
P6KE130A 4-1-34 

P6KE150A 4-1-34 
P6KE150A 4-1-34 
P6KE160A 4-1-34 
P6KE160A 4-1-34 
P6KE180A 4-1-34 
P6KE180A 4-1-34 
P6KE200A 4-1-34 
P6KE200A 4-1-34 
P6KE200A 4-1-34 
P6KE200A 4-1-34 

1.5KE220A 4-1-44 
1.5KE220A 4-1-44 
1.5KE250A 4-1-44 
1.5KE250A 4-1-44 
1.5KE250A 4-1-44 
1.5KE250A 4-1-44 
SA5.0A 4-1-26 
SA6.0A 4-1-26 
SA12A 4-1-26 
SA15A 4-1-26 

SA24A 4-1-26 
SA30A 4-1-26 
SA40A 4-1-27 
SA51 A 4-1-27 
1N6373 4-1-46 
1N6268A 4-1-43 
1N6384 4-1-46 
1N6385 4-1-46 
1N6282A 4-1-43 
1N6284A 4-1-43 
1N6287A 4-1-43 



• 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number ,Replacement 

lN756 lN756 4-2-28 lN958B lN958B 
lN756A lN756A 4-2-28 lN958C lN958C 
lN756C lN756C 4-2-28 lN958D lN958D 
lN756D lN756D 4-2-28 lN959 lN959A 
lN757 lN757 4-2-28 lN959A lN959A 
lN757A lN757A 4-2-28 lN959B lN959B 
lN757C lN757C 4-2-28 lN959C lN959C 
lN757D lN757D 4-2-28 lN959D lN959D 
lN758 lN758 4-2-28 lN960 lN960A 
lN758A lN758A 4-2-28 lN960A lN960A 

lN758C lN758C 4-2-28 lN960B lN960B 
lN758D lN758D 4-2-28 lN960C lN960C 
lN759 lN759 4-2-28 lN960D lN960D 
lN759A lN759A 4-2-28 lN961 lN961A 
lN759C lN759C 4-2-28 lN961A lN961A 
lN759D lN759D 4-2-28 lN961B lN961B 
lN761 lN5231B 4-2-31 lN961C lN961C 
lN761A lN5231B 4-2-31 lN961D lN961D 
lN762 lN5233B 4-2-31 lN962 lN962A 
lN762A lN5233C 4-2-31 lN962A lN962A 

lN763 lN5235B 4-2-31 lN962B lN962B 
lN763A lN5235D 4-2-31 lN962C lN962C 
lN764 lN52398 4-2-31 lN962D lN962D 
lN764A lN5239B 4-2-31 lN963 lN963A 
lN765 lN6001B 4-2-33 lN963A lN963A 
lN765A lN6001B 4-2-33 lN963B lN963B 
lN766 lN6003B 4-2-33 lN963C lN963C 
lN766A lN6003B 4-2-33 lN963D lN963D 
lN767 lN60058 4-2-33 lN964 lN964A 
lN767A lN6005B 4-2-33 lN964A lN964A 

lN768 lN5249B 4-2-31 lN964B lN964B 
lN768A lN5249C 4-2-31 lN964C lN964C 
lN769 lN6009B 4-2-33 lN964D lN964D 
lN769A lN6009B 4-2-33 lN965 lN965A 
lN821 lN821 4-3-10 lN965A lN965A 
lN821A lN821A 4-3-10 lN965B lN965B 
lN823 lN823 4-3-10 ' lN965C lN965C 
lN823A lN823A 4-3-10 lN965D lN965D 
lN825 lN825 4-3-10 lN966 lN966A 
lN825A lN825A 4-3-10 lN966A lN966A 

lN827 lN827 4-3-10 lN966B lN966B 
lN827A lN827A 4-3-10 lN966C lN966C 
lN829 lN829 4-3-10 lN966D lN966D 
lN829A lN829A 4-3-10 lN967 lN967A 
lN957 lN957A 4-2-28 lN967A lN967A 
lN957A lN957A 4-2-28 lN967B lN967B 
lN957B lN957B 4-2-28 lN967C lN967C 
lN957C lN957C 4-2-28 lN967D lN967D 
lN957D lN957D 4-2-28 lN968 lN968A 
lN958 lN958A 4-2-28 lN968A lN968A 
lN958A lN958A 4-2-28 lN968B lN968B 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 

4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 

4-2:28 
4-2-28 
4-2-28 
4-2-28 
4-2-28' 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 

4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 

4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 
4-2-28 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

lN989 lN989A 4-2-29 15MB58AT3 ISMB58AT3 
lN989A lN989A 4-2-29 ISMB5913BT3 ISMB5913BT3 
lN989B lN989B 4-2-29 ISMB5914BT3 ISMB5914BT3 
lN989C lN989C 4-2-29 ISMB5915BT3 ISMB5915BT3 
lN989D lN989D 4-2-29 ISMB5916BT3 ISMB5916BT3 
lN990 lN990A 4-2-29 ISMB5917BT3 ISMB5917BT3 
lN990A lN990A 4-2-29 ISMB5918BT3 ISMB5918BT3 
lN990B lN990B 4-2-29 ISMB5919BT3 ISMB5919BT3 
lN990C lN990C 4-2-29 1 5MB5920BT3 1 5MB5920BT3 
lN990D lN990D 4-2-29 1 5MB5921 BT3 ISMB5921BT3 

lN991 lN991A 4-2,29 ISMB5922BT3 ISMB5922BT3 
lN991A lN991A 4-2-29 1 5MB5923BT3 ISMB5923BT3 
lN991B lN991B 4-2·29 1 5MB5924BT3 ISMB5924BT3 
lN991C lN991C 4-2-29 ISMB5925BT3 ISMB5925BT3 
lN991 0 1 N991 0 4-2-29 ISMB5926BT3 ISMB5926BT3 
lN992 lN992A 4-2·29 ISMB5927BT3 1 5MB5927BT3 
lN992A lN992A 4-2-29 1 5MB5928BT3 1 5MB5928BT3 
lN992B lN992B 4-2-29 ISMB5929BT3 1 5MB5929BT3 
lN992C lN992C 4-2-29 ISMB5930BT3 1 5MB5930BT3 

. lN992D lN992D 4·2·29 ISMB5931BT3 ISMB5931BT3 

ISMB100AT3 ISMB100AT3 4·1-59 ISMB5932BT3 1 5MB5932BT3 
ISMB10AT3 ISMB10AT3 4·1·59 1 5MB5933BT3 1 5MB5933BT3 
ISMBll0AT3 ISMBll0AT3 4-1-59 1 5MB5934BT3 1 5MB5934BT3 
ISMBllAT3 ISMBllAT3 4-1-59 1 5MB5935BT3 1 5MB5935BT3 
ISMB120AT3 ISMB120AT3 4-1-59 1 5MB5936BT3 1 5MB5936BT3 
ISMB12AT3 ISMB12AT3 4-1-59 1 5MB5937BT3 1 5MB5937BT3 
ISMB130AT3 ISMB130AT3 4-1-59 1 5MB5938BT3 1 5MB5938BT3 
ISMB13AT3 ISMB13AT3 4-1-59 1 5MB5939BT3 1 5MB5939BT3 
ISMB14AT3 ISMB14AT3 4-1-59 1 5MB5940BT3 1 5MB5940BT3 
ISMB150AT3 ISMB150AT3 4-1-59 1 5MB5941BT3 ISMB5941BT3 

ISMB15AT3 ISMB15AT3 4-1-59 1 5MB5942BT3 1 5MB5942BT3 
ISMB160AT3 ISMB160AT3 4-1-59 15MB5943BT3 ISMB5943BT3 
ISMB16AT3 ISMB16AT3 4-1-59 ISMB5944BT3 ISMB5944BT3 
ISMB170AT3 ISMB170AT3 4-1-59 ISMB5945BT3 ISMB5945BT3 
ISMB17AT3 ISMB17AT3 4-1-59 ISMB5946BT3 ISMB5946BT3 
ISMB18AT3 ISMB18AT3 4-1-59 ISMB5947BT3 ISMB5947BT3 
ISMB20AT3 ISMB20AT3 4-1-59 ISMB5948BT3 1 5MB5948BT3 
ISMB22AT3 ISMB22AT3 4-1-59 1 5MB5949BT3 1 5MB5949BT3 
ISMB24AT3 ISMB24AT3 4-1-59 ISMB5950BT3 1 5MB5950BT3 
ISMB26AT3 ISMB26AT3 4-1-59 ISMB5951BT3 ISMB5951BT3 

ISMB28AT3 ISMB28AT3 4-1-59 1 5MB5952BT3 1 5MB5952BT3 
ISMB30AT3 ISMB30AT3 4-1-59 1 5MB5953BT3 ISMB5953BT3 
ISMB33AT3 ISMB33AT3 4-1-59 1 5MB5954BT3 ISMB5954BT3 
ISMB36AT3 ISMB36AT3 4-1-59 ISMB5955BT3 ISMB5955BT3 
ISMB40AT3 ISMB40AT3 4-1-59 ISMB5956BT3 1 5MB5956BT3 
ISMB43AT3 ISMB43AT3 4-1-59 ISMB6.0AT3 ISMB6.0AT3 
ISMB45AT3 ISMB45AT3 4-1-59 ISMB6.5AT3 ISMB6.5AT3 
ISMB48AT3 ISMB48AT3 4-1-59 ISMB60AT3 ISMB60AT3 
ISMB5.0AT3 ISMB5.0AT3 4-1-59 ISMB64AT3 ISMB64AT3 
ISMB51AT3 ISMB51AT3 4-1-59 ISMB7.0AT3 ISMB7.0AT3 
ISMB54AT3 ISMB54AT3 4-1-59 ISMB7.5AT3 ISMB7.5AT3 

CF = consult factory representative 
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4-1-59 
4-2-78 
4-2-78 
4-2-78 
4-2-78 
4-2-78 
4-2-78 
4-U8 
4-2-78 
4-2-78 

4-2-78 
4-2-78 
4-2-78 
4-2-78 
4-2-78 
4-2-78 
4-2-78 
4-2-79 
4-2-79 
4-2-79 

4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 

4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 

4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-2-79 
4-1-59 
4-1-59 
4-1-59 
4-1-59 
4-1-59 
4-1-59 
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Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page 

Number Replacement Replacement Number 
Part Direct 

NUlTlber Replacement 

BZV55Cll BZV55Cll 4-2-73 BZW04-15 
BZV55C12 BZV55C12 4-2-73 BZW04-154 
BZV55C13 BZV55C13 4-2-73 BZW04-154B 
BZV55C15 BZV55C15 4'2-73 BZW04-15B 
BZV55C16 BZV55C16 ' 4-2-73 BZW04-17 
BZV55C18 BZV55C18 4-2-73 BZW04-171 
BZV55C20 BZV55C20 4-2-73 BZW04-171B 
BZV55C22 BZV55C22 4-2-73 BZW04-17B 
BZV55C24 BZV55C24 4-2-73 BZW04-19 
BZV55C27 BZV55C27 4-2-73 BZW04-19B 

BZV55C2V4 BZV55C2V4 4-2-73 BZW04-20 
BZV55C2V7 BZV55C2V7 4-2-73 BZW04-20B 
BZV55C30 BZV55C30 4-2-73 BZW04-23 
BZV55C33 BZV55C33 4-2-73 BZW04-23B 
BZV55C36 BZV55C36 4-2-73 BZW04-26 
BZV55C39 BZV55C39 4-2,73 BZW04-26B 
BZV55C3VO BZV55C3VO 4-2-73 BZW04-28 
BZV55C3V3 BZV55C3V3 4-2-73 BZW04-28B 
BZV55C3V6 BZV55C3V6 4-2-73 BZW04-31 
BZV55C3V9 BZV55C3V9 4-2-73 BZW04-31B 

BZV55C43 BZV55C43 4-2-73 BZW04-33 
BZV55C47 BZV55C47 4-2-73 BZW04-33B 
BZV55G4V3 BZV55C4V3 4-2-73 BZW04-37 
BZV55C4V7 BZV55C4V7 4-2-73 BZW04-37B 
BZV55C51 BZV55C51 4-2-73 BZW04-40 
BZV55C56 BZV55C56 4-2-73 BZW0440B 
BZV55C5Vl BZV55C5Vl 4-2-73 BZW04-44 
BZV55C5V6 BZV55C5V6 4-2-73 BZW04-44B 
BZV55C6V2 BZV55C6V2 4-2'13 BZW0448 
BZV55C6V8 BZV55C6V8 4-2-73 BZW04-48B 

BZV55C7V5 BZV55C7V5 4-2-73 BZW04-53 
BZV55C8V2 BZV55C8V2 4-2-73 BZW04-53B 
BZV55C9Vl BZV55C9Vl 4-2-73 BZW04-58 
BZW04-10 SA10A 4-1-26 BZW04-58B 
BZW04-102 SA100A 4.1-27 BZW04-5V8 
BZW04-102B SMOOCA 4-1-27 BZW04-5V8B 
BZW04-10B SA10CA 4-1-26 BZW04-64 
BZW04-11 SAllA 4-1-26 BZW04-64B 
BZW04-111 SAll0A 4-1-27 BZW04-6V4 
BZW04-111B SA110CA 4-1-27 BZW04-6V4B 

BZW04-11B SAllCA 4-1-26 BZW04-70 
BZW04-128 SA130A 4-1-27 BZW04-70B 
BZW04-128B SA130CA 4-1-27 BZW04-78 
BZW04-13 SA13A 4-1-26 BZW04-78B 
BZW04-136 SA150A 4-1-27 BZW04-7V0 
BZW04-136B SA150CA 4-1-27 BZW04-7VOB 
BZW04-13B SA13CA 4-1-26 BZW04-7V8 
BZW04-14 SA14A 4-1-26 BZW04-7V8B 
BZW04-145 SA150A 4-1-27 BZW04-85 
BZW04-145B SA150CA 4-1-27 BZW04-B5B 
BZW04-14B SA14CA 4-1-26 BZW04-8V5 

CF = consult factory representative 

TRANSIEN1WOLTAGE SUPPRESSORS AND ZENER DIODES 
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SA16A 4-1-26, 
SA160A 4-1-27 
SA160CA 4-1-27 
SA16CA 4-1-26 
SA17A 4-1-26 
SA170A 4-1-27 
SA170CA 4-1-27 
SA17CA 4-1-26 
SA20 4-1-26 
SA20 4-1-26 

SA22A 4-1-26 
SA22CA 4-1-26 
SA24A 4-1-26 
SA24CA 4-1-26 
SA26A 4-1-26 
SA26CA 4-1-26 
SA28A 4-1-26 
SA28CA 4-1-26 
SA33A 4-1-26 
SA33CA 4-1-26 

SA33A 4-1-26 
SA33CA 4-1-26 
SA40A 4-1-27 
SA40CA 4-1-27 
SA40A 4-1-27 
SA40CA 4-1-27 
SA45A 4-1-27 
SA45CA 4-1-27 
SA48A 4-1-27 
SA48CA 4-1-27 

SA54A 4-1-27 
SA54CA 4-1-27 
SA58A 4-1-27 
SA58CA 4-1-27 
SA6.0A 4-1-26 
SA6.0CA 4-1-26 
SA64A 4-1-27 
SA64CA 4-1-27 
SA6.5A 4-1-26 
SA6.5CA 4-1-26 

SA70A 4-1-27 
'SA70CA 4-1-27 
SA78A 4-1-21 
SA78CA 4-1-27 
SA7.0A 4-1-26 
SA7.0CA 4-1-26 
SA8.0A 4-1-26 
SA8.0CA 4-1-26 
SA85A 4-1-27 
SAB5CA 4-1-27 
SA8.5A 4-1-26 
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Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page 

Number Replacement Replacement Number 
Part Direct 

Number Repl.acement 

BZW06-171 P6KE200A . 4-1-34 BZW06-94 
BZW06-171B P6KE200CA 4-1-.34 BZW06-94B 
BZW06-17B P6KE20CA 4-1-33 BZW06-9V4 
BZW06-188 1.5KE220A 4-1-44 BZW06-9V4B 
BZW06-188B 1.5KE220CA 4-1-44 BZW06P10 
BZW06-19 P6KE22A 4-1-33 BZW06P102 
BZW06-19B P6KE22CA 4-1-33 BZW06P102B 
BZW06-20 P6KE24A 4-1-33 BZW06P10B 
BZW06-20B P6KE24CA 4-1-33 BZW06P11 
BZW06-213 1.5KE250A 4-1-44 BZW06P111 

BZW06-213B 1.5KE250CA 4-1-44 BZW06P111B 
BZW06-23 P6KE27A 4-1-33. BZW06P11B 
BZW06-23B P6KE27CA 4-1-33 BZW06P128 
BZW06-26 P6KE30A 4-1-33 BZW06P128B 
BZW06-26B P6KE30CA 4-1-33 BZW06P13 
BZW06-28 P6KE33A 4-1-33 BZW06P136 
BZW06-28B P6KE33CA 4-1-33 BZW06P136B 
BZW06-31 P6KE36A 4-1-33 BZW06P13B 
BZW06-31B P6KE36CA 4-1-33 BZW06P14 
BZW06-33 P6KE39A 4-1-33 BZW06P145 

BZW06-33B P6KE39CA 4-1-33 BZW06P145B 
BZW06-37 P6KE43A 4-1-33 BZW06P14B 
BZW06-37B P6KE43CA 4-1-33 BZW06P15 
BZW06-40 P6KE47A 4-1-33· BZW06P154 
BZW06-40B P6KE47CA 4-1-33 BZW06P154B 
BZW06-44 P6KE51A 4-1-33 BZW06P15B 
BZW06-44B P6KE51CA 4-1-33 BZW06P17 
BZW06-48 P6KE56A 4-1-33 BZW06P171 
BZW06-48B P6KE56CA 4-1-33 BZW06P171B 
BZWOS-53 P6KE62A 4-1-33 BZW06P17B 

BZW06-53B P6KE62CA 4-1-33 BZW06P188 
BZW06-58 P6KE68A 4-1-34 BZW06P188B 
BZW06-58B P6KE68CA 4-1-34 BZW06P19 
BZW06-5V8 P6KE6.8A 4-1-33 BZW06P19B 
BZW06-5V8B P6KE6.8CA 4-1-33 BZW06P20 
BZW06-64 P6KE75A 4-1-34 BZW06P20B 
BZW06.64B P6KE75CA 4-1-34 BZW06P213 
BZW06-6V4 P6KE7.5A 4-1-33 BZW06P213B 
BZW06-6V4B P6KE7.5CA 4-1-33 BZW06P23 
BZW06-70 P6KE82A 4-1-34 BZW06P23B 

BZW06-70B P6KE82CA 4-1-34 BZW06P26 
BZW06-78 P6KE91A 4-1-34 BZW06P26B 
BZWQ6-78B P6KE91CA 4-1-34 BZW06P28 
BZW06-7VO P6KE8.2A 4-1-33 BZW06P28B 
BZW06-7VOB P6KE8.2CA 4-1-33 BZW06P31 
BZW06-7V8 P6KE9.1A 4-1-33 BZW06P31B 
BZW06-7V8B P6KE9.1CA 4-1-33 BZW06P33 
BZW06-85 P6KE100A 4-1-34 BZW06P33B 
BZW06-.85B P6KE100CA 4-1-34 BZW06P37 
BZW06-8V5 P6KE10A 4-1-33 BZW06P37B 
BZW06-8V5B P6KE10CA 4-1-33 BZW06P40 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Motorola 
Similar Page 

Replacement Number 

P6KE110A 4-1-34 
P6KE110CA 4-1-34 
P6KE11A 4-1-33 
P6KE11CA 4-1-33 
P6KE12A 4-1-33 
P6KE120A 4-1-34 
P6KE120CA 4-1-34 
P6KE12CA 4-1-33 
P6KE13A 4-1-33 
P6KE130A 4-1-34 

P6KE130CA 4-1-34 
P6KE13CA 4-1-33 
P6KE150A 4-1-34 
P6KE150CA 4-1-34 
P6KE15A 4-1-33 
P6KE160A 4-1-34 . 
P6KE160CA 4-1-34 
P6KE15CA 4-1-33 
P6KE16A 4-1-33 
P6KE170A 4-1-34 

P6KE170CA 4-1-34 
P6KE16CA 4-1-33 
P6KE18A 4-1-33 
P6KE180A 4-1-34 
P6KE180CA 4-1-34 
P6KE18CA 4-1-33 
P6KE20A 4-1-33 
P6KE200A 4-.1-34 
P6KE200CA 4-1-34 
P6KE20CA 4-1-33 

1.5KE220A 4-1-44 
1.5KE220CA 4-1-44 
P6KE22A 4-1-33 
P6KE22CA 4-1-33 
P6KE24A 4-1-33 
P6KE24CA 4-1-33 
1.5KE250A 4-1-44 
1.5KE250CA 4-1-44 
P6KE27A 4-1-33 
P6KE27CA 4-1-33 

P6KE30A 4,1'33 
P6KE30CA 4-1-33 
P6KE33A 4+33 
P6KE33CA 4-1-33 
P6KE36A 4-1-33 
P6KE36CA 4-1-33 
P6KE39A 4-1-33 
P6KE39CA 4-1-33 
P6KE43A 4-1-33 
P6KE43CA 4-1-33 . 
P6KE47A 4-1-33 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry . Motorola 
Part Direct Similar Page 

Number Replacement Replacement Number 
Part Direct 

Number Replacement 

BZ)(79C22 BZX79C22 4-2-35 BZXB3C5V1 BZXB3C5V1 
BZX79C24 BZX79C24 4-2-35 BZXB3C5V6 BZXB3C5V6 
BZX79C27 BZX79C27 4-2-35 BZXB3C6V2 BZXB3C6V2 
BZX79C2V4 BZX79C2V4 4-2-35 BZXB3C6VB BZXB3C6VB 
BZX79C2V7 BZX79C2V7 4-2-35 BZXB3C7V5 BZX83C7V5 
BZX79C30 BZX79C30 4-2-35 BZXB3CBV2 BZXB3CBV2 
BZX79C33 BZX79C33 4-2-35 BZXB3C9V1 BZXB3C9V1 
BZX79C36 BZX79C36 4-2-35 BZXB4C10L BZXB4C10L 
BZX79C39 BZX79C39 4-2-35 BZXB4C11L BZXB4C11L 
BZX79C3VO BZX79C3VO 4-2-35 BZXB4C12L BZXB4C12L 

BZX79C3V3 BZX79C3V3 4-2-35 BZXB4C13L BZX84C13L 
BZX79C3V6 BZX79C3V6 4-2-35 BZX84C15L BZX84C15L 
BZX79C3V9 BZX79C3V9 4-2-35 BZX84C16L BZX84C16L 
BZX79C43 BZX79C43 ·4-2-35 BZXB4C1BL BZX84C1BL 
BZX79C47 BZX79C47 4-2-35 BZX84C20L BZX84C20L 
BZX79C4V3 BZX79C4V3 4-2-35 BZX84C22L BZXB4C22L 
BZX79C4V7 BZX79C4V7 4-2-35 BZX84C24L BZXB4C24L 
BZX79C51 BZX79C51 4-2-35 BZX84C27L BZXB4C27L 
BZX79C56 BZX79C56 4-2-35 BZX84C2V4L BZXB4C2V4L 
BZX79C5V1 BZX79C5V1 4-2-35 BZX84C2V7L BZX84C2V7L 

BZX79C5V6 BZX79C5V6 4-2-35 BZXB4C30L BZXB4C30L 
BZX79C62 BZX79C62 4-2-35 BZXB4C33L BZXB4C33L 
BZX79C68 BZX79C68 4-2-35 BZXB4C36L BZXB4C36L 
BZX79C6V2 BZX79C6V2 4-2-35 BZX84C39L BZXB4C39L 
BZX79C6V8 BZX79C6V8 4-2-35 ' BZXB4C3VOL BZXB4C3VOL 
BZX79C75 BZX79C75 4-2-35 BZX84C3V3L BZXB4C3V3L 
BZX79C7V5 BZX79C7V5 4-2-35 BZXB4C3V6L BZXB4C3V6L 
BZX79C82 BZX79C82 4-2-35 BZXB4C3V9L BZXB4C3V9L 
BZX79C8V2 BZX79C8V2 H-35 BZX84C43L BZX84C43L 
BZX79C91 BZX79C91 4-2-35 BZX84C47L BZX84C47L 

BZX79C9V1 BZX79C9V1 4-2-35 BZX84C4V3L BZX84C4V3L 
BZX83C10 BZX83C10 4-2-36 BZX84C4V7L BZXB4C4V7L 
BZX83C11 BZX83C11 4-2-36. BZX84C51L BZXB4C51L 
BZX83C12 BZX83C12 4-2-36 BZX84C56L BZXB4C56L 
BZX83C13 BZX83C13 4-2-36 BZX84C5V1L BZXB4C5V1L 
BZX83C15 BZX83C15 4-2-36 BZXB4C5V6L BZXB4C5V6L 
BZX83C16 BZX83C16 4-2-36 BZXB4C62L BZXB4C62L 
BZX83C18 BZX83C18 4-2-36 BZXB4C6BL BZXB4C6BL 
BZX83C20 BZX83C20 4-2-36 BZXB4C6V2L BZXB4C6V2L 
BZX83C22 BZX83C22 4-2-36 BZXB4C6VBL BZXB4C6VBL 

BZX83C24 BZX83C24 4-2-36 BZXB4C75L BZXB4C75L 
BZX83C27 BZX83C27 4-2-36 BZX84C7V5L BZX84C7V5L 
BZX83C2V7 BZX83C2V7 4-2-36 BZX84C8V2L BZX84C8V2L 
BZX83C30 BZX83C30 4-~36 BZX84C9V1L BZX84C9V1L 
BZX83C33 BZX83C33 4-2-36 BZX85C10 BZX85C10 
BZX83C3VO BZX83C3VO 4-2-36 BZX85C100 BZX85C100 
BZX83C3V3 BZXB3C3V3 4-2-36 BZXB5C11 BZXB5C11 
BZJ(83C3V6 BZXB3C3V6 4-2-36 BZXB5C12 BZXB5C12 
BZXB3C3V9 BZXB3C3V9 4-2-36 BZXB5C13 BZXB5C13 
BZXB3C4V3 BZXB3C4V3 4-2-36 BZX85C15 BZXB5C15 
BZXB3C4V7 BZXB3C4V7 4-2-36 BZX85C16 BZX85C16 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Replacement Number 

4-2-36 
4-2-36 
4-2-36 
4-2-36 
4-2-36 
4-2-36 
4-2-36 
4-2-65 
4-2-65 
4-2-65 

4-2-65 
4-2,65 
4-2-65 
4-2-65 
4-2·65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 

4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 

4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-65 

4-2-65 
4-2-65 
4-2-65 
4-2-65 
4-2-45 
4-2-45 
4-2-45 

.4-2-45 
4-2-45 
4-2-45 
4-2-45 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number, Replacement Replacement Number Number Replacement 

DTZ30A 1,5KE30CA 4·1·43 ICT·8 
DTZ33 1,5KE33C 4·1·43 ICT·8C 
DTZ33A 1.5KE33CA .4·1·43 ICTE·l0 ICTE·l0 
DTZ36 1,5KE36C 4·1·43 ICTE·l0C ICTE·l0C 
DTZ36A 1.5KE36CA 4·1·43 ICTE·12 ICTE·12 
DTZ39 1,5KE39C 4·1·43 ICTE·12C ICTE·12C 
DTZ39A 1.5KE39CA 4·1·43 ICTE·15 ICTE·15 
DTZ43 1,5KE43C 4·1·43 ICTE·15C ICTE·15C 
DTZ43A 1.5KE43CA 4·1·43 ICTE·18 ICTE·18 
DTZ47 1.5KE47C 4·1·43 ICTE·18C ICTE·18C 

DTZ47A 1,5KE47CA 4·1·43 ICTE·22 ICTE·22 
DTZ51 1.5KE51C 4·1·43 ICTE·22C ICTE·22C 
DTZ51 A 1,5KE51CA 4·1·43 ICTE·36 ICTE·36 
DTZ56 1,5KE56C 4·1·44 ICTE·36C ICTE·36C 
DTZ56A 1,5KE56CA 4·1·44 ICTE·45 ICTE·45 
DTZ62 1,5KE62C 4·1·44 ICTE·45C ICTE·45C 
DTZ62A 1,5KE62CA 4·1·44 ICTE·5 ICTE·5 
DTZ68 1.5KE68C 4·1·44 ICTE·8 ICTE·8 
DTZ68A 1.5KE68CA 4·1·44 ICTE·8C ICTE·8C 
DTZ6V8 1.5KE6,8C 4·1·43 LVA100A 

DTZ6V8A 1.5KE6,8CA 4·1·43 LVA3100A 
DTZ75 1,5KE75C 4·1·44 LVA343A 
DTZ75A 1.5KE75CA 4·1·44 LVA347A 
DTZ7V5 1.5KE7.5C 4·1·43 LVA351A 
DTZ7V5A 1.5KE7,5CA 4·1·43 LVA356A 
DTZ82 1.5KE82C 4·1·44 LVA362A 
DTZ82A 1.5KE82CA 4·1·44 LVA368A 
DTZ8V2 1.5KE8,2C 4-1-43 LVA375A 
DTZ8V2A 1.5KE8,2CA 4·1·43 LVA382A 
DTZ91 1.5KE91C 4·1·44 LVA391A 

DTZ91 A 1.5KE91CA 4·1·44 LVA43A 
DTZ9Vl 1.5KE9,lC 4·1-43 LVA47A 
DTZ9V1A 1.5KE9.1CA 4·1·43 LVA51 A 
GMp·5 lN6373 4·1·46 LVA56A 
GMP·5A lN6373 4·1·46 LVA62A 
GMp·5B lN6373 4·1·46 LVA68A 
ICT·l0 ICTE·l0 4·1·46 LVA75A 
ICT·l0C ICTE·l0C 4·1·46 LVA82A 
ICT·12 ICTE·12 4·1·46 LVA91 A 
ICT·12C ICTE·12C 4·1·46 MCL1300 MCL1300 

ICT·15 ICTE·15 4·1·46 MCL1301 MCL1301 
ICT·15C ICTE·15C 4·1·46 MCL1302 MCL1302 
ICT·18 ICTE·18 4·1·46 MCL1303 MCL1303 
ICT·18C ICTE·18C 4·1·46 MCL1304 MCL1304 
ICT·22 ICTE·22 4·1·46 MLL4099 
ICT·22C ICTE·22C 4·1-46 MLL4100 
ICT·36 ICTE·36 4·1·46 MLL4101 
ICT·36C ICTE·36C 4·1·46 MLL4102 
ICT·45 ICTE·45 4·1·46 MLL4103 
ICT-45C ICTE·45C 4·1·46 MLL4104 
ICT·5 ICTE·5 4·1·46 MLL4105 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORSAND,ZENER DIODES 
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Replacement Number 

ICTE·8 4·1-46 
ICTE"8C 4·1-46 

4·1·46 
4·1·46 
4·1·46 
4·1-46 
4·1·46 
4·1·46 
4·1·46 
4·1·46 

4·1·46 
4·1·46 
.4·1·46 
4·1·46 
4·1·46 
4·1-46 
4·1·46 
4·1·46 
4·1·46 

MZ5530B 4·2·38 

MZ5530B 4·2·38 
MZ5521B 4·2·38 
MZ5522B 4-2·38 
MZ5523B 4·2·38 
MZ5524B 4·2·38 
MZ5525B 4·2·38 
MZ5526B 4-2·38 
MZ5527B 4·2·38 
MZ5528B 4·2·38 
MZ5529B 4·2·38 

MZ5521B 4·2·38 
MZ5522B 4-2·38 
MZ5523B 4·2·38 
MZ5524B 4·2·38 
MZ5525B 4·2·38 
MZ5526B 4·2·38 
MZ5527B 4·2·38 
MZ5528B 4·2·38 
MZ5529B 4·2·38 

CF 

OF 
CF 
CF 
CF 

MLL4692 4·2·74 
MLL4693 4·2·74 
MLL4694 4·2·74 
MLL4695 4·2·74 
MLL4696 4·2·74 
MLL4697 4·2·74 
MLL4698 4·2·74 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

MLL4736 1 5MB5921BT3 4-2-78, MLL4761A 
MLL4736A 1 5MB5921BT3 4-2-78 MLL4762 
MLL4737 15MB5922BT3 4-2-78 MLL4762A 
MLL4737A 15MB5922BT3 4-2-78 MLL4763 
MLL4738 1 5MB5923BT3 4-2-78 MLL4763A 
MLL4738A 1 5MB5923BT3 4-2-78 MLL4764 
MLL4739 1 5MB5924BT3 4-2-78 MLL4764A 
MLL4739A 1 5MB5924BT3 4-2-78 MLL5221B MLL5221B 
MLL4740 1 5MB5925BT3 4-2-78 MLL5222B MLL5222B 
MLL4740A 1 5MB5925BT3 4-2-78 MLL5223B MLL5223B 

MLL4741 1 5MB5926BT3 4-2-78 MLL5224B MLL5224B 
MLL4741A 1 5MB5926BT3 4-2-78 MLL5225B MLL5225B 
MLL4742 15MB5927BT3 4-2-78 MLL5226B MLL5226B 
MLL4742A 1 5MB5927BT3 4-2-78 MLL5227B MLL5227B 
MLL4743 15MB5928BT3 4-2-78 MLL5228B MLL5228B 
MLL4743A 1 5MB5928BT3 4-2-78 MLL5229B MLL5229B 
MLL4744 1 5MB5929BT3 4-2-79 MLL5230B MLL5230B 
MLL4744A 15MB5929BT3 4-2-79 MLL5231B MLL5231B 
MLL4745 1 5MB5930BT3 4-2-79 MLL5232B MLL5232B 
MLL4745A 1 5MB5930BT3 4-2-79 MLL5233B MLL5233B 

MLL4746 15MB5931BT3 4-2-79 MLL5234B MLL5234B 
MLL4746A 1 5MB5931 BT3 4-2-79 MLL5235B MLL5235B 
MLL4747 1 5MB5932BT3 4-2-79 MLL5236B MLL5236B 
MLL4747A 1 5MB5932BT3 4-2-79 MLL5237B MLL5237B 
MLL4748 1 5MB5933BT3 4-2-79 MLL5238B MLL5238B 
MLL4748A 1 5MB5933BT3 4-2-79 MLL5239B MLL5239B 
MLL4749 1 5MB5934BT3 4-2-79 MLL5240B MLL5240B 
MLL4749A 1 5MB5934BT3 4-2-79 MLL5241B MLL5241B 
MLL47S0 1 5MB5935BT3 4-2-79 MLL5242B MLL5242B 
MLL4750A 1 5MB5935BT3 4-2-79 MLL5243B MLL5243B 

MLL4751 1 5MB5936BT3 4-2-79 MLL5244B MLL5244B 
MLL4751A 1 5MB5936BT3 4-2-79 MLL5245B MLL5245B 
MLL4752 1 5MB5937BT3 4-2-79 MLL5246B MLL5246B 
MLL4752A 1 5MB5937BT3 4-2-79 MLL5247B MLL5247B 
MLL4753 1 5MB5938BT3 4-2-79 MLL5248B MLL5248B 
MLL4753A 1 5MB5938BT3 4-2-79 MLL5249B MLL5249B 
MLL4754 1 5MB5939BT3 4-2-79 MLL5250B MLL5250B 
MLL4754A 1 5MB5939BT3 4-2-79 MLL5251B MLL5251B 
MLL4755 1 5MB5940BT3 4-2-79 MLL5252B MLL5252B 
MLL4755A 1 5MB5940BT3 4-2-79 MLL5253B MLL5253B 

MLL4756 1 5MB5941 BT3 4-2-79 MLL5254B MLL5254B 
MLL4756A 1 5MB5941 BT3 4-2-79 MLL5255B MLL5255B 
MLL4757 1 5MB5942BT3 4-2-79 MLL5256B MLL5256B 
MLL4757A 1 5MB5942BT3 4-2-79 MLL5257B MLL5257B 
MLL4758 1 5MB5943BT3 4-2-79 MLL5258B MLL5258B 
MLL4758A 1 5MB5943BT3 4-2-79 MLL5259B MLL5259B 
MLL4759 1 5MB5944BT3 4-2-79 MLL5260B MLL5260B 
MLL4759A 1 5MB5944BT3 4-2-79 MLL5261B MLL5261B 
MLL4760 1 5MB5945BT3 4-2-79 MLL5262B MLL5262B 
MLL4760A 1 5MB5945BT3 4-2-79 MLL5263B MLL5263B 
MLL4761 1 5MB5946BT3 .4-2-79 MLL5264B 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Replacement , Number 

15MB5946BT3 4-2-79 
15MB5947BT3 4-2-79 
15MB5947BT3 4-2-79 
15MB5948BT3 4-2-79 
15MB5948BT3 4-2-79 
1 5MB5949BT3 4-2-79 
1 5MB5949BT3 4-2-79 

4-2-75 
4-2-75 
4~2-75 

4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 

4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 

4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 

4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 
4-2-75 

MMBZ5264BL 4-2-66 
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CROSS-REFERENCE (continued) 
" 

Industry Motorola Motorola Industry Motorola 
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Number: Replacement Replacement Number Number Replacement 

MMBZ5230BL MMBZ5230BL 4-2-66 MPT-36 
MMBZ5231BL MMBZ5231BL 4-2-66 MPT-36C 
MMBZ5232BL MMBZ5232BL 4-2-66 MPT-45 
MMBZ5233BL MMBZ5233BL 4-2-66 MPT-45C 
MMBZ5234BL MMBZ5234BL 4-2-66 MPH 
MMBZ5235BL MMBZ5235BL 4-2-66 MPT-8 
MMBZ5236BL MMBZ5236BL 4-2-66 MPT-8C 
MMBZ5237BL MMBZ5237BL 4-2-66 MPTE-10 MPTE-10 
MMBZ5238BL MMBZ5238BL 4-2-66 MPTE-10C MPTE-10C 
MMBZ5239BL MMBZ5239BL 4-2-66 MPTE-12 MPTE-12 

MMBZ5240BL MMBZ5240BL 4-2-66 MPTE-12C MPTE-12C 
MMBZ5241BL MMBZ5241BL 4-2-66 MPTE-15 MPTE-15 
MMBZ5242BL MMBZ5242BL 4-2-66 MPTE-15C MPTE-15C 
MMBZ5243BL MMBZ5243BL 4-2-66 MPTE-18 MPTE-18 
MMBZ5244BL MMBZ5244BL 4-2-66 MPTE-18C MPTE-18C 
MMBZ5245BL MMBZ5245BL 4-2-66 MPTE-22 MPTE-22 
MMBZ5246BL MMBZ5246BL 4-2-66 MPTE-22C MPTE-22C 
MMBZ5247BL MMBZ5247BL 4-2-66 MPTE-36 MPTE-36 
MMBZ5248BL MMBZ5248BL 4-2-66 MPTE-36C MPTE-36C 
MMBZ5249BL MMBZ5249BL 4-2-66 MPTE-45 MPTE-45 

MMBZ5250BL MMBZ5250BL 4-2-66 MPTE-45C MPTE-45C 
MMBZ5251BL MMBZ5251BL 4-2-66 MPTE-5 MPTE-5 
MMBZ5252BL MMBZ5252BL 4-2-66 MPTE-8 MPTE-8 
MMBZ5253BL MMBZ5253BL 4-2-66 MPTE-8C MPTE-8C 
MMBZ5254BL MMBZ5254BL 4-2-66 MR2535L MR2535L 
MMBZ5255BL MMBZ5255BL 4-2-66 MZ1000-1 1N4728 
MMBZ5256BL MMBZ5256BL 4-2-66 MZ1000-10 1N4737 
MMBZ5257BL MMBZ5257BL 4-2-66 MZ1000-11 1N4738 
MMBZ5258BL MMBZ5258BL 4-2-66 MZ1000-12 1N4739 
MMBZ5259BL MMBZ5259BL 4-2-66 MZ1000-13 1N4740 

MMBZ5260BL MMBZ5260BL 4-2-66 MZ1000-14 1N4741 
MMBZ5261BL MMBZ5261BL 4-2-66 MZ1000-15 1N4742 
MMBZ5262BL MMBZ5262BL 4-2-66 MZ1000-16 1N4743 
MMBZ5263BL MMBZ5263BL 4-2-66 MZ1000-17 1N4744 
MMBZ5264BL MMBZ5264BL 4-2-66 MZ1000-18 1N4745 
MMBZ5265BL MMBZ5265BL 4-2-66 MZ1000-19 1N4746 
MMBZ5266BL MMBZ5266BL 4-2-66 MZ1000-2 1N4729 
MMBZ5267BL MMBZ5267BL 4-2-66 MZ1000-20 1N4747 
MMBZ5268BL MMBZ5268BL 4-2-66 MZ1000-21 1N4748 
MMBZ5269BL MMBZ5269BL 4-2-66 MZ1000-22 1N4749 

MMBZ5270BL MMBZ5270BL 4-2-66 MZ1000-23 1N4750 
MPT-10 MPTE-10 4-1-46 MZ1000-24 1N4751 
MPT-10C MPTE-10C 4-1-46 MZ1000-25 1N4752 
MPT-12 MPTE-12 4-1-46 MZ1000-26 1N4753 
MPT-12C MPTI;-12C 4-1-46 MZ1000-27 1N4754 
MPT-15 MPTE-15 4-1-46 MZ1000-28 1N4755 
MPT-15C MPTE-15C 4-1-46 MZ1000-29 1N4756 
MPT-18 MPTE-18 4-1-46 MZ1000-3 1N4730 
MPT-18C MPTE,18C 4-1-46 MZ1000-30 1N4757 
MPT-22 MPTE-22 4-1-46 MZ1000-31 1N4758 
MPT-22C MPTE-22C 4-1-46 MZ1000-32 1N4759 

CF = consult factory representative 
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MPTE-36 4-1-46 
MPTE-36C 4-1-46 
MPTE-45 4-1-46 
MPTE-45C 4-1-46 
MPTE-5 4-1-46 
MPTE-8 4-1-46 
MPTE-8C 4-1-46 

4,1-46 
4-1-46 
4-1-46 

4-1-46 
4-1-46 
4-1-46 
4-1-46 
4-1-46 
4-1-46 
4-1-46 
4-1-46 
4-1-46 
4-1-46 

4-1-46 
4-1-46 
4-1-46 
4-1-46 
4-1-48 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2·44 
4-2-44 
4-2-44 
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Industry l\4otorola Motorola , Industry Motorola 
Part D.lrect Similar Page Part Direct 

.Number· Rep~cement Replacement Number Number Replacement 

MZ500-38 1N5268A ~ " 4-2-32 MZ623-19 
MZ500-39 1N5270A 4-2-32 MZ623-19A 
MZ500-4 1N5226A 4-2-31 MZ623-19B 
MZ500-40 1 N5271 A 4-2-32 MZ623-20 
MZ50()"5 1N5227A 4-2-31 MZ623-20A 
MZ500-6 1N5228A 4-2-31 MZ623-20B 
MZ500-7 1N5229A 4-2-31 MZ623-21 
MZ50Q-8 1N5230A 4,2-31 MZ623-21A 
MZ500-9 1N5231A 4-2-31 MZ623-21B 
MZ5520B MZ5520B 4-2-38 MZ623-22 

MZ5521B MZ5521B 4-2-38 MZ623-22A 
MZ5522B MZ5522B 4-2-38 MZ623-22B 
MZ55,23B MZ5523B 4-2-38 MZ623-23 
MZ5524B MZ5524B 4-2-38 MZ623-23A 
MZ5525B MZ5525B 4-2-38 MZ623-23B 
MZ5526B MZ5526B 4-2-38 MZ623·24 
MZ5527B MZ5527B 4-2-38 MZ623-24A 
MZ552SB MZ5528B 4-2-38 MZ623-24B 
MZ5529B MZ5529B 4-2-38. MZ623-25 
MZ5530B MZ5530B 4-2-38 MZ623-25A 

MZ5555 1N6284A 4-1-43 MZ623·25B 
MZ5556 1N9287A 4-1-43 MZ623-26 
MZ5557 1N6289A 4-1-44 MZ623-26A 
MZ5558 1N6303A 4-1-44 : MZ623-26B 
MZ623,10 1N4744A 4'2-44 MZ623-27 
MZ623-10A 1N4744A 4-2-44 MZ623-27A 
MZ623-10B 1N4744A 4-2-44 MZ623-27B 
MZ623-11 1N4745A 4-2-44 MZ623-S 
MZ623-11A 1N4745A 4-2-44 MZ623-6A 
MZ623-11B 1N4745A 4-2-44 MZ623-6B 

MZ623-12 1N4746A 4-2-44 MZ623-7 
MZ623-12A 1N4746A 4-2-44 MZ623-7A 
MZ623-12B 1N4746A 4-2-44 MZ623-7B 
MZ623-13 1N4746A 4-2-44 MZ623-8 
MZ623-13A 111!4746A 4-2-44 MZ623-8A 
MZ623-13B 1N4746A 4,?c44 MZ623-8B 
MZ623·14 1N4747A 4-2-44 MZ623-S 
MZ623-14A 1N4747A 4-2-44. MZ623-SA 
MZ623-14B 1N4747A 4-2-44 MZ623-SB 
MZ623-15 1N4747A 4-2-44 MZ70-100B 1N5271B 

MZ623-15A 1N4747A 4-2-44 MZ70-10B 1N5240B 
MZ623·15B 1N4747A 4-2-44 MZ70-110B 1N5272B 
MZ623-16 1N4748A 4-2-44 MZ70-11B 1N5241B 
MZ623-16A 1N4748A 4-2-44 MZ70-120B 1N5273B 
MZ623-16B 1N4748A 4-2-44 MZ70-12B 1N5242B 
MZ623-17 1N4749A 4-2-44 MZ70-130B 1N5274B 
MZ623-17A 1N4749A 4-2-44 MZ70-13B 1N5243B 
MZ623·17B 1N4749A 4-2-44 MZ70-140B 1N5275B 
MZ623,·18 I 1N4749A 4-2-44 MZ70-14B 1N5244B 
MZ623-18A 1N4749A 4-2-44 MZ70-150B 1N5276B 
MZ623,18B 1N4749A 4-2-44 MZ70-15B 1N5245B 

CF = consult factory representative 
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1N4750A 
1N4750A 
1N4750A 
1N4751A 
1 N4751 A 
1 N4751 A 
1N4752A 
1N4752A 
1N4752A 
1N4753A 

1N4753A 
1N4753A 
1N4754A 
1N4754A 
1N4754A 
1N4755A 
1N4755A 
1N4755A 
1N4756A 
1N4756A 

1N4756A 
1N4756A 
1N4756A 
1N4756A 
1N4757A 
1N4757A 
1N4757A 
1 N4741 A 
1N4741A 
1N4741A 

1N4742A 
1N4742A 
1N4742A 
1N4743A 
1N4743A 
1N4743A 
1N4744A 
1N4744A 
1N4744A 

; ~.":" .. 

Page 
'Number 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 

4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-44 
4-2-32 

4:2-31 
4-2-32 
4-2-31 ' 
4-2-32 
4-2-31 
4'2-32 
4-2-31 
4-2-32 
4-2-31 
4-2-32 
4-2-31 



CROSS-REFERENCE (continued) 

Industry . MotofoIa . Moto~ola Industry Motorola 
part Dintct $Imilar ,Page 

Nu":,_ . RePlIICelllent Replacement Number 
Part Direct 

Number Replacement 

MZ92-7.5B lN5236B 4-2-31 MZP4729A MZP4729A 
MZ92-75B lN5267B 4-2-32 MZP4730A MZP4730A 
MZ92-8.2B lN5237B 4-2-31 . MZP4731A MZP4731A 
MZS2-S.7B lN5238B 4-2-31 MZP4732A MZP4732A 
MZ92.82B lN5268B 4-2-32 MZP4733A MZP4733A 
MZ92-87B lN5269B 4-2-32 MZP4734A MZP4734A 
MZ92-9.1B lN5239B 4-2-31 MZP4735A MZP4735A 
MZ92-91B lN5270B 4-2-32 MZP4736A MZP4736A 
MZD10 MZDlO - 4-2-55 MZP4737A MZP4737A 
MZOl00 MZDl00 4-2-55 MZP4738A MZP4738A 

MZDll MZDll 4-2-55 MZP4739A MZP4739A 
MIDHO MZDl10. 4-2-55 MZP4740A MZP4740A 
MZD12 MZD12.· 4-2-55 MZP4741A MZP4741A 
MZDl20 MZD120 4-2-55 MZP4742A MZP4742A 
MZD13 MZ013 4-2-55 MZP4743A MZP4743A 
MZDl30 MZDl30 4-2-55 MZP4744A MZP4744A 
MZD15 MZD15 . 4-2-55 MZP4745A MZP4745A 
MZD150 MZD150 4-2-55 MZP4746A MZP4746A 
MZD16 MZD16 4-2-55 MZP4747A MZP4747A 
MZDl60 MZDl60. 4-2-55 MZP4748A MZP4748A 

MZ018 MZD18 4-2-55 MZP4749A MZP4749A 
MZD189 MZD180 4-2-55 MZP4750A MZP4750A 
MZD20 MZD20 4-2-55 MZP4751A MZP4751A 
MZD20D MZD200 4-2-55 MZP4752A MZP4752A 
MZD22 . MZD22 4-2-55 MZP4753A MZP4753A 
MZD24 MZ024 4:2-55 MZP4754A MZP4754A 
MZD27 MZD27 4-2-55 MZP4755A MZP4755A 
MZD3.9 MZD3.9 4-2-55 MZP4756A MZP4756A 
MZD30 MZD30 4-2-55 MZP4757A MZP4757A 
MZD33 MZD33 . 4-2-55 MZP4758A MZP4758A 

MZD3i MZD36 4-2-55 MZP4759A MZP4759A 
MZD39 MZD3e 4-2.55 MZP4760A MZP4760A 
MZD4.3 MZD4.3 4-2-55 MZP4761A MZP4761A 
MZD4.7 MZD4.7 4-2-55 MZP4762A MZP4762A 
MZD43 MZIJ43 4-2-55 MZP4763A MZP4763A 
MZD47 MZD47 4-2-55 MZP4764A MZP4764A 
MZD5.1 MZ05.1 4-2-55 MZPY10 MZPY10 
MZD5.6 MZD5.6 4-2-55 MZPY100 MZPY100 
MZD51 MZD51 4-2-55 MZPY11 MZPY11 
MZD56 MZD56 4-2-55 MZPY12 MZPY12 

MZD6.2 MZD6.2. 4-2-55 MZPY13 MZPY13 
MID6.8 MZDG.B 4-2-55 MZPY15 MZPY15 
MZD62 MZDG2 4-2-55 MZPY16 MZPY16 
MZD68. MZD68 4-2-55 MZPY18 MZPY18 
MZD7.5 MZD7.5 .4-2-55 MZPY20 MZPY20 
MZD75 MZD75 4-2-55 MZPY22 MZPY22 
MlDB.2 MZDS.2 4-2-55 MZPY24 MZPY24 
MZD82 MZD82 4-2-55 MZPY27 MZPY27 
MZ09.1 MZ09.1 . 4-2-55 MZPY3.9 MZPY3.9 
MZD91 MZD91 4-2-55 MZPY30 MZPY30 
MlP4728A MZP4728~ 4-2-56 MZPY33 MZPY33 

CF = coosuIt factory representative 
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4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 

4-2-56 
4-2-56 
4-2-56 
4-2-56. 
4-2'56 
4-2-56 
4-2-56 
4-2-56 
4-2·56 
4-2-56 

4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 

4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-56 
4-2-46 
4-2-46 
4-2-46 
4-2-46 

4-2-46 
4-2-46 
4-2-46 
4-2-46 
4-2-46 
4-2-46 
4-2-46 
4-2-46 
4-2·46 
4-2-46 . 
4-2-46 
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Industry , Motorola ' Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number Number Replacement 

P5KE8,OA P6KE10A 4-1-33 P6KE130CP 
P5KE8.0CA P6KE10CA 4-1-33 P6KE130P 
P5KE8,5A P6KE10A 4-1-33 P6KE13A P6KE13A 
P5KE8,5CA P6KE10CA 4-1-33 P6KE13C P6KE13C 
P5KE85A P6KE100A 4-1-34 P6KE13CA P6KE13CA 
P5KE85CA P6KE100CA 4-1-34 P6KE13CP 
P5KE9.0A P6KE11A 4-1-33 P6KE13P 
P5KE9.0CA P6KE11CA 4-1-33 P6KE15 P6KE15 
P5KE90A P6KE110A 4-1-34 P6KE150 P6KE150 
P5KE90CA P6KE110CA 4-1-34 P6KE150A P6KE150A 

P6KE10 P6KE10 4-1-33 P6KE150C P6KE150C 
P6KE100 P6KE100 4-1-34 P6KE150CA P6KE150CA 
P6KE100A P6KE100A 4-1-34 P6KE150CP 
P6KE100C P6KE100C 4-1-34 P6KE150P 
P6KE100CA P6KE100CA 4-1-34 P6KE15A P6KE15A 
P6KE100CP P6KE100CA 4-1-34 P6KE15C P6KE15C 
P6KE100P P6KE100A 4+34 P6KE15CA P6KE15CA 
P6KE10A P6KE10A 4-1-33 P6KE15CP 
P6KE10C P6KE10C 4-1-33 P6KE15P 
P6KE10CA P6KE10CA 4-1-33 P6KE16 P6KE16 

P6KE10CP P6KE10CA 4-1-33 P6KE160 P6KE160 
P6KE10P P6KE10A 4-1-33 P6KE160A P6KE160A 
P6KE11 P6KE11 4-1-33 P6KE160C P6KE160C 
P6KE110 P6KE110 4-1-34 P6KE160CA P6KE160CA 
P6KE110A P6KE110A 4-1-34 P6KE160CP 
P6KE110C P6KE110C 4-1-34 P6KE160P 
P6KE110CA P6KE110CA 4-1-34 P6KE16A P6KE16A 
P6KE110CP P6KE110CA 4-1-34 P6KE16C P6KE16C 
P6KE110P P6KE110A 4-1-34 P6KE16CA P6KE16CA 
P6KE11A P6KE11A 4-1-33 P6KE16CP 

P6KE11C P6KE11C 4-1-33 P6KE16P 
P6KE11CA P6KE11CA 4-1-33 P6KE170 PSKE170 
P6KE11CP P6KE11CA 4-1-33 P6KE170A P6KE170A 
P6KE11P P6KE11A 4-1-33 P6KE170C ,P6KE170C 
P6KE12 P6KE12 4-1-33 P6KE170CA P6KE170CA 
P6KE120 P6KE120 4-1-34 P6KE170CP 
P6KE120A P6KE120A 4-1-34 P6KE170P 
P6KE120C P6KE120C 4-1-34 P6KE18 P6KE18 
P6KE120CA P6KE120CA 4-1-34 P6KE180 P6KE180 
P6KE120CP P6KE120CA 4-1-34 P6KE180A P6KE180A 

P6KE120P P6KE120A 4-1-34 P6KE180C P6KE180C 
P6KE12A P6KEl2A 4-1-33 P6KE180CA P6KE180CA 
P6KE12C P6KE12C 4-1-33 P6KE180CP 
P6KE12CA P6KE12CA 4-1-33 P6KE180P 
P6KE12CP P6KE12CA 4-1-33 P6KE18A P6KE18A 
P6KE12P P6KE12A 4-1-33 P6KE18C P6KE180 
P6KE13 P6KE13 4-1-33 P6KE18CA P6KE18CA 
P6KE130 P6KE130 4-1-34 P6KE18CP 
P6KE130A P6KE130A 4-1-34 P6KE18P 
P6KE130C P6KE130C '4-1-34 P6KE20 P6KE20, 
P6KE130CA P6KE130CA 4-1-34 P6KE200 P6KE200 

CF = consult factory representative 
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P6KE130CA 4-1-34 
P6KE130A 4-1-34 

4-1-33 
4-1-33 
4-1-33 

P6KE13CA 4-1-33 
P6KE13A 4-1-33 

4-1-33 
4-1-34 
4-1-34 

4-1-34 
4-1-34 

P6KE150CA 4-1-34 
P6KE150A 4-1-34 

4-1-33 
4-1-33 
4-1-33 

P6KE15CA 4-1-33 
P6KE15A 4-1-33 

4-1-33 

4-1-34 
4-1-34 
4-1,34 
4-1-34 

P6KE160CA 4-1-34 
P6KE160A 4-1-34 

4-1-33 
4-1-33 
4-1-33 

P6KE16CA 4-1-33 

P6KE16A 4-1-33 
4-1-34 
4-,1-34 
4-1-34 
4-1-34 

P6KE170CA 4.1-34 
P6KE170A 4-1-34 

4-1-33 
4-1-34 
4-1-34 

4-1-34 
4-1-34 

P6KE180CA 4-1-34 
P6KE180A 4-1-34 

4-1-33 
4-1-33 
4-1-33 

P6KE18CA 4-1-33 
P6KE18A 4-1-33 

4-1-33 
4-1-34 
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Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement . Replacement Number Number Replacement 

P6KE7.5C P6KE7.5C 4·1·33 P6SMB16AT3 P6SMB16AT3 
P6KE7.5CA P6KE7.5CA 4·1·33 P6SMBt70AT3 P6SMB170AT3 
P6KE75 P6KE75 4·1·34 P6SMB180AT3 P6SMB180AT3 
P6KE75A P6KE75A 4·1·34 P6SMB18AT3 P6SMB18AT3 
P6KE75C P6KE75C 4·1·34 P6SMB200AT3 P6SMB200AT3 
P6KE75CA P6KE75CA 4·1·34 P6SMB20AT3 P6SMB20AT3 
P6KE75CP P6KE75CA 4·1·34 P6SMB22AT3 P6SMB22AT3 
P6KE75P P6KE75A 4·1·34 P6SMB24AT3 P6SMB24AT3 
P6KE7V5A P6KE7.5A 4·1·33 P6SMB27AT3 P6SMB27AT3 
P6KE7V5CA P6KE7.5CA 4·1·33 P6SMB30AT3 P6SMB30AT3 

P6KE7V5CP P6KE7.5CA 4·1·33 P6SMB33AT3 P6SMB33AT3 
P6KE7V5P P6KE7.5A 4·1·33 P6SMB36AT3 P6SMB36AT3 
P6KE8.2 P6KE8.2 4·1·33 P6SMB39AT3 P6SMB39AT3 
P6KE8.2A P6KE8.2A 4·1·33 P6SMB43AT3 P6SMB43AT3 
P6KE8.2C P6KE8.2C 4·1·33 P6SMB47AT3 P6SMB47AT3 
P6KE8.2CA P6KE8.2CA 4·1·33 P6SMB51AT3 P6SMB51AT3 
P6KE82 P6KE82 4·1·34 P6SMB56AT3 P6SMB56AT3 
P6KE82A P6KE82A 4·1·34 P6SMB6.8AT3 P6SMB6.8AT3 
P6KE82C P6KE82C 4·1·34 P6SMB62AT3 P6SMB62AT3 
P6KE82CA P6KE82CA 4·1·34 P6SMB68AT3 P6SMB68AT3 

P6KE82CP P6KE82CA 4·1·34 P6SMB7.5AT3 P6SMB7.5AT3 
P6KE82P P6KE82A 4·1·34 P6SMB75AT3 P6SMB75AT3 
P6KE8V2A P6KE8.2A 4·1·33 P6SMB8.2AT3 P6SMB8.2AT3 
P6KE8V2CA P6KE8.2CA 4·1·33 P6SMB82AT3 P6SMB82AT3 
P6KE8V2CP P6KE8.2CA 4·1·33 P6SMB9.1AT3 P6SMB9.1AT3 
P6KE8V2P P6KE8.2A 4·1·33 P6SMB91AT3 P6SMB91AT3 
P6KE9.1 P6KE9.1 4·1·33 P7KE10 
P6KE9.1A P6KE9.1A 4·1·33 P7KE100 
P6KE9.1C P6KE9.1C 4·1·33 P7KE100C 
P6KE9.1CA P6KE9.1CA 4·1·33 P7KE10C 

P6KE91 P6KE91 4·1·34 P7KE25 
P6KE91A P6KE91A 4·1·34 P7KE25C 
P6KE91C P6KE91C 4·1·34 P7KE43 
P6KE91CA P6KE91CA 4·1·34 P7KE43C 
P6KE91CP P6KE91CA 4·1·34 P7T·10 
P6KE91P P6KE91A 4·1·34 P7T·10B 
P6KE9V1A P6KE9.1A 4·1·33 P7T·110 
P6KE9V1CA P6KE9.1CA 4·1·33 P7T·110B 
P6KE9V1CP P6KE9.1CA 4·1·33 P7T·27 
P6KE9V1P P6KE9.1A 4·1·33 P7T·27B 

P6SMB100AT3 P6SMB100AT3 4·1·60 P7T·43 
P6SMB10AT3 P6SMB10AT3 4·1·60 P7T·43B 
P6SMB110AT3 P6SMB110AT3 4·1·60 PF8Z10 
P6SMB11AT3 P6SMB11AT3 4·1·60 PF8Z100 
P6SMB120AT3 P6SMB120AT3 4·1·60 PF8Z12 
P6SMB12AT3 P6SMB12AT3 4·1·60 PF8Z120 
P6SMB130AT3 P6SMB130AT3 4·1·60 PF8Z15 
P6SMB13AT3 P6SMB13AT3 4·1·60 PF8Z150 
P6SMB150AT3 P6SMB150AT3 4·1·60 PF8Z18 
P6SMB15AT3 P6SMB15AT3 4·1·60 PF8Z180 
P6SMB160AT3 P6SMB160AT3 4·1·60 PF8Z22 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

2·68 

Motorola 
Similar 

Replacement 

1N6275 
1N6299 
1.5KE150C 
1.5KE15C 

1N6284 
1.5KE36C 
1N6289 
1.5KE56C 
1N6276 
1.5KE16C 
1N6299 
1.5KE150C 
1N6283 
1.5KE33C 

1N6290 
1.5KE62C 
1N6271 
1N6295 
1N6273 
1N6297 
1N6275 
1N6299 
1N6277 
1N6302 
1N6279 

.. 

Page 
Number 

4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 

4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 

4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4-1-43 
4·1·44 
4·1·44 
4·1·43 

4·1-43 
4·1·43 
4·1·44 
4·1-44 
4·1·43 
4·1·43 
4·1·44 
4,1·44 
4·1·43 
4·1·43 

4·1·44 
4·1·44 
4·1·43 
4·1·44 . 
4·1·43 
4·1·44 
4·1·43 
4·1·44 
4·1·43 
4·1·44 
4·1·43 



I 

CROSS-REFERENCE (continued) 

Industry Motorola Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Number Replacement Replacement Number . .Number Replacement 

PFZD62 1.5KE62C 4-1-44 SA15C SA15C 
PFZD68 1.5KE68C 4-1-44 SA15CA SA15CA 
PFZD6V8 1.5KE6.BC 4-1-43 . SA16 SA16 
PFZDB2 1.5KEB2C 4-1-44 SAl 60 SA160 
PFZDBV2 1.5KEB.2C 4-1-43 SA160A SA160A 
PZD16 1.5KE16C 4-1-43 SA160C SA160C 
PZD160 1.5KE160C 4-1-44 SA160CA SA160CA 
PZD36 1.5KE36C 4-1-43 SA16A SA16A 
PZD62 1.5KE62C 4-1-44 SA16C SA16C 
SA10 SA10 4-1-26 SA16CA SA16CA 

SAlOO SA100 4-1-27 SA17 SA17 
SA100A SA100A 4-1-27 SA170 SA170 
SA100C SA100C 4-1-27 SA170A SA170A 
SA100CA SA100CA 4-1-27 SA170C SA170C 
SA10A SA10A 4-1-26 SA170CA SA170CA 
SA10C SA10C 4-1-26 SA17A SA17A 
SA10CA SA10CA 4-1-26 SA17C SA17C 
SA11 SA11 4-1-26 SA17CA SA17CA 
SA110 SA110 4-1-27 SA1B SA18 
SA110A SA110A 4-1-27 SA1.8A SA18A 

SA110C SA110C 4-1-27 SA18C SA18C 
SA110CA SA110CA 4-1-27 SA18CA SA18CA 
SA11A SA11A 4-1-26 SA20 SA20 
SA11C SA11C 4-1-26 SA20A SA20A 
SA11CA SA11CA 4-1-26 SA20C SA20C 
SA12 SA12 4-1-26 SA20CA SA20CA 
SA120 SA120 4-1-27 SA22 SA22 
SA120A SA120A 4-1-27 SA22A SA22A 
SA120C SA120C 4-1-27 SA22C SA22C 
SA120CA SA120CA 4-1-27 SA22CA SA22CA 

SA12A SA12A 4-1-26 SA24 SA24 
SA12C SA12C 4-1-26 SA24A SA24A 
SA12CA SA12CA 4-1-26 SA24C SA24C 
SA13 SA13 4-1-26 SA24CA SA24CA 
SA130 SA130 4-1-27 SA26 SA26 
SA130A SA130A 4-1-27 SA26A SA26A 
SA130C SA130C 4-1-27 SA26C SA26C 
SA130CA SA130CA 4-1-27 SA26CA SA26CA 
SA13A SA13A 4-1-26 SA2B SA2B 
SA13C SA13C 4,1-26. SA2BA SA2BA 

SA13CA SAl3CA 4-1-26 SA2BC SA2BC 
SA14 SA14 4-1-26 SA2BCA SA2BCA 
SA14A SA14A 4-1-26 SA30 SA30 
SA14C SA14C 4-1-26 SA30A SA30A 
SA14CA SA14CA 4-1-26 SA30C SA30C 
SA15 SA15 4-1-26 SA30CA SA30CA 
SA150 SA150 4-1-27 SA33 SA33 
SA150A SA150A 4-1-27 SA33A SA33A 
SA150C SA150C 4-1-27 SA33C SA33C 
SA150CA SA150CA 4-1-27 SA33CA SA33CA 
SA15A SAt5A 4-1-26 SA36 SA36 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Motorola 
Similar Page 

Replacement Number 

4-1-26 
4-1-26 
4-1-26 
4-1-27 
4-1-27 
4-1-27 
4-1-27 
4-1-26 
4-1-26 
4-1-26 

4-1-26 
4-1-27 
4-1-27 
4-1-27 
4-1-27 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 

4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 

4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 

4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-26 
4-1-27 



I 

CROSS-REFERENCE (continued) -'" ,\, 

Industry MotOrola Motorola Industry Motorola Motorola 
Part Direct Similar Page Part Direct Similar 

Number Replacement Replacement Number Number Replacement Replacement 

SBL25· 1N6284 4·1·43 SM4T27A 
SBL25C 1.5KE36C 4-1·43 SM4T30 
SBL43 1NS290 4-1·44 SM4T30A 
SBL43C 1.5KES2C 4-1-44 SM4T33 
SM15T10 1.5SMC10AT3 4-1·6S SM4T33A 
SM15T10A 1.5SMC10AT3 4·1·66 SM4T3S 
SM15T12 1.5SMC12AT3 4·1·SS SM4T3SA 
SM15T12A 1.5SMC12AT3 4·1·SS SM4T39 
SM15T15 1.5SMC15AT3 4-1-SS SM4T39A 
SM15T15A 1.5SMC15AT3 4·1·SS SM4T68 

SM15T18 1.5SMC18AT3 4·1·S6 SM4T68A 
SM15T18A 1.5SMC18AT3 4·1·SS SM4T6V8 
SM15T22 1.5SMC22AT3 4·1·66 SM4T6V8A 
SM15T22A 1.5SMC22AT3 4·1·66 SM4T7V5 
SM15T24 1.5SMC24AT3 4·1·66 SM4T7V5A 
SM15T24A 1.5SMC24AT3 4·1·66 SMST10 
SM15T27 1.5SMC27 AT3 4·1·SS SMST100 
SM15T27A 1.5SMC27 AT3 4·1-6S SM6T100A 
SM15T30 1.5SMC30AT3 4·1·S6 SMST10A 
SM15T30A 1.5SMC30AT3 4-1-66 SM6T12 

SM15T33 1.5SMC33AT3 4·1·66 SMST12A 
SM15T33A 1.5SMC33AT3 4-1-S6 SMST15 
SM15T36 1.5SMC36AT3 4·1·S6 SMST150 
SM15T36A 1.5SMC36AT3 4·1·6S SM6T150A 
SM15T39 1.5SMC39AT3 4-1-66 SM6T15A 
SM15T39A 1.5SMC39AT3 4·1·SS SMST18 
SM15TS8 1.5SMCS8AT3 4·1·66 SMST18A 
SM15TS8A 1.5SMC68AT3 4·1·SS SMST200 
SM15TSV8 1.5SMC6.8AT3 4·1·SS SMST200A 
SM15T6V8A 1.5SMCS.8AT3 4·1·6S SMST22 

SM15T7V5 1.5SMC7.5AT3 4·1·6S SMST22A 
SM15T7V5A 1.5SMC7.5AT3 4·1·SS SMST24 
SM4T10 P6SMB10AT3 4·1·S0 SMST24A 
SM4T100 P6SMB100AT3 4·1·60 SM6T27 
SM4T100A PSSMB100AT3 4-1-S0 SM6T27A 
SM4T10A PSSMB10AT3 4·1·S0 SMST30 
SM4T12 P6SMB12AT3 4·1·60 SMST30A 
SM4T12A P6SMB12AT3 4·1·60 SM6T33 
SM4T15 PSSMBt5AT3 4·1·S0 SM6T33A 
SM4T150 P6SMB150AT3 4·1·S0 SMST3S 

SM4T150A PSSMB150AT3 4·1·S0 SMST3SA 
SM4T15A PSSMB15AT3 4·1·S0 SMST39 
SM4T18 PSSMB18AT3 4·1·S0 SMST39A 
SM4T18A PSSMB18AT3 4·1·60 SMST68 
SM4T200 PSSMB200AT3 4·1·S0 SM6TS8A 
SM4T200A P6SMB200AT3 4·1·60 SMSTSV8 
SM4T22 PSSMB22AT3 4-1-60 SMST6V8A 
SM4T22A PSSMB22AT3 4·1·60 SMST7V5 
SM4T24 P6SMB24AT3 4·1·S0 SM6T7V5A 
SM4T24A PSSMB24AT3 4+60 5MBJ10 1SMB10AT3 
SM4T27 P6SMB27AT3 4-1-S0 5MBJ100 1SMB100AT3 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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P6SMB27AT3 
PSSMB30AT3 
PSSMB30AT3 
PSSMB33AT3 
PSSMB33AT3 
PSSMB3SAT3 
PSSMB36AT3 
P6SMB39AT3 
PSSMB39AT3 
PSSMBS8AT3 

P6SMBS8AT3 
P6SMBS.8AT3 
P6SMBS.8AT3 
PSSMB7.5AT3 
P6SMB7.5AT3 
PSSMB10AT3 
P6SMB100AT3 
PSSMB100AT3 
P6SMB10AT3 
P6SMB12AT3 

P6SMB12AT3 
PSSMB15AT3 
P6SMB150AT3 
P6SMB150AT3 
P6SMB15AT3 
P6SMB18AT3 
PSSMB18AT3 
PSSMB200AT3 
PSSMB200AT3 
P6SMB22AT3 

PSSMB22AT3 
P6SMB24AT3 
PSSMB24AT3 
PSSMB27AT3 
P6SMB27AT3 
PSSMB30AT3 
PSSMB30AT3 
P6SMB33AT3 
P6SMB33AT3 
PSSMB3SAT3 

P6SMB3SAT3 
P6SMB39AT3 
PSSMB39AT3 
PSSMBS8AT3 
PSSMBS8AT3 
P6SMBS.8AT3 
PSSMBS.8AT3 
PSSMB7.5AT3 
P6SMB7.5AT3 

Page 
Number 

4·1'SO 
4-1-S0 
4·1·S0 
4·1·S0 
4·1·S0 
4·1·60 
4·1·60 
4·1·60 
4-1-60 
4·1·60 

4·1·S0 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4·1·60 
4-1-60 
4·1·60 
4·1·60 
4·1·60 

4-1-60 
4·1·60 
4·1·60 
4-1-60 
4·1·60 
4·1·S0 
4·1·S0 
4·1-60 
4·1·S0 
4·1·S0 

4·1·60 
4·1·S0 
4·1·S0 
4·1·S0 
4-1-S0 
4-1·60 
4·1·S0 
4·1·S0 
4·1·S0 
4·1·S0 

4·1·S0 
4-1-S0 
4·1·60 
4·1-60 
4·1·60 
4·1 'SO 
4·1·60 
4·1·60 
4-1-S0 
4·1·59 
4·1·59 



I 

CROSS-REFERENCE (continued) 

Industry Motorola " ,Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

NU!l1ber Replacement Replacement Number Number Replacement 

SMCJ16 1SMC16AT3 4-1-65 SMCJ70A 1SMC70AT3 
SMCJ16A 1SMC16AT3 4-1-65 SMCJ75 1SMC75AT3 
SMCJ17 1SMC17AT3 4-1-65 SMCJ75A 1SMC75AT3 
SMCJ17A 1SMC17AT3 4-1-65 SMCJ78 1SMC78AT3 
SMCJ18 1SMC18AT3 4-1-65 SMCJ78A 1SMC78AT3 
SMCJ18A 1SMC18AT3 4-1-65 SMCJ8.0 1SMC8.0AT3 
SMCJ20 1SMC20AT3 4-1-65 SMCJ8.0A 1SMC8.0AT3 
SMCJ20A 1SMC20AT3 4-1-65 SMCJ8,5 1SMC8,5AT3 
SMCJ22 1SMC22AT3 4-1-65 SMCJ8.5A 1SMC8.5AT3 
SMCJ22A 1SMC22AT3 4-1-65 SMCJ9.0 1SMC9.0AT3 

SMCJ24 1SMC24AT3 4-1-65 SMCJ9.0A 1SMC9,OAT3 
SMCJ24A 1SMC24AT3 4-1-65 SMMJ10 
SMCJ26 1SMC26AT3 4-1-65 SMMJ10A 
SMCJ26A 1SMC26AT3 4-1-65 SMMJ11 
SMCJ28 1SMC28AT3 4-1-65 SMMJ11A 
SMCJ28A 1SMC28AT3 4-1-65 SMMJ12 
SMCJ30 1SMC30AT3 4-1-65 SMMJ12A 
SMCJ30A 1SMC30AT3 4-1-65 SMMJ13 
SMCJ33 1SMC33AT3 4-1-65 SMMJ13A 
SMCJ33A 1SMC33AT3 4-1-65 SMMJ14 

SMCJ36 1SMC36AT3 4-1-65 SMMJ14A 
SMCJ36A 1SMC36AT3 4-1-65 SMMJ15 
SMCJ40 1SMC40AT3 4-1-65 SMMJ15A 
SMCJ40A 1SMC40AT3 4-1-65 SMMJ16 
SMCJ43 1SMC43AT3 4-1-65 SMMJ16A 
SMCJ43A 1SMC43AT3 4-1-65 SMMJ17 
SMCJ45 1SMC45AT3 4-1-65 SMMJ17A 
SMCJ45A 1SMC45AT3 4-1-65 SMMJ18 
SMCJ48 1SMC48AT3 4-1-65 SMMJ18A 
SMCJ48A 1SMC48AT3 4-1-65 SMMJ20 

SMCJ5.0 1SMC5.0AT3 4-1-65 SMMJ20A 
SMCJ5.0A 1SMC5.0AT3 4-1-65 SMMJ22 
SMCJ51 1SMC51AT3 4-1-65 SMMJ22A 
SMCJ51A 1SMC51AT3 4-1-65 SMMJ24 
SMCJ54 1SMC54AT3 4-1-65 SMMJ24A 
SMCJ54A 1SMC54AT3 4-1-65 SMMJ26 
SMCJ58 1SMC58AT3 4-1-65 SMMJ26A 
SMCJ58A 1SMC58AT3 4-1-65 SMMJ28 
SMCJ6,O 1SMC6.0AT3 4-1-65 SMMJ28A 
SMCJ6,OA 1SMC6.0AT3 4-1-65 SMMJ30 

SMCJ6.5 1SMC6,5AT3 4-1-65 SMMJ30A 
SMCJ6.5A 1SMC6.5AT3 4-1-65 SMMJ33 
SMCJ60 1SMC60AT3 4-1-65 SMMJ33A 
SMCJ60A 1SMC60AT3 4-1-65 SMMJ36 
SMCJ64 1SMC64AT3 4-1-65 SMMJ36A 
SMCJ64A 1SMC64AT3 4-1-65 SMMJ40 
SMCJ7,O 1SMC7.0AT3 4-1-65 ' SMMJ40A 
SMCJ7,OA 1SMC7.0AT3 4-1-65 SMMJ43 
SMCJ7,5 1SMC7.5AT3 4-1-65 SMMJ43A 
SMCJ7,5A 1SMC7.5AT3 4-1-65 SMMJ45 
SMCJ70 1SMC70AT3 4-1-65 SMMJ45A 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Motorola 
Similar Page 

Replacement Number 

4-1-65 
4-1-65 
4-1'65 
4-1-65 
4-1-65 
4-1-65 
4-1-65 
4-1-65 
4-1-65 
4-1-65 

4-1-65 
1SMC10AT3 4-1-65 
1SMC10AT3 4-1-65 
1SMC11AT3 4-1-65 
1SMC11AT3 4-1-65 
1SMC12AT3 4-1-65 
1SMC12AT3 4-1-65 
1SMC13AT3 4-1-65 
1SMC13AT3 4-1-65 
1SMC14AT3 4-1-65 

1SMC14AT3 4-1-65 
1SMC15AT3 4-1-65 
1SMC15AT3 4-1-65 
1SMC16AT3 4-1-65 
1SMC16AT3 4-1-65 
1SMC17AT3 4-1-65 
1SMC17AT3 4-1-65 
1SMC18AT3 4-1-65 
1SMC18AT3 4-1-65 
1SMC20AT3 4-1-65 

1SMC20AT3 4-1-65 
1SMC22AT3 4-1-65 
1SMC22AT3 4-1-65 
1SMC24AT3 4-1-65 
1SMC24AT3 4-1-65 
1SMC26AT3 4-1-65 
1SMC26AT3 4-1-65 
1SMC28AT3 4-1-65 
1SMC28AT3 4-1-65 
1SMC30AT3 4-1-65 

1SMC30AT3 4-1-65 
1SMC33AT3 4-1-65 
1SMC33AT3 4-1-65 
1SMC36AT3 4-1-65 
1SMC36AT3 4-1-65 
1SMC40AT3 4-1-65 

,1SMC40AT3 4-1-65 
1SMC43AT3 4-1-65 
1SMC43AT3 4-1-65 
1SMC45AT3 4-1-65 
1SMC45AT3 4-1-65 



CROSS-REFERENCE (continued) 

Industry Motorola . Motorola Industry Motorola 
Part Direct Similar Page Part Direct 

Nl,lmber Replacement Replacement Number Nu",ber ' Replacement 

SMSJ60 1SMB60AT3 4-1-59 SMZJ3802B 
SMSJ60A 1SMB60AT3 4-1-59 SMZJ3803A 
SMSJ64 1SMB64AT3 4-1-59 SMZJ3803B 
SMSJ64A 1SMB64AT3 4-1-59 SMZJ3804A 
SMSJ7.0 1SMB7.0AT3 4-1-59 SMZJ3804B 
SMSJ7.0A 1SMB7.0AT3 4-1-59 SMZJ3805A 
SMSJ7.5 1SMB7.5AT3 4-1-59 SMZJ3805A 
SMSJ7.5A 1SMB7.5AT3 4-1-59 SMZJ3806A 
SMSJ70 1SMB70AT3 4-1-59 SMZJ3806B 
SMSJ70A 1SMB70AT3 4-1-59 SMZJ3807A 

SMSJ75 1SMB75AT3 4-1-59 SMZJ3807B 
SMSJ75A 1SMB75AT3 4-1-59 SMZJ3808A 
SMSJ78 1SMB78AT3 4-1-59 SMZJ3808B 
SMSJ78A 1SMB78AT3 4-1-59 SMZJ3809A 
SMSJ8.0 1SMB8.0AT3 4-1-59 SMZJ3809B 
SMSJ8.0A 1SMB8.0AT3 4-1-59 SMZJ5347A,B 
SMSJ8.5 1SMB8.5AT3 4-1-59 SMZJ5348A,B 
SMSJ8.5A 1SMB8.5AT3 4-1-59 SMZJ5349A,B 
SMSJ85 1SMB85AT3 4-1-59 SMZJ5350A,B 
SMSJ85A 1SMB85AT3 4-1-59 SMZJ5351A,B 

SMSJ9.0 1SMB9.0AT3 4-1-59 SMZJ5352A,B 
SMSJ9.0A 1SMB9.0AT3 4-1-59 SMZJ5353A,B 
SMSJ90 1SMB90AT3 4-1-59 SMZJ5354A,B 
SMSJ90A 1SMB90AT3 4-1-59 SMZJ5355A,B 
SMZJ3789A 1 5MB5925BT3 4-2-78 SMZJ5356A,B 
SMZJ3789B 1 5MB5925BT3 4-2-78 SMZJ5357A,B 
SMZJ3790A 1 5MB5926BT3 4-2-78 SMZJ5358A,B 
SMZJ3790B 1 5MB5926BT3 4-2-78 SMZJ5359A,B 
SMZJ3791A 1 5MB5927BT3 4-2-78 SMZJ5360A,B 
SMZJ3791B 1 5MB5927BT3 4-2-78 SMZJ5361A,B 

SMZJ3792A 1 5MB5928BT3 4-2-78 SMZJ5362A,B 
SMZJ3792B 1 5MB5928BT3 4-2-78 SMZJ5363A,B 
SMZJ3793A 1 5MB5929BT3 4-2-79 SMZJ5364A,B 
SMZJ3793B 1 5MB5929BT3 4-2-79 SMZJ5365A,B 
SMZJ3794A 1 5MB5930BT3 4-2-79 SMZJ5366A,B 
SMZJ3794B 1 5MB5930BT3 4-2-79 SMZJ5367A,B 
SMZJ3795A 1SMB5931BT3 4-2-79 SMZJ5368A,B 
SMZJ3795B 1SMB5931BT3 4-2-79 SMZJ5369A,B 
SMZJ3796A 1 5MB5932BT3 4-2-79 SMZJ5370A,B 
SMZJ3796B 1 5MB5932BT3 4-2-79 SMZJ5371A,B 

SMZJ3797A 1 5MB5933BT3 4-2-79 SMZJ5372A,B 
SMZJ3797B 1 5MB5933BT3 4-2-79 SMZJ5373A,B 
SMZJ3798A 1 5MB5934BT3 4-2-79 SMZJ5374A,B 
SMZJ3798B 1 5MB5934BT3 4-2-79 SOV10 
SMZJ3799A 1SMB5935BT3 4-2-79 SOV12 
SMZJ3799B 1 5MB5935BT3 4-2-79 SOV15 
SMZJ3800A 1 5MB5936BT3 4-2-79 SOV18 
SMZJ3800B 1 5MB5936BT3 4-2-79 SOV24 
SMZJ3801A 1 5MB5937BT3 4-2-79 SOV28 
SMZJ3801B 1SMB5937BT3 4-2-79 SOV5.0 
SMZJ3802A 1 5MB5938BT3 4-2-79 TS;7 

CF = consult factory representative 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Motorola 
Similar Page 

Replacement Number 

1SMB5938BT3 4-2-79 
1SMB5939BT3 4-2-79 
1SMB5939BT3 4-2-79 
1 5MB5940BT3 4-2-79 
1 5MB5940BT3 4-2-79 
1 5MB5941 BT3 4-2-79 
1 5MB5941 BT3 4-2-79 
1SMB5942BT3 4-2-79 
1 5MB5942BT3 4-2-79 
1 5MB5943BT3 4-2-79 

1SMB5943BT3 4-2-79 
1 5MB5944BT3 4-2-79 
1 5MB5944BT3 4-2-79 
1 5MB5945BT3 4-2-79 
1SMB5945BT3 4-2-79 
P6SMB10AT3 4-1-60 
P6SMB11AT3 4-1-60 
P6SMB12AT3 4-1-60 
P6SMB13AT3 4-1-60 
P6SMB15AT3 4-1-60 

P6SMB15AT3 4-1-60 
P6SMB16AT3 4-1-60 
P6SMB18AT3 4-1-60 
P6SMB18AT3 4-1-60 
P6SMB20AT3 4-1-60 
P6SMB20AT3 4-1-60 
P6SMB22AT3 4-1-60 
P6SMB24AT3 4-1-60 
P6SMB27AT3 4-1-60 
P6SMB27AT3 4-1-60 

P6SMB30AT3 4-1-60 
P6SMB30AT3 4-1-60 
P6SMB33AT3 4-1-60 
P6SMB36AT3 4-1-60 
P6SMB39AT3 4-1-60 
P6SMB43AT3 4-1-60 
P6SMB47AT3 4-1-60 
P6SMB51AT3 4-1-60 
P6SMB56AT3 4-1-60 
P6SMB62AT3 4+60 

P6SMB62AT3 4-1-60 
P6SMB68AT3 4+60 
P6SMB75AT3 4-Ho 
SA10A 4-1-26 
SA12A 4-1-26 
SA15A 4-1-26 
SA18A 4-1-26 
SA26A 4-1-26 
SA28A 4-1:26 
SA5.0A 4-1-26 
1N5908 4-1-42 
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TVSlZENER PREFERRED PARTS LIST 

ZENER 
BREAK· 

DEVICE DOWN POWER APPLICATION MOUNTING TYPE PACKAGE 
TYPE VOLTAGE RATING OUTLINE 

(VOLTS) 

1.5KE10CA 10 1.5 kW SURGE TVS-BIOIR. AXIAL THRU-HOLE CASE 41 

1.5KEl2CA 12 1.5kWSURGE TVS-BIOIR. AXIAL THRU-HOLE CASE 41 

1.5KE18CA 18 1.5 kW SURGE TVS-BIOIR. AXIAL THRU-HOLE CASE 41 

1.5KE36CA 36 1.5 kW SURGE' TVS-BIOIR. AXIAL THRU-HOLE CASE 41 

1.5SMC36AT3 36 1,5 kW SURGE TVS-UNIOIR. SURFACE MOUNTED SMC 

1.5SMC56AT3 56 1.5kWSURGE TVS-UNIOIR. SURFACE MOUNTED SMC 

1.5SMC62AT3 62 1.5 kW SURGE TVS-UNIOIR. SURFACE MOUNTED SMC 

lN4689 5,1 500mWOC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN4728A 3.3 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4731A 4.3 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4732A 4.7 lWOC VOLTAGE REG, AXIAL THRU-HOLE 0041 

lN4733A 5.1 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4734A 5.6 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00·41 

lN4735A 6,2 lWOC VOLTAGE REG. AXIAL THRU·HOLE 00-41 

lN4736A 6.8 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4738A 8,2 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4739A 9.1 lWOC VOLTAGE REG. AX,IAL THRU-HOLE 00-41 

lN4740A 10 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4741A 11 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4742A 12 lWOC VOLTAGE REG. AXIAL THRU-HOLE 0041 

lN4743A 13 lWOC VOLTAGE REG, AXIAL THRU-HOLE 00-41 

lN4744A 15 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4745A 16 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4746A 18 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4747A 20 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN4749A 24 lWOC VOLTAGE REG. AXIAL THRU-HOLE 0041 

lN4750A 27 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

1 N4751 A 30 lWOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN5221B 2.4 500mWOC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN5223B 2.7 500mWOC VOLTAGE REG. AXIAL THRU·HOLE 00-35 

lN5226B 3.3 500mWOC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

, lN5228B 3.9 500mWOC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN5229B 4.3 500mWOC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

• MAXIMUM REVERSE STAND-OFF VOLTAGE 
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CASE PAGE # 
MATERIAL 

PLASTIC 4-1-43 

PLASTIC 4-143 

PLASTIC 4-143 

PLASTIC 4-1-43 

PLASTIC 4-1-66 

PLASTIC 4-1-66 

PLASTIC 4-1-66 

GLASS 4-2-30 

GLASS 4·2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-244 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-244 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-44 

GLASS 4-2-31 

GLASS 4-2-31 

GLASS 4-2-31 

GLASS 4-2-31 

GLASS 4-2-31 



I 

TVSlZENER PREFERRED PARTS LIST 

ZENER 
BREAK· 

DEVICE DOwN POWER APPLICATION MOUNTING TYPE PACKAGE 
TYPE . VOLTAGE RATING OUTLINE 

(VOLTS) 

IN5360B 25 5WOC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

IN5361B 27 5WOC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

IN5363B 30 5WOC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

IN~364B 33 5WOC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

IN5365B 36 5WDC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

IN5366B 39 5WOC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

IN5368B 47 5WDC VOLTAGE.REG. AXIAL THRU-HOLE CASE 17 

IN5372B 62 5WDC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

lN5383B 150 5WDC VOLTAGE REG. AXIAL THRU-HOLE CASE 17 

lN5908 5' 1.5kWSURGE TVS-UNIOIR. AXIAL THRU-HOLE CASE 41 

IN5918B 5.1 1.5WDC VOLT.AGE REG. AXIAL THRU-HOLE 00-41 

lN5920B 6.2 1.5WDC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN5929B 15 1.5WOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN5934B . 24 1.5WOC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

lN5936B 30 1.5WOC VOLTAGE REG. AXIAL THRU-HOLE DO-41 

lN5941B 47 1.5WOC VOLTAGE REG. AXIAL THRU-HOLE DO-41 

lN5988B 3.3 500mWOC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN5993B 5.1 500mWOC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN5994B 5.6 500mWDC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN5998B 8.2 500mWDC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN6007B 20 500mWDC VOLTAGE REG. AXIAL THRU-HOLE 00-35 

lN6267A 6.8 1.5 kW SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 41 

lN6280A 24 1.5 kW SURGE TVS-UNIOIR. . AXIAL THRU-HOLE CASE 41 

lN6282A 30 1.5 kW SURGE TVS-UNIOIR. AXIAL THRU-HOLE CASE 41 

lN6283A 33 1.5kWSURGE TVS-UNIOIR. AXIAL THRU-HOLE CASE 41 

lN6284A 36 1.5kWSURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 41 

lN6288A 51 1.5 kW SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 41 

lN6290A 62 1.5 kW SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 41 

lN6373 5' 1.5 kW SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 41 

lN6376 12' 1.5 kWSURGE TVS-UNIOIR. AXIAL THRU-HOLE CASE 41 

lN6382 8' 1.5 kW SURGE TVS-BIDIR. AXIAL THRU-HOLE CASE 41 

lN6385 15' 1.5 kW SURGE TVS-BIOIR. AXIAL THRU-HOLE CASE 41 

lN821 6.2 400mWOC VOLTAGE REF. AXIAL THRU-HOLE 00-35 

IN823 6.2 400mWDC VOLTAGE REF. AXIAL THRU-HOLE DO-35 

lN825 6.2 400mWDC VOLTAGE REF. AXIAL THRU-HOLE 00-35 

1 5MB5918BT3 5.1 1.5WOC VOLTAGE REG. SURFACE MOUNTED 5MB 

'MAXIMUM REVERSE STAND-OFF VOLTAGE 
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MATERIAL 

PLASTIC 4-2-59 

PLASTIC 4-2-59 

PLASTIC 4-2-59 

PLASTIC 4-2-59 

PLASTIC 4-2-59 

PLASTIC 4-2-59 

PLASTIC 4-2-59 

PLASTIC 4-2-59 

PLASTIC 4-2-60 

PLASTIC 4-1-42 

PLASTIC 4-2-51 

PLASTIC 4-2-51 

PLASTIC 4-2-51 

PLASTIC 4-2-51 

PLASTIC 4-2-51 

PLASTIC 4-2-51 

GLASS 4-2-33 

GLASS 4-2-33 

GLASS 4-2-33 

GLASS 4-2-33 

GLASS 4-2-33 

PLASTIC 4-1-43 

PLASTIC 4-1-43 

PLASTIC 4-1-43 

PLASTIC 4-1-43 

PLASTIC 4-1-43 

PLASTIC 4-1-43 

PLASTIC 4-1-44 

PLASTIC 4-1-46 

PLASTIC 4-1-46 

PLASTIC 4-1-46 

PLASTIC 4-1-46 

GLASS 4-3-10 

GLASS 4-3-10 

GLASS 4-3-10 

PLASTIC 4-2-78 



I 

TVSlZENER PREFERRED PARTS LIST 

ZENER 
BREAK· 

DEVICE' DOWN POWER APPLICATION MOUNTING TYPE PACKAGE 
TYPE VOLTAGE RATING OUTLINE 

(VOLTS) 

MMBZ5255BL 28 225mWDC VOLTAGE REG. SURFACE MOUNTED SOT·23 

MR2535L 20' 110ASURGE TV~NIDIR. AXIAL THRU·HOLE CASE 194-04 

MZP4733A 5.1 lWDC VOLTAGE REG. AXIAL THRU·HOLE 00·41 

MZP4735A 6.2 lWDC VOLTAGE REG. AXIAL THRU·HOLE 00·41 

MZP4744A 15 lWDC VOLTAGE REG. AXIAL THRU·HOLE 00-41 

MiP4745A 16 lWDC VOLTAGE REG. AXIAL THRU·HOLE 00·41 

MZP4746A 18 lWDC VOLTAGE REG. AXIAL THRU·HOLE 00·41 

MZP4749A 24 lWDC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

MZP4751A 30 lWDC VOLTAGE REG. AXIAL THRU-HOLE 00-41 

P6KEllCA 11 600 W SURGE TVS-BIDIR. AXIAL THRU-HOLE CASE 17 

P6KE13A 13 600WSURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 17 

P6KE15A 15 600 W SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 17 

P6KE2OCA 20 600WSURGE TVS-BIDIR. AXIAL THRU-HOLE CASE 17 

P6KE22CA 22 600WSURGE TVS-BIDIR. AXIAL THRU-HOLE CASE 17 

P6KE27A 27 600 W SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 17 

P6KE27CA 27 600WSURGE TVS-BIDIR. AXIAL THRU-HOLE CASE 17 

P6KE30CA 30 600 W SURGE TVS-BIDIR. AXIAL THRU-HOLE CASE 17 

P6KE33A 33 600WSURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 17 

P6KE36A 36 600 W SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 17 

P6KE6.SA 6.8 600 W SURGE TV8-UNIDIR. AXIAL THRU-HOLE CASE 17 

P6KE62A 62 600 W SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 17 

P6KE7.5CA 7.5 600 W SURGE TV8-BIDIR. AXIAL THRU-HOLE CASE 17 

P6SMB13AT3 13 600 W SURGE TVS-UNIDIR. SURFACE MOUNTED 5MB 

P6SMB15AT3 15 600WSURGE ' TVS-UNIDIR. SURFACE MOUNTED 5MB 

P6SMB27AT3 27 600 W SURGE TVS-UNIDIR. SURFACE MOUNTED 5MB 

P6SMB30AT3 30 600WSURGE TVS-UNIDIR. SURFACE MOUNTED 5MB 

P6SMB33AT3 33 600 W SURGE TVS-UNIDIR. SURFACE MOUNTED 5MB 

P6SMB36AT3 36 600WSURGE TVS-UNIDIR. SURFACE MOUNTED 5MB 

P6SMB51AT3 51 600 W SURGE TVS-UNIDIR. SURFACE MOUNTED 5MB 

P6SMB62AT3 62 600WSURGE TVS-UNIDIR. SURFACE MOUNTED 5MB 

SAl2A 12' 500WSURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 59-04 

SA12CA 12' 500WSURGE TV8-BIDIR. AXIAL THRU-HOLE CASE 59-04 

SA13A 13' 500WSURGE TV8-UNIDIR. AXIAL THRU-HOLE CASE 59-04 

SA13CA 13' 500WSURGE TVS-BIDIR. AXIAL THRU-HOLE CASE 59-04 

SA15A 15' 500 W SURGE TVS-UNIDIR. AXIAL THRU-HOLE CASE 59-04 

SA15CA 15' 500WSURGE TV8-BIDIR. AXIAL THRU-HOLE CASE 59-04 

'MAXIMUM REVERSE STAND-OFF VOLTAGE 
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PLASTIC 4·2:66 

PLASTiC 4·1·48 

PLASTIC 4·2·56 

PLASTIC 4·2·56 

PLASTIC 4-2·56 

PLASTIC 4·2·56 

PLASTIC 4·2-56 

PLASTIC 4-2-56 

PLASTIC 4-2-56 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4+33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-33 

PLASTIC 4-1-60 

PLASTIC 4-1-60 

PLASTIC 4-1-60 

PLASTIC 4-1-60 

PLASTIC 4-1-60 

PLASTIC 4-1-60 

PLASTIC 4-1-60 

PLASTIC 4-1-60 

PLASTIC 4-1-26 

PLASTIC 4-1-26 

PLASTIC 4-1-26 

PLASTIC 4-1-26 

PLASTIC ' 4-1-26 

PLASTIC 4-1-26 
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Section 4.1.1 Selector Guide 
Transient Voltage Suppressors 
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SELECTOR GUIDE 

AXIAL LEADED FOR THRU-HOLE DESIGNS (continued) (See Section 4.1.4 f~n complete data) 

PEAK POWER DISSIPATION" - 500 WATTS @ 1 ms SURGE (FIGURE 1) - CASE 59-04 (continued) 

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

Working Peak Breakdown Voltage 
Maximum Maximum 

Reverse Reverse Reverse Surge 
Voltage VBR @IT Leakage Current IRSM 
VRWM (Volts) Pulse @VRWM Figure 1 
(Volts) Device·· Min Max (mA) IR(~) (Amps) 

18 SA18 20 24.4 1 1 15.5 
18 SA18A 20 22.1 1 1 17.2 
20 SA20 22.2 27.1 1 1 13.9 
20 SA20A 22.2 24.5 1 1 15.4 

22 SA22 24.4 29.8 1 1 12.7 
22 SA22A 24.4 26.9 1 1 14.1 
24 SA24 26.7 32.6 1 1 11.6 
24 SA24A 26.7 29.5 1 1 12.8 

26 SA26 28.9 35.3 1 1 10.7 
26 SA26A 28.9 31.9 1 1 11.9 
28 SA28 31.1 38 1 1 9.9 
2B SA28A 31.1 34.4 1 1 11 

30 SA30 33.3 40.7 1 1 9.3 
30 SA30A 33.3 36.8 1 1 10.3 
33 SA33 36.7 44.9 1 1 8.5 
33 SA33A 36.7 40.6 1 1 9.4 

36 SA36 40 4B.9 1 1 7.B 
36 SA36A 40 44.2 1 1 8.6 
40 SA40 44.4 54.3 1 1 7 
40 SA40A 44.4 49.1 1 1 7.8 

43 SA43 47.B 5B.4 1 1 6.5 
43 SA43A 47.8 52.8 1 1 7.2 
45 SA45 50 61.1 1 1 6.2 
45 SA45A 50 55.3 1 1 6.9 

48 SA48 53.3 65.1 1 1 5.8 
4B SA48A 53.3 58.9 1 1 6.5 
51 SA51 56.7 69.3 1 1 5.5 
51 SA51 A 56.7 62.7 1 1 6.1 

54 SA54 60 73.3 1 1 5.2 
54 SA54A 60 66.3 1 1 5.7 
58 SA58 64.4 7B.7 1 1 4.9 
5B SA58A 64.4 71.2 1 1 5.3 

60 SA60 66.7 81.5 1 1 4.7 
60 SA60A 66.7 73.7 1 1 5.2 
64 SA64 71.1 86.9 1 1 4.4 
64 SA64A 71.1 78.6 1 1 4.9 

70 SA70 77.8 95.1 1 1 4 
, 70 SA70A 77.8 86 1 1 4.4 

75 SA75 83.3 102 1 1 3.7 
75 SA75A 83.3 92.1 1 1 4.1 

78 SA78 86.7 106 1 1 3.6 
78 SA78A 86.7 95.8 1 1 4 
85 SA85 94.4 115 1 1 3.3 
85 SA85A 94.4 104 1 1 3.6 

90 SA90 100 122 1 1 3.1 
90 SA90A 100 111 1 1 3.4 
100 SA100 111 136 1 1 2.8 
100 SA100A 111 123 1 1 3.1 

* Steady state power dissipation = 3 waH max rating 
U For bidirectional types use C or CA suffix. Have cathode polarity band on each end. (consult factory for availability) 
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Maximum 
Reverse Voltage 

@IRSM 
(Clamping Voltage) 

VRSM (Volts) 

32.2 
29.2 
35.B 
32.4 

39.4 
35.5 
43 

38.9 

46.6 
42.1 
50 

45.4 

53.5 
48.4 
59 

53.3 

64.3 
58.1 
71.4 
64.5 

76.7 
69.4 
80.3 
72.7 

85.5 
77.4 
91.1 
82.4 

96.3 
87.1 
103 
93.6 

107 
96.B 
114 
103 

125 
113 
134 
121 

139 
126 
151 
137 

160 
146 
179 
162 

(continued) 
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AXIAL LEADED FOR THRU-HOLE DESIGNS (continued) (See Section 4.1.4 for complete data) 

PEAK POWER DISSIPATION· - 600 WATTS @ 1 ms SURGE (FIGURE 1) - CASE 17-02 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) VF = 3.5 V Max, IF = 50 A Pulse 
(except bidirectional devices). 

Breakdown 
Voltage" Working Peak Maximum Maximum 

Reverse Reverse Reverse Surge 
VBR @IT Voltage Leakage Current IRSM 

(Volts) . 
Pulse VRWM @VRWM Figure 1 

Nom (mA) Devlce***t (Volts) IR (jlA) (Amps) 

22 1 P6KE22 17.8 5 19 
22 1 P6KE22A 18.8 5 20 
24 1 P6KE24 19.4 5 17 
24 1 P6KE24A 20.5 5 18 

27 1 P6KE27 21.8 5 15 
27 1 P6KE27A 23.1 5 16 
30 1 P6KE30 24.3 5 14 
30 1 P6KE30A 25.6 5 14.4 

33 1 P6KE33 26.8 5 12.6 
33 1 P6KE33A 28.2 5 13.2 
36 1 P6KE36 29.1 5 11.6 
36 1 P6KE36A 30.8 5 12 

39 1 P6KE39 31.6 5 10.6 
39 1 P6KE39A 33.3 5 11.2 
43 1 P6KE43 34.8 5 9.6 
43 1 P6KE43A 36.8 5 10.1 

47 1 P6KE47 38.1 5 8.9 
47 1 P6KE47A 40.2 5 9.3 
51 1 P6KE51 41.3 5 8.2 
51 1 P6KE51A 43.6 5 8.6 

56 1 P6KE56 45.4 5 7.4 
56 1 P6KE56A 47.8 5 7.8 
62 1 P6KE62 50.2 5 6.8 
62 1 P6KE62A 53 5 7.1 

68 1 P6KE68 55.1 5 6.1 
68 1 P6KE68A 58.1 5 6.5 
75 1 P6KE75 60.7 5 5.5 
75 1 P6KE75A 64.1 5 5.8 

82 1 P6KE82 66.4 5 5.1 
82 1 P6KE82A 70.1 5 5.3 
91 1 P6KE91 73.7 5 4.5 
91 1 P6KE91A 77.8 5 4.8 

100 1 P6KE100 81 5 4.2 
100 1 P6KE100A 85.5 5 4.4 
110 1 P6KEll0 89.2 5 3.8 
110 1 P6KE110A 94 5 4 

120 1 P6KE120 97.2 5 3.5 
120 1 P6KE120A 102 5 3.6 
130 1 P6KE130 105 5 3.2 
130 1 P6KE130A 111 5 3.3 

* Steady state power diSsipation = 5 watts max rating 

*. Breakdown voltage tolerance Is ±10% for no suffix and ±5% for A suffix 

*** For bidirectional types use C or CA suffix. Have cathode polarity band on each end. (consult factory for availability) 

t UL recognition for classification of protectors (QVGV2) under the UL standard for safety 4978 for enUre series including C & CA suffixes. 
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Maximum 
Reverse Voltage 

@IRSM 
(Clamping Voltage) 

VRSM (Volts) 

31.9 
30.6 
34.7 
33.2 

39.1 
37.5 
43.5 
41.4 

47.7 
45.7 
52 

49.9 

56.4 
53.9 
61.9 
59.3 

67.8 
64.8 
73.5 
70.1 

80.5 
77 
89 
85 

98 
92 
108 
103 

118 
113 
131 
125 

144 
137 
158 
152 

173 
165 
187 
179 

(continued) 
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AXIAL LEADED FOR THRU-HOLE DESIGNS (continued) (See Section 4.1.4 for complete data) 

PEAK POWER DISSIPATION* '-1500 WATTS @1 ms SURGE (FIGURE 1) - CASE 41A-02 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) VF = 3.5 V Max, IF = 100 A Pulse) 
(C suffix denotes standard back to back bidirectional versions. Test both polarities) 

Maximum Clamping Voltage'" 
Maximum Reverse 

Maximum Reverse Voltage Peak Pulse 
Reverse 

Breakdown. Maximum Surge @IRSM Current@ 
Stand-Off· 

Voltage Reverse Current (Clamping 1~1 =1 A 
Voltage VBR @IT Leakage Figure 1 Voltage) gure 1 

VRWM J/EDEC" Volts Pulse @VRWM IRSM VRSM VC1 
(Volts) Device Device** Min (mA) IR (1lA) (Amps) (Volts) (Volts max) 

5 1N5908 6 1 300 120 8.5 7.6@3OA 
5 1N6373 ICTE-5IMPTE-5 6 1 300 160 9.4 7.1 
8 lN6374 ICTE-81MPTE-8 9.4 1 25 100 15 11.3 
8 lN6382 ICTE-8CIMPTE-8C 9.4 1 25 100 15 11.4 

10 lN6375 ICTE-l0/MPTE-l0 11.7 1 2 90 16.7 13.7 
10 lN6383 ICTE-1 OC/MPTE-l OC 11.7 1 2 90 16.7 14.1 
12 lN6376 ICTE-121MPTE-12 14.1 1 2 70 21.2 16.1 
12 lN6384 ICTE-12CIMPTE-12C 14.1 1 2 70 21.2 16.7 

15 lN63n ICTE-151MPTE-15 17.6 1 2 60 25 20.1 
15 lN6385 ICTE-15CIMPTE-15C 17.6 1 2 60 25 20.8 
18 lN6378 ICTE-181MPTE-18 21.2 1 2 50 30 24.2 
18 lN6386 ICTE-18CIMPTE-18C 21.2 1 2 50 30 24.8 

22 lN6379 ICTE-221MPTE-22 25.9 1 2 40 37.5 29.8 
22 lN6387 ICTE-22CIMPTE-22C 25.9 1 2 40 37.5 30.8 
36 lN6380 ICTE-361MPTE-36 42.4 1 2 23 65.2 50.6 
36 lN6388 ICTE-36CIMPTE-36C 42.4 1 2 23 65.2 50.6 

45 lN6381 ICTE-45IMPTE-45 52.9 1 2 19 78.9 63.3 
45 lN6389 ICTE-45C/MPTE-45C 52.9 1 2 19 78.9 63.3 

.. Steady state power dissipation = 5 watts max rating. 
""" 1N6382 thru 1N6389 and C suffix ICTE/MPTE device types are bidirectional. Have cathode polarity band on each encl. All other device types are unidirectional only. 

(Consutt factory for availability). 
*** Clamping voltage peak pulse currents for 1 N5908 are 30 Amps and 60 Amps. 

cathode = Polarity Band 

IRSM~ 
IRSM 
-2- -, 

o 

o 1 2 3 4 

Time-(ms) 
Surge Current Characteristics 

Figure 1 
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Peak Pulse 
Current@ 
Ipp2=10A 

Figure 1 
VC2 

(Volts max) 

8@60A 
7.5 
11.5 
11.6 

14.1 
14.5 
16.5 
17.1 

.20.6 
21.4 
25.2 
25.5 

32 
32 

54.3 
54.3 

70 
70 
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SELECTOR GUIDE 

AXIAL LEADEO FORTHRU-HOLE DESIGNS (continued) (See Section 4.1.4 for complete data) 

PEAK POWER DISSIPATION*""': 1500 WATTS @ 1 ms SURGE (FIGURE 1) - CASE 41A-02 (continued) 

ELECTRICAL CHARACTERISTICS - continued (TA = 25°C unless otherwise noted) VF = 3.5 V Max, IF = 100 A Pulse 

Breakdown Working 
Voltage·· Peak Maximum 

Reverse Reverse 
VBR 
Volts @tr Voltage Leakage 

Pulse JEDEC VRWM @VRWM, 
Nom (mA) Device Device .. • t (Volts) IR (IJA) 

56 1 lN6289 1.5KE56 45.4 5 
56 1 lN6289A 1.5KE56A 47.8 5 
62 1 lN6290 1.5KE62 50.2 5 
62 l' lN6290A 1.5KE62A 53 5 

68 1 lN6291 1.5KE68 55.1 5 
66 1 1 N6291 A 1.5KE68A 58.1 5 
75 1 lN6292 1.5KE75 60.7 5 
75 1 lN6292A 1.5KE75A 64.1 5 

82 1 lN6293 1.5KE82 66.4 5 
82 1 lN6293A 1.5KE82A 70.1 5 
91 1 lN6294 1.5KE91 73.7 5 
91 1 lN6294A 1.5KE91A n.8 5 

100 1 lN6295 1.5KEloo 81 5 
100 1 lN6295A 1.5KE100A 85.5 5 
110 1 lN6296 1.5KE110 89.2 5 

.. 110 1 lN6296A 1.5KEll0A 94 5 

120 1 lN6297 1:5KE120 97.2 5 
120 1 lN6297A 1.5KE120A 102 5 
130 1 lN6298 1.5KE130 105 5 
130 1 lN6298A 1.5KE130A 111 5 

150 1 lN6299 1.5KE150 121 5 
150 1 lN6299A 1:5KE150A 128 5 
160 1 lN6300 1.5KE160 130 5 
160 1 lN6300A 1.5KEI60A 136 5 

170 1 lN6301 1.5KE170 138 5 
170 1 1 N6301 A 1.5KE170A 145 5 
180 1 lN6302 1.5KE180 146 5 
180 1 lN6302A 1.5KEIBOA 154 5 

200 1 lN6303 1.5KE200 162 5 
200 1 lN6303A 1.5KE200A 171 5 
220 1 1.5KE220 175 5 
220 1 1.5KE220A 185 5 
250 1 1.5KE250 202 5 
250 1 1.5KE250A 214 5 

• Steady state power dissipation = 5 watts max rating . 

_. Breakdown voltage tolerance is ±1 0% for no suffix and ±5% for A suffix .*. For bidirectional types use C or CA suffix on 1.SKE series only. Have cathode polarity band on each end. Consult factory tor availability. 
(1 N6267-6303A series do not have C or CA option). 

t UL recognition for classification of proteotors (QVGV2) undar the UL slandard for safety 4978 for 1.5KE6.8,A,C,CA thlll 1.5KE250,A,C,CA. 
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Maximum 
Maximum Reverse 
Reverse Voltage 
Surge @IRSM 

Current (Clamping 
Figure 1 Voltage) 

IRSM VRSM 
(Amps) (Volts) 

18.6 BO.5 
19.5 n 
16.9 89 
17.7 65 

15.3 98 
16.3 92 
13.9 108 
14.6 103 

12.7 118 
13.3 113 
11.4 131 
12 125 

10.4 144 
11 137 
9.5 158 
9.9 152 

8.7 173 
9.1 165 
8 187 

8.4 179 

7 215 
7.2 207 
6.5 230 
6.8 219 

6.2 244 
6.4 234 
5.8 258 
6.1 246 

5.2 287 
5.5 274 
4.3 344 
4.6 328 
5 360 
5 344 
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SELECTOR GUIDE 

SURFACE MOUNT PACKAGES (continued) (See Section 4.1.4 for complete data) 

PEAK POWER DISSIPATION - 600 WATTS @ 1 ms SURGE (FIGURE 1) - CASE 403A-03 

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

Breakdown Peak 
Reverse Voltage Maximum Pulse 

Stand-Off VBR@IT Clamping Current 
Voltage Voltage (See Figure 1) 

VR Volts Pulse VC@lpp Ipp 
Volts (1) Device (2) Min mA Volts Amps 

5 15MB5.0AT3 6.4 10 9.2 65.2 
6 15MB6.0AT3 6.67 10 10.3 58.3 

6.5 15MB6.5AT3 7.22 10 11.2 53.6 
7 15MB7.0AT3 7.78 10 12 50 

7.5 15MB7.5AT3 8.33 1 12.9 46.5 

8 15MB8.0AT3 8.89 1 13.6 44.1 
8.5 15MB8.5AT3 9.44 1 14.4 41.7 
9 15MB9.0AT3 10 1 15.4 39 
10 15MB10AT3 11.1 1 17 35.3 
11 15MBllAT3 12.2 1 18.2 33 

12 15MB12AT3 13.3 1 19.9 30.2 
13 15MB13AT3 14.4 1 21.5 27.9 
14 15MB14AT3 15.6 1 23.2 25.8 
15 15MB15AT3 16.7 1 24.4 24 
16 15MB16AT3 17.8 1 26 23.1 

Maximum 
Reverse 
Leakage 

@VR 
IR 

I1A 

800 
800 
500 
200 
100 

50 
10 
5 
5 
5 

5 
5 
5 
5 
5 

Device 
Marking 

KE 
KG 
KK 
KM 
KP 

KR 
KT 
KV 
KX 
KZ 

LE 
LG 
LK 
LM 
LP 

• 
5MB 

CASE 403A-03 
PLASTIC 

Cathode = Notch 

17 15MB17AT3 18.9 1 27.6 21.7 5 LR RECOMMENDED SOLDER PAD (FOOTPRINT) 

18 15MB18AT3 20 1 29.2 20.5 5 LT 
20 15MB20AT3 22.2 1 32.4 18.5 5 LV 
22 15MB22AT3 24.4 1 35.5 16.9 5 LX 
24 15MB24AT3 26.7 1 38.9 15.4 5 LZ 

26 15MB26AT3 28.9 1 42.1 14.2 5 ME 
28 15MB28AT3 31.1 1 45.4 13.2 5 MG 
30 15MB30AT3 33.3 1 48.4 12.4 5 MK 
33 15MB33AT3 36.7 1 53.3 11.3 5 MM 
36 15MB36AT3 40 1 58.1 10.3 5 MP 

40 15MB40AT3 44.4 1 64.5 9.3 5 MR 
43 15MB43AT3 47.8 1 69.4 8.6 5 MT 
45 15MB45AT3 50 1 72.7 8.3 5 MV 
48 15MB48AT3 53.3 1 77.4 7.7 5 MX 
51 1 5MB51AT3 56.7 1 82.4 7.3 5 MZ 

54 15MB54AT3 60 1 87.1 6.9 5 NE 
58 15MB58AT3 64.4 1 93.6 6.4 5 NG 
60 15MB60AT3 66.7 1 96.8 6.2 5 NK 
64 15MB64AT3 71.1 1 103 5.8 5 NM 
70 15MB70AT3 77.8 1 113 5.3 5 NP 

75 15MB75AT3 83.3 1 121 4.9 5 NR 
78 15MB78AT3 86.7 1 126 4.7 5 NT 
85 15MB85AT3 94.4 1 137 4.4 5 NV 
90 15MB90AT3 100 1 146 4.1 5 NX 
100 15MB100AT3 111 1 162 3.7 5 NZ 

110 15MBll0AT3 122 1 177 3.4 5 PE 
120 15MB120AT3 133 1 193 3.1 5 PG 
130 15MB130AT3 144 1 209 2.9 5 PK 
150 15MB150AT3 167 1 243 2.5 5 PM 
160 15MB160AT3 178 1 259 2.3 5 PP 
170 15MB170AT3 189 1 275 2.2 5 PR 

Note 1. A transient suppressor IS normally selected according to the reverse -Stand Off vonage" (VR) which should be equal to or greater 
than the DC or continuous peak operating voltage level. 

Note 2. T3 suffix designates tape and reel of 2500 units. 
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SELECTOR GUIDE 

SURFACE MOUNT PACKAGES (continued) (See Section 4.1.4 for complete data) 

PEAK POWER DISSIPATION -1500 WATTS@ 1 ms SURGE (FIGURE 1) - CASE 403-03 

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

Breakdown Pllllk 
Reverse Voltage Maximum Pulse 

Stand-Off VBR@IT Clamping Current' 
Voltage Voltage, (See Figura 1) 

VR Volta Pulse VC@lpl! Ipp 
Volta (1) Device (2) Min mA Volts Amps .. 

5 1SMC5.0AT3 6.4 10 9.2 163 
6 lSMC6.0AT3 6.67 10 10.3 145.6 

6.5 lSMC6.5AT3 7.22 10 11.2 133.9 
7 lSMC7.0AT3 7.78 10 12 125 

7.5 lSMC7.5AT3 8.33 1 12.9 116.3 

8 lSMC8.0AT3 8.89 1 13.6 110.3 
8.5 lSMC8.5AT3 9.44 1 14.4 104.2 
9 lSMC9.0AT3 10 1 15.4 97.4 
10 lSMC10AT3 11.1 1 17 88.2 
11 lSMCllAT3 12.2 1 18.2 82.4 

12 lSMC12AT3 13.3 1 19.9 75.3 
13 lSMC13AT3 14.4 1 21.5 69.7 

Maximum 
Reverse 
Leakage 

@VR 
IR 

I!A 
1000 
1000 
500 
200 
100 

50 
20 
10 
5 
5 

5 
5 

Device 
Marking 

GOE 
GOG 
GOK 
GOM 
GOP 

GOR 
GOT 
GOV 
GOX 
GOZ 

GEE 
GEG 

• 
SMC 

CASE 403-03 
PLASTIC 

Cathode = Notch 

14 lSMC14AT3 15.6 1 23.2 64.7 5 GEK RECOMMENDED SOLDER PAD (FOOTPRINT) 

15 lSMC15AT3 16.7 1 24.4 61.5 5 GEM 
16 lSMC16AT3 17.8 1 26 57.7 5 GEP 

17 lSMC17AT3 18.9 1 27.6 53.3 5 GER 
, 18 lSMC18AT3 20 1 29.2 51.4 5 GET 

20 lSMC20AT3 22.2 1 32.4 46.3 5 GEV 
22 lSMC22AT3 24.4 1 35.5 42.2 5 GEX 
24 lSMC24AT3 26.7 1 38.9 38.6 5 GEZ 

26 lSMC26AT3 28.9 1 42.1 35.6 5 GFE 
28 lSMC28AT3 31.1 1 45.4 33 5 GFG 
30 lSMC30AT3 33.3 1 48.4 31 5 GFK SMC 

33 lSMC33AT3 36.7 1 53.3 28.1 5 GFM 
36 lSMC36AT3 40 1 58.1 25.8 5 GFP 

40 lSMC40AT3 44.4 1 64.5 23.2 5 GFR 
43 lSMC43AT3 47.8 1 69.4 21.6 5 GFT 
45 lSMC45AT3 50 1 72.7 20.6 5 GFV 
48 lSMC48AT3 53.3 1 77.4 19.4 5 GFX 
51 lSMC51AT3 56.7 1 82.4 18.2 5 GFZ 

54 lSMC54AT3 60 1 87.1 17.2 5 GGE IRSM 
58 lSMC58AT3 64.4 1 93.6 16 5 GGG 

lSMC60AT3 GGK 

~"~ -2- -, 
60 66.7 1 96.8 15.5 5 
64 lSMC64AT3 71.1 1 103 14.6 5 GGM 
70 lSMC70AT3 77.8 1 113 13.3 5 GGP 

75 lSMC75AT3 83.3 1 121 12.4 5 GGR 
78 lSMC78AT3 86.7 1 126 11.4 5 GGT 

Note 1. A transient suppressor is normally selected accordi~g to the reverse "Stand Off Vohage" (VR) which should be equal to or greater 
than the DC or continuous peak operating voltage level. 

Note 2. T3 suffix designates tape and reel of 2500 units. 
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SELECTOR GUIDE 

TRANSIENT VOLTAGE SUPPRESSORS (continued) 

Automotive Transient Suppressors (See Section 4.1.4 for complete data) 

Automotive transient suppressors are designed for protection against over-voltage conditions in the auto electrical system includ­
ing the "LOAD DUMP" phenomenon that occurs when the battery open circuits while the car is running. 

AUTOMOTIVE TRANSIENT SUPPRESSOR 
CASE 194-04 

CASE 194-04 
c. MR2535L 

VRRM (Volts) 20 

10 (Amp) 35 

V(BR) (Volts) 24-32 

IRSM* 110 
(Amp) 

TC@RalediO 150 
eC) 

T 
175 

eC) 

• Time constant = 10 ms, duty cycle:s; 1%, TC = 25°C. 
Note: MR2535L Is considered part of the rectifier product portfolio . 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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Section 4.1.3 Alphanumeric Part 
Number Listing 
Transient Voltage Suppressors 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1SMB4BAT3 4-1-.59 1SMC33AT3 4-1-65 1.5KE24A 4-1-43 

1SMB51AT3 4-1-59 1SMC36AT3 4-1-65 1.5KE27 4-1-43 

1SMB54AT3 4-1-59 1SMC40AT3 4-1-65 1.5KE27A 4-1-43 

1SMB5BAT3 4-1-59 1SMC43AT3 4-1-65 1.5KE30 4-1-43 

1SMB60AT3 4-1-59 1SMC45AT3 4-1-65 1.5KE30A 4-1-43 

1SMB64AT3 4-1-59 1SMC4BAT3 4-1-65 1.5KE33 4-1-43 

1SMB70AT3 4-1-59 1SMC51AT3 4-1-65 1.5KE33A 4-1-43 

1SMB75AT3 4-1-59 1SMC54AT3 4-1-65 1.5KE36 4-1-43 

1SMB7BAT3 4-1-59 1SMC5BAT3 4-1-65 1.5KE36A 4-1-43 

1SMBB5AT3 4-1-59 1SMC60AT3 4-1-65 1.5KE39 4-1-43 

1SMB90AT3 4-1-59 1SMC64AT3 4-1-65 1.5KE39A 4-1-43 

1SMB100AT3 4-1-59 1SMC70AT3 4-1-65 1.5KE43 4-1-43 

1SMB110AT3 4-1-59 1SMC75AT3 4-1-65 1.5KE43A 4-1-43 

1SMB120AT3 4-1-59 1SMC7BAT3 4-1-65 1.5KE47 4-1-43 

1SMB130AT3 4-1-59 1.5KE6.B 4-1-43 1.5KE47A 4-1-43 

1SMB150AT3 4-1-59 1.5KE6.BA 4-1-43 1.5KE51 4-1-43 

1SMB160AT3 4-1-59 1.5KE7.5 4-1-43 1.5KE51A 4-1-43 

I 1SMB170AT3 4-1-59 1.5KE7.5A 4-1-43 1.5KE56 4-1-44 

1SMC5.0AT3 4-1-65 1.5KEB.2 4-1-43 1.5KE56A 4-1-44 

1SMC6.0AT3 4-1-65 1.5KEB.2A 4-1-43 1.5KE62 4-1-44 

1SMC6.5AT3 4-1-65 1.5KE9.1 4-1-43 1.5KE62A 4-1-44 

1SMC7.0AT3 4-1-65 1.5KE9.1A 4-1-43 1.5KE6B 4-1-44 

1SMC7.5AT3 4-1-65 1.5KE10 4-1-43 1.5KE6BA 4-1-44 

1SMCB.OAT3 4-1-65 1.5KE10A 4-1-43 1.5KE75 4-1-44 

1SMCB.5AT3 4-1-65 1.5KE11 4-1-43 1.5KE75A 4-1-44 

1SMC9.0AT3 4-1-65 1.5KE11A 4-1-43 1.5KEB2 4-1-44 

1SMC10AT3 4-1-65 1.5KE12 4-1-43 1.5KEB2A 4-1-44 

1SMC11AT3 4-1-65 1.5KE12A 4-1-43 1.5KE91 4-1-44 

1SMC12AT3 4-1-65 1.5KE13 4-1-43 1.5KE91A 4-1-44 

1SMC13AT3 4-1-65 1.5KE13A 4-1-43 1.5KE100 4-1-44 

1SMC14AT3 4-1-65 1.5KE15 4-1-43 1.5KE100A 4-1-44 

1SMC15AT3 4-1-65 1.5KE15A 4-1-43 1.5KE110 4-1-44 

1SMC16AT3 4-1-65 1.5KE16 4-1-43 1.5KE110A 4-1-44 

1SMC17AT3 4-1-65 1.5KE16A 4-1-43 1.5KE120 4-1-44 

1SMC1BAT3 4-1-65 1.5KE1B 4-1-43 1.5KE120A 4-1-44 

1SMC20AT3 4-1-65 1.5KE1BA 4-1-43 1.5KE130 4-1-44 

1SMC22AT3 4-1-65 1.5KE20 4-1-43 1.5KE130A 4-1-44 

1SMC24AT3 4-1-65 1.5KE20A 4-1-43 1.5KE150 4-1-44 

1SMC26AT3 4-1-65 1.5KE22 4-1-43 1.5KE150A 4-1-44 

1SMC2BAT3 4-1-65 1.5KE22A 4-1-43 1.5KE160 4-1-44 

1SMC30AT3 4-1-65 1.5KE24 4-1-43 1.5KE160A 4-1-44 
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DEVICE .. PAGE, DEVLCE PAGE DEVICE PAGE 

P6KE75 4-1-34 P6SMB36AT3 4-1-60 SA12A 4-1-26 

P6KE75A 4-1-34 P6SMB39AT3 4-1-60 SA13 4-1-26 

P6KE82 4-1-34 P6SMB43AT3 4-1-60 SA13A 4-1-26 . 

P6KE82A 4-1-34 P6SMB47AT3 4-1-60 SA14 4-1-26, 

P6KE91 4-1-34 P6SMB51AT3 4-1-60 SA14A 4-1-26 

P6KE91A 4-1-34 P6SMB56AT3 4-1-60 SA15 4-1-26 

P6KE100 4-1-34 P6SMB62AT3 4-1-60 SA15A 4cl-26 

P6KE100A 4-1~34 . P6SMB68AT3 4-'-60 SA16 4-1-26. 

P6KEll0 4-1-34 P6SMB75AT3 4-1-60 SA16A 4-1-26 

P6KE110A 4-1-34 P6SMB82AT3 4-1-60 SA17 4-1-26 

P6KE120 4-1-34 P6SMB91AT3 4-1-60 SA17A 4-1-26 

P6KE120A 4-1-34 P6SMB100AT3 4-1-60 SA18 4-1-26 

f'6KE130 4-1-34 P6SMBl19AT3 4-1-60 SA18A .' 4-1-26 

P6KE130A 4-1-34 P6SMB120AT3 4-1-60 SA20 4-1-26 

P6KE150 4-1-34 P6SMB130AT3 4-1-60 SA20A 4-1-26 

P6KE150A 4-1-34 P6SMB150AT3 4-1-60 SA22 4-1-26 

P6KE160 4-1-34 . P6SMB160AT3 4-1-60 SA22A 4-H6 

I P6KE160A 4-1-34, P6SMB17OAT3 4-1-60 SA24 4-1-26 

P6KE170 4-1-34. P6SMBl80AT3 4-1-60 SA24A 4-1-26 

1'>6KE170A 4-1-34 P6SMB200AT3 4-1-60 SA26 4-1-26 

P6KE180 4-1-34 SA5 .. 0 4-1-26 SA26A 4-1-26 

P6KEl80A 4-1,34 SA5.0A 4,1-26 SA28 4-1-26 

P6KE200 4-1-34 SA6.0 4-1-26 SA28A 4-1-26 

P6KE200A 4-1-34 SA6.0A 4-1-26 SA30 4-1-26 

P6SMB6.8AT3 4-t-60 SA6.5 4-1-26 SA30A 4-1-26 

1'>6SMB7.5AT3 4+60 SA6.5A 4-1-26 SA33 4-1-26 

P6SMB8.2AT3 4-1-6(} SA7.0 4-1-26 SA33A 4-1-26 

P6SMB9.1AT3 4-1 .• 60 SA7.0A 4-1-26 SA36 4-1-27 

p6SMB10AT3 4-1-60 SA7.5 4-1-26 SA36A 4-1-27 

P6SMBllAT3 4-1-60 SA7.5A 4-1-26 SA40 4-1-2,7 

P6SMB12AT3 4-1-60 SA8.0 4-1-26 SA40A 4-1-27 

P6SMB13AT3 4-1-60 SA8.0A 4-1-26 SA43 4-1-27 

P6SMB15AT3 4-1-60 SA8.5 4-1-26 SA43A 4-1-27 

P6SMB16AT3 4-1-60 SA8.5A 4-1-26 SA45 4-1-27 

P6SMB18AT3 4-1-6(} SA9.0 4-1-26 SA45A 4-1-27 

P6SMB20AT3 4-1-60 SA9.0A 4-1-26 SA48 4-1-27 

P6SMB22AT3 4-1-60 . SA10 4-1-26 SA48A . 4-1-27 

P6SMB24AT3 4-1-60 SA10A 4-1-26 SA51 4-1-27 

P6SMB27AT3 4-1-60 SA11 4-1-26 SA51A 4-1-27 

P6SMB30AT3 4-1-60 SA11A 4-1-26 SA54 4-1-27 

P6SMB33AT3 4-1-60 SA12 4-1-26 SA54A 4-1-27 
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Section 4.1.4 Data Sheets 

DATA SHEETS 

I Devices 
SAS.O thru SA 170A 

Transient Voltage Suppressors 

Section 4.1 .4.1 Axial Leaded 
SECTION 4.1.4.1.1 500 WATT PEAK POWER 

Page No. I 
4·1·25 

MULTIPLE PACKAGE QUANTITY (MPQ) 
REQUIREMENTS 

Package Option Type No. Suffix 

Tape and Reel RL 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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SA5.0 thru SA 170A 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) VF = 3.5 V Max, IF' = 35 A (except bidirectional devices). 

Breakdown Voltage 

VBRtt 
(Volts) 

@tr 
Device Min Max (mA) 

SA5.0 6.4 7.3 10 
~ SA5.0A 6.4 7 10 

SA6.0 6.67 8.15 10 
~ SA6.0A 6.67 7.37 10 

SA6.5 7.22 8.82 10 
SA6.5A 7,22 7.98 10 
SA7.0 7,78 9.51 10 
SA7.0A 7.78 8.6 10 

SA7.5 8.33 10.2 1 
SA7.5A 8,33 9.21 1 
SA8.0 8.89 10.9 1 
SA8.0A 8.89 9.83 1 

SA8.5 9,44 11.5 1 
SA8.5A 9.44 10.4 1 
SA9.0 10 12.2 1 
SA9.0A 10 11.1 1 

SA10 11.1 13.6 1 
SA10A 11.1 12.3 1 
SAil 12.2 14.9 1 
SAI1A 12.2 13.5 1 

SA12 13.3 16.3 1 
~ SAI2A 13.3 14.7 1 

SA13 14.4 17.6 1 
~ SA13A 14.4 15.9 1 

SA14 15.6 19.1 1 
SA14A 15.6 17.2 1 
SA15 16.7 20.4 1 

~ SAlSA 16.7 18.5 1 

SA16 17.8 21.8 1 
SA16A 17.8 19.7 1 
SA17 18.9 23.1 1 
SA17A 18,9 20.9 1 

SA18 20 24.4 1 
SA18A 20 22.1 1 
SA20 22.2 27.1 1 
SA20A 22.2 24.5 1 

SA22 24.4 29.8 1 
SA22A 24.4 26.9 1 
SA24 26.7 32.6 1 
SA24A 26,7 29.5 1 

SA26 28.9 35.3 1 
SA26A 28.9 31.9 1 
SA28 31.1 38 1 
SA28A 31.1 34.4 1 

SA30 33.3 40.7 1 
SA30A 33.3 36.8 1 
SA33 36.7 44.9 1 
SA33A 36.7 40.6 1 

~ Preferred part 

FOR BIDIRECTIONAL APPLICATIONS 
- USE C or CA SUFFIX 

Working Peak 
Reverse 
Voltage 
VRWM" 
(Volts) 

5 
5 
6 
6 

6.5 
6.5 
7 
7 

7.5 
7.5 
8 
8 

8.5 
8.5 
9 
9 

10 
10 
11 
11 

12 
12 
13 
13 
14 
14 
15 
15 

16 
16 
17 
17 

18 
18 
20 
20 

22 
22 
24 
24 

26 
26 
28 
28 

30 
30 
33 
33 

Maximum Maximum Maximum Maximum 
Reverse Reverse Reverse Voltage Voltage 
Leakage Surge @IRSM Temperature 
@VRWM CurrentlRSMt (Clamping Voltage) Variation 
IR (1lA) (Amps) VRSM (Volts) ofVBRmV/"C 

' 600 52 9.6 5 
600 54.3 9.2 5 
600 43.9 11.4 5 
600 48.5 '10.3 5 
400 40.7 12.3 5 
400 44.7 11.2 5 
150 37.8 13.3 6 
150 41.7 12 6 

50 35 14.3 7 
50 38.8 12.9 7 
25 33.3 15 7 
25 36.7 13.6 7 

5 31.4 15.9 8 
5 34.7 14.4 8 
1 29:5 16.9 9 
1 32.5 15.4 9 
1 26.6 18.8 10 
1 29.4 17 10 
1 24.9 20.1 11 
1 27.4 18.2 11 

1 22.7 22 12 
1 25.1 19.9 12 
1 21 23.8 13 
1 23.2 21.5 13 

1 19.4 25.8 14 
1 21.5 23.2 14 
1 18,8 26.9 16 
1 20.6 24.4 16 

1 17.6 28.8 19 
1 19.2 26 17 
1 16.4 30.5 20 
1 18.1 27.6 19 

1 15.5 32.2 21 
1 17.2 29.2 20 
1 13.9 35.8 25 
1 15.4 32.4 23 
1 12.7 39.4 28 
1 14.1 35,5 25 
1 11.6 43 31 
1 12,8 38.9 28 

1 10,7 46.6 31 
1 11,9 42.1 30 
1 9,9 50 35 
1 11 45.4 31 

1 9.3 53.5 39 
1 10,3 48.4 36 
1 8.5 59 42 
1 9.4 53.3 39 

(continued) 

Preferred Bidirectional Devices-
SA6.5CA SA13CA 
SA12CA SA15CA 

SA18CA 
SA24CA 
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SA5.0 thru SA 170A 
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MOTOROLA 
iSEMICONDUCTOR-----______ _ 
TECHNICAL DATA 

Zener Transient Voltage Suppressors 
Undirectional and Bidirectional 

The P6KE6.8 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 P6KE6,8 series is supplied in 
Motorola'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: 
• Standard Zener Voltage Range - 6.8 to 200 V 
• Peak Power - 600 Watts @ 1 ms 
• Maximum Clamp Voltage @ Peak Pulse Current 
• Low Leakage < 5 j.lA Above 10 V 
• Maximum Temperature Coefficient Specified 
• UL Recognition 
Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by polarity band. When operated in zener mode, will be 

positive with respect to anode 
MOUNTING POSITION: Any 

MAXIMUM RATINGS 

Peak Power Dissipation (1) 
@TLS25°C 

Steady State Power Dissipation 
@ TL S 75°C, Lead Length = 3/8" 
Derated above TL = 75°C 

Forward Surge Current (2) 
@TA=25°C 

Rating 

Operating and Storage Temperature Range 

lead Temperature not less than 1116" from the case for 10 seconds: 23()OC 

NOTES: 1. Nonrepetitlve current pulse per Figure 4 and derated above T A = 25°C per Figure 2. 
2. 112 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum. 

Symbol 

PPK 

Po 

IFSM 

TJ, Tstg 
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P6KE6.8, A 
thru 

P6KE200, A 

ZENER OVERVOLTAGE 
TRANSIENT 

SUPPRESSORS 
6.8-200 VOLT 

600 WATT PEAK POWER 
5 WATTS STEADY STATE 

PLASTIC 

Value Unit 

600 Watts 

5 Watts 

50 mWI"C 

100 Amps 

-65to+175 °C 



I 
III 

P6KE6.8, A thru P6KE200, A 

ELECTRICAL CHARACTERISTICS - continued (T A = 25°C unless otherwise noted) VF = 3.5 V Max, IF" = 50 A 
(except bidirectional devices). 

Breakdown Voltage' Working Peak Maximum 

VBR 
Reverse Reverse 

(Volts) Voltage Leakage 
OIT VRWM OVRWM 

Device Min Nom Max (mA) (Volts) IRWA) 

P6KE68 61.2 68 74.8 1 55.1 5 
P6KE68A 64.6 68 71.4 1 58.1 5 
P6KE75 67.5 75 82.5 1 60.7 5 
P6KE75A 71.3 75 78.8 1 64.1 5 

P6KE82 73.8 82 90.2 1 66.4 5 
P6KE82A 77.9 82 86.1 ' 1 70.1 5 
P6KE91 81.9 91 100 1 73.7 5 
P6KE91A 86.5 91 95.5 1 n.8 5 

P6KE100 90 100 110 1 81 5 
P6KE100A 95 100 105 1 85.5 5 
P6KEll0 99 110 121 1 89.2 5 
P6KE110A 105 110 116 1 94 5 

P6KE12O 108 120 132 1 97.2 5 
P6KE120A 114 120 126 1 102 5 
P6KE130 117 130 143 1 105 5 
P6KE130A 124 130 137 1 111 5 

P6KE150 135 150 165 1 121 5 
P6KE150A 143 150 158 1 128 5 
P6KEI60 144 160 176 1 130 5 
P6i<EI60A 152 160 168 1 136 5 

P6KE170 153 170 187 1 138 5 
P6KE170A 162 170 179 1 145 5 
P6KE180 162 180 198 1 146 5 
P6KE180A 171 180 189 1 154 5 

P6KE200 180 200 220 1 162 5 
P6KE200A 190 200 210 1 171 5 

* VSR measured after IT applied for 300 J.1S. IT = square wave pulse or equivalent. 
** 112 sine wave (or equivalent SQuare wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum. 
t SUrge currant waveform per Figure 4 and derate per Figure 2. 

Maximum 
,Reverse 

, Surge 
Current IRSM t 

(Amps) 

6.1 
6.5 
5.5 
5.8 

5.1 
5.3 
4.5 
4.8 

4.2 
4.4 
3.8 
4 

3.5 
3.6 
3.2 
3.3 

2.8 
2.9 
2.6 
2.7 

2.5 
2.6 
2.3 
2.4 

2.1 
2.2 

FOR BIDIRECTIONAL APPLICATIONS - USE C or CA SUFFIX 

100 
NONREPETITIVE PULSE 
WAVEFORM SHOWN IN 
FIGURE 4 

"-
" 

0.1 o 

Maximum 
Reverse Voltage 

OIRSM 
(Clamping Voltage) 

VRSM (Volts) 

98 
92 
108 
103 

118 
113 
131 
125 

144 
137 
158 
152 

173 
165 
187 
179 

215 
207 
230 
219 

244 
234 
258 
246 

287 
274 

...... 
...... 

" "-
f'.-. 

Maximum 
Temperature 
Coefficient 

of VBR (%I"C) 

0.104 
0.104 
0.105 
0.105 

0.105 
0.105 
0.106 
0.106 

0.106 
0.106 
0.107 
0.107 

0.107 
0.107 
0.107 
0.107 

0.108 
0.108 
0.108 
0.108 

0.108 
0.108 
0.108 
0.108 

0.108 
0.108 

0,1 lIS 1 ms 10ms a 25 50 75 100 125 150 175 200 

tp, PULSE WIDTH 

Figure 1. Pulse Rating Curve 

TA, AMBIENT TEMPERATURE (OC) 

Figure 2. Pulse Derating Curve 
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P6KE6.8, A thru P6KE200, A 

TYPICAL PROTECTION CIRCUIT 

v V 

10 = TIME DELAY DUE TO CAPACITIVE EFFECT 

L------------I 
Figure 7. 

OVERSHOOT DUE TO 
INDUCTIVE EFFECTS 

~ 

Vin (TRANSIENT) 

FigureS. 

UL RECOGNITION 

The entire series including the bidirectional C and CA suf­
fixes has Underwriters Laboratory Recognition for the classifi­
cation of protectors (QVGV2) under the UL standard for safety 
497B. Many competitors only have one or two devices recog­
nized or have recognition in a non-protective category. Some 
competitors have no recognition at all. With the UL497B recog­
nition, our parts successfully passed several tests including 

Strike Voltage Breakdown test, Endurance Conditioning, Tem­
perature test, Dielectric Voltage-Withstand test, Discharge 
test and several more. 

Whereas, some competitors have only passed a flammabil­
ity test for the package material, we have been recognized for 
much more to be included in their protector category. 
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MOTOROLA 
SEMICONDUCTOR---------__ _ 
TECHNICAL DATA 

1500 Watt MOSORB 
GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

Zener Transient Voltage Suppressors 
Unidirectional and Bidirectional 

Mosorb devices are designed to protect voltage sensitive components from high volt­
age, high energy transients. They have excellent clamping capability, high surge capability, 
low zener impedance and fast response time. These devices are Motorola's exclusive, 
cost-effective, highly reliable 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. 

Specification Features: 
• Standard Voltage Range - 6.2 to 250 V 
• Peak Power - 1500 Watts @ 1 ms 
• Maximum Clamp Voltage @ Peak Pulse Current 
• Low Leakage < 5 j.iA Above 10 V 
• UL Recognition 
Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by polarity band. When operated in zener mode, will be 

positive with respect to anode 
MOUNTING POSITION: Any 

MAXIMUM RATINGS 

Peak Power Dissipation (1) 
@Tl5:25°C 

Steady State Power DiSSipation 
@ T l 5: 75°C, Lead Length = 3/8" 
Derated above T l = 75°C 

Forward Surge Current (2) 
@TA=25°C 

Rating 

Operating and Storage Temperature Range 

Lead temperature not less than 1/16" from the case for 10 seconds: 230"C 

NOTES: 1. Nonrepetitive current pulse per Figure 5 and derated above T A = 25"C per Figure 2. 
2. 112 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum. 

Symbol 

PPK 

Po 

IFSM 

TJ, Tstg 
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GENERAL 
DATA 

1500 WATT 
PEAK POWER 

MOSORB 
ZENER OVERVOLTAGE 

TRANSIENT 
SUPPRESSORS 
6.2-250 VOLTS 

1500 WATT PEAK POWER 
5 WATTS STEADY STATE 

/ 
CASE 41A-02 

PLASTIC 

Value Unit 

1500 Watts 

5 Watts 

50 mwrc 

200 Amps 

-65 to +175 °c 
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GENERAL DATA - 1500 WATT PEAK POWER 
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Figure 7. Typical Derating Factor for Duty Cycle 

APPLICATION NOTES 

RESPONSE TIME 

In most applications, the transient suppressor device is 
placed in parallel with the equipment or component to be pro· 
tected. In this situation, there is a time delay associated with 
the capacitance of the device and an overshoot condition as­
sociated 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 volt· 
age to the clamp voltage as shown in Figure A. 

The inductive effects in the device are due to actual turn·on 
time (time required for the device to go from zero current to full 
current) and lead inductance. This inductive effect produces 
an overshoot in the voltage across the equipment or compo· 
nent being protected as shown in Figure B. 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, 
external inductive effects could produce unacceptable over· 

shoot. 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 Zin is essential to 
prevent overstress of the protection device. This impedance 
should be as high as possible, without restricting the circuit op­
eration. 

DUTY CYCLE DERATING 
The data of Figure 1 applies for non-repetitive conditions 

and at a lead temperature of 25°C. If the duty cycle increases, 
the peak power must be reduced as indicated by the curves of 
Figure 7. Average power must be derated as the lead or ambi· 
ent temperature rises above 25°C. The average power derat· 
ing curve normally given on data sheets may be normalized 
and used for this purpose. 

Atfirst glance the derating curves of Figure 7 appear to be in 
error as the 10 ms pulse has a higher derating factor than the 
lOllS pulse. However, when the derating factor for a given 
pulse of Figure 7 is multiplied by the peak power value of Fig· 
ure 1 for the same pulse, the results follow the expected trend. 
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1N5908 

'ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) VF = 3.5 V max, IF"" = 100 A 

Maximum 
Breakdown Voltage Reverse Maximum 

VBRtt Stand-Off Reverse Leakage 

Device (Volts) @\-r Voltage VRWM'" @VRWM 

Note' Min (rnA) (Volts) IR{J!A) 

=> 1N5908 6 , 5 300 

=> Preferred part 

NOTE 1: The 1 N5908 is JEDEC registered as a unidirectional device only (no bidirectional option) • 

.. Indicates JEOEC registered data. 
u 112 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum. 

Clamping Voltage 
Maximum 

Reverse Voltage Peak Pulse Peak Pulse 
@ IRSM t= 120 A Current @ Current@ 

(Clamping Voltage) Ipplt =30A Ipp2t =60A 
VRSM (Volta) VC1 (Volts max) VC2 (Volts max) 

8.5 7.6 8 

*u A transient suppressor is normally selected according to the maximum reverse stand-off voltage (VRWM), which should be equal to or greater than the de or continuous peak operating 
voltage level. 

t Surge current waveform per Figure 5 and derate per Figure 2 of the General Data - 1500 W at the beginning of this group. 

t tv~ measured at pulse test current IT at an amblent temperature of 26°C. 
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1 N6267 thru 1 N6303A, 
1.5KE6.8 thru 1.5KE250A 

"ELECTRICAL CHARACTERISTICS - continued (TA = 25°C unless otherwise noted) VF# = 3.5 V Max, IF" = 100 A 

Maximum 
Reverse 

Working Maximum Voltage 
Breakdown Voltage Peak Maximum Reverse @IRSM 

VBRtt 
Reverse Reverse Surge (Clamping 
Voltage Leakage Current Voltage 

JEDEC 
Volts 

@IT VRWM'" @VRWM IRSMt VRSM 
Device Device Min Nom Max (mA) (Volts) IR{f1A) (Amps) (Volts) 

lN6289 1.5KE56 50.4 56 61.6 1 45.4 5 18.6 80.5 
lN6289A 1.5KE56A 53.2 56 58.8 1 47.8 5 19.5 77 
lN6290 1.5KE62 55.8 62 68.2 1 50.2 5 16.9 89 

=> 1N6290A 1.5KE62A 58.9 62 65.1 1 53 5 17.7 85 

lN6291 1.5KE68 61.2 68 74.8 1 55.1 5 15.3 98 
1 N6291 A 1.5KE68A 64.6 68 71.4 1 58.1 5 16.3 92 
lN6292 1.5KE75 67.5 75 82.5 1 60.7 5 13.9 108 
lN6292A 1.5KE75A 71.3 75 78.8 1 64.1 5 14.6 103 

lN6293 1.5KE82 73.8 82 90.2 1 66.4 5 12.7 118 
lN6293A 1.5KE82A 77.9 82 86.1 1 70.1 5 13.3 113 
lN6294 1.5KE91 81.9 91 100 1 73.7 5 11.4 131 
lN6294A 1.5KE91A 86.5 91 95.5 1 77.8 5 12 125 

lN6295 1.5KE100 90 100 110 1 81 5 10.4 144 
lN6295A 1.5KE100A 95 100 105 1 85.5 5 11 137 
lN6296 1.5KEll0 99 110 121 1 89.2 5 9.5 158 
lN6296A 1.5KE110A 105 110 116 1 94 5 9.9 152 

lN6297 1.5KE120 108 120 132 1 97.2 5 8.7 173 
lN6297A 1.5KE120A 114 120 126 1 102 5 9.1 165 
lN6298 1.5KE130 117 130 143 1 105 5 8 187 
lN6298A 1.5KE130A 124 130 137 1 111 5 8.4 179 

lN6299 1.5KE150 135 150 165 1 121 5 7 215 
lN6299A 1.5KE150A 143 150 158 1 128 5 7.2 207 
1N6300 1.5KE160 144 160 176 1 130 5 6.5 230 
lN6300A 1.5KEl60A 152 160 168 1 136 5 6.8 219 

lN6301 1.5KE170 153 170 187 1 138 5 6.2 244 
lN6301A 1.5KE170A 162 170 179 1 145 5 6.4 234 
lN6302 1.5KE180 162 180 198 1 146 5 5.8 258 
lN6302A 1.5KE180A 171 180 189 1 154 5 6.1 246 

lN6303 1.5KE200 180 200 220 1 162 5 5.2 287 
lN6303A 1.5KE200A 190 200 210 1 171 5 5.5 274 

1.5KE220 198 220 242 1 175 5 4.3 344 
1.5KE220A 209 220 231 1 185 5 4.6 328 
1.5KE250 225 250 275 1 202 5 5 360 
1.5KE250A 237 250 263 1 214 5 5 344 

=> Preferred part 
~ Indicates JEDEC registered data. 

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

Maximum 
Temperature 
Coefficient 

ofVSR 
(%I"C) 

0.103 
0.103 
0.104 
0.104 

0.104 
0.104 
0.105 
0.105 

0,105 
0.105 
0.106 
0.106 

0.106 
0.106 
0.107 
0.107 

0.107 
0.107 
0.107 
0.107 

0.108 
0.108 
0.108 
0.108 

0.108 
0.108 
0.108 
0.108 

0.108 
0.108 
0.109 
0.109 
0.109 
0.109 

••• A transient suppressor is normally selected according to the maximum reverse stand·off vohage (VRWM), which should be equal to or greater than the de or continuous peak operating 
voltage level. 
t Surge current waveform per Figure 5 and derate per Figure 2 of the General Data - 1500 W at the beginning of this group. 

t t VSR measured at pulse test currenllT at an ambient temperature of 25°C. 
It VF applies to Non-C suffix devices only. 

FOR BIDIRECTIONAL APPLICATIONS - USE C or CA SUFFIX ON 1.SKE SERIES 
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1 N6373 thru 1 N6389, 
ICTE-5 thru ICTE-45C, 

MPTE-5 thru MPTE-45C 

"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) V,,* = 3.5 V Max, IF" = 100 A) (C suffix denotes standard 
back to back bidirectional versions. Test both polarities) 

Maximum Clamping Voltage 
Reverse 

Breakdown t t Maximum Maximum Voltage 
Reverse Maximum Reverse @IRSMt PeakPulsa PeakPulsa 

Voltage 
Stand·Off ReVerse Surge (Clamping Current@ Current @ 

JEDEC VBR Voltage Leakage Currant Voltage) Ipplt =1 A lpp2t=10A 
Device Device Volts @I,- VRWM*** 

@VRWM IRSMt VRSM VCl VC2 
Note 1 Nota 1 Min (mA) (Volts) IR !ItA) (Amps) (Volts) (Volts max) (Volts max) 

=> 1N6373 ICTE-SIMPTE-5 6 1 5 300 160 9.4 7.1 7.5 
1N6374 ICTE-8/MPTE-8 9.4 1 8 25 100 15 11.3 11.5 

=> 1N6382 ICTE-8C/MPTE-8C 9.4 1 8 25 100 15 11.4 11.6 

1N6375 ICTE-10/MPTE-10 11.7 1 10 2 90 16.7 13.7 14.1 
1N6383 ICTE-10CIMPTE-10C 11.7 1 10 2 90 16.7 14.1 14.5 

=> 1N6376 ICTE-121MPTE-12 14.1 1 12 2 70 21.2 16.1 16.5 
1N6384 ICTE·12CIMPTE-12C 14.1 1 12 2 70 21.2 16.7 17.1 

1N6377 ICTE-1S1MPTE·15 17.6 1 15 2 60 25 20.1 20.6 
=> 1N6385 ICTE-15CIMPTE-15C 17.6 1 15 2 60 25 20.8 21.4 

1N6378 ICTE-181MPTE-18 21.2 1 18 2 50 30 24.2 25.2 
1N6386 ICTE-18C/MPTE-18C 21.2 1 18 2 50 30 24.8 25.5 

1N6379 ICTE-22/MPTE-22 25.9 1 22 2 40 37.5 29.8 32 
1N6387 ICTE·22C/MPTE-22C 25.9 1 22 2 40 37.5 30.8 32 
1N6380 ICTE-381MPTE-36 42.4 1 36 2 23 65.2 50.6 54.3 
1N6386 ICTE-36C/MPTE-36C 42.4 1 36 2 23 65.2 50.6 54.3 

1N6381 ICTE-45/MPTE-45 52.9 1 45 2 19 78.9 63.3 70 
1N6389 ICTE-45C/MPTE-45C 52.9 1 45 2 19 78.9 63.3 70 

~ Preferred part 
NOTE 1: C suffix denotes standard back·to-back bidirectional versions. Test both polarities. JEDEC device types 1N6382 thru 1 N6369 are registered as back to back bidirectional versions and 

do not require a C suffix. 1 N8373 thru 1 N6381 are registered as unidirectional devices only (no bklirectional option) . 
• Indicates JEOEC registered data . 

•• 112 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum . 
••• A transient suppressor is normally selected according to the maximum reverse stand·off voltage (VAWM), which should be equal to or greater than the de or continuous peak operating 

voltage level. 
t Surge current wavefonn per Figure 5 and derate per Figure 2 of the General Data - 1500 W at the beginning of this group. 

t t VBR measured at pulse test current IT al an ambient temperature of 25°C. 

# VF applies to unidirectional devices only. 
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MOTOROLA 
SEMiCONDUCTOR ........................ .. 
TECHNICAL DATA 

Advance Information 
Overvoltage 
Transient Suppressors 

· .. designed for applications requiring a low voltage rectifier with reverse avalanche char­
acteristics for use as reverse power transient suppressors. Developed to suppress tran­
sients in the automotive system, these devices operate in the forward mode as standard 
rectifiers or reverse mode as power avalanche rectifier and will protect electronic equip­
ment from overvoltage conditions. 

• Avalanche Voltage 24 to 32 Volts 
• High Power Capability 
• Economical 
• Increased Capacity by Parallel Operation 

MECHANICAL CHARACTERISTICS: 
CASE: Transfer Molded Plastic 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C 3/8" from case 
for 10 seconds at 5 Ibs. tension 

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Indicated by diode symbol or cathode band 
WEIGHT: 2.5 Grams (approx.) 

MAXIMUM RATINGS 

Rating 

DC Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Repetitive Peak Reverse Surge-Current 
(Time Constant = 10 ms, Duty Cycle :s; 1 %, TC = 2S°C) (See Figure 1) 

Average Rectified Forward Current 
(Single Phase, Resistive Load, 60 Hz, TC = lS0°C) 

Non-Repetitive Peak Surge Current 
Surge Supplied at Rated Load Conditions 
Hallwave, Single Phase 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Lead 
Characteristic Length 

Thermal Resistance, Junction to Lead @ Both Leads to Heat Sink, 1/4" 
Equal Length 3/S" 

1/2" 

Thermal Resistance Junction to Case 

"Typical 

~ Preferred part 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

Symbol 

VRRM 
VRWM 

VR 

IRSM 

10 

IFSM 

TJ, Tstg 

Symbol 

RaJL 

ROJC 
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=} MR2535L 

MEDIUM CURRENT 
OVERVOLTAGE 

TRANSIENT 
SUPPRESSORS 

CASE 194-04 

Value Unit 

20 Volts 

110 Amps 

35 Amps 

600 Amps 

--eS to +17S °c 

Max Unit 

7.S °C/W 
10 
13 

O.S· °C/W 
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MOTOROLA 

SEMICONDUCTOR ------------­TECHNICAL DATA 

15 Volt SOT-23 Bipolar Zener 
For ESD Protection 
Transient Voltage Suppressor 

This monolithic silicon zener device is designed for applications requiring transient over­
voltage protection capability. It is intended for use in voltage and ESD sensitive equipment 
such as computers, business machines, communication systems, medical equipment and 
other applications. The convenient SOT-23 package allows for easy handling and is ideal 
for situations where space is at a premium. 

Specification Features: 
• Dual Package Provides for Bidirectional or Separate Unidirectional 

Configurations 
• Economical SOT-23 Surface Mount Package 
• Peak Power - 40 Watts @ 1 ms (Bidirectional) 
• Maximum Clamping Voltage @ Peak Pulse Current 
• Low Leakage < 100 nA 
Mechanical Characteristics: 
Case: Void free, transfer-molded, thermosetting plastiC 
Finish: All external surfaces are corrosion resistant and leads are readily solderable 
Packaging: Available in 8 mm embossed tape and reel (3000 devices per reel) 
Pinout: Terminal 1 - Anode 

Terminal 2 - Anode 
Terminal 3 - Cathode 

MAXIMUM RATINGS (Tc = 25°C Unless Otherwise Noted.) 

Rating 

Peak Power Dissipation (1) 
@TA,,;25°C 

Total Power Dissipation on FR-5 Board (2) @ T A = 25°C 
Derate above 25°C 

Total Power Dissipation on Alumina Substrate (3) @ T A = 25°C 
Derate above 25°C 

Operating and Storage Temperature Range 

(1) Nonrepetitive current pulse per Figure 5 and derate above T A '" 25°C per Figure 6. 
(2) FR·5 = 1.0 x 0.75 x 0.62 in. 
(3) Alumina = 0.4 x 0.3 x 0.024 in., 99.5% alumina 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction to Ambient 

Maximum Lead Temperature for Soldering Purposes (10 seconds max.) 
, 

ELECTRICAL CHARACTERISTICS (T A = 25°C Unless Otherwise Noted) 
BIDIRECTIONAL (Circuit tied to pins 1 and 2) 

Breakdown Voltage 

VBRtt 
Working Peak Maximum Reverse 

Reverse Voltage Leakage Current 
(Volts) @IT VRWM IRWM 

Min I Nom I Max mA (Volts) IR(nA) 

14.3 I 15 I 15.8 1.0 12.8 100 

t Surge current wavefonn per Figure 5 and derate per Figure 6. 
t t VBR measured at pulse test current IT at an ambient temperature of 25OC. 

Symbol 

Ppk 

Po 

Po 

TJ, Tstg 

Maximum Reverse 
Surge Current 

IRSMt 
(Amps) 

1.9 

MMBZ15VDLT1 

SOT ·23 BIPOLAR 
ZENER OVERVOLTAGE 

TRANSIENT SUPPRESSOR 
15 VOLT 

40 WATTS PEAK POWER 

CASE 318-07, STYLE 9 
TO-236AB 

LOW PROFILE SOT-23 
PLASTIC 

Value Unit 

40 Watts 

225 mW 
1.8 mWrC 

300 mW 
2.4 mWrC 

-65 to +150 °C 

556 

230 

Maximum Reverse Maximum 
Voltage @ IRSM Temperature 

(Clamping Voltage) Coefficient 
VRSMt ofVBR 
(Volts) (mVrC) 

21.2 12 
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MOTOROLA SEMICONDUCTOR--__________ _ 
TECHNICAL DATA 

GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

Zener Transient Voltage Suppressors 
The 5MB 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 5MB series is supplied in Motorola's 
exclusive, cost-effective, highly reliable Surmetic package and is ideally suited for use in 
communication systems, numerical controls, process controls, medical equipment, busi­
ness machines, power supplies and many other industrial/consumer applications. 

Specification Features: 
• Standard Zener Breakdown Voltage Range - 6.8 to 200 V 
• Stand-off Voltage Range - 5 to 170 V 
• Peak Power - 600 Watts @ 1 ms 
• Maximum Clamp Voltage @ Peak Pulse Current 
• Low Leakage < 5 jlA Above 10 V 
Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by molded polarity notch. When operated in zener mode, 

will be positive with respect to anode 
MOUNTING POSITION: Any 
LEADS: Modified L-Bend providing more contact area to bond pad 
MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: 230°C for 10 seconds 

MAXIMUM RATINGS 

Rating Symbol 

Peak Power Dissipation (1) PPK 
@TLS25°C 

Forward Surge Current (2) IFSM 
@TA=25°C 

Operating and Storage Temperature Range TJ, Tstg 

NOTES: 1. Nonrepetitive current pulse per Figure 2 and derated above T A = 25°C per Agure 3. 
2. 112 sine wave (or equivalent square wave), PW = 8.3 ms, duty cycle = 4 pulses per minute maximum. 

GENERAL 
DATA 

600 WATT 
PEAK POWER 

PLASTIC SURFACE MOUNT 
ZENER OVERVOLTAGE 

TRANSIENT 
SUPPRESSORS 
6.8-200 VOLT 

600 WATT PEAK POWER 

CASE 403A-OO 
PLASTIC 

Value Unit 

600 Watts 

100 Amps 

- 65 to +175 °C 
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GENERAL DATA - 600 WATT PEAK POWER 

v 

Vin---' 

-1~-
tD = TIME DELAY DUE TO CAPACITIVE EFFECT 

~---------------------t 

Figure 4. Figure 5. 

0.7 
0.5 

0.3 
a: 0.2 

~ 0.1 
(!l 

~ ~:~~ 
w 
c 0.03 

0.02 

...... r-- r-... 
PULSE WIDTH 

~ ro- I'-.. 10ms 

"-
I ms 

~ t'-... l00I1S 

10 IlS I 
0.2 0.5 1 2 5 10 20 50 100 

D. DUTY CYCLE (%) 

Figure 6. lYplcal Derating Factor for Duty Cycle 
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P6SMB6.8AT3 thru P6SMB200AT3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) VF = 3.5 V Max, IF"" = 50 A for all types. 

Working Maximum Maximum Maximum 
Breakdown Voltage' Peak Reverse Reverse Reverse Voltage 

VBR@IT 
Reverse Leakage Surge @IRSM 
Voltage @VRWM Current (Clamping Voltage) Volts 
VRWM IR IRSMt VRSM 

Oevicett Min Nom Max mA Volts !LA Amps Volts 

P6SMB6.8AT3 6.45 6.8 7.14 10 5.8 1000 57 10.5 
P6SMB7.5AT3 7.13 7.5 7.88 10 6.4 500 53 11.3 
P6SMB8.2AT3 7.79 8.2 8.61 10 7.02 200 50 12.1 
P6SMB9.1AT3 8.65 9.1 9.55 1 7.78 50 45 13.4 

P6SMB10AT3 9.5 10 10.5 1 8.55 10 41 14.5 
P6SMBllAT3 10.5 11 11.6 1 9.4 5 38 15.6 
P6SMB12AT3 11.4 12 12.6 1 10.2 5 36 16.7 

=> P6SMB13AT3 12.4 13 13.7 1 11.1 5 33 18.2 

=> P6SMB15AT3 14.3 15 15.8 1 12.8 5 28 21.2 
P6SMB16AT3 15.2 16 16.8 1 13.6 5 27 22.5 
P6SMB18AT3 17.1 18 18.9 1 15.3 5 24 25.2 
P6SMB20AT3 19 20 21 1 17.1 5 22 27.7 

P6SMB22AT3 20.9 22 23.1 1 18.8 5 20 30.6 
P6SMB24AT3 22.8 24 25.2 1 20.5 5 18 33.2 

=> P6SMB27AT3 25.7 27 28.4 1 23.1 5 16 37.5 
=> P6SMB30AT3 28.5 30 31.5 1 25.6 5 14.4 41.4 

=> P6SMB33AT3 31.4 33 34.7 1 28.2 5 13.2 45.7 
=> P6SMB36AT3 34.2 36 37.8 1 30.8 5 12 49.9 

P6SMB39AT3 37.1 39 41 1 33.3 5 11.2 53.9 
P6SMB43AT3 40.9 43 45.2 1 36.8 5 10.1 59.3 

P6SMB47AT3 44.7 47 49.4 1 40.2 5 9.3 64.8 
=> P6SMB51AT3 48.5 51 53.6 1 43.6 5 8.6 70.1 

P6SMB56AT3 53.2 56 58.8 1 47.8 5 7.8 77 
=> P6SMB62AT3 58.9 62 65.1 1 53 5 7.1 85 

P6SMB68AT3 64.6 68 71.4 1 58.1 5 6.5 92 
P6SMB75AT3 71.3 75 78.8 1 64.1 5 5.8 103 
P6SMB82AT3 77.9 82 86.1 1 70.1 5 5.3 113 
P6SMB91AT3 86.5 91 95.5 1 77.8 5 4.8 125 

P6SMB100AT3 95 100 105 1 85.5 5 4.4 137 
P6SMB110AT3 105 110 116 1 94 5 4 152 
P6SMB120AT3 114 120 126 1 102 5 3.6 165 
P6SMB130AT3 124 130 137 1 111 5 3.3 179 

P6SMB150AT3 143 150 158 1 128 5 2.9 207 
P6SMB160AT3 152 160 168 1 136 5 2.7 219 
P6SMB170AT3 162 170 179 1 145 5 2.6 234 
P6SMB180AT3 171 180 189 1 154 5 2.4 246 

P6SMB200AT3 190 200 210 1 171 5 2.2 274 

=> Preferred part 

. : ~~R sl~:~~:d(~~ ~~I~~e:~tc:uea":all:!:)~ =~b~e~~:::~~:;~I;S~~·PUlses per minute maximum. 
t Surge current wavefonn per Figure 2 and derate per Figure 3 of the General Data - 600 Watt at the beginning of this group. 

t t T3 suffix designates tape and reel of 2500 units. 
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Maximum 
Temperature 
Coefficient 

ofVBR 

%f"C 

0.057 
0.061 
0.065 
0.068 

0.073 
0.075 
0.078 
0.081 

0.084 
0.086 
0.088 
0.09 

0.092 
0.094 
0.096 
0.097 

0.098 
0.099 

0.1 
0.101 

0.101 
0.102 
0.103 
0.104 

0.104 
0.105 
0.105 
0.106 

0.106 
0.107 
0.107 
0.107 

0.108 
0.108 
0.108 
0.108 

0.108 

Device 
Merking 

6V8A 
7V5A 
8V2A 
9V1A 

lOA 
llA 
12A 
13A 

15A 
16A 
18A 
20A 

22A 
24A 
27A 
30A 

33A 
36A 
39A 
43A 

47A 
51A 
56A 
62A 

68A 
75A 
82A 
91A 

100A 
110A 
120A 
130A 

150A 
160A 
170A 
180A 

200A 
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MOTOROLA 
SEMiCONDUCTOR ........................ .. 
TECHNICAL DATA 

GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 
Zener Transient Voltage Suppressors 

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 impedance and fast response time. The SMC series is supplied in Motorola's 
exclusive, cost-effective, highly reliable Surmetic package and is ideally suited for use in 
communication systems, numerical controls, process controls, medical equipment, busi­
ness machines, power supplies and many other industrial/consumer applications. 

Specification Features: 
• Standard Zener Breakdown Voltage Range - 6.8 to 91 V 
• Stand-off Voltage Range - 5 to 78 V 
• Peak Power - 1500 Watts @ 1 ms 
• Maximum Clamp Voltage @ Peak Pulse Current 
• Low Leakage < 5 I!A Above 10 V 
• Maximum Temperature Coefficient Specified 
• Available in Tape and Reel 

Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by molded polarity notch. When operated in zener mode, 

will be positive with respect to anode 
MOUNTING POSITION: Any 
LEADS: Modified L-Bend providing more contact area to bond pads 

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: 230°C for 10 seconds 

MAXIMUM RATINGS 

Rating Symbol 

Peak Power Dissipation (1) PPK 
@ TLS25°C 

Forward Surge Current (2) IFSM 
@TA=25°C 

Operating and Storage Temperature Range TJ, Tstg 

NOTES: 1. Nonrepetitive current pulse per Figure 2 and derated above T A = 25°C per Figure 3. 
2.112 sine wave (or equivalent square wave), PW = 8.3 RlS, duty cycle = 4 pulses per minute maximum. 

GENERAL 
DATA 

1500 WATT 
PEAK POWER 

PLASTIC SURFACE MOUNT 
ZENER OVERVOLTAGE 

TRANSIENT 
SUPPRESSORS 

6.8-91 VOLT 
1500 WATT PEAK POWER 

CASE 403-03 
PLASTIC 

Value Unit 

1500 Watts 

200 Amps 

-65to+175 °C 
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GENERAL DATA - 1500 WATT PEAK POWER 

APPLICATION NOTES 
RESPONSE TIME 

In most applications, the transient suppressor device is 
placed in parallel with the equipment or component to be pro­
tected. In this situation, there.is a time delay associated with 
the capacitance of the device and an overshoot condition 
associated with the inductance of the device and the induc­
tance of the connection method. The capacitive effect is of mi­
nor 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 5. 

The inductive effects in the device are due to actual turn-on 
time (time required for the device to go from zero current to full 
current) and lead inductance. This inductive effect produces 
an overshoot in the voltage across the equipment or compo­
nent being protected as shown in Figure 6. Minimizing this 
overshoot is very important in the application, since the main 
purpose for adding a transient suppressor is to clamp voltage 
spikes. The SMC series have a very good response time, typi­
cally < 1 ns and negligible inductance. However, external 
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 Zin is essential to 
prevent overstress of the protection device. This impedance 
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 a lead temperature of 25°C. If the duty cycle increases, 
the peak power must be reduced as indicated by the curves of 
Figure 7. Average power must be derated as the lead or ambi­
ent temperature rises above 25°C. The average power derat­
ing curve normally given on data sheets may be normalized 
and used for this purpose. 

At first glance the derating curves of Figure 7 appearto be in 
error as the 10 ms pulse has a higher derating factor than the 
10 IlS pulse. However, when the derating factor for a given 
pulse of Figure 7 is multiplied by the peak power value of Fig­
ure 1 for the same pulse, the results follow the expected trend. 

TYPICAL PROTECTION CIRCUIT 

v 

~ 
Vcin~ ________ ~ ______ ~""~ 

Vin----

--1~--
tD = TIME DELAY DUE TO CAPACITIVE EFFECT 

t 
FigureS. 

1 
0.7 
0.5 

0.3 

0'" 0.2 
t; 
if 0.1 
C!l 
~ 0.07 
~ 0.05 
w 
c 0.03 

0.02 

I'.. 
....... ~ 

~ 

V 

.... 
,.... 

J-..;: 

1'1 

OVERSHOOT DUE TO 
INDUCTIVE EFFECTS 

~ 

PULSE WIDTH 
10ms 

1 ms 

1'. 100 

10 i I I 

FigureS. 

0.010.1 0.2 0.5 2 5 Ilfb 20 50 100 
D, DUTY CYCLE ('!o) 

Figure 7. Typical Derating Factor for Duty Cycle 
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1.5SMC6.8AT3 thru 1.5SMC91 AT3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) VF = 3.5 V Max, IF""" 100 A for all types. 

Working Maximum Maximum Maximum 
Breakdown Voltage' Peak Reverse Reverse Reverse Voltage 

Reverse Leakage Surge @IRSM 
VBR@IT Voltage @VRWM Current (Clamping Voltage) 

Volts 
VRWM IR IRSMt VRSM 

Devlcett Min Nom Max mA Volts IlA Amps Volts 

1.5SMC6.8AT3 6.45 6.8 7.14 10 5.8 1000 143 10.5 
1.5SMC7.5AT3 7.13 7.5 7.88 10 6.4 500 132 11.3 
1.5SMC8.2AT3 7.79 8.2 8.61 10 7.02 200 124 12.1 
1.5SMC9.1AT3 8.65 9.1 9.55 1 7.78 50 112 13.4 

1.5SMC10AT3 9.5 10 10.5 1 8.55 10 103 14.5 
1.5SMCllAT3 10.5 11 11.6 1 9.4 5 96 15.6 
1.5SMC12AT3 11.4 12 12.6 1 10.2 5 90 16.7 
1.5SMC13AT3 12.4 13 13.7 1 11.1 5 82 18.2 

1.5SMC15AT3 14.3 15 15.8 1 12.8 5 71 21.2 
1.5SMC16AT3 15.2 16 16.8 1 13.6 5 67 22.5 
1.5SMC18AT3 17.1 18 18.9 1 15.3 5 59.5 25.2 
1.5SMC20AT3 19 20 21 1 17.1 5 54 27.7 

1.5SMC22AT3 20.9 22 23.1 1 18.8 5 49 30.6 
1.5SMC24AT3 22.8 24 25.2 1 20.5 5 45 33.2 
1.5SMC27AT3 25.7 27 28.4 1 23.1 5 40 37.5 
1.5SMC30AT3 28.5 30 31.5 1 25.6 5 36 41.4 

1.5SMC33AT3 31.4 33 34.7 1 28.2 5 33 45.7 
=> 1.5SMC36AT3 34.2 36 37.8 1 30.8 5 30 49.9 

1.5SMC39AT3 37.1 39 41 1 33.3 5 28 53.9 
1.5SMC43AT3 40.9 43 45.2 1 36.8 5 25.3 59.3 

1.5SMC47AT3 44.7 47 49.4 1 40.2 5 23.2 64.8 
1.5SMC51AT3 48.5 51 53.6 1 43.6 5 21.4 70.1 

=> 1.5SMC56AT3 53.2 56 58.8 1 47.8 5 19.5 77 
=> 1.5SMC62AT3 58.9 62 65.1 1 53 5 17.7 85 

1.5SMC68AT3 64.6 68 71.4 1 58.1 5 16.3 92 
1.5SMC75AT3 71.3 75 78.8 1 64.1 5 14.6 103 
1.5SMC82AT3 77.9 82 86.1 1 70.1 5 13.3 113 
1.5SMC91AT3 86.5 91 95.5 1 77.8 5 12 125 

=> Preferred part 

• VSR measured at pulse test current IT at an ambient temperaure of 25°C. 
* * 112 sine wave (or equivalent square wave), PW = B.3 ms, duty cycle = 4 pulses per minute maximum. 
t Surge current waveform per Figure 2 and derate per Figure 3 of General Data - 1500 Watt at the beginning of this group. 

t t T3 suffix designates tape and reel of 2500 units. 
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Maximum 
Temperature 
Coefficient 

ofVBR 

%/"C 

0.057 
0.061 
0.065 
0.068 

0.073 
0.075 
0.078 
0.081 

0.084 
0.086 
0.088 
0.09 

0.092 
0.094 
0.096 
0.097 

0.098 
0.099 

0.1 
0.101 

0.101 
0.102 
0.103 
0.104 

0.104 
0.105 
0.105 
0.106 

Device 
Marking 

6V8A 
7V5A 
8V2A 
9V1A 

lOA 
llA 
12A 
13A 

15A 
16A 
18A 
20A 

22A 
24A 
27A 
30A 

33A 
36A 
39A 
43A 

47A 
51A 
56A 
62A 

68A 
75A 
82A 
91A 
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Section 4.2.1 Selector Guide 
Zener Voltage Regulator 
Diodes 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

4-2-2 



I 

• 

SELECTOR GUIDE 

Axial Leaded for Thru-hole Designs (continued) (See Section 4.2.4 for complete data) 

Nominal IOOmW 
Zenor a_. CatOOH= 

Voliage PolarIty Band 

('Note 1) ('Note 2) 

Volts 

75 lN982B 
82 lN983B 
1fT 
91 lN984B 

100 lN985B 
110 lN986B 

120 lN987B 
130 lN986B 
140 
150 lN969B 
160 lN990B 
170 

180 lN991B 
190 
200 lN992B 
220 
240 
270 

300 
330 
360 

400 

'See Notes - page 4-2-7 

IOOmW IOOmW IOOmW 
Low Level Low Level 
Cathode = CatOOH= 

PoIarilyBand CatOOH = Polarity Band PoIarIIyBand 

('Note 3) ('Note 4) I ('Note 5) I ('Note 6) I ('Note 7) ('Note 8) rNote 9) 

/-Case 299-02 
DO-204AH 

(D0-35) 

lN5267B lN6021B BZX55C75 BZX79C75 
lN5268B lN6022B BZX55C82 BZX79C82 
lN5269B 
lN5270B lN6023B BZX55C91 BZX79C91 
lN5271B lN6024B BZX79Cl00 
lN5272B lN6025B BZX79Cll0 

lN5273B BZX79C120 
lN5274B BZX79C130 
lN5275B 
lN5276B BZX79C150 
lN5277B BZX79Cl60 
lN5278B 

lN5279B BZX79C180 
lN5280B 
lN5281B BZX79C200 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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500mW 

CatOOH = Polarity Band 

('Note 10) I ('Note 8) 
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SELECTOR GUIDE 

Axial Leaded for Thru-hole Designs (continued) (See Section 4.2.4 for complete data) 

_lnal 
1 _ 

1.3_ I.SWan 
Zener 

Breakdown Cllhade= Cllhada= Cllhade= 
VOIIage PoIarHyBand PolarllyBand Polarlly Band 

('N01e 1) ('Note 11) 

Vona 

Glass 
Case 59-03 

(00-41) 

75 lN4761A 

82 lN4762A 

87 

91 lN4763A 

100 lN4764A 

110 

120 

130 
140 

150 

160 

170 

180 

190 

200 
220 
240 
270 

300 

330 
380 

400 

-See Notes -page 4-2-7 

('Note 12) ('NolO 13) ('Note 14) ('NolO 15) ('N01e 16) 

Plastic Plastic 
Surrnetic30 Glass Surmetic 30 
CaseS9.(J3 Case 59-03 Case 59-03 

(00-41) (00-41) (00-41) 

MZP4761A BZX8SC7S MZPY7S MZD7S 1 NS946B 

MZP4762A BZX85C92 MZPY82 MZD82 lNS947B 

MZP4763A BZX85C91 MZPY91 MZD91 1 NS948B 

MZP4764A BZX8SC100 MZPY100 MZD100 1 NS949B 

lMllOZSS MZDll0 1 NS9S0B 

lM120ZSS MZDI20 lNS9S1B 

lMI30ZSS MZD130 1 NS9S2B 

lMI50ZSS MZD1S0 1 NS9S3B 

lMI60ZSS MZD160 1 NS954B 

lMI80ZSS MZD180 1 NS9SSB 

lM200ZSS MZD200 1 NS956B 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 
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3_ sWan 

Cllhade= Cllhada= 
PolarllyBand PolarilyBand 

('Note 17) ('Note 18) 

Plastic 
Sunnetic40 
Case 17.(J2 

3EZ7SDS 1 NS374B 

3EZ82DS lN537SB 

lN5376B 

3EZ91 OS 1 NS3nB 

3EZ100DS lN5378B 

3EZll ODS lN5379B 

3EZ120DS 1 NS360B 

3EZI30DS lNS381B 

3EZ14ODS lN5382B 

3EZI50DS lN5383B 

3EZI80DS 1 NS384B 

3EZ170DS 1 NS38SB 

3EZl80DS 1 NS386B 

3EZ190DS 1 NS387B 

3EZ200DS 1 NS388B 

3EZ220D6 

3EZ240DS 

3EZ270D5 

3EZ300D5 

3EZ330D5 

3EZ360DS 

3EZ400D5 
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SELECTOR GUIDE 

Zener Voltage Regulator Diodes 
Surface Mount Packages (See Section 4.2.4 for complete data) 

_lnaI 225mW SOOmW SOOmW SOOmW 
loner SurlaceMount SurlaceMount LowLml SuriacoMount 

Brealulown Loadless Surlace Mount LaadI ... 
Vollaga Loadless 

SOT-23 MLL34 IILL34 MLL34 

("Nolel) ("N0Ie2) l ("NoIe3) ("Not. 4) ("Not. 5) ("NoIe6) 

.Ca1hOdO 

~ Anode 

Volts 
No Connection 

Plastic Cathode = Polarity Band 
Cao.316-o7 Glass 
TO-236AB ease 362-03 

1.8 MLL4678 
2_0 MLL4679 
2_2 MLL4680 
2.4 BZX84C2V4L MMBZ5221BL BZV55C2V4 MLL4681 MLL5221B 
2.5 MMBZ5222BL MLL5222B 
2_7 BZX84C2V7L MMBZ5223BL BZV55C2V7 MLL4682 MLL5223B 
2_8 MMBZ5224BL MLL5224B 
3_0 BZX84C3VOL MMBZ5225BL BZV55C3VO MLL4683 MLL5225B 
3_3 BZX84C3V3L MMBZ5226BL BZV55C3V3 MLL4684 MLL5226B 

3_6 BZX84C3V6L MMBZ5227BL BZV55C3V6 MLL4665 MLL5227B 
3_9 BZX84C3V9L MMBZ5228BL BZV55C3V9 MLL4688 MLL5228B 
4_3 BZX84C4V3L MMBZ5229BL BZV55C4V3 MLL4667 MLL5229B 
4_7 BZX84C4V7L MMBZ5230BL BZV55C4V7 MLL4688 MLL5230B 
5_1 BZX84C5V1L MMBZ5231BL BZV55C5Vl MLL4669 MLL5231B 
5_6 BZX84C5V6L MMBZ5232BL BZV55C5V6 MLL4690 MLL5232B 
6_0 MMBZ5233BL MLL5233B 
6_2 BZX84C8V2L MMBZ5234BL BZV55C8V2 MLL4691 MLL5234B 

6_8 BZX84C6V8L MMBZ5235BL BZV55C6V8 MLL4692 MLL5235B 

7_5 BZX84C7V5L MMBZ5236BL BZV55C7V5 MLL4693 MLL5236B 

8_2 BZXB4CBV2L MMBZ5237BL BZV55CBV2 MLL4694 MLL5237B 

8_7 MMBZ5238BL MLL4695 MLL5238B 

9_1 BZX84C9V1L MMBZ5239BL BZV55C9Vl MLL4696 MLL5239B 

10 BZX84Cl0L MMBZ5240BL BZV55Cl0 MLL4697 MLL5240B 

11 BZX84ClIL MMBZ5241BL . BZV55Cli MLL469B MLL5241B 

12 BZX84C12L MMBZ5242BL BZV55C12 MLL4699 MLL5242B 

13 BZX84CI3L MMBZ5243BL BZV55C13 MLL4700 MLL5243B 
14 MMBZ5244BL MLL4701 MLL5244B 
15 BZX84CI5L MMBZ5245BL BZV55C15 MLL4702 MLL5245B 
16 BZX84CI6L MMBZ5246BL BZV55C16 MLL4703 MLL5246B 
17 MMBZ5247BL MLL4704 MLL5247B 
18 BZX84CI8L MMBZ5246BL BZV55C18 MLL4705 MLL524BB 

19 MMBZ5249BL MLL4706 MLL5249B 
20 BZX84C20L MMBZ5250BL BZV55C20 MLL4707 MLL5250B 
22 BZXB4C22L MMBZ5251BL BZV55C22 MLL470B MLL5251B 
24 BZX84C24L MMBZ5252BL BZV55C24 MLL4709 MLL5252B 
25 MMBZ5253BL MLL4710 MLL5253B 
27 BZX84C27L MMBZ5254BL BZV55C27 MLL4711 MLL5254B 

29 MMBZ5255BL MLL4712 MLL5255B 
30 BZX84C30L MMBZ5256BL BZV55C30 MLL4713 MLL5256B 
33 BZX84C33L MMBZ5257BL BZV55C33 MLL4714 MLLS257B 
36 BZX84C36L MMBZ5258BL BZV55C36 MLL4715 MLL525BB 
39 BZX84C39L MMBZ5259BL BZV55C39 MLL4716 MLL5259B 
43 BZX84C43L MMBZ5260BL BZV55C43 MLL4717 MLL5260B 

"S •• Not •• - page 4-2-9 
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1.5_ 
Surface Mount 

5MB 

("Not. 7) 

• Ca1hode = Notch 
Plastic 

Case403A-03 

1 5MB5913BT3 

ISMB5914BT3 
ISMB5915BT3 
ISMB5916BT3 
1 5MB5917BT3 
1 S~B5918BT3 
ISMB5919BT3 

1 5MB5920BT3 

1 5MB5921 BT3 

ISMB5922BT3 

1 5MB5923BT3 

1 5MB5924BT3 

1 5MB5925BT3 

1 5MB5926BT3 

1 5MB5927BT3 

1 5MB5928BT3 

1 5MB5929BT3 
1 5MB5930BT3 

1 5MB5931 BT3 

1 5MB5932BT3 
1 5MB5933BT3 
ISMB5934BT3 

1 5MB5935BT3 

1 5MB5936BT3 
1 5MB5937BT3 
1 5MB593BBT3 
1 5MB5939BT3 
1 5MB5940BT3 
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II 

Section 4.2.3 Alphanumeric Part 
Number Listing 
Zener Voltage Regulator 
Diodes 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1N4745A 4-2-44 1N5242B 4-2-31 1N5334B 4-2-59 

1N4746A 4-2-44 1N5243B 4-2-31 1N5335B 4-2-59 

1N4747A 4-2-44 1N5244B 4-2-31 1N5336B 4-2-59 

1N4748A 4-2-44 1N5245B 4-2-31 1N5337B 4-2-59 

1N4749A 4-2-44 1N5246B 4-2-31 1N5338B 4-2-59 

1N4750A 4-2-44 1N5247B 4-2-31 1N5339B 4-2-59 

1N4751A 4-2-44 1N5248B 4-2-31 1N5340B 4-2-59 

1N4752A 4-2-44 1N5249B 4-2-31 1N5341B 4-2-59 

1N4753A 4-2-44 1N5250B 4-2-31 1N5342B 4-2-59 

1N4754A 4-2-44 1N5251B 4-2-31 1N5343B 4-2-59 

1N4755A 4-2-44 1N5252B 4-2-31 1N5344B 4-2-59 

1N4756A 4-2-44 1N5253B 4-2-31 1N5345B 4-2-59 

1N4757A 4-2-44 1N5254B 4-2-31 1N5346B 4-2-59 

1N4758A 4-2-44 1N5255B 4-2-31 1N5347B 4-2-59 

1N4759A 4-2-44 1N5256B 4-2-31 1N5348B 4-2-59 

1N4760A 4-2-44 1N5257B 4-2-31 1N5349B 4-2-59 

1 N4761 A 4-2-44 1N5258B 4-2-31 1N5350B 4-2-59 

• 
1N4762A 4-2-44 1N5259B 4-2-31 1N5351B 4-2-59 

1N4763A 4-2-44 1N5260B 4-2-31 1N5352B 4-2-59 

1N4764A 4-2-44 1N5261B 4-2-31 1N5353B 4-2-59 

1N5221B 4-2-31 1N5262B 4-2.-31 1N5354B 4-2-59 

1N5222B 4-2-31 1N5263B 4-2-31 1N5355B 4-2-59 

1N5223B 4-2-31 1N5264B 4-2-31 1N5356B 4-2-59 

1N5224B 4-2-31 1N5265B 4-2-31 1N5357B 4-2-59 

• 1N5225B 4-2-31 1N5266B 4-2-32 1N5358B 4-2-59 

1N5226B 4-2-31 1N5267B 4-2-32 1N5359B 4-2-59 

1N5227B 4-2-31 1N5268B 4-2-32 1N5360B 4-2-59 

1N5228B 4-2-31 1N5269B 4-2-32 1N5361B 4-2-59 

1N5229B 4-2-31 1N5270B 4-2-32 1N5362B 4-2-59 

1N5230B 4-2-31 1N5271B 4-2-32 1N5363B 4-2-59 

1N5231B 4-2-31 1N5272B 4-2-32 1N5364B 4-2-59 

1N5232B 4-2-31 1N5273B 4-2-32 1N5365B 4-2-59 

1N5233B 4-2-31 1N5274B 4-2-32 1N5366B 4-2-59 

1N5234B 4-2-31 1N5275B 4-2-32 1N5367B 4-2-59 

1N5235B 4-2-31 1N5276B 4-2-32 1N5368B 4-2-59 

1N5236B. 4-2-31 1N5277B 4-2-32 1N5369B 4-2-59 

1N5237B 4-2-31 1N5278B 4-2-32 1N5370B 4-2-59 

1N5238B 4-2-31 1N5279B 4-2-32 1N5371B 4-2-59 

1N5239B 4-2-31 1N5280B 4-2-32 1N5372B 4-2-59 

1N5240B 4-2-31 1N5281B 4-2-32 1N5373B 4-2-59 

1N5241B 4-2-31 1N5333B 4-2-59 1N5374B 4-2-59 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1 SME!5937BT3 4-2-79 3EZ22D5 4-2-53 BZV55C4V3 4-2-73 

1 5MB5938BT3 4-2-79 3EZ24D5 4-2-53 BZV55C4V7 4-2-73 

1SMB5939BT3 4-2-79 3EZ27D5 4-2-53 BZV55C5V1 4-2-73 

1SMB5940BT3 4-2-79 3EZ28D5 4-2-53 BZV55C5V6 4-2-73 

1 5MB5941 BT3 4-2-79 3EZ30D5 4-2-53 BZV55C6V2 4-2-73 

1SMB5942BT3 4-2-79 3EZ33D5 4-2-53 BZV55C6V8 4-2-73 

1 5MB5943BT3 4-2-79 3EZ36D5 4-2-53 BZV55C7V5 4-2-73 

1 5MB5944BT3 4-2-79 3EZ39D5 4-2-53 BZV55C8V2 4-2-73 

1 5MB5945BT3 4-2-79 3EZ43D5 4-2-53 BZV55C9V1 4-2-73 

1 5MB5946BT3 4-2-79 3EZ47D5 4-2-53 BZV55C10 4-2-73 

1 5MB5947BT3 4-2-79 3EZ51D5 4-2-53 BZV55C11 4-2-73 

1 5MB5948BT3 4-2-79 3EZ56D5 4-2-53 BZV55C12 4-2-73 

1 5MB5949BT3 4-2-79 3EZ62D5 4-2-53 BZV55C13 4-2-73 

1 5MB5950BT3 4-2-79 3EZ68D5 4-2-53 BZV55C15 4-2-73 

1 5MB5951 BT3 4-2-79 3EZ75D5 4-2-53 BZV55C16 4-2-73 

1 5MB5952BT3 4-2-79 3EZ82D5 4-2-53 BZV55C18 4-2-73 

1 5MB5953BT3 4-2-79 3EZ91D5 4-2-53 BZV55C20 4-2-73 

I 1 5MB5954BT3 4-2-79 3EZ100D5 4-2-53 BZV55C22 4-2-73 

1 5MB5955BT3 4-2-79 3EZ110D5 4-2-53 BZV55C24 4-2-73 

1 5MB5956BT3 4-2-79 3EZ120D5 4-2-53 BZV55C27 4-2-73 

3EZ3.9D5 4-2-53 3EZ130D5 4-2-53 BZV55C30 4-2-73 

3EZ4.3D5 4-2-53 3EZ140D5 4-2-53 BZV55C33 4-2-73 

3EZ4.7D5 4-2-53 3EZ150D5 4-2-53 BZV55C36 4-2-73 

3EZ5.1D5 4-2-53 3EZ160D5 4-2-53 BZV55C39 4-2-73 

III 
3EZ5.6D5 4-2-53 3EZ170D5 4-2-53 BZV55C43 4-2-73 

3EZ6.2D5 4-2-53 3EZ180D5 4-2-53 BZV55C47 4-2-73 

3EZ6.8D5 4-2-53 3EZ190D5 4-2-53 BZV55C51 4-2-73 

3EZ7.5D5 4-2-53 3EZ200D5 4-2-54 BZV55C56 4-2-73 

3EZ8.2D5 4-2-53 3EZ220D5 4-2-54 BZX55C2V4 4-2-34 

3EZ9.1D5 4-2-53 3EZ240D5 4-2-54 BZX55C2V7 4-2-34 

3EZ10D5 4-2-53 3EZ270D5 4-2-54 BZX55C3VO 4-2-34 

3EZ11D5 4-2-53 3EZ300D5 4-2-54 BZX55C3V3 4-2-34 

3EZ12D5 4-2-53 3EZ330D5 4-2-54 BZX55C3V6 4-2-34 

3EZ13D5 4-2-53 3EZ360D5 4-2-54 BZX55C3V9 4-2-34 

3EZ14D5 4-2-53 3EZ400D5 4-2-54 BZX55C4V3 4-2-34 

3EZ15D5 4-2-53 BZV55C2V4 4-2-73 BZX55C4V7 4-2-34 

3EZ16D5 4-;:!-53 BZV55C2V7 4-2-73 BZX55C5V1 4-2-34 

3EZ17D5 4-2-53 BZV55C3VO 4-2-73 BZX55C5V6 4-2-34 

3EZ18D5 4-2-53 BZV55C3V3 4-2-73 BZX55C6V2 4-2-34 

3EZ19D5 4-2-53 BZV55C3V6 4-2-73 BZX55C6V8 4-2-34 

3EZ20D5 4-2-53 BZV55C3V9 4-2-7.3 BZX55C7V5 4-2-34 
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ALPHANUMERIC INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

BZX84C22L 4-2-65 BZX85C43 4-2-45 MLL4709 4-2-74 

BZX84C24L 4-2-65 BZX85C47 4-2-45 MLL4710 4-2-74 

BZX84C27L 4-2-65 BZX85C51 4-2-45 MLL4711 4-2-74 

BZX84C30L 4-2-65 BZX85C56 4-2-45 MLL4712 4-2-74 

BZX84C33L 4-2-65 BZX85C62 4-2-45 MLL4713 4-2-74 

BZX84C36L 4-2-65 BZX85C68 4-2-45 MLL4714 4-2-74 

BZX84C39L 4-2-65 BZX85C75 4-2-45 MLL4715 4-2-74 

BZX84C43L 4-2-65 BZX85C82 4-2-45 MLL4716 4-2-74 

BZX84C47L 4-2-65 BZX85C91 4-2-45 MLL4717 4-2-74 

BZX84C51L 4-2-65 BZX85C100 4-2-45 MLL5221B 4-2-75 

BZX84C56L 4-2-65 MLL4678 4-2-74 MLL5222B 4-2-75 

BZX84C62L 4-2-65 MLL4679 4-2-74 MLL5223B 4-2-75 

BZX84C68L 4-2-65 MLL4680 4-2-74 MLL5224B 4-2-75 

BZX84C75L 4-2-65 MLL4681 4-2-74 MLL5225B 4-2-75 

BZX85C3V3 4-2-45 MLL4682 4-2-74 MLL5226B 4-2-75 

BZX85C3V6 4-2-45 MLL4683 4-2-74 MLL5227B 4-2-75 

BZX85C3V9 4-2-45 MLL4684 4-2q4 MLL5228B 4-2-75 

• 
BZX85C4V3 4-2-45 MLL4685 4-2-74 MLL5229B 4-2-75 

BZX85C4V7 4-2-45 MLL4686 4-2-74 MLL5230B 4-2-75 

BZX85C5V1 4-2-45 MLL4687 4-2-74 MLL5231B 4-2-75 

BZX85C5V6 4-2-45 MLL4688 4-2-74 MLL5232B 4-2-75 

BZX85C6V2 4-2-45 MLL4689 4-2-74 MLL5233B 4-2-75 

BZX85C6V8 4-2-45 MLL4690 4-2-74 MLL5234B 4-2-75 

BZX85C7V5 4-2-45 MLL4691 4-2-74 MLL5235B 4-2-75 

III 
BZX85C8V2 4-2-45 MLL4692 4-2-74 MLL5236B 4-2-75 

BZX85C9V1 4-2-45 MLL4693 4-2-74 MLL5237B 4-2-75 

BZX85C10 4-2-45 MLL4694 4-2-74 MLL5238B 4-2-75 

BZX85C11 4-2-45 MLL4695 4-2-74 MLL5239B 4-2-75 

BZX85C12 4-2-45 MLL4696 4-2-74 MLL5240B 4-2-75 

BZX85C13 4-2-45 MLL4697 4-2-74 MLL5241B 4-2-75 

BZX85C15 4-2-45 MLL4698 4-2-74 MLL5242B 4-2-75 

BZX85C16 4-2-45 MLL4699 4-2-74 MLL5243B 4-2-75 

BZX85C18 4-2-45 MLL4700 4-2-74 MLL5244B 4-2-75 

BZX85C20 4-2-45 MLL4701 ·4-2-74 MLL5245B 4-2-75 

BZX85C22 4-2-45 MLL4702 4-2-74 MLL5246B 4-2-75 

BZX85C24 4-2-45 MLL4703 4-2-74 MLL5247B 4-2-75 

BZX85C27 4-2-45 MLL4704 4-2-74 MLL5248B 4-2-75 

BZX85C30 4-2-45 MLL4705 4-2-74 MLL5249B 4-2-75 

BZX85C33 4-2-45 MLL4706 4-2-74 MLL5250B 4-2-75 

BZX85C36 4-2-45 MLL4707 4-2-74 MLL5251B 4-2-75 

BZX85C39 4-2-45 MLL4708 4-2-74· MLL5252B 4-2-75 
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DEVICE 

MZD82 

MZD91 

MZD100 

MZD110 

MZD120 

MZD130 

MZD150 

MZD160 

MZD180 

MZD200 

MZP4728A 

MZP4729A 

MZP4730A 

MZP4731A 

MZP4732A 

MZP4733A 

MZP4734A 

II MZP4735A 

MZP4736A 

MZP4737A 

MZP4738A 

MZP4739A 

MZP4740A 

MZP4741A 

MZP4742A 

MZP4743A 

MZP4744A 

MZP4745A 

MZP4746A 

MZP4747A 

MZP4748A 

MZP4749A 

MZP4750A 

MZP4751A 

MZP4752A 

MZP4753A 

MZP4754A 

ALPHANUMERIC INDEX (continued) 

PAGE DEVICE PAGE DEVICE 

4-2-55 MZP4755A 4-2-56 MZPY47 

4-2-55 MZP4756A 4-2-56 MZPY51 

4-2-55 MZP4757A 4-256 MZPY56 

4-2-55 MZP4758A 4-2-56 MZPY62 

4-2-55 MZP4759A 4-2-56 MZPY68 

4-2-55 MZP4760A 4-2-56 MZPY75 

4-2-55 MZP4761A 4-2-56 MZPY82 

4-2-55 MZP4762A 4-2-56 MZPY91 

4-2-55 MZP4763A 4-2-56 MZPY100 

4-2-55 MZP4764A 4-2-56 ZPD2.7 

4-2-56 MZPY3.9 4-2-46 ZPD3.0 

4-2-56 MZPY4.3 4-2-46 ZPD3.3 

4-2-56 MZPY4.7 4-2-46 ZPD3.6 

4-2-56 MZPY5.1 4-2-46 ZPD3.9 

4-2-56 MZPY5.6 4-2-46 ZPD4.3 

4-2-56 MZPY6.2 4-2-46 ZPD4.7 

4-2-56 MZPY6.8 4-2-46 ZPD5.1 

4-2-56 MZPY7.5 4-2-46 ZPD5.6 

4-2-56 MZPY8.2 4-2-46 ZPD6.2 

4-2-56 MZPY9.1 4-2-46 ZPD6.8 

4-2"56 MZPY10 4-2.-46 ZPD7.5 

4-2-56 MZPY11 4-2-46 ZPD8.2 

4-2-56 MZPY12 4-2-46 ZPD9.1 

4-2-56 MZPY13 4-2-46 ZPD10 

4-2-56 MZPY15 4-2-46 ZPD11 

4-2-56 MZPY16 4-2-46 ZPD12 

4-2-56 MZPY18 4-2-46 ZPD13 

4-2-56 MZPY20 4-2-46 ZPD15 

4-2-56 MZPY22 4-2-46 ZPD16 

4-2-56 MZPY24 4-2-46 ZPD18 

4-2"56 MZPY27 4-2-46 ZPD20 

4-2-56 MZPY30 4-2-46 ZPD22 

4-2-56 MZPY33 4-2-46· ZPD24 

4-2-56 MZPY36 4-2-46 ZPD27 

4-2-56 MZPY39 4-2-46 ZPD30 

4-2-56 MZPY43 4-2-46 ZPD33 

4-2-56 
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MOTOROLA iSEMICONDUCTOR ___________ _ 
TECHNICAL DATA 

500 mW 00-35 Glass 
Zener Voltage Regulator Diodes 
GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

500 Milliwatt 
Hermetically Sealed 
Glass Silicon Zener Diodes 

Specification Features: 

• Complete Voltage Range - 1.8 to 200 Volts 
• DO-204AH Package - Smaller than Conventional DO-204AA Package 
• Double Slug Type Construction 
• Metallurgically Bonded Construction 

Mechanical Characteristics: 

CASE: Double slug type, hermetically sealed glass 

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

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

4 . 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode 
MOUNTING POSITION: Any 

MAXIMUM RATINGS (Motorola Devices)' 

Rating Symbol 

DC Power Dissipation and T L :;; 75°C Po 

Lead Length = 3/8" 

Derate above T L = 75°C 

Operating and Storage Temperature Range 

_ • Some part number senes have lower JEOEC registered ratings. 
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Figure 1. Steady State Power Derating 
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GENERAL 
DATA 

500mW 
00-35 GLASS 

GLASS ZENER DIODES 
500 MILLIWATTS 
1.8-200 VOLTS 

CASE 299-02 
DO-2D4AH 

GLASS 

Value 

500 

Unit 

mW 
4 mWFC 

-65 to +200 °C 
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GENERAL DATA - 500 mW 00-35 GLASS 

TEMPERATURE COEFFICIENTS 
(-55°C to +150°C temperature range; 90% of the units are In the ranges indicated.) 
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Figure 4a. Range for Units to 12 Volts 
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Figure 4b. Range for Units 12 to 100 Volts 
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~ ~-4 AFFECT TEMPERATURE COEFFICIENTS 
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Figure 4c. Range for Units 120 to 200 Volts 
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Figure 6a. Typical Capacitance 2.4-100 Volts 
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Figure 5. Effect of zener Current 
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GENERAL DATA - 500 mW 00-35 GLASS 
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Figure 11. Zener Voltage versus Zener Current - Vz = 1 thru 16 Volts 
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Figure 12. Zener Voltage versus Zener Current - Vz = 15 thru 30 Volts 
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1 N746A thru 1 N759A, 1 N957B thru 1 N992B, 1 N4370A thru 1 N4372A 

ELECTRICAL CHARACTERISTICS (TA = 25°C, VF = 1.5 V Max at 200 mA for all types) 

Nominal 
Zener Voltaga 

Type Vz @ \zr 
Number (Note 2) 
(Note 1) Volts 

lN4370A 2.4 
1 N4371 A 2.7 
lN4372A 3 
lN746A 3.3 
lN747A 3.6 
lN748A 3.9 

lN749A 4.3 
lN750A 4.7 
1 N751 A 5.1 
lN752A 5.6 
lN753A 6.2 
lN754A 6.8 

lN755A 7.5 
lN756A 8.2 
lN757A 9.1 
lN758A 10 
lN759A 12 

Nominal 
Zenar Voltage 

Type Vz 
Number (Note 2) 
(Note 1) Volts 

lN957B 6.8 
lN958B 7.5 
lN959B 8.2 
lN960B 9.1 
lN961B 10 
lN962B 11 

1N963B 12 
1N964B 13 
1N965B 15 
1N966B 16 
lN967B 18 
1N968B 20 

lN969B 22 
lN970B 24 
1N971B 27 
1N972B 30 
1N973B 33 
1N974B 36 

lN975B 39 
lN976B 43 
1N9nB 47 
1N978B 51 
1N979B 56 
1N980B 62 

Maximum 
Maximum Raverse Leakage Currant 

Test Maximum Zener Impedance DC Zener Currant 
Currant Zzr@lzr IZM TA = 25°C TA _150°C 

Izr (Note 3) (Note 4) IA@VA=lV IA @VA=l V 

mA Ohms mA IlA I!A 
20 30 150 100 200 
20 30 135 75 150 
20 29 120 50 100 
20 28 110 10 30 
20 24 100 10 30 
20 23 95 10 30 

20 22 85 2 30 
20 19 75 2 30 
20 17 70 1 20 
20 11 65 1 20 
20 7 60 0.1 20 
20 5 55 0.1 20 

20 6 50 0.1 20 
20 8 45 0.1 20 
20 10 40 0.1 20 
20 17 35 0.1 20 
20 30 30 0.1 20 

Maximum Zener Impedance 
(Note 3) Maximum Reverse Currant 

Maximum 
Test DC Zener Currant 

Current IzM 
Izr Zzr@ Izr ZZK@lzK IZK (Note 4) IAMaxlmum Test Voltage Vdc 

mA Ohms Ohms mA mA I!A VA 

18.5 4.5 700 1 47 150 5.2 
16.5 5.5 700 0.5 42 75 5.7 
15 6.5 700 0.5 38 50 6.2 
14 7.5 700 0.5 35 25 6.9 

12.5 8.5 700 0.25 32 10 7.6 
11.5 9.5 700 0.25 28 5 8.4 

10.5 11.5 700 0.25 26 5 9.1 
9.5 13 700 0.25 24 5 9.9 
8.5 16 700 0.25 21 5 11.4 
7.8 17 700 0.25 19 5 12.2 
7 21 750 0.25 17 5 13.7 

6.2 25 750 0.25 15 5 15.2 

5.6 29 750 0.25 14 5 16.7 
5.2 33 750 0.25 13 5 18.2 
4.6 41 750 0.25 11 5 20.6 
4.2 49 1000 0.25 10 5 22.8 
3.8 58 1000 0.25 9.2 5 25.1 
3.4 70 1000 0.25 8.5 5 27.4 

3.2 80 1000 0.25 7.8 5 29.7 
3 93 1500 0.25 7 5 32.7 

2.7 105 1500 0.25 6.4 5 35.8 
2.5 125 1500 0.25 5.9 5 38.8 
2.2 150 2000 0.25 5.4 5 42.6 
2 185 2000 0.25 4.9 5 47.1 
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1 N4678 thru 1 N4717 

Low level oxide passivated zener diodes for applications re-· 
quirin.g extremely low operating currents, low leakage, and 
sharp breakdown voltage. 

• Zener Voltage Specified @ Izr = 50 ~ 
• ··Maximum Delta Vz Given from 10 to 100 ~ 

ELECTRICAL CHARACTERISTICS (TA = 25°C, VF= 1.5 V Max a! IF= 100 mA for all types) 

Zener Voltage 
Maximum Test Maximum -Maximum 

Vz @ IZT = 50 !LA 
Type Volts Reverse Current Voltage Zener Current Voltage Change 

Number 
(Note 1) Nom (Note 1) Min Max 

lN4678 1.8 1.71 1.89 
lN4679 2 1.9 2.1 
lN4680 2.2 2.09 2.31 
lN4681 2.4 2.28 2.52 
lN4682 2.7 2.565 2.835 

lN4683 3 2.85 3.15 
lN4684 3.3 3.135 3.465 
lN4685 3.6 3.42 3.78 
lN4686 3.9 3.705 4.095 
lN4687 4.3 4.085 4.515 

lN4688 4.7 4.465 4.935 
=> lN4689 5.1 4.845 5.355 

lN4690 5.6 5.32 5.88 
lN4691 6.2 5.89 6.51 
lN4692 6.8 6.46 7.14 

lN4693 7.5 7.125 7.875 
lN4694 8.2 7.79 8.61 
lN4695 8.7 8.265 9.135 
lN4696 9.1 8.645 9.555 
lN4697 10 9.5 10.5 

lN4698 11 10.45 11.55 
lN4699 12 11.4 12.6 
lN4700 13 12.35 13.65 
lN4701 14 13.3 14.7 
lN4702 15 14.25 15.75 

lN4703 16 15.2 16.8 
lN4704 17 16.15 17.85 
lN4705 18 17.1 18.9 
lN4706 19 18.05 19.95 
lN4707 20 19 21 

lN4708 22 20.9 23.1 
lN4709 24 22.8 25.2 
lN4710 25 23.75 26.25 
lN4711 27 25.65 28.35 
lN4712 28 26.6 29.4 

lN4713 30 28.5 31.5 
lN4714 33 31.35 34.65 
lN4715 36 34.2 37.8 
lN4716 39 37.05 40.95 
lN4717 43 40.85 45.15 

~ Preferred part 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION (Vzl 

The type numbers shown have a standard tolerance of ±5% on the nominal Zener voltage, 

C for ±2%. 0 for ±1 %. 

NOTE 2. MAXIMUM ZENER CURRENT RATINGS (I.,.) 

Maximum Zener current ratings are based on maximum Zenervoltage of the individual units 
and JEDEC 250 mW rating. 

NOTE 3. REVERSE LEAKAGE CURRENT (I,,) 

IR!LA VR Volts IZMmA I1VzVolts 
(Note 3) (Note 2) (Note 4) 

7.5 1 120 0.7 
5 1 110 0.7 
4 1 100 0.75 
2 1 95 0.8 
1 1 90 0.85 

0.8 1 85 0.9 
7.5 1.5 80 0.95 
7.5 2 75 0.95 
5 2 70 0.97 
4 2 65 0.99 

10 3 60 0.99 
10 3 55 0 .• 97 
10 4 50 0.96 
10 5 45 0.95 
10 5.1 35 0.9 

10 5.7 31.8 0.75 
1 6.2 29 0.5 
1 6.6 27.4 0.1 
1 6.9 26.2 0.08 
1 7.6 24.8 0.1 

0.05 8.4 21.6 0.11 
0.05 9.1 20.4 0.12 
0.05 9.8 19 0.13 
0.05 10.6 17.5 0.14 
0.05 11.4 16.3 0.15 

0.05 12.1 15.4 0.16 
0.05 12.9 14.5 0.17 
0.05 13.6 13.2 0.18 
0.05 14.4 12.5 0.19 
0.01 15.2 11.9 0.2 

0.01 16.7 10.8 0.22 
0.01 18.2 9.9 0.24 
0.01 19 9.5 0.25 
0.01 20.4 8.8 0.27 
0.01 21.2 8.5 0.28 

0.01 22.8 7.9 0.3 
0.01 25 7.2 0.33 
0.01 27.3 6.6 0.36 
0.01 29.6 6.1 0.39 
0.01 32.6 5.5 0.43 

Reverse leakage currents are guaranteed and measured at VR as shown on the table. 

NOTE 4. MAXIMUM VOLTAGE CHANGE (tN,) 

Voltage change is equal to the difference between Vz at 100 JlA and Vz at 10 JlA. 
NOTE 5. ZENER VOLTAGE (Vzl MEASUREMENT 

Nominal Zenervoltage is measured with the device junction in thermal eqUilibrium at the lead 

temperature at 3Q°C ±l°C and 3/8'" lead length. 
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1 N5221B thru 1 N5281 B 

ELECTRICAL CHARACTERISTICS - continued (T A = 25°C unless otherwise noted. Based on dc measurements at thermal equi-

librium; lead length = 3/8"; thermal resistance of heat sink. = 30°CIW) VF = 1.1 Max @ IF = 200 rnA for all types. 

Nominal 
Max Reverse 

Zener Voltage Test Max Zener Voltage 
JEDEC Vz@lzr Current 

Max Zener Impedance Leakage Current TemPerature Ccieff. 
Type No. Volts Izr Zzr@ Izr 
(Note 1) (Note 2) mA Ohms 

lN5266B 68 1.8 230 
lN5267B 75 1.7 270 
lN5268B 82 1.5 330 
lN5269B 87 1.4 370 
lN5270B 91 1.4 400 

lN5271B 100 1.3 500 
lN5272B 110 1.1 750 
lN5273B 120 1 900 
lN5274B 130 0.95 1100 
lN5275B 140 0.9 1300 

lN5276B 150 0.85 1500 
lN5277B 160 0.8 1700 
lN5278B 170 0.74 1900 
lN5279B 180 0.68 2200 
lN5280B 190 0.66 2400 
lN5281B 200 0.65 2500 

NOTE 1. TOLERANCE 

The JEDEC type numbers shown Indicate a tolerance of ±5%. For tighter tolerance devices 

use suffixes "C~ for.±2% and "0" for ±1 %. 

NOTE 2. SPECIAL SELECTIONS t AVAILABLE INCLUDE: 

1. Nominal zener voltages between those shown. 
2. Nominal voltages at non~standard test currents. 

NOTE 3. TEMPERATURE COEFFICIENT (e.zl 

Test conditions for temperature coeffjcient are as follows: 

a. IZT :=: 7.5 rnA. T1 = 25°C, 

T, = 125"<: (1 N5221B through 1N5242B). 

b.IZT= Rated IZT' T1 = 25°C, 

T, = 125"<: (lN5243B through 1N5281B). 

Device to be temperature stabilized with current applied prior to reading breakdown voltage 
at the specified ambient temperature. 

ZZK @ IZK = 0.25 mA IR VR 8vz (%/"C) 
Ohms !1A Volts (Note 3) 

1600 0.1 52 +0.097 
1700 0.1 56 +0.098 
2000 0.1 62 +0.098 
2200 0.1 68 +0.099 
2300 0.1 69 +0.099 

2600 0.1 76 +0.11 
3000 0.1 84 +0.11 
4000 0.1 91 +0.11 
4500 0.1 99 +0.11 
4500 0.1 106 +0.11 

5000 0.1 114 +0.11 
5500 0.1 122 +0.11 
5500 0.1 129 +0.11 
6000 0.1 137 +0.11 
6500 0.1 144 +0.11 
7000 0.1 152 +0.11 

NOTE 4. ZENER VOLTAGE (Vz) MEASUREMENT 

Nominal zener voltage is measured with the device junction in thermal equilibrium at the lead 

temperature of 30°C ±1°C and 3/8" lead length. 

NOTE 5. ZENER IMPEDANCE (Zzl DERIVATION 

ZZT and ZZK are measured by dIviding the ac voltage drop across the device by the ac current 
applied. The specifled limits are for Iz{ae) = 0.1 Iz(dc) with the ac frequency = 60 Hz. 

f For more infonnation on special selections contact your nearest Motorola representa­
tive. 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

4-2-32 



II 

-

BZX55C2V4 thru BZX55C91 

ELECTRICAL CHARACTERISTICS (TL = 30°C unless otherwise noted.) (VF = 1.3 Volts Max, IF = 100 mAdc for all types.) 

Max Reverse 

Max Zener 
Leakage Current 

Voa at loa 
ImPedance 

IR at VR 
(V) 

(Notli 3) 
(!lA) 

Motorola Zoa@loa Tomb T.mb IZM 
Type Min Max (Ohms) loa 2S'C 12S'C VR (rnA) 

Number (Note 1) (Note 1) Max (rnA) Max Max (V) (Note 2) 

BZX55C2V4 2.28 2.56 85 5 50 100 1 155 
BZX55C2V7 2.5 2.9 85 5 10 50 1 135 
BZX55C3VO 2.8 3.2 85 5 4 40 1 125 
BZX55C3V3 3.1 3.5 85 5 2 40 1 115 
BZX55C3V6 3.4 3.8 85 5 2 40 1 105 

BZX55C3V9 3.7 4.1 85 5 2 40 1 95 
BZX55C4V3 4 4.6 75 5 1 20 1 90 
BZX55C4V7 4.4 5 60 5 0.5 10 1 85 
BZX55C5Vl 4.8 5.4 35 5 0.1 2 1 80 
BZX55C5V6 5.2 6 25 5 0.1 2 1 70 

BZX55C6V2 5.8 6.6 10 5 0.1 2 2 64 
BZX55C6V8 6.4 7.2 8 5 0.1 2 3 58 
BZX55C7V5 7 7.9 7 5 0.1 2 5 53 
BZX55C8V2 7.7 8.7 7 5 0.1 2 6 47 
BZX55C9Vl 8.5 9.6 10 5 0.1 2 7 43 

BZX55Cl0 9.4 10.6 15 5 0.1 2 7.5 40 
BZX55Cll 10.4 11.6 20 5 0.1 2 8.5 36 
BZX55C12 11.4 12.7 20 5 0.1 2 9 32 
BZX55C13 12.4 14.1 26 5 0.1 2 10 29 
BZX55C15 13.8 15.6 30 5 0.1 2 11 27 

BZX55C16 15.3 17.1 40 5 0.1 2 12 24 
BZX55C18 16.8 19.1 50 5 0.1 2 14 21 
BZX55C20 18.8 21.1 55 5 0.1 2 15 20 
BZX55C22 20.8 23.3 55 5 0.1 2 17 18 
BZX55C24 22.8 25.6 80 5 0.1 2 18 16 

BZX55C27 25.1 28.9 80 5 0.1 2 20 14 
BZX55C30 28 32 80 5 0.1 2 22 13 
BZX55C33 31 35 80 5 0.1 2 24 12 
BZX55C36 34 38 80 5 0.1 2 27 11 
BZX55C39 37 41 90 2.5 0.1 5 28 10 

BZX55C43 40 46 90 2.5 0.1 5 32 9.2 
BZX55C47 44 50 110 2.5 0.1 5 35 8.5 
BZX55C51 48 54 125 2.5 0.1 10 38 7.8 
BZX55C56 52 60 135 2.5 0.1 10 42 7 
BZX55C62 58 66 150 2.5 0.1 10 47 6.4 

BZX55C68 64 72 160 2.5 0.1 10 51 5.9 
BZX55C75 70 80 170 2.5 0.1 10 56 5.3 
BZX55C82 77 87 200 2.5 0.1 10 62 4.8 
BZX55C91 85 96 250 1 0.1 10 69 4.3 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION NOTE 3. 

Tolerance designation - The type numbers listed have zener voltage minimax limits as 

shown. Device tolerance of±2% are indicated by a "en instead of a·'C". Zener voltage is mea­

sured with the device Junction in thermal equilibrium at the lead temperature of 30°C ±1°C 

and 318" lead length. 

Zzr and ZZte are measured by dividing the ae voltage drop across the device by the ac current 
applied. The specified limtis are for Iz(8c) = 0.1 Iz(dc) with the ae frequency = 1.0 kHz. 

NDTE2. 
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 operating point and the 
power derating curve. 
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BZX83C2V7 thru BZX83C33, M-ZPD2.7 thru M-ZPD33 

ELECTRICAL CHARACTERISTICS (at T A = 25°C) 
Motorola ZPD and BZX83C series. Forward Voltage VF = 1 Volt Max at IF = 50 rnA. 

Device Type 

BZXB3C2V7 ZPD2.7 
BZXB3C3VO ZPD3.0 
BZXB3C3V3 ZPD3.3 
BZXB3C3V6 ZPD3.6 
BZXB3C3V9 ZPD3.9 

BZXB3C4V3 ZPD4.3 
BZX83C4V7 ZPD4.7 
BZX83C5Vl ZPD5.1 
BZXB3C5V6 ZPD5.6 
BZXB3C6V2 ZPD6.2 

BZX83C6VB ZPD6.8 
BZX83C7V5 ZPD7.5 
BZXB3CBV2 ZPDB.2 
BZXB3C9Vl ZPD9.1 
BZX83Cl0 ZPD10 

BZXB3Cll ZPDll 
BZXB3C12 ZPD12 
BZXB3C13 ZPD13 
BZX83C15 ZPD15 
BZX83C16 ZPD16 

BZX83C18 ZPD18 
BZX83C20 ZPD20 
BZXB3C22 ZPD22 
BZX83C24 ZPD24 
BZXB3C27 ZPD27 
BZXB3C30 ZPD30 
BZX83C33 ZPD33 

NOTE 1. Pulse test. 
NOTE 2. f = 1.0 kHz, I,(ac) = 0.1 I,(dc). 

Zener Voltage (Note 1) Impedance (0) 
at IZT = 5.0 mA Max (Nota 2) Typ. Temp. 

atlz=1 mA 
Coeff. 
atlZT 

Nominal Min Max at IZT BZX83 ZPD %peroC 

2.7 2.5 2.9 B5 600 500 -0.09 ... -0.04 
3 2.8 3.2 90 600 500 -0.09 ... -0.03 

3.3 3.1 3.5 90 600 500 -0.08 ... -0.03 
3.6 3.4 3.8 90 600 500 -o.OB ... -o.03 
3.9 3.7 4.1 85 600 500 -0.07 ... -0.03 

4.3 4 4.6 BO 600 500 -0.06 ... -0.01 
4.7 4.4 5 7B 600 500 -0.05 ... +0.02 
5.1 4.8 5.4 60 550 480 -0.03 ... +0.04 
5.6 5.2 6 40 450 400 -0.02 ... +0.06 
6.2 5.B 6.6 10 200 -0.01 ... +0.07 

6.8 6.4 7.2 B 150 +0.02 ... +0.07 
7.5 7 7.9 7 50 +0.03 ... +0.07 
8.2 7.7 B.7 7 50 +0.04 ... +0.07 
9.1 B.5 9.6 10 50 +0.05 ... +0.0B 
10 9.4 10.6 15 70 +0.05 ... +0.08 

11 10.4 11.6 20 70 +0.05 ... +0.09 
12 11.4 12.7 20 90 +0.06 ... +0.09 
13 12.4 14.1 25 110 +0.07 ... +0.09 
15 13.8 15.6 30 110 +0.07 ... +0.09 
16 15.3 17.1 40 170 +0.OB ... +0.095 

lB 16.B 19.1 50 170 +0.08 ... +0.10 
20 lB.8 21.2 55 220 +0.OB ... +0.l0 
22 20.8 23.3 55 220 +0.OB ... +0.l0 
24 22.8 25.6 BO 220 +0.OB ... +O.l0 
27 25.1 28.9 BO 250 +0.OB ... +0.l0 
30 2B 32 BO 250 +0.OB ... +O.l0 
33 31 35 80 250 +0.08 ... +0.10 
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VRMin 

V 

BZX83 ZPD 

1 -
1 -
1 -
1 -
1 -
1 -
1 -

O.B 
1 
2 

3 
5 
6 
7 

7.5 

B.5 
9 
10 
11 
12 

14 
15 
17 
lB 
20 
22 
24 

atlR 

l00I1 A 
6Ol1A 
3Ol1A 
20l1A 
10l1A 

511A 
211A 

100nA 
100nA 
l00nA 

100nA 
100nA 
100nA 
100nA 
100nA 

100nA 
100nA 
l00nA 
100nA 
100 nA 

l00nA 
l00nA 
100nA 
l00nA 
l00nA 
l00nA 
100 nA 
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MZ5520B thru MZ5530B 

Low Voltage Avalanche Passivated 
Silicon Oxide Zener Regulator Diodes 

· .. Same as 1 N5520B through 1 N5530B except low nbise test 
spec ommilled. 
• Low Maximum Regulation Factor 
• Low Zener Impedance 
• Low Leakage Current 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise specilied. Based on dc measurements at thermal equilibrium; 
VF = 1.1 Max @ 'F = 200 mA lor all types.) 

Nominal 
Max Reverse Leakage Current 

Maximum 
Zener Max Zener DC Zener Regulation Low 

Voltage Test Impedance Current Factor Vz 
Motorola Vz@ Izr Current Zzr@ Izr IR IZM !Nz Current 
Type No. Volts Izr Ohms /lAdc mAdc Volts IZL 
(Note 1) (Note 2) mAdc (Note 3) (Note 4) VR-Volts (Note 5) (Note 6) mAdc 

MZ5520B 3.9 20 
MZ5521B 4.3 20 
MZ5522B 4.7 10 
MZ5523B 5.1 5 
MZ5524B 5.6 3 

MZ5525B 6.2 1 
MZ5526B 6.8 1 
MZ5527B 7.5 1 
MZ5528B 8.2 1 
MZ5529B 9.1 1 
MZ5530B 10 1 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

The A8" suffix type numbers listed are ±5% tolerance of nominal Vz• 

NOTE 2. ZENER VOLTAGE (Vz) MEASUREMENT 

22 
18 
22 
26 
30 

30 
30 
35 
40 
45 
60 

Nominal zener voltage is measured with the devK:e junction in thermal equilibrium with ambi­

ent temperature of 25OC. 

NOTE 3. ZENER IMPEDANCE (Zzl DERIVATION 
The zener Impedance is derived from the 60 Hz ac vohage, which results when an ae current 
having an nns value equal to 10% of the de zener current (Izr) is superimposed on lzr. 

NOTE 4. REVERSE LEAKAGE CURRENT 10 
Reverse leakage currents are guaranteed and are measured at VR as shown on the table. 

NOTE 5. MAXIMUM REGULATOR CURRENT (Izu) 

1 
3 
2 
2 
2 

1 
1 

0.5 
0.5 
0.1 
0.05 

1 98 0.85 2.0 
1.5 88 0.75 2.0 
2 81 0.6 1.0 

2.5 75 0.65 0.25 
3.5 68 0.3 0.25 

5 61 0.2 0.01 
6.2 56 0.1 0.01 
6.8 51 0.05 0.01 
7.5 46 0.05 0.01 
8.2 42 0.05 0.01 
9.1 38 0.1 0.01 

The maximum current shown is based on the maxim':Jm voltageof a±5% type unit, therefore. 
It appl",s only to the ''B~ suffix device. The actuallZM for any device may not exceed the value 
of 400 milliwatts divided by the actual Vz of the device. 

NOTE 6. MAXIMUM REGULATION FACTOR (4Vz) 

aVz is the maximum difference between Vz at Izr and Vz at IZL measured with the device junc­
tion in thermal equilibrium. 

NOTE 7. SPECIAL SELECTORS AVAILABLE INCLUDE: 
a) Nominal Zener voltages between those shown. 
b) Tighter voltage tolerances. Contact your nearest Motorola representative for more infor­

mation. 
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MOTOROLA SEMICONDUCTOR ___________ _ 
TECHNICAL DATA 

1-1.3 Watt 00-41 Glass 
Zener Voltage Regulator Diodes 
GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

One Watt Hermetically Sealed Glass 
Silicon Zener Diodes 

Specification Features: 
• Complete Voltage Range - 3.3 to 100 Volts 
• 00-41 Package 
• Double Slug Type Construction 
• Metallurgically Bonded Construction 
• Oxide Passivated Die 

Mechanical Characteristics: 

CASE: Double slug type, hermetically sealed glass 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230·C, 1116" from 

case for 10 seconds 
FINISH: All extemal surfaces are corrosion resistant with readily solderable leads 

4 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode . 
MOUNTING POSITION: Any 

-
MAXIMUM RATINGS 

Rating Symbol 

DC Power Dissipation @ T A = 50°C Po 
Derate above 50°C 

Operating and Storage Junction Temperature Range TJ, Tstg 

en 
~ 
~ 
~ 

1.25 

~ 0.75 

~ 
~ 0.5 

~ 
~ 0.25 
rF 

'" 
I L = LEAD LENGTH 

f'.. L=l" - TO HEAT SINK 
/ L= liS" ....... K#" L = 31S" 

.?' " 
" '" "-

" ......... .."-. 
.......... =" ~ 

....... ~~ 

~ 
I'.. 

o 20 40 60 80 100 120 140 160 lS0 200 
TL, LEAD TEMPERATURE (OC) 

Figure 1. Power Temperature Derating Curve 
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GENERAL 
DATA 

1-1.3 WATT 
00-41 GLASS 

1 WATT 
ZENER REGULATOR 

DIODES 
3.3-100 VOLTS 

CASE 59-03 
D0-41 
GLASS 

Valua 

1 

Unit 

Walt 
6.67 mW/"C 

-65to +200 °C 
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1 N4728A thru 1 N4764A 

"ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) VF = 1.2 V Max, IF = 200 rnA for all types. 

Nominal Maximum Zener Impedance (Note 4) Leakage Current 
Zener Voltage Test 

JEDEC Vz@lzr 
Type No. Volts 
(Note 1) (Notes 2 and 3) 

=} lN4728A 3.3 

lN4729A 3.6 
lN4730A 3.9 

=} 1 N4731 A 4.3 
=} lN4732A 4.7 

=} lN4733A 5.1 
=} lN4734A 5.6 
=} lN4735A 6.2 
=} lN4736A 6.8 

lN4737A 7.5 

=} lN4738A 8.2 
=} lN4739A 9.1 
=} lN4740A 10 
=} 1 N4741 A 11 
=} lN4742A 12 

=} lN4743A 13 
=} lN4744A 15 
=} lN4745A 16 
=} lN4746A 18 
=} lN4747A 20 

lN4748A 22 
=} lN4749A 24 
=} lN4750A 27 
=} 1N4751A 30 

lN4752A 33 

1N4753A 36 

lN4754A 39 
1N4755A 43 
lN4756A 47 
lN4757A 51 

lN4758A 56 
lN4759A 62 
lN4760A 68 
1 N4761 A 75 
lN4762A 82 
lN4763A 91 
lN4764A 100 

=* Preferred part 
'Indicates JEDEC Registered Data. 

Current 
Izr 
mA 

76 

69 
64 
58 
53 

49 

45 
41 
37 
34 

31 
28 
25 
23 
21 

19 

17 
15.5 
14 

12.5 

11.5 

10.5 
9.5 
8.5 
7.5 

7 

6.5 
6 

5.5 
5 

4.5 

4 
3.7 
3.3 
3 

2.8 
2.5 

NOTE 1. TOLERANCE AND tYPE NUMBER DESIGNATION 

Zzr@ Izr 
Ohms 

10 

10 
9 
9 
8 

7 

5 
2 

3.5 
4 

4.5 

5 
7 
8 
9 

10 

14 
16 
20 
22 

23 

25 
35 
40 
45 

50 

60 
70 
80 
95 

110 

125 
150 
175 
200 
250 
350 

The JEDEC type numbers listed have a standard tolerance on the nominal zener voltage of 

±5%. C for ±2%, 0 for ±1 %. 

NOTE 2. SPECIALS AVAILABLE INCLUDE: 
Nominal zener voltages between the voltages shown and tighter voltage tolerances. 

Forcietailed information on price, availability, and delivery, contact your nearest Motorola rep­
resentative. 

NOTE 3. ZENER VOLTAGE (Vrl MEASUREMENT 
Motorola guarantees the zener voltage when measured at 90 seconds while maintaining the 

lead temperature (T u at 30cC ± 1 cC, 3/8" from the diode body. 

Surge Current @ 
TA = 25°C 

ZZK@ IZK IZK IR VR i,-mA 
Ohms mA ItA Max Volts (Note 5) 

400 1 100 1 1380 

400 1 100 1 1260 
400 1 50 1 1190 
400 1 10 1 1070 
500 1 10 1 970 

550 1 10 1 890 

600 1 10 2 810 
700 1 10 3 730 
700 1 10 4 660 
700 0.5 10 5 605 

700 0.5 10 6 550 

700 0.5 10 7 500 
700 0.25 10 7.6 454 
700 0.25 5 8.4 414 
700 0.25 5 9.1 380 

700 0.25 5 9.9 344 

700 0.25 5 11.4 304 
700 0.25 5 12.2 285 
750 0.25 5 13.7 250 
750 0.25 5 15.2 225 

750 0.25 5 16.7 205 

750 0.25 5 18.2 190 
750 0.25 5 20.6 170 
1000 0.25 5 22.8 150 
1000 0.25 5 25.1 135 

1000 0.25 5 27.4 125 

1000 0.25 5 29.7 115 
1500 0.25 5 32.7 110 
1500 0.25 5 35.8 95 
1500 0.25 5 38.8 90 

2000 0.25 5 42.6 80 

2000 0.25 5 47.1 70 
2000 0.25 5 51.7 65 
2000 0.25 5 56 60 
3000 0.25 5 62.2 55 
3000 0.25 5 69.2 50 
3000 0.25 5 76 45 

NOTE 4. ZENER IMPEDANCE (Zzl DERIVATION 
The zener impedance is derived from the 60 cycle Be voltage, which results when an ac cur­
rent having an rms value equal to 10% of the de zener current (Ill or IZKl is superimposed 
on Izr or IlK' 

NOTE 5. SURGE CURRENT (I,) NON·REPETITIVE 
The rating listed in the electrical characteristics table is maximum peak, non·repetitive, re· 
verse surge current of 112 square wave or equivalent sine wave pulse of 1/120 second dura· 
tion superimposed on the test current, Izr, per JEoEC registration; however, actual device 
capability is as described in Figure 5 of the General Data - 0041 Glass. 
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M-ZPY3.9 thru M-ZPY100 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) VF = 1.2 V Max, IF = 200 rnA for all types. 

Zener Voltage (V) 
(Notes 2 and 3) Test Current 

Type No. Izr 
(Note 1) VzMln VzMax (rnA) 

MZPY3.9 3.7 4.1 100 
MZPY4.3 4 4.6 1,00 
MZPY4.7 4.4 5 100 
MZPY5.1 4.8 5.4 100 
MZPY5.6 5.2 6 100 

MZPY6.2 5.8 6.6 100 
MZPY6.8 6.4 7.2 100 
MZPY7.5 7 7.9 100 
MZPY8.2 7.7 8.7 100 
MZPY9.1 8.5 9.6 50 

MZPY10 9.4 10.6 50 
MZPY11 10.4 11.6 50 
MZPY12 11.4 12.7 50 
MZPY13 12.4 14.1 50 
MZPY15 14.2 15.8 50 

MZPY16 15.3 17.1 25 
MZPY18 16.8 19.1 25 
MZPY20 18.8 21.2 25 
MZPY22 20.8 23.3 25 
MZPY24 22.8 25.6 25 

MZPY27 25.1 28.9 25 
MZPY30 28 32 25 
MZPY33 31 35 25 
MZPY36 34 38 10 
MZPY39 37 41 10 

MZPY43 40 46 10 
MZPY47 44 50 10 
MZPY51 48 54 10 
MZPY56 52 60 10 
MZPY62 58 66 10 

MZPY68 64 72 10 
MZPY75 70 79 10 
MZPY82 77 88 10 
MZPY91 85 96 5 
MZPY100 94 106 5 

NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The type numbers listed have zener voltage minimax limits as shown. Device tolerance of 

±2% are indicated by a ·C" and ±1 % by a "0" suffix. 

NOTE 2. SPECIALS AVAILABLE INCLUDE: 

Nominal zener voltages between the voltages shown and tighter voltage tolerances. 

For detailed information on price, availability, and delivery, contactYI=>ur nearest Motorola rep~ 
resentative. 

NOTE 3. ZENER VOLTAGE (V,) MEASUREMENT 

Vz is, measured after the test current has been applied to 40 ± 10 msec., while maintaining 

the lead temperature (T J at 3Q°C ± 1°C, 318" from the diode body. 

Zener Impedance Surge 

(Note 4) Blocking Current 

f = 1 kHz (ohms) Volt Min (V) TA = 25°C 
1,(mA) 

Typ Max IR=11!A (Note 5) 

4 7 - 1190 
4 7 - 1070 
4 7 - 970 
2 5 0.7 890 
1 2 1.5 810 

1 2 2 730 
1 2 3 660 
1 2 5 605 
1 2 6 550 
2 4 7 500 

2 4 7.5 454 
3 7 8.5 4;14 
3 7 9 380 
4 9 10 344 
4 9 11 304 

5 10 12 285 
5 11 14 250 
6 12 15 225 
7 13 17 205 
8 14 18 190 

9 15 20 170 
10 20 22.5 150 
11 20 25 135 
25 60 27 125 
30 60 29 115 

35 80 32 110 
40 80 35 95 
45 100 38 90 
50 100 42 80 
60 130 47 70 

65 130 51 65 
70 160 56 60 
80 160 61 55 
120 250 68 50 
130 250 75 45 

NOTE 4. ZENER IMPEDANCE (Zz) DERIVATION 

The zener impedance is derived from the 1 kHz cycle ae voltage, which resuhs when an ae 
current having an rms value equal to 10'% of the de zener current (IZT) of (1Z1() is superimposed 
on Izr or iZK' 

NOTE 5. SURGE CURRENT (I,) NON-REPETITIVE 

The rating listed In the electrical characteristics table is maximum peak, non-repetitive, re­
verse surge current of 112 square wave or equivalent sine wave pulse of 1/120 second dura­
tion superimposed on the test current IZT' however, actual device capability is as described 
in Figure 5 of General Data 00-41 glass. 
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MOTOROLA SEMICONDUCTOR ___________ _ 
TECHNICAL DATA 

1 to 3 Watt 00-41 Surmetic 30 
Zener Voltage Regulator Diodes 
GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

1 to 3 Watt Surmetic 30 
Silicon Zener Diodes 

· .. a complete series of 1 to 3 Watt Zener Diodes with limits and operating characteristics 
that reflect the superior capabilities of silicon-oxide-passivated junctions. All this in an 
axial-lead, transfer-molded plastic package offering protection in all common environmen­
tal conditions. 

Specification Features: 
• Surge Rating of 98 Watts @ 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 
POLARITY: Cathode indicated by color. band. When operated in zener mode, cathode 

will be positive with respect to anode. 
MOUNTING POSITION: Any 
WEIGHT: 0.4 gram (approx) 

MAXIMUM RATINGS 

DC Power Dissipation @ TL = 75·C 
Lead Length = 318N 

Derate above 75·C 

DC Power Dissipation @ T A = 50·C 
Derate above 50·C 

Rating Symbol 

Po 

Po 

Operating and Storage Junction Temperalure Range TJ. Tstg 

5 
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~ 
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Figure 1. Power Temperature Derating Curve 
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GENERAL 
DATA 

1-3 WATT 
00-41 

SURMETIC 30 

1 TO 3 WATT 
ZENER REGULATOR 

DIODES 
3.3-400 VOLTS 

CASE 59-03 
DO-41 

PLASTIC 

Value 

3 

Unit 

Watts 

24 mW/"C 

1 Watt 
6.67 mW/"C 

-6510+200 ·C 



I 

• 

100 

50 
30 1 20 

ffi 10 

~ 3 i 2 

.!:9 0.5 
0.3 
0.2 

1 
ffi a: a: a 
a: 
w 

0.1 

10 

~ 0.5 

~ 

0.2 

./ 

"/ /' 

4 

o 

0.1 
100 

./ 
./' 

150 

GENERAL OATA-1-3 WATT 00-41 SURMETIC 30 

V 
L: ./' 
./ 

TEMPERATURE COEFFICIENT RANGES 
(90% of the Units are in the Ranges Indicated) 

.t;; 1000 
@J 

~ 500 

~ 

/' 
L 

I ./ ./ 
l --,,' ....- ffi 200 

(3 ", ..< 
;:;: 
LL. 100 

8 
/' I 

RANGE 

J' 

~ 

"/ 

~ 

M! 50 
::> ", 

5 6 9 10 11 
Vz, ZENER VOLTAGE@ In (VOLTS) 

12 

!;( 
a: 
w 
c.. 20 

~ V 
~ 1~0 

V/ 

V V 
./ ./ 

V 
20 50 100 200 400 

Vz, ZENER VOLTAGE@ In (VOLTS) 

Figure 5. Units To 12 Volts Figure 6. Units 10 To 400 Volts 

I 

I I 

I I 

ZENER VOLTAGE versus ZENER CURRENT 
(Figures 7, 8 and 9) 

100 

50 
_ 30 

1 20 

!z 10 
w 
~ 5 a 3 
ffi 2 
z 
~ 
~ 0.5 

0.3 
0.2 
0.1 

I 

1000 

I 

2 3 4 5 8 
Vz, ZENER VOLTAGE (VOLTS) 

10 o 10 20 30 40 50 60 70 80 90 100 
Vz, ZENER VOLTAGE (VOLTS) 

Figure 7. Vz = 3.3 thru 10 Volts 

I' , 
I 

I I 
I 
I 

200 250 300 350 400 
Vz, ZENER VOLTAGE (VOLTS) 

Figure 9. Vz = 100 thru 400 Volts 

~ 
~ 80 

~ 70 
~ 
!G 60 
[fl 
~50 
:i 
ffi 40 
~ 
~ 30 
w 

Figure 8. Vz = 12 thru 82 Volts 

/ 
./ V' 

/M= " 
V 

./ 
...... 

TL 
~ 20 

t5 10 
V PRIMARY PATH OF -

CONDUCTION IS THROUGH 

~ 
=l 0 0 

~ 

THE CATHODE LEAD 

1/8 1/4 3/8 1/2 5/8 3/4 7/8 

L, LEAD LENGTH TO HEAT SINK (INCH) 

Figure 10. Typical Thermal Resistance 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

4-2-50 



I 

1 N5913B thru 1 N5956B 

·ELECTRICAL CHARACTERISTICS - continued (h = 30'C unless otherwise noted. VF = 1.5 Volts Max @ IF = 200 mAdc for all 
types.) 

Nominal Max. Reverse Maximum DC 
Motorola Zener Voltage TeSt Max. Zener Impedance (Note 4) Leakage Current Zener 

Type Vz @ Izr Current Current 
Number Volts Izr Zzr@ Izr 
(Note 1) (Note 2 and 3) mA Ohms 

1N5948B 91 4.1 200 
1N5949B 100 3.7 250 
1N5950B 110 3.4 300 
1N5951B 120 3.1 380 
1N5952B 130 2.9 450 

1N5953B 150 2.5 600 
1N5954B 160 2.3 700 
1N5955B 180 2.1 900 
1N5956B 200. 1.9 1200 

"Indteates JEOEC Registered Data. 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation - Device tolerances of ±5% are Indicated by a ''8'' suffix. 

NOTE 2. SPECIAL SELECTIONS AVAILAaLE INCLUDE: 

Nominal zener voltages between those shown and ±1% and ±2% tight voltage tolerances. 
Consult factory. 

ZZK @ IZK IR @ VR IZM 
Ohms mA IlA Volts mAde 

3000 0.25 1 69.2 16 
3100 0.25 1 76 15 
4000 0.25 1 83.6 13 
4500 0.25 1 91.2 12 
5000 0.25 1 98.8 11 

6000 0.25 1 114 10 
6500 0.25 1 121.6 9 
7000 0.25 1 136.8 8 
8000 0.25 1 152 7 

NOTE 3. ZENER VOLTAGE (Y.) MEASUREMENT 

Motorola guarantees the zener voltage when meausred at 90 seconds while maintaining the 

leed temperature (T J at 30'0 ±1 'C. 318" tram lhe diode body. 

NOTE 4. ZENER IMPEDANCE (Zzl DERIVATION 

The zener impedance is derived from the 60 cycle ac voltage, which results when an ae cur· 
rent having an nns value equal to 10% of the de zener current (Izr or 100 is superimposed 
on In or IlK' 
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3EZ3.9D5 thru 3EZ400D5 

ELECTRICAL CHARACTERISTICS - continued (T A = 25°C unless otherwise noted) VF = 1.5 V Max, IF = 200 rnA for all types) 

Nominal Max Zener Impedance Leakage Maximum Surge 
Zener Voltage Test Zener Current 

Motorola Vz@IZT Current 
(Note 3) Current 

Current @TA=25°C 
Type No. Volts IZT ZZT@ IZT ZZK@lzK IZK IR @ VR IZM i,-mA 
(Note 1) (Note 2) mA Ohms Ohms 

3EZ200D5 200 3.7 875 
3EZ220D5 220 3.4 1600 
3EZ240D5 240 3.1 1700 
3EZ270D5 270 2.8 1800 

3EZ300D5 300 2.5 1900 
3EZ330D5 330 2.3 2200 
3EZ360D5 360 2.1 2700 
3EZ4ooD5 400 1.9 3500 

NOTE 1. TOLERANCES 

Suffix 5 indicates 5% tolerance. Any other tolerance will be considered as a special device. 

NOTE 2. ZENER VOLTAGE (V,) MEASUREMENT 

Motorola guarantees the zener vottage when measured at 40 ms ±10 rns 3/8 .... from the diode 

body. and an ambient temperature of 25°C (+8°C, _2°C) 

NOTE 3. ZENER IMPEDANCE (Zzl DERIVATION 

The zener impedance is derived from the 60 cycle ac vohage, which results when an ac CUf­
rent having an rms value equal to 10% of the de zener current (Izr or 12K) is superimposed 
on IzrorlzK. 

8000 
9000 
9000 
9000 

9000 
9000 
9000 
9000 

mA IlAMax Volts mA (Note 4) 

0.25 0.5 152 13 0.1 
0.25 1 167 12 0.09 
0.25 1 182 11 0.09 
0.25 1 205 10 0.08 

0.25 1 228 9 0.07 
0.25 1 251 8 0.06 
0.25 1 274 8 0.06 
0.25 1 304 7 0.06 

NOTE 4. SURGE CURRENT (I,) NON·REPETITIVE 

The rating listed In the electrical characteristics table is maximum peak, non-repetitive, re­
verse surge current of 112 square wave or equivalent sine wave pulse of 1/120 second dura­
tion superimposed on the test current, Izr, per JEDEC standards, however, actual device ca­
pability is as described in Figure 3 of General Data sheet for Surmetlc 3Os. 

NOTE 5. SPECIAL SELECTIONS AVAILABLE INCLUDE: 

Nominal zener voltages between those shown. light voltage tolerances such as ±1% and 

±2%. Consult factory. 
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MZP4728A thru MZP4764A, 1M110ZS5 thru 1M200ZS5 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless othelWise noted) VF = 1.5 V Max, IF = 200 rnA for all types 

Nominal Max Zener Impedance Leakage 
Surge 

Zener Voltage Test Current 
Motorola Vz@IZT Current 
Type No. Volts IZT ZZT@ IZT 
(Note 1) {Note 2) mA Ohms 

MZP4728A 3.3 76 10 
MZP4729A 3.6 69 10 
MZP4730A 3.9 64 9 
MZP4731A 4.3 58 9 
MZP4732A 4.7 53 8 

=> MZP4733A 5.1 49 7 
MZP4734A 5.6 45 5 

=> MZP4735A 6.2 41 2 
MZP4736A 6.8 37 3.5 
MZP4737A 7.5 34 4 

MZP4738A 8.2 31 4.5 
MZP4739A 9.1 28 5 
MZP4740A 10 25 7 
MZP4741A 11 23 8 
MZP4742A 12 21 9 

MZP4743A 13 19 10 
=> MZP4744A 15 17 14 
=> MZP4745A 16 15.5 16 
=> MZP4746A 18 14 20 

MZP4747A 20 12.5 22 

MZP4748A 22 11.5 23 
=> MZP4749A 24 10.5 25 

MZP4750A 27 9.5 35 
=> MZP4751A 30 8.5 40 

MZP4752A 33 7.5 45 

MZP4753A 36 7 50 
MZP4754A 39 6.5 60 
MZP4755A 43 6 70 
MZP4756A 47 5.5 80 
MZP4757A 51 5 95 

MZP4758A 56 4.5 110 
MZP4759A 62 4 125 
MZP4760A 68 3.7 150 
MZP4761A 75 3.3 175 
MZP4762A 82 3 200 

MZP4763A 91 2.8 250 
MZP4764A 100 2.5 350 
lMll0ZS5 110 2.3 450 
lM120ZS5 120 2 550 
lM130ZS5 130 1.9 700 

lM150ZS5 150 1.7 1000 
lM160ZS5 160 1.6 1100 
lM180ZS5 180 1.4 1200 
lM200ZS5 200 1.2 1500 

"* Preferred part 

NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 
The type numbers listed have a standard tolerance on the nominal zener v~ltage of ±50fa. 
The tcHerance on the 1 M type numbers is indicated by the digits following ZS in the part 

number. "5" indicates a ±5% Vz tolerance. 

NOTE 2. ZENER VOLTAGE (VzJ MEASUREMENT 
Motorola guarantees the zener voltage when measured at 90 seconds white maintaining the 

lead temperature (Td al 3Q°C ±1°C, 318" from the diode body. 

NOTE 3. ZENER IMPEDANCE (Zzl DERIVATION 
The zener impedance is derived from the 60 cycle Be voltage, which results when an ae 

{Note 3) Current 
@TA=25°C 

ZZK @ IZK IzK IR @ VR 1,-mA 
Ohms mA ~Max Volts (Note 4) 

400 1 100 1 1380 
400 1 100 1 1260 
400 1 50 1 1190 
400 1 10 1 1070 
500 1 10 1 970 

550 1 10 1 890 
600 1 10 2 810 
700 1 10 3 730 
700 1 10 4 660 
700 0.5 10 5 605 

700 0.5 10 6 550 
700 0.5 10 7 500 
700 0.25 10 7.6 454 
700 0.25 5 8.4 414 
700 0.25 5 9.1 380 

700 0.25 5 9.9 344 
700 0.25 5 11.4 304 
700 0.25 5 12.2 285 
750 0.25 5 13.7 250 
750 0.25 5 15.2 225 

750 0.25 5 16.7 205 
750 0.25 5 18.2 190 
750 0.25 5 20.6 170 

1000 0.25 5 22.8 150 
1000 0.25 5 25.1 135 

1000 0.25 5 27.4 125 
1000 0.25 5 29.7 115 
1500 0.25 5 32.7 110 
1500 0.25 5 35.8 95 
1500 0.25 5 38.8 90 

2000 0.25 5 42.6 80 
2000 0.25 5 47.1 70 
2000 0.25 5 51.7 65 
2000 0.25 5 56 60 
3000 0.25 5 62.2 55 

3000 0.25 5 69.2 50 
3000 0.25 5 76 45 
4000 0.25 5 83.6 -
4500 0.25 5 91.2 -
5000 0.25 5 98.8 -
6000 0.25 5 114 -
6500 0.25 5 121.6 -
7000 0.25 5 136.8 -
8000 0.25 5 152 -

current having an nns value equal to 10% of the de zener current (llT or IZJd is superimposed 
on Izr or IlK-

NOTE 4. SURGE CURRENT (I,) 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, IZT• however, actual device capability is as 
described in Figure 3 of General Data - Surmetic 30. 

NOTE 5. SPECIAL SELECTIONS AVAILABLE INCLUDE: 
Nominal zener vottages between those shown. light voltage tolerances such as ±1 % and 

±2%. Consult factory. 
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MOTOROLA 
SEMICONDUCTOR-----------­
TECHNICAL DATA 

5 Watt Surmetic 40 
Silicon Zener Diodes 

· .. a complete series of 5 Watt Zener Diodes with tight limits and better operating charac­
teristics that reflect the superior capabilities of silicon-oxide-passivated junctions. All this in 
an axial-lead, transfer-molded plastic package offering protection in all common environ­
mental conditions. 

Specification Features: 
• Up to 180 Watt Surge Rating @ 8.3 ms 
• Maximum Limits Guaranteed on Seven Electrical Parameters 

Mechanical Characteristics: 

CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode 
MOUNTING POSITION: Any 
WEIGHT: 0.7 gram (approx) 

MAXIMUM RATINGS 

Rating 

DC Power Dissipation @ T L = 75°C 
Lead Length = 3/8" 
Derate above 75°C 

Operating and Storage Junction Temperature Range 

o 
c.. 

o 

"" "' 
.......... 

.......... 

~ 

"' ~ 
....... 

i'.... 
L=3/8" 

N 
L=1" -

Symbol 

Po 

TJ, Tstg 

L = LEAD LENGTH 
TO HEAT SINK -

'L=1/S" (SEE FIGURE 5) 

" '-
~ " I" "-
r---..~ ........ ,"-. 

..... j"--.... ....... ~ ....... 
............:: ~ 

o 20 40 60 SO 100 120 140 160 180 200 

Tlo LEAD TEMPERATURE (OC) 

Figure 1. Power Temperature Derating Curve 
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1N5333B 
thru 

1N5388B 

5 WATT 
ZENER REGULATOR 

DIODES 
3.3-200 VOLTS 

CASE 17-02 
PLASTIC 

Value 

5 

Unit 

Watts 

40 mW/"C 

-65to +200 °C 
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1 N5.3338 thru 1 N53888 

ELECTRICAL CHARACTERISTICS - continued (T A = 25°C unless otherwise noted. VF = 1.2 Max @ IF = 1 A for all types) 

Nominal Max Reverse Maximum 
Zener Max Zener Impedance Leakage Current Max Max Regulator 

Voltage Teat Surge Voltage Current 
JEDEC Vz@lzr Current Zzr @ Izr ZZK@lzK=1mA Current Regulation IZM 

Type No. Volts Izr Ohms 
(Note 1) (Note 2) mA (Note 2) 

=> 1N5383B 150 8 
1N5384B 160 8 
lN5385B 170 8 
lN5386B 180 5 
lN5387B 190 5 
lN5388B 200 5 

=* Preferred part 

NOTE 1. TOLERANCE AND TYPE NUMBER DESIGNATION 

The JEDEC type numbers shown Indicate a tolerance 01 15%. 

NOTE 2. ZENER VOLTAGE (V,) AND IMPEDANCE (Zzr & Zz.) 

330 
350 
380 
430 
450 
480 

Ohms 
(Note 2) 

1500 
1650 
1750 
1750 
1850 
1850 

Test conditions for zener voltage and Impedance are as follows: Iz is applied 40 ± 10 rns prior 

to reading. Mounting contacts are located 318'" to 1/'i!' from the inside edge of mounting clips 

to the body 01 the diode. (T A = 25°C +8. _2°C). 

NOTE 3. SURGE CURRENT (I.) 

Surge CUrTent Is specified as the maximum allowable peak, non-recurrent square-wBYe! cur­
rent 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 wk:tth 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 zeners, are shown i", Ftgure 7. Mounting contact located as specified In ~ote 3. (T" 

= 25°C +8, -2'C.) 

IR @ VR I,. Amps I!o.Vz• Volt mA 
ItA Volts (Note 3) (Note 4) (NoteS) 

0.5 114 .1.1 3 31.6 
0.5 122 1.1 3 29.4 
0.5 129 1 3 28 
0.5 137 1 4 26.4 
0.5 144 0.9 5 25 
0.5 152 0.9 5 23.6 

NOTE 4. VOLTAGE REGULATION (AV,) 

Testconditions for voltage regulation are as follows: Vz measurements are made at 1 0% and 
then at 50% of the Iz max value listed in the electrical characteristics table. The test current 

time duration for each Vz measurement is 40 ± 10 ms. (T" = 250(; +8, -2°C). Mounting con­
tact located as specified In Note 2. 

NOTE 5. MAXIMUM REGULATOR CURRENT (1zM) 

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 actuallzu for any device may not exceed the value 

of 5 watts divided by the actual Vz of the device. T L = 75°C at 3/8" maximum from the device 
body. 

NOTE 6. SPECIALS AVAILABLE INCLUDE: 

Nominal zener voltages between the voltages shown and tighter voltage tolerance such as 

±1 % and ±2%. Consult factory. 

TEMPERATURE COEFFICIENTS 
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w 
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~g 
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w 
~ 

~ -2 
"" 

1. --.>-........ -./ ........ 
./ 

RANGE ./ ./ 

.... ../ ./ - 4 5 6 8 9 
Vz. ZENER VOLTAGE@ Izr (VOLTS) 

Figure 2. Temperature Coefficient-Range 
for Units 3 to 10 Volts 

10 
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.~ 10 

5 
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II 
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Vz. ZENER VOLTAGE@ Izr (VOLTS) 

Figure 3. Temperature Coefficient-Range 
for Units 10 to 220 Volts 
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1 N5333B thru 1 N5388B 

1000 

1 100 
I-z w a: a: 

10 => <..> 
a: w z w 
N.. 
1::' 

0.1 
10 20 30 40 50 60 

Vz, ZENER VOLTAGE (VOLTS) 
70 

Figure 9. Zener Voltage versus Zener Current 
Vz = 11 thru 75 Volts 

80 

!z 
~ 
~ 10 
<..> 
a: 
w 
z 
I!:.l 
N 

0.1 
80 100 120 140 160 180 200 220 

Vz, ZENER VOLTAGE (VOLTS) 

Figure 10. Zener Voltage versus Zener Current 
Vz = 82 thru 200 Volts 

APPLICATION NOTE 

Since the actual voltage available from a given zener diode 
is temperature dependent, it is necessary to determine junc­
tion temperature under any set of operating conditions in order 
to calculate its value. The following procedure is recom­
mended: 

Lead Temperature, T L, should be determined from: 

h=9LA PO+TA 

9LA is the lead-to-ambient thermal resistance and Po is the 
power dissipation. 

Junction Temperature, TJ, may be found from: 

TJ=TL+LlTJL 

Ll T JL is the increase in junction temperature above the lead 
temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 

LlTJL = 9JL Po 

For worst-case design, using expected limits of Iz, limits of 
Po and the extremes ofT J (Ll T J) may be estimated. Changes in 
voltage, Vz, can then be found from: 

LlV= 9vZLlTJ 

9vz, the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 

Under high power-pulse operation, the zener voltage will 
vary with time 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 capa­
bility. Surge limitations are given in Figure 6. They are lower 
than would be expected by considering only junction tempera­
ture, as current crowding effects cause temperatures to be ex­
tremely high in small spots resulting in device degradation 
should the limits of Figure 6 be exceeded. 
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MOTOROLA 
SEMiCONDUCTOR ...................... .. 
TECHNICAL DATA 

225 mW SOT-23 
Zener Voltage Regulator Diodes 
GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

Zener Voltage 
Regulator Diodes 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 

TA = 25°C 
1.8 

Derate above 25°C mW/"C 

Thermal Resistance Junction to Ambient RaJA 556 °crw 
Total Device Dissipation Po 300 mW 

Alumina Substrate,'- T A = 25°C 
2.4 

Derate above 25°C mW/oC 

Thermal Resistance Junction to Ambient RaJA 417 °crw 
Junction and Storage Temeprature TJ • Tstg 150 °C 

'FR-5 = 1.0 x 0.75 x 0.62 In. 
** Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina . 
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GENERAL 
DATA 

225mW 
SOT-23 

o :.. 0 
3 1 

cathode Anode 

CASE 318-07, STYLE B 
SOT-23 (TO-236AB) 

PLASTIC 
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MMBZ5221 BL thru MMBZ5270BL 

ELECTRICAL CHARACTERISTICS (Pinout: 1-Anode, 2-NC, 3-Cathode) (VF = 0.9 V Max @ IF = 10 rnA for aillypes.) 

zener 

Test Voltage ZZT 
Current Vz(±5%) ZZK Iz = IZT 

IZT Nominal Iz =0.25mA @ 10% Mod 
Device Marking mA (Note 1) OM .. nMax 

MMBZ5221BL 18A 20 2.4 1200 30 
MMBZ5222BL 18B 20 2.5 1250 30 
MMBZ5223BL 18C 20 2.7 1300 30 
MMBZ5224BL 18D 20 2.8 1400 30 
MMBZ5225BL 18E 20 3 1600 29 

=> MMBZ5226BL 8A 20 3.3 1600 28 
MMBZ5227BL 8B 20 3.6 1700 24 
MMBZ5228BL 8C 20 3.9 1900 23 

=> MMBZ5229BL 80 20 4.3 2000 22 
=> MMBZ5230BL 8E 20 4.7 1900 19 

=> MMBZ5231 BL 8F 20 5.1 1600 17 
=> MMBZ5232BL 8G 20 5.6 1600 11 

MMBZ5233BL 8H 20 6 1600 7 
=> MMBZ5234BL 8J 20 6.2 1000 7 
=> MMBZ5235BL 8K 20 6.8 750 5 

=> MMBZ5236BL 8L 20 7.5 500 6 
=> MMBZ5237BL 8M 20 8.2 500 8 

MMBZ5238BL 8N 20 8.7 600 8 
=> MMBZ5239BL 8P 20 9.1 600 10 
=> MMBZ5240BL 8Q 20 10 600 17 

MMBZ5241BL 8R 20 11 600 22 
=> MMBZ5242BL 85 20 12 600 30 

MMBZ5243BL 8T 9.5 13 600 13 
MMBZ5244BL 8U 9 14 600 15 

=> MMBZ5245BL 8V 8.5 15 600 16 

MMBZ5246BL 8W 7.8 16 600 17 
MMBZ5247BL 8X 7.4 17 600 19 
MMBZ5248BL 8Y 7 18 600 21 
MMBZ5249BL 8Z 6.6 19 600 23 
MMBZ5250BL 81A 6.2 20 600 25 

MMBZ5251BL 81B 5.6 22 600 29 
MMBZ5252BL 81C 5.2 24 600 33 
MMBZ5253BL 81D 5 25 600 35 

=> MMBZ5254BL 81E 4.6 27 600 41 
=> MMBZ5255BL 81F 4.5 28 600 44 

MMBZ5256BL 81G 4.2 30 600 49 
MMBZ5257BL 81H 3.8 33 700 58 
MMBZ5258BL 81J 3.4 36 700 70 
MMBZ5259BL 81K 3.2 39 800 80 
MMBZ5260BL 18F 3 43 900 93 

MMBZ5261BL 18G 2.7 47 1000 105 
MMBZ5262BL 81L 2.5 51 1100 125 
MMBZ5263BL 81M 2.2 56 1300 150 
MMBZ5264BL 81N 2.1 60 1400 170 
MMBZ5265BL 18H 2 62 1400 185 

MMBZ5266BL 81P 1.8 68 1600 230 
MMBZ5267BL 18J 1.7 75 1700 270 
MMBZ5268BL 18K 1.5 82 2000 330 
MMBZ5269BL 18L 1.4 87 2200 370 
MMBZ5270BL 810 1.4 91 2300 400 

=> Preferred part 
NOTE 1. Zener voltage is measured with a pulse test current (Izr) applied at an ambient temperature of 25°C. 
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Max 
IR @ 

IlA 

100 
100 
75 
75 
50 

25 
15 
10 
5 
5 

5 
5 
5 
5 
3 

3 
3 
3 
3 
3 

2 
1 

0.5 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

VR 
V 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

2 
3 

3.5 
4 
5 

6 
6.5 
6.5 
7 
8 

8.4 
9.1 
9.9 
10 
11 

12 
13 
14 
14 
15 

17 
18 
19 
21 
21 

23 
25 
27 
30 
33 

36 
39 
43 
46 
47 

52 
56 
62 
68 
69 
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MOTOROLA 
SEMiCONDUCTOR ........................ . 
TECHNICAL DATA 

500 m W Leadless 00-34 Glass 
Zener Voltage Regulator Diodes 
GENERAL DATA APPLICABLE TO ALL SERIES IN 
THIS GROUP 

500 mW Hermetically Sealed 
Glass Silicon Zener Diodes 

Specification Features: 
• Complete Voltage Range - 1.8 to 56 Volts 
• Leadless Package for Surface Mount Technology 
• Double Slug Type Construction 
• Metallurgically Bonded Construction 
• Oxide Passivated Die 

Mechanical Characteristics: 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 
for 10 seconds 

FINISH: All external surfaces are corrosion resistant and readily solderable 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 

will be positive with respect to anode " 
MOUNTING POSITION: Any 

MAXIMUM RATINGS 

Rating Symbdl 

DC Power Dissipation @ T A:;; 50DC PD 

Derate above T A = 50DC 

Operating and Storage Junction Temperature Range TJ, Ts\g 

STEADY STATE POWER DERATING 

1.4 

en 1.2 

~ 
~ 1 

is 
~ 0.8 
gj 
Ei 0.6 
a: 

~ 0.4 

rE' 0.2 

o 

r, 

'" Po versus Tc -1'\..-

'" /' Po versus T A I'\.. 
...........: " .......... '\. 

........ , 
........ " ~ o 20 40 60 80 100 120 140 160 180 200 

T, TEMPERATURE (DC) 
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GENERAL 
DATA 

500mW 
LEAOLESS 

00-34 

LEADLESS 
GLASS ZENER DIODES 

500 MILLIWATTS 
1.8-56 VOLTS 

CASE'362-03 
GLASS 

Value 

500 

Unit 

mW 
3.3 mWFC 

-65to +200 DC 
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MLL4678 thru MLL4717 

Low level oxide passivated zener diodes for applications requiring extremely low operat­
ing currents, low leakage, and sharp breakdown voltage. 
• Complete Voltage Range - 1.8 to 43 Volts 
• Zener Voltage Specified @ Izr = 50 !lA 
• Leadless Package for Surface Mount Technology 
• Maximum Delta Vz Given from 10 to 100 I1A 

ELECTRICAL CHARACTERISTICS (T A = 25°C, VF = 0.9 V Max at IF = 10 mA for all types) 

Zener Voltage Mexlmum Test 

Type VZ@IZT=50IlA Reverse Current Voltage 

Number Volts IR IlA VR Volts 

(Note 1) Nom (Note 5) Min Mex (Note 3) 

MLL4678 1.8 1.71 1.89 7.5 1 
MLL4679 2 1.9 2.1 5 1 
MLL4680 2.2 2.09 2.31 4 1 
MLL4681 2.4 2.28 2.52 2 1 
MLL4682 2.7 2.565 2.835 1 1 

MLL4683 3 2.85 3.15 0.8 1 
MLL4684 3.3 3.135 3.465 7.5 1.5 
MLL4685 3.6 3.42 3.78 7.5 2 
MLL4686 3.9 3.705 4.095 5 2 
MLL4687 4.3 4.085 4.515 4 2 

MLL4688 4.7 4.465 4.935 10 3 
MLL4689 5.1 4.845 5.355 10 3 
MLL4690 5.6 5.32 5.88 10 4 
MLL4691 6.2 5.89 6.51 10 5 
MLL4692 6.8 6.46 7.14 10 5.1 

MLL4693 7.5 7.125 7.875 10 5.7 
MLL4694 8.2 7.79 8.61 1 6.2 
MLL4695 8.7 8.265 9.135 1 6.6 
MLL4696 9.1 8.645 9.555 1 6.9 
MLL4697 10 9.5 10.5 1 7.6 

MLL4698 11 10.45 11.55 0.05 8.4 
MLL4699 12 11.4 12.6 0.05 9.1 
MLL4700 13 12.35 13.65 0.05 9.8 
MLL4701 14 13.3 14.7 0.05 10.6 
MLL4702 15 14.25 15.75 0.05 11.4 

MLL4703 16 15.2 16.8 0.05 12.1 
MLL4704 17 16.15 17.85 0.05 12.9 
MLL4705 18 17.1 18.9 0.05 13.6 
MLL4706 19 18.05 19.95 0.05 14.4 
MLL4707 20 19 21 0.01 15.2 

MLL4708 22 20.9 23.1 0.01 16.7 
MLL4709 24 22.8 25.2 0.01 18.2 
MLL4710 25 23.75 26.25 0.01 19 
MLL4711 27 25.65 28.35 0.01 20.4 
MLL4712 28 26.6 29.4 0.01 21.2 

MLL4713 30 28.5 31.5 0.01 22.8 
MLL4714 33 31.35 34.65 0.01 25 
MLL4715 36 34.2 37.8 0.01 27.3 
MLL4716 39 37.05 40.95 0.01 29.6 
MLL4717 43 40.85 45.15 0.01 32.6 

Maximum 
Zener Current 

IZMmA 
(Note 2) 

120 
110 
100 
95 
90 

85 
80 
75 
70 
65 

60 
55 
50 
45 
35 

31.8 
29 

27.4 
26.2 
24.8 

21.6 
20.4 
19 

17.5 
16.3 

15.4 
14.5 
13.2 
12.5 
11.9 

10.8 
9.9 
9.5 
8.8 
8.5 

7.9 
7.2 
6.6 
6.1 
5.5 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION (Vz) NOTE 4. MAXIMUM VOLTAGE CHANGE (AVz) 

Mexlmum 
Voltage Change 

l!..Vz Volts 
(Note 4) 

0.7 
0.7 
0.75 
0.8 

0.85 

0.9 
0.95 
0.95 
0.97 
0.99 

0.99 
0.97 
0.96 
0.95 
0.9 

0.75 
0.5 
0.1 

0.08 
0.1 

0.11 
0.12 
0.13 
0.14 
0.15 

0.16 
0.17 
0.18 
0.19 
0.2 

0.22 
0.24 
0.25 
0.27 
0.28 

0.3 
0.33 
0.36 
0.39 
0.43 

The type numbers shown have a standard tolerance of ±5% on the nominal zener vohage. 

NOTE 2. MAXIMUM ZENER CURRENT RATINGS (I".) 

Voltage change is equal to the difference between Vz at 100 jJ.A and Vz at 10 J.lA. 
NOTE 5. ZENER VOLTAGE (Vz) MEASUREMENT 

Maximum zener current ratings are based on maximum zener voltage of the individual 
units. 

NOTE 3. REVERSE LEAKAGE CURRENT (I.) 
Reverse leakage currents are guaranteed and are measured at VR as shown on the table. 

Nominal zener voltage is measured wlth the deVIce junction in thermal equilibrium at the 

case temperature of 30°C ±1°C. 
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NOTE 1. TOLERANCE 

Units shown Indicate a tolerance of ±S%. 

NOTE 2. SPECIAL SELEcnONS AVAILABLE: 

MLL5221 B thru MLL5263B 

DevIce to be temperature stabilized with current applied prior to reading breakdown voltage 
at the specified ambient temperature. 

NOTE 4. ZENER VOLTAGE (Vzl MEASUREMENT 

For information on special ~ectlons contact your nearest Motorola representative. 
Nominal zenervoltage Is measured with the device junction In thennal equilibrium atthecase 

temperatura of 3QOC ±1°e. 
NOTE 3. TEMPERATURE COEFFICIENT (8yzl 

Test conditions for temperature coefficient are as follows: 

a. Izr = 7.5 mA. T1 = 25"C, 

T. = '25"C (MLL5221B through MLL5242B). 

b. Izr = Rated Izr. T1 = 25"C, 

T •• , 25"C (MLL5243B through MLL5263B). 

NOTE 5. ZENER IMPEDANCE (Zzl DERIVATION 

Zzr and z,. are measured by dividing the ac voltsge drop across the device by the ec current 
applied. Tho speclfled limits are for Iz(sc) = 0.1 x Iz(dc) with the ec frequency = 1 kHz. 
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MOTOROLA 
SEMICONDUCTOR----------_­
TECHNICAL DATA 

1.5 Watt Plastic Surface Mount 
Silicon Zener Diodes 
· .. a completely new line of 1.5 Watt Zener Diodes offering the following advantages: 

Specification Features: 

• A Complete Voltage Range - 3.3 to 200 Volts 
• Flat Handling Surface for Accurate Placement 
• Package Design for Top Side or Bottom Circuit Board Mounting 
• Available in Tape and Reel 

Mechanical Characteristics: 

CASE: Void-free, transfer-molded plastic 

MAXIMUM CASE TEMPERATURE FOR SOLDERING PURPOSES: 230°C for 10 seconds 
FINISH: All external surfaces are corrosion resistant with readily solderable leads 
POLARITY: Cathode indicated by molded polarity notch. When operated in zener mode, 

cathode will be positive with respect to anode. 
MOUNTING POSITION: Any 
WEIGHT: Modified L-Bend providing more contact area to bond pad 

MAXIMUM RATINGS 

Rating Symbol 

DC Power Dissipation @ TL = 75°C, Measured at Zero Lead Length Po 

Derate above 75°C 

Operating and Storage Junction Temperature Range TJ. T01g 

1 5MB5913BT3 
thru 

1 5MB5956BT3 

PLASTIC SURFACE MOUNT 
ZENER DIODES 

1.5 WATTS 
3.3-200 VOLTS 

CASE 403A-03 
PLASTIC 

Value Unit 

1.5 Watts 
15 mW/"C 

-65to+175 °C 

ELECTRICAL CHARACTERISTICS (T L = 30"C unless otherwise noted.) (VF = 1.5 Volts Max @ IF = 200 mAde for all types.) 

Nominal Max Reverse 
Zener Voltage Test Max Zener Impedance (Note 2) Leakage Current 

VZ@IZT Current 
Volts IZT ZZT@IZT ZZK @ IZK IR VR @ 

Device' (Note 1) mA Ohms Ohms mA I!A Volts 
ISMB5913BT3 3.3 113.6 10 500 1 100 1 
ISMB5914BT3 3.6 104.2 9 500 1 75 1 
ISMB5915BT3 3.9 96.1 7.5 500 1 25 1 
ISMB5916BT3 4.3 87.2 6 500 1 5 1 

1 5MB5917BT3 4.7 79.8 5 500 1 5 1.5 
=* 15MB5918BT3 5.1 73.5 4 350 1 5 2 

ISMB5919BT3 5.6 66.9 2 250 1 5 3 
=* 1 5MB5920BT3 6.2 60.5 2 200 1 5 4 

1 5MB5921BT3 6.8 55.1 2.5 200 1 5 5.2 
1 5MB5922BT3 7.5 50 3 400 0.5 5 6.8 
1 5MB5923BT3 8.2 45.7 3.5 400 0.5 5 6.5 
1 5MB5924BT3 9.1 41.2 4 500 0.5 5 7 

=* 1 5MB5925BT3 10 37.5 4.5 500 0.25 5 8 
1 5MB5926BT3 11 34.1 5.5 550 0.25 1 8.4 

=* 1 5MB5927BT3 12 31.2 6.5 550 0.25 1 9.1 
ISMB5928BT3 13 28.8 7 550 0.25 1 9.9 

=* Preferred part 

"TOLERANCE AND VOLTAGE DESIGNATION Tolerance designation - The type numbers lIsted indicate a tolerance of ±5%. 
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Maximum DC 
Zener 

Current 
IZM Device 

mAde Marking 
454 913B 
416 914B 
384 915B 
348 916B 

319 917B 
294 918B 
267 919B 
241 920B 

220 921B 
200 922B 
182 923B 
164 924B 

150 925B 
136 926B 
125 927B 
115 928B 

(continued) 
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NOTE 1. ZENER VOLTAGE IV,) MEASUREMENT NOTE 2. ZENER IMPEDANCE (Z,) DERIVATION 

6.BV 

soo 

Nominal zener voltage is measured with the device junction in thermal equilibrium with ambi­

ent temperature at 25°C. 
Zzr and lzK are measured by divIding the ac voltage drop across the device by the Be current 
applied. The specified limits are for 'z(ac) = 0.1 tzedc) with the Be frequency = 60 Hz. 
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Section 4.3.1 Selector Guide 
Zener Voltage Reference 
Diodes 
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DEVICE 

1N821 

1N821A 

1N823 

1N823A 

1N825 

1N825A 

1N827 

1N827A 

1N829 

1N829A 

ALPHANUMERIC INDEX - ZENER VOLTAGE REFERENCE DIODES 

PAGE DEVICE PAGE DEVICE 

4-3-10 1N4565 4-3-15 1N4570 

4-3·10 1N4565A 4-3-15 1N4570A 

4-3-10 1N4566 4-3-15 1N4571 

4-3-10 1N4566A 4-3-15 1 N4571 A 

4-3-10 1N4567 4.3-15 1N4572 

4-3-10 1N4567A 4-3-15 1N4572A 

4-3-10 1N4568 4-3-15 1N4573 

4-3-10 1N4568A 4-3-15 1N4573A 

4-3-10 1N4569 4-3-15 1N4574 

4-3-10 1N4569A 4-3-15 1N4574A 
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PAGE 
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4-3-15 

4-3-15 

4-3-15 

4-3-15 
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4·3-15 
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MOTOROLA 
SEMICONDUCTOR-----------­
TECHNICAL DATA 

Temperature-Compensated 
Zener Reference Diodes 

Temperature-compensated zener reference diodes utilizing a single chip oxide passi­
vated junction for long-term voltage stability. A rugged, glass-enclosed, hermetically 
sealed structure. 

Mechanical Characteristics: 

CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing. 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable. 
POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 Gram (approx.) 
MOUNTING POSITION: Any 

Maximum Ratings 
Junction Temperature: - 55 to + 175°C 
Storage Temperature: - 65 to + 175°C 
DC Power Dissipation: 400 mW @ T A = 50°C 

1 N821,A 1 N823,A 
1 N825,A 1 N827,A 

1N829,A 

TEMPERATURE­
COMPENSATED 
SILICON ZENER 

REFERENCE DIODES 
6.2 V, 400 mW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted. Vz = 6.2 V ± 5%* @ Izr = 7.5 rnA) (Note 5) 

Temperature 
Maximum Ambient Coefficient 

Voltage Change Test Temperature For Reference Only 
JEDEC tNz(Volts) °C %1°C 

Type No. (Note 1) ±l°C (Note 1) 

~ lN821 0.096 - 55,0, +25, +75, +100 0.01 

~ lN823 0.048 0.005 

~ lN825 0.019 0.002 

lN827 0.009 0.001 

lN829 0.005 0.0005 

lN821A 0.096 0.01 

1N823A 0.048 0.005 

1N825A 0.019 0.002 

1N827A 0.009 0.001 

1N829A 0.005 0.0005 

=> Preferred part 
*llghter~tolerance units available on special request. 
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Maximum 
Dynamic Impedance 

Zzr Ohms 
(Nole 2) 

15 

10 



• 

1N821. thru 1 N829A 

MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT 
(See Note 2) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 
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Figure 4. 1 N821 Series 

25°C c:: 

40 60 80100 

NOTE 1. VOLTAGE VARIATION (<1V,j AND TEMPERATURE COEFFICIENT 

All reference diodes are characterized by the "box method. ~ This guarantees a maximum 

voltage variation (AVz) over the specified temperature range, at the speCIfied test current 
(In), verified by tests at Indicated temperature points within the range. VZ IS measured and 

recorded at each temperature specified. The AVz between the highest and lowest values 

must not exceed the maximum AVz given. This method of indicating voltage stability is now 
used for JEDEC registration as well as tor military qualification. The former method ot indicat­
ing voltage stability - by means of temperature coefficient accurately reflects the voltage 
deviation at the temperature extremes. but is not necessarily accurate within the temperature 
range because reference diodes have a nonlinear temperature relationship. The tempera­
ture coefficient, therefore, is given only as a reference. 

NOTE 2. 

The dynamic zener impedance, lv, Is derived from the 60 Hz ae voltage drop whieh results 
when an ac current with an nTIS value equal to 10% of the de zener current, Izr, Is superim­
posed on IZT• CUMS showing the variation of zener impedance with zener current for each 
series are given in Figures 4 and 5. 
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Iz, ZENER CURRENT (rnA) 

Figure 5. 1N821A Series 

NOTE 3. 

These graphs can be used to determine the maximum voltage change of any device in the 
series over any specific temperature range. For example, a temperature change from 0 to 

+sooC will cause a voltage change no greater than +31 mV or - 31 mV for 1 N821 or 1 N821 A, 
as illustrated by the dashed lines in Figure 1. The boundaries given are maximum values. 
For greater resolution, an expanded view of the center area in Figure 1a is shown in Figure 
lb. 

NOTE 4. 

The maximum voltage change, AVz, Figures 2 and 3 is due entirely to the Impedance of the 
device. It both temperature and Izr are varied. then the total voltage change may be obtained 

by graphically adding AVz In Figure 2 or 3 tothe AVz in Figure 1 for the device under eonsider­
ation. If the device is to be operated at some stable current other than the specified test cur­
rent, a new set of characteristics may be plotted by superimposing the data in Figure 2 or 
3 on Figure 1. For a more detailed explanation see application note In later section. 

NOTES. 

Zener voltage limits at 25°C measured with the test current (lzr) applied with the device junc­

tion in thermal equilibrium al an' ambient temperature of 25°C. 
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MOTOROLA 
SEMICONDUCTOR-----------­
TECHNICAL DATA 

Low-Level Temperature-Compensated 
Zener Reference Diodes 

Highly reliable reference sources utilizing a single chip oxide passivated junction for 
long-term voltage stability. Glass construction provides a rugged, hermetically sealed 
structure. 

Specification Features: 

• Low Power Drain Devices Specified @ 0.5 mA and 1 mA 
• Maximum Voltage Change Specified over Test Temperature Range 
• Temperature Compensation Guaranteed over Two Standard Operating Temperature 

Ranges: 0 to 75°C 
-55to 100°C 

Mechanical Characteristics: 

CASE: Hermetically sealed, all-glass. 
DIMENSIONS: See outline drawing. 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable. 
POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 gram (approx.) 
MOUNTING POSITION: Any 

MAXIMUM RATINGS 

Rating Symbol 

DC Power Dissipation @ T A = 50°C Po 

Derate above 50'C 

Junction and Storage Temperature Range TJ , Tstg 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES· 
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1N4565,A 
thru 

1N4574,A 

REFERENCE DIODES 
LOW LEVEL 

TEMPERATURE­
COMPENSATED ZENER 

6.4V 400mW 

CASE 299-02 
DO-204AH 

GLASS 

Value Unit 

400 mW 
3.2 mW/oC 

-65to+175 'C 
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TVSlZener 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: Motorola Case 17-02, Case 41A-02, 
Case 51-02 (00-7), Case 59-03 (00-41), Case 59-04, Case 
194-04 and Case 299-02 (00-35). 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 Motorola 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. See 
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 

3.3.1 - Components on any reel shall not represent more 
than two date codes when date code identification is 
required. 

3.3.2 - Component's leads shall be positioned 
perpendicularly between pairs of 0.250 inch tape. See 
Figure 2. 

3.3.3 - A minimum 12 inch leader of tape shall be 
provided before the first and last component on the reel. 

3.3.4 - 50 lb. 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 01 and 02 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. 

3.4 Marking 

4.0 

Minimum reel and carton marking shall consist of the 
following (see Figure 3): 

Motorola part number 

Quantity 

Manufacturer's name 

Date codes (when applicable; see not9>3.3.1) 

Requirements differing from this Motorola standard shall be 
negotiated with the factory. 

The packages indicated in the following table are suitable 
for lead tape packaging. The table indicates the specific 
devices (transient voltage suppressors and/or zeners) that 
can be obtained from Motorola in reel packaging and 
provides the appropriate packaging speCification. 
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TVSlZener 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 

• MLL-34, SOT-23 in 8 mm Tape 

• 5MB 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 
Smm 

Package 

SOT-23 

MLL-34 

5MB 

SMC 

Tape Width 
Case Type (mm) 

Case 318-07 8 
B 

Case 362-03 8 
8 

MLL-34 
Smm 

Reel Size 
(inch) 

7 
13 

7 
13 

Devices Per Reel 
and Minimum 

Order Quantity 

3,000 
10,000 

2,000 
5,000 

Case 403A-03 12 13 2,500 

Case 403-03 16 13 2,500 
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Tape and Reel 
Data for 

TVSlZener 
Surface Mount 

Devices 

PACKAGES 

MLL-34 SOT·23 

5MB SMC 

5MB, SMC 
12mm 16mm 

Device 
Suffix 

T1 
T3 

T1 
T3 

T3 

T3 
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40 (1.575) MIN. 
ACCESS HOLE AT 
SLOT LOCATION 

REEL CONFIGURATION 

-1 r-- T (INCLUDES FLANGE DISTORTION AT OUTER EDGE) 

H (MEASURED AT HUB) 

A 

D 
(ARBOR HOLE DIA.) 

L 
------

I 
f 
F (HUB DIA.) 

* 

---II-- G (MEASURED AT HUB) 

, Optional Drive Spokes, Asterisked Dimensions Apply 
Metric dimensions govern 

TAPE SLOT IN CORE FOR TAPE START 
MIN. WIDTH 2.5 (.098), MIN. DEPTH 10 (.394) 

REEL DIMENSIONS (Metric dimensions will govern) 

Tape Size A Max. B* Min. D E'Mln. FMln. G 
(Note 1) 

8mm 8.4 + 1.5H).0 
330 1.5 13.0 ± 0.20 20.2 50 (.331 +.059/-0.0) 

12mm (12.992) (.059) (.512 ± .008) (.795) (1.969) 12.4 +2.0/-0.0 

(.488 +.0781-0.0) 

16mm 330 1.5 13.0 ± 0.20 20.2 50 16.4 +2.0/-0.0 

(12.992) (.059) (.512 ± 0.008) (.795) (1.969 (.646 +0.78/-0.0) 

Note 1. For 7" reels. A Max. is 177 mm (6.968"). 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

5-6 

HMax. 

14.4 
(.567) 

18.4 

(.724) 

22.4 

(.882) 

TMax 

7.9 (.311) Min 
10.9 (.429) Max 

11.9 (.469) Min 

15.4 (.607) Max 

15.9 (.626) Min 

19.4 (.764) Max 



• 

rt-­
L~ 

OUTLINE DIMENSIONS 

CASE 17-02 
(Surmetic 40) 

CASE 41A-D2 

NOTE: 
1. LEAD DIAMETER & FINISH NOT CONTROLLED 

WITHIN DIM ·P. 

MlWIIETERS INCHES 
DIM MIN MAX MIN 
A 8.38 8.89 0.330 0.350 
B 3.30 3.68 0.130 0.145 
D 0.94 1.09 0.037 0.043 
F 1.27 0.050 
K 25.40 31.75 1.000 1.250 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M.19&2. 
2. CONTROLLING DIMENSION: INCH. 
3. LEAD FINISH AND DIAMETER UNCONTROLLED 

IN DIM P. 

IIILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.52 0.360 0.375 
B 4.83 5.21 0.190 0.205 
D 0.97 1.07 0.038 0.042 
K 25.40 1.000 
P 1.27 0.050 
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OUTLINE DIMENSIONS 

CASE 194-04 

CASE 299-02 
00-204AH 

(00-35) 

MILLIMETERS INCHES 
DIM MIN MAX MIN IIAX 
A B.43 B.69 0.332 0.342 
B 5.94 6.25 0.234 0.248 
D 1.27 1.35 0.050 0.053 
K 25.15 25.65 0.990 1.010 

NOTE: 
1. CATHODE SYMBOL ON PKG. 

STYLE 1: 
PIN 1. CATHODE 

2. ANODE 

NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A AND B 

HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT NOT SUBJECT TO 
THE MINIMUM LIMIT OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN ZONE F 
TO ALLOW FOR FLASH, LEAD FINISH BUILDUP 
AND MINOR IRREGULARITIES OTHER THAN 
HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5,1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 3.05 5.09 0.120 0.200 
B 1.52 2.29 0.060 0.090 
D 0.48 0.56 O.G1B 0.022 
F 1.27 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply. 
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OUTLINE DIMENSIONS 

NOTES: 
1. DIMENSIONIN 2 CY14 5M, 1982. G AND TOlERANCING PER A 
. ONTROlLING NSI 

3. D DIMENSION S DIMENSION: INCH 
DIMENSION P HAll BE MEASURED W 

4. 4Q3A'()1 AND' ITHIN 
403A-03. -02 OBSOlETE, NEW STANDARD 

~ ~-1 
CASE 403A-03 

(SMB) 

1°·171"1 
OO~ 

.,,~~ :. [' 
SMC 

Solder Pad 
Geometry 

5MB 
Solder Pad 
Geometry 
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a field is applied, as shown in Figure 1-1 b. The "N" nomenclature for this kind of conductiv­
ity implies "negative" charge carriers. 

APPLIED FIELD 

+----_ .. -
APPLIED FIELD 

Figure 1-1. Semiconductor Structure 

(a.) Lattice Structures of 
Pure Silicon 

ELECTRONS ARE LOCKED IN 
COVALENT BONDS 

(b.) N-Type Silicon 

LOCKED COVALENT BOND 
ELECTRONS 

FREE ELECTRON FROM 
PHOSPHOROUS ATOM DRIFTS 
TOWARD APPLIED POSITIVE 
POLE. 

(c.) P-Type Silicon 

INCOMPLETED COVALENT 
BOND 

THIS ELECTRON JUMPS INTO 
HOLE LEFT BY BORON ATOM. 
HOLE POSITION IS DISPLACED 
TO RIGHT. THIS RESULTS IN 
A DRIFT OF HOLES TOWARD 
THE NEGATIVE POLE, GIVING 
THEM THE CHARACTER OF 
MOBILE POSITIVE CHARGES. 
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(a.) Forward-Based PN 
Junction 

CHARGES FROM BOTH P AND N REGIONS 
DRIFT ACROSS JUNCTION AT VERY LOW 
APPLIED VOLTAGES, 

(b.) Reverse-Biased PN 
Junction 

AT APPLIED VOLTAGES BELOW THE CRITICAL 
BREAKDOWN LEVEL ONLY A FEW CHARGES 
DRIFT ACROSS THE INTERFACE. 

Figure 1-2. Effects of Junction Bias 

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 at room 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 negligible compared 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 break­
down 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 
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resistive material. A junction that results in a narrow depletion region will therefore develop 
a high field intensity and breakdown by the zener mechanism. A junction that results in a 
wider depletion region and, thus, a lower field intensity will break down by the avalanche 
mechanism before a zener breakdown condition can be reached. 

VREV (VOLTS) VREV (VOLTS) 

4 3 2 30 25 20 15 10 5 
I I 

IREV 

(A) (B) 

ZENER BREAKDOWN 
OF A PN FUNCTION 

AVALANCHE BREAKDOWN OF A PN FUNCTION 

Figure 1-4. Typical Breakdown Diode Characteristics. Note Effects of 
Temperature for Each Mechanism 

IREV 

The zener mechanism can be described qualitatively as follows: because the depletion 
width is very small, the application of low reverse bias (5 volts or less) will cause a field 
across the depletion region on the order of 3 x 1 05y fcm. A field of such high magnitude 
exerts a large force on the valence electrons of a silicon atom, tending to separate them from 

6 
their respective nuclei. Actual rupture of the covalent bonds occurs when the field ap­
proaches 3 x 105Yfcm. Thus, electron-hole pairs are generated in large numbers and a 
sudden increase of current is observed. Although we speak of a rupture of the atomic 
structure, it should be understood that this generation of electron-hole pairs may be carried 
on continuously as long as an external source supplies additional electrons. If a limiting 
resistance in the circuit external to the diode junction does not prevent the current from 
increasing to high values, the device may be destroyed due to overheating. The actual critical 
value of field causing zener breakdown is believed to be approximately 3 x 1 05y fcm. On 
most commercially available silicon diodes, the maximum value of voltage breakdown by 
the zener mechanism is 8 volts. In order to fabricate devices with higher voltage breakdown 
characteristics, materials with higher resistivity, and consequently, wider depletion regions 
are required. These wide depletion regions hold the field strength down below the zener 
breakdown value (3 x 1 05y fcm). Consequently, for devices with breakdown voltage lower 
than 5 volts the zener mechanism predominates, between 5 and 8 volts both zener and an 
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REVERSE-BIASED 
PN JUNCTION IN AVALANCHE 

WHEN THE APPLIED VOLTAGE IS 
ABOVE THE BREAKDOWN POINT, A 
FEW INJECTED ELECTRONS RECEIVE 
ENOUGH ACCELERATION FROM THE 
FIELD TO GENERATE NEW ELECTRONS 
BY COLLISION. DURING THIS PROCESS 
THE VOLTAGE DROP ACROSS THE 
JUNCTION REMAINS CONSTANT. 

RS ABSORBS EXCESS VOLTAGE. 

CONSTANT VOLTAGE DROP 

Figure 1-5. PN Junction in Avalanche Breakdown 

FORWARD I I- CHARACTERISTIC 
TYPICAL / .. 

I 

15 

10 

/ 
IR / 

~ I V 

5 

0 
IZK=5 rnA IZT 

~ 420 rnA ..... - ._- _. .- - ----r----
0.5 

IZM 

--REVERSE 
1.40A CHARACTERISTIC ~ -- f---_ . . - --- --1--

30 20 10 o 0.5 1 
VR(VOLTS) VF(VOLTS) 

Figure 1-6. Zener Diode Characteristics 
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Once the protective layer of silicon dioxide has been formed, it must be selectively removed 
from those areas into which dopant atoms will be introduced. This is done using photolitho­
graphic techniques. 

First a light sensitive solution called photo resist is spun onto the wafer. The resist is then 
dried and a photographic negative or mask is placed over the wafer. The resist is then exposed 
to ultraviolet light causing the molecules in it to cross link or polymerize becoming very 
rigid. Those areas of the wafer that are protected by opaque portions of the mask are not 
exposed and are developed away. The oxide is then etched forming the exposed regions in 
which the dopant will be introduced. The remaining resist is then removed and the wafers 
carefully cleaned for the doping steps. 

Dopant is then introduced onto the wafer surface using various techniques such as alumi­
num alloy for low voltage devices, ion-implantation, spin-on dopants, or chemical vapor 
deposition. Once the dopant is deposited, the junctions are formed in a subsequent high 
temperature (1100 to 1250 degrees celcius are typical) drive-in. The resultant junction 
profile is determined by the background concentration of the starting substrate, the amount 
of dopant placed at the surface, and amount of time and temperature used during the dopant 
drive-in. This junction profile determines the electrical characteristics of the device. During 
the drive-in cycle, additional passivation oxide is grown providing additional protection for 
the devices. 

After junction formation, the wafers are then processed through what is called a getter 
process. The getter step utilizes high temperature and slight stress provided by a highly 
doped phospho silicate glass layer introduced into the backside of the wafers. This causes any 
contaminants in the area of the junction to diffuse away from the region. This serves to 
improve the reverse leakage characteristic and the stability of the device. Following the 
getter process, a second photo resist step opens the contact area in which the anode metalliza­
tion is deposited. 

Metal systems for Motorola's zener diodes are determined by the requirements of the 
package. The metal systems are deposited in ultra-clean vacuum chambers utilizing 

6 
electron-beam evaporation techniques. Once the metal is deposited, photo resist processing 
is utilized to form the desired patterns. The wafers are then lapped to their final thickness 
and the cathode metallization deposited using the same e-beam process. 

The quality of the wafers is closely monitored throughout the process by using statistical 
process control techniques and careful microscopic inspections at critical steps. Special 
wafer handling equipment is used throughout the manufacturing process to minimize con­
tamination and to avoid damaging the wafers in any way. This further enhances the quality 
and stability of the devices. 

Upon completion of the fabrication steps, the wafers are electrically probed, inspected, 
and packaged for shipment to the assembly operations. All Motorola zener diode product is 
sawn using 100% saw-through techniques stringently developed to provide high quality 
silicon die. 
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SILICON DIOXIDE SELECTIVELY REMOVED 

SILICON DIOXIDE GROWTH A 
L:::::::j ~ LI...----_~ 

(a) 

DOPANT ATOMS DEPOSITED ONTO 
THE EXPOSED SILICON 

(b) 

DOPANT ATOMS DIFFUSE INTO SILICON 
BUT NOT APPRECIABLY INTO THE SILICON DIOXIDE 

------, A r------ / 

LL---------J~ r-, 
(c) (d) 

Figure 2-2. 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. 

Zener Diode Assembly 

Surmetic 30, 40 and MOSORB 
The plastic packages (Surmetic 30, 40 and MOSORBs) are assembled using oxygen free 

6 high conductivity copper leads for efficient heat transfer from the die and allowing maxi­
mum power dissipation with a minimum of external heatsinking. Figure 2-3 shows typical 
assembly. The leads are of nail head construction, soldered directly to the die, which further 
enhances the heat dissipating capabilities of the package. 

The Surmetic 30s, 40s and MOSORBs are basically assembled in the same manner; the 
only difference being the MOSORBs are soldered together using a solder disc between the 
lead and die whereas the Surmetic 30s and Surmetic 40s utilize pre-soldered leads. 

Assembly is started on the Surmetic 30 and 40 by loading the leads into assembly boats 
and pre-soldering the nail heads. After pre-soldering, one die is then placed into each cavity 
of one assembly boat and another assembly boat is then mated to it. Since the MOSORBs 
do not use pre-soldered leads, the leads are put into the assembly boat, a solder disc is plac~d 
into each cavity and then a die is put in on top. A solder disc is put in on top of the die. Another 
assembly boat containing only leads is mated to the boat containing the leads, die, and two 
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Zener Diode Test, Mark and Packaging 

Double Slug, Surmetic 30, 40 and MOSORB 
After lead finish, all products are final tested, whether they are 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 the averages of the previous lots for 
a given voltage line and package type. Histograms are generated for the various parameters 
as the units are being tested to ensure that the lot 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 
packaging. 

After marking, the units are packaged either in "bulk" form or taped and reeled or taped 
and ammo packed to accommodate automatic insertion. 
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Figure 3-1, details 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 Motorola requires more robust design features that make 
them less sensitive to minor variations in processing. These features make the implementa­
tion of SPC much easier. 

A complete commitment to SPC is present throughout Motorola. All managers, engineers, 
production operators, supervisors and maintenance personnel have received multiple train­
ing courses on SPC techniques. Manufacturing has identified 22 wafer processing and 8 
assembly steps considered critical to the processing of zener products. Processes, controlled 
by SPC methods, that have shown significant improvement are in the diffusion, 
photolithography and metallization areas. 

To better understand SPC principles, brief explanations have been provided. These cover 
process capability, implementation and use. 

-60" -50" -40" -30" -20" -10" 0 10" 20". 30" 40" 50" 60" 

Standard Deviations From Mean 

Distribution Centered 

At ± 3 0" 2700 ppm defective 
99.73% yield 

At ± 4 0" 63 ppm defective 
99.9937% yield 

At ± 5 0" 0.57 ppm defective 
99.999943% yield 

At ± 6 0" 0.002 ·ppm defective 
99.9999998% yield 

Distribution Shifted ± 1.5 

66810 ppm defective 
93.32% yield 

6210 ppm defective 
99.379% yield 

233 ppm defective 
99.9767% yield 

3.4 ppm defective 
99.99966% yield 

Figure 3-1. AOQL and Yield from a Normal 
Distribution of Product With 60" Capability 

PROCESS CAPABILITY 

6 One goal of SPC is to ensure a process is CAPABLE. Process capability is the measure-
ment of a process to produce products consistently to specification requirements. The pur­
pose of a process capability study is to separate the inherent RANDOM VARIABILITY 
from ASSIGNABLE CAUSES. Once completed, steps are taken to identify and eliminate 
the most significant assignable causes. Random variability is generally present in the system 
and does not fluctuate. Sometimes, these are considered basic limitations associated with the 
machinery, materials, personnel skills or manufacturing methods. Assignable cause incon­
sistencies relate to time variations in yield, performance or reliability. 

Traditionally, assignable causes appear to be random due to the lack of close examination 
or analysis. Figure 3-2 shows the impact on predictability that assignable cause can have. 
Figure 3-3 shows the difference between process control and process capability. 

A process capability study involves taking periodic samples from the process under 
controlled conditions. The performance characteristics of these samples are charted against 
time. In time, assignable causes can be identified and engineered out. Careful documentation 
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important to find a measurement in these process steps that correlates with product perform­
ance. This is called a critical process parameter. 

Once .the critical process parameters are selected, a sample plan must be determined. The 
samples used for measurement are organized into RATIONAL SUBGROUPS of approxi­
mately 2 to 5 pieces. The subgroup size should be such that variation among the samples 
within the subgroup remain small. All samples must come from the same source e.g., the 
same mold press operator, etc.. Subgroup data should be collected at appropriate time 
intervals to detect variations in the process. As the process begins to show improved stability, 
the interval may be increased. The data collected must be carefully documented and main­
tained for later correlation. Examples of common documentation entries would include 
operator, machine, time, settings, product type, etc .. 

Once the plan is established, data collection may begin. The data collected will generate 
X and R values that are plotted with respect to time. X refers tothe mean of the values within 
a given subgroup, while R is the range or greatest value minus least value. When approxi­
mately 20 or more X and R values have been generated, the average of these values is 
computed as follows: 

X = (X + X2 + X3 + ... )lK 
R = (RI + R2 + R3 + ... )/K 

where K = the number of subgroups measured. 

The values of X and R are used to create the process control chart. Control charts are the 
primary SPC tool used to signal a problem. Shown in Figure 3-4, process control charts show 
X and 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 = UCLR = D4 R 
R lower control limit LCLR = D3 R 
X upper control limit = UCLX = X + A2 R 

6 
X lower control limit = LCLX = X - A 

Where D4, D3 and A2 are constants varying by sample size, with values for sample sizes 
. from 2 to 10 shown in the following partial table: 

n 2 3 4 5 6 7 8 9 10 

D4 3.27 2.57 2.28 2.11 2.00 1.92 1.86 1.82 1.78 

* * * * 
1.88 1.02 0.73 0.58 

* 
0.48 

0.08 

0.42 

0.14 

0.37 

0.18 

0.34 

0.22 

0.31 

* For sample sizes below 7, the LCLR 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. 

Control charts are used to monitor the variability of critical process parameters. The R 
chart shows basic problems with piece to piece variability related to the process. The X chart 
can often identify changes in people, machines, methods, etc. The source of the variability 
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This gives a considerably better improvement of 23 %. If only A is identified and reduced 
from 5 to 2, then; 

cr tot = J 22+ 32 + 22 + 12 + (0.4)2 = 4.3 

Identifying and improving the variability from 5 to 2 gives us a total variability improve­
ment of nearly 40%. 

Most techniques may be employed to identify the primary assignable cause(s). Out-of­
control conditions may be correlated to documented process changes. The product may be 
analyzed in detail using best versus worst part comparisons or Product Analysis Lab equip­
ment. Multi-variance analysis can be used to determine the family of variation (positional, 
critical or temporal). Lastly, experiments may be run to test theoretical or factorial analysis. 
Whatever method is used, assignable causes must be identified and eliminated in the most 
expeditious manner possible. 

After assignable causes have been eliminated, new control limits are calculated to provide 
a more challenging variability criteria for the process. As yields and variability improve, it 
may become more difficult to detect improvements because they become much smaller. 
When all assignable causes have been eliminated and the points remain within control limits 
for 25 groups, the process is said to be in a state of control. 

SUMMARY 
Motorola is committed to the use of STATISTICAL PROCESS CONTROLS. These 

principles, used throughout manufacturing, have already resulted in many significant im­
provements to the processes. Continued dedication to the SPC culture will allow Motorola 
to reach the Six Sigma and zero defect capability goals. SPC will further enhance the 
commitment to TOTAL CUSTOMER SATISFACTION . 
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Reliability Stress Tests 

The following gives brief descriptions of the reliability tests commonly used in the 
reliability monitoring program. Not all of the tests listed are performed on each product. 
Other tests may be performed when appropriate. In addition some form of preconditioning 
may be used in conjunction with the following tests. 

AUTOCLAVE (aka, PRESSURE COOKER) 
Autoclave is an environmental test which measures device resistance to moisture penetra­

tion and the resultant effects of galvanic corrosion. Autoclave is a highly accelerated and 
destructive test. 

Typical Test Conditions: TA = 121°e, 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 time, this is a catastrophically destructive test. 

Typical Test Conditions: TA = 85°e to 95°e, 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°e to 150oe, Bias = 80% to 100% of Data Book max. 
rating, t = 120 to 1000 hours 
Common Failure Modes: Parametric shifts in leakage 
Common Failure Mechanisms: Ionic contamination on the surface or under the metalli­
zation of the die 
Military Reference: MIL-STD-750, Method 1039 

HIGH TEMPERATURE STORAGE LIFE (HTSL) 
High temperature storage life testing is performed to accelerate failure mechanisms which 

are thermally activated through the application of extreme temperatures. 
Typical Test Conditions: T A = 700 e to 200oe, no bias, 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 
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Military Reference: MIL-STD-750, Method 2031 

STEADY STATE OPERATING· LIFE (SSOL) 
The purpose of this test is to evaluate the bulk stability of the die and to generate defects 

resulting from manufacturing aberrations that are manifested as time and stress-dependent 
failures. 

Typical Test Conditions: TA = 25°e, PD = Data Book maximum rating, t = 16 to 1000 
hours 
Common Failure Modes: Parametric shifts and catastrophic 
Common Failure Mechanisms: Foreign material, crack die, bulk die, metallization, wire 
and die bond defects 
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 and transitions between temperature extremes. This testing will 
also expose excessive thermal mismatch between materials. 

Typical Test Conditions: TA = -65°e to 200oe, cycle = 10 to 1000 
Common Failure Modes: Parametric shifts and catastrophic 
Common Failure Mechanisms: Wire bond, cracked or lifted die and package failure 
Military Reference: MIL-STD-750, Method 1051 

THERMAL SHOCK (LIQUID TO LIQUID) 
The purpose of this test is to evaluate the ability of the device to withstand both exposure 

to extreme temperatures and sudden transitions between temperature extremes. This testing 
will also expose excessive thermal mismatch between materials. 

Typical Test Conditions: TA = ooe to 100oe, cycles = 10 to 1000 
Common Failure Modes: Parametric shifts and catastrophic 
Common Failure Mechanisms: Wire bond, cracked or lifted die and package failure 
Military Reference: MIL-STD-750, Method 1056 

• 
VARIABLE FREQUENCY VIBRATION 

• This test is used to examine the ability of the device to withstand deterioration due to 
mechanical resonance. 

Typical Test Conditions: Peak acceleration = 20 g's, Frequency range = 20 Hz to 20 kHz, 
t = 48 minutes. 
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 2056 
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Figure 4-1. Typical Zener Diode DC V-I Characteristics (Not to Scale) 

While the common form of the diode equation suggests that IR is constant, in fact IR is 
itself strongly temperature dependent. The rapid increase in IR with increasing temperature 
dominates the decrease contributed by the exponential term in the diode equation. As a 
result, the forward current increases with increasing temperature. Figure 4-2 shows a for­
ward characteristic temperature dependence for a. typical zener. These curves indicate that 
for a constant current, an increase in temperature causes a decrease in forward voltage. The 
voltage temperature coefficient values are typically in the range of -1.4 to -2 mV/°C. 

Leakage DC Characteristics 

6 When reverse voltage less than the breakdown is applied to a zener diode, the behavior 

. 
of current is similar to any back-biased silicon P-N junction. Ideally, the reverse current 
would reach a level at about one volt reverse voltage and remain constant until breakdown 

.. is reached. There are both theoretical and practical reasons why the typical V-I curve will 
have a definite slope to it as seen in Figure 4-3. Multiplication effects and charge generation 
sites are present in a zener diode which dictate that. reverse current (even at low voltages) 
will increase with voltage. In addition, surface charges are ever present across P-N junctions 
which appear to be resistive in nature. 

The leakage currents are generally less than one microampere at 150°C except with some 
hrrge area devices. Quite often a leakage specification at 80% or so of breakdown voltage 
is used to assure low reverse currents. 
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Voltage Breakdown 

At some definite reverse voltage, depending on the doping levels (resistivity) of the P-N 
junction, the current will begin to avalanche. This is the so-called "zener" or "breakdown" 
area and is where the device is usually biased during use. A typical family of breakdown 
curves showing the effect of temperature is illustrated in Figure 4-4. 
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Figure 4-4. Typical Zener Characteristic Variation with Temperature 

Between the minimum currents shown in Figure 4-4 and the leakage currents, there is the 
"knee" region. The avalanche mechanism may not occur simultaneously across the entire 
area of the P-N junction, but first at one microscopic site, then at an increasing number of I sites as further voltage is applied. This action can be accounted for by the "microplasma 
discharge" theory and correlates with several breakdown characteristics. 

• An exaggerated view of the knee region is shown in Figure 4-5. As can be seen, the 
breakdown or avalanche .:.urrent does not increase suddenly, but consists of a series of 
smoothly rising current versus voltage increments each with a sudden break point. 

At the lowest point, the zener resistance (slope of the curve) would test high, but as current 
continues to climb, the resistance decreases. It is as though each discharge site has high 
resistance with each succeeding site being in parallel until the total resistance is very small. 

In addition to the resistive effects, the micro plasmas may act as noise generators. The 
exact process of manufacturing affects how high the noise will be, but in any event there will 
be some noise at the knee, and it will diminish considerably as current is allowed to increase. 

Since the zener impedance and the temperature coefficient are of prime importance when 
using the zener diode as a reference device, the next two sections will expand on these points. 
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Temperature Coefficient 

Below three volts and above eight volts the zener voltage change due to temperature is 

6 . 
nearly a straight line function and is almost independent of current (disregarding self-heating 
effects). However, between three and eight volts the temperature coefficients are not a simple 
affair. A typical plot of TC versus Vz is shown in Figure 4-10. 

. Any attempt to predict voltage changes as temperature changes would be very difficult 
on a "typical" basis. (This, of course, is true to a lesser degree below three volts and above 
eight volts since the curve shown is a typical one and slight deviations will exist with a 
particular zener diode.) For example, a zener which is 5 volts at 25°C could be from 4.9 to 
5.05 volts at 75°C depending on the current level. Whereas, a zener which is 9 volts at 25°C 
would be close to 9.3 volts at 75°C for all useful current levels (disregarding impedance 
effects). 

As was mentioned, the situation is further complicated by the normal deviation of TC at 
a given current. For example, for 7.5 rnA the normal spread of TC (expressed in %/0C) is 
shown in Figure 4-11. This is based on limited samples and in no manner implies that all 
Motorola zeners between 2 and 12 volts will exhibit this behavior. At other current levels 
similar deviations would occur. 
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Power Derating and Mounting 

14 

The zener diode like any other semiconductor has a maximum junction temperature. This 
limit is somewhat arbitrary and is set from a reliability viewpoint. Most semiconductors 
exhibit an increasing failure rate as temperature increases. At some temperature, the solder 
will melt or soften and the failure rate soars. The 175°C to 200°C junction temperature rating 
is quite safe from solder failures and still has a very low failure rate. 
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voltage change versus temperature. However, only maximum and typical values of thermal 
resistance are given for a family of zener diodes. So only "worst case" or typical information 
could be obtained as to voltage changes. 

The relations of equations 4-1 and 4-2 are usually expressed as a graphical derating of 
power versus the appropriate temperature. Maximum thermal resistance is used to generate 
the slope of the curve. An example of a 400 milliwatt device derated to the ambient tempera­
ture and a 1 watt device derated to the lead temperature are shown in Figures 4-13 and 4-14. 
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The main us~ of this transient ReJL curve is when the zener is used as a clipper or a 
protective device. First of all, the power wave shape must be constructed. (Note, even though 
the power-transient thermal resistance indicates reasonable junction temperatures, the de­
vice still may fail if the peak: current exceeds certain values. Apparently a current crowding 
effect occurs which causes the zener to short. This is discussed further in this section.) 

Transient Power-Temperature Effects 

A typical transient thermal resistance curve is shown in Figure 4-16. This is for a lead 
mounted device and shows the effect of lead length to an essentially infinite heatsink:. 

To calculate the temperature rise, the power surge wave shape must be approximated by 
its rectangular equivalent as shown in Figure 4-17. In case of an essentially non-recurrent 
pulse, there would be just one pulse, and ~ T = ReTl Pp. In the general case, it can be shown 
that 

~T = [DReJA (ss) + (1 - D) ReTl + T + ReTl - ReT] Pp 

where 

D = Duty cycle in percent 
ReTl = Transient thermal resistance at the time equal to the pulse width 
ReT = Transient thermal resistance at the time equal to pulse interval 
ReTl + T = Transient thermal resistance at the time equal to the pulse interval 

plus one more pulse width. 
ReJA(ss) or ReJL(ss) = Steady state value of thermal resistance 
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or shorts. Each device was measured before and after t)le applied pulse. Most failures were 
shifts in zener voltage. The results are shown in Figure 4-18. 

Attempts to correlate this to the transient thermal resistance work quite well on a typical 
basis. For example, assuming a value for 1 ms of90 watts and 35 watts at 10 ms, the predicted 
temperature rise would be 180°C and 190°C. But on a worst case basis, the temperature rises 
would be about one half these values or junction temperatures, on the order of 85°C to 105°C, 
which are obviously low. Apparently at very high power levels a current restriction occurs 
causing hot spots. There was no apparent correlation of zener voltage or current on the failure 
points since each group of failures contained a mixture of voltages. 
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Figure 4-18. One Shot Power Failure Axial Lead Zener Diode 

I Voltage versus Time . 

• Quite often the junction temperature is only of academic interest, and the designer is more 
concerned with the voltage behavior versus time. By using the transient thermal resistance, 
the power, and the temperature coefficient, the designer could generate Vz versus time 
curves. The Motorola zener diode test group has observed device voltages versus. time until 
the thermal equilibrium was reached. A typical curve is shown for a lead mounted low 
wattage device in Figure 4-19 where the ambient temperature was maintained constant. It 
is seen that voltage stabilizes in about 100 seconds for 1 inch leads. 

Since information contained in this section may not be found on data sheets it is necessary 
for the designer to contact the factory when using a zener diode as a surge suppressor. 
Additional information on transient suppression application is presented elsewhere in this 
book: 
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variable capacitor used for balancing is removed and its value measured on a test instrument. 
The value thus indicated is the zener capacitance at reverse voltage for which bridge balance 
was obtained. Figure 4-20 shows capacitance test circuit. 
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Figure 4-20. Capacitance Test Circuit 

Figure 4-21 is a plot of junction capacitance for diffused zener diode units versus their 
nominal operating voltage. Capacitance is the value obtained with reverse bias set at one-half 
the nominal VZ. The plot of the voltage range from 6.8 V to 200 V, for three dice sizes, covers 
most Motorola diffused-junction zeners. Consult specific data sheets for capacitance values. 

Figures 4-22, 4-23, and 4-24 show plots of capacitance versus reverse voltage for units 
of various voltage ratings in each of the three dice sizes. Junction capacitance decreases as I · reverse voltage increases to the zener region. This change in capacitance can be expressed 

• as a ratio which follows a one-third law,and C I/C2 = (V 2fV 1) 1/3. This law holds only from 
the zener voltage down to about 1 volt, where the curve begins to flatten out. Figure 4-25 

.. shows this for a group of low wattage units. 
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Zener Impedance 

Zener impedance appears primarily as composed of a current-dependent resistance 
shunted by a voltage-dependent capacitor. Figure 4-26 shows the test circuit used to gather 
impedance data. This is a voltage-impedance ratio method of determining the unknown 
zener impedance. The, operation is as follows: 

(1) Adjust for desired zener IZDC by observing IR drop across the I-ohm current­
viewing resistor R2. 

(2) Adjust IZAC to 100 JlA by observing AC IR drop across R2. 
(3) Measure the voltage across the entire network by switching S1. The ratio of these 

two AC voltages is then a measure of the impedance ratio. This can be expressed 
simply as RX = [(El - E2)1E2] R2. 

Section A of Sl provides a dummy load consisting of a lO-M resistor and a 100 pF 
capacitor. This network is required to simulate the input impedance of the AC VTVM while 
it is being used to measure the AC IR drop across R2. 

This method has been found accurate up to about three megahertz; above this frequency, 
lead inductances and strap capacitance become the dominant factors. 

Figure 4-27 shows typical impedance versus frequency relationships of 6.8 volt 500 mW 
zener diodes at various DC zener currents. Before the zener breakdown region is entered, 
the impedance is almost all reactive, being provided by a voltage-dependent capacitor 
shunted by a very high resistance. When the zener breakdown region is entered, the capaci­
tance is fixed and now is shunted by current-dependent resistance. For comparison, Figure 
4-27 also shows the plot for a 680 pF capacitor XC, a lK 1 % nonreactive resistor, R, and the 
parallel combination of these two passive elements, ZT. 

High-Frequency and Switching Considerations 

At frequencies about 100 kHz or so and switching speeds above 10 microseconds, shunt 
capacitance of zener diodes begins to seriously effect their usefulness. The upper photo of I Figure 4-28 shows the output waveform of a symmetrical peak limiter using two zener 

• diodes back-to-back. The capacitive effects are obvious here. In any application where the 
signal is recurrent, the shunt capacitance limitations can be overcome, as lower photo of 
Figure 4-28 shows. This is done by operating fast diodes in series with the zener. Upon 
application of a signal, the fast diode conducts in the forward direction charging the shunt 
zener capacitance to the level where the zener conducts and limits the peak. When the signal 
swings the opposite direction, the fast diode becomes back-biased and prevents fast dis­
charge of shunt capacitance. The fast diode remruns back-biased when the signal reverses 
again to the forward direction and remains off until the input signal rises and exceeds the 
charge level of the capacitor. When the signal exceeds this level, the fast diode conducts as 
does the zener. Thus, between successive cycles or pulses the charge in the shunt capacitor 
holds off the fast diode, preventing capacitive loading of the signal until zener breakdown 
is reached. Figures 4-29 and 4-30 show this method applied to fast-pulse peak limiting. 
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Figury4-31 is a photo of input-output pulse waveforms using a zener alone as a series peak 
clipper. The smaller output waveform shows the capacitive spike on the leading edge. Figure 
4-32 clearly points out the advaptage of the clamping network. 
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Figure 4-30. Shunt Clipper with Clamping Network 
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(Figure 5-1). A P~N junction in avalanche (above 5 volts breakdown) will display a positive 
temperature coefficient; that is, voltage will increase as temperature incre-ases. Due to energy 
levels of a junction which breaks down below 5 volts, the temperature coefficient is negative. 

It follows that various combinations of forward biased junctions and reverse biased 
junctions may be arranged to achieve temperature compensation. From Figure 5-2 i.t can be 
seen that if the absolute value of voltage change (d V) is the same for both the forward biased 
diode and the zener diode where the temperature has gone from 25°C to 100°C, then the total 
voltage across the combination will be the same at both temperatures since one d V is 
negative and the other positive. Furthermore, if the rate of increase (or decrease) is the same 
throughout the temperature change, voltage will remain constant. The non-linearity asso­
ciated with the voltage temperature characteristics is a result of this rate of change not being 
a perfect match. 

VREF = Vz + d Vz + VD - d VD 

The Methods of Temperature Compensation 

The effect of temperature is shown in Figure 5-1. The forward characteristic does not vary 
significantly with reverse voltage breakdown (zener voltage) rating. A change in ambient 
temperature from 25° to 100°C produces a shift in the forward curve in the direction of lower 
voltage (a negative temperature coefficient - in this case about 150 m V change), while the 
same temperature change produces approximately 1.9 V increase in the zener voltage (a 
positive coefficient). By combining one or more silicon diodes biased in the forward direc­
tion with the P-N biased zener diode as shown in Figure 5-3, it is possible to compensate 
almost completely for the zener temperature coefficient. Obviously, with the example 
shown, 13 junctions would be needed. Usually reference diodes are low volt;:tge devices, 
using zeners with 6 to 8 volts breakdown and one or two forward diodes. 
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Figure 5-3. Zener Temperature Compensation with Silicon 
Forward Junctions 

In ac regulator and clipper circuits where zener diodes are normally connected cathode 

6 to cathode, the forward biased diode during each half cycle can be chosen with the correct 
forward temperature coefficient (by stacking, etc.) to correctly compensate for the tempera­
ture coefficient Qf the reverse-biased zener diode. It is possible to compensate for voltage 
drift with temperature using this method to the extent that zener voltage stabilities on the 
order of 0.001 %/oC are quite feasible. 

This technique is sometimes employed where higher wattage devices are required or 
where the zener is compensated by the emitter base junction of a transistor stage. Consider 
the example of using discrete components, 1N4001 rectifier and Motorola 5 Watt zener, to 
obtain compensated voltage-temperature characteristics. Examination of the curve in Figure 
5-4 indicates that a 10 volt zener diode exhibits a temperature coefficient of approximately 
+5.5 mV/oC. At a current level of 100 rnA a temperature coefficient of approximately 
-2.0 mV/oC is characteristic of the 1N4001 rectifiers. A series connection of three silicon 
1N4001 rectifiers produces a total temperature coefficient of approximately -6 mV/oC and 
a total forward drop of approximately 2.17 volts at 25°C. The combination of three silicon 
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Temperature Coefficient Stability 

Figure 5-5 shows the voltage-temperature characteristics of the TC diode. It can be seen 
that the voltage drops slightly with increasing temperature. 
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Figure 5-5. Voltage versus Temperature, Typical for Motorola 1 N827 
Temperature-Compensated Zener Diode 

This non-linearity of the voltage temperature characteristic leads to a definition of a 
representative design parameter tl VZ. For each device type there is a specified maximum 
change allowable. The voltage temperature stability measurement consists of voltage mea­
surement at specified temperatures (for the 1N821 Series the temperatures are -55,0, +25, 
+75, and + 100°C). The voltage readings at each of the temperatures is compared with 
readings at the other temperatures and the largest voltage change between any of the speci­
fied temperatures determines the exact device type. For devices registered prior to complete 
definition of the voltage temperature stability measurement, the allowable maximum volt-

6 
age change over the temperature range is derived from the calculation converting %fOC to 
m V over the temperature range. Under this standard definition, %/oC is merely a nomencla­
ture and the meaningful allowable voltage deviation to be expected becomes the designed 
parameter. . 

Current 

Thus far, temperature-compensated zeners have been discussed mainly with regard to 
temperature and voltage. However, the underlying assumption throughout the previous 
discussion was that current remained constant. 

There is a significant change in the temperature coefficient of a unit depending on how 
much above or below the test current the device is operated. 

A particular unit with a 0.01 %fOC temperature coefficient at 7.5 rnA over a temperature 
range of -55°C to + 100°C could possibly have a 0.0005%/oC temperature coefficient at 11 
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Figure 5-7. Effects of Poorly Regulated Current 

Zener Impedance and Current Regulation 

Zener impedance is defined as the slope of the V-I curve at the test point corresponding 
to the test current. It is measured by superimposing a small ac current on the dc test current 
and then measuring the resulting ac voltage. This procedure is identical with that used for 
regular zeners. 

Impedance changes with temperature, but the variation is usually small and it can be 
assumed that the amount of current regulation needed at +25°C will be the same for other 
temperatures. 

As an example, one might want to determine the amount of current regulation necessary 
for the device described below when the maximum deviation in voltage due to current II variation is ±5 millivolts. 

VZT= 6.32 V 
IZT=7.5 rnA 
ZZT = 15 Q @ +25°C 
I!.V = I!.I,ZZT 

0.005 = 1!.1·15 

M = 0.005 = 0.33 rnA 
15 

Therefore, the current cannot vary more than 0.33 rnA. 

The amount of current regulation necessary is: 

0.33 x 100% = 4.5% regulation. 
7.5 
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For a given incremental change in VI, the changes in Va will be 

(6-2) 

Assuming RL fixed at some constant value, it is obvious from equation (6-2) that in order 
to minimize changes in Va for variations in VI, the shunt resistor RR should be made as 
small as possible with respect to the source resistor RS. Obviously, the better this relation 
becomes, the larger VI is going to have to be for the same Va, and not until the ratio of RS 
to RR reaches infinity will the output be held entirely constant for variation in VI. This, of 
course, is an impossibility, but it does stress the fact that the regulation improves as the output 
impedance becomes lower and lower. Where the output impedance of Figure 6-1 is given 
by 

(6-3) 

It is apparent from this relation that as regulation is improving with RS increasing and RR 
decreasing the output impedance RO is decreasing, and is approximately equal to RR as the 
ratio is 10 times or greater. The regulation of this circuit can be greatly improved by inserting 
a reference source of voltage in series with RR such as Figure 6-2. 

+o---~~----~------------.------------o+ 
RS 

Vo 

Figure 6·2. Regulator with Battery Reference Source 

The resistance RR represents the internal impedance of the battery. For this circuit, the 
output is 

Vo = VR + VI R R (6-4) 
2+_s+1 

V 

RL RR 
Then for incremental changes in the input VI, the changes in Va will be dependent on the 
second term of equation (6-4), which again makes the regulation dependent on the ratio of 
RS to RR. Where changes in the output voltage or the regulation of the circuit in Figure 6-1 
were directly and solely dependent upon the input voltage and output impedance, the regula­
tion of circuit 6-2 will have an output that varies about the reference source VR in accordance 
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The design objective of Figure 6-3 is to determine the proper values of the series resis­
tance, RS, and zener power dissipation, PZ. A general solution for these values can be 
developed as follows, when the following conditions are known: 

VI (input voltage) from VI(min) to VI(max) 

,Va (output voltage) from VZ(min) to VZ(max) 

IL (load current) from IL(min) to IL(max) 

The value of RS must be of such a value so that the zener current will not drop below a mini­
mum value of IZ(min). This minimum zener current is mandatory to keep the device in the 
breakover region in order to maintain the zener voltage reference. The minimum current can 
be either chosen at some point beyond the knee or found on the manufacturer's data sheet 
(IzK). The basic voltage loop equation for this circuit is: 

VI = (IZ + IURS + Vz (6-5) 

The minimum zener current will occur when VI is minimum, Vz is maximum, and IL is 
maximum, then solving for RS, we have: 

RS = _V.=.:I(>=rm=' n~)_-_V....:Z~(=m=ax=) 
IZ(min) + IL(max) 

(6-6) 

Having found RS, we can determine the maximum power dissipation PZ for the zener diode. 

Where: 

• Therefore: 

PZ(max) = IZ(max) VZ(max) 

Iz(max) = VI(max) - VZ(min) - IL(min) 
RS 

[
VI(maX) - VZ(min) ] 

PZ(max) = RS - IL(min) VZ(max) 

(6-7) 

(6-8) 

(6-9) 

Once the basic regulator components values have been determined, adequate consider­
ations will have to be given to the variation in Va. The changes in Va are a function of four 
different factors; namely, changes in VI, IL, temperature, and the value of zener impedance, 
RZ. These changes in Va can be expressed as: 

llVO = llVI 
1 +RS RS 
-+­
RZ RL 

- RSRZ llIL + TCllTVZ 
RS +RZ . 
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The changes in output with respect to changes in input for both stages assuming the 
temperature and load are constant is 

IlVO IlVO I' f d = --, = Regu atIOn 0 secon stage 
IlVZl IlVO 

(6-13) 

IlVO' R I' ff' -- = egu atIOn 0 Irst stage 
IlVI 

(6-14) 

IlVO IlVO IlVO' -- = -- x -- = Combined regulation 
IlVI IlVO' IlVI 

(6-15) 

Obviously, this technique will vastly improve overall regulation where the input fluctu­
ates over a relatively wide range. As an example, let's say the input varies by ±20% and the 
regulation of each individual stage reduces the variation by a factor of 1120. This then gives 
an overall output variation of ±20% x (1120)2 or ±O.05%. 

The next two factors in equation (6-10) affecting regulation are changes in load current 
and temperature excursions. In order to minimize changes for load current variation, the 
output impedance RzRs/(RZ + RS) will have to be reduced. This can only be done by having 
a lower zener impedance because the value ofRS is fixed by circuit requirements. There are 
basically two ways that a lower zener impedance can be achieved. One, a higher wattage 
device can be used which allows for an increase in zener current of which will reduce the 
impedance. The other technique is to series lower voltage devices to obtain the desired 
equivalent voltage, so that the sum of the impedance is less than that for a single high voltage 
device. So to speak, this technique will kill two birds with one stone, as it can also be used 
to minimize temperature induced variations of the regulator. 

In most regulator applications, the single most detrimental factor affecting regulation is I that of variation in junction temperature. The junction temperature is a function of both the 
• ambient temperature and that of self heating. In order to illustrate how the overall tempera­

ture coefficient is improved with series lower voltage zener, a mathematical relationship can 
be developed. Consider the diagram of Figure 6-5. 

+ + 
RS 

'4~ Z1 

VI 
,,~ Z2 

~ RL V o 

"r" zn 

Figure 6-5. Series Zener Improve Dynamic Impedance and Temperature Coefficient 
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and!:J. VZ. Because of this small fluctuation of input to the second stage, and ifRL is constant, 
the biasing current of the TC units can be maintained at their specified level. This will give 
an output that is very precise and not significantly affected by changes in input voltage or 
junction temperature. 

+ 

VI 

RSl RS2 
';(Zl 

~, TCl 

';( Z2 
~~ 

RL 
.... '"' Z3 

" TC2 ~~ 

"r' 4 

Figure 6-6. Series Zeners Cascaded With Series Reference Diodes 
for Improved Zener Shunt Regulation 

+ 

V o 

The basic zener shunt regulator exhibits some inherent limitations to the designer. First 
of all, the zener is limited to its particular power dissipating rating which may be less than 
the required amount for a particular situation. The total magnitude of dissipation can be 
increased to some degree by utilizing series or parallel units. Zeners in series present few 
problems because individual voltages are additive and the devices all carry the same current 
and the extent that this technique can be used is only restricted by the feasibility of circuit 
parameters and cost. On the other hand, caution must be taken when attempting to parallel 
zener diodes. If the devices are not closely matched so that they all break over at the same 
voltage, the low voltage device will go into conduction first and ultimately carry all the 
current. In order to avoid this situation, the diodes should be matched for equal current 
sharing . 

• 
Extending Power and Current Range 

• The most common practice for extending the power handling capabilities of a regulator 
is to incorporate transistors in the design. This technique is discussed in detail in the follow­
ing sections of this chapter. The second disadvantage to the basic zener shunt regulator is 
that because the device does not have a gain function, a feedback system is not possible with 
just the zener resistor combination. For very precise regulators, the design will normally be 
an electronic circuit consisting of transistor devices for control, probably a closed loop 
feedback system with a zener device as the basic referencing element. 

The concept of regulation can be further extended and improved with the addition of 
transistors as the power absorbing elements to the zener diodes establishing a reference. 
There are three basic techniques used that combine zener diodes and transistors for voltage 
regulation. The shunt transistor type shown in Figure 6-7 will extend the power handling 
capabilities of the basic shunt regulator, and exhibit marked improvement in regulation. 
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when 

hence 

RS= 
VI(min) - VO(max) 

IZ(min) [l+hFE(min)] + IL(max) 

RB = VI(min) - VZ(max) 

IZ(min) 

PDZ = IZ(max) VZ(max) 

I [ 
VI(max) - VO(min) I ] 

Z(max) = Rs L(min) 

P [ 
V I(max) - V O(min) ] [ V Z(max) ) 

DZ = Rs IL(min) 1 + hFE(min) 

(6-22) 

(6-23) 

(6-24) 

(6-25) 

(6-26) 

(6-27) 

Regulation with this circuit is derived in essentially the same manner as in the shunt zener 
circuit, where the output impedance is low and the output voltage is a function of the 
reference voltage. The regulation is improved with this configuration because the small 
signal output impedance is reduced by the gain of Ql by lIhFE. 

• 
One other highly desirable feature of this type of regulator is that the output is somewhat 

• self compensating for temperature changes by the opposing changes in Vz and VBE for Vz 
<:: 10 volts. With the zener having a positive 2 m V ICC TC and the transistor base to emitter 
being a negative 2 mV/oC TC, therefore, a change in one is cancelled by the change in the 
other. Even though this circuit is a very effective regulator it is somewhat undesirable from 
an efficiency standpoint. Because the magnitude of RS is required to be large, and it must 
carry the entire input current, a large percentage of power is lost from input to output. 

Emitter Follower Regulator 

Another basic technique of transistor-zener regulation is that of the emitter follower type 
shown in Figure 6-8. 
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VZ=VO+VBE 

= va + IL(max)/gFE(min) @ IL(max) 

RS = VI(min) - Vz - V CE(min) @ IL(max) 

IL(max) 
(6-31) 

Where V CE(min) is an arbitrary value of minimum collector to emitter voltage and gFE 
is the transconductance. 

This is sufficient to keep the transistor out of saturation, which is usually about 2 volts. 

RB = V CE(min) @ IL(max) 

IL(max)/hFE(min) @ IL(max) + IZ(min) (6-32) 

VI(max)-VZ 
IZ(max) = RB + RZ 

(6-33) 

PDz = IZ(max) Vz (6-34) 

Actual PDQ = (VI(max) - Va) IL(max) (6-35) 

There are two primary factors that effect the regulation most in a circuit of this type. First 
of all, the zener current may vary over a considerable range as the input changes from 

6 minimum to maximum and this, of course, may have a significant effect on the value ofVZ 
and therefore YO. Secondly, Vz and VBE will both be effected by temperature changes 
which are additive on their effect of output voltage. This can be seen by altering equation 
(6-28) to show changes in Va as dependent on temperature, see equation (6-36). 

VO(~T) = ~T[(+TC) VZ-(-TC) VBE] (6-36) 

The effects of these detrimental factors can be minimized by replacing the bleeder resistor 
RB with a constant current source and the zener with a reference diode in series with a 
forward biased diode (see Figure 6-9). 
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voltage gain. There are three primary advantages gained with this configuration over the 
basic emitter follower: 

1. The increased voltage gain of the circuit with the addition of Q2 will improve regulation 
for changes in both load and input. 

2. The zener current excursions are reduced, thereby improving regulation. 
3. For certain voltages the configuration allows good temperature compensation by 

matching the temperature characteristics of the zener to the base-emitter junction of Q2. 

The series pass regulator is superior to the other transistor regulators thus far discussed. 
It has good efficiency, better stability and regulation, and is simple enough to be economical­
ly practical for a large percentage of applications. 

Employing Feedback for Optimum Regulation 

The regulators discussed thus far do not employ any feedback techniques for precise 
control and compensation and, therefore, find limited use where an ultra precise regulator 
is required. In the more sophisticated regulators some form of error detection is incorporated 
and amplified through a feedback network to closely control the power elements as illus­
trated in the block diagram of Figure 6-11. 

REGULATING 
r-- POWER 

ELEMENT 

I 
REFERENCE 

IN PUT CONTROL AMPLIFIER - AND LOAD OUTP 
UNIT ERROR 

UT 

DETECTION 

Figure 6-11. Block Diagram of Regulator with Feedback 

Regulating circuits of this type will vary in complexity and configuration from application 
to application. This technique can best be illustrated with a couple of actual circuits of this 
type. The feedback regulators will generally be some form of series pass regulator, for 
optimum performance and efficiency. A practical circuit of this type that is extensively 
utilized is shown in Figure 6-12. . 
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Figure 6-13. Series Pass Regulator with Temperature Compensated Reference Amplifier 

Vo 

Another variation of the feedback series pass regulator is shown in Figure 6-13. This 
circuit incorporates a stable temperature compensated reference amplifier as the primary 
control element. 

This circuit also employs error detection and amplified feedback compensation. It is an 
improved version over the basic series pass regulator shown in Figure 6-10. The series 
element is composed of a Darlington high gain configuration formed by Q I and Q2 for an 
improved regulation factor. The combined gain of the reference amplifier and Q3 is incorpo­
rated to control the series unit. This reduced the required collector current change of the 
reference amplifier to control the regulator so that the bias current remains close to the 

6 specified current for low temperature coefficient. Also the germanium diode DI will com­
pensate for the base to emitter change in Q3 and keep the reference amplifier collector 
biasing current fairly constant with temperature changes. Proper biasing of the zener and 
transistor in the reference amplifier must be adhered to if the output voltage changes are to 
be minimized. 

Constant Current Sources for Regulator Applications 

Several places throughout this chapter emphasize the need for maintaining a constant 
current level in the various biasing circuits for optimum regulation. As was mentioned 
previously in the discussion on the basic series pass regulator, the current limiter diode can 
be effectively used for the purpose. 

Aside from the current limiter diode a transistorized source can be used. A widely used 
technique is shown incorporated in a basic series pass regulator in Figure 6-14. 
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configuration for a zener diode voltage regUlating system. The zener impedance at 20 rnA 
of a 1N4740 diode is typically 2 ohms. If the supply voltage now changes from 30 V to 40 
V, the diode current determined by R1changes from 20 to 30 rnA; the average zener 
impedance becomes 1.9 ohms; and the reference voltage shifts by 19 m V. This represents 
a reference change of .19%, an amount far too large for an input change of 30% in most 
reference supplies. 

The effect of zener impedance change with current is relatively small for most input 
changes and will be neglected for this analysis. Assuming constant zener impedance, the 
zener voltage is approximated by 

V'z = Vz + Z(I'Z - IZ) 

where V'Z is the new zener voltage 
Vz is the former zener voltage 
I'Z is the new zener current 
IZ is the new zener current flowing at Vz 
RZ is the zener impedance 

Then AVZ = ZAIZ 

Let the input voltage VI in Figure 6-15 increase by an amount AVI 

ThenM= AVI-AVZ 
R1 

AlsoM= AVZ 
RZ 

Solving AVIRZ - AVZRZ - AVZR1 = 0 
AVZ = RZ 
AVI R1+RZ 

Or 

(6-37) 

(6-38) 

(6-39) 

(6-40) 

Equation 6-40 merely states that the change in reference voltage with input tends to zero 

6 when the zener impedance tends also to zero, as expected. 
The figure of merit equation can be applied to the circuits of Figure 6-16 and 6-17 to 

explain impedance cancellation. The Change Factor equations for each leg and the reference 
voltage VR are: 

AVZ RZ 
CFyZ=- = =RA 

AVI R1+RZ 

AV2 
CFV2= -

AVI 
= R3 -RB 

R2+R3 -

=RA-RB 
R2+R3 
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Figure 7-1. Basic Shunt Zener Transient Protection Circuit 

The maximum power dissipated by the zener is 

Vl(max)- Vz 
PZ(max) = IZ(max) VZ(max) = VZ(max) 

RS 
(7-2) 

Also, more than one device can be used, i.e., a series string, which will reduce the 
percentage of total power to be dissipated per device by a factor equal to the number of 
devices in series. The number of diodes required can be found from the following expression: 

PZ (allowable per device) 
Number = 

PZ(max) (7-3) 

Any fraction of a zener must be taken as the next highest whole number. This design 
discussion has been based upon the assumption that the transient is of a single shot, non­
recurrent type. For all practical purposes it can be considered non-recurrent if the "off 
period" between transients is at least four times the thermal time constant of the device. If 

6 
the "off period" is shorter than this, then the design calculations must include a factor for the 

. 
duty cycle. This is discussed in detail in Chapter 4. In Chapter 4 there are also some typical 
curves relating peak power, pulse duration and duty cycle that may be appropriate for some 
designs. 

Obviously, the factor that limits the feasibility of the basic zener shunt protective circuit 
is the pulse durations "t". As the duration increases, the allowable peak power for a given 
configuration decreases and will approach a steady state condition. 

When the anticipated transients expected to prevail for a specific situation are of long 
duration, a basic zener shunt becomes impractical, in such a case the circuit can be improved 
by using a complementary disconnect element. The most common overload protective 
element is without a doubt the standard fuse. The common fuse adequately protects circuit 
components from over-voltage surges, but at the same time must be chosen to eliminate 
"nuisance fusing" which results when the maximum current rating of the fuse is too close 
to the normal operational current of the circuit. 
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Figure 7-3. Fuse Current versus Supply Voltage 

Selection of the correct power rating of zener diodes to be used for surge protection 

6 
depends upon the magnitude and duration of anticipated surges. Often in circuits employing 
both fuses and zener diodes, the limiting surge duration will be the melting time of the fuse. 
This, in turn, depends on the nature of the load protected and the length of time it will tolerate 
an overload. 

As a first solution to the example problem, consider a zener diode with a nominal break­
down voltage of 110 volts measured at a test current (lZT) of 110 rnA. Since the fuse requires 
about 200 rnA to melt and 100 rnA are drawn through the load at this voltage, the load voltage 
will never exceed the zener breakdown voltage on slowly rising inputs. Transients producing 
currents of approximately 200 rnA but of shorter duration than 30 ms will simply be clipped 
by zener action and diverted from the load. Transients of very high voltage will produce 
larger currents and, hence, will melt the fuse more rapidly. In the limiting case where 
transient power might eventually destroy the zener diode, the fuse always melts first because 
of the slower thermal time constant inherent in the zener diode's larger geometry. 

The curves in Figure 7-4 illustrate the change in zener voltage as a function of changing 
current for a typical device type. 
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by R) to a value which may not be great enough to melt the fuse. The fault current could be 
sufficient, however, to damage the supply and other components in the load. 

The problem is resolved by employing a zener diode to protect against supply surges as 
described in the previous section, and by selecting a separate fuse to protect from load faults. 
The load fuse in Figure 7 -5 is chosen close to the normal operating current. Abnormal supply 
surges do not affect it and equipment operates reliably but with ample protection for the 
supply against load changes. 

POWER 
SUPPLY 

R 
SUPPLY 

FUSE 
LOAD 
FUSE 

r-----------------, 
I I 
I R I 
I I 

I 

C I 
I 
I 
I 
I L _________________ ~ 

LOAD 

Figure 7-5. Supply and Load with Zener Diode; Fuse Circuitry 

Zener Diodes and Reclosing Disconnect Elements 

An interesting application of zener diodes as overvoltage protectors, which offers the 
possibility of designing for both long and short duration surges, is shown in Figure 7-6. 

R RECLOSING 
CIRCUIT LOAD 

BREAKER 
~ IZ 

POWER 
SUPPLY ,,<"" 

"\ 

Figure 7-6. Zener Diode Reclosing Circuit Breaker Protective Circuit 

In the event of a voltage overload exceeding a chosen zener voltage, a large current will 
be drawn through the diode. The reclosing disconnect element opens after an interval deter­
mined by its time constant, and the supply is disconnected. After another interval, again 
depending on the switch characteristics, the supply is reconnected and the voltage "sampled" 
by the zener diode. This leads to an "on-off' action which continues until the supply voltage 
drops below the predetermined limit. At no time can the load voltage or current exceed that 
set by the zener. The chief advantage in this type of circuit is the elimination of fuse 
replacement in similar fusing circuits, while providing essentially the same load protection. 
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temperatures. as long as the supply voltage is greater than the zener voltage, as shown in 
Figure 7-7. 

The zener diode current and junction temperature variation are shown in the last two 
waveforms of Figure 7-7. Overvoltage durations longer than the trip time of the thermal 
breaker do not affect the diode .as the supply is disconnected. An overvoltage of much higher 
level simply causes the thermal breaker to open sooner. In effect, the zener diode rating must 
be high enough to ensure that maximum junction temperature is not reached during the 
longest interval that the thermal switch will be closed. 

Manufacturers of thermally operated circuit breakers publish current-time curves for their 
devices similar to that shown in Figure 7-8. By estimating the peak supply overvoltage and 
determining the maximum overvoltage tolerated by the load, an estimation of peak zener 
current can be made. The maximum breaker trip time may then be read from Figure 7-8. 
(After the initial current surge, the duration of "of' time is determined entirely by the breaker 
characteristics and will vary widely with manufacture.) The zener diode junction tempera­
ture rise during conduction may be calculated now from the thermal time constant of the 
device and the heatsink used. 

Because the reclosing circuit breaker is continually cycling on and off, the zener current 
takes on the characteristics of a repetitive surge, as can be seen in Figure 7-7. 
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Figure 7-8. Trip Time versus Current for Thermai Breaker 
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In order to assure safe operation, the change in zener junction temperature for the peak 
pulse conditions must be analyzed. In making the calculation, the method described in 
Chapter 4 should be used, taking into account duty cycle, pulse duration, and pulse magni­
tude. 

When the zener diode is connected between the collector and emitter of the transistor, 
additional power dissipation will result from the clipping of the ringing voltage of the 
ignition coil by the forward conduction of the zener diode. This power dissipation by .the 
forward diode current will result in additional zener voltage rise. It is not uncommon to 
observe a IS-volt rise above the zener device voltage rating due to temperature coefficient 
and impedance under these pulse current conditions. 

The zener diode should be connected as close as possible to the terminals of the transistor 
the zener is intended to protect. This insures that induced voltage transients, caused by 
current changes in long lead lengths, are clamped by the zener and do not appear across the 
transistor. 

Figure 7-13. DC-DC Converter with Surge Protecting Diodes 

Another example of overvoltage protection of transistor operating in an inductive load 
switch capacity is illustrated in Figure 7-13. The DC-DC converter circuit shows a connec­
tion from collector to emitter of two zener diodes as collector overvoltage protectors. With­
out some type of limiting device, large voltage spikes may appear at the collectors, due to 
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Figure 7-15. Meter Protection with Zener Diodes 

• 
Zener Diodes Used With SCRs For Circuit Protection 

An interesting aspect of circuit protection incorporating the reliable zener diode is the 
protective circuits shown in Figures 7-16 and 7-17. 

In a system that is handling large amounts of power, it may become impractical to employ 
standard zener shunt protection because of the large current it would be required to carry. 
The SCR crowbar technique shown in Figure 7 -16 can be effectively used in these situations. 
The zener diode is still the transient detection component, but it is only required to carry the 
gate current for SCR turn on, and the SCR will carry the bulk: of the shunt current. Whenever 
the incoming voltage exceeds the zener voltage, it avalanches, supplying gate drive to the 
SCR which, when fired, causes a current demand that will trip the circuit breaker. The 
resistors shown are for current limiting so that the SCR and zener ratings are not exceeded. 

The circuit of Figure 7 -17 is designed to disconnect the supply in the event a specified load 
current is exceeded. This is done by means of a series sense resistor and a compatible zener 
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The design of the suppressor-fuse combination for the required level of protection follows 
the techniques for conventional zeners discussed earlier in this chapter. 

Transient Suppression Characteristics 

Zener diodes, being nearly ideal clippers (that is, they exhibit close to an infinite imped­
ance below the clipping level and close to a short circuit above the clipping level), are often 
used to suppress transients. In this type of application, it is important to know the power 
capability of the zener for short pulse durations, since they are intolerant of excessive stress. 

Some Motorola data sheets such as the ones for devices shown in Table 7-1 contain short 
pulse surge capability. However, there are many data sheets that do not contain this data and 
Figure 7-18 is presented here to supplement this information. 

Table 7-1. Transient Suppressor Diodes 

Series Numbers Steady State Power Package Description 

1N4728A 1W 00-41 Double Slug Glass 

1N6267A 5W Case 41A-02 Axial Lead Plastic 

1N5333B 5W Case 17-02 Surmetic 40 

1 N746A1957B/4370A 500mW 00-35 Double Slug Glass 

1N5221B 500mW 00-35 Double Slug Glass 

Some data sheets have surge information which differs slightly from the data shown in 
Figure 7-18. A variety of reasons exist for this: 

1. The surge data may be presented in terms of actual surge power instead of nominal 
power. 

2. Product improvements have occurred since the data sheet was published. 
3. Large dice are used, or special tests are imposed on the product to guarantee higher rat­

ings than those shown in Figure 7-18. 
4. The specifications may be based on a JEDEC registration or part number of another 

6 
' manufacturer. 

The data of Figure 7 -18 applies for non-repetitive conditions and at a lead temperature of 
25°C. If the duty cycle increases, the peak: power must be reduced as indicated by the curves 
of Figure 7-19. 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. 

When it is necessary to use a zener close to surge ratings, and a standard part having 
guaranteed surge limits is not suitable, a special part number may be created having a surge 
limit as part of the specification. Contact your nearest Motorola OEM sales office for 
capability, price, delivery, and minimum order quantities. 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

6-7-16 



a: 
~ 
~. 
L.L.; 

(!) 
z 
~ 
a: w 
Cl 

0.7 ............ 

0.5 

0.3 

0.2 

0.1 

0.07 

0.05 

0.03 

0.02 

0.01 
0.1 

" 
-.... -r--.... 

" ........... 

I" ." 

0.2 

....... 
i"""'-- I' ...... r--.... 

""'" "-
r... .......... ~ 

'" ~~ ........ 
......... 

........ 
"'-I\. r-... "-

" .r--.. " ...... r-. 

'r-.. ',- PULSE WIDTH 

'-, I 

"- 10ms 

"- " 
"- , ....... 

1 ms ., 
" ....... 

"- " ....... 

1"- t\ , 

" "- ~OOIlS "-
'r-.. 10 jlS 

0.5 2 5 10 20 50 100 

D, DUTY CYCLE (%) 

Figure 7-19. Typical Derating Factor for Duty Cycle 

For modeling purposes, an approximation ·of the zener resistance is needed. It is obtained 
from: 

_ _ V=Z(~n:..:...om=)::...:.(F_C=--_l,-) _ (7 -7) 
RZ(nom) = 

PPK(nom) I VZ(nom) 

II The value is approximate because both the clamping factor and the actual resistance are 
a function of temperature. 

Circuit Considerations 

It is important that as much impedance as circuit constraints allow be placed in series with 
the zener diode and the components to be protected. The result will be a lower clipping 
voltage and less zener stress. A capacitor in parallel with the zener is also effective in 
reducing the stress imposed by very short duration transients. 

To illustrate use of the data, a common application will be analyzed. The transistor in 
Figure 7-20 drives a 50 mH solenoid which requires 5 amperes of current. Without some 
means of clamping the voltage from the inductor when the transistor turns off, it could be 
destroyed. 
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L-_____________ TIME 

VIN BOTH CIRCUITS 
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(OUTPUT OF FIGURE 8-1 a) 

L ___ ~==============:+ TIME 
VOUT BASE SENSE 

V02 

(OUTPUT OF FIGURE 8-1b) 

t=:=======-________ TIME 

VOUT EMITIER SENSE 

Figure 8-2_ Outputs of Transistor-Zener Voltage Sensing Circuits 

The emitter sense circuit of Figure 8-1 b operates as follows: When the input is low the 
voltage drop across . .R3 (the output) is negligible_ As the input voltage increaseS the voltage 
drop across R2 biases the zener into conduction and forward biases the base-emitter junction. 
A large voltage drop across R3 (the output voltage) is equal to the product of the collector I current times the resistance, R3. ·The following relationships indicate the basic operating 

• conditions for the circuits in Figure 8-1. 

Circuit ! ~tUT = VIN~:;~ = VIN 
8-1a 

Low 
VOUT = VIN - ICR3 = VCE(sat) 

! ~~~T = VIN - Vz - VCE(off) = ICOR3 
8-1b 

High 
VOUT = VIN - VCE(sat) = ICR3 

In addition, the basic circuits of Figure 8-1 can be rearranged to provide inverse output. 
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Figure 8-4. Complete Solid State Alternator Voltage Regulator 
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RS 

Figure 8-5. Alternator Regulator With Emitter Sensor 

ALTERNATOR 
OUTPUT 

ALTERNATOR 
FIELD 

A schematic of a complete alternator voltage regulator is shown in Figure 8-4. 
It is also possible to perform the alternator regulation function with the sensing element 

in the emitter of the control transistor as shown in Figure 8-5. 
In this configuration, the sensing circuit is composed of Z 1 and Q 1 with biasing compo­

nents. It is similar to the sensing circuit shown in Figure 8-1 b. The potentiometer Rl adjusts 
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Figure 8-7. UJT - NO GO Output, NO GO for Low VIN - GO for High VIN 

The circuit of Figure 8-7, is a clamped base UJT oscillator. In this circuit VBB is clamped 
at a voltage Vz and the emitter tied to a voltage dividing network by a diode Dl. When the 
input voltage is low, the voltage drop across R2 is less than V p. The forward biased diode 
holds the emitter below the trigger level. As the input increases, the R2 voltage drop ap­
proaches V p. The diode Dl becomes reversed biased and, the UJT triggers. This phenome­
non establishes the operating criterion that the circuit is NO GO at a low input and GO at 
an input higher than the clamp voltage. Therefore, the circuit~ in Figures 8-6 and 8-7 are both 
input voltage sensitive, but have opposite input requirements for a GO condition. To illus­
trate the usefulness of the clamped UJT relaxation oscillators, the following two sections 
show them being used in practical applications. 

Battery Voltage Sensitive SCRCharger 

A clamped emitter unijunction sensing circuit of the type shown in Figure 8-6 makes a 

6 
. very good battery charger (illustrated in Figure 8-8). This circuit will not operate until the 
battery to be charged is properly connected to the charger. The battery voltage controls the 

. charger and will dictate its operation. When the battery is properly charged, the charger will 
cease operation. 

The battery charging current is obtained through the controlled rectifier. Triggering pulses 
for the controlled rectifier are generated by unijunction transistor relaxation oscillator (Fig­
ure 8-9). This oscillator is activated when the battery voltage is low. 

While operating, the oscillator will produce pulses in the pulse transformer connected 
across the resistance, RGe (RGe represents the gate-to-cathode resistance of the controlled 
rectifier), at a frequency determined by the resistance, capacitance, R.e. time delay circuit. 

Since the base-to-base voltage on the unijunction transistor is derived from the charging 
battery, it will increase as the battery charges. The increase in base-to-base voltage of the 
unijunction transistor causes its peak point voltage (switching voltage) to increase. These 
waveforms are sketched in Figure 8-9 (this voltage increase.will tend to change the pulse 
repetition rate, but this is not important). 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

6-8-6 



I 

When the peak point voltage (switching voltage) of the unijunction transistor exceeds the 
breakdown voltage of the Zener diode, Z I, connected across the delay circuit capacitor, C 1, 
the unijunction transistor ceases to oscillate. If the relaxation oscillator does not operate, the 
controlled rectifier will not receive trigger pulses and will not conduct. This indicates that 
the battery has attained its desired charge as set by R2. 

The unijunction cannot oscillate unless a voltage somewhere between 3 volts and the 
cutoff setting is present at the output terminals with polarity as indicated. Therefore, the SCR 
cannot conduct under conditions of a short circuit, an open circuit, or a reverse polarity 
connection to the battery. 

Alternator Regulator for Permanent Magnet Field 

In alternator circuits such as those of an outboard engine, the field may be composed of 
a permanent magnet. This increases the problem of regulating the output by limiting the 
control function to opening or shorting the output. Because of the high reactance source of 
most alternators, opening the output circuit will generally stress the bridge rectifiers to a very 
high voltage level. It is, therefore, apparent that the best control function would be shorting 
the output of the alternator for regulation of the charge to the battery. 

Figure 8-10 shows a permanent magnet alternator regulator designed to regulate a 15 
ampere output. The two SCRs are connected on the ac side of the bridge, and short out the 
alternator when triggered by the unijunction voltage sensitive triggering circuit. The sensing 
circuit is of the type shown in Figure 8-7. The shorted output does not appreciably increase 
the maximum output current level. 

A single SCR could be designed into the dc side of the bridge. However, the rapid tum-off 
requirement of this type of circuit at high alternator speeds makes this circuit impractical. 

MCR 
2304-2 

T1 

ALT. 
OUT 

~II 

CORE: ARNOLD no. 4T5340 01 001 
PRIMARY 125 TURNS AWG 36 
SEC no. 1 125 TURNS AWG 36 
SEC no. 2 125 TURNS AWG 36 
TRIFILAR WOUND 

2000 
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MDA2500 Tl 
2N2646 
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Figure 8-10. Permanent Magnet Field Alternator Regulator 
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If, for example, the input is variable from 24 to 28 volts, a 30 voltmeter would normally 
be required. Unfortunately, a 4 volt range of values on a 30 volt scale utilizes only 13.3% 
of the meter movement - greatly limiting the accuracy with which the meter can be read. 
By employing a 20 volt zener, one can use a 10 voltmeter instead of the 30 volt unit, thereby 
utilizing 40% of the meter movement instead of 13.3% with a corresponding increase in 
accuracy and readability. For ultimate accuracy a 24 volt zener could be combined with a 
5 voltmeter. This combination would have the disadvantage of providing little room for 
voltage fluctuations, however. 

In Figure 8-13, a number of sequentially higher-voltage Zener sense circuits are cascaded 
to actuate transistor switches. As each goes into avalanche its respective switching transistor 
is turned on, actuating the indicator light for that particular voltage level. This technique can 
be expanded and modified to use the zener sensors to actuate some form of logic system. 

INPUT 

R3 

Figure 8-13. Sequential Voltage Level Indicator 
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where BS1A1 is the flux capacity of T1 transformer core. The effect on output frequency 
ofVBE variations due to changing load or temperature can be reduced by using a zener diode 
in series with VBE as shown in Figure 9-1. For this circuit, the output frequency is given by 

f= (VBE + Vz) x 108 
4BS1A1NB 

If VBE is small compared to the zener voltage VZ, good frequency accuracy is possible. 
For ~xample, with Vz = 9.1 volts, a 40 Watt inverter using 2N3791 transistors (operating 
from a 12 volt supply), exhibited frequency regulation of ±2% with ±25% load variation. 

Care should be taken not to exceed V (BR)EBO of the non-conducting transistor, since the 
reverse emitter-base voltage will be twice the introduced series voltage, plus VBE of the 
conducting device. 

Transformer T2 should not saturate at the lowest inverter frequency. 
Inverter starting is facilitated by placing a resistor from point A to B 1 or a capacitor from 

A to B2. 

Simple Square Wave Generator 
The zener diode is widely used in wave shaping circuits; one of its best known applications 

is a simple square wave generator. In this application, the zener clips sinusoidal waves 
producing a square wave such as shown in Figure 9-2a. In order to generate a wave with 
reasonably vertical sides, the ac voltage must be considerably higher than the zener voltage. 

Clipper diodes with opposing junctions built into the device are ideal for applications of 
the type shown in Figure 9-2b. 

(a). Single Zener Diode Square Wave Generator 

R 

A.C.INPUT OUTPUT 

ZENER 
VOLTAGE 

FORWARD 
DROP 
VOLTAGE 

ZENERZ1 
VOLTAGE 

ZENERZ2 
VOLTAGE 

(b). Opposed Zener Diodes Square Wave Generator 
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\ 
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Figure 9-2. Zener Diode Square Wave Generator 
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Figure 2. Typical Derating Factor for Duty Cycle 

MATHEMATICAL MODEL 

Since the power shown on the curves is not the actual 
transient power measured, but is the product of the peak 
current measured and the nominal zener voltage mea­
sured at the current used for voltage classification, the 
peak current can be calculated from: 

IZ(PK) = P(PK) 
VZ(NOM) 

(1 ) 

The peak voltage at peak current can be calculated 
from: 

VZ(PK) = Fe x VZ(NOM) (2) 

where Fe is the clamping factor. The clamping factor is 
approximately 1 .20 for all zener diodes when operated 
at their pulse power limits. For example, a 5 watt, 20 volt 
zener can be expected to show a peak voltage of 24 
volts regardless of whether it is handling 450 watts for 
0.1 ms or 50 watts for 10 ms. This occurs because the 
voltage is a function of junction temperature and IR drop. 
Heating of the junction is more severe at the longer 
pulse width, causing a higher voltage component due to 
temperature which is roughly offset by the smaller IR 
voltage component. 

For modeling purposes, an approximation of the zen-

• .. , ~-~:(::~~. Itv::;:~7' (3) 

PPK(NOM)NZ(NOM) 

The value is approximate because 'both the clamping 
factor and the actual resistance are a function oftemper-
ature. 

CIRCUIT CONSIDERATIONS 

It is important that as much impedance as Circuit con­
straints allow be placed in series ,with the zener diode 
and the components to be protected. The result will be 
a lower clipping voltage and less zener stress. A capaci­
tor in parallel with the zener is also effective in reducing 
the stress imposed by very short duration transients. 

To illustrate use of the data, a common application will 
be analyzed. The transistor in Figure 3 drives a 50 mH 
solenoid which requires 5 amperes of current. Without 
some means of clamping the voltage from the inductor 
when the transistor turns off, it could be destroyed. 

r*.., 
~26VdC 

~~ l' 50mH,5Q 

10ms----l ~ . _-b --I I I-- 25 --

Figure 3. Circuit Example 
Used to select a zener diode having the proper voltage and power 

capability to protect the transistor. 

The means most often used to solve the problem is to 
connect an ordinary rectifier diode across the coil; how­
ever, this technique may keep the current circulating 
through the coil for too long a time. Faster switching is 
achieved by allowing the voltage to rise to a level above 
the supply before being clamped. The voltage rating of 
the transistor is 60 V, indicating that approximately a 50 
volt zener will be required. 

The peak current will equal the on-state transistor 
current (5 amperes) and will decay exponentially as 
determined by the coil UR time constant (neglecting the 
zener impedance). A rectangular pulse of width UR 
(0.01 sec) and amplitude of IPK (5 A) contains the same 
energy and may be used to select a zener diode. The 
nominal zener power rating therefore must exceed (5 A 
x 50) = 250 watts at 10 ms and a duty cycle of 0.01/2 = 
0.5%. From Figure 2, the duty cycle factor is 0.62 mak­
ing the single pulse power rating required equal to 
250/0.62 = 403 watts. From Figure 1, one ofthe 1 N6267 
series zeners has the required capability. The 1 N6287 
is specified nominally at 47 volts and should prove satis­
factory. 

Although this series has specified maximum voltage 
limits, equation 3 will be used to determine the maximum 
zener voltage in order to demonstrate its use. 

R = 47(1.20-1) _ ~ _ 
Z 500/47 - 10.64 - 0.9Q 

At 5 amperes, the peak voltage will be 4.5 volts above 
nominal or 51.5 volts total which is safely below the 60 
volt transistor rating. 
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Figure 2. Situation Where Transformer Capacitance Causes a Transient 

TRANSFORMER PRIMARY 
BEING DE-ENERGIZED 

If the transformer is driving a high impedance load, 
transients of more than ten times normal voltage can be 
created at the secondary when the primary circuit of the 
transformer is opened during zero-voltage crossing of 
the ac line. This is due to the interruption of the trans­
former magnetizing current which causes a rapid col­
lapse of the magnetic flux in the core. This, in turn, 
causes a high voltage transient to be coupled into the 
transformer's secondary winding (Figure 3). 

-IE-
SWITCH 

Ac~~II· 
LINE 0 ~ 

Transients produced by interrupting transformers 
magnetizing current can be severe. These transients 
can destroy a rectifier diode or filter capacitor if a low 
impedance discharge path is not provided. 

SWITCH "ARCING" 

When a contact type switch opens and tries to inter­
rupt current in an inductive circuit, the inductance tries 
to keep current flowing by charging stray capacitances. 
(See Figure 4.) 

LOAD 

LINE 
VOLTAGE 

MAGNETIZING 
CURRENT AND 

FLUX 

SECONDARY 
VOLTAGE 

II~ I I I I 

~~SWITCH 
OPENED 

Figure 3. Typical Situation Showing Possible Transient When Interrupting 
Transformer Magnetizing Current 
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TRANSIENT 
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Figure 4. Transients Caused by Switch Opening 
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The type of device under test determines which wave­
shape in Figure 6 is more appropriate. The voltage wa­
veform is normally used for insulation voltage withstand 
tests and the current waveform is usually used for dis­
charge current tests. 

RANDOM TRANSIENTS 
The source powering the circuit or system is frequent­

ly the cause of transient induced problems or failures. 
These transients are difficult to deal with due to their 
nature; they are totally random and it is difficult to define 
their amplitude, duration and energy content. These 
transients are generally caused by switching parallel 
loads on the same branch of a power distribution system 
and can also be caused by lightning. 

20 
'\ 

AC POWER LINE TRANSIENTS 
Transients on the ac power line range from just above 

normal voltage to several kV. The rate of occurrence of 
transients varies widely from one branch of a power 
distribution system to the next, although lOW-level tran­
sients occur more often than high-level surges. 

Data from surge counters and other sources is the 
basis for the curves shown in Figure 7. This data was 
taken from unprotected (no voltage limiting devices) cir­
cuits meaning that the transient voltage is limited only by 
the sparkover distance of the wires in the distribution 
system. 
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he discharge currents of Category II were obtained 
from simulated lightning tests and field experience with 
suppressor performance. 

The surge currents in Category I are less than in Cate­
gory II because ofthe increase in surge impedance due 
to the fact that Category I is further away from the ser­
vice entrance. 

Category III can be compared to the "High Exposure" 
situation in Figure 7. The limiting effect of sparkover is 
not available here so the transient voltage can be quite 
large. 

LIGHTNING TRANSIENTS 

There are several mechanisms in which lightning can 
produce surge voltages on power distribution lines. One 
ofthem is a direct lightning strike to a primary (before the 
substation) circuit. When this high current, that is in­
jected into the power line, flows through ground resis­
tance and the surge impedance of the conductors, very 
large transient voltages will be produced. If the lightning 
misses the primary power line but hits a nearby object 
the lightning discharge may also induce large voltage 
transients on the line. When a primary circuit surge ar­
rester operates and limits the primary voltage the rapid 
dv/dt produced will effectively couple transients to the 
secondary circuit through the capacitance of the trans­
former (substation) windings in addition to those 
coupled into the secondary circuit by normal transform­
er action. If lightning struck the secondary circuit directly, 
very high currents may be involved which would exceed 

the capability of conventional surge suppressors. Light­
ning ground current flow resulting from nearby direct to 
ground discharges can couple onto the common ground 
impedance paths of the grounding networks also caus­
ing transients. 

AUTOMOTIVE TRANSIENTS 

Transients in the automotive environment can range 
from the noise generated by the ignition system and the 
various accessories (radio, power window, etc.) to the 
potentially destructive high energy transients caused by 
the charging (alternator/regulator) system. The automo­
tive "Load Dump" can cause the most destructive tran­
sients; it is when the battery becomes disconnected 
from the charging system during high charging rates. 
This is not unlikely when one considers bad battery 
connections due to corrosion or other wiring problems. 
Other problems can exist such as steady state overvol­
tages caused by regulator failure or 24 V battery jump 
starts. There is even the possibility of incorrect battery 
connection (reverse polarity). 

Capacitive and/or inductive coupling in wire har­
nesses as well as conductive coupling (common 
ground) can transmit these transients to the inputs and 
outputs of automotive electronics. 

The Society of Automotive Engineers (SAE) docu­
mented a table describing automotive transients (see 
Table 2) which is useful when trying to provide transient 
protection. 

Table 2. Typical Transients Encountered in the Automotive Environment 

Length of 
Transient 

Steady State 

5 Minutes 

4.5-100ms 

";0.32s 

";0.2 s 

90ms 

1 ms 

15 J1s 

Energy Capability 
Cause 

Voltage Amplitude 

~ 

Failed Voltage Regulator 
+18V 

~ 

Booster starts with 24 V battery 
±24V 

Load Dump - i.e., disconnection of battery during ,,10 J 
high charging rates 

";125V 

<1J 
Inductive Load Switching Transient 

-300 V to +80 V 

< 1 J 
Alternator Field Decay 

-100 V to -40 V 

Ignition Pulse < 0.5J 
Disconnected Battery 

,,;75V 

<1J 
Mutual Coupling in Harness 

,,;200 V 

< 0.001 J 
Ignition Pulse Normal 

3V 

Accessory Noise ";1.5V 

Transceiver Feedback ~20mV 
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Possible Frequency 
of Application 

Infrequent 

Infrequent 

Infrequent 

Often 

Each Turn·Off 

,,;500 Hz 
Several Times in 
vehicle life 

Often 

";500 Hz 
Continuous 

50 Hz to 10 kHz 

R.F. 



Most zeners handle less than their rated power during 
normal applications and are designed to operate most 
effectively at this low level. Zener transient suppressors 
such as the Motorola 1 N6267 Mosorbseries are de­
signed to take large, short duration power pulses. 

This is accomplished by enlarging the chip and the 
effective junction area to withstand the high energy 
surges. The package size is usually kept as small as 
possible to provide space efficiency in the circuit layout, 
and since the package does not differ greatly from other 
standard zener packages, the steady state power dissi­
pation does not differ greatly. 

Some data sheets contain information .on short pulse 
surge capability. When this information is not available 
for Motorola devices, Figure 8 can be used. This data 
applies for non-repetitive conditions with a lead temper­
ature of 25°e. 

It is necessary to determine the pulse width and peak 
power of the transient being suppressed when using 
Figure 8. This can be done by taking whateverwaveform 
the transient is and approximating it with a rectangular 
pulse with the same peak power. For example, an expo­
nential discharge with a 1 ms time constant can be ap­
proximated by a rectangular pulse 1 ms wide that has 
the same peak power as the transient. This would be a 
better approximation than a rectangular pulse 10 ms 
wide with a correspondingly lower amplitude. This is 
because the heating effects of different pulse width 
lengths affect the power handling capability, as can be 
seen by Figure 8. This also represents a conservative 
approach because the exponential discharge will con­
tain = 1/2 the energy of a rectangular pulse with the 
same pulse width and amplitude. . 
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5 

Figure 8. Peak Power Ratings of Zener Diodes 

When used in repetitive applications, the peak power 
must be reduced as indicated by the curves of Figure 9. 
Average power must be derated as the lead or ambient 
temperature exceeds 25°e. The power derating curve 
normally given on data sheets can be normalized and 
used for this purpose. 
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Figure 9. Typical Derating Factor for Duty Cycle 

The peak zener voltage during the peak current ofthe 
transient being suppressed can be related to the nomi­
nal zener voltage (Eqtn 1) by the clamping factor (Fe). 

Eqtn 1: VZ(pK) = Fe (VZ(nom)) 

Unless otherwise specified Fe is approximately 1.20 
for zener diodes when operated at their pulse power 
limits. 
, For example, a 5 watt, 20 volt zener can be expected 

to show a peak voltage of 24 volts regardless of whether 
it is handling 450 watts for 0.1 ms or 50 watts for 10 ms. 
(See Figure 8.) 

This occurs because the zener voltage is a function 
of both junction temperature and IR drop. Longer pulse 
widths cause a greater junction temperature rise than 
short ones; the increase in junction temperature slightly 
increases the zener voltage. This increase in zener volt­
age due to heating is roughly offset by the fact that 
longer pulse widths of identical energy content have 
lower peak currents. This results in a lower IR drop 
(zener voltage drop) keeping the clamping factor rela­
tively constant with various pulse widths of identical en­
ergy content. 

An approximation of zener impedance is also helpful 
in the design of transient protection circuits. The value 
of RZ(nom) (Eqtn 2) is approximate because both the 
clamping factor and the actual resistance is a function 
of temperature. 

v2Z(nom) (Fe -1) 
Eqtn 2: RZ(nom) = PpK(nom) 

VZ(nom) = Nominal Zener Voltage 
PpK(nom) = Found from Figure 8 when device type and 
pulse width are known. For example, from Figure 8 a 
1 N6267 zener suppressor has a PpK(nom) of 1.5 kWat 
a pulse width of 1 ms. 

As seen from equation 2, zeners with a larger PpK(nom) 
capability will have a lower RZ(nom). 
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PHOTO 3 
Zener (27 V) 
Vert: 10 Vldiv 
Horiz: 0.5 ms/div 
Transient Source Impedance: 500 n 
Vpeak= 27 V 

PHOTO 4 
MOV (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 
Transient Source Impedance: 50 n 
Vpeak = 44.7 V 

PHOTOS 
Zener (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 
Transient Source Impedance: 50 n 
Vpeak =27 V 
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As can be seen by the photographs, the Zener sup­
pressor has significantly better voltage clamping char­
acteristics than the MOV even though that particular 
Zener has less than one-fourth the energy capability of 
the MOV it was compared with. However, the energy 
rating can be misleading because it is based on the 
clamp voltage times the surge current, and when using 
an MOV, the high impedance results in a fairly high 
clamp voltage. The major tradeoff with using a zener 
type suppressor is its cost versus power handling capa­
bility, but since it would take an "oversized" MOV to 
clamp voltages (suppress transients) as well as the zen­
er, the MOV begins to lose its cost advantage. 

If a transient should come along that exceeds the 
capabilities of the particular Zener, or MOV, suppressor 
that was chosen, the load will still be protected, since 
they both fail short. 

The theoretical reaction time for Zeners is in the pico­
second range, but this is slowed down somewhat with 
lead and package inductance. The 1 N6267 Mosorb se­
ries of transient suppressors have a typical response 
time of less than one nanosecond. For very fast rising 
transients it is important to minimize external induc­
tances (due to wiring, etc.) which will minimize over­
shoot. 

Connecting Zeners in a back-to-back arrangement· 
will enable bidirectional voltage clamping characteris­
tics. (See Figure 10.) 

If Zeners A and B are the same voltage, a transient of 
either polarity will be clamped at approximately that volt­
age since one Zener will be in reverse bias mode while 
the other will be in the forward bias mode. When clamp­
ing low voltage it may be necessary to consider the 
forward drop of the forward biased Zener. 

The typical protection circuit is shown in Figure 11 a. 
In almost every application, the transient suppression 
device is placed in parallel with the load, or component 
to be protected. Since the main purpose of the circuit is 

PHOTOg 
Zener (27 V) 
Vert: 10 V/div 
Horiz: 0.5 ms/div 
Transient Source Impedance: 0.55 Q 
Vpeak: 30.2 V . 
Peak Power: Approx 2000 Wpeak 
(The limit of this device's capability) 

to clamp the voltage appearing across the load, the 
suppressor should be placed as close to the load as 
possible to minimize overshoot due to wiring (or any 
inductive) effect. (See Figure 11b.) 

Figure 10. Zener Arrangement for 
Bidirectional Clamping 

Figure 11a. Using Zener to Protect Load 
Against Transients 

_______ .~ ____ TRANSIENT 
INPUT 

PEAK VOLTAGE 
ZENER ----\--- DUE TO OVERSHOOT 

VOLTAGE -1~~'---\ 

Figure 11 b. Overshoot Due to Inductive Effect 
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IMPORTANT SPECIFICATIONS FOR 
MOSORB PROTECTIVE DEVICES 

Typically, a Mosorb suppressor is used in parallel with 
the components or circuits being protected (Figure 1), 
in order to shunt the destructive energy spike, or surge, 
around the more sensitive components. It does this by 
avalanching at its "breakdown" level, ideally represent­
ing an infinite impedance at voltages below its rated 
breakdown voltage, and essentially zero impedance at 
voltages above this level. 

In the more practical case, there are three voltage 
specifications of significance, as shown in Figure 1a. 

a) VRWM is the maximum reverse stand-off voltage 
at which the Mosorb is cut off and its impedance 
is at its highest value - that is, the current 
through the device is essentially the leakage 
current of a back-biased diode. 

b) V(BR) is the breakdown voltage - a voltage at 
which the device is entering the avalanche re­
gion, as indicated by a slight (specified) rise in 
current beyond the leakage current. 

c) VRSM is the maximum reverse voltage (clamping 
voltage) which is defined and specified in con­
junction with the maximum reverse surge cur­
rent so as not to exceed the maximum peak 
power rating at a pulse width (tp) of 1 ms (indus­
try std time for measuring surge capability). 

In practice, the Mosorb is selected so that its VRWM 
is equal to or somewhat higher than the highest operat­
ing voltage required by the load (the circuits or compo­
nents to be protected). Under normal conditions, the 
Mosorb is inoperative and dissipates very little power. 
When a transient occurs, the Mosorb converts to a very 
low dynamic impedance and the voltage across the 
Mosorb becomes the clamping voltage at some level 
above V(SR). The actual clamping level will depend on 
the surge current through the Mosorb. The maximum 
reverse surge current (lRSM) is specified on the Mosorb 
data sheets at 1 ms and for a logrithmically decaying 
pulse waveform. The data sheet also contains curves to 
determine the maximum surge current rating at other 
time intervals . 

Typically, Mosorb devices have a built-in safety 
margin at the maximum rated surge current because the 
clamp voltage, VRSM, is itself, guardbanded. Thus, the 
parts will be operating below their maximum pulse­
power (Ppk) rating even when operated at maximum 
reverse surge current). 

If the transients are random in nature (and in many 
cases they are), determining the surge-current level can 
be a problem. The circuit designer must make a reason-

able estimate of the proper device to be used, based on 
his knowledge of the system and the possible transients 
to be encountered. (e.g., transient voltage, source im­
pedance and time, or transient energy and time are 
some characteristics that must be estimated). Because 
of the very low dynamic impedance of Mosorb devices 
in the region between V (SR) and VRSM, the maximum 
surge current is dependent on, and limited by the exter­
nal circuitry. 

In cases where this surge current is relatively low, a 
conventional zener diode could be used in place of a 
Mosorb or other dedicated protective device with some 
possible savings in cost. The surge capabilities most of 
Motorola's zener diode lines are discussed in Motorola's 
Application Note AN784. 

In the data sheets of some protective devices, the 
parameter for response time is emphasized. Response 
time on these data sheets is defined as the time required 
for the voltage across the protective device to rise from 
o to V(BR), and relates primarily to the effe::tive series 
impedance associated with the device. Tlds effective 
impedance is somewhat complex and changes drasti­
cally from the blocking mode to the avalanche mode. In 
most applications (where the protective device shunts 
the load) this response time parameter becomes virtual­
ly meaningless as indicated by the waveforms in Figures 
1 band 1 c. If the response time as defined is very long, 
it still would not affect the performance of the surge 
suppressor. 

However, if the series inductance becomes apprecia­
ble, it could result in "overshoot" as shown in Figure 1d 
that would be detrimental to circuit protection. In Mosorb 
devices, series inductance is negligible compared to the 
inductive effects of the external circuitry (primarily lead 
lengths). Hence, Mosorbs contribute little or nothing to 
overshoot and, in essence, the parameter of response 
time has very little significance. However, care must be 
exercised in the design of the external circuitry to mini­
mize overshoot. 

SUMMARY 

In selecting a protective device, it is importantto know 
as much as possible about the transient conditions to be 
encountered. The most important device parameters 
are reverse working voltage (VRWM), surge current 
(lRSM), and clamp voltage (VRSM). the product of 
VRSM and IRSM yields the peak power dissipation, 
which is one of the prime categories for device selection. 

The selector guide, in this book, gives a broad over­
view of the Mosorb transient suppressors now available 
from Motorola. For more detailed information, please 
contact your Motorola sales representative or distribu­
tor. 
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TYPICAL MOSORB APPLICATIONS 

DC Power Supplies Input/Output Regulator Protection 
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The Rectangular Current Surge Suppressor Test .Cir­
cuit to be described addresses these questions by im­
plementing and measuring the rectangular current ca­
pability of the suppressor and determining the device 
junction temperature T J shortly after the end of the 
surge current pulse. Knowing T J, the energy to the OUT 
can be limited just short of failure and thus a complete 
surge curve generated with only one, or a few OUTs 
(Figure 6). Second, with the junction temperature 
known, a reliability factor can be determined for a practi­
cal application. 

CIRCUIT OPERATION FOR THE 
RECTANGULAR CURRENT TESTER 

The Surge Suppressor Test Circuit block diagram is 
shown in Figure 2 with the main blocks being the Con­
stant Current Amplifier supplying IZ to the OUT (a zener 
diode in this instance) during the power pulse and the 
Diode Forward Current Switch supplying IF during the 
temperature sensing time. These two pulses are applied 
sequentially, first the much larger IZ, and then the very 
small sense current IF. During the IF time, the forward 
voltage VF of the diode is measured from which the 
junction temperature of the zener diode can be deter­
mined. This is simply done by calibrating the forward 
biased OUT with a specified low value of IF in a tempera­
ture chamber, one point at 25°C and a second point at 
some elevated temperature. The result is the familiar 
diode forward voltage versus temperature linear plot 
with a slope of about -2 mVrC for typical diodes (Figure 
7a). Comparing the plot with the test circuit measured 
VF yields the OUT junction temperature for that particu­
lar pulse width and IZ (Figure 7b). 

Figure 2. Surge Suppressor Test 
Circuit Block Diagram 

The System Clock, Pulse Generator, the several mo­
nostable multivibrators (25 Ils Blanking, Sample Pulse 
and 300 J.LS Sense MVs) and Gate are fashioned from 
three CMOS gate ICs. The remaining blocks are the 

Sample and Hold (StH) circuit and twb detectors for 
determining the status of failed OUTs, either shorted 
devices or open. 

Shown in Figures 3 and 4 respectively, are the com­
plete circuit and significant waveforms. Clocking for the 
system is derived from a CMOS, two inverters, astable 
MV (gates 1A and 1B) whose output triggers the two 
input NOR gate configured monostable MV (gates 1 C 
and 1 D) to produce the Pulse Generator output pulse 
(Figure 4b). Alternatively, a single pulse can be obtained 
by setting switch S2 to the One Shot position and de­
pressing the pushbutton Start switch S1. Contact 
bounce is suppressed by the 100 ms MV (gates 4C and 
D). Frequency of the astable MV, set by potentiometer 
R1, can vary from about 200 Hz to 0.9 Hz and the pulse 
width, controlled by R2 and the capacitor timing selector 
switch S3, from about 300 J.LS to 1 .3 s. 

The positive going Pulse Generator output feeds the 
Constant Current Amplifier IZ and turns on, in order, 
NPN transistor 01 , PNP transistor 03, NPN Darlington 
04, PNP Power Darlington 06 and parallel connected 
PNP Power Transistors 08 and 09. Transistor 04 is 
configured as a constant current source whose current 
is set by the variable base voltage potentiometer R3. 
Thus, the voltage to the bases of 06, 08 and 09 are also 
accordingly varied. Transistors 08 and 09 (MJ14003, 
IC continuous of 60 A), also connected as constant cur­
rent sources with theirO.1 Q emitter ballasting resistors, 
consequently can produce a rectangular current pulse 
from a minimum of about 0.5 A and still have adequate 
gain for 1 ms pulses of 150A peak. Due to propagation 
delays of this amplifier, the IZ current waveform is as 
shown in Figure 41. Since 08 and 09 must be in the 
linear region for constant current operation, these tran­
sistors are power dissipation limited at high currents to 
the externally connected power supply V + of 60 V. Thus 
the maxiinum OUT voltage, taking into account the 
clamping factor of the device, should be limited to about 
50 V. At wider pulse widths and consequently lower 
currents before the OUT fails, the V+ supply should be 
proportionally reduced to minimize 08, 09 dissipation. 
As an example, a 28 V surge suppressor operating at 
100 ms pulse widths can be tested to destructive limits 
with V + of about 40 V. Although a zener diode is shown 
as the OUT in the schematic, the test devices can be any 
rectifier with defined reverse voltage, e.g., surge sup­
pressors. 

Immediately after the power pulse is applied to the 
OUT, the negative going sense pulse from the 300 Ils MV 
(Gate 2A, Figure 4e) turns on series connected PNP 
transistor 010 and NPN transistor 011 of the Diode 
Forward Current Switch IF. Sense current, set by cur­
rent limiting resistor selector switch S4, thus flows up 
from ground through the forward biased OUT, the limit­
ing resistor, and 011 to the -15 V supply. The result, by 
monitoring the cathode of the OUT, is a 300 Ils wide, 
approximately -0.6 V pulse. 
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For accurate measurements of this pulse amplitude, 
sample and hold circuitry is employed. This consists of 
unity gain buffer amp U6, series FET switch Q13 and 
capacitor hold buffer amp U7. The sample pulse (Figure 
4H) to the gate of the FET is delayed about 100 Ils (by 
monostable MV G-2C and G-2D) to allow for switching 
and thermal transients to settle down. This pulse is 
derived from the negative going, trailing edge output 
pulse of Gate 2D cutting off transistor Q18 for the RC 
time constant in its base circuit. The result is an approxi­
mate 8 Ils wide sample pulse. Consequently, the DC 
output voltage from hold amplifier U7 is a measure of the 
DUT junction temperature. 

Invariably, most DUTs will fail short. When the surge 
suppressor tester is in the Free-run Mode, the power 
pulse subsequent to the DUT shorting could excessively 
stress the constant current drivers Q8 and Q9. To pre­
vent this occurrence, the Short Detector circuit was im­
plemented. This circuit consists of comparator USA, 2 
input NOR gate configured 251ls monostable MV (G1 E 
and G1 F), Gate Circuit G3A, 3B and 3C, and SCR Q16. 

(4A) CLOCK J 
G1B 

I 
(4B) PULSEGEN J 

G1D 

I 
(4C) PULSEGEN l 

G1C 

I 
(40) 2511S MV -.Sl 

G1E 
I 

300l1S 
(4E) SENSE MV 

G2A 

(4F) IZ 

(4G) 100 I1S SAMPLE 
DELAY MV G2D 

(4H) 811S 
SAMPLE PULSE 08 

(41) GATE 
G3C 

+15V 
-14V 

GOOD 

The 251ls MV (Figure 4D) is required to blank outturn-on 
switching transients to produce the waveform shown in 
Figure 41. During the power pulse, USA is normally high 
for a good DUT (Figure 4J). This waveform is NOR'd 
with gate 3B (inverted waveform of Figure 41) to produce 
a low level (0 V) gate 3C output (Figure 4K). 

If, however, the DUT is shorted, U5A output switches 
low resulting in a positive' pulse output from G3C. This 
pulse triggers the SCR on, lighting the LED in its anode 
circuit and turning on the PNP transistor Q2 across the 
emitter-base of Q3, thus clamping off the IZ power 
pulse. The circuit (Q16) can be reset by opening switch 
S5. 

By and large, this Short Detector circuit was found 
adequate to protect transistors Q8 and Q9. However, for 
some wide pulse widths, relatively high current condi­
tions, the propagation delay through the Short Detector 
was too great, resulting in excessive FBSOA (Forward 
Bias Safe Operating Area) stress on Q8 and Q9. Conse­
quently, a faster Short Detector #2 was implemented. 

L 
I 

n 

(4J) ~~~~:RATOR USA J_S!!OB.T_ L.!I _______________ ...JI ____ L 
(4K) 

(4L) 

(4M) 

SHORT SCR I n SHORT I n 
TRIGGERG3C ~ 1-1 .;;;,GO:..;O~D--: ________________ +'I !'---__ _ 

I GOOD 
VF -<J.S V I 
U6 -I-- -14 V _L~~ ________________________ ..J 

OPEN 
OPENSCR rooo---------:----------- ------
TRIGGERU5B I_O _______________ t-___ _ 

Figure 4. Surge Suppressor Test Circuit Waveforms 
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Figure 5. Exponential Surge Current Tester 

input to the astable MV gate 1 A low, disabling the timing breakover voltage (104 V to 280 V) and the SCRs were 
and consequently removing the power from R1. Reset- subjected to exponential surge currents derived from 
ting the tester for a new device is accomplished by de- voltages generally greater than 30 V. Also, since energy 
pressing the pushbutton switch S1. capability is related to die size, this parameter is also 

Exponential surge current curves, as well as rectan- listed. 
gular, are generated by destructive testing of at least For several devices, both rectangular and exponen-
several OUTs at various pulse widths and derating the tial surge current pulses are listed. Other devices were 
final curve by perhaps 20-30%. These tests were con- tested with only rectangular pulses (where the junction 
ducted at low duty cycles «2%). To ensure multicycle temperature can be determined) and still others, whose 
operation, the OUTs are then tested for about 1000 applications include crowbars, with exponential current 
surges at a derated point on the curve. only. 

TEST RESULTS 

In trying to make a comparison of the several different 
technologies of transient suppressors, some common 
denominator has to be chosen, otherwise, the amount 
of testing and data reduction becomes unwieldy. For this 
exercise, voltage was used, generally in the 20 V to 30 
V range, although some of the more unique suppressors 
(SIOACs, MOS SCRs, SCRs) were tested at their oper­
ating voltage. As an example, the SIOAC trigger families 
of devices were tested with voltages greater than their 

AVALANCHE RECTIFIER 

The Rectangular Surge Current Tester was originally 
designed for characterizing rectifier surge suppressors 
used in automotive applications. For this operation, 
where temperatures under the hood can reach well over 
125°C, it is important to know the device junction tem­
perature at elevated ambient temperature. Figures 6 
and 7 describe the results of such testing on a typical 
suppressor, the 24 V-32 V MR2520L. It should be noted 
that these axial lead suppressors, as well as all other 
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Figure 8. Surge Current Capability Of The P6KE30 
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Figure 9. Measured Surge Current To Failure 
Of A SIDAC MKP9V240 

effective overvoltage protection device. As in other trig­
ger devices, when the SIDACs breakover voltage is 
exceeded, the device switches to a low voltage conduc­
tion state, allowing an inordinate amount of surge cur­
rent to be passed. This is well illustrated by the surge 
current curves of Figure 9 which describe the small die 
size ([37]2mil) axial lead, Case 59-04, MKP9V240 SI­
DAC. The curves show that this 240 V device was able 
to handle, to failure, as much as 31 A and 15 A, respec­
tively, for 1 ms exponential and rectangular current 
pulses. Under the same pulse conditions, the large die 

([78]2mil) MK1V270 SIDAC handled 170 A and 60 A, 
respectively, as shown in Table 2. 

OVERALL RATINGS 
The compilation of all of the testing to date on the 

various transient suppressors is shown in Tables 1 and 
2. Table 1 describes the zener suppressors, avalanche 
rectifiers and MOVs, comparing the die size and normal­
ized costs (referenced to the MOV V39MA2A). From 
this data, the designer can make a cost/performance 
judgment. 

Of interest is that the small pellet MOV is not the least 
expensive device. The P6KE30 overvoltage transient 
suppressor costs about85% of the MOV, yet it can han­
dle about three times the current (2.5 A to 0.7 A) for a 
100 ms rectangular pulse. Under these conditions, the 
resultant clamping voltages forthe zener and MOV were 
32 V and 60 V respectively. 

Also shown in the table is a 1.5 W zener diode speci­
fied for zener applications. This low surge current device 
costs three times the MOV, illustrating that tight toler­
ance zener diodes are not cost effective and that the 
user should use devices designed and priced specifical­
ly for the suppressor application. 

Thyristor type surge suppressors are shown in Table 
2. They include four SIDAC series, two SCRs designed 
and characterized specifically for crowbar applications 
and also the MOS SCR MCR1000. The MOS SCR, a 
process variation of the vertical structure power MOS­
FET, combines the input characteristics of the FET with 
the latching action of an SCR. 

All devices were surge current tested with the resul­
tant peak currents being impressively high. The TO-220 
(150)2 mil SCR MCR69 for example, reached peak cur­
rent levels approaching 700 A for a 1 ms exponential 
pulse. The guaranteed, derated, time base translated 
curves for the crowbar SCR family of devices are shown 
in Figure 10, as is the MK1V SIDAC in Figure 11. 

Figures 12A-C describe the guaranteed, reverse 
surge design limits for the avalanche rectifier devices. 
These three figures illustrate, respectively, the peak cur­
rent, power and energy capabilities ofthese overvoltage 
transient suppressors derived from exponential testing. 
The peak power, Ppk, ordinate of the curve is simply the 
product of the derated IZ and Vz and the energy curve, 
the product of Ppk and two 

TRANSIENT VOLTAGE SUPPRESSORS AND ZENER DIODES 

7-5-8 



I 

Table 1. Measured Surge Current Capability of Transient Suppressors 
Spec. Peak Current at Pulse Widths, Ipk (Amps) Clamping 

lms 10ms 20ms lOOms Factor Norm. 
~ Device Power Ole Cost 

Type ntle Part No. Case Volt (Energy) Size EXp. Rect. Exp. Rect. Exp. Rect. Exp. Rect. Vl00ms * 

SurgeSupp., MR2520L 24-32 V 
2.5KW ls02 

85A 40 30 18 
27 V 

Avalanche Overvoltage Peak mil 22 V = 1.2 
194-05 

Rectifier Transient 10KW 19&1 31 MR2525L 24-32 V 150A 70 54 37 4.0 Suppressor Peak mil 23 = 1.3 

lN5938A 30V 12A 5 S 2.5 5 2 3 1.3 41 

1.5WZener 00-41 1.5W 3?2 
30 = 1.4 

3.2 -Diode Cont. mil 28 lN5932A 20V 23A 6 10 2.8 7 2.3 5 1.4 23 = 1.2 

Overvoltage PSKE30 30V 43A 14 14 5 10 4.5 5 2.5 
41 

Zener Transient SOOW so2 32 = 1.3 
17 - 0.85 

Suppressor Peak mil 
PSKE10 10V 24A 12 9 5.5 lS 

13 = 1.2 

1.5KE30 30V 35A 10 4 35 

MOSORB 41A'02 
1500W 1042 

33 = 1.1 
1.8 - Peak mil 30V 1.5KE24 24V 45A 14 S 28 V = 1.1 

V39MA2A Axial 28V 
I CO·1SI) 3mm 9A 5 0.7 80V SA 1.0 

Metal Lead Joules SOV 0.7 A 
MOV-- Oxide 

Varistor V33ZAl 
Radial 

2SV ( 1.0 ) 7mm 35 4A 
105V 35A 

1.4 
Lead Joules SOV 4A 

-·G.E. 

Table 2. Measured Surge Current Of Thyristor Type Devices 

Voltage Ole 
Technology Device Ratings CaBe Size 

MKP9Vl30 Series 104 V-l35 V 59-04 372 mil 

SIDAC MKP9V240 Series 220 V-280 V 

MK1V135 Series 120 V-135 V 2S7-01 7&1 mil 

MK1V270 Series 220 V-280 V 

SCR MCRS8Series 25 V-400V 922 mil 

MCRS9Series TO-220 ls02mil 

MOSSCR MCR1000 Series 200V-600V 127 mil 
x 

183 mil 

-Normalized to G.E. MOV V39MA2A, QIy 1-99,1984 Price 

Additionally, the published non-repetitive peak power 
ratings of the various zener diode packages are illus­
trated in Figure 13. Figure 14 describes the typical der­
ating factor for repetitive conditions of duty cycles up to 
20%. Using these two empirically derived curves, the 
designer can then determine the proper zener for the 
repetitive peak current conditions. 

At first glance the derating of curves of Figure 14 
appear to be in error as the 10 ms pulse has a higher 
derating factor than the 1 0 ~ pulse. However, when the 
mathematics of multiplying the derating factor of Figure 
14 by the peak power value of Figure 13 is performed, 
the resultant respective power and current capability of 
the device follows the expected trend. For example, for 
a 5 W, 20 V zener operating at a 1.0% duty cycle, the 

Ipk@tw Norm 
1 ma 10ma Cost 

* 
Exponent. Rectang. Exponent. Rectang. 

40A 13A lSA 8A 0.87 

31 A 15A 20A 8A 

140A 80A 55A 30A 1.1 

170A SOA 90A 28A 

300 A 170A 1.2 

700 A 400 A 1.9 

250 A 170A 9.3 

respective derating factors for 10 IlS and 10 ms pulses 
are 0.08 and 0.47. The non-repetitive peak power capa­
bilities for these two pulses (10 Ils and 10 ms) are about 
1300 Wand 50 W respectively, resulting in repetitive 
power and current capabilities of about 104 Wand 24 W 
and consequently 5.2 A and 1.2 A. 

MOV 

All of the surge suppressors tested with the exception 
of the MOV are semiconductors. The MOV is fabricated 
from a ceramic (ZI)O), non-linear resistor. This device 
has wide acceptance for a number of reasons, but for 
many applications, particularly those requiring good 
clamping factors, the MOV is found lacking; (clamping 
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SOURCE IMPEDANCE RS = 50 n 

27 V MOV 

Figure 15C 

SOURCE IMPEDANCE RS = 50 n 

27 V ZENER DIODE 

Figure 150 

Figure 15. Clamping Characteristics of a 
27 V Zener Diode and 27 V MOV 
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Figure 16. Rectangular Surge Current Capability 
Of The V39MA2A MOV 

But MOVs do have their own niche in the marketplace, 
as described in Table 3, the Relative Features of MOVs 
and MOSORBs. 

Table 3. Relative Features of MOVs 
and MOSORBs 

MOSORBlZener Transient 
MOV Suppressor 

High Clamping Factor Very good clamping close to 
the operating voltage. 

Symmetrically bidirectional Standard parts perform like 
standard zeners. Symmetrical 
bidirectional devices available 
for many voltages. 

Energy capability per dollar Good clamping characteristics 
usually much greater than a could reduce overall cost. 
silicon device. However, if 
good clamping is required a 
higher energy device would be 
needed, resulting in higher 
cost. 

Inherent wear out mechanism, No inherent wear out 
clamp voltage degrades aiter mechanism. 
every pulse, even when pulsed 
below rated value. 

Ideally suited for crude AC line Ideally suited for precise DC 
protection. protection. 

High single-pulse current Medium multiple-pulse current 
capability. capability. 

Degrades with overstress. Fails short with overstress. 

Good high voltage capability. Limited high voltage capability 
unless series devices are 
used. 

Limited low voltage capability. Good low voltage capability. 
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StH capacitor increases accuracy of the charge on the 
capacitor as the second pulse permits charging the ca­
pacitor closer to the final value of VZ. 

The timing required for the two pulse system is shown 
in waveform G-3C whereby the initial sample pulse is 
delayed from time zero by a fixed 100 Ils to allow settling 
time and the second pulse is variable in time to measure 
the analog input at that particular pOint. The power pulse 
(waveform G-2D) must also encompass the second 
sample pulse. 

To generate these waveforms, four time delay mo­
nostable multivibrators (MV) are required. Also, an ast­
able MV, is required for free-running operation; single 
pulsing is simply initiated by a push-button switch S 1. All 
of the pulse generators are fashioned from two input, 
CMOS NOR gates; thus thr,ee quad gate packages 
(MC14001) are required. Gates 1 A and 1 B form a classi­
cal CMOS astable MV clock and the other gates (with 
the exception of Gate 20) comprise the two input NOR 
gate configured monostable MV's. The Pulse Width 
variable delay output (Gate 1 D) pOSitions the second 
sample pulse and also triggers the 100 Ils Delay MV and 
the 200 Ils Extended Power Pulse MV, The respective 
positive going outputs from gates 3A and 2C are diode 
NOR'ed to trigger the Sample Gate MV whose output 
will consequently be the two sample pulses. These 
pulses then turn on the PNP transistor 01 level transla­
tOr and the following StH N-channel FET series switch 
02. Op amps U4 and U5, configured as voltage follow­
ers, respectively provide the buffered low output imped­
ance drive for the input and output of the StH. Finally, the 
pulse extended Power Gate is derived by NORing (Gate 
20) the Pulse Width Output (Gate 1 D) with the 200 Ils 
MV output (Gate 2C). This negative aging gate then 
drives the Power Amplifier, which, in turn, powers the 
D.U.T. The power amplifier configuration consists of 
cascaded transistors 03-05, scaled for test currents up 
to 2 A. 

Push button switch (S4) is used to discharge the StH 
capacitor. To adjust the zero control potentiometer, 
ground the non-inverting input (Pin 3) of U4 and dis­
charge the StH capacitor. 

Testing 
The voltage VCC, should be about 50 volts higher 

7 
than the D.U.T. and with RC selected to limit the IZT 
pulse to a value making VZT IZT = 1t4 Po (max), thus 
insuring a good current source. All testing was per­
formed at a normal room temperature of 25°C. A single 
pulse (manual) was used and at a low enough rate that 
very little heat remained from the previous pulse. 

The pulse width MV (1 C and 1 D) controls the width of 
the test pulse with a selector switch S3 (see Table 1 for 
capacitor values). Fixed widths in steps of 1, 3 and 5 
from 1 ms to 10 seconds in either a repetitive mode or 
Single pulse is available. For pulse widths greater than 
10 seconds, a stop watch was used with push button 
switch (S1) and with the mode switch (S2) in the> 10 
seconds position. 

For all diodes with Vz greater than about 6 volts a 
resistor voltage divider is used to maintain an input of 
about 6 V to the first op amp (U4) so as not to overload 
or saturate this device. The divider consists of R5 and 
R6 with R6 being 10 kn and R5 is selected for about a 
6 V input to U4. Precision resistors or accurate known 
values are required for accurate voltage readout. 

Table 1. S3 - Pulse Width 

Switch 
Position "C(~F) t(ms) 

1 0.001 1 
2 0.004 3 
3 0.006 5 
4 0.01 10 
5 0.04 30 
6 0.06 50 
7 0.1 100 
8 0.4 300 
9 0.6 500 
10 1.0 lK 
11 1.2 3K 
12 6.0 5K 
13 10 10K 

"Approximate Values 

Using Curves 

Normalized Vz versus IZT pulse width curves are 
shown in Figure 1 through 6. The type of heatsink used 
is shown or specified for each device package type. 
Obviously, it is beyond the scope of this paper to show 
curves for every voltage rating available for each pack­
age type. The object was to have a representative show­
ing of voltages including when available, one diode with 
a negative temperature coefficient (TC). 

These curves are actually a plot of thermal response 
versus time at one quarter of the rated power dissipa­
tion. With a given heatsink mounting, Vz can be calcu­
lated at some pulse width other than the pulse width 
used to specify VZ. 

For example, refer to Figure 5 which shows normal­
ized Vz curves for the axial lead 00-35 glass package. 
Three mounting methods are shown to show how the 
mounting effects device heating and thus VZ. Curves 
are shown for a 3.9 V diode (1N5228B) which has a 
negative TC and a 12 V diode (1 N5242B) having.a posi" 
tiveTC. 

In Figure 5, the two curves generated using the Gray­
hill mountings are normalized to Vz at TE using the 
Motorola fixture. There is very little difference in Vz at 
pulse widths up to about 10 seconds and mounting only 
causes a very small error in VZ. The maximum error 
occurs at TE between mountings and can be excessive 
if Vz is specified at TE and a customer measures Vz at 
some narrow pulse width and does not use a correction 
factor. 

USing the curves of Figure 5, Vz can be calculated at 
any pulse width based upon the value of Vz at TE which 
is represented by 1 on the normalized Vz scale. If the 
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FIGURES 1 thru 8 - Conditions: Single Pulse. T A = 25°C. Vz IZT= 1/4 PD (Max) Each device normalized to Vz at TE. 
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Motorola Zeners 

• Thermal equilibrium specifications: 
Vz at 10 mA, 9 V minimum, 11 V maximum: 
(Positive TC) 

TE Pulsed Difference 

9.S3V 9.4SV -{l.OB V 
9.3SV 9.38 V -{l.07V 
9.46 V 9.83 V -{l.08 V 
9.S6V 9.49 V -{l.07V 
9.S0V 9.40 V -{l.10 V 

Computer test limits: 
Set Vz max. limit at 11 V - 0.10 V = 10.9 V 
Set Vz min. limit at 9 V - 0.07 V = 8.93 V 

• Thermal equilibrium specifications: 
Vz at10 mA, 2.7 V minimum, 3.3 V maximum: 
(Negative TC) 

TE Pulsed Difference 

2.7BV 2.B3V +O.OS V 
2.B4V 2.91 V +0.07 V 
2.7BV 2.B4V +o.OSV 
2.86 V 2.93 V +0.07 V 
2.B2V 2.B7V +0.05 V 

Computer test limits: 
Set Vz min. limit at 2.7 V + 0.07 V = 2.77 V 
Set Vz max. limit at 3.3 V + 0.05 V = 3.35 V 
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Figure 2 also indicates that the voltage changes of the 
two junctions are equal and opposite only at the speci­
fied test current. For any other value of current, the 
temperature compensation may not be complete. 

DIRECTION OF CURRENT FLOW 

FORWARD·BIASED 
P·N JUNCTION 

REVERSE·BIASED 
ZENER JUNCTION 

Figure 2. Temperature Compensation of 
P-N Junctions 

IMPORTANT ELECTRICAL 
CHARACTERISTICS OF REFERENCE 

DIODES 

The three most important characteristics of reference 
diodes are 1) reference voltage, 2) voltage-tempera­
ture stability, and 3) voltage-time stability. 

1. Reference Voltage. This characteristic is defined 
as the voltage drop measured across the diode when 
the specified test current passes through it in the zener 
direction. It is also called the zener voltage (VZ, Figure 

0.3 

« 0.2 
.s 
-'= 

0.1 

VR(V) 

~ -4 -2 

Vz IZ 2 
Ie-

~- -- -- -- J_ -- -0.1 

« 
E 

-0.2 II: -

-0.3 

4 

3). On the data sheets, the reference voltage is given as 
a nominal voltage for each family of reference diodes. 

The nominal voltages are normally specified to a tol­
erance of ±5%, but devices with tighter tolerances, such 
as ±2% and ±1 %, are available on special order. 

2. Voltage-Temperature Stability. The temperature 
stability of zener voltage is sometimes expressed by 
means of the temperature coefficient. This parameter is 
usually defined as the percent voltage change across 
the device per degree centigrade. This method of indi­
cating voltage stability accurately reflects the voltage 
deviation at the test temperature extremes but not nec­
essarily at other pOints within the specified temperature 
range. This fact is due to variations in the rate of voltage 
change with temperature for the forward- and reverse­
biased dice of the reference diode. Therefore, the tem­
perature coefficient is given in Motorola data sheets only 
as a quick reference, for designers who are accustomed 
to this method of specification. 

A more meaningful way of defining temperature 
stability is the "box method." This method, used by 
Motorola, guarantees that the zener voltage will not vary 
by more than a specified amount over a specified tem­
perature range at the indicated test current, as verified 
by tests at several temperatures within this range. 

Some devices are accurately compensated over a 
wide temperature range (-55°C to 100°C), others over 
a narrower range (0 to 75°C). The wide-range devices 
are, as a rule, more expensive. Therefore, it would be 
economically wasteful for the designer to specify de­
vices with a temperature range much wider than actually 
required for the specific device application. 

During actual production of reference diodes, it is diffi­
cultto predictthe compensation accuracy. In the interest 
of maximum economy, it is common practice to test all 

/ -V 
6 8 10 12 14 16 

VF(V) 

Figure 3. Typical Voltage - Current Characteristic of Reference Diodes 
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perature since each curve is referenced to IZT = 7.5 mA 
at the indicated temperature. As shown, the greatest 
voltage change occurs at the highest temperature rep­
resented in the diagram. (See "Dynamic Impedance" 
under the next section). 

Figure 5 shows that, at 25°C, a change in zener cur­
rent from 4 to 10 mA causes a voltage shift of about 
90 mY. Comparing this value with the voltage-change 
example in Figure 4 (31 mY), it is apparentthat, in gener­
al, a greater voltage variation may be due to current 
fluctuations than to temperature change. Therefore, 
good current regulation of the source should be a major 
consideration when using reference diodes in critical 
applications. 

It is not essential, however, that a reference diode be 
operated at the specified test current. The new voltage­
temperature characteristics for a change in current can 
be obtained by superimposing the data of Figure 5 on 
that of Figure 4. A new set of characteristics, at a test 
current of 4 mA, is shown for the 1 N823 in Figure 6, 
together with the original characteristics at 7.5 mAo 
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Figure 6. Voltage Change with Temperature 
for 1 N823 at Two Different Current. Levels 

From these characteristics, it is evident that the volt­
age change with temperature for the new curves is dif­
ferent from that for the original ones. It is also apparent 
that if the test current varies between 7.5 and 4 mA, the. 
voltage changes would lie along the dashed lines be­
longing to the given temperature points. This clearly 
shows the need for a we"-regulated current source. 

It should be noted, however, that even when a we"-re­
gulated current supply is available, other factors might 
influence the current flowing through a reference diode. 
For example, to minimize the effects of temperature­
sensitive passive elements in the load circuit on current 
regulation, it is desirable that the load in para"el with the 
reference diode have an impedance much higher than 
the dynamic impedance of the reference diode. 

, OTHER CHARACTERISTICS 

In addition to the three major characteristics dis­
cussed earlier, the following parameters and ratings of 
reference diodes may be considered in some applica­
tions. 

Power Dissipation 

The maximum dc power dissipation indicates the 
power level which, if exceeded, may result in the de­
struction of the device. Norma"y a device will be oper­
ated near the specified test current for which the data­
sheet specifications are applicable. This test current is 
usually much below the current level associated with the 
maximum power dissipation. 

Dynamic Impedance 

Zener impedance may be construed as composed of 
a current-dependent resistance shunted by a voltage­
dependent capacitance. Figure 7 indicates the typical 
variations of dynamic zener impedance (ZZ) with cur­
rent and temperature for the 1N821 reference diode 
series. These diagrams are given in the 1 N821 data 
sheet. As shown, the zener impedance decreases with 
current but increases with ambient temperature. 
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Figure 7. Variation of Zener Impedance 
With Current and Temperature (1 N821 Series) 

The impedance of a reference diode is normally spe­
cified at the test current (lZT). It is determined by mea­
suring the ac voltage drop across the device when a 60 
Hz ac current with an rms value equal to 10% of the dc 
zener current is superimposed on the zener current 
(IZT). Figure 8 shows the block diagram of a circuit used 
for testing zener impedance. 

ELECTRICAL TESTING 

A" devices are tested electrica"y as a last step in the 
manufacturing process. 

The subsequent final test procedures represent an 
automated and accurate method of electrica"y classify­
ing reference diodes. First, an electrical test is per-
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