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VOLUME1I

This volume contains complete data sheets for
Motorola-manufactured devices with EIA registered type
numbers up to TN4999 and 2N4999. Data sheets are in
numerical sequence according to device type number
except for those data sheets that cover several devices
with different type numbers. The numerical index in
front of the book permits the user to quickly locate the
page number of the data sheet for any device charac-
terized in the book.

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

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



NUMERICAL INDEX

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N248B,C 11 1N758,A 18 1N990 125
1N2498B,C 11 1N759,A 18 1N991 1-25
1N250,8 141 1N761 19 1N992 125
1N429 13 1N762 1N1183 1-27
1N702 18 IN763 1IN1183A 1-29
1N703 1N764 1N1184 127
1N704 1N765 1N1184A 1-29
1N705 1N766 1N1185 1-27
1N706 1N767 1N1185A 129
1N707 1N768 1N1186 127
1N708 1N769 19 1N1186A 129
1N709 1N816 1-10 1N1187 127
1IN710 1N821,A 1-14 1IN1187A 1-29
IN711 1N823,A 1N1188 127
1IN712 1N825,A 1N1188A 1-29
1N713 1N827,A 1N1189 127
1IN714 1N829,A 1-14 1N1189A 1-29
1N715 1N935,A,8 117 1N1190 1-27
1N716 1N936,A,B 1N1191 11
1N717 1N937,A,B 1N1192
1N718 1N938,A,B 1N1193
1N719 1N939,A,B 1-17 1N1194
1N720 1N941,A,B 121 1N1195,A
1N721 1N942,A,B 1N1196,A
1N722 1N943,A,B 1N1197,A
1N723 1N944,A,B 1IN1198,A 1-1
1N724 1N945,A,B 1-21 1N1313 1-31
1N725 1N957 125 1IN1314
1N726 1N958 1N1315
1N727 1N959 1N1316
1N728 1N960 1N1317
1N729 1N961 1N1318
1N730 1N962 1N1319
1IN731 1N963 1N1320
1N732 1N964 1N1321
1N733 1N965 1N1322
1N734 1N966 1N1323
1N735 1N967 1N1324
1N736 1N968 1N1325
1N737 1N969 1N1326
1N738 1N970 1N1327
1N739 1N971 1N1351
1N740 1N972 1N1352
1N741 1N973 1N1353
1N742 1N974 1N1354
1N743 1N975 1N1355
1N744 1N976 1N1356
1N745 1N977 1N1357
1N746,A 1N978 1N1358
1N747,A 1N979 1N1359
1N748,A 1N980 1N1360
1N749,A 1N981 1N1361
1N750,A 1N982 1N1362
1N751,A 1N983 1N1363
1N752,A 1N984 1N1364
1N753,A 1N985 1N1365
1N754,A 1N986 1N1366
1N755,A 1N987 1N1367
1N756,A 1N988 1N1368
IN757,A 18 1N989 1-25 1N1369 1-31




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N1370 1-31 1N1776 1-33 1N2036 1-34
1N1371 1IN1777 1N2037
1N1372 1N1778 1N2038
1N1373 1N1779 1N2039
1N1374 1N1780 1N2040
1N1375 1-31 1N1781 1N2041
1N 1507 1-32 1N1782 1N2042
1N1508 1IN1783 1N2043
1N 1509 1N1784 1N2044
1N1510 1N1785 1N2045
1IN1511 1N1786 1N2046
1N1512 1N1787 1N2047
1N1513 1IN1788 1N2048
1N1514 1IN1789 1N2049 1-34
1N1515 1IN 1790 1N2163,A 1-35
1N1516 1IN1791 1N2164,A
1N1517 1N1792 1N2165,A
1N1518 1IN1793 1N2166,A
1N1519 1IN1794 1N2167,A
1N1520 1N1795 1N2168,A
1N1521 1N1796 1N2169,A
1N1522 1IN1797 1N2170,A
1N1523 1N 1798 1N2171,A 1-35
1N1524 1IN 1799 1N2498 1-36
1N1525 1N1800 1N2499
1N1526 1N1801 1-33 1N2500
1IN1527 1N 1802 1-34 1N2609
1N1528 1-32 1N1803 1N2610
1N1530,A 1-3 1N1804 1N2611
1N1588 1-32 1N 1805 1N2612
1N 1589 1N 1806 1N2613
1N 1590 1N1807 1IN2614
1N1591 1N 1808 1N2615
1N1592 1N 1809 1N2616
1N1593 1N1810 1N2617 1-36
1N 1594 1N1811 1N2620,A,8 1-37
1N1595 1N1812 1N2621,A,B
1N1596 1N1813 1N2622,A,B
1N1597 1N1814 1N2623,A,8
1N1598 1N1815 1N2624,A,8 1-37
1N1599 1IN1816 1N2804 1-41
1N 1600 1N1817 1N2805
1N1601 1N1818 1N2806
1N1602 1N1819 1N2807
1N1603 1N1820 1N2808
1N1604 1N1821 1N2809
1N1605 1IN1822 1N2810
1N 1606 1N 1823 1N2811
1N1607 1IN1824 - 1N2812
1N1608 1N1825 1N2813
1N1609 1-32 1N1826 1N2814
1IN1735 1-3 1N1827 1N2815
1IN1736,A 1N 1828 1N2816
1N1737,A 1N1829 1N2817
1N1738,A 1N 1830 1N2818
1N1739,A 1N1831 1N2819
1N1740,A 1N1832 1N2820
1N1741,A 1N 1833 1N2821
1N1742,A 1-3 1IN1834 1N2822
1N1765 1-33 1N 1835 1N2823
1N1766 1N1836 1N2824
1IN1767 1N2008 1N2825
1N1768 1N2009 1N2826
1IN1769 1N2010 1N2827
1N1770 1N2011 1N2828
IN1771 1N2012 1N2829
1N1772 1N2032 1N2830
1N1773 1N2033 1N2831
1IN1774 1N2034 1N2832
1N1775 1-33 1N2035 1-34 1N2833 1-41




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N2834 1-41 1N3027,A,B 1-58 1N3336 1-41
1N2835 1N3028,A,B 1N3337
1N2836 1N3029,A,B 1N3338
1N2837 1N3030,A,B 1N3339
1N2838 1N3031,A,B 1N3340
1N2839 1N3032,A,B 1IN3341
1N2840 1N3033,A,B 1N3342
1N2841 1N3034,A,B 1N3343
1N2842 1N3035,A,8 1N3344
1N2843 1N3036,A,B 1N3345
1N2844 1N3037,A,8 1N3346
1N2845 1N3038,A,B 1N3347
1N2846 1-41 1N3039,A,B 1N3348
1N2970 1-44 1N3040,A,B 1N3349
1N2971 1N3041,A,B 1N3350 1-41
1N2972 1N3042,A,B 1N3491 1-50
1N2973 1N3043,A,8 1N3492
1N2974 1N3044,A,8 1N3493
1N2975 1N3045,A,B 1N3494
1N2976 1N3046,A,8 1N3495 1-50
1N2977 1N3047,A,B 1N3580,A,B 1-35
1N2978 1N3048,A,B 1N3581,A,8
1N2979 1N3049,A,B 1N3582,A,8B ‘
1N2980 1N3050,A,B 1N3583,A,8 1-35
1N2981 1N3051,A,B 1-58 1N3649 154
1N2982 1N3154,A 1-46 1N3650 ’
1N2983 1IN3155,A * 1N3659
1N2984 1N3156,A 1N3660
1N2985 1IN3157,A 1-46 1N3661
1N2986 1N3189 1-49 1N3662
1N2987 1N3190 1N3663 1-54
1N2988 1N3191 1N3675 1-56
1N 2989 1N 3208 1N3676
1N2990 1N3209 1N3677
1N2991 1N3210 1N3678
1N2992 1N3211 1N3679
1N2993 1IN3212 1-49 1N3680
1N2994 1N3213 11 1N3681
1N2995 1IN3214 1-1 1N 3682
1N2996 1N3305 1-41 1N3683
1N2997 1N3306 1N3684
1N2998 1N3307 1N3685
1N2999 1N3308 1N3686
1N3000 1N3309 1N3687
1N3001 1N3310 1N3688
1N 3002 1N3311 1N 3689
1N3003 1N3312 1N3690
1N3004 1N3313 1N3691
1N3005 1N3314 1N3692
1N3006 1N3315 1N3693
1N3007 1N3316 1IN3694
1N3008 1IN3317 1N3695
1N3009 1N3318 1N3696
1N3010 1N3319 1N3697
1N3011 1N3320 1N3698
1N3012 1N3321 1N3699
1N3013 1N3322 1N3700
1N3014 1N3323 1N3701
1IN3015 1-44 1N3324 1N3702
1N3016,A,B 1-58 1N3325 1N3703 156
1N3017,A,B 1N3326 1N3785 1-57
1N3018,A,B 1N3327 1N3786
1N3019,A,8 1N3328 1N3787
1N3020,A,B 1N3329 1N3788
1N3021,A,B 1N3330 1N3789
1N3022,A,B 1N3331 1N3790
1N3023,A,B 1N3332 1N3791
1N3024,A,B 1N3333 1N3792
1N3025,A,B 1N3334 1IN3793
1N3026,A,B 1-58 1N3335 1-41 1N3794 157




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N3795 1-57 1N4007 1-85 1N4387 193
1N3796 1N4057,A 1-3 1N4388 1-94
1N3797 1N4058 A 1N4549 1-41
1N3798 1N4059,A 1N4550
1N3799 1N4060,A 1N4551
1N3800 1N4061,A 1N4552
1N3801 1N4062,A 1N4553
1N3802 1N4063,A 1N4554
1N3803 1N4064 A 1N4555
1N3804 1N4065,A 1N4556
1N3805 1N4066,A 1N4557
1N3806 1N4067 A 1N4558
1N3807 1N4068,A 1N4559
1N3808 1N4069,A 1N4560
1N3809 1N4070,A 1N4561
1N3810 1N4071,A 1N4562
1N3811 1N4072,A 1N4563
1N3812 . 1N4073,A 1N4564 1-41
1N3813 1IN5074.A 1N4565 196
1N3814 1N4075,A 1N4566
1N3815 1N4076,A 1N4567
1N3816 1N4077,A 1N4568
1N3817 1N4078,A 1N4569
1N3818 1N4079,A 1N4570
1N3819 1N4080,A 1N4571
1N3820 1-57 1N4081,A 1N4572
1N3821,A 1-58 1N4082,A 1N4573
1N3822,A 1N4083,A 1N4574
1N3823,A 1N4084 A 1N4575
1N3824 A 1N4085,A 1-3 1N4576
1N3825,A 1N4099 1-89 1N4577
1N3826,A 1N4100 1N4578
1N3827,A - 1N4101 1N4579
1N3828,A 1N4102 1N4580
1N3829,A 1N4103 1N4581
1N3830,A 1-68 tN4104 1N4582
1N3879 1-64 1N4105 1N4583
1N3880 1N4106 1N4584 196
1N3881 1N4107 1N4719 1-98
1N3882 1N4108 1N4720
1N3883 1-64 1N4109 1N4721
1N 3889 1-69 1N4110 1N4722
1N3890 1N4111 1N4723
1N3891 1N4112 1N4724
1N3892 1N4113 1N4725 1-98
1N3893 1-69 1N4114 1N4728 1-100
1N3899 1-74 1N4115 1N4729
1N3900 1N4116 1N4730
1N3901 1N4117 1N4731
1N3902 1N4118 1N4732
1N3903 1-74 1N4119 1N4733
1N3909 1-79 1N4120 1N4734
1N3910 1N4121 1N4735
1N3911 1N4122 1N4736
1N3912 1N4123 1N4737
1N3913 1-79 1N4124 1N4738
1N3993 1-84 1N4125 1N4739
1N3994 1N4126 1N4740
1N3996 1N4127 1N4741
1N3996 1N4128 1N4742
1N3997 1N4129 1N4743
1N3998 1N4130 1N4744
1N3999 1N4131 1N4745
1N4000 1-84 1N4132 1N4746
1N4001 1-85 1N4133 1N4747
1N4002 1N4134 1N4748
1N4003 1N4135 1-89 1N4749
1N4004 1N4370,A 1-8 1N4750
1N 4005 1N4371,A 1-8 1N4751
1N 4006 1-85 1N4372,A 18 1N4752 1-100

vi




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N4753 1-100 1N4934 1-107 2N683 2-54
1N4754 1N4935 { 2N684
1N4755 1N4936 2N685
1N4756 1N4937 1-107 2N686
1N4757 1N4997 198 2N687
1N4758 1N4998 1-98 2N688
1N4759 1N4999 1-98 2N689 2-54
1N4760 2N173 29 2N696S 2-57
1N4761 2N174 2-1 2N697S 2-57
1N4762 2N176 2-4 2N699 2-58
1N4763 2N178 2-6 2N702 2-60
1N4764 1-100 2N242 2-8 2N703,JAN 2-60
1N4765 1-96 2N277 2-9 2N705,JAN 2-61
1N4766 2N278 2-9 2N706,A,B 2-63
1N4767 2N297A 2-12 2N706JAN 2-63
1N4768 2N307,A 2-8 2N708,JAN,JTX 2-65
1N4769 2N319 2-14 2N711A,B 2-66
1N4770 2N320 2-14 2N717 2-69
1N4771 2N321 2-14 2N718 2-71
1N4772 2N322 2-15 2N718A,JAN,JTX 2-73
1N4773 2N323 2-15 2N720A 2-75
1N4774 2N324 2-15 2N727 2-77
1N4775 2N331 2-16 2N 736 2-79
1N4776 2N350A 2-18 2N739 2-79
1N4777 2N351A 2-18 2N 740 2-79
1N4778 2N375 2-20 2N741,A 2-81
1N4779 2N376A 2-18 2N744 2-83
1N4780 2N378 2-23 2N 753 2-85
1N4781 2N379 2-23 2N827 2-87
1N4782 2N 380 2-23 2N828 2.89
1N4783 2N381 2-25 2N828A 291
1N4784 1-96 2N382 2-25 2N834 2-94
1N4896,A 1-105 2N 383 2-25 2N835 2-94
1N4897,A 2N398,A 2-27 2N838 2-96
1N4898,A 2N441 2-29 2N841 2-98
1N4899,A 2N442 2-29 2N843 2-100
1N4900,A 2N443 2-29 2N869 2-102
1N4901,A 2N456A 2-32 2N869A 2-104
1N4902,A 2N457A 2-32 2N910 2-108
1N4903,A 2N458A 2-32 2N914,JAN JTX 2.110
1N4904,A 2N459,A 2-23 2N915 2112
1N4905,A 2N460 2-34 2N916,JAN 2-114
1N4906,A 2N461 2-34 2N917 2-115
1N4907,A 2N464 2-35 2N918,JAN, JTX 2117
1N4908 A 2N465 ‘ 2N929.A 2-119
1N4909,A 2N466 2N929JAN JTX
1N4910,A 2N467 2-35 2N930,A
1N4911,A 2N499,A,JAN,AJAN 2-37 2N930JAN JTX 2119
1N4912,A 2N502A,B,JAN,BJAN | 2-37 2N956 2-73
1N4913,A 2N508 2-15 IN960 2121
1N4914,A 2N508A 2-39 2N961 2-121
1N4915,A 2N524 2-41 2N962,JAN 2-121
1N4916,A 2N525 2N963 2-123
1N4917,A 2N526 2N964,JAN 2-121
1N4918,A 2N527 2-41 2N964A 2-126
1N4919,A 2N554 2-6 2N965 2-121
1N4920,A 2N555 2-6 2N966 2-122
1N4921,A 2N618 2-20 2N967 2.123
1N4922,A 2N650,A 2-45 2N978 2-129
1N4923,A 2N651,A 2-45 2N98S 2131
1N4924,A 2N652,A 2-45 2N996 2-133
1N4925,A 2N653 2-47 2N998 2-135
1N4926,A 2N654 2-47 2N1008,A,B 2-137
1N4927,A 2N655 2-47 2N1008BJAN 2-137
1N4928,A 2N656S 2-49 2N1011 2.138
1N4929,A 2N657S 2-49 2N1021 2-140
1N4930,A 2N665JAN 2-50 2N1022 2-140
1N4931,A 2N669 2.4 2N 1038 2-142
1N4932,A 1-105 2N681 2-54 2N 1039 2-142
1N4933 1-107 2N682 2-54

vii




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N 1040 2-142 2N1544 A 2-189 2N2060JAN,JTX, 2-229
2N1041 2-142 2N1545,A JTXV
2N1042 2-14% 2N1546,A 2N2075,A 2-232
2N1043 ‘ 2N1547,A 2N2076,A
2N 1044 2N 1548 2-189 2N2077 ,A
2N1045 2-145 2N1549,A 2-192 2N2078,A
2N1073,A,B 2-148 2N1550,A 2N2079 ,A
2N1099 2-9 2N1551,A 2N2080.A
2N1100 2-1 2N1552,A 2N2081,A
2N1120 2-151 2N1553,A 2N2082,A 2-232
2N1131S,JAN 2-153 2N 1554, A 2N2102S 2-236
2N1131AS 2-153 2N1555,A 2N2137,A 2-238
2N1132,A 2-155 2N1556,A 2N2138,A
2N1141 2-157 2N1557,A 2N2139,A
2N1142,JAN 2-157 2N1558,A 2N2140,A
2N1143 2-157 2N1559,A 2N2141,A
2N1162,A 2-159 2N1560,A 2-192 2N2142,A
2N1163,A 2N 1595 2-196 2N2143 A
2N1164,A 2N 1596 2N2144 A
2N1165,A 2N1597 2N2145,A
2N1166,A 2N 1598 2N2146,A 2-238
2N1167,A 2-159 2N 1599 2-196 2N2152 2-242
2N1175 2-181 2N1613S 2-198 2N2153
2N1185 2-163 2N1613JAN 2-198 2N2154
2N1186 * 2N1651 2-200 2N2156
2N1187 2N 1652 2-200 2N2157
2N1188 2-163 2N 1653 2-200 2N2158 2-242
2N1189 2-166 2N1705 2-202 2N2171 2-25
2N1190 2-166 2N1706 2-202 2N2193AS 2-246
2N1191 2-168 2N1707 2-202 2N2206 2-248
2N1192 ‘ 2N1708 2-204 2N2212 2-250
2N1193 2N1711S 2-73 2N2218S,AS 2-252
2N1194 2-168 2N1724 2-206 2N2219S,AS *
2N1195,JAN 2-157 2N1725 2-206 2N2221,A
2N1204 A 2-170 2N1751 2-209 2N2222 A 2-252
2N1358 A 2-1 2N 1842 2-211 2N2223,A 2-229
2N1358,JAN 2-172 2N1842A 2-214 2N2224 2-260
2N 1359 2-20 2N1843 2-211 2N2242 2-262
2N1360 2N1843A 2-214 2N2256 2-264
2N1362 IN1844 2211 2N2257 2-264
2N 1363 2N1844A 2-214 2N2270s 2-267
2N 1364 2N 1845 2-211 2N2273JAN 2-269
2N1365 2-20 2N1845A 2-214 2N2285 2-200
2N 1408 2-176 2N 1846 2-211 2N2286 2-200
2N1412 A 2-178 2N 1846A 2-214 2N2287 2-200
2N1413 2-181 2N1847 2-211 2N2288 2-270
2N1414 2-181 2N1847A 2-214 2N2289 2-270
2N 1415 2-181 2N1848 2-211 2N2290 2-270
2N 1495 2-170 2N1848A , 2-214 2N2291 2-272
2N1518 2-183 2N1849 2211 2N2292 2-272
2N1519 2N1849A 2-214 2N2293 2-272
2N 1520 2N 1850 2-211 2N2297S 2-274
2N1521 2N1850A 2-214 2N2319 2-276
2N1522 2N1890S 2-217 2N2322 2-278
2N1523 2-183 2N 1893Ss 2-219 2N2323
2N1529 A 2-185 2N1924 2-221 2N2324 l
2N1530,A 2N 1925 2-221 2N2325
2N15631,A 2N 1926 2-221 2N 2326 2-278
2N1532,A 2N1970 2-223 2N2330s 2-280
2N1533 2N1980 z 2N2331S 2-280
2N1534 A 2N 1981 2N2357 2-283
2N1535,A 2N1982 2-223 2N2358 2-283
2N1536 A 2N1983 2-224 2N2359 2-283
2N1537,A 2N1984 2-224 2N2368 2-285
2N1538 2-185 2N1990S 2-226 2N2369 2-287
2N1539,A 2-189 2N1991S 2-153 2N2369A,JAN JTX, 2-291
2N1540,A 2N2042 2-227 JTXV
2N1541,A 2N2043 2-227 2N2381 2-293
2N1542 A 2N2060,A 2-229 2N2382 2-293
2N1543 2-189 2N2405S 2-219

viii




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N2453,A 2.296 2N2903,A 2-360 2N3248 2-435
2N2476 2-298 2N2904S,AS 2-362 2N3249 2-435
2N2477 2-298 2N2905S,AS * 2N3250 2-439
2N2480,A 2-229 2N2906,A 2N3250A,JAN,JTX,
2N2481,JAN,JTX 2-300 2N2907,A 2-362 JTXV l
2N2483 2-304 2N2912 2-365 2N3251
2N2484 2-304 2N2913 2-367 2N3251A,JAN,JTX 2-439
2N2490 2-306 2N2914 2N3252S 2-445
2N2491 2N2915 2N3253S,JAN 2-445
2N2492 J 2N2916 2N3283 2-450
2N2493 2-306 2N2917 2N3284
2N2501 2-307 2N2918 2N3285 2-450
2N2526 2-310 2N1919,JANJTX, 2N3287 2-453
2N2527 2-310 JTXV 2N3291 2-455
2N2528 2-310 2N2920,JAN,JTX, 2-367 2N3292 2-455
2N2539 2-313 JTXV 2N3294 2-455
2N2540 2-313 2N2944 2-369 2N3295 2-457
2N2552 2-142 2N2945 2-369 2N3296 2-461
2N2553 2N2945A 2-371 2N3297 2-465
2N2554 2N 2946 2-369 2N3298 2.468
2N2555 2N2946A 2-372 2N3299s 2-470
2N 2556 2N2947 2-373 2N3300S
2N2557 2N2948 2-373 2N3301 ‘
2N2558 2N 2949 2-376 2N3302 2-470
2N2559 2-142 2N 2950 2-376 2N3303 2-472
2N 2560 2-145 2N2951S 2-378 2N3304 2-474
2N2561 2N2952S 2-378 2N3307 2-476
2N2562 2N 2955 2-381 2N3308 2-476
2N2563 2N2956 2-381 2N3311 2-478
2N2564 2N2959S 2-383 2N3312
2N2565 2N3009 2-385 2N3313
2N2566 2N3010 2-387 2N3314
2N2567 2-145 2N3011 2-389 2N3315
2N2573 2-315 2N3012 2-391 2N3316 2-478
2N2574 2N3013,JAN 2-385 2N3323 2-481
2N2575 2N3014 2-385 2N3324 2-481
2N2576 2N3019S 2-394 2N3325 2-481
2N2577 2N3020S 2-394 2N3330 2-484
2N2578 2N3021 2-396 2N3365 2-486
2N2579 2-315 2N 3022 IN3366 2.486
2N2635 2-318 2N3023 2N3367 2-486
2N2639 2-320 2N3024 2N3375 2-490
2N 2640 2N3025 2N3425 2-494
2N2641 2N3026 2-396 2N3427 2-496
2N2642 2N3043 2-400 2N3428 2-496
2N2643 2N3044 2N3439 2-499
2N2644 2-320 2N3045 2N3440 2-499
2N2646 2.322 2N3046 2N3444S,JAN 2-445
2N2647 2-322 2N3047

2N3445 2-505
2N2652,A 2-324 2N3048 2-400 5N3446
2N2710 2-326 2N3053S,AS 2-402 2N3447 *
2N2720 2-328 2N3054A 2-404 2N3448 2-505
2N2721 2-328 2N 3055 2-408 2N3467S 2-509
2N2722 2-330 2N3072 2-412 2N3467,JAN,JTX
2N2723 2-332 2N3073 2-412 2N3468S ’
2N2728 2-334 2N3110S 2-414 2N3468,JAN,JTX 2-509
2N2785 2-336 2N3114S 2-416 2N3485,A 2-362
2N2789S 2-338 2N3116 2-383 2N3486,A 2-362
2N2800S 2-340 2N3120 2-418

2N3487 2-512
2N2801S 2-340 2N3127JAN 2-420 2N3488
2N2832 2-342 2N3133S 2-423 2N3489
2N2833 2-342 2N3135 2-423 2N3490
2N2834 2-342 2N3137 2-425 2N3491
2N2845 2-348 2N3210 2-427 2N3492 2512
2N2847 2-348 2N3211 2-429 2N3494S 2-515
2N2857 2.350 2N3227 2-287 2N3495S *
2N2894 2-356 2N3244S 2-431 2N3496
2N2895 2.358 2N3245S 2-431 2N3497 2-515
2N2896 2-358
2N2897 2-358




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N3498S 2517 2N3766 2605 2N3978 25688
2N3498JAN,JTX, 2N3767 2605 2N3980 2.690

ITXV 2N3789 2:610 2N3993 2692
2N3499S 2N3790 2N3994 2692
2N3499JAN,JTX, 2N3791 2N3994A 2.692

JTXV 2N3792 2610 2N4012 2.694
2N35008 2N3796 2615 2N4013 2696
2N3500JAN,JTX, IN3797 2615 2N4014 2.696

JTXV 2N4015 2.700

2N3798,A 2.619
2N3501S 2N4016 2700
2N3501JAN,JTX 2517 2N3799,A 2619

380 AN - 2N3806 2.623 2N4048 2.702
INIBOGS 2523 2N3807 2N4049
2N3506JAN,JT X 2N3808 2N4050

3EOOAN AT 2N3809 2N4051
ebd 2N3810,JAN,JTX 2N4052

2N3810A 2N4053 2702
2N3§’_OX7\J/AN'JTX' 2523 2N3811,JAN,JTX, 2N4066 2.706
2N3508 2525 ITXV prrpsesd g:;gg
2N3509 2.525 2N3811A
2N4073 2.708
2N3510 2.528 2N3812
2N3813 2N4091 2.710
2N3511 2.528
2N3814 2N4092 2710
2N3544 2.531
2N3815 2N4093 2710
2N3546 2533
2N3816 2N4123 2712
2N3553 2.490
2N3816A 2N4124 2712
2N3583 2.637
I Nassa 2o 2N3817 2N4125 2.716
- 2N3817A 2623 2N4126 2.716
2N3585 2537 2N4130 2-720
2N3611 2.544 2N3818 2.626 ZNa1oo 2720
2N3612 2N3821 2629 et
IN3613 2N3822: 2629
2N3823 2.631 2N4169
2N3614 2.544
I Noers 2o 2N3824 2.629 2N4170
- 2N3838,JAN,JTX, 2-633 2N4171
2N3616
ONae17 ITXV 2N4172
oy 2047 2N3839 2.350 2N4173
- 2N3866,A 2635 2N4174
2N3632 2-490 2N3867 2565 2N4175
2N3634S,JAN,JTX 2.551 INa1e
2N3635S,JAN JTX, 2N3868 2565 gt
JITXV 2N3870 2.640
2N3871 2N4178
2N3636S,JAN,JTX 2N3872 ‘ 2N4179
2N3637S,JAN JTX 2-551 2N3873 2640 2n4180
2N3647 2-528 2N3883 2.644 2N4181
2N3648 2.528
2N3896 2.640 2N4182
2N3673 2.557
2N3897 2N4183
2N3712S 2.559
2oz 2559 2N3898 2N4184
- 2N3899 2640 2N4185
2N3714 2Ma188
2N3715 2N3902 2.646 2natss
2N3716 2.561 2N3903 2650
2N4188
IN3719 2565 2N3904 2.650
2N3905 2.655 2N4189
2N3720 2.565
2 Naran 2o 2N3906 2.655 2N4190
2N3909, A 2.660 2N4191
2N3725 2.570
2N3924 2662 2N4192
2N3726 2.576
2N3925 2N4193
2N3727 2.576
I Naans 2one 2N3926 2N4194
2N3927 2662 2N4195
2N37355 Natoe
2N3736 2N3946 2668 I Na19g
2N3737 2.578 2N3947 2-668
2N4198 2.722
IN3738 5581 2N3948 2674
- 2N3950 2678 2N4199 2.728
2N3739 2.581
2N3959 2.682 2N4200
2N3740,A 2.587
2N3960 2.682 2N4201
2N3741.A 2.587
2N3961 2.490 2N4202
2N37425 2.592
2N3743S,JAN,JTX 2.595 2N3970 2686 2N4203
T asS AN, 2o 2N3971 2-686 2N4204 2.728
IN3703S JANITX 2N3972 2-686 2N4212 2734
2N4213
2N3764 2N4214
2N3765,JAN,JTX 2.599 2N4215 2734




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE
2N4216 2.734 2N4428 2-828
2N4220,A 2.736 2N4441 2.830
2N4221.A 2.736 2N4442 ‘
2N4222.A 2.736 2N4443

2N4223 2-740 2N444a 2.830
2N4224 2.740 2N4450 2.834
2N4231 2.744 2N4453 2-104
2N4231A 2.747 2N4851 2.836
2N4232 2.744 2N4852 2.836
2N4232A 2.747 2N4853 2.836
2N4233 2.744 2N4856,JAN JTX, 2.840
2N4233A 2.747 ITXV

2N4234 2.752 2N4855 2.840
2N4235 2.752 2N4856,A 2.842
2N4236 2.752 2N4857.A

2N4237 2.757 2N4858.A

2N4238 2.757 2N4859.A

2N4239 2.757 2N4860.A

2N4240 2.637 2N4861.A 2.842
2N4260 2.761 2N4870 2844
2N4261 2-761 2N4871 2.844
2N4264 2.765 2N4877 2.848
2N4265 2-765 2N4890S 2.850
2N4276 2.770 2N4898 2.852
2N4277 2N4899 2.852
2N4278 2N4900 2.852
2N4279 2N4901 2.856
2N4280 2N4902 2.856
2N4281 2N4903 2.856
2N4282 2N4904 2.860
2N4283 2.770 2N4905 2-860
2N4342 2.774 2N4906 2.860
2N4351 2776 2N4910 2.864
2N4352 2.780 2N4911 2.864
2N4360 2.784 2N4912 2.864
2N4361 2.786 2N4913 2.868
2N4362 2N4914 2.868
2N4363 2N4915 2.868
2N4365

2N4366 2N4920 2.872
2N4367 2N4921 2-876
2N4368 2N4922 2.876
2N4371 2N4923 2.876
2N4372 2N4924S 2-880
2N4373 2N4925 2.880
2N4374 2N4926 2.882
2N4375 2N4927 2.882
2N4377 &
2N4378 2.786 2N4930S,JAN,JTX

2N4391 2.790 2N4931S,JAN.JTX 2.884
2N4392 2.790 2N4937 2.886
2N4392 2.790 2N4938

2N4398 2.792 2N4939

2N4399 2.792 2N4940

2N4400 2.797 2N4941

2N4401 2.797 2N4942 2.886
2N4402 2.802 P aoge g_‘ggg
2N4403 2.802

2N4404 2.807 2N4957 2.890
2N4405 2.807 2N4958 2.890
2N4406 2.813 2N4959 2.890
2N4407 2.813 2N4993 2.899
2N4409 2.817

2N4410 2-817

2N4416 2.819

2N4427 2.826
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1n248B .C v 182508B, C

TN1191 thru IN1198
IN1195A thru IN1198A
IN3213,1N3214

1. CATHODE

Medium current silicon rectifiers. Type numbers shown have
cathode connected to case, but reverse-polarity units can be obtained

CASE 42A
(DO-5)

MAXIMUM RATINGS

by adding suffix “R” to standard type number, e.g. IN248BR.

Rating Symbol Value Unit
Peak Repetitive Reverse Voltage VRRM Volts
and ”
DC Blocking Voltage VR
1N248B, 1N1191 50
1N248C 55
1N249B, 1N1192 100
1N249C 110
1N1193 150
1N250B, 1N1194 200
1N250C 220
1N1195, IN1195A 300
1N1196, IN1196A 400
1N1197, IN1197A, 1N3213 500
1N1198, IN1198A, 1N3214 600
RMS Reverse Voltage V. Volts
1N248B, 1N1191 RRMS) 35
1N248C 38.5
1N249B, 1N1192 70
1N249C 77
1N1193 105
1N250B, 1N1194 140
1N250C 154
1N1195, IN1195A 210
IN1196, IN1196A 280
IN1197, IN1197A, 1N3213 350
1IN1198, 1N1198A, 1N3214 420
Average 1/2-Wave Rectified Forward Current Ip Amp
(Resistive Load, 60 Hz , T = 150°C) 20
Peak Repetitive Forward Current IFRM Amp
(T¢ = 150°C) 90
Peak Surge Current Iosm Amp
(T¢ = 150°C, superimposed on Rated 350
Current at Rated Voltage, 1/2-Cycle,
1/120 sec)

1-1




1N248B,C thru 1TN250B,C (continued)

THERMAL CHARACTERISTICS

Maximum Operating and Storage Temperature: —65 to + 190°C
Maximum Thermal Impedance, Junction to Case: 6, = 1.50°C/W DC

ELECTRICAL CHARACTERISTICS

Characteristics Symbol Max Unit
Full Cycle Average Forward Voltage Drop VF(AV) Volts
(Io (max)* rated V., 60 cps, T = 150°C) 0.6
Instantaneous Forward Voltage Drop Vg Volts
(Ig = 100 Amps, Ty = 25°C) 1.5
Full Cycle Average Reverse Current IR(AV) mA
(Io (max)» rated V., 60 cps, T¢ = 1500C)
1N248B thru 1N250B, 1N1191 thru I1N1198 5.0
1N248C 3.8
1N249C 3.6
1IN250C 3.4
IN1195A 3.2
1IN1196A 2.5
IN1197A 2.2
IN1198A 1.5
1IN3213 and 1N3214 10.0
DC Reverse Current Ig mA
(Rated Vg, T = 25°C) 1.0

I (av), AVERAGE FORWARD CURRENT (AMP)

MAXIMUM AVERAGE FORWARD CURRENT RATING
versus MAXIMUM CASE TEMPERATURE

o

35

PR N
25 4§ \\\\

1¢ AND 3¢ \
20 =1 \

\

15 ;f f \ ‘
6o \
10 F—f \
(60 CPS, RESISTIVE \
OR INDUCTIVE LOAD) N |\
5 ¢ \\
0 ey
0 120 140 160 180

Tc, MAXIMUM CASE TEMPERATURE (°C)
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le, INSTANTANEOUS FORWARD CURRENT (AMP)
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TYPICAL FORWARD CHARACTERISTICS

~NUH

7
/

150°C T, =25°C

™~

1
1
|
/
/

/

[1]

0.4 08 1.2 1.6 2.0
Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)




1n429
IN I 530 series

and reliable operation.

TN I 735 series

Temperature compensated zener reference diodes de-
signed for reference sources utilizing an oxide-passivated
junction for long-term voltage stability, high uniformity

'IN4057 series

CASE 41 CASE 53
CASE 57
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)
Rating Symbol Value Unit
Operating Junction Temperature Range Ty -55 to +175 oc
Storage Temperature Range Tstg -65 to +175 oc
Power Dissipation® Pp See Tables 1 & 2* w

*The devices are designed for operation at the specified | zT. Operation above or below
this current is not recommended, since the temperature coefficient is no longer valid.

See Note 2 and Figure 4.

MECHANICAL CHARACTERISTICS

Case: transfer molded plastic package

Discrete glass package devices encapsulated in a

Polarity:| Indicated by diode symbol except 1N429, 1N1530, 1N1530A where cathode
indicated by polarity dot of contrasting color

Weight: | Varies according to device
0.5 grams (min)
12 grams (max)

Finish: | All external surfaces corrosion resistant and leads readily solderable.

1-3




TN429/1N1530/1N1735/1N4057 (continued)

TABLE 1 — ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

Zener
Voltage +5% Temperature aVz @ Iz7 aVz Pp*
2zt Coefficient | (+25 to +1000C) | (-55 to + 250C) o
vz @ lzr Ohms Volts Volts Ta=25°C

TYPE CASE Volts mA (Note 3) (Note 2) (Note 2) (Note 2) w
1N4057 418 12.4 10 25 0.005 0.047 0.050 1.5
1N40S7A 12.4 25 0.002 0.019 0.020
1N4058 14.6 30 0.005 0.055 0.058
1N4058A 14.6 | 0.002 0.022 0.023
1N4059 16.8 0.005 0.063 0.067
1N4059A 16.8 0.002 0.025 0.027
1N4060 18.5 0.005 0.069 0.074
1N4060A 18.5 0.002 0.028 0.030
1N4061 21 35 0.005 0.079 0.084
1N4061A 21 35 0.002 0.032 0.034
1N4062 23 40 0.005 0.086 0.092
1N4062A 23 a0 0.002 0.035 0.037
1N4063 27 45 0.005 0.101 0.108
1N4063A 27 45 0.002 0.041 0.043
1N4064 30 50 0.005 0.113 0.120
1N4064A 30 50 0.002 0.045 0.048
1N4065 33 ] 55 0.005 0.124 0.132
1N4065A 33 55 0.002 0.050 0.053
1N4066 37 7.5 80 0.005 0.139 0.148
1N4066A 37 80 0.002 0.056 0.059
1N4067 43 920 0.005 0.161 0.172
1N4067A 43 90 0.002 0.065 0.069
1N4068 a7 100 0.005 0.176 0.188
1N4068A \/ 47 100 0.002 0.071 0.075 i
1N4069 a1-9 51 110 0.005 0.191 0.204 2.0
1N4069A 51 110 0.002 0.077 0.082
1N4070 56 120 0.005 0.210 0.224
1N4070A 56 120 0.002 0.084 0.090
1N4071 62 136 0.005 0.232 0.248
1N4071A 62 Y 135 0.002 0.093 0.099
1N4072 68 5.0 230 0.005 0.255 0.272
1N4072A 68 230 0.002 0.102 0.109
1N4073 75 250 0.005 0.281 0.300
1N4073A 75 250 0.002 0.113 0.120
1N4074 82 270 0.005 0.307 0.328
1N4074A 82 270 0.002 0.123 0.131
1N4075 87 290 0.005 0.326 0.348
1N4075A 87 290 0.002 0.131 0.139
1N4076 91 310 0.005 0.341 0.364
1N4076A 91 310 0.002 0.137 0.146
1N4077 100 340 0.005 0.375 0.400
1N4077A 100 v 340 0.002 0.150 0.160
1N4078 108 2.5 700 0.005 0.394 0.420
1N4078A 105 700 0.002 0.158 0.168
1N4079 110 740 0.005 0.413 0.440
1N4079A 110 740 0.002 0.165 0.176
1N4080 } 120 800 0.005 0.450 0.480
1N4080A \ 120 800 0.002 0.180 0.192 J
1N4081 41-10 130 840 0.005 0.488 0.520 2.5
1N4081A 130 840 0.002 0.195 0.208
1N4082 140 960 0.005 0.525 0.560
1N4082A 140 960 0.002 0.210 0.224
1N4083 150 1020 0.005 0.563 0.600
1N4083A 150 1020 0.002 0.225 0.240
1N4084 175 1150 0.005 0.656 0.700
1N4084A 175 1150 0.002 0.263 0.280
1N4085 200 1350 0.005 0.750 0.800 Y
1N4085A 200 / 1350 0.002 0.300 0.320 ]

* Derate linearly from 25°C to 175°C.




1N429/1N1530/1N1735/1N4057 (continued)

TABLE 2 — ELECTRICAL CHARACTERISTICS (IzT = 7.5 mA, TA = 25°C unless otherwise noted)

Max Voltage Change .
Zener Max Dynamic Temperature Power’
Voltage | -55, +25, +100°C Impedance Coefficient Dissipation
Type Vz £5% aVz (Volts) (Note 3) (Note 2) Pp Case Figure
Number (Volts) (Note 2) 227 (Ohms) (%/°C) (mW) Number | Number

1na20 @ 6.2 0.050 20 0.01 200 53 1
1N1735 6.2 0.050 20 0.01 200 41-6 2
1N1830°° 0.014 0.002

4
1N1530A°* @ 8 0.007 5 0.001 250 7 3
1N1736 0.100 0.01

. 40 4 1-
1N1736A 124 0.050 0.005 00 413 2
1N1737 0.150 0.01

18. - 2
1N1737A 86 0.075 60 0.005 600 a5
1N1738 0.200 0.01
1N1738A 24.8 0.100 8o 0.005 800 415 2
1N1739 0.250 0.01
1N1739A 310 0.125 100 0.005 1000 414 2
1N1740 0.300 0.01
37.2 120 -

1N1740A 7 0.150 0.005 1200 414 2
1N1741 0.350 0.01

. 4 :
1N1741A 434 0.175 140 0.005 1400 414 2
1N1742 0.400 0.01
IN1742A 49.6 0.200 180 5,005 1600 414 2

* Derate linearly from 25°C to 175°C

**Izr=10mA

1-5

@ Available to MIL-S-19500/299 Specifications.
@ Available to MIL-S-19500/320 Specifications.
@ Available to MIL-S-19500/298 Specifications.



1N429/1N1530/1N1735/1N4057 (continued)

TEMPERATURE-COMPENSATED REFERENCE DIODES

Temperature compensated reference diodes are made possible by
taking advantage of the differing thermal characteristics of forward
and reverse biased silicon PN junctions. A forward biased junction
has a negative temperature coefficient of approximately 2.0 milli-
volts/OC. Reverse biased junctions above 5.0 volts have a positive
temperature coefficient and therefore it is possible by judicious sel-
ection of combinations of forward and reverse biased junctions to
obtain a device which shows a very low temperature coefficient due
to cancellation. Because of the differing impedance versus tempera-
ture characteristics of the junctions involved, optimum temperature
stability is obtained by operating in the zener current range at which
the temperature coefficient is a minimum (Figure 4)

Further information, including a method of effective impedance
cancellation in a bridge circuit for ultra-stable reference supplies, is
contained in the Zener Diode Handbook. The handbook, containing
valuable theory, design, and application information, is available
from your distributor.

NOTE 1 — Voitage-Current Characteristics

Figure 4 shows the voltagecurrent characteristics of a typical
temperature compensated unit at three different temperatures. The
exploded view illustrates the cross-over area (optimum temperature
stability point), the non-linearity of the temperature-voltage relation-
ship, and the maximum voltage variation (AVZz) for the three temp-
eratures shown.

Because of device impedance, the reference voltage will vary with

changes in zener current. These variations can be minimized by driv-
ing the device from a constant current source.

NOTE 2 — Voltage Variation (AVZ2) and Temperature Coefficient

All reference diodes are characterized by the “box’’ method.
This method provides for a guaranteed maximum voltage variation
n VZ in mV) over a specified temperature range at the specified
IzT verified by tests at several points within the range. (Maximum
voltage variations over the specified temperature ranges are given in
Tables 1 and 2.) The design engineer now has a number (without
any calculations) telling him the stability of the voltage over the
temperature range of interest thus giving him the maximum flexibil-
ity as well as economy in selecting the temperature stability re-
quired. The referenced military specifications use this approach to
characterize these devices.

Since reference diodes have a non-linear voltage-temperature re-
lationship (illustrated in exploded view, Figure 4) the temperature
coefficients in %/OC are tabulated primarily for reference purposes
and are guaranteed only at the end points of the temperature range.

NOTE 3 — Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60 Hz
ac voltage which results when an ac current with an rms value equal
to 10% of the dc zener current, 1zT, is superimposed on IzT1. A
cathode-ray tube curve trace test on a sample basis is used to en-
sure that each zener characteristic has a sharp and stable knee re-
gion.

FIGURE 4 — TYPICAL OPERATING CHARACTERISTICS

o

100°C

}_,ZT IR Y A N

Iz, ZENER CURRENT

r —55°C

Ta = —55°C
100°C
25°C
AVZ(max) @ lzT — —_—— — — — -
NOTE 1

L 2s0c |
- 100°C l

S=
___/ l_____

/i

Vze@izrt

Vz, ZENER VOLTAGE (VOLTS)



1N429/1N1530/1N1735/1N4057 (continued)

]
T

L— R O

1-7

_—t‘—D
G
MILLIMETERS INCHES MILLIMETERS INCHES
DIM [MIN | MAX | MIN | MAX DIM [ MIN | MAX | MIN | MAX
A | 533 |5.84 0210 | 0.230 Al - [1422 | - 0560
B | 457 |5.08 [0.180 | 0.200 C | - (1626 | - [0.640
C | 889 [9.40 |0.350 | 0.370 D | 074 | 089 |0.029 [0.035
D | 048 |056 [0.019 |0.022 F | - 02 — | o040
G | 1.14 |1.40 |0.045 |0.055 G | 5.088SC 0.200 BSC
K 12697 | - 1062 | — K 11905 | — (0750 [ —
NOTE:
1. POLARITY INDICATED BY
CATHODE DOT ON BODY CASE 57
ADJACENT TO CATHODE
LEAD.
CASE 53
01 MILLIMETE.:§ INCHES
MILLIMETERS INCHES !

DIM[ MIN | MAX | MIN | MAX CASE 41 DIM["MIN | MAX | MIN | MAX |
A| - [2540] - |1.000 A - {1321 ] - 10520
B | - [ 1270] - 10500 8 - | 698 — 10275
D | 076] 0.86]0.030 |0.034 D | 046 | 0.56 | 0.018 | 0.022
F - 127] - 10050 @ F - 127 ] - 10050
K | 3105] - 11250 | - K (3175 ] — [1250 ] -

03 ‘ l 08
MILLIMETERS INCHES —| B |- MILLIMETERS INCHES

DIM[TMIN [ MAX | MIN | MAX DIM[ MIN [ MAX | MIN | MAX
Al - l216] - |103 b t Al - 11321 - 10520
B - 960 | - [0378 -~ B | 6.10 | 6.60 |0.240 [0.260
D | 076 | 086 |0.030[0034 K D | 071 | 0.81 |0.028 [0.032
F - 127 ] - ]0.050 F F - 127 | - |0.050
K |3175 | — [1280] - K 2540 | - [1000 | -

04 I — 09
MILLIMETERS INCHES * * MILLIMETERS INCHES

DIM[ MIN | MAX | MIN | MAX A DIM[TMIN [ MAX | MIN | MAX
A | - [3099} - [122 { { A | - 1981 ] - 10780
B _ 16.28 _ 0.641 B 6.10 | 6.60 [0.240 |0.260
0 1076 | 086 | 0.030] 0.034 [} {—'— - p [ 058 | 0.81 [0023 [0.032
F = 127 | - | 0.050 | F F EEEF A 050
K_4445 | - 1750 | - K K |2540 | - 1000 | -

05 -10
MILLIMETERS INCHES MILLIMETERS INCHES

DIM[ MIN | MAX | MIN | MAX DIM[TMIN [ MAX | MIN | MAX
A - 16.64 - 0.655 NOTE: A - 298:;?) “3 ; gg
B | - 1628 — 0641 1. LEAD FINISH & DIA : L AT
D | 0.76] 0.86 | 0.030] 0.034 | UNCONTROLLED IN r : I 0.050

= 127 ] - 10050 AREA “F". = : -
K |3105] - | 1250] — K J2s40] - | 1.000] -




IN702 thrv IN745 (zENER DIODES)

Recommended for applications requiring an exact
replacement only. For new designs and for industry

@ preferred replacement devices, see 1N5221 series.
1/4 watt, 2-200 volts
CASE 51
(00-7) Polarity Indicated by Cathode Band

INZ46 thrv 1N7 59 1N746A thry IN759A (ZENER DIODES)
1N4370 thru 1N4372 1N4370A thru 1N4372A

@ Hermetically sealed, all-glass case with all external
surfaces corrosion resistant.
CASE 51

Polarity Indicated by Cathode Band

MAXIMUM RATINGS

Junction and Storage Temperature: -65°C to +175°C
D C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW/°C
Above 50°C Ambient)

TOLERANCE DESIGNATIONS

The type numbers shown haye tolerance designations as follows:
1N4370 series: :10%, suffix A for +5% units.
1N746 series: :10%, suffix A for +5% units.

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

NOMINAL R— MAXIMUM REVERSE LEAKAGE CURRENT
ZENER VOLTAGE TEST MAXIMUM ZENER IMPEDANCE | DC ZENER CURRENT -

TYPE V@l, CURRENT 1n @ln ™ T,=25°C Tu=150°C

NUMBER In L@V, =1V L@ Ve=1V
VOLTS mA Ohms mA m) vA
1N4370 2.4 20 30 150 100 200
1N4371 2.1 20 30 135 15 150
1N4372 3.0 20 29 120 S0 100
1N746 3.3 20 28 110 10 30
IN747 3.6 20 24 100 10 30
IN748 3.9 20 23 95 10 30
1N749 4.3 20 22 85 2 30
IN750 4.7 20 19 15 2 30
IN751 5.1 20 17 70 1 20
IN752 5.6 20 11 65 1 20
1N753 6.2 20 7. 60 0.1 20
INT754 6.8 20 5 55 0.1 20
IN755 7.5 20 6 50 0.1 20
IN756 8.2 20 8 45 0.1 20
IN757 9.1 20 10 40 0.1 20
1IN758 10.0 20 17 35 0.1 20
1IN759 12.0 20 30 30 0.1 20

POLARITY: Cathode End, Indicated by Color Band, Will Be Positive When Operate
Operated In The Zener Region.

1-8



1N746 thru TN759 (continued)

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

To designate units with zener voltages other than  voltage (V;) and test voltage for leakage current will
those listed, the Motorola type number should be conform to the characteristics of the next higher
modified as shown below. Unless otherwise specified, voltage type shown in the table.
the electrical characteristics other than the nominal

EXAMPLE: 1N746 series, 1N4370 series
4 M 3.7 5

A Z
Power Rating Motorola l Alloy Zener Diode Tolerance (+%)

Nominal Voltage

1N76l' thru '|N769 Recommended for apphcathns requiring an e).(act
replacement only. For new designs see 1N5221 series.



.4M.64FR10/1N816

AM1.36FR5
AM1.36FR2
AM2.04FR5
AM2.04FR2

MZ2360
MZ2361
MZ2362

—p—

CONSTANT-VOLTAGE REFERENCE DIODES FOR
LOW-VOLTAGE APPLICATIONS

. high-conductance silicon diodes designed as a stable forward

MAXIMUM RATINGS

reference source for biasing transistor amplifiers and similar applica-
tions.

® Guaranteed Forward Voltage Range

® Choice of Package

® Temperature Effects Provided

Rating

DC Power Dissipation
@ T =30°C £3°c,
Lead Length = 3/8”

Operating and Storage Junction
Temperature Range

Symbol Value Unit
Po 400 m FORWARD REFERENCE
DIODES
— STABISTORS —
Ty Tag -65to +175 °c

4M.64FR10/1N816
.4M1.36FR5
4M1.36FR2
.4M2.04FR5
.AM2.04FR2
MZ2361

MZ2362

Case 59
DO-41

Case 51 M22360
DO-7

MECHANICAL CHARACTERISTICS

Case: Choice of package, either Glass or Surmetic

Dimensions: See outline drawings

Finish: All external surfaces are corrosion resistant and leads are readily solder-
able and weldable

Polarity: Cathode indicated by polarity band. Cathode negative for forward

reference application.
Weight: 0.2 Gram (approximate)
Mounting Positions: Any




.4M.64FR10/1N816,.4M1.36FR5, .4M1.36FR2, .4M2.04FR5,
.4AM2.04FR2, MZ2360, MZ2361, MZ22362 (continued)

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

Forward Reference Reverse Leakage
Voltage (1) Current (Max)
@ ]
Vg I3 IR VR
Type Number Volts mA nA Volts Package Case
Min/Max
.4M.64FR10/
0.58/0. 1. A 4.0 Gl 1
INB16* (2) 58/0.70 0 0 ass 5
.4M1.36FRS 1.29/1.43 10 0.1 4.0 Glass 51
.4M1.36FR2 1.33/1.39 10 0.1 4.0 Glass 51
.4M2.04FR5 1.94/2.14 10 0.1 4.0 Glass 51
.4M2.04FR2 2.00/2.08 10 0.1 4.0 Glass 51
MZ2360 0.63/0.71 10 10 5.0 Surmetic 59
MZ2361 1.24/1.38 10 10 5.0 Surmetic 51
MZ2362 1.90/2.10 10 10 5.0 Glass 51

*Indicates JEDEC Registered Data for IN816
(1) Motorola guarantees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°C

+ 1°C, 3/8" from the diode body.
(2) Minimum Saturation Voltage for IN816 = 40 V @ 100 uA.

.4M.64FR10/1N816
.4M1.36FR5
.4M1.36FR2
.4M2.04FR5
.4M2.04FR2
MZ2361

B
"1@["

D—fl=—

MZ2362

CASE 51-02
DO-7

CATHODE
BAND

SAND

i | -

gt
|

MILLIMETERS INCHES
DIM[ mIN MAX MIN MAX
A | 584 |7.62 | 0.230 | 0.300
B |21 2.72 | 0.085 | 0.107
D |04 0.56 | 0.018 | 0.022
F - 1.21 - 0.050
K _{25.40 - 1.000 -

All JEDEC dimensions and notes apply

1. POLARITY DENOTED BY

CASE 59-03
DO-41

O]
MZ2360 __l L—B
NOTE:
CATHODE BAND
~={t=—D
K
|
F
O] a
le
K
MILLIMETERS INCHES
DIM[™MIN T MAX MIN | MAX
A 4.07 | 5.20 | 0.160 | 0.205
B 2.04 | 2.71 | 0.080 | 0.107
D 0.71 | 0.86 | 0.028 | 0.034
F - 1.27 - 10.050
K [2794 ] - 1.100] -
All JEDEC dimensions and notes apply.




.4AM.64FR10/1N816, .4M1.36FR5, .4M1.36FR2, .4M2.04FR5,
AM2.04FR2, MZ2360, MZ2361, MZ2362(continued)

g, FORWARD CURRENT (mA)

|g, FORWARD CURRENT (mA)

¢, FORWARD CURRENT (mA)

TYPICAL FORWARD VOLTAGE CHARACTERISTICS

FIGURE 1 — .4M.64FR10/IN816 FIGURE 2 — .4M1.36FR5
10
10 7 ¥z 7 100 7 r——
7.0 y 4 70 7 £/
50 50 /
P 0 7/ VAN 4
3.0 I , I J ‘é 30 l' I l'
! = 1250 &£ 1)=250 - _ Iy -
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05 £ Z 50 /- 11—/
o
03 ," / 7 %30 /
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VE, FORWARD VOLTAGE (VOLTS) Ve, FORWARD VOLTAGE (VOLTS)
FIGURE 3 — .4M2.04FR5 FIGURE 4 — M22360
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50} 17 50 /- —
30 / ,1' / / T W y.AV ARV 4 /'
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FIGURE 5 — M22361 FIGURE 6 — M22362
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.4M.64FR10/1N816, .4AM1.36FR5, .4M1.36FR2, .4M2.04FR5,
.4M2.04FR2, MZ2360, MZ2361, MZ2362 (continued)

TYPICAL TEMPERATURE COEFFICIENT

FIGURE 7 — .4M.64FR10/1N816 FIGURE 8 — M22360
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FIGURE 9 — .4M1.36FR5/MZ2361 FIGURE 10 — .4M2.04FR5/M22362
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in821 JA, 1N823, A siicon)
1n825, A, 18827, A
1n829, A

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. RamRod construction provides a rugged, glass- @
enclosed, hermetically sealed structure.

1
MAXIMUM RATINGS cfl\)SOEJ!),

Junction Temperature: -55 to +175°C
Storage Temperature: -65 to +175°C

DC Power Dissipation: 400 mW @ Ta = 50°C
MECHANICAL CHARACTERISTICS

CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.

FINISH: AIll external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.

POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram (approx)

MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Maximum : Maximum
A .
JEDEC Voltage n_l}}:::m Temperature Dynamic
Type No. Change Temperature (,oe'gfxcment Impedance
(Note 1) av,, (Volts) oc o "C Z, 5 Ohms
«  4+19C (Note 2)
(Note 2) - (Note 3)
VZ =6.2 V£5.0%* @ ‘ZT =T7.5mA
IN821 0.096 -55, 0, +25, +75, +100 0.01 15
1N823 0.048 0.005
1N825 0.019 0. 002
IN827 0. 009 0.001
IN829 0. 005 0. 0005
IN821A 0.096 0.01 10
1N823A 0.048 0.005
IN825A 0.019 0. 002
IN827A 0. 009 0.001
1N829A 0.005 0. 0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 30 to 400 pF @ 907 of VZ

FORWARD BREAKDOWN VOLTAGE (V[) =15 to 400 V



~Vz, MAXIMUM VOLTAGE CHANGE (mV)

TN821,A / 1N823,A / 1N825,A / 1N827,A / 1N829, A (continued)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE
(with IzT = 7.5 mA £0.01 mA) (See Note 4)
1N821 thru 1N829

FIGURE 1a

1N821.A

[
|
|

___INS23A

IN825,A
T

(Referenced to -550C)
)

o 1N8i27,A

1N829,A| T
—TNszrA
;
el N H 1 ) [
® T ! 1N825,A
- |
-50 i
1N823 A
-75 — B S — 4
| 1N821,A
-100 1 —
-55 0 50 100

FIGURE 1b

20—

1N821,A

/ IN825.A

N827,A

oSt At b s

7/ i B
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s0HA--A£ S

// INS29A ! |
i — mee —
0 +
™~ \ I I3 I
S~ IN82SA | L _

20 \ INg23A .
\os[ms2i | i .
-55 0 50 100

TA, AMBIENT TEMPERATURE (°C)

ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE

(At Specified Temperatures)

(See Note 5)

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES.

FIGURE 2 — 1N821 SERIES
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FIGURE 3 — 1IN821A SERIES
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1N821,A / 1N823,A / 1N825,A / 1N827,A / 1N829, A (continued)

MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT

(See Note 3)
MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES.

FIGURE 4 — 1N821 SERIES

FIGURE 5 — 1N821A SERIES

Types 1N821, 1N823, 1N825, 1N827, and 1N829 are available to
MIL-S-19500/159,

NOTE 2:

Voltage Variation (aVz) and Temperature Coefficient.

All reference diodes are characterized by the “box method”. This
guarantees a maximum voltage variation (AVZz) over the specified
temperature range, at the specified test current (12T), verified by
tests at indicated temperature points within the range. Vz is meas-
ured and recorded at each temperature specified. The AVz between
the highest and lowest values must not exceed the maximum AVZz
given. This method of indicating voltage stability is now used for
JEDEC registration as well as for military qualification. The former
method of indicating voltage stability — by means of temperature
coefficient —accurately reflects the voltage deviation at the tempera-
ture extremes, but is not necessarily accurate within the tempera-
ture range because reference diodes have a nonlinear temperature
relationship. The temperature coefficient, therefore, is given only
as a reference.

NOTE 3:

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value

1000 1000 - .
800f = 800F—-— } — 1
z 6001 — gz 60 t t
400 400
z T S — t
= 200 b o 200 +
(=3 (ZJ 1l
Z 100 2 1000NN |
o 8sofF—— = S 30NN -~
g 60 g RS Seoe b
. N F 1
E 0 NN T = 40 v I
E N £ 2 ,\\\\ ;>1000C
i N 0 '
N 9 -550¢ 17 IaRe'0%C N NN i
= g9 —— o s be = s —a— =]
S 8 250C S 80 e
Z 60 — - = 60 = |
X 40 — -TH X 40 -550C 4 ~
= o = I \\
E‘, .U '\'\;‘ 2.0
10 10
10 20 40 60 8010 20 40 60 80100 1.0 20 40 60 8010 20 40 60 80100
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FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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; L
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NOTE 1:

equal to 10% of the dc zener current, IzT, is superimposed on IzT.
Curves showing the variation of zener impedance with zener current
for each series are given in Figures 4 and 5. A cathode-ray tube
curve-trace test on a sample basis is used to ensure that each zener
characteristic has a sharp and stable knee region.

NOTE 4:

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 O to +50°C will cause a volt-
age change no greater than +31 mV or -31 mV for 1N821 or IN821A,
as illustrated by the dashed lines in Figure 1. The boundaries given
are maximum values. For greater resolution, an expanded view of
the shaded area in Figure 1a is shown in Figure 1b.

NOTE 5:

The maximum voltage change, AVz, Figures 2 and 3 is due en-
tirely to the impedance of the device. |f both temperature and 12T
are varied, then the total voltage change may be obtained by graph-
ically adding AVz in Figure 2 or 3 to the AVZz in Figure 1 for the
device under consideration. If the device is to be operated at some
stable current other than the specified test current, 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 AN-437
(Application Note).
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1N935, A, B (siuicon)

thru

939, A, B

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. RamRod construction provides a rugged, glass-
enclosed, hermetically sealed structure.

MAXIMUM RATINGS

©

CASE 51
Junction Temperature: -55 to +175°C (DO-7)
Storage Temperature: -65 to +175°C
DC Power Dissipation: 500 mW @ Tp = 25°C
MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.
FINISH: Al external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.
POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram(approx)
MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (T4 = 25°Cunless otherwise noted)
Maximum Ambient Maximum
Voltage Test Temperature Dynamic
Change T t s Impedance
JEDEC emperature Coefficient
Type No. AVZ (Volts) 05 7/ C ZZT (Ohms)
(Note 1) (Note 2) +1°C (Note 2) (Note 3)
VZ =9.0V £5.0%* @ IZT =17.5 mA
1N935 0. 067 0.01
1N936 0.033 0.005
1N937 0.013 0, +25, +75 0. 002 20
1N938 0. 006 0.001
1N939 0.003 0. 0005
1N935A 0.139 0.01
1N936A 0.069 -55, 0, +25, 0. 005
1N937A 0. 027 +15, +100 0. 002 20
1N938A 0.013 0. 001
1N939A 0. 007 0. 0005
1N935B 0.184 0.01
1IN936B 0. 092 -55, 0, +25, 0.005
IN937B 0.037 75, +100, +150 0.002 20
IN938B 0.018 0.001
1N939B 0. 009 0.0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 20 to 180 pF @ 90% of Vg
FORWARD BREAKDOWN VOLTAGE (V[) =100 to 800 V

1-17




#Vz, MAXIMUM VOLTAGE CHANGE (mV)

+Vz, MAXIMUM VOLTAGE CHANGE (mV)

1N935, A, B thru TN939, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE

(with 177 = 7.5 mA £0.01 mA) (See Note 4)

TN935 thru 1N939

FIGURE 1a FIGURE 1b
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1N935, A, B thru 1IN939, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE
{with IzT = 7.5 mA £0.01 mA) (See Note 4)

1N935B thru 1N939B

FIGURE 3a FIGURE 3b
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FIGURE 4 — ZENER CURRENT versus MAXIMUM

FIGURE 5 — MAXIMUM ZENER IMPEDANCE

VOLTAGE CHANGE (at specified temperatures) versus ZENER CURRENT
(See Note 5) (See Note 3)
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1N935, A, B thru TN939, A, B (continued)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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NOTE 1:

Types 1N935B, 1N937B, and 1N9398B are available to M1L-S-19500/
156.

NOTE 2:

Voltage Variation (aVz) 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 (IzT), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
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 temperature
coefficient, therefore, is given only as a reference.

NOTE 3:
Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which resuits when an ac current with an rms vaiue
equal to 10% of the dc zener current, Iz, is superimposed on 12T
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Curves showing the variation of zener impedance with zener current
for each series are given in Figure 5. A cathode-ray tube curve-trace
test on a8 sample basis is used to ensure that each zener characteristic
has a sharp and stable knee region.

NOTE 4:
These graphs can be used to determine the maximum voltage change
of any di e in the series over any specific temperature range. For

example, a temperature change from +25 to +50°C will cause a volt-
age change no greater than.+22 mV or -22 mV for 1N935, as illus-
trated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution, expanded views of the
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b,
and 3b respectively.

NOTE 5:

The maximum voltage change, aVz, in Figure 4 is due entirely to the
impedance of the device. If both temperature and 12T are varied,
then the total voltage change may be obtained by adding aVzin Fig-
ure 4 to the AVz in Figure 1, 2, or 3 for the device under considera-
tion. If the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3.



n941, A, B (siicon)

thru

1n945, A, B

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. RamRod construction provides a rugged, glass-
enclosed, hermetically sealed structure.

MAXIMUM RATINGS

©

Junction Temperature: -55 to +175°C cﬁ)soEg'
Storage Temperature: -65 to +175°C
DC Power Dissipation: 500 mW @ T = 25°C
MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.
FINISH: All external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.
POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram(approx)
MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Maximum JR—
Voltage ien Maximum
g Test Temperature
JEDEC AVC h‘z"‘}fu o Temperature Coefficient Impedance
Type No. Z oc a/°C ZZT (Ohms)
(Note 1) (Note 2) £1°C (Note 2) (Note 3)
V, =117V 25.0%% @ I, 1 = 7.5 mA
1N941 0.088 0.01
1N942 0. 044 0. 005
1N943 0.018 0, 25, +15 0. 002 30
1N944 0.009 0.001
1N945 0.004 0.0005
1N941A 0.181 0.01
1N942A 0. 090 0. 005
1N943A 0.036 -55, 0, +25, 0. 002 20
1N944A 0.018 +15, +100 0.001
1N945A 0.009 0. 0005
1N941B 0.239 0.01
1N942B 0.120 0.005
1N943B 0. 047 -55, 0, +25, 0.002 30
1N944B 0. 024 +75, +100, +150 0. 001
1N945B 0.012 0. 0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 14 to 35 pF @ 90% of Vg

FORWARD BREAKDOWN VOLTAGE (V[) =150 to 1200 V
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1N941, A, B thru IN945, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(With Iz7= 7.5 mA 10.01 mA) (See Note 4)

1N941 thru 1N945

FIGURE 1a FIGURE 1b
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1N941, A, B thru 1N945, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE

(with Iz = 7.5 mA £0.01 mA) (See Note 4)

1N941B thru IN945B

FIGURE 3a FIGURE 3b
250
Na4TB (* L ms;zm //\\
A
20 Jingas| 'Y 1nga3s
150 1/ 1/
Nga28 wd S
100 | ] 1 P
/ — = N
50 1N9448

|
™~

/ \\\\
|

1N9448

-ING458 | 1N943B ~~
a% 4o ; N inssss
e ) — N\

38 \
3

1N9458

/

aVz, MAXIMUM VOLTAGE CHANGE (mV)
(Reference to -55°C) .
o

-25 N\
1N9428 \ \ \
\

~~u
\ N
-100 \\ \
AN

-150 1
N N\
WA \
=00 \
260 1N9418 \.50 Ng418 [\ 1N942B NS48
65 0 50 100 150 -65 0 50 100 150

Ta. AMBIENT TEMPERATURE (°C)

FIGURE 4 — ZENER CURRENT versus MAXIMUM FIGURE 5 — MAXIMUM ZENER IMPEDANCE versus
VOLTAGE CHANGE (At specified temperatures) ZENER CURRENT
(See Note 5) (See Note 3)
‘OMORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED 8Y THE CURVES 100OMORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED 8Y THE CURVES
-550C _
+750C g
9.0 =
z +250C o A~ 150°C
)0 =3 N (
50 | 1e0e 2 100 k\
h o NN
& Izt 2 =
€ 15— —————— — — o
o< = T
310 | - 1=
bt I w I » N
+1500C z o
z N, | I s500 NN
& 60 + = 10 —
- 2
= +750¢ sasoc | N 3
50 -+ ES 202
/ l | N 1
-550C N | l ]
40 o | | 1.0 | 1
-150 -100 -50 0 50 100 0 1.0 10 100
AVZ, MAXIMUM VOLTAGE CHANGE 1z, ZENER CURRENT (mA)

(Referenced to 127 =7.5mA)

1-23



1N941, A, B thru 1N945, A, B (continued)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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NOTE 1:

Types 1N941B, 1N943B, and 1N944B are available to MIL-S-19500/
157.

NOTE 2:

Voltage Variation (aVz) 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 (IzT), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
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 temperature
coefficient, therefore, is given only as a reference.

NOTE 3:
Zener Impedance Derivation
The dynamic zener impedance, 277, is derived from the 60-Hz ac

voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, IzT, is superimposed on IzT.
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Curves showing the variation of zener impedance with zener current
for each series are given in Figure 5. A cathode-ray tube curve-trace
test on a sample basis is used to ensure that each zener characteristic
has a sharp and stable knee region.

NQTE 4:

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 +26 to +50°C will cause a volt-
age change no greater than +29 mV or -28 mV for 1N941, as illus-
trated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution, expanded views of the
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b,
and 3b respectively.

NOTE 5:

The maximum voltage change, aVz, in Figure 4 is due entirely to the
impedance of the device. If both temperature and Iz are varied,
then the total voltage change may be obtained by adding aVz in Fig-
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera-
tion. If the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3.



'IN957 thru IN992

Hermetically. sealed, all-glass case with all external

CASE 51 surfaces corrosion resistant. Cathode end, indicated

(DO-7) by color band, will be positive with respect toanode end
@ when operated in the zener region.

MAXIMUM RATINGS

Junction and Storage Temperature: -65°C to +175°C

D C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW/°C
Above 50°C Ambient)

TOLERANCE DESIGNATIONS

With no suffix, tolerance is :20%, for +10% units, add suffix A, for +5% units,
add suffix B.

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Motorola Guarantees the Zener Voltage at 90 Seconds with Lead Temperature of 30°C+1°C, 3/8" from Unit Body.

NOMINAL MAXIMUM

ZENER VOLTAGE | TEST MAXIMUM ZENER IMPEDANCE 0C ZENER CURRENT REVERSE LEAKAGE CURRENT
TYPE Vi CURRENT I

NUMBER In 1, @y Ia@Iu la 1 MAXIMUM TEST VOLTAGE Ve *

vouTs mA Ohms Ohms mA mA (xA) Va, Vo2
IN957 6.8 18.5 4.5 700 1.0 a7 150 5.2 4.9
1N958 7.5 16.5 5.5 700 0.5 42 7% 5.7 5.4
1N959 8.2 15 6.5 700 0.5 38 50 6.2 5.9
1N960 9.1 14 7.5 700 0.5 35 25 69 6.6
IN961 10 12,5 8.5 700 0.25 32 10 1.6 7.2
1N962 1 11.5 9.5 700 0.25 28 5 8.4 8.0
IN963 12 10.5 115 700 0.25 26 5 9.1 8.6
1N964 13 9.5 13 700 0.25 24 5 9.9 9.4
1N965 15 8.5 16 700 0.25 21 5 11.4 10.8
1IN966 16 7.8 17 700 0.25 19 5 12.2 1.5
IN967 18 7.0 21 750 0.25 17 5 13.7 13.0
IN968 20 6.2 25 750 0.25 15 5 15.2 14.4
IN969 22 5.6 29 750 0.25 14 5 16.7 15.8
1N970 24 5.2 33 750 0.25 13 5 18.2 17.3
1IN971 27 4.6 41 750 0.25 11 5 20.6 19.4
IN972 30 4.2 49 1000 0.25 10 5 22.8 21.6
IN973 33 3.8 58 1000 0.25 9.2 5 25.1 23.8
IN94 36 3.4 70 1000 0.25 8.5 5 27.4 25.9
IN975 39 3.2 80 1000 0.25 7.8 5 29.7 28.1
1N976 43 3.0 93 1500 0.25 7.0 £} 32.7 31.0
1N977 a7 2.7 105 1500 0.25 6.4 5 35.8 33.8
1N978 51 2.5 125 1500 0.25 5.9 5 38.8 36.7
1N979 56 2.2 150 2000 0.25 5.4 5 42.6 403
1N980 62 2.0 185 2000 0.25 4.9 5 471 14.6
IN981 68 1.8 230 2000 0.25 45 5 51.7 49.0
1N982 % 1.7 270 2000 0.25 4.0 E) 56.0 54.0
1N983 82 1.5 330 3000 0.25 a7 5 62.2 59.0
IN984 91 1.4 400 3000 0.25 3.3 5 69.2 65.5
1N985 100 1.3 500 3000 0.25 3.0 S 76.0 72.0
1N986 110 11 750 4000 0.25 2.7 5 83.6 79.2
1N987 120 1.0 900 4500 0.2% 2.5 5 91.2 86.4
1N988 130 0.95 1100 5000 0.25 2.3 5 98.8 93.6
1N989 150 0.85 1500 6000 0.25 2.0 5 114.0 108.0
1N990 160 0.80 1700 6500 0.25 1.9 5 121.6 115.2
1N991 180 0.68 2200 7100 0.25 1.7 5 136.8 129.6
1N992 200 0.65 2500 8000 0.25 1.5 H) 152.0 144.0
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TN957 thru TN992 (continued)

SPECIAL SELECTIONS AVAILABLE INCLUDE:
1 — Nominal zener voltages between those shown.
2 - Aq_atched sets: (Standard Tolerances are +5.0%, +3.0%,

i 3. +2.0%, *1.0%) dependin
a. Two or more units for series connection with specified tolerance on

zener voltages and provide lower temperature coefficients,

a r ts, lower dynamic impedance
._Two or more units matched to one another with any specified tolerance.

3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%.

(See Selector Guide for details)

on voltage per device.
eries matched sets make possible higher
and greater power handling ability.

total voltage.

‘le — Test Voltage for 5% Tolerance Device
VR2 — Test Voltage for 10% Tolerance Device
No Leakage Specified as 20% Tolerance Device

To designate units with zener voltages other than
those listed, the Motorola type number should be
modified as shown below. Unless otherwise specified,
the electrical characteristics other than the nominal

EXAMPLE: 1N957 series

o

Power Rating Motorola

115
l Zener Diode Tolerance (+%)

voltage (V;) and test voltage for leakage current will
conform to the characteristics of the jnext higher
voltage type shown in the table.

Z

w

Nominal Voltage
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INT183 thru INT190 (siLIcON)

. CATHODE

= Medium current silicon rectifiers. Type numbers shown have
CASE 42A

cathode connected to case, but reverse-polarity units can be obtained
(DO-5) by adding suffix “R” to standard type number, e.g. 1N1183R.
2. ANODE

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Repetit;w::j Reverse Voltage VRRM Volts
DC Blocking Voltage Vr
1IN1183 50
1IN1184 100
1IN1185 150
1N1186 200
1N1187 300
1N1188 400
1N1189 500
1N1190 600
RMS Reverse Voltage \' Volts
1N1183 RRMS) 35
1IN1184 70
1N1185 105
1IN1186 140
1N1187 210
1N1188 280
1N1189 350
1N1190 420
Average 1/2-Wave Rectified Forward IO Amp
Current
(Resistive Load, 60 Hz , TC = 140°C) 35
Peak Repetitive Forward Current IFRM Amp
(Tc =140°C) 150
Peak Surge Current I Amp
(TC = 140°C, superimposed on Rated FsM 400
Current at Rated Voltage)
Operating and Storage Temperature TJ, Tstg -65 to +190 °c
Thermal Resistance, Junction to Case ROJC 1.0 °C/W
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1N1183 thru TN1190 (continued)

ELECTRICAL CHARACTERISTICS

Characteristics Symbol Value Unit
Max Full Cycle Average Forward Voltage Drop VF(AV) 0.6 Volts
(Io ( max)’ rated Vr’ 60 Hz , To= 140°C)
Max Instantaneous Forward Voltage Drop Vg 1.3 Volts
(I = 100 Amps, Ty = 25°C)
J
Max Full Cycle Average Reverse Current IR(AV) 10.0 mA
(Io (max)’ rated V , 60 Hz, T = 140°C)
Max DC Reverse Current lR 1.0 mA
(Rated Voo Te = 25°)

MAXIMUM AVERAGE FORWARD CURRENT RATING

versus MAXIMUM CASE TEMPERATURE TYPICAL FORWARD CHARACTERISTICS
(60 CPS, RESISTIVE OR INDUCTIVE LOAD)
45 gt 1000
800
40 }¢ 600 —
\uc 400
~ - \ z
g B 2 20 v
= z A
Z 30 s £ 100 4
& 1¢ AND 34,\ \ 3 8 —/
3 \ \ a 60 vim A
o 25 |5 s 4 71/
< \ \ = 0
z s
P N -
E 20 =¥ \ 2 2 /
g \ g r,=150°c/ /T,: 25°¢
& 15 s P % = 10 1
< o\ z =5
_3 10 ¢ AN 2 6
\\\ s 4
0 qz 1 I

0 120 140 160 180 0 020406 08 1012 14 16 18 20
Tc, MAXIMUM CASE TEMPERATURE (°C) Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)
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INT183A thro 1n1 189A (siicon)

Medium current silicon rectifiers. Type numbers shown have
cathode connected to case, but reverse-polarity units can be obtained
by adding suffix “R” to standard type number, e.g. IN1183RA.

MAXIMUM RATINGS

Rating ~ Symbol Valuve Unit
Peak Repetitive Reverse Voltage VRRM Volts
and
DC Blocking Voltage VR
IN1183A 50
IN1184A 100
IN1185A 150
IN1186A 200
IN1187A 300
IN1188A 400
IN1189A 500
RMS Reverse Voltage \'4 Volts
IN1183A R(RMS) 35
IN1184A 70
IN1185A 105
IN1186A 140
IN1187A 210
IN1188A 280
IN1189A 350
Average 1/2-Wave Rectified Forward Iy Amp
Current
(Resistive Load, 60 Hz, T, = 150°C) 40
Peak Surge Current TIosm Amp
(T, =150°C, superimposed on Rated 800
Current at Rated Voltage)
Operating and Storage Temperature TJ, Tstg -65 to +200 °c
Thermal Resistance, Junction to Case ROJC 1.0 °C/W
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TN1183A thru TN1189A (continued)

ELECTRICAL CHARACTERISTICS

Characteristics Symbol Value Unit
Max Instantaneous Forward Voltage o Vpk 1.3 Volts
(IO(max)’ rated Vr, 60 Hz, Tc =150"C)
Max Instantaneous ForwardOVolta.ge Drop Vp 1.1 Volts
(IF =100 Amps, TC =257C)
Max Full Cycle Average Reverse Current IR
Pet] Aav) 2.5 mA
(]O(max)’ rated Vr, 60 Hz, TC =150"C)
Max DC Reverse Curregt ' IR 5.0 mA
(Rated Vp, T, = 150°C)

'INI Iqlthru 'INI 198

TN1195A thru TN1198A

For Specifications, See 1N248B Data.
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iN1313 thru 1n1327

Very low power zener diodes with standard +10%
tolerances. Available with +5.0% tolerance by adding
suffix "A'' to type number.

Standard cathode-to-case polarity.

For new designs and for industry preferred replace-

CASE 53 ment devices, see 1IN5837A series.

&)

MAXIMUM RATINGS

Junction and Storage Temperature Range: -65to +175°C (Derate 1 mW/°C
above 25°C).

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

Max Reverse Current Max Reverse Current
Nominal Test Nominal Test
Voltage TA=25"C|TA,=100C| Voitage Yoltage TAa=25C T, =100 C| Voltage
V:@Izr=200,A) R@VR | h@Vr Vr Vi@l =200,A| R@Vr | L@Vr Ve
Type volts »A uh volts Type voits ) uh voits
1N1313 8.75 0.5 5 6.8 1N1318 23.50 0.1 10 18
1N1314 10.50 0.5 5 8.2 1N1319 28.50 0.1 10 22
1N1315 12.75 0.5 5 10 1N1320 34.50 0.1 10 27
1N1316 15.75 0.5 5 12 1N1321 41.00 0.1 10 33
1N1317 19.00 0.5 5 15 1N1322 48.50 0.1 10 39
Max Reverse Current
Nominal Test
Voitage Ta =25°C JT,-=100°C | Voltage
V2@ Iz =200 A} Lh@Vr INCADY Va

Type volts uh ) volts

1N1323 58.00 0.1 10 47

1N1324 71.00 1.0 50 56

1N1325 87.50 1.0 50 68

1N1326 105.0 1.0 50 82

1N1327 127.5 1.0 50 100

INI3 51 e 11375

Recommended for applications requiring anexact re-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N2970 series.

CASE 56
(DO-4)
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iN1507 thro 11517

Recommended for applications requiring an exactre-

placement only. For new designs and for industry pre-
ferred replacement devices, see 1.0-watt, 1N4728
CASE 52 series.
(DO-13)

iN1518 thrv 1n1528

Recommended for applications requiring an exact
replacement only. For new designs and for industry
preferred replacement devices, see 1N4728 series.

CASE 52
(DO-13)

in1530, A

For Specifications, See 1N429 Data.

1n1588 thro 1n1598

Recommended for applications requiring an exact re-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N3993 series.

CASE 56
(DO-4)

iN1599 thrv 1n1609

Q

] (.
N
{ P \
L\ <7

CASE 56
(DO-4)

Recommended for applications requiring an exact
replacement only. For new designs and for industry
preferred replacement devices, see 1N3993 series.
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'|Nl 735 thrul Nl 742 (REFERENCE DIODES)
'INI 736A thru INI 742 A For Specifications, See 1N429 Data.

1N1765 thrv 1N1802 (zENER DIODES)

Recommended for applications requiring an exactre-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N4728 series.

CASE 52
(DO-13)
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1N1803 thrv 1N1836 (zENER DIODES)

Recommended for applications requiring an exact replacement
only. For new designs and for industry preferred replacement de-
vices, see 1N3993 series, and 1N2970 series.

CASE 56 d 1N 1816 thru 1N 1836 are available as clipper devices.To
(DO-4) order, add suffix “C’* for £10%, suffix “CA"’ for £5%.

1N2008 thrv 1IN2012 (zeneR DIODES)

Recommended for applications requiring anexact re-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N2970 series.

Recommended for applications requiring an exactre-
placement only. For new designs and for industry
preferred replacement devices, see 1N4728 series.

CASE 52
(DO-13)

1N2041 thrv 1n2049 (zENER DIODES)

Recommended for applications requiring an exact re-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N3993 series.

S
CASE 56
(DO-4)
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1N2163 thrv 1n2171 (siLIcON)
in2163A v 1n2171A
1n3580, A, Binu 183583, A, B

TEMPERATURE-COMPENSATED ZENER REFERENCE DIODES

Highly reliable reference sources utilizing an oxide-passivated
junction for long-term voltage stability. Construction consists of
welded hermetically sealed metal and glass case.

e Low Dynamic Impedance
e Choice of Three Temperature Ranges

e '‘Box Method’’ Specifications Guarantee Maximum Voltage De-
viation.

TEMPERATURE-

COMPENSATED

SILICON ZENER
REFERENCE DIODES

Temperature compensated reference diodes are made by taking
advantage of the differing thermal characteristics of forward and
reverse biased silicon PN junctions. A forward biased junction has a
negative temperature coefficient of approximately 2.0 millivolts/°C.
Reverse biased junctions above 5.0 volts have a positive temperature
coefficient and therefore it is possible by judicious selection of
combinations of forward and reverse biased junctions to obtain a
device that shows a very low temperature coefficient due to cancella-
tion. Because of the differing impedance versus temperature charac-
teristics of the junctions involved, optimum temperature stability is
obtained by operating in the zener current range at which the tempera-
ture coefficient is a minimum.

MAXIMUM RATINGS
Junction Temperature: -55 to +200°C
Storage Temperature: -65 to +200°C
DC Power Dissipation: 750 mW @ TA = 25°C

MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, welded metal glass
DIMENSIONS: See outline drawing.

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

POLARITY: Cathode to case
WEIGHT: 1.5 Grams (approx)
MOUNTING POSITION: Any

12 cases203

DO-13

1
*’iD

n

K
STYLE 1:
PIN 1. CATHODE
- 2 2. ANODE
MILLIMETERS] _ INCHES
DIM [ 'MIN [ MAX | MIN | MAX |
A | 744 | 907 {0293 |0.357
B | 546 | 597 | 0215 | 0.235 |
C — (1488 | - 0570
D | 064 | 089 | 0.025 | 0.035 |
F - 478 | - [0.88
J | 114 | 254 [ 0.045 | 0.100
K | 2540 [41.28 | 1.000 | 1.625
25.40 [41.28 | 1.009 | 1.625

L
All JEDEC dimensions and notes apply
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1N2163 thru TN2171, 1N2163A thru TIN2171A,
1N3580, A, B thru TN3583, A, B (continued)

ELECTRICAL CHARACTERISTICS

V., =9.4 Volts £0.4 V (£ 0.2 V Suffix “A”) @ (I, = 10 mA)
z zr NOTE 1:
Max Voltage Variation (AVZ) and Temperature Coefficient.
Temperature i . " ! e .
‘c’:"‘:" . Test c pere Max Dynamic All reference diodes are characterized by the "‘box method’’. This
Be ( e — (Note 1) guarantees a maximum voltage variation (AV.,) over the specified
ype Note 1) o %/° (Note 2) z
Number | AV, (Volts) [+ C Z,y (Ohms) temperature range, at the specified test current (I ZT). verified by
INTTCI A tests at indicated temperature points within the range. Vz is
2163, 0.033 0. +25.470 0.005 measured and recorded at each temperature specified. The AV
IN2164.A 0.086 »5350’1’:: 0.005 s between the highest and lowest values must not exceed the
i maximum AV, given.
1N2165,A 0.115 55,0, +25, 0.005 4
+75, +125, +185 This method of indicating voltage stability is now used for JEDEC
1N2166,A 0.007 0,425, +70 0.001 registration as well as for military qualification. The former method
1N2167,A 0.017 -55, 0, +25, 0.001 of indicating voltage stability — by means of temperature co-
+75,+125 15 efficient — accurately retflects the voltage deviation at the tem-
1N2168,A 0.023 -65, 0, +25, 0.001 perature extremes, but is not necessarily accurate within the
+75, +125, +185 R .
temperature range because reference diodes have a nonlinear
IN2169.A 0.004 0. 425,470 0.0005 temperature relationship. The temperature coefficient, therefore,
1N2170,A 0.009 -85, 0, +25, 0.0008 is given only as a reference.
+75, +125 15
1N2171,A 0.012 -65, 0, 425, 0.0005
+75, +125, +186

ELECTRICAL CHARACTERISTICS

Vz = 11.7 Voits £5.0% “Z'I' = 7.5 mA)
Max
Voltage Test Temperature | Max Dynamic NOTE 2:
Change T C
Type (Note 1) 5 ‘N;;;c" (Note 2) The dynamic zener impedance, Z . is derived from the 60-Hz ac
Number| AV, (Volts) c 2,y (Ohms) voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, IZT' is superimposed on 'ZT'
1N3580 0.088 0.01 A cathode-ray tube curve-trace test on a sample basis is used to en-
IN3581 0.044 0, 425, +75 0.008 25 sure that the zener has a sharp and stable knee region
1N3582 0.018 s 0.002 .
1N3583 0.009 0.001
1N3580A 0.181 0.01
1N3581A 0.090 -66, 0, +25, 0.005 25
1IN3582A 0.036 +75, +100 0.002
1N3583A 0.018 0.001
1N35808 0.239 0.01
1N35818 0.120 r 0.005 28
1N35828 ooas |, 5%042% 1 o002
1N35838 0.024 ‘ : 0.001

1N2498 thru 1N2500

Recommended for applications requiring an exact re-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N2970 series.

CASE 56
(DO-4)

1N2609 thrv 182617

Obsolete, discontinued types, replace with devices from the 1N4001 series.
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IN2620, A, B (SILICON)

thru
1n2624, A, B

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. Construction consists of welded hermetically
sealed metal and glass case.

MAXIMUM RATINGS
Junction Temperature: —55 to +175°C
Storage Temperature: -65 to +175°C
DC Power Dissipation: 750 mW @ T = 25°C
MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, welded metal and glass
DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion resistant and leads are readily sold-

erable and weldable.
POLARITY: Cathode to case
WEIGHT: 1.5 Grams (approx)
MOUNTING POSITION: Any
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

CASE 52
(DO-13)

O,

Maximum Ambient Maximum
Voltage r'rll‘e;:n Temperature Dynamic
Change Temperature Coefficient Impedance

JEDEC AVZ (Volts) oc “C ZZT (Ohms)

Type No. (Note 1) +1°C (Note 1) (Note 2)

VZ =9.3 V15.0%* @ IZT =10 mA

1N2620 0.070 0.01

1N2621 0. 035 0. 005

1N2622 0.014 0, +25, +75 0. 002 15

IN2623 0. 007 0.001

1N2624 0. 003 0. 0005

1N2620A 0.144 0.01

IN2621A 0.072 -55, 0, +25, 0. 005

1N2622A 0. 029 +75, +100 0. 002 15

IN2623A 0.014 0.001

1IN2624A 0.007 0. 0005

1N2620B 0.191 0.01

1N2621B 0. 095 -55. 0, +25, 0.005

1IN2622B 0.038 +15, +100, +150 0. 002 15

1N2623B 0.019 0.001

1N2624B 0.010 0. 0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 75 to 200 pF @ 90 of Vg

FORWARD BREAKDOWN VOLTAGE (Vf) =100 to 800 V
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1N2620, A, B thru 1N2624, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(With 177 =10 mA 10.01 mA) (See Note 3)

1N2620 thru 1IN2624

FIGURE 1a FIGURE 1b
75 T /25
‘ 1N2620 l 1“‘2‘520/ /stzx
i | 2 : -
1
50— — —+ — — i
| 1 72 N2622
- AVZ=+23.0mV 1N2621
> ' —_— r i
E / 10
= L1
g | | / / IN2623
35 1N2622 0
5 | 4 50
5% 1N2623 I — 1N2624
= Ly
=8 o N2624 1 3 0
§
S8 L ‘ \\ N2624
23 I 1N2623 o ~_ ~
2~ -5.
: I 1Nz622 \ \ TN vz
2 B I -10 AN
S "Vz=-230mv | il
d | N2621 INZ622
L -15
50 } }
I |
| | -20 N
i IN2620 \mzszu \ /s
-15 | 1 \-25
0 25 50 75 0 25 50 75
Ta, AMBIENT TEMPERATURE (°C)
MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE
(With Iz7 = 10 mA £0.01 mA) (See Note 3)
1N2620A thru 1N2624A
FIGURE 2a FIGURE 2b
150 T - 1N2T620A (0 26204 [ l B -
[/ IN2621A
a0 1A —
A _
100
wf—1 —t IN2622A
= N2621A /
z [ /
g o — A 4 T/
g S
s / IN2622A [/ N3
58 — 10 L~ -
a3 / | naszsa A T IN2A
e —
Sg 0 1N2624A 0 m—e}
oo
£ I -——? TNITA S \_,,, .
=8 N IN2624A
23 — -10 N
=c TN2622A \\
% A N 1n2623a
S 50 - \
s R AN
>
INZ621A a0 \AN N 1n26228
-100 N \ [\
© AN\ - ]
- N2621A |
150 LT S — \ soL_1N2620A
-55 0 50 100 -55 0 50 100

TA. AMBIENT TEMPERATURE (°C)
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1N2620, A, B thru 1N2624, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE
(with Iz = 10 mA £0.01 mA) (See Note 4)

1N26208B thru 1IN26248

FIGURE 3a FIGURE 3b
200
szszoa (" 50[inzs208 ] ]/m;%m
150 “ [ 1/ {2228
| o
s 10 A 126218 | | I/
5 / / ® -
S A A 1N26228 I]f///// N SN
50; L~ W L /// T
gé 0 = 'L}jﬂ:‘m 0 L N iNz6B
gf S ]
z E \T\\ o NN T~ 1N26248B
2€ I~ - AN ~ |
% T~ wzrszzs H
= \ | -20 \ \\ 1N26238
T a0 AN —— e TN N
=30 B
L YN AN
-150 \ \ N1N26228
-0 \ 1N26218
. IN26208 \so__1N26208 |\ \
-85 0 50 100 150 -55 0 50 100 150

TA. AMBIENT TEMPERATURE (°C)

FIGURE 4 — ZENER CURRENT versus MAXIMUM

VOLTAGE CHANGE (at specified temperatures)
(See Note 4)

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES

FIGURE 5 — MAXIMUM ZENER IMPEDANCE

versus ZENER CURRENT
(See Note 2)

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES
0

+250¢/ ;\/
+750C 2
" -550¢ S m&
3 500 w80 \\\>\
s o g o <
o
e R L OSR
3 I = -550C \\\( 1oo°c
« z \\
w 90— } w . -
g / 1 8 2 —+ RIS
= +1500¢ I ' E \\:\ e
. 50 // +250C I § \\
) 1 < 10 =
+750C / | 5 80 \\\\
)‘/ S & 60 N
10 50
-15 50 25 0 2 50 10 20 a0 60 8010 20

~Vz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to 1T = 10 mA)

1z, ZENER CURRENT (mA)
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1N2620, A, B thru TN2624, A, B (continued)

MAXIMUM NOISE (uV rms)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE

32 e —
x T 7 T 1777 T 17171
28— IzT=10mA .l_ ; H + i + ] l 4
Bandwidth = 500 Hz — | i ' o I
24 I + R H .
| ; ‘ :
20 }
/ |
16 -4 ]
12 bt ; : ;
P | ‘ o T
80 T e S R :
Lo , , [ L
we At T T T T T
[y | ‘ ! [
0 | Lid i [ i l i . ‘ .
10 20 30 40 50 100 200 400 1000
70 CENTER FREQUENCY (kHz)
NOTE 1: for each series are given in Figure 5. A cathode-ray tube curve-trace

Voltage Variation (aV2) 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 (IzT), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
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 temperature
coefficient, therefore, is given only as a reference.

NOTE 2:

Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, L2, is superimposed on I27T.
Curves showing the variation of zener impedance with zener current

test on a sample basis is used to énsure that each zener characteristic
has a sharp and stable knee region.

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 +25 to +50°C will cause a volt-
age change no greater than +23 mV or -23 mV for 1N2620, as
illustrated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution, expanded views of the
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b,
and 3b respectively.

NOTE 4:

The maximum voltage change, aVz, in Figure 4 is due entirely to the
impedance of the device. If both temperature and |zt are varied,
then the total voltage change may be obtained by adding aVz in Fig-
ure 4 to the aVz in Figure 1, 2, or 3 for the device under considera-
tion. If the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3.
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1n2804 i 1n2846 (zener pioDES) S 93

6.8V thru 200V (Case 54) ®

1N4557 o 184564 184549 1o 184556

3.9V thru 7.5V (Case 54) 3.9V thru 7.5V  (Case58) (TO-3 Modified)

1N3305 thru 1N3350

6.8V thru 200V  (Case 58) @

Units are available with anode-to-case and cathode- CASE 58
to-case connections (standard and reverse polarity ). (stud package)
For reverse polarity, add suffix "R" to type number.

MAXIMUM RATINGS
Junction and Storage Temperature: -65°C to +175°C.
D C Power Dissipation: 50 Watts. (Derate 0.5 W/°C above 75°C).
TOLERANCE DESIGNATION
The type numbers shown have a standard tolerance of +20% on the nominal
zener voltage. Add suffix "A" for +10% units or "B" for +5% units. (2% and 1%
tolerance also available.

CASE 54 APPLICATIONS INFORMATION

If these units are used with a socket, the unregulated line should be connected
to one pin through a suitable current limiting resistor and the load should be
connected to the other pin. The load will now be disconnected from the line if
the unit is removed from the socket.

Typical circuit connections for anode-to-case and cathode-to-case polarities
(standard and reverse polarities, respectively) are shown below

CURRENT CIRCUIT CONNECTIONS

LIMITING INTERLOCK JUMPER

RESISTOR INTERLOCK JUMPER

STANDARD POLARITY
(ANODE TO CASE)

+ €]

UNREGULATED
oc
- REVERSE POLARITY l +
(CATHODE TO CASE)
+ pa
= CHASSIS RED DOT ON CASE AND _/ L uassis
CASE TERMINAL OR GND (? SUFFIX ON TYPE NO CASE TERMINAL OR GND.
(=) (+)
(A) NOMINAL ZENER VOLTAGES BETWEEN THE 50 M 51 S Z 5 B 1
VOLTAGES SHOWN AND TIGHTER VOLTAGE T T T T
TOLERANCES: Device 51 Voits Zener Overall
To designate units with zener voltages other than Description | (each device) | Diodes g;?i::aﬂce

those assigned JEDEC numbers and for tight voltage Motorola Stud (+1%)
tolerances (+3%, +2%, +1%), the Motorola type Tolerance .
number should be used. per device (+5%) Code

50 M 90 s z 3 *Code: (omit for +20% units) (A-Not used)

T T T T T B — Two devices in series
. - ices in series
Device Motorola Nominal T Zener Tolerance CD »F:::g:v‘;‘::’:i: s‘eeri:s
Description Voltage 'Stud Diode  (+%)
Example: SOMS1SZ5B1
(C) ZENER CLIPPERS: (Standard Tolerance +10% and
+5%).
Special clipper diodes with opposing Zener
junctions built into the device are available by using
the following nomenclature:

Example: SOM90ZS3

(B) MATCHED SETS: (Standard Tolerances are +5.0%
12.0%, +£1.0%)-

Zener diodes can be obtained in sets consisting

of two or more matched devices. The method for

specifying such matched sets is similar to the one 50 M 20 S z 10
described in (A) for specifying units with a special T T T
voltage and/or tolerance except that two extra Device Nominal Zener
suffixes are added to the code number described. Description Voltage Diodes

These units are marked with code letters to Motorola Stud Clipper
identify the matched sets and, in addition, each unit Tolerance for each of
in a set is marked with the same serial number the two Zener voltages
which is different for each set being ordered. (not a matching require-

Example: SOM20SZZ10 ment)
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1N2804 thru 1N2846 (continued)

ELECTRICAL CHARACTERISTICS
(rc = 30°C unless otherwise specified) Ve = 1.5 V max @ 10 A on all types.

. .
Nominal Test Max Zener Impedance Max DC Zener REVERSE szp«:al
Zener Voltage ¢ o ' Current LEAKAGE CURRENT v Tt""
50 Watt 50 Watt @l ‘(’["')" 75°C Case Temp Yem: g:“
- . .
CASE 54 | CASE 58 | (Vp)Volts | 'T¢ Zpy @lyy | Zgg @ gy =5mA (Ip0) mA I MAX | Vg | Ve % /°¢
ohms ohms («A)
1N4557 IN4549 3.9 3200 0.16 400 11900 150 05| 05 -.025
1N4558 1N4550 4.3 2900 0.16 500 10650 150 05| 95 -.025
1N4559 1N4551 4.7 2650 0.12 600 9700 100 10| 10 .010
1N4560 1N4552 5.1 2450 0.12 650 8900 20 1.0 10 .015
1N4561 1N4553 5.8 2250 0.12 900 8100 20 10 10 .030
1N4562 IN4554 6.2 2000 0.14 1000 7300 20 20| 20 .040
1N2804 1N3305 6.8 1850 0.2 70 6600 150 45 43 .040
1N4563 1N4555 6.8 1850 0.16 200 6650 10 20| 20 .045
1N2805 1N3306 7.5 1700 0.3 70 5900 75 50 4.7 .045
1N4564 1N4556 7.5 1650 0.24 100 6050 10 3.0| 3.0 .053
1N2806 1N3307 8.2 1500 0.4 70 5200 50 54| 5.2 .048
1N2807 1N3308 9.1 1370 0.5 70 4800 25 6.1 5.7 .051
1N2808 1N3309 10 1200 0.6 80 4300 10 67| 6.3 .055
1N2809 1N3310 11 1100 0.8 80 3900 5 84 8.0 .060
1N2810 IN3311 12 1000 1.0 80 3600 5 9.1 8.6 .065
1N2811 1N3312 13 960 1.1 80 3300 5 99| 9.4 .065
1N2812 1N3313 14 890 1.2 80 3000 5 10.6 | 10.1 .070
1N2813 IN3314 15 830 1.4 80 2800 5 1.4 108 .070
1N2814 1N3315 16 780 1.6 80 2650 5 122 115 .070
LN2815 1N3316 17 740 1.8 80 2500 5 13.0 | 122 .075
1N2816 1N3317 18 700 2.0 80 2300 5 137 13.0 075
1N2817 IN3318 19 660 2.2 80 2200 5 144 132 .075
1N2818 1N3319 20 630 2.4 80 2100 5 15.2 | 14.4 .075
1N2819 1N3320 22 570 2.5 80 1900 5 16.7 ] 15.8 .080
1N2820 1N3321 24 520 2.6 80 1750 5 182 17.3 .080
1N2821 1N3322 25 500 2.7 90 1550 5 190 | 18.0 .080
1N2822 1N3323 27 460 2.8 90 1500 5 20.6 | 19.4 .085
1N2823 1N3324 30 420 3.0 90 1400 5 22.8 | 21.6 .085
IN2824 1N3325 33 380 3.2 90 1300 5 25.1| 23.8 .085
1N2825 1N3326 36 350 35 90 1150 5 27.4| 25.9 .085
1N2826 1N3327 39 320 4.0 90 1050 5 20.7| 28.1 .080
1N2827 1N3328 43 290 4.5 90 975 5 32.7| 310 ‘090
1N2828 1N3329 It 280 45 100 930 5 342 | 32.4 090
1N2829 1N3330 41 270 5.0 100 880 5 35.8| 338 .090
1N2830 1N3331 50 250 5.0 100 830 5 38.0 | 36.0 .090
1N2831 1N3332 51 245 5.2 100 810 5 38.8| 36.7 .090
- 1N3333 52 240 5.5 100 790 5 39.5| 37.4 .090
1N2832 1N3334 56 220 6 110 740 5 42.6 | 40.3 .090
1N2833 1N3335 62 200 7 120 660 5 47.1] 44.6 .090
1N2834 1N3338 68 180 8 140 600 5 507( 49.0 .090
1N2835 1N3337 7 170 9 150 540 5 56.0 | 54.0 .090
1N2836 1N3338 82 150 1 160 490 5 62.2 | 50.0 .090
1N2837 1N3338 91 140 15 180 420 5 69.2 | 65.5 .090
1N2838 1N3340 100 120 20 200 400 5 76.0 | 72.0 .090
1N2839 1N3341 105 120 25 210 380 5 79.8| 75.6 .095
1N2840 1N3342 110 110 30 220 365 5 83.6| 719.2 .095
1N2841 1N3343 120 100 40 240 335 5 91.2| 86.4 .095
1N2842 IN3344 130 95 50 275 310 5 98.8 | 936 095
- 1N3345 140 9 60 325 290 5 |106.4 100.8 .095
1N2843 IN3346 150 85 % 400 270 5 |114.0( 108.0 .095
1N2844 1N3347 160 80 80 450 250 5 |121.6| 115.2 .095
- 1N3348 175 70 85 500 230 5 [133.0( 126.0 .095
1N2845 1N3349 180 68 90 525 220 5 |136.8] 120.6 .095
1N2846 1N3350 200 65 100 600 200 5 |152.0] 144.0 160

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details)

"‘VRl — Test Voltage for 5% Tolerance Device

VRz — Test Voltage for 10% Tolerance Device
No Leakage Specified as 20% Tolerance Device
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1N2804 thru 1N2846 (continued)

FIGURE 1 — TEMPERATURE CHARACTERISTICS
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FIGURE 4 — ZENER IMPEDANCE
versus ZENER CURRENT
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1N2970 shro IN3015 (zener DiODES)

(DO-4)

The type numbers shown have a standard tolerance of +20% on the nominal
zener voltage. Add suffix "A" for +10% units or ""B" for +5% units. (2% and 1%

tolerance also available.)
MAXIMUM RATINGS

Junction and Storage Temperature: -65°C to +175°C.
D C Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C).

ELECTRICAL CHARACTERISTICS

(T = 25°C unless otherwise noted)

VE= 15V max @ I¢

2 amp on all types.

Diffused-junction zener diodes for both military and
high-reliability industrial applications.
anode-to-case and cathode-to-case connections (stand-
ard and reverse polarity), i.e., 1N2970 and 1N2970R.
Supplied with mounting hardware.

Available with

7

Device Motorola Nominal
Description Voltage

10M90Z3

+

Zener Tolerance
Diode (+%)

Example:

(B) MATCHED SETS: (Standard Tolerances are +5.0%,
12.0%, £1.0%).

Zener diodes can be obtained in sets consisting
of two or more matched devices. The method for
specifying such matched sets is similar to the one
described in (A) for specifying units with a special
voltage and/or tolerance except that two extra
suffixes are added to the code number described.

These units are marked with code letters to
identify the matched sets and, in addition, each unit
in a set is marked with the same serial number,
which is different for each set being ordered.

B — Two devices in series

C - Three devices in series

D — Four devices in series
Example: 10MS15B1

(C) ZENER CLIPPERS: (Standard Tolerance +10% and
15%).
Special clipper diodes with opposing Zener
junctions built into the device are available by using
the following nomenclature:

ll(l M Zlg, _T_ Z 10
Device | Nominal Zener
Description | Voltage Diodes

Motorola Clipper

Tolerance for each of
the two Zener voltages
(not a matching require-

Example: 10M20ZZ10 ment)
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Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current *
Type No. | Zener Voitage | Current Current
V; @ gy Izt Iy @Iy | T @ I |l 10 MA 1, Max Vo Va
Voits mA Ohms Ohms m (uA)
1N2970 6.8 370 1.2 500 1.0 1,320 150 5.2 4.9
1N2971 7.5 335 1.3 250 1.0 1,i80 75 5.7 5.4
IN2972 8.2 305 1.5 250 1.0 1,040 50 6.2 5.9
1N2973 9.1 2175 2.0 250 1.0 960 25 6.9 6.6
IN2974 10 250 3 250 1.0 860 10 7.6 7.2
1N2975 11 230 3 250 1.0 780 5 8.4 8.0
1N2976 12 210 3 250 1.0 720 5 9.1 8.6
1N2977 13 190 3 250 1.0 660 5 9.9 9.4
IN2978 14 180 3 250 1.0 600 5 10.6 10.1
1N2979 15 170 3 250 1.0 560 5 11.4 10.8
1N2980 16 155 4 250 1.0 530 5 12.2 11.5
1N2982 18 140 4 250 1.0 460 5 13.7 13.0
1N2983 19 130 4 250 1.0 440 5 14.4 13.7
1N2984 20 125 4 250 1.0 420 5 15.2 14.4
1N2985 22 115 5 250 1.0 380 5 16.7 15.8
1N2986 24 105 5 250 1.0 350 5 18.2 17.3
1N2988 27 95 7 250 1.0 300 5 20.6 19.4
1N2989 30 85 8 300 1.0 280 5 22.8 21.6
1N2990 33 5 9 300 1.0 260 5 25.1 23.8
1N2991 36 70 10 300 1.0 230 5 27.4 25.9
*VR1 — Test Voltage for 5% Tolerance Device. Vg, — Test Voltage for 10% Tolerance
Device. No Leakage Specified as 20% Tolerance Device.
(A) NOMINAL ZENER VOLTAGES BETWEEN THE 10 M 51 B 1
VOLTAGES SHOWN AND TIGHTER VOLTAGE T
TOLERANCES: Device 51 Volts Zener Overall
To designate units with zener voltages other than  Description | (each device) Diodes Tolerance
those assigned JEDEC numbers and for tight voltage Motorola ("IIS;‘
tolerances (+3%, +2%, +1%), the Motorola type Tolerance +1%)
number should be used. per device (+5%) Code*
10 M 90 z 3 *Code : (omit for +20% units) (A-Not used)




1N2970 thru 1IN3015 (continued)

ELECTRICAL CHARACTERISTICS

(T = 25°C unless otherwise noted)

Ve = 1.5V max @ Ir = 2 amp on all types.

Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current *
Type No. Zener Voltage Current Current
V: @ Iy lzs 1 @ by | Lk @ Iy lac l2 MA 1a Max Vu Vu:
Voits mA Ohms Ohms mi (uA)

1N2992 39 65 11 300 1.0 210 5 29.7 28.1
1N2993 43 60 12 400 1.0 195 5 32.1 31.0
IN2995 47 55 14 400 1.0 175 5 35.8 33.8
1N2996 50 50 15 500 1.0 165 5 38.0 36.0
1N2997 51 50 15 500 1.0 163 5 38.8 36.7
1N2998 52 50 15 500 1.0 160 5 39.5 37.4
1N2999 56 45 16 500 1.0 150 5 42.6 40.3
1N3000 62 40 17 600 1.0 130 5 4.1 44.6
1N3001 68 37 18 600 1.0 120 5 51.7 49.0
1N3002 5 33 22 600 1.0 110 5 56.0 54.0
1N3003 82 30 25 700 1.0 100 5 62.2 59.0
1N3004 91 28 35 800 1.0 85 5 69.2 65.5
1N3005 100 25 40 900 1.0 80 5 6.0 72.0
1N3006 105 25 45 1,000 1.0 5 5 79.8 5.6
1N3007 110 23 55 1,100 1.0 72 5 83.6 9.2
1N3008 120 20 5 1,200 1.0 67 5 91.2 86.4
1N3009 130 19 100 1,300 1.0 62 5 98.8 93.6
IN3010 140 18 125 1,400 1.0 58 5 106.4 100.8
IN3011 150 17 175 1,500 1.0 54 5 114.0 108.0
1N3012 160 16 200 1,600 1.0 50 5 121.6 115.2
IN3014 180 14 260 1,850 1.0 45 5 136.8 129.6
IN3015 200 12 300 2,000 1.0 40 5 152.0 144.0

SPECIAL SELECTIONS AVAILABLE INCLUDE:

*VR1 — Test Voltage for 5% Tolerance Device. Vr
No Leakage Specified as 20% Tolerance

Device.

(See Selector Guide for details)

evice.

~ Test Voltage for 10% Tolerance

1n3016 o 183051

For Specifications, See 1N3821 Data.
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in3 154, A siuicon)

thru

n3157, A

Temperature-compensated zener reference diodes util-
izing an oxide-passivated junction for long-term voltage
stability. RamRod construction provides a rugged, glass-
enclosed, hermetically sealed structure.

CASE 51
(DO-7)

©

MAXIMUM RATINGS
Junction Temperature: -55 to +175°C
Storage Temperature: -65 to +175°C
DC Power Dissipation: 500 mW @ Ta = 25°C

MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion resistant and leads are readily sold-
erable and weldable.

POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram(approx)
MOUNTING POSITION: Any

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

M‘;l.xlil'm“nn Ambient I\D/luxlinuln‘n
CE;];‘;: Test Temperuture lm};)l;‘iil;]l]xize
JEDEC Temperature Coefficient
Type No. AVZ (Volts) og “C ZZT (Ohms)
(Note 1) (Note 2) +1°C (Note 2) (Note 3)
- (7 =
VZ =8.4V 15.0%*% @ IZT =10 mA
1N3154 0.130 o 0.01
_ IN3155 0. 065 -55, 0, +25, +75, +100 0. 005 _ 15
1IN3156 0. 026 0. 002
1N3157 0.013 0. 001 ]
1N3154A 0.172 0.01
1N3155A 0. 086 -55, 0, +25, +15, 0.005 15
1IN3156A 0.034 +100, +150 0. 002 )
IN3157A 0.017 0.001

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 20 to 180 pF @ 90, of Vg
FORWARD BREAKDOWN VOLTAGE (Vf) =100 to 800 V
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1N3154, A thru 1N3157, A (continued)

150

100

o
=]

AVZ, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to 0°C)
=)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(with 127 = 10 mA £0.01 mA) (See Note 4)

1N3154 thru IN3157
FIGURE 1a FIGURE 1b
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(with 1zT - 10 mA 10.01 mA) (See Note 4)
FIGURE 2a IN3154A thru IN3157A FIGURE 2b
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1N3154, A thru 1N3157, A (continued)

12, ZENER CURRENT (mA)

MAXIMUM NOISE (uVrms)

FIGURE 3 — ZENER CURRENT versus MAXIMUM

VOLTAGE CHANGE (at specified temperatures)
(See Note S)

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES

FIGURE 4 — MAXIMUM ZENER IMPEDANCE
versus ZENER CURRENT

(See Note 3)

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES
~
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NOTE 1: Curves showing the variation of zener impedance with zener current

Types 1N3154 thru 1N3157 are available to MIL-S-19500/158

NOTE 2:

Voltage Variation (aVZz) and Temperature Coefficient.

All reference diodes are characterized by the “box method”. This
guarantees a maximum voltage variation (aVZz) over the specified
temperature range, at the specified test current (Iz7), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
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 temperature
coefficient, therefore, is given only as a reference.

NOTE 3:
Zener Impedance Derivations

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, Iz, is superimposed on IZT.
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for each series are given in Figure 4. A cathode-ray tube curve-trace
test on a sample basis is used to ensure that each zener characteristic
has a sharp and stable knee region.

NOTE 4:

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 +50°C will cause a voit-
age change no greater than +42 mV or -42 mV for 1N3154, as
illustrated by the dashed lines in Figure 1. The boundaries given are
maximum values. For greater resolution,. expanded views of the
shaded areas in Figures 1a and 2a are shown in Figures 1b and 2b
respectively.

NOTE 5:

The maximum voltage change, aVz, in Figure 3 is due entirely to
the impedance of the device. If both temperature and | 2T are varied,
then the total voltage change may be obtained by adding aVz in
Figure 3 to the aVz in Figure 1 or 2 for the device under considera-
tion. If the device is to be operated at some stable current other
than the specified test current, a new set of characteristics may be
plotted by superimposing the data in Figure 3 on Figure 1or 2.



IN3189 thru 'IN3.|9I|

Obsolete, discontinued types, replace with devices from the 1N4001 series.

1N3208:hrv 1N3212 (siLICON)

© 1 CATHODE

Medium-current silicon rectifiers. Cathode con-
nected to case, but reverse polarity (anode-to-case
connection) also available by adding suffix ""R'" to type
number, e.g. 1N3208R.

CASE 42A
(DO-5) :
2. ANODE

MAXIMUM RATINGS

. 1N3208 | 1N3209 | 1N3210 | 1N3211 | 1N3212 i
Rafing Symbol | {N3208R| IN3209R | 1N3210R | IN3211R [IN3212R| YNt
D C Blocking Voltage Vi 60 100 200 300 400 Volts
RMS Reverse Voltage VR (RMS) 35 70 140 210 280 Volts
Average Half-Wave Rectified
Forward Current With Re- Io' 15 15 15 15 15 Amp
sistive Load
Peak One Cycle Surge Current IFSM
(60 cps & 25°C Case Temp) 250 250 250 250 250 Amp
Operating Junction Tempera- T -65 to + 175 °c
ture J
Storage Temperature T stg -65 to + 175 °C
‘TC = 150°C
ELECTRICAL CHARACTERISTICS (All Types) at 25°C Case Temp.
Characteristic Symbol Value Unit
Maximum Forward Voltage at 40 Amp D-C Forward VF 1.5 Volts
Current
Maximum Reverse Current at Rated D-C Reverse IR 1.0 mAdc
Voltage
Typical Thermal Resistance, Junction To Case Rasc 1.7 Cc/W

1n3213, 183214

For Specifications, See IN248B Data.

1n3305 hru 183350

For Specifications, see 1N2804 Data.
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1N3491 thrv 1IN3495 siLicon)

MR327, MR328, MR330, MR331

Medium-current silicon rectifiers - compact, highly
efficient silicon rectifiers for medium-current appli-
cations.

CASE 43
(DO-21)

MAXIMUM RATINGS

~ v |o | |wv ~| o o —
o | |0 o |o S| S| @ @
Rating Symbol S ISIS S IS |el2| 2| &2 Unit
Z 22|22 |=2|l=2|=2|=
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 50 | 100 | 200| 300 | 400 | 500 | 600 | 800 [ 1000 Volts
DC Blocking Voltage Vg

Non-Repetitive Peak Reverse Voltage
(halfwave, single phase, \'s 100 (200 | 300 400 | 500 | 600 | 720 | 1000 | 1200 Volts
60 cycle peak)

RMS Reverse Voltage VR(RMS) 35| 70 | 140| 210 | 280 | 350 | 420 | 560 | 700 Volts

Average Rectified Forward Current
(single phase, resistive load, Io 25 Amp
60 Hz , see Figure 3) Tc = 130°C

Non-Repetitive Peak Surge Current

(surge applied at rated load I 300 (for 1/2 cycle) Amp
FSM
conditions, see Figure 5)

12t Rating (non-repetitive, for t

greater than 1 ms and less 12t 375 A(rms)2 8€C
than 8.3 ms)
OpersingandSorsge ctn o
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ROJC 1.2 oc/watt

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed construction.

FINISH: All external surfaces corrosion-resistant and the terminal lead is readily
solderable.
POLARITY: CATHODE TO CASE (reverse polarity units are available upon request and
are designated by an “R” suffix i.e. MR327R or 1N3491R).

MOUNTING POSITIONS: Any.
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1N3491 thru 1N3495 (continued)

ELECTRICAL CHARACTERISTICS

Characteristic and Conditions Symbol Max Unit

Full Cycle Average Forward Voltage Drop

(rated Iy and V,, single phase, 60 Hz, T = 150°C) VF(AV) 0.6 Volts
Instantaneous Forward Voltage Drop Vg Volts

(ip =100 Amps, Ty = 25°C) 1.5
Full Cycle Average Reverse Current IR(AV) mA

(rated I and Vy., single phase, 60 Hz, T = 150°C)

1N3491 10

1N3492 10

1N3493 8.0

1N3494 6.0

1N3495 4.0

MR327 3.0

MR328 2.5

MR330 2.0

MR331 1.5
DC Reverse Current Iz mA

(Rated Vg, T = 25°C) 1.0

i, INSTANTANEOUS FORWARD CURRENT (AMP)

FIGURE 1 — MAXIMUM FORWARD VOLTAGE DROP
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Pe(av) AVERAGE FORWARD POWER DISSIPATION (WATTS)
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1N3491 thru 1N3495 (continued)
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Ig(av), AVERAGE FORWARD CURRENT PER RECTIFIER (AMP)
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TN3491 thru 1N3495 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 6 — RECTIFICATION EFFICIENCY

FIGURE 7 — REVERSE RECOVERY TIME
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HEAT SINK MOUNTING

ADOITIONAL
HEAT SINK PLATE

W P

bl

MR327-MR331 and 1N3491-1N3495 rectifiers are designed to be -press-fitted in a heat sink in

Drill a hole in the heat sink 0.499 = .001 inch in diameter.

pressed into the hole.

order to attain full device ratings. Recommended procedures for this type of mounting are as follows:

. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is

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

surface contact.

the shoulder ring of the rectifier case as shown in the figure.
The pressing force should be applied evenly about the shoulder ring to avoid tilting or canting
of the rectifier case in the hole during the press-in operation. Also, the use of a light industrial

will be of
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aid.

. To prevent damage to the rectifier during press-in, the pressing force should be applied only on



1n3580, A, B 1n3583, A, B

For Specifications, See 1N2163 Data.

183649183650

Obsolete, discontinued types, replace with devices from the MR1120 series.

1N365%hru 1IN3663 (siLicON)

Low-cost silicon rectifiers in hermetically sealed,
press-fit case, designed for operation under severe
environmental conditions, Cathode connected to case,
but available with reverse polarity by adding suffix
"R" to type number,

CASE 43
(DO-21)

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

" 1N3659 1N3660 IN3661 | 1N3662 | 1N3663 .
Rating Symbol | 13508 | IN3G50R | TNGGGIR | IN3G6Z2R | N3G |  Units
Peak Repetitive Reverse Voltage VRRM 50 100 200 300 400 Volts
DC Blocking Voltage Vr
RMS Reverse Voltage VR(RMS) 35 70 140 210 280 Volts
Average Half-Wave Rectified For- Io
ward Current with Resistive Load
@ 100°C case 30 Amp
@ 150°C case 25 Amp
Peak One Cycle Surge Current IFSM 400 Amp
(150°C case temp, 60 Hz)
Operating Junction Temperature Ty —65 to +175 °c
Storage Temperature Tst g —65 to +200 °Cc

ELECTRICAL CHARACTERISTICS

- N | DG | DNl | 2 | e |
Characteristic Symbol | wssson | 1waseom | 1haeeie | os62m | twgeen | Uit

Maximum Forward Voltage VF 1.2 1.2 1.2 1.2 1.2 Volts
at 25 Amp DC Forward Current

Maximum Full Cycle Average v
Forward Voltage Drop @ Rated F(AV) 0.7 0.7 0.7 0.7 0.7 Volts
PIV and Current

Maximum Full Cycle Average
Reverse Current @ Rated PIV and

Current (as half-wave rectifier, IR(AV) 5.0 4.5 4.0 3.5 3.0 mA
resistive load, 150°C)
Thermal Resistance, Junction Rgsc 1.0 °c/w

to Case
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1N3659 thru TN3663 (continued)
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1N3659-1N3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended

procedures for this type of mounting are as follows:

1. Drill a hole in the heat sink 0.499 x . 001 inch in diameter.

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it ispress-

ed into the hole.

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

with the knurled rectifier surface.
4, Width of the break should be 0.010 inch as shown.

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc-

ing contact area for heat transfer, reliability of operation will be impaired.

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con-

tact area for the rectifier knurled edge, as well as additional heat sink capacity.

TO SINK, #ics = 0.2°C/W

.01 NOI
TYPICAL THERMAL ™
RESISTANCE, CASE i

.01 NOM

m—
[ DiA

ez

-—-»1 h 0.499 + 0.001 DIA

HEAT SINK MOUNTING

RIVET —\
L]

2 RG22

cmesmvana At oAy
INTIMATE _/
CONTACT AREA

THIN-CHASSIS MOUNTING

COMPLETE
KNURL CONTACT
AREA
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1IN3675 thro 1IN3703 (siLicON)

CATHODE —

CASE 59 Recommended for applications requiring an exact replacement only.
(DO-41) For new designs and industry preferred replacement devices, see
1N4728 series.
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IN3785 thru 1n3820

CASE 55 Low silhouette single-ended package for printed cir-
cuit or socket mounting. Cathode connected to case.

MAXIMUM RATINGS
Junction and Storage Temperature: -65°C to +175°C.
D C Power Dissipation: 1.5 Watts at 25°C Ambient, (Derate 10 mW/°C).

The type numbers shown have a standard tolerance of +20% on the zener volt-
age. Standard tolerances of +10% and +5% on individual units are also available
and are indicated by suffixing ""A" for +10% and "'B'" for +5% units to the standard
type number.

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Ve=15V max @ 300 mA

Max Zener Impedance Typical
Reverse Leakage Current* Zener
Nominal Test Voitage
Zener Voltage @ | Current Max DC Zener Temp. Coeff.
Type No. (V) Volts (1) 1@l In@lx| Iu Current 1» Max %/°C
mA ohms | ohms mA (1) MA () Vu Vu
1N3785 6.8 55 2.7 700 Lo 195 150 5.2 4.9 . 040
1N3786 7.5 50 3.0 700 0.5 175 75 5.7 5.4 . 045
1N3787 8.2 46 3.5 700 0.5 155 50 6.2 5.9 .048
1N3788 9.1 41 4.0 700 0.5 140 25 6.9 6.6 .051
1N3789 10 37 5 700 ]0.25 125 10 7.6 7.2 . 055
1N3790 11 34 6 700 0.25 115 5 8.4 8.0 . 060
1N3791 12 31 7 700 |0.25 105 5 9.1 8.6 . 085
1N3792 13 29 8 700 |0.25 98 5 9.9 9.4 . 065
1N3793 15 25 10 700 0.25 85 5 11.4 10.8 . 070
1N3794 16 23 11 700 ]0.25 80 5 12.2 11.5 070
1N3795 18 21 13 750 |0.25 70 5 13.7 13.0 . 075
IN3796 20 19 15 750 10.25 62 5 15.2 14.4 . 075
1N3797 22 17 16 750 |0.25 56 5 16.7 15.8 . 080
1N3798 24 16 17 750 [0.25 51 5 18.2 17.3 .080
1N3799 27 14 20 750 [0.25 46 5 20.6 19.4 .085
1N3800 30 12 25 1,000 |0.25 41 5 22.8 21.6 . 085
1N3801 33 11 30 1,000 |0.25 38 5 25.1 23.8 .085
1N3802 36 10 35 1,000 {0.25 35 5 27.4 25.9 .085
1N3803 39 10 40 1,000 |0.25 31 5 29.7 28.1 . 090
1N3804 43 9.0 45 1,500 |0.25 28 5 32.7 31.0 . 090
1N3805 417 8.0 55 1,500 [0.25 26 5 35.8 33.8 . 090
1N3806 51 7.4 65 2,000 {0.25 24 5 38.8 36.6 . 090
1N3807 56 6.7 75 2,000 |0.25 22 5 42.6 40.3 . 090
1N3808 62 6.0 85 2,000 [0.25 20 5 47.1 44.6 . 090
1N3809 68 5.5 95 2,000 |0.25 18 5 51.17 49.0 .090
1N3810 75 5.0 110 2,000 10.25 16 5 56.0 54.0 .090
1N3811 82 4.5 130 3,000 0.25 14 5 62.0 59.0 .090
1N3812 91 4.1 150 3,000 |0.25 13 5 69.2 65.5 . 090
1N3813 100 3.7 200 3,000 [0.25 12.0 5 76.0 72.0 . 090
1N3814 110 3.4 300 4,000 10.25 11.0 5 83.6 79.2 .095
1N3815 120 3.1 350 4,500 {0.25 10.5 5 91.2 86.4 . 095
1N3816 130 2.9 400 5,000 |0.25 9.0 5 98.8 93.6 . 095
1N3817 150 2.5 700 6,000 [0.25 8.0 5 114.0 | 108.0 . 095
1N3818 160 2.3 750 6,500 [0.25 8.0 5 121.8 | 115.0 095
IN3819 180 2.1 800 7,000 |0.25 7.0 5 137.0 | 130.0 095
1N3820 200 1.9 1,000 | 8,000 ]0.25 6.0 5 152.0 | 144.0 . 100

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

*VR1 — Test Voltage for 5% Tolerance Device. Vg — Test Voltage for 10% Tolerance
Device. No Leakage Specified as 20% Tolerance I%evice.
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1 N382‘ thru 1 N383o (SILICON)

SERIES
(IM3.3AZ10 thru TM7.5AZ10)

1 N30] 6 thru 1 N305 I

SERIES
(1M6.8Z thru 1M200Z)

Data Sheet

1.0 WATT METAL SILICON ZENER DIODES

. a complete series of 1.0 Watt Zener Diodes with limits and
operating characteristics that reflect the superior capabilities of
silicon-oxide-passivated junctions. All this in an axial-lead, metal
package offering protection in all common environmental conditions.

® To 100 Watts Surge Rating @ 10 ms
® Maximum Limits Guaranteed on Five Electrical Parameters
® Power Capability to MIL-S-19500 Specifications

Designer’s Data for “"Worst Case’’ Conditions
The Designers Data sheets permit the design of most circuits entirely from the in-
formation presented. Limit curves — representing boundaries on device characteris-
tics — are given to facilitate “‘worst case’’ design.

1.0 WATT
ZENER REGULATOR DIODES

3.3—200 VOLTS

*MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T = 25°C Pp 1.0 Watt
Derate above 25°C (See Figure 1) 6.67 mw/°C
Operating and Storage Junction Ty Tstg -65 to +175 oc
Temperature Range

Lead Temperature 230°C at a distance not less than 1/16"' from the case for 10 seconds.

MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed metal and giass.
DIMENSIONS: See outline drawing.

FINISH: All external surfaces are corrosion-resistant and leads are readily solderable
and weldable.
POLARITY: Cathode connected to the case. When operated in zener mode, cathode will
be positive with respect to anode.
WEIGHT: 1.4 Grams (approx)

MOUNTING POSITION: Any

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
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MILLIMETERS] __INCHES
OIM [ MIN [ MAX [ MIN | MAX

7.44 | 9.07 {0293 | 0.357

[ 546 | 597 [0.215 [ 0.235
1448 | 10570

[ L 12540 [4728 [1.009 [ 1625 |
All JEDEC dimensions and notes apply
CASE 52-03
DO-13

*Indicates JEDEC Registered Data.
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1N3821 thru TN3830, TN3016 thru 1N3051 (continued)

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
VE = 1.5 V max @ | = 200 mA for all types

EDEC *Nominal *Max Zener Impedance Max Reverse Current

J Zener Voltage | *Test (Note 4) {Note 5) *Max DC Zener
Type No. Vze@lizr Current Current

(Flangeless) Volts 12T Zz7@Iz7 |22k @lizK 1z IR Max VR1 VR2 iIzm mA
(Note 1 & 2) (Note 3) mA Ohms Ohms mA (uA) 5% 10% (Note 6)
1N3821 3.3 76 10 400 1.0 «100 “1.0 1.0 276
1N3822 3.6 69 10 400 1.0 *100 *1.0 1.0 252
1N3823 3.9 64 9.0 400 1.0 *50 *1.0 1.0 238
1N3824 4.3 58 9.0 400 1.0 *10 *1.0 1.0 213
1N3825 4.7 53 8.0 500 1.0 *10 *1.0 1.0 194
1N3826 5.1 49 7.0 550 1.0 *10 *1.0 1.0 178
1N3827 5.6 as 5.0 600 1.0 =10 *2.0 2.0 162
1N3828 6.2 a1 2.0 700 1.0 *10 *3.0 3.0 146
1N3829 6.8 37 15 500 1.0 *10 *3.0 3.0 133
1N3830 7.5 34 1.5 250 1.0 *10 *3.0 3.0 121
1N3016 6.8 37 35 700 1.0 10 5.2 49 140
1N3017 75 34 a.0 700 05 10 5.7 5.4 125
1N3018 8.2 31 a5 700 0.5 10 6.2 5.9 115
1N3019 9.1 28 5.0 700 0.5 7.5 6.9 6.6 105
1N3020 10 25 7.0 700 0.25 50 7.6 7.2 95
1N3021 1 23 8.0 700 0.25 5.0 8.4 8.0 85
1N3022 12 kal 9.0 700 0.25 2.0 9.1 8.6 80
1N3023 13 19 10 700 0.25 1.0 9.9 9.4 74
1N3024 15 17 14 700 0.25 1.0 1.4 10.8 63
1N3025 16 15.5 16 700 0.25 1.0 122 1.5 60
1N3026 18 14 20 750 0.25 0.5 13.7 13.0 52
1N3027 20 125 22 750 0.25 0.5 15.2 14.4 a7
1N3028 22 1.8 23 750 0.25 0.5 16.7 15.8 43
1N 3029 24 10.5 25 750 0.2 0.5 18.2 17.3 40
1N3030 27 9.5 35 750 0.25 0.5 20.6 9.4 34
1N3031 30 8.5 40 1000 0.25 0.5 228 21.6 31
1N3032 33 7.5 as 1000 0.25 0.5 25.1 238 28
1N3033 36 7.0 50 1000 0.25 0.5 27.4 25.9 26
1N3034 39 6.5 60 1000 0.25 0.5 29.7 28.1 23
1N 3035 43 6.0 70 1500 0.25 0.5 32.7 21.0 21
1N3036 47 5.5 80 1500 0.25 0.5 35.8 33.8 19
1N3037 51 5.0 95 1500 0.25 0.5 38.8 36.7 18
1N3038 56 4.5 110 2000 0.25 0.5 42.6 40.3 17
1N3039 62 4.0 125 2000 0.25 0.5 47.1 44.6 15
1N3040 68 3.7 150 2000 0.25 0.5 51.7 49.0 14
1N3041 75 33 175 2000 0.25 0.5 56.0 54.0 12
1N3042 82 3.0 200 3000 0.25 05 62.2 59.0 "
1N3043 91 2.8 250 3000 0.25 05 69.2 65.5 10
1N3044 100 25 350 3000 0.25 05 76.0 72.0 9.0
1N3045 110 2.3 450 4000 0.25 0.5 83.6 79.2 8.3
1N3046 120 2.0 550 4500 0.25 0.5 91.2 86.4 8.0
1N3047 130 1.9 700 5000 0.25 0.5 98.8 93.6 6.9
1N3048 150 1.7 1000 6000 0.26 05 114.0 108.0 5.7
1N3049 160 1.6 1100 6500 0.25 0.5 121.6 115.2 5.4
1N3050 180 1.4 1200 7000 0.25 0.5 136.8 129.6 4.9
1N3051 200 1.2 1500 8000 0.25 05 152.0 144.0 4.6
* JEDEC Registered Data on 1N3821 thru 1N3830 and 1N3016 thru 1IN3051
NOTE 1 — TOLERANCE AND TYPE NUMBER DESIGNATION
(B) MATCHED SETS: (Standard Tolerances are +5.0%, +2.0%,

1N3821 thru 1N3830 — The JEDEC type numbers shown have a
standard tolerance for the nominal zener voltage of +10%. A
standard tolerance of +5% for individual units is also available and
is indicated by adding suffix “A’’ to the standard type number.

1N3016 thru IN3051 — The JEDEC type numbers shown have a
standard tolerance of +20% for the nominal zener voltage. Suffix
A" for £10% units or 'B"’ for £5% units.

NOTE 2 — SPECIALS AVAILABLE INCLUDE:

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT-

+1.0%).

Zener diodes are available in sets consisting of two or more
matched devices. The method for specifying matched sets
is similar to the one described in (A) except that two addi-
tional suffixes are added to the code number described.
These devices are marked with code letters to identify the
matched sets and, in addition, each unit in a set is marked
with the same serial number, which is different for each
set ordered.

AGES SHOWN AND TIGHTER VOLTAGE TOLER- 1 M 1 A 5 B 1
ANCES: To designate units with zener voltages other than T 1 Vl \ T T T
those assigned JEDEC numbers and/or tight voltage toler- Device (easch dzv‘i::e) ”‘::?2‘ ?Vr"a“
ances (+3%, +2%, +1%), the Motorola type number should Description 1N38u30 Tolerance o:’s':"a(“icf%)
be use]cL M 5.1 A z 3 Motorola only 15&2"(3::;3‘0'
_'T_ - T +20% units)
Device :J_ Nominal 1N3821 Zener Tolerance Code
Description Motorola Voltage thru Diode (£%) A — Not used
1N3|830 EXAMPLE 1M5125B1 B — Two devices in series
only

EXAMPLE 1M5.1AZ3
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1N3821 thru 1N3830, TN3016 thru TN3051(continued)

(C) ZENER CLIPPERS: (Standard Tolerance +10% and £5%).

Special clipper diodes with opposing Zener junctions built
into the device are available by using the following nomen-

Clature:
1 M 7.5 A Z _T_ 10
-|- Zener Clipper
Motorola Diodes
| 1N3821 Tolerance for each of
Devu:g Nominal  thru the two Zener voltages
Description Voitage 1N3830 {not a matching require-
only ment)
Example: 1M7.5AZZ10

NOTE 3 — ZENER VOLTAGE (Vz) MEASUREMENT

Motorola guarantees the zener voltage when measured at 90
seconds while maintaining the lead temperature (T ) at 30°C £ 1°C,
3/8" from the diode body.

NOTE 4 — ZENER IMPEDANCE (22) DERIVATION

The zener impedance is derived from the 60 cycle ac voltage,
which results when an ac current having an rms value equal to 10%
of the dc zener current (I zT or | zK) is superimposed on I zT or IZK.

NOTE 5 — REVERSE LEAKAGE CURRENT Ig

Characteristics Table.

NOTE 6 — MAXIMUM ZENER CURRENT RATINGS (Izpm)

1N3821 thru 1N3830 — Maximum zener current ratings are based
on maximum voltage of 10% tolerance units.

1N3016 thru IN3051 — Maximum zener current ratings are based
on maximum voltage of 5% tolerance units.

NOTE 7 — SURGE CURRENT (i)

Surge current is specified as the maximum allowable peak, non-
recurrent square-wave current with a specified pulse width, PW.
The data presented in Figures 8 and 9 may be used to find the
maximum surge current for a square wave of any pulse width
between 0.01 ms and 1000 ms.

APPLICATION NOTE

Since the actual voltage available from a given zener diode is
temperature dependent, it is necessary to determine junction tem-
perature under any set of operating conditions in order to calculate
its value. The following procedure is recommended:

Lead Temperature, T, should be determined from:
TL=60_LaPD*TA

6 LA is the lead-to-ambient thermal resistance (°C/W) and
Pp is the power dissipation. The value for 8 A will vary
and depends on the device mounting method. eLA is gen-
erally 30-40°C/W for the various clips and tie points in
common use and for printed circuit board wiring.

The temperature of the lead can also be measured using a thermo-
couple placed on the lead as close as possible to the tie point. The
thermal mass connected to the tie point is normally large enough
so that it will not significantly respond to heat surges generated in
the diode as a result of pulsed operation once steady-state condi-
tions are achieved. Using the measured value of T , the junction
temperature may be determined by:

Ty=TL+ATy

AT is the increase in junction temperature above the lead
temperature and may be found from Figure 6 for a train of
power pulses (L = 3/8 inch) or from Figure 7 for dc power.

ATy =64 Pp

For worst-case design, using expected limits of 1z, limits of P
and the extremes of T j(AT ;) may be estimated. Changes in voltage,
Vz, can then be found from:

AV = 6yzATy

6\ z. 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 resist-
ance. For bestregulation, keep current excursions as low as possible.

Data of Figure 6 should not be used to compute surge capability.
Surge limitations are given in Figure 8. They are lower than would
be expected by considering only junction temperature, as current
crowding effects cause temperatures to be extremely high in small
spots resulting in device degradation should the limits of Figure 8
be exceeded.
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1N3821 thru TN3830, 1N3016 thru TN3051(continued)

TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION
(90% OF THE UNITS ARE IN THE RANGES INDICATED)

FIGURE 2 — TEMPERATURE COEFFICIENT-RANGE FIGURE 3 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS TO 12VOLTS FOR UNITS 10 TO 220 VOLTS
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FIGURE 4 — TYPICAL VOLTAGE REGULATION
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1N3821 thru TN3830, 1N3016 thru TN3051 (continued)

[
S

RESISTANCE (°C/W)
=

w o
5 &

6)L, JUNCTION-TO-LEAD THERMAL

FIGURE 6 — TYPICAL THERMAL RESPONSE L, LEAD LENGTH = 3/8 INCH

T T
11T
D=05
il
N
11 -
D=02 = = I
T - —
p-oif ==
- D =0.05 ™" DUTY CYCLE, D=1)/t2 :{:_J I__l L 3
1.0 1 SINGLE PULSE ATy =6)L(0PPK | PPK 1 : ]
0=0.02 = H T[] REPETITIVE PULSES ATyL = 64L(t, DIPPK —=u ' 1
- L S 1) 1
1] —] anl NOTE: Below 0.1 Second, Thermal H 2= 4
Response Curve is Applicable 1
F0=0.01 = SINGLE PULSE to any Lead Length (L).
0.003 0.005  0.01 003 005 0.1 03 05 1.0 30 50 10 3 50 100 200

0L, JUNCTION-TO-LEAD THERMAL RESISTANCE

t, TIME (SECONDS)

FIGURE 7 — TYPICAL THERMAL RESISTANCE

L, LEAD LENGTH TO HEAT SINK (INCH)

140
- L= e L
130 e
/
L T
120 b
s PRIMARY PATH OF |
S | CONDUCTION IS THROUGH >
< THE CATHODE LEAD
10 v
A
100
P
wl_
s 38 2 5/8 3/4 7 10

FIGURE 8 — MAXIMUM NON-REPETITIVE SURGE CURRENT

SURGE POWER (WATTS)

4000
3000
DIFFUSED JUNCTION
DEVICE
2000 /‘
—~
—
SQUARE WAVE PULSE:
PULSE WIDTH = 0.01 ms
1000 TDUTY CYCLE = 0% —+
T| =500 +2° "
400 L = 50°C +2°C @ 3/8
b1
600 = M
ALLOY JUNCTION DEVICE
a00 [ 1]
20 30 50 70 10 20 30 50 70 100 200

Vz, ZENER VOLTAGE (VOLTS)

1-62



1N3821 thru 1TN3830, TN3016 thru TN3051 (continued)

FIGURE 9 — SURGE POWER FACTOR

1.0 TT

T s e e s s e e
07 MULTIPLY NORMALIZED POWER FACTOR TIMES FIGURE 4 +1
05 SURGE POWER POINT FOR VOLTAGE IN QUESTION, TO 0BTAIN 1
D=0 SURGE CAPABILITY AT DIFFERENT PULSE WIDTHS AND DUTY
03 P~ CYCLES. THE 1.0X REFERENCE POINT IS 0.01 ms AT 0% DUTY +H
3 M~ CYCLE.
S 02 5
o N~
g N
= 01 I~
v :
=] 0.07 -
w 005
o  — 1
=4 -;—& T~
2 003 cd <
[~ "“‘L\ ™~
2 002 A N ——
pur ~-\
E SN I b e 0.05 T -
£ om
= 0,007 P~ 5 —
0.005 S et
e —
0.003 02 —
Hﬂ\____i~ ——L 111
0002 =
Tt
0.001
0.01 003 005007 0.1 03 0507 10 30 50 7.0 10 30 50 70 100 300 500 700 1000

SQUARE WAVE PULSE WIBTH (ms)

FIGURE 10 — TYPICAL CAPACITANCE
10,000 —

5000

2000 |
10001

500 =]

200
100

7V

C, CAPACITANCE (pF)

50 ) J—
}

20 Eme

200 V
10 il
0.2 05 10 20 5.0 10 20 50 100 200
VR, REVERSE VOLTAGE (VOLTS)

1-63



‘|N3879 thru 'IN3883

MR1366

Designers

Data Sheet

having typical recovery time of 100
at frequencies to 250 kHz.

STUD MOUNTED
FAST RECOVERY POWER RECTIFIERS

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheeling diodes. A complete line of fast recovery rectifiers

nanoseconds providing high efficiency

FAST RECOVERY
POWER RECTIFIERS
50-600 VOLTS
6 AMPERES

Designer’s Data for “Worst Case’”” Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-

Thermal resistance is not required by the JEDEC registration.

*BLECTRICAL CHARACTERISTICS

Motorola guarantees the listed value, although parts having higher values of thermal resistance will meet the current rating.

Characteristic Symbol Min Ty Max Unit
Instantaneous Forwerd Voltage vE Vaits
(I = 19 Amp, T, = 150°C) - 12 15
Forward Voltage VE Voits
(Ig = 6.0 Amp, T¢ = 25°C) - 1.0 1.4
Reverse Current (rated dc voltage) T¢ = 250C R 10 5 WA
T = 100°C - 05 10 mA
REVERSE RECOVERY CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Reverse Recovery Time e s
“ligm = 1.0 Amp to Vg = 30 Vdc, Figure 16) - 100 200
(IgM = 36 Amp, di/dt = 25 Alus, Figure 17) - 200 400
Reverse Recovery Current 'RMIREC) Amp
“(lg = 1.0 Amp to Vg = 30 Vdc, Figure 16) . - 20

istics — are given to facilitate ‘worst case’’ design.
*MAXIMUM RATINGS |
Rating Symbol | 1N3879 | 1N3880 | 1N3881 | 1N3882 | 1N3883 |MR1366 ] Unit t
Peak Repetitive Reverse Voltage VRRM Voits MAX |
Working Peak Reverse Voltage VRWM 50 100 | 200 | 300 | 400 | 600 %ff‘xo
OC Blocking Voltage VR TR
Non-Repetitive Peak Reverse Voltage VRsM 75 150 250 350 450 650 Volts ! ~
[ RMS Reverse Voltage VRIRMS) 35 70 140 210 280 220 Voits 0.060
Average Rectified Forward Current o Amps 0.800 MIN
(Single phase, resistive load, 6.0 MAX
T = 100°C] | S
Non-Repetitive Peak Surge Current TEsm Amps |
{surge applied at rated load 150 4
i oy o40s
Operating Junction Temperature Range T -65 10 +150 °c L
Storage Temperature Range Tsg 6510 +175 C ]
7T s
THERMAL CHARACTERISTICS / 0178
Characteristic I Symbol Max Unit ] gf:;'{m
[ Thermal Resistance, Junction 10 Case | RaJC I 30 T SCIW ]

10-32UNF 2A

*Dimension is a diameter
All JEDEC dimensions and notes apply

CASE 568
DO-4

MECHANICAL CHARACTERISTICS
CASE: Welded, hermetically sealed

FINISH: All external surfaces corrosion
resistant and readily solderable
POLARITY: Cathode to Case. Reverse Polarity
available by adding Suffix “R*’ to
type number.
WEIGHT: 5.6 Grams (approximately)

*Indicates JEDEC Registered Data for IN3879 Series.
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TN3879 thru 1N3883, MR1366 (continued)

FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — MAXIMUM SURGE CAPABILITY
0 I ’ 100 T A I L L L O B A A B
,,,,, SN U A 90 L i! b4 Prior to surge, the rectitier [
! [ i1 isoperated such that Ty = 1500C; :
80— +4 t 1 VRRM may be applied hetween ! *
100 - - - ] ! i each cycle of surge iy
T [T)=250C gE M p o i Lk
T @ H
70 1+ % ——— 5._?60' Pl N Lhaia
50 f——1- —1 4o ’ Sw ogof— sobd . il P . .
et Ty = 1509¢ ]
+ 7 R S I S ég - L A [
30 / - S3 g : .
ao = 4 i M-
B i LI/ i 5 ol —T T T T T
< 2 RS S A S - [ :
= | } wp- o [ 1 . . : i
I - i
= f 0 L i H HIH L N
3 | ! 1.0 20 30 50 70 10 20 30 50 70 10
& NUMBER OF CYCLES AT 60 Hz
<
=
=
o
2
ES NOTE 1
g
=4
z , o
" )
2 ! ' BUTY CYELE D 11
7 <t - PEAK PUWER Py ¢
£ St Square e pulse
= Mg
B |- " -

Tadetermuwe maamum junct: wugiteatioe o the drode ey g situatinn,
the fallowing procedure s reconmended

The temperatuce of the case shouid be measured asing o thecnocouple placed
on the case ot the temperatute reterence poat {see Note 3) The thermal mass
connected o the case 1s notmally large einough so that @ will aot sigadicantly
respond 10 heat surges generated 1n the dide as 3 resoit ol pulsed operston once
steady state conditionsare achieved  Using the measured value of 1. the junction
Temper ature may be determined by

Ty Ter Tae

where (1S the inceease i uncticn teoperature above te case temperature

] 1tmay e determined by
| 130 Pik tRegg 100 00208 ety oy oty s
. where
04 08 12 1.6 20 24 28 3.2 ) notmahized value of transient thermal resistance +t time 1, from Figure
e

. INSTANTANEOUS FORWARD VOLTAGE (VGLTS)

<
Nl

C() ) nurmalized value of tansient thermal tesistance st time 1+ 1,

FIGURE 3 — THERMAL RESPONSE

o

I - T I T
r +HE 3 3

} ] LHERE B i ]
g 05 IBRARE) b4 . .——«- 11 -1 A
z- ; +
E] 0 gy i 4 § 444 - -
=N 3 ;ﬂ 1 i P
5§ 0.2}—4— : +- f t- b {
5 - : . L1 4+ i t
28 Crt A hiii
22 01p— . Lo + + joohtd -
- i T + +
B i 1 4
22005 : 7 ! T ; ] :
o'w i H P ES i t ; .
w i T N 4 i ! 1} 1
& & 003 I H : i R H— :
L= ‘] i | ot GEENOTED |
= 14 B . I . Ll D L
T T ! I . bgii

T ‘ T RN

0.01 | | | | i 1 [
0.000 0002 0005 001 002 005 01 02 05 10 20 50 10 20 50 100 200 500 1000 2000 5000 10,000

t, TIME (ms)

1-65



1N3879 thru TN3883, MR 1366 (continued)

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION
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DISSIPATION (WATTS)

SQUARE WAVE INPUT

FIGURE 5 — FORWARD POWER DISSIPATION
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1N3879 thru TN3883, MR1366 (continued)

tfr, FORWARD RECOVERY TIME {us)

QR, RECOVERED STORED CHARGE (uc)

QR, RECOVERED STORED CHARGE {uc)
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TN3879 thru 1N3883, MR1366 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT
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VIEWING
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NOTE 2

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current.

Reverse recovery time is a direct function of the forward
current prior to the application of reverse voltage

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various leveis of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

'RM(REC)

From stored charge curves versus di/dt, recovery time (tep)
and peak reverse recavery current (IRm(REC)) can be closely
approximated using the following formulas:

1/2
Q
tr = 1.41 x[——B']
di/dt

IRM(REC) = 141 x [QR x di/af] 172
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'IN3889 thru 'IN3893
MR1376

ata Sheet

FAST RECOVERY
STUD MOUNTED POWER RECTIFIERS

FAST RECOVERY POWER RECTIFIERS 50-600 VOLTS
12 AMPERES

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheeling diodes. A complete line of fast recovery rectifiers
having typical recovery time of 100 nanoseconds providing high efficiency

at frequencies to 250 kHz.

Designer’s Data for “Worst Case’’ Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate ‘‘worst case’’ design.

*MAXIMUM RATINGS

Rating Symbol | IN3889 | 1N3890 | IN3891 | 1N3892 | 1N3893 [MR1376] Unit

Peak Repetitive Reverse Voltage | VRRM Volits
Working Peak Reverse Voltage | Vawm | 50 100 200 300 400 600
DC Blocking Voltage VR

Non-Repetitive Peak Reverse VRSM 75 150 250 350 450 650 | Volts
Voltage

RMS Reverse Voltage VR(RMs)| 35 70 140 210 280 420 | Volts

‘Average Rectified Forward o Amps
Current (Single phase, resistive 12
load, T¢ = 100°C)

Non-Repetitive Peak Surge 'EsSm Amp
Current (Surge applied at 200
rated load conditions) {one cycle)

Operating Junction T Ty -65 to +150 °c
Range

Storage Temperature Range Tstg -651t0 +175 °c

THERMAL CHARACTERISTICS
[ Characteristics | symbol [ Max [ uni ]
rThcrmul Resistance, Junction to Case l RouC l 20 I oc/w ]

Motorola guarantees the listed value, although parts having higher values of thermal resistance
will meet the current rating. Thermal resistance is not required by the JEDEC registration.

*ELECTRICAL CHARACTERISTICS 10-32UNF-2A
Characteristic Symbol Min Typ Max Unit *Dimension is a diameter
Instantaneous Forward Voltage VE Volts All JEDEC dimensions and notes apply
(IF = 38 Amp, T = 150°C) - 1.2 15
Forward Voltage VE Volts A
(1 = 12 Amp, T¢ = 25°C) - 10 | 14 caSEses
Reverse Current (rated dc voltage) Tc = 25°C R - 10 25 kA
Tc = 100°C - 05 30 mA
*REVERSE RECOVERY CHARACTERISTICS MECHANICAL CHARACTERISTICS
Characteristic Symbol | Min Typ Max Unit CASE: Welded, hermetically sealed
Reverse Recovery Time 1, ns . \ .
(1 = 1.0 Amp to Vg = 30 Vdc, Figure 16) i - w00 | 200 FINISH: All external surfaces corros:o:\
(Igm = 36 Amp, di/dt = 25 Alus, Figure 17) - 200 400 resistant and readily solderable
Reverse Recovery Current | RM(REC) Amp POLARITY: Catlhode to Case: Reverse Polarity
(Ig = 1.0 Amp to VR = 30 Vdc, Figure 16} - - 20 available by adding Suffix “R"’

to type number.
WEIGHT: 5.6 grams (approximately)

*Indicates JEDEC Registered Data for 1N3889 Series.
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1N3889 thru TN3893, MR1376 (continued)

FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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I To determime maximum junction temperature of the diode 1 a given situation,
2.0 the fotlowing procedure is recommended
I The temperature of the case should be measured using a thermocouple placed
oo the case at the temperature reference pomt (see Note 3). The thermal mass
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1N3889 thru TN3893, MR 1376 (continued)

IF(AV). AVERAGE FORWARD CURRENT (AMP)

IR, REVERSE CURRENT (uA)

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION
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FIGURE 5 — FORWARD POWER DISSIPATION

20
—-{— CAPACITIVE LOADS
WPK) _ / /
16 — =20
I vV
. (AV) 'm / ’ /]
512 T A | A d
2 2.05.0 Ny
= \L\l< A /
=] L~
Ee0 N
a8 V¥ 7
a N A4
=) 4 -
40
0 |
0 20 4.0 6.0 8.0 10 12 14
IF(AV). AVERAGE FORWARD CURRENT (AMP)
FIGURE 7 — CURRENT DERATING
~ 4
% IL \ dc
12 [ AN AN
é o N AN
£ o) ANEAN
2 ) SN
2
< 80 CAPACITIVE LOA
: Nt = = >N\NAN
e o L iaw) =2.05.0 N \\
5 p NN
§ ot bt
; i 20
E 20 {
= UL
0 80 90 100 10 120 130 140 150

IR, REVERSE CURRENT (NORMALIZED)

Tc. CASE TEMPERATURE (°C)

FIGURE 9 — NORMALIZED REVERSE CURRENT

10!
E—1 vg-100v
100 =
=
&
P
1071
2z

10-2
10-3

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
T4, JUNCTION TEMPERATURE (°C)



1N3889 thru TN3893, MR 1376 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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1N3889 thru 1N3893, MR1376 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT
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FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT
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C1=051050uF
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NOTE 2

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current

Reverse recovery time is a direct function of the forward
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiersare rated under a fixed set of conditions
using I = 1.0 A, VR = 30 V. In order to cover all circuit

conditions, curves are given for typical recovered stored charge From stored charge curves versus di/dt, recovery time (ter)
versus commutation di/dt for various levels of forward current and peak reverse recovery current (IRM(REC)) can be closely
and for junction temperatures of 259C, 75°C, 100°C, and approximated using the following formulas:
150°C.

To use these curves, it is necessary to know the forward Q 1/2
current level just before commutation, the circuit commutation ter = 1.41 "L}a/&(]

di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

IamiRec) = 141 x [Qg x aiad 172
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'IN3899 thru 'IN3903
MR1386

ners Da

FAST RECOVERY
POWER RECTIFIERS
STUD MOUNTED
50-600 VOLTS
FAST RECOVERY POWER RECTIFIERS 20 AMPERES

. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheelingdiodes. A complete line of fast recovery rectifiers

having typical recovery time of 100 nanoseconds providing high efficiency

at frequencies to 250 kHz.

Designers Data for “Worst Case”” Conditions
The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate “‘worst case’’ design.

*MAXIMUM RATINGS

Rating Symbol | 1N3899 | 1N3900 | IN3901 | IN3902 |1N3903 [MR1386] Unit
Peak Repetitive Reverse Voitage | VRRM Volts
Working Peak Reverse Voitage | VRWM 50 100 200 300 400 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse VRsM 75 150 250 350 450 650 | Volts
Voltage
RMS Reverse Voltage VR@RMS) | 35 70 140 210 280 420 [ Voits
Average Rectified Forward o Amps
Current (Single phase, resistive 20
toad, T¢ = 100°C)
Non-Repetitive Peak Surge IFSM Amps
Current (surge applied at 250
rated load conditions) (one cycle}
Operating Junction T¢ Ty -65 10 +160 —————— [ OC
Range
Storage Temperature Range Tstg -65to +175 ———————= | °C
*THERMAL CHARACTERISTICS
Characteristic T Symbol ] Max ] Unit 1
[Tnmml Resistance, Junction to Case ] Rguc [ 18 ] oc/w 1
*ELECTRICAL CHARACTERISTICS
Characteristic Symbol | Min Typ Max Unit
Instantaneous Forward Volélge 73 Volts *Dimansion 1 a diameter
{Ig =63 Amp. T, = 150°C) - 12 5 Al JEDEC dimensions and notes apply
Forward Voltage VE Voits
(IF = 20 Amp, T = 25°C) - Al 14 CASE 267
Reverse Current (rated dc voltagel T¢ = 250C IR - 10 50 uA D05
Tc = 100°C - 05 6.0 mA
*REVERSE RECOVERY CHARACTERISTICS
Characteristic Symbol | Min Typ Max Unit
everse Recovery Time K ns MECHANICAL CHARACTERISTIC
(I = 1.0 Amp to Vg = 30 Vdc, Figure 16) " - 100 | 200 s
(Igpm = 36 Amp, di/dt = 25 A/us, Figure 17) - 200 400 CASE: Welded, hermetically sealed
Reverse Recovery Current IRMIREC) Amp
(Ig = 1.0 Amp to VR = 30 Vdc, Figure 16) - _ 3.0 FINISH: All external surfaces corrosion
*Indicates JEDEC Registered Data for 1N3899 Series. resistant and readily solderable

POLARITY: Cathode to Case. Reverse Polarity
available by adding Suffix “R’’ to
type number.

WEIGHT: 17 Grams (Approximately)
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1N3899 thru TN3903, MR1386 (continued)

FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — MAXIMUM SURGE CAPABILITY
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: To determine maximum junction temperature of the diode in a given situation,
o l the following procedure is recommended:

30 The temperature of the case should be measured using a thermocouple placed
on the case at the temperature reference point (see Note 3). The thermal mass
connected to the case is normally large enough so that it will not significantly

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

Ty=Tg+aTye

1.0 where & T is the increase in junction temperature above the case temperature.
It may be determined by:

0.7 ATyC = Ppk “Rgyc [0+ (1-0) - rlty +tp) +rltg) — rity)]

. where
05 r(t) = normalized value of transient thermal resistance at time, t, from Figure
0 04 0. 12 16 20 24 28 32 36 40 3 ie:
7 {11 + tp) = normalized value of transient thermal resistance at time ty+ tp
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FIGURE 3 — THERMAL RESPONSE
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1N3899 thru TN3903, MR1386 (continued)

SINE WAVE INPUT SQUARE WAVE INPUT
FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION
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1N3899 thru 1N3903, MR 1386 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

A - TEKTRONIX 545A, K PLUG IN

1 AAA, AAA

Rl 090 PRE-AMP, P6000 PROBE OR EQUIVALENT
30 50 W
XW NON-INDUCTIVE Ry~ ADJUSTED FOR 1.4 QBETWEEN
) o POINT 2 OF RELAY AND RECTIFIER
UNDER TEST INDUCTANCE ~ 38 uH
R2 - TEN-1W, 10 2, 1% CARBON CORE
IN PARALLEL

C.P. CLARE
HPG 1002 t AMP TA=25 ‘_‘guc FOR RECTIFIER
(MAKE BEFORE BREAK) SLO-BLO R2
FUSE 19 MINIMIZE ALL LEAD LENGTHS
- Siow
v TNON-INDUCTIVE ¢1 T 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE =< 1.0 4F 1.0 uF A< RIPPLE = 3 mVrms MAX
SuppLyc+ 300V 300 V 5 Zoyt = 1% 2MAX, DC to 2 kHz

FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT

R
" u
R1 =50 Ohms n di/dt ADJUST
R2 =250 Ohms
D1 = 1N4723 T2
= IN4001
g§  ihaga3 120 VAC Yy ] (+ o) ADIUST
SCR1 = MCR729-10 60 Hz A wr( Y

C1=051t0 50 uF
€2 ~ 4000 uF _LT“
(1-10-27pH 2 $ 02
T1 = Variac Adjusts I(pk) and di/dt _ < R2 Lal
12=1:1 . R<0.250
T3 = 1:1 (to trigger circuit) 01 T3[VWH§R‘ L <0.01pH

ld AAA

T

VWA
0SCILLOSCOPE E ECURRENT

VIEWING
RESISTOR

NOTE 2

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than 10% peak reverse current.

Reverse recovery time is a direct function of the forward -4
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge

IRM(REC)

From stored charge curves versus di/dt, recovery time (t; )

versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

. To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formulas:

QR ] 1/2
di/dt

ter = 1.41 x[

IRMIREC) = 141 x [QR x difdt] /2
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TN3899 thru TN3903, MR1386 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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1N3909 thru 1 N39 I 3
MR1396

Data Shee

FAST RECOVERY
POWER RECTIFIERS
STUD MOUNTED
50-600 VOLTS
FAST RECOVERY POWER RECTIFIERS 30 AMPERES
. . . designed for special applications such as dc power supplies, inverters,
converters, ultrasonic systems, choppers, low RF interference, sonar power
supplies and free wheelingdiodes. A complete line of fast recovery rectifiers

having typical recovery time of 100 nanoseconds providing high efficiency

at frequencies to 250 kHz.

Designer’s Data for “‘Worst Case” Conditions

The Designers Data sheets permit the design of most circuits entirely from the
information presented. Limit curves — representing boundaries on device character-
istics — are given to facilitate “‘worst case’’ design.

T g ey
*MAXIMUM RATINGS 0687
Rating Symbol | 1N3909] 1n3910] 1n3911] 1N3912 | 1N3913] MR1396] Unit t?‘n&
Peak Repetitive Reverse Voltage | VRAM Volts AN S |
Warking Peak Reverse Voltage| Vawm | 50 100 | 200 | 300 | 400 | 600 0687
DC Blocking Voltage VR MAX —
Non-Repetitive Peak Reverse Vasm | 75 150 | 250 | 350 | 450 | 650 | Voiws
Voltage o = 0375
RMS Reverse Voltage VRiRmsI| 35 70 140 210 280 | 420 | Voits Termioal | \] | MAX
‘Average Rectified Forward ) Amps ] T
Current (Single phase, 30 015
resistive load, T = 100°C) My ‘L
Non-Repe oak Surge tEsii Amp ‘, L |
Current (surge applied at rated| 300 % o7 1.000
load conditions) 02 MAX
Operating Junction T4 Ty -65 to +150 oc t 0450
Range L MAX
Storage Temperature Range Totg 6510 4175 oc —( ]
47 0220
0.060. 0.249
THERMAL CHARACTERISTICS MIN g4z C 28 unE 2
Characteristic T symbot | Mex | umt | 045
[ Thermal Resistance, Junction to Case 1 RouC 1 12 L o } [ Terminal 2
*ELECTRICAL CHARACTERISTICS
Charactaristic Symbol | Min | Typ | Max | Unit a J(Z:::“ e “"";""‘ .
imensions and notes
Instantaneous Forward Voltage v _ 12 15 | Voits ey
(g =93 Amp, T = 150°C) casE 267
Forward Voltage Ve = 1 T4 | Vot D05
(Ig = 30 Amp, T¢ = 25°C)
Reverse Current (rated dc voltage) TC = 250C IR - 10 80 uA
T¢ = 100°C - 05 10 | ma
*REVERSE RECOVERY CHARACTERISTICS
Characteristic Symbol | Min | Typ | Max | Unit MECHANICAL CHARACTERISTICS
Reverse Recovery Time ter ns . .
{Ig = 1.0 Amp to Vg = 30 Vdc, Figure 16) - 100 | 200 CASE: Welded, hermetically sealed
{gm = 36 Amp. di/dt = 25 Alus, Figure 17) - 20 | 4% FINISH: All external surfaces corrosion
Reverse Recovery Current IRM(REC) | — 5 30 | Amp : ;
(1g = 1.0 Amp to VR = 30 Vde, Figure 16) resistant and readily solderable

POLARITY: Cathode to Case. Reverse Polarity
*Indicates JEDEC Registered Data for 1N3909 Series. type available by adding Suffix "R"
to type number.

WEIGHT: 17 Grams (Approximately)




1N3909 thru TN3913, MR1396 (continued)

FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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* To determine maximum junction temperature of the diode in a given situation,
10 the following procedure is recommended:

The temperature of the case should be measured using a thermocouple placed
on the case at the temperature reference point (see Note 3). The thermai mass
connected to the case is normally large enough so that it will not significantly
respond to heat surges generated in the diode as a result of pulsed operation once
steady-state conditionsare achieved. Using the measured value of T, the junction
temperature may be determined by

Ty=Te+ - Tyc

10 where T is the increase in junction temperature above the case temperature
It may be determined by
0.7 AT)g=Ppk -ReyC (D + (1-D) - rlty +1p) + rltp) — rit))}
where
05 r(t) = normalized value of transient thermal resistance at time, t, from Figure
0.4 08 12 16 20 24 28 32 36 40 3ie
r(tq + tp) = normalized value of transient thermal resistance at time t; + tp
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1N3909 thru 2N3913, MR1396 (continued)

IF(Av), AVERAGE FORWARD CURRENT (AMP) PF(AV). AVERAGE FORWARD POWER

R, REVERSE CURRENT (uA)

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION
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1N3909 thru 1N3913, MR 1396 (continued)

Qg, RECOVERED STORED CHARGE (uc) tir, FORWARD RECOVERY TIME (us)

QR, RECOVERED STORED CHARGE (uc)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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1N3909 thru 1N3913, MR1396 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

AAA

A — TEKTRONIX 545A, K PLUG IN

N5vac 10K

60 Hz

C.P.CLARE

HPG 1002 1 AMP
(MAKE BEFORE BREAK) SLO-BLO Ry
FUSE L1

N Sow
v 1 © 1

CONSTANT VOLTAGE A< 1-0kF
SUPPLYCg 300V

\— VWA~

R 0Q

5
y NON-INDUCTIVE
o UNIT
UNDER TEST

i NON-INDUCTIVE

PRE-AMP, P6000 PROBE OR EQUIVALENT

Ry — ADJUSTED FOR 1.4 QBETWEEN
POINT 2 OF RELAY AND RECTIFIER
INDUCTANCE =~ 38 uH

R2 - TEN-1W, 10 2, 1% CARBON CORE
IN PARALLEL

TA=25 i’gﬂc FOR RECTIFIER
MINIMIZE ALL LEAD LENGTHS

Cy * O 10 Adc FROM CONSTANT VOLTAGE SUPPLY

1 0uF = RIPPLE = 3 mVrms MAX
300V 5 Zout= VA RMAX, DC10 2 kHz

FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT

N /%
L1
R1 =50 Ohms - difdt ADJUST
R2 =250 Ohms
D1 = 1N4723 T2
= 1
03 - 1N4933 120 VAC ¢ ( iipx) ADIUST
SCR1=MCR729-10 60 Hz - Y wi( ¥
.5 to 50 uF
000 uF 8 2 02
L1=10-27uH ~1
T1 = Variac Adjusts I(pK) and di/dt R2 L ]
1211 = R<0259
T3 = 1:1 {to trigger circuit) D1 mm L <0.01uH
id AA
L | hd | v
0SCILLOSCOPE CURRENT
VIEWING
RESISTOR
NOTE 2
Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier ,
diode, passes thru zero going negatively until the reverse current FM
recovers to a point which is less than 10% peak reverse current.
Reverse recovery time is a direct function of the forward -~
current prior to the application of reverse voltage.
For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast 'RM(REC)
recovery power rectifiers are rated under a fixed set of conditions

using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and
150°C.

To use these curves, it is necessary to know the forward
current level just before commutation, the circuit commutation
di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery
rectifiers is shown.

From stored charge curves versus di/dt, recovery time (t.)
and peak reverse recovery current (IRM(REC)) can be closely
approximated using the following formulas:

1/2
Q
tr = 1.41 x[—_R—]
di/dt
] 1/2

IRM(REC) = 1.41 x [QR » difdt
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1N3993 thru ING000 (zEner DIODES)

CASE 56
(DO-4)

MAXIMUM RATINGS

Junction and Storage Temperature:
D C Power Dissipation: 10 Watts.

Low-voltage, alloy-junction zener diodes in hermeti-
cally sealed package with cathode connected to case.
Supplied with mounting hardware.

-65°C to +175°C.
(Derate 83.3 mW/°C above 55°C).

The type numbers shown in the table have a standard tolerance on the nominal

zener voltage of +10%.

A standard tolerance of :5% on individual units is also

available and is indicated by suffixing ""A" to the standard type number.

ELECTRICAL CHARACTERISTICS

(Te = 30°C = 3, Vi = 1.5 max @ l¢e = 2 amp for all units)

Nominal Reverse
Zener Voltage Test Max Zener Impedance Max DC Zener Leakage Current
V: @ | Current Current
Type No. Voits b 2@l L@l = 10mA | mA Ik A
mA Ohms Ohms vA Volts
1N3993 3.9 640 2.0 400 2380 100 0.5
1N3994 4.3 580 1.5 400 2130 100 0.5
1N3995 4.7 530 1.2 500 1940 50 1.0
1N3996 5.1 490 1.1 550 1780 10 1.0
1N3997 5.6 445 1.0 600 1620 10 1.0
1N3998 6.2 405 1.1 750 1460 10 2.0
1N3999 6.8 370 1.2 500 1330 10 2.0
1N4000 7.5 335 1.3 250 1210 10 3.0
SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details)
(A) NOMINAL ZENER VOLTAGES BETWEEN THE 10 M 1 A
VOLTAGES SHOWN AND TIGHTER VOLTAGE T
TOLERANCES: Device Volts Zener Overall
To designate units with zener voltages other than Description | (ea c device) | Diodes fplerance
those assigned JEDEC numbers and /or tight voltage Motorola Alloy (ot ls‘;:)
tolerances (+3%, +2%, +1%), the Motorola type Tolerance
number should be used. per;lewc;o(‘;S% N S"de d
10 M 5.0 A z 3 *Code: (omit for +20% units) ( ot used)

T T T T T

Device Motorola Nominal Zener Tolerance
Description Voltage Alloy Diode  (+%)
Example: 10MS.0AZ3
(B) MATCHED SETS: (Standard Tolerances are +5.0%,
+2.0%, £1.0%).

Zener diodes can be obtained in sets consisting
of two or more matched devices. The method for
specifying such matched sets is similar to the one
described in (A) for specifying units with a special
voltage and/or tolerance except that two extra
suffixes are added to the code number described.

These units are marked with code letters to
identify the matched sets and, in addition, each unit
in a set is marked with the same serial number,
which is different for each set being ordered.

B — Two devices in series
C — Three devices in series
D — Four devices in series
Example: 10M5.1AZS5B1

(C) ZENER CLIPPERS: (Standard Tolerance +10% and
+5%).
Special clipper diodes with opposing Zener
junctions built into the device are available by using
the following nomenclature:

10 M 47 A Z Z 10

T TTTIT

Device Nominal Zener
Description | Voltage Diodes
Motorola Alloy Clipper

Tolerance for each of
the two Zener voltages
(not a matching require-

Example: 10M4.7AZZ10  ment)
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1nd001 (siucon)

thru

1n4007

Data Sheet

LEAD MOUNTED
SILICON RECTIFIERS
“SURMETIC” RECTIFIERS
L . . . 50-1000 VOLTS
. . subminiature size, axial lead mounted rectifiers for general-pur- DIFFUSED JUNCTION
pose low-power applications. :
Designers Data for “‘Worst Case” Conditions
The Designers Data Sheets permit the design of most circuits entirely
from the information presented. Limit curves — representing boundaries on
device characteristics — are given to facilitate “‘worst case’* design.
*MAXIMUM RATINGS
§1 8818|888
Rating symbol { 2| 2| 2| 2| 2| 2| Z | unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwm | 50| 100} 200| 400| 600f 800) 1000 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRsm | 60| 120] 240f 480| 720{ 1000| 1200| Volts
(halfwave, single phase, 60 Hz)
RMS Reverse Voltage VR(RMmS) | 35 70 | 140| 280 420} 560| 700 Volits
Average Rectified Forward Current
(single phase, resistive load, o 1.0 Amp
60 Hz, see Figure 8, T = 75°C)
Non-Repetitive Peak Surge Current
(surge applied at rated load IFSM 30 (for 1 cycle) Amp
conditions, see Figure 2)
Operating and Storage Junction TiTstg -65 to +175 °c ®
Temperature Range ‘,l L—B
*ELECTRICAL CHARACTERISTICS
Characteristic and Conditions Symbol Typ Max Unit ——j-—D
K
Maximum Instantaneous Forward Voltage Drop VF 0.93 1.1 Volts
(i = 1.0 Amp, T = 25°C) Figure 1 J:
Maximum Full-Cycle Average Forward Voltage Drop VE(AV) - 08 Volts - A
(10 = 1.0 Amp, T(_ = 75°C, 1 inch leads) i i
Maximum Reverse Current {rated dc voltage) IR HA —I
Ty=25°C 0.05 10 '3
T, =100°C 1.0 50 K
Maximum Full-Cycle Average Reverse Current IR(AV) - 30 HA
(Ig = 1.0 Amp, T_= 75°C, 1 inch leads

*Indicates JEDEC Registered Data.
NOTE:
1. POLARITY DENOTED BY
CATHODE BAND

MECHANICAL CHARACTERISTICS oM Mr'allﬁm%%ﬁ
A | 407|520 | 0.160

CASE: Void free, Transfer Molded BT ACT mET

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3/8" from S

case for 10 seconds at 5 Ibs. tension

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable
POLARITY: Cathode indicated by color band

WEIGHT: 0.40 Grams (approximately) CAgg iﬁzvoa

All JEDEC dimensions and notes, apply.
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TN4001 thru TN4007 (continued]

FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — NON-REPETITIVE SURGE CAPABILITY
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The temperature of the lead should be measured using a thermocouple placed state conditions are achieved. Using the measured value of T, the junction
on the lead as close as possible to the tie point. The thermal mass connected to temperature may be determined by:
the tie point is normally large enough so that it will not significantly respond to T, =T, + AT
heat surges generated in the diode as a result of pulsed operation once steady- IR i
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1N4001 thru TN4007 (continued)

CURRENT DERATING DATA

FIGURE 5 — FORWARD POWER DISSIPATION FIGURE 6 — EFFECT OF LEAD LENGTHS, RESISTIVE LOAD
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FIGURE 9 — STEADY-STATE THERMAL RESISTANCE
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NOTE 1
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1N4001 thru 1N4007 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME
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FIGURE 11 — REVERSE RECOVERY TIME
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RECTIFIER EFFICIENCY NOTE

The rectification efficiency factor o shown in Figures 13 and 14
was calculated using the formula:

v2(de)
. 2
P
~Pde . AL, j00% - —YT0lde) . 100% (1)
rms vzo(rms) V2o(aC) + Vzotdc)
RL

For a sine wave input Vmysin (wt) to the diode, assumed lossless,
the maximum theoretical efficiency factor becomes 40%; for a
square wave input of amplitude V,, the efficiency factor becomes
50%. (A full wave circuit has twice these efficiencies).

As the frequency of the input signal is increased, the reverse
recovery time of the diode (Figure 11) becomes significant, result-
ing in an increasing ac voltage component across R which is
opposite in polarity to the forward current thereby reducing the
value of the efficiency factor o, as shown in Figures 13 and 14.

It should be emphasized that Figures 13 and 14 show wave-
form efficiency only; they do not account for diode losses. Data
was obtained by measuring the ac component of Vg with a true
rms voltmeter and the dc component with a dc voltmeter. The
data was used in Equation 1 to obtain points for the Figures.

1 N4°57(Series)

For Specifications, See 1N429 Data

1-88



1n4099 i 1n4135 (siicon)

(MZ4614 thru MZ4627) *

LOW-LEVEL SILICON PASSIVATED ZENER DIODES
SILICON
ZENER DIODES
.. . designed for 2560 mW applications requiring low leakage, low
impedance, and low noise. (+5.0% TOLERANCE)
® Voltage Range from 1.8 to 100 Volts 250 MILLIWATTS
® First Zener Diode Series to Specify Noise—50% Lower than 1.8-100 VOLTS
Conventional Diffused Zeners SILICON OXIDE
® Zener Impedance and Zener Voltage Specified for Low-Level PASSIVATED JUNCTION
Operation at IzT = 250 uA
® Low Leakage Current —
IR from 0.01 to 10 uA over Voltage Range
® Expanded Temperature Range —
Tj = -65 to +200°C
MAXIMUM RATINGS
Rating Value Unit
DC Power Dissipation, 26°C Ambient 250 mW
Derating Factor 1.43 mW/°C
Junction and Storage Temperature -65 to +200 °c
MECHANICAL CHARACTERISTICS
CASE: Hermetically sealed, all-glass.
DIMENSIONS: See outline drawing.
FINISH: All external surfaces are corrosion resistant and leads are readily
solderable and weldable. 5
POLARITY: Cathode indicated by polarity band. ﬂ©r7
WEIGHT: 0.2 gram (approx)
MOUNTING POSITION: Any D—f}=—
K
CATHODE Fl
POWER TEMPERATURE DERATING CURVE ang I )|
250 J ,f
5 ot
E 200
: N T
= \
< 150 i
o
2 \\ t
o
« 100 AN MILLIMETERS]  INCHES
; OIM[ MIN | MAX | MIN | MAX
5 w0 \ A | 584 |7.62 | 0.230 | 0.300
& N B | 2.16 [ 272 | 0.085 ] 0.107
£ D | 046 .51 0.018 | 0.022
F - .2 - 0.050
0 K 12540 | - (1000 -
[ 25 50 75 100 125 150 175 All JEDEC dimensions and notes apply
TaA. AMBIENT TEMPERATURE (°C) CASE 51.02
DO-7

*identical to 1N4614 registration, except registration has a minimum package diameter of 0.115 inches.
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1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued)

ELECTRICAL CHARACTERISTICS
(TA = 259C unless otherwise noted) 1zT = 250 uA and VF = 1.0 V max @ Ig = 200 mA on all Types

Max Noise Density
Nominal Max Zener Max AtlzT =250 A
Zener Voltage Impedance Reverse Test Np Max Zener Current

Type \'7] 2zt Current (c] Voltage (Fig 1) Izm
Number (Note 1) (Note 2) IR {Note 4) VR (micro-volts per (Note 3)
(Note 1) (Volts) (Ohms) (uA) (Volts) Square Root Cycle) (mA)
MZ4614 1.8 1200 7.5 1.0 1.0 120
MZ4615 2.0 1250 5.0 1.0 1.0 110
MZ4616 2.2 1300 4.0 1.0 1.0 100
MZ4617 24 1400 2.0 1.0 1.0 95
MZ4618 2.7 1500 1.0 1.0 1.0 90
MZ4619 3.0 1600 0.8 1.0 1.0 85
MZ4620 3.3 1650 7.5 1.5 1.0 80
MZ4621 3.6 1700 75 2.0 1.0 75
MZ4622 3.9 1650 5.0 2.0 1.0 70
MZ4623 4.3 1600 4.0 2.0 1.0 65
MZ4624 4.7 1550 10 3.0 1.0 60
MZ4625 5.1 1500 10 3.0 2.0 55
MZ4626 5.6 1400 10 4.0 4.0 50
MZ4627 6.2 1200 10 5.0 5.0 45
1N4099 6.8 200 10 5.2 40 35
1N4100 7.5 200 10 5.7 40 31.8
1N4101 8.2 200 1.0 6.3 40 29.0
1N4102 8.7 200 1.0 6.7 40 27.4
1N4103 9.1 200 1.0 7.0 40 26.2
1N4104 10 200 1.0 7.6 40 248
1N4105 1 200 0.05 85 40 21.6
1N4106 12 200 0.05 9.2 40 20.4
1N4107 13 200 0.05 9.9 40 19.0
1N4108 14 200 0.05 10.7 40 175
1N4109 15 100 0.05 14 40 16.3
1N4110 16 100 0.05 12.2 40 15.4
1N4111 17 100 0.05 13.0 40 14.5
1N4112 18 100 0.05 13.7 40 13.2
1N4113 19 150 0.05 145 40 125
1N4114 20 150 0.01 15.2 40 1.9
1N4115 22 150 0.01 16.8 40 10.8
1N4116 24 150 0.01 18.3 40 9.9
1N4117 25 150 0.01 19.0 40 9.5
1N4118 27 150 0.01 20.5 40 8.8
1N4119 28 200 0.01 213 40 85
1N4120 30 200 0.01 228 40 79
1N4121 33 200 0.01 25.1 40 7.2
1N4122 36 200 0.01 27.4 40 6.6
1N4123 39 200 0.01 29.7 40 6.1
1N4124 43 250 0.01 32.7 40 5.5
1N4125 47 250 0.01 35.8 40 5.1
1N4126 51 300 0.01 38.8 40 4.6
1N4127 56 300 0.01 42.6 40 4.2
1N4128 60 400 0.01 45.6 40 4.0
1N4129 62 500 0.01 471 40 3.8
1N4130 68 700 0.01 51.7 40 3.5
1N4131 75 700 0.01 57.0 40 3.1
1N4132 82 800 0.01 62.4 40 29
1N4133 87 1000 0.01 66.2 40 2.7
1N4134 91 1200 0.01 69.2 40 2.6
1N4135 100 1500 0.01 76.0 40 2.3

NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION
The type numbers shown have a standard tolerance of

+5.0% on the nominal zener voltage.

NOTE 2: ZENER IMPEDANCE (ZzT) DERIVATION

The zener impedance is derived from the 60 cycle ac volt-
age, which results when an ac current having an rms value
equal to 10% of the dc zener current (IZT) is superimposed

onlzT.

NOTE 3: MAXIMUMZENER CURRENT RATINGS (Izm)

Maximum zener current ratings are based on maximum

zener voltage of the individual units.
NOTE 4: REVERSE LEAKAGE CURRENT IR

Reverse leakage currents are guaranteed and are measured
at VR as shown on the table.
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1N4099 thru 1N4135, MZ4614 thru MZ46

27 (continued)

ZENER NOISE DENSITY

A zener diode generates noise when it is biased in the zener
direction. A small part of this noise is due to the internal
resistance associated with the device. A larger part of zener
noise is a result of the zener breakdown phenomenon and is
called microplasma noise. This microplasma noise is gener-
ally considered “white” noise with equal amplitude for all
frequencies fromaboutzerocyclestoapproximately 200,000
cycles. To eliminate the higher frequency components of
noise a small shunting capacitor can be used. The lower fre-
quency noise generally must be tolerated since a capacitor
required to eliminate the lower frequencies would degrade
the regulation properties of the zener in many applications.

Motorola is rating this series with a maximum noise den-
sity at 250 microamperes. The rating of microvolts RMS
per square root cycle enables calculation of the maximum

RMS noise for any bandwidth.

Noise density decreases as zener current increases. This
can be seen by the graph in Figure 2 where a typical noise
density is plotted as a function of zener current.

The junction temperature will also change the zener noise
levels. Thus the noise rating must indicate bandwidth,
current level and temperature.

The block diagram given in Figure 1 shows the method
used to measure noise density. The input voltage and load
resistance is high so that the zener is driven from a constant
current source. The amplifier must be low noise so that the
amplifier noise is negligible compared to the test zener. The
filter bandpass is known so that the noise density in volts
RMS per square root cycle can be calculated.

FIGURE 1 — NOISE DENSITY MEASUREMENT METHOD

51K AMPLIFIER
+0O N
LOAD RESISTOR FILTER I
AMMETER fo=2kHz TRUE
v f1=1kHz Vour rms
D.C. POWER TEST ZENER 2 1 vor.
SUPPLY 2= 3kHz st
BW =2 kHz
_O ;

NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE) =

v,
OVERALL GAIN \/ BW
WHERE: BW = FILTER BANDWIDTH (CYCLES)
Vo, = OUTPUT NOISE (VOLTS RMS)

FIGURE 2 — TYPICAL NOISE DENSITY versus ZENER CURRENT
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1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued)

FIGURE 3 — TYPICAL CAPACITANCE FIGURE 4 — TYPICAL FORWARD CHARACTERISTICS
1000 e . 1000 - -
700 —t T, 5% 7 7 7
Vz=39V — 500 ya
500 i e 7 7 7
1 200 /

300 - — T =z / 7/
= 200 82V E 100 - './ £
S ~ = y - . 7 y -
£ bl 27V g ¥ a 7
= 0 —

z 3 1, - 150 00t/ T o5 g —ss°c/
g 70 60V ?{ e 7 7 7/
B — Pt z 0 y. 4
S =~ T g == £

30 100V < 50 A 7 7 7

I~ T~ VA
o ] 20 v / / v4
B y
10 1.0 VA
10 20 30 50 70 10 20 30 50 70 100 0.3 04 05 06 0.7 08 09 10
Vg. REVERSE VOLTAGE (VOLTS) Ve, FORWARD VOLTAGE (VOLTS)

1N4370 ihro 184372
1N4370A thru 1 N4372A

For Specifications, see 1N746 Data.
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1n4387 (siLicon)

{ ) Silicon varactor diode for high-power frequency mul-
N/ s s . . s
tiplication applications.
CASE 44 P PP
(DO-4) cathode connected to stud
MAXIMUM RATINGS
Rating Symbol Value Unit
Reverse Voltage VR 150 Vdc
RF Power Input in 40 Watts
Total Device Dissipation @ TC = 75°C PD 20 Watts
Derate above 75°C 200 mW/°C
Operating and Storage Junction
Temperature Range T, -65to +175 °C
J’ “stg
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Breakdown Voltage BVR Vdc
(IR =10 pAdc) 150 200 -
Series Resistance RS Ohms
(VR=6.0 vdc, f = 50 MHz) - 1.0 1.5 -
Junction Capacitance * CT pF
(VR=6.0 Vdc, f =1.0MHz) - 25 35
Figure of Merit Q -
(VR = 10 Vdc, f =50 MHz) 150 200 -
FUNCTIONAL TESTS
Power Output Tripler Circuit P ut 15 18 - Watts
P, =30W, f, =150 MHz, °
Efficiency fout = 450 MHz n 50 60 - %
*C7=Cy+C¢ '
POWER OUTPUT versus OUTPUT FREQUENCY SERIES RESISTANCE AND FIGURE OF MERIT
FOR HARMONIC TRIPLING versus REVERSE VOLTAGE
30 T 1400 14
P = 40 WATTS
25 - 1200 12
2 S
= - .. 1000 10
£ P —[ 30 WATTS N 5 o
- =
H ; N z 80 3 08 £
b= w = 20 WATTS e - A T=S0MH 2
2 ’ J £ o0 A = 2 06
21 | AN “ 4
s P, = 10 WATTS < 400 Vi 04 %
J —— Y. Ry 3
-, o
s 200 0.2
100 200 400 600 800 0 20 40 60 80 100 120 140 160 180 200

four - OUTPUT FREQUENCY (MH2)
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1Nn4388 (siLicon)

Silicon varactor diode for high-frequency harmonic
generation applications.

cathode connected to stud

CASE 44
(DO-4)

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 100 Vde
Forward Current IF 1.0 Amp
RF Power Input Pin 25 Watts
Total Device Dissipation @ Te = 75°C P 10 Watts
Derate above 75°C D 0.10 w/°C
Operating and Storage Junction
Temperature Range TJ, Tstg -65to +175 °C

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

Characteristic Symbol Min Typ Max Unit
Reyerse Breakdown Voltage BVR Vdc
(IR = 10 pAdc) 100 150 -
Reverse Current IR nAde
(VR =175 vdc) - 0.5 2.0
(VR =175 vdc, TA =150°C) - - 100
Diode Capacitance CT* pF
(VR = 6.0 Vdc, f =1.0 MHz) - 10 20
(VR =90 Vdc, f =1.0MHz) - 5.0 10
Series Resistance RS Ohms
(VR=6.0 Vde, f = 50 MHz) _ 1.2 2.0
Figure of Merit Q -
(VR = 10 Vdc, { = 50 MHz) 200 300 -
(VR =90 vdc, f = 50 MHz) 1000 - -
FUNCTIONAL TESTS
Power Output Doubler Circuit P 11.0 12.0 - Watts
. out
(Figure 1)
P, =20W, f. =500 MHz,
in in
Efficiency fout = 1000 MHz n 55 60 - %
*CT = CJ + CC
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1N4388 (continued)

POWER OUTPUT versus OUTPUT FREQUENCY

FIGURE OF MERIT versus REVERSE VOLTAGE DOUBLING (X2)
3000 7 ] 20 T
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1
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1000 -~
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= Z 5 ™N
S 200 A 85°C E
w A A 3 10
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2 0 A g P, = 10W
o > g e
27 : i 1 ™~
= i 1
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P =3W R
10 0 1 1 1
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20 T 2
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E | E
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5 T 5
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0 L 0 P - 3W
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FIGURE 1 — HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT
500 MHz COAX CAVITY 1000 MHz COAX CAVITY
- T T s |
‘
500 MHz ( * . » Py —.LK (——T—_O 1000 MHz
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1N4549 thrv 184556
1N4557 thrv 1n4564

For Specifications, See IN2804 Data

1n4565-1n4584
1n4775- 14784
1nd765-1n4774

Low level temperature-compensated zener reference
diodes—highly reliable reference sources utilizing an
oxide-passivated junction for long-term voltage stability.
RamRod construction provides a rugged, glass-enclosed,
hermetically sealed structure.

CASE 51
(DO-7)

©

MAXIMUM RATINGS

Junction and Storage Temperature: -65°C to +175°C

DC Power Dissipation: 400 Milliwatts at 50°C Ambient
(Derate 3.2 mW/°C Above 50°C)

MECHANICAL CHARACTERISTICS

CASE:  Hermetically sealed, all-glass
DIMENSIONS: See outline drawing.

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

POLARITY: Cathode indicated by polarity band.
WEIGHT: 0.2 Gram (approx)
MOUNTING POSITION: Any
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1N4565-1N4584/1N4775-1N4784/ 1N4765-1N4774 (continued)

AV @ Test Temperature Dynamic AV @ Test Temperature Dynamic
(Note 1) Temperature Coefficient Imped. (Note 1) Temperature Coefficient Imped.
Voits for Reference Ohms Voits for Reference Ohms
° %/°! TYPE Max %/°C Max
TYPE Max ¢ (Nﬁt/z f) (Nm‘e‘z) (Note 1) (Note 2)
Vz = 8.5 Volts £5% (Izr = 0.5 mA)
Vz = 6.4 Volts 5% (Izr = 0.5 mA) :::;;: g:gg; g:gés
1NaSES 0.048 0.01 1N4777 0.013 0, +25, 0.002 200
1N4SE6 0.024 0.005 1N4778 0.006 +75 0.001
1N4S67 0.010 0, 425, 0.002 200 1N4779 0.003 0.0005
Thases 900 +15 ol 1N47TSA 0.132 0.01
: 1N4776A 0.066 —55,0, 0.005
1N4565A 0.099 0.01 1Na777A 0.026 +25, +75, 0.002 200
1Na566A 0.050 —55,0, 0.005 1N4778A 0.013 +100 0.001
1N4567A 0.020 +25, 475, 0.002 200 1N4779A 0.007 0.0005
1Na568A 0.010 +100 0.001
1N4569A 0.005 0.0005 Vz = 8.5 Volts =5% (Izr = 1.0 mA)
Vz = 6.4 Voits =5% (Izr = 1.0 mA) 1N4780 0.064 0.01
1N4781 0.032 0.005
1N4570 0.048 0.01 1N4782 0.013 0, +25, 0.002 100
1N45T1 0.024 0.005 1N4783 0.006 +75 0.001
1N4572 0.010 0, +25, 0.002 100 1N8T88 0.003 0.0005
1N4573 0.005 +75 0.001
1N4574 0.002 0.0005 1N4780A 0.132 0.01
1N4781A 0.066 —55,0, 0.005
1N4570A 0.089 o.01 1N47828 0.026 +25, +75, 0.002 100
1N4S71A 0.050 —55,0, 0.005 1NG783A 0013 1100 0.001
1N4572A 0.020 +25, +75, 0.002 100 INSTOAA 0.007 0.0005
1N4ST3A 0.010 +100 0.001
1N45744 0.005 0.0005 Vz = 9.1 Volts £5% (Izr = 0.5 mA)
— = -
Vz = 6.4 Volts 5% (lzr = 2.0 mA) pyo— o oo
1Nas7S 0.048 0.01 1N4766 0.034 0.005
1Nas76 0.024 0.005 1N4767 0.014 0, +25, 0.002 350
1Na577 0.010 0, +25, 0.002 50 1N4768 0.007 +75 0.001
1N4578 0.005 +75 0.001 1N4769 0.003 0.0005
1N4s79 0.002 0.0005 1N4765A 0.141 0.01
1N45758 0.099 0.01 1N4766A 0.070 —55,0, 0.005
1N4576A 0.050 55,0, 0.005 1N4767A 0.028 +25, +75, 0.002 350
1NASTTA 0.020 +25, +75, 0.002 50 1N4768A 0.014 +100 0.001
1N4578A 0.010 +100 0.001 1N4769A 0.007 0.0005
1Na579A 0.005 0.0005
— - -
Vz = 6.4 Volts 5% (Izr = 4.0 mA) V2 = 9.1 Volts 5% (lzr = 1.0 mA)
INa380 0.088 001 1N4770 0.068 0.01
1N4581 0.024 0.005 baslddd 0.034 0.005
1N4582 0.010 0, 425, 0.002 25 1N4772 0.014 0. +25, 0.002 200
1N4583 0.005 +75 0.001 N4773 0.007 +75 0.001
IN4S84 0.002 0.0005 1N4774 0.003 0.0005
1N4580A 0.099 0.01 1N4770A 0.141 0.01
1N4SB1A 0.050 —55,0, 0.005 1N4T71A 0.070 —55,0, 0.005
1N4582A 0.020 +25, +75, 0.002 25 147728 0.028 +25, 475, 0.002 200
1N4S83A 0.010 +100 0.001 1N47734 0.014 +100 0.001
1N4584A 0.005 0.0005 1N4774A 0.007 0.0005
NOTE 1: NOTE 2:

Voltage Variation (aVz) 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 (1zT1), verified by
tests at indicated temperature points within the range. This method
of indicating voltage stability is now used for JEDEC registration as
well as for military qualification. The former method of indicating
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 temperature
coefficient, therefore, is given only as a reference.

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, Iz, is superimposed on | zT.
A cathode-ray tube curve-trace test on a sample basis is used to en-
sure that the zener has a sharp and stable knee region.
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IN4719 thrv 1N4725 (siLicON)

IN4997 thru IN5003

Cathode

Cathode

Anode

Anode

CASE 60
1N4719 THRU 1N4725

Silicon high-conductance rectifiers available in either
axial-lead or single-ended packages.

CASE 70
1N4997 thru 1N5003

shown have cathode connected to case.
to-case connection, add suffix "R" to type number,
i. e. IN4719R

MAXIMUM RATINGS (Both Package Types) Ta = 25°C unless otherwise noted.

Type numbers

For anode-

Junction to Case (note 1)

1N 1N 1N | 1IN 1N N 1N
471914720 4721|4722 | 4723|4724 4725
1N 1N | 1IN 1N 1N 1N 1N
Rating Symbol |4997 | 4998 | 4999 | 5000 | 5001 | 5002 | 5003 | Unit
Peak Repetitive Reverse Voltage VRRM | 50 | 100 | 200 | 400 | 600 | 800 | 1000| Volts
Working Peak Reverse Voltage VRwWM
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage| VRsMm 100 ] 200 | 300 | 500 | 720 | 1000| 1200| Volts
(one half-wave, single phase,
60 cycle peak)
RMS Reverse Voltage VR(RMS)| 35 70 | 140 | 280 | 420 | 560 | 700 | Volts
Average Rectified Forward Current o 3.0 Amp
(single phase, resistive load,
60 Hz, Tp = 75°C) see figure 4
Peak Repetitive Forward Current lERM 25 Amp
(Ta = 75°C)
Non-Repetitive Peak Surge Current IEsm 300 (for 1/2 cycle) Amp
(superimposed on rated current
at rated voltage, Tp = 75°C)
see figure 1 ]
12 Rating (non-repetitive, 12 185 A(rms)zs
1ms<t<8.3ms)
Operating and Case Temperature Ty Tstg -65 to +175 °c
Thermal Resistance, Rg JA 30 oc/w
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TN4719 thru 1N4725 (Continued)
TN4997 thru TN5003

ELECTRICAL CHARACTERISTICS FORWARD VOLTAGE CHARACTERISTICS
Characteristic Symbol | Max Limit | Unit 400
Instantaneous Forward Voltage vF Volts
(ip =9.4 A, T =1759C, Half 1.0 200 L
Wave Rectifier) 100 1//
Full Cycle Average Reverse Current IR(AV) mA 80 7
(I = 3.0 Amps and Rated V,, 1.5 60 VAVA
Ta = 75°C, Half Wave Rectifier) //
40 7 /
DC Reverse Current Ip 05 mA = /
(Rated Vg, T = 25°C) 2 /
:.z_.. = 150"0///
g 10 1
3 80 s
2 6.0 F
s ]
Z 40
MAXIMUM SURGE CURRENT T, = 75°C) S [ [
©
Y 400 3 20
s z / /T, — 25°C
x & =
< = Z 10
& = 300 E 08
sz P z
o W e~ = 06
g § 200 = - ~ 04
= 4 \. [
a
5 % 100 .y 02
f il
H 0 01
£ 1 2 4 6 8 10 20 40 80 100 0 02 04 06 08 10 12 14 16 1.8 20
CYCLES AT 60 CYCLES PER SECOND Vg, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)
MAXIMUM FORWARD POWER
DISSIPATION versus AVERAGE FORWARD CURRENT MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE
5 T 1 V30 5.0 T T T T T T T 1
T, =150°C 10 175°C | / )/ (60 CPS, RESISTIVE OR INDUCTIVE LOAD)
Y4 B
Z 4 // 40 ™
g y ’g \nc
- = -
£ 71 s N
= 4 =z
E 3 /) /// // £ 30 — <] \
=3 >
N ~
S < N
: V94 = [ N
g, ///// E 20 :1 SN ‘\
- <
H = ~ \
< //,/ g K g \%\ N
2 <
ot / B N N \
1 =10 — N \ \\
0 oLy
0 1 2 3 4 5 0 60 80 100 120 140 160 180

I¢(e1, AVERAGE FORWARD CURRENT (AMP) Ta, AMBIENT TEMPERATURE (°C)
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1N4728 thru 1N4764 (SILICON)
1m3.3Z510 . 1v200ZS10

gners Da Sheet

1.0 WATT
1.0 WATT SURMETIC 30 SILICON ZENER DIODES ZENER REGULATOR DIODES
. a complete series of 1.0 Watt Zener Diodes with limits and 3.3—-200 VOLTS
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 environ-
mental conditions.
® To 80 Watts Surge Rating @ 1.0 ms
® Maximum Limits Guaranteed on Six Electrical Parameters
® Package No Larger Than the Conventional 400 mW Package
Designer’s Data for ““Worst Case’”” Conditions
The Designers Data sheets permit the design of most circuits entirely from the in-
formation presented. Limit curves — representing boundaries on device characteris-
tics — are given to facilitate “worst case’’ design.
MAXIMUM RATINGS
Rating Symbol Value Unit
*DC Power Dissipation@ T p = 50°C Pp 1.0 Watt
Derate above 50°C 6.67 mwW/°C
DC Power Dissipation @ T(_ = 75°C Pp 3.0 Watts
Lead Length = 3/8"
Derate above 75°C 24 mW/°C
*Operating and Storage Junction Ty Tseg -65 to +200 oc
Temperature Range
MECHANICAL CHARACTERISTICS ®
CASE: Void-free, transfer-molded, thermosetting plastic _I L B
FINISH: Al external surfaces are corrosion resistant and leads are readily solderable
and weldable . -
POLARITY: Cathode indicated by polarity band. When operated in zener mode, cathode
will be positive with respect to anode -[|=-D

MOUNTING POSITION: Any
WEIGHT: 0.4 gram (approx)

ﬁ~,_‘-
[
>

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE

—_F
PR -
-n

——— R e

_ 50 T
@
e L=LEAD LENGTH
< N TO HEAT SINK
ES
2w
S NG
= N =1/8"
g \ L=1/8
2 30 NOTE
2 \ 1. POLARITY DENOTED BY
w \\ L=3/8" CATHODE BAND
g MILLIMETERS| __INCHES
H S~ OIM["MIN T MAX [ MIN_| MAX
H A | 407|520 | 0.160 | 0.205
Z 10 L=10 B_| 2.04 271 | 0.080]0.107
= D | 071086 | 0.028]0034
S P - 1rr [ - 10050
& K 12794 - Tiioo[ - |

0 20 40 60 8 100 120 140 160 180 200 All JEDEC dimensions and notes apply

TL, LEAD TEMPERATURE (0C) CASE 59-03
DO-41

*Indicates JEDEC Registered Data
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1N4728 thru 1N4764 (continued)
1M3.3Z2S10 thru TM2002S10

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) *VE = 1.5 V max, |g = 200 mA for all types

*Nominal *Max Zener Impedance *Leakage "Surge
Zener Voltage *Test (Note 4) Current Current
JEDEC Motorola vzelzr Current @ Tp =25°C
Type No. Type No. Voits Izr Zz1@I127 | Z2K @ 12K 1zx IR VR iy —mA
(Note 1) (Note 2) (Note 2 & 3) mA Ohms Ohms mA #A Max @ Volts (Note 5)
1N4728 1M3.3Zs10 3.3 76 10 400 1.0 100 1.0 1880
1N4729 1M3.62S10 3.6 69 10 400 1.0 100 1.0 1260
1N4730 1M3.92s10 3.9 64 9.0 400 1.0 50 1.0 1190
1N4731 1M4.32S10 4.3 58 9.0 400 1.0 10 1.0 1070
1N4732 1M4.72S10 4.7 53 8.0 500 1.0 10 1.0 970
1N4733 1M5.12s10 5.1 49 7.0 550 1.0 10 1.0 890
1N4734 1M5.6Z2S10 5.6 45 5.0 600 1.0 10 2.0 810
1N4735 1M6.22S10 6.2 41 2.0 700 1.0 - 10 3.0 730
1N4736 1M6.82S10 6.8 37 3.5 700 1.0 10 4.0 660
1N4737 1M7.5ZS10 7.5 34 4.0 700 0.5 10 5.0 605
1N4738 1M8.22s10 8.2 31 4.5 700 0.5 10 6.0 550
1N4739 1M9.1ZS10 9.1 28 5.0 700 0.5 10 7.0 500
1N4740 1M10Zs10 10 25 7.0 700 0.25 10 7.6 454
1N4741 1M112s10 1 23 8.0 700 0.25 5.0 8.4 414
1N4742 1M122S810 12 21 9.0 700 0.25 5.0 9.1 380
1N4743 1M132s10 13 19 10 700 0.25 5.0 9.9 344
1N4744 1M152S10 15 17 14 700 0.25 5.0 11.4 304
1N4745 1M16ZS10 16 15.5 16 700 0.26 5.0 12.2 285
1N4746 1M182S10 18 14 20 750 0.256 5.0 13.7 250
1N4747 1M20Zs10 20 12,5 22 750 0.25 5.0 16.2 225
1N4748 1M22ZS10 22 1.5 23 750 0.2 5.0 16.7 205
1N4749 1M242S10 24 10.5 25 750 0.26 5.0 18.2 190
1N4750 1M272S10 27 9.5 35 750 0.25 5.0 20.6 170
1N4751 1M302s10 30 8.5 40 1000 0.25 5.0 22.8 150
1N4752 1M33zs10 33 7.5 45 1000 0.25 5.0 25.1 135
1N4753 1M36ZS10 36 7.0 50 1000 0.25 5.0 27.4 125
1N4754 1M392s10 39 6.5 60 1000 0.25 5.0 29.7 115
1N4755 1M43Zs10 43 6.0 70 1500 0.25 5.0 32.7 110
1N4756 1M472s10 47 5.5 80 1500 0.25 5.0 35.8 95
1N4757 1M51ZS10 51 5.0 95 1500 0.25 5.0 38.8 90
1N4758 1M56ZS10 56 45 110 2000 0.25 5.0 42.6 80
1N4759 1M622S10 62 4.0 125 2000 0.25 5.0 47.1 70
1N4760 1M68ZS10 68 3.7 150 2000 0.25 5.0 51.7 65
1N4761 1M75ZS10 75 3.3 175 2000 0.25 5.0 56.0 60
1N4762 1M822Ss10 82 3.0 200 3000 0.25 5.0 62.2 55
1N4763 1M912ZS10 91 2.8 250 3000 0.25 5.0 69.2 50
1N4764 1M1002S10 100 25 350 3000 0.25 5.0 76.0 45
- 1M110ZS10 110 23 450 4000 0.25 5.0 83.6 -
- 1M120Z2S10 120 2.0 550 4500 0.25 5.0 91.2 -
- 1M1302s10 130 1.9 700 5000 0.25 5.0 98.8 -
- 1M1502S10 150 1.7 1000 6000 0.25 5.0 114.0 -
- 1M160ZS10 160 1.6 1100 6500 0.25 5.0 121.6 -
- 1M1802S10 180 1.4 1200 7000 0.25 5.0 136.8 -
- 1M2002S10 200 1.2 1500 8000 0.25 5.0 152.0 -

NOTE 1 — TOLERANCE AND TYPE NUMBER DESIGNATION

The JEDEC type numbers listed have a standard tolerance on
the nominal zener voltage of +10%. A standard tolerance of +5%
on individual units is also available and is indicated by suffixing
“A" to the standard type number.

NOTE 2 - SPECIALS AVAILABLE INCLUDE:

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT-
AGES SHOWN AND TIGHTER VOLTAGE TOLER-
ANCES: To designate units with zener voltages other
than those assigned JEDEC numbers and/or tight voltage
tolerances (+5%, +3%, £2%, +1%), the Motorola type
number should be used.

Devi 1 M 90 S 3
evice
Description _—:]— Tole_r!a_nce
(£%)
Motorola Nominal Surmetic
Voltage
Zener
Diode
Example: 1M902S3

*Indicates JEDEC Registered Data

(B) MATCHED SETS: (Standard Tolerances are +5.0%, +3.0%,
+2.0%, £1.0%).

Zener diodes can be obtained in sets consisting of two
or more matched devices. The method for specifying such
matched sets is similar to the one described in (A), except
that two extra suffixes are added to the code number
described.

These units are marked with code letters to identify the
matched sets and, in addition, each unit in a set is marked
with the same serial number, which is different for each set
being ordered.

1 M 5 1
Device erall
51 Volts
Description Motorola (each device) Surmetlc Tolerance
of set
*Code: Zener (£1%)
B — Two devices in series Diodes
C — Three devices in series
Tolerance (A- Not used

D — Four devices in series per device (+5%)

(omit for £20% units)

Example: 1M512S5B1
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1N4728 thru 1N4764 (continued)
1M3.3Z2S10 thru 1M200ZS10

(C) ZENER CLIPPERS: (Standard Tolerance +10% and +5%).

Special clipper diodes with opposing Zener junctions built
into the device are available by using the following nomen-

clature:
M z z S 10
T Surmetic
Devnce Nommal
Description Voltage Clipper
Zener
Motorola
Diode
Tolerance for each of
the two Zener voltages
Example: 1M2022s10 (not a matching require-

ment)

NOTE 3 — ZENER VOLTAGE (Vz) MEASUREMENT

Motorola guarantees the zener voltage when measured at 90
seconds while maintaining the lead temperature (T_) at 30°C + 1°C,
3/8" from the diode body.

NOTE 4 — ZENER IMPEDANCE (Zz) DERIVATION

The zener impedance is derived from the 60 cycle ac voltage,
which results when an ac current having an rms value equal to 10%
of the dc zener current (I zT or I z) is superimposed on | 7T or I 2.

NOTE 5 — SURGE CURRENT (i) NON-REPETITIVE

The rating listed in the electrical characteristics table is maxi-
mum peak, non-repetitive, reverse surge current of 1/2 square wave
or equivalent sine wave pulse of 1/120 second duration super-
imposed on the test current, | 21, per JEDEC registration, however,
actual device capability is as described in Figures 4 and 5.

APPLICATION NOTE

Since the actual voltage available from a given zener diode is
temperature dependent, it is necessary to determine junction tem-
perature under any set of operating conditions in order to calculate
its value. The following procedure is recommended:

Lead Temperature, T. should be determined from:
TL=60_LaPp+*+Ta

O A is the lead-to-ambient thermal resistance (°C/W) and
Pp is the power dissipation. The value for 8 will vary
and depends on the device mounting method. 8 A is gen
erally 30-40°C/W for the various clips and tie points in
common use and for printed circuit board wiring.

The temperature of the lead can also be measured using a thermo-
couple placed on the lead as close as possible to the tie point. The
thermal mass connected to the tie point is normally large enough
so that it will not significantly respond to heat surges generated in
the diode as a result of pulsed operation once steady-state condi-
tions are achieved. Using the measured value of T, the junction
temperature may be determined by:

Ty=TL+ATyL

AT | is the increase in junction temperature above the lead
temperature and may be found from Figure 2 for a train of
power pulses (L = 3/8 inch) or from Figure 3 for dc power.

ATy =6y Pp

For worst-case design, using expected limits of Iz, limits of P
and the extremes of T (AT ;) may be estimated. Changes in volitage,
Vz. can then be found from:

AV =0yzATy

9VZ' the zener voltage temperature coefficient, is found from
Figures 6 and 7.

Under high power-pulse operation, the zener voltage will vary
with time and may also be affected significantly by the zener resist-
ance. For best regulation, keep current excursions as low as possible.

Data of Figure 2 should not be used to compute surge capability.
Surge limitations are given in Figure 4. They are lower than would
be expected by considering only junction temperature, as current
crowding effects cause temperatures to be extremely high in small
spots resulting in device degradation should the limits of Figure 4
be exceeded.
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1N4728 thru 1N4764 (continued)
1M3.3ZS10 thru 1M200ZS10

FIGURE 2 — TYPICAL THERMAL RESPONSE, LEAD LENGTH L=3/8 INCH
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1N4728 thru 1TN4764 (continued)
1M3.3Z2S10 thru 1TM200ZS10

6Vz, TEMPERATURE COEFFICIENT (mV/oC) @ IzT

FIGURE 6 — TEMPERATURE COEFFICIENT-RANGE

TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION
(90% OF THE UNITS ARE IN THE RANGES INDICATED)

FIGURE 7 — TEMPERATURE COEFFICIENT-RANGE
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FIGURE 8 — VOLTAGE REGULATION
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14765 1o 184774
INAT 75 iheo 1NAT 88 For specifications, See 1N4565 Data.

1n4896, A w 184915, A
'IN49|6, A thru 'IN4932, A

LOW NOISE
TEMPERATURE-COMPENSATED
ZENER REFERENCE DIODES
LOW NOISE
TEMPERATURE-COMPENSATED

ZENER
REFERENCE DIODES

Highly reliable reference sources utilizing an oxide-passivated junc-
tion for long-term voltage stability. RamRod construction provides
a rugged, glass-enclosed, hermetically sealed structure

® Low Noise Density Specified for Critical Applications

® Low Power Drain
Devices Specified @ 0.5 mA, 1.0 mA, 2.0 mA, 4.0 mA,
and 7.5 mA

® Maximum Voltage Change Specified over Test Temperature Range

® Temperature Compensation Guaranteed over Two Standard Oper-
ating Temperature Ranges:
+25 to +100°C
-55 to +100°C

MAXIMUM RATINGS
Junction and Storage Temperature: -65°C to +175°C
DC Power Dissipation: 400 Milliwatts at 50°C Ambient
(Derate 3.2 mW/9C Above 50°C)
i
0]
i
D J -
K
CATHODE F!
BAND\ i 7!7l
MECHANICAL CHARACTERISTICS m Ta
CASE Hermetically sealed, all-glass ‘ B T - ?
i \F
DIMENSIONS: See outline drawing. H
FINISH: All external surfaces are corrosion resistant and leads are readily K
solderable and weldable.
POLARITY: Cathode indicated by polarity band !‘
WEIGHT 0.2 Gram (approx) MILLIMETERS INCHES
DIM
MOUNTING POSITION: Any My 1mak | MIN | MAX
A | 584 | 162 #0.230 300
B [ 216 272 | 0085 107
D [ 046 | 056 | 0.018 022
F - 121 050
K[540 ] - Thioo0] -
CASE 51
DO-7
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1N4896,A thru IN4915,A/1N4916,A thru TN4932 A (continued)

*Dynamic *Dynamic
. Temp. Coeff. Imped. Temp. Coeff. Imped.
avz for Ref. Ohms *avz for Ref. Ohms
Type Volts %/°C Max Type Volts %/°C Max
Number (Nota 1) (Note 1) (Note 2) Number (Note 1) (Note 1) (Note 2)
uv
fizr=05ma " Np =038 uv
zr o “1zr=05maVNp =10 —
N Jnz
1N4896 0.096 001
1N4896A 0198 0.01 1N4916 0744 0.01
1N4B97 0.048 0.005 1N4916A 0.298 0.01
1N4897A 0.099 0.005 1N4917 0.072 0.005
1N4898 0019 0.002 400 1N4S1 7 A 0.149 0005 600
1N489BA 0.040 0.002 1N4918 0.029 0.002
1N4899 0010 0.001 1N4918A 0.060 0.002
1N48B9I9A 0.020 0.001 J
v
e [RITVP u v
1zr=10mAYV'Nnp =04 sizr=10mallNg =05
Hz hz
\ Hz
— —
1N4900 0.096 0.01
1
1N4%00A | 0198 | oo Namroa | oles o
magmA 0.048 0.005 14920 0.072 0.005
1N4901 0.699 0.005 1N4920A 0.149 0.008 300
sz | oo | g |
= = 1N4921A 060 0002
Vz=128V 1N4903 0.010 0.001 Vz=192v 0
1N4903A 0020 |  0.001
“1p7 =20 malVNg = 0.25 ¥ “iz7-20 mA g = 0.25 ¥
TEMPERATURE e TEMPERATURE Wz
RANGE: N RANGE: >
1N4904 0096 001 1N4922 0144 0.01
STANDARD 1N4904A 0.198 0.01 STANDARD 1N4922A 0.298 0.01
DEVICES 1N4905 0.048 0.005 DEVICES 1N4923 0.072 0.005
425, +75, +100°C] | 1N4905A 0.099 0.005 1N4923A 0149 0005 150
T 1N4906 0.019 0002 100 *425, 475, +100°C 1N4924 0.029 0002
1N4906A 0.040 0.002 1N4924A 0.060 0.002
. 1N4907 0.010 0.001 .
“A” SUFFIX 1N4907A 0.020 0001 “A" SUFFIX
* 55,0+ 25, a1 uv *-55,0, +25, It uv
+75. +100°C "izr=40malVNp =022 — +75. +1009C sizr=40malling =022 —
JHz . Jrz
1N4908 0096 0.01 1N43925 0144 001
1N4908A 0198 0.01 1N4925A 0298 0.01
1N4909 0.048 0005 1N4926 0072 0.005
1N4909A 0.099 0.005 1N3926A 0149 0.005
1N4910 0.019 0.002 50 1N4927 0029 0.002 75
1N4910A 0.040 0002 1N4927A 0.060 0.002
1N4911 0.010 0.001 1N4928 0014 0.001
1N4911A 0.020 0.001 1N4928A 0030 0001
“izr= 7.5 mallNg = 0.20 ¥ “1z7 =75 mAl
zT=7 D =020 — 2r=75m
JRz
1N4912 0 096 0.01 1N4929 0.14a 001
1N4912A 0.198 001 1N4929A 0.298 001
184913 0.048 0.005 1N4930 0072 0.005
1N4913A 0.099 0.005 1N4930A Q149 0005 36
1Na91a 0.019 0.002 25 184931 0029 0.002
1N4914A 0.040 0.002 1N49314 0.060 0.002
1N4915 0.010 0.001 1N4932 0.014 0.001
1N4915A 0.020 0.001 1N4932A 0.030 0.001

*Indicates JEDEC Registered Data.

NOTE 1
Voltage Variation (AVz) 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 (1z7), verified by
tests at indicated temperature points within the range. Vz is meas-
ured and recorded at each temperature specified. The AV z between
the highest and lowest values must not exceed the max AV z given.
This method of indicating voltage stability is now used for JEDEC
registration as well as for military qualification. The former method
of indicating voltage stability — by means of temperature coefficient —
accurately reflects the voltage deviation at the temperature ex-
tremes, but is not necessarily accurate within the temperature range
because reference diodes have a nonlinear temperature relationship.
The temperature coefficient, therefore, is given only as a reference.

NOTE 2: Zener Impedance Derivation

The dynamic zener impedance, ZzT, is derived from the 60-Hz ac
voltage drop which results when an ac current with an rms value
equal to 10% of the dc zener current, Iz, is superimposed on Iz .
A cathode-ray tube curve-trace test on a sample basis is used to en-
sure that the zener has a sharp and stable knee region.

(VNOISE DENSITY MEASUREMENT METHOD

Load

Amplifier
Ammeter Resistor
4
Fit T True
Test iter RMS
P -
DSCU O\'Ner Zener fo =20 kHz | Vo Volt
pply l BW = 1.4 kHz } Meter
- o— :

Noise Density
(Volts per Square Root Bandwidth) =

Vout

Overall Gain  BW

Where BW = Filter Bandwidth (Hz)
Vout Output Noise (Volts RMS)

The input voltage and load resistance aré high so that the zener diode
is driven from a constant current source. The amplifier is low noise
so that the amplifier noise is negligible compared to that of the test
TC zener. The filter bandpass is known so that the noise density
can be calculated from the formula shown.
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1 N4933 thru 1 N4937
MR2271

Designers Data Sheet

FAST RECOVERY

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED RECTIFIERS
FAST RECOVERY RECTIFIERS 50-600 VOLTS
1 AMPERE

. designed for special applications such as dc power supplies,
inverters, converters, ultrasonic systems, choppers, low RF interfer-

ence and free wheeling diodes. A complete line of fast recovery

rectifiers having typical recovery time of 100 nanoseconds providing
high efficiency at frequencies to 250 kHz.

Designer’s Data for ““Worst Case’’ Conditions !
The Designers Data Sheet permits the design of most circuits entirely from the !
information presented. Limit curves — representing device characteristics boundaries — 1 ‘10 ]t %g%g
are given to facilitate ‘‘worst case’’ design. MIN
0185
0205
S
*MAXIMUM RATINGS POLARITY MARK “»
Rating Symbol | 1N4933] 1N4934| 1N4935| MR2271] 1N4936[ 1N4937[ Uit (CATHOODE)
Peak Repetitive Reverse Voltage VRAM Voits
Working Peak Reverse Voltage VRWM 50 100 200 300 400 600
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage Vasm 7% 150 250 350 450 650 | Vvolts r‘m‘cs
RMS Reverse Voltage VRams) | 35 70 140 210 280 420 | Vvoits ]
Average Rectified Forward Current o 10 Amp
(Single phase, resistive load,
Ta = 75°C)
Non-Repetitive Peak Surge Current IFsm 30 Amps . . 1
{surge applied at rated load
conditions)
Operating Junction Temperature Range T 65 to +150 oc AIl JEDEC dimensions and notes ¢pply
Storage Temperature Range Tsig 650 +175 oc CASE 59
THERMAL CHARACTERISTICS bo-4
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RaJa 65 ocw

(Typicai Printed Circuit
Board Mounting)

ELECTRICAL CHARACTERISTICS

Charact Symbo! Min Typ | Max Unit
*Instantaneous Forward Voitage VE - 10 12 Volts
(Ig = 3.14 Amp, T = 150°C)
Forward Voltage Vv, - 10 11 Volt:
N = 1.0 Amp, Ta = 25°C) F o MECHANICAL CHARACTERISTICS
“Reverse Current (rated de voltage) Ta = 25°C R - 10 | so wA )
T:“w‘,c B s 100 CASE: Void Free, Transfer Molded
I1SH:
*REVERSE RECOVERY CHARACTERISTICS FINIS |Ex;ernal leagsl are satesl'
g
Characteristic Symbol Min Typ Max Unit eads are reaclily solderable
Reverse Recovery Time tr - 100 200 ns .
(1 = 1.0 Amp to VR = 30 Vdc) (Figure 21) POLARITY: Cathode indicated by
. (1M = 15 Amp, di/dt = 10 A/us) (Figure 22) _ 150 300 Polarity band.
everse Recovery Current \AMREC)| - 10 | 20 | Ame . i
(IF = 1.0 Amp to Vg = 30 Vdc) (Figure 21) WEIGHT: 0.4 Gram (Approximately)

*Indicates JEDEC Registered Data for 1IN4933 Series
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TN4933 thru 1N4937, MR2271 (continued)
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1N4933 thru TN4937, MR2271 (continued)

IF(AV), AVERAGE FORWARD CURRENT (AMP) IF(AV). AVERAGE FORWARD CURRENT (AMP)

IF(AV). AVERAGE FORWARD
CURRENT (AMP)

MAXIMUM CURRENT RATINGS

SINE WAVE INPUT

FIGURE 6 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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FIGURE 10 — PRINTED CIRCUIT BOARD MOUNTING,
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SQUARE WAVE INPUT

FIGURE 7 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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1N4933 thru TN4937, MR2271 (continued)

FIGURE 12 — THERMAL RESPONSE

FIGURE 13 — THERMAL RESISTANCE

]

To determine maximum junction temperature of the diode in a given situation,
the following procedure is recommended:

The temperature of the case should be measured using a thermocouple placed
on the case at the temperature reference point (see Note 3). The thermal mass
connected to the case is normally large enough so that it will not significantly
respond to heat surges generated in the diode as a result of pulsed operation once
steady-state conditionsare achieved. Using the measured value of T, the junction
temperature may be determined by

TJ = TC + TJC
where & T ¢ is the increase in junction temperature above the case temperature
di

d by:

ok “ReyC (D +(1-0) - rlty +tp) +r(tp) - e(1))]

¢(t) = normalized value of transient thermal resistance at time, t, from Figure
3ie:
1 {t] + tp) = normalized value of transient thermal resistance at time t;+ t,

1.0 — 80
g 70 BOTH LEADS TO HEAT SINK,
N 05 i / EQUAL LENGTH /
=i =1/ W | A
< 03 e =260 T
& Pa 5€ MAXIMUM 1 L
zz 0.2 3o 50 - /
s LT | seenote S
22 o o ~ 24 ]
=g 7 e / TYPICAL
“2007 = az
=8, = ] P
2005 5 L~ —
- aZ 1
< L1l I -2 20
003 ] =
H A L7
% 0.02 10 ]
4l
0.01 0
00501 0204 10 2040 10 20 40 100 200400 10002000 5000 0 1/8 1/4 3/8 12 5/8 3/4 /8
t, TIME (ms) LEAD LENGTH (INCHES)
NOTE 1 NOTE 2
Ppk Ppk Data shown for thermal resistance junction-to-ambient (9 a) for the
DUW:YCLE D=1ty mountings shown is to be used as typical guideline values for preliminary
tp-e-] PEAK POWER, Py, is peak of an engineering or in case the tie point temperature cannot be measured.
TIME equivalent square power pulse

TYPICAL VALUES FOR 6ja IN STILL AIR

LEAD LENGTH, L (IN)
MOUNTING
METHOD | 1/8 | 1/a | 172 | 3/4 [Rosa
T 65 | 72 | 82 | 92 [9C/wW|
2 74 81 N 101 [%cw.
3 40 ocw

MOUNTING METHOD 1 MOUNTING METHOD 3

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

L=y
!

LT

Board Ground ™~
Plane

Vector pin mounting

FIGURE 14 — THERMAL CIRCUIT MODEL
(For Heat Conduction Through The Leads)

Use of the above model permits junction to lead thermal resistance for any
mounting configuration to be found. For agiven total lead length, lowest values
occur when one side of the rectifier is brought as close as possible to the heat
sink. Terms in the model signify:

Ta = Ambient Temperature
T = Lead Temperature

Rgs = Thermal Resistance, Heat Sink to Ambient
Rg = Thermal Resistance, Lead to Heat Sink
T¢ = Case Temperature Rgy = Thermai Resistance, Junction to Case
Ty = Junction Temperature  Pp = Power Dissipation
(Subscripts A and K refer to anode and cathode sides respectively.)
Values for thermal resistance components are
Rg = 112°C/W/IN. Typically and 128°C/W/IN Maximum
Rgy = 18°C/W Typically and 30°C/W Maximum
The lead temperature may be
Ty =150° —oTy
ATy can be calculated as shown in NOTE 1 or it may be approximated
as follows:
ATy TRy, @ PE; PE may be formulated for sine-wave operation from
Figure 3 or from Figure 4 for square-wave operation

as follows:
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TN4933 thru 1N4937, MR2271 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 15 — FORWARD RECOVERY
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FIGURE 17 — Ty = 26°C
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TN4933 thru 1N4937, MR2271 (continued)

RECOVERY TIME

FIGURE 21 — REVERSE RECOVERY
CIRCUIT

NOTE 3

115 Vac
60 Hz sow
NON-INDUCTIVE

o UNIT
UNDER TEST

C.P.CLARE

-0
MINIMIZE ALL LEAD LENGTHS Zout = ' 2MAX

(MAKE BEFORE BREAK) stosLo A2 VOLTAGE SUPPLY
. e RIPPLE = 3 mVrms MAX
o _ 3 o
30 Vde G NON-INDUCTIVE | C1 +
CONSTANT VOLTAGE 7R LO4F 1.0 4F 2
SU?PLYC+ 300 v 300 V

Reverse recovery time is the period which elapses from the
time that the current, thru a previously forward biased rectifier
diode, passes thru zero going negatively until the reverse current
recovers to a point which is less than-10% peak reverse current.

Reverse recovery time is a direct function of the forward
current prior to the application of reverse voltage.

For any given rectifier, recovery time is very circuit depend-
ent. Typical and maximum recovery time of all Motorola fast
recovery power rectifiers are rated under a fixed set of conditions
using I = 1.0 A, VR = 30 V. In order to cover all circuit
conditions, curves are given for typical recovered stored charge
versus commutation di/dt for various levels of forward current
and for junction temperatures of 25°C, 75°C, 100°C, and

150°C.
To use these curves, it is necessary to know the forward
current level just before ion, the circuit ion

di/dt, and the operating junction temperature. The reverse re-
covery test current waveform for all Motorola fast recovery

OC 10 2 kHz
A - TEKTRONIX 545A, K PLUG IN R o rectifiers is shown.
2 - TEN-1W, 102, 1% CARBON CORE
PRE-AMP, P§000 PROBE OR EQUIVALENT IN PARALLEL
R} - ADJUSTED FOR 1.4 Q BETWEEN 0
POINT 2 OF RELAY AND RECTIFIER Ta=25 ' °CFOR RECTIFIER lEm
INDUCTANCE = 38 uH
FIGURE 22 - JEDEC REVERSE RECOVERY
CIRCUIT
TRM(REC)
A1
AA . W
1
u.'mt«LDJuST From stored charge curves versus di/dt, recovery time (ty )
T ' and peak reverse recovery current (IRM(REC)) can be closely
2 approximated using the following formulas:
120 VAC 03 Lol ADUST var o] 08 12
e =
50 e " ek o (Y i *|girar
11
c2f+ 02 IRM(REC) - 141 x [R x diva] 12
R1 =50 O k2 >t
=50 Ohms
A2 = 250 Ohms nE== Rsozsu
D1 = 1N4723 o1 1“\2“ L <001 uH
D2 = 1N4001 & . A
D3 = 1N4934 b Ll hd
SCR1 = MCR729-10 CURRENT
C1-051050uF  T1=Variac Adjusts I(pk) and di/dt 0SCILLOSCOPE VIEWING
€2 ~ 4000 uF T2=11 RESISTOR
L1=10-27uH T3= 1.1 (to tigger encurt)
FIGURE 23 — TYPICAL
REVERSE LEAKAGE FIGURE 24 — NORMALIZED REVERSE CURRENT
3 ¥ 10 —
10 : : — +——
+ _ S — =
—— Ty = 1500C —] 2 —
=~ VR =400V
< 102 s
= £ w0
o
z Ty =100°C z 10 7
o« 4 —
3 e & ~
3 10! Ty=1750€C <
w =
g 2
w 5 -
@ @ 10-1
0 &
= Ty =250C =
+ L
10-! | 102
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VR, REVERSE VOLTAGE (VOLTS)
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184997 o 1805003

For Specifications, See 1N4719 Data.
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2N... JEDEC REGISTERED
DEVICE SPECIFICATIONS






2N 173 (GermaNIUM)

For Specifications, See 2N277 Data.

2n174 (GErmanium)
2N1100
2N1358.A

¢

o0

&
PNP germanium power transistors. Power dissipa-

ST\;'LNEl'rBASE tion and junction temperature ratings exceed those of

) EIA registration.
CASES lowr g

MAXIMUM RATINGS

Rating Symbol 2N174 | 2N1100 | 2N1358 Unit
Collector -Base Voltage VCB 80 100 80 Vde
Emitter-Base Voltage vEB 60 80 60 Vdc
Emitter Current (Continuous) IE 15 15 15 Amp
Base Current (Continuous) IB 4.0 4.0 4.0 Amp
Junction and Storage Temperature TJ’TStg -65 to +110 °C
Thermal Resistance, Junction to Case 3¢ 0.5 °CcC/W

2-1



2N174, 2N1100, 2N1358 (continued)
ELECTRICAL CHARACTERISTICS

Characteristic Symbol Minimum | Typical Maximum | Unit
Collector -Base Cutoff Current . ICBO LA
2N174 - 100 -
(VCB = 2 volts) 2N1100 - 100 -
2N1358 - 100 200
Collector -Base Cutoff Current 1 mA
(Vgg = 1.5volts, Vop = 80 volts)  2N174 CBO - 2.0 8.0
100 2N1100 - 2.0 8.0
80 2N1358 - 2.0 8.0
Emitter-Base Cutoff Current IEBO mA
(VEB = 60 volts) 2N174 - 1.0 8.0
80 2N1100 - 1.0 8.0
60 2N1358 - 1.0 8.0
Collector -Base Cutoff Current ICBO mA
(VCB = 80 volts, 71°C) 2N174 - - 15
100 2N1100 - - 15
60 2N1358 - 4.0 6.0
Emitter -Base Cutoff Current IEBO mA
(VEB = 30 volts, 71°C) 2N1358 - 4.0 6.0
Collector -Emitter Voltage BV CES Vdc
(IC =300 mA, Vep = 0) 2N174 70 - -
2N1100 80 - -
2N1358 70 - -
Collector -Emitter Voitage BVCEO$ Vdc
(Ic =1.0 amp, Ig = 0) 2N174 55 - -
1.0 amp, Ip =0 2N1100 65 - -
300 mA, Ig=0 2N1358 40 - -
Floating Potential VEBF volt
(fg =0, Vcp = 80 volts) 2N174 - - 1.0
100 2N1100 - - 1.0
80 2N1358 - 0.15 1.0
Current Gain hFE -
(Ic = 1.2 amp, VCB = 2 volts) 2N1358 40 55 80
(Ic =5amp, Vcp= 2volts) 2N174 25 - 50
2N1100 25 - 50
2N1358 25 35 -
(Ic =12amp, Vcp = 2 volts) 2N174 - 20 -
2N1100 - 20 -
Base-Emitter Voltage VBE Vde
(Ic =1.2 amp, VCB = 2 volts) 2N1358 - 0.35 0.5
(Ic=5amp, Vcp= 2volts) 2N174 - 0.65 0.9
2N1100 - 0.65 0.9
2N1358 - 0.65 0.9
Saturation Voltage v Vdc
C t
(Ic = 12 amp, I = 2 amp) IN174 E(sat - 0.3 0.9
2N1100 - 0.3 0.7
2N1358 - 0.3 0.7
Common-Emitter ;
Cutoff Frequency fae kHz
(Ic = 5 amp, VcEg = 6 voits) 2N174 - 10 -
2N1100
Common-Base
Cutoff Frequency f b kHz
(Ig.= 1 amp, Vcp = 12 volts) 2N1358 @ 100 - -
Rise Time (""on" Ic = 12 Adc, t. us
IB = 2 Adc, VCE = 12 volts) - 15 -
Fall Time ("off'' IC = 0, t( us
VEB = -6 volts, Rgp = 10 ohms) - 15 -

* In order to avoid excessive heating of the collector junction, perform test by the sweep method.




2N174, 2N1100, 2N1358 (continued)

CURRENT TRANSFER CHARACTERISTICS
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The maximum continuous power is related to maximum
junction temperature by the thermal resistance factor.

This curve has a value of 150 Watts at case tempera-
tures of 25°C and is 0 Watts at 110°C with a linear relation
between the two temperatures such that:
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The Safe Operating Area Curves indicate Ic —
VcE limits below which the device will not go into
secondary breakdown, Collector load lines for spe-
cific circuits must fall within the applicable Safe
Area to avoid causing a collector-emitter short.
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(Duty cycle of the excursions make no significant

change in these safe areas.) To insure operation

below the maximum Tj, the power-temperature

derating curve must be observed for both steady

state and pulse power conditions.



2N 176 (GermaniUm)

2N669

PNP germanium power transistors for economical
©: o power switching circuits and commercial grade power
® amplifier applications.

STYLE 1 ¢
PIN 1. BAS|
CASE l I 2. EMITTER
CASE-COLLECTOR

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Valuve Unit
Collector-Base Voltage VCB 40 Vdc
Collector-Emitter Voltage VCF.S 30 Vdc
Collector Current (Continuous) IC 3.0 Amp
Storage and Junction Temperature Ty, Tstg —65 to +100 °c
Total Device Dissipation Pp 90 Watts

(At 25°C Case Temperature)
Thermal Resistance 95¢ 0.8 ‘cC/W
(Junction to Case)

2N669, 2N176
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COLLECTOR-EMITTER VOLTAGE (VOLTS)

SAFE OPERATING AREAS

The Safe Operating Area Curves indicate
lc — Vce limits below which the device will
not go into secondary breakdown. Collector
load lines for specific circuits must fall
within the applicable Safe Area to avoid
causing a collector-emitter short. (Case
temperature and duty cycle of the excur-
sions make no significant change in these
safe areas.) To insure operation below the
maximum Ty, the power-temperature de-
rating curve must be observed for both
steady state and pulse power conditions.
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2N176, 2N669 (continued)

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

Characteristic Symbol Minimum Typical Maximum | Unit
Collector-Base Cutoff Current IcO
VCB:30V. IEZO — — 3.0 mA
Vep =2.0V. Ig =0 — 50 — LA
Vep =30V, Ig =0, Tg = 90°C — —_ 20 mA
Emitter-Base Cutoff Current IEBO mA
VEB=10 v, IC =0 — - 2.0
Collector-Emitter Breakdown Voltage Vdce
Ic =330 mA, Rpg = 10 Ohms 2N1176 BVegR 30 — —
2N669 BVegs 30 — —
Collector-Emitter Saturation Voltage VCE(SAT) Vdc
Ic =3 A, Ig =300 mA — — 0.4
DC Forward Current Transfer Ratio hpp —
Vcg =2.0V, I¢ =0.5A 2N176 25 —_ —
2N669 75 — 250
Power Gain Gpg dB
Pout =.2 Watts, Veg = 12V, Ic = 0.5 Amp,
f = 1kHz, Rg = 10 Ohms, Ry =26.6 Ohms 2N176 34 — 37
2N669 38 — —
Total Harmonic Distortion %
(under same conditions of power gain) - - 5.0
Small-Signal Current Gain Cutoff Frequency foe kHz
Veg =12V, Ic = 0.5 Amp, f = 1kHz ref  2N176 4.0 7.0 —
2N669 3.0 5.0 —
Small-Signal Forward-Current Transfer Ratio h —
VCE =2.0 V., Ig = 0.5 Amp. f = 1 kHz 2N176 fe — 45 —
2N669 — 90 —
Small-Signal Input Impedance h-1 Ohms
Veg =20V, Ic = 0.5 Amp, f =1 kHz 2N176 € 7.0 — 25
2N669 10 — 50

INPUT CURRENT versus EMITTER DRIVE VOLTAGE
(Both Types)
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