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I'acheteur de dispositifs semiconducteurs d’utiliser les brevets des fabricants mentionnés dans ce catalogue.
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VOLUMEI

This volume contains complete data sheets for
Motorola-manufactured devices with EIA registered type
numbers up to 1N4999 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 II, MDTL,
MECL, MECL 10,000, MHTL, Micro-T, MIDA, MRTL, mW MRTL, MTTL, Multi-Cell II,
RamRod, Surmetic, Surmetic 20, Surmetic 30, Surmetic 40, Thermopad, Thermowatt, Unibase,
Unibloc and Uniwatt are trademarks of Motorola Inc.

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



NUMERICAL INDEX

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N2488,C 1-1 1N758,A 18 1NS90 125
1N2498B,C 141 1N759,A 1-8 1N991 1-25
1N250,8 1-1 1NT761 19 1N992 125
1N429 1-3 1N762 1N1183 127
1N702 1.8 1N763 1N1183A 1-29
1N703 1N764 1N1184 127
1N704 1N765 1N1184A 129
1N705 1N766 1N1185 127
1N706 1N767 IN1185A 129
1N707 1N768 1N1186 127
1N708 1N769 1-9 1N1186A 1-29
1N709 1N816 1-10 1N1187 127
1N710 1N821,A 114 1N1187A 129
1N711 1N823,A 1N1188 127
1N712 1N825,A 1N1188A 129
1N713 1N827,A 1N1189 127
1N714 1N829,A 114 1N1189A 129
1N715 1N935,A,8 117 1N1190 127
1N716 1N936,A,B 1N1191 1-1
1N717 1N937,A,B 1N1192
1N718 1N938,A,B 1N1193
IN719 1N939,A,B 117 1N1194
1N720 1N941,A,B 1-21 1N1195,A
1N721 1N942,A,B 1N1196,A
1N722 1N943,A,B IN1197,A
1N723 1N944,A,B 1N1198,A 141
1N724 1N945,A,B 1-21 1N1313 1-31
1N725 1N957 1-25 IN1314
1N726 1N958 1N1315
1N727 1N959 1N1316
1N728 1N960 1N1317
1N729 1N961 1N1318
1N730 1N962 1N1319
1N731 1N963 1N1320
1N732 1N964 1N1321
1N733 1N965 1N1322
1N734 1N966 1N1323
1N735 1N967 1N 1324
1N736 1N968 1N1325
1N737 1N969 1N1326
1N738 1N970 1N1327
1N739 1N971 1N1351
1N740 1N972 1N1352
1N741 1N973 1N1353
1N742 1N974 1IN1354
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
IN751,A 1N983 1N1363
1N752,A 1N984 1N1364
1N753,A 1N985 1N 1365
1N754,A 1N986 1N1366
1N755,A 1N987 1N1367
1N756,A 1N988 1N1368
1N757,A 1-8 1N989 1-25 1N1369 1-31




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N1370 1-31 1IN1776 1-33 1N2036 1-34
1IN1371 1N1777 1N2037
1N1372 1N1778 1N2038
1N1373 1N1779 1N2039
1N1374 1N1780 1N2040
1N1375 1-31 1IN1781 1N2041
1IN1507 1-32 1N1782 1N2042
1N 1508 I1IN1783 1N2043
1N 1509 1N1784 1N2044
1N1510 1N1785 1N2045
1N1511 1N1786 1N2046
1N1512 1N1787 1N2047
1N1513 1N1788 1N2048
1IN1514 1N1789 1N2049 1-34
1N1515 1IN1790 . 1N2163,A 1-35
1N1516 IN1791 1N2164,A
1N1517 1N1792 1N2165,A
1N1518 1N1793 1N2166,A
1N1519 1N1794 1N2167 A
1N1520 1N1795 1N2168,A
1N1521 1N1796 1N2169 A
1N 1522 1N1797 1N2170,A
1N1523 1N1798 1N2171,A 1-35
1N1524 1N1799 1N2498 1-36
1N 1525 1N 1800 1N2499
1N 1526 1N1801 1-33 1N2500
1N1527 1N 1802 1-34 1N2609
1N 1528 1-32 1N 1803 1N2610
1N1530,A 1-3 1N1804 1N2611
1N 1588 1-32 1N 1805 1N2612
1N 1589 1N 1806 1N2613
1N1590 1N1807 1N2614
1N 1591 1N 1808 1N2615
1N 1592 1N 1809 1N2616
1N1593 1N1810 1N2617 1-36
1N 1594 1IN1811 1N2620,A,B 1-37
1N1595 1N1812 1N2621,A,B
1N1596 1N1813 1N2622,A,B
1N1597 1N1814 1N2623,A,B
1N 1598 1N1815 1N2624,A,B 1-37
1N 1599 1N1816 1N2804 1-41
1N 1600 1N1817 1N2805
1N 1601 1N1818 1N2806
1N1602 1N1819 1N2807
1N 1603 i1N1820 1N2808
1N 1604 1N1821 1N2809
1N 1605 1N1822 1N2810
1N 1606 1N 1823 1N2811
1N1607 1N1824 1N2812
1N1608 . 1N1825 1N2813
1N 1609 1-32 1N 1826 1N2814
1N1735 1-3 1N 1827 1N2815
1IN1736,A 1N 1828 1N2816
1N1737 A 1N1829 1N2817
1N1738,A 1N1830 1N2818
1IN1739,A 1N1831 1N2819
1N1740,A 1N 1832 1N2820
1N1741,A 1N 1833 1N2821
1IN1742,A 1-3 1N1834 1N2822
1N1765 1-33 1N 1835 1N2823
1N1766 1N1836 1N2824
1N1767 1N2008 1N2825
1IN1768 1N2009 1N2826
1N1769 1N2010 1N2827
1N1770 1N2011 1N2828
IN1771 1N2012 1N2829
1N1772 1N2032 1N2830
1IN1773 1N2033 1N2831
1N1774 1N2034 1N2832
1N1775 1-33 1N2036 1-34 1N2833 1-41




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
1N2834 1-41 1N3027,A,B 1-68 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 1N3341
1N2840 1N3033,A,B 1N3342
1N2841 1N3034,A,B 1N3343
1N2842 1N3035,A,B 1N3344
1N2843 1N3036,A,B 1N3345
1N2844 1N3037,A,B 1N3346
1N2845 1N3038,A,B 1N3347
1N2846 1-41 1N3039,A,B 1N3348
1N2970 1-44 1N3040,A,B 1N 3349
1N2971 1N3041,A,B 1N3350 1-41
1N2972 1N3042,A,B 1N3491 1-50
1N2973 1N3043,A,B 1N3492
1N2974 1N3044,A,B 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,B ‘
1N2980 1N3050,A,B 1N3583,A,8 1-35
1N2981 1N3051,A,B -58 1N3649 154
1N2982 1N3154,A 1-46 1N3650
1N2983 1N3155,A * 1N3659
1N2984 1N3156,A 1N 3660
1N2985 1N3157,A 1-46 1N3661
1N2986 1N3189 1-49 1N3662
1N2987 1N3190 1N3663 1-54
1N2988 1N3191 1N3675 1-56
1N2989 1N3208 1N3676
1N2990 1N 3209 1N3677
1N2991 1N3210 1N3678
1N2992 1N3211 1N3679
1N2993 1N3212 1-49 1N3680
1N2994 1N3213 1-1 1N3681
1N2995 1N3214 11 1N3682
1N2996 1N3305 1-41 1N3683
1N2997 1N3306 1N3684
1N2998 1N3307 1N3685
1N2999 1N3308 1N3686
1N 3000 1N3309 1IN3687
1N3001 1N3310 1N3688
1N3002 1IN3311 1N3689
1N3003 1N3312 1N3690
1N3004 1N3313 1N3691
1N3005 1N3314 1N3692
1N3006 1N3315 1N3693
1N3007 1N3316 1N3694
1N3008 1N3317 1N3695
1N 3009 1N3318 1N3696
1N3010 1N3319 1N3697
1N3011 1N3320 1N3698
1N3012 1N3321 1N3699
1N3013 1N3322 1N3700
1N3014 1N3323 1N3701
1N3015 1-44 1N3324 1IN3702
1N3016,A,B 1-58 1N3325 1N3703 1-56
1N3017,A,B 1N3326 1N3785 1-57
1N3018,A,B 1N3327 1N3786
1N3019,A,B 1N3328 1IN3787
1N3020,A,B 1N3329 1N3788
1N3021,A,B 1N3330 1N3789
1N3022,A,B 1N3331 1N3790
1N3023,A,B 1N3332 1IN3791
1N3024,A,B 1N3333 1N3792
1N3025,A,B 1N3334 1N3793
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 1 1-93
1N3796 1N4057,A 1-3 1N4388 1-94
1N3797 1N4058,A 1N4549 1-41
1N3798 1N4059,A 1N4550
1N3799 . 1N4060,A 1N4551
1N 3800 1N4061,A 1N4552
1N3801 1N4062,A 1N4553
1N3802 1N4063,A 1N4554
1N3803 1N4064,A 1N4555
1N3804 1N4065,A 1N4556
1N3805 1N4066,A 1N4557
1N 3806 1N4067,A 1N4558
1N3807 1N4068,A 1N4559
1N3808 1N4069,A ' TN4560
1N 3809 1N4070,A 1N4561
1N3810 1N4071,A 1N4562
1N3811 ' 1N4072,A 1N4563
1N3812 1N4073,A 1N4564 1-41
1N3813 1IN5074.A 1N4565 1-96
1N3814 1N4075,A 1N4B66
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 1-58 1N4104 1N4582
1N3879 1-64 1N4105 1N4583
1N 3880 1N4106 1N4584 1-96
1N 3881 1N4107 1N4719 1-98
1N 3882 1N4108 1N4720
1N3883 1-64 1N4109 1N4721
1N 3889 1-69 1N4110 1N4722
1N3890 1IN4111 1N4723
1N3891 1N4112 1N4724
1N3892 1N4113 1N4725 1-98
1N 3893 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
1N3813 1-79 1N4124 1N4738
1N3993 1-84 1N4125 1N4739
1N3994 1N4126 ) 1N4740
1N3995 1N4127 1N4741
1N 3996 1N4128 1N4742
1N3997 1N4129 11N4743
1N3998 1N4130 1N4744
1N3999 1IN4131 1N4745
1N 4000 1-84 1N4132 | 1N4746
1N 4001 1-85 1N4133 1N4747
1N4002 1N4134 1N4748
1N4003 1N4135 1-89 1N4749
1N 4004 1N4370,A 1-8 | 1N4750
1N 4005 1N4371,A 1-8 1N4751
1N 4006 1-85 1N4372,A 1-8 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 1-98 2N687
1N4758 1N4998 1-98 2N688
1N4759 1N4999 1-98 2N689 2-54
1N4760 2N173 2-9 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 2N736 2-79
1N4776 2N350A 2-18 2N739 2-79
1N4777 2N351A 2-18 2N740 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 2N380 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 2-112
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 2-117
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 2-119
1N4912,A 2N502A,B,JAN,BJAN 2-37 2N956 2-73
1N4913 A 2N508 2-15 2N9E60 2.121
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 2N5627 2-41 2N964A 2-126
1N4919,A 2N 5654 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 2N985 2.131
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 2N1038 2-142
1N4932,A 1-105 2N681 2-54 2N1039 2-142
1N4933 1-107 2N682 2-54

vii




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N1040 2-142 2N1544 A 2-189 2N2060JAN,JTX, 2-229
2N1041 2-142 2N1545,A JTXV
2N1042 2-145 2N1546,A 2N2075,A 2-232
2N1043 ‘ 2N1547 A 2N2076,A
2N1044 2N1548 2-189 2N2077,A
2N 1045 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 2-161 2N1553,A 2N2082,A 2-232
2N1131S,JAN 2-153 2N 1554 A 2N2102s 2-236
2N1131AS 2-153 2N1655,A 2N2137,A 2-238
2N1132,A 2-155 2N1556,A 2N2138,A
2N1141 2-157 2N1557,A 2N2139,A
2N1142,JAN 2-157 2N 1558 ,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 2N1596 2N2144 A
2N1165,A 2N1697 2N2145,A
2N1166,A 2N 1598 2N2146 A 2-238
2N1167,A 2-159 2N 1599 2-196 2N21562 2-242
2N1175 2-181 2N1613s 2-198 2N21563
2N1185 2-163 2N1613JAN 2-198 2N2154
2N1186 ‘ 2N1651 2-200 2N2156
2N1187 2N 1652 2-200 2N21567
2N1188 2-163 2N1653 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 2N17118 2-73 2N2218S,AS 2-252
2N1194 2-168 2N1724 2-206 2N2219S,AS +
2N1195,JAN 2-167 2N1725 2-206 2N2221,A
2N1204,A 2-170 2N1751 2-209 2N2222 A 2-252
2N1358,A 2-1 2N1842 2-211 2N2223,A 2-229
2N1358,JAN 2-172 2N1842A 2-214 2N2224 2-260
2N1359 2-20 2N 1843 2-211 2N2242 2-262
2N1360 2N1843A 2-214 2N2256 2-264
2N1362 2N1844 2.211 2N2257 2-264
2N 1363 2N1844A 2-214 2N2270Ss 2-267
2N1364 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 2N1846A 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 2N 1848 2-211 2N2290 2-270
2N1495 2-170 2N1848A 2-214 2N2291 2-272
2N1518 2-183 2N1849 2.211 2N2292 2-272
2N1519 2N1849A 2-214 2N2293 2-272
2N1520 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 1893S 2-219 2N2323
2N1529,A 2-185 2N1924 2-221 2N2324
2N1530,A 2N1925 2-221 2N2325
2N1531,A 2N1926 2-221 2N2326 2-278
2N1632,A 2N1970 2-223 2N2330s 2-280
2N1533 2N1980 ‘ 2N2331s 2-280
2N1534,A 2N1981 2N2357 2-283
2N1535,A 2N1982 2-223 2N2358 2-283
2N1536,A 2N1983 2-224 2N2359 2-283
2N1637,A 2N1984 2-224 2N2368 2-285
2N1638 2-185 2N1990S 2-226 2N2369 2-287
2N1539 A 2-189 2N1991S 2-153 2N2369A,JAN,JTX, 2-201
2N1540,A 2N2042 2-227 JTXV
2N1541,A 2N2043 2-227 | 2N2381 2-293
2N1542 A 2N2060,A 2-229 2N2382 .2-293
2N 1543 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 1
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 & 2N2916 2N3283 2-450
2N2493 2-306 2N2917 2N3284
2N2501 2-307 2N2918 2N3285 2-450
2N2526 2-310 2N1919,JAN,JTX, 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 2N2946 2-369 2N3298 2.468
2N2555 2N2946A 2-372 2N3299S 2-470
2N2556 2N2947 2-373 2N3300S ‘
2N2557 2N2948 2-373 2N3301
2N2558 2N2949 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 2N2955 2-381 2N3308 2-476
2N2563 2N2956 2-381 2N3311 2-478
2N2564 2N2959S 2-383 2N3312
2N2665 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 2N3022 IN3366 2486
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
2N 2646 2-322 2N3046 2N3444S,JAN 2-445
2N2647 2-322 2N3047

2N3445 2-505
2N2652,A 2-324 2N3048 2-400 2N3446
2N2710 2-326 2N3053S,AS 2-402 2N3447 +
2N2720 2-328 2N3054A 2-404 2N3448 2-505
2N2721 2-328 2N3055 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
2N 2832 2-342 2N3133s 2-423 2N3489
2N2833 2-342 2N3135 2-423 2N3490
2N 2834 2-342 2N3137 2-425 2N3491
2N 2845 2-348 2N3210 2-427 2N3492 2512
2N2847 2-348 2N3211 2-429 2N3494S 2-515
2N 2857 2-350 2N3227 2-287 2N3495S ‘
2N2894 2-356 2N3244S 2-431 2N3496
2N2895 2-358 2N3245S 2-431 2N3497 2-515
2N 2896 2-358
2N2897 2-358




NUMERICAL INDEX (continued)

DEVICE PAGE DEVICE PAGE DEVICE PAGE
2N3498S 2517 2N3766 2605 2N3978 2-688
2N3498JAN,JTX, 2N3767 2-605 2N3980 2-690

JTXV 2N3789 2-610 2N3993 2.692
2N3499S 2N3790 2N3994 2-692
2N3499JAN,JTX, 2N3791 2N3994A 2-692

JTXV 2N3792 2610 2N4012 2-694
2N3500S 2N3796 2615 2N4013 2696
2N3500JAN,JTX, IN3797 2615 2N4014 2-696

JTXV 2N4015 2-700

2N3798,A 2-619
2N3501S 2N4016 2-700
2N3501JAN,JTX 2-517 2N3799,A 2-619

Ty 2N3806 2-623 2N4048 2-702
2N3506S 2.523 2N3807 2N4049
INIBOBIAN JTX 2N3808 2N4050

v ¢ 2N 3809 2N4051
2N3507S 2N3810,JAN,JTX 2N4052

2N3810A 2N4053 2-702
2N3§r°x7\jAN"'Tx' 2-523 2N3811,JAN,JTX, 2N4066 2.706
2N3508 2-525 JTXV gmg% g:;gg
2N3509 2525 2N3811A
2N4073 2-708
2N3510 2.528 2N3812
5N3511 5808 2N3813 2N4091 2-710
2N3814 2N4092 2-710
2N3544 2-531
2N3815 2N4093 2-710
2N3546 2533
2N3553 >.490 2N3816 2N4123 2-712
2N3816A 2N4124 2.712
2N3583 2-537
2N3584 3537 2N3817 2N4125 2-716
. 2N3817A 2623 2N4126 2-716
2N3585 2537 3N4130 5720
2N3611 2-544 2N3818 2-626 oN4167 2799
2N3612 2N3821 2-629
2N4168
N3613 2N3822 2-629
2N3823 2631 2N4169
2N3614 2-544
2N3615 2847 2N3824 2629 2N4170
2N3838,JAN,JTX, 2-633 2N4171
2N3616
2N2617 JTXV 2N4172
oN3618 2547 2N3839 2-350 2N4173
. 2N3866,A 2635 2N4174
2N3632 2-490 2N3867 2.565 2N4175
2N3634S,JAN,JTX 2551 5N4176
2N3635S,JAN,JTX, 2N3868 2-565 2N4177
JTXV 2N3870 2-640
IN3871 2N4178
2N3636S,JAN,JT X 2N3872 { 2N4179
2N3637S,JAN JTX 2551
2N3873 2-640 2N4180
2N3647 2528
2N3883 2644 2N4181
2N3648 2-528
2N3896 2-640 2N4182
2N3673 2-557
2N3897 2N4183
2N3712S 2-559
2N3713 5561 2N3898 2N4184
2N3899 2-640 2N4185
2N3714 aN4186
2N3715 2N3902 2-646 oN4187
2N3716 2-561 2N3903 2-650
2N4188
2N3719 2565 2N3904 2-650
2N3905 2-655 2N4189
2N3720 2-565
2IN3724 5570 2N3906 2-655 2N4190
; : 2N3909,A 2-660 2N4191
2N3725 2-570
2N3924 2-662 2N4192
2N3726 2.576
2N3925 2N4193
2N3727 2.576
2N3734S 2578 2N3926 2N4194
2N3927 2-662 2N4195
2N3735S 2N4196
2N3736 2N3946 2668 oN4197
2N3737 2578 2N3947 2-668
2N4198 2722
2N3738 2581 2N3948 2674 ?
SN3739 5581 2N3950 2-678 2N4199 2-728
g 2N3959 2-682 2N4200
2N3740,A 2-587
2N3960 2-682 2N4201
2N3741,A 2-587
2N3961 2-490 2N4202
2N3742S 2-592
2N3743S,JAN,JTX 2-595 2N3970 2-686 2N4203
2N37625 4 >.899 2N3971 2-686 2N4204 2728
2N3763S,JAN JTX 2N3972 2-686 2N4212 2-734
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 2N4444 2-830
2Na224 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 JT X, 2-840
2N4233A 2-747 JTXV
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 2-537 2N4861,A 2-842
2N4260 2-761 2N4870 2-844
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 2-776 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
2goy | | 2acas 2562
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

Xi







IN... JEDEC REGISTERED
DEVICE SPECIFICATIONS







1n248B .C hro 1n250B. C

IN1191 thru IN1198 |
INT195A thru INT198A |
1N3213,1N3214 |

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. IN248BR.

CASE 42A
(DO-5)

MAXIMUM RATINGS i

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 i
1N1195, 1N1195A 300 i
1IN1196, IN1196A 400
1N1197, 1N1197A, 1N3213 500
1N1198, 1N1198A, 1N3214 600
RMS Reverse Voltage A Volts
1N248B, 1N1161 R(RMS) 35
1N248C 38.5
1N249B, 1N1192 70
1N249C 1
1N1193 105
IN250B, 1N1194 140
1IN250C 154
1N1195, 1N1195A 210
1IN1196, 1IN1196A 280
IN1197, 1IN1197A, 1N3213 350
1N1198, 1N1198A, 1N3214 420
Average 1/2-Wave Rectified Forward Current Io Amp
(Resistive Load, 60 Hz , T, = 150°C) 20
Peak Repetitive Forward Current IFRM Amp
(T¢ = 150°C) 90
Peak Surge Current IFSM Amp
(T¢ = 150°C, superimposed on Rated 350

Current at Rated Voltage, 1/2-Cycle,
1/120 sec)

1-1




1N248B,C thru TN250B,C (continued)
THERMAL CHARACTERISTICS
Maximum Operating and Storage Temperature: —65 to + 190°C

Maximum Thermal Impedance, Junction to Case: §;c = 1.50°C/W DC

ELECTRICAL CHARACTERISTICS

Characteristics Symbol Max Unit
Full Cycle Average Forward Voltage Drop VF(AV) Volts
- 0
(Io (max)» Tated V., 60 cps, T = 150°C) 0.6
Instantaneous Forward Voltage Drop Ve Volts
(Ip = 100 Amps, Ty = 250C) 1.5
Full Cycle Average Reverse Current IR(AV mA
- 0 )
(Io (max) rated V., 60 cps, T¢ = 150°C)
IN248B thru 1N250B, 1N1191 thru 1N1198 5.0
1N248C 3.8
1N249C 3.6
1IN250C 3.4
IN1195A 3.2
IN1196A 2.5
IN1197A 2.2
IN1198A 1.5
1N3213 and 1N3214 10.0
DC Reverse Current IR mA
(Rated Vg, T¢ = 25°C) 1.0
MAXIMUM AVERAGE FORWARD CURRENT RATING
versus MAXIMUM CASE TEMPERATURE TYPICAL FORWARD CHARACTERISTICS
35 & 1000
E 800
\ 600
30 fg & N 400
z e £ 0
& <
S I AN \ = 74
E [+ NN E 100 v
£ 1p AND 3¢ \ 3 zg 7
Q
§ 20 =4 ¢ g 40 /II'I
= .
[re N @ 20
15 f~f ¢ a 3
e N\ g T, = 150 / T, = 289
] 6o \ £ 10
£ 10 |s 5 ¢ 747
i (60 CPS, RESISTIVE "\ \\ £ ° ]
OR INDUCTIVE LOAD) \ ol |
5 F—4f \ I
LI
0 Rt o 1
0 120 140 160 180 0 0.4 0.8 1.2 1.6 2.0
Ter MAXIMUM CASE TEMPERATURE (°C) Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)
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'IN429

Temperature compensated zener reference diodes de-

1N ] 530 series signed for reference sources utilizing an oxide-passivated

IN I 735 series
1N4057 series

junction for long-term voltage stability, high uniformity
and reliable operation.

CASE 41 CASE 53

CASE 57

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

Rating Symbol Vaiue Unit
Operating Junction Temperature Range Ty -55 to +175 oc
Storage Temperature Range Tstg -65 to +175 o¢
Power Dissipation™® Pp See Tables 1 & 2* w

*The devices are designed for operation at the specified I2T. 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

Discrete glass package devices encapsulated in a
Case: transfer molded plastic package
Polarity:| Indicated by diode symbol except 1N429, 1N1530, 1N1530A where cathode
indicated by polarity dot of contrasting coior
‘Weight: | Varies according to device
0.5 grams (min)
12 grams (max)
Finish: | All external surfaces corrosion resistant and leads readily solderable.
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1N429/1N1530/1N1735/ 1N4057 (continued)

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

Zener
Voltage £5% 2 Temperaturs aVz @ Izt aVz Po*
2T Coefficient (+25 to +1000C) | (55 to + 250C) o
Vz @ lgr Ohms %/°C Volts Volts Ta=25°

TYPE CASE Volts mA (Note 3) {Note 2) (Note 2) (Note 2) w
1N4057 41-8 12.4 10 25 0.005 0.047 0.050 1.5
1N4057A 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 0.623
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 40 0.002 0.0385 0.037
1N4063 27 as 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 90 0.005 0.161 0.172
1N4067A 43 90 0.002 0.065 0.069
1N4068 ) 47 100 0.005 0.176 0.188
1N4068A \ 47 100 0.002 0.071 0.075 v
1N4069 41-9 51 110 0.005 0.191 0.204 2.0
1N4069A 51 110 0.002 0.077 0.082
1N4070 56 120 0.008 0.210 0.224
1N4070A 56 120 0.002 0.084 0.090
1N4071 62 138 0.005 0.232 0.248
1N4071A 62 v 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 100 340 0.002 0.150 0.160
1N4078 105 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 v
1N4080A v 120 800 0.002 0.180 0.192 |
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
1N4085A 200 \ 1350 0.002 0.300 0.320 V

* Derate linearly from 25°C to 175°C.



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

TABLE 2 — ELECTRICAL CHARACTERISTICS (i1zT = 7.5 mA, TA = 259C unless otherwise noted)

Max Voltage Change .
Zener @ Max Dynamic Temperature Power
Voltage | —55, +25, +100°C | Impedance Coefficient Dissipation
Type Vz +5% aVgz (Volts) (Note 3) (Note 2) Pp Case Figure
Number (Volts) (Note 2) Zz7 (Ohms) (%/°C) Number | Number
(mW)
1na20 @ 6.2 0.050 20 0.01 200 53 1
1N1735 6.2 0.050 20 0.01 200 41-6 2
1N1530°"° 0.014 0.002
. . 5 250

1N1530A°* @ 84 0.007 ! 0.001 s 57 3
1N1736 0.100 0.01

. 400 413
1N1736A 124 0.050 40 0.005 0 2
1N1737 0.150 0.01

. : 415 2
1N1737A 186 0.075 60 0.005 600
1N1738 0.200 0.01

. K 2
1N1738A 24.8 0.100 80 0.005 800 41-5
1N1739 0.250 0.01
1N1739A 3t 0.125 100 0.005 1000 414 2
1N1740 0.300 0.01

. 120 -
1N1740A 372 0.150 0.005 1200 414 2
1N1741 0.350 0.01

43.4 140 .

IN1741A 0.175 0.005 1400 414 2
1N1742 0.400 0.01
1N1742A 49.6 0.200 180 0.005 1600 a14 2

* Derate linearly from 25°C to 175°¢

Mzr=10mA

@ Available to MIL-S-19500/299 Specifications.
@ Available to M1L-8-19500/320 Specifications.
(3 Avsitable 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
ternperature 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 cnaracteristics 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
canceilation 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 — Voltage-Current Characteristics

Figure 4 shows the voltage-current 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 (AVz) 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 (AVZz) and Temperature Coefficient

Ali reference diodes are characterized by the ““box’’ method.
This method provides for a guaranteed maximum voltagé variation
AV, in mV) over a specified temperature range at the specified
1zT 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) teliing him the stability of the voltage over the
temperature range of interest thus giving him the maximum fiexibil-
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 (iliustrated 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, lzT, is superimposed on IpT. 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

= —55°C
25°C

AVz(max) @ 1zT — =

T, =—550¢ ﬁ%ﬁ"'

25°C

100°C

Iz, ZENER CURRENT

=P

r -550C )

————250C {

|
——1_100°C (

/\/\_

i
J1 )

vz @izt

Vz, ZENER VOLTAGE (VOLTS)
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1N429/1N1530/1N1735/1N4057 (continued)

e

MILLIMETERS] __INCHES MILLIMETERS] _INCHES
DIM "MIN_| MAX | MIN | MAX DIM [MIN_ [ MAX | MIN | MAX
A | 533 584 0210 | 023 Al - (1422 | - los60
B | 457 |5.08 |0.180 | 0.20 C | - [1626 | - 0640
C | 8.89 1940 | 0350 | 037 D [ 074 | 0.89 | 0.029 | 0.035
D | 048 {056 |0.019 ] 0.022 Fl - (102 - (0040
G | 1.14 [1.40 | 0.045 | 0.055 G | 5.08 BSC 0.200 BSC
K 12697 | — [1.062 | - K 11905 [ — (0750 —
NOTE:

1. POLARITY INDICATED BY

CATHODE DOT ON BODY CASE 57

ADJACENT TO CATHODE

LEAD.

CASE 53
0 06

MILLIMETERS INCHES

DIM| MIN [ mAX | MIN | mMAX
A - |2540] - |1.000
B - [ 1270] -~ ]0.500
D | 076 0.86]0.030 |0.034
F - 127] — [ 0.050
375 - 12501 —
-03

MILLIMETERS INCHES

DIMI"MIN [ MAX | MIN | MAX
A - 26.16 - 1.030 |
B - 9.60 - 0.378
D | 076 | 0.86 | 0.030 | 0.034
F - 1.27 - 0.050
K [31.75 - 1.250 -

-04
MILLIMETERS INCHES

DIM[ MIN | MAX | MIN [ MAX
A - 13099 ~ 1.220
B - 16.28 - 0.641
D |076 | 086 | 0.030] 0.034
F - 1.27 — 0.050
K [44.45 - 1750 ] -

-05
MILLIMETERS INCHES

DIM| MIN | MAX | MIN | MAX

A - 16.64 | — 0.655
B = 16. = 0.641
D 0.76 | 0. 0.030) 0.034
F - 1.27 — | 0.050
K 13175 — 12501 —

CASE 41

©

—*—18‘4—

MILLIMETERS INCHES
DIM
MIN | MAX | MIN | MAX

A = 1132 = 0.520

B - 698 | - | 0275

D 0.46 | 0.56 | 0.018 | 0.022

F - 127 | - 0.050

K 3175 | - 1.250 -
08

MILLIMETERS INCHES
DIM| MIN | MAX | MIN | MAX

T A | - [1321| - |0520
*”*‘D B | 6.10 | 6.60 [0.240 |0.260
K D | 071 8110028 [0.032
£ F | - 27 | - [0.050

” _} K (2640 | - (1000 [ —

| N .09

_— ++ MILLIMETERS INCHES
A DIM "mIN MAX MIN MAX
+ * - (1981 | - 10780

NOTE:
1. LEAD FINISH & DIA
UNCONTROLLED IN
AREA “F".

A
B 6.10 | 6.60 |06.240 |0.260
D | 058 | 0.81 [0.023 |0.032

127 .050

K [25.40 - 1.000 -

-10

MILLIMETERS INCHES

DIM| MmN [ mAX | MIN | MAX

29.34 1.15

770 8.20 | 0303]0.32

1.27 0.050]

A
B
D 071} 081 0.028] 0.03
F
K

26401 - 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

(bO-7) Polarity Indicated by Cathode Band

IN746 thrv 1N759 1N746A thru IN759A (ZENER DIODES)
TN4370 thru 1N4372 1N4370A thru IN4372A

©

CASE 51

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

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.
IN746 series: +10%, suffix A for +5% units.

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

NOMINAL MAXIMUM MAXIMUM REVERSE LEAKAGE CURRENT
ZENER VOLTAGE TEST MAXIMUM ZENER IMPEDANCE | DC ZENER CURRENT T
TYPE V,@ly, CURRENT 1y @ly ™ T,=25°C Ta=150°C
NUMBER Il Lh@VW =1V h@ Vo =1V
YOLTS mA Ohms mA uh uh
1N4370 2.4 20 30 150 100 200
IN4371 | 2.1 20 30 135 75 150
1N4372 3.0 20 29 120 50 100
1IN746 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
1N750 4.7 20 19 75 2 30
IN751 5.1 20 17 70 1 20
1N752 5.6 20 11 65 1 20
IN753 6.2 20 1 60 0.1 20
IN754 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
IN758 10.0 20 17 35 .1 20
IN759 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 1N759 (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 I Alloy Zener Diode Tolerance (+%)

Nominal Voltage

'|N76] thru '|N769 Recommended for apphcathns requiring an e)'{act
replacement only. For new designs see 1N5221 series.

1-9




.AM.64FR10/1N816

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

MZ2360

—p—

Mz2361
MZ2362

CONSTANT-VOLTAGE REFERENCE DIODES FOR

LOW-VOLTAGE APPLICATIONS

. . high-conductance silicon diodes designed as a stable forward
reference source for biasing transistor amplifiers and similar applica-

tions.

® Guaranteed Forward Voltage Range

® Choice of Package

® Temperature Effects Provided

MAXIMUM RATINGS

Rating Symbol

Value

Unit

DC Power Dissipation Pp
@ T =30°C +3°C,
Lead Length = 3/8"

400

m FORWARD REFERENCE

DIODES
— STABISTORS —

Operating and Storage Junction
Temperature Range

T Tstg

-651to0 +175

°c

.4M.64FR10/1N816
4M1.36FR5
.4M1.36FR2
.4M2.04F RS
4M2.04FR2
Mz2361

MZ2362 DO-7

Case 51

Weight: 0.2 Gram (approximate)
Mounting Positions: Any

Case 59
DO-41

MZ2360

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.

1410




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

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

Forward Reference Reverse Leakage
Voltage (1) Current (Max)
@ @
Vg I IR VR
Type Number Volts mA uA Volts Package Case
Min/Max
.4AM.64FR10/
0. .7 K 4.0 Gl 51
1N816* (2) 58/0.70 1.0 0.1 ass
.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 1IN816
(1) Motorola guarantees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (T ) at 30°Cc

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

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

MZ2362

CASE 51-02
DO-7

1B
©
[ o M| S
K
CATHODE F
BAND {
iR
o
K
MILLIMETERS INCHES
DIM| MIN MAX MIN MAX
A .84 | 7.6 0.230 | 0.300
B 16 [ 27 0.085 | 0.107
D .46 | 0.5 0.018 | 0.022
F — 1.27 - 0.050
K {25.40 - 1.000 -

All JEDEC dimensions and notes apply

©
MZ2360 4. L—B
NOTE:
I 1. POLARITY DENOTED BY
CATHODE BAND
—|l~D
K
F
Il a
"H
E CASE 59-03
DO-41
K
MILLIMETERS INCHES
DIMI™MIN [ mMAX | MIN | mAX
A 407 | 5.20 .160 | 0.205
B 2.04 | 2.71 .080 | 0.107
D 0.71 | 0.86 .028 | 0.034
F - .27 - .050
K {2794 | — 1100 | -
All JEDEC dimensions and notes apply.




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

|f, FORWARD CURRENT (mA)

I, FORWARD CURRENT (mA)

IF, FORWARD CURRENT (mA)

TYPICAL FORWARD VOLTAGE CHARACTERISTICS

FIGURE 1 — 4M.64FR10/1N816
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FIGURE 3 — .4M2.04FR5
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FIGURE 5 — M22361
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FIGURE 2 — .4M1.36FRS
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.AM.64FR10/1N816, .4M1.36FR5, .4M1.36FR2, .4M2.04FR5,
AM2.04FR2, MZ2360, MZ2361, MZ2362 (continued)

TYPICAL TEMPERATURE COEFFICIENT

FIGURE 7 — .4M.64FR10/1N816 FIGURE 8 — MZ2360 )
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n821 , A, 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.

MAXIMUM RATINGS

Junction Temperature: -55 to +1759C

Storage Temperature: -65 to +175°C

DC Power Dissipation: 400 mW @ T = 50°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)

CASE 51
(DO-7)

Maximum : Maximum
Amb:
JEDEC Voltage r_x}egnt Temperature Dynamic
Type No. Change Temperature Coe;floment Impedance
(Note 1) av, (Volts) oc %/°C Z,,5 Ohms
+10C (Note 2)
(Note 2) = (Note 3)
VZ =86.2 V +5.0%* @ IZT =17.5 mA
1N821 0. 096 -55, 0, +25, +75, +100 0.01 15
1N823 0.048 0.005
1IN825 0.019 0. 002
IN827 0. 009 0.001
IN829 0. 005 0. 0005
1N821A 0.096 0.01 10
IN823A 0.048 0. 005
IN825A 0.019 0. 002
IN827A 0. 009 0. 001
IN829A 0. 005 0.0005

*Tighter-tolerance units available on special request.

CAPACITANCE (C) = 30 to 400 pF @ 90% of VZ
FORWARD BREAKDOWN VOLTAGE (Vf) =15t0 400 V




2Vz, MAXIMUM VOLTAGE CHANGE (mV)

1N821,A / 1N823,A / 1N825,A / 1N827,A / 1N829, A (continued)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(with 12T = 7.5 mA £0.01 mA) (See Note 4)
1N821 thru 1N829

~Vz, MAXIMUM VOLTAGE CHANGE (mV)

FIGURE 1a
100 I
N821A
) I
5 | nswsA | ||
1N825,A / |NearA |
~ 5 T
B | ns27.A L — e
=) - g9 A +—F
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-55 0 50 100 -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 UN!TS ARE IN THE RANGES INDICATED BY THE CURVES.
FIGURE 2 — 1N821 SERIES FIGURE 3 — 1N821A SERIES
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AVZz, MAXIMUM VOLTAGE CHANGE (mV)

(Referenced to 12T = 7.5 mA) (Referenced to 1zT = 7.5 mA)
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TN821,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
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NOTE 1:

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

NOTE 2:

Voitage Variation (aV7z) 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 (Iz1), 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 AVz
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

equal to 10% of the dc zener current, Iz, 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 0 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, AV, Figures 2 and 3 is due en-
tirely to the impedance of the device. If both temperature and | 7T
are varied, then the total voltage change may be obtained by graph-
ically adding AVz in Figure 2 or 3 to the AVz 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 (siicon)

thru

1n939, 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 @ 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 (T4 = 25°C unless otherwise noted)
Maximum Ambient Maximum
Voltage Test Temperature Dynamic
JEDEC Change Temperature Coefficient Zlmpeg:llnce
Type No. AVZ (Volts) Og 4/°C ZT (Ohms)
(Note 1) (Note 2) *1°C (Note 2) (Note 3)
Vy =9.0V15.0%% @ 1, = 7.5 mA
1N935 0. 067 0.01
1N936 0.033 0.005
1IN937 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
1N936B 0.092 -55, 0, +25, 0. 005
1N937B 0.037 75, +100, +150 0.002 20
1IN938B 0.018 0.001
1IN939B 0. 009 0. 0005

*Tighter-tolerance units available on special request.

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




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

FIGURE 1a FIGURE 1b
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1N935, A, B thru TN939, A, B (continued)

FIGURE 3a FIGURE 3b
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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 1N939B 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 (I1zT), 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 results when an ac current with an rms value
equal to 10% of the dc zener current, I 2T, is superimposed on Iz T.
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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.

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 +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, AV, in Figure 4 is due entirely to the
impedance of the device. |f both temperature and Iz T 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.



941, 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
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 (Ta = 25°C unless otherwise noted)

Maximum Ambient
A mbien —

ZE}::E?: Test Temperature I’:ﬁdm&;m?]
JEDEC AV (ng)lts) Tem%erature Coefficient 7 pe(Olr:;es)
Type No. Z C @/°C AN
(Note 1) (Note 2) £1°C (Note 2) (Note 3)

VZ = 11.7V £5.0%* @ IZT = 7.5 mA

1N941 0.088 0.01
1N942 0.044 0. 005
1N943 0.018 0, +25, +75 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 30
1N944A 0.018 +75, +100 0. 001
1N945A 0.009 0. 0005
1N941B 0.239 0.01
1IN942B 0.120 0. 005
1N943B 0.047 -55, 0, +25, 0. 002 30
1N944B 0.024 +15, +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 (Vf) =150 to 1200 V
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1N941, A, B thru 1N945, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(With Iz7=7 5 mA 10.01 mA) (See Note 4)

1N941 thru TN945

FIGURE 1a FIGURE 1b
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aVz, MAXIMUM VOLTAGE CHANGE (mV)

1z, ZENER CURRENT (mA)

1N941, A, B thru TN945, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE
(with 12T = 7.5 mA £0.01 mA) (See Note 4)

1N9418B thru 1N9458B

FIGURE 3a FIGURE 3b
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1N941, A, B thru TN945, A, B (continued)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
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NOTE 1:

Types 1IN941B, 1N943B, and 1N944B are available to MIL-S-19500/
167.

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 results when an ac current with an rms value
equal to 10% of the dc zener current, | 7T, is superimposed on | 2.
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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.

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 +25 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. [f 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.



1 N957 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 DC ZENER CURRENT REVERSE LEAKAGE CURRENT
TYPE V; CURRENT I

NUMBER by | 2x@W 1u@ly I 1 MAXIMUM TEST VOLTAGE Vc *

VoLTS mA Ohms Ohms mA mA (1A) Ve Vr2
1N957 6.8 18.5 4.5 700 1.0 47 150 5.2 4.9
1N958 7.5 16.5 5.5 700 0.5 42 5 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
1N961 10 12.5 8.5 700 0.25 32 10 7.6 7.2
1N962 11 11.5 9.5 700 0.25 28 5 8.4 8.0
1N963 12 10.5 11.5 700 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 1.4 10.8
IN966 16 7.8 17 700 0.25 19 5 12.2 1.5
1N967 18 7.0 21 750 0.25 17 5 13.7 13.0
1N968 20 6.2 25 750 0.25 15 5 15.2 14.4
1N969 22 5.6 29 50 0.25 14 5 16.7 15.8
1N970 24 5.2 33 750 0.25 13 5 18.2 17.3
1N971 27 4.6 41 750 0.25 1 5 20.6 19.4
1N972 30 4.2 49 1000 0.25 10 5 22.8 21.6
1N973 33 3.8 58 1000 0.25 9.2 5 25.1 23.8
IN974 36 3.4 70 1000 0.25 8.5 5 27.4 25.9
1N975 39 3.2 80 1000 0.25 7.8 5 29.7 28.1
1N976 43 3.0 93 1500 0.25 7.0 5 32.7 31.0
IN977 47 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
IN979 56 2.2 150 2000 0.25 5.4 5 42.6 40.3
1N980 62 2.0 185 2000 0.25 4.9 5 47.1 44.6
1N981 68 1.8 230 2000 0.25 4.5 5 51.7 49.0
1N982 5 1.7 270 2000 0.25 4.0 5 56.0 54.0
1N983 82 1.5 330 3000 0.25 3.7 5 62.2 59.0
1N984 91 1.4 400 3000 0.25 3.3 5 69.2 65.5
1N985 100 1.3 500 3000 0.25 3.0 5 76.0 72.0
1N986 110 1.1 750 4000 0.25 2.7 5 83.6 79.2
1N987 120 1.0 900 4500 0.25 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 5 152.0 144.0
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TN957 thru TN992 (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%) deFendin on voltage per device.
a. Two or more units for series connection with specified tolerance on total voltage. geries 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%.

*VRI — Test Voltage for 5% Tolerance Device
VR2 — Test Voltage for 10% Tolerance Device
No Leakage Specified as 20% Tolerance Device

voltage (V) and test voltage for leakage current will
conform to the characteristics of the next higher
voltage ty pe shown in the table.

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

EXAMPLE: 1N957 series
Z 3

4 M 115
Power Rating Motorola ‘ Zener Diode Tolerance (+%)

Nominal Voltage
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INT183 thru 1N1190 (siLICON)

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. IN1183R.

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Repetit::; Reverse Voltage VRRM Volts
DC Blocking Voltage VR
IN1183 50
1IN1184 100
1IN1185 150
IN1186 200
1N1187 300
1N1188 400
IN1189 500
IN1190 600
RMS Reverse Voltage V. Volts
1N1183 R(RMS) 35
1N1184 70
IN1185 105
1N1186 140
1N1187 210
1N1188 280
1N1189 350
1IN1190 420
Average 1/2-Wave Rectified Forward Io Amp
Current
(Resistive Load, 60 Hz , To = 140°C) 35
Peak Repetitive Forward Current IFRM Amp
(TC =140°C) 150
Peak Surge Current 1 Amp
(TC = 140°C, superimposed on Rated FSM 400
Current at Rated Voltage)
Operating and Storage Temperature T b Tstg -65 to +190 °c
Thermal Resistance, Junction to Case RGJC 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 , Te= 140°C)
Max Instantaneous Forward Voltage Drop Ve 1.3 Volts
(I = 100 Amps, T; = 25°C)
Max Full Cycle Average Reverse Current lR(AV) 10.0 mA
Ty (max) F2ted V., 60 Hz, T = 140°C)
Max DC Reverse Current I 1.0 mA
(Rated VR’ TC = 25°)
MAXIMUM AVERAGE FORWARD CURRENT RATING
versus  MAXIMUM CASE TEMPERATURE TYPICAL FORWARD CHARACTERISTICS
(60 CPS, RESISTIVE OR INDUCTIVE LOAD)
45 g 1000
800
600
40 ¢ —
\uc 400
] mls : g
g 3 F < 200
3 = //
= ] /
Z 30 f—4F \ & 100 £
& 1 AND 3¢ \ 3 8 -
8 \ \ Q 60 7 ll
a 25 fr < 717
g \ = 40
= -4
g 20 =y s A 9’ /
. \ g 2
g ! \ 2 T,= 150°c[ /T,,z 25°C
g 15 s b\ \ 10 +—+
A NI\ - =i
= 10 f—F =
' NN = 4
5 |~ AN 2
0 by 1 l
0 120 140 160 180 0 020406 08 10 12 14 16 1.8 2.0
Tc, MAXIMUM CASE TEMPERATURE (°C) Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)
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iNT183A thro 1n1 189A siLicON)

- Medium current silicon rectifiers. Type numbers shown_have
CASE 42A

cathode connected to case, but reverse-polarity units can be gbtained
(DO-5) by adding suffix “R” to standard type number, e.g. IN1183RA.
2. ANODE »

MAXIMUM RATINGS

Rating Symbol Value 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 V. Volts
IN1183A R(RMS) 35
IN1184A 70
IN1185A 105
IN1186A 140
IN1187A 210
IN1188A 280
IN1189A 350
Average 1/2-Wave Rectified Forward I Amp
Current
(Resistive Load, 60 Hz, T, = 150°C) 40
Peak Surge Current I Amp
° FSM
(TC = 150°C, superimposed on Rated 800
Current at Rated Voltage)
Operating and Storage Temperature T b 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 ForwardOVoltage Drop Vg 1.1 Volts
(IF =100 Amps, Tc =25C)
Max Full Cycle Average Reverse Current IR
a0 Aav) 2.5 mA
(IO(max)’ rated Vry 60 Hz, TC =150"C)
Max DC Reverse Curregt IR 5.0 mA
(Rated VR’ TC =150"C)

'INI lqlthru 'IN] 198

TN1195A thru TN1198A

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

CASE 53

&)

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-
ment devices, see IN5837A series.

MAXIMUM RATINGS

Junction and Storage Temperature Range:

above 25°C).

ELECTRICAL CHARACTERISTICS

-65 to +175°C (Derate 1 mwW/°C

(TA = 25°C unless otherwise noted)

Max Reverse Current Max Reverse Current '
Nominal Test Nominal Test
Voltage Ta=125C |TA=100'C| Voltage Voltage Ta=25C|T,=100C| Voltage
V@I =200.A) R@VR | Ln@ Vs Ve Vi@Izr=200,A} 1R@Ve | la@ Vi Ve
Type volts wA A volts Type volts »A wh volts
1IN1313 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 |T,-=100°C | Voltage
V:@lzr =200 A} Lo @ Vg 1r @ Vg Vr

Type volts »A ) 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 1217.5 1.0 50 100

INI3 51 thru 11375

CASE 56.
(D0-4)

Recommended for applications requiring an exact re-
placement only. For new designs and for industry pre-
ferred replacement devices, see 1N2970 series.
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IN1507 heo 1N1517

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)

1N1518 thro 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)

n1530, A

For Specifications, See 1N429 Data.

iN1588 thru 1nN1598

Recommended for applications requiring an exact re-
placement only. For new designs and for industry pre-
ferred replacement devices, see IN3993 series.

N

{)
A\

=

CASE 56
(DO-4)

1N1 599 fhr‘u 1N|609

Recommended for applications requiring an exact

{} replacement only. For new designs and for industry
N\ preferred replacement devices, see 1N3993 series.
CASE 56
(DO-4)
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'|Nl 735 i‘hrU'INI 742 (REFERENCE DIODES)
'INI 736A thru INI 742 A For Specifications, See 1N429 Data.

iN1765 thro 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 J 1N 1816 thru 1N 1836 are available as clipper devicec.To
(DO-4) order, add suffix “‘C'' for £10%, suffix “CA’’ for £5%.

182008 thrv 1N2012 (zEnER DIODES)

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)

1N2032 thrv 182040 (zEnER DIODES)

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 thro 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.

CASE 56
(DO-4)
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IN2163 thr 1n217 1 (siticON)
1N2163A thru 'IN2I7IA
1n3580, A, B 1n3583, 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.

TEMPERATURC-

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

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

] B cases2o3

DO-13

f
T L

K
STYLE 1:
PIN 1. CATHODE
b 2 2. ANODE
MILLIMETERS] _ INCHES
DIM ["MIN_[ MAX | MIN_ | MAX
A | 744 | 9.07 | 0293 | 0.357
B | 546 | 597 | 0.215 | 0.235
4 — (1448 [ - [0570
D [ 0.64 [ 089 | 0.025 | 0.035
F — | 478 ] - |0.188
J | 1.14 | 254 [ 0.045 | 0.100
K [25.40 | 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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TN2163 thru 1N2171, IN2163A thru TIN2171A,
1N3580, A, B thru 1N3583, A, B (continued)

ELECTRICAL CHARACTERISTICS

= + + A -
Vz=9.4Volts 0.4 V (£ 0.2 V Suffix "A") @ “ZY 10 mA) NOTE 1:
Max Voltage Variation (AVZ) and Temperature Coefficient.
Temperature i - " o, .
Voltage Test c“?:iciem Max Dynamic All reference diodes are characterized by the “box method’’. This
Change Temperatures Impedance R . e
(Note 1) guarantees a maximum voltage variation (AV.) over the specified
Type {Note 1) S (Note 2) z
Number OV, (Volts) (] %/°C 2, (Ohms) temperature range, at the specified test current (IZT), verified by
tests at indicated temperature points within the range. VZ is
1N2163,A 0.033 0, +25,+70 0.005 measured and recorded at each temperature specified. The AVZ
IN2164.A 0.086 5.0 125 0.005 s between the highest and lowest values must not exceed the
: maximum AV, given.
1N2165,A 0.115 65, 0, +25, 0.008 4
+75, +125, +185 This method of indicating voitage stability is now used for JEDEC
1N2166,A 0.007 0, +25, +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 reflects the voltage deviation at the tem-
INZ168,A 0.023 565, 0, +25, 0.001 perature extremes, but is not necessarily accurate within the
+75, +125, +185 " N
. temperature range because reference diodes have a nonlinear
N2169,A 0.004 0. 425,470 0.0005 temperature relationship. The temperature coefficient, therefore,
N2170,A 0.009 55, 0, +25, 0.0005 is given only as a reference.
+75, +126 15
IN2171,A 0.012 -65, 0, +25, 0.0005
+75, +125, +185

ELECTRICAL CHARACTERISTICS

VZ =117 Voits £ 5.0% “ZT =7.5mA)
Max
Voltage Test Temperature | Max Dynamic NOTE 2:
Change T C i
Type (Note 1) > (";’/‘:‘;) (Note 2) The dynamic zener impedance, Z., is derived from the 60-Hz ac
Number| &V (Volts) ¢ 2z (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 IZT'
1N3580 0.088 0.01 A cathode-ray tube curve-trace test on a sample basis is used to en-
N3681 0.044 75 0.005 25 sure that the zener has a sharp and stable knee region
1N3582 0018 0.#25.% 0.002 sharp and gion.
1N3683 0.009 0.001
1N3580A 0.181 0.01
IN3581A 0.090 -55, 0, +25, 0.005 25
1N3582A 0.036 +75, +100 0.002
1N3583A 0.018 0.001
1N35808 0.239 0.01
1N35818 0.120 0.005
-65,0, +25 25
1N35828 o0as |00 t28 1 0002
1N35838 0.024 : ' 0.001

1N2498 thru 1 N2500

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)

IN2609 thro 182617

Obsolete, discontinued types, replace with devices from the 1N4001 series.
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1N2620, A, B (siuicon

thru
n2624, 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 CASE 52

(DO-13)

©

Storage Temperature: -65 to +175°C
DC Power Dissipation: 750 mW @ Ta = 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 (Ta = 25°C unless otherwise noted)

Maximum Ambient Maximum
‘C/E‘ltZlg;e Test Temperature 13“2221;
ange Temperature Coefficient peci
JEDEC AV, (Volts) oc 4)°C 2, (Ohms)
Type No. (Note 1) +1°C (Note 1) (Note 2)
VZ =9.3 V15.0%* @ IZT =10 mA
1IN2620 0.070 0.01
IN2621 0.035 0.005
1N2622 0.014 0, +25, +75 0.002 15
1N2623 0.007 0. 001
IN2624 0. 003 0.0005
IN2620A 0.144 0.01
IN2621A 0.072 -55, 0, +25, 0. 005
IN2622A 0. 029 75, +100 0. 002 15
1IN2623A 0.014 0.001
1N2624A 0. 007 0.0005
1N2620B 0.191 0.01
1N2621B 0.095 -55, 0, +25, 0. 005
1N2622B 0.038 +75, +100, +150 0. 002 15
1IN2623B 0.019 0.001
IN2624B 0.010 0. 0005

*Tighter-tolerance units available on special request.
CAPACITANCE (C) = 75 to 200 pF @ 90% of i
FORWARD BREAKDOWN VOLTAGE (Vf) =100 to 800 V

1-37




1N2620, A, B thru 1N2624, A, B (continued)

2Vz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to 0°C)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(With IzT =10 mA £0.01 mA) (See Note 3)

1N2620 thru TN2624

FIGURE 1a FIGURE 1b
75 I /25
| N2620 ‘Nm‘/ /‘NZBZI
20
T T / /
| 15 / N2622
AVZ=+23.0mV 1N2621
| 10 /
—— ]
5 | T / / 1N2623
N2622
| 162 50
| | 1N2623 — IN2624
0 - TN2624 i 0 —
| 1N2623 T N2624
B | N2622 50 \ gors i
25— | |
-10 1
AVz=-230mV | \
| 1N2621 1N2622
— -15
50 } ;
|
' ‘ 1N2620 ” ) 1N2620 1N2621 \
-75 | 1 I &25 \ J
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)
N2624A
FIGURE 2a 1N2620A thru 1 FIGURE 2b
180 T (% 26204 [ /1
/ /n2s21A
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/ 30 1 IN2622A
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3 17
& 50 / [/
Is / 1N2622A 10 [/ — 1N2623A
@3 11/ A IN2624A
wid L—] ‘ 1N2623A
22
S0 IN2624A 0 ]
g3 —T——— |} .
zs \\ Y- W N 1n2624A
22 — L -10
== TN2622A \\
= IN2623A
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N2621A » AN N 126224
-100 AN \ |\
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IN2620A
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1N2620, A, B thru 1N2624, A, B (continued)

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE
(with IzT = 10 mA +0.01 mA) (See Note 4)

FIGURE 3a

1N2620B thru 1N26248B

200
A 1N26208 |
150 / i l
100 Va ( 1N26218—
/ /x/) |
% / 3 i 1N26228
%NZBMB |
¥
F—

\ |

B

aVz, MAXIMUM VOLTAGE CHANGE (mV)
(Referenced to-559C)
o

N T

o

26228

|

-100 \ 1N2621B —
o \\
1N26208
-200 2
-55 0 50 100 150

FIGURE 3b
(" 59[1n26208 /
s / / n26218
- [ 1/ [ ———J1n26228
] ]
[/
o _
0 /////i 1N26238B
—
. N 1N26248
NC \\ . 1N26248
\\\ N\
-20 N 1N2623B
\ N\
sl \ N\ N\
N\ N\
\ N 1N26228
0 Y\ 1n26218
\sol__126208
-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
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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
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1N2620, A, B thru TN2624, A, B (continued)

MAXIMUM NOISE (uV rms)

FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE

32
|

- n

IzT=10mA .

28—
Bandwidth = 500 Hz T— |
— |
2% ped ——

2 / — :
|
16— - _— I

| |
1] S AR S — I It J | =
i I ! | i
/ N I T~
8.0 — i = T T t i
| | | |
40 - N R U I | I ; 1 ! | |
0 | | | | [ 1 i ]
10 20 30 40 50 100 200 400 1000
fe, CENTER FREQUENCY (kHz)
NOTE 1: for each series are given in Figure 5. A cathode-ray tube curve-trace

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 (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, |z, is superimposed on 1 zT.
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 |z 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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'IN2804 thru 1N2846 (ZENER DIODES)

8V thru 200V  (Case 54)

n4557 ihro 1n4564 174549 i1 18n4556

CASE 54
3.9V thru 7.5V (Case 54) 3.9V thru 7.5V

(Case 58) (TO-3 Modified) _
1N3305 thro 1n3350

6.8V thru 200V  (Case 58)

Units are available with anode-to-case and cathode-
to-case connections (standard and reverse polarity).
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.

CASE 58
(stud package)

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

CURRENT CIRCUIT CONNECTIONS
LIMITING

PER
RESISTOR INTERLOCK JUMPE

INTERLOCK JUMPER

STANDARD POLARITY
(ANODE TO CASE)

® + ) -
UNREGULATED UNREGULATED
) °c @

REVERSE POLARITY

l L

(CATHODE TO CASE)

/'1" CHASSIS RED DOT ON CASE AND _/—I— CHASSIS
CASE TERMINAL OR GND "R"' SUFFIX ON TYPE NO CASE TERMINAL QR GND.
(=) (+)
(A) NOMINAL ZENER VOLTAGES BETWEEN THE 5 1
VOLTAGES SHOWN AND TIGHTER VOLTAGE
TOLERANCES: DeVlce 51 Volts Zener OVCl‘dll
To designate units with zener voltages other than Description | (each devn;e) Diodes fole:ance
those assigned JEDEC numbers and/or tight voltage Motorola Stud ((l 1%])
tolerances (+3%, +2%, +1%), the Motorola type Tolerance
number should be used. per device (£5%) Code*

3 *Code: (omit for +20% units) (A-Not used)
B — Two devices in series
C — Three devices in series
D — Four devices in series
Example: SOMS1SZ5B1
(C) ZENER CLIPPERS: (Standard Tolerance +10% and
+5%).

50 M 90 S Z

Device Motorola Nominal T Zener Tolerance
Description Voltage 'Stud Diode  (+%)

Example: 50M90ZS3

(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.

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

M
Devnce Nommal Zener
Description Voltage Diodes
Motorola Stud Clipper

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

Example: 50M20SZZ10 ment)
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1N2804 thru 1N2846 (continued)

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

. .
Nominal Test Max Zener Impedance Max DC Zener REVERSE TZY p::al
Zener Voltage ¢ oS : Current LEAKAGE CURRENT v Tf er
S0Watt | 50 Watt @l | 75°C Case Temp Tem: o
7 - :
CASE 54 | CAsE 58 | (VPVolts | "B 17 o1 |2 @ly=5ma| (zw™  [Lmax| Vg, | Ve | %/
ohms ohms (.A)
1N4557 1N4549 3.9 3200 0.16 400 11900 150 05| 05| .02
1N4558 1N4550 4.3 2900 0.16 500 10650 150 05| 05| -.02
1N4559 1N4551 47 2650 0.12 600 9700 100 10| 1.0 010
1N4560 1N4552 5.1 2450 0.12 650 8900 20 10| 10 015
1N4561 1N4553 5.6 2250 0.12 900 8100 20 10| 10 .030
1N4562 1N4554 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 5 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 0 5200 50 54| 5.2 .048
1N2807 1N3308 9.1 1370 0.5 70 4800 25 .| 61| 5.7 .051
1N2808 1N3309 10 1200 0.6 80 4300 10 67| 63 055
1N2809 1N3310 11 1100 0.8 80 3900 5 84| 80 .060
1N2810 1N3311 12 1000 1,0 80 3600 5 91| 88 .065
1N2811 1N3312 13 960 11 80 3300 5 9.9 | 9.4 .085
1N2812 1N3313 14 890 1.2 80 3000 5 | 106 101 .070
1N2813 1N3314 15 830 1.4 80 2800 5 | 114 108 .070
1N2814 1N3315 16 780 1.6 80 2650 5 | 122 115 .070
1N2815 1N3316 17 740 1.8 80 2500 5 [ 130 122 075
1N2816 1N3317 18 700 2.0 80 2300 5 | 137 130 075
1N2817 1N3318 19 660 2.2 80 2200 5 | 144 137 075
1N2818 1N3319 20 630 2.4 80 2100 5 | 152 144 075
1N2819 1N3320 22 570 2.5 80 1900 5 | 16.7| 15.8 .080
1N2820 1N3321 24 520 2.6 80 1750 5| 182 173 .080
1N2821 1N3322 25 500 2.7 90 1550 5 | 19.0( 180 .080
1N2822 1N3323 21 460 2.8 90 1500 5 | 206 19.4 .085
1N2823 1N3324 30 420 3.0 90 1400 5 | 228 216 .085
1N2824 1N3325 33 380 3.2 90 1300 5 | 251 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 | 207 281 .090
1N2827 1N3328 43 290 4.5 90 975 5 | 327 310 Jos0
1N2828 1N3329 45 280 4.5 100 930 5 | 342 324 .090
1N2829 1N3330 47 270 5.0 100 880 5 | 35.8| 338 .090
1N2830 1N3331 50 250 5.0 100 830 5 | 380/ 360 .090
1N2831 1N3332 51 245 5.2 100 810 5 | 88| 367 .080
- 1N3333 52 240 5.5 100 790 5 | 395 374 .0%0
1N2832 1N3334 56 220 6 110 740 5 | 42.6| 40.3 .090
1N2833 1N3335 62 200 7 120 660 5 | 41| 446 .090
1N2834 1N3336 68 180 8 140 600 5 | 51.7| 49.0 .0%0
1N2835 1N3337 5 170 9 150 540 5 | 56.0| 54.0 .090
1N2836 1N3338 82 150 11 160 490 5 | 62.2| 59.0 .0%0
1N2837 1N3339 o1 140 15 180 420 5 | 69.2| 655 .080
1N2838 1N3340 100 120 20 200 400 5 | 76.0[ 720 .090
1N2839 1N3341 105 120 25 210 380 5 | 798| 75.6 .095
1N2840 1N3342 110 110 30 220 365 5 | es6| 7.2 095
1N2841 1N3343 120 100 40 240 335 5 | e12| 86.4 .095
1N2842 1N3344 130 95 50 275 310 5 | 98.8| 93.6 095
- 1N3345 140 90 60 325 290 5 [106.4 [ 100.8 005
1N2843 1N3346 150 85 5 400 2170 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
1N2848 1N3350 200 65 100 600 200 5 1520 144.0 .160

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

*VR 1” Test Voltage for 5% Tolerance Device

VR2 — 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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1N2970 thro 1IN3015 (zener pioDES)

CASE 56

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%

(DO-4)

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 @ Ir = 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

Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current *
Type No. | Zener Voitage | Current Current
V; @ Iy lz¢ I3 @ |y Iy @ gy [ I24 MA 1, Max Vu L
Volts mA Ohms Ohms m (uA)
1N2970 6.8 370 1.2 500 1.0 1,320 150 5.2 4.9
IN2971 7.5 335 1.3 250 1.0 1,180 5 5.7 5.4
1N2972 8.2 305 1.5 250 1.0 1,040 50 6.2 5.9
1N2973 9.1 275 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
1N2978 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 75 9 300 1.0 260 5 25.1 23.8
1N2991 36 70 10 300 1.0 230 5 27.4 25.9
*VR; — 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 Y4 5_ B 1
VOLTAGES SHOWN AND TIGHTER VOLTAGE T T T 7
TOLERANCES: Device 51 Volts  Zener Overall
To designate units with zener voltages other than  Description | (each device) Diodes Tolerance
those assigned JEDEC numbers and /or tight voltage Motorola ?flst;t
tolerances (+3%, +2%, +1%), the Motorola type Tolerance — +1%)
number should be used. per 19&3v1ce (£5%) Code*
+ i -
10 M 90 z 3 *Code: ) (?mlt for +20% units) (A-Not used)
T T T T T B — Two devices in series
Device Motorola Nominal Zener Tolerance C — Three devices in series
Description Voltage Diode (+%) D — Four devices in series

Example: 10M90Z3

(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

Example: 10M515B1

(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 20, Z Z 10

T 71T 7

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
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.

Motorola Clipper
Tolerance for each of
the two Zener voltages

(not a matching require-

Example: 10M20ZZ10 ment)
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1N2970 thru 1N3015 (continued)

ELECTRICAL CHARACTERISTICS
VE = 1.5V max @ If = 2 amp on all types.

(Tc = 25°C unless otherwise noted)

Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current *
Type No. | Zener Voltage Current Current
V; @ gy tzr Iy @ Iy | Ty @ Dy Iz¢ I MA 1, Max ' Ve
Volts mA Ohms Ohms m (uA)

1N2992 39 65 11 300 1.0 210 5 29.7 28.1
1N2993 43 60 12 400 1.0 195 5 32.7 31.0
1N2995 41 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 47.1 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 75.6
1N3007 110 23 55 1,100 1.0 72 5 83.6 79.2
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
1N3010 140 18 125 1,400 1.0 58 5 106.4 100.8
IN3011 150 1 175 1,500 1.0 54 5 114.0 108.0
1N3012 160 16 200 1,600 1.0 50 5 121.6 115.2
1N3014 180 14 260 1,850 1.0 45 5 136.8 129.6
1N3015 200 12 300 2,000 1.0 40 5 152.0 144.0

SPECIAL SELECTIONS AVAILABLE INCLUDE:

(See Selector Guide for details)

*VR — Test Voltage for 5% Tolerance Device. VRa — Test Voltage for 10% Tolerance

Device.

No Leakage Specified as 20% Tolerance Device.

1n3016 e 1n3051

For Specifications, See IN3821 Data.
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IN3I 54, A (SILICON)

thru

3157, 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 +1759C
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 Maximum
Ambient PO
ggg?g: Test Temperature IE}’S;‘XEEG
JEDEC Temperature Coefficient f
Type No. AVZ (Volts) Og: a/°C ZZT (Ohms)
(Note 1) (Note 2) +1°9C (Note 2) (Note 3)
= 7. =
VZ = 8.4V £5.0%* @ IZT 10 mA
1N3154 0.130 0.01
IN3155 0. 065 _55, 0, +25, +75, +100 | _ B 0. 005 - 15
1N3156 0.026 0. 002
IN3157 0.013 0.001
IN3154A 0.172 0.01
IN3155A 0.086 -55, 0, +25, +75, 0.005 15
IN3156A 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 V4
FORWARD BREAKDOWN VOLTAGE (V,) = 100 to 800 V
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AVz, MAXIMUM VOLTAGE CHANGE (mV)

1N3154, A thru 1N3157, A (continued)

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE

(with 1T = 10 mA £0 01 mA) (See Note 4)

1N3154 thru 1IN3157

FIGURE 1a FIGURE 1b
150 [ (50 N3154 )/ IN31sS
177 10mA IN3154
40
100 |————f—— / ®
= IN3156
s AVZ = +42.0 mV 1N3155
£ |
= I 20
1
e sp-—t—
é? /r 3156 o 1N3157
ws IN3157
<3 _/—r—'—*
SE o i 0
SE —
= IN3157 ) \\ ~ N~
=7 TN3156 -1
= o RN
; _50 — I— I n
3 1 | | 20
L AVZ = -420 mV | \ \
- i IN3155 \ \ 1N3156
i -30
-100 } } \ AN
| | 40 \
| | IN3154 N
-150 | | | \ 50 IN3154 IN3155
-55 0 50 100 55 0 50 100
TA, AMBIENT TEMPERATURE (°C)
MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE
(with IzT - 10mA 10.01 mA) (See Note 4)
FIGURE 2a TN3154A thru IN3157A FIGURE 2b
20 " (50 Jlinsisaa/ | insissa |
12T=10mA 1N315 / T
40
150 [ 1/
- i / 1/ ] n3156A
30 1
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g % 1N3156A 10 [/ A [eToTA
kS )/
g 1 IN3157A
2 i 0
3 0
e — ———
g \\'\ 1N3157A \\
< N IN3156A -10 N\ ~ N
-50 ~J \ ~C N3157A
-20 \
-100 \ IN3155A | | \ \ ™
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\\ 0 \ N\ N\ 1N3156A
-150 \ -40
™ 1Na15en 50 \insisan] \ 1na1s5a
-55 0 50 100 150 -55 0 50 100 150

TA, AMBIENT TEMPERATURE (°C)
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TN3154, A thru TN3157, A (continued)

17, ZENER CURRENT (mA)

MAXIMUM NOISE {Vrms)

FIGURE 3 — ZENER CURRENT versus MAXIMUM

VOLTAGE CHANGE (at specified temperatures)

FIGURE 4 — MAXIMUM ZENER IMPEDANCE
versus ZENER CURRENT

(See Note 5) (See Note 3)
12 MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 30 MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES
I T w B AN SRS U SR S S S S S —————
-550C; _ 2 -
7
42900 +1000C Z 50
1 - ; B = 1
\+15000 =] .
= ft—t+ 1000C
1 PN 2 G S 4 §
£ -5500 \QQ: L asec
| = 10 ~ —
w -~
| €
| S 50 -
| 2 =
=
{ =
<
| =
i iy
1 1.0
0 25 50 1.0 5.0 10 20 30 40
~Vz, MAXIMUM VOLTAGE CHANGE (mV) Iz, ZENER CURRENT (mA)
(Referenced to 177 = 10 mA)
FIGURE 5 — DISTRIBUTION OF MAXIMUM GENERATED NOISE
4.0
IzT=10m
30 BANDWIDTH = 500 Hz
oo i
]
2.0
10 i A
i
10 20 30 40 50 100 200 400 1000
fe, CENTER FREQUENCY (kHz)
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 (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 (1zT), 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
volitage 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 results when an ac current with an rms value
equal to 10% of the dc zener current, 17T, is superimposed on iz T.
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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 O to +50°C will cause a volt-
age change no greater than +42 mV or -42 mV for 1IN3154, 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 | 7T 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 1 or 2.



‘IN3189 thru 'IN319|

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

1N3208hru 1N3212 (siLicON)

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]
2. ANODE &}

MAXIMUM RATINGS

: 1N3208 | 1N3209 | IN3210 | IN3211 | 1N3212 ;
Rating Symbol | {N3208R| IN3209R | 1N3210R | IN3Z11R |IN3212R| UMt

D C Blocking Voltage VR 50 100 200 300 400 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 Tstg -65 to + 175 °C
"‘TC = 150°C

ELECTRICAL CHARACTERISTICS (Al 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 ROJC 1.1 c/wW

1n3213,183214

For Specifications, See 1N248B Data.

IN3305 thru IN3350

For Specifications, see 1N2804 Data.
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1N3491 thrv 1N3495 (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

= 1§12 1218 XX 8=
Rating Symbol SIS 22 2|2 Unit
Z 22 ZIE|=l=2l=2|=

Peak Repetitive Reverse Voltage VRRM

Working Peak Reverse Voltage VRWM 50 | 100 | 200 | 300 | 400 | 500 | 600 | 800 | 1000 Volts

DC Blocking Voltage VR

Non-Repetitive Peak Reverse Voltage
(halfwave, single phase, VReM 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 IFSM 300 (for 1/2 cycle) Amp
conditions, see Figure 5)

12t Rating (non-repetitive, for t 2
greater than 1 ms and less 2t 375 A(rms)28ec
than 8.3 ms)

Operating and Storage Junction . o
Temperature Range Ty Tatg 85 to +175 ¢

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rgsc 1.2 O0C/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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TN3491 thru 1N3495 (continued)

ELECTRICAL CHARACTERISTICS

Characteristic and Conditions Symbol Max Unit
Full Cycle Average Forward Voltage Drop o v 0.6 Volt
(rated I and V, single phase, 60 Hz, Tc = 150 C) F(AV) ’ oHs
Instantaneous Forward Voltage Drop Ve Volts
(i =100 Amps, Ty = 25°C) 1.5
Full Cycle Average Reverse Current IR(avV) 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 Ig mA
(Rated Vg, T¢ = 25°C) 1.0

ir, INSTANTANEOUS FORWARD CURRENT (AMP)

FIGURE 1 — MAXIMUM FORWARD VOLTAGE DROP
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Peav) AVERAGE FORWARD POWER DISSIPATION (WATTS)
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FIGURE 2 — MAXIMUM FORWARD POWER DISSIPATION
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TN3491 thru TN3495 (continued)

FIGURE 3 — MAXIMUM CURRENT RATINGS
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FIGURE 4 — MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE
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FIGURE 5 — MAXIMUM ALLOWABLE SURGE CURRENT
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1N3491 thru 1N3495 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 6 — RECTIFICATION EFFICIENCY FIGURE 7 — REVERSE RECOVERY TIME
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WS O ﬁ’ Al oo MOUNTING PROCEDURES
TO SINK ficg = 0 2°C/W =
01
SWULDERRMGT ) MW MR327-MR331 and 1N3491-1N3495 rectifiers are designed to be press-fitted in a heat sink in
n 505 order to attain full device ratings. Recommended procedures for this type of mounting are as follows:
™ "Z///A'JE}W/////, 1. Drill a hole in the heat sink 0.499 = 001 inch in diameter.
N — |— 0443 + 0001 DIA 2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is
«“ pressed into the hole.
HEAT SINK MOUNTING 3. The depth and width of the break should be 0.010 inch maximum to retain maximum heat sink
surface contact.
ADDITIONAL 4. To prevent damage to the rectifier during press-in, the pressing force should be applied only on
e | HEAT SINK PLATE 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
lubricant will be of considerable aid.

(T2
COMPLETE KNRL . THIN
CONTACT AREA CHASSIS
THIN-CHASSIS MOUNTING

INTIMATE
(CONTACT AREA/
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1N3580, A, thru '|N3583, A, B

For Specifications, See 1N2163 Data.

1n36491n83650

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

1N3659hru 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 (T¢ = 25°C unless otherwise noted)

. 1N3659 | 1IN3G60 | 1TN3661 | 1N3662 | 1N3663 .
Rating Symbol | N3g59R | TN3GOR | NGGGIR | TN3662R | TN3G3R |  Umits
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 T, —65 to +175 °Cc
Storage Temperature Tstg —65 to +200 °C

ELECTRICAL CHARACTERISTICS

— TN3659 | IN3G60 | N3G6T | IN3G62 | IN3GG3 .
Characteristic Symbol | jyseson | 1Ns60R | 1N3G6TR | TN3gG2R | nageam | Unit

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 R .0 o

to Case 63C 1 c/w
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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:

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat
sink surface contact, and assure reliable rectifier operation.

Drill a hole in the heat sink 0.499 + . 001 inch in diameter.
Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press-
ed into the hole.
The depth of the break should be 0.010 inch maximum to retain maximum heat sink surface contact
with the knurled rectifier surface.

Width of the break should be 0.010 inch as shown.

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.

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

TO SINK, fics = 0.2°C/W

.01 NOM
TYPICAL THERMAL
RESISTANCE, CASE i
.01 NOM

s

1505
DIA

i
; ) 770 e s

~—>1 h 0.499 =+ 0.001 DIA

HEAT SINK MOUNTING

ADDITIONAL
HEAT SINK PLATE

co
KNUR

INTIMATE /
CONTACT AREA

THIN-CHASSIS MOUNTING

MPLETE

L CONTACT
AREA

THIN CHASSIS
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If the break is made too deep, thereby reduc-

This provides additional con-

200




1N3675 thre 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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1N37835 thr 183820

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= 1.5V max @ 300 mA

Max Zener Impedance Typical
Reverse Leakage Current* Zener
Nominal Test Voltage
Zener Voltage @ | Current Max DC Zener Temp. Coeff.
Type No. (V2) Volts (Iz) 1n@lg| In@lx| I« Current 1» Max %/°C
mA ohms ohms mA (I) MA (1A) Vi Vu
1N3785 6.8 55 2.7 700 1.0 195 150 5.2 4.9 . 040
1N3786 7.5 50 3.0 700 0.5 175 75 5.7 5.4 . 045
1IN3787 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
1N31789 10 37 5 700 [0.25 125 10 7.6 7.2 . 055
1N3790 1 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 . 065
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 13.1 13.0 .075
1N3796 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 21 14 20 750 _10.25 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 47 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 55 95 2,000 ]0.25 18 5 51.7 | 49.0 . 090
1N3810 75 5.0 110 2,000 |0.25 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 ]0.25 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
1N3819 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. Vggy — Test Voltage for 10% Tolerance
Device. No Leakage Specified as 20% Tolerance Device.
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1N3821 thru 183830 (SILICON)

SERIES
(TM3.3AZ10 thru 1TM7.5AZ10)

1n3016 vy 1n3051

SERIES
(1M6.8Z thru TM200Z)

Data Sheet

Designer

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.

ZENER REGULATOR DIODES

1.0 WATT

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 glass.
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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A
STYLE 1

PIN 1. CATHODE

2. ANODE

2

WMILLIVETERS] _INCHES
DIM ["MIN_| MAX | MIN | MAX
A_| 744 | 907 |0293 | 0357
B | 546 | 597 [0215 | 0235
C [ - [14a8 ] - [0570
D | 064 | 089 | 0.0%5 [ 0035
F | - [418] - 10188
J 114 | 254 | 0045 | 0.100
K | 2540|4128 | 1000 | 1625
L_|2540 {4128 [ 1009 | 1625

All JEDEC dimensions and notes apply

CASE 52-03
DO-13

*Indicates JEDEC Registered Data.
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1N3821 thru TN3830, 1N3016 thru TN3051 (continued)

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

VE = 1.5V max @ |g = 200 mA for all types

*Nomnal *Max Zener Imped
pedance Max Reverse Current

JEDEC Zener Voltage *Test (Note 4) (Note 5) *Max DC Zener
Type No. vVze@lizr Current Current

(Flangeless) Volts 27 zzr@lz71 |2z @12k | 12K 1R Max VR1 VR2 I1zm 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 a7 53 8.0 500 1.0 “10 *1.0 1.0 192
1N3826 5.1 49 7.0 550 1.0 *10 *1.0 1.0 178
1N3827 5.6 45 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 1.5 500 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 3.5 700 1.0 10 5.2 4.9 140
1N3017 7.5 34 4.0 700 0.5 10 5.7 5.4 125
1N3018 8.2 31 45 700 0.5 10 6.2 5.9 115
1N3019 9.1 28 5.0 700 05 78 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 50 8.4 8.0 85
1N3022 12 21 9.0 700 0.25 2.0 9.1 86 80
1N3023 13 19 10 700 0.25 10 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 12.2 11.5 60
1N3026 18 14 20 750 025 0.5 13.7 13.0 52
1N3027 20 12.5 22 750 0.25 0.5 15.2 14.4 47
1N3028 22 1.5 23 750 0.25 05 16.7 15.8 43
1N3029 24 10.5 25 750 0.25 0.5 182 17.3 40
1N3030 27 9.5 35 750 0.25 0.5 20.6 19.4 34
1N3031 30 8.5 40 1000 0.25 0.5 228 21.6 31
1N3032 33 7.5 45 1000 0.25 05 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
1N3035 43 6.0 70 1500 0.25 0.5 32.7 21.0 21
1N3036 a7 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 3.3 1785 2000 0.25 0.5 56.0 54.0 12
1N3042 82 3.0 200 3000 0.25 0.5 62.2 59.0 1
1N3043 91 2.8 250 3000 0.25 0.5 69.2 65.5 10
1N3044 100 2.5 350 3000 0.25 0.5 76.0 72.0 90
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 0.25 05 114.0 108.0 57
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 0.5 152.0 144.0 4.6

* JEDEC Registered Data on 1N3821 thru 1N3830 and 1N3016 thru 1N3051
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 1N3051 — 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-

Device
Description

AGES SHOWN AND TIGHTER VOLTAGE TOLER-
ANCES: To designate units with zener voltages other than
those assigned JEDEC numbers and/or tight voltage toler-
ances (+3%, +2%, +1%), the Motorola type number should
be used.

1 M 5.1 A 4 3

T T T T
_-J— Nominal 1N3821 Zener Tolerance
Motorola Voltage thru Diode (%)
1N3830

only
EXAMPLE 1M5.1AZ3

+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.

1 M 5 1 A 5 B 1
Device ! 51h\éolt§ )1N3821 Overall
b each device) thru Tolerance
Description Tolerance
Motorola 1N3830 per device of set (+1%)

1-569

only  459% (omit for
+20% units)
Code
A — Not used
B — Two devices in series
C — Three devices in series
D — Four devices in series

EXAMPLE 1M5125B1




1N3821 thru 1N3830, 1N3016 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 Y4 Z 10
T Zener Clipper
Motorola Diodes
| ) 1N3821 Tolerance for each of
De\_ncg Nominal thru the two Zener voltages
Description Voltage 1N3830 (not a matching require-
only ment)
Example: 1M7.5A22Z210

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 (1 2T or | zk) is superimposed on | zT or I zK.

NOTE 5 — REVERSE LEAKAGE CURRENT IR

Reverse leakage currents are guaranteed only for 5% and 10%
zener diodes and are measured at VR as shown in the Electrical
Characteristics Table.

NOTE 6 — MAXIMUM ZENER CURRENT RATINGS (Izp)

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

1N3016 thru TN3051 — 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=0_LaPp+Ta

O LA is the lead-to-ambient thermal resistance (°C/W) and
Pp is the power dissipation. The value for 8 5 will vary
and depends on the device mounting method. 6 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 lafge 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

ATy 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 =04 PD

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 =6yzAT,

6z, 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. Forbestregulation, 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 smali
spots resulting in device degradation should the limits of Figure 8
be exceeded.
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1N3821 thru 1N3830, 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 :
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FIGURE 4 — TYPICAL VOLTAGE REGULATION

7.0 -
5.0 7

30——+12=0.11zMt0051zm
20 I

~Vz,CHANGE OF ZENER VOLTAGE (VOLTS)
=

o

20 30 5.0 10 20 30 50 100 200

Vz, ZENER VOLTAGE AT IzT (VOLTS)
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1N3821 thru TN3830, 1N3016 thru TN3051 (continued)

RESISTANCE (0C/W)
3

w o
o o
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1N3821 thru 1TN3830, 1N3016 thru TN3051 (continued)

FIGURE 9 — SURGE POWER FACTOR
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1N3879 v 1n3883
MR1366

FAST RECOVERY

POWER RECTIFIERS
STUD MOUNTED 50-600 VOLTS

FAST RECOVERY POWER RECTIFIERS 6 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.

<\ T
0424
0437
*MAXIMUM RATINGS
Rating Symbol | 1N3879 | 1n3880 | 13881 | 1n3882 | 1N3883 [MR1366| UMt [P PYR S—
Peak Repetitive Reverse Voltage VRARM Voits MAX ] 0.250
Working Peak Reverse Voltage VRWM 50 100 200 300 | 400 | 600 - MAX
DC Biocking Voltage VR . T T 7
Non-Repetitive Peak Reverse Voltage VAsm 75 150 250 | 350 | 450 | 650 | Voits
RMS Reverse Vortage VRwEms) | 35 70 720 | 210 | 280 | 420 | Velts > BMD":““
‘Average Rectified Forward Current ) Amps 0.800
(Single phase, resistive load, 60 MAX
Tc = 100°C)
Non-Repetitive Peak Surge Current TFsm Amps T
(surge applied at rated load 150 0405
continuous} {one cycle) | MAX
Operating Junction Temperature Range Ty -65 to +150 oc — 1
Storage Temperature Range Tstg -65 to +175 IC L
/ Toors
THERMAL CHARACTERISTICS / 0175
Characteristic | Symbot Max Unit ] gE:LIENE
LTherma! Resistance, Junction to Case [ Rosc l 30 { OCTW l
Motorola guarantees the hsted value, although parts having higher values of thermal resistance will meet the current rating
Thermat resistance 1s not required by the JEDEC registration 10-32UNF-2A
*ELECTRICAL CHARACTERISTICS Dimension i a d ameter
- All JEDEC dimensions and notes apply
Characteristic Symbol Min Tve Max Unit
Instantaneous Forward Voltage vE Volts
(I = 19 Amp, T, = 150°C) - 12 15
Forward Voltage 7S Vorrs CADSg gse
(g =6.0 Amp, T = 26°C) - 10 14 :
Reverse Current (rated dc voltage) T¢ = 26°C I} = 0 5 Ly
T =100°C - 05 10 mA

REVERSE RECOVERY CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Reverse Recovery Time

MECHANICAL CHARACTERISTICS

trr ns
“(lEm= 1.0 Amp to VR = 30 Vdc, Figure 16) - 100 200 CASE: Welded, hermetically sealed
(1EM = 36 Amp, di/dt = 25 Alus, Figure 17) - 200 400 .
Reverse Recovery Current TRM(REC) .U FINISH: All external surfaces corrosion
*(Ig =10 Amp to Vg = 30 Vdc, Figure 16) - - 20 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 TN3883, MR1366 (continued)

FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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To determine maximum junction temperature of the diode 1n o given situation,
0 the tollowing procedure 1s recommended
: f f The temperature of the case should be medsured using a thermocouple placed
T 1 on the case at the temperature reference point (see Note 3) The thermal mass
07 1T connected to the case is normaily large enough so that it will not significantly
respond to heat surges generated 1n the diode as a resuit of pulsed operation once
0.5 ’ ’ steady state conditionsareachieved Using the measured value of T¢, the junction
g ’ ’ temperature may be determined by
’ Ty=Tc+ Tic
03 where T 15 the increase in junction temperature above the case temperature
| [ It may be determined by
r STIC =Pk Ryye (D H(1-0) el +tp) #rltp)  req)]
02 where
04 08 12 16 20 24 28 3.2 r(t) = normahzed value of transient thermal resistance at time, t, from Figure
3e
vF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 1 {1y + tp) = normahzed value of transient thermal resistance at time ty+ t;
FIGURE 3 — THERMAL RESPONSE
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1N3879 thru 1N3883, MR1366 (continued)

SINE WAVE INPUT SQUARE WAVE INPUT
FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION
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1N3879 thru TN3883, MR1366 (continued)

QR, RECOVERED STORED CHARGE (uc) tfy, FORWARD RECOVERY TIME (us)

QR, RECOVERED STORED CHARGE {uc)

TYPICAL DYNAMIC CHARACTERISTICS
FIGURE 11 — JUNCTION CAPACITANCE

FIGURE 10 — FORWARD RECOVERY TIME
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INS8/Y thru TN3883, MR1366 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

A — TEKTRONIX 545A, K PLUG IN

115 Vac 10k 300 PRE-AMP, P6000 PROBE OR EQUIVALENT
2w 50w
60 Hz NON-INDUCTIVE R1 -~ ADJUSTED FOR 14 2BETWEEN
o > UNIT POINT 2 OF RELAY AND RECTIFIER
UNDER TEST INDUCTANCE ~ 38 uH
R2 — TEN-1W, 10 2, 1% CARBON CORE
C.P. CLARE IN PARALLEL
HPG 1002 1 AMP +10
) = 0
(MAKE BEFORE BREAK) SLO-BLO R2 TA=25_ 0 CFOR RECTIFIER
FUSE ‘;1 Q N MINIMIZE ALL LEAD LENGTHS
o | Siow J
30 Vde €y NON-NDUCTIVE | €1 $7C 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE == 1.04F 1.0 uF A RIPPLE =3 mVrms MAX
SUPPLYOL’ 300V .300\/ ° Zoyt = 1% 2MAX, DC to 2 kHz

FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT

R1
A
L1
R1=50 Ohms T] di/dt ADJUST
R2 = 250 Ohms
D1=1N4723 T2
2 = 1N4001
33=m4333 120 VAC 03 CUAe | oSt
SCR1 = MCR729-10 60 Hz = K wi( Y
C1=0.5 to 50 uF b
€2 ~ 4000 uF : "
(1=1.0-27 uH €2 D2
T1= Variac Adjusts 1(p) and di/dt T SR ' an
T2=1:1 - R<025Q
T3 = 1:1 (to trigger circuit) 01 T3mm L <0.01uH
' g : e syl
0SCILLOSCOPE g icunasm
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 1s 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 IRM(REC)
recovery power rectifiersare rated under a fixed set of conditions
using Ig = 1.0 A, Vg = 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 (ty )
versus commutation di/dt for various levels of forward current and peak reverse recovery current (IRp(REC)) can be closely
and for junction temperatures of 25°C, 75°C, 100°C, and approximated using the following formulas:
150°C.

To use these curves, it 1s necessary to know the forward QR 1712
current level just before commutation, the circuit commutation = 1.41 x[aﬁt]

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

Yoo ] 1/2
rectifiers is shown.

IRM(REC) = 1.41 x [QR x di/dt
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1n3889 iy 1n3893
MR1376

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 wheelingdiodes. A complete line of fast recovery rectifiers
having typical recovery time of 100 nanoseconds providing high efficiency
at frequencies to 250 kHz.

FAST RECOVERY
POWER RECTIFIERS

50-600 VOLTS
12 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-
istics — are given to facilitate '‘worst case’’ design.

*MAXIMUM RATINGS

Rating Symbot [ 1N3889] 1N3890 [ 13891 | 1N3892 | 1N3893 [MR1376] Unit
Peak Repetitive Reverse Voltage | VRRM Volts
Working Peak Reverse Voltage | 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 | Volts
Average Rectified Forward o Amps
Current (Single phase, resistive 12
load, T = 100°C)
Non-Repetitive Peak Surge IESm Amp
Current (Surge applhied at 2
rated load conditions) {one cycle)
Operating Junction T¢ Ty -65 to +150 oc
Range
Storage Temperature Range Tstg -65 t0 +175 °c

THERMAL CHARACTERISTICS

[ Characteristics ] symbot | Max I Unit

| Thermal Resistance, Junction to Case | RgiC [ 20 | oc/w J

Motorola guarantees the histed value, although parts having higher values of thermal resistance
will meet the current rating. Thermal resistance 1s not required by the JEDEC registration.

*ELECTRICAL CHARACTERISTICS

Characteristic Symbol | Min Typ | Max | Unit
Instantaneous Forward Voltage vE Volts
(Ig = 38 Amp, T = 150°C) - 12 15
Forward Voltage VE Volts
{Ig = 12 Amp, T¢ = 25°C) - 1.0 14
Reverse Current (rated dc voltage) Tc = 26°C R - 10 25 WA
Tc=100°C - 05 30 mA

0.060
MIN
0.800
MAX
0.080 ?
0.405
MIN
MAX
0.078 i - _i

10-32UNF2A

*Dimension 1s a diameter
All JEDEC dimenstons and notes apply

CASE 56B
DO-4

*REVERSE RECOVERY CHARACTERISTICS

Characteristic Symbol | Min Typ | Mex | unit

Reverse Recovery Time

tr ns
(Ig = 1.0 Amp to Vg = 30 Vdc, Figure 16) - 100 200
(1M = 36 Amp, di/dt = 25 Alus, Figure 17) 200 400

Reverse Recovery Current |RM(REC)| Amp
(I = 1.0 Amp to VR = 30 Vdc, Figure 16) - - 20

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 IN3889 Series.
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1N3889 thru 1N3893, MR1376 (continued)
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FIGURE 1 — FORWARD VOLTAGE
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FIGURE 2 — MAXIMUM SURGE CAPABILITY
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NUMBER OF CYCLES AT 60 Hz

NOTE 1

Ppk Ppk
DUTY CYCLE, D = tp/ty
| <tp— PEAK POWER, Py, 1s pek of an
equivalent square power pulse
SO E—
To determine maximum junction temperature of the diode in a given situation,
the following procedure 1s recommended

TIME

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 sigmificantly
respond to heat surges generated in the diode as a result of puised operstion once
steady state conditionsareachieved Using the measured value of T, the junction
temperature may be determined by

Ty=Te+ Tue
where T s the increase i junction temperature above the case temperature
It may be determined by

ATye=Ppk Royc [0+ (1-0) ritg +1p) +ritp) - rlty)]
where

r{t) = normahized value of transient thermal resistance at time, t, from Figure

3e

{ty + 1p) = normalized value of transient thermal resistance at time ty+ tp

FIGURE 3 — THERMAL RESPONSE
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TN3889 thru 1N3893, MR1376 (continued)

PE(AV), AVERAGE FORWARD POWER

SINE WAVE INPUT SQUARE WAVE INPUT
FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION
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1N3889 thru TN3893, MR1376 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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TN3889 thru TN3893, MR1376 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

A — TEKTRONIX 545A, K PLUG IN

—————AN————
10k R 300 PRE-AMP, P§000 PROBE OR EQUIVALENT
116 Vac 10 0w
60 Hz 2% W NON-INDUCTIVE R1 - ADJUSTED FOR 1 4 Q BETWEEN
o POINT 2 OF RELAY AND RECTIFIER
UNIT INDUCTANCE ~ 38 uH
UNDER TEST e
R2 — TEN-1W, 10 §2, 1% CARBON CORE
CP. CLARE A IN PARALLEL
HPG 1002 LA Ta-25 10 oC FOR RECTIFIER
(MAKE BEFORE BREAK) FUSE 310 N MINIMIZE ALL LEAD LENGTHS
- Siow
v " NON-INDUCTIVE | €1 §7° 10 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE < 10uF 10 uF =< RIPPLE = 3 mVrms MAX
SUPPLYG'* 300 v .300 \ C- Zout = 1% EMAX, DC to 2 kHz
FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT
R1
———AAA- - J%
§]
R1 = 50 Ohms n di/dt ADJUST
R2 =250 Ohms
D1=1N4723 T2
D2 = 1N4001
120 VAC ct
D3 = 1N4933 03 _,4* | ADJUST
SCR1=MCR729-10 60 Hz l 7P LA 4
€1=0.5 to 50 uF
€2 ~ 4000 uF v c2 [+ 02
L1=10-27puH N
T1= Variac Adjusts I(pK) and di/dt _ R2 L |
T2=1.1 —— R<0259
T3 =1.1 (to trigger circuit) 01 Tgmm L<001pH
< g
L ° 1%
0SCILLOSCOPE CURRENT
VIEWING
RESISTOR

NOTE 2

Reverse recovery time s 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 1s a direct function of the forward -1
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 IRM(REC)
recovery power rectifiers are rated under a fixed set of conditions
using lg = 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 (tr)
and peak reverse recovery current (IRpm(REC)) can be closely
approximated using the following formulas:

OR] 1/2

trr = 1.41 x
" [di/dt

IRM(REC) = 141 x [QR X di/dt] 12
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183899 o 183903
MR1386

Data Sheet

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 |1N3200 | 1N3901 | 1N3902 |1N3903 [MR1386| Unit ‘ N },—_i ey
Peak Repetitive Reverse Voltage | VRRM Volts I
Working Peak Reverse Voltage | VRWM 50 100 200 300 400 600 ot
DC Blocking Voltage VR a7 |
Non-Repetitive Peak Reverse VRSM 75 150 250 350 450 €50 | Volits 0667
Voltage MAX
RMS Reverse Voltage VRRMS) | 35 70 140 210 280 420 [ Volts
Average Rectified Forward o Amp] - —— ‘;‘}\7:
Current (Single phase, resistive 20 Tesmunal 1 ‘\[ I
load, Tc = 100°C) )
Non-Repetitive Peak Surge = Amps
Current (surge applied at 250
rated load conditions) {one cycle)
Operating Junction Te Ty -65 10 +150 ——————— = | OC
Range
Storage Temperature Range Tsyg | —————— -65t0+175 oc

*THERMAL CHARACTERISTICS

Characteristic I Symbol T Max l Unit ]
1 Thermal Resistance, Junction to Case [ Ao r 18 [ eew )
*ELECTRICAL CHARACTERISTICS
Characteristic Symbol | Min Typ Max Unit
Instantaneous Forward Vol;age VE Volts *Dimension is a diameter
(iF = 63 Amp, T, = 150°C) - 12 15 All JEDEC dimensions and notes spply
Forward Voltage VE Volts
(I =20 Amp, T = 25°C) - 11 14 CASE 257
Reverse Current (rated dc voltage) Tc = 26°C IR = 10 50 uA DOS
Tc = 100°C — 0.5 6.0 mA
*REVERSE RECOVERY CHARACTERISTICS
Characteristic Symbol | Min Typ Max Unit .
" -
everse Recovery Time tr ns MECHANICAL CHARACTERISTICS
(1g = 1.0 Amp to VR = 30 Vdc, Figure 16) - 100 200
(1EM = 36 Amp, di/dt = 25 A/us, Figure 17) - 200 400 CASE: Welded, hermetically sealed
Reverse Recovery Current IRMREC) Amp
(1F = 1.0 Amp to VR = 30 Vdc, Figure 16) - - 30 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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TN3899 thru TN3903, MR1386 (continued)
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FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY
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/7 NOTE 1
11 Ppk Ppk
1 DUTY CYCLE, D = tpit
J tpm] PEAK POWER, Ppk, is peak of an
equivalent square power pulse
l TIME
I I-.—n—>
To determine maximum junction temperature of the diode in a given situation,
L the following procedure is recommended
, The temperature of the case shouid be measured using a thermocouple placed
on the case at the temperature reference point (see Note 3) The thermal mass
I connected to the case 1s normally large enough so that it wall not significantly
respond to heat surges generated 1n 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+eTye
where & T ¢ 1s the increase in junction temperature above the case temperature
1t may be determined by
AT4C = Pok *RIC (D + (1-0) - rlty +tp) +rltp) ~rltn)]
where
rlt) = normahzed value of transient thermal resistance at time, t, from Figure
0 04 0 12 16 20 24 28 32 36 40 3.1e
1 {ty + tp) = normalized value of transient thermal resistance at time ty+tp
VF, INSTANTANEQUS FORWARD VOLTAGE (VOLTS)
FIGURE 3 — THERMAL RESPONSE
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1N3899 thru TN3903, MR1386 (continued)

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

IR, REVERSE CURRENT (uA)

DISSIPATION (WATTS)

FIGURE 4 — FORWARD POWER DISSIPATION

SINE WAVE INPUT
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DISSIPATION (WATTS)

SQUARE WAVE INPUT

FIGURE 5 — FORWARD POWER DISSIPATION
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1N3899 thru 1N3903, MR1386 (continued)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

A~ TEKTRONIX 545A, K PLUG IN

10k Ry kliKe} PRE-AMP, P6000 PROBE OR EQUIVALENT
115 Vac 30 50W
60 Hz 25 W NON-INDUCTIVE R1 - ADJUSTED FOR 1.4 Q BETWEEN
UNIT POINT 2 OF RELAY AND RECTIFIER
UNDER TEST INDUCTANCE ~ 38 uH
Ry — TEN-1W, 10 £, 1% CARBON CORE
CP.CLARE IN PARALLEL
HPG 1002 1AMP TA=25 *_’g OC FOR RECTIFIER
(MAKE BEFORE BREAK) SLO-BLO Ry
FUSE ‘:1 Q . MINIMIZE ALL LEAD LENGTHS
o Siow
30 Vdc P Cr TNoNnoucTIvE | €1 37O 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE 7= -0 4F 1.0 uF A% RIPPLE = 3 mVrms MAX
SUPPLY _+ 300 v [s00v 5 Zout= 14 QMAX, 0C t0 2 kHz
FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT
R1
- r%
L1
A1 =50 Ohms - di/dt ADJUST
R2 =250 Ohms
D1=1N4723 T2
D2 = 1N4001
- 120 VAC [ !
D3 = 1N4933 03 2" 1py) ADJUST
SCR1 = MCR729-10 60 Hz lg 2K Pk ADIUS LA 4
€1=05to 50 uF b
C2 ~ 4000 uF . c2
L1=1.0-27 uH 02
T1 = Variac Adjusts I(pK) and di/dt R2 L a B
T2=11 —_— R<025Q
T3 =1:1 (to trigger circurt) D1 Tamﬁl L<0.01uH
ld
TS T«
0SCILLOSCOPE i iCURRENT
VIEWING
RESISTOR
NOTE 2
Reverse recovery time i1s 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 F
recovers to a point which is less than 10% peak reverse current.
Reverse recovery time 1s 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)J
recovery power rectifiers are rated under a fixed set of conditions

using Il = 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, 76°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 (tg )
and peak reverse recovery current (IRnj(REC)) can be closely
approximated using the following formulas:

[ QR] 1/2
x| — ]
di/dt

IRM(REC) = 1.41 x [OR x dl/dt]

tre = 1.41

1/2
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TN3899 thru 1N3903, MR 1386 (continued)

tfr, FORWARD RECOVERY TIME (us)

QR, RECOVERED STORED CHARGE (uc)

QR, RECOVERED STORED CHARGE (uc)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 — FORWARD RECOVERY TIME

FIGURE 11 — JUNCTION CAPACITANCE
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13909 e 183913
MR1396

s Data Sheet

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
having typical recovery time of 100 nanoseconds providing high efficiency

at frequencies to 250 kHz.

FAST RECOVERY
POWER RECTIFIERS

50-600 VOLTS
30 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-

istics — are given to facilitate “worst case’’ design.

*MAXIMUM RATINGS

Rating Symbol | 1N3909 | 1N3910 | 1N3911{ 1N3912 | 1N3913{ MR1396] Unit
Peak Repetitive Reverse Voltage | VRRM Volts
Working Peak Reverse Voltage] Vawm | 50 100 200 300 400 600
DC Blocking Voltage Vg
Non-Repetitive Peak Reverse Vasm 75 150 250 350 450 650 | Volts
Voltage
RMS Reverse Voltage VR(RMS)| 35 70 140 210 280 420 | Volts Termunal 1
Average Rectified Forward o Amps
Current (Single phase, 30
resistive load, Tc = 100°C)
Non-Repetitive Peak Surge 1ESM Amp
Current (surge applied at rated| 300 'nl_;;’,g
load conditions) [}
Operating Junction T Ty -65 to +150 °c 0450
Range MAX
Storage Temperature Range Tstg -65to +175 °c 1
0220°
THERMAL CHARACTERISTICS O BN 28
Characteristic [ symbol | Max | unt |
] Thermal Resistance, Junction to Case l Rosc l 12 I oc/w Tormnal 2
*ELECTRICAL CHARACTERISTICS o
* i d
Characteristic Symbol Min Typ | Max | Unmit " JEDIE"::S::n‘:l:ns::’:::u: oy
Instantaneous Forward Voltage VF - 12 15 Volts
(Ig =93 Amp, T = 150°C) CASE 257
Forward Voltage VE = 5] 14 | Voits D05
(Ig =30 Amp, T¢ = 25°C)
Reverse Current (rated dc voltage) TC = 2560C IR - 10 80 A
Tg = 100°C - 0.5 10 | mA
*REVERSE RECOVERY CHARACTERISTICS
Characteristic Symbol Min Typ Max | Unit MECHANICAL CHARACTERISTICS
Reverse Recovery Time tre ns .
(IF = 1.0 Amp to VR = 30 Vdc, Figure 16) _ 100 200 CASE: Welded, hermetically sealed
(1M = 36 Amp, di/dt = 25 A/us, Figure 17) - 200 400 FINISH: All external surfaces corrosion
Reverse Recovery Current IRM(REC) = 15 30 | Amp - .
(IF = 1.0 Amp to VR = 30 Vd, Figure 16) resistant and readily solderable

*Indicates JEDEC Registered Data for 1N3909 Series

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

WEIGHT: 17 Grams (Approximately)
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1N3909 thru TN3913, MR1396 (continued)

FIGURE 1 — FORWARD VOLTAGE

FIGURE 2 — MAXIMUM SURGE CAPABILITY

50 T o5% 100 T T TTT ]
/ L~ 30 IS Prior to surge, the rectitier
] N is operated such that Ty = 1500C,
300 — 80 VRRM may be applied between
pd @ ~ "
7’ @ N each Cycle of Surge.
/ 1500C o% 70
200 w A N
/ Sw 50 ™
—
100 +7 3 sl S
77 e u L
70 /4 €3 s~ ~— =licvee T
/A >
~ 20
50
= 10
o}
= 0
EREY 1 10 20 30 50 70 10 200 30 50 70 100
2 l NUMBER OF CYCLES AT 60 Hz
< 20
2 Il
o«
2 I NOTE 1
®
2
10
= H- Ppk Ppk
f—( t DUTY CYCLE, D =tp/tg
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= equivalent square power pulse
2 TIME
= 50 l«—n——
= To determine maximum junction temperature of the diode in a given situation,
30 the following procedure is recommended-
! The temperature of the case should be measured using a thermocouple placed
1 on the case at the temperature reference pomnt (see Note 3) The thermal mass
20 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 conditionsareachieved Using the measured value of T, the junction
temperature may be determined by
10 Ty=Te+2Tyc
: 1 where -» T 1s the increase 1n junction temperature above the case temperature
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o ATye=Pok *ReuC 1D+ (1-0) ~ rlty + tp) +ritp) — r(ty)]
05 where
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TN3909 thru 2N3913, MR1396 (continued)

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

IR, REVERSE CURRENT (uA)

SINE WAVE INPUT

FIGURE 4 — FORWARD POWER DISSIPATION
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SQUARE WAVE INPUT

FIGURE 5 — FORWARD POWER DISSIPATION
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1N3909 thru TN3913, MR1396 (continued)

QR, RECOVERED STORED CHARGE (uc) tfr, 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)

115 Vac
60 Hz

CP CLARE
HPG 1002

(MAKE BEFORE BREAK)

FIGURE 16 — REVERSE RECOVERY CIRCUIT

Q

50 W
NON-INDUCTIVE
UNIT
UNDER TEST

R2

A IN PARALLEL

A — TEKTRONIX 545A, K PLUG IN
PRE-AMP, P6000 PROBE OR EQUIVALENT

R1 - ADJUSTED FOR 14 QBETWEEN
POINT 2 OF RELAY AND RECTIFIER
INDUCTANCE =~ 38 uH

R2 — TEN-1W, 10 2, 1% CARBON CORE

Ta=25""00c FOR RECTIFIER

FUSE S0 . MINIMIZE ALL LEAD LENGTHS
- | Snow
v T non-noueTIvE | €1 $C 10 Adc FROM CONSTANT VOLTAGE SUPPLY
CONSTANT VOLTAGE A= 1.0 uF 10uF 2 RIPPLE =3 mVrms MAX
SUPPLYC+ 300V 300V {-) Zout = 1% 2MAX, DC to 2 kHz
FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT
R
MW
L
R1 = 50 Ohms " di/dt ADJUST
R2 =250 Ohms
D1=1N4723 2
D2 = 1N4001
120 VAC c1
D3 = 1N4933 4,{* 1(pK) ADJUST
SCR1=MCR729-10 60 Hz - wt (¥

C1=0.5 to 50 uF n
€2 ~ 4000 uF c2
L1=1.0-27 uH i’f
T1 = Variac Adjusts I(pK) and di/dt R2 L §
2211 " R<025Q
T3 =1:1 (to trigger circuit) D1 ”mm L<001uH

ldd A

T v Ty

0SCILLOSCOPE % gCURRENT
VIEWING
RESISTOR
NOTE 2

Reverse recovery time s 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 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.

'Em

IRM(REC)

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

1/2
QR
ter = 1.41 x| ——|
" [di/dt]

IRM(REC) = 1-41 x [QR » di/af] 12
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1N3993 thrv 1n4000 (zEnER DIODES)

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

CASE 56 Supplied with mounting hardware.

(DO-4)

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).

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
(Ts = 30°C = 3, Vk = 1.5 max @ Ir = 2 amp for all units)

Nominal Reverse

Zener Voltage Test Max Zener Impedance Max DC Zener | Leakage Current
V. @l Current Current

Type No. Voits b 2: @b L@l = 1.0mA I mA I V.
mA Ohms Ohms wh 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 M 5 1
VOLTAGES SHOWN AND TIGHTER VOLTAGE
TOLERANCES: Devwe 5. 1 Volts Zenet Overall
To designate units with zener voltages other than Description | (each device) | Diodes o'l'ole{ance
those assigned JEDEC numbers and for tight voltage Motorola Alloy (+ 18%)
tolerances (+3%, +2%, +1%), the Motorola type Tolerance
number should be used per device (+5% 7? Code*
10 M 'A 3 *Code: (omit for +20% units) (A-Not used)
T T . T T T B — Two devices in series
Device Motorola Nominal Zener Tolerance IC) _ll;}::: (ii,‘;lc‘;sil:;zl::
Description Voltage Alloy Diode  (+%)
Example: 10MS5.1AZ5B1
Example: 10MS.0AZ3 (C) ZENER CLIPPERS: (Standard Tolerance +10% and
+5%).
(B) MATCHED SETS: (Standard Tolerances are +5.0%, Special clipper diodes with opposing Zener
+2.0%, +1.0%). junctions built into the device are available by using
Zener diodes can be obtained in sets consisting the following nomenclature:
of two or more matched devices. The method for 10 M 47 A VA Z 10
specifying such matched sets is similar to the one
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 Alloy 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: 10M4.7AZZ10  ment)
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1n4001 siucon

thru

1nd007

esigners Data Sheet

“SURMETIC”

pose low-power applications.

RECTIFIERS

. . . subminiature size, axial lead mounted rectifiers for general-pur-

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

LEAD MOUNTED
SILICON RECTIFIERS

50-1000 VOLTS
DIFFUSED JUNCTION

slslelzlzglels
g$1818|§|5|¢§]| 8
Rating symol | 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| Vggm | 60 | 120| 240] 480} 720} 1000f 1200| Volts
(halfwave, single phase, 60 Hz)
RMS Reverse Voltage VR(RMS) | 35 70 { 140] 280 420} 560 700 | Volts
Average Rectified Forward Current
(single phase, resistive load, lo 1.0 Amp
60 Hz, see Figure 8, Tp = 75°C)
Non-Repetitive Peak Surge Current
(surge applied at rated load 1Fsm 30 (for 1cycle) Amp
conditions, see Figure 2)
Operating and Storage Junction T Tstg -65 to +175 °c
Temperature Range
*ELECTRICAL CHARACTERISTICS
Characteristic and Conditions Symbol Typ Max Unit
Maximum Instantaneous Forward Voltage Drop VE 0.93 1.1 Volts
(iF = 1.0 Amp, T = 25°C) Figure 1
Maximum Full-Cycie Average Forward Voltage Drop | VE(avy) - 08 Volts
(Ig = 1.0 Amp, T_ = 75°C, 1 inch leads)
Maximum Reverse Current (rated dc voltage) IR HA
Ty=25°C 0.05 10
Ty =100°C 1.0 50
Maximum Full-Cycle Average Reverse Current IR(AV) - 30 HA
(Io = 1.0 Amp, T(_= 75°C, 1 inch leads

*Indicates JEDEC Registered Data.

MECHANICAL CHARACTERISTICS

CASE: Void free, Transfer Molded

case for 10 seconds at 5 Ibs. tension

WEIGHT: 0.40 Grams (approximately)

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

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

A

—={=-D

K
Il a
P
-k
K

NOTE.

1. POLARITY DENOTED BY
CATHODE BAND

[ TMILLIMETERS]

DIM [ MIN [ MAX
A | 407|520
204 [ 271
D | 071086
- .27

2794 | —

All JEDEC dimenstons and notes/apply.

CASE 59-03
DO-41
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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 achleved Using the measured value of Ty, the junction
on the lead as close as possible to the tie point. The thermal mass ted to perature may be d d by:
the tie point is normally large enough so that it will not significantly respond to T, =T + ATy

heat surges generated in the diode as a result of pulsed operation once steady-




1N4001 thru TN4007 (continued)

IF(AV), AVERAGE FORWARD CURRENT (AMP) PF(AV), AVERAGE FORWARD POWER
DISSIPATION (WATTS)

RoJL, THERMAL RESISTANCE,
JUNCTION-TO-LEAD (°C/W)

CURRENT DERATING DATA

FIGURE 5 — FORWARD POWER DISSIPATION
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NOTE 1

Data shown for thermal resistance junction-to-ambient
(Rgga) for the mountings shown is to be used as typical guide-
line values for preliminary engineering or in case the tie point
temperature cannot be measured

TYPICAL VALUES FOR Rgya IN STILL AIR
L——' r‘—L-—1

VT ///////////////////////////////////I/ YT

TERMINAL STRIP L

MOUNTING METI(OD 1 MOUNTING METHOD 2

MOUNTING | LEAD LENGTH,L(IN)
METHOD 1'1/32 T 3/8 1 | 0IA
1 — | 75 | 85 |°C/W

2 55 72 | 8 [°C/W




1N4001 thru TN4007 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 10 - FORWARD 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:

v2g(de)
P v2q(d
e=tde _ RL g0y - VIOl ook (1)
Prms  v245(rms) V2q(ac) + V2gl(dc)
[e] [e] (o)
RL

For a sine wave input Vpsin (wt) to the diode, assumed lossless,
the maximum theoretical efficiency factor becomes 40%; for a
square wave input of amplitude Vp,, 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 Ry which is
opposite in polarity to the forward current thereby reducing the
value of the efficiency factor ¢, 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 N4057(Series)

For Specifications, See 1N429 Data
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1n4099 ihru 184135 (siLicon)

(MZ4614 thru MZ4627) *

LOW-LEVEL SILICON PASSIVATED ZENER DIODES
SILICON

ZENER DIODES
. . . designed for 260 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 17T = 250 pA

® |ow Leakage Current —
IR from 0.01 to 10 uA over Voltage Range

® Expanded Temperature Range —
Ty = -65 to +200°C

MAXIMUM RATINGS

Rating Value Unit
DC Power Dissipation, 26°C Ambient 250 mwW
Derating Factor 1.43 mwW/°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.

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

'
I
F —

CATHODE F
POWER TEMPERATURE DERATING CURVE BAND
Dk

T

>

H

E 200 ™

z K

<] \

E N

; 150 \ l

193

a

[a] \

o 100 AN MILLIMETERS| __INCHES

u DIM[ MIN | mAX | MIN | mAX

o \ A | 584 |762 | 0230] 03

< . . . 300

., 50 < B | 2.16 272 | 0.085 [ 0107 |

£ D | 046 | 056 | 0.018 | 0022

g Fl - (12 ~ 0050
o K 12540 | — (1000 -
] 25 50 75 100 125 150 175 All JEDEC dimensions and notes apply

Ta, AMBIENT TEMPERATURE (°C) CASE 51-02

DO-7
*ldentical to 1N4614 registration, except registration has a minimum package diameter of 0.115 inches.
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[

TN4099 thru 1N4135, MZ4614 thru MZ4627 (continued)

ELECTRICAL CHARACTERISTICS
(TA = 25°C unless otherwise noted) |zT = 250 uA and VE = 1.0 V max @ |g = 200 mA on all Types

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

Type Vz Z77 Current @ 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 75 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 20 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 15 1.0 80
MZ4621 3.6 1700 7.5 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 76 40 24.8
1N4105 1 200 0.05 8.5 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 17.5
1N4109 15 100 0.05 1.4 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 11.9
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 22.8 40 7.9
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 31
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-

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

age, which results when an ac current having an rms value

equal to 10% of the dc zener current (IZT) is superimposed

at VR as shown on the table.

1-90




1N4099 thru 1N4135, MZ4614 thru MZ4627 (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
frequenciesfromaboutzerocyclestoapproximately 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
‘o /R N
LOAD RESISTOR FILTER f
AMMETER 7 fg =2 kHz TRUE
- V. rms
D.C. POWER TEST ZENER vz f1=1kHz ™ voLT
SUPPLY f2=3kHz METER
BW = 2 kHz
-0~ v
out

NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE) =

OVERALL GAIN \/ BW

WHERE: BW = FILTER BANDWIDTH (CYCLES)
Vit = OUTPUT NOISE (VOLTS RMS)

40

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

FIGURE 3 — TYPICAL CAPACITANCE
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FIGURE 4 — TYPICAL FORWARD CHARACTERISTICS
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For Specifications, see 1N746 Data.
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1n4387 (siLicon)

CASE 44

(DO-4) cathode connected to stud

MAXIMUM RATINGS

Silicon varactor diode for high-power frequency mul-
tiplication applications.

Rating Symbol Value Unit
Reverse Voltage VR 150 vdce
RF Power Input in 40 Watts
Total Device Dissipation @ TC ="175°C PD 20 Watts
Derate above 75°C 200 mW/°C
Operating and Storage Junction
Temperature Range T, T -65 to +175 °C
J stg
ELECTRICAL CRARACTERISTICS (Tc = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Breakdown Voltage BVR Vdce
(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 Vvde, f =1.0MHz) - 25 35
Figure of Merit Q -
(VR = 10 Vdc, f = 50 MHz) 150 200 -
FUNCTIONAL TESTS
Power Output Tripler Circuit P ¢ 15 18 - Watts
P, =30W, f. =150 MHz, ou
in in
Efficiency fout = 450 MHz n 50 60 - %
*Cr=Cy+Cc
POWER OUTPUT versus OUTPUT FREQUENCY SERIES RESISTANCE AND FIGURE OF MERIT
FOR HARMONIC TRIPLING versus REVERSE VOLTAGE
30 T 1400 14
———— P, = 40 WATTS
2 e 1200 12
2 £
- o
£ P, = 30 WATTS = 1000 T 10 2
5 | o £ ol al A H
2 T N & 800 08 =
é 15 P :r20 WATTS R w 1 /r’ T=50oMAz | ].. &
- T 2 600 P 06 =
21 1 I z &
s P, = 10 WATTS S 400 4 04 8
a3 A R 5
. - 3
s 200 0.2
0 . I 0 0
100 200 400 600 800 0 20 40 60 80 100 120 140 160 180 200

four» OUTPUT FREQUENCY (MHz)

V,, REVERSE VOLTAGE (VOLTS)
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iN4388 (siLicon)

Silicon varactor diode for high-frequency harmonic
generation applications.

N/
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 @ Tc =75°C Py 10 Watts
Derate above 75°C 0.10 w/°C
Operating and Storage Junction
Temperature Range TJ, Tstg -65 to +175 °C
ELECTRICAL CHARACTERIST'CS’ (Ta = 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
(Vg = 75 vde) - 0.5 2.0
(VR =75 Vdc, TA = 150°C) - - 100
Diode Capacitance Crp* pF
(Vi = 6.0 Vde, f=1.0MHz) - 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 -
(Vg = 10 Vde, f = 50 MHz) 200 300 -
(VR =90 Vdc, f =50 MHz) 1000 - -
FUNCTIONAL TESTS
Power Output Doubler Circuit Pout 11.0 12.0 - Watts
(Figure 1)
P, =20W, f, =500 MHz,
in in
Efficiency fout = 1000 MHz i 55 60 - %
*CT = CJ + CC

1-94




T1N4388 (continued)

POWER OUTPUT versus OUTPUT FREQUENCY
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T 4
2000} f = 50 MHz ]f
25°C
1000 e
M —— P, = 20W
. 1<} ~ ——
_ 50 g ™ T
g 4 ] = N '
5 500 LA 85°C &
w P 1 3 10 |
£ =
2 100 ,/ // g Pin=10W |
=) = 2 _l__g
7 <
27 3 L I ™~ {
50 A g
/h Pa—5W i
i
20 ue 1 ‘IL I
Pn=3W
10 0. Il 1
10 20 50 10 20 50 100 100 200 300 400 500 700 1000 1200
Va, REVERSE VOLTAGE (VOLTS) f, QUTPUT FREQUENCY (MHz)
. TRIPLING (X3) » QUADRUPLING (X4)
15 ety _ 15
z T~ - 2
g o= 20W ;é:
= ~~—_ = ~
& T~ & NG
3 10—+ Rt S
= =
z : ™~
£ [ P.=10W % P = 10W N~
K | o3 —
5 1 ~ 5 11 e~
L] P =5W Po=5W T
T s
Po=3W =
0 L1 0 Pn=3W
100 200 300 400 500 700 1000 1200 100 200 300 400 500 700 1000 1200
, OUTPUT FREQUENCY (M Hz) , QUTPUT FREQUENCY ( MHz)
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'IN4549 thru IN4556
1N4557 o 1n4564

For Specifications, See IN2804 Data

1n4565-184584
1n4775- 184784
1n4765- 14774

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.

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)

AVz @ Test Temperature Dynamic AVz @ Test Temperature Dynamic
(Note 1) Temperature Coefficient Imped. (Note 1) Temperature Coefficient imped.
Volts for Reference Ohms Volts for Reference Ohms
TYPE Max °C %/°C Max TYPE Max °Cc %/°C Max
(Note 1) (Note 2) (Note 1) (Note 2)
Vz = 8.5 Volts =5% (lzr = 0.5 mA)
1N4775 0.064 0.01
Vz = 6.4 Volts £5% (lzr = 0.5 mA) 1N4776 0.032 0.005
1N4565 0.048 0.01 1N4777 0.013 0, +25, 0.002 200
1N4566 0.024 0.005 1N4778 0.006 +75 0.001
1N4567 0.010 0, 425, 0.002 200 1N4779 0.003 0.0005
. 1N4T76A 0.066 —55, 0, 0.005
1N4565A 0.099 0.01 1N4T77A 0.026 +25, +75, 0.002 200
1N4566A 0.050 —55, 0, 0.005 1N4T78A 0.013 +100 0.001
1N4567A 0.020 +25, 475, 0.002 200 1N4779A 0.007 0.0005
1N4568A 0.010 +100 0.001
1N4569A 0.005 0.0005 Vz = 8.5 Volts =5% (lzr = 1.0 mA)
Vz = 6.4 Voits =5% (Izr = 1.0 mA) 1N4780 0.064 0.01
1N4781 0.032 0.005
1N4ST0 0.048 o.01 1N4782 0.013 0, +25, 0.002 100
1NasTY 0.024 0.005 1N4783 0.006 +75 0.001
1Na572 0.010 0, 425, 0.002 100 1N4T84 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 0.099 o.01 1N4782A 0.026 425, +75, 0.002 100
1N45T1A 0.050 —55,0, 0.005 1N4783A 0.013 1100 0.001
1N4572A 0.020 +25, 475, 0.002 100 1N4T8AA 0.007 0.0005
1N4573A 0.010 +100 0.001
IN4574R 0.005 0.0005 Vz = 9.1 Volts 5% (1zr = 0.5 mA)
Vz == 6.4 Volts =5% (lzr = 2.0 mA)
1N4765 0.068 0.01
1N4575 0.048 0.01 1N4766 0.034 0.005
1N4576 0.024 0.005 1N4767 0.014 0, 425, 0.002 350
1N4577 0.010 0, +25, 0.002 50 1N4768 0.007 +75 0.001
1N4578 0.005 +75 0.001 1N4769 0.003 0.0005
1N4579 0.002 0.0005 INGTESA 0.181 0.01
1N4575A 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
1N4577A 0.020 +25, +75, 0.002 50 1N4768A 0.014 -+100 0.001
1N4578A 0.010 +100 0.001 1N4T69A 0.007 0.0005
1N4579A 0.005 0.0005
=8, *5% (lzr = 1.0 mA]
V2= 6.4 Volts 25% (Izr = 4.0 mA) V2 = 8.1 Volts 25% (ir Y
1N4580 0.048 0.01 1N4770 0.068 0.01
1N4581 0.024 0.005 1N4771 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 1N4773 0.007 +75 0.001
1N4584 0.002 0.0005 1N4774 0.003 0.0005
1N4580A 0.099 0.01 1N4770A 0.141 0.01
1N4581A 0.050 —55, 0, 0.005 1N4771A 0.070 —55,0, 0.005
1N4582A 0.020 +25, +75, 0.002 25 1N4772A 0.028 +25, +75, 0.002 200
1N4583A 0.010 -+100 0.001 1N4773A 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 (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.

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, | 7T, is superimposed on I 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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INA719 ihro 14725 (SILICON)

IN4997 thru IN5003

Cathode

Cathode

Anode

Anode

CASE 60 CASE 70

1N4719 THRU 1N4725

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

1N4997 thru 1N5003

shown have cathode connected to case.
to-case connection, add suffix "R'" to type number,
i.e. 1IN4719R

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

Type numbers

For anode-

Junction to Case (note 1)

1N N N 1N 1N N N
4719|4720 4721|4722 | 4723|4724 | 4725
N 1N N N N N 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 VRWM
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage| Vrgy | 160 | 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 | Voits
Average Rectified Forward Current lo 3.0 Amp
(single phase, resistive load,
60 Hz, T = 75°C) see figure 4
Peak Repetitive Forward Current lERM 25 Amp
(Ta = 75°C)
Non-Repetitive Peak Surge Current lFsm 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 oc
Thermal Resistance, RoJA 30 oc/w
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TN4719 thru 1N4725 (Continued)
1N4997 thru TN5003

ELECTRICAL CHARACTERISTICS FORWARD VOLTAGE CHARACTERISTICS
Characteristic Symbol | Max Limit |  Unit 400
Instantaneous Forward Voltage Vg Volts pd
(ip =9.4 A, T, =175°C, Half Lo 200 —
W Rectifi
ave Rectifier) 100 ,/
Full Cycle Average Reverse Current IR(AV) mA 80 /
(I = 3.0 Amps and Rated V,, 1.5 60 217
Tp = 15°C, Half Wave Rectifier) V4
40 7/ /
DC Reverse Current Ig 0.5 mA =
(Rated Vg, T4 = 25°C) ) 2 2 /
'é = 150°C/
g 10 —f+
3 8.0 7
2 6.0 74
<
Z 40 f
MAXIMUM SURGE CURRENT T, = 75°C) o /
. : yini
= 400 3 2
E z Ty = 25°C
: [
g § 300 é o8 —
g8 ] = 06
g = 200 -y 04
=05
o
: :>: '\\ [
3 £ 100 ] 02
12 T |
i 0 0.1
& 1 2 4 6 8 10 20 40 80 100 0 02 04 06 08 10 1.2 14 16 1.8 20
CYCLES AT 60 CYCLES PER SECOND Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS)
MAXIMUM FORWARD POWER
DISSIPATION versus AVERAGE FORWARD CURRENT MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE
5 T T 1 V3o 5.0 T T T T T T T 7T
T, = 150°C T0 175°C T / / (60 CPS, RESISTIVE OR INDUCTIVE LOAD)
A P
6o/ ¥V
E 4 40
=
E // s \\Dc
g 77 7 s I N
= ¢ =
€, /l // 1/ £ 39 - \\
=2
E /// 4 5 | Nle
S Y A = m S
= / 7 H PN
g 2 V/ /Z E 2.0 j \\ \\
E e N
‘i% //, / ; ] 60| \\\\\
o 2 5 N N\
1 Z £ 10 - NI
N N\
- ——
0 0
0 1 2 3 4 5 0 60 80 100 120 140 160 180
Ie(av)» AVERAGE FORWARD CURRENT (AMP) Ta, AMBIENT TEMPERATURE (°C)
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IN4728 thru 1N4764 (SILICON)
'IM3.3ZSI 0 thru 'IM2OOZS] 0

e —~
gners Data Sheet
1.O0WATT
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 =50°C Pp 1.0 Watt
Derate above 50°C 6.67 mw/°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 Tstg -65 to +200 °c
Temperature Range
MECHANICAL CHARACTERISTICS ®
CASE: Void-free, transfer-molded, thermosetting plastic ,.I [——B
FINISH: Al external surfaces are corrosion resistant and leads are readily solderable
and weldable R
POLARITY: cathode indicated by polarity band. When operated in zener mode, cathode
will be positive with respect to anode K -=[l=—D
MOUNTING POSITION: Any
3
WEIGHT: 0.4 gram (approx) L - A
t
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE -7
5.0 F
7 I I T
2N ’\ L= LEAD LENGTH __| p
; \\ TO HEAT SINK
Z 40 <
o
g \ L=1/8"
§ 3.0 o
a8 3 D NOTE
s N 1. POLARITY DENOTED BY
@ ~ L=3/8" CATHODE BAND
s 20 MILLIMETERS| _ INCHES
H I OIMI"MIN | MAX | MIN | MAX
= A | 407|520 |0.160 0205
X 10 L=10 T 2.04 | 271 [ 0.080] 0.107
- D | 071086 | 0.0280.034
8 - .27 — [ 0.050
2794 — [ 1100 -
0 20 40 60 80 100 120 140 160 180 200 All JEDEC dimensions and notes apply
TL. LEAD TEMPERATURE (°C) CASE 59-03
DO-41

*Indicates JEDEC Registered Data
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1N4728 thru 1N4764 (continued)
1M3.3Z2S10 thru TM200ZS10

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

2 'N°’\';";*’| *Max Zener Impedance *Leakage ::Surge
ener Voltage *Test N 4 t urrent
JEDEC Motorola Vzelizr Current (Note 4) Curren @Tp = 25°C
Type No. Type No. Volts Izt Zz7@Iz7 | 22k @ 12K Izk IR VR iy — mA
{Note 1) (Note 2) (Note 2 & 3) mA Ohms Ohms mA 1A Max @ Volts (Note 5)
1N4728 1M3.32510 3.3 76 10 400 1.0 100 1.0 1880
1N4729 1M3.62510 3.6 69 10 400 1.0 100 1.0 1260
1N4730 1M3.92510 3.9 64 9.0 400 1.0 50 1.0 1190
1N4731 1M4.32510 4.3 58 9.0 400 1.0 10 1.0 1070
1N4732 1M4.7Z2s10 4.7 53 8.0 500 1.0 10 1.0 970
1N4733 1M5.1Z2810 5.1 49 7.0 550 1.0 10 1.0 890
1N4734 1M5.6ZS10 5.6 45 5.0 600 1.0 10 2.0 810
1N4735 1M6.2ZS10 6.2 a1 2.0 700 1.0 10 3.0 730
1N4736 1M6.8ZS10 6.8 37 3.5 700 1.0 10 4.0 660
1N4737 1M7.5Z2S10 7.5 34 4.0 700 0.5 10 5.0 605
1N4738 1M8.2ZS10 8.2 31 4.5 700 0.5 10 6.0 550
1N4739 1M9.1Z2810 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 1M11Zs10 1 23 8.0 700 0.25 5.0 8.4 414
1N4742 iM122s10 12 21 9.0 700 0.25 5.0 9.1 380
1N4743 1M132Ss10 13 19 10 700 0.25 5.0 9.9 344
1N4744 1M152ZS10 15 17 14 700 0.25 5.0 1.4 304
1N4745 1M162ZS10 16 16.5 16 700 0.25 5.0 12.2 285
1N4746 1M182Zs10 18 14 20 750 0.25 5.0 13.7 250
1N4747 1M20ZS10 20 12.5 22 750 0.25 5.0 15.2 225
1N4748 1M222ZS10 22 11.5 23 750 0.25 5.0 16.7 205
1N4749 1M24Zs10 24 10.5 25 750 0.25 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
1N4762 1M33zSs10 33 7.5 45 1000 0.25 5.0 26.1 135
1N4753 1M36ZS10 36 7.0 50 1000 0.25 5.0 27.4 126
1N4754 1M39ZS10 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 1M51Z2S10 51 5.0 95 1500 0.25 5.0 38.8 20
1N4758 1M56ZS10 56 4.5 110 2000 0.25 6.0 42.6 80
1N4759 1M62ZS10 62 4.0 125 2000 0.25 5.0 47.1 70
1N4760 1M682ZS10 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 1M82zs10 82 3.0 200 3000 0.26 5.0 62.2 55
1N4763 1M912S10 91 2.8 250 3000 0.25 5.0 69.2 50
1N4764 1M100Zs10 100 2.5 350 3000 0.25 5.0 76.0 45
- 1M110Zs10 110 23 450 4000 0.25 5.0 83.6 -
- 1M120Zs10 120 2.0 550 4500 0.25 5.0 91.2 -
- 1M1302S10 130 1.9 700 5000 0.25 5.0 98.8 -
- 1M150Zs10 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 voitage 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 A S 3
evice
Description ———_r Tole—r-‘;ce
(+%)
Motorola Nominal Surmetic
Voltage
Zener
Diode
Example: 1M902ZS3

*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 S 5 B 1
Devi T OVT I
evice 51 Volts i era
Description MOt0rol2 {each device) Surmetic Tolerance
of set
*Code: Zener (+£1%)
B — Two devices in series Diodes .
C — Three devices in series Tolerance (A-l‘\:lzf?.used)

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

(omit for £20% units)

Example: 1M512S5B1
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1N4728 thru TN4764 (continued)
1M3.3ZS10 thru TM200ZS10

(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:
z Z s 10
Dewce Nomlnal Surmetic
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 thedc zener current (1 27 or | zk) is superimposed on I zT or I zk.

NOTE 5 — SURGE CURRENT (iy) 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, | 2T, 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=0LaPD+TA

6L a is the lead-to-ambient thermal resistance (°C/W) and
Pp is the power dissipation. The value for 6 a will vary
and depends on the device mounting method. 6 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+ ATy

AT ji_ 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 =04 PD

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 = 0yz AT,

8y z. 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 TM200Z2S10

9JL, JUNCTION-TO-LEAD THERMAL RESISTANCE (°C/W) 8)L(t,D) TRANSIENT THERMAL RESISTANCE

NORMALIZED SURGEPOWER FACTOR

FIGURE 2 — TYPICAL THERMAL RESPONSE, LEAD LENGTH L =3/8 INCH

30 T
2 }
D=05 s
'
10 | ——
€10 02
(=1
S 50 17 ]
2 30 A
£ 1 ey
Z 20 0.05 — DUTY CYCLE, D =11/t
5 T L = SINGLE PULSE ATyL = 8,1 (t)PpK :’___]—\__rl_
Z 49 0.02 1T REPETITIVE PULSES ATy = 6)L(t, DIPPK | ppy =ity ime- |
N = i i = ' !
07 0.01 NOTE: Below 0.1 Second, Thermal by >
=" Response Curve is icabl
05 0 =02~ to any Lead Length (L). i i i i iil[i
03 L= [ | RN
0.0001  0.0002 0.0005 0.001  0.002 0005 001 002 0.05 0.1 0.2 0.5 1.0 20 5.0 10
t, TIME (SECONDS)
FIGURE 3 — TYPICAL THERMAL RESISTANCE FIGURE 4 — MAXIMUM NON-REPETITIVE SURGE POWER
80 1000 TTTTT T
DIFFUSED JUNCTION
800 DEVICE
0 = 700 !
60 z 0 i
£ 500 —
50 - 2
0 ] SQUARE WAVE PULSE
P p S 300 PULSE WIDTH = 0.01 ms
. | i DUTY CYCLE = 0%
= e TL=279C£20C@3/8"
2 200
e | e 1 ] \
PRIMARY PATH OF
10 CONDUCTION IS THROUGH ALLOY JUNCTION DEVIC
THE CATHODE LEAD | l |
0 L | L 100
0 8 14 38 12 s8  aa 78 1 20 30 50 70 10 200 30 50 70 100 200
L, LEAD LENGTH TO HEAT SINK (INCH) VZz, ZENERVOLTAGE (VOLTS)
FIGURE 5 — SURGE POWER FACTOR
R =% FH s s i F—F—F+F
07 MULTIPLY NORMALIZED POWER FACTOR TIMES FIGURE 4 —H
0.5 SURGE POWER POINT FOR VOLTAGE IN QUESTION, TO OBTAIN
SURGE CAPABILITY AT DIFFERENT PULSE WIDTHS AND DUTY -
03 0.08 - CYCLES. THE 1.0 X REFERENCE POINT IS 0.01 msAT 0% DUTY 1]
T —— CYCLE.
02 0.1
1 o
0.1 0.2
0.07
0.05 =
0.0
3 ]
0.02 =
0.01 |
0.01 0.03 005007 0.1 03 05 07 10 30 50 70 10 30 50 70 100 300 500 700 100!

SQUARE WAVE PULSE WIDTH (ms)
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1N4728 thru TN4764 (continued)
MM3.3Z2S10 thru TM200ZS10

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)

FOR UNITS TO 12 VOLTS

FIGURE 7 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS 10 TO 200 VOLTS

10 Ko
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Vz, ZENER VOLTAGE @ IzT (VOLTS)

IR, REVERSE LEAKAGE (zAdc) @ VR AS SPECIFIED
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o 20 AN I 1 1]
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FIGURE 8 — VOLTAGE REGULATION

Vz,ZENERVOLTAGE AT IzT (VOLTS)

FIGURE 9 — MAXIMUM REVERSE LEAKAGE
(95% OF THE UNITS ARE BELOW THE VALUES SHOWN)

NOMINAL VZz (VOLTS)
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iNn4765 iy 184774

'IN4775 thru 1N4784 For Specifications, See 1N4565 Data. |
|
|

1n4896, A w 184915, A
'IN49|6, A thru 1N4932, A

LOW NOISE
TEMPERATURE-COMPENSATED
ZENER REFERENCE DIODES
LOW NOISE
TEMPERATURE-COMPENSATED
Highly reliable reference sources utilizing an oxide-passivated junc- ZENER
tion for long-term voltage stability. RamRod construction provides REFERENCE DIODES
a rugged, glass-enclosed, hermetically sealed structure.
® [ow 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 I
|
® Maximum Voltage Change Specified over Test Temperature Range I
® 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/°C Above 50°C)
s
© |
Do~ 3
K
CATHODE
BAND
MECHANICAL CHARACTERISTICS
CASE'  Hermetically sealed, all-glass ’{_ - 1
_ F
DIMENSIONS: See outline drawing.
FINISH: All external surfaces are corrosion resistant and leads are readily K
solderable and weldable.
POLARITY. Cathode indicated by polarity band. l
WEIGHT 0.2 Gram (approx) MILLIMETERS INCHES
MOUNTING POSITION. Any | QUM My | Max ] min ] wax
A_| 584 | 762 | 0230 0.300
2.16 | 272 | 0.085 | 0.107
D | 046 | 0.5 0018 022
- 12 - .050
25.40 - 1.000 -
CASE 51
DO-7
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1N4896,A thru 1N4915,A/1N4916,A thru TN4932A (continued)

*Dynamic *Dynamic
. Temp. Coeff. Imped. Temp. Coeff. Imped.
Aavz for Ref. Ohms *avz for Ref. Ohms
Type Volts %/°C Max Type Volts %/°C Max
Number (Note 1) (Note 1) (Note 2) Number (Note 1) (Note 1) (Note 2)
uv
P 1 -
1z1=05mAVNp =08 — vizr-05malNp = 1.0 uv
TN4896 0096 001
1N4896A 0198 0.01 1N4916 0744 001
paea | azme | oo,
1N4897A 0099 0005
1N4898 0019 0002 400 1N4917A 0.149 0005 600
1N4898A 0040 0002 1N4918 0029 0002
1N4899 0.010 0007 1N4918A 0.060 0002
1N48B99A 0020 0001
rizr=10mang = 0.4 4Y (1
zr=1 D =0 *izr=10mA " Np
JHz
1N4900 0096 001
144 1
1N4900A 0198 001 }Eﬂ::gA 3298 83,
:N“9°’ 0048 0005 1N4920 0072 0005
Nago1a 0.699 0.005 1N4920A 0149 0005 300
oo | e | g | e
= - = 1N4921A 0060 0002
Vz=128V 1N4903 0010 0001 Vz=19.2V
1N4903A 0020 0001
ol (1 ad
1y =20 mal VN = 0.25 o~ “1z1=20mAMNp = 0.25 —
TEMPERATURE zr o I TEMPERATURE z [Az
RANGE: vHz RANGE: N
1N4904 0096 001 1N4922 0144 001
S”;‘wgé‘sﬂo 1N4904A 0198 001 STANDARD 1'1“43355‘\ g ggg 8 g(‘)
D 1N4905 0048 0005 DEVICES Hses o072 0005 150
*425, 475, +100°C| | 1N4905A 0099 0005
25,475,+100°C | 10 o8 0018 0002 100 425,475, +100°C 1N4924 0029 0002
1N4906A 0040 0002 1N4924A 0 060 0002
e 1N4907 0010 0001
A" SUFFIX 1N4907A 0020 0001 “A" SUFFIX
* -55, 0 + 25, u *-55,0, +25 uv
2 3 _ D ,0,+25, - N Np =
+75. +100°C “1zr=40mAlVNp = 0.22\/: 175, +1000C *izr=40ma! " Np 0.22\/,'_4_
1z
1N4908 0096 001 1N4925 0144 001
1N4908A 0198 oo1 1N4925A 0298 001
1N4909 0048 0005 1N4926 0072 0005
1N4909A 0099 0005 1N4926A 0149 0005
1N4910 0019 0002 50 1N4927 0029 0002 75
1N4910A 0040 0002 1N4927A 0 060 0002
1N4911 0010 0001 1N4928 0014 0001
1N4911A 0020 0001 1N4928A 0 030 0001
*1z7=7.5malVNp = 0.20 — o = (N g =
zr=75mAllINp =0.20 1zr=75mANp
1N4912 0096 001 1N4929 0144 001
1N4912A 0198 001 1N4929A 0298 001
1N4913 0048 0005 1N4930 0072 0 005
1N4913A 0099 0005 1N4930A Q149 0005 36
1N4914 0019 0002 25 1N4931 0029 0002
1N4914A 0040 0002 1N4931A 0060 0002
1N4915 0010 0001 1N4932 0014 0001
1N4915A 0020 0001 1N4932A 0030 0001

*Indicates JEDEC Regiskered 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 (lzT), verified by
tests at indicated temperature points within the range. Vz is meas-
ured and recorded at each temperature specified. The AV 7 between
the highest and Jowest 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, |z, is superimposed on IzT.
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.

(INOISE DENSITY MEASUREMENT METHOD

Load Amplifier
Ammeter Resistor
+
i T True
Test ‘g Her RMS
D;: PO\'Ner zener 4 Vz fo=20kHz | Vour Volt
upply ¢ BW = 1.4 kHz ‘ Meter
- o .

Noise Density
(Volts per Square Root Bandwidth) =

Vout

Overall Gain  BW

= Filter Bandwidth (Hz)
Output Noise (Volts RMS)

Where BW
Vout

The input voltage and load resistance are 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

Designer Data Sheet

FAST RECOVERY

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED RECTIFIERS
FAST RECOVERY RECTIFIERS scﬁsg& ;/EORLI;I'S

. . . 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.

X
*l j 0100 51

07107
Designer’s Data for ““Worst Case’’ Conditions
The Designers Data Sheet permits the design of most circuits entirely from the 3
information presented. Limit curves — representing device characteristics boundaries — 110 - 3%32
are given to facilitate “‘worst case’’ design. MIN
0185
L 0205

*MAXIMUM RATINGS POLARITY MARK
Rating Symbol | 1N4933] 1n4934] 1N4935| MR2271 1N4936] 1N4937] Unit (CATHODE)
Peak Repetitive Reverse Voltage VRam Volts
Working Peak Reverse Voltage Vawm 50 100 200 300 400 600
DC Blocking Voltage VR 110
Non-Repetitive Peak Reverse Voltage VRsm 75 150 250 350 450 650 | Voits MIN
RMS Reverse Voltage VR(RMS) 35 70 140 210 280 420 Volts i
Average Rectified Forward Current o 10 Amp
(Single phase, resistive load,
Ta = 75°C)
Non-Repetitive Peak Surge Current IFsm 30 Amps ‘
(surge applied at rated load
conditions)
— All JEDEC dimensions and notes apply
Operating Junction Temperature Range Ty -65 to +150 oc
Storage Temperature Range Tog 6510 +175 oc CASE 59
THERMAL CHARACTERISTICS bo-41
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJa 65 ocmw
(Typical Printed Circut
Board Mounting)
ELECTRICAL CHARACTERISTICS
Characteristic Symbol Min Typ | Max | umt
*Instantaneous Forward Voltage Vg - 10 12 Voits
(Ig =314 Amp, T j = 150°C)
Forward Voltage VE - 10 1 Voits
(Ig=10Amp, Ta = 25°C) MECHANICAL CHARACTERISTICS
*Reverse Current (rated dc voltage) Tp = 25°C ' - 10 50 KA .
o T“ Toooc R w0 o0 CASE: Void Free, Transfer Molded
x -
FINISH: External leads are plated,
*REVERSE RECOVERY CHARACTERISTICS leads are readily solderable
Characteristic Symbol Min Ty Max | Unit v
Reverse Recovery Time ter - 100 200 ns .
(Ig =10 Amp to VR =30 Vdc) (Figure 21) POLARITY: Cathode indicated by
(1M = 15 Amp, di/dt = 10 A/us) (F igure 22) - 150 300 Polarity band.
Reverse Recovery Current IRM(REC) | - 10 20 Amp . i
{Ig =10 Amp to VR = 30 Vdc) (Figure 21) WEIGHT: 0.4 Gram (Approximately)

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

iF, INSTANTANEOUS FORWARD CURRENT (AMP)

PF(AV), AVERAGE FORWARD

FIGURE 1 — FORWARD VOLTAGE
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TN4933 thru 1N4937, MR2271 (continued)

IF(AV), AVERAGE FORWARD

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

CURRENT (AMP)

MAXIMUM CURRENT RATINGS

SINE WAVE INPUT

FIGURE 6 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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FIGURE 8 — 1/8” LEAD LENGTH, VARIOUS LOADS
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SQUARE WAVE INPUT

FIGURE 7 — EFFECT OF LEAD LENGTHS,
RESISTIVE LOAD
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FIGURE 9 — 1/8” LEAD LENGTHS, VARIOUS LOADS
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TN4933 thru 1N4937, MR2271 (continued)

r(t), TRANSIENT .
RMAL RESISTANCE (NORMALIZED)
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FIGURE 12 — THERMAL RESPONSE
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NOTE 1

Ppk Pok
DUTY CYCLE, D =tp/ty
tp PEAK POWER, Py, is peak of an

equivalent square power pulse
|<—(|———

TIME
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 pomnt (see Note 3) The thermal mass
connected to the case 1s 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=Tg+2Tye
where 2 Tj¢ 1s the increase in junction temperature above the case temperature
It may be determined by

ATye =Ppk “Reyc (D +(1-D) - rlty +tp) +ritp) — rlty)]
where

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

e
7 (t] + tp) = normalized value of transient thermal resistance at time t4+ tp

RgJL, THERMAL RESISTANCE

\

FIGURE 13 — THERMAL RESISTANCE
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NOTE 2

Data shown for thermal resistance junction-to-ambent (6)a) for the
mountings shown is to be used as typical guideline values for preliminary
engineering or in case the tie point temperature cannot be measured.

TYPICAL VALUES FOR 6 INSTILL AIR

LEAD LENGTH, L (IN)
MOUNTING
METHOD | 1/8 | 1/4 | 1/2 | 3/4 |Resa
1 65 | 72 [ 82 | 92 |OC/wW
2 74 | 81 [ 91 [ 101 [%C/w.
3 40 ocw

MOUNTING METHOD 1

e e

MOUNTING METHOD 3

P. C. Board with

m 1-1/2" x 1-1/2" copper surface

L=3/8"
MOUNTING METHOD 2

P
- "
L
=
P27 BR /

l
Vector pin mounting

|

Board Ground
Plane

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 1s brought as close as possibie to the heat
sink. Terms in the model signify:

TA = Ambient Temperature
Ty = Lead Temperature
T = Case Temperature
Ty = Junction Temperature

Rgg = Thermal Resistance, Heat Sink to Ambient
Rg = Thermal Resistance, Lead to Heat Sink
Rgy = Thermal Resistance, Junction to Case

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 e may be

Ty =150° — aT

aT gL can be calculated as shown in NOTE 1 or it may be approximated
as follows.

ATy X Rg L ® 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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1N4933 thru TN4937, MR2271 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 15 — FORWARD RECOVERY

FIGURE 16 — JUNCTION CAPACITANCE
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1N4933 thru TN4937, MR2271 (continued)

RECOVERY TIME

FIGURE 21 — REVERSE RECOVERY

CIRCUIT NOTE 3
1 An AAA Reverse recovery time is the period which elapses from the
0K 'n" é’u'd time that the current, thru a previously forward biased rectifier
1 Va5 in ow diode, passes thru zero going negatively until the reverse current
60 Hz 25 W NON-INDUCTIVE recovers to a point which is less than-10% peak reverse current.
!7 Reverse recovery time s a direct function of the forward
L UNgg);TTEST current prior to the application of reverse voltage.
For any given rectifier, recovery time is very circurt depend-
A ent. Typical and maximum recovery time of all Motorola fast
CP CLARE 10 Adc FROM recovery power rectifiers are rated under a fixed set of conditions
HPG 1002 1AMP CONSTANT using Ig = 1.0 A, VR = 30 V. In order to cover all circuit
(MAKE BEFORE BREAK) SLO-BLO Ry VOLTAGE SUPPLY conditions, curves are given for typical recovered stored charge
FUSE Pk PPLE = versus commutation di/dt for various levels of forward current
- | 10w RIPPLE = 3 mVrms MAX and for junction temperatures of 25°C, 75°C, 100°C, and
30 vuco_-_‘_’gt . NON-INpucTIVE | C1_ { ; 150°C.
“”'““@3;{3”‘1“ e 1330“\5 ~ - To use these curves, it 1s necessary to know the forward
[ current level just before the circurt i
° 1 d
Zout = 1% IMAX, di/dt, and the operating junction temperature. The reverse re-
MINIMIZE ALL LEAD LENGTHS DCto2 kHz covery test current waveform for all Motorola fast recovery
A — TEKTRONIX 545A, K PLUG IN R 9 rectifiers is shown.
3 2~ TEN-1W, 10 2, 1% CARBON CORE
PRE-AMP, P6000 PROBE OR EQUIVALENT IN PARALLEL
R1~ADJUSTED FOR 14 2BETWEEN +10
POINT 2 OF RELAY AND RECTIFIER TA=25_°CFOR RECTIFIER IFMm
INDUCTANCE =~ 38 ur
FIGURE 22 — JEDEC REVERSE RECOVERY
IRCUIT
R1 % IRM(REC) ]
it AL[;JUST From stored charge curves versus di/dt, recovery time (tr)
T g and peak reverse recovery current (Igp(REC)) can be closely
2 approximated using the following formuias
1/2
120 VAC ct QR
LS £ 1px) ADI ter = 141 x| =
60 Hz ‘ l K (PK) ADIUST i | dvae
1
! e+ 02 IRM(REC) = 141 x [Qg x ai/at] /2
R2 i
- L}
e R=025Q2
01 Nm L <001 uH
0 st |
D3 = 1N4934 b L [f:'__l_l
SCR1=MCR729-10 3 CURRENT
C1=05 1050 uF T1 = Variac Adjusts 1(pK) and difdt 0SCILLOSCOPE VIEWING
C2 ~ 4000 uF T2=11 RESISTOR
L1=10-27uH T3= 1.1 (to trigger circuit)
FIGURE 23 — TYPICAL
REVERSE LEAKAGE FIGURE 24 — NORMALIZED REVERSE CURRENT
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For Specifications, See 1N4719 Data.
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2N... JEDEC REGISTERED
DEVICE SPECIFICATIONS







2N 173 (GermANIUM)

For Specifications, See 2N277 Data.

2N 174 (Germanium)
2N1100
2N1358.A

<
&
e PNP germanium power transistors. Power dissipa-
STY”LNE:.rBASE tion and junction temperature ratings exceed those of
CASE 5 2 EMITTER EIA registration.
(TO-36) 3. COLLECTOR

MAXIMUM RATINGS

Rating Symbol 2N174 | 2N1100 | 2N1358 Unit
Collector -Base Voltage VCB 80 100 80 Vdc
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 OJC 0. 5 °C/W

21




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 ICB o 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 BVCE S* Vdc
(IC =300 mA, Veg = 0) 2N174 70 - -
2N1100 80 - -
2N1358 70 - -
Collector -Emitter Voltage BVCE 0* Vdc
(Ic =1.0 amp, Ig = 0) 2N174 55 - -
1.0 amp, I =0 2N1100 65 - -
300 mA, Ig=0 2N1358 40 - -
Floating Potential v EBF volt
(Ig =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, Vcg= 2 volts) 2N174 25 - 50
2N1100 25 - 50
2N1358 25 35 -
(Ic =12 amp, Vgp= 2 volts) 2N174 - 20 -
2N1100 - 20 -
Base-Emitter Voltage VBE Vdc
(Ic =1.2 amp, Vep = 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 Vdce
(Ic = 12 amp, Ig = 2 amp) aN174 CE(sa) - 0.3 0.9
2N1100 - 0.3 0.7
2N1358 - 0.3 0.7
Common-Emitter B
Cutoff Frequency fo: e kHz
(Ic = 5 amp, Vg = 6 volts) 2N174 - 10 -
2N1100
Common-Base
Cutoff Frequency f b kHz
(Ig.= 1 amp, Vcp = 12 volts) 2N1358 @ 100 - -
Rise Time (""on" Ic = 12 Adc, tr us
Ig = 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.
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2N174, 2N1100, 2N1358 (continued)

CURRENT TRANSFER CHARACTERISTICS

TRANSCONDUCTANCE CHARACTERISTICS
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The Safe Operating Area Curves indicate Ic —
Vg 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.




28176 (GermANIUM)
2N669

PNP germanium power transistors for economical
©: power switching circuits and commercial grade power

o amplifier applications.

STYLE 1:
PIN.1. BASE
CASE ' l 2. EMITTER
CASE-COLLECTOR

Collector connected to case

MAXIMUM RATINGS

Rating Symbol ‘Value Unit
Collector-Base Voltage VC B 40 Vde
Collector-Emitter Voltage VCeES 30 Vde
Collector Current (Continuous) I, 3.0 Amp
Storage and Junction Temperature TJ, Tstg —65 to +100 °C
Total Device Dissipation Pp 90 Watts

(At 25°C Case Temperature) )
Thermal _Resistance 010 0.8 °C/W
(Junction to Case)

2NG69, 2N176

90 WATT
POWER DISSIPATION
°C CASE TEMPERATURE —

\ D
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OR LESS
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SAFE OPERATING AREAS

The Safe Operating Area Curves indicate
Ic — 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 IcBO
VCB=30V, IE=0 — — 3.0 mA
Vep=2.0V, Ig =0 — 50 — LA
Vep =30V, Ig =0, Tc =90°C -— — 20 mA
Emitter-Base Cutoff Current IgBoO mA
VEp=10V, Ic =0 — - 2.0
Collector-Emitter Breakdown Voltage Vde
I =330 mA, Rgg = 10 Ohms 2N176 BVogR 30 — —
2N669 BV(ogs 30 — —
Collector-Emitter Saturation Voltage VCE(SAT Vdc
Ic =3 A, Ig =300 mA ¢ ) — —_ 0.4
DC Forward Current Transfer Ratio hpg —
Vecg =2.0V, Ic =0.5A 2N176 25 — —
2N669 75 — 250
Power Gain Gpg dB
Pout =2 Watts, Vop =12V, In = 0.5 Amp,
= 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 fye 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 =2.0V, I = 0.5 Amp, f = 1 kHz 2N176 fe — 45 —
2N669 — 90 —
Small-Signal Input Impedance hi Ohms
Ve = 2.0V, Io = 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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2N 178 (GERMANIUM)

PIN 1. BASE

2. EMITTER
CASE-COLLECTOR

PNP germanium power transistor for non-critical
power amplifier and power switching applications re-

2N554 o
2N555 C o 2
CASE 11

Collector connected to case

MAXIMUM RATINGS

quiring economical components.

Rating Symbol 2N178 2N55¢ | 2N555 | Unit
Collector-Emitter Voltage VCER 30 16 30 Vde
Collector-Base Voltage VCB 30 15 30 Vde
Emitter-Base Voltage VEB 20 15 15 Vdc
Collector Current Ic 3.0 Adc
Total Device Dissipation @ TC =80°C PD 10 Watts
Operating and Storage Junction TJ, T ¢ -40 to +90 °C
Temperature Range ste
50
£ 40
<
g N
z N\
g ¥ N
POWER-TEMPERATURE DERATING CURVE § \\
= 20 N
[- 3
g N
o
o
A_E 10
0 20 B 100
Tc, CASE TEMPERATURE (°C)
2N178, 2N555 SAFE OPERATING AREAS 2N554
: I 7] 6
‘ Lo i T .
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2 4'”«555 )
§ v \\ 'osn"lssss § 2"55@\
i = R
H AW H - e
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g os AW Sos =
304 \ o4 g4\
03 0.3
0.2 0.2
0.1 0.1
0 10 20 30 40 50 0 10 20 30 40 50

COLLECTOR-EMITTER VOLTAGE (VOLTS)

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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COLLECTOR-EMITTER VOLTAGE (VOLTS)

(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.



2N178, 2N554, 2N555 (continued)
ELECTRICAL CHARACTERISTICS (Tc = 25°C uniess otherwise noted)

};» COLLECTOR CURRENT (AMPERES)

l Characteristic Symbol TMin [ Typ lMax | Unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCER Vde
(I = 330 mAde, Ry =100) 2N178 30 - -
2N554 16 - -
2N555 30 - -
Collector-Base Cutoff Current ICBO mA
(Vop = 2.0 Vde, I, =0) 2N178 - 0.05 -
(VVB = 30 Vdc, IE =0) 2N178 - - 3.0
(VCB =15 Vdc, IE =0) 2N554 - - 10.0
(Vp =30 Vde, 1, =0) 2N555 - - 20.0
(VCB =30 Vdc, IE =0, TC =90°C) 2N178 - - 20.0
Emitter-Base Cutoff Current IEBO mA
(VBE =10 Vdc, IC =0) 2N1178 - - 2.0
ON CHARACTERISTICS
DC Current Gain hFE -
(IC =0.5 Adc, VCE = 2.0 Vdc) 2N178 15 - 45
2N554 - 50 -
2N555 - 50
Collector-Emitter Saturation Voltage VCE( t) Vdc
(I =3.0 Adc, Ly =300 mAdc) sa - 0.6 -
SMALL-SIGNAL CHARACTERISTICS
Common-Emitter Cutoff Frequency fae kHz
(I = 0.5 Ade, Vo =12 Vdc, f = 1.0 kHzref) 2N178 5.0 - -
2N554 - 6.0 -
2N555 - 6.0 -
Small-Signal Current Gain ¢ -
(I = 0.5 Ade, Vg =2.0 Vdc, f = 1. 0kHz ref) 2N178 € - 30 -
2N554 - 55 -
2N555 - 55 -
Input Impedance . Ohms
(Ig = 0.5 Ade, Vo =2.0 Vde, f = 1.0kHz) ~ 2N178 1e 8.0 25 -
2N554 - 25 -
2N555 - 25 -
FUNCTIONAL TESTS
Power Gain GPE dB
w =12 Vde, I, =0.5 Adc, P =2.0 2N1178 28 - 33
CE ¢ out 2N554 2 | 35 -
Watts, f = 1.0 kHz, RS =10 Ohms, IN555 25 35 _
RL = 26.6 Ohms)
Total Harmonic Distortion %
(Under same conditions as power gain) 2N178 - - 5.0
COLLECTOR CHARACTERISTICS INPUT CURRENT versus INPUT DRIVE VOLTAGE
3.0 T 9,0 240 /
220
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70 7 200
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20 = 160 y,
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2aN242 (GERMANIUM)

M307,. A @ oy,
2. EMI
@ CASE-COLLECTOR

PNP germanium power transistors for general pur-

CASE 11

Collector connected to case

MAXIMUM RATINGS

pose power amplifier and switching applications.

Rg = 109)

Rating Symbol 2N242 2N307, 307A Unit
Collector-Base Voltage Ve 45 35 Volts
Collector-Emitter Voltage (RBE =30Q) VCER 45 — Volts
Collector-Emitter Voltage VeEo - 35 Volts
Emitter -Base Voltage VEB — 10 Volts
Collector Current IC 5.0 5.0 Amp
Junction Temperature Range TJ -65 to + 110 -65 to +110 °c
Collector Dissipation (at T, = 25°C) Py 106 106 Watts
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristic Symbol Min Max Unit
Collector - Base Cutoff Current IcBO mAdc
(Vep = 2 vde 2N307 - 0.5
(Vep = 25 Vdc) 2N307 — 5.0
2N307A — 2.0
(Vep = 1Vde, I = 0,T= 85°C) 2N242 — 5.0
Emitter-Base Cutoff Current IEBO mAdc
(VEB = 10Vvdc) —_ 2.0
Collector - Emitter Cutoff Current ICER mAdc
(Vog = 45Vdc, Rpg =30Q) 2N242 - 5.0
(VCE = 25 Vdc, Rgp =309) 2N242 - 1.0
(Veg = 35Vde, Rgg =30Q) 2N307 - 15
2N3Q7A - 7.0
Base - Emitter Voltage VBE Vdc
(VCcg = 1.5Vdc, Ig = 1.0 Adc) 2N242 0.3 0.8
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 2.0 Adc, Ig = 200 mAdc) 2N242 — 0.8
(Ic = 0.2 Adc, 1B = 20 mAdc) 2N307 - 1.0
(IC = 1.0 Adc, IB = 100 mAdc) 2N307A — 0.8
DC Current Gain hpg —
(VCg = 12 vdc, I¢ = 500 mAdc) 2N242 30 120
(VCE = 1vdc, Ic = 200 mAdc) 2N307 20 -
2N30TA 30 -
Common Emitter Cutoff Frequency foe kHz
(VcE = 12V, Ic=0.5A) 2N242 5.0 —
2N307A 3.5 —
(Veg= 6V.Ic=1A) 2N307 3.0
Power Gain Ge . dB
(Ic=0.5A,VCcE = -14V, Ry, = 30Q, 2N242 30




aN277 (GERMANIUM)

2n278

2N173
2N1099

CASE 5
(T0-36)

STYLE 1:
PIN 1. BASE

Collector connected to case

2. EMITTER
3. COLLECTOR

MAXIMUM RATINGS

PNP germanium power transistors for general pur-
pose power amplifier and switching applications. Pow-

er and temperature ratings exceed EIA registration.

Ic, COLLECTOR CURRENT (AMP)

Symbol | 2N277 [ 2N278 | 2N173| 2N1099 | Unit
Collector-Base Voltage VCB 40 50 60 80 Vde
Emitter-Base Voltage VEB 20 30 40 40 Vdc
Emitter Current-Continuous IE 15 Adc
Base Current IB 4.0 Adc
Total Device Dissipation @ T, = 25°C P, 170 Watts
Derate above 25°C 2.0 w/°c
Operating and Storage Junction T 7 Tst, °c
Temperature Range € -65 to +110
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 85c 0.5 oc/w
SAFE OPERATING AREAS
2N173 2N1099 2N277 2N278
] e 1 o o s s —— o p— —
poq N —— T 1 11 I ] I ] { 1
» N m“‘. Sms [ Ims (5008 mr: Sms 1ms 5008 m,a‘ Sms  Ims  500us 250
N ‘\\ T ordiss \‘\ ™~ N s RN ontiss \\‘ ot
N N ~ ~
RN N >N\ L
\ X \(\ ~ ~d AN
: N < . B
. A Eoiietay ., L
0s 4 N
04 1, JI N\
FX]
[ EiEne i FEb ST
l”o 10 20 30 40 50 70 0 10 20 30 4 50 60 70 80 90 1000 10 20 30 4 50 0 10 20 30 40
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOREMITTER VOLTAGE (VOLTS)

The Safe Operating Area Curves indicate Ic —
Ve limits below which the device will not ga 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.




2N277,2N278, 2N173, 2N1099 (continued)

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

Characteristic Symbol Minimum | Typical Maximum | Unit

Collector-Base Cutoff Current ICBO nA
Vepo = 2V — 100 —

Collector-Base Cutoff Current IcBX mA
Vgg= 15V, Veg= 40V 2N277 —_ 2.0 8.0

50 2N278 —_ 2.0 8.0
60 2N173 — 2.0 8.0
80 2N1099 — 2.0 8.0
Emitter-Base Cutoff Current Iggo mA
Vgpo= 20V 2N277 — 1.0 8.0
30 2N278 —_ 1.0 8.0
40 2N1173 — 1.0 8.0
40 2N1099 — 1.0 8.0
Collector-Base Cutoff Current IcBO mA
Vepo = 40V, T1°C 2N277 — — 15
50 2N278 — — 15
60 2N173 —_ — 15
80 2N1099 — — 15

Collector-Emitter Voltage BVegs™* Vdc

I =300mA, Vg =0 2N277 40 — —
2N2178 45 — —_
2N173 50 — —_
2N1099 70 — —_

Collector-Emitter Voltage BVego* Vde

Ic =1Amp, I =0 2N2177 25 — —
2N278 30 —_ —
2N173 45 —_ —
2N1099 55 — —

Floating Potential \Z3 volt
Ig =0, Vog= 40V 2N277 — 0.15 1.0

50 2N278 — 0.15 1.0
60 2N173 —_ 0.15 1.0
80 2N1099 — 0.15 1.0

Current Gain hFE —
IC =5Amp, Vgp= 2V 35 —_ 70
IC =12 Amp, VCB = 2V - 25 -_

Base-Emitter Voltage VBE Vde
Ic =5 Amp, Vep= 2V 2N277 — 0.65 —

2N278 — 0.65 —_
2N173 — 0.65 —
2N1099 — 0.65 0.9

Saturation Voltage ’ A Vde

Ig = 12 Amp, Ig = 2 Amp 2N277 CE(SAT) — 0.3 —
E 2N278 — 0.3 1.0
2N173 —_ 0.3 1.0
2N1099 — 0.3 0.7

Common-Emitter Current Amplification f e kHz
Cutoff Frequency @

IC =5 Amp, VCE = 6V 0.3 10 —_—

Rise Time ty us
"on" In = 12 Adc, — 15 —
Ig=2Ade, Ve = 12V

Fall Time tg us
"off" I =0, — 15 —

Vgg = 6V, Rgp = 10 Ohms

* To avoid excessive heating of the collector junction, perform these tests with the sweep method.
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2N277, 2N278, 2N173, 2N1099 (continued)

POWER-TEMPERATURE DERATING CURVE INPUT CHARACTERISTICS
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aN297A (GermaniUm)

PNP germanium power transistor for military and
industrial power switching and amplifier applications.

o STYLE 1:
(o) Ie) PIN 1. BASE
2. EMITTER
@ CASE-COLLECTOR

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCB 60 Vde
Collector-Emitter Voltage VCES 50 Vdc
Collector-Emitter Voltage VCE o 40 Vde
Emitter-Base Voltage VEB 40 Vdc
Emitter Current IE 5.0 Amp
Operating Temperature Range TJ —-65 to +110 °C
Collector Dissipation at 25°C PD 85 Watts

Case Temperature
—- 19
(6 Ik 1°C/W max)
POWER-TEMPERATURE DERATING CURVE
100
- 80 N
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0 20 40 60 80 100 110

TC’ ‘Case Temperature o)
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2N297 A (continued)
ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise noted)

Characteristic Symbol Minimum Maximum Unit
DC Current Transfer Ratio hpg 40 100 —
Ic = 0.5Adc
DC Current Transfer Ratio hpp 20 — —
VCE = 2V
Ic = 2.0 Adc
Small-Signal Current Transfer Ratio iue s.0 — kHz
Cutoff Frequency
VCE = 14 Vdc
Ic= 0.5Amp
Emitter-Base Cutoff Current IEBO -— 3.0 mAdc
Vgp = 40 Vde
Ic= 0
Collector-Base Cutoff Current IcBO — 200 rAdc
VCB = 2 Vdc
Ig= 0
Collector-Base Cutoff Current Icso — 3.0 mAdec
Vep = 60 Vde
Ig= 0
Base Current I 5.0 12.5 mAdc
Veg = 2 Vde
IC = 0.5 Adc
Base Current Ig — 100 mAdc
VCE = 2 Vde
Ic = 2Ade
Emitter-Base Voltage VEB — 1.5 Vdc
VCE = 2 Vdc
Ic = 2Adc
Floating Potential Vi 0.18 Vde
Vep = 60 Vde
(Voltmeter input resistance
= 10 Megohm min)
Collector-Emitter Saturation Voltage VCE(S AT) 1.0 Vdc
Ic = 2 Adc
Ig = 200 mAdc
Collector-Emitter Voltage BVCEO 40 — Vde
Ic = 300 mAdc
Ig= 0
Collector-Emitter Voltage BVeEs 50 —_ Vdc
Ic = 300 mAdc
VEB = O
High-Temperature Operation
T = +71°C min
Collector Cutoff Current Icpo — 6.0 mAdc
Vep = 30 Vde
Ig= 0
aN307 (GERMANIUM)
2N3o7 A For Specifications, See 2N242 Data.
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2N3l 9 thru 2N32] (Germanium)

2

13

CASE 31
(TO-5)
STYLE 1:
PIN 1. EMITTER
Base connected to case 2. BASE

3. COLLECTOR

MAXIMUM RATINGS

PNP germanium transistors for audio amplifier
and low-frequency switching applications.

Rating Symbol Value Unit
Collector-Base Voltage VCB 25 Vde
Collector-Emitter Voltage VCEO 20 Vde
Emitter-Base Voltage VEB 5.0 Vdce
Collector Current Ic 500 mAdc
Junction and Storage Temperature Ty Tstg -65 to + 100 °C
Power Dissipation at 25°C Ambient PD 225 mW
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristics Symbol Min Max Unit
Collector Cutoff Current ICBO
Vop = -25 Vde, Ip =0 - 16 uAdc
Emitter Cutoff Current IEBO
Vgp =-3.0Vdc, I, =0 - 10 uAde
Collector-Emitter Voltage BVCER
IC = 0, 6 mAdc, RBE =10 K 20 - Vde
DC Current Gain hFE
IC = 20 mAdc, VCE = -1Vde
2N319 25 42 -
2N320 34 65
2N321 53 121
DC Current Gain hFE
Io = 100 mAdc, Vo = -1 Vdc
2N319 23 - -
2N320 30 -
2N321 47 -
Base Input Voltage VBE mVdce
Vv = -1 Vde, I, = 20 mAdc 180 320
CE C
Output Capacitance; Input AC Open Circuit C ob
vCB = -5 Vdc, IE =1 mAdc, f=1MHz - 35 pF
Frequency Cutoff fab
"cs = -5 Vde, IE =1 mAdc
2N319 Lo - MHz
2N320 L5 -
2N321 2.0 -




aN322 thrv 28324 (GERMANIUM)

2N508

2
&
CASE 31
(TO-5)

Base connected to case

MAXIMUM RATINGS

PNPgermanium transistors for audio driver and low

STYLE 1:
PIN 1. EMITTER
2. BASE
3. COLLECTOR

power output service in entertainment equipment.

Rating Symbol Value Unit
Collector-Base Voltage \% CB 18 Vde
Collector-Emitter Voltage VCEO 18 Vde
Emitter-Base Voltage VeB 5.0 Vdce
Collector Current IC 500 mAdc
Junction and Storage Temperature Ty Tstg -65 to + 100 °C
Power Dissipation at 25°C Ambient PD 225 mw
ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted)
Characteristics Symbol Min Max Unit
Collector Cutoff Current ICBO
Vep = -16 Vde, 15 =0 - 16 wAde
Emitter Cutoff Current
V.. =-3Vdc, I.=0 'EBO
EB C - 16 uAde
Collector-Emitter Voltage BVCER
IC = 0.6 mAdc, RBE= 5 K 18 _ Vde
DC Current Gain hFE
vCE = -1 Vde, IC = 20 mAdc
2N322 34 65 -
2N323 53 121
2N324 72 198
2N508 99 198
Base Input Voltage VBE
Veg = -1 Vde, 1 = 20 mAde 180 320 mVde
Output Capacitance; Input AC Open Circuit Cob
Vop = -5 Vde, Ip = 1 mAde, f= 1 MH: _ 35 oF
Frequency Cutoff
V,.n = =5 Vde, I_ =1 mAdc f
cB T E 2N322 ab 1.0 - MHz
2N323 1.5 -
2N324 2.0 —_
2N508 2,5 -
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2N33l (Germanium)

13

CASE 31
(TO-5)

STYLE 1:
PIN 1. EMITTER
2. BASE
3. COLLECTOR

PNPgermanium transistor for audio range amplifier
and switching service in military equipment. Have col-
lector dissipation and storage temperature ratings sig-
nificantly higher thanthose of the military specification
(see maximum ratings table below).

Base connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCB 30 Volts
Emitter-Base Voltage VEB 12 Volts
Storage Temperature Tstg -65 to + 85 °C
Storage Temperature Tstg -65 to + 100 °c
Collector Dissipation at T A= 25°C P 5 mw
(MIL-S-19500/4C D
(Derate 1.25 mW/°C above 25°C)
Collector Dissipation at T A= 25°C PD 200 mw
(JAN 2N331)
(Derate 2. 67 mW/°C above 25°C)
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristics Symbol Min Max Unit
Emitter Cutoff Current
(Vgp = -12 Vde, I, = 0) o _ " nAde
Collector Cutoff Current ICBO rAde
(Vo = -30 Vde, I = 0) _ 10
Small-Signal Open-Circuit Output Admittance hob pmho
(Vop = -6 Vdc, I = 1.0 mAdc, f = 1 kHz) _ 10
Small-Signal Short-Circuit Input Impedance h.b : Ohms
(Vop = -6 Vde, I = 1.0 mAdc, f = 1 kHz) b _ 50
Small-Signal Short-Circuit Forward-Current
Transfer Ratio hfe . -
(VCE = -6 Vde, Ic = 1.0 mAde, f = 1 kHz) 30 70
Small-Signal Short-Circuit Forward-Current
Transfer Ratio Cutoff Frequency f ab : MHz
(VCB = -6 Vdc, IE = 1 mAdc) 0.4 -
Output Capacitance Cob pF
(Vo = -6 Vde, Ip = 1 mAdc) - 50
Noise Figure ‘ NF dB
(Vop = -6 Vde, I = 1 mAde, Rg = 1000, ohms,
f=1xkHz, f=Al Hz ) : - 20
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2N331 (continued)

POWER-TEMPERATURE DERATING CURVE
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2N350A (Germanium)

2n351A

2N376A
STYLE 1.
@2 o PN ETTER
0 o CAsEoLLECTOR PNP germanium power transistors for economical
power switching applications and for power amplifiers
CASE 11 requiring up to 4 watts of output power at relatively

low distortion.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCB 50 Vdc
Collector-Emitter Voltage VCES 40 Vdc
Collector Dissipation P D 90 Watts

at 25°C mounting base temperature

Collector Junction Temperature T —65 to +100 °C

Thermal Resistance sJC 0.8 °C/W
(Junction to Case)

CURRENT GAIN versus POWER TEMPERATURE
COLLECTOR CURRENT (COMMON EMITTER) SAFE OPERATING AREAS DERATING CURVE
100 6 90
‘. ] M EED \\
l‘ 4 L-m X N \ Sms
\ |_~2n37ea Ny \ ~oruess
80 v
£ \‘. 2N351A . L g
< — o~ =
= i~ Py 60
] \ [ ] 2
= 60 X s, / z
3 \\ VCE =2 VOLTS § 'Fomn Aw 2
pry N 3 POWER DISSIPATION =
2 \ < ° 25°C CASE TEMPERATURE N o
‘?QG \- g 0.5 AN g
\\\\§ go4 e\ &30 \
n E3
2N3504 - N |y 03 e \
4
0.2
o 0.1 o]
o 2 3 4 E 0 10 20 30 40 50 0 20 40 60 80 100
COLLECTOR CURRENT (AMPERES) COLLECTOREMITTER VOLTAGE NVOLTS) MOUNTING BASE TEMPERATURE (°C)
The Safe Operating Area Curves indicate Ic—  (Duty cycle of the excursions make no significant
VcE limits below which the device will not go into  change in these safe areas.) To insure operation
secondary breakdown. Collector load lines for spe- below the maximum Tj, the power-temperature

cific circuits must fall within the applicable Safe  derating curve must be observed for both steady
Area to avoid causing a collector-emitter short. state and. pulse power conditions.
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2N350A, 2N351A, 2N376A (continued)

ELECTRICAL CHARACTERISTICS

(at mounting base temperature 25°C = 3°C.)

GENERAL Symbol Minimum Typical Maximum Unit
Collector Cutoff Current I
Vop = 30V CBO — — 3.0 mA
Veg=2V — 50 — LA
Vep =30V, T =100°C — — 30 mA
Emitter Cutoff Current I
Vpp = 10 V EBO _ — 2.0 mA
EB
Collector Breakdown Voltage BVCES
Ic=1A (RBe=10Q) 40 —_ — Vde
lc = 330mA, Reeg =0
(This test should be made
under dynamic conditions only)
ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C == 3°C.)
COMMON EMITTER 2N350A 2N351A 2N376A Unit
Sym Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Power Gain (x 0.5 db) Gpg dB
POUt =4 Watts, vCE =12 v, 33 32 35 34 37
Ic =0.7A, £=1KkHz 0= - -
Total Harmonic Dis'tqrtion ) =190l =1 =170 — — {70 9
under same conditions as power gain
DC Forward Current Gain hpg
Ve =2V, Ic=07A 20 [ — | 60 {25 | — | 90 | 85 | — | 120
Current Gain Frequency Cutoff {ae kHz
Veg =12V, Ic =0.7TA,
f =1KkHz ref 50| —| — | 50— | — |50 — |—
Small-Signal Forward Current Gain heo
f=1kHz, Vcg =2V, Ic =0.TA — (3% — | — |45 | — | — | 60 | —
Small-Signal Input Impedance hﬁ Ohms
f=1kHz, Vog =2V, Ic =0.7TA € 50|— | 17{60|— | 20|70 — |25
Collector Saturation Voltage v, Vde
I~ =3 A, Ig =300 mA CE(SAT) — |08f1B| — | — | — | — | — | —
C B
Base-Emitter Voltage VgE Vde
Ir =3 A, I =300 mA — |10f200({ — | — | — | — | — | —
C B
Collector Saturation Voltage A\’ Vde
Io =44, Ip = 400 mA CEGAT)) _ | | — | — Jos|1ms| — | — |—
Base-Emitter Voltage VBE Vdc
IC =4A, Ig =400 mA — | — | — | — |10]2.00| — | — | —
Collector Saturation Voltage \2 Vde
Ig =5A, Ig = 500 mA CEEGAT) _ | | | — | —|—|— 08 |1
Base-Emitter Voltage VBE Vde
Ic=5A, Ig =500 mA —_ -} -] | — ] =] =110 |2.00
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2N350A, 2N351A, 2N376A (continued)

»

OUTPUT CURRENT versus INPUT CURRENT versus
EMITTER-DRIVE VOLTAGE EMITTER-DRIVE VOLTAGE
5.0 200
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45 - -
/7 /
4. 160
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Vae, BASE TO EMITTER VOLTAGE (VOLTS) Vse, BASE TO EMITTER VOLTAGE (VOLTS)

an375 (éERMANIUM)

2N618
2N1359 PNP germanium power transistors for general pur-
2N1360 pose switching and amplifier gpplications.
2N1362 thru 2N1365
@2 STYLE 1"
° & Q) N e

CASE-COLLECTOR

MAXIMUM RATINGS

2N1359 [2N375] 2N1362]2N1364

Rating | Symbol | 5N1360 | 2N618|2N1363 2N1365] Uit
Collector-Emitter Voltage VCES 40 60 75 100 ~Vde
Collector-Base Voltage VCB 50 80 100 120 Vdc
Emitter-Base Voltage ) VEB 25 40 50 60 Vde
Collector Current-Continuous IC 3.0 Adc

Peak _ 10

Total Device Dissipation @ T, = 25°¢C Py ' 106 | watts

Derate above 25°C 1.25 w/°c
Op;rating and Storage Junction Ty Tetg °c

Temperature Range : -65 to +110 -

THERMAL CHARACTERISTICS
Characteristic - Symbol Max Unit

Thermal Resistance, Junction to Case oJC 0.8 °C/W
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2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued)
ELECTRICAL CHARACTERISTICS

(T = 25°C unless otherwise noted)

Characteristic Types Symbol  |Minimum | Typical | Maximum| Unit
Collector-Base Cutoff Current 2N1359, 2N1360 I mA
’ CBO
(Vo =40V, 15 =0) -- -- 3.0
(Veg =530V, Ig =0 - | - 20,0
(Vep=60V, IE = 0) 2N375, 2N618 -- -- 3.0
(Vep=80V, IE = 0) -- -- 20.0
(Vep=1V, Ig = 0 2N1362, 2N1363 -- -- 3.0
(Vecp =100V, IE = 0) -- -- 20.0
(Vep =100V, Ig = 0) 2N1364, 2N1365 -- -- 3.0
(Vcp=120V, Ig = 0) - .- 20.0
Collector-Base Cutoff Current
at Tc = +90°C ICBO -- -- 20 mA
VCB = 1/2 BVCEg rating
Emitter -Base Cutoff Current
(Vgg = 12V, I = 0) Izso -- -- 0.5 | mA
(Vgp = 25V, Ic = 0) 2N1359, 2N1360 -- - 20
(VEp = 50V, Ic = 0) 2N1362, 2N1363 - - 20
(VEB = 60V, Ic = 0) 2N1364, 2N1365 -- -- 20
Collector -Emitter Breakdown
Voltage Vdc
Ic = 500 mA, Vgg = 0) 2N1359, 2N1360 BV ps 40 -- --
2N375, 2N618 60 -- --
2N1362, 2N1363 5 -- --
2N1364, 2N1365 100 -- --
DC Current Transfer Ratio ) hFE -
(Veg =4V, I = 1.04) 2N1359, 375, 1362, 64 35 55 90
2N1360, 618, 1363, 65 60 90 140
(Vcg = 4V, IC = 1,04) 2N1359, 375, 1362, 64 15 22 --
2N1360, 618, 1363, 65 20 35 --
Transconductance mhos
(VCE = 4V, Ic = 1.04) 2N375 EFE 0.8 [ 1.25 | 2.2
. 2N618 1.0 1.6 2.5
2N1359, 2N1362, 2N1364 0.8 1.25 --
2N1360, 2N1363, 2N1365 1.0 1.6 --
Frequency Cutoff fae . kHz
(VCE = 4V, Ic = 14 2N375 5.0 18.5 -
(VCE = 4V, Ic = 14 2N618 5.0 8.5 -
(VCE =4V, Ic = 34 2N1359, 2N1362, 2N1364 7.0 10 --
(VCE = 4V, Ic = 3A) 2N1360, 2N1363, 2N1365 5.0 8.5 | --
Collector Saturation Voltage VCE(sat) Vvde
(IC = 2.0 A, Ig = 200mA) 2N1359, 375, 1362, 64 -- 0.4 1.0
2N1360, 618, 1363, 65 -- 0.3 0.8
Base-Emitter Drive Voltage VBE Vdc
(o = 2.0A, Ig = 200 mA) 2N1359, 375, 1362, 64 -- 0.7 -
2N1360, 618, 1363, 65 -- 0.6 --
Collector-Emitter Punch-
Through Voltage VEBF Vdc
(Vep = 50V, Ic = 0) 2N1359, 2N1360 - - 125
(Vep = 100V, Ic = 0) 2N1362, 2N1363 -- -- 1.25
(Vep = 120V, Ig = 0) 2N1364, 2N1365 | o-- -- 1.25
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2N375 (continued)

POWER-TEMPERATURE DERATING CURVE

120

The maximum continuous power is

;i 110 related to maximum junction tempera-
g \\ ture, by the thermal resistance fac-
§ 100 tor. For d.c. or frequencies below
i \\ 25 cps the transistor must be operated
g% within the constant Pp = Ve x Ic
a hyperbolic curve. This curve has a
$ \ value of 106 Watts at case tempera-
& tures of 25°C and is 0 Watts at 110°C
a 20 \ with a linear relation between the two
o ~ temperatures such that
° Pp allowable = 110° - Tc
0 20 40 60 80 100 110 0.8
TC’ Case Temperature ©c)
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COLLECTOR-EMITTER VOLTAGE (VOLTS)

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.



aN376 A (GErRMANIUM)

For Specifications, See 2N350A Data,

2N378 thrv 28380 (GERMANIUM)

2N459,A

CASE 11

STYLE

PIN 1. BASE
2. EMITTER

CASE-COLLECTOR

MAXIMUM RATINGS

O o

PNP germanium power transistors for general pur-
pose power amplifier and switching applications.

Rating Symbol | 2N378 | 2N379 2N380 2N459 |2N459A] Unit
Collector-Emitter Voltage VCEO 20 40 30 60 60 Vdc
Collector-Emitter Voltage VCEX vde

(VBE =1.5V) 40 80 60 - -

(VBE =1.0V) - - - 105 105
Collector-Emitter Voltage VCES - - - 70 70 Vde
Collector-Base Voltage VCB - - - - 105 Vdc
Emitter-Base Voltage VEB - - - 10 25 Vdc
Collector Current IC 5.0 Adc
Operating Junction TJ -65 to +110 °C

Temperature Range
Total Device Dissipation @ T = 25°C PD 106 Watts

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic | Symbol [Min ]Max | Unit l
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vdce
(IC =100 mAdc) 2N378 20 -
2N379 40 -
2N380 30 -
2N459, 2N459A 60 -
Collector Cutoff Current ICEX mAdc
(VCE =40 Vdc, vBE(off) =1.5 vde) 2N378 - 10
(VCE =60 Vdc, VBE(off) =1.5 Vdc) 2N380 - 10
(VCE =80 Vdc, VBE(off) = 1.5 Vde) 2N379 - 10
(VCE =105 Vdc, vBE(o{f) =1.5 Vdc) 2N459 - 10
(VCE =105 Vdc, vBE(off) =1.0 Vdc) 2N459A - 10
Collector Cutoff Current I mAdc
(V .o, = 25 Vdc) CBO ) 0.5
CB
(Vop =25 Vde, T =85°C) - 7.5
Emitter Cutoff Current IEBO mAdc
(VBE =10 Vdc) 2N380 - 1.5
2N459 - 2.0
(VBE =25 Vdc) 2N459A - 2.0
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2N378, thru 2N380 2N459, 2N459 A (continued)
ELECTRICAL CHARACTERISTICS (continued)

Characteristic l Symbol | Min lMax [ Unit]
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 2.0 Ade, VCE =2.0 Vdce) 2N3178 40 80
2N379, 2N459 20 70
2N380 30 70
2N459A 40 70
(IC =5.0 Adc, VCE =2.0 Vde) 2N459A 20 -
Collector-Emitter Saturation Voltage VCE(sat) Vde
(IC = 2.0 Adec, IB = 0.2 Adc) 2N378-2N380, 2N459 - 1.0
2N459A - 0.3
Base-Emitter Voltage \ Vde
(Ip = 2.0 Adc, Vi = 2.0 Vdc) 2N378 BE(n) | _ | 16
2N379, 2N459, 2N459A - 1.3
2N380 - 1.0
DYNAMIC CHARACTERISTICS
Common-Emitter Cutoff Frequency f kHz
(Io = 1.0 Ade, Vp = 2.0 Vde) 2N378-2N380, 2N459 ae 5.0 -
(IC = 2.0 Adc, VCE = 2.0 Vdc) 2N459A 5.0 -

2-24



2N38 1 hru 28383 (GERMANIUM)
2N2 l 7 ] : ST::;‘IE ll.:EMlTTER

2. BASE
1 3 3. COLLECTOR

PNP germanium transistors for small-signal audio
CASE 31 amplifiers, Class B push-pull output stages and medium -

(TO:5) X . . X
speed switching circuits.
Base connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Base Voltage VCB 50 Volts
Collector-Emitter Voltage (RBE = 10K) VCER 25 Volts
Emitter-Base Voltage VEB 20 Volts
Collector Current IC 400 mA
Junction Temperature T B -65 to +100 °C
Collector Dissipation pD

T A 25°C 225 mW

derate 3.0 mW/°C

Tc = 25°C 500 mW

derate 6.7 mW/°C

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

Characteristics Symbol | Min [Typical| Max | Unit
Collector-Base Cutoff Current I nAde
(V.. = -25 Vde) CBO
CB~ : ---| 60 10
Emitter-Base cutoff Current IEBO pAdc
[\ = -20 Vdc)
EB --- 5.0 10
Collector-Emitter Voltage BVCER Vde
(IC =500 iAdc, RBE = 10K) 25 . o
Collector-Emitter Voltage BVCER Vde
(IC =50 1 Adc, VBE = 1.0 Vdc) IN381 o 50 R
2N382, 2N383, 2N2171 --- 45 | ---
DC Current Gain hFE -
(IC = 20 mAdc, VCE = -1.0 Vdc) 2N381 35 --- 65
2N382 60 .- 95
2N383 5 - - - 120
2N2171 110 - - - 250
(IC = 100 mAdc, VCE = -1.0 Vdc) 2N381 30 .- - -
2N382 50 T R
2N383 65 - -
2N2171 90 - -
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2N381 thru 2N383 . 2N2171 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristics Symbol | Min |Typical] Max | Unit
Small Signal Current Gain ht
(I = 10 mA, Vg = -5.0V, £ = 1kHz) € T
2N381 35 60 85
2N382 70 90 135
2N383 90 115 155
2N2171 120 210 310
Voltage Feedback Ratio h x1073
(Ig=10mA, Voo = -5V, f=1kHz) re
2N381 --- 1 0.66 -
2N382 - == 0.69 -
2N383 --- ] 0.72 ---
2N2171 -- 0.75 -
Input Impedance hi ohms
(Ig=10mA, Voo =-5.0V, f= 1kHz) €
2N381 --- 300 ---
2N382 --- | 450 | ---
2N382 --- 550 ---
2N2171 --- 850 | -- -
Output Admittance hoe umhos
=1 = -5, =
(IC OmA, Vop=-5.0V, f=1kHz) S . 420 L
2N382 --- 400 -
2N383 --- 380 ---
2N2171 - 500 ---
Transducer Gain GT dB
(R, =300, R, =5009) 2N381 --- ] 36 ---
(Rg=450s2~, R; =5000) 2N382 ---| 38 ---
(Rg:ssosz,RL=soon) 2N383 --- 1395 | ---
(Rg =1785Q , R, =5009) 2N2171 --- | 42.5 ---
Output Capacitance Cob -=-=-120 --- pF
(Io=1mhA, Vop = -6V)
Noise Figure NF dB
(IC=1mA,VCE=-6V,Rg=1kc,f=lkHz) oN351 . 60 L
2N382 - 5.5 -
2N383 - 5.0 -
2N2171 - - 3.5 ---
Cutoff Frequency f ab MHz
(1o = 1mA, Vep = -6V)
2N381 - 3.0 -
2N382 - 4.0 ---
2N383 - - - 5.0 ---
2N2171 --- 7.5 ---
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aN398,2n398 A (GErmaNIUM)

PNP germanium transistor for high-voltage, audio-

2 STYLE 1:
PIN 1. EMITTER
1 3 2. BASE
3.COLLECTOR
CASE 31
(TO-5)

All leads isolated

MAXIMUM RATINGS

frequency applications.

Rating Symbol 2N398A 2N398 Unit
Collector-Base Voltage VCB 105 105 Vde
Collector-Emitter Voltage VCEO 105 105 Vde
Emitter-Base Voltage VEB 50 50 Vdc
DC Collector Current IC 200 100 mA
Emitter Current IE 200 100 mA
Junction Temperature 3 -65 to +100 -65 to +85 °C
Storage Temperature Tstg 465 to +100 -85 to +85 °C
Collector Dissipation @ 25°C Py 150 50 mW
Thermal Resistance, Junction to Ambient 93A max 0.5 1.2 C/mwW
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristics Symbol Min | Typical Max | Unit
Collector-Base Cutoff Current ICBO - 12.0 50 1A
Vag =105V, I =0)
CB B
Collector-Base Cutoff Current ICBO - 5.0 14 uHA
(VCB=2.5V, IB=0)
Emitter-Base Cutoff Current IEBO - 3.0 50 uHA
Vo =50V, I, =0)
EB C
Collector-Emitter Saturation Voltage \4 - 0.11 0.35 Vdc
(; = 5 mAdc; I, = 0. 25 mAdc) CE (AT)
Base-Emitter Saturation Voltage VB E (SAT) - 0.22 0. 40 Vdce
(IC =5 mAdc; I'B = 0. 25 mAdc)
DC Current Transfor Ratio hFE 20 65 - -
(Ic =5 mAdc; VCE =0, 35 Vdc)
DC Collector-Emitter Punch-Through Voltage VPT 105 160 - Vdc
(V ., necessary to obtain V_, of -1 V max,
CB EB
using instrument with Zin > 11 megohm to
measure VBE)
Small-Signal Short-Circuit, Forward Current f b - 1.0 - MHz
Transfer Ratio Cutoff Frequency ¢
(VCB =6Vde; Ip =1 mAdc)
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2N398 (continued)

POWER — TEMPERATURE DERATING CURVE DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT
Vep =035
200 70
180
60
160
Z 150 [y
5 10 2 %
z £
El 2N398A =
:wm ¢ Ew
3 s
= 100 =
& ] N
2 g 2
= 80 2 \
o« © \
H 8
2 60 E 5
N 2N398 = ~
a \
40 <
N 10
20 ‘\
0 D 0
0 10 2 30 40 50 60 70 8 90 100 0 20 40 60 80 100 120 140 160 180 200
T., AMBIENT TEMPERATURE (°C) I,-, COLLECTOR CURRENT (MILLIAMPERES)
LARGE SIGNAL CURRENT GAIN (H ¢¢ ) versus TEMPERATURE OUTPUT CURRENT versus BASE-DRIVE VOLTAGE
(Normalized to 25°C Value; Vce = 0.35V) (Vee=—1V)
200 260 /
180 // 240 f
/ 220 /
160 /
/ g 200 /
140 & 180
- lc = §mA H
S 160
o 120 ! ),
5 HS
& | c 140
- 100 bt . L E 120 ) /
g I, Ic = 50mA 3 /
(-3
pre 80 g 100 /
* w0 ER
< 60 4
40
w0 /
20 20
0 0
—60 —40 —20 0  +20 +40 +60 +80 +100 0 01 02 03 04 05 06 07 08
: TEMPERATURE (°C) Vyr,, BASE-EMITTER VOLTAGE (VOLTS)

2-28



2441 (GermANIUM)

an442 . . .

PNP germanium power transistors for power switch-
2N443 ing and amplifier applications. Power and temperature
ratings exceed EIA registration.

- STYLE I:
PIN 1. BASE
CASE 5 O @ 2. EMITTER
(TO-36) S 3. COLLECTOR

Collector connected to case

MAXIMUM RATINGS

Rating Symbol | 2N441 |2N442| 2N443 | Unit
Collector-Emitter Voltage VCES 40 45 50 Vde
Collector -Base Voltage VCB 40 50 60 Vde
Emitter-Base Voltage VEB 20 30 40 Vdc
Base Current — Continuous IB 4.0 Adc
Emitter Current — Continuous IE 15 Adc
Total Device Dissipation @ Tc =25°C Py 150 Watts
Operating Junction Temperature Range T 7 -65 to +95 °C

(EIA Registered)
Operating Junction Temperature Range T 7 -65 to +100 °C
THERMAL CHARACTERISTICS
Thermal Resistance, Junction to Case GJC 1.0 °C/W
(EIA Registered)
Thermal Resistance, - Junction to Case eJC 0.5 °C/W

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE

. 160
4
= 140 N\
é Manufacturer
= 120
z
o
= 100
=
g 80
60 ~
i S
w ~
% 40 =~ -
EIA registered ~
% 2 ~
o ~
0 >Sa
0 20 40 60 80 100

Tc, CASE TEMPERATURE (°C)

The maximum continuous power is related to maximum junction temper-
ature, by the thermal resistance factor.

This curve has a value of 150 Watts at case temperatures of 25 C and is
0 Watts at 100°C wuth a linear relation between the two temperatures such that
0° — Tc

Pp all 10
D allowable = 05
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2N441 thru 2N443 (continued)

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

[ Characteristic I Symbol l Min I Typ l Max I Uniq
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCE 0* Vde
(IC =1.0 Ade, Ig =0) 2N441 25 - -
2N442 30 - -
2N443 45 - -
Collector-Emitter Breakdown Voltage* BVCES* Vde
(IC = 300 mAdc, VeE = 0) 2N441 40 - -
2N442 45 - -
2N443 50 - -
Floating Potential VEBF Vde
(VCB =40 Vde, IE =0) 2N441 - - 1.0
(VCB =50 Vde, IE =0) 2N442 - - 1.0
(VCB =60 Vde, IE =0) 2N443 - - 1.0
Collector Cutoff Current ICBO mAdc
(VCB =2.0 Vde, IE =0) - 0.1 -
(VCB =40 Vdec, IE =0) 2N441 - 2.0 8.0
(VCB =50 Vde, IE =0) 2N442 - 2.0 8.0
(VCB =60 Vdec, IE =0) 2N443 - 2.0 8.0
(VCB =40 Vdc, IE =0, TB =T1°C) 2N441 - - 15
(VCB =50 Vdc, IE =0, TB =1T1°C) 2N442 - - 15
(VCB =50 Vdc, IE =0, TB =171°C) 2N443 - - 15
Emitter Cutoff Current IE BO mAdc
(VBE =20 Vdc, Ic =0) 2N441 - 1.0 8.0
(VBE =30 Vde, IC =0) 2N442 - 1.0 8.0
(VBE =40 Vdc, Ic= 0) 2N443 - 1.0 8.0
ON CHARACTERISTICS
DC Current Gain hFE -
(lc =5.0 Adc, VCE =2.0 Vdc) 20 - 40
(IC =12 Adc, Veg =2-0 Vde) - 20 -
Collector-Emitter Saturation Voltage v, Vde
(g = 12 Adc, I = 2.0 Adc) aN441 CE(sat) - 0.3 -
2N442 - 0.3 -
2N443 - 0.3 1.0
Base-Emitter Voltage VBE Vde
(I, =5.0Adc, V =2.0 Vde) 2N441 - 0.65 -
C CE
2N442 - 0.65 -
2N443 - 0.65 0.9
DYNAMIC CHARACTERISTICS
Common-Emitter Cutoff Frequency f e kHz
(Io =5.0 Ade, Vg = 6.0 Vdc) a - 10 -
SWITCHING CHARACTERISTICS
Rise Time tr us
(VCE =12 Vde, IC =12 Adc, IB = 2.0 Adc) - 15 -
Fall Time ti s
(Ic =0, VBE =6.0 Vdc, RBE =10 ohms) - 15 -

* Pulse Test: Pulse Width = 300 pus, Duty Cycle < 2.0%.
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2N441 thru 2N443 (continued)

TYPICAL COMMON-EMITTER CHARACTERISTICS

FIGURE 2 — OUTPUT CHARACTERISTICS
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FIGURE 3 — OUTPUT CHARACTERISTICS
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2N456A cermanium)

2457 A
an458A

7 AMPERE
PNP GERMANIUM POWER TRANSISTORS POWER TRANSISTORS
PNP GERMANIUM
. . . designed for general-purpose power amplifier and switching 40-60-80 VOLTS
applications. 85 WATTS
® High DC Current Gain —
hFg =30-90@ Ic = 5.0 Adc
® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.5 Vdc (Max) @ I¢ = 5.0 Adc
*MAXIMUM RATINGS
Rating Symbol | 2N456A| 2N457A [2N458A Unit
Collector-Emitter Voltage VCEO 20 30 40 Volts
Collector-Base Voltage Vee 40 60 80 Voits A B c
Emitter-Base Voltage VER |-—-—r 20 ——=| Volts L — 3
Collector Current Ic - 7.0 ———= Adc
Base Current Ig ——— 3.0 ——] Adc ' 0
N i e E -~
Total Device Dissipation @ T¢ = 25°C Pp 85 Watts SEATING |
Derate above 25°C - 1.0 w/ec PLANE
Operating and Storage Junction Ty Tstg |~ -6510+110 ——»= oc J—]
Temperature Range

*Indicates JEDEC Registered Data.
N

STYLE 1:
PIN 1. BASE
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 2 EMITTER
eTa @Te CASE: COLLECTOR
50 100
g 85 Tc
T 48 —MILLIMETERS| __INCHES
ggp w A | OIM [ MIN_TMAX | MIN | MAX
2F \
< A 550
E= 20 40 —~ 5 -—04
; 10 20 .300 |
5 —— D .043
£ 4 — E 135
0 25 50 75 00 10 125 £ %
T, TEMPERATURE (°C) H 2 “‘;(51
280
] 161
— 128671 | - .050
Collector connected to case.
CASE 11
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2N456A, 2N457A, 2N458A (continued)

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

[ Characteristic L Symbol l Min Max Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVceo Vdc
(Ic =200 mAdc, I1g = 0) 2N456A 20 -
2N457A 30 —
2N458A 40 -
Collector-Base Cutoff Current IcBO mAdc
(Vcg =20 Vdc, Ig =0) 2N456A - 0.5
(Vg =30 Vdc, Ig = 0) 2N457A - 0.5
(Vcg =40 Vdc, Ig =0) 2N458A - 0.5
(Vcg =40 Vdc, Ig = 0) 2N456A - 2.0
(Vcg =60 Vdc, Ig = 0) 2N457A - 2.0
(Vcg =80 Vdc, Ig = 0) 2N458A - 2.0
(Vcg =40 Vdc, Ig = 0, Tg = +71°C) 2N456A - 10
(Ve =60 Vdc, Ig =0, T¢ = +71°C) 2N457A - 10
(Ve =80 Vdc, I =0, Tc = +71°C) 2N458A - 10
Emitter-Base Cutoff Current IEBO - 2.0 mAdc

(VEg =20 Vdc, I¢ = 0)

ON CHARACTERISTICS i
DC Current Gain hege - I

(Ic = 1.0 Adc, Vcg = 1.5 Vdc) 40 - i

(Ic =3.0 Adc, Vg = 1.5 Vdc) 35 -

(Ic = 5.0 Ade, Vcg = 1.5 Vdc) 30 90 i

(lc=7.0 Adc, Vcg = 1.5 Vdc) 22 - |
Collector-Emitter Saturation Voltage VCE(sat) - 0.5 Vdc

(Ic = 5.0 Adc, Ig = 500 mAdc)

Base-Emitter Voltage Vge - 1.5 Vdc
(Ic =5.0 Adc, Vcg = 1.5 Vdc) |

DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fr 200 - kHz
(Ic = 1.0 Adc, Vg = 2.0 Vdc)

Input Impedance hie - 28 Ohms
(lc = 5.0 Adc, Vcg = 1.5 Vdc)

*Indicates JEDEC Registered Data.

2N459, A (GERMANIUM)

For Specifications, See 2N378 Data.
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2n460, 28461 (GErmANIUM)

13

CASE 31
(TO-5)
Base connected to case

STYLE 1:
PIN 1. EMITTER

§' gaﬁEmR PNP germanium transistor for general purpose

industrial applications.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage v CB 45 Volts
Collector-Emitter Voltage (RBE =1K) VCER 35 Volts
Emitter-Base Voltage VEB 10 Volts
Collector Current Ic 400 mA
Collector Dissipation PD

at 25° C Case Temperature 500 mW
Derate above 25°C 6.7 mW/°C
at 25° C Ambient Temperature 225 mwW
Derate above 25°C 3.0 mw/°C
Junction Temperature Range T 7 -65 to +100 °C

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

Characteristics Symbol| Min [Typical| Max | Unit
Collector-Base Cutoff Current ICBO uAdce
(Vo = 45 Vde) - o 15
Emitter-Base Cutoff Current B0 uAde
(VEB = =10 Vdc) —— _—- 10
Collector -Emitter Voltage BVeER Vde
(IC =1 mAc!c,RBE =1K) 35 - -—
Small-Signal Current Gain hib —-——-
(vCB = -6 Vdc, IE =1 mAdc, f = 1 kHz) 2N460 0.94 0.96 0.972
2N461 0.955 | 0.968 | 0.988
Small-Signal Current Gain h ———
= _ _ 2N460 fe 17 36
(Vop = =6 Vdc, Ip = 1 mAde, { = 1 kHz) aN461 a1 - 200
Reverse Voltage Ratio h b x10-4
(Vog = =6 Vde, I = 1 mAdc, £ = 1 kHz) 2N460 | T --- 2.0 15
) 2N461 -— 3.0 15
Input Resistance h'b Ohms
(Vop - -6 Vdc, I = 1 mAdc, { = 1 kHz) 2N460 | 25 30 40
2N461 25 -——- 40
Output Admittance h b umho
(VCB = -6 Vdc, Ip = 1 mAdc, f = 1 kHz) 2N460 o --- 0.8 1.5
2N461 --- 0.5 1.5
Frequency Cutoff f MHz
(Veg = -5 Vde, I = 1 mAdc) 2N460 | - L2 | ---
2N461 ——- 4.0 -
Output Capacitance (o) ob pF
(VCB = -10 Vde, lE =1 mAdc, f = 1 MHz) - 20 -
Noise Figure NF dB
(VCE = -4.5 Vdc, IE =0.5 mAdc, R_= 1K, f = 1kHz)2N460 -—-- 5.0 | ---
€ 2N461 --- 4.0 | ---
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aN464 thrv 2N467 (GERMANIUM)

2 STYLE1:

PIN 1. EMITTER
1 3 2. BASE . . .
a.coLtector PNP germanium transistor for general purpose appli-
cations in the audio-frequency range.

CASE 31
(TO-5)
Base connected to case

MAXIMUM RATINGS

Rating Symbol | 2N4B4 | 2N465 | N6 | 2N6T | Unit
Collector-Base Voltage vCB 45 45 35 35 Volts
Collector-Emitter Voltage A CER 40 30 20 15 Volts
Emitter-Base Voltage v EB 12 Volts
DC Collector Current IC mA
500
Max. Junction & Storage Temperature T 7 and °C
T
st
& 100
Collector Dissipation, Ambient P, mW
200
Derate above 25°C 2,67 mwW/°C
Thermal Resistance, Junction to Ambient 65 0. 3175 °C/mW
ELECTRICAL CHARACTERISTICS (TA =25°C unless otherwise noted)
Characteristic Symbol Min | Typ | Max Unit
Collector-Emitter Breakdown Voltage BV CER Vde
(Ic = 0.6 mAdc, Rpp= 10 K ohms) 2N464 40 | - -
2N465 30 | - -
2N466 20 | - -
2N467 15 | - -
Collector-Base Cutoff Current IC BO uAdc
(VCB = 20 Vdc) - 6.0 15
Small Signal Current Gain Cutoff Frequency f ob MHz
(VCB = 6 Vdc, Ig= 1 mAdc) 2N464 - 0.7 | -
2N465 - 0.8 -
2N466 - 1.0 -
2N467 - 1.2 | -
Small Signal Current Gain hfe -
(VCE = 6 Vdc, IE = 1.0 mAdc, f = 1 kHz) 2N464 14 26 | —
2N465 27 45 -
2N466 56 90 -
2N467 112 180 | -
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2N464 thru 2N467 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol Min | Typ | Max Unit
Small Signal Input Impedance hie Ohms
(VCE =6 Vdc, Ig= 1.0 mAdc, f = 1KkHz) 2N464 - 900 | -
‘ 2N465 - 1400 | -
2N466 - 3000 | -
2N467 - 5500 -
Small Signal Power Gain G dB
(VCE = 6 Vdc, IE = 1.0 mAdc, f = 1kHz, matched) 2N464 € - 40 | -
2N465 - 42 | -
2N466 - 44 | -
2N467 - 45 | —
Noise Figure NF dB
(VCE = 2.5 Vde, Ip = 0.5 mAdc, f = 1kHz , R = 10 Kohms, E - - 22
Af =1 Hz

POWER-TEMPERATURE DERATING CURVE

200
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E o
£ 140 7 s
= o~
s 120 AN <
L 00 \\ E
£ 80 =
(724 ud
g €0 N E
£ N\
e 40 N
20 N
0
0 10 20 30 40 50 60 70 80 90 100
AMBIENT TEMPERATURE °C
Input Current versus Emitter-Drive Voltage
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v 16 / ;
& N, / / =
g nags | [/ / / =
= d z
2 12 7“", 3
S / / / =
Z 10 v, g
=2 1 &
= 171/ s
g 8 7 2
s / [/~ 2Nag6 z
w . + 7]
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¢ /4 3
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. /4
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SMALL SIGNAL CURRENT GAIN versus TEMPERATURE
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2N499 (Ge Mesa)

(2N499 JAN AVAILABLE)

n499A

(2N499A JAN AVAILABLE)
2N502A JAN AVAILABLE
2N5023 JAN AVAILABLE

PNP GERMANIUM
AMPLIFIER
TRANSISTORS

PNP GERMANIUM HIGH-FREQUENCY TRANSISTORS 2N499, 2N499A A

2N499JAN, 2N499AJAN
]
‘F

... designed for driver applications, small-signal amplification, wide
band video amplifiers, and VHF/UHF oscillators.

Py
¥ £
SEATING
YLE 1

STYLE1: PLANE K
PIN 1. EMITTER
2. BASE |
3. COLLECTOR
-

MILLIMETERS
OIM[ MIN_| MAX
Al - (610
— 041
D | - X
0.406
*MAXIMUM RATINGS e Tvss X
38.10 1.
2N499 L |63 - [0250 | -
2N499JAN M| 90° NOM NOM
2N499A 2N502AJAN Pl - [1o] - [005%0
Rating Symbol | 2N499AJAN 2N502BJAN Unit Al JEDEC notes and dimensions apply.
CASE 149-02
Collector-Base Voitage Ves 30 Vdc T01
Emitter-Base Voltage Ve 0.5 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Power Dissipation @ Tp = 26°C Pp 60 | 75 mw
Operating Junction Temperature Range Ty 100 oc
*Indicates JEDEC Registered Data. 2N502AJAN
2N502BJAN
— A
[ " { [miLLiMeTERS | IncHES
T i ‘f DiM [ MIN_[MAX [ MIN | MAX
;
M
R
STYLE1 imensi
PIN 1. EMITTER All JEDEC dimensions and notes apply.
2. BASE CASE 79-02
3.COLLECTOR T0-39
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2N499, 2N499JAN, 2N499A, 2N499AJAN, 2N502AJAN, 2N502BJAN (continued)

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

r Characteristic I Symbol T Min Max Unit
| OFF CHARACTERISTICS
Collector Cutoff Current lcBO Adc
(Veg =10 Vde, |g = 0) 2N502A,BJAN - 4.0
(Veg =15 Vdc, lg = 0) 2N499,A, 2N499,AJAN - 10
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fr . MHz
(Ig= 2.0 mAdc, Vgg = 10 Vdc, f= 20 MHz) 2N499,A, 2N499,AJAN 120 -
(lc=2.0mAdc, Vgg = 10 Vdc, f= 100 MHz) 2N502A,BJAN 150 600
QOutput Capacitance Coh pF
(Vgg=10Vdc, Ig= 0, f = 4.0 MHz) 2N499,A, 2N499,AJAN - 25
2N502A,BJAN - 1.6
Small-Signal Current Gain hte -
(Ic=1.0mAdc, Vcg = 9.0 Vde, f= 1.0 kHz) 2N499,A, 2N499, AJAN 20 80
(lc=2.0mAdc, Vgg =10 Vdc, f= 1.0 kHz) 2N502AJAN 15 200
2N502BJAN 25 80
Collector-Base Time Constant rpCe ps
; (lg=2.0mAdc, Vgg =10 Vdc, f=46 MHz) 2N499,AJAN 5.0 50
‘ 2N499 - 250
2N499A 5.0 250
2N502A,BJAN 5.0 25
Noise Figure NF dB
(lg=2.0mAdc, Vg = 10 Vdc, f = 200 MHz) 2N502A ,BJAN - 7.0
FUNCTIONAL TEST )
Common-Emitter Amplifier Power Gain Gpe dB
(Ve =10 Vdc, Ig = 2.0 mAdc, f= 100 MHz) 2N499,A,2N499,AJAN 75 -
(Ve = 10Vdc, Ig = 2.0 mAdc, f = 200 MHz) 2N502A,BJAN 10 20

*Indicates JEDEC Registered Data.

2n508 (Germanium)

For Specifications, See 2N322 Data
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2N508A (GERMANIUM)

PNP GERMANIUM
PNP Germanium Milliwatt transistor designed for low AUDIO AND SWITCHING
noise audio and switching applications. TRANSISTOR

® Small-Signal Current Gain —
hfe = 180 (Max) @ [g = 1.0 mAdc

® Low Noise Figure Applications —

NF = 5.0 dB (Max) @ ICc = 1.0 mAdc

MAXIMUM RATINGS

Rating Symbol Value Unit
*Collector-Emitter Voltage VCER 25 Vde
(RBE = 10 kohms)
*Collector-Emitter Voltage VCES 30 Vde
*Collector-Base Voltage CB 30 Vde
*Emitter-Base Voltage VEB 10 Vde
*Collector Current IC 200 mAdc
*Total Device Dissipation @TA =25°C Py 200 mW
Derate above 25°C 2.67 mW/°C
Operating and Storage Junction T,T -65 to +100 °c
stg
Temperature Range

*Indicates JEDEC Registered Data

All JEDEC dimensions and notes apply.
CASE 31-03
T0-5
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2N508A (continued)

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

Characteristic ] Symbol I Min I Max l Unit
OFF CHARACTERISTICS )
*Collector-Emitter Breakdown Voltage BVCER Vdc
(IC =600 pAdc, RBE =10 k ohms) 25 -
*Collector Cutoff Current ICBO ) uAdc
(VCB =25 Vdc, IE =0) - 7.0
R
Emntter“Cutoff Curre_nt IEBO (LAde
(VBE =10 Vdc, Ic =0) - 7.0
ON CHARACTERISTICS
*DC Current Gain ' hFE -
(IC =20 mAdc, VCE =1.0 Vde) 100 200
*Base-Emitter Voltage VBE Vde
(IC = 20 mAdc, VCE =1.0 Vde) 0.18 0.32
SMALL-SIGNAL CHARACTERISTICS
*Cutoff Frequency f b MHz
(I = 1.0 mAde, Vo =5.0 Vde, £ = 1.0 kHz) o 2.5 -
*Output Capacitance . C b pF
(VCB =5.0 Vdc, IE = 1.0 mAdc, f = 1.0 MHz) ° - 35
*Input Impedance h'b Ohms
(Ig = 1.0 mAde, Vg =5.0 Vde, = 1.0 kHz) t 26 31
*Voltage Feedback Ratio h b -
(Ig = 1.0 mAdc, Vi =5.0 Vde, f = 1.0 kHz) T 1x1074 |17 x 1074
*Small-Signal Current Gain o hi -
(Ig = 1.0 mAde, Vg =5.0 Vde, £ = 1.0 kiz) e 5 180
*Qutput Admittance h b umhos
(I = 1.0 mAde, V(,p =5.0 Vdc, f = 1.0 kHz) ° 0.1 0.9
Noisé Figure NF dB
(1C = 1.0 mAdc, VCB =5.0 Vde, RS = 500 ohms, - 5.0
f=1.0 kHz, Af =1.0 Hz)

*Indicates JEDEC Registered Data.
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2N524 thrw 28527 (cERMANIUM)

13 /> PNP germanium transistor for switching and ampli-
fier applications in the audio-frequency range. Avail-
STYLE 1: \ able for military and high-reliability industrial purposes.
PIN 1. EMITTER
2. BASE
3. COLLECTOR
CASE 31
(TO-5)

Base connected to case

MAXIMUM RATINGS

(infinite heat sink)

Rating Symbol Value Unit
Collector-Base Voltage VCB 45 Vdc
Collector -Emitter Voltage VCEO 30 Vdc
Emitter-Base Voltage VEB 15 Vdc
Collector Current IC 500 mAdc
Storage and Operating Temperature Tstg’ TJ -65 to +100 °C
Collector Dissipation PD 225 mW
@ 25°C Ambient

Thermal Resistance OJA 0.333 °C/mW
Junction to Ambient

Thermal Resistance f5¢c 0.15 °C/mW
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2N524 THRU 2N527 (continued)

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise specified)

Characteristics Symbol Min Max Unit
Collector Cutoff Current ICBO - 10 uAdc
(VCB =30 Vdc, IE =0)
Emitter Cutoff Current IEBO - 10 uAdc
(VEB =15 Vde, Ic =0)
Collector-Emitter Breakdown Voltage BVCER 30 - Vdc
(IC = 0.6 mAdc, RBE = 10K)
Collector-Emitter Reach Through VRT 30 - Vdce
(Punch-Thru) Voltage
(VEB =1 Vde, VTVM Z > 1 Megohm)
Static Forward-Current Transfer Ratio hFE
(VCE =1 Vdc, Ic = 20 mAdc) 2N524 25 42 -
2N525 34 65 -
2N526 53 90 -
2N527 72 121 -
Small-Signal Short-Circuit Forward fab
Current Transfer Ratio Frequency Cutoff
(VCB =5 Vde, IE = 1 mAdc) 2N524 0.8 5.0 MHz
2N525 1.0 5.5
2N526 1.3 6.5
2N527 1.5 7.0
Output Capacitance Cob
(VCB =5 Vdc, IE =1 mAdc, f = 1 MHz) 5.0 40 pF
Small-Signal Open Circuit Output Admittance hob :
(VCB =5 Vde, IE =1 mAdc, f =1 kHz) 2N524 0. 10 1.3 umho
2N525 0.10 1.2
2N526 0. 10 1.0
2N527 0. 10 0.9
Small-Signal Open Circuit Reverse Transfer hrb
Voltage Ratio -4
(VCB =5 Vdc, IE =1 mAdc, f=1 kHz) 2N524 1.0 10 X10
2N525 1.0 11 '
2N526 1.0 12
2N527 1.0 14
Small-Signal Short Circuit Input Impedance hib
(VCB =5 Vdc, IE =1 mAdc, f=1 kHz) 2N524 26 36 ohms
2N525 26 35
2N526 26 33
2N527 26 31
Collector-Emitter Saturation Voltage VCE (sat)
(IB = 2 mAdc, lc = 20 mAdc) 2N524
(5 = 1.33 mAdc, I = 20 mAdc) 2N525 - 130 mVde
(g = 1.0 mAdc, I, = 20 mAdc) 2N526 - 130
(@5 = 0.67 mAdc, I = 20 mAdc) 2N527 - 130
- 130
Base Input Voltage VBE
(VCE =1 Vdc, IC = 20 mAdc) 2N524 220 320 mVdc
2N525 200 300
2N526 190 280
2N527 180 260
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2N524 thru 2N527 (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristics Symbol Min Max Unit
Noise Figure NF - 15 dB
(VCB =5 Vdc, IE =1 mAdc,
f=1kHz,BW =1 Hz
Small-Signal Short-Circuit h fe
Forward-Current Transfer Ratio 18 a
(\'4 =5 Vdc, I, =1mAdc, f=1 kHz 2N524 -
CE " E ’ ) 2N525 30 64
2N526 44 88
2N527 60 120
POWER-TEMPERATURE DERATING CURVE COLLECTOR CUTOFF CURRENT versus TEMPERATURE
250
@ 225 1000
£ & oo 5
5= N g 100 Vo= oV "
Z g 190 ™ e 10
gz 100 \ 2 /
g g \\ '_l: 1.0 /
< <
SE E o1 25°
a0 z
0 25 50 75 100 s 001
T,, AMBIENT TEMPERATURE (°C) <
* 0.001 //
The maximum continuous power is related to maximum junction tem- r
perature by the thermal resistance factor. . . 0.0001
0 mW a1 100-C.with  linear relation Detween e tu amiratures soch tat: 60 —40 —20 0 +20 140 160 180 +100
00° — T.
allowable Po = '—OTJ-JA TEMPERATURE (°C)
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g
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=
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COMMON EMITTER INPUT VOLTAGE versus COLLECTOR CURRENT

Icao (NORMALIZED TO INITIAL VALUE)

1.0

0.8

0.6

1 cgg VARIATION WITH TIME

Vep = —3(L volts

1000
TIME (HOURS)

2000

D-C BASE CURRENT GAIN versus COLLECTOR CURRENT

140
. T T
Vep=—1V =) Veg =—1V
5 06 b— o 2N524(A) = 120 o
g o T, = 25°C / A g T, = 25°C
o
Z o5 ,L - § 100
<9 <
3 - o g0
S 04 = — 2N527(A)
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E 03 P 2N525(A) § 60 [t IN526(R)
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2n554 (Germanium)
2N555 For Sp’ec'iﬁcations’, See 2N178 Data.

2n618 (cermaNIUM)

For Specifications, See 2N375 Data.
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2N650A, an050 (cermanium)
2nOSTA, 20651
an052A, 2n652

GERMANIUM PNP MILLIWATT TRANSISTORS

speed switching applications.

® Stabilization Bake at 100°C for 120 Hours for
Greater Gain Stability

® Low Collector-Emitter Saturation Voltage —
0.2 Vdc Typ @ Ic = 200 mA

... designed primarily for low-power audio amplifier and medium-

AUDIO TRANSISTORS
GERMANIUM PNP

45 VOLTS
200 MILLIWATTS

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage (Rgg = 10 k ohms) VCER 30 Vdc
Collector-Base Voltage Ves 45 Vdc
Emitter-Base Voltage VeB 30 Vdc
Collector Current — Continuous (1) Ic 500 mAdc
Total Device Dissipation @ Tp = 25°C Pp 200 mw

Derate above 25°C 2.67 mw/°c

Operatingand Storage Junction Temperature Range Ty Tstg -65 to +100 °c

Maximum lead temperature is 260°C for 3.0 seconds,

1/16" + 1/32" from case.

(1) Limited by power dissipation.
*THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
. Thermal Resistance, Junction to Case 65c 0.250 °c/mw
Thermal Resistance, Junction to Ambient XYN 0.375 oc/mw

*Indicatos JEDEC Registered Data.

FIGURE 1 — POWER-TEMPERATURE DERATING
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SEATING K
PLAN

STYLE1:
PIN 1. EMITTER
2. BASE

—‘—TG
3. COLLECTOR N N

N 254 BSC 0.100 BSC
- 121 —_]0.050
R 254 | - 0.100 [ —
—-_10.179 - __10.007
All JEDEC dimensions and notes apply.
CASE 31-03
TO-5
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2N650A,2N650/2N651A,2N651/2N652A,2N652 (continued)

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

L Characteristic r Symbol l Min Max l Unit

OFF CHARACTERISTICS

Floating Potential (1] VEBF - 1.0 Vdc
(Vg = 45 Vdc, |E = 0, voltmeter input resistance 2 10 megohms)

Collector Cutoff Current ICER — 600 unAdc
(VcEe = 30 Vdc, Rgg = 10 k ohms)

Collector Cutoff Current IceBo uAdc
(Vegg =30 Vdc, 1g = 0) - 10
(Vg = 45 Vdc, Ig = 0) - 50
(Veg = 10 Vdc, Ig = 0, Tp = +71°C) - 100

Emitter Cutoff Current . IeBO - 10 uwAdc

(VEg =30 Vdc, Ic=0)

ON CHARACTERISTICS

DC Current Gain hrg -
(Ic =10 mAdc, Vcg = 1.0 Vdc) 2N650 30 -
2N650A 33 -
2N651, A 45 -
2N652, A 80 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(l¢ = 50 mAdc, Ig = 2.5 mAdc) 2N650, A - 0.250
(Ic =50 mAdc, ig = 1.67 mAdc) 2N651, A - 0.250
(¢ =50 mAdc, Ig = 1.25 mAdc) 2N652, A - 0.250
(Ig= 100 mAdc, Ig = 5.0 mAdc) 2N650, A - 0.500
(1¢c = 100 mAdc, Ig = 3.33 mAdc) 2N651, A - 0.500
(I =100 mAdc, Ig = 2.5 mAdc) 2N652, A - 0.500
Base-Emitter Voltage VBE Vdc
(I =10 mAdc, Vcg = 1.0 Vdc) 2N650, A - 0.270
2N651, A - 0.260
2N652, A — 0.250
SMALL-SIGNAL CHARACTERISTICS
Common-Base Cutoff Frequency fab MHz
(Ig = 1.0 mAdc, Vg = 6.0 Vdc) 2N650, A 0.75 -
2N651, A 1.0 -
2N652, A 1.26 -
Output Capacitance (1) Cob - 25 pF
(Ve =6.0 Vdc, Ig =0, f = 1.0 MHz)
Input Impedance hip 27 37 Ohms
(Ig = 1.0 mAdc, V¢ = 6.0 Vdc, f = 1.0 kHz)
ISmall-Signal Current Gain hte -
(g = 1.0 mAdc, VgE = 6.0 Vdc, f = 1.0 kHz) 2N650, A 30 70
2N651, A 50 120
2N652, A 100 225
Output Admittance (1) hob 0.15 1.0 umhos

(lg = 1.0 mAdc, Vcp = 6.0 Vdc, f = 1.0 kHz)

Noise Figure NF - 15 dB
(1g = 0.5 mAdc, VcE = 4.5 Vdc, Rg = 1.0 k ohms,
f=1.0kHz, A f=1.0Hz)

(1) Applies only to 2N650A, 2N651A, and 2N652A Devices

*Indicates JEDEC Registered Data.

FIGURE 2 — DC CURRENT GAIN FIGURE 3 — “ON” VOLTAGES
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2N653 thru 2N65;5 (GERMANIUM)

STYLE 1:
PIN 1. EMITTER
1 3 2. BASE
CASE 31 3. COLLECTOR
(TO-5)

All leads isolated

MAXIMUM RATINGS

PNP germanium transistor, for high-gain amplifier
and switching service in the audio frequency range.

Rating Symbol Value Unit
Collector to Base Voltage v CB 30 Volits
Collector to Emitter Voltage v CER 25 Volts
Emitter to Base Voltage VEB 25 Volts
Collector D. C. Current * I 250%* mA
Junction Temperature Limits TJ -65 to +100 °C
Storage Temperature Limits stg -65 to +100 °C
Collector Dissipation in, Ambient Py 200 mwW
Derate 2. 67 mW/° C above 25°C
Thermal Resistance, Junction to Ambient O5a 0.375 °C/mwW
*Limited by power dissipation.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
h Symbol 2N653 2N654 2N655
Characteristics ymbo Unit
Min|Typ|Max| Min |Typ |Max| Min | Typ|Max
Small Signal Current Gain h‘ 30 49 170 50 80| 125 100 | 130} 250| -
Vap=6V, I =10mA, f=1kHz €
CE '’ E !
Small Signal Input Impedance hy |750 [ - |2900|1500 [ - [4700(3000 | - |8500|chms
Vep =6V, Ig=1.0mA, f=1Kkiz
Small Signal Current Gain Cutoff
Frequency ‘ab 1.5 2.0 2.5 MHz
vCB' 6V, lEs 1,0 mA
Output Capacity Cop 10 10 10 pF
Vep =6V, Iy =0mA, =1 MHz
Noise Figure NF 10 10 10 dB
Vep =45V, Ip = 0.5 mA,
Rs =1, f= kHz
Af =1 Hz
Collector Reverse Current I 5.0 15 5.0f 15 5,0] 15| uA
V=25V, L =0 CBO
cB I
Emitter Reverse Current IE 5.0 15 5.0 15 5.0 15] uA
V.. =25V,1,=0 BO
EB *°C
Collector-Emitter Reverse Current ICER 600 600 600| uA
Vg =25 V, Rgp =10k
Base-Emitter Input Voltage VBE 0.3 0.3 0. 3| Vdc
Veg=6V,Ic=10mA
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2N653 thru 2N655 (continued)

SMALL SIGNAL CURRENT GAIN (hs.)

versus TEMPERATURE POWER-TEMPERATURE DERATING CURVE
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2N056S siicon)
2n657S

® High Collector-Emitter Breakdown Voltage —
BVCEQ = 100 Vdc (Min) @ I¢ = 250 uAdc — 2N6B57

® High Emitter-Base Breakdown Voltage —
BVEBQ = 8.0 Vdc (Min) @ |g = 250 uAdc

NPN SILICON ANNULAR TRANSISTORS

... NPN silicon annular transistor designed for small-signal amplifier
and general purpose switching applications.

NPN SILICON
ANNULAR TRANSISTORS

*MAXIMUM RATINGS

|
f
h

Rating Symbol | 2N656 2N657 Unit
Collector-Emitter Voltage Vceo 60 100 Vdc
Collector-Base Voltage Vce 60 100 Vdc
Emitter-Base Voltage VEg 8.0 Vdc
Total Device Dissipation @ Tp = 25°C Pp 1.0 Watt ~— A
Derate above 25°C 5.7 mW/°C R B
Total Device Dissipation @ T¢ = 25°C Pp 4.0 Watts P (‘:
Derate above 25°C 22.8 mw/°C IR
Operating and Storage Junction TJ,Tstg -65 to +200 oc [} :_ 1
Temperature Range I~-F § E
SEATING 1 i
* o ) PLANE ~—=D
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) STYLE 1
r Characteristic l Symbol ] Min Max [ Unit 1 PIN ; sX&TER
OFF CHARACTERISTICS y L couLEcToR
Collector-Emitter Breakdown Voltage BVCEO Vdc [
(Ig = 250 pAdc, I1g = 0) 2N656 60 -
2N657 100 -
Collector-Base Breakdown Voltage BVceo Vdc
(Ic = 100 pAdc, Ig = 0) 2N656 60 -
2N657 100 -
Emitter-Base Breakdown Voltage BVEBO 8.0 - Vdc MLLIMETERS INCHES
(lg = 250 pAdc, Ic = 0) DIM [ MIN [MAX [ MIN | MAX
Collector Cutoff Current Iceo - 10 pAdc ‘; gg g? 3?[; g;g
(Ve = 30 Vdc, Ig = 0) C 10 6,60 | 0.240]0.260 |
D 406 | 0.533 1 .02
ON CHARACTERISTICS E 229 | 3.18 0! .
in(1) 406 [ 0.483 | 0.01
DC Current Gainl hee 30 90 - 3 3 33 90
(I¢ = 200 mAdc, Vcg = 10 Vdc) H 7111 0.864 | 0.028
737 | 1.02 .029 | 0.
Collector-Emitter Saturation Voltage(1) VCE (sat) - 4.0 Vdc 127 — 500 —
(I¢ = 200 mAdc, |g = 40 mAdc} .3 — 1250 —
450 NOM 450 NOM
SMALL-SIGNAL CHARACTERISTICS P - 21 ~ | 0.050
Q 90° NOM 900 NOM
Input Impedance(1) hie k ohm R | 2.50 ~ | 0.100] -
= = - 0.
(IB 8.0 mAdc, Vg = 10 Vde) 5 All JEDEC dimensions and notes apply.
. CASE 79-02
Indicates JEDEC Registered Data. TO-39

(1)Pulse Test: Pulse Length = 300 us, Duty Cycle < 2.0%.
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2N 665 .'AN (GERMANIUM)

GERMANIUM PNP POWER TRANSISTOR

. . . designed for driver, amplifier, and switching applications,
with especially good high-temperature characteristics. These

devices feature:

e Very Low Leakage Current — lggo = 50 uA at Vo = 2V
e High Frequency — 600 kc at V¢ — 12V, Ic == 0.5 A

MAXIMUM RATINGS

Characteristic Symbol Rating Unit
Collector-Base Voltage VeBO 80 Vde
Emitter-Base Voltage VeEBO 40 Vde
DC Collector Current Ic Amps

MIL-8-19500/58C 2

Motorola Unit 3
DC Emitter Current 1 5 Amps
Collector Junction Temperature Ty -65 to +95 oc
Collector Dissipation PC 35 Watts

Derate above 25°C 0.5 w/°c

Py, POWER DISSIPATION (WATTS)

FIGURE 1 — POWER DERATING CURVE
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2N665 JAN (continued)

TABLE | — GROUP A INSPECTION

Examination or Test Symbol

Limits AaL "
Inspection
Min Max Unit i eve

SUBGROUP 1
Visual and Mechanical Examination -—

—_— —_ —_ Major = 1
Minor = 2.5

SUBGROUP 2

Emutter Cutoff Current IEpo
(Vgpo = -40 Vde, Ic = 0)

Collector Cutoff Current Icpo
(Vepo = -2 Vde, Ig = 0)
(Vepo = -60 vde, Tg = 0)
(V¢pgo = -80 Vde, Ig = 0)

DC Current Gain hpg
(Vo = -2 Vde, Ig = -0.5 Adc)
(Vég = -2 Vde, I¢ = -2 Adc)

Emitter-Base Voltage Vgp
(Veg = -2 Vde, I = -2 Adc)

Floating Potential VEBF
(VcB = -80 Vdc, voltmeter input
resistance = 10 megohms mun, t = 1 sec)

Collector-Emitter Saturation Voltage v,

E (sat,
(ic = -3 Ade, Iy = -220 mAdc) CE(sat)

Collector-Emitter Voltage VC EO

(ic = -300 mAdc, Ig = 0)

mAdc

mAdc
-.05

-10

SUBGROUP 3

Small-Signal Short-Circuit Forward-Current
Transfer-Ratio Cutoff Frequency fhie
(Veg - =14 Vde, I = -2 Adc)

Emutter Cutoff Current IEBO
(Vgpo = -30 Vde, I = 0, Tg= +71°C min)

Collector Cutoff Current Iepo
© (Vcpo = -30 Vde, Ig = 0, T = +71°C min)

ke

mAde 4 his

mAde

NOTE 1. Requirements shall be in accordance with Specifica-
tion MIL-S-19500, and as specified herein.

NOTE 2. Sampling and inspection shall be in accordance with
Specification MIL-S-19500, and as specified herein.

NOTE 3. In addition to the marking specified in Specification
MIL-S-19500, transistors shall be marked with the type des-
ignation and date of manufacture. The date of manufacture
shall be indicated as specified in Specification MIL-S-19500,
except that the first number in the code shall consist of the
last two digits of the number of the year (for example, 59,
60, etc.).

NOTE 4. Acceptance inspection shall consist of groups A and
B, and inspection of preparation for delivery.

NOTE 5. An inspection lot shall be as specified in Standard
MIL-STD-105 and as follows:

(a) Consist of transistors of one type designation manu-
factured by one manufacturer at one plant during a period
of not longer than 31 consecutive calendar days, and of-
fered for inspection at one time.

(b) Consist of not more than 10,000 transistors.

2-51

(c) Inspection lots consisting of less than 301 transistors
shall be considered as consisting of 301 transistors for
sampling purposes.

NOTE 6. The requirement that the transistor be subjected to
the lead-fatigue test prior to cycling shall not apply.

NOTE 7. Operation-life and storage-life tests shall be con-
ducted in accordance with method A of Specification
MIL-S-19500.

NOTE 8. The transistor shall be examined only for legibility
of marking before the specified measurements are made.

NOTE 9. The transistor shall be maintained at each end tem-
perature until thermal equilibrium has been reached but for
not less than 15 minutes. The transistor may be maintained
at room ambient temperature for not more than 5 minutes
between each period at the end temperature. This test may be
started at any point in the cycle.

NOTE 10. In addition to the notes specified herein, the notes
specified in Specification MIL-S-19500 are applicable to this
specification.




2N665 JAN (continued)

TABLE Il — GROUP B INSPECTION

Limits Inspection
Examination or Test Symbol Min Max Unit Level
SUBGROUP 1
Physical Dimensions —_ —_ - — 8.5 L7
Reduced: L5
Procedure R-1
SUBGROUP 2
Emitter Current - —_ —_ —_ h
(Ig = 5 Ade, Vep = 0, Tc = 25°%5°%C, t = 1 hr)
Temperature Cycling (Note 9) — — —_ —_
(5 cycles, T = 95°min)
Mozsture Resistance (Note 6) - —_ - —
End Points: (Subgroups 2, 3, 4, 6, 7) -4 L4
N Reduced: L2
Emitter Cutoff Current IgBO mAdc Procedure R-1
(Vgpo = -40 Vde, I = 0) — -4
Collector Cutoff Current Icso mAdc
(Vepo = -60 Vde, Ig = 0) - -4
DC Current Gain hpg —
(Vg =-2 Vde, Ig = -2 Ade) 13 - J
SUBGROUP 3
Shock * T -—_ — — _ 3
(500G, t = 1 msec, 5 blows each in orientations
Xy, Yy, Y3, and Z), total of 20 blows)
Constant Acceleration* — — —_ -_
(10,000G)
. igue * — — _ _ > 4 L4
Vibration Fatigue Reduced: L2
(10G) Procedure R-1
Vibration, Variable Frequency —_ —_ —_ —_
(10G, 100 to 1000 cps)
End Points: Same as Subgroup 2 J
SUBGROUP 4
Barometric Pressure, Reduced 1
(Altitude Operation) — — —_ —_
(Vepo = -60 Vde, Icgg = -2 mAdc max, Ig = 0,
15 mm Hg, t =~ 60 sec) > 4 L4
i * Reduced: L2
Salt Spray (Corrosion) (Note 8) — - -_ —_ Procedure R-1
(Test Condition A)
End Points: Same as Subgroup 2 J
SUBGROUP 5
Thermal Resistance 85.¢ — 2 °c/w 4 L4
Reduced: L2
Procedure R-1
(percent defective) Inspection Level
Reduce-Hours Reduce-Hours
Limits 1,000-Hour Life Test ~Life-Test 1,000-br Life-Test
Examination or Test Symbol Min Max Unit | 250 hr | 500hr | 1,000hr | 500 hr 250 hr Life Test | 500 hr | 250hr
SUBGROUP 6
Storage Life (Note 7)
" (Tgtg = +95°C min) - - — — 4 4 4 2.5 1.5 L8 1 hid
End Points: Same as Subgroup 2
SUBGROUP 17
Operation Life (Note 7) 40
(T = +75°C min, Pc =10 ) w) -_ —_ - _ 4 4 4 2.5 1.5 L8 I o
End Points: Same as Subgroup 2
=

* Destructive tests
1 No biases shall be applied during these tests.
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2N665 JAN (continued)

200
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% OF hee AT 25°C

The Safe Operating Area
Curves indicate Ig — Vgg
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 col-
lector-emitter short. (Duty
cycle of the excursions make
no significant change in these
safe areas.) To insure opera-
tion below the maximum Ty,
the power-temperature de-
rating curve must be ob-
served for both steady state
and pulse power conditions.

FIGURE 2 — SAFE OPERATING AREA
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For Specifications, See 2N176 Data.
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2N68 1 thru 2689 (siLicoN)

CASE 263

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

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

Industrial-type, silicon controlled rectifiers in a stud package
with current handling capability to 25 amperes at junction
temperatures to 125°C. MCR equivalents available in TO-48
package — i.e. — 2N681 available in TO-48 package as MCR681.

Rating Symbol Value Unit
Peak Reverse Blocking Voltage* T VRSM(rep)* T Volts
2N681 25
2N682 50
2N683 100
2N684 150
2N685 200
2N686 250
2N687 300
2N688 400
2N689 500
Peak Reverse Blocking Voltage* VR ~ * Volts
(Transient) 2N681 SM(non-rep) 35
(non-recurrent t = 5 ms max.) 2N682 75
2N683 150
2N684 225
2N685 300
2N686 350
2N687 400
2N688 500
2N689 600
Forward Current RMS (all conduction angles) IT 25 Amp
Peak Forward Surge Current TTSM Amp
(One cycle, 60 Hz, Ty = -65 to +125°C) 200
Circuit Fusing Considerations 12t A2s
(Ty = -65 to +125°C, t = 8.3 ms) 165
Peak Gate Power-Forward PeMm 5.0 Watts
Average Gate Power-Forward Pgav) 0.5 Watt
Peak Gate Current-Forward IgM 2.0 Amp
Peak Gate Voltage-Forward VGFM 10 Volts
Reverse VGRM 5.0
Operating Junction Temperature Range Ty -65 to +125 oc
Storage Temperature Range Tstg -65 to +150 °c
Stud Torque — 30 in. lb.

TVRSM for all types can be applied on a continuous dc basis without incurring change.

* VRSM(rep) ratings apply for zero or negative gate voltage.
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2N681 thru 2N689 (continued)
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic Symbol Min | Typ | Max Units
Peak Forward Blocking Voltage VDRM Volts
(T; = 125°C) 2N681 25 [ — —
2N682 50 | — —_
2N683 100 | — —_
2N684 150 [ — —_
2N685 200 | — —_
2N686 250 | — —
2N687 300 | — —
2N688 400 | — —
2N689 500 | — —
Peak Forwagd or Reverse Blocking Current IDRM mA
(Ty = 125°C) 2N681 - 2N684 IRRM — | — | 10.0
2N685 —_— - 10.0
2N686 —_ - 10.0
2N687 — | — | 10.0
2N688 —_] - 8.0
2N689 R — 6.0
Gate Trigger Current (Continuous dc) IgT mA
(Anode Voltage = 7 Vdc, R, = 50 Q) — | 10 25
Gate Trigger Voltage (Continuous dc) Vgr Volts
(Anode Voltage = 7 Vdc, RL =50 Q) 0.25 | — 3.0
Holding Current I mA
(Anode Voltage = 7 Vdc, Gate Open) — | 20 —
Forward On Voltage V™M Volts
(It = 20 Adc) — |11 1.5
Turn-On Time tot s
(IT = 10A, Ig = 200 mA) — | 1.0 —_
Turn-Off Time tq us
(IT = 10 A;Ig = 10 A, dv/dt = 30 V/us min, — | 30 —
Ty = 125°C)
(VpRM = rated voltage)
Forward Voltage Application Rate dv/dt V/us
(Gate open, Ty = 125°C) — | 30 —
Thermal Resistance (Junction to Case) 03¢ — | 1.0 2.0 °C/W
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2N681 thru 2N689 (continued)

MAXIMUM ALLOWABLE
FORWARD GATE CURRENT

GATE TRIGGER CHARACTERISTICS
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IT, INSTANTANEOUS FORWARD CURRENT (AMP)

IT(AV), AVERAGE FORWARD CURRENT (AMP)

FORWARD CONDUCTING CHARACTERISTICS

Ta» AMBIENT TEMPERATURE (°C)
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50 i i
4
7 A
2 TYPICAL Z /’ MAXIMUM
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- / I 4 T, =25C
1.0
H—H
0.5 11—
-+
0.2 1 [ 1
01 |
0.0 05 1.0 15 2.0 25
VT, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS)
SUGGESTED FIN SIZES
14 T T T T T T r
FIN SIZE RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz
67 x6” N\ FREE CONVECTION COOLING
12 =N CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE -
- FOR OTHER CONDUCTION ANGLES, MULTIP
57x 5 \ CURRENT VALUES BY FOLLOWING FACTORS
10 t
" 4 1200 — 091
4" x 4
90° — 0.8
8 | \\ \ so=_o.7z
ENAWN e
3 x 3 — 1
6 h \\ NN, USE CURVES FOR DC, 10, 3¢, 66 |
\ \ CIRCUITS BY CHOOSING PROPER
\ CONDUCTION ANGLE FACTOR
4 \\
FINS 1/16” THICK COPPER \
WITH EMISSIVITY=90%
2 | sTuD MOUNTED DIRECTLY
T0 COPP
MINIMUM SPACING =3/4”
0
0 20 40 60 80 100 120 140 160 -180 200



2N696S (siicon)
2n60978 o

PIN 1. EMITTER
13 2. BASE
3. COLLECTOR
NPN silicon annular transistors designed for small-
CASE 79

signal amplifier and general purpose switching appli-
(TO-39) cations.

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCER 40 vdc
Collector-Base Voltage VCB 60 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Total Device Dissipation @ TA =25°C PD 0.6 Watt

Derate above 25°C 13.3 mW/°C
Total Device Dissipation @ TC =25°C PD 2.0 Watts
Derate above 25°C 13.3 mW/°C
Operating and Storage Junction T P T -65 to +200 °C
Temperature Range ste

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

| Characteristic [ Symbol [ Min [ Max [ Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) BVCER Vde
(I, =100 mAdc, R, = 10 ohms) 40
C BE
Collector-Base Breakdown Voltage BVCBO Vde
(IC =100 pAdc, IE =0) 60
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =100 pAdc, IC =0) 5.0
Collector Cutoff Current ICBO uAde
(VcB =30 Vdc, IE =0) - 1.0
(VCB =30 Vde, IE =0, TA =150°C) - 100
ON CHARACTERISTICS
DC Current Gain(1) hFE -
(IC =150 mAdc, VCE =10 Vdc) 2N696 20 60
2N697 40 120
Collector-Emitter Saturation Voltage(1) vCE(sat) Vdc
(IC =150 mAdec, IB =15 mAdc) - 1.5
Base-Emitter Saturation Voltage(1) v Vde
(I = 150 mAdc, I = 15 mAdc) BE(sat) - 1.3
DYNAMIC CHARACTERISTICS
Current Gain-Bandwidth Product IT MHz
(IC =50 mAdc, VCE =10 Vde, f = 20 MHz) 2N696 40 -
2N697 50 -
Output Capacitance Cob . pF
(VCB =10 Vdc, IE =0) - 35

* Indicates JEDEC Registered Data
* Pulse Test: Pulse Length = 12 ms, Duty Cycle = 2.9%.
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2N699 (siLicon)

NPN silicon annular

STYLE 1:

2
PIN 1. EMITTER
1 3 2.BASE
3. COLLECTOR
CASE 79

(TO-39)

Collector connected to case

*MAXIMUM RATINGS

transistor designed for
medium-current switching and amplifier applications.

Rating Symbol Value Unit
Collector-Emitter Voltage VCER 80 Vdc
Collector-Base Voltage VCB 120 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Total Device Dissipation T, = 25°C Py 0.6 Watt

Derate above 25°C 4.0 mW/°C
Total Device Dissipation Tc =25°C PD 2.0 Watts
Derate above 25°C 13.3 mW/°C
Operating Junction Temperature T 175 °C
Storage Temperature Range Tstg -65 to +200 °C
* Indicates JEDEC Registered Data
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 9JC 75 °C/W
Thermal Resistance, Junction to 4 250 °C/W
. JA
Ambient
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2N699 (continued)
ELECTRICAL CHARACTERISTICS (. = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCER* Vdc
(Ic =100 mAdc, RBE =10 ohms) 80 -
Collector Cutoff Current ICBO 1LAdce
(VCB =60 Vdc, IE =0) - 2.0
(VCB = 60 Vdc, IE =0, TA =150°C) - 200
Emitter Cutoff Current IEBO nAdce
(VEB =2.0 Vde, IC =0) - 100
ON CHARACTERISTICS
DC Current Gain* hFE* -
(IC =150 mAdc, VCE =10 Vdc) 40 120
Collector-Emitter Saturation Voltage* | Vip o Vde
(Ic =150 mAdc, IB =15 mAdc) - 5.0
Base-Emitter Saturation Voltage* VBE(sat)* Vdc
(IC =150 mAdc, IB =15 mAdc) - 1.3
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(IC =50 mAdc, VCE =10 Vdc,
f = 20 MHz) 50 -
Output Capacitance Cob pF
(VCB =10 Vde, IE =0, f =100 kHz) - 20
Input Impedance hib ohms
(IC =1.0 mAdc, VCB =5.0 Vde,
f =1.0 kHz) 20 30
(IC = 5.0 mAdc, VCB =10 Vdc,
f =1.0 kHz) - 10
-4
Voltage Feedback Ratio hrb X 10
(IC =1.0 mAdc, VCB =5.0 Vdc,
f =1.0 kHz) - 2.5
(IC = 5.0 mAdc, VCB =10 Vdc,
f =1.0 kHz) - 3.0
Small-Signal Current Gain hfe -
(IC =1.0 mAdc, VCE =5.0 Vdc,
=1.0 kHz) 35 100
(IC = 5.0 mAdc, VCE =10 Vdc,
=1.0 kHz) 45 -
Output Admittance hob umhos
(IC = 1.0 mAdc, VCB =5.0 Vdc, »
f =1.0 kHz) 0.1 0.5
(IC =5.0 mAdc, VCB =10 Vdc,
f =1.0 kHz) - 1.0

* Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%.
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an7 02 (siicon)

an703

2N703 JAN AVAILABLE

NPN silicon annular transistors designed for low-

level,

high-speed switching applications.

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

i

Rating Symbol | Value Unit
‘ Collector-Emitter Voltage VCEO 25 Vde
Collector-Base Voltage VCB 25 Vdc
Emitter-Base Voltage VE B 5.0 Vdc
Collector Current I 50 mAdc
CASE 22 c
(TO-18) Total Device Dissipation@T, =25°C P 300 mwW
A D
Collector connected to case Derate above 25°C 2.0 mW/°C
STYLE1: Total Device Dissipation @ TC =25°C PD 600 mw,
PIN 1. EMITTER Derate above 25°C 4.0 mw/°C
1 3 2. BASE Operating and Storage Junction T 65 to +175] _ °C
3. COLLECTOR Temperature Range stg
*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic l Symbol [ Min ! Typ I Max —l Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vde *
(I = 2.0 mAde, I =0) 25 - -
Collector-Base Breakdown Voltage BVCBO Vde
(IC = 5.0 pAde, IE =0) 25 - -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =10 pAde, IC =0) 5.0 - -
Collector Cutoff Current ICEO pAde
(VCE =20 Vdc, IB =0) - - 10
Collector Cutoff Current KCBO unAde
(VCB =10 Vde, IE =0) - - 0.5
(VCB =10 Vdc, IE =0, TA = +150°C) - - 50
ON CHARACTERISTICS
DC Current Gair{l) hFE -
(Ic =10 mAde, VCE = 5.0 Vdc) 2N702 20 - 60
2N703 40 - 100
(I, =10 mAdc, V. =5.0Vde, T, = -55°C) 2N702 12 - -
¢ ' CE A 2N703 20 - -
Collector-Emitter Saturation Voltage(1) VCE (sat) Vdc
(I =10 mAde, I =1.0 mAdc) - - 0.5
Base-Emitter On Voltage (1) Vog (on) Vde
(I =10 mAde, Vo = 5.0 Vdo) n 0.7 - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain ~ Bandwidth Product f’l‘ MHz
(IE =10 mAdc, vCE =5.0 Vdc, f =100 MHz) 70 150
Output Capacitance (o] b pF
(Vop =5.0Vde, I =0, £ =1.0 MHz) ° - 3.0 6.0

* Indicates JEDEC Registered Data
(1)Pulse Test: Pulse Width = 300 us, Duty Cycle

= 2.0%.
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an7 05 (Ge Mesa)
2N705 JAN AVAILABLE

CASE 22.03 PNP germanium mesa transistor for high-speed
(TO-18) switching applications.

Collector connected to case

13

STYLE1:

" aase
3.COLLECTOR
*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VCB 15 Vde

Collector-Emitter Voltage VCES 15 Vdc

Emitter-Base Voltage VEB 3.5 Vdc
Collector Current - Continuous IC 50 mAdc
Emitter Current IE 50 mAdc

Junction Temperature T P 100 °Cc

Storage Temperature Tstg -65°C to +100 °C

Collector Dissipation @ To = 25°C PC 300 mwW
Derate above 25°C 4.0 mW/°C

Collector Dissipation @T A" 25°C PC 150 mw

*Indicates JEDEC Registered Data
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2N705 (continued)

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

Characteristic Symbol | Min | Max | Unit

Collector-Base Breakdown Voltage BVCBO 15 - Vde

(I = 100 gAdc, I_ =0)
C E

Collector-Emitter Breakdown Voltage BV CES 15 - Vdc
(ICE = 100 pAdc, VBE =0)

Emitter-Base Breakdown Voltage BVEBO 3.5 - Vde
(IE = 100 pAdc, IC = 0)

Collector_Cutoff Curr_ent ICBO - 3.0 | uAdc
(Vog = 5 Vde, 1 =0)

DC Forward Current Transfer Ratio hFE 25 - -
(VCE =.3 Vdc, IC = 10 mAdc)

Collector Saturation Voltage v - 0.3 Vdc
(I, = .4 mAdc, I, = 10 mAdc) CE(sat)

B (o]

Base-Emitter Voltage VBE 0.34 0.44 | Vdc
(IB = .4 mAdc, IC = 10 mAdc)

Delay + Rise Time t a4t tr - s ns
(Ic = 10 mAdc, IB = 1 mAdc)

Storage Time ts - 100 | ns
(I.Bl = 1.0 mAdc, "Bz = . 25 mAdc)

Fall Time tf - 100 | ns
(IBl = 1.0 mAdec, 182 = .25 mAdc)

*Indicates JEDEC Registered Data
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an706,A,B (siicon)

(2N706JAN AVAILABLE)
NPN silicon annular switching transistors for high-
@ speed switching applications.
CASE 22 STYLE 1:
(TO-18) PIN 1. EMITTER
1 3 2. BASE

Collector connected to case

*MAXIMUM RATINGS

3. COLLECTOR

Rating Symbol Valve Unit
Collector-Base Voltage VeB 25 Volts
Collector-Emitter Voltage (1) VCER 20 Volts
Emitter-Base Voltage 2N706 VEB 3.0 Volts
2NT06A 5.0
2N706B 5.0
Junction Temperature Ty 175 oC
Storage Temperature Tstg -65 to +175 oc
Total Device Dissipation Pp 1.0 Watt
at 250 C Case Temperature
(Derate 6.67 mW/OC above 25°C)
Total Device Dissipation Pp 0.3 Watt
at 250 C Ambient Temperature
(Derate 2 mW/°C above 25°C)
Total Device Dissipation PD 0.5 Watt
at 100°C Case Temperature
(Derate 6.67 mW/°C above 100°C)

* Indicates JEDEC Registered Data

(1) Refers to collector breakdown voltage in the high current region when Rve = 10Q)
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2N706,A,B (continued)

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

Characteristic Type Symbol | Min | Typ |Max] Unit
Collector Cutoff Current 1 pAdce
(Vep = 15Vde, Ig = 0) All Types ¢Bo - 0.005 0.5
(Vep = 15Vde, Ig = 0, Ta = 150 °C) All Types - 3.0 80
(Vep = 25Vdc, IE = 0) 2NT06A, 2N706B, 10
Collector-Emitter Cutoff Current ICER 1 Adc
(VCE = 20Vdc, Rpe = 100k) 2N706A, 2N706B, ) ) 10
Emitter Cutoff Current IEBO pAdc
(VEB = 3Vdc, Ic = 0) 2N706 - - 10
(VEB = 5Vdc, Ic = 0) 2N706A, 2N706B, - - 10
Collector-Emitter Breakdown Voltage(1) BVCEO Vdc
( Ic = 10mAdc,Ig = 0) 15 -
Collector-Emitter Breakdown Voltage(1) BVCER Vdc
(R = 10 ohms, Ic = 10mAdc) 20 -
Forward-Current Transfer Ratio(1) hFE
(Ic = 10mAdc, VCE = 1vdc) 2N1706 20 40 -
2N706A, 2N706B, 20 40 60
Base-Emitter Voltage (1) VBE (sat) Vdc
(Ic = 10mAdc, IB = 1mAdc) 2N706 - 0.75 0.9
2N706A, 2N706B,
0.7 0.75 0.9
Collector Saturation Voltage (1)’ VCE (sat) Vdc
(Ic =10mAdc, Ip = ImAdc) 2N706, 2N706A - 0.3 0.6
2N706B - 0.3 0.4
Collector Capacitance Cob pF
(Ve =5Vdc, Ig =0 2N706A, 2N706B,
(Ve = 10Vdc, Ig = 0) 2N706 - 5.0 6.0
Small-Signal Forward Current Transfer Ratio hfe -
(VCE = 15Vdc, Ig = 10mAdc,
f = 100MHz) 2.0 4.0 -
Current Gain-Bandwidth Product IT MHz
(VCE = 15Vdc, Ig = 10mAdc,
f= l.f()O MHz) . - 400 -
Base Resistance ’b' ohms
(VCE = 15Vdc, IE = 10mAdc,
f = 300 MHz) - 39 50
Charge Storage Time Constant (2) T ns
2N706 s - 16 60
2NT706A - 16 25
2N753 - 19 35
Storage Time 2N706B ts - 19 25 ns
Turn-0n Time ton - 30 40 ns
Turn-0ff Time toff - 50 5 ns

* Indicates JEDEC Registered Data
(1) Pulse Test: PW =< 12 ms, Duty Cycle =< 2%

(2)Switching Times Measured with Tektronix Type R Plug-In (509 Internal Impedance) and Circuits Shown Below.

SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT

Type R Sampling Resistor Type R Sampling Reslsrm/\
200 200

Vee = + 10vdc

Vee = 3Vde Vee = 10Vde
Pulse Voits 27042 (adjust for 10mA) (adjust for 10mA)
Internal Resistance
00

Pulse Volts 9800
Internal Resistance
50

5V
ov- -
—av

SCOPE 541

[ S B OR EQUIVALENT

~2v
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2n708 (siicon)

2N708 NPN silicon annular transistor tor high-speed switch-
JAN,JTXAVAILABLE 1o applications.
*MAXIMUM RATINGS
9 Rating Symbol Value Unit
\\ Collector-Emitter Voltage Veeo 15 Vde
1 3 Collector-Base Voltage Ves 40 Vdc
Emitter-Base Voltage VEg 5.0 Vdc
Total Device Dissipation @ T = 25°C ) 360 mwW
CASE 22 STYLE 1: Derate above 25°C 2.0 mW/°C
TO-18 PIN 1. EMITTER Total Device Dissipation @ T¢ = 25°C Pp 1.2 Watts
(T0-18) 2. BASE Tc = 100°C 680 mw
Coll 3.COLLECTOR Derate above 25°C 6.9 mwW/°C
ollector Derate above 100°C 69 mw/°C
connected to case Operating and Storage Junction Temperature Range | Ty, Tstg —65 to +200 °c
*Indicates JEDEC Registered Data.
*ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
| Characteristic [ Symbol [ Min | Typ [ Max]| unit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vde
(IC =30 mAdc, IB =0) 15 - -
Collector-Emitter Breakdown Voltage BVCER Vde
(I~ =30 mAde, R, £ 10 ohms) 20 - -
C BE
Collector-Base Breakdown Voltage BVCBO Vdc
(lC=1‘0uAdc, IE=0) 40 - -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =10 pAdc, Ic = 0) 5.0 - -
Collector Cutoff Current ICEX uAdc
(VCE =20 Vdc, VBE =0.25 Vdc, TA = +125°C) - - 10
Collector Cutoff Current ICBO pAdc
(VCB =20 Vdc, IE = 0) - 0.005 |0.025
(VCB =20 Vdc, IE =0, TA =150°C) - - 15
Emitter Cutoff Current IEBO pAdc
(VBE = 4.0 Vdc, IC = 0) - - 0.08
ON CHARACTERISTICS
DC Current Gain hFE -
(lc = 0.5 mAdc, VCE = 1.0 Vdc) 15 - -
(Ic =10 mAdc, VCE =1.0 Vde) (1) 30 - 120
(IC =10 mAdc, VCE =1.0 Vdc, TA = -55°C) (1) 15 - -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(I = 10 mAde, Iy = 1.0 mAdc) - 0.2 0.4
(IC =17.0 mAdc, IB = 0.7 mAdc, TA = -55°C to +125°C) - - 0.4
Base-Emitter Saturation Voltage vBE(sat) Vde
(IC =10 mAdc, IB = 1.0 mAdc) 0.72 - 0.80
(IC =17.0 mAdc, IB = 0.7 mAdc, TA = -55°C) - - 0.90
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product ir MHz
(IC = 10 mAdc, VCE =10 Vdc, f = 100 MHz) 300 450 -
Output Capacitance cob pF
= dc, I, =0, 100kHz £ £= 1.0 MHz - . .
<VCB 10 Vi £ 0, 100 f=1 ) 3.0 6.0
Extrinsic Base Resistance rb' ohms
(I~ = 10 mAdc, V. =10 Vdc, f = 300 MHz) - - 50
C CE
Storage Time ts ns
(IC = IBl = IBZ = 10 mAdc) - 15 25

* Indicates JEDEC Registered Data

(1) Pulse Test: rulse Width < 300us, Duty Cycle = 2.0 %,
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2N7l IA, B (Ge Mesa)

CASE 22-03
(TO-18)

Collector
connected to case

STYLE 1:
PIN 1. EMITTER
2. BASE
3. COLLECTOR

*MAXIMUM RATINGS

PNP germanium mesa transistors for high-speed
switching applications.

Rating Symbol 2N711A 2N711B | Unit
Collector-Base Voltage VeB 15 18 Vde
Collector-Emitter Voltage VcEs 14 15 vde
Collector-Emitter Voltage VcEo 7.0 7.0 Vde
Emitter-Base Voltage VEB 1.5 2.0 Vde
Collector Current- Continuous Ic 100 100 mAde
Emitter Current-Continuous Ig 100 100 maAde
Junction ltejmperature Ty 100 > oc
Storage Tex;;perature Tgtg | <—=-651t0+100 ———| ©°C
Device Dissipation @ T = 25°C Pp < 300 mwW

Derate above 25°C 4.0 > |ImW/°C
Device Dissipation @ T, = 25°C Pp 150 mw
Derate above 25°C 2.0 > ImwW/°C

*Indicates JEDEC Registered Data
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2N711A,B (continued)

*ELECTRICAL CHARACTERISTICS (T, <= 25°C unless atherwise noted)

Characteristic Sym | Min Max | Unit
Collector-Base Breakdown Voltage BVcpO) Vde
(ic = 100 uAde, Ig = 0) 2N711A 15 -
(Ic = 20 pAdc,Ig = 0) 2N711B 18 —_
Collector-Emitter Breakdown Voltage BVCEs Vde
(Ic = 100 pAdc) 2NT11A 14 —
(Ic = 20 pAdc) 2N711B 15 -
Collector-Emitter Breakdown Voltage BVCEQ) vde
(Ic = 5 mAde, Ig = 0) 2NT114, 2NT11H| 7.0 —
Emitter-Base Breakdown Voltage BVERQ| Vdc
(Ig = 0.1 mAdc, Ic =0
2NT11A 1.5 —_
2N711B 2.0 —
Collector-Base Cutoff Current Icpo pAde
(Vep = 5 Vde, Ig = 0) 2N711A — 1.5
(Vcp = 10 Vde, Ig = 0) 2NT711B - 1.5
Emitter-Base Cutoff Current IEBO pAde
(Vgp = 1 Vdc) 2NT711A _ 100
2N711B e 20
DC Current Gain hpg —_—
(ic = 10 mAdc, Vcg = 0.5 Vdc) 2N711A 25 150
2N711B 30 150
(Ic = 50 mAde, Vcg = 0.7 Vdc) 2N711A, 2NT11B) 40 —_
Collector Saturation Voltage VCE(sat Vde
(Ic = 10 mAdc, Ig = 0.5 mAdc) 2N711A ’ - 0.30
(Ic = 10 mAdc, Ig = 0.4 mAdc) 2N711B — 0.25
(Ic = 50 mAdc, Ig = 2 mAdc) 2N711A —_ 0.55
2N711B — 0.45
Small-Signal Current Gain hee -_
(Ic = 10 mAde, Vg = 5§ Vde, f = 100 MHz) 2NT711A, 2N711B 1.5 -
(Ic = 10 mAdc, Vcg = 0.5 Vdc, f = 100 MHz) 2N711A 1.1 —_
2N711B 1.2 —
Basge-Emitter Voltage VBE Vde
(Ic = 10 mAdc, Ig = 0.4 mAdc) 2N711A 0.30 0.44
2N711B 0.30 0.44
(Ic = 50 mAdc, Ig = 2 mAdc) 2N711A 0.40 0.65
2N711B 0.40 0.65
Collector Output Capacitance Cob pF
(Vep = 5 Vde,Ig = 0, = 1 MHz) 2N711A, 2N711B — 6.0
Fall Time tr ns
. J 2NT1A —_ 150
Figure 1: { 2N711B - 110
2N711A —_ 110
Figure 2: { 3un1p - 100
Minority Carrier Storage Time tg ns
Fi x~{ 2N711A —_ 150
gure 11 2n711B - 140
. J 2N711A — 120
Figure 2: { 2NT11B - 100
Delay Plus Rise Time ta+tye ns
Figure 1:  2N711A, 2N711 —_ 100
Figure 2:  2N711A, 2N711 — %

*Indicates JEDEC Registered Data
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2N711A,B (continued)

SWITCHING CIRCUITS

FIGURE 1
INPUT B rexrmonn sas
HEWLETT-PACKARD OR EQUIVALENT
MODEL 2124 . 0]

S AN,

b >
ov 3 3 $rok  aza
l l $siia 3178k
—45v Y| AL
I vl

lus —'I L— OluF O+ - & 01uF
3v 12Vde
) +1

.é‘ NOTE: ALL RESISTORS 1%

FIGURE 2
~3.5Vde

INPUT 3000

i

5K
~54V »
RISE AND FALL TIME < 1 ns

PULSE WIDTH 0.5 48
SKL MOD. 503 OR EQUIVALENT

W— TEKTRONIX 541

OR EQUIVALENT
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2N7I7(SILICON)

NPN SILICON

*Indicates JEDEC Registered Data.

(1) RgJA is measured with the device soldered into a typical printed circuit board.

AMPLIFIER
NPN SILICON ANNULAR AMPLIFIER TRANSISTOR TRANSISTOR
...designed for use as a general-purpose amplifier transistor in
medium-voltage applications.
® Collector-Emitter Breakdown Voltage —
BVCER = 40 Vdc (Min) @ Ic = 100 mAdc
® High Current-Gain—Bandwidth Product —
f1 =300 MHz (Typ) @ Ic = 50 mAdc
A =]
B
|
5 s
*MAXIMUM RATINGS ¥ I_
Ratin Symbot Value Unit [=—F
9 v SEATING ‘ K
Collector-Emitter Voltage VCER 40 Vde PLANE
(Rgg <10 Ohms)
Collector-Base Voltage V, 60 Vde
2 8 STYLE 1 ~l=o
Emitter-Base Voltage Ve 5.0 Vdc PIN 1. EMITTER - =N
2 BASE
Collector Current — Continuous Ic 500 mAdc 3, COLLECTOR KT N
Total Power Dissipation @ T A = 255C Po 200 mw ¥ US| ‘ G
Derate above 25°C 2.66 mw/°c M
T \(/J
Total Power Dissipation @ T¢ = 25°C Pp 15 Watts ’<~\,,>~
Derate above 256°C 10 mw/°C
Operating Junction Temperature Range Ty -65to +175 oc MILLIMETERS INCHES
S DIM["MIN [ MAX | MIN | MAX
Storage Temperature Range Tstg -65 to +200 C 1
531 684 10209 0230 |
457 (495 0178 [0.195 |
.32 |6.33 170 [ 0.210
THERMAL CHARACTERISTICS 405 [0.537 10016 0071
o N — [0 - .03
Characteristic Symbol Max Unit O.W%Zg—g- 5076 WPF
Thermal Resistance, Junction to Ambient Rpgall) 376 °c/w i 0.921434 513?7 (iilis_l]) ?)?046
Thermal Resistance, Junction to Case RoJyc 100 o°c/w 0.711]1.22 [0.028 |0.048

1270 | - [0500 [ -

635 | - 0250 | —
450 BS — 450BSC
1.27 BSC 0.05085C |
— 27 — 10050

All JEDEC notes and dimensions apply.

CASE 22
TO-18
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2N717 (continued)

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

Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) BVCER 40 - - Vdc
(1¢ = 100 mAdc, Rgg < 10 Ohms)
Collector-Base Breakdown Voltage BVceo 60 - - Vdc
(g =100 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vdc
(lg = 1.0 mAdc, Ic = 0)
Collector Cutoff Current IcBO uAdc
(Vg = 30 Vdc, 1g = 0) - - 1.0
(Ve = 30 Vdc, Ig= 0, Tp = 150°C) - - 100
ON CHARACTERISTICS (1)
DC Current Gain hge 20 55 60 -
(1c =150 mAdc, Vg = 10 Vdc)
Collector-Emitter Saturation Voltage VCE (sat) - 0.15 1.5 Vde
(I = 150 mAdec, Ig = 15 mAdc)
Base-Emitter Saturation Voltage VBE(sat) - 0.85 1.3 Vdc
(Ig =150 mAdc, Ig = 15 mAdc)
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fr 40 300 - MHz
(I¢ =50 mAdc, Vcg = 10 Vdc, f = 20 MHz)
Output Capacitance Cob - 5.6 35 pF
(Ve = 10 Vdc, Ig = 0, f = 100 kHz)
Input Capacitance Cib - 20 80 pF
(Vg =0.5Vdc, Ic=0, f = 100 kHz)

*Indicates JEDEC Registered Data.

(1) Pulse Test: Puise Width <<300 us, Duty Cycle <2.0%.
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2n7 18 siuicon)

2

13 NPN silicon annular transistors for medium-
- current switching and amplifier applications.
LE 1:
PIN 1. EMITTER
2. BASE
CASE 22 3. COLLECTOR

(TO-18)
Collector connected to case

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage Vep 60 Vdc
Collector-Emitter Voltage VCER Vdc
40

Emitter-Base Voltage VEB 5.0 Vdc !
Total Device Dissipation at

259C Case Temperature Pp 1.5 Watts
Derating Factor Above 25°C 10 mWw/°C
Total Device Dissipation at

25°C Ambient Temperatures Pp 0.4 Watts
Derating Factor Above 25°C 2.66 mw/°C
Junction Temperature Ty + 115 °c
Storage Temperature range Tstg -65 to + 200 °c !

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

Characteristic Symbol Min Typ Max Unit m
Collector Cutoff Current 1 wAdc
(Vep - 30 Vde, Ig = 0) CBO - | .om 1.0
(Ve = 30 Vdc, Ig = 0, Tp = 150°C) - - 100
Collector-Base Breakdown Voltage BVCBO Vdc
(IC = 100 pAdc, Ig = 0) 60 - -
Collector- Emitter Breakdown Voltage BVCER Vdc
(Ic = 100 mAdc, pulsed; RB £ 10 Ohms)
40 - -
Collector-Emitter Saturation Voltage(1) vCE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) - 0.3 1.5
Base-Emitter Saturation Voltage(1) vBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) - - 1.3

* Indicates JEDEC Registered Data
(1)Pulse Test: PW = 300 us, Duty Cycle = 2%
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2N 718 (continued)

*ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol Min Typ Max Unit
DC Forward Current Transfer Ratio(1) hFE -
(Ic = 1 mAdc, Vcpg = 10 Vdc)
- 20 -
(Ic = 150 mAdc, Veg = 10 Vde)
40 - 120
(IC = 500 mAdc, VcEg = 10 vdc)
. - 20 -
Small Signal Forward Current Transfer Ratio hfe -
(Ic = 50 mAdc, Vcg =10 vde, f =20 MHz) 2.5 15 -
Output Capacitance Cob pF
(Ve =10 vde, Ig = 0) - 5.0 35

* Indicates JEDEC Registered Data
(1) Pulse Test: PW = 300 us, Duty Cycle

<
=

2%
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an7 18A siucon)
2N718A JAN, JTX AVAILABLE

2N956
2N1711S
2 STYLE 1:
PIN 1. EMITTER
@ i 3 2. BASE
\ 3.COLLECTOR
CASE 22 CASE 79

(TO-18) (TO-39)

2N718A 2N1711

2N956

Collector connected to case

NPN silicon annular Star transistors for high-speed
switching and DC to UHF amplifier applications.

*MAXIMUM RATINGS

. 2NT18A .
Rating Symbol IN956 IN1711 Unit
Collector-Emitter Voltage VCER 50 Vdc
Collector-Base Voltage VCB 75 Vdc
Emitter-Base Voltage VEB 7.0 Vdc
Total Device Dissipation @ Ty.= 25°C Py 500 800 mW
Derate above 25°C 2.86 4.57 mwW /°C
Total Device Dissipation @ TC = 25°C PD 1.8 3.0 Watts
Derate above 25°C 10.3 17.1 mW /°C
Operating and Storage Junction Temperature Range TJ, Tstg -65 to +200 °C

* Indicates JEDEC Registered Data
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2N718A, 2N956, 2N1711S (continued)

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

[ Characteristic I Symbol I Min I Typ ] Max l Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCER Vdc
(I, = 100 mAdc, pulsed; R, _ = 10 ohms) 50 - -
C BE
Collector-Base Breakdown Voltage BVCBO Vdce
(IC = 100 uAdc, IE =0) 75 - -
Emitter-Base Breakdown Voltage BVg o Vdc
(I = 100 pAde, 1, = 0) B 7.0 - -
Collector Cutoff Current ICBO HAde
(Vo = 60 Ve, I = 0) - 0.001 | 0.01
(VCB =60 Vdc, IE =0, TA =150°C) - - 10
Emitter Cutoff Current IEBO wAdc
(VBE =5.0 Vdc, IC =0) 2NT18A, - - 0.010
2N956, 2N1711 - - 0. 005
ON CHARACTERISTICS
DC Current Gain hpp -
(IC =0.01 mAdc, VCE =10 Vde) 2N956, 2N1711 20 - -
(IC = 0.1 mAdc, VCE =10 Vdc) 2NT18A, 20 - -
2N956, 2N1711 35 - -
(IC = 10 mAdc, VCE =10 Vdc) 2NT18A, 35 - -
2N956, 2N1711 5 - -
(IC = 10 mAdc, VCE =10 Vde, TA = -55°C) 2NT18A, 20 - -
2N956, 2N1711 35 - -
(IC = 150 mAde, VCE =10 Vdc)* 2NT718A, 40 - 120
2N956, 2N1711 100 - 300
(IC =500 mAdc, VCE =10 Vdc)* 2NT18A, 20 - -
2N956, 2N1711 40 - -
Collector-Emitter Saturation Voltage(1) VcE(sat) Vde
(IC = 150 mAdc, IB = 15 mAdc) - 0.24 1.5
Base-Emitter Saturation Voltage(1) VBE(sat) Vde
(IC =150 mAdc, IB =15 mAdc) - 1.0 1.3
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(IC = 50 mAdc, VCE =10 Vde, f = 20 MHz) 2NT18A, 60 300 -
2N956, 2N1711 70 300
Output Capacitance Cob pF
(VCB =10 Vdc, IE =0, f =100 kHz) - 4.0 25
Input Capacitance Cib pF
(VBE = 0.5 Vde, IC =0, f = 100 kHz) - 20 80
Input Impedance h'b ohms
(I = 1.0 mAde, Vg =5.0 Vde, £ = 1.0 kHz) ! 24 - 34
(IC = 5.0 mAdc, VCB= 10 Vdc, f = 1.0 kHz) 4.0 - 8.0
Voltage Feedback Ratio hy X 10-4
(IC = 1.0 mAdc, VCB =5.0Vde, f =1.0kHz) 2NT718A, - - 3.0
2N956, 2N1711 - - 5.0
(IC = 5.0 mAdc, VCB =10 Vde, f = 1.0 kHz) 2NT18A, - - 3.0
2N956, 2N1711 - - 5.0
Small-Signal Current Gain hfe -
(IC = 1.0 mAdc, VCE =5.0Vdc, f =1.0kHz) 2NT18A, 30 - 100
2N956, 2N1711 50 - 200
(IC = 5.0 mAdc, VCE =10 Vde, f = 1.0 kHz) 2NT18A, 35 - 150
2N956, 2N1711 70 - 300
Output Admittance hob umho
(IC=1.0 mAdc, VCB=5.0Vdc, f = 1.0 kHz) 0.1 - 0.5
(IC=5.0 mAdc, VCB=10 Vdc, f = 1.0 kHz) 0.1 - 1.0
Noise Figure NF dB
(IC = 300 pAdc, VCE =10 Vdc, f = 1.0 kHz) 2NT18A, - - 12
2N956, 2N1711 - - 8.0

* Indicates JEDEC Registered Data

(1)Pulse Test: Pulse Width £ 300 us, Duty Cycle < 2.0%.
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2n720A siLicon)

i

NPN silicon annular transistor designed for small-
signal amplifier and general purpose switching appli-

cations.

CASE 22

2 )
STYLE 1:
(TO-18) PIN 1. EMITTER
1 3 2. BASE
Collector connected to case 3. COLLECTOR

*MAXIMUM RATINGS

Jc

Rating Symbol Value Unit
Collector-Emitter Voltage VCE o 80 Vdc
\%
Collector-Emitter Voltage CER 100 Vde
Collector-Base Voltage VCB 120 Vdc
Emitter-Base Voltage VEB 7.0 Vdc
Total Device Dissipation @ T AT 25°C PD 0.5 Watt
Derate above 25°C 2.86 mwW/°C
Total Device Dissipation @ TC =25°C PD 1.8 Watts
Derate above 25°C 10.3 mW/°C
Operating and Storage Junction T, T -65 to +200 °c
Temperature Range J’ “stg
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case| 6 97 °C/W

*Indicates JEDEC Registered Data
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2N720A (continued)

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

Characteristic Symbol l Min ] Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) BV Vdc
(I = 30 mAde, I =0) CEO(sus) 80 -
Collector-Emitter Sustaining Voltage(1) BV Vde
(I, = 100 mAde, Ry = 10 ohms) CER(sus) 100 .
Collector-Base Breakdown Voltage BVCBO Vde
(I = 100 pAde, I, =0) 120 -
Emitter-Base Breakdown Voltage BVEBO Vdce
(I = 100 pAde, I, =0) 7.0 -
Collector Cutoff Current ICBO
(Vg =90 Vde, I =0) - .010 pAde
(VCB =90 Vdc, L = 0, Ty = 150°C) - 15 HAde
Emitter Cutoff Current ILtso wAdc
(VBE =5.0 Vdc, Io = 0) - .010
ON CHARACTERISTICS
DC Current Gain hFE ~ -
(Ic = 0.1 mAde, Vo = 10 Vdc) 20 -
(I = 10 mAde, Vo = 10 Vde)(1) 35 -
(IC =10 mAdc, VCE =10 Vdc, TA =-55°C) 20 -
(IC =150 mAdc, Veg = 10 Vdc)(1) 40 120
Collector-Emitter Saturation Voltage (1) VCE( sat) Vde
(I = 50 mAde, I = 5.0 mAde) A - 1.2
(IC = 150 mAdc, IB =15 mAdc) - 5.0
Base-Emitter Saturation Voltage (1) VBE( at) Vdce
(I =50 mAdc, Iy =5.0 mAdc) S - 0.9
(I = 150 mAdc, I = 15 mAdc) - 1.3
SMALL-SIGNAL CHARACTERISTICS
Current-Gain-Bandwidth Product [T MHz
(I = 50 mAde, Vo =10 Vde, f = 20 MHz) 50 -
Output Capacitance Cob pF
(Vo = 10 Vdc, I =0, f = 100 kHz) - 15
Input Capacitance Cib pF
(Vg = 0.5 Vde, I =0, f = 100 kHz) - 85
Input Impedance h.b . Ohms
(Ig = 1.0 mAde, Vp =5.0 Vde, f =1.0 kHz) ! 20 30
(I =5.0 mAde, Vo =10 Vdc, f = 1.0 kHz) 4.0 8.0
Voltage Feedback Ratio b X 10-4
(I = 1.0 mAde, Vo =5.0 Vdc, f = 1.0 kHz) T - 1.25
(IC =5.0 mAdc, VCB =10 Vde, f = 1.0 kHz) - 1.50
Small-Signal Current Gain ¢ -
(Ig = 1.0 mAde, Vo =5.0 Vdc, f = 1.0 kHz) € 30 100
(I = 1.0 mAde, Vo =10 Vde, f = 1.0 kHz) 45 -
Output Admittance h b pmhos
(Ic=l.0 mAdc, VCB=5.0 Vde, f = 1.0 kHz) ° - 0.5
(I = 5.0 mAde, Vo =10 Vde, f = 1.0 kHz) - 0.5

*Indicates JEDEC Registered Data
(1) Pulse Test: Pulse Width S 300 us, Duty Cycle < 2.0%.
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2N72 7 (SILICON)

® Collector-Emitter Breakdown Voltage —
BVCEQ = 20 Vdc (Min) @ Ic = 10 mAdc

® [ow QOutput Capacitance —
Cob =5.0 pF (Max) @ Vcg = 5.0 Vde

PNP SILICON ANNULAR TRANSISTORS

... designed for general purpose audio amplifier applications.

PNP SILICON
AMPLIFIER
TRANSISTORS

I

e A =g
B
-
[E {p c
Fo
|—F
SEATING ‘ K
PLANE
*MAXIMUM RATINGS
Rating Symbol Value Unit STYLE 1: J
Collector-Emitter Voltage VCceo 20 Vdc PIN ; EX'SETER =N
Collector-Base Voltage Vce 25 Vdc 3. COLLECTOR
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous Ic 50 mAdc
Total Device Dissipation @ Tp = 259C Pp 300 mwW ‘%
Derate above 25°C 2.0 mw/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.0 Watt [ TWMILCIMETERS] INCHES
Derate above 25°C 6.67 mw/°c DIM ["WIN | MAX | MIN | MAX
Operating and Storage Junction T3 Tstg -65 to +200 °c A | 531 |584 1209 | 0.230
Temperature Range B [am 7 195
4375, 170 | 0.210 ]
*Indicates JEDEC Registered Data D | 0.406 3 [ 0.01 021
e | - 2 | - 10030
0.406 3 {0016 [0.019

X
2.54 BSC 0,100 BSC

G
H | 0914 [1.17 |0.036 | 0.046
3 0711 122 0028 0048
1270 | - 0500 | -
L 635 | - [0250] -
M 450 B5C 450 8SC
1.27 BSC 0.050 BSC
P - [127 — 10.050

All JEDEC notes and dimensions apply.

CASE 22-03
(TO-18)
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ZN /27 (continued)

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

[ Characteristic I Symbol l Min I Max l Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1] BVCEO 20 - Vdc
(Ic =10 mAdc, Ig = 0)
Collector Cutoff Current ' ICEO - 5.0 uAdc
(Vce =156 Vdc, 1Ig = 0)
Collector Cutoff Current IcBO uAdc
(Ve = 25 Vdc, Ig = 0) - 1.0
(VeB = 25 Vdc, Ig =0, Ta = 150°C) — 25
Emitter Cutoff Current IEBO - 0.5 uAdc

(VEg =5.0 Vdc, Ic=0)

ON CHARACTERISTICS

DC Current Gain(1) hee -
{Ic=10 mAdc, VcE = 1.0 Vdc) 30 120

(Ic=10mAdc, Vg = 1.0 Vdc, 12 -
Ta = -65°C)

Collector-Emitter Saturation Voltage VCE (sat) - 0.6 Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc)

Base-Emitter Saturation Voltage VBE (sat) - 1.0 Vdc
(Ic =10 mAdc, Ig = 1.0 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product(2) fr 140 - MHz
(Ic="10mAdc, Vg = 10 Vdc, f = 100 MHz)
Output Capacitance Cob - 5.0 pF
(Vcg=5.0 Vdc, Ig =0, f=1.0 MHz)
Small-Signal Current Gain hte -
(Ic=10mAdc, Vg = 10 Vdc, 30 240
f=1.0kHz)

*Indicates JEDEC Registered Data.
(Mpulse Test: Pulse Width = 300 us, Duty Cycle € 2.0%.
(Z)fT is defined as the frequency at which |hfel extrapolates to unity.

N
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an7 36 (siucon)

an739
2n740

@ NPN silicon annular transistors designed for small-
signal amplifier and general purpose switching appli-

cations.
CASE 22

2 STYLE 1:
PIN 1. EMITTER
1 3 2. BASE
3. COLLECTOR
(TO-18)

Collector connected to case

*MAXIMUM RATINGS

. 2N739 .
Rating Symbol | 2n736|2N740 Unit
Collector-Emitter Voltage VCE o 60 80 Vdc
Collector-Base Voltage VCB 80 125 Vdc
Emitter-Base Voltage VEB 5.0 Vde
Collector Current IC 1.0 Adc
Total Device Dissipation @ TA =25°C PD 500 mw
Derate above 25°C 2.86 mw/°C
Operating and Storage Junction T 7 Ty -65 to +200 °C
Temperature Range &

* Indicates JEDEC Registered Data
Lead Temperature, 1/16" + 1/32" from case for 10 s.
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2N736, 2N739, 2N740 (Continued)

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

Characteristic I Symbol Min Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) BVego Vde
(I = 10 mAde, Iy = 0) 2N736 60 -
2N739, 2N740 80 -
Collector-Base Breakdown Voltage BVCBO Vde
(I = 10 pAde, I, = 0) 2N1736 80 -
2N739, 2N740 125 -
Emitter-Base Breakdown Voltage BVEBO Vde
(15 = 10 pAdc, Ic= 0) 5.0 -
Collector Cutoff Current ICBO pAde
(VCB =40 Vdc, Ip = 0) - 1.0
Emitter Cutoff Current IEBO uAde
(Vgg = 5.0 Vde, I, =0) - 10
ON CHARACTERISTICS
DC Current Gain hFE -
(I = 5.0 mAde, Vi = 5.0 Vdc) 2N739 30 100
2N736, 2N740 60 200
Collector-Emitter Saturation Voltage VCE (sat) vdce
(Ig = 10 mAde, I = 2.0 mAdc) s - 1.0
Base-Emitter Voltage VBE Vde
(IC =10 mAdc, Iy =2.0 mAdc) 0.35 1.5
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cob pF
(Vop = 5.0 Vde, I =0, f= 1.0 MHz) B 10
Input Impedance h, Ohm
(I = 5.0 mAde, Vo= 5.0 Vde, f=1.0kHz) 2N739 e - 1500
2N736, 2N740 - 1800
Small-Signal Current Gain hf -
(IC = 5.0 mAdc, Ve = 5.0 Vdc, f = 1.0 Hz) 2N1739 € 40 100
2N736, 2N740 80 200

* Indicates JEDEC Registered Data

(1)Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.
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2N 74] 7 A (Ge Mesa)

@ PNP germanium mesa transistors for oscillator,
frequency multiplier and amplifier applications.

2

CASE 22-03
(TO-18) ! Q 3

Collector connected to case STYLE I:
PIN 1. EMITTER
2. BASE
3. COLLECTOR

*MAXIMUM RATINGS

Rating Symbol  |2N741{2N741A Unit

Collector-Emitter Voltage VCE 15 20 Vde
Collector-Base Voltage VCB 15 20 Vde
Emitter-Base Voltage VEB 1.0 Vde
Collector Current - Continuous IC 100 mAdc
Total Device Dissipation @ TA = 95°C PD 150 mW

Derate above 25°C 2.0 mw/°C
Total Device Dissipation @ Tc = 25OC PD 300 mW

Derate above 25°C 4.0 mw/°c
Operating and Storage Junction o

Temperature Range TJ, Tstg -65 to +100 C

*Indicates JEDEC Registered Data
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2N741,A (continued)

*ELECTRICAL CHARACTERISTICS

(TA = 25°C unless otherwise noted)

Characteristic

Symbol [ Min| Max| Unit
ON CHARACTERISTICS
Collector-Base Breakdown Voltage BVC BO vde
(‘Ic =100 pAdc, IE =0) 2N741 15 -
2N741A 20 -
Emitter-Base Breakdown Voltage BVEBO Vdc
(IE =100 pAdc, IC =0) 1.0 -
Collector Cutoff Current ICES uAde
(VCE =15 Vde, VBE =0) 2N741 - 100
(VCE =20 Vdec, vBE =0) 2N741A - 100
Collector Cutoff Current ICBO nAde
(VCB = 6 Vde, IE = 0) ' - 3.0
ON CHARACTERISTICS
DC Current Gain hFE -
(IC =5 mAde, VCE =6 Vdc) 10 -
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(IE =5 mAde, VCB =6 Vdc, f = 100 MHz) 2N741 - -
2NT41A 300 -
Output Capacitance C ob pF
(VCB =6 Vdec, IE =0, f = 100 kHz) - 10
Small-Signal Current Gain hf e -
(IC =5 mAdc, VCE =6 Vdc, f =1 kHz) 20 -
Input Impedance hib Ohms
(IE =5 mAdc, VCB= 6 Vdc, f =1 kHz) - 15
Power Gain, Matched, Neutralized G dB
(Vop = 6 Vde, I =5 mAdc, f = 30 MHz) pe 16 -

*Indicates JEDEC Registered Data
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an744 (siLicon)

0

NPN silicon annular transistor for high-speed switch-
ing applications.

CASE 22
(TO-18)

Collector connected to case 1 3

*MAXIMUM RATINGS

STYLE 1:
PIN 1. EMITTER

2. BASE
3. COLLECTOR

Rating Symbol Value Unit

Collector-Base Voltage VcB 20 Vdc
Collector-Emitter Voltage(1) VecEo 12* Vde
Emitter-Base Voltage VEB 5.0 Vdc
Collector DC Current Ic 200 mAdc
Total Device Dissipation at

25°C Case Temperature Py 1.0 Watt

(Derate 6.67 mW/°C above 25°C)
Total Device Dissipation at

25°C Ambient Temperature Pp 0.3 Watt

Derate above 25°C 2.0 mW/°C
Junction Temperature Ty +175 °C
Storage Temperature Tstg -65 to + 200 °C

* Indicates JEDEC Registered Data

(DRefers to the voltage at which the magnitude of hpg approaches one when the

emitter-base diode is open-circuited.

SWITCHING TIME TEST CIRCUIT

10 Vdc

(Adjust for

IC = 10 mAdc)
IC = 410 mAdc
181 = 410 mAdc
182 == —10 mAdc

MODEL 303 LUMATRON R4 RS
PULSE GENERATOR
OR EQUIVALENT

CHARGE STORAGE TEST CIRCUIT

01
R1

AA

Q

VWV

5042

(HFR)
E: R2 HFR
s R |/ 00023 0.0023
S(HFR)

\

| }|0005 | £ 0005
. 01 ) 01

e

_—'[ Ves

(HFR) cj

1k

I
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2N744 (continued)

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

Characteristic Symbol | Min | Typ | Max | Unit

Collector Cutoff Current IcEs iAdc
(Vog =20 Vde, Ig = 0) = - 005 1.0
(VCE = 20 Vdc, Ig = 0, T4 = 170°C) - - 100

Collector Cutoff Current ICEX uAde
(Veg = 10 Vde, Vgg = 0.35 Vdc, T4 = 100°C) - - 30

Emitter Cutoff Current IEBO uAdc
(Vgp = 5 Vde, I¢ = 0) - - 10

Collector-Emitter Breakdown Voltage BVcEO Vdc
(Ic = 10 mAdc, I = 0)* 12 30 -

Forward Current Transfer Ratio hrg -
(Ic = 1.0 mAde, Vg = 0.25 Vdc) 20 - -
(Ic = 10 mAdc, Vcg = 0.35 Vdc) 40 - 120
(Ic = 10 mAdc, VCE = 0.35 Vdc, Tp = -55°C) 20 - -
(IC = 100 mAdc, VCE = 1.0 Vdc)(1) 20 - -

Small Signal Forward Current Transfer Ratio hee -
(I¢ = 10 mAdc, Vg = 10 Vdc, f = 100 MHz) 2.8 4.5 -

Base-Emitter Voltage VBE Vde
(Ic = 10 mAdc, Ig = 1 mAdc) 0.7 -
(Ic = 10 mAdc, Ig = 1 mAde, TA = -55°C) - -
(Ic = 100 mAdc, Ig = 10 mAdc) (1) . - -

(IC = 100 mAdc, Ig = 10 mAdc, Tp = -55 C)(1) - -

- ©
@
0’0‘)——“‘

Collector-Emitter Saturation Voltage vCE(sat) Vde
o

(Ic = 10 mAdc, Ig = 1 mAde, T4 = 170°C) — -

(Ic = 100 mAdc, Ig = 10 mAdc, TA = 170°C)(1) - -

~o
w
o(}\

Output Capacitance Cob pF
(Vep = 5 Vde, Ig = 0) - 3.0 5.0

Turn-on Time
(Condition 1) - 26 -
(Condition 2) - 10 16
{Condition 3) - 7.0 -
(Condition 4) - 6.0 12

ns

Turn-off Time toff ns
(Condition 1) - 30 -
(Condition 2) - 17 24
(Condition 3) - 18 -
(Condition 4) - 23 45

Charge Storage Time Constant T ns
(Ic = 10 mAdc, Ig; = -Igg = 10 mAdc) - - 18

(1) Pulse Test: Pulse width £ 300 us, duty cycle = 2%

ton toff

CONDITION} 1 | Tns | 15, |V Voc| Ri=Ry | Ry | Ry | R [VBB Vv | VoB Vin
Sl Bh| 8% | B ES ] e Q v v v

3 11 -0.5 -0.9 3.4 6.8 K 50 1K 0 -1.8 10.2 8.4 -10.2
10 3| -15 -15 3.0 3.3K 50 | 220 0 -3.0 15.0 12.0 -15 0
15 | -7.5 -1.8 4.0 680 50 18] 1K |-3.5 15.3 |** 1.7 -15.3
100} 40 }-20.0 -2.4 6.0 330 56 0 1K | -4.5 20.0 [x*5.3 -20.0

> W N
2
o

* Indicates JEDEC Registered Data
** Vpp is pulsed for 1.5 s @ less than 10% duty cycle

2-84



o7 53 siicon

® Fast Switching Times —
ton = 40 ns (Max)
toff = 756 ns (Max)

® Collector-Emitter Breakdown Voltage —
BVCER = 20 Vdc (Min) @ Ic = 10 mAdc

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.3 Vdc (Typ) @ ic = 10 mAdc

® High Current-Gain—Bandwidth Product —
fT =400 MHz (Typ) @ Ic = 10 mAdc

NPN SILICON ANNULAR SWITCHING TRANSISTOR

... designed for use in high-speed saturated switching applications.

NPN SILICON
SWITCHING
TRANSISTOR

@

*MAXIMUM RATINGS

A

]
£
{ s
f
! Pl
SEATING netal
PLANE
—~|l~—D
— =N
(R
T 3
M
\/QE\\/J
STYLE 1

PIN T EMITTER
2 BASE
3 COLLECTOR

MILLIMETERS INCHES
DIM[ MIN_TMAX | MIN | MAX

A .31 [5.84 .20 .230

Rating Symbol Value Unit
Collector-Emitter Voltage VcEo 15 Vdc
Collector-Emitter Voltage VCER 20 Vdc
(Rgg = 10 Ohms)
Collector-Base Voltage Vce 25 Vde
Emitter-Base Voltage VEB 5.0 Vde
Collector Current — Continuous Ic 50 mAdc
Total Power Dissipation @ T = 26°C Pp 300 mw
Derate above 25°C 2.0 mw/°C
Total Power Dissipation @ T¢ = 25°C Pp 1.0 Watt
Derate above 25°C 6.67 mw/°C
Operating and Storage Junction Ty Tstg | -65to +200 °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
| Thermal Resistance, Junction to Ambient Rgyall) 150 oc/w
Thermal Resistance, Junction to Case RgJuc 500 oc/w

.52 14.95 ).178 | 0.195

.32 [5.33 .17 .210

* Indicates JEDEC Registered Data.

(1) Rpya is measured with the device soldered into a typical printed circuit board.

.406 |0.533 | 0.01 .021

G 254 BSC 0.100 BSC
H_ {0914 [1.17 [0.036 [ 0.046
J_[ 0711 [1.22 | 0028 | 0.048
127, - 0500 | -
635 | —  |0.260 | -
N 450 BS 450 BSC
N 1.27 BSC 0.050 BSC
- et — 10.050
CASE 22-03
(TO-18)
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2N 753 (continued)

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

I Characteristic

| Symbol r

r Typ

Max

[ unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1)
(g =10mAdc, Ig=0)

BVceo

15

Vde

Collector-Emitter Breakdown Voltage (1)
(Ic = 10 mAde, Rgg = 10 Ohms)

BVCER

20

Vde

Collector-Base Breakdown Voltage
(I = 100 uAdc, Ig = 0)

BVcgo

25

Vde

Emitter-Base Breakdown Voltage
(lg =100 pAdc, Ic = 0)

BVEBO

5.0

Collector Cutoff Current
(Veg =15 Vdc, Ig = 0)
(Veg =15 Vde, Ig = 0, Ta = 150°C)
(Vcg = 25 Vdc, IE = 0)

Iceo

0.5
30
10

uAdc

Collector-Emitter Cutoff Current
(VcE = 20 Vdc, Rgg = 100 k Ohms)

ICER

uAdc

Emitter-Cutoff Current
(Vgg = 6.0 Vdc, Ic = 0)

lEBO

10

uAdce

ON CHARACTERISTICS

DC Current Gain
(Ic = 10 mAdc, Vg = 1.0 Vdc)

hFE

40

70

120

Collector-Emitter Saturation Voltage
(Ilc =10 mAdc, Ig = 1.0 mAdc)
(Ic = 50 mAdc, | g = 6.0 mAdc)

VCE(sat)

03
0.3

0.6

Vde

Base-Emitter Saturation Voltage
(Ic = 10 mAdc, Ig = 1.0 mAdc)

VBE(sat)

0.7

038

0.9

Vde

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product
(Ic = 10 mAdc, Vg = 10 Vdc, f = 100 MHz)

fr

200

400

MHz

Output Capacitance
(Vg = 5.0 Vdc, Ig = 0, f = 1.0 MHz)

Cob

4.0

5.0

pF

SWITCHING CHARACTERISTICS

Turn-On Time (Figure 1)
(Ve = 3.0 Vde, Ic = 10 mAdc, VBE(off) = 2.0 Vdc,
g1 = 1.2 mAdc)

ton

30

40

ns

Turn-Off Time (Figure 1)
(Ve = 3.0 Vde, Ic = 10 mAdc, Ig1 = 1.2 mAde,
Ig2 = 0.5 mAdc)

toff

60

75

ns

Storage Time (Figure 2)
(Vee =10 Vdc, Ic = 10 mAdc, I g1 = Ig2= 10 mAdc)

s

35

ns

*Indicates JEDEC Registered Data.
(1) Pulse Test: Pulse Width <300 us, Duty Cycle < 2.0%.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

Vee = 3 Vde
270 (Adjust for
10 mA)

+7.0V
1] R

Ve~
{(Turn-On) -2.0V
(Turn-Off) -1.0 V
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FIGURE 2 — STORAGE TIME TEST CIRCUIT

980

Vee = 10 Vdce
(Adjust for
10 mA)




2aN827 (Ge Mesa)

g PNP germanium mesa transistor for high-speed
switching applications.

CASE 22 1
(TO-18) 3

STYLE1:
Collector connected to case A
2. BASE
3.COLLECTOR

*MAXIMUM RATINGS

Rating Symbol Value ' Unit
Collector-Base Voltage Ve 20 Vde
Collector-Emitter Voltage VCES 20 Vde
Collector-Emitter Voltage VcEX 10 Vde
Emitter-Base Voltage VEB 4.0 Vdce
Collector Current-Continuous Ic 100 mAdc
Junction Temperature Ty +100 °c
Storage Temperature ‘ Tatg -65 to + 100 oc
Total Device Dissipation @T , = 25°C Pp 150 mwW

Derate above 25°C 2.0 mW/"C

*Indicates JEDEC Registered Data

FIGURE 1 - SWITCHING TIME TEST CIRCUIT
les= —10mAd
fe = —3 3mA:c
Vee= =3V | = _33mAdc

GENERATOR Z,,, = 500
INPUT PULSE L, = t, = 1 ns
INPUT PULSE WIDTH = 100 ns
(50% DUTY CYCLE)
1.2KQ

2150

SCOPE

2, =1Meg0Q
Ci = 20pPF
t,=1ns

Vi) = +4Vde
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2N827 (continued)

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

Characteristic Symbol | Min | Max | Unit
Collector-Base Breakdown Voltage BVcBo vde
(Ic =100 p Adc, Ig =0) : 20 ———
Collector-Emitter Breakdown Voltage BVC ES Vde
(Ic=100 u Adc, VEp=0) 20 ——-
Emitter-Base Breakdown Voltage BVEBO Vdc
(Ig=100 wAdc, Ic=0) 4 ——-
Collector Latch-up Voltage LVC EX 10 --= | Vdc
Collector-Emitter Cutoff Current Io ES wAdc
(Veg =15 Vdc, Vgp =0) ---1 5.0
Collector-Base Cutoff Current ICBO uAdc
(Vep =15 vde) - ---] 5.0
DC Forward Current Transfer Ratio hrg ———
(I¢c =10 mAdc, Vcg=0.3 Vdc) 100 | ---
Collector-Emitter Saturation Voltage VeE( sat) | vdce
(lc =10 mAdc, Ig =3.3 mAdc) ---] 0.25
Base-Emitter Voltage VBE Vdc
(IC =10 mAdc, Ig =3.3 mAdc) ---] 0.5
Small-Signal Forward Current Transfer Ratio | hg, ---
(IC =10 mA, Vog=1V, f=100 MHz) 25| =---
Collector Output Capacitance Cob pF
(Vep=10 V, Ig =0, f =1 MHz) --=-1 9.0
Delay Time (Figure 1) td —— 15 ns
Rise Time (Figure 1) te --=| 20 ns
Storage Time (Figure 1) | tg ---1 30 ns
Fall Time (Figure 1) tf --=-1 30 ns

*Indicates JEDEC Registered Data
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2n828 (Ge Mesa)

@ PNP germanium epitaxial mesa transistor for high-
speed switching applications.

CASE 22-03 2
(TO-18)
Collector : 3
connected to case STYLE1:

PIN 1. EMITTER
2. BASE
3. COLLECTOR

*MAXIMUM RATINGS

Rating Symbol Valuve Unit

Collector-Emitter Voltage \Y% CES 15 Vdc
Collector-Base Voltage VCB 15 Vdc
Emitter-Base Voltage VEB 2.5 Vde
Collector Current - Continuous Ic 200 mAdc
Total Device Dissipation @ T, = 25°C P 150 mW

Derate above 25°C 2.0 mw/°C
Total Device Dissipation @ T, = 25°C Py 300 mw

Derate above 25°C 4.0 mw/°c
Operating and Storage Junction o

Temperature Range T I Tstg -65 to +100 C

*Indicates JEDEC Registered Data

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

TYPE R SAMPLING RESISTOR
INPUT WAVEFORM PULSE VOLTS 2800 09
INTERNAL RESISTANCE
+1.25 2000 - 48K

—3Vdc (APPROX)

O——~ AM NOTE: (ADJUST FOR I = —10mA)
Ipy = —1mA
Ins = +0.25mA
le = —10mA

USE TEKTRONIX TYPE R PLUG-IN

FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT
TYPE R SAMPLING RESISTOR

PULSE VOLTS 9800 204
INTERNAL RESISTANCE
500 —10Vdc (APPROX)
o VWA NOTE: (ADJUST FOR I, = 10mA)
1y, = —0.10mA
—4.4V Iy, = +10mA
INPUT WAVEFORM = le. = —10mA
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2N828 (continued)

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

[ Characteristic [ symbot [ Min | Max [ unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BVCES 15 - Vdc
(Ic =100 pAdc, VBE = 0)

Collector-Base Breakdown Voltage BVcBO 15 - Vde
(Ic=100 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage BVEBO 2.5 - Vdc
(Ig = 100 pAdc, Ic= 0)

Collector Cutoff Current IcBO - 3.0 uAdc
(Ve =6 Vdc, I = 0)

ON CHARACTERISTICS

DC Current Gain hpg 25 - -
(Ic=10mAdc, Vcg = 0.3 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic=10mAdc, Ig = 1 mAdc) - 0.2
(Ic= 50 mAdc, Ig = 5§ mAdc) ~ 0.25

Base-Emitter Saturation Voltage VBE(sat)| 0.34 0.44 Vdc
(Ic=10mAdc, Ig = 1 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product fT 300 — MHz
(Ic=10mAdc, VcE = 1 Vdc, f= 100 MHz)

Output Capacitance Cob - - pF
(Ve = 10 Vdc, Ig = 0)

Small Signal Current Gain hfe 3.0 — -
(Ic=10mAdc, Vcg = 1 Vdc, f= 100 MHz)

Delay Plus Rise Time (Figure 1) tg+t, — 70 ns

Storage Time (Figure 1) tg - 50 ns

Fall Time (Figure 1) tf - 50 ns

Charge Storage Time Constant (Figure 2) Ts - 25 ns

Rise Time ty - - ns

Storage Time ts - - ns

Fall Time tf - - ns

*Indicates JEDEC Registered Data.
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2N828A (Ge Mesa)

CASE 22-03
(TO-18) PNP germanium mesa transistors for high- speed

switching applications
Collector connected to case

13

STYLE1:
PIN 1. EMITTER
2. BASE
3. COLLECTOR

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector to Base Voltage VCB 15 Vdc
Collector to Emitter Voltage VCES 15 Vdc
Emitter to Base Voltage VEB 2.5 Vdc
Collector Current - Continuous IC 200 mAdc
Total Device Dissipation @T c* 25°C P, 300 mwW
Derate above 25°C 4.0 mW /" C
Total Device Dissipation @TA =25"C PD 150 mwW
Derate above 25°C 2.0 mW/*C
Junction Temperature TJ +100 °C
Storage Temperature TStg -65 to +100 °C

*Indicates JEDEC Registered Data
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2N 8 28A (continued)

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

=0,V

CB* 6vdc, f = 100 kHz)

Characteristic Symbol | Min | Max Unit

Collector to Base Breakdown Voltage BVCBO 15 == Vdc
Ip =0, I5 = 100uAde

Collector to Emitter Breakdown BVCES 15 -- Vdc
Voltage
Vep = 0, I = 100nAdc

Emitter to Base Breakdown Voltage BVEBO 2.5 -- Vdc
IC =0, IE = 100u Adc

Collector Cutoff Current ICBO -- 3.0 uAdc
Ig=0, Vop = 6Vde

Forward Current Transfer Ratio hFE -- --
IC = 10mAdc, VCE = 0.3Vdc 25

Forward Current Transfer Ratio hfe -- --
IC = 150mAdec, Veg = 1vde 25

Collector Saturation Voltage VCE (sat) -- Vdc
Ic = 10mAdc, IB = 1.0 mAdc 0.20

Collector Saturation Voltage VCE (sat) -- 0.25 Vdc
IC = 50mAdc, Iy = 5.0mAdc

Collector Saturation Voltage VCE (sat) -- Vde
IC = 150mAdc, Iy = 15mAdc 0. 50

Base to Emitter Voltage VBE Vdc
IC = 10mAdc, Iy= 1lmAdc 0.34 0.44

Base to Emitter Voltage VBE -- Vdce
IC = 150mAdc, IB = 15mAdc 0.85

Collector Capacitance C ob -- 4.0 pF

*Indicates JEDEC Registered Data
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2N 8 28A (continued)

ELECTRICAL CHARACTERISTICS (continued)

Characteristic Symbol Min | Max | Unit

Input Capacitance Cib - 3.5 pF
Vgg = 1Vde, I, = 0, f = 100 kHz)

Small Signal Forward Current hfe 3.0 -- --
Transfer Ratio
I, = 10mAde, Vi = -1Vdc, f = 100MHz

Current Gain Bandwidth Product fT 300 == MHz
VCE = 1Vdc, IC = -10mAdc, f = 100 MHz

Delay Plus Rise Time (Fig. 1) ton -- 50 ns
IC = 10mAdc

Storage Time (Fig. 1) ts -- 50 ns
I.= 10mAdc
C

Fall Time (Fig. 1) tf -- 50 ns
I, = 10mAdc
C

Total Control Charge (Fig. 3) QT -- 80 pC
IC = 10mAdc

Delay Plus Rise Time (Fig. 2) ton -- 50 ns
IC = 150mAdc

Turn Off Time (Fig. 2) toff -- 100 ns
IC = 150mAdc

Total Control Charge (Fig. 4) Qp . 175 pC
IC = 150mAdc

*Indicates JEDEC Registered Data

FIGURE 1 — 10mA SWITCHING TIME
TEST CIRCUIT

SAMPLING
RESISTOR
PULSE 280 20
-3.1Vd
INPUT VOLTS —AVW—0 -3.1Vdc
INTERNAL
SIGNAL
RESISTANCE
L _OSCOPEV_,
+1.25 Vde
0---I- 200 4.8K Ic = -10mAdc
Ig1 = -lmAdc

Ig2 =+0.25mAdc
= VBE (0) = +1. 25Vdc

SCOPE INPUT IMPEDANCE = 1Megohm
SCOPE INPUT CAPACITANCE = 20 pF
GENERATOR OUTPUT IMPEDANCE = 50 ohms
INPUT PULSE tr =t = 2ns

FIGURE 3 — 10mA TOTAL CONTROL
CHARGE TEST CIRCUIT
*ADJUST V. FOR -5.4 VOLT PULSE AT POINT A

-5.4 VDC

B
300
16 pF -3.1vde
VBB* 100 A I, = -10mAdc
| I 5K IB = -1mAdc
-5.4 Vdc

AT POINT A 100

Hg RELAY -
--90%
= = h 20mV
109, - - MAX
)

10ns  MAX - je- ¥

FIGURE 2 — 150mA SWITCHING TIME

TEST CIRCUIT
SAMPLING
RESISTOR
PULSE 48 2
VOLTS -AMW—O -7.75 Vdc
INPUT INTERNAL
RESISTANCE
SIGNAL OSCOPE V_
+1.9Vde 450 900 Ic = -150mAdc
0= f-=|- Ig; = -7.5mAdc
Igy =+1.9mAdc
-8.2 Vdc VBE(0) = +1.9Vdc

SCOPE INPUT IMPEDANCE = 1Megohm
SCOPE INPUT CAPACITANCE = 20 pF
GENERATOR OUTPUT IMPEDANCE = 50 ohms
INPUT PULSE t, = t( = 2ns

FIGURE 4 — 150mA TOTAL CONTROL
CHARGE TEST CIRCUIT
*ADJUST Vpg FOR -8 VOLT PULSE AT POINT A
50

-7.75 Vdc
Ic = -150mAdc

22)pF

VBB* Ig = -7.5mAdc
I | 1K
-8 Vdc L
AT POINT A 100 ./Hg RELAY
14 1 == 90% r 20mV
< = MAX
10%-- -
| H r
10ns MAX -+ je




an834 (siLicon)

2n835

@ NPN silicon epitaxial transistors for high- speed
switching applications.

2
CASE 22 STYLE 1:
TO- PIN 1. EMITTER
(10-18) 13 2. BASE
Collector connected to case 3. COLLECTOR

*MAXIMUM RATINGS

Rating Symbol 2N834 2N835 Unit
Collector-Emitter Voltage VCES 30 20 Vdc
Collector-Base Voltage VCB 40 25 Vdce
Emitter-Base Voltage VEB 5.0 3.0 Vde
Collector Current-Continuous Peak IC 200 mAdc
Total Device Dissipation @ T, = 25°C P 0.3 Watt

Derate above 25°C 2.0 mw/°c
Total Device Dissipation @ T, = 25°C Py 1.0 Watt
Derate above 25°C 6. 67 mw/°c
Total Device Dissipation @ T, = 100°C P 0.5 Watt
Derate above 100°C 6. 67 mw/°c
Operating and Storage Junction Ty Tg -65 to +175 °c
Temperature Range tg
* Indicates JEDEC Registered Data
FIGURE 1 — TURN-ON AND TURN-OFF FIGURE 2 — CHARGE STORAGE TIME
TIME MEASUREMENT CIRCUIT CONSTANT MEASUREMENT CIRCUIT

+11v

o 01ut
ta: Vap = —4Vde rj tore: Vps = +16Vde V= 119vu

50
Via =10V
ov } ov
Vi = +21 Vde 1

NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT.
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2N834, 2N835 (continued)

*ELECTRICAL CHARACTERISTICS (Tj= 25°Cunless otherwise noted)

Characteristic

Symbol

Min

Max

Unit

OFF CHARACTERISTICS

Collector-Base Breakdown Voltage
(IC = 10 pAde, IE =0)

2N834
2N835

BV¢mo

40
25

Vdc

Emitter-Base Breakdown Voltage
(IE = 10 pAdc, IC = 0)

2N834
2N835

BVeBo

wun
oo

Vdc

Collector Cutoff Current
(VCE = 30 Vdc, VBE = 0)

(VA = 20 Vde, V., = 0)

CE BE

2N834

2N835

CES

10
10

pLAdc

Collector Cutoff Current
(Vg = 20 Vde, Ip = 0)

(Vop=20Vde, I;= 0, T, = 150°C)

CB A

CBO

0.5

30

LAde

ON CHARACTERISTICS

DC Current Gain(1)

(IC = 10 mAdc, VCE = 1 Vdc)

2N834
2N835

FE

25
20

Collector -Emitter Saturation Voltage
(IC = 10 mAdc, IB = 1 mAdc)

(I

o= 50 mAdc, IB = 5 mAdc)(1)

2N834
2N835

2N834
2N835

(VCE(sat)

Vdc

Base-Emitter Saturation Voltage (1)
(Ic = 10 mAdc, I = 1 mAdc)

VBE(sat)

Vde

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product
(Ic = 10 mAdc, VCE = 20 Vdc, f = 100 MHz)

(I = 10 mAde, = 15 Vdc, f = 100 MHz)

VeE

2N834

2N835

350
300

MHz

High-Frequency Current Gain

(IC = 10 mAdc, VCE = 20 Vdc, f = 100 MHz)
(IC = 10 mAdc, Veg = 15 Vdc, f = 100 MHz)

2N834

2N835

| Pre]

3.5
3.0

Output Capacitance
(VCB = 10 Vdc, IE = 0, f = 100 kHz)

ob

4.0

pF

Charge-Storage Time Constant (Figure 2)
(lc = 10 mAdc, IB1 = IBZ = 10 mAdc)

2N834
2N835

25
35

ns

Turn-On Time (Figure 1)

(Ig = 10 mAde, Iy, = 3 mAde, I,

= 1 mAdc) 2N834

2N835

t
on

33
20

ns

Turn-Off Time (Figure 1)
(IC = 10 mAdec, IBl

= 3 mAde, = 1 mAdc) 2N834
2

2N835

off

75
35

ns

* Indicates JEDEC Registered Data
(1)Pulse Test: Pulse Width < 12 ms, Duty Cycle

< 2%
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an838 (Ge Mesa)

PNP germanium mesa transistor for high- speed
switching applications.

CASE 22-03
(TO-18)
2
STYLE I:
Collector connected to case | 3 PIN 1. EMITTER
2. BASE
3.COLLECTOR

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Base Voltage VeB 30 Vdce
Collector- Emitter Voltage VCES 30 vdc
Collector-Emitter Voltage VCEX 15 Vdc
Emitter-Base Boltage VEB 2.5 Vdc
Collector Current - Continuous Ic 100 mAdc
Junction Temperature Ty +100 oc
Storage Temperature Tstg -65 to+ 100 oc
Device Dissipation @ T A= 25°C Pp 150 mW
» (Derate 2mW/°C above 25°C) 2.0 mW/°C

*Indicates JEDEC Registered Data

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

les = —10mAde
Veem 3y v = —3.3mAdc
GENERATOR Z,,, = 50 «©= Iy = —3.3mAdc
INPUT PULSE t, = t, == 1 ns
INPUT PULSE WIDTH = 100 ns 2750
(5Q% DUTY CYCLE)
SCOPE
0 1.2KQ Iin = 1MegQ
U Cin = 20 pF
-8V t, == 1ns

Vae) = +4Vde

Ic, COLLECTOR CURRENT (mAdc)

FIGURE 2 — AREA OF PERMISSIBLE LOAD LOCI

100 fRse Zcies e miicey]
LATCH-UP / Latch-up Free Operating Area. Latch-up 1s the
, AREA 27, failure of the collector potential to return to the
/4774, supply voitage upon turn-off The curve shows
77 7% the permissible operating area to avoid latch up
80 Load excursions must not pass through the
LATCH-FREE % 7 shaded area Excursions into the. shaded area
LOAD LINE AREA 0,47, Wl not necessarily harm the transistor, but may
% produce the reduction in output voitage noted
above and cause high power dissipation
QR 7 7777y |
60 Collector Latch-Up Voitage Test Circuit
] SCOPE
40 AREA OF ¢
LATCH-FREE 03 vde
OPERATION "
WHEN t¢ OF
OUTPUT 0—=f==|— Vee == 10 Vde
PULSE 15 ns -
20 N 25 vde
N g < 20ns
\\‘
0
0 1 2 3 4 5 6 7 8 9 10

Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS)
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2N838 (continued)

*ELECTRICAL CHARACTERISTICS (Ta = 259C unless otherwise noted)

Characteristic Symbol Min | Max Unit
Collector-Base Breakdown Voltage BVCBO Vde
(IC =100 4 Adc, Ig =0) 30 ——
Collector-Emitter Breakdown Voltage BVCES Vde
(Ic=100 p1Adc, VEg=0) 30 -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE=100 uAde, 1-=0) 2.5 -
Collector Latch-up Voltage LVCEX Vdc
(see Figure 2) 15 —
Collector-Emitter Cutoff Current ICES pAde
(Veg =15 Vdc, Veg =0) -—- 10
Collector-Base Cutoff Current IcBO 1 Ade
(Vep=15V, Iz = 0) --- 10
DC Forward Current Transfer Ratio hFE -
(Ic =10mAdc, Vg =0.3 Vde) 30 ———
Collector-Emitter Saturation Voltage VCE(sat) vde
(Ic =10 mAdc, Ig =3.3 mAdc) —— 0.18
Base-Emitter Voltage VBE vde
(I =10 mAde, Ig =3.3 mAdc) _— 0.5
Small-Signal Forward Current Transfer Ratio hre ——-
(Ic=10 mA, Vcg =1V, £=100 MHz) 3.0 -—--
Collector Output Capacitance Cob PF
(VCB=10 v, 1E=0, f=1 MHz) - 4.0
Delay Time (Figure 1) tq --- 15 ns
Rise Time (Figure 1) ty --- 15 ns
Storage Time (Figure 1) ts -——- 20 ns
Fall Time (Figure 1) ty --- 20 ns

*Indicates JEDEC Registered Data
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2N84 1 (siLicon)

0

NPN silicon annular transistor designed for small-
signal amplifier and general purpose switching appli-

cations.

2 STYLE I:
PIN 1. EMITTER
1 3 2. BASE
Céng%Z 3.COLLECTOR

Collector connected to case

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 45 Vdc
Collector-Emitter Voltage VCES 45 Vdc
Collector-Base Voltage VCB 45 Vdc
Emitter-Base Voltage VEB 2.0 Vdc
Collector Current IC 1.0 Adc
Total Device Dissipation @ T A= 25°C PD 500 mw

Derate above 25°C 2.86 mW/°C
Operating and Storage Junction T 7 Tt -65 to +200 °C
Temperature Range g

*Indicates JEDEC Registered Data
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2N841 (Continued)

*ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

l Characteristic

[

Symbol

IMinI

Max

Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage
(IC = 10 mAdc, IB =0)

BVceo

45

Vdc

Collector-Base Breakdown Voltage
(IC = 100 pAdc, IE =0)

BVepo

45

Vdc

Emitter-Base Breakdown Voltage
(IE =100 pAdc, IC =0)

BVEBO

2.0

Vde

Collector Cutoff Current
(VCE = 45 Vdc, VBE =0, RBE = 5.0 k ohms)

IcEr

20

HAdce

Collector Cutoff Current
(VCB = 45 Vdc, Ip= 0)

(Vo = 45 Vdc, I =0, T, = 150°C)

IcBo

1.0
50

pAdce

Emitter Cutoff Current
(VBE =2.0 Vdc, IC =0)

EBO

50

pAdc

ON CHARACTERISTICS

DC Current Gain
(IC = 10 mAdc, VCE = 5.0 Vdc)

FE

60

400

Collector-Emitter Saturation Voltage
(IC = 10 mAdc, IB = 2.2 mAdc)

CE(sat)

2.0

Vde

SMALL-SIGNAL CHARACTERISTICS

Current-Gain—Bandwidth Product
(1C = 1.0 mAdc, VCE = 5.0 Vdc, f =20 MHz)

2.0

MHz

Output Capacitance
(VCB = 5.0 Vde, Ip= 0, f = 1.0 MHz)

ob

15

pF

Small-Signal Current Gain
(IC = 1.0 mAdc, VCE = 5.0 Vdc, f=1.0 kHz)

(Ig = 1.0 mAde, Vg = 5.0 Vde, f=1.0kHz,

TA= -55°C)

CE

fe

80

25

330

Output Admittance

(IC = 1.0 mAdc, = 5.0 Vde, f =1.0KkHz)

VeE

hoe

1.2

umhos

Input Resistance
(IC = 1.0 mAdc, VCB = 5.0 Vdc, f = 1.0 kHz)

80

Ohms

Output Conductance

(i = 1.0 mAde, Vp = 5.0 Vdc, = 1.0 kHz)

CB

ob

1.2

pmhos

Real Part of Input Impedance
(IC = 10 mAdc, VCE =10 vdc, f = 20 MHz)

Re(hie)

500

Ohms

*Indicates JEDEC Registered Data
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2N 843(SII.ICON)

NPN SILICON ANNULAR AMPLIFIER

TRANSISTOR

... designed for use in general-purpose amplifier applications.

® Collector-Emitter Breakdown Voltage —
BVCEQ = 45 Vdc (Min) @ Ic = 10 mAdc

® High Current-Gain—Bandwidth Product —

fT = 250 MHz (Typ) @ Ic = 10 mAdc

NPN SILICON
AMPLIFIER TRANSISTOR

MAXIMUM RATINGS

Rating Symbol Value Unit
*Collector-Emitter Voltage Vceo 45 Vdc
*Collector-Base Voltage Ves 45 Vde
*Emitter-Base Voltage Ve 2.0 Vde
*Collector Current — Continuous Ic 800 mAdc
*Total Power Dissipation @ T = 25°C Pp 300 mwW
Derate Above 25°C 2.0 mw/°C
Total Power Dissipation @ T = 25°C Pp 1.3 Watts
Derate Above 256°C ' 8.7 mw/°c
_ Operating and Storage Junction Ty Tstg | -65 to+175 °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
*Thermal Resistance, Junction to Ambient Rgyall) 500 o°cw
Thermal Resistance, Junction to Case Rgyc 115 °cw

*Indicates JEDEC Registered Data

{1) Rg ya is measured with the device soldered into a typical printed circuit board.
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A ——f
s
T
{E {P [
[ T
[
SFA'IING/ nal A I
FLANE
STYLE 1
PIN 1. EMITTER  —=Il=—D

2 BASE
3 COLLECTOR

MILLIMETERS INCHES
DM MmN T MAX T MIN | MAX |

31 [584 | 0209 | 0230 |
5

0914 11.17 0036 | 0046
0711 7122 [0028 | 0048

1270 | - | 0500
635 | 10250 | -
M 450 BS 450 BSC
127BSC__| 005085C |
- —_J0050

All JEDEC notes and dimensions apply

CASE 22-03
(TO-18)




2N 843 (continued)

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

Characteristic [ Symbol L Min Typ Max [ Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1) BVcEO 45 - - Vdc
(lc=10mAdc, Ig = 0)

Collector-Base Breakdown Voltage BVcBO 45 - - Vdc
(Ic = 100 pAdc, Ig = 0)

Emitter-Base Breakdown Voltage BVEBO 2.0 - - Vde
(lg = 100 pAdc, Ic = 0)

Collector Cutoff Current IcBO pAdc
(Vg = 45 Vdc, Ig = 0) - - 1.0
(Ve = 45 Vdc, Ig = 0, T = 150°C) - - 50

Collector Cutoff Current ICER - - 20 mAdc
(VGE = 45 Vdc, Rgg < 5.0 kQ2)

Emitter Cutoff Current IEBO - - 50 uAdc

(Vg = 2.0 Vdc, I¢ = 0)

ON CHARACTERISTICS

DC Current Gain (1) hege 45 100 150 -
(Ic=1.0mAdc, Vcg = 5.0 Vdc)

Collector-Emitter Saturation Voltage VCE (sat) - 0.3 1.2 Vdc
(Ic = 10 mAdc, g = 2.2 mAdc)

Base-Emitter Saturation Voltage VBE (sat) - 0.78 1.0 Vdc
(Ic = 10 mAdc, Ig = 2.2 mAdc)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product fr 40 250 - MHz
(Ic =10 mAdc, Vcg = 10 Vdc, f = 20 MHz)

Output Capacitance Cob - 4.0 10 pF
(Veg =10 Vde, Ig = 0, f = 1.0 MHz)
Small-Signal Current Gain hte 40 — — —

(lc = 1.0 mAdc, Vgg = 5.0 Vdc, f = 1.0 kHz)

*Indicates JEDEC Registered Data.
(1) Pulse Test: Pulse Width << 300 us, Duty Cycle < 2.0%.
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28869 (siLicon)

CASE 22
(TO-18)

Collector connected to case

2 STYLE1
PIN 1. EMITTER
1 3 2. BASE
3.COLLECTOR

*MAXIMUM RATINGS

PNP silicon annular transistor for high-frequency
general-purpose amplifier applications.

Rating Symbol Value Unit

Base Voltage , VcB 25 Vdc
Collector-Emitter Voltage VCcEO 18 Vvdc
Emitter-Base Voltage VEB 5.0 Vdce
Total Device Dissipation Pp

at 25°C Case Temperature 1.2 Watts

at 100°C Case Temperature 0.68 Watt

Derate above 25°C 6.86 mw/°C
Total Device Dissipation PD

at 25°C Ambient Temperature 0.36 Watt

Derate above 25°C 2.06 mw/°C
Storage Temperature TStg -65 to +200 oc
Junction Temperature TJ +200 °c

* Indicates JEDEC Registered Data
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2N869 (continued)

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

Characteristic Symbol Min [Typ [Max | Unit
Collector-Base Breakdown Voltage BVcBo Vdc
(Ic = 10 pAdc, Ig = 0) 25 | - |---
Collector-Emitter Sustaining Voltage(1) Vv, Vde
CEO
(Ic =10 mAdc, Ig = 0) (sust) | g | ...
Emitter-Base Breakdown Voltage BVego
(Ig =10y Ade, Ic =0) 5.0| === |--- | vac
Collector Cutoff Current ICBO u Adc
(Vecp = 15 Vde, Ig= 0) e ___lo1o
(Vep = 15Vde,Ig = 0, Ty = 150°C) e | —oo] 25
Emitter Current IEBO u Adc
(VEB = 4.0 Vdc, Ic = 0) I N BT
Collector Saturation Voltage VCE (sat) Vde
(Ic =10 mAdc, Ig = 1.0 mAdc) ---10.171 1.0
Base Saturation Voltage VBE (sat) Vdc
(IC = 10 mAdc, Ig = 1.0 mAdc) ---10.78] 1.0
DC Forward-Current Transfer Ratio(1) hgg ---
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 20 ---1120
Open-Circuit Output Capacitance Cob pF
(Vep = 10V, Ig =0) --- | 3.0 9
Open-Circuit Input Capacitance Cib pF
(Vgg = 0.5V,Ic = 0) Both Types -—- | 7.011
Small-Signal Forward-Current
Transfer Ratio hee -
(Ic=10mA, Vcg= 15V, { =100 MHz) 1.0 {3.0 |---

* Indicates JEDEC Registered Data

(1)Pulse Note: Pulse Width = 300 us, Duty Cycle

- 1%
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2N869A (SILICON)
4453

applications.

® Glass Passivated Die

® Collector-Emitter Sustaining Voltage —
VCEO(sus) = 18 Vdc (Min) — 2N869A, 2N4453

PNP SILICON ANNULAR TRANSISTORS

.. .designed for high speed, low power, saturated switching

® JAN/JANTX/JANTXV Available for 2N869A and 2N4453

SWITCHING
TRANSISTORS

PNP SILICON

= A=y

{E {p
! '

SEATING
PLANE

*Indicates JEDEC Registered Data.
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CASE 26-03
TO-46

® Collector-Emitter Breakdown Voltage — 2N869A
BVCEO = 30 Vdc - Available as a Special
® Switching Times @ Ic = 30 mAdc, Ic/Ig = 10 STYLE 1.
ton =9.0ns (Typ) PN e
toff = 44 ns (Typ) 3.COLLECTOR
1 [ iNchEs |
o
531|584 0200 | 0230
CASE 22-03
(T0-18) z
MAXIMUM RATINGS 914 11710036 (0046
711|122 | 0028 | D048
Rating Symbol 2N869A | 2N4453 Unit - -
*Collector-Emitter Voltage VeEQ 18 18 Vdc ot L e
= 1127 | - [oos0 ]
"Collector-Base Voltage Vce 25 25 vde All JEDEC notes and dimensions apply
*Emitter-Base Voltage VEB 5.0 Vdc
*Collector Current — Continuous Ic 200 mAdc A s
Total Power Dissipation @ T = 25°C Pp 360" 300" mwW JE -———%
Derate above 25°C 2.06 1.71 | mwsoc = | ?
Total Power Dissipation @ T¢ = 25°C Pp 1.2% 1.8% | Watts ‘ Hi __tr I |
Tc = 100°C 0.686* 1.03 ko |
Derate above 25°C 6.86 10.3 | mw/°C SeATING F K
*Qperating and Storage Junction Ty Tstg | = -65 to +200 ———= o°c
Temperature Range D
2N4453 —
STYLE 1.
PIN 1. EMITTER
2. BASE
3. COLLECTOR
THERMAL CHARACTERISTICS
Characteristic Symbol 2N869A 2N4453 Unit ”
[WLLMETERS
Thermal Resistance, Junction to RoJa 486 585 ocw oM Mr::'r:m{r::’)‘( MIN | MAX |
Ambient z
Thermal Resistance, Junction to ReJc 146 97.5 ocw
Case

Ali JEDEC dimensions and notes apply




2N869A, 2N4453 (continued)

*ELECTRICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted.)

r Characteristic T Symbol ! Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic =10 mAdc, g = 0) 2N869A, 2N4453 18 - -
Collector-Emitter Breakdown Voltage BVcEs Vdc
(Ic = 10 uAdc, Vgg = 0) 2N869A, 2N4453 25 - -
Collector-Base Breakdown Voltage BVcBO Vdc
(Ic =10 uAdc, Ig = 0) 2N869A 25 - -
Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vdc
(lg = 10 uAdc, Ic = 0)
Collector Cutoff Current ICES - - 10 nAdc
(VcE = 15 Vdc, Vgg = 0)
Collector Cutoff Current Iceo - - 25 uAdc
(Veg = 15 Vdc, g = 0, Ta = 1650°C) 2N869A
Emitter Cutoff Current 2N4453 lEBO - - 10 uAdc
(VEg = 4.5 Vdc, Ig = 0)
Base Current 2N869A g - - 10 nAdc
(Vce = 15 Vdc, Vgg = 0)
ON CHARACTERISTICS (1)
DC Current Gain hpge -
(I = 10 mAdc, V¢g = 0.3 Vdc) 2N869A 30 - -
(g = 10 mAdc, Vg = 5.0 Vdc) 2N869A 40 - 120
(Ic = 30 mAdc, V¢g = 0.6 Vdc) 2N869A 40 - 120
2N4453 40 - -
(1 = 30 mAdc, Vg = 0.5 Vdc, T.p = -55°C)  2N869A 17 - -
(I = 100 mAdc, VcEg = 1.0 Vdc) 2N869A 25 - -
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ig = 10 mAdc, Ig = 1.0 mAdc) 2N869A - - 0.15
(Ic = 30 mAdc, Ig = 1.5 mAdc) 2N4453 - - 0.25
(I = 30 mAdc, Ig = 3.0 mAdc) 2N869A - - 0.2
(Ic = 100 mAdc, Ig = 10 mAdc) 2N869A - - 0.5
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic =10 mAdc, Ig = 1.0 mAdc) 2N869A 0.78 - 0.98
(¢ = 30 mAdc, I1g = 1.5 mAdc) 2N4453 0.8 - 1.1
(I¢ = 30 mAdc, Ig = 3.0 mAdc) 2N869A 0.85 - 1.2
(Ic = 100 mAdc, Ig = 10 mAdc) 2N869A - - 1.7
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product (1),(2) fr 400 - - MHz
(lc = 10 mAdc, Vg = 16 Vdc, f = 100 MHz)
Emitter-Base Capacitance Ceb - - 6.0 pF
(Vg = 0.5 Vdc, Ic =0, f = 1.0 MHz) 2N4453
Collector-Base Capacitance Ceb - - 6.0 pF
(Vcg =5.0 Vdc, Ig =0, f = 1.0 MHz) 2N4453
Output Capacitance Cob - - 6.0 pF
(Ve = 6.0 Vde, Ig =0, f = 140 kHz) 2N869A
Input Capacitance Cib - - 6.0 pF
(Vg = 0.5 Vdc, Ig = 0, f = 150 kHz) 2N8B9A
SWITCHING CHARACTERISTICS (Figure 3)
Turn-On Time Vce = 2.0 Vdc, 2N869A ton - 30 50 ns
Delay Time |!c=30mAdc, 2N4453 t - 13 35 ns
Y ¢ Ve = 3.0 Vde { d
Rise Time Ig1=1.56mAdc 2N4453 ty - 17 20 ns
Turn-Off Time|!Cc =30mAdc, Vg = 2.0 Vdc 2N869A toff - 60 80 ns
i Ig1=1g2= 2N4453 -
Storage Time [!B1=1B82 Vee = 3.0 Vdc{ ts 43 65 ns
Fall Time 1.5 mAdc 2N4453 ¢ - 17 20 ns

*Indicates JEDEC Registered Data.

(1) Pulse Test: Pulse Width <<300 us, Duty Cycle = 1.0%.

(2) f1 is defined as the frequency at which |h¢e| extrapolates to unity.
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2N869A, 2N4453 (continued)

TYPICAL SWITCHING CHARACTERISTICS

FIGURE 1 — TURN-ON TIME

—F—
TR F—
50— vee=2.0V
AN Ic/lg=10  (See Note 3)
30 R Ty =250C
2 0 I
g
s NON
E 0
] ‘: ~
5.0
3.0 td @ VBE(off) = 30V
20 ™
10
1.0 20 30 50 70 10 20 30 50 70 100

Ic, COLLECTOR CURRENT (mA)

FIGURE 3 — SWITCHING TIME

TEST CIRCUIT
Ves Vee
Vin
Zin =50 Q
t, < 1.0ns

Pulse Width = 200 ns
Duty Cycle < 1.0%.

0.1 uF

100

To Sampling Scope
Zin =100 kQ
t,<1.0ns

FIGURE 2 — TURN-OFF TIME

300,
10 [ ]
\\ Ic/ig=10 o
tf@Vee =20V Ig1=1g2 (SeeNote 3)
100 I Ty=250C
710 (S
70 ~
Z50 D -
w < s
E %0 N ™~
<20
\\
10 - =
7.0 -
3.0
1.0 20 30 50 70 10 20 30 50 70 100
I¢, COLLECTOR CURRENT (mA)
FIGURE 4 — CAPACITANCE
10 T
T
= +—t
70 = Ty = 250C —]
— 50 o
‘s
I N
=] r~~l Cib \
< 30 N
5 N
o
<
g NN
<20
©
N
\
Ceb ~ Cob ~
Ceb ~ Cib =~
10 L
03 05 07 10 20 30 50 7.0 10 20 30

FIGURE 5 — SWITCHING TEST CIRCUIT VALUES

VR, REVERSE VOLTAGE (VOLTS)

Vin Ves Vee R Ic 1514 | 182!
Volts Volts Volts Ohms mA mA mA
2N869A -7.0 3.0 2.0 62 30 1.5 -
ton, tr. tq
2N4453 -7.0 3.0 3.0 - 91 30 1.5 -
2NB69A +6.0 -4.0 2.0 62 30 1.5 15
toff. ts, tf
2N4453 +6.0 -4.0 3.0 91 30 1.5 1.5

(3) Ig/Ig = 10. Switching is shown to reflect current industry practices.
Compare the values shown in Figures 1 and 2 @ Ig = 30 mA to the
typical values in the Electrical Characteristics table @ Ic/lg = 20.

(4)1gy=1g2=3.0mA@Ic/lg=10

2-106



2N869A, 2N4453 (continued)

hrg, DC CURRENT GAIN

FIGURE 6 — DC CURRENT GAIN

FIGURE 7 — “ON” VOLTAGES

300 14 T
- —Ty=250C
VCE=10V TN 12
200,
_ :H‘\ \ 5 10 » e
=] VBE(sat) @ I¢/Ig = 10 - | Lt
TOVN Z 08 —
100 - " s m
: £ s VBE(on) @ VCE =50V
70 g
>
\ > 04
50
— Ty =25°C \ 02 =
| 1] VCE(sat) @ I0/1B = 10 =
30 0 T TTTT]
20 30 50 70 10 20 30 50 70 100 200 20 30 50 70 10 20 30 50 70 100 200

Ig, COLLECTOR CURRENT (mA)

Ig, COLLECTOR CURRENT (mA)

FIGURE 8 — CURRENT-GAIN — BANDWIDTH PRODUCT

CURRENT-GAIN — BANDWIDTH PRODUCT (MHz)

f1,

2000, I
VeE=15V
t= 100 MHz
I 150 L
LT N
1000) -
N
700 ~
A
500
300
200
10 20 30 50 70 10 20 30 50 70 100

I¢, COLLECTOR CURRENT (mA)
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2N9| 0 (SILICON)

@ High Collector-Emitter Sustaining Voltage —
VCEO(sus) = 60 Vdc (Min) @ Ic = 30 mAdc

NPN SILICON ANNULAR TRANSISTOR

... designed for small-signal amplifier applications.

NPN SILICON
AMPLIFIER
TRANSISTOR

7

MAXIMUM RATINGS

Rating Symbol Value Unit
*Collector-Emitter Voltage " Vceo 60 Vdc
*Collector-Emitter Voltage VCER 80 Vdc

(Rgg = 10 Ohms)
" *Collector-Base Voltage Ves 100 Vdc
*Emitter-Base Voltage VEB 7.0 Vdc
Collector Current — Continuous lc 1.0 Adc
*Total Power Dissipation @ T = 25°C Pp 0.5 Watt
Derate above 25°C 2.86 mW/°C
*Total Power Dissipation @ T¢ = 25°C Pp 1.8 Watt
Tg = 100°C 1.0
Derate above 25°C 10.3 mW/°C
*Operating and Storage Junction Ty Tstg | -65to +200 oc
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Roaa 350 °cw
Thermal Resistance, Junction to Case Rgyc 97.4 9C/wW

*Indicates JEDEC Registered Data.
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SEATING ~F | «
PLANE
STYLE 1+
PIN 1EMTTER D
2. BASE —— N
3. COLLECTOR (N
( YTg

[~ [MILLIMETERS
DIM

-uxgl

— 1127 1 - [0050]

All JEDEC notes and dimensions apply.

CASE 22-03
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2N910 (continued)

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

I Characteristic l Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) 60 - Vdec
(lc = 30 mAdc, Ig = 0)
Collector-Emitter Sustaining Voltage (1) VCER(sus) 80 — Vdc
(I =100 mAdc, Rgg <10 ohms)
Collector-Base Breakdown Voltage BVcBO 100 - Vdc
(Ic = 100 uAdc, Ig = 0)
Emitter-Base Breakdown Voltage BVEBO 7.0 - Vdc
(Ig =100 pAdc, Ic = 0)
Collector Cutoff Current lcBO
(Vg = 75 Vdc, g = 0) - 25 nAdc
(Veg = 75 Vdc, 1g = 0, T = 150°C) - 15 wAdc
Emitter Cutoff Current lEBO - 25 nAdc
(Vgg = 5.0 Vdc, Ic=0)
ON CHARACTERISTICS (1)
DC Current Gain hEg —
(Ic = 0.1 mAdc, Vg = 10 Vdc) 35 -
(Ic = 10 mAdc, VcE = 10 Vdc) 75 -
(Ic = 10 mAdc, Vcg = 10 Vdc, Tp = -55°C) 30 -
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc) - 0.4
(Ic = 50 mAdc, Ig = 5.0 mAdc) - 1.2
Base-Emutter Saturation Voltage VBE (sat) Vdc
(1c =10 mAdc, Ig = 1.0 mAdc) 0.6 0.8
(Ic = 50 mAdc, |g = 5.0 mAdc) - 0.9
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product fr MHz
(I = 50 mAdc, Vg = 10 Vdc, f = 20 MHz) 60 -
Output Capacitance Cob - 15 pF
(Ve =10 Vdc, Ig =0, f = 100 kHz)
Input Capacitance Cib - 85 pF
(VBg = 0.5 Vdc, I = 0, f = 100 kHz)
Input Impe