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3.3.13 Qﬂﬂi 2 MELF (Metal Electrical Leafless Face)
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3 1/71 3.18Flexible Printed Circuit(FPC)
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A131904.1 wanmsdaanszud 1 useau Tl uazmdad Inih A'ldannwaaasos lu

UABTFIIAVOIIU IUIUNT

Q

ANl ATIN2 ATIN3 ANNAEY

nan

TG | UTIAY | NTZUE | UTIAU | NTZUE | USIAU | ATSUE | 15IAU

(mA.) (V) (mA.) (V) (mA.) V) (mA.) V)
10.00. 108.3 10.15 115.0 10.18 122.7 10.37 115.1 10.23
11.00 4. 101.7 10.32 102.9 10.31 103.3 10.32 102.6 10.32
12.00 4. 139.2 10.00 132.1 9.97 140.6 10.01 137.3 9.99
13.00 4. 145.8 10.35 144.0 10.42 141.6 10.38 143.8 10.38
14.00 4. 145.1 10.35 144.8 10.35 145.2 10.36 145.0 10.35
1500 4. | 110.7 | 1027 | 110.9 | 1024 | 1132 | 1024 | 111.6 | 1025
16.00 4. 97.4 10.14 97.4 10.15 96.6 10.11 97.1 10.13
17.00 4. 68.8 9.58 70.1 9.62 70.2 9.59 69.7 9.60
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1319042 wanmsdaanszua 1t useau Wi wazmdd Wi 71800 Tsasiaa

luugazaaarveadu luiung

ANl ATIN2 ATIN3 ANNAEY

a1

ATZUE | UTIAY | NTZUE | USIAU | NTZUE | USIAU | ATSUE | 15IAU

(mA.) (V) (mA.) (V) (mA.) (V) (mA.) V)
10.001. 114.1 10.02 114.5 10.01 115.2 10.02 114.6 10.02
11.00 4. 128.8 10.13 132.1 10.13 132.3 10.14 131.1 10.13
12004, | 127.3 | 1031 | 127.8 | 10.29 | 1275 | 1032 | 127.5 | 10.31
13.00 1. | 142.7 | 1024 | 1428 | 1025 | 142.8 | 1024 | 142.8 | 10.24
14.00 4. 137.5 10.30 138.7 10.32 137.4 10.31 137.9 10.31
15.004. | 106.2 | 10.17 | 1063 | 10.15 | 104.4 | 10.17 | 105.6 | 10.16
16.00 4. 90.6 9.97 90.7 9.95 91.0 9.94 90.8 9.95
17.00 4. 62.7 9.31 63.0 9.32 63.0 9.28 62.9 9.30
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A131904.3 mamsiaanszud 1 useau T vazmdd Inih 2'ldan Tesasiwad

luugazaaaivesiy luiuis

ANl ATIN2 ATIN3 ANNAEY

a1

ATZUE | UTIAY | NTZUE | USIAU | NTZUE | USIAU | ATSUE | 15IAU

(mA.) (V) (mA.) (V) (mA.) (V) (mA.) V)
10.00%. 112.7 | 10.12 | 1156 | 10.12 | 1154 | 10.10 | 114.6 | 10.11
11.004. | 121.2 | 1021 | 1192 | 1023 | 123.0 | 1024 | 121.1 | 10.23
12.00 4. 132.5 10.32 133.1 10.34 132.2 10.32 132.6 10.33
13.00 4. 144.7 10.35 143.5 10.35 142.4 10.37 143.5 10.36
14004, | 142.1 | 1021 | 1435 | 1021 | 144.7 | 1021 | 143.4 | 1021
15.004. | 1351 | 10.19 | 132.1 | 10.23 | 134.0 | 1023 | 133.7 | 10.22
16.00 4. 94.1 10.17 91.5 10.16 92.9 10.14 92.8 10.16
17.00 4. 75.7 9.94 74.8 9.96 74.7 9.94 75.1 9.95
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1100w 2 0.0s Auto
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To1oov 2 0.0s Auto 7.40¢
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D30-X 20024, WV52166256: Tue Dot 07 00:23:40 2014
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DS0-X 20024, MYG2166266: Tue Oct 07 00:31:51 2014
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PRI T (11N) (11N)
MM IULAADT 1%
Avad 1 1.39 7.27
a%ai 2 1.35 7.13
a%ai 3 1.48 7.26
adaft 4 1.42 7.39
a%aft s 1.27 7.14
a%ait 6 1.42 7.28
A%aft 7 1.24 7.14
a%ait 8 1.43 7.21
A%aft o0 1.30 7.15
a%aft 10 1.43 7.22
asait 11 1.38 7.40
A%aft 12 1.32 7.27
a%aft 13 1.39 7.39
Avad 14 1.37 7.20
a%aft 15 1.39 7.13
A%aft 16 1.23 7.16
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AN 17 1.53 7.24
AN 18 1.49 7.14
AN 19 1.39 7.45

AN 20 1.44 7.14
. 4

AUNAY 1.38 7.24

4.4 agUwaminaaes

srenarniiamnszualuilumdonazus i lihimdsgengafonas 13.00 w.- 14.00 u.
1AZINNITIABIHAMIFYTING1U TAgA 1Y Alkaline X NUIULOYANIATVOEGH19010
[ a [] o 4 9 4
maduiluszey 3 udnns a2 liannsnimsmis Ia tazanuamnsovesyaginsaluyy
¥ A A o ¢ a 9 ' s = o IA A Y
1oy Wosniuaenisunulnaud) wuausamsuames Insanyideds 1a

1 = @ ' 4 g’; 9 4 1 3
wuReIny uagaglnsaltivlanarlumsmnisuuninlseum 5.2m



44

=
UnNn s

voagvaslasaanu

5.1UN¥N

& A g " y o v v ¢
o lunnilidlumsnandwnasdvesIassnuszuonia Insdnd 1fmeaovad
Bozdalsznouludedamnnuluvagduiiunms 33msudtlaym Jerauenus uazisng

wannlaseauae i

s2fninumaznuamalumsun luifam

o s o J s A 4 ' o
Tumsilaseuszuum$o Insdun liamodewaagsosh Usingdymiain e

v
v Aad

ueae 13 luansed saxalszneuldrelaminny auvguealymsmwiadsmaud v

A A o & an
M NN 5.1ﬂtgmuazmmss;°nWﬂummzmmmmuamﬁmmﬁ'"lm

Yoy luvazdniiuau aunguazIsmsudilym

@ 9| ] A 1 a A v 1 < Y @
useau T linenez 1o | dung avinmsniduusadmangnazRounduain
Q { N o o P v d
Truuuaees Welivaada | navesInsdnniedesuilulane ewnsouddam’ld
@ @ 1 ' @ <
masvussyaslwaanunszunn | Taerduszozinesznnunanuuaala@aniios

k) [ @ SN A
AUNAA INTANNIDDO

rvsmasuivinalugifuly | qung iAannudupcBuazgUnsaiddnnsefindnldi
vinalwajiinly annsauddam 1] Taendounnudiu
PCBIY ULAUNDIUASUUUFPC(Flexible Printed Circuit)
N uazgﬂﬁauhlﬂgl%'qﬂﬂm‘fuuu SMD(Surface Mount

. & A < 1
Device)SUUUIALaNNIIIUIN




45

5.3 YolaUOUU

9
A 4 =

4 J a 3;} a 1A 1% I
ilesnnururadgs oz iulivatoriia uarian1¥nugUnssiyaibiunyuCrystalline

Q

= g Y [] 19 A A a A 1
Faansomae ladeuazian lugaunn ualideidenolsz@ninmazanasnineg luanin

=Y ald' 9 Y Q‘ a A 1 1 1 d' a
o1metla minananlalyanudesnmamulszansamludivvearainis amnsanlasusiia

v
=

J 3 & A 1 1 o Y
Yo uHa Ta51ilunnuAmorphous el hasuaegandwn aunsavhau lduiTuaasn
= A A =2 a 1% Y =) A 1 Y Y
lduanvielinuen Veeusonaanasau ladie uazlinnudanguainisolde laau

EN
ANINNUNY
5.4umma°lum§ﬁmuwia"!ﬂ

] Y
Uszmsusmiioaningaguniaiandaiilsnasau lihanwadgsozes ldanso s

@

k) d' 1 [ Z/ 9 a d R A2Y o 1 ~ A
Nuldiie I nuraIna 11Uy 1dunua101nag 39409100 1UUI9¥198190 1T
Y

a d = 9 [ (91}./ ' 9 [ ?z‘/ 2
LI INH Y llagﬂ’JHJ!ﬁﬂEJisllE’Nﬂi3L!ﬁ'”lV\IV\I'ImeLi\muuuﬂ?JL!GU'NHEJEJ ﬂﬂﬂﬂlﬂ@UWﬂ@%Q

{ < @ J { a o
ansolszneuuuamesvinamandnuganiadld Uszmsidesaunsamiusiuiunag
C4 @ Y Y J = = 19 Yo éj '
Uszinnvesginsainnsula Tagldyaninduiosga@oiualgiiuiuvaainuiniiu wu
a ¥ i 1) YRS o Y oa o @ o Y o IA A vk
aansgagnsainiade 13 Tazhau udaadsginsainiasyu 1in Tnsdwidedouinnimils

v Y
w3049 uazh Tanlaalae fudu

5.5unagilvedlassni

14 [ d A o o
Tasanuszuun i Insdnd Fenomovadgios Idveunsalduuuneenuiuas
o2 o s A9 Y a Y o ' o A
gunsalfignsommsnsauanes 14939 Tasldndsaunnunaandsaudze1anouns

Jd A 1 1 @ @ s
Ivadgs oo 1ufed wazaunionio Tounasau lWihuuy 1¥aeldaminglseass



SINANUHIN

46



AT NLAAIN DY AVDUFUAIANDIUA

47

AWG Diameter | Diameter Areg Ftesis:tance Resistance | Max Current | Max Fre=r|:||_1£.lm::1.|I
[inches] [mim] [mm=] | [Ohms /1000 f] | [Chms fkm] [ [Amperes] | for 100% skin depth
0000 (4/0) 0.46 11.684 107 0.049 016072 302 125 Hz
000 (3/0) | 04096 | 10.40354 35 0.061& 0202704 239 180 Hz
0o (2/0) 0.3643 | 926592 67.4 0.0779 0.255512 190 200 Hz
0 (1/0) 0.3249 | 825248 535 0.0933 0322424 150 250 Hz
1 02893 | 7.34822 424 0.1239 0406392 119 325 Hz
2 02576 | 6.54304 336 0.1563 0.512664 94 410 Hz
3 0.2294 5.82676 267 0.197 064616 75 500 Hz
4 0.2043 518922 212 0.2435 081508 60 650 Hz
5 01819 | 462026 16.8 0.3133 1027624 a7 510 Hz
B 0.162 41145 13.3 0.3951 1.295923 37 1100 Hz
7 0.1443 3.66522 10.5 0.4832 1.634096 30 1300 Hz
8 0.1285 3.2639 8.37 0.6282 2060496 24 1650 Hz
9 0.1144 | 290576 6.63 0.7921 2.593088 19 2050 Hz
10 0108 | 2.583826 5.26 0.9559 3276392 15 2600 Hz
11 0.0907 | 2.30378 417 1.26 41328 12 3200 Hz
12 0.0808 | 2.05232 3.3 1.588 520564 93 4150 Hz
13 0.072 1.8285 252 2.003 6.55024 T4 5300 Hz
14 0.0641 1.62814 2.08 2525 5.282 589 6700 Hz
15 0.0571 1.45034 1.65 3184 10.44352 47 8250 Hz
16 0.0508 1.29032 131 4018 13.17248 3T 11k Hz
17 0.0453 1.15062 1.04 5.064 16.50992 219 13k Hz
18 0.0403 1.02362 | 0.823 6385 209428 23 17 kHz
19 0.0358 0.91186 | 0.853 8.051 25.40723 1.8 21 kHz
20 0.032 0.5125 0518 1015 33292 1.5 27 kHz
21 0.0285 0.7239 0.41 12.8 41.984 1.2 33 kHz
22 0.0254 0.64516 | 0.326 16.14 529392 09z 42 kHz
23 0.0226 0.57404 | 0.258 20.36 66.7508 0729 53 kH=z
24 0.0201 0.51054 | 0.205 2567 841976 0.577 68 kHz
25 0.0179 045466 | 0.162 32.37 105.1736 0457 85 kHz
26 0.0158 0.40338 | 0.125 40.81 133 8568 0381 107 kHz
27 0.0142 0.36065 | 0.102 51.47 165.8216 0.25858 130 kHz
28 0.0126 0.32004 | 0.081 64.9 212872 0226 170 kHz
29 0.0113 0.23702 | 0.0842 81.83 255.4024 0182 210 kHz
30 0.01 0.254 0.0509 1032 335.496 0142 270 kHz
3 0.0088 0.22606 | 0.0404 1301 426728 0113 340 kHz
32 D.00g 0.2032 0.032 164.1 535248 0.091 430 kHz
33 0.0071 0.13034 | 00254 206.9 675.632 0072 540 kHz
34 0.0083 0.16002 | 0.0201 260.9 855752 0.058 890 kHz
35 0.0056 0.14224 | 0.0186 329 1079.12 0.044 870 kHz
36 0.005 0127 0.0127 4143 1360 0.035 1100 kHz
37 0.0045 0.1143 0.01 5231 1715 0.0289 1350 kHz
38 D.0o4 B.1016 | 000797 659.6 2163 0.0228 1750 kHz
39 0.0035 0.0232 | 000632 83138 2728 00175 2250 kHz
40 0.0031 0.07874 | 0.00501 1049 3440 0.0137 2900 kHz

Table 1: American Wire Gauge (AWG) Cable / Conductor Sizes and Properties




LM7805

SLVS056J - MAY 1976 - REVISED MAY 2003

® 3-Terminal Regulators ® High Power-Dissipation Capability
® Output Currentupto 1.5A ® Internal Short-Circuit Current Limiting
® Internal Thermal-Overload Protection ® Output Transistor Safe-Area Compensation
KC (TO-220) PACKAGE KTE PACKAGE
(TOP VIEW) (TOP VIEW)
2
Q ———— OUTPUT
2O ——— COMMON P 1 OUTPUT
3 ——— INPUT S
9 = — COMMON
KCS (TO-220) PACKAGE 8 —— INPUT
(TOP VIEW)

———— OUTPUT
& —— COMMON

COMMON

description/ordering information

This series of fixed-voltage integrated-circuit voltage regulators is designed for a wide range of applications.
These applications include on-card regulation for elimination of noise and distribution problems associated with
single-point regulation. Each of these regulators can deliver up to 1.5 A of output current. The internal
current-limiting and thermal-shutdown features of these regulators essentially make them immune to overload.
In addition to use as fixed-voltage regulators, these devices can be used with external components to obtain
adjustable output voltages and currents, and also can be used as the power-pass element in precision

regulators.
ORDERING INFORMATION
VO(NOM) ORDERABLE TOP-SIDE
Lt PFERCRT PART NUMBER MARKING
POWER-FLEX (KTE) Reel of 2000 ocA7805CKTER ocA7805C
5 TO-220 (KC) Tube of 50 ocA7805CKC
ocA7805C
TO-220, short shoulder (KCS) Tube of 20 ocA7805CKCS
POWER-FLEX (KTE) Reel of 2000 ocA7808CKTER ocA7808C
8 TO-220 (KC) Tube of 50 ocA7808CKC
ocA7808C
TO-220, short shoulder (KCS) Tube of 20 «A7808CKCS
POWER-FLEX (KTE) Reel of 2000 ocA7810CKTER ocA7810C
10
TO-220 (KC) Tube of 50 ocA7810CKC ocA7810C
0°C tto 125°C
0125 POWER-FLEX (KTE) Reel of 2000 ocA7812CKTER o«cA7812C
12 TO-220 (KC) Tube of 50 «A7812CKC
ocA7812C
TO-220, short shoulder (KCS) Tube of 20 «cA7812CKCS
POWER-FLEX (KTE) Reel of 2000 ocA7815CKTER ocA7815C
15 TO-220 (KC) Tube of 50 ocA7815CKC
ocA7815C
TO-220, short shoulder (KCS) Tube of 20 ocA7815CKCS
POWER-FLEX (KTE) Reel of 2000 ocA7824CKTER ocA7824C
2 TO-220 (KC) Tube of 50 ocA7824CKC ocA7824C

+ Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specif_ications per the terms of Texas Instruments

warranty. Prod pi ing does not ily include testing of all
parameters. EXAS
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ocA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J - MAY 1976 - REVISED MAY 2003

schematic
% » » INPUT
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absolute maximum ratings over virtual junction temperature range (unless otherwise noted)+

Input voltage, Vi ot AT824C . . ..ot e e 40V
AlLOtNErS . . o 3BV
Operating virtual junction temperature, T . ...t e e e e 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ~ ......... .. ... .. i, 260°C
Storage temperature range, Tstg - -« . vttt e -65°C to 150°C

+ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

package thermal data (see Note 1)

PACKAGE BOARD 0JC 0JA
POWER-FLEX (KTE) High K, JESD 51-5 FCMW 23°C\W
TO-220 (KCIKCS) High K, JESD 51-5 3CMW 19°C/W

NOTE 1: Maximum power dissipation is a function of TJ(max), 8JA, and TA. The maximum allowable power dissipation at any allowable ambient
temperature is PD = (TJ(max) - TA)/6JA. Operating at the absolute maximum TJ of 150°C can affect reliabilty.

» TeExXAaS
INSTRUMENTS
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ocA7800 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVS056J - MAY 1976 - REVISED MAY 2003

electrical characteristics at specified virtual junction temperature, V| =14 V, Io = 500 mA (unless

otherwise noted)

ocA7808C
PARAMETER TEST CONDITIONS It MIN P MIAX UNIT
Output voltage I0=5mAt1A,  VI=105V1023V, ¢ r LD
Output PD<15W 0°Cto 125°C 76 84
) VI=105Vto25V 6 160
Input voltage regulation Input 25°C mvV
VI=11Vto 17V 2 80
Ripple rejection VI=115Vto215V, f=120Hz 0°C to 125°C 55 72 dB
. I0O=5mAto15A 12 160
Output Output voltage regulation 25°C mvV
10 =250 mA to 750 mA 4 80
Output resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient of output voltage | 10 =5mA 0°C to 125°C 0.8 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 52 oV
Dropout voltage I0=1A 25°C 2 \%
Bias current 25°C 43 8] mA
) VI=105Vto 25V 1
Bias current change 0°C tto 125°C 425 mA
I0O=5mAtol1A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 22 A

+ Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-ocF capacitor across the input and a 0.1-«F capacitor across the output.

electrical characteristics at specified virtual junction temperature, V| =17 V, Io = 500 mA (unless

otherwise noted)

«A7810C
PARAMETER TEST CONDITIONS TIt MIN P MAX UNIT
Output voltage I0=5mAto 1A, VI=125V10 25V, =C 96 0 W4,
Output PD<15W 0°C to 125°C 95 10 105
_ VI=125Vt028V 7200
Input voltage regulation Input 25°C mvV
VI=14Vto 20V 2 100
Ripple rejection VI=13Vto 23V, f=120 Hz 0°C to 125°C 55 71 dB
. I0O=5mAto15A 12 200
Output Output voltage regulation 25°C mvV
10 =250 mA to 750 mA 4 100
Output resistance f=1kHz 0°C to 125°C 0.018 Q
Temperature coefficient of output voltage | 10=5mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 70 oV
Dropout voltage I0=1A 25°C 2 \%
Bias current 25°C 43 8] mA
) VI=125Vto 28V 1
Bias current change 0°C tto 125°C 425 mA
I0O=5mAto1lA 0.5
Short-circuit output current 25°C 400 mA
Peak output current 25°C 22 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-o«cF capacitor across the input and a 0.1-«F capacitor across the output.

» TeExXAaS
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ocA7800 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVS056J - MAY 1976 - REVISED MAY 2003

electrical characteristics at specified virtual junction temperature, Vi =19V, Io = 500 mA (unless
otherwise noted)

«A7812C
PARAMETER TEST CONDITIONS TIt VIN P MAX UNIT
Output voltage I0=5mAt1A,  VI=145Vi027V, 25 s 2 s,
Output PD<15W 0°C to 125°C 114 126
. VI=145V1to30V 10 240
Input voltage regulation Input 25°C mV
VI=16Vto22V 3 120
Ripple rejection VI=15Vto 25V, f=120 Hz 0°C to 125°C 55 71 dB
. I0=5mAto15A 12 240
Output Output voltage regulation 25°C mV
10 =250 mA to 750 mA 4 120
Output resistance f=1kHz 0°C to 125°C 0.018 Q
Temperature coefficient of output voltage | IO =5mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 75 ocV
Dropout voltage I0=1A 25°C 2 Y
Bias current 25°C 43 8] mA
VI=145Vto30V 1
Bias current change 0°C to 125°C mA
I0=5mAto1A 05
Short-circuit output current 25°C 350 mA
Peak output current 25°C 22 A

+ Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-«F capacitor across the input and a 0.1-«<F capacitor across the output.

electrical characteristics at specified virtual junction temperature, V| =23V, lo = 500 mA (unless
otherwise noted)

o«A7815C
PARAMETER TEST CONDITIONS T N ~p  vax ] UNIT
Output voltage I0=5mA©1A,  VI=175Vt030V, 25C “a B BO)
Output PD<15W 0°Cto 125°C | 1425 15.75
] VI=175V1to30V 11 300
Input voltage regulation Input 25°C mVvV
VI=20Vto26V 3 150
Ripple rejection VI=185Vt0285V, f=120Hz 0°Cto 125°C 54 70 dB
. I0=5mAto1.5A 12 300
Output Output voltage regulation 25°C mvV
10 =250 mA to 750 mA 4 150
Output resistance f=1kHz 0°C to 125°C 0.019 Q
Temperature coefficient of output voltage | IO =5mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 90 ocV
Dropout voltage I0=1A 25°C 2 \%
Bias current 25°C 44 8 mA
VI=175Vto30V 1
Bias current change mA
I0=5mAto1A 0.5
Short-circuit output current 25°C 230 mA
Peak output current 25°C 21 A

Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-ocF capacitor across the input and a 0.1-«cF capacitor across the output.

» TEXAS
INSTRUMENTS
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ocA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J - MAY 1976 - REVISED MAY 2003

electrical characteristics at specified virtual junction temperature, V| =33V, Io =500 mA (unless
otherwise noted)

ocA7824C
PARAMETER TEST CONDITIONS It MIN P MIAX UNIT
Output voltage I0=5mAt1A,  VI=27Vi038YV, 25 = 4 S0
Output PD<15W 0°Cto 125°C 228 252
. VI=27Vto38V 18 480
Input voltage regulation Input 25°C mvV
VI=30Vto36V 6 240
Ripple rejection VI=28Vto38YV, f=120 Hz 0°C to 125°C 50 66 dB
. I0O=5mAto15A 12 480
Output voltage regulation Output 25°C mvV
10 =250 mA to 750 mA 4 240
Output resistance f=1kHz 0°C to 125°C 0.028 Q
Temperature coefficient of output voltage | 10 =5mA 0°C to 125°C -15 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 170 oV
Dropout voltage I0=1A 25°C 2 \%
Bias current 25°C 46 8] mA
) VI=27Vto38V 1
Bias current change 0°C tto 125°C 425 mA
I0O=5mAtol1A 0.5
Short-circuit output current 25°C 150 mA
Peak output current 25°C 21 A

+ Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-cF capacitor across the input and a 0.1-«F capacitor across the output.

» TeExXAaS
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ocA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J - MAY 1976 - REVISED MAY 2003

APPLICATION INFORMATION

+V T ocAT8XX T +VO
0.33cF 0.1uF

L

Figure 1. Fixed-Output Regulator

+ - ocA78XX — 1 G

y T
- lCOM

VO

Figure 2. Positive Regulator in Negative Configuration (V| Must Float)

Input —@——  ocA78xx Output
IO+
—— 0.33uF — 0.1 ocF

NOTE A: The following formula is used when Vxx is the nominal output voltage (output to common) of the fixed regulator:

vo by )+ () o

b Figure 3. Adjustable-Output Regulator
Input ocA78XX
R1
’|: 0.33F VO(Reg)
= Output
—>
10

10 = (VO/R1) + 10 Bias Current

Figure 4. Current Regulator

» TEXAS
INSTRUMENTS
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ocA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J - MAY 1976 - REVISED MAY 2003

APPLICATION INFORMATION

1N4001

<4

20-V Input ocA7815C VO=15V

0.33cF 01k 1N4001

ol
i 1ok 0.1aF
1N4001

-20-V Input ocA7915C

VO =-15V

1N4001

Figure 5. Regulated Dual Supply

operation with aload common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but, instead, is connected to a voltage
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, etc.). In these cases, a clamp
diode should be connected to the regulator output as shown in Figure 6. This protects the regulator from output
polarity reversals during startup and short-circuit operation.

+H1 T oA78xx +VO

1N4001

or
Equivalent

VO

Figure 6. Output Polarity-Reversal-Protection Circuit

reverse-bias protection

Occasionally, the input voltage to the regulator can collapse faster than the output voltage. This can occur, for

example, when the input supply is crowbarred during an output overvoltage condition. If the output voltage is
greater than approximately 7 V, the emitter-base junction of the series-pass element (internal or external) could
break down and be damaged. To prevent this, a diode shunt can be used as shown in Figure 7.

=
Vi o ATBXX g +VO
L

1

Figure 7. Reverse-Bias-Protection Circuit

» TeExXAaS
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MECHANICAL DATA

MPFEMOOLE - OCTOBER 1994 - REVISED JANUARY 2001

KTE (R-PSFM-G3) PowerFLEX™ PLASTIC FLANGE-MOUNT
0.375 (9,52) 0.080 (2,03)
0.365 (9,27) ’ —¥ 0.070 (1,78)
0.360 (9,14) 0.050 (1,27)
¢ 0.350 (8,89) ’ i 0.040 (1,02)
4,‘ 0.010 (0,25) NOM
: r )
T -""’t/ Thermal Tab
0.295 (7,49) sl S | peenered
250 0.350 (8,89)

0.320 (8,13)
0.310 (7,87)

0.420 (10,67)
0.410 (10,41)

R TR —

0.220 (5,59) —»
NOM rﬁ
|
|
|
|
|
|
|
_

I I B
LT

0.031 (0,79)

~~| 0.004 (0,10)
|$| 0.010 (025)r\@|

0.005 (0,13)

"‘ — Goo1 (0,03

/"‘)
H L 0025 (063) ~" Seating Plane

0.100 (2,54)
0.200 (5,08)

0.041 (1,04)

0.010 (0,25) 0.031 (0,79)

NOM
Gage Plane

=

0.010 (0,25) —b‘ —

4073375/F 12/00

NOTES: A.  All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

The center lead is in electrical contact with the thermal tab.

Dimensions do not include mold protrusions, not to exceed 0.006 (0,15).
Falls within JEDEC MO-169

moow

PowerFLEX is a trademark of Texas Instruments.

¢ TEXAS
INSTRUMENTS
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MECHANIGAL DATA

KCS (R—PSFM—T3)

PLASTIC FLANGE—-MOUNT PACKAGE

0.420 (10,67) 0.185 (4,70)
0.156 (3,96) 0.380 (9.,65) 0120 (305) 0170 (4,32) 0.085 (1,40
0.146 (3,71) DlA —|] 0.100 {2,54) I = WM
Y 7 27 y h T |
/ \ L ]
4 \\
3 Y 0.270 (5,86) - |—
L— 0.230 (5,84)
0.507 (12,88) i
0.480 (12,19) : i Q
| | |
PN [ 0350 (889) . 0.650 (16,51) ——\
— —¥ 0.560 (14,22) '
[ 0270 {6.86) 0.355 (9,02) :
I A I 0.330 (8,38) I
y L i et i il L_\
Exposed
Thermal Pad
f i ki
A\ 0125 (3,18) 0155 (3,94)
MAX
0,580 (14,73)
0.500 {12,70)
i 2\f YLs
0.035 (0,89) | ol | e 0070078) 0.115 (2,92)
0028 (0.1  ” 0.045 (1,14) P 0.080 (2,03)
0.010 (0,25)(
[#] (0.25®)| 5100 (2.54) ol 0024 (061) o
0,012 (0,30)
0.200 (5,08)
#204743/C  03/2004

NOTES: All linear dimensions are in inches (milimeters).

This drawing is subject to change without notice.

Lead dimensions are not contrelled within this area.
All lead dimensions apply befare solder dip.
The center lead is in electrical contact with the mounting tab.

The chamfer is optional.
Thermal pad contour optional within these dimensions.
Falls within JEDEC T0-220 wvariotion AB, except minimum lead thickness.

#'IE(AS



MECHANIGAL DATA

KC (R—PSFM-T3) PLASTIC FLANGE—-MOUNT PACKAGE
0.420 (10,67) 0.185 (4,70)

0156 (3,96) k 0.380 (9,65) ’ 0120 (3,08) 0170 (432) ~ [ 7 0,055 (1.40)
0146 (3.71) DIA —] /A 0.100 {2.54) —» | m

h 7 ™ 4 h ‘Ti— |

3/ \\ L

L 0.270 (6,86) S N
o 0.230 (5,88 0
0.507 (12,88)

0.480 (12,19) Q
|
A 0,350 (8,59) 0.650 (16,51)

i i
| |
i 0270 (6.88) | 0.560 (14,22)
| |
l |

A
I
A 0.330 (8,38) I
y B J I__\
i Exposed

Thermal Pad
f i
A\ 0125 (3,18)
0.250 (8,35}
MAX
0,580 {14,73)
1T 0.500 {12,70)

0,035 (0,89) 0.070 {1,78) 0.115 (2,9)
0028 (071 M| | ™ | * Gom e P D080 (2,03)
0.010 {(0,25){M
[#] (0.25®)| 5100 (2.54) ol 0024 (061) o
0.012 (0,30)
0.200 (5.08)

4040207/C  03/2004

NOTES: All linear dimensions are in inches (milimeters).

This drawing is subject to change without notice.

Lead dimensions are not contrelled within this area.
All lead dimensions apply befare solder dip.
The center lead is in electrical contact with the mounting tab.

A

B

D

E

A The chamfer is optional.
A Thermal pad contour optional within these dimensions.

A Falls within JEDEC T0-220 wvariotion AB, except minimum lead thickness.
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High-speed diodes
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NXP Semiconductors Product data sheet

High-speed diodes 1N4148; 1N4448

FEATURES

® Hermetically sealed leaded glass SOD27 (DO-35)
package
® High switching speed: max. 4 ns

k a
® General application @ D —i4

® Continuous reverse voltage: max. 100 V MAM246

® Repetitive peak reverse voltage: max. 100 V

® Repetitive peak forward current: max. 450 mA. The diodes are type branded

APPLICATIONS Figl Simplified outline (SOD27; DO-35) and

symbol.
® High-speed switching.
DESCRIPTION
The 1N4148 and 1N4448 are high-speed switching diodes MARKING
fabricat.ed in planar technology, and encapsulated in TYPE NUMBER MARKING CODE
hermetically sealed leaded glass SOD27 (DO-35)
packages. 1N4148 1N4148PH or 4148PH
1N4448 1N4448
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
1N4148 - hermetically sealed glass package; axial leaded; 2 leads SOD27
1N4448




NXP Semiconductors

Product data sheet

High-speed diodes

1N4148; 1N4448

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repetitive peak reverse voltage - 100 \Y
VR continuous reverse voltage - 100 \
[ continuous forward current see Fig.2; note 1 - 200 mA
lFRM repetitive peak forward current B 450 mA
lesm non-repetitive peak forward current square wave; T; = 25 °C prior to
surge; see Fig.4
t=1axs - 4 A
t=1ms - 1 A
t=1s - 05 A
Pt total power dissipation Tamb = 25 °C; note 1 . 500 mwW
Tsyg storage temperature —65 +200 °C
Tj junction temperature - 200 °C
Note
1. Device mounted on an FR4 printed-circuit board; lead length 10 mm.
ELECTRICAL CHARACTERISTICS
Tj =25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VE forward voltage see Fig.3
1N4148 Ir=10 mA - 1
V1N4448 Ir=5mA | 0.62
0.72 \Y,
I =100 mA - 1 \Y,
IR reverse current Vg =20 V; see Fig.5 25 nA
VR =20 V; T;=150 °C; see Fig.5 - 50 ocA
IR reverse current; 1N4448 VR =20V, T;=100 °C; see Fig.5 - 3 ocA
Cq diode capacitance f=1MHz; Vg =0V, see Fig.6 - 4 pF
tr reverse recovery time when switched from I = 10 mA to — 4 ns
Ip=60mMA: R =100
measured at Igr = 1 mA; see Fig.7
Vi forward recovery voltage when switched from Ig = 50 mA; — 25 V
t,=20 ns; see Fig.8
HERMAL JHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rih(-tp) thermal resistance from junction to tie-point lead length 10 mm 240 KW
Ring-a) thermal resistance from junction to ambient lead length 10 mm; note 1 350 KW
Note

1. Device mounted on a printed-circuit board without metallization pad.




NXP Semiconductors

Product data sheet

High-speed diodes

1N4148; 1N4448

GRAPHICAL DATA

Based on square wave currents.
Tj =25 °C prior to surge.

mbg451 MBG464
300 600 :
I
I
IF
(mA) " '] ¥
(mA)
400 i /
[4
\‘ 7’ /
' 4
\\ @) / @ /r" )
[ 4
N 7 / /
e ] /
100 N 200 1 4
\ 7
N ! /
\ 7
4
-~ ? _-/,
0 0
0 100 200 0 1 2
Tamb (°C) VF (V)
Device mounted on an FR4 printed-circuit board; lead length 10 mm. (1) Tj = 175 °C; typical values.
(2) Tj = 25 °C; typical values.
) ) o ) (3) Tj = 25 °C; maximum values.
Fig2  Maximum permissible continuous forward
current as a function of ambient Fig.3  Forward current as a function of forward
temperature. voltage.
MRGH]
102
IFSM
®
10
_-----""--..-
T ————
1
101
1 10 102 108 104

tp (xcs)

Fig.4 Maximum permissible non-repetitive peak forward current as a function of pulse duration.
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High-speed diodes

1N4148; 1N4448

108 mgd290
R
V.
o s
o 77
77
L
10 44
7
101 FF
s 7
/
10-2
0 100

(1) VR = 75V, typical values.
(2) Vr = 20 V; typical values.

TiC)

Fig5 Reverse current as a function of junction

temperature.

MGDO004
12

10

08

06

04
VR (V)

f=1MHz; Tj=25°C.

Fig.6  Diode capacitance as a function of reverse
voltage; typical values.
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High-speed diodes

1N4148; 1N4448

10%

I
- | +IF -——
RS=500 L 1 SAMPLING t
I | T e s OSCILLOSCOPE
v=VRTF xRS Ri=500 /-}
a0% @
I - 3
MGA881
input signal output signal
1) Ik =1mA.
Fig.7 Reverse recovery voltage test circuit and waveforms.
I ]
| 1k 450Q v ]
| fo0% 3
RS=50Q OSCILLOSCOPE Vir
DUT.
1L Ri=500
| 10% :
MGA882
— -] [p L
input output
signal signal

Fig.8 Forward recovery voltage test circuit and waveforms.
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High-speed diodes

1N4148; 1N4448

PACKAGE OUTLINE

Hermetically sealed glass package; axial leaded; 2 leads SOD27
1) +
g B! :
‘-‘—D—P qiL"‘—Gl—b‘iLgh
DIMENSIONS (mm are the original dimensions)
NIT b D Gl L 0 1 2mm
u max. max. max. min. scale
mm 0.56 185 425 254
Note
1. The marking band indicates the cathode.
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
97-06-09—
sop27 A4 DO-35 SC40 =} @ 051299
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High-speed diodes

1N4148; 1N4448

DATA SHEET STATUS
DOCUMENT PRODUCT
STATUS® STATUS® DEFINITION
Objective data sheet Developmen This document contains data from the objective specification for product
development.

Preliminary data sheet Qualification This document contains data from the preliminary specification. This

Product data sheet Production document contains the product specification.
Notes

1. Please consult the most recently issued document before initiating or completing a design.

2. The product status of device(s) described in this document may have changed since this document was published
and may differ in case of multiple devices. The latest product status information is available on the Internet at URL

http:/Amww.nxp.com.

DISCLAIMERS

General — Information in this document is believed to be
accurate and reliable. However, NXP Semiconductors
does not give any representations or warranties,
expressed or implied, as to the accuracy or completeness
of such information and shall have no liability for the
consequences of use of such information.

Right to make changes — NXP Semiconductors
reserves the right to make changes to information
published in this document, including without limitation
specifications and product descriptions, at any time and
without notice. This document supersedes and replaces all
information supplied prior to the publication hereof.

Suitability for use — NXP Semiconductors products are
not designed, authorized or warranted to be suitable for
use in medical, military, aircraft, space or life support
equipment, nor in applications where failure or malfunction
of an NXP Semiconductors product can reasonably be
expected to result in personal injury, death or severe
property or environmental damage. NXP Semiconductors
accepts no liability for inclusion and/or use of NXP
Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the
customer's own risk.

Applications — Applications that are described herein for
any of these products are for illustrative purposes only.
NXP Semiconductors makes no representation or
warranty that such applications will be suitable for the
specified use without further testing or modification.

Limiting values — Stress above one or more limiting
values (as defined in the Absolute Maximum Ratings
System of IEC 60134) may cause permanent damage to
the device. Limiting values are stress ratings only and
operation of the device at these or any other conditions

above those given in the Characteristics sections of this
document is not implied. Exposure to limiting values for
extended periods may affect device reliability.

Terms and conditions of sale — NXP Semiconductors
products are sold subject to the general terms and
conditions of commercial sale, as published at
http://www.nxp.com/profile/terms, including those
pertaining to warranty, intellectual property rights
infringement and limitation of liability, unless explicitly
otherwise agreed to in writing by NXP Semiconductors. In
case of any inconsistency or conflict between information in
this document and such terms and conditions, the latter will
prevail.

No offer to sell or license — Nothing in this document
may be interpreted or construed as an offer to sell products
that is open for acceptance or the grant, conveyance or
implication of any license under any copyrights, patents or
other industrial or intellectual property rights.

Export control — This document as well as the item(s)
described herein may be subject to export control
regulations. Export might require a prior authorization from
national authorities.

Quick reference data — The Quick reference data is an
extract of the product data given in the Limiting values and
Characteristics sections of this document, and as such is not
complete, exhaustive or legally binding.
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BD135 - BD136
BD139 - BD140

Complementary low voltage transistor

Features

= Products are pre-selected in DC current gain

Application

s General purpose

Description

These epitaxial planar transistors are mounted in
the SOT-32 plastic package. They are designed
for audio amplifiers and drivers utilizing
complementary or quasi-complementary circuits.
The NPN types are the BD135 and BD139, and

the complementary PNP types are the BD136 Figure 1. Internal schematic diagram
and BD140.
co(2) Co(2)
1 (1)
E( ) 8
E©(3) EQ(3)
SCO6860G SC08810
NPN PNP
Table 1. Device summary
Order codes Marking Package Packaging
BD135 BD135
BD135-16 BD135-16
BD136 BD136
BD136-16 BD136-16
BD139 BD139
SOT-32 Tube
BD139-10 BD139-10
BD139-16 BD139-16
BD140 BD140
BD140-10 BD140-10
BD140-16 BD140-16

WWW.st.com



http://www.st.com/

BD135 - BD136 - BD139 - BD140

Electrical ratings
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Electrical ratings

Table 2. Absolute maximum ratings
Value
Symbol Parameter NPN PNP Unit
BD135(BD139BD136 BD140
Vcgo | Collector-base voltage (Ig = 0) 45 80 -45 -80 \%
Vceo | Collector-emitter voltage (Ig = 0) 45 80 -45 -80 \%
Veso | Emitter-base voltage (Ic = 0) 5 -5 \
Ic Collector current 15 -15 A
lem Collector peak current 3 -3 A
Is Base current 05 05 A
Pror | Total dissipation at T <25°C 125 W
Pror | Total dissipation at Tamp <25°C 125 w
Tsyg Storage temperature -65 to 150 °C
T Max. operating junction temperature 150 °C
Table 3. Thermal data
Symbol Parameter Max value Unit
Rinj-case [Thermal resistance junction-case 10 °C\W
Rthj-amb Thermal resistance junction-ambient 100 °CW




Electrical characteristics

BD135 - BD136 - BD139 - BD140
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Electrical characteristics

(Tcase= 25 °C unless otherwise specified)

Table 4. On/off states

Value
Symbol Parameter Polarity Test conditions Unit
Min. [Typ. Nax.

NPN Veg=30V 01 |JA
| Collector cut-off Veg =30V, Tc=125°C 10 HA
CBO current (Iz=0) Veg =-30V 01 | pA

PNP

Veg=-30V, Tc=125°C -10 | pA
| Emitter cut-off current | NPN Veg=5V 10 | pA
EBO =

(Ic=0) PNP [yep=-5v 10 | pA

Ic=30mA

NPN BD135 45 Y,

Collector-emitter BD139 80 vV
Vv qustaining voltage
CEO(sus)(1) (40) g g Ic = -30 mA

PNP BD136 -45 Y,

BD140 -80 \%

Y - \%
Collector-emitter N Ilc=05A,1g=0.05A 05
Vce(say (1) | Saturation voltage PNP lc=-05A, Ig =-0.05 A 05 vV
NPN lc=05A Vcg=2V 1 \4
Base-emitter voltage
VEE (1) PNP lc=-05A, Veg=-2V 1]V

Ic=5mA,Vce=2V 25

NPN Ilc =150 mA, Vcg=2V 40 250

lc=05A,Vce=2V 25

DC current gain & S
hre (1) lc=-5mA, Vce=-2V 25

PNP lc=-150 mA, Vg =-2V | 40 250

lc=-05A,Vcg=-2V 25

Ic =150 mA, Vcg =2V

NPN BD139-10 63 160

BD135-16/BD139-16 100 250

h hre groups
FE (1) Ic=-150 mA,Vcg=-2V

PNP BD140-10 63 160

BD136-16/BD140-16 100 250

1. Pulsed: pulse duration = 300 ps, duty cycle 1.5%

g
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21 Electrical characteristics (curves)
Figure 2. Safe operating area Figure 3. Derating

| (A) S04 Pf t DE11570
cWHET Ty e 2

o =] o e P (%)

; PULSE OPERATION*
\ [[10 ps
2
=0 A \ 100 s 100
=ITi=s “w

“eE— CoNT N 80 N

o2 T

0.2 | | | | 60 \\

D.C. OPERATION | MNJI| s ™ s/8
0.1— LN N
—— + For single non 1 40

iy repetitive pulse
e [T
. BD135/BD136 14| | | J#-BD139/8D140 20
OO 15 =0 w100 0 vy o 25 S0 75 100 125 T,,,.(°C)

3




Package mechanical data BD135-BD136 - BD139 - BD140

3

Package mechanical data

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a lead-free second level interconnect. The category of
second level interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label. ECOPACK is an ST trademark.
ECOPACK specifications are available at: www.st.com

g
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SO0T-32 (TO-126) MECHANICAL DATA

mm.
DIM.
MIN. TYP MAX.
24 2.9
B 0.64 0.88
B1 0.38 0.63
105 11.06
74 7.8
e 2.04 2.29 254
al 407 458 5.08
L 153 16
2.9 3.2
38
a1 1 1.52
H2 2.15
| 1.27
) »
i
; Q
op b MBRURVY .|
D t
ol
Hz |, JI 'J|= L o
IR
|
L O 3
LiE
‘W ‘ { = BASE
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Revision history

Table 5. Document revision history
Date Revision Changes
16-Sep-2001 4
22-May-2008 Mechanical data has been updated.
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