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Hojas de caracteristicas de componentes

* Transistor de pequefia sefial NPN

BC546/548 Al
* Transistor de pequefia sefial NPN

2N3903/04 A6
* Transistor de pequefia sefial PNP

2N3905/06 A2
* JFET de canal N

2N5457 A.17
* JFET de canal P

2N5460/62 A20
* Amplificador operacional

0A741 A23
* Regulador de tensién ajustable positivo

LM117/317 A29
* Regulador de tensién ajustable negativo

LM137/337 A33
* SIDAC

MKP3V129/240 A 36
* SBS

MBS4991/2/3 A38
* SCR

2N5060 A 40
* PUT

2N6027/28 A42
* UIT

2N2646 Ad4
* TRIAC

MAC218A A 45
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General Purpose Transistors
NPN Silicon

COLLECTOR

3

2N3903
2N3904*

*Motorola Preferred Device

CASE 29-04, STYLE 1
TO-92 (TO-226AA)

BASE
EMITTER
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector—Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage VeBO 60 Ve
Emitter —Base Voltage VEBOD 6.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp, = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/“C
Total Device Dissipation @ T = 25°C Fp 1.5 Watls
Derate above 25°C 12 mwieC
Operating and Storage Junction TJ. Tsig ~-5510 +150 “C
Temperature Range
THERMAL CHARACTERISTICS(1)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Raua 200 “CIwW
Thermal Resistance, Junction to Case Rgic 83.3 “CIW

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

Characteristic Symbol | Min | Max | Unit
OFF CHARACTERISTICS

Collector—Emitter Breakdown Voltage (2) V(BR)CEO 40 — vde
(Ic = 1.0 mAdc, Ig = 0)

Collector—-Base Breakdown Voltage V(BR)CBO 60 o Vde
(Ic = 10 pAde, Ig = 0)

Emitter—-Base Breakdown Voltage V(BRIEBO 6.0 e Vde
(g = 10 pAdc, Ic = 0) '

Base Cutoff Current BL — 50 nAdc
(VCE = 30 Vdc, Vep = 3.0 Vdc)

Collector Cutoff Current lcex e 50 nAdc
(Vog = 30 Vdc, Veg = 3.0 Vdc)

1. Indicates Data in addition to JEDEC Requiremenis.
2. Pulse Test: Pulse Width = 300 us; Duty Cycle = 2.0%.

A6 1.S.B.N.:84-607-1933-2 Depésito
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ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)

Characteristic Symbol I Min Max Unit
ON CHARACTERISTICS
DC Current Gain(1) heg —
(g = 0.1 mAde, Vg = 1.0 Vdc) 2N3903 20 —
2N3904 40 —
{lc = 1.0 mAde, Vo = 1.0 Vdc) 2N3803 35 —
2N3904 70 —
{lc = 10 mAdc, Ve = 1.0 Vdc) 2N3903 50 150
2N3904 100 300
{Ic = 50 mAde, VCE = 1.0 Vde) 2N3903 30 _
2N3204 60 —
{ilc = 100 mAdc, Vog = 1.0 Vdc) 2N3903 15 —
2N3904 30 —
Collector—Emitter Saturation Voltage(1) VCE(sat) Vde
(Ic = 10 mAdc, Ig = 1.0 mAdc) k — 0.2
(I = 50 mAdc, Ig = 5.0 mAdc o 0.3
Base~Emitter Saturation Voltage(1) VBE(sat) Vde
(Il = 10 mAdc, Ig = 1.0 mAdc) 0.85 0.85
(I = 50 mAdc, Ig = 5.0 mAdc) — 0.95
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product T MHz
{Ic = 10 mAde, Ve = 20 Vde, f = 100 MHzZ) 2N3903 250 —
2N3904 300 —
Qutput Capacitance Cobo - 4.0 pF
(Veg = 5.0 Vde, Ig =0, f = 1.0 MHz)
Input Capacitance Cipa - 8.0 pF
(Vgg = 0.5 Vdc, I =0, f = 1.0 MHz)
Input Impedance hijg kQ
{lo = 1.0 mAde, Vo = 10 Vdc, = 1.0 kHz) 2N3803 1.0 8.0
2N3804 1.0 10
Violtage Feedback Ratio hre X 10-4
(Ic = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N3903 0.1 5.0
2N3904 0.5 8.0
Small-Signal Current Gain hie .
(Ic = 1.0 mAde, Ve = 10 Vde, f= 1.0 kHz) 2N3903 50 200
2N3904 100 400
Output Admittance hoe 1.0 40 pmhos
(Ic = 1.0 mAdc, VCE = 10 Vdc, f= 1.0 kHz)
Noise Figure NF dB
(Ic = 100 pAde, VCE = 5.0 Vde, Rg = 1.0 k ©, f = 1.0 kHz) 2N3903 — 6.0
2N3904 e 5.0
SWITCHING CHARACTERISTICS
DE.‘|E!)" Time {VCC = 3.0 Vdc, VBE = 0.5 Vdc, 1d — 35 ns
Rise Time Ic = 10 mAdc, Ig1 = 1.0 mAdc) t - 35 ns
Storage Time (Ve = 3.0 Vde, Ig = 10 mAde, 2N3903 tg — 175 ns
ig1 = Ig2 = 1.0 mAdc) 2N3904 — 200
Fall Time ff - 50 ns

1. Pulse Test: Pulse Width = 300 ps; Duty Cycle = 2.0%.

2N3903/04
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TYPICAL TRANSIENT CHARACTERISTICS
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
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h PARAMETERS
(VCE = 10 Vde, f = 1.0 kHz, Ta = 25°C)
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General Purpose Transistors
PNP Silicon

COLLECTOR
3
2
BASE
1
EMITTER
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector—Emitter Voltage VeoeD 40 Vde
Collector—Base Voltage Veeo 40 Vde
Emitter—Base Voltage VERO 5.0 Vde
Collector Current — Continuous I 200 madc
Total Device Dissipation @ T = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/“C
Total Power Dissipation @ Tp =60°C Pp 250 mw
Total Device Dissipation @ Tg =25°C Pp 1.5 Watts
Derate above 25°C 12 mwW/eC
Operating and Storage Junction Ti. Tstg ~55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS(1)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Raua 200 CIW
Ambient
Thermal Resistance, Junction to Case RgJc 83.3 °C/W

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

2N3905
2N3906*

*Motorola Preferred Device

CASE 29-04, STYLE 1
TO-92 (TO-226AA)

Characteristic Symbol | Min | Max | Unit
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage (2} V(BR)CEO 40 — Vdc
(Ic = 1.0 mAde, 1g = 0)
Collector—Base Breakdown Voltage V(BR)CBO 40 — vde
(Ic = 10 pAde, g = 0)
Emitter—Base Breakdown Voltage VBRIEBO | 5.0 — Vde
(Ig = 10 pAde, Ig = 0)
Base Cutoff Current =18 — 50 nAde
(VCE = 30 Vide, VER = 3.0 Vdc)
Collector Cutoff Current lcEX — a0 nAdc
(VeE = 30 Vde, Vg = 3.0 Vdc)
1. Indicates Data in addition to JEDEC Requirements.
2. Pulse Test: Pulse Width = 300 ps; Duty Cycle = 2.0%.
2N3905/06
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ELECTRICAL CHARACTERISTICS (Tp, = 25°C unless otherwise noted) (Continued)

Characteristic Symbol I Min Max Unit
ON CHARACTERISTICS(1)
DC Current Gain hEE —_
(e = 0.1 mAde, Vg = 1.0 Vde) 2N3905 30 —
2N3906 60 —
(g = 1.0 mAdc, Vg = 1.0 Vdc) 2N3905 40 —
2N3906 80 -
{lc = 10 mAde, Ve = 1.0 Vdc) 2N3905 50 150
2N3906 100 300
{Ic = 50 mAdc, Veg = 1.0 Vdc) 2N3905 30 —
2N3906 60 —
(lg =100 mAdc, Vg = 1.0 Vdg) 2N3905 15 —
2N3906 30 e
Collector~Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, |g = 1.0 mAdc) ’ - 0.25
(I = 50 mAdc, |g = 5.0 mAdc e 0.4
Base~Emitter Saturation Voltage VBE(sat) Vde
(g = 10 mAdc, |g = 1.0 mAdc) 0.65 0.85
(I = 50 mAdc, |g = 5.0 mAdc) e 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(g = 10 mAde, Vg = 20 Vde, f = 100 MHz) 2N3905 200 —
2N3906 250 —
Qutput Capacitance Cobo e 4.5 pF
(Vep = 5.0 vde, Ig =0, f= 1.0 MHz)
Input Capacitance Ciha - 10.0 pF
(Veg = 0.5 Vde, Ig =0, f = 1.0 MHz)
Input Impedance hie kQ
(I = 1.0 mAde, Vg = 10 Vde, f = 1.0 kHz) 2N3905 0.6 8.0
2N3906 2.0 12
Violtage Feedback Ratio hre X 10-4
(Ic = 1.0 mAde, Vg = 10 Vdc, = 1.0 kHz) 2N3905 0.1 5.0
2N3906 0.1 10
Small-Signa! Current Gain hfe e
(Ic = 1.0 mAdc, Vg = 10 Vdc, = 1.0 kHz) 2N3905 50 200
2N3906 100 400
Output Admittance hoe wmhos
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f= 1.0 kHz) 2N3905 1.0 40
2N3906 3.0 60
Noise Figure NF dB
(Ic = 100 pAde, VCE = 5.0 Vde, Rg = 1.0k @, f= 1.0 kHz) 2N3905 — 5.0
2N 3806 e 4.0

SWITCHING CHARACTERISTICS

DG|E1)‘ Time (Voo = 3.0 Vde, Vag = 0.5 Vdc, 1d —— 35 ns
Rise Time fC =10 mAdc, |B1 =1.0 mAdc} tr — 15 ns
Slorage Time 2N3205 tg — 200 ns
2N3906 —_ 225
- Ve = 3.0 Vde, I = 10 mAdce,
Fall Time Ig1=1g2 = 1.0 mAd 2N3905 tf - 60 ns
2N3906 - &

1. Fulse Test: Pulse Width = 300 ps; Duty Cycle = 2.0%.

2N3905/06
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS

NOISE FIGURE VARIATIONS

(VCE =-5.0 Vdc, Ta = 25°C, Bandwidth = 1.0 Hz)
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TYPICAL STATIC CHARACTERISTICS
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JFETs — General Purpose
N-Channel — Depletion 2N5457
1 DRAIN
*Motorola Prefarred Device
3
GATE
2 S0URCE
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vps 25 Vde
Drain—-Gate Voltage Vb 25 Vde
CASE 29-04, STYLE S
Reverse Gale—Source Voltage VGESR ~25 Vdc TO-92 (TO-226AA)
Gate Current fe 10 mAdc
Total Device Dissipation @ Tp = 25°C Pp 310 mw
Derate above 25°C 2.82 mwweC
Junction Temperature Range Ty 125 “C
Storage Channel Temperature Range Tstg -65 1o +150 “C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol | Min Typ | Max | Unit |
OFF CHARACTERISTICS
Gate—Source Breakdown Voltage V(BR)GSS -25 - e Vde
(g =-10 pAdc, Vpg = 0)
Gate Reverse Current lgss nAdc
(Vgg =-15Vdc, Vpg = 0) - - -1.0
{Vgg =-15Vdc, Vpg =0, Ta = 100°C) - - -200
Gate-Source Cutoff Voltage VEs(off) =05 - -6.0 Vde
(Vpg = 15 Vde, Ip = 10 nAdc)
Gate-Source Voltage Vas - ~2.5 e Vdc
(Vpg = 15 Vde, Ip = 100 pAdc)
ON CHARACTERISTICS
Zero-Gate-\oltage Drain Current (1) Ipss 1.0 3.0 5.0 madc
(Vpg=15Vde, Vg =0)
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admittance Common Source (1) Iy | 1000 — 5000 umhos
(Vpg =15 Vde, Vgg = 0, f= 1.0 kHz)
Output Admittance Common Source (1) Ivos | — 10 50 pmhos
(Vpg =15Vdc, Vg =0, f= 1.0 kHz)
Input Capacitance Cigs — 4.5 7.0 pF
{Vpg =15Vde, Vgg =0, f= 1.0 MHz)
Reverse Transfer Capacitance Crss — 1.5 3.0 pF
(Vps = 15 Vdc, Vgg = 0, f= 1.0 MHz)
1. Pulse Test; Pulse Width = 630 ms, Duty Cycle = 10%.
2N5457
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Typical Characteristics (continued)

Transfer Characteristics Transfer Characteristics
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E - Vs = 15V —L T £ g L_Vos=18v_ |Vosiorr = 26V |
E . A E ~55°C
E BN T4 =25C E e
ek _ - AT
Ta=125C s
= h 2inEE S g L) Ta = 125°C
'g & (. i "i\ Vesturnf ERA E
= — - Ty - -55°C s
Z a » Y Ta =25°C 2 4 VGﬂ;:t#ﬂ ==1.8V
g N VL= 125 é {JI = 12255;‘.
= \ - w 1 = - A =
E 2 N 2 = 3T, - E% c
'r [ -1
l 0 \M # 0
| R -2 -3 -4 -5 0 -1 -2 -3
Vgs — GATE-SOURCE VOLTAGE (V) Vs — GATE-SOURCE VOLTAGE (V)
Qutput Conductance vs. Transconductance vs.
Drain Current Drain Current
100 ¢
% Ta=25C [ 21 L " ey
t F1=1kHz 2 Ta =25°C
2
- — = ! 14 i
= | _r"'ﬂﬁ i wé:__ 8 BELL T
5 | - — Vgsigrr) = -1.5V 4
= 10 Vqsinsr—: -3.7¥ 15V it ]
= . I EIZW - = 1 b ]
3 +, : wv 5 !
== [ &=
2 AT 18 5 w7 i
= . 20V - é Va vﬂm YFEF & -3
= L] = L
c i ] 1 ¥
g q/'”'ﬂﬂ[nFFi =16V ! 2 / ! | Al
= R | on L LU | it | .
0.1 1 10 0.m 01 1 10
Ip — DRAIN CURRENT (mA) lp — DRAIN CURRENT (mA)
2N5457

A20 1.S.B.N.:84-607-1933-2 Depésito Legal:SA-138-2001



Apéndice

P—-Channel — Depletion
ZORAN thru
3
GATE
1 SOURCE
MAXIMUM RATINGS
Rating Symbol Vaiue Unit
Drain—Gate Voltage Vpg 40 Vdc
Reverse Gate-Source Voltage V@sRr 40 Vdc
Forward Gate Current I 10 mAdc
Total Device Dissipation @ Tp, = 25°C Pp 350 myy
Derate above 25°C 2.8 m\W/°C
CASE 29-04, STYLE 7
Junction Temperature Range TJ ~65to +135 °C TO-92 (TO-226AA)
Storage Channel Temperature Range Tstg ~65 to +150 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic | symboi | Min Typ | Max [ unit
OFF CHARACTERISTICS
Gate-Source Breakdown Voltage V(BRIGSS 40 — — Vde
(lz =10 pAdc, Vpg = 0) 2N5460, 2N5461, 2N5462
Gate Reverse Current lzss
(V@s = 20 Vdc, Vpg = 0) 2N5460, ZN5461, 2N5462 — — 5.0 nAdc
(Vs = 30 Vdc, Vpg = 0)
(Vg = 20 Vde, Vpg = 0, Ty, = 100°C) 2N5460, 2N5461, 2NbH462 e e 1.0 wAdc
(Vs =30 Vde, Vpg = 0, Ty = 100°C)
Gate - Source Cutoff Voltage 2N5460 V@Es(off) 0.75 — 6.0 Vde
(Vpsg = 15 Vde, Ip = 1.0 pAdc) ZN5461 1.0 — 7.5
2N5B462 1.8 — 9.0
Gate~Source Voltage Vas \de
(Vpg = 15 Vdc, Ip = 0.1 mAdc) 2M5460 0.5 e 4.0
(Vpg = 15 Vdc, Ip = 0.2 mAdc) 2MN5481 0.8 e 4.5
(Vpg = 15 Vdc, Ip = 0.4 mAdc) 2ZN3462 1.5 — 6.0
ON CHARACTERISTICS
Zero—Gate-Voltage Drain Current 2N5460 Ipss -1.0 e ~5.0 mAdc
(Vps = 15 Vde, Vgg = 0, f= 1.0 kHz) 2N5461 -2.0 - -9.0
ZN5462 -4.0 — -16
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admittance 2N5480 f:)"fsl 1000 — 4000 wmhos
(Vpg =15Vde, Vog =0,T= 1.0 kHz) 2N5461 1500 S 5000
2MN5462 2000 — 6000
Output Admittance (Vpg = 15 Vide, Vg = 0, f = 1.0 kHz) Iyosl o - 75 pmhos
Input Capacitance (Vpg = 15 Vde, Vgg =0, f = 1.0 MHz) Ciss o 5.0 7.0 pF
Reverse Transfer Capacitance (Vpg = 15 Vidc, Vg = 0, f = 1.0 MHz) Crss — 1.0 2.0 pF
FUNCTIONAL CHARACTERISTICS
Moise Figure MNF — 1.0 2.5 dB
(Vpsg = 15 Vde, Vg = 0, R = 1.0 Megohm, f = 100 Hz, BW = 1.0 Hz)
Equivalent Short-Circuit Input Noise Voltage en . &0 115 n\.-’f@
(Vpg = 16 Vde, Vgg = 0, f= 100 Hz, BW = 1.0 Hz)

2N5460/62
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DRAIN CURRENT versus GATE

FORWARD TRANSFER ADMITTANCE

SOURCE VOLTAGE versus DRAIN CURRENT
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Philips Semiconductors

Product specification

General purpose operational amplifier

* A741/+ A7T41C/ISAT41C

DESCRIPTION

The = A741 is a high performance operational amplfier with high
open-loop gain, intermal compensation, high common mode range
and exceptional temperature stability. The « AT41 is
short-circuit-protected and allows for nulling of offset voltage.

FEATURES

* Internal frequency compensation

* Short circuit protection

PIN CONFIGURATION

D. F, N Packages

OFFSETMULL | ¢

INVERTING INPUT | 2 — 7w+
MON-INVERTING INPUT | 3 "

5 | outPuT
5 | OFFSET NULL

o [E

& | NC

TOP VIEW

SLO009S
* Excellent temperature stability Figure 1. Pin Configuration =
* High input vollage range
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
B-Pin Plastic Dual In-Line Package (DIP) -55:C to +125+C » AT41N 507971
8-Pin Plastic Dual In-Line Package (DIP) 0 to +70-C «AT41CN S0TS7-1
8-Pin Plastic Dual In-Line Package (DIF) -40-C to +B5C SAT41CN SOTS7-1
B-Pin Ceramic Dual In-Line Package (CERDIP} -55:C 10 #1250 +AT41F 0580A
8-Pin Ceramic Dual In-Line Package (CERDIP) 0 to +70-C « AT41CF (0580A
8-Pin Small Outline {SO) Package 0to +70-C «A741CD S0T96-1
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vs Supply voltage
- AT410 «18 "
» AT 41 22 W
Pg Internal power dissipation
D package T8O mw
N package 1170 mw
F package 800 mw
Vin Differantial input voltags +30 v
Wi Input voltage® +15 v
Isc Output short-circuit duration Continuous
rs QOperating temperature range
«ATAIC Oto +70 -
SAT41C -40 to +85 o
< AT41 -55to +125 «C
Ts1a Storage temperature range 65 to +150 C
Tsolp Lead soldering temperature {10sac max) 300 «
MOTES:
1. For supply voltages less than « 15V, the absolute maximum input valtage is equal to the supply voltage.
OA741
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Philips Semiconductors Product specification

General purpose operational amplifier « A741/- AT41C/ISA741C
DC ELECTRICAL CHARACTERISTICS
Ta = 25+C, Vg = « 15V, unless atherwise specified.
«AT4 «AT41C
SYMBOL PARAMETER TEST CONDITIONS o oo T Wiex | Win | Typ | Wiox UNIT
Vos Offset voltage Rz=10k= 1.0 50 20 8.0 my
Rg=10k* , over temp. 1.0 6.0 75 my
Mash T 10 10 \fC
los Offset current 20 200 20 200 nA
Over temp. 300 nA,
Tp=+125-C 7.0 200 nA
Tp=-55C 20 500 nA
slosi*T 200 200 pAdsC
laias Input bias current 80 500 80 500 nA
Over temp. B0OO nA,
Ta=+125+C 30 500 nA
Tp=-558+C 300 | 1800 nA
slghs T 1 1 nASC
Ry =10k <12 | 14 =12 | 14 v
Vour Output voltage swing
R =2ks , aver temp. <10 +13 10 «13 W
Ry =2k» , Vo= 10V 0 200 20 200 Vim\
AuoL Large-signal voltage gain R =2k | V== 10V,
over temp. 25 15 WVimy
Offset voltage adjustment range +30 =30 my
Rge 10ks 10 150 S\
PSRR Supply valtage rejection ratio
Rg= 10k+ | over temp. 10 150 W
70 a0 dB
CMRR Common-mode rejection ratio
Over temp. 70 80 dB
1.4 28 1.4 28 mA
leo Supply current Ta=+125+C 158 25 mA
Ta=-55C 20 mA
Vin Input voltage range [« A741, over temp.) 12 13 12 =13 W
Ryng Input resistance 03 20 03 20 I
50 85 50 85 mvy
Pn Power consumption Ta=+125+C 45 75 miy
Ta=-55+C 45 100 mvv
Rour Output resistance 75 75 .
Isc Qutput short-circuif current 10 25 60 10 25 &0 mA
OA741
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Philips Semiconductors

Product specification

General purpose operational amplifier « A741/« AT41C/SA741C
DC ELECTRICAL CHARACTERISTICS
Ta = 25C, V5 = = 15V, unless otherwise specified.
SAT41C
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Vos Rg=10k* 20 6.0 my
ffset voltage Rg=10k+ | over temp. 75 my
Wasl T 10 “VC
los 20 200 nA
Offset current Ower temp. 500 A
slosi T 200 pAlC
Isias 80 500 nA
Input bias current Owver temp. 1500 A
g T 1 nAlC
Ry =10k» 12 =14 W
Vour Output voltage swing
Ry=2k* , over temp. «10 «13 W
R =2k , Vo= 10V 0 200 Vimy
Aol Large-signal voltage gain
Ry =2k* , Vg=+ 10V, over temp 15 Wimyf
Offset vollags adjustment range =30 mi/
PERR Supply voltage rejection ratio Rgs 10k= 10 1680 N
CMRR Common mode rejection ration 70 ac dB
Vin Input voltage range Ower temp. +12 =13 W
Rin Input resistance 03 20 s
Py Power consumption 50 85 mwW
Raur Output resistance 75 .
Isc Output short-circuit current 25 mA

AC ELECTRICAL CHARACTERISTICS

Ta=25C, Vg = = 15V, unless otherwise specified.

«AT41, - AT41C
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Ring Parallel input resistance Open-loop, f=20Hz 03 Tl
Cing Parallel input capacitance Open-loop, f=20Hz 14 pF
Unity gain crossover frequency Open-loop 1.0 MHz
Transient response unity gain Vin=20mV, Ry =2k , C 100pF
tr Rise time 0.3 *5
Overshoot 5.0 %
SR Slaw rate Ce 100pF, Ry * 2k | Wip=+ 10V 05 Wi g
OA741
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Philips Semiconductors Product specification

General purpose operational amplifier « A741/« AT41C/ISA741C

EQUIVALENT SCHEMATIC

INVERTENG INPUT

as 4%9

NON-INVERTING
INFUT

OFFSET MULL
o—

R1 & R3 % SRz | “R4
1K T EBK-j Tm- T'Sk-

0 OFFSET NULL

SLOO0SE

Figure 2. Equivalent Schematic

OA741
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Philips Semiconductors Product specification

General purpose operational amplifier « A741/« AT4A1C/ISAT41C

TYPICAL PERFORMANCE CHARACTERISTICS

Qutput Voltage Swing as a Input Common-Mode Voltage Range Power Consumption as a
Function of Supply Voitage as a Function of Supply Voitage Function of Supply Voltage
T > % 100
] J 1 I I I I ‘
o 7 W 14— SCSTR < 41280 = b
2 a2 # = E 80— Tp=2800C !
= 4 12 ;
W a2 " =
¥ L
= [ ] k.
E L~ E / £ ¥ L~
a =l / 9 . ; /
% 18 [T / = 40 .
& / o v 0 [~
s : LV : ol
= 8 - £
S =} / =
|‘|ri 4 / E 2 4
& o]
a ] " o 0 - a ~
5 10 15 20 5 10 15 20 5 a 15 20
SUPPLY VOLTAGE — ¥/ SURPLY VOLTAGE — +V SURRLY VOLTAGE — +V
Input Bias Current as a Function Input Resistance as a Function Input Offset Current as a
of Ambient Temperature of Ambient Temperature Function of Supply Voltage
500 ——— WO T T T 7 A0 I I
5 - [ Wg =415V 50— Vg = 15800 < — Ta =25°C
b 3 ap ,-""Jf . 3o
| e
31 =1
Er_. 1.0 P 20
7]
B os
@ = 0.5 i
P = = 10
S e g ™ 7
] = =
S
0 o1 o
-G =20 20 60 100 140 =500 =20 20 G0 00 140 5 10 15 20
TEMPERATURE — °C SUPRLY VOLTAGE — £V
Input Offset Current as a Power Consumption as a Output Violtage Swing as a
Function of Ambient Temperature Function of Ambient Temperature Function of Load Resistance
T - TR T T m—
120 Vg =.150C E‘? @ [ Vg =215V
| I £ 24l Tp=35C A
= 100 = an =
2_! 1 &0 :n e
, = n
g a0 Eé Ir- 20
e g 2 18
[V 4] = =
@ [} I I ——— i 16
i o L 1§ | M L
o a0 w &4
e W o j
& on 2 Bz
U L b 10 ""
;10
a & B j
-0 -200 20 B0 100 140 -60 20 0 60 100 140 01 02 05 10 20 50 10
TEMPERATURE —oC TEMPERATURE — oC LOAD RESISTANCE — ks
SLO00S7
Figure 3. Typical Performance Characteristics
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Philips Semiconductors

Product specification

General purpose operational amplifier

* A741/ AT41C/ISAT41C

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Output Short=Circuit Current
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Ambient Temperature as a Function of Frequency as a Function of Frequency
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Figure 4. Typical Performance Characteristics (cont.}
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LM117/LM317A/LM317

General Description

The LM117 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 1.5A over a
1.2V to 37V output range. They are exceplionally easy to
use and require only two external resistors to set the output
voltage. Further, both line and load regulation are better than
standard fixed regulators. Also, the LM117 is packaged in
standard transistor packages which are easily mounted and
handled.

In addition to higher performance than fixed regulators, the
LM117 series offers full overload protection available only in
IC"s. Inciuded on the chip are current limit, thermal overload
protection and safe area protaction. All overload protection
circuitry remains fully functional even if the adjustment termi-
nal is disconnected.

Normally, no capacitors are needed unless the device is sifu-
ated more than 6 inches from the input fiter capacitors in
which case an input bypass is needed. An optional output
capacitor can be added to improve transient response. The
adjustmeant terminal can be bypassed to achieve very high
ripple rejection ratios which are difficull to achieve with stan-
dard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful in a
wide variety of other applications. Since the regulator is
“fioating” and sees only the input-to-output differential volt-

National Semiconductor

3-Terminal Adjustable Regulator

August 1999

age, supplies of several hundred volls can be regulated as
long as the maximum input to output differential is not ex-
ceeded, Le., avoid short-circuiting the output.

Also, it makes an especially simple adjustable switching
regulator, a programmable output regulataor, or by connecting
a fixed resistor between the adjustment pin and output, the
LM117 can be used as a precision current regulator. Sup-
plies with electronic shutdown can be achieved by clamping
the adjustment terminal to ground which programs the out-
put to 1.2 where most loads draw litile current.

For applications requiring greater output current, see LM150
series (3A) and LM135 series (5A) data shests. For the
negative complament, see LM137 series data sheet.

Features

Guarantesd 1% output voltage tolerance (LM317A)
Guarantead max. 0.01%/V line regulation (LM317A)
Guaranteed max. 0.3% load regulation (LM117)
Guarantesd 1.5A output current

Adjustable output down to 1.2V

Current limit constant with temperature

P* Product Enhancament tested

B0 dB ripple rejaction

Qutput is short-circult protected

Typical Applications

Joje|nbay ejqejsnipy jeutwial-¢ ZLENTVLLEWNT/ZLLINT

LM117 Series Packages

1.2V-25V Adjustable Regulator Part Numbar Design
LT Suffix Package Load
v v Current
. Tt
Vg = 28V sy Vi ADd our Vour K TO-3 1.5A
R1 -
240 H TO-39 0.5A
o + ! T T0O-220 1.8A
. Cz
— oL F E LCC 0.5A
3 = TO-283 1.5A
Sk EMP S0T-223 1A
MDT TO-252 0.5A
DEonenes SOT-223 vs D-Pak (TO-252)
Full output current not available at high inpul-output voliages
*Meedsd if device is mors than & inches from fiffer capacitors. PaCKages
tOptional — improves transienl response. Oulg
of 1 uF to 1000
wused o provida mmpr
Tayr = 1.25V {I i E‘IE) + lapulRg )
o A
SOT-223
Scale 1:1

& 1999 Nalional Samiconductor Corporation DSe0a063

www.nalional.com

LM117/317
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Absolute Maximum Ratings note 1) Operating Temperature Range
If Military/Aerospace specified devices are required, LMA1T 55C < T. < +150°C
pl_eas_e contact the M_atic_ar_\al Semiccn@qctn_r Sales Office/ LM31TA _40°C < T" < +125°C
Distributors for availability and specifications. , T
LM317 0C=T,<+125C
Power Dissipation Internally Limited
Input-Cutput Voltage Differential +A40W, 0.3V ™ y
Storage Temperaturs —-65°C to +150°C PFECO!'!dItIOﬂ!I'Eg
Lead Temperature Thermal Limit Burn-in All Devices 100%
Metal Package (Soldering, 10 seconds) 300°C
Flastic Package (Soldering, 4 seconds) 260°C
ESD Tolerance {Mote 5) I kv
Electrical Characteristics (note 3
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified. Vi, — Vour = 8V, and I = 10 mA.
Parameter Conditions LM1A17 (Note 2) Units
Min Typ Max
Reference Voltags Y
3V = (Vi — Vour) = 40V, 1.20 1.25 1.30 v
10 mA < lour < lynoe P £ Pagax
Ling Regulation IV = (W — Vour) £ 40V (Note 4) 0.01 0.02 Bal
0.02 0.05 Yal
Load Regulation 10 MA £ 1oyt < hauax (Note 4) 0.1 0.3 h
0.3 1 %
Thermal Regulation 20 ms Pulse 0.03 0.0v El
Adjustment Pin Current 50 100 LA
Adjustment Pin Current Change 10 mA < loyt = laax 0.2 ] LA
3V = (Vin — Vour) = 40V
Temperature Stability Toans = T % Tounxe 1 o
Minimum Load Current (Vi — Vour) = 40V 3.5 5 mA
Current Limit Vi = Vour) £ 15V
K Package 1.5 2.2 3.4 A
H Packages 0.5 0.8 18 A
(Vi = Vigur) = 40V
K Package 0 0.4 A
H Package 5 0.2 A
RMS Output Noise, % of V. 10 Hz < f < 10 kHz 0.003 %
Ripple Rejection Ratio Veaur = 10V, = 120 Hz, 65 dB
Caps = 0 pF
Vour = 10V, f = 120 Hz, 66 80 dB
Capy = 10 pF
Long-Term Stability T, =125°C, 1000 hrs 0.3 1 %
Thermal Resistance, K Package 23 3 Cw
Junction-to-Case H Package 12 15 Chw
E Package TW
Thermal Resistance, Junction- K Package a5 TW
to-Ambient (No Heat Sink) H Package 140 T
E Package ‘TW
LM117/317
1.S.B.N.:84-607-1933-2 Deposito Legal:SA-138-2001 A3l
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Application Hints

In operation, the LM117 develops a nominal 1.28V reference
vaoltage, Ve, between the output and adjustment terminal.
The reference voltage is impressed across program resistor
R1 and, since the voltage is constant, a constant currant |
then flows through the output set resistor R2, giving an out-
put voltage of

R2
Vout = Veer (1 + m} + lapyR2

LM117

—_— iy

Vaur|
.1

Vout

SR8

FIGURE 1.

Since the 100 pAcurrent from the adjustment terminal repre-
sants an arror term, the LM11T was designed to minimize
laps and make it very constant with line and load changes.
To do this, all guiescent operating current is returned to the
output establishing & minimum Ioad currant requirement. I
there is insufficient load on the output, the ocutput will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1 yF disc or
1 uF selid tantalum on the input is suitable input bypassing
for almost all applications. The device is more sensitive to
the absence of input bypassing when adjustment or output
capacitors are used but the above values will eliminate the
possibility of problems.

The adjustment terminal can be bypassed to ground cn the
LM117 to improve ripple rejection. This bypass capacitor
prevents ripple from being amplifizd as the outpul voltage is
increased. With a 10 UF bypass capacitor 80 dB ripple rejec-
tion is obtainable at any output level. Increases over 10 JF
do not appreciably improve the ripple rejection at frequen-
cies above 120 Hz. If the bypass capacitor is used, it is
sometimes necessary o include protection diodes to prevent
the capacitor from discharging through internal low current
paths and damaging the device.

In general, the best type of capacitors to use is solid tanta-
lum. Solid tantalum capacitors have low impadance even at
high frequencies. Depending upon capacitor construction, it
takes about 25 pF in aluminum electrolytic to equal 1 pF
solid tantalum at high frequencies. Ceramic capacitors are
also good at high frequencies, but some types have a large
decrease in capacitance at frequencies around 0.5 MHz. For
this reason, 0.01 UF disc may seem (o work better than a 0.1
uF disc as a bypass.

Although the LM117 is stable with no cutput capacitors, like
any feedback circuit, certain values of external capacitance
can cause excessive ringing. This occurs with values be-
twaen 500 pF and 5000 pF. A 1 yF solid tantalum (or 25 pF

aluminum electrolytic) on the output swamps this effect and
insures stability. Any increase of the load capacitance larger
than 10 uF will merely improve the loop stability and output
impedance.

Load Regulation

The LM117 is capable of providing extremely good load
regulation but a few precautions are needed to obtain maxi-
mum performance. The current set resistor connected be-
tween the adjustment tarminal and the output terminal (usu-
ally 2400) should be tied directly to the cutput (case) of the
regulator rather than near the load. This efiminates line
drops from appearing effectively in series with the reference
and degrading reguiation. For example, a 15V regulator with
0.050 resistance betwean the regulator and load will have a
load regulation due to line resistance of 0.0502 « |, . If the set
resistor is connected near the load the sffective line resis-
tance will be 0.0562 (1 + R2/R1) or in this case, 11.5 times
WOrSe.

Figure 2 shows the effect of resistance between the regula-
tor and 2400} st resistor.

LM117
v v Ky
Vin =1 VIN ourt Vi
A ouT
R1
2a0
RZ
- DE00e0EE-6
FIGURE 2. Regulator with Line Resistance in Output
Lead

With the TO-3 package, it is easy to minimize the resistance
from the case to the set resistor, by using two separate leads
to the case. However, with the TO-39 package, care should
be taken to minimize the wire length of the output lead. The
ground of R2 can be returned near the ground of the load to
provide remote ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator it is
sometimes necessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the regulator. Most 10 yF capacitors have low enough
internal series resistance to deliver 20A spikes when
shorted. Although the surge is short, thera is enough energy
to damage parts of the 1C.

When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will discharge into
the output of the regulator. The discharge current depends
on the value of the capacitor, the output voltage of the regu-
lator, and the rate of decrease of V. In the LM117, this dis-
charge path is through a large junction that is able to sustain
15A surge with no problem. This is not true of other types of
positive regulators. For output capacitors of 25 pF or less,
there is no need lo use diodes.

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge ocours
when either the inpul or output is shorted. Internal to the
LM117 is a 500 resistor which [mits the peak discharge cur-
rent. Mo protection is needed for output voltages of 25V aor

LM117/317
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Application HINtS (coniinuead)
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National Semiconductor

LM137/LM337
3-Terminal Adjustable Negative Regulators

® 77 dB ripple rejection

m Excellent rejection of thermal transients
m 50 ppmi°C temperature coefficiant

n Temperatura-indepandent current limit
u

]

n

n

General Description

The LM137/LM337 are adjustable 3-terminal negative volt-
age regulators capable of supplying in excess of —1.5A over
an output voltage range of 1.2V to —37V. These regulators
are exceptionally easy to apply, reguiring only 2 external re-
sistors to set the output voltage and 1 output capacitor for
frequancy compensation. The circuil design has been opti-
mized for excellent regulation and low tharmal transisnts.
Further, the LM137 series features internal current limiting,
thermal shutdown and safe-area compensation, making R
them virtually blowout-proof against overioads. LM137 Series PECKEQES and Power
The LM137/LM337 serve a wide varisty of applications in-  Capability

cluding focal on-card reguiation, programmable-output volt-

Internal thermal overload protection
P* Product Enhancement tested
Standard 3-lead transistor package
Cutput is short circuit protected

age regulation or precision current regulation. The LM137/ Rated Design
LM337 are ideal complements to the LMUITILM317 Device Package Power Load
adjustable positive regulators. Dissipation Current
Features LM137/337 | TO-3 (K} 20W 1.5A

u Qutput voltage adjustable from -1.2V o —37V T0-39 iH] 2W 0.54

= 1.5A output current guaranteed, —55°C to +150°C LM337 T0-220 (T) 15W 1.5A

® Line regulation typically 0.01%/V LMmasr S0T-223 2w 1A

® Load regulation typically 0.3% (MP)

m Excelient thermal regulation, 0.002%/W

Typical Applications Comparison between SOT-223 and

D-Pak (TO-252) Packages

siojeinBay aAebaN s|qesnipy jeutwusl-¢ ZEEINT/LELINT

Adjustable Negative Voltage Regulator

B2 e R —
S07=223
Vi Scale 1:1
-y ———ty—xo Vﬂu]-

DO |
Fult output currant nod avadable at high input-cutpul voltages
, . Rz I
- = -] i+—=—14+ - .
Vour 25 ( 1207J { ~aou ng]

H01 = 1 pF solid tantalum or 10 pF aluminum slecirobytic required for
ctabifity

capacitors in the range of 1 gF o 1000 uF of sluminum or tantalum
yiic are commonly wsed o provide improved outpul impedance and
rejection of lransisnts

LM137/337
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Absolute Maximum Ratings (votes 1, 4) LM337 0°C o +125°C
If Military/Aerospace specified devices are required, Storage Temperature —85'C to +150°C
please contact the National Semiconductor Sales Office/ Lead Temperalure (Soldering, 10 sec)) 300°C
Distributors for availability and specifications. Plastic Package (Soldering, 4 sec.) 280°C
Power Dissipation internally Limited ESD Rating 2k Volts
Input-Output Voltage Differential 400
Operating Junction Temperature Range _
L1137 -55°C to +150°C
Electrical Characteristics
(Mote 1)
Parameter Conditions LM137 LM337 Units
Min Typ Max Min Typ Max
Line Regulation T, = 28'C, 3V £ |V — Vous] = 40V 0.01 0.0z 0.01 0.04 S
(?\0;9 21, = 10 mA
Load Regulation T, =25C 10 mA =i, = hyax 0.3 0.5 0.3 1.0 %
Thermal Regulation T, = 25°C, 10 ms Pulse 0.002 | 002 0.003 | 0.04 | %W
Adjustment Pin Current [514] 100 [514] 100 LA
Adjustment Pin Current Charge 10 mA =1 = lyax 2 5 2 5 A
3.0V < [V — Viaug| < 40V,
T, = 25°C
Reference Voltage T, = 25'C {Note 3) -1.225 |-1.250 |-1.275 |-1.213 |-1.250 |-1.287 W
I = Wy, - V,}. il = 40V, [Note 3y 1200 [1.250 |-1.300 |-1.200 [-1.250 |-1.300 W
10 mA =1y o P = Praxc
Line Regulation AV 2 Vg — Vol £ 40V, (Note 2) 0.0z | oos 0.02 | oo7 | %
Load Regulation 10 mA = oyt £ luax, (Note 2) 0.3 1 0.3 1.5 %
Temperature Stability Taane = T < Tyuax 0.6 0.6 %
Minimum Load Current Vi — Vour| = 40V . 2.5 10 ma
WV = Vool = 10V 1.2 3 1.5 mA
Current Limit Vin — Vour| = 18V
K, MP and T Package 1.5 2.2 3.5 1.6 2.2 iy A
H Package 0.5 0.8 1.8 0.5 0.8 9 A
Vin = Vourl = 40V, T, = 25°C
K, MPand T F'ackage 0.24 0.4 0.15 k! A
H Package 0.15 017 010 017 A
RMS Output Noise, % of Vo T,=25C, 10 Hz =< 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vour = 10V, F = 120 Hz &80 &0 dB
Capy = 10 pF 86 77 66 77 dB
Long-Term Stability T; = 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, Junction to | H Package 12 15 12 15 ‘CIW
Case K Package 2.3 3 2.3 CIW
T Package 4 ‘CIW
Thermal Resistance, Junction to | H Package 140 140 CIW
Ambient (No Heat Sink) K Package a5 a5 CF
T Package 50 W
MP Package 170 CIW
Mote 1: L,r| B55 r."‘e‘w'lsa spacifiad, thess spsc.l fications apply 55 C = Tj s +150 C for the LM137, 0°C = T, = +125°C for the LM33T, Wy - Vgr = 5V and gy
= packapgs and | = 0.5A for the TO-3, 50T-223 and TO-220 packages. Although power dissipation is intemally fimited, U‘IEbE specificalions
ara App ‘a for powar dissip s af 2W for tha I-D 38 and SOT-223 (see Application Hints), and 20W for the TO-3, and TO-220. Iyyey 5 154 for the TO-3,
SOT-225 and TO-220 packages, 0.28 for tha TO-39 package.
Mote 2: Hegulation & maasurad &l constant juncli lure, Using pulse testing with & low duly cycle. Changss in output voltags dus to healing effects ars cov-
erad under the spacification for hermal reguiation. LJd'.‘ ragulation is measured on the oulput pin at & point " below the base of the T0-3 and TO-3% packages.
Mote 3: Salecisd devices with tightened tolerance reference vollags availabls
Mote 4: Refer to RETS137TH drawing for LM137H or RETS137TK drawing for LM137K mililary specifications.

LM137/337
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Application Hints icontnueg Typical Applications
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MKP3V120, MKP3V240

Preferred Device

Sidac High Voltage

Bidirectional Triggers

Bidirectional devices designed for direct interface with the ac power
line. Upon reaching the breakover voltage in each direction, the device
switches from a blocking state to a low voltage on—state. Conduction
will continue like a Triac until the main terminal current drops below
the holding current. The plastic axial lead package provides high pulse
current capability at low cost. Glass passivation insures reliable
operation. Applications are:
® [High Pressure Sodium Vapor Lighting
® Strobes and Flashers
® [onitors
® High Voltage Regulators
® Pulse Generators
® Used to Trigger Gates of SCR’s and Triacs
® W Indicates UL Registered — File #E116110
® Device Marking: Logo, Device Type, e.g., MKP3V120, Date Code

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

Rating Symbol Value Unit
Peak Repetitive Off-State Voltage VORM. Volts
(Sine Wave, 50 to 60 Hz, VRRM
T)=-401t0 125°C)
MKP3V120 +90
MKP3V240 +180
On-State RMS Current IT(RMS) +1.0 Amp

{TL = 80°C, Lead Length = 3/8”,
All Conduction Angles)

Peak Non-Repetitive Surge Current ITsm +20 Amps
{60 Hz One Cycle Sine Wave,
Peak Value, T = 125°C)

ON Semiconductor

http:/fonsemi.com

SIDACS (W)
1 AMPERE RMS
120 and 240 VOLTS

MT1 © N o MT2

SURMETIC 50

PLASTIC AXIAL

(No Polarity)
CASE 267
STYLE 2

ORDERING INFORMATION

Device Package Shipping

MKP3V120 SURMETIC 50 Bulk 500/Bag

MKP3V120RL | SURMETIC 50 | Tape and Reel
1.5K/Reel

Operating Junction Temperature Range TJ -40to G
+125
Storage Temperature Range Tstg -40 to “C
+150
MKP3V129/240

MKP3V240 SURMETIC 50 Bulk 500/Bag

MKP3V240RL | SURMETIC 50 | Tape and Reel
1.5K/Reel

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

I.S.B.N.:84-607-1933-2 Depésito Legal:SA-138-2001 A37
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MKP3V120, MKP3V240

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction 1o Lead RgJjL 15 “ChW
{Lead Length = 3/8")
Lead Solder Temperature L 260 °c
{Lead Length = 1/16” from Case, 10 s Max)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted; Electricals apply in both directions)

I Characteristic Symbol | Min | Typ | Max | Unit |
OFF CHARACTERISTICS
Repetitive Peak Off-State Current IDRM - e 10 A
{50 to 60 Hz Sine Wave)
VDRM =90V MKP3V120
VDRM = 180 V MKP3V240
ON CHARACTERISTICS
Breakover Voltage, Igp = 200 pA Vo Volts
MKP3IV120 110 — 130
MKP3VZ40 220 - 250
Breakover Current gD - - 200 uA
Peak On-State Voltage VM o 11 1.5 Volts

(It = 1 A Peak, Pulse Width < 300 ps, Duty Cycle < 2%)

Dynamic Holding Current IH — — 100 mA
(Sine Wave, 60 Hz, R = 100 Q)

Switching Resistance Rg 0.1 - - k€
{Sine Wave, 50 to 60 Hz)

DYNAMIC CHARACTERISTICS

Critical Rate-of-Rise of On-State Current, di/dt - 120 — Alus
Critical Damped Waveform Circuit
{lek = 130 Amps, Pulse Width = 10 pusec)

MKP3V129/240
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document

by MBS4991/D

Silicon Bidirectional Switches
Diode Thyristors

... designed for full-wave triggering in Triac phase control circuits, half-wave SCR
triggering application and as voltage level detectors. Supplied in an inexpensive
plastic TO-226AA package for high-volume requirements, this low-cost plastic
package is readily adaptable for use in automatic insertion equipment.

« Low Switching Voltage — & Volts Typical
« Uniform Characteristics in Each Direction
« Low On-State Voltage — 1.7 Volts Maximum
« Low Off-State Current — 0.1 pA Maximum
Low Temperature Coefficient — 0.02 %/°C Typical

MBS4991
MBS4992
MBS4993

SBS
(PLASTIC)

Mi2
CASE 29-04
(TO-226AA)
STYLE 12
MAXIMUM RATINGS (T = 25°C unless otherwise noted.)
Rating Symbol Value Unit
Power Dissipation Pp 500 mw
DC Forward Current IF 200 mA
DC Gate Current (Off-State Only) Iz (off) 5 mA,
Repetitive Peak Forward Current IFmirep) 2 Amps
{1% Duty Cycle, 10 us Pulse Width, T, = 100°C})
Nen-repetitive Forward Current IFp{nonrep) 6 Amps
{10 us Pulse Width, Tp = 25°C)
Qperating Junction Temperature Range Ty -55 1o +125 °C
Storage Temperature Range Tsig 6510 +150 “C
MBS4991/2/3
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MB§4991 MBS49O2 MBS4D9D
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Switching Voltage MBS4991 Vg 6 8 10 Vde
MBS4992, MBS4993 7.5 8 9
Switching Current MBS4991 Ig — 175 500 pAde
MBS4992 — 90 120
MBS4993 175 250
Switching Voltage Differential (See Figure 10) MBS4991 |Vg1-Vsgs| — 0.3 0.5 Vde
MBS4992, MBS4993 — 0.1 0.2
Gate Trigger Current MBS4992 laF — — 100 pAde
(VE =5 Vde, B = 1kohm) MBS4993 — — 500
Holding Current MBS4991 IH — 0.7 1.5 mAdc
MBS4992 — 0.2 0.5
MBS4993 — 0.3 0.75
Off-State Blocking Current g pAde
(Vg =5 Vdc, Tp = 25°C) MBS4991 — 0.08 1
(VE =5 Vdc, Tp = B5°C) MBS4991 — 2 10
(Vg =5Vdc, Tp = 25°C) MBS4992, MBS4993 o 0.08 0.1
(Vg =5 Vdc, Ta = 100°C) MBS4992, MBS4993 o 5} 10
Forward On-State Voltage VE Vde
{lg = 175 mAdc) MBS4991 — 1.4 1.7
(Ig = 200 mAdc) MBS4992, MBS4993 o 1.5 1.7
Peak Qutput Voltage (C = 0.1 uF, R = 20 ohms, (Figure 7) Vo 3.5 4.8 e Vdc
Turn-On Time (Figure 8) ton e 1 e us
Turn-Off Time (Figure 9) toff - 30 - us
Temperature Coefficient of Switching Voltage (50 to +125°C) Tc - +0.02 - %/°C
Switching Current Differential (See Figure 10) Ig4-lg2 e e 100 A
MBS4991/2/3
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Preferred Device

Sensitive Gate
Sllicon Controlled Rectliflers
Reverse Blocking Thyristors

Annular PNPN devices designed for high volume consumer
applications such as relay and lamp drivers, small motor controls, gate
drivers for larger thyristors, and sensing and detection circuits.
Supplied in an inexpensive plastic TO-226AA (T0-92) package
which is readily adaptable for use in automatic insertion equipment.
¢ Sensitive Gate Trigger Current — 200 pA Maximum
¢ [ow Reverse and Forward Blocking Current — 50 pA Maximum,

Te=110°C
® Low Holding Current — 5 mA Maximum
¢ Passivated Surface for Reliability and Uniformity
® Device Marking: Device Type, e.g., 2ZN5060, Date Code
MAXIMUM RATINGS (T = 25°C unless otherwise noted)

Rating Symbol Value Unit
Peak Repetitive Off-State Voltage(1) VDRM, Vol
(Ty = —40 to 110°C, Sine Wave, VRRM
50 to 60 Hz, Gate Open) 2N5060 30
2N5061 60
2NB062 100
2NB0B4 200
On-State Current RMS IT(RMS) 0.8 Amp
{180° Conduction Angles; T = 80°C)
*Average On-State Current IT(AY) Amp
(180° Conduction Angles)
(Tg =867°C) 0.51
(Tg = 102°C) 0.255
*Peak Non-repetitive Surge Current, ITsm 10 Amps
Tp = 25°C
{1/2 cycle, Sine Wave, 60 Hz)
Circuit Fusing Considerations (t = 8.3 ms) 12t 0.4 AZs
*Forward Peak Gate Power Pam 0.1 Watt
(Pulse Width = 1.0 usec; Ty, =25°C)
*Forward Average Gate Power PG(av) 0.01 Wait
(Tp = 25°C, t = 8.3 ms)
*Forward Peak Gate Current Tei¥] 1.0 Amp
(Pulse Width = 1.0 usec; Ta = 25°C)
*Reverse Peak Gate Voltage VRGM 5.0 Volts
(Pulse Width = 1.0 usec; Ty, = 25°C)
*Operating Junction Temperature Range Ty —40 fo G
+110
*Storage Temperature Range Tstg —40 to °C
+150

"Indicates JEDEC Registered Dala.

(1} Vprm and ViR for all types can be applied on a continuous basis. Ratings
apply for zero or negative gate voltage; however, positive gate voltage shall
not be applied concurrent with negative potential on the anode. Blocking
voltages shall not be tested with a constant current source such that the
voltage ratings of the devices are exceeded.

ON Somiconductor

http:/fonsemi.com

SCRs
0.8 AMPERES RMS
30 thru 200 VOLTS

TO-92 (TO-226AA)

CASE 029
STYLE 10
PIN ASSIGNMENT
1 Cathode
2 Gate
3 Anode

ORDERING INFORMATION

Seedetailed ordering and shipping information inthe package
dimensions saction on page 7 of this data sheet

Preferred devices are recommendead choices for future use
and best overall value.
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2N5060 Series

THERMAL CHARACTERISTICS

Characteristic Symbeol Max Unit
*Thermal Resistance, Junction to Casel®) ReJc 75 SCIW
Thermal Resistance, Junction to Ambient RoJA 200 “CIW
*Lead Solder Temperature — +230* “C
(Lead Length 2 1/16” from case, 10 s Max)

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

Characteristic symbol | min | Typ | max | unit |
OFF CHARACTERISTICS

*Peak Repetitive Forward or Reverse Blocking Current(2) IDRM. IRRM

(VaK = Rated Vprm or VRRM) Te = 25°C — — 10 pA
Tc = 110°C — — 50 pA
ON CHARACTERISTICS

*Peak Forward On—State Voltaget3) VTM — — 17 Volts
(Irpa = 1.2 A peak @ Ta = 25°C)

Gate Trigger Current (Continuous dc)(4} IaT uA
*(\pk = 7 Vde, Ry = 100 Ohms) Te =25°C — — 200

T =-40°C — — 350

Gate Trigger Voltage (Continuous dc)(4) To=25°C VaT —_ — 0.8 Volts
*(VaK =7 Vde, Ry = 100 Ohms) To =—40°C — — 1.2

*Gate Non-Trigger Voltage VaD Vaolts
(Vak = Rated Vprm. RL = 100 Ohms) To=110°C 0.1 — —

Holding Current(#) Te=25C IH — — 5.0 mA
*(Vak = 7 Vde, initiating current = 20 mA,) Tp ==40°C e e 10

Turn-On Time us
Delay Time ty — 3.0 —
Rise Time tr s 0.2 s

(lzT =1 mA, Vp = Rated VpRr.
Forward Current = 1 A, di/dt = 6 Alus

Turn-Off Time tg us
(Forward Current = 1 A pulse,
Pulse Width = 50 us,

0.1% Duty Cycle, difdt = 6 Alus,
dvidt = 20 Vius, IgT = 1 mA) 2ZN5060, 2ZN5061 e 10 e
2N5062, ZNH064 e 30 e

DYNAMIC CHARACTERISTICS

Critical Rate of Rise of Off-State Voltage dv/dt — 30 — Vius
(Rated \Vpgrp, Exponential)

*Indicates JEDEC Registered Data.

(1} This measurement is made with the case mounted “flat side down” on a heat sink and held in position by means of a metal clamp over the
curved surface.

(2) Rgk = 1000 Q is included in measurement.

(3) Forward current applied for 1 ms maximum duration, duty cycle € 1%.

(4) Rgk current is not included in measurament.

A42 1.S.B.N.:84-607-1933-2 Depésito Legal:SA-138-2001
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2N6027, 2N6028

Preferred Device

Programmable
Unljunction Transistor

Programmable Unijunction
Transistor Triggers

ON Semiconductor

Designed to enable the engineer to “program™ unijunction http://onsemi.com
characteristics such as Rgg. 1. Iy, and Ip by merely selecting two
resistor values. Application includes thyristor—trigger, oscillator, pulse PUTs

and T_llnl.ﬂg {flrcqlts. These dqj:wc‘c% ma},—'_also be used in sgfecm].thg,-'il‘mmr 40 VOLTS
applications due to the availability of an anode gate. Supplied in an

inexpensive TO-92 plastic package for high—-volume requirements, 300 mW
this package 1s readily adaptable for use m automatic insertion
equipment.

® Programmable — RBR, 1, Iy and Ip

¢ [ ow On—State Voltage

® [ow Gate to Anode Leakage Current — 10 nA Maximum

1.5 Volts Maximum (@ Ip = 50 mA

® High Peak Output Voltage — 11 Volts Typical
¢ Low Offset Voltage — 0.35 Volt Typical (RG = 10 k ohms)
® Device Marking: Logo, Device Type, e.g., ZN6027, Date Code

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

Rating Symbol Value Unit

*Power Dissipation Pe 300 mwW

Derate Above 25°C 1168 4.0 mwW/“C
*DC Forward Ancde Current IT 150 mA TO-92 (TO-226AA)

Derate Above 25°C 2.67 mA/C CASE 029

STYLE 16
*DC Gate Current g +50 mA
Repetitive Peak Forward Current TRM Amps PIN ASSIGNMENT
100 ps Pulse Width, 1% Duty Cycle 1.0
. g 20 1 Anode
20 ws Pulse Width, 1% Duty Cycle :
Gate

Non—-Repetitive Peak Forward Current ITSMm 5.0 Amps

10 ps Pulse Width 3 Cathode
*Gate lo Cathode Forward Voltage VEKF 40 Volts
*Gate to Cathode Reverse Voltage VEKR -5.0 Volts ORDERING INFORMATION
*Gate to Anode Reverse Voltage VGAR 40 Volts Seedetailed ordering and shipping information in the package
*Anode to Cathode Voitagem VAK +40 Volts dimensions saction on page 7 of this data shaet
Operating Junction Temperature Range Ty -50to °C Preferred devices are recommended choicas for future use

+100 and best overall value.
*Storage Temperature Range Tatg -55to C
+150

*Indicates JEDEC Registered Data

(1) Anode positive, Rga = 1000 ohms
Anode negative, Rga = open

2N6027/28
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THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJc 75 SCIW
Thermal Resistance, Junction to Ambient RoJa 200 T
Maximum Lead Temperature for Soldering Purposes T 260 “C
(= 1/16" from case, 10 secs max)

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

Characteristic Fig. No. Symbol Min Typ Max Unit
*Peak Current 291 Ip LA
(Vg =10 Vde, Rg =1 M) 2NB027 e 1.25 2.0
2NB028 e 0.08 0.15
(Vg =10 Vde, Rg = 10 k ohms) 2NB027 — 4.0 5.0
2NB028 — 0.70 1.0
*Offset Voltage 1 VT Volts
(Vg =10Vde, Rg =1 MQ) 2NB027 0.2 0.70 1.6
2NB028 0.2 0.50 0.6
(Vg =10 Vdc, Rg = 10 k ohms) {(Both Types) 0.2 0.35 0.6
“Walley Current 14,5 ivd A
(Vg =10 Vdec, Rg =1 MQ) 2NB027 — 18 50
2NB028 — 18 25
(Vg =10 Vdc, Ri = 10 k ohms) 2NB027 70 150 —
2NB028 25 150 —
(Vs = 10 Vdc, R = 200 ochms) 2N6027 1.5 - - mA
2NB028 1.0 — —
*GGate to Anode Leakage Current e lzaAD nAdc
(Vg =40 Vdc, Ty = 25°C, Cathode Open) — 1.0 10
(Vg = 40 Vdc, Tp = 75°C, Cathode Open) — 3.0 —
Gate to Cathode Leakage Current — IGKS — 5.0 50 nAde
(Vg = 40 Vdc, Anode to Cathode Shorted)
*Forward Voltage (I = 50 mA Peak){(1) 1.6 VE — 0.8 1.5 Volts
*Peak Output Voltage 3.7 Vo 6.0 1 — Volt
(V@ =20 Vde, Ce = 0.2 uF)
Pulse Voltage Rise Time 3 tr — 40 80 ns
(Vg =20 Vdc, Cg = 0.2 uF)

*Indicates JEDEC Registered Data
(1) Pulse Test: Pulse Width = 300 psec, Duty Cycle < 2%.

g
A b
A IR
G
ViaK 4Rl
K

with "Program” Resistors Figure 1A used for electrical
R1 and R2 characleristics lesting

(also see Figure 2)

IC - Electrical Characleristics

2N6027/28
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SILICON PN UNIJUNCTION TRANSISTOR

DESCRIPTION:

The 2N2646 is a Unijunction
Transistor Used in General Purpose
Pulse, Timing, Sense and Trigger

2N2646

PACKAGE STYLE TO-18 (MOD)

Applications.
MAXIMUM RATINGS
Ic 2.0 A (PULSED)

Vee 30V
Poss | 300 mW @ Te=25°C
T, 65 °Cto +125 °C
Terc 65 °C to +150 °C
0c 33 °C/w

g

1FADS FuTe

oA —

0.110

[ *J :
nos |

max ™ ‘

0w

i F—BASE | [ H o
1 EMITTER I——- .

~ = Daan

CHARACTERISTICS t.=25°%

SYMBOL TEST CONDITIONS MINIMUM | TYPICAL | MAXIMUM UNITS
n VBZEI‘r =10V 0.56 0.75 -
res Vg =3.0V 4.7 9.1 KQ
O.pp Viagr = 3.0V Ta = -55to 125°C 0.1 0.9 %l°C
Vesusan | Ve =10V I = 50 mA 3.0 A
lezmon) | Vg =10V le=50mA 20 mA
la2e0 Ve =30V =0 12 BA
le Vi =25V >0 bA
Iv Vg =20V R,=1000Q 4.0 mA
Vog1 Veésr =20V R, =200Q 3.0 5.0 v
ADVANCED SEMICONDUCTOR, INC. REV. A
7525 ETHEL AVENUE « NORTH HOLLYWOOD, CA 91605 « (818) 982-1202 « TELEX: 18-2651 « FAX (818) 765-3004 n

2N2646
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MAC218AG6FP,
MAC218A10FP

Preferred Device

Triacs
Silicon Bidirectional Thyristors

Designed primarily for full-wave ac control applications, such as
light dimmers, motor controls, heating controls and power supplies.
¢ Blocking Voltage to 800 Volts
¢ (lass Passivated Junctions for Greater Parameter Uniformity and

Stability
® [solated TO-220 Type Package for Ease of Mounting
e (Gate Triggering Guaranteed in Four Modes
® W Indicates UL Registered — File #E69369

® Device Marking: Logo, Device Type, e.g., MAC218A6FP, Date Code

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

ON Semiconductor

http://fonsemi.com

ISOLATED TRIAC ()
8 AMPERES RMS

400 thru 800 VOLTS

MT2 O—H:LO MT1
G

Rating Symbol Value Unit
Peak Repetitive Off-State Voltage(1) VDRM, Volts
(Ty=-40to +125°C, Sine Wave 50to | VRRM
60 Hz, Gate Open)
MACZ21BABFP 400
MACZ1BA10FF 800
On-State RMS Current (Tg = +80°C)(2) IT(RMS) 8.0 Amps
Full Cycle Sine Wave 50 to 60 Hz
Peak Non-Repetitive Surge Current ITsM 100 Amps
(One Full Cycle, 60 Hz, Tg = +80°C)
Preceded and followed by rated current
Circuit Fusing Considerations 12 40 AZs
(t= 8.3 ms)
Peak Gate Power Pam 16 Watls
ISOLATED TO-220 Full Pack
(Te = +B0°C, Pulse Width = 10 ps) CASE 221C
Average Gate Power PG(AV) 0.35 Watt STYLE3
(Tg = +80°C, t = 8.3 ms)
Peak Gate Current lam 4.0 Amps PIN ASSIGNMENT
(T = +80°C, Pulse Width = 10 ps) 1 Main Terminal 1
RMS Isolation Voltage (Ta = 25°C, V{!SD} 1500 Volis Main Terminal 2
Relative Humidity & 20%) (W) Gato
Operating Junction Temperature Ty -40 to “C
+125
- ORDERING INFORMATION
Storage Temperature Range Tatg -40 to G
+150 Device Package Shipping
(1) VDRMBHGVRRM forall types can be applied on a continuous basis. Blocking MAC218ABFP ISOLATED TO220FP| 500/Box
voltages shall not be tested with a constant current source such that the
voltage ratings of the devices are exceeded. MAC21BA10FP | ISOLATED TO220FP| 500/Box

(2) The case temperature reference point for all T measurements is a point on
the center lead of the package as close as possible 1o the plastic body.

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

MAC218A
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THERMAL CHARACTERISTICS

Characteristic Symbol

Max

Unit

Thermal Resistance, Junction to Case RaJc

2.2

G

Thermal Resistance, Case fo Sink

Racs

2.2 (typ)

“CIW

Thermal Resistance, Junction to Ambient Rgya

60

S

Maximum Lead Temperature for Soldering Purposes 1/8” from Case for 10 Seconds TL

260

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted; Electricals apply in both directions)

I Characteristic I Symbol | Min

[ Tvp

Max

| Unit

OFF CHARACTERISTICS

Peak Repetitive Blocking Current

IDRM:

(Vp = Rated Vprm. YRR: Gate Open) Ty=25° IRRM —

Tj=125°C —

10
2.0

WA
mA

ON CHARACTERISTICS

Peak On-State Voltage(1)
(Irp = £11.3 A Peak)

VM -

2.0

Volts

MT2(+), G(+)
MT2(+), G(=)
MT2(-), G{~}
MT2(~), G(+)

Gate Trigger Current (Continuous dc) (Vp = 12 Vde, R = 100 Q) IeT

50
50
50
75

mA

MT2(+), G(+)
MT2(+), G(-)
MT2(-), G-}
MT2(~), G(+)

Gate Trigger Voltage {Continuous dc) vVar
(Main Terminal Voltage = 12 Vdc, R = 100 Chms)

0.9
0.9
1.1
1.4

2.0
2.0
2.0
25

Wolis

All Four Quadrants

Gate Non-Trigger Voltage (Continuous dc) Vep 0.2
{Main Terminal Voltage = 12V, R_ =100, Tj = +125°C)

Volts

Holding Current

(Vp = 12 Vdc, Gate Open, Initiating Current = £200 mA)

50

mA

DYNAMIC CHARACTERISTICS

Critical Rate of Rise of Commutating Off-State Voltage dvfdtc) e
(Vp = Rated Vprm, It = 11.3 A, Commutating
difdt = 4.1 A/ms, Gate Unenergized, T = 80°C)

5.0

Vius

Ty=125°C)

Critical Rate of Rise of Off-State Voltage dv/dt —
(Vp = Rated Vpr. Exponential Voltage Rise, Gate Open,

100

Vius

(1) Pulse Test: Pulse Width < 2.0 ms, Duty Cycle < 2%.

MAC218A
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