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Abstract

This paper presents a design and test report for electronic weding. Initially, the rectifier
and filter circutt change the alternating current 220 Volts 50 Hz line to direct current 311 Volts.
Subscquently, the direct current will change to high frequency pulses (about 27 KHz) by Power
Mosfet device which inside are half-bridge converter circuit and control switching characteristic
by SG3526. It can variable frequency and pulse width which it receive data from output section to
continue the process, Finally, welding clectronic has output voltage 30 Volts (no load) and

maximum welding current is 40 amps.
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o _ [147x27x10° x3000x (0. 7854 x 3)x (9.4247 + 12)]x 10~
1500

(3.2)
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M3199 3.1 Lamatoyava tuanlanaaunailiduvamlag

Current capacity
Diameter Over | Nominal Resistance | In milliapares
| Insulation (inchs) Circular Per 1000 | Bascs on
AWG Min Max Mil area Ft 1000c.m/A AWG
8 0.310 0.133 16510 0.6281 165110 g
9 0.116 0.119 13090 0.7925 13050 9
10 0.104 0.106 10380 0.9985 10380 10
11 0.0928  0.0948 | 8230 1.261 8226 11
12 0.0829  0.0847 | 6530 1.588 6529 12
13 0.0741 0.0757 | 5180 2.001 5184 13
14 0.0667 0.0682 4110 2.524 4109 14
15 0.0595  0.0609 | 3260 3.181 3260 15
16 0.0532  0.0545 | 2580 4.020 2581 t6
17 0.0476  0.0488 | 2050 5.054 2502 B 17
18 0.0425  0.0437 | 1620 6.386 1624 18
19 0.0380  0.0391 1290 8.046 1289 19
20 0.0340  0.0351 1020 10.130 1024 20

¥
Astiues ladwausenvosanintlyunil 10 souuaz S e sanalanaogi 5 sou

w39z IaoastaIui w2 do |
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4.2 panisnaaaddnlszanimuveunsoaton

HamsnanaIn AT s suafuyiunszumomiewm Mlaenisde

£y (N @ ] o A0 Y e - v A o
ATTUATUNIUANTTIZNINIIG Llﬂjﬂwuj‘ll{l’”ﬂjﬂixﬁzﬂﬂ—lwT]llﬂlﬂjf_lulwaﬂﬂullagluaﬂ']ﬂ']i

o - A T - A o Ya o
asund lumsadng vdnhuwlS vifeulszFnga1w' 185 a5

a P Ao Yy A -
MH1In 1 ﬁ’]ﬁWGﬂﬁu"ﬁﬁ“‘ﬁﬂﬂ"ﬂﬂ?ﬂ 1@”&@@31:“9 20 kHz

Load(Ohm) | Vin(V) ! lin{A) (Pmr("\&?]’ﬁ V(Ju;(-:\/) louttA) | Poutw) | Uss@niaiw

No Load 3t0 0.06 8.6 50 = - -
1k 310 0.07 217 50 0.05 2.50 11.52
620 310 0.09 279 50 0.08 4.00 14.34
200 30 | ona 172 50 0.25 12.50 33.60
100 310 0.14 43.4 50 0.5 25 57.6
70 310 0.18 55.8 50 0.71 35.5 63.62
50 310 0.22 65.2 50 1.00 50 73.31
30 310 0.35 08,5 50 1.67 83.5 76.96
20 310 0,49 151.9 50 2.05 125 82.29
15 3o | 063 1953 50 333 166.5 85.25
10 310 091 282.1 499 4.99 249.0 88.27
5 310 1.73 536.3 498 9.96 496.01 92.49
4 310 2.02 6262 49,5 1238 | 612.8] 97.86
3 310 2.91 9021 | ass 16.17 | 784.25 86.94
2 310 3.98 1233 8 45.7 22.85 | 1044.25 B4.63
1 310 4.89 (5159 | 353 3530 | 1246.09 82.20
0.5 310 5.05 223 44.6 99458 63.53

15655
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MI19A 2 nTatlssaniniwida lddian1108 21 kHe

Load(Ohm) | Vin(V) | lin(A} | Pin(W) | Vout(V) | Tout(A) fpom(W) UszAnsam

No Load 310 0.06 18.6 50 - - -
1k 310 0.07 217 50 0.05 23 11.52
620 310 0.09 79 50 0.08 4.0 14.33
200 310 014 434 50 0.25 12.5 28.8
100 310 0.18 55.8 50 0.50 25 44.8
70 310 0.22 6.2 50 0.71 35.5 52.05
50 310 0.29 899 _m 1.00 50 55.61
30 310 042 | 1302 | 50 1.67 83.5 64.13
20 310 0.52 161.2 50 2.50 125 77.54
15 310 0.79 2449 499 3.99 199.27 81.37
10 310 0.93 R Y 4.98 248.00 86.02
5 310 ! 84 S04 | 498 9.96 496.00 86.96
4 310 2,00 | 647.9 | aga 12,08 583.22 90.02
3 310 2.91 902.1 48.2 16.07 77441 85.84
2 310 3.95 12245 43.7 21.85 954 85 77.97
1 30 464 1438.4 32.6 32.6 1062.76 73.88
0.5 310 4,92 1525.2 21.6 432 933.12 61.18
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:\; 3y Aw W A =
MR 3 M91alszansnui e léon D 22 kHz

Load(Ohm) | Vin(V) | Lin{A) Pinﬂ(_W] Voul(V) | lout(A) | Pout(W) | tszdninm

No Load 30 | 006 01 | 50 - -
1k 310 0.08 248 50 0.05 2.5 10.08
620 310 0.11 34.1 50 0.08 4.0 11.73
200 30 | 06 9.6 50 0.25 12.5 25.20
100 310 0.19 S50 50 0.50 25 42.44
70 30 | 024 74.4 50 0.7] 35.5 47.52
50 310 0.32 992 50 tao L s 50.4
30 310 0.3% 7 50 1.67 i 83.5 70.88
20 310 0,55 (705 | 9.9 2.49 124.25 72.87
15 310 0.68 210.8 498 332 165.34 78.43
10 30| 096 297.6 49.8 4.98 248.00 83.33
5 310 .86 576.6 49.7 9.94 494,02 85.68
4 310 2.10 651 1 484 12.1 585.64 89.96
3 30 086 $86.6 47.6 1587 | 755.41 85.20
2 310 3,49 0819 al6 20.8 865.28 79.97
] | 310 146 13826 | 313 313 979.69 70.85
0.5 310 462 4322 | 2078 4156 | 863.62 60.30
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SG3526

Pulse Width Modulation
Control Circuit

The SG3526 is a high performance pulse width modulator
integrated circuit intended for fixed frequency switching regulators
and other power control applications.

Functions included in this [C are a temperature compensated
valtage reference, sawtooth oscillator, error smplifier, pulse width
modulator, pulse metering and steering logic, and two high current
totem pole outputs ideally suited for driving the capacitance of power
FETs at high specds.

Additional protective features include seft start and undervoltage
lockout, digital current limiting, double pulse inhibit, adjustable dead
time and a data latch for single pulse metering, All digital control ports
are TTL and B—series CMOS compatible, Active low logic design
allows easy wired~OR connections for maximum flexibility. The
versatility of this device enables implementation in single-ended or
push—pull switching regulators that are transformerless or transformer
coupled. The 8G3526 is specified over a junction temperature range of
0° to +125°C,
¢ 8.0 V1o 35 V Operation
® 5.0V +£1% Trimmed Reference
¢ 1.0 Hz 1o 400 kHz Oscillator Range
* Dual Source/Sink Current Qutputs; 2100 mA
® Digital Current Limiting
® Programmable Dead Time
® Undervoltage Lackout
¢ Single Pulse Metering
* Programmable Soft-Start
* Wide Current Limit Common Mode Range

s Cruaranteed 6 Unit Synchronization

ON Semiconductor™

http://lonsemi.com
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Figure 1. Representative Block Diagram
® Semiconductor Componants industries, LLC; 2001 ' ' 1 Publication Order Number:

April, 2001 — Rev. 3
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SG3526

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unlt
Supply Voltage Vee +40 Vde
Collector Supply Voltage Ve +40 Vde
Logic Inputs -0.3to +5.5 v
Analeg Inputs B -0.3toVee v
Output Currertt, Saurce or Sink lo =200 mA
Reference Load Current (Ve = 40 V, Nate 2.} Vraf 50 k mA
M[égic Sink Current ! : 15 mA
" Power Dissipation g Pp mw
Ta = +25°C (Note 3.) 1000
T = +25°C (Note 4.) 3c00
Thermal Resistance Junction—to—Air Raua 100 °CIW
Thermal Resistance Junction—to-Case Reye 42 °C/W
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tsig -65 to +150 *C
Lead Temperature {Soldering, 10 Seconds} Tsaldar +300 °C

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbel Min Max Unit
Supply Voltage Ve a.0 35 Vde
Collector Supply Voltage Vg 4.5 35 vdg
Output Sink/Source Current {Each Output) lo 0 +100 mA
Reference Load Current lraf 0 20 mA
Osclillator Frequency Range oG 0.001 | 400 kHz
Oscillator Timing Resistor s | Ry 20 150 ka2
Oscillator Timing Capacitor ] o 0.001 20 uF
Available Deadtime Range (40 kHz) - 3.0 50 %o
Operating Junction Temperature Range Ty 0 +125 °C

. Values beyond which damage may occur.

Maximuns junction temperature must be observed.

Derate at 10 mW/*C for ambient temperatures above +50°C.
Derate al 24 mW/°C for case temperatures above +25°C,

oW

2



SG3526

ELECTRICAL CHARACTERISTICS (V¢ = +15 Vde, Ty = Tigw to Thigh [Note £.], unless otherwise noted.)

Characteristics ] Symbol I Min I Typ Max ] Unit J
REFERENCE SECTION (Note 7.) -
Reference Output Voltage (T = +25°C) Viaf 4.90 5.00 510 Y
Line Regulation (+8.0 V £ Vi £ +35 V) Regjine - 10 30 my
Load Regulation (0 mA < I, < 20 mA) Regigad - m10 50 my
Temperature Stability AV, AT - 10 - mv
Total Reference Output Voltage Variation L\ 4.85 5.00 5.15 v
(+8.0V sV = +35V, 0 mA < I <20 mA)
Short Gircuit Cument (Vigr = 0 V) (Note 5.) e 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Qutput Vollage (Ve = +3.8 V) - 0.2 0.4 v
Reset Output Voltage (Vegr = +4.8 V) 24 4.8 - v
OSCILLATOR SECTION (Note 8.)
[nitial Accuracy (T, = +25°C) - £3.0 +8.0 %
Frequency Stability over Power Supply Range Afoss ~ 0.5 1.0 %
(+8.0V Vo <+35V) AVCC
Frequency Stability over Temperature Mose - 2.0 - %
(AT = Tiaw 10 Thign) ATy
Minimum Frequency Tmin - 0.5 - Hz
(R = 150 k€, C1 = 20 pF)
Maximum Frequency frmax 400 - - kHz
{Ry = 2.0 kQ, C1=0.001 pF)
Sawtooth Peak Voltage (Ve = +35 V) VosclP) - 3.0 3.5
Sawtooth Valley Voltage (Ve = +B.0 V) Vose(V) 0.45 0.8 -
ERROR AMPLIFIER SECTION (Note §.)
Input Offset Voltage (Rg < 2.0 ki) Vio — 2.0 10 mv
Input Bias Current . la = ~-350 | -2000 nA
Input Offset Current 7 lio - a5 200 nA
DC Open Loop Galn {Ry = 10 M{) AyoL 60 72 N dB
High Qutput Voltage Vo 3.6 4.2 - Y
{Vpin 1-Vpin 2 2 +150 MV, 1gqica = 100 pA)
Low Output Voltage VoL - 0.2 0.4 v
(Vpin 2-Vpin 1 = +150 MV, {gink = 100 pA)
Common Mode Rejection Ratio (Rg < 2.0 ke2) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12 V< Vg £ +18 V) PSRR &6 80 - dB

. Maximum junction temperature must be observed.
Tiow = 0°C Thigh =+128°C
IL = 0 mA unless otherwise noted.

© @~ @

OV <$Vom<+5.2V.

fosc = 40 kHz (R = 412 kik £ 1%, Cr = 0.0 uF £ 1%, R = 0 (3)

http:/fonsemi.com
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5G3526

ELECTRICAL CHARACTERISTICS (continued)

Characteristics | Symboi I Min | Typ | Max ] Unit !
PYWM COMPARATOR SECTION (Note 10.)
Minimum Duty Cycle DCrin - - 0 %
(Vcompensation = 10.4 V)
Maximum Duty Cycle DCrnax 45 48 - 0%

(Vcompensalion = 3.6 V) l
PIGITAL PORTS (SYNC, SHUTDOWN, RESET

Output Voltage Y
{High Logic Level) {lgource = 40 LA} VA 2.4 4.0 - ;

{Low Logic Level) (Igny = 3.6 mA) VoL - 0.2 0.4

Input Current — High Logic Level pA
{High Logic Level) (V4= +2.4 V) m - -125 —200
{Low Logic Level) (V)= +0.4 V) IiL - ~225 —360

CURRENT LIMIT COMPARATOR SECTION {Note 12.)
Sense Voltage (Rg < 50 2} Vsense a0 100 120 mv
Input Bias Current lig - -3.0 -10 pA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 6.1 0.4 vV
Csoft-start Charging Current (Reset = +2.4 V) lcs 50 100 150
OUTPUT DRIVERS {Each Cutput, Vo = +15 Vdc, unless otherwise noted.)

Cutput High Level Vo Y
lsource = 20 MA 12.5 13.5 -
Isource = 100 mA 12 13 -

Qutput Low Level VoL v
i'sink =20 mA o 0.2 0.3
lsink = 100 mA - 1.2 2.0

Collector Leakage, Vi = +40 V Icileak) = 50 150 pA

Rise Time (C, = 1000 pF} te - 0.3 0.6 us

Fall Time (C_ = 1000 pF) Y - 0.1 0.2 s

Supply Current lec - 18 30 mA

(SRutdown = +0.4 V, Ve = +35 V, Ry = 4.12 k£1)

10, foag = 40 kHz {RT = 4.12 k1 + 1%, C1 = 0.61 pF + 1%, Rp = 0 02)
M. 0V <Veys+5.2V
12,0V s Voms+12V

' o I ' “http:h’onsemi.com
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5G3526

T
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Figure 2. Reference Stability over Temperature
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Figure 6. Undervoltage Lockout Characteristic
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Figure 3. Reference Voltage as a
Function Supply Voltage
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Figure 5. Current Limit Comparator Threshokd
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Figure 7. Output Driver Saturation Voltage as a
Function of Sink Current
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Figure 8. V¢ Saturation Voltage as a Figure 9. Oscillator Period
Function of Sink Current
vee
06
Viet
Q5
125 A
HA
! o1 To Reset
100pA §m
" Y . » ToDriver A
$ ¢ 3 Compensalion To Driver 8
T Lav
Bandgap
ot Reterence
500 J_ R2 =
L 1D =
-~ Error + Emor =
Figure 10. Error Amplifier Figure 11. Undervoltage Lockout
Memery

FIF

S?rﬁ—l—cs

PWM —D

Meiering
FiF

of——————» PWH

The metering Fiip-Flop is an asynchronous cata latch
which suppresses high frequency oscillations by allowing
anly ane PWM pulse per oscilator cycle.

S g R Qf}—» Clock

The memory Flip-Flop prevents double pulsing in a
push-puil configuration by remembering which output
produced the last pulse.

Figure 12, Pulse Processing Logic
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APPLICATIONS INFORMATION

Negative
i Output
1 Voltage
A3 1 Rz 1
T Vief —MA———————+ Vies +
o el 2|
—— j toRg Ra
- l A4 Positive
17| Reference 118 Cutput
Voo Vv Regulator Vel Ging Voliage  Gnd
15 — 10“[: ,‘/ HW . R2 x\ / R1 \
Vout = Vial k R2 ) VYour = Viet ?2
Gnd
= RyRa
fa= Rt + R
* May be required with some types of ransistors trhe
Figure 13. Extending Reference Figure 14. Error Amplifier Connections
Output Current Capability '
Culput to Load €—9—AA~—9—0 ¢
Rg
1 $G3526 20 5
Ry Vout
Ro g 10 |7
- Gnd -
. T ENELIIR
| STy ( e
5 £ s} = Ao sc=\ "Ry )
Figure 15. Oscillator Connections Figure 16. Foidback Current Limiting
+12vo—
Vet 14 —
e L)
1&0 ! Ramp =
+Emor -] * e PWM 563526
2
- Error
B 16
Q2 Gnd 1]

fesel

To
Undervoltage €
Lockout I Csott-start

Figure 17. Soft-Start Circuity

The totem pote outpul diivers of the $G3526 are ideally
suiled for driving the inpul capacitance of power FETs at
high speeds.

Figure 18. Driving VMOS Power FETs

http:ﬂonsen"li.com

7



SG3526

PACKAGE DIMENSIONS
PDIP-18
N SUFFIX
CASE 707-02
ISSUE D
"
AN AN 'F'
18 10 i
P B L
4 L] ¥
[YATACRYRSRCRTNRE N
A M

NOTES:

1. POSITIONAL TOLERANCE OF LEADS {)), SHALL
BE WITHIN ¢.25 mm (0.010) AT MAXIMUM
MATEAIAL CONDITICN, N RELATION TO SEATING

PLANE AND EACH OTHER.

2 DIMENSICN L TQ CENTER OF LEADRS WHEN

FORMED PARALLEL.

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
4. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS

| DIM] MIN MAX MIN_| MaX
A_| 0875 | 0615 | 2222 | 334
B ] 0zap | 0280 | BAD | BBG
¢ oo [oran | 256 457
D | o4 | DE22 | D 0.58
Flopsd |opovp.] sov} 178
G 2.100 BSC 254 BSC
H | 0040 | 0.060 10g | 152 |
J [ ooos ooz [ o] o3
K { 0115 | 0135 292 343
L 0.350 BSC 1
] 0 15% 0° 152
N

0020 ] 0040 [ 051 ] 102

hﬁp:llonsemi.com
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@ MOTOROLA

Quad Low Power
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with true
differentiat inputs. They have several distinct advantages over standard
operational amplifier types in single supply applications. The quad amplifier
can operate at supply voltages as low as 3.0 V or as high as 32 V with
quiescent currents about one—fifth of those associated with the MC1741 {on
a per amplifier basis). The common made input range includes the negative
supply, thereby eliminating the necessity for external biasing components in
many applications. The output voltage range also includes the negaltive
power supply voltaga.

Short Circuited Protected Outputs

True Differential input Stage

Single Supply Operation: 3.0 Vto 32V

Low lnput Bias Currents: 100 nA Maximum (LM324A)
Four Amplifiers Per Package

Internally Compensated

Commoen Mode Range Extends to Negative Supply
Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

Order this document by LM324/D

LM324, LM324A,
LM224, LM2902

QUAD DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
i CASE 646
M {LM224, LM324,
1 LM2902 Only)

D SUFFIX
', PLASTIC PACKAGE
3 CASE 751A
(SO-14)

PIN CONNECTIONS

S
Cut 1 (7] 4] out 4
InpLts 1 [gbj %] Inputs 4

vee 4] (1] Veg, Gnd
MAXIMUM RATINGS (T4 = +25°C, unless otherwise noted.) Inputs 2 {E E } lnputs 3
LM224 (] 5]
Rating Symbol LM324,A LM2902 | Unit ou2 7] (3] out3
Power Supply Voltages Vdc
Single Supply Voo 32 26 {Top View)
Split Supplies Vee. VEE 116 +13
Input Differential Voitage ViDR 132 126 Vdc
Range (See Note 1) ORDERING INFORMATICN
Input Common Moda VIR -0.3t032 | -D3to26 | Vo Operating
Voitage Range Davice | Ternperature Range P;c(:)kag‘;:
LM2802D } u -
Qutput Short Circut tsc Continuous Lvpgazn | AT 0T I0SC b
Duration =
LM224D | 1 o pserg g5eC so-14
Junction Temperature Ts 150 °C LM224N Plastic DIP
Storage Temperature Tsig -85 ta +150 o LM324AD S0-14
Range LM324AN Th = 0° t0 +70°C Plastic DIP
Operating Ambient Ta -25to +85 | 40to +105 °C LM324D 80-14
Temperature Range Cta +70 LM324N Plastic DIP

NOTE: t. Spiit Power Supplies.

© Malorola, Inc. 1995




L.M324, LM324A, LM224, L M2902

ELECTRICAL CHARACTERISTICS (Voo =50V, Ve = GND, Ta = 25°C, unless otherwise noted)

Characteristics

LM224

LM3Z24A

LM324

LM2902

Symbol

Min

Typ

Max

Min | Typ J Max

Min

Typ

Max

Min

Typ

Unit

Input Offset Voltage
Voo =50Vio 3oy
(26 V for LM2902),
Vicr=0VieVop-17V
Vo=14V.Rg=00
Ta=25C
Ta= Thigh 10 Ty, (Note 1)

VIO

2.0

5.0
7.0

2.0

30
50

20

7.0
8.0

2.0

7.0

mv

Average Temperature Coeflicient of
tnput Cffset Vohage

Ta = Thigh 10 Tiow (Note 1}

AViofaT

7.0

7.0

30

7.0

7.4

HW G

Input Offset Curment
TA T Thigh to Tyow {Nate 1)

ho

30

o
100

5.0

30
75

5.0

150

5.0

50
200

nA

Average Temperature Coefficient of
Input Offset Current

Taz= Thigh 10 Tjpw (Note 1)

Aljo/aT

10

300

10

10

pAS°C

input Bias Current
Ta = Thigh to Tigw (Nota 1)

B

=100

Input Cammen Mede Voltage Range
{Note 2)
Voo = 30 V{26 V for LM2902)
Voo =30 V(26 V for LM2302),
TA=Thigh 1o Tiow

ViCR

283
28

293
28

283
28

243
24

Differential Input Voltage Range

VIDR

Vee

Vee

Ve

Vee

Large Signal Open Loop Vollage
Gain
RL =20k, Vo = 15V, for
Large Vo Bwing,
Ta = Thigh 1© Tiow (Note 1}

AVoL

50

25

100

100

100

100

VimV

Channel Separation
10 kHz 5 f < 20 kHz, Input
Referenced

Cs

-120

-120

-120

-120

dB

Common Mode Rejection
Rg s 10 k2

CMR

70

85

65

70

70

50

70

dB

Power Supply Rejection

PSR

65

100

65

100

65

100

50

100

dB

Dutpul Voltage —High Limit
{Ta = Thigh to Tiow! (Note 1)
Vee =50V, R =20k
Tp = 25°C
Ve = 30 V (26 V for LM2902),
RL = 2.0 ka2
Ve =30V (26 V for | M2902),
Rp = 10 k&2

VoH

a3

26

27

3.5

28

a3

26

27

3.5

28

33

26

27

3.5

28

33

22

23

35

24

Culput Voltage — Low Limit
Voo =50V R =10k,
Ta= Thigh 10 Tioy (Note1)

Vol

5.0

20

5.0

20

5.0

20

50

100

my

Oulput Source Current
Mp=+H.0V Ve =15WV)
Ta = 25°C
Ta = Thigh to Tjow (Note 1)

20
10

40
20

20
10

49
20

20

40
20

20
10

a0
20

mA

NOTES: 1. Tjg, = —26°C for LM224
= 0°C for LM324, A
= —40°C for LM2902

2. The input common made voltage or aither input signal voitaga shouid not be allowed to go negative by more than 0.3 V. The upper end of the

Thigh

= +B5 G far LM224
= +70 Cior EM324 A
= +105°C for LM2002

commen Mode voltage range is Ve ~1.7 V.

MOTOROLA ANALOG IC DEVICE DATA




LM324, LM324A, LM224, L M2902

ELECTRICAL CHARACTERISTICS (Vg =5.0V, VEE = GND, Ta = 25°C, unless otherwise noted)

Characteristics Symbol | Min Typ Max Min Typ Max | Min Typ | Max | Min Typ | Max Unit
Qutput Sink Current I - mA
(Vip=-1.0V. Voo = 15V) 10 20 - 10 20 - 10 20 - 10 20 -
Ta = 25°C
Ta = Thigh to Tjow (Note 1) 5.0 8.0 - 5.0 8.0 - 50 a0 - 5.0 8.0 -
(Vip = -1.0V, Vo = 200 mV, 12 50 - 12 50 - 12 50 - - - - pA
Ta = 25°C)
Output Short Circuit o Ground Isc - 40 60 - 40 60 - 40 60 - 40 60 mA
{Note 3)
Pawer Supply Current lee mA
(Ta= Th}gh 10 Tiaw) {Note 1)
Voo = 30 V(26 V for LM2902), - - 30 - 1.4 3.0 - - 3.0 - - 3.0
Vo =0V, R = e
Ve =50V Vp =0V R = - - 1.2 - 0.7 1.2 - - 1.2 - - 1.2
NOTES: 1. Tijow = —25°C for LM224 Thigh = +85-C for LM224

= (°C for LM324, A
= —40°C for LM2902

shorts on all amplifiers.

+70°C for LM324 A
+105°C for LM2902
3. Short circuits from the output o Vo can cause excessive heating and eveniual destruction.

Represantative Circuit Diagram
{One-Fourth of Circuit Shown)

Destructiva dissipation can result from simultaneous

Bias Circuitry

Comman te Four

Output Amplifiers
(4]
- - - 0 V
= Qs 0 { I ¢
Q16 %—- g { 014 | Q22 |
Q1 | |
40k ] |
g19 I |
4 p | [
S.IUrpF Q12 ’ | Q24| |
1L
25 % | Q23 I
+ O T }
020 I !
L/
att I
4@9 = I i
Qot | |
08 r) I Q25 }
5 ; at 24k

Q8 |4 g I ’ § |
Q4 f L‘l 2.0k } :

& b—b o L o VEE/Gnd

MOTOROLA ANALOG IC BEVICE DATA
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CIRCU{T DESCRIPTION

The LM324 series is made using four internally
compensated, two-stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential 1o single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
perfarms the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (oniy 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Single Supply
3.0Vte Voo (max)

Large Signal Voltage Follower Response

Vg = 15 Vde
R = 20 k2
T =25°C

TNV

3

=5

1.0 VIDIV

-

T e ey ey

5.0 usDiv

Each amplifier is biased from an internal-voltage regulator
which has a low temperature coefficient thus giving each
amplifier good temperature characteristics as well as
excellent power supply rejection.

Split Supplies
Ve
g 1 O = 15Vl Veeimax)
Sl on |
o | 1
g 4 -0 = 1.5V VEE(max)
VEE

MOTOROLA ANALOG IC DEVICE DATA
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Figure 1. Input Voltage Range

20
18
Z 1 »
2 44 -
5, A
l~
= bt
g . Negative’//
+:_'; 6o /‘9/ Positive
40 T //
2.0 [ .
D
] 20 40 60 80 10 12 14 1§ 18 20
+VooVeg, POWER SUPPLY VOLTAGES (v)
Figure 3. Large—Signal Frequency Response
14
— T T1
g, R =20k
= \ Vee=15V
o N VEE = 8nd
g H N Gain = -100
= \ Ri=1.0kQ
# 8D Rf = 100 kQ2
. \
e N\
= h
E 40 \\
=] M,
< 20 J
=
1.0 10 100 1000
f, FREQUENCY {kMHz}
Figure 5. Power Supply Current versus
Power Supply Voltage
24 MK
T 24 Ta = 25°C
E R =
L 18
w
&g 15
3 L —
> 12
o
£ oo
w
& 06
Yoo
[
03
]
0 5.0 10 15 20 25 30 35

Vo, POWER SUPPLY VOLTAGE {V)

Ayt LARGE-SIGNAL

Figure 2. Open Loop Frequency

120
_ |1 ]
ﬁ 100 ' Voo =15Y
P \\‘\I VEE = Grd
3 w0 Tp=25°C
Lu
5] ™
= 60
g ! ! \\
% 40
g N
> 20 | Y
w
% 0 | 'N\
-20 l
10 10 100 1.0k 10k 100k 1.0M
f, FREQUENCY {Hz}
Figure 4. Small-Signal Voltage Follower
Pulse Response (Noninverting)
550
= 560
E \& Input
L
2 #1 ougu AN
5 400 /
=]
g /
5 30
2 VA i
5 300 -
: \ /
O 250 Vec=30V
= 1% VEg = Gnd
20 |- Ta=25°C
: CL=50pF
)] 1.0 20 30 4.0 5.0 6D 7.0 8.0
t, TIME (us)
Figure 6. [nput Bias Current versus
Power Supply Voltage
g 90
= =
a ~N
o ~
=3
(]
(%]
= a0
i
=2
Q.
P-4
=
7
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Vo, POWER SUPPLY VOLTAGE (V)
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Figure 7. Voltage Reference

Figura 8. Wien Bridge Oscillator

50k
Rt p AN
b
Vee
10k
$ Veof VW
—9
MC1403 Vo
1
1 Vo= Ve L fo= 2aRC
= el L
2 {_J For tg =50k
=16k}
R % e c 0.01 uF
Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis
1
i R R2
A AN Hysteresis
VoH
R1 |
O V T
Vref o 2 |
O+ 5, o+—9 |
o - v
Vin C 0 VoL ‘ |
iR Vinl, I ki
C R1 v
VinL = 713 m2 VoL — Vref) + Vief ref
) Ri
3 VinH = 515 2 VOH ~ Vief) # Vief
en=C(1+a+bj{ez—eq)
Figure 11. Bi-Quad Filter
R
A o]
A3 % ¢ nRC
'——IH*» { wr - oR
1
Vin C.J R2 C Ro= 21 Veef = 5 Voo
L M R Tpp
—YWA——e—0
= 100k RI=Typz
o Ci=1¢
Vref fy = 1.0kHz
g Bandpess Q=10
Vrgf Output R3 Tgp =t
e A ————— N =
R1
R2 of
A
o———|f———eNotch Ouput R = 160%02
0 C =0.001pF
Rt =1.6MQ
Vel Where:  Tpp = Center Frequency Gain R2 =16 M0
TN = Passhand Notch Gain R3 =1.6MQ
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Figure 12. Function Generator

Vet =‘; voe T“*‘g%'&“ﬁ‘:e
Vret O
O——AM—
O —a
Square
4,_| E___ Wave
C » Output
Ry
Ri+Re _ R2R1
4 CRfR1 RZ2 +R1

Figure 13. Multiple Feedback Bandpass Filter

C
R1 C
o
—i{—e Vo
R2 co=10C
L Vref 1
Vref =3 Yo
Given: f; = certer frequency
Alfg} = gain at center frequency
Choose value f, C
: -yl
Then: R3= s G
R3
R1= 24
___RIR3
4Q2R1-R3
" + Qotp
For less than 10% error from operational amplifier, <01

BW
where {; and BW are expressed in Hz.

If source impedance varies, fitter may be preceded with
voltage follower bufler to stabilize filter parameters.

MOTOROLA ANALOG IC DEVICE DATA
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OUTLINE DIMENSIONS

N SUFFIX —

HANARAN PLASTIC PACKAGE 1. LEADS WITHIN 0.13 {0 nos)ammsonme
t4 3 POSITION AT SEATING PLANE AT MAXIM
? CASE 646-06 MATERIAL CONDITION.
B (LM224, LM324, 2 DIMENSION L TO CENTER OF LEADS WHEN
Q | LM2802 Only) FORMED PARALLEL.
k] 7 ISSUE L 3. DIMENSION B DOES NQT INGLUDE MOLD
YvrYrvrYryrYyvYywvyy FLASH.
4 ROLHDED GORNERS OPTIONAL
A INCHES | MILUMETERS
| DIN [ MIN T MAX | MIN ] MAX
— —* A | 0715 | 0770 [ 1815 | 19.56
F}‘_ L B 0240 0.250 5.10 A.60
! \ * C 0.145 0135 3168 4F7
D | 0015 | no#t | 9.8 | 043
t C E oo | 0070 | 102 | 176
F G | QA00BSC 254 BEC
J H10052 | 0085 | 132 249
N ¥ J | 0008 ] oots | o0 | o3
K | o415 | 0435 | 259 | 343
__J AaNES K L | 0300BSC 7.43 B36
H G D M ] o0° ] 108 0] to°
N [ 0015 0038 | 039 ] .01

D SUFFIX
PLASTIC PACKAGE NoTES
CASE 751A-03 1. DIMENSIONING AND TOLERANCING PER ANSI
e CAT Y1A5M, 1932,
______ (SO-14) 2. CONTROLLING DIMENSION: MILLIMETER:
H A HBA AR ISSUEF 2 DIMENSIONS A AND B DO NOT INCLUGE
MDLD PROTRUSION.
14 L 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE,
[=B-] p7pL 5. IMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
® > [Q}[ 0.25 {U.G‘IO}@[ B ] PROTRUSION SHAL| BE 0.127 (0.095) TCTAL
IN EXCESS OF THE D OMENSION AT
H m m H H H H MAXIMUM MATERIAL CONDITION

_J L_ MILLIMETERS INCHES
F MN | NAX | MIN | MAX
355 | 875 | 0t | oau
350 | 00 | 0450 | 0157
135 1975 [ pose | 6068
035 | D43 | 0014 | 0519
040 | 125 [ 9016 | 0cag
1.27 B5C 0950 BSC
045 | ©75 I 0008 | oore
040 | 025 | 0004 | poon
o] 71°[ Dp°| ¢
580 | G20 | 0228 | Dz
035 ] 050 | 0019 | pore

—’IGL‘— : ¢ Rxas"_.lr_

= A—h)
G ——lL— D14PL K {M ﬁ’tJ

(Bl po®iT[e O[AQ)

!U;XLD""U“W)|D
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the suilability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and allliability, including without limitation consequential o incidertal damages. “Typical” parameters can and do vary in different
applications, All operating parameters, including “Typicals™ must be validated for each customer application by ¢ustomer’s technical experts, Molorola does
ot convey any license under its patent rights nor the: rights of others, Motorola proctuets are not designed, intended, or autherized for use as compenents in
systems intended for surgical implant inte the body, or ather applications intended to support or sustain life, or for any other apptication in which the failure of
the Motorola product couid create a situation where personal injury or death may occur. Shauld Buyer purchase or use Motorala produsts for any such
unintended or unautherized application, Buyer shalt indemrify and hold Motorola and its officers, employees, subsidiaries, afliliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arsing out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unautharized uss, even if such claim alleges that Matorola was negligent regarding the design or manufacture ol the part.
Motorola and.aa are registered frademarks of Matorola, Inc. Motarala, Inc. is an Equal Opportunity/Aflirmative Actien Employer.

How to reach us:
USA /EUROPE: Motoroala Literature Distibution; JAPAN; Nippon Motorola Lid.; Tatsumi=SPD=JLDC, Toshikatsu Ctsuki,
PO, Box 20912; Phoenix, Arizona 85036, 1-800-441-2447 6F Selbu-Butsuryu—Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan, 03-3521-8345

MFAX: RMFAXC@email.sps.mot.cam — TOUGHTONE (602) 244-6609  HONG KONG: Motorola Semiconductors HK. Lid.; 88 Tai Ping Induslirial Park,
INTERNET: http//Design-NET.com 51 Ting Kok Road, Tai Po, N.T, Hong Kong. 852-26620298
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LM139, LM139A, LM239, LM2394A,
LM339, LM339A, LM2901
QUAD DIFFERENTIAL COMPARATORS

SLCSO06F — OCTOBER 1979 — REVISED NOVEMBER 2001

® Single Supply or Dual Supplies D, DB, 1, N, NS, PW, OR W PACKAGE

® Wide Range of Supply Voltage (TOP VIEW)
...2Vto 36V 10UT[] 4 UM}OUT3

® Low Supply-Current Drain Independent of 20UT]] 2 13[] ouTa
Suppiy Voltage ... 0.8 mA Typ Veel 2 12[] GND

® Low Input Bias Current . .. 25 nA Typ ZIN-[] 4 11[] 4IN+

® Low Input Offset Current . .. 3 nA Typ 2iN+[} 5 10[] 4IN-
(LM139) 1N-[] 6 o] 3IN+

® Low Input Offset Voltage . .. 2 mV Typ TN+ 7 B} 3iN-

¢ Common-Maode Input Voltage Range

Includes Ground FK PACKAGE
. ] {TOP VIEW)
® Differential Input Voltage Range Equal to -
Maximum-Rated Su!Jply Voltage ... +36 V § ‘8_ 9 § §
® Low OutputSat-uratmrI Voltage T
L g:ltopgt Compatible With TTL, MOS, and Vee N4 3212 1918 GND
. . NC {15 17[J NC
® Package Options Include Plastic 2IN- [] 8 16[] 41N+
Small-Outline (D, NS), Shrink Small-Outline NC 17 15[ NC
{DB), Thin Shrink Small-Qutline (PW), and 2N+ [ 8 141 ain-
Ceramic Dual Flatpack (W) Packages, 9 1011 1213
Ceramic Chip Carriers (FK), and Standard f;":“_”_l"'j
Plastic (N) and Ceramic (J) DIPs Zz g ZaZ
N Ty, TR [oF I o)
description NC ~ No internal connection

These devices consist of four independent voltage comparators that are designed to operate from a single
power supply over a wide range of voltages. Operation from dual supplies also is possible as long as the
difference between Ihe two supplies is 2 V to 36 V and Ve is at least 1.5 V maore pasitive than the input
common-mede voltage. Current drain is independent of the supply voitage. The outputs can be connected to
cther apen-collector outputs to achieve wired-AND relationships.

The LM139 and LM139A are characterized for operation over the full military temperature range of -55¢C
to 125°C. Tha LM239 and LM239A are characterized for aperation from —-25°C to 125°C. The LM339 and
LM338A are characterized for operation from 0°C to 70°C. The LM2901 is characterized for operation from
-40°C to 125°C.

symbol {each comparator)

ouT

Please ba 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.

PROCUCTION DATA information Is curment as of publication date. . Copyright @ 2001, Texas Instruments Incorporated
Producis conform to apecifications per the terma ol Texra Inatrumanis ’ On products compliant to MIL-PRF-38535, all perametera are 1ssted
standard warranty. P pr ing doea not iy include IEXAS unless otherwisd noted. On s other products, production

1esting of all paramstors. procesaing does not necessnrily includa teating of all parsmeters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




LM138, LM130A, LM236, LM239A,

LM339, LM339A, LM2901
QUAD DIFFEBENT]AL COMPARATORS

AEVERTO NOVEMNGIER 2061

RRIBSEIE E M D S TR Fi 3 P

AVAILABLE OPTIONS

PACKAGED DEVICES
In Vioimax) | PLASTIC | PLASTIC CES::';'C CERAMIC | PLASTIC | PLASTIC C%T_m‘_'c
at 25°C SOiC SSOP | ,coer | DP DiP TSSOP | ¢ aTPACK
D, NS DB J N P
5 mv (M3390 | LM3350BR LM33SN | LM338PWR
i . smv | LM330NS — = il
0"Clo70°C 2mV | LM339AD - - - LM339AN - h
2mv | LM339ANS _ _ _
, . 5mv LM239D _ - EM238N _ —
~25°Cto 85°C zmv | Lmz3gaD - LM239AN
] ] 7ev | LM2901D ]
~avctarzsrg | STV | DHEAS | LM28010BR - — LM2907N | LM2801PWR —
) 5mv LM139D LM139FK | LM139J LM139W
—S5C125°C | 5y | Lmi3saD - LM139AFK | LM139AJ - - LM139AW

The D and NS packages are available taped and reeled, Add the suffix R to the device type (e.g., LM3380R). The DB and PW packages
are only available taped and reeled,

schematic {(each comparator)

¢ Vece
BO-pA
Current ‘
Regulatcr
80 uA
IN+
ouT

* /_il * GND

All current values shown are nominal.

'{? TEXAS

INSTRUMENTS
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LM139, LM139A, LM239, LM239A,
LM339, LM339A, LM2901
QUAD DIFFERENTIAL COMPARATORS

SLCS006F - OCTOBER 1979 — REVISED NOVEMBER 200;

R R R
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t
Supply voltage, Ve (see Note 1) .o e 36V
Differential input voltage, Vip (see Note 2} ... L i 36V
fnput voltage range, V| {eftherinput) ... ... —{13Vto36V
UL VORAGE, Vi ottt e e s KITAY
QUIPUL CUITENE, () . o e i e e e 20 mA
Duration of output short circuit to ground (seeNote 3) ... ... oo Unlimited
Package thermal impedance, 835 (see Note 4y Dpackage ........ ... ... o it 86°C/W
DB package . ........ .o 96" C/W
Npackage ... .o e 80°C/W
NSpackage ......... ... i, 76°C/W
PWpackage ...t 113°C/W
Continuous total dissipation . ... ..o o See Dissipation Rating Table
Case temperature for 60 seconds: FKpackage ...........c it 260°C
Lead temperature 1,6 mm (1/16 inch)} from case for 10 seconds: D, DB, N, or PW package ........ 280°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C
Storage temperature range, Totg « ... ot eetnit —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage ta 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 refiability.

NOTES: 1, All voltage values, except differential voltages, are with respect to network ground.

2. Differential voliages are at IN+ with respect to IN-.
3. Short circuits from outputs to Vo can cause excessive heating and eventual destruction.
4. The package thermal impedance is calculated in accordance with JESD 51-7.

DISSIPATION RATING TABLE

PACKAGE TA < 25°C DERATING DERATE Ta =70°C Ta = 85°C Ta=125°C
POWER RATING FACTOR ABOVE T | POWER RATING | POWER RATING | POWER RATING
FK 900 mwW 11 mwC 68°C 880 mwW 715 mw 275 mW
J 900 mw 11 mw/°C 68°C B80 mw 715 mw 275 mw

‘t’? TEXAS
INSTRUMENTS
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LM139, LM139A, LM239, LM233A,
LM339, LM339A, LM2901
QUAD DIFFERENTIAL COMPARATORS

SLCSO06F - OCTOBER 1978 ~ REVISED NOVEMBER 2001
—— S

electrical characteristics at specified free-air temperature, Vgc = 5 V {unless otherwise noted)

PARAMETER t t L3 1394 UNIT
TEST CONDITIONS Ta MIN TYP MAX| MIN TYP MAX
Voo =5Vt 3oy, 25°C 2 5 1 2
VIO input offset voltage Vic = Vicr{min), my
V=14V Full range g 4
25°C 3 25 3 25
ho input offset current Vo =14V nA
Full range 100 100
| | tbi ; Vv 14V 25°C -25 100 -25 -100 A
nput bias curren =1. n
'8 P © Fuli range -300 --300
Qto Oto
25°C
y Common-mode Vee-1.5 Veo-1.5 y
ICR input-voitage range Oto Dto
Full range Voe-2 Veo-2
Large-signal i
Ayp  differentiakvoltage \V,ccis ff'tg g'v 25°C 200 50 200 Vimy
amplification 0
loH High-level output Vig=1V YoH =5V 25°C 0.1 8.1 nA
current VoH = 30V | Full range 1 1| pa
25°C 150 400 150 400
voL  owlevelot®ul - lyn= v, ioL=4ma mv
ge Full range 700 700
oL Ic‘ﬁ::e'r?tv el output Vip=-1V, Vg =15V | 25¢C 5 16 6 16 mA
e ﬁﬁﬁf?ﬁ;ﬁm Vo=25V, Notoad 25°C 08 2 0.8 2| A

t All characteristics are measured with zera common-mode input voltage, unless otherwise specified.
T Full range {MIN to MAX} for LM139 and LM138A s —55°C to 125°C. All charactenstics are measured with zero commen-mode input voltage,
uniess otherwise specified.

switching characteristics, Vcg =5V, Ty =25°C

LM139
PARAMETER TEST CONDITIONS LM139A UNIT
MIN TYP MAX
Response fime RL connected to 5 V through 5.1 ko2, 100G-mV input step with 5-mV overdrive 1.3 us
CL = 15 pFS, See Note 5 TTLevel input step 0.3

§ ¢ includes probe and jig capacitance. -
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V,

“? TEXAS
INSTRUMENTS
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LM139, LM139A, LM239, LM239A,

LM339, LM339A, LM2901

QUAD DIFFERENTIAL COMPARATORS

SLCS0DGF - OCTOBER 19878 — REVISED NOVEMBER 2001

electrical characteristics at specified free-air temperature, Vo = 5 V (unless otherwise noted)

LM239 LM233A
PARAMETER TEST CONDITIONST Tat L339 LM339A UNIT
MIN  TYP MAX MIN  TYP MAX
Voo =5V, 2500 2 5 1 3
Vio Input offset voltage | Vig = V)gR(min), mv
Vo=14V Fullrange 9 4
25°C 5 50 5 50
ITe) input offset current Vo=14V nA
Full range 180 150
| Input b . Ve =14y 25°C -25 -250 -25 250 A
ias cu =1 n
B i e © Full range —400 —400
Oto Oto
25°C
y Common-mode Vee-1.5 Vee-1.5 v
ICR input-voltage range A Dto Oto
ull range V2 Vep-2
Large-signal Voo =18V,
AD differential-voltage Vo=14Vio 114y, 25°C 50 200 50 200 vimV
amplification Ry z 15 ki2ta Voo
oK High-level output Vip=1YV Vo =5V 25°C 0.1 50 0.1 50 nA |
cument VoH =30% | Fultrange 1 L YN
- 25°C 150 400 150 400
VoL Low-level output Vip= -1V, loL=4 mA Yy
voltage Full range 700 700
Low-level output [ L '
oL coment Vip=-1V, Vg =15V 25°C B 16 8 16 ma
Supply current = \
Icc (four comparators) Vo=25V, Noload 25°C 0.8 2 0.8 2 mA

t Al characteristics are measured with zero comman-mode input voltage, unless otherwise specified.
1 Full range (MiN to MAX) for LM239 and LM238A is —25°C to 85°C, for LM339 and LM339A is 0°C lo 70°C. All cnaracteristics are measured with
zero common-mede input voltage, uniess othemw'se specified.

switching characteristics, Vgg =5 V, T4 = 25°C

LM239, LM239A,
PARAMETER TEST CONDITIONS LM339, LM339A UNIT
MIN TYP MAX
R i R|_ connected to 5 V through 5.1 ke, 100-mV input step with 5-mV overdrive 1.3
esponse time _ 8
po CL = 15 pF§, See Note 5 TTL-level input step 0.3 .
§ ¢ includes probe and jig capacitance,
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
3 7
EXAS
INSTRUMENTS
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LM139, LM139A, LM239, LM239A,
£LM339, LM339A, LM2301
QUAD DIFFERENTIAL COMPARATORS

SLCS006F - OCTCBER 1878 - REVISED NOVEMBER 2001
S

electrical characteristics at specified free-air temperature, Vec = 5 V {(unless otherwise noted)

LM2901
PARAMETER TEST CONDITIONST Tat PR vE——ye UNIT
Ve =5Vio 3oV, 25°C 2 7
Vio Input offset voltage V|C = VIcR{min)}. mv
Vo=14V Full range 15
! Input offset Vi 1.4V 2 5 50 A
nput offset current =1, n
1o P 0 Fult range 200
25°C -25 =250
] Input bias current Vo=14V nA
Full range -500
2550 Ote
y Common-mode input-valtage Vo5 v
ICR range o Oto
ult range v
cc-2
. . " Voo =15V,
AvD ‘a‘:gl‘?f'ling{: difierential-voltage 1,0 14 via 114\, 25°C 25 100 Vimv
P RL 2 15 k2 to Ve
) Vo =5V 25°C 0.1 50 nA
loH High-leve! output current Vip=1V
VpH =30V Full range 1 pA
V Low-level output volt v 1V, I 4 mA 5 s 200 mv
ow-level output voltage =-1V, =4 m
oL P P i 7 Fulirange 700
loL Low-level cutput current Vip=-1V, VoL=15V 25°C i 16 mA
Supol ‘ Vo=235YV, No lnad 0.8 2
upply curren - = I5
‘cc {four comparators) \ch? "d30 v. Vo=25V, e 1 2.5 mA
o loa

t Al characteristics are measured with zero commeon-mode input veltage, unless otherwise specifled.
T Fullrange (MIN ta MAX) for LM2801 is —40°C to 125°C. All characteristics are measured with zero common-mode input voltage, unless otherwise
specified.

switching characteristics, Vg = 5V, Ta = 25°C

Lm2301
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Response tim R connected to 5 V through 5.1 ke, 100-mV input step with 5-mV overdrive 1.3
as ime S
P CL = 15 pFS, See Note 5 TTL-level input step 0.3 "

§Cy includes probe and jig capacitance.
NGTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.

“.’P TEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvemenits, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. Al products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with T's standard warranty. Testing and other quality control techniques are used to the extent TI
deems nacessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no fiability for appiications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Ttdoes notwarrant or represent that any license, sither express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right refating to any combination, machine, or process
inwhich Tl products or services are used. Information published by T regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof,
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Ti under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated T! product or service and
is an unfair and deceptive business practice. Tl is not respensitle or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Datllas, Texas 75265

Copyright © 2001, Texas Instruments Incorporated



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by 4N35/D

&NE O 000D

VvDE UL CsA SETlI | SEMKG | DEMKQ [ NEMKO | BABT

GlobalOgptoisolator™

6-Pin DIP Optoisolators
Transistor Output

The 4N35, 4N36 and 4N37 devices consist of a gallium arsenide infrareg
emitting dlode optically coupled to a monalithic silicon phototransistor detector.

= Current Transfer Ratio — 100% Minimum @ Specified Conditions
» Guaranteed Switching Speeds
« Meets or Exceeds all JEDEC Registered Specifications

« To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V* must be included at end of part number. VDE 0884 is a test option.

Applications

* General Purpose Switching Circuits

s Interfacing and coupling systems of different potentials and impedarnces
+ Regulation Feedback Circuits

» Monitor & Detection Circuits

« Solid State Relays

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted}

4N35*
4N36
4AN37

[CTR = 100% Min]

*Maotorola Preferred Device

STYLE 1 PLASTIC

f

STANDARD THRU HOLE
CASE 730A-04

SCHEMATIC

30— 4

PIN 1. LED ANCDE
2. LED CATHODE
3 NC

. EMITTER

. COLLECTOR

. BASE

(= TS LI

L .. Rating I Symbol [ Value j Unit
INPUT LED
Reverse Voltage VR 3] Volts
Forward Current — Continuous 'F 60 mA
LLED Power Dissipation @ Ta = 25°C PD 120 mwW
with Negliginle Power in Output Detector
Derate above 25°C 141 mw/C
QUTPUT TRANSISTOR
Collector—Emitier Voltage VCEQ 30 Volts
Emitter—Base Voltage VERD 7 Volts
Collector-Base Voltage Vego 70 Volts
Callector Current — Continuous o 150 mA
Detector Power Dissipation @ Tp = 25°C Y Pp 150 mw
with Negligible Power in input LED
Derate above 25°C 1.76 mwW7eC
TOTAL DEVICE
Isotation Source Voltage(1) Viso 7500 Vac(pk}
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ T, = 25°C P 250 mw
Derate abave 25°C 2.94 mW/eC
Ambient Operating Temperature Rangel(2) TA —55 to +100 G
Storage Temperature Ranget2) Tstg | -5510+150 C
Saldering Temperature (10 sec, 1116~ from case) TL 260 C

1. Isolation surge voltage is an internal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.
Preferred devices are Motorola recommended choices for future use and best overall vaiue.

GlobalOptoisciator is 2 trademark of Motorola, Inc.

REV 2

© Motorola, inc. 1995

@ MOTOROLA



4N35 4N36 4N37

ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise notedt?)

F Characteristic Symbol l Min Typ“) T Max | Unit ]
INPUT LED
Forward Voltage {IF = 10 mA) TA=25°C VE 0.8 115 1.5 v
Ta =-55°C 0.9 1.3 1.7
Ta = 100°C a7 1.05 14
Reverse Leakage Current (VR =6 V) IR — — 10 pA
Capatitance (V = 0V, f = 1 MHz) Cy R 18 — pF
OUTPUT TRANSISTOR
Callector-Emitter Dark Current (Vg = 10V, Ta = 25°C) IcED — 1 50 nA
(VCE = 30V, Ta = 100°C) - - 500 A
Collector-Base Dark Current {Vcg = 10 V) Ta = 25°C icBO — 0.2 20 nA
Ta = 100°C 100 —
Collector—Emitter Breakdown Voltage (i = 1 mA) V{BR)CED 30 45 — v
Collector-Base Breakdown Voltage {Ic = 100 pA) V(BR)CBO 70 100 — v
Emitter—Base Breakdown Voltage (i = 100 pA) V(BRIEBO 7 7.8 — v
DC Current Gain (I = 2 mA, Vog = 5 V) hgg - 400 — —
Collector-Emitter Capacitance (f = 1 MHz, Veg = 0) CcE — 7 — pF
Collector-Base Capacitance (f = 1 MHz, Vg = 0} Cea — 19 — pF
Emitter-Base Capacitance (f = 1 MHz, VEg = 0) Cep — 9 — pF
COUPLED _
Output Collector Gurrent Ta = 25°C I (CTR)(2) 10{100) 30 (300) — mA (%)
(If = 10 mA, Vog = 10 V) Ta =-55°C 4 @g) - -
Ta = 100°C 4 {40} = —
Collector—Emitter Saturation Voltage (I = 0.5 mA, If = 10 mA) VCE(sat) - 0.14 0.3 v
Turn=0n Tine tant — 7.5 10 us
Turm-Cff Time (le =2 mA Ve = 10V, toff — 57 10
Rise Time RL = 100 )3 i < 3.2 u
Fall Time tg va 4.7 -
fsolation Voltage (f = 60 Hz, t = 1 sec) Vigo 7500 — - Vac(pk)
isolation Current4) {vi_n = 3550 Vpk) 4N35 g0 h_ —) 100 pA
(Vi = 2500 Vpk) 4N36 — — 100
(Vi_p = 1500 Vpk) 4N37 5 8 100
Isofation Resistance (V = 500 v){4) Riso 1M — — 9]
(sotation Capacitance (v = 0 V, { = 1 MHz){%} €150 — 0.2 2 oF

1. Always design to the specified minimum/maximurm electrical limits (where applicaple).

2. Current Transfer Ratio (CTR) = Ic/IF x 100%.
3. For test circuit setup and wavelforms, refer o Figure 11,

4. For this test, Pins 1 and 2 are common, and Pins 4, 5 and & are comman.

Matorola Optoelectronics Device Data



4N35 4N36 4N37

lo TYPICAL COLLECTOR CURRENT (mA)

1

o, TURN-ON TIME {us)

) w S

.y

a0 —— 100 Dpor g
70 - 70 =1y HH
Voo =40y Yoo = 1V o
5 = 50 H
Z
20 L Ry = 1000 % 20 /
n “\q\ = NN RL = 1000 __./
10 e t o, L
= 100 =
T {3[\ % 7 g -
5 B b S 5 o '-._140[:
10 ~ =
N \ ia 10
2 \\\ 2
1 A 1 :
01 02 05071 2 5710 & 56 70400 D1 02 05071 2 5710 20 50 70100
Ir, LED INPUT CURRENT {mA) I, LED INPUT CURRENT (mA)
Figure 7. Turn—-On Switching Times Figure 8. Turn—-Off Switching Times
' I [T1
IF=0 "] Ig=7pA 18 CLED
e f=1MHz
i Cca [N e,
F2 14 n \\
7 5pA § 12 \‘\\\\
£ 10 ™
1A 5 L] Cee N
% [ N
( 3pA 3 ¢ TN
(53 CCE "'--...___.N
s 2 pA 4 .
4 m \
0 2 4 §F B 10 12 14 18 1B 20 005 01 02 05 1 2 5 10 20 50
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS) V, VOLTAGE (VOLTS)

Figure 9. DC Current Gain {Detector Only) Figure 10, Capacitances versus Voltage

TEST CIRCUIT WAVEFORMS

Vee =10V INPUT PULSE

I R =100
o— /
_’
INPUT X i OUTPUT QUTPUT PULSE
o——1
INPUT CURRENT ADJUSTED =5

TOACHIEVE I = 2 mA.

Figure 11, Switching Time Test Circuit and Waveforms

4 Motorola Optoelectronics Device Data



AN35 4N36 4N37
PACKAGE DIMENSIONS

NOTES
1. DIMENSIONING AND TOLERANCING PER ANSI
Y1450 15382
2. CCNTROLLING DIMENSION: iNCH.
1 {HMENSICN L TO CENTER OF LEAD WHEN
FORNELD PIRALLEL
-

INCHES MILLIMETERS
BIM[ MIN | NAX | MN | MAX
I—C f— L A | 032 | 03850 ) 813 | B89
i : B | 05 [ 0260 | 610 | 660
| | - 000 | 293 ) 508
D[ c.x ooz [ edr | osn
EJcan Joo0 | o2 | (a7
F oot oot | o5 ) 036
[ 3mo]asc 254IBSC
J_ |08 [ ngtz § 021 | 03p
G —wlle— JpL K 0100 {0150 [ 25 [ 381
LT oagasc 762 BSC
_— MJ [¢[ 013 00®]T]8 @[AB] ESECT BRI e T BTN
et N 0ms [ oo | oas | 254
[$T0130005@[ ]2 @] @] STVE
PIN1. AMODE
2. CATHODE
1 NG
4 EMITTER
5. COLLECTOR
6. BASE
CASE 730A~04
ISSUE G
NCTES:
1 DIMENSIGNING AND TOLERANCING PER ANS
¥14.5M, 1682
2 CONTROLLING CIMENSKON: INCH.
INCHES MILLIMETERS
L DIM| MIN | WAX | NIN | MAX
H— A | 0320 | n3sp | B13 ] 889
‘ : B | 0240 [ 0260 | 810 6.60
{ C o115 oz | 283 [ o8
cC i D | ool | tog0 | 041 | 050
%:mjj_lt ) E | oo foofg ] o2 | 177
| F {0015 | 0014 025 ] D38
G | J -ss.\nus G | 0100RSC 254 BSC
: BLANE W[ o020 [ a8 | st | am
EsrL KapL J L oom [oar2 | o020 ] naa
¥ [ oocs | ogas ! ot | ces
r— Derw |$[U-13 (0.0051®| T’ B ®] A @J L] osmesc PRETE
8 [ 0332 { paso ] Rr4a | 400

[0z 5@ 1[4 @8 @)

*Consult factory for leadform
option availability
CASE 730C-04
ISSUED

Motorola Optaelectronics Device Data 5



intersil

15A, 400V - 600V Ultrafast Dual Diodes

MUR3C40PT, MUR3050PT, MURZDBOPT and RURH1540CC,
RURMT550CC, RURH1560CC are ultrafast dual diodes
(trr < 55ns) with soft recovery characteristics. They have a low
forward voltage drop and are of planar, silicon nitride passivated,
ion-imptanted, epitaxial constructiodn.

These devices are intended for usa as energy steering/clamping
diodes and rectifiers in a variety of switching power supplies and
other power switching applications. Their fow stored charge and
ultrafast recovery with soft recovery characteristics minimizes
ringing and electrical noise in many power switching circuits thus
reducing powsr [oss in the switching transistor.

Ordering Information

MUR3040PT, RURH1540CC, MUR3050PT,
RURH1550CC, MUR3060PT, RURH1560CC

April 1995

File Number 2774.3

Features

+ Ultrafast with Soft Recovery Characteristic
{trr < 55ns)

« +175°C Rated Junction Temperature
« Reverse Voitage Up to 600V
« Avalanche Energy Rated

Applications
+ Switching Power Supply
+ Power Switching Circuits

« (General Purpose

Package
PACKAGING AVAILABILITY
JEDEC TO-21BAC
PART NUMEBER PACKRAGE BRAND ANODE1
MUR3040PT TO-218AC MUR3040PT CATHODE
A E
RURH1540CC | TO-218AC RURH1540C ::Ft‘;’*“%‘f) NODE2
MUR3050PT TO-218AC MUR3050PT
RURH155CCC TO-218AC RURH1550C \
MUR3080PT TO-218AC MUR306CPT
RURK1560CC TO-218AC RURH1560C
NOTE: When ordering, use the entire part number.
Symbol
K
Al Az
Absolute Maximum Ratings Ty = +25°C, Unless Otherwise Specified
MUR3040PT MUR305CPT MUR30G0PT
RURH1540CC RURH1S550CC RURH1560CC
Peak Repetitive Reverse Voltage. . ... ... ... .o . i VRREM 400V 500V 600V
Working Peak Reverse Voltage . ... ... .. ... . e iiiann . ViRwM 400V 500V 800V
DC BlockingValtage. . .. ... .. ... e e Vi 400V 500v goov
Average Rectified Ferward Cumrent ... ..o oo Fav) 154 18A 15A
{Total device forward current at rated Vg and Tg = +150°C)
Peak Forward Repetitive Currant. .. ... .. T IFRM 42 42 30A
(Rated Vg, square wave 20kHz)
Nonrepetitive Peak Surge CTUMeNT . . . .. oot oan e ciaanre s 1FSM 200A 200A 2004
(Surge applied at rated load condition halfwave 1phase 60Hz)
Operaling and Storage Temperature . ... . ................... Tt Ty -58°Cto+175°C  -55°C o +175°C  -55°C to +175°C
H CAUTION: These devices are sensitive to electrostatic discharge; follow proper I1C Hand!ing. Procedures.

http:/Awww.intersil.com or 407-727-9207 | Copyright @ Intersil Corporation 1999



MUR3040PT, RURH1540CC, MUR3050PT, RURH1550CC, MUR3060PT, RURH1560CC

Typical Performance Curves
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GENERAL DESCRIPTION

Complementary, high power transistors in a plastic
envelope, primarily for use in audio and general

purpose

#3542

i

b ITE

2021

TO-220

QUICK REFERENCE DATA |

SYMBOL PARAMETER CONDITIONS TYP MAX | UNIT
Veso Collector-emitter voltage peak value Ve = OV - 100 v
Veeo Collector-emitter voltage (open base} - 100 v
lc Collector current (DC) - 3 A
lem Collector current peak value - 5 A
P Total power dissipation T 25°C - 40 W
Veesat Collectar-emitter saturation voltage lc = 3A; Ia =0.4A - 1.2 vV
Ve Dicde forward voltage lr= 3A 1.5 20 vV
iy Fali time lcsot= 3.0A; f = 16KHz 0.5 - g}
LIMITING VALUES

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Veesm Collector-emitter voltage peak value Vae = OV - 100 vV
Vceo Collector-emitter voltage (open base) - 100 v
VEso Emitter-base oltage (open celioctor) 5 v
le Collector eurrent {DC) - 3 A
lg Base current (DC) - 1 A
Piot Total power dissipation Tmb=25T - 40 w
Ten Storage temperaiure -55 150 T
T Junction tempearature 5 180 C
ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS TYP MAX | UNIT
\cao Collector-base cut-off current Ver=100V - 0.2 mA
leso Emitter-base cut-off current Ves=5V - 1.0 mA
V(ericED Collector-emitter breakdown voltage l=1mA 100 v
Vcesat Collector-emitter saturation voitages lc=3A; la= 0.4A - 12 Vv
hee DC current gain = 1A; Ve = 5V 25

fr Transition frequency at f=5MHz lc = 0.5A; Vce = 10V 30 - MHz
Ce Collector capacitance at f=1MHz e = 10V a5 - pF
ton On times lc=3A la1=-1a2=0.3A Vcc=30V 0.4 us
ts Tum-off storage time le=3A,la1=-1sz=0.3A Vec=30V 1.0 us
f Fall time 116=3A, loi=-16:=0.3A Voe =30V 05 | 10 | us

Wing Shing Computer Components Co., (H KLt
Homepage: hup:/fwwwoningshing com

E-mail:

Tel:(R3212341 9276 Fax:(852)2797 8153
wsecitd@ghkstar.com
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SEMICONDUCTOR v

TIP32 Series(TIP32/32A/32B/32C)

Medium Power Linear Switching Applications
« Compiement to TiP31/31A4/318/31C

1 TO-220
1.Base 2.Collector 3.Emitter
PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings 7.=25:C uniess otherwise noted
Symbol Parameter Value Units
Veao Collector-Base Voitage : TIP32 - 40 v
CTIP3ZA - 60 v
:TIP328B - 8D )
CTIP32C - 100 v
Veceo Collector-Emitter Voltage : TIP32 - 40 v
TIP32A - 80 A
: TIP3ZB - 80 v
C TIR32C -100 v
Vero Emitter-Base Voltage -5 V
Ic Collector Current (DC) -3 A
lcp Coflectar Current {(Pulse) -5 A
Ig Base Current -3 A
Pe Collector Dissipation {T.=25°C) 40 W
Pc Collector Dissipation (T,=25%C) 2 W
T, Junction Temperature 150 -G
Ts1a Storage Temperature -B5 ~ 150 G
Electrical Characteristics T =25-C unless otherwise noted
Symbol Parameter Test Condition Min. Max. | Units
Veeo(sus) * Collector-Emitier Sustaining Voltage
CTIP32 lc=-30mA, lg=0 -40 v
T TIP3RA -0 Y
(TIP32B -80 v
L TiP320 -100 \
lcEO Collecter Cut-off Current
S TIP32/32A Veg=-30V, Ig=0 -0.3 mA,
- TIP32B/32C Vg =- 80V, Ig=0 -03 | mA
lees Collector Cut-off Current
: TIP32 Vg = - 40V, Vgg =10 - 200 pA
(TIP32A Vg =- 60V, Veg=0 - 200 HA
: TIP3ZB VCE = - B0V, VEB =0 - 200 HA
"TIP32C Vep =- 100V, Vg =0 -200 | pA
lego Emitter Cut-off Current Vep=-5V, ig=0 1 mA
hre * DC Current Gain Veg=-4V, lg=-1A 25
Ve =-4V, g =-3A 10 50
Vce(sat) * Collector-Emitter Saturation Voltage lo=-3A, lg=-375mA 1.2 v
Vpge(sat) * Base-Emitter Saturation Voltage Vep=-4V, lg=-3A -18 v
fr Current Gain Bandwidth Product Veg =- 10V, I = - 500mA 3.0 MHz

* Pulse Test PyW=300us, Duty Cycle<2%

02000 Frirchild Samiconductor Intermational

Rev. A, Fabruary 2000

(Dzerazeiveerzedil)sauag zedlL



TIP32 Series(TIP32/32A/32B/32C)

Package Demensions
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9.80 1020

i °g =1,
s g
g 3
o~
/e o€
- =
27
©
u
<
XYWSE8L 0E°0% 8001
0L 07 09 . 0COT 0B G4 7 N =
: —_— - 21 | 2 a1 &
(ozg)  looe)] i T _ I a=R
| sl ot el Jix
T jld 7~ oy ,, o.w aln
a 18 . T,
1 ‘U‘ , =
d M. , (o S
| “ | 22 [Sal S| pF | el
S : oot) o | 3%
aroreEl V B TN - \ a1
N ﬁ A4 « 8
a1} i 0Z'0F 0Z'6 0207 80T}

L

by Jocouz |

Dimensions in Millimeters

Rev. &, Fetruary 2000

©2000 Farchild Semiconductor nlemational



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns ar is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSCT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ Tinyl.ogic™
CROSSVOLT™ pPOP™ UHC™
E2CMOS™ PowerTrench® VOX™
FACT™ QFET™

FACT Quiet Series™ Qs™

FAST® Quiet Series™

FASTrm™ SuperSQT™-3

GTOo™ SuperSOT™-6
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NCR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRCDUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

INTERNATIONAL,
As used herein;

1 Life suppert devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b} support or sustain life, or (¢} whuse failure to perform
when property used in accordance wilh instructions for use
provided in the |abeling, can be reascnably expected to
result in significantinjury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected te cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Formatve or in
Design

Advance Information

This datasheet contains the design specifications for
product development. Specifications may change in
any mannef without netice.

Preliminary First Preduction

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

QObsolete Not In Production

This datasheet cantains specifications on a preduct
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2000 Fairchild Semiconductor Intemational

Rev £
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TN12, TS12 and TYNx12 Series

SENSITIVE & STANDARD

12A SCRs

Table 1. Main Features

Symbol Value Unit
H{rms) 12 A
VDRMIVRFIM 600 1c 1000 v
lgr 0.2to 15 mA
DESCRIPTION

Available either in sensitive (TS12) or standard
(TN12 / TYN) gate triggering levels, the 12A SCR
series is suitable to fit all modes of control, found
in applications such as overvoltage crowbar
protection, maoator control circuits in power topls
and kitchen aids, inrush current limiting circuits,
capacitive discharge ignition and wvoltage
regulation ¢ircuits...

Available in through-hole or surface-mount

packages, they provide an optimized performance
in a limited space area.

October 2005

DPAK

,".:w ' i
K

G

D2PAK
(TN12-G)

IPAK TO-220AB
{TN12-H !/ TS12-H) {TYNx12RG)
Table 2: Order Codes )
Part Numbers Marking
TN1215-x00B TN1215x00
TN1215-x00B-TH TN1215x00
TN1215-x00G TN1215x00G
TN1215-x00G-TR TN1215x00G
TN1215-x00H TN1215x00
TS1220-x00B TS1220x00
TS1220-x00B-TR TS1220x00
TS1220-x00H TS51220x00
TYNx12RG TYNx12
TYNx12TRG TYNx12T

REV.5

/11




TN12, TS12 and TYNx12 Series

Table 3: Absolute Ratings (limiting values)

Value [
Symbol Parameter i TN12-G | TN12-8/H  Unit
1 . TYN12 | TS$12-B/H
It(amsy - AMS on-state current {180° conduction angle) | T¢ = 105°C 12 A
TAverage on-state current (1-80° condu_ction _, a - “
|T(AV) angle) T.=105°C 2] A
.y Non repetitive surge peak on- fp=83ms Tj = 25°C 145 115
state current =
t,= 10 ms 140 110 A
Bt | Pt Value for fusing by=10ms Tj=25°C 98 60 Als
Critical rate of rise of on-state _ o
difdt | current 1 = 2 x g7, t,< 100 ns| & = 60 HZ Tj=125°C 50 Alus
lgm | Peak gate current t, =20 ps T =125°C 4 A
Paav) | Average gate power dissipation Tj=125°C 1 W
Tstg Storage junction temperature range -4040 + 150 oc
T, Operating junction temperature range -40to + 125
Veam | Maximum peak reverse gate voltage (for TN12 & TYN12 only) 5 vV
Tables 4: Electrical Characteristics (Tj = 25°C, unless otherwise specified)
m SENSITIVE
Symbol Test Conditions TS51220 Unit
ot MAX. 200 UA
Vp=12V R =1400
Var MAX. 0.8 v
VGD VD = VDHM RL = 3.3 k!! HGK = 1 kgl Tfu = 125:,0 MIN 0-1
VHG lHG =10 UA MIN. 8
¥ lr =50 mA  Hgk=1ki2 MAX, 5 mA
il lg=1mA  Rgr=1kQ MAX. 6 mA
dV/dt VD = 65 % VDRM HGK =220 0 Tj =125°C MIN. 3] VI’IJS
VTM lTM =24 A 1tp=2380 HS Tj =25°C MAX, 1.6 v
Vi | Threshold voltage T;=125°C MAX. 0.85 v
Rq | Dynamic resistance Tj=125°C | MAX. 30 mQ
IDRM T] =25°C 5 pA
IrAM Tj=125°C 2 mA
2/11 K”[




TN12, T512 and TYNx12 Series

m STANDARD
Symbol Test Conditions TN1215 TVN Unit
B/H| G [|x12T| x12
ot MIN. ‘ 2 0.5 2 A
Vp=12V R =330 MAX. 15 5 15
Var MAX. 1.3
Vao  Vp=Vpau R, =3.3kK0 T =125°C | MIN. 02 v
| lh | lr=500mA Gate open ' MAX. | 40 | 30 | 15 | 30 mA
L |lg=121gr Max. | 80 | 60 | 30 | &0 mA
dv/dt |Vp= 67 % Vpry Gate open|T;=125°C | MIN. 200 40 | 200 | Wis
Vrm  |lm= 24A t,=380pis T;=25°C | MAX. 16 v
Vio | Threshold voltage Tj=125°C | MAX. 085 v
Ry Dynamic resistance T;=125°C | MAX. 30 ma
| T, =25°C 5 A
| /04 = Ve T; iesg| W% 2 r:A
Table 6: Thermal resistance
Symbol Parameter Value | Unit
Rinj<) | Junction to case (DC) 1.3 | "CW
S=05cm’ |DPAK 70
Ringa)y | Junction to ambient (DC) AR DS s *C/W
IPAK 100
TO-220AB 60

S = Copper surface under tab,

Figure 1: Maximum average power dissipation Figure 2: Average and D.C. on-state current
versus average on-state current ' versus case temperature
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TN12, TS12 and TYNx12 Series

Figure 3: Average and D.C. on-state current
versus ambient temperature (device mounted
on FR4 with recommended pad layout) (DPAK)
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Figure 5: Relative variation of thermal
impedance junction to amblent versus pulse
duration (recommended pad layout, FR4 PC
board for DPAK)

Figure 7: Relative variation of gate trigger
current and holding current versus junction
temperature for TN8 & TYNOB series

411

Figure 4: Relative variation of thermal
impedance junction to case versus pulse
duration
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Figure 6: Relative variation of gate trigger
current and holding current versus junction
temperature for TS8 series
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Figure 8: Relative variation of holding current
versus gate-cathode resistance (typical
values) for TS8 series
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TN12, TS12 and TYNx12 Series

Figure 9: Relative variation of dv/dt immunity
versus gate-cathode resistance (typical
values) for TS8 series
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Figure 11: Surge peak on-state current versus
number of cycles

LAITETY d X . |
1 1Q 1Ny 1000

Figure 13: On-state characteristics (maximum
values)

Figure 10: Relative variation of dV/dt immunity
versus gate-cathode capacitance (typical
values) for TS8 series

dVIdt[Cak] / dvidtRaK=2200]
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Figure 12: Non-repetitive surge peak on-staie
current for a sinusocidal puise with width
tp < 10 ms, and corresponding values of It
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Figure 14: Thermal resistance junction to
ambient versus copper surface under tab
(epoxy printed circuit board FR4, copper
thickness: 35um) (DPAK and D2PAK)
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TN12, TS12 and TYNx12 Series

Figure 15: Ordering Information Scheme (TN8 series)

Standard SCR serigs

TN 12 15 - 60¢ B {-TR)

Current

T

12=12A
Sensltivity

15 = 15mA
Voltage
AOD = BOOV
800 = BOOV
1000 = 1000V
Package

B = DPAK

G = D2PAK

H = IPAK
Packing mode

Blanck = Tube

-TR =Taps & Reel (DPAK and DZPAK)

Figure 16: Ordering Information Scheme (TS8 series)

Sensitive SCR series

TS 12 20 - 600 B (-TR)

Current

12 =12A
Sensitivity

20=200pA
Voltage

600 = 60OV
700 = 700V

Package

B = DPAK
H = IPAK

Packing mode

Blanck = Tubse
-TR =Tapa & Beel

Figure 17: Ordering Information Scheme (TYNO8 series)

Standard SCR series

TYN 6 12 T RG

1

Voltage

6 = GO0V

8 =800V
10 = 100V
Current

12 = 12A
Sengitivity

Blanck = 30mA
T = 15mA

Packing mode

RG = Tube

6/11
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TN12, TS12 and TYNx12 Series

Table 7: Product Selector

Voltage (xxx) L
Part Numbers Sensitivity Package
600V 700V BOO V 1000 V
TN1215-xxxB X X 15 mA DPAK
TN1215-xxx3 X X X 15 mA D2PAK
TN1215-xxxH X X 15 mA IPAK
TS1220-xxxB X X D.2mA DRAK
TS1220-xxxH X X 0.2 mA IPAK
TYNx12 X X X 15 mA TO-220AB
TYNx12T X ! X X 5mA TO-220AB
Figure 18: DPAK Package Mechanical Data
DIMENSIONS
REF. Millimeters Inches
Min. Max Min. Max.
A 2.20 2.40 0.086 0.094
Al 0.90 1.10 0.035 0.043
L2 A2 0.03 0.23 0.001 0.009
| B 0.64 0.90 D.025 | 0.035
‘ L B2 5.20 5.40 0.204 0212
c 0.45 0.60 0.017 0.023
c2 0.48 0.60 0.018 0.023
a1 . D 6.00 6.20 0.236 0.244
e E 6.40 §.60 0.251 0.259
= G 440 4.60 0.173 | 0.181
M.LL;T H 9.35 13.10 0.368 0.397
Usoump o) 1 (2 0.80 typ. 0.031 typ.
- F L4 0.60 1.00 0.023 0.039
e V2 0° B8° 0° 8°

Figure 19: DPAK Foot Print Dimensions

{in milimeters)

4
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TN12, TS12 and TYNx12 Series

Figure 20: D?PAK Package Mechanical Data

2mm min,
FLAT ZONE -7

DIMENSIONS
REF. Millimeters Inches
Min. | Typ. TMax. | Min. | Typ. | Max. |
A 4,30 4,60 i0.169 0.181
At | 2.49 2.69 |0.098 0.106
A2 | 0.03 0.23 [0.001 0.0091
| B 1070 1093 ]0.627] [0.037;
B2 [ 1.25 | 1.40 | 0.0480.055
C 0.45 0.60 {0.017 0.024
cz (1.2t 1.36 | 0.047 0.054
D 8.95 9.35 [0.352 0.368
E (10.00 10.28)0.393 0.405
G 4.88 5.28 10,192 0.208
L [15.00 15.85(0.590 0.624
L2 1.27 1.40 |0.050 0.055
L3 | 1.40 1.75 [0.055 0.c69
R 0.40 0.016
V2 0° 8° 0° 8¢

Figure 21: D2PAK Foot Print Dimensions
(in millimeters)
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TN12, TS12 and TYNx12 Series

In order to meet environmental requirements, ST ofters these devices in ECOPACK® packages. These
packages have a Lead-free second level interconnect . The category of secand level interconnect is
marked on the package and on the inner box tabel, in compliance with JEDEC Standard JESDS7. 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.

Table 8: Ordering Information

statement

Ordering type Marking Package Weight | Base gty | Delivery mode
TN1215-x00B TN1215x00 DPAK 034 75 Tube
TN1215-x00B-TR TN1215x00 DPAK 03g 2500 Tape & reel
TN1215-x00G TN1215x00G DZPAK .59 50 Tube
TN1215-x00G-TR TN1215x00G D2PAK 1.59g 1000 Tape & reel
TN1215-x00H TN1215x00 IPAK 03g 75 Tube
TS1220-x00B T51220x00 DPAK 034 75 Tube
TS1220-x00B-TR T51220x00 DPAK 034 2500 Tape & reel
TS1220-x00H TS1220x00 IPAK 034¢ 75 Tube
TYNx12RHG TYNx12 T0O-220AB 2349 50 Tube
TYNx12TRG TYNx12T TO-220A8 239 50 Tube
Note: x = voltage
Table 9: Revision History
Date Revision Description of Changes
Sep-2000 3 Last update.
25-Mar-2005 4 TO-220AB delivery mode changed from bulk to tube.
Changed sensitivity values in Table 7 for TYNx12 (30 to
14-Oc¢t-2005 5 15 mA) and TYNx12T { 15 to 5 mA). Added ECOPACK

10/1
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TN12, TS12 and TYNx12 Series

Information fumished is believed to be accurate and reliable. However, STMicroslectronics assumes no responsibility for the consequencas
ol use of such information nor for any infringement of patants or athsr rights of third paries which may result from its use. Nc license is grantsd
by implication or otherwise undar any patent or patent rights of STMicroslectronics. Specifications mentioned in this publication are subject
to change without notice. This publication supersades and repiaces all infermation previously supplied. STMicroelectronics praducis are not
authorized for use ag critical componenis in life suppart devices of systems withou! express written approval of STMicroelectronics.

The ST logo is a registered trademark of STMicroelecironics.
All olhar names are the praperty of their respective owners

© 2005 STMicroelectronics - Al rights reserved
STMicroelectronics group of compeanies
Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - ltaly - Japan -

Malaysia - Malta - Morocco - Singapors - Spain - $weden - Switzerand - United Kingdom - United States of America
www._st.com
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