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Abstract

This project was designed of high voltage switching power supply. This power supply had
maximum voltage about 4KV. And maximum current about 200 mA. The advantages of this
power supply are small size, low weight and more efficiency, This project had many part of
electronics circuit. The main idea is Half-Bridge converter circuit. It was controlled by IC TL 494

for controlled switching of POWER MOSFET.
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, = 0.121 mH
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(67.5uH + 0.121mH )
2 (0.3uF *67.5uH *0.121mH)
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27
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buffers
HEX inverting buffers
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File under Integrated Circuits, |C04
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Philips Semiconductors

Product specification

HEX inverting buffers

HEF4049B
buffers

DESCRIPTION

The HEF4049B provides six inverting buffers with high
current output capability suitable for driving TTL or high
capacilive loads. Since input voltages in excess of the
buffers’ supply voltage are permitted, the buffers may also
be used to conver! logic levels of up to 15 V to standard
TTL levels. Their guaranteed fan-out into common bipolar
logic elernents is shown in the table below.

HEF4049BP{N): 16-lead DIL; plastic (SOT38-1)
HEF4049BD(F): 16-lead DIL; ceramic (cerdip) {SOT74)
HEF4049BT(D): 16-lead SO; plastic (SOT109-1)

( ): Package Designator Norih America

Guaranteed fan-out in common togic families

1| 1e Dcos 15

7269558

Fig.1 Functional diagram.

GUARANTEED
DRIVEN ELEMENT FAN-OUT
standard TTL 2
7415 9
74 L 16

h —DO—DO—-DO—- 04

12745491

Fig.3 Logic diagram (one gate).

16| [151 [1a] [13] 12 1] J1o) |8

nc. O lg nc Os Is O. Lo
D) HEF40498
Voo Oy Iy 0z 13 03 I3 Vsg

1 2 3 4| (5] |8] |7 B
7269501

Fig.2 Pinning diagram.

January 1995

APPLICATION INFORMATION

Some examples of applications for the HEF4049B are:
« LOCMOS to DTLU/TTL converter

s HIGH sink current for driving 2 TTL loads

o HIGH-to-LOW level logic conversion

input protection

input —l:—j—
s

TZ69660.1

Fig.4 Input prolection circuit that allows input

voltages in excess of Vpp.

FAMILY DATA, I, LIMITS category BUFFERS

See Family Specifications



Philips Semiconductors Product specification

HEX inverting buffers HEF4043B
buffers
DC CHARACTERISTICS
Vs =0V, V| =Vsgg orVpp
HEF V\[;D ‘(;’ SYMBOL Ter (°C)
—40 +25 +85
MIN. MAX. MIN. MAX. MN. MAX.
Output (sink) 4,75 0,4 35 - 2.9 - 2,3 - mA
current LOW 10 05 |loL 12,0 - 10,0 - 8,0 - mA
15 1.5 24,0 - 20,0 - 16,0 -~  mA
Output (source) 5 4,6 0,52 - 0,44 - 0,36 -  mA
current HIGH 10 9.5 [—on 1,3 - 1.1 - 0.9 - mA
15 13,5 36 - 30 - 2,4 -  mA
Output (source)
current HIGH 5 25 |—loH 1.7 - 14 - 11 - mA
HEC Voo | Vo SYMBOL Toms {°C)
v v -55 +25 +125
MIiN. MAX. MIN. MAX. MIN. MAX
Output (sink)} 475 04 36 - 28 - 1,8 - mA
current LOW 10 0.5 |ioL 12,5 - 10,0 - 6,7 -  mA
15 1,5 25.0 - 20,0 - 13,0 -  mA
Output (source) 5 4.6 0,52 - 0,44 - 0,36 - mA
current HIGH 10 9.5 |—loH 1,3 - 1.1 - 0.9 -  mA
15 | 135 3,6 - 3,0 - 24 -  mA
V\:}o symeoL | TYP. MAX. TYPICALFg);T:lAJA:;)LATION
Propagation delays 5 35 70 ns 26ns + (0,18 ns/pF)Cy
Ih— On 10 tenL 15 30 ns 11ns + (0,08 ns/pF)C
HIGH to LOW 15 12 25 ns gns + (0,05ns/pF)Cy
5 50¢ 100 ns 23ns + {0,55ns/pF)C,
LOW to HIGH 10 oLn 25 50 ns 14ns + (0,23 ns/pF) Cy
15 20 40 ns 12ns + (0,16 ns/pF) C,
Output transition 5 20 40 ns Ins + {(0,35ns/pF)C
limes 10 L 10 20 ns 3ns + (0,14 ns/pF)Cy
HIGH to LOW 15 7 14 ns 2ns + (0,09 ns/pF)CL
5 60 120 ns 10ns + (1,0ns/pF)C,
LOW to HIGH 10 trin 30 60 ns 9ns + (042ns/pF)CL
15 20 40 ns 6ns + (0,28 ns/pF) C_

January 1995 3



Philips Semiconducters

Product specification

HEX inverting buffers

HEF4049B
buffers

V3° TYPICAL FORMULA FOR P (uW)
Dynamic power 5 2 500 fi+ X (f,C) x Vpp? where
dissipation per 10 11000 f; + T (f.CL) % Vpp? f; = input freq. (MHz)
package (P) 15 35000 + X (foC) % Vpp? f, = output freq. (MHz)

C, = load capacitance (pF)
¥ (foCL) = sum of cutputs
Vpp = supply voltage (V)

January 1995
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Three-Terminal Positive

Voltage Regulators

These voltage regulators are monolithic integrated circuits designed as
fixed—voltage regulators for a wide variety of applications including local,
on—card regulation, These regulators employ intermal current limiting,
thermal shutdown, and safe—area compensation. With adequate heatsinking
they can deliver output currents in excess of 1.0 A. Although designed
primarily as a fixed voltage regulator, these devices can be used with
external components to obtain adjustable voltages and currents.

Packages

Qutput Current in Excess of 1.0 A

No External Components Required

Internal Thermal Overioad Protection

Internal Short Circuit Current Limiting

Qutput Transistor Safe—Area Compensation
Output Voltage Offered in 2% and 4% Tolerance
Available in Surface Mount D2PAK and Standard 3—-Lead Transistor

® Previous Commercial Temperature Range has been Extended to a
Junction Temperature Range of —40°C to +125°C

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE

Order this document by MC7800/D

MC7800,
MC7800A, LM340,
LM340A Series

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connacted to Pin 2.

Pin 1. Input
2. Ground
3. Outpul
D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK)

Heatsink surface {shown as terminal 4 in
case outline drawing) is connected to Pin 2.

MC7B05AC MC7812C 2V
LM340AT-5 50V LM340T-12
MC7805C ’ MC7815AC
LM340T-5 LM340AT-15 15V
MCT7B0BAC 6.0V MC7815C
MC7806C ’ LM340T-15
7818A
MC7808AC 8.0V MC7B18AC 18V
MC7808C MC7818C
MC7809C a0V MC7824AC "y
MC7812AC 12V MC7824C
LM340AT-12
ORDERING INFORMATION
Qutput Voltage Qperating
Device Tolerance Temperature Range Package
MC78XXACT .
Insertion Mount
LM340AT-XX 2%
MC78XXACD2T Surface Mount
Ty =~40°to +125°C
MC7BXXCT
Insertion Mount
LM340T-XX 4%
MC78XXCD2T Surface Mount

STANDARD APPLICATION

Input -I)JI

C. L]
033uF T

Output
P T
=

A common ground is required between the
input and the output voltages. The input voltage
must remain typically 2.0 V above the oulput
voltage even during the low point on the input
ripple voltage.

XX, These two digits of the type number
indicate nominal voltage.

* Cjp is required if regulator is located an
appreciable distance from power supply
filter.

* Cg is not needed for stability; however,
it does improve transient response. Values
of less than 0.1 pF could cause instability.

XX indicates nominal voltage.

© Motorota, Inc, 1997
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MC7800, MC7800A, LM340, LM340A Series

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

Rating Symbol Value Unit
Input Voltage (5.0-18V) V) a5 Vde
(24 V) 40
Power Dissipation
Case 221A
Ta = 25°C PD Internally Limited w
Thermal Resistance, Junction-to—Ambient RgJa 65 “Cw
Thermal Resistance, Junclion-to—-Case RaJc 50 *C/W
Case 936 (D2PAK)
Ta = 25°C Pp Internally Limited w
Thermal Resistance, Junction-to—Ambient Raua See Figure 13 “Ciw
Thermal Resistance, Junction-to—Case RaJa 5.0 cCIwW
Storage Junction Temperature Range Tstg -85 10 +150 °C
Operaling Junction Temperature Ty +150 °C

NOTE: ESD data available upon request.

Representative Schematic Diagram

—w,
MCTB00 R24 5
i 2
Zener
LAT & LAT3A
Q17 Qs RtY
ate 75k
! — QNP Kam
QNPH
€3,,10P R4
o 10k
10
L QNPN i
R18 R21 680 R2
2 100k A22 600 0.2
o = Ve
’ 5.01
R30
Q2 1Bk
QNPN :g— g Sense
/1 o
L0k
15% Q15 30
ONPN 25
L 6.0k
> R16 R10 <
R20 3240-{3316AC
___K a6 17500 50 BasteACT) S R25
QNPN Ak
gm
156k R9
>R5 < 50k §R13
45k SUB 11660
Qt4 1 anz
QNPN o
0P 1 b
o
a3
QNPN
R6
10k

i}
nl}
il
i

This device contains 22 aclive transistors.

2 MOTOROLA ANALOG IC DEVICE DATA




MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (Vin = 10 V, Ig = 500 mA, T = Tigw to Thigh [Note 1], unless otherwise noted.)

MC7805C/LM340T-5

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 4.8 5.0 52 Vde
Output Voltage (5.0 mA <1 €1.0A, Pp < 15W) Vo Vdc
7.0 Vde £ Vi, <20 Vde 475 5.0 525
8.0 Vdc £ Vi £20 Vde - - -
Line Regulation (Note 2) Regjine myv
7.5Vde sV £20 Vde, 1.0 A - 05 20
8.0Vdc g Vjp <12 Vde - 0.8 10
Load Regulation {Note 2) Regjpad my
50mA<In<10A - 1.3 25
50mA<|g<1.5A (Ty =25°C) - 1.3 25
Quiescent Current Ig - 32 6.5 mA
Quiescent Current Change Alg mA
7.0 Vde £ Vjp =25 Vde - 0.3 1.0
50mA<Ip 1.0 A(Tp =25°C) - 0.08 08
Ripple Rejection RR 62 83 - dB
8.0Vde s Vins18Vde, f=120 Hz
Dropout Voltage (I = 1.0 A, T) = 25°C) VI—Vo - 2.0 - Vdc
Output Noise Voltage (Ta = 25°C) Vn - 10 - uViVg
10 Hz < f < 100 kHz
Cutput Resistance f = 1.0 kHz ro - 09 - mgl
Short Circuit Current Limit (T, = 25°C) Isc - 06 - A
Vin = 35 Vde
Peak Output Cumrent (T = 25°C) Imax - 2.2 - A
Average Temperature Coefficient of Qutput Voltage TCVo - -0.3 - my/°C
ELECTRICAL CHARACTERISTICS (Vin =10V, Ig = 1.0 A, T} = Tigw to Thigh [Note 1], unless otherwise noted.)
MCT7805AC/LM340AT-5
Characteristic Symbol Min Typ Max unit
Output Voltage (T = 25°C}) Vo 4.9 5.0 51 Vds
Output Voltage (S.0mA<Ig<1.0A Pp<15W) Vo 4.8 5.0 52 Vdc
7.5 Vde € Vijp 20 Vdc
Line Regulation {Note 2) Regjine mv
7.5 Vdc < Vi < 25 Vdc, lg = 500 mA - 0.5 10
80Vdc<Vips12Vde, Ig=1.0 A - 0.8 12
B.OVdcsVin<s12Vde, lg=1.0A, T)=25C - 1.3 4.0
7.3Vdec€Vin£20Vde, lIg=1.0A, T)=25°C - 45 10
Load Reguiation (Nole 2) Regjoad my
5.0mA<Inp<15A T)=25°C - 1.3 25
50mAgIn=<1.0A - 0.8 25
250 mA <1g < 750 mA - 0.53 15
Quiescent Current I - 3.2 6.0 mA
Quiescent Current Change Alg mA
8.0 Vdc < Vi, £ 25 Vdc, Ig = 500 mA - 0.3 0.8
7.8Vdc £Vjp 20 Vde, T) = 25°C - - 0.8
50mA<inp<s1.0A - 0.08 0.5
Ripple Rejection RR 68 83 - dB
8.0 Vde £Vjn, €18 Vdc, = 120 Hz, Ig = 500 mA
Dropoul Voltage (Ig = 1.0 A, T = 25°C}) V| -Vo - 20 - Vdc
NOTES: 1. Tigy = —40°C for MC78XXAC, C, LM340AT-XX, LM340T-XX Thigh = +125°C for MC78XXAC, G, LM340AT-XX, LM340T-XX
2. Load and line regulation are specified at constant junction temperature. Changes in Vi due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.
3
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) (Vi = 10 V. Ig = 1.0 A, T = Tigy t0 Thigh [Note 1], unless otherwise noted.)

MC7B05AC/LM340AT-5
Characteristic Symbol Min Typ Max Unit
Output Noise Vollage (Tp = 25°C) Vn - 10 - [IAV/3Vg}
10Hz <1< 100 kHz
Output Resistance (f = 1.0 kHz) f'e) - 0.9 - me
Short Circuit Current Limit (Ta, = 25°C) Is¢ - 0.2 - A
Vin = 35 Vde
Peak Qutput Current (T = 25°C) lmax - 2.2 - A
Average Temperature Coefficient of Qutput Vollage TCVo - -0.3 - mv/eC

NOTES: 1. T|gy = —40°C for MC7BXXAC, C, LM340AT-XX, LM340T-XX

Thigh = +125°C far MC7BXXAC, C, LM340AT-XX, LM340T-XX

2, Load and line regulation ara specified at constant junction temperature. Changes in Vg due to heating effects must be faken into account

separately. Pulse testing with low duty cycle Is used.

ELECTRICAL CHARACTERISTICS (Vin = 11V, 1g = 500 mA, T = Tjgw ta Thigh [Note 1], unless otherwise noted.)

MC7806C
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C} Vo 5.75 6.0 6.25 Vde
Output Voltage (50 MA<Ig <1.0A, Pp 15 W) Vo Vdc
8.0 Vdc £ Vi £21 Vde 5.7 6.0 63
9.0 Vdc < Vip s 21 Vdo - - -
Line Regulation, Tj = 25°C (Note 2} Regiine my
8.0 Vdc £ Vi, £ 25 Vde - 0.5 24
9.0 Vde £ Vijp < 13 Vde - 0.8 12
Load Regulation, T) = 25°C (Note 2) Regipad - 1.3 30 my
50mA<in<15A
Quiescent Current (T j = 25°C) g - 33 80 mA
Quiescent Current Change Alp mA
8.0 Vde sV £25Vde - 0.3 1.3
50mA<In<10A - 0.08 05
Ripple Rejection RR 58 65 - dB
9.0 Vdc £ Vjp £ 19 Vde, f= 120 Hz
Dropout Voltage {Ig = 1.0 A, Ty = 25°C) VI -Vo - 20 - Vdc
Output Noise Voltage (Ta = 25°C) Vn - 10 - Vo
10Hz £ <100 kHz
Qutput Resistance f = 1.0 kHz o - 0.9 - me
Short Circuit Current Limit (Ta, = 25°C) Isc - 0.2 - A
Vin = 35 Vde
Peak Quiput Current (T = 25°C) Imax - 2.2 - A
Average Temperature Coefficient of Output Vollage TCVo - 0.3 - mv/rC

NOTES: 1. Tjgy = —40°C for MC7BXXAC, C

Thigh = *125°C for MCTEXXAC, C

2. Load and Yine regulation are specified at constant junction femperature. Changes in Vg3 due to heating effects must be taken into account

separately. Puise testing with low duty cycle is used.
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (Vin =11 V. Ig=10A, T = Tigw 0 Thigh [Nate 1), unless otherwise noted.)

MC7806AC
Characteristic . Symbol Min Typ Max Unit
Output Vaoltage (T = 25°C) Vo 5.88 6.0 6.12 Vde
Output Vollage (S0 mA <l <1.0A Pps15W) Vo 576 6.0 6.24 Vdc
8.6 Vdo s Vi £21 Vde
Line Reguiation (Note 2) Regjine mv
8.6 Vdc £ Vi, £25 Vde, Ig = 500 mA - 5.0 12
9.0Vdes Vips13vde, Ig=1.0A - 1.4 i5
Load Regulation {Note 2) Regload my
50mA<ins1.5A Ty=25°C - 1.3 25
50mA<in<1.0A - 09 25
250 mA <€ I £ 750 mA - 0.2 15
Quiescent Current B - 3.3 6.0 mA
Quiescent Current Change Alg mA
9.0 Vdc £ Vi £ 25 Vdce, I = 500 mA - - 0.8
8.0Vdc £Vin<21Vde, Ig=1.0A,T;=25C - - 08
50mAslng<1.0A - - 05
Ripple Rejection RR 58 65 - dB
9.0 Vde £ Vjp £ 19 Vde, f = 120 Hz, |g = 500 mA
Dropout Voltage (lg = 1.0 A, T) =25°C) V| -Vo - 2.0 - Vde
Qutput Noise Voltage (Ta, = 25°C) Vn - 10 - uwho
10 Hz < <100 kHz
Output Resistance (f= 1.0 kHz) O - 0.9 - ms
Short Circuit Current Limit (Ta, = 25°C) Isc - 0.2 - A
Vin = 35 Vde
Peak Output Current (T = 25°C) lmax - 22 - A
Average Temperature Coefficient of Qutput Voltage TCVo - 0.3 - mv/°C

ELECTRICAL CHARACTERISTICS (Vjn =14V, Ig =500 mA, T | = Tigy to Thigh [Note 1], unless otherwise noted.)

MC7808C
Characteristic Symbo! Min Typ Max Unit
Output Voltage (T = 25°C) Vo 77 8.0 8.3 Vdc
Output Voitage (5.0 mMA <l < 1.0 A, Pp £ 15 W} Vo 7.6 8.0 8.4 vdc
10.5 Vde s Vj, £ 23 Vdo
Line Regulation, Tj = 25°C, (Note 2) Regjine my
10.5 Vde £ Vi, £ 25 Vde - 6.0 32
11 vdc £ Vi < 17 Vde - 1.7 16
Load Regulation, T = 25°C (Note 2} Reg|pad - 14 35 mv
50mALIo<15A
Quiescent Current B - 33 8.0 mA
Quiescent Currgnt Change alg mA,
10.5 Vdc Vi, €25 Vde - - 1.0
S0mA=<Ips10A - - 0.5
Ripple Rejection RR 56 62 - dB
11.5 Vde £ Vi, < 18 Vde, f= 120 Hz '
Dropout Voltage (lo = 1.0 A, T = 25°C) Vi-Vo - 20 - vdc
Cutput Noise Voltage (Tp, = 25°C) Vi - 10 - wWh g
10 Hz £ 1< 100 kHz

NOTES: 1. Tjgw = —40°C for MGTBXXAC, € Thign = +126°C for MCTEXXAC, €

2. Load and line regulation are specified at constant junction temperature. Changes in Vi due to heating eflects must be taken into account
separately, Puise testing with low duty Cycle is used.
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS {continued) (Vip = 14 V, Ig = 500 mA, T} = Tig to Thign [Note 1], unless otherwise noted.)

MC7808C
Characteristic Symbol Min Typ Max Unit
Qutput Resistance f = 1.0 kHz o - 0.9 - mQ
Short Circuit Current Limit {Ta, = 25°C) Isc - 0.2 - A
Vin = 35 vde
Peak Output Current (T = 25°C) lmax - 2.2 - A
Average Temperature Coefficient of Qutput Voltage TCVp - -0.4 - mvrrC

ELECTRICAL CHARACTERISTICS (Vin = 14 V, 10 = 1.0 A, T} = Tigw to Thigh [Note 1], untess otherwise noted.)

MC7808AC
Characteristic Symbol Min Typ Max Unit
Qutput Voitage (T = 25°C) Vo 7.84 8.0 8.16 Vdc
Output Voltage {S.0MA <o £ 1.0 A Pp < 15W) Vo 7.7 8.0 8.3 Vdc
10.6 vde £ Vi £ 23 Vde
Line Regulation (Note 2) Redjine mv
10.6 Vde < Vijp, €25 Vde, Ig = 500 mA - 6.0 15
11 Vde < Vi $17 Vde, ip=1.0A - 1.7 18
10.4 Vdc 5 Vi € 23 Vde, T =25°C - 5.0 15
Load Regulation (Note 2) Regipad my
50mA<Ilgs1.5A T)=25°C - 1.4 25
50mAsSIg<1.0A - 1.0 25
250 mA s 1 < 750 mA - 0.22 15
Quiesgcent Current 2 - 33 6.0 mA
Quiescent Cument Change Alg mA
11 Vde € Vjn < 25 Vde, |g = 500 mA - - 0.8
106 Vde s Vi €23 Vde, Ip=1.0A, T =25C - - 0.8
50mA<ips10A - - 05
Ripple Rejection RR 56 62 - dB
11.5 Vde s Vjn £ 21.5 Vdc, f= 120 Hz, ip = 500 mA
Dropout Voltage {Ilg = 1.0 A, Tj = 25°C}) Vi-Vp - 2.0 - Vdc
Output Noise Voltage {Ta = 25°C) Vn - 10 - WNo
10Hz <15 100 kHz
Output Resistance f = 1.0 kHz re) - 08 - me
Short Circuit Current Limit (Ta = 25°C) Isc - 0.2 - A
Vin = 35 Vdc
Peak Output Current (T j = 25°C) Imax - 22 - A
Average Temperature Coefficient of Qutput Voitage TCVo - -0.4 - mv~cC

NOTES: 1. T|gy, = —40°C for MCTBXXAC,C  Thgh = +125°C for MC7BXXAC, C

2. Load and line regulation are specified at constant junction temperatura, Chenges in Vg due to heating efiects must be laken into account

separately. Pulse testing with low duty cycle is used.
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MC7800, MC7800A, LM340, LM340A Series
ELECTRICAL CHARACTERISTICS (Vip = 15V, Ig = 500 mA, T = Tiow 10 Thigh [Note 1], unless otherwise noted.)

MC7809CT
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 8.65 9.0 9.35 Vde
Qutput Voltage (5.0 mA s lo £1.0A, Pp s 15 W) Vo 8.55 9.0 9.45 Vdc
11.5 Vdo £ Vi, € 24 Vde
Line Regulation, T = 25°C (Note 2) Réegjine ] mv
11 Vde £ Vi, £ 26 Vdo - 6.2 32
11.5Vdc £ Vi £ 17 Vdo - 1.8 16
Load Regulation, T} = 25°C (Note 2) Regipad - 1.5 35 my
50mAsin<15A
Quiescent Current B - 34 80 mA
Quiescent Current Change Alg mA
11.5 Vdg < Vi, £ 26 Vde - - 1.0
50mAsio<10A - - 0.5
Ripple Rejection RR 56 61 - dB
11.5Vdc € Vjp £21.5 Vde, 1= 120 Hz
Diropout Voltage {lo = 1.0 A, Tj = 25°C) Vi-Vgo - 20 - Vde
Output Noise Voltage (Ta = 25°C) Vi - 10 - uvig
10 Hz = f< 100 kHz
Qutput Resistance f = 1.0 kHz ro - 10 - m&
Shorl Circuit Current Limit (Ta = 25°C) Isc - 0.2 - A
Vip = 35 Vde
Peak Output Current (T y = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVQo - -05 - mV/°C
ELECTRICAL CHARACTERISTICS (Vin = 19V, Ig = 500 mA, T = Tigw to Thigh [Note 1], unless otherwise noted.)
MC7812C/LM340T-12
Characteristic Symbol Min Typ Max Unit
Output Voltage (T) = 25°C) Vo 1.5 12 125 Vde
Qutput Voltage (5.0 mA <ln < 1.0 A Pp 2 15W) Vo 11.4 12 126 Vdc
14,5 Vdc € Vi < 27 Vdc
Line Regulation, Tj = 25°C (Note 2) Regline mv
14.5 Vde £ Vijp < 30 Vde - 38 24
16 Vdc < Vjp £ 22 Vdc - 0.3 24
14.8Vdec sVjp =27 Vde, I =1.0A - - 48
Load Regulation, T =25°C (Note 2) Reg|cad - 8.1 &0 my
50mA<Ins15A
Quiescent Current )2 - 3.4 6.5 mA
Quiescent Current Change Alg mA
14.5Vde £ Vi €30 Vde, I = 1.0A, T} = 25°C - - 07
15 Vdc < Vi £330 Vde - - 0.8
5.0mAsin=21.0A - - 05
Rippie Rejection RR 55 60 - dB
15Vdc < Vip €25 Vde, 1 =120 Hz
Dropout Voltage {(Ig = 1.0 A, T) = 25°C) Vi-Vo - 20 - Vdc
NOTES: 1. Tigy = —40°C for MC7BXXAC, C, LM340AT-XX, LM340T-XX  Tpgy = +125°C tor MC78XXAC, C, LM340AT-XX, LM340T-XX
2. Load and line regulation are specified at canstant junction temperature. Changes in Vg due to heating effects must be taken into account
separalely. Pulse testing with low duty cycle is used,
7
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) (v, = 19V, Ig =500 mA, T | = Tigw 10 Thigh [Note 1], unless otherwise noted.)

MCT812C/LM340T-12
Characteristic Symbol Min Typ Max Unit

Oulput Noise Voltage (Ta = 25°C) Vi - 10 - wWwho

10 Hz <1< 100 kHz
Output Resistance f = 1.0 kHz 0 - 1.1 - me2
Short Circuit Current Limit (Tp = 25°C) Isc - 0.2 - A

Vin = 35 Vde
Peak Qutput Cumrent (T ) = 25°C) Imax - 22 - A
Average Temperature Coefficient of Qutput Valtage TCVQ - —0.8 - myfeC

ELECTRICAL CHARACTERISTICS (Vi =19V, Ip = 1.0 A, T) = Tjpy to Thigh [Note 1], unless otherwise noted.)

MC7812AC/LM340AT-12
Characteristic Symbol Min Typ Max Unit
Qutput Voltage (T = 25°C) Vo 11.75 12 12.25 Vdc
Output Voltage (5.0 mA slg 1.0 A, Pp s 15 W) Vo 11.5 12 125 Vdc
14.8 Vdc € Vi < 27 Vde
Line Regulation (Note 2) Regline my
14.8 Vdc 2 Vi < 30 Vdc, 1 = 500 mA - 38 18
16VdcsVip €22 Vde, Ig=1.0A - 22 20
14.5Vdc € Vi, £ 27 Vde, T = 25°C - 6.0 120
Load Regulation (Note 2) Regload mv
50mAsIn<1.5A,T)=25C - - 25
50mASIo<1.0A - - 25
Quiescent Current B - 34 6.0 mA
Quiescent Current Change Alp mA
15 Vdc 5 Vi, < 30 Vdc, Ig = 500 mA - - 08
14.8 Vdc € Vi § 27 Vdg, T) = 25°C - - 08
50mASin<1.0A T)=25C - - 05
Ripple Rajection RR 55 60 - dB
15Vdc € Vi, § 25 Vdg, £ =120 Hz, 1o = 500 mA
Dropout Voltage (lg = 1.0 A, T = 25°C) V|- Vo - 2.0 - Vde
Qutput Noise Voltage (Ta = 25°C) Vn - 10 - uvhvn
10 Hz <15 100 kHz
Qutput Resistance {f = 1.0 kiHz) o - 1.1 - ms)
Short Circuit Current Limit (Tp = 25°C) Isc - 0.2 - A
Vin =35 Vdc
Peak Qutput Current (T j = 25°C) max - 22 - A
Average Temperature Coeflicient of Qutput Voltage TCVqo - -0.8 - myeC

NOTES: 1. Tigy, = —40°C for MCTBXXAC, C, LMISQAT-XX, LM340T-XX  Thigh = +125°C for MCTEXXAC, C, LM340AT-XX, LM340T-XX

2. Load and line regulation are spacified at constant junction temperature. Changes in Vg due to heating effects must be taken inlo account
separately. Pulse testing with low duly cycle is used,
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (Vi = 23 V, 19 = 500 mA, T = Tigw to Thigh [Note 1], unless otherwise noted.)

MC7815C/LM340T-15
Characteristic Symbof Min Typ Max Unit
Qutput Voltage (T = 25°C) Vo 14.4 15 15.6 Vde
Qutput Voltage (5.0 MA <10 1.0 A, P <15 W) Vo 14.25 15 1575 Vde
17.5Vde £ Vi £ 30 Vdc
Line Regulation, Ty = 25°C (Note 2) Regjine mv
17.9Vde < Vi, £ 30 Vde - 8.5 30
20 Vdc S Vi < 26 Vde - 3.0 28
Load Regulation, T = 25°C {Note 2) Regjoad - 1.8 55 my
50mA<inps15A
Quiescent Current B - a5 65 mA
Quiescent Current Change Alg mA
17.5 Vde < Vi < 30 Vde - - 08
17.5Vde £ Vip €30 Vde, 10 = 1.0 A, T = 25°C - - 07
50mAsSlostO0A - - 0.5
Ripple Rejection RR 54 58 - dB
18.5Vdc £ Vin £ 28.5Vdc, f= 120 Hz
Dropout Voltage (I = 1.0 A, Tj = 25°C) V| =~Vo - 20 - Vde
Qutput Noise Voltage (Ta = 25°C) Vn - 10 ~ uVAVo
10 Hz <1< 100 kHz
QOutput Resistance { = 1.0 kHz ro - 1.2 ~ mQ
Shorl Circuit Current Limit (Ta = 25°C) Isc - 0.2 - A
Vin =35 Vde
Peak Quiput Current (T j = 25°C) Imiax - 2.2 -~ A
Average Temperature Coeflicient of Qutput Voltage TCVQo - -1.0 -~ mv/C
ELECTRICAL CHARACTERISTICS (Vin =23V, ig = 1.0 A, T, = Tiow 10 Thign [Note 1), unless otherwise noted.)
MCT7815AC/LM340AT-15
Characteristic Symbol Min Typ Max Unit
Qutput Voltage (T) = 25°C) Vo 14.7 15 15.3 Vdc
Output Voltage (5.0 mA <10 <1.0A, PpS15W) Vo 14.4 15 156 Vdc
17.9 Vde 5 Vip < 30 Vdc
Line Regulation {Note 2) Regjine mV
17.9 Vde £ Vi £ 30 Vde, I = 500 mA - 8.5 20
20 Vdc s Vjp < 26 Vde - 3.0 22
17.5Vdec g Vin €30 Vde, o= 1.0 A, Ty = 25°C - 7.0 20
L oad Regulation (Note 2) Regload mv
50mALIn<1.5A, Ty=25C - 1.8 25
50mAsSins10A - 1.5 25
250 mA <l <750 mA - 12 15
Quiescent Current ] - 35 6.0 mA
Quiescent Current Change Alg mA
17.5 Vde < Vi, £ 30 Vdc, Ig = 500 mA - - 0.8
17.5Vde £ Vin £30Vde, 0= 1.0 A, Ty=25°C - - 0.8
50mA<Igs1.0A - - 0.5
NOTES: 1. Tigw = —40°C {or MC7BXXAC, C, LM34DAT-XX, LM340T-XX Thigh = +125°C for MC7BXXAC, C, LM340AT-XX, LM340T-XX
2. Load and line regulation are specified al constant junclion temperature. Changes In Vy due to healing efiects must be taken into account
separately. Pulse testing with low duty cycle Is used.
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MC7800, MC7800A, LM340, LM340A Series

ELECTRIGAL CHARACTERISTICS (continued) (Vin =23V, lg = 1.0 A, T, = Tiow to Thigh [Note 1], uniess otherwise noted.)

MC7815AC/LM340AT-15
Characteristic Symbol Min Typ Max Unit
Ripple Rejection RR 60 B0 - dB
18.5 Vde < Vi £28.5 Vde, f = 120 Hz, Ig = 500 mA
Dropout Voltage (I = 1.0 A, T = 25°C) Vi=-Vp - 2.0 - Vdc
Output Noise Voltage (Ta = 25°C) Vn - 10 - uiVg
10 Hz <1< 100 kHz
Output Resistance f = 1.0 kHz o) - 1.2 - mQ
Short Circuit Current Limit (T, = 25°C) Isc - 0.2 - A
Vip = 35 Vde
Peak Output Current (T = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - ~1.0 - mvFiPC

ELECTRICAL CHARACTERISTICS (Vin = 27 V, 10 = 500 mA, T = Tigyw to Thigh [Note 1], unless otherwise noted )

MC7818C
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 17.3 18 18.7 Vdc
Quiput Vaoltage (5.0 mA <10 <1.0A, Pps15W) Vo 17.1 18 18.8 Vde
21 Vde £ Vi, £ 33 Vdc
Ling Regulation, {Note 2) Regfine my
21 Vdc s Vin £33 Vde - 9.5 50
24 Vdg < Vi <30 Vdo - 3.2 25
Load Regulation, (Note 2) Reg|gad - 2.0 55 mv
50mAslg<15A
Quiescent Current iB - 35 6.5 mA
Quiescent Current Change alg mA
21 Vdc £ Vijy £33 Vde - - 1.0
50mAsIog<10A - - 0.5
Ripple Rejection RR 53 57 - dB
22 Vdc s Vip £33 vde, f = 120 Hz
Dropout Valtage (g = 1.0 A, Tj = 25°C}) Vii=Vo - 2.0 - Vde
Cutput Noise Voltage (Ta = 25°C) Vn - 10 - IS
10 Hz < f < 100 kHz
Qutput Resistance 1 = 1.0 kHz e} - 1.3 - mQ
Short Cireuit Current Limit (Ta = 25°C) Isc - 0.2 - A
Vip = 35 Vde
Peak Qutpul Current (T = 25°C} Imax - 22 - A
Average Temperature Coefficient of Output Voitage TCVo - -1.5 - mvre

NOTES: 1. Tigw = —40°C for MCT8XXAC,C  Thigh = +125°C for MC78XXAC, C

2. Load and line regulation are specified at constant junction temperature. Changes in Vi due to heating effects must be taken into account
separetely. Pulse testing with Jow duty cycle is used.
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MC7800, MC7800A, LM340, LM340A Series
ELECTRICAL CHARACTERISTICS (Vi =27 V, lg=1.0A,T)="Tigw to Thigh [Note 1}, unless otherwise noted.)

MC7818AC
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 17.64 18 18.38 Vde
Qutput Voliage (5.0 mA< 10 £ 1.0 A, Pps15W) Vo 17.3 18 18.7 Vdc
21Vde £ Vip £33 Vde
Line Regulation (Note 2) Regjine my
21 Vde £Vjn £33 Vde, | = 500 mA - 95 22
24Vde £Vin €30 Vde, Io=10A - 32 25
24 Vde £ Vi 830 Vde, Io=1.0A, T = 25°C - 3.2 10.5
20.6 Vdo 5 Vin 33 Vdc, lg = 1.0 A, T = 25°C - 8.0 22
Load Regulation (Note 2) Regjoad mv
50mA<gigs1.5A Ty=25C - 20 25
50mAslg<1.0A - 1.8 25
250 mA s lp S 750 mA - 1.5 15
Quiescent Current B - 35 6.0 mA
Quiescent Current Change Alg mA
21 Vde 5 Vin £33 Vdg, 1 = 500 mA - - 0.8
21.5 Vde 5 Vip £30 Vdg, T = 25°C - - 08
50mAsgins10A - - 05
Ripple Rejection RR 53 57 - dB
22 Vdc < Vjp £ 32 Vdc, T = 120 Hz, Ig = 500 mA
Dropout Voltage (In = 1.0 A, T j = 25°C) Vi-Vo - 20 - Vde
Output Noise Voltage (Ta = 25°C) Vi - 10 - RV
10Hz= {5 100kHz
Oulput Resistance f = 1.0 kHz 0 - 13 - ms
Short Circuit Current Limit {Tp, = 25°C) Isc - 0.2 - A
Vin = 35 Vdc
Peak Output Current (T j = 25°C) Imax - 2.2 - A
Average Temperature Coefficient of Quiput Voltage TCVG - -1.5 - mvi/°G

ELECTRICAL CHARACTERISTICS (Vi = 33 V, I = 500 mA, T} = Tigw 10 Thigh [Note 1], unless otherwise noted.)

MC7824C
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C}) Vo 23 24 25 Vdc
Output Voltage (5.0 mA <l <1.0A Pps15W) Vo 228 24 25.2 Vdc
27 Vdc 5 Vi £ 38 Vde
Line Regulation, (Nole 2} Regjine my
27 Vdc s Vip £ 38 Vde - 2.7 60
30 Vdc £ Vin £ 36 Vdc - 2.7 48
Load Regulation, (Note 2) Reg|gad - 44 65 my
50mAgIno<15A
Quiescent Current 2] - 36 6.5 mA
Quiescent Current Change alg mA
27 Vdc £ Vi, £ 38 Vde - - 1.0
50mAsSios1.0A - - 0.5

NOTES: 1. Tiow = —40°G for MG78XXAG. G Thign = +125°G for MCTEXXAC, G

2. Load and line regulation are speclfied at constant junction temperature. Changes in Vg due to heating effects must be taken into account
saparately. Pulse testing with low duty cycle is used.

MOTOROLA ANALOG IC DEVIGE DATA 11




MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) (Vin = 33 V, 10 = 500 mA, T = Tjgy 10 Thigh [Note 1], unless otherwise noted.)

MC7824C
Characteristic Symbol Min Typ Max Unit
Ripple Rejection RR 50 54 _ dB
28 Vdc £ Vin £ 38 Vde, { = 120 Hz
Dropout Voltage (ln = 1.0 A, T = 25°C) Vi-Vo - 2.0 - Vdc
Output Noise Voltage (T = 25°C) Vi - 10 - pvNo
10 Hz < f £ 100 kHz
Cutput Resistance f = 1.0 kHz ro - 1.4 - ma
Short Circuit Current Limit (T = 25°C} Igc - 0.2 - A
Vin = 35 Vde
Peak Output Current (T = 25°C) Imax - 2.2 - A
Average Temperature Coeflicient of Output Voltage TCVo - =2.0 - mv/°C
ELECTRICAL CHARACTERISTICS (Vin =33 V.10 = 1.0 A, T = Tigw t0 Thigh [Note 1], unless ctherwise noled.)
MC7824AC
Characteristic Symbol Min Typ Max Unit
Cutput Voltage (T = 25°C) \e) 235 24 245 Vdc
Qutput Voltage (5.0 mA<in <1.0A Pp<iSW) Vo 23.2 24 25.8 Vdc
27.3Vde £ Vip £ 38 Vde
Line Regulation (Note 2} Regline my
27 Vdc £ Vin < 38 Vdc, 1o = 500 mA - 11.5 25
30Vde £Vin 38 Vde, Ip =1.0A - 38 28
30 Vde £ Vijp £36 Vde, Ty = 25°C - 38 12
26.7Vdc £ Vip £38Vde, 1o =1.0A, T =25°C - 10 25
Load Regulation (Note 2) Regioad mv
50mA<ig<15A T)=25C - 2.1 15
50mA<In<10A - 2.0 25
250 mA £ Iy £ 750 mA - 18 15
Quiescent Current Ig - 36 6.0 mA
Quiescent Current Change Alg mA
27.3 Vdc £ Vin €38 Vdc, Ig = 500 mA - - 08
27T Vdo £ Vin £38Vde, Ty = 25°C - - 08
S50mAsIn<s10A - - 0.5
Ripple Rejection RR 45 54 - dB
28 Vdc £ Vi, £ 38 Vde, f =120 Hz, 1o = 500 mA
Dropout Voltage (Ig = 4.0 A, Tj = 25°C) Vi-Vo - 2.0 - Vde
Qutput Noise Voltage (Ta = 25°C) Vn - 10 - pVAQ
10 Hz < f < 100 kHz
Output Resistance (f = 1.0 kHz) o - 1.4 - mg
Short Circuit Current Limit (Tp, = 25°C) Isc - 0.2 - A
Vin = 35 Vde
Peak Qutput Cument (T j = 25°C) lmnax - 2.2 - A
Average Temperature Coeflicient of Cutput Voltage TCVo - -2.0 - mv/C

NOTES: 1. Tjgw = —40°C for MCTEXXAC, € Thigh = +125°C for MCT8XXAC, €

2. Load and line regulation are specified at constant junction tempgrature. Changes in Vg due to heating effects must be 1aken into account
separalely. Pulse testing with low duty cytle is used.

12 MOTOROLA ANALOG IC DEVICE DATA




MC7800, MC7800A, LM340, LM340A Series

Figure 1. Peak Output Current as a Function of
Input/Output Differential Voltage (MC78XXC, AC)
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Figure 3. Ripple Rejection as a Function of
Frequency (MC7BXXC, AC)
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Figure 5. Output Impedance as a Function of
Output Voltage (MC78XXC, AC)
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Figure 2. Ripple Rejection as a Function of
Output Voltages {(MC78XXC, AC)
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Figure 4. Output Voltage as a Function of
Junction Temperature (MC7805C, AC}
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MC7800, MC7800A, LM340, LM340A Series
APPLICATIONS INFORMATION

Design Considerations

The MC7800 Series of fixed voltage regulators are
designed with Thermal Overioad Protection that shuts down
the circuit when subjected to an excessive power overioad
condition, Internal Short Circuit Protection that limits the
maximum current the circuit will pass, and Qutput Transistor
Safe-Area Compensation that reduces the output short
circuit current as the voltage across the pass transistor is
increased.

In many low current applications, compensation
capacitors are not required. Mowever, it is recommended
that the regulator input be bypassed with a capacitor if the
regulator is connected to the power supply filter with long

Figure 7. Current Reguiator

tnputh—OJl MC7805 I
0.33pf A R R

Constant
I Current to
= —» Grounded
o Load

The MCT7800 regulators can also be used as a curent source when
connected as above. In order to minimize dissipation the MCTBOSC is
chosen in this appication. Resistor R determines the current as follows:

50V
o="R te

1
Ig = 3.2 mA over line and load changes.

For example, a 1.0 A current source would require R to be a 5.8 £,
10W resistor and the output voltage compliance would be the input
voltage tess 7.0V,

Figure ©. Current Boost Regulator

Rsource MJ2955 or Equiv.
Input .9 ..T_
0.33pF
oot pverwa B B
MC78XX Gutput
| — _{ —
210|.1FI 1.0uF:[: = :E1.OHF

XX = 2 digits of type number Indicating voltage.

The MCT800 series can be current boosted with a PNP transistor. The
MJ2955 provides current to 5.0 A, Resistor R in conjunction with the Vg
of the PNP determines when the pass transistor begins conducting; this
circuitis not short circuil proof. Inpulioutput differential voltage minimumis
increased by Vg of the pass transistor,

wire lengths, or if the output load capacitance is large. An
input bypass capacitor should be selected to provide good
high—frequency characteristics to insure stable operation
under all load conditions. A 0.33 uF or larger tantalum,
mylar, or other capacitor having low internal impedance at
high frequencies should be chosen. The bypass capacitor
should be mounted with the shortest possible leads directly
across the regulators input terminals. Normally good
construction techniques should be used to minimize ground
loops and lead resistance drops since the regulator has no
external sense lead.

Figure 8. Adjustable Output Regulator

OJ MC7805 }—C +

Qutput

Input

At
I
(=
w
[
=
)

= 0.1pF

3

2 —i_ >
Vo=70Vio20V
ViN=Vo 220V

The addition of an operational amplifier allows adjustment to higher or
intlermediate values while retaining reguiation characteristics. The
minimum voltage oblainable with this arrangementis 2.0V greaterthan the
regulator vollage.

Figure 10. Short Circuit Protection

MJ2955

or Equiv.

Rsource Rse

Input

2N6049
or Equiv.

XX = 2 digits of type number indicating voltage.

The circuit of Figure 9 can be modified lo provide supply proteclion against
short circuils by adding a short circuil sense resistor, Rgg, and an
additional PP lransistor, The current sensing PNP must be able io handle
the short circuit curen! of the three-terminal regulator. Therefore, a
four-ampere plastic power transistor is specified.
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MC7800, MC7800A, LM340, LM340A Series

Figure 1\1. :\:forstTCase Power Dissipation versus Figure 12. Input Output Differential as a Function
N mbient Temperature (Case 221A) of Junction Temperature (MC78XXC, AC)
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Figure 13. D2PAK Thermal Resistance and Maximum
Power Dissipation versus P.C.B. Copper Length
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DEFINITIONS
Line Regulation — The change in output voltage for a Quiescent Current — That part of the input current that is
change in the input voltage. The measurement is made under not delivered to the load.
conditions of low dissipation or by using pulse techniques such Output Noise Voltage ~ The rms ac voltage at the output,
that the average chip temperature is not significantly affected. with constant foad and no input ripple, measured over a
Load Regulation — The change in output voltage for a specified frequency range.
change in load current at constant chip temperature. Long Term Stability — Culput voltage stability under
Maximum Power Dissipation — The maximum total accelerated life test conditions with the maximum rated
device dissipation for which the regulator will operate within voltage listed in the devices’ electrical characteristics and
specifications. maximum power dissipation.

Motorola reserves the right o make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any parlicular purpose, ner does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically diselaims any and all liability, including without limitation consequential or Incldental damages. “Typical™ parameters which may be pravided in Motorola
data sheets and/or specifications can and do vary in different applications and actusl perlormance may vary overtime. Allgpersting parameters, including *Typicals®
must be validated for each customer application by customer’s technical exparts, Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for usa as components in systemns intended for surgical implant into the body, or othar
applications intended to support or sustain life, or for any other application in which the failure of the Moterola product could ¢reate a situation where personal injury
ordeath may occur, Shouid Buyer purchase oruse Motorola praducts for any such unintended or unauthorized application, Buyer shall indemnity and hold Motorola
and its officers, employees, subsidigries, affiliates, and distributars harmless ageinst all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly, &ny claim of personal injury or death assoclated with such unintended or unauthorized use, even If such ¢laim alleges that
Motorola was negligent regarding the daslgn or manufactura of the part. Motorola and @ are registered tradernarks of Motorola, Inc, Motorola, Inc. is an Equal
Qpporiunity/Aflirmative Action Employer,
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MC7800, MC7800A, LM340, LM340A Series

0142 J 0147 | 361 | M
0085 | 0.165 | 242 | 266
0110 { 0155 | 280 [ 393
D018 | 0028 | 046 [ 064
0.500 | 0.562 | 12.70 | 14.27
0.045 | 0069 [ 115 .52
0190 | 0210 | 4,83 .33

OUTLINE DIMENSIONS
T SUFFIX
PLASTIC PACKAGE
CASE 221A-08
ISSUE Y
NOTES:
—== seami 1 w:asr:ls%lznc AND TOLERANCING PER ANSI
PLANE 2. CONTROLLING DNMENSION: #WCH.
F el C e 3. DIMZ DEFINES A ZONE WHERE ALL BODY AND
T— LEAD IRREGULARITIES ARE ALLOWED.
..___l le— 8§
T ,‘ INCHES | MILLIMETERS
MIN_| MAX | MIN | MAX
A — 0570 | D620 [ 1448 | 1505
0380 | 0405 | 0.66 | 10.28
1 U 0160 | 0.19%0 | 407 | 4.82
T 0.025 | 0.036 | 064 | DOE
K

Ncc-cm:nozn-xL'tﬁ-nenwbg

¢ R 0.400 | 0.120 2.54 ]
J 080 | 0110 | 204 [ 2.9
45 | G055 | 115 | 139
735 | 0255 | 587 | BT
0000 | 0050 | 000 | 127
0045 | - | 145 [ -
- [ooeo ] — | 3
D2T SUFFIX
PLASTIC PACKAGE
CASE 936-03
{D2PAK)
ISSUE B NOTES:
1 DIMENSIONTNG AND TOLERANCING PER ANSH
Y14.5M, 1962,
- TERMINAL 4 2 CONTROLLING (RMENSION: INCH.
| 3 TAB CONTOUR OPTIONAL WITHIN DIMENSIONS
het— le—u -| AANDK,
4 DIMENSIONS U AND V ESTABLISH A MINTMUM

MOUNTING SURFACE FOR TERMINAL 4.
DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TQ EXCEED
0.025{0.635) MAX (M.

=3

INCHES MILLIMETERS
M| MIN MAX MIN MAX,
0386 ) 0403 | AB04 110.236
0.356 | 0.368 | 0.042 | 9347
0170 1 0.980 } 4318 | 4572
0.026 | 0.036 | Q.660 % 0.004
0045 | 0055 | 1.143 | 1.397
0.051 REF 1.295 REF
0100 BSC 2540 B5C
0.539 i 0579 15.591 14.707
s MAX_{_ STTSMAX |
0.050 REF 1.2ro REF
0.000 | 0010 | 0000 | 0254
0088 [ 0402 | 2235 | 2581
0.018 | 0026 | 0457 | 0650
0.058 | 0078 | 1.473 | 1.981
S°REF S“REF
0.116 REF _2.846 REF
0200 MIR 5.080 MIN
0.250 MIN 6.350 MIN
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Three-Terminal Negative
Voltage Regulators

The MC7900 series of fixed output negative voltage regulators are
intended as complements to the popular MC7800 series devices. These
negative regulators are avaitable in the same seven-voliage options as the
MC7800 devices. In addition, one extra voltage option commonly employed
in MECL systems is alsc available in the negative MC7900 series.

Available in fixed output voltage options from -5.0 V to —24 V, these
regutators employ current limiting, thermal shutdown, and safe-area
compensation — making them remarkably rugged under most operating
conditions. With adequate heatsinking they can deliver cutput currents in
excess of 1.0 A
* No External Components Required
¢ |nternal Thermal Overload Protection
® [nternal Short Circuit Current Limiting
& Qutput Transistor Safe—Area Compensation
* Available in 2% Voltage Tolerance (See Ordering Information)

Representative Schematic Diagram

Gnd
O
40%§ Ry
Ry
O
10k Vo
x
p—

20pF y
) 1 4t L
10pF| 10k

:|~m_ N ‘
20k 20k s T o

20K 03

1.1%

750

V)
This device contains 26 active transistors. '

ORDERING INFORMATION

Order this document by MC7900/D

MC7900
Series

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

T SUFFIX \
PLASTIC PACKAGE

CASE 221A
Heatsink surface / f
connecied to Pin 2. 7
4)
2
3
Pin 1. Ground
2. Input
3, Output
D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK) 2

3

Heatsink surface (shown as terminal4 in
case outiine drawing} is connected to Pin 2.

STANDARD APPLICATION

Input MGCTIXX Output

in’ c
0.33 uF T T 1.8|.1F

A common ground is required between the input
and the output voltages. The input voltage must
remain typically 2.0 V above meore negative even
during the high point of the input ripple voltage.

XX, These two digits of the type number
indicate nominal voltage.
* Cin is required if regulator is located an
appreciabte distance from power supply filter.
** Cg improve stability and transient response.

DEVICE TYPENOMINAL OUTPUT VOLTAGE

Output Voltage Operating
Device Tolerance Temperature Range Package

MC7IXXACD2T 2%

Surface Mount
MC79XXCD2T 4%

Ty=0"to+125°C

MC79XXACT 2%

Insertion Mount
MCTIXXCT 4%
MC79XXBD2T Surface Mount

4% Ty =~40°to +125°C

MCT9XXBT Inserion Mount

XX indicates nominal voltage.

MC7905 50V MC7912 12V
MC7905.2 52V MCT915 15V
MC7906 60V MC7918 8V
MC7308 8oV MC7924 24V

© Motorola, Inc, 1998 RevB




MC7900
MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (-5.0V2Vgo 2-18V) V) -35 Vde
(24 V) —40
Power Dissipation
Case 221A
Ta = +25°C Pp Internally Limited w
Thermal Resistance, Junction~to—-Ambient 8JA 65 °CIW
Thermal Resistance, Junction—-to-Case 8Jc 50 °CIW
Case 936 (DZPAK)
Ta = +25°C Pp internally Limited W
Thermal Resistance, Junction—to—Ambient LET 70 °CIW
Thermal Resistance, Junction-tc—Case 8c 5.0 °CIW
Storage Junction Temperature Range Tstg =65 to +150 °C
Junction Temperature Ty +150 °C
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermal Resistance, Junction—to—Ambient RaJa 65 °Ciw
Thermal Resistance, Junction—tc—Case RgJc 5.0 *CIw
MC7905C
ELECTRICAL CHARACTERISTICS (V| =-10V, Ig = 500 mA, 0°C < T < +125°C, unless otherwise noted.}
Characteristics Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -48 -50 -52 Vdc
Line Regulation {Note 1) Regjine mv
{T) = +25°C, lp = 100 mA)
-7.0Vdcz Vi 2-25Vde - 7.0 50
-80vdc2V|2-12Vdc - 2.0 25
(Tg = +25°C, g = 500 mA)
—-7.0vdczV|2-25Vdc - 35 100
-8.0Vde 2V|2-12Vdc - 8.0 50
Load Regulation, Tj = +25°C (Note 1) Reg|gad mv
50mAslp=s15A - 1 100
250 mA 5 |l s 750 mA - 4.0 50
Output Voltage Vo Vdc
-70VdczV|2-20Vde, 5.0 MASIg<1.0A P15W -4.75 - -5.25
Input Bias Current (T ) = +25°C) s - 43 8.0 mA
Input Bias Current Change Ahg mA
~-7.0Vdca vVi2-25Vdc - - 1.3
50mA<ins15A - - 05
Qutput Noise Voltage (Ta = +25°C, 10 Hz €1 <100 kHz) Vn - 40 - uv
Ripple Rejection {lg = 20 mA, f = 120 Hz) RR - 70 - dB
Dropout Voltage Vi-Vo Vde
In=1.0A,Tj=+25°C - 20 -
Average Temperature Coeflicient of Output Voltage AVOIAT mv/°C
lo=5.0mA, 0°C 5T ) £+125°C - -1.0 -

NOTE: 1. Loed and line regutation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account separately,
Pulse tesling with low duty cycle is used.
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MC7900

MC7905AC
ELECTRICAL CHARACTERISTICS (V| = =10 V, I = 500 mA, 0°C < T < +125°C, unless otherwise noted.)
Characteristics Symbo! Min Typ Max Unit
Qulput Voltage (T = +25°C) Vo -49 -50 -5.1 Vde
Line Regulation {Note 1) Regjine mv
-8.0Vdc2 V|2 -12Vdc; in =1.0A, T = +25°C - 20 25
~80VdcaViz-12Vde: ln =1.0A - 7.0 50
~7.5Vdc 2 V| 2 -25 Vde; |g = 500 ma, - 7.0 50
~7.0Vdc 2V 2-20 Vdc; |g = 1.0 A, Ty = +25°C - 6.0 50
Load Regulation (Note 1) Regoad mv
SOmMASIno<S15A T =+25°C - 11 100
250 mA <1 5 750 mA - 4.0 50
50mAsglpzi0A - 9.0 100
Qutput Voltage \s) Vde
~7.5Vdc2V)2-20Vde, 5.0 mA< Q< T0A Ps15W -4.80 - -5.20
Input Bias Current B - 44 8.0 mA
Input Bias Current Change AT mA
~7.5Vdc 2 V| 2-25 Vdc - - 1.3
50mAslp<inA - - 05
S50mA<Ig<15A T)=+25°C - - 05
Qutput Noise Valtage (T = +25°C, 10 Hz <1< 100 kHz) Vi - 40 - Yy
Ripple Rejection (Ig = mA, f = 120 Hz) RR - 70 - dB
Dropout Voltage Vi-Vo Vdc
lg=1.0A T =+25C - 20 -
Average Temperature Coefficient of Quiput Vollage AVOIAT mvi°C
lo=50A,0°C<T;<+125°C - -1.0 ~
MC7905.2C
ELECTRICAL CHARACTERISTICS (v} = -10 V, Ig = 500 mA, 0°C < T < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Ouiput Voltage (T = +25°C) Vo -5.0 -5.2 -54 Vdc
Ling Regulation {(Note 1) Regiine my
(T} = +25°C, Ip = 100 mA)
-7.2Vdc 2 V| 2-25Vde - 8.0 52
-8.0Vdc 2 V) 2-12 Vde - 22 27
(Ty = +25°C, I = 500 mA}
~7.2Vdc 2 V| 2-25Vde - a7 105
-8.0Vdc 2V 2-12 Vde - 8.5 52
Load Regulation, T4 = +25°C {Note 1) Regjoad my
50mA<ips15A - 12 105
250mA €1 < 750 mA - 4.5 52
Qutput Voltage Vo Vde
~F.2vdezV z-20Vdc, 5.0mA<In s 1.OA PSISW —4.95 - =545
Input Bias Current (T = +25°C}) ;] - 4.3 8.0 mA
Input Bias Current Change AR mA
~7.2Vdc2 V2 -25Vde - - 1.3
50mA=<in<15A - - 05
Qutpul Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz} Vn - 42 - uv
Ripple Rejection {Ig =20 mA, { = 120 Hz) RR - 68 - dB
Dropout Voltage V|-Vo Vdc
lo=1.0A,T)=+25C - 20 ~
Average Temperature Coefiicient of Qutput Voltage AVQIAT mv/{°C
Ip=50mA, 0°C £T)<+125°C - -1.0 -

NOTE: 1. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating eftects must be taken into account separatety.
Pulse testing with low duty cycle is used,
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MC7906C
ELECTRICAL CHARACTERISTICS (V| = =11V, I = 500 mA, 0°C < T < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Qutput Vollage (T ) = +25°C) Vo =575 -6.0 -6.25 Vde
Line Regulation (Note 1) Regiine my
(T) = +25°C, In = 100 mA)
~-8.0Vdc2 V| 2-25Vde - 9.0 60
~8.0 Vdc 2 V|2 -13 Vdc - 3.0 30
{T) = +25°C, Ig = 500 mA)
-8.0vdc2 Vy2-25Vde - 43 120
-8.0Vdc2V)2-13Vvde - 10 60
Load Regulation, T = +25°C (Note 1) Refload mv
SO0mA<In<15A - 13 120
250mA <10 < 750 mA - 5.0 60
Qutput Voltage Vo Vdc
-8.0VdczV|2-21Vdc, 50 mA<ig<1.0A P<S15W -57 - -6.3
Input Bias Current (T = +25°C) B - 43 8.0 mA
Input Bias Cumrent Change A mA
-8.0Vdc2 V) 2-25Vde - - 1.3
50mA<Iig<15A - - 05
Qutput Noise Voltage (Ta = +25°C, 10 Hz <1< 100 kHz}) Vn - 45 - uv
Ripple Rejection (o = 20 mA, =120 Hz} RR - 65 - dB
Dropout Vollage Vi-Vp Vde
Ip=10A,T;=+25°C - 20 -
Average Temperature Coefficient of Qutput Voltage AVQOIAT mvV°C
In=50A0C=<T)s+125°C - -1.0 -
MC7908C
ELECTRICAL CHARACTERISTICS (V| =-14 V, Ig = 500 mA, 0°C < T < +125°C, unless otherwise noted.)
Characteristics Symbeol Min Typ Max Unit
Cutput Voltage (T = +25°C) Vo =77 -8.0 -83 Vde
Line Regulation (Note 1) Regjine mv
(Ty = +25°C, lg = 100 mA)
-10.5Vdc 2 V2 -25Vdc - 12 80
=11 vdg e V|2 -17 Vde - 50 40
(Tg = +25°C, 1g = 500 mA)
~10.5Vdec =2 V) 2-25Vde - 50 160
-1 Vdc zVie =17 Vdc - 22 80
Load Regulation, T) = +25°C (Note 1) Regioad mv
50mAsigs15A - 28 160
250 mA £l < 750 mA - 9.0 80
OQutput Voltage Vo Vde
-105Vdc2V)2-23Vde, 5.0 mMASIQ<1.0A P<15W -7.8 - -8.4
Input Bias Current (T ) = +25°C) B - 4.3 8.0 mA
Input Bias Current Change alig ma
-10.5Vdc 2 Vi 2 -25 Vde - - 1.0
50mA<ig<15A - - 0.5
Output Noise Vollage (Ta = +25°C, 10 Hz £ £ 100 kHz) Vi - 52 - uv
Ripple Rejection (Ig = 20 mA, f = 120 Hz} RR - 62 - dB
Dropout Voltage vi-Vo vde
lo=10A,T)=+25C - 2.0 -
Average Temperature Coeflicient of Qutput Voltage AVo/aT mv/°C
1o =50mA,0°C < T)<+125°C - -1.0 -

NOTE: +. Load and line regutation are specified at constant Junction temperature. Changes in Vg due to heating effects must be taken into account separately.
Pulse tesling with low duty cycle is used.
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MC7912C
ELECTRICAL CHARACTERISTICS (V)= -138V, Ig = 500 mA, 0°C < T < +125°C, unless olherwise nated.)
Characteristics Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo ~11.5 -12 -12.5 Vdc
Line Regulation {Note 1) Regjine my
(Ty=+25°C, Ip = 100 mA)
-14.5Vdc 2 V| 2-30 Vdc - 13 120
—16 Vde 2 V)2 -22 Vde - 6.0 60
(T)=+25°C, Ip = 500 mA)
-14.5Vdc2 V| 2-30Vde - 55 240
~16 Vdc 2 V) 2-22 Vdc - 24 120
Load Regulation, T) = +25°C (Note 1) Regload mv
50mAsIlgs15A - 46 240
250 mA s | S 750 mA - 17 120
Ouiput Voltage Vo Vde
-145Vde2 V) 2-27Vde, 5.0mASInS1.0A PS15W ~11.4 - -12.6
Input Bias Current {Ty = +25°C) ]=) - 4.4 8.0 mA
Input Bias Current Change alg mA
-14.5Vde 2 V) 2-30 Vdc - - 1.0
50mAsips15A . - - 0.5
Output Noise Voltage (T = +25°C, 10 Hz <1 < 100 kHz) Vn - 75 - 0%
Ripple Rejection (Ig = 20 mA, T = 120 Hz}) RR - 61 - dB
Dropout Vollage VI-Vo Vdc
l0=1.0A,T)=+25°C - 20 -
Average Temperature Coefficient of Output Voltage AVQIAT mv/°C
I0=50mA, 0°C<T)<+125°C - -1.0 -
MC7812AC
ELECTRICAL CHARACTERISTICS (V) =-19V, Ig =500 mA, 0°C < T) < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
QOutput Voltage (T = +25°C) Vo -11.75 -12 -12.25 Vde
Line Regu!ation (Note 1) Regjine my
-16Vdc2V|2-22Vde, lg=1.0A, T )=+25°C - 6.0 60
—16Vdc2V|2-22Vdg Ig=10A - 24 120
-14.8 Vdc 2 V| 2-30 Vdc; |g = 500 mA - 24 120
~145vdczVi2-27 Vdc; lg = 1.0 A, Tj=+25°C - 13 120
Load Regulation (Note 1) Regipad . mv
50mA<IgS15A, Ty=+25°C - 48 150
250 mA < I £ 750 mA - 17 75
50mAslps10A - 35 150
Qutput Voltage Vo Vde
-14.8Vdc2 V| 2=-27Vde, 5.0 mA<Ig<1.0A PS15W -11.5 - -12.5
Input Bias Current liB - 4.4 8o mA
Input Bias Current Change Allg mA
-15Vdc 2 V| 2-30 Vdc - - 0.8
50mA<sig<1.0A - - 0.5
50mAsIg<1.5A Ty=+25C - - 05
Quiput Noise Voltage (Ta = +25°C, 10 Hz < f £ 100 kHz) VR - 75 - Y
Ripple Rejection (Ig = 20 mA, =120 Hz) RR - 61 - dB
Dropout Valtage Vi-Vo vde
lo=10ATy=1+25C - 2.0 -
Average Temperature Coefficient of Output Voltage AV /AT mv/°C
l0g=5.0A0C<T)<+125°C - -1.0 -

MOTE: 1. Load and line regulation are specified at constan: junction temperature. Changes in Vg due to heating effects must be taken into account separatety.
Pulse esting with bow duty cycle is used.
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MC7915C
ELECTRICAL CHARACTERISTICS (V| =-23V, I = 500 mA, 0°C < T < +125°C, unless otherwise noled.)
Characteristics Symbo! Min Typ Max Unit
Output Voltage (T = +25°C) Vo -14.4 -15 -15.6 Vdc
Line Regulation (Note 1) Regjine mv
(Ty=+25°C, ip = 100 mA)
-17.5Vdc2 V| 2-30 Vdc - 14 150
—20 Vde 2 V)2 -26 Vdc - 6.0 75
(T =+25°C, ln = 500 mA)
-17.5Vdc2 V| 2-30Vdc - 57 300
-20Vde2Vi2-26 Vdc - 27 150
L.oad Regulation, Tj = +25°C (Note 1) Regipad mv
50mAsins15A — 68 300
250 mA £ g £ 750 mA - 25 150
Cutput Vollage Vo Vde
=175VdczV|2-30Vde, 5.0 mA<in S1.0A P<15W -14.25 - -15.75
Input Bias Current (T j = +25°C) T - 4.4 8.0 mA
Input Bias Current Change Allg mA
~17.5Vdc2V|2-30Vde - - 1.0
50mA<in<15A - - 0.5
Output Noise Voltage (Ta = +25°C, 10 Hz £ f £ 100 kHz) Vn - 90 - uv
Ripple Rejection (I =20 mA, f = 120 Hz) RR - &0 - dB
Dropou! Voltage Vi-Vo Vdc
lo=10A,Ty=+25°C - 20 -
Average Temperature Coefficient of Qutput Voltage AVQIAT mv/°C
lp=50A,0C=sTy=+125°C - -1.0 -
MC7915AC
ELECTRICAL CHARACTERISTICS (V| =-23V, Ip = 500 mA, 0°C < T < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Ao} ~14.7 -15 —15.3 Vdc
Line Regulation (Note 1) Regjine mv
-20Vdc2 V| 2-26Vdc, lp=1.0A, T =+25°C - 27 75
—-20Vdc2V)2-26Vde, lp=1.0 A, - 57 150
—17.9 Vdc 2 V| 2 - 30 Vdc, Ip = 500 mA - 57 150
-17.5Vdc2V|2=-30Vde, lp=1.0A, T = +25°C - 57 150
Load Regulation (Note 1) Regipad mv
50mA<in<15A T =+25°C - 68 150
250 mA €1 S 750 mA - 25 75
50mA<lo<1.0A - 40 150
Output Voltage Vo Vdc
~17.9Vde 2V 2-30Vde, 50mA<Io<1.0A Ps1SW —14.4 - -15.6
Input Bias Current 1} - 44 8.0 mA
Input Bias Current Change alig mA
-17.5 Vdc 2 V] 2=30 Vdc - - 0.8
50mAsin<1.0A - - 0.5
50mA<Ins15A T)=+25C - - 0.5
Output Noise Voltage (T = +25°C, 10 Hz < f < 100 kHz) Vn - 90 - iy
Ripple Rejection {lp = 20 mA, f = 120 Hz) RR - 60 - dB
Dropout Voltage VI-Vo Vdc
lp=10A, T =+25°C - 2.0 -
Average Temperature Coefficient of Output Voltage AVOIAT mvi{°C
Ig=50mA, 0°C =T jy<+125°C - -1.0 -

NOTE: 1. Load and line regulation are specified at constant junction temperature. Changes in V¢ due 1o heating efiecls must be taken into account separately.
Pulse testing with low duty ¢ycle is used.
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ELECTRICAL CHARACTERISTICS (v =-27 V., lo =500 mA, 0°C < Ty < +125°C,

MC7900

unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Output Vollage (T = +25°C) Vo -17.3 -18 -18.7 Vde
Line Regulation (Note 1) Regy;
) mv
(Ty = +25°C, Iy = 100 mA) ne
=-21Vdc 2 Vi 2-33 Vde - 25 180
-24Vdc 2 V) 2-30 Vdc - 10 80
(T)=+25°C, Ip = 500 mA)
=21 Vde 2 v) 2-33 Vde - 90 360
=24 Vdc 2 V| 2-30 Vde - 50 180
Load Regulation, Tj = +25°C {Note 1) Reg|gad mv
S50mA<in<15A - 110 360
250 mA £ 1 £ 750 mA - 55 180
Ouiput Vollage Vo Vdc
—-21Vde 2V 2-33Vde, 5.0mASIp<10A PS15W -17.1 - ~18.9
Input Bias Current (T = +25°C) g - 45 B.O mA
Input Bias Current Change Alig mA
-21Vdez V| 2-33Vdc - - 1.0
50mA<ip<15A - - 0.5
Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) Vn - 110 - uv
Ripple Rejection {ln = 20 mA, f = 120 Hz) RR - 59 - dB
Dropout Voltage VI-Vo Vdc
lp=10AT)=+25C - 2.0 -
Average Temperature Coeflicient of Output Voltage AVQIAT mv/°C
lo=50mA, 0°CsTy<+125°C - ~1.0 -
MC7924C
ELECTRICAL CHARACTERISTICS (V| =-33V, ig = 500 mA, 0°C < T < +125°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Ouiput Voltage (T} = +25°C) Vo -23 -24 -25 Vde
Line Regulation {(Note 1) Regiine my
Ty = +25°C, in = 100 mA)
-27Vdcz V)2 -38 Vdc - N 240
—30 vdc 2 Vy 2 - 36 vdc - 14 120
(Ty = +25°C, Ig = 500 mA)
-27vdcz vy 2-38 Vde - 118 470
-30 Vdc 2 Vj2-36 Vdc - 70 240
Load Regulation, Ty = +25°C (Note 1) Regioad mv
50mAZin<15A - 150 480
250 mA €10 £ 750 mA - 85 240
Output Voltage Vo Vde
=27TVdc2V|2-38Vde, 5.0mAsIp<1.0A PS15W -228 - -252
Input Bias Current (T = +25°C) g - 46 8.0 mA
Input Bias Current Change alp mA
-27 Vde 2V 2 -38 Vdc ~ - 1.0
50mAsSig<15A - - 05
Output Noise Voltage (T = +25°C, 10 Hz < f < 100 kHz) Vn - 170 - ny
Ripple Rejection (Io = 20 mA, { = 120 Hz) RR - 56 - de
Dropout Voltage Vi-Vo Vdc
lg=10A, T =+25°C - 20 -
Average Temperature Ceefficient of Qutput Voltage AVoIAT mv/°C
— -1.0 -

I0=5.0mA, 0°C < T) < +125°C

NOTE: 1. Load and line regulation are specified at constant junction temperature. Changes in V(g due to heating effects must be taken into accoun! separately.

Puise testing with low duty cycle is used.
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Figure 1. Worst Case Power Dissipation as a
Function of Ambient Temperature

Figure 2. Peak Output Current as a Function
of Input-Output Differential Voltage
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APPLICATIONS INFORMATION

Design Considerations

The MC7900 Series of fixed voltage regulators are
designed with Thermal overload Protection that shuts down
the circuit when subjected fo an excessive power overload
condition. Internal Short Circuit Protection that limits the
maximum current the circuit wilt pass, and Qutput Transistor
Safe—Area Compensation that reduces the output short
circuit current as the voltage across the pass transistor is
increased.

In many low current applications, compensation
capacitors are not required. However, it is recommended that
the regulator input be bypassed with a capacitor il the
regulator is connected to the power supply filter with long wire
lengths, or if the output load capacitance is large. An input
bypass capacitor should be selected to provide good
high—frequency characteristics to insure stable operation
under all load conditions. A 0.33 pF or larger tantalum, myiar,
or other capacitor having low internal impedance at high
frequencies should be chosen. The capacitor chosen should
have an equivalent series resistance of less than 0.7 ). The
bypass capacitor should be mounted with the shortest
possible leads directly across the regulators input terminals.
Normally good construction techniques should be used to
minimize ground loops and tead resistance drops since the
regulator has no external sense lead. Bypassing the outputis
also recommended.

Figure 8. Current Boost Regulator
{(-5.0V @ 4.0 A, with 5.0 A Current Limiting)

~10 0.56 -50V

—& Qutput
y 2N3055¢

or Equiv

[ —O—  MCTo0s* [O—9

— NN ————§
56 L. L
10pF=~ == 10pF T 1.0 uF
6nd e—a- L + *e— Gnd

*Mounted on healsink.

When a baost transistor is used, shorl circuit currants are equal to the sum of the
series pass and regulator limits, which are measured at 3.2 Aand 1.8 Arespectively
in this case. Series pass limifing is approximately equat to 0.6 VIRg. Operation
beyand this point lo the peak cument capahility of the MC7905C is possible if the
regulator is mounted on a heatsink; otherwise thermal shutdown will occur when
the additional load current is picked up by the regulator.

Figure 7. Current Regulator

-20V 10 Ip =200 mA
input MC7905 '-O—‘—’VEN—'IH -—
4) Vo1V

1.0 uF =2 10pF

R A LA,
Gnd Gnd

The MC7905, -5.0 V regulator €an be used as a constant current source when
connected as above. The output current is the sum of resistor R current and
quiescent bias current as follows.

The quiescent current for this regulatoris typically 4.3 mA. The 5.0 V regulator was
chosen to minimize dissipation and to allow the output voltage lo operate to within
6.0V below the input vollage.

Figure 9. Operational Amplifier Supply
(t15@1.0A)

+20V +H5Y

Input Output
P MCT7815 P

1N4001

. F
033m or Equiv

Gnd Gnd
+ +
1.0 uF 1.0 pF
'—j—& MC7915 -OI——‘
Y L LR
Input Qutput

The MC7815 and MCT915 positive and negalive regulators may be connecied as
shown lo obtain & dual power supply for operational amplifiers. A clamp diode
should be used at the cuipui of the MC7815 te prevent potential fatch—up problems
whenever Lhe output of the positive requlalor (MCTB15)is drawn betow ground with
an output curent greater than 200 mA,

MOTOROLA ANALOG IC DEVICE DATA




MC7900

Figure 10. D2PAK Thermal Resistance and Maximum

Power Dissipation versus P.C.B. Copper Length
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DEFINITIONS

Line Regulation — The change in output voltage for a
change in the input voltage. The measurement is made under
conditions of low dissipation or by using pulse techniques
such that the average chip temperature is not significantly
affected.

Load Regulation - The change in output voltage for a
change in load current at constant chip temperature.

Maximum Power Dissipation — The maximum total
device dissipation for which the regulator will operate within
specifications.

Input Bias Current — That part of the input current that is
not delivered to the load.

Output Noise Voltage - The rms AC voltage at the
output, with constant load and no input ripple, measured over
a specified frequency range.

Long Term Stability — Output voltage stability under
accelerated life test conditions with the maximum rated
voltage listed in the devices' electrical characteristics and
maximum power dissipation,

10
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OUTLINE DIMENSIONS

T SUFFIX
PLASTIC PACKAGE
CASE 221A-06

ISSUE Y
NOTES:
1. DIMEMSIONING AND TOLERANCING PER ANSI
¥14.5M, 1882,
=T ] ZEAMNG 2, CONTROLLING DIMENSION: INCH.
- 3. DIMZ DEFINES A ZONE WHERE ALL BODY AND
| LEAD IRREGULARITIES ARE ALLCWED.
l— S
TNCHES | WILLIMETERS
DIM | Wik | MAX_| _MIN |_MAY
A 0.570 | 0620 | 1448 | 15.75
B | 0280 | 0405 | 966 | 1026
G [ 0960|0190 | 407 | 452
D | G075 [ 0035 | 064 | 088
F | 044z | 0987 | 36 N
| 0.187
G| 0095 | 0105 | 242 | 256
H 0.410 | 0.155% 50 .93
J | 008 [ 0.025 | 046 | 064
K_[ 0500 | 0.562 | 12.90 | 14.27
L 0.045 .060 1.15 1,53
N_| 0190 | 6710 | 483 | 533
« R G [ 0400 | 0420 | 254 | 304
R_| 0080 | G110 | 204 | 279
2 s | 0045 | 0055 | 195 | 1.9
T_ | 0235 | 0255 | 567 | 647
U | 0000 | 0050 | 000 | 137
v o5 | - | 5] -
z - jooeo] - | 7@
D2T SUFFIX
PLASTIC PACKAGE
CASE 936-03
(D2PAK)
ISSUE B
OPTIONAL NOTES:
CHAMFER [T TERMINAL 4 1 DIMENSIONING AND TOLERANCING PER ANSI
- Y14.5M, 1952,
be A ' E—» |« - U— 2 CONTROLLING DIMENSICN: INCH.
I ™
3 TAB CONTOUR OPTIGNAL WITHIN DIMENSIONS
AANDK,
Ky 4 DIMENSIONS U AND V ESTABLISH A MINIMUM
s MOUNTING SURFACE FOR TERMINAL 4,
K ¥ 5 DIMENSIONS A AND B DG NOT INCLUDE MOLD

| O

PLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED

D—| -
[®]o.0102508 | T}

'r

IG[

X

0.025 (0.635) MAXIMUM.

INCHES MILLIMETERS
DM W T max | ww | Max
A | 0386 | 0403 | 9 10.236
B | 0356 | 0.366 | 9.042 | 8347
C [ 0470 | 0980 [ 4318 | 4.572
D | 002 | 0.036 | 066C | 0.914
E [ 0045 [ 0.055 [ 1183 | 1397
3 0.051 REF 1.295 REF
G 0.100 BSC 2540 BSC
W | 0539 | 0576 |13691 [14.707
J 0.125 MAX 3.175 MAX
K 0.050 REF 1.270 REF
L [ oowo [ ootc ] pooe | 0.25¢
W | oges | 102 | 2235 | 2591
N | o018 [ 0026 | 0457 | 0660
P | 00SE | 0078 | 1473 | 1.881
R 5 REF 5° REF
5 0.116 REF 2946 REF
1 0,200 MIN 5.080 MIN
v 0.250 MIN £.350 MIN
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Motorola resarvas the righl to make changes withoud further nolice 1o any products heraln. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liabiity erising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation conseguentlal or Incidental damages. “Typical” parameters which may be provided in Motorola
dala sheets and/or specifications can and de vary in different applications and actual perdormance may vary overtime. Alloperating parameters, Including “Typicals®
must be validated for each customer application by customer's technical experts. Motoroie does not convey any ficense under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for vse Bs componenis in systems intended for surgical implant into the body, or other
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intersil. IRF540N

Data Sheet March 2000 File Number 4842

33A, 100V, 0.040 Ohm, N-Channel Power MOSFET

Packaging Features
JEDEC TO-220AB » Ultra Low On-Resistance
SOURCE - Tps(oN) = 0.0400), Vgg = 10V

DRAIN . .
GATE + Simulation Models

- Temperature Compensated PSPICE™ and SABER®
Electrical Models

- Spice and SABER® Thermal Impedance Models

DRAIN - www.intersil.com
FLANGE
¢ ) ¢ Peak Current vs Pulse Width Curve
+ UIS Rating Curve
Symbol Ordering Information
D PART NUMBER PACKAGE BRAND
tRF540N TO-220AB 1RF540N
G
H 5

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

IRF540N UNITS
Drainto Sourca Voltage (Note 1) .. ... .. oe oo e s Vpss 100 \
Drain to Gale Voltage {Rgg =20k&2) (Note 1) . .. .. ........ ..., e VogR 100 v
GatetoSource VORAGE . ... .. .. i s Vas 120 v
Drain Current
Continuous (Tg= 25%C, Vg =10V} (Figure 2) ..o e, o 33 A
Continuous (Te= 100°C, Vgs =10V} (Figure 2) .. ........oovivvinennt. Ip 23 A
Pulsed Drain CUMMENT . .. v v vt e i ca e it isa e an s lom Figure 4
Pulsed Avalanche Raling .. ....... ... it i narinr e u1s Figures 6, 14, 15
Power Dissipation ... ... i i e Pp 120 w
Derale ABOVE 2500 . o\ ottt e e e 0.80 w/°C
Operating and Storage Temperature . ... ... ...oveineit e ainnan-. Ty Tsta -5510 175 °C
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm)fromCasefor10s. ... ... ... ... .. i Ty 300 °c
Package Body for 10s, See Techbrief TB334. . ... ...oiniiii i, Tpkg 260 °c

NOTES:
1. T, = 25°C to 150°C.

CAUTION: Stresses above thosa listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress only rating and operation of the
davice at thesa or any other conditions above those indicated in the operational sections of this specification is not Implied.

1 CAUTION: Thess devices are sensilive to electrostatic discharpe. Follow proper ESD Handling Procedures.
SABER® is a Copyright of Anatogy Inc. PSPICE® is a registered trademark of MicroSim Corporation,
1-888-INTERSIL or 321-724-7143 | Inlarsil and Design is a trademark of Intersil Corporation. | Caopyright © Intersil Corporation 2000




IRF540N

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL | TEST CONDITIONS

‘I MIN | TYP | MAX qurrs

OFF STATE SPECIFICATIONS

Drain to Source Breakdown Vollage BVpss | lp=250pA, Vgg = 0OV (Figure 11) 100 - - v
Zero Gate Vottage Drain Current Ipss Vpg =95V, Vgg = 0V - - 1 pA
Vpg = 90V, Vgg = OV, Tg = 150°C - - 250 WA
Gate {0 Source Leakage Current lgss Vas = 120V - . +100 nA
ON STATE SPECIFICATIONS
Gate to Source Threshold Voltage VasrH) | Vas = Vps. 'o = 250pA (Figure 10) 2 4 v
Drain to Source On Resistance rosioN) | lp = 33A, Vgg = 10V (Figure 9) - 0.033 | 0.040 Q
THERMAL SPECIFICATIONS
Thermal Resistance Junction o Case RaJc TO-220 - - 125 | cmw
Thermal Resistance Junction to RoJA - 62 Scav
Ambient
SWITCHING SPECIFICATIONS (Vs = 10V)
Turn-On Time 1o Vpo = 50V, Ip = 33A - - 100 ns
Tum-On Delay Time 1g{ON) \F,lgz Z 1901\/ g - 9.5 - ns
Rise Time i {Figures 18, 19) - 57 - ns
Tum-Off Delay Time doFF) 40 - ns
Fali Time |7 55 . ns
Turn-Oft Time loFrF - - 145 ns
GATE CHARGE SPECIFICATIONS
Total Gate Charge Qgom) |Ves=0V10 20v Vpp = 50V, - 66 79 nC
Gate Charge at 10V Qqe) | Vas =0V 1010V 1;;:;’: 1 omA : 3 | 42 | nC
Threshold Gate Charge Qg(TH) Vgg =0V to 2V {Figures 13, 16, 17} - 2.4 29 nC
Gate 10 Source Gate Charge Qgs - 5.4 - nC
Gate to Drain "Miller* Charge Cigg - 13 nC
CAPACITANCE SPECIFICATIONS
Input Gapacitance Ciss Vpg =25V, Vgg = OV, 1220 - oF
Quipui Capacitance Coss I;Juhf:,'z 2) 295 - pF
Reverse Transfer Capacitance Chss - 100 - pF
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX | UNITS
Source to Drain Diode Voltage Vgp Igp = 33A - - 1.25 v
Igp = 17A . - 1.00 v
Reverse Recovery Time by lgp = 33A, digp/dt = 100A/Ms - - 112 ns
Reverse Recovered Charge QrR Igp = 33A, digp/dt = 100Afus - - 400 nC
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IRF540N

Typical Performance Curves

Z3)c NORMALIZED POWER DISSIPATION MULTIPLIER

iom, PEAK CURRENT (A)

1.2 20
1.0 2~
<
= 30 - Vgg= 10V ——]
08 N, - e
0.6 \\ 3 20 \
=
<
04 \\ E \
\ L0 \
02 -
0 )
) 25 50 75 100 125 150 175 25 =0 P 100 PP 150 175
T¢, CASE TEMPERATURE (°C) T, CASE TEMPERATURE (°C)
FIGURE 1. NORMALIZED POWER DISSIPATION vs FIGURE 2. MAXIMUM CONTINUCOUS DRAIN CURRENT vs
CASE TEMPERATURE CASE TEMPERATURE
2 T T T T rrrrl L] T T T 11171
ng CYCLE - DESCENDING ORDER
TEo2 =
w - 0.1 T
g = 0.05
g — 0.02 » i
- 0.0 H
E et N [
: i
£ 04 L
= i H
] —L— ty |w—
'3.: ——t t2 - {1
~ ' NOTES: Crom: .- 1y i
SINGLE PULSE : D= y/ta !
l PEAK T = Pom X Zgyc X Reuc + T 1
001 |1 H IH 1 1 3Bt | [ t1lt
105 107 103 102 107! 10 1w
t, RECTANGULAR PULSE DURATION (s)
FIGURE 3. NORMALIZED MAXIMUM TRANSIENT THERMAL IMPEDANCE
BDD T T FFTTT
Te = 25°C ————-HH
ry FOR TEMPERATURES H
CR ABOVE 25°C DERATE PEAK |
A 3 CURRENT AS FOLLOWS:
P
L\ Y V1o 175-T¢
T RHHE [
100 ——{—Vgs =10V
\ >
LY
iy s
" TRANSCONDUCTANCE
L MAY LIMIT CURRENT
IN THIS REGION
20 1 i ol L1 11
108 10 103 102 1071 100 10!

t, PULSE WIDTH (s)

FIGURE 4. PEAK CURRENT CAPABILITY
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IRF540N

Typical Performance Curves (Continued)

200 T T T TV T T T T TTTFT T

300 HR=0 T T TTTTT
SINGLE PULSE = tay = (L}Ias){1.3"RATED BVpss - Vpp)
BN W N --7‘ TJ=MAXHATED 5 "R*o
2 100 b || Te=25% J £ 100 tav = (L/R)In[(las"RY(1 3"RATED BVpss - Vop) +1}
- -
P
i h ~ 5 S
o AL I~ MY [ ©
[ g s N _ T00us W ™ STARTING T, = 25°C 1]
Q ] - Q o 1l
2 L MV < I NVEALY
] = OPERATION IN THIS — g STARTING T, = 150°C \\
% I~ AREA MAY BE ~ : p < \
£ b~ LIMITED BY TDS(ON) ) me g ~\. \\
R |
- \ \\
10ms 10 .
1 0.001 0.0 0.1 1
1 10 100 00 tay, TIME IN AVALANCHE (ms)
Vps, DRAIN TO SOURCE VOLTAGE (V)
NOTE: Refer to Intersil Application Notes AN9321 and AN9322.
FIGURE 5. FORWARD B!AS SAFE OPERATING AREA FIGURE 6. UNCLAMPED INDUCTIVE SWITCHING
CAPABILITY
60 , 60
PULSE DURATION = B0us ' Vgg = 20V ' / Vog =7V
DUTY CYCLE = 0.5% MAX Vgg = 10V Vgg = 6Y
- Vpp =15V
g 2
E L /
é a0 Z 40
@ E / Vog =5V
= =
Q o
z Z
< T =175 a
g 2 Z 20
I / 4
Ty =-55%C PULSE DURATION = 80ps
: DUTY CYCLE = 0.5% MAX
47, = 25°C Tr s 259C
° / | 0 c
2 3 4 5 5 o 1 2 3 4
Vg5, GATE TO SOURCE VOLTAGE (V) Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 7. TRANSFER CHARACTERISTICS FIGURE 8. SATURATION CHARACTERISTICS
2.0 . y . 12 -
w PULSE DURATION = 80us Vgs =10V, Ip = 33A Vgs = Vps. Ip = 250pA
© DUTY CYCLE = 0.5% MAX -~
3 25 ,/— w \
0 w
w Ed ™.
/ g5 o N
ah 2.0 4 LQu : \
cd N2
& 202
BZ4s =5 \
NZ i w
30 / Ca 08 N
< I
3 W "
g 1.0 / \
0.5 "'/ 0.6
-80 40 o 40 BO 120 160 200 -80 -40 0 40 80 120 160 200
T, JUNCTION TEMPERATURE (°C) T,, JUNCTION TEMPERATURE (°C)
FIGURE 9. NORMALIZED DRAIN TO SOURCE ON FIGURE 10. NORMALIZED GATE THRESHOLD VOLTAGE vs
RESISTANCE vs JUNCTION TEMPERATURE JUNCTION TEMPERATURE
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IRF540N

Typical Performance Curves (continued)

12 4000 T T TN
w Ip = 250pA Vag =0V, §= 1MHz
& n
=2 -.-..-
oy o & -
& 1000
o5 11 / S HH Ciss =Cas + Cap |
- 3 > w EnD|
= Q 7T
Z : / z LLLI .
a2 B Coss=Cps + Cap T~
a8 / g ™ 3

[+%
.E: E 1.0 ~ 8 N, \""-
2k / G 1 =S
S / Cpss =Cop
=
g
0.9 20
80 -0 o a0 80 120 160 200 0.1 1.0 10 100
T,, JUNCTION TEMPERATURE (°C) Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 11. NORMALIZED DRA!N TO SOURCE BREAKDOWN FIGURE 12. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE
VOLTAGE vs JUNCTION TEMPERATURE

10
Vpp = 50V

_—_///

WAVEFORMS IN
DESCENDING ORDER:
2 Ip =33A

Ip=17A

Vgs, GATE TO SOURCE VOLTAGE (V)

0 |
0 10 20 30 40
Qg, GATE CHARGE (nC)

NOTE: Refer to Intersil Application Notes AN7254 and AN7260.
FIGURE 13. GATE CHARGE WAVEFORMS FOR CONSTANT GATE CURRENT
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IRF540N

Test Circuits and Waveforms

Vps
I BVpss
L -— tp —=
Vps
VARY tp TO OBTAIN . las | —
—4 —_ —— \ Vbo
REQUIRED PEAK lag Rg tj = v - ‘
Vas - ’ v
DuT i '
’ \
i 7 1
tp / \
oy las 06— — — —— _ | ____
0.010
A A A
Vv | AV |a—
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS
Vos
1
Vas - .
Ej -_—_ Vpo
DUT
iomen (1)
FIGURE 16. GATE CHARGE TEST CIRCUIT FIGURE 17. GATE CHARGE WAVEFORMS
Vs ton - —= forr |=
—I—MA—— —| taton) |=*—1— taorm)|
R —=| t, [ —| |-
v
os 90% Fo90%
.
ves — = voo 10% 10%
. 0 ——F — == - -_—
A) ]
. DuT N 50%
Rgs
Vas 50% 50%
s i «—— PULSE WIDTH ——-=
Ves —_— 0 Jo% 3
FIGURE 18. SWITCHING TIME TEST CIRCUIT FIGURE 18. SWITCHING TIME WAVEFORM

6 intersil




IRF540N

PSPICE Electrical Model
SUBCKTIRF540N213;  rev 19 July 1998

CA 1281.95e-9
CB 1514 1.90e-9
CIN 681.12e-9

DBODY 7 5 DECDYMOD
DBREAK 511 DBREAKMOD DPLCAP LDRAIN
DPLCAP 10 5 DPLCAPMCD It 5 DFI;\IN

10 LA}

RLDRAIN

AA

> RSLC1

EBAEAK 11717 181128
5 51 DEREAK
-

EDS 14 8 5 81
EGS 138681 RSLC2 ;:
ESGE610681 si
EVTHRES 621198 1
EVTEMP 20 6 1822 1 50 +

< 17 DY
ESG (% $PORAIN  eapeak (18 pBo
T8 17 4 EVTHRES -

+ 16
+19)- |21 I}
LDRAIN 2 5 §.0e-9 LGATE EVTEMP B Ii—oMWEAK

LGATE 1 06.196-9 GATE RGATE .
LSOURCE 3 7 2.18e-9 1 *{18 Ed oo IETMMED

9 20 \22 [_r—
MMED 16 6 8 8 MMEDMOD RLGATE jeJUSTRO
MSTRO 16 6 8 8 MSTROMOD CIN LSOURCE
MWEAK 16 21 B 8 MWEAKMOD T 8 7 SOURCE

A AN
vy

ESLC 1

T

¥
RSOURCE

RBREAK 17 18 ABREAKMOD 1
RDRAIN 50 16 RDRANNMOD 2.00e-2
RGATE g 201.77

RLDRAIN 2510

RLGATE 1 9 26

ALSQURCE 37 11

ASLC! 551 ASLCMOD 1e-6

RSLCZ 550 163

RSOURCE 8 7 ASOURCEMOD &.5e-3
RVTHRES 22 8 AVTHRESMOD 1
RVTEMP 18 18 AVTEMPMOD 1

RLSOURCE

RBREAK
17 18

51A 6 12 13 8 S1AMOD

51B 13 12 13 8 51BMOD
S2A 6 15 14 13 S2AMOD
S2B 13 15 14 13 52BMOD

A A A
- VVy—"22

RYTHRES

VBAT 221§ DC 1
ESLC 51 50 VALUE={{V(5,51)/ABS(V(5,51))) (PWR(V(5.51)/(1e-6'71),3.5))}

-MODEL DBQDYMOD D (IS = 1.20e-12 RS =4.2e-3 XTI = 5 TRS1 = 1.3e-3 TAS2=8.0e-6 CJO =1,508-9 TT =7.47e-8 M = 0.63)
.MODEL DBREAKMOD D (RS = 4.2e-1 TRS1 = 84 TRS2 = 3¢-6)

.MODEL DPLCAPMOD D (CJO = 1.45¢-3 IS = 1e-30 M = 0.82)

MODEL MMEDMOD NMOS (VTO =311 KP=515=1e-30N=10TOX =1L =1u W= 1u RG = 1.77}
MODEL MSTROMOD NMOS (VTO =357 KP = 33.51S=1¢-30N=10TOX =1L =1u W = 1)

.MODEL MWEAKMOD NMOS (VTO =268 KP =0.021S=1e-30N=10TOX=1L=1uW = 1wRG=17.7)
.MODEL REREAKMOD RES (TC1 =1.05¢-3 TC2 = -5e-7)

.MODEL RDRAINMOD RES (TC1 = 9.40e-3 TC2 = 2.93e-5)

.MODEL RSLCMOD RES (TC1 = 3.58-3 TC2 = 2.0e-6)

.MODEL RSOURCEMOQD RES (TC1 =1e-3 TC2 = 1e-6)

-MODEL AVTHRESMQD RES {TC1 = -1.8e-3 TC2 = -8.6e-6)

.MODEL RVTEMPMOD RES (TC1 = -3.0e-3 TC2 =1.5e-7)

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -6.2 VOFF=-3.1)
.MODEL $1BMQD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-3.1 VOFF= 6.2}
.MODEL S2AMQD VSWITCH {RON = 1e-5 ROFF = 0.1 VON = -1.0 VOFF= 0.5}
.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 0.5 VOFF=-1.0)

.ENDS

NOTE: For further discussion of the PSPIGE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991, written by William J, Hepp and C. Frank Wheatiey.
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IRF540N

SABER Electrical Model

REV 19 July 1993

template IRFS40N n2,n1,n3
electrical n2,n1,n3

var i iscl

d..model dbodymed = (is = 1.20e-12, ¢jo = 1.50e-9, it = 7.47e-8, xti= 5, m = 0.63)
d..mode! dbreakmod = ()

d..model dplcapmed = {tjo = 1.45e-9, is = 1e-30, m = 0.82)

rm..modsl mrmedmod = (type=_n, vio = 3.11, kp=5, is = 18-30, tox = 1}

m..modal mstrongmod = {type=_n, vio = 3.57, kp = 33.5, Is = 1e-30, tox = 1)
m..model mweakmod = (type=_n, vto = 2.68, kp = 0.09, is = 16-30, tox = 1)

sw_vcsp..model stamod = (ron = 1e-5, off = 0.1, von =-6.2, voff =-3.1} OPLCAP LDRAIN
sw_vesp.model sibmod = (ron =1e-5, roff = 0.1, von = -3,1, voff = -6.2) I 5 - o DRAIN
sw_vesp..model s2amoad = (ron = 1e-5, roff = 0.1, von = -1.0, voff = 0.5) 10 . A
sw_vcsp, model s2bmod = (ron = 1e-5, roff = 0.1, von = 0.5, voft = -1.0) ‘:HSLC‘i RLDRAIN
-
L 151 RDBREAK
c.can12ng = 1.95e-9 RSLC2S B
c.cb n15 n14 = 1.90e-9 1T 72
€.Cin N6 N = 1.12e-9 ¥) e RDBODY
DBREAK
d.dbody n7 n71 = model=dbodymod - 1%
d.dbreak n72 n11 = model=dbreakmod ESG _g_ < RDRAIN [l
d.dplcap n10 n5 = model=dplcapmad
P S’ EVIHRES [
. + -
iitn8ni7=1 LGATE EVTEMP % DBODY
) GATE RGATE , /72\-1 & =
l.idrain n2 n5 = 1e-9 1 72 — I:: MMED
igate M ng = 6.19e-9 s I-F_ msTR]
\Isource n3 n7 = 2.18e-9 RLGATE
LSOURCE
CIN
m.mmed n16 né nB n8 = model=mmedmod, I=1u, w=1u 8 SO\;HCE
m.mstrong n16 né nB nB = model=mstrongmod, =1u, w=1u RSOURCE ?
m.mweak n16 n21 n8 né = model=mweakmod, I=1u, w=1u l—‘“l ALSOURCE
res.rbreak n17 n18 =1, tc1 = 1.056-3, 12 = -5.0e-7 il i RBREAK
res.rdbody n71 n5 = 4.2¢-3, tc1 = 1.30e-3, 1c2 = 8.06-6 LT 5 17 18
res.rdbreak n72 n5 = 4.2e-1, tct = 8.0e-4, tc2 = 3.0e-6 o
res.rdrain n50 n16 = 2.00e-2, tc1 = 9.40e-3, ic2 = 2.93e-5 S18 ¢ - AVTEMP
res.rgaie N9 n20=1.77 CA cB 19
res.fdrain n2 n5=10 14 IT -
res.rigate nt n9 = 26 s — VBAT
res.risource n3 n7 = 11 EGS 9 EDS 9 n
res.rsict nS n61 = 1e-6, 161 = 3.5e-3, tc2 = 2.0e-6 ~ —l—
res.rsle2 n5 n50 = 1e3 8 b—AMA——t 29

res.rsource nB n7 = 6.5e-3, tc1 = 16-3,1c2 = 1e-6
res.rviemp n18 n19 =1, 1c1 = -3.0e-3, 162 = 1.56-7 RVTHRES
res.rvihres n22 nB = 1, tc1 = -1.8e-3, ic2 = -8.6e-6

spe.obreak n11 n7 n17 18 = 112.8
spe.eds n14 n8 n5né =1
spe.egsn13nB nEng =1
spe.esgn6 ni0nBng =1
spe.eviemp n20 né n18 n22 =1
spe.evthres né n21 n19n8 =1

sw_vesp.s1a né n12 n13 n8 = model=s1amod
sw_vesp.s1bn13ni2n13n8 = model=stbmod
sw_vcsp.s2a né n15 n14 n13 = model=s2amod
sw_vesp.52b n13 n15 n14 n13 = model=s2bmed

v.vbat n22 019 = de=1

equations {

i (n51->n50} +=lscl

iscl: v(n51,nS50) = {(v{n5,n51)/{18-9+abs(v(nS,n511}))"{((abs{v(n5,n51}"1e6/7 1)} 3.5)
}

}
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IRF540N

SPICE Thermal Model

REV 26 July 1993 th JUNCTION

IRFS40NT

CTHERM1 th 6 2.60e-3
CTHERMZ 6 § 8.85e-3
CTHERM3 5 4 7.60e-3
CTHERM4 4 3 7.65¢e-3
CTHERMS 3 2 1.22e-2
CTHERMS 2 1l 8.70e-2 6

RATHERM1 CTHERM®

VV

AAA

RTHERM1 th 6 8.00e-3

ARTHERMZ2 6 5 1.80g-2

RTHERM3 5 4 9.15e-2 ATHERM2
ATHERM4 4 3 2.43e-1

RTHERMS 3 2 3,10e-1

RATHERMS 2 il 3.21e-1 s

LA
l|._|
1

CTHERM2Z

A A

11
LA

SABER Thermal Model ATHERM2
SABER thermal mode! IRF540NT

template thermal_mode! th ti

thermai_c th, 1

{

ctherm.ctherm1 th 6 = 2.60e-3

ctherm.ctherm2 6 5 = 8.85e-3 RTHERM4
ctherm.ctherm3 5 4 = 7.60e-3

ctherm.cthermd 4 3 = 7.65¢-3

ctherm.ctherm 3 2 = 1.22e-2

ctherm ctherm6 2 1l = 8.70e-2

CTHERM3

CTHERM4

AAA
Yy

L L

rherm,dherm1 th § = 9.00e-3

rtherm,riherm2 6 5 = 1.80e-2 RTHERMS
rtherm,rtherm3 5 4 = §.15e2-2

riherm.rtherm4 4 3 = 2.43e-1

rherm.rtherm5 3 2 = 3.10e-1

rtherm.rthermé 2 11 = 3.21e-1

}

CTHERMS

RTHERME CTHERMSE

] CASE
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IRF540N

TO-220AB

3 LEAD JEDEC TO-220AB PLASTIC PACKAGE

NN

Q
T

VI

Ly

= O —— P

60°

H;

X
T

[ Ay

4 \ TERM. 4

Y

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX | NOTES
A 0170 | 0.180 | 432 457 -
A 0.048 | o052 | 122 132 -
b 0.030 | 0034 | 077 0.86 3.4
by 0045 | 0.055 | 115 139 2,3
c 0014 | o019 | 036 048 | 2,34
0590 | 0610 | 14.99 | 1549 -
Dy - 0.160 - 4.06 -
E 0385 | 0.410 | 1004 | 1041 -
Eq . 0.030 - 0.76
e 0.100 TYP 254 TYP
Py 0.200 BSC 5.08 BSC
H 0235 | 0255 | 597 6.47
J1 0100 | 0.110 | 2.54 279 6
L 0530 | 0550 | 1347 | 13.97 -
Ly 0130 | 0.150 | 3.31 381 2
oP 0149 | 0153 | 379 388 -
Q 0.102 0112 2.60 2.84 -
NOTES:

1.

L4 BN % I\ ]

These dimensions are within allowable dimensions of Rev. J of
JEDEC TO-220AB outline dated 3-24-87,

. Lead dimension and finish unconirolledin Ly.

. Lead dimension (without sclder).

. Add typically 0.002 inches (0.05mm) for solder coating.

. Position of lead to be measured 0.250 inches {6.35mmj} from bot-

tom of dimension D.

. Position of lead to be measured 0.100 inches (2.54mm) from bot-

tom of dimension D,

. Controlling dimension: Inch.
. Revision 2 dated 7-97.

All Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Intersil samiconductor products are sold by description only. Intersii Corporation reserves the right to make changes in circuit design and/or specifications at any time wiih-
out notice. Accordingly, the reeder is cautionad to verily that data sheets are current before placing orders. Information furnished by Interst! Is believed to be accurate and
reliable, Howaver, no responsibility is assumed by Intersil or s subsldiaries for s use; nor for any infringarents of patenis or othar rights of third parties which may result
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Data Sheet

19A, 100V, 0.200 Ohm, P-Channel Power
MOSFETs

These are P-Channef enhancement mode siiicon gate
power field effect transistors. They are advanced power
MOSFETs designed, tested, and guaranteed to withstand a
specified level of energy in the breakdown avalanche mode
of operation. All of these power MOSFETSs are designed for
applications such as switching regulators, switching
convertors, motor dnivers, refay drivers, and drivers for high
power bipolar switching transistors requiring high speed and
low gate drive power. They can be operated directly from
integrated circuits.

Formerly Developmental Type TA17521.

IRF9540, RF1S9540SM

July 1999

File Number 2282.%

Features

« 19A, 100V

* rpg{on) = 0.2000

+ Single Pulse Avalanche Energy Rated
+ SOA is Power Dissipation Limited

+ Nancsecond Switching Speeds

» Linear Transfer Characteristics

* High Input Impedance

+ Related Literature
- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
IRF8540 TO-220AB IRF8540
RF1S9540SM TO-263AB RF159540 G
NOTE: When ordering, use the entire pari number. Add the suffix 9A fo
obtain the TO-263AB variant in the tape and reel, .e., RF15S9540SM9A, s
Packaging
JEDEC TO-220A8 JEDEC TO-263AB
SOURCE
DRAIN
GATE AN
DR
" (FLANGE)
DRAIN (FLANGE) GATE
I $DURCE
4-15 CAUTION: These devices are sensitive to electrostatic discharge; follow propar ESD Handling Procedures.
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IRF9540, RF1S95405M

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

IRF9540,
RF1595405M UNITS
Drainto Source Voltage (Note 1) . . . ... . e i Vps -100 \4
Drain to Gate Vollage (Rgg =20k} (Note 1) . . ... ... it VbGr -100 v
Continuous Drain CUITenl . . ... .. e et e D -18 A
T T 000G e e Ip -12 A
Pulsed Drain Current {Note 3) . . .. .. ... e DM -76 A
Gateto Source Voltage . ... ... . e e Vas 20 \
Maximum Power Dissipation (Figure 1), ... .. i i i e e e e Pp 150 w
Linear Derating Factor (Figure 1), . . ... . it e e 1 wi°C
Single Pulse Avatanche Energy Rating{Note 4). .. ... ... . ... . . .. i i Eas 960 mJ
Operatingand Storage Temperature . .. ... .. ... . ... ... ... il T Ts1G -55t0 175 °c
Maximum Temperature for Soldering
Leads at 0.063in {(1.6mm)from Casefor 10s. .. .. ... . o i it i e TL 300 °C
Package Body for 10s, See Techbrief 334 . . ... ... ... . it i Toxg 260 °c

CAUTION: Strasses above thase listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a siress only raling and operation of the
device at these or any athar conditions above those indicaled in the operational sections of this specification Is not implied.

NOTE:
1. T, = 25°C to 150°C.

Electrical Specifications  T¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss |!p =-250pA, Vg = OV (Figure 10) -100 - - v
Gate to Threshold Voltage VesrHy |Ves = Vbs Ip = -250pA -2 - -4 A
Zero Gate Voltage Drain Current Ipss Vpg = Rated BVpsg, Vgg = 0V - - -25 uA
Vpg = 0.8 x Rated BVpgg, Vgs = 0V, Tg = 125°C - - -250 pA
On-State Drain Current (Note 2) ipion) | Vos * ID(on) X TDSION) MAX: Vs =-10V -18 - - A
Gate to Source Leakage Current iGss Vg = 120V - - 100 nA
Drain to Source On Resistance (Note 2} rosioN) |l =-10A, Vgg =-10V {Figures 8, 9) - 0.150 | 0.200 Q
Forward Transconductance (Nole 2) Ofs Vps > Ip(on) X TDS(ON) Max. ID = -6A 5 7 - S
(Figure 12)
Tum-On Delay Time td(ON) Vpp =-50V, Ip=19A, Rg =8.10), Ry = 2.302, - 16 20 ns
: Veog =-10V, (Figures 17, 18}
% GS - 65 100 ns
RiseTime v MOSFET Switching Times are Essentially
Turn-Off Delay Time d(OFF) | Independent of Operating Temperature - 47 70 ns
Fall Time L - 28 70 ns
Total Gate Charge Qgromy | Ves =-10V.1p = -19A, Vps = 0.8 x Rated BVpss, - 70 90 nG
{Gate to Source + Gate to Drain) Ig(REF) = -1.5mA (Figures 14,19, 20)
Gate to Source Charge Qgs Gate C.harge is Essentially Independent of N 14 - nG
Qperating Temperature
Gate to Drain “Miller” Charge Qgd - 56 - nC
Input Capacitance Ciss Vpg = -25V, Vgg = 0V, f= 1MH2 - 1100 - pF
Output Capacitance Coss | (Figure 11) - 550 . pF
Reverse Transfer Capacitance Crss - 250 - pF
Internal Drain Inductance lp Measured From the Modified MOSFET - 35 - nH
Contact Screw on Tabto | Symbol Showing the
the Center of Die intemal Devices
Measured From the Drain | nductances - - 45 - nH

Lead, 6mm (0.25in) from
Package to the Center of

Die
Intemal Source Inductance Lg Measured From the - 7.5 - nH
Source Lead, 6mm
(0.25in) From Package 1o
Source Bonding Pad
Thermal Resistance Junction 1o Case RgJe - - 1 ocw
Thermal Resistance Junction to Ambient RgJa Typical Socket Mount - - 625 | °Ccw

4-16 intessjl




IRF9540, RF1S9540SM

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Continuous Source 1o Drain Current Isp Modified MOSFET Symbal - - -19 A
Pulse Source to Drain Current lspm Showing the Integral Re- ° - - -76 A
{Note 3) verse
P-N Junction Diode
G
5

Source to Drain Diode Voltage (Note 2) Vgp Te = 25°C, Igp = -19A, Vigg = OV (Figure 13) - - -1.5 v
Reverse Recovery Time ter T, = 150°C, Igp = 19A, digp/dt = 100A/us - 170 - ns
Reverse Recovery Charge Grr T, = 150°C, Igp = 194, digp/dt = 100A/us - 0.8 - pcC

NOTES:

2. Pulse test: pulse width £ 300ps, duty cycle £ 2%.

3. Repetitive rating: pulse width limited by maximum junction temperature. See Transient Thermal impedance curve (Figure 3).

4. Vpp = 25V, starting T, = 25°C, L = 4mH, Rg = 250, peak |ag = 19A. (Figures 15, 16).

Typical Performance Curves unless Otherwise Specified
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IRF9540, RF1S9540SM

Typical Performance Curves Unless Gtherwise Specified {Continued}
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IRF9540, RF1595405M

Typical Performance Curves unless Otherwise Specified {Continued)
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Test Circuits and Waveforms
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 16. UNCLAMPED ENERGY WAVEFORNS
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FIGURE 19. GATE CHARGE TEST CIRCUIT FIGURE 20. GATE CHARGE WAVEFORMS
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All Intersil semiconductor products are manufactured, assembled and tested under ISO8000 quality systems certification.

Intersil semiconductor products are sold by description only. intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice, Accordingly, the reader Is cautionad to verify that date shests are current before placing orders. Information furnished by Intersi! is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or ils subsidiaries for ils use; nor For any infringements of palenis or other tights of third partles which may resuff
from lts use. No license is granted by implication or otherwise under any patent or patent rights of intersil or its subsidiaries.

For information regarding Intersil Corporation and Its products, see web site http:/fwww.intersil.com
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IRFP450

®
N - CHANNEL 500V - 0.33Q2 - 14A - TO-247
PowerMESH™ MOSFET
TYPE Vopss Rps{on) In
IRFP450 500V <04 Q 14 A

TYPICAL Rpseny £0.33 Q

EXTREMELY HIGH dv/dt CAPABILITY
100% AVALANCHE TESTED

VERY LOW INTRINSIC CAPACITANCES
GATE CHARGE MINIMIZED

DESCRIPTION

This power MOSFET is designed using the
company's consolidated strip layout-based MESH
OVERLAY™ process. This technology matches
and improves the performances compared with
standard parts from various sources.

APPLICATIONS

« HIGH CURRENT SWITCHING

» UNINTERRUPTIBLE POWER SUPPLY (UPS)

« DC/DC COVERTERS FOR TELECOM,
INDUSTRIAL, AND LIGHTING EQUIPMENT.

INTERNAL SCHEMATIC DIAGRAM

{TaE or 2)
o

s.'.J
SCOo7580
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vos Drain-source Voltage (Vgs = 0) 500 A
Vper |Drain- gate Voltage (Res = 20 kQ) 500 v
Vas Gate-source Vollage + 20 v
to Drain Current {continuous) al T = 25°C 14 A
o Drain Curreni (continucus) at Te = 100 °C 8.7 A
lom(*) [Drain Current (pulsed) 56 A
Pt | Total Dissipation at T, = 25 °C 190 w
Derating Factor 1.5 w/eC
dv/di(1) |Peak Diode Recovery vollage slope as vins
Tstg Storage Temperature -65 to 150 °c
Tj Max. Operating Junction Temperature 150 °C
{«} Puige width limited by safe aperating area (1) lsp €14 A, difdt € 130 Adps, Voo £ Vierioss, T) € Tumax
August 1998 1/8




IRFP450

THERMAL DATA

Rinj-case |Thermal Resistance Junclion-case Max 0.66 °Ciw
rihj-amb [ Thermal Resistance Junclion-ambient Max 30 oC/W
Rihc.sink [ Thermal Resislance Case-sink Typ 0.1 °Ciw
Ty Maximum Lead Temperature For Scldering Purpose 300 °c
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
AR Avalanche Current, Repetitive or Not-Repetitive 14 A
(pulse width limited by T; max)
Eas Single Pulse Avalanche Energy 800 mJ
(starting T; = 25 °C, Ip = lar, Voo = 50 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vieripss |Drain-source ip=250pA Vas=0 500 v
Breakdown Voltage
Ipss Zero Gate Voltage Vps = Max Rating 1 1A
Drain Current {Vgs = 0) [Vps = Max Rating T.=125°C 50 HA
lass Gale-body Leakage Vgs =120V + 100 nA
Current {Vos = 0)
ON (*)
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
VGs(ih) Gate Threshold Vps = Vgs lp= 250 A 2 3 4 A
Voltage
Rpsiony |Static Drain-source On |Vgs = 10V Ip=8.4 A 0.33 0.4 Q
Resistance
Ipton) On State Drain Current |Vps > logen) X RpSonymax 14 A
Vs =10V
DYNAMIC
Symbol Parameter Test Conditions Min. Typ. | Max, Unit
grs {*) |Forward Vos > Ipjon) X Rosiomymax o= 8.4 A 9.3 13 S
Transconductance
Ciss Input Capacitance Vps=25V f=1MHz Vgs=0 2600 pF
Coss Qutput Capacitance 330 pF
Crss Reverse Transfer 40 pF
Capacitance
2/8 IYI




IRFP450

ELECTRICAL CHARACTERISTICS (continued)

SWITCHING ON
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
tatan) Turn-on Time Vop =250V [p=TA 24 ns
t; Rise Time Ra=4.7 8 Ves = 10V 14 ns
{see test circuit, figure 1)
Qy Total Gate Charge Vop =400V o= 14A Vgs=10V 75 nC
Qe Gale-Source Charge 13.5 nC
Qg Gate-Drain Charge 27 nC
SWITCHING OFF
Symbol Parameter Test Conditions Min. Typ. Max. Unit
trvoiry | Off-voltage Rise Time (Vpp=400V Ip=14 A 15 ns
1] Fall Time Re=4.7Q Vgs=10V 25 ns
tc Cross-over Time (see test circuit, figure 3) 35 ns
SCURCE DRAIN DIODE
Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
isp Source-drain Current 14 A
Ispm(*) |Source-drain Current 56 A
{pulsed)
Vsp (¥} |Forward On Voltage Isp =14 A Vges=10 1.4 A
tre Reverse Recovery fsp = 14 A di/dt = 100 A/ps 680 ns
Time Voo =100V T;=150°C
Qe Reverse Recovery (see test circuit, figure 3) 9 ucC
Charge
[ETIY] Reverse Recovery 26 A
Current

{r) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 %
{*) Pulse widthlimited by safe operating area

Safe Operating Area Thermal Impedance
GL77430 E— N1
ln(A)s : e “ He=os HlcH T i
=il 0.2 (i T
? o "‘\ 1 0.1 A
& . InE .
10° S L TS Jo 1ttt ol
BL——‘}_ec‘z’—- = X 100 us 0.05 S . T2
TS 7 i
e N 0,02 A
[ |/ h A 10,01
N4 N Y ims - 1 I = % Rini—¢
oV NN 102 | 7sinGLe puLst 6= tofr
10, : ™ 10ms 7 = ; I | I |
€ ™ "
‘ » . -
, D.C. OPERATION i
H 1 u
oL LI T oL [T T
| rors . ] _ -
T A T L ¥ Vos (V) 10°  10~* 10~ 1072 107 t,(s)
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Qutput Characteristics
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Transfer Characteristics
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Normalized Gate Threshold Voltage vs Nomalized On Resistance vs Temperature
Temperature
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Fig. 1: Unclamped Inductive Load Test Circuit

Fig. 1: Unclamped Inductive Waveform
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Fig. 4: Gate Charge test Circuit
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TO-247 MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 47 5.3 0.185 0.209
D 2.2 2.6 0.087 0.102
E 04 0.8 0.016 0.031
F 1 1.4 0.039 0.055
F3 2 2.4 0.079 0.094
Fa 3 3.4 0.118 0.134
10.9 0.429
H 15.3 15.9 0.602 0.626
19.7 20.3 0.776 0.779
L3 14.2 148 0.559 0.413 0.582
L4 346 1,362
L5 55 0.217
M 2 3 0.079 0.118
Dia 3.55 3.65 0.140 0.144
L3
1 2
: —
RN
L4
L5
PO25P

3
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Information furnished is betieved to be accurate andreliable. However, STMicroelectronics assumes no responsibility forthe consequences
of use of such information nor for any infringement of patents or other rights of third paries which may result from its use. Mo license is
granted by implication or otherwise under any patent or patent rights af STMicraelectronics. Specification mentioned in this publicalion are
subject to chenge without notice. This publication supersedes and replacas all information previously supplied. STMicroelectronics products
are not authorized for use as critical componenis in life support devices or systems without express written approval of STMicroelectronics.
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Philips Semiconductors

Low power quad op amps

Product specification

LM124/224/324/324A/

SA534/LM2902

DESCRIPTION

The LM124/SA534/LM2802 series consists of four independent,
high-gain, intemally frequency-compensated operational amplifiers
designed specifically to operate from a single power supply over a
wide range of voltages.

UNIQUE FEATURES

in the linear mode, the input common-mode voltage range includes
ground and the output voltage can also swing to ground, even
though operated from only a single power supply voltage.

The unity gain crossover frequency and the input blas current are
temperature-compensated.

PIN CONFIGURATION

-NPUT1 | 2

D, F, N Packages

v | 4 11 | GND

+INPUT 2 E 1__0) “INPUT 3
-nPuTz2 [ 6 W @ 9 | -nPUT3
ouTRUT 2 | 7 8 | ouTPUT3

A4
14 | QUTPUT 4

% 13 | ANPUT 4
12 | HINPUT 4

FEATURES

® Internally frequency-compensated for unity gain TapiEW SLOGOES

® Large DC voltage gain: 100dB Figure 1. Pin Configuration

® Wide bandwidth {unity gain): 1MHz {temperature-compensated)

® Wide power supply range Single supply: 3Vpc to 30Vpc or dual

supplies: £1.5Vpe to £15Vpe
* Very low supply current drain: essentially independent of supply
voltage (1TmW/op amp at +5Vpc}

¢ Low input biasing current: 45nApc (temperature-compensated)

® Low input offset voltage: 2mVp¢ and offset current: SnApc

® Differential input voltage range equal to the power supply voliage

® | amge output voltage: OVpg to Vee-1.5Vpe swing

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #

14-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C LM124N S0OT27-1
14-Pin Cerami¢ Dual In-Line Package (CERDIP) -55°C to +125°C LM124F 05818
14-Pin Plastic Dual In-Line Package (DIP) -25°C to +85°C LM224N 50727-1
14-Pin Cerami¢ Dual in-Line Package (CERDIP) -23°C to +85°C LM224F 0581B
14-Pin Plastic Small Outline {(SO) Package -25°C to +85°C LM224D SOT108-1
14-Pin Plastic Dual in-Line Package (DIP) 0°C 10 +70°C LM324N SOT27-1
14-Pin Ceramic Dual in-Line Package (CERDIF) 0°C to +70°C LM324F 05818
14-Pin Piastic Small Qutline {50} Package 0°C ip +70°C LM324D SOT108-1
14-Pin Plastic Dual In-Line Package (DIP} 0°C to +70°C LM324AN S50T27-1
14-Pin Plastic Small Qutiine (SO) Package 0°C to +70°C LM324AD 50T108-1
14-Pin Plastic Dual In-Line Package (DIP) -40°C to +85°C SA534N S0T27.1
14-Pin Cerami¢ Dual In-Line Package (CERDIP} -40°C to +85°C SAS34F 0581B
14-Pin Plastic Small Outline {S0O) Package -40°C to +85°C SAS534D 50T108-1
14-Pin Plastic Small Qutline (SO) Package -40°C to +125°C LM2902D SOT108-1
14-Pin Plaslic Dual In-Line Package (DIP) -40°C to +125°C LM2902N S0T27-1

1995 Nov 27
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply veoltage 32 or 16 Voo
Vin Differential input voltage 32 Ve
Vin Input voltage -0.3to +32 Voo
Po Maxirmum power dissipation,

Ta=25°C (still-air)!
N package 1420 mwW
F package 1190 mw
D package 1040 mw
Output shart-circuit to GND one amplifier? ]
Vee<16Vpe and Ta=25°C Continuous
™ Input current (Vjy<-0.3V)? 50 mA
Ta Operating ambient temperature range
LM324/A 010 +70 °C
LM224 -2510 +85 °C
SAS534 4010 +85 °C
LM2902 -40 10 +125 °C
LM124 -551t0 +125 °C
Ts1G Storage temperature range -6510 +150 °C
TsoLn Lead soldering temperature {10sec max) 300 °C
NOTES:

1. Derate above 25°C at the following rates:
F package at 9.5mW/rC
N package at 11.4mW/C
D package at 8.3mW/rC
2. Shoricircuils from the output to Vac+ can cause excessive heating and eventual destruction. The maximum output current is approximately
40mA, independent of the magnitude of V. At values of supply voltage in excess of +15Vp¢ continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction.
3. This input current will only exist when the voltage at any of the input leads is driven negative. it is due to the collector-base junction of the
input PNP transistors becoming forward biased and thereby acting as input bias clamps. In addition, there is also lateral NPN parasitic
transistor action on the |C chip. This action can cause the output voltages of the op amps to go to the V+ rail (or to ground for a large
overdrive) during the time that the input is driven negative.
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Philips Semicanductors

Product specilication
Low power quad op amps SA534/LM2902
DC ELECTRICAL CHARACTERISTICS
Vee=8V, Ta=25°C unless otherwise specified.
LM124/LM224 LM324/SA534/LM2902
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
v Offset voltage’ Rs=00 2 it 2 7
os set vollage Rg=0%), over temp. 7 +9 mv
AVog/aT Temperature drift Rg=0£1, over temp. 7 7 uviec
; Input current? It} of i) 45 150 45 250 N
BIAS Iin(+) or liy(-), over temp. 40 300 40 500
Algiag/AT | Temperature drift Over temp. 50 50 pA/PC
b+ Him(-) #3 +30 +5 +50
t
los Offset curren T+ Fing(-), over temp. £100 =150 nA
Alps/AT Temperature drift Over temp. 10 10 pA/°C
v Common-mode voitage Vee<30v Vee-1.5 Vee-1.8 v
o™ range3 Vocs30V, over temp. 0 Vee-2 Vee-2
CMRR g‘l’i':m""'m"de rejection Vee=30V 70 | 85 65 | 70 4B
Vour Output voltage swing RL:it?r :';?T?:SOV' 26 26 v
10 V=30V,
Vo Output voltage high RusToka, ‘ef;:p_ao 27 | 28 27 | 28 v
R S10kG
VoL Output voliage low var‘ tgm;; 5 20 5 20 mv
Ri2ee, Vec=30V, 15 3 15 3
over temp.
lee Supply current - mA
L 0.7 1.2 07 12
over temp.
V=15V (for large Vo 1
swing), R 22k 50 100 25 oo
AvoL Large-signal voltage gain Veo=15V (for large Vo VimV
swing), R 22k, 25 15
over temp.
Ampii.ﬁers:to-ampliﬁer f=‘.| kHz to 20kHz, 120 120 dB
coupling input referred
PSRR Power supply rejection ratio Rg<0Q 65 100 65 100 dB
Output current Vint=+1V, Vig-=0V, 20 40 20 40
source Vee=15V
V|N+=+1V, V|N-=0V.
Veoe=15V, over temp. 10 20 10 20 mA
Vin-=+H1V, Vg +=0V,
louT Cutput current N VCC:1£’3‘, 10 20 10 | 20
. VIN-=+1V, Vig+=0V,
sink Vee=15Y, over temp. s 8 S 8
Vin-=+1V, V|N+=0V.
Vg=200mV 12 50 12 50 PA
Isc Short-circuit current? 10 40 60 10 40 60 mA
GBwW Unity gain bandwidth 1 1 MHz
SR Slew rate 0.3 0.3 Vips
VNOISE Input noise voltage f=1kHz 40 40 nviHz
VoirE Differential input voltage® Veg Veo vV
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

DC ELECTRICAL CHARACTERISTICS (Continued)
Vee=5Y, Ta=25°C unless otherwise specified.

LM324A
SYMBOL PARAMETER TEST CONDITIONS - 3 UNIT
Min Typ Max
Rg=00Q +2 +3
v Offset voltage?
0s g Rg=0L, over temp. 5 mv
AVEslAT Temperature drift Rs=0€), over temp. 7 3¢ wviec
. Iin{+) of bni- 45 100
lalas Input currenté In(+) or hne) nA
Iyn(+) or hin(=), over temp. 40 200
Algjag/aT Temperature drift Over temp. 50 pASC
I+ -in-) +5 +30
| Offset current
0s el curren T+ (), over temp. 175 nA
Alos/aT Temperature drift Over temp. 10 300 pASC
Vewm Common-mode voltage range® Vee<30V 0 Veo-1.5 v
Vee<30V, over temp. 0 Vac-2 vV
CMRR Common-mode rejection ratio Veo=30V 65 85 dB
) RL=2kQ, V=30V,
Vour Output voltage swing over temp. 26 v
Vo Qutput voltage high R <10k, V=30V, over temp. 27 28 A
R <10k,
VoL Output voltage low over temp. 5 20 mv
lco Supply current R| ===, V=30V, over temp. 1.5 3 mA
R =e<, over temp. 07 1.2 mA
AvoL Large-signal voltage gain Vc=15V (for large Vg swing), Ry 22k 25 100 VimV
Veo=15V (for large Vg swing), R 22kQ, 15 Vimy
over temp,
f=1kHz to 20kHz
N - I 8 _
Ampiifier-to-amplifier coupling input referred 120 dB
PSRR Powet supply rejection ratio Rg<0Q &5 100 dB
Output current _ _ _
source Vint=+1V, V=0V, Vge=15V 20 40 mA
ViN+t=+1V, Vig-=0V, V=15V, over temp. 10 20 mA
lout Qutput current Vin-=+1V, Vin#=0V, V=15V 10 20 mA
sink Vin-=+1V, V|N+=0V, V=15V, over temp. 5 8 mA
V|N-=+1V, V;N+=OV, V0=200mV 12 50 BA
bse Short-circuit current? 10 40 60 mA
VDIFF Differential input voltage? Vec v
GBW Unity gain bandwidth 1 MHz
SR Slew rate 0.3 Vius
VNOISE Input noise voltage f=1kHz 40 nViNHz
NOTES:

1. Vo =14Vpe Rs
2. The direction of the input curren

the output sa no loading change exists on the input lines.

3. The input common-mode voltage or either input signal vol
common-mode voltage range is Ve -1.5, but either ar both inputs can go
4. Shori-circuils from the output 1o Vg can cause excessive heating and eventual destruction. Th
At values of supply voltage in excess of +15Vp¢, continuous shor-circuits can exceed the
| destruction. Destructive dissipation can result from simuttaneous shorts on all amplifiers.
that coupling is not originating via stray capacitance between these external parts. This

40mA independent of the magnitude of Vee.
power dissipation ratings and cause eventual
5. Due to proximily of external components, insure

typically can be detected as this type of coupling increases at higher frequencies.

1995 Nov 27

=00 with Vg from 5V to 30V and over full input common-meode range {OVpct to Vg -1.5V).
t is out of the IC due 1o the PNP input stage. This current is essentially constant, independent of

the state of

Itage should not be allowed to go negative by more than 0.3¥. The upper end of the
to +32V without damage.
& maximurn cutput current is approximately




Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

EQUIVALENT CIRCUIT

INPUTS —

1004,

o

o

-—1—©—

Cc

I/QW

1

an

Bt
Rsc
OUTPUT
Q12 C\D 50pA
__i_ e

Ly

b a3

SLOG06E
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Figure 2, Equivalent Circuit




Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/

SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS
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Philips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Figure 4. Typical Performance Characteristics (cont.)
TYPICAL APPLICATIONS
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Figure 5. Typical Applications



P600A THRU P600M

GENERAL PURPOSE PLASTIC RECTIFIER
Reverse Voltage - 50 to 1000 Volts  Forward Current - 6.0 Amperes

Case Style P600 FEATURES
+ Plastic package has Underwriters Laboratory
1 Flammability Classification 24V-0
+ High forward current capability
o5 + Construction utilizes void-free e
MIN., molded plastic technique “*uﬁ_
+ High surge current capability UL
gjjz::; I Iq— l + High temperature soldering guaranteed: o
+ 250°C/10 seconds, 0.375" (9.5mm)} lead length,
l I 0.360 (9.7} 5 Ibs. (2.3kg) tension
aa-’i{&.&)
MECHANICAL DATA
T Case; Void-free molded plastic body
0.052{1.32) -« 1.00254) Terminals: Plated axial leads, solderable per MIL-STD-750,
i N Method 2026
Polarity: Color band denotes cathode end
i l Mounting Position: Any

Weight: 0.07 ounce, 2.1 grams

Dimensions in inches and (millimeters)

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

atings &t 25°C ambient temperature unless otherwise specified.

symsoLs | p60oA | Pe0oB | PésoD | PEOOG | P60OJ | PBSOK | PE0OM | UNITS

laximum repetitive peak reverse voltage VRRM 50 100 200 400 600 800 | 1000 | Volts
laximum RMS voltage VRmMS 35 70 140 280 420 560 | 700 | Volts
laximurn DC blocking voltage Voe 50 100 200 400 600 800 {1000 | Volts
faximum average forward rectified current at
'a=60°C, 0.375" (9.5mm) lead length (FIG 1) AV 6.0 Amps
L=60°C, 0.125" (3.18mm} lead length (FIG 2) 220
*eak forward surge current
..3ms single half sine-wave superimposed on lFsm 400.0 ' Amps
ated load (JEDEC Method)
Aaximum instantaneous forward voltage at: 6.0A v 0.90 1.0 Volt

100A F 1.30 1.4 | YolIs
Aaximum DC reverse current Ta= 25°C - 5.0 pA,
it rated DC blocking voltage Ta=100°C 1.0 mA
fypical junction capacitance (NOTE 1) Cy 150.0 pF
lypical reverse recovery time (NOTE 2) ter 25 Hs
fypical thermal resistance (NOTE 3) Raga 20.0 SO

Reu 4.0

Jperating junction and storage temperature range T4, TSTG -50 to +150 °C
JOTES:

1) Measured at 1.0 MMz and applied reverse voitage of 4.0 Voits

2} Reversa recovery time condilions: IF=0.5A, IR=1.0A, Ir=0.25A

3) Thermal resistance from junction to ambient and from junction to lead at 0.375" (9.5mm} lead length,
P.C.B. mounted with 1.1 x 1.1 (30 x 30mm) copper pads

. GENERAL
N SEMICONDUCTOR’
10/42/98




RATINGS AND CHARACTERISTIC CURVES P600A THRU P600M

AMPERES

NN WU | ST AR I e 8 S 1
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Order this document by TL494/D

@ MOTOROLA
TL494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit SWITCHMODE
designed primarily for SWITCHMODE power supply controi. PULSE WIDTH MODULATION
CONTROL CIRCUIT

. , : —_
Comple:te F’ul‘se Width Modulation Control Circuitry SEMICONDUCTOR
® On-Chip Oscillator with Master or Slave Operation TECHNICAL DATA.
& On-Chip Error Amplifiers
® On-Chip 5.0 V Reference
® Adjustable Deadtime Control
e Uncommitted Output Transistors Rated to 500 mA Source or Sink D SUFFIX
& Qutput Control for Push-Pull or Single—Ended Operaticn 16 PLA%RSCEP-'?SC.JQAGE
® Undervoltage Lockout 1 (50-16)
N SUFFIX
16 PLASTIC PACKAGE
] CASE 648
PIN CONNECTIONS
Noni ~ Noni
onINy 1 E oniny
t Input
MAXIMUM RATINGS (Full operating ambient temperature range applies, lnT:v @; @ I:Su
unless otherwise noted.} Input (2] vee 15] Input
PWHN
Rating Symbol | TL494C | TL4941 | Unit Co&ngr?‘r; i [1 = [14] Vg
Power Supply Voltage Voo 42 v Deadtime 1 ‘ 3] Qutput
Vol v 22 v Caontrol Coniro!
Coilector Qutput Voltage c1,
Va2 er[sH 12] Ve
Oscillator
Collector Output Current Ic1. g2 500 mA Rr [6] 1] c2
Each transistor) (Note 1 \—IEZ:
( A ! Ground [ 7| 10] E2
Amplifier Input Voltage Range VIR —0.310 +42 A %
cifs 9lE
Power Dissipation @ Ta < 45°C Pp 1000 mw [: :l
Thermal Resistance, RgJa 80 °Cw (Top View)
Junction—to—Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55to +125 °C ORDERING INFORMATION
Qperating Ambiant Temperature Range TA °C Operating
TL494C 0to +70 Device Temperature Range Package
TL494] -25 10 +85 TL494CD e 5016
. . a =0%to o,
Derating Ambient Temperature Ta 45 C TL494CN A Plastic
NOTE: 1. Maximum thermal limits must be observed. TL494IN Tp = - 25°to +85°C Plastic

© Motorola, Inc. 1996 Rev 1



RECOMMENDED OPERATING CONDITIONS

TL494

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Voo 7.0 15 40 V'
Collector Output Voltage Vo1, Ve - 30 40 \)
Collector Output Current (Each transistor) Ic1. o2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Voo -2.0 A
Current Into Feedback Terminal I - - 0.3 mA
Reference Oulput Current Iref - - 10 mA
Timing Resistor RT 18 30 500 ke
Timing Capacitor CT 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vo =15V, C1 = 0.01 pF, RT = 12 k@, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Tp is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol Min | Typ l Max I Unit I
REFERENCE SECTION

Reference Voltage (Ip = 1.0 mA) Vref 475 5.0 525 vV

Line Regulation (Voo =7.0V 1o 40V) Regline - 20 25 mv

Load Regulation (I = 1.0 mA to 10 mA) Regjoad - 3.0 15 mv

Short Circuit Output Current (Vpaf = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current I (off) - 20 100 uA
(Ve =40V, Vo =40 V)

Emitter Off-State Current IE(off) - - —100 PA
Voo =40V, Vg =40V, VE =0 V)

Collector-Emitter Saturation Voltage (Note 2) \
Common—Emitter (Vg =0V, I = 200 mA} Vgal(C) - 1.1 1.3
Emitter—Follower (Vi = 15V, Ig = -200 mA} Vsat(E) - 5 25

QOutput Control Pin Current
Low State (Vo <04 V) locL - 10 - LA
High State (Vo = Vref) locH - 0.2 35 mA

Output Voltage Rise Time tr ns
Commaon-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Qutput Voltage Fall Time t ns
Common-Emiiter (See Figure 12) - 25 100
Emitter—Follower {See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse technigues are used during test to maintain junction temperature as close to ambient temperature as possible.

MOTOROLA ANALOG IC DEVICE DATA



TL494

ELECTRICAL CHARACTERISTICS (Vgc = 15 V. C1 = 0.01 puF, RT = 12 kL, unless otherwise noted.)

For typical values Ta = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics | Symbot Min Typ Max l Unit l
ERROR AMPLIFIER SECTION
Input Offset Vollage (Vo (pin 3) = 2.5 V) Vo - 2.0 10 my
Input Offset Current (VO (pin 3y =2.5 V) ho - 5.0 250 nA
Input Bias Current (Vo (Pin 3) = 2.5 V) B - —~0.1 -1.0 uA
input Common Mode Voltage Range (VoG = 40 V, Ta = 25°C) VICR -03toVge—-2.0 v
Open Loop Voltage Gain (AVg =3.0V, Vo =05V to 3.5V, R = 2.0 k) AvoL 70 95 - dB
Unity-Gain Crossover Frequency (Vo =05V to 3.5V, R = 2.0 kQ) fc- - 350 - kHz
Phase Margin at Unity-Gain (Vo =05 V10 3.5V, R = 2.0 kQ) dm - 65 - deg.
Common Mode Rejection Ratio (Voo =40 V) CMRR 65 a0 - dB
Power Supply Rejection Ratio (AVge =33V, Vg =25V, R =2.0 ki) PSRR - 100 - dB
Output Sink Current (Vg (pPin 3) = 0.7 V) lo— 0.3 07 - mA
Output Source Current (Vg (pin 3) = 3.5 V) lo+ 2.0 4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle} VTH - 25 4.5 \4
Input Sink Current (V(pin 3= 0.7 V) . 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11}
Input Bias Current (Pin 4) (Vpin 4 =0V 10 5.25V) B (DT) - =2.0 -10 pA
Maximum Duty Cycle, Each Qutput, Push—-Pull Mode BCmax %
(Mpin4 =0V, CT=0.01pF, RT =12 kil} 45 48 50
(VpPin 4 =0V, C1=0.001 pF, RT = 30 ki2} - 45 50
Input Threshold Voltage (Pin 4) Vih v
(Zero Duty Cycle) - 2.8 33
{Maximum Duty Cycle} 0 - -
OSCILLATOR SECTION
Frequency (C1 = 0.001 puF, RT = 30 kQ) fosc - 40 - kHz
Standard Deviation of Frequency™ (CT = 0.001 pF, RT =30 kQ) ofosc - 3.0 - %
Frequency Change with Voltage (Vo = 7.0 Vio 40 V, Ta = 25°C) Afggg (AV) - 0.1 - %
Frequency Change with Temperature (ATa = Tiow 10 Thigh) Afggc (AT) - - 12 %
{CT=0.01puF RT=12kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn—On Threshold (V¢ increasing, lyef = 1.0 mA) Vth 55 6.43 7.0 | \4 J
TOTAL DEVICE
Standby Supply Current (Fin 6 at Viat, All other inputs and outputs open) leo mA
Voo =15V) - 55 10
(Voo =40V) - 7.0 15
Average Supply Current mA
{CT=0.01uF, RT =12 k@, V(pin 4) = 2.0 V) - 7.0 -
(Voo = 15 V) (See Figure 12}
* Slandard deviation is a measure of the statistical distribution about the mean as derived from the formula, o
3
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Figure 1. Representative Block Diagram
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APPLICATIONS INFORMATION

Description

The TL494 is a fixed-frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the contro!l of a switching power supply. (See
Figure 1.) An internal-linear sawtooth osciltator is frequency-—
programmable by two external components, R and CT. The
approximate oscillator frequency is determined by:

1.1

f S, L B
0sC RT «CT

For more information refer to Figure 3.

Qutput pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two contro! signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime-control
input to a fixed voltage, ranging between 0 V to 3.3 V.

Functional Table

Input/Qutput . fout
Controls Qutput Function f;;; =
Grounded | Single—ended PWM @ Q1 and Q2 1.0

@ Vref Push—pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on-time, established by the deadtime
control input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from —0.3 V to (Vg - 2V), and

may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse-width
modulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected to
the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single-ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—ftop. The output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of foad current for external bias circuits.
The reference has an internal accuracy of £5.0% with a
typical thermal drift of less than 50 mV over an operating
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency
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Figure 5. Percent Deadtime versus
Oscillator Frequency

20
18

16
1 Cy = 0.001

12 /|
10 P
80 t
60
40
20

0
S00k 1.0k 10k 100k

fosc, OSCILLATOR FREQUENCY {Hz)

500k

Figure 7. Emitter—Follower Configuration
Output Saturation Voltage versus
Emitter Current

1.9
1.8
1.7
16
1.5
14

1.3

1.2

11
200

lg, EMITTER CURRENT (mA}

0 100 300 400

Figure 9. Standby Supply Current
versus Supply Voltage

9.0
8.0
190
60

50
40

3.0
20 /

1.0

0 50 10 15 20 25 30 35 40

Vce. SUPPLY VOLTAGE (V)

MOTOROLA ANALOG IC DEVICE DATA



Figure 10. Error—Amplifier Characteristics
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TL494

Figure 11. Deadtime and Feaedback Control Circuit
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Figure 14. Error—-Amplifier Sensing Techniques
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Figure 17. Output Connections for Single—Ended and Push—Pull Configurations
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Figure 18, Slaving Two or More Control Circuits Figure 19. Operation with Vi > 40 V Using
External Zener
Vref
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Figure 20. Pulse Width Modulated Push-Pull Converter
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o
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4 1N4934 ln=02A
. vee J\ATP; T oy + o
2 o |2 Tip 2}(2%
iM 32 L
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3 Comp TL494 %h = 50 )
001 0017 45 BV
Tl co | Tip | 50 ATk,
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13 14 4 5 6 7 9| 10
AN += 240 g
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Test Conditions Results
Line Regulation Vin =10V 1040V 14mV 0.28% #11 :gfm'zg_@éoofacAT 128 AWG

Load Reguilation

Vin=28V,lg=1.0mAto 1.0 A

3.0mV 0.06%

Qutput Ripple

Vin=28V.l0=10A

65 mV pp PARD.

Short Circuit Current

Vin=28V,R_.=0.1Q

18A

Efficiency

Vin=28V.Ig=1.0A

71%

Secondary: 1207 C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3CB
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Figure 21. Puise Width Modulated Step-Down Converter
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Test Conditions Results

Line Regulation

Vin=80Vio40V

30omv  0.01%

Load Regulation

Vin=128V, Ig=0.2 mA 10 200 mA

50mvV  0.02%

Output Ripple Vin=128V, Ig =200 mA 40mvVpp PARD.
Short Circuit Current Vin=126V. R =010 250 mA
Efficiency Vin= 126V, ig =200 mA 72%
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OUTLINE DIMENSIONS

SEATING L
D sPL

N SUFFIX
PLASTIC PACKAGE NOTES
A }—™ CASE 648-08 7. DIMENSIONING AND TOLERANGING PER ANS!
MLy ol ISSUER Y14.5M, 1982,
” n —r 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL.
o 4, DIMENSION B DOES NOT INGLUDE MOLD FLASH.
1 el ¥ 5 ROUNDED CORNERS DPTIONAL.
PR R \i’-lkﬂl‘_‘u-‘ ] INCHES | _MILLMETERS
| o[ WIN | WAX | MIN_| MAX
F —C -— L —» A | 0740 | 0770 | 18,80 | 19.55
| B ) 0250 | 0270 | 635 | B85
s % € | 0145 [ 0475 | 269 | 444
il ] D 0015 | 0021 | o3 | 058
SEATING F o0l o0 | toe | am
4 =13 \ 6] 0100BSC 254BSC
N S W {__n0s0BSC 1.27BSC
K \,« M 4 | o008 [0015] c21 ] 038
G JL S K [ 010 [ 0130 [ 260 | 330
L [ 025 [ caos | 750 | n7a
D 16 PL ] (B 10° 0° 10°
|$| 0.25 (0.010)®IT| A@' $ ] 0020 | 040 | os1 [ Lo
D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
(S0-16)
ISSUE 4 HOTES:

AAAAARAAHR I
16 9 '_f
(ZB=] ParL

&T0250010@[8 O]
l:lj T,HdH I H_H_l

el

K—? * R x45°

=== R {j%x%

Bt

[Elos000®@]T[8 @[]

. DIMENSIONING AMD TOLERANCING PER
ANSI Y14.5M, 1962.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15(0.006)
PER SIDE.

DIMENSION & DOES NQT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0,127 {0.005) TOTAL
IN EXCESS OF THE D DIMENSICN AT

s owmN

-

MAXIMUM MATERIAL CONDITION.
MILLIMETERS | _ INCHES

| o[ MIN | MAX | MIN_]_MaX
a | gy [ 1000 | 0368 | 0298 |
B | 380 | 400 0150 | 0157
¢ | 135 | 175 | 0054 | o8

D] 045 | 040 [ 0014 | 009
F | 0401 425 ) 00t | 050
G 12785C 0.050BSC
s | 019 ] 025 | 0008 [ opgo ]

& | 040 { 025 { ocod | 0008
m| _o5| 7°] o0°] 7i°
p | 680 | 620 | 0229 | poss
A 025 | 050 0ot0 [ 0019
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