
LM
78

S4
0

National
Semiconductor

LM78S40
Universal Switching Regulator Subsystem
General Description
The LM78S40 is a monolithic regulator subsystem consist­
ing of all the active building blocks necessary for switching 
regulator systems. The device consists of a temperature 
compensated voltage reference, a duty-cycle controllable 
oscillator with an active current limit circuit, an error amplifi­
er, high current, high voltage output switch, a power diode 
and an uncommitted operational amplifier. The device can 
drive external NPN or PNP transistors when currents in ex­
cess of 1.5A or voltages in excess of 40V are required. The 
device can be used for step-down, step-up or inverting 
switching regulators as well as for series pass regulators. It 
features wide supply voltage range, low standby power dis­
sipation, high efficiency and low drift. It is useful for any 
stand-alone, low part count switching system and works ex­
tremely well in battery operated systems.

Features
■ Step-up, step-down or inverting switching regulators
■ Output adjustable from 1.25V to 40V
■ Peak currents to 1.5A without external transistors
■ Operation from 2.5V to 40V input
■ Low standby current drain
■ 80 dB line and load regulation
■ High gain, high current, independent op amp
■ Pulse width modulation with no double pulsing
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Ordering Information
Device
Code

Package
Code

Package
Description

LM78S40J J16A Ceramic DIP
LM78S40N N16A Molded DIP
LM78S40CJ J16A Ceramic DIP
LM78S40CN N16A Molded DIP
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-0 .3  to V +

±30V

Continuous 

10 mA

40V

40V

40V
40V

40V

1.5A
1.5A

(to be determined)

Symbol Parameter Conditions Min Typ Max Units

GENERAL CHARACTERISTICS

>cc Supply Current
(Op Amp Disconnected)

V| =  5.0V 1.8 3.5 mA

V| =  40V 2.3 5.0 mA

•cc Supply Current 
(Op Amp Connected)

V| =  5.0V 4.0 mA

V| =  40V 5.5 mA

REFERENCE SECTION

V r ef Reference Voltage 
(Note 4)

Ir ef  =  1.0 mA Extend -55°C < T A < +125°C, 
CommO < T a  < +70°C,
Indus — 40°C < T A < +  85°C

1.180 1.245 1.310 V

Vr line Reference Voltage 
Line Regulation

V| =  3.0V to V| =  40V, 
Ir ef  =  1.0 mA, T a  =  25°C

0.04 0.2 mV/V

V r lo ad Reference Voltage 
Load Regulation

Ir ef  = 1 .0  mA to Ir ef  =  10 mA, 
T a  =  25°C

0.2 0.5 mV/mA

OSCILLATOR SECTION

■CHG Charging Current V| =  5.0V, T a  =  25°C 20 50 jLlA

ICHG Charging Current V| =  40V, T a  =  25°C 20 70 julA

Id isc h g Discharge Current V, =  5.0V, T a  =  25°C 150 250 julA

Id ischg Discharge Current V| =  40V, T a  =  25°C 150 350 jaA

Vosc Oscillator Voltage Swing V| =  5.0V, T a  =  25°C 0.5 V

ton/toff Ratio of Charge/ 
Discharge Time

6.0 JLlS/JU.S

Absolute Maximum Ratings
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications.
Storage Temperature Range 

Ceramic DIP 
Molded DIP

Operating Temperature Range 
Extended (LM78S40J)
Industrial (LM78S40N)
Commercial (LM78S40CN)

Lead Temperature 
Ceramic DIP (Soldering, 60 sec.)
Molded DIP (Soldering, 10 sec.)

Internal Power Dissipation (Notes 1, 2)
16L-CeramicDIP 
16L-Molded DIP 

Input Voltage from V + to V~
Input Voltage from V + Op Amp to V -

— 65°C to +175°C 
— 65°C to +  150°C

— 55°C to +125°C 
— 40°C to +  125°C 

0°C to +  70°C

300°C
265°C

1.50W
1.04W

40V
40V

Common Mode Input Range 
(Error Amplifier and Op Amp) 

Differential Input Voltage 
(Note 3)

Output Short Circuit 
Duration (Op Amp)

Current from V r e f  

voltage from Switch 
Collectors to GND 

Voltage from Switch 
Emitters to GND 

Voltage from Switch 
Collectors to Emitter 

Voltage from Power Diode to GND 
Reverse Power Diode Voltage 

Current through Power Switch 

Current through Power Diode 
ESD Susceptibility

LM78S40
Electrical Characteristics
T a  =  Operating temperature range, V| =  5.0V, Vop Amp =  5.0V, unless otherwise specified
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LM78S40
Electrical Characteristics (continued)
T a  = Operating Temperature Range, V| =  5.0V, Vq p Am p =  5.0V, unless otherwise specified

Symbol Parameter Conditions Min Typ Max Units

CURRENT LIMIT SECTION

V C L S Current Limit Sense Voltage T a  = 25°C 250 350 mV

OUTPUT SWITCH SECTION

Vs A T  1 Output Saturation Voltage 1 Isw =  1-0A (Figure 1) 1.1 1.3 V

V S A T 2 Output Saturation Voltage 2 Isw = 1 -OA (Figure 2) 0.45 0.7 V

hFE Output Transistor Current Gain lc = 1.0A, V C e  = 5.0V, T a  = 25°C 70

II Output Leakage Current V0 = 40V, T a  = 25°C 10 nA

POWER DIODE

V f d Forward Voltage Drop lD = 1 .0 A 1.25 1.5 V

>d r Diode Leakage Current VD =  40V, T a  = 25°C 10 nA

COMPARATOR

Vio Input Offset Voltage V c M  = V r e f 1.5 15 mV

l|B input Bias Current V CM  = V r e f 35 200 nA

ho Input Offset Current V c m  = V r E f 5.0 75 nA

V c M Common Mode Voltage Range T a  = 25°C 0 V 1 -2 V

PSRR Power Supply Rejection Ratio V| =  3.0V to 40V, T a  = 25°C 70 96 dB

OUTPUT OPERATIONAL AMPLIFIER

V|0 Input Offset Voltage Vcm  =  2.5V 4.0 15 mV

l|B Input Bias Current Vcm  =  2.5V 30 200 nA

ho Input Offset Current Vcm  =  2.5V 5.0 75 nA

AVs+ Voltage Gain* Rl =  2.0 kft to GND;
V0 =  1.0V to 2.5V, T a  =  25°C

25 250 V/mV

AvS“ Voltage Gain- Rl =  2.0 kH to V +  (Op Amp) 
V0 =  1.0V to 2.5V, T A =  25°c

25 250 V/mV

VcM Common Mode Voltage Range T a  =  25°c 0 Vcc “  2 V

CMR Common Mode Rejection Vcm  =  0 V to 3.0V, T a  =  25°c 76 100 dB

PSRR Power Supply Rejection Ratio V +  Op Amp =  3.0V to 40V, T A =  25°C 76 100 dB

•o+ Output Source Current T a  =  25°c 75 150 mA

lo - Output Sink Current T a  =  25°c 10 35 mA

SR Slew Rate T a  =  25° C 0.6 V/jutS

V<DL Output Voltage LOW lL =  — 5.0 mA, T a  =  25°C 1.0 V

VOH Output Voltage High lL =  50 mA, T a  =  25°C V +  Op 
Amp -  3V

V

Note 1: T j  Max =  150°C for the Molded DIP, and 175°C for the Ceramic DIP.

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 16L-Ceramic DIP at 10 mW/#C, and the 16L-Molded DIP at 8.3 mW/°C. 

Note 3: For supply voltages less than 30V, the absolute maximum voltage is equal to the supply voltage.

Note 4: Selected devices with tightened tolerance reference voltage available.
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The LM78S40 is a variable frequency, variable duty cycle 
device. The initial switching frequency is set by the timing 
capacitor (Note 1). The initial duty cycle is 6:1. This switch­
ing frequency and duty cycle can be modified by two mech­
anisms— the current limit circuitry (lpk sense) and the com­
parator.

The comparator modifies the O FF time. When the output 
voltage is correct, the comparator output is in the HIGH 
state and has no effect on the circuit operation. If the output 
voltage is too high then the comparator output goes LOW. 
In the LOW state the comparator inhibits the turn-on of the 
output stage switching transistors. As long as the compara­
tor is LOW the system is in OFF time. As the output current 
rises the O FF time decreases. As the output current nears 
its maximum the O FF time approaches its minimum value. 
The comparator can inhibit several ON cycles, one ON cy­
cle or any portion of an ON cycle. Once the ON cycle has 
begun the comparator cannot inhibit until the beginning of 
the next ON cycle.

The current limit modifies the ON time. The current limit is 
activated when a 300 mV potential appears between lead 
13 (Vcc) and lead 14 (lPk). This potential is intended to re­
sult when designed for peak current flows through Rsc- 
When the peak current is reached the current limit is turned 
on. The current limit circuitry provides for a quick end to ON 
time and the immediate start of O FF time.
Generally the oscillator is free running but the current limit 
action tends to reset the timing cycle.
Increasing load results in more current limited ON time and 
less O FF time. The switching frequency increases with load 
current.

Vfd  is the forward voltage drop across the internal power 
diode. It is listed on the data sheet as 1.25V typical, 1.5V 
maximum. If an external diode is used, then its own forward 
voltage drop must be used for Vfd - 
Vs a t  is the voltage across the switch element (output tran­
sistors Q1 and Q2) when the switch is closed or ON. This is 
listed on the data sheet as output saturation voltage. 
Output saturation voltage 1— defined as the switching ele­
ment voltage for Q2 and Q1 in the Darlington configuration 
with collectors tied together. This applies to Figure 1, the 
step down mode.

Output saturation voltage 2— switching element voltage for 
Q1 only when used as a transistor switch. This applies to 
Figure 2, the step up mode.
For the inverting mode, Figure 3, the saturation voltage of 
the external transistor should be used for Vs a t -
Note 1: Oscillator frequency is set by a single external capacitor and may be 
varied over a range of 100 Hz to 100 kHz.

Functional Description
Vl RSC
25 V 0.33G

Typical Applications

TL/H/10057-3
FIGURE 1. Typical Step-Down Operational 

Performance O a  =  25°C)

Characteristic Condition
Typical
Value

Output Voltage lo =  200 mA 10V

Line Regulation 20V £ V| <; 30V 1.5 mV

Load Regulation 5.0 mA ^  lo 
Iq  ^  300 mA

3.0 mV

Max Output Current V0 =  9.5V 500 mA

Output Ripple lo =  200 mA 50 mV

Efficiency lo =  200 mA 74%

Standby Current Iq  =  200 mA 2.8 mA

Note A: For Iq  ^  200 mA use external diode to limit on-chip power dissipa­
tion.

Note B: It is recommended that the internal reference (lead 8) be bypassed 
by a 0.1 juF capacitor directly to (lead 11) the ground point of the LM78S40.
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Typical Applications (Continued)

Performance 0 a  = 25°C)

Characteristic Condition
Typical
Value

Output Voltage Iq  =  50 mA 25V

Line Regulation 5.0V <; V| £ 15V 4.0 mV

Load Regulation 5.0 mA ^  lo 
Iq  ^  100 mA

2.0 mV

Max Output Current V0 =  23.75V 160 mA

Output Ripple Iq  =  50 mA 30 mV

Efficiency lo =  50 mA 79%

Standby Current Iq  =  50 mA 2.6 mA

L
2N5003 300

Performance (Ta  = 25°C)

Characteristic Condition
Typical
Value

Output Voltage lo =  100 mA -1 5 V

Line Regulation 8.ov <; V| <; 18V 5.0 mV

Load Regulation 5.0 mA ^  lo 
Iq  ^  150 mA

3.0 mV

Max Output Current V0 =  14.25V 160 mA

Output Ripple lo =  100 mA 20 mV

Efficiency Iq  =  100 mA 70%

Standby Current Iq  =  100 mA 2.3 mA
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Typical Applications (Continued)

2N6051

FIGURE 4. Pulse Width Modulator
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