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L O W P O W E R S W I T C H I N G REGULATOR 

• GENERAL DESCRIPTION 
The NJM2352 is the industry's first monolithic low power switch-

ing regulators available in an 8-lead mini-DIP, and designed specifi-
ca l ly f o r battery opera ted ins t rumen t s . T h e y each conta in a 1.3V 
temperature compensated bandgap reference, adjustable free running 
oscillator, voltage comparator , low battery detection circuitry, and a 
200mA switch transistor with all of the funct ions required to make a 
complete low power switching regulator. 

These regulators can achieve up to 8 0 % efficiency in most applica-
tions while being able to operate over a wide input supply voltage range, 
2.6V to 24V,, at a very low quiescent drain of 280 p A . 

The NJM2352 can be used as a building block in three basic appli-
cations: step-up, step-down and inverting. 

PACKAGE OUTLINE 

NJM2352D HJM2352M 

• FEATURES 
• Operating Voltage (2 .6V-24.0V) 

• Low Operating Current 
• Internal Low Voltage Detect Circuit 
• Pulse Width Modulation Control Circuit 
• Package Outline DIP8, DMP8 
• Bipolar Technology 

• BLOCK DIAGRAM 
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NJM2352 

• ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 

PARAMETER SYMBOL RATINGS UNIT 

Supply Voltage V* 24 V 

Power Dissipation PD 
(DIP8) 500 

(DMP8) 300 

mW 

mW 

Operating Temperature Range Topr - 4 0 - + 85 °C 

Storage Temperature Range Tstg - 4 0 - + 1 2 5 °C 

• ELECTRICAL CHARACTERISTICS 
D C Electrical Characteristics ( V + = 6 V , T a = 2 5 ° C ) 

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Operating Current (1) Iccd) 275 350 ix A 
Operating Current (2) U- (2) V + =24V — 400 550 jiiA 
Reference Voltage VREF 1.24 1.31 1.38 V 
Sw. Saturation Voltage Vsvv I s w = 100mA — 0.2 0.4 V 
Sw. Current Isw V s w=l).4V 100 200 — mA 
Sw. Leakage Current Iswo V©,.,N=24V — 0.1 10 /*A 
Operating Frequency F„ Cx=5()pF 40 50 60 kHz 
Low Battery Output Current I,.ED (L) VO, , i n =1.1V,V®P , n =0.4V 300 800 — tiA 
Low Battery Output Leakage Current ILED ( H ) V©,.,N = 1.4V, V®, . i n =6V — 0.1 5 ttA 

A C Electrical Characteristics (STEP-UP. Ta=25°C) 

• PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT 

Output Voltage (9V Set) Vo(9) • V+=4.5V, lo = 10mA 8.51 9.00 9.49 V 

Load Regulation (9V Set) AVo-Io (9) V+=4.5V, I 0 = 2 ~ I 7 m A — 100 200 mV 

Line Ragulation (9V Set) AVO-V,N(9) V+=4.5~8.1V, Io = 10mA — 50 200 mV 

Output Voltage (5V Set) ILED ( L ) V+=2.6V, Io = 10mA 4.72 5.00 5.28 V 

Output Voltage (24V Set) ILED ( H ) V + =12V, l 0 = 4 m A 22.7 24.0 25.3 V 

TEST CIRCUIT 

100/iF 

D2: SBD (EK-14) 
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• TYPICAL APPLICATION 

1. Step-Up Switching Regulator 
(Low Current) 

VBAT VoUT 

V U U T = — = • VHKF 
HI 

L B D 

2. Step-Up Switching Regulator 
(High Current) 

VHAT 
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• TYPICAL APPLICATION 

3. Step-Down Switching Regulator 

* VoUT 

VoUT — ' ' VHKI' 

L E D 

4. Inverting Switching Regulator 

4 2 8 N J M 2 9 0 4 
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• DESIGN EQUSTIONS 

Component Step Up Step Down Inverting 

RI R I = R.I X I O R I = R J X I O R I = R 3 X I O 

RJ 
V T H - V R E F V T H - V R E F V T H - V R E F 

RJ 
5 / I A 5mA 

RJ 
V O U T - VREF 

LL 

V O U T - V R E F 

I I 

VOUT 

I I 

R4 
VREF 

I I 

VREF 

I I 

VREF 

I I 

Rs 2 6 I Q 261£2 2 6 I Q 

Cx (pF) 
2 . I 4 X I 0 6 2 . 1 4 X I 0 6 2 . I 4 X I 0 6 

Cx (pF) 
Fo (Hz) Fo Fo 

LX 
0 . 3 - V U A T " ( V O U T - V U A T ) 0 . 3 - ( V O U T ) 0.3 • V „ A T - 1 VOUT 1 

LX 
F O ' I L O A D ' V O U T F O ' I L O A D F o • I L O A D ' ( V B A T + I VOUT I ) 

C, 
0.15 • I LOAD • (2 V O U T - VBAT)? . 'LOAD O . I 5 - I L O A D - ( V U A T + 2 | V O U T I ) 2 C, 

F o " VOUT" VR • VUAT 4 F O - V R F O - V B A T - ( V B A T + | V O U T | ) - V R 

RR> 
3 5 - V U A T 35 3 5 - V U A T 

RR> 
ILOAD- VOUT I LOAD I L O A D - ( V B A T + 1 V O U T I ) 

R 7 

5* (VUAT) 2 5 - V B A T 5 - ( V U A T ) 2 ' 
R 7 I LOAD - VOUT ILOAD ILOAD" ( V U A T + 1 VOUT 1) 

Rs 
3 5 0 - ( V U A T ) 

'LOAD" VOUT 

R9 
50(VUAT) 2 

R9 
I LOAD-VOUT 

11 = lOOjiiA 

VTH: low battery detection voltage, I 
Ripple Voltage at VB : I, =50—100^A. 
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• DESCRIPTION 
T h e NJM2352 is a micro-power switching regulator control IC suitable for a e q u i p m e n t of bat tery opera t ion and may 

b e used as s tep-up , s tep-down and invert ing regulators . 
T h e NJM2352 contains a r e f e rence , oscil lator, amplif ier , c o m p a r a t o r , detector of input voltage d r o p and switching t r an -

sistor. The ou tpu t voltage is controled by P W M method . 
T h e NJM2352 applies a b a n d g a p as a reference voltage. T h e oscillator is composed of put t ing one capaci tance ( C x ) t o 

t h e pin 2. T h e amplif ier is 80dB open- loop voltage gain and 1MHz band width. By adding adequa t e resistors to the pin 
1, the indicating signal comes when the input voltage drops more than designed input vol tage. Switching transistor is open 
collector. 

TERMINAL DESCRIPTION 

TERMINAL NO. TERMINAL ITEMS FUNCTION INSIDE EQUIVALENT CIRCUITS 

Input of Voltage 
Drop Dctector 

Output of Voltage 
Drop Detector 

Inverting input Terminal 
of comparator-3. 
When input voltage drops 
than non-inverting input 
voltage, comparator drives 
indicator output transistor. 

V+ • 

(@10„A 

4 
Open collcctor output 
transistor for driving 
LED. LCD etc. 

VREI? 

GND -

< > 

i 

0 

S i r A 
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NJM2352 

TERMINAL DESCRIPTION 

TERMINAL NO. TERMINAL ITEMS FUNCTION INSIDE EQUIVALENT CIRCUITS 

Timing C Connecting timing for 
deciding oscillator 
frequency. 

C O M P - 2 

G N D 

Switching Transistor 
Output 

Open collector Output of 
switching transistor. 

GROUND Ground 

Supply voltage terminal. 
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TERMINAL DESCRIPTION 

TERMINAL NO. TERMINAL ITEMS FUNCTION INSIDE EQUIVALENT CIRCUITS 

NF2 Terminal from connecting 
point of AMP output and 
COMP-1 inverting input. 

NF1 Inverting input of amplifier. 
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• PRINCIPLE OF OPERATION 
The NJM2352 circuit block is shown on Fig. 1 and timing chart on Fig. 2. Funct ion of C O M P - 2 is setting dead - t ime . 

A t point ® is the square wave and at point B is the tr iangular wave. By put t ing two input signals ( ® , ® ) into C O M P - 2 , 
o u t p u t (point © ) voltage is held high level during rising period of tr iangular wave and the switching transistor is kep t in 
the off condition regardless the COMP-1 ou tpu t level. So the maximum duty cycle of the NJM2352 is 50%. 

The COMP-1 makes on- t ime of switching transistor longer when the ou tpu t voltage is high and shor te r when it is low. 
T h u s function of the C O M P - 1 is pulse wide modulat ion. When the A M P ' s ou tpu t waveform is C O M P - 1 ou tpu t is like 

and N O R G A T E ou tpu t becomes high level only when both inputs , © , (§), a re low, and so the falling period of t r ian-
gular wave is the range of pulse width control . 

Fig. I 

Fig. 2 
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• MINIMUM OPERATING VOLTAGE 
M i n i m u m o p e r a t i n g vo l t age i s V + i 2 . 6 V at 25°C a n d its t empera tu re coe f f i c i en t is negat ive . Be careful w h e n y o u 

design. Less t han this m i n i m u m o p e r a t i n g vol tage , in te rna l swi tch ing t r ans i s to r b e c o m e s on , a n d the s u r g e - l i k e h igh 
cu r ren t f lows in to it especial ly in S t e p - U p o r Invert ing app l i ca t i on . 

• OSCILLATOR 
Osci l la tor f r e q u e n c y is decided by pu t t ing a capaci tor in to P I N 2. T h e a m p l i t u d e of bo th s q u a r e wave ® and t r i a n g u l a r 

w a v e ® is be tween 1 V B E and 3 V B E . 

• AMPLIFIER 
A M P source cu r ren t it 2 0 f i k m a x . a n d so the feedback resistor R[ to be connec ted to P I N 6 a n d PIN 7 a r e reco-

m m e n d e d more t han I00k£2. 

• SWITCHING TRANSISTOR 
W h e n the negat ive vol tage m o r e than 0 .5V absolute value based on g r o u n d level is app l ied , t he NJM2352 m a y o p e r a t e 

u n o r d i n a r y by reason of parasi t ic e f fec t in it. And so put S B D in be tween P I N 3 a n d g round w h e n you drive d i r ec to ry 
coil with internal swi tching t ransis tor . 

W h e n input vol tage b e c o m e s lower than specified vo l tage , t rans is tor 0 5 f i swi tches on and indicat ive device l ike L E D 
t u r n s on . T h e specif ied vol tage is dec ided by internal r e f e r ence voltage and o u t e r resis tors ra t io . 

V T H = V R E F ( 1 + R 2 / R 5 ) + R 2 X 0 . 5 / H A 
W h e n © input vol tage b e c o m e s lower than © input vo l tage , P IN 1 of C O M P - 3 sinks a b o u t 1/k.A and thus p r e v e n t s 

cha t t e r ing . Trans i s to r Q 5 6 b e c o m e s off condi t ion when P I N 1 vol tage is lower t han a b o u t 0 . 2 V . It is r e c o m m e n d a b l e t o 
pu t a b o u t 1/uF to P I N 1 in actual appl ica t ion to avoid switching noise . 

TTT 7 7 7 " 

• DETECTION CIRCUIT OF INPUT VOLTAGE DROP 
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EFFICIENCY 
Efficiency is shown below. 

„. , . V | N - V s VOUT 
Step Up = 

Step Down = 

Inverting = 

V , N V O U T + V D - V S 

V , N - V s + V , , X V „ ; T 

V | N V Q U T + V D 

V . N - V S X I VOUT I 

V , N | VOUT I + V D 

V s : Voltage Drop based on Switching Transistor On-Resistance. 
V„ : Diode Forward Voltage Drop. 

If Vs and VD are low, efficiency increase. Also speed of switching transistor and diode, scries resistance of L will affcct to it. Example 
is shown on typical characteristic graph. 

• TEST CIRCUIT 2(VOUT:9V) 

• PARAMETER 

• DI 
EK—14 
IS 1588 

• LX=470jhH 
LI : Ingernal Resistance=0.2£l 
L2 : Ingernal Resistunce=2n 
L3 : Ingernal Resistance=7Jl 
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TYPICAL CHARACTERISTICS 

Reference Voltage 
(Ta=25°C) 

1.0 

Vitiip o.5 
( V ) 

5 10 15 

Input Voltage VIN (V) 

20 

O 

Ice 

( M ) 

200 

100 

Operating Current 
(Ta = 25°C) 

0 5 10 15 20 25 

Input Voltage VIN (V) 

Operating Frequency 
( V i n = 6 V , T a = 2 5 ° C ) 

10 50 100 500 

Timing Capacitor C \ (pF) 

1000 

O £ 

F„ 

( k H z ) 

Operating Frequency 
( C x = 3 0 p F , T a = 2 5 ° C ) ' 

10 15 

Input Voltage Vu» ( V ) 

20 

Switching Tr Saturation Voltage 
( V , N = 6 V, T a = 2 5 ° C ) : 

Switch Current Isw (mA) 

VCE (No. 8 Pin) 
( V , N = 6 V . V(No. I P i n ) = I . I V , Ta=25°C) 

H - 1.5 

° 0 250 500 750 1000 

Dctcctor O u t p u t Tr Current Ii.nn ( L ) (/<A) 

Neut Qapan Radio Co.,IM. 6-8 7 



NJM2352 

• TYPICAL CHARACTERISTICS 

Minimum Operation Input Voltage 
( T a —25°C ) 

- 2 5 0 25 50 75 

A m h i c n t T e m p e r a t u r e T a (°C ) 

Voltage Gain 
( V I N = 6 V , T a = 25"C) 

100 

> 
Av 

(dB) 

10 100 1000 

F r e q u e n c y f ( k H z ) 

No. 1 Pin Input Current 
( V I N = 6 V , T a = 25°C ) 
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TYPICAL CHARACTERISTICS (APPLICATION) 

Output Voltage 
( IL = 10mA, V o = 9 V, L x = 4 7 0 ^ H , 

Cx = 5 0 p F , Ci = 100/<F, T a = 25°C) 

O 

V f ) [IT 

( V ) 

Efficiency 
(I i . = 10raA, V o = 9 V , L x = 470/uH, 

Cx = 5 0 p F , Ci = 1 0 0 ^ F , T a = 25"C) 

100 

e 
IXJ 

(%) 50 

I n p u t V o l t a g e VIN ( V ) I n p u t V o l t a g e VIN ( V ) 

Output Voltage 
( L x = 470/*H, Cx = 2 0 p F , Ci = 100/uF, 

Vo = 2 4 V , T a — 25°C) 

O 

Vour 

( V ) 

s , 
1 

\ 
\ 

\ V 
\ 

\ 
V 

\ - II. = 0l iA 
l \ \ 

\ 
\ 

\ Il. = 10mA 

1 
\ \ 

\ 
1 1 

11.= 20mA 
\ 1 1 

- IL = 30mA 

'1 

10 20 

I n p u t V o l t a g e VIN ( V ) 

Output Voltage 
( L x = 470 / /H , Cx = 5 0 p F , Ci = 1 0 0 ^ F , V o = 5 V , 

T a = 25"C ) 

O 

Vo UT 

( V ) 

A 

\ 
V - I , . 

' I, 
= 100m 
-BflmA 

A 

/ 
\ 

\ 1 1 1 1 
•Ii. = 20mA 

\ 
I 0 T,t 

20 

I n p u t V o l t a g e VIN ( V ) 

New fopon Radio Co., lid. 6-8 5 





NJM2352 

M E M O 

[CAUTION] 
The specifications on this databook are only 

given for information , without any guarantee 
as regards either mistakes or omissions. The 
application circuits in this databook are 
described only to show representative usages 
of the product and not intended for the 
guarantee or permission of any right including 
the industrial rights. 
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