
19-0918; Rev 0; 5/91 

/ M / I X I / M 
Preset/Adjustable Output CMOS 
Inverting Switching Regulators 

General Description 
The M A X 6 3 5 / M A X 6 3 6 / M A X 6 3 7 inver t ing sw i t ch i ng regu-
lators a re d e s i g n e d for m i n i m u m c o m p o n e n t D C - D C 
conve rs i on in the 5 m W to 5 0 0 m W range. 
Low p o w e r app l i ca t i ons requ i re on ly a d i ode , ou tpu t filter 
c a p a c i t o r , a n d a l o w - c o s t i n d u c t o r . A n a d d i t i o n a l 
MOSFET a n d dr iver a re n e e d e d for h igher p o w e r app l i -
ca t ions. Low bat tery de tec t i on c i rcu i t ry is i nc l uded o n 
ch ip . 
T h e M A X 6 3 5 / 6 3 6 / 6 3 7 are p rese t for -5V, -12V, a n d -15V 
ou tpu ts , respect ive ly . However , the regu la tors c a n b e 
set to o ther levels by a d d i n g 2 resistors. 
M a x i m m a n u f a c t u r e s a b r o a d l ine of s tep -up , s t e p - d o w n , 
a n d inver t ing D C - D C conver te rs , w i th fea tures s u c h as 
log ic - leve l shu tdown , ad jus tab le osci l la tor f r e q u e n c y , 
a n d external MOSFET dr ive. 

Applications 
M i n i m u m C o m p o n e n t , H igh -E f f i c iency 
D C - D C Conver te rs 
Por tab le Ins t ruments 
Bat tery Power Conve rs ion 
B o a r d Level D C - D C Conve rs ion 

Features 
• Preset -5V, -12V, -15V Output Voltages 
• Adjustable Output with 2 Resistors 
• 85% Typ Efficiency 
• Only 3 External Components 
• 80|xA Typ Operating Current 
• Low Battery Detector 

Ordering Information 
PART* TEMP. RANGE PIN-PACKAGE 

M A X 6 3 5 X C P A 0°C to + 7 0 ° C 8 Plast ic D IP 

M A X 6 3 5 X C S A 0°C to + 7 0 ° C 8 N a r r o w S O 

M A X 6 3 5 X C / D 0 8 C to + 7 0 ° C D i c e 

M A X 6 3 5 X E P A -40°C t o + 8 5 ° C 8 Plast ic D IP 
M A X 6 3 5 X E S A -40°C t o +85°C 8 N a r r o w S O 

M A X 6 3 5 X E J A -40°C t o + 8 5 ° C 8 C E R D I P 

M A X 6 3 5 X M J A -55°C to + 1 2 5 ° C 8 C E R D I P 

M A X 6 3 6 X C P A 0°C to + 7 0 ° C 8 Plast ic D IP 

M A X 6 3 6 X C S A 0°C to + 7 0 ° C 8 N a r r o w S O 

M A X 6 3 6 X C / D 0°C to + 7 0 ° C D i c e 

M A X 6 3 6 X E P A -40°C t o + 8 5 ° C 8 Plast ic D IP 

M A X 6 3 6 X E S A -40°C t o + 8 5 ° C 8 N a r r o w S O 

M A X 6 3 6 X E J A -40°C to + 8 5 ° C 8 C E R D I P 

M A X 6 3 6 X M J A -55°C to + 1 2 5 ° C 8 C E R D I P 
*X = A for 5% Output Accuracy, X = B for 10% Output Accuracy. 
Ordering Information continued on last page. 

,Pin Configuration Typical Operating Circuit 
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Preset/Adjustable Output CMOS 
Inverting Switching Regulators 
ABSOLUTE MAXIMUM RATINGS 
S u p p l y V o l t a g e , + V s ( N o t e 1) + 1 8 V 
Inpu t Vo l t age , L B O , LBI , V F B -0 .3V to ( + V s + 0 .3V) 
LX O u t p u t Cu r ren t 5 2 5 m A Peak 
L B O O u t p u t C u r r e n t 5 0 m A 
Power D iss ipa t i on 

Plast ic DIP (de ra te 8 . 3 3 m W r C a b o v e +50°C) 6 2 5 m W 
Smal l Out l ine ( d e r a t e 6 m W f C a b o v e + 5 0 ' C ) 4 5 0 m W 
C E R D I P ( d e r a t e 8mW/°C a b o v e + 5 0 ' C ) 8 0 0 m W 

O p e r a t i n g T e m p e r a t u r e R a n g e 
M A X 6 3 _ _ C 0 " C to + 7 0 e C 
M A X 6 3 _ _E -40°C to + 8 5 ' C 
M A X 6 3 _ _ M -55°C to +125°C 

S t o r a g e T e m p e r a t u r e -65° C t o +160°C 
L e a d T e m p e r a t u r e (So lde r i ng , 10 s e c . ) + 3 0 0 8 C 

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 
(TA = + 2 5 8 C , un less o the rw i se no ted . ) 

is not implied. Exposure to 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

S u p p l y V o l t a g e (No te 1) + v s 
T A = + 2 5 ° C 
O v e r T e m p e r a t u r e 

2 . 3 
2 .6 

16.5 
16.5 V 

S u p p l y C u r r e n t Is 
N o L o a d , LX Off , 
O v e r T e m p e r a t u r e 

+ V s = +5V 
+ V s = + 1 5 V 

8 0 
2 6 0 

150 
5 0 0 

HA 

R e f e r e n c e V o l t a g e VREF T A = + 2 5 ° C 
O v e r T e m p e r a t u r e 

1 .24 
1 .20 

1.31 1.38 
1 .42 V 

N o Load , VFB = VREF, + V s = + 5 V 
Ove r T e m p e r a t u r e 

V O U T V o l t a g e (No te 2 ) 
M A X 6 3 5 A 1 
M A X 6 3 6 A F 5 % O u t p u t A c c u r a c y 
M A X 6 3 7 A 3 

- 4 . 7 5 
- 1 1 . 4 

- 1 4 . 2 5 

-5 .0 
- 1 2 . 0 
- 1 5 . 0 

- 5 . 2 5 
- 1 2 . 6 

- 1 5 . 7 5 V 

M A X 6 3 5 B 1 
M A X 6 3 6 B > 1 0 % O u t p u t A c c u r a c y 
M A X 6 3 7 B J 

-4 .5 
- 1 0 . 8 
- 1 3 . 5 

- 5 .0 
- 1 2 . 0 
- 1 5 . 0 

-5 .5 
- 1 3 . 2 
- 1 6 . 5 

E f f i c i ency 8 5 % 

L ine Regu la t i on (No te 2 ) + 5 V < + V s < + 1 5 V 0 .5 % V O U T 

L o a d Regu la t i on (No te 2 ) POUT = OmW to 1 5 0 m W 0 .2 % V O U T 

Osc i l l a to r F r e q u e n c y fo + V S = + 5 V M A X 6 3 A 
M A X 6 3 ^ B 

4 5 
4 0 

5 0 
5 0 

5 6 
6 5 k H z 

Osc i l l a to r Du ty C y c l e + V s = + 5 V 4 0 5 0 6 0 % 

LX O n R e s i s t a n c e R O N IX = 1 0 0 m A , + V s = + 5 V 
= + 1 5 V 

9 
4 

16 
8 n 

LX L e a k a g e Cu r ren t IXL 
+ V s = + 16.5V 

TA = +25° C 
Ove r T e m p e r a t u r e 

0 .01 1.0 
3 0 

p A 

V F B Input B ias Cu r ren t IFB 0 ,01 10 n A 

L o w Bat te ry T h r e s h o l d V L B I 1.31 V 

L o w Bat te ry Input B ias Cu r ren t ILBI 0 .01 10 n A 

L o w Bat te ry O u t p u t C u r r e n t I L B O 
V 2 = +0 .4V, V 3 = + 1 . 1 V 

TA = 25°C 
O v e r T e m p e r a t u r e 0 .5 

1.0 m A 

L o w Bat te ry O u t p u t 
L e a k a g e C u r r e n t I L B O L V 2 = + 16.5V, V3 = + 1 . 4 V 0 . 0 1 3 .0 HA 

Note 1: In a d d i t i o n to the A b s o l u t e M a x i m u m Ra t i ng of +18V , t he Input v o l t a g e a l s o m u s t no t e x c e e d 2 4 V - I - V O U T l , 
Note 2: G u a r a n t e e d b y co r re la t ion w i th D C pu l se m e a s u r e m e n t s . 
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Preset/Adjustable Output CMOS 
Inverting Switching Regulator* 

P f n D — c r i p t t o n 

pm NAME FUNCTION 

1 -VOUT The sense INPUT for fixed output op-
eration, -VOUT, is internally con-
nected to the on-chip voltage divider. 
Although it is connected to the output 
of the DC-DC converter (Figure 2), 
VOUT does not supply current, LX 
does. 

2 LBO Low Battery Detector Output. An 
open drain N-channel MOSFET which 
sinks current when the voltage at LBI 
is below 1.31V. 

3 LBI Low Battery Detector Input. When the 
voltage at LBI is lower than the low 
Battery Detector threshold (+1.31V), 
LBO sinks current. 

4 GND Ground 

PIN NAME FUNCTION 
5 LX This pin drives the external inductor 

with an internal P-channel power 
MOSFET. LX has an output resis-
tances typically 6ft and a peak cur-
rent rating of 525mA. 

6 + V S The positive Supply Voltage, from +2V 
to + 16.5V. The total difference be-
tween the negative output voltage and 
the positive input must be less than 
2 4 V . 

7 VREF The Voltage Reference output is 
+1.31V, generated by an on-chip 
bandgap reference. 

8 VFB When VFB is tied to VREF, the DC-DC 
converter output will be the factory 
preset value. When an external volt-
age divider is connected to VFB and 
Vref, this pin becomes the feedback 
input for adjustable output operation. 

c 
i w 

Lx ON RESISTANCE 
v*. TEMPERATURE 

* •2 .51 

• 5 V 

• V s = • 1 5 V 
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SUPPLY CURRENT 
vt. TEMPERATURE 

• 5 V 

\ 
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Preset/Adjustable Output CMOS 
Inverting Switching Regulator* 
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Detailed Description 
Principle of Operation 

F igu re 1 s h o w s a s imp l i f i ed inver t ing conver te r . W h e n 
the sw i t ch is c l o s e d , a c h a r g i n g cu r ren t f l ows t h r o u g h the 
induc to r , c r e a t i n g a m a g n e t i c f ield. W h e n the sw i t ch 
o p e n s , t he cu r ren t c o n t i n u e s to f low t h r o u g h the i nduc to r 
in t he s a m e d i rec t i on as the c h a r g i n g cur ren t . S ince the 
sw i t ch is n o w o p e n , the cu r ren t mus t f low t h r o u g h the 
d i o d e , t he reby c h a r g i n g the c a p a c i t o r w i th a nega t i ve 
vo l tage . A s the e n e r g y s to red in t he i nduc to r is t rans-
fe r red to the ou tpu t f i l ter c a p a c i t o r , the cu r ren t l inear ly 
d e c a y s to zero , a n d the m a g n e t i c f ie ld co l l apses . 

The M A X 6 3 5 / 6 3 6 / 6 3 7 con t ro l s t he m a g n i t u d e of t he n e g -
at ive ou tpu t v o l t a g e by tu rn ing the sw i t ch on a n d off on ly 
w h e n the ou tpu t vo l t age has b e c o m e m o r e pos i t i ve than 
the d e s i r e d va lue . 

Basic Circuit Operation 
Figure 2 s h o w s the s t a n d a r d c i rcu i t for conve r t i ng a 
pos i t i ve vo l t age into a nega t i ve one. W h e n the ou tpu t 
b e c o m e s m o r e pos i t i ve t h a n the p rese t level, t he Error 
C o m p a r a t o r s w i t c h e s low, a n d the M O S F E T at LX is 
t o g g l e d on a n d off at t he c l ock f r e q u e n c y . Du r i ng the 
l o w - g o i n g pe r i od of t he osc i l la tor , P1 is on, a n d cu r ren t is 
de l i ve red t o t he ex te rna l i nduc to r t h r o u g h the LX pin. 

Figure 1. Simplified Inverting Converter 

W h e n the osc i l la tor ou tpu t g o e s h igh , t he M O S F E T tu rns 
off, but cur ren t c o n t i n u e s to f low t h r o u g h the induc to r . 
D i o d e D1 thus c o n d u c t s , a n d the ou tpu t f i l ter c a p a c i t o r , 
C1 , is c h a r g e d negat ive ly . 

Basic Step-Down Circuit 
T a b l e 1 lists s o m e coi l m a n u f a c t u r e r s a n d t yp i ca l par t 
n u m b e r s . Tab le 2 s h o w s nomina l i nduc to r p a r a m e t e r s 
for a var iety of input a n d ou tpu t vo l tages . The d a t a re fers 
to t h e c i rcu i t of F igu re 2. W h e n noise is not cr i t ica l , a 

LOW BATTERY 
+VlN OUTPUT 

Figure 2. MAX635/636/637 Block Diagram and Typical Circuit (Table 2) 

4 A i i l X I A I 



Preset/Adjustable Output CMOS 
Inverting Switching Regulator* 

l ow -cos t b o b b i n i nduc to r wi l l su f f i ce . For h i g h e r p o w e r 
c i rcu i ts , or w h e n low no ise a n d EMI a re requ i red , po t 
c o r e s or t o ro i ds s h o u l d b e used . If m o r e ou tpu t p o w e r is 
des i r ed , see the M e d i u m Power Inver ters sec t ion . 

Table 1. Coil and Core Manufacturers (Note 3) 

Note 3: Th is list d o e s not cons t i t u te an e n d o r s e m e n t by M a x i m 
In teg ra ted P r o d u c t s a n d is not i n t e n d e d to b e a c o m p r e -
hens i ve list of all m a n u f a c t u r e r s of t h e s e c o m p o n e n t s . 

Note 4: P e r m a g C o r p . is a d is t r ibu to r for m a n y of t h e l is ted co re 
a n d to ro id m a n u f a c t u r e r s (516) 822 -3311 . 

Table 2. Inductor Selection for 
Common Designs (Figure 2) 

V|N 
(V) 

VOUT 
(V) 

IOUT 
(mA) Part No. 

INDUCTOR 
HH Q 

+ 3 -5 5 7 0 7 0 - 2 7 1 5 0 n H 0 . 4 3 

+ 5 -5 2 5 7 0 7 0 - 2 7 1 5 0 n H 0 . 4 3 

+ 9 -5 4 0 7 0 7 0 - 3 1 3 3 0 ^ H 0 . 7 2 

+ 12 -5 4 5 7 0 7 0 - 3 3 4 7 0 j i H 0 . 8 8 

+ 15 -5 5 0 7 0 7 0 - 3 5 6 8 0 | i H 1.5 

+ 5 - 1 2 12 7 0 7 0 - 2 6 120 | iH 0 . 3 2 

+ 9 -12 3 0 7 0 7 0 - 3 1 330(^H 0 . 7 2 

+ 12 - 1 2 4 0 7070-33 4 7 0 | i H 0 . 8 8 

+ 3 - 1 5 2 7 0 7 0 - 2 7 150^iH 0 .43 

+ 5 -15 8 7 0 7 0 - 2 7 1 5 0 n H 0 . 4 3 

+ 9 - 1 5 2 5 7 0 7 0 - 3 1 3 3 0 | i H 0 .72 

Note 5: C a d d e l l - B u r n s N.Y. (516) 746 -2310 . 

Low Battery Detector 
T h e L o w Bat te ry O u t p u t , L B O , s inks cu r ren t w h e n e v e r t he 
inpu t v o l t a g e at L o w Bat te ry Input , LBI , is less t han 
+ 1.31V. LBI is a h igh i m p e d a n c e C M O S input , w i th less 
t han 10nA l e a k a g e cu r ren t . L B O is an o p e n d ra in N -
c h a n n e l M O S F E T w i th a b o u t 5 0 0 Q of o u t p u t res i s tance . 
T h e t r ip v o l t a g e of t he L o w Bat te ry De tec to r c a n b e 
a d j u s t e d us i ng an ex te rna l v o l t a g e d i v ide r as s h o w n in 
F igu re 2. If hys te res is is des i red , a d d a res is tor b e t w e e n 
L B O a n d LBI. 

Let R2 b e any res i s tance in t he 1 0 k i i to 1 0 M Q 
range , t yp i ca l l y 100kQ, then : 

(VLB is t he d e s i r e d L o w Bat te ry d e t e c t i o n vo l t age . ) 

MANUFACTURER TYPICAL 
P A R T * DESCRIPTION 

ASIA 

T D K C o r p o r a t i o n 
13-1, N i h o n b a s h i 1 - c h o m e 
C h u o - k u 
T o k y o 103 J a p a n 

EUROPE 

R i c h a r d J a h r e G m b H 
L u e t z o w s t r a s s e 9 0 
1000 Ber l in 3 0 G e r m a n y 

BOBBIN INDUCTORS 

D a l e I H A - 1 0 4 500JJ.H, 0.5£2 

C a d d e l l - B u r n s 7 0 7 0 - 2 9 220 | iH , 0 . 5 5 Q 

G o w a n d a 1 B 2 5 3 250|aH, 0 . 4 4 Q 

T R W L L - 5 0 0 500|J.H, 0 . 7 5 Q 

POTTED TOROIDAL INDUCTORS 

Da le T E - 3 Q 4 T A 1mH, 0 . 8 2 Q 

T R W M H - 1 6 0 0 n H , 1 . 9 H 

G o w a n d a 0 5 0 A T 1 0 0 3 100|J.H, 0.05£2 

FERRITE CORES AND TOROIDS (Note 4) 

Al len B r a d l e y T 0 4 5 1 S 1 0 0 A Tor . Co re , 
5 0 0 n H / T 2 

S i e m e n s B 6 4 2 9 0 - K 3 8 - X 3 8 Tor . C o r e , 4 \ i H f T 2 

M a g n e t i c s 5 5 5 . 1 3 0 Tor. Core , 
5 3 n H / T 2 

S t a c k p o l e 5 7 - 3 2 1 5 Pot Co re , 
1 4 m m x 8 m m 

M a g n e t i c s G - 4 1 4 0 8 - 2 5 Pot Co re , 
14 x 8, 2 5 0 n H / T 2 

+5VIN 
10nF 

^ R3 
1 -VOUT +Vs VFB g 300k f t 

3 AMXIA1 
MAX635 nrr 

LBI MAX636 VREF 

MAX637 

R4> 3 9 k f l 7 ^ 

LX 5 -
GND LX 

-10V0UT 
100|iF 

220̂H 

A i y i X I A I 

Figure 3. Adjustable Output Operation 
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Preset/Adjustable Output CMOS 
Inverting Switching Regulator* 

Fixed or Adjustable Output 
For o p e r a t i o n at o n e of t he p rese t o u t p u t v o l t a g e s ( -5V 
for t h e M A X 6 3 5 , - 1 2 V for t h e M A X 6 3 6 , a n d - 1 5 V for t h e 
M A X 6 3 7 ) , VFB is c o n n e c t e d t o VREF, a n d no ex te rna l 
res is to rs a r e r e q u i r e d . 

O the r o u t p u t v o l t a g e s a re s e l e c t e d b y c o n n e c t i n g a n 
ex te rna l v o l t a g e d i v ide r t o VFB a s s h o w n in F igu re 3. T h e 
o u t p u t is se t b y R3 a n d R4 a s fo l l ows : 

Let R4 b e any r es i s t ance In t h e 1 0 k Q to 1 0 M f t 
r a n g e , t yp i ca l l y 1 0 0 k f t , t hen : 

R3 
R4 V O U T = - 1 . 3 1 V x ^ r 

External Components 
What Value of Inductor? 

A General Discussion 
T h e c o n v e r t e r s in th is d a t a s h e e t o p e r a t e b y c h a r g i n g a n 
i n d u c t o r f r o m a D C inpu t a n d t h e n d i s c h a r g i n g t h e i n d u c -
tor to g e n e r a t e a D C o u t p u t tha t is o p p o s i t e in po la r i t y to 
t he inpu t . 

I n d u c t o r s e l e c t i o n for a n y D C - D C c o n v e r t e r d e p e n d s o n 
t h ree t h i ngs : t h e d e s i r e d o u t p u t p o w e r , t he i npu t v o l t a g e 
(or i npu t v o l t a g e range ) , a n d the c o n v e r t e r ' s osc i l l a to r 
f r e q u e n c y a n d d u t y cyc le . The osci l la tor t im ing is impor -
tan t b e c a u s e it de te rm ines h o w long the coi l will b e c h a r g e d 
du r i ng e a c h cyc le . This, a l ong wi th the input vo l tage, 
de te rm ines h o w m u c h e n e r g y wil l be s to red in the coil. 

T h e m a x i m u m a m o u n t of e n e r g y (EL) in t h e co i l e a c h 
c y c l e is a f u n c t i o n of t h e p e a k cu r ren t (Ipk) a n d t h e 
i n d u c t a n c e of t h e co i l (L): 
T h e i n d u c t o r m u s t m e e t four e l ec t r i ca l c r i te r ia : 
[ ] Value - l ow e n o u g h i n d u c t a n c e s o it s to res a d e -
q u a t e e n e r g y at t he w o r s t - c a s e , low inpu t v o l t a g e . 

H i g h e n o u g h s o e x c e s s i v e a n d po ten t ia l l y d e s t r u c t i v e 
c u r r e n t s a r e a v o i d e d u n d e r w o r s t - c a s e h i gh c o n d i t i o n s 
for p o w e r - s w i t c h t rans is to r on t i m e a n d h i gh i npu t vo l t -
a g e . 

[ ] Saturation - T h e coi l m u s t del iver the co r rec t i nduc -
t a n c e va lue at t he wo rs t - case , h i g h p e a k o p e r a t i n g cu r -
rent. 

[ ] EMI - E l e c t r o m a g n e t i c i n t e r f e rence m u s t not u p s e t 
n e a r b y c i rcu i t r y or t h e regu la to r IC. Ferr i te b o b b i n t y p e s 
w o r k we l l for d ig i ta l c i r cu i t s ; t o ro i d or po t c o r e t y p e s w o r k 
we l l for EMI - sens i t i ve a n a l o g c i r cu i t s . 

[ ] DC resistance - W i n d i n g r e s i s t a n c e m u s t b e a d e -
q u a t e l y low s o e f f i c i e n c y is no t a f f e c t e d a n d se l f - hea t i ng 

d o e s not o c c u r . Va lues less t h a n 0 . 5 f t a re usua l l y m o r e 
t h a n a d e q u a t e . 
O the r i n d u c t o r p a r a m e t e r s , s u c h as c o r e loss or se l f - res -
o n a n t f r e q u e n c y , a re no t a f ac to r at t h e re la t ive ly low 
M A X 6 3 5 / 6 3 6 / 6 3 7 o p e r a t i n g f r e q u e n c y . 

Inductor Value - Low Enough? 

T h e p r o b l e m tha t b i tes d e s i g n s m o s t o f ten , e s p e c i a l l y in 
t he p r o d u c t i o n or p r e - p r o d u c t i o n p h a s e , h a p p e n s w h e n 
the i nduc to r va lue is t o o h igh . T h e s e un i ts fai l t o de l i ve r 
e n o u g h l o a d cu r ren t a n d exh ib i t p o o r l o a d regu la t i on . 
T h e w o r s t c a s e is: 
[ ] M a x i m u m l o a d cu r ren t 
[ ] M i n i m u m s u p p l y v o l t a g e 
[ ] M a x i m u m i n d u c t o r va lue , i n c l u d i n g t o l e r a n c e 
[ ] M a x i m u m o n r e s i s t a n c e of t h e s w i t c h b e c a u s e it 

r e d u c e s t h e exc i t a t i on v o l t a g e a c r o s s t h e i n d u c t o r 
[ ] W o r s t - c a s e l ow o n t i m e 

Inductor Value - High Enough? 

T h e i n d u c t o r v a l u e m u s t a l so b e h i g h e n o u g h s o p e a k 
c u r r e n t s d o not s t ress t h e t rans is to r or c a u s e the i n d u c t o r 
c o r e t o sa tu ra te . O d d s y m p t o m s c a n b e t r a c e d to e x c e s -
s ive i n d u c t o r c u r r e n t s : low e f f i c i ency , ra t t l ing hea t s inks , 
w h i n i n g co i ls , a n d i n c r e a s e d o u t p u t r ipp le . Ve ry low 
i n d u c t o r v a l u e s c a n resu l t in d a m a g e d p o w e r t rans is to rs . 

T h e s l o p e of t h e i n d u c t o r cu r ren t , a n d t h e r e f o r e t h e p e a k 
v a l u e tha t it r e a c h e s in a g i v e n o n t ime , is d e t e r m i n e d b y 
t h e s u p p l y v o l t a g e a n d the i n d u c t o r va lue . T h e w o r s t 
c a s e o c c u r s at: 

[ ] M a x i m u m s u p p l y v o l t a g e 
[ ] M i n i m u m i n d u c t o r va lue , i n c l u d i n g t o l e r a n c e 
[ ] M i n i m u m o n r e s i s t a n c e of t he s w i t c h 
[ ] L o w s w i t c h i n g f r e q u e n c y (or m a x i m u m s w i t c h o n 

t ime ) 
Inductor Selection 

T h e i n d u c t o r e q u a t i o n s b e l o w m u s t b e c a l c u l a t e d for b o t h 
w o r s t - c a s e se t s of c o n d i t i o n s . T h e f inal v a l u e c h o s e n 
s h o u l d b e b e t w e e n t h e m i n i m u m v a l u e a n d m a x i m u m 
v a l u e c a l c u l a t e d . Wi th in t h e s e b o u n d s , t h e v a l u e c a n b e 
a d j u s t e d s l igh t ly lower for ex t ra l o a d c a p a b i l i t y or h i g h e r 
for l owes t r i pp le . 

[ 1 ] I p k 
V O U T + V D I Q D E 

( 0 . 2 5 ) ( V | N - V s w ) 
( I O U T ) 

[2] L = V L N - V S W 

Ipk ( t O N ) 

w h e r e V S W is t h e v o l t a g e d r o p a c r o s s t h e s w i t c h in t he 
o n state. Conse rva t i ve l y , t h e w o r s t c a s e is a b o u t 0 . 7 5 V 

6 A 1 / I X I A 1 



Preset/Adjustable Output CMOS 
Inverting Switching Regulator* 

max , 0 .25V m in wi th V IN = + 1 5 V a n d 1.5V max , 0 .5V m in 
w i th V IN = +5V. 
Examp le : A + 5 V 1 0 % inpu t m u s t b e c o n v e r t e d to -12V 

at 12mA. 
A Schot tky d i o d e ( 1 N 5 8 1 7 ) a n d a M A X 6 3 6 A 
are used . 

Ca l cu la te the m a x i m u m induc to r va lue a l l owed : 

1 2 V - 0 . 4 V 
Ipk = (0 .25) ( 4 . 5 V - 1 . 5 V ) 

4 . 5 V - 1.5V 

( 1 2 m A ) = 1 9 8 m A 

^ 1 9 8 m A = 

Ca l cu la te the m i n i m u m induc to r va lue a l l owed : 

Ipk = 5 2 5 m A ( f r om t a b l e of m a x ra t i ngs ; use t h e p o w e r 
M O S F E T m a x ra t ings for ex te rna l t rans is tor 
c i rcu i ts . ) 

• 5 . 5 V - 0 . 5 V . u 
= 5 2 5 m A = ^ 

A va lue of 120|xH w o u l d b e a g o o d c h o i c e for th is 
app l i ca t i on . 

Ipk mus t a lso b e c o m p a r e d to t he cu r ren t ra t ing of t he LX 
sw i tch . If Ipk e x c e e d s the p e a k cu r ren t ra t ing of t he 
sw i t ch (525mA) , an ex te rna l M O S F E T or t rans is tor w i th 
an a d e q u a t e cu r ren t ra t ing mus t b e u s e d (see M e d i u m 
Power Inver ters) . 

The co i l res i s tance has a s ign i f i can t e f fec t on the ou tpu t 
cur ren t ; a co i l w i th a low res i s tance wil l i nc rease the 
o u t p u t c u r r e n t a n d ove ra l l e f f i c i ency . The i nduc to r 

IOOJIF 

1 
N.C. 

VREF 

VFB LX 

IC1 
MAX635 

OR MAX636 
LBO 

LBI GND -VOUT 

? 
4.7k 

0.47nF 
CERAMIC 

Q1 
IRF9541 

01 
IN5817 

o -VOUT 

^ 1000|xF 

s h o u l d have a p o w d e r e d i ron or ferr i te c o r e a n d s h o u l d 
have a res i s tance less t h a n 0.5£2. 

Medium Power Inverters 
In t he c i r cu i t of F igu re 4, t he M A X 6 2 6 M O S F E T dr i ve r is 
u s e d to conve r t t he o p e n d ra in LX ou tpu t to a s igna l 
su i tab le for d r i v i ng the g a t e of an ex te rna l P - C h a n n e l 
MOSFET. The IRF9541 has a ga te t h resho ld vo l t age of 
2V to 4V so it wil l h a v e a re lat ively h i gh res i s tance if d r i ven 
w i th on ly 5V of g a t e dr ive. To i nc rease the g a t e d r i ve 
vo l tage , a n d t h e r e b y i nc rease e f f i c iency , t he nega t i ve 
s u p p l y p in of t he C M O S inverter is c o n n e c t e d to t he 
negat ive ou tpu t rather than to the g round . O n c e the c i rcui t 
is started, the ga te dr ive sw ings f rom +5V to -VOUT. 

At s ta r t -up , t he v o l t a g e at -VOUT is o n e Scho t t ky d i o d e 
d r o p a b o v e g r o u n d , a n d the ga te d r i ve to t he p o w e r 
M O S F E T is s l ight ly less t h a n -5V. The ou tpu t s h o u l d b e 
on ly l ight ly l o a d e d to e n s u r e s tar t -up, s i n c e the o u t p u t 
p o w e r capab i l i t y of t he c i rcu i t is ve ry low unti l - V O U T is a 
c o u p l e of vo l ts nega t i ve . (See Tab le 3 for c o m p o n e n t 
va l ues for L2 a n d IC1.) 

Table 3. Component Selector for Medium 
Power Inverters (Figure 4) 

V | N -VOUT IOUT EFFICIENCY IC1 L1 

5V -5V 4 0 0 m A 7 0 % M A X 6 3 5 2 7 | i H 

5V -5V 5 0 0 m A 6 4 % M A X 6 3 5 1 8 n H 

5V - 1 2 V 1 5 0 m A 7 5 % M A X 6 3 6 2 7 | i H 

5V -12V 2 0 0 m A 7 0 % M A X 6 3 6 18|J.H 

Figure 4. Medium Power Inverter 

Notes: 18 j iH Coi l = C a d d e l l - B u r n ' s (Mineo la , NY) M o d e l 
6860 -04 . 
2 7 | i H Coi l = Cadde l l -Bu rn ' s M o d e l 6860 -06 . 

External Diode 
In mos t D C - D C conve r te r c i rcu i ts , t h e cu r ren t in t he 
"catch" d i o d e (F igure 2, D1) ab rup t l y g o e s f r o m ze ro to 
its p e a k va lue e a c h t ime the M O S F E T at LX s w i t c h e s off . 
To a v o i d e x c e s s i v e losses, the d i o d e mus t h a v e a fast 
tu rn -on t ime. For low p o w e r c i rcu i ts w i th p e a k cu r ren t s 
less than 100mA, s igna l d i o d e s s u c h as 1 N 4 1 4 8 s pe r f o rm 
wel l . For h igher cu r ren t c i rcu i ts , or for m a x i m u m eff i-
c i e n c y at low p o w e r , t he 1N5817 ser ies of Scho t t ky 
d i o d e s a re r e c o m m e n d e d . A l t h o u g h 1 N 4 0 0 1 s a n d o ther 
g e n e r a l p u r p o s e rect i f iers a re ra ted for h i gh cu r ren ts , 
t h e y a re u n a c c e p t a b l e b e c a u s e their s l ow tu rn -on t ime 
resul ts in e x c e s s i v e losses. 

Output Filter Capacitor 
The M A X 6 3 5 / 6 3 6 / 6 3 7 ' s ou tpu t r i pp le has 2 c o m p o n e n t s 
w h i c h a re 90° ou t of p h a s e . O n e c o m p o n e n t resul ts f rom 
the c h a n g e in t he s to red c h a r g e on the fi l ter c a p a c i t o r 
w i th e a c h LX pu lse . The other is t h e p r o d u c t of t h e 
c a p a c i t o r ' s c h a r g e - d i s c h a r g e cu r ren t a n d its Equ iva len t 
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Preset/Adjustable Output CMOS 
Inverting Switching Regulator* 
S e r i e s R e s i s t a n c e ( E S R ) . W i t h l o w - c o s t a l u m i n u m e l e c -
t r o l y t i c c a p a c i t o r s , t h e E S R p r o d u c e d r i p p l e is o f t e n 
l a r g e r t h a n t h a t c a u s e d b y t h e c h a n g e in c h a r g e . C o n -
s e q u e n t l y , h i g h q u a l i t y a l u m i n u m o r t a n t a l u m f i l t e r c a p a c -
i t o r s w i l l m i n i m i z e o u t p u t r i p p l e , e v e n if s m a l l e r 
c a p a c i t a n c e v a l u e s a r e u s e d . B e s t r e s u l t s a t r e a s o n a b l e 
c o s t a r e t y p i c a l l y a c h i e v e d w i t h a h i g h q u a l i t y a l u m i n u m 
e l e c t r o l y t i c , in t h e 1 0 0 | i F t o 5 0 0 ^ F r a n g e , in p a r a l l e l w i t h 
a 0 . 1 p-F c e r a m i c c a p a c i t o r . 

Application Hints 
Inductor Saturation 

W h e n u s i n g o f f - t h e - s h e l f i n d u c t o r s , m a k e s u r e t h a t t h e i r 
p e a k c u r r e n t r a t i n g is o b s e r v e d . W h e n d e s i g n i n g y o u r 
o w n i n d u c t o r s , o b s e r v e t h e c o r e m a n u f a c t u r e r ' s A m p e r e -
t u r n s o n N l r a t i n g s . F a i l u r e t o o b s e r v e t h e p e a k c u r r e n t 
o r N l r a t i n g s m a y l e a d t o s a t u r a t i o n o f t h e i n d u c t o r , 
e s p e c i a l l y i n c i r c u i t s w i t h e x t e r n a l b o o s t i n g t r a n s i s t o r s . 
I n d u c t o r s a t u r a t i o n l e a d s t o v e r y h i g h c u r r e n t l e v e l s 
t h r o u g h t h e p o w e r s w i t c h i n g d e v i c e c a u s i n g e x c e s s i v e 
p o w e r d i s s i p a t i o n , p o o r e f f i c i e n c y , a n d p o s s i b l e d a m -
a g e . 

T e s t f o r s a t u r a t i o n b y a p p l y i n g t h e m a x i m u m l o a d a n d t h e 
m a x i m u m i n p u t v o l t a g e w h i l e m o n i t o r i n g t h e i n d u c t o r c u r -
r e n t w i t h a c u r r e n t p r o b e . T h e n o r m a l i n d u c t o r c u r r e n t 
w a v e f o r m is a s a w t o o t h w i t h a l i n e a r c u r r e n t r a m p . S a t u -
r a t i o n c r e a t e s a n o n l i n e a r c u r r e n t w a v e f o r m w i t h a v e r y 
r a p i d i n c r e a s e in c u r r e n t o n c e t h e i n d u c t o r s a t u r a t e s . 

Ordering Information (continued) 
PART* TEMP. RANGE PIN - PACKAGE 

M A X 6 3 7 X C P A 0 "C to + 70°C 8 Plast ic DIP 

M A X 6 3 7 X C S A 0°C to +70°C 8 N a r r o w S O 
M A X 6 3 7 X C J A CTC to +7CTC 8 C E R D I P 

M A X 6 3 7 X C / D o ° c to + 7 o ° c D i c e 

M A X 6 3 7 X E P A -4CTC to +85°C 8 Plast ic D IP 

M A X 6 3 7 X E S A -40°C to +85°C 8 N a r r o w SO 

M A X 6 3 7 X E J A -40°C to +85°C 8 C E R D I P 

M A X 6 3 7 X M J A -55°C to +125°C 8 C E R D I P 

'X = A for 5% Output Accuracy, X = B for 10% Output Accuracy. 

Bypassing and Compensation 
T h e h i g h c u r r e n t p u l s e s in t h e L X o u t p u t a n d t h e e x t e r n a l 
i n d u c t o r c a n c a u s e e r r a t i c o p e r a t i o n u n l e s s t h e 
M A X 6 3 5 / 6 3 6 / 6 3 7 is p r o p e r l y b y p a s s e d . C o n n e c t a 
1 0 m F b y p a s s c a p a c i t o r d i r e c t l y a c r o s s t h e d e v i c e b e -
t w e e n + V S a n d G N D t o m i n i m i z e t h e i n d u c t a n c e a n d h i g h 
f r e q u e n c y i m p e d a n c e o f t h e p o w e r s o u r c e . A l s o m a k e 
s u r e t h a t t h e h i g h c u r r e n t g r o u n d r e t u r n p a t h o f t h e 
i n d u c t o r d o e s n o t c a u s e a v o l t a g e d r o p in t h e r e g u l a t o r ' s 
g r o u n d l i n e . 

T h e r e f e r e n c e v o l t a g e o u t p u t , V R E F , s h o u l d b e b y p a s s e d 
t o g r o u n d w i t h a 0 . 1 | i F c a p a c i t o r . A v o i d c o u p l i n g t o t h e 
h i g h c u r r e n t p a t h t h a t i n c l u d e s t h e L X o u t p u t a n d t h e 
i n d u c t o r g r o u n d r e t u r n . 

W h e n t h e v a l u e o f t h e v o l t a g e s e t t i n g r e s i s t o r s ( R 3 a n d 
R 4 , F i g u r e 3 ) e x c e e d 5 0 k £ 2 , s t r a y c a p a c i t a n c e a t t h e V F B 
i n p u t c a n a d d a " l a g " t o t h e f e e d b a c k r e s p o n s e c a u s i n g 
o u t p u t p u l s e s t o o c c u r i n b u r s t s . T h i s i n c r e a s e s l o w -
f r e q u e n c y r i p p l e a n d l o w e r s e f f i c i e n c y . T h i s p r o b l e m c a n 
o f t e n b e a v o i d e d b y m i n i m i z i n g l e a d l e n g t h s a n d c i r c u i t 
b o a r d t r a c e s i z e a t t h e V F B n o d e . N o r m a l o p e r a t i o n w i t h 
e v e n l y d i s t r i b u t e d o u t p u t p u l s e s c a n b e r e s t o r e d b y 
a d d i n g a " l e a d " c o m p e n s a t i o n c a p a c i t o r ( 1 0 0 p F t o 1 0 n F ) 
in p a r a l l e l w i t h R 3 . 

Chip Topography 
G N D L B I L B O - V o u T 

+Vs V R E F V F B 

0 . 0 9 2 
( 2 . 3 4 m m ) 
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