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Fixed Output 10W CMOS 

Step-Up Switching Regulators 
General Description 

The M A X 6 4 1 / M A X 6 4 2 / M A X 6 4 3 s t e p - u p sw i t ch ing regu-
lators are 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 
conver te r c i rcu i ts in the 5 m W to 10W range. 

L o w - p o w e r app l i ca t i ons requ i re on ly an ou tpu t fi lter ca -
pac i to r a n d a smal l , low-cos t induc to r . An add i t iona l 
MOSFET or b ipo la r t rans is tor is n e e d e d for h i gh -powe r 
app l i ca t i ons . Low bat te ry de tec t i on c i rcu i t ry is i n c l u d e d 
on ch ip . 

The M A X 6 4 1 / 6 4 2 / 6 4 3 are preset for +5V, + 12V, and 
+ 15V outputs , respect ive ly . However , the regu la to rs c a n 
be set to o ther levels by a d d i n g 2 resistors. Max im 
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 conve r te rs wi th fea tu res such as log ic-
eve s h u t d o w n , ad jus tab le osc i l la tor f r e q u e n c y , a n d ex-

ternal MOSFET dr ive See Tab le 3 for a s u m m a r y of o ther 
D C - D C conver te r p r o d u c t s 

.Applications 
Simple , H igh -E f f i c iency D C - D C Conver te rs 

Un in te r rup t ib le Boa rd -Leve l Power Supp l i es 

Power Cond i t i on ing for Bat tery Sys tems 

Por tab le Ins t ruments a n d C o m m u n i c a t i o n s 

Pin Configuration 

T O P V I E W 

DIP/SO 

Features 
• Fixed +5V, +12V, +15V Output Voltages 
• Adjustable Output with 2 Resistors 
• On-Chip Driver for High-Power External MOSFET 
• 135^A Typ Operating Current 
• 80% Typ Efficiency 
• 8-Pin Narrow DIP and Narrow SO Packages 

Ordering Information 
PART* TEMP. RANGE PIN-PACKAGE 

[ lvIAX641XCPA _ f fC to +70 C 8 Plastic DIP 
MAX64tXCSA 0 C to +70 C _ _ 8 Narrow SO 

I MAX641XC/D 0 C to +70 C Dice 
i MAX641XEPA -40 C to +85 C 8 Plastic DIP 
TmAX641XESA - 4 0 C to +85 C 8 Narrow SO 

MAX641XEJA -40 C to +85 C 8CERDIP 
M AX641XM JA :55'Cto_ + 125C _ 8 CERDIP 
MAX642XCPA 0'Jo_+70 C 8 Plastic DIP 
MAX642XCSA 0 to +70 C 8 Narrow SO 

[ MAX642XC/D 0 to +70 C Dice 
, MAX642XEPA ^ 4 0 C to +85 C 8 Plastic DIP 

MAX642XESA -40 Cto +85 C 8 Narrow SO 
I MAX642XEJA :40 C to +85 C 8 CERDIP 

MAX642XMJA -55 Cto +125 C 8 CERDIP 

* X = A tor 5% Output Accuracy. X = B lor 10% Output Accuracy 
Ordering information continued on last page 

Typical Operating Circuit 

330 M I 

+5V OUTPUT DC-DC CONVERTER 

• n y j x i y n 

Call toll free 1 •800-998-8800 for free samples or literature. 
. Maxim Integrated Products 



Fixed Output 10W CMOS 
Step-up Switching Regulators 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage. VOUT +18V 
Output Voltage, LX and LBO +18V 
Input Voltage, LBI, LBO, VFB, COMP. . -0.3V to (+VOUT + 0.3V) 
LX Output Current 450mA Peak 
LBO Output Current 50mA 
Power Dissipation 

Plastic DIP (derate 8.33mW/'C above +50"C) 625mW 
Small Outline (derate 6mW/"C aPove +50*C) 450mW 
CERDIP (derate 8mW/"C above+50 'C) 800mW 

Operating Temperature 
MAX64 X 0 C to +70 C 
MAX64 _ E -40 C to 85 C 
MAX64 M -55 C to 125 C 

Storage Temperature -65'C t o + 1 6 0 C 
Lead Temperature (Soldering. 10 sec.) +300 C 

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and tunctional 
operation of the device at these or any other conditions beyond those indicated in the operational sections ot the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 
(TA = +25'C, unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Operating Voltage +Vs Voltage at VOUT 
Over Temperature 2.0 16 5 V 

Start-up Voltage +Vs 
Voltage at VOUT 

TA = +25 C 
Over Temperature 

1.5 
1.8 

1.3 V 

Supply Current is 

LX Off, Over Temperature 
VOUT = +5V 
VOUT = +12V 
VOUT = +15V 

0.135 
0.5 

0.75 

0.4 
2.0 
2.5 

mA 

Reference Voltage (Internal) VREF TA = +25*C 
Over Temperature 

1.24 
1.20 

1.31 1.38 
1.42 V 

No Load. VFB = GND. 
Over Temperature 

VOUT Voltage (Note 1) 

MAX641A 1 c o / „ . . 
MAX642A \ 5% Output 
MAX643A J Accuracy 

4.75 
11.4 

14.25 

5.0 
12.0 
15.0 

5.25 
12.6 

15.75 V 

MAX641B 1 1 A 0 . t , 
MAX642B }• | 0 % Output 
MAX643B J Accuracy 

4.5 
10.8 
13.5 

5.0 
12.0 
15.0 

5.5 
13 2 
16.5 

Efficiency With External MOSFET 80 % 

Line Regulation (Note 1) 0.5VQUT < + V S < VOUT 0.08 % VOUT 

Load Regulation (Note 1) +Vs = 0.5VOUT, 
POUT = OmW to 150mW 0 2 % VOUT 

2 • n y j x i y u 



Fixed Output 10W CMOS 
Step-up Switching Regulators 

ELECTRICAL CHARACTERISTICS (continued) 
(TA = +25 C. unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

VOUT = +5V 
MAX 641A 
MAX641B 

40 
37.5 

45 
45 

50 
56.5 

Oscillator Frequency to 
VOUT = +12V 

MAX642A 
MAX642B 

45.5 
42 

50 
50 

56 
62 5 

kHz 

VOUT = +15V 
MAX643A 
MAX643B 

45.5 
42 

50 
50 

56 
62.5 

Oscillator Frequency Tempco -60 Hz/ C 

Oscillator Duty Cycle 
MAX641 VOUT = +5V 
MAX642 VOUT = +12V 
MAX643. VOUT = +15V 

40 
40 
40 

50 
50 
50 

60 
60 
60 

% 

EXT Output Resistance VOUT = +5V, IOUT = ±10mA 
VOUT = +15V. IOUT = ±30mA 

140 
90 U 

EXT Switching Time tON. tOFF 
CL = 330pF 

VOUT = +5V 
VOUT = +15V 

160 
125 

ns 

LX On Resistance R O N 
lx = 100mA. VOUT = +5V 

VOUT = +15V 
6 

3.5 
12 
7 12 

LX Leakage Current X L 

V4 = + 16.5V 
TA = +25'C 
Over Temperature (C,E) 
Over Temperature (M) 

0.01 1 .0 
30 
100 

1iA 

Diode Forward Voltage V F IF = 100mA 1.0 V 

VFB Input Bias Current I F B 0.01 10 nA 

Low Battery Threshold V L B I 1.31 V 

Low Battery Input 
Bias Current I L B I 0.01 10 nA 

Low Battery Output Current I L B O 

V2 = +0.4V. V1 = +1.1V 
TA = + 2 5 C 
Over Temperature 0.5 

1.0 mA 

Low Battery Output 
Leakage Current L B O L V2 = +16.5V. V1 = +1.4V 0.01 3.0 MA 

Note 1: Guaranteed by correlation with DC pulse measurements. 
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Fixed Output 10W CMOS 
Step-up Switching Regulators 

PIN 

1 

" I 

1 

1 

-1 

1 
| 

NAME 

LBI 

FUNCTION | 

Low Battery Input. When the voltage at LBI 1 
is lower than the Low Battery Detector thresh-1 
old (+1.31V), LBO sinks current. ' 

2 

" I 

1 

1 

-1 

1 
| 

LBO The Low Battery Detector Output is an open 
drain N-channel MOSFET which sinks cur-
rent when the LBI is below +1.31V. j 

3 GND Ground 

4 

i 

LX In low-power applications, LX drives the ex-
ternal inductor with an internal N-channel | 
power MOSFET. LX has a typical output re- , 
sistance of 6£i and a peak current rating of I 
450mA. i 

5 
1 

1 

1 

VOUT The regulated DC-DC converter output when ] 
the interna] MOSFET and catch diode are 
used. When an external diode is used, this 
pin becomes the supply voltage input pin 
and is usually connected to the cathode of 
the external diode. 

Pin Description 

j PIN 
1 

NAME FUNCTION | 

I 6 EXT 

1 

1 

The drive output for an external power 1 

MOSFET or bipolar transistor EXT swings 
from GND to VOUT and has approximately 
100Q sink/source impedance. EXT is low 
when LX is open circuit and high when LX | 
son . | 

7 VFB When VFB is grounded, the DC-DC con- | 
verier output will be the factory preset value 
When an external voltage divider is con-
nected to VFB, this pin becomcs the feed-
back input for adjustable output operation. 

I 8 I CO MP 

1 

1 

1 

J 

The Compensation input is connected to (he | 
nternal voltage divider which sets the fixed 

voltage output. In some circuit board lay- I 
outs, a lead compensation capacitor (10OpF 
to 10nF) connected between VOUT and 
COMP reduces low-frequency ripple and im-
proves transient response. Ground comp 
when using an External Voltage divider on 
VFB. 

Typical Operating Characteristics 

SUPPLY CURRENT 
vs. OUTPUT VOLTAGE 

Lx OUTPUT CURRENT 
vs. VoUT 

OSCILLATOR FREQUENCY 
vs. OUTPUT VOLTAGE 

r» «25°C 

Lx SWITCHING / ^ 

Lx OFF 

T| •25° 

/ 
/ 

5 10 
VoilT («l 

0 0.5 l.D 1.5 2.0 2.5 3.0 
I j VOLTAGE (V| 

0 2 4 6 B 10 12 14 16 
Vour (VI 
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Fixed Output 10W CMOS 
Step-up Switching Regulators 

Detailed Description 
Basic Operation 

The opera t ion of the M A X 6 4 1 ser ies c a n bes t b e under -
s tood by e x a m i n i n g the regu la t ing loop of F igure 1. W h e n 
the ou tpu t vo l t age d r o p s be low the preset (or externa l ly 
set) va lue, the Error C o m p a r a t o r sw i t ches h igh a n d c o n -
nec ts the internal 4 5 k H z Osc i l la tor to the ga te of the 
internal MOSFET a n d to the EXT output , EXT is typ ica l ly 
c o n n e c t e d to the ga te of an ex terna l N - c h a n n e l power 
MOSFET. When EXT is ac t i va ted , the M O S F E T turns on 
a n d off at the internal c l o c k f r e q u e n c y . 

W h e n EXT is h igh, the MOSFET sw i t ches on, a n d the 
induc to r cur ren t i nc reases l inearly s tor ing e n e r g y in the 
coi l . W h e n EXT sw i t ches the MOSFET off, the coi l 's 
magne t i c f ie ld co l l apses , and the vo l tage a c r o s s the 
induc to r reverses s ign. The vo l tage at the a n o d e of the 
c a t c h d i o d e then r ises unti l the d i o d e is f o rwa rd b iased , 
de l i ver ing p o w e r to the ou tpu t . As the ou tpu t vo l t age 
reaches the des i red level, the Error C o m p a r a t o r inhib i ts 
EXT until the load d i s c h a r g e s the ou tpu t fi lter capac i t o r 
to less than the des i r ed ou tpu t level. 

T h o u g h d e s i g n e d to p o w e r an ex te rna l M O S F E T or b i po -
lar t rans is tor , the M A X 6 4 1 ser ies wil l a lso work wel l in low-
p o w e r a p p l i c a t i o n s ( < 2 5 0 m W ) w i th its o w n in te rna l 
MOSFET a n d c a t c h d iode . In these app l i ca t ions , the LX 
ou tpu t d o e s the cur ren t s w i t c h i n g a n d an ex terna l c a p a c -
itor and induc to r are all that are n e e d e d 

VIN, Bootstrapped Operation 
The M A X 6 4 1 / 6 4 2 / 6 4 3 d o not have a V i n pin. Input power 
to start the D C - D C conver te r is s u p p l i e d v ia the ex terna l 
i nduc to r (and d iode , if used ) to the V O U T pin. O n c e the 
conver te r has s tar ted, it is t hen p o w e r e d f rom its o w n 
ou tpu t . This d e s i g n ensu res that the ou tpu t MOSFET will 
have m a x i m u m ga te dr ive and , h e n c e , a m i n i m u m R o n . 
It a lso a l lows the conver te r to start at lower input vo l tages . 

VIN Greater Than VOUT 
If the regu la to r ' s input vo l t age is mo re than 1 f o rwa rd 
d i o d e d r o p grea ter t han the des i r ed ou tpu t vo l tage , the 
EXT a n d LX ou tpu ts will not turn on. a n d the ou tpu t wil l 
no longer be regu la ted . Howeve r , cur ren t will be sup-
p l ied to the load d i rec t ly t h rough the c a t c h d i ode As long 
as the input is mo re than 0.6V a b o v e the des i r ed ou tpu t . 

i 
i 
i § 
2 
t > 

VIN „ . 
+ 3V ^ 4/i.iH r vour i.w 

T. * 
- p c i 
I 'l/OpF 

LOW BATTERY 
OUTPUT - < 

flr-

2 6 4 

LOW BATTERY LBO 1 EXT LX 
COMPARATOR 

! 45kH? OSC. — — [ A | 1 C A T C H DIODE V Q U T 

i l l ' 

! 45kH? OSC. — 

1 ^ 
1 t - M - — 

LR I 

• FOR VOUT - . 5 V 
ON MAX 641 

1 

-L- C? 
lOOpF 

Figure 1 +3V to+5V Converter and Block Diagram for MAX641/642/643 
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R1 = R2 ( -

The conver te rs in this da ta shee t ope ra te by c h a r g i n g an 
induc to r f rom a DC input , then d i s c h a r g i n g the induc to r 
to gene ra te a DC ou tpu t g rea ter than the input . 

The p rope r induc to r for any D C - D C conver te r d e p e n d s 
on th ree th ings : the des i r ed ou tpu t power , the input 
vo l t age (or r a n g e of input vo l tage) , a n d the conve r te r ' s 
osc i l la tor f r e q u e n c y and du ty 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 how long the coi l wil l 
be c h a r g e d d u r i n g e a c h cyc le . This, a long wi th the input 
vo l tage , d e t e r m i n e s how m u c h e n e r g y will be s to red in 
the coi l . 

The induc to r must mee t four e lec t r i ca l cr i ter ia: 

[ ] V a l u e - Low e n o u g h i n d u c t a n c e so it s tores ade -
qua te e n e r g y at the wors t - case , low input vo l tage . 

H igh e n o u g h so excess i ve and potent ia l ly des t ruc t i ve 
cur ren ts are a v o i d e d under w o r s t - c a s e h igh cond i t i ons 
for power-swi tch transistor on t ime and high input vol tage. 

VLN 

Fixed Output 10W CMOS 
Step-up Switching Regulators 
the ou tpu t will equa l the input vo l tage , less the fo rward 
d r o p of the c a t c h d iode . 

Fixed or Adjustable Output 
For opera t i on at one of the preset ou tpu t vo l t ages (+5V 
for t h e M A X 6 4 1 , + 1 2 V for M A X 6 4 2 , a n d + 1 5 V for 
MAX643) , VFB is c o n n e c t e d to G N D , a n d no ex terna l 
res istors are requ i red 

For o 'her ou tpu t vo l tages , a vo l t age d iv ide r is c o n n e c t e d 
to VFB as s h o w n in F igure 2. The ou tpu t is set by R3 a n d 
R4 as fo l lows: 

Let R4 be any res is tance in the 10kf2 to 10M£2 range, 
typ ica l ly 1 0 0 k n , then: 

Low Battery Detector 
The Low Bat tery Detec to r c o m p a r e s the vo l tage on the 
Low Bat tery Input (LBI), wi th the internal +1 .31V b a n d g a p 
re fe rence The Low Bat tery De tec to r Ou tpu t (LBO) g o e s 
low wheneve r the input vo l t age at LBI is less than +1.31V. 
The Low Bat tery t h resho ld is set by res istors R1 a n d R2 
(F igure 1). 

Let R2 be any res is tance in the 10kQ to 1 0 M Q range, 
t yp ica l l y 100k£2. 

VLB (VLB is the des i red Low 
' 1 . 3 1 V Bat tery de tec t i on vo l tage ) 

What Value Of Inductor? 
A General Discussion 

VOIJT - VIN 

EXT LX 

VOUT 

A 1 > I X I A < 1 

MAX641 
MAX642 
MAX643 VFB 

GND 

R3 ,> 10OpF 

Figure 2 Connections for Adjustable Output Operation 

[ ] S a t u r a t i o n - The coil mus t del iver the co r rec t i nduc-
t ance va lue at the wo rs t - case , h igh peak o p e r a t i n g cur -
rent. 

[ ] EMI- E lec t romagne t i c in te r fe rence mus t not upse t 
nea rby c i rcu i t ry or the regu la tor IC. Ferr i te b o b b i n t y p e s 
work wel l for mos t d ig i ta l c i rcu i ts : t o ro ids or pot co res 
work wel l for EMI-sens i t i ve a n a l o g c i rcu i ts . 

[ ] D C r e s i s t a n c e - W i n d i n g res is tance must b e ade-
qua te ly low so e f f i c iency is not a f f ec ted a n d se l f -heat ing 
d o e s not occu r . Va lues less than 0.5£2 are usual ly m o r e 
than a d e q u a t e . 

Other induc to r pa ramete rs , s u c h as co re loss or sel f - res-
onan t f r e q u e n c y , are not a fac tor at the relat ively low 
M A X 6 4 1 / 6 4 2 / 6 4 3 o p e r a t i n g f r e q u e n c y . 

Inductor Value- Low Enough? 
The p r o b l e m that b i tes d e s i g n s mos t o f ten, espec ia l l y in 
the p r o d u c t i o n or p r e - p r o d u c t i o n phase , h a p p e n s w h e n 
the i nduc to r va lue is too h igh . These units fail to del iver 
e n o u g h load cur ren t a n d exhib i t poor load regu la t ion . 
The wors t c a s e is 

[ ] M a x i m u m load cu r ren t 
[ ] M i n i m u m s u p p l y vo l t age 
[ ] M a x i m u m induc to r va lue, i nc lud ing to le rance 
[ ] M a x i m u m on res is tance of the sw i t ch b e c a u s e 

it r e d u c e s the exc i ta t ion vo l tage a c r o s s the induc to r 
[ ] Wors t - case low on t ime 

6 y n v j x i ^ u 



Fixed Output 10W CMOS 
Step-up Switching Regulators 

Inductor Value- High Enough? 
The induc tor va lue must be h igh e n o u g h so peak cu r ren ts 
d o not s t ress the t ransis tor or c a u s e the induc to r co re to 
saturate. O d d s y m p t o m s c a n be t r aced to excess i ve 
induc to r cur rents : low e f f i c iency , rat t l ing heat sinks, 
wh in ing coi ls, and i nc reased ou tpu t r ipple. Very low 
induc to r va lues may result in d a m a g e d p o w e r t rans is tors . 

The s lope of the induc to r cur rent , a n d there fo re the p e a k 
va lue that it r eaches in a g i ven on t ime, is d e t e r m i n e d by 
the s u p p l y vo l t age a n d the induc to r va lue The worst 
c a s e o c c u r s at: 

[ ] M a x i m u m s u p p l y vo l t age 
[ ] M in imum induc tor value, i nc lud ing to le rance 
[ j M i n i m u m on res is tance of the sw i tch 
[ ] 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 
The induc to r equa t i ons be low must b e c a l c u l a t e d for bo th 
wors t - case sets of cond i t i ons . The f inal va lue c h o s e n 
shou ld be b e t w e e n the m i n i m u m va lue a n d m a x i m u m 
va lue ca l cu la ted . With in these b o u n d s , the va lue c a n b e 
ad jus ted s l ight ly lower for ex t ra load capab i l i t y or h igher 
for lowest r ipp le . 

V O U T +VDIODE - V I N 

^ ( O ^ H V r t v T ( I 0 U T ) 

[2 ] L = V | N ^ S W ( t 0 N ) 

Whe re V s w is the vo l t age d r o p ac ross the sw i t ch in the 
on state. Conservat ive ly , the worst c a s e is abou t 0 .75V 
max, 0 .25V mln wi th V in = + 1 5 V a n d 1.5V max, 0,5V min 
wi th V in = +5V, 

Example : A +5V 10% input mus t be c o n v e r t e d to +15V 
at 15mA. A S c h o t t k y d i o d e ( 1 N 5 8 1 7 ) a n d a 
M A X 6 4 3 B are u s e d . 

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

15V + 0.4V - 4 . 5 V 
Ipk = (0.25) ( 4 . 5 V - 0 . 7 5 V ) 

(15mA) = 1 7 4 m A 

L = 
4 . 5 - 0 . 7 5 

(8 j js ) = 172 j iH 
1 7 4 m A 

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

Ipk = 4 5 0 m A ( f rom tab le of max rat ings; use the power 
MOSFET max ra t ings for ex terna l t ransis tor 
c i rcu i ts ) 

. 5 . 5 V - 0 . 2 5 V , , . . u 

L = 4 5 0 m A - ( 1 ^ S ) = 1 4 0 ^ H 

A va lue of 1 6 0 n H w o u l d be a g o o d c h o i c e for this 
app l i ca t ion . The "A" g r a d e dev ices , wi th t ighter osc i l la tor 
to le rance , a l low more ou tpu t cu r ren t in a g iven app l i ca -
t ion. 

Application Hints 
External MOSFET 

An externa l MOSFET or t rans is tor c a n be used to dr ive 
the induc to r in h i gh -powe r app l i ca t i ons . The cur ren t 
hand l i ng spec i f i ca t i ons of the d e v i c e mus t m a t c h the 
peak cur ren t w h i c h f lows in the induc to r (see Induc to r 
Select ion) . The on ly rest r ic t ion on the size of the ex terna l 
dr iver is that the EXT ou tpu t mus t b e ab le to dr ive the 
ex terna l dev i ce ' s ga te (or base ) c a p a c i t a n c e at the inter-
nal c l ock rate (45kHz) . An ex terna l dr iver m a y b e u s e d 
t o i n c r e a s e o p e r a t i n g v o l t a g e r a n g e of t h e 
M A X 6 4 1 / 6 4 2 / 6 4 3 . 

Tab le 2 con ta ins a list of MOSFETs a n d their manu fac tu r -
ers. Log ic level MOSFETs s h o u l d be u s e d w h e n the 
s u p p l y vo l t age is less than +5V. Refer to F igures 4 a n d 
5 for c i rcu i ts requ i r ing ex terna l MOSFETs . 

Output Filter Capacitor 
The M A X 6 4 1 / 6 4 2 / 6 4 3 ou tpu t r ipp le has 2 c o m p o n e n t s 
w h i c h are 90" out of phase . O n e c o m p o n e n t resul ts f rom 
the c h a n g e in the s to red c h a r g e on the fi lter c a p a c i t o r 
w i th e a c h LX pu lse. The o ther is the p r o d u c t of the 
capac i t o r ' s c h a r g e - d i s c h a r g e cur ren t a n d its Equ iva len t 
Ser ies Res is tance (ESR). Wi th low-cos t a l um inum e lec -
trolyt ic capac i t o r s , the ESR p r o d u c e d r ipp le Is o f ten 
larger than that c a u s e d by the c h a n g e in c h a r g e . Con-
sequen t l y , h igh-qua l i t y a l u m i n u m or tan ta lum filter 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 va lues are used . Best resul ts at a reason-
ab le cos t are typ ica l l y a c h i e v e d wi th a h igh -qua l i t y alu-
m i n u m e lect ro ly t ic , in the 100| iF to 500 | jF range , in 
para l le l wi th a 0 1(aF c e r a m i c capac i t o r . 

Diodes 
W h e n the M A X 6 4 1 / 6 4 2 / 6 4 3 are u s e d wi th an ex terna l 
power MOSFET, the internal d i o d e c a n b e u s e d if the 
peak d i o d e cu r ren t ra t ing ( 4 5 0 m A ) a n d m a x i m u m p a c k -
a g e power d iss ipa t ion ra t ings are o b s e r v e d . For h igher 
p o w e r c i rcu i ts , an external Scho t t ky d i o d e such as the 
1N5817 (1 A m p ) or 1N5821 (3 A m p ) s h o u l d be con -
n e c t e d b e t w e e n LX and V O U T in para l le l w i th the in ternal 
d i ode . A l t h o u g h 1N4001S a n d o ther genera l p u r p o s e 
rect i f iers are ra ted for h igh cur ren ts , they are not r ecom-
m e n d e d b e c a u s e t h e i r s l o w tu rn -on t ime resul ts in e x c e s -
s ive losses a n d poor e f f i c iency . 

I a 
• b 

£ 
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Bypassing and Compensation 
Since the induc to r c h a r g i n g cu r ren t c a n b e relat ively 
large, h igh cur ren ts f low t h rough the g r o u n d c o n n e c t i o n 
near the MAX641 /642 /643 . To p reven t u n w a n t e d feed-
back , the i m p e d a n c e of the g r o u n d pa th must be as low 
as poss ib le , a n d a b y p a s s c a p a c i t o r (10| iF) shou ld b e at 
the V O U T pin, even if la rge fi lter capac i t o r are u s e d 
e l sewhere in the c i rcu i t . 

W h e n large va lues ( > 5 0 k Q ) are used for the vo l tage 
set t ing resistors (R3 and R4 of F igure 2), s t ray c a p a c i -
t ance at the VFB input c a n a d d a "lag" to the f e e d b a c k 
response , des tab i l i z ing the regu la tor a n d c a u s i n g ou tpu t 

pu lses to o c c u r in bursts . This p r o b l e m c a n of ten b e 
a v o i d e d by m in im iz ing p in leng ths a n d c i rcu i t b o a r d t race 
size at the VFB node . Norma l opera t i on wi th even ly 
d i s t r i bu ted pu l ses c a n a lso be res to red by a d d i n g a " lead" 
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 to 10nF) in para l le l wi th 
R3. 

The C O M P input a l lows a c c e s s to the internal vo l t age 
d iv ide r so that c o m p e n s a t i o n c a n a lso b e a d d e d w h e n 
f i xed ou tpu t opera t i on is used . A c a p a c i t o r c o n n e c t e d 
b e t w e e n V O U T a n d C O M P a d d s a " l ead " to t h e 
regu la to r ' s response . 

Table 1. Representative N-Channel Power MOSFETs 
PART 
NUMBER 

IRFD121 

BUZ71A 

BUZ21 

RF513 

IRF530 

IRF540 

IRF620 

IRF640 

PKG. Ron AT 
(IDS, VQS = X) 

4p DIP 

T0-220 

TO-22Q 

0.3£2(1.3A. 10V) 

0.1212 (6A, 10V) 

0.1Q (9A, 10V) 

TO-220 

TO-220 

TQ-220 

T0-220 

TQ-220 

0.8£2(2A, 10V) 

0.18£2 (8A 10V) 

0.085U (8A, 10V) 

0.8£2(2.5A, 10V) 

0.18£2(10A, 10V) 

V(MAX) 

60 

50 

J 00 

100 
100 
100 
200 

200 

MFG. 

H/IR 

MOT/SI/SM 

MOT/SI/SM 

H/IR/MOT/SI 

H/IR/MOT/SI 

_H/IR/MOT/SI 

H/IR/MOT/SI 

H/IR/MOT/SI 

Manufacturer Code: H= Harris, IR= International Rectifier MOT= Motorola, SM= Siemens. Sl= Siliconix 

N-Channel Logic-Level Power MOSFETs 
PART 
NUMBER 

RFP25N06L 

RFP12N10L 

PFP15N06L 

IRL540 

IRL734 

IRZ14_ 

MTM25N05L 

MTM15N05L 

MTP12N10L 

PKG. 

TO-220 

TO-220 

TQ-220 

T0-220AB 

T0-220AB 

TO-22QAB 

T0-220AB 

T0-220AB 

TQ-220AB 

Ron AT 
(IDS, VGS = X) 

0 85£2 (12.5A, 5V) 

0 20£2 (6A, 5V) 

0.14£2(7.5A, 5V) 

0.1112 (24A, 4V) 

0.3£2(7.8A,4V) 

0.07£2 (23A, 4V) 

0.H2 (12.5A, 5V) 

0.1512 (7.5A, 5V) 

0.18£2 (6A 5V) 

V(MAX) 

50 

100 
50 

100 
60 

60 

50 

50 

100 

MFG. 

H 

H 

H 

IR 

IR 

R 

MOT 

MOT 

MOT 

Manufacturer Code: H= Harris, IR= International Rectifier. MOT= Motorola 

Note. This list does not constitute an endorsement by Maxim Integrated Products and is not intended to be a comprehensive list of all 
manufacturers of these components 
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Table 2. Inductance Values for Commonly Encountered Power Supplies (Figure 5) 
M A X I M 
P A R T N O . 

VIN 
(V ) 

V O U T 
(V) 

l oUT 
( M A ) 

T Y P E F F 
(%) 

IPX 
W 

P A R T N O . ' I N D U C T O R (L ) 
|JH Q 

MAX641 3 
3 

5 
5 

200 
300 

83 
80 

1.3 
2.0 

6860-13 
6860-09 

100 
47 

.10 
05 

MAX642 
5 
5 
5 

12 
12 
12 

200 
350 
550 

91 
89 
87 

1.2 
2 

3.5 

6860-08 
6860-04 
7200-02 

39 
18 
12 

0.05 
0.03 
0.01 

MAX643 
5 
5 
5 
5 

15 
15 
15 
15 

100 
150 
225 
325 

92 
89 
89 
85 

1.2 
1.5 
2 

3.5 

6860-08 
6860-06 
6860-04 
7200-02 

39 
27 
18 
12 

0.05 
0.04 
0.03 
0.01 

* Ferrite Bobbin Coils from Caddell-Burns, NY (516) 746-2310 

Inductor Saturation 
It is impor tan t to be sure that the induc to r d o e s not 
saturate, par t icu lar ly in h i g h - p o w e r c i rcui ts. Induc to r 
saturat ion leads to very h igh cur ren t levels t h r o u g h the 
ex terna l boos t t rans is tor , c a u s i n g excess i ve p o w e r d iss i -
pat ion, poor e f f i c iency , a n d poss ib le d a m a g e to the 
induc to r and the ex terna l t rans is tor 

Test for sa tura t ion by a p p l y i n g the m a x i m u m load a n d the 
m a x i m u m input vo l t age wh i le mon i to r i ng the induc to r 
cur rent wi th a cu r ren t p robe . The norma l i nduc to r cu r ren t 
wave fo rm is a sawtoo th wi th a l inear cur ren t ramp. Sat-
ura t ion c rea tes a non l inear cur ren t w a v e f o r m wi th a very 
rap id i nc rease in cur ren t o n c e the induc to r sa tura tes . 

To ensu re that the current ra tmg(s ) of the FET(s) is not 
e x c e e d e d , the i n d u c t a n c e va lue of the coi l , i n c l ud ing the 
manu fac tu re r ' s t o le rances , s h o u l d never be lower than 
that u s e d in the ca lcu la t ions or in Tab le 2, In add i t ion , to 
ensure that the co re d o e s not saturate, the cu r ren t rat ing 
of the coi l s h o u l d be grea ter t han the peak cur ren t , lPk-

Coil res is tance has a s ign i f i cant e f fec t on the ou tpu t 
cur ren t To inc rease the ou tpu t cur ren t and raise the 
overal l e f f i c iency , the i nduc to r shou ld have a res is tance 
less than a few tenths of an O h m . 

Inductance Values 
I n d u c t a n c e va lues for c o m m o n l y e n c o u n t e r e d power 
supp l i es are l is ted in Tab le 2. The da ta in Tab le 2 refers 
to the c i rcu i t In F igure 5. 

Typical Applications 
Basic High-Power Hookup 

Figure 5 s h o w s the s t a n d a r d c i rcu i t con f i gu ra t i on for a 
f ixed ou tpu t s t e p - u p D C - D C conver te r . The ou tpu t power 
is d e t e r m i n e d b y t h e current r a t i n g s of t h e e x t e r n a l 
MOSFET a n d induc to r , as wel l as, the sw i t ch ing t ime of 
the EXT ou tpu t into the ga te c a p a c i t a n c e of the MOSFET 

Typ i ca l sw i t ch ing t imes are g i ven in the Elect r ica l Char -
ac te r is t i cs Tab le . 

Low-Power Step-Up Conversion 
In l ow -power app l i ca t i ons , the LX ou tpu t a n d internal 
d i o d e m a y be u s e d ins tead of an ex terna l MOSFET a n d 
d iode , as s h o w n in F igure 3 The power h a n d l i n g c a p a -
bil i ty of this c i rcu i t is abou t 2 5 0 m W . S e e t h e M A X 6 3 1 da ta 
sheet for induc to r se lec t ion in fo rmat ion 

High-Voltage Operation 
If the ex terna l MOSFET or t rans is tor has an a d e q u a t e 
v o l t a g e r a t i n g , t h e o u t p u t v o l t a g e r a n g e of t h e 
M A X 6 4 1 / 6 4 2 / 6 4 3 c a n be e x t e n d e d (F igure 4). The ad -
jus tab le ou tpu t m o d e must b e u s e d (VFB c o n n e c t e d to 
ex terna l resistors) , a n d the V O U T pin mus t be c o n n e c t e d 
to the c i rcu i t ' s INPUT vo l tage . 

inn Qnn u VUUI ' VOUT - +5V WITH MAX641 
/ - v y v v V O U T - . 12V WITH MAX642 

V O O T - , 1 5 V WITH MAXB43 

5 VOUT 
— • — * r -

„ , IOOdF ...,.,100^1 

Figure 3 Low-Power. Fixed Output Step-Up Converter Using [ X 
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Figure 4. High-Voltage Step-Up Converter Figure 5. High Output Current Step-Up Converter (Sec Tabic 2) 
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Table 3. Maxim DC-DC Converters 
PART 
NUMBER DESCRIPTION INPUT 

VOLTAGE 
OUTPUT 

VOLTAGE COMMENTS 

Low-Power Boost Conver ters 

MAX630/4193 DC-DC Boost Converter 2V to 16.5V V O U T > V I N Improved RC4193 2nd source 

MAX631 DC-DC Boost Converter 1.5V to 5.6V +5V Only 2 external components 

MAX632 DC-DC Boost Converter 1.5V to 12.6V + 12V Only 2 external components 

MAX633 DC-DC Boost Converter 1.5V to 15.6V + 15V Only 2 external components 

High-Power Boost Conver ters 

MAX641 High-Power Boost Converter 1.5V to 5.6V + 5V Drives external MOSFET 

MAX642 High-Power Boost Converter 1.5V to 12.6V + 12 V Drives external MOSFET 

MAX643 High-Power Boost Converter 1.5V to 15.6V + 15V Drives external MOSFET 

Low-Vol tage Boost Conver ters 

MAX654 Low-Voltage Boost Converter 1.15V to 5.6V + 5V Optimized for 1 cell 

MAX 655 Low-Voltage Boost Converter 1.5V to 5.6V +5V Optimized for 2 cells 

MAX656 Low-Voltage Boost Converter 1.15V to 5.6V + 5V Drives external MOSFET 

MAX657 Low-Voltage Boost Converter 1.15V to 3.6V +3V Optimized for 1 col 

MAX658 Low-Voltage Boost Converter 1.5V to 5.6V +5V Drives external MOSFET 

MAX659 Low-Voltage Boost Converter 1.5V to 3.6V +3V Optimized for 2 cells 

Inverter ing Conver ters 

MAX634/4391 DC-DC Voltage Inverter 2V to 16.5V up to -20V Improved RC4391 2nd source 

MAX635 DC-DC Voltage Inverter 2V to 16.5V -5V Only 3 external components 

MAX636 DC-DC Voltage Inverter 2V to 16.5V -12V Only 3 external components 

MAX637 DC-DC Voltage Inverter 2V to 16.5V -15V Only 3 external components 

Step-Down Conver ter 

MAX638 DC-DC Voltage Stepdown 3V to 16.5V V O U T < V I N Only 3 external components 

Charge-Pump Conver ters 

MAX680 ± Output Charge Pump 2V to 6V ± 2 V I N 4 external capacitors 
MAX681 ± Output Charge Pump 2V to 6V ± 2 V I N MAX680with internal capacitors 

ICL7660 Negative Charge Pump 1.5V to 10V - V I N Not regulated 

ICL7662/SI7661 Negative Charge Pump 4.5V to 20V - V I N _ Not regulated 

Dual Output Conver ters 
MAX742 Current-Mode Controller + 5V ±15V/±12V Drives external MOSFETs 

MAX743 Current-Mode Regulator +5V + 1 5 V / + 1 2 V 3W output 
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Chip Topography 

GND GND LBO LBI 

V0UT EXT VFB COMP 
0.096 

(2 44mm| " 

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

MAX643XCPA O 'C jo+70_C 8_Plastic DIP ' 
MAX643XCSA _ _ f f C t o ^ 7 0 C ^ _ 8 Narrow SO 
MAX643XC/D P C to +70 C 8 Dice_ 
MAX643XEPA -40 C t o + 8 5 C 8 Plastic DIP 
MAX643XESA -40 C t o j ; 8 5 C__ __ 8 Narrow SO , 

__MAX643XEJA -40 C to + 85 C _ 8 CERDIP | 
MAX643XMJA -55 C to +125 C _ _ 8 CERDIP 

*X = A for 5% Output Accuracy, X = B for 10% Output Accuracy 

Maxim cannot assume responsibility lor use ol any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patenI licenses are implied 
Maxim reserves the right to change the circuitry and specifications without notice at any time 
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