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Dual Mode™ 5V/Programmable 

Mi empower Voltage Regulators 
General Description 

The MAX663/664/666 C M O S vol tage regulators have 
a m a x i m u m quiescent cur rent of 12/^A. They can be 
used either as 5 volt, f ixed output regulators wi th no 
addi t ional components , or can be adjusted f rom 1.3V 
to 16V using two external resistors. Fixed or adjustable 
operat ion is automat ical ly selected via the V S E T input. 
The MAX66X series, ideally suited for battery powered 
systems, has an input voltage range of 2 to 16.5V, an 
output current capabi l i ty of 40mA, and can operate 
wi th low input -output differentials. Other features 
inc lude current l imit ing and low power shut down. 

The MAX663 posit ive regulator and MAX664 negative 
regulator are both pin and electr ical ly compat ib le 
w i th the ICL7663 and ICL7664 and can p lug- in 
replace these devices, improv ing per formance and 
e l iminat ing the need for external resistors in 5V 
appl icat ions. The MAX666 has a posit ive output and 
includes on-ch ip low-bat tery detect ion circuitry. 

Applications 
Handheld Instruments 
LCD Display Systems 
Pagers 
Remote Data Acquis i t ion and Telemetry 
Radio Contro l led Devices 
Long- l i fe Battery Powered Systems 

Pin Configuration 

Top View 

SENSE [T ^ I ] VLN (P0S| 

V0UT2 U /k i /\ x i sv\ 1 1 VTC 

VOUT! GE MAX663 I ] USET 
GND [ 7 H SHDN 

V0UT2 U T] GND 

SENSE U • H X I X I X H I ] VoUTl 
SHDN U MAX664 11 VSET 

|NEG| VlN [ I I ] SHDN 

SENSE E H H 3 VlN IPOS) 

VOUT [ I / M / I X I / H 3 LBO 

LB I [ I MAX666 H VSET 

GND [± H SHDN 

Features 
• Dual Mode Operation: Fixed +5V or Adjustable 

from +1.3V to +16V 

• Low Power CMOS: 12^xA Max Quiescent Current 

• 40mA Output Current, with Current Limiting 

+ Pin-Compatible Upgrade of ICL7663 
and ICL7664 

• +2V to +16.5V Operating Range 

• Low Battery Detector (MAX666) 

• No Output Over-Shoot on Power Up 

Ordering Information 
PACKAGE PART 

M A X 6 6 3 C / D 

MAX663CPA 

M A X 6 6 3 C S A 

MAX663EPA 

MAX663ESA 

MAX663EJA 

TEMP. R A N G E 

0°C to +70°C 

0°C to + 70°C 

0°C to +70°C 

- 4 0 ° C to +85°C 

- 4 0 ° C to +85°C 

- 4 0 ° C to +85°C 

M A X 6 6 3 M J A - 5 5 ° C to + 1 2 5 ° C 

Dice 

8 Lead Plast ic DIP 

8 Lead Smal l Out l ine 

8 Lead Plastic DIP 

8 Lead Smal l Out l ine 

8 Lead C E R D I P 

8 Lead C E R D I P 

M A X 6 6 4 C / D 

MAX664CPA 

M A X 6 6 4 C S A 

MAX663EPA 

0°C to 

0°C to 

0°C to 

- 4 0 ° C to 

70°C 

70°C 

70°C 

85°C 

Dice 

8 Lead Plastic DIP 

8 Lead Smal l Out l ine 

8 Lead Plastic DIP 

MAX664ESA 

MAX664EJA 

M A X 6 6 4 M J A 

M A X 6 6 6 C / D 

MAX666CPA 

M A X 6 6 6 C S A 

MAX666EPA 

MAX666ESA 

MAX666EJA 

- 4 0 ° C to +85°C 

- 4 0 ° C to + 85°C 

- 5 5 ° C to +125°C 

0°C to <70°C 

0°C to +70°C 

0°C to +70°C 

- 4 0 ° C to +85°C 

- 4 0 ° C to +85°C 

- 4 0 ° C to «85°C 

M AX666MJ A - 5 5 ° C to ' 125°C 

8 Lead Smal l Out l ine 

8 Lead CERDIP 

8 Lead CERDIP 

Dice 

8 Lead Plastic DIP 

8 Lead Smal l Out l ine 

8 Lead Plast ic DIP 

8 Lead Smal l Ou t l i ne 

8 Lead CERDIP 

8 Lead C E R D I P 

Typical Operating Circuit 

- f 
BATTERY - J -

y f t y j x i y f i 
MAX663 

VQUTZ H • + 5 V OUT 
40mA 

/v\ VJ x I / v \ 
Dual Mode is a t rademark of Max im Integrated Products. 
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Dual Mode 5 V/Programmable 
Micropower Voltage Regulators 
ABSOLUTE MAXIMUM RATINGS 
MAX663 and MAX666 

Input Supply Voltage «18V 
Terminal Voltage 

Pins 1,3,5,6, MAX663 — Pin 7. 
and MAX666 — Pin 2 G N D -0.3V to V I N +0.3V 

MAX663 — Pin 2 G N D -0.3V to V O U T 1 +0.3V 
MAX666 — Pin 7 G N D - 0 . 3 V to+16.5V 

Output Source Current 
MAX663.666 — Pin 2 ( V 0 U T 2 , V O U T ) 50mA 
MAX663 - Pin 3 (V 0 U T 1 ) 25mA 

Output Sink Current , Pin 7 - 2 0 m A 

MAX664 
Input Supp ly Voltage -18V 
Terminal Voltage 

ALL DEVICES 
Power Dissipat ion 

Plastic DIP (Derate 8 .3mW/°C above + 50°C) 625mW 
Small Out l ine (Derate 6 m W / ° C above + 50°C) 450mW 
CERDIP (Derate 8 m W / ° C above +50°C) 800mW 

Operat ing Temperature Range 
MAX66XC 0°C to +70°C 
MAX66XE -40°C to »85°C 
MAX66XM -55°C to +125°C 

Storage Temperature - 6 5 ° C to +150°C 
Lead Temperature (Solder ing 10 seconds) »300°C 

Pins 1,3.5.6,7 V I N -0.3V to G N D +0.3V 
Pin 2 V ! N -0.3V to V 0 U T 1 +0 3V 

Output Sink Current , (Pins 1,7) - 2 5 m A 

S t r e s s e s a b o v e t h o s e l i s ted u n d e r " A b s o l u t e M a x i m u m R a t i n g s " m a y c a u s e p e r m a n e n t d a m a g e t o t h e d e v i c e T h e s e a r e s t ress r a t i n g s o n l y a n d f u n c t i o n a l 
o p e r a t i o n of t h e d e v i c e at t h e s e o r a n y o t h e r c o n d i t i o n s a b o v e t h o s e i n d i c a t e d in t h e o p e r a t i o n a l s e c t i o n s of t h e s p e c i f i c a t i o n s is n o t i m p l i e d E x p o s u r e to 
a b s o l u t e m a x i m u m r a t i n g c o n d i t i o n s fo r e x t e n d e d p e r i o d s m a y a f fec t d e v i c e re l i ab i l i t y 

ELECTRICAL CHARACTERISTICS, MAX663 AND MAX666 
(V,N - +9V, V 0 U T = +5V. TA = +25°C, unless otherwise noted.) 

PARAMETER SYMBOL C O N D I T I O N S M I N TYP MAX U N I T S 

Input Vol tage V,N 
Over Tempera tu re (C) 
Over Temperature (E, M) 

2 0 
2.2 

16.5 V 

Qu iescen t Cur ren t IQ 

No Load, V I N = +16.5V 
T a - +25°C 
Over Tempera tu re (C) 
Over Tempera tu re (E, M) 

6 12 
15 
20 

M A 

Outpu t Voltage V O U T 

V S E T = G N D 

Over Tempera tu re (C, E) 
Over Tempera tu re (M) 

4.75 
4.5 

5 0 
5.0 

5.25 
5 5 

V 

Line Regu la t ion AV 0 U T / .W I N 
+ 2V V I N ^ + 15V, V 0 U T - V R E F 0.03 0 35 % / v 

Load Regu la t ion - ^ O U T ^ ' O U T 

MAX663: 1mA • : l O U T 2 : 20mA 
MAX663: 50/jA n l 0 U T 1 • 5mA 
MAX666: I m A i l 0 U T - 2 0 m A 

3 0 
1 0 
3 0 

7.0 
5 0 
7.0 

<1 

Reference Vol tage V S E T V O U T = V S E T 1.27 1 33 V 

Reference Tempco. AV s e t /AT Over Tempera tu re I 100 p p m / ^ C 

VS E T Internal Th resho ld for 
F ixed +5V or Ad jus tab le Ou tpu t V F A 

VS E T • VF A for »5V Out 
VS E T • VF A for Ad jus tab le Out 

50 mV 

VS E T Input Cur ren t 'SET 
Over Tempera tu re (C, E) 
Over Tempera tu re (M) 

•0.01 I 10 
' 2 5 

nA 

S h u t d o w n Input Vol tage V S H D N 
V S H D N H l = O u t p u t O f f 
V S H D N LO = Ou tpu t On 

1.4 
0 3 

V 

S h u t d o w n Input Cur ren t ' SHDN '0 .01 I 10 nA 

SENSE Input Th resho ld V O U T ~ ^SENSE Cur ren t L imi t Th resho ld 0 5 V 

SENSE Input Resis tance R S E N S E 3 M<! 

I npu t -Ou tpu t Sa tura t ion 
Resistance, MAX663 - V 0 U T 1 

R S A T 

V I N R + 2 V l 0 U T - 1 m A 
V | N = + 9 V . ' O U T = 2mA 
V , n ^ 1 5 V . I Q U T - 5 m A 

200 
70 
50 

500 
150 
150 

I ! 

Outpu t Current , V 0 U T 2 

( V 0 U T on MAX666) 'OUT 

+ 3V : V I N +16.5V 
V , N - V O U T = + 1 - 5 V 

40 mA 

M i n i m u m Load Cur ren t ' L ( M I N ) 

T a = +25°C 
Over Tempera tu re (C, E) 
Over Tempera tu re (M) 

1 0 
5.0 
1 0 0 

MA 

2 y n y i x i y w 



Dual Mode 5 V/Programmable 
Micropower Voltage Regulators 

ELECTRICAL CHARACTERISTICS, MAX663 AND MAX666 (continued) 
( V , N = + 9 V , V 0 U T = + 5 V , T a = + 2 5 ° C , u n l e s s o t h e r w i s e n o t e d . ) 

PARAMETER SYMBOL C O N D I T I O N S M I N TYP MAX U N I T S 

LBI Input Th resho ld V L B I MAX666 1.21 1.28 1.37 V 

LBI Input Cur ren t ' LB MAX666 J 0.01 • 10 nA 

LBO O u t p u t Sa tura t ion 
Resistance R S A T MAX666, l S A T = 2mA 35 100 !( 

L B O Ou tpu t Leakage Cur ren t MAX666, LBI = + 1.4V 10 nA 

V T C Open -C i r cu i t Vol tage 
(Note 1) V T C MAX663 0 9 V 

V T C Sink Cur ren t (No te 1) ITC MAX663 8.0 2 0 mA 

V T C Temperature Coef f i c ien t 
(Note 1) 

MAX663 +2.5 mV/°C 

Note 1: Th is ou tpu t (MAX663 only) has a posi t ive tempera tu re coe f f i c ien t Us ing it in c o n j u n c t i o n w i th the inpu t of the regu la tor at VS L 1 , a 
negat ive coe f f i c ien t results in the ou tpu t vo l tage The V T C pin wil l not source cur ren t 

ELECTRICAL CHARACTERISTICS, MAX664 
(V|N = -9V, V O U T = -5V, TA = +25°C, unless otherwise noted.) 

PARAMETER SYMBOL C O N D I T I O N S M I N TYP MAX U N I T S 

Input Vol tage V,N 
Over Temperature (C) 
Over Tempera tu re (E, M) 

- 2 . 0 

- 2 . 2 

- 1 6 5 
V 

Quiescen t Cur ren t IQ 

No Load, V,N = -16.5V 
T a = +25°C 
Over Tempera tu re (C) 
Over Temperature (E, M) 

6 12 

15 

2 0 

nk 

Outpu t Vol tage V<DUT 

V S E T = G N D 

Over Temperature (C, E) 
Over Tempera tu re (M) 

- 4 . 7 5 

- 4 . 5 

- 5 . 0 

- 5 . 0 

- 5 2 5 

- 5 . 5 

V 

Line Regu la t ion A V O U T / A V , N - 2 V V L N ••- - 1 5 V , V O U T = V R E F 0 . 0 3 0 3 5 % / v 

Load Regu la t ion - ^ O U T " ' - ^ O U T 
V 0 U T 2 c o n n e c t e d to V 0 U T 1 , 
1 mA < l O U T £ 15mA 

2 . 0 5 0 n 

Reference Voltage V S E T ^ O U T - ^ S E T - 1 2 7 - 1 3 3 V 

Reference Tempco. A V S E T / A T Over Tempera tu re ' 100 p p m / ° C 

VS E T Internal Th resho ld for 
Fixed -5V or Ad jus tab le 
Ou tpu t Opera t ion 

V F A 
V S E T V F A 'OR - 5 V O u t , 
VS E T - VF A for Variable Out 

- 5 0 M V 

V S E T Input Cur ren t 'SET Over Tempera tu re (C, E) 
Over Tempera tu re (M) 

JO 01 • 10 
< 2 5 

nA 

S h u t d o w n Input Vol tage ^ S H D N 
V S H D N H l = O u t p u t O f f 
V S H D N L 0 = O u t p u t O n 

- 1 . 4 

- 0 . 3 

S h u t d o w n Input Cur ren t ' SHDN ' 0 01 ' 10 nA 

SENSE Input Th resho ld ^ O U T " VSENSE Curren t L imi t Th resho ld -0 .6 V 

SENSE Input Resis tance ^ S E N S E 3 M ! ! 

I npu t -Ou tpu t Satura t ion 
Resistance R S A T 

V 0 U T 2 connec ted to V 0 U T I 

V,N = - 2 V , l 0 U T = - 1 m A 
V | N = - 9 V , I O U T = - 2 m A 

V,N = "15V, l 0 U T = - 5 m A 

1 5 0 

4 0 

3 0 

500 
8 0 

60 

1 ) 

M i n i m u m Load Cur ren t ' L ( M I N ) 

T a = + 2 5 ° C 
Over Temperature (C, E) 
Over Temperature (M) 

- 1 0 

- 5 0 

-10.0 
M A 

> n > i x i y n 3 



Dual Mode 5 V/Programmable 
Micropower Voltage Regulators 

Typical Operating Characteristics 

MAX663 V 0 U T 1 

I N P U T - O U T P U T D IFFERENTIAL 
vs. O U T P U T C U R R E N T 

T | = + ! 5 ° C 

WIN 11 

/ 
VIN = + 1 5 ' 

MAX663 VouT2. MAX666 VOUT 
I N P U T - O U T P U T D IFFERENTIAL 

vs. O U T P U T C U R R E N T 

A = • 25° 

ULK - >QI 
J N = 2» 

V|N = *l 5V 

MAX664 
I N P U T - O U T P U T D I F F E R E N T I A L 

vs. O U T P U T C U R R E N T 

Tfl + 2 °C 

CON NEC ED Vil CON NEC ED ED ED ED 

Vw Vw Vw = " 1 sv 

D 2 4 6 8 10 12 14 16 18 20 

IOUTI ML 

D 5 10 15 20 25 30 35 40 45 50 

IOUT lull 
6 12 

IDJT M l 

Q U I E S C E N T C U R R E N T 
vs. I N P U T VOLTAGE 

Q U I E S C E N T C U R R E N T 
vs. T E M P E R A T U R E 

I N P U T P O W E R SUPPLY 
R E J E C T I O N RATIO 

A - +2 °c 

VOUT = 

WDUT = 

•51/ 

»BEF 

VOUT = 

WDUT = 

•51/ 

»BEF 

r 

6 8 10 12 14 16 

VI«I M 

-a 6 

4 

V|N = "16V 

T, = •; 5°C 

- 5 0 - 2 5 0 25 50 75 100 

TEMPERATURE|°C| 

13. 

f m 2i 

V 
13. 

f m 2i 

V 

2i 

V 

2i 

V 

S 

1.0 10.0 100.0 Ik 

F R E Q U E N C Y [ H I | 

S E N S E 

L B I 

Pin Description 

L B O 

S H U T D O W N 

F U N C T I O N (See text for details) 

Regu la to r Ou tpu t ( s ) 

Regu la to r Input 

Cu r ren t l imi t sense input 

Low bat tery de tec t i on inpu t 

Low bat tery de tec t i on o u t p u t 

D isab les ou tpu t for m i n i m u m power 
c o n s u m p t i o n 

G r o u n d th is p in for 5V ou tpu t or 
C o n n e c t to ex terna l resist ive d iv ider for 
ad jus tab le ou tpu t 

T e m p e r a t u r e - p r o p o r t i o n a l vo l tage 
for negat ive T C o u t p u t 

Figure 1. MAX663 Positive Regulator. Block Diagram 

4 • n y j x i y n 



Dual Mode 5 V/Programmable 
Micropower Voltage Regulators 

Figure 2. MAK664 Negative Regulator, Block Diagram 

Detailed Description 
As shown in the block d iagrams for each device 
(Figures 1, 2, and 3), the main elements of the 
MAX66X fami ly of regulators are a micropower 
bandgap reference, an error ampli f ier, and one or 
two series pass ou tpu t devices. A P-channel FET 
and an NPN transistor are used on the MAX663, 
two N-channe l FETs are used in the MAX664 , and 
one NPN outpu t t ransistor is used in the MAX666. 
All regulators also conta in two comparators , one 
for current l imi t ing (C1) and another wh ich selects 
f ixed 5V or adjustable output operat ion (C2). 

The bandgap reference, wh ich is t r immed to 1.30V 
±30mV, is internal ly connected to one input of the 
error ampli f ier, A1. The feedback signal f rom the 
regulator ou tpu t is suppl ied to the A1's other input 
by either an on-ch ip voltage divider or by two 
external resistors. When VS E T is g rounded the 
internal div ider provides the error ampl i f ier 's feed-
back signal for a f ixed 5V output . When VgET is 
more than 50mV above g round (below g round for 
the MAX664) the error ampl i f ier 's input is swi tched 
d i rect ly to the Vg E j p iR a r | d external resistors set 
the output voltage. 

Compara to r C1 moni tors the output current via the 
SENSE input and shuts down the regulator 's out-
p u t s ) by d isabl ing A1. An external current sense 
resistor, RQL, sets the l imit value. The MAX663 and 
MAX666 cur rent - l imi t when the voltage on RCL 
exceeds 0.5V. The MAX664 current l imits at 0.6V. 

The MAX663 has an addi t ional ampli f ier, A2, wh ich 
provides a tempera ture-propor t iona l output , VT C . 
When this is summed into the invert ing input of the 
error ampli f ier, a negative temperature coef f ic ient 
results at the output . Th is is useful when power ing 
l iqu id c rys ta l d isp lays over w ide tempera tu re 
ranges. 

Figure 3. MAX666 Positive Regulator With Low Battery Detector, 
Block Diagram 

The MAX666 has a th i rd compara to r , C3, wh ich 
compares the LBI input to the internal 1.30V ref-
erence. The Low Battery Outpu t , LBO, is an open 
drain FET connected to Ground. The Low Battery 
th resho ld can also be set wi th a vol tage divider at 
LBI. In addi t ion, all devices also have a SHUT-
DOWN input wh ich disables the error ampl i f ier 
and regulator output(s) . 

Basic Circuit Operation 
Figure 4 shows the connect ions for f ixed 5V output 
posit ive and negative regulators. The V S E T input is 
g rounded and no external resistors are required. 
Figure 5 shows adjustable output operat ion with 
cur rent l imi t ing. The ou tpu t vol tage is set by R1 
and R2 and the current l imit threshold is set by 
R C L . V Q U T should be connected to SENSE if current 
l imi t ing is not used and the S H U T D O W N input 
should be g rounded if not used. 

Output Voltage Selection 
If Vg E T is not connec ted to Ground, the ou tpu t 
vol tage is set by the equat ion: 

R 1 + R 2 

VOUT = V S E T x R 1 , where V S E T = 1 . 3 0 V 

or, to simpli fy resistor selection: 

Since the input bias cur rent at V S E T has a maxi-
mum value of 10nA, relatively large values can be 
used for R1 and R2 wi th no loss of accuracy. 1 M i ! 
is a typical value for R1. The to lerance on VS E T is 
guaranteed to be less than ±30mV. This al lows the 
output to be preset wi thout t r im pots, using only 
f ixed resistors in most cases. 

5 



Dual Mode 5 V/Programmable 
Micropower Voltage Regulators 

+61/ TO + I6V > 
INPUT 

V|« SENSE 

VQ|JT2 
/ w y i x i y w 

MAX 663 

MAX 666 

GND I/SET SHON 

¥ 

- +51/ 
OUTPUT 

5 

- 6 V TO - 1 6 V « 
INPUT 

VlK SENSE 
2 

V ( M I 
y n y J X l y n 

V ( M I 
y n y J X l y n 

MAX664 V o i r n 

GND VSET SHON 

¥ 

- 5 V 
OUTPUT 

Figure 4. Connections lor Fixed 5V Output 

+ 2V TO +161/ ' 
INPUT 

• 0 31/ = ON 
• 1.411 = OFF 

l/|« SENSE 

I/0UT2 
SHDN / M / I X l y M 

MAX663 

MAX666 

VSET 
GNO 

7 T ~ 

-1.3 TO +151/ 
OUTPUT 

HI * H 2 
IVQUTI " 1 30 R, » 

- 2 1 / TO -161/ » -
INPUT 

- 0 31/ = ON 3.5 
- 1 . 4 V = OFF » -

V|« SENSE 

V o u t l 

2 
V|« SENSE 

V o u t l 
7 

SHDN VQUT2 BCL 
/ V I / J X I ^ H 

MAX664 

VSET 
GND 

VSET 

Figure 5 . Connections for Adjustable Output 

' C L 
V C L 

l C L 

Current Limiting 
In ternal cu r ren t l im i t ing is act ivated on all MAX66X 
devices when the vol tage d i f fe rence between V 0 U T 

and the SENSE input exceeds an internal th resho ld . 
The l imit value is ex terna l ly set by R C L us ing the 
equat ion: 

V C L = 0.5V for MAX663 and MAX666 
V C L = -0.6V for MAX664 

(VC L = V 0 U T - V S E N S E ) 

where RQL is the cur ren t l imit sense resistor and 
ICL is the m a x i m u m current . R C L shou ld be chosen 
so that nei ther the 50mA abso lu te m a x i m u m ou tpu t 
cur rent spec i f i ca t ion nor the m a x i m u m power dis-
s ipat ion is exceeded. 

If cur ren t l imi t ing is used, remember that the addi -
t iona l vo l tage d rop across RQL must be cons ide red 
when de te rm in ing the regulator 's d ropou t vol tage. 
If cu r ren t l im i t ing is not used, the SENSE input 
shou ld be connec ted to the output (s) . 

Shutdown Input 
The S H U T D O W N input a l lows the regu la tor to be 
tu rned off w i th a logic level s ignal. S ince the cur rent 
dra in in s h u t d o w n mode is l imi ted to the regulator 's 
qu iescent cur ren t (12,uA Max) th is is somet imes 
desirable in app l ica t ions where very low power 
c o n s u m p t i o n is needed. The S H U T D O W N input 

shou ld be dr iven w i th a C M O S logic level s ince the 
input th resho ld is on ly 0.3V ( -0.3V on the MAX664) . 
In T T L systems, an open-co l lec to r dr iver w i th a 
pu l lup resistor wil l work w i th the MAX663/666 if a 
smal l co l lec to r cu r ren t is used to keep the ou tpu t ' s 
V S A T be low 0.3V. Co l lec to r cur ren ts as low as 1 pA 
are su i tab le s ince the S H U T D O W N pin's input 
cur rent is less than 10nA. Note that the MAX664's 
S H U T D O W N input is act ivated by a negat ive level. 
O n b o t h pos i t i ve and nega t i ve r e g u l a t o r s the 
S H U T D O W N input shou ld be g r o u n d e d for normal 
operat ion . 

Low Battery Detection 
The MAX666 conta ins on -ch ip c i rcu i t ry for low 
battery or low power supp ly detec t ion . If the vol tage 
at LBI (Low Bat tery Input , pin 3) fal ls be low the 
regu la to r ' s in terna l re ference (1.30V) then LBO 
(Low Bat tery Ou tpu t , p in 7), an open dra in ou tput , 
goes low. The th resho ld can be set to any level 
above the reference vol tage by connec t ing a resistive 
d iv ider to LBI (Figure 6) based on the equat ion: 

V B A T T 

R 3 = R 4 X < T ^ O V " 1 > 

where V B A T T is the des i red th resho ld of the Low 
Bat tery Detec tor and R3 and R4 are the LBI input 
d iv ider resistors. S ince LBI 's input cu r ren t is no 
more than 10nA, then R3 and R4 can have h igh 

4 
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Dual Mode 5 V/Programmable 
Micropower Voltage Regulators 

B3+R4 
"LOBATT - 1-3DW ~ B 4 V 

Figure 6. Adjustable Positive Output With Low Battery Detection Figure 7. Temperature-Proportional Output Equations. MAX663 

values to min imize loading. If, for example, V 0 U T 
were 5V, then a 6V low-ba t te ry th resho ld cou ld be 
set us ing 10MH for R3 and 2.7MI1 for R4. When 
m e g o h m resistor values are used, special a t tent ion 
shou ld be paid to PC board leakage w h i c h can 
in t roduce error at the LBI input. 

Temperature-Proportional Output 
The V T C o u t p u t (MAX663 on ly ) has a posi t ive 
tempera tu re coef f ic ient of abou t +2.5mV/°C. When 
connec ted to the s u m m i n g j unc t i on of the er ror 
ampl i f ie r (VsEy) t h r o u g h a resistor, this posi t ive 
coef f ic ient results in a con t ro l lab le negat ive tem-
perature coef f i c ien t at the ou tpu t of the MAX663. 
At 25°C the vo l tage at the V T C ou tpu t is typ ica l l y 
0.9V. F igure 7 shows a s imp l i f i ed d iag ram of the 
MAX663 and the equat ions for set t ing both the 
ou tpu t vo l tage and the t e m p c o when VTQ is used. 
When not used, VyC shou ld be left unconnec ted . 

Negat ive ou tpu t tempera tu re coef f ic ien ts are most 
c o m m o n l y used in mul t ip lexed L C D modu les or 
d isp lay sys tems to compensa te for the inherent 
negative tempco of the LCD threshold. Figure 8 shows 
a MAX663 generat ing a temperature compensated 
Vp|Sp for the Max im ICM7233 t r ip lexed L C D display 
driver. 

Application Hints 
Input-Output (Dropout) Voltage 

A regulator 's m in imum input -output differential, or 
d ropou t voltage, determines the lowest usable input 
voltage. In battery powered systems this will determine 
the useful end-of- l i fe battery voltage. The MAX663 
and MAX666 have a d ropou t vol tage of 1V at ful l 
output. This means that as 5V regulators, for example, 
they wil l provide a regulated 5V output at 40mA as 
long as the input voltage is 6V or greater. 

For low cur ren t app l i ca t ions ( I O U T < 5mA) the 
MAX663 can operate wi th input-output dif ferentials 
be low 1V when V Q u t 1 is used. The dropout vol tage 
wil l then depend on the P-channel ou tput FET's 
saturat ion resistance mul t ip l ied by the load current 
(see MAX663 Electrical Specif icat ions, R S A T ) -

The MAX664 (negative output) uses two N-channel 
FETs as output devices so its d ropout voltage is also 
a f unc t i on of R S A T t imes its load cur ren t (see 
Electrical Specif icat ions). 

Output Connections 
When using V 0 U T I on the MAX663 for low current, 
low dropout appl icat ions, V Q U T 2 and V O U T I m u s ' 
connec ted together since the current l imit c i rcu i t ry is 
referenced only to V Q U T 2 (Figure 1). V Q U T 2 does not 
supply load current in this conf igura t ion since the 
base of the NPN ou tpu t transistor is shor ted by the 
output connect ion. For high current operat ion V 0 u t 2 
shou ld be used alone and V o i m shou ld be left un-
connected. V Q U T I I S N O * provided on the MAX666. On 
the MAX664, V O U N and V 0 U T 2 should always be 
connected together for proper operat ion and lowest 
dropout voltage. 
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MUX'O LCD DISPLAY 

Figure 8. Driving a Multiplexed LCD Display. Consistent 
operation over more than 40° C temperature span, as 
opposed to about 10° C with fixed drive voltage, is 
allowed by negative temperature coefficient drive 
voltage to the displays. Based on EPSON LDB-728 
Display or equivalent. 
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Figure 9. Positive Regulator With Boosted Output, Current Limit, 
and Low l0 Shutdown 
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Figure 11. '51/ Power Supply Using One 9V Battery 

Bypass Capacitors 
The MAX66X series of C M O S regulators is designed 
pr imari ly for low quiescent current battery powered 
systems and has l imited line and load regulat ion at 
f requencies above 10Hz. The high f requency perfor-
mance is easily improved by add ing an output fi lter 
capaci tor across the load. 10juF .is a good typical 
value. If h igh f requency per formance is not an issue 
then an output bypass capaci tor is not required. 

In battery powered systems an input capaci tor helps 
to reduce noise, improve dynamic per formance, and 
reduce the input rate-of-r ise at the regulator's input. 
In extreme cases excessive voltage rate-of-rise at the 
inputs of C M O S devices can cause SCR latch-up. 
The low impedance of Ni-Cad and Lead-Acid batteries 
make this possible when they are swi tched direct ly to 
the regulator input wi th no current l imit ing resistance, 
inductance, or input f i l tering. The addi t ion of a O.ljuF 
or greater input capaci tor l imits the input rate-of-rise 
to a safe level. 

Figure 10. Negative Regulator With Boosted Output and Low 
In Shutdown 
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iSee Pin Configurations (Iron! pagei lor pin tunchonsl 

Maxim cannot assume responsibility tor use ol any circuitry other than circuitryentirely embodied in a Maxim product. No circuit patent licenses aie implied 
Maxim reserves the right to change the circuitry and specifications without notice at any time 

4 • n y j x i y n 


