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Palmtop Computer and LCD 

Power-Supply Regulators 
General Description 

The MAX722 a n d MAX723 C M O S power - supp l y ICs cre-
ate dua l regu la ted DC ou tpu ts for smal l , ba t te ry -opera ted 
m ic rop rocesso r sys tems. Each dev i ce genera tes a ma in 
ou tpu t (3V or 5V, se lec tab le ) a n d a negat ive auxi l iary 
output that is ad jus tab le for LCDs. Each dev i ce a c c e p t s 
two input vo l tages. Power c a n c o m e f rom a ma in bat tery 
( two or th ree alkal ine or N iCad) , or an un regu la ted DC 
sou rce such as an A C - D C wal l adap te r . 

The MAX722/MAX723 provide three improvements over 
prior-art devices. Physical size is reduced; the high switch-
ing f requenc ies (up to0 .5MHz) , m a d e possib le by MOSFET 
power transistors, al low for tiny ( < 5 m m diameter) sur face-
mount magnet ics . Eff ic iency is also improved to 8 7 % (10% 
better than with low-vol tage regulators m a d e in bipolar 
technology). A n d supp ly current is reduced to 60nA by 
C M O S construct ion and a unique constant-off- t ime pulse-
f requency modulat ion (PFM) control scheme. 

The M A X 7 2 2 a n d MAX723 dif fer only in the lower f i xed 
ou tpu t vo l tage of the main regulator , w i th a 3.3V ou tpu t 
for the MAX722 a n d a 3.0V ou tpu t for the MAX723. 
For f lash m e m o r y or PCMCIA app l i ca t ions that requi re a 
+12V outpu t vo l tage, refer to the MAX717-721 da ta sheet . 

Applications 

Features 

Palmtop C o m p u t e r s 
LCD Contrast Contro l 
Por tab le Data-Col lec t ion Equ ipmen t 
Por tab le Data C o m m u n i c a t o r s 
Med ica l Inst rumentat ion 
B a r - C o d e Scanners 

Pin Configuration 

TOP V I E W TOP V I E W 

S H D N [ 7 
• 

1 v+ 
NEGON [ 2 m LX3 

3 /5 [ 3 A l i l X I A I GND 

PFO [ 4 MAX722 LIN 

VREF [ f MAX723 
m D L 0 W 

AGND [ 6 E DHI 

FB3 \ j _ CS-

FBN [ 8 3 CS+ 

SO 

• L o w 0.9V to 5 .5V Bat tery Input R a n g e 
• Unregu la ted 7V to 20V D C Input R a n g e 
• Dual Regula ted Outpu ts 

Ma in Output : 3 .3V/5V 
Auxi l iary Output : 0V t o - 1 0 0 V 

• 8 7 % Eff ic iency at 2 0 0 m A 
• Eff icient P R A M Keep-Al ive: 8 0 % at 1 m A 
• 8 W / i n 3 P o w e r Densi ty 
• 60| iA Quiescent Current 
• 20| jA S h u t d o w n M o d e wi th V R E F Al ive 
• 5 0 0 k H z M a x i m u m Swi tch ing Frequency 
• ±1 .5% V R E F To le rance (Over T e m p . ) 
• Detect Output Power Fai lures 
• 16-Pin N a r r o w S O P a c k a g e s 

Ordering Information 
PART TEMP. RANGE PIN-PACKAGE 

MAX722CSE 0°C to +70"C larrow SO 
MAX722C/D 0°C to +70 'C u ice* 
MAX722ESE -40'C to +85°C 16 Narrow SO 
MAX723CSE 0"C to +70"C 16 Narrow SO 
MAX723C/D 0°C to +70"C Dice* 
MAX723ESE -40°C to +85"C 16 Narrow SO 

MAX722EVKIT-SO 0"C to +70°C Evaluation Kit-
Surface Mount 

'Contact factory for dice specifications. 

Typical Operating Circuit 

H ~ I 

LX3 V+ CS+ 
A M X L / M 

MAX722C&_ 

FB3 
DHI 

DLOW 

LIN 
FBN 

VREF 

GND PFO POWER-FAIL 
DETECT OUTPUT 

y v i y i x i v k i . Maxim Integrated Products 1 

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800 
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Palmtop Computer and LCD 
Power-Supply Regulators 
A B S O L U T E M A X I M U M RATINGS 
Supply Voltage (V+ to GND) +7V, -0.3V 
Switch Voltage (LX3 to GND) +7V, -0.3V 
Linear Regulator Vol tage (LIN to GND) +20V, -0.3V 
Auxil iary Pin Voltages 

(NEGON, FB3, 3/5, SHDN, FBN, DHI, DLOW, VREF, 
PFO, CS+, CS- to GND) -0.3V to (V+ + 0.3V) 

Ground Voltage Dif ference (AGND to GND) ±0.3V 
Feedback Input Current (FBN) +10mA 
Reference Current (IVREF) 2.5mA 

Cont inuous Power Dissipat ion (TA = +70°C) 
Narrow SO (derate 8 . 7 0 m W f C above +70°C) 696mW 

Operat ing Temperature Ranges: 
MAX72_C 0°C to +70°C 
MAX72_ESE -40°C to +85"C 

Junct ion Temperature +150°C 
Storage Temperature Range -65 'C to+160°C 
Lead Temperature (solder ing, 10 sec) +300°C 

ELECTRICAL CHARACTERIST ICS 
(Circuit of Figure 1, VBATT1 = VBATT2 = 2.5V, ILOAD = 0mA, TA = TMIN to TMAX, unless otherwise noted.) 

PARAMETER CONDIT IONS MIN T Y P MAX UNITS 

Main Output Voltage -
Main SMPS Mode 

2V < VBATT1 < 3V, 
3/5 = 3V 

MAX722 3.17 3.3 3.43 
Main Output Voltage -
Main SMPS Mode 

0 m A < ILOAD < 2 0 0 m A , 
DC SOURCE - 0V 

3/5 = 3V 
MAX723 2.88 3.0 3.12 V Main Output Voltage -

Main SMPS Mode 
(Note 1) 3/5 = 0V 4.8 5.0 5.2 

Main Output Voltage -
Linear-Regulator Mode 

7V < DC SOURCE < 18V, 
0 m A < I LOAD < 5 0 0 m A 

3/5 = 3V 
MAX722 3.17 3.3 3.43 

Main Output Voltage -
Linear-Regulator Mode 

7V < DC SOURCE < 18V, 
0 m A < I LOAD < 5 0 0 m A 

3/5 = 3V 
MAX723 2.88 3.0 3.12 V Main Output Voltage -

Linear-Regulator Mode 
7V < DC SOURCE < 18V, 
0 m A < I LOAD < 5 0 0 m A 

3/5 = 0V 4.8 5.0 5.2 

Auxil iary Output Voltage 
2V < VBATT2 < 5V, VBATT1 = 2.5V, 
External Reference = 3V, R4 = 170k, 
R 5 = 3 0 k , 0 m A < I L O A D < 5 m A 

-18 -17 -16 V 

FBN Input Offset Vol tage 3/5 = 0V or 3V ±2 +20 m V 
FBN Input Bias Current FBN forced to 0V -5 ±100 nA 
Min imum Start-Up Supply 
Voltage (VBATT1) I LOAD = 0 m A 0.85 V 

Min imum Start-Up Supply 
Voltage (DCSOURCE) 7.3 7.6 V 

Current-Sense Limit Threshold Measured at CS+, CS- 170 200 230 mV 
DHI Source Current 3/5 = 3V 50 mA 
DLOW On Resistance 3/5 = 3V 5 £2 

Quiescent Supply Current f rom 
3VOUT (Note 2) 

NEGON = 0V, 3/5 = 3V, 
FB3 forced to 3.47V (MAX722) 
FB3 forced to 3.15V (MAX723) 

60 HA 

Battery Quiescent Current 
(VBATT1 + VBATT2) NEGON = 0V, 3/5 = 3V 60 H A 

Shutdown Battery Current NEGON = 0V, 3/5 = 3V, SHDN = OV 20 40 H A 

Battery Quiescent Current -
Linear-Regulator Mode DC SOURCE = 7V, 3/5 = 0V, measured at VBATT1 -10 10 H A 

Linear-Regulator Output 
Sink Current LIN = 6V, 3/5 = 3V, measured at LIN 20 50 mA 

Reference Voltage No VREF load 1.23 1.25 1.27 V 

3/5 = 3V, 
-20|xA < REF load < 250|xA 

TA = +25"C 10 20 
Reference Load Regulation 3/5 = 3V, 

-20|xA < REF load < 250|xA T A = T M I N t o 
T M A X 25 

mV 

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 is not implied Exposure to 
absolute maximum rating Conditions tor extended periods may affect device reliability. 
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Palmtop Computer and LCD 
Power-Supply Regulators 

ELECTRICAL CHARACTERIST ICS (continued) 
(Circuit of Figure 1, VBATT1 = VBATT2 = 2.5V, ILOAD = OmA, TA = TMIN to TMAX, unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power-Fail Threshold 3/5 = 0V or 3V, falling edge, referred to no-load output volt-
age -4 -6 -8 % 

Power-Fail Hysteresis 3/5 = 0V or 3V 2 % 
PFO Output Voltage Low ISINK = 2mA, 3/5 = NEGON = 0V 0.4 V 
PFO Output Current High PFO = 4.8V, 3/5 = 0V 1 UA 
Logic Input Voltage Low Measured at NEGON, SHDN, 3/5 0.4 V 
Logic Input Voltage High Measured at NEGON, SHDN, 3/5 1.6 V 
Logic Input Current +100 nA 

Note 1 : The main SMPS output voltage at full load current is guaranteed by measuring LX3 switch on resistance and peak current 
limit threshold. 

Note 2: Supply current from 3VOUT is measured with an ammeter between the main output 3VOUT and FB3. This current correlates 
directly with actual battery supply current, but is reduced in value according to the step-up ratio and efficiency. 

BATH BATT2 

Figure 1. Standard Application Circuit 
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Palmtop Computer and LCD 
Power-Supply Regulators 

Typical Operating Characteristics 

EFFICIENCY vs. LOAD CURRENT, 
MAIN SMPS IN 5V MODE 

EFFICIENCY vs. LOAD CURRENT, 
MAIN SMPS IN 3.3V MODE 

1 0 0 M 1 m 1 0 , 1 1 1 0 0 m 

L O A D C U R R E N T ( A ) 

1m 10m 100m 

L O A D C U R R E N T ( A ! 

EFFICIENCY vs. LOAD CURRENT, 
AUXILIARY SMPS 

1m 10m 100m 

L O A D C U R R F N 1 (A ) 

LOAD CURRENT CAPABILITY vs. 
BATTERY VOLTAGE, MAIN SMPS 

5 V M 0 D E 

C I R C U I T OF FIG. 1 
Ta ^ + 2 5 C 

1 2 3 4 5 

B A T T E R Y V O L T A G E (V ) 

SWITCHING FREQUENCY 
vs. LOAD CURRENT 

10m 100(1 1m 10m 100m 

L O A D C U R R E N T ( A ) 

BATTERY QUIESCENT CURRENT vs. 
BATTERY VOLTAGE, MAIN SMPS = 3.3V 

3 0 0 

C I R C U I T OF FIG. 1 
2 5 0 \ , D I O D E O U T S I D E O V E N 

\ 3 / 5 = + 3 V 
I N C I U D F S C A P A C I T O R 

2 0 0 — \ L E A K A G E 

1 5 0 

1 0 0 N S + 8 5 C 

+25 C 
5 0 

- 2 0 C 

n 

2 3 4 

B A T T E R Y V O L T A G E (V ) 

BATTERY QUIESCENT CURRENT vs. 
BATTERY VOLTAGE, MAIN SMPS = 5V 

5 0 0 

4 0 0 

3 0 0 

200 

100 

0 

+ 8 5 C C I R C U I T OF F IG 1 

D I O D E O U T S I D E O V E N _ 
3 / 5 = 0 V 
I N C L U D E S C A P A C I T O R 
L E A K A G E 

1 2 3 4 5 

B A T T E R Y V O L T A G E ( V ) 

BATTERY QUIESCENT CURRENT vs. BATTERY 
VOLTAGE, MAIN SMPS = 3.3V, AUX SMPS = -17V 

C I R C U I T OF F IG . I 
D I O D E S O U T S I D E O V E N 

J N C L U D E S C A P A C I T O R 
L E A K A G E 

1 2 3 

B A T T E R Y V O L T A G E (V ) 

SHUTDOWN BATTERY CURRENT 
vs. BATTERY VOLTAGE 

+85 C 

\ 
4 0 C 

f / 

2 3 4 

B A T T E R Y V O L T A G E (V ) 
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Palmtop Computer and LCD 
Power-Supply Regulators 

START-UP BATTERY VOLTAGE 
vs. LOAD CURRENT 

L O A D C U R R E N T ( m A ) 

MAIN SMPS LOAD-TRANSTENT RESPONSE 

Typical Operating Characteristics (continued) 

REFERENCE VOLTAGE 
LOAD REGULATION 

V R E F L O A D C U R R E N T ( n A ) 

DC-SOURCE SWITCHOVER - SMPS TO LINEAR 

V B A T T - 2 . 5 V 
H O R I Z O N T A L = 5 0 n s / d i v 
3 / 5 = OV 

L O A D = 2 0 0 m A 
H O R I Z O N T A L - 2 0 0 ] U S / r i l v 
3 / 5 - 0 V 

MAIN SMPS START-UP DELAY TIME 

/ H / 1 X I / H 5 

L O A D = 1 0 0 m A 
H O R I Z O N T A L = 5 m s / d i v 
3 / 5 = 0 V 



Palmtop Computer and LCD 
Power-Supply Regulators 

Pin Description 
PIN NAME FUNCTION 

1 S H D N 

S h u t d o w n I n p u t d i s a b l e s b o t h S M P S s 
w h e n l o w , b u t t h e r e f e r e n c e r e m a i n s 
a l i v e If t h e l i n e a r r e g u l a t o r is p o w e r e d 
u p , S H D N is o v e r r i d d e n 

2 N E G O N 
N e g a t i v e S M P S O n / O f f C o n t r o l I n p u t 
t h a t e n a b l e s t h e a u x i l i a r y n e g a t i v e 
S M P S w h e n h i g h . 

3 3 / 5 S e l e c t s t h e m a i n o u t p u t v o l t a g e s e t t i n g -
5 V w h e n l o w . 

4 P F O 

P o w e r - F a i l O u t p u t - a n o p e n - d r a i n o u t -
p u t t h a t g o e s l o w to i n d i c a t e t h a t t h e 
m a i n o u t p u t is o u t of r e g u l a t i o n b y 6 % 
or m o r e 

5 V R E F 

1 , 2 5 0 V R e f e r e n c e V o l t a g e O u t p u t . 
B y p a s s w i t h 0 . 2 2 | i F c a p a c i t o r to A G N D 
( 0 . 1 ( i F if t h e r e is n o e x t e r n a l r e f e r e n c e 
l o a d ) . M a x i m u m l o a d c a p a b i l i t y is 
2 5 0 | i A s o u r c e . 2 0 | i A s i n k . 

6 A G N D Q u i e t A n a l o g G r o u n d 

7 F B 3 F e e d b a c k I n p u t for t h e m a i n S M P S 

8 F B N F e e d b a c k I n p u t for t h e a u x i l i a r y 
n e g a t i v e S M P S 

9 C S + 

P o s i t i v e C u r r e n t - S e n s e I n p u t for t h e 
a u x i l i a r y S M P S c o n t r o l l e r . 2 0 0 m V 
c o r r e s p o n d s w i t h t h e m a x i m u m c u r r e n t 
i m i t t h r e s h o l d . 

1 0 cs - N e g a t i v e C u r r e n t - S e n s e I n p u t 

11 D H I D r i v e r for t h e a u x i l i a r y S M P S P N P . O p e n -
d r a i n P - c h a n n e l o u t p u t . 

1 2 DLOW 

D r i v e r for t h e aux i l i a ry S M P S P N P . O p e n -
d r a i n N - c h a n n e l o u t p u t . T h i s o u t p u t 
p r o v i d e s a c o n t r o l l e d c u r r e n t s ink to d r i v e 
t h e P N P (se t b y a n e x t e r n a l l imi t ing res is -
tor). 

13 L I N 

L i n e a r - R e g u l a t o r C o n t r o l l e r O u t p u t 
d r i v e s t h e e x t e r n a l P N P p a s s t r a n s i s t o r 
O p e n - d r a i n N - c h a n n e l o u t p u t . T h e m a i n 
S M P S a u t o m a t i c a l l y s h u t s off w h e n t h e 
v o l t a g e a t L I N r e a c h e s 7 . 3 V . a n d t u r n s 
b a c k o n w h e n L I N fa l ls to 6 . 5 V . 

1 4 G N D P o w e r G r o u n d 

15 L X 3 1 , 2 A 0 . 4 Q N - c h a n n e l p o w e r M O S F E T 
d r a i n for t h e m a i n S M P S . 

Detailed Description 
Operating Principle 

The MAX722/MAX723 comb ine two swi tch-mode power-
supply (SMPS) regulators, a linear regulator, a precision 
voltage reference, and a power-fail detector (Figure 2). For 
max imum integration, the MAX722/MAX723 ICs contain 
internal N-channel power MOSFETs for the main low-volt-
age boost converter. This MOSFET is a "sense-FET" type 
for best eff iciency, and has a very low gate-threshold 
vol tage to guarantee start-up under low battery-voltage 
condi t ions (1.2V typ with 100mA load). The negative 
auxiliary control ler exploits an external PNP transistor for 
the higher vol tage requirement. 

Pulse-Frequency Modulation 
A un ique min imum-of f - t ime, current- l imi ted, pulse-fre-
q u e n c y modu la t ion (PFM) contro l s c h e m e is a key feature 
of both the main a n d auxil iary regulators (Figure 3). This 
PFM s c h e m e c o m b i n e s the advan tages of a pu lse-wid th 
modu la t ion s c h e m e (PWM) (h igh output power and ef-
f i c iency) with those of a t radi t ional PFM pu lse-sk ipper 
(ul tra- low qu iescen t currents). There is no osci l lator; 
sw i tch ing is a c c o m p l i s h e d th rough a constant peak-cur -
rent limit in the swi tch, wh i ch a l lows the inductor current 
to sel f -osci l late be tween this peak limit and some lesser 
value. Swi tch ing f r equency is gove rned by a pair of 
one-shots that set a m in imum off - t ime (1ns) a n d a maxi-
m u m on- t ime (4ns). Under light loads, the inductor cur-
rent r ises to abou t one-hal f the current limit (for best 
ight - load ef f ic iency) . Under heavy loads, the peak in-
d u c t o r c u r r e n t r i ses unt i l it h i ts the c u r r e n t l imit , 
w h e r e u p o n the MOSFET swi tch turns off for the m inumum 
of f - t ime set by a one-shot . A swi tch to con t inuous-con-
duc t ion m o d e results, wh i ch min imizes peak cur rents and 
c o m p o n e n t s t resses for a g iven load. The only d isad-
van tage of this a rch i tec ture c o m p a r e d to full PWM opera-
t ion is the va r iab le - f requency swi tch ing noise. However , 
the noise does not e x c e e d the current- l imit t imes the filter 
capac i to r equ iva len t ser ies res is tance (ESR), unl ike con-
vent ional pu lse-sk ippers . 

Main 3V/5V Switch-Mode Regulator 
The main ou tpu t vo l tage can be se lec ted to 3.3V or 5V 
wi th logic contro l , or it can be left in one m o d e or the other 
by ty ing 3/5 to g r o u n d or FB3. Eff ic iency varies depend -
ing on the bat tery and load, a n d is typ ica l ly better than 
8 0 % over a 1mA to 2 0 0 m A load range. The dev ice is 
internal ly boo ts t rapped ; power is der i ved f rom the output 
vo l tage (via FB3) or the bat tery (CS+ input), wh ichever is 
h igher. W h e n the output is set at 5V instead of 3.3V, the 
h igher internal supp ly vo l tage results in lower swi tch 
t rans is to r o n - r e s i s t a n c e a n d s l igh t ly g rea te r ou tpu t 
power . Boo ts t rapp ing a l lows the bat tery vo l tage to sag 

6 / i / i / J X I s k i 



Palmtop Computer and LCD 
Power-Supply Regulators 

T - L " 
1- O.lnFx 

2 2 | j H 

+ 3 . 3 V / + 5 V ^ I 
O U T P U T * * 

L X 3 

G N D ' 

F B 3 

LIN, 

U N R E G U L A T E D D C 
+ 7 V TO + 2 0 V 

Figure 2. MAX722 Block Diagram 

C O N T R O L I N P U T S 

V + 3 / 5 N E G O N S H D N C S + 

/ l / M X I / M 
MAX722 r < , r 

M A I N A U X -
P F M I | P F M | 

P F O 

V R E F A G N D 

D H I 
1 

- i f 
4 7 0 S 2 1 | 

D L O W 

1 
- i f 

4 7 0 S 2 1 | 

F B N 4 7 ^ ' 

n t 

N E G O U I 
V A - * N E G A T I V E 

R 4 i - 2 2 u F O U T P U T 
' 3 5 V 

0 . 2 2 n F 

P O W E R - F A I L 
D E T E C T 

to less than 1V o n c e the sys tem is star ted. Therefore, the 
bat tery-vo l tage range is f rom VOUT + Vdiode to less than 
1V (where Vdiode is the fo rward d rop of the Schot tky 
rectif ier). If the bat tery vo l tage e x c e e d s the p r o g r a m m e d 
outpu t vo l tage, the ou tpu t wil l fo l low the bat tery vo l tage. 
In many sys tems this is accep tab le ; however , the ou tpu t 
vo l tage must not be f o r c e d a b o v e 7V. 
The main regulator 's peak current limit is internal ly f ixed 
at 1A ±0.2A. The swi tch ing f reguency d e p e n d s on load 
and input vo l tage, and can range as h igh as 500kHz for 
the ma in SMPS. 

Auxiliary Negative Switch-Mode Controller 
The auxi l iary control ler opera tes similarly to the main 
regulator , e x c e p t that the power t ransistor a n d sense 
resistor are external , a n d the m a x i m u m on- t ime is set at 
8| is. M a x i m u m poss ib le output power is l imited by the 
cho i ce of external power transistor a n d sense resistor. A 
c o m m o n 2 N 2 9 0 7 works well as the swi tch transistor, but 

a h igh-ga in fast PNP, such as the Zetex ZTX749 (pre-
fe r red , bu t 25V B V C E O ) or Z T X 7 5 0 (40V BVCEO) , 
p rov ides typ ica l ly 5 % better e f f ic iency. 
The DHI a n d D L O W outpu ts p rov ide a vo l tage source 
pu l l -up (DHI) a n d a current -s ink pu l l -down (DLOW, set 
by the 470£1 resistor). This dr ive me thod is opt imal for 
P N P t r a n s i s t o r s , so no e x t e r n a l b a s e s p e e d - u p 
capac i t o r s are needed . 
If the auxiliary regulator is always powered from a +5V source 
(such as the main output) or other relatively high-voltage 
input, a logic-level P-channel MOSFET in place of the PNP 
can provide typically > 80% efficiency (Figure 4). 
The ou tpu t vo l tage is set by R4 and R5 of Figure 1: 
NEGOUT = -VREF(R4/R5) 
N E G O U T can be m a d e ad jus tab le by mak ing R4 a po-
tent iometer , or by d i sconnec t i ng VREF a n d dr iv ing R5 
wi th a d ig i ta l - to -ana log conver ter or PWM signal . 

/ H / 1 X I / H 7 



Palmtop Computer and LCD 
Power-Supply Regulators 

I S m u m ' q t r i g 

O F F - T I M E I O N E - S H O T 
O N E - S H O T 1 

F/F 
S Q 

L X 3 

M A X I M U M 
O N - T I M E " 

O N E - S H O T 

TRIG Q | 

O N E - S H O T 

MAX722 
MAX723 

FB3 

7 . 3 V VREF 

L INEAR 
R E G U L A T O R lh 

u 3V01 . I 

DC S O U R C E 

Figure 3 Main SMPS Block Diagram 

The auxi l iary SMPS peak current limit is set at 200mV/R1 
(170mV wors t -case low). The equat ions below ca lcu la te 
R1 based on des ign parameters . If the peak current limit 
is less than (NEGOUT) ( I j i sec /L ) , the c i rcui t will opera te 
in d i scon t inuous -conduc t ion mode . This is usual ly the 
case w h e n low-vo l tage bat ter ies and h igh LCD cont rast 
vo l tages are emp loyed . At low-output vo l tage sett ings, 
the c i rcui t may enter con t i nuous -conduc t i on mode . 

Discont inuous-conduct ion case: 
N E G O U T + V P 
VBATT - VSW IPEAK = (2) ( L L O A D ) | 1 + 

R1 = 200mV/lpEAK 

where VD is the fo rward vo l tage of the rectif ier D2 a n d 
VSW is the ave rage saturat ion vo l tage of the swi tch 
transistor Q1, inc lud ing the d rop ac ross R1. 
Discont inuous -mode e x a m p l e , -17V at 9 m A f r o m 2 A A 
batter ies: 

IPEAK = ( 2 ) ( 9 m A ) + 

R1 = 170mV/203mA = 

17V + 0.5V 
2 V - 0 . 3 V 

0 . 8 3 a or less. 

= 203 mA 

Cont inuous -conduc t ion case: 

IPEAK = ( l L O A D ) 
' N E G O U J + VD 

VBATT - VSW 
+1 

N E G O U T + V P ' 
( 2 ) d ) 

(1|IS) 

C o n t i n u o u s - m o d e example , -5V at 5 0 m A f rom 3 AA 
batter ies: 

IPEAK = 5 0 m A 
5V + 0 5 V 

2.7V - 0 . 3 V + 1 + 

5V + 0.5V 
(2) (47 | iH) (1ns) = 2 2 3 m A 

Powering the Auxiliary LCD Supply 
The auxi l iary ou tpu t is not automat ica l ly p o w e r e d f rom the 
inear regulator like the main output . The ma in battery will 

con t inue to dra in if the auxi l iary supp l y is not tu rned off 
w h e n an external P C source is app l i ed . There are several 
a l ternat ive solut ions: 
1. Power the L C P supp ly f rom the main output all the 
t ime. This leads to c o m p o u n d e d e f f i c iency losses, but is 
s imple . These c o m p o u n d e d losses are actual ly not cr ip-
p l ing in many cases, espec ia l l y if the main output is set 
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Figure 4. +5V-Powered LCD Supply with P-Channe! MOSFET 

at 5V a n d the P-channe l solut ion (Figure 4) is emp loyed . 
For examp le , the overal l e f f ic iency for 2.5V to 5V at 5 0 m A 
plus -17V at 5mA, w h e n c o m p o u n d e d by the P-channe l 
c ircui t , is 8 1 % vs. 8 4 % for the n o n - c o m p o u n d e d case 
(with PNP transistor) . 
2. Power the LCD supp ly f rom the main output in l inear 
regulator mode , but power it f rom the bat tery w h e n the 
DC source is absent . This p rov ides the best overal l 
e f f ic iency, but requ i res a relay or MOSFET swi tch to make 
the swi tchover (Figure 5). In most app l ica t ions, the bat-
tery vo l tage is too low to use P-channe l dev i ces for the 
swi tchover , but a h igh-s ide supp ly , such as the MAX623 
c h a r g e - p u m p regulator (Figure 6) or the sys tem +12V 
supp ly , works wel l wi th N -channe l swi tches. Swi tchover 
can also be a c c o m p l i s h e d us ing spec ia l A C / D C adap te r 
p lugs a n d jacks wi th buil t- in mechan i ca l swi tches. 

3. Use a battery charger that can supply a load while it 
charges the battery, such as the MAX713. This approach also 
eliminates the PNP pass transistor for the linear regulator. 

Linear Regulator 
The linear regulator output dr ives the base of an external 
PNP pass transistor th rough an open-d ra in output . This 
des ign relies on a relat ively s low PNP transistor for A C 
stabi l i ty, so use a transistor wi th less than 10MHz ft, or 
a d d a 1 jj.F base-emi t ter capac i to r . The base-emi t ter 
resistor shou ld not b e h igher than 1 k f l un less a low-
leakage PNP is used for the pass transistor. 

Figure 5. SMT Relay Powers Auxiliary LCD Supply 

W h e n cons t ruc ted with a 2 N 2 9 5 5 PNP transistor, the 
typ ica l ou tpu t current capab i l i t y is greater than 1A. 
W h e n the linear regulator opera tes , the main SMPS is 
d i sab led so as not to dra in the battery. This mode cannot 
be p r o g r a m m e d , but o c c u r s automat ica l ly w h e n LIN is 
pu l led h igh by the external DC source. 

Voltage Reference 
The prec is ion vo l tage re ference is su i table for dr iv ing 
external loads such as a low-bat tery de tec t ion com-
parator or an analog- to-d ig i ta l conver ter . It has guaran-
teed 250| iA source- a n d 20| iA s ink-current capabi l i ty . 
The re ference is kept al ive even in shu tdown mode. If 
the re ference dr ives an external load, bypass it with 
0 .22| iF to g round . If the re ference is un loaded , bypass 
it wi th a 0 .1 | iF capac i to r , m in imum. 

Power-Fail Status Output 
The power- fa i l de tec to r ou tpu t (PFO) is an act ive- low, 
open-d ra in type. A l t hough a true open-d ra in type, wh i ch 
can be w i re -OR 'ed wi th external logic. PFO is p ro tec ted 
aga ins t ESD d a m a g e by reverse -b iased c l a m p d iodes 
connec t i ng to V+. If PFO is pu l led up to external supp ly 
vo l tages a b o v e the main ou tpu t vo l tage level, the pui l -up 
resistor must limit the cur rent t h rough the ESD protect ion 
d iode to 25 | iA or less to maintain regulation of the outputs. 
The PFO compara to r senses w h e n the main output is 
more than 6 % out of regulat ion, a n d has 2% hysteresis 
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Figure 6 High-Side MOSFET Switch Powers Auxiliary LCD 
Supply 

built in to prevent chatter. The PFO compara to r is act ive 
in all m o d e s excep t shu tdown. 

Control-Logic Inputs 
The contro l inputs (3/5, NEGON, a n d S H D N ) are h igh- im-
p e d a n c e M O S gates p ro tec ted aga ins t ESD d a m a g e by 
normal ly reverse-b iased c l a m p d iodes. If these inputs 
are dr iven f rom s ignal sources that e x c e e d the main 
supp l y (FB3) vo l tage, the d iode cur rent shou ld be l imited 
to 25 | jA or less by a ser ies resistor ( 1MQ sugges ted ) . The 
logic input th resho lds are the same (approx imate ly 1V) 
in both 3V a n d 5V modes . Do not leave the contro l inputs 
f loat ing. 

Substrate Switchover Circuit 
The subst ra te (V+, pin 16) is p o w e r e d f rom either the 
b a t t e r y ( C S + inpu t ) or f r o m the ma in +3V ou tpu t , 
wh ichever is higher. The subst ra te serves as the posi t ive 
supp ly rail for most internal c i rcui t ry, inc lud ing the refer-
ence a n d the PNP driver (DHI). Do not load V+. V+ must 
be b y p a s s e d to g r o u n d wi th at least 0.1 nF. 

Inductor Selection 
The inductors must have a saturation ( incremental) current 
rating equal to the peak switch current limit, wh ich is 1.2A 
(worst-case) for the main output and user-adjustable for the 
auxiliary output. However, it's general ly accep tab le to bias 
the inductor deep into saturation by 20% or more. 

0 22fjF 3 . 2 2 | i F 

- I - , 

O N / O F F -

0 4 7 | i F -

C 1 t C 1 - C 2 . C 2 -
S H D N 

V o i l l 
A M X I A 1 

MAX661 
V l N 

G N D V R E F 

: I M F 

( 1 2 V AT 
_ 2 5 m A 

0.01f.it 

+ 5 V M A I N 
O U T P U T 

y n ^ x i y v i 
MAX722 

( C I R C U I T OF 
FIG. 1) 

A U X I I I A R Y 
I C D 

Figure 7. MAX722/MAX661 Triple-Output Supply with + 1PV tor 
Flash Memory 

Figure 8. Lithium Backup-Battery Circuit 

The induc tor 's DC res is tance s igni f icant ly a f fects ef f ic ien-
cy. For h ighest e f f ic iency, limit L1 's DCR to 0.03S2 or less 

Capacitor Selection 
A 100|aF, 10V SMT tanta lum capac i to r typ ica l ly mainta ins 
50mVp-p ou tpu t r ipp le w h e n s t e p p i n g up 2V to 5V at 
200mA. Smal ler capac i to rs , d o w n to 10jaF, are accep t -
ab le for l ight loads or in app l i ca t ions that tolerate h igher 
ou tpu t r ipple. 
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For the auxi l iary output , a 2.2(iF, 25V SMT tanta lum 
capaci tor typical ly provides 100mVp-p output r ipple when 
inverting 3V to -17V at 5mA. Smaller capaci tors down to 
1|iF are acceptable. 
The ESR of both bypass and filter capaci tors af fects ef-
f iciency. Best per formance is obta ined by doub l ing up on 
the f i l ter c a p a c i t o r s or u s i n g s p e c i a l i z e d low-ESR 
capaci tors. 
The smal lest low-ESR SMT tanta lum capac i t o r s current ly 
ava i lab le are S p r a g u e 595D series, wh i ch are abou t half 
the size of c o m p e t i n g p roduc ts . Sanyo O S - C O N organ ic 
sem iconduc to r th rough-ho le capac i to rs a lso exhib i t very 
low ESR. 

Sprague : (603) 224-1961 or (207) 324-4140 
Sanyo: ( 6 1 9 ) 6 6 1 - 6 3 2 2 

Applications Information 
Lithium Backup-Battery Circuit 

The M A X 6 3 0 b a c k u p bat te ry c i rcu i t of F igure 8 p r o v i d e s 
a low-cur ren t s u p p l y v o l t a g e of 3.3V or 5V to k e e p the 
sys tem m e m o r y a l ive w h e n the ma in bat te ry p a c k is 
r e m o v e d . W h e n PFO g o e s low, the sys tem mus t la tch 
off the M A X 7 2 2 a n d la tch on the M A X 6 3 0 , pe r iod ica l l y 
tes t ing for the p r e s e n c e ma in bat tery 's by g o i n g b a c k 
to the or ig ina l s ta te af ter s o m e interval. This m e t h o d 

also ex tends the life of the expens ive l i thium battery by 
a l lowing a d i s c h a r g e d main bat tery to "rest," a l lowing all 
of its ene rgy to be used . The s e c o n d rect i f ier d i ode 
a l lows this c i rcui t to meet Underwr i te rs Laborator ies ' 
r e g u i r e m e n t s for p reven t i ng a c c i d e n t a l c h a r g i n g of 
l i thium batter ies. 
PFO remains act ive in s h u t d o w n mode . 

PC Layout and Grounding 
The M A X 7 2 2 ' s h igh peak cu r ren ts a n d h i g h - f r e q u e n c y 
ope ra t i on m a k e PC layout impor tan t for m in im iz ing 
g r o u n d b o u n c e a n d noise. Use the PC layout of F igures 
9 a n d 10 as a rough g u i d e for c o m p o n e n t p l acemen t 
a n d g r o u n d c o n n e c t i o n s . The d i s t ance b e t w e e n the 
M A X 7 2 2 ' s G N D a n d the g r o u n d leads of C1 a n d C5 
must be kept to less than 0.2 i nches (5mm) . If poss ib le , 
use a g r o u n d p lane. 

3-Ceii Applications 
Higher input vo l tages increase the energy t rans ler red 
wi th each cyc le , d u e to the r e d u c e d input /output d i f feren-
tial. Excess r ipple due to inc reased energy transfer is 
best m in im ized by r educ ing the inductor va lue (10| iH 
s u g g e s t e d ) . A d d ex t ra f i l ter ing and reca lcu la te the 
auxi l iary regulator 's cur rent limit resistor va lue a c c o r d i n g 
to the equat ions under the Auxiliary Negative Switch-
Mode Controller sect ion. 
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EV Kit General Description 
The MAX722 evaluat ion kit (EV kit) is an a s s e m b l e d 
sur face-mount demons t ra t ion board . The kit e m b o d i e s 
the s tandard 2-cel l app l i ca t ion c i rcui t of Figure 1, a n d 
a d d s a DIP swi tch a n d 3 M U pu l l -up resistors for each 
contro l input. A MAX722 c o m e s instal led on the board , 
a n d it a lso a c c o m o d a t e s a MAX723 footpr int . To rep lace 
the MAX722 IC, first cut the leads f ree of the package , 
then careful ly deso lde r the leads indiv idual ly . 

Operating Instructions 
For bes t e f f i c iency , c o n n e c t h e a v y - g a u g e (18AWG) 
s t randed wire f rom the bat tery terminals to a 2A ad jus-
tab le supp ly or 2-cel l bat tery pack. 

Important : C o n n e c t BATT1 and BATT2 together wi th 
heavy wi re to ensure bo th SMPS regu la tors work. If 
BATT1 is p o w e r e d separa te ly f rom BATT2, connec t a 
new input b y p a s s capac i t o r a c r o s s BATT1 (not in-
c luded ) . Otherw ise , there is no f i l ter ing at BATT1 a n d 
e f f i c iency will be poor. 
Ad jus t the supp l y up to two or th ree volts. Load the out-
puts a n d obse rve the sw i t ch ing w a v e f o r m s at LX3 a n d 
DHI. 

EV Kit Component List 

D E S I G N A T I O N D E S C R I P T I O N S O U R C E 
C1 100nF, 10V E-size SMT tanta lum capac i to r Matsuo 2 6 7 M 1 0 0 2 - 1 0 7 
C2 2.2| iF, 35V C3-s ize SMT tanta lum capac i to r Matsuo 2 6 7 M 2 5 0 2 - 3 3 5 
C3 0 .22| iF 1206-s ize ce ramic capac i to r Murata-Er ie GRM42-6X7R224K025V 
C4 0.1 | iF 1206-s ize ce ramic capac i to r Murata-Er ie GRM42-6X7R104K025V 
C5 150|iF, 6.3V E-size SMT tanta lum capac i to r Matsuo 267M6301 -157 
C6 Not used 
L1 22| jH, 1A SMT inductor S u m i d a C D 5 4 - 2 2 0 or two C D 4 3 - 2 2 0 
L2 47| jH, 0 .25A SMT inductor S u m i d a C D 5 4 - 4 7 0 
R1 1Q ±10% 1206-s ize ch ip resistor Ohmtek L1206MR1R00LB 
R2 330£2 ±5% 1206-s ize ch ip resistor 
R3 4 7 0 Q ±5% 1206-s ize ch ip resistor 
R4 1 .5MQ ±1 % 1206-s ize ch ip resistor 
R5 110k£2 ±1% 1206-s ize ch ip resistor 
D1 1A SMT Schot tky rectif ier, 1N5817 equ iva len t NIEC EC15QS02L 
D2 1A SMT Schot tky rectif ier, 1N5818 equ iva len t NIEC EC10QS03 
D3 1A SMT si l icon recti f iers, 1N4001 equ iva len t NIEC EC10DS1 
Q1 Fast, h igh-ga in , low sat 30V PNP transistor Zetex ZTX750SM 
Q2 Power PNP transistor, D-PAK Motoro la M J D 2 9 5 5 

M a t s u o U S A ( 7 1 4 ) 9 6 9 - 2 4 9 1 FAX (714) 960-6492 
Matsuo J a p a n ( 0 6 ) 3 3 2 - 0 8 7 1 
Motoro la (602) 244-6900 
Murata-Er ie ( 4 0 4 ) 4 3 6 - 1 3 0 0 
NIEC (805) 867-2555 
NIEC J a p a n ( 8 1 ) 3 - 3 4 9 4 - 7 4 1 1 

Ohmtek ( 7 1 6 ) 2 8 3 - 4 0 2 5 
Si l iconix 408) 988-8000 
S u m i d a USA (708) 956-0666 
Sumida J a p a n ( 0 3 ) 3 6 0 7 - 5 1 1 1 FAX (03) 3607 -5428 
Zetex ( 5 1 6 ) 5 4 3 - 7 1 0 0 
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Figure 9. MAX722 EV Kit PC Layout (Component Layer, Component Side View, 2X Scale) 
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Figure 10. MAX722 EV Kit PC Layout (Bottom Layer, Component Side View, 2X Scale) 
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Figure 11. MAX722 EV Kit Component Placement Diagram 
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Chip Topography 
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r (2.032mm) 
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