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10i[A, Low-Dropout, 

Precision Voltage Reference 
General Description 

The M A X 8 7 2 / M A X 8 7 4 p rec i s i on 2.5V and 4 .096V 
micropower voltage references consume a maximum of 
only 10|iA and operate from supply voltages up to 20V. 
The combinat ion of ultra-low quiescent current and low, 
200mV dropout makes them ideal for battery-powered 
equipment. They source and sink up to 500|iA with only 
200mV input voltage headroom, which makes the 2.5V 
MAX872 ideal for use with a 3V supply, and the 4.096V 
MAX874 ideal for use with a 5V supply. 

Initial accuracy of 0.2% at +25°C (+5mVfor the MAX872. 
±8mV for the MAX874) and low 40ppm/°C max drift make 
these references suitable for a wide range of precision 
applications. 

Features 
• Output Voltage: 

2.500V ±0.2% (MAX872) 
4.096V ±0.2% (MAX874) 

• Wide Operating Voltage Range: 
2.7V to 20V (MAX872) 
4.3V to 20V (MAX874) 

• 10MA Max Supply Current 

• 40ppm/"C Max Drift Over Extended Temp. Range 
• Line Regulation Over Temp. 

20(JV/V (MAX872) 
75|iV/V (MAX874) 

• Load Regulation Over Temp. 
0.6mV/mA Max (MAX872) 
1 .OmV/mA Max (MAX874) 

• ±500|jA Sink/Source Current 

Hand-Held Instruments 

Battery-Operated Equipment 

Power Supplies 

_Applications 

Typical Operating Circuit 

3 OV (MAX872) 
5.0V (MAX874) 

VlN 

VOLJT 
A l i l X I A I 

MAX872 TRIM 
MAX874 

• 

GND 

I 
REFERENCE WITH TRIMMED OUTPUT 

y v i / x i / w 

Ordering Information 

PART TEMP. RANGE 

MAX872CPA 

MAX872CSA 

MAX872C/D 

0 C to + 70 C 

0 C to + 70 C 

MAX872EPA 

MAX872ESA 

MAX874CPA 

MAX874CSA 

MAX874C/D 

MAX874EPA 

0 C to +70 C 

- 4 0 ' C t o +85 C 

-40 C t o +85 C 

0 C to +70 C 

0 C to +70 C 

0 C to +70 C 

-40 C t o +85 C 

MAX874ESA -40 C to +85 C 

Dice are specified at +25 C only. 

PIN-PACKAGE 

8 Plastic DIP 

8 SO 

Dice* 

8 Plastic DIP 

8 SO 

8 Plastic DIP 

8 SO 

• ice* 

8 Plastic DIP 

8 SO 

Pin Configuration 

TOPVIEW 

c. 11 

VlN [ 2 

TEMP 3 

GND ' 4 

— 

/ k l ^ X L / V I 
MAX872 
MAX874 

8 | COMP 

7 | L C 

6 I Vol11 

5 1 RIM 

DIP/SO 

Call toll free 1-800-998-8800 for free samples or literature. 
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10\iA, Low-Dropout, 
Precision Voltage Reference 
ABSOLUTE MAXIMUM RATINGS 
S u p p l y V o l t a g e 24V 
O u t p u t Sho r t -C i r cu i t D u r a t i o n C o n t i n u o u s to Ei ther S u p p l y 
C c O M P Inpu t -0 .3V to VOUT 
T R I M Inpu t -0 .3V to (VIN + 0 .3V) 
T E M P O u t p u t -0 .3V to (VIN + 0 .3V) 
C o n t i n u o u s P o w e r D i s s i p a t i o n (TA = + 7 0 ' C ) 

Plast ic DIP ( d e r a t e 9 . 0 9 m W / ' C a b o v e + 70*C) 7 2 7 m W 
S O (de ra te 5 . 8 8 m W / " C a b o v e + 7 0 ' C) 4 7 1 m W 

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 olher conditions beyond those indicated In the operational sections of flic spccihcahons is not implied Exposure to 
absolute maximum rating conditions tor extended periods may affcct device reliability 

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 s : 
M A X 8 7 _ C 
M A X 8 7 _ E 

S t o r a g e T e m p e r a t u r e R a n g e 
J u n c t i o n T e m p e r a t u r e R a n g e ( T j ) 
L e a d T e m p e r a t u r e ( s o l d e r i n g . 10sec ) 

. . 0 C to + 7 0 C 
-40 C to + 8 5 C 

-65 C to + 1 5 0 C 
-65 C to + 1 6 0 C 

+ 3 0 0 C 

ELECTRICAL CHARACTERISTICS - MAX872 
(VIN = 2 .7V, I I = 0 m A . TA = + 2 5 " C , un less o t h e r w i s e no ted . ) 

PARAMETER 

O u t p u t V o l t a g e 

O u t p u t V o l t a g e N o i s e 

L ine R e g u l a t i o n 

L o a d R e g u l a t i o n ( N o t e 1) 

Q u i e s c e n t S u p p l y C u r r e n t 

C h a n g e in S u p p l y C u r r e n t vs . VIN 

Sho r t -C i r cu i t O u t p u t C u r r e n t 

T E M P V o l t a g e 

VOUT A d j u s t m e n t R a n g e 

SYMBOL 

V O U T 

e n 

V o U T / V l N 

IQ 

Q/VLN 

i s c 

VTEMP 

VADJ 

CONDITIONS 

VOIJT/IOUT 

0 .1 Hz to 1 0 H z 

VIN = 4 .5V to 20V 

ViN = 2 .7V to 5 .5V 

S o u r c i n g 0 m A to 0 . 5 m A 

S i n k i n g 0 m A to - 0 . 5 m A 

VIN = 2 .7V to 20V 

VOUT shor t to G N D 

VOUT shor t to VIN 

MIN 

2 4 9 5 

VIN > VOUT + 0 .2V + 7 5 / - 2 0 

TYP MAX UNITS 

2 . 5 0 0 2 5 0 5 V 

60 t ' V p - p 

4 12 

2 5 0 
nV /V 

8 0 2 5 0 
nV /V 

0 . 2 0 .5 
m V / m A 

4 12 

6 .5 10 M A 

0 .35 0 .55 m A / V 

6 15 
m A 

3 9 

6 9 0 mV 

+ 100 / -25 m V 

ELECTRICAL CHARACTERISTICS - MAX874 
(ViN = 4 .3V, I I = 0 m A , TA = + 2 5 C, un less o t h e r w i s e n o t e d . ) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

O u t p u t V o l t a g e VOUT 4 . 0 8 8 4 . 0 9 6 4 . 1 0 4 V 

O u t p u t V o l t a g e N o i s e en 0 . 1 H z to 1 0 H z 90 n V p - p 

L ine R e g u l a t i o n VOUT/VIN V|N = 4 .3V to 20V 15 75 nV /V 

L o a d R e g u l a t i o n (No te 1) VOUT/IOUT 
S o u r c i n g 0 m A to 0 . 5 m A 0 . 1 5 0 9 

m V / m A L o a d R e g u l a t i o n (No te 1) VOUT/IOUT 
S i n k i n g 0 m A to - 0 . 5 m A 6 15 

m V / m A 

Q u i e s c e n t S u p p l y C u r r e n t IQ 6 5 10 M A 

C h a n g e in S u p p l y C u r r e n t vs. VIN lO/VLN VIN - 4 .3V to 2 0 V 0 . 3 5 0 .55 m A / V 

Sho r t -C i r cu i t O u t p u t C u r r e n t I s c 
VOUT shor t to G N D 

VOUT shor t to VIN 

6 

5 

15 

15 
m A 

T E M P V o l t a g e VTEMP 6 9 0 m V 

VOUT A d j u s t m e n t R a n g e VADJ VIN > VOUT + 0 .2V ± 1 5 0 ± 2 0 0 m V 
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10\iA, Low-Dropout, 
Precision Voltage Reference 

ELECTRICAL CHARACTERISTICS - MAX872C 
(VlN = 2.7V, I I = OmA, TA = O'C to +70*C , un less o t h e r w i s e no ted . ) 

PARAMETER SYMBOL CONDITIONS 

O u t p u t Vo l t age 

O u t p u t Vo l t age T e m p e r a t u r e 
Coe f f i c i en t 

L ine Regu la t i on 

L o a d Regu la t i on (No te 1) 

SYMBOL 

V Q U T 

T C V O U T 

V O I J T / V I N 

V O U T / I O U T 

V I N - 4 . 5 V to 2 0 V 

VlN = 2 . 7 V to 5 . 5 V 

S o u r c i n g OmA to 0 . 4 m A 

S ink ing OmA to - 0 . 4 m A 

Q u i e s c e n t S u p p l y Cu r ren t |Q 

C h a n g e in S u p p l y C u r r e n t vs. VIN I Q / V I N V I N = 2 7 V to 2 0 V 

VOUT A d j u s t m e n t R a n g e V A D J V I N > V Q U T + 0 . 2 V 

T E M P O u t p u t T e m p e r a t u r e 
Coe f f i c i en t T C V T E M P 

MIN TYP 

2 .4905 

20 

f 75 / -20 

2 3 

MAX UNITS 

2 5 0 9 5 V 

4 0 p p m / C 

20 

3 0 0 
mV/V 

0.6 
rnV/rnA 

15 

15 MA 

0 .7 mA /V 

mV 

mV/ C 

ELECTRICAL CHARACTERISTICS - MAX874C 
(VlN = 4.3V, lL = OmA. TA = 0*C to +70"C , un less o t h e r w i s e noted. ) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

O u t p u t V o l t a g e V O U T 4 . 0 8 0 5 4 . 1 1 1 5 V 

O u t p u t Vo l t age T e m p e r a t u r e 
Coe f f i c i en t 

T C V O U T 2 0 4 0 p p m / C 

Line Regu la t i on V O U T / V I N V I N = 4 . 3 V to 2 0 V 7 5 MV/V 

L o a d Regu la t i on (No te 1) V O U T / I O U T 
S o u r c i n g OmA to 0 . 4 m A 1 . 0 

m V / m A L o a d Regu la t i on (No te 1) V O U T / I O U T 
S ink ing OmA to - 0 . 4 m A 15 

m V / m A 

Q u i e s c e n t S u p p l y Cu r ren t l o 15 m A 

C h a n g e in S u p p l y Cu r ren t vs. VIN | Q / V | N V I N = 4 . 3 V to 20V 0 . 7 mA/V 

VOUT A d j u s t m e n t R a n g e V A D J VLN > V 0 U T + 0 . 2 V ± 1 5 0 mV 

T E M P O u t p u t T e m p e r a t u r e 
Coe f f i c i en t T C V T E M P 2 3 m V / ' C 

Note 1 : If the l oad cu r ren t e x c e e d s 3 0 0 | j A , c o n n e c t a m i n i m u m of 10OOpF f r om V O U T to G N D . No te that if a c a p a c i t o r larger than 
1 0 0 0 p F is used , a c o m p e n s a t i o n c a p a c i t o r of COUT/100 m u s t b e c o n n e c t e d f r om VOUT to C O M P . 
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10\iA, Low-Dropout, 
Precision Voltage Reference 
ELECTRICAL CHARACTERISTICS - MAX872E 
(VIN = 2.7V. IL = OMA, TA = - 4 0 ' C to + 8 5 ' C , un less o the rw ise no ted . ) 

PARAMETER 

O u t p u t V o l t a g e 

O u t p u t V o l t a g e T e m p e r a t u r e 
Coe f f i c i en t 

L ine Regu la t i on 

L o a d Regu la t i on 

Q u i e s c e n t S u p p l y Cu r ren t 

C h a n g e in S u p p l y Cu r ren t vs. V IN 

VOUT A d j u s t m e n t R a n g e 

T E M P O u t p u t T e m p e r a t u r e 
Coe f f i c i en t 

SYMBOL CONDITIONS 

V O U T 

TCVOUT 

V o U T / V L N 

V O U T / I O U T 

V I N = 4 . 5 V to 2 0 V 

V I N = 2 . 7 V to 5 . 5 V 

S o u r c i n g OmA to 0 . 3 0 m A 

|Q 

Sink ing OmA to - 0 . 3 0 m A 

I Q / V I N V | N - 2 . 7 V t o 2 0 V 

V A D J _ V I N > V O U I + Q . 2 V 

T C V T E M P 

MIN TYP 

20 

+ 7 5 / - 2 0 

2 . 3 

MAX 

2 . 5 1 2 

4 0 

20 

3 0 0 

0 . 6 

1 5 

1 5 

0 . 7 

UNITS 

V 

p p m / C 

f iV /V 

i n V / m A 

M A 

M A / V 

mV 

mV/ C 

ELECTRICAL CHARACTERISTICS - MAX874E 
(ViN = 4.3V, IL = 0 m A , TA = -40*C to + 8 5 ' C , un less o the rw ise no ted . ) 

PARAMETER 

O u t p u t V o l t a g e 

O u t p u t V o l t a g e T e m p e r a t u r e 
Coe f f i c i en t 

L ine Regu la t i on 

L o a d R e g u l a t i o n 

Q u i e s c e n t S u p p l y C u r r e n t 
C h a n g e in S u p p l y Cu r ren t vs. VIN 

VOUT A d j u s t m e n t R a n g e 

T E M P O u t p u t T e m p e r a t u r e 
Coe f f i c i en t 

SYMBOL 

V O U T 

T C V O U T 

V O U T / V I N 

V O U T / I O U T 

IQ 

LQ/VLN 

V A D J 

T C V T E M P 

CONDITIONS MIN TYP 

4 . 0 7 7 

20 

V I N = 4 . 3 V to 2 0 V 

S o u r c i n g OmA to 0 . 3 0 m A 

S ink ing OmA to - 0 . 3 0 m A 

V|N - 4 .3V to 20V 

V I N > V 0 U T + 0 . 2 V ± 1 5 0 

2 . 3 

MAX UNITS 

4 .115 ' V 

40 p p m / C 

75 n v / v 

1.0 
m V / m A 

15 

15 M A 

0.7 mA /V 

mV 

mV/ C 

4 / H / I X I / I / I 



10\iA, Low-Dropout, 
Precision Voltage Reference 

Typical Operating Charateristics 
(TA = + 2 5 ' C no load. VIN = 3V (MAX872) , VIN = 5V (MAX874) . unless o therw ise noted. ) 

DROPOUT VOLTAGE vs. SOURCE CURRENT 
2 5 0 

200 

1 5 0 

100 

T A = + 8 5 C 
TA = + 2 5 C . 
TA =• - 4 0 C 

1 0 0 1 5 0 2 0 0 2 5 0 

S O U R C E C U R R E N T ( | A A ) 

SUPPLY CURRENT vs. INPUT VOLTAGE 

2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 

I N P U T V O L T A G E ( V ) 

MAX872 
SUPPLY CURRENT vs. TEMPERATURE 

20 I 
N O L O A D 

I 

V IM - 2 0 V | 

I I s 

V IN - 1 0 V 
V IN - 5 V I ^ I I 
V IN I 

I 

- 2 5 0 2 5 5 0 7 5 

T E M P E R A T U R E ! 0 

MAX874 
SUPPLY CURRENT vs. TEMPERATURE 

MAX872 
OUTPUT VOLTAGE vs. INPUT VOLTAGE 

2 5 0 3 

2 . 5 0 0 

- 5 0 2 5 0 2 5 5 0 7 5 1 0 0 

T E M P E R A T U R E ! C ) 

2 4 6 8 1 0 1 2 1 4 1 6 

I N P U T V O L T A G E ( V ) 

MAX874 
OUPUT VOLTAGE vs. INPUT VOLTAGE 

8 1 0 1 2 1 4 1 6 1 8 2 0 

I N P U T V O L I A G E ( V ) 

MAX872 
LOAD REGULATION vs. TEMPERATURE 

- 5 0 - 2 5 0 2 5 5 0 7 5 1 0 0 

T E M P E R A T U R E ! C ) 

MAX874 
LOAD REGULATION vs. TEMPERATURE 

2 . 5 0 2 

2 5 0 0 

- 5 0 - 2 5 0 2 5 5 0 7 5 1 0 0 

T E M P E R A T U R E ! C ) 

MAX872 
OUTPUT VOLTAGE 

vs. SOURCE CURRENT 

o 1 1 

S O U R C E C U R R E N T ( U I A ) 

/ M / J X I / M 5 



10\AA, Low-Dropout, 
Precision Voltage Reference 

(TA = +25 C no load, VIN = 3 V (MAX872) , VIN = 5 V (MAX874) , unless o therw ise noted, ; 
Typical Operating Charateristics (continued) 

MAX874 
OUTPUT VOLTAGE 

vs. SOURCE CURRENT 

01 1 

SOURCE CURRENT (MA) 

MAX872 
OUTPUT VOLTAGE vs. TEMPERATURE 

MAX874 
OUTPUT VOLTAGE vs. TEMPERATURE 

- 5 0 - 2 5 0 2 5 5 0 7 5 1 0 0 

TEMPERATURE ( C) 

- 2 5 0 2 5 5 0 7 5 1 0 0 

TEMPERATURF ( C) 

POWER-SUPPLY REJECTION RATIO 
vs. FREQUENCY 

10 100 1k 

FREQUENCY (Hz) 

TEMP OUTPUT 
vs. TEMPERATURE 

I 
NO LOAD 

- 5 0 - 2 5 0 2 5 5 0 7 5 1 0 0 

T E M P E R A T U R E ! C) 

NOISE vs. FREQUENCY 

100 Ik 10k 

FREQUENCY (H/L 

MAX8721Hz TO 100Hz NOISE MAX8741Hz TO 100Hz NOISE 



10\IA, Low-Dropout, 
Precision Voltage Reference 

_ Pin Description 

PIN NAME 

1 , 7 I . E . 

2 V I N 

3 T E M P 

4 G N D 

5 T R I M 

6 V O U T 

8 C O M P 

FUNCTION 

Internal Connec t ion . M a k e no connec t i on 
to this pin. 

Input Vo l tage 

Tempera tu re -P ropo r t i ona l Ou tpu t 
Vo l tage. Genera tes an output vo l tage 
p ropor t iona l to j unc t ion t empera tu re . 

G r o u n d 

Ou tpu t Vo l tage Trim. C o n n e c t to the 
cen te r of a vo l t age d iv ider for ou tpu t 
t r imming. Otherw ise m a k e no connec t ion . 

Re fe rence Ou tpu t 

C o m p e n s a t i o n Input. C o n n e c t 
CLOAD/100 c a p a c i t o r f rom VOUT to 
C O M P to p r o v i d e c a p a c i t i v e load 
c o m p e n s a t i o n . 

Applications Information 
Trimming the Output Voltage 

The MAX872/MAX874 's output vol tage is t r immed for 
0 .2% tolerance at +25°C. If addi t ional V O I J T t r imming is 
desired, connect a potent iometer to TRIM, as shown in 
Figures 1 a and 1 b. Ad just ing V O U T away from its factory-
t r immed vol tage typical ly changes the output vol tage 
t empco by 7ppm/°C per lOOmV. 

Reducing Input Ripple with an Input Filter 
The Power-Supply Reject ion Ratio vs. Frequency g raph 
in the Typical Operating Characteristics shows r ipple 
rejection between 10Hz and 2kHz. An input RC filter with 
a pole less than 10Hz, as shown in Figure 2, further 
at tenuates input r ipple within this band. The vol tage d rop 
across the input resistor (due to supply and load current) 
slightly increases the dropout vol tage. The increase is 
g iven by ((LI_OAD + I S U P P L Y ) X R). 

1 
S 

1 
2 

3 V - V I N VOUT 

/ l / l v l X | y * 1 
MAX872 TR|M 

T 

T R I M R A N G E : - 3 5 M V / + 8 0 M V 

4 M 

T R I M R A N G E - 2 0 0 M V / T 3 0 0 M V 

Figure 1a. Adjusting VOUT with the TRIM input on the MAX872 Figure 1b. Adjusting VOUT with the TRIM Input on the MAX874 

/ l / l / J X I / l / l 7 



10\iA, Low-Dropout, 
Precision Voltage Reference 

Choosing the Output and Compensation 
Capacitors 

C o n n e c t i n g a capac i t o r b e t w e e n Vo id a n d G N D r e d u c e s 
load t rans ients . If the load e x c e e d s 300( jA , c o n n e c t a 
m i n i m u m of 1 0 0 0 p F f rom V O U T to G N D . The t ype of 
capac i t o r is not cr i t ical . If the total load c a p a c i t a n c e f rom 
V O U T to G N D ( C L O A D = ou tpu t capac i t o r + other c a p a c -
itive load) is larger t han 10OOpF, c o n n e c t a c o m p e n s a t i o n 
capac i t o r wi th a va lue of CLOAD/1 00 b e t w e e n C O M P a n d 
V O U T . 

TEMP Output 
The TEMP ou tpu t p rov i des a vo l t age p ropor t i ona l to the 
M A X 8 7 2 / M A X 8 7 4 junc t ion tempera tu re . S ince the power 
d i ss ipa t i on of the M A X 8 7 2 / M A X 8 7 4 is < 1 0 0 n W typ, the 
junc t ion t e m p e r a t u r e is w i th in 0.5°C of the a m b i e n t tem-
pera ture . A l t hough it g o e s u n u s e d in mos t app l i ca t i ons , 
the a m b i e n t t e m p e r a t u r e in format ion g i ven by the TEMP 
ou tpu t may b e u s e d to cont ro l L C D cont ras t , or to p rov ide 
A D C ga in c o m p e n s a t i o n or the rma l ou t -o f - range ind ica-
t ion. TEMP must be bu f f e red or c o n n e c t e d to a h igh- im-
p e d a n c e input. 

Operating Temperature 
Window Comparator 

In F igure 3, a w i n d o w c o m p a r a t o r mon i to rs the TEMP 
ou tpu t a n d ind ica tes if the t e m p e r a t u r e is out of the 
nomina l ope ra t i ng range. For the resistor va lues shown , 
the c i rcu i t will i nd ica te an ou t -o f - range cond i t i on if the 
a m b i e n t t empe ra tu re shou ld rise a b o v e + 8 5 " C or d i p 
be low -40"C 

3 0V(MAX872) F 
5 OV (MAX874) 0 047nF 

4.7nF 

)k (MAX872) 
Ik (MAX874) 

t5V 

Rtt QUI 

1/2 O V E R I t M P 
MAX922 ' 

i 1 ' 

TEMP QUI OF RANGE 

1/4 MHCS6 

MAX922 •,, 

-40 C 1 0 - 8 5 C OPERATING RANGI 

Figure 3. Operating Temperature Range Window Comparator 

Chip Topography 

0,072" 
(1.829 mm I 

N.C. COMP 

0 110" 
(2.794 mm) 

Figure 2 Input Filter Reduces Input Ripple MAX872/874 

T R A N S I S T O R C O U N T 8 9 ; 
S U B S T R A T E C O N N E C T E D T O G N D . 
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