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10 Volt Precision References 

General Description 
The MX2700 ser ies of p rec i s ion 10 vol t reference sources 
of fe rs exce l l en t a c c u r a c y a n d stabi l i ty . Laser t r i m m i n g 
of b o t h in i t ia l a c c u r a c y a n d t e m p e r a t u r e d r i f t ensu res 
h i g h p r e c i s i o n over t h e c o m m e r c i a l (0 °C to +70°C) , 
i ndus t r ia l ( - 2 5 ° C to +85°C) a n d m i l i t a r y ( - 5 5 ° C t o 
+ 125°C) t e m p e r a t u r e ranges . T h e g u a r a n t e e d a b s o l u t e 
a c c u r a c y a l l ows the user t o c o n f i g u r e s y s t e m s w i t h o u t 
the n e e d for o v e n s or c h i p heaters for t e m p e r a t u r e 
regu la t i on . T h e M X 2 7 0 0 is a +10 vo l t o u t p u t re fe rence 
w h i l e t he MX2701 is a - 1 0 vo l t o u t p u t . B o t h dev i ces are 
gua ran teed t o 3 p p m / ° C max w i t h 2 .5mV ini t ial accuracy . 
T h e MX2710, w i t h a +10 vo l t o u t p u t , is g u a r a n t e e d to 
1 p p m / ° C max w i t h 1 mV init ial accuracy . T h e s e p r o d u c t s 
are d e s i g n e d to i n te r face w i t h h i g h accu racy , h i g h 
r eso lu t i on A to D a n d D t o A conver te rs , p r e c i s i o n 
i n s t r u m e n t a t i o n , a n d da ta a c q u i s i t i o n sys tems. 

Applications 
Prec i s ion D/A a n d A / D C o n v e r t e r Re fe rence 
Dig i ta l Vo l tme te rs 

P rec i s ion Test a n d M e a s u r e m e n t Sys tems 
P rec i s i on C a l i b r a t e d Vo l tage Re fe rence S t a n d a r d 
H i g h A c c u r a c y T r a n s d u c e r s 

Features 
• Pin-for-Pin 2nd Source! 

• Excellent Initial Accuracy 

• Low Temperature Coeff icient 

• Excellent Long-Term Stability, 50ppm/1000hrs. 

• 10mA Output Current Capabil i ty 

• Superior Line Regulation: 10(VV/V max. 

• Standard Ceramic Side Brazed D I P 

Ordering Information 
P A R T O U T P U T V O L T A G E T E M P . R A N G E 

M X 2 7 0 0 J D •10V. 10 p p r r v ° C - 2 5 ° C t o - 8 5 ° C 

M X 2 7 0 0 L D + 10V. 3 p p m / ° C -25°C t o + 8 5 ° C 

M X 2 7 0 0 S D + 10V, 3 p p m / ° C - 5 5 ° C t o - 1 2 5 ° C 

M X 2 7 0 0 U D + 10V. 3 p p m / ° C - 5 5 ° C t o + 1 2 5 ° C 

M X 2 7 0 1 J D -10V, 10 p p m / ° C - 2 5 C C to + 8 5 ° C 

M X 2 7 0 1 L D -10V. 3 p p m / ' ° C - 2 5 ° C to + 8 5 C C 

M X 2 7 0 1 S D -10V. 3 p p m / ° C 5 5 ° C t o » 1 2 5 ° C 

MX2701 U D -10V, 3 p p m / ° C - 5 5 ° C to * 1 2 5 ° C 

M X 2 7 1 0 L D + 10V. 1 p p m / ° C 0 ° C t o + 7 0 ° C 

M X 2 7 1 0 K D -10V . 2 p p m ° C 0 ° C t o - 7 0 ° C 
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All devices are available in a 14 lead ceramic side brazed DIP 

Typical Operating Circuit Pin Configuration 

Prec i s ion +10V S y s t e m Reference 

Top V iew 

N / C L I 

N/CE 
N / C [ T 
N/C [ T 
N/C OF 
N/C | T 
GND [ T 

/ H / I X l y M 
MX2700 
MX27 JO 

3 3 FINE ADJUST 
J3] 10U OUTPUT 
3 2 FINE ADJUST 
3D+151/ 
3 H T E S T POINT 
3D N/C 

N/C 

3 3 FINE ADJUST 
-101/ OUTPUT 

3 2 FINE ADJUST 
3D -15V 
3 2 T E S T POINT 
X I N/C 

N/C 
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10 Volt Precision References 
ABSOLUTE MAXIMUM RATINGS 
I n p u t Voltage *20V 
P o w e r D i s s i p a t i o n 4 0 0 m W 
O p e r a t i n g T e m p e r a t u r e R a n g e 

M X 2 7 0 0 J D . LO . M X 2 7 0 1 J D . L O - 2 5 : C to + 8 5 ° C 
M X 2 7 0 0 S D , U D , M X 2 7 0 1 S D . U D - 5 5 ° C t o - 1 2 5 ° C 
M X 2 7 1 0 K D , L D 0 ° C t o i 7 0 ' J C 

S t o r a g e T e m p e r a t u r e 65 C t o - 1 6 0 " C 
L e a d T e m p e r a t u r e <300"C 

( s o l d e r i n g , 10 s e c o n d s ) 
S h o r t C i r c u i t t o G N D C o n t i n u o u s 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device These are stress ratings only, and tunctioru 
operation of the device at these or any other conditions above those indicated in the operational sections ol the specifications >s not implied Exposure t 
absolute maximum rating conditions lor extended periods may attect device reliability 

ELECTRICAL CHARACTERISTICS 
(V N - + 15V f o r M X 2 7 0 0 a n d MX2710 , V I N = - 1 5 V fo r MX2701 , T A 

P A R A M E T E R 

I n i t i a l O u t p u t V o l t a g e 

C O N D I T I O N S 

M X 2 7 0 0 J D , S D 

M X 2 7 0 0 L D U D 

M X 2 7 0 1 J D , S D 

2 5 ° C R l = 2 k ! l . u n l e s s o t h e r w i s e n o t e d ) 

M I N . TYP. 

9 . 9 9 5 0 1 0 . 0 0 0 0 

9 . 9 9 7 5 10 .0000 

- 1 0 . 0 0 5 0 ' - 1 0 . 0 0 0 0 

M X 2 7 0 1 L D , U D 

M X 2 7 1 0 K D , L D 

M X 2 7 0 0 . 0 1 J D 

- 1 0 . 0 0 2 5 

9 9 9 9 0 

M A X . 

10 .0050 

10 .0025 

- 9 . 9 9 5 0 

- 1 0 . 0 0 0 0 

10 .0000 

T A = T. J t o t m 

O u t p u t V o l t a g e D r i f t 

M X 2 7 0 0 . 0 1 L D , S D , U D 

M X 2 7 1 0 K D 

M X 2 7 1 0 L D 

M X 2 7 1 0 K D 

__ MAX 

MIN ' • ' . ' ; . • T f t - T w 

Ta - +253C to -70°c 

M X 2 7 1 0 L D 

M X 2 7 1 0 L D 

M X 2 7 0 0 J D . M X 2 7 0 1 J D 

+ 2 5 C C to - 7 0 ° C 

T a = 0 ° C t o - 2 5 ° C 

"TA " ' 
: 1 5 ° C t o + 2 5 n C 

: 0 ° C t o - 1 5 ° C 

T A -- T. 

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

O u t p u t C u r r e n t 

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

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

O u t p u t R e s / s t a n c e 

I n p u t V o l t a g e R a n g e 

Q u i e s c e n t C u r r e n t 

N o i s e ( N o t e 1) 

L o n g Term Stability 

O u t p u t A d j u s t R a n g e 

O u t p u t A d j u s t T e m p e r a t u r e 
D r i f t E f f e c t 

M X 2 7 0 0 L D . M X 2 7 0 1 L D 

MIN l u 'MAX 

T w i n ^ M 

M X 2 7 0 0 S D , M X 2 7 0 1 S D 

M X 2 7 0 0 U D . M X 2 7 0 1 U D 

_ ' MAX 

IN t Q TA = T , , 

' MAX 

T A = 25° C , f o r S p e c i f i e d L o a d R e g u l a t i o n 
TA = T M I N t o T M A X 

V , N = + 1 3 V t o + 1 8 V ( M X 2 7 0 0 , 2 7 1 0 ) 
V,m = - 1 3 V t o - 1 8 V ( M X 2 7 0 1 ) 

- 1 3 . 5 V t o - 1 6 . 5 V ( M X 2 7 0 0 . 2710) 

- 1 3 . 5 V t o - 1 6 . 5 V ( M X 2 7 0 1 ) 

0 t o 1 0 m A to G N D 

| 0 to 1 0 m A to GND 

M X 2 7 0 0 , M X 2 7 1 0 

M X 2 7 0 1 

N o L o a d 

0,1 t o 1 0 H z 

T a = - 5 5 ° C 

S e e F i g u r e 1 a n d 2 
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N o t e 1: Q A s a m p l e t e s t e d 
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10 Volt Precision References 

Theory of Operation 
A zener vo l t age of a p p r o x i m a t e l y 6.3V is a p p l i e d to t h e 
n o n - i n v e r t i n g inpu t of an o p e r a t i o n a l ampl i f ie r . Th i s 
vo l t age is a c c u r a t e l y a m p l i f i e d to p r o d u c e a p rec ise 
10.000V o u t p u t . T h e amp l i f i e r ' s ga in se t t i ng res is tors 
are ac t ive ly l a s e r - t r i m m e d to p r o d u c e the des i red 
o u t p u t vo l tage . T h e zener o p e r a t i n g c u r r e n t is de r i ved 
f r o m the regu la ted o u t p u t vo l tage, a n d ac t ive ly laser-
t r i m m e d to p r o d u c e the lowes t dr i f t over t e m p e r a t u r e at 
the o u t p u t of t he ampl i f ier . 

Discussion of Performance 
T h e M a x i m M X 2 7 0 0 a n d MX2701 are d e s i g n e d f o r app l i -
c a t i o n s r e q u i r i n g a p r e c i s i o n vo l t age re fe rence , w h e r e 
in i t ia l a c c u r a c y at r o o m t e m p e r a t u r e a n d dr i f t over 
t e m p e r a t u r e are of p r i m e i m p o r t a n c e . 

T h e d r i f t s p e c i f i c a t i o n of t h e M X 2 7 0 0 a n d MX2701 are 
g u a r a n t e e d by m a k i n g p rec i se vo l t age m e a s u r e m e n t s 
at - 55°C , - 2 5 ° C , +25°C, +85°C, a n d - 1 2 5 ° C , w h i l e m a i n -
t a i n i n g un i t ident i ty . In th is way, t h ree key spec i f i -
ca t i ons are g u a r a n t e e d : in i t ia l accu racy , a b s o l u t e a c c u -
racy over t empe ra tu re , a n d dr i f t . T h e u p p e r a n d l owe r 
b o u n d l im i ts of a b s o l u t e a c c u r a c y over t e m p e r a t u r e 
are es tab l i shed by the s u m of t he m a x i m u m ini t ia l 
o u t p u t vo l t age e r ro r a n d the m a x i m u m dr i f t f r o m +25°C 
to T m a x . For e x a m p l e , t h e M X 2 7 0 0 L D l im i t o f 4 .3mV is 
c a l c u l a t e d f r o m t h e a d d i t i o n of 2 .5mV in i t ia l o u t p u t 
vo l t age e r ro r p lus t h e t e m p e r a t u r e dr i f t e r ro r of 1 .8mV 
[ 3 p p m / ° C x 10V x (85°C - 25°C) ] . 

T h e dr i f t spec i f i ca t i on is d e f i n e d us ing the " b o x m e t h o d " 
(Fig. 3). T h e " b o x " is f o r m e d by t h e T M A X a n d T M | N 

t e m p e r a t u r e s a n d a d i a g o n a l w i t h a s l o p e equa l to t h e 
m a x i m u m spec i f i ed dr i f t . T h e m a x i m u m a n d m i n i m u m 
o u t p u t vo l tages m u s t meet t he f o l l o w i n g c o n d i t i o n s : 

(VOUTMAX - VOUTMINVOV x 106 < dr i f t spec i f i ca t i on 
TMAX - TMIN 

Th i s assures tha t t h e o u t p u t vo l t age va r ia t ion over t he 
t e m p e r a t u r e c h a n g e is c o n t a i n e d w i t h i n t h e box w i t h 
V0UTMAX a n d V O U T M | N l imi ts . 

For e x a m p l e , t h e M X 2 7 0 0 L D m a x i m u m dr i f t spec i f i ca -
t i o n of 3 p p m / ° C f r o m - 2 5 ° C t o + 8 5 ° C res t r i c t s 
(VOUTMAX - VOUTMIN) to less t h a n 3.3mV. 
T h e MX2710 dr i f t s p e c i f i c a t i o n is d e f i n e d over the 
t e m p e r a t u r e r a n g e of 0 °C to +70°C us ing the "bu t t e r f l y " 
m e t h o d (Fig. 4), w h e r e e n d p o i n t m e a s u r e m e n t s are 
tes ted f o r t e m p e r a t u r e c o e f f i c i e n t f r o m 25°C inde-
p e n d e n t of t he n o m i n a l vo l tage. Each dev i ce is tes ted at 
0°C, +15°C, +25°C, a n d +70°C w i t h the o u t p u t vo l t age 
da ta r e c o r d e d at e a c h t e m p e r a t u r e . A f t e r t h e in i t ia l 
a c c u r a c y is c h e c k e d fo r 1 m V d e v i a t i o n f r o m +10.000V 
at +25°C, t he dev i ces are g r a d e d a c c o r d i n g to t e m p e r a -
tu re c o e f f i c i e n t (TC) . T h e MX2710K has a t e m p e r a t u r e 
c o e f f i c i e n t less t h a n or equa l to 2 p p m / ° C f r o m +25°C to 

+70°C a n d 5 p p m / ° C f r o m 0 ° C to +25°C. T h e s e 
t e m p e r a t u r e c o e f f i c i e n t s c o r r e s p o n d to a m a x i m u m 
c h a n g e of 0 .90mV a n d 1.25mV respec t i ve l y (see 
Fig. 4a). 

< 2^10 6 = 0 .90mV 
5x10-6 = i . 2 5 m V 

10V > 
10V 

(70° C -
< (25° C 

2 5 ° C ) 
• 0 ° C ) = 

S imi la r l y , t he M X 2 7 1 0 L is t es ted fo r 1 p p m / ° C f r o m 
+ 2 5 ° C to +70°C, 2 p p m / ° C f r o m +15°C to +25°C, a n d 
5 p p m / ° C f r o m 0 ° C t o +15°C (see Fig. 4b). T h e c o r r e -
s p o n d i n g vo l t age l im i ts are 0 .45mV f r o m 25°C to 
+70°C, 0 .2mV f r o m +15°C t o +25°C, a n d 0 .75mV f r o m 
0 ° C t o + 1 5 ° C w h i c h , w h e n a d d e d to t h e 0 . 2 m V at +15°C, 
a l l ows fo r 0 .95mV c h a n g e at 0°C. 

Application Information 
T h e Typ ica l O p e r a t i n g C i r c u i t s h o w n o n t h e f r on t page 
s h o w s the p r o p e r c o n n e c t i o n f o r t he MX2700/2710. 
S p e c i a l a t t e n t i o n t o l ayou t is r e q u i r e d t o ach ieve the 
spec i f i ed p e r f o r m a n c e . A l ow res is tance star c o n f i g u r a -
t i o n w i l l r e d u c e vo l t age er rors , no ise p i c k u p , a n d no ise 
c o u p l e d f r o m the p o w e r supp ly . 

T h e o u t p u t v o l t a g e of t h e M X 2 7 0 0 a n d MX2710 c a n be 
t r i m m e d , as s h o w n in F i g u r e 1, by c o n n e c t i n g an ex te r -
nal p o t e n t i o m e t e r b e t w e e n p ins 12 a n d 14 w i t h the 
w i p e r c o n n e c t e d to g r o u n d . Th i s ex te rna l p o t e n t i o m e -
ter p rov i des t y p i c a l l y ± 2 0 m V of o u t p u t a d j u s t m e n t . The 
v o l t a g e dr i f t w i l l c h a n g e by a p p r o x i m a t e l y 0 . 4 p p m / ° C 
(or 4 ^ V / ° C ) per m V of a d j u s t m e n t . 

+ I5V 

/ H / i X I / V I . , 
MX2700 0UT 

GND FINE ADJUST 

•Note : E x t e r n a l 1 0 k ! ! p o t e n t i o m e t e r p r o v i d e s 
± 2 0 m V o u t p u t a d j u s t m e n t . T e m p e r a t u r e 
e f f e c t is ± 4 ^ V . ' C C p e r m V of o u t p u t 
a d j u s t m e n t 

Fine Trim Connection. UXP700 and MX2710 
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TMIN Tmak 

Figure 3. MX2700 Output Voltage Drift 

T h e f i n e t r i m a d j u s t m e n t of t h e M X 2 7 0 1 is a c h i e v e d by 
c o n n e c t i n g t h e w i p e r of t h e p o t e n t i o m e t e r to V - , as 
s h o w n in F igu re 2. 

*Note : E x t e r n a l 1 0 k i ! p o t e n t i o m e t e r p r o v i d e s 
± 2 0 m V o u t p u t a d j u s t m e n t . T e m p e r a t u r e 
e f f e c t is ± 4 > i V / ° C p e r m V of o u t p u t 
a d j u s t m e n t . 

Figure 4a. MX2710K Output Voltage Drift 

OU
TP

UT
 V

OL
TA

GE
 

s 
e 

s 
s 

3 3
 3

 
| 2ppm/jC innm/ C *0.45mV 

Vnamlnal 
10V: lmV 
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Figure 2. Fine Trim Connection. MX2701 Figure 4b. MX2710L Output Voltage Drift 

Max,m cannot assume responsibility far use of any circuitry other than circuitry eniireiv embodied in a Maxim product No r e n s e s a m W o d -

implied Ma •oseives the right to change the circuitry and specifications mii.oLit notice at any time 
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