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y n y i x i y n 
CMOS //P-Compatible 12-Bit DAC 

General Description 
T h e MX7542 is a C M O S 12-Bi t d i g i t a l - t o - a n a l o g c o n -
ver te r (DAC) w h i c h d i r ec t l y i n te r faces to b o t h 8 -b i t 
a n d 4 -b i t m i c r o p r o c e s s o r s . I npu t d a t a is l o a d e d as 
t h r e e 4 -b i t by tes, a n d is t h e n t r a n s f e r r e d to an in te rna l 
12-bi t D A C reg is ter . Data l oad a n d t r ans fe r i n te r f ace 
t i m i n g is s im i la r to tha t of a s ta t ic R A M w r i t e cyc le . 

A c lear i n p u t is a l so p r o v i d e d w h i c h resets the D A C 
reg is te r to all ze ros . T h i s c a n be used to in i t ia l i ze the 
d e v i c e o n p o w e r u p o r d u r i n g s o f t w a r e c a l i b r a t i o n 
rou t i nes . 

L o w p o w e r c o n s u m p t i o n , +5V o p e r a t i o n , a n d m u l t i -
p l y i n g c a p a b i l i t y m a k e t h e M X 7 5 4 2 s u i t a b l e f o r 
n u m e r o u s h i g h p r e c i s i o n p r o c e s s o r c o n t r o l l e d D A C 
a p p l i c a t i o n s . T h e MX7542 is s u p p l i e d in 16- lead D I P 
a n d Sma l l O u t l i n e p a c k a g e s . 

Applications 
P r o g r a m m a b l e P o w e r S o u r c e s 

P o r t a b l e Test E q u i p m e n t 

D ig i t a l l y C o n t r o l l e d Fi l ters 

A u t o - C a l i b r a t i o n C i r c u i t r y 

M o t i o n C o n t r o l S y s t e m s 

Functional Diagram 

Features 
• 12-Bit Resolution 

• ± 1 / 2 LSB Linearity Over Temperature 

• ± 1 LSB Gain Accuracy ( M X 7 5 4 2 G ) 

• 5 p p m / ° C Max . Ga in Drift 

• Microprocessor Compat ib le 

• 4 0 m W Max. Power Dissipation 

• +5V Operat ion 

I 
O l 

to 

Ordering Information 

PART TEMP. R A N G E P A C K A G E - E R R O R 

MX7542JN 0 ° C t o *70°C Plastic DIP < 1 LSB 

MX7542KN 0°C to +70° C Plastic DIP LSB 

MX7542GKN 0°C to +70° C Plastic DIP LSB 

MX7542JCWE 0°C to +70° C Small Outline i 1 LSB 

MX7542KCWE 0°C to +70° C Small Outline LSB 

MX7542GKCWE 0°C to +70°C Small Outline LSB 

MX7542J/D 0°C to +70° C Dice 1 1 LSB 

MX7542AD -25°C to +85°C Ceramic < 1 LSB 

MX7542BD -25°C to +85°C Ceramic LSB 

MX7542GBD -25°C to +85°C Ceramic + LSB 

MX7542AQ -25°C to +85°C CERDIP" t 1 LSB 

MX7542BQ -25°C to +85°C CERDIP" LSB 

MX7542GBQ -25°C to +85°C CERDIP" LSB 

MX7542SD -55°C to +125° C Ceramic ( 1 LSB 

MX7542TD -55° C to +125° C Ceramic t v LSB 

MX7542GTD -55°C to +125°C Ceramic t LSB 

MX7542SQ -55° C to +125° C CERDIP" + 1 LSB 

MX7542TQ -55° C to +125° C CERDIP" + LSB 

MX7542GTQ -55°C to +125°C CERDIP" + LSB 

All devices — 16 lead packages 
Maxim reserves the right to ship Ceramic packages in lieu of 
CERDIP packages 

Pin Configuration 

T o p V i e w 
0UT1[T 

GUT21Z 

AGND CL 

D3IZ 

02 [ a 

D1 \JL 

DOE 

CS[L 

A XI yVl 
MX7542 

33 Rfb 

3 V R E F 

33Vdo 

33 CLR 

3H0GND 

3H AI 

3 AO 

3 WR 
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Call toll free 1-800-998-8800 for free samples or literature. 



CMOS fjP-Compatible 12-Bit DAC 
ABSOLUTE MAXIMUM RATINGS 
Vqq to A G N D -0.3V, +7V 
V n D to D G N D -0.3V, +7V 
A G N D to D G N D V D D 

D G N D to A G N D V D D 

Digi ta l Input Vol tage to D G N D -0.3V, V D D + 0.3V 
(Pins 4-11, 13) 

V P I N l , V p t N 2 to A G N D -0.3V, V D D + 0.3V 
VR E F to A G N D ± 2 5 V 
VR F R to A G N D ± 2 5 V 

Power D iss ipa t ion 450mW 
(derate 6 m W / ° C above +70°C) 

Ope ra t i ng Tempera tu re Range 
C o m m e r c i a l MX7542J, K, GK 0 ° C to +70°C 
Indust r ia l MX7542A, B, G B - 2 5 ° C to +85°C 
Mi l i ta ry MX7542S, T , G T - 5 5 ° C to +125°C 

S to rage Tempera tu re - 6 5 ° C to +150°C 
Lead Tempera tu re (So lde r ing 10 sec) »300°C 

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

ELECTRICAL CHARACTERISTICS 
<TA = T u i n to T M A X , V D D = +5V, V R E F = +10V, V 0 U T 1 = V 0 U T 2 = GND, un less o the rw ise spec i f ied) 

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

D C ACCURACY 

Resolut ion 12 Bits 

Non-L inear i ty 
MX7542J /A /S 
MX7542K/B /T 
M X 7 5 4 2 G K / G B / G T 

± 1 
+0.5 
+0.5 

LSB 

Di f ferent ia l Non-L inear i ty 
MX7542J /A /S (Note 1) 
MX7542K/B/T (Note 2) 
M X 7 5 4 2 G K / G B / G T (Note 2) 

± 2 
11 
± 1 

LSB 

Gain Error 

MX7542J /K /A /B /S /T 
MX7542J /K /A /B 
MX7542S/T 

T a = 25°C 
"'"MIN ''"MAX 

"'"MIN "'"MAX 

±12.3 
+ 13.5 
+ 14.5 

LSB Gain Error 
M X 7 5 4 2 G K / G B / G T 
MX7542GK/GB 
MX7542GT 

T a = 25°C 
"'"MIN "'"MAX 

"'"MIN "'"MAX 

+ 1 
± 1 
+ 2 

LSB 

Gain Temperature Coef f i c ien t 
AGa in /ATempera tu re (Note 4) 

2 5 p p m / ° C 

Power Supp ly Reject ion PSRR V D D = +4.75V to +5.25V T a = 25°C 
"'"MIN "'"MAX 

0.005 
0 01 

%/%V D D 

Output Leakage Current 

' o u t v 'OUT2 (No 'e 3) 

MX7542J /K /GK 
MX7542A/B /GB 
MX7542S/T/GT 

T a = 2 5 ° c 
TM.N T 0 ^M/^X 

"'"MIN "*"MAX 

^ M I N "'"MAX 

1 
10 
10 

200 

nA 

D Y N A M I C PERFORMANCE (Note 4) 

Ou tpu t Cur rent Set t l ing T ime To 1/2 LSB, Out1 Load = 1000 2 /J s 

Feedthrough Error VR E F = +10V 10kHz sine wave 2.5 mVpp 

REFERENCE INPUT 

Input Resistance (pin 15) r R E F 8 15 25 kO 

ANALOG O U T P U T (Note 4) 

Ou tpu t Capac i tance 

CoUT1 
CoUT1 
C-OUT2 
C<3U 72 

DAC Register 0000 0000 0000 
DAC Register 1111 1111 1111 
DAC Register 1111 1111 1111 
DAC Register 0000 0000 0000 

75 
260 
75 

260 

PF 

2 y n y j x i y k i 



CMOS fjP-Compatible 12-Bit DAC 
ELECTRICAL CHARACTERISTICS (Continued) 
( T A = T m i n t o T M A X , V D D = +5V, V R E F = + 10V, V O U T 1 = V O U T 2 = G N D , u n l e s s o t h e r w i s e s p e c i f i e d ) 

PARAMETER SYMBOL C O N D I T I O N S MIN TYP MAX UNITS 

LOGIC INPUTS 

Logic H I G H Voltage v , N H 
+3.0 

V 
Logic LOW Voltage V,N L +0.8 

V 

Logic Input Cur rent •IN OV or V D D 1 u A 

Input Capac i tance (Note 4) C | N 8 pF 

S W I T C H I N G CHARACTERIST ICS (see Figure 6) (Note 5) 

Write Pulse Wid th FWR 
T a = 25°C 
TMIN T^AX 

120 
220 

ns 

Address- to-Wr i te Hold T ime 'AWH 
T a = 25°C 
"^MIN T M A X 

50 
65 

ns 

Ch ip Select- to-Wri te Ho ld 'CWH 
T a = 25°C 
TMIN TMAX 

50 
100 

ns 

M i n i m u m CLEAR Pulse Wid th 'CLR 
T a = 2 5 ° C 

"^MIN T 0 "^MAX 

200 
300 

ns 

BYTE LOADING 

Chip Select - to-WRITE Setup 'cws 
T a = 2 5 ° C 
TM,N "'"WAX 

60 
130 

ns 

Address Val id-to-Write Setup 'AWS 
T a = 25°C 
TMIN T ^ A X 

80 
180 

ns 

Data Setup T ime 'DS 
T a = 25° C 

"•"MIN "I"MAX 

50 
65 

ns 

Data Hold T ime 'DH 
T a = 25°C 
T M , N , 0 TMAX 

50 
65 

ns 

DAC L O A D I N G 

Chip Select - to-WRITE Setup 'CWS 
T a = 25°C 

^MIN "L~MAX 

60 
150 

ns 

Address val id- to-Wri te Setup 'AWS 
T a = 25°C 
"•"MIN T 0 "^MAX 

120 
240 

ns 

POWER SUPPLY 

Supp ly Voltage VDD 5V ± 5% 4.75 5.25 V 

Supp ly Cur rent 'DD 2.5 mA 

Note 1: M o n o t o n i c to 11 bits f r o m T M l f g to T U A X 

Note 2: M o n o t o n i c to 12 bi ts f r o m T M I N to T U A X 

Note 3: l 0 U T 1 tested w i th DAC register l oaded to all O's. 
I 0 U T 2 tested w i th DAC register loaded to all 1's. 

Note 4: Gua ran teed by des ign but not tested. 
Note 5: Samp le tested at +25°C to ensure comp l i ance . 

3 



CMOS fjP-Compatible 12-Bit DAC 

15K 15K 15K 

S w i t c h e s S h o w n For I n p u t s H i g h 

Detailed Description 
T h e bas ic M X 7 5 4 2 D A C c i r c u i t cons i s t s of a laser -
t r i m m e d , t h i n - f i l m R-2R res is to r a r ray w i t h N M O S 
c u r r e n t s w i t c h e s as s h o w n in F i g u r e 1. B i n a r i l y 
w e i g h t e d c u r r e n t s a re s w i t c h e d to e i the r O U T 1 o r 
O U T 2 d e p e n d i n g o n t h e s ta tus of e a c h i n p u t bi t . 
A l t h o u g h t h e c u r r e n t at O U T 1 o r O U T 2 w i l l d e p e n d 
o n t h e d ig i ta l i n p u t c o d e , t h e s u m of t he t w o o u t p u t 
c u r r e n t s is a l w a y s equa l to t h e i n p u t c u r r e n t at V R E F 

m i n u s t h e t e r m i n a t i o n res is tor c u r r e n t (R T ) . 

E i the r c u r r e n t o u t p u t c a n be c o n v e r t e d in to a v o l t a g e 
e x t e r n a l l y by a d d i n g an o u t p u t a m p l i f i e r ( F i g u r e 4). 
T h e V R E F i n p u t a c c e p t s a w i d e r a n g e of s i g n a l s in -
c l u d i n g f i x e d a n d t i m e v a r y i n g vo l t age o r c u r r e n t 
i npu ts . If a c u r r e n t s o u r c e is used fo r t h e r e fe rence 
i npu t , t h e n a l ow t e m p e r a t u r e c o e f f i c i e n t e x t e r n a l 
res is to r s h o u l d be used f o r R F B t o m i n i m i z e g a i n 
va r ia t i on w i t h t e m p e r a t u r e . 

Equivalent Circuit Analysis 
F i g u r e s 2 a n d 3 s h o w t h e e q u i v a l e n t c i r c u i t s f o r t h e 
R -2R l adde r w h e n al l d i g i t a l i n p u t s are L O W a n d 
H I G H respec t ive ly . T h e i n p u t res i s tance at V R E F is 
n o m i n a l l y 15kO a n d d o e s no t c h a n g e w i t h d i g i t a l 
i n p u t c o d e . T h e l R E F / 4 0 9 6 c u r r e n t s o u r c e , w h i c h is 
a c t u a l l y t h e l adde r t e r m i n a t i o n res is to r (RT , F i gu re 1), 
resu l ts in an i n t e n t i o n a l 1 -b i t c u r r e n t loss t o G N D . 
T H E 'LEAKAGE c u r r e n t s o u r c e s rep resen t j u n c t i o n a n d 
su r face l eakage cu r ren t s . 

C a p a c i t o r s COUTI a n c l COUT2 r e P r e s e n t ^ e s w i t c h e s 
O N a n d O F F c a p a c i t a n c e s respec t ive ly . W h e n al l 
i n p u t s a re s w i t c h e d f r o m L O W t o H I G H , t h e c a p a c i -
t a n c e at O U T 1 c h a n g e s f r o m a p p r o x i m a t e l y 7 5 p F t o 
260pF. T h i s c a p a c i t a n c e is c o d e - d e p e n d e n t a n d is a 
f u n c t i o n of t h e n u m b e r of O N s w i t c h e s t ha t are c o n -
n e c t e d t o a spec i f i c o u t p u t . 

Figure 1. MX7542 Functional Diagram 

Circuit Configurations 
Unipolar Operation 

T h e m o s t c o m m o n c o n f i g u r a t i o n f o r t h e M X 7 5 4 2 is 
s h o w n in F i g u r e 4. T h e c i r c u i t is used f o r u n i p o l a r 
b i na ry o p e r a t i o n a n d / o r 2 - q u a d r a n t mu l t i p l i ca t i on . T h e 
c o d e t a b l e is g i v e n in Tab le 1. N o t e tha t t he po la r i t y of 
t he o u t p u t is t h e inverse of t h e r e fe rence inpu t . 

In m a n y a p p l i c a t i o n s , g a i n a d j u s t m e n t of t h e M X 7 5 4 2 
w i l l n o t be necessary . In t h o s e cases , a n d a l so w h e n 
g a i n is t r i m m e d bu t o n l y at t h e r e f e r e n c e s o u r c e , 
res i s to rs R1 a n d R2 in F i g u r e 4 c a n be o m i t t e d . 
However , if t h e t r i m s a re des i red a n d t h e D A C is to 
o p e r a t e o v e r a w i d e t e m p e r a t u r e range, t h e n l ow 
t e m p c o ( < 3 0 0 p p m / ° C ) res is to rs s h o u l d be used at R1 
a n d R2. 

R = 15K 

VREF — 

IREF 

4 (LEAKAGE 75pF 

IREF 
' 4096 

J 
| LEAKAGE ^ 2 6 ° P F 

Figure 2. MX7542 DAC Equivalent Circuit, 

Ail Digital Inputs LOW 

RFB 

R = 15K 
VREF W N — 

IREF I Q JB IF f t 
J \ Z ) 4096 I (; 

[ LEAKAGE J 2 6 0 P F 

j LEAKAGE 7 5 p F _ 

Figure 3. MX/542 DAC Equivalent Circuit. 

All Digital Inputs HIGH 

: RFB 

• 0 U T 1 



CMOS//P-Compatible 12-Bit DAC 
Table 1. C o d e T a b l e — U n i p o l a r Binary 

/IN > ^ JUl 

C1 
- r 10pF-33pF 

VREF • M / I X I / M 

MX7542 0 U T 2 / T 
D G N D AGND 

•VOUT 

•TRIM 
RESISTOR J/A/S K/B/T 

R1 i o o n 100Q 
R2 4 7 0 330 

DIGITAL INPUT 
MSB LSB ANALOG OUTPUT 

1 1 1 1 1 1 1 1 1 1 1 1 _V 
REF \ 4096 I 

1 0 0 0 0 0 0 0 0 0 0 0 
I 2048 I VREf 

BEF I 4096 I " " 2 

0 0 0 0 0 0 0 0 0 0 0 1 
" V r e f ( 4096 ) 

0 0 0 0 0 0 0 0 0 0 0 0 OV 

Figure 4. Unipolar Binary Operation 

14 

J T 15 

V,N R T 

VDD RFB , 

OUT1 
VREF ^ M ^ I X L Y H 

MX 7542 OUT; 
D G N D AGND VOUT 

•TRIM 
RESISTOR J/A/S K/B/T 

R1 
R2 

100Q 
470 

100Q 
330 

Figure 5. Bipolar Operation (4-Quadrant Multiplication) 

Table 2. C o d e T a b l e -
Bipolar (Of fset B inary ) O p e r a t i o n 

D I G I T A L I N P U T 
M S B LSB A N A L O G O U T P U T 

1 1 1 1 1 1 1 1 1 1 1 1 + v 2 0 4 7 ) + REF 2048 I 

1 0 0 0 0 0 0 0 0 0 0 1 + V r e f ( 2048 ) 

1 0 0 0 0 0 0 0 0 0 0 0 OV 

0 1 1 1 1 1 1 1 1 1 1 1 V r e f ( 2048 ) 

0 0 0 0 0 0 0 0 0 0 0 0 - v I 2 0 4 8 I HEF I 2048 / 

Bipolar Operation 
W i t h t h e c i r c u i t c o n f i g u r a t i o n in F i g u r e 5, t h e M X 7 5 4 2 
o p e r a t e s in t h e b ipo la r , o r 4 - q u a d r a n t m u l t i p l y i n g 
m o d e . A s e c o n d amp l i f i e r a n d t h r e e m a t c h e d res is to rs 
are r e q u i r e d . M a t c h i n g to 0.01% is r e c o m m e n d e d fo r 
12 bit p e r f o r m a n c e . T h e c o d e t a b l e f o r t h e o u t p u t , 
w h i c h is " o f f se t b inary " , is l i s ted in Table 2. In m u l t i -
p l y i n g a p p l i c a t i o n s , t he M S B d e t e r m i n e s o u t p u t po -
lar i ty w h i l e t h e o the r 11 b i ts c o n t r o l a m p l i t u d e . 

To ad jus t t h e c i r c u i t , l oad t h e D A C w i t h a c o d e of 
1000 0 0 0 0 0000 a n d t r i m R1 fo r a 0V o u t p u t . W i t h R1 
a n d R2 o m i t t e d , an a l t e r n a t i v e z e r o t r i m is to a d j u s t 
t h e ra t i o of R3 a n d R4 fo r 0V ou t . Fu l l s ca l e c a n be 
t r i m m e d by l o a d i n g t h e D A C w i t h al l " z e r o s " or all 
" o n e s " a n d a d j u s t i n g t h e a m p l i t u d e of V R E F o r v a r y i n g 
R5 un t i l t h e d e s i r e d pos i t i ve o r nega t i ve o u t p u t is 
o b t a i n e d . If g a i n a n d o f f se t t r i m s are no t r e q u i r e d , R1 
a n d R2 in F igu re 5 c a n be o m i t t e d . 

y n > j x i y n 5 



CMOS fjP-Compatible 12-Bit DAC 
Interface Logic 

Interface Logic Information 
T h e M X 7 5 4 2 T r u t h Tab le is s h o w n in Tab le 3. T h e 
h igh , m i d d l e a n d l ow by te , 4 b i t d a t a reg is te rs are 
l o a d e d separa te ly . T h e 12-b i t D A C reg is te r is t h e n 
l o a d e d w i t h t h e c o n t e n t s of t h e 3 da ta reg is te rs . T h e 
i n t e r f a c e t i m i n g ( F i g u r e 6) is t h e s a m e as w r i t i n g to 
s ta t i c R A M . 

T h e C L R i n p u t a s y n c h r o n o u s l y resets t h e 12-B i t D A C 
Reg i s te r t o C o d e 0000 0000 0000. In a u n i p o l a r m o d e 
t h e D A C o u t p u t w i l l be set t o 0 vo l ts . In t h e b i p o l a r 
m o d e a C L R i n p u t resets t h e D A C o u t p u t t o - V R E F . 

Notes: 
1 1 indicates logic HIGH 
2 0 indicates logic LOW 
3 X indicates don't care 
4.J~ indicates LOW to HIGH transit ion 
5. MSB - XXXX XXXX XXXX - LSB 

high middle low 
byte byte byte 

6 These control signals are level tr iggered. 

Table 3. M X 7 5 4 2 Truth Table 

MX7542 Control Inputs 
MX7542 Operation 

A, A0 c s WR CLR 
MX7542 Operation 

X X X X 0 Resets DAC 12-Bit Register to 
Code 0000 0000 0000 

X X 1 X 1 No Operation 
Device Not Selected 

0 0 0 _r 1 Load LOW Byte151 

Data Register On 
Edge As Shown Load 

Appl icable 
Data 
Register 
With Data 
At D0 -D3 

0 1 0 _r 1 Load MIDDLE Byte15' 
Data Register On 
Edge As Shown 

Load 
Appl icable 
Data 
Register 
With Data 
At D0 -D3 1 0 0 s 1 Load HIGH Byte151 

Data Register On 
Edge As Shown 

Load 
Appl icable 
Data 
Register 
With Data 
At D0 -D3 

1 1 0 i _ r 1 Load 12-Bit DAC Register With 
Data In LOW Byte, MIDDLE 
Byte & HIGH Byte Data 
Registers161 

- ADDRESS BUS V A L I D -

A0 -A1 
(PINS 10. 11) 

V|H 

- V,L 

TAWH 

cs 
(PIN 8) 

V -
I"*—lews-*-] 

WR 
(PIN 9) 

I * 

•AWS - 'WR -

D3-D0 
(PINS 4-7) 

los 

3-H DATA BUS 
VALID 

NOTE T IM ING M E A S U R E M E N T REFERENCE LEVEL IS V,H - VIL 

Figure 6 MX7542 Timing Diagram 

y n v j x i y n 



CMOS fjP-Compatible 12-Bit DAC 

Application Information 
Output Amplifier Offset 

For best l inear i ty , O U T 1 a n d 0 U T 2 s h o u l d be t e r m i -
na ted e x a c t l y OV. In mos t a p p l i c a t i o n s O U T 1 is c o n -
n e c t e d to the s u m m i n g j u n c t i o n of an i nve r t i ng o p -
a m p . T h e a m p l i f i e r ' s i n p u t o f f s e t v o l t a g e c a n d e g r a d e 
the l i nea r i t y of t h e D A C by c a u s i n g O U T 1 to be 
t e r m i n a t e d t o a n o n - z e r o vo l tage . T h e r e s u l t i n g e r r o r 
is: 

E r ro r Vo l tage = V o s ( 1 + R F B / R 0 ) , 

w h e r e V o s is t h e o p - a m p ' s o f f se t v o l t a g e a n d R 0 is 
t he o u t p u t r es i s t ance of t h e DAC. R 0 is a f u n c t i o n of 
t he d ig i t a l i n p u t c o d e , a n d var ies f r o m a p p r o x i m a t e l y 
15kO to 4 5 k f i . T h e e r ro r vo l t age range is t h e n t y p i c a l l y 
4 / 3 V 0 S to 2 V 0 S , a c h a n g e of 2 / 3 V 0 S . A n a m p l i f i e r w i t h 
3 m V of o f f se t w i l l t h e r e f o r e d e g r a d e the l i nea r i t y by 
2mV, a l m o s t a fu l l L S B w i t h a 10V re fe rence vo l tage . 
For best l inear i ty , a l o w - o f f s e t a m p l i f i e r s u c h as t h e 
M A X 4 0 0 s h o u l d be used , o r t he a m p l i f i e r o f f se t m u s t 
be t r i m m e d to zero . A g o o d ru le of t h u m b is tha t VQQ 
s h o u l d be n o m o r e t h a n 1/10 of an LSB 's va lue. 

T h e o u t p u t a m p l i f i e r i n p u t b ias c u r r e n t ( l B ) c a n a lso 
l im i t p e r f o r m a n c e s i n c e l B * R F B g e n e r a t e s an o f f se t 
error , l B s h o u l d t h e r e f o r e be m u c h less t h a n the DAC 
o u t p u t c u r r e n t f o r 1 LSB, t y p i c a l l y 2 5 0 n A w i t h V R E F = 
10V. O n e t e n t h of th is va lue, 25nA, is r e c o m m e n d e d . 
O f f se t a n d l i nea r i t y c a n a l so be i m p a i r e d if t h e o u t p u t 
amp l i f i e r ' s n o n i n v e r t i n g i n p u t is g r o u n d e d t h r o u g h a 
"b i as c u r r e n t c o m p e n s a t i o n res is tor" . T h i s res is to r 
a d d s to o f f se t at th i s p in a n d s h o u l d no t be used. Best 
p e r f o r m a n c e is o b t a i n e d w h e n the n o n i n v e r t i n g i n p u t 
IS d i r e c t l y c o n n e c t e d to g r o u n d . 

Dynamic Considerations 
In s ta t i c or D C a p p l i c a t i o n s , t h e A C c h a r a c t e r i s t i c s of 
t h e o u t p u t a m p l i f i e r are no t c r i t i ca l . In h i g h e r s p e e d 
a p p l i c a t i o n s , w h e r e e i t h e r t h e r e f e r e n c e i n p u t is an 
A C s i gna l or t h e D A C o u t p u t m u s t q u i c k l y se t t le to a 
n e w p r o g r a m m e d va lue, t h e A C p a r a m e t e r s of t h e 
o u t p u t o p - a m p m u s t be c o n s i d e r e d . 

A n o t h e r e r ro r s o u r c e in d y n a m i c a p p l i c a t i o n s is p a r a -
s i t ic c o u p l i n g of s i gna l f r o m t h e V R E F t e r m i n a l to 
O U T 1 or O U T 2 . T h i s is n o r m a l l y a f u n c t i o n of b o a r d 
l ayou t a n d p a c k a g e l e a d - t o - l e a d c a p a c i t a n c e . S i g n a l s 
c a n a lso be i n j e c t e d in to the D A C o u t p u t s w h e n t h e 
d ig i ta l i n p u t s a re s w i t c h e d . T h i s d i g i t a l f e e d t h r o u g h is 
usua l l y d e p e n d e n t o n c i r c u i t b o a r d l ayou t a n d o n -
c h i p capac i t i ve c o u p l i n g . L a y o u t i n d u c e d f e e d t h r o u g h 
can be- m i n i m i z e d w i t h g u a r d t races b e t w e e n d ig i ta l 
inpu ts , V R E F - a n d the DAC o u t p u t s . 

Compensat ions 
A c o m p e n s a t i o n c a p a c i t o r , C1, m a y be n e e d e d w h e n 
t h e D A C is u s e d w i t h a h i g h s p e e d o u t p u t amp l i f i e r . 
T h e p u r p o s e of t h e c a p a c i t o r is t o c a n c e l t he po le 
f o r m e d by the DAC 's o u t p u t c a p a c i t a n c e a n d i n te rna l 
f e e d b a c k res i s tance . Its va lue d e p e n d s o n t h e t y p e of 
o p - a m p u s e d bu t t y p i c a l va l ues r a n g e f r o m 10 to 
33pF. Too s m a l l a v a l u e c a u s e s o u t p u t r i n g i n g w h i l e 
e x c e s s c a p a c i t a n c e o v e r d a m p s t h e o u t p u t . T h e s ize 
of C1 c a n be m i n i m i z e d , a n d o u t p u t s e t t l i n g p e r f o r m -
a n c e i m p r o v e d , by k e e p i n g the PC b o a r d t r ace a n d 
s t ray c a p a c i t a n c e at O U T 1 as sma l l as poss ib le . 

Grounding and Bypassing 
S i n c e O U T 1 , O U T 2 a n d t h e o u t p u t a m p ' s n o n i n v e r t i n g 
i n p u t s a re sens i t i ve t o o f f se t vo l t ages , n o d e s tha t are 
t o be g r o u n d e d s h o u l d be c o n n e c t e d d i r e c t l y to 
" s i n g l e p o i n t " g r o u n d t h r o u g h a separa te , very l ow 
res i s t ance ( less t h a n 0 . 2 0 ) pa th . T h e c u r r e n t at O U T 1 
a n d O U T 2 var ies w i t h i n p u t c o d e , c r e a t i n g a c o d e 
d e p e n d e n t e r ro r if t hese t e r m i n a l s are c o n n e c t e d t o 
g r o u n d (or a v i r tua l g r o u n d ) t h r o u g h a res is t ive pa th . 

A 1fjF b y p a s s capac i t o r , in para l le l w i t h a 0.01//F 
c e r a m i c cap , s h o u l d be c o n n e c t e d as c l o s e to t h e 
DAC's V D D a n d G N D p ins as poss ib le . 

T h e MX7542 has h i g h - i m p e d a n c e d ig i t a l i npu ts . To 
m i n i m i z e n o i s e p i c k - u p , t h e y s h o u l d be t i ed t o e i t he r 
V D D o r G N D w h e n no t used . It is a lso g o o d p r a c t i c e 
to c o n n e c t ac t i ve i n p u t s to V D D o r G N D t h r o u g h h i g h 
v a l u e d r e s i s t o r s ( 1 M O ) t o p r e v e n t s ta t i c c h a r g e 
a c c u m u l a t i o n if t hese p i n s are left f l o a t i n g , s u c h as 
w h e n a c i r cu i t c a r d is left u n c o n n e c t e d . 

Chip Topography 
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