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CMOS Quad, 12-Bit, 

Serial-Input Multiplying DAC 
General Description 

T h e M A X 5 1 4 c o n t a i n s f o u r 12 -b i t R - 2 R m u l t i p l y i n g d i g i -
t a l - t o - a n a l o g c o n v e r t e r s ( D A C s ) , e a c h w i t h a s e r i a l - i n 
p a r a l l e l - o u t sh i f t reg is te r , a D A C reg is te r , a n d c o n t r o l 
l o g i c . T h e M A X 5 1 4 ' s 3 - w i r e se r i a l i n t e r f a c e d e s i g n m in i -
m i z e s t h e n u m b e r of p a c k a g e p i n s a n d i n te rna l leve l 
t r a n s l a t o r s , s o it u s e s less b o a r d s p a c e a n d d i s s i p a t e s less 
p o w e r ( 1 0 m W m a x ) t h a n p a r a l l e l - i n t e r f a c e d e v i c e s . 

W h e n u s e d w i t h m i c r o p r o c e s s o r s (|JPS) w i t h a s e r i a l p o r t , 
t h e M A X 5 1 4 m i n i m i z e s d i g i t a l - n o i s e f e e d t h r o u g h f r o m its 
l o g i c i n p u t p i n s t o its a n a l o g o u t p u t . To f u r t h e r r e d u c e 
n o i s e , t h e n P se r ia l p o r t c a n b e u s e d a s a d e d i c a t e d 
a n a l o g b u s a n d k e p t i n a c t i v e w h i l e t h e M A X 5 1 4 is in u s e . 
S e r i a l i n t e r f a c i n g a l s o s i m p l i f i e s o p t o - c o u p l e r or t r a n s -
f o r m e r - i s o l a t e d a p p l i c a t i o n s . 

T h i s d e v i c e uses l o w - t e m p c o t h i n - f i l m resistors, l a s e r t r i m m e d 
t o ± 1 L S B linearity, w i th g a i n a c c u r a c y be t te r t h a n ± 1 >/?LSB. 

T h e M A X 5 1 4 is s p e c i f i e d w i t h a + 5 V p o w e r s u p p l y . Al l 
l o g i c i n p u t s a r e T T L a n d C M O S c o m p a t i b l e . It c o m e s in 
s p a c e - s a v i n g 2 4 - p i n D I P a n d 2 8 - p i n S O p a c k a g e s . 

Applications 
D i g i t a l O f f s e t / G a m A d j u s t m e n t 

A r b i t r a r y W a v e f o r m G e n e r a t o r s 

I n d u s t r i a l P r o c e s s C o n t r o l s 

A u t o m a t i c T e s t E q u i p m e n t 

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

P r o g r a m m a b l e A m p l i f i e r s / A t t e n u a t o r s 

| i P - C o n t r o l l e d S y s t e m s 

Functional Diagram 

M A X 5 1 4 

C0NFIGURA1I0N IS FOR SO 

Features 
• Four 12-Bit Accurate DACs 

• Fast 3-Wire Serial Interface 

• Low Differential Nonlinearity: ±1/2LSB Max 

• Low Integral Nonlinearity: ±1LSB Max 

• Gain Accuracy to ±1 V 2 L S B Max 

• Low Gain Tempco: 5ppm/"C Max 

• Operates from a Single +5V Power Supply 
• TTL/CMOS Compatible 

• Available in 24-Pin DIP and 28-Pin SO Packages 

Ordering Information 

PART RANGE P IN-PACKAGE 
DNL 

(LSBs) 

MAX514ACNG 0 C to +70 C 24 Narrow Plastic DIP ±1/2 

MAX514BCNG 0 C to +70 C 24 Narrow Plastic DIP + 1 

MAX514ACWI 0 C to +70 C 28 Wide SO 11/2 

MAX514BCWI 0 C to +70 C 28 Wide SO + 1 

MAX514AENG -40 C t o + 8 5 C 24 Narrow Plastic DIP 11/2 

MAX514BENG -40 C to +85 C 24 Narrow Plastic DIP + 1 

MAX514AEWI -40 C to +85 C 28 W i d o S O 11/2 

MAX514BEWI -40 C to +85 C 28 Wide SO -M 

Pin Configurations 

T O P V I E W 

VRHA I 1 24| Villi 
Fires T 231 SRIA 
3D'A 3 I2] LOADA 

VRFFB 4 21' C I K* 

RlUI! | 5 201 SRIB 
lOlltB 6 
VRFFC | T 

> V I / I X I > V I 
19 
1S | 

IOAOB 
SRIC 

RFRC ' 8 ^ 1 OADC 
lauic 9 16] CLK1 

RFBI; JO 15) Viillli 
OHM! [l 1 14 SRIEi 
GNF) |l 2 isj 1 OADD 

DIP 

-INTFRNALLYCONNECTED 
Pm Conhguiohons continued on lost pogc 
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CMOS Quad, 12-Bit, 
Serial-Input Multiplying DAC 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
V D D to GND -0.3V + 1 7 V 

VRFF to G N D ± 2 5 V 

VRFB to G N D ± 2 5 V 

Digital Input Vol tage to GND -0.3V, VDD + 0.3V 
LOLJTA to G N D - 0 . 3 V . V D D + 0 . 3 V 

Cont inuous Power Dissipat ion (TA = +70 C) 
24-Pin Narrow Plastic DIP 
(derate 8.7mW/ C a b o v e + 7 0 C) 696mW 

28-Pin Wide SO 
(derate 12.5mW/ C above +70 

Max imum Current into Any Pin 
Operat ing Temperature Ranges 

MAX514_C 
MAX514_E 

Storage Temperature Range 
Lead Temperature (solder ing , 1 

C ) 1000mW/ C 
50mA 

Stresses beyond those tisted under "Absolute Maximum Ratings" may cause permanent damage to the devioe these 
operation ot ttie device at these or any other conditions beyond those indicated n the operational sections of the sper 
absolute maximum rating conditions tor extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 
(VDD = +5V, VRFF = +10V, IOUT = IOLJTA = GND = OV, TA = TMIN to TMAX. unless otherwise noted.) 

S Y M B O L I 

0 sec) 

arc stress toting: 
'itications is not i 

0 C to +70 C 
-40 C to +85 C 

-65 C to +150 C 
+ 300 C 

; only, and tunctioeul 
nphod t xiH'isuie to 

P A R A M E T E R CONDIT IONS MIN TYP 

STATIC P E R F O R M A N C E 

Resolution 

Integral Nonlinearity 

Differential Nonlinearity 

Full-Scale Error (Gain Error) 

Full-Scale Temperature Coeff icient 
J N o t e 1_) 

DC Power-Supply Rejection 

DYNAMIC P E R F O R M A N C E (Note 1) 

MAX514A 

MAX514B 

MAX514A 

MAX514B 

T A = T M I N t o T M A X A L L 

Guaranteed monotonic 

T a = +25 C 

Using internal RFB 

V D D = 4 . 7 5 V t o 5 . 2 5 V 

MAX UNITS 

Bits 

±1 LSB 

±1/2 

±1 
1 SB 

±1 5 

±2.5 1 SB 

±2.5 

±5 ppm/ C 

+0 001 %/% 

Current Settl ing Time ts 
TA = +25 C to 1/2LSB, OUT load is 10012 1 H3pF. 
DAC register alternately loaded with all 1s and 
atiOs 

0,2b 1 MS 

Digital Feedthrough Q VREF = OV, IOUT load is 100a I M3pF, DAC regis-
ter alternately loaded with a lM s and all 0s 

2 20 nV-s 

AC Feedthrough at IOUT F T E 
VREF = ±10Vp -p at 10kHz. DAC register loaded 
with all 0s 

0,4 1 M V P - [ , 

Total Harmonic Distortion THD VREF = 6VRMS at 1kHz, DAC register loaded 
with all 1s 

- 8 5 dB 

Output Noise Voltage Density e n 
T A = +25 C 10Hz to 100kHz, measured 
between RFB and IOUT 

13 15 nV/vH/ 

REFERENCE INPUT 

Reference Input Resistance RREF VRFF p i n t o IOUT 7 1 1 25 k !2 

Input Resistance Tempco TCR -200 [ pprn/ C 

A N A L O G OUTPUTS 

IOLJT Leakage Current LKG DAC register loaded with all 0s 
TA = +25 C 

T A = T M I N t o 
T M A X 

+0.5 +5 

±25 
nA 

OIJTA Leakage Current 
(DAC A, SO package only) ILKG DAC register loaded with all 1s 

TA = +25 C 

T A = T M I N t o 
T M A X 

±0 5 +5 

±25 
nA 

IOLJT Capac i tance (Note 1) C O U T 1 
DAC register loaded with all 0s 55 8 0 

pF IOLJT Capac i tance (Note 1) C O U T 1 
DAC register loaded with all 1s 8 5 110 

pF 

IOUTA Capac i tance COIJT? 
DAC register loaded with all 0s 8 5 1 10 

• P F (DAC A. SO package only) (Note 1) COIJT? 
DAC register loaded with all 1s 55 8 0 

• P F 



CMOS Quad, 12-Bit, 
Serial-Input Multiplying DAC 

ELECTRICAL CHARACTERISTICS (continued) 
( V D D = +5V , VRFF 

PARAMETER 

10V, L0UT = LOUTA = G N D = 0V, TA = 

S Y M B O L I 

TMIN to TMAX, unless otherwise no ted / 

CONDIT IONS MIN TYP MAX UNITS 

DIGITAL INPUTS 

SWITCHING CHARACTERIST ICS 

Note 1 : Guaranteed by design, not sub]ect to test 

Digital Input High Voltage V|H 2.4 V 

Digital Input Low Voltage VlL 0.8 V 

Digital Input Leakage Current L|N Vim = 0 V or V D D + 1 

CLK Input Leakage Current 
(DIP only, pins 16, 21) I IN VIN = 0 V or V D D +4 M A 

Digital Input Capac i tance (Note 1) CiN VIN = ov or V D D 8 pF 

CLK Input Capac i tance 
(DIP only, pins 16, 21) (Note 1) C|N VIN = 0 V or V D D 32 PF 

CLK Pulse Width High tCH 9 0 MS 

CLK Pulse Width Low tCL 120 l is 

SRI Data to CLK Setup tos 4 0 ns 

SRI Data to CLK Hold tDH 8 0 ns 

LOAD Pulse Width tLD 120 ns 

LSB CLK to LOAD tSL 0 ns 

LOAD High to CLK tLC 0 ns 

POWER SUPPLIES 

Positive Supply Voltage V D D For speci f ied per formance 4 7b 5 25 V 

Positive Supply Current DD 
All digital inputs at VIL or VIM 

All digital inputs at 0V or VDD 
-

2 0 

2 0 0 0 

4 0 0 
m A 

Typical Operating Characteristics 

GAIN vs. F R E Q U E N C Y 
(OUTPUT AMPLIFIER: MAX400) 

10k 100k 1M 

FREQUENCY (Hz) 

T O T A L H A R M O N I C D ISTORTION vs. 
F R E Q U E N C Y (MULTIPLYING MODE) 

- 8 0 

- 1 0 0 

- 1 2 0 

VDD = + 5 V 
VIN = 6VRMS I 
OUTPUT AMPLIFIER: MAX400 
TA = +25C 

100 1k 10k 

FREQUENCY (Hz) 

SUPPLY C U R R E N T vs. 
LOGIC INPUT V O L T A G E 

1.0 

0.8 

< 0.6 
E 

2 0 . 4 

0.2 

0 

- VDD = < 
TA = +2 

- VDD = < 
TA = +2 5 C 

L \ 
V 

0 1 2 3 

V L N ( V ) 
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CMOS Quad, 12-Bit, 
Serial-Input Multiplying DAC 

Typical Operating Characteristics (continued) 

1 . 0 0 

0 . 7 5 

CD 
</> 
J 0 . 5 0 

ec 
O 0 . 2 5 

ec 
AC 
UJ 0 

t - 0 . 2 5 
DC 
< 
LU - 0 . 5 0 
z 
_J 

- 0 . 7 5 

- 1 . 0 0 

LINEARITY ERROR vs. 
DIGITAL C O D E 

Ta - +25°C 
Vref = +10V 

0.25 

tfi U 

- I 

2 -0.25 

-0.5 

-0 75 

0 1024 2048 3072 4096 

DIGITAL INPUT CODE (DECIMAL) 

INL ERROR vs. 
R E F E R E N C E V O L T A G E 

-0.5 

0 75 

DNL ERROR VS. 
R E F E R E N C E V O L T A G E 

V R E F ( V ) 

2 4 6 

V R E F ( V ) 

Pin Description 

24-PIN 
DIP 

28-PIN 
SO N A M E FUNCTION 

1 1 VREFA Reference Voltage Input for DACA 
2 2 RFBA Internal Feedback Resistor for DACA 
3 3 IOUTA DACA Output Current 
- 4 IOUTA DACA Inverted Current Output 
4 

5 

5 VREFB Reference Voltaqe Input for DACB 4 

5 6 RFBB Internal Feedback Resistor for DACB 
6 7 OUTB DACB Output Current 
7 

8 

9 

8 VREFC Reference Voltaqe Input for DACC 7 

8 

9 

9 RFBO nternal Feedback Resistor for DACC 
7 

8 

9 1 0 LOUTC DACC Output Current 
15 11 VREFD Reference Voltaqe Input for DACD 
10 12 RFBD Internal Feedback Resistor for DACD 
11 13 loUTD DACD Output Current 
1 2 14 GND Power-Supply Ground 

1 3 15 LOADD Load DACD Input (active low). Driving this input low transfers the contents of shift register D to DAC register 
• and updates analoq output 0 

14 1 6 SRID Serial Data Input for DACD 14 
1 7 CLKD Serial Clock Input for DACD 

16, 2 1 CLK Serial Clock Input for all four DACs. CLK pins are internally connected on DIP packaqed parts. 

17 18 LOADC Load DACC Input (active low). Driving this input low transfers the contents of shift register C to DAC register 
C and updates analoq output C. 

18 1 9 SRIC Serial Data Input for DACC 
- 2 0 CLKC Serial Clock Input for DACC 

1 9 2 1 LOADB Load DACB Input (active low). Driving this input low transfers the contents of shift register B to DAC register 
B and updates analoq output B. 

20 22 SRIB Serial Data Input for DACB 20 
23 CLKB Serial Clock Input for DACB 

20 

24 N.C. No Connect 

2 2 2 5 LOADA Load DACA Input (active low). Driving this input low transfers the contents of shift register A to DAC register 
A and updates analoq output A. 

23 26 SRIA Serial Data Input for DACA 

24 
27 | CLKA Serial Clock Input for DACA 

24 28 | V D D Positive Supply Voltaqe 

4 / H / J X I / H 



CMOS Quad, 12-Bit, 
Serial-Input Multiplying DAC 

Detailed Description 
DAC Section 

T h e M A X 5 1 4 c o n t a i n s f ou r c u r r e n t - o u t p u t d i g i t a l - t o - a n a -
l o g c o n v e r t e r s ( D A C s ) . E a c h D A C c o n s i s t s of a laser -
t r i m m e d R - 2 R res i s to r a r r a y w i t h N M O S c u r r e n t s w i t c h e s 
a s s h o w n in F i g u r e 1. B i na r i l y w e i g h t e d c u r r e n t s a r e 
s w i t c h e d t o e i t h e r l o u T o r G N D ( lOUTA for D A C A ) , 
d e p e n d i n g u p o n t h e s t a t u s of e a c h i n p u t d a t a b i t . 

Figure 1 Simplified D/A Circuit for 1/4ofMAX514 

E a c h of t h e c u r r e n t o u t p u t s ( IOUT) c a n b e c o n v e r t e d to a 
v o l t a g e b y a d d i n g a n e x t e r n a l o u t p u t a m p l i f i e r a s s h o w n 
in F i g u r e 3. VREF i n p u t s a c c e p t a w i d e r a n g e of s i g n a l s , 
i n 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 v o l t a g e or c u r r e n t in-
p u t s . If a c u r r e n t s o u r c e is u s e d for t h e r e f e r e n c e i n p u t , 
a l o w t e m p c o e x t e r n a l r es i s to r s h o u l d b e u s e d for RFB t o 
m i n i m i z e g a i n v a r i a t i o n w i t h t e m p e r a t u r e . 

E a c h i n t e r n a l f e e d b a c k res i s to r (RFB) IS c o m p e n s a t e d 
w i t h a n N M O S s w i t c h tha t m a t c h e s t h e N M O S s w i t c h e s 
u s e d in t h e R - 2 R ar ray . Th i s r esu l t s in e x c e l l e n t p o w e r -
s u p p l y r e j e c t i o n a n d g a i n - t e m p e r a t u r e c o e f f i c i e n t . 

Digital Inputs and Interface Logic 
F i g u r e 2 s h o w s t h e w r i t e - c y c l e t i m i n g d i a g r a m for t h e 
M A X 5 1 4 . T h e m o s t s i g n i f i c a n t bit ( M S B ) is a l w a y s l o a d e d 
f i rst o n t h e r i s i ng e d g e of t h e c l o c k ( C L K ) . O n c e all d a t a 
is s h i f t e d in to t h e M A X 5 1 4 , e a c h D A C r e g i s t e r is l o a d e d 
b y t a k i n g t h e c o r r e s p o n d i n g L O A D s i g n a l low. T h e D A C 
r e g i s t e r s a r e t r a n s p a r e n t w h e n the i r L O A D i n p u t is low, 
a n d l a t c h e d w h e n the i r L O A D i n p u t is h i g h . If L O A D is 
t a k e n low b e f o r e t h e l eas t s i g n i f i c a n t bi t ( L S B ) is s h i f t e d 
in to t h e sh i f t reg is te r , t h e D A C o u t p u t c a n p r o d u c e a 
"g l i t ch . " If t h i s is u n d e s i r a b l e , a v o i d it b y d e l a y i n g t h e 
L O A D s i g n a l 3 0 n s a f te r t h e r i s i n g e d g e of t h e L S B C L K 
e d g e . 

T h e d i g i t a l i n t e r f a c e of t h e d u a l - i n - l i n e p a c k a g e ( D I P ) a n d 
s m a l l o u t l i n e ( S O ) d e v i c e s d i f f e r s s l igh t ly . E a c h D A C in 
t h e S O h a s its o w n C L K i n p u t , w h i l e D A C s in t h e D I P s h a r e 
a c o m m o n C L K i n p u t . T h e c o m m o n C L K i n p u t o l t h e D I P s 
is l o c a t e d o n p i n s 16 a n d 2 1 , w h i c h a r e i n t e r n a l l y c o n -
n e c t e d D A C s c a n b e i n d i v i d u a l l y l o a d e d b y s e p a r a t e l y 
c o n t r o l l i n g t h e f ou r L O A D i n p u t s . D a t a is s h i f t e d in to e a c h 
D A C t h r o u g h its SRI p i n u s i n g t h e c o m m o n C L K i n p u t . 
T h e o u t p u t v o l t a g e of e a c h D A C is u p d a t e d a l te r i ts L O A D 
i n p u t h a s b e e n e x e r c i s e d , w h i l e t h e r e m a i n i n g D A C ou t -
p u t s a r e u n c h a n g e d . 

If s i m u l t a n e o u s u p d a t i n g of all f o u r D A C o u t p u t s is d e -
s i r e d , t h e L O A D i n p u t s o n D I P d e v i c e s s h o u l d b e b u s s e d 
t o g e t h e r a n d d r i v e n f r o m a c o m m o n s o u r c e . S i m u l t a -
n e o u s u p d a t i n g of t h e f o u r D A C o u t p u t s o n S O d e v i c e s 
c a n b e a c c o m p l i s h e d b y b u s s i n g t h e f ou r C L K i n p u t s 
t o g e t h e r a n d t h e f ou r L O A D i n p u t s t o g e t h e r . 

T h e M A X 5 1 4 ' s i n p u t b u f f e r s a c t a s leve l sh i f t e r s , c o n v e r t -
i n g T T L l eve l s i n to D A C s w i t c h - d r i v e l eve l s . I n p u t b u f f e r s 
a re c o m p a t i b l e w i t h b o t h T T L a n d 5 V C M O S l og i c , h o w -
e v e r t h e p o w e r s u p p l y c u r r e n t ( IDD) IS d e p e n d e n t u p o n 
t h e i n p u t l o g i c l eve l s . S u p p l y c u r r e n t is s i g n i f i c a n t l y 

Figure 2. Writc-Cycle Timing Diagram 

/ H / 1 X I / H 5 



CMOS Quad, 12-Bit, 
Serial-Input Multiplying DAC 
r e d u c e d w h e n l o g i c i n p u t s a r e d r i v e n a s c l o s e to D G N D 
a s p o s s i b l e , a n d a b o v e 4V. T h i s p h e n o m e n o n is s h o w n 
in t h e Supply Current vs. Logic Input Voltage g r a p h in t h e 
Typical Operating Characteristics. 

Circuit Configurations 

Unipolar Operation 

F i g u r e 3 s h o w s t h e b a s i c a p p l i c a t i o n c i rcu i t for o n e - f o u r t h 
of the M A X 5 1 4 . Th i s c i r c u i t is u s e d for u n i p o l a r o p e r a t i o n 
or 2 - q u a d r a n t mu l t i p l i ca t i on . T h e u n i p o l a r o u t p u t - c o d e 
t a b l e is g i v e n in T a b l e 1. N o t e tha t t h e po la r i t y of t h e o u t p u t 
v o l t a g e is t h e i n v e r s e of t h e r e f e r e n c e v o l t a g e i npu t (VREF). 

In m a n y a p p l i c a t i o n s , g a m a d j u s t m e n t wi l l no t b e n e c e s -
s a r y : T h e g a i n a c c u r a c y of t h e p a r t m a y b e s u f f i c i e n t , o r 
g a i n m a y b e t r i m m e d at t h e r e f e r e n c e s o u r c e . In t h e s e 
c a s e s , r e s i s t o r s R1 a n d R 2 in F i g u r e 3 c a n b e o m i t t e d . 
W h e n t h e D A C is t r i m m e d a n d o p e r a t e d o v e r a w i d e 

t e m p e r a t u r e r a n g e , u s e l ow t e m p c o ( < 3 0 0 p p m / ' C ) res is -
t o r s for R1 a n d R2. 

T h e c a p a c i t o r , C 1 , p r o v i d e s p h a s e c o m p e n s a t i o n a n d 
r e d u c e s o v e r s h o o t a n d r i n g i n g w h e n fas t a m p l i f i e r s a re 
u s e d at t h e D A C o u t p u t s . 

Bipolar Operation 

F i g u r e 4 s h o w s t h e M A X 5 1 4 o p e r a t i n g in t h e b i po l a r , or 
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 a m p l i f i e r a n d 
t h r e e m a t c h e d r e s i s t o r s (R3, R4. a n d R5) a r e r e q u i r e d lo r 
e a c h D A C o u t p u t . T h e s e r e s i s t o r s m u s t b e of t h e s a m e 
m a t e r i a l ( p r e f e r a b l y m e t a l f i lm or w i r e - w o u n d ) for g o o d 
t e m p e r a t u r e t r a c k i n g c h a r a c t e r i s t i c s ( < 1 5 p p m / C ) , a n d 
s h o u l d m a t c h t o 0 . 0 1 % for 12 -b i t p e r f o r m a n c e . T h e 
o u t p u t c o d e is o f f s e t b i n a r y a n d is l i s t ed in T a b l e 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 h e M S B d e t e r m i n e s o u t p u t p o -
ar i t y w h i l e t h e o t h e r 11 b i t s c o n t r o l t h e a m p l i t u d e . T h e 
M S B c a n b e i n v e r t e d in s o f t w a r e u s i n g a n e x c l u s i v o - O R 

Figure 3. Unipolar Operation for 1/4 of MAX514 

Table 1. Unipolar Binary Code Table 
for Circuit of Figure 3 

DIGITAL INPUT 

MSB LSB 
ANALOG O U T P U T 

1 1 1 1 1 1 1 1 1 1 1 1 - v 
V r e f 4 0 9 6 / 

1 0 0 0 0 0 0 0 0 0 0 0 _v l 2 ™ -V r e f \ 4096 

v R E F 

2 

0 0 0 0 0 0 0 0 0 0 0 1 
~^R E F ( 4096 

0 0 0 0 0 0 0 0 0 0 0 0 0 

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 R E F 
2047 

2048 

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 0 

0 1 1 1 1 1 1 1 1 1 1 1 -V H E F 

1 

2048 

0 0 0 0 0 0 0 0 0 0 0 0 - v R E F 

2048 

2048 

/ n / j x i x k i 

Figure 4. Bipolar Operation for 1/4 ol MAX514 

Table 2. Offset Binary Code Table 
for Circuit of Figure 4 
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Table 3. Twos Complement Code Table 

D I G I T A L I N P U T 

MSB LSB 
A N A L O G O U T P U T 

0 1 1 1 1 1 1 1 1 1 1 1 + V R E F 

2047 

2048 

0 0 0 0 0 0 0 0 0 0 0 1 + V R E F 

1 \ 

2048 I 

0 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 1 1 "VREF - L -
2048 

1 0 0 0 0 0 0 0 0 0 0 0 "VREF 
2048 
2048 

+15V 

REFERENCE N 
VOLTAGE V 7 IOUT 

\ G N D 

V D D 

/ B I Y L X I / H 

1/4MAX514 

SRI CLK 

VREF 

LOAD 

1 
3 V Q U T 

4? | 6 j 7 | 5 

+15V CMOS DIGITAL INPUTS 

i n s t r u c t i o n to m a k e t h e M A X 5 1 4 w o r k w i t h t w o s - c o m p l e -
m e n t c o d i n g . T a b l e 3 s h o w s t h e c o d e r e l a t i o n s h i p s t o 
o u t p u t v o l t a g e for t h e t w o s - c o m p l e m e n t o p e r a t i o n 

To a d j u s t t h e c i r c u i t , l o a d t h e D A C w i t h a c o d e o f 
1 0 0 0 0 0 0 0 0 0 0 0 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 R 2 o m i t t e d , a n a l t e r n a t i v e z e r o t r i m is u s e d t o a d j u s t 
t h e ra t io o f R3 a n d R 4 fo r 0V o u t . F u l l - s c a l e e r r o r c a n b e 
t r i m m e d b y l o a d i n g t h e D A C w i t h al l 0 s or all 1s, 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 VREF or v a r y i n g R5 unt i l t h e 
d e s i r e d p o s i t i v e o r n e g a t i v e o u t p u t is o b t a i n e d . G a i n 
a d | u s t m e n t wi l l no t b e n e c e s s a r y in m a n y a p p l i c a t i o n s , in 
w h i c h c a s e r e s i s t o r s R1 a n d R 2 in F i g u r e 4 c a n b e 
o m i t t e d . If g a i n t r i m m i n g is d e s i r e d , l o w t e m p c o 
( < 3 0 0 p p m / ' C ) r e s i s t o r s s h o u l d b e u s e d for R1 a n d R2 . 

Single-Supply Operation 
(Voltage Mode) 

T h e M A X 5 1 4 c a n b e c o n v e n i e n t l y u s e d in v o l t a g e m o d e 
w i t h a s i n g l e s u p p l y . IOUT m u s t n o t b e a l l o w e d to g o 0 3 V 
l o w e r t h a n G N D or 0 , 3 V h i g h e r t h a n VDD. O t h e r w i s e , 
n t e r n a l p r o t e c t i o n d i o d e s m a y t u r n o n , c a u s i n g h i g h 

c u r r e n t f l o w a n d p o s s i b l e d a m a g e to t h e d e v i c e . 

F i g u r e 5 s h o w s t h e M A X 5 1 4 c o n n e c t e d a s a v o l t a g e - o u t -
p u t D A C . IOUT is c o n n e c t e d to t h e r e f e r e n c e v o l t a g e 
s o u r c e a n d G N D is g r o u n d e d ( l oUTA, o n t h e S O p a c k a g e , 
s h o u l d a l s o b e g r o u n d e d ) . T h e D A C o u t p u t n o w a p p e a r s 
a t t h e VREF p in , w h i c h h a s a c o n s t a n t i m p e d a n c e e g u a l 
to t h e r e f e r e n c e i n p u t r e s i s t a n c e ( t y p i c a l l y 11k£~2). T h i s 
o u t p u t s h o u l d b e b u f f e r e d w i t h a n o p a m p w h e n l o w e r 
o u t p u t i m p e d a n c e is r e q u i r e d . T h e RFB p i n is no t u s e d 
in t h i s m o d e 

T h e i n p u t i m p e d a n c e of t h e r e f e r e n c e i n p u t ( IOUT) for t h i s 
m o d e is c o d e d e p e n d e n t , a n d t h e c i r c u i t r e s p o n s e t i m e 

Figure 5. Single-Supply Operation for 1/4 of MAX514 Using 
Voltage Switching Mode 

d e p e n d s o n t h e r e f e r e n c e s o u r c e ' s b e h a v i o r w i t h c h a n g -
i n g l o a d c o n d i t i o n s . 

S i n c e a n e g a t i v e r e f e r e n c e is not r e q u i r e d for a pos i t i ve 
o u t p u t w h e n o p e r a t i n g in v o l t a g e m o d e , the c o m p l e t e 
c i r c u i t c a n b e p o w e r e d f r o m a s i n g l e supp l y . Note that. 
w h e n o p e r a t i n g in v o l t a g e m o d e , t h e r e f e r e n c e i npu t ( IOUT) 
m u s t a l w a y s b e p o s i t i v e a n d is l im i ted to n o m o r e t h a n 2 .5V 
w h e n VDD is 15V. If the reference v o l t a g e is g r e a t e r t h a n 
2 . 5 V or VDD is r e d u c e d , r e s i s t a n c e m i s m a t c h e s in t h e 
D A C ' s in te rna l N M O S s w i t c h e s resu l t in d e g r a d e d in teg ra l 
n o n l i n e a r i t y ( I N L ) and d i f f e ren t ia l nonlinearity ( D N L ) . 

T h e u n i p o l a r a n d b i p o l a r c i r c u i t s in F i g u r e s 3 a n d 4 c a n 
all b e c o n v e r t e d to v o l t a g e o u t p u t m o d e . 

Applications Information 
Output Amplifier Offset 

For b e s t l inear i ty , IOUT. IOUTA, a n d G N D s h o u l d b e t e r m i -
n a t e d at e x a c t l y 0V, In m o s t a p p l i c a t i o n s , l o i J l is c o n -
n e c t e d to t h e s u m m i n g j u n c t i o n of a n i n v e r t i n g 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 t h e 
D A C ' s l i nea r i t y b y c a u s i n g IOUT to b e t e r m i n a t e d to a 
n o n - z e r o v o l t a g e . T h e r e s u l t i n g e r ro r is: 

Er ror V o l t a g e = VOS (1 + RFB / RO) 
w h e r e V o s is t h e o p a m p ' s o f f s e t v o l t a g e a n d R o is t h e 
o u t p u t r e s i s t a n c e o f t h e D A C . R o is a f u n c t i o n o f t h e 
d i g i t a l i n p u t c o d e , a n d v a r i e s f r o m a p p r o x i m a t e l y 11k£2 
to 3 3 k Q . T h e e r ro r v o l t a g e r a n g e is t h e n t y p i c a l l y 4 / 3 V o s 
to 2 V o s , a c h a n g e of 2 /3VOS- A n a m p l i f i e r w i t h 3 m V of 
o f f s e t , t h e r e f o r e , d e g r a d e s l i nea r i t y b y 2 m V a l m o s t a 
fu l l L S B w h e n a 1 0 V r e f e r e n c e v o l t a g e is u s e d . For b e s t 
l inear i ty , a m p l i f i e r s w i t h l o w o f f s e t v o l t a g e ( s u c h a s t h e 
M A X 4 0 0 ) s h o u l d b e u s e d a s o u t p u t a m p l i f i e r s for t h e 
M A X 5 1 4 . A g o o d ru le of t h u m b is t ha t V o s s h o u l d b e n o 
more t h a n 1 / 1 0 L S B . 

T h e o u t p u t - a m p l i f i e r i n p u t b i a s c u r r e n t ( IB) c a n a l s o l imi t 
p e r f o r m a n c e s i n c e IB X RFB g e n e r a t e s a n o f f se t er ror . IB 
s h o u l d , t h e r e f o r e , b e m u c h l ess t h a n t h e D A C o u t p u t 

/ H / 1 X I / H 7 
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cur ren t for 1LSB, w h i c h is t yp ica l l y 250nA wi th a 10V 
re fe rence vo l tage. One- ten th of this value, 25nA, is rec-
o m m e n d e d , Of fset a n d l ineari ty c a n a lso b e impa i red if 
t he o u t p u t ampl i f ie r n o n i n v e r t i n g i npu t is g r o u n d e d 
th rough a "b ias-current c o m p e n s a t i o n resistor." This re-
sistor a d d s to the offset at this pin a n d shou ld not 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 non inver t ing 
input is d i rec t ly c o n n e c t e d to G N D . 

Dynamic Considerations 
In static or DC appl icat ions, the AC characterist ics of the 
output amplifier are not critical. In higher speed appl icat ions, 
where either the reference input is an AC signal or the DAC 
output must quickly settle to a new p rog rammed value, the 
AC parameters of the output o p a m p must be considered. 

Another error sou rce in d y n a m i c app l i ca t i ons is paras i t ic 
s igna l c o u p l i n g f rom the VREF inputs to IOUT- This cou-
p l ing is pr imar i l ly a func t ion of b o a r d layout a n d lead- to-
lead p a c k a g e c a p a c i t a n c e No ise s igna ls c a n a lso b e 
in jec ted into the D A C ou tpu ts w h e n the d ig i ta l inputs are 
sw i t ched . This d ig i ta l f e e d t h r o u g h is usua l ly d e p e n d e n t 
upon the c i r cu i t -board layout a n d o n - c h i p capac i t i ve 
coup l ing . G u a r d t races b e t w e e n the d ig i ta l input , VREF 
inputs, a n d IOUT p ins m in im ize l ayou t - i nduced feed-
th rough. E a c h D A C ou tpu t fo l lows the d ig i ta l i npu ts w h e n 
the c o r r e s p o n d i n g L O A D pin is low. In this state, inval id 
ou tpu ts a n d vo l t age g l i t ches c a n a p p e a r at the D A C 
ou tpu ts . K e e p i n g the L O A D inputs h igh unti l all of the 
da ta is sh i f ted into the D A C e l im inates this p rob lem. 

Compensation 
A compensa t i on capaci tor , C1, may be requi red w h e n the 
DAC is used with a h igh -speed output amplif ier. The 
pu rpose of the capac i to r is to cance l the pole f o rmed by 
the D A C output capac i tance , COUT, a n d the internal feed-
back resistor, RFB. The va lue of this capac i tor d e p e n d s on 
the type of o p a m p used, but it typical ly ranges from 10pF 
to 33pF. Too smal l a value causes output r inging, whi le 
excess ive capac i t ance o v e r d a m p s the output. The size of 
C1 can be min imized a n d the output vo l tage sett l ing t ime 
improved by keep ing the c i rcu i t -board t race a n d stray 
capac i t ance at IOUT at low as poss ib le. 

The c a p a c i t a n c e at e a c h IOUT p i n (COUT) is c o d e d e p e n -
den t a n d is typ ica l ly 5 5 p F wi th all sw i t ches c o n n e c t e d to 
G N D , a n d 8 5 p F wi th all sw i t ches c o n n e c t e d to IOUT. 

Grounding and Bypassing 
Since IOUT a n d the non inver t ing input of the ou tpu t 
ampl i f ier are sensi t ive to of fset vo l tages , n o d e s that are 
to b e g r o u n d e d s h o u l d b e c o n n e c t e d d i rec t ly to a "s ingle 
point" g r o u n d th rough a separa te , low- res is tance ( less 
than 0.2Q) connec t i on . The cur rent at IOUT a n d G N D 
var ies wi th input c o d e , c rea t i ng a c o d e - d e p e n d e n t error 

if these termina ls are c o n n e c t e d to G N D (or a "virtual 
g round" ) t h r o u g h a resist ive path . 

A 1(iF b y p a s s capac i to r , in paral le l wi th a 0.01 | iF ce ram ic 
capac i to r , shou ld b e c o n n e c t e d across the DAC VDD a n d 
G N D as c lose to the p ins as poss ib le . 

The M A X 5 1 4 has h i g h - i m p e d a n c e dig i ta l inputs. To min-
imize no ise p i c k - u p a n d p reven t stat ic c h a r g e a c c u m u -
lat ion if the p ins are left f loat ing (such as w h e n a circui t 
c a r d is left u n c o n n e c t e d ) , they shou ld b e t ied to either 
VDD or G N D t h r o u g h h igh-va lue resistors (1 MS J). 

Pin Configurations (continued) 

TOP VIEW 

VRFPA T 
• 

28) VIM > 

RhBA L2 27] (ILKA 

l O I I I A 261 SRIA 

Q U I A u 25 i I OADA 

VHFFB LJL 241 NC 

»'S6 ^ 23] CI KB 

IC.JTB 7 _ 22J SRIB MAX514 SRIB 

VBLIC 8 21 I OADB 

R'sc [9 20) CLKC 

LUUIC ,10 SRIC 

VRFFB [I 1 18| LOADC 

FT!® I12 izJ CLKD 

LOUTD 13 16 SRII) 

GND [14 15) I OADI) 

s o 

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product No circuit patent hci'iiscs me niphed 
Maxim reserves the right to change the circuitry and specifications without notice at any time 

8 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600 

© 1991 Maxim Integrated Products Printed USA 


