
>kl>JXI>kl 
Complete High-Speed CMOS 12-Bit ADC 

General Description 
T h e M A X 1 6 2 a n d M X 7 5 7 2 a re c o m p l e t e 12-Bi t a n a l o g -
t o - d i g i t a l c o n v e r t e r s ( A D C ' s ) tha t c o m b i n e h i g h speed , 
l o w p o w e r c o n s u m p t i o n , a n d an o n - c h i p v o l t a g e 
r e f e r e n c e . T h e c o n v e r s i o n t i m e s a re 3jus ( M A X 1 6 2 ) 
a n d 5 a n d 12/us (MX7572) . T h e b u r i e d z e n e r r e f e r e n c e 
p r o v i d e s l o w d r i f t a n d l o w n o i s e p e r f o r m a n c e . 

E x t e r n a l c o m p o n e n t r e q u i r e m e n t s a re l i m i t e d to o n l y 
d e c o u p l i n g c a p a c i t o r s f o r t h e p o w e r s u p p l y a n d 
r e f e r e n c e vo l tages . O n - c h i p c l o c k c i r c u i t r y is a l so 
i n c l u d e d w h i c h c a n e i t he r be d r i v e n f r o m an e x t e r n a l 
s o u r c e , o r in s t a n d - a l o n e a p p l i c a t i o n s , c a n be u s e d 
w i t h a c rys ta l . 

T h e M A X 1 6 2 / M X 7 5 7 2 u s e s a s t a n d a r d m i c r o p r o c e s s o r 
i n t e r f ace a r c h i t e c t u r e . T h r e e - s t a t e da ta o u t p u t s a re 
c o n t r o l l e d by Read (RD) a n d C h i p Se lec t (CS) inpu ts . 
Da ta a c c e s s a n d bus re lease t i m e s of 90 a n d 75ns 
r e s p e c t i v e l y e n s u r e c o m p a t i b i l i t y w i t h m o s t p o p u l a r 
m i c r o p r o c e s s o r s w i t h o u t r eso r t i ng t o wa i t s ta tes. 

Applications 

Features 

Dig i t a l S i g n a l P r o c e s s i n g (DSP) 

H i g h A c c u r a c y P rocess C o n t r o l 

H i g h S p e e d Da ta A c q u i s i t i o n 

E l e c t r o - M e c h a n i c a l S y s t e m s 

Functional Diagram 
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• 12-Bit Resolut ion and Linearity 

• 3[js ( M A X 1 6 2 ) , 5/js and 12/us ( M X 7 5 7 2 ) 
Convers ion T i m e s 

• N o missing C o d e s 

• O n - C h i p Voltage Reference 

• 90ns Access T i m e 

• 215mW M a x Power Consumpt ion 

• 24 -Lead Nar row D I P Package 

Ordering Information 

P A R T T E M P . R A N G E P A C K A G E * E R R O R 

3fis C O N V E R S I O N T I M E 

MAX162ACNG 0°C to + 70° C Plastic DIP LSB 

MAX162BCNG 0°C to + 70° C Plastic DIP * 1 LSB 

MAX162CCNG 0°C to + 70°C Plastic DIP » 1 LSB 

MAX162ACWG 0°C to + 70°C Wide S O LSB 

MAX162BCWG 0°C to + 70°C Wide S O • 1 LSB 

MAX162CCWG 0°C to + 70° C Wide S O • 1 LSB 

MAX162CC/D 0°C to + 70° C Dice' ' LSB 

MAX162AING -25°C to + 85°C Plastic DIP + 1 LSB 

MAX162BING -25°C to +85°C Plastic DIP t 1 LSB 

MAX162CING -25°C to +85° C Plastic DIP t 1 LSB 

MAX162AMRG -55°C to + 125°C CERDIP l • LSB 

MAX162BMRG -55°C to + 125°C CERDIP t 1 LSB 

MAX162CMRG -55°C to + 125°C CERDIP t 1 LSB 

' All devices — 24 lead packages 
" Consult factory for dice specifications 
Ordering Information continued on last page. 
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Complete High-Speed CMOS 12-Bit ADC 
ELECTRICAL CHARACTERISTICS (Continued) 
(VDD - +5V ±5%. Vss = -15V ±5%: Slow Memory Mode. TA = TWIN to TMAX unless o t h e w s o noted 
TCI K - 4MHz for MAX 162 2 5MHz for MX7572XX05 and 1 MHz 'or MX7572XX12) 

PARAMETER S Y M B O L 

P O W E R SUPPLY REJECTION 

VDD Only 

Vss Only 

CONDIT IONS 

FS Change, Vss - -15V, VDD =- 4 75 to 5 25V 

FS Change, VDD = 5V 
MAX162/MX7572 Vss = 
M A X 1 6 2 Vss = 

-14 25V to -15 75V 
-11 4V to -12 6V 

MIN TYP MAX UNITS 

+ 1/8 
i 1 /8 

I S B 
S B 

LOGIC INPUTS 

Input Low Voltage VLL CS. RD. HBEN CLKIN 0 8 V 

Input High Voltage I V IM CS, RD, HBEN, CLKIN 2 4 V 

Input Capac i tance (Note 7) CLN | CS. RD, HBEN, CLKIN 10 ol 

Input Current I IN ^ D - H B E N , VIN = 0 LO VDD t 10 
+ 2 0 

M A 

LOGIC O U T P U T S 

Output Low Voltage i Vol _ D1 1 -DO/8 BUSY, C L K 0 U 7 SINK - 1.6mA 0 A V 

Output High Voltage VOH D1 1-D0/8. BUSY CLKOUf ISOURCF- - 200pA 4 V 

Floating State I cakage Current | It KG D 1 1 - D O / 8 V O U T = o v t o V D D + 10 M A 

Floating Slate Output 
Capac i tance (Note 7) C o r n 

I 
15 111 

C O N V E R S I O N T IME 

MAX162 1 t C O N V 

Synchronous 
f n K - 4MHz (13 c lock cyc les) 

" 4 M n z Asynchronous 
(12 to 13 c lock cycles) 

3 

3 2 5 

3 2 5 
[ is 

MX7572XX05 tCONV 

Synchronous 
f r i K - 2 5MHz (12 5 c iock cycles) 

- ^ .o ivmz Asynchronous 
(12 to 13 c lock cycles) 

4 8 5 2 
MS 

r -
MX7572XX1 2 t C O N V 

Synchronous 
, . . . u (12.5 c lock cyc les) 
t c i K = 1 M H 7 Asynchronous 

(12 to 13 c lock cycles) 
12 

1 2 5 

13 MS 

P O W E R R E Q U I R E M E N T S 

V D D ±5% for Speci f ied Performance 4 75 5 5 25 V 

VSS (Note 8) 
+5% MAX 162 
±5% MX7572 

12 or -15 
-15 

V 

INO ' J CS = RD = V D D , AIN = 5V 5 7 mA 

Iss 1 CS = RD = VDD. AIN = 5V 8 1 2 INA 

Power Dissipat ion 
R 

V D D = +5V. Vss - -15V 145 215 rriW 

Note 1 : Typical change over temp is ±1LSB 
Note 2: VDD = +5V, Vss = -15V. FS = +5.000V, Ideal last code transition = FS -3/2LSB 
Note 3: Full Scale TC = AFS/AT, where AFS is full scale change from TA - 25 C to TMIN or TMAX 
Note 4: Inc ludes internal reference drift. 
Note 5: VREF TC = AVRFI /AT, where AVRTR is reference vol tage c h a n g e from TA = 25 C to TMIN or TMAX 
Note 6: Output current should not change dur ing convers ion 
Note 7: Guaranteed by design, not subject to test 
Note 8: Vss = -12V ±5% for the MAX162 only. Functional operat ion is guaranteed by testing offset error and full scale error 

I 
o > 

i a 
3 
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308ksps ADC with DSP Interface 
and 78dB SINAD 
TIMING CHARACTERISTICS 
(VDD = 5V, Vss = -12V or -15V, TA = TMIN to TMAX, unless otherwise noted.) (Note 5) 

PARAMETER S Y M B O L CONDIT IONS 
TA = + 2 5 C 

MIN TYP M A X 

MAX121C/E 

MIN MAX 

M A X 1 2 1 M 

MIN M A X 
UNITS 

CONVST Pulse Width (Note 6) tew 20 30 35 ns 

Data-Access Time tOA CL ~ 50pF 25 50 65 80 ns 

Data-Hold Time tDH 25 50 65 80 ns 

CLKIN to SCLK tCD CL = 50pF 40 65 85 105 ns 

SCLK to SDATA Skew tsc CL = 50pF ±65 ±80 ±100 ns 

SCLK to SFRM or FSTRT Skew tsc CL = 50pF ±25 ±35 ±40 ns 

Acquis i t ion Time (Note 6) tAQ 400 400 400 ns 

Aperture Delay tAP 10 ns 

Aperture Jitter 30 ps 

Clock Setup/Hold Time tCK 10 50 10 50 10 50 ns 

Note 5: Control inputs spec i f ied with t r = tf = 5ns (10% to 90% of +5V) and t imed from a vol tage level of 1.6V. Output delays are 
measured to +0 8V if going low, or +2 4V if go ing high. For a data-hold time, a change of 0.5V is measured. See Figures 4 
and 5 for load circuits. 

N o t e 6 : Guaranteed, but not tested. 

Pin Description 

PIN FUNCTION 

DIP/SO S S O P 

1 1 V S S Negative Power Supply: -12V o r -15V 

2 2 VDD Positive Power Supply: +5V 

3 3 AIN Sampl ing Analog Input: ±5V bipolar input range 

4 4 VREF -5V Reference Output. Bypass to AGND with 22^F II 0.1|iF. 

5 7 A G N D Analog Ground 

6 8 INVCLK Invert Serial Clock. Connect to D G N D to invert the SCLK output (relative to CLKIN) 

7 9 
Invert Serial Frame. This input sets the polarity of the SFRM output as follows: 

If INVFRM = DGND, SFRM is high dur ing a conversion. 
If INVFRM = VDD, SFRM is low dur ing a conversion. 

7 9 INVFRM 
Invert Serial Frame. This input sets the polarity of the SFRM output as follows: 

If INVFRM = DGND, SFRM is high dur ing a conversion. 
If INVFRM = VDD, SFRM is low dur ing a conversion. 

8 10 D G N D Digital Ground 

9 11 SFRM Serial Frame Output. Normally high (INVFRM = VDD), falls at the beginn ing of the conversion and rises 
at the end (after 16 tCLk) s ignal ing the end of a 16-bit f rame. 

10 12 FSTRT Frame Start Output. High pulse that lasts one clock cycle, falling edge indicates that a valid MSB is available. 

11 13 SDATA Serial Data Output. MSB first, twos-complement binary output code. 

12 14 SCLK Serial Clock Output . Same polarity as CLKIN if INVCLK = VDD, inverted CLKIN if INVCLK = DGND. 
Note that SCLK runs whenever CLKIN is act ive. 

13 17 CONVST Act ive-Low Convert Start Input. Conversions are init iated on falling edges. 

14 18 CLKIN Clock Input. Supply a TTL- /CMOS-compat ib le c lock from 0.1MHz to 5.5MHz, 40%-60% duty cycle. 

15 19 CS 
Act ive-Low Chip-Select Input. CS = DGNDj?nab les the three-state outputs Also, if CONVST is low, 
initiates a convers ion on the fall ing edge of CS 

16 20 MODE Hardwire to set operat ional mode: VDD: single conversions, DGND: cont inuous conversions 

- 5 . 6 , 
15, 16 N.C. No Connect - not internally connected. 

4 y M x J X i y i i 



Complete High-Speed CMOS 12-Bit ADC 
TIMING CHARACTERISTICS (Note 9) 
(V D D - +5V, V s s — 1 5 V ; T a = T M I N to T M f l x un less o the rw ise noted. ) 

P A R A M E T E R S Y M B O L C O N D I T I O N S 
T A - 2 5 ° C 

M A X 1 6 2 C / I 
M X 7 5 7 2 J / K / L 
M X 7 5 7 2 A / B / C 

M A X 1 6 2 M 
M X 7 5 7 2 S / T / U U N I T S P A R A M E T E R S Y M B O L C O N D I T I O N S 

M I N T Y P M A X M I N M A X M I N M A X 

U N I T S 

CS to RD Setup T i m e 0 0 0 ns 

RD to BUSY Delay 2 C L - 50pF 90 190 230 270 ns 

Data Access T i m e (Note 10) 3 
C L = 20pF 
C L = 100pF 

60 90 
70 125 

110 
150 

120 
170 

ns 

RD Pulse W id th U <3 •3 

CS to RD Ho ld T i m e % 0 0 0 ns 

Data Setup T i m e Af ter BUSY 
Note (10) 6 70 90 100 ns 

Bus Rel inqu ish T i m e (Note 11) 7 20 75 20 85 20 90 ns 

H B E N to RD Setup T i m e 8 0 0 0 ns 

H B E N to RD Ho ld T i m e *9 0 0 0 ns 

Delay Between Read Opera t i ons MO 200 200 200 ns 

Note 9: T i m i n g s p e c i f i c a t i o n s are s a m p l e tes ted at 2 5 ° C to e n s u r e c o m p l i a n c e . A l l i n p u t c o n t r o l s igna ls are spec i f i ed w i t h 
t r = t, = 5ns (10% to 90% of +5V) and t i m e d f r o m a vo l tage level of +1.6V. 

Note 10: t3 a n d t6 are m e a s u r e d w i t h t h e load c i r c u i t s of F i gu re 1 a n d d e f i n e d as the t ime r e q u i r e d fo r an o u t p u t to c ross 
0.8V or 2.4V. 

Note 11: t7 is de f i ned as the t ime requ i red for the da ta l ines to c h a n g e 0.5V w h e n loaded w i th the c i r c u i t s of F igure 2. 

DBN o -

T 3kn $ ^ CL 

DGND ~ 

a. High-Z to Vqh I>3> and Vol to Vqh «6) 

3 k n 

DBN o -

T Cl 

" = • GND 

b. High-Z to Vol (t3) and Vqh to V0l de) 

Figure 1. Load Circuits lor Access Time 

3k fi 

DBN o -

" j " innC 3kO < ^ lOpF 

^ DGND ^ 

a. Vqh to High-Z 

DBN o 

lOpF 

— OGND 

b. Vol to High-Z 

Figure 2. Load Circuits for Output Float Delay 
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Complete High-Speed CMOS 12-Bit ADC 
Pin Description 

P I N N A M E F U N C T I O N 

1 AIN Analog Input, 0 to +5V unipolar input 

2 VREF -5 25V Reference Output 

3 AGND Analog Ground 

4-11 D11-D4 Three-State Data Outputs 

12 DGND Digital Ground 

13-16 D3/11-D0/8 Three-State Data Outputs 

17 CLKIN Clock Input. An external TTL/CMOS 
compatible clock may be applied to 
this pin or a crystal can be connected 
between CLKIN and CLKOUT 

18 CLKOUT Clock Output. An inverted CLKIN 
signal appears at this pin. 

P I N N A M E F U N C T I O N 

19 HBEN High Byte Enable Input. This pin is 
used to multiplex the internal 12-bit 
conversion result into the lower bit 
outputs (D7-D0/8). HBEN also disables 
conversion starts when HIGH. 

20 RD READ Input. This active low signal 
starts a conversion when CS and 
HBEN are low. RD also enables the 
output drivers when CS is low. 

21 CS The CHIP SELECT Input must be low 
for the ADC to recognize RD and 
HBEN inputs. 

22 BUSY The BUSY Output is low when a 
conversion is in progress. 

23 Vss Negative Supply, -15V for MX7572 and 
-15V or -12V for MAX162. 

24 VDD Positive Supply, *5V. 

Data Bus Output , C S & R D = L O W 

Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 Pin 9 Pin 10 Pin 11 Pin 13 Pin 14 Pin 15 Pin 16 

MNEMONIC" D11 D10 D9 D8 D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 

HBEN = LOW DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

HBEN = HIGH DB11 DB10 DB9 DB8 LOW LOW LOW LOW DB11 DB10 DB9 DB8 

Note: 
• D11 . . . DO/8 are the ADC data output pins. 

DB11 . DBO are the 12-bit conversion results, DB11 is the MSB. 

Converter Operation 
T h e M A X 1 6 2 a n d M X 7 5 7 2 use a s u c c e s s i v e a p p r o x i -
m a t i o n t e c h n i q u e t o c o n v e r t an u n k n o w n a n a l o g i n p u t 
t o a 12 b i t d i g i t a l o u t p u t c o d e . T h e c o n t r o l l o g i c 
p r o v i d e s easy i n t e r f a c e t o m o s t m i c r o p r o c e s s o r s . 
M o s t a p p l i c a t i o n s r e q u i r e o n l y a f e w e x t e r n a l pass ive 
c o m p o n e n t s t o p e r f o r m t h e a n a l o g - t o - d i g i t a l f u n c t i o n . 
F i g u r e 3 s h o w s t h e M A X 1 6 2 / M X 7 5 7 2 in its s i m p l e s t 
o p e r a t i o n a l c o n f i g u r a t i o n . 

F i g u r e 4 s h o w s t h e M A X 1 6 2 / M X 7 5 7 2 a n a l o g equ i va l en t 
c i r c u i t . T h e i n t e r n a l v o l t a g e o u t p u t D A C is c o n t r o l l e d 
by a s u c c e s s i v e a p p r o x i m a t i o n reg is te r (SAR) a n d 
has an o u t p u t i m p e d a n c e of 2 . 5 k f i . T h e a n a l o g i n p u t 
is c o n n e c t e d t o t h e D A C o u t p u t w i t h a 2 . 5 k O res is tor . 
T h e c o m p a r a t o r is essen t ia l l y a z e r o c r o s s i n g d e t e c t o r 
a n d i ts o u t p u t is f e d b a c k t o t h e S A R i npu t . 

C o n v e r s i o n star t is c o n t r o l l e d by t h e C S , R D a n d H B E N 
d ig i t a l i npu ts . A c o n v e r s i o n s tar ts at t h e fa l l i ng e d g e of 
C S a n d R D w h i l e H B E N is_Jow. O n c e s ta r ted , c o n v e r s i o n 
c a n n o t be s t o p p e d . T h e B U S Y o u t p u t g o e s l o w as s o o n 
as t h e c o n v e r s i o n star ts . B U S Y m a y be used t o c o n t r o l 
an e x t e r n a l s a m p l e - a n d - h o l d w h e n w i d e b a n d w i d t h 
i n p u t s i gna l s a re be ing m e a s u r e d . 

« P DATA B U S -

NOTES: 
MAX162 - 4MH2 CRYSTAL/CERAMIC RESONATOR. 
MX7572XX05 - 2.5MHz CRYSTAL/CERAMIC RESONATOR. 
MX7572XX12- 1.0MHz CRYSTAL/CERAMIC RESONATOR. 
C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 TO 100pF. 

Figure 3. MAX162/MX/572 Operational Diagram 
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Complete High-Speed CMOS 12-Bit ADC 
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z z 
12-BIT 
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Figure 4. MAX162/MX7572 Analog Equivalent Circuit 

T h e S A R is set t o ha l f sca le as s o o n as t h e C S a n d 
R D i n p u t s g o low. T h i s reset is a s y n c h r o n o u s w i t h t h e 
c l o c k i npu t . T h e a n a l o g i n p u t is t h e n c o m p a r e d to 
o n e ha l f o f t h e f u l l s ca l e v o l t a g e . A b o u t 30ns a f te r t h e 
s e c o n d f a l l i n g e d g e of C L K I N (or r i s i ng e d g e of 
C L K O U T ) , t h e o u t p u t of t h e c o m p a r a t o r is l a t c h e d 
i n t o t h e S A R M S B bi t (see F i g u r e 5). T h e b i t is k e p t if 
t h e a n a l o g i n p u t is g r e a t e r t h a n ha l f sca le , o r d r o p p e d 
if it is sma l le r . T h e n e x t b i t (b i t 11) is t h e n set w i t h t h e 
D A C o u t p u t e i t he r at 1/4 sca le (if t h e M S B w a s 
d r o p p e d ) o r 3 / 4 sca le (if t h e M S B w a s kep t ) . T h e 
c o n v e r s i o n c o n t i n u e s in t h i s m a n n e r un t i l t h e L S B is 
t r i ed . F o l l o w i n g a f a l l i ng C L K I N s igna l , t h e B U S Y 
o u t p u t g o e s h i g h a n d t h e S A R resu l t is l a t c h e d i n t o 
t h e t h r e e - s t a t e o u t p u t bu f fe rs . 

Clock Operation 
Clock Oscillator 

F i g u r e 6 s h o w s t h e M A X 1 6 2 / M X 7 5 7 2 c l o c k c i r cu i t r y . 
T h e c a p a c i t i v e l oad o n t h e C L K O U T p in m u s t be 
m i n i m i z e d f o r l o w p o w e r d i s s i p a t i o n a n d to avo id 
d i g i t a l c o u p l i n g of t h e C L K O U T b u f f e r c u r r e n t s to t he 
c o m p a r a t o r . If an e x t e r n a l c l o c k s o u r c e is be ing used 
t o d r i v e C L K I N , C L K O U T s h o u l d be lef t o p e n . T h e 
e x t e r n a l c l o c k s o u r c e m u s t have a 50% d u t y cyc le . If 
t h e i n t e r n a l o s c i l l a t o r is b e i n g used , a c r y s t a l / c e r a m i c 
r e s o n a t o r s h o u l d be c o n n e c t e d b e t w e e n C L K O U T 
a n d C L K I N as s h o w n in F i g u r e 6. 

NOTES: 
MAX162 - 4MHZ CRYSTAL/CERAMIC RESONATOR. 
MX7572XX05 - 2.5MHz CRYSTAL/CERAMIC RESONATOR. 
MX7572XX12 - 1.0MHz CRYSTAL/CERAMIC RESONATOR. 
C1 AND C2 CAPACITANCE VALUES OEPEND ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTURER . TYPICAL VALUES ARE FROM 0 TO 100pF 

Figure 6. MAX162/MX7b7n Internal Clock Circuit 

Figure 5. Operating Waveforms Using an External Clock Source for CLKIN. 



Complete High-Speed CMOS 12-Bit ADC 
Control Input Synchronization 

In a p p l i c a t i o n s w h e r e t h e R D c o n t r o l i n p u t is no t 
s y n c h r o n i z e d w i t h t h e A D C c l o c k , t he c o n v e r s i o n 
t i m e c a n va ry f r o m 12 to 13 c l o c k cyc les . T h e S A R 
c h a n g e s s ta te o n t h e f a l l i n g e d g e of t h e C L K I N i n p u t 
(o r r i s i n g e d g e o n t h e C L K O U T p in ) . To e n s u r e a 
f i x e d c o n v e r s i o n t i m e use t h e f o l l o w i n g g u i d e l i n e s f o r 
s y n c h r o n i z a t i o n : 

MAX162 

For t h e M A X 1 6 2 t h e R D i n p u t s h o u l d g o l o w at t h e 
f a l l i n g e d g e of C L K I N . In t h i s c a s e t h e c o n v e r s i o n 
lasts 13 c l o c k c y c l e s a n d t h e c o n v e r s i o n t i m e is 3.25//S 
w h e n f C L K = 4 M H z . If t h e C L K I N a n d R D f a l l i n g e d g e s 
a re s k e w e d , t h e s k e w m u s t n o t be m o r e t h a n 5 0 n s to 
e n s u r e t h e 13 p e r i o d c o n v e r s i o n t i m e (See F i g u r e 7). 
T h e M S B is t r i e d at t h e s e c o n d c l o c k f a l l i n g e d g e , 
l eav i ng t w o c l o c k c y c l e s f o r t h e e x t e r n a l s a m p l e - a n d -
h o l d t o se t t le f r o m h o l d t rans ien ts . 

Figure 7. MAX162 RD and CLKIN For Synchronous Operation 

y u y j x i y n 

MX7572 

T h e M X 7 5 7 2 R D i n p u t c a n g o l o w at t he r i s ing e d g e 
of C L K I N . In t h i s c a s e t h e c o n v e r s i o n las ts 12.5 c l o c k 
c y c l e s a n d t h e c o n v e r s i o n t i m e is 5/js w h e n f C L K = 
2 . 5 M H z a n d 12.5/JS w h e n f C L K = 1 M H z . T h e de lay f r o m 
t h e f a l l i n g e d g e of R D t o t h e f a l l i n g e d g e of C L K I N 
m u s t n o t be less t h a n 180ns to e n s u r e t h e 12.5 c l o c k 
c y c l e c o n v e r s i o n t i m e (See F i g u r e 8) . T h i s leaves t h e 
e x t e r n a l s a m p l e - a n d - h o l d 1.5 c l o c k c y c l e s to se t t le 
f r o m h o l d t r a n s i e n t s . A n a d d i t i o n a l hal f c l o c k c y c l e of 
s e t t l i n g c a n be a l l o w e d fo r d r i v i n g t h e s a m p l e - a n d -
h o l d b y h a v i n g R D g o l o w at t h e f a l l i n g e d g e of 
C L K I N , s im i l a r t o t he MAX162 . T h i s resu l ts in a 
13 c y c l e c o n v e r s i o n t i m e (5.2/ js w h e n f C L K = 2 . 5MHz , 
13jus w h e n f C L K = 1 M H z ) . 

IMSBI |LSB| 

Figure 8. MX7572 RD and CLKIN For Synchronous Operation 



Complete High-Speed CMOS 12-Bit ADC 

• BM DBO ARE THE B I T CONVERSION R E S U L T S 

Figure 9. Logic Equivalent for RD. CS and HBEN Inputs 

Digital Interface 
Output Data Format 

T h e 12 o u t p u t d a t a b i ts c a n e i the r be p r e s e n t e d fu l l 
para l le l o r in t w o 8 bit wo rds . To ob ta i n para l le l o u t p u t 
fo r 16 bit p rocessors , H B E N s h o u l d be kept l ow a n d 
the o u t p u t da ta D11-D0 wi l l be r igh t jus t i f ied . 

For a t w o by te da ta read, o u t p u t s D7-D0/8 are used. 
By te se lec t ion is c o n t r o l l e d by H B E N w h i c h mu l t i p lexes 
the da ta ou tpu ts . W h e n H B E N is low, the lower 8 bi ts 
are p resen ted at t he da ta ou tpu t s . W h e n H B E N is h igh , 
t he u p p e r 4 b i ts are p resen ted w i t h the lead ing 4 bi ts 
be ing l ow fo r D7-D0/8 . 

N o t e tha t t h e 4 M S B ' s a lways appear at d ig i ta l o u t p u t s 
D11-D8 w h e n e v e r t h e d ig i ta l dr ivers are enab led , re-
ga rd less of t h e state of H B E N . 

Timing and Control 
C o n v e r s i o n s tar t a n d d a t a read o p e r a t i o n s are c o n -
t r o l l e d by t h r e e d i g i t a l i n p u t s ; H B E N , C S a n d RD . 
F igu re 9 s h o w s t h e l o g i c e q u i v a l e n t f o r t h e c o n v e r s i o n 
a n d d a t a o u t p u t c o n t r o l c i r cu i t r y . A l o g i c l o w is re-
q u i r e d o n al l t h r e e i n p u t s t o s tar t a c o n v e r s i o n . O n c e 
a c o n v e r s i o n is in p r o g r e s s , it c a n n o t be re -s ta r ted . 
T h e B U S Y o u t p u t is l o w d u r i n g t h e en t i r e c o n v e r s i o n 
cyc l e . 

T h e r e a re t w o m o d e s of o p e r a t i o n as o u t l i n e d in t he 
t i m i n g d i a g r a m s of F i g u r e s 10-13. S l o w m e m o r y m o d e 
is i n t e n d e d f o r p r o c e s s o r s t ha t c a n be f o r c e d in to a 
W A I T s ta te f o r p e r i o d s as l o n g as t h e M A X 1 6 2 / M X 7 5 7 2 
c o n v e r s i o n t i m e . R O M m o d e is fo r p r o c e s s o r s tha t 
c a n n o t be f o r c e d i n t o a wa i t s ta te. In b o t h o p e r a t i o n a l 
m o d e s , a p r o c e s s o r R E A D o p e r a t i o n t o the A D C 
a d d r e s s s ta r t s t h e c o n v e r s i o n . In t h e R O M m o d e , a 
s e c o n d R E A D o p e r a t i o n is r e q u i r e d t o access t h e 
c o n v e r s i o n resu l t . 

Figure 10. Slow Memory Mode. Parallel Read Timing Diagram 

Table 1. Slow M e m o r y M o d e , Parallel Read Data Bus Status 

MAX162/MX7572 Data Outputs D11 D10 D9 D8 D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 

Read DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
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Complete High-Speed CMOS 12-Bit ADC 

Figure 11. Slow Memory Mode, Two Byte Read Timing Diagram 

Table 2. Slow M e m o r y Mode , Two Byte Read Data Bus Status 

MAX162/ MX7572 Data Outputs D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 

First Read DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

Second Read LOW LOW LOW LOW DB11 DB10 DB9 DB8 

1 

Figure 12. ROM Mode, Parallel Read Timing Diagram 

Table 3. R O M Mode , Parallel Read Data Bus Status 

MAX162/MX7572 Data Outputs D11 D10 D9 D8 D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 

First Read (Old Data) DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

Second Read DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
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Complete High-Speed CMOS 12-Bit ADC 

Figure 13. ROM Mode, Two Byte Read Timing Diagram 

Table 4. R O M M o d e , Two Byte Read Data Bus Status 

MAX162/MX7572 Data Outputs D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 

First Read (Old Data) DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

Second Read LOW LOW LOW LOW DB11 DB10 DB9 DB8 

Third Read DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

Slow Memory Mode, Parallel Read (HBEN = LOW) 

F i g u r e 10 a n d Tab le 1 s h o w t h e t i m i n g d i a g r a m a n d 
d a t a b u s s ta tus f o r S l o w M e m o r y M o d e , Para l le l Read . 
C S a n d R D g o i n g l o w s ta r ts t h e c o n v e r s i o n a n d B U S Y 
g o e s l o w i n d i c a t i n g t ha t t h e c o n v e r s i o n is in p r o g r e s s . 
D a t a f r o m t h e p r e v i o u s c o n v e r s i o n a p p e a r s at t h e 
d i g i t a l o u t p u t s . A t t h e e n d of t h e c o n v e r s i o n , B U S Y 
r e t u r n s h i g h a n d t h e o u t p u t l a t c h e s a re u p d a t e d t o 
p l a c e t h e d i g i t a l c o n v e r s i o n resu l t o n d a t a o u t p u t s 
D11-D0 /8 . 

Slow Memory Mode, Two Byte Read 

For a t w o b y t e read, o n l y o u t p u t s D 7 - D 0 / 8 a re used . 
S t a r t i n g t h e c o n v e r s i o n a n d r e a d i n g t h e 8 L S B ' s is 
i d e n t i c a l t o t h e S l o w M e m o r y M o d e , Para l le l Read . 
See F i g u r e 11 a n d Tab le 2. A s e c o n d R E A D o p e r a t i o n 
w i t h H B E N h i g h p l a c e s t h e 4 M S B ' s w i t h 4 l e a d i n g 
z e r o s o n t h e d a t a o u t p u t s D7 -D0 /8 . T h e h i g h b y t e 
read d o e s no t s tar t a n o t h e r c o n v e r s i o n s i n c e H B E N is 
h i g h . 

ROM Mode, Parallel Read (HBEN = LOW) 

T h e R O M m o d e a v o i d s p l a c i n g t h e p r o c e s s o r i n to a 
w a i t s ta te. A c o n v e r s i o n is s t a r t ed w i t h a R E A D o p e r -
a t i o n a n d t h e 12-b i ts of d a t a f r o m t h e p r e v i o u s c o n -
v e r s i o n a p p e a r s at t h e d a t a o u t p u t s D 1 1 - D 0 / 8 (see 
F i g u r e 12 a n d Tab le 3) . T h i s d a t a m a y be d i s r e g a r d e d 
if n o t n e e d e d . A s e c o n d R E A D o p e r a t i o n w i l l a c c e s s 
t h e resu l t s o f t h e f i r s t o p e r a t i o n a n d a l so s ta r t a n e w 
c o n v e r s i o n . T h e d e l a y b e t w e e n s u c c e s s i v e R E A D 
o p e r a t i o n s m u s t b e l o n g e r t h a n t h e c o n v e r s i o n t i m e 
f o r t h e M A X 1 6 2 / M X 7 5 7 2 . 

ROM Mode, Two Byte Read 

A s in t h e S l o w M e m o r y M o d e , o n l y d a t a o u t p u t s D7-
D 0 / 8 s h o u l d b e u s e d f o r t w o b y t e reads . F i g u r e 13 
a n d Tab le 4 s h o w t h e o p e r a t i o n in t h i s m o d e . A 
c o n v e r s i o n is s t a r t e d w i t h a R E A D o p e r a t i o n w i t h 
H B E N low. T h e d a t a o u t p u t s p r e s e n t t h e 8 L S B ' s f r o m 
t h e p r e v i o u s c o n v e r s i o n a n d th is da ta c a n be d is -
r e g a r d e d if n o t r e q u i r e d . T w o m o r e R E A D o p e r a t i o n s 
a re n e e d e d to a c c e s s t h e c o n v e r s i o n resu l t . T h e f i rs t 
R E A D m u s t b e w i t h H B E N h i g h , w h e r e t h e 4 M S B ' s 
w i t h 4 l e a d i n g ze ro ' s a re a c c e s s e d . T h e s e c o n d R E A D 
is w i t h H B E N low, w h i c h r e a d s in t h e 8 L S B ' s a n d 
s ta r ts a n e w c o n v e r s i o n . 
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Complete High-Speed CMOS 12-Bit ADC 
Interface Application Hints 

Digital Bus Noise 

If the data bus connec ted to the A D C is act ive du r ing 
a convers ion, LSBs of error can be caused due to 
coup l ing f rom the data pins to the A D C comparator . 
Us ing the Slow Memory Mode avoids this p rob lem by 
p lac ing the processor in a wait state du r ing the con-
version. In the ROM mode, if the data bus is go ing to 
be act ive du r ing the convers ion, the bus shou ld be 
isolated f rom the A D C using three-state drivers. 

ROM Mode 

Cons iderab le dig i ta l noise is generated in the A D C 
when RD or CS go high and the output data drivers 
are disabled after a convers ion is started. Th is noise 
wi l l feed into the A D C compara to r and cause large 
errors if it co inc ides w i th the t ime the SAR is la tch ing 
a decis ion to keep or d rop a bit. To avoid this problem, 
RD and CS shou ld be ac t i veJor less than one c lock 
cycle. In other words, the RD and CS low pulse 
shou ld be shorter than 250ns for the MAX162, 400ns 
for the MX7572XX05 and Ijys for the MX7572XX12. If 
th is cannot be done, the RD or CS signal must go 
high at a r ising edge of CLKIN, s ince the compara to r 
ou tput is always latched at fal l ing edges of CLKIN. 

Analog Considerations 
Application Hints 

Physical Layout 

For best system per fo rmance pr inted c i rcu i t boards 
shou ld be used for the MAX162/MX7572. Wire wrap 
boards are not recommended. The layout of the board 
shou ld ensure that d ig i ta l and analog signal l ines are 
kept separated f rom each other as much as possible. 
Care shou ld be taken not to run ana log and digi tal 
l ines paral lel to each other or d ig i ta l l ines underneath 
the MAX162/MX7572 package. 

Grounding 

Figure 14 shows the recommended system g round 
connect ions. A s ingle point analog STAR ground 
s h o u l d be es tab l i shed at p in 3 (AGND) of the 
MAX162/MX7572 separate f rom the logic g round. All 
o ther analog g rounds and pin 12 (DGND) of the 
MAX162/MX7572 shou ld be connec ted to this STAR 
g r o u n d and no other d ig i ta l g rounds shou ld be con -
nected to this STAR point . The g round return to the 
power supp ly f rom this STAR g round shou ld be low 
impedance for noise free operat ion of the ADC. 

Power Supply Bypassing 

The h igh speed compara to r in the A D C is sensit ive to 
h igh f requency noise in the V D D and V s s power 
suppl ies. These suppl ies shou ld be by-passed to the 
ana log STAR g round w i th 0.1/yF and 10/uF by-pass 
capaci tors w i th m i n i m u m lead length for supply noise 
re ject ion. If the +5V power supp ly is very noisy, a 
smal l (10-20 ohms) resistor can be connec ted as 
shown in Figure 14 to f i l ter external noise. 

Internal Reference 

The MAX162/MX7572 has an internal bur ied zener 
reference wh ich prov ides the DAC reference voltage. 
The reference vol tage is -5 .25V ± 1 % and has a low 
tempera tu re coe f f i c ien t . The re ference ou tpu t is 
avai lable at pin 2, and shou ld be bypassed to analog 
g r o u n d (pin 3) w i th a 47/JF tan ta lum capac i tor in 
paral lel w i th 0.1/UF capac i tor to min imize noise and 
prov ide low impedance at h igh f requencies. This 
by-pass capac i tor must not be less than 4.7/JF. The 
internal reference ou tpu t buf fer can sink upto 500/uA. 

Driving The Analog Input 

The input signal leads to A G N D and A IN shou ld be as 
shor t as possible to min imize noise p ick-up. If the 
leads must be long use sh ie lded cables to min imize 
noise p ick-up. 

The input impedance at the A IN pin is typ ica l ly 2.5kQ. 
The ampl i f ie r dr iv ing A IN must have low enough DC 
ou tpu t impedance for low gain error. Fur thermore, 
low AC ou tpu t impedance is also requi red s ince the 
ana log input cur rent is modu la ted at the c lock rate 
dur ing a convers ion (4MHz for MAX162 and 2.5 or 
1MHz for the MX7572). The ou tpu t impedance of the 
dr iv ing ampl i f ier is equal to its open loop output 
impedance div ided by the loop gain at the f requency 
of interest. 

MX7572 The MX7572 max imum clock rate of 2.5MHz 
makes it possible to drive it w i th ampl i f iers like the 
OP-42, AD711 or OP-27. At 1MHz c lock rate a MAX400 
or OP-07 can also be used. 

MAX162 The MAX162 wi th a m a x i m u m 4MHz c lock 
rate migh t cause set t l ing p rob lems wi th the above 
ampl i f iers. An LF356, LF400 or LT1056 can be used to 
drive the input. Alternatively, an emit ter fo l lower buf fer 
inside the feedback loop of a OP-42, AD711 or OP-27 
can be used to improve h igh f r equency ou tpu t 
impedance. 

/ N Y J X I Y N 11 



Complete High-Speed CMOS 12-Bit ADC 
MAX162/MX7572 to Sample-and-Hold Interface 

T h e a n a l o g i n p u t t o t h e A D C m u s t be s t a b l e t o w i t h i n 
1/2 L S B d u r i n g t h e e n t i r e c o n v e r s i o n f o r s p e c i f i e d 12 
bi t a c c u r a c y . T h i s l im i ts t h e i n p u t s i gna l b a n d w i d t h t o 
less t h a n 6 H z f o r s i n u s o i d a l i n p u t s , even w h e n u s i n g 
t h e fas te r M A X 1 6 2 . For h i g h e r b a n d w i d t h s i gna l s a 
s a m p l e - a n d - h o l d s h o u l d be used . 

T h e B U S Y o u t p u t f r o m t h e M A X 1 6 2 / M X 7 5 7 2 m a y be 
u s e d t o p r o v i d e t h e T R A C K / H O L D s i g n a l t o t h e 
s a m p l e - a n d - h o l d amp l i f i e r . Howeve r , s i n c e t h e A D C ' s 
D A C is s w i t c h e d at a p p r o x i m a t e l y t h e s a m e t i m e as 
t h e B U S Y s i gna l g o e s low, t h e s w i t c h i n g t r a n s i e n t s at 
t h e o u t p u t of t h e s a m p l e - a n d - h o l d c a u s e d by t h e 
D A C s w i t c h i n g m a y resu l t in c o d e d e p e n d e n t e r r o r s 
d u e t o t h e a p e r t u r e d e l a y of t h e s a m p l e - a n d - h o l d . A 
N A N D g a t e m a y be u s e d t o e n s u r e t ha t t h e s a m p l e -
a n d - h o l d s w i t c h e s t o t h e h o l d m o d e B E F O R E a n y 
d i s t u r b a n c e s as s h o w n in F i gu res 15 & 16. T h e N A N D 
g a t e s o l u t i o n w o r k s o n l y if t h e w i d t h of t h e R D p u l s e 
is w i d e r t h a n t h e R D t o B U S Y d e l a y in t h e M A X 1 6 2 / 
MX7572 . If t h i s is no t t h e case, use a f l i p f l o p w h i c h is 
set by t h e f a l l i ng e d g e of R D a n d reset by t h e r i s ing 
e d g e of BUSY. 

For s y n c h r o n o u s R D a n d C L K I N as d e s c r i b e d above , 
t h e h o l d se t t l i ng t i m e a l l o w e d fo r t h e s a m p l e - a n d -
h o l d is 500ns , 6 0 0 n s a n d 1.5/us fo r t he MAX162 , 
M X 7 5 7 2 X X 0 5 a n d M X 7 5 7 2 X X 1 2 respec t ive ly . 

To a c h i e v e t h e m a x i m u m s a m p l i n g rate, t he M A X 1 6 2 / 
M X 7 5 7 2 d a t a m u s t be read w i t h i n t h e t i m e a l l o w e d fo r 
t h e s a m p l e - a n d - h o l d to a c q u i r e a n e w i n p u t vo l tage . 

M X 7 5 7 2 F igu re 15 s h o w s an A D 5 8 5 s a m p l e - a n d - h o l d 
to M X 7 5 7 2 i n te r face . T h e M X 7 5 7 2 R D i n p u t a n d BUSY 
o u t p u t a re u s e d t o p u t t h e A D 5 8 5 in h o l d m o d e w h e n 
a c o n v e r s i o n is in p rog ress . In t h i s e x a m p l e the a n a l o g 
i n p u t r a n g e is + 2 . 5 V bu t o t h e r v o l t a g e ranges c a n be 
c o n f i g u r e d d i f f e r e n t l y as e x p l a i n e d later. 

T h e m a x i m u m s a m p l i n g ra te is 125kHz w i t h a 2 . 5 M H z 
c l o c k a n d 6 4 . 5 k H z w i t h a 1 M H z c l o c k a l l o w i n g f o r a 
3fjs s a m p l e - a n d - h o l d a c q u i s i t i o n t ime . 

A l t h o u g h th i s c i r c u i t w o r k s q u i t e we l l f o r t he 1 M H z 
c l o c k rate, at t h e 2 . 5 M H z c l o c k ra te a fas ter s a m p l e -
a n d - h o l d a m p l i f i e r s u c h as t h e H A - 5 3 2 0 is r e c o m -
m e n d e d . 

Figure 15. MX7572—AD585 Sample-and-Hold Interface 



Complete High-Speed CMOS 12-Bit ADC 

Figure 16. MAX162/MX7572-HA5320 Sample-and-Hold Interface 

M A X 1 6 2 F i g u r e 16 s h o w s t h e M A X 1 6 2 to H A 5 3 2 0 
i n te r f ace . T h e m a x i m u m s a m p l i n g ra te is 210kHz w i t h 
a 4 M H z c l o c k w h i c h a l l o w s f o r a 1.5//S a c q u i s i t i o n 
t i m e . T h e H A 5 3 2 0 c a n a lso b e r e p l a c e d by a H A 5 3 3 0 
fo r h i g h e r t h r o u g h p u t . 

Unipolar Input Operation 
F i g u r e 17 s h o w s t h e n o m i n a l i n p u t / o u t p u t t r a n s f e r 
f u n c t i o n of t h e M A X 1 6 2 / M X 7 5 7 2 C o d e t r a n s i t i o n s 
o c c u r ha l f w a y b e t w e e n s u c c e s s i v e i n t e g e r L S B 
v a l u e s . T h e o u t p u t c o d i n g is b i n a r y w i t h 1 L S B = 
1 .22mV (5V/4096) . 

Offset and Full Scale Adjustment 

In a p p l i c a t i o n s w h e r e t h e o f f s e t a n d fu l l s ca l e r a n g e 
h a v e t o b e a d j u s t e d f o r t h e A D C , u s e t h e c i r c u i t 
s h o w n in F i g u r e 18. N o t e t ha t t h e a m p l i f i e r s h o w n 

c o u l d a l s o have b e e n a s a m p l e - a n d - h o l d . T h e o f f s e t 
s h o u l d b e a d j u s t e d f i r s t . A p p l y 1/2 L S B (0.61 m V ) at 
t h e a n a l o g i n p u t a n d a d j u s t t h e o f f s e t of t h e a m p l i f i e r 
u n t i l t h e d i g i t a l o u t p u t c o d e c h a n g e s b e t w e e n 0 0 0 0 
0 0 0 0 0 0 0 0 a n d 0 0 0 0 0 0 0 0 0001. 

To a d j u s t t h e f u l l s c a l e r a n g e , a p p l y F S - 3 / 2 L S B 
(4 .99817V) at t h e a n a l o g i n p u t a n d a d j u s t R1 u n t i l 
t h e o u t p u t c o d e c h a n g e s b e t w e e n 1111 1111 1110 a n d 
1111 1111 1111. 

Bipolar Input Operation 
B i p o l a r o p e r a t i o n c a n b e a c h i e v e d in t w o m o d e s : 
n o n - i n v e r t i n g a n d i n v e r t i n g . F o r b o t h c a s e s t h e a m -
p l i f i e r s h o w n in t h e c i r c u i t s c a n be r e p l a c e d by t h e 
A D 5 8 5 o r H A 5 3 2 0 s a m p l e - a n d - h o l d a m p l i f i e r s . 
S e v e r a l d i f f e r e n t i n p u t r a n g e s a re p o s s i b l e by se-
l e c t i n g t h e v a l u e s f o r t h e s c a l i n g r e s i s t o r s as s h o w n 
in Tab les 5 a n d 6. 
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Complete High-Speed CMOS 12-Bit ADC 

0 l 2 3 
LSB L S B ' S LSB 'S 

AIN. INPUT VOLTAGE [IN T E R M S OF LSB'S) 

Figure 17. MAX162/MX7572 Transfer Function 

•ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 18. Full-Scale Adjustment 

F i g u r e 19 s h o w s t h e b i p o l a r o p e r a t i o n in t h e n o n -
i n v e r t i n g m o d e , w h e r e t h e o u t p u t c o d i n g is o f f s e t 
b i na ry . F i g u r e 20 s h o w s t h e idea l t r a n s f e r f u n c t i o n 
f o r t h i s m o d e . 

F i g u r e 21 s h o w s t h e b i p o l a r o p e r a t i o n in t h e i n v e r t i n g 
m o d e , w h e r e t h e o u t p u t c o d i n g is c o m p l e m e n t a r y 
o f f s e t b ina ry . F i g u r e 20 s h o w s t h e idea l t r a n s f e r f u n c -
t i o n f o r t h e c i r c u i t in F i g u r e 21. 

T h e r e s i s t o r s u s e d in b i p o l a r a p p l i c a t i o n s s h o u l d be 
of t h e s a m e t y p e a n d f r o m t h e s a m e m a n u f a c t u r e r t o 
o b t a i n l o w t e m p e r a t u r e d r i f t s . 0.1% r e s i s t o r s a re 
r e c o m m e n d e d fo r a p p l i c a t i o n s w h e r e o f f se t a n d fu l l 
s c a l e a d j u s t m e n t s m u s t b e m a d e in b i p o l a r c i r cu i t s . If 
h i g h t o l e r a n c e s are used , la rger va lue p o t e n t i o m e t e r s 
m u s t be u s e d a n d th i s resu l t s in p o o r sens i t i v i t y a n d 
h i g h e r t e m p e r a t u r e d r i f t s . 

1 4 

AMPLIFIER 
OR S/H 

0 - V F ^ 

3 

AIN 
A i / I X I / V I | 

MAX162 
MX 7572' 

V B E F 

AGND 

'ADDITIONAL PINS OMITTED FOR CLARITY 
" O M I T IF ERROR ADJUST IS NOT REQUIRED 

Figure 19. MAX162/MX7572 Non-inverting Bipolar Operation 

Table 5. Resistor and Potent iometer Values Requi red 
for Of fset a n d G a i n Adjustment of Figure 19 

V IN Range R3* R 4 * «7 " r . 1/2LSB FS/2-3/2LSBs 
(Volts) ( k Q ) ( k Q ) (O) (O) (mV) (Volts) 

+2.5 3.83 8.25 500 500 0,61 2,49817 

+5.0 33.2 16.9 500 1000 1.22 4,99634 

+ 10.0 475 9.53 500 500 2.44 9.99268 

Notes: 
' R3 and R4 have a 0.1% tolerance. 

All resistors are standard E I A / M l l decade values. 

- s s -
INVERTING 
FIGURE 21 

- h 1 

. L . ' 

OV 

VJN INPUT VOLTAGE 

Figure 20. Ideal Input/Output Transfer Characteristic lor 
the Bipolar circuits in Figures 19 and 21. 
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Complete High-Speed CMOS 12-Bit ADC 
Offset and Full Scale Adjustment 

O f f s e t s h o u l d a l w a y s be a d j u s t e d b e f o r e fu l l sca le . 
For b o t h c i r c u i t s a p p l y + 1 / 2 L S B t o t h e a n a l o g i n p u t 
(see t a b l e s 5 a n d 6) a n d a d j u s t R z un t i l t h e o u t p u t 
c o d e f l i c ke rs b e t w e e n t h e f o l l o w i n g c o d e s : 

Chip Topography 

For N o n - i n v e r t i n g ( F i g u r e 19) 

For i n v e r t i n g ( F i g u r e 21) 

1000 0000 0000 
1000 0000 0001 

0111 1111 1111 
0111 1111 1110 

A p p l y F S - 3 / 2 L S B (see t a b l e s 5 a n d 6) t o t h e i n p u t a n d 
a d j u s t R g un t i l t h e A D C o u t p u t c o d e f l i c ke r s b e t w e e n 
t h e f o l l o w i n g c o d e s : 

Fo r N o n - i n v e r t i n g ( F i g u r e 19) 

For i nve r t i ng ( F i g u r e 21) 

1111 1111 1110 
1111 1111 1111 

0000 0000 0001 
0000 0000 0000 

ANALOG 
INPUT 

-5.25V 

•ADDITIONAL PINS OMITTED FOR CLARITY 

D6 05 D4 | D3/I I D2/10 DI/9 00/8 

DGND 

Figure 21. MAX162/MX7572 Inverting Bipolar Operation 

Table 6. Resistor and Potent iometer Values Requi red 
(or Offset and Ga in Adjustment of F igure 21 

V IN Range 
(Volts) 

R1* 
(kO) 

R2* 
(kQ) 

R3* 
(kQ) 

«z 
(O) 

R G 
(O) 

1/2LSB 
(mV) 

-S/2-3/2LSBs 
(Volts) 

12 5 20 20.5 42.2 2000 1000 0.61 2.49817 

±5.0 20 10.2 21 1000 1000 1.22 4.99634 

110.0 20 5.11 10.5 500 1000 2.44 9.99268 

Notes: 
' R1, R2. and R3 have a 0.1% tolerance. 

AH resistors are standard EIA/MIL decade values. 

1 



Complete High-Speed CMOS 12-Bit ADC 
Ordering Information (continued) 

PART TEMP. RANGE PACKAGE* ERROR 

5,us CONVERSION TIME 

M X 7 5 7 2 J N 0 5 0°C to +70° C Plastic DIP ±1 LSB 

M X 7 b 7 2 K N 0 b 0°C to + 70° C Plastic DIP ±1 LSB 

M X 7 5 7 ? L N 0 b 0°C to +70° C Plastic DIP + '« LSB 

M X 7 5 7 2 J C W G 0 5 0°C to +70° C Wide S O. ±1 LSB 

M X 7 5 7 2 K C W G 0 5 0°C to +70° C Wide S O. ±1 LSB 

M X 7 5 7 2 L C W G 0 5 0°C to +70° C Wide S O ±'/2 LSB 

M X 7 5 7 ? A Q O b -25°C to +85°C CERDIP ±1 LSB 

M X / V 2 B Q 0 5 -25°C to +85° C CERDIP + 1 LSB 

M X 7 5 7 2 C Q 0 5 -25°C to +85° C CERDIP + '/, LSB 

M X 7 5 7 2 S Q 0 5 -55° C to +125° C CERDIP ±1 LSB 

M X 7 5 7 2 T Q 0 5 -55°C to + 125°C CERDIP + 1 LSB 

M X / . ' j / ? U Q O b -55°C to + 125°C CERDIP + '/? LSB 

12/;s CONVERSION TIME 

M X 7 5 7 2 . J N 1 2 0°C to + 70° C Plastic DIP + 1 LSB 

M X / 5 7 2 K N 1 2 0°C to + 70°C Plastic DIP + 1 LSB 

M X 7 5 7 2 L N 1 2 0°C to +70° C Plastic DIP ±'h LSB 

M X 7 5 7 2 J C W G 12 0°C to + 70° C Wide S O ±1 LSB 

M X 7 5 / 2 K O W G 1 ? 0°C to +70° C Wide S O. + 1 LSB 

M X 7 5 7 2 L C W G 1 2 0°C to + 70°C Wide S O. + ''? LSB 

M X 7 5 7 2 A Q 1 ? -25°C to +85° C CERDIP + 1 LSB 

M X / i ) 7 2 B Q ' 2 -25°C to +85° C CERDIP ±1 LSB 

M X / b 7 2 C Q 1 ? -25°C to +85° C CERDIP ±Vs LSB 

M X 7 5 7 2 S Q " 2 -55°C to +125°C CERDIP + 1 LSB 

M X 7 f a 7 2 T Q 1 2 -55°C to + 125°C CERDIP ±1 LSB 

M X 7 5 7 2 I J Q 1 2 -55°C to + 125°C CERDIP ±V, LSB 

' All devices — 24 lead packages 
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