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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 

General Description 
The MAX190/MAX191 are monolithic, CMOS, 12-bit ana-
log-to-digital converters (ADCs) featuring differential in-
puts, track/hold (T/H), internal vol tage reference, internal 
or external clock, and parallel or serial interface. Both 
devices have a 7.5|*s conversion time. The MAX190 has 
a 5|us acquisit ion t ime and sampl ing rate of 76k samples 
per second (ksps), while the MAX191 has a 2(xs acquisi-
tion t ime and is guaranteed at 100ksps. 

Decoupl ing capaci tors are the only external components 
needed for the power supply and reference. These ADCs 
operate with either an external reference, or an internal 
reference that features an adjustment input for tr imming 
system gain errors. 

Both the MAX190 and MAX191 operate from a single +5V 
supply. The MAX191 also operates from dual ±5V sup-
plies, allowing ground-referenced bipolar input signals. 
Both devices feature a logic power-down input, which 
reduces the 3mA VDD supply current to 50(iA max, includ-
ing the internal-reference current. 

The MAX190/MAX191 provide three interface modes: two 
8-bit parallel modes, and a serial interface mode that is 
compat ib le with SPI, QSPI and Microwire™ serial-inter-
face standards. 

Applications 
Battery-Powered Data Logg ing 
PC Pen Digitizers 
High-Accuracy Process Control 
Electromechanical Systems 
Data-Acquisit ion Boards for PCs 
Automatic Testing Systems 
Telecommunicat ions 
Digital-Signal Processing (DSP) 

Functional Diagram 

Features 
• 12-Bit Resolution, 1/2LSB Linearity 
• +5V or +5V Operat ion (MAX191) 
• Bui l t- in Track/Hold 
• Internal Reference w i th Adjustment Capabil i ty 
• Low Power: 3mA Operating Mode 

20|iA Power-Down Mode 
• 100ksps Tested Sampl ing Rate (MAX191) 
• Serial and 8-Bit Parallel |iP Interface 
• 24-Pin Narrow DIP and Wide SO Packages 

Ordering Information 
PART TEMP. RANGE PIN-PACKAGE ERROR 

(LSBs) 
MAX190ACNG O'C to +70'C 24 Narrow Plastic DIP ±1/2 
MAX190BCNG 0*C to +70'C 24 Narrow Rastic DIP ±1 
MAX190ACWG O'C to +70'C 24 Wide SO ±1/2 
MAX190BCWG O'C to +70'C 24 Wide SO ±1 
MAX190BC/D O'C to +70'C Dice* ±1 
MAX190AENG -40'C to +85'C 24 Nanow Plastic DIP ±1/2 
MAX190BENG -40'C to +85'C 24 Narrow Rastic DIP ±1 
MAX190AEWG -40'C to +85*C 24 Wide SO ±1/2 
MAX190BEWG -40'C to +85'C 24 Wide SO ±1 
MAX190AMRG -55*C to +125'C 24 Narrow CERDIP" ±1/2 
MAX190BMRG -55'C to +125'C 24 Narrow CERDIP" ±1 

Ordering Information continued on last page. 
' Dice are specified atTA = +2S'C, DC parameters only. 
"Contact factory for availability and processing to MIL-STD-883. 

Pin Configuration 

V D D + 5 V A G N D ( M A X 1 9 0 ) C L K / S C L K 

CS 
RD 
BUSY 
HBEN 

A G N D D G N D ( M A X 1 9 1 ) 

TOPVIEW TOPVIEW . V Y 

P D [ T 2 4 ] V D D 

A G N D (Vss) [ T 23] C L K / S C L K 

A I N T [ 3 22] PAR 

A !N- | T 2 T j HBEN 

VREF [ 5 

REFADJ [ 6 

A M X I A 1 

MAX190 
MAX191 

2 § CS 

1 9 ] RD 

A G N D [ 7 I S ] D / / D 0 U T 

BIP [ I 17] DS/SCLKOUT 

B U SY [ 9 16] D 5 / S S T R B 

D 0 / D 8 [10 I S ] D4 

D 1 / D 9 [n D 3 / D 1 1 

D G N D [12 13] D 2 / D 1 0 

( ) ARE FOR M A X 1 9 1 ONLY DIP/SO 
M i c r o w i r e is a reg is tered t rademark of Nat ional S e m i c o n d u c t o r 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 
ABSOLUTE MAXIMUM RATINGS 
VDD to D G N D -0 .3V to + 7 V 
V s s to A G N D ( M A X 1 9 1 ) -7V to + 0 . 3 V 
V D D t o V S S ( M A X 1 9 1 ) 1 2 V 

A G N D , V R E R R E F A D J to D G N D -0.3V to (VDD + 0 .3V) 
A I N + , A IN - , PD to V s s ( M A X 1 9 1 ) -0 .3V to (VDD + 0 .3V) 
A I N - T I A I N - , P D t o A G N D ( M A X 1 9 0 ) - 0 . 3 V t o ( V D D + 0 . 3 V ) 

CS, RD, C L K , BIP, H B E N , PAR, to D G N D . -0 .3V to (VDD + 0 . 3 V ) 
BUSY, D 0 - D 7 to D G N D -0 .3V to (VDD + 0 .3V) 
C o n t i n u o u s P o w e r D i s s i p a t i o n (TA = + 7 0 " C ) 

Narrow Plastic DIP (derate 13.33mW/*C above +70"C) . 1 0 6 7 m W 
W i d e S O (de ra te 11 7 6 m W / " C a b o v e + 7 0 ' C ) 9 4 1 m W 
Nar row C E R D I P (dera te 1 2 . 5 0 m \ W C a b o v e + 7 0 ' C ) . 1 0 0 0 m W 

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

ELECTRICAL CHARACTERISTICS 
(VDD = 5 V ± 5 % , Vss = 0 V o r - 5 V ± 5 % ( M A X 1 9 1 only), fCLK = 1.6MHz, 5 0 % duty cyc le . A I N - = A G N D , BIP = G N D , s low-memory mode , internal-
reference mode , external- reference compensa t ion mode , synchronous operat ion, Figure 6, TA = TMIN to TMAX, unless otherwise noted.) (Note 1) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

D C A C C U R A C Y ( N o t e 2) 

Reso lu t i on 12 Bi ts 

I n teg ra l Non l i nea r i t y INL 
M A X 19_A ± 1 / 2 

L S B In teg ra l Non l i nea r i t y INL 
M A X 1 9 _ B ±1 

L S B 

Di f fe ren t ia l Non l i nea r i t y D N L N o m i s s i n g c o d e s o v e r t e m p e r a t u r e ±1 L S B 

O f f se t Error 
M A X 1 9 _ A ±1 

L S B O f f se t Error 
M A X 1 9 _ B ± 2 

L S B 

Ga in -E r ro r ( N o t e 3) 
M A X 1 9 _ A ± 2 

L S B Ga in -E r ro r ( N o t e 3) 
M A X 1 9 _ B ± 3 

L S B 

Ga in -E r ro r T e m p c o ( N o t e 4) E x c l u d e s i n t e r n a l - r e f e r e n c e dr i f t ± 0 . 2 p p m / ' C 

DYNAMIC ACCURACY ( s a m p l e ra te = 7 6 k H z for t he M A X 1 9 0 , a n d 1 0 0 k H z for t he M A X 1 9 1 , V I N = 4 V P - P ) 

S i g n a l - t o - N o i s e p l u s D is to r t i on 
Rat io 

S I N A D 1 k H z i n p u t s i gna l , TA = + 2 5 ° C 70 d B 

Tota l H a r m o n i c D is to r t i on 
( u p to t he 5 th H a r m o n i c ) 

T H D 1 k H z i n p u t s i gna l , TA = + 2 5 ° C - 8 0 d B 

S p u r i o u s - F r e e D y n a m i c R a n g e S F D R 1 k H z inpu t s i gna l , TA = + 2 5 ' C 8 0 d B 

CONVERSION RATE 
M A X 190, s y n c h r o n o u s C L K (12 to 12.5 C L K s ) 7 .50 7 .81 

C o n v e r s i o n T i m e ( N o t e 5) tCONV M A X 1 9 1 , s y n c h r o n o u s C L K (12 to 13 C L K s ) 7 .50 8 125 p s 

M A X 1 9 0 / M A X 1 9 1 . in te rna l C L K . C L = 1 2 0 p F 6 12 18 

T r a c k / H o l d A c q u i s i t i o n T i m e 
M A X 190 5 

US T r a c k / H o l d A c q u i s i t i o n T i m e 
M A X 1 9 1 2 

US 

A p e r t u r e D e l a y 2 5 ns 

A p e r t u r e Ji t ter 5 0 ps 

Ex te rna l C l o c k F r e q u e n c y 
R a n g e ( N o t e 6) fCLK 0.1 1.6 M H z 

O p e r a t i n g T e m p e r a t u r e R a n g e s : 
M A X 19 C 0 "C to + 7 0 " C 
M A X 19 E - 4 0 C to + 8 5 " C 
M A X 19 M - 5 5 " C to + 125 C 

S t o r a g e T e m p e r a t u r e R a n g e - 6 5 ' C t o + 1 6 0 C 
L e a d T e m p e r a t u r e ( s o l d e r i n g , 10 s e c ) + 3 0 0 ' C 

2 / M / 1 X I / V I 



Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 

ELECTRICAL CHARACTERISTICS (continued) 
(VDD = 5V ±5%, Vss = ov or -5V ±5% (MAX191 only), fCLK = 1 6MHz, 50% duty cycle, AIN- = AGND, 
reference mode, external-reference compensation mode, synchronous operation, Figure 6, TA = TMIN 

BIP = GND, slow-memory mode, internal-
to TMAX, unless otherwise noted.) (Note 1) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

ANALOG INPUT 

Input Vo l tage Range (Note 7) 
M A X 1 9 0 0 V D D 

V Input Vo l tage Range (Note 7) 
M A X 1 9 1 V s s V D D 

V 

Input Leakage Cur rent V I N = V s s t o V D D ( M A X 1 9 1 ) , 
V I N = 0 t o V D D ( M A X 1 9 0 ) 

± 1 0 H A 

Input C a p a c i t a c e (Note 6) 45 8 0 PF 

Smal l -S ignal Bandw id th 2 MHz 

INTERNAL REFERENCE 

VREF Ou tpu t Vo l tage Ta = +25*C 4 076 4 096 4 .116 V 

MAX 19 C 50 

VREF Outpu t TC (Note 8) MAX 19 E 60 p p m / ' C 

MAX19 M 8 0 

Outpu t Cur rent Capab i l i t y 
(Note 9) TA = +25"C 2 mA 

Load Regu la t ion T A = + 2 5 ° C . I O U T = O m A to 2 m A 4 M V 

Outpu t Short -Ci rcu i t Current 1 8 m A 

Capac i t i ve Load Requ i red Externa l - re ference c o m p e n s a t i o n m o d e 4.7 P F 

Power -Supp ly Reject ion VDD = ±5%, Vss = ± 5 % (MAX191) ± 3 0 0 F V 

REFAOJ Input Ad jus tmen t 
Range (Note 10) 

-60 3 0 mV 

REFADJ Disab le Thresho ld 4.5 V 

REFADJ Outpu t Vo l tage 2.4 V 

REFADJ Input Current REFADJ = 5 V 60 U A 

REFERENCE INPUT 

Input Vo l tage Range Externa l - re ference m o d e 2.5 5 V 

Input Current External re ference = 5V 1 m A 

Input Res is tance Ex terna l - re fe rence m o d e 5 1 0 k u 

LOGIC INPUTS 

Input Low Vo l tage VlL CS, RD, CLK, H B E N PAR, BIP 0.8 V 

Input H igh Vo l tage VlH CS, RD, CLK, HBEN, PAR, BIP 2.4 V 

nput Cur rent LLN V I N = 0 V to V D D ±10 HA 

Input Current CLK I M 
PD = h igh/ f loat ±200 

M A Input Current CLK I M 
PD = low ±0.1 

M A 

nput C a p a c i t a n c e (Note 6) ClN 10 PF 

PD Input Low Vo l tage VlL 0.5 V 

PD Input H igh Vo l tage VlH 4.5 V 

PD Input Cur rent llN PD = 0 V t o VDD (Note 11) ±20 MA 

PD External Leakage for Float 
State (Note 12) 

M a x i m u m current a l l owed for "f loating state" ±100 nA 

PD Float ing State Vo l tage VFLT Externa l - re ference c o m p e n s a t i o n m o d e 2.8 V 

I 
H 
< o 

i 
>< 
3 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 
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ELECTRICAL CHARACTERISTICS (continued) 
(VDD = 5V ±5%, V s s = OV or -5V + 5 % (MAX191 only), fcLK = 1 .6MHz, 5 0 % duty cyc le , AIN- = A G N D , BIP = GND, s low-memory mode , internal-
reference mode , external-reference compensa t ion mode , synchronous operat ion, Figure 6, TA = TMIN to TMAX, unless o therwise noted.) (Note 1) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

LOGIC OUTPUTS 

O u t p u t L o w V o l t a g e V O L LOUT = 1 . 6 m A 0.4 V 

O u t p u t H i g h V o l t a g e V O H IOUT = -200 |JA 4 .0 V 

T h r e e - S t a t e L e a k a g e C u r r e n t LL D O / D 8 - D 7 / D O U T ± 1 0 MA 

T h r e e - S t a t e O u t p u t 
C a p a c i t a n c e ( N o t e 6 ) C O U T 15 P F 

POWER REQUIREMENTS 
Pos i t i ve S u p p l y V o l t a g e V D D 4 . 7 5 5 2 5 V 

N e g a t i v e S u p p l y V o l t a g e 
( M A X 1 9 1 on l y ) V s s M A X 1 9 1 - 5 . 2 5 0 V 

Pos i t i ve S u p p l y C u r r e n t IDD C S = RD = VDD, A IN = 5V 
D O / D 8 - D 7 / D O U T = OV or 

PD = h igh / f l oa t 3 5 m A 
Pos i t i ve S u p p l y C u r r e n t IDD C S = RD = VDD, A IN = 5V 

D O / D 8 - D 7 / D O U T = OV or P D = l ow 2 0 5 0 H M A 

N e g a t i v e S u p p l y C u r r e n t 
i ss 

V D D , H B E N = P A R = B I P 
= O V or V D D 

PD = h igh / f l oa t 2 0 100 
MA ( M A X 1 9 1 on l y ) i ss 

V D D , H B E N = P A R = B I P 
= O V or V D D 

P D = l ow 1 2 0 
MA 

Pos i t i ve S u p p l y R e j e c t i o n 
( N o t e 13) 

FS c h a n g e , VDD = 5V + 5 % ± 1 / 2 L S B 

N e g a t i v e S u p p l y R e j e c t i o n 
( M A X 1 9 1 on l y ) ( N o t e 13) 

FS c h a n g e , V s s = - 5 V ± 5 % ± 1 / 2 L S B 

TIMING CHARACTERISTICS (see Figures 6-10) 
(VDD = 5V ±5%, V s s = OV or -5V ± 5 % ( M A X 1 9 1 only), TA = TMIN to TMAX, un less o therw ise no ted . ) (No te 14) 

PARAMETER SYMBOL CONDITIONS 
TA = +25C 

MIN TYP MAX 

MAX19 C/E 

MIN TYP MAX 

MAX19 M 

MIN TYP MAX 
UNITS 

ns C S to R D S e t u p T i m e t l 0 0 0 

UNITS 

ns 

RD to B U S Y D e l a y t2 C L = 5 0 p F 120 140 160 ns 

ns 

ns 

Data Access Time (Note 15) t3 C L = 1 0 0 p F 120 140 160 

ns 

ns 

ns RD Pu lse W i d t h t4 150 150 150 

ns 

ns 

ns 

C S to RD H o l d T i m e t5 0 0 0 ns 

ns Da ta S e t u p T i m e Af te r 
B U S Y ( N o t e 15) t6 8 0 100 120 

ns 

ns 

B u s R e l i n q u i s h T i m e 
(No te 16) t7 100 110 120 ns 

H B E N to RD S e t u p T i m e t8 8 0 100 120 ns 

H B E N to RD H o l d T i m e tg 0 0 0 ns 

ns De lay B e t w e e n R e a d 
O p e r a t i o n s (No te 6) t i o 2 0 0 2 0 0 2 0 0 

ns 

ns 

D e l a y B e t w e e n 
C o n v e r s i o n s t11 

M A X 1 9 0 5 5 5 
US D e l a y B e t w e e n 

C o n v e r s i o n s t11 
M A X 1 9 1 2 2 2 

US 

A p e r t u r e De lay t12 J i t ter < 5 0 p s 2 5 ns 

C L K to B U S Y De lay 
( N o t e 6) 113 2 0 0 2 3 0 2 6 0 ns 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 

TIMING CHARACTERISTICS (see Figures 6-10) (continued) 
(VDD = 5V ±5%, Vss = o v or -5V ± 5 % (MAX191 only), TA = TMIN to TMAX, unless o therwise noted. ) (Note 14) 

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 

M I N 

= + 2 5 C 

T Y P M A X 

M A X 1 9 _ 

M I N T Y P 

C / E 

M A X 

M A X 1 9 _ 

M I N T Y P 

M 

M A X 
U N I T S 

SCLKOUT to SSTRB Rise 
De lay t l 4 100 130 150 ns 

SCLKOUT to SSTRB 
Fall De lay t l 5 100 130 150 ns 

C S o r R D Ho ld T i m e t16 
M A X 190 5 5 5 

ns C S o r R D Ho ld T i m e t16 
M A X 191 10 10 10 

ns 

C S or RD De lay 
( M A X 1 9 0 on l y ) t l 7 5 0 50 5 0 ns 

C S or RD S e t u p T ime 
( M A X 1 9 1 on ly ) t ! 7 150 150 150 ns 

C S to Da ta A c c e s s Ser ia l 
M o d e ( M A X 1 9 0 on ly ) t l 8 180 2 3 0 2 5 0 ns 

C S to D O U T Th ree -S ta te t l 9 100 110 120 ns 

S C L K to SCLKOUT De lay t20 160 180 200 ns 

SCLKOUT to D O U T De lay t21 100 130 150 ns 

S C L K to D O U T De lay t22 2 4 0 2 6 0 2 8 0 ns 

S C L K to SSTRB De lay t23 2 6 0 3 1 0 3 5 0 ns 

N o t e 1 : P e r f o r m a n c e at p o w e r - s u p p l y t o l e r a n c e l imits g u a r a n t e e d dy p o w e r - s u p p l y re jec t i on test . 
N o t e 2 : VDD = 5V, V s s = OV ( M A X 1 9 1 ) , FS = VREF, 
Note 3: F S = V R E F , o f fse t nu l led , Ideal l a s t - c o d e t rans i t ion = F S - 3 / 2 L S B . 
Note 4: Ga in -Er ro r T e m p c o = AGE/AT, w h e r e A G E is the ga in -e r ro r c h a n g e f r om T A = + 2 5 ° C to T M I N or T M A X . 
N o t e 5 : C o n v e r s i o n t ime d e f i n e d as the n u m b e r of c l o c k c y c l e s t imes the c l o c k pe r i od , c l o c k h a s a 5 0 % d u t y c y c l e . 
N o t e 6 : G u a r a n t e e d by d e s i g n , not p r o d u c t i o n tes ted . 
N o t e 7 : A I N + , A IN- m u s t not e x c e e d s u p p l i e s for s p e c i f i e d a c c u r a c y . 
Note 8: V R E F T C = A V R E F / A T , w h e r e A V R E F is r e f e r e n c e - v o l t a g e c h a n g e f r o m T A = + 2 5 " C to T M I N or T M A X 
N o t e 9 : O u t p u t cu r ren t s h o u l d not c h a n g e d u r i n g conve rs i on . Th is cu r ren t is in a d d i t i o n to the cu r ren t r egu i r ed by the internal D A C 
N o t e 10 : R E F A D J a d j u s t m e n t r a n g e is d e f i n e d as the a l l o w e d v o l t a g e e x c u r s i o n on R E F A D J re la t ive to its u n a d j u s t e d va lue of 2 .4V. 

This wil l t yp i ca l l y resu l t in a 1.7 t imes la rger c h a n g e in the REF o u t p u t (F igu re 12a). 
N o t e 11 : Th is cu r ren t is i n c l u d e d in the PD s u p p l y cu r ren t spec i f i ca t i on . 
N o t e 12 : F loa t i ng the PD p in g u a r a n t e e s ex te rna l c o m p e n s a t i o n m o d e . 
N o t e 13: VREF = 4 .096V , ex te rna l r e f e r e n c e 
N o t e 14 : Al l i npu t con t ro l s i gna l s a re s p e c i f i e d wi th tr = tf = 5 n s ( 1 0 % to 9 0 % of 5V) a n d t i m e d f r om a v o l t a g e level of 1,6V. 
N o t e 15 : t3 a n d t6 a re m e a s u r e d wi th the load c i r cu i t s of F igu re 1 a n d d e f i n e d as t he t ime r e q u i r e d for an o u t p u t to c r o s s 0 .8V or 2 .4V. 
N o t e 16 : tz is d e f i n e d as the t ime r e q u i r e d for the d a t a l ines to c h a n g e 0 .5V w h e n l o a d e d w i th the c i r cu i t s of F igu re 2. 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 

o > 
Typical Operating Characteristics 

CLOCK FREQUENCY 
vs. TIMING CAPACITOR 

POWER-DOWN SUPPLY CURRENT 
vs. TEMPERATURE 

I D D 

V D D 
- V s s 

P D 

= » 5 V 
= - 5 V ( 

OV 
M A X 1 9 

V D D 
- V s s 

P D 

= » 5 V 
= - 5 V ( 

OV 
M A X 1 9 

l s s ( l v A X 1 9 1 O N L Y ) 

T I M I N G C A P A C I T O R ( n F ) 

- 3 0 0 3 0 6 0 9 0 1 2 0 1 5 0 

T E M P E R A T U R E ( X ) 

NEGATIVE SUPPLY CURRENT 
vs. TEMPERATURE (MAX191 ONLY) 

- 6 0 - 3 0 0 3 0 6 0 9 0 1 2 0 1 5 0 

T E M P E R A T U R E | ' C ) 

POSITIVE SUPPLY CURRENT 
vs. TEMPERATURE 

- 2 0 

CO - 4 0 

Q 
- 6 0 

: 
- 8 0 

-
o - 1 0 0 IS] 

- 1 2 0 

- 1 4 0 
- 6 0 - 3 0 0 3 0 6 0 9 0 1 2 0 1 5 0 

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

MAX190 FFT PLOT-1kHz 

IN = 1 kHz 
S = 7 6 k H z 

S N R - 7 1 . 8 d B 
TA = +25"C 

IN = 1 kHz 
S = 7 6 k H z 

S N R - 7 1 . 8 d B 
TA = +25"C 

- 9 6 . j d B - 9 1 3 d B - 9 i d B -9 1 7 d B 

I 

I 
2 3 4 

F R E Q U E N C Y ( k H z ) 

0 

- 2 0 

c o - 4 0 

CD 
- 6 0 

—I 

< 

CD - 1 0 0 

- 1 2 0 

- 1 4 0 

MAX190 FFT PLOT- 10kHz 

I|N = 1 0 k H z 
IS - 7 6 k H z 
S N A - / I 5 d B 
T A - 125 C 

5 1 0 15 2 0 2 5 3 0 3 5 4 0 

F R E Q U E N C Y ( k H z ) 

MAX191 FFT PLOT-1kHz 

- 2 0 

I ~40 

Q 
1? -60 

1 -80 
< 

a -100 LO 

-120 

- 1 4 0 

(IN = 1 k H z 
IS = 1 0 0 k H z 

' S N R 7 2 d B 
T A - + 2 5 " C 

- 9 4 3 d B - 9 6 1 d B - 9 8 O d B - 9 3 8 d B 
I I 

I 

2 3 4 5 

F R E Q U E N C Y ( k H z ) 

- 1 0 0 cyl 

-120 

- 1 4 0 

MAX191 FFT PLOT-10kHz 

(IN-10kHz 
IS = 1 0 0 k H z 

~ S N R - 7 1 2 d B 
T A - + 2 5 ' C 

5 1 0 15 2 0 2 5 3 0 3 5 

F R E Q U E N C Y ( k H z ) 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 

Pin Description 

PIN 
NAME FUNCTION 

MAX190 MAX191 
NAME FUNCTION 

1 1 PD 
Power -Down Input. A logic low at PD deac t i ves the A D C - only the b a n d g a p re ference is act ive 
A logic h igh se lects normal operat ion, in ternal- reference conpensa t i on mode . An open-c i rcu i t 
cond i t i on se lec ts normal opera t ion , ex te rna l - re fe rence c o m p e n s a t i o n m o d e . 

2 A G N D Ana log Ground. Connec t both A G N D pins to g round . 

2 V S S Negat ive Supp ly Input, 0V to -5 25V 

3 3 AIN + S a m p l e d Ana log Input 

4 4 AIN- Ana log Input Return. Pseudo-di f ferent ia l (see Gain and Offset Adjustment sect ion) 

5 5 VREF Reference-Buf fer Ou tpu t for Internal Reference. Input for external re ference w h e n REFADJ is 
c o n n e c t e d to VDD 

6 6 REFADJ Reference Ad jus t 

7 7 A G N D A n a l o g G r o u n d 

8 a BIP BIP = low se lec ts un ipo lar m o d e , 
BIP = h igh se lec ts b ipo lar m o d e (see Gain and Offset Adjustment sec t ion) 

9 9 BUSY BUSY Ou tpu t is low du r ing a convers ion . 

10 10 D0 /D8 Three-State Data Outputs : LSB = DO 

11 11 D1 /D9 Three-State Da ta Ou tpu ts 

12 12 D G N D Digi tal Ground 

13 13 D2 /D10 Three-State Data Ou tpu ts 

1 4 14 D3 /D11 Three-State Data Outputs : MSB = D11 

15 15 D4 Three-State Da ta Ou tpu t 

16 16 D5/SSTRB Three-State Data Output /Ser ia l S t robe Outpu t in serial m o d e 

17 17 D6/SCLKOUT Three-State Da ta Output /Ser ia l C lock Outpu t in serial m o d e 

18 18 • 7 /DOUT Three-State Data Ou tpu t /Da ta Outpu t in serial m o d e 

1 9 19 R D 

Read Input. In paral lel mode , a low s ignal starts a convers ion w h e n CS and JHBEN are low 
(memory mode). RD also enables the outputs when CS is low. In serial mode, RD = low enables 
SCLKOUT and SSTRB w h e n CS is low. RD = high fo rces SCLKoUT and SSTRB into a h igh-
i m p e d a n c e state. 

20 20 C S 
Chip-Se lec t Input. Mus t be low for the A D C to recogn ize RD and HBEN inputs in paral lel m o d e . 
The fa l l ing e d g e of CS starts a convers ion in serial mode . CS = h igh in serial m o d e forces 
S C L K O U T , S S T R B . a n d D O U T i n t o a h i g h - i m p e d a n c e s t a t e . 

21 21 HBEN 

High-Byte Enable Input. In parallel mode, HBEN = high mult ip lexes the 4 MSBs of the convers ion re-
sult into the lower bit outputs. HBEN = high also disables convers ion starts. HBEN = low p laces the 
8 LSBs onto the data bus. In serial mode, HBEN = low enables SCLKOUT to operate dur ing the con-
version only, HBEN = high enables SCLKOUT to operate continuously, p rov ided CS is low. 

22 22 PAR Sets the output m o d e PAR = h igh se lects paral lel ou tpu t m o d e . PAR = low selects serial 
ou tpu t mode . 

23 23 CLK /SCLK 
C lock Input/Serial C lock Input in serial mode . An external TTL - /CMOS-compa t i b l e c lock may be 
app l i ed to this pin, or a capac i to r (120pF nomina l ) may be c o n n e c t e d b e t w e e n CLK and D G N D 
to ope ra te the internal osci l lator. 

24 24 V D D Posit ive Supp ly . +5V ± 5 % 
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D G N D ^ D G N D 

High -Z to VOH and VOL to VOH b H igh -Z to VOL and VOH to VOL 

Figure 1. Load Circuits for Access Time 
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21 
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19 
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0 V T 0 - 5 V /V I /1XIXV1 

MAX190 
MAX191 

( J P D A T A B U S 

NOTE: C1 120pF GENERATES 1MH^ NOMINAL CLOCK 

S E R I A L / P A R A L L E L 
I N T E R F A C E M O D E 

C O N T R O L 
I N P U T S 

Figure 2. Load Circuits for Bus-Relinquish Time 

Detailed Description 
The MAX190/MAX191 use successive approximation and 
input track/hold (T/H) circuitry to convert an analog input 
signal to a 12-bit digital output. Flexible control logic 
provides easy interface to microprocessors (|iPs), so 
most appl icat ions require only the addit ion of passive 
components. No external hold capacitor is required for 
the T/H. Figure 3 shows the MAX190/MAX191 in their 
simplest operational configuration. The MAX190 gener-
ates a conversion in 12.5ns, including the T/H acqusit ion 
time, and converts input signals in the range of OV to 
VREF+. The MAX191 also converts input signals from 
-VREF/2to +VREF/2 in 9.5ns, including the T/H acquisit ion 
time. The VREF input accepts reference voltages from 
2.5V to 5V (see the Gain and Offset Adjustment section). 

Pseudo-Differential Input 
The sampl ing architecture of the ADC's analog compara-
tor is illustrated in the Equivalent Input Circuit (Figure 4). 
A capacitor switching between the AIN+ and AIN- inputs 
acquires the signal at the ADC's analog input. At the end 
of the conversion, the capacitor reconnects to AIN+ and 
charges to the input signal. An external input buffer is 

Figure 3. MAX190/MAX191 Operational Diagram 

usually not needed for low-bandwidth input s ignals 
(<100Hz) because the ADC disconnects from the input 
during the conversion. In unbuffered applications, an 
input filter capacitor reduces conversion noise, but also 
may limit input bandwidth. 

When conve r t i ng a s i n g l e - e n d e d input s ignal , AIN-
shou ld be c o n n e c t e d to A G N D . If a d i f ferent ia l s igna l 
is c o n n e c t e d , c o n s i d e r that the c o n f i g u r a t i o n is 
p s e u d o d i f ferent ia l - only the s igna l s ide to the input 
channe l is he ld by the T/H. The return s ide (AIN-) 
must remain s tab le wi th in ±0 .5LSB (±0.1LSB for best 
resul ts) wi th respec t to A G N D du r ing a convers ion . 
A c c o m p l i s h this by c o n n e c t i n g a O . I ^ F capac i t o r 
f rom AIN- to AGND. 

Analog Input - Track/Hold 
The T/H enters its t racking mode when the ADC is 
deselected (CS pin is held high and BUSY pin is high). 
Hold mode starts approximately 25ns after a conversion 
is initiated. The variation in this delay from one conver-
sion to the next (aperture jitter) is about 50ps. Figures 
6-10 detail the T/H and interface t iming for the various 
interface modes. 
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AIN+ 
TRACK COMPARATOR 

Cpf lCKAGF-
5pF -

CEXT ; 

i DGND 

Figure 4. Equivalent input Circuit 

NOTE: CEXT = 120pF GENERATES 1MHz NOMINAL CLOCK 

Figure 5. Internal Clock Circuit 

The time required for the T/H to acquire an input signal is 
a function of how quickly its input capaci tance is charged. 
If the input signal's source impedance is high, the acqui-
sition t ime lengthens and more time must be al lowed 
between conversions. Acquisit ion time is calculated by: 

TACQ = 1 0 ( R s + R I N ) C H O L D (but never less than 5 f j s for the 
MAX190, or 2|is for the MAX191) 

where RIN = 10kn for the M A X 1 9 0 o r 2 k f i f o r t h e MAX191, 
Rs = source impedance of the input signal, and C H O L D = 
32pF (see Figure 4). 

Input Bandwidth 
The ADC's input tracking circuitry has a 1MHz typical 
large-signal bandwidth characteristic, and a 30V/|is slew 
rate. It is possible to digitize high-speed transients and 
measure periodic signals with bandwidths exceeding the 
ADC's sample rate (76ksps for the MAX190, 100ksps for 
the MAX191) by using undersampl ing techniques. Note 
that if undersampl ing is used to measure high-frequency 
signals, special care must be taken to avoid aliasing 
errors. Without adequate input bandpass filtering, out-of-
band signals and noise may be aliased into the measure-
ment band. 

Input Protection 
Internal protection diodes, which c lamp the analog input 
to VDD and GND, allow AIN+ to swing from -0.3V to (VDD 
+ 0.3V) on the MAX190 and (VSS - 0.3V) to (VDD + 0.3V) 
on the MAX191 with no risk of damage to the ADC. 
However, for accurate conversions near full scale, AIN+ 
should not exceed the power suppl ies (VDD and GND for 

the MAX 190, VDD and Vss for the MAX191) by more than 
50mV because ADC accuracy is affected when the pro-
tection d iodes are even slightly forward biased. 

Digital Interface 
Starting a Conversion 

In the parallel mode, the ADC is control led by the CS, RD, 
and HBEN inputs, as shown in Figure 6. The T/H enters 
hold mode_and a conversion starts at the fall ing «1ge of 
CS and RD while HBEN (not shown) is low. BUSY goes 
low as soon as the conversion starts. On the falling edge 
of the 13th input clock pulse after the conversion starts, 
BUSY goes high and the conversion result is latched into 
three-state output buffers. In serial mode, the falling 
edge of CS initiates a conversion, and the T/H enters hold 
mode. Data is shifted out serially as the conversion 
procedes (see Figure 10). See the Parallel Digital-lnter-
face Mode and Serial-Interface Mode sections for details. 

Internal/External Clock 
Figure 5 shows the MAX190/MAX191 clock circuitry. The 
ADC includes internal circuitry to generate a clock with 
an external capacitor. As indicated in the Typical Oper-
ating Characteristics, a 120pF capacitor connected be-
tween the CLK and DGND pins generates a 1MHz 
nominal clock f requency (see Figure 5). 

Alternatively, an external clock (between 100kHz and 
1.6MHz) can be appl ied to CLK. When using an external 
clock source, acceptab le clock duty cycles are between 
45% and 55%. 
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Clock and Control Synchronization 
For best analog per formance on the MAX190/MAX191, 
the c lock should be synchron ized to the convers ion start 
s ignals (CS and RD) as shown in Figure 6. At least 100ns 
should separate the start of a convers ion from the nearest 
c lock edge. This ensures that CLK transit ions are not 
coup led to the analog input and sampled b y t h e T / H . The 
magni tude of this feedthrough can be a few millivolts. 
When the c lock and convers ion start signals are synchro-
nized , small end-point errors (offset and ful l-scale) are the 
most that can be generated by clock feedthrough. Even 
these errors (which can be t r immed out) can be avo ided 
by ensur ing that the start of a convers ion (RD or CS fal l ing 
edge) does not occur within 100ns of a c lock transit ion 
(Figure 6). 

MAX190 Asynchronous Mode 
When using the MAX190 in asynchronous mode, where 
CLK and convers ion start s ignals (CS and RD) are not 
synchronous, fu l l -accuracy speci f icat ion per formances 
are real ized with a 0 .8MHz clock; this ensures a full 625ns 
for the most signif icant bit (MSB) decis ion. In asynchro-
nous mode, with c lock f requenc ies greater than 0.8MHz, 
less than 625ns MSB decis ion t imes can occur . This 
shor tened decis ion t ime can result in linearity errors at 
mid-scale. Linearity errors can appear in the synchro-
nous mode when the CS and RD to CLK hold (tie) and 
setup (ti7) t imes are violated (Figure 6a). Frequency 
componen ts caused by c lock and convers ion start-signal 
over lap can increase the apparent input noise. 

a. MAX190 

Figure 6. CS, RD. and CLK Synchronous Operation 
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MAX191 Asynchronous Mode 
The above precautions for the MAX 190 are not necessary 
on the MAX191, since conversion always begins on the 
falling edge of the clock. 

Parallel Digital-Interface Mode 
Output-Data Format 

The data output from the MAX190/MAX191 is straight binary 
in the unipolar mode. In the bipolar mode, the MSB is 
inverted (see Figure 22). The 12 data bits can be output 
either in two 8-bit bytes or as a serial output. The data-bus 
output format is shown in Table 1. 

A 2-byte read uses outputs D7-D0. Byte selection is 
control led by HBEN. When HBEN is low, the lower 8 bits 
appear at the data outputs. When HBEN is high, the 
upper 4 bits appear at D0-D3 with the leading 4 bits low 
in locations D4-D7. 

Timing and Control 
Conversion-start and data-read operat ions are con-
trol led by the HBEN, CS, and RD digital inputs. A logic 
low is required on all three inputs to start a conversion, 
and once the convers ion is in progress it cannot be 
restarted. BUSY remains low dur ing the entire conver-
sion cycle. 

The t iming diagrams of Figures 7-10 outline two parallel-
interface modes and one serial mode. 

Slow-Memory Mode 
In slow-memory mode, the device appears to the )iP as a 
slow peripheral or memory. Conversion is initiated with a 
read instruction (see Figure 7 and Table 2). Set the PAR 
pin high for parallel^ interface mode. Beginning with 
HBEN low, taking CS and RD low starts the conversion. 
The analog input is sampled on the falling edge of RD. 
BUSY remains low while the conversion is in progress. 
The previous conversion result appears at the digital 
outputs until the end of conversion, when BUSY returns 
high. The output latches are then updated with the new-
est results of the 8 LSBs on D7-D0. A second read 
operation with HBEN high places the 4 MSBs, with 4 
leading 0s, on data outputs D7-D0. The second read 
operation does not start a new conversion because HBEN 
is high. 

ROM Mode 
As in s low-memory mode , D7-D0 are used for 2 -by te 
reads. A convers ion starts wi th a read ins t ruct ion 
wi th HBEN and CS low. The T/H samp les the input 
on the fa l l ing e d g e of RD (see F igure 8 and Tab le 3). 
PAR is set h igh. At this point the da ta ou tpu ts conta in 
the 8 LSBs f rom the prev ious convers ion . Two more 

read operations are needed to access the conversion 
resu l t . The f i rst o c c u r s w i th H B E N h igh , w h e r e the 
4 M S B s with 4 lead ing 0s are a c c e s s e d . The s e c o n d 
read, wi th HBEN low, ou tpu ts the 8 LSBs and also 
starts a new convers ion . 

Figure 9 and Table 4 show how to read output data within 
one conversion cycle without starting another conversion. 
Trigger the falling edge of a read on the rising edge_of 
the first c lock cycle after conversion end (when BUSY 
goes high). As ment ioned previously, two more read 
operations (after BUSY goes high) are needed to access 
the conversion results. The only dif ference is that now 
the low byte can be read first. This happens by allowing 
the first read operation to occur with HBEN low, where the 
8 LSBs are accessed. The second read, with HBEN high, 
accesses the 4 MSBs with 4 leading 0s. 

Serial-Interface Mode 
The serial mode is compat ib le with Microwire, SPI and 
QSPI serial interfaces. In addit ion, a framing signal 
(SSTRB) is provided that allows the devices to interface 
with the TMS320 family of DSPs, Set PAR low for serial 
mode. Conversion begins when CS goes low, causing 
the T/H to sample the input (Figure 10), If the CS falling 
edge occurs when SCLK is low, a conversion begins 
immediately on the MAX190, otherwise the CS signal is 
internally latched on the next falling edge of SCLK, be-
ginning the conversion. Conversion always begins on the 
next falling edge of SCLK on the MAX191, regardless of 
where CS occurs. The DOUT line remains high- imped-
ance until a conversion begins. During the MSB decision, 
DOUT remains low (leading 0), while SSTRB goes high to 
indicate that a data frame is beginning. The data is 
available at DOUT on the rising edge of SCLK (SCLKOUT 
when using an internal clock) and transitions on the falling 
edge. DOUT remains low after all data bits have been 
shifted out, inserting trailing 0s in the data stream until CS 
returns high. The S C L K O U T signal is synchronous with the 
internal or external clock. 

For interface flexibility, D O U T , S C L K O U T and S S T R B sig-
nals enter a h igh- impedance state when CS is set high. 
When CS is low, RD controls the_status of SCLKOUT and 
S S T R B outputs. A logic low on R D enables S C L K O U T and 
S S T R B , while a logic low forces_both outputs into a high 
impedance state. Also, with CS low and H B E N high, 
SCLKOUT drives continuously, regardless of conversion 
status. This is useful with uPs that require a continuous 
serial clock. If CS and H B E N are low, SCLKoui is output 
only dur ing the conversion cycle, while the converter 
internal c lock runs continuously. This is useful for creat-
ing a simple serial-to-parallel interface without shift-reg-
ister overflow (Figure 11). 

J\AJ.1X1/1/1 11 



Low-Power, 12-Bi t Sampling ADCs 
with Internal Reference and Power-Down 
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Figure 7. Slow-Memory Mode. 2-Byte Read Data-Bus Status 

Figure 8. ROM Mode. 2-Byte Read Data-Bus Status 
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•INTERNAL SICNAI TRACKING INPUT SIGNAI WHEN HOLD = low, HOLDING WHEN HOLD = High 

Figure 9. ROM Mode, 2-Byte Read within One Conversion Timing Diagram 

Figure 10a MAX190 Seriai-interface Mode Timing Diagram (RD = low) 
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Figure 10b. MAX191 Serial-interface Mode Timing Diagram (RD = low) 
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Table 1. Data-Bus Output, CS = RD = Low 
PIN N A M E D 7 / D O U T D 6 / S C L K O U T D 5 / S S T R B D 4 D 3 / D 1 1 D 2 / D 1 0 D 1 / D 9 D 0 / D 8 

H B E N = 0, PAR = 1, 
P A R A L L E L M O D E D7 D 6 D5 D 4 D3 D2 D1 DO 

H B E N = 1, PAR = 1 
P A R A L L E L M O D E L o w Low Low L o w • 11 D 1 0 D 9 D8 

H B E N = X. PAR = 0 
SERIAL M O D E , RD = 0 D O U T SCLKOUT S S T R B L o w L o w L o w L o w L o w 

H B E N = X, PAR 
S E R I A L M O D E , R D = 1 

• O U T Three-
S ta ted 

Three-
S ta ted 

L o w L o w L o w Low L o w 

N o t e : D 7 / D 0 U T - D 0 / D 8 are the A D C d a t a o u t p u t p ins. 
• 11 - DO are the 12-bi t c o n v e r s i o n resul ts , D 1 1 is the MSB. 

D O U T = Th ree -s ta te da ta ou tpu t . Da ta o u t p u t in ser ial m o d e . 
S C L K o u T = Three-s ta te d a t a ou tpu t . C l o c k o u t p u t in ser ia l m o d e . 

SSTRB = Three s ta te d a t a ou tpu t . S t robe o u t p u t in ser ia l m o d e . 

i 
< 0 

i 
* 
< 0 

Table 2. Slow-Memory Mode, 2-Byte Read Data-Bus Status 
PIN N A M E D 7 / D O U T D 6 / S C L K 0 U T D 5 / S S T R B D4 D 3 / D 1 1 D 2 / D 1 0 D 1 / D 9 D 0 / D 8 

FIRST R E A D ( N e w Da ta ) D 7 06 D5 D 4 D 3 D 2 D1 DO 

SECOND READ (New Data) L o w L o w L o w L o w D 1 1 D 1 0 D 9 D 8 

Table 3. ROM Mode, 2-Byte Read Data-Bus Status 
PIN N A M E D 7 / D O U T D 6 / S C L K 0 U T D 5 / S S T R B D 4 D 3 / D 1 1 D 2 / D 1 0 D 1 / D 9 D 0 / D 8 

FIRST R E A D (O ld Da ta ) D 7 D6 D5 D4 D 3 D 2 D1 DO 

S E C O N D READ (New Data) L o w L o w L o w L o w D11 D 1 0 D 9 D 8 

T H I R D R E A D ( N e w Da ta ) D7 D 6 D5 • 4 D 3 D2 D1 DO 

Table 4. ROM Mode, 2-Byte Read Data-Bus Status without Starting a Conversion Cycle 
PIN N A M E D 7 / D 0 U T D 6 / S C L K 0 U T D 5 / S S T R B D 4 D 3 / D 1 1 D 2 / D 1 0 D 1 / D 9 D 0 / D 8 

FIRST R E A D ( O l d Da ta ) D7 D6 D5 D4 D 3 D 2 D1 DO 

S E C O N D READ (New Data) D 7 D 6 D 5 D4 D 3 D 2 D1 DO 

T H I R D R E A D ( N e w Da ta ) L o w L o w L o w L o w D 1 1 D 1 0 D9 D8 
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Figure 11. Simple Serial-to-Parallel Interface 
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Maximum Clock Rate in Serial Mode 
The maximum SCLK rate depends on the minimum set-up 
time required at the serial data input to the |iP and the 
ADC's DOUT to SCLK delay (t22) (see Figure 12). The 
maximum fscLK is as follows: 

f s c L K ( M A X ) = ( 1 / 2 ) x 1 / { t s u ( M ) + t 2 2 ) 

where tSu(m) is the minimum data set-up time "equired 
the serial data input to the fiP. For example, Motorola's 
MC68HC11A8 data book specif ies a 100ns minimum 
data setup time. Using the worst case for a military grade 
part of t22 = 280ns (see Timing Characteristics) and 
substituting in the above equation indicates a maximum 
SCLK frequency of 1.3MHz. 

Using the MAX190/MAX191 with SPI, QSPI and 
Microwire Serial Interfaces 

F i g u r e 13 s h o w s i n t e r f a c e c o n n e c t i o n s to t he 
MAX190/MAX191 for common serial-interface standards. 

SPI and Microwire (CPOL=0, CPHA=0) 

The MAX190/MAX191 are compat ib le with SPI, QSPI and 
Microwire serial-interface standards. When using SPI or 
QSPI, two modes are available to interface with the 
MAX190/MAX191. You can set CPOL = 0 and CPHA = 0 
(Figure 14a), or set CPOL = 1 and CPHA = 1 (Figure 14b). 
When using CPOL = 0 and CPHA = 0 with the MAX190, 
conversion begins and DOUT goes low, from three-state, 
immediate ly jp l lowing the CS falling edge. Therefore, the 
delay from CS to the first falling edge of SCLK must be at 
least 625ns for the MSB decision and no more than 50)js 
to avoid excessive T/H droop. Two consecut ive 1-byte 
reads are required to get the full 12 bits from the ADC. 
Data is available from DOUT on the rising edge of SCLK, 
and transitions on the falling edge. The first byte contains 

tSU ( M ) IS THE SETUP T I M E REQUIRED AT THE SERIAL DATA INPUT TO THE ( iP . 
(22 IS THE M A X I M U M SCLK to DOUT DELAY. 

a leading 0 and seven MSBs. The second byte contains 
the remaining five LSBs and three trailing 0s. 

When using the MAX191 in this mode, the conversion 
begins on the first falling edge of SCLK following CS going 
low. The first byte contains the following, in this order: a 
leading unknown bit (DOUT will still be in three-state on 
the first bit), a 0, and six MSBs. The second byte contains 
the remaining six LSBs and two trailing 0s 

I/O I/O 

SCK — 
MISO MISO 

SS 

OS 

SCLK 

DOUT 

> M > 1 X I A 1 
MAX190 
MAX191 

a SPI 

CS 

SCK 

MISO 
I 15V 

SS .J 

CS 

S C I K 

DOUT 

A/l/SX. !/M 
MAX190 
MAX191 

b. QSPI 

CS 

SCLK 

DOUT 

MlJOOMt 
MAX190 
MAX191 

c. M ICROWIRE 

DOUT 

SSTRB 

T M S 3 2 0 SERIAL INTERFACE 

i 

1 
> j 

< 0 

Figure 12. fscLx(MAX) is limited by the setup time required by Figure 13. Common Serial-Interface Connections to the 
the serial data input to the |jP. MAX190/MAX191 
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SPI (CP0L=1, CPHA=1) 

Sett ing C P O L = 1 a n d CPHA = 1 starts the c lock h igh 
dur ing a read instruct ion. Both t h e M A X 1 9 0 a n d MAX191 
will shift out a lead ing 0 fo l lowed by the 12 da ta bits a n d 
three trai l ing Os (Figure 14b). 

QSPI 

Unl ike SPI, wh i ch requ i res two 1 -by te reads to acqu i re the 
12 bits of da ta f rom the A D C , QSPI al lows the m in imum 
number of c l ock cyc les requ i red to c lock in the data . The 
MAX190 /MAX191 requi re th i r teen c lock cyc les f rom the 
| iP to c lock out the 12-bits of da ta with no trai l ing Os in 
either of the a l lowab le m o d e s (F igure 15). 

TMS320 Serial Interface 

Figure 13d shows the pin connec t i ons to inter face the 
M A X 1 9 0 / M A X 1 9 1 to t h e T M S 3 2 0 . S i n c e t h e 
M A X 1 9 0 / M A X 1 9 1 make da ta ava i lab le on the r is ing e d g e 
of SCLK a n d the T M S 3 2 0 shif ts da ta in on the fa l l ing e d g e 

of CLKR, use CLKX of the DSP to dr ive SCLK, and CLKX 
to dr ive the DSP's CLKR input. The inverter 's p ropaga t i on 
de lay p rov ides more da ta se tup t ime at the DSP For 
examp le , with no inverter de lay, a n d us ing t22 = 280ns 
a n d f s c i k = 1 ,6MHz, the ava i lab le se tup t ime before the 
SCLK transi t ion is: 

se tup t ime = (1/2 x fscLk) - to = (1/2 x 1.6E6) - 280ns = 
32ns 

This still e x c e e d s the m in imum DR se tup t ime before the 
CLKR g o e s low (tSu(DR)) of 13ns, however , a gener i c 
7 4 H C 0 4 p rov ides an add i t iona l 20ns se tup t ime (see 
Figure 13d). 

F igure 16 shows the DSP serial in ter face t im ing charac -
terist ics. The DSP beg ins c lock ing da ta in on the fal l ing 
e d g e of CLKR after the fal l ing e d g e of SSTRB. Fol lowing 
the da ta t ransfer, the DSP rece ive shift register (RSR) 
conta ins a 16-bit w o r d cons is t ing of the 12 da ta bits, MSB 
first, fo l lowed by four t rai l ing Os . 

1ST BYTE READ 2ND BYTE READ 

THREE STATE 1 J ^ i I J J M ^ M l i 
DOUT —\ leading / M ^ r p t r i r D H r p i x D H H ^ r D H r D T H ^ L S B \ 

, M A X ' T 9 H V T A T E z e r 1 I J J J M M J N M 
DOUT ^ L E A D i N j / M s i p r D i r y D r s r D i r T ^ 

(MAX191) ZERO 

a. MAX190/MAX191; CPOL = 0, CPHA = 0 

THREE STATE * l 1 + . 
DOUT \LEADING/ MSB X D10 O O D8 )(~57 X D6 X D5 X D4 X D3 X D2 "X D1 X LSB \ 

(MAX191/ ZERO 
MAX191) 

b. MAX 190/MAX191; CPOL = 1, CPHA = 1 

THREESTATF 
r 

Figure 14. SPI/Microwire Serial-Interface Timing 
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SCLK -

CS -

DOUT " 

THREE 
STATE 

/ M S B X D9 X D8 X D7 X D6 )C D5 X D4 "X~ D p D2 X D1 X LSB \ r 
THREE 

M A X 1 9 0 . C P 0 L = 0. CPHA = 0 

SCLK -

CS -

THREE 
STATE 

I / ~ M S B " X D10 X D9~X D8 X D? ) r ^ D H < D5 T TWon(mXLSB\ r- STATF 

b. M A X 1 9 1 , CPOL = 0, CPHA -

SCLK • 

CS • 

DOUT -

THREE 
STATE 

] D I P X D9 X PS X D 7 ) ( D6 ) ( D5 X D4 ) T ~ D 3 ~ X D? ) ( ~ D r ~ X LSB \ 

c M / < 1 9 0 / M A X 1 9 1 . CPOL = 1, CPHA - 1 

Figure 15. QS, ' Serial-Interface Timing 

Figure 16. MAX190/MAX191 TMS320 Interface Timing 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 

Applications Information 
Power-Down Mode/Initialization 

After Power-Up 
In some bat tery-powered systems, it is desirable to 
power down or remove power from the ADC dur ing 
inactive periods. To power down the MAX190/MAX191, 
drive PD low. In this mode, all internal ADC circui try is 
off except the reference, and the ADC consumes less 
than 50| iA max (assuming all s ignals CS, RD, CLK, and 
HBEN are static and within 200mV of the suppl ies). To 
initialize the MAX190/MAX191 at power-up, perform a 
single convers ion and d is regard the data outputs. Fig-
ure 17 shows a pract ical way to drive the PDjoin. If you 
use internal reference compensat ion, drive PD between 
VDD and DGND with a NP I/O pin or other logic dev ice 
(Figure 17a). For external- reference compensat ion 
mode, use the circuit in Figure 17b to drive PD between 
DGND and the f loat ing vol tage of PD. An alternative is 
to drive PD with three-state logic or a switch, prov ided 
the off leakage does not exceed 100nA. 

Figure 17. Drive Circuits for PD pin 

20 

Internal Reference 
The internal 4 . 0 9 6 V reference is available at V R E F and 
must be bypassed to A G N D with a 4 . 7 | I F l o w - E S R capac-
itor (less than 1/2Q) in parallel with a 0.1|iF capacitor, 
unless internal-reference comensat ion mode is used (see 
the Internal Reference Compensation section). This min-
imizes noise and maintains a low reference impedance 
at high frequencies. The reference output can be dis-
abled by connect ing R E F A D J to VDD when using an 
external reference. 

Reference-Compensation Modes 
In the MAX190 /MAX191 , p o w e r - d o w n pe r f o rmance 
can be op t im ized for a g iven convers ion rate by 
se lec t ing ei ther internal or ex terna l re fe rence com-
pensat ion . 

Internal Compensation 
The connect ion for internal compensat ion is shown in 
Figure 18a. In this mode, the reference stabil izes 
quickly enough so that a convers ion typical ly starts 
within 35| is after the ADC is react ivated (PD pul led 
high). In this compensat ion mode, the reference buffer 
requires longer recovery t ime from SAR transients, 
therefore requir ing a slower c lock (and convers ion 
time). With internal reference compensat ion, the typi-
cal convers ion time rises to 25|JS (Figure 18b). Figure 
18c il lustrates the typical average supp ly current vs. 
convers ion rate, wh ich can be ach ieved using power-
down between conversions. 

+5V 

PD 

MA1UM 
MAX190 

VREF MAXi9l 

REFADJ 

Figure 18a. Internal-Compensation Mode Circuit 

/ M v f l X l v V I 

A M X M I 
MAX190 
MAX191 

1 
PD 

a INTERNAL-REFERENCE C O M P E N S A T I O N M O D E 

A 1 > « L M 
MAX190 
MAX191 

„ 1 
PD 

^ O P E N DRAIN 
BUFFER 

b. EXTERNAL-REFERENCE C O M P E N S A T I O N M O D E 
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Figure 18b. Low Average-Power Mode Operation (Internal Com-
pensation) 

Figure 18c Average Supply Current vs. Conversion Rate. Pow-
ering Down Between Conversions 

External Compensation 
Figure 19a shows the connect ion for external compensa-
tion with reference adjustment. In this mode, an external 
4.7piF capaci tor compensa tes the reference output am-
plifier, al lowing for max imum convers ion speed and low-
est conversion noise. However, when react ivat ing the 
ADC after p ower-down, the reference takes typical ly 2ms 
to fully chc 'ge the 4.7p.F capaci tor , so more t ime is 
required be ire a convers ion can start (Figure 19b). 
Thus, the ave, i g e current consumed in power -up /power -
down operat ions is higher in external compensat ion mode 
than in internal compensat ion mode. 

Gain and Offset Adjustment 
Figure 20 dep ic ts the nominal, unipolar input/output (I/O) 
transfer funct ion of the MAX190/MAX191, and Figure 22 
shows the bipolar I/O transfer funct ion for the MAX191. 
Code transit ions occu r hal fway be tween success ive inte-
ger LSB values. Note that 1 LSB = 1 .OOmV (4.096V/4096) 
for unipolar operat ion and 1LSB = 1.00mV ((4.096V/2 -
-4.096V/2)/4096) for bipolar operat ion. 

Figures 19a and 21a show how to adjust the ADC gain in 
appl icat ions that require ful l-scale range adjustment. The 
connec t ion shown in Figure 21a provides ±0,5% for 
+20LSBs of ad justment range and is r e c o m m e n d e d for 
appl icat ions that use an external reference. On the other 

Figure 19a. External-Compensation Mode with Internal Refer-
ence Adjustment Circuit 

hand, Figure 19a is r e c o m m e n d e d for appl icat ions that 
use the internal reference, because it uses fewer external 
components . 
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O U T P U T 
C O D E 

11 111 

1 1 . 1 1 0 -

11 . . . 101 -

00 011 

00 .010-

0 0 . 0 0 1 -

F U L L - S C A L E 
T R A N S I T I O N 

- r 

FS V R H 

FS 

0 1 2 3 

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

Figure 19b. Low Average-Power Mode Operation (External 
Compensation) 

If both offset and full scale need adjustment, the circuit 
in Figure 21b is r ecommended . For s ing le-supply 
ADCs, it is virtually impossib le to null system negat ive 
of fseter rors . However, the MAX190/MAX191 input con-
f iguration is pseudo-di f ferent ia l - only the d i f ference in 
vol tage between AIN+ and AIN- will be conver ted into 
its digital representat ion. By app ly ing a small posit ive 
vol tage to AIN-, the 0 input vol tage at A IN+ can be 
adjusted to above or be low AIN- vol tage, thus null ing 
posit 'e or negat ive system offset errors, R9 and R10 
can b removed for appl icat ions that require only pos-
itive system errors to be nulled. To trim the offset error 
of the MAX190/MAX191, apply 1/2LSB to the analog 
input and adjust R6 so the digital output code changes 
between 000 000 000 and 000 000 001. To adjust full 
scale, apply FS -1 1/2LSBs and adjust R2 until the output 
code changes between 1111 1111 1110 and 111 111 
111 111. Because interaction occurs between adjust-
ments, offset should be ad jus ted before gain. For an 
input gain of two, remove R7 and R8. 

The M A X 1 9 0 accep ts input vol tages between A G N D 

and VDD; input signals below ground cannot be con-
verted. The ful l-scale range of the M A X 1 9 0 is f rom 0 V 

to V R E F . The M A X 1 9 0 can be conf igured for bipolar 
operat ion on its pseudo-di f ferent ia l input. Instead of 
using AIN- as an analog input return, AIN- can be set to 
a different p o s i t i v e potential vol tage above ground (BIP 
pin is set high). The sampled analog input ( A I N + ) can 
swing to any posit ive vol tage above and below AIN-, 
and the ADC performs bipolar convers ions with respect 
to A I N - . The M A X 1 9 1 accep ts input vol tages from 

Figure 20. MAX190/MAX191 Unipolar Transfer Function 

VLN 

l / ^ / M x l X I X M 

> 

MAX480 
> C, 100i2 <- > R2 > C, 100i2 

> 49 912 

^ TOAINf 

R3< < ; R<l 
10k < < ' 10k 

< 1 

Figure 21a. Trim Circuit for Gam (±0.5%) 

AGND to VDD while operat ing from a single supply and 
Vss to VDD when operat ing f rom dual suppl ies. Figure 
22 shows the bipolar input transfer funct ion with AIN-
connec ted to midscale for s ing le-supply operat ion and 
connec ted to GND for MAX191 operat ing from dual 
suppl ies. When opera t ing from a single supply, the 
MAX191 has the same ful l-scale range as the MAX190; 
when operat ing from dual suppl ies, the MAX191 full-
scale range is from - V R E F / 2 to + V R E F / 2 . 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 

Figure 21b. Offset (±10m V) and Gain (±1%) Trim Circuit 

Digital Bus Noise 
If the data us connec ted to the ADC is act ive dur ing a 
conversion, crosstalk f rom the data pins to the A D C 
comparator , l a y generate errors. S low-memory mode 
avoids this prob lem by p lac ing the |iP in a wait state 
dur ing the convers ion. In ROM mode, if the data bus is 
act ive dur ing the conversion, it should be isolated from 
the ADC using three-state drivers. 

The ADC generates cons iderab le digital noise in ROM 
mode when RD or CS go high and the output data drivers 
are d isab led after a conversion has started. This noise 
can cause large errors if it occurs when the SAR latches 
a comparator decision. To avoid this problem, RD and 
CS should be act ive forjess than one c lock cycle. If this 
is not possible, RD or CS should go high at the rising e d g e 
of CLK, s ince the comparator output is always latched on 
fal l ing edges of CLK. 

Layout, Grounding, Bypassing 
Use pr inted circuit boards for best system per formance. 
Wire-wrap boards are not recommended. Board layout 
should ensure that digital- and analog-s ignal lines are 
separated from each other. Do not run analog and digital 
(especial ly c lock) lines parallel to one another, or digital 
lines underneath the ADC package. 

SINGLE SUPPLY n u 

DUAL S U P P L Y 
A IN- = OV ( M A X 1 9 1 O N L Y ) 

§ 
< 0 

i 
2 

VRFF • 1LSB 

1LSB 

Figure 22. MAX190/MAX191 Bipolar Transfer Function 

SUPPL IES 

• OPTIONAL 

Figure 23. Power-Supply Grounding Connection 

Figure 23 shows the recommended system ground con-
nections. Established a single-point analog ground ("star" 
ground point) at AGND, separate from the logic ground 
Connect all other analog grounds and DGND to it. No other 
digital-system ground should be connected to this single-
point analog ground. The ground return to the power 
supply for this star ground should be low impedance and 
as short as possible for noise-free operation. 
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Low-Power, 12-Bit Sampling ADCs 
with Internal Reference and Power-Down 
High-frequency noise in the VDD power supply may affect 
the high-speed comparator in the ADC. Bypass these 
suppl ies to the single-point analog ground with 0.01nF 
and 10|iF bypass capacitors. Minimize capacitor lead 
lengths for best supply-noise rejection. If the +5V power 
supply is very noisy, a 10Q resistor can be connected as 
a lowpass filter to filter out supply noise (Figure 23). 

Dynamic Performance 
H i g h - s p e e d s a m p l i n g c a p a b i l i t y a n d t h r o u g h p u t 
(MAX190 = 76kHz, MAX191 = 100kHz) make the 
MAX190/MAX191 ideal for wideband-s ignal processing. 
To support these and other related appl icat ions, Fast 
Fourier Transform (FFT) test techniques guarantee the 
ADC's dynamic f requency response, distortion, and 
noise at the rated throughput. Specif ical ly, this involves 
apply ing a low-distortion sine wave to the ADC input and 
recording the digital conversion results for a speci f ied 
time. The data is then analyzed using an FFT algorithm, 
which determines its spectral content. Conversion er-
rors are then seen as spectral elements outside the 
fundamental input f requency. FFT plots for both the 
MAX190 and MAX191 are shown in the Typical Operating 
Characteristics. 

ADCs have tradit ional ly been evaluated by speci f ica-
t ions such as Zero and Full-Scale Error, Integral Nonlin-
earity (INL), and Differential Nonlinearity (DNL). Such 
parameters are widely accep ted for spec i fy ing perfor-
mance with DC and slowly varying signals, but are less 
usefu' in s igna l -p rocess ing app l i ca t ions where the 
ADC's : mpact on the system transfer funct ion is the main 
conce i . The s igni f icance of various DC errors does 
not tran 'ate well to the dynamic case, so different tests 
are required. 

Signal-to-Noise Ratio and 
Effective Number of Bits 

Signal-to-Noise Ratio (SNR) is the ratio between the RMS 
ampli tude of the fundamental input f requency to the RMS 
ampli tude of all other A/D output signals, except signal 
harmonics. Signal-to-Noise + Distortion ratio (SINAD) is 
the same as the SNR, but includes signal harmonics. 

The theoret ical min imum A/D noise is caused by quan-
tization error and is a direct result of the ADC's resolu-
tion: SNR = (6.02n + 1.76) dB, where n is the number 
of bits of resolution. 74dB is the SNR of a perfect 12-bit 
ADC. 

By transposing the equation that converts resolution to 
SNR we can compute the effective resolution or the 
"effecti ve number of bits" the ADC provides from the 
measured SNR: 

n = (SNR - 1.76)/6.02 

Total Harmonic Distortion 
Total Harmonic Distortion (THD) is the ratio of the RMS 
sum of all harmonics of the input signal (in the frequency 
band above DC and below one-half the sample rate) to 
the fundamental itself. This is expressed as: 

THD = 20Log [ V ( V 2 2 + V 3 2 + V 4 2 + V 5 ~ ? + . . + V N 2 W V I ] 

where VI is the fundamental RMS ampl i tude and V2 to VN 
are the ampl i tudes of the 2nd through nth harmonics. 

Spurious-Free Dynamic Range 
Spurious-free dynamic range is the ratio of the fundamen-
tal RMS ampl i tude to the ampl i tude of the next largest 
spectral component (in the f requency band above DC 
and below one-half the sample rate). Usually this peak 
occurs at some harmonic of the input f requency. But if 
the ADC is exceptional ly linear, it can occur at a random 
peak in the ADC's noise floor. 

Opto-lsolated A/D Interface 
Many industr ia l app l i ca t i ons requ i re iso lat ion to pre-
vent excess ive cur ren t f low where g round d ispar i t ies 
exist be tween the A D C and the rest of the sys tem In 
F igure 24, a MAX250 and four 6 N 1 3 6 op tocoup le r s 
c r e a t e an i s o l a t i o n b a r r i e r b e t w e e n t h e 
MAX190 /MAX191 and nP. 

The 6N136 optocouplers limit the maximum data rate to 
90kbps. This requires a slower clock, and therefore a 
longer conversion time. 
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• O M I T R 9 & R 1 0 FOR THE M A X 1 9 1 OPERATED F R O M ± 5 V 

Figure 21b. Offset (±10mV) and Gain (±1%) Trim Circuit 

Digital Bus Noise 
If the data us connec ted to the ADC is act ive dur ing a 
conversion, crosstalk f rom the data pins to the A D C 
comparator , l a y generate errors. S low-memory mode 
avoids this prob lem by p lac ing the |iP in a wait state 
dur ing the convers ion. In ROM mode, if the data bus is 
act ive dur ing the conversion, it should be isolated from 
the ADC using three-state drivers. 

The ADC generates cons iderab le digital noise in ROM 
mode when RD or CS go high and the output data drivers 
are d isab led after a conversion has started. This noise 
can cause large errors If it occurs when the SAR latches 
a comparator decision. To avoid this problem, RD and 
CS should be act ive foMess than one c lock cycle. If this 
is not possible, RD or CS should go high at the rising e d g e 
of CLK, s ince the comparator output is always latched on 
fal l ing edges of CLK. 

Layout, Grounding, Bypassing 
Use pr inted circuit boards for best system per formance. 
Wire-wrap boards are not recommended . Board layout 
should ensure that digital- and analog-s ignal lines are 
separa ted from each other. Do not run analog and digital 
(especial ly c lock) lines parallel to one another, or digital 
lines underneath the ADC package. 
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Figure 22. MAX190/MAX191 Bipolar Transfer Function 
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Figure 23. Power-Supply Grounding Connection 

Figure 23 shows the recommended system ground con-
nections. Established a single-point analog ground ("star" 
ground point) at AGND, separate from the logic ground 
Connect all other analog grounds and DGND to it. No other 
digital-system ground should be connected to this single-
point analog ground. The ground return to the power 
supply for this star ground should be low impedance and 
as short as possible for noise-free operation. 
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Figure 24. Isolated Data-Acquisition Circuit 
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Package Information 

24 Lead Plastic Narrow DIP 
eJA = 120°c/w 
e J C = 60°c/w 
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