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Calibrated 4-Channel 12-Bit ADC 

with T/H and Reference 
General Description 

The M A X 1 8 2 is a comp le te , ca l ib ra ted 4 -channe l 12-bit 
A /D conver ter (ADC) wh i ch inc ludes a prec is ion vo l tage 
reference, t rack -and-ho ld , a n d convers ion c lock. Inter-
nal ca l ib ra t ion c i rcui t ry mainta ins t rue 12-bit pe r f o rmance 
over the full ope ra t i ng tempera tu re range wi thout external 
ad jus tments . In addi t ion, e a c h 60ns convers ion inc ludes 
an auto-zero cyc le wh i ch r educes zero errors to typ ica l ly 
be low 100j iV. 

CHIP SELECT, READ, a n d WRITE inputs are i nc luded for 
easy m ic rop rocesso r in ter fac ing wi thout add i t iona l logic 
2-byte, 12-bit convers ion da ta is p rov i ded over an 8-b i t 
three-state ou tpu t bus. Either by te may be read first. 
Two a d d r e s s bits contro l the 4 -channe l input mul t ip lexer . 
The MAX182 's ana log input range is 0V to +5V w h e n 
us ing a +5V reference. All four h i g h - i m p e d a n c e input 
channe ls have excel lent ma tch ing ( typical ly 0 .05 LSB). 
The MAX182A 's internal re ference a c c u r a c y is ±0.3%, 
whi le the M A X 1 8 2 B is i n tended for use with an external 
re ference. 

Applications 
Digi ta l -Signal Process ing 
Aud io and Te lecom Process ing 
H i g h - S p e e d Data Acqu is i t i on 
H i g h - A c c u r a c y Process Contro l 

Pin Configuration 

Features 
• Cont inuous Transparent Cal ibrat ion of Offset 

and Ga in 
• T r u e 12-Bit Per fo rmance wi thout Ad jus tments 
• T /H Front End and Internal Reference 
• Four H i g h - I m p e d a n c e Input C h a n n e l s 
• D C and Dynamica l ly Speci f ied 
• Zero Error Typical ly < 100| iV 
• S tandard M ic roprocessor Inter face 
• 28-Pin DIP and W i d e S O Packages 

Ordering Information 
P A R T T E M P . R A N G E P I N - P A C K A G E 

M A X 1 8 2 A C P I 0 ' C to + 7 0 C 28 Plast ic DIP 
M A X 1 8 2 B C P I 0 ' C to + 7 0 C 28 Plast ic DIP 
M A X 1 8 2 A C W I 0 ' C to + 7 0 ' C 28 W i d e SO* 
M A X 1 8 2 B C W I 0 ' C to + 7 0 C 28 W i d e SO* 
M A X 1 8 2 B C / D O 'C to + 7 0 C Dice** 
M A X 1 8 2 A E P I - 4 0 C t o + 8 5 C 28 Plast ic DIP 

M A X 1 8 2 B E P I - 4 0 ' C to +85 ' C 28 Plast ic DIP 
M A X 1 8 2 A E W I -40 C t o + 8 5 C 28 W i d e SO* 
M A X 1 8 2 B E W I -40 C to + 8 5 C 28 W i d e SO* 
M A X 1 8 2 A M J I -55 C t o + 1 2 5 C 28 CERDIP" 
M A X 1 8 2 B M J - 5 5 ' C t o + 1 2 5 C 28 CERDIP" 

" Consult factory. 
" Consult factory for dice specifications 
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Calibrated 4-Channel 12-Bit ADC 
with T/H and Reference 
A B S O L U T E M A X I M U M R A T I N G S 

Power D iss ipa t i on (any P a c k a g e ) 
To + 7 5 C 1 ,OOOmW 
Dera te a b o v e + 7 5 C by 10mW/C 

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 1 8 2 C O 'C to + 70 C 
M A X 1 8 2 E - 4 0 ' C to + 85 C 
M A X 182 M -55 C to + 1 2 5 C 

S t o r a g e T e m p e r a t u r e - 6 5 C t o + 1 5 0 ' C 
L e a d T e m p e r a t u r e (So lde r ing , 10 sec . ) + 3 0 0 C 

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the dovice. These arc stress ratings only and Junctional 
operation of the dcvice a! these or any other conditions beyond those indicated in the operational sections of the specifications is no) implied Exposure to 
absolute maximum rating conditions for extended periods may affect devicc reliability. 

ELECTRICAL CHARACTERIST ICS 
; +15V. V c c = +5V, Vss = -5V, REFIN = +5.0V. all speci f icat ions TA = TMIN to TMAX. fcLK =266.67kHz external, unless otherwise noted.) 

Von to D G N D -0.3V, + 17V 
V s s t o D G N D +0.3V. -7V 
A G N D to D G N D -0.3V. REFIN +0 .3V 
Vcc to D G N D -0.3V. +7V 
R E F I N t o A G N D - 0 . 3 V , V D D + 0 . 3 V 
A I N to A G N D -0 .3V, V D D + 0 . 3 V 
Dig i ta l Input V o l t a g e to D G N D -0.3V, VDD +0 .3V 
Dig i ta l O u t p u t V o l t a g e to D G N D -0 .3V, VDD + 0 . 3 V 

( V D D = 

P A R A M E T E R 

A C C U R A C Y 

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 U N I T S 

Reso lu t ion I I 12 | Bits 

Tota l U n a d j u s t e d Error (No te 1) T U E A I N 0 - A I N 3 - U ±1 I LSB 

Di f fe rent ia l Non l inear i t y DNL N o m i s s i n g c o d e s g u a r a n t e e d ±1 , LSB 

Fu l l -Sca le Error (Ga in Error) I A I N 0 - A I N 3 | TA = +25 C ±1/2 ' LSB 

F u l l - S c a l e T e m p c o | 0.5 r p p m / ' C 

Z e r o Error A I N 0 - A I N 3 | TA = + 2 5 ' C 
I 

±1/2 LSB 

Z e r o T e m p c o r H 0.5 I p p m / ' C 

C h a n n e l - t o - C h a n n e l M i s m a t c h I + 1/2 I LSB 

A N A L O G I N P U T 
Input V o l t a g e R a n g e I VREEF = + 5 V 0 + 5 I V 

O n - C h a n n e l Input C a p a c i t a n c e C A I N 8 pF 

Input L e a k a g e Cu r ren t | I A I N 
AINO-A IN3 = OV to +5V: 

T a = + 2 5 C 
T A = T M I N t o T M A X 

1 
10 I 

100 [ 
nA 

D Y N A M I C A C C U R A C Y (f W R = 14 .81kHz, fAiN = 2 ,011kHz , TA = 2 5 ' C , No te 2) 

Signal-to-Noise + Distortion S/ (N + D) I 70 I d B 

Total Harmonic Distortion | T H D 2 k H z Input S igna l 
T A = + 2 5 C -80 d B 

Peak Harmonic or Spur ious Noise -80 d B 

R E F E R E N C E I N P U T 

REFIN R a n g e I V R E F I N 
For s p e c i f i e d p e r f o r m a n c e 
D e g r a d e d t ransfer a c c u r a c y 7 -

+5 + 5 % 

+ 6 
V 

REFIN Input Cu r ren t REFIN = +5V 1.0 m A 

R E F E R E N C E O U T P U T ^ 

M A X 1 8 2 A 
REFOUT V o l t a g e 
REFOUT T e m p (C") 
REFOUT Sink Current 

M A X 1 8 2 B 
Use External Re fe rence Only ^ 

T A = + 2 5 C + 4 . 9 8 5 + 5 

+ 10 

+ 5 .015 

±40 
V 

p p m / C 
inA 

2 / M si x i sk i 



Calibrated 4-Channel 12-Bit ADC 
with T/H and Reference 

ELECTRICAL CHARACTERIST IC (continued) 
( V D D = + 1 5 V , V c c = + 5 V . Vss = -5V, REFIN = +5.0V, all speci f icat ions T A = T M I N to T M A X , f C L K = 266 .67kHz external unless otherwise noted.) 

P A R A M E T E R S Y M B O L I C O N D I T I O N S 1 M I N T Y P M A X I U N I T S 
L O G I C I N P U T S (RD, C S , W R , B Y S L , AO, A 1 ) 

Input H igh V o l t a g e VlH V c c = +5V ± 5 % + 2.4 V 

Input L o w V o l t a g e VlL V c c = +5V ± 5 % + 0.8 V 

npu t Cur ren t IN 
V I N = O t o V c c : 

TA = + 25*C 
T A = T M I N t o T M A X 

±1 
±10 

N A 

Input C a p a c i t a n c e C|N (No te 3) 10 pF 
C L O C K 

Input H igh V o l t a g e V|H VCC = +5V ± 5 % + 3.0 V 

npu t L o w Vo l tage VlL V c c = +5V ± 5 % + 0.8 V 

npu t H i g h Cu r ren t IH V c c = + 5 V ± 5 % 1 5 m A 

Input L o w Cur ren t ILL V c c = +5V ± 5 % 1 2 m A 

L O G I C O U T P U T S ( D B 0 - D B 7 , B U S Y ) 

Outpu t H i g h V o l t a g e VOH V c c = +5V ±5%, ISOURCE = 200 f iA + 4 . 0 V 

O u t p u t L o w V o l t a g e V O L VCC = + 5 V ± 5 % . SINK = 1 .6mA + 0.4 V 

F loat ing State L e a k a g e 
Cur ren t ( D B 0 - D B 7 ) I L K G VoiJT = OV to VCC ±1 ma 

F loa t ing Sta te O u t p u t 
C a p a c i t a n c e ( D B 0 - D B 7 ) CoiJT (Note 3) 15 PF 

C O N V E R S I O N T I M E ( N o t e 4) 

With Externa l C l o c k fCLK = 2 6 6 . 6 7 k H z 6 0 MS 

Wi th Internal C l o c k TA = + 25 C 90 140 MS 

P O W E R R E Q U I R E M E N T S ( N o t e 5 ) 

V D D + 11.4 + 15.75 

P o w e r - S u p p l y V o l t a g e V s s -4 .75 -5 .25 V 

V c c + 4 . 7 5 + 5 . 2 5 

VDD S u p p l y Re jec t ion V D D = + 1 4 . 2 5 V to +15 .75V , V s s = -5V ±1/8 L S B 

V s s S u p p l y Re jec t ion VSS = -4 .75V to -5 .25V. VDD = + 1 5 V ±1/8 I S B 

VDD S u p p l y Re jec t i on V D D = +11 .4V to +12 .6V , V s s = -5V ±1/8 L S B 

V s s S u p p l y Re jec t ion V S S = - 4 , 7 5 V t o - 5 . 2 5 V , V D D = + 1 2 V ±1/8 LSB 

I D D V I N VlL or VlH 6 1 0 

P o w e r - S u p p l y Cu r ren t Iss 8 M A 

i c c 0 .1 1 . 0 

N o t e 1 : I nc ludes : Ful l -Scale Error. Of fse t Error, Relat ive A c c u r a c y . 
N o t e 2: U p to 5th H a r m o n i c is m e a s u r e d . 
N o t e 3: G u a r a n t e e d by des ign . 
N o t e 4: T r a c k / H o l d aqu is i t ion t ime i n c l u d e d in conve rs i on t ime, us ing t i n cond i t i on (see T i m i n g Charac te r i s t i cs ) 
N o t e 5: P o w e r - s u p p l y cu r ren t is m e a s u r e d w h e n M A X 1 8 2 is inac t ive (CS = WR = RD = BUSY = H igh) . 



Calibrated 4-Channel 12-Bit ADC 
with T/H and Reference 
TIMING CHARACTERIST ICS (Note 6, Figures 1 and 2) 
(VDD = + 1 5 V , V c c = + 5 V . V s s = -5V , R E F I N = + 5 . 0 V , u n l e s s o t h e r w i s e n o t e d . ) 

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 

T A = 

M I N 

4 0 C to + 8 5 C 

T Y P M A X 
T A = 

M I N 

- 5 5 C to + 1 2 5 C 

T Y P M A X 
U N I T S 

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

W R P u l s e W i d t h t2 120 120 120 ns 

C S to W R H o l d T i m e t3 0 0 0 ns 

W R to B U S Y 
P r o p a g a t i o n D e l a y t4 8 5 120 100 140 115 160 ns 

AO, A 1 V a l i d to W R 
S e t u p T i m e t 5 0 0 0 ns 

AO, A 1 V a l i d to W R " 
H o l d T i m e t 6 0 0 0 ns 

B U S Y t o C S S e t u p T i m e t 7 ( N o t e 3 ) 0 0 0 ns 

C S to R D S e t u p T i m e t8 0 0 I 0 ns 

R D P u l s e W i d t h t 9 120 120 120 ns 

C S to R D H o l d T i m e 110 0 0 0 ns 

B Y S L to R D S e t u p T i m e t11 5 0 5 0 5 0 ns 

B Y S L to R D H o l d T i m e t l 2 0 0 0 ns 

R D to V a l i d D a t a ( N o t e 7) 1 1 3 
(Bus A c c e s s 
T ime) 6 0 1 0 0 7 0 110 9 0 130 ns 

R D to T h r e e - S t a t e O u t p u t 
( N o t e 8 ) 114 ( B u s Re l i nqu ish 

T i m e ) 2 0 100 2 0 100 2 0 100 ns 

W R to C L K for 16 C l o c k 
C o n v e r s i o n s ( N o t e 9 ) 1 1 5 2 0 2 0 2 0 ns 

W R to C L K for 17 C l o c k 
C o n v e r s i o n s ( N o t e 9 ) t i e 2 0 2 0 2 0 ns 

N o t e 6 : D a t a is t i m e d f r o m VOH. VOL: all input con t ro l s i gna l s a re t i m e d f r o m a v o l t a g e level o t + 1 , 6 V a n d s p e c i f i e d wi th tr = tf = 20ns 
( 1 0 % to 9 0 % of + 5 V ) . 

N o t e 7 : 111, t he t i m e r e q u i r e d for a n o u t p u t to c r o s s 0 .8V or 2 .4V , is m e a s u r e d w i th t he l o a d c i r c u i t s of F i g u r e 3 
N o t e 8 : 112. t h e t i m e r e q u i r e d for t h e d a t a l ines to c h a n g e 0 .5V , is m e a s u r e d w i th t he l o a d c i r c u i t s of F i g u r e 4 
N o t e 9 : S e e F i g u r e 7. 

Figure 1: Start Cycle Timing 

/ H / I X I / H 



Calibrated 4-Channel 12-Bit ADC 
with T/H and Reference 

Pin Description 

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

1 C A Z A u t o - Z e r o Cap i c i t o r Input . C o n n e c t other 
e n d of c a p a c i t o r to A G N D 

2 AINO A n a l o g Inpu t for C h a n n e l 0 

3 A I N 1 A n a l o g Input for C h a n n e l 1 

4 A I N 2 A n a l o g Input for C h a n n e l 2 

5 A I N 3 A n a l o g Input for C h a n n e l 3 

6 REFIN V o l t a g e R e f e r e n c e Input . The M A X 1 8 2 is 
s p e c i f i e d wi th REFIN = +5V. 

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

8 D G N D Dig i ta l G r o u n d 
9 V c c Log i c Supp l y . Dig i ta l inputs a n d o u t p u t s 

are TTL c o m p a t i b l e for V c c = +5V. 

10-17 D B 0 - D B 7 
Three-Sta te Da ta Ou tpu ts . Ac t i ve w h e n 
CS a n d RD are b r o u g h t low. Ind iv idua l 
p in f unc t i ons d e p e n d u p o n BYTE SELECT 
(BYSL) input . 

D A T A B U S O U T P U T , C S , R D = L O W 

P I N B Y S L = H I G H B Y S L = L O W 

10 BUSY (Note 10) D B 7 

11 L O W (No te 11) D B 6 

12 L O W (No te 11) D B 5 

13 L O W (Note 11) D B 4 

14 D B 1 1 ( M S B ) D B 3 

15 D B 1 0 D B 2 

16 D B 9 DB1 

17 D B 8 DBO (LSB) 

PIN N A M E 

20 

2 1 

2 2 

23 

2 4 

25 

F U N C T I O N 

RD 

C S 

WR 

BYSL 

C L K 

AO 

A1 

R E A D Input . U s e d wi th CS to enab le the 
th ree-s ta te d a t a ou tpu ts . RD is ac t i ve low 

C H I P SELECT n p u t _ U s e d wi th either RD 
or W R for cont ro l . C S is ac t ive low. 

BUSY 

WRITE Input In c o m b i n a t i o n wi th CS, this 
ac t i ve low s igna l s tar ts a new c o n v e r s i o n 

BYTE SELECT. BYSL se lec ts h igh- or low-
by te ou tpu t du r i ng a d a t a R E A D opera t ion . 
(RD. C S = low.) See p ins 10-17. 
Conve r te r Status. BUSY is only low du r i ng 
c o n v e r s i o n 

C L O C K Input Internal c l o c k o p e r a t i o n wi th 
this p in f loa t ing a n d u n l o a d e d , typ ica l l y 
resu l ts in 120| js convers ion t ime (Figure 8). 
Th is c a n b e s h o r t e n e d by us ing an 
ex te rna l 7 4 H C c l o c k s o u r c e (F igure 9) 

A d d r e s s input AO. S e e d e s c r i p t i o n of A1 

A d d r e s s Input A1. A d d r e s s inputs AO a n d 
A1 d e t e r m i n e the input c h a n n e l to be d ig i -
t ized. _The a d d r e s s input la tch is ava i lab le 
w h e n CS a n d WR are low The a d d r e s s in-
pu ts are e n t e r e d by WR re tu rn ing h igh 
A1 AQ C h a n n e l S e l e c t e d 
0 0 AINO 
0 1 A IN1 
1 0 A I N 2 
1 1 A I N 3 

2 6 R E F O U T j R e f e r e n c e O u t p u t 
2 7 V S S N e g a t i v e S u p p l y Vo l tage . -5V 

2 8 V D D Posi t ive S u p p l y Vo l tage , +15V 

N o t e l O : High dur ing aconvers ion S U S V i s a c o n v e r t e r s t a t u s f l a g 
N o t e 11: When BYSL is high, pins 11-13 output a logic low The 

12-bit digital result is in DBO-DB11. DB11 is the MSB. 

i 
x 

0 0 
to 

Figure 2 Read Cycle Timing 

• U ^ J X I / H 5 



Calibrated 4-Channel 12-Bit ADC 
with T/H and Reference 

Detailed Operation 
Operating Information 

Figure 5 shows an operat ional d iagram for the MAX182. The 
only required passive componen ts are a hold capaci tor 
(CAZ) and a reference bypass capaci tor and resistor. Indi-
vidual pin funct ions are listed in the Pin Descript ion table. 

On-Chip Clock Operation 
The o n - c h i p osc i l la tor requ i res no ex terna l c o m p o n e n t s . 
There fo re , the C L K p in c a n b e left u n c o n n e c t e d resu l t ing 
in a t yp i ca l 120ns conve rs i on t ime. The conve rs i on t ime 
c a n b e i n c r e a s e d by a d d i n g a c a p a c i t i v e load o n the C L K 
pin. The t im ing d i a g r a m s in F igures 6 a n d 7 s h o w the 
resu l t ing t r ack i ng du ra t ion for re lat ive pos i t i ons of WR a n d 
CLK. F igure 8 is a s c h e m a t i c for o n - c h i p c l ock opera t ion . 
A new c o n v e r s i o n is in i t ia ted by b r i n g i n g WR low, wi th CS 
low. This starts a t rack acqu is i t i on s e q u e n c e . In th is 
state, the T/H g o e s into t rack m o d e . C a p a c i t o r C A Z 
c h a r g e s to the a n a l o g input vo l t age m inus the input o f fset 
vo l t age of the c o m p a r a t o r . Note: w h e n W R j s J o w (wi th CS 
low), the M A X 1 8 2 is in t rack m o d e . W h e n WR g o e s h igh, 
t r ack i ng t ime is e x t e n d e d by ano ther 4 to 5 c l ock p e r i o d s 
(4 c l ock p e r i o d s b e g i n n i n g wi th the first fa l l ing c l ock e d g e 
fo l l ow ing the r is ing e d g e of WR). 16 to 17 c l ock p e r i o d s 
are requ i red for e a c h c o n v e r s i o n (F igure 7). 

The M A X 1 8 2 is in t rack m o d e b e t w e e n c o n v e r s i o n s w h e n 
BUSY is h igh. Af ter the t r ack i ng s e q u e n c e , the most 
s ign i f i can t bi t (MSB) d e c i s i o n is m a d e . Fo l low ing this, the 
rema in ing 11 bi ts are d ig i t i zed on s u c c e s s i v e c l ock cy -
c les , as i n d i c a t e d in F igure 6, The WR pu lse n e e d not be 
s y n c h r o n i z e d wi th the in ternal c lock . 

External Clock Operation 
For ex te rna l c l ock opera t i on , d r i ve the C L K input w i th a 
7 4 H C c o m p a t i b l e c lock s o u r c e (F igure 9). 
The MAX 182 au tomat i ca l l y t r acks for the a p p r o p r i a t e t ime 
by m e a n s of an o n - c h i p coun te r . Both WR a n d CS_must 
bj3 low to ini t iate a new conve rs ion . W h e n e v e r WR a n d 
CS are low, the c h i p en te rs into t j^tck m o d e unti l WR or 
CS rises. Af ter the r is ing e d g e of WR, the next fa l l ing e d g e 
of the c l ock star ts a coun te r , w h i c h e x t e n d s the t r ack i ng 
t ime by 4 to 5 ex te rna l c l ock pe r iods . 

The a n a l o g input acqu is i t i on is c o m p l e t e at the e n d of the 
t r ack i ng per iod , a n d the s igna l is s to red in the in ternal 
t r ack -and -ho ld . The ex te rna l c lock sou rce n e e d not b e 
s y n c h r o n i z e d wi th the WR pu lse. 

Reading Data 
The 12-bi t result of a c o n v e r s i o n p lus the conver te r s ta tus 
f lag are a c c e s s i b l e over an 8-b i t da ta bus. The da ta is 
ava i lab le f rom the M A X 1 8 2 in r ight - jus t i f ied fo rmat ( the 
least s ign i f i can t bit (LSB) is the r igh t -most bit in a 16-bit 
wo rd ) . Two by te s ized r e a d ope ra t i ons are n e e d e d The 
Byte Se lec t (BYSL) input d e t e r m i n e s w h i c h by te is to be 
read first, 8LSBs or 4 M S B s p lus s ta tus f lag. 

+5V 

3 k f 
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Figure 6. MAX 182 Timing Diagram 

It is n e c e s s a r y to wai t for the e n d of a conve rs i on to 
ob ta in va l id 12-bi t d a t a f rom the M A X 1 8 2 ' s s u c c e s s i v e 
a p p r o x i m a t i o n regis ter (SAR). If a read ins t ruc t ion is 
p e r f o r m e d d u r i n g a conve rs ion , the M A X 1 8 2 wil l d u m p 
the ex is t ing con ten t s of the SAR on to the d a t a bus. The re 
are th ree m e t h o d s to ensu re co r rec t opera t ion : 

1. Insert a so f tware de lay longer than the A D C con -
vers ion t ime b e t w e e n the c o n v e r s i o n start a n d the 
da ta read opera t i ons . 

2. The BUSY ou tpu t is low d u r i n g the conve rs i on a n d 
h igh at the conve rs i on end . U s e this s igna l as an 
in ter rupt to the ^P . 

3. Poll the conver te r s ta tus f lag, BUSY, at use r -de -
f i ned intervals after a c o n v e r s i o n start . The s ta tus 
f lag is ava i lab le on D B 7 d u r i n g a h i gh -by te READ. 
The f lag is the le f t -most bit a n d c a n be sh i f ted 
d i rec t l y into the ^P ' s car ry f lag for tes t ing. B U S Y 
is h igh d u r i n g a conve rs i on . 

A wr i te ope ra t i on to the M A X 1 8 2 d u r i n g a conve rs ion 
restar ts the c o n v e r s i o n 

Application Hints 
Auto-Zero Capacitor (CAZ) 

C A Z (F igure 5) mus t b e a low- leakage , low-d ie lec t r i c 
a b s o r p t i o n c a p a c i t o r s u c h as p o l y p r o p y l e n e , po lysty-
rene, or te f lon. C o n n e c t the ou t s i de foil of C A Z to A G N D 
to m in im ize noise. C A Z shou ld b e 4 ,700pF. 

Clock 
Figure 10 s h o w s t yp i ca l c o n v e r s i o n t ime ve rsus t empe r -
a ture w h e n us ing the M A X 1 8 2 ' s o n - c h i p c lock . Due to 
var ia t ions in m a n u f a c t u r i n g , the ac tua l ope ra t i ng fre-
q u e n c y c a n d i f fer f rom ch ip - t o - ch i p by up to 20%. For 
th is reason, it is s u g g e s t e d that an ex terna l c lock be used 
w h e n f i xed c o n v e r s i o n t imes are requ i red . 

Analog Inputs 
The h i g h - i m p e d a n c e a n a l o g inputs , A IN0 -A IN3 , al low 
s imp le a n a l o g in te r fac ing S igna l s o u r c e s f rom OVto +5V 
m a y be c o n n e c t e d d i rec t l y to A I N w i thou t ex t ra bu f fe r ing 
for s o u r c e i m p e d a n c e s up to 5 k U (F igure 11). The 
i npu t /ou tpu t ( I /O) t ransfer cha rac te r i s t i c a n d t rans i t ion 

T R A C K I N G — 

T R A C K I N G 

~ M S B 
D E C I S I O N 

M S B 
D E C I S I O N 

t i 3 - t i 4 - 2 0 n s M I N 
I l 5 - t l 6 

Figure 7. Width of Tracking intervai as a Function of WR Rising Figure 8. interna! Clock Operation 
Edge Timing with Respect to CLK Failing Edge 

• H y J X I / H 
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po in ts for th is input s igna l r ange are d e m o n s t r a t e d in 
F igure 12 a n d T a b l e 1. The M A X 1 8 2 t ransfer cha rac te r -
istic has t rans i t ion po in ts d e s i g n e d to o c c u r o n in teger 
mu l t ip les of 1LSB. The ou tpu t c o d e is natura l b inary wi th: 

1LSB = (Full Sca le (FS)) /4096 
= (5 /4096)V = 1 .22m V. 

For s igna l r a n g e s other than 0V to +5V, use resistor 
d iv ider ne two rks to p r o v i d e 0V to + 5 V s igna l r a n g e s at 
the M A X 1 8 2 input p ins. The c o n n e c t i o n in F igure 13 
s h o w s a d iv ider ne twork on c h a n n e l 0 for a 0V to + 1 0 V 
s igna l range. Res is tors s hou ld be of the s a m e t ype a n d 
manu fac tu re r to ensu re m a t c h e d t e m p e r t u r e coe f f i c ien ts . 
The s o u r c e i m p e d a n c e must now b e as low as poss ib l e 
s i nce it a d d s to the resistor d iv ider i m p e d a n c e . 

F igure 14 s h o w s how b ipo la r s igna ls ( -5V to +5V) on 
c h a n n e l 0 are a c c o m m o d a t e d by re fe renc ing a resistor 
d i v ide r ne twork to REFIN. The s igna l s o u r c e must be 

c a p a b l e of s ink ing 0 . 5 m A wi th the resistor va lues shown. 
Refer to F igure 15 a n d Tab le 2 for the I/O t ransfer char -
acter is t ic a n d t rans i t ion po in ts for th is s igna l range Out -
put c o d i n g is o f fset b inary w i th an LSB s ize of: 

(FS) (1 /4096) = (10 /4096)V = 2 .44mV. 

To ad jus t b ipo la r ze ro error a p p l y 1 .22mx ( + 1/2LSB) to 
A I N 0 - A I N 3 so that the A D C ou tpu t sw i t ches b e t w e e n 
1000 0 0 0 0 0 0 0 0 an d 1000 0 0 0 0 0001 . 

Power-Supply Decoupling 
Power s u p p l i e s to the M A X 1 8 2 shou ld be b y p a s s e d with 
ei ther a 10 j iF e lec t ro ly t ic or t an tu lum c a p a c i t o r in paral le l 
w i th a 0.01|4F d isc c e r a m i c c a p a c i t o r for c lean , h igh-
f r e q u e n c y p e r f o r m a n c e . P lace all c a p a c i t o r s as c lose as 
poss ib l e to the M A X 1 8 2 supp l y pins. F igure 16 shows 
p re fe r red d e c o u p l i n g c i rcu i t . 
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Figure 9. External Clock Operation 
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Internal Reference 
The internal re ference (REFOUT) shou ld be b y p a s s e d 
with a 1S2 resistor in series wi th a capac i to r . The c a p a c -
itor shou ld be a 10| iF e lectro lyt ic or tan ta lum in paral lel 
with a 0 .01nF d isc ce ramic (Figure 17). F igure 18 shows 
a c i rcui t that a l lows input ad jus tmen t wh i ch is useful for 
t r imming out initial ( room tempera tu re ) error in the refer-
ence vo l tage. 

Table 1. Transi t ion Points for Unipolar OV to 
+5V Operat ion 

A n a l o g Input (V) Digi ta l O u t p u t 

0 . 0 0 1 2 2 
0 0 0 2 4 4 

0 0 0 0 0 0 0 0 0001 
0 0 0 0 0 0 0 0 0 0 1 0 

2 . 4 9 8 7 8 
2 . 5 0 0 0 0 
2 . 5 0 1 2 2 

0111 1111 1111 
1000 0 0 0 0 0 0 0 0 
1000 0 0 0 0 0001 

4 . 9 9 7 5 6 
4 . 9 9 8 7 8 

1111 1111 1110 
1111 1111 1111 

Tab le 2. Transi t ion Points for Bipolar -5V to 
+5V Operat ion 

A n a l o g Input (V) Dig i ta l O u t p u t 

-4 9 9 8 7 8 
-4 9 9 6 3 4 

0 0 0 0 0 0 0 0 0001 
0 0 0 0 0 0 0 0 0 0 1 0 

-0 .00122 
+ 0 . 0 0 1 2 2 

1000 0 0 0 0 0 0 0 0 
1000 0 0 0 0 0001 

+ 4 . 9 9 3 8 9 
+ 4 . 9 9 6 3 4 

1111 1111 1110 
1 1 1 1 1 1 1 1 1111 

External Reference Circuit 
Figure 18 shows how to a MX584LH to genera te a refer-
e n c e vo l tage of 5.00V. A typ ica l ad jus tment range of 
75mV is p rov ided by R2. Over the commerc ia l tempera -
ture range , the M X 5 8 4 L H con t r ibu tes no more than 
±1LSB of ga in error. 

Dur ing a convers ion, t ransient cur ren ts f low at the REFIN 
input. To prevent dynamic errors, p lace either a 10j iF 
e lectro lyt ic or tan ta lum smoo th ing capac i to r in paral lel 
wi th a 0.01 ^F d isc ce ramic f rom the REFIN pin to A G N D . 

I 

0 9 

K i 

V S F X } Vs. OV TO . 1 0 V 
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Figure 13. Unipolar OV to + I0V Operation 
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Layout 
When des ign ing a layout for a pr in ted ci rcui t board , keep 
digi ta l and ana log s ignal l ines sepa ra ted whenever pos-
sible. It is cr i t ical that no digi tal line runs a longs ide an 
ana log s ignal line or near the CAZ. Gua rd the ana log 
inputs, the re ference input a n d the C A Z input with A G N D . 

Establ ish a s ing le-po in t ana log g r o u n d (AGND) as c lose 
to the MAX182 as poss ib le , iso lated f rom the logic sys-
tem. Connec t the s ing le-point ana log g r o u n d to the 
digi ta l sys tem g round , wh i ch is a t t ached to D G N D at one 
point, as c lose as poss ib le to the MAX182. The fo l lowing 
shou ld be returned to the ana log g r o u n d point: input-s ig-
nal c o m m o n , input guards , the CAZ, a n d any b y p a s s 

capac i t o r s for the re ference input a n d the ana log sup-
pl ies. L o w - i m p e d a n c e ana log a n d digi ta l power -supp ly 
c o m m o n returns with w ide t race w id ths are essent ia l for 
quiet opera t ion of the MAX182. 

Noise 
To min imize input noise coup l ing , input s ignal leads to 
AIN a n d s ignal return leads f rom A G N D shou ld be kept 
as short as possib le, A sh ie lded cab le be tween source 
a n d A D C is s u g g e s t e d in app l i ca t ions where longer leads 
are requ i red Also, ca re shou ld be taken to reduce 
g r o u n d circui t i m p e d a n c e s as m u c h as poss ib le s ince 
any potent ia l d i f fe rence in g r o u n d s be tween the s ignal 
source a n d A D C creates an error vo l tage in series with 
the input s ignal . 

W h e n in ter fac ing to cont inuous ly busy and noisy | iP 
buses, it is poss ib le to get errors at the LSB level. These 
errors exist b e c a u s e of f eed th rough f rom the bus to the 
in tegrated circui t t h rough the p a c k a g e . The p rob lem can 
be min im ized in ce ramic p a c k a g e d ch ips by g round ing 
the meta l lid. Another solut ion is to isolate the MAX182 
f rom the noisy pP bus us ing three-state buf fers. 
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Dynamic Performance 
High-speed sampl ing capabi l i ty and 14kHz throughput make 
the MAX182 ideal for w ideband signal processing. To sup-
port these and other related appl icat ions, fastfourier transform 
(FFT) test techn iques are used to guarantee the ADC's dy-
namic f requency response, distortion, and noise at the rated 
throughput. Specif ically, this involves app ly ing a low-distor-
tion s inewave to the A D C input and record ing the digital 
convers ion results for a speci f ied t ime. The data is then 
analyzed using an FFT algor i thm which determines its spec-
tral content. Convers ion errors are then seen as spectral 
e lements outside of the fundamenta l input f requency. 

A D C s have t rad i t iona l l y been e v a l u a t e d b y s p e c i f i c a -
t ions s u c h as ze ro a n d fu l l - sca le er ror , in tegra l non l ine-
ar i ty a n d d i f fe ren t ia l non- l inear i ty . S u c h p a r a m e t e r s are 
w ide l y a c c e p t e d for s p e c i f y i n g p e r f o r m a n c e w i th D C 
a n d s lowly va r i ng s igna ls bu t a re less use fu l in s igna l -
p r o c e s s i n g a p p i c a t i o n s w h e r e the A D C s i m p a c t on the 
s y s t e m t rans fe r f unc t i on is t he ma in c o n c e r n . The s ig-
n i f i cance of va r ious D C er rors d o e s not t rans la te we l l to 
the d y n a m i c c a s e , so d i f fe ren t tes ts are r equ i r e d . 

Signal-to-Noise Ratio 
and Effective Number of Bits 

The ratio between the RMS ampl i tude of the fundamenta l input 
f requency to the RMS ampl i tude of all other A/D output signals 
is the signal-to-noise ratio (SNR). The output band is l imited 
to f requencies above DC and below one half the A /D sample 
(conversion) rate. This usually (but not always) includes 
distortion as well as noise components . For this reason, the 
ratio is somet imes referred to as "signal-to-noise + distortion". 
The theore t i ca l m i n i m u m A / D no ise is c a u s e d by quan t i -
za t ion error a n d is a d i rec t result of the A D C ' s resolut ion: 
SNR = (6 .02N + 1 .76)dB, w h e r e N is the n u m b e r of b i ts 
of resolut ion. A pe r fec t 12-bi t A D C c a n d o no bet te r than 
7 4 d B . F igure 20 s h o w s the result of s a m p l i n g a pure 

10kHz s inuso id at a 100kHz rate wi th the M A X 1 8 2 An 
FFT plot of the ou tpu t s h o w s the ou tpu t level in va r ious 
spec t ra l b a n d s . 

By t r a n s p o s i n g the e q u a t i o n that conve r t s reso lu t ion to 
SNR, w e can , f rom the m e a s u r e d SNR, d e t e r m i n e the 
e f fec t i ve reso lu t ion or the "ef fect ive n u m b e r of bits" that 
the A / D p rov ides : N = (SNR -1 .76)16.02. 

Total Harmonic Distortion 
The ratio of the RMS s u m of all h a r m o n i c s of the input 
s igna l (in the f r e q u e n c y b a n d a b o v e DC a n d be low one 
half the s a m p l e rate) to the f u n d a m e n t a l itself is total 
h a r m o n i c d is tor t ion (THD) . Th is is e x p r e s s e d as: 

T H D = 2 0 L o g [ V ( V 2 2 + V 3 3 + V 4 2 + V 4 2 + ... + V^T2 ) /Vi ] 

w h e r e VI is the f u n d a m e n t a l RMS a m p l i t u d e a n d V2 to VN 
are the a m p l i t u d e s of the 2 n d t h r o u g h Nth ha rmon ics . 

Peak Harmonic or Spurious Noise 
The rat io of the f u n d a m e n t a l RMS a m p l i t u d e to the ampl i -
t u d e of the next la rges t spec t ra l c o m p o n e n t (in the fre-
q u e n c y b a n d a b o v e D C a n d b e l o w one half the s a m p l e 
rate) is re fe r red to as the p e a k ha rmon i c or spu r i ous 
noise. Usual ly th is p e a k o c c u r s at s o m e ha rmon i c of the 
input f r equency . But if the A D C is excep t i ona l l y l inear, it 
m a y o c c u r on ly at a r a n d o m p e a k in the A D C ' s no ise f loor. 

Figure 19. MX584LH as Reference Generator Figure 20. FFT Plot for the MAX 182 
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Chip Topography 

M A X 1 8 2 

" Subs t ra te in ternal ly c o n n e c t e d to VDD. 

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product No circuit patent licenses ate implied 
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