
High-Speed 12-Bit A/D Converters 
With External Reference Input 
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ABSOLUTE MAXIMUM RATINGS 
VDD to DGND -0.3V to + 7V 
V s s t o D G N D +0.3V to -17V 
AGND to DGND -0.3V to VDD+0.3V 
AIN1. AIN2 to AGND - 1 5 V t o + 1 5 V 
VREF to A G N D VSS-0.3V to VDO+0.3V 
Digital Input Vojtage to DGND 

(CLKIN. CS. RD) -0.3V to V D D + 0 3V 
Digital Output Vol tage to DGND 

(D11-D0, BUSY, CLKOUT) -0.3V to VDD+0.3V 

Stresses beyond those l/slcd tinder "Absolute Maximum Ratings" may cause permanent damage te the define Jhi'sc 
operation of the device at these or any other conditions beyond those indicated in the opcraticnai sections el the spot 
absolute maximum rating conditions for extended periods may affect dcvice reliability 

ELECTRICAL CHARACTERISTICS 
(Vdd = +5V ±5%, Vss = -10.8V to -16.5V: VREF = -5V; Slow Memory Mode; f C L K - 4MHz f o r MAX 183. f c i k = 2 5MH/ I or MAX 184 
fc i K = 1.25MHz for MAX 185; TA = TMIN to TMAX, unless otherwise noted.) (Note 1) 

Power Dissipation to +75 C (any package) 
Derate above +75 C by 

Operat ing Temperature Ranges 
MAX 18 AC/BC 
MAX 18 AE/BE 
MAX 18 AM/BM 

Storage Temperature 
Lead Temperature (Solder ing, 10 sec.) 

1 0 O O m W 
I G m W / C 

0 C fo i 70 C 
-40 C lo i 85 C 

55 C to i 125 C 
-65 0 lo (-150 C 

t300 0 

),'V alio till 
/«'./ /w>< 

P A R A M E T E R 

A C C U R A C Y (Note 2) 

Resolution 

ntegral Nonlinearity 

Differential Nonlinearity 

Unipolar/Bipolar 
Offset Error 

Unipolar/Bipolar 
Gain Error 

Conversion Time 

S Y M B O L 

INL 

DNL 

CONDIT IONS MIN TYP 

Tested range ±5V 

MAX 18 AC/AE 

MAX18 AM TA = 

MAX18 AM 

^ MAX18 B 

12-Bits. no missing codes over temp. 

TA = +25 C 

^ T A = T M I N t o TMAX 

+ 25 C 

t C O N V 

Synchronous Clk 
(12.5 Clks j 

Asynchronous Clk 
(12 to 13 Clks) 

TA = +25 C 

TA = T M I N to T M A X 

MAX 183 

MAX 184 

MAX185 

MAX 183 

MAX 184 

MAX 185 

A N A L O G A N D R E F E R E N C E INPUTS 

Analog Input Current, 
AIN1 or AIN2 

VREF Input Range (Note 3) 

VREF Input Current 

LOGIC INPUTS 

Input Low Voltage 

Input High Voltage 

Input Current 

nput Capac i tance (Note 3) | 

_VINI 

VLNH 

LLN 

CLN 

j 

Unipolar input ranges 0V to +5V, 0V to -

Bipolar range ±5V 

CS. RD, CLKIN 

CS, RD. CLKIN 

_ C S . R C ^ V I N =_O t o V D D 

CLKIN; V|N = 0 to VDD 

3.0 

4 8 

9.6 

1 0 V 

? 4 

MAX UNITS 

Fills 

+ 3 / 4 

10 

3 25 

10 4 

3 5 

+ 1 75 

-4 9 

+ 3 

0 H 

I S B 

I S B 

ppm/ 0 

I S B 

ppm/ C 

+ 10 

+20 

10 

M A 

l ) F 

• H X I X I ^ H 

V 

MA 

V 

V 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 
ABSOLUTE MAXIMUM RATINGS 
VDD lo DGND - 0 . 3 V t o + 7 V Power Dissipation to +75 C (any package 
Vss to DGND +0.3V to -17V Derate above +75 C by 
AGNO to DGND -0.3V to VDD+0.3V Operat ing Temperature Ranges 
AIN1. AIN2 to AGND - 1 5 V t o + 1 5 V MAX 18 AC/BC 
V R E F t o A G N D V S S - 0 . 3 V t o V D D + 0 . 3 V M A X 1 8 A E / B E 
Digital Input Vojtage to DGND MAX 18 AM/BM 

(CLKIN. CS. RD) -0.3V to VDD+0 3V Storage Temperature 
Digital Output Voltage to DGND Lead Temperature (Soldering, 10 sec.) 

(D11-D0, BUSY, CLKOUT) -0.3V to VDD+0,3V 

S/resscs beyond those listed under "Absolute Maximum Ratings" m ( T / e r u s c permanent damage to the de^u:c- Jhrsn< an1 sties.s 
operation of the doviee at these or any other conditions beyond those indicated in the operational sections el the speciticahons i 
absolute maximum rating conditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 
(VDD = +5V ±5%, Vss = -10.8V to -16.5V: VREF = -5V: Slow Memory Mode; ICLK - 4MHz for MAX183. FA K = 2 5 M H / 
fc i K = 1.25MHz for MAX 185; TA = TMIN to TMAX, unless otherwise noted.) (Note 1) 
1 P A R A M E T E R T S Y M B O L , CONDITIONS MIN TYP 

I A C C U R A C Y (Note 2) 

' Resolution I N , 12 

I , MAX 18 AC/AE _ _ 

' I MAX18 AM TA = +25 C 
Integral Nonlineanty INL I Tested range ±5V - - t 

| | MAX18 AM 

^ M A X 1 8 B I_ 

Differential Nonlinearity DNL 12-Bifs. no missing codes over temp. 

I TA = +25 C 

' I U . T M I N . O T M A X 

| ^ T A = +25 C _ i 
polar | — A = T ^ t 0 T ^ x ~ i 

| 1 ±2 
| MAX 183 

' f i y 2 n 5 h a k T S C , k ' M A X 1 8 ^ _ _ 
MAX185 

Conversion Time FCONV I — — • 
, MAX 1 8 3 3 . 0 

AsynchronousClk I . . » Y 1 n . \ A o 
I (12 to 13 Clks) . M A X 1 B 4 ! 4 H 

J j MAX 1 8 5 9 . 6 

A N A L O G AND REFERENCE INPUTS 

Analog Input Current I Unipolar input ranges 0V to+5V, 0V t o + 1 0 V | 

AIN1 or AIN2 ' Bipolar 

range +5V 

I VREF Input Range (Note 3) I -5.1 

VREF Input Current I 

^ L O G I C INPUTS 

Input Low Voltage , VINI ^ C S , RD, CLKIN 

1 Input High Voltage VINH |_CS. RO_CLKIN ' 2 4 
I CS. R D : V I N = 0 to V D D 

Input Current I IIN I— — ~~ [ CLKIN; VIM = 0 to VDD 

| Input Capac i tance (Note 3) j CIN 

2 / H / I X I / H 

+ 1/2 

+1 /2 

+3/4 

t 1 

+0 9 

t.3 

+ 4 

+4 

16 

3.125 

10 

3 25 

10 4 

3 5 

+ 1 7!) 

-4 9 

+ 3 

0 8 

+ 10 

+20 

10 

I S B 

I S B 

ppm/ G 

I S B 

ppm/ C 

V 

MA 

V 

V 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 

ELECTRICAL CHARACTERISTICS (continued) 
(VDD = +5V ±5%, Vss = -10.8V to -16.5V; VREF = -5V. Slow Memory Mode: fci.K -
tCLK = 1,25MHz for MAX185; TA = TMIN to TMAX, unless otherwise noted.) (Note 1 

P A R A M E T E R 

LOGIC O U T P U T S 

Output Low Voltage 

S Y M B O L CONDIT IONS 

4MHz tor MAX183, l a k - 2 . 5 M H / 

I MIN TYP 

VOL ) D11-D0, BUSY. CLK OUT; IsiNK : 1,6mA 

Output High Voltage 

Floating State Leakage Currenl 

Floating State Output Capac i tance 
(Note 3) 

POWER R E Q U I R E M E N T S 

Supply Voltage (Note 1) 

Supply Current 

Power Dissipat ion 

Power-Supply Rejection, VDD Only 

Power-Supply Reject ion, Vss Only 

_ V o n 

J L K G _ 

C O U T ^ 

V D D _ | 

Vss | 

_ IDD_ 

lss_ 

PD 

D11 -DO, BUSY, CLK OUT; IsouRCt - 200 M A 

D 1 1 - D 0 : V o u l = 0 V to VDD 

4 , 0 

4 75 

16 5 

CS = RD = VDD, AIN1 AIN2 = 5V 
BUSY = HIGH 

V D D = + 5 V . Vss = - 1 2 V 

FS Change, Vss = -12V VDD - 4,75V to 5 25V 

FS Change, VDD = +5V. Vss = -10,8V to -16,5V 

- 1 2 

for MAX 1 

MAX 

0 4 

110 

3.25 

- 1 0 8 

7 

10 

90 

+ 1/4 

+ 1/2 

UNITS 

V 
i 

V 

, iA 

inA 

rnW 

I SB 

L.SB 

I 
0 0 
< * ) 

s 

0 0 

00 
0 1 

TIMING CHARACTERISTICS 
(VDD = +5V, Vss = -10.8V to -16.5V: 100% product ion tested, TA = TMIN to TMAX, unless otherwise indicated ) (Nolo 4, Figures 7, 9. 10) 

I . TA = +25 C M A X 1 8 C/E M A X 1 8 M 
P A R A M E T E R S Y M B O L CONDIT IONS UNITS 

i | MIN TYP MAX l MIN TYP M A X MIN TYP MAX 

CS to RD Setup Time (Note 3) 11 1 | 0 0 0 , n s 

RD to BUSY Delay t2 J CL = 50pF 70 120 ' 150 i 180 ns 

[_Data Access Time (Note 5) ~T t3 C L = 1 0 0 p F _ ^ _ 5 0 1 0 0 ^ _ __ 130 , 150 ns 

I RD Pulse Width (Note 3) j __ 14 t3 ( 13 ( 13 ns 

CS to RD Hold Time (Note 3) 15 j , 0 0 0 ns 

Data Setup Time After BUSY 
(Note 5) t6 | C L = 1 0 0 p F 40 70 90 100 

Bus Relinquish Time (Note 6) t7 30 60 ' 75 ' 90 

j Delay Between Read I t g 2 0 0 ' 200 ' 200 
Operat ions j 

[ CLKIN to BUSY Delay (Note 3_)j_ J9_ 120_^ _ _ 150 ! 180 

™ 1 ° C q L K ' N Setup/Hold Time 1 Q 1 2 5 1 0 Q I 2 5 1 n Q i 2 ; > , ( ) 0 
l (Notes 3, 7) 

Note 1: Performance guaranteed over supply range by testing end-point errors (power-supply rejection) at the supply extremes 
Note 2: VDD = +5V, Vss = -12V, VREI = -5V 
Note 3: Guaranteed by design. 
Note 4: All inputs are 0V to +5V swing with tr = tf = 5ns (10% to 90% of +5V) and t imed from a voltage level ol +1 6V 
Note 5: 13 and t6 are measured with the load circuits of Figure 1 and def ined as the time required for an output to cross +0 8V or 
Note 6: 17 is def ined as the t ime required for the data lines lo change 0,5V when loaded with the circuit ol Figure 2 
Note 7: For predictable conversion times, RD to CLKIN falling edge must be outside this w indow 

• H y J X l y H 3 



High-Speed 12-Bit A/D Converters 
With External Reference Input 

PIN 

1 

2 

3 

4-11 

12 

13-16 

20 

2? 

23 

24 

N A M E 

AIN1 

VREF 

A G N D 

D11-D4 

D G N D 

D3-D0 

CLKIN 

C L K O U T 

RD 

Pin Description 
FUNCTION ! 

Analog Input 

Vol tage-Reterence Input | 

Analog Ground 

Three-State Data Outputs. They are active 
when CS and RD are low. DB11 is the 
most s igni f icant bit. 

^Digi ta l Ground 

Three-State Data Outputs 

Clock Input. Connect an external TTL-
compat ib le c lock to CLKIN. Alternatively 
insert a crystal or ceramic resonator be-
tween CLKIN and CLKOUT 

Clock Output. When using an external 
c lock, an inverted CLKIN signal appears 
on CLKOUT. See CLKIN descr ipt ion. 

READ Input. A long with CS, this act ive 
low signal enables the three-state drivers 
and starts a conversion. 

CS 

BUSY 

Vss 

V D D 

AIN2 

CHIP SELECT. Along with RD, this active 
low signal enables the three-state dr ivers 
and starts a convers ion 

BUSY._Low while a conversion is in prog-
ress. BUSY indicates converter status 

Negat ive Supply. -12V to -15V 

Positive Supply. +5V 

I Ana log Input 

ON DN i 
• • - • -

3 k U > L & Cl 

. ' DGND -L - DGND 

a High-/ lo V;IH (hi and Voi IOVOHMB) b Hiijh-Z lo Voi (t.i and VOH to Voi (M 

. ' 3ku 

DN DN 

3ku ] • _ ; lOpt 

- L DGND ' 

a Voi' lo High / li V:i lollml; / 

Figure 2 Load Circuits lor Bus-Relinquish Iimc 

OV TO 'bV 
ANALOG INPUT 
WVRLI INPUT 

AIN1 AIN.' 
VH11 Vi '1 
AGND Vv. 
1)11 |M SB: BUSY 
1)10 MMnM c ; 

MAX 183 
D!) MAXIS4 R|) 

MAXIM 
1,8 ci Kocn 
0/ CI KIN 
1)6 1 KBt DO 
[» 1)1 
1)4 )/ 

DGND D.i 

MAIN:, 
nii i i ' in 

C.ONIHOI 
INI'lllS 

NOTE 1: MAX 183 4 OMII/ CRYSIAI <Cf RAMIC HI SONAlOH 
MAX 184 ? jMI 1/ CRYSTAI /CI RAMIC HI SONAKIR 
MAX 185 1 25MII/ CRYSTAI /CI RAMIC HI SONAIOH 

NOTE 2: CI AND C2 CAPACITANCI VA1 litS 1)11'( Nil ON CRYSIAI ,'CI RAMIC. 
RLS0NAT0R MANU1AC1URTR 1YRICAI VAIII S AHI IROMll;:! '() liK);:l 

Figure 3. MAX 183/184/18h Operational Diagram 

Figure 1 Load Circuits tor Acccss Time 

4 / H / I X I / H 



High-Speed 12-Bit A/D Converters 
With External Reference Input 

Detailed Description 
Converter Operation 

T h e M A X 1 8 3 / 1 8 4 / 1 8 5 u s e 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 to c o n v e r t a n a n a l o g i n p u t to a 1 2 - 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 e a s y i n t e r f a c e 
to m o s t f i P s ( F i g u r e 3 ) 

F i g u r e 4 s h o w s t h e M A X 1 8 3 / 1 8 4 / 1 8 5 a n a l o g - e q u i v a l e n t 
c i r c u i t . T h e i n t e r n a l D / A c o n v e r t e r ( D A C ) is c o n t r o l l e d b y 
a s u c c e s s i v e a p p r o x i m a t i o n r e g i s t e r ( S A R ) , h a s a n o u t p u t 
i m p e d a n c e of 2 .5W2, a n d c o n n e c t s d i r e c t l y to t h e c o m -
p a r a t o r i n p u t . T h e a n a l o g i n p u t s A I N 1 a n d A I N 2 c o n n e c t 
to t h e s a m e c o m p a r a t o r i n p u t t h r o u g h 5k£2 r e s i s t o r s 

A c o n v e r s i o n s t a r t s a t t h e f a l l i n g e d g e o f C S a n d R D a n d 
c a n n o t b e r e s t a r t e d a f te r i n i t i a t i on . T h e B U S Y o u t p u t g o e s 
l o w w h e n t h e c o n v e r s i o n s t a r t s a n d c a n b e u s e d t o 
c o n t r o l a n 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 m e a s u r i n g 
w i d e b a n d w i d t h i n p u t s i g n a l s . 

T h e S A R is se t , a s y n c h r o n o u s l y w i t h t h e c l o c k i n p u t , to 
hal f s c a l e w h e n C S a n d R D g o l ow . A t t h e s e c o n d f a l l i n g 
e d g e o f C L K I N ( o r r i s i n g e d g e o f C L K O U T ) f o l l o w i n g 
a c o n v e r s i o n s t a r 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 to t h e S A R m o s t s i g n i f i c a n t b i t ( M S B / D 1 1 ) 
( F i g u r e 5 ) . T h e M S B 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 s c a l e , o r d r o p p e d if it is s m a l l e r . T h e n e x t b i t 
( D 1 0 ) is t h e n s e t w i t h t h e D A C o u t p u t e i t h e r a t 1 /4 s c a l e 
(if t h e M S B w a s d r o p p e d ) or 3 / 4 s c a l e (if t h e M S B w a s 
k e p 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 unt i l t h e 
L S B is t n e d _ A t c o n v e r s i o n e n d , f o l l o w i n g a f a l l i n g C L K I N 
s i g n a l . B U S Y g o e s h i g h a n d t h e S A R r e s u l t is l a t c h e d 
i n t o t h r e e - s t a t e o u t p u t b u f f e r s 

AIN1 SAl 
AIN? 

• vy>A.. | 

VRFF 
r- i2-BITDAc\ 

2 5kiJ 
W V - T 

' COMPARATOR 

* I i \ 

I 

T - • 
' I ' " 

- | SAR 

y v l y l j c i y v i 
MAX183 
MAX184 
MAX185 

1? Bit I ATCII ' 

Clock 
Internal Clock Oscillator 

F i g u r e 6 s h o w s t h e M A X 1 8 3 / 1 8 4 / 1 8 5 c l o c k c i r c u i t r y M i n -
i m i z e t h e c a p a c i t i v e l o a d o n t h e C L K O U T p i n for l ow 
p o w e r d i s s i p a t i o n a n d to a v o i d 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 t o t h e c o m p a r a t o r . C L K O U T 
s h o u l d b e left o p e n if a n e x t e r n a l c l o c k s o u r c c is u s e d to 
d r i v e C L K I N . C o n n e c t a c r y s t a l / c e r a m i c r e s o n a t o r b e -
t w e e n C L K O U T a n d C L K I N if t h e i n t e r n a l o s c i l l a t o r is 
u s e d 

Control Inputs Synchronization 
W h e n R D 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 , the 
c o n v e r s i o n t ime c a n v a r y f r o m 12 to 13 c l o c k c y c l e s . T h e 
S A R c h a n g e s s ta te o n t h e fa l l i ng e d g e of t h e C L K I N inpu t 
(or r i s ing e d g e o n t h e C L K O U T pin) . U s e t h e f o l l o w i n g 
g u i d e l i n e s to ensure a fixed c o n v e r s i o n t ime . 

CS S RD 

BUSY 

30 is IYP 

CI KIN 

CIKOUl 

• • | f A 

[111 (MSB) DID IM 111 IKiilSlii 

Figure 5. Operating Waveforms Using an t \lcmal Cioc 
for CLKIN 

k 30UICC 

_CLK0IJ! 

CLKIN CI (II IK 

f , , i • »-

IMS J 

INQttSl 
AND ?l 1 . 

C 2 I 

MAX 183 
MAX184 
MAX185 

NOTE 1: MAX183 4 OMH/CBYSI Al/'CI HAMIC HI SOIIAIOH 
MAX184 Y5MII/ CHYSt AL/CF RAMIC Rl SONAICR 
MAX18!) 1 ftMII/ CRYSFAl/'CIHAMIC Hi SOMA I Oh' 

NOTE 2: CI AND C2 CAF'ACIIANCI VAIIJIS UIPI ND ON CRYMAI /CI KAMI:: 
RFSONATORMANU ACTUTOB lYPICAl VAIUISAHI I ROM !l)|J III IllisJ 

I £ 
00 
C d 
s 

0 0 
^ 

00 
O l 

Figure 4. MAX 183/184/185 AIN Inputs 

/ H / J X I / H 

Figure 6. MAX 183/184/185 Internal Clock Circuit 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 

00 

I 00 >« 

00 

i 

T h e M A X 1 8 3 / 1 8 4 / 1 8 5 R D i n p u t s h o u l d g o l o w at t h e r i s i ng 
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 3 .125 |us w h e n 
fCLK = 4 M H z , 5 ( i s w h e n f c L K = 2 . 5 M H z , a n d 10|as w h e n 
fCLK = 1 . 2 5 M H z . T h e d e l a y 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 no t b e l e s s t h a n 1 0 0 n s 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 ( F i g u r e 7) . 
T h i s g i v e s 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 t o s e t t l e 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 1/2 
c l o c k c y c l e o f s e t t l i n g _ c a n b 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 b y h a v i n g R D g o l ow at t h e f a l l i n g e d g e of 
C L K I N . T h i s r e s u l t s in a 13 c y c l e c o n v e r s i o n t i m e ( 3 . 2 5 n s , 
5.2|US a n d 1 0 . 4 n s ) . 

Digital Interface 
Timing and Control 

C S a n d R D c o n t r o l c o n v e r s i o n s t a r t a n d d a t a - r e a d 
o p e r a t i o n s . F i g u r e 8 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 t h e d a t a - o u t p u t c o n t r o l c i r c u i t r y . 
A l o g i c l o w a t b o t h i n p u t s s t a r t s 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 b e r e s t a r t e d . 
T h e B U S Y o u t p u t r e m a i n s l o w 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 c y c l e 

F i g u r e s 9 a n d 10 o u t l i n e t h e t w o i n t e r f a c e m o d e s ( s l o w 
m e m o r y a n d R O M ) . S l o w m e m o r y m o d e is fo r ^ P s t h a t 
c a n b e f o r c e d i n t o a w a i t s t a t e f o r p e r i o d s a s l o n g a s 
t h e M A X 1 8 3 / 1 8 4 / 1 8 5 c o n v e r s i o n t i m e . R O M m o d e is 
f o r n P s t h a t c a n n o t b e f o r c e d i n t o a w a i t s t a t e . In b o t h 
i n t e r f a c e 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 t h e 
A D C a d d r e s s s t a 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 a c c e s s e s t h e c o n v e r -
s i o n r e s u l t 

Slow Memory Mode 

T h e t i m i n g d i a g r a m in F i g u r e 9 i l l u s t r a t e s s l o w m e m -
o r y m o d e , w h i c h is d e s i g n e d for JJPS w i t h a w a i ! s l a te . C S 
a n d R D g o low, t r i g g e r i n g a c o n v e r s i o n , a n d a r e k e p t l ow 
unt i l t h e c o n v e r s i o n is c o m p l e t e . B U S Y r e s p o n d s b y 
going l ow , and data from the p r e v i o u s c o n v e r s i o n re-
m a i n s o n t h e t h r e e - s t a t e d a t a o u t p u t s . A t c o n v e r s i o n e n d , 
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 t r a n s f e r t h e 
new conversion r e s u l t s t o t h e t h r e e - s l a t e d a t a o u t p u t s . 
T h e | iP c o m p l e t e s t h e r e a d o p e r a t i o n b y t a k i n g C S a n d 
R D h i g h . 

ROM Mode 

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 | iP in to a w a i t s ta te . A 
c o n v e r s i o n b e g i n s w i t h a r e a d o p e r a t i o n . W h i l e C S a n d 
R D a r e low, d a t a f r o m t h e last c o n v e r s i o n is a v a i l a b l e o n 
t h e d a t a o u t p u t s . A s e c o n d r e a d o p e r a t i o n r e a d s t h e n e w 
d a t a a n d b e g i n s t h e c o n v e r s i o n p r o c e s s a g a i n . A d e l a y 
a t l eas t a s l o n g a s t h e M A X 1 8 3 / 1 8 4 / 1 8 5 c o n v e r s i o n 
t i m e s m u s t b e a l l o w e d b e t w e e n r e a d o p e r a t i o n s . T h e 
d a t a o n t h e o u t p u t b u s is in a p a r a l l e l f o r m a t in e i t h e r 
m o d e . 

Application Hints 
Digital Bus Noise 

If t h e d a t a b u s c o n n e c t e d t o t h e A D C is a c t i v e d u r i n g 
a c o n v e r s i o n , c o u p l i n g f r o m t h e d a t a p i n s t o t h e A D C 
c o m p a r a t o r m a y c a u s e L S B s of e r r o r . U s i n g s l o w 
m e m o r y m o d e a v o i d s t h i s p r o b l e m b y p l a c i n g t h e |.iP 
i n a w a i t s t a t e d u r i n g t h e c o n v e r s i o n It) R O M m o d e , 
if t h e d a t a b u s is a c t i v e d u r i n g t h e c o n v e r s i o n , u s e 
t h r e e - s t a t e d r i v e r s t o i s o l a t e t h e b u s f r o m t h e A D C 

Figure 7. MAX183/184/185 RD and CLKIN lor Synchronous 
Operation and Conversion Time of 12.5 Clock Cycles 

A I > ) X L > M 
MAX 183 
MAXI84 
MAX185 

?CICS 

19 I RD • • 
n i p 

I I OP 

C O N V I P . S I O M S i A l i l 
I I M N C I l ) l ' , l 

I P I u C . l l i 

MAPI I I I I H I I V A11 
O l . l t P i l P . P l i D l l 

Figure 8 Logic lor Control Inputs CS and RD Internal 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 

ROM Mode 

Digi ta l no ise is g e n e r a t e d in the A D C w h e n RD or CS g o 
h igh, and the ou tpu t da ta dr ivers are d i s a b l e d after a 
conve rs ion is s tar ted. This no ise wil l f eed into the A D C 
c o m p a r a t o r and c a u s e large er rors if it c o i n c i d e s wi th the 
t ime the SAR is la tch ing a bit dec i s ion . To avo id this 
p rob lem, RD a n d CS s h o u l d b e a c t l v e j o r less than 1 c l ock 
cyc le . In other wo rds , the RD a n d CS low pu lse shou ld 
b e less than 2 5 0 n s for the M A X 1 8 3 , 4 0 0 n s for the 
MAX184 , a n d 1jas for the MAX185 . If this c a n n o t b e done , 
the RD or CS s igna l must g o h igh at a r is ing e d g e of 
C L K I N s ince the c o m p a r a t o r ou tpu t is a lways l a t ched at 
fa l l ing e d g e s of CLK IN . 

Physical Layout 

For bes t s y s t e m p e r f o r m a n c e , p r i n t ed c i rcu i t b o a r d s 
s h o u l d b e u s e d for the MAX 183 /184 /185 ; w i r e - w r a p 
b o a r d s are not r e c o m m e n d e d . S e p a r a t e the d ig i ta l - a n d 
a n a l o g - s i g n a l l ines as m u c h as poss ib l e in the b o a r d 
layout . Do not run a n a l o g a n d d ig i ta l l ines para l le l to 
e a c h o t h e r o r d i g i t a l l i n e s u n d e r n e a t h t h e 
M A X 1 8 3 / 1 8 4 / 1 8 5 p a c k a g e 

Grounding 

Figure 11 shows the r e c o m m e n d e d sys tem g r o u n d con-
nec t ions . Estab l ish a s ing le -po in t ana log g r o u n d (star 
g round ) , sepa ra te f rom the log ic g round , at A G N D of the 
M A X 1 8 3 / 1 8 4 / 1 8 5 . C o n n e c t all o ther ana log g r o u n d s and 
D G N D of t he M A X 1 8 3 / 1 8 4 / 1 8 5 to th is star g r o u n d (no 
o the r d i g i t a l g r o u n d s s h o u l d b e c o n n e c t e d to th is 
po in t ) . Fo r n o i s e - f r e e o p e r a t i o n of t h e A D C . use a 
l o w - i m p e d a n c e g r o u n d r e t u r n to t h e p o w e r s u p p l y 
f r o m th is s ta r g r o u n d . 

Power-Supply Bypassing 

The A D C ' s h i g h - s p e e d c o m p a r a t o r is sensi t ive to h igh-
f r e q u e n c y noise in the V d d and V s s power supp l i es 
These supp l i es s h o u l d be b y p a s s e d to the a n a l o g star 
g r o u n d wi th 0.1 JIF and 10^F b y p a s s c a p a c i t o r s wi th 
m i n i m u m lead length for s u p p l y no ise re ject ion. If the +5V 
p o w e r s u p p l y is ve ry noisy, a smal l (10f2-20f2) resist or 
c a n b e c o n n e c t e d (F igure 11) to filter external no ise 

Driving The Analog Input 

The input s ignal l eads to A IN a n d the input return leads 
to A G N D shou ld be as short as poss ib le to min imize input 
no isecoupl ing. Use shie lded cables if the leads must be long 

The input i m p e d a n c e at e a c h A IN is typ ica l ly 5kU . The 
ampl i f ie r d r i v ing A I N mus t have low e n o u g h D C ou tpu t 
i m p e d a n c e for low ga in error. Fur thermore , low A C ou tpu t 
i m p e d a n c e is n e e d e d s ince the ana log input cur ren t is 
m o d u l a t e d at the c l ock rate du r i ng a conve rs ion (up to 
4 M H z for MAX 183, 2 . 5 M H z for MAX184 , or 1 ,25MHz for 
the MAX185) . The ou tpu t i m p e d a n c e of the d r i v ing am-

pli f ier is egua l to its o p e n - l o o p ou tpu t i m p e d a n c e d i v i d e d 
by the loop ga in at the f r e q u e n c y of interest 

M A X 1 8 4 / 1 8 5 The MAX184 /185 m a x i m u m c lock rate ol 
2 . 5 M H z m a k e s it poss ib l e to d r i ve A I N wi th ampl i f ie rs like 
the OP42. A D 7 1 1 or a M a x i m OP27 A M A X 4 0 0 or a 
M a x i m OP07 c a n also be used u p to 1 ,25MHz c lock rate. 

M A X 1 8 3 - The MAX183 . w i th a m a x i m u m 4 M H z c lock 
rate, m igh t exhib i t set t l ing p r o b l e m s with the a b o v e 
ampl i f ie rs . An LF356. LF400 or LT1056 can be used to 
dr ive the input . A l ternat ive ly , an emit ter fo l lower buf fer 
ins ide the f e e d b a c k loop of a Max im OP27, an OP42, or 
an A D 7 1 1 improves h igh - f requency output i m p e d a n c e 

Reference Input 

VREF c o n n e c t s to an external -5V source . This may b o 
ei ther a p rec i s i on nega f i ve re fe rence, a pos i t i ve re fe rence 
(such as the MX584 ) c o n n e c t e d as a two- te rmina l dev i ce 
to p rov ide -5V (F igure 16), or an ex is t ing sys tem refer-
ence . The a l l owed input r a n g e at is -5.1V to -4.9V 
VREF (and A IN2 in b ipo lar input rat ion) shou ld be 
b y p a s s e d to g r o u n d wi th a 10|.iF e ^ u o l y t i c capac i to r in 
para l le l wi th a 0 .1pF ce ram ic capac i t o r 

If the ex terna l re fe rence is b i a s e d f rom a power supply-
o ther than Vss, then ca re mus t b e taken to ensure that 
V s s is a p p l i e d to the A D C before VREF If supply sequenc-
ing is in doubt , then connect a d iode between Vss and VREF, 
as shown in Figure 12. If the reference source is powered 
from the same supply as Vss. then no diode is needed 

MAX183/184/185 to 
Sample-and-Hold Interface 

The a n a l o g input to the A D C mus t be s tab le to wi th in 
1 /2LSB d u r i n g the ent i re c o n v e r s i o n for s p e c i f i e d 12-bif 
a c c u r a c y . This l imits the i npu t - s i gna l b a n d w i d t h to less 
than 6Hz for s i nuso ida l inpu ts , oven w h e n us i ng the 
fas ter M A X 1 8 3 . A s a m p l e - a n d - h o l d s h o u l d b e u s e d for 
h i g h e r b a n d w i d t h s igna ls . 

T h e B U S Y o u t p u t f r o m t h e M A X 1 8 3 / 1 8 4 / 1 8 5 m a y 
b e u s e d to 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 to the 
s a m p l e - a n d - h o l d a m p l i f i e r . H o w e v e 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 a s t h e B U S Y s i g n a l g o e s l ow , s a m p l c - a n d -
h o l d t r a n s i e n t s c a u s e d by D A C s w i t c h i n g m a y re-
s u l t i n c o d e - d e p e n d e n t e r r o r s d u e t o 
s a m p l e - a n d - h o l d a p e r t u r e d e l a y A d d i n g a N A N D 
( i n v e r t e d A N D ) g a t e e n s u r e s t ha t t h e s a m p l e - a n d -
h o l d is s w i t c h e d to 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 ( F i g u r e s 13 a n d 14) The N A N D g a l 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 RD pu lse is 
w i d e r t h a n t h e RD to BUSY d e l a y in t h e 
M A X 1 8 3 / 1 8 4 / 1 8 5 . If th is is not the ease , use a f l ip- f lop, 
w h i c h is set by the fa l l i ng e d g e of RD a n d reset by the 
r is ing e d g e of BUSY 

/ H y ] X I /V\ 7 



High-Speed 12-Bit A/D Converters 
With External Reference Input 

OLD DATA 
1)11-DO 

NtWDATA 
D11 DO 

1 

1 

Figure 9 Slow Memory Mode Timing Diagram 

" V 

BUSY 

< OLD DATA 
D 1 1 - D 0 

A A 

/ N F W DATA A 
\ D11 DO j 

Figure 10. ROM Mode Timing Diagram 

ANALOG DIGITAL 
SUPPLY S U P P L Y 
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•5V DGND 
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Figure 11. Power-Supply Grounding Practice 

8 

Figure 12. VREFVss Diode Clamp (See "Rcleicnce Infiul' lexl'l 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 

i + 1 
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Vs HOI D 
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ViN 
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Figure 13. MAX 183/184/185 -AD585 Sample-and-Hold Interface 
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Figure 14. MAX 183/184/185- HA5320 Samplc-arid-Hoid Interface 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 

i f ) 

0 0 

I 0 0 

s 
00 

1 

For s y n c h r o n o u s R D a n d C L K I N , t h e h o l d s e t t l i n g t i m e 
a l l o w e d for t h e s a m p l e - a n d - h o l d is 3 7 5 n s ( M A X 1 8 3 ) , 
6 0 0 n s ( M A X 1 8 4 ) , a n d 1 . 5 n s ( M A X 1 8 5 ) . 

T h e m a x i m u m s a m p l i n g ra te is 1 2 5 k H z 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 for a 3 j iS 
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 i m e . 

A l t h o u g h t h i s c i r c u i t w o r k s w e l l for t h e 1 M H z c l o c k ra te , a 
f a s t e r 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 a s t h e H A 5 3 2 0 , is 
r e c o m m e n d e d at a 2 . 5 M H z c l o c k ra te . 

M A X 1 8 3 - F i g u r e 14 is t h e M A X 1 8 3 to H A 5 3 2 0 i n t e r f a c e . 
T h e m a x i m u m s a m p l i n g ra te is 2 1 0 k H z 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 a 1 .5ns a c g 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 l s o b e r e p l a c e d b y a H A 5 3 3 0 for h i g h e r t h r o u g h p u t . 

Analog Input Ranges 
T h e M A X 1 8 3 / 1 8 4 / 1 8 5 p r o v i d e s t h r e e s e l e c t a b l e a n a l o g 
i n p u t r a n g e s : 0 V t o + 5 V , 0V to + 1 0 V . a n d + 5 V . F i g u r e 15 

s h o w s t h e c o n f i g u r a t i o n for t h e t w o a n a l o g i n p u t s ( A I N 1 
a n d A I N 2 ) for t h e s e r a n g e s . 

Unipolar Operation 
F i g u r e 16 s h o w s u n i p o l a r o p e r a t i o n u s i n g a M X 5 8 4 vo l t -
a g e r e f e r e n c e c o n f i g u r e d for - 5 V . 

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 rans fe r f u n c t i o n 
of t h e M A X 1 8 3 / 1 8 4 / 1 8 5 . C o d e t rans i t i ons o c c u r half w a y 
b e t w e e n s u c c e s s i v e i n t ege 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 = Full S c a l e (FS ) / 4096 . FS is e i ther +5V 
or + 1 0 V . b a s e d o n t h e a n a l o g input c o n f i g u r a t i o n s 

Offset arid Full-Scale Adjustment 

In a p p l i c a t i o n s r e q u i r i n g o f f s e t a n d FS r a n g e a d j u s t m e n t , 
u s e t h e c i r c u i t in F i g u r e 19. N o t e : 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 b e a s a m p l e - a n d - h o l d . O f f s e t s h o u l d b e a d -
j u s t e d f i rs t . A p p l y 1 / 2 L S B ( 0 . 6 1 m V ) at the a n a l o g i n p u t 
( A I N 1 or A I N 2 ) a n d a d ) 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 unt i l 

/ M / 1 X I / M / I M X I A I / M / J X I / M 
MAX183 MAX 183 

AIN1 MAX184 y AIN1 
" / / , f 

MAX184 Vl>, AINt AIN1 
. MAX! 85 -

AIN1 
" / / , f 3 5 * !. MAX 185 

5kS2 O V I O - l O V 5 k U 1 I 0)V 'Ml I 
VlN i ? 4 AIN2 I T 0 S A R 24 AIN2 I 0 S A R 24 AIU2 iOOAR 

• r •/*' ' V t " " • W , + • 
OV TO i k u 5kS2 1 • w 

to-
TO DAC r e DAC 10 DAI 

0V 10 - 5 V I N P U I HANG! OV TO 10VINPUI RANGI < OV It P i l l HANOI 

Figure 15 Analog Input Range Configurations 
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Figure 16. Unipolar Operation Using a MX584 Reference 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 

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 0 0 0 1 

0 V t o + 5 V r a n g e : 1 / 2 L S B = 0 . 6 1 m V 
0 V to + 10V r a n g e : 1 / 2 L S B = 1 2 2 m V 

T o 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 ( las t c o d e 
t r a n s i t i o n ) a t t h e a n a l o g i n p u t a n d a d j u s t R1 unt i l t h e 
o u t p u t c o d e s w i t c h e s b e t w e e n 1111 1 1 1 1 1 1 1 0 a n d 1 1 1 1 
1111 1 1 1 1 , 

0 V to + 5 V r a n g e : F S - 3 / 2 L S B = 4 9 9 8 1 7 V 
0 V to + 1 0 V r a n g e : F S - 3 / 2 L S B = 9 9 9 6 3 4 V 

Bipolar Operation 
T h e b i p o l a r i n p u t r a n g e is ± 5 V . VIN is a p p l i e d to A I N 1, + 5 V 
to A I N 2 , a n d - 5 V to V R E F , T h i s r e q u i r e s t w o r e f e r e n c e 
v o l t a g e s : - 5 V for t h e V R E F i n p u t a n d + 5 V for t h e A I N 2 
i n p u t . F i g u r e 19 s h o w s t h e s e r e f e r e n c e v o l t a g e s a r e 
p r o d u c e d f r o m a M A X 6 7 5 r e f e r e n c e a n d a M A X 4 0 0 o p 
a m p c o n f i g u r e d a s a n i n v e r t i n g a m p l i f i e r 

T h e i dea l i n p u t / o u t p u t t r ans fe r c h a r a c t e r i s t i c a f ter o f f se t 
a n d g a i n a d j u s t m e n t is s h o w n in F i g u r e 20 . T h e L S B is 
2 . 4 4 m V ( 1 0 V / 4 0 9 6 ) . 

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 b e of t h e 
s a m e t y p e and from the s a m e m a n u f a c t u r e r to 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 r e r e c o m m e n d e d for 
a p p l i c a t i o n s w h e r e o f f s e t a n d f u 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 c u i t s . If l o w t o l e r a n c e s a r e u s e d , 
l a r g e r v a l u e p o t e n t i o m e t e r s m u s t b e u s e d , w h i c h r e s u l t s 
in p o o r t r i m r e s o l u t i o n 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 . 

Offset and Gain Adjustment 

In b i p o l a r o p e r a t i o n , t h e o f f s e t is t r i m m e d at n e g a t i v e ful l 
s c a l e a n d s h o u l d a l w a y s b e a d j u s t e d f i rs t . For o f f s e t . 

ANAI 0G 
INPUt , . . 

R3 

1 [ 'VVV " VIM 
MAX400> 

R3 

1 [ 'VVV " AIN1 AIN? 24 
N0TF 1 

I L " ' ' HI 
200U 

. , „ 3 

R2 
20 <2 

A L / I X I A I 
MAX183 
MAX184 
MAX185 

AGND 

NOTE 1: OV TO i5V RANGF 
OV TO t10V RANGE 

CONNECT AIN2 10 AIN 1 
C0NNFCT A1N2 TO AGND 

a p p l y - F S / 2 + 1 / 2 L S B ( - 4 . 9 9 8 7 8 V ) at VIN a n d a d j u s t t h e 
1 0 k U p o t e n t i o m e t e r ( F i g u r e 18) unt i l t he o u t p u t c o d e 
s w i t c h 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 0 0 0 1 

G a i n is a d j u s t e d at ful l s c a l e or b i p o l a r z e r o For lul l s c a l e 
a d j u s t m e n t , a p p l y FS /2 - 3 / 2 L S B s ( 4 . 9 9 6 3 4 V ) to VIN a n d 
a d j u s t t h e 20012 p o t e n t i o m e t e r unt i l t h e o u t p u t c o d e 
s w i t c h e s b e t w e e n 1111 1111 1110 a n d 1111 1111 1111 

A l t e r n a t i v e l y , to a d j u s t g a m at b i p o l a r z e r o , a p p l y - 1 2 2 m V 
at VIN a n d a d j u s t t h e 20012 p o t e n t i o m e t e r un t i l t h e o u t p u t 
c o d e s w i t c h e s b e t w e e n 0 1 1 1 1 1 1 1 1111 a n d 1 0 0 0 0 0 0 0 
0 0 0 0 . 
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High-Speed 12-Bit A/D Converters 
With External Reference Input 

Ordering Information (continued) 

PART TEMP. R A N G E P I N - P A C K A G E L l ^ E < f [ P J 7 Y 

MAX 183AENG -40 C to +85 C 24 Plastic DIP + 1 / 2 

MAX183BENG -40 C to +85 C 24 Plastic DIP ±1 

MAX183AEWG -40 C to +85 C 24 Wide SO ± 1 / 2 

MAX 183BEWG -40 C to +85 C 24 Wide SO ± 1 

5ps M a x i m u m C o n v e r s i o n T i m e 

MAX184ACNG 0 C lo +70 C 24 Plastic DIP ~±1/2~ 

MAX184BCNG 0 C to +70 C 24 Plastic DIP ±1 

MAX184ACWG 0 C to +70 C 24 Wide SO ± 1 / 2 

MAX184BCWG 0 C to +70 C 24 Wide SO ±1 

MAX184BC/D 0 C to +70 C Dice ' ± 1 

MAX184AENG -40 C to +85 C 24 Plastic DIP ± 1 / 2 

MAX184BENG -40 C to +85 C 24 Plastic DIP ±1 

MAX184AEWG -40 C to +85 C 24 Wide SO ± 1 / 2 

MAX184BEWG -40 C to +85 C 24 Wide SO ±1 

MAX 184AMRG -55 C to +125 C 24 C E R D I P " ± 3 / 4 

MAX184BMRG -55 C to +125 C 24 C E R D I P " ±1 

10| js M a x i m u m C o n v e r s i o n T ime 

MAX185ACNG 0 C to + 70 C 24 Plastic DIP ± 1 / 2 

MAX185BCNG 0 C to +70 C 24 Plastic DIP ±1 

MAX 185ACWG 0 C to +70 C 24 Wide SO ± 1 / 2 

MAX 185BCWG 0 C t o +70 C 24 Wide SO ±1 

MAX185BC/D 0 C to +70 C Dice* ±1 

MAX185AENG -40 C to +85 C 24 Plastic DIP + 1 / 2 

MAX185BENG -40 C to +85 C 24 Plastic DIP ±1 

MAX185AEWG -40 C t o +85 C 24 Wide SO ± 1 / 2 

MAX185BFWG -40 C lo +85 C 24 Wide SO ±1 

MAX185AMRG -55 C to + 125 C 24 C E R D I P " ± 3 / 4 

MAX185BMRG -55 C to + 125 C 24 C E R D I P " ±1 

" ConsulI factory for dice specifications. 
* Contact lactory lor processing lo Mil -S1D-883 

Maxim cannot assume responsibility lei use ol any ciicuitry ether Hian circuitry cntuciy cmbcctieU in i M. mm i>n ' ^; icrrt p.. item r < c.< • :ms .c \ i 
Maxim reserves the right to change thiri circuitry and siaecificaticns v, thou! 'iotice a! any <:mc 
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