
General Description 
The M A X 1 7 8 is a c o m p l e t e , ca l i b ra ted 12-bit A / D con -
ver ter (ADC) w h i c h i nc ludes a p rec is ion vo l t age refer-
ence , t r ack -and -ho ld , a n d conve rs ion c lock . Internal 
ca l ib ra t ion c i rcu i t ry ma in ta ins t rue 12-bit p e r f o r m a n c e 
over the full o p e r a t i n g t e m p e r a t u r e range w i thou t externa l 
ad jus tmen ts . In add i t ion , e a c h conve rs ion i nc ludes an 
au to -zero c y c l e w h i c h r e d u c e s zero errors to typ ica l l y 
be low 100|aV 

C H I P SELECT, READ, a n d WRITE inpu ts are i n c l u d e d for 
easy m i c r o p r o c e s s o r in te r fac ing w i thout add i t i ona l log ic , 
2 -by te , 12-bi t conve rs ion da ta is p r o v i d e d over an 8-b i t 
th ree-s ta te ou tpu t bus. Either by te m a y be read first. 
T w o c o n v e r t e r b u s y f l a g s f a c i l i t a t e p o l l i n g of t h e 
conver te r ' s status. 

The M A X 1 7 8 ' s ana log input range is OV to +5V w h e n 
us ing a +5V re fe rence. The M A X 1 7 8 A ' s internal refer-
e n c e a c c u r a c y is ± 0 . 3 % , wh i le the M A X 1 7 8 B is i n t e n d e d 
for use wi th an ex terna l re fe rence. 

Applications 
Dig i ta l -S igna l P rocess ing 

A u d i o a n d T e l e c o m Process ing 

H i g h - S p e e d Data Acqu i s i t i on 

H i g h - A c c u r a c y P rocess Cont ro l 

jvurxAJVi 
Calibrated 12-Bit ADC 

with T/H and Reference 
Features 

• C o n t i n u o u s T r a n s p a r e n t Ca l ibra t ion of Of fset 
a n d Ga in 

• True 12-Bi t P e r f o r m a n c e w i thout A d j u s t m e n t s 

• T / H Front E n d a n d Internal Re fe rence 

• D C and D y n a m i c a l l y Spec i f i ed 

• Z e r o Error Typ ica l ly <100 | jV 

• S t a n d a r d M i c r o p r o c e s s o r In ter face 

• 24 -P in D IP a n d W i d e S O P a c k a g e s 

Ordering Information 
PART TEMP. RANGE PIN-PACKAGE 

MAX178ACNG O'Cto + 70 C 24 Plastic DIP 

MAX178BCNG O'C to + 70 C 24 Plastic DIP 

MAX178ACWG 0 C to + 7 0 C 24 Wide SO' 

MAX178BCWG 0 C to + 70 C 24 Wide SO* 

MAX178AENG -40 C to + 85 C 24 Plastic DIP 

MAX178BENG -40'C to +85 C 24 Plastic DIP 

MAX178AEWG -40 C to + 85 C 24 Wide SO' 

MAX178BEWG -40 C to + 85 C 24 Wide SO' 

MAX178AMRG -55'C to + 125 C 24 CERDIP 

MAX178BMRG -55 C to + 125 C 24 CERDIP 

* Consult factory. 

_Pin Configuration Functional Diagram 
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Calibrated 12-Bit ADC 
with T/H and Reference 
A B S O L U T E M A X I M U M RATINGS 

Vim to DGND -0.3V. +17V 
VsstoDGND +0.3V, -7V 
AGND to DGND -0.3V, REFIN+0.3V 
Vcc to DGND -0.3V.+7V 
REFIN to AGND -0.3V, VDu+0.3V 
AIN to AGND -0.3V, VDI)+0.3V 
Digital Input Voltage to DGND -0.3V, V m +0.3V 
Digital Output Voltage to DGND -0.3V, VDD+0.3V 

Operating Temperature Range 
MAX178 C 
MAX 178 E 
MAX178...M 

Power Dissipation (any Package) 
To +75 C 
Derate above+75 C by 

Storage Temperature 
Lead Temperature (Soldering. 10 sec.) 

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

-55 C to +125C 

. . 1 .OOOrnW 
10m W/C 

-65 C lo + 150 C 
+300 C 

Stresses beyond those tisted under "Absolute Maximum Ratings" may cause permanent damage to the device these aie stress latings only and functional 
operation of the dcvicc at these or any other conditions beyond those indicated in the operational st=clions ot the specifications s nol imphcrl L xpiosure lo 
absolute maximum rating conditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 
( V D D = + 1 5 V , V c c = + 5 V , V s s = - 5 V , R E F I N = + 5 . 0 V , all s p e c i f i c a t i o n s T A = T M I N to TMAX. f C L K 

PARAMETER | SYMBOL | CONDITIONS 

ACCURACY 

Resolution 

266.67kHz external, unless otherwise 

Total l lnad]usted Error (Note 1) 

Differential Nonlinearity 

Full-Scale Error (Gain Error) 

Full-Scale Error Tempco 

Zero Error 

Zero Error Tempco 

TUE 

DNL No missing codes guaranteed 

T A = +25 C 

TA = +25 C 

ANALOG INPUT 

MIN TYP 

0.5 

0 5 

REFERENCE INPUT 

MAX178B 

Use External Reference Only 

MAX UNITS 

Bits 

±1 L.SB 

±1 LSB 

±1/2 LSB 

ppm/ C 

±1/2 I SB 

ppm/ C 

nput Voltage Range VREF= +5V 0 + 5 V 

On-Channel Input Capacitance C A I N 8 pF 

nput Leakage Current AIN 

AIN = 0V to +5V: 
TA = + 2 5 C 
T A = T M I N t o T M A X 

10 
100 

nA 

DYNAMIC ACCURACY (f WR = 4.81kHz. fAiN = 2.011kHz, TA = 25 C, Note 2) 

Signal-to-Noise + Distortion S/(N + D) 70 dB 

Total Harmonic Distortion THD -80 dB 

Peak Harmonic or 
Spurious Noise -80 dB 

REFIN Range V R F F I N 
For specified performance 

Degraded transfer accuracy 

+ 5 ±5% 

+4 

REFIN Input Current REFIN = +5V 

REFERENCE OUTPUT 

MAX 178 A 

REFOUT Voltage TA = +25 C +4 985 +5 

REFOUT Temp (C') ±10 

REFOUT Sink Current 

+ 5 015 

±40 

V 

rnA 

V 

ppm/ C 

rnA 

2 • H y J X I / ' H 



Calibrated 12-Bit ADC 
with T/H and Reference 

ELECTRICAL CHARACTERISTIC (continued) 
(VDD = +15V, VCC = +5V. Vss = -5V, REFIN = +5.0V, all specifications TA = TMIN to TMAX f c L K = 266.67kHz external, unless otherwise noted ) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

LOGIC INPUTS 

RD. CS. WR, BYSL 

Input High Voltage VlH Vcc = +5V ±5% + 2.4 V 

Input Low Voltage VlL Vcc = +5V ±5% + 0.8 V 

nput Current llN 
V I N = 0 to Vcc : 

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

±1 
±10 

M A 

Input Capaci tance CLN (Note 3) 10 I pF 

CLOCK 

Input High Voltage VlH Vcc = +5V ±5% + 3.0 1 V 

nput Low Voltage Vli. Vcc = +5V ±5% + 0.8 I V 

Inpul High Current LLH V c c = +5V ±5% 1.5 mA 

nput Low Current IlL Vcc = +5V ±5% 1 2 RIA 

LOGIC OUTPUTS 

DB0-DB7, BUSY 

Output High Voltage VOH V c c = +5V ±5%, IsOURCE = 200|jA +4.0 V 

Output Low Voltage V O L Vcc = + 5 V ± 5 % . (SINK = 1.6mA + 0.4 V 

Floating State Leakage 
Current (DB0-DB7) I LKG V O U T = o v t o V c c 

— 
±1 R UA 

Floating State Output 
Capaci tance (DB0-DB7) COUT (Note 3) 15 , pF 

CONVERSION TIME (Note 4) 

With External Clock f C L K = 2 6 6 . 6 7 k H z 60 MS 

With Internal Clock T A = + 2 5 C 90 140 MS 

POWER REQUIREMENTS (Note 5) 

V D D + 11.4 + 15.75 

Power-Supply Voltage Vss -4.75 -5.25 V 

V c c + 4.75 + 5.25 

VDD Supply Rejection 
I 

V D D = + 1 4 . 2 5 V t o + 1 5 . 7 5 V , V s s = - 5 V ±1 18 LSB 

Vss Supply Rejection N V S S = - 4 . 7 5 V t o - 5 . 2 5 V , V D D = + 1 5 V ±1/8 LSB 

VDD Supply Rejection V D D = + 1 1 . 4 V t o + 1 2 . 6 V . V s s = - 5 V ± 1 / 8 LSB 

Vss Supply Rejection Vss = -4.75V to -5.25V, VDD = +12V ± 18 LSB 

IDD V I N = V IL or VLH 6 1 0 

Power-Supply Current Iss 

Icc 
_ 

0 

8 , 

1 1 0 ' 

M A 

Note 1: Includes: Full-Scale Error, Offset Error, Relative Accuracy 
Note 2: Up to 5th Harmonic is measured 
Note 3: Guaranteed by design 
Note 4: Track/Hold aquisition time included in conversion time, using t i acond i t i on (see Timing Characterist ics) 
Note 5: Power-supply current is measured when MAX178 is inactive (CS = WR = RD = BUSY = High). 

y n y i x i y n 3 



Calibrated 12-Bit ADC 
with T/H and Reference 
TIMING CHARACTERISTICS (Note 6, Figures 1 and 2) 
(VDD = +15V, Vcc = +5V, Vss = -5V. REFIN = +5 OV, unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS 
T A = +25 C T A = 40 C to +85 C T A = -55 C t o +125 C 

UNITS PARAMETER SYMBOL CONDITIONS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

UNITS 

CS to WR Setup Time t1 0 0 0 ns 

WR Pulse Width 12 120 120 120 ns 

CS to WR Hold Time t3 0 0 0 ns 

WR to BUSY 
Propagation Delay t 4 85 120 100 140 115 160 ns 

BUSY to CS Setup Time t 5 (Note 3) 0 0 0 ns 

CS to RD Setup Time 16 0 0 0 ns 

RD Pulse Width t 7 120 120 120 ns 

CS to RD Hold Time t 8 0 0 0 ns 

BYSL to RD Setup Time ' t 9 50 50 50 ns 

BYSL to RD Hold Time t10 0 0 0 ns 

RD to Valid Data (Note 7) t i l 
(Bus Access 
Time) 60 100 70 1 10 90 130 ns 

RD to Three-State Output 
(Note 8) (12 

(Bus Relinquish 
Time) 

20 100 20 100 20 100 ns 

WR to CLK for 16 Clock 
Conversions (Note 9) 113 20 20 20 ns 

WR to CLK for 17 Clock 
Conversions (Note 9) 114 20 20 20 ns 

Note 6: Data is timed from Von, Voi; all input control signals are timed from a voltage level of +1,6V and specil ied with t. - !• - 20ns 
(10% to 90% of +5V). 

Note 7: 111. the time required for an output to cross 0.8V or 2.4V, is measured with the load circuits of Figure 3 
Note 8: 11 p, the time required for the data lines to change 0,5V, is measured with the load circuits of Figure 4. 
Note 9: See Figure 7. 

Figure 1: Start Cycic Timing 
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BUSY 

CS 
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NOTE' THE 2 BYTE CONVERSION RESULI C A N BE READ IN EITHER ORDER THIS FIGURE IS TOR I OW-BYTE. H I G H - B Y I E 
ORDER IF BYSL CHANGES WHILE CS A N D RD ARE LOW DATA W l l L CHANGE TO REFLl GT THF BYSL INPUT 

Figure 2. Head Cycle Timing 

PIN I NAME FUNCTION 

1 T CAZ 

4 

Auto-Zero Capacitor Input. Connect ' 
| other end of capacitor to AGND. 

2 1 AIN | Analog Input 

3 N.C. j _ N o Connect 

4 1 REFIN Voltage Reference Input. The 
MAX178 is specif ied with REFIN = 

^ +5V. 

5 J AGND Analog Ground 

6 J DGND f" Digital Ground 

7 Vcc 

1 

T Logic Supply. Digital inputs and 
| outputs are TTL compatible for 

Vcc = +5V. 

8-15 DB0-DB7 T" Three-State Data Outputs Active 
i when CS and RD are brought low. 

Individual pin functions depend upon 
| BYTE SELECT (BYSL) input. 

DATA BUS OUTPUT, CS, RD = LOW 

PIN , BYSL = HIGH BYSL = LOW I 

8 BUSY (Note 10)1 DB7 , 

9 LOW (Note 11) | DB6 

DB5 1 10 LOW (Note 11) 

| DB6 

DB5 1 

11 Jj_OW (Note 11) "T DB4 

12 I DB11 (MSB) t~~DB3 1 

13 , DB10 1 DB2 [ 

14 DB9 j _ D B 1 | 

15 DB8 j_DB0(LSB) j 

Pin Description 

PIN NAME [ FUNCTION 

f 16 RD I READ Input. Used with CS to enable 
the three-state data outputs. RD is 

[act ive low. 

T 17 CS j CHIP SELECT Input. Used with either 
RD or WR for control. CS is active low 

I = : 1 — — -
18 WR 'WRITE Input. In combination with CS. 

j this active low signal starts a new 
| conversion 

19 BYSL I BYTE SELECT. BYSL selects high- or 
| low-byte output during a data READ 
operation. (RD, CS - low). Sec pins 

I 8-J15. 

I 20 BUSY | Converter Status. BUSY is only low 
^during conversion. 

CLOCK Input. Internal clock opera-
tion, with this pin floating and 
unloaded, typically results in 120|.is 
conversion time (Figure 8). This can 
be lowered by using an ex.lernal 74HC 
clock source (Figure 9). 

1 Reference Output 

Negative Supply Voltage, -5V 

24 J VDD [Positive Supply Voltage, + 15V 

Note 10: High during a conversion. BUSY is a converter stalus 
flag. 

Note 11: When BYSL is high, pins 9-11 output a logic low. The 
12-bit digital result is in DB0-DB11. DB11 is the MSB. 

21 

22 

F 23 

CLK 

REFOUT 

Vss 

y H / J X I / H 5 



Calibrated 12-Bit ADC 
with T/H and Reference 

Detailed Operation 
Operating Information 

Figure 5 shows an operat ional d iagram for the MAX178. The 
only required passive components are a hold capaci tor 
(CAZ) and a reference bypass capaci tor and resistor. Indi-
vidual pin functions 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 externa l c o m p o n e n t s . 
There fore , the C L K pin c a n be left u n c o n n e c t e d resu l t ing 
in a t yp ica l 120|as conve rs ion t ime. The conve rs ion t ime 
c a n be i nc reased by a d d i n g a c a p a c i t i v e load on 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 dura t ion for re lat ive pos i t ions of WR a n d 
C L K F igure 8 is a s c h e m a t i c for o n - c h i p c l o c k opera t ion . 

A new conve rs ion is in i t iated by b r i ng ing WR low, w i th CS 
low. This star ts a t rack acqu is i t i on s e q u e n c e . In this 
state, the T /H g o e s into t rack m o d e . Capac i t o r C A Z 
c h a r g e s to the ana log input vo l t age m inus the input of 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 low (with 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 ing t ime is e x t e n d e d by ano ther 4 to 5 c l o c k pe r i ods 
(4 c l ock pe r i ods b e g i n n i n g wi th the first fa l l ing c l o c k e d g e 
fo l low 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 conve rs ion (F igure 7) 

•5V 

J> 
3k <; 

DBN — A 

~ 1OOpF 

DGND 

HIGH-ZTO VOL 

Figure 3. Load Circuits for Access Time Test(tn) 

The M A X 1 7 8 is in t rack m o d e b e t w e e n conve rs ions w h e n 
BUSY is high. Af ter the t r ack i ng s e q u e n c e , the most 
s ign i f i cant bit (MSB) dec i s i on is m a d e . Fo l lowing 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 lock cy-
c les. as i nd i ca ted 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 internal c lock . 

External Clock Operation 
For ex terna l c l o c k opera t ion , d r ive the C L K input wi th a 
7 4 H C c o m p a t i b l e c l o c k s o u r c e (F igure 9) 

The MAX 178 au tomat ica l l y t racks for the app rop 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 
be low to init iate a new convers 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 rack m o d e until WR or 
CS rises. After 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 starts a coun te r , w h i c h e x t e n d s the t rack ing 
t ime by 4 to 5 ex terna l c l o c k pe r i ods 

The ana log 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 internal 
t r ack -and -ho ld . The externa l c lock s o u r c e n e e d nol be 
s y n c h r o n i z e d wi th the WR pulse. 

Reading Data 
The 12-bit result of a conve rs ion p lus the conver te r status 
f lag a re a c c e s s i b l e over an 8-b i t da ta bus. The data is 
ava i lab le f rom the M A X 1 7 8 in r ight - just i f ied fo rmat (the 
least s ign i f i cant bit (LSB) is the r igh t -most bit in a 16-bit 
wo rd ) . T w o by te s i zed read ope ra t i ons are n e e d e d . The 
Byte Select (BYSL) input de te rm ines wh i ch by te is to be 
read first, 8LSBs or 4 M S B s p lus s tatus f lag. 

It is necessa ry to wai t for the e n d of a conve rs ion to ob ta in 
va l id 12-bit da ta f rom the MAX 178's success i ve app rox -

<5V 

3k | 

< 3k 

1 
DGND " 

VDH 10 HIGH Z 

10[)F 1 
10pF 

DGND 

VOL T O H I G H - Z 

CAZ 
4/nl 

ANALOG INPUT 
OV TO .5V. 
REFERRED 

TO AGND 
+B OV , , . 10t.il 

CAZ 

AIN 

N C 

R E f l t 

/ M y l X I A I v « l » 

MAX 178 vss 
REFOLD 

O I K 

112 - - AGND 

- 6 DGND 

- - — V c c 
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- - 0 / D B 6 
1 0 • 0 /DB5 

— ^ 0 /DB4 

I 1 2 1 DB11 /DB3 

BUSY 

BYSI 

WR 

CS 

RD 
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DBIO/DR? 

SJAIIJS 
0UIP1JI 

MP 
CONTROL 
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U P 8 BIT 
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Figure 4. Load Circuits for Output Three-State Delay Test (hp) 
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Figure 5. MAX 178 Operational Diagram 
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BUSY JSY | I 

. X T i J i J i J i J i J i r L J i J i J ^ ^ CLK 

WR 

TRACKING 4 ' f t * * t t * + T T * ,RACKING 

DB11 D B I O DB9 DB8 D B / DB6 DBS DB4 UB3 DB? DB1 DBO 
( M S B ) (I SB) 

Figure 6. MAX 178 Timing Diagram 

mat ion regis ter (SAR) If a read opera t i on inst ruct ion is 
p e r f o r m e d du r i ng a conve rs ion , the M A X 1 7 8 will d u m p 
the ex is t ing con ten ts of the SAR on to the da ta bus. There 
are th ree m e t h o d s to ensu re co r rec t ope ra t i on 

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 conve rs ion start a n d the 
da ta read opera t ions . 

2. The BUSY ou tpu t is low du r i ng the conve rs ion a n d 
h igh at the conve rs ion end . Use this s igna l as an 
in ter rupt to the (iP, 

3. Poll the conver te r s ta tus f lag, BUSY, at user -de-
f ined intervals after a conve rs ion start. The s tatus 
f lag is ava i lab le on D B 7 d u r i n g a h igh -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 ly into the | iP 's car ry f lag for test ing. BUSY 
is h igh du r i ng a convers ion . 

A wr i te opera t i on to the M A X 1 7 8 du r i ng a conve rs ion 
restarts the conve rs ion . 

Application Hints 
Auto-Zero Capacitor (CAZ) 

C A Z (F igure 5) must be 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 po l yp ropy lene , po lysty-
rene, or tef lon. C o n n e c t the ou ts ide foil of C A Z to A G N D 
to min imize no ise C A Z shou ld b e 4 , 7 0 0 p F 

Clock 
Figure 10 shows typ ica l conve rs ion t ime ve rsus t empe r -
ature w h e n us ing the M A X 1 7 8 ' s o n - c h i p c lock . Due to 
var ia t ions in manu fac tu r i ng , the ac tua l ope ra t i ng fre-
q u e n c y c a n di f fer f rom ch ip - t o - ch ip by up to 20%, For 
this reason, it is s u g g e s t e d that an ex terna l c l ock be u s e d 
w h e n f i xed conve rs ion t imes are requ i red 

Analog Inputs 
The h i g h - i m p e d a n c e ana log input , A IN, a l lows s imp le 
ana log in ter fac ing. S igna l sou rces f rom 0V to +5V may 
be c o n n e c t e d d i rec t ly to A I N wi thout extra bu f fe r ing for 
s o u r c e i m p e d a n c e s u p to 5 k U (Figure 11). The input /out-
put ( I /O) t ransfer charac te r i s t i c a n d t rans i t ion points for 
this input s igna l " ange are d e m o n s t r a t e d in F igure 12 a n d 
Tab le 1. The M vX178 t ransfer charac te r i s t i c has transi-

Figure 7. Width of Tracking Interval as a Function of WR Rising 
Edge Timing with Respect to CLK Failing Edge 

• l / I V J X I / H 

Figure 8 Internal dock Operation 



Calibrated 12-Bit ADC 
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t ion po in ts d e s i g n e d to o c c u r on in teger mu l t ip les of 
1 LSB. The ou tpu t c o d e is natura l b inary with: 

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

For s igna l r anges other than OV to +5V, use resistor 
d iv ider ne tworks to p rov ide 0V to +5V s igna l r anges at 
the M A X 1 7 8 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 for a 0V to +10V s igna l range. 
Resis tors shou 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 a t u r e coef f ic ients . The s o u r c e 
i m p e d a n c e must now be as low as poss ib le s ince it a d d s 
to the resistor d iv ide r 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 are 
a c c o m m o d a t e d by re fe renc ing the resistor d iv ider net-
w o r k to REFIN The s igna l s o u r c e mus t b e 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 charac te r i s t i c 
a n d t ransi t ion po in ts for this s igna l range Outpu t c o d i n g 
is of fset b inary wi th an LSB size of: 

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

To ad jus t b ipo lar ze ro error, a p p l y 1.22mV (+1 /2LSB) to 
A IN a n d ad jus t the of fset of A1 so that the A D C output 
s w i t c h e s b e t w e e n 1000 0 0 0 0 0 0 0 0 a n d 1000 0 0 0 0 0001. 

Power-Supply Decoupling 
Power supp l i es to the M A X 1 7 8 shou ld b e b y p a s s e d with 
e i ther a 10jaF e lec t ro ly t ic or t an tu lum capac i t o r in paral le l 
wi th a 0 .01( iF d i sc c e r a m i c capac i t o r for c lean, h igh-
f r e q u e n c y pe r f o rmance . P lace all capac i t o r s as c lose as 
poss ib le to the M A X 1 7 8 s u p p l y p ins. 
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Figure 9. External Clock Operation 
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Figure 10. Typical Change in Conversion Time Variation 
vs Temperature when Using Internal Clock 

Figure 1 1. Unipolar 0V to +5V Operation 
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Figure 12 Ideal Input/Output Transfer Characteristic for 
Unipolar Circuit of Figure 11 
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Calibrated 12-Bit ADC 
with T/H and Reference 

Internal Reference 
The internal re fe rence (REFOUT) shou ld be b y p a s s e d 
wi th a 1£2 resistor in ser ies wi th a capac i t o r . The c a p a c -
itor shou ld be a 10| iF e lec t ro ly t ic or tan ta lum in para l le l 
wi th a 0 .01 | iF d i sc c e r a m i c (F igure 16). F igure 17 shows 
a c i rcu i t that a l lows input ad j us tmen t w h i c h is useful for 
t r imming out initial ( room tempe ra tu re ) error in the refer-
e n c e vo l tage . 

Tab le 1. T rans i t ion Points for Unipolar OV to 
+5V O p e r a t i o n 

Analog Input (V) 

0.00122 
0.00244 

Digital Output 

2.49878 
2.50000 
2.50122 

4.99756 
4.99878 

0000 0000 0001 
0000 0000 0010 

0 1 1 1 1111 1111 
1 0 0 0 0 0 0 0 0 0 0 0 
1000 0000 0001 

1111 1111 1 1 1 0 
1111 1111 1111 

External Reference Circuit 
Figure 18 s h o w s h o w to set up a M X 5 8 4 L H to gene ra te 
a re fe rence vo l tage of 5.00V. A typ ica l ad jus tmen t range 
of 7 5 m V is p r o v i d e d by R2 Over the c o m m e r c i a l tem-
pera tu re range, the M X 5 8 4 L H con t r i bu tes no more than 
± 1 L S B of ga in error. 

Dur ing a convers ion , t rans ient cu r ren ts f low at the REFIN 
input . To p reven t d y n a m i c errors, p l ace either a 10|AF 
e lec t ro ly t ic or tan ta lum s m o o t h i n g capac i t o r in paral le l 
wi th a 0.01JJF d isc c e r a m i c f rom the REFIN p in to A G N D , 

MAX400 

A1 

Vs '('X^ Vs. OVTO+IOV 
X . 

0 0 1 ° . ? 
AIN AIN 

R2 10k " 
o o i " , , : 

i V I i f X I A l 
MAX 178 

T 
b 

AGND 

Figure 13 Unipolar 0V to + 10V Operation 

T a b l e 2. T rans i t ion Points for Bipolar -5V to 
+5V Opera t ion 

Analog Input (V) 

-4.99878 
-4.99634 

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

+4.99389 
+4.99634 

Digital Output 

0000 0000 0001 
0000 0000 0010 

1000 0000 0000 
1000 0000 0001 

1111 1 1 1 1 1 1 1 0 
1111 1 1 1 1 1111 

MAX400, OOF!!1:: A 1 4 X I A I 

MAX1/8 

Figure 14. Bipolar -51/ to +51/ Operation 
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Calibrated 12-Bit ADC 
with T/H and Reference 

Layout 
W h e n d e s i g n i n g layout for a p r in ted c i rcu i t boa rd , keep 
d ig i ta l a n d ana log s igna l l ines s e p a r a t e d w h e n e v e r pos-
s ib le, It is cr i t ica l that no dig i ta l line runs a longs ide an 
ana log s ignal l ine or near the CAZ. G u a r d the ana log 
inputs, the re fe rence input a n d the C A Z input w i th A G N D . 

Estab l ish a s ing le -po in t ana log g r o u n d ( A G N D ) as c lose 
to the M A X 1 7 8 as poss ib le , iso la ted f rom the log ic sys-
tem. C o n n e c t the s ing le -po in t ana log g r o u n d to the 
d ig i ta l sys tem g r o u n d , w h i c h is a t t a c h e d to D G N D at one 
point , as c lose as poss ib le to the MAX178 . The fo l l ow ing 
shou ld b e re tu rned to the ana log g r o u n d point : input -s ig-
nal c o m m o n , input g u a r d s , the CAZ, a n d any b y p a s s 
c a p a c i t o r s for the re fe rence input a n d the ana log sup -
pl ies. L o w - i m p e d a n c e a n a l o g a n d d ig i ta l p o w e r - s u p p l y 
c o m m o n returns, w i th w i d e t race w id ths , are essent ia l for 
qu ie t ope ra t i on of the M A X 1 7 8 

Noise 
To min im ize input no ise coup l i ng , input s ignal l eads to 
A IN a n d s ignal return leads f rom A G N D shou ld be kept 
as shor t as poss ib le . A sh ie lded c a b l e b e t w e e n source 
a n d A D C is s u g g e s t e d in app l i ca t i ons whe re longer leads 
are requ i red. Also, ca re shou ld be taken to r e d u c e 
g r o u n d c i rcu i 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 f e rence in g r o u n d s b e t w e e n the s ignal 
sou rce a n d A D C c rea tes an error vo l tage in ser ies with 
the input s igna l 

W h e n in te r fac ing to con t i nuous l y busy a n d noisy (jP 
buses, it is poss ib le to ge t errors at the LSB level. These 
er rors exist b e c a u s e of f e e d t h r o u g h f rom the bus to the 
n teg ra ted c i rcu i t t h r o u g h the p a c k a g e . The p r o b l e m c a n 
be m in im ized in c e r a m i c p a c k a g e d c h i p s by g r o u n d i n g 
the meta l lid. Ano ther solut ion is to isolate the M A X 1 7 8 
f rom the noisy |aP bus us ing th ree-s ta te buf fers . 
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Figure 15. Ideal Input/Output Transfer Characteristic for 
Bipolar Circuit of Figure 14 
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Figure 17 Adjusting Analog Input Gain to Trim Out Initial Refer-
ence Voltage Error 

Figure 16. Internal Reference Hookup. 
Note: Reference Value Is Not Adjustable. 
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Figure 18. MX584LH as Reference Generator 
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Chip Topography 

AIN VDD 
| CAZ I VSS REFOUT 
2 |1 24 I23 |22 

110 111 112 113114 115 
I DB4 I DB2 I DBO (LSB) 

DB5 DB3 DB1 
0.134^ 

(3.40 mm) 
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