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4-1/2 Digit Single-Chip 

A/D Converter with LCD Driver 
General Description 

The Maxim ICL7129A/MAX7129 is a high precision 
monolithic 4-1/2 digit A/D converter that directly drives 
a multiplexed liquid crystal display. Using a novel 
"successive integration" technique, the ICL7129A/ 
MAX7129 has a +20,000 count resolution on both 
2.00000V and 200.00mV ranges. It features high impe-
dance differential inputs, excellent differential linearity, 
true ratiometric operation and auto polarity. The only 
external active component required to make precision 
DVM/DPMs is a reference. The overrange and under-
range outputs and the 10:1 range changing input 
facilitate the design of autoranging systems. The 
IC L7129A/MAX7129 detects and flags a LOW BATTERY 
condition and also checks for continuity, giving a 
visual indication and a logic level output which can 
be used to generate an audible signal. 

The MAX7129 has a fullscale accuracy of 0.0005%, 
resolution of 10/A/, zero reading drift of 0.5/JV/°C, 
an input bias of 10pA max, and a rollover error of 
less than 1 count. Maxim has reduced the noise of 
the ICL7129A to 3,uV—significantly lower than the 
MAX7129. 

Applications 
This device can be used for a wide range of precision 
digital voltmeter, multimeter and panelmeter appli-
cations. Most applications involve the measurement 
and display of analog data: 

Features 

Pressure 
Voltage 
Resistance 
Temperature 

Weight 
Current 
Speed 
Material Thickness 

Typical Operating Circuit 

LOW BATTERY C O N T I N U I T Y 
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i . d . u . o . o 
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REFERENCE 

• ±19,999 Count Resolution 
• 10pA Max Input Bias Current (MAX7129) 
• 3uV peak to peak noise (ICL7129A) 
• Onboard Multiplexed LCD Display Driver 

4-1/2 Digits, 4 Decimal Points, 3 Annunciators 
Instant Continuity Detector 
Low Battery Detector and Indicator 
Overrange/Underrange Outputs 
Precise 10:1 Range Select 
10^iV Resolution 
Significantly improved ESD protection 
Monolithic, Low Power CMOS Design 
Eliminates Need for Compensation Capacitor 

Ordering Information 
PART TEMP. R A N G E PACKAGE 

MAX7129CPL 0°C to +70°C 40 Lead Plastic DIP 
MAX7129CJL 0°C to +70°C 40 Lead C E R D I P 

M A X 7 1 2 9 C Q H 0°C to - 7 0 ° C 44 Lead Plastic 
C h i p Carr ier 

MAX7129C/D 0°C to +70°C Dice 
ICL7129ACPL 0°C to +70°C 40 Lead Plastic DIP 
ICL7129ACJL 0°C to +70°C 40 Lead CERDIP 

ICL7129ACQ 0°C to +70°C 44 Lead Plastic 
C h i p Carr ier 

ICL7129AC/D 0°C to +70°C D ice 

Pin Configuration 
Top V iew osci [7 W »§OSC2 

OSC3 [ I [§ DPi 

ANNUNICATOR DRIVE [3 DP2 

B,. Ci , CONT[4 57] RANGE 

A1, G,, D, [s }§OGND 

Fi, Ei, OP1 [6 J§ REF LO 

B2, C2, LO BATT [7 34REFHI 

A2, G2, D2 [8 S§ IN HI 

F2, E2, DP2 [9 IN LO 

DISPLAY B3, Cs. MINUS [10 A/1 /1XI /VI 
1CL7129A• 

^ BUFF 

OUTPUT A3, G3, Da [11 MAX7129 § CREF-
LINES Fj. E3. DPj [fa 2^CftEF+ 

B4. C4, BC5 ^ C O M M O N 

A4, G4< D4 CONTINUITY 

F4 E4, DP4 IS INT OUT 

BP3 [K g INT JN 

BP2 [l7 24| V* 

BP1 ^f g V 

VDISP jl9 LATCH/HOLD 

DP4/OR |2Q S j o p y u R 

See last page for Plastic Chip Carrier Pin Configuration 
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4-1/2 Digit Single-Chip 
A/D Converter with LCD Driver 
ABSOLUTE MAXIMUM RATINGS 
Supp l y Vo l tage (V* to V") 15V 
Refe rence Vol tage (REF HI or REF LO) V+ to V" 
Input Vol tage (Note 1) 

( IN HI or IN LO) V* to V" 
VDISP V+ t o D G N D - 0.3V 
Dig i ta l Inpu t Pins 

1. 2, 19, 20, 21, 22, 27, 
37, 38, 39, 40 D G N D to V+ 

Ana log Input Pins 
25, 29, 30 V+ t o V" 

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

ELECTRICAL CHARACTERISTICS (MAX7129) 
( V to V" = 9V. VREF = 1.00V. T a = +25°C, fc iK = 120kHz, unless otherwise noted.) 

PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

Zero Input Reading VIM = 0V, 200MV Scale -0000 0000 +0000 Reading 

Zero Reading Drift VIN = 0V, 0°C < T A < +70° C ±0.5 liM/"C 

Ratiometric Reading VIN = VREF = 1000MV, RANGE = 2V 9998 9999 10000 Reading 

Range Change Accuracy VIN = 0.10000V on Low Range + 
V,N = 0.10000V on High Range 0.9999 1.0000 1.0001 Ratio 

Rollover Error -VIN = +V,N = 199MV 0.5 1.0 Counts 

Linearity Error 200MV Scale 0.5 Counts 

Input Common-Mode 
Rejection Ratio 

V C M = 1.0V, V|N = OV 
200MV Scale 

110 dB 

Input Common-Mode 
Voltage Range 

VIN = 0V ' 
200MV Scale (V") + 1.5 (V+) - 0.5 V 

Noise (p-p Value not 
Exceeded 95% of Time) 

VIN = 0V 
200mV Scale 

7.0 MV 

Input Leakage Current VIN = 0V, IN HI 
VIN = 0V, IN LO 

1 
3 

10 
40 

pA 
pA 

Scale Factor Tempco VIN - 199MV, 0°C < TA ^ +70°C 
External VREF = 0ppm/° C 2 5 ppm/°C 

COMMON Voltage V* to Pin 28 2.8 3.2 3.5 V 

COMMON Sink Current ACommon = +0.1 V 0.1 2.0 mA 

COMMON Source Current ACommon = -0.1V 1 9 15 MA 

DGND Voltage V+ to Pin 36 4.5 5.3 5.8 V 

DGND Sink Current ADGND = +0.5V 0.5 1.2 MA 

Supply Voltage Range V+ to V" 6 9 14 V 

Supply Current Excluding 
COMMON Current 1.0 1.4 MA 

Clock Frequency 120 360 kHz 

Display Multiplex Rate 100 Hz 

VDISP Resistance VDISP to V" 20 50 100 k n 

Low Battery Flag 
Activation Voltage V+ to V" 6.3 7.2 7.7 V 

CONTINUITY Comparator 
Threshold Voltages 

VOUT Pin 27 = HI 
VOUT Pin 27 = LO 

100 200 
200 400 

mV 
mV 

Pull-Down Current Pins 37, 38, 39 0.25 2 10 MA 

"Weak Output" Current Pin 20, 21 0.25 3/3 10 nA 
Sink, Source Pin 27 Sink/Source 0.25 3/9 15 MA 
Pin 22 Source Current 
Pin 22 Sink Current 

1 
0.25 

40 
3 

100 
10 

„ A 
MA 

Power D iss ipa t i on (No te 2) 
C E R D I P p a c k a g e 1000mW 
Plast ic p a c k a g e 8 0 0 m W 
Plast ic C h i p Car r ie r 
( Q u a d ) Package 7 0 0 m W 

O p e r a t i n g Tempera tu re R a n g e 0 ° C t o + 7 0 ° C 
S to rage Tempera tu re Range - 6 5 ° C t o + 1 6 0 ° C 
Lead S o l d e r i n g Tempera tu re (10 sec.) 3 0 0 ° C 

2 y n > j x i > n 



4-1/2 Digit Single-Chip 
A/D Converter with LCD Driver 

ABSOLUTE MAXIMUM RATINGS: This device conforms to the Absolute Maximum Ratings on adjacent page. 

ELECTRICAL CHARACTERISTICS (ICL7129A) 
(V' to V - 9V, VREF = 1.00V. TA = +25°C, FCLK = 120kHz, unless otherwise noted. Test Circuit without Cc.) 

PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

Zero Input Reading VIM = 0V, 200mV Scale -0000 0000 +0000 Reading 

Zero Reading Drift VIN = 0V , 0 ° C £ T A < + 7 0 ° C ± 0 . 5 M V / ° C 

Ratiometric Reading VIM = VREF = 1 0 0 0 m V , R A N G E = 2 V 9998 9999 10000 Reading 

Range Change Accuracy VIN = 0.10000V on Low Range 
V,N - 0.10000V on High Range 0.9999 1.0000 1.0001 Ratio 

Roliover Error -V | N = + VIN = 199mV 0.5 1.0 

Linearity Error 200m V Scale 0.5 

Input Common-Mode 
Rejection Ratio 

V C M = 1.0V, V,N = OV 
200mV Scale 

110 dB 

Input Common-Mode 
Voltage Range 

VIN = 0 V 
2 0 0 M V S c a l e 

(V") + 1.5 (V*) - 0.5 V 

Noise (p-p Value not 
Exceeded 95% of Time) 

V I N = 0 V 
200mV Scale 3.0 (Note 4) MV 

Input Leakage Current VIN = 0V, IN HI 
ViN = 0V, IN LO 

13 
15 

20 
40 pA 

Scale Factor Tempco VIN = 1 9 9 M V . 0 ° C < T A < + 7 0 ° C 
E x t e r n a l VREF = 0 p p m / ° C 

2 5 p p m / c C 

COMMON Voltage V+ to Pin 28 2.8 3.2 3.5 V 

COMMON Sink Current ^ C o m m o n = +0.1V 0.1 2.0 mA 

C O M M O N Source Current ACommon = -0.1V 1 9 15 MA 

DGND Voltage V4 to Pin 36, V+ to V" = 9V 4.2 5.3 5.8 V 

DGND Sink Current ADGND = +0.5V 0.5 1.2 mA 

Supply Voltage Range V* to V" 6 9 14 V 

Supply Current Excluding 
COMMON Current V+ to V" = 9V 1.0 1 4 mA 

Clock Frequency 120 360 kHz 

Display Multiplex Rate f CLK = 120kHz 100 Hz 

VDISP R e s i s t a n c e VOISP t o V + 20 50 100 k n 

Low Battery Flag 
Activation Voltage V ' to V" 6.3 7.2 7.7 V 

CONTINUITY Comparator 
Threshold Voltages 

VOUT P i n 2 7 = H I 
VOUT P i n 2 7 = L O 

100 200 
200 400 

mV 
mV 

Pull-Down Current Pins 37, 38, 39 0.25 2 10 M A 

"Weak Output" Current Pins 20, 21 0.25 3/3 10 „ A 

Sink. Source Pin 27 Sink/Source 0.25 3/9 15 M A 

Pin 22 Source Current 
Pin 22 Sink Current 

1 
0.25 

40 
3 

100 
10 

MA 
^A 

Note 1: I npu t vo l t ages may e x c e e d the s u p p l y vo l tages p r o v i d e d tha t i npu t c u r r e n t is l im i t ed to - 4 0 0 / i A . C u r r e n t above th i s va lue may resu l t in inva l id d i sp l ay 
read ings but w i l l not d e s t r o y the dev i ce if l im i t ed to u m A . 

Note 2: D i ss ipa t i on ra t ings assume dev i ce is m o u n t e d w i t h al l l eads s o l d e r e d t o p r i n t e d c i r c u i t b o a r d . 
Note 3: Al l p ins on M a x i m ' s MAX7129 and ICL7129A are d e s i g n e d to w i t h s t a n d e lec t ros ta t i c d i s c h a r g e (ESD) levels in excess of 2000V. (Test c i r cu i t per 

Mi l . S td 883, M e t h o d 3015.1) 
Note 4: The M a x i m ICL7129A uses i nnova t i ve no ise r e d u c t i o n t e c h n i q u e s to ach ieve a 3^V no ise level. Th is ensu res tha t for any spec i f i c i npu t vo l tage , the 

ICL7129A c o n t i n u o u s l y d i sp lays one n u m b e r or f l uc tua tes b e t w e e n t w o ad jacen t n u m b e r s . In no case wi l l the ICL7129A d i sp lay three d i f f e ren t 
n u m b e r s fo r a c o n s t a n t inpu t vo l tage 

v n y i x i y n 3 



4-1/2 Digit Single-Chip 
A/D Converter with LCD Driver 

LOW BATTERY 

1.8.8.8.8 
y / / / / / r \ \ \ \ 5P4 OEz—f 

/ V l y j x i y l * 
ICL7129A / MAX7129 

J I S.MTIF.'LISI BSIBE 2 

ts«c 

6 1371 '35 39 ]4Ql 
330k'' 

^ r 

1.2V 
BANDGAP 
REFERENCE 

iCt 71?9A,'MAX7129 do not require the use ol an additional compensation 
capacitor. Cq, which must NOT be used. 

Figure I. MAX7129/ICL7129A Test Circuit 

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

1 O S C 1 Input to f i rst c l ock inverter. 

2 O S C 3 O u t p u t of s e c o n d c l ock inverter. 

3 A N N U N C I A T O R 
DRIVE 

Backp lane squa rewave o u t p u t f o r dr iv -
ing annunc ia to rs . 

4 BI. C , . C O N T O u t p u t to d isp lay segments . 

5 AI , GI , D I O u t p u t to d isp lay segments . 

6 F,. EI. DP I O u t p u t to d isp lay segments . 

7 B 2 , C2 . LO BATT O u t p u t t o d isp lay segments . 

8 A2 , G2, D 2 O u t p u t to d isp lay segments . 

9 F2, E2 I DP 2 O u t p u t t o d isp lay segments . 

10 B3 , C3 , M I N U S O u t p u t to d isp lay segments . 

1 1 A3, GA. D 3 O u t p u t to d isp lay segments . 

12 FA, EA, DP 3 O u t p u t to d isp lay segments . 

13 B 4 . C4, B C 5 O u t p u t to d isp lay segments . 

14 A4 . G 4 , D 4 O u t p u t to d i sp lay segments . 

15 F I , E4, DP 4 O u t p u t to d i sp lay segments . 

16 BP3 Backp lane #3 o u t p u t to d isp lay. 

17 BP2 Backp lane #2 o u t p u t to d isp lay. 

18 BP1 Backp lane #1 o u t p u t to d isp lay. 

19 VDISP Negat ive s u p p l y for d isp lay dr ivers. 

20 D P 4 / 0 R INPUT : Turns o n mos t s ign i f i can t 
dec ima l po in t w h e n HI. 
O U T P U T : Pul led HI w h e n result c o u n t 
exceeds ±19,999. 

21 DPS/UR INPUT: When f loat ing, MAX7129/ICL7129 
s ign i f i can t dec ima l po in t w h e n HI. 
O U T P U T : Pu l led HI w h e n resul t c o u n t 
is less than ±1,000. 

22 L A T C H / H O L D INPUT: W h e n f loa t ing , ICL7129 
opera tes in the f ree - run mode . When 
pu l led HI, t he last d i sp layed read ing is 
held. W h e n pu l led LO, the resul t 
c o u n t e r con ten t s are s h o w n i n c r e m e n t -
ing d u r i n g the de - in teg ra te phase of 
cyc le . 
O U T P U T : Negat ive g o i n g edge o c c u r s 
w h e n the data la tches are upda ted . 
Can be used as a conve r te r s tatus 
s ignal . 

Figure 2. Simplified Block Diagram of MAX7129/ICL7129A 
Digital Section 

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

23 Negat ive p o w e r supp l y te rm ina l . 

24 V" Posi t ive p o w e r s u p p l y te rm ina l , and 
pos i t ive s u p p l y for d i sp lay dr ivers. 

25 INT IN In tegra tor amp l i f i e r inpu t . 

26 INT O U T In tegra tor amp l i f i e r ou tpu t . 

27 C O N T I N U I T Y INPUT : W h e n LO, c o n t i n u i t y f lag on 
the d isp lay is of f . W h e n HI, c o n t i n u i t y 
f lag is on. 
O U T P U T : HI w h e n vo l tage be tween 
inpu ts is less than *200mV. LO w h e n 
vo l tage be tween inpu ts is more than 
•200mV. 

28 C O M M O N Sets c o m m o n - m o d e vo l tage of 3 2V 
be low V + fo r DE, 10X, etc. 

29 C R E F + Posi t ive s ide of ex te rna l re fe rence 
capac i tor . 

30 C R E F - Negat ive s ide of ex te rna l re fe rence 
capac i tor . 

31 BUFFER Bu f fe r amp l i f i e r ou tpu t . 

32 IN LO Negat ive inpu t vo l tage te rm ina l . 

33 IN HI Posi t ive inpu t vo l tage te rm ina l . 

34 REF HI Posi t ive re fe rence vo l tage inpu t . 

35 REF LO Negat ive re ference vo l tage input . 

36 D G N D G r o u n d re fe rence for d ig i ta l sec t ion . 

37 R A N G E 3yuA p u l l - d o w n for 200mV scale. Pul led 
H I G H ex te rna l l y for 2V scale. 

38 DP 2 In ternal 3 ^ A p u l l - d o w n . When HI, 
dec ima l po in t 2 wi l l be on . 

39 DP , In terna l 3/ iA p u l l - d o w n . Turns on least 
s ign i f i can t dec ima l po in t w h e n HI 

40 O S C 2 O u t p u t of f i rst c l ock inverter. Input of 
second c l ock inverter. 

Table 1. PIN ASSIGNMENTS AND FUNCTIONS 

y k i y j x i y k i 



4-1/2 Digit Single-Chip 
A/D Converter with LCD Driver 

Detailed Description 
Conversion Technique 

The ICL7129A/MAX7129 differs f rom earlier integrating 
A /Ds in two ways. First, it uses a variant of the dual-
slope method cal led "successive integration." Sec-
ondly, it uses digital autozeroing rather than an analog 
autozero loop requir ing an external autozero capac-
itor. Earlier converters stored an offset cor rect ion 
vol tage on the autozero capacitor. A l t hough this 
method worked wel l for 100[N resolut ion A/Ds, the 
autozero loop resulted in great ly increased noise in 
the earlier generat ion of integrat ing A/Ds, making 
them unsui table for 10/JV resolut ion systems. The 
ICL7129A/MAX7129 el iminates the autozero capaci tor 
and the noise associated wi th the autozero loop by 
per forming two convers ions wi th 5V£ digi t resolut ion. 
The first convers ion is per formed wi th the A / D con-
nected to the external inputs, Input HI and Input LO. 
The second convers ion is per formed wi th the A / D 
inputs internal ly shor ted together. The results of this 
second conversion, wh ich is propor t iona l to the A/D's 
offset, is digi tal ly subtracted f rom the first reading to 
generate an offset-corrected, autozeroed measurement 
result. 

The ICL7129A/MAX7129 enhances the dual s lope 
convers ion techn ique th rough mul t ip le dual s lope 
conversions, wi th each successive convers ion having 
10 t imes the resolut ion of the preceding conversion. 
The key to this "successive in tegrat ion" techn ique is 
the mul t ip l icat ion of the residual vol tage on the inte-
grator capacitor after each conversion. The ICL7129A/ 
MAX7129 first per forms a 31/2 dig i t dual s lope con-

version. The De- integrat ion cycle terminates on the 
next posit ive c lock edge after the integrator ou tput 
crosses zero, leaving a smal l residue of voltage on 
the integrator capacitor. Unl ike other A / D convertors, 
the ICL7129A/MAX7129 mul t ip l ies this residue by a 
factor of 10, then per forms another dual s lope con-
version. Since the residue on the integrator capaci tor 
has been mult ip l ied by 10 the resolut ion of the second 
De- integrat ion cycle is also increased by a factor of 
10, and the ICL7129A/MAX7129 achieves 4'/2 digi t 
resolut ion dur ing the second De- integrat ion cycle. 
The integrator capaci tor residue left after the second 
De- integrat ion cycle is again mul t ip l ied by 10, and 
the ICL7129A/MAX7129 per forms a th i rd De-integra-
t ion cycle, this t ime wi th 51/2 digi t resolut ion. 

Figure 2 shows a s impl i f ied block d iagram of the 
ICL7129A/MAX7129 digi tal sect ion. The sequence 
counter /decoder sect ion keeps track of the many 
separate phases requi red for each convers ion cyc le 
and provides t im ing signals to the cont ro l logic. The 
sequence counter runs cont inuous ly and is indepen-
dent of the up /down results counter, wh i ch is activated 
on ly when the integrator is De-integrat ing. The data 
remain ing in the results counter at the end of a 
convers ion is latched, decoded and mul t ip lexed to 
the l iquid crystal display. 

Figure 3 shows a block d iagram of the analog sect ion 
inc lud ing all of the analog swi tches used to conf igure 
the vol tage sources and ampl i f iers in the di f ferent 
phases of the convers ion cycle. The reference swi tch-
ing and input schemes are very simi lar to those in 
other less accurate, in tegrat ing A / D converters. A 
typ ical waveform on the integrator ou tpu t is i l lustrated 

P 
N 

K i 
< 0 
h . 

5 
N 

< 0 

RINT Cimt 

INTEGRATOR 

CONTINUITY 

COMPARATOR 1 

COMPARATOR 2 

TO DIGITAL 
SECTION 

> V l > l X l / k l 
ICL7129A/MAX7129 

Figure 3. Analog Section Block Diagram 
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4-1/2 Digit Single-Chip 
A/D Converter with LCD Driver 

ZERO-INTEGRATE INT, DE, 
AND LATCH INTEGRATE DE-INTEGRATE REST X10 DE2 REST X10 DE3 ZERO-INTEGRATE 

/H /I XI yv\ 
ICL7129A/MAX7129 

Figure 4. Integrator Waveform for a Negative Input Voltage 

in Figure 4. IN~P| refers to the signal integrate phase 
where the input vol tage is appl ied to the integrator 
ampl i f ier via the buf fer ampli f ier. In this phase, the 
integrator ramps over a f ixed per iod of t ime in a 
direct ion oppos i te to the polar i ty of the input voltage. 
In the De- integrate phases, DE-|, DE2, and D E 3 , the 
reference capacitor is connected to the buffer ampl i f ier 
and the integrator ramps back down towards Common, 
the level at wh ich it started integrat ing. Since the De-
integrate phase can terminate only at a c lock pulse 
transi t ion, there is a lways a smal l overshoot of the 
integrator past the start ing point. The ICL7129A/ 
MAX7129 ampl i f ies this overshoot by -10 in the X10 
phase and DE2 begins. Simi lar ly DE2 's overshoot is 
ampl i f ied by -10 and D E 3 begins. At the end of D E 3 
the results counter holds a number wi th 5Vz digi ts of 
resolut ion. This result is obta ined by feeding counts to 
the results counter at the 3V2 d ig i t level dur ing DE-|, to 
the 4Vz digi t counter dur ing DE2 and the 5Vz digi t level 
dur ing DE3. The effects of offset in the buffer, integrator, 
and compara tor can now be cancel led by repeat ing 
this entire sequence wi th the inputs shorted together 
and subtract ing the results f rom the or iginal reading. 
The INT2 swi tch for this phase is c losed so the 
integrator 's c o m m o n mode vol tage is the same as the 
measurement cycle, thus ensur ing excel lent CMRR. 
The data in the up /down results counter at the end of 
the convers ion cycle, accurate to 0.005% of ful l scale, 
is sent to the onboard display driver for decod ing and 
mult ip lexing. 

Digital Section 
Oscillator and Clock Generator 

The ICL7129A/MAX7129 has an osci l lator suitable for 
ei ther crystal or RC operat ion. The osci l lator 's ou tput 
is internal ly div ided by two to generate a system clock 
w i th a precise 50% duty cycle. Al l references to c lock 
cycles in this data sheet refer to the system clock, 
wh ich is half the f requency of the oscil lator. 

The crystal osci l lator shown in Figure 5A is recom-
mended for most appl icat ions. The crystal f requency 
should be 120kHz for max imum normal mode reject ion 
at 60Hz, and 100kHz for max imum normal mode 
rejection at 50Hz. 

Since an RC osci l la tor has more shor t term f requency 
j i t ter than a crystal osci l lator, a crystal osci l lator should 
be used for 4'/S digit, 10/JV resolut ion measurements. 

The RC osci l lator shown in Figure 5B is adequate for 
low resolut ion appl icat ions, (31/? digi ts at 100/XV resolu-
t ion). The capaci tor value should be 51 pF for all 
f requencies, and the resistor value calculated f rom 
f o s c = 0 .45 /RC. 

Sequence Counter and Control Logic 

This sect ion provides the s ignals that con t ro l the 
opera t i on of the ana log sect ion. The c o m p a r a t o r 
ou tpu t is the on ly input f r om the ana log to the dig i ta l 

I 
I H > — 

" H i 
L_< l— I — i 

1 T 40 2 

$ 330k 
5pF 120k Hz 1 10pF 

r o 1| M D I — II— -Or 

/fl̂ XI/VI 
ICL7129A/MAX7129 

I 
I 

i ( > < 
1 

) < 
40 

; 75K 

M l — 
51 pF 

1 
1 

' 
2 

y f l s J X I y k l 
ICL7129A/MAX7129 

Figure 5B. RC Oscillator Circuit Figure 5A. Crystal Oscillator Circuits 
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4-1/2 Digit Single-Chip 
A/D Converter with LCD Driver 

LOW BATTERY CONTINUITY 

LOW BATTERY CONTINUITY 

F., F , DP, 
At,O. 
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Figure 6. Triplexed Liquid Crystal Display Layout 

sect ion. The d ig i ta l sec t ion uses the compa ra to r 
ou tpu t to de te rmine the po lar i ty of the in tegrator 's 
ou tpu t and to gate c lock coun ts in to the U p / D o w n 
Results Counter. The con t ro l log ic also responds to 
the external d ig i ta l inputs: Range, Hold, and Con -
t inui ty. It a lso generates the d ig i ta l ou tpu ts : Over-
range, Underrange, Latch, and Cont inui ty. 

Display Driver 
The ICL7129A/MAX7129 can be used to drive a tr i -
p lexed l iquid crystal d isplay wi th three backplanes. In 
addit ion to driving 4V2—7 segment digits, the ICL7129A/ 
MAX7129 can direct ly drive the decimal points, polar i ty 
sign, "Continuity," and "Low Battery" annunciators. 
Figure 6 shows the ass ignment of the 36 display 
segments to the three backplanes and 12 segment 
drive lines. The ICL7129A/MAX7129 divides the osci l -
lator f requency by 1200 to generate the backplane 
frequency, result ing in a backplane f requency of 100Hz 
with a 120kHz osci l lator crystal or 83.3Hz wi th a 
100kHz crystal. Figure 7 shows the backplane and 
annunciator output waveforms. 

Range Input 
With a 1V reference, the ICL7129A/MAX7129 has a 2V 
full scale when the Range input is high and a 200mV 
full scale when the Range input is low or open. The 
ICL7129A/MAX7129 achieves a precise 10:1 change in 
scale factor by reduc ing the integrat ion per iod f rom 
10,000 c lock cycles on the 200mV range to 1000 c lock 
cycles on the 2V range. 

Figure 8. "Weak Output" Digital 1:0 Pins 

Digital I/O Pins 
Four of the ICL7129A/MAX7129's pins are quasi-
direct ional and can be used as either inputs or outputs. 
As shown in Table 1, DP4/OR, DP3/UR, Latch/Hold, 
and Cont inu i ty each have dual i npu t /ou tpu t funct ions. 
Figure 8 shows a s impl i f ied schemat ic of these input / 
ou tpu t pins. Since there is approx imate ly 500k0 in 
series wi th these outputs , they can only dr ive very 
l ight loads such as 4000 series, 74CXX type C M O S 
logic, or other high input impedance devices. Since 
the output drive current is l imited to only a few 
microamps, the ou tpu ts are easily overdr iven by 4000 
series C M O S when the pin is used as an input. 

Latch/Hold 

The La tch /Ho ld pin puts out a l ow-go ing pulse dur ing 
the last 100 c lock cycles of each convers ion. Th is low-
go ing pulse latches the convers ion data into the 
onboard display driver section. The ICL7129A/MAX7129 
wil l not update the display, and the display wil l cont inue 
to show the previous reading if the La tch /Ho ld pin is 
held high. If the La tch /Ho ld pin is held low, the display 
latches are t ransparent and the coun t i ng of the 
sequence counter can be observed dur ing the de-
integrat ing phases. 

OverRange (OR pin 20) and UnderRange (UR pin 21) 
outputs are valid on the fal l ing edge of Latch/Hold and 
remain in that state unti l the end of the next convers ion 
cycle. 
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Figure 10. Using DGND as Supply Voltage for External Logic Figure 9. DGND and Common Outputs 

Overrange and Underrange Outputs 

The DP4/OR (Decimal Point 4/Overrange) output goes 
high if the measurement result is greater than ±19,999. 
Similarly, the DP3/UR (Decimal Point 3 /Underrange) 
output goes high if the measurement result is less than 
±1000. These signals are updated at the end of each 
conversion, unless La tch /Ho ld is held high. These pins 
arealso inputs that con t ro l t he dec imal points, DP3and 
DP4. A h igh level input on these pins turns on the 
decimal po in t segmen ts o f t hed i sp lay . If these dec imal 
points are not required, they can be used as logic level 
contro l led annunciators. 

Continuity 

An internal compara to r w i th a 200mV th resho ld is 
connec ted d i rect ly between the INPUT HI and INPUT 
LO pins of the ICL7129A/MAX7129 (see Figure 3). The 
Cont inu i ty output (pin 27) wil l be pul led high whenever 
the vol tage between the analog inputs is less than 
200mV. This activates the Cont inu i ty annunc ia tor on 
the display. The Cont inu i ty annunc ia tor can also be 
contro l led by an external source if desired, s ince the 
Cont inu i ty pin is one of the four quas i -b id i rect ional 
pins of the ICL7129A/MAX7129. A pu l l -down resistor 
connec ted between Cont inu i ty and D G N D (pin 36) 
disables the cont inu i ty func t ion when it is not desired. 

Analog Section 
Common, Digital GrouND, and Low Battery 

Figure 9 shows how the C o m m o n and DGND (Digital 
GrouND) outputs of the ICL7129A/MAX7129 are gene-
rated f r om internal zener diodes. C o m m o n can be 
used to set the c o m m o n mode voltage in appl icat ions 
where the input signals f loat w i th respect to the 
ICL7129A/MAX7129's power supplies, wh ich is typical 
for battery powered appl icat ions. C o m m o n can also 
funct ion as a pre-regulator for an external precis ion 
reference voltage source. 

The vol tage between V + and D G N D is the internal 
supply voltage for the logic sect ion of the ICL7129A/ 
MAX7129. Both C o m m o n and D G N D are capable of 
s ink ing current f rom external loads, but care should 
be taken to ensure that these ou tpu ts are not over-

loaded. The connect ion of external logic c i rcui t ry to 
the ICL7129A/MAX7129 is shown in Figure 10. Th is 
connec t ion wil l work prov ided that the supp ly current 
requirements of the logic do not exceed the 1.2mA 
cur rent sink capabi l i ty of the D G N D pin. The buf fer in 
Figure 10 can be used to keep the loading on D G N D 
to a m in imum if more supp ly current is required. 
C O M M O N can source approx imate ly 12/JA whereas 
D G N D has no source capabil i ty. 

Low Battery 
The "Low Battery" annunc ia to r of the display turns on 
when the supp ly vol tage between V+ and V~ drops 
below 7.2V. The exact point at wh ich this occurs is 
determined by the 6.3V zener d iode and threshold 
vol tage of the n -channe l t ransistor connec ted to the V" 
rail shown in Figure 9. 

Buffer 
The ICL7129A/MAX7129 buffer has a c o m m o n mode 
input vo l tage range of V " + 1.5V to V + - 1.0V and can 
supply up to 20/jA of ou tput current. 

Integrator 
The integator can swing to w i th in 0.3V of the supply 
rails whi le del iver ing 20/JA of ou tput current. It should 
also be noted that, unl ike the ICL7129, Maxim's 
ICL7129A/MAX7129 provides stable operat ion w i thou t 
the need for an addi t ional capaci tor between the 
Integrator Outpu t and C o m m o n pins. The compen-
sat ion cap used wi th the ICL7129 must be omi t ted for 
correct operat ion of the ICL7129A/MAX7129. 

X10 Amplifier 

The X10 ("t imes ten") ampl i f ier provides a precise gain 
of -10, w i thou t using any external components . This 
ampli f ier, un ique to the "successive in tegrator" A/D, is 
used to mul t ip ly the residue left on the integrator 
capaci tor after the DE i and DE2 phases. 

Comparator 

The compara to r has the h igh gain and bandwid th 
needed to rapidly detect zero crossing. The compar -
ator's ou tpu t is used by the digital cont ro l logic to select 
the correct polar i ty for De- integrat ion, and to gate 
c lock pulses into the u p / d o w n results counter dur ing 
the De- integrat ion phases. 
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Figure 11. DGND Buffer 

Component Selection 
Integrating Resistor 

Opt imum l inearity is obta ined by choos ing the inte-
grat ing resistor value is chosen so that the buffer 's 
max imum output current is between 5 and 20/nA. The 
quiescent cur rent of the buf fer is 70/^A, and can supply 
13/uA of ou tput cur rent wi th excel lent linearity. The 
buffer 's max imum output current occurs wi th a full 
scale input voltage, and the op t imum value of inte-
grat ing resistor can be calculated as: 

R I N T 
ful l scale voltage _ 2V 

13/uA 1 3 m A 
1 5 0 k l l 

Too high a value for the integrat ing resistor increases 
the sensit ivi ty to noise p ickup and increases errors 
caused by stray leakage currents. Too low a value 
degrades integral l inearity by at tempt ing to draw more 
current f rom the buffer and integrator than they can 
provide wi thout degrading linearity. 

Integrating Capacitor 
The max imum swing of the integrator dur ing the signal 
integrate phase can be calculated as 

V s w i n g = ^ T X ^ N T 

C L N T 

where I I N T " 13 / U A if R I N T is chosen as descr ibed above 
and TINT = 1,000 c lock per iods (16.7ms for 120kHz 
osc i l la tor f requency ) . The in tegra to r sw ing range 
should be maximized whi le avoid ing saturat ion of the 
integrator output . The integrator wil l not saturate 
unless its ou tput is wi th in 0.3V of either supply, but for 
the best integral l inearity the integrator 's ou tput should 
remain at least 1V away f rom either supply. Since 
C o m m o n is a approx imate ly 3V below V+, the integrator 
swing should be 2V. Subst i tut ing these values in the 
above formula, CINT can now be calculated as: 

r | N T = 1 3 . 3 M A x 16.7ms = n i , . F 

2V 

Too low a value for CINT increases integrator swing to 
the point where the integrator saturates and causes 
integral l ineari ty errors. Too h igh a value for CINT 
reduces the integrator swing range and increases the 
effect of compara to r noise. If a posit ive c o m m o n mode 
vol tage is appl ied to IN LO the value of CINT must be 
reduced to keep the integrator ou tput vol tage at least 
1V below V+. 

The integrat ing capaci tor must have low dielectr ic 
absorp t ion to obta in low integral nonl ineari ty, rollover, 
and rat iometr ic errors. The result of measurements 
wi th the reference tied to the Input HI is a good 
indicat ion of the amount of dielectr ic absorpt ion in the 
integrator capacitor. A good integrat ing capaci tor wil l 
result in a reading of 9999, and any deviat ion f rom this 
read ing is p robab l y due to d ie lec t r i c absorp t ion . 
Po lypropy lene capaci tors have been found to be 
suitable, as have Teflon™ capaci tors. In less cri t ical 
appl icat ions polystyrene and polycarbonate capaci tors 
may also be used. 

Reference Capacitor 

The reference capaci tor 's dielectr ic absorpt ion is rarely 
crit ical. Low dielectr ic absorpt ion reference capaci tors 
are required only where fast sett l ing t ime is needed in 
systems wi th a rapidly chang ing reference vol tage 
such as rat iometr ic ohms measurement in digital 
mult imeters. 

The reference capaci tor must be a low leakage capa-
c i tor s ince it stores the reference vol tage whi le f loat ing 
dur ing both the Integrate and De- integrate phases. 
A n y leakage or charge loss dur ing these phases 
causes a change in the scale factor of the ICL7129A/ 
MAX7129. Low cost f i lm capaci tors such as polyester 
or polystyrene are suitable for most appl icat ions. 

In addi t ion to leakage requirements, another effect that 
sets a lower limit on the value of the reference capacitor 
is the "charge suckout" caused by stray capaci tance on 
the reference capaci tor terminals. In most appl icat ions 
the Ref Lo Input terminal is connected to Common , 
and the Ref Hi Input is 1V above C o m m o n . Dur ing the 
integrat ion and idle phases the reference capaci tor is 
connected to the Reference Inputs (CREF+ to Ref Hi 
and CREF" to Ref Lo). At the end of the in tegrat ion 
phase the compara tor determines the polar i ty at the 
integrator ou tpu t and the digi tal sect ion closes analog 
swi tches so that the reference capaci tor is connected 
to C o m m o n and the buf fer input w i th a polar i ty such 
that the integrator ou tput wi l l return toward C o m m o n 
dur ing the De- integrate phase. A negative input signal 
dur ing the integrate phase drives the integrator ou tput 
posit ive and the ICL7129A/MAX7129 digi tal sect ion 
wil l connect the CREF- terminal to C o m m o n dur ing the 
De- integrate phase. Since the CREF- terminal was also 
connec ted to C o m m o n dur ing the Integrate phase, 
the CFIEF terminals do not change vol tage dur ing the 
t ransi t ion f r om Integrate phase to De- integrate phase. 
If, however, the input voltage dur ing the Integrate 
phase is positive, the ICL7129A/MAX7129 digital sec-
t ion wil l connect the Ref Cap + terminal to C o m m o n . In 
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this case the two terminals of the reference capaci tor 
both move 1V more negative. A n y stray capaci tance 
on the reference capaci tor terminals must also be 
charged dur ing the 1V movement, thereby reduc ing 
the voltage on the reference capaci tor and chang ing 
the scale factor for posit ive input voltages. Th is error, 
called "rol lover error" can be reduced to less than 
1 count by using a reference capaci tor value of 1,uF 
or greater. 

Crystal Oscillator Components 

The ICL7129A/MAX7129 crystal osci l lator is des igned 
to work wi th tun ing fork type crystals such as the 
Statek CX-1V series. The two capaci tors are not crit ical 
components and can be the low cost disc ceramic 
type. The crystal f requency shou ld be 120kHz to reject 
60Hz normal mode signals and 100kHz to reject 50Hz 
normal mode signals. Wi th these crystal f requencies 
the integrat ion wil l be 10 cycles of the 60/50Hz signal 
on the 200mV range and 1 cyc le on the 2V range. 
There is no single osci l lator f requency that results in 
good normal mode reject ion of both 50Hz and 60Hz 
on the 2V range, but a 100kHz osci l lator f requency wil l 
reject both 50Hz and 60Hz on the 200mV scale. 

Component Manufacturers 
The fo l lowing list of componen t suppl iers is intended 
to be of assistance in ident i fy ing suitable external 
componen ts for use wi th the ICL7129A/MAX7129. The 
list is not in tended to be comprehensive, nor does it 
consti tute an endorsement by Maxim of the companies 
l i s ted Triplexed Liquid Crystal Displays 
Epson Amer ica. Inc . Torrance. CA 
(213) 534-4500 
Pari ft: LD-H7960A 
Crystaloid, Inc Hudson OH 
1216) 655-2429 
Hamlin Inc., Lake Mills. W 
|414l 648-2361 
IJCE Inc . Norwalk, CT 
(?03) 838-7509 

LXD INC, Cleveland, OH 
(216) 292-3300 
Part ft: 3 5 3 E 3 / 8 R 0 3 H 
Varitronix Limited, Los Angeles, CA 
( 2 1 3 ) 6 6 1 - 8 8 8 3 
Part ft: V IM-503-DP 

Display Mounting Bezels 
Techkruts. Inc . Cranford, N.J 
(201 i 272-5500 
Conduct ive Rubber Technolcgy, Santa Barbara, CA. 
(805) 969-5807 

Statek. Inc., Orange, CA 
(714) 639-7810 
Part s: CX-1V 120C 
Saronix Inc.. Palo Al to. CA 
(415) 856-6900 

Polypropylene Capacitors 
West Lake Capaci tors. West Lake Vil lage. CA 
(818) 889-4120 
Seacor, Inc.. Westwood, N J 
(2011 666-5600 
TRW Capaci tors. Ogallala. NE 
(308) 284-3611 
Sprague Electric Co.. North Adams. MA 
(413)'664-4411 
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Figure 12. Powering the ICL7129AMAX7129 from 
- 5V and -5V Power Supplies 

Applications 
Power Supply 

The ICL7129A/MAX7129 may be operated as a battery 
powered hand-held instrument or integrated into larger 
systems that have more sophist icated power suppl ies. 

The standard battery connect ion using a 9V battery is 
shown in the Typical Operat ing Ci rcu i t on the f ront 
page of this data sheet. 

Figure 12 shows the power connec t ion for systems 
with +5V and -5V supplies. Note that measurements 
are given wi th respect to g round. C O M M O N is not 
connec ted to INPUT LO and is used on ly as a pre-
regulator for the external vol tage reference. Digital 
g round of the ICL7129A/MAX7129 (DGND, pin 36) is 
not d i rect ly connec ted to power supp ly g round. The 
ICL7129A/MAX7129's digital inputs have protect ive 
d iodes to D G N D and shou ld not be dr iven to any 
voltage below DGND. This problem is handled by plac-
ing a 100n resistor between the ICL7129A/MAX7129's 
D G N D terminal and the + 5 V system's digi tal g round, 
wh ich pulls down the ICL7129A/MAX7129's D G N D 
terminal if it reaches a vol tage more posit ive than the 
± 5 V system's digital ground. This prevents the fo rward 
biasing of the input protect ion diodes. If D G N D voltage 
is more negative than the system digital g round the 
10f l resistor wi l l l imit the amount of current that 
D G N D sinks. 

A power supp ly w i th s ingle polar i ty can be used 
to power the ICL7129A/MAX7129 in app l ica t ions 
where battery operat ion is not convenient or appro-
priate. Measurements must be made wi th respect to 
C O M M O N or some other voltage wi th in the ICL7129A/ 
MAX7129's input c o m m o n mode range. 

Voltage References 
The C o m m o n output has a typ ical temperature co-
eff ic ient of + 8 0 p p m / ° C . Since the ICL7129A/MAX7129 
has a resolut ion of 1 count in 20,000 or 50ppm, a 
precis ion external reference is needed unless the 
ambien t temperature is held constant . The d iagram of 
the Typical Operat ing Circui t on the f ront page of this 
data sheet shows a 1,2V bandgap vol tage sou rce used 
as the reference for the ICL7129A/MAX7129, wi th 
C o m m o n used only as a pre-regulator for the bandgap 
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Figure 13. Using a 6.2V Reference Diode with the 
ICL7129A' MAX7129. 

reference. The ICL7129A/MAX7129 reference voltage 
is approx imate ly 1.000V for both 2V and 200mV ful l -
scale operat ion. To t r im the reference voltage, first 
apply a precis ion 1000.05mV input voltage, then adjust 
the reference vol tage unti l the display reading alter-
nates equal ly between 10000 and 10001. 

Figure 13 shows the ICL7129A/MAX7129 wi th an ex-
ternal 6.8V zener reference voltage. 

Annunciator Drivers 

The Annunc ia tor Drive output is a square wave at the 
backplane frequency, sw ing ing f rom V+ to VDISP. Any 
segment connected to Annunc ia tor Drive wil l be turned 
on, regardless of wh ich backp lanedr ives that segment. 
Figure 14 shows how to cont ro l annunc ia to r segments 
wi th external logic levels. 

Display Voltage Compensation 
An adequate display can be obta ined in most appl i -
c a t i o n s b y c o n n e c t i n g VDISP (p in 19) t o D G N D (p in 36) . 
In appl icat ions where a wide temperature range is 
expected, the voltage drive levels for some tr ip lexed 
l iquid crystal displays may need to vary wi th temper-
ature in order to maintain good display contrast and 
v iewing angle. The amoun t of temperature compen-

Figure 14. Externally Controlled Annunicators 

sation wil l depend upon the type of l iquid crystal used. 
Display manufacturers usual ly speci fy the temperature 
var ia t ion of the L C D th resho ld vo l tage, w h i c h is 
approx imate ly 1/3 of the op t imum peak display voltage. 
The peak display voltage is equal to (V+ - VDISP), so a 
typical - 4 m V / ° C temperature coef f ic ient of an LCD 
threshold cor responds to a +12MV/°C temperature 
coef f ic ient at the VDISP pin. Two c i rcu i ts that can be 
ad jus ted to g ive a t empe ra tu re c o m p e n s a t i o n of 
approx imate ly + 1 2 M V / ° C at V D I S P are shown in Figure 
15. The d iode between D G N D and VDiSPShould have a 
low tu rn -on vol tage to ensure that VDISP is never dr iven 
more than 300MV negative wi th respect to DGND. 

Input Protection 

The input pins of the ICL7129A/MAX7129 have pro-
tect ion d iodes bui l t in to protect it f rom electrostat ic 
d ischarges (ESD) of up to 2000V (Mil Standard 883, 
Method 3015.1 test c i rcui t ) . These d iodes also protect 
the ICL7129A/MAX7129 f rom excessive input vol tage 
over load in mul t imeter c i rcui ts, prov ided that the 
current into these diodes is l imited to less than 1mA. 
The ICL7129A/MAX7129 wil l therefore be ful ly pro-
tected for input voltages up to 1000V if the input 
current l imit ing resistor is 1MQ. 
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