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3V2 Digit A/D Converters 
with Bandgap Reference 

General Description 
The MAX130 and MAX131 are 3V2 digi t A / D converters 
w i th onboard LCD display drivers. The MAX130 and 
MAX131 use a bandgap reference to generate an 
analog C o m m o n vol tage wh ich has the excel lent long 
term stabil ity of a bandgap reference and a guaranteed 
max imum temperature coef f ic ient of 100ppm/°C. For 
more demand ing appl icat ions the "A suf f ix" parts, the 
MAX130A and MAX131A, have a 5 0 p p m / ° C m a x i m u m 
temperature coeff ic ient . 

The MAX130 uses the same c i rcu i t and componen t 
values as the ICL7106, but draws a m a x i m u m supp ly 
current of only 250/l/A max imum (100/jA typical) f rom 
a 9V battery, much lower than the 1800J;A max imum 
supp ly cur rent of the ICL7106. The MAX131 uses the 
same c i rcu i t and componen t values as the ICL7136, 
wi th a m a x i m u m supp ly cur rent of 100,UA (65/I/A 
typical) . 

These devices are avai lable w i th both 0 ° C to 70°C 
and -40° C to +85° C operat ing temperature ranges. 
The operat ing vol tage range is f rom 4.5V to 14V. 

Applications 
Digital Mul t imeters 

Digital Panel Meters 

Temperature Meters 

pH Meters 

Features 
• Pin Compat ib le Upgrade for ICL7106 and ICL7136 
• H igh Stabi l i ty Bandgap Reference 

• 50ppm/ °C M a x i m u m Temperature Coef f ic ient 
(MAX130A/MAX131A) 

• "IOO/l/A M a x i m u m Supp ly Cur rent (MAX131) 

• 4.5V to 14V Supp ly Voltage Range 

• Onboard 3Vj Digi t L C D Display Driver 

• Avai lable in Industr ia l Temperature Grades 

Ordering Information 
PART TEMP RANGE PACKAGE 

MAX130CPL 0°C to +70° C 40 Lead Plastic DIP 

MAX130CQH 0°C to +70°C 44 Lead Plastic 
Chip Carrier 

MAX130C/D 0°C to +70° C Dice 

MAX130EPL -40 °C to +85°C 40 Lead Plastic DIP 

MAX130EQH -40° C to + 85°C 44 Lead Plastic 
Chip Carrier 

MAX130ACPL 0°C to +70° C 40 Lead Plastic DIP 

MAX130ACQH 0°C to +70° C 44 Lead Plastic 
Chip Carrier 

MAX130AEPL -40°C to +85°C 40 Lead Plastic DIP 

MAX130AEQH -40°C to +85°C 44 Lead Plastic 
Chip Carrier 

MAX131CPL 0 °C to +70°C 40 Lead Plastic DIP 

MAX131CQH 0°C to +70°C 44 Lead Plastic 
Chip Carrier 

(Ordering information continued on fast page.) 
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ABSOLUTE MAXIMUM RATINGS 
Supp ly Voltage (V* to V") 15V 
Ana log Input Voltage (ei ther input) (Note 1) V* to V" 
Reference Input Vol tage (ei ther input) V* to V" 
C lock Input TEST to V+ 

Power Diss ipat ion (Note 2) 
CERDIP Package 1000mW 
Plastic Package 800mW 

Opera t ing Temperature Range 
MAX130C/AC, MAX131C/AC 0 ° C to +70° C 
MAX130E/AE, MAX131E/AE - 4 0 ° C to +85° C 

Storage Temperature Range - 6 5 ° C to +160°C 
Lead Temperature (So lder ing, 10 sec.) +300°C 

Note 1: Input vo l tages may exceed the supp ly vol tages, 
prov ided the input cur ren t is l imi ted to ±100//A. 

Note 2: D iss ipa t ion rat ing assumes device is m o u n t e d w i th 
all leads so ldered to pr in ted c i rcu i t board. 

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

ELECTRICAL CHARACTERISTICS (MAX130, MAX130A) 
(V* = 9V, T . = 25°C, f. = 48kHz; test c i rcui t - Figure 1; unless noted) 

PARAMETERS C O N D I T I O N S MIN TYP MAX UNITS 

Zero Input Reading V I N = 0.0V, Full Scale = 200.0mV 
T a = 25° C (Note 3) 

Tmin to T m a x (Note 4) 
-000.0 
-000.0 

±000.0 
±000.0 

+000.0 
+000.0 

Digital 
Reading 

Ratiometr ic Reading V,n = VREF, VR E F = 100mV 
T a = 25°C (Note 3) 
t m i n to T M A X (Note 4) 

999 
998 

999/1000 
999/1000 

1000 
1001 

Digital 
Reading 

Rollover Error (Di f ference in 
reading for equal posit ive and 
negative reading near Full Scale) 

-V ) N = +V,N S 200.OmV 
T a = 25°C (Note 3) 
t m i n ' o T m a x (Note 4) 

-1 ± .2 
± .2 

+1 Counts 

Lineari ty (Max. deviat ion f rom best 
straight line fit) 

Full Scale = 200.OmV 
or ful l scale = 2.000V (Note 5) 

- 1 ± .2 +1 Counts 

C o m m o n Mode Reject ion Ratio Vcm = ±1V, V I N = OV 
Full Scale = 200.0mV 50 /uV/V 

Noise (Pk-Pk value not exceeded 
95% of t ime) 

V,n = ov 
Full Scale = 200.OmV 15 uv 

Input Leakage Current V,N = 0 
T a = 25° C (Note 3) 
Tmin TO T M A X 

1 
20 

10 
200 

PA 

Zero Reading Drift V,n = 0 
t m i n to T m a x (Note 3) 0.2 JJV/°C 

Scale Factor Temperature 
Coeff ic ient 

V1N = 199.OmV 
^min , 0 T m a x 

(Ext. Ref. 0 p p m / ° C ) (Note 3) 
1 p p m / ° C 

V* Supply Current V I N = 0 
T a = 25°C 
Tmin T M A X 

100 250 
400 

„ A 

Analog C o m m o n Voltage (with 
respect to Pos. Supply) 25kO between C o m m o n & Pos. Supply 2.95 3.05 3.15 V 

Temp. Coeff. of Ana log C o m m o n 
(with respect to Pos, Supply) 

25kO between C o m m o n MAX130 
& Pos Supply (Note 7) MAX130A 

± 2 0 
± 2 0 

±100 
±50 p p m / ° C 

Pk-Pk Segment Drive Voltage, 
Pk-Pk Backplane Drive Voltage V+ to V" = 9V 4 5 6 V 

Test Pin Voltage With Respect to V ' 4 5 6 V 

2 y i / i y j x i x u 
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ELECTRICAL CHARACTERISTICS (MAX131, MAX131A) 
(V+ = 9V, T A = 25° C, Fqlock " 48kHz; test circuit - Figure 2; unless noted) 

PARAMETERS CONDITIONS MIN TYP MAX UNITS 

Zero Input Reading V IN = 0.0V, Full Scale = 200.OmV 
TA = 25° C (Note 3) 
Tmin ' o T M A X ( N o t e 4) 

-000.0 
-000.0 

±000.0 
±000.0 

+000.0 
+000.0 

Digital 
Reading 

Ratiometric Reading V IN = VREF, VREF = 100mV 
T a = 25°C (Note 3) 
t min TO TM A X (Note 4) 

999 
998 

999/1000 
999/1000 

1000 
1001 

Digital 
Reading 

Rollover Error (Difference in 
reading for equal positive and 
negative reading near Full Scale) 

" v i n = + v i n - 200.0mV 
TA = 25°C (Note 3) 
Tmin TO T M A X ( N o t e 4) 

-1 ±.2 
±.2 

+1 Counts 

Linearity (Max. deviation from best 
straight line fit) 

Full Scale = 200.0mV 
or full scale = 2.000V (Note 5) 

-1 ±.2 +1 Counts 

Common Mode Rejection Ratio Vcm = ± 1 V , V IN = 0V 
Full Scale = 200.0mV 

1 tNN 

Noise (Pk-Pk value not exceeded 
95% of time) 

V , n = ov 
Full Scale = 200.0mV 10 „ V 

Input Leakage Current V,N = 0 
T a = 25° C (Note 3) 
Tmin TMAX 

1 10 
200 

P A 

Zero Reading Drift V,N = 0 
Tmin <° T M A X ( N o t e 3) 0.2 fivr c 

Scale Factor Temperature 
Coefficient 

V IN = 199.OmV 
T m i n , 0 T M A X 

(Ext. Ref. 0ppm/°C) (Note 3) 
1 ppm r c 

V* Supply Current V |N = 0 
T a = 25°C 
Tmin T 0 TM A X 

60 100 
120 

uA 

Analog Common Voltage (with 
respect to Pos. Supply) 250kn between Common & Pos. Supply 2.95 3.05 3.15 V 

Temp. Coeff. of Analog Common 
(with respect to Pos. Supply) 

250kn between Common MAX 131A 
& Pos. Supply (Note 7) MAX131 

±20 
±20 

±50 
±100 ppm/°C 

Pk-Pk Segment Drive Voltage, 
Pk-Pk Backplane Drive Voltage V* to V- = 9V 4 5 6 V 

Test Pin Voltage With Respect to V* 4 5 6 V 

Note 3: Test condit ion is V,N applied between pin IN-HI and IN-LO through a 1Mf) series resistor as shown in Figures 1 and 2. 
Note 4: 1MQ resistor is removed in Figures 1 and 2. 
Note 5: Guaranteed by design. 
Note 6: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil Std 883, 

Method 3015.1.) 
Note 7: MAX130 and MAX131 temperature coefficient is guaranteed by sample testing. MAX130A and MAX131A temperature 

coefficient is 100% tested. 
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31/2 Digit A/D Converters 
with Bandgap Reference 

Basic Applications 
Figures 1 and 2 show the basic MAX130 and MAX131 
appl icat ions circui ts. Note that the c i rcui ts for the 
MAX130 and the MAX131 use d i f ferent values for the 
integrat ion and osci l lator components . The MAX130 
can operate using the MAX131 componen t values, but 
the MAX131 wi l l not operate using the MAX130 com-
ponent values. The lower supp ly current device, the 
MAX131, must a lways use the higher value integrator 
resistor as shown in componen t value table in Figure 
2. Wi th a typ ical operat ing current of only 65/ jA, the 
MAX131 wil l operate for about 8500 hours when 
powered by a typ ical 550mAhr alkal ine 9V battery. 
The MAX130 wi l l operate for 2200 hours w i th a 
550mAhr battery. 

Compatibility with 
ICL7106 and ICL7136 

The MAX130 and MAX131 can d i rect ly replace the 
ICL7106 and ICL7136 wi th no c i rcu i t layout or com-
ponent value changes in c i rcu i ts wh ich are des igned 
to use the C o m m o n vol tage as the reference. In 
ICL7106/7136 c i rcui ts wh ich are des igned to use an 
external bandgap reference, the bandgap reference 
d iode can be removed wi th no c i rcu i t changes re-
quired. Normal ly the value of the resistor between V+ 

and the bandgap reference d iode is the only c o m p o -
nent value that must be changed to a l low the removal 
of an external bandgap reference diode. 

System Reference Point 
The analog b lock d iagram (Figures 3) of the MAX130 
is s imi lar to that of the MAX131 (Figure 4). The only 
d i f ference is the vol tage at the non- inver t ing terminal 
of the in tegrator du r ing the de- integrate, autozero 
and zero integrator phases. The MAX130 drives the 
non- inver t ing te rmina l of the in tegrator w i th the 
C o m m o n pin dur ing these phases, as does the ICL7106. 
The MAX131 uses the In Lo pin as the reference point 
for the integrator du r ing all phases, as does Maxim's 
ICL7136. 

The c i rcu i t con f igura t ion of the MAX131 results in an 
excel lent 120dB re ject ion of DC c o m m o n mode volt-
ages appl ied to In Hi and In Lo. The MAX131 con f igu-
ration, though, does not have good reject ion of AC 
noise on the In Lo pin du r ing de- in tegrat ion. If an 
A C - D C converter is used w i th a MAX131 it shou ld 
ei ther be a hal f -wave c i rcu i t ( leaving In Lo connec ted 
to C o m m o n ) or shou ld have adequate f i l ter ing to 
avoid induc ing addi t ional noise. 

The c i rcu i t con f igura t ion of the MAX130 is unaf fected 
by AC noise on the In Lo pin du r ing de- integrate, but 
the re ject ion of DC c o m m o n mode s ignals on In Hi 
and In Lo is on ly about 86dB, the same as the 
ICL7106. The input vo l tage at the MAX130 In Lo pin 
shou ld be restr ic ted to no more than 1V above the 
C o m m o n pin. 
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Figure 3. Analog Section of MAX130 

Figure 4. Analog Section of MAX131 
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Detailed Description 
Conversion Method 

The MAX130 and MAX131 use the dual-slope integra-
t ion method of conversion, with the addit ion of an 
autozero phase to compensate for the offset of the 
buffer and integrator, and the addit ion of a zero 
integrator phase to ensure rapid recovery f rom an 
overrange conversion. Refer to the ICL7106 data sheet 
for a detailed description of the conversion phases 
and t iming. 

The conversion result is 1000 * (In H i - l n Lo)/(Ref 
Hi -Ref Lo), with a maximum conversion result of 
±1999. If the input voltage is greater than full scale, 
the MAX130 and MAX131 will blank the lower three 
digits, and wil l display the leading "1" digit and, if the 
input voltage is negative, wil l also turn on the Minus 
segment. 

MAX 130 and MAX131 
Common Pin Voltage Reference 

The Common voltage of the MAX130 and MAX131 is 
derived from a bandgap reference, unlike earlier de-
vices which derive the Common voltage from a zener. 
The MAX130/131 bandgap reference eliminates the 
excessive long term drift associated with low current 
zeners, and the MAX130/131 can a be source of a 
high quali ty reference voltage without the use of 
external bandgap reference diodes. The MAX130/131 
Common voltage does have slightly more wideband 
noise than does a zener-derived Common voltage, 
but a O.ljuF or greater reference capacitor wil l reduce 
the bandwidth suff iciently to virtually el iminate the 
noise. 

The long term stabil ity of the common voltage is 
approximately 0.01% (100ppm or 1/5 count). The 
temperature coeff ic ient of the each MAX130A and 
MAX131A device is individually tested at 25° C, at the 
minimum operating temperature, and at the maximum 
operating temperature. The maximum allowable tem-
perature coeff icient f rom 25°C to either temperature 
extreme is 50ppm/°C. The MAX130 and MAX131 de-
vices wi thout the A suffix are sample tested to ensure 
a maximum temperature coeff icient of 100ppm/°C. 
The MAX130/131 Common voltage is buffered by an 
op amp which has an output impedance of 1 ohm and 
up to 2mA output sink current, and a short circuit 
current of approximately 35mA. The Common pin has 
a small pul lup current of 1/jA typical, and if desired it 
can be driven to a voltage more negative than its 
internally generated voltage by overpowering the 
pul lup current source. 

Since the MAX130/131 Common voltage is derived 
from a bandgap reference, it remains at a relatively 
constant voltage unti l V+ drops to less than 4V, unlike 
the ICL7106 and ICL7136 Common voltage which 
starts to fall once V+ drops to around 7V. The PSRR of 
Common is 0.1mV/V (80dB) typical for a V+ voltage 
change of 9V to 4.5V. 

The Common voltage is t r immed to 3.05V ± 100mV. 
This is signif icantly more accurate than the 2.4V to 
3.2V span al lowed in the ICL7106. The better voltage 
accuracy allows the trim range of the reference voltage 
to be reduced, increasing resolution and ease of 
adjustment. 

MAX130 and MAX131 Test Voltage 
The MAX130/131 internally generate a supply which is 
4V to 6V below V+. This voltage powers the digital 
logic section, including the LCD display driver section. 
This internal test voltage is coupled to the Test pin via 
a 500 ohm resistor. See Figure 5. Test pin is suitable 
for powering external low power CMOS circuitry such 
as the decimal point and annunciator driver circuits 
shown in Figure 6. 

Oscillator 
The MAX130 and MAX131 oscil lator circuit is shown 
in Figure 5. The oscil lator is divided by 4 to generate 
the system clock, and each conversion takes 4000 
system clock cycles or 16,000 oscil lator cycles. The 
integration period is 1000 system clock cycles or 4000 
oscil lator cycles. For maximum rejection of normal 
mode AC signals the integration period should be an 
integer mult iple of the interfering signal. A 40kHz 
oscil lator frequency will reject both 50Hz and 60Hz 
since this sets the integration period equal to 6 cycles 
of 60Hz and 5 cycles of 50Hz. Either a 50pF or 100pF 
oscil lator capacitor can be used and the resistor is 
calculated from the equation f = 0.40/RC. 

In Lo and In Hi Differential Inputs 
These A /D converters measure the differential voltage 
between In Lo and In Hi. The MAX130 has a typical 
common mode rejection ratio (CMRR) of 86dB; while 
the MAX131 has a typical CMRR of 120dB. 
In Hi has a guaranteed maximum input leakage current 
of only 10pA, and can be directly driven by high 
source impedances such as pH sensors and by the 10 
Megohm input impedance attenuators normal ly used 
in digital mult imeters. Both In Hi and In Lo have 
protect ion clamp diodes to V+ and V". If the input 
voltage can go above V* or below V~ then the input 
currents should be limited to less than 1mA to prevent 
damage to the A/D. 
The MAX130 and MAX131 common mode voltage 
range for In Hi and In Lo is a min imum of ±1V around 
Common. Under some circumstances, In Hi and In Lo 
can range from V~ + 1.5V to V+ - 1.5V. See "Common 
Mode Voltage Range Considerations" section of the 
Appl icat ion Notes for further information. 

Reference and CREF Pins 
As shown in the analog block diagrams, Figures 3 
and 4, Ref Hi and Ref Lo are connected to the CR£F 
pins dur ing autozero and zero integrate phases via 
analog switches. This charges an external reference 
capacitor, which is then used as either a positive or a 
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Figure 5. MAX130/131 Digital Section and Oscillator 

negative reference voltage as needed dur ing the de-
integrat ion phase. The c o m m o n mode voltage range 
(CMVR) of Ref Hi and Ref Lo is V+ to V^—any voltage 
between V+ and can be used to drive the Ref Hi 
and Ref Lo inputs. The dif ferent ial voltage between 
Ref Hi and Ref Lo sets the full scale voltage. A ful l 
scale output of ±1999 counts occurs wi th an input 
voltage of +1.999 times the differential voltage between 
Ref Hi and Ref Lo. If the di f ferent ial reference voltage 
is 1.0V the full scale input voltage is 1.999V. With 
100mV reference the full scale input voltage is 199.9mV. 

LCD Display Driver Outputs 
The MAX130 and MAX131 LCD display driver outputs 
swing f rom V* to the Test pin vol tage at a f requency 
20 t imes the conversion rate (50Hz for an osci l lator 
f requency of 40kHz and conversion rate of 2.5 t imes 
per second). The output impedance is approximately 
3kQ. The LCD display driver outputs are non-mul t i -
plexed or direct drive, and drive in-phase wi th the 
backplane output to turn an LCD segment off and 
drive 180° out of phase wi th the backplane output to 
turn an LCD segment on. 

The BP or Backplane output has an output impedance 
of 5000. The LCD drive waveforms are 50% duty 
cycle wi th matched rise and fall t imes to minimize the 
DC component across the LCD display. 

Component Selection 
Integrator Resistor, f?fNr 

The MAX130 integrator and buffer ampl i f iers have a 
class A ou tpu t stage which can deliver up to 6aiA wi th 
high linearity. Normally, the MAX130 integrator resistor 
is chosen to set the max imum current to approximately 
4/jA by set t ing its value to 2 * VrE F /4,uA. For a 1V 
reference the correct value is 470kQ. For a 100MV 
reference the correct value is 47kO. Since the absolute 
value of R , n t does not affect the conversion accuracy, 
the type of resistor used for R,N T is not crit ical. 

The MAX131 integrator and buffer also have up to 
4/iA of output current capabil i ty, wi th a max imum 
outpu t current of 1.1/L/A being the recommended 
operat ing point. For 1V reference (2V ful l scale) R,N T 
shou ld be 1.8MQ. Use 180kf> for R,N T when using a 
100mV reference (200mV ful l scale). 

Integrator Capacitor 
The integrator capaci tor is normal ly polypropylene, 
which has low dielectr ic absorpt ion. Dielectric absorp-
t ion wil l cause integral l inearity errors. For example, if 
polyester or Mylar is used, the measured value of 
inputs near ful l scale wil l be approximately 0.1% lower 
than expected, whi le the measured value of low input 
voltages wi l l be as expected. 
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Figure 6A. Fixed Decimal Point Drivers 
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Figure SB. Fixed Decimal Point Drivers 
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Figure SC. Exclusive "OR" Gate lor Decimal Point Drive 

Proper selection of the integrator capacitor value can 
be verified by monitor ing the output swing of the 
integrator with +fu l l scale input voltages. In a properly 
operating circuit, ± fu l l scale input voltages wil l cause 
the integrator output (INT pin) to swing to about +2V. 
The integrator output can drive to about 0.3V from 
either supply while maintaining high linearity. Inte-
grator swing is inversely proport ional to the oscil lator 
frequency, so the integrator capacitor value must be 
increased in circuits with conversion rates less than 3 
conversions per second. 

TO LCD 
DECIMAL 
POINT OR 
ANNUNCIATOR 

LCD SEGMENT 
ON/OFF 
CONTROL 

Figure 6D. Analog Switch for Decimal Point Drive 

If the value of the integrator capacitor or integrator 
resistor is too low, + fu l l scale inputs will cause the 
integrator to saturate as it attempts to drive above V' 
or below V". If this occurs, operation will appear 
normal for low input voltages, but the conversion 
results for higher output voltages wil l be less than full 
scale. 

Very low integrator swing will increase the amount of 
noise or "f l icker" of the conversions. A full scale 
integrator swing of +1V is suff icient to avoid any 
signif icant degradation of the noise performance, and 
should be used for operation with a 5V supply. 

Reference Capacitor 
For most circuits a reference capacitor value of 0.1/UF 
is adequate. However, a larger value is needed to 
prevent rollover error if there is significant stray capa-
citance at the reference capacitor terminals. Minimize 
the stray capacitance on the reference capacitor 
terminals to reduce the rollover error, and if necessary, 
increase the reference capacitor value to 1.0/jF. 

The printed circuit board should be careful ly cleaned 
to minimize leakage at the CR E F terminals since leakage 
will cause both gain and rollover errors. Due to the 
increased leakage of the MAX130 and MAX131 at 
+70°C, a 1.0//F reference capacitor is recommended 
to reduce rollover and gain errors at high temperature. 

The reference capacitor is typical ly a low leakage fi lm 
capacitor. Polyester (Mylar) is acceptable in applica-
t ions where the reference voltage is constant. A low 
dielectric absorpt ion capacitor such as polypropylene 
should be used if the reference voltage is variable, 
since any dielectric absorption will increase the settling 
t ime in response to a change in reference voltage. 
Since the reference voltage varies in circuits which 
measure resistance ratiometrically, a polypropylene 
reference capacitor should be used in ohmmeters. 

Autozero Capacitor 
The noise of the A /D is inf luenced by the autozero 
capacitor. For the best noise performance, an autozero 
capacitor value of at least 4 t imes the integrator 
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capac i tor value is recommended . For a 2V scale, a 
0.047/jF (47nF) capaci tor is adequate. An autozero 
capaci tor of 0.47^F or greater is recommended for a 
200mV ful l scale. Al l of Maxim's integrat ing A / D con-
verters have a Zero Integrator phase wh ich a l lows the 
use of h igh values for the autozero capaci tor w i thou t 
caus ing hysteresis or s low ing the over load recovery 
t ime. 

The autozero capaci tor can be any low leakage f i lm 
capac i tor in most appl icat ions. A low dielectr ic poly-
propylene capacitor is recommended if there are rapid 
changes in c o m m o n mode voltage, or if the A / D must 
rapidly stabil ize upon power-up. 

Oscillator Components, 
MAX130 and MAX131 

R 0 S c and a 100pF C, 
50pF_C O sc 

per second either use 100kn 
- o q s c . or use a 180kQ R 0 s c a n c l a 

MAX130 test c i rcu i ts show 100kQ/ 

For three convers ions 
;c 

. F c o s c - T h e 

100pF and the MAX131 test c i rcui ts show 180kQ/50pF, 
but both A / D s wi l l operate cor rec t ly wi th ei ther set of 
components . Other convers ion rates can be set by 
chang ing the osci l lator components . Each convers ion 
takes 16,000 osci l la tor cycles, and the osci l la tor fre-
quency is approx imated by the equat ion f 0 s c = 0.45/ 
RC, where C = C 0 s c + 5PF-
Typical par t - to-part var iat ion of osci l lator f requency is 
±5%, and the typical var iat ion wi th temperature is an 
decrease in f requency of 3% at 70°C, and an increase 
in f requency of 1% at 0°C. Normal mode reject ion of 
50Hz and 60Hz can be improved by dr iv ing the OSC1 
pin wi th an external c lock signal of precisely 40.00kHz. 
The OSC1 pin is the input of a C M O S inverter powered 
f rom V+ and the Test pin voltage. Either dr ive OSC1 
direct ly wi th a signal that swings f rom the Test vol tage 
to V+, or drive it via an AC-coupled 2Vpk-pk to 5Vpk-pk 
signal. 

Application Notes 
Common Mode Voltage Range Considerations 
In many app l ica t ions In Lo is connec ted to C o m m o n , 
and the supp ly vol tage is greater than 6V. In these 
cases the c o m m o n mode vol tage range restr ic t ions 
on In Hi and In Lo wi l l not be a des ign cons iderat ion. 
On the other hand, operat ion wi th low supply voltages, 
or operat ion wi th ei ther In Lo or In Hi near ei ther 
supply calls for careful evaluat ion of the effect of 
c o m m o n mode voltages. 

Table 1. Common Mode Voltage Limits 
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Since the MAX131 per forms all convers ion phases, 
inc lud ing autozero and de in tegra t ion , using In Lo as 
the reference point, the MAX131 has excel lent c o m m o n 
mode reject ion of approx imate ly 120dB. The MAX130 
uses the C o m m o n vol tage as the reference point for 
autozero and de in tegrat ion and the c o m m o n mode 
reject ion ratio of the MAX130 is about 86dB. 

There are four basic internal l imitat ions on the a l lowable 
c o m m o n mode voltage (see Figures 3 and 4): 
1) The buffer input CMVR is (V" + 1.5V) to (V+ - 1.5V). 
2) The in tegrator CMVR is (V~ + 1.5V) to (V+ - 1.5V). 
3) The integrator ou tpu t swing is l imi ted to V~ to V+. 
4) The MAX130 In Lo must not go more than 1.0V 

above C o m m o n . 

Figure 3 shows that the MAX130 buf fer input can be 
connec ted to ei ther In Hi, ( C o m m o n + VR E F ) , or 
( C o m m o n - VR E F) , where V R E F is the d i f ferent ia l refer-
ence vol tage between Ref Hi and Ref Lo and is 
independent of the C o m m o n vol tage at Ref Hi and Ref 
Lo. Further inspect ion shows that the in tegrator is 
connec ted ei ther to In Lo (dur ing Integrate) or C o m -
mon (dur ing deintegrate). 

Figure 4 shows that the MAX131 buffer input can be 
connec ted to ei ther In Hi, (In Lo + VR E F ) , or (In Lo -
VR E F ) . The integrator non- inver t ing input is always 
connected to In Lo. 
Comb in i ng the four system CMVR l imi tat ions wi th the 
possible connec t ions results in the l imi tat ions shown 
in Table 1. 

Operation with Low Supply Voltages 
Unl ike the ICL7106 and ICL7136 wh ich use a 6V to 7V 
zener to generate their C o m m o n vol tage, the MAX130 
and MAX131 use a bandgap reference. Therefore the 
MAX130 and MAX131 generate an accurate C o m m o n 
vol tage wi th supply voltages as low as 4.5V. Operat ion 
w i th a 5V supply, though , does requi re at tent ion to 
both the c o m m o n mode vol tage range of the buffer, 
and the output swing l imitat ions of the integrator. In 
part icular, the input c o m m o n mode vol tage range 
does not inc lude the negative supply voltage. Maxim's 
MAX138, wh ich inc ludes a charge pump vol tage in-
verter and requires on ly sl ight c i rcu i t mod i f i ca t ions of 
a MAX130/ICL7106 circui t , is recommended for +5V 
single supp ly appl icat ions where a ground- re fer red 
signal is to be measured. 

s 
* 
2 
0 

1 

Cd 

DEVICE IN HI IN LO INTEGRATOR SWING 

MAX130 w i t h Posi t ive 
Inpu t Vo l tages 

V + 1.5V to V ' - 1.5V V- + 1.5V to V C O M M O N + 1.0V (In Lo - V") o r ( V C O M M O N - V ), 
w h i c h e v e r is smal ler . 

MAX130 w i t h Nega t i ve 
Inpu t Vo l tages 

V" + 1.5V to V+ - 1.5V V ' + 1.5V to V* - 1.5V ( V - In Lo) or ( V - V C 0 M M 0 N ) , 
w h i c h e v e r is smal ler . 

MAX131 w i t h Posi t ive 
Input Vo l tage 

V" + 1.5V to V* - 1.5V V- + (1.5V + V R E F ) 
t o V4 - 1.5V 

(In Lo - V") 

MAX131 w i t h Nega t i ve 
Input Vo l tage 

V" + 1.5V to V" - 1.5V V" + 1.5V to 
V* - (1.5V + V R E F ) 

(V1 - In Lo) 
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Figure 7 shows typical components for +5V single 
supply MAX130/131 operat ion with a 200mV full scale 
range. Since the common voltage is 3.05V below V+, it 
is less than 2V above ground. This means that the 
integrator swing must be reduced by increasing the 
value of the integrator capacitor. The value shown will 
result in about 1V to 1.5V integrator swing. 

O.VF 

U ± 2 i 

C O M M O N 

BUFF /V\ y j X I /V\ 
MAX 130 
MAX131 

HEF HI 

REF LO 

O S C 2 O S C 3 OSC1 V 

JOOO 
IIJIJIJ 

r a 

FULL SCALE 
INPUT 

V 
REF 

200.0 mV 100.OmV 

Figure Z Single Supply +5V Operation 

The voltage at the buffer input must stay in the 
common mode voltage range of (V~ + 1.5V) to (V+ -
1.5V). With the maximum common voltage of 3.15 and 
a full scale negative input of -200mV, this limit is met 
with a 4.85V or greater supply. 
With a 2V full scale, the input buffer wil l exceed its 
negative common mode voltage range when a -2V 
input is applied with less than 6.7V supply voltage. 

Operation on ±SV Supplies 
The MAX130/131 can easily be used with +5V supplies. 
Connect V+ to +5V, V" to -5V. If the voltages to be 
measured are referred to ground, then connect In Lo 
to ground. In most cases, Ref Hi and Ref Lo should 
be connected to a resistive divider str ing between V* 
and Common, as shown in the standard appl icat ion 
circuits of Figures 1 and 2. If Common is not used to 
generate the reference it can either be left f loating or 
can be connected to ground. If the MAX130/131 oscil-
lator is driven by 5V logic, or if the MAX130/131 LCD 
outputs drive 5V logic, then connect the Test pin to 
ground. If the MAX130/131 open circuit Test voltage is 
above ground, then connect ing Test pin to ground 
wil l set the internal digital ground to approximately 
ground. If, however, the open circuit Test voltage is 
negative, then the internal digital g round voltage wil l 
remain negative, addit ional V+ supply current wil l be 
drawn, and the LCD segments will cont inue to swing 

below ground. The OSC1 pin, however, wil l respond 
to a voltage swing of 0V to 5V in either case. 

Low Battery Detector Circuit 
Since the voltage between Common and V+ is between 
2.95V and 3.15V until the voltage between V+ and V" 
falls to less than 4V, a simple low battery detector can 
be made using a transistor voltage detector as shown 
in Figure 8. When Q2 is off the Low Battery segment 
is driven in phase with the backplane and is off. When 
Q1 and Q2 turn on, the Low Battery segment is held 
approximately midway between the Test voltage and 
V+, and the Low Battery LCD segment becomes visible. 
Q1 and Q2 turn on when the voltage at the base of 
Q1 is one base-emitter voltage more positive than 
Common voltage. With the 4.7MQ/4.7Mf i divider 
shown, this occurs when the battery voltage is approxi-
mately 6V. Decrease the value of R1 to lower the 
battery detection voltage. 
A similar circuit using only one transistor can be 
made using the Test pin as the reference voltage 
rather than Common. Since the Test pin voltage may 
range from 4V to 6V, the low battery detection voltage 
when using the Test pin as a reference is not as 
accurate as Figure 8, which uses the Common voltage 
as the reference. 

Figure 8. Low Battery Detector and LCD Segment Drive 

Common Problems 
and Their Solutions 

Erratic, Unpredictable Readings 
Make sure that In Lo is connected to Common. Leaving 
both In Lo and In Hi f loat ing with respect to Common 
and the power supplies wil l cause erratic readings 
since In Lo and In Hi will unpredictably float from V+ 

to V" unless a DC connect ion between either In Lo or 
In Hi and Common is provided. 
Look at the INT (pin 27 of the 40 pin DIP) with an 
osci l loscope. With 0V input the INT pin should be at 
approximately the same voltage as the In Lo pin. 
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With a ful l scale input vol tage the INT pin vol tage 
shou ld be a t r iangular waveform. If no t r iangular 
waveform is seen, or if it is not in the 2Hz to 4Hz 
f requency range, then review the osci l lator c i rcui t 
connec t ions and componen ts to make sure they are 
correct . 

Overload Display 
The least s ign i f icant three digi ts are b lanked if the 
input vo l tage exceeds ful l scale. The leading "1" is 
displayed for positive overloads, and a "-1" is displayed 
for negat ive overloads. Any of the cond i t ions that 
cause errat ic readings as discussed above may cause 
over load readings. In addi t ion, check the di f ferent ia l 
vol tage between In Hi and In Lo and make sure that it 
is no more than twice the di f ferent ia l vol tage between 
Ref Hi and Ref Lo. A lso make sure that the vol tage at 
Ref Hi is more posi t ive than the vol tage at Ref Lo, 
since incorrect reference polar i ty wi l l always cause 
an over load reading. 

Gross Nonlinearity 
If the results are l inear for low input voltages, but the 
d isp layed result s tops increasing as h igher input volt-
ages are appl ied, then the most l ikely cause is satura-
t ion of the integrator output . Wi th a full scale vol tage 
appl ied, look at the vol tage on the INT pin. It shou ld 
not come closer than 0.3V to either supply. Increase 
the in tegrator capac i to r value if the INT output sw ing 
is excessive. Alternat ively, increase the osci l lator fre-
quency by chang ing the osci l lator resistor and capa-
ci tor values. 

Nonlinearities of 2 to 20 Counts 
A polyester (Mylar) integrator capaci tor wi l l result in 
about 2 or 3 counts of nonl inear i ty at ful l scale. Use 
po lypropy lene for best l inearity. Leakages into the 
integrator capacitor, the autozero capacitor, or the 
reference capaci tor wi l l also cause l ineari ty errors. 
Make sure that pr inted c i rcu i t boards are tho rough ly 
c leaned after solder ing. 

Gain Error and Rollover Error 
A gross gain error wi l l result if the integrator output 
cur rent capabi l i t ies are exceeded. Make sure that 
R I N T ^ V r e f / 2 . 5 A ( A f o r t h e M A X 1 3 0 , a n d > V R E F / 0 . 6 / / A 
f o r t h e M A X 1 3 1 . 

Gain errors less than ten coun ts are general ly caused 
by ei ther too much stray capac i tance on the C R E F 
terminals, or by excessive printed circuit board leakage. 
Stray capaci tance and leakage can be detected by 
reduc ing the reference capac i to r by a factor of ten. If 
the error dramat ica l ly increases, then either stray 
capaci tance or leakage at the reference capaci tor 
terminals is the culpr i t . Error caused by stray capaci-
tance tend to be a pure gain error, whi le errors due to 
leakage tend to be non l inear—typ ica l l y square law. 
Errors due to leakage can also be detected by c leaning 
the board, then baking to reduce moisture content . 

Offset Errors, 
or Non-Zero Reading with OV Input 

This type of error is most of ten caused by leakages 
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into the input pins, the integrator capacitor, or the 
autozero capacitor. 

A very h igh c lock rate can also make the MAX130 and 
par t icu lar ly the MAX131 show ±001 wi th 0V input. 
Either return the osci l lator f requency to the s tandard 
40 or 48kHz range, or if a h igher c lock f requency 
must be used, then put a resistor of a few hundred 
ohms in series w i th the integrat ion capaci tor. 

The MAX130/131 have better per fo rmance wi th low 
integrator swing than do the ICL7106 or ICL7136, but 
ex t remely low in tegrator sw ing may sti l l result in a 
non-zero reading w i th 0V input. Increase integrator 
sw ing to at least ±0 .5V wi th a ± fu l l scale input, w i th 
±2V swing being preferred. 

Missing Segments on the LCD Display 
This is very, very rarely a p rob lem of the MAX130/131. 
More of ten it is caused by open c i rcu i ts in the LCD 
connector /bezel , part icular ly if an elastomeric con-
nector (zebra str ip) is used. Check the vol tage wave-
fo rm at the p ins of the MAX130/131. A signal in-phase 
w i th the backp lane turns off an LCD segment , a 
s ignal 180° out of phase f rom the backp lane turns on 
an LCD segment. 

Noisy Readings 
The most c o m m o n reason for noisy readings, part icu-
larly in eng ineer ing labs, is s imply that the input 
s ignal is noisy. The I M O / I O n F input f i l ter shown in 
Figures 1 and 2 wil l s igni f icant ly reduce high f requency 
noise, and the capac i to r value can be increased to 
fur ther at tenuate 50/60Hz. 

If the input s ignal is clean, then the next th ing to 
check is in tegrator sw ing since low integrator swing 
wi l l increase the noise. If the integrator swing must be 
reduced to less than 1V for some reason, then in-
creasing the value of the autozero capac i to r wi l l im-
prove the noise per formance. For most c i rcui ts, the 
integrator swing shou ld be approx imate ly ±2V. 

A very low value for the autozero capac i tor wi l l also 
make the readings noisy. The value of the autozero 
capaci tor shou ld be at least tw ice the value of the 
integrat ion capacitor, and increasing the autozero 
capac i to r value to between 4 and 10 t imes that of the 
in tegrator capaci tor wi l l improve the noise per fo rm-
ance, par t icu lar ly wi th low reference voltages. 

S t ray c o u p l i n g of no i se s igna ls , e i t he r d i g i t a l / 
microprocessor noise or 50/60Hz and 100/120Hz r ipple 
can also be a cause of noisy readings. The c i rcui t 
area most l ikely to p ick up stray signals is the autozero 
capacitor. The distance between the autozero capa-
c i tor and the A Z pin shou ld be min imized, as shou ld 
the d is tance between the autozero capaci tor and the 
in tegrat ion resistor and capacitor. If possible, use a 
g round plane around the sensit ive analog sect ion that 
inc ludes C| N T , C A Z , and R,N T . S ince the BUFF and 
INT p ins are the ou tpu ts of op amps, they are less 
sensit ive to noise p i ck -up than is the A Z pin, wh i ch is 
the input of an op amp. Orient the integrat ion capacitor 
such that its outer foi l is connected to the INT pin. 
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The MAX131, unl ike the MAX130, is sensit ive to AC 
noise at In Lo dur ing the de- integrate phase. In 
particular, ful l wave AC-DC converters shou ld be used 
w i th the MAX131 on ly if both ou tpu ts of the A C - D C 
converter ou tput are well f i l tered. 

The C o m m o n outpu ts of the MAX130 and MAX131, 
being der ived f rom a bandgap reference, are noisier 
than the ICL7106 and ICL7136 C o m m o n outputs, 
w h i c h are der ived f r om zeners. Th is cou ld cause an 
increase in convers ion noise, but on ly if the C R E F is 
less than 0.1//F, and there is no bypass ing at the 
reference inputs. 

Poor bypass ing of the supp ly vol tage may cause a 
coup le of coun ts of noise in the readings, part icular ly 
if the power supp ly also powers dig i ta l logic, s ince 
h igh f requency spikes on the power supp ly might 
cause the comparator to falsely indicate zero crossing 
one or two c lock cycles early. Ord inary 0.1/uF bypass 
capaci tors are adequate in most cases. Since the 
MAX130 and MAX131 draw very litt le current, a s imple 
RC fi l ter can be used to provide greater spike and 
r ipple a t tenuat ion in those cases where the power 
supply is except ional ly noisy. 

S ince the osci l lator f requency is s l ight ly af fected by 
the supply voltage, large changes in the supply voltage 
dur ing a convers ion may cause a few counts of error. 
A typ ica l case where the ef fect must be cons idered is 
in a battery powered c i rcui t where the battery is also 
being used to drive h igh current loads such as motors 
or lamps. For ext reme cases where h igh current loads 
momentar i l y change the battery vol tage a volt or 
more, use a series d iode and a capaci tor of 10//F or 
greater. 

Application Hints 
1. See the ICL7136 and ICL7106 data sheets for a 

variety of app l ica t ion c i rcu i ts w h i c h can also be 
used with the MAX130 and MAX131. 

2. In some app l ica t ions it may be useful to apply a 
f ixed reference vol tage between In Hi and In Lo, 
and to app ly the s ignal to Ref Hi and Ref Lo. In 
th is mode of opera t ion the d isp layed reading is 
inversely proport ional to the input voltage. In other 
words, the displayed reading is the result of dividing 
the f ixed reference vol tage by the signal voltage. A 
typical app l ica t ion where this func t ion is useful is 
in an RPM meter, where a vo l tage propor t iona l to 
the per iod of a signal is div ided into a f ixed vol tage 
to conver t per iod into RPM ( f requency) . Another 
examp le is in a conduc tance meter, where the 
convers ion between ohms and Siemens is per-
fo rmed by swapp ing the posi t ions of the unknown 
and reference resistors. 

3. A serial ou tpu t pulse st ream can be obta ined f rom 
the MAX130/131 by mon i to r ing the vol tage at the 
C R E F terminals as shown in the c i rcui t of Figure 23 
in the ICL7106 data sheet. Use an A N D gate to 
comb ine the resul t ing End-o f -Convers ion signal 
wi th the osci l lator ou tput f rom OSC3, pin 38. 

4. If the input s ignal polar i ty is reversed f rom the 
desired polar i ty, then use the "M inus " segment to 
dr ive the vert ical bar of a plus sign, and perma-
nent ly tu rn on the hor izonta l bar of the plus s ign 
using one of the dec imal point dr iver c i rcui ts of 
Figure 6. When the MAX130/131 measures a nega-
tive polari ty, a "+" wi l l be displayed. When the 
MAX130/131 measures a posit ive polarity, then a 
" - " wi l l be d isp layed. (Normal opera t ion of the 
MAX130/131 is no polar i ty ind icat ion for a posit ive 
input, and a " - " s ign for a negative input.) 

5. It is not normal ly pract ical to mul t ip lex one LCD 
display between a MAX130/131 and another IC, 
s ince this requires an analog swi tch in series wi th 
every LCD segment. One des ign al ternat ive is to 
convert all signals to pulse streams (see #3, above), 
then to mul t ip lex the pulse st reams into a counter / 
LCD driver such as the ICM7224. Ano the r al terna-
t ive is to use a B C D ou tpu t A / D conver ter such as 
the ICL7135 in comb ina t i on wi th the ICM7211 dis-
play driver. 

Ordering Information (Continued) 

PART TEMP. RANGE PACKAGE 

MAX131C/D 0°C to +70°C Dice 

MAX131EPL -40°C to +85°C 40 Lead Plastic DIP 

MAX131 EQH -40°C to +85°C 44 Lead Plastic Chip Carrier 

MAX131ACPL 0°C to +70°C 40 Lead Plastic DIP 

MAX131ACQH 0°C to +70°C 44 Lead Plastic Chip Carrier 

MAX131AEPL -40°C to +85°C 40 Lead Plastic DIP 

MAX131AEQH -40°C to +85°C 44 Lead Plastic Ch ip Carrier 
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44 Lead Plastic Chip Carrier (Quad Pack) 
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