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General Description 
T h e M A X 1 3 3 a n d M A X 1 3 4 a re i n t e g r a t i n g A / D c o n -
ve r t e r s f o r 3% d i g i t m u l t i m e t e r s a n d d a t a a c q u i s i t i o n 
s y s t e m s s u c h as d a t a l o g g e r s a n d w e i g h sca les . T h e 
A / D ' s i n t e r n a l r e s o l u t i o n is ± 4 0 , 0 0 0 c o u n t s . A n e x t r a 
d i g i t is s u p p l i e d as a g u a r d d i g i t t o a l l o w a u t o z e r o 
o r t a re of a 4000 c o u n t d i s p l a y e d r e a d i n g t o 1/10 of 
a d i s p l a y e d c o u n t . T h e c o n v e r s i o n t ime is 50ms . 

T h e M A X 1 3 3 a n d M A X 1 3 4 d i f f e r o n l y in t h e i r m i c r o -
p r o c e s s o r i n t e r f a c e . T h e M A X 1 3 3 h a s a 4 b i t m u l t i -
p l e x e d a d d r e s s / d a t a b u s w h i l e t h e M A X 1 3 4 has 3 
s e p a r a t e a d d r e s s l ines a n d a 4 b i t b i d i r e c t i o n a l d a t a 
bus . B o t h d e v i c e s c a n be u s e d w i t h 4, 8, a n d 16 b i t 
m i c r o p r o c e s s o r s . 

W h e n c o n t r o l l e d by a m i c r o p r o c e s s o r , t h e M A X 1 3 3 
a n d M A X 1 3 4 c a n p e r f o r m a u t o - r a n g i n g m e a s u r e -
m e n t s f r o m ± 4 0 0 . O m V t o ± 4 0 0 0 V fu l l s ca le . E x t e r n a l 
a t t e n u a t o r res i s to rs a re r e q u i r e d , b u t r a n g e s w i t c h -
i ng is p e r f o r m e d b y t h e A / D . 

T h e p o w e r s u p p l y is t y p i c a l l y a 9V b a t t e r y o r ±5V. 
O p e r a t i n g c u r r e n t is t y p i c a l l y 1 0 0 ^ A w h i l e s t a n d b y 
c u r r e n t in o n l y 25MA. 

Applications 
Dig i t a l Pane l M e t e r s 

W e i g h Sca les 

Da ta L o g g e r s 

Da ta A c q u i s i t i o n S y s t e m s 

• 40,000 C o u n t R e s o l u t i o n 

• 0 .025% A c c u r a c y 

• 20 C o n v e r s i o n s pe r S e c o n d 

• M i c r o p r o c e s s o r In te r face 

• 1 0 0 / j A O p e r a t i n g S u p p l y C u r r e n t 

+ L o w Ex te rna l C o m p o n e n t C o u n t 

+ 5pV R e s o l u t i o n 

• D e m o n s t r a t i o n Ki t A v a i l a b l e 
M A X 1 3 4 / D E M O 

Features 

Ordering Information 

PART TEMP. R A N G E P A C K A G E 

M A X T 3 3 C P L 0° C to +70° C 40 Lead Plast ic DIP 

M A X 1 3 3 C Q H 0° C to +70° c 44 Lead Plastic Ch ip Carr ie r 

M A X 1 3 3 C / D 0° C to +70° c Dice 

MAX133EPL -40° C to +85° c 40 Lead Plast ic DIP 

M A X 1 3 3 E Q H -40° C to +85° c 44 Lead Plast ic C h i p Carr ie r 

M A X 1 3 4 C P L 0° C to +70° c 40 Lead Plast ic DIP 

M A X 1 3 4 C Q H 0° C to +70° c 44 Lead Plast ic C h i p Carr ie r 

M A X 1 3 4 C / D 0° C to +70° c Dice 

MAX134EPL -40° C to +85° C 40 Lead Plast ic DIP 

M A X 1 3 4 E Q H -40° C to +85° c 44 Lead Plast ic C h i p Carr ie r 

* * 

CO 

CO 
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Typical Operating Circuit Pin Configuration 

400ml/ TO 4kV 
AC. DC, OHMS 

INTEGRATOR 
AND 

ACTIVE FILTER 
COMPONENTS 

ATTENUATOR 
RESISTOR 
NETWORK 3 ' . DIGIT DISPLAY 

ATTENUATOR 
RESISTOR 
NETWORK 

u n n n 
1IJ u u 

u n n n 
1IJ u u 

/ W / 1 X I / W 
MAX133 
MAX134 

/ W / 1 X I / W 
MAX133 
MAX134 

A OS S BIT 
MICROCOMPUTER 

/ W / 1 X I / W 
MAX133 
MAX134 

A OS S BIT 
MICROCOMPUTER 

/ W / 1 X I / W 
MAX133 
MAX134 

t 
RANEE AND FUNCTION 

SELECTOR SWITCH. 
AND OTHER 

USER INTERFACE 

Top View 

E WRITE 
_ DGND 

CHIP SELECT/(A0) E 
ALE/[A1] E 

BUFF CLOCK 0UT/|A2| E 
v QL 

OSC. 1 E 
OSC. 2 E 

END OF CONVERSION E 
BEEPER E 

IN LO E 
INT. OUT E 

INT IN E 
FILTER AMP IN E 

FILTER AMP OUT E 
10MS! E 

1.11 Mi! E 
101k!! E 
10k!l 5 
lk!! E 

y n y J X l y u 
MAX 133 
MAX 134 

«D READ 
E l D O - L S B 
S D1 
El D2 
I I S D3—MSB 
3 D BUFF 0UT2 
Ml BUFF 0UT1 
33] CURRENT IN 
ML OHMS SOURCE 
33 FILTER RESISTOR IN 

v-
H ] EXT. AC IN 
Ml EXT. AC OUT 
1 3 400MV IN 
_ UREF 
M N/C 
2 3 N/C 
H I FILTER RESISTOR OUT 

COMMON 
E N/C (DGND OUT) 

Pin N a m e s in p a r e n t h e s e s are fo r MAX134 o n l y 

y i / i > j x i v i / i Maxim Integrated Products 1 

Call toll free 1-800-998-8800 for free samples or literature. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

V+ to V" + 15V 
V+ to DGND +6V 
V" to DGND -9V 

Analog Input Voltage (any input) (Note 1) V + t o V~ 

Reference Input Voltage V+ to V 
Digital Inputs ( D G N D - 0.3V) to ( V « 0.3V) 
Power Dissipat ion 800mW 
Storage Temperature -65°C to + 160r'C 
Lead Temperature (Soldering 10 sec) +300°C 

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 specifications is not implied Exposure to 
absolute maximum ratings conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 
(V+ r 9V, T A = +25°C, Test Ci rcu i t unless otherwise indicated) 

PARAMETER C O N D I T I O N S MIN. TYP. MAX. U N I T S 

A N A L O G 

Read Zero Mode, DC Volts 
Zero Input Read ing Zero Input Of fset Reading wi l l be co r rec ted 

Dig i ta l ly in the ^ P 
• 5000 Count 

D i f fe rence between 
A Z e r o Input Reading 1000VDC Scale, V,N - 0 and 

3 V D C and Scale, V,N - 0 (Note 3) 
2 •2 Coun t 

' MMl) Leakage Cur ren t in to lOMO Pin 20 PA 

Rol lover Error VIN* - |V |N - | - 3V 10 • 10 Count 

In tegra l L inear i ty Best Fit L ine 300mVDC Scale 
Not p r o d u c t i o n tested 10 • 10 Count 

D i f fe rent ia l Non l inear i t y Devia t ion f r om ideal Count size 
Not p r o d u c t i o n tested 0 1 5 Count 

N u m b e r of Convers ions to settle to w i th in 2 
Coun ts of f inal read ing on 3 VDC Scale after 

Recovery T ime a t temp t i ng to measure a 2 95V Input on the 
300mV Scale. Unf i l te red DC Mode 
Sett le to 1 Coun t 2 

CMRR V C M " »500mV 
Vcm is (IN LO - C o m m o n ) 

86 dB 

300mVDC Scale 2 
Noise Zero Read ing Mode 

Pk-Pk Value exceeded less than 5% of readings 
2 Count 

Zero Read ing Dr i f t 0 1 Count C 

Scale Factor Tempco 300 m V D C scale Oppm ext Reference 5 ppm. ' C 

AC T I M I N G 
tAL Figure 5, MAX133 130 us 

Figure 5, MAX133 60 ns 

t( A Figure 5, MAX133 100 ns 

tL( Figure 5, MAX133 1 bOO M S 

' i i Figure 5, MAX133 20 I I S 

tpi) Figure 5, MAX133 100 ns 

Figure 5, MAX133 130 ns 

t l n , . Figure 5, MAX133 100 ns 

tA( , Figure 4, MAX134 3250 ns 

[ '( N Figure 4, MAX134 80 ns 

Figure 4, MAX134 80 ns 

Figure 4, MAX134 2500 ns 

t[ Figure 4, MAX134 150 ns 

Figure 4. MAX134 75 US 

Figure 4, MAX134 85 ns 

Note 1: Input Vol tage may exceed supp ly vol tages, p rov ided the Input Cur ren t is l im i ted to • 1mA. 
Note 2: A n a l o g p e r f o r m a n c e is spec i f i ed in c o u n t s relat ive to a 40,000 c o u n t f u l l s c a l e ; i . e . a s p e c o f 5 c o u n t s wou ld c o r r e s p o n d to M? 

of one c o u n t on a 3J/4 dig i t meter. 
Note 3: Th is parameter is guaran teed by test ing the input bias cu r ren ts of the input p ins 10MQ and 1.11MO 
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ELECTRICAL CHARACTERISTICS (continued) 
(V + = 9V, Ta = +25°C, Test C i r c u i t un less o t h e r w i s e i nd i ca ted ) 

PARAMETER CONDITIONS 

POWER SUPPLY AND DIGITAL SECTION 

Digital 
Ground Voltage 

A n a l o g C O M M O N 
Voltage 

Analog COMMON 
Sink Impedance 

Analog Common 
Source Capabil ity 

Tempco of Common 

Output High 

Output Low 

Input High 

Input Low 

Supply Current 

Sleep Current 

Low Battery 

DGND i Referenced to V 
5M A < l s 500/iA 

V 0 H 

V O L 

V | H 

V„ 

' S U P P 

'SLEEP 

(V+ - Common) 
250k!! between V+ and COMMON 

I C O M M O N 

F o r A V C O M M O N 

10>jA to IcOMMON : 

< 0.5V 

DQ_3, Data Ready 
l O U T = -100MA 

D0 3, Data Ready 
I Q U T = 4 0 0 ^ A 

Dq_3 , A o . 3 , Data Ready. RD, WR 

D0 3, A0_3, Data Ready, RD, WR 

-4.5 

2 8 

-5 

3.0 

4 

1 

L B A T Low Battery Flag On 

45 

1 . 6 

100 

25 

6 . 8 

-5 5 

3.3 

20 

0 8 

250 

UNITS 

V 

V 

( ) 

M A 

ppm'TOC 

V 

V 

% ( V * 

- D G N D ) 

V 

M A 

M A 

V 

NOTE: Pin Numbers are for the 40 Lead DIP 

y k i y i x i y k i 3 
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System Considerations 
T h e MAX133/134 is in tended for use w i th a m ic ro -
processor. T h e MAX133/134 con ta ins an A / D and 
a u x i l i a r y c i rcu i t ry such as a t tenuator range swi tches, 
a p iezoelect r ic beeper driver, an act ive filter, a low 
bat tery detector , and bo th ana log and d ig i ta l power 
suppl ies; but it does not inc lude any d isp lay dr ive 
capabi l i ty . T h e MAX133/134 reduces the c o m p o n e n t 
c o u n t and sys tem cost by m in im iz ing the external 
c o m p o n e n t s requ i red fo r the ana log por t i on of the 
system, but does not restr ict f inal p roduc t features by 
i nc lud ing au to rang ing or o ther d ig i ta l con t ro l f unc -
t ions. The MAX133/134 is in tended to wo rk as the 
ana log f ron t end of a m ic rop rocesso r , w i th the 
features of the end p roduc t be ing de te rm ined by the 
m ic rop rocessor sof tware. Table 1 shows h o w the 
execu t i on of several typ ica l f unc t i ons is par t i t ioned 
between the MAX133/134 and the microprocessor . 

The MAX133/134 provides all of the logic and counters 
for con t ro l of the convers ion sequence, and the ex-
ternal m i c rop rocesso r does not have to pe r fo rm any 
cr i t ica l t im ing or c o m p l e x con t ro l of the MAX133/134. 
The MAX133/134 has range swi tches for a 5 decade 
a t tenuator wh i ch uses externa l resistors, and has 
add i t iona l mode-se lec t ion c i rcu i t ry for pe r fo rm ing 
vol tage, cur rent , AC or DC, ohms , and con t i nu i t y 
measurements . The 5 decade a t tenuator and m o d e -
select ion c i rcu i t ry is con t ro l led by an external m ic ro -
processor via cont ro l bits wr i t ten into the MAX133/134. 

The MAX133/134 has norma l m o d e re ject ion of line 
f r equency of at least 80dB o n the vo l tage ranges; the 
m ic rop rocesso r selects re ject ion of ei ther 50Hz or 

60Hz by set t ing a MAX133/134 con t ro l bit. A t w o pole 
act ive f i l ter can also be t u rned on by the m ic ro -
processor, add ing about 40 d B norma l mode re ject ion 
above 50Hz. See the "Dig i ta l Inter face" sect ion for 
detai ls on w h i c h f unc t i ons can be con t ro l l ed by the 
external mic roprocessor . 

The basic b locks of the MAX133/134 are 
A / D sect ion 
Input Range Sw i t ch ing 
O h m s Ci rcu i t ry 
Act ive Filter 
Power Supply, C o m m o n , Low Battery Detector 
Osci l la tor and Beeper Driver 
Digital Inter face 

A/D Section 
The A / D uses a " res idue mu l t ip l i ca t ion" convers ion 
scheme to p rov ide a fu l l ±40,000 c o u n t reso lu t ion 
read ing every 50 mi l l i seconds , wh i le stil l p rov id ing 
the exce l len t noise pe r f o rmance and power l ine 
no rma l m o d e re jec t ion assoc ia ted w i th in tegra t ing 
A /Ds . See "Conve rs i on Me thod and T i m i n g " be low 
for deta i ls of the convers ion method . Al l t im ing and 
A / D convers ion phase con t ro l is pe r fo rmed by the 
MAX133/134 w i t h o u t m i c r o p r o c e s s o r in te rvent ion . 
The A / D sect ion wi l l pe r fo rm a non-zero -cor rec ted 
convers ion every 50 mi l l i seconds (20 convers ions per 
second) . 

T h e m i c r o p r o c e s s o r mus t pe r iod ica l l y d i rect the 
MAX133/134 to per fo rm a read zero convers ion, wh ich 
a lso takes 50 mi l l i seconds. Th is read zero convers ion 
is a convers ion pe r fo rmed w i th IN LO internal ly 

Table 1. Coordination of the MAX133/134 and the Microprocessor 
F U N C T I O N MAX133/134 A C T I O N MICROPROCESSOR A C T I O N 

Autorang ing Conta ins the at tenuator cont ro l 
switches. Selects 400mV to 4000V 
ranges as directed by the 
microprocessor. 

Detects overload and commands the 
MAX133/134 to select the next higher range. 
Range swi tch ing hysteresis and manual range 
select ion is cont ro l led by the microprocessor. 

Zero Reading 
(system offset cor rect ion) 

Internal ly shorts the A /D inputs and Periodical ly commands the MAX133/134 to 
per forms a measurement of system perform a zero reading. Subtracts this zero 
offset when di rected by the reading f rom normal readings to correct for the 
microprocessor. internal offset of the MAX133/134. 

Range/Funct ion Select ion Selects Ohms/Cur ren t / AC-
DC/Vo l tage/Cont inu i ty as d i rected by 
the microprocessor. 

Maintains the user interface, and directs the 
MAX 133/134 to select the desired range. 

Display of Readings Max 133/134 provides raw, non-zero-
corrected data to microprocessor . 

The microprocessor per forms zero cor rec t ion 
and any gain cor rect ion or scal ing that is 
desired. The microprocessor then displays the 
informat ion, using either its own display driver 
capabi l i ty or an external display driver. 

Value added D M M features such as 
display hold, peak hold, either manual 
range select ion or autoranging, peak 
reading hold, m in /max display, 
thermocoup le l inearization, etc. 

Performs convers ions as d i rected by Uses the MAX133/134 convers ion results and 
the microprocessor, returning the A / D sof tware rout ines to provide a mul t i tude of 
results to the microprocessor. p roduct features. 

Digital panel meter features such as 
zero and span adjustment , h igh/ low 
l imit alarms, display in engineer ing 
units, etc. 

Performs convers ions and range 
select ion as d i rected by the 
microprocessor . 

Takes the MAX133/134 readings, per forms zero 
offset and scale correct ions, then displays the 
results. The microprocessor also per forms such 
funct ions as h igh/ low l imit alarms. 

4 y n y j x i y n 
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s h o r t e d t o IN HI , a n d the resul t o f th i s ze ro c o n v e r s i o n 
m u s t be s u b t r a c t e d (by t h e m i c r o p r o c e s s o r ) f r o m 
n o r m a l m e a s u r e m e n t s to ob ta i n a z e r o - c o r r e c t e d read-
ing . T h e z e r o c o r r e c t i o n tha t m u s t be s u b t r a c t e d is 
d e t e r m i n e d by the MAX133/134 's in te rna l of fsets. S i n c e 
t h e s e o f f se ts are re la t ive ly s l o w c h a n g i n g , ze ro c o n -
v e r s i o n r e a d i n g s n e e d o n l y b e t a k e n o f t e n e n o u g h t o 
t r a c k l o n g t e r m d r i f t s a n d t e m p e r a t u r e c h a n g e s . T h e 
z e r o c o n v e r s i o n r e a d i n g w i l l c h a n g e s l i gh t l y w i t h a 
c h a n g e in c o m m o n m o d e i n p u t v o l t a g e o r r e f e r e n c e 
vo l tage , a n d a n e w z e r o c o n v e r s i o n r e a d i n g s h o u l d 
b e t a k e n if e i ther of t hese c h a n g e . 

In r a t i ome t r i c o h m s m e a s u r e m e n t the re fe rence vo l -
t a g e w i l l c h a n g e s i g n i f i c a n t l y as the va lue of t h e 
u n k n o w n res is tor var ies. To r e d u c e t h e e r r o r s c a u s e d 
by the s y s t e m o f f se t t he MAX133 /134 " c h o p s " the 
i n p u t b u f f e r a n d in teg ra to r . T h e " c h o p " c o n s i s t s of a 
reversa l o f t he i n p u t t r ans i s t o r s d u r i n g the c o n v e r s i o n 
cyc l e . T h e t i m i n g of th i s c h o p is s u c h tha t in t he R/2 
o r o h m s m e a s u r e m e n t m o d e , the s y s t e m o f f se t is 
a l m o s t c o m p l e t e l y n u l l e d o u t if t he X2 m o d e is no t 
se lec ted . Even if t h e X2 m o d e is se lec ted , t h e s y s t e m 
o f f se t d o e s n o t e x c e e d 5000 c o u n t s o n a n y range . 
S i n c e the in te rna l fu l l sca le r a n g e of t he MAX133 /134 
is g rea ter t h a n ±49 ,000 coun t s , at least ±40 ,000 c o u n t s 
of r e s o l u t i o n are ava i lab le a f ter ze ro o f fse t c o r r e c t i o n . 

Each c o n v e r s i o n resu l t is l a t c h e d i n t o a C o n v e r s i o n 
Reg is te r w h i c h c a n be read by the m i c r o p r o c e s s o r . 
T h e da ta f o r m a t is n i nes c o m p l e m e n t B C D (a ze ro 
r e a d i n g is 00000, a -1 r e a d i n g is 99999, a -25000 
r e a d i n g is 75000) . T h e n ines c o m p l e m e n t f o r m is t he 
m o s t c o n v e n i e n t B C D f o r m a t s ince the a d d i t i o n of 
t he n ines c o m p l e m e n t of a n u m b e r is equ i va l en t to 
s u b t r a c t i n g t ha t n u m b e r . See " S o f t w a r e N o t e s " f o r 
s i m p l e B C D t o b i n a r y c o n v e r s i o n a l g o r i t h m s . 

T h e last d ig i t of c o n v e r s i o n is used fo r d ig i ta l a u t o z e r o 
a n d is u s u a l l y n o t d i s p l a y e d . N o t e t ha t e a c h c o u n t o f 
t he least s i g n i f i c a n t d ig i t o f t h e MAX133 /134 o u t p u t 
c o r r e s p o n d s t o 1/10 of a c o u n t if a 4000 c o u n t fu l l 
s ca le display is used. For current r a n g e s w i t h a 
v o l t a g e d r o p of o n l y 200mV, the m e a s u r e d r e a d i n g 
c a n be m u l t i p l i e d by t w o by us i ng t h e X2 ( " t imes 2") 
f u n c t i o n of t he MAX133 /134 . T h e X2 f u n c t i o n r e d u c e s 
t h e R INT res is to r va lue by a f a c t o r of t w o d u r i n g t h e 
I n teg ra te phase . W i t h t h e X2 range, a 2 0 0 m V i n p u t 
v o l t a g e w i l l resu l t in a fu l l sca le , 4000.0 m e a s u r e d 
r e a d i n g . A l te rna t i ve l y , t he n o r m a l 4 0 0 m V r a n g e c a n 
be used, w i t h t h e m u l t i p l i c a t i o n by t w o b e i n g d o n e by 
t h e m i c r o p r o c e s s o r d ig i ta l ly . In th is case, e a c h c o u n t 
of t h e least s i g n i f i c a n t d ig i t is 1/5 of a d i s p l a y e d 
c o u n t . A 100mV fu l l s ca le v o l t a g e d r o p c a n be 
a c h i e v e d by us i ng b o t h t h e MAX133 /134 X2 r a n g e 
a n d a d ig i ta l t i m e s 2 m u l t i p l i c a t i o n in the m i c r o -
p rocessor . 

Each of t he 20 c o n v e r s i o n s per s e c o n d has a Z e r o 
I n t e g r a t o r p h a s e t o e n s u r e rap id r e c o v e r y f r o m ove r -
load, a n d t h e M A X 1 3 3 / 1 3 4 w i l l r ecove r to w i t h i n 2 
c o u n t s o n e c o n v e r s i o n af ter an o v e r l o a d of 10 t i m e s 
fu l l sca le w h e n the o n b o a r d ac t i ve f i l ter is no t used. 

Input Range Switching 
In v o l t a g e m e a s u r e m e n t r a n g e s o t h e r t h a n 400mV, 
v o l t a g e s are a p p l i e d t o the p in l abe led 10M1I t h r o u g h 
a 10M!1 resistor . By se lec t i ng t h e p r o p e r s h u n t resis-
t o r s (1.1 M i l t h r o u g h 1K(1) the i n p u t vo l t age w i l l be 
a t t e n u a t e d t o a 4 0 0 m V range . T h e i n p u t a t t e n u a t o r 
s w i t c h s e c t i o n i n c l u d e s a n a l o g s w i t c h e s t o s w i t c h 
b o t h the i n p u t c u r r e n t a n d to s e n s e the vo l t age o n 
t h e s h u n t res istor . O t h e r i n p u t s w i t c h i n g f u n c t i o n s 
se lec t b e t w e e n t h e o u t p u t of t h e i n p u t a t t e n u a t o r a n d 
the v o l t a g e d e v e l o p e d a c r o s s t h e c u r r e n t sens ing 
res is to rs d u r i n g c u r r e n t m e a s u r e m e n t . See F igure 1. 

T h e 5 p A i n p u t b ias c u r r e n t of t he MAX133 /134 m i g h t 
resul t in unaccep tab le e r ro rs w i t h a 10M1I inpu t resistor 
o n t h e 4 0 0 m V sca le , s o a s e p a r a t e p in w i t h a 1 0 0 k ! l 
t o 1 M ! 1 i n p u t res is to r is used f o r t h e 4 0 0 m V sca le . 
T h e 10M!1 res is to r used o n t h e h i g h e r v o l t a g e ranges 
d o e s no t c a u s e a p p r e c i a b l e e r ro r s i nce the i n p u t 
leakage c u r r e n t is s h u n t e d t o g r o u n d t h r o u g h the 
1.11 M i l to 1 k n a t t e n u a t o r s h u n t res is tors . 

To avo id e r r o r s tha t m i g h t o c c u r t h r o u g h c o u p l i n g of 
h i g h f r e q u e n c y , h i g h v o l t a g e s i gna l s f r o m t h e i n p u t of 
t h e a t t e n u a t o r to t h e l o w level 4 0 0 m V a n d C u r r e n t 
i npu ts , t hese t w o i n p u t s have 1 0 k i ! s w i t c h e s w h i c h 
c o n n e c t t h e m t o C o m m o n w h e n e v e r t h e y are no t 
se lec ted . 

T h e i n p u t s e c t i o n a lso i n c l u d e s s w i t c h e s to a l l o w a n 
ex te rna l A C - D C c o n v e r t e r to be inser ted in to the 
s igna l path. F igu re 10 s h o w s a t yp i ca l ave rage -sens ing 
R M S - c a l i b r a t e d A C - D C conver te r . 

Ohms and Diode Measurement 
T h e i n p u t a t t e n u a t o r res is to rs a re a l so used as re fer -
e n c e res is to rs in the o h m s m o d e . N o t e tha t t h e 10M!1 
res is to r m u s t be e x t e r n a l l y pa ra l l e led w i t h the o the r 
res is to rs t o ge t e x a c t l y 1 M i l , 100kU, e tc . T h e o h m s 
s o u r c e b u f f e r i n p u t is usua l l y c o n n e c t e d d i r ec t l y to 
the ex te rna l b a n d g a p re fe rence or t o a n o t h e r 1.25V 
sou rce . In the 4kJ l t h r o u g h 40MJ1 ranges the re wi l l be 
a to ta l o f 1.25V a c r o s s the ser ies c o m b i n a t i o n of 
r e f e r e n c e resistor , u n k n o w n resistor , a n d t h e i n p u t 
p r o t e c t i o n n e t w o r k ; a n d t h e m a x i m u m vo l t age ac ross 
t h e u n k n o w n res is to r at fu l l sca le w i l l be less t h a n 
400mV. O n the 4 0 0 ! i range , t h e o h m s vo l tage s o u r c e 
is a d i o d e c o n n e c t e d to V + t h r o u g h a 2 k ! l p - c h a n n e l 
s w i t c h . W i t h a 3V C o m m o n vo l t age , th is s u p p l i e s 
a p p r o x i m a t e l y 2.2V across t h e ser ies c o m b i n a t i o n of 
r e fe rence resistor, u n k n o w n resistor, a n d i n p u t p ro -
t e c t i o n n e t w o r k . T h i s h i g h e r vo l t age is used on the 
400 !1 r a n g e t o c o m p e n s a t e f o r t h e d e c r e a s e in 
r e f e r e n c e v o l t a g e c a u s e d by the i n p u t p r o t e c t i o n 
n e t w o r k . T h e MAX133 /134 are d e s i g n e d to o p e r a t e 
w i t h P T C p r o t e c t i o n res is tors of 2 k ! l or less. 

T h e v o l t a g e a c r o s s t h e r e f e r e n c e res is to r is used as 
t h e re fe rence vo l t age f o r t he A / D w h e n in the o h m s 
m o d e , a n d the d i f f e ren t i a l vo l t age b e t w e e n IN LO a n d 
IN HI is t h e i n p u t s igna l . T h e i n t e g r a t i o n p e r i o d is 
500 c o u n t s , i n d e p e n d e n t of t he 5 0 / 6 0 H z c o n t r o l bit 
se t t ing . 

y k i y j x i / k i 5 



33A Digit DMM Circuit 

6 5 5 m V F O B 5 D H Z 
, , S F 5 4 5 m V F O B 6 0 B Z 

I N LO 

B E F HI 

A / D 

REF LO 

I N HI 

• n y j x i y n 
MAX133 
MAX134 

<8 
D H M S 

S O U R C E 

<g>-

D I V I D E R B 
S E N S E 2 

D I V I D E R , 
S E N S E 

- — ® 

F I L T E R F I L T E B 
A M P O U T A M P I N 
I 2M!i.. . 

BFI ITER 2 

" 4 7 n F 4 7 n F 

D I V I D E R 
S E N S E 

D I V I D E R 
C U R R E N T • S E N S E 

(XI DC 

. F I L T E R 
y ON 

F I L T E R 
B E S I S T O R 
O U T P U T 

4 V T O 4 K V 
I N P U T 

I 2 5 V 

I 0 M 1 ! 

4 0 0 m V 
I N P U T 

C U R R E N T C U R R E N T 
S E N S E 

E X T A C R E S I S T O R S 

E X T E R N A L 
A C - DC 

C O N V E R T E R 

E X T A C 
I N P U T 

F I L T E R 
B E S I S T O R 
I N P U T 

Figure 1. MAX133/134 Input Section 

T h e digi ta l ou tpu t c o d e is 

50000 X " U N K N O T 
R R E F 

wi th a m a x i m u m non-ze ro -co r rec ted ou tpu t code of 
±49,520 and a m a x i m u m zero reading of 5000. 

A 1 k ! l re ference resistor is used fo r the 40011 ful l 
scale, a 10k ! l re ference fo r a 4 k ! l ful l scale, etc, A 
10MI I re ference resistor is used for bo th the 4M!1 fu l l 
scale and the 40M!1 ful l scale. To get the cor rec t 
resul ts in the o h m s measu remen t or R/2 mode , the 
convers ion result must be mul t ip l ied by two ei ther 
d ig i ta l l y by the m i c rop rocesso r or by us ing the X2 
range, excep t on the 40M!1 scale. The 40M!1 range 
has the same reference resistor as the 4MI1 range but 
a t imes 10 scale fac tor is ob ta ined by not mu l t ip l y ing 
by 2, and by ac t i va t ing the +5 func t i on . If the t imes 2 

mu l t ip l i ca t ion is pe r fo rmed by the microprocessor , 
the Read Ze ro of fset of the MAX133/134 in the o h m s 
m o d e wi l l be jus t a few coun ts , and wi l l be near ly 
independent of the value of the u n k n o w n resistor 
being measured. If the MAX133/134 X2 m o d e is used 
to mu l t ip ly by 2, then f requent Read Zero readings 
shou ld be taken, s ince the read zero offset is inversely 
p ropor t i ona l to the re ference vol tage, and the refe-
rence vo l tage varies as the resistance of the u n k n o w n 
resistor varies. 

S ince the inpu t p ro tec t i on PTC resistor s h o w n In 
Figure 2 reduces the reference and input voltage, 
par t icu lar ly on the 40011 scale, the PTC resistance 
shou ld be as l ow as is poss ib le wh i le ma in ta in ing the 
des i red level of p ro tec t ion . Greater t han 2 k ! l PTC 
resistance wi l l increase the noise level of measure-
ments on the 40011 range. 

6 
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Since the MAX133 /134 d o e s no t use a re fe rence 
capac i to r , the o n l y l imi t o n the response t ime in the 
o h m s m o d e is t he ac t i ve f i l ter. Even w h e n the ac t i ve 
f i l ter is t u r n e d of f , RFILTERI IS st i l l c o n n e c t e d , a n d the 
i n p u t vo l t age m u s t c h a r g e the f i l ter capac i to rs . Th i s 
wi l l genera l l y be no t i ced o n l y o n the 4 M ! 1 a n d 40M11 
ranges. 

A d i o d e test range can be i m p l e m e n t e d by s imp l y 
c o n n e c t i n g to V + t he P T C used for i npu t p r o t e c t i o n 
in t he o h m s ranges. T h e P T C t h e n de l i ve rs a p p r o x i -
mate ly 1 m A of cu r ren t to the d iode . T h e d iode vo l tage 
can be m e a s u r e d e i ther o n the s tanda rd 4V scale, or 
o n t he 400mV sca le w i t h the f u n c t i o n ac t iva ted to 
resu l t in a 2V fu l l scale. A s a lways , t h e l a t ched 
c o n t i n u i t y c i r cu i t is act ive, a n d it w i l l la tch w h e n e v e r 
t he inpu t vo l tage goes b e l o w a p p r o x i m a t e l y 100mV. 
T h e m i c r o p r o c e s s o r c a n a lso test t he m e a s u r e d 
vo l t age at t he e n d of each c o n v e r s i o n if a m o r e 
prec ise de tec t i on of c o n t i n u i t y t h r e s h o l d is des i red. 

Active Filter 
T h e 2 po le ac t ive f i l ter c i r cu i t is s h o w n in F i gu re 3. 
T h e o p amp ' s o f fse t has no e f fec t o n t he D C a c c u r a c y 
s i n c e t h e o p a m p is o n l y A C c o u p l e d a n d the D C 
s igna l pa th is o n l y t h r o u g h the pass ive 1 M i l resistor. 
N o t e tha t t h e ac t ive f i l ter w i l l l imi t t h e s p e e d of 
response of t he MAX133/134 to inpu t vo l tage changes , 
a n d f o r tha t reason it may be des i rab le t o d i s c o n n e c t 
t he i npu t f i l ter d u r i n g a u t o r a n g i n g . S i n c e the s o u r c e 
i m p e d a n c e at t h e f i l ter i n p u t var ies w i t h t h e i n p u t 
a t t enua to r se lec ted , t he response t i m e wi l l be s l owe r 
o n the 4V range. 

Oscillator and Beeper Driver 
T h e M A X 1 3 3 / 1 3 4 is d e s i g n e d t o o p e r a t e w i t h a 
32768Hz t u n i n g fo rk c rys ta l s im i la r t o t h e Sta tek 

Figure 2. Ohms Mode and Diode Test 

y k i y i x i y k i 

CX-1V, us i ng on l y o n e ex te rna l c a p a c i t o r and no 
ex te rna l res is tors . If des i red , the MAX133/134 's O S C I 
p in can be d r i ven externa l ly . 

T h e 3 2 k H z c l o c k is used in te rna l l y as t he c l o c k for 
t he s e q u e n c e a n d m e a s u r e m e n t coun te r s . T h e 32kHz 
c l o c k is a lso d i v i d e d d o w n to 2 0 4 8 H z a n d 4 0 9 6 H z fo r 
d r i v i ng a beeper . T h e beepe r o u t p u t s w i n g s f r o m 
V + t o V" a n d can d i rec t l y d r i ve p iezoe lec t r i c beepers. 
T w o c o n t r o l b i ts set by t he m i c r o p r o c e s s o r se lect t he 
f r e q u e n c y (2048 o r 4096 Hz) of t he beepe r a n d t u rn it 
o n o r of f . S i n c e the beeper is c o n t r o l l e d by t he 
m i c rop rocesso r , it can be used fo r b o t h c o n t i n u i t y 
i nd i ca t i on a n d for an aud ib le ope ra to r f e e d b a c k s igna l 
fo r peak ho ld o r range changes . 

Power Supply: Common, 
Digital Ground, Low Battery Detector 

B o t h t he M A X 1 3 3 a n d M A X 1 3 4 can o p e r a t e f r o m 
e i the r a n o m i n a l 9V ba t te ry or a ±5V supp ly . T h e 
m a x i m u m p o w e r s u p p l y c u r r e n t in D C vo l tage a n d 
D C c u r r e n t m o d e s is 250/JA, w i t h a t yp i ca l o p e r a t i n g 
c u r r e n t of 100( jA. 

A n a l o g C o m m o n is de r i ved f r o m a zener a n d is 
n o m i n a l l y 3.0V b e l o w V + . For lowest cos t app l i ca t i ons 
t he C o m m o n vo l tage , w i t h a t e m p c o of 8 0 p p m / ° C , 
m a y be usab le as a re fe rence . In mos t app l i ca t i ons , a 
b a n d g a p re fe rence wi l l be c o n n e c t e d to C o m m o n , 
w i t h a p u l l u p res is tor t o V + , a n d a vo l t age d iv ider 
c o n n e c t e d ac ross t he b a n d g a p re fe rence to genera te 
t he 5 4 5 m V (60Hz o p e r a t i o n ) o r 655 (50 Hz ope ra t i on ) 
re fe rence vo l tage . In a ba t te ry p o w e r e d meter, the 
A n a l o g C o m m o n p in is used as t he s y s t e m g r o u n d 
re fe rence po in t . 

T h e M A X 1 3 3 a n d M A X 1 3 4 a lso gene ra te a D ig i ta l 
G r o u n d vo l tage , w h i c h is n o m i n a l l y 5V be low V + , 

/ M / I X I / H 

MAX 133 _L MAX134 MAX134 

F I L T E R 
A M P O U T 

I 2 M 1 1 

F I L T E R 
A M P I N 

RFILTER 2 

: 4 7 n F I 4 7 n F 

F I L T E R 
O U T P U T 

l M!! 
R F I L T E R I 

F I L T E R 
I N P U T 

Figure 3. Active Filter 
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and w h i c h wi l l remain in the range of 5V ±10% 
wh i le s ink ing 5/^A to 500/^A. T h e D G N D generator 
has substant ia l cur ren t s ink ing capabi l i ty , but can 
easily be pu l led to a more negat ive vo l tage s ince 
the cu r ren t s o u r c i n g capab i l i t y is on ly 1 /j.A typ ica l . 
T h e MAX133 in ternal ly connec t s the Digi ta l G r o u n d 
genera tor to the D G N D pin. Norma l l y the MAX133 
is powered by a 9V bat tery and the Ground , V - , or 
Vss p in of the m i c rop rocesso r is c o n n e c t e d to the 
MAX133 D G N D pin. 

T h e MAX134 connec t s the D G N D vo l tage generator 
to the pin, D G N D Out , and the MAX134 D G N D pin 
is an input only. For use wi th 9V batteries, ex-
ternal ly connec t the MAX134 D G N D Out pin to the 
MAX134 D G N D pin. For use w i th external ±5V 
power suppl ies, c o n n e c t the D G N D pin to g round , 
V+ to +5V and V" to -5V. 
T h e MAX133/134 has an o n b o a r d low bat tery detect 
c i rcu i t that wi l l indicate w h e n the bat tery vo l tage is 
a p p r o a c h i n g the m i n i m u m opera t ing vo l tage of the 
MAX133/134, w h i c h is approx imate ly 6.8V. 

Digital Interface 
T h e MAX133 and MAX134 d i f fe r on l y in the i r d ig i ta l 
in ter face. T h e MAX133 has a m u l t i p l e x e d address 
a n d b id i r ec t i ona l data bus, wh i l e the MAX134 has 3 
separa te add ress l ines in add i t i on to a b i d i r ec t i ona l 
da ta bus. In bo th p roduc t s , the da ta bus has 4 bi ts, 
a l l o w i n g t h e use of t h e MAX133/134 w i t h b o t h 4 bi t 
and 8 bit m i c rop rocesso rs . 

MAX 134 Digital Interface 
T h e dig i ta l in ter face be tween the MAX134 and the 

con t ro l l i ng m ic rop rocesso r is via a 4 bit b id i rec t iona l 
bus, D0-D3. In add i t i on to the 4 data bus lines, there 
are 3 address l ines and 2 con t ro l s ignals: A0-A2, WR, 
and RD. 

T h e th ree address l ines, A0-A2 select one of 5 con t ro l 
registers. W h e n WR goes low, data wi l l be wr i t ten 
f r om the bus into the MAX134 con t ro l register ad-
dressed by A0-A2. W h e n RD is low, the MAX134 wi l l 
dr ive the b id i rec t iona l bus, p lac ing on it the data 
con ta ined in the resul ts or status register addressed 
by the address i npu ts A0-A2. F igure 4 s h o w s typ ica l 
read and wr i te sequences. 

Digital Interface, MAX 133 
T h e MAX133 uses on l y 7 l ines to in ter face w i th the 
m ic roprocessor . T h e m i c rop rocesso r f irst selects the 
register to be read or wr i t ten to by p lac ing the address 
of the register o n t o the 4 bit mu l t ip lexed address/data 
bus. T h e m ic rop rocesso r then pulses the Address 
La tch Enab le (ALE) l ine h igh to latch the register 
address into the MAX133. To read the selected register, 
t he m i c r o p r o c e s s o r t h e n dr ives the Read l ine low, 
and the MAX133 p laces the regis ter data o n t o the 
data bus. To wr i te to the se lected register the address 
is l a t ched as d e s c r i b e d above, t h e n t h e m i c r o p r o -
cessor p laces the da ta o n t o the bus a n d t h e n pu lses 
t h e Wr i te l ine low. T h e MAX133 la tches the da ta in to 
the data in to the se lec ted regis ter on the r is ing edge 
of Wri te. See F igu re 5. T h e C h i p Select (OS ) i ine 
mus t be low to enable^ei ther the RD or WR lines, but 
A L E is not gated by CS. 

R E A D C Y C L E 

X. 

W R I T E C Y C L E 

BO 

H I Z 

A D D R E S S V A L I D 

• A T A O U T P U T S 

t l 

A D D R E S S V A L I D 

J r  
h<—las—w U— 

" j C D A T A V A L I D T ^ * 

Figure 4. MAX134 Read and Write Sequence 

R E A D C Y C L E W R I T E C Y C L E 

m: 
\ 

'AO , » | j 
J ; J A T A V A L I l j ; > ( A D D R E S S i ) f ~ 

^ . |-«-lAL-»-| ĥ -lLA——j P " 

—tcc—H 

\ 
« t c c w IRV H 

" V J~ 
Figure 5. MAX133 Read and Write Sequence 
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Digital Interface, MAX133 and MAX134 
In m o s t cases, t h e E O C s i g n a l w i l l be e i t h e r 
m o n i t o r e d by an I /O p in, o r it w i l l d r i ve an In te r rup t 
p in on t he m ic rop rocesso r . In ba t te ry p o w e r e d sys-
tems, it may be des i rab le to pu t the m i c r o p r o c e s s o r 
in to a s leep or s t a n d b y m o d e unt i l E O C goes h igh . 
T h e m i c r o p r o c e s s o r then p e r f o r m s any requ i red 
da ta p r o c e s s i n g a n d d i sp lay upda tes , t h e n reenters 
the s leep mode . Th i s conserves ba t te ry p o w e r s ince 
the m ic rop rocessor power c o n s u m p t i o n is m in imized . 

T h e da ta tha t has been l a t ched in the MAX133/134 
c o n t r o l reg is ters d o e s not i m m e d i a t e l y a f fec t oper -
a t i o n . T h e i npu t reg is ters are d o u b l e buf fered, and t h e 
c o n t r o l b i ts take e f fec t d u r i n g t h e 21st c l ock cyc le 
a f te r E O C g o e s h igh . In t h e h o l d m o d e , the d o u b l e 
b u f f e r e d reg is ters are t ransparen t , and any upda tes to 
the reg is te rs take e f fec t immed ia te l y , as d o any 
c h a n g e s m a d e d u r i n g the o n e c l ock cyc le pe r i od at 
the e n d of e a c h c o n v e r s i o n d u r i n g w h i c h the s e c o n d 
rank of bu f fe rs are be ing upda ted . 

Description of Output Bits 
T h e data fo rmat is nines c o m p l e m e n t BCD. For 
example: 

M E A S U R E M E N T RESULT B C D DATA 

+40000 40000 

+00100 00100 

+00001 00001 
+00000 00000 

( there is N O -00000) 
-00001 99999 

-00100 99900 

-40000 60000 

The La tched Con t i nu i t y bit wi l l be h igh if the input 
vo l tage has gone be low the con t inu i t y th resho ld of 
app rox ima te l y 100mV s ince the last t ime the register 
was read. Each t ime th is register (Register 5) is read, 
the con t inu i t y latch is reset. 

T h e Low Battery bit is h igh whenever the battery 
vo l tage is be low the low bat tery detect vol tage. 

T h e H o l d i n g bit is low whenever the MAX133/134 is 
in the ho ld state. 

Description of Control Bits 
Hold. A 1 in Ho ld wi l l s top convers ions at the end of 
the next conve rs ion . If the MAX133/134 is in the Ho ld 
mode, a conve rs ion wi l l start o n the next c lock cyc le 
after Ho ld is set to 0. T h e osc i l la tor con t inues to run 
and all c i rcu i t ry is act ive du r i ng the Ho ld mode. 

High Frequency. A 1 in the H i g h F requency bit w i l l 
select 4096Hz as the beeper f requency. A 0 wi l l select 
2048Hz. 

Beeper On. A 1 tu rns on the beeper dr iver 

Sleep. A 1 in S leep puts the MAX133/134 into the 
s tandby or s leep mode . T h e C o m m o n vol tage buf fer 
is t u rned off and the internal ana log c i rcu i ts are 
t u rned off, but the D G N D c i rcu i t ry is sti l l active. T h e 
osc i l la tor con t i nues to run. Cu r ren t c o n s u m p t i o n is 
reduced to 25/nA. Several conve rs ions must be per-
f o r m e d af ter ex i t i ng the S leep m o d e be fo re ful l c o n -
vers ion accuracy is ob ta ined. 

10-0 through 10-4. These bi ts con t ro l the a t tenuator 
ne two rk swi tches . T h e 10-0 bit selects the 10M11 
input w i t h o u t ac t iva t ing any shun t resistors. Th is is 
an a l ternate 400mV input . T h e 10-1 bit act ivates the 
10:1 a t tenua t ion by se lec t ing the 10M!1 inpu t and 
c o n n e c t i n g the 1.111MX1 shunt . Simi lar ly, 10-2, 10-3, 
and 10-4 bits selects input a t tenuat ion fac tors of 100, 
1000, and 10,000 respect ive ly In the o h m s m o d e 
these bits set the res is tance range. 

Table 2: Register Map of Output Data 
From the MAX133/134 to the Microprocessor 

A D D R E S S OR 
R E G I S T E R N U M B E R R E G I S T E R N A M E R E G I S T E R C O N T E N T S 

O n e s 

T e n s 

H u n d r e d s 

T h o u s a n d s 

10 T h o u s a n d s 

Sta tus 

C o n v e r s i o n Resul t 
B C D data fo r least s ign i f i can t d ig i t 
(The und i sp l ayed d ig i t used for d ig i ta l au tozero ) 

B C D data of Conve rs i on Resul t 
(Least s ign i f i can t d i sp layed d ig i t ) 

B C D Data of C o n v e r s i o n Resul t 

B C D Data of Conversion Result 

B C D Data of C o n v e r s i o n Resul t 

D3 
A l w a y s 1 

D2 
La tched C o n t i n u i t y 

D1 
H o l d i n g 

D O 

L o w Bat tery 

y k i y i x i y k i 9 
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0 

1 

O 

0 

1 

Table 3. Register Map of Input Data 
From the Microprocessor to the MAX133/134 

ADDRESS OR 
REGISTER NUMBER D3 D2 D1 DO 

0 Hold High Frequency Beeper ON Sleep 

1 10-0 Filter Short +5 50Hz 

2 10-4 10-3 10-2 10-1 

3 DC Ext AC Divider Sense Ohms R/2 

4 Current X2 Read Zero Filter On 

BIT SET VOLTAGE 
RANGE 

OHMS 
RANGE 

10-0 400 mV 4M!1 and 40M! ! 
10-1 4V 400k! l 
10-2 40V 40k! l 
10-3 400V 4kf) 
10-4 4000V 400!! 

NOTE: The divider sense bit must also be set to enable the 10-0 
through 10-4 bits. 

50Hz. W h e n set t o 1 t h e i n t e g r a t i o n p e r i o d f o r v o l t a g e 
m e a s u r e m e n t is o n e c y c l e o f t h e 5 0 H z p o w e r m a i n s 
(655 c l o c k c y c l e s ) . W h e n 0, t h e i n t e g r a t i o n p e r i o d is 
o n e 6 0 H z p o w e r l i ne c y c l e (545 c l o c k c y c l e s ) . 

X2. S e t t i n g t h e b i t t o 1 ac t i va tes t h e M A X 1 3 3 / 1 3 4 
" t i m e s 2" f u n c t i o n . W h e n X2 is ac t i ve , R|[MT2 o n l y is 
u s e d as t h e i n t e g r a t o r r es i s to r d u r i n g t h e i n t e g r a t i o n 
p h a s e . R i n t i a n d R i n t 2 in se r i es a re u s e d as t h e 
i n t e g r a t i o n r e s i s t o r f o r a l l d e i n t e a r a t i o n p h a s e s a n d 
f o r t h e i n t e g r a t i o n p h a s e w h e n X2 is 0. If RINTI = 
RINT2 t h e n s e t t i n g t h e X2 bi t d o u b l e s t h e d i g i t a l 
o u t p u t f o r a g i v e n i n p u t v o l t a g e . 

+ 5 . W h e n t h i s b i t is set t o a 1 t h e i n t e g r a t i o n p e r i o d 
is r e d u c e d by a f a c t o r o f 5. T h i s r e d u c e s t h e d i g i t a l 
o u t p u t c o d e by a f a c t o r o f 5, a n d a l l o w s a h i g h e r 
i n p u t v o l t a g e t o b e used . T h e f u l l s c a l e i n p u t 
v o l t a g e is m u l t i p l i e d by 5 w h e n t h i s b i t is set, b u t 
c a u t i o n s h o u l d b e u s e d t o m a k e s u r e t h a t t h e 2 ^ A 
m a x i m u m r e c o m m e n d e d i n t e g r a t o r o u t p u t c u r r e n t 
is n o t e x c e e d e d , o r t h e M A X 1 3 3 / 1 3 4 l i n e a r i t y w i l l b e 
d e g r a d e d . 

Ohms or R/2. S e t t i n g t h i s b i t t o a 1 se lec ts the o h m s 
m e a s u r e m e n t m o d e . See " O h m s a n d D i o d e M e a s u r e -
m e n t " s e c t i o n above . Set t h e D i v i de r S e n s e to 0 f o r 
o h m s m e a s u r e m e n t s . 

Read Zero. S e t t i n g t h i s b i t t o a 1 c a u s e s t h e n e x t 
c o n v e r s i o n t o be a R e a d Z e r o c o n v e r s i o n . A read 
z e r o c o n v e r s i o n is p e r f o r m e d w i t h In H i a n d In L o 
i n t e r n a l l y s h o r t e d , a n d t h e r e f e r e n c e s e l e c t e d by t h e 
o t h e r c o n t r o l b i t s is u s e d . T h e read z e r o c o n v e r s i o n 
resu l t is p r o p o r t i o n a l to t h e i n t e r n a l o f f s e t s o f t h e 

/134, a n d th i s resu l t s h o u l d b e s u b t r a c t e d 
z e r o - c o r r e c t e d 

M A X 1 3 3 / 1 
f r o m o t h e r m e a s u r e m e n t s t o ge t 
r e a d i n g s . 

Filter On and Filter Short. T h e s e b i t s c o n t r o l t h e 
ac t i ve f i l ter . See F i g u r e s 1 a n d 3. 

FILTER ON FILTER SHORT FUNCTION 

1 0 Normal filter on 
condi t ion 

1 1 Filter on, R F I L TERI is 
bypassed. Use this bit 
combinat ion to 
compensate for the 
higher source 
impedance of the 4V 
range 

0 1 Bypasses the Filter. 
0 0 Invalid combinat ion. 

i 
do not use. 

DC. T h i s b i t se lec ts the D C m o d e w h e n set to 1 a n d 
se lec ts t h e A C m o d e w h e n it is 0. T h i s bit s h o u l d a lso 
be set fo r o h m s m e a s u r e m e n t . 

External AC. T h i s b i t s h o u l d b e set t o 1 w h e n e v e r t h e 
A C m o d e is se lec ted (DC=0) . 

Divider Sense. T h i s bit, t h e 10-0 t h r o u g h 10-4, and 
t h e C u r r e n t b i ts se lec t t h e i n p u t s igna l s o u r c e . D iv ider 
s e n s e s h o u l d b e 1 w h e n e v e r t h e i n p u t a t t e n u a t o r is 
se lec ted . Set D i v i d e r S e n s e to 0 to se lec t t he 4 0 0 m V 
i npu t . 

Current. Set d i v i d e r sense to 0 a n d t h e C u r r e n t b i t t o 
1 t o se lec t t h e C u r r e n t i npu t . N o t e tha t w h i l e t h i s bit 
a n d t h e a s s o c i a t e d p in a re n a m e d " C u r r e n t " , t h e 
a c t u a l i n p u t is t h e v o l t a g e d r o p a c r o s s an e x t e r n a l 
c u r r e n t s e n s i n g resistor. 

Component Selection 
Integration Resistors 

For an a c c u r a t e t i m e s 2 m u l t i p l i c a t i o n in t h e X2 
m o d e , t h e t w o R I N J res is to rs m u s t be exac t l y equa l . If 
t h e X2 m o d e is no t needed , t h e n c o n n e c t a 6 0 4 k ! l 
RINTI b e t w e e n B u f f e r O u t 1 a n d t h e i n t e g r a t i o n 
c a p a c i t o r CINT. a n d leave B u f f e r O u t 2 open . T h e 
va lue o f b o t h RINTI a n d RINT2 is n o r m a l l y 301 k!i for a 
5 4 5 m V or 6 5 5 m V re fe rence . T h i s sets t h e i n t e g r a t o r 
o u t p u t c u r r e n t t o 2/LIA d u r i n g t h e D e i n t e g r a t e phase , 
res is to rs p r o p o r t i o n a t e l y . D o no t e x c e e d 8/uA i n teg ra to r 
c u r r e n t . 

1 0 - / v \ J J X i y H 
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Integration Capacitor 
The normal value for the in tegra t ion capac i to r is 
4.7nF. Th is value, in c o m b i n a t i o n w i th the in tegrator 
ou tpu t cur ren t and the c lock f requency sets the inte-
g ra to r sw ing to abou t 3V for the vo l tage ranges w h e n 
R I N T I = R I N T 2 = 3 0 1 k i l a n d t h e c l o c k f r e q u e n c y i s 
32,768Hz. Whi le the same in tegra tor sw ing can be 
ach ieved wi th o the r values of capac i to rs by c h a n g i n g 
the value of RINT. lower values of C INT may in t roduce 
more noise t h r o u g h increased p i c k u p of noise and 
50 /60Hz signals. Excessively h igh values of C INJ wi l l 
a lso cause noise p rob lems by reduc ing the in tegra tor 
sw ing to unaccep tab l y low values, caus ing the c o m -
parator noise to domina te the convers ion errors. Large 
values of C INT wi l l also cause l inear i ty er rors s ince 
the set t l ing t ime of the in terna l t imes 10 c i r cu i t r y is 
af fected by the value of C | N T . 

T h e d ie lect r ic absorp t ion of the in tegrat ion capac i to r 
d i rec t ly a f fects the integral l inearity, and h igh qua l i ty 
po lyp ropy lene capac i to rs are r ecommended . Poly-
ca rbona te and po lys ty rene capac i to rs may give sat is-
fac to ry pe r fo rmance in less d e m a n d i n g app l ica t ions , 
wh i le the fou r th cho ice, po lyester (Mylar) , wi l l cause 
about 0.1% integral non- l inear i ty. 

Active Filter Components 
T h e RC t ime cons tan t of the act ive f i l ter c o m p o n e n t s 
sets the ro l lof f f r equency of the fi lter. The ef fect ive 
value of the RFILTERI (F igure 3) is the s u m of its value 
p lus the source impedance dr iv ing the fi lter. In the 
30V range for example, the effective source impedance 
is the 101 k i 1 resistor in the at tenuator . In the 3V 
range, the ef fect ive sou rce impedance is 1M11. Th is 
var iable sou rce i m p e d a n c e wi l l alter the f i l ter cha rac -
ter ist ics s o m e w h a t as the d i f fe rent vo l tage ranges are 
selected. The effect of the di f ferent source impedances 
can be m in im ized by increas ing the value of the f i l ter 
resistors whi le decreasing the value of the f i l ter capaci -
tors propor t ionate ly . This , however, wi l l increase the 
of fset error caused by the A / D input leakage cur ren t 
f l o w i n g t h r o u g h the f i l ter resistors. For most app l i -
ca t ions, f i l ter resistor values be tween 1M!1 and 3M!1 
are opt imal . 

T h e RC t ime cons tan t sets the f i l ter ro l lof f f requency. 
A low rol lof f f r equency improves the norma l m o d e 
re jec t ion, bu t at the expense of a longer set t l ing t ime 
in response to input vo l tage step changes. Ano the r 
cons ide ra t i on w h e n an L C D ba rg raph is used is 
al iasing. If the barg raph is updated at 20 t imes per 
second and there is a 19Hz c o m p o n e n t In the s ignal 
being measured, the beat f requency of 1Hz wil l appear 
on the L C D bargraph display. To avoid al iasing effects, 
the f i l ter t ime cons tan t is no rma l l y set to less than 
10Hz. A 3Hz rol lof f (RC = 40ms) fur ther reduces the 
al iasing ef fects and increases norma l m o d e re ject ion 
wh i le sti l l ma in ta in ing an acceptab le t ransient re-
sponse wi th fast vary ing signals. 

Dielectr ic absorp t ion in the f i l ter capac i to rs wi l l create 
a smal l , long t ime cons tan t set t l ing error ; there fore 
po lyp ropy lene capac i to rs are recommended . 

Crystal, and Crystal 
Oscillator Capacitor 

The MAX133/134 osc i l la tor is des igned to use h igh Q, 
low power 32,768Hz crystals such as the Statek CX-1V. 
T h e series resistance shou ld be less than 30k ! l . 

T h e osc i l la tor capac i to r c o n n e c t e d to O S C 2 is typ i -
cal ly 10pF, but shou ld be ad jus ted to op t im ize per-
f o r m a n c e w i t h the chosen crysta l . If ove r tone osc i l -
la t ions are observed, then increase the value of the 
osci l la tor capaci tor . If on the other hand, the osci l la tor 
has s ta r t -up p rob lems, then reduce or e l im ina te the 
osci l la tor capacitor. Keep the stray capac i tance across 
the crysta l to a m i n i m u m s ince excessive stray capa-
c i tance wi l l prevent osc i l la t ion. 

Attenuator Network 
The a t tenuator ne twork and the assoc ia ted range 
se lect ion swi tches are s h o w n in F igure 1. If the 
resistance of the internal range se lect ion sw i tches 
were 0!1, then the theore t ica l l y ideal values for the 
a t t e n u a t o r n e t w o r k w o u l d be 10MH, 1.1111 M i l , 
101.101 k n , 10.01 k i l and 1.0001k!l . 

The vo l tage coef f i c ien t of the 10MH resistor shou ld 
be as low as possib le, s ince it wi l l have h igh vo l tages 
app l ied to it in the 400V and 4,000V ranges. In 
add i t ion , the tempera tu re coe f f i c ien ts of the var ious 
a t tenuator resistors shou ld be as low as pract ica l 
s ince th is a f fects the a c c u r a c y of the o h m s measure-
ments. T h e tempera tu re coe f f i c ien ts of the a t tenuator 
resistors shou ld t rack each o ther s ince the rat io of 
the resistor values sets the accu racy of the vo l tage 
measurements . 

Input A ttenuator 
Compensation Capacitors 

T h e inpu t a t tenuator is o f ten compensa ted w i th low 
value capac i to rs to main ta in a cons tan t a t tenuat ion 
rat io over a w ide bandwi th . The value of the c o m p e n -
sat ion capac i to rs shou ld be as low as pract ica l , 
o therw ise the 10M!1 pin wi l l be dr iven above V + or 
be low V~ w h e n h igh f requency, h igh vo l tage s ignals 
are app l ied to the a t tenuator input , caus ing gross 
convers ion errors. 

Positive Temperature 
Coefficient Resistor (PTC) 

As s h o w n in F igure 2, a P T C is no rma l l y used as part 
of the p ro tec t i on c i rcu i t in the o h m s mode. Excessive 
values of PTC resistance, however, reduce the vol tage 
across the u n k n o w n and reference resistors, par t ic-
ular ly on the 400U range. PTC resistances above 2 k ! l 
wi l l deg rade system pe r fo rmance by reduc ing the 
s ignal level on the 40011 range, the reby increas ing 
the convers ion noise. Values above 5 k l l wil l cause 
add i t iona l er ror s ince the vo l tage d r o p across the 
P T C a p p e a r s at the A / D as a c o m m o n m o d e 
d i f fe rence be tween IN HI and Ref LO. 

Microprocessors 
For low cost 2 c h i p d ig i ta l mu l t imeters , 4 bit m ic ro -
p r o c e s s o r s w i t h L C D d i sp lay d r i ve capab i l i t y are 

y k i > j x i > k i 
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Figure 6. Buffer and Integrator Waveforms with Fullscale Positive 
Input Voltage 

I N T E G R A T O R 
O U T P U T 

Figure 7. Buffer and Integrator Waveforms with Fullscale Negative 
Input Voltage 

I N T E G R A T O R 
O U T P U T !" 

Figure 8. Buffer and Integrator Waveforms with a Small Positive 
Input Voltage 

r e c o m m e n d e d . Typical 4 bit m ic rop rocesso r fami l ies 
i nc lude the Sharp SM4 and SM5, the N E C M P D 7 5 X X 
fami ly, and the Hi ta tch i LCD- I l l and LCD- IV fami l ies. 
If add i t i ona l ca lcu la t ion p o w e r is needed, or if sof t -
ware deve lopmen t costs and t ime need to be min i -
mized, then 8 bit m ic rocon t ro l l e rs such as the 8048, 
8051 or 6803 shou ld be used. 

A/D Conversion 
Method and Timing 

The MAX133/134 uses a " res idue mul t ip l i ca t ion" tech-
n ique to pe r fo rm a ±40,000 c o u n t convers ion in on ly 
1638 c l ock cyc les . F igures 6, 7 and 8 s h o w typ ica l 
in tegrator and buf fer wave fo rms for a large posit ive, a 
large negative, and a smal l posit ive input vol tage 
respectively. 

Integration Phase 
The u n k n o w n s ignal is in tegra ted by c o n n e c t i n g the 
non- inver t ing input of the in tegrator to IN LO, and the 
buf fer input to In Hi. The in tegrat ion per iod varies 
f r o m 100 coun t s to 655 coun t s as s h o w n in Table 5. 
T h e MAX133/134 is in the Ze ro In tegra t ion phase 
wh i le in ho ld , be tween convers ions , and before the 
start of the in tegra t ion per iod. 

Table 5. Integration Periods 

Voltage, 60Hz 

Voltage. 50Hz 

Voltage, 60Hz, + 5 

Voltage, 50Hz. -i 5 

O h m s 

Ohms. + 5 

I N T E G R A T I O N 
PERIOD 

(c lock cyc les) 

545 

655 

109 

131 

500 

100 

(16 63ms) 

(19,99ms) 

Digi tal 
Ou tpu t C o d e 

' I N In tegrat ion Per iod x 100 x_ 
V R E F 

where V| N is the d i f ferent ia l vo l tage app l ied to the 
A /D ' s in ternal In Hi and In LO, and V R E F is the 
d i f ferent ia l vo l tage app l i ed to the A /D ' s in ternal Ref 
Hi and Ref Lo. 

1 2 /v lyjxi/fi 
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First Deintegration Phase 
The polar i ty of the f irst Deintegrate phase is deter-
m ined by po lar i ty of the vo l tage on the in tegra t ion 
capac i to r at the end of the in tegra t ion per iod. F igure 
9 shows the MAX133/134 A / D sect ion. Note that no 
reference capac i to r is needed, thereby improv ing the 
response t ime in o h m s measurement . A lso note that 
s ince the non - inve r t i ng i npu t of the in tegra tor is 
connec ted to Ref Hi for a posit ive de in tegrat ion, the 
vo l tage at the in tegra tor ou tpu t wi l l have a step 
vo l tage change equal to the reference voltage. 

Figure 9. A/D Analog Section. 

The first de in tegra t ion phase terminates w h e n the 
c o m p a r a t o r detects that the in tegra t ion capac i to r has 
been d ischarged. T h e MAX133/134 then goes into an 
" Id le" state where bo th the buf fe r input and the non-
inver t ing inpu t of the in tegra tor are c o n n e c t e d to 
c o m m o n . Th is causes the sys tem offset to be inte-
grated. 

Near the end of the m a x i m u m a l lowable de in te-
g ra t ion per iod, the po lar i ty of the vo l tage on the 
in tegra t ion capac i to r is aga in tested and ei ther a 
posi t ive or negat ive de in tegra t ion cyc le occurs . 

Times 10 {X10) Phase 
When zero c ross ing is de tec ted at the end of a 
de in tegra t ion phase the de in tegra t ion is con t i nued 
unt i l the next c lock cycle. Th is causes the in tegrator 
to overshoo t zero c ross ing sl ightly, leaving a smal l 
residual vo l tage on the in tegrat ion capaci tor. A n y 
c o m p a r a t o r de lay causes an add i t i ona l res idua l 
vo l tage o n the in tegrat ion capaci tor . The t imes 10 
phase inverts and mul t ip l ies th is residual by a fac to r 
of 10. 

Second Deintegration Phase 
The second de in tegra t ion phase de in tegrates the 
residual vol tage on the in tegra t ion capac i to r that has 
been inver ted and mu l t i p l i ed by 10 in the X10 phase. 
Note that, s ince the vo l tage across the in tegrat ion 
capac i to r has been mu l t ip l ied by 10, each c lock cyc le 
of de in teg ra t ion d u r i n g the second de in tegra t ion 
co r responds to 1/10 of one c lock cyc le dur ing the 
first de in tegrat ion. 

Second X10 and Third Deintegration 
T h e residual vo l tage left o n the in tegra t ion capac i to r 
after the second de in tegra te phase is mu l t ip l ied by 
the second X10 phase, and th is mu l t ip l ied residual is 
de in tegra ted in the th i rd de in tegra t ion phase. Since 
the residual vo l tage on the in tegra t ion capac i to r has 
tw ice been mul t ip l ied by 10, the th i rd de in tegra t ion 
phase has 100 t imes f iner reso lu t ion than does the 
f irst de in tegra t ion phase. 

Sequence Counter and Results Counter 
T h e sequenc ing or t im ing of the var ious convers ion 
phases are con t ro l l ed by a b inary sequence counter . 
Th is coun te r coun t s upward con t i nuous l y except 
du r i ng the ho ld mode . S o m e phases, such as the 
in tegra t ion per iods, are bo th started and s topped at 
preset counts . The de in tegra t ion phases are started 
at p rede te rm ined coun ts , but are te rm ina ted w h e n 
the compara to r detects zero c ross ing at the in tegrator 
ou tpu t . 

The results coun te r accumu la tes coun t s du r i ng all 
de in tegra t ion phases. It is an u p / d o w n B C D counter , 
w i th the c o u n t d i rec t i on be ing de te rm ined by the 
de in tegra t ion polari ty. The f irst de in tegra t ion phase 
causes the results coun te r to c o u n t by hundreds . 
Since the second de in tegra t ion phase is de in tegra t ing 
a residual vo l tage that has been mul t ip l ied by 10, the 
results coun te r is i nc remented or dec remen ted by 
tens du r i ng the second de in teg ra t ion phase. The 
results coun te r is i nc remented or dec remen ted by 
ones dur ing the third de in tegrat ion phase. The content 
of the results coun te r is t ransfer red to the results 
register at the end of each convers ion . 

Application Notes 
Sleep and Hold Mode 

T h e Ho ld m o d e s tops the internal sequence coun te r 
at the end of the next convers ion but does not turn 
off the osc i l la tor or any ana log c i rcu i t ry . The Ho ld 
m o d e can be used to speed up a u t o r a n g i n g — see 
"Au to rang ing " , below. Die lect r ic absop t i on in the 
in tegra t ion capac i to r wi l l cause the f i rst t w o or three 
read ings af ter an ex tended Ho ld pe r iod to have a 
lower magn i tude than the steady state reading. 

The Sleep m o d e puts the MAX133/134 into a low 
power qu iescent m o d e by shu t t ing off all ana log 
c i rcu i t ry excep t the D G N D power supp ly and the 
osci l lator. A typ ica l use of the Sleep m o d e is to 
r e d u c e p o w e r c o n s u m p t i o n by t u r n i n g o f f t he 
MAX133/134 if the meter is idle for a long per iod. A 

/ u y j x i y H 



33A Digit DMM Circuit 

I 

O % 

typ ica l me thod of de tec t ing w h e n the meter is no 
longer be ing used is to detect w h e n the reading stays 
cons tan t and there are no opera to r inputs such as 
range or m o d e changes for an ex tended per iod. 

Since the Sleep m o d e turns off all ana log c i rcui t ry, 
the f irst convers ion after c o m i n g out of the sleep 
mode is not val id. It wi l l take several read ings before 
the reading has stabi l ized to w i th in 1 coun t . 

Input Protection for Digital Multimeters 
Figure 2 shows a typ ica l mu l t imeter input c i rcu i t for 
o h m s measurement . The posit ive tempera tu re co -
ef f ic ient (PTC) the rmis to r norma l l y has a resistance 
of on ly 2 k i l , but under over load cond i t i ons it l imits 
the faul t cu r ren t s ince the faul t cu r ren t heats the 
PTC, the reby increas ing its resistance several o rders 
of magn i t iude . Pro tec t ion on the vo l tage ranges is 
au tomat i c , s ince the 10MI1 input resistor wi l l l imit the 
inpu t cu r ren t to safe l imits, even w i th 4000V appl ied. 
Cur rent ranges must be protected wi th fuses or c i rcu i t 
breakers, and the cu r ren t sense resistors shou ld be 
bypassed wi th d iodes to l imit the vo l tage d r o p across 
the cu r ren t sense resistors to no more than 2 d iode 
drops. 

External AC-DC Converter 
Figure 10 s h o w s a typ ica l half wave externa l A C - D C 
conver ter . Th is c i rcu i t is an average-sens ing, RMS-
ca l ib ra ted A C - D C conver ter . Th is means that the 
ou tpu t is p ropor t iona l to the average AC value rather 
than the RMS value, but that the ou tpu t has been 
mul t ip l ied by the 1.11 to cor rec t for the rat io of the 
average vo l tage to the RMS vo l tage of a sine wave. If 
desired, a t rue RMS to DC converter can be connec ted 
between Ext AC Out and Ext AC In. 

Printed Circuit Board Layout 
Since the in tegrator ou tpu t makes c o m m o n mode 
vol tage steps equal to the reference vol tage to per form 
a posi t ive de in tegra t ion , any stray capac i tance on the 
integrat ion capac i tor wil l cause errors. Stray capaci t ive 
loading on the Buffer ou tpu t shou ld also be min imized 
to avoid r ing ing on the buf fer ou tpu t . 

The In tegra tor In node is par t icu lar ly sensi t ive to 
stray p i c k u p of noise and 50/60Hz, therefore C INT 
shou ld be located as near as possible to the Integrator 
In pin. 

M in im ize capac i tance on the node that jo ins the t w o 
RIMT resistors s ince th is capac i tance sets up an RC 
t ime cons tan t that rounds off the edges of the input 
to the in tegra tor and can cause errors. If the t imes 2 
mode is not used, then connec t a s ingle R INTI d i rect ly 
f r o m Buf f O U T 1 to the In tegrator In pin. Locate the 
R INTI resistor as c lose as poss ib le to the Integrator In 
p in s ince the Buf fer O u t p u t is a low impedance po in t 
wh i le the Integrator In pin is a h igh impedance point . 

A n y resistance between the MAX133/134 1 k ! l pin 
and the 1 k l 1 resistor adds the ef fect ive value of the 
1 k ! l resistor, as does any vo l tage d r o p be tween the 
1 k ! l resistor and the In Lo pin. These resistances 
shou ld be m in im ized a n d / o r the 1 k ! i resistor value 
shou ld be reduced to c o m p e n s a t e for the resistance 
of the pr in ted c i rcu i t board connec t ions . 

T h e e f fec t i ve res is tance of any cu r ren t sens ing 
resistors is a f fec ted by where the vo l tage is sensed. 
C o n n e c t In Lo d i rect ly to one end of the cur rent 
sens ing resistor to avo id er ro rs caused by vo l tage 
d rops in the C o m m o n t races on the pr in ted c i rcu i t 
board. 

F R O M 
W A X 1 3 3 / 1 3 4 

E X T E R N A L 
AC O U T P U T 

1 0 k ! ! 
- V W -

I N 4 1 4 8 A 

/ M / i x i y k i 
MAX 133 134 

TO 
E X T AC 

I N P U T 

2 2 M < ! 
—Wv— 

I / 2 T L 0 6 2 
o r 

— f W v 1 

zj= 0.047̂  ^022MF 

—w» v w 
2 0 0 ! ! 4 9 9 k 

Figure 10. External AC-DC Converter. 

14 _ 
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s h o w n in F igure 11A. If the MAX133/134 is put into 
the ho ld m o d e du r i ng au to rang ing the au to rang ing 
t ime can be reduced in those cases where several 
ranges must be tr ied. See Figure 11B. A s imp le test 
that detects most over range read ings is to check if 
the t w o most s ign i f icant d ig i ts (Registers 3 and 4) are 
greater than ±45. A second test of the zero -cor rec ted 
reading shou ld also be pe r fo rmed to make sure that it is 
w i th in the desired ful l scale range. 

C O N V E R S I O N 
1 

4 0 0 m V 

C O N V E R S I O N 
2 

4 V 

C O N V E R S I O N 
3 

4 V 

C O N V E R S I O N 
4 

4 0 V 

C O N V E R S I O N 
5 

4 0 

C O N V E R S I O N 
6 

4 0 0 V 

C O N V E R S I O N 
7 

4 0 0 V 

C O N V E R S I O N 
8 

4 0 0 0 V 

C O N V E R S I O N 
9 

C O N V E R S I O N 
1 0 

D A T A 
R E A D 

B Y 
n P 

O V E R L O A D 
D A T A F R O M 

C O N V E R S I O N 1 

D A T A F R O M 
C O N V E R S I O N 

2 IS 
I G N O R E D 

O V E R L O A D 
D A T A F R O M 

C O N V E R S I O N 3 

D A T A F R O M 
C O N V E R S I O N 

4 IS 
I G N O R E D 

O V E R L O A D 
D A T A F R O M 

C O N V E R S I O N 5 

D A T A F R O M 
C O N V E R S I O N 

6 I S 
I G N O R E D 

O V E R L O A D 
0 A T A F R O M 

C O N V E R S I O N J 

D A T A F R O M 
C O N V E R S I O N 

8 IS 
I G N O R E D 

O N S C A L E 
C O N V E R S I O N 

R A N G E 
C O M M A N D E D 

RY | | P 

I D 0 0 V 

4 V 
4 0 V 

R A N G E 
C O M M A N D E D 

4 0 0 V 
R A N G E 

I S C O M M A N D E D 

4 0 0 0 V 
R A N G E 

I S C O M M A N D E D 

D A T A I S 
D I S P L A Y E D 

I N P U T 
V 

ov-

I N P U T 
V 

ov-

T I M E 

5 0 
m s 

1 0 0 1 5 0 
m s m s 
1 1 

2 0 0 2 5 0 
m s m s 

3 0 0 3 5 0 
m s m s 

4 0 0 
m s 

4 5 0 
m s 

5 0 0 
m s 

T I M E 

Figure 11a. Autoranging with MAX133-134 Running Continuously 

H O L D H O L D H O L D H O L D H O L D 

C O N V E R T 
O N 4 0 0 0 V 

RANGE 

D I S P L A Y 
O N S C A L E 
R E A D I N G 

C O M M A N D T H E M A X 1 3 3 / T 3 4 T O T H E N E X T H I G H E R S C A L E 

IOOOV 

I N P U T 
V O L T A G E 

2 9 0 3 0 0 
m s m s 

Figure 11b. Autoranging With Hold Between Conversions 

Software Notes 
Autoranging 

T h e sequence in wh i ch the registers are loaded has 
no ef fect p rov ided that all registers are loaded before 
the next end of convers ion . Con t ro l bits take ef fect 
on ly w h e n the MAX133/134 is in Ho ld o r comp le tes 
the cu r ren t conve rs ion . If the MAX133/134 runs 
con t i nuous l y , the au to rang ing sequence wi l l be as 

M A X I 3 3 
C O N V E R S I O N 

T I M E 

n P D E T E C T S O V E R L O A D A N D 
C O M M A N D S T H E M A X I 3 3 T O A 
N E W R A N G E | A P P R 0 X I 0 m s | 

5 0 6 0 
m s m s 

IIO 120 
m s m s 

1 7 0 1 6 0 
m s m s 
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3 >> 

X 
I 

x 
I 

Reduction of Conversion Noise 
by Averaging Readings 

T h e MAX133 /134 has a p p r o x i m a t e l y ± 1 c o u n t s of 
no ise. In m o s t cases w h e r e o n l y 4000 c o u n t s are 
b e i n g d i s p l a y e d , a v e r a g i n g is n o t r e q u i r e d s i nce the 
no ise is o n l y 1/10 of o n e d i s p l a y e d c o u n t . In da ta 
a c q u i s i t i o n s y s t e m s w h e r e the fu l l r e s o l u t i o n is b e i n g 
used, a v e r a g i n g N r e a d i n g s wi l l r e d u c e the no ise by a 
f ac to r of 

v'"' N . 

S i n c e t h e n o i s e of z e r o - c o r r e c t e d r e a d i n g s is t h e 
R M S s u m of t h e no i se of b o t h t h e Read Z e r o r e a d i n g 
a n d t h e n o r m a l r e a d i n g , t h e Read Z e r o o f f se t c o r r e c -
t i o n s h o u l d a l so be a v e r a g e d if o p t i m u m no i se pe r -
f o r m a n c e is des i red . 

BCD to Binary Conversion 
N o r m a l l y , if o n l y a z e r o c o r r e c t i o n o r ta re c o r r e c t i o n 
is to be a p p l i e d to t h e o u t p u t of t he MAX133/134 , 
t h e n the c o n v e r s i o n resu l t is left in t he B C D f o r m a t . If 
a sca le f a c t o r or g a i n c o r r e c t i o n is t o be m a d e , the 
resul t is usua l l y c o n v e r t e d to a b i n a r y f o r m a t . A n y of 
t h e s t a n d a r d B C D to b i n a r y conversion a l g o r i t h m s 
c a n be used . A s i m p l e m e t h o d of c o n v e r s i o n is to 
read the MAX133 /134 c o n v e r s i o n resu l t s ta r t i ng w i t h 
the m o s t s i g n i f i c a n t d ig i t . Pu t t he m o s t s i g n i f i c a n t 
d ig i t ' s resul t i n to a m u l t i - b y t e a c c u m u l a t o r a n d m u l t i -
p l y it b y 10. T h e n read t h e n e x t d i g i t ' s resu l t a n d a d d 
it to the a c c u m u l a t o r . Repea t t he " m u l t i p l y - r e a d - a d d " 
s e q u e n c e fo r al l 5 d ig i ts . 

Using the MAX133/134 
in Data Acquisition Systems 

Using the Input Attenuator Inputs as a 
Multiplexer 

In m a n y data acqu is i t i on app l i ca t i ons the vo l tage range 
is l im i ted , a n d the 4 0 0 m V t o 4000V a t t e n u a t o r is no t 
needed . In these cases, t he i n p u t s w i t c h e s c a n be 
used as a m u l t i p l e x e r as s h o w n in F igu re 12. 

Using Non-standard Voltage Ranges 
In m a n y da ta a c q u i s i t i o n s y s t e m s the vo l tage to be 
m e a s u r e d m a y have a fu l l sca le r a n g e o the r t h a n 
400mV, 4V, e tc . For m a x i m u m reso lu t i on , t h e fu l l 
sca le r a n g e of t h e M A X 1 3 3 / 1 3 4 s h o u l d be a d j u s t e d to 
m a t c h the i n p u t s i gna l vo l t age span. Th i s c a n be 
d o n e e i ther t h r o u g h a t t e n u a t i o n / a m p l i f i c a t i o n of t he 
s igna l to m a k e it m a t c h the ± 4 0 0 m V bas ic span of t he 
MAX133 /134 , o r by a d j u s t i n g t h e MAX133 /134 vo l tage 
span . 

Programming Table 

N / C -

C H A N N E L I -

C H A N N E L 2 -

C H A N N E L 3 -

C H A N N E L 4 -

C H A N N E L 5 -

C H A N N E L 6 -

C H A N N E L 7 -

l o n i n 

I . I I K I ! ! 

i c i k n / n / J x i y n 

I 0 k ! > 
MAX 133 

I 0 k ! > MAX 134 

I k ! ! 

C U R R E N T 

4 0 0 m V 

E X T . A C 

NOTES: 
1. Channels 5 and 6 are connected to C o m m o n via a 5k ! ! 

resistor when they are not selected 
2 Voltage Span is ±400mV. 

Figure 12. MAX133 134 Input Section used as a Multiplexer. 

Table 5 s h o w s the i n t e g r a t i o n p e r i o d s of t he va r i ous 
c o n v e r s i o n m o d e s . T h e s e d i f f e r e n t m o d e s c a n be 
used to c h a n g e the fu l l sca le s p a n of t he MAX133/134. 
If f o r e x a m p l e t h e r e f e r e n c e v o l t a g e is 545mV, se t t i ng 
t h e 5 0 H z bi t c h a n g e s t h e i n t e g r a t i o n t i m e t o 655 
c l o c k c y c l e s a n d the 4 0 0 m V fu l l sca le range becomes 
a 545 /655 x 4 0 0 m V = 3 3 3 m V fu l l sca le range. A c t i -
va t i ng the ^ 5 bi t i nc reases the fu l l sca le s p a n by a 
f a c t o r of 5, w h i l e se t t i ng t h e X2 bi t dec reases the fu l l 
sca le s p a n by a f a c t o r of 2 ( a s s u m i n g R i n t i = r i n t 2 ) . 

In all cases, t h e va lues of R I N H . RINT2. a n d C i n j 
s h o u l d be c h o s e n so tha t i n t e g r a t o r s w i n g is at least 
2V, a n d in teg ra to r c u r r e n t is a lways less than 3/uA b o t h 

d u r i n g d e i n t e g r a t e a n d d u r i n g i n teg ra te w i t h a fu l l 
sca le i n p u t vo l tage. T h e c o m m o n m o d e vo l tage range 
of IN Hi a n d In L o is f r o m (V" +1.5V) to (V+ -1.0V). 

Unipolar Operation 
U n l i k e m o s t i n t e g r a t i n g A / D s , t he MAX133 /134 d o e s 
no t have ex t ra non - l i nea r i t i es around zero. Th is a l l ows 
t h e use of t h e fu l l 80,000 c o u n t r e s o l u t i o n to m e a s u r e 
u n i p o l a r s igna ls . Al l t ha t is n e e d e d is a res is t ive o f f se t 
n e t w o r k to t r ans la te t h e u n i p o l a r s igna l so tha t it 
b e c o m e s b ipo la r . A n e x t e r n a l z e r o c i r cu i t m u s t be 
i n c l u d e d so t ha t e r r o r s in the o f f se t res is to r c a n be 

for Figure 13 
SELECTED 
C H A N N E L 10"1 10"2 10"3 10-" DIVIDER 

SENSE CURRENT DC EXT 
A C 

; 1 1 0 0 0 1 X 1 0 
i 2 0 1 0 0 1 x 1 0 

3 0 0 1 0 1 X 1 0 
4 0 0 0 1 1 X 1 0 
5 0 0 0 0 0 1 1 0 
6 0 0 0 0 0 0 1 0 
7 0 0 0 0 x X 0 1 

1 6 
0 = set to 0 1 = set to 1 X = Don't Care 

y k i y i x i y k i 
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measured and subt rac ted. Note that the zero cor rec -
t ion so f tware is the same as w o u l d be used to cor rec t 
for the internal zero er ror of the MAX133/134, except 
that in th is case the externa l zero of fset wi l l be near ly 
40,000 counts . 

Ratiometric Measurements 
of Load Cell and Strain Gauges 

In many we igh scale, pressure t ransducer , and load 
cell appl icat ions rat iometr ic measurements are desired. 
If the reference vol tage is referenced to the g r o u n d or 
C o m m o n pin, then s imp ly c o n n e c t the reference volt-
age to the Ref In pin, c o n n e c t the vo l tage to be 
measured to In Hi and In Lo and pe r fo rm any of the 
vo l tage m o d e convers ions . If, on the o ther hand, the 
reference vol tage is a di f ferent ial signal, use the c i rcui t 
of Figure 13 and select the o h m s measurement mode. 
Note that the non- inver t ing input of the in tegrator wi l l 
be c o n n e c t e d to e i ther Ref Lo or REF Hi du r i ng 
deintegrat ion. The integrator sw ing shou ld be reduced 
if the in tegra tor o u t p u t goes w i th in 0.5V of e i ther V + 

or V". In no case shou ld e i ther Ref Hi or Ref Lo be 
lower than (V" + 1.5V) or h igher than (V+ - 1.0V). 

Operation with Clock Frequencies 
Other Than 32,768Hz 

Opera t ion w i th c lock f requenc ies lower than 32kHz 
s l ight ly improves the noise per fo rmance, whi le at the 
same t ime reduc ing the reading rate propor t ionate ly . 
Wi th c lock f requenc ies less than 10kHz, leakages 
dur ing the X10 phase wil l in t roduce dif ferential l inearity 
errors at h igh temperatures. 

C lock f requenc ies h igher than 50kHz are not recom-
m e n d e d s ince the X10 per iod wi l l not comp le te l y 
settle w i th in its al lotted t ime period, causing dif ferential 
non l inear i t y errors. Ano the r potent ia l p rob lem at very 
h igh c lock f requenc ies is that , a l t hough the c o m p a r -
ator de lay is a f i xed t ime per iod, it increases in te rms 
of c lock cyc les as the c lock f requency increases. At 
very h igh c lock f requenc ies the residue canno t be 
fu l ly de in tegra ted in the a l lo t ted n u m b e r of c lock 
cyc les after hav ing been mul t ip l ied by 10 in the X10 
phase. 

When us ing a c lock f requency o ther than 32,768Hz, 
change the value of the in tegrat ion capac i to r C INT to 
keep in tegrator sw ing at approx imate ly 2V. 

Converting the Times 2 Mode 
to a + 40m V Full Scale Range 

T h e sensi t iv i ty of the t imes t w o m o d e is increased by 
the factor 

R | N T 1 + R | N T 2 

In the no rma l D M M ap l i ca t ion RINTI = RINT2 and the 
X2 m o d e increases the sensi t iv i ty of the MAX133/134 
by a fac tor of 2. If the two resistors have a 9 to 1 ratio, 
the X2 bit wi l l increase the sensi t iv i ty of the MAX133/ 
134 by a fac to r of 10. Th is can be used to get 1/uV 
reso lu t ion on a 40mV scale. 

Disabling the Active Filter 
Since the s ignal source i m p e d a n c e in many data 
acqu is i t i on sys tems is very low, the value of the f i l ter 
resistors, RFILTERI AND RFILTER2. can be lowered to 
reduce the error caused by the leakage cur ren t of the 
A / D f l o w i n g t h r o u g h RFILTERI IF rapid set t l ing is 
needed in a mu l t i channe l data acqu is i t ion system, 
then the f i l ter shou ld be d isab led by leaving the p ins 
Filter Resistor In and Filter Resistor Out open, and 
shor t ing Filter A m p Ou t to Filter A m p In. Do not 
leave the f i l ter ampl i f ie r connec t i on open c i rcu i ted, 
s ince osc i l la t ions may occur . 

D I F F E R E N T I A L 
R E F E R E N C E 

V O L T A G E 

D I F F E R E N T I A L 
I N P U T 

V O L T A G E 

E X T A C 
O U T P U T 

l O i k n / U M X I / K L 
MAX 133 

O U T P U T 

l O i k n / U M X I / K L 
MAX 133 

E X T A C 
MAX134 

I N P U T 

IN LO IN LO 

Figure 13. Configuration for Differential Reference Input 

BIT PATTERN 

10"° T O 1 0 " R/2 
D IV IDER 
SENSE C U R R E N T D C EXT AC 

0 1 1 0 0 1 

/VWIYA/VX 1 7 
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Package Information 

PLCC 
PLASTIC 

LEADED CHIP CARRIER 

INCHES 

0.165 
0.090 

J ) 4 4 5 
0.020 
0.013 

0.009 

MAX 
0 . 1 8 0 

0 . 1 2 0 

0.156 

0 . 0 2 1 

0.032 

0.050 

MILL IMETERS 
MIN 

_4.19 
2J?9_ 

_3.68 
0 .51_ 

_0.33 _ 
_0.66_ 
0.23 

MAX 
4_57_ 
3.05 
3.96_ 

0.53 
0_.81_ 

0.28 

DIM PINS 
INCHES MILLIMETERS DIM PINS 

MIN MAX MIN MAX 
D 0.385 0.395 9.78 10.03 

D1 
20 

0.350 0.356 8.89 9.04 
D2 

20 
0.290 0.330 7.37 8.38 

D3 0.200 REF 5 08 REF 
D 0.485 0.495 M2.32 12.57 

D1 0.450 0.456 J M 1.43 11.58 
D2 28 0.390 0.430 9.91 10 92 
D3 0.300 REF 7.62 REF 
D4 0.300 - 7.62 _ 
D 0.685 0.695 ,17.40 17.65 

D1 I 0.650 0.656 H e . 5 1 16.66 
D2 44 0.590 [0 .630 14.99 I 16.00 
D3 0 500 REF 12.70 REF 
D4 0.470 - 11.94 -

D 0.985 0.995 25.02 25.27 
D1 0.950 0.958 24.13 24 33 
D2 68 0.890 0.930 22.61 23.62 
D3 0 800 REF 20.32 REF 
D4 0.625 15.87 

1 9 
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_Package Information 

c 

PLCC 
PLASTIC 

LEADED CHIP CARRIER 

INCHES 

0.165 
0.090 

J ) 4 4 5 
0.020 
0.013 

0.009 

MAX 

J). 120 
0.156 

0 . 0 2 1 

0.032 

0.050 

MILL IMETERS 
MIN 

_4.19 

J3.68 
_0.51_ 
J X 3 3 
_0.66_ 
0.23 

MAX 
4_57_ 
3.05 
3.96_ 

0.53 
0_.81_ 

0.28 

DIM PINS 
INCHES MILLIMETERS 

DIM PINS 
MIN MAX MIN MAX 

D 0.385 0.395 9.78 10.03 
D1 

20 
0 . 3 5 0 | ̂ 0.356 8.89 9.04 

D2 
20 

0.290~l 0.330 7.37 8.38 
D3 0.200 REF 5 08 REF 
D 0 . 4 8 5 I 0.495 12.32 12.57 

D1 0 . 4 5 0 l J).456 11.43 11.58 
D2 28 0.390 0.430 9.91 10 92 
D3 0.300 REF 7.62 REF 
D4 0.300 - 7.62 -

D 0 . 6 8 5 i 0.695 17.40 17.65 
D1 0.65(V 0.656 16 51 16.66 
D2 44 0.590 0.630 14.99 16.00 
D3 0 500 REF 12.70 REF 
04 0.470 - 11.94 -

D 0.985 0.995 25.02 25.27 
D1 0.950 0.958 24.13 24.33 
D2 68 0.890 0.930 22.61 23.62 
D3 0 800 REF 20.32 REF 
D4 0.625 - 15.87 -

> U I > J X I > M 1 9 
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0 

X 

1 

f > 

I 

Package Information (continued) 

- E -

E1 

0°-15 

Plastic DIP 
PLASTIC 

DUAL-IN-LINE 
PACKAGE 
(0.600 in.) 

DIM 
INCHES MILLIMETERS 

DIM 
MIN MAX MIN MAX 

A - 0.200 - 5.08 
A1 0.015 - 0.38 -

A2 0.125 0.175 3.18 4.45 
A3 0.055 0.080 1.40 2.03 
B 0.016 0 020 0.41 0.51 

B1 0.045 0.065 1.14 1.65 
C 0.008 0.012 0.20 0.30 

D1 0.050 0.090 1.27 2.29 
E 0.600 0 625 15.24 15 88 

E1 0.525 0.575 13.34 14.61 
e 0.100 - 2.54 -

eA 0.600 - 15.24 -

eB - 0.700 - 17.78 
L 0 120 0.150 3.05 3.81 

PKG. DIM PINS 
INCHES MILLIMETERS PKG. DIM PINS 

MIN MAX MIN MAX 
P D 24 1.230 1.270 31.24 32.26 
P D 28 1.430 1.470 36 32 37.34 
P D 40 2.025 2.075 51.44 52.71 
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