





Digital Interface, MAX 133 and MAX 134

In most cases, the EQC signal will be either
monitored by an 1/0 pin, or it will drive an Interrupt
pin on the microprocessor. In battery powered sys-
tems, it may be desirable to put the microprocessor
into a sleep or standby mode until EOC goes high.
The microprocessor then performs any required
data processing and display updates, then reenters
the sleep mode. This conserves battery power since
the microprocessor power consumption is minimized.

The data that has been latched in the MAX133/134
control registers does not immediately affect oper-
ation. The input registers are double buffered, and the
control bits take effect during the 21st clock cycle
after EOC goes high. In the hold mode, the double
buffered registers are transparent, and any updates to
the regislers take effect immediately, as do any
changes made during the one clock cycle period at
the end of each conversion during which the second
rank of buffers are being updated.

Description of Output Bits

The data format is nines complement BCD. For
example:

MEASUREMENT RESULT BCD DATA |
+40000 40000 ‘
+00100 00100
+000od1 00001
+00000 00000
(there is NO -00000)
-00001 99999
-00100 99900
-40000 60000 :
J

Table 2: Register Map of Output Data
From the MAX133/134 to the Microprocessor
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The Latched Continuity bit will be high if the input
voltage has gone below the continuity threshold of
approximately 100mV since the last time the register
was read. Each time this register (Register 5) is read,
the continuity latch is reset.

The Low Battery bit is high whenever the battery
voltage is below the low battery detect voitage.

The Holding bit is low whenever the MAX133/134 is
in the hold state.

Description of Control Bits

Hold. A 1 in Hold will stop conversions at the end of
the next conversion. If the MAX133/134 is in the Hold
mode, a conversion will start on the next clock cycle
after Hold is set to 0. The oscillator continues to run
and all circuitry is active during the Hold mode.

High Frequency. A 1 in the High Frequency bit will
select 4096Hz as the beeper frequency. A O will select
2048Hz.

Beeper On. A 1 turns on the beeper driver.

Sleep. A 1 in Sleep puts the MAX133/134 into the
standby or sleep mode. The Common voltage buffer
is turned off and the internal analog circuits are
turned off, but the DGND circuitry is still active. The
oscillator continues to run. Current consumption is
reduced to 25uA. Several conversions must be per-
formed after exiting the Sleep mode before full con-
version accuracy is obtained.

10-0 through 10-4. These bits control the attenuator
network switches. The 10-0 bit selects the 10M()
input without activating any shunt resistors. This is
an alternate 400mV input. The 10-1 bit activates the
10:1 attenuation by selecting the 10M(1 input and
connecting the 1.111M(} shunt. Similarly, 10-2, 10-3,
and 10-4 bits selects input attenuation factors of 100,
1000, and 10,000 respectively. In the ohms mode
these bits set the resistance range.

ADDRESS OR

REGISTER NUMBER REGISTER NAME

REGISTER CONTENTS

(The undisplayed digit used for digital autozero)

D2 D1 DO
Latched Continuity Holding Low Battery

0 Ones Conversion Result

BCD data for least significant digit
1 Tens BCD data of Conversion Result

(Least significant displayed digit)
2 Hundreds BCD Data of Conversion Result
3 Thousands BCD Data of Conversion Result
4 10 Thousands BCD Data of Conversion Result
5 Status

Always 1
v,
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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
| — ] N
VOLTAGE OHMS ' FILTER ON FILTER SHORT FUNCTION
BIT SET RANGE RANGE T
1 o} Normal filter on
10-0 400mv 4M() and 40MQ) condition
10-1 4v 400k () 1 1 Filter on, Rg) veR1 is
10-2 40V 40k bypassed. Use this bit
10-3 400V 4Kk combination to
L§E-47 4000V 40001 (r:]gmpensate for the
igher source
NOTE: The divider sense bit must also be set to enable the 10-0 impedance of the 4V
through 10-4 bits. range
A 0 1 Bypasses the Filter.
50Hz. When set to 1 the integration period for voltage -0 0 Invalid combination,
measurement is one cycle of the 50Hz power mains ‘ do not use. E
- . .

(655 clock cycles). When 0, the integration period is
one 60Hz power line cycle (545 clock cycles).

X2, Settin? the bit to 1 activates the MAX133/134
“times 2" function. When X2 is active, RiyT2 only is
used as the integrator resistor during the integration
phase. RinT1 and RinT2 in series are used as the
Integration resistor for all deintegration phases and
for the integration phase when ?(2 is 0. If RinTq =
RinT2 then setting the X2 bit doubles the digital
output for a given input voltage.

+58. When this bit is set to a 1 the integration period
is reduced by a factor of 5. This reduces the digital
output code by a factor of 5, and allows a higher
input voltage to be used. The full scale input
voltage is multiglied by 5 when this bit is set, but
caution should be used to make sure that the 2uA
maximum recommended integrator output current
is not exceeded, or the MAX133/134 linearity will be
degraded.

Ohms or R/2. Setting this bit to a 1 selects the ohms
measurement mode. See “Ohms and Diode Measure-
ment” section above. Set the Divider Sense to 0 for
ohms measurements.

Read Zero. Setting this bit to a 1 causes the next
conversion to be a Read Zero conversion. A read
zero conversion is performed with In Hi and In Lo
internally shorted, and the reference selected by the
other control bits is used. The read zero conversion
result is proportional to the internal offsets of the
MAX133/134, and this result should be subtracted
from other measurements to get zero-corrected
readings.

Fiiter On and Filter Short. These bits control the
active filter. See Figures 1 and 3.

10 —

DC. This bit selects the DC mode when set to 1 and
selects the AC mode when it is 0. This bit should also
be set for ohms measurement.

External AC. This bit should be set to 1 whenever the
AC mode is selected (DC=0).

Divider Sense. This bit, the 10-0 through 10-4, and
the Current bits select the input signal source. Divider
sense should be 1 whenever the input attenuator is
selected. Set Divider Sense to 0 to select the 400mV
input.

Current. Set divider sense to 0 and the Current bit to
1 to select the Current input. Note that while this bit
and the associated pin are named “Current”, the
actual input is the voltage drop across an external
current sensing resistor.

Component Selection

Integration Resistors

For an accurate times 2 multiplication in the X2
mode, the two RNt resistors must be exactly equal. If
the X2 mode is not needed, then connect a 604k(}
RinT1 between Buffer Out1 and the integration
capacitor Cin7, and leave Buffer Out2 open. The
value of both RinT1 and RinT2 is normally 301k{) for a
545mV or 655mV reference. This sets the integrator
output current to 2uA during the Deintegrate phase.
resistors proportionately. Do not exceed 8uA integrator
current.

- AKXV




Integration Capacitor

The normal value for the integration capacitor is
4.7nF. This value, in combination with the integrator
output current and the clock frequency sets the inte-
grator swing to about 3V for the voltage ranges when
RinT1 = Rint2 = 301k and the clock frequency is
32,768Hz. While the same integrator swing can be
achieved with other values of capacitors by changing
the value of Rnyt, lower values of Ciy7 may introduce
more noise through increased pickup of noise and
50/60Hz signals. Excessively high values of Cint will
also cause noise problems by reducing the integrator
swing to unacceptably low values, causing the com-
parator noise to dominate the conversion errors. Large
values of Ciyt will also cause linearity errors since
the settling time of the interna! times 10 circuitry is
affected by the value of CyT.

The dielectric absorption of the integration capacitor
directly affects the integral linearity, and high quality
polypropylene capacitors are recommended. Poly-
carbonate and polystyrene capacitors may give satis-
factory performance in less demanding applications,
while the fourth choice, polyester (Mylar), will cause
about 0.1% integral non-linearity.

Active Filter Components

The RC time constant of the active filter components
sets the rolloff frequency of the filter. The effective
value of the Rg) tgr1 (Figure 3) is the sum of its value
plus the source impedance driving the filter. In the
30V range for example, the effective source impedance
is the 101k{) resistor in the attenuator. In the 3V
range, the effective source impedance is 1M(1. This
variable source impedance will alter the filter charac-
teristics somewhat as the different voltage ranges are
selected. The effect of the different source impedances
can be minimized by increasing the value of the filter
resistors while decreasing the value of the filter capaci-
tors proportionately. This, however, will increase the
offset error caused by the A/D input leakage current
flowing through the filter resistors. For most appli-
cations, filter resistor values between 1M(} and 3M(}
are optimal.

The RC time constant sets the filter rolloff frequency.
A low rolloff frequency improves the normal mode
rejection, but at the expense of a longer settling time
in response to input voltage step changes. Another
consideration when an LCD bargraph is used is
aliasing. If the bargraph is updated at 20 times per
second and there is a 19Hz component in the signal
being measured, the beat frequency of 1Hz will appear
on the LCD bargraph display. To avoid aliasing effects,
the filter time constant is normally set to less than
10Hz. A 3Hz rolloff (RC = 40ms) further reduces the
aliasing effects and increases normal mode rejection
while still maintaining an acceptable transient re-
sponse with fast varying signals.

Dielectric absorption in the filter capacitors will create
a small, long time constant settling error; therefore
polypropylene capacitors are recommended.

WNAXI
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Crystal, and Crystal
Oscillator Capacitor

The MAX133/134 oscillator is designed to use high Q,
low power 32,768Hz crystals such as the Statek CX-1V.
The series resistance should be less than 30k(}.

The oscillator capacitor connected to OSC2 is typi-
cally 10pF, but should be adjusted to optimize per-
formance with the chosen crystal. If overtone oscil-
lations are observed, then increase the value of the
oscillator capacitor. If on the other hand, the oscillator
has start-up problems, then reduce or eliminate the
oscillator capacitor. Keep the stray capacitance across
the crystal to a minimum since excessive stray capa-
citance will prevent oscillation.

Attenuator Network

The attenuator network and the associated range
selection switches are shown in Figure 1. If the
resistance of the interna!l range selection switches
were 02, then the theoretically ideal values for the
attenuator network would be 10MQ, 11111MQO,
101101k(}, 10.01k{) and 1.0001k(}.

The voltage coefficient of the 10M(} resistor should
be as low as possible, since it will have high voltages
applied to it in the 400V and 4,000V ranges. In
addition, the temperature coefficients of the various
attenuator resistors should be as low as practical
since this affects the accuracy of the chms measure-
ments. The temperature coefficients of the attenuator
resistors should track each other since the ratio of
the resistor values sets the accuracy of the voltage
measurements.

Input Attenuator
Compensation Capacitors

The input attenuator is often compensated with low
value capacitors to maintain a constant attenuation
ratio over a wide bandwith. The value of the compen-
sation capacitors should be as low as practical,
otherwise the 10M(} pin will be driven above V* or
below V- when high frequency, high voltage signals
are applied to the attenuator input, causing gross
conversion errors.

Positive Temperature
Coefficient Resistor (PTC)

As shown in Figure 2, a PTC is normally used as part
of the protection circuit in the ohms mode. Excessive
values of PTC resistance, however, reduce the voltage
across the unknown and reference resistors, partic-
ularly on the 400¢(} range. PTC resistances above 2k{)
will degrade system performance by reducing the
signal level on the 400(} range, thereby increasing
the conversion noise. Values above 5k{) will cause
additional error since the voltage drop across the
PTC appears at the A/D as a common mode
difference between IN HI and Ref LO.

Microprocessors
For low cost 2 chip digital multimeters, 4 bit micro-~
processors with LCD display drive capability are

11

PELXVIN/EELXVIA



MAX133/MAX 134

3% Digit DMM Circuit

+300mY INPUT . : ; ;
: : LTV S it 545my

BUFFER : S
QUTPUT ’ o ’ o
hEINTéGHATé'"““*3"“"""" X1 e 7=
E‘ , \ l - 345mY
INTEGRATE Y /{\ y *
4 W ov
INTEGRATOR [} "\ P
OUTPUT ‘\ s

b

N

M,

-300my i
. INPUT L s45my
1
BUFFER | ‘ : g] :
OUTPUT Y foi o
DEINi’EGnA;I’E -
NTEGRATE 1A | i
N
: X0 —-71
INTEGRATOR| N I
OUTPUT:/' : f/ \,( sty
L
: i b

Figure 6. Buifer and Integrator Waveforms with Fullscale Positive
{nput Voitage
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recommended. Typical 4 bit microprocessor families
include the Sharp SM4 and SM5, the NEC uPD75XX
family, and the Hitatchi LCD-lIl and LCD-IV families.
If additional calculation power is needed, or if soft-
ware development costs and time need to be mini-
mized, then 8 bit microcontrollers such as the 8048,
8051 or 6803 should be used.

A/D Conversion
Method and Timing

The MAX133/134 uses a “residue multiplication” tech-
nique to perform a +40,000 count conversion in only
1638 clock cycles. Figures 6, 7 and 8 show typical
integrator and buffer waveforms for a large positive, a
large negative, and a small positive input voltage
respectively.

Integration Phase

The unknown signal is integrated by connecting the
non-inverting input of the integrator to IN LO, and the
buffer input to In Hi. The integration period varies
from 100 counts to 655 counts as shown in Table 5.
The MAX133/134 is in the Zero Integration phase
while in hold, between conversions, and before the
start of the integration pericd.

Table 5. Integration Periods

MODE INTEGRATION
PERIOD
{clock cycles)

Voltage, 60Hz 545 (16.63ms)
Voltage, 50Hz 655 (19.99ms)
Voltage, 60Hz, + 5 109
Voltage, 50Hz, + 5 13
Ohms 500
Ohms, +5 100
8'&'5& Code - Integration Period x 100 XV_F\:IIE%I

where V|y is the differential voltage applied to the
A/D’s internal In Hi and In LO, and Vggr is the
differential voltage applied to the A/D’s internal Ref
Hi and Ref Lo.

AKXV
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First Deintegration Phase

The polarity of the first Deintegrate phase is deter-
mined by polarity of the voltage on the integration
capacitor at the end of the integration period. Figure
9 shows the MAX133/134 A/D section. Note that no
reference capacitor is needed, thereby improving the
response time in ohms measurement. Also note that
since the non-inverting input of the integrator is
connected to Ref Hi for a positive deintegration, the
voltage at the integrator output will have a step
voltage change equal to the reference voltage.

COMPARATOR

X2® |COMMON o
INTEGRATE > SECTION
X2 ReF L0{X)

e REF I}
INTEGRATE

BUFFER

INTEGRATOR

BUFFER BUFFER
OUTPUT |

INTEGRATOR

INTEGRATOR
OUTPUT 2 N ot

RinTi Rintz Cint

0tk Q) 301k () 4.InF

Figure 9. A/D Analog Section.

The first deintegration phase terminates when the
comparator detects that the integration capacitor has
been discharged. The MAX133/134 then goes into an
“ldle” state where both the buffer input and the non-
inverting input of the integrator are connected to
common. This causes the system offset to be inte-
grated.

Near the end of the maximum allowable deinte-
gration period, the polarity of the voltage on the
integration capacitor is again tested and either a
positive or negative deintegration cycle occurs.

Times 10 (X10) Phase

When zero crossing is detected at the end of a
deintegration phase the deintegration is continued
until the next clock cycle. This causes the integrator
to overshoot zero crossing slightly, leaving a small
residual voltage -on the integration capacitor. Any
comparator delay causes an additional residual
voltage on the integration capacitor. The times 10
phase inverts and multiplies this residual by a factor
of 10.

VAKXV
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Second Deintegration Phase

The second deintegration phase deintegrates the
residual voltage on the integration capacitor that has
been inverted and multiplied by 10 in the X10 phase.
Note that, since the voltage across the integration
capacitor has been multiplied by 10, each clock cycle
of deintegration during the second deintegration
corresponds to 1/10 of one clock cycle during the
first deintegration.

Second X10 and Third Deintegration

The residual voltage left on the integration capacitor
after the second deintegrate phase is multiplied by
the second X10 phase, and this multiplied residual is
deintegrated in the third deintegration phase. Since
the residual voltage on the integration capacitor has
twice been multiplied by 10, the third deintegration
phase has 100 times finer resolution than does the
first deintegration phase.

Sequence Counter and Results Counter

The sequencing or timing of the various conversion
phases are controlled by a binary sequence counter.
This counter counts upward continuously except
during the hold mode. Some phases, such as the
integration periods, are both started and stopped at
preset counts. The deintegration phases are started
at predetermined counts, but are terminated when
the comparator detects zero crossing at the integrator
output.

The results counter accumulates counts during all
deintegration phases. It is an up/down BCD counter,
with the count direction being determined by the
deintegration polarity. The first deintegration phase
causes the results counter to count by hundreds.
Since the second deintegration phase is deintegrating
a residual voltage that has been multiplied by 10, the
results counter is incremented or decremented by
tens during the second deintegration phase. The
results counter is incremented or decremented by
ones during the third deintegration phase. The content
of the results counter is transferred to the results
register at the end of each conversion.

Application Notes
Sleep and Hold Mode

The Hold mode stops the internal sequence counter
at the end of the next conversion but does not turn
off the oscillator or any analog circuitry. The Hold
mode can be used to speed up autoranging — see
“Autoranging”, below. Dielectric absoption in the
integration capacitor will cause the first two or three
readings after an extended Hold period to have a
lower magnitude than the steady state reading.

The Sleep mode puts the MAX133/134 into a low
power quiescent mode by shutting off all analog
circuitry except the DGND power supply and the
oscillator. A typical use of the Sleep mode is to
reduce power consumption by turning off the
MAX133/134 if the meter is idle for a long period. A

—— = 13
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typical method of detecting when the meter is no
longer being used is to detect when the reading stays
constant and there are no operator inputs such as
range or mode changes for an extended period.

Since the Sleep mode turns off all analog circuitry,
the first conversion after coming out of the sleep
mode is not valid. It will take several readings before
the reading has stabilized to within 1 count.

Input Protection for Digital Multimeters

Figure 2 shows a typical multimeter input circuit for
ohms measurement. The positive temperature co-
efficient (PTC) thermistor normally has a resistance
of only 2k{}, but under overload conditions it limits
the fault current since the fault current heats the
PTC, thereby increasing its resistance several orders
of magnitiude. Protection on the voltage ranges is
automatic, since the 10M(} input resistor will limit the
input current to safe limits, even with 4000V applied.
Current ranges must be protected with fuses or circuit
breakers, and the current sense resistors should be
bypassed with diodes to limit the voltage drop across
the current sense resistors to no more than 2 diode
drops.

External AC-DC Converter

Figure 10 shows a typical half wave external AC-DC
converter. This circuit is an average-sensing, RMS-
calibrated AC-DC converter. This means that the
output is proportional to the average AC value rather
than the RMS value, but that the output has been
multiplied by the 111 to correct for the ratio of the
average voltage to the RMS voltage of a sine wave. If
desired, a true RMS to DC converter can be connected
between Ext AC Out and Ext AC In.

FROM

MAX133/134 | 10k () 2A2M1!

Printed Circuit Board Layout

Since the integrator output makes common mode
voltage steps equal to the reference voltage to perform
a positive deintegration, any stray capacitance on the
integration capacitor will cause errors. Stray capacitive
loading on the Buffer output shouid also be minimized
to avoid ringing on the buffer output.

The Integrator In node is particularly sensitive to
stray pickup of noise and 50/60Hz, therefore Cint
should be located as near as possible to the Integrator
In pin.

Minimize capacitance on the node that joins the two
RinT resistors since this capacitance sets up an RC
time constant that rounds off the edges of the input
to the integrator and can cause errors. If the times 2
mode is not used, then connect a single Ryt directly
from Buff OUT1 to the Integrator In pin. Locate the
R|nT1 resistor as close as possible to the Integrator In
pin since the Buffer Output is a low impedance point
while the Integrator In pin is a high impedance point.

Any resistance between the MAX133/134 1k} pin
and the 1k(} resistor adds the effective vaiue of the
1k{) resistor, as does any voltage drop between the
1k() resistor and the In Lo pin. These resistances
should be minimized and/or the 1k{} resistor value
should be reduced to compensate for the resistance
of the printed circuit board connections.

The effective resistance of any current sensing
resistors is affected by where the voltage is sensed.
Connect In Lo directly to one end of the current
sensing resistor to avoid errors caused by voltage
drops in the Common traces on the printed circuit
board.

VAKXV
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Figure 10. External AC-DC Converter.
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Software Notes
Autoranging

The sequence in which the registers are loaded has
no effect provided that all registers are loaded before
the next end of conversion. Control bits take effect
only when the MAX133/134 is in Hold or completes
the current conversion. If the MAX133/134 runs
continuously, the autoranging sequence will be as

3% Digit DMM Circuit

shown in Figure 11A. If the MAX133/134 is put into
the hold mode during autoranging the autoranging
time can be reduced in those cases where several
ranges must be tried. See Figure 11B. A simple test
that detects most overrange readings is to check if
the two most significant digits (Registers 3 and 4) are
greater than £45. A second test of the zero-corrected
reading should also be performed to make sure that itis
within the desired full scale range.

ke doomy 400my av av a0v 4 4000 4000 4000V
CONVERSION \ cuuvmsmul CONVERSION ‘ CONVERSION ‘ CONVERSION ‘ CONVERSION ‘ CONVERSION I CONVERSION | CONVERSION ‘ CONVERSION
1 2 3 4 5 6 7 8 9
DATA DATA FROM DATA FROM DATA FROM DATA FROM
READ CVERLOAD | CONVERSION | guerec0l | cONVERSION parRLont, | convension | OVERLDRE | cowvension | owscaLe
8Y 213 4 615 81 CONVERSION
oF CONVERSION 1| 208 | CONVERSIONS | /% | CONVERSIONS | 08 | CONVERSION 7 GNORED
RANGE 4oy 400 4000V oAT
COMMANDED v RANGE RANGE RANGE 18
DISPLAYED
BY 4P COMMANDED IS COMMANDED 1S COMMANDED
1000V
INPUT
v
ov
[} 50 100 150 200 250 300 350 00 450 500
ms ms ms ms ms ms ms ms ms ms
| | | | | | | | ] ] 1
TIme [ | | l 1 | | 1 | | |
Figure 11a. Autoranging with MAX133/134 Running Continuously
HOLD HOLD HoLD HOLD HOLD
D CONVERT CONVERT CONVERT CONVERT CONVERT CANVERT
STAIUS ON 400my ON 4y ON 40V ON 400V ON 4000V ON 4000y
RANGE RANGE RANGE RANGE RANGE RANGE
READ CONVERSION DATA AND DETECT OVERLOAD
. ‘/l)l/ | 'l/ | /| l DISPLAY
«— ON SCALE
ACTION I I / READING
COMMAND THE MAX133/134 T0 THE NEXT HIGHER SCALE
1000
INPUT
VOLTAGE
P DETECTS DVERLOAD AND
o MAX133 COMMANDS THE MAX133 T0 A
CONVERSION NEW RANGE (APPROX. 10ms|
TIME
— 7 - i
TIME [ 1| [ | 11 [ “
I I I IR 1 B |
0 50 60 110 120 170180 230 240 290 300 ;
ms ms ms ms ms ms ms ms ms ms ms J

Figure 11b. Autoranging With Hold Between Conversions
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Reduction of Conversion Noise
by Averaging Readings

The MAX133/134 has approximately *1 counts of
noise. In most cases where only 4000 counts are
being displayed, averaging is not required since the
noise is only 1/10 of one displayed count. In data
acquisition systems where the full resolution is being
used, averaging N readings will reduce the noise by a
factor of

\/ N.
Since the noise of zero-corrected readings is the
RMS sum of the noise of both the Read Zero reading
and the normal reading, the Read Zero offset correc-

tion should also be averaged if optimum noise per-
formance is desired.

BCD to Binary Conversion

Normally, if only a zero correction or tare correction
is to be applied to the output of the MAX133/134,
then the conversion result is left in the BCD format. If
a scale factor or gain correction is to be made, the
result is usually converted to a binary format. Any of
the standard BCD to binary conversion algorithms
can be used. A simple method of conversion is to
read the MAX133/134 conversion result starting with
the most significant digit. Put the most significant
digit's result into a multi-byte accumulator and multi-
ply it by 10. Then read the next digit's result and add
it to the accumulator. Repeat the “multiply-read-add”
sequence for all 5 digits.

Using the MAX133/134
in Data Acquisition Systems

Using the Input Attenuator Inputs as a
Multiplexer

in many data acquisition applications the voltage range
is limited, and the 400mV to 4000V attenuator is not
needed. In these cases, the input switches can be
used as a multiplexer as shown in Figure 12.

Using Non-standard Voltage Ranges

In many data acquisition systems the voltage to be
measured may have a full scale range other than
400mV, 4V, etc. For maximum resolution, the full
scale range of the MAX133/134 should be adjusted to
match the input signal voltage span. This can be
done either through attenuation/amplification of the
signal to make it match the +400mV basic span of the
MAX133/134, or by adjusting the MAX133/134 voltage
span.

N/C—————— 10M12

CHANNEL | LM

CHANNEL 2 101k AMAKIMN
CHANNEL 3 10k %21;33
BHANNELd———‘ Tk

CHANNEL 5 CURRENT

CHANNEL 6 400my

CHANNEL 7 EXT. AC

NOTES:

1. Channels 5 and 6 are connected to Common 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 shows the integration periods of the various
conversion modes. These different modes can be
used to change the full scale span of the MAX133/134.
If for example the reference voltage is 545mV, setting
the 50Hz bit changes the integration time to 655
clock cycles and the 400mV full scale range becomes
a 545/655 x 400mV = 333mV full scale range. Acti-
vating the +5 bit increases the full scale span by a
factor of 5, while setting the X2 bit decreases the full
scale span by a factor of 2 (assuming RinT1 = RinT2):

In all cases, the values of Riyt1. RinT2. and Cint
should be chosen so that integrator swing is at least
2V, and integrator current is always less than 3u A both
during deintegrate and during integrate with a full
scale input voltage. The common mode voltage range
of IN Hi and In Lo is from (V- +1.5V) to (V* -1.0V).

Unipolar Operation

Unlike most integrating A/Ds, the MAX133/134 does
not have extra non-linearities around zero. This allows
the use of the full 80,000 count resolution to measure
unipolar signals. All that is needed is a resistive offset
network to translate the unipolar signal so that it
becomes bipolar. An external zero circuit must be
included so that errors in the offset resistor can be

Programming Table for Figure 13

"~ SELECTED By . R ) DIVIDER EXT
| CHANNEL 10 10 10 10 NENGE CURRENT DC Fes
! 1 1 0 0 0 1 X 1 0
| 2 0 1 0 0 1 X 1 0
1 3 0 0 1 0 1 X 3 0
1 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
O=setto0 1=-settol X = Don't Care -,
16 - b __ /AKX




measured and subtracted. Note that the zero correc-
tion software is the same as would be used to correct
for the internal zero error of the MAX133/134, except
that in this case the external zero offset will be nearly
40,000 counts.

Ratiometric Measurements
of Load Cell and Strain Gauges

In many weigh scale, pressure transducer, and load
cell applications ratiometric measurements are desired.
If the reference voltage is referenced to the ground or
Common pin, then simply connect the reference volt-
age to the Ref In pin, connect the voltage to be
measured to In Hi and In Lo and perform any of the
voltage mode conversions. If, on the other hand, the
reference voltage is a differential signal, use the circuit
of Figure 13 and select the ohms measurement mode.
Note that the non-inverting input of the integrator will
be connected to either Ref Lo or REF Hi during
deintegration. The integrator swing should be reduced
if the integrator output goes within 0.5V of either V*
or V-. In no case should either Ref Hi or Ref Lo be
lower than (V- + 1.5V) or higher than (V* - 1.0V).

Operation with Clock Frequencies
Other Than 32,768Hz

Operation with clock frequencies lower than 32kHz
slightly improves the noise performance, while at the
same time reducing the reading rate proportionately.
With clock frequencies less than 10kHz, leakages
during the X10 phase will introduce differential linearity
errors at high temperatures.

Clock frequencies higher than 50kHz are not recom-
mended since the X10 period will not completely
settle within its allotted time period, causing differential
nonlinearity errors. Another potential problem at very
high clock frequencies is that, although the compar-
ator delay is a fixed time period, it increases in terms
of clock cycles as the clock frequency increases. At
very high clock frequencies the residue cannot be
fully deintegrated in the allotted number of clock
cycles after having been multiplied by 10 in the X10
phase.

When using a clock frequency other than 32,768Hz,
change the value of the integration capacitor Cy7 to
keep integrator swing at approximately 2V.

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

The sensitivity of the times two mode is increased by
the factor

RinT1 + RinT2
RinT2

AKXV
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In the normal DMM aplication RinT1 = RinT2 and the
X2 mode increases the sensitivity of the MAX133/134
by a factor of 2. If the two resistors have a 9 to 1 ratio,
the X2 bit will increase the sensitivity of the MAX133/
134 by a factor of 10. This can be used to get 1uV
resolution on a 40mV scale.

Disabling the Active Filter

Since the signal source impedance in many data
acquisition systems is very low, the value of the filter
resistors, Rr 1er1 and Rfi7ere. can be lowered to
reduce the error caused by the leakage current of the
A/D flowing through Rp1egt1. If rapid settling is
needed in a multichannel data acquisition system,
then the filter should be disabled by leaving the pins
Filter Resistor In and Filter Resistor Out open, and
shorting Filter Amp Out to Filter Amp In. Do not
leave the filter amplifier connection open circuited,
since oscillations may occur.

EXT AC

REF HI 71 outeut
DIFFERENTIAL

REFERENCE
VOLTAGE

REF LOW »———— 101k(2 AKXV

MAX133
MAX134
EXT AC
INPUT
DIFFERENTIAL
INPUT

IN HI A
VOLTAGE \

INLOW  »>———1 IN L0

Figure 13. Contiguration for Differential Reference Input
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TOP VIEW
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Package Information

- |-y €

LEADED CHIP CARRIER

pitg |—INCHES MILLIMETERS |
MIN | MAX | MIN | MAX
A O,TEA_O.LBOAX 419 | 457
A1 0090 | 0120 | 229 | 305 |
A2 | 0145 | 0.156 | 368 | 396
|A3 10020 | - | 051 | - _
B_| 0013 | 0021 | 033 | 0.53
B1 10026 4 0032 | 066 | 081
C 10008 | 0011 | 023 | 028
e 0.050 1.27
INCHES __ |MILLIMETERS
oM P‘NSHW [MAX | MIN_ | MAX
D 0.385 |0.395 | 9.78 | 10.03
D1 | 0.350 {0.356 | 8.89 | 9.04
- 20 - — —_— —
0.290 [0.330 | 7.37 | 8.38

D3| [0200REF | 508 REF
0 04850495 [12.32 [ 1257
. 0.450 [0.456 |11.43 | 11.58 |

28 | 0.000 [0.450 | 9.91
| 0300 REF

10.92 |

| 17.65 |
51| 16.66
14.99 | 16.00 |
1270 REF |
11.94 | -
2527
2433
0.890 |0.930 [22.61 [23.62

0800 REF | 20.32 REF
l0625] -

1587 | -

2100498

MLAXIM
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Package Information (continued)

om | INCHES | MILLIMETERS

- ] MIN | MAX | MIN | MAX
Al - |oe0| - | 508

\E Ef ——— A1 | 0015 0.38 -

A2 | 0125 | 0175 | 3.8 | 445
A3 [ 0055 | 0.080 | 140 | 203
B | 0016 | 0020 | 041 | 051
Bi | 0.045 | 0.085 | 1.14 | 165
c | 0008 | 0012 | 020 | 030
C |1 ]0050 [ 0090 | 127 | 229
E | 0600 | 0625 | 1524 | 1588
Et | 0525 | 0575 | 13.34 | 14.61

L 0°-15°

e | 0.100 - 254 | - |
eA | 0.600 - 15.24 -
-»|[= D1 B | - Jo7o0 | - 1778
ey A A . L {0120 | 0150 | 305 | 381
Plastic DIP
INCH LIMETER
) PLASTIC PKG. DIM PINS|"yin EIV?AX MI:IILIN/T MAXS
DUAL-IN-LINE P D | 24 |1.230 | 1.270 | 31.24 | 32.26
PACKAGE P | D |28 [1430]1.470 | 36.32 | 37.34
e e (0 600 in ) P D 40 | 2.025 {2.075 | 51.44 | 52.71
’ 2100447
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