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FEATURES
� High Resolution ................................................ 10µV
� 4³⁄₄ Digits
� 20 Conversions/Second
� Complete DMM System ADC with TC8131

— Voltage (DC and AC) ............................ 5 Ranges
— Ohms ..................................................... 6 Ranges
— Current (DC and AC)
— Capacitance .......................................... 5 Ranges
— Frequency ............................................. 4 Ranges

� Separate High-Impedance mV Input
� Fast Continuity with Buzzer
� Diode Test
� Internal Op Amp for AC-DC Converter

— True RMS with External Converter
� Serial Data Interface to TC8131 or CMOS Micro-

computer
� Single 9V Battery Operation
� Sleep Mode for Low Power Dissipation
� Provides Power Supply for TC8131 or CMOS

Microcomputer
� Compact 44-Pin Flat Package

4C\VDigit Auto-Ranging DMM ADC

GENERAL DESCRIPTION

The TC8129 is a high resolution, autoranging A/D
converter for 4³⁄₄ digit digital multimeters (DMMs). When
combined with the TC8131 LCD controller, the TC8129 will
measure voltage, current, resistance, capacitance, fre-
quency and temperature. External components are kept to
a minimum for low system cost, without compromising
system performance.

With an internal resolution of over 500,000 counts, the
TC8129 produces stable readings when displaying 4³⁄₄

digits (±39,999 counts). The 50msec conversion time pro-
vides a fast bar graph which updates 20 times per second.
In addition to the autoranging analog inputs, a separate
direct input to the A/D converter ensures that low-level
readings are both fast and accurate.

For AC voltage and current measurements, an on-chip
op-amp can be configured as an AC-DC converter. An
external AC-DC converter can also be added to provide
true RMS measurements. A three-decade frequency
prescaler allows autoranging frequency measurements from
4kHz to 4MHz, with 1Hz resolution in the 4kHz range.

Data is transferred between the TC8129 A/D converter
and the TC8131 LCD controller via a serial bus that provides
a simple, flexible, bidirectional interface while minimizing
pin count.

The TC8129 operates from a single 9 volt battery, and
provides an on-chip 3 volt power source for the TC8131.
Power supply current for both ICs is only 1.6mA while
operating, and 200µA in the “sleep” mode. The TC8129 is
available in a 44-pin quad plastic flat package.

ORDERING INFORMATION

Part No. Resolution Package Temp. Range

TC8129CKW 4³⁄₄ Digits 44-Pin Plastic 0°C to + 70°C
Flat Package
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ABSOLUTE MAXIMUM RATINGS

Item Rated Values

Supply voltage (VS to VS) 12V

Input voltage (VS – 0.3V) to (VS + 0.3V)
Reference voltage (VS – 0.3V ) to ( VS + 0.3V)

+ _

+_

+_

ELECTRICAL CHARACTERISTICS: VS = +7.5V to +10V, OSC Freq = 32.768 kHz

    TA = +25°C             TA = 0°C to +70°C

Symbol Parameter Test Conditions Min Typ Max  Min Typ Max Unit

Analog Section

OFFSET A/D System Offset Error Correction Mode – 2500 ±500 2500 – 2500 ±500 2500 Counts

ZERO Zero Reading 400mV Direct Input, – 10 0 10 – 12 0 – 12 Counts
(Offset Corrected) Pin #8 shorted to COMMON

RE Roll-Over Error 400mV Direct Input, – 20 0 20 – 20 0 20 Counts
VIN = ±400mV

NL Nonlinearity 400mV Direct Input — — 0.05 — — 0.05 % of VIN
±10 Cnt's

EN Noise 400mV Direct Input — 3 — — 3 — Counts

VTRIPH Input Voltage Detector 400mV Direct Input, — 30 65 — 30 70 mV
Low to High Trip Point Pin 30 High

VTRIPL Input Voltage Detector 400mV Direct Input, 10 30 — 10 30 — mV
High to Low Trip Point Pin 30 High

ILEAKAGE Input Leakage Current With 10M Resistor – 20 ±1 20 – 20 ±1 20 pA
of Pin #7 Connected to Common

VOFFSET On-Chip Op-Amp Input – 20 ±10 20 – 20 ±10 20 mV
Offset Voltage

TCVOFFSET Average Temperature Coefficient — — — — 6 — µV/°C
of Input Offset Voltage

Digital Section

FREQ Buzzer Buzzer Frequency — 2 — — 2 — kHz

VIL Input Low Voltage (Pins: 31, 37, 38, 40, 41) — — VDGND2 + 0.5 — — VDGND2 + 0.5 V

VIH Input High Voltage (Pins: 31, 37, 38, 40, 41) V+ – 0.5 — — V+ – 0.5 — — V

VOL Output Low Voltage (Pins: 35, 36, 37)   ( Note 2) — — VDGND2 + 0.25 — — VDGND2 + 0.30 V

VOH Output High Voltage (Pins: 35, 36, 37)  (Note 2) V+ – 0.4 — — V+ – 0.45 — — V

tRD RD Delay Time — 250 — — 250 — nsec

tRDS Data RD Setup Time — 1 — — 1 — µsec

tDCK SCLK to DOUT Delay Time — 500 — — 500 — nsec

tLDS LD Set-Up Time — 1 — — 1 — µsec

tDS Data LD Set-Up Time — 150 — — 150 — nsec

tDH Data-LD Hold Time — 100 — — 100 — nsec

tPWL Minimum Low Pulse Width 200 — — 200 — — nsec

PWH SCLK Pulse Width, High            200    — — 200 — — nsec
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ELECTRICAL CHARACTERISTICS (Cont.)
     TA = +25°C             TA = 0°C to +70°C

Symbol Parameter Test Conditions Min Typ Max Min Typ Max Unit

Power Supply Section

IS Operating Supply V+
S = 9 V — 1.5 2.0 — 1.5 2.0 mA

Current VIN = 0.0 V

ISLEEP Sleep Mode Supply V+
S = 9 V — 0.2 0.4 — 0.2 0.4 mA

Current VIN = 0.0 V

VDGND1 Digital Ground, V+
S = 9 V – 4.1 – 4.5 – 4.9 – 3.9 – 4.5 – 5.0 V

Output #1 IL = 0 mA

VDGND2 Digital Ground, V+
S = 9 V – 2.3 – 3.0 – 3.3 – 2.2 – 3.0 – 3.5 V

Output #2 IL = 0 mA

Digital Ground, V+
S = 9 V – 2.1 – 2.8 – 3.1 – 2.0 – 2.8 – 3.3 V

Voltage #2 IL = 500 µA

VCOMMON Analog Common V+
S = 9 V – 3.0 – 3.2 – 3.4 – 3.0 – 3.2 – 3.4 V

Voltage IL = 2 mA
NOTES: 1. Resolution = ±39,999 counts, maximum.

2. Test Conditions, IOL = 100µA.
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PIN DESCRIPTION

Pin No.
(44-Pin flat
Package) Symbol Description

1 DGND1 Internal logic digital ground. Nominally 5V below V+
S.

2 DNGD2 Power supply ground connection for the TC8131 controller. Nominally 3V below V+
S.

3 V+
S Positive power supply connection, typically 9V.

4 V–
S Negative supply connection. Connect to negative terminal of 9V battery

5 101k Connection for 101kΩ range resistor.
6 1.1MEG Connection for 1.1MΩ range resistor.
7 10MEG Connection for 10MΩ range resistor.
8 mV/RREF Dual purpose input. In voltage mode, this pin provides an input which bypasses the

10MΩ input resistor to minimize the effect of leakages. In the resistance mode, this pin
measures the voltage across the reference resistor.

9 IRC In current, resistance and capacitance modes, this pin senses the voltage across the
current sense resistor, unknown resistor, and capacitor, respectively.

10 10k Connection for 10kΩ range resistor.
11 1k Connection for 1kΩ range resistor.
12 VLCTRM Voltage reference input for lower range capacitance measurement. See Text.
13 VHCTRM Voltage reference input for upper range capacitance measurement. See Text.
14 VREFR Voltage reference input for resistance measurements. Typically 1.2V.
15 CAP+ Current source output for capacitance measurements.
16 COM Analog circuit ground reference point. Nominally 3.2V below V+

S.
17 ADO Output of AC to DC converter Op Amp.
18 ADI Inverting input of AC to DC converter Op Amp.
19 ACVL Ground input for AC to DC converter.
20 ACVH DC result of AC to DC conversion.
21 V–

IN Low analog input signal connection.
22 INTIN Inverting input of the integrator Op Amp.
23 INTOUT Output of the integrator. Connect to integration capacitor.
24 C+

REF Positive connection for reference capacitor.
25 C–

REF Negative connection for reference capacitor.
26 V+

REF High differential reference input connection.
27 V–

REF Low differential reference input connection
28 BUF Buffer output.
29 NC No connection.
30 CONT Output of the fast continuity comparator.
31 BUZIN Control input for the on-chip buzzer driver.
32 BUZOUT Buzzer output. Audio frequency output at 2048Hz, which drives a piezo buzzer.
33 NC No connection.
34 fIN Frequency prescaler input.
35 DV Data Valid output. This pin goes LOW at the end of a conversion. It will stay LOW until

data is read out of the TC8129.
36 fOUT Output of frequency prescaler. Used by controller to extend range of the frequency

counter beyond 4kHz.
37 DATA Bidirectional data input/output.
38 RD Data Read input. When RD is LOW, data can be read from the TC8129.
39 NC No connection.
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GENERAL THEORY OF OPERATION

The TC8129 is a high-resolution analog to digital con-
verter (ADC) with an input multiplexer for autoranging mea-
surements and a serial digital output. When combined with
the TC8131 controller, the TC8129 forms a 4³⁄₄ digit
autoranging DMM which measures voltage, current, resis-
tance, capacitance, frequency, temperature and transistor
hFE.

The TC8129 operates with the TC8131 controller or
with a microcomputer. The TC8129 provides all analog
measurement functions, while the TC8131 controls the
LCD display and user interface, and sends measurement
mode and range commands to the TC8129.

On-chip multiplexer provides five measurement ranges
for voltage and capacitance, and six ranges for resistance.

The TC8129’s 50msec conversion time supports a fast
bar graph display as well as the high-resolution numeric
display.

A/D CONVERTER

Multiple remainder conversion
The TC8129 uses a multiple-deintegration method of

A/D conversion to provide over 500,000 counts of resolu-
tion in 50 milliseconds. Five separate deintegrate opera-
tions are performed on each conversion. After each
deintegrate period, a residual voltage remains on the inte-
gration capacitor (CINT). This residual voltage is multiplied
by 10 and deintegrated again. After five deintegrations, the
voltage at the input of the A/D converter has been con-
verted into a 5³⁄₄ digit number. The least significant digit is
normally discarded, leaving a 4³⁄₄ digit result.

The sign bit and value of each deintegration period are
stored in the TC8129 output register, and transferred to the
TC8131 at the end of each conversion.

The TC8131 converts the five deintegration values into
a final A/D conversion result (see the Data Output Format
section of this data sheet for details).

Zero Reading
The TC8129 does not do an autozero phase during

each conversion. Instead, the controller may send a Offset
Reading command which instructs the TC8129 to inter-
nally short the A/D converter inputs and make a conver-
sion. This conversion represents the internal offsets of the
TC8129 buffer, integrator and comparator. The Offset Read-
ing value is subtracted from normal conversions to calcu-
late the actual A/D conversion result.

50/60 Hz Rejection Control
Integrating A/D converters provide excellent rejection

of periodic interference such as 60Hz line frequency, pro-
vided the integration period is a multiple of the interfering
signal. The TC8129 can adjust its integration time to reject
either 50Hz or 60Hz interference. The integration time is
set with the command word which is sent to the TC8129
(see the serial data interface section of this data sheet).
With a 32.768kHz clock, the integration times are:

Mode Clock Cycles Integration time
60Hz 545 16.63 msec
50Hz 655 19.99 msec

Autoranging Voltage Measurements
When combined with external attenuation resistors,

(see the Typical Application diagram), the TC8129 will
measure voltages from 400mV to 4000V. The TC8131
sends a range command to the TC8129 via the serial data
bus, and the TC8129 connects internal switches to the
appropriate tap on the resistor network.

AC Measurements
The integrating A/D converter of the TC8129 will not

directly measure AC signals. When an AC measurement
is desired, internal switches on the TC8129 connect the
input to an internal op-amp. This op-amp, when combined
with inexpensive discrete components, can be configured
as an AC-to-DC converter. If true RMS measurements are
desired, an external AC-to-DC converter can be added.
See the applications section of this data sheet for details.

PIN DESCRIPTION (cont.)

Pin No.
(44-Pin flat
Package) Symbol Description

40 SCLK Serial data clock input
41 LD Data Load input. When low, range and measurement mode commands can be loaded into the

TC8129
42 SLEEP Power shut down input, places TC8129 in low power mode.
43 OSC1 Crystal oscillator (input) connection
44 OSC2 Crystal oscillator (output) connection
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Resistance
Resistance is measured ratiometrically. The ratiometric

method uses the voltage across a known resistor as the
reference voltage and the voltage across an unknown
resistor as the input voltage. The integration time for resis-
tance measurements is 500 counts and the A/D converter
result is:

RUNKNOWN   .
Count = _________  X  500000

RREF     .

The output of this measurement is only dependent on
the ratio of the two resistors, so a precision reference
voltage is not required.

To obtain the actual resistor value, the A/D converter
result must be multiplied by two. For 40 MΩ measure-
ments, the integration time is reduced to 100 clock cycles
and the x2 multiplication is not required.

Diode
Diodes are measured by using the 1kΩ attenuator

resistor as a current source. One end of this resistor is
internally connected to V+

S and the other end, through the
PTC protection resistor, to the diode. The integration time
for diode measurements is 100 clock cycles. The diode
forward voltage is obtained by multiplying the A/D con-
verter result by 5.45 (for 60Hz operation) or by 6.55 (for
50Hz operation).

Current
Current measurements are made by measuring the

voltage drop across external sense resistors (see typical
application schematic). If current measurements are dis-
played with 3³⁄₄ digits of resolution, as is the case in typical
DMM’s, the high resolution of the TC8129 can be used to
produce a two-level autorange effect. For example, full
scale voltage in the 4mA range, using a 100Ω sense
resistor, is 400mV. Using the same 100Ω resistor for a
400µA range produces a 'full scale' voltage of 40mV. The
TC8129 can measure 40mV to 3³⁄₄ digits of resolution.
Therefore the TC8131 formats input voltages from 0 to
40mV as the 400µA range and input voltages above 40mV
as the 4mA range.

Capacitance
Capacitors are also measured using the external resis-

tor network. 4nF, 40nF and 400nF are the three lower
ranges. 4µF and 40µF are the two upper ranges. VLCTRM
and VHCTRM are the voltages for trimming the accuracy of
the lower and upper capacitance ranges. Typical voltages
for the  VHCTRM and VLCTRM  are 150mV and 1.4V respec-
tively. A polarized (electrolytic) capacitor should have its
negative terminal connected to the COMMON input of the
TC8129.

hFE
Transistor hFE is typically measured with a base cur-

rent of 10µA. The base current is set with an external
resistor that is nominally 260kΩ with a typical (V+

S – COM)
voltage of 3.2V (Figure 1). Collector current is measured
across a 10Ω resistor, using the IRC input (with the TC8129
in measurement mode 001).

The voltage across the 10Ω resistor is converted to hFE
by the TC8131, using the formula:

VIRC / 10 Ω
hFE = __________       .

10 µA

TC8129

IRC

hFE = VIN(V) x 10,000

V–
IN

V+
S

10260kΩ

Figure 1. Typical hFE Measurement Circuit

Temperature
The TC8129 measures temperature using a type K

thermocouple (see typical application schematic). The mea-
surement range extends from – 270°C to +1370°C.

Since thermocouples have a nonlinear output voltage
characteristic, temperature measurements require several
steps. First, the thermocouple output voltage (nominally
about +40µV/°C) is measured using the TC8129’s IRC
input. This result is transmitted to the TC8131. Then the ice
point compensation voltage is measured using a thermistor
attached to the mV/RREF input, and this value is also sent
to the TC8131. Finally the TC8131 subtracts the ice point
correction, applies a linearization process to the result, and
displays the temperature on the LCD.
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Figure 2. Simplified Block Diagram of the Frequency Counter Prescaler

Frequency
The TC8129 includes a 3-decade prescaler (Figure 2)

which extends frequency measurements to 4MHz. The
prescaler can be programmed to divide by 1, 10, 100 or
1000. The signal to be measured is applied to the TC8129’s
fIN input and comes out on the fOUT output.

The TC8131 contains the frequency counter. Pulses
on the TC8131’s K10 input are counted with a one second
time base, to a maximum of 4kHz. If the input to the
TC8129 exceeds 4kHz, the overrange bit is set, and  the
TC8131 selects the TC8129’s next higher prescaler value.

Data Interface
The TC8129 incorporates a 5-line serial interface for

exchanging data with the TC8131 or with a  microcomputer
(Figure 3). The TC8131 sends measurement function and
range commands to the TC8129, and  the TC8129  sends
A/D conversion results to the TC8131. The serial data
interface reduces pin count and simplifies interfacing to
both low- and high-end microcomputers.

SCLK R10

DATA R13

TC8129 LD R11

RD R12

DV K13

TC8131

Figure 3.  Serial Data Interface

PIN DESCRIPTIONS, I/O

Data Valid (DV, Pin 35)
The DV output of the TC8129 goes LOW at the end of

each conversion. This output signals the TC8131 that a
new A/D value can be read from the TC8129. When the

TC8129’s RD input is driven LOW to start the data transfer,
DV will go HIGH. DV will also go HIGH if data is not read
within 25 msec.

Read (RD, Pin 38)
The RD input controls data transfer from the TC8129 to

the TC8131 (Figure 4). When RD goes LOW, the TC8129’s
Data output switches to its low impedance state and the
first data bit (the overrange bit) is placed on the DATA pin.
Succeeding output bits are transferred to the DATA pin on
the falling edge of SCLK. RD is held LOW until all data is
clocked out of the TC8129. When RD goes HIGH, the
DATA output will return to its HIGH impedance state.

SCLK R10

TC8129
Pin

DV K13

TC8131
Pin

RD R12

DATA P00B0 B1 B2 B39 B40

(Pin 35)

(Pin 38)

(Pin 40)

(Pin 37)

(Pin 63)

(Pin 49)

(Pin 47)

(Pin 52)

Figure 4. TC8129 to TC8131 Serial Data Transfer

Load (LD, Pin 41)
Measurement mode and range commands are clocked

into the TC8129 when the LD input is LOW (Figure 5). Data
must be stable on the rising edge of SCLK.
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READ Timing

RD

SCLK

DATA

tRDS

tRD tDCK tPWH

tPWL

LOAD Timing

LD

SCLK

DATA

tLDS

tDH

tDS

Figure 6.   TC8129 Input/Output Timing Specifications

FUNCTION AND RANGE COMMANDS

The TC8129’s operation is controlled by the TC8131 or
by an external microcomputer. Measurement functions and
ranges are set by sending a 12-bit serial word to the
TC8129. The serial word is shifted into a register in the
TC8129. At the end of each conversion, the contents of the
register are decoded to set the function and range.

The format for sending commands to the TC8129 is
shown in Figure 7. Data bits are sent to the TC8129 in B0,
B1,..., B11 order (i.e. B0 is the first bit clocked into the
TC8129).

SCLK R10

DATA P00

TC8129
Pin

LD R11

TC8131
Pin

B0 B1 B2 B11 B12

(Pin 41)

(Pin 37)

(Pin 40)

(Pin 48)

(Pin 52)

(Pin 47)

Figure 5.  TC8131 to TC8129 Serial Data Transfer

Serial Clock (SCLK, Pin 40)
The SCLK input is used to control data transfer to and

from the TC8129. The SCLK input is completely asynchro-
nous, which simplifies the interface to a wide variety of
single-chip microcomputers.

Measurement mode and range commands are entered
into the TC8129 (when LD is LOW) and A/D conversion
data is read from the TC8129 (when RD is LOW) by pulsing
the SCLK input. Data must be stable on the rising edge of
SCLK when LD is LOW. New data is available on the falling
edge of SCLK when RD is LOW.

Data Input/Output (DATA, Pin 37)
Commands and A/D results are transferred via the

DATA pin. This pin provides bidirectional, 3-state I/O. The
DATA pin’s function is controlled by the RD and LD inputs.
When RD is LOW, the DATA pin is an output for the A/D
converter results. When LD is LOW, DATA is a high imped-
ance input for measurement and range commands.

Data Interface Timing
The TC8129 input and output timing specifications are

contained in Table 1 and timing diagrams are shown in
Figure 6. The serial data interface is static, so that a
microcomputer or other logic only needs to meet the mini-
mum setup times to ensure correct operation. No critical
timing patterns are required to read data from or write data
to the TC8129.

Table 1.  TC8129 Input/Output Timing Specifications

Parameter Symbol Min Units

RD Delay Time tRD 250 nsec

Data RD Setup Time tRDS 1 µsec

SCLK to DOUT Delay tDCK 500 nsec

LD Setup Time tLDS 1 µsec

Data LD Setup Time tDS 150 nsec

Data LD Hold Time tDH 100 nsec

SCLK Pulse Width Low tPWL 200 nsec

SCLK Pulse Width High tPWH 200 nsec
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Configuration Word:

Measurement Mode Select (Cont.)

B7 B6 B5 Definition

1 0 1 Diode
1 1 0 Capacitance-upper range
1 1 1 Undefined

AC Line Frequency Select
B8 Definition

0 60Hz
1 50Hz

Integration Time Select
B9 Definition

0 Normal integration (545 CLKS @ 60Hz; 655 CLKS
@ 55Hz; 500 CLKS @ resistance mode

1 Short integration (100 CLKS) for 40MΩ and diode
modes only

Offset Reading Mode Select
B10 Definition

0 Normal Operation
1 Measurement System Offset

Programmable Buzzer Enable
B11 Definition

0 Disable Buzzer when "CONT" is High
1 Enable Buzzer when "CONT" is High

Note: Bits are sent to the TC8129 from the TC8131 Bit 0 First

Figure 7.  Data Format for Setting TC8129 Operating Modes

Formatting the Configuration Word
B0, is the leading bit of the configuration word, selects

whether AC or DC measurements will be made. If B0 is a
logic “1” then the voltage at the input of the TC8129 will be
switched through the AC-to-DC converter.

B1 sets the internal resolution of the TC8129. This bit
should always be set to a logic “0”.

 B2-B4 selects the measurement ranges. These bits
control the switches which connect the TC8129 analog
input to the desired tap on the external input attenuator.
The TC8131 or controller adjust the range after each con-
version, to maintain a maximum input voltage of 400 mV
into the TC8129’s A/D converter.

A separate voltage input, mV/RREF (pin 8), can also be
selected with bits B2-B4. Selecting mV/RREF (range code
101) will reduce input leakage errors in the 400 mV voltage
range by bypassing the 10MΩ attenuation resistor.

B5-B7 selects the measurement mode. The TC8129

configures internal switches to connect the A/D converter
input to the desired measurement function pin (10MEG,
IRC, mV/RREF, etc). The IRC and mV/RREF pins are also
used to add additional functions, such as hFE and tempera-
ture.

B8 adjusts the A/D converter’s integration time to maxi-
mize line frequency rejection. Set this bit to a logic "0" to
select 60Hz rejection or to a logic "1" to select 50Hz
rejection.

B9 modifies the integration time. This bit is normally a
logic "0", but should be set to a logic "1" when the 40MΩ
resistance range is selected.

B10 instructs the A/D to measure its system offset.
Normal measurements are made with B10 LOW. Setting
B10 HIGH will cause the TC8129 to perform a system
offset conversion. The TC8131 stores the system offset
value and subtracts this value from subsequent measure-
ments to obtain the correct A/D conversion result.

AC/DC Mode Select
B0 Definition

0 DC
1 AC

Digit Select
B1 Definition

0  Normal Operation

Range Select
B4 B3 B2 Definition

0 0 0 DIV1
0 0 1 DIV10
0 1 0 DIV100
0 1 1 DIV1k
1 0 0 DIV10k
1 0 1 Millivolts
1 1 0 Range switches off
1 1 1 Range switches off

Measurement Mode Select
B7 B6 B5 Definition

0 0 0 V
0 0 1 I
0 1 0 R
0 1 1 Capacitance-lower range
1 0 0 Frequency
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Configuration Word B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0

DC Volts
400mV 0 0 0 P 0 0 0 0 0 0 0 0
4.0V 0 0 0 P 0 0 0 0 0 1 0 0
40V 0 0 0 P 0 0 0 0 1 0 0 0
400V 0 0 0 P 0 0 0 0 1 1 0 0
4000V 0 0 0 P 0 0 0 1 0 0 0 0

AC Volts
400mV 0 0 0 P 0 0 0 0 0 0 0 1
4.0V 0 0 0 P 0 0 0 0 0 1 0 1
40V 0 0 0 P 0 0 0 0 1 0 0 1
400V 0 0 0 P 0 0 0 0 1 1 0 1
4000V 0 0 0 P 0 0 0 1 0 0 0 1

DC Millivolts
400mV 0 0 0 P 1 1 1 1 0 1 0 0

AC Millivolts
400mV 0 0 0 P 1 1 1 1 0 1 0 1

DC Current
0 0 0 P 0 0 1 1 1 1 0 0

AC Current
0 0 0 P 0 0 1 1 1 1 0 1

Resistance:   (Multiply the result by 2 to get the correct final result)

400 Ohms 0 0 0 P 0 1 0 1 0 0 0 0
4K 0 0 0 P 0 1 0 0 1 1 0 0
40K 0 0 0 P 0 1 0 0 1 0 0 0
400K 0 0 0 P 0 1 0 0 0 1 0 0
4MEG 0 0 0 P 0 1 0 0 0 0 0 0

Resistance
40MEG 0 0 1 P 0 1 0 0 0 0 0 0

Capacitance
4nF 0 0 0 P 0 1 1 0 0 1 0 0
40nF 0 0 0 P 0 1 1 0 1 0 0 0
400nF 0 0 0 P 0 1 1 0 1 1 0 0
4µF 0 0 0 P 1 1 0 0 1 1 0 0
40µF 0 0 0 P 1 1 0 1 0 0 0 0

Frequency
DIV1 0 0 0 P 1 0 0 0 0 0 0 0
DIV10 0 0 0 P 1 0 0 0 0 1 0 0
DIV100 0 0 0 P 1 0 0 0 1 0 0 0
DIV1000 0 0 0 P 1 0 0 0 1 1 0 0

Legend:     P: Determined by TC8131 or Programmer     SO: Previous State

Figure 8.   TC8129 Configuration Codes (part 1)
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40

D55

MSB

39

D54

38

D53

37

D52

36

D51

35

D50

LSB

34

S5

33

D45

32

D44

31

D43

30

D42

29

D41

28

D40

LSB

27

S4

26

D35

MSB

25

D34

24

D33

23

D32

22

D31

21

D30

LSB

20

S3

19

D25

MSB

18

D24

17

D23

16

D22

15

D21

14

D20

LSB

13

S2

12

D19

MSB

11

D18

10

D17

9

D16

8

D15

7

D14

6

D13

5

D12

4

D11

3

D10

LSB

2

S1

1

T

0

OR

DATA 5 DATA 4 DATA 3 DATA 2 DATA 1

OR (Overrange) Codes

OR
0
1

DECODE
Normal
Overrange

T (Data Type) Codes

T
0
1

DECODE
Data
Offset

S (Sign) Codes

S1,S2,S3, S4, S5
0
1

DECODE
Negative
Positive

RESULT = (DATA1 + DATA2) x 1000 – (DATA3) x 100 + (DATA4) x 10 – (DATA5) IN 400,000 COUNTS

             Figure 9.  TC8129 Serial Data Output Format

B11 enables the buzzer when the CONT pin is HIGH.
A voltage comparator connected in parallel with the inter-
nal terminals of the A/D monitors the input signal level.
When the signal level is lower than the threshold voltage,
typically 30mV, the CONT pin will be set to a logic "1".
Buzzer will also be activated once the "B11" of the configu-
ration word is set "HIGH".  This feature can facilitate the
"FAST CONTINUITY" check in the resistance measure-
ment mode.

 To simplify programming of the TC8129, configuration
codes for all measurement modes and ranges are shown
in Figure 8.

Data Output Format
The TC8129 communicates the A/D converter result

via a 41-bit serial word (Figure 9). The first two bits of the
output word are status bits and the last 39 bits provide the
polarity and magnitude of the conversion.

The first bit of the output word is the overrange bit.
This bit is normally 0. If B0 is a 1, the A/D converter is
overranged.

 Bit B1 is a logic 1 if the output data represents a
system offset reading. For normal conversions, B1 is a 0.

The TC8129 uses a five-deintegration method of A/D
conversion (see the A/D theory of operation section). The
result of each deintegration period is included in the data
output word. These five values are labeled DATA1 through
DATA5 (Figure 9). Each of these data words is a sign-

Configuration Word B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0

Offset Measurement
Short Integration 0 1 1 P SO SO SO SO SO SO 0 0
Normal Integration 0 1 0 P SO SO SO SO SO SO 0 0

Diode Measurement: Multiply the output by 5.45 for 60Hz operation or  6.55 for 50Hz operation to get the final result

0 0 1 P 1 0 1 1 0 0 0 0

Legend:     P: Determined by TC8131 or Programmer     SO: Previous State

Figure 8.  TC8129 Configuration Codes (part 2)

magnitude binary number. DATA1 is 10 bits plus sign and
DATA2 through DATA5 are 6 bits plus sign. The TC8129
conversion result is obtained by adding and multiplying the
five data words as follows:

Result = (DATA1 + DATA2) x 3E816 - (DATA3) x 6416
+ (DATA4) x 0A16 - (DATA5)

(Note: 3E816, 6416, and 0A16 equate to decimal num-
bers 1000, 100, and 10, respectively.)

The result of this operation will be a binary representa-
tion of a 5³⁄₄ digit number. Figure 10 illustrates this conver-
sion of typical data from the TC8129 into a 5³⁄₄ digit num-
ber. Before displaying this number, three operations are
required:

1. The system offset must be subtracted.

2. The binary number is converted to decimal format.

3. The least significant digit is discarded to yield a
4³⁄₄ digit result.

For microcomputer applications of the TC8129, the
A/D conversion result can also be calculated by the follow-
ing method:

1. Add DATA1 and DATA2 (observing polarity of both)

2. Multiply by 3E816.
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40

D55

0

Bit#

Function

Name

Typical Data

Hexidecimal
Value

Calculation: DATA1
DATA 2

DATA3
DATA4
DATA5

(+18A)
(–03)

(+187)
(+11)
(–10)
(+13)

3E8
64
16

+

–
+
–

5F758
6A4
A0
13

5F001
389121

16

10

+
–
–
–
+
+

=
=

*
*
*

=
=
=
=

39

D54

1

1

38

D53

0

37

DATA5

D52

0

3

36

D51

1

35

D50

1

34

S5

1

+

33

D45

0

32

D44

1

1

31

D43

0

30

DATA4

D42

0

0

29

D41

0

28

D40

0

27

S4

0

–

26

D35

0

25

D34

1

1

24

D33

0

23

DATA3

D32

0

1

22

D31

0

21

D30

1

20

S3

1

+

19

D25

0

18

D24

0

0

17

D23

0

16

DATA2

D22

0

15

D21

1

3

14

D20

1

13

S2

0

–

12

D19

0

11

D18

1

1

10

D17

1

9

D16

0

8

8

D15

0

7

DATA1

D14

0

6

D13

1

5

D12

0

A

4

D11

1

3

D10

0

2

S1

1

+

1

T

0

0

OR

0

Figure 10.  Calculating the Conversion Result

Oscillator
The TC8129 normally operates with a 32.768kHz clock,

which produces a conversion rate of (20 conversions/sec).
A typical oscillator is circuit is shown in Figure 12.

OSC1 OSC2
43 44

30 pF 30 pF

330k

32.768 kHz

TC8129

V+ V+

Figure 12. Clock Oscillator

COMPONENT SELECTION

Integrate Resistor (RINT)
A 100kΩ resistor is recommended for RINT. This will

limit integrator output current to about 4µA at full scale.

Integrate Capacitor (CINT)
The normal value for CINT is 0.047µF. This value,

combined with an integrate resistor of 100kΩ and clock
frequency of 32.768kHz, will produce an integrator swing
of about 1.5V at full scale. To reduce rollover errors, a
capacitor with low dielectric absorption is required. A
polypropylene capacitor is recommended for best perfor-
mance, but polycarbonate, polyphenylene sulfide, or poly-
styrene capacitors can be used in less demanding applica-
tions.

3. Subtract DATA3.

4. Multiply by 6416.

5. Add DATA4.

6. Multiply by 0A16.

7. Subtract DATA5.

BUZIN (Pin 31)
The buzzer can be used for a variety of user-interface

features, such as audible continuity or signaling of range
changes. The buzzer will turn on when BUZIN is set HIGH.

APPLICATIONS

Power
The TC8129 is designed to operate from a single 9

Volt battery. The converter also provides a common mode
reference point for analog measurements, power for the
TC8131 controller, and power for the frequency counter
buffer. The TC8129 internal power supply schematic is
shown in Figure 11.

+

–

TC8129

9V

3.2V

3V
4.5V

DGND2

DGND1

Analog
Common

VS

VS
+

–

Figure 11. TC8129 Internal Power Supply,
         Simplified Block Diagram
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COMPONENT SOURCES

Multiple sources are available for most external com-
ponents used with the TC8129. Prototyping quantities of
the crystal are available from:

Digikey 1-800-344-4539
Thief River Falls, MN
Crystal:

Mfg: EPSON AMERICA
Part#: C-002RX 32.738K-A
Digikey#: SE3202

A test socket for the TC8129 44-Pin package is avail-
able from:

ENPLAS
Part# FPQ-80-0.8-11A
Vendor: TESCO International Inc.
Phone: (415) 572-1683 FAX:  (415) 341-1509

A suggested source for the input voltage divider resis-
tor network is:

Caddock Electronics
1717 Chicago Ave.
Riverside, CA 92507
Phone: (909) 788-1700 FAX:  (909) 369-1151
Part# 1776-C441

Reference Capacitor (CREF)
For best performance, the reference capacitor must

have very low leakage. Polypropylene dielectric is recom-
mended, but polyester or other dielectrics may also give
acceptable results. A value of 0.1µF is recommended.

Reference Voltages
The TC8129 requires three reference voltages for re-

sistance, voltage and capacitance measurements. All three
voltages can be derived from one external voltage refer-
ence, such as the TC04.

The resistor reference voltage, VREFR, sets an internal
bias voltage for resistance measurements. VREFR is typi-
cally 1.25V. Resistance is measured ratiometrically, so the
absolute value of VREFR will not affect the accuracy of
resistance measurements.

The reference voltage for voltage measurements is
applied to the V+

REF pin. This voltage should be adjusted to
+545mV for 60Hz measurements or +655mV for 50Hz
measurements.

Capacitance measurements are trimmed by adjusting
the VHCTRM and VLCTRM voltages. Typical voltages for the
VHCTRM and VLCTRM are 150mV and 1.4V respectively.
Typical trim range required is ±20mV and ±150mV for
VHCTRM and VLCTRM respectively.

AC TO DC CONVERTER

The TC8129 will measure voltage and current in both
DC and AC modes. When the AC mode is selected, the
input signal is internally switched to an AC-to-DC con-
verter. The AC mode is selected by setting bit B0 of the
command word to a logic “1”.

Internal AC to DC Converter
The TC8129’s on-chip op-amp can be combined with

external components to form an AC-to-DC converter. See
typical application schematic.

External AC to DC Converter
An external AC-to-DC converter, such as the Analog

Devices AD737, can also be used (Figure 13). This circuit
will provide true RMS conversions.

Frequency Buffering
The frequency input of the TC8129 requires a logic

swing from V+
S to DGND1. An external buffer, to boost the

input signal amplitude, will be required in most applica-
tions. In addition, the signal to be measured is typically
referenced to the DMM’s COMMON input, which is con-
nected to the TC8129’s analog COMMON. Therefore a
level shifter is required to shift the logic LOW level from
analog COMMON to DGND1. The AC-coupled buffer shown
in the Typical Application diagram provides both level shift-
ing and voltage amplification.

Figure 13.  Truer RMS AC -to-DC Conversion

10010 µF

10 µF

33 µF

+9V

7

TC8129

8

2

1

4

0V

COM

OUT

PDOWN

CAV

6

3

5CC
V–

S

V+
S

VIN

ACVHADI
20

ACVL
1918

+ –
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PACKAGE DIMENSIONS

44 PQFP

.557 (14.15)

.537 (13.65)

 .398 (10.10)
.390 (9.90)

.031 (0.80) TYP.

.018 (0.45)

.012 (0.30) .398 (10.10)
.390 (9.90)

.010 (0.25) TYP.

.096 (2.45) MAX.

.557 (14.15)

.537 (13.65)

.083 (2.10)

.075 (1.90)

.041 (1.03)

.026 (0.65)

7° MAX.

.009 (0.23)

.005 (0.13)PIN 1

Dimensions: inches (mm)
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Denmark
Microchip Technology Denmark ApS
Regus Business Centre
Lautrup hoj 1-3
Ballerup DK-2750 Denmark
Tel: 45 4420 9895 Fax: 45 4420 9910
France
Arizona Microchip Technology SARL
Parc díActivite du Moulin de Massy
43 Rue du Saule Trapu
Batiment A - ler Etage
91300 Massy, France
Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79
Germany
Arizona Microchip Technology GmbH
Gustav-Heinemann Ring 125
D-81739 Munich, Germany
Tel: 49-89-627-144 0 Fax: 49-89-627-144-44
Germany
Analog Product Sales
Lochhamer Strasse 13
D-82152 Martinsried, Germany
Tel: 49-89-895650-0 Fax: 49-89-895650-22
Italy
Arizona Microchip Technology SRL
Centro Direzionale Colleoni
Palazzo Taurus 1 V. Le Colleoni 1
20041 Agrate Brianza
Milan, Italy
Tel: 39-039-65791-1 Fax: 39-039-6899883
United Kingdom
Arizona Microchip Technology Ltd.
505 Eskdale Road
Winnersh Triangle
Wokingham
Berkshire, England RG41 5TU
Tel: 44 118 921 5869 Fax: 44-118 921-5820


