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TelCom Semiconductor serves a broad market spectrum of customers with a focus on analog components for
commercial, high volume, standard product applications. Our product direction includes proprietary and
commodity integrated circuits in high performance mixed-signal, power management and smart sensor devices.

TelCom’s core business is in mixed-signal products. This family consists of multiple precision signal processing
products including: display and system A/D converters, V/F and F/V converters, precision Op-Amps and voltage
references. Characteristics of this family are low power, cost effectiveness, precision, and high noise rejection/
reduction.

TelCom'’s growth and flagship product line is power management integrated circuits. Included in this family are
DC-to-DC converters, voltage detectors, low dropout voltage regulators and power MOSFET motor and PIN
drivers. These devices interface to a wide range of voltage levels to directly drive motors, power MOSFETS,
IGBTS, bipolar transistors and inductive loads.

TelCom’s emerging smart sensor family includes solid-state thermal management and battery charger control
ICs. Our solid-state temperature sensors protect sensitive components such as microprocessors, power
supplies, motor drives, and laser diodes from thermal runaway, and control temperature in process control
applications. TelCom’s battery charger control ICs are designed for fast charging of one to ten NiCad or NIMH
batteries.

TelCom Semiconductor is committed to delivering products which meet or exceed the quality and reliability
expectations of our customers. TelCom Semiconductor’s product assurance programs ensure compliance to
customer driven quality requirements and provide for continuous improvement.

PRODUCT PORTFOLIO

MIXED-SIGNAL POWER MANAGEMENT SMART SENSORS INTERFACE PRODUCTS
N |

| Displa || DC-to-DC Converter Data
A/D Cor'?ve‘l"ters ICs Sensors Communicatons
System o Voltage Battery Displa
B A/D C);nverters Detectors Chargers Dri\eerg
V/F and FIV | Voltage
|  Converters Regulators
| Voltage Ll Power MOSFET,
References Motor and PIN Drivers
_| _Chopper-Stabilized
Operational Amplifiers
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ORDERING INFORMATION

1. Order Entry

Orders for products contained herein should be directed to the appropriate TeICom representative or distributor.
Please contact TelCom Semiconductor, 1300 Terra Bella Avenue, Mountain View, California 94039, phone:

1-800-888-9966 for a referral.

2. Ordering Information

Each ltem must be ordered using the complete part number exactly as listed on the data sheet.

3. Part Number Explanation

For all TelCom Semiconductor voltage detectors, regulators and non-charge pump DC/DC converters:

ORDERING INFORMATION

PART CODE

TelCom Semiconductor Device

IIQXXXXXXXXXXX&(A

Product Part Number

Variation / Option

Output Voltage, or Detect Voltage (if applicable)

Extra feature Code and/or Tolerance
Operating Temperature Range:

E: Extended Range (— 40°C to +85°C)

Package Type (see listing page 1-9 and specific data sheet)
Number of package pins (see listing page 1-9 and specific data sheet)

Taping Direction:
713: Right Taping, 723: Left Taping, No Suffix: TO-92 Bulk

For all other TelCom Semiconductor devices:

ORDERING INFORMATION

PART CODE TC XXXXXX X X X X XXX
TelCom Semiconductor Device I

Product Part Number (2 to 6 characters, see specific data sheet)

Electrical Performance

Grade Option (if applicable)
g }Test selection criteria, see specific data sheet

R: Reverse pin layout

Operating Temperature Range:
C: Commercial Range (0°C to +70°C)
E: Extended Range (- 40°C to +85°C)
I:  Industrial Range (— 25°C to +85°C)
M: Military Range (— 55°C to +125°C)

Package Type (see listing page 1-9 and specific data sheet)

Number of Package Pins (see listing page 1-9 and specific data sheet)

Taping Direction:
713: Right Taping, 723: Left Taping, No Suffix: TO-92 Bulk

1-8
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ORDERING INFORMATION 1

Package Type Number of Package Pins |
A TO-220 A 8
B Plastic Flat Pack B 3
C 8S0T-23 C 3 (Pin 2 connected to case)
D SOT-223 D 14
F Gullwing DIP E 16
G TO-18 G 24
H Side-Brazed CerDIP H 6
J CerDIP 1 28
K Plastic Guliwing Quad Flat Package L 40
L Plastic Leaded Chip Carrier (PLCC) M 2
M SOT-89 N 18
O Plastic ‘SO’ Surface Mount P 20
P Plastic DIP Q 60
R TO-52 S 68
Y Dice T 5
Z TO-92 U 64
W 44
Z 80

§§ TELCOM SEMICONDUCTOR, INC. 1-9



=5 TELCOM SEMICONDUCTOR, INC.



Display A/D Converters
System A/D Converters
V/F and F/V Converters

Voltage References

v
v
v
v
v

Chopper-Stabilized Operational Amplifiers
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SYSTEM A/D AND V/F - F/V CONVERTERS

12 BIT OUTPUT 15 BIT OUTPUT 16 BIT OUTPUT 3-1/2 DIGIT 3-3/4 DIGIT 4-1/2 DIGIT
TC7109/A TC500/A TC500/A TC144433/A TC831 TC7135
TC8705 TC520* TC520* TC832 TC835
TC850

*OPTIONAL CONTROLLER CHIP FOR TC500/A

TC9400/A
TC9401
TC9402

DISPLAY A/D CONVERTERS

**OPTIONAL LCD DRIVER

LED
LCD DISPLAY DISPLAY
' ' AUTO-
BASIC T BASIC
TC818A/ TCT107/A
-t stanparo LOW POWER TCa18D™ TCT117/A
TC7106/A TC811
TC7116/A
ENHANCED
|| Low POowER
TC821
TC7126/A
TC7136/A

LCD
DISPLAY

ENHANCED

TC820
TC822

LCD LCD
DISPLAY DISPLAY
TC826
STANDARD
TC7129




"ONI ‘40LONANODINGS NODT3L &

€c

VOLTAGE REFERENCES I

1.22v : 125V 2,50V
TCO4A/B LM285-1.25 TCO5A/B
TC9491A/B LM385-1.25 LM285-2.5V
LM385-2.5V

AUTO-ZERO (CHOPPER-STABILIZED) OPERATIONAL AMPLIFIERS

|'1 . INTEGRATEDCAPACITORS » EXTERNAL CAPACITORS
LOW VOLTAGE HIGH VOLTAGE PREMIUM
TC901 TC7650
SINGLE
LOW NOISE
TC911A/B
TC7652
DUAL
TC913A/B
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TC811

3-1/2 DIGIT A/D CONVERTER WITH HOLD AND
DIFFERENTIAL REFERENCE INPUTS

FEATURES TYPICAL APPLICATIONS
W Differential Reference Input B Thermometry
W Display Hold Function W Digital Meters
B Fast Over-Range Recovery, Guaranteed Next — Voltage/Current/Power

Reading Accuracy — pH Measurement
N Low Temperature Drift Internal Reference — Capacitance/Inductance

35 ppm/°C (Typ) — Fluid Flow Rate/Viscosity

M Guaranteed Zero Reading With Zero Input — Humidity
B Low Noise 15 uWVpp — Position
B High Resolution (0.05%) and Wide Dynamic B Panel Meters

Range (72 dB) B LVDT Indicators
K High Impedance Differential Input B Portable Instrumentation
B Low Input Leakage Current........ccceocerirunne 1pATyp W Digital Scales

10 pAMax HE Process Monitors

B Direct LCD Drive—No External Components B Gaussometers
W Precision Null Detection with True Polarity at Zero B Photometers
W Crystal Clock Oscillator
B Available in DIP, Compact Flat Package or PLCC
B Convenient 9V Battery Operation with

Low Power Dissipation (600uA Typical, iImW

Maximum)
FUNCTIONAL BLOCK DIAGRAM

TYPICAL SEGMENT 0UYPUT+
Vv

0.5mA

2mA

INTERNAL DIGITAL GROUND

oureut LCD DISPLAY

8

-l 8 8

BACKPLANE
ol 1 -
2

------

INTEGRATOR

AZ

Low
TEMPCO|
VREF

COMPARATOR

TO SWITCH DRIVERS ~——
FROM COMPARATOR OUTPUT T I

FEES
i

TO
DIGITAL
SECTION

LCD SEGMENT DRIVERS

l DATA LATCH I

oo foeree] froe]efowe]—

cLock 2w
¢ ~70 kQ
ANN—O
INTERNAL DIGITAL GOUND 4 5000} TEST
" [
=1vl-4 H
&
3
HLDR
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3-1/2 DIGIT A/D CONVERTER WITH HOLD AND

TC811

DIFFERENTIAL REFERENCE INPUTS

GENERAL DESCRIPTION

The TC811 is a low power, 3-1/2 digit, LCD display
analog-to-digital converter. This device incorporates both a
display hold feature and differential reference inputs. A
crystal oscillator, which only requires two pins, permits
added features while retaining a 40-pin package. An addi-
tional feature is an "Integrator Output Zero" phase which
guarantees rapid input overrange recovery.

The TC811 display hold (HLDR) function can be used to
"freeze" the LCD display. The displayed reading will remain
indefinitely as long as HLDR is held high. Conversions
continue but the output data display latches are not updated.
The TC811 also includes a differential reference for easy
ratiometric measurements. Circuits which use the
7106/26/36 can easily be upgraded to include the hold
function with the TC811.

The TC811 has an improved internal zener reference
voltage circuit which maintains the Analog Common tem-
perature drift to 35ppm/°C (typical) and 75ppm/°C (maxi-
mum). This represents an improvement of two to four times
over similar 3-1/2 digit converters, eliminating the need for
a costly, space consuming external reference source.

The TC811 limits linearity error to less than one counton
both the 200mV and the 2.00V full-scale ranges. Rollover

error—the difference in readings for equal magnitude but
opposite polarity input signals—is below =1 count. High
impedance differential inputs offer 1pA leakage currents
and a 10'2Q input impedance. The 15uV,p noise perfor-
mance guarantees a “rock solid” reading. The Auto Zero
cycle guarantees a zero display readout for a zero volt input.

The single chip CMOS TC811 incorporates all the active
devices for a 3-1/2 digit analog to digital converter to directly
drive an LCD display. Onboard oscillator, precision voltage
reference and display segment and backplane drivers sim-
plify system integration, reduce board space requirements
and lower total cost. A low cost, high resolution (0.05%)
indicating meter requires onlya TC811, an LCD display, five
resistors, six capacitors, a crystal, and a 9V battery. Com-
pact, hand held multimeter designs benefit from the TelCom
Semiconductor small footprint package option.

The TC811 uses a dual slope conversion technique
which will reject interference signals if the converters inte-
gration time is set to a multiple of the interference signal
period. This is especially useful in industrial measurement
environments where 50, 60 and 400Hz line frequency sig-
nals are present.

ORDERING INFORMATION

Part No. Package Temperature Range Vrer TempCo
TC811CPL 40-Pin Plastic 0°to 70°C 75 ppm/°C Max
TC811RCPL! 40-Pin Plastic 0°to 70°C 75 ppm/°C Max
TC811CKW 44-Pin Flat 0° to +70°C 75 ppm/°C Max

NOTES: 1. Reversed pin-out

2-6
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3-1/2 DIGIT A/D CONVERTER WITH HOLD AND
DIFFERENTIAL REFERENCE INPUTS

TC811
PIN CONFIGURATIONS
oty ! t
ER DRI KN,
[4a] [43] [a2] [a1] [a0] [39] [38] [37] [36] [35] [3a
NC Efo
ne [2]
TEST [3]
v*[4]
ne 5] had
0sC; [6] TC811CKW
osc, [7] (FLAT PACKAGE)
HLDR [8]
D, [9]
C1 10|
[12] [13] [1a] [15] [16] [17] [18] [19] |20f [21] |22
B R P N S
__HLDR L1 .NOFH\;L v |22 OSC1 0sC1 % .REVE;;E piv |2 HDR
D, [2 | conFIGURATION [39] OSC2 0sCc, [2 ] CONFIGURATION[39] D4
¢y [3] [38] v+ v+[3] 38] C4
By [4] 37] TEST TEST [4 | 37] B4
ts Ay [5] [36] VRer" Vrer [5] [36] A1 1
Fi (6] [35] Crer” Crer €] 35] Fq
6y [7] [34] Cpee Crer [7] 3] G4
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TC811

DIFFERENTIAL REFERENCE INPUTS

ABSOLUTE MAXIMUM RATINGS*

Supply Voltage (V410 V=) oo 15V
Analog Input voltage (Either Input)’ . V+to V-
Reference Input Voltage ..........ccccoonviiicicccne V+to V-
Clock INPUL .o TEST to V+
Power Dissipation?
CerDIP Package (J) .....ccvreremeeeeseriineeinnns 1000 mW
Plastic Package (P, K) ........... .. 800 mwW

Plastic Leaded Chip Carrier (L) .......cccccceeveenee 800 mW

Operating Temperature Range
Commercial Package (C) ......cccocoeeerruenne 0°C to +70°C

Industrial Package (1) ........ —25°C to +85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (soldering, 60 sec) ................. +300°C

*Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields. Stresses
above those listed under "Absolute Maximum Ratings" may cause perma-
nent 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 operation sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

ELECTRICAL CHARACTERISTICS: Vg = 9V, fcLock = 32.768kHz, and Ta = 25°C, unless otherwise noted.

Symbol Parameter Test Conditions [ Min J Typ l Max J Unit
Input
— Zero Input Reading Vin =0V —-000.0 | +000.0 +000.0 | Digital
VEs = 200mV Reading
— Zero Reading Drift Vin=0V, 0°C < Tp £70°C — 0.2 1 uv/eC
— Ratiometric Reading VN = VRer, VRer = 100mV 999 999/1000 1000 Digital
Reading
NL Linearity Error Vgs = 200mV or 2.000V -1 +0.2 +1 Counts
Er Roll Over Error Vin— = Vin+ = 200mV -1 +0.2 +1 Counts
eN Noise Vin = 0V, Vig = 200mV — 15 — UVp.p
L Input Leakage Current ViN =0V —_ 1 10 pA
CMRR Common-Mode Rejection Vem = £1V, Viy =0V, — 50 — Y
VEg = 200mV
TCsr Scale Factor Temperature VN =199mV, 0°C < T4 £70°C — 1 5 ppm/°C
Coefficient (ext. VRer tc = Oppm)
Analog Common Section
VeTte Analog Common 250KQ from V+ to Analog Common
Temperature Coefficient 0°C < TA<70°C
"C" Commercial — 35 75 ppm/°C
"I" Industrial — 35 100 ppm/°C
Vg Analog Common Voltage 250KQ from V+ to Analog Common 2.7 3.05 3.35 Volts
Hold Pin Input Section
Input Resistance Pin 1 to Pin 37 — 70 — kQ
Vi Input Low Voltage Pin 1 — —_— Test+1.5| V
ViH Input High Voltage Pin 1 V+ —15 — — \
LCD Drive Section®
Vsp LCD Segment Drive Voltage V+to V-=9V 4 5 6 Vpp
Vsp LCD Backplane Drive Voltage V+to V—=9V 4 5 6 Vpp
Power Supply
Isup Power Supply Current ViN =0V, V+to V—=9V
fosc = 16kHz — 70 100 LA
fosc = 48kHz — 90 125 | uA

NOTES: 1. Input voltages may exceed supply voltages when input current is limited to100uA.
2. Dissipation rating assumes device is mounted with all leads soldered to a printed circuit board.
3. Backplane drive is in phase with the segment drive for "segment off" 180° out of phase for "segment on." Frequency is 20 times the

conversion rate. Average DC component is less than 50mV.

2-8
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3-1/2 DIGIT A/D CONVERTER WITH HOLD AND
DIFFERENTIAL REFERENCE INPUTS

TC811

PIN DESCRIPTION

40-Pin DIP Name Function

1 HLDR Hold pin, logic 1 holds present display reading
2 D1 Activates the D section of the units display

3 Cq Activates the C section of the units display

4 B+ Activates the B section of the units display

5 A4 Activates the A section of the units display

6 o Oy Activates the F section of the units display

7 Gy Activates the G section of the units display

8 Eq Activates the E section of the units display

9 Do Activates the D section of the tens display

10 Co Activates the C section of the tens display

11 Bz Activates the B section of the tens display

12 Ao Activates the A section of the tens display

13 Fa Activates the F section of the tens display

14 Es Activates the E section of the tens display

15 D3 Activates the D section of the hundreds display
16 Bs Activates the B section of the hundreds display
17 Fs Activates the F section of the hundreds display
18 Es Activates the E section of the hundreds display
19 AB4 Activates both halves of the 1 in the thousands display
20 POL Activates the negative polarity display

21 BP Backplane drive output

22 Gs3 Activates the G section of the hundreds display
23 As Activates the A section of the hundreds display
24 Cs Activates the C section of the hundreds display
25 Gz Activates the G section of the tens display

26 V- Negative power supply voltage

27 VINT Integrator output, connection for Cint

28 VBUEF Buffer output, connection for Rint

29 Caz Integrator input, connection for Caz

30 ViN— Analog input low

31 Vin+ Analog input high

32 COM Analog Common: Internal zero reference

33 VReF— Reference input low

34 CRrer— Negative connection for reference capacitor
35 CRer+ Positive connection for reference capacitor

36 VREF+ Reference input high

37 TEST All LCD segment test when pulled high (V*)

38 V+ Positive power supply voltage

39 0SC» Crystal oscillator output

40 0OSCy Crystal oscillator input

< TELCOM SEMICONDUCTOR, INC. : 2.9
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DIFFERENTIAL REFERENCE INPUTS
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Figure 1 Typical Operating Circuit

GENERAL THEORY OF OPERATION
Dual-Slope Conversion Principles

(All Pin Designations Refer to 40-Pin DIP Package)

The TC811 is a dual slope, integrating analog-to-digital
converter. An understanding of the dual slope conversion
technique will aid the user in following the detailed TC811
theory of operation following this section. A conventional
dual slope converter measurement cycle has two distinct
phases:

1) Input Signal Integration

2) Reference Voltage Integration (Deintegration)

Referring to Fig 2, the unknown input signal to be
converted is integrated from zero for a fixed time period
(TinT), measured by counting clock pulses. A constant
reference voltage of the opposite polarity is then integrated
until the integrator output voltage returns to zero. The
reference integration (deintegration) time (TpeinT) is then
directly proportional to the unknown input voltage (Vin).

In a simple dual slope converter, a complete conversion
requires the integrator output to “ramp-up” from zero and
“ramp-down” back to zero. A simple mathematical equation
relates the input signal, reference voltage and integration
time:

1 I Nt VREeF tDEINT
—_— Vint) dt = —————
Rint CinT ¥ N0 RiNT CinT

where:

Vgrer = Reference voltage
tint = Integration Time
toeinT = Deintegration Time

2-10

Figure 2 Basic Dual Slope Converter
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Figure 3 Normal-Mode Rejection of
Dual Slope Converter

For a constant V|nT:

beNT
tiNT

ViN = VREF [
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DIFFERENTIAL REFERENCE INPUTS

TC811

Accuracy in a dual slope converter is unrelated to the
integrating resistor and capacitor values as long as they are
stable during a measurement cycle. An inherent benefit of
the dual slope technique is noise immunity. Noise spikes are
integrated or averaged to zero during the integration peri-
ods, making integration ADCs immune to the large conver-
sion errors that plague successive approximation convert-
ers in high noise environments. Interfering signals, with
frequency components at multiples of the averaging (inte-
grating) period, will be attenuated. (see Fig 3). Integrating
ADCs commonly operate with the signal integration period
set to a multiple of the 50/60Hz power line period.

THEORY OF OPERATION
Analog Section

In addition to the basic integrate and deintegrate dual-
slope cycles discussed above, the TC811 design incorpo-
rates an “Integrator Output Zero” cycle and an “Auto Zero”
cycle. These additional cycles ensure the integrator starts
at OV (even after a severe over-range conversion) and that
all offset voltage errors (buffer amplifier, integrator and
comparator) are removed from the conversion. A true digital
zero reading is assured without any external adjustments.

A complete conversion consists of four distinct phases:

(1) Integrator Output Zero Cycle
(2) Auto Zero Cycle

(3) Signal Integrate Cycle

(4) Reference Deintegrate Cycle

Integrator Output Zero Cycle

This phase guarantees that the integrator output is at
zero volts before the system zero phase is entered, ensuring
that the true system offset voltages will be compensated for
even after an over-range conversion. The duration of this
phase is variable, being a function of the number of counts
(clock cycles) required for deintegration.

The Integrator Output Zero cycle will last from 11 to 140
counts for non-over-range conversions and from 31 to 640
counts for over-range conversions.

Auto Zero Cycle

During the Auto Zero cycle, the differential input signal
is disconnected from the measurement circuit by opening
internal analog switches and the internal nodes are shorted
to Analog Common (OQV ref.) to establish a zero input
condition. Additional analog switches close afeedback loop
around the integrator and comparator to permit comparator
offset voltage error compensation. A voltage established on
Caz then compensates for internal device offset voltages

<~ TELCOM SEMICONDUCTOR, INC.
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Figure 4a Conversion Timing During Normal Operation
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Figure 4b Conversion Timing During Overrange Operation

during the measurement cycle. The Auto Zero cycle re-
sidual is typically 10 to 15uV.

The Auto Zero duration is from 910 to 2,900 counts for
non-over-range conversions and from 300 to 910 counts for
over-range conversions.

Signal Integration Cycle

Upon completion of the Auto Zero cycle, the Auto Zero
loop is opened and the internal differential inputs connect to
Vin+and Vin—. The differential input signalis then integrated
for a fixed time period which, in the TC811 is 1000 counts
(4000 clock periods). The externally set clock frequency is
divided by four before clocking the internal counters. The
integration time period is:

4000
fosc

The differential input voltage must be within the device
common-mode range when the converter and measured
system share the same power supply common (ground).

TINT =

2-11
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Ifthe converter and measured system do notshare the same
power supply common, as in battery powered applications,
Vin— should be tied to Analog Common.

Polarity is determined at the end of signal integration
phase. The sign bit is a “true polarity” indication in that
signals less than 1 LSB are correctly determined. This
allows precision null detection which is limited only by device
noise and Auto Zero residual offsets.

Reference Integrate (Deintegrate) Cycle

The reference capacitor, which was charged during the
Auto Zero cycle, is connected to the input of the integrating
amplifier. The internal sign logic insures that the polarity of
the reference voltage is always connected in the phase
which is opposite to that of the input voltage. This causesthe
integrator to ramp back to zero at a constant rate which is
determined by the reference potential.

The amount of time required (TpeinT) for the integrating
amplifier to reach zero is directly proportional to the ampli-
tude of the voltage that was put on the integrating capacitor
(VinT) during the integration cycle:

Rint CiNT VINT

ToeINT = Veer

The digital reading displayed Is:
Vint+ = ViN—
VRer

The oscillator frequency is divided by 4 prior to clocking
the internal decade counters. The four phase measurement
cycle takes a total of 4000 counts or 16000 clock pulses. The
4000 count cycle is independent of input signal magnitude
or polarity.

Each phase of the measurement cycle has the following
length:

Digital Count = 1000

1) Auto Zero: 300 to 2900 Counts
2) Signal Integrate: 1000 Counts

This time period is fixed. The integration period is:

4000

TinT= Tosc = 1000 Counts

Where fosc is the crystal oscillator frequency.

3) Reference Integrate: 0 to 2000 Counts
4) Integrator Output Zero: 11 to 640 Counts

The TC811 can replace the ICL7106/26/36 in circuits
which require both the hold function and a differential
reference. The TC811 offers a greatly improved internal
reference temperature coefficient, which can often eliminate

2-12

the need for an external reference. Some minor component
changes are required to upgrade existing designs, reduce
power dissipation, and improve the overall performance.
(see Oscillator Components)

Digital Section

The TC811 contains all the segment drivers necessary
to directly drive a 3-1/2 digit liquid crystal display (LCD). An
LCD backplane driver isincluded. The backplane frequency
is the external clock frequency divided by 800. For three
conversions/second the backplane frequency is 60Hz with
a 5V nominal amplitude. When a segment driver is in phase
with the backplane signal the segment of “OFF”. An out of
phase segment drive signal causes the segment to be “ON”
or visible. This AC drive configuration results in negligible
DC voltage across each LCD segment. This insures long
LCD display life. The polarity segment driver is “ON” for
negative analog inputs. If Vin+ and Vy— are reversed then
this indicator would reverse.

TEST Function (TEST)

Onthe TC811, when TEST is pulied to a logical “HIGH”,
all segments are turned “ON”. The display will read “-1888”.
During this mode the LCD segments have a constant DC
voltage impressed. Do not leave the display in this mode for
more than several minutes. LCD displays may be destroyed
if operated with DC levels for extended periods.

The display FONT and segment drive assignment are
shown in Figure 5.

DISPLAY FONT

0123456189

|—1m0'sT1M's—|—10's—|—1's—|

IU:::'E:

4348 ILL FO8

Figure 5 Display FONT and Segment Assignment

HOLD Reading Input (HLDR)

When HLDR is at a logic “HI” the latch will not be
updated. Conversions will continue but will not be updated
until HLDR is returned to “LOW". To continuously update the
display, connect HLDR to ground or leave it open. This input
is CMOS compatible and has an internal resistance of 70KQ
(typical) tied to TEST.

¥ TELCOM SEMICONDUCTOR, INC.
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COMPONENT VALUE SELECTION
Auto Zero Capacitor - Caz

The value of the Auto Zero capacitor (Caz) has some
influence on system noise. A 0.47uF capacitor is recom-
mended for 200mV full-scale applications where 1LSB is
100uV. A 0.10uF capacitor should be used for 2.0V full-
scale applications. A capacitor with low dielectric absorption
(Mylar) is required.

Reference Voltage Capacitor -Crgr

The reference voltage used to ramp the integrator
output voltage back to zero during the reference integrate
cycle is stored on Cger. A 0.1uF capacitor is typical. If the
application requires a sensitivity of 200mV full-scale, in-
crease Cper to 1.0uF. Rollover error will be held to less than
1/2 count. A good quality, low leakage capacitor, such as
Mylar, should be used.

Integrating Capacitor - CinT

CINT should be selected to maximize integrator output
voltage swing without causing output saturation. Analog
common will normally supply the differential voltage refer-
ence. For this case a 2V integrator output swing is
optimum when the analog input is near full-scale. For 2 or
2.5 reading/second (fosc = 32kHz or 40kHz) and Vgs =
200mV, a .068LF value is suggested. If a different oscillator
frequency is used, Cint must be changed in inverse propor-
tion to maintain the nominal 2V integrator swing. An exact
expression for CnT is :

4000 Vgs

CnT= g
NT= Vint Rint fosc

where:

fosc = Clock frequency at Pin 39

VEs = Full-scale input voltage

RinT = Integrating resistor

VinT = Desired full-scale integrator output swing

Cint must have low dielectric absorption to minimize
roll-over error. A polypropylene capacitor is recommended.

Integrating Resistor -Riyt

The input buffer amplifier and integrator are designed
with class A output stages which have idling currents of 6uA.
The integrator and buffer can supply 1uA drive currents with
negligible linearity errors. Rint is chosen to remain in the
output stage linear drive region but not so large that printed
circuit board leakage currents induce errors. For a 200mV
full-scale, RNt should be about 180kQ. A 2.0V full-scale
requires abut 1.8MQ.

<= TELCOM SEMICONDUCTOR, INC.

Oscillator Components

The internal oscillator has been designed to operate
witha quartz crystal, such as the Statek CX-1V series. Such
crystals are very small and are available in a variety of
standard frequencies. Note that fosc is divided by four to
generate the TC811 internal control clock. The backplane
drive signal is derived by dividing fosc by 8C0.

To achieve maximum rejection of ac-line noise pickup,
a 40kHz crystal should be used. This frequency will yield an
integration period of 100ms and will reject both 50Hz and
60Hz noise. For prototyping or cost-sensitive applications a
32.768kHz watch crystal can be used, and will produce
about 25dB of line-noise rejection. Other crystal frequen-
cies, from 16kHz to 48kHz, can also be used.

Pins 39 and 40 make up the oscillator section of the
TC811. Figures 6a and 6b show some typical conversion
rate component values.

The LCD backplane frequency is derived by dividing the
oscillator frequency by 800. Capacitive loading of the LCD
may compromise display performance if the oscillator is run
much over 48KHz.

Reference Voltage (Vger)

A full-scale reading (2000 counts) requires the input
signal be twice the reference voltage.

In some applications a scale factor other than unity may
exist, such as between a transducer output voltage and the
required digital reading. Assume, for example, a pressure
transducer output is 400mV for 2000lb/in?. Rather than
dividing the input voltage by two, the reference voltage
should be set to 200mV. This permits the transducer input
to be used directly.

=
TC8i

—D}—.——p

osc1 0sCc2 s

o - 39 38

VWA
40.0 kHz 470k
]
:|:: 10pF T 20pF oV
=1l
4348 ILL FO9

Figure 6a TC811 Oscillator
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Oscillator Full-Scale Voltage (VEs)
Freq. (kHz) 200mV 2.0V
RINT CINT | RINT CINT
32.768 180k 0.068uF | 1.8M 0.068uF
40 150k 0.068uF 1.5M 0.068uF
Figure 6b

DEVICE PIN FUNCTIONAL DESCRIPTION

Differential Signal Inputs (V\y+ (Pin 31),
Vin—- (Pin 30))

The TC811 is designed with true differential inputs and
accepts input signals within the input stage common mode
voltage range (Vcwm)- The typical range is V+ — 1.0 to V- +
1.5V. Common-mode voltages are removed from the sys-
tem when the TC811 operates from a battery or floating
power source (isolated from measured system) and V|y— is
connected to Analog Common. (see Fig 8)

In systems where common-mode voltages exist, the
86dB common-mode rejection ratio minimizes error. Com-
mon-mode voltages do, however, affect the integrator out-
put level. A worse case condition exists if a large positive
Vcwm exists in conjunction with a full-scale negative differen-
tial signal. The negative signal drives the integrator output
positive along with Vi (Figure 8). For such applications the
integrator output swing can be reduced below the recom-
mended 2.0V full-scale swing. The integrator output will
swing within 0.3V of V+ or V- without increased linearity
error.

Reference (Vrer+ (Pin 36), Vrer— (Pin 33))

Unlike the ICL7116, the TC811 has a differential refer-
ence as well as the “hold” function. The differential refer-

ence inputs permit ratiometric measurements and simplify
interfacing with sensors such as load cells and temperature
sensors. The TC811 isideally suited to applications in hand-
held multimeters, panel meters, and portable instrumenta-
tion. The reference voltage can be generated anywhere
within the V+ to V- power supply range.

To prevent rollover type errors from being induced by
large common-mode voltages, Crer should be large com-
pared to stray node capacitance. A 0.1uF capacitor is a
typical value.

The TC811 offers a significantly improved Analog Com-
mon temperature coefficient. This provides a very stable
voltage suitable for use as a voltage reference. The tem-
perature coefficient of Analog Common is typically 35ppm/
°C.

INPUT C
BUFFER —
+ R
—oV,
ViN > !
| INTEGRATOR
? T
=1 -
Vem _V| % [ch VIN]
Where: 4000
T) = INTEGRATION TIME = §
/% osc
Cy = INTEGRATION CAPACITOR
Ry = INTEGRATION RESISTOR
4348 ILL F11

Figure 8 Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # VIN)
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Figure 7 Common-Mode Voltage Removed in Battery Operation With V|y— = Analog Common
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Analog Common (Pin 32)

The Analog Common pin is set at a voltage potential
approximately 3.0V below V+. This potential is guaranteed
to be between 2.70V and 3.35V below V+. Analog common
is tied internally to an N channel FET capable of sinking
100pA. This FET will hold the common line at 3.0V below
V+ should an external load attempt to pull the common line
toward V+. Analog common source currentis limited to 1uA.
Analog common is therefore easily pulled to amore negative
voltage (i.e. below V+ — 3.0V).

The TC811 connects the internal Vin+ and Vin— inputs
to Analog Common during the Auto Zero cycle. During the
reference integrate phase Vin— is connected to Analog
Common. If V|N— is not externally connected to Analog
Common, a common-mode voltage exists. This is rejected
by the converter’'s 86dB common-mode rejection ratio. In
battery powered applications, Analog Common and VN~
are usually connected, removing common-mode voltage
concerns. In systems where Vin—is connected to the power
supply ground orto a given voltage, Analog Common should
be connected to Vin—.

The Analog Common pin serves to set the analog
section reference or common point. The TC811 is specifi-
cally designed to operate from a battery or in any measure-
ment system where input signals are not referenced (float)
with respect to the TC811 power source. The Analog
Common potential of V+— 3.0V gives a 7V end of battery life
voltage. The analog common potential has a voltage
coefficient of 0.001%/%.

With a sufficiently high total supply voltage (V+ - V- >
7.0V), Analog Common is a very stable potential with
excellent temperature stability (typically 35ppm/°C). This
potential can be used to generate the TC811 reference
voltage. An external voltage reference will be unnecessary
in most cases because of the 35ppm/°C temperature coef-
ficient. See TC811 Internal Voltage Reference discussion.

TEST (Pin 37)

The TEST pin potential is 5V less the V+. TEST may be
used as the negative power supply connection when inter-
facing the TC811 to external CMOS logic. The TEST pinis
tied to the internally generated negative logic supply through
a 500Q resistor. The TEST pin may be used to sink up to
1mA. See the applications section for additional information
on using TEST as a negative digital logic supply.

If TEST is pulled “HIGH” (V+), all segments plus the
minus sign will be activated. Do not operate in this mode for
more than several minutes, because when TEST is pulled to
V+, the LCD Segments are impressed with a DC voltage
which may cause damage to the LCD.

~ TELCOM SEMICONDUCTOR, INC.

APPLICATIONS INFORMATION
Decimal Point and Annunciator Drive

The TEST pin is connected to the internally generated
digital logic supply ground through a 500€2 resistor. The
TEST pin may be used as the negative supply for external
CMOS gate segment drivers. LCD display annunciators for
decimal points, low battery indication, or function indication
may be added without adding an additional supply. No more
than 1mA should be supplied by the TEST pin. The TEST
pin potential is approximately 5V below V+.

Internal Voltage Reference

The TC811 Analog Common voltage temperature sta-
bility has been significantly improved. This improved device
can be used to upgrade old systems and design new
systems without external voltage references. External R
and C values do not need to be changed, however, noise
performance will be improved by increasing Caz (See Auto
Zero Capacitor section). Fig 10 shows Analog Common
supplying the necessary voltage reference for the TC811.
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Figure 9 Display Annunciator Drivers
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Liquid Crystal Display Sources

Several LCD manufactures supply standard LCD dis-
plays to interface with the TC811 3-1/2 digit analog-to-digital
converter.

Representative
Manufacturer Address/Phone Part Numbers’
Crystaloid 5282 Hudson Dr., C5335, H5535,

Electronics Hudson, OH 44236 T5135, SX440
216-655-2429

AND 770 Airport Blvd., FE 0801,
Burlingame, CA 94010 FE 0203
415-347-9916

EPSON 3415 Kashikawa St., LD-B709BZ
Torrence, CA 90505 LD-H7992AZ
212-534-0360

Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903

Lake Mills, WI 53551
414-648-2361

*NOTE: Contact LCD manufacturer for full product listing/specifica-

tions.
Oscillator Crystal Source

Representative
Manufacturer Address/Phone Part Numbers
STATEK 512 N-Main CX-1V 40.0
Orange, CA 92668
714-639-7810

Ratiometric Resistance Measurements

The TC811 true differential input and differential refer-
ence make ratiometric readings possible. In ratiometric
operation, an unknown resistance is measured with respect
to a known standard resistance. No accurately defined
reference voltage is needed.

The unknown resistance is put in series with a known
standard and a current is passed through the pair (Figure
11). The voltage developed across the unknown is applied
to the input and the voltage across the known resistor
applied to the reference input. If the unknown equals the
standard, the input voltage will equal the reference voltage
and the display will read 1000. The displayed reading can
be determined from the following expression:

RunkNOWN
RsTANDARD

The display will overrange for Rynknown 2 2 X
RSTANDARD-

Displayed reading = x 1000
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3-1/2 DIGIT A/D CONVERTER WITH HOLD AND
DIFFERENTIAL REFERENCE INPUTS
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Figure 12 Temperature Sensor
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TC818A
TC818D*

AUTO-RANGING ANALOG-TO-DIGITAL CONVERTER

* CONTACT FACTORY
FOR AVAILABILITY

WITH 3-1/2 DIGIT AND BAR-GRAPH DISPLAYS

FEATURES
W 3-1/2 Digit Numeric Plus 40-Segment Bar-Graph B Display Hold Function
LCD Drivers M 3-1/2 Digit Resolution in Auto-Range Mode 1/2000
H Annunciator Outputs Permit Customizing of LCD B Extended Resolution in Manual
W 2-Chip Set, Surface-Mounted Range Mode 1/3000
— 64-Pin Flat Package B Memory Mode for Relative
— 20-Pin Small Outline (SO) Measurements 15% F.S.
B Auto-Range Operation for AC and DC Voltage B Internal AC-to-DC Conversion Op Amp
and Resistance Measurements B Triplex LCD Drive for Decimal Points, Digits,
B Two User-Selected AC/DC Bar-Graphs, and Annunciators
Current Ranges ........cccececuvereuns 20 mA and 200 mA B Continuity Detection and Piezoelectric Trans-
B 22 Operating Ranges ducer
— 9 DC/AC Voltage Driver
— 4 AC/DC Current B Low-Drift Internal Reference................... 75 ppm/°C
— 9 Resistance and Low-Power Ohms B 9V Battery Operation 10 mW
B Low Battery Detection and LCD Annunciator
FUNCTIONAL BLOCK DIAGRAM
— syne - =
3 [ 9 2 15 18 21 24 27 30 33 35"= = TC818D Voisp
4 7 10 13 16 19 22 25 28 31 34 37 39 GND v,
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o ﬁa: el ol A6 ST 4 | el
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f SEE APPLICATIONS SECTION FOR DETAILS.
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V g5 (+10,000) ADI ACVH ACVL ROBUF RVIBUF _ Caz HOLD C F1 CREFLCREFH COMREFHI] TRANSDUCER
com bV ) 52 56 Ty
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TC818A
TC818D*

AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS

GENERAL DESCRIPTION

The TC818 is a 2-chip integrating analog-to-digital con-
verter (ADC) with 3-1/2 digit numeric and 40-segment bar-
graph LCD drivers, automatic ranging, and single 9V battery
operation. The TC818 chip set (consisting of the TC818A
and TC818D), combines the precision of a numeric display
with the quick recognition of a bar-graph. The numeric
display is driven by the TC818A, which also includes the
ADC. The bar-graph display is driven by the TC818D.

The 40-segment bar-graph display provides "quick-
look" perception of amplitude. Recognizing trends is also
easier with a bar-graph, making TC818 based instruments
valuable in nulling, tuning, calibration, and similar applica-
tions. On the other hand, the numeric display provides
0.05% resolution and a full set of annunciators that spell out
the TC818's many operating modes.

Automatic range selection is provided for both voltage
(DC and AC) and ohms (high and low power) measure-
ments. Expensive and bulky mechanical range switches are
not required. Five full-scale ranges are available, with auto-
matic selection of external volt/ohm attenuators overa 1 to
10,000 range. Two current ranges, 20 mA and 200 mA, can
be manually selected. The auto-range feature can be by-
passed, allowing input attenuator selection through a single
line input.

During manual mode operation, resolution is extended
to 3000 counts full-scale. Extended resolution is also avail-
able during 2000 k2 and 2000V full-scale auto-range opera-
tion. The extended range operation is indicated by a flashing
1 MSD and by the fully-extended bar-graph.

The TC818 includes an AC-to-DC converter for AC
voltage and current measurements. Only external diodes/
resistors/capacitors are required. Other features include a
memory mode, low-battery detection, display HOLD input,
and continuity buzzer driver.

The 3-1/2 digit numeric display includes a full set of
annunciators. Decimal points are adjusted as automatic or
manual range changes occur, and voltage, current, and
ohms operating modes are displayed. Additional annuncia-
tors are activated for manual, auto, memory, HOLD, AC,
low-power ohms, and low-battery conditions.

The TC818 is available in a surface-mounted chip set,
with the TC818A in a 64-pin flat package and the TC818D in
a 20-pin small outline (SO) package. Combining numeric
and bar-graph display drivers, single 9V battery operation,
internal range switching, and compact surface mounting,
the TC818 is ideal for advanced portable instruments.

ORDERING INFORMATION

Temperature
Part No. Package Range
TC818ACBU 64-Pin Plastic 0°C to +70°C
Quad Flat Package
TC818ADCOP* 20-Pin SO 0°C to +70°C
* CONTACT FACTORY FOR AVAILABILITY
PIN CONFIGURATIONS
18,19,20 [1] 20 vee
15,16,17 [2] [19) 21,22,23
12,13,14 [3] 18] 24.25,26
9,10,11 [4] 27,28,29
6,7,8 [5] ? 16]30,31,32
345 [6] (rcgegp [IB33%4%
012 [7 [12] 36,37,38
Vpisp [13] 39,40,0R
CLK% 12] DATA
GND [19] [11]syne
a w Lo
desp.le 2 T23 o
o 328BEz 258883522
[64] [63] [e2] [61] [6 [s8] [57] [s6] [s5] [54] [53] [52] [51] [50] fao]
vl e .
OHM |2
20mA |3
BUZ [4]
XTAL1 [5] 14
XTAL2 E IE VR4
Voisp [7] LcD hd 42] VRs

|— BACK- TC818A

8P1 [8] pLANES 1] vR2
BP2 [} 40] vR3
83 fi0 LCD SEGMENT DRIVES QRS

LOQ/A fii] QR4
o fiz OR3
K/

HoLp [13] 6| OR2
BcPo [iaf 35] QR1
AGDO [i5] REFHI
FEO [16} CREFH
T ool i T ] e Tl T o] o] o T o] ol
Q r = = o g m o 0 ‘: O 0O = = A d
=z o Wwoo a Z 00 2 &
C 4 < o< ©
<3
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AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS

TC818A
TC818D*
ABSOLUTE MAXIMUM RATINGS * Both Devices
TC818A Operating Temperature Range.................... 0°C to +70°C
SUPPlY VOIAGE -evvrrrro oo +15y  Storage Temperature Range
Angroé Inputholtage ) .. Ve to Vg Lead Temperature (Soldering, 60 sec) ................. +300°C
Reference Input Voltage ..........ccceovereiiienene Ve to Vss * Static-sensitive device. Unused devices must be stored in conductive
Voltage at Pin 43 ... Common +0.7V material. Protect devices from static discharge and static fields. Stresses
Power Dissipation...........ccccveeeeeivieeeeecrecereeeeeens 800 mW above those listed under Absolute Maximum Ratings may cause
TC818D permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions above
Supply Voltage ........................................................... +6V those indicated in the operational sections of the specifications is not
Digital Input Voltage ..........cccoccvrevririncnnnen. Vcc to GND implied. Exposure to Absolute Maximum Rating Conditions for extended
Power Dissipation..........ccccceeiiiiieciiniecinecieees 500 mW periods may affect device reliability.

ELECTRICAL CHARACTERISTICS: Vs =9V, Ta = +25°C, Figure 1 Test Circuit

TC818A
Symbol  Parameter Test Conditions Min Typ Max | Unit
Zero Input Reading 200 mV Range Without 10 MQ Resistor —0000 0000 |+0000 | Digital
200 mV Range With 10 MQ Resistor -0001 — +0001 | Reading
20 mA and 200 mA Range —0000 0000 |+0000
RE Roll-Over Error 200 mV Range Without 10 MQ Resistor — — +1 Counts
200 mV Range With 10 MQ Resistor — — +3
20 mA and 200 mA Range — — +1
NL Linearity Error Best Case Straight Line — — +1 Count
Y] Input Leakage Current — — 10 pA
eN Input Noise BW =0.1to 10 Hz _— 20 — uVp.p
AC Frequency Response +1% Error — 4010500 | — Hz
+5% Error — 140t02000| —
Open Circuit Voltage for Excludes 200Q Range — 570 660 mV
Ohm Measurements
Open Circuit Voltage for Excludes 200Q Range — 285 350 mV
LO Ohm Measurements
Veom Analog Common Voltage (Vec — Veom) 2.8 3 3.3 v
Vere Common Voltage — — 50 ppm/°C
Temperature Coefficient
Display Multiplex Rate — 100 —_ Hz
Vi Low Logic Input 20mA, AC, |, LTOQ, HOLD Range, ~MEM, — — 1 %
Ohms (Relative to DIGITAL GND, Pin 55)
Logic 1 Pull-Up 20 mA, AC, |, LOSQ, HOLD Range, -MEM, — 25 — nA
Ohms (Relative to DIGITAL GND, Pin 55)
VoL Low Logic Output ANNUNC, DEINT; I = 100 pA — |DGND+0.1| — \
VoH High Logic Output ANNUNC, DEINT; I = 100 nA — Vce—0.1 — \
Buzzer Driver Frequency — 4 — kHz
Low Battery Flag Voltage Vce to Vss 6.3 6.6 7 \
Operating Supply Current — 0.8 1.5 mA
ELECTRICAL CHARACTERISTICS: Vcc =5V, GND =0V, Ta = +25°C
TC818D
Symbol  Parameter Test Conditions Min Typ Max | Unit
ViH High Logic Input 25 — — \
ViL Low Logic Input — — 1 "
I Logic Input Current Vee = Vin = GND —_ 0.01 10 nA
Display Multiplex Rate — 100 — Hz
Operating Supply Current — 40 100 HA
~ TELCOM SEMICONDUCTOR, INC. 2-21



TC818A
TC818D*

AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS

TC818A PIN DESCRIPTION

Pin No.

(Plastic Quad

Flat Package) Symbol Description

2 OHM Logic input. "0" (digital ground) for resistance measurement.

3 20mA Logic Input. "0" (digital ground) for 20 mA full-scale current measurement.

4 BUZ Buzzer. Audio frequency, 4 kHz, output for continuity indication during resistance measurement.
A noncontinuous 4 kHz signal is output to indicate an input overrange during voltage or current
measurements.

5 XTALA1 32.768 kHz crystal connection and clock output to drive TC818D.

6 XTAL2 32.768 kHz crystal connection.

7 Vpisp Sets peak LCD drive signal: Vp = V¢c = Vpisp. Vpisp may also be used to compensate for
temperature variation of LCD crystal threshold voltage.

8 BP1 LCD backplane #1.

9 BP2 LCD backplane #2.

10 BP3 LCD backplane #3.

11 LOQ/A LCD annunciator segment drive for low ohms resistance measurement and current
measurement.

12 Qv LCD annunciator segment drive for resistance measurement and voltage measurement.

13 k/m/HOLD LCD annunciator segment drive for k ("kilo-Ohms"), m ("milli-Amps" and "milli-Volts") and
HOLD mode.

14 BCPO LCD segment drive for "b," "c" segments and decimal point of least significant digit (LSD).

(Ones Digit)

15 ADGO LCD segment drive for "a," "g," "d" segments of LSD.

16 FEO LCD segment drive for "f" and "e" segments of LSD.

18 BCP1 LCD segment drive for "b," "c" segments and decimal point of second LSD.

19 ADG1 LCD segment drive for "a," “g," "d" segments of second LSD.

20 FE1 LCD segment drive for “f" and "e" segments of second LSD.

21 BCP2 LCD segment drive for "b," "c" segments and decimal point of third LSD (hundreds digit).

22 ADG2 LCD segment drive for "a," "g," "d" segments of third LSD.

23 FE2 LCD segment drive for "f* and "e" segments of third LSD.

24 BCP3 LCD segment drive for "b," "c" segments and decimal point of MSD (thousands digit).

25 AC/-/AUTO LCD annunciator segment drive for AC measurements, polarity, and auto-range operation.

26 -MEM/BATT  LCD annunciator segment drive for low-battery indication and memory (relative measurement).

27 ANNUNC Square-wave output at the backplane frequency, synchronized to BP1. ANNUNC can be used to
control display annunciators. Connecting an LCD segment to ANNUNC turns it on; connecting it
to its backplane turns it off. ANNUNC is also used to synchronize the TC818A and TC818D
backplanes.

28 Vce Positive battery supply connection.

29 COM Analog circuit ground reference point. Nominally 3V below Vcc.

30 DEINT Deintegrate output. Transmits the A/D conversion result to the bar-graph LCD driver. (See text.)

31 RMRgerL Ratiometric (resistance measurement) reference low voltage.

32 CREFL Reference capacitor negative terminal, Crgr = 0.1 uF.

33 CREFH Reference capacitor positive terminal, Crgr = 0.1 pF.

34 REFHI Reference voltage for voltage and current measurement. Nominally 163.85 mV.

35 QR1 Standard resistor connection for 200 full-scale.

36 QR2 Standard resistor connection for 2000 full-scale.

37 QR3 Standard resistor connection for 20 kQ full-scale.

38 QR4 Standard resistor connection for 200 kQ full-scale.

222 5 TELCOM SEMICONDUCTOR, INC.



AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS TC818A

TC818D*

TC818A PIN DESCRIPTION (Cont.)

Pin No.

(Plastic Quad

Flat Package) Symbol Description

39 QR5 Standard resistor connection for 2000 k<2 full-scale.

40 VR3 Voltage measurement +100 attenuator.

41 VR2 Voltage measurement +10 attenuator.

42 VR5 Voltage measurement +10,000 attenuator.

43 VR4 Voltage measurement +1000 attenuator.

44 Vi Unknown voltage input + attenuator.

45 N Unknown current input.

46 ACVL Low output of AC-to-DC converter.

47 Ci Integrator capacitor connection. Nominally 0.1 puF. (Must have low dielectric absorption.
Polypropylene dielectric suggested.)

49 Caz Auto-zero capacitor connection. Nominally 0.1 pF.

50 Rx Unknown resistance input.

51 CFI Input filter connection.

52 ADI Negative input of internal AC-to-DC operational amplifier.

53 ADO QOutput of internal AC-to-DC operational amplifier.

54 RQBUF Active buffer output for resistance measurement. Integration resistor connection.
Nominally 220 kQ.

55 RVIBUF Active buffer output for voltage and current measurement. Integration resistor connection.
Nominally 150 kQ.

56 ACVH Positive output of AC-to-DC converter.

57 Vss Negative supply connection. Connect to negative terminal of 9V battery.

58 DGND Internal logic digital ground. Ground connection for the TC818D, and the logic "0" level.
Nominally 4.7V below Vcc.

59 RANGE Input to set manual operation and change ranges.

60 HOLD Input to hold display. Connect to DGND to "freeze" display.

61 -MEM Input to enter memory measurement mode for relative measurements. The two LSDs are stored
and subtracted from future measurements.

62 DC (Q)/ Input that selects AC or DC option during voltage/current measurements. For resistance

AC (LOQ) measurements, the ohms or low power (voltage) ohms option can be selected.
63 T Input to select measurement. Connect to logic “0" (digital ground) for current measurement.

* NOTE: Pins 1, 7, 48, 64 = No Connection

—_——
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TC818A
TC818D*

AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS

TC818D PIN DESCRIPTION

Pin No.

(20-Pin SO) Symbol Description

1 18,19, 20 Segments 18, 19, 20 of LCD.

2 15,16, 17 Segments 15, 16, 17 of LCD.

3 12,13, 14 Segments 12, 13, 14 of LCD.

4 9, 10, 11 Segments 9, 10, 11 of LCD.

5 6,7,8 Segments 6, 7, 8 of LCD.

6 3,4,5 Segments 3, 4, 5 of LCD.

7 0,1,2 Segments 0, 1, 2 of LCD.

8 Vpisp Sets peak LCD voltage drive level. Connect to Vpsp of TC818A, or to GND of TC818D.

9 CLK Clock input. Connect to XTAL1 output of TC818A.

10 GND Digital ground. Connect to DGND of TC818A.

11 SYNC Display SYNC input. Synchronizes backplanes of the TC818A and TC818D. Connect to
ANNUNC output of TC818A.

12 DATA Data input. Pulses at the CLK input are counted while DATA is logic HIGH. Connect to DEINT
output of TC818A.

13 39, 40, OR Segments 39, 40 and overrange of LCD.

14 36, 37, 38 Segments 36, 37, 38 of LCD.

15 33, 34, 35 Segments 33, 34, 35 of LCD.

16 30, 31, 32 Segments 30, 31, 32 of LCD.

17 27, 28,29 Segments 27, 28, 29 of LCD.

18 24, 25, 26 Segments 24, 25, 26 of LCD.

19 21,22,23 Segments 21, 22, 23 of LCD.

20 Vee Power supply input. Connect to Vcc of TC818A.

THEORY OF OPERATION

(All Pin Designations Refer to 64-Pin Plastic Quad Flat
Package)

The TC818 consists of two CMOS integrated circuits.
The TC818A incorporates an auto-ranging ADC and drivers
for a 3-1/2 digit LCD, while the TC818D provides data
formatting and drivers for a 40-segment bar-graph display.
Both integrated circuits are required to form a complete
measurement system.

During each A/D conversion cycle, data is transferred
from the TC818A to the TC818D. Therefore, the bar-graph
display will track the numeric (3-1/2 digit) display. The exact
relationship between numeric display counts and bar-graph
segments displayed is shown in Table |. Both displays are
updated at the same rate. When the TC818A is in its
extended resolution mode (3000 counts, maximum), the
bar-graph will display all 40 bars continuously.

Analog-to-Digital Converter (ADC)

The TC818A includes an integrating ADC with auto-
ranging resolution of 2000 counts and manual range reso-
lution of 3000 counts. Figure 1 shows a simplified schematic

2-24

of the analog section. In auto-ranging mode, internal logic
will adjust the input voltage or ohms attenuators so that
measurements will always be made in the appropriate
range. Measurement ranges, logic control inputs, 3-1/2 digit
LCD formatting, and other features are identical to the
TC815 auto-ranging A/D converter. However, the TC818A
is not pin-compatible with, and is not a replacement for, the
TC815.

A display annunciator output (ANNUNC) can be used to
customize the LCD. ANNUNC is a square wave at the
backplane frequency. Connecting an annunciator segment
to the ANNUNC driver turns the segment on; connecting the
segment to its backplane turns it off.

Bar-Graph Driver

The TC818D includes a counter and data latch, clock
divider, and triplex LCD bar-graph formatting and display
functions. A block diagram of the TC818D and connections
between the TC818A and TC818D is shown in Figure 2. The
TC818D does not require a separate power supply, since it
is powered from V¢ and digital ground of the TC818A.
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AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND

BAR-GRAPH DISPLAYS

TC818A
TC818D*
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AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS

TC818D*
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Figure 2 Interface Between TC818A and TC818D

When the TC818D DATA input goes to a logic high,
pulses are counted at the CLK input. A clock divider scales
clock pulses so that the number of LCD bar-graph segments
is proportional to the numeric display (see Table I).

When the DATA input goes low, the counter contents
are transferred to a display latch. Then the bar-graph counter
is reset to zero in preparation for the next A/D conversion
cycle.

The CLK input s also divided to produce the triplex LCD
drivers. The backplane and segment driver waveforms are
the same voltage levels as the TC818A. However, the
TC818D segment driver waveforms are less complicated
than those of the TC818A, because adjacent bar-graph
segments are either on or off.

The SYNC input permits synchronizing display back-
planes. By connecting the ANNUNC output of the TC818A
to the SYNC input of the TC818D, the two sets of LCD
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drivers will be synchronized. This feature permits the use of
an LCD with only one set of backplane drivers and saves
three pin connections to the display.

LCD backplane and segment drive voltages are set by
the voltage between Vcc and Vpisp pins. In most cases,
Vpisp will be connected to GND and the LCD drive voltage
willbe about5V. If Vpigpis not connected to GND, then Vpsp
of the TC818D must be connected to Vpgp of the TC818A.

Data Transfer

Analog conversion results are transferred from the
TC818A to the TC818D via two pins, DEINT and XTALI1.
DEINT is a TC818A output with a pulse width proportional to
the analog voltage being measured. DEINT goes to a logic
HIGH atthe beginning of the TC818A deintegrate cycle, and
goes LOW at the comparator zero-crossing (end of
conversion).
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Timing of the DEINT pulse width is derived from the
TC818A's XTAL1 output, which provides a 32.768 kHz
clock. The number of clock pulses occurring while DEINT is
high determines the number of bar-graph segments dis-
played. The relationship between numeric display counts
and bar-graph segments is shown in Table I.

Resistance, Voltage, Current
Measurement Selection

The TC818 is designed to measure voltage, current,
and resistance. Auto-ranging is available for resistance and
voltage measurements. The OHM (pin 2) and 1 (pin 63) input
controls are normally pulled internally to Vcc.

By tying these pins to DGND (pin 58), the TC818 is
configured internally to measure resistance, voltage, or
current. The required signal combinations are shown in
Table II.

Table |. TC818A Numeric Display vs TC818D
Bar-Graph Segments

Resistance Measurements — Ohms
and Low Power Ohms

The TC818 can be configured to reliably measure in-
circuit resistances shunted by semiconductor junctions. The
TC818 low-power ohms measurement mode limits the probe
open circuit voltage. This prevents semiconductor junctions
in the measured system from turning on.

In the resistance measurement mode, the Q/LOQ (pin
62) input selects the low-power ohms measurement mode.
For low-power ohms measurements, /LOQ (pin 62) is
momentarily brought LOW to digital ground potential. The
TC818 sets up for a low-power ohms measurement with a
maximum open circuit probe voltage of 0.35V above analog
common. In the low-power ohms mode, an LCD annuncia-
tor, LOQ, will be activated. On power-up, the low-power
ohms mode is not active.

Ifthe manual operating mode has been selected, toggling
Q/LOQ resets the TC818 back to auto-range mode. In
manual mode, the decision to make a normal or low-power
ohms measurement should be made before selecting the
desired range.

Numeric Reading Bar-Graph Segments The low-power ohms measurement is not available on
0-24 0 the 200Q full-scale range. Open-circuit voltage on this range
25-74 1 is below 2.8V.
75-124 2 The standard resistance values are listed in Table lIi.
° ¢ Table lll. Ohms Range Ladder Network
L) L]
. . Full-Scale Standard Low-Power
((50"N)—25) to ((50*N)+24) N Range Resistance Ohms Mode
(where 1 <N <40)
. . 200Q 163.85Q (R1) No
o . 2000Q 1638.5Q (R2) Yes
. . 20 kQ 16,3850 (R3) Yes
1975-2024* 40 200 kQ 163,850Q (R4) Yes
>2024* OVR 2000 kQ 1,638,50092 (R5) Yes

*Readings >1999 will only occur in manual or expanded resolution
modes.

Table Il. TC818 Measurement Selection Logic

Function Select Pin

OHM (Pin2) 1 (Pin 63) Selected Measurement
0 0 Voltage
0 1 Resistance
1 0 Current
1 1 Voltage

0 = Digital Ground

NOTES: 1. OHM and I are normally pulled internally high to Vcc
(pin 28). This is considered a logic "1".
2. Logic "0" is the potential at digital ground (pin 58).

1 = Floating or Tied to Vcc

& TELCOM SEMICONDUCTOR, INC.

R8, a positive temperature coefficient resistor, and the
6.2V zener, Z1, provide input voltage protection during
ohms measurement.

Ratiometric Resistance Measurements

The TC818 measures resistance ratiometrically. Accu-
racy is set by the external standard resistors connected to
pins 35 through 39. A low-power ohms mode may be
selected on all but the 200Q full-scale range. The low-power
ohms mode limits the voltage applied to the measured
system. This allows accurate "in-circuit" measurements
when a resistor is shunted by semiconductor junctions.

Full auto-ranging is provided. External precision stan-
dard resistors are automatically switched to provide the
proper range.
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Figure 3 is a detailed block diagram of the TC818  Table IV. Reference Resistors

configured for ratiometric resistance measurements. During

the signal integrate phase the reference capacitor charges Full-Scale Reference

toavoltage inversely proportional tothe measured resistance, Range () Resistor Q/Count

Rx. Figure 4 shows that the conversion accuracy relies only 200 163.85 0.1

on the accuracy of the external standard resistors. 2k 1638.5 1
Normally, the required accuracy of the 'st_anc'iard resis- 20k 16385 10

tancles will be dictated by the accuracy spepnfncatuons of the 200K 163,850 100

user's end product. Table IV gives the equivalent ohms per oM 1,638,500 1000

count for various full-scale ranges to allow users to judge the

required resistor accuracy.

oV
|
Vss I 57 I

3
JEREF
-F’" WF 35 s18___DE A4

31 DE*Q
S21 o0

BUFFER TC818A

R6/100 kQ

R7100kQ 59
M-

5

Q
Rx > UNKNOWN INTEGRATOR COMPARATOR

R5/1638500Q
39 S29
R4/163850Q O~ 10ka Vee
38 OHMS 28
R3/16385Q > o, Qe H% ? MW
VA
3 o ~1.5kQ R18
R2/1638,5Q LOW OHMS 24 kQ
;’%A’ - 36 $32 N
- $33 .
x|8 ol—j'\fv‘if * vce REFHI
b kol e i 35 P+10I3)+1k +10(3)-:-10 1 ~1.5kQ 34 5KQ
VOLTAGE
REFERENCE 29
R8 § l
220Q == _ +
(PTC) Y = Vg -2.s_v !
3 S20 DE _S19 DE +Q 1~ _ ANALOG
* O\O—“P—O’O-% ‘ Ve —2:8V COMMON

RQBUF|54 |55 49_|_cAz 47
RVIBUF T 0.1 yF
150 kQ Cc
INT
AAAY 0.1 uF
220 kQ

Figure 3 Ratiometric Resistance Measurement Functional Diagram
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Example: 200 kQ Full-Scale Measurement

(@) VR= ——— "% ___ X 0.64
o va. | 08av For oHms 163.85 + 220 + Ry
0.32V FOR LO OHMS
- Rx
(b) Vx= {5385 ka + 2200 + By < 084
RS V,
163.85 kQ R
(c) "Ramp-Up Voltage" = "Ramp-Down Voltage"
. Vx __Vr
“RC =R e
Vx
where:
UNKNOWN <TRy 70 ANALOG Ri = Integrating Resistor, t| = Integrate Time
BUFFER C| = Integrating Capacitor, tpg = Deintegrate Time

(d) Rx=163.85 (T

Independent of R, C, or internal voltage reference.

163.85 kQ

toe

Figure 4 Resistance Measurement Accuracy Set by External Standard Resistor

Voltage Measurement

Resistive dividers are automatically changed to provide
in-range readings for 200 mV to 2000V full-scale readings
(Figure 1). The input resistance is set by external resistors
R14/R13. The divider leg resistors are R9—R12. The divider
leg resistors give a 200 mV signal at V| (pin 44) for full-scale
voltages from 200 mV to 2000V.

For applications that do not require a 10 MQ input
impedance, the divider network impedances may be low-
ered. This will reduce voltage offset errors induced by switch
leakage currents.

Current Measurement

The TC818 measures current only under manual range
operation. The two user-selectable, full-scale ranges are
20 mA and 200 mA. Select the current measurement mode
by holding the I input (pin 63) LOW at digital ground potential.
The OHM input (pin 2) is left floating or tied to the positive
supply.

Two ranges are possible. The 200 mA full-scale range
is selected by connecting the 20 mA input (pin 3) to digital
ground. Ifleftfloating, the 200 mA full-scale range is selected.

External current-to-voltage conversion resistors are used

<5 TELCOM SEMICONDUCTOR, INC.

at the current input (I;, pin 45). For 20 mA measurements, a
10Q resistor is used. The 200 mA range requires a 1Q
resistor. Full scale is 200 mV

Printed circuit board trace resistance between analog
common and R16 must be minimized. In the 200 mA range,
for example, a 0.05Q trace resistance causes a 5% current-
to-voltage conversion error at || (pin 45).

The extended resolution measurement option operates
during current measurements.

To minimize roll-over error, the potential difference
between ANALOG COM (pin 29) and system common must
be minimized.

AC-to-DC Measurements

In voltage and current measurements, the TC818 can
be configured for AC measurements. An on-chip operational
amplifier and external rectifier components perform the AC-
to-DC conversion.

When power is first applied, the TC818 enters the DC
measurement mode. For AC measurements (current or
voltage), AC/DC (pin 62) is momentarily brought LOW to
digital ground potential; the TC818 sets-up for AC measure-
ments and the AC liquid crystal display annunciator acti-
vates. Toggling AC/DC to LOW again returns the TC818 to
DC operation.
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If manual operating mode has been selected, toggling
AC/DC resets the TC818 back to auto-range mode. In
manual mode operation, AC or DC should be selected first,
then the desired range.

The minimum AC full-scale voltage range is 2V. The DC
full-scale minimum voltage is 200 mV.

AC current measurements are available on the 20 mA
and 200 mA full-scale ranges.

Conversion Timing

The TC818 uses the conventional dual-slope integrat-
ing conversion technique with an added phase that auto-
matically eliminates zero offset errors. The TC818 gives a
zero reading with a OV input.

This device is designed to operate with a low-cost,
readily-available 32.768 kHz crystal. It serves as a time-
base oscillator crystal in many digital clocks. (See external
crystal sources, page 18.)

The external clock is divided by two. The internal clock
frequency is 16.348 kHz, giving a clock period of 61.04 us.
The total conversion — auto-zero phase, signal integrate,
and reference deintegrate — requires 8000 clock periods (or
488.3 ms). There are approximately two complete conver-
sions per second.

The integration time is fixed at 1638.5 clock periods (or
100 ms), giving a rejection of 50/60 Hz AC line noise.

The maximum reference deintegrate time, representing
afull-scale analog input, is 3000 clock periods (or 183.1 ms)
during manual extended resolution operation. The 3000
counts are available in manual mode, extended resolution
operation only. In auto-ranging mode, the maximum deinte-
grate time is 2000 clock periods. The 1000 clock periods are
added to the auto-zero phase. An auto-ranging or manual
conversion takes 8000 clock periods. After a zero crossing
is detected in the reference deintegrate mode, the auto-zero
phase is entered.

Figure 5 shows the basic TC818 timing relationships.

Manual Range Selection

The TC818's voltage and resistance auto-ranging fea-
ture can be disabled by momentarily bringing RANGE (pin
59) to digital ground potential (pin 58). When the change
from auto to manual ranging occurs, the first manual range
selected is the last range in the auto-ranging mode.

The TC818's power-up circuit initially selects auto-
range operation. Once the manual-range option is entered,
range changes are made by momentarily grounding the
RANGE control input. The TC818 remains in the manual-
range mode until the measurement function (voltage or
resistance) or measurement option (AC/DC, Q/LOQ)
changes, causing the TC818 to return to auto-ranging
operation.

?

— tconv= 8000 tp

“IN AUTO-RANGE OPERATION,
MAXIMUM IS 2000 tp AND
MINIMUM AUTO-ZERO TIME
IS 4361.5 tp.

TC818 ind = to = -
SIGNAL  REF Internal Clock Period = tp = 2/32.768 = 61.04 us
INT  DEINT o
| < AUTO-ZERO PHASE | PHASE NEXT CONVERSION Total Conversion Time = tconv = 8000 (p)
PHASE = [ b o AUTO-ZERO CYCLE = 488.3 ms = 2 conv/sec
EXTENDED
;‘E:g'-u'm" Integration Time = t; = 1638.5 (tp) = 100 ms
/ CROSSING
Maximum Reference Deintegrate Time
IN AUTO- *
MIN ATIE 0 | 1636.5tp| sme = tpe = 3000 (te) = 183.1 ms (manual,
P extended resolution)
¢ 33615 o>ty > tpg > = 2000 (tp) = 122.1 ms (auto-range)
o< TO
INPUT Minimum Auto-Zero Time
SIGNAL

External Crystal = 32.768 kHz

= (8000-3000-1638.5)
(tp) = 205.1 ms (manual,
extended resolution)
= (8000-2000—1638.5)
(tp) = 266.2 ms (auto-range)

Figure 5 Basic TC818 Conversion Timing
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The "Auto" LCD annunciator driver is active only in the
auto-range mode.
Figure 6 shows typical operation where the manual RANGE
range selection option is used. Also shown is the extended SELECT
resolution display format.
NONCONTINUOUS
Extended Resolution Manual Operation YES OUTPUT 4 kHz
When operated in the manual-range mode, the TC818 FREQUENCY
extends resolution by 50% for current, voltage, and resis- OVERRANGE
tance measurements. Resolution increases to 3000 counts INDICATOR
from 2000 counts. The extended resolution feature operates | DispLAY
only in the 2000 kQ and 2000V ranges during auto-range g “1" 000

operation.

In the extended resolution operating mode, readings
above 1999 are displayed with a blinking "1" most significant
digit. The blinking "1" should be interpreted as the digit 2.
The three least significant digits display data normally. The
bar-graph LCD will be fully extended.

An input overrange condition causes the most signifi-
cant digit (MSD) to blink and sets the three least significant
digits (LSDs) to display "000." The buzzer output is enabled
for input voltage and current signals with readings greater
than 2000 counts in both manual- and auto-range opera-
tions.

"1" = > FLASHING
MSD

DISPLAY LAST

DISPLAY
TRUE
READING

Y

3 DIGITS AND
FLASH MSD

Eg'

TC818

Figure 7 Manual Range Selection; Current Measurement

MANUAL =
RANGE :
SELECT TC818
CONTINUITY
INDICATOR
OUTPUT 6 KkHz
FREQUENCY
CONTINUOUS
OVERRANGE
4 kHz BUZZER INDICATOR
DISPLAY
“1" 000

1" = > FLASHING
MSD

DISPLAY LAST
3 DIGITS AND
FLASH MSD
EXTENDED
RESOLUTION
FEATUR
DISPLAY URE
TRUE
READING

*MODE ALSO OPERATES WHEN AUTO-RANGING
OPERATION IS SELECTED AND 2 MQ < Ry < 2.999 MQ.

RANGE
SELECT

¥
TC818

OUTPUT NON-
CONTINUOUS

YES

4 kHz AUDIO
FREQUENCY

OVERRANGE
INDIC*ATOR

DISPLAY

YES

4

"1" 000

"1" = > FLASHING
MSD

DISPLAY LAST
3 DIGITS AND

DISPLAY
TRUE
READING

FLASH MSD

EXTENDED
RESOLUTION
FEATURE

Figure 6 Manual Range Selection; Resistance Measurement

"VE TELCOM SEMICONDUCTOR, INC.

Figure 8 Manual Range Selection; Voitage Measurement
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For resistance measurements, the buzzer signal does
not indicate an overrange condition. The buzzer is used to
indicate continuity. Continuity is defined as a resistance
reading less than 19 counts.

—MEM Operating Mode

Bringing -MEM (Pin 61) momentarily LOW configures
the "-MEM" operating mode. The -MEM LCD annunciator
becomes active. In this operating mode subsequent mea-
surements are made relative to the last two digits (< 99)
displayed at the time MEM is LOW. This represents 5% of
full-scale. The last two significant digits are stored and
subtracted from all the following input conversions.

A few examples clarify operation:

Example 1: In Auto-Ranging

Ri (N) = 18.21 kQ (20 kQ Range) > Display 18.21 kQ
MEM = Store 0.21 kQ

Ri (N + 1) = 19.87 kQ (20 kQ2 Range)
> Display 19.87 — 0.21 = 19.66 kQ

Ri (N + 2) = 22.65 kQ (200 kQ Range)
2 Display 22.7 kQ2 and MEM Disappears
Example 2: In Fixed Range 200Q2 Full Scale

R (N) = 18.2Q > Display 18.2Q
MEM = Store 8.2Q

Ri (N + 1) = 36.7Q
> Display 36.7 — 8.2 = 28.5Q

Ri (N +2)=5.8Q
2 Display 5.8 — 8.2 = -2.4Q*

*Will display minus resistance if following input is less than offset stored
at fixed range.
Example 3: In Fixed Range 20V Full Scale

Vi (N) = 0.51V > Display 0.51V
MEM = Store 0.51V

Vi (N + 1) = 3.68V
> Display 3.68 — 0.51 = 3.17V

Vi (N +2) =0.23V
> Display 0.23 - 0.51 =-0.28V

Vi(N+3)=-5.21V
> Display -5.21 — 0.51 = -5.72V

On power-up the, -MEM mode is not active. Once the —
MEM is entered, bringing MEM to LOW again returns the
TC818 to normal operation.
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The -MEM mode is also cancelled whenever the mea-
surement type (resistance, voltage, current, AC/DC,
Q/LOQ) or range is changed. The LCD ~MEM annunciator
will be OFF in normal operation.

In auto-range operation, if the following input signal
cannot be converted on the same range as the stored value,
the —-MEM mode is cancelled. The LCD annunciator is
turned OFF.

The ~MEM operating mode can be very useful in resis-
tance measurements where lead length resistance would
cause measurement errors.

Automatic Range Selection Operation

When power is first applied, the TC818 enters the auto-
range operating state. The auto-range mode may be en-
tered from manual mode by changing the measurement
function (resistance orvoltage) or by changing the measure-
ment option (AC/DC, Q/LOQ).

The automatic voltage range selection begins on the
most sensitive scale first: 200 mV for DC or 2V for AC
measurements. The voltage range selection flow chart is
given in Figure 9.

Internal input protection diodes to Ve (pin 28) and Vss
(pin 57) clamp the input voltage. The external 10 MQ input
resistance (see R14 and R13, Functional Diagram) limits
current safely in an overrange condition.

The voltage range selection is designed to maximize
resolution. For input signals less than 9% of full scale (count
reading <180), the next most sensitive range is selected.

An overrange voltage input condition is flagged, when-
ever the internal count exceeds 2000, by activating the
buzzer output (pin 4). This 4 kHz signal can directly drive a
piezoelectric acoustic transducer. An out-of-range input
signal causes the 4 kHz signal to be on for 122 ms, off for 122
ms, on for 122 ms, and off for 610 ms (see Figure 15).

During voltage auto-range operation, the extended reso-
lution feature operates on the 2000V range only. (See
extended resolution operating mode discussion.)

The resistance auto-range selection procedure is shown
in Figure 10. The 200Q range is the first range selected
unless the low ohms resistance measurement option is
selected. In low ohms operation, the first full-scale range
tried is 2 kQ.

The resistance range selected maximizes sensitivity. If
the conversion results in a reading less than 180, the next
most sensitive full-scale range is tried.

If the conversion is less than 19 in auto-range operation,
a continuous 4 kHz signal is output at BUZ (pin 4). An
overrange input does not activate the buzzer.
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‘ N=0IFQ N = 0; 200Q FULL-SCALE RANGE
N=1IFLOQ | N = 1; 2kQ FULL-SCALE RANGE
N=0IFDC | N=0;200 mV FULL-SCALE
N=1IFAC RANGE <
N = 1; 2V FULL-SCALE y (REMAIN IN RANGE
RANGE
< Kth
w‘ No NK CONVERSION THE Kth CONVERSION)
Kth (REMAIN IN RANGE -> N
SELECTED [
CONVERSION | pyRING THE Kth )
CONVERSI -1
>l SION) Rx=oR"IN
A CONTINUITY
N INDICATOR
Vy =(110") Vi N=N-1 ACTIVATE 4
BUZZER
CONTINUOUS
4 kHz SIGNAL
A
A
DISPLAY pea e bl K=k
VOLTAGE (Vy)
A
N= !
K=K+1 —‘ N=N+1 o
lOVEF!-
RANGE
EXTENDED DISPLAY DISPLAY
RESOLUTION "1 XXX "1" 000
DISPLAY FLASH MSD FLASH MSD
NO XXX EXTENDED RESOLUTION 4
Vx > 3000 »1 FLASH MSD
? START: POWER ON, FUNTION OR MEASUREMENT OPTION CHANGE
YES o] ACTIVATE
| BUZZER -
y Figure 10 Auto-Range Operation; Resistance Measurement
DISPLAY OVERRANGE
FLASH MSD g Out-of-range input conditions are displayed by a blink-
START: POWER ON. FUNCTION OR ing MSD with the three LSDs set to "000," and by the fully
MEASUREMENT OPTION CHANGE extended bar-graph.
The extended resolution feature operates only on the
200 kQ and 2000V full-scale ranges during auto-range

operation. A blinking "1" most significant digit is interpreted

" Figure 9 Auto-Range Operation; Voltage Measurement - -
as the digit 2. The three LSDs display data normally.
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Low-Battery Detection Circuit

The TC818 contains a low-battery detector. When the
9V battery supply has been depleted to a 7V nominal value,
the LCD low-battery annunciator is activated.

The low-battery detector is shown in Figure 11. The low-
battery annunciator is guaranteed to remain OFF with the
battery supply greater than 7V. The annunciator is guaran-
teed to be ON before the supply battery has reached 6.3V.

Triplex Liquid Crystal Display (LCD) Drive

The TC818directly drives a triplexed LCD using 1/3bias
drive. All numeric data, decimal point, polarity, and function
annunciator drive signals are developed by the TC818A.
The bar-graph data are sent to the TC818D. A direct
connection to a triplex LCD is possible without external drive
electronics. Standard and custom LCDs are readily avail-
able from LCD manufacturers.

The LCDs must be driven with an AC signal having a
zero DC component, for long display life. The liquid crystal
polarization is a function of the RMS voltage appearing
across the backplane and segment driver. The peak drive
signal applied to the LCD is:

Vce - Voisp

For example, if Vpsp is set at a potential 3V below V¢,
the peak drive signal is:

Vp = Vg ~ Vpisp = 3V

Vec O——¢

))
«

LOW-BATTERY DETECTOR

vy nCOMPARATOR
+ TOLCD
R ANNUNCIATOR
3 SELECTION
§ - LOGIC
Rz —
Vz' 62V '
TC818

R
Vp =7X ﬁ:szv
Vss

)]
«

LOW-BATTERY ANNUNCIATOR DISPLAYED FORVg , 7V.

Figure 11 Low-Battery Detector

An "OFF" LCD segment has an RMS voltage of Vp/3
acrossitor 1V. An "ON"segmenthas a 0.63 Vp signal across
it or 1.92V for Vgc — Vpigp = 3V.

Since the Vp,gp pin is available, the user may adjust the
"ON" and "OFF" LCD levels for various manufacturer's
displays by changing Vp signal across it or 1.92V for V¢c —
Vpisp = 3V.

"OFF" segments may become visible at high LCD
operating temperatures. A voltage with a -5 to —20 mV/°C
temperature coefficient can be applied to Vp,sp to accom-
modate the liquid crystal temperature operating character-
istics, if necessary.

The TC818A and TC818D internally generate two inter-
mediate LCD drive potentials (Vy and V|) from resistive
dividers (Figure 12) between Vcc and Vpisp. The ladder
impedance is approximately 150 kQ. This drive method is
commonly known as 1/3 bias. With Vpigsp connected to
digital ground, Vp = 5V.

The intermediate levels are needed so that drive signals
giving RMS "ON" and "OFF" levels can be generated. Figure
13 shows a typical drive signal and the resulting waveforms
for "ON" and "OFF" RMS voltage levels across a selected
numeric LCD element.

—o

¢
50k
T0 | VH
TRIPLEX
SEGMENT 50k
DRIVE
LoGic | VL
SET Vpisp
- FOR PROPER Vp
~ 50k WITH RESISTIVE
TC818D —O Vpisp
D)
(¢
Vp=Vec~Voisp
"OFF" = Vp/3 RMS
"on" =V v, Rms
3y 3

Figure 12 1/3 Bias LCD Drive
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Figure 13 Triplex LCD Drive Waveforms

¥ TELCOM SEMICONDUCTOR, INC.



TC818A
TC818D*

AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS

Liquid Crystal Displays (LCDs)

Most users design their own custom LCD. However, for
prototyping purposes, a standard display is available from
Varitronix, Ltd. The prototype display configuration is shown
in Figure 14.

o Varitronix Ltd.
9/F Liven House, 61-63, King Yip Street
Kwun Tjong, Hong Kong
Tel: 3-410286
Telex: 36643 VTRAX HX
FAX: 852-3-439555

Part No. VIM-328-DP

 USA Office:
VL Electronics Inc.
3171 Los Feliz Bivd, #303
Los Angeles, CA 0039
Tel: (213) 738-8700

External Crystal

The TC818 is designed to operate with a 32,768 Hz
crystal. This frequency is internally divided by two to give a
61.04 us clock period. One conversion takes 8000 clock
periods or 488.3 ms (=2 conversions/second). Integration
time is 1638.5 clock periods or 100 ms.

The 32 kHz quartz crystal is readily available and
inexpensive. The 32 kHz crystal is commonly used in digital
clocks and counters.

Several crystal sources exist. A partial listing is:

o Statek Corporation
512 N. Main
Orange, CA 92668
(714) 639-7810
TWX: 910-593-1355
Telex: 67-8394

¢ Daiwa Sinku Corporation
1389, Shinzaike — AZA-Kono
Hirakacho, Kakogawa Hyogo, Japan
Tel: 0794-26-3211

¢ International Piezo LTD
24-26 Sze Shan Street
Yau Ton, Hong Kong
TLX: 35454 XTAL HZ
Tel: 3-3501151

Contact manufacturer for full specifications.

R
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0 5 10 15 20
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PAD BP1 BP2 BP3

1 — — SCALE [19| — — BP3
2 X0 X1 X2 20| — BP2 —

3 X5 X4 X3 21| BP1 — —

4 X6 X7 X8 22 — LoQ A

5 X111 X10 X9 23| — Q \

6 X12 X183 Xi4 24| HOLD k m

7 X17 X16 X15 25 4B 4C —

8 X18 X19 X20 26| 4A 4G 4D
9 X23 X22 X21 27 | 4F 4E —_

15| — X40 X39 33| 2A 2G 2D
16| BP1 — — 34| 1B 1C 1P
17| — BP2 — 3B Z -MEM —
18| — — BP3 36| AC y AUTO

Figure 14 Typical LCD Configuration, TC818 Triplex
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AUTO-RANGING ANALOG-TO-DIGITAL
CONVERTER WITH 3-1/2 DIGIT AND
BAR-GRAPH DISPLAYS

TC818A
TC818D*

"Buzzer" Drive Signal

The BUZ output (pin 4) will drive a piezoelectric audio
transducer. The signal is activated to indicate an input
overrange condition for current and voltage measurements
or continuity during resistance measurements.

During a resistance measurement, a reading less than
19 on any full-scale range causes a continuous 4 kHz signal
to be output. This is used as a continuity indication.

A voltage or current input measurement overrange is
indicated by a noncontinuous 4 kHz signal at the BUZ
output. The LCD most significant digit also flashes and the
three least significant digits are set to display zero. The
buzzer drive signal for overrange is shown in Figure 15. The

BUZ outputis active for any reading over 2000 counts in both
manual and auto-range operation. The buzzer is activated
during an extended resolution measurement.

The BUZ signal swings from Ve (pin 28) to DGND (pin
58). The signal is at Vcc when not active.

The BUZ output is also activated for 15 ms whenever a
range change is made in auto-range or manual operation.
Changing the type of measurement (voltage, current, or
resistance), or measurement option (AC/DC, /LOQ), also
activates the buzzer output for 15 ms. A range change
during a current measurement will not activate the buzzer
output.

122 ms ms 610 ms
22 ms 22 ms 122 ms
Vee
DIGITAL
GROUND
1 CONVERSION —> ——
4 kHz SIGNAL
NONCONTINUOUS BUZZER SIGNAL INDICATES INPUT OVERRANGE
POWER UP
Vin=250mV CHANGE  CHANGE  CHANGE CHANGE INPUT
4000 8000 12000 RANGE RA:GE RANGE ViN=3:2V
1 > - 1 1 1 1 + 1
1 1 1000 CLOCK 1 1 1 I ] 1
1 1 PULSES 1 1 1 ] ] ]
r | A I B o B o B o B
1 I—p | ! ] ] 1 1 1
1 1100 ms 1 1 1 1 1 1
INTEGRATE ! 11638.5, ! ! ! ! ! !
TSC818A DEINT' ep | L+ I [ N N B e
SIGNALS ~>1|2 > ml:-. 250CP ;| 250CP | 2500CP ; 250CP 3000CP,
I 1 1 1 1 1 ]
AZ 2000

| | Lee |+ LJ 1 | 1 l [ | 1 1 I |
1 1 1 1 ]
:4——:—— AUTO-RANGING >le : MANUAL RANGE———L———————»
1 1 , 1 1 200mv 1 1
] I200mV 2v i 2v 1 _RANGE 2v I 2V RANGE !
! ! RANGE 1 RANGE ' RANGE ! EXTENDED ; RANGE ! OUT-OF- !
BUZZ | ! OVERRANGE! IN-RANGE ! IN-RANGE ! RANGE 1 IN-RANGE ' RANGE !
(PIN3) ! ' 1] h ! i
' \ 4kHz 4kHz 15ms-—>iie— 15 ms, 15m.«sl 4 kHz 4kHz| 1

1 ONE CYCLE OF DUE TO 1 DUETO . I |<——610 msi——

1 | OVERRANGE BUZZER ! MANUAL ' RANGE
BUZZER ACTIVATED DUE ~ HANGE CHANGE f 122 ms IB\g‘erZVEIFTED
TO POWER UP BUZZER ACTIVATED DUE TO DUE
PREVIOUS CONVERSION OVERRANGE anwous
CONVERSION
OVERANGE

Figure 15 TC818 Timing Waveform for Buzzer Output
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Vendors for piezoelectric audio transducers are:

e Gulton Industries
Piezo Products Division
212 Durham Avenue
Metuchen, New Jersey 08840
(201) 548-2800
Typical P/Ns: 102-95NS, 101-FB-00

e Taiyo Yuden (USA) Inc.
Arlington Center
714 West Algonquin Road
Arlington Heights, lllinois 60005
Typical P/Ns: CB27BB, CB20BB, CB355BB

Display Decimal Point Selection

The TC818 provides a decimal point LCD drive signal.
The decimal point position is a function of the selected full-
scale range, as shown in Table V.

Table V. Decimal Point Selection
1 0+ 9 * 9 * 9

Full-Scale Range DP3 DP2 DP1
2000V, 2000 kQ OFF OFF OFF
200V, 200 kQ OFF OFF ON
20V, 20 kQ OFF ON OFF
2V, 2kQ ON OFF OFF
200V, 200Q OFF OFF ON
200 mV, 200Q OFF OFF ON
20 mA OFF ON OFF
200 mA OFF OFF ON

AC-to-DC Converter Operational Amplifier

The TC818 contains an on-chip operational amplifier
that may be connected as a rectifier for AC-to-DC voltage
and current measurements. Typical operational amplifier
characteristics are:

o Slew Rate: 1 V/us

o Unity-Gain Bandwidth: 0.4 MHz

* Open-Loop Gain: 44 dB

o Output Voltage Swing (Load = 10 kQ) +1.5V
(Referenced to Analog Common)

When the AC measurement option is selected, the input
buffer receives an input signal through switch S14 rather
than switch S11 (see Figure 1). With external circuits, the AC
operating mode can be used to perform other types of
functions within the constraints of the internal operational
amplifier. External circuits that perform true RMS conver-
sion or a peak hold function are typical examples.
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Component Selection

Integration Resistor Selection

The TC818 automatically selects one of two external
integration resistors. RVIBUF (pin 55) is selected for voltage
and current measurement. RQBUF (pin 54) is selected for
resistance measurements.

RVIBUF Selection (Pin 55)

In auto-range operation, the TC818 operates with a 200
mV maximum full-scale potential at V| (pin 44). Resistive
dividersat VR2 (pin41), VR3 (pin 40), VR4 (pin 43), and VR5
(pin 42) are automatically switched to maintain the 200 mV
full-scale potential.

In manual mode, the extended operating mode is acti-
vated giving a 300 mV full-scale potential at V, (pin 44).

The integrator output swing should be maximized, but
saturations must be avoided. The integrator will swing within
0.45V of Vcc (pin 28) and 0.5V of Vgs (pin 57) without
saturating. A 2V swing is suggested. The value of RVIBUF
is easily calculated, assuming a worst-case extended reso-
lution input signal:

RVIBUF = MM o ko
VinT (C1)
where:
VinT = Integrator swing = +2V
ti = Integration time = 100 ms
Ci = Integration capacitor = 0.1 pF

Vmax= Maximum input at V| = 300 mV

RWBUF Selection (Pin 51)

In ratiometric resistance measurements, the signal at
Rx (pin 50) is always positive with respect to analog com-
mon. The integrator swings negative.

The worst-case integrator swing is for the 200Q range
with the manual, extended resolution option.

The input voltage, Vx (pin 50) is easily calculated
(Figure 16):

ROBUF = (Vee — Vancom) Rx

=0.63V
(Rx + Rs + Ry + Rs)
where:
" Vancom = Potential at analog common = 2.7V

Rs =220Q

R =163.85Q

Rx = 300Q

Rs = Internal switch 33 resistance =~ 600Q

=5 TELCOM SEMICONDUCTOR, INC.
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For a 3.1V integrator swing, the value of RQBUF is
easily calculated:

(Vx Max) (t))

RQBUF = = 220 kQ
Ci (VinT)
where:
VINT = Integrator swing = 3.1V
t = Integration time = 100 ms
C = Integration capacitor = 0.1 uF
Rx Max = 300Q

Vx Max =700 mV

With a low battery voltage of 6.6V, analog common will
be approximately 3.6V above the negative supply terminal.
With the integrator swinging down from analog common
toward the negative supply, a 3.1V swing will set the integra-
tor output to 0.5V above the negative supply.

Capacitors — Cin1, Caz and Crer

The integration capacitor, Ciyt, must have low dielectric
absorption. A 0.1 uF polypropylene capacitor is suggested.
The auto-zero capacitor, Caz, and reference capacitor,
Crer, should be selected for low leakage and dielectric
absorption. Polystyrene capacitors are good choices.

Vcc =9V
SW3J Rg ~600Q

R1 < 163.850
Ra

R3

ANALOG COMMON = V¢ - 3V

Figure 16 RQBUF Calculation (200Q Manual Operation)
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Reference Voltage Adjustment

The TC818 contains a low temperature drift internal
voltage reference. The analog common potential (pin 29) is
established by this reference. Maximum drift is a low 75
ppm/°C. Analog common is designed to be approximately
2.6V below Vcc (pin 28). A resistive divider (R18/R19,
Functional Diagram) sets the TC818 reference input voltage
(REFHI, pin 34) to approximately 163.85 mV.

With an input voltage near full scale on the 200 mV
range, R19 is adjusted for the proper reading.

Display Hold Feature

The LCD will not be updated when HOLD (pin 60) is
connected to GND (pin 58). Conversions are made, but the
display is not updated. A HOLD mode LCD annunciator is
activated when HOLD is low.

The LCD HOLD annunciator is activated through the
triplex LCD driver signal at pin 13.

Flat Package Socket

Sockets suitable for prototype work are available. A
USA source is:

* Nepenthe Distribution
2471 East Bayshore, Suite 520
Palo Alto, CA 94303
(415) 856-9332
TWX: 910-373-2060

"CBQ" Socket, Part No. IC51-064-042

Resistive Ladder Networks

Resistor attenuator networks for voltage and resistance
measurements are available from:

e Caddock Electronics
1717 Chicago Avenue
Riverside, CA 92507
Tel: (714) 788-1700
TWX: 910-332-6108

Attenuator Attenuator Caddock
Accuracy Type Part Number
0.1% Voltage - 1776-C441
0.25% Voltage 1776-C44
0.25% Resistance T1794-204-1
2-39
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DISPLAY A/D CONVERTERS WITH FREQUENCY

COUNTER AND LOGIC PROBE
FEATURES

B Multiple-Function Measurement System

— Analog-to-Digital Converter

— Frequency Counter

— Logic Probe

Frequency Counter

— Measures Input Frequency to 4 MHz

— Auto-Ranging Over Four-Decade Range
Logic Probe Inputs

— Two LCD Annunciators

— Buzzer Drive

Peak Reading Hold With LCD Annunciator
3-3/4 Digit (3999 Maximum) Resolution (TC820)
3-1/2 Digit (1999 Maximum) Resolution (TC821)
Low Noise A/D Converter

— Differential Inputs, 1 pA Bias Current

— Differential Reference for Ratiometric Ohms
— On-Chip Voltage Reference, 50 ppm/°C Drift

SIMPLIFIED BLOCK DIAGRAM

No External LCD Drivers Required

— Full 3-3/4 Digit Display

— Displays "OL" for Input Overrange

— Three Decimal Point and Polarity Drivers
— LCD Annunciator Drive

— Adjustable LCD Drive Voltage

— 40-Pin DI

p

Low Battery Detect With LCD Annunciator
On-Chip Buzzer Driver and Control Input
Control Input Changes Full Scale Range by 10:1
Data Hold Input
Underrange and Overrange Outputs
Multiple Package Options

— 44-Pin Flat Package or PLCC

TRIPLEX LCD
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DISPLAY A/D CONVERTERS
WITH FREQUENCY COUNTER
AND LOGIC PROBE

GENERAL DESCRIPTION

The TC820 is a 3-3/4 digit measurement system com-
bining an integrating analog-to-digital converter, frequency
counter, and logic level tester in a single package. The
TC820 supersedes the TC7106 in new designs by improv-
ing performance and reducing system cost. The TC820
adds features that are difficult, expensive, or impossible to
provide with older A/D converters (see the competitive
evaluation). The high level of integration permits TC820-
based instruments to deliver higher performance and more
features, while actually reducing parts count.

Fabricated in low-power CMOS, the TC820 directly
drives a 3-3/4 digit (3999 maximum) LCD. The TC821
includes all features of the TC820, but with a resolution of 3-
1/2 digits (1999 maximum).

With a maximum range of 3999 counts, the TC820
provides 10times greater resolution in the 200 mV to 400 mV
range than traditional 3-1/2 digit meters. An auto-zero cycle
guarantees a zero reading with a 0V input. CMOS process-
ing reduces analog input bias current to only 1 pA. Rollover
error, the difference in readings for equal magnitude but
opposite polarity input signals, is less than +1 count. Differ-
ential reference inputs permit ratiometric measurements for
ohms or bridge transducer applications.

The TC820's frequency counter option simplifies design
of an instrument well-suited to both analog and digital
troubleshooting: voltage, current, and resistance measure-
ments, plus precise frequency measurements to 4 MHz
(higher frequencies can be measured with an external
prescaler), and a simple logic probe. The frequency counter
will automatically adjust its range to match the input fre-
quency, over a four-decade range.

Two logic level measurement inputs permit a TC820-
based meter to function as a logic probe. When combined
with external level shifters, the TC820 will display logic levels
onthe LCD and also turn on a piezoelectric buzzer when the
measured logic level is low.

Other TC 820 features simplify instrument design and
reduce parts count. On-chip decimal point drivers are in-
cluded, as is a low battery detection annunciator. A piezo-
electric buzzer can be controlled with an external switch or
by the logic probe inputs. Two oscillator options are pro-
vided: A crystal can be used if high accuracy frequency
measurements are desired, or a simple RC option can be
used for low-end instruments.

2-42

A "peak reading hold" input allows the TC820 to retain
the highest A/D or frequency reading. This feature is useful
in measuring motor starting current, maximum temperature,
and similar applications.

A family of instruments can be created with the TC821
and TC820. No additional design effort is required to create
instruments with 3-1/2 and 3-3/4 digit resolution. The TC821
can also reduce parts count in existing high-end 7106-type
designs.

The TC820 and TC821 operate from a single 9V battery,
with typical power of 10 mW. Packages include a 40-pin DIP,
44-pin plastic flat package, and 44-pin PLCC.

COMPETITIVE EVALUATION

Features Comparison TC820 7106
3-3/4 Digit Resolution Yes No
Auto-Ranging Frequency Counter Yes No
Logic Probe Yes No
Decimal Point Drive Yes No
Peak Reading Hold Yes No
(Frequency or Voltage)

Display Hold Yes No
Simple 10:1 Range Change Yes No
Buzzer Drive Yes No
Low Battery Detection Yes No
With Annunciator

Overrange Detection o Yes No
With Annunciator

Low Drift Reference Yes No
Underrange/Overrange Yes No
Logic Output

Input Overload Display "oL" "
LCD Annunciator Driver Yes No
LCD Drive Type Triplexed Direct
LCD Pin Connections 15 24
LCD Elements 36 23

< TELCOM SEMICONDUCTOR, INC.



DISPLAY A/D CONVERTERS
WITH FREQUENCY COUNTER

AND LOGIC PROBE
TC820 (3-3/4 DIGIT)
TC821 (3-1/2 DIGIT)
PIN CONFIGURATIONS
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ABSOLUTE MAXIMUM RATINGS (Note 3)

Supply Voltage (Vs* to GND) ......cccecuvrnenee.
Analog Input Voltage (Either Input) (Note 1) .... Vg* to Vg~

Reference Input Voltage (Either Input) ............. Vg*to Vg~
Digital INPUtS ........ccoriiriiieccreeeeeee Vs* to DGND
VDISP ceeeeeertrrreeersereiriemreerseeesenrereeeeannes Vst to DGND 0.3V

Power Dissipation, Plastic Package (Note 2) ...... 800 mW
Operating Temperature Range

NOTES: 1. Input voltages may exceed the supply voltages provided
that input current is limited to +100 pA. Current above this
value may result in invalid display readings but will not
destroy the device if limited to £1 mA.

2. Dissipation ratings assume device is mounted with all leads
soldered to printed circuit board.

3. Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to the device.

"C* Devices 0°C to +70°C These are stress ratings only, and functional operation of
"E" Devices _4000 to +85°C the device at these or any other conditions above those
v - o 0+ . indicated in the operational sections of the specifications is
Storage Temperature Range............... - 65°C to +150°C not implied. Exposure to absolute maximum rating
Lead Temperature (Soldering, 10 seC) .......ccc.c...... 300°C conditions for extended periods may affect device
reliability.
Static-sensitive devices. Unused devices should be stored in conductive
material to protect against static discharge and static fields
ELECTRICAL CHARACTERISTICS: Vg =9V, Ta=25°C
Symbol  Parameter Test Conditions Min Typ Max Units
Zero Input Reading Vin =0V - 000 +000 +000 Digital
Full Scale = 200 mV Reading
(VFs = 200 mV for TC821)
RE Roll-Over Error VN = 390 mV -1 +0.2 +1 Counts
Full-Scale = 400 mV
(Vin =£190 mV,
VEs =200 mV for TC821)
NL Nonlinearity (Maximum Full-Scale = 400 mV -1 +0.2 +1 Count
Deviation From Best (VFs = 200 mV for TC821)
Straight Line Fit)
Ratiometric Reading ViNn = VRer, TC820 1999 1999/2000 2000 Digital
Vin = VRer, TC821 999 999/1000 1000 Reading
CMRR Common-Mode Rejection Vem =£1V, Viy =0V — 50 — uv/Nv
Ratio Full-Scale = 400 mV
(VEs =200 mV for TC820)
VCMR Common-Mode Voltage Input High, Input Low Vs +1.5 — Vgt—-1 \
Range
eN Noise (P-P Value Not Vin=0V — 15 — uv
Exceeded 95% of Time) Full-Scale = 400 mV
(VEs = 200 mV for TC820)
Iin Input Leakage Current ViN=0V
Ta=25°C —_ 1 10 pA
0°C < Tao<+70°C — 20 —
—40°C < Tp < +85°C —_ 100 —_
Vcom Analog Common Voltage 25 kQ Between Common and Vg*
(Vs* = Vcom) 3.15 3.3 3.45 \'
Vere Common Voltage 25 kQ Between Common and Vg*
Temperature Coefficient 0°C < Tpo<+70°C —_ 35 50 ppm/°C
—-40°C < Ta< +85°C — 50 —_
TCzs Zero Reading Drift Vin =0V
0°C < Tao <+70°C — 0.2 — uv/°C
—-40°C < Ta<+85°C 1
TCrs Scale Factor ViN =399 mV
Temperature Coefficient (Vin = 199 mV for TC821)
0°C < TA<+70°C — 1 5 ppm/°C
—40°C < Tao < +85°C — 5 —_
Ext Ref = 0 ppm/°C
2-44 ?vs TELCOM SEMICONDUCTOR, INC.
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TC820 (3-3/4 DIGIT)
TC821 (3-1/2 DIGIT)

ELECTRICAL CHARACTERISTICS (Cont.)

Symbol  Parameter Test Conditions Min Typ Max Units
Is Supply Current VN =0V —_ 1 1.5 mA
Peak-to-Peak Backplane Vs =9V 4.5 4.7 5.3 \
Drive Voltage Vpisp = DGND
Buzzer Frequency fosc = 40 kHz — 5 — kHz
Counter Timebase Period fosc = 40 kHz —_ 1 — Second
Low Battery Flag Voltage Vs*tto Vg~ 6.7 7 7.3 \'
Vi Input Low Voltage — — DGND +15 | V
ViH Input High Voltage Vg*t—1.5 —_ — \
VoL Output Low Voltage, I =50 uA — —_ DGND +0.4 | V
UR, OR Outputs
VoL Output High Voltage, IL =50 A Vgt—-1.5 — — \"
UR, OR Outputs
Control Pin ViN=Vg* — 5 — HA
Pull-Down Current
PIN DESCRIPTION
Pin No. Pin No.
(40-Pin (44-Pin Flat
Package) Package) Symbol Description
1 40 L-E4 LCD segment driver for L ("logic LOW"), polarity, and "e" segment of most
significant digit (MSD).
2 41 AGD4 LCD segment drive for "a," "g," and "d" segments of MSD.
3 42 BC4P3 LCD segment drive for "b" and "c" segments of MSD and decimal point 3.
4 43 HFE3 LCD segment drive for H ("logic HIGH"), and "f* and "e" segments of third LSD.
5 44 AGD3 LCD segment drive for "a," "g," and "d" segments of third LSD.
6 1 BC3P2 LCD segment drive for "b" and "c" segments of third LSD and decimal point 2.
7 2 OFE2 LCD segment drive for "overrange," and "{" and "e" segments of second LSD.
8 3 AGD2 LCD segment drive for "a," "g," and "d" segments of second LSD.
9 4 BC2P1 LCD segment drive for "b " and "c" segments of second LSD and decimal point 1.
10 5 PKFE1 LCD segment drive for "hold peak reading,” and "f* and “e" segments of LSD.
11 6 AGD1 LCD segment drive for "a," "g," and "d" segments of LSD.
12 7 BC1BT LCD segment drive for "b" and "c" segments of LSD and "low battery."
13 8 BP3 LCD backplane #3.
14 9 BP2 LCD backplane #2.
15 10 BP1 LCD backplane #1.
— 11 Vpisp Sets peak LCD drive signal: Vpeak = (Vs*) —Vpisp. Vpisp may also be used to
compensate for temperature variation of LCD crystal threshold voltage.
16 12 DGND Internal logic digital ground, the logic "0" level. Nominally 4.7V below Vg*.
17 13 ANNUNC Square-wave output at the backplane frequency, synchronized to BP1. ANNUNC

can be used to control display annunciators. Connecting an LCD segment to
ANNUNC turns it on; connecting it to its backplane turns it off.

% TELCOM SEMICONDUCTOR, INC.
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PIN DESCRIPTION (Cont.)

Pin No. Pin No.
(40-Pin (44-Pin Flat
Package) Package) Symbol Description

18 14 LOGIC Logic mode control input. When connected to Vg*, the converter is in logic mode.
The LCD displays "OL" and the decimal point inputs control the HIGH and LOW
annunciators. When the "low" annunciator is on, the buzzer will also be on. When
unconnected or connected to DGND, the TC820 is in the voltage/frequency
measurement mode. This pin has a 5 pA internal pull-down to DGND.

19 15 RANGE/ Dual-purpose input. In range mode, when connected to Vs*, the integration time

FREQ will be 200 counts instead of 2000 counts (100 instead of 1000 counts for TC821),
and the LCD will display the analog input divided by 10. (See text for limitation with
TC820.) In frequency mode, this pin is the frequency input. A digital signal applied
to this pin will be measured with a 1-second time base. There is an internal
5 pA pull-down to DGND.

20 16 DPO/LO Dual-purpose input. Decimal point select input for voltage measurements. In logic
mode, connecting this pin to Vg* will turn on the "low" LCD segment. There is an
internal 5 pA pull-down to DGND in volts mode only. Decimal point logic:

DP1 DPO0  Decimal Point Selected
0 0 None
0 1 DP1
1 0 DP2
1 1 DP3

21 17 DP1/HI Dual-purpose input. Decimal point select input for voltage measurements. In logic
mode, connecting this pin to Vs* will turn on the "high" LCD segment. There is an
internal 5 pA pull-down to DGND in volts mode only.

22 18 BUZOUT Buzzer output. Audio frequency, 5 kHz, output which drives a piezoelectric buzzer.

23 19 BUZIN Buzzer control input. Connecting BUZIN to Vs* turns the buzzer on. BUZIN is
logically ORed (internally) with the "logic level low" input. There is an internal 5 pA
pull-down to DGND.

24 20 FREQ/ Voltage or frequency measurement select input. When unconnected, or connected

VOLTS to DGND, the A/D converter function is active. When connected to Vs*, the
frequency counter function is active. This pin has an internal 5 pA pull-down
to DGND.

25 21 PKHOLD Peak hold input. When connected to Vg*, the converter will only update the display
if a new conversion value is greater than the preceding value. Thus, the peak
reading will be stored and held indefinitely. When unconnected, or connected to
DGND, the converter will operate normally. This pin has an internai 5 uA pull-down
to DGND.

22 UR Underrange output. This output will be HIGH when the digital reading is 380 counts
or less (<180 counts for TC821).

23 OR Overrange output. This output will be HIGH when the analog signal input is greater
than full scale. The LCD will display "OL" when the input is overranged.

26 24 Vg~ Negative supply connection. Connect to negative terminal of 9V battery.

27 25 COM Analog circuit ground reference point. Nominally 3.3V below Vs*.

28 26 Crer* Positive connection for reference capacitor.

29 27 CRrer™ Negative connection for reference capacitor.

30 28 VRer* High differential reference input connection.

31 29 VRer™ Low differential reference input connection.

32 30 ViN~ Low analog input signal connection.
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PIN DESCRIPTION (Cont.)

Pin No. Pin No.
(40-Pin (44-Pin Flat
Package) Package) Symbol Description
33 31 Vint High analog input signal connection.
34 32 VBUFF Buffer output. Connect to integration resistor.
35 33 Caz Auto-zero capacitor connection.
36 34 ViNT Integrator output. Connect to integration capacitor.
35 EOC/ Bidirectional pin. Pulses low (i.e., from Vs* to DGND) at the end of each
HOLD conversion. If connected to Vg*, conversions will continue, but the display is not
updated.
37 36 OscCH1 Crystal oscillator (input) connection.
38 37 0SsC2 Crystal oscillator (output) connection.
39 38 0SC3 RC oscillator connection.
40 39 Vg* Positive power supply connection, typically 9V.
ORDERING INFORMATION
Surface-Mount Devices 40-Pin DIPs
Temperature Part No. Resolution Temperature Range
Part No. Resolution Package Range TC820CPL 3-3/4 Digits 0°C 1o +70°C
TC820CKW  3-3/4 Digits  44-Pin Plastic 0°C to +70°C TC820EPL 3-3/4 Digits —40°C to +85°C
Flat Package TC821CPL 3-1/2 Digits 0°C to +70°C
TC820CLW 3-3/4 Digits  44-Pin Plastic 0°C to +70°C TC821EPL 3-1/2 Digits ~40°C to +85°C
Leaded Chip
Carrier (PLCC)
TC820EKW 3-3/4 Digits  44-Pin Plastic  —40°C to +85°C TC820/TC821 Comparison
Flat Package
TC820ELW 3-3/4 Digits  44-Pin Plastic = —40°C to +85°C Device
Leaded Chip Feature TC820 TC821
___ Carrier (PLCC) Resolution 3-3/4 Digits 3-1/2 Digits
TC821CKW 3-1/2 Digits  44-Pin Plastic 0°C to +70°C Al Other Features Yes Yos
Flat Package )
— . - (Counter, Logic, etc.)
TC821CLW 3-1/2 Digits ~ 44-Pin Plastic 0°C to +70°C
Leaded Chip
Carrier (PLCC)
TC821EKW 3-1/2 Digits  44-Pin Plastic = —40°C to +85°C
Flat Package
TC821ELW 3-1/2 Digits ~ 44-Pin Plastic = —40°C to +85°C
Leaded Chip
Carrier (PLCC)

% TELCOM SEMICONDUCTOR, INC.
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Figure 1. Typical Operating Circuit
FEATURES GENERAL THEORY OF OPERATION

The TC820 and TC821 combine the features of an
analog-to-digital converter (ADC), frequency counter, and
logic probe, in a single CMOS-integrated circuit. All of the
TC820 features are shown graphically in the functional
diagram. With on-chip voltage reference and LCD drive
circuitry, the TC820 simplifies the design of multi-mode
measurement instruments.

The TC820 has a resolution of 3-3/4 digits (3999 maxi-
mum), while the TC821 has a resolution of 3-1/2 digits (1999
maximum). The features of both converters are the same, so
that both 3-3/4 digit and 3-1/2 digit designs can be produced
with only one PC board design. The differences between the
TC820 and the TC821 primarily affect system timing, and
are noted in the appropriate sections of the data sheet.

¥ TELCOM SEMICONDUCTOR, INC.

Dual-Slope conversion Principles

The TC820 analog-to-digital converter operates on the
principle of dual-slope integration. An understanding of the
dual-slope conversion technique will aid the user in following
the detailed TC820 theory of operation following this sec-
tion. A conventional dual-slope converter measurement
cycle has two distinct phases:

(1) Input Signal Integration
(2) Reference Voltage Integration (Deintegration)

Referring to Figure 2, the unknown input signal to be
converted is integrated from zero for a fixed time period
(tinT), measured by counting clock pulses. A constant
reference voltage of the opposite polarity is then integrated
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Figure 2. Basic Dual-Slope Converter

until the integrator output voltage returns to zero. The
reference integration (deintegration) time (TpeinT) is then
directly proportional to the unknown input voltage (Vn).

In a simple dual-slope converter, acomplete conversion
requires the integrator output to "ramp-up" from zero and
"ramp-down" back to zero. A simple mathematical equation
relates the input signal, reference voltage, and integration
time:

tnT
1
J Vi (t) dt = YREFIDEINT
0

Rint CinT RiNT CinT
where: Vger = Reference voltage
tint = Integration time

tpeint = Deintegration time

For a constant t |yT:

t
Vin = Vier X —on
tinT

Accuracy in a dual-slope converter is unrelated to the
integrating resistor and capacitor values as long as they are
stable during a measurement cycle. An inherent benefit of
the dual-slope technique is noise immunity. Noise spikes
are integrated or averaged to zero during the integration
periods, making integrating ADCs immune to the large
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conversion errors that plague successive approximation
converters in high-noise environments. Interfering signals,
with frequency components at multiples of the averaging
(integrating) period, willbe attenuated (Figure 3). Integrating
ADCs commonly operate with the signal integration period
set to a multiple of the 50/60 Hz power line period.

@
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Figure 3. Normal-Mode Rejection of Dual-Siope Converter

TC820 THEORY OF OPERATION
Analog Section

In addition to the basic integrate and deintegrate dual-
slope phases discussed above, the TC820 design incorpo-
rates a "zero integrator output" phase and an "auto-zero"
phase. These additional phases ensure that the integrator
starts at OV (even after a severe overrange conversion), and
that all offset voltage errors (buffer amplifier, integrator and
comparator) are removed from the conversion. A true digital
zero reading is assured without any external adjustments.

A complete conversion consists of four distinct phases:

(1) Zero Integrator Output
(2) Auto-Zero

(3) Signal Integrate

(4) Reference Deintegrate

Zero Integrator Output Phase

This phase guarantees that the integrator output is at OV
before the system zero phase is entered, ensuring that the
true system offset voltages will be compensated for even
after an overrange conversion. The duration of this phase is
500 counts plus the unused deintegrate counts, for both the
TC820 and TC821.
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Auto-Zero Phase

During the auto-zero phase, the differential input signal
is disconnected from the measurement circuit by opening
internal analog switches, and the internal nodes are shorted
to Analog Common (0V ref) to establish a zero input condi-
tion. Additional analog switches close a feedback loop
around the integrator and comparator to permit comparator
offset voltage error compensation. A voltage established on
Caz then compensates for internal device offset voltages
during the measurement cycle. The auto-zero phase re-
sidual is typically 10 uV to 15 uV. The auto-zero duration is
1500 counts (750 counts for TC821).

Signal Integration Phase

Upon completion of the auto-zero phase, the auto-zero
loop is opened and the internal differential inputs connect to
Vintand ViN~. The differential input signal is then integrated
for a fixed time period, which is 2000 counts (4000 clock
periods) inthe TC820, and 1000 counts (4000 clock periods)
in the TC821. The externally-set clock frequency is divided
by two (TC820) or four (TC821) before clocking the internal
counters. The integration time period is:

4000
fosc

tint =

Note that for the same clock frequency, the TC820 and
TC821 have the same signalintegration time. Therefore, the
noise rejection performance of the two converters will be the
same.

The differential input voltage must be within the device's
common-mode range when the converter and measured
system share the same power supply common (ground). If
the converter and measured system do not share the same
power supply common, as in battery-powered applications,
VN~ should be tied to analog common.

Polarity is determined at the end of signal integration
phase. The sign bit is a "true polarity" indication in that
signals less than 1 LSB are correctly determined. This
allows precision null detection that is limited only by device
noise and auto-zero residual offsets.

Reference Integrate (Deintegrate) Phase

The reference capacitor, which was charged during the
auto-zero phase, is connected to the input of the integrating
amplifier. The internal sign logic ensures the polarity of the
reference voltage is always connected in the phase opposite
to that of the input voltage. This causes the integrator to
ramp back to zero at a constant rate determined by the
reference potential.

The amount of time required (TpenT) for the integrating
amplifier to reach zero is directly proportional to the ampli-
tude of the voltage that was put on the integrating capacitor

= TELCOM SEMICONDUCTOR, INC.

(VinT) during the integration phase:

RiNT CinT VINT

tpeINT =
VRer

The digital reading displayed by the TC820 is:

ViNt = VIN™

Digital Count = 2000
VRer

For the TC821, the digital reading displayed is:

ViIN' = VIN®

Digital Count = 1000
VRer

System Timing

The oscillator frequency is divided by 2 (4 for TC821)
prior to clocking the internal decade counters. The four-
phase measurement cycle takes a total of 8000 (4000)
counts or 16000 (16000) clock pulses. The 8000 (4000)
count phase is independent of input signal magnitude or
polarity.

Each phase of the measurement cycle has the following
length:

Conversion Phase TC820 TC821 Units
1) Auto-Zero: 1500 500 Counts
2) Signal Integrate: -2 2000 1000 Counts
3) Reference Integrate: 1 to 4001 1102001 Counts
4) Integrator Output Zero: 499 to 4499 499 to 2499 Counts

NOTES: 1. This time period is fixed. The integration period for the
TC820 is:
INT (TC820) = 4000 = 2000 counts
fosc

For the TC821, the integration period is:

tINT (TCB21) = ‘;—32?0 = 1000 counts

where fosc is the clock oscillator frequency.

2. Times shown are the RANGE/FREQ at logic low (normal
operation). When RANGE/FREQ is logic high, signal
integrate times are 200 counts for TC820 and 100 counts
for TC821. See "10:1 Range Change" section.

Input Overrange

When the analog input is greater than full scale, the LCD
will display "OL" and the "OVERRANGE" LCD annunciator
will be on.

Peak Reading Hold

The TC820 provides the capability of holding the highest
(or peak) reading. Connecting the PK HOLD input to Vg*
enables the peak hold feature. At the end of each
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conversion the contents of the TC820 counter is compared
to the contents of the display register. If the new reading is
higher than the reading being displayed, the higher reading
is transferred to the display register. A "higher" reading is
defined as the reading with the higher absolute value.

The peak reading is held in the display register so the
reading will not "droop" or slowly decay with time. The held
reading will be retained until a higher reading occurs, the PK
HOLD input is disconnected from Vg*, or power is removed.

The peak signal to be measured must be present during
the TC820 signal integrate period. The TC820 does not
perform transient peak detection of the analog input signal.
However, in many cases, such as measuring temperature or
electric motor starting current, the TC820 "acquisition time"
will not be a limitation. If true peak detection is required, a
simple circuit will suffice. See the applications section for
details.

The peak reading function is also available when the
TC820 is in the frequency counter mode. The counter auto-
ranging feature is disabled when peak reading hold is
selected.

10:1 Range Change

The analog input full-scale range can be changed with
the RANGE/FREQ input. Normally, RANGE/FREQ is held
low by an internal pulldown. Connecting this pin to Vg* will
increase the full-scale voltage by a factor of 10. No external
component changes are required.

The RANGE/FREQ input operates by changing the
integrate period. When RANGE/FREQ is connected to Vg™,
the signal integration phase of the conversion is reduced by
a factor of 10 (i.e., from 2000 counts to 200 counts).

For the TC821 (3-1/2 digit) ADC, the RANGE/FREQ
input can be used to select between 200 mV and 2V full
scale. For the TC820, however, the 10:1 range change will
result in 4V full scale. This full-scale range will exceed the
common-mode range of the input buffer when operating
from a 9V battery. If range changing is required for the
TC820, a higher supply voltage can be provided or the input
voltage can be divided by 2 externally.

Frequency Counter

In addition to serving as an analog-to-digital converter,
the TC820 internal counter can also function as a frequency
counter (Figure 4). In the counter mode, pulses at the
RANGE/FREQ input will be counted and displayed.

The frequency counter derives its time base from the
clock oscillator. The counter time base is:
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fosc
tcount = 20000

Thus, the counter will operate with a 1-second time base
when a 40 kHz oscillator is used. The frequency counter
accuracy is determined by the oscillator accuracy. For
accurate frequency measurements, a crystal oscillator is
recommended.

The frequency counter will automatically select the
proper range. Auto-range operation extends over four
decades, from 3.999 kHz to 3.999 MHz (1.999 kHz to 1.999
MHz for TC821). Decimal points are set automatically in the
frequency mode (Figure 5).

The logic switching levels of the RANGE/FREQ input
are CMOS levels. For best counter operation, an external
buffer is recommended. See the applications section for
details.

Logic Probe

The TC820 can also function as a simple logic probe
(Figure 6). This mode is selected when the LOGIC input is
high. Two dual-purpose pins, which normally control the
decimal points, are used as logic inputs. Connecting either
input to a logic high level will turn on the corresponding LCD
annunciator. When the "low" annunciator is on the buzzer
willbe on. As with the frequency counter input, external level
shifters/buffers are recommended for the logic probe inputs.

When the logic probe function is selected while FREQ/
VOLTS is low (A/D mode), the ADC will remain in the auto-
zeromode. The LCD will read "OL" and all decimal points will
be off (Figure 7).

If the logic probe is active while FREQ/VOLTS is high
(counter mode), the frequency counter will continue to
operate. The display will read "OL" but the decimal points will
be visible. If the logic probe input is also connected to the
RANGE/FREQ input, bringing the LOGIC input low will
immediately display the frequency at the logic probe input.

Analog Pin Functional Description

Differential Signal Inputs (Vin*), (ViN)

The TC820 is designed with true differential inputs, and
accepts input signals within the input stage common-mode
voltage (Vcm) range. The typical range is Vst -1V to Vg~
+1.5V. Common-mode voltages are removed from the sys-
tem when the TC820 operates from a battery or floating
power source (isolated from measured system) and Vs~ is
connected to analog common. (See Figure 8.)
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Figure 4. TC820 Counter Operation

In systems where common-mode voltages exist, the 86
dB common-mode rejection ratio minimizes error. Com-
mon-mode voltages do, however, affect the integrator out-
put level. A worst-case condition exists if a large, positive
Vcm exists in conjunction with a full-scale, negative differen-
tial signal. The negative signal drives the integrator output
positive along with Vcom (Figure 9). For such applications, the
integrator output swing can be reduced below the recom-
mended 2V full-scale swing. The integrator output will swing

fiN DECIMAL POINT
0 Hz - 3999 Hz DP3
4 kHz - 39.99 kHz DP2
40 kHz - 399.9 kHz DP1
2 400 kHz NONE

within 0.3V of Vs* or Vg~ without increased linearity error.

Reference (Vs*, Vs7)
The TC820 reference, like the analog signal input, has
true differential inputs. In addition, the reference voltage can

Figure 5. TC820 Auto-Range Decimal Point Selection

vs Frequency Counter input
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be generated anywhere within the power supply voltage of
the converter. The differential reference inputs permit
ratiometric measurements and simplify interfacing with sen-
sors, such as load cells and temperature sensors.
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Figure 7. LCD During Logic Probe Operation

To prevent roll-over-type errors from being induced by
large common-mode voltages, Crer should be large com-
pared to stray node capacitance. A 0.1 pF capacitor is
typical.

The TC820 offers a significantly improved analog
common temperature coefficient, providing a very stable
voltage suitable for use as a voltage reference. The
temperature coefficient of analog common is typically
35 ppm/°C.
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Figure 6. Logic Probe Simplified Schematic

Analog Common

The analog common pin is set at a voltage potential
approximately 3.3V below Vg*. This potential is guaranteed
to be between 3.15V and 3.45V below Vg*. Analog common
is tied internally to an N-channel FET capable of sinking 3
mA. This FET will hold the common line at 3.3V below Vg*
should be an external load attempt to pull the common line
toward Vs*. Analog common source current is limited to 12
UA, and is therefore easily pulled to a more negative voltage
(i.e., below Vg+ -3.3V).

The TC820 connects the internal Viy* and VN~ inputs to
analog common during the auto-zero cycle. During the
reference integrate phase, VN~ is connected to analog
common. If Vv~ is not externally connected to analog
common, a common-mode voltage exists. This is rejected
by the converter's 86 dB common-mode rejection ratio. In
battery-powered applications, analog common and V|~ are
usually connected, removing common-mode voltage
concerns. In systems where VN~ is connected to the power
supply ground or to a given voltage, analog common should
be connected to VN~

The analog common pin serves to setthe analog section
reference or common point. The TC820 is specifically
designed to operate from a battery or in any measurement
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system where input signals are not referenced (float) with
respect to the TC820 power source. The analog common
potential of Vg*-3.3V gives a 7V end-of-battery-life voltage.
The analog common potential has a voltage coefficient of
0.001%/%.

With a sufficiently high total supply voltage (Vs* — Vs~
> 7V), analogcommonis avery stable potential with excellent
temperature stability (typically 35 ppm/°C). This potential
can be used to generate the TC820 reference voltage. An
external voltage reference will be unnecessary in most
cases, because of the 35 ppm/°C temperature coefficient.
See the applications section for details.

Function Control Input Pin
Functional Description

The TC820 operating modes are selected with the
function control inputs. The control input truth table is shown
inTablel. The highlogic threshold is =Vg*—1.5V and the low
logic level is d DGND +1.5V.
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Figure 8. Common-Mode Voltage Removed in Battery Operation With V|~ = Analog Common

Table I. TC820 Control Input Truth Table

Logic Input
FREQ/ RANGE/ TC820/821
VOLTS FREQ LOGIC Function
X X 1 Logic Probe
0 0 0 A/D Converter,
VEuLL scaLE = 2 X VRer
0 1 0 A/D Converter,
VruLL scaLE = 20 X VRer
1 Frequency 0 Frequency Counter

Counter Input

NOTES: 1. Logic "0" = DGND
2. Logic "1" = Vg*

FREQ/VOLTS

This input determines whether the TC820 is in the
analog-to-digital conversion mode orin the frequency counter
mode. When FREQ/VOLTS is connected to Vg*, the TC820
will measure frequency at the RANGE/FREQ input. When
unconnected, or connected to DGND, the TC820 will oper-
ate as an analog-to-digital converter. This input has an
internal 5 uA pull-down to DGND.

LOGIC

The LOGIC input is used to activate the logic probe
function. When connected to Vg*, the TC820 will enter the
logic probe mode. The LCD will show "OL" and all decimal
points will be off. The decimal point inputs directly control
"high" and "low" display annunciators. When LOGIC is
unconnected, or connected to DGND, the TC820 will per-
form analog-to-digital or frequency measurements as se-
lected by the FREQ/VOLTS input. The LOGIC input has an
internal 5 pA pull-down to DGND.
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RANGE/FREQ

The function of this dual-purpose pin is determined by
the FREQ/VOLTS input. When FREQ/VOLTS is connected
to Vg*, RANGE/FREQ is the input for the frequency counter
function. Pulses at this input are counted with a time base
equaltofosc/40,000. Since this inputhas CMOS inputlevels
(Vs*—1.5V and DGND +1.5V), an external buffer is recom-
mended.

When the TC820 analog-to-digital converter function is
selected, connecting RANGE/FREQ to Vs* will divide the
integration time by 10. Therefore, the RANGE/FREQ input
can be used to perform a 10:1 range change without
changing external components.

DPO/LO, DP1/HI

The function of these dual-purpose pins is determined
by the LOGIC input. When the TC820 is in the analog-to-
digital converter mode, these inputs control the LCD decimal
points. The decimal point truth table is shown in Table Ii.
These inputs have internal 5 pA pull-downs to DGND when
the voltage/frequency measurement mode is active.

Table Il. TC820 Decimal Point Truth Table
Decimal Point Inputs

DP1 DPO LCD
0 0 3999
0 1 399.9
1 0 39.99
1 1 3.999

Connecting the LOGIC input to Vs* places the TC820in
the logic probe mode. In this mode, the DP0/LO and DP1/HI
inputs control the LCD "low" and "high" annunciators di-
rectly. When DP1/Hl is connected to Vs*, the "high" annun-
ciator will turn on. When DPO/LO is connected to Vs*, the
"low" annunciator and the buzzer will turn on. The internal
pull-downs on these pins are disabled when the logic probe
function is selected.

These inputs have CMOS logic switching thresholds.
For optimum performance as a logic probe, external level
shifters are recommended. See the applications section for
details.

BUZIN

This input controls the TC820 on-chip buzzer driver.
Connecting BUZ IN to Vs* will turn the buzzer on. There is
an external pull-down to DGND. BUZ IN can be used with
external circuitry to provide additional functions, such as a
fast, audible continuity indication.
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Additional Features

The TC820 and TC821 are available in 40-pin and 44-
pin packages. Several additional features are available in
the 44-pin package.

EOC/HOLD

EOC/HOLD is a dual-purpose, bidirectional pin. As an
output, this pin goes low for 10 clock cycles atthe end of each
conversion. This pulse latches the conversion data into the
display driver section of the TC820. '

EOC/HOLD can be used to hold (or "freeze") the dis-
play. Connecting this pin to Vs* inhibits the display update
process. Conversions will continue, but the display will not
change. EOC/HOLD will hold the display reading for either
analog-to-digital or frequency measurements.

The input/output structure of the EOC/HOLD pin is
shown in Figure 10. The output drive current is only a few
microamps, so EOC/HOLD can easily be overdriven by an
open-collector logic gate, as well as a FET, bipolar transis-
tor, or mechanical switch. When used as an output, EOC/
HOLD will have a slow rise and fall time due to the limited
output current drive. A CMOS Schmitt trigger buffer is
recommended.

_ 4
EOC/HOLD O DISPLAY
~500 kQ
? EOC
TC820
TC821

Figure 10. EOC/HOLD Pin Schematic

Overrange (OR), Underrange (UR)

The OR output will be high when the analog input signal
is greater than full scale (3999 counts for TC820 and 1999
counts for TC821). The UR output will be high when the
display reading is 380 counts or less (9 180 counts for
TC821).

The OR and UR outputs can be used to provide an auto-
ranging meter function. By logically ANDing these outputs
with the inverted EOC/HOLD output, a single pulse will be
generated eachtime an underranged or overranged conver-
sion occurs (Figure 11).
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Figure 11. Generating Underrange and Overrange Pulses

Voisp

The Vpisp input sets the peak-to-peak LCD drive volt-
age. In the 40-pin package, Vpisp is connected internally to
DGND, providing a typical LCD drive voltage of 5 Vp.p. The
44-pin package includes a separate Vp,sp input for applica-
tions requiring a variable or temperature-compensated LCD
drive voltage. See the applications information for sug-
gested circuits.

APPLICATIONS INFORMATION
Power Supplies

The TC820 is designed to operate from a single power
supply such as a 9V battery (Figure 12). The converter will
operate over a range of 7V to 15V. For battery operation,
analog common (COM) provides a common-mode bias
voltage (see analog common discussion in the theory of
operation section). However, measurements cannot be
referenced to battery ground. To do so will exceed the
negative common-mode voltage limit.

?
v§
VREF| =
ha I VREF TC820
— W TC821
_( com
VINY l I\A/V_O +
T ViN
le— A O -
Vs
I

Abattery with voltage between 3.5V and 7V can be used
to power the TC820, when used with a voltage doubler, as
shown in Figure 13. The voltage doubler uses the TC7660
and two external capacitors. With this configuration mea-
surements can be referenced either to Analog Common or
to battery ground.

Digital Ground (DGND)

Digital ground is generated from aninternal zener diode
(Figure 14). The voltage between Vs* and DGND is the
internal supply voltage for the digital section of the TC820.
DGND will sink a minimum of 3 mA.

DGND establishes the low logic level reference for the
TC820 mode select inputs, and for the frequency and logic
probe inputs. The DGND pin can be used as the negative
supply for external logic gates, such as the logic probe
buffers. To ensure correct counter operation at high fre-
quency, connect a 1 uF capacitor from DGND to Vs*.

DGND also provides the drive voltage forthe LCD. The
TC820 40-pin package internally connects the LCD Vpsp
pin to DGND, and provides an LCD drive voltage of about
5 Vp.p. In the 44-pin package, connecting the Vpisp pin to
DGND will provide a 5V LCD drive voltage.

Digital Input Logic Levels

Logic levels for the TC820 digital inputs are referenced
to Vs* and DGND. The high-level threshold is Vs* —1.5V
and the low logic level is DGND +1.5V. In most cases,

=
V8 Vierf> -
1 - TC04
— 35Vto6V VREF
- —<= COM
TC820 vk +
TC821
ViN
. Vin _
8 Vg
2
|+ == |5
10 uF s
1 Tcreco
T
— T

Figure 12. Powering the TC820/821 From a Single 9V Battery
E'v-;' TELCOM SEMICONDUCTOR, INC.

Figure 13. Powering the TC820/821 From a Low-Voltage Battery
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Figure 14. DGND and COM Outputs

digital inputs will be connected directly to Vg* with a
mechanical switch. CMOS gates can also be used to
control the logic inputs, as shown in the logic probe inputs
section.

Clock Oscillator

The TC820 oscillator can be controlled with either a
crystal or with an inexpensive resistor-capacitor combina-
tion. The crystal circuit, shownin Figure 15, is recommended
when high accuracy is required in the frequency counter
mode. The 40 kHz crystal is a standard frequency for
ultrasonic alarms, and will provide a 1-second time base for
the counter or 2.5 analog-to-digital conversions per second.
Consult the crystal manufacturer for detailed applications
information.

Where low cost is important, the R-C circuit of Figure 16
can be used. The frequency of this circuit will be approxi-
mately:

fosc = 03
RC

22 MQ
Figure 15. Suggested Crystal Oscillator Circuit
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Figure 16. R-C Oscillator Circuit

Typical values are R=10 kQ and C =68 pF. The
resistor value should be =100 kQ. For accurate frequency
measurement, an R-C oscillator frequency of 40 kHz is
required.

System Timing

Allsystemtimingis derived fromthe clock oscillator. The
clock oscillator is divided by 2 (4 for TC821) prior to clocking
the A/D counters. The clock is also divided by 8 to drive the
buzzer, by 240 to generate the LCD backplane frequency,
and by 40,000 for the frequency counter time base. A
simplified diagram of the system clock is shown in Figure 17.

Component Value Selection

Auto Zero Capacitor — Caz

The value of the auto-zero capacitor (Caz) has some
influence on system noise. A 0.47 uF capacitor is recom-
mended; a low dielectric absorption capacitor (Mylar) is
required.

Reference Voltage Capacitor — Crgr

The reference voltage capacitor used to ramp the inte-
grator output voltage back to zero during the reference
integrate cycle is stored on Cger. A 0.1 uF capacitor is
typical. A good quality, low leakage capacitor (such as
Mylar) should be used.

Integrating Capacitor — Cint

CinT should be selected to maximize integrator output
voltage swing without causing output saturation. Analog
common will normally supply the differential voltage
reference. For this case, a £2V integrator output swing is
optimum when the analog input is near full scale. For 2.5
readings/second (fosc = 40 kHz) and Vgs = 400 mV, a
0.22 uF value is suggested. If a different oscillator frequency
is used, Cyt must be changed in inverse proportion to
maintain the nominal +2V integrator swing. An exact

& TELCOM SEMICONDUCTOR, INC.
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Figure 17. System Clock Generation
expression for CiNt is:

4000 Vs
Vint Rint fosc

Cint =

where: fosc = Clock frequency
Vks = Full-scale input voltage
RinT = Integrating resistor
Vint = Desired full-scale integrator output swing

Cint must have low dielectric absorption to minimize
roll-over error. A polypropylene capacitor is recommended.

Integrating Resistor — RNt

The input buffer amplifier and integrator are designed
with class A output stages. The integrator and buffer can
supply 40 pA drive currents with negligible linearity errors.
RinT is chosen to remain in the output stage linear drive
region but not so large that printed circuit board leakage
currents induce errors. For a 400 mV full scale, Ryt should
be about 100 kQ.

=~ TELCOM SEMICONDUCTOR, INC.

Reference Voltage Selection

A full-scale reading (4000 counts for TC820 and 2000
counts for TC821) requires the input signal be twice the
reference voltage.

Table lll. Reference Voltage Selection

Full-Scale TC820 TC821
Input Voltage
(Vrs) (Note 1)  Vger Resolution Vggr  Resolution
200 mV Note 2 100 mV 100 pv
400 mV 200 mV 100 pv 200 mvV 200 pv
1V 500 mV 250 pv 500 mV 500 pv
2V Vv 500 pVv Vv 1mv
(Notes 3, 4)
NOTES: 1. TC820/821 in A/D converter mode, RANGE/FREQ = logic

low.

2. Not recommended.

3. VEs > 2V may exceed the input common mode range.
See "10:1 Range Change" section.

4. Full-scale voltage values are not limited to the values
shown. For example, TC820 Vs can be any value from
400 mV to 2V.

In some applications, a scale factor other than unity may
exist between a transducer output voltage and the required
digital reading. Assume, for example, that a pressure trans-
ducer output is 800 mV for 4000 Ib/in2. Rather than dividing
the input voltage by two, the reference voltage should be set
to 400 mV. This permits the transducer input to be used
directly.

The internal voltage reference potential available at
analog common will normally be used to supply the
converter's reference voltage. This potential is stable when-
ever the supply potential is greater than approximately 7V.
The low-battery detection circuit and analog common oper-
ate from the same internal reference. This ensures that the
low-battery annunciator will turn on at the time the internal
reference begins to lose regulation.

The TC820 can also operate with an external reference.
Figure 18 shows internal and external reference applica-
tions.

Ratiometric Resistance Measurements

The TC820 true differential input and differential refer-
ence make ratiometric readings possible. In ratiometric
operation, an unknown resistance is measured with respect
to a known standard resistance. No accurately defined
reference voltage is needed.

The unknown resistance is put in series with a known
standard and a current is passed through the pair (Fig-
ure 19). The voltage developed across the unknown is
applied to the input and voltages across the known resistor
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Figure 18. Reference Volitage Connections
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Figure 19. Low Parts Count Ratiometric Resistance Measurement

applied to the reference input. If the unknown equals the
standard, the input voltage will equal the reference
voltage and the display will read 2000 (1000 for TC821).
The displayed reading can be determined from the
following expression:

Runknown
RsTANDARD

Displayed reading = X 2000

The display will overrange for values of Ryunknown = 2
X RSTANDARD.

Buffering the FREQ Input

When the FREQ/VOLTS input is high and the LOGIC
input is low, the TC820 will count puises at the RANGE/
FREQ input. The time base will be fosc/40,000, or 1 second
with a 40 kHz clock. The signal to be measured should swing
from Vg* to DGND. The RANGE/FREQ input has CMOS
input levels without hysteresis. For best results, especially
with low-frequency sine-wave inputs, an external buffer with
hysteresis should be added. A typical circuit is shown in
Figure 20.
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Figure 20. Frequency Counter External Buffer

Logic Probe Inputs

The DP0/LO and DP1/HI inputs provide the logic probe
inputs when the LOGIC input is high. Driving either DPO/LO
or DP1/HI to a logic high will turn on the appropriate LCD
annunciator. When DPO/LO is high, the buzzer will be on.

To provide a "single input” logic probe function, external
buffers should be used. A simple circuit is shown in Figure
21. This circuit will turn the appropriate annunicator on for
high and low level inputs.

If carefully controlled logic thresholds are required, a
window comparator can be used. Figure 22 shows a typical
circuit. This circuit will turn on the high or low annunciators
when the logic thresholds are exceeded, but the resistors
connected from DPO/LO and DP1/HI to DGND will turn both
annunciators off when the logic probe is unconnected.

The TC820 logic inputs are not latched internally, so
pulses of short duration will usually be difficult orimpossible

A4 4
+oV TC820
. TC821
Vs
LOGIC
LOGIC
PROBE DP1/HI
INPUT
DPO/LO
DGND
*74HC14

Figure 21. Simple External Logic Probe Buffer
?—?—s TELCOM SEMICONDUCTOR, INC.
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Figure 22. Window Comparator Logic Probe

to see. To display short pulses properly, the input pulse
should be "stretched." The circuit of Figure 22 shows capaci-
tors added across the input pull-down resistors to stretch the
input pulse and permit viewing short-duration input pulses.

External Peak Detection

The TC820 will hold the highest A/D conversion or
frequency reading indefinitely when the PK HOLD input is
connected to Vs*. However, the analog peak input must be
present during the A/D converter's signal integrate period.
For slowly changing signals, such as temperature, the peak
reading will be properly converted and held.

If rapidly changing analog signals must be held, an
external peak detector should be added. An inexpensive
circuit can be made from an op-amp and a few discrete
components, as shown in Figure 23. The droop rate of the
external peak detector should be adjusted so that the held
voltage will not decay below the desired accuracy level
during the converter's 400 ms conversion time.

Liquid Crystal Display (LCD)

The TC820 drives a triplex (multiplexed 3:1) LCD with
three backplanes. The LCD can include decimal points,
polarity sign, and annunciators for overrange, peak hold,
highandlow logiclevels, andlow battery. Table IV shows the
assignment of the display segments to the backplanes and
segment drive lines. The backplane drive frequency is
obtained by dividing the oscillator frequency by 240.

Backplane waveforms are shown in Figure 24. These
appear on outputs BP1, BP2, and BP3. They remain the
same regardless of the segments being driven.

<~ TELCOM SEMICONDUCTOR, INC.
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Figure 23. External Peak Detector

Other display output lines have waveforms that vary
depending on the displays values. Figure 25 shows a set of
waveforms for the a, g, d outputs of one digit for several
combinations of "on" segments.

Table IV. LCD Backplane and Segment Assign-

ments
44-Pin LCD
40-Pin DIP  Flat Pkg Display

Pin No. Pin No. Pin No. BP1 BP2 BP3
1 40 3 Low "—*" E4
2 41 4 A4 G4 D4
3 42 5 B4 C4 DP3
4 43 6 HIGH F3 E3
5 44 7 A3 G3 D3
6 1 8 B3 C3 DP2
7 2 9 OVER F2 E2
8 3 10 A2 G2 D2
9 4 11 B2 c2 DP1
10 5 12 PEAK F1 E1
11 6 13 Al G1 D1
12 7 14 B1 C1 BATT
13 8 2,16* —_ — BP3
14 9 1 — BP2 —_
15 10 15 BP1 — —

*Connect both pins 2 and 16 of LCD to TC820 BP3 output.
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Figure 25. Typical Display Output Waveforms
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Figure 26. Typical TC820/821 LCD
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LCD Source

Although most users will design their own custom LCD,
a standard display for the TC820 (Figure 26), Part No. ST-
1355-M1, is available from:

Crystaloid (USA) Crystaloid (Europe)
Crystaloid Electronics Rep France

P.O. Box 628 102, rue des Nouvelles
5282 Hudson Dr. F92150 Suresnes
Hudson, OH 44238 France

Phone: (216) 655-2429 Phone: 33-1-42 04 29 25
Fax: (216) 655-2176 Fax: 33-1-45 06 46 99

This display can also be used with the TC821.

Annunciator Output

The annunciator output is a square wave running
at the backplane frequency (for example, 167 Hz when
fosc = 40 kHz). The peak-to-peak amplitude is equal to
(Vs* — Vpisp). Connecting an annunciator of the LCD to the
annunciator output turns it on; connecting it to its backplane
turns it off.

LCD Drive Voltage (Vpisp)

The peak-to-peak LCD drive voltage is equal to (Vs* —
Vpisp). In the 40-pin dual-in-line package (DIP), Vpisp is
internally connected to DGND, providing a typical LCD drive
voltage of 5 Vp_p.

For applications with a wide temperature range, some
LCDs require that the drive levels vary with temperature to
maintain good viewing angle and display contrast. In this
case, the TC820 44-pin package provides a pin connection
for Vpisp. Figure 27 shows TC820 circuits that can be
adjusted to give a temperature compensation of about
10 mV/°C between Vs* and Vp,sp. The diode between GND
and Vpysp should have a low turn-on voltage because Vpisp
cannot exceed 0.3V below GND.

Crystal Source
Two sources of the 40 kHz crystal are:

Statek Corp SPK Electronics

512 N. Main St 2F-1, No. 312, Sec 4,
Orange, CA 92668 Jen Ai Rd

Phone: (714) 639-7810 Taipei, Taiwan R.O.C.
Fax: (714) 997-1256 Phone: (02) 754-2677
Part #: CX-1V-40.0 Fax: 886-2-708-4124

Part#: QRT-38-40.0 kHz

= TELCOM SEMICONDUCTOR, INC.
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Figure 27. Temperature-Compensating Circuits
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TC822

3-3/4 DIGIT LCD ANALOG TO DIGITAL CONVERTER

FEATURES

3-3/4 Digit (3999 maximum) Resolution
3V Battery Operation

— On-Chip DC-to-DC Converter

Low Power Operation

— Supply Current 400 pA Typical
Differential Signal Inputs

Differential Reference Inputs

LCD with Triplexed drive

— 3 Decimal Points

— LCD Annunciator Driver Output

— Low-battery and Hold Annunciators

M Op-amp for AC-to-DC Converter

B Display HOLD with LCD Annunciator

B Low-battery Detect with LCD Annunciator

B On-chip Band-gap Reference

B Crystal Oscillator

ORDERING INFORMATION

Part No. 44-Pin 44-Pin  40-Pin Temperature
PFP PLCC PDIP Range

TC822CKW X 0°C to +70°C

TC822CLW X 0°C to +70°C

TC822CPL X 0°Cto +70°C

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The TC822 is a 3-3/4 digit LCD analog-to-digital con-
verter which operates from a single 3V battery. All active
components necessary to construct a 0.025% resolution
measurement system are included on the TC822. Only
external resistors and capacitors, an LCD and a 3V battery
are required.

The TC822 includes features which must be added
externally with ADCs such as the 7106. LCD decimal point
drivers, low-battery detection, and data hold function with
LCD annunciator are all on chip. No external exclusive-OR
gates are required. An operational amplifier, which can be
used for an AC-to-DC converter or resistance measurement
current source, is also included.

Differential signal inputs with 1 pA leakage simplify
systemdesign. Differential reference inputs permit ratiometric
measurements, while retaining the data HOLD function.
Either the internal 1.3V band-gap reference or an external
reference can be used.

The TC822 LCD drive includes 3-3/4 digits, decimal
points, and HOLD and low-battery annunciators. The triplexed
LCD requires only 14 interconnects, which increases reli-
ability and simplifies mechanical design.
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3-3/4 DIGIT LCD
ANALOG TO DIGITAL CONVERTER

NOTES: 1. Input voltages may exceed the supply voltages provided
that input current is limited to 100 pA. Current above this
value may result in invalid display readings but will not
destroy the device if limited to £1 mA.

2. Dissipation ratings assume device is mounted with all
leads soldered to printed circuit board.
3. Stresses above those listed under Absolute Maximum

TC822
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (Vs* 10 GND) ...cccoeviiieiieieeiieeee +4.7V
Analog Input Voltage (either input) ................... Vst to Vg~
(Note 1)
Reference Input Voltage (either input).............. Vg*to Vg~
Op Amp Input Voltage (either input) .........ccccce Vg*to Vg
Digital INPUtS ......ccoevvririiiiiicreeeee Vs* to GND
Power Dissipation, Plastic Package .................... 800 mW
Operating Temperature Range
C DEVICES ..vveeeeeeieeeeeeree e s 0°C to +70°C
E DeViCeS .....oeviiveririr et - 40°C to +85°C
Storage Temperature Range.................. - 65°C to +150°C
Lead Soldering Temperature (10 SeC) .................. +300°C

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 Rating
Conditions for extended petiods may affect device
reliability.

4. Static-sensitive device. Unused devices must be stored in
conductive material. Protect devices from static discharge
and static fields.

ELECTRICAL CHARACTERISTICS: V5= 3.0 V, Ta= 25° C, Figure 1 Test Circuit

Symbol Parameter Test Conditions ‘ Min [ Typ ’ Max T Units
Input
Zero Input Vin= 0.0V — 0000 0000 +0000 Digital
Reading Full-Scale = 400 mV Reading
RE Roll-Over Vin=£390 mV -1 0.2 +1 Counts
Error Full-Scale = 400 mV
NL Non-Linearity Full-Scale = 400 mV -1 +0.2 +1 Count
(Max Deviation from
Best Straight Line Fit)
Ratiometric VINn = VREF 1999 1999/ 2000 Digital
Reading 2000 Reading
En Noise Vin= 0.0V — 15 — uv
(p-p value not Full-Scale = 400 mV
exceeded 95% of time)
Iin Input Leakage Current ViN=0.0V
Ta=25°C —_ — 10 pA
0°C £ TA<+70°C — 20 100
—-40°C < TaA<+85°C —_ 100 250
CMRR Common-Mode Vem=10.2V, Vin=0.0V — 50 — unv
Rejection Ratio Full-Scale= 400 mV
VcMR Common-Mode Input High, Input Low GND -0.5 — GND +0.5| V
Voltage Range Vin = 0.0V, Full-Scale = 400 mV
TCzs Zero Reading Drift ViN= 0.0V
0°C < TA<+70°C — 0.2 — uv/eC
—40°C < Ta<+85°C — 1 —
Ext. Ref. 0 ppm/°C
TCrs Scale Factor VinN= 399 mV
Temperature 0°C < Tp<+70°C — +1 5 ppm/°C
Coefficient —-40°C < Ta< +85°C — +5 125
Ext. Ref. 0 ppm/°C
Input Voltage Range ViNT, VIN™ GND -0.5 — GND +0.5| V
Normal Mode +
Common-Mode Voltage
2-66 ‘; TELCOM SEMICONDUCTOR, INC.
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ELECTRICAL CHARACTERISTICS (Cont.): Vs= 3.0V, Ta = 25° C, Figure 1 Test Circuit
Symbol Parameter Test Conditions ‘ Min ’ Typ | Max ] Units
Reference
VRer Reference IL=25pA
Voltage (VRer - GND) 1.25 1.3 1.45 \%
TCVRer Reference Voltage 0°C < Tp <+70°C — 50 — ppm/°C
Temperature
Coefficient
Op-Amp
Vioa Op-Amp Input Vg=3V — +10 — mV
Offset Voltage
Op-Amp Input — +2 —_ \Y%
Voltage Range
Op-Amp Unity — 0.6 — MHz
Gain Frequency
Op-Amp Output R = 100 kQ to GND — +2.5 — \Y
Voltage Swing
Op-Amp Slew Rate RL = 100 kQ to GND, CL =50 pF — 1 — Vius
Digital
ViL Input Low Voltage DP1, DP2, HOLD — — GND +0.5| V
ViH Input High Voltage DP1, DP2, HOLD Vst -0.5 — — \'
Control Pin ViN= Vst — 3 — LA
Pulldown Current
LCD Drive Voltage 2V < Vgt <4V 3.1 3.2 3.3 V p-p
Power Supply
Is Supply Current Vin= 0.0V — 400 600 LA
Vgt=3.0V
Supply Operating Vg*to GND 2 — 4 \
Voltage Range
Low-Battery Vs* to GND 2.15 2.25 2.45 \%
Flag Voltage
¥ TELCOM SEMICONDUCTOR, INC. 267
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PIN CONFIGURATIONS
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PRELIMINARY PIN DESCRIPTION AND FUNCTION,
TC822 3-3/4 DIGIT A-D CONVERTER, 3V OPERATION

Pin No.
(40-Pin Symbol Description
Package)

1 Vg* Positive battery supply connection. Typically 3V.

2 0OSC1 Oscillator connection.

3 0sc2 Oscillator connection.

4 BUFOSC Buffered oscillator output.

5 BCDO LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of least significant digit (LSD).

6 AGEO LCD segment drive for ‘a’, ‘g’, and ‘e’ segments of LSD.

7 BATFODP1 LCD segment drive for LOW-BATTERY, ‘' segment of LSD, and decimal point 1.

8 BCD1 LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of 2nd LSD.

9 AGE1 LCD segment drive for ‘a’, ‘g’, and ‘e’ segments of 2nd LSD.

10 HOLDF1DP2 LCD segment drive for ‘data hold’, ‘' segment of 2nd LSD, and decimal point 2.

11 BCD2 LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of 3rd LSD.

12 AGE2 LCD segment drive for ‘a’, ‘g’, and ‘e’ segments of 3rd LSD.

13 -F2DP3 LCD segment drive for ‘polarity’, ‘f' segment of 3rd LSD, and decimal point 3.

14 BCD3 LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of most significant digit (MSD).

15 AGE3 LCD segment drive for ‘@’, ‘g’, and ‘e’ segments of MSD.

16 BP3 LCD backplane #3.

17 BP2 LCD backplane #2.

18 BP1 LCD backplane #1.

19 ANNUNC Square wave output at the backplane frequency, synchronized to BP1. ANNUNC can be used
to control display annunciators. Connecting an LCD segment to ANNUNC turns it on; connect-
ing it to its backplane turns it off.

20 DP1 Decimal Point select input.

21 DP2 Decimal Point select input.

22 HOLD Hold input. Connecting this pin to Vg* will ‘freeze’ the LCD.

23 CiNT Integrator output. Connect to integration capacitor.

24 BUF Buffer output. Connect to integration resistor.

25 Caz Autozero capacitor connection.

26 VRer* High differential reference input connection.

27 Cprert Positive connection for reference capacitor.

28 CRrer™ Negative connection for reference capacitor.

29 VREF™ Low differential reference input connection.

30 Vin* High analog input signal connection.

31 VIN™ Low analog input signal connection.

32 COM Analog circuit ground reference point.

33 REFOUT Output of 1.3V voltage reference.

34 OAout Output of uncommitted operational ampilifier.

35 OA- Inverting input of uncommitted operational ampilifier.

36 OA+ Noninverting input of uncommitted operational amplifier.

37 Vg~ Output of DC-to-DC converter. Connect a 1 puF capacitor from this pin to power ground.

38 C- Capacitor connection for DC-to-DC converter.

39 GND Power ground.

40 C+ Capacitor connection for DC-to-DC converter.
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Figure 1  Test Circuit

FEATURES

The TC822 is a high-resolution analog-to-digital con-
verter which include all of the active components required to
build a typical digital multimeter or other measurement
instrument. The on-chip op-amp can be configured as a
sensor amplifier, AC-to-DC converter, or resistance mea-
surement current source. The LCD includes decimal points,
low-battery detection, and data hold annunciators. A DC-to-
DC converter permits operation from a single 3V battery.
With on-chip voltage reference and LCD drive circuitry, the
TC822 simplifies the design of multi-mode measurement
instruments.
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GENERAL THEORY OF OPERATION
Dual-Slope Conversion Principles

The TC822 ADC operates on the principle of dual-slope
integration. An understanding of the dual-slope conversion
technique will aid the user in following the detailed TC822
theory of operation following this section. A conventional
dual-slope converter measurement cycle has two distinct
phases:

1) Input Signal Integration

2) Reference Voltage Integration (Deintegration)

Referring to Figure 2, the unknown input signal to be
converted is integrated from zero for a fixed time period
(tivt), measured by counting clock pulses. A constant refer-
ence voltage of the opposite polarity is then integrated until
the integrator output voltage returns to zero. The reference
integration (deintegration) time (tpginT) is then directly pro-
portional to the unknown input voltage (Vin).

< TELCOM SEMICONDUCTOR, INC.
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Figure 2 Basic Dual-Slope Converter

In a simple dual-slope converter, acomplete conversion
requires the integrator output to ‘ramp-up’ from zero and
‘ramp-down’ back to zero. A simple mathematical equation
relates the input signal, reference voltage and integration
time:

t
1 J; " Vin (t)dt = VREFtDEINT
Rint Cint Rt CInT

where: Vrer = Reference Voltage
tinT = Integration Time

toeint = Deintegration Time
For a constant TinT:

toeT
tinT

Accuracy in a dual-slope converter is unrelated to the
integrating resistor and capacitor values, as long as they are
stable during a measurement cycle. An inherent benefit of
the dual-slope technique is noise immunity. Noise spikes
are integrated, or averaged, to zero during the integration
periods, making integrating ADCs immune to the large
conversion errors that plague successive approximation
converters in high-noise environments. Interfering signals,
with frequency components at multiples of the averaging
(integrating) period, will be attenuated (see Figure 3). Inte-
grating ADCs commonly operate with the signal integration
period set to a multiple of the 50/60 Hz power line period.

Vin=VRer®

5; TELCOM SEMICONDUCTOR, INC.
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Figure 3 Normal-Mode Rejection of Dual-Slope Converter

TC822 ADC THEORY OF OPERATION
Analog Section

In addition to the basic integrate and deintegrate dual-
slope phases discussed above, the TC822 design incorpo-
rates a ‘Zero Integrator Output’ phase and an ‘Auto Zero’
phase. These additional phases ensure that the integrator
starts at zero volts (even after a severe over-range conver-
sion) and that all offset voltage errors (buffer amplifier,
integrator and comparator) are removed from the conver-
sion. A true digital zero reading is assured without any
external adjustments.

A complete conversion consists of four distinct phases:

1) Zero Integrator Output Phase
2) Auto Zero Phase

3) Signal Integrate Phase

4) Reference Deintegrate Phase

Zero Integrator Output Phase

This phase guarantees that the integrator output is at
zero volts after an overrange input occurs. Thus, the next
reading after an overranged reading will be correct. The ZI
phase duration varies from 0 to 600 counts.

Auto Zero Phase

During the Auto Zero phase, the differential input signal
is disconnected from the measurement circuit by opening
internal analog switches and the internal nodes are shorted
to Analog Common (0 volt ref) to establish a zero input
condition. Additional analog switches close a feedback loop
around the integrator and comparator to permit comparator
offset voltage error compensation. A voltage established on
Caz then compensates for internal device offset voltages
during the measurement cycle. The Auto Zero phase re-
sidualis typically 10to 15 uV. The Auto Zero duration is 1600
counts, plus the ZI counts if an overrange did not occur, plus
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unused deintegration counts. Thus, the AZ phase can
occupy from 1600 to 6000 counts.

Signal Integration Phase
Upon completion of the Auto Zero phase, the Auto Zero
loop is opened and the internal differential inputs connect to
ViN* and VN~ The differential input signal is then integrated
for a fixed time period, which in the TC822 is 2000 counts
(4000 clock periods). The externally set clock frequency is
divided by two before clocking the internal counters. The
integration time period is:
tINT = iQQ_Q
fosc
Polarity is determined at the end of signal integration
phase. The sign bitis a ‘true polarity’ indication in that signals
less than 1 LSB are correctly determined. This allows
precision null detection which is limited only by device noise
and Auto Zero residual offsets.

Reference Integrate (Deintegrate) Phase

The reference capacitor, which was charged during the
Auto Zero phase, is connected to the input of the integrating
amplifier. The internal sign logic insures that the polarity of
the reference voltage is always connected in the phase
which is opposite to that of the input voltage. This causes the
integrator to ramp back to zero at a constant rate which is
determined by the reference potential.

The amount of time required (tpginT) for the integrating
amplifier to reach zero is directly proportional to the ampli-
tude of the voltage that was put on the integrating capacitor
(VinT) during the integration phase:

Rint* Cint* Vint
VRer

The digital reading displayed by the TC822 is:

ToeInT =

Vin~ Vin
Digital Count = 2000 * Y,
REF

ADC System Timing

The oscillator frequency is divided by 2 prior to clocking
the internal decade counters. The four phase measurement
cycle takes a total of 8000 counts or 16000 clock pulses. The
8000 count phase is independent of input signal magnitude
or polarity.

Each phase of the measurement cycle has the following
length:
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Conversion Phase TC822

1) Auto Zero 1600 to 5999 Counts
2) Signal Integrate* 2000 Counts
3) Reference Integrate 1 to 4000 Counts
4) Integrator Output Zero 0 to 400 Counts

" This time period is fixed. The integration period for the
TC822 is:

4000

INT = f = 2000 Counts

osc
where fosc is the clock oscillator frequency.

ANALOG PIN FUNCTIONAL DESCRIPTION
Differential Signal Inputs (ViN*, VINT)

The TC822 is designed with true differential inputs and
accepts input signals within the input stage common mode
voltage range (Vcm). The maximum input voltage range,
which includes normal-mode + common-mode signals, is
+0.5V.

Common-mode voltages are removed from the system
when Vi\~ is connected to Analog Common. The TC822’s
on-chip DC-to-DC converter eliminates mostcommon-mode
difficulties and permits measurements where measurement
and power grounds cannot be isolated. (see Figure 4)

-3555
V+
TC822 g
& J_— MEASURED Vi cilo
av T SYSTEM Vin o Ly
b common Vs 4
GND GND -—_l_

Figure 4 DC-to-DC Converter Permits
Ground Referenced Measurements

Common-mode voltages with respect to power GND do,
however, affect the integrator output level. The user must be
particularly careful that the integrator does not saturate
when at minimum battery voltage. A worse case condition
exists if a large positive Vcm exists in conjunction with a full-
scale negative differential signal. The negative signal drives
the integrator output positive along with Vgum (Figure 5). For
such applications the integrator output swing can be re-
duced below the recommended 1.5V full-scale swing. The
integrator output will swing within 0.3V of Vs* or Vs~ without
increased linearity error.
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TC822

Cy
INPUT ——
BUFFER
Ry
—oO V)
VIN
| INTEGRATOR
o
Vem Vi= — (ch - VIN)
I RiCy
/% where:
V| = INTEGRATION TIME = 4000
fosc
C; = INTEGRATING CAPACITOR
R = INTEGRATING RESISTOR

Figure 5 Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # Vin)

Reference Inputs (Vrer*, VRer")

The TC822 reference, like the analog signal input, has
true differential inputs. In addition, the reference voltage can
be generated anywhere within the power supply voltage of
the converter. The differential reference inputs permit
ratiometric measurements and simplify interfacing with sen-
sors such as load cells and temperature sensors.

Reference Output (REFOUT)

This pin is the buffered output of the internal CMOS
band-gap reference. The output voltage is typically 1.3V
above power GND, with a load current of 25 uA. The
temperature coefficient of REFOUT is typically 50 ppm/°C.

Analog Common

The TC822 connects the internal Viy* and Viy~ inputs to
Analog Common during the Auto Zero cycle. During the
reference integrate phase Vv~ is connected to Analog
Common. If V|y~ is not externally connected to Analog
Common, a common-mode voltage exists. This is rejected
by the converter's 86 dB common-mode rejection ratio. In
battery powered applications, Analog Common and VN~ are
usually connected, removing common-mode voltage con-
cerns. In systems where V|y~ is connected to the power
supply ground or to a given voltage, Analog Common should
be connected to VN~

The Analog Common pin serves to set the analog
section reference or common point. The TC822 is specifi-
cally designed to operate from a battery or in any measure-

< TELCOM SEMICONDUCTOR, INC.

ment system where input signals are referenced to the
TC822 power source, so Analog Common is normally con-
nected to power GND.

DIGITAL PIN FUNCTIONAL DESCRIPTION
DP1, DP2

These inputs control the LCD decimal points. The deci-
mal point truth table is shown in Table 1. These inputs have
internal 3 puA pulldowns to DGND.

Table 1 TC822 Decimal Point Truth Table

Decimal Point  Inputs
DP2 DP1 LCD
0 0 3999
0 1 399.9
1 0 39.99
1 1 3.999
Hold

HOLD can be used to hold.or ‘freeze’ the display.
Connecting this pin to Vs* inhibits the display update pro-
cess. Conversions will continue, but the display will not
change.

APPLICATIONS INFORMATION
Power Supplies

The TC822is designed to operate from a 3V battery, but
will operate over a range of 2.0 to 4.0V. An on-chip DC-to-
DC converter converts the +3V supply to -3V, which permits
bipolar input voltages to be converted. Measurements are
referenced to battery ground, so that the TC822 is ideal for
applications such as measuring battery voltage, battery
charging current, etc.

Op-Amp Power Supply Current

The Op-Amp of the TC822 has a low-distortion class A
output, which is biased at 100 pA. To reduce supply current
when the op-amp is not being used, connect the non-
inverting input to Vg™, as shown in Figures 6 and 11. When
the op-amp is used, supply current will increase by about
200 pA.
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TC822
Vs XTAL OSCILLATOR
__________________ 4 COMPONENTS
OAOUT %E:

Vs

Figure 6 Simplified Op-Amp Output Schematic
Clock Oscillator

The crystal oscillator circuit is shown in Figure 7. An
inexpensive 32.768 kHz watch crystal gives about 27 dB
noise rejection at 60 Hz, while a 40 kHz crystal (used in
ultrasonic alarms) will almost totally reject 50 and 60 Hz
noise.

15M

32.768 kHz
40 kHz

|

Y vall

Figure 7  Crystal Oscillator Circuit

System Clock

Allsystemtimingis derived fromthe clock oscillator. The
clock oscillator is divided by two prior to clocking the A/D
counters. The clock is also divided by 4 to drive the DC-to-
DC converter, and by 768 to generate the LCD backplane
frequency. A simplified diagram of the system clock is shown
in Figure 8.

COMPONENT VALUE SELECTION
Auto Zero Capacitor - Caz

The size of the Auto Zero capacitor (Caz) has some
effect on system noise. A 0.22 uF capacitor is recom-
mended. A capacitor with low dielectric absorption (polyes-
ter) is required.

Reference Voltage Capacitor - Crer

The reference voltage used to ramp the integrator
output voltage back to zero during the reference integrate
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Figure 8 System Clock Generation

cycleis stored on Crer. A 0.22 uF capacitoris typical. Agood
quality, low leakage capacitor, such as polyester, should be
used.

Integrating Capacitor - Cint

CinT should be selected to maximize integrator output
voltage swing without causing output saturation. Analog
common will normally supply the differential voltage refer-
ence. For this case a £1.5 V integrator output swing is
optimum when the analog input is near full-scale. For 2.5
readings / second (fosc = 40 kHz) and Vgs = 400 mV, a
0.27 pF value is suggested. For a 32.768 kHz crystal, use
0.22 uF. If a different oscillator frequency is used, Cyt must
be changed in inverse proportion to maintain the nominal
1.5V integrator swing. An exact expression for Cint is:

4000 Vgs
VinT ® Rint ® fosc
fosc = Clock frequency
Ves = Full-scale input voltage
RinT = Integrating resistor
Vint = Desired full-scale integrator

output swing

CinT must have low dielectric absorption to minimize
roll-over error. A polypropylene capacitor is recommended.

Cint =

where:

Integrating Resistor - RNt

The input buffer amplifier and integrator are designed
with class A output stages. The integrator and buffer can
supply 5 pA drive currents with negligible linearity errors.
RinT is chosen to remain in the output stage linear drive
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region but not so large that printed circuit board leakage
currents induce errors. For a 400 mV full-scale, Ryt should
be about 100 kQ.

Reference Voltage Selection

A full scale reading (4000 counts for TC822) requires
that the input signal be twice the reference voltage. For
example, a 400 mV full scale TC822 requires a reference
voltage of 200 mV.

In some applications a scale factor other than unity may
exist between a transducer output voltage and the required
digital reading. Assume, for example, that a pressure trans-
ducer output is 500 mV for 4000 Ib/in2. Rather than dividing
the input voltage by 1.25, the reference voltage should be
set to 250 mV. This permits the transducer input to be used
directly. For best results, full scale voltage should be limited
to 500 mV.

The TC822 can also operate with an external reference.
Figure 9 shows internal and external reference applications.

Ratiometric Resistance Measurements

The TC822 true differential input and differential refer-
ence make ratiometric readings possible. In ratiometric
operation, an unknown resistance is measured with respect
to a known standard resistance. No accurately defined
reference voltage is needed.

The unknown resistance is put in series with a known
standard and a current is passed through the pair (Figure
10). The voltage developed across the unknown is applied
to the input and the voltage across the known resistor
applied to the reference input. If the unknown equals the
standard, the input voltage will equal the reference voltage
and the display will read 2000. The displayed reading can be
determined from the following expression:

Displayed Reading = JUNKNOWN « 2000
RsTtanDARD
The display will overrange for Runknown =2 X RsTaNDARD

RSTANDARD
LCD DISPLAY

-3.5585

TC822

Runknown

Vi
ANALOG
COMMON

Figure 10 Low Parts Count Ratiometric Resistance Measurement
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Internal and External Reference Applications
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AC-to-DC Converter Table 2 LCD Pin Assignment, TC822
The on-chip Op amp of the TC822 canbe combinedwith ~ Pin com1 com2 coms
external components to convert an AC voltage into a DC 1 coMm1 — —
voltage. Figure 11 shows a typical circuit. > — COM2 —
3 — — COMS3
LCD 4 BO co DO
The TC822 drives a triplex (multiplexed 3:1) liquid 5 A0 GO EO
crystal display with three backplanes. The LCD includes 6 BATTERY FO P1
decimal points, polarity sign, and annunciators for data hold 7 B1 c1 D1
and low-battery. Table 2 shows the assignment of the 8 Al a1 E1
display segments to the backplanes and segment drive 9 HOLD 1 P2
lines. The backplane drive frequency is obtained by dividing
. 10 B2 c2 D2
the oscillator frequency by 768.
11 A2 G2 E2
12 Y F2 P3
13 B3 C3 D3
14 A3 G3 E3
15 — — —
16 — — —
17 — — —
18 _ — —
=~
36
11 34 +
LA _
% D1 D2 4.7 yF
R24 % Cc3 J— R23 o) L’ R22 é R21
10k 1uF |4+ 10k 1uF 470k 22M
s et B s
c2
2&6 0.22 yF v
Tes22
R27
FULL SCALE
ADJUST —}
% 1uF
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30
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Figure 11 Low Cost AC-to-DC Converter
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Backplanes waveforms are shown in Figure 12. These
appear on outputs BP1, BP2, and BP3. They remain the
same regardless of the segments being driven.

gp1 —— ] —]
d — —t

I_I —J — I_I —  —
aps = — e
T

Figure 12 Backplane Waveforms

Other display output lines have waveforms that vary
depending on the displays vaiues. Figure 13 shows a set of
waveforms for the AGE outputs of one digit for several
combinations of ‘on’ segments.

T pr————————— e — — — VH
LINE ] T
ALL OFF Vo

Figure 13 Typical Display Output Waveforms
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LCD Source

Although most users will design their own custom LCD,
a standard display for the TC822 is available. Figure 14
shows a display, part No. VIM428-DP, available from

Varitronix.
Varitronix (USA)
VL Electronics
3171 Los Feliz Blvd
Suite 303

Los Angeles, CA 90039

Tel: (312) 661-8883
FAX: (213) 663-3711

Varitronix

9/F Liven House
61-63 King Yip Street
Kwun Tjong

Hong Kong

Tel: 3-410286

FAX: 3-439555

Part No.:jg ViIM428-DP

Loannnonuuonn

| HIGH I | OVERJ [ PEAﬂ

A0 00),

= ...

%UUUUUUUUUUHUU

Figure 14 Typical TC822 LCD

Annunciator Output

The annunciator output is a square wave running at the
backplane frequency (for example, 52 Hz when
fosc = 40 kHZ). The peak-to-peak amplitude is the same as
the backplane and segment driver outputs. Connecting an
annunciator of the LCD to the annunciator output turns it on;
connecting it to its backplane turns it off.

LCD Drive Voltage

The peak-to-peak LCD drive voltage is typically 3.2 Vpp.
This voltage will remain stable until the battery voltage falls
below the point where the low-battery flag turns on
(about 2.1V).
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TC826

A/D CONVERTER WITH BAR GRAPH DISPLAY OUTPUT

FEATURES

Bipolar A/D Conversion

2.5% Resolution

Direct LCD Display Drive

‘Thermometer’ Bar or Dot Display

40 Data Segments Plus Zero

Overrange Plus Polarity Indication

Precision On—Chip Reference................ 35 ppm/°C
Differential Analog Input

Low Input Leakage
Display Flashes on Overrange

Display Hold Mode

Auto-Zero Cycle Eliminates Zero Adjust
Potentiometer

9V Battery Operation

Low Power Consumption ......ccccccccuvecrmnrianes 1.1 mw
20 mV to 2.0 V Full-Scale Operation
Non—Multiplexed LCD Drive for Maximum Viewing
Angle

10 pA

PIN CONFIGURATION

52 |'§ ' 2 385 8838328 5
s BIE58s55355353553353
) ] o ) o] ] ] ] ]
N
v il o 6] ne
ANALOG
common [ 2] a7] sAR30
+N 5] [46] BAR29
- [ 45] BAR28
ReFiN [ | [44] BAR27
Cier ] [43] BaR26
Cher [7] 42 BAR2S
v§ & 41] BAR24
Vaur E Toszecey [40] BAR23
Caz [10] [39] BAR 22
it [11] 38] BAR21
vs [i2] 37] BAR20
0SCt | 13 36 [ BAR19
oscz [1a 35] BAR18
8P 15 [34] BAR 17
Baro [16] 33] BAR16
) V4
7] b ] [ro] o] f2] (2] [eo] o] fes] fee] ] ] o] foo] [o] [o2
$3553§55§3::2¢2¢6°¢
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GENERAL DESCRIPTION

In many applications a graphical display is preferred
over a digital display. Knowing a process or system oper-
ates, for example, within design limits is more valuable than
adirect system variable readout. A bar or moving dot display
supplies information precisely without requiring further inter-
pretation by the viewer.

The TC826 is a complete analog—to—digital converter
with direct liquid crystal (LCD) display drive. The 40 LCD
data segments plus zero driver give a 2.5% resolution bar
display. Full-scale differential input voltage range extends
from20mV to2V. The TC826 sensitivity is 500 uv. A low drift
35 ppm/°C internal reference, LCD backplane oscillator and
driver, input polarity LCD driver, and overrange LCD driver
make designs simple and low cost. The CMOS design
required only 125 pA from a 9V battery. In +5V systems a
TC7660 DC to DC converter can supply the -5V supply. The
differential analog input leakage is a low 10 pA.

Two display formats are possible. The BAR mode
display is like a ‘thermometer scale. The LCD segment
driver that equals the input plus all below it are on. The DOT
mode activates only the segment equal to the input. In either
mode the polarity signal is active for negative input signals.
An overrange input signal causes the display to flash and
activates the overrange annunciator. A hold mode can be
selected that freezes the display and prevents updating.

The dual slope integrating conversion method with
auto—zero phase maximizes noise immunity and eliminates
zero—scale adjustment potentiometers. Zero—scale driftisa
low 5 pV/°C. Conversion rate is typically 5 per second and
is adjustable by a single external resistor.

A compact, 0.5" square, flat package minimizes PC
board area. The high pin count LS| package makes multi-
plexed LCD displays unnecessary. Low cost, direct drive
LCD displays offer the widest viewing angle and are readily
available. A standard display is available now for TC826
prototyping work.

ORDERING INFORMATION

Part No. Package Temperature
TC826CBU 64—Pin Plastic 0°C to 70°C
Quad Flat Package
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ABSOLUTE MAXIMUM RATINGS*
Supply Voltage (V10 V7) v 15V
Analog Input Voltage (either input) ................... V+to V-
Package Power Dissipation

Flat Package .......cccceoevereeneneeecnceeeee 500 mW
Operating Temperature

‘C' DEVICES ....coveereereeesiieieriee et 0°C to +70°C
Storage Temperature ..........c.cccovereeennen. —65°C to +150°C
Lead Temperature (Soldering, 60 SeC) ................... 300°C

ELECTRICAL CHARACTERISTICS:

*Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields. 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 Rating Conditions for extended
periods may affect device reliability.

unless otherwise stated Vg = 9V; ROSC = 430 kQ; Ta = 25°C; Full-Scale = 20 mV.

No. Symbol Parameter Test Conditions Min Typ Max Unit
1 — Zero Input Vin = 0.0V -0 +0 +0 Display
2 — Zero Reading Drift Vin = 0.0V — 0.2 1 uv/ec
0°C < Ta<70°C
3 NL Linearity Error Max Deviation From -1 0.5 +1 Count
Best Straight Line
4 R/O Rollover Error -V|N=+VN -1 0 +1 Count
5 EN Noise ViN =0V — 60 — uVpe_p
6 ILK Input Leakage Current ViN =0V — 10 20 pA
7 CMRR Common-Mode VCM =+1V — 50 — uviNv
Rejection Ratio ViN =0V
8 — Scale Factor 0<Ta<70°C — 1 — ppm/°C
Temperature Coefficient ~ External Ref. Temperature
Coefficient = 0 ppm/°C
9 VCTC Analog Common 250 kQ Between —_ 35 100 ppm/°C
Temperature Coefficient Common and V*
0°C<Tp<70°C
10 Vcom Analog Common 250 kQ Between 2.7 2.9 3.35 \"
Voltage Common and Vg*
1 VSD LCD Segment 4 5 6 Vp_p
Drive Voltage
12 VBD LCD Backplane 4 5 6 Vp_p
Drive Voltage
13 Ibp Power Supply Current —_ 125 175 uA
NOTES: 1. Input voltages may exceed the supply voltages when
the input current is limited to 100 pA.
2. Static sensitive device. Unused devices should be
stored in conductive material to protect devices from
static discharge and static fields.
3. Backplane drive is in phase with segment drive for ‘off’
segment and 180°C out of phase for ‘on’ segment.
Frequency is 10 times conversion rate.
4. Logic input pins 58, 59, and 60 should be connected
through 1 MQ series resistors to Vs~ for logic 0.
2-80 ’V‘ TELCOM SEMICONDUCTOR, INC.
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TC826 PIN DESCRIPTION
Pin No.
(Plastic
Quad Flat
Package) Symbol Description

1 NC

2 Analog Establishes the internal analog ground point. Analog common is set to 2.9V below the positive supply

Common by an internal zener reference circuit. The voltage difference between VS+ and analog-common can be
used to supply the TC826 voltage reference input at REF IN (Pin 5).

3 +IN Positive analog signal input.

4 -IN Negative analog signal input.

5 REF IN Reference voltage positive input. Measured relative to analog-common. REF IN = Full-Scale/2.

6 CREF + Reference capacitor connection.

7 CREF - Reference capacitor connection.

8 VS+ Positive supply terminal.

9 VBUF Buffer output. Integration resistor connection.

10 CAZ Negative comparator input. Auto-zero capacitor connection.

11 VINT Integrator output. Integration capacitor connection.

12 VS- Negative supply terminal.

13 0OSC1 Oscillator resistor (ROSC) connection.

14 0sC2 Oscillator resistor (ROSC) connection.

15 BP LCD Backplane driver.

16 BAR 0O LCD Segment driver: Bar 0

17 NC

18 BAR 1 Bar 1

19 2 2

20 3 3

21 4 4

22 5 5

23 6 6

24 7 7

25 8 8

26 9 9

27 10 10

28 11 11

29 12 12

30 13 13

31 14 14

32 15 15

33 16 16

34 17 17

35 18 18

36 19 19

37 20 20

38 21 21

39 22 22

40 23 23

=?' TELCOM SEMICONDUCTOR, INC. 2-81
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TC826 PIN DESCRIPTION (Cont.)

Pin No.

(Plastic

Quad Flat

Package) Symbol Description

41 BAR 24 LCD Segment driver: Bar 24

42 25 25

43 26 26

44 27 27

45 28 28

46 29 29

47 30 30

48 NC

49 31 31

50 32 32

51 33 33

52 34 34

53 35 35

54 36 36

55 37 37

56 38 38

57 39 39

58 40 40

59 OR LCD segment driver that indicated input out—of-range condition.

60 POL- LCD segment driver that indicates input signal is negative.

61 BAR /DOT Input logic signal that selects bar or dot display format. Normally in bar mode. Connect to Vs~ through
1MQ resistor for Dot format.

62 HOLD Input logic signal that prevents display from changing. Pulled high internally to inactive state.
Connect to Vs~ through 1MQ series resistor for HOLD mode operation.

63 TEST Input logic signal. Sets TC826 to BAR display mode. Bar 0 to 40, plus OR flash on and off. The POL—
LCD driver is on. Pulled high internally to inactive state. Connect to Vg~ with 1 MQ series resistor to
activate.

64 NC

282 =5 TELCOM SEMICONDUCTOR, INC.
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TC826
CINT
o ]l
l [
RinT Caz
9 T1o 11
VBuF Caz VINT ctor e
—'\/\/\r—o’1 W il BAR/DOT REF - CreF
Crer L2 T 1.0uf
1MQ 13
62| — -— osct
0—/\/W—</0— HOLD ’?? Rosc
- TC826 “ 430 kQ
+AA—" 2] TEsT osc2
. ap |15
Vs or b2
. REF ANALOG BARO-
Vg IN  COMMON —IN +IN BAR40 POL-
8 5 2 4 [3 [y 60
"4
1 || [=]
T E BACKPLANE
9V Rq Ro i
o =
-IN +IN e
» 41 SEGMENT
- LCD BAR GRAPH
2 200 mV 20 mV
COMPONENT | ;) | “SCALE | FULL-SCALE [FULL-SCALE - OR
S| ow { e [ oo {000
CINT 0.033 pf 0.033 puf 0.033 pf
CREF 1 pf 1 uf 1 pf
Caz 0.068 yif 0.068 yf 0.014uf | Ry + Ry =250 kQ

Figure 1 Typical TC826 Circuit Connection
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DUAL SLOPE CONVERSION PRINCIPLES

The TC826 is a dual slope, integrating analog—to—digital
converter. The conventional dual slope converter measure-
ment cycle has two distinct phases:

* Input Signal Integration
* Reference Voltage Integration (Deintegration)

The input signal being converted is integrated for a fixed
time period (TSI). Time is measured by counting clock
pulses. An opposite polarity constant reference voltage is
then integrated until the integrator output voltage returns to
zero. The reference integration time is directly proportional
to the input signal (TRI). (Figure 2).

In a simple dual slope converter a complete conversion
requires the integrator output to ‘ramp-up’ and ‘ramp-
down’.

A simple mathematical equation relates the input signal
reference voltage and integration time:

R 'RI

1 Tsl Ve T
Fo | Vintas gt
0

The dual slope converter accuracy is unrelated to the
integrating resistor and capacitor values as long as they are
stable during a measurement cycle. An inherent benefit is
noise immunity. Noise spikes are integrated or averaged to
zero during the integration periods. Integrating ADCs are
immune to the large conversion errors that plague succes-
sive approximation converters in high noise environments.
Interfering signals with frequency components at multiples
of the averaging period will be attenuated. (Figure 3.)

The TC826 converter improves the conventional dual
slope conversion technique by incorporating an auto-zero
phase. This phase eliminates zero-scale offset errors and
drift. A potentiometer is not required to obtain a zero output
for zero input.

@
o

T = MEASUREMENT
PERIOD

N
o

vV
7’
’
%
4
&

4
4

NORMAL MODE REJECTION (dB)

Where: 10
VR = Reference Voltage /
Vg = Signal Integration Time (Fixed) v
Tri = Reference Voltage Integration Time (Variable) ° (/
Ta, 0.1/T 1T 10/T
Foraconstant Vin: Vin=VRT — INPUT FREQUENCY
N INT R TS, Figure 3 Normal-Mode Rejection of Dual Siope Converter
Ilc
Lh)
NTEGRATOR
ANALOG R INTEGRATO
INPUT O \
I /
+— ! +
v 4
1
1
REF L I swircH priver PHASE CONTROL onroL
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— cLock
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\
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&85 | |
w3 VN =14V
= I IN FULL-SCALE
Z ! \
I »l
~ T 1
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TIME

Figure 2 Basic Dual Slope Converter
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THEORY OF OPERATION
Analog Section

In addition to the basic signal integrate and deintegrate
cycles discussed above, the TC826 incorporates an auto-
zero cycle. This cycle removes buffer amplifier, integrator,
and comparator offset voltage error terms from the conver-
sion. A true digital zero reading results without external
adjusting potentiometers. A complete conversion consists
of three cycles: an auto-zero, signal integrate and reference
cycle. (Figures 4 and 5.)

Auto-Zero Cycle

During the auto-zero cycle the differential input signal is
disconnected from the circuit by opening internal analog
gates. The internal nodes are shorted to analog common
(internal analog ground) to establish a zero input condition.
Additional analog gates close a feedback loop around the
integrator and comparator. This loop permits comparator

offset voltage error compensation. The voltage level estab-
lished on CAZ compensates for device offset voltages.

The auto-zero cycle length is 19 counts minimum.
Unused time in the deintegrate cycle is added to the auto-
zero cycle.

Signal Integration Cycle

The auto-zero loop is opened and the internal differen-
tial inputs connect to +IN and —IN. The differential input
signalis integrated for a fixed time period. The TC826 signal
integration period is 20 clock periods or counts. The exter-
nally set clock frequency is divided by 32 before clocking the
internal counters. The integration time period is:

Tei=-32 x20
Fosc
Where:
Fosc = External Clock Frequency

' RiNT
REF IN 1€ J\/\A’T—l vg
CReF =~Caz =~ CINT
5 6 7 9 10 11 Ts

AZ

® ANALOG SWITCH

!

TC826

INTEGRATOR
B . TO DIGITAL
+INPUT O—> : SECTION
BUFFER
INT COMPARATOR
DE- DE+ AZ
AZ s
AZ INT . .
ANALOG 2 DE+ DE- Vg vg
COMMON ®
INT
4 ~6.3V
- INPUT O- ®— .
= +_
FROM -— AZ ~Vs-2oV 7 l
DIGITAL <— INT
CONTROL | <— DE+ .
secTioN | <«— DE-

Figure 4 TCB826 Analog Section
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The differential input voltage must be within the device
common-mode range when the converter and measured
system share the same power supply common (ground). If
the converter and measured system do not share the same
power supply common, —IN should be tied to analog-com-
mon. This is the usual connection for battery operated
systems. Polarity is determined at the end of signal integrate
signal phase. The sign bit is a true polarity indication in that
signals less than 1 LSB are correctly determined. This
allows precision null detection limited only by device noise
and system noise.

Reference Integrate Cycle

The final phase is reference integrate or deintegrate. —
IN is internally connected to analog common and +IN is
connected with the correct polarity to cause the integrator
output to return to zero. The time required for the output to
return to zero is proportional to the input signal and is
between 0 and 40 counts. The digital reading displayed is:

takes a total of 80 clock pulses. The 80 count cycle is
independent of input signal magnitude.
Each phase of the measurement cycle has the following
length:
* Auto-Zero Phase: 19 to 59 Counts
For signals less than full-scale the auto-zero is as-
signed the unused reference integrate time period.
* Signal Integrate: 20 Counts
This time period is fixed. The integration period is:

Te=20|-32_

Fosc
Where Fosc is the externally set clock frequency.

» Reference Integrate: 0 to 41 Counts

Reference Voltage Selection

Afull-scale reading requires the input signal be twice the
reference voltage. The reference potential is measured
between REF IN (Pin 5) and Analog-Common (Pin 2).

Vin
20 = VRer Required Full-Scale Voltage VRer
L. 20 mV 10 mV

System Timing 5V v

The oscillator frequency is divided by 32 prior to clocking
the internal counters. The three phase measurement cycle

" AUTO-ZERO | SIGNAL |  REFERENCE INTEGRATE
PHASE (A2) INTEGRATE PHASE (RI)
PHASE (SI) (DEINTEGRATE)
SIGN BIT

INTEGRATOR

ANALOG

COMMON ___() ()_

POTENTIAL

<
rd

INTERNAL
SYSTEM CLOCK nre@-lnr()a-lnnr-()(’-lnl
(FSYS) _er

|

N

DETERMINED

TRUE ZERO
CROSSING | ZERO CROSSING
DETECTED

INTERNAL DATA

LATCH UPDATE

SIGNAL NUMBER OF
COUNTS
PROPORTIONAL

-« T| —»laTp=Vy TOViN
19 COUNTS »le 20 >le 41 COUNTS
MINIMUM COUNTS MAXIMUM

1
[«—— ONE CONVERSION CYCLE = 80 COUNTS (Tgony =80 X —ous ) —

FSYS

Figure 5 TCB826 Conversion Has Three Phases
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The internal voltage reference potential availabe at
analog-common will normally be used to supply the convert-
ers reference. This potential is stable whenever the supply
potential is greater than approximately 7V. In applications
where an externally generated reference voltage is desired
refer to Figure 6.

The reference voltage is adjusted with a near full-scale
input signal. Adjust for proper LCD display readout.

v'l‘
v+
TC826 \ A d
REF IN 5_> TC9491CZM
2 1.2V
é\gNAII\I;Igﬁ REFERENCE
(b)

Figure 6 External Reference

Components Value Selection

Integrating Resistor grinT)

The desired full-scale input voltage and output current
capability of the input buffer and integrator amplifier set the
integration resistor value. The internal class A output stage
amplifiers will supply a 1 pA drive current with minimal
linearity error. RINT is easily calculated for a 1 pA full-scale
current:

VFS
1x107°

RINT = Full-Scale Input Voltage (V)

1x107°
Where VFS = Full-Scale Analog Input

Integrating Capacitor cinT)

The integrating capacitor should be selected to maxi-
mize integrator output swing. The integrator output will
swing to within 0.4V of Vg* or Vg~ without saturating.

The integrating capacitor is easily calculated:

CINT = _VFS 640 )
RINT \FOSC x VINT
VINT = Integrator Swing
FOSC = Oscillator Frequency
The integrating capacitor should be selected for low
dielectric absorption to prevent roll-over errors. Polypro-
pylene capacitors are suggested.

Where :

== TELCOM SEMICONDUCTOR, INC.

Auto-Zero Capacitor (caz)

CAZ should be 2-3 times larger than the integration
capacitor. A polypropylene capacitor is suggested. Typical
values from 0.14 uF to 0.068 puF are satisfactory.

Reference Capacitor (cgrer)

A 1 uF capacitor is suggested. Low leakage capacitors
such as polypropylene are recommended.

Several capacitor/resistor combinations for common
full-scale input conditions are given in Table 1.

Table 1 Suggested Component Values

2V 200 mV 20 mV
Full-Scale Full-Scale Full-Scale
Component Vggr =1V VRger =100 mV Vggr =10 mV
RINT 2 MQ 200 kQ 20 kQ
CinT 0.033 uF 0.033 uF 0.033 uF
CRer 1uF 1uF 1 uF
Caz 0.068 uF 0.068 uF 0.14 puF
Rosc 430 kQ 430 kQ 430 kQ

NOTES: Approximately 5 conversions/second.

Differential Signal Inputs

The TC826 is designed with true differential inputs and
accepts input signals within the input stage common—mode
voltage range (VCM). The typical range is V* -1 to V™ +1V.
Common—mode voltages are removed from the system
when the TC826 operates from a battery or floating power
source (Isolated from measured system) and —IN is con-
nected to analog—common (Vcowm).

In systems where common—mode rejection ratio mini-
mizes error. Common—mode voltages do, however, affect
the integrator output level. Integrator output saturation must
be prevented. A worse case condition exists if a large
positive Vg exists in conjunction with a full-scale negative
differential signal. The negative signal drives the integrator
output positive along with Vom. For such applications, the
integrator output swing can be reduced below the recom-
mended 2V full-scale swing. The integrator output will swing
within 0.3V of Vg* or Vg~ without increased linearity error.

Digital Section

The TC826 contains all the segment drivers necessary
to drive a liquid crystal display (LCD). An LCD backplane
driver is included. The backplane frequency is the external
clock frequency divided by 256. A 430 kQ osc gets the
backplane frequency to approximately 55 Hz with a 5V
nominal amplitude. When a segment driver is in phase with
the backplane signal the segmentis ‘OFF’. An out-of—phase
segment drive signal causes the segment to be ‘ON’ or
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visible. This AC drive configuration results in negligible DC
voltage across each LCD segment. This insures long LCD
display life. The polarity segment drive, —POL, is ‘ON’ for
negative analog inputs. If +IN and —IN are reversed this
indicator would reverse. The TC826 transfer function is
shown in Figure 7.

OVERRANGE -l
w04 INDICATION I

S i

_<J 1

& 39 —

@ ™ ]

o = ' I
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a 2 J—

[ ’— I

] 1

LT E—

1
1
! , 0510y 1 1)
i T T T (
2 05 1 2 3 3930540405
— ANALOG INPUT
1 VFS
XZ0)

Figure 7 TC826 Transfer Function

BAR /DOT Input (Pin 61)

The BAR/DOT input allows the user to select the
display format. The TC826 powers up in the BAR_mode.
Select the DOT display format by connecting BAR / DOT to
the negative supply (Pin 12) through a 1 MQ resistor.

HOLD Input (Pin 62)

The TC826 data output latches are not updated at the
end of each conversion if HOLD is tied to the negative supply
(Pin 12) through a 1 MQ resistor. The LCD display continu-
ously displays the previous conversion results.

The HOLD pin is normally pulled high by an internal pull-
up.

TEST Input (Pin 63)

The TC826 enters a test mode with the TEST input
connected to the negative supply (Pin 12). The connection
must be made through a 1 MQ resistor. The TEST input is
normally internally pulled high. A low input sets the output
data latch to all ones. The BAR display mode is set. The 41
LCD output segments (zero plus 40 data segments) and
overrange annunciator flash on and off at 1/4 the conversion
rate. The polarity annunciator (POL-) segment will be on but
not flashing

2-88

Overrange Display Operation (OR, Pin 59)

An out-of-range input signal will be indicated on the
LCD display by the OR annunciator driver (Pin 59) becoming
active.

In the BAR display format the 41 bar segments and the
overrange annunciator, OR, will flash ON and OFF. The
flash rate is on fourth the conversion rate (FOSC/2560).

Inthe DOT display mode, OR flashes and all other data
segment drivers are off.

Polarity Indication (POL-Pin 60)

The TC826 converts and displays data for positive and
negative input signals. The POL~-LCD segment driver (Pin
60) is active for negative signals.

Oscillator Operation

The TC826 external oscillator frequency, FOSC, is set
by resistor ROSC connected between pins 13 and 14. The
oscillator frequency vs. resistance curve is shown in Fig-
ure 8.

50 20 —

18 Tp =25°C

B
o
-
-]

+ - 4
v TO vg =9V

-

[ G gy
N

)
]

CONV (CONV/SEC)

e
o
o N » O @

0 2 4 6 8 1012 14 16 18 20
Rosc (X 100 ko)

Figure 8 Oscillator Frequency vs. ROSC

FOSC is divided by 32 to provide an internal system
clock, FYSY. Each conversion requires 80 internal clock
cycles. The internal system clock is divided by 8 to provide
the LCD backplane drive frequency. The display flash rate
during an input out-of-range signal is set by dividing FSYS
by 320.

The internal oscillator may be bypassed by driving OSCI
(Pin 13) with an external signal generator. OSC2 (Pin 14)
should be left unconnected.

The oscillator should swing from Vg* to Vg~ in single
supply operation (Figure 9). In dual supply operation the
signal should swing from power supply ground to Vg*.

= TELCOM SEMICONDUCTOR, INC.
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] OSCILLATOR
1
A. SINGLE 9V SUPPLY
Vg =5V
.
Vs |
= 13 | ( ‘ POWER
TC826 OSCILLATOR SUPPLY
0.1 pf
vg |12 J_
B. DUAL SUPPLY Vg =5V

Figure 9 External Oscillator Connection

LCD Display Format

The input signal can be displayed in two formats (Figure
10). The BAR/DOT input (Pin 61) selects the format. The
TC826 measurement cycle operates identically for either
mode.

~ TELCOM SEMICONDUCTOR, INC.

TC826

A. BAR MODE
1.INPUT = 0 2. INPUT = 5%

OF FULL-SCALE
BAR4[______JoFF [__]oFF
BAR3[_____ JoFF [ ]OFF
BAR2[____JorFF [ZZ77AoN
BAR1[_____1oFf 770N
BARO [/ 1 ON ON
B. DOT MODE
1.INPUT = 0 2. INPUT = 5%

OF FULL-SCALE
BAR4[_____JoFF [____]oOFF
BAR3[_____JoFf [ ]oFF
BAR2[ ] OFF ON
BAR1[_____1oFF [____]oFF
BARO 7771 on [ 1oFF

Figure 10 Display Option Formats
BAR Format

The TC826 power-ups in the BAR mode. BAR / DOT is
pulled high internally. This display format is similar to a
thermometer display. All bars/LCD segments, including
zero, below the bar/LCD segment equaling the input signal
level are on. A half-scale input signal, for example, would be
displayed with BAR 0 to BAR 20 on.

DOT Format

By connecting BAR/DOT to Vg~ through a 1 MQ
resistor the DOT mode is selected. O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>