




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Application Note 23 

15-Blt Resolution Eliminates 
Gain Amplifiers 
Along with high accuracy and resolution, the TSCSOO large 
96 dB dynamic range solves problems usually needing addi­
tional analog components. Since each analog component 
adds an error term, eliminating unnecessary devices in­
creases system accuracy and reduces cost. Error budget cal­
culation and allocation for the design engineer is also made 
easier. 

A circuit capitalizing on the TSCSOO wide dynamic range is 
shown in Figure 5. The TSCSOO dynamic range eliminates a 
precision analog amplifier. Twelve-bit resolution and accu­
racy is desired for digitizing the analog signals from ±0.4096 
V to± 3.2768 V. A 12-bit ADC cannot accomodate this range 

PROGRAMMABLE 
GAIN AMPLIFIER 

(±0.4096 V to ±3.2768 V) 

SA: 

ANALOG 
INPUT 0----f 

(±0.4096 V to ±3.2768 VI 

SB: 

Av • 1,2,4 or a 

TSCBOO 
15-BIT ADC 

1/0 

Figure S: 1S-Bit Dynamic Range Converter 
Eliminates Programmable Gain 
Ampllfler. 

TSC800 Wide Dynamic Range 
Eliminates System Components 

without sacrificing resolution. The 12-bitADC based system 
normally resolves the dilemma by using a programmable 
gain amplifier with gains of 1, 2, 4, and 8. This amplifier is, un­
fortunately, expensive and a system error source. 

The 15-blt TSCSOO based system replaces the programmable 
gain amplifier and, through a software routine, full 12-bit 
resolution is achieved. The TSCSOO can be viewed as a 15-bit, 
± 0.4096 V full-scale ADC with a built-in gain of eight (Figure 
6). Analog up to± 0.4096 V are correctly converted by 
the TSCSOO to 12-bit resolution. The Data bits B15, B14, and 
B13 will be logic "O". 

If the applied analog input is greater than ±0.4096 V, the host 
computer can divide the 15-bit output to adjust for a 12-bit 
full-scale input. Dividing by 2, 4, ors corresponds to reducing 
the TSC800 "internal amplifier" gain to 4, 2, or 1, respectively. 
The TSCBOO gives full 12-bit resolution at the maximum full­
scale input, even with the non-zero starting point. 

The necessary division is easily accomplished by software 
with a simple right shift of the TSCSOO 15-bit output (exclud­
ing the sign bit). Shifting right one, two,orthreetimesdivides 
by 2, 4, or 8. Bits B15, B14, and B13 should besettozeroafter 
the shift operation, since the sign bit will shift into the most 
significant bits during the operation. 

Current Loop Monitoring Benefits 
From Wide Dynamic Range 
Another design simplification made possible by using high 
dynamic range converters involves the popular industrial 4to 
20 mA current loop. The task is to provide a 12-bit 
conversion. 

A simple resistive current to voltage conversion causes a 
0.1024 V output offset voltage (Figure 7A). The offset causes 
a problem because the maximum analog input is 0.512 V. The 
ADC must have a 0.512 V full-scale range; an ADC which 
digitizes inputs from 0 to 0.512 V with 12-bit resolution 
cannot provide 12-bit resolution for the reduced input span 
of 0.4096 V (0.512 V to 0.1024 V). 

---------- GAIN"' 4 -----------------..... 
................. ....... ............ 

' ' BIT ', CONVERSION 8 

ISVAL.10 '-.... -..... , ...._ 
FOR ALL ',, .... 

816 e11 Eno •• •• ., •• ., •• ., 
,.,,..,. .... ,,. 

,,,,,.. / 12-BIT CONVERSION GAIN "'2 ,,,.,,,.' 

,,,..,,,,,,,..,,. ,,...,,. .... 
,,e.. ___ -- - ---- --- - GAIN"' 1 - - - - - - - - - - - - - - .._..; 

Figure 6: TSC800 15-811 Output Is Same as 12-Blt ADC Preceded With Amplifier Gain of 1, 2, 4, or 8 • 
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TSC800 Wide Dynamic Range 
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An operational amplifier can be used to cancel the 0.1024 V 
offset (Figure 7B). The net ADC inputvoltagefora4 mA (zero 
signal) input is OV. The op amp operates at unity gain giving a 
0.4096 V full-scale input. The .op amp allows a 12-bit resolu­
tion conversion. 

The offset cancellation scheme works, but the price paid is 
high; the active component and five passive components 
increase cost, consume board space, and lower reliability. An 
offset adjustment procedure must be performed during 
production and the potential for field misadjustment in­
creases. 

Application Note 23 

The TSCBOO dynamic range allows the op amp and passive 
components to be eliminated by a software-generated "offset 
voltage." The TSCBOO easily digitizes the 0.1024 V to 0.512 V 
input to 12-bit accuracy. A simple 1024-count software sub­
traction from the 15-bit conversion produces a 12-bit, OV to 
0.4096 V conversion (Figure 7C). 

The reduced part count and one less calibration step will 
offset the additional 15-bit ADC cost. The system accuracy 
and increased reliability also enhance end product value. 

VouT = .1024 v TO .512 v 

7A: Resistive Current to Voltage Conversion Causes Offset Voltage. 

100 k 

V+ 

V-
Vour= 
av ro .4096 v 

78: For 12-Bit Resolution An Offset Cancelling Op Amp is Needed. 

CURRENT 
LOOP---t' 

~~ 
TSCBOO 

DATA 

7C: Offset Voltage Corrected In Software Subtraction Routine. 

12-BIT 
ADC 

µP 

DATA 

µP 

SOFTWARE 
OFFSET 
SUBTRACTION 
ROUTINE 

MEMORY 

Figure 7: 16-Blt Dynamic Range ADC Provides Full 12-Blt Resolution Without Analog Offset Correcting 
Components. 
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Automatic Tare Weighing System 
Eliminates Analog Components 
The digital offset correction scheme is useful in digital 
weighing systems where automatic tare is desired. Auto-tare 
weighing systems automatically subtract the container's 
weight from a measurement; the scale displays a true reading 
just of the contents weight. The container's weight must be 
measured, stored, and subtracted from the total weight. 

A strain gauge or load cell represent typical weight sensors. 
Strain gauge output levels are below the resolution level of 
ADCs; amplification is required. Amplifier-related errors are 
unavoidable, but become magnified in auto-tare systems. 
The container weight must be subtracted from the total 
weight to yield the true content weight. 

STRAIN GAGE 
BRIDGE AND 
AMPLIFIER 

WEIGHT PLATFORM 

OUT 

BA: Analog Auto Tare Correction 

STRAIN GAGE 
BRIDGE AND 
AMPLIFIER 

WEIGHT PLATFORM 

BB: Digital Auto Tare Correction 

STRAIN GAGE 
BRIDGE AND 
AMPLIFIER 

WEIGHT PLATFORM 

BC: TSCBOO Auto Tare Correction 

SAMPLE/HOLD 

S/H 

TSCSOO Wide Dynamic Range 
Ellmlnates System Components 

One circuit that subtracts uses a sample/hold amplifier and 
operational amplifier (Figure BA). With an empty container 
on the weighing platform, the sample/hold amplifier samples 
and holds the op amp output voltage. The voltage stored on 
the sample/hold amplifier hold capacitor represents the 
container's weight. The sample/hold output is connected to 
the op amp's inverting input, effectively subtracting the 
container's weight. The analog components to store the 
container's weight limit system performance. For example, 
the sample/hold droop rate will limit the maximum allowable 
time between sampling the container's weight and Weighing 
the filled container. The operational amplifier gain must also 
be calibrated. 

IN 

"''" TSC800 
16-BIT AOC 

12-BIT A/D 

12-BIT AID 

CONTAINER WEIGHT 

CONTAINER 
WEIGHT 
AND 
LOAD 
WEIGHT 

WEIGHT DISPLAY 

HOST COMPUTER 

WEIGHT DISPLAY 

HOST COMPUTER 

WEIGHT DISPLAY 

HOST COMPUTER 

Figure B: TSCBOO Scale System Eliminates Analog Droop Errors and Precision DAC. 
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The droop rate problem inherent in the sample hold subtract 
circuit can be avoided by using a digital-to-analog converter 
{DAC) for the feedback subtraction voltage. Figure BB shows 
the sample/hold replaced by a DAC. The host computer 
conv13rts the op amp output to a digital value through an 
ADC. The digital value is stored and transmitted to the DAC. 
The reconverted subtraction voltage applied to the op amp 
input is notsubjecttodrooperrors. Thetime interval between 
container weighing and substance weighing is unlimited. 

The DAG-based subtraction circuit has drawbacks. The DAC 
must be calibrated so its output exactly tracks the ADC full­
scale input voltage. The container weight correction occurs 
in discrete steps, so the DAC dynamic range must match the 
range of container weights to be encountered. If not, the 
cancellation circuit resolution will limit system accuracy. 
This constraint becomes significant when the container is a 
significant percentage of total. Weighing gravel in a truck or 
aspirin in a glass bottle are two examples. 

The TSCBOO large dynamic range makes analog components 
unnecessary. In Figure BC, the TSCBOO first measures the 
container weight. The digital value is stored in memory and a 
second conversion is made with total load. A software routine 
subtracts the stored container weight and the result is tare 
weight. 

The TSCBOO method is conceptually the same as the DAC­
based system. Several advantages make the TSCBOO solution 
better. The ADC performs both conversions, so full-scale 

~"' TSCSOO 

SIGN 
B15-E9 

BS-81 

~---~ 
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errors cancel. The 15-bit TSCBOO gives impressive resolution 
and range; 20,000 pounds of gravel in a 12,000 pound truck, 
or 0.01 gram of aspirin in a 300 gram bottle! 

Data Bus Interface 
A commercially successful analog-to-digital converter must 
offer more than high resolution and accuracy for wide market 
acceptance. The converter's data transfer capabilities are 
equally important. A converter able to fit easily in B or 16-bit 
data systems, as well as serial configured systems, will be 
widely used and offer long-term price advantages over less 
functional components. The TSCBOO transmits data in two B­
bit parallel words, or one 16-bit wide byte. Serial transmis­
sion through Universal Asynchronous Receiver Transmitters 
(UARTs) is possible by using the handshake data transfer 
mode. Continuous or convert on command conversions are 
possible. The TSCBOO can be used in interrupt-driven data 
transfer applications. 

Data transfer is completely under user control with the 
TSCBOO. The bus interface mode allows a direct connection 
to a processor data bus. The dual function LBEN (Bits 1-B) 
and HBEN (Sign, Bits 9-15) inputs along with chip enable 
(CE) activate the three state data outputs. 

Figure 9 pictures a typical interface. Address bit AO and AO 
drive the byte select inputs. Additional decoded address bits 
enable the TSCBOO. A complete 16-bit data transfer requires 

µP 
DATA 
BUS 

ADDRESS DATA BITS READ 

NNNO LOW BYTE 

NNN1 HIGH BYTE 

NNN ~ DECODED 
ADDRESS 

READ 

~-----10UTPUT 1 ENABLE 

- 20 
CHIP ENABLE (CE)~----------1 OUTPUT 2 

MEMORY SPACE 
DECODER 

A1-A15 

~2~st~T(bmnl-'1"-9 -------+-------------A_O-l 
BUS/HAND 

Figure 9: A low-cost interface results when you access the TSCSOO's 16 data bits directly by treating the 
converter as two memory locations. 
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two memory read operations. All 16-bit data lines can be 
active for 16-bit wide date bus (Figure 10). Monitoring the 
TSC800 data valid signal (DVD) allows the user to verify data 
did not change during the two byte operation. 

I 
tABE I toHB 

!--/HIGH ,.---..... IMPEDANCE 

~~~:--------------{ ~:k~~ g:,rA STATE 

Parallel Data Transfer - Two 8-Bit Bytes 

~----twee----•/ 
..__ ________ _,f~---

tACE, 
HIGH IMPEDANCE STATE 

V777looN'T 
~CARE 

~--------~ 
VALID DATA 
SGN, 0815 to 081 

Parallel Data Transfer - 16-Bit Byte 

Figure 10: Three state data bus controlled by byte 
select and chip enable control signals. 

TSC800 Wide Dynamic Range 
Eliminates System Components 

The bus data transfer mode supports interfaces using peri­
pheral input/output chips like the 6522 Versatile Interface 
Adapter and 8255 Programmable Peripheral Interface 
Device. Data access involves selecting and reading two 1/0 
ports. The interface in Figure 11 does not need additional 
software, as the 6522 and 8255 1/0 ports initialize as input 
ports at power-up or on reset. 

A data error may result if data changes - because of a new 
conversion update - between the processor's high and low 
byte read cycles. An easy error detection scheme is 
implemented with the peripheral 1/0 chip programmed for 
strobed input operation. The DVD signal is used to strobe 
data into the 1/0 chip. The strobe signal also sets the 1/0 chip 
interrupt flag, but a processor interrupt is prevented by 
clearing the interrupt enable register. To access data, the 
microprocessor reads port A (which resets Port A's interrupt 
flag), then port B, and finally the port A interrupt flag. If port 
A's interrupt flag is set, an output data latch update occurred 
during the read cycle. If the interrupt flag remained clear, 
then both data bytes are valid. 

High Data Byte Low Data Byte 
CE HBEN LBEN (SGN, DB1s - DBg) (DBe - DB1) 

x x Inactive Inactive 
(High Z State) (High Z State) 

0 0 0 Active Active 

0 0 Active Inactive 
(High Z State) 

0 0 Inactive Active 
(High Z State) 

Inactive Inactive 
(High Z State) (High Z State) 

0 

"X" = 1 or 0 

PERIPHERAL 1/0 
DEVICE (6522 or 8255) 

ANALOG 
INPUT 81-88 

DATA 
BYTE 1 

"""' TSC800 

SIGN DATA 
89-815 BYTE 2 

INPUT 
PORT A 

INPUT 
POAT B 

A STROBE 

B STROBE 

MICRO 
PROCESSOR 

0 

Figure 11: Using an 1/0 port simplifies µP interfacing. Reading the interrupt flag register prevents data overrun . 
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Serial Data Transfer 
With Handshake Mode 
The TSC800 actively controls the data transfer to peripherals 
in the handshake data output mode. The load strobe 
(LDSTRB) output signal indicates valid data is available for 
the peripheral receiving device. The low byte (LBFLG) and 
high byte (HBFLG) outputs signal which data byte is 
available. The data request input signal (DROST) informs the 
TSC800 a oeriphenl is ready to accept data. A complete 
cycle transfers two 8-bit bytes. 

The handshake mode suports remote data acquisition 
systems using serial data transmission through current loop, 
RS232 or fiber optic data links. Universal Asynchronous 
Receiver Transmitter (UART) communication !Cs provide an 
inexpensive parallel to serial conversion. Start, stop, and 
parity bits, if required, are automatically inserted on trans­
mission and removed on reception. Data Transmission errors 
are automatically flagged. The TSC800 handshake mode 
exactly matches UART input and control requirements, 
making serial data transmission a practical reality (Figure 12). 
The UART relieves the system engineer from designing a 
complex serial data transmission subsystem. The easy 
TSC800 to UART interface lets the design engineer focus on 
the data acquisition task, rather than chip interfacing details 
and serial interface protocols. UARTs are rnulti-sourced in a 
variety of technologies: CMOS, NMOS, and PMOS. Some 
devices lower system part count by including on-chip baud 
rate generators. 

Serial data transfers, especially in high resolution systems, 
are often dictated on a cost basis when the ADC distance 
from the digital processing unit exceeds several feet. Serial 
transmission greatly reduces the number of cables and line 
driver/receiver units. When system isolation through optical 
couplers is desired, cost savings are magnified. 

A complete serial data link is shown in Figure 13. The TSC800 
handshake mode is set each time the UART receives a 

SIGNAL CONNECTIONS 

UART TSCSOO 

INTEGRATOR OUTPUT ----''!<--+--

INTERNAL CLOCK 

INTERNAL DATA LATCH 
UPDATE 

DVD---~ 

Application Note 23 

character. The TSC800 automatically transmits two parallel 
bytes to the UART for serial transmission. The converter's 
2.4576 MHz clock serves double duty by driving the F4702 
baud rate generator. Serial data rates between 50 and 19,200 
baud are selectable. 
When the UART receives a word, the Data Received (DR) 
output goes high, forcing the TSC800 into the handshake 
data transfer mode. Once the handshake mode is entered by 
setting the TSC800 internal handshake flip-flop, the 
BUS/HAND input pin state is ignored. 

The DATA REQUEST (DROST) input is tested for a high 
UART TRANSMIT BUFFER REGISTER EMPTY (TBRE) 
signal that indicates the UART is able to accept data. With 
TBRE high, the High Byte Data Flag (HBFLG) goes low and 
the sign bit plus B15-89 data bits become active. The Load 
Strobe (LDSTRB) pulse latches the data into the UART 
transmitter holding register and resets TBRE. The TSC800 
tests DROST again for an indication the UART has sent the 
first data byte and is ready to accept data (TRBR = 1). LBFLG 
goes low and output bits B1-B8 become active. LDSTRB 
pulses low again, latching the final byte into the UART. The 
LBFLG transition also resets the UART Data Received (DR) 
output and ends the handshake transfer. Only one conver­
sion is transmitted in response to each word received by the 
UART. 

The TSC800 data latch updating is prevented during the 
handshake to eliminate improper data transmission. The 
transmitted data is always the result of the conversion com­
pleted before BUS/HAND went high. Conversions can be 
continuously transmitted, if desired, by tying HAND high. 
The handshake mode is then entered at the end of each 
TSC800 conversion. 

Access to several converters can be achieved with only one 
UART. Two TSC800 converters in Figure 14 give a two­
channel link. Output decoding provides room for 6 more 
ADCs; up to 256 TSC800s can be addressed with additional 
decoders. 

(DATA VALID SIGNAL) 1--1-----

DR BGSiHAND INPUT SIGNA>LL---r<;!Z2Z:Z:Z 

~6;~~~~f:6t ~~v~~S'-'FE"'R---l 
TBRE DRQST.,.-,--rr-r7-rl--t'--"'\ 

TBRL LDSTRB ------< 
HBFIG----.... 

DRR 

LOW DATA BYTE DATA VALID 
(OBS to DB1) 

Figure 12: UART Interface uses data request signal to control handshake data transfer. 
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The data handshake starts, as before, by the host computer 
sending a word to the UART. The word's three least 
significant bits (LSB) address the desired TSC800. The three 
LSBs are decoded by a three of eight decoder which drives 
the TSC800 BUS/HAND control input. When the word is 
received, the DR output also goes high. An RC network and 
CMOS Schmitt trigger delays the DR signal to allow the 
decoder outputs to settle. The delayed DR pulse enables the 
decoder and the selected TSC800 is pulsed into the hand­
shake mode. Note that once the handshake mode is entered, 
the HAND input signal is ingored. The delayed DR output al­
so causes the DATA RECEIVED RESET input to go low. This 
resets the DR output and disables the decoder until another 
word is transmitted from the host computer to the UART. The 
selected TSC800 transmits the last data conversion to the 
host computer. 

Also shown in Figure 14 is a less expensive baud rate genera­
tion circuit. A simple CMOS counter can provide common 
baud rates between 300 and 9600, since the required 
frequencies are multiples of the 2.4576 MHz TSC800 clock. If 
more than two ADCs operate from one crystal, the BU F OSC 
pin should be buffered with an external CMOS buffer. 

Interrupt Data Transfer Uses 
Handshake Mode 
The handshake mode Is not limited to serial data transmis­
sion applications. A system using peripheral 1/0 circuits like 
the 6522 or 8255 for interrupt-driven data transfers can use 
the handshake mode. Only one 8-blt port Is required, freeing 
110 pins for other tasks. The handshake interface guarantees 

+5 v TBRS 33 

TBR7 32 

TBFt6 31 

TBR6 lO 

TBR4 29 

TBR3 28 

TBR2 27 

TBR1 28 

..,~ 
CDP1864 F4702 

MODE UART 

RATE 

TSCBOO Wide Dynamic Range 
Eliminates System Components 

data will not be accessed as the internal data latches are 
updated. Two processor interrupts will transfer data. 

The TSC800 to 8255 interface in Figure 15 uses HAND tied 
high. This forces the handshake mode whenever a new 
conversion is completed. The 8255 negated INPUT BUFFER 
FULL (IBFA)signal is the DROST input signal. LDSTRB 
strobes data into the 8255 port latch and sets the data request 
(IBFA = 1) signal. DROST is removed and the TSC800 
remains in the handshake mode checking DROST for the 
next data byte request. Once /BF is set, the 8255 generates an 
interrupt request. During the interrupt service routine, port A 
i.s read resetting the IBF bit. The second data byte request is 
generated and the low data byte becomes active. LDSTRB 
initiates the second interrupt request cycle. A similar 
interface based on the 6522 is shown in Figure 16. 

Versatility and Performance 
At An Affordable Price 
The TSC800 design achieves 0.006% linearity without requir­
ing laser trimming. Self-correction circuits automatically 
compensate for CMOS amplifier shortcomings. This lowers 
process complexity and increases reliability; both factors 
contribute to a modest selling price and low non-delivery 
risk. A proven metal gate CMOS process was chosen for the 
TSC800 to guarantee manufacturability. The development 
programs focused on functional performance, technical 
specifications, and device produclblllty. The TSC800 gives 
the designer Interface options and excellent electrical 
performance at a price that will make new products and 
systems technically feasible and financially successful. 
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Figure 13: Serlal data transmission Is easy when the ADC loglc Includes UART handshaking signals. The 

TSCBOO monitors Its DATA REQUEST pin until the UART Is ready to receive data. 
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AO • AO 

A1 s A1 8080 µP 

~ 

t----i A2 

~ ADDRESS 
(STBA) cs DECODE 

t----i A15 
!IBFA) .....___ 

RESET 36 RESET 

Figure 15: Handshake mode and peripheral 1/0 chip ease Interrupt-driven data transfer. 
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Figure 16: Interrupt-driven data transfer requires only one 1/0 port. 
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APPENDIX A 
Integrating Analog-to-Digital 
Converter Basics 
Successive approximation converters output digital words 
proportional to the input voltage at a given time. If the input 
level shifts before all bits are resolved, the conversion will be 
grossly in error. To prevent this sample-hold circuits often 
precede the SAR ADC. Noise may also make the conversion 
unuseable or unrepeatable. The integrating converter digital 
output represents the input signals integral over a given time 
period; the output code is proportional to the input signal 
average value during the time period. 

Most commercially available, integrating converters use the 
dual slope conversion technique (Figure A). As the name 
implies, two phases make up a complete measurement cycle: 

• Input Signal Integrate: Integrate phase 
• Reference Voltage Integrate: Deintegrate phase 

The basic quantization unit for successive approximation 
converters is current. Integrating dual slope converters use 
time. Time is easily monitored by counting clock pulses. 
Accuracy is excellent, being limited only by short-term clock 
stability. Low differential and integral linearity errors are 
easily achieved without expensive and drift-prone laser trim 
techniques. 

The analog input is integrated for a fixed time T1: 

Integration _ 
Time - ( f~) 

ANALOG 
INPUT 

o---o--~--o~-'\/Vv-_.~-1 

SWITCH 
DRIVER 

POLARITY CONTROL 

DATA OUTPUT 

SIGN 

c, 

s, 

Application Note 23 

Where: 
N1 =#Clock Periods in Integration Phase 
fc = Counter Clock Frequency 

Following the signal integrate phase, a constant magnitude 
reference voltage is applied to the integrator input. With a 
polarity opposite to the input signal, the reference signal 
ramps the integrator output toward zero at a constant rate. A 
counter totals the number of clock pulses until a comparator 
signals the integrator has returned to zero volts. 

~XT 
RC 1 

INTEGRATOR 
OUTPUT 

POLARITY 
LATCH 

PHASE CONTROL 

SLOPE...cVIN 

FIXED TIME 

ZERO CROSSING 
COMPARATOR 

CONTROL 
LOGIC 

COUNTER 

CLOCK 

ZERO 
CROSSING 

I 
TIME 

Figure A: Integrating Dual Slope Converter Uses Time to Quantize Input Signal. Accuracy Set by Short Term 
Oscillator Clock Stability and Reference Stability. 
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Since the "ramp-up" and "ramp-down" voltages are equal, a 
simple formula characterizes the conversion: 

"Ramp-Up" Voltage - "Ramp-Down" Voltage = 0 

1 

RC 

Where: 

1 

RC 

[
NuTc 

VR dt 
0 

N1 =#Clock Pulses in Signal Integrate Period 
(Fixed) 

Nu =#Clock Pulses in Reference Integrate Period 
(Variable) 

Tc = Clock Period 
VR = Reference Voltage 

V1N(t) =Input Signal 

[ 
N1Tc 

0 V1N (t)dt = VR Nu Tc 

[
NiTc 

- Nuv 
0 V1N (t) dt = VIN = - R 

Ni 

- [N1] Nu= V1N ~ 

Where V1N = Average Value of V1N(t) over the Integration 
Period T1. 
The number Nu is stored in an internal counter. The counter 
can be decoded to give binary, BCD, or seven-segment visual 
display information. 

The conversion accuracy does not depend on the external 
RC values. Reference stability and the equality of clock 
periods between phases establish basic accuracy limits. Os­
cillator stability is only required for the 10 to 400 mSec typical 
conversion times. 

Automatic polarity detection for sign magnitude coding is 
easy. The comparator output provides a polarity indication 
that can select the proper polarity reference during the 
reference deintegrate phases, as well as set a sign bit flip­
flop. Dual polarity converters store the reference voltage 
across a capacitor that is switched into the integrator with the 
proper polarity. Low charge injection switching and a large 
external reference capacitor give excellent full-scale sym­
metry. Differences in full-scale conversions for equal magni­
tude but opposite polarity signals can be as low as 1 count. 
An N bit+ sign integration converter has twice the resolution 

TSC800 Wide Dynamic Range 
Eliminates System Components 

of an N bit offset binary ADC (Figure B). The sign bit is also 
accurate for signals less than 1 LSB. This can be useful in 
precision nulling applications. 

POLARITY BIT 

11 BITS 

xx 0100 

1 xx 0011 

1 xx 0010 

1 xx 0001 

1 xx 0000 

0 xx 0000 

0 xx 0001 

0 xx 0010 

0 xx 0011 

0 xx 0100 

EQUIVALENT 
POLARITY BIT 

11 BITS 

0 xx 010 

0 xx 001 

0 xx 000 

1 xx 001 

DIGITAL CODE 
15-BIT PLUS SIGN 
SIGN MAGNITUDE CODING 

-4 

J 

DIGITAL CODE 
15-BIT 
OFFSET BINARY CODING 

-1 
I 

-4 -3 -2 

" 
ANALOG INPUT (LSB) 

ANALOG INPUT 
(EQUIVALENT SIGN 
MAGNITUDE LSB) 

Figure 8: Sign magnitude coding gives twice the 
resolution of offset binary. 

By adding a system zero phase to the measurement cycle 
input buffer, integrator and comparator offset voltage and 
temperature induced offset drift errors can be eliminated. 
Manufacturers can easily guarantee a zero digital code for 
zero volt input without requiring any user adjustments. This 
i.s a real advantage since integrating converters typically 
operate with the LSB representing 100 µV. 

The simplified system zero loop in Figure C shows the inputs 
disconnected from the analog signal inputs and grounded. A 
loop is closed around the comparator so its Vos error is also 
corrected. During the auto-zero time period, compensating 
error voltages are stored on the system zero capacitor CAZ 
and integration capacitor C1. 
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Voss 

Vji\J 0------0 S2 

Cgz 

Application Note 23 

83 

COMPARATOR 

INTEGRATOR 

Figure C: During system zero phase offset voltage error correction voltages are stored. 

With 81, 82, and 83 reconfigured for the signal integrate 
period, a set of simple equations explains how offset voltage 
error terms are cancelled. 

A conversion ends when the comparator indicates a zero 
crossing has occurred: 

Vos1 - Vose -~ N1Tc + ~ (NuTc) = (Vos1-Vosc) =O 
R1C1 R1C1 

VR (NuTc) = V1N (N1Tc) 

As in the ideal circuit, V1N is directly proportional to the stored 
count; all offset error terms are removed. 

A further refinement may be added to the dual slope con­
verter with automatic offset voltage correction. The integra­
tor output is assumed to be at zero volts when the system zero 
phase is entered. The integrator may, however, not return to 
zero due to an over-range input signal. This is common in 
multiplexed systems. In such a case, a charge proportional to 
the output voltage is transferred to Csz. The system will not 
zero offset correctly until the transferred charge has 
dissipated. The circuit time constant is large - R1 (Csz + C1) 
- taking several conversion cycles to decay (Figure D). 

An additional phase in the measurement cycle corrects for 
overrange induced errors. The comparator is reconfigured to 
form a feedback loop around the integrator. The circuit time 
constant is reduced, since the integration resistor is now 
driven by a signal proportional to the integrator output rather 
than being fixed at ground potential (Figure E). 

R1 C1 

'V'A~~l~c,-,~~~lif-~~~ 

INTEGRATOR 

t I c, I -FiJCs;+cJ 
VERROR = VINT Csz + c 1 e 

Figure D: Non-zero integrator output causes error when system zero cycle is entered. 
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c, 

INTEGRATOR 

Figure E: Integrator zero cycle returns integrator 
output to zero volts before system zero 
cycle is entered. 

Integrating converters provide noise rejection automatically 
with at least a 20 dB/decade attenuation rate. In addition, in­
terference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense, since the average value of a sine 
wave of frequency 1/T averaged over a period Tis zero. The 
finite time integrator frequency attenuation characteristic is 
easily derived by doing a Fourier transform on the circuits 
impulse response function (Figure F). 

Integrating converters often establish the integration period 
to reject 50/60 Hz line frequency interference signals. The 
ability to reject such signals is shown in a normal mode 
rejection plot (Figure G). Normal mode rejection is practi­
cally set to 50-65 dB, since the 50/60 Hz line frequency can 
deviate by a few tenths of a percent (Figure H). 

A: Ideal Integrator 

TSC800 Wide Dynamic Range 
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NORMAL 
MODE 

T =J_ SEC 
10 

-30 REJECTION 

20LOG ---ISIN I w:TI I 
w5T -hf+--\-~f-1~#71'~-t--tt-H:t-t--H 

2 

8 10 20 30 40 6" 80 100 

FREQUENCY {Hz) 

Figure G: Normal Mode Rejection Vs. Input 
Frequency. 

DEV = DEVIATION FROM 60 Hz 

T = INTEGRATION PERIOD 

LINE FREQUENCY DEVIATION FROM 60 Hz(%) 

Figure H: Integrating converter normal mode 
rejection vs. 60 Hz line frequency 
variations. 

IMPULSE 
RESPONSE 
(h(t)) 

B: Ideal Fixed Time Integrator Impulse 
Response 

H (j w) = f T h(t) e-jwTdt = SIN (wT/2) [e-jwT/2J 

0 wT/2 

C: Ideal Fixed Time Integrator Frequency Response 

Figure F: Frequency domain response of finite time integrator explains noise rejection characteristic of dual slope 
ADC. 
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A Teledyne Semiconductor analog-to-digital converter, a 2k­
byte CMOS static RAM, and some gates and counters can be 
combined to form a low cost, flexible, stand alone data log­
ging system. All the ICsare CMOS and the clock frequency is 
low, so power supply current is only a couple of milliamperes. 
The unit will store a 13-bitconversion (12-bit plus sign) in two 
consecutive bytes of memory, with a programmable time 
interval between measurements. The circuit is useful for 
logging temperature or other process control variables in 
remote locations or hostile environments. It is also useful in 
the lab for making unattended, repetitive measurements of 
long term drift, component aging, etc. 

The heart of the circuit is a TSC7109 (IC1). a 12-bit plus sign 
CMOS A/D converter. The TSC7109 has a handshake mode 
in which the result of the latest conversion is output, in two 
consecutive bytes, each timethe MODE input is strobed high. 
The data logger stores each byte in sequential RAM locations 
for later processing bya host computer. The IDT6116 CMOS 
static RAM stores 2046 bytes and therefore can store 1024 
readings. This permits, for example, one 13-bit measurement 
per hour for seven weeks. 

MEM INCRE- MEM 
COUNTER MENT READ -
RESET MEM ENAm ;,;:;>" iOOI 

m:roo 01 02 oJ D4 os os 01 

9 

l.________. 

Figure 1: 13·Blt Remote Data Logger 

Application Note 24 
TSC7109 Records Remote 

Data Automatically 
By Wes Freeman 

Timing for the circuit is provided by IC3, operating with an 
inexpensive 32 kHz crystal. The crystal can be replaced with 
a resistor and capacitor if precise timing is not required. The 
04 output of IC3 provides a clock frequency to the A/D con­
verter that produces excellent SO Hz, 60 Hz, and 400 Hz noise 
rejection. The 012 output of IC3 isa 2 Hz square wave, which 
is divided by two in IC4A. The resulting 1 Hz output is applied 
to the input of ICS, a 12-stagecounter. The outputs of I CS are 
decoded by a NAND gate to produce any desired interval 
between readings, to a maximum of 66 minutes. At theend of 
the time interval, IC4B generates a pulse which resets the 
counter and places the TSC7109 in the handshake mode. 

When the TSC7109's MODE input is pulsed high, the result of 
the latest conversion is output in two bytes. First, HBEN goes 
low, outputs 89 through 812, POL and OR become active, 
and CE/LOAD goes low. After one clock cycle CE/LOAD 
goes high and the high byte of the conversion is latcheJ into 
memory. The rising edge of CE/LOAD also increments IC6, 
to address the next memory location. Then HBEN goes high, 
LBEN goes low, outputs 81 through BB become active and 
CE/LOAD again goes low for one clock cycle. After CE/ 

v- 26 =fiV 

SlNO :17 10 k 
,, v 

M00fit"2'~---~ 
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LOAD goes high the low byte of the conversion is latched into 
memory, IC6 is again incremented, LBEN goes high and the 
data outputs return to their high impedance state. 

Data can be read out of RAM by any micro or minicomputer. 
An 1/0 port with handshaking (6522, Z8420, 8255A, etc.) 
makes the task easy. The 1/0 port is simply programmed to 
prooduce a handshake strobe when the port is read. The 
strobe then increments IC6 after each byte is read and­
sequences through RAM automatically. Figure 2 shows pin 
connections for a 6522 1/0 device. 

Because of CMOS's low power requirements, battery power 
is ideal for the data logger. Average power dissipation of the 

DAO DO 

PA1 D1 

PA2 D2 

PA3 D3 

PA4 D4 

PA5 DS 

SYNERTEK PA6 D6 DATA LOG GER 
6522 PA7 D7 BOARD 
1/0 PORT 

PBO MEM COUNTER RESET 

CA2 INCREMENT MEM 

_M "'"•MO"""' RAM RD 

AUN/HOLD 

Figure 2: Connecting 13-Bit Remote Data Logger to 
6522 i/O Port for Data Readout. 

TSC7109 Records Remote 
Data Automatically 

TSC7109 is only 10.5 mW, and the IDT 6116 is in its power­
down mode (lsy = 20 µA) except for the time when CS is low. 
Power dissipation, therefore, is only about 15 mW. On-board 
battery operation allows modules to be exchanged at remote 
locations and returned to a central location for data removal 
and analysis without danger of data las~. 

The TSC7660, a DC to DC converter, permits the circuit to 
operate from a single power supply. This CMOS device con­
tains a switch matrix and on-board oscillator which convert a 
positive voltage to negative polarity with a power efficiency 
of about 98%. Using the TSC7660, as shown in figure 3, per­
mits the circuit to operate, for example, on two small 3-volt 
lithium cells. 

40 
V+ 

~~ 
TSC7109 V+ 

28 
V- Vour 

~~ + 
10 µfd 

GND 10µfd GND 
+ 

Figure 3: For Single-Supply Operation, Use the 
TSC7660 DC to DC Converter 
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The TSC426/427 /428 fast switching times are made possible 
by a low impedance CMOS output stage. The high peak 
currents make 30 ns rise/fall times possible. 

The rapid rise/fall times do, however, require systems be 
designed with adequate power supply decoupling and stray 
lead inductance minimization. Practices which are adequate 
for 1 µs rise/fall times and 20 mA peak currents will not be 
adequate with TSC426 family. The same laws of physics 
apply in both systems. The results may be negligible in one 
and of prime importance in another. 

For example, a 0. 1 µH power lead inductance (4" of 0.025" 
diam. wire) can cause a voltage spike 1000 times larger in a 
fast system with an unbypassed supply. 

Low Speed System High Speed System 
Ls 0.1 µH Ls 0.1 µH 

A VouT 18 v A VouT 18 v 
t 1 µs t 30 ns 

lpK 20 mA lpK 600 mA 
CL 1000 pf CL 1000 pf 

A Vsupply L ~: A Vsupply L ~: 
2 mV 2.0V 

The system design practices needed are not difficult to 
apply. The simple good engineering practice of bypassing 
the power supply, minimizing stray lead inductance, and 
grounding unused driver inputs will solve most system 
problems. Nothing new is required-just a little careful applica­
tion of techniques common to any high speed CMOS 
system. 

The TSC426 family outputs are CMOS. Low quiescent power 
and high output voltage drive (very important with 5 V 
supply operation) result. Since the outputs are CMOS the 
potential for activating a parasitic SCR exists. This must be 
avoided to prevent potential device destruction. If the 

Vee (PIN 6) 

P-CHANNEL 

INTERNAL 

~f'TSC426 

N-CHANNEL 

GROUND (PIN 3) 

Figure 1: TSC426 Output. 

Application Note 25 
TSC426/427/428 System 

Design Practice 
By David Gillooly 

TSC426 output, like any CMOS chip, is driven below ground or 
above the positive power supply an internal parasitic SCR 
can be turned on. The high current flow can damage the 
device. The actual TSC426 output stage is shown in Figura 1. 
The IC layout and simplified equivalent SCR circuit are 
shown in Figures 2 and 3. 

INTERNAL TSC426 
Vee GATE DRIVE TSC426 OUTPUT 

P-CHANNEL N-CHANNEL 

Figure 2: Output Stage IC Layout. 

---..-------~----Vee {PING) 

Q1 

02 

___ ...._ __________ GROUND (Pit.I 

Figure 3: Equivalent SCR Circuit. 

The IC parasitic SCR can be turned on if Dp is raised above 
Vee or if DN is forced below ground. An inductive load at the 
output can also create a voltage swing at the output that 
exceeds the positive supply or undershoots ground. 

If the output is raised above the positive supply, current is 
injected into the emitter of 01 and swept into the collector. 
The 01 collector feeds the base of 02 and R2. When the base 
of 02 reaches 0.6 V 02 turns on. This forces 01 on. The SCR 
is now "fired" shorting the positive power supply to ground. 
A similar situation exists when the output is driven below 
ground. 

The internal SCR can also be triggered by excessive voltage 
on the power supply that results in internal voltage breakdown. 
The current injected can trigger the SCR action. 
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By limiting the current injected into the TSC426 output when 
the output is above the positive power supply latch up is 
avoided. The limiting current is: 

I< VsE 
- A2 11 ACNP 

where: 

AONP = ON resistance of P channel device. (15 ohms 
maximum) 

Vse 02 base emitter turn on voltage. 
(Approximately 0.6 V) 

A2 Bulk resistance 

Assuming the ON resistance dominates, the current should 
be limited to 40 mA. A similar analysis with the output below 
ground indicates the current pulled out of the TSC426 out­
put should be limited to 60 mA. The maximum allowable 
latch current is temperature sensitive. At high chip tempera­
ture the base emitter voltages are reduced. A 1 °C rise lowers 
Vse by 2.2 mV. 

Current limiting with a series output resistor may not be 
practical in all systems. The output rise and fall times may 
increase. An alternate solution uses low forward voltage 
outpL1t clamp diodes to bypass the SCA trigger current 
around the device. 

External output clamp diodes prev.ent the TSC426 output 
from being pulled far enough outside the power supply 
range to turn on the parasitic SCA. 

/ 
TIE UNUSED INPUT TO GAOUNO 

Vee MAKE CONNECTIONS CLOSE 
/ TO DEVICE PINS 

0.1 µf T CERAMIC ¢ D!SK 

Figure 4: Diode Output Clamp Prevents SCR Action. 

The external diodes must have a lower forward on base to 
emitter voltage than the parasitic transistor junctions. 
Schottky small signal diodes are suitable. Several possible 
types are: 

• Hewlett Packard: P/N 5082-2303 
• Motorola: P/N MBR120P 
• Varo: F'/N VSB52 (Four diode bridge) 

To be effective the output clamp diodes must be connected 
close to the output, supply and ground device pins. 

TSC426/427 /428 
System Design Practice 

STRAY INDUCTANCE IN POWER SUPPLY 

Vs• 18 V 

L5 .. 60nH v+ 

ASSUME: 

Alo"' 0.6 A ._, _ _,, 
6t "'20 ns 

l).V .. L~"' 60 (rn-')) 20 ~·~o-; = 1.5 VI 

STRAY INDUCTANCE IN POWER SUPPLY CAN CAUSE VOLTAGE AT v+ 
TO EXCEED ABSOLUTE MAXIMUM RATING. SOLUTION IS TO BYPASS 
SUPPL V AS CLOSE TO PINS 6 & 3 AS POSSIBLE. 

Figure 5: Stray Supply Lead Inductance Can Decrease 
Rellablllty. 

4.7 /.&f 
TANTALUM 

TIE UNUSED INPUTS 
TO GROUND 

NOTES: 

0.1 µf 
CERAMIC DISK OR 
MONOLITHIC CAPACITOR 

1. LOW INDUCTANCE 0.1 µf CERAMIC DISK OR MONOLITHIC CAPACITORS 
2. BYPASS AS CLOSE TO PIN B & 3 AS PHYSICAL.LV POSSIBl..E 
3. REMEMBER: UNUSED !NPUTS SHOULD BE GROUNDED I 
4. BVPASSINIJ IS IMPORT ANTI 

Figure 6: Suggested Bypass Procedure. 

VIN 
V1NC---..... --'1'1,,,,..__..,__-I 

Figure 7: TSC426 Has CMOS Inputs. Speed up 
Capacitors Are Not Required. 
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Supply bypass capacitors must also be connected between 
Vee (Pin 6) and Ground (Pin 3). Connections must be close 
to the actual device pins (approx. 0.5"). A 0.1 µf ceramic disk 
capacitor in parallel with a 4.7 µf tantalum capacitor is 
suggested. Without supply bypassing, power supply lead 
inductance can cause voltage breakdown. The bypass 
capacitors also supply the transient current needed during 
capacitive load charging. 

A 10 to 15 ohm resistor in series with the power supply filters 
voltage spikes present at the TSC426/427 /428 supply terminal. 
Should latch up occur, this will also limit current. Rise and fall 
time will not be affected if the recommended supply bypassing 
is used. See Figure 8. 

The DS0026 has a bipolar input. A speed up capacitor is 
normally used to decrease switching time. Base storage time 
is reduced. The capacitor causes a voltage spike drive at the 
input that extends beyond Vee or ground. The TSC426 input 
is CMOS and does not require a speed up capacitor. In 
converting DS0026 sockets to the TSC426/427 /428 the 
capacitor should be removed. This will maximize drive to the 
device and minimize transition time. Benefits include fewer 
components and reduced insertion costs. See Figure 8. 

4.7 µf 
TANTALUM~ 

RL 10-150HMS 

0.1 µf 
~ CERAMIC DISK 

OUTPUT 

Figure 8: RL Current Limiting Protects Device and Will 
Not Degrade Switching Speed. 

The TSC426/427/428 outputs feature a low impedance P 
channel pull-up MOS device and low impedance N channel 
pull-down MOS device. The low resistance outputs are 
responsible for the 30 ns rise and fall times. The CMOS 
construction minimizes current drain. 

Application Note 25 

The output N and P channel devices should not be forced to 
conduct current simultaneously. This can happen if an 
unused input is left floating. Unused inputs must be connected 
to ground or the positive supply. A ground connection will 
minimize steady state supply current. This is common 
engineering practice followed in CMOS logic system 
design but is sometimes overlooked during a "quick" 
bench evaluation. Floating inputs cause excessive current 
flow and may potentially destroy the driver. 

The input drive signal should also have rise and fall times less 
than 1 µs. This minimizes time spent in the output stage 
transition region. 

Package Power Dissipation 
Input signal duty cycle, power supply voltage, and capacitive 
load influence package power dissipation. Given power 
dissipation and package thermal resistance the maximum 
ambient operation temperature is easily calculated. The 
CerDIP 8-pin package junction to ambient thermal resistance 
is 150°C/W. At 25°C the package is rated at 800 mW 
maximum dissipation. Maximum allowable chip temperature 
is150°C. 

Three components make up total package power dissipation: 

• Capacitive load dissipation (Pel 
• Quiescent power (Pa) 
• Transition power (PT) 

The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation per driver is: 

EQ.1: Pc 
where: F 

c 
Vs 

f C Vs 2 

switching frequency 
capacitive load 
supply voltage 

Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.4 mA total current drain. Logic high signals 
raise the current to 8 mA maximum. The quiescent power 
dissipation per driver is: 

EQ. 2: Pa= Vs (D (IH) + (1-D) IL) 
2 

where: IH =quiescent current with both inputs high 
(8 mA Max) 

IL =quiescent current with both inputs low 
(0.4 mA Max) 

D = duty cycle 
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Transition power dissipation is normally not significant. It 
arises because the output stage N and P channel MOS 
transistors are on simultaneously for a very short period 
when the output changes. The transition package power 
dissipation per driver Is approximately: 

EQ. 3: Py= f Vs (1.63 x 1Q-9) 

An example shows the relative magnitude for each term. Both 
drivers are driven with a 50% duty cycle signal at the same 
frequency. Capacitive load is the same for each driver. 

Example 1: 
c = 1000 pf 
Vs= 18 V 
D = 50% 
f = 200 kHz 
P0 = Package power dissipation = Pc+ Pr+ P0 

= 130mW+11.7 mW+ 38 mW 
= 180 mW 

Max. operating temperature = TJ - 8JA (Po) 
= 123°C 

where: 
T v Max. allowable junction temperature (150°C) 
8JA = Junction to ambient thermal resistance (150°C/W, 

CerDIP) 

Table 1 gives the total package power dissipation for several 
different cases using the formulas developed above. If only 
one driver is active divide the package power dissipation 
numbers by two in Table 1. 

TSC426/427 /428 
System Design Practice 

Table 1: TSC426 Package Power Dl11lpat1on 

Package Power Dl11lpatlon 
CerDIP Package[BJA = 150°C/WJ 

Max 
Input Ambient 

Capacitive Input Supply Stage AC Spike Total Operating 
LollCI Frequency Voltage Power Power Power Power Temp 
[PF] [kHz] [VJ [mW) [mW] [mW] [mW) 1·c1 
1000 50 18 75 32 2 109 125 
1000 100 18 75 64 5 144 125 
1000 200 18 75 129 11 215 117 
1000 400 18 75 259 23 357 96 
1000 1000 18 75 648 58 781 32 
1000 50 12 50 14 1 65 125 
1000 100 12 50 28 3 81 125 
1000 200 12 50 57 7 114 125 
1000 400 12 50 115 15 180 122 
1000 1000 12 50 288 39 377 93 
2000 50 18 75 64 2 141 125 
1000 1800 12 50 518 70 638 54 

50 4000 18 75 129 234 438 84 
1000 100 18 75 64 5 144 125 

500 100 18 75 32 5 112 125 
500 200 15 63 45 9 117 125 
500 100 15 63 22 4 89 125 

Notes: 1. Duty Cycle = 50%. 
2. Each input driven. 
3. Each output with load C. 
4. Ambient operating temperature should not exceed 85°C 

for "IJA" device or 125 •c for "MJA" device. 
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Designers who need to convert analog signals to digital 
rapidly gain respect for the word "tradeoff." At first glance, 
the wide variety of analog-to-digital converter (ADC) products 
available would indicate that the "perfect" ADC for any appli­
cation is readily available. All of these products, however, 
involve tradeoffs in speed, power consumption, accuracy, 
price, and flexibilty, among others. These trade-offs are not 
mere specmanship, either. Speed, price, and power consump­
tion, for example, can vary by orders of magnitude from pro­
duct to product. 

The overriding ADC tradeoff is usually speed. Digitizing high 
speed signals typically requires a successive approximation 
or flash ADC. The designer must then accept the cost and 
power penalties which usually accompany these devices. 

Many analog phenomena, however, change slowly. Com­
monly measured physical events, for example, include tem­
perature, humidity, pressure, strain, and pH. The dual-slope 
integrating ADC is the typical choice for low speed conversion, 
due to its high resolution at low cost and low power. Even 
though a variety of dual-slope ADCs are available, tradeoffs 
can still occur because the analog sensors vary widely in reso­
lution, linearity, output impedance, and output level. 

One solution to converting the wide variety of analog signals 
can be found in a flexible ADC. The TSC500, from Teledyne 
Semiconductor, contains all of the analog circuitry required 
for an integrating ADC. By transferring the digital portion of 
the ADC to the counters and software of a host processor, the 
TSC500 can be used to solve a wide variety of data conver­
sion problems. 

SWITCH DECODER 
& CONTROL LOGIC 

COMPLETE 
INTEGRATING ADC 

OUTPUT 
BUFFERS 

HIGH 
BYTE 

LOW 
BYTE 

Application Note 26 
Flexible TSCSOO ADC 

Simplifies Design Tradeoffs 
By Wes Freeman 

The TSC500 gives the design engineer powerful control over 
the resolution/conversion-speed tradeoff, while adding flexi­
ble input voltage scaling. Also, this flexibilty is made available 
at low cost and with only 10 mW power dissipation. 

A typical ADC and microprocessor interface is shown in 
Figure 1. Notice that the digital functions of the ADC are 
duplicated in the microprocessor. Replicating these circuits 
on the ADC simplifies software development, because the 
conversion result is merely read as one or more memory 
locations. Although the hardware interface also seems to be 
simple, the package size and large number of 1/0 lines 
necessary can be a real limitation in small systems or with 
single-chip microcomputers which are not bus oriented. 

Figure 2 shows the TSC500 and microprocessor interface. 
The counters, control logic, and most 1/0 functions have 
been moved to the microprocessor. Only three 1/0 lines are 
required, and both the size and cost of the ADC are reduced. 
More importantly, the designer can now specify the ADC 
resolution instead of selecting whatever is available in an 
existing product. 

The TSC500 permits control of the conversion's resolution 
because resolution is determined by the host processor's 
software. With standard ADCs, resolution is determined by 
hardware on the chip. The designer who needs, for example, 
.04% resolution is forced to use a 12-bit ADC with .025% 
resolution. By using the TSC500, however, a 2500-count full­
scale output is as easy to design as a 4096 count (12-bit) 
output, but yields a 40% increase in conversion speed. 

MICROCOMPUTER 

110 

COUNTER, 
TIMER 

RAM, 
ROM 

ALU& 
CONTROL 

CONTROL - 6 LINES 

Figure 1: Typical ADC Interface to µC 
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ANALOG 
FRONT ENO 
ADC 

COMPARATOR OUTPUT 

Flexible TSC500 ADC 
Simplifies Design Tradeoffs 

MICROCOMPUTER 

1/0 

Al---------; 

SWITCH DECODER 

Figure 2: TSC500 Interface to µC 

The ability to select full-scale is useful for measuring outputs 
which do not fall readily into a binary sequence. One such 
example is the 150 degree Centigrade operating range limit of 
IC temperature sensors such as the LM35 from National Semi­
conductor. By using a 1500 count ADC, the LM35's output can 
be read directly in tenths of a degree Centigrade. Adjusting the 
ADC's full-scale range to the sensor's output in engineering 
units can simplify software for data analysis and display. 

C~EF REF LO CfiEF 
8 8 

16 

vs v~ 

Figure 3: Functional Diagram of the TSC500 

BUF 

The functional diagram of the TSC500 is shown in Figure 3. 
The design features include low leakage CMOS switches, high 
impedance input buffer, integrator op-amp, two-stage com­
parator, and digital control logic. These components, pack­
aged in a 16-pin DIP, form the analog section of an ADC whose 
resolution can extend from less than 8 to greater than 14 bits. 

CONTROL LOGIC 

C1NT A B CONVERTER STATE 

0 0 ZERO INTEGRATOR OUTPUT 
0 1 AUTO-ZERO (ZERO SCALE OFFSET/DRIFT CORRECTION) 

1 0 SIGNAL INTEGRATE 
INT 1 1 DEINTEGRATE !REFERENCE VOLTAGE INTEGAA!El 

ANALOG 
SWITCH 
CONTROL 
SIGNALS 

""'"TSCSOO 

POLARITY 
DETECTION 

PHASE 
DECODING 
LOGIC 

12 13 
A _ __! 

CONTROL LOGIC 

LEVEL 
SHIFT 

15 GND 
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Flexible TSCSOO ADC 
Slmpllfies Design Tradeoffs 

The CMOS switches permit very flexible input and reference 
voltage applications. During the signal integrate phase, the 
two SWI switches connect vi'N to the input buffer and VIN to 
the integrator. These connections provide a fully differential 
signal input, within the common-mode input range. The 
signal input common-mode range extends from (V~ minus 1.5) 
to (Vs plus 1.5 V), providing an easy interface for bridge­
type and other differential input applications. 

A reference capacitor and switch matrix combine to also ease 
reference voltage limitations. During autozero the SWRC 
switches close, charging the reference capacitor to VREF. 
Then, during deintegrate, the SWRI switches connect CREF to 
the buffer input. Because CReF isolates the reference inputs 
from the buffer, there are no common-mode limitations on the 
reference voltage. The REFHI and RE FLO inputs can therefore 
be located anywhere within the power supply range. 

The differential reference is especially useful for bridge appli­
cations, because the reference can be derived from the same 
voltage that drives the bridge. Changes in the bridge driving 
voltage wi II not, therefore, affect the ADC's output. Since there 
are no common-mode limits on the reference inputs, simple 
ratiometric resistance measurements are also possible. 

The reference capacitor also combines with CMOS switches 
to produce a bipolar reference from the single-polarity refer­
ence inputs. Four SWDI switches in a bridge configuration 
connect CREF to the buffer input. By the closure of opposing 
pairs of switches, CREF can be connected as either a positive or 
a negative voltage. When the TSC500 deintegrate phase is 
selected, control logic samples the integrator polarity. Internal 
control logic then closes the appropriate pair of SWRI switches 
to select correct reference polarity. 

The TSC500's excellent input characteristics are also a func­
tion of the low leakage, low noise metal gate CMOS process. 
Input bias current is only 10 picoamperes maximum, while 
input noise is typically limited to 30 microvolts peak to peak. 
Input buffer linearity is critical for system performance, so a 
class A output stage is used. The buffer output can supply 20 
microamperes of current with negligible nonlinearity. 

The main limitation in the conversion time of an integrating 
ADC is comparator response time. Although the TSC500's 
targeted response time of four microseconds is three orders 
of magnitude below the speed of available bipolar products, 
several C'onstraints combine to make the design task difficult. 
First, the comparator must resolve about 50 microvolts in a 
slowly changing ramp, instead of the millivolt-level step 
response usually specified in comparator specs. Also, the 
comparator must operate on less than 400 microamperes of 
supply current, and be fabricated in a low-noise CMOS pro­
cess. Finally, the comparator should be unity gain stable to 
minimize oscillation during the autozero phase. 

TSC designers solved the high-gain/fast-response dilemma 
by utilizing two comparators. The first comparator is unity­
gain stable, and is included in the autozero loop. The second 
comparator, operating open loop, provides the CMOS output 
levels required. In both comparators, cascade gain stages 
were used to minimize Miller capacitance and improve speed. 

Appllcation Note 26 

Input offset voltage (Vos) of the buffer, Integrator, and com­
parator #1 are unimportant because the errors are stored 
during the autozero phase. Comparator #2 ls not in the auto­
zero loop, however, so its Vos must be minimized to reduce 
potential rollover and zero-offset problems. The Input FETs of 
comparator #2 were therefore Implemented as a cross­
coup\ed quad, with close matching of devices and isothermal 
orientation. The combination of careful layout, low power 
dissipation on-chip, and the fact that comparator #2's Vos is 
attenuated by the gain of comparator #1 ensure that rollover 
errors are held to less than .01 % maximum for a 4 1 /2 digit 
conversion. 

The TSC500's only feedback path to its host microprocessor is 
via the comparator output. This output must, therefore, relay 
both polarity and zero crossing information. For large input 
signals the method is straightforward. The comparator status 
is read and stored prior to deintegrate, which establishes 
polarity. After the ADC is switched to deintegrate mode, the 
comparator output is monitored for the polarity reversal that 
signals zero crossing. 

This method can fail for signals near zero, however, espe­
cially in the presence of normal mode noise. In this case, the 
comparator state can change several times during signal 
integrate. If a polarity reversal occurs between reading of 
polarity and start of deintegrate, the zero crossing will not be 
detected. This method also makes the polarity of the edge 
that signals zero crossing dependent on input polarity, which 
complicates the generation of interrupts. 

A unique output circuit, shown in Figure 4a, solves both of 
these limitations. When the deintegrate phase is selected, 
comparator #2's polarity data is latched into an internal flip­
flop. The inverting output of the flip-flop drives an exclusive­
OR gate which ensures that, at the beginning of deintegrate, 
the comparator output will be driven to a logic high state. 

1'_ COMPARATOR 
~OUTPUT 

FLIP-FLOP 

DECODER & 
SWITCH DRIVERS 

,__ __ A 

Figure 4a: Simplified Schematic of TSCSOO 
Comparator 

(a) 
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Figures 4b and 4c show the TSCSOO's comparator output for 
both positive and negative polarity inputs. Notice that po­
larity status is still valid before deintegrate begins. Even if 
polarity changes while the comparator output is being read, 
indicating an input very near zero, the comparator will still 
switch states when entering the deintegrate phase. In addi­
tion, zero crossing is always signalled by a negative-going 
transition of the comparator output. The negative-edge output 
is consistent with the interrupt structure of many common 
microprocessors. 

I USER TESTS FOR POLARITY ' r END OF CONVERSION 

_J~---------un n 
I I I I 
I I I I 

L..J L COMPARATOR 

(b) Positive Input ouTPUT 

U;-i r-: 
: : : : 

LJ L COMPARATOR 

(c) Negative Input ourPuT 

Figure 4b & c: Comparator Output Waveforms 

This unusual comparator circuit. conveys both polarity and 
end of conversion information. For a positive input the com­
parator will be in a high state during integrate (b) while for a 
negative input the output is low (c). Jn either case, the exclu­
sive OR gate (fig. 4a) ensures that the comparator output will 
go high when deintegrate begins. 

Table 1: TSCSOO Control Inputs, Converter State, and 
Internal Switch Status. 

Con-
Control version Internal Analog Switch Status 
Logic Phase 

A B SW1 SW~1 SWFi1 SWz SWR SW1 SW1z 
Zero 

0 0 lnte- Closed Closed 
grator 

0 Auto- Closed Closed Closed 
Zero 

Signal 
0 lnte- Closed 

grate 

Deinte- Cloeed' Closed 
grate 

•Assumes positive-polarity input signal. For negative input signal, 
swii1 is closed. 

Flexible TSCSOO ADC 
Simplifies Design Tradeoffs 

The TSCSOO's two logic inputs control the phases of the inte­
grating analog-to-digital conversion. (For further information 
on dual-slope AID conversion, see appendix A of Teledyne 
Semiconductor Application Note AN-23). As shown in Table 1, 
the TSCSOO adds an additional phase, zero-integrator, to the 
conventional autozero, signal integrate, and deintegrate 
phases. The zero-integrator mode can greatly reduce one of 
the integrating ADC's drawbacks, slow recovery from an input 
overrange condition. Slow overrange recovery is a problem 
when several inputs are multiplexed into one integrating ADC, 
because an overrange on one channel will affect the accuracy 
of other channels. 

The source of the integrating ADC's slow input overrange 
recovery is shown in Figure S. Under normal conditions, the 
integrator ramps up during signal integrate, then back to zero 
volts during deintegrate (Figure Sa). When the signal input 
exceeds full-scale, however, the integrator output does not 
reach zero volts before the end of deintegrate (Figure Sb). If 
the ensuing autozero period is not long enough to discharge 
the integrator to zero volts, succeeding conversions will pro­
vide erroneous data. The zero-integrator phase, on the other 
hand, provides a rapid discharge of the integrator error vol­
tage (Figure Sc). This speedup occurs because, during zero­
integrator, the integrator is actively driven toward zero volts. 

f--INT---1- DEINT-1-.AZ --1 

VIN..,;; VFULL-SCALE 

Ov---~ 
INTEGRATOR 
OUTPUT 

VIN;.. VFULL-SCALE Ov--­
INTEGAATOR 
OUTPUT 

VIN> VFULl-SCALE 
WITH ZERO 
INTEGRATOR 

ov---of 
INTEGRATOR 
OUTPUT 

Figure 5: TSCSOO Integrator Output Waveforms 
During: 
(a) Normal Operation 
(b) Input Overrange 
(c) Input Overrange with Zero Integrator Cycle 

The integrator output normally returns to O Vat EOG (a), but 
an error voltage remains if the input is overranged (b ). Adding 
a zero integrator cycle speeds overrange recovery (c). 
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Simplifies Design Tradeoffs 

Figure 6 demonstrates the difference between autozero and 
zero-integrator operation. During autozero, the buffer's input 
is connected to circuit common (Figure 6a). Disregarding 
offset voltage, the buffer's output will be zero volts. Any charge 
remaining on the integrator capacitor after deintegrate must 
discharge through RINT, and the time constant is quite long. 
The zero-integrator phase speeds the error recovery by con­
necting the buffer input to comparator #1 's output. Since the 
comparator output swing is greater than plus/minus four volts, 
discharge time is greatly reduced. Zero integrator must be 
followed by autozero, so that the buffer offset is cancelled. 
Typically, if 20% of the normal autozero period is devoted to 
zero-integrator following an overrange, then the integrator 
capacitor will be discharged. 

Integrating ADCs are suitable for both system and display 
applications. The system ADC is typically part of a micropro­
cessor based system, with the ADC accessed via a data bus or 
input/output (1/0) port. System ADCs typically produce binary 
data, and have three-state, bus compatible outputs. Display 
converters, on the other hand, are most often used as the heart 
of a dedicated instrument such as a digital multimeter. Display 
converters typically operate with decimal data and have 
binary-coded decimal (BCD) or seven segment outputs for 
easy interface to a visual display. 

INTEGRATOR 
BUFFER 

TO 
CO PARATOR 
N0.2 

Figure 6a: TSC500 Slmpllfled Schematic During 
Auto-Zero 

INTEGRATOR 

TO 

COMPARATOR 
NO. 2 

Figure 6b: TSC500 Slmpllfled Schematic During Zero 
Integrate 

Overrange recovery is slow in auto-zero because the buffer is 
connected to O V (a). The zero integrator phase connects the 
buffer to the comparator output to actively discharge the 
integrator (b). 
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The TSC500's flexibility permits it to be used in both system 
and display applications. Combined with a microprocessor 1/0 
port, the TSC500forms a binary ADC with resolution of 8to 14 
bits. Conversion rates of the binary ADC range from 400 down 
to 5 per second, while the high impedance signal inputs and 
differential reference ensure flexibility in measuring a variety 
of analog sensors. 

When teamed with a single-chip microcomputer, on the other 
hand, the TSC500 can form an equally flexible display conver­
ter. Features which are difficult to implement with a dedicated 
display ADC become easy with the analog front end approach. 
Desireable features for a hand-held multimeter, for example, 
might include autoranging, bargraph display, relative mea­
surements with decibel conversion, or programmable limits 
with buzzer alarm. Adding features in software can reduce 
development costs for a product family, as well as permitting 
product differentiation. 

An example of the TSC500 used as a system ADC is shown in 
Figure 7. Only three active and ten passive components are 
required, in addition to the µP 1/0 port, to form a very flexible 
ADC. Since the TSC500 is available in a 16-pin DIP, PCB area 
is actually less than that required for a dedicated but less flexi­
ble ADC. 

All of the analog components, except the reference, are con­
tained in the TSC500. The passive components are inexpen­
sive, and critical tolerances are not required. The integrating 
capacitor, C1Nr, must have very low dielectric absorption, so 
polypropylene is recommended. The other capacitors can be 
polypropylene, MYLAR, or other low leakage film type. 

The ADC's reference voltage is provided by two TSC9491 s, 
which operate like a 2.44 volt Zener diode. Requiring a mini­
mum bias current of only 50 µA, the TSC9491 is available in 
temperature coefficient grades of 50 or 100 ppm/°C. If the 
ADC's reference voltage is less than 1.22 V, only one TSC9491 
is required. 

Although the TSC500 requires +/-5 V power supplies, the cir­
cuit operates with a single +5 V connection. A monolithic DC 
to DC converter, the TSC7660, combines with two electrolytic 
capacitors to convert a +5 V input into -5 V. The TSC500 only 
requires 1.5 mA of supply current, so the TSC7660 provides a 
voltage conversion efficiency of about 98%. Eliminating a 
separate -5 V supply reduces power supply bulk and expense, 
as well as simplifying power distribution and PCB layout. Ill 
The µP 1/0 device is a Synertek SY6522, which contains two 
bidirectional 8-bit 1/0 ports, four interrupt control/handshake 
pins, two 16-bit timers and a shift register. Only four 1/0 bits, 
one interrupt input, and the timers are used for the ADC inter-
face. The remainder of the 1/0 port functions are available for 
selecting multiplexed inputs, accessing a visual display, or 
other functions. 

The TSC500/SY6522 interface only requires three digital con­
nections, which is a significant advantage when the ADC is 
located some distance from the 1/0 port. Two SY6522 1/0 bits, 
configured as outputs, control the TSC500's dual slope inte­
gration algorithm. The comparator output can either be read 
by polling an input port or by generating an interrupt. In most 
cases the interrupt would be used, of course, but input polling 
is useful while debugging software . 
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Figure 7: TSCSOO Interface to a Typical µP 1/0 Port 

The circuit makes use of both of the SYS522's counter/timers. 
Timer #1 is used to generate the ADC clock pulses, while timer 
#2 functions as the ADC's counter. The frequency output of 
timer #1 therefore controls the ADC conversion speed, while 
the binary number loaded into the counter determines the 
ADC resolution. During deintegrate, the count in timer #2 
when the comparator output switches to a logic low state is 
proportional to the analog input voltage. 

Timer #1 operates in its "free running" mode to generate the 
ADC clock. In this mode, the µP's clock is divided by a 1S-bit 
integer stored in the T1 latches. The result isa square wave out­
put on pin PB7. The clock frequency can be modified, by 
changing the divider constant, to adjust conversion speed or to 
reject specific normal mode noise frequencies. 

Counter/timer #2 is programmed for its pulse counting mode. 
When a number is loaded into the T2 latches, the counter will 
decrement with each negative pulse on input PBS. Connecting 
PB7 to PBS permits the counter to operate at the frequency 
programmed into Timer #1. An interrupt flag is set when the 
counter underflows, signalling the end of each measurement 
cycle. 

As mentioned previously, the TSC500 hardware combines 
with µP software to form an ADC. Software for the circuit, 
written in 6502 assembly language, Is shown in Listing 1. The 
logic flow is shown In Flowchart 1. This program will produce a 
12-bit conversion, but the resolution can easily be increased 
or decreased. 

Flexible TSCSOO ADC 
Simplifies Design Tradeoffs 

INPUT 

GND COMMON 

15 

l2~btt Analog to Digital conversion Software for the TSCSH ADC, 
controlled by 111 6512 Microprocenor and 6522 I/O Port 

' 1411 A211 AZ LOX If 1lo•d pointer for •11tozero 
1412 HAI STX OVRFLC I Uut' ClHr overflow fl•!I 
1414 2Ull4 JSR SBTCHT ;Ht TSCSll ' co11nteu for A-Z 
1417 A921 LDA 1218 1loop 11ntll 
1419 2CIDAI Azt.P BIT 10PT+IDH ; autozuo phHe 
141C PIH BIQ AZLP ; la co11plete 
14H A211 UITQR LDX 11 ; load pointer for inte;rate 
1411 215814 JSR SETCNT I phaae and be91n 
IU3 A921 LOA UIH 1wait to complete 
IU5 2CIDAI 1NTQALP BIT IOPT+IDH I inte;rate 
IUB PHI SEQ INTGRLP 1 phaH 
IU,\ ADllAI DEIHT LOA IOPT I clear INT fl'OIR Cll 
IUD 85"1 STA SICH ) and aave li;n bit 
IUP A212 LOX 12 ,aet llP 
1421 215814 JSR SETCNT I detnt•11rate phase 
1424 A91l DEINTLP LOA tfl ;hu comparator changed 
14.26 2CllAI BIT IOPT ; atate, indlcatin9 EOC? 
1429 PllA BEQ READEOC 1YH' get reaulta 
1428 A921 t.DA 121H ;no, so test 
1420 2CIDAI BIT IOPT+IDH I for ti111eo11t of 
1431 FIP2 BEQ DEIHTC.P ; timer 12 
1432 4Clll4 JHP AZ ;ti111er overflow, tnp11t overran11ed 
1435 ADIBAI REAOEOC LOA IOPT+IB 1read the 16-bit val11e 
1438 AC19AI C.DY IOPT+9 1 in timer 12 
1431 CDIBAI CHP IOPT+B I read lo byte again 
143£ 8116 ecs EOCOK ;2nd raadin; lower la correct 
1441 CCl9AI CPY IOPT+9 I if 2nd read in; hi11her. did 
1443 Piil BEQ BOCOK ; hi byte chan9e? 
1445 ca INY 1 if yu, add one to hi byte 
1446 85A2 EOCOK STA RESULTLD 1atore ADC ru11lt 
1448 B4A3 STY RESULTHl 1 in AAM 
IHA E6AI INC OVRFLG 1set no-overrange fla; 
f44C A912 ZEROCR LOA tAZlO iend of detntl;rah, so set 
144£ BDILAI STA IOPT+l I TSCSll to a11tozero 
1451 A921 · ZERLPl LOA t21H 1•ait 11ntll co11nter 
1453 2CIDAI BIT IOPT+IDH I overflow lndicatu 2111 
1456 FIF9 BEQ ZERLPl i co11nta of deinte11rah 
1458 4Clll4 JMP AZ 1do another conventon 
IOI 801111 SETCNT LOA PHZCNT,X 1enter thia ro11tine Nith ADC 
145E BDllAI STA IOPT+l 1 phase in x re; aa a pointer to 
1461 EB IHX 1 a table Nhich contains the 
1462 801111 LOA PHZCNT,X l TSC511 control bite and timer 
1465 BDllAI STA IOPT+B ; constant for each phaae 
1468 EB INX 1aet TSCSH to dHired phaH, 
1469 801118 LDA PHZCHT, X ; load 6522 down-co11nter, 
146C 8Dl9AI STA IOPT+9 I and ret11rn 
146F 61 RTS 
1811 ORG BllH 1Table for TSCSU control 
1811 12111811 PHZCNT DB 2,11,18,1 ;bite and co11nter val11u 
1814 111031111 DB 11,18,3,11,UH 

Listing 1: Software for 12-bltADC with TSCSOO and 6502 µP 
Combine this software with the hardware of Figure 7 to form a 
12-bit ADC. The converter's resolution can be adjusted by 
changing the counter values stored in the "PHZCNT" table. 
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LOAD TIMER WITH AUTO-ZERO COUNT 
SET TSC500 TO A/Z PHASE 

NO 

LOAD TIMER WITH INTEGRATE COUNT 
SET TSC500 TO INTEGRATE PHASE 

NO 

LOAD TIMER WITH DE INTEGRATE COUNT, 
RESET INTERRUPT FLAG FROM TSC500 

COMPARATOR, SET TSCSOO TO DE INTEGRATE PHASE 

NO 

READ 16-BIT COUNTER VALUE 

NO 

ADD ONE TO HIGH BYTE 

SET TSC500 TO AUTO-ZERO 
WAIT FOR TIME-OUT OF DE INTEGRATE PHASE 

Flowchart #1 

YES 

Before the actual conversion can begin, some housekeeping 
tasks must be completed. These tasks, not shown in the listing, 
include setting 1/0 ports, configuring timers, and clearing 
interrupt flags. Once initialization is completed, the analog-to­
digital conversion process can begin. 

The conversion software begins by placing the TSC500 in its 
autozero mode. For a 12-bit converter the autozero cycle is 
2048 counts, so the counter registers are loaded with this value. 
The counter immediately begins decrementing at the square 
wave frequency and the µP waits for the counter underflow 
that signals the end of autozero. 

The signal integrate phase is identical to autozero, except for 
placing the TSC500 in signal integrate mode. The integrate 
cycle is also 2048 counts, and the integrate period is selected 
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to provide optimal normal mode noise rejection. Afterthe sig­
nal integrate cycle is complete, deintegration begins and the 
analog input value is determined. 

The deintegrate cycle begins by reading the comparator out­
put. This action serves a dual purpose. First, the comparator 
state at the end of signal integrate establishes input polarity. 
Second, reading the input port resets the corresponding inter­
rupt bit. The next negative edge on the comparator output will 
set the interrupt flag and signal the zero crossing. 
Deintegrate continues by placing the TSC500 in its deintegrate 
mode and again loading the down counter. For a 12-bit con­
version the counter value is 4096. The software then begins 
testing for zero crossing and end of conversion. 

In the deintegrate loop, a test is first made for zero crossing. If 
the interrupt bit which corresponds to the comparator is not 
set, then the program tests for counter underflow. The pro­
gram continues to loop until either zero crossing or counter 
underflow occurs. 

When zero crossing occurs, the contents of the down counter 
represent the analog conversion result. The counter value is 
therefore transferred to memory for further processing. A 
memory location is also incremented to indicate that zero 
crossing has occurred. This memory location can be tested 
during autozero if the user wishes to include an optional zero­
integrator phase. 

Rather than stopping and restarting the counter, the registers 
are read "on the fly." Several steps are required to ensure that 
data does not change between reading the high and low bytes. 
If the high order byte changes between readings, the result 
would be 256 counts of error. The program therefore reads the 
counter registers twice, and tests for a borrow occurring 
between the two read operations. If the high byte has changed, 
a correction is applied before data is stored in memory. 

Once the conversion result is stored, the program again waits 
for the deintegrate phase to end. When the counter under­
flows, the conversion cycle is complete. The program loops 
back to autozero if another conversion is desired, or jumps to 
software which processes the ADC data. Since timer #2 is a 
down counter, the stored data must be subtracted from 4096 to 
get the actual analog input. 

The software shown in Listing 1 keeps the µPin a continuous 
loop during conversion. In normal practice the conversion 
would be interrupt driven, so that the µP would be free for other 
tasks. To convert the software to interrupt operation, routines 
must be added which will recognize interrupt sources and also 
keep track of the conversion phases. 

The TSC500 interface only requires a small portion of the 1/0 
port's available functions, so additional features are easy to 
add. Figure 8 shows one possible expansion by adding input 
multiplexers for eight differential analog signals. A four digit 
LED display is also included. The TSC701AM accepts BCD 
data, decodes the data to seven segment display format, and 
provides 28 LED segment driver outputs with 18 mA current 
capability. Placing CA2 in its pulse output mode will latch data 
into the TSC701AM simply by writing to port A. Four bits of 1/0 
are still available for controlling motors, heaters, valves, etc., or 
for monitoring digital inputs. 
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Figure 8: 8-Channel Data Acquisition System 

TSC500 Comparator Behavior After 
Zero Crossing 
The TSC500 comparator is designed to produce a negative­
going edge-triggered output which signals the end of con­
version. This transition occurs during the deintegrate phase, 
when the integrator output passes through zero volts. In most 
cases, the result will be a single negative-going transition. 
Occasionally, however, and especially in a noisy electrical 
environment, the comparator may make more than one 
transition. 

Multiple comparator pulses are seldom a problem in a micro­
processor sytem, since most µPs will not respond to a second 
interrupt until the first one is serviced. The service routine 
then disables the interrupt unti I the next deintegrate cycle, so 
additional comparator transitions are ignored. 

Problems do occur, however, in circuits built with discrete 
logic. If the unbuffered negative comparator edge is used to 
transfer data to latches, for example, multiple transitions will 
produce erroneous data. More importantly, additional transi­
tions during auto-zero and integrate cycles will make the 
latched data meaningless. Therefore, designers of non-µP 
TSC500 systems should provide logic which will ensure that 
end of conversion is only determined by the first negative 
comparator transition which occurs after the TSC500 is 
placed in deintegrate mode. 

Photograph #1 demonstrates the TSC500 comparator output 
at the end of a conversion. As the integrator output (top trace) 

28 SEGMENT 
OUTPUTS 

4-0IGIT LED 
DISPLAY 

-3999 

passes through zero volts, the comparator output (bottom 
trace) goes from a high to a low state. In this example, only a 
single negative-going transition was observed. 

After zero crossing, Photograph #1 shows that the integrator 
overshoots zero volts, continuing downward until the TSC500 
is switched to zero-integrator mode. The ZI cycle rapidly dis­
charges the overshoot error voltage, preparing the TSC500 for 
its next conversion cycle. After a short period of time in ZI, 
however, the comparator begins to oscillate. External circuitry 
which latches data at each falling edge of the comparator will 
now latch erroneous data. Additional gating of the comparator 
output, as outlined above, will prevent this error. (Notethatthe 
oscillations observed are comparator #2. This does not imply 
that the ZI loop, which uses feedback from the output of com­
parator #1, is unstable). 

Photograph #1 

TOP-TSC500 
INTEGRATOR 
OUTPUT 

BOTTOM-TSC500 
COMPARATOR 
OUTPUT 
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Application Note 27 
Numerical-Integration Techniques 

Speed Dual-Slope A/D Conversion 
By Gary Grandbois and Wes Freeman 

By using low-cost microprocessors and a program-controlled 
numerical-integration technique, you can achieve good noise 
rejection and take full advantage of the higher speeds offered 
by recently developed dual-slope A/D converters such as the 
TSC7109. 

This and similar converters overcome the speed limitations 
imposed by logic-gate and analog-comparator delays in ear­
lier dual-slope devices, and the modern units can operate at 
rates as high as 30to100 samples/sec. Nevertheless, operating 
them at their maximum conversion rates often makes it difficult 
or impossible to achieve the high normal-mode line-frequency 
rejection that dual-slope A/D converters inherently offer at 
slower conversion rates. Thus, noise considerations have 
often precluded use of these converters at their rated speeds­
especially in industrial environments, where line-frequency 
and other low-frequency noise components can be a particu­
lar problem. 

Normal-Mode Line-Frequency Rejection 
To understand normal-mode line-frequency rejection in 
dual-slope A/D converters, consider a typical 12-bit conver­
ter (Figure 1 a) and its timing diagram (Figure 1 b) for one 
conversion cycle. Note that the conversion depends on 
charging the integrating capacitor during a fixed time inter­
val; the number of counts necessary to discharge the capaci­
tor to zero is proportional to the input voltage. 

ANALOG 
INPUTO---O 

+OA-
RE FERENCE 
VOLTAGE 

SWITCH 
DRIVER 

INTEGRATOR 
c 

PHASE CONTROL 

POLARITY CONTROL 
CONTROL 
LOGIC 

The integrating A/D converter integrates the signal only in a 
certain time window, as Figure 1 b shows. This limited inte­
gration period results in normal-mode noise rejection only 
when the integration period is equal to one or more periods of 
the noise signal (Figure 2a). The time integral of this noise 
over integer multiples of the noise period is, of course, zero. 

Normal-mode noise-rejection performance can thus be 
represented as a function (Figure 2b) that reaches peaks at 
the fundamental and harmonic frequencies of the period 
defined by the signal-integrate time T. The minimum period 
T, which must equal the noise period, has been the limiting 
factor for conversion speed. At 60 Hz, for example, the mini­
mum signal-integrate time is 16. 7 msec; at 50 Hz, it's 20 msec. 

Because the signal-integrate time is only a portion of the total 
conversion time, conversion rates are significantly less than 
1/T. A standard, high-performance, dual-slope A/D conver­
ter includes a reference deintegrate phase, typically 2T long, 
and an autozero period equal to the signal-integrate period T. 
The total conversion time is thus 4T, which, for 60-Hz rejec­
tion, yields a maximum conversion rate of 15 samples/sec; 
for 50 Hz, it yields 12.5 samples/sec. 

The most serious constraint arises when you want to offer an 
instrument for international use that can reject both 60 and 50 
Hz. This feature is attainable only when the signal-integrate 
period T can contain six cycles of 60-Hz noise and five cycles 
of 50-Hz noise. The resulting 100-msec signal-integrate 
period dictates a 2.5-conversion/sec rate. 

I 
1 

I I 

~T~~~:~~: 
I WINDOW 
1 - _/1\. 
: / : "- ~~~~cc,.~iss1No 1 

INTEGRATOR:/ : ~i 
OUTPUT ~ I i-

i I . I 
I-.-- INTEGRATE~].,.._ DEINTEGRATE PHASE __...I 
I PHASE I I 11 

2048 4096 
COUNTS \ COUNTS I 

NUMBER OF COUNTS 
TO ZERO CROSSING 
PROPORTIONAL TO VIN 

(a) DIGITAL 
OUTPUT 

12-BIT COUNTER (b) 

Figure 1: A dual-slope A/D converter operates by charging a capacitor from the input voltage during a fixed time, 
then discharging it to zero. The number of clock periods in the discharge time corresponds to the analog input vol­
tage. The size of the integrating time window determines which normal-mode noise signals are rejected. 
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Figure 2: In a dual-slope A/D converter, high normal­
mode noise rejection occurs when the integration 
period Is a multiple of the noise signal's period. 
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Numerical-Integration Techniques 
Speed Dual-Slope A/D Conversion 

You can, however, overcome the inherent conversion-speed 
limitation of integrating A/D converters. A microprocessor 
with program-controlled numerical integration that comple­
ments the A/D converter's analog integration will speed dual­
slope conversion considerably. 

You can achieve high normal-mode rejection for specific fre­
quencies with this method if three conditions are met. First, 
the signal-integrate period must be defined such that noise 
integration takes place on a segmented basis. In Figure 3a, 
for example, the integrate window opens on a noise-wave­
form segment that's one-third of a period long. 

Next, the second signal-integrate period must begin at a 
point corresponding exactly to the point at which the first one 
ended, and the third's beginning must correspond to the 
point at which the second ended. This condition can be met 
only if the A/D converter has a fixed conversion time, irre­
spective of the signal input. Finally, the microprocessor must 
sum all three conversions to achieve the total integration ofa 
cycle of noise. A consideration of all these constraints for the 
TSC7109 A/D converter, for example, leads to the relation­
ship 

fNOISE = 
XT 

4C 

x 
where C is the conversion rate, f the noise frequency and X 
the number of conversion results added. X must be an odd 
number; Figure 3b shows why X cannot be an even number. A 
frequency that would require an even number of samples is 
one at which the integrate window is locked in phase with the 
signal (ie, the converter and signal periods are synchronized). 
For CV= (!NOISE) (X/4) and X= 2 (as in Figure 3b), the result is 
two times the error of one conversion. 
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Figure 3: Data-conversion systems employing a numerical-integration technique furnish noise rejection when an 
odd number of samples are summed (a). Adding the results of two conversions, though, can yield twice as much 
error as does one conversion (b) if the AID converter and noise frequency are synchronized. 
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Figure 4: The normal-mode-rejection capability illus­
trated by the upper curve here demonstrates the effec­
tiveness of taking nine conversion samples; the system 
that the curve represents rejects noise at all multiples 
of 10 Hz. The lower curve shows the result of acquiring 
only one sample and employing an 11. 11-msec signal­
integration period. 
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To achieve the desired normal-mode rejection, you must, 
therefore, sum an odd number of AID-converter results. You 
can accomplish this summation with firmware or with user­
interactive software. Consider an example using a TSC7109 
AID converter operating at 22.5 samples/sec. The equation 
yields the results in Table 1. 

As Table 1 indicates, an A/D converter operating at 22.5 
samples/sec can reject harmonics of 10 Hz if you maintain a 
rolling average of nine samples. This technique rejects 50 and 
60 Hz; it's equivalent to one sample taken at the rate of 2.5 
samples/sec. The curves in Figure 4 show the normal-mode 
rejection resulting from 1- and 9-sample averages at the rate of 
22.5 conversions/sec (or one sample at 2.5 conversions/sec). 

Table 1: TSC7109 at 22.5 Samples/Sec 
fNOISE 

(Fundamental) 
In Hz 

90 

30 

18 

12.8 

10 

x 
Samples Summed 
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'°'BEN 
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Figure 5: This 3 3/4-dlglt multimeter uses a numerical-integration technique to reject both 50-and 60-Hz normal­
mode noise. Although the DMM's display updates at 2.5 samples/sec, conversions take place at 22.5 samples/sec. 
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What's the point, you may ask, of sampling at the higher rate if 
you must wait for the result during a 9-period numerical inte­
gration? After the first 9-period wait, the system's pipeline is 
full, and you can then obtain a new result for each cycle at the 
22.5-samples/sec rate. 

The numerical-integration technique has many practical 
applications. The Figure 5 circuit, for example, is a 3 3/4 digit 
DMM that uses a TSC7109 13-bit A/D converter. The DMM 
updates the display at a 2.5 sample/sec rate for easy reada­
bility, yet it converts at a 22.5 sample/sec rate for fast response 
during autoranging and continuity checking. Because the 
circuit averages nine samples, it rejects both 50- and 60-Hz 
noise. Because it can carry a rolling average, the µPis capable 
of changing the number of conversions summed; it can there­
fore accommodate specific, user-programmable rejection 
frequencies. 
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Figure 6 shows connections for a system using the TSC7109 
in conjunction with a 6502 processor and 6522 peripheral in­
terface adapter. The adapter's programmable timer provides 
the A/D converter's clock, thereby simplifying testing of 
noise rejection with different clock frequencies. This circuit 
allows you to evaluate numerical-integration-based designs 
using either a general-purpose µP-development system or a 
prototyping board (eg, Rockwell's AIM-65). Figure 7 shows 
the assembly-language listing for the system; the flowchart 
appears in Figure 8. 

Table 2: 16-Channel Multiplexer 
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Figure 6: You can evaluate numberical integration with the circuit detailed in this schematic. The 6522 peripheral­
interface adapter provides clocking and the µP interface for the dual-slope AID converter. 
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Figure 7: This assembly-language listlng for the µP A/D­
converter system in Figure 6 provides for 9-sample 
numerical integration, thereby eliminating normal­
mode noise at frequencies that are multiples of 10 Hz. 

Adding Channels 
By using analog multiplexers, you can take advantage of 
these speed-improvement techniques in multi-channel sys­
tems. Solving the equation given earlier for X and using X to 
determine the scan length (or number of channels), you keep 
the noise-segment alignment iri proper phase. This segmen­
ted approach (for a 16-channel system that requires the 
summation of three conversions) is shown in Figure 9. The 
scan length is found by dividing the number of available 
channels by X, taking the integer value, and then multiplying 
it by X and adding 1. Table 2 shows the relationship between 
the number of samples summed and the number of channels 
scanned for a 16-channel multiplexer. 
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Figure 8: This flowchart for Figure 7's assembly­
language routine summarizes the code necessary to 
control the Figure 6 evaluation circuit. 

A data-acquisition system using a 16-channel multiplexer 
could use a TSC7109 running at 25 conversions/sec to reject 
all harmonics of 20 Hz (including, of course, 60 Hz), with a 
5-sample average taken in the microprocessor. The system 
would still respond to large signal deviations in a single con­
version. 

The change from analog signal integration of noise to hybrid 
analog/numerical integration entails some tradeoffs. The 
quantization error, for example, is always present; it can lead 
to a significant reduction in normal-mode rejection if the 
noise period is carved into too many segments. In addition, 
timing instability can create other error sources. For maxi­
mum stability, you must control the A/D converter's timing 
with a crystal oscillator . 
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Figure 9: You can add multichannel capablllty to the enhanced-speed AID-converter designs employing µP-based 
numerical integration. 
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Application Brief 7 
Solve Sensor 

Offset Problems with the TSC7106 
By Wes Freeman 

Design Engineers sometimes have to interface our TSC7106 
and similar ADCs to "non-ideal" sensors. A very common 
problem is that the sensor often does not give a "zero" output 
where the design wants a zero reading. 

One example of a "non-ideal" sensor is a diode used as a 
temperature sensor. The diode typically changes -2 mV per 
degree Celsius, but the change is from the diode's forward 
voltage of 600 mV or so. In order for the display to read "000" 
at 0.0 degrees, an offset must be provided. 

The differential inputs of the TSC7106 yield an easy solution 
to the offset problem. Figure 1 shows a simple thermometer 
with a diode sensor. Because the diode voltage decreases as 
temperature increases, IN LO is connected to the diode 
temperature sensor. The IN HI input is connected to a trim­
pot which is used to cancel the diode's forward voltage. 

The offset problem gets a little more difficult, however, if a 
sensor requires a negative offset. The easiest way, shown in 
Figure 2, is to use a TSC9491 reference. This will provide an 
offset of up to -1.22 V. The only "trick" to this circuit is that 
Resistor R1 must source enough current for the TSC9491 
plus a few extra microamps for the COMMON input. 

Figure 2 also demonstrates the utility of the TSC7106 families' 
differential reference. The effective reference voltage is 
simply the difference between the REF HI and REF LO inputs. 
In this way, the same TSC9491 can be used to produce both 
input offset and reference voltages. 
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The Introduction of single-voltage EPROMS and dynamic 
RAMs has permitted designers to produce complete digital 
systems powered by a single 5 volt supply. One area which 
has not yielded to single-supply operation, however, Is the 
RS-232 Interface. If a system must communicate with an 
RS-232 serial device, such as a printer or another computer, a 
separate power supply Is required. 

The circuit In Figure 1 provides an RS-232 driver without 
requiring a second power supply. Originally built for down· 
loading files from an IBM PC to an AIM·65, the circuit Is 
applicable to a wide variety of single-board computers as 
well as single chip microprocessors such as Intel's 8051. In 
100-plece quantities the component cost Is less than $3.00, 
and pc board space Is only a little more than Is occupied by a 
20-pl n socket. 

Understanding the circuit's operation Is easy. U1 is the 
CMOS TSC7660 DC·to-DC converter. It contains an oscll· 
later and matrix of switches which convert the +5 volt supply 
to -5 volts. The optoisolator converts the TTL-level Input 
current into a voltage which swings between the plus and 
minus supply rails, producing RS-232 compatible output 
levels. 

Resistor R1 determines the RS-232 output voltage swing. 
R1 's value Is determined by the Input specifications of the 
receiving device, current transfer ratio of the optoisolator, 
and the driving circuit's output current capability. 

The RS-232 input voltage spec is ±3 volts. The minimum 
input resistance of the MC1489, a typical RS-232 receiver, 
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Application Brief 8 
TSC7660 Powers RS-232 

Data Loop 
• Low Cost Adapter 

By Wes Freeman 

Is about 3 kO. Therefore, 1 mA of current must be supplied, 
and R1 must be: 

R1 = 5V-3V 

1 mA 
= 2 kO 

For reliable operation the optolsolator should be biased to 
saturation, so: 

IOPTO = ..!£_Y + ~ = 6.6 mA 
2 kO 3 kO 

Since the optolsolator's current transfer ratio Is only 20%, 
the LED current must be: 

ILeo = 6.8 mA' 1000/o = 33 mA 
20% 

This value is within the capability of the 7438 driver supplied 
with the AIM-65 computer. For Interfacing to lower-power 
devices a higher gain optolsolator can be substituted. The 
4N33 Darlington, for example, has a current transfer ratio of 
5000/o, which reduces Input drive current requirements to 
only 1.3 mA. 

For a cable length of six feet, the circuit operates properly up 
to 9600 baud. Unfortunately, high baud rates are not always 
useable. This Is because many computer prototyping 
boards seem to have software serial-communications routines 
which are designed for 110 baud teleprinters. These routines 
do not make use of the handshaking signals which RS-232 
provides. Unless the serial communications routines are re· 
written, lower baud rates may be required for proper operation. 

7 SIGNAL 

i,•Oµfd 
GROUND 

5 
-5 v 

RS-232 
DB-26 
CONNECTOR 

R1 
2kH 

3• 
TRANSMITTED 

SERIAL DATA DATA 
OUTPUT 
(RS-232) 

SERIAL 
DATA 
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(TTL LE VEL) *CONFIGURES THE SINGLE BOARD COMPUTE.A 

Figure: 1 AS DATA COMMUNICATIONS EQUIPMENT (DCE) 

This low cost circuit converts TTL-level signals to an RS-232 level without the expense of a negative power supply. The TSC7660's 
-5 V output permits the optoisolator to swing to RS-232 levels at up to 9600 baud. 
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The TSC7106A/7106 31/2 digit analog-to-digitial converters 
with liquid crystal display drive can be powered from ±5 V 
power supplies easily. Low cost voltage regulators such as 
the LM7805 (+5 V) and LM7905 (-5 V) power the TSC7106A/ 
7106 in Figure 1. Analog common, internally referenced to 
3 V below the positive supply potential, is used to supply the 
converter reference. 

If only +5 Vis available the low cost TSC7660 DC to DC con­
verter easily generates the -5 V supply as in Figure 2. A 
TSC7107 A/7107 LED display converter can also be powered 
by a TSC7660. 

+15 v 

LM7806 

•5 v 
REGULATOR 

31 

ANALOG [l>----t+INPUT 

INPUT 

30 o------o -INPUT 

>5V 

TSC7106A/7106 

Application Brief 9 
+s V Power Supply Operation 

with TSC7106A/TSC7107 A 
By Dave Gillooly 

An external voltage reference replaces the internal reference 
in Figure 3. Chip temperature variations caused by changing 
LED display drive current can cause full-scale drift if the in­
ternal reference does not have a low temperature coefficient. 
Input signal magnitude and the corresponding seven seg­
ment display code determine how many LED segment drivers 
are active. The TSC7107 A features an improved low tempera­
ture drift internal voltage reference. 

The TSC7107 A is directly pin compatible with the first gene­
ration ICL7107 device and lowers temperature induced full­
scale drift (See the TSC7107A Data Sheet Also). 
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Figure 1: TSC7106A/7106 Operates From ±5 V Power Supplies 
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Application Brief 10 
Vendors for Support 

Components 

Many Teledyne Semiconductor products use displays, cry­
stals and capacitors. A partial list of potential suppliers for 
components is given below. Although not exhaustive, the list 

should help development. Additional vendors can be found 
in the U.S. Industrial Directory, Electronic Design's Gold 
Book, and Who's Who in Electronics. 

LED Displays 
•AND 
Burlingame, CA 94010 
(415) 347-9916 
TWX: 910-374-2353 

• General Instrument 
Opto Electronics Division 
Palo Alto, CA 94304 
(415) 493-0400 

• Hewlett Packard 
Opto Electronics 
640 Page Mill Road 
Palo Alto, CA 94304 
(415) 857-5948 

• Litronix 
Cupertino, CA 95014 
(408) 257-7910 
TWX: 910-338-0022 

Oscillator Crystals 
• Daiwa Sinku Corp. 
Hirakacho, Kakogowa Hyogo, Japan 
0794-26-3211 

• International Piezo Ltd. 
Hong Kong 
3-351051 
TELEX: 35454 XTAL HX 

• Jameco 
Belmont, CA 
(415) 592-8097 
TELEX: 176043 

• Statek Co. 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 

Piezoelectric Audio 
Transducers 
• Murata Erie 
Marietta, GA 30067 
(404) 952-9777 
TWX: 810-766-1531 

• Piezoelectric Products 
Gulton Industries 
Metuchen, NJ 08840 
(201) 548-2800 

Liquid Crystal Displays Polypropylene Capacitors 
• Amperex • International Components 
Slatersville, RI 02876 Melville, NY 11747 
( 401) 762-3800 (516) 293-1500 
TWX: 710-382-6332 TELEX: 143130 

• Crystaloid • S&EI Manufacturing 
Hudson, OH 44236 Northridge, CA 91324 
(216) 655-2429 (213) 349-4111 

• Epson TWX: 910-493-1252 

Torrance, CA 90505 • Seacor 
(213) 534-0360 Westwood, NJ 
TELEX: 182412 (201) 666-5600 

• Hamlin TELEX: 135354 

Lake Mills, WI 53551 • Sprague Electric 
(414) 648-2361 North Adams, MA 
TWX: 910-260-3740 (413) 664-4411 

• Printed Circuits International • TRW Capacitors 
1145 Sonora Court Ogalla, NE 
Sunnyvale, CA 94086 (308) 284-3611 
(408) 980-0591 • Wesco 
• REFAC Greenfield, MA 01301 
Winsted, CT 06098-0809 (413) 774-4358 
(203) 379-2731 • West Lake Capacitors 
TWX: 710-449-6464 West Lake Village, CA 
• UCE (818) 889-4120 
Norwalk, CT 06855 TWX: 910-494-4779 
(203) 838-7509 

• Varitronix Quad Flat Package 
VL Electronics Test Sockets 
Los Angeles, CA 90027 

• Nepenthe Distribution (213) 661-8883 
TELEX: 821-554 2471 East Bayshore, Suite 520 

Palo Alto, CA 94303 

Liquid Crystal Display (415) 856-9332 

Connectors Resistor Networks 
• Tecknit 
129 Dermody Street • Caddock Electronics 

Cranford, NJ 07016 1717 Chicago Avenue 

(201) 272-5500 Riverside, CA 92507 

TWX: 710-996-5951 (714) 788-1700 
TWX: 910-332-6108 

This listing does not represent an endorsement of manufacturer's product ora 
guarantee of suitablity. Contact the supplier for specific product information. 
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Brief Glossary For TSC Products 

Analog-to-Dlgltal Converter 
Electronic device that converts Analog (continuous) infor­
mation Into a Digital word (number). Analog quantities can 
be temperature, pressure, weight, chemical concentration, 
noise level, and fluid level. 

The Digital result can be a number In binary, decimal, or 
binary-coded-decimal (BCD). 

Auto-Zero 
A self-correcting system that insures a Zero output of the 
ADC for a Zero input. 

Binary 
Number system with only two values - O or 1 - in each 
numeric position. This is the number system used in compu­
ter systems. 

Binary-Coded-Decimal (BCD) 
A number system whereby binary numbers are grouped In 
sets of four to represent decimal (Ten system) numbers. This 
system is shown below. 

BCD# 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 

Declmal # 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

This number system is useful for some A/D converters intended 
to be used in displaying the output as decimal numbers. 

Bit 
A single binary number unit, 0 or 1. An 8-bit number could 
appear as: 

10011110 (158 in decimal) 
or 

01000011 

or any other combination 
from 

Code 

(67 in decimal) 

00000000 
to 

11111111 

Output format of AID converter. Usually binary, BCD, or 
sign-magnitude binary. 

Digit 
A sing le decimal number unit that can range in value from 0 to 9. 

Thus, a 3 1/2 digit A/D converter goes from 0000 to 1999; 

a 4 1/2 digit A/C converter can provide outputs from 
00000 to 19999; 

and a 3 digit converter can provide outputs from 
ooo to 999. 

Note that the "1/2 digit" merely doubles the output range by 
adding a Most Significant Bit to the output. 

Display ADC 
An A/D converter normally designed to convert and display 
the numeric value representing the analog signal. Display 
ADC's may have the Display Driver built in (as the TSC7106, 
7107, 7116, 7117 have), or may provide multiplexed BCD for 
use by external drivers (the TSC14433, TSC7135, and 
TSC8750 do this). 

Least-Significant-Bit (or Digit) 
The lowest number. position 

for Decimal 

for Binary 

Multiplexed 

1287 
t 

Least Significant Digit (LSD) 

10010011 
t 

Least Significant Bit iLSB) 

Signals sharing a common connection but separated In time 
are said to be multiplexed. Multiplexed BCD is characterized 
by the 4 BCD signal paths in which the appropriate digits are 
separated in time. 

Resolution 
Number of output states offered by the A/D converter. For a 
binary ADC, the resolution is 2"; where n equals the number 
of bits, 

thus: 28 = 256 
210 = 1024 
212 = 4096 
214 = 16384 
218 = 65536 

For decimal and BCD ADCs, the resolution equals 10"; where II 
n is the number of digits (see "Digit" definition). , 

Sign 
An additional output in some ADCs that are capable of mea­
suring both+ and - voltage. The sign bit identifies this polar­
ity (typically, "1" for + and "O" for -). The coding format 
resulting is called Sign-Magnitude Code. 
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Glossary of Data Conversion Terms 

Absolute Accuracy 
The worst-case input to output error of a data converter re­
ferred to the NBS standard volt. 

Accuracy 
The conformance of a measured value with its true value; the 
maximum error of a device such as a data converter from the 
true value. See relative accuracy and absolute accuracy. 

A/D Converter 
Analog-to-digital converter. A circuit which converts an 
analog (continuous) voltage or current into an output digital 
code. 

Auto-Zero 
A stabilization circuit which serves an amplifier or A/D con­
verter input offset to zero during a portion of its operating 
cycle. 

Bandgap Reference 
A voltage reference circuit which is based on the principle of 
the predictable base-to-emitter voltage of a transistor to 
generate a constant voltage equal to the extrapolated band­
gap voltage of silicon ("'1.22 V). 

Binary Code 
A positive weighted code in which a number is represented 
by 

N = ao2° + ai21 + a222 + a323 + ... + an2" 

where each coefficient "a" has a value of zero or one. Data 
converters use this code in its fractional form where: 

N = a12-1 + a22-2 + aa2-3 + ... an2-n 

and N has a fractional value between zero and one. 

Binary Coded Decimal (BCD) 
A binary code used to represent decimal numbers in which 
each digit from 0 to 9 is represented by four bits weighted 
8-4-2-1. Only 10 of the 16 possible states are used. 

Bipolar Mode 
For a data converter, when the analog signal range includes 
both positive and negative values. 

Busy Output 
See Status Output 

Charge Balancing A/D Converter 
An analog-to-digital conversion technique which employs an 
operational integrator circuit within a pulse generating feed­
back loop. Current pulses from the feedback loop are pre­
cisely balanced against the analog input by the integrator, 
and the :esulting pulses are counted for a fixed period of time 
to produce an output digital word. This technique is also 
called quantized-feedback. 

Clock 
A circuit in an A/D converter that generates timing pulses 
which synchronize the operation of the converter. 

Common-Mode Rejection Ratio 
For an amplifier, the ratio of differential voltage gain to 
common-mode voltage gain, generally expressed in dB. 

CMRR = 20 log10 ~ 
ACM 

where Ao is differential voltage gain and AcM is common 
mode voltage gain. 
Conversion Time 
The time required for an A/D converter to complete a single 
conversion to specified resolution and linearity for a full­
scale analog input change. 

Differential Linearity Error 
The maximum deviation of any quantum (LSBchange) in the 
transfer function of a data converter from its ideal size of 
FSR/2". 

Dual Slope AID Converter 
An indirect method of A/D conversion whereby an analog 
voltage is converted into a time period by an integrator and 
reference and then measured by a clock and counter. The 
method is relatively slow but capable of high accuracy. 

End of Conversion 
See Status Output 

Frequency-To-Voltage (F/V) Converter 
A device which converts an input pulse rate into an output 
analog voltage. 

Full-Scale Range (FSR) 
The difference between maximum and minimum analog 
values for an A/D converter input or D/A converter output. 

Integral Linearity Error 
The maximum deviation of a data converter transfer function 
from the ideal straight line with offset and gain errors zeroed. 
It is generally expressed in LSB's or in percent of FSR. 

Integrating AID Converter 
One of several types of A/D conversion techniques whereby 
the analog input is integrated with time. This includes dual 
slope, triple slope, and charge balancing type AID converters. 

Least Significant Bit (LSB) 
The rightmost bit in a data converter code. The analog size of 
the LSB can be found from the converter resolution: 

LSB Size= FSR 
2" 

where FSR is full-scale range and n is the resolution in bits. 

Linearity Error 
See Integral Linearity Error and Differential Linearity Error. 

Missing code 
In an A/D converter, the characteristic whereby not all output 11 codes are present in the transfer function of the converter. , 
This is caused by a non monotonic DI A converter inside the 
A/D. 

Monotonicity 
For a DI A converter, the characteristic of the transfer func­
tion whereby an increasing input code produces a contin­
uously increasing analog output. Nonmonotonicity may 
occur if the converter differential linearity error exceeds ±1 
LSB. 

Most Significant Bit (MSB) 
The leftmost bit in a data converter code. It has the largest 
weight, equal to one half of full-scale range. 
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Glosaary of Data Conversion Terms 

Multlplylng D/ A Converter 
A type of digital-to-analog converter In which the reference 
voltage can be varied over a wide range to produce an analog 
output which Is the product of the Input code and Input 
reference voltage. Multlpllcatlon can be accomplished In 
one, two, or four algebraic quadrants. 

Noise Rejection 
The amount of auppreaalon of normal mode analog Input 
noise of an A/D converter or other circuit, generally ex­
pressed In dB. Good noise rejection Is a characteristic of 
Integrating type A/D converters. 

Offset Drift 
The change with temperature of analog zero for a data 
converter operating In the bipolar mode. It Is generally 
expressed In ppm/0 0 of FSR. 

Parallel Type AID Converter 
An ultra-fast method of A/D conversion which uses an array 
of 2" - 1 comparators to directly Implement a quantizer, 
where n is the resolution In bits. The quantizer Is followed by 
a decoder circuit which converts the comparator outputs Into 
binary code. 

Power Supply Sensitivity 
The output change In a data converter caused by a change in 
power supply voltage. Power supply sensitivity Is generally 
specified In %/V or In %/%supply change. 

Ratlometrlc AID Converter 
An analog-to-digital converter which uses a variable reference 
to measure the ratio of the Input voltage to the difference. 

Relatlve Accuracy 
The worst case Input to output error of a data converter, as a 
percent of full-scale, referred to the converter reference. The 
error consists of offset, gain, and linearity components. 

Resolution 
The smallest change that can be distinguished by an AID 
converter or produced by a D/A converter. Resolution may 
be stated In percent of full-scale, but Is commonly expressed 
as the number of bits n where the converter has 2" possible 
states. 

Status Output 
The logic output of an A/D converter which Indicates whe­
ther the device la In the process of making a conversion or 
the conversion has been completed and output data Is ready. 
Also called busy output or end of conversion output. 

Temperature Coefficient 
The change In analog magnitude with temperature, ex­
pressed In ppm/0 0. 

Three-State Output 
A type of a/D converter output used to connect to a data bus. 
The three output states are logic 1, logic o, and off, An enable 
control turns the output on or off. 

Voltage-To-Frequency {V /F) Converter 
A device which converts an analog voltage into a train of dlgi· 
tal pulses with frequency proportional to the Input voltage. 

Zero Drift 
The change with temperature of analog zero for a data con­
verter operating In the unipolar mode. It Is generally ex­
pressed in µ.V/° C. 
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Moneta, VA 24121 
703/297-4496 

Washington 

Vantage Corp. 
300 120th Ave. N.E. 
Bldg. 7, Ste. 207 
Bellevue, WA 98005 
206/455-3460 
TWX: 910-443-2308 

Wisconsin 

KMA Sales Inc. 
2360 N. 124th Street 
Milwaukee, WI 53226 
414/259-1771 
TWX: 910-262-3315 
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Canadian Representatives 

British Columbia 

Davetek Marketing 
8148 Riel Place 
Vancouver, BC V5S 4B3 
604/430-3680 
TWX: 04-508-312 

Ontario 

Vitel Electronics, Inc. 
4019 Carling Ave. 
Suite 180 
Kawata, OT KWK 2A3 
613/592-0090 

Vitel Electronics, Inc. 
5945 Airport Road 
Suite 180 
Mississauga, OT L4V 1 R9 
416/676-9720 
TWX: 610-492-2528 

Quebec 

Vitel Electronics, Inc. 
3300 Cote Vertu 
Suite 203 
St. Laurent, QB H4R 2B7 
514/331-7393 
TWX: 610-421-3124 

United States Distributors 
Alabama 

Powell Electronics 
704 Arcadia Circle 
Huntsville, AL 35801 
205/539-2731 
TWX: 810-726-2231 

Marshall Industries 
3313 Memorial Parkway South 
Suite 106 
Huntsville, AL 35801 
205/881-9235 

Arizona 

Marshall Industries 
835 West 22nd St. 
Tempe, AZ 85282 
602/894-2188 
TWX: 910-950-1946 

Time Electronics 
1203 W. Geneva Drive 
Tempe, Arizona 85282 
602/967-2000 
TWX: 910-950-0086 
TLX: 85-8910 

California 

Time Electronics 
2410 E. Ceiritos Ave. 
Anaheim, CA 94806 
714/937-0911 
TWX: 85-8904 

Marshall Industries 
8015 Deering Ave. 
Canoga Park, CA 91304 
818/999-6570 
TWX: 910-494-4821 
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California (Cont.) 

Time Electronics 
9751 Independence Ave. 
Chatsworth, CA 91311 
818/998-7200 
TWX: 910-380-6274 

Marshall Industries 
9674 Telestar Ave. 
El Monte, CA 91731-3004 
818-442-7204 
TWX: 910-587-3448 

Marshall Industries 
17321 Murphy Ave. 
Irvine, CA 92714 
714/660-0278 
TWX: 910-595-1969 

Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
408/943-4700 

Marshall Industries 
10105 Carroll Canyon Rd. 
San piego, CA 92131 
619/578-9606 
TWX: 910-322-1353 

Time Electronics 
8525 Arjone Drive 
Suite A 
San Diego, CA 92126 
619/586-1331 
TLX: 85-8902 

Time Electronics 
1339 Moffett Park Drive 
Sunnyvale. CA 94089 
408/734-988'a 
TLX: 85-8914 
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California (Cont.) 

Time Electronics 
19210 S. Van Ness Ave. 
Torrance, CA 90501-1194 
213/320-0880 
TLX: 85-8886 

Colorado 

Marshall Industries 
7000 N. Broadway 
Suite 108 
Denver, CO 80221 
303/ 427-1800 
TWX: 910-938-0394 

Time Electronics 
7399 South Tuscon Way 
Suite A-7 
Englewood, CO 80112 
303/799-8851 
TWX: 910-931-2227 

Connecticut 

Time Electronics 
1701 Milldale Road 
Cheshire, CT 06410 
203/271-3200 

Marshall Industries 
20 Sterling Dr. 
Barnes Ind. Pk 
P.O. Box 200 
Wallingford, CT 06492-0200 
203/265-3822 
TWX: 710-476-0300 



United States Distributors (Cont.) 

Florida llllnols Kansas (Cont.) 

Marshall Industries L Comp, Inc. L Comp., Inc. 
1001 NW 62nd St. 1115 W. National Ave. 2111 West Harry 
Suite 306D Addison, IL 60101 Wichita, KS 67213-3253 
Ft. Lauderdale, FL 33309 312-628-1400 316/265-5100 
305/928-0661 Advent Electronics Marshall Industries 
TWX; 910-997-5206 711016 N. Lyndon St. 230 Laura Street 
Time Electronics Rosemont, IL 60018 Wichita, KS 67211 
6610 N.W. 21st Ave. 312/298-4210 316/264-6333 
Ft. Lauderdale, FL 33309 TWX; 910-233-2477 
305/97 4-4800 Marshall Industries Maryland TLX; 85-8890 1261 Wiley Rd., #F 
All American Schaumburg, IL 60195 Time Electronics 
16251 NW 54th Ave. 312/490-0755 9051 Red Branch Road 
Miami, FL 33014 TWX: 910-256-0036 Columbia, MD 21045 
305/621-8282 Time Electronics 301 /964-3090 
TWX: 810-848-4048 945 N. Edgewood Dr. TWX: 710-862-2860 
Marshall Industries Suite G Marshall Industries 
4205 34th St. SW Wooddale, IL 60191 8445 Helgerman Ct. 
Orlando, FL 32811 312/350-0610 Gaithersburg, MD 20877 
305/841-1878 301 /840-0228 
TWX; 810-850-0249 

Indiana TWX: 710-828-9748 
Time Electronics Pyttronic Industries 
4405 Vineland Road Advent Electronics 8220 Wellmore St. 
Suite C15 8446 Moller Rd. Savage, MD 20863 
Orlando, Fl 32811 Indianapolis, IN 46268 301/792-0780 
305/841-6565 317 /872-4910 TWX: 710-867-9279 
TWX: 910-350-2256 TWX: 810-341-3228 

Marshall Industries Massachusets 
Georgia 6990 Corporate Drive 

Indianapolis, IN 46278 Marshall Industries 
Time Electronics 317 /297-0483 Five Wilshire Rd. 
2270 Marietta Blvd., N.W. Burlington, MA 01803 
P.O. Box 20225 Iowa 617 /272-8200 
Atlanta, GA 30325 TWX: 710-332-6359. 
404/351-3545 Advent Electronics Now Electronics 
TLX: 85-8883 682 58th Ave. St., S.W. 85 Speen St. 
Marshall Industries Cedar Rapids, IA 52404 Framingham, MA 01701 
4350J International Blvd. 319/363-0221 617 /872-5876 
Norcross, GA 30093 TWX: 910-525-1337 Future Electronics 
404/925-1895 Deeco, Inc. 133 Flanders Rd. 
TWX: 810-766-3969 2500 16th Ave., S.W. Westborough, MA 01580 

Time Electronics Cedar Rapids, IA 52406 617 /366-2400 

5555 Oakbrood Pkwy. 319/365-7551 TWX: 710-390-0374 

Suite 535 TWX: 910-525-1332 Time Electronics 
Norcross, GA 30093 150C New Boston Street 
404/448-4448 Kansas Woburn, MA 01801-6202 

II 617 /905-8080 
Marshall I ndsutries TLX: 85-8888 
8321 Melrose Drive 
Lenaxa, KS 66214 
913/492-3121 
TWX: 910-997-5213 
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United States Distributors (Cont.) 

Michigan Nebraska New York (Cont.) 

Advent Electronics L Comp., Inc. Marshall Industries 
24713 Crestview Ct. 927 El Dorado Dr. 129 Brown St. 
Farmington Hiii, Ml 48018 Omaha, NB 88154 Johns.on City, NY 13790 
313/477-1850 402/493·8437 807/729-4351 
TWX: 810·242·2907 Marshall Industries 
Calder Electronics New Jeraey 1280 Scottsville Fld. 
4245 Brockton Dr., S.E. Rochester, NY 14824 
Grand Rapids, Ml 49508 Vantage Electronics 718/235-7820 
818/898-7400 23 Sebago St. TWX: 510-253·5528 

Marshall Industries Cliffton, NJ 07813 
13087 Schoolcraft 201/777-4100 North Carolina 
Livonia, Ml 48150 Marshall Industries 
313/525-5850 101 Falrtleld Rd. Marshall Industries 
TWX: 910·997-5193 Falrtleld, NJ 07008 5221 North Boulevard 

201 /882·0189 Raleigh, NC 27804 

Minnesota TWX: 710·989·7052 919/878· 7383 
TWX: 910-997·5209 

Marshall Industries 
Time Electronics 102 Gaither Or. 
7408 W. 78th Street Mt. Laurel, NJ 08054 Ohio 
Bloomington, MN 55435 809/778-8720 
612/944-9192 TWX: 710-897-1384 Hughes-Peters, Inc. 
TWX: 910-380·6272 4885 Duck Creek Rd. 

The Joel Company New York 
P.O. Box 27119 

612·11th Ave. So. 
Cincinnati, OH 45227 

Hopkins, MN 55343 Future Electronics 
513/351-2000 

812/935-8202 7453 Morgarner 
TWX: 810·461·2885 

TWX: 910-576·3171 East Syracuse, NY 13088 Hughes-Peters, Inc. 

Marshall Industries 315/451-2371 481 E. 11th Ave. 

3800 Annapolis Lane TWX: 710·541-0402 Columbus, OH 43211 

Suite 460 Time Electronics 814/294·5351 

Plymouth, MN 55441 6075 Corporate Drive 
TWX: 810·482·1760 

812/559-2255 East Syracuse, NY 10057 Marshall Industries 
TWX: 910-997·5190 315/432·0355 6212 Executive Blvd. 

SAi 
Dayton, OH 45424 

Missouri 564 Smith St. 
513/236-8122 
TWX: 810-459-1735 

Farmingdale, NY 11735 
L Comp., Inc. 516/293-2710 Time Electronics 
2211 Riverfront Dr. TWX: 510·224·6067 6175 H. Shamrock Ct. 
Kansas City, MO 64120·1478 Time Electronics Dublin, OH 43017 

816/221-2400 70 Marcus Boulevard 614/761-1100 

TWX: 910·771·3148 P.O. Box 11248 Marshall Industries 

L Comp., Inc. Hauppauge, NY 11788 5905B Harper Rd. 

2550 Harley Dr. 516/278-0100 Solon, OH 44139 

Maryland Heights, MO 63043 TLX: 85·8898 216/248-1788 

314/291-6200 Marshall Industries 
TWX: 810·427·2701 

TWX: 910-380-7667 275 Oser Ave. 
Time Electronics Hauppauge, LI, NY 11788 
330 Sovereign Court 516/273-1515 
St. Louis, MO 63011·4491 TWX: 510·220·1139 
314/391·6444 
TLX: 85·8896 
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United States Distributors (Cont.) 

Oklahoma Texas Washington 

Quality Components Quality Components Marshall Industries 
9934 E. 21st St. s. 4257 Kellway Circle 14102 N.E. 21st St. 
Tulsa, OK 74129 P.O. Box 819 Bellevue, WA 98007 
918/664-8812 Addison, TX 75001 206/641-6800 

214/733-4300 TWX: 910-443-3014 

Oregon TWX: 910-860-5469 

Marshall Industries Wisconsin 
Marshall Industries 8504 Cross Park Drive 
8230 S.W. Nimbus Ave. Austin, TX 78764 Marshall Industries 
Beaverton, OR 97005 512/837-3939 235 North Executive Drive #306 
503/643-5555 TWX: 910-874-2050 Brookfield, WI 53005 
TWX: 910-997-8048 Quality Components 414/797-8400 

Time Electronics 2120-M Braker Lane Taylor Electric Co. 
16125 S.W. 72nd Ave. Austin, TX 78758 100 W. Donges Bay Rd. 
Bldg. 2 512/836-0220 Mequon, WI 53092 
Portland, OR 97224 TWX: 910-874-1377 414/241-4321 
503/684-3780 Time Electronics TWX: 910-262·3414 
TLX: 82·1879 2210 Hutton Drive 

Carrollton, TX 75006 

Pennsylvania 214/241-7441 

Marshall Industries 
Time Electronics 14205 Proton Rd. 
Mid Atlantic Division Dallas, TX 75234 
800 Clark Ave. 214/233-7850 
King of Prussia, PA 19406 TWX: 910-860-5472 
215/337-0900 Marshall Industries 
Pyttronic Industries 3698 Westchase Dr. 
P.O. Box 433 Houston, TX 77042 
Stump Rd. 713/789-9300 
Montgomeryville, PA 18938 TWX: 910-881·4833 
213/843-2850 Time Electronics 
TWX: 510-861-6593 10450 Stancliff Blvd. 
Marshall Industries Houston, TX 77099 
701 Alpha Drive #240 713/530-0800 
Pittsburgh, PA 15238 Quality Components 
412/963-0441 1005 Industrial Blvd. 
TWX: 710-897-1384 Sugarland, TX 77478 

713/491-2255 
TWX: 910-880-4893 

• 
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Canadian Distributors 

Alberta 

Future Electronics 
Bay #2 3220 5th Ave. 
Calgary, AB T2A 5N1 
403/235-5325 

lntek Electronics 
4616-99 St. 
Edmonton, AB T6E 5W5 
403/437-2755 
TWX: 610-831-1101 
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British Columbia 

Future Electronics 
3070 Kingsway 
Vancouver, BC V5R 57 J 
604/ 438-5545 
TWX: 610-922-1668 

lntek Electronics 
10-8385 St. George St. 
Vancouver, BC V5X 4P3 
604/324-6831 
TWX: 610-922-5032 
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Ontario 

Future Electronics 
82 St. Regis Cresant N. 
Downsview, ON M3J 123 
416/638-4 771 

Future Electronics 
1050 Baxter Rd. 
Ottawa, ON K2C 3P2 
613/820-8313 

Quebec 

Future Electronics 
237 Humus Blvd. 
Pointe Claire, QB H9R 5C7 
514/694-7710 
TWX: 610-421-3500 



International Representatives and Distributors 

Argentina France Isreal (Representative) 

Tinko SA Tekelec Airtronic SA M.L.R.N. Electronics Ltd. 
Aisina 1633 Cite des Bruyeres 15, Kineret Street 
1088 Buenos Aires Rue Carle Vernet Bney-Brak 
Argentina F-92310 Sevres P.O. Box 20168 
Telephone: 49-6060 Telephone: 01-5347535 Tel-Aviv 61200 
TLX: 17825 SENIS AR TLX: 204552 Israel 

Telephone: 03-708174/5 

Australia Germany 
TLX: 342107 

Premark Electronics Pty. Ltd. 
Adelco Elektronik GmbH Italy 
Boxholmstr. 5 

Suite 102, 6-8 Clarke Street 2085 Quickborn Eledra 3S Spa 
Crows Nest, NSW 2065 Telephone: 04106-2024 Viale Elvezia 18 
Australia TLX: 2180619 1-20154 Milano 
Telephone: 439-6571 or 439-6965 Telephone: 02-349751 
TLX: 20474 Emtron TLX: 332332 

Electronic Vertriebs GmbH 314155 

Belgium Waldstr. 55 
6085 Nauheim 

Microtron PVBA/SPRL Telephone: 06152-6003 Japan 
Tremelobaan 131 TLX: 4191175 

Tomen Electronics Corp. 
B-2850 Keerbergen 

Ing. T. Henskes GmbH 1-1, Uchisaiwai-Cho 2-Chome 
Telephone: 016-534186 

Badenstedter Str. 9 Chiyoda-Ku, Tokyo 100 
TLX: 22606 

3000 Hannover 91 Telephone: (03) 506-3694 
Telephone: 0511-456082 TLX: J-23548 

Brazil TLX: 923509 Sil-Walker Inc. 

Hot Elektronik 1-1, Shinjuku 5-Chome 
Hitech Comerciale Industrial Ltd. Wendelsteinweg 11 Shinjuku-Ku, Tokyo 160 
Av. Eng. Luiz Carlos Berrini, 801 Postfach 1261 Telephone: (03) 341-3651 
Conjunto 111/121 8028 Taufkirchen - Potzham TLX: 0232-3398 
Brooklin Telephone: 089-6121092 
Telephone: (011) 533-9566 TLX: 529528 Korea 
TLX: 391-53288 

Metronik GmbH Vine-Overseas Trading Corp. 

Denmark Kapellenstr. 9 Rm. 308, Korea Electric 
8025 Unterhaching Association Bldg., 

Nordisk Elektronik AS Telephone: 089-6114063 11-4, Supyo-Dong, Jung-Ku 

Tranformervej 17 TLX: 529524 Seoul 

DK-2730 Herlev Rein Elektronik GmbH 
Telephone: 

Telephone: 02-842000 266-1663/265-987 5/269-0832 

TLX: 35200 
Letscher Weg 66 TLX: K24154 
4054 Nettetal 1 
Telephone: 02153-733-0 Mexico 

Finland TLX: 854251 

Semitron W. Rock GmbH 
Dicopel 

Fintronic OY AB Tochtli 368 
Melkonkatu 24A Im Gut 1 Fracc Ind. San Antonio Ill SF-00210 Helsinki 21 7891 Kussaberg 6 Azcapotzalco C.P. 02760 Mexico D.F. 
Telephone: 80-6926022 Telephone: 07742-7011 Telephone: 561-32-11 
TLX: 124224 TLX: 7921472 TLX: 1773780 DICOME 
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International Representatives and Distributors 

Netherlands 

Alcom Electronics bv 
Esse Baan 1 
NL-2908 LJ Capella a/d IJssel 
Telephone: 010-519533 
TLX: 26160 

New Zealand 

Professional Electronics Ltd. 
22A, Milford Rd., Milford, 
Auckland 
Telephone: 493-048/029 
TLX: NZ21084 

South Africa 

Fairmont Electronics (Pty) Ltd. 
4th Fl., 312 Kent Avenue, 
Ferndale 
Randburg 2194, South Africa 
Telephone: (011) 789-1230/4 
TLX: 8-24842 

Spain 

Amitron S.A. 
Avenida Valladolid, 47-A 
E-28008 Madrid 
Telephone: 01-2479313 
TLX: 45550 
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Sweden 

Nordisk Elektronik AB 
Huvudstagatan 1 
P.O. Box 1409 
S-17127 Solna 
Telephone: 08-7349770 
TLX: 10547 

Switzerland 

ENA AG 
Hermetschloostr. 75 
CH-8048 Zurich 
Telephone: 01-645757 
TLX: 822303 

Omni Ray AG 
lndustriestr. 31 
CH-8305 Dietlikon 
Telephone: 01-8352111 
TLX: 53239 

Taiwan 

Timkuo Taiwan Ltd. 
8F-2, 157 Fu Hsing S. Road 
Sec. 2, Taipei 
Telephone: (02) 709-2246 
TLX: 26206 
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United Kingdom 

Macro Marketing Ltd. 
Burnham Lane 
Slough, Berks. SL 1 6LN 
Telephone: 06286-4422 
TLX: 847945 

Phoenix Electronics 
(Airdrie) Ltd. 
Western Buildings 
Vere Road 
Kirkmuirhill 
Lanarkshire, Scotland 
Telephone: 0555-892393 
TLX: 777404 

Semicomps Ltd. 
Halifax Road 
Keighley 
West Yorkshire BD21 5HR 
Telephone: 0535-65191 
TLX: 517343 

Semiconductor Supplies 
International Ltd. 
Dawson House 
128/130 Carshalton Road 
Sutton, Surrey SM1 4RS 
Telephone: 01643-1126 
TLX: 946650 

Trident Microsystems Ltd. 
53 Ormside Way 
Holmethorpe Industrial Estate 
Redhill, Surrey RH1 2LS 
Telephone: 0737-65900 
TLX: 8953230 




