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General Description

The Teledyne Semiconductor TSC8750 is a 3 1/2 digit mono-
lithic CMOS analog-to-digital converter. Fully self-contained
in a single 24-pin dual in-line package, the converter requires
only passive support components, voltage or current refer-
ence and power supplies.

Conversion is performed by an incremental charge balanc-
ing technique which has inherently high accuracy, linearity
and noise immunity. An amplifier integrates the sum of the
unknown analog current and pulses of a reference current.
The number of pulses (charge increments) needed to maintain
the amplifier summing junction near zero are counted. At the
end of conversion the total count is latched into the digital
outputs in a 3 1/2 digit parallel BCD digital format.

Ordering Information

TSC8750
3 1/2 Digit ADC
w/Parallel BCD Output

e 10 mS Conversion Time
e Latched Outputs

Features

® High Accuracy — 3 1/2 Digit Resolution With < +0.025%
Error

® Military Temperature Range Devices

Monotonic Performance — No Missing Codes

® Monolithic CMOS Construction Gives Low Power Dissi-
pation — 20 mW Typical

® Contains All Required Active Elements — Needs only
Passive Support Components, Reference Voltage and
Dual Power Supply

® High Stability Over Full Temperature Range

— Gain Temperature Coefficient Typically <25 ppm/°C

— Zero Drift Typically <30 uV/°C
— Differential Non-Linearity Drift Typically <2.5 ppm/°C
® |atched Parallel BCD Outputs
® |PTTL and CMOS Compatible Outputs and Control
Inputs

Tempe';ature ® Strobed or Free Running Conversion
Part No. Pack.age ange ® Infinite Input Range — Any Positive Voltage Can Be
TSC8750CJ E"I‘;s"t'if(‘: Dip 0°C to +70°C Applied Via a Scaling Resistor
TSC8750CN P -accro+sscc Absolute Maximum Ratings
24-Pin . . Storage Temperature ................. -65°C to + 150°C
TSC8750BN Ceramic -55°C to +125°C Operating Temperature
BN e -55°C to + 125°C
CN e -40°C to + 85°C
CJ i e e 0° to +70°C
VDD =V8S ettt i e 18V
T S +10 mA
Pin COnﬁguration |F{EF~ .......................................... +10 mA
Digital Input Voltage ................ -0.3 to Vpp +0.3 V
Operating Vbop and Vss Range .............. 35Vto7V
Package Dissipation ..................ooiial 500 mW
o 1 | ZE | }THDUSAND DIGIT Lead Temperature ...........c.coviiveininnn... 300°C
e 23 [7] pATAVALID (Soldering, 10 seconds)
HUNDREDS
DIGIT ¥ g [s 22 [ ] susy
INEE 21 [ ] INITIATE CONVERSION
o[]s 20 [] ono
”»
tens ) © e Tscazs0 0 [ voo
DIGIT s l: ; 18 ] ves
al]s 17 [ ] tgias
D [: 9 16 [ ] zero ADWUST
c [ 15 [ ] AMPLIFIER OUT HANDLING PRECAUTIONS
saiT s [ w7 CMOS devices must be handled correctly to preventdamage.
™ Package and store only in conductive foam, anti-static tubes
aw 131 ReF or other conductive material. Use proper anti-static handling
procedures. Do not connect in circuits under “power on”
conditions, as high transients may cause permanent damage.
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TSC8750

3 1/2 Digit ADC

w/Parallel BCD Output
e 10 mS Conversion Time

e |atched Outputs

Electrical Characteristics uniess otherwise specified, Vop =+5V, Vss=-5V, Vanp =0, VRer =-6.4 V, Reias = 100 kQ2,
test circuit shown. TA = 25°C unless Full Temperature Range is specified. (-55° C to +125° C for BN, -40° C to +85°C for CN
package, 0° to 70°C for CJ package.)

CJ/CL BL
PARAMETER DEFINITION CONDITIONS MIN TYP MAX MAX UNITS
Accuracy
Resolution BCD Word Length (ﬂgég - — - Digits
Accuracy Of Digital Output Counts)
Output Deviation From Straight
Relative Accuracy Line Between Normalized — — 0.025 0.025 %
Zero and Full-Scale Input
Differential Deviation From 1 LSB
Non-Linearity Between Transition Points - - - 002 0.025%
Differential Variation in Differential Full
Non-Linearity Non-Linearity Due To Temperature - +2.5 +5 +5 ppm/°C
Temperature Drift Temperature Change Range
Gain Variation From Exact (Compen- _ +2 +5 15 % of
Variance sate By Trimming RiN or RREF) - B B Nominal
Gain Variation In A Full
Temperature Due To Temperature — +25 +75 +80 ppm/°C
Drift Temperature Change Range
Correction at Zero Adjust to Give _ _ + + +
Zero Offset Zero Output When Input Is Zero IN=0 *10 *50 +50 mv
Zero Temperature Variation in Zero Offest Due to Full Temperature _ o
Drift Temperature Change Range 3 *5 *8 ppm/°C
Analog Inputs
" Full-Scale Analog Input Current _ _ _
N Full-Scale To Achieve Specified Accuracy 10 KA
IREF Reference Current Input To _ 20 _ _ A
(Note 1) Achieve Specified Accuracy s
Digital Inputs
vin™ Logical “1” Input Threshold Full Temperature 35 _ _ _ v
IN For Initiate Conversion Input Range ’
© Logical “0” Input Threshold Full Temperature _ _
ViN For Initiate Conversion Input Range 15 5 v
Digital Outputs
Logical “1” Output Voltage Full Temp. Range
Vout™" For Digits Out, Busy, and lout = -10 xA 45 - — — Y
Data Valid Outputs lout = -500 pA
Logical “0” Output Voltage Full Temp. Range
Vout? For Digits Out, Busy, and Vpp =4.75 V - — 0.4 0.4 v
Data Valid Outputs lout = 500 uA
Dynamic
. . Time Required to Perform One _
Conversion Time Complete A/D Conversion Full Temp. Range 10 12 12 ms
Conversion Conv'ns
Rate in VINTCONV=+5V 84 100 — — per
Free-Run Mode Second
Minimum Fuise Widih Full Temp. Range 500 — — = ns

for Initiate Conversion
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3 1/2 Digit ADC
w/Parallel BCD Output
¢ 10 mS Conversion Time
¢ Latched Outputs

TSC8750

Electrical Characteristics uniess otherwise specified, Voo = +5V, Vss =-5V, Vanp =0, VRer =-6.4 V, Raias = 100 k2,
test circuit shown. Ta = 25°C unless Full Temperature Range is specified. (-55° C to +125°C for BN, -40°C to +85°C for CN
package, 0° to 70° C for CJ package.)

cJ/CL BL
PARAMETER DEFINITION CONDITIONS MIN TYP MAX MAX UNITS
Supply Cyrrenl
zaopggzs;;m Current Required From Positive Full Temp. Range — 1.4 2.5 3.5 mA
(J Package) Supply During Operation VINT conv = OV — 1.4 5.0 mA
:as'gt;;(e:g:)m Current Required From Negative Full Temp. Range - -1.6 -2.5 -3.5 mA
o Paékage) Supply During Operation VINIT cony = OV — -1.6 -5.0 mA
e Change in Full-Scale Gain vs
Supply Sensitivity Supply Voltage Change Voo £ 1V, Vss £1V — +0.5 +1.0 *1.0 %/V
Vool =[Vssgl =5v 1y Change in Full-Scale Gain vs Supply 4005 401 201 +0.1

Voltage Change for Tracking Supplies

NOTE:

liN and IReF pins connect to the summing junction of an operational amplifier.
Voltage sources cannot be attached directly but must be buffered by external
resistors. See Test Circuit.

Test Circuit

BCD OUTPUTS

INITIATE
CONVERSION "
A} THOUSANDS
- D
Rin ¢ 1 hunoRreos
Mo 8
ViN VW INTERNAL = A
—— CLOCK ©D
Uy = 10uA s, 27OPF & DATA outeut [ 6 p
CONTROL COUNTERS LATCHES [ [7 o5 [ TENS
1002 LOGIC 8 A
+5V ™ 2 oD
10 oo
100K i 5 funiTs
20K 12 BIT 0 o

-5V

22 BUSY.

23 DATA VALID |

ZERO =
ADJUST Vss GND

13 18 17 J_zo
—ZOuA*

RREF*
30tKQ
50K$2
VREF

-5V ::E

*Any VREgF greater than —1V can be used.
VREF

—20uA
For example with VRgp = =5V, RRgfF = 250K.

RREF =

Circuit Description

During conversion the sum of a continuous current IiN and
pulses of a reference current IRer is integrated for a fixed
number of clock periods. IIN is proportional to the analog
input voltage; IRer is switched in for exactly one clock per-
iod just frequently enough to maintain the summing input
of the integrator near zero. Thus, the charge from the con-
tinuous liN current is balanced against the pulses of IRer
current. The total number of IrRer pulses needed during the

conversion period to maintain the charge balance is counted,
and the result (in BCD) is latched into the outputs at the end
of conversion.

The converter contains two counters and a clock in addition
to an operational amplifier, comparator, latching output
buffers and housekeeping logic. One counter is a clock
counter which (after a reset pulse) starts counting clock
pulses; when the required count is reached, the clock coun-
ter generates a pulse to start the end-of-conversion routine.
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3 1/2 Digit ADC

w/Parallel BCD Output

o 10 mS Conversion Time
e Latched Outputs

The other counter is a data counter, which is reset synchron-
ously with the clock counter and counts the number of times
the IRer current is switched into the summing input of the
amplifier during the period defined by the clock counter.

When the Initiate Conversion input is strobed with a positive
signal, the busy line latches high and a 10 us (times given
are approximate) start up cycle begins. The integrating
capacitor is discharged and both counters are reset during
this start up period. Conversion begins at the end of the reset
pulse and ends with a pulse generated either by the clock

counter or by an overflow condition in the data counter. This
pulse disables further inputs into both counters and triggers
a 10 us shutdown cycle. During the shutdown cycle Data
Valid goes low for 5 us. This binary sequence is shown in the
timing diagrams. Busy is true high, and when the circuit
is busy, Initiate conversion has no effect and may be high or
low. Data Valid is also true high. The data from a conversion
remain valid for as long as power is applied to the circuit or
until Data Valid falls at the end of a subsequent conversion,
at which time the output data are updated to reflect the latest
conversion.

Timing Diagrams (Rise, fall times = 200 ns typ., CL = 50 pF)

CLOCKED MODE FREE-RUN MODE
ViH
INITIATE / /
7 DON'T CARE:
RSION /
conversion /] 7 Lo
Von
BUSY 300ns 50us ‘ / /
- TYP MIN T N \ /

Vou
V, —_— —_— e ——

pata M %

VALID
Vou
VoH

DIGITS 7,DATA //DATA

out CHANGING’ CHANGING
Vou 500ms RECYCLE
F=—~ Bus — <~ CONVERSION TIME——=—=— TIME ——
YR <258
CONVERSION TIME

Pin Functions
Initiate Conversion Input

Accepts CMOS and most 5 V logic inputs. Applying a logic
“1” to the Initiate Conversion pin initiates the A/D conversion
cycle. Once conversion has been initiated, the cycle cannot
be interrupted, and the Initiate Conversion pin is disabled
until conversion is complete. Two modes of operation are
permitted, clocked or free-running. For clocked operation
the Initiate Conversion input is held at logic “0” for standby
and taken to logic “1” when a conversion is desired. For free-
running operation the Initiate Conversion pin is connected to
Vpp or similar permanent logic “1” voltage.

Busy Output

A digital status output which is compatible with CMOS logic
and low power TTL (can sink and source 500 pA). A logic “1”
output on the Busy pin indicates a conversion cycle is in
process. A logic “1” to logic “0” transition indicates that con-
version is complete and the result has been latched at the
Digits Out pins. A logic “0” to logic “1” transition indicates a

new conversion cycle has been initiated. If the device is
operating in the free-running mode, the Busy output will
remain low for approximately 2.5 us, marking the completion
and initiation of consecutive conversion cycles.

Data Valid Output

A digital status which is compatible with CMOS logic and low
power TTL (can sink and source 50 uA). A logic “1” output at
the Data Valid pin indicates that the Digits Out pins are
latched with the result of the last conversion cycle. The Data
Valid output goes to logic “0” approximately 5 us before the
completion of a conversion cycle. During this 5 us interval
new data is being transferred to the Digits Out pins, and the
Digits Out are not valid.

Digits Out

(ones, tens, hundreds and thousand)

The BCD digit outputs which are the result of the A/D con-
version. These outputs are CMOS logic and low power TTL
compatible.
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Applications Information
Input/Output Relationships

The analog input voltage (ViN) is related to the output by the
transfer equation:

VIN * A * RREF
RIN * VREF
A =4128

Digital Counts =

where Digital Counts is the value of the BCD output word
presented at Digits Out pins in respense to VIN.

The digital output code format is as follows:

Analog Digital
Input Output
VIN < Full-Scale 1100110011001
= Full-Scale -1 LSB 1100110011001
=11LSB 0...000...1
<0 0...000...0

External Component Selection

Obtaining a high accuraccy conversion system depends on
the voltage regulation of VRer and the thermal stability of RiN
and Rper. The exact dependence is given by the transfer
function. System accuracy alse depends, to a lesser degree,
on the voltage regulation of Vpp and Vss. The supply con-
nections Vpp and Vss should have bypass capacitors of value
0.1 uF or larger right at the device pins.

RiN, REF

Values of these components are chosen to give a full-scale
input current of approximately 10 uA and a reference current
of approximately -20 uA.

RIN = VIN Full-Scale RREF = VREF
10 uA -20 pA
Examples:
Rn=_10Y =1Mqa  Rrer= 284V =320kn
10 pA -20 uA

Note that these values are approximations, and the exact
relationships are defined by the transfer equation. In prac-
tice, the value of RIN typically would be trimmed using the
optional gain adjust circuit to obtain full-scale output at VIn
Full-Scale (see adjustment procedure). Metali film resistors
with 1% tolerance or better are recommended for high accu-
racy applications because of their thermal stability and low
noise generation.

RBIAS

Specifications for the TSC8750 are based on Rgias = 100 k()
+10% unless otherwise noted. However, there are instances
when the designer may want to change this resistor in order

to affect the conversion time and the supply current. By
decreasing Rpias the A/D will convert much faster and the
supply current will be higher. (For example: When Rpias is
20 k the conversion time is reduced by 1/3, and the supply
current will increase from 2 mA to 7 mA.) Likewise, if the
RBiAs is increased the conversion time will be longer and the
supply current will be much lower. (For example: When Rglas
=1 m( the conversion time will be six times longer, and the
supply current is now reduced to .5 mA). For details of this
relationship refer to AN-9 typical performance curves.

Rpamp

Exact value not critical but should have a nominal value of
100 Q £10%. Locate close to pin 14.

Cpamp

Exact value not critical but should have a nominal value of
270 pF +20%. Locate close to pin 14.

CINT

Exact value not critical but should have a nominal value of
68 pF £10%. Low leakage types are recommended, although
mica or ceramic devices can be used in applications where
their temperature limits are not exceeded. Locate as close as
possible to pins 14, 15.

VREF

A negative reference voltage must be supplied. This may be
obtained from a constant current source circuit or from the
negative supply.

Vop, Vss
Power supplies of =5 V are recommended, with 0.05% line
and ioad regulation and 0.1 uF decoupling capacitors.

Adjustment Procedure

The test circuit diagram shows optional circuits for trimming
the zero location and full-scale gain. Because the digital out-
puts remain constant outside of the normal operating range
(i.e. below zero and above full-scale), it is recommended that
transition points be used in setting the zero and full-scale
values. Recommended procedure is as follows:

® Set the initiate conversion control high to provide free-run
operation and verify that converter is operating.

® Set VIN to +1/2 LSB and trim the zero adjust circuit to
obtaina 000...000...to 000 ...001 transition. This will
correctly locate the zero end.

® For full-scale adjustment, set VN to the full-scale value
less 1 1/2 LSB and trim the gain adjust circuit for
a 1100110011000 to 1100110011001 transition.

If adjustments are performed in this order, there should be no
interaction and they should not have to be repeated.
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Application/Design Circuits
3 1/2 Digit A/D with LCD Display

LCD DISPLAY: SHELLY NO. 8654.01 OR EQUIVALENT

/

|LWT 4 3

VooLn A B1 Vss Ph

16] 1] 5] 3] 2] & 7_Lﬂ_s

712!3;?55|zu
=TT

5V
01
<
0.0035 4 15 i‘ooo‘ 1?;0';2 ! INZI"TAYE ‘Sou . 7102 2 = ”vs‘ﬁ‘s NC NC
_rl _r CONVERSION 2 1 1 i 2
(:uwAv‘s RN = 1001 °“:‘°F‘ s[5 Q | Voo a @
o ALS Tt )\ TSC8750 CMOS P ST owos
by 31/2 DIGIT A/D CONVERTER I IS
< 8| 10 7 5 3] 6 4
o e TLL LTELE
5.1MQ =
Bipolar Operation (+ and - inputs)
Absolute Value Circuit with Sign
+5V
RRer | 3 e
~VREF o A Bo-- [
|
S FR .
Rin |
AN LR S -
CiNT| : |
’ = | |
R %RiN “_L_ N |
V- 1N L
16 [ %=
< ==-=-—--t
3002 RoamP S v
1N4148 S
(3) -
Coamp TSC8750 ADC

SIGN BIT

LOGIC OUTPUT
(1=+,0=—)

2N2222
OR EQUIV,

R
ViN © VWA

74108

EQUIV.

*Optional visual indication of negative input
NOTE: Values for R should be between 10K and 100K
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Microprocessor-Based ADC System

1 PERIPHERAL
16 INTERFACE
s ADAPTER
(PIA)
A2 | A1 |Ag
msB
18 24 M8 1 DATA
o—] cHs A 1 ) aus
P I 2 12
= 3 - 1 6821
ANALOG 18 4 i 6621
SENSOR { O—d . sepe[ | - 5 9
INPUTS e e T, " 5 8
O———  MULTIPLEXER A R TSC8750 7 7
8 6 CONTROL
° . 5 BUS
O . 4
3
cH1
* 2
20kQ
*OFFSET CORRECTION ® g
IN SOFTWARE . Zo0ka
R L 0.14F
& 90
TSCo491 -5V 5
Package Information
(Package #12) (Package #13)
24-Pin Plastic Dip (J Package) 24-Pin Ceramic Dip (N Package)
24 13
ponooooooonn
PIN1
JANANATANANANANANANANAWAY oo
T D 520
555 l
646
oo oo
L 12
NAYAYAYAYAVAVAVAVAVAVAY) 1.290 MAX.
1% 1 045
T2 1045 610 520 075 520
‘020,158 — 22 ~——‘ o — F—sax. ‘018 228 A F—max.
{ - os N,
& 05 .\\f‘ L 008
5 i 010 0o
B 136 110 _,”__‘ 070 200 8
a0 ] o e e B | e m— = —~—n 8
021 090 085 826 ._812_:‘0_
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