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TSC87XX/TSC94XX/TSC14433 Orderigg Information

The Device Identification Codes for Device Numbers of TSC8700, TSC9400 and TSC14433 Family

are as Follows:

PACKAGED DEVICES TSC XXXXX X X X

T T
1. TELEDYNE SEMICONDUCTOR DEVICE

2. DEVICE NUMBER

3. ELECTRICAL GRADE (if applicable)

4. R — REVERSE LEAD CONFIGURATION (if applicable)

5. OPERATING TEMPERATURE RANGE
C — Commercial Temperature Range (0 to 70°C)
E — Extended Temperature Range (—40 to +85°C)
B — Military Temperature Range (—55 to +125°C)

6. PACKAGE TYPE
J — Plastic Package
N — Ceramic Package
L — CerDIP
Y — Dice
E — Metal Can (TO—-99)
M — Metal Can (TO-18)

EXAMPLE: TSC8701CL Operates Over the Commercial Temperature Range and is a CerDIP Package

PRODUCT STATUS

Three Classes of Data Sheets are Shown in this Data Book. These are Identified by the Presence
or Absence of a "“Banner” on the First Page.

DATA SHEET INDENTIFICATION PRODUCT STATUS COMMENTS

No Identification Production Delivery Subject to Product Demand.

Preliminary Initial Production Data Sheet Electrical Limits
Established. Limited Production
Quantities Available. Samples

Available.
Advance Product In Design Data Sheet Gives Design Goal,
Information Electrical Specifications and Major

Product Features. Contact Teledyne
Marketing for Samples and Information.

Note: Teledyne Semiconductor Reserves the Right to Make Changes at Any Time Without Notice in
Order to Improve Performance and Supply.
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All Other CMOS ICs
Ordering Information (Except 87XX/94XX/14433 Products)

The Device ldentification Codes for All Other CMOS Products and All Products in 60-Pin Flat
Packages are as Follows:

PACKAGED DEVICES TSC XXXXXX X X X X/ XXX

TT 117177
1. TELEDYNE SEMICONDUCTOR DEVICE

2. DEVICE NUMBER

3. ELECTRICAL PERFORMANCE GRADE OPTION (if applicable)
R — Reversed Pin Layout

4. OPERATING TEMPERATURE RANGE
M — Military Temperature Range (—55°C to +125°C)
I1* — Industrial Temperature Range (—25°C to +85°C)
C — Commercial Temperature Range (0°C to +70°C)
* — May Be —40°C to +85°C. Refer to Specific Device Specification

5. PACKAGE TYPE
J — CerDIP Dual-In-Line (non side brazed) O — Plastic ""SO"’ Surface Mount
P — Plastic Dual-In-Line L — Plastic Leaded Chip Carrier (PLCC)
T — TO-99 Type (round metal can)
B — Plastic Flat Package (formed leads)
S — Plastic Flat Package (unformed (straight) leads)

6. NUMBER OF PACKAGE PINS

A-8 N - 18 Y — 8 (pin 4 connected to case)
D-14 G-24 Q- 60
E - 16 | — 28 w-—44
F—-22 L —40 S — 68

7. PROCESSING OPTION
883 — MIL-STD-883B, Class B Processing *
Bl —100% Burn-In at 125°C for 160 Hours

*Contact Teledyne Semiconductor Marketing for MIL-STD 883C status.
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g_gltal Loﬁgic — 300 Series

Ordering Information

PACKAGED DEVICES

TSC XXX X X

1. TELEDYNE SEMICONDUCTOR DEVICE

T T

2. DEVICE NUMBER

3. ELECTRICAL GRADE AND TEMPERATURE RANGE

A — Industrial Temperature Range, 15 V, (—30 to +70°C)
B — Military Temperature Range, 12 V, (—55 to +125°C)
C — Industrial Temperature Range, 12 V, (—30 to +85°C)
M — Military Temperature Range,15 V, (—55 to +125°C)

4. PACKAGE TYPE

G — Metal Can (TO-8)

H — Flatpack

J — Plastic Package

L — Ceramic Package (CerDIP)
Y — Dice

EXAMPLE: 303AL Operates Over an Industrial Temperature Range at 15 V and is a CerDIP Package

Product List — Digital Logic

301 Power NAND Gates Dual 5-Input 349
302 Power NAND Gates Quad 2-Input 350
303 Power NAND Gates Quad 2-Input 351
304 Power NAND Gates Triple 4, 3, 4-Input 355
306 NOR Gate Quad 2, 2, 3, 3-Input 361
307 NOR Gate Quad 2, 2, 3, 3-Input 362
311 Flip Flops Master/Slave RST 363
312 Flip Flops Dual J-K Edge Triggered 367
313 Flip Flops Dual J-K Master/Slave 368
321 NAND Gates Quad 2-input 370
322 NAND Gates Dual 5-Input 371
323 NAND Gates Quad 2-Input 372
324 NAND Gates Quad 2-Input 373
325 NAND Gates 2,2, 3, 3-Input 374
326 NAND Gates 2, 2, 3, 3-Input 375
331 Gate Expander Dual 5-Input 380
332 Hex Inverter Gates 4-Inverter, 2-NAND 381
333 Hex Inverter Gates 4-Inverter, 2-NAND 382
334 Hex Inverter Gates Strobed Hex NAND 383
335 Hex Inverter Gates Strobed Hex NAND 390
341 Multifunction Gates Dual 2-Wide, 2-Input 391

and/or Invert 392
342 Dual Monostable Multivibrator 393
343 Digital Comparator 4-Bit 394
344 Multifunction Gates Dual Expandable AND-NOR 395
347 Dual Retriggerable Monostable Multivibrator 396

Dual Retriggerable Pulse Stretcher

Multiplexers 8-Bit

Multiplexers Dual 4-Bit

Timer

Dual 11-16V to 5V Interface Voltage Translator
5V to 11-16V Interface Dual Translator

5V to 11-16V Interface Quad 2-Input NAND
Schmitt Trigger Quad(Active Pullup)

Schmitt Trigger Quad(Open Collector)

Flip Flop Quad D

Counters Decade

Counters Hexadecimal

Up-Down Counters Decade

Up-Down Counters Hexadecimal

Shift Register 4-Bit

BCD-to-Decade Decoder/Drivers Lamp Driver
BCD-to-Decade Decoder/Drivers Logic Driver
BCD-to-Decade Decoder/Drivers Gas Tube Driver
Decoder/Driver BCD-to-7 Segment

Dual Interface Buffers 4-Input Expandable AND
Dual Interface Buffers 2-Input AND

Dual Interface Buffers 2-Input NAND

Dual Interface Buffers 2-Input OR

Dual Interface Buffers 2-Input NOR

Dual Interface Buffers 4-Input Expandable NAND
Line Driver/Receiver Dual Differential

‘)" TELEDYNE SEMICONDUCTOR



Package Information

(Package #1)
TO-18 (2-Pin)

M|S
Nle
BE
g
0
3
e

P —
1230 (5.84) 195 (4.95)
.zos(jan,n (@52)
(Package #2) (Package #3)
T0-92 (2-Pin) TO-99 (8-Pin)
0.185 (4.70)
0.165 (4.19)
210 (5.33) 500 |
170 (4.32] (12.70)
0.335 (8.51) MIN
ﬁgom 0.305 (7.76) <0040 | 0.100(254)™  |= 0.045(1.140)
MIN. (1.02) 0,029 (.737)
l MAX
¥ 03
205 (5.21) 105 (2.67)
175 (4.45) 095 (2.47)
! = ol
.019 (0.48) T 105 (2.67)
0191048) ), 106 (2.67) 8 LEADS
1016 (0.41) =7 080 (2.03) 0.040(1.09) —»| |<— 0019(483) |
1165 (4.19) INSULATOR 0.016 (408)
125 (3.18) MAX A
(Package #4) (Package #5)
8-Pin Plastic DIP 8-Pin CerDIP
| 390
3 —>
4 3 2 1 | w
o o o o | _
ry )
n .025 R
( \245 SF " NOMINAL
i
TS &
1280 (7.11) l I‘__oas OVERALL
1400 ( 10)_, 020 1220 (6.89) 200 T 1045
1370 (8. (6.08) |<—->‘ MAX.
MAX. | T 020 i |
(051) J_
SEATING __£ SEATING
PLANE PLANE
on
100 (2.54) MIN, .310(7.87) .009
.290 (7.37)
25 | .400
MIN. 015 [ max. ™
070 (1.78) | 11o(z.7a) .016 (0.38)
.030 (0.76) —» 1008 (0.20)
‘*‘ o1s
‘ozo(n‘sn 4
Tve o
—*" sTANDOFF



Package Information

(Package #6)
14-Pin Plastic DIP

e T e B e B s B e B e W e

[ ]
.310 (7.874) _, <
.280 (7.112)
e
.235 (5.969)
215 (5.461) " |
r&——n-.770 (19.558) MAX ———|
.160 MAX
.060 (1.524) (4.064)
.015 (0.381) l )i

, SEATING _}
.160 (4.064) o15¢u 381) PLANE
.100 (2.540) .008 (0.2032)
L 165
—
110 (2794) 060 (1.524) .023 (.5842) -400 (10.160)
.080 (2.286 .045 (1.143) 1015 (.3810) .330 (8.382)
(Package #8)
16-Pin Plastic DIP
880
750
T 8 1
215
235
l 9 16
030 325
| L_m [ MAX ——|
OVERALL
t 008
200 020 008
e 015
¥ 110 015 ” ’ 00 ’
MIN 4
090 023 i MAX
AYANANANANAYAWAWA
. 1
0.26 (6.61)
0.24 (6.10)
| 0.91(23.12) | 0.306 (7.
l | 0.89 (22.61) | —’( 0294(747) [~ l
0.14 (3.56)
0.8 (4.58)
MAX l 0.12 (3.05)
T 0.75 (4.45) 1
0.12 (3,05) — N\
VR US| D i 0012 (0305)
0.065 (1.66) 0.02(0.508)  0.105 (2.67) 0.008 {0.203)
0.045 (1.15) 0.015(0.381) 0,095 (2.42)

100

27
245

(Package #7)
14-Pin CerDIP

| 785 |
750
r’\ AANANAN H\
025 R
NOM
VY NN H.r‘
1 Loss
045
015

MIN

| .020

.016

.027 095
STANDOFF b

WITH 065

(Package #9)

16-Pin CerDIP

785 ‘

750
f 8 1
025 R
27 —
245 NOM
l 9 16
_.l L_ 065
045
-
200 020
MAX
) SEATING
T PLANE
045
25 «—015
MIN_, 090 027 —»||e— 020
TYP STANDOFF 016

WIDTH

i
T

(Package #10)

W ¥

18-Pin Plastic DIP

.310

.01
009

326
MAX —
OVERALL

/ ]
011
009

400
MAX

.375
NOM

3
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Package Information

oMo e

| L e e ey e g ey e e g

0.91(23.12) |

| 0.89 (22.61) |
—
0.17 (4.32)
MAX
0.175 (4.45)
0.125 (3.18)
e e o ]
0.06 (1,53) 0.02 (0.508)  0.105 (2.67)
0,045 (1.15) 0.015(0.381)  0.095 (2.42)

(Package #12)
24-Pin Plastic DIP

PIN1

IONANANATANANANANANAWANAY

VVVVVUVVVV\TI_

1.265
1.240

T
%—J‘m‘@% e e

(Package #14)
24-Pin CerDIP

l (Package #11)
012 (2.05) 18-Pin Ceramic DIP
0.06 (1.53)
.012 (0.305)
™ "‘g‘oosfo.zos)
]
0.306 (7.78)
0.234 (7.47)
(Package #13)
24-Pin Ceramic DIP
24 13
Aononoannonnn T
D 610
.SIO
1 12
fe——————— 1.290 MAX, —————
520 075 225 MAX 520
150 MIN. MAX. | 015 :I . MAX. |

o5 N

008

.620

e 620 |

590

ininininisiaininlislinisinl

L
S 5 N B  UD  0 J  J C J  |

1.290 MAX

oAst*‘
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Package Information

(Package #15)
28-Pin Plastic DIP

PANVAN ANV ANVANVANVAWANFANV ANV ANVANFANFAN

13.97 (.550)
13.47(.530)

VVVV\/\/V\X\/V\/VV\/l

36 83 (1.450)
36.58 (1.440]

15.40 (.606)

| ‘

5.08 (200 W %rw r
J

508(020) __,j L_267( 05)1

T 15.09(594) ‘
4.07 {.160)

4.45(.175) ]
3.05 (.120)

2.427.095)

(Package #16)
28-Pin Ceramic DIP

(Package #18)
40-Pin Ceramic DIP

2 020 (51 308)

R

0540 (13.7)

0.006 (0.152)

0.165 (4.191) 029 (0.508)
MAX 0.012 (0.305)

+ 0.060 (1.524)

3 4

—+ 0.600

0125 (3.175) |——(15.z4)—-|
MIN. REF.

0.050 = 0.010 0.018 + 0.002 0.100 + 0.010

166( oss)
.15 (:045) = 381(015)
15.19 (598)
1443 (:568)
.
l 35.92 u 414) ’
35.06 (1.380) i
1 305 (.060)
432 170) 15311200
MAX | t |
; 4,45 (.175)
3.18(125) %o%%
186(065) 508 (.020) ’267( 108) | | 15.40 (.606)
1,15 (.045) —~ 387 (0785) ‘ 242 (095) 14.74 (580]
(Package #17)
40-Pin Plastic DIP
fe—————— 2,050 (51.816) ————|
[
RS 0.540 (13.716)
‘\ NOM.
Slese SCESS CSSECESE
0520 (13208,
060 (1.542) TYP. ( oo 2 SQUARE
| ="+ 002 (0.051) 1064) {0.635) 0.050 (1.27)
TYP. TP
et 012 = .001
.I ] (0.305 : 0.025)
Tre. TYP.
- o . 100
| H ‘| | (254) 125(3 7 |'_°6°°_'\ =~
070 018 (0.457) 16760
(1.778) 020 (0.508)
TYP, ve.

(1.27 = .254) (0.457 + 0.051) (2.54  .254)
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Package Information

(Package #19)
28-Pin CerDIP

(Package #20)
40-Pin CerDIP

0.180 MAX.
[*—0.140 MIN.
S| 40
d
onoon.. d
. g
d
g
g
2109 g -
orgo |28 88T o100 max.d 4PN
.- . 0590 (14.986) 1 d
oOoUg 0.140 r d
(4.572) | | 050 (13.970) — d
~—1.290 (32.766) MAX—»| (3555 | | 0.510 (12.964) g
0.060 (1.524) - 0065/ J
0.015 (0.381) - | v | g
i W i 5 oke|
. C—rr—
— — \ 0040
0.015(0381) |\, r
z 0.008 (0.203) l 204 2
1 1 I
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Package Information
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Package Information
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Quality Assurance Program







Teledyne Semiconductor
Product Assurance Program

Teledyne Semiconductor’s Product Assurance Program is based on four major blocks:

® Quality Control

® Quality Assurance
® Reliability

® Quality Circles

Quality Control

Reliability

The Quality Control function handles con-
tinuous monitoring of production, from in-
coming inspection of raw materials to wafer
and assembly processing. This includes sur-
veillance of documentation, calibration, and
environmental processing.

The three major areas of Quality Control are:
® Incoming Inspection

® |n-Process Control

® Operation Surveillance

® Vendor Qualification

Quality Assurance

After devices are subjected to 100% testingin
manufacturing, they are formed into lots and
submitted to Quality Assurance acceptance
testing. Three types of tests are performed on
samples: Visual/Mechanical, Parametric, and
Functional. The sampling is based on a plan
equivalent to a .07 AQL with a.5% AOQL. (All
TSC sample plans are in accordance with
MIL-M-38510 appendix B or MIL-HDB 105D.)
Testing is done at room and elevated temper-
ature. Lower temperature testing is performed
when required by the specification, or when a
potential problem is known to exist.

The Quality function at TSC is directed at pro-
viding a continually improving product that
meets or exceeds the customer expectations.
This stated goal is being achieved at Teledyne,
which is evident in Figure 1 and Figure 2. These
show constant improvement both in outgoing
percent defective and customer return rate.

The Reliability Group is responsible for the
following functions:

® New Process Qualification
Process Change Qualification
Process Monitoring

New Device Qualification
Device Change Qualification
Device Monitoring

New Package Qualification
Package Change Qualification
Package Monitoring

Failure Analysis

Quality Control Circles

Quality Control Circles are a vital part of the
quality loop at Teledyne Semiconductor. The
concept allows each employee directly in-
volved in manufacturing to have a voice in
how to build a quality product. Volunteers
within a group meet weekly to determine and
solve problems. Some solutions to problems
may be implemented on the job. Others
require management support, and to thisend,
circle members are trained in management
presentation. The goal is total employee in-
volvement with an emphasis on building-in
quality.
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Product Assurance Program
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Product Assurance Program

INCOMING | _
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Quality Conformance

A part of the TSC Quality/Reliability program
is to assure that all product lines offered meet
industry accepted standards. This is done by
a periodic submission of product to a con-
formance test program to collect generic data.

All tests are done in accordance with MIL-STD
883C where applicable. (See pages 3-7/3-8)
Test listings and results from submissions fora
plastic encapsulated device and a CerDIP her-
metic sealed device are presented in Table 1
and Table 2.

Table 1 Plastic

Test Mil-Std/Test Condition Sample Size Qty In Qty Out

Physical Dimension 883/2010 S/S =45 45 45

Salt Atmosphere 883/1009/A S/S =45 45 45

Solderability 883/2003 S/S =45 45 45

Pressure Cooker 96 hrs. S/S =45 45 45

85/85°C R H (Bias) 1.0K hrs. S/S = n/a n/a

SSL TA =125°C t = 1,000 hrs. S/S =45 45 45

Storage TS =150°C t = 1,000 hrs. S/S =45 45 45

Thermal Shock -55°C to +125°C 200 cycle S/S =45 45 45

Temperature Cycle -65°C to +150°C 1000 cycle S/S =45 45 45

Table 2 CerDIP

Group B Test  Mil-Std Sample Size Qty In Qty Out

SUBGROUP 1

Physical Dimensions 883/2016 2 devices n/a n/a
(no failures)

SUBGROUP 2

Resistance to Solvents 883/2015 4 devices 4 4
(no failures)

SUBGROUP 3

Solderability 883/2003 LTPD =15 3 3
3 devices min.

SUBGROUP 4

Internal Visual 883/2014 1 device 1 1

And Mechanical (no failure)

SUBGROUP 5

Bond Strength 883/2011/D LTPD = 15 15
4 devices

SUBGROUP 6

Internal Water Vapor 883/1018 3 devices n/a n/a
(no failures)
5,000 PPM, 10,000 PPM

SUBGROUP 7

Seal

Fine leak
Gross leak 883/1014/C LTPD =2 116 116

SUBGROUP 8

NA

“" TELEDYNE SEMICONDUCTOR 3-6



Conformance Flow

Generic Data Is generated on a periodic baslis for the following test.

MIL-STD-883C Quality
Conformance Tests Method Test Condition LTPD

GROUP B

SUBGROUP 1
Physical Dimensions

SUBGROUP 2

Resistance to Solvents

SUBGROUP 3
Solderability

SUBGROUP 4

Internal Visual: Mechanical

SUBGROUP 5
Bond Strength

SUBGROUP 6
NA

SUBGROUP 7
Seal

Fine

Gross

SUBGROUP 8
NA

GROUP C

SUBGROUP 1
Steady State Life Test
Electrical End Points

SUBGROUP 2
Temperature Cycling
Constant Acceleration
Seal

Fine

Gross
Visual Examination
Electrical End Points

GROUP D

SUBGROUP 1
Physical Dimensions

SUBGROUP 2
Lead Integrity
Seal

Fine

Gross

2016

2015

2022 or 2003

2014

2011

1014

1005

1010
2001
1014

1010 or 1011

2016

2004
1014

Test Condition C or D

1000 hrs. at 125°C

Test Condition C

Test Condition E, Y only

Test Condition B2

2 Devices

4 Devices

15

1 Device

15

15

15

16
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Conformance Flow (Cont.)

MIL-STD-883C Quality

Conformance Tests Method Test Condition LTPD
GROUP D (Cont.)
SUBGROUP 3 15
Thermai Shock 1011 Test Condition B, 15 Cycles
Temperature Cycling 1010 Test Condition C, 100 Cycles
Moisture Resistance 1004
Seal 1014
Fine
Gross
Visual Examination
Electrical End Points
SUBGROUP 4 15
Mechanical Shock 2002 Test Condition B
Vibration Variable Frequency 2007 Test Condition A
Constant Acceleration 2001 Test Condition E, Y1 only
Seal 1014
Fine
Gross
Visual Examination 1010 or 1011
Electrical End Points
SUBGROUP 5 15
Salt Atmosphere 1009 Test Condition A
Seal 1014
Fine
Gross
Visual Examination 1009
SUBGROUP 6
Internal Water-Vapor Content 1018 5,000 PPM — CerDIP only 3 Devices
SUBGROUP 7 15
Adhesion of Lead Finish 2025
SUBGROUP 8
Lid Torque 2024 5 Devices
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Quality Assurance
Integrated Circuit Screening

PLASTIC PACKAGE HERMETIC PACKAGE

[ I
| | [ |

HI REL
STANDARD HI REL STANDARD PERMIL STD 883

I | | l

* * * *
Pre Cap Visual 1 Pre Cap Visual 2 Pre Cap Visual 1 Pre Cap Visual 2
Stabilization Bake Stabilization Bake Stabilization Bake Stabilization Bake
Temp = 150°C Temp = 150°C Temp = 150°C Temp = 150°C
Time = 48 hrs. Time = 96 hrs. Time = 48 hrs. Time = 96 hrs.

l 1 I |

Temperature Cycling Temperature Cycling Temperature Cycling Temperature Cycling
10 Cycles 10 Cycles 10 Cycles 10 Cycles
~65°C to +150°C -65°C to +150°C -65°C to +150°C -65°C to +150°C
Constant Acceleration
Y, Orientation, 30KG's
Pressure Cooker Pressure Cooker Package Seal Package Seal
Test Test + ;
Fine Leak Test Fine Leak Test
4-Hours, 2 ATMOS 4 Hours, 2 ATMOS Gross Leak Test Gross Leak Test
10% LTPD 10% LTPD
Electrical Test Electrical Test Electrical Test Electrical Test
Burn-in 160 HRS. Burn-in 160 HRS.
AT 125°C AT 125°C
lectrical T Electrical Test
Electrical Test £5% PDA
QA Acceptance Tests QA Acceptance Tests QA Acceptance Tests Visual Inspection
*1, TE-AYG-000732 (TSC Spec) ]
2. MIL-STD-883, Method 2010

Q A Acceptance Tests
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Device Reliability

Reliability

Temperature and Humidity

The work of the Reliability Group at TSC has
resulted in a product which should far exceed
the reliability needs of any customer. Two
important measures of device failure rate are
stress testing under elevated temperature and
under elevated temperature in conjunction
with elevated humidity.

Steady State Life

Device reliability is often measured by survi-
val rate under high temperature operating
conditions. Figure 3 illustrates expected fail-
ure rate per 1000 hrs. of operating time over
atemperature range from 25°Cto 175°C. This
graph is for TSC CMOS integrated circuits.
The data was derived from results of Dynamic
high temperature stress testing at 125°C and
150° C and calculations based on MIL-HDBK
217D.

EXPECTED FAILURE RATE

100
4

= 10 7
g yd
3 . 4
T .4
: =
S, /
> A
w V4
-4
3 V4
Z 0
g i

.001 —#

.0001

25 30 75 100 125 150 176
OPERATING TEMPERATURE (°C)

Figure 3

A major indicator of the reliability of a plastic
encapsulated device (commercial class) is its
ability to withstand temperature and humidity
combined. Elevated temperature and humi-
dity testing is routinely performed by TSC to
evaluate the affect of these conditions on
device reliability. The industry standard of
85°C and 85% Relative Humidity is used. Tele-
dyne Semiconductor has a policy of using pro-
ven state-of-the-art molding compounds in its
assembly process. Figure 4 illustrates the
improvement this has made in TSC device reli-
ability as measured by the 85/85 stress test.

85/85 CUMULATIVE FAILURES

70
/ 19081

60 [
50
40 //
30 /
20 /

o/

FAILURES (%)

ESTIMATED 1983

ACTUAL

T
ACTUAL 1985

100 500 1000 1500 2000
TIME (HOURS)

Figure 4
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I.C. Handling Precautions

Transportation

Storage

Two main concerns to be minimized during

transportation are mechanical vibration and

shock and Electrostatic Discharge (ESD)

damage. While mechanical shock can be min-

imized by suitable packing and handling, ESD

damage requires additional measures

including:

® Use containers orjigs which will notinduce
static electricity as the result of vibration
during transportation. It is desirable to use
an electrically conductive foam or alumi-
num foil and static eliminating bags.

® In order to prevent device damage from
clothing-induced static electricity, workers
should be properly grounded with ground-
ing straps while handling devices. A re-
sistor of about 1 M ohm must be provided
to protect from electric shock.

® When transporting the printed circuit
boards on which semiconductor devices
are mounted suitable preventive measures
against static electricity transfer and
induction must be taken. Shorting connec-
tors should be placed on open contacts
and the board transported in electrically
conductive bags.

It is preferable to store semiconductor de-
vices in the following ways to prevent deterio-
ration in their electrical characteristics,
solderability, and mechanical appearance.

® Store in an ambient temperature of 5 to

30°C, and in a relative humidity of 40 to 60%. .

® Store in a clean air environment, free from
dust and active gas.

® Store in a container which does not induce
static electricity.
Store without any physical load.
If semiconductor devices are stored for a
long time, store them as sent from the fac-
tory. If their lead wires are formed before-
hand, they may corrode during storage.
If the chips are unsealed, store them in a
cool, dry, dark, and dustless place. Assem-
ble them within 5 days after unpacking.
Sterage in nitrogen gas is desirable. They
can be stored for 20 days or less in dry
nitrogen gas with a dew point at -30°C or
lower. Unpacked chips must not be stored
for over 3 months.
Take care not to allow condensation dur-
ing storage due to rapid temperature
changes.

3-1
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I.C. Handling Precautions (cont.)

Testing

Personnel

Avoid ESD, noise or voltage surges when test-
ing ICs. The device is in its least protected
state during handling, insertion and testing.
Any test equipment that leaks current or is
allowed to attain only a few hundred volts of
ESD can destroy CMOS ICs. All equipment
must be grounded and periodically tested for
leakage.

Soldering

Semiconductor devices should not be left at
high temperatures foralongtime. Regardless
of the soldering method, soldering must be
done in ashorttime and at the lowest possible
temperature. Soldering work must meet sol-
dering heat test conditions, namely, 260°C
for 10 seconds and 350°C for 3 seconds at a
point 1 to 1.5 mm away from the end of the
device package.

Use of a strong alkali or acid flux may corrode
the leads, deteriorating reliabilty and device
characteristics. The recommended soldering
iron is the type that is operated with a secon-
dary voltage supplied by a transformer and
grounded to protect from lead current. Solder
the leads at the farthest point from the device
package.

® All personnel handling or in close proxi-
mity to ICs must wear anti-static clothing
and shoes.

® Handling personnel must wear grounding
straps.

® Work surfaces and straps should be earth
grounded through a 1 M ohm resistor.

® Floors and carpets should be treated so as
not to generate static electricity.

® Unrelated sources of RF or static electrical
fields (e.g., plastic boxes, plastic wrappers)
should be kept away from device handling
areas.

Removing Residual Flux

To insure the reliability of electronic systems,

residual flux must be removed from circuit

boards. Detergent or ultrasonic cleaning is

usually applied. If chloric detergent is used

for the plastic molded devices, package cor-

rosion may occur. Since cleaning over ex-

tended periods or at high temperatures may

cause swollen chip coating due to solvent

permeation, select the type of detergent and

cleaning condition carefully. Do not use tri-

chloroethylene. For ultrasonic cleaning, the

following conditions are advisable:

® Frequency: 28 to 29 kHz (to avoid device
resonation)

® Ultrasonic output: 15W/ 0

® Keep the devices out of direct contact with
the power generator.

® Cleaning time: Less than 30 seconds

® Clean Freon™ is recommended if other
conditions permit.

“»" TELEDYNE SEMICONDUCTOR
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Alphanumeric Product List







TSC04/05
TSC170/171
TSC400/401
TSC426/427/428
TSC429
TSC441/442/443
TSC444/445/446
TSC447

TSC450

TSC500
TSC700A
TSC701AM
TSC800

TSC805

TSC815

TSC826

TSC827

TSC829

TSC900

TSCO11

TSC913

TSC914

TSC918

TSC4201/4202/4203

TSC7106A/7107A
TSC7106/7107
TSC7109
TSC7116A/7T117A
TSC7116/7117
TSC7126A
TSC7126
TSC7129
TSC7135
TSC7136A
TSC7211A/7212A

TSC7211AM/7212AM

TSC7650A
TSC7650
TSC7660
TSC8700
TSC8701
TSC8702
TSC8703
TSC8704
TSC8705
TSC8750
TSC9400
TSC9401
TSC9402
TSC9403
TSC9404
TSC9491
TSC9495
TSC9496
TSC14433A
TSC14433B
TSC14433

Alphanumeric Product List

1.2 V/2.5 V Bandgap Voltage Reference ...........ccoviiiiiiiiiiiiiniiiiniineeennn
CMOS Current Mode SMPS Controller ..........cvvviiiiiiinienennenns
16-Channel and Dual 8-Channel Bus Compatible Analog Multiplexers ...

High Speed Dual Power MOSFET Driver .......c.coveviiueeennnneeeannnns

High Speed Single CMOS Power MOSFET Driver .........ccvvvnuvuenn.
u-Processor Bus Compatible CMOS Analog Switches ................
u-Processor Bus Compatible CMOS Quad Analog Switches ..........
u-Processor Bus Compatible Quad CMOS Analog Switch ............
Dual Power MOSFET DriVer .. .vvvuiiiiiiiiiiiiiinsinennennnees
Integrating Converter Analog ProCeSSOr .....c.vviitinieiiiiennreniieinenneeanennns
High Current Four Digit LED Driver ......oouiiiiiiiiiiiiiiiiniiiiiiiiiniennnnss
High Current Bus Compatible Four Digit LED Driver .................

15-Bit Plus Sign Integrating A/D Converter ...........ccovvvueninnens

3 1/2 Digit Auto-Ranging A/D Converter ...........ccvvvviivnniinnenns

3 1/2 Digit Auto-Ranging A/D Converter with Display Hold ...........

A/D Converter with Bar-Graph Display Output ..........c.coovvuvuenn

1% ADC with LCD Bar-Graph Drive and Set Points ...................

4 1/2 Digit ADC with LCD Drive and Surface Mount Package
Low Power Chopper-Stabilized Operational Amplifier ................
Auto-Zeroed Monolithic Operational Amplifier .......................

Dual Auto-Zeroed Operational Amplifier ......ooeeiiiiiiiiiiierenineennnennns
Quad Auto-Zeroed Operational Amplifier ..........oiiiiiiiiiiiiiiiiiieiiennns
Low Cost, Low Power Operational Amplifier .........................

Low Cost CMOS Quad Analog SWItChes .........ceviiiineerinennnnn

3 1/2 Digit A/D Converter with Low Drift Reference
3 1/2 Digit A/D Converter .....o.uiiiiitiniiiniiii i

12-Bit Plus Sign Integrating A/D Converter ...........coiviiiiiivniinnnineeneans
3 1/2 Digit A/D Converter with Low Drift Reference and Display Hold .............
3 1/2 Digit A/D Converter with Display Hold ................coovene.

Low Power 3 1/2 Digit A/D Converter with Low Drift Reference
Low Power 3 1/2 Digit A/D Converter ........ccooiiiiiiiinninnnnn

4 1/2 Digit ADC with Triplex LCD Display Drive ........cooiviiiiiiiiiiiiiiann..
4 1/2 Digit Precision A/D Converter with BCD Output .........ccovviiiiiieeniinnns
Low Power 3 1/2 Digit ADC with LCD Drive ..........covvvinvinnnn

Four Digit LCD/LED Display DFivers ......c.coevuvvvrinnenennenenns

Bus Compatible Four Digit LCD/LED Display Drivers .............
Chopper-Stabilized Operational Amplifier .........ccooevieviiennes

Precision Chopper-Stabilized Operational Amplifier ..............

DC to DC Voltage Converter .........coviieireniiniiineneniinienns

Binary Output ADC (8-Bit) ......coouiiriiiiiiii i

Binary Output ADC (10-Bit) ........ovviiieiiiiii i inienns

Binary Output ADC (12-Bit) ....\vvuiitiie e i
Three State Binary Output ADC (8-Bit) .........coiiiiiiiiiiiiiiiii i
Three State Binary Output ADC (10-Bit) .........ccoiiiiiiiiiii i
Three State Binary Output ADC (12-Bit) ............ccovvveitnn
3 1/2 Digit ADC with Parallel BCD Output ..................o.0.
Voltage to Frequency Converter (0.05% Linearity) ...........cccovviiiiiiiiiiennns
Voltage to Frequency Converter (0.01% Linearity) .............. .
Voltage to Frequency Converter (0.25% Linearity) ...........cooviiiiiiinen..
Serial Input/16-Bit Parallel Output Peripheral Driver 20V) ..........ccovvvinea.
Serial Input/16-Bit Parallel Output Peripheral Driver (15V) ............ooviivn
1.22 Bandgap Voltage Reference ............coiiiiiiiiiiiiiiiiiiriiineennnnns
+5 V Bandgap Voltage Reference/Temperature Transducer
+10 V Bandgap Voltage Reference ..........coviiiiiiiiiiiiiiiiiiiiniiieeninnans
Precision 3 1/2 Digit ADC with Multiplexed BCD Output ......

Low Cost 3 1/2 Digit ADC with Multiplexed BCD Output ......

3 1/2 Digit ADC with Multiplexed BCD Output ........cciiiiiiiiiiiiiinnnnenns

13-13

13-21/6-29
13-23/6-31

13-25
6-33
7-55
7-73
8-29
7-85
7-97

7-109

7-121
6-35

7-133
6-37

10-21

10-33

13-29

13-37

11-19
8-49
8-49
8-49
8-61
8-61
8-61

7-145

9-5
9-5
9-5

11-31

11-31
12-5
12-7

12-11

7-153

7-159

7-165
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CMOS Data Acquisition Cross Reference

All TSC Products Cross-Referenced Are Plug-In Replacements

Part Number TSC Number Comments

ADC-EK10B TSC8701CJ

ADC-EK12B TSC8702CN

ADC-EK12DC TSC8750CJ

ADC-EK12DM TSC8750BN

ADC-EK12DR TSC8750CN

ADC-EK08B TSC8700CJ

ADC-ET10BC TSC8704CJ

ADC-ET10BM TSC8704BN

ADC-ET10BR TSC8704CN

ADC-ET12BC TSC8705CJ

ADC-ET12BM TSC8705BN

ADC-ET12BR TSC8705CN

ADC-ET8BC TSC8703CJ

ADC-ET8BM TSC8703BL

ADC-ET8BR TSC8703CL

CD22104AE TSC7211AIPL

CD22105AE TSC7211AMIPL

DS0026CJ-8 TSC4261JA Pin Compatible, Functional Upgrade

DS0026CN-8 TSC426CPA Pin Compatible, Functional Upgrade

DS0026J-8 TSC426MJA Pin Compatible, Functional Upgrade

HLCD7211-2 TSC7211AIPL

HLCD7211-4 TSC7211AMIPL

ICL7106CJL TSC7106CJL TSC7106ACPL Has Improved Reference Voltage
ICL7106CPL TSC7106CPL TSC7106ACPL Offers Improved Reference Tempco
ICL7106RCPL TSC7106RCPL TSC7106ARCPL Offers Improved Reference Tempco
ICL7107CJL TSC7107CJL TSC7107ACJL Offers Improved Reference Tempco
ICL7107CPL TSC7107CPL TSC7107ACPL Offers Improved Reference Tempco
ICL7107RCPL TSC7107RCPL TSC7107ARCPL Offers Improved Reference Tempco
ICL7109CPL TSC7109CPL Exact Replacement. TSC7109BCPL For Lower Cost
ICL71091JL TSC71091JL

ICL7109MJL TSC7109MJL

ICL7116CJL TSC7116CJL TSC7116ACJL Offers Improved Reference Tempco
ICL7116CPL TSC7116CPL TSC7116ACPL Offers Improved Reference Tempco
ICL7117CJL TSC7117CJL TSC7117ACJL Offers Improved Reference Tempco
ICL7117CPL TSC7117CPL TSC7117ACPL Offers Improved Reference Tempco

5-3 : “»" TELEDYNE SEMICONDUCTOR




CMOS Data Acquisition Cross Reference

All TSC Products Cross-Referenced Are Plug-In Replacements (Cont.)

Part Number TSC Number Comments

ICL7126CJL TSC7126CJL TSC7126ACJL Offers Improved Reterence Tempco

ICL7126CPL TSC7126CPL TSC7126ACPL Offers Improved Reference Tempco

ICL7136CJL TSC7126CJL TSC7126CJL and TSC7126ACJL Are Plug-In Replacements
ICL7136CPL TSC7126CPL TSC7126CPL and TSC7126ACPL Are Plug-In Replacements
ICL7650CPA TSC7650CPA TSC900ACPA is a Low-Power Plug-In Upgrade

ICL7650CPD TSC7650CPD TSC900ACPD is a Low-Power Plug-In Upgrade

ICL76501JA TSC76501JA TSC900AIJA is a Low-Power Plug-In Upgrade

ICL76501JD TSC76501JD TSC900AIJD is a Low-Power Plug-In Upgrade

ICL7660CPA TSC7660CPA

ICL7660IJA TSC76601JA

ICL7660MJA TSC7660MJA

ICL8069CCZR TSC9491AJ

ICL8069CMSQ TSC9491AM

ICL8069DCZR TSC9491BJ

ICL8069DMSQ TSC9491BM

ICM7211AIPL TSC7211AIPL

ICM7211AMIPL TSC7211AMIPL

ICM7212A1JL TSC7212AlJL TSC700AIJL is a Higher LED Current Upgrade for “Brighter” Displays
ICM7212AIPL TSC7212AIPL TSC700AIJL is a Higher LED Current Upgrade for “Brighter” Displays

ICM7212AMIJL

TSC7212AMIJL

TSC700AMIJL is a Higher LED Current Upgrade for “Brighter” Displays

ICM7212AMIPL

TSC7212AMIPL

TSC701AMIJL is a Higher LED Current Upgrade for “Brighter” Displays

MC14433L TSC14433CL TSC14433ACL Offers Guaranteed Roll-Over Spec.
MC14433P TSC14433CJ TSC14433ACJ Offers Guaranteed Roll-Over Spec.
MMHO0026CP1 TSC426CPA Pin Compatible, Functional Upgrade
MMH0026CU TSC4261JA Pin Compatible, Functional Upgrade

MP5531C TSC9495CJ

MP5532C TSC9496CJ

REF0O1CP TSC9495CJ

REF02CP TSC9495CJ

TP4780 TSC9400CJ

TP4781 TSC9401CJ

VFQ-1C TSC9400CJ

VFQ-1R TSC900CL

“»* TELEDYNE SEMICONDUCTOR
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Advance Product Information ........................c
TSC04/05 Bandgap Voltage Referente ......u.viiviiiiviiienineritinenronsinennenensisssinnsness
TSC170/171 CMOS Current Mode SMPS Controller .......cvvvevinnviieiiiiveeasenriinreiiinenens
TSC400/401 16-Channel and Dual 8-Channel Bus Compatible Analog Multiplexers ..................
TSC429 High Speed Single CMOS Power MOSFET DHVEr ....vvvivuviuinrinnerironiisinerneennns
TSC441/442/443 u~Processor Compatible CMOS Analog Switches ........c.cvvvviiiiiiiiiiiiiiiiiinnen
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TSC447 u-Processor Compatible Quad CMOS Analog SWitch .......ccoviiiiiiiiviieniiiiienenns
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9T TELEDYNE  o% o0 TSC04/1.2V
SEMICONDUCTOR  ‘ers® TSC05/2.5 V

\‘\"o Band-Gap Reference

General Description Features

The TSCO04 (1.2 V Output) and TSCO05 (2.5 V Output) bipolar 50 ppm/°C Temperature Coefficient

two terminal band-gap voltage references offer precision 25 uA to 10 mA Operating Current Range
performance without a premium price. The TSC04/05 do not
use thin film resistors. This greatly lowers manufacturing
complexity and cost.

A 50 ppm/°C output temperature coefficient and 25 uA to
10 mA operating current range make the devices attractive
multimeter, data acquisition converter, and telecommunica-
tion voltage references

1 Q Dynamic Impedance

Low Cost TO-92 Plastic Package

1% Output Tolerance

1.2 V (TSCO04) and 2.5 V (TSC05) Output Voltage Option

Applications
Typical Application ® ADC and DAC Reference
® Current Source Generation
® Threshold Detectors
® Power Supplies
® Multimeters

+15V
0

Pin Configuration

$—O Vour= 10V
T5C04- 1.2V
TSC06- 26V
YV
—~W
220 pt TO-92
10 k§2
PLASTIC PACKAGE
(BOTTOM VIEW)
Typical 4 1/2 Digit DVM with LCD Display
- 68 ki1 5y 4.1/2 DIGIT LCD DISPLAY
BV
TSC04 et ot v- A kL :E B 8 8 B SEGMENT
1 D
12V ot "4 : REF IN OR - 116161412 6 3 4 P
i f 100 k§?
= . S A ] CD4054A v
= = 4 26 8131110
ANALOG TAF INT OUT  RUN/HOLD}= | -~
ane lazin bi6. ano BACRPLANE
AR 2 g
T, 8UF out FoL " 120kHz = 3 READING/SEC v
| PEFOA- cLook AT 6LOCK IN ,
T qer cape susy |2 oor .I 5 -
* BP
9 20 T T eI
= INPUT o1 - TN ¢baga1 | 31
o0 10 9 [ ! 1 ) o W™
Vg~ +INPUT 02 . =\ 32|, T8C7211A z:“
INPUT 0. oms 1 18 >-==-==—LJ seq [~ : 28
ot wvodve P& o ™ 2| .. kg N
12 g TCTI86 g, [17 OPTIONAL
1) — "
13 18 ] S 0] % 59 CAPACITOR
i 88 e 83 osc 2l - sev
I_ 82 Ba 2] g,
28]g, onp &
275
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General Description

The TSC170/171 bring low power CMOS technology to the
current mode switching power supply controller market.
Maximum supply current is 3.8 mA. Bipolar current mode
control integrated circuits require five times more operating
current. Low power supply current eliminates auxiliary power
transformers. In off line powering schemes where a simple
zener diode circuit provides device supply voltage, power
dissipation is greatly reduced. CMOS technology decreases
system cost, increases power efficiency, reduces heat genera-
tion, and increases total system reliability.

The dual totem pole CMOS outputs drive power MOSFET or
bipolar transistors. The 50 ns maximum output rise and fall
times with a 1000 pF capacitive load minimize power MOSFET
transition power dissipation. Output peak current is 500 mA.

The TSC170/171 contain a full array of system protection
circuits. The undervoltage lockout circuit forces outputs OFF
if the supply voltage drops below 7.0 V. A soft start feature is
also available. The soft start option forces the PWM outputs to
initially operate at a minimum duty cycle and low peak output
current. The TSC170/171 can be directly turned OFF through a
remote shutdown control pin. The shutdown mode can be
latched (power must be turned OFF to restart system) or non-
latched. The soft start feature can also be used in system shut-
down application. Double output pulse suppression guaran-
tees output drive pulses always alternate from one output
driver to the other. Peak current is adjustable by the user.

Current mode control lets users parallel power supply mo-
dules. Two or more TSC170/171 controllers can be slaved
together for parallel operation. Circuits can operate from a
master TSC170/171 internal oscillator or an external system
oscillator.

The TSC170/171 operate from an 8 V to 16 V power supply. An
internal 2% 5.1 V reference minimizes external component
count. The TSC170/171 is pin compatible with the Unitrode
UC1846/2846/3846 and UC1847/2847/3847 bipolar controliers.

<
(%)
6&

0

TSC170/TSC171
CMOS Current Mode

O
\° SMPS Controller
¢ 3.8 mA Max. Supply Current
¢ 50 ns Output Rise/Fall Time
e 500 mA Output Drive

Features

Low Supply Current with
CMOS Technology
Current Mode Control

Internal Reference ............cccvvvviniiinnnn,
Fast Output Rise/Fall Time (CL = 1000 pF)
Dual Push-Pull Outputs

Direct Power MOSFET Drive

High Totem Pole Output Drive ................
Differential Current Sense Amplifier
Programmable Current Limit
Soft start Operation

Double Pulse Suppression
Under-Voltage Lockout

Wide Supply Voltage Operation
High Frequency Operation
Plastic and CerDIP Package
Available with Low (TSC170) or High (TSC171) “OFF”
State Outputs

Low Power, Pin Compatible Replacement for
UC3846/3847

8to 16V
200 kHz

Pin Configuration

CURRENT LIMIT/
SOFTSTART 1]
VReF OUT[Z]

(~) CURRENT SENSE
ineUT 2]

(+) CURRENT SENSE
wpor L]

[16] sHUTDOWN

(+) ERROR AMP INPUT [ |
(~) ERROR AMP INPUT &}
COMPENSATION [7 ]

Cole]

TSC170 — OUTPUT LOW IN “OFF" STATE
TSC171 — OUTPUT HIGH IN “OFF" STATE

Ordering Information Cont.

Other advantages inherent in current mode control include Operating
superior line and load regulation and automatic symmetry Part N Pack Tempeéature
correction in push-pull converters. art No. ac age ange
TSC170MUE i -55°C t0 125°C
Ordering Information 8-Pin
g _ TSC171CPE Plastic DIn 0°C t0 70°C
Operating 8P
Temperature TSC1711JE CerDIP -25°C to 85°C
Part No. Package Range er
; 8-Pin
8-Pin o TSC171MJE -55°C to 125°C
TSC170CPE Plastic DIP 0°Cto 70°C CerDIP
8-Pin . X TSC170Y Chip —
TSC1701JE CerDIP -25°C to 85°C TSCi7Y Chip —
©1985 6-7 “N™ TELEDYNE SEMICONDUCTOR



CMOS Current Mode
SMPS Controller

¢ 3.8 mA Max. Supply Current
e 50 ns Output Rise/Fall Time
e 500 mA Output Drive

TSC170/171

Absolute Maximum Ratings

Input Voltage (Pin 15) .....covviiiiiiiiiiiiniieenn, 18V
Output Voltage (Pin 13) ............ovvvnnn VIN (18 V)
Analog Inputs (Pins 3, 4,5,6,16) .. -03VtoVinN+03V
Storage Temperature Range ......... -65°C to +150 °C
Lead Temperature (Soldering, 10 Seconds) ..... +300 °C
Maximum Chip Temperature .............ccovoun. 150 °C

CerDIP Package Thermal Resistance:
(Junction to Ambient) .................... 105 °C/W
(JunctiontoCase) ............coovvuunnn. 60 °C/W
Plasting Package Thermal Resistance:
(Junction to Ambient) .................... 140 °C/W
(JunctiontoCase) .............cccovvinnn. 70 °C/W
Operating Temp. Range
Commercial ....vvviiiiiiiiiinian., 0°Cto+85°C
Industrial ...........ooiiiinn . -25°Cto+85°C

Electrical Characteristics: vin =16V, Ro = 24 k0, Co = 1 nF, Ta = 25 °C Unless otherwise indicated.

TSC170/171
TYPE NO. SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT
1 VREF Output Voltage lout =1 mA 5.0 5.1 5.2 Vv
REFERENCE 2 - Line Regulation VIN=8Vto 16V - 5 15 mV
VOLTAGE 3 Load Regulation lout =1 mA to 10 mA - 3 15 mV
4 VRTC Temperature Coefficient Over Operating Temp.Range  — 0.4 0.5 mV/°C
5 — Initial Frequency - 38 42 46 kHz
OSCILLATOR 6 — Voltage Stability VIN=8Vto 16V — 1.1 15 AYAY
7 - Temperature Stability Over Operating Temp.Range  — 5 10 %
8 VEeos Input Offset Voltage — - 20 mv
9 Ig Input Bias Current — — 1 nA
ERROR 10  VCMRR Common-Mode Input Voltage VIN=8Vto 16V 0 — VIN-2V Vv
AMPLIFIER 11 AvoL Open-Loop Voltage Gain Voutr=1Vto 6V 70 — — dB
12 BW Unity Gain Bandwidth — 1.2 — MHz
13 CMRR Common-Mode Rejection Ratio Vcmv =0to 14V 60 — - dB
14 PSRR Power Supply Rejection Ratio VIN=8Vto 16V 60 — — dB
15 — Amplifier Gain Pin3=0to 1.1V 2.5 3.0 3.5 V/V
gé,r?gEENT 16 m;ﬁitrnsuirgnnaDlifferential VPIN4 - VPING 1.1 — - v
AMPLIFIER
17 Common-Mode Input Voltage 0 — ViN-3V "
CURRENT 18 Oifest Voltage 05— 1 v
ADJUST 19 Input Bias Current — — 1 nA
20 V1B Threshold Voltage 0.3 0.35 0.4 Vv
SHUTDOWN 21 Input Voltage Range 0 — ViN Vv
TenAL 2 Bt - -
z - - ® .
24 Voo Output Voltage Pin 13 - — VIN v
25 VoL Output Low Level ISINK = 20 mA — — 0.4 \Y
OUTPUT 26 VoL Output Low Level Isink = 100 mA — — 2.0 Vv
STAGE 27 VoH Output High Level ISOURCE = 20 mA VN-1V  — — Vv
28 VoH Output High Level ISOURCE = 100 mA VIN-35V — — Vv
29 tr Output Rise Time CL = 1000 pF — 50 150 ns
30 ftr Output Fall Time CL =1000 pF — 50 150 ns
UNDERVOLTAGE 31 Start-up Threshold — 7.7 8.25 "
LOCKOUT 32 Threshold Hysteresis 0.5 0.75 1.0 Y
SUPPLY 33 s Standby Supply Current — 2.7 3.8 mA

1. Advance Product Information.
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CMOS Current Mode

SMPS Controller

¢ 3.8 mA Max. Supply Current

¢ 50 ns Output Rise/Fall Time

® 500 mA Output Drive TSC170/171

VREF

15

|
Vin 51vOLT
T REFERENCE
| I
| __ﬂ%v
9
Rg o;—- :n >
UNDERVOLTAGE L OouteutA(JTL
ol OSCILL ATOR RO T ! )
oo ] |
|
| |
10,
SYNCH O _ I
! X3.0 CURRENT ) !
3] AMPLIFIER -
TOURRENT SENSE OT——J - COMPARATOR " |
I Q |
4, !
+CURRENT SENSE O s o 114
INPUT ! :Du—[: —OouteuT 8 [ ]
12
O GROUND

7

|
i
1
COMPENSATION O

N PWM LATCH
Vin—— ]  LIMITBUFFER !
AMPLIFIER -

|00uA<> T3 CURRENT LimiTs

/‘ a4 O CURRENT LIMIT/SOFTSTART ADJUST

I

_ |_ i

|

ERROR i
AMPLIFIER SHUTDOWN il
i

|

5
+ERROR AMP
INPUT

—ERROR AMP
INPUT

COMPARATOR

350 mV—mo- 1€

|

!

T

|

!

[

|

|

|

|

| p——O SHUTDOWN
! LOCK-UP —'l }—4
; AMPLIFIER 350 mV/
i

I

I

i

I

|

I

|

1

{

+
POSITIVE az
FEEDBACK 6k S

|
!
i
1
|93 > |
> |
[ g 35k |
9 1
|
: TSC170: QUTPUTS LOW IN OFF STATE
|

TSC171: OUTPUTS HIGH IN OFF STATE

Block Diagram

Peak Current Limit Setup

Resistors R1 and R2 at the current limit input (Pin 1) set the

ICPL is easily calculated:

TSC170 peak current limit (Figure 1). The potential at Pin 1is V1 -75V

easily calculated: 1) IPCL= =
3.0 )

V1 = VREF _L

R1+R2 where:
. — ) _ R2

R1 should be selected first. The shutdown circuit feature is a) VI=REF

not latched for (VREF - 0.35)/R1<50 uA and is latched for R1+R2

currents greater than 125 uA. b) VREF = Internal voltage reference = 5.1 V

The error amplifier output voltage is clamped from going ¢) 3.0 V = Voltage gain of current sense amplifier
above V1 through the limit buffer amplifier. Peak current is _ o

sensed by RS and amplified by the current amplifier which d) 0.75 V = Current limit offset

has a fixed gain of 3.0. Both driver outputs (Pin 11 and Pin 14) are OFF (low) when
the peak current limit is exceeded. When the sensed current

IPCL, the peak current limit, is the current that causes the goes below IPCL the circuit operates normally.

PWM comparator non-inverting input to exceed V1; the
potential at the inverting input. Once the comparator trip
point is exceeded both outputs are disabled.

“»* TELEDYNE SEMICONDUCTOR



TSC170/171

CMOS Current Mode
SMPS Controller

¢ 3.8 mA Max. Supply Current
¢ 50 ns Output Rise/Fall Time
¢ 500 mA Output Drive

SWITCH

CURRENT

X3.0 CURRENT
AMPLIFIER

PWM COMPARATOR

AT e
OUTPUT
OFF (LOW)

£

PWM LATCH

FROM
UNDERVOLTAGE
LOCKOUT

VReF

100 uA Q
ERROR +
AMPLIFIER
5

o \ vi

o2 LmIT -
BUFFER
AMPLIFIER

a3

A

l
[ LOCK-UP
AMPLIFIER

i . LIS
a1 Q2
POSITIVE _
FEEDBACK Bk

SHUTDOWN
COMPARATOR

350 mv

" TSC170

3.5k

W

Figure 1: R1 and R2 Set Maximum Peak Output Current

Output Shutdown

The TSC170 outputs can be turned off quickly through the
shutdown input (Pin 16). A signal greater than 350 mV at Pin
16 forces the shutdown comparator output high. The PWM
latch is held set disabling the outputs.

Q2 is also turned on. If VREF/R1 is greater than 125 uA, posi-
tive feedback through the lock-up amplifierand Q1 keeps the
inverting PWM comparator inverting input below 0.75 V. Q3
remains on even after the shutdown input signal is removed
because of the positive feedback. The state can be cleared
only through a power-up cycle. Outputs will be disabled
whenever the potential at Pin 1 is below 0.75 V.

The shutdown terminal gives a fast, direct way to disable the
TSC170 output transistors. System protection and remote
shutdown applications are possible.

Soft Restart from Shutdown

A soft restart can be programmed if non-latched shutdown
operation is used.

A capacitor at Pin 1 will cause a gradual increase in potential «
toward V1. When the voltage at Pin 1 reaches 0.75V the PWM
latch set input is removed and the circuit establishes a regu-
lated output voltage. The soft start operation forces the PWM
output drivers to initially operate with minimum duty cycle
and low peak currents.

“»™ TELEDYNE SEMICONDUCTOR
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CMOS Current Mode
SMPS Controller

¢ 3.8 mA Max. Supply Current
¢ 50 ns Output Rise/Fall Time
¢ 500 mA Output Drive

Soft Start Power-Up

During power-up a capacitor at R1, R2 will initiate a soft start
cycle. As the input voltage (Pin 15) exceeds the undervoltage
lockout potential (7.5 V), Q4 is turned off ending undervol-
tage lockout. Whenever the PWM comparator inverting input
is below 0.5 V both outputs are disabled.

When the undervoltage lockout level is passed, the capacitor
begins to charge. The PWM duty cycle increases until the
operating output voltage is reached. Soft start operation
forces the PWM output drivers to initially operate with mini-
mum duty cycle and low peak current.

Current Sense Amplifier

The current sense amplifier operates at a fixed gain of 3.25.
Maximum differential input voltage (VPIN 4 - VPIN 3) is 1.1 V.
Common-mode input voltage range is 0 V to VIN - 3 V.

Resistive sensing methods are shown Iin Figure 2. In Figure
2A, asimple RCfliter will limittransient voltage spikes at Pin 4
caused by external output transistor collector capacitance.
Transformer coupling In Figure 3 offers isolation and better
power efficiency but cost and complexity increase.

A GROUND REFERENCE l |

I Vo

<

< R
Tc 3

X3 CURRENT
SENSE AMP

4
:
a—< 3

B> 150170
*OPTIONAL RC FILTER
N 7
! o
VW » Vour
X3 CURRENT
SENSE AMP l
4
7
3
P 1sc17

B. ABOVE GROUND RESISTIVE SENSING

Figure 2: Resistive Sensing

TSC170/171
X3 CURRENT SENSE 1A
AMPLIFIER ] N N p
4 +
<=7 By
3 ] -
4\ TSC170
— . les

Figure 3: Transformer Isolated Current Sense

Undervoltage Lockout

The undervoltage lockout circuit forces the TSC170 outputs
OFF (low) if the supply voltage is below 7.7 V. Threshold
hysterisis is 0.75 V. Hysterisis guarantees clean, jitter free
turn-on and turn-off points. The hysterisis also reduces
capacitive filtering requirements at the PWM controller
supply Input (Pin 15).

Circuit Synchronization

Current mode controlied power supplies can be operated in
parallel with a common load. Paralleled converters will equally
share the load current. Voltage mode controllers unequally
share the load current decreasing system reliability.

Two or more TSC170 controllers can be slaved together for
parallel operation. Circuits can operate from a master
TSC170 internal oscillator with an external driver (Figure 4).
Devices can also be slaved to an external oscillator (Figure 5).
Disable internal slave device oscillators by grounding Pin 8.
Slave controllers derive an oscillator from the bi-directional
synchronization output signal at Pin 10.

“W™ TELEDYNE SEMICONDUCTOR



TSC170/171

CMOS Current Mode
SMPS Controller

¢ 3.8 mA Max. Supply Current
¢ 50 ns Output Rise/Fall Time
¢ 500 mA Output Drive

MASTER
9

i o

Ro
"\‘ TSC170

slc ... +meur
—{C0 VReF _eRrOR AMP SYNC comp

+

8 AAA
AAd

» VouT

2 |8 |0 7
FT

1/2 Tsc427

Vin

2 5 10 7

ol VRer +INPUT
Ro  "EF "ERROR AMP

8 YR TsC170
/L_ SLAVE

+

Figure 4: Master/Slave Parallel Operation

VIN

n

1/2 Tsca27
EXTERNAL 8170 8
OSCILLATOR ’P ﬁU
VReF Ao
2 5
fus
e Tsc1n
Co —4
VReF Rg A
s

LG

Figure 5: External Clock Synchronization

Osclllator Frequency and
Output Dead Time

The oscillator frequency for Ro = 24 k() and Co = 1000 pF is:

Fo= 1.27 2800 Co
RoCo R&Co| Co+150
where: Ro = Oscillator Resistor (Q)

Co = Oscillator Capacitor (F)
Fo = Oscillator Frequency (Hz)

The oscillator resistor Ro can range from 5 k() to 50 k().

Oscillator capacitor Co can range from 250 pF to 1000 pF.
Figure 7 shows typical operation for various resistance and
capacitance values.

During transitions between the two outputs simultaneous
conduction is prevented. Oscillator fall time controls the out-
put off or dead time (Figure 6).

Delay time is approximately:
2000 [Co]
1-f23
Ro

Where: Ro = Osclllator Resistor (k1)
Co = Osclllator Capacitor (F)
Tp = Output Dead Time (sec.)

To=

Maximum possible duty cycle is set by the delay time.

“)® TELEDYNE SEMICONDUCTOR
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CMOS Current Mode
SMPS Controller

¢ 3.8 mA Max. Supply Current
¢ 50 ns Output Rise/Fall Time

¢ 500 mA Output Drive TSC170/171

| 23V

| lcHARGE = "o 23V
v l PIN 10
—_— i

Tp — OUTPUT DEAD TIME

::1: _T_Pma PING Fo= ml'f:l» - :‘:D:O]Coc*o‘ﬁl)’ Fo ’"‘]'R° [ﬂ]‘%H
o5uantee_ o (Dims ; " o0
o523
Ro 0T
Figure 6: TSC170 Osclllator Circuit
Typical Characteristic Curves
Output Rise and Fall Time: Output Rise and Fall Time:
CLoAD = 500 pF CLoaD = 1800 pF
ol BN
" 260 TSC170/171
_..:fOAz:-cEODPFI __=TA§25“‘C1 | )/
Vg=18V 3;2“%\/ BWp/
I o
Eo_ru_ \\ Eorm
\ DIV DIV
. Osclllator Frequency
Output Rise and Fall Time: (Figure 7)  \ "Osclllator Resistance
CLoap = 1000 pF 8 —
P—an w1\ \ g il
[~ T8€170/171 = 40 ‘
Ta= 26 ] 5 \
Eaiue LAY
& 28
£ . \
N 3 N o
50 ny g 10 ™~
P [ 100 pr-'“nm‘s h"-
0 20 40 80 80 100 120 140 180 180 200

OSCILLATOR FREQUENCY (kHz)
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“W TELEDYNE TSC400/401
SEMICONDUCTOR 16-Channel and Dual 8-Channel

e Bus Compatible Analog Multiplexers
\‘o(\c’ Y e +15 V Dual Supply or
pS au© 200 __Single Supply Operation
At of e CS and WR Control Inputs

\(\\ e 250 ns WR Pulse Operation

General Description Features

The CMOS TSC400 16-channel and TSC401 8-channel dif-
ferential analog multiplexer feature on-chip channel select
and control data latches for microprocessor bus interface.
The latched channel select address and enable inputs re-
move the need for external system “glue” logic. The master
reset input signal feature clears all latches and turns all
switches off. A us_g_f_ul feature during power up initialization.
With chip select (CS) and write (WR) low the datalatches are
transparent.

Latched Channel Select Inputs

Master Reset for Power-Up Initialization
50 uA Supply Current

+15 V Supply Operation

+5V or +5 V Operation

Single or Dual Supply Operation

500 () “ON” Resistance

Operating from dual or single power supplies the low 50 pA 250 ns Write Pulse Operation

supply current minimizes power dissipation. Analog signal
range extends to either supply. Switching times guarantee
break before make operation.

Break Before Make Operation
CHIP SELECT and WRITE Control Inputs

Pin Configuration

V§[T] e ~ 28] D-oUTPUT Vi[i] e N~ 28] DA-OUTPUT
controL &5 [2] [27] v§ DB-OUTPUT [z} 7] v§
INPUTS R [3] BEN RESET 3 6] s8A
[ s16[4] %] s7 ssa% %] S7A
§15 [5 | 2] s6 s78 [5 ] 2] s6A
s14 5] AN 23] 5 oLt se8 & | 28] A\ anNEL
ebTs s13[7] Tsca00 2] 4 8 CHANNEL 5B [7] "~ 2] s4A  INPUTS
s12 [3] 21] 3 INPUTS 548 [ | Tsca0 27] s3A
s11[5] [20] s2 ‘ 538 9| 20] s2A
1010 wls1 | 528 [0 s1A
L so[m 78] enaBLE | L_SlBE 78] ENABLE
GnD [z 17] A0 GND [z [17] A0 cyannEL
[ ResET[B [76] A1 CONE_W?E [76] a1 SELECT
a3 5] A2 "‘""l-'ls__cs Gl 5] A2
CHANNEL

SELECT
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General Description

The TSC429 is a single high speed CMOS level translator and
driver. Designed specifically to drive highly capacitive power
MOSFET gates, the TSC429 features a 2.5 O output impe-
dance and 3.5 A peak output current drive.

A 2500 pF capacitive load will be driven 18 V in 25 ns. Delay
time through the device is 25 ns. The rapid switching times
with large capacitive loads minimize power MOSFET transi-
tion power loss.

A TTL/CMOS input logic level is translated into an output
voltage swing that equals the supply. The output will swing to
within 256 mV of ground or V§. Input voltage swing may equal
the supply. Logic input current is under 1 uA making direct
interface to CMOS/Bipolar switch mode power supply con-
trollers easy. Input “speed-up” capacitors are not required.

The CMOS design minimizes quiescent power supply current.
With a logic 1 input, power supply current is 5 mA maximum
and decreases to 0.5 mA for logic 0 inputs.

For dual devices see the TSC426/427/428 product data sheet.

Applications

® Switch Mode Power Supplies
® CCD Drivers

® Pulse Transformer Drive

® Class D Switching Ampilifiers

Pin Configuration

NC = NO INTERNAL CONNECTION

TSC429
High Speed Single CMOS

Power MOSFET Driver

2Oo® e 25 ns Rise/Fall Time
o with CL = 2500 pF
e 3.5 A Peak Drive Current

e 2.5 () Output Resistance

Features

® Wide Operating Range .................. 45Vto 18V
® High Impedance CMOS Logic Input

® | ogic Input Threshold Independent of Supply Voltage

® | ow Supply Current

— 5 mA Maximum with Logic 1 Input
— 0.5 mA Maximum with Logic O Input

® Output Voltage Swing Within 25 mV of Ground or V8.
® lowDelay Time .....coovviiiieienniniinnennnns 25 ns
® High Capacitive Load Drive Capability
— tRISE, tFALL = 25 ns with CLoAD = 2500 pF
® Single +5 V Supply Operation

Typical Application

2- 1000 pF
1-0.014F ] PARALLEL
4-0.14uF
1-1uF
1-0.001 yF] PARALLEL
1-0.01uF

V++

i)

IN914
T IRFF 120

1 :

2200 pF

s

M

W
=)
x

1
L

Q2 == 1000 pF

P\ Tscazo

—j L 1k
PWM s
5Vo-p

"™ Tscaze

2L
| Q =
| IRFF 120
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General Description

The TSC441, TSC442, and TSC443 are quad SPST analog
switches with data address latches. The pin out matches the
“201” analog switch configuration. Pin 12, which is unused
on the 201, is the write enable (WR) input. With WR tied low
the data address latch is transparent.

The family features single or dual power supply operation
with analog input voltage range equal to the supply voltage.
Power supply current is a low 300 pA.

The TSC441/442 have opposite input logic polarity. The
TSC443, with two normally open and two normally closed
switches, can be configured as a quad SPST, dual SPDT,
DPDT or dual DPST switch.

For devices pin compatible with the AD7590/7591/7592 see
the TSC444/445/456 specifications.

Timing Diagram

ADDRESS

2

ADDRESS VALID

tww

=
|

d
tosw tDHW
/ tppw: <50ns

tyw: <250 ns

J

tosw: <250 ns

Pin Configuration

<\°e

‘6‘

TSC441/442/443
u-Processor Compatible
o CMOS Analog Switches
e Data Latches

e Low Power CMOS

e 200 ns Write Pulse Operation

o\‘

Features

Data Address Latch On-Chip

Latch Transparent with WR=0

< 250 ns Write Pulse Operation

< 50 ns Address Hold Time

Dual £5 V or Single +5 to +15 V Supply Operation
300 uA Supply Current

120 Q2 ON Resistance

1 nA Analog Input Leakage Current

Analog Signal Range Equal to Supply Voltage
TTL/CMOS Compatible, Low Current Logic Input
TSC441: Pin Compatible to DG221

“201” Pin Out Compatible (Pin 12 = WRITE ENABLE)
TSC443: SPST, SPDT, DPDT, DPST Configuration

Truth Table

TSC4a41 TSC442
Switch State Switch State

TSC443
Switch State

SW1, SW2, Open

AN WR*

0 0  Closed Open  sws3,'sw4, Closed
SW1, SW2, Closed
1 0 Open Closed SW3, SW4, Open
Maintains Maintains Maintains
X 1 Previous Previous Previous
State State State

*WR Input is Level Sensitive, X = Don’t Care

] A4
aT—> EAA I $ [i6] as a1
c [ [+ [
D‘E"“? - - EEDA 1] 3 - - - [15]0s o1z
- | Mg —— L
s1E_9 sw1 B sa S1EJSW1 S| EES‘ 51E
vE ™ 5]V vi[d] ™ Evi vs [2] -<» 3] v&
Tscaa TSC442 TSC443
ano[5] [12] wr anpE] [2)wr ano[E] 12)WR
szE—? w2 swg. s ss s2[¢] sw2 sw3 s—i1]ss s2[6] s w3 EES;«
] swz N3
DZ—J ! I LEN Dz——9 ! 1 ‘ij D2—9 | ! EM
L L L r L L
H H
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TSC444/445/446
u-Processor Bus Compatible
MOS Quad Analog Switches

p.d 6‘) \\0‘\ e Data Latches
oal \0(6‘ * Low Power CMOS
e 200 ns Write Pulse Operation
General Description Features
The TSC444, TSC445, and TSC446 u-processor compatible ® Data Address Latch On-Chip
analog switch family combine fourAanang switches with a ® Latch Transparent with WR=0
data address latch. Quad SPST devices (445/446) and dual )
SPDT (444) devices feature 120 Q ON resistance and 1 nA ® SPST and SPDT Options
analog input leakage currents. Analog input signal range ® Dual 5 V Supply Operation
extends to the power supply rails. A low 300 uA supply cur- P .
rentand single ordual supply operation make the family ideal Single +5 V to +15 V Supply Operation
for battery operated systems. Break before make operation is ® 300 pA Supply Current
guaranteed. Input logic signals are TTL/CMOS compatible. ® 120 () ON Resistance
® 1 nA Analog Input Leakage Current
Truth Tabl
u __S Tscada ® < 250 ns Write Pulse Operation
DISABLE* WR* Alor A2 Switch State ® <50 ns Address Hold Time
0 X X All Switches Open ® TTL/CMOS Compatible, Low Current Logic Input
) 0 ] S1 to Out! Closed ® Analog Signal Range Equal to Supply Voltage
S3 to Out2 Closed ® TSC445 Pin Compatible to AD7590
1 0 0 gi Io 8ug g:oseg ® TSC446 Pin Compatible to AD7591
0 Dute Lose ® TSC444 Pin Compatible to AD7592
1 1 X Maintains Previous

State
*WR and DISABLE Inputs are Level Sensitive, X=Don’t Care

Pin Configuration

Truth Table

— TSC445 TSC446
AN WR* Switch Switch
State State
0 0 Open Closed
1 0 Closed Open
X 1 Maintains Maintains

Previous State Previous State

* WR Input is Level Sensitive, X = Don’t Care

Timing Diagram

72X

ADDRESS

ADDRESS VALID

— |
tosw

|
toHwW

toHw: <50 ns

tyyyy: <250 ns
tpsw: <250 ns

TSC444: DUAL SPDT

*INTERNALLY PULLED HIGH

TSC445: QUAD SPST (CLOSED FOR Ay = 1)
TSC446: QUAD SPST (CLOSED FOR Ay =0)

“»™ TELEDYNE SEMICONDUCTOR



Notes




“W" TELEDYNE
SEMICONDUCTOR

General Description

The TSC447 u-processor compatible analog switch contains
four analog switches with a data address latch. Two devices
are normally ON and two normally OFF. Analog input signal
range extends to the power supply rails. Input leakage cur-
rent is a low 1 nA. The 300 nA supply current and single or
dual supply operation make the TSC447 ideal for battery
operated systems. The TSC447 operates with+15V,+5V ora
single +5 V supply.

Break before make operation is guaranteed. The TSC447 can
be connected as a latched Quad SPST, Dual SPDT, DPDT or
Dual DPST analog switch. Input logic signalsare TTL/CMOS
compatible.

Application Configurations

QUAD SPST s1 s2
Al A2 I
D2

L
oot

A4

o
IDIS D3
DPDT 81,82 $3,84

A1, A2
e St SR AN

A3, A4
]
D2 D1 D3 D4

DUAL SPDT s1,s2 DUAL DPST s1 s4
A1, A2 | A1, A4
D2 1 D1 I D1 I D4

D3

ADDRESS INPUTS (Ap) = 0 (LATCHES NOT SHOWN)

TSC447

u-Processor Compatible
Quad CMOS Analog Switch
e Data Latch

e Two Normally ON and

Two Normally OFF Switches

e +15V, x5V, +5 V Operation

Features

Data Address Latch On-Chip

Latch Transparent with WR =0

Two Normally Open and Two Normally Closed Switches
Dual =5 V or +15 V Supply Operation

Single +5 V to +15 V Supply Operation

300 uA Supply Current

120 0 On Resistance

1 nA Analog Input Leakage Current

<250 ns Write Pulse Operation

<50 ns Address Hold Time

TTL/CMOS Compatible, Low Current Logic Input
Analog Signal Range Equal to Supply Voltage

TSC447 Truth Table

I Switch Switch
AN WR* 1&4 2&3
State State
0 0 Open Closed
0 Closed Open

Maintains Maintains

X 1 Previous Previous
State State

WR” Input is Level Sensitive

Pin Configuration

SWITCHES SHOWN FOR Ay =0
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General Description

The TSC827 is a complete integrating analog-to-digital con-
verter with triplex liquid crystal (LCD) display drive. A 101
element LCD bar-graph directly connects to the TSC827.

TSC827

1% ADC with LCD

Bar-Graph Drive
e Two Selectable Set Points

¢ 10-Bit Serial Data Output
e 20 mW Power Dissipation

Features

® 1% LCD Sar-Graph Readout
— Triplex LCD Display
— 101 Data Segments

Two user selected set points can be programmed and dis-
played. LCD annunciators distinguish between set points.
Set point annunciators are activated when a set point has
been reached. An input overrange LCD annunciator is also
present. Set point and overrange logic outputs are provided
for control applications.

A 10-bit serial output with clock allows datato be transmitted
at 0.1% resolution to a remote computer or display.

Operating from 5 V supplies, the CMOS TSCB827 dissipates
only 20 mW. Included on-chip is a precision 75ppm/° C low
drift voltage reference. The differential inputs accept 40 mV
to 2.0 V input signals. The TSC827 is available in a compact
60-pin flat package. For a 2.5% resolution ADC with bar-
graph output see the TSC826 data sheet.

— Overrange and Set Point Annunciators
® Two Selectable Set Points

Low and High Set Point and Overrange Logic Output
Signals

Differential Analog Input

Differential Reference for Ratiometric Measurements
40 mV to 2.0 V Full-Scale

10-Bit Serial Data Output

+5 V Supply Operation

20 mW Power Dissipation

Compact 60-Pin Flat Package

Block Diagram

LOGIC

HIGH/LOW SETPOINT OUTPUTS

SET POINT CONTROL CRYSTAL, RC OR

e,
R A A S Low OVER- EXTERNAL OSCILLATOR
——A——  ——  SETPOINT SETPOINT HANGE

Oo—J4+n TEL 1SPH WsP HSP Lsp

DIFFERENTIAL cAz CINT
ANALOG
INPUT

O -IN RINT

o——J ANALOG comMmON/ MW TSC827
VREF OUTPUT ’. 1% ADC WITH SETPOINTS
AND LCD DISPLAY DRIVE SERIAL ) 10-BIT
|~ oDatA RESOLUTION
o +REF ouTPUT
L ———— O SER
ot FFFEERREE’\.I\:;TEM SLook ouTPuUT
INPUT
O——q —
REF BIAS ADJUST
BP3 |BP2 |BP1
TRIPLEX ANNUNCIATOR
LCD DRIVE DRIVE
45 5V
SUPPLY  SUPPLY D
HIGH SET POINT
[eYe]e] LOW SET POINT
OVERRANGE
0 1 2 99 100

TRIPLEX LCD BAR-GRAPH DISPLAY
1% (100 DATA PLUS ZERO) RESOLUTION
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General Description

The CMOS TSC829 combines a precision 4 1/2 digit ADC,
and triplex LCD display drive circuit in a single low power
CMOS chip. The TSC829 offers several functional enhance-
ments over the first generation ICL7129 converter. An audio
frequency continuity buzzer signal is generated on-chip
along with the continuity logic output signal. The TSC829
eliminates the external audio signal generator and piezo-
electric driver needed in 7129 based systems. More compact
and less costly systems result. The 60-pin flat package also
allows the complicated dual function 7129 input/output con-
trol pins to be replaced by easy to use single function pins.

By using the UP/DOWN, SIGN, X10 and conversion count
out logic signals the data can be transferred to a micro-
processor.

Pin Configuration

N
6“0

>
=
3
2
=
2
<]
o

° = i g
sz F s o fsit
e kg egzzzggf§ 8
[es] [ea] 3] 2] [&1] o) o] fpe] fo5] [34 B3]
Ne [48] [30) iNT ouT
O 2
e [48] 28] v§
RANGE (39} e
x10 [50] el Vs
COUNT oUT %) Convension
op2 [52] [24] LaTCH
oP1 UR
oscz [54] O3
osc1 8] 27 or
0sc3 (56| 20] o4
UP/DOWN (57 SIGN
Ne [58] ['8] voisp
ANNUNCIATOR (7} 7] N

3
2]
] @
Bl
H

CONTINUYTY

83 [3)
82 [3]
ee1 [o]

81,C1,
B2.C2,
F2, E2, DP2 [o]
83, c3, Minus [}
F3, E3, DP3 [0}
B84, ca, 8C5 3]
A4, D4, & [
Fa, €4, P4 [J]

TSC829

4 1/2 Digit ADC

with LCD Drive

e Continuity Audio Signal
e 10 uV Resolution

¢ 10 mW Power Dissipation

\0(\

Features
® Triplex LCD Display Drive On-Chip
® Control Signals and Data Output for u-Processor Interface

® Audio Frequency “Buzzer” Signal and Driver for Piezo-
electric Continuity Transducer

® On-Chip Low Battery Detector and LCD Annunciator
Driver

® On-Chip Continuity Detection and LCD Annunciator
Driver

® Easy to Use Single Function DP4, OR, UR, DP3, LATCH
and EOC Input/Output Control Pins

4 1/2 Digit Resolution

10 to 1 Digitally Controlled Full-Scale Range Selection
Simple 1V Reference for 200 mV or 2 V Full-Scale Range
10 uV Resolution on 200 mV Full-Scale Range

4 1/2 Digit Converter Comparison
GE/INTERSIL

FUNCTION TSC829 ICL7129
On-Chip
Audio Frequency Continuity Yes No

“Buzzer” Drive Signal

Simple, Easy to Use
Decimal Point, Underrange,
Overrange, Latch and End
Of Conversion
Input/Output

Control Pins

Compact 60-Pin Surface
Mount Flat Package

Access to Internal Data
Count Registers for Yes No
u-Processor Interface

Yes: Each No: Control Pins
Control  Are Multiplexed
Input/Output And Serve
Function Has  Dual Functions
Separate Pin

Yes No

“’* TELEDYNE SEMICONDUCTOR
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General Description

The TSC913 is the world's first complete monolithic dual
auto-zeroed operational amplifier. The TSC913 sets a new
standard for low power precision dual operational amplifiers.
Chopper-stabilized or auto-zeroed amplifiers offer low offset
voltage errors by periodically sampling offset error and stor-
ing correction voltages on capacitors. Previous single ampli-
fier designs required two user supplied external 0.1 uF error
storage correction capacitors — much too large for on-chip
integration. The unique TSC913 architecture requires
smaller capacitors making on-chip integration possible.
Microvolt offset levels are achieved and External Capacitors
Are Not Required.

The TSC913 system benefits are apparent when contrasted
with a 7650 chopper amplifier circuit implementation. A sin-
gle TSC913 replaces two 7650s and four capacitors. Five
components and assembly steps are eliminated.

The TSC913 pinout matches many popular dual operational
amplifiers. The OP04, TLC322, LM358, and ICL7621 are typi-
cal examples. In many applications operating from dual five
volt power supplies or single supplies, the TSC913 offers
superior electrical performance and can be a functional,
drop-in replacement. Printed circuit board rework is not
necessary. The TSC913 low offset voltage error eliminates
offset voltage trim potentiometers often needed with bipolar
and low accuracy CMOS operational amplifiers.

The TSC913 takes full advantage of Teledyne’s proprietary
CMOS technology. The TSC913 650 uA supply current
(250 uA per amplifier) makes the TSC913 the lowest power,
precision dual operational amplifier available. The 250
microampere amplifier supply current does not compromise
AC performance. Unity gain bandwidth is 1.5 MHz and slew
rate is 2.5 V/us.

For single and quad operational amplifiers see the TSC911
and TSC914 data sheets.

<\°e

((“
* No External Capacitors Required

TSC913

Dual Auto-Zeroed
Operational Amplifier
¢ 15 uV Offset Voltage

e 650 uA Supply Current

\\°°

Features

® First Monolithic Dual Auto-Zeroed Operational Amplifier
® Chopper Amplifier Performance Without External
Capacitors
— 15 uV Vos Maximum
— 0.15 uV/°C Vos Drift Maximum
— Saves Cost/Assembly of Four “Chopper” Capacitors

® HighDCGain ...vvviviiiiiiiiiiiiiiiiiinnens 120 dB
® Low Supply Current ......cviiviniinins ... 650 uA
® [ ow Input

Voltage Noise (0.1to 10Hz) ............... 0.65 uVp-p
® Wide Common-Mode Voltage Range .... V§toV§ -2V
® High Common-Mode Rejection ............... 116 dB
® Dual or Single Supply Operation ........ £3Vto 8V

+45Vto+16 V

® Excellent AC Operating Characteristics
— 2.5 V/us Slew Rate
— 1.5 MHz Unity Gain Bandwidth

® Pin Compatible to LM358, OP14, MC1458, ICL7621,
TLO82, TLC322

Pin Configuration

Pat. Pending
©1985
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TSCO13

Dual Auto-Zeroed
Operational Amplifier

¢ 15 uV Offset Voltage

e 650 uA Supply Current

¢ No External Capacitors Required

Absolute Maximum Ratings

Total Supply Voltage (V§ to Vs) FETTITRRITaYY, ... 18Volts
Input Voltage .............. (Vs + 0.3) to (Vs - 0.3) Volts
Storage Temp. Range -55°C to 150 °C

Operating Temp. Range
| Device -25°Cto+85°C
CDevice ..oovviiii i 0°Cto+70°C
Package Power Dissipation (TA =25 °C)

Lead Temperature (Soldering, 10sec) ........... 300 °C CerDIPPackage ..........covvivivinnnnninennnn 500 mW
Currentinto Any Pin ......oooiiiiiiiiiiiinin, 10 mA Plastic Package ...............coviiiiiiiinn, 375 mW
Electrical Characteristics: vs = +5, Ta = 25°C unless otherwise indicated.
TSC913A TSC913B
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX  UNIT
1 Vos Input Offset Voltage Ta=25°C . 5 15 — 15 30 uVv
Average Temperature o o °
o 0°C<Ta=<70°C — 0.05 0.15 e - 025 uV/°C
2 Vos/T Coefficient of Input - _ _ _ o
Offset Voltage 25°C < Ta<85°C 0.05 0.15 025 uv/°C
Ta=25°C . — 90 e —_ 120 pA
3 s Sierage Input 0°C < Ta<70°C - - 3 - - 4 nA
Y -25°C < TA< 85°C — 4 — 6 nA
4 los Average input Offset Current — 5 20 — 10 40 pA
5 en Input Voltage 0.110 1.0 Hz, Rs < 100 0 - o8 - - 08 — W
Noise ' : ! -
Input Voltage _ — — — |
6 en Noise 0.1 to 10 Hz, Rs < 100 O " 11 uVp-p
Common-Mode = + _ —
7 CMRR Rejection Ratio Vs<VecmsVs-22V 110 116 100 110 dB
Common-Mode = + = oyt
8 CMVR Voltage Range Vs — Vs-20 Vs Vs -2.0 \
Open-Loop _ _ - —
9 AoL Voltage Gain RL=10kQ, Vo =14V 115 120 110 120 dB
10 vour  guiputVoltase RL = 10 k) Vi+3Vv  —vi-av vi+sv  — V-V v
Closed Loop o _ _ _ _
11 BW Bandwidth Closed Loop Gain = +1 1.5 1.5 MHz
12 SR Slew Rate RL =10 k), CL = 50 pf e 25 — —_ 2.5 —_ V/us
Power Supply _ _ _ _
13 PSRR Rejection +33<Vs<*55V 110 100 dB
Operating Supply
14 Vs Voltage 3V - 8V 3V - 8V "
Range (Note 3)
Quiescent Supply Current,,  _ - — —
15 s (Both Amplifiers) Vg=15V 0.65 0.85 1.1 mA
Notes:
1. Static Sensitive Device. Unused devices should be stored in conductive
material.
2, Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the devices. These are stress ratings only and func-
tional operation of the device at these or any other conditions above those
indicated in the operational sections of the specifications is not implied.
3. Single Supply Operation: Vs = +4.5 V to +16 V.
4. Advance product Information.
“® TELEDYNE SEMICONDUCTOR 6 - 30 Pat. Pending
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General Description

The TSC914 is the world's first complete monolithic quad
auto-zeroed operational amplifier. The TSC914 sets a new
standard for low power precision quad operational amplifiers.
Chopper-stabilized or auto-zeroed amplifiers offer low offset
voltage errors by periodically sampling offset error and storing
correction voltages on capacitors. Previous single amplifier
designs required two user supplied external 0.1 uF error stor-
age correction capacitors — much too large for on-chip inte-
gration. The unique TSC914 architecture requires smaller
capacitors making on-chip integration possible. Microvolt
offset levels are achieved and External Capacitors Are Not
Required.

The TSC914 system benefits are apparent when contrasted
with a 7650 chopper amplifier circuit implementation. A single
TSC914 replaces four 7650s and eight capacitors. Eleven
components and assembly steps are eliminated.

The TSC914 pinout matches many popular quad operational
amplifiers. The OP11, TLC274,LTC1014, LM348,and ICL7642/
41 are typical examples. In many applications operating from
dual five volt power supplies or single supplies, the TSC914
offers superior electrical performance and can be a functional,
drop-in replacement. Printed circuit board rework is not
necessary. The TSC914 low offset voltage error eliminates
offset voltage trim potentiometers often needed with bipolar
and low accuracy CMOS operational amplifiers.

The TSC914 takes full advantage of Teledyne’s proprietary
CMOS technology. The TSC914 1.5 mA supply current (250
A per amplifier) makes the TSC914 the lowest power, preci-
sion quad operational amplifier available. The 250 microam-
pere amplifier supply current does not compromise AC per-
formance. Unity gain bandwidth is 1.5 MHz and slew rate is
2.5 V/us.

For single and dual operational amplifiers see the TSC911 and
TSC913 data sheets.

TSC914

Quad Auto-Zeroed
Operational Amplifier
e 15 uV Offset Voltage

¢ 1.5 mA Supply Current

¢ No External Capacitors Required

Features
® First Monolithic Quad Auto-Zeroed Operational Amplifier
® Chopper Amplifier Performance Without External
Capacitors
— 15 uV Vos
— 0.15 uV/°C Vos Drift
— Saves Cost/Assembly of Eight “Chopper” Capacitors

® HighDC Gain ....oovvnviiiiiiiininiinnnnes 110 dB
® Low Supply Current ......oviiiiiiiiiiiiiee, 1.5 mA
® Wide Common-Mode Voltage Range .... Vsto V§ -2V
® High Common-Mode Rejection ............... 110 dB
® Dual or Single Supply Operation ........ *3Vto+8V

+4.5V to +16 V
® Excellent AC Operating Characteristics

— 2.5 V/us Slew Rate
— 1.5 MHz Unity Gain Bandwidth

® Pin Compatible to LM348, TLC274, LM324, OP11,
ICL7641/42

Pin Configuration

Pat. Pending
©1985
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TSC914

Quad Auto-Zeroed
Operational Amplifier

¢ 15 uV Offset Voltage

¢ 1.5 mA Supply Current

¢ No External Capacitors Required

Absolute Maximum Ratings

Total Supply Voltage (V& to Vg) gressiiessas ... 18 Volts
Input Voltage .............. (Vs +0.3) to (Vs - 0.3) Volts
Storage Temp. Range ............. ... -65°Cto 150°C

Operating Temp. Range
| Device -25°Cto+85°C
CDevVICe vvvvviiiniiiiiii i, 0°Cto +70°C
Package Power Dissipation (Ta =25 °C)

Lead Temperature (Soldering, 10sec) ........... 300 °C CerDIP Package .........ocvvivniininiinininns 500 mW
Current into Any Pin .......... R veons 10mMA Plastic Package .............oocoviiiiiiiiiin, 375 mW
Electrical Characteristics: vs = +5 Ta = 25°C unless otherwise indicated.
TSC914A TSC914B
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT
1 Vos Input Offset Voltage TAa=25°C — 5 15 - 15 30 my
Average Temperature °
. 0°C<TAsT70°C - 0.05 0.15 - - 025 uv/°C
2  Vos/T Coefficient of Input _ _ o
Offset Voltage -25°C < TaA<85°C —-— 0.05 0.15 025 wVv/°C
Ta=25°C — - 90 —_ —_ 120 pA
3 s ghorage Input 0°C<Ta<70°C - - 3 - - 4 nA
-25°C = Ta<85°C — - 4 — — 6 nA
4 los Average Input Offset Current — 5 20 - 10 40 pA
5 en Input Voltage 0.110 1.0 Hz, Rs < 100 0 - os - - o0s - wep
Noise . SRz, RS = uyP-
Input Voltage —
6 en Noise 0.1 to 10 Hz, Rs < 100 O —_— 1 - — 11 uVp-p
Common-Mode - +
7 CMRR Rejection Aatio Vs<Vom<sVs-22V 110 116 - 100 110 —_ dB
Common-Mode - + = *
8 CMVR Voltage Range Vs — Vs-20 Vs — Vs-20 '
Open-Loop = _ _
9 AoL Voltage Gain RL=10k, Vo =14 V 115 120 — 110 120 dB
10 Vour g\x}ﬁ;t Voltage RL = 10 k2 Vs+ 3V —Vi-9V VE+3V —v-9v v
Closed L .
11 BW B’ Closed Loop Gain = +1 - 15 - — 15 —  MHz
12 SR Slew Rate RL =10 kQ, CL = 50 pf — 25 — —_ 2.5 — V/us
Power Supply _ _ _ _
183  PSRR Rejection +33<Vs<s+55V 110 100 dB
Operating Supply
14 Vs Voltage +3V — 8V 3V — 8V \
Range (Note 3)
Quiescent
15 Is Supply Current Vs=%5V — — 1.6 - — 2.2 mA
(Four Amplifiers)
Notes:
1. Static Sensitive Device. Unused devices should be stored in conductive
material.
2. Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the devices. These are stress ratings only and func-
tional operation of the device at these or any other conditions above those
indicated in the operational sections of the specifications is not implied.
3. Single Supply Operation: V& = +4.5 V to +16 V.
4. Advance product information.
“»™ TELEDYNE SEMICONDUCTOR 6 -32 Pat. Pending
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TSC4201/4202/4203

SEMICONDUCTOR e Low Cost CMOS Quad
;N2 o Analog Switches
PO oV e 300uA Supply Current

Q(
w

General Description

The TSC4201, TSC4202 and TSC4203 are low leakage, low
power CMOS quad SPST analog switches. Pin out matches
the “201” analog switch configuration.

The TSC4201 and TSC4202 have opposite input logic polarity.
The TSC4203, with two normally open and two normally
closed switches, can be configured as a quad SPST, dual
SPDT, DPDT, or dual DPST switch.

The family features single or dual power supply. Single +5 to
+15V or £5 V operation is possible. Analog input voltage range
equals the supply voltage. Power supply current is a low
300 uA. Leakage currents are a low 1 nA.

¢ 1 nA Leakage Current
e Single +5 V Supply Operation

Features
® 300 pA Supply Current

120 (2 ON Resistance

Low Input Leakage Current
Dual £5 V or Single +5 to +15 V Supply Operation
Analog Signal Range Equal to Supply Voltage
TTL/CMOS Compatible Low Current Logic Input
TSC4201: Pin Compatible to DG201

TSC4202: Pin Compatible to DG202

TSC4203: SPST, SPDT, DPST Configuration

i

Truth Table

For devices with address data latches, see the TSC441,

TSC4201 TSC4202 TSC4203

TSC442, and TSC443 product specifications. AN Switch State  Switch State Switch State
SW1, SW2, Open
0 Closed Open SW3, SW4, Closed
SW1, SW2, Closed
1 Open Closed SW3, SW4, Open
Pin Configuration
\ A \—/
‘”EL‘D’} < D <R SO <R
o1z 3 J: L g:EDA °1E_6 j lL F‘ED“ D1E———6 J} i_ g:ﬁ_glm
s ol G o I A W
Vs NS + —_ Ny + — TN +
s E TSC"ZO‘ EIVS Vs E TS?:ZOZ E Vs Vs E TSC'4~203 VS
ano 5] 12 ne ano 5] [12] ne ano 5] 2] ne
s2[[6 [11]ss s2[6] s—i1]ss s2[[&] mE
DZEE ToT g:ﬂm o2 [7]—" ﬂi E_ \*—EDG e Eﬁ]m
]
Az——D—J 'I-—-q_—EJAa AZE—D——J L-<—-3A3 A2 .—D——Jl L—q——[}]m
AN = 0, NC = No Internal Connection
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General Description

The TSC7129 4 1/2digit single chip analog-to-digital conver-
ter directly drives multiplexed liquid crystal displays. Exter-
nal LCD drivers for decimal point, low battery, continuity.
and polarity annunciators are not required. On-chip low
battery detection, analog continuity adn 10 to 1 digital range
change circuits eliminate external active components.
Underrange and overrange outputs make autorange instru-
ments possible.

Operating form conventional 9 V batteries or the compact
VR22 9 V cell supply current is below 1 mA. With twelve ex-
ternal resistors/capacitors, 120 kHz crystal, TSC9491 band-
gap reference, and LCD display a precision low cost 0.005%
resolution instrument can be constructed.

For a compact surface mounted single chip 4 1/2 digit ADC
see the TSC829 data sheet.

Pin Configuration

osc1[1 1@ ~ 40 ] 0sC 2
osc3 39 ] oP1
ANNUNCIATOR [~ % DP2
[ B1,c1,cont [ 4] 37 ] RANGE
A1,61,01 (5 | 36 ] DGND
F1,E1,0P1 [6_| [35 ] REFLO  DIFFERENTIAL
82,C2, LOBATT [7_] 34 ] RerH) REFERENCE
A2,62,02 (8] [33]INHI DiFFERENTIAL
F2,E2,0P2 [0 | 2] INLO  ANALOGINPUT
RS
DISPLAY B3, C3, MINUS [0 ] N 31] BUFF
OUTPUT  43,63,08 [T Tsc7129 [50] Crer
F3, E3, DP3 [12 [29 ] Cher
84, 4,85 [13 78 ] COMMON
A4, D4, G4 [12 7] CONTINUITY
Fa, €4, OP4 [15 [26 ] INTouT
8P3 [16 [26 ] INTIN
82 [17 [24] v+
8P1 [78 ] v-
Voisp % 122 ] CATCH/HOLD
DP4/OR [20 271 ] DP3/UR

TSC7129

4 1/2 Digit ADC with Triplex
LCD Display Drive

¢ Single Chip

e 10 uV Resolution

¢ Low Battery Detection

Features

® Single Chip 4 1/2 Digit ADC

® + 19,999 Count Resolution

® Triplex LCD Display Drive

— Decimal Point, Low Battery Continuity and Polarity
LCD Annunciators

Low Battery Detection and LCD Annunciator

Fast Analog Continuity Detection

Differntial Reference and Signal Input

10 mW Power Dissipation

Overrange/Underrange Outputs

Digital Range Select

— 200 mV or 2 V Full-Scale

® Direct ICL7129 Replacement

Typical Configuration

LOW BATTERY CONTINUITY

-/3539]

il
zol[!s"w”wl 16||15(|14([13 llzll1|”1n”9[la“7uo s5(lal|3 m 1

120
N TSC7129 ( e T

330k

10pF

1 0 2 0 0 2 0 O e
I
==0.|n= L“' ‘:‘;’:“V -]'auF
1.04F Sk -[- .
4 ] TS
9V . 100k TSCo4BT

P
ANV 0.1 uF
160 ki HH
e
= 1.2V BANDGAP REFERENCE
_T 2 CONVERSIONS/SECOND —0V O+
N
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General Description

The TSC7136Aisalow power 3 1/2 Digit LCD display analog-
to-digital converter. An improved internal zener reference
voltage circuit reduces analog common temperature drift to
35 ppm/° C typically. This represents a 2 to 4 times improve-
ment over similar 3 1/2 digit converters.

An integrator zero cycle eliminates overload recovery
hangup. The auto-zero cycle guarantees a zero display read-
ing for zero volt input.

The TSC7136A limits linearity error to less than 1 count on
200 mV or 2 V full-scale ranges. Rollover error (the difference
in readings for equal magnitude but opposite polarity input
signals) is below 1 count. High impedance differential inputs
offer 1 pA leakage currents and a 1012 () input impedance.
Ratiometric measurements for ohms or bridge transducer
measurements are easy with the differential reference input.
The low noise performance guarantees a “rock solid” reading.

The TSC7136A dual slope conversion technique rejects in-
terference signals when the converter integration period
equals a multiple of the interference signal period. This is
especially useful in industrial measurement environments
where 50, 60 and 400 Hz line frequency signals are present.

The single chip CMOS TSC7136A incorporates all the active
devices for a 3 1/2digitanalog-to-digital converter to directly
drive an LCD display. The internal oscillator, precision vol-

Typical Application

(«

TSC7136A
Low Power 3 1/2 Digit ADC

o with LCD Drive
\° e Fast Overload Recovery

¢ Low Drift Internal Reference
e <1 mW Power Dissipation

Features

® Fast Recovery from Overrange Input Signals
® |nternal Reference With Low
Temperature Drift 35 ppm/°C Typical
75 ppm/° C Maximum
Guaranteed Zero Reading With Zero Input
Low Noise 15 uVp-p
High Resolution (0.05%) and Wide Dynamic Range (72 dB)
Low Input Leakage Current 1 pA Typical
10 pA Maximum
Direct LCD Drive — No External Components
Precision Null Detection With True Polarity at Zero
High Impedance Differential Input
Convenient 9 V Battery Operation With
Low Power Dissipation ............. 900 uW Maximum
® |nternal Clock Circuit
® Improved Drop-In Replacement For ICL7136 with Low
Analog Common Temperature Coefficient
® [ndustrial Temperature Range Device Available
® Available in Compact Flat Package

tage reference and display segment/backplane drivers sim-
plify system integration, reduce board space requirements
and lower total cost. A low cost, 0.05% resolution indicating
meter requires only a display, four resistors, four capacitors
and a 9 V battery. A flat package option eases the mechanical
design of low cost, hand held multimeters.

Pin Configuration

vilC] @ A 40] osc 1
v ~  osc1[ag] p1[z 38 osc2
LCD DISPLAY =, oo i v c
[Z] [ 3] 13 38 osc3
Dingc o ] osc 3[38 }— SooF 81 37] TEST
DISPLAY 4 i| TEST] 37 | ~200 mV s A1[E [ 36 | REFHI
DRIVE B A REF HI [ 38 - 200 k02 F1 (36 ] ReFLO
[m :1 ﬁzc;m R W a7 34 ] Cher
719 ” eF [34) 3
[ncm ] CRer[ 33 E L :; 5 A ]zngwow
Cojo,  Tscriea comm[az}—d . c2 [10] /e (31 iNHI
[nem N3] —8—AM——O + ANALOG 82 [T1 T8C7130A [30] INwo
182 INLo[ 30 SFOQLUE | o INPUT 10 i 7]
FULL-SCALE RANGE = 200 mV o] 047 uF = =
- =200 m' [mirm 9 Az 28 TaaTa = +ev F2 [13 28 | BUFF
CONVERSION RATE .3°s°_NY T3] F2 BuFF (28] = £2 (14 27 ] INT
e -
] 2 wr (7] oo uF 03 [18 v
16 3 v 26 B3| 18 25 | G2(TENS)
T8 |8 G [ ] 0% e O 52 ca
L ¢3 28] a8 (23] A3 1008
[E]Es A3 23] 1000's — AB4 [18 ] (2] as_ |
18 ] AB, G3[327] poL [20 21 ] BP
20 ] PoL sr[20 (MINUS SIGN)
NOTE: REVERSE PIN OUT ALSO
AVAILABLE
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Section 7

Display A/D CONVEIEIS ... ... ...
TSC500 Analog Processor for Microprocessor-Based A/D Converters ...........ccouoviuvvnuennn.n
TSCB805 3 1/2 Digit Auto-Ranging A/D CONVErer .........ouiuiniiiiniineiiineiiiiiiiiniiennns
TSC815 3 1/2 Digit Auto-Ranging A/D Converter with Display Hold .............coooviiiiiinn,
TSC826 A/D Converter with Bar-Graph Display OUtPUt ........coitiriiiiiiiiinenniinnineenss
TSC7106A/7107A 3 1/2 Digit A/D Converter with Low Drift Reference ............ccoiiiiiiiiiiiiiiii
TSC7106/7107 3 1/2 Digit A/D CONVEBI O oottt ittt ettt ettt et eaieeeneeeeeninanes
TSC7116A/7T117A 3 1/2 Digit A/D Converter with Low Drift Reference and Display Hold ..................
TSC7116/7117 3 1/2 Digit A/D Converter with Display HOId .......otiiuiiniiiiei i eneenns
TSC7126A Low Power 3 1/2 Digit A/D Converter with Low Drift Reference ....................... "
TSC7126 Low Power 3 1/2 Digit A/D CONVEIMET . ...\ttt ittt ii i iiiiea e
TSC7135 4 1/2 Digit Precision A/D Converter with BCD Output ...........ccoiiiiiiiineiiinnn,
TSC8750 3 1/2 Digit ADC with Parallel BCD Output ........ccviniiitiiiiiiiiiiii i
TSC14433A Precision 3 1/2 Digit ADC with Multiplexed BCD Output .........cooiiiiiiiiiiiiinn..
TSC14433B Low Cost 3 1/2 Digit ADC with Multiplexed BCD Output ..........cooviiiiinniiineinnns
TSC14433 3 1/2 Digit ADC with Multiplexed BCD OQutpUt .. .....ciuiiiiiii it







“ TELEDYNE S TSC500
SEMICONDUCTOR S eo\<\° A_\nalog Processor for
.2 ) Q Microprocessor-Based
o < A/D Converters

General Description Features

The TSC500 allows Microprocessor-Based A/D Converters
for Display that offer many more features than an applica-
tion-specific ADC can. See page 8-3 for complete details.

Applications

® The TSC500 Offers Flexibility!
® Under Software Control the User Selects:
— Speed
— Resolution
— Offset Correction
— Transfer Function
(Output/input)

® | eading to End Products Featuring:
— Auto-Ranging
— Auto-Tare (Scales)
— Transducer Linearization
— Complex Functions
— Intelligence

® 4 Phase Dual Slope Converter Subsystem

— Auto-Zero Phase

— Signal Integrate Phase

— Reference Integrate Phase
— Integrator Zero Phase

— Fast Overload Recovery

Excellent Linearity ...........covvviiiinnnin 0.005%
Low Power ..............ooo.. 10 mW @ £5 V Supplies
High Input Sensitivity ..............ooooiin 100 pV

Differential Analog Input
Differential Reference Input for Ratiometric Measurement
Low Input Current 15 pA Max.

+5V INPUT

+ -

——

-I2938

' i

”w

Ll

TSC500

1

]

CreF

82

Bp INTERRUPT

DISPLAY DRIVE

MICRO-
COMPUTER

DATA
ENTRY

NEE
(= [N
[ol eI

TSC500/Microcomputer Display ADC
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General Description

The TSCB805 is a 3 1/2 digit integrating analog-to-digital con-
verter with triplex LCD display drive and automatic ranging.
Input voltage/ohm attenuators ranging from 1to 1/10,000 are
automatically selected. Five full-scale ranges are provided.
The CMOS TSCB805 contains all the logic and analog switches
needed to manufacture an auto-ranging instrument for ohnms
and voltage measurements. User selected 20 mA and 200 mA
current ranges are available. Full-scale range and decimal
point LCD annunciators are automatically set in auto-range
operation. Auto-range operation is available during ohms
(high and low power ohms) and voltage (AC & DC) measure-
ments. Auto-ranging eliminates expensive range switches in
hand-held DMM designs and makes compact meters easier and
less costly to design. The auto-range feature may be bypassed
allowing decimal point selection and input attenuator selection
control through a single line input. Expensive rotary switches
are not required.

During manual mode operation resolution is extended to 3000
counts full-scale. The extended range operation is indicated by
a flashing 1 MSD. The extended resolution is available during
2000 kO and 2000 V full-scale auto-range operation also.

The memory mode subtracts a reading — up to £5% of full-
scale — from subsequent measurements. Typical applica-
tions involve probe resistance compensation for resistance
measurements, tolerance measurements, and tare weight
measurement.

The TSCB805 includes and AC to DC converter for AC mea-
surements. Only external diodes/resistors/capacitors are
required.

A complete LCD annunciator set describes the TSC805 me-
ter function and measurement range during ohms, voltage
and current operation. AC measurements are indicated as
well as auto-range operation. A low battery detection circuit
also sets the low battery display annunciator. The triplex
LCD display drive levels may be set and temperature com-
pensation applied via the Vpisp pin.

The “low ohms" measurement option allows in circuit resls-
tance measurements by preventing semiconductor junctions
from being forward biased.

A continuity buzzer output is activated with inputs less than
1% of full-scale. An overrange input signal also enables the
buzzer, except during resistance measurements, and flashes
the MSD display. Featuring single 9V battery operation, 10 mwW
power consumption, a precision internal voltage reference (75
ppm/°C max. TC) and a compact surface mounted 60-pin quad
flat package, the TSC805 is ideal for portable instruments.

TSC805

3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

e Low Power CMOS

Features

® Auto-Range Operation for AC & DC Voltage and Resistance
Measurements
— Two User Selected AC/DC Current Ranges 20 & 200 mA
® 22 Operating Ranges
— 9 DC/AC Voltage
— 4 AC/DC Current
— 9 Resistance and Low Power Ohms
® |ow Cost Switches Control Operation
® 3 1/2 Digit Resolution in Auto-Range Mode .... 1/2000
— Extended Resolution in Manual Mode ....... 1/3000
® Memory Mode for Relative Measurements ... 5% F.S.
Internal AC to DC Conversion Op Amp
Triplex LCD Drive for Decimal Points, Digits and Annun-
clators
Continuity Detection and Piezoelectric Transducer Driver
Compact Surface Mounted 60-Pin Quad Flat Package
Low Drift Internal Reference .............. 75 ppm/°C
9 V Battery Operation
Low Battery Detection and LCD Annunciator
Low Power CMOS ......ccivviiiiiniiininnns 10 mW

Ordering Information

Temp.
Part. No. Package Range
60-Pin Plastic Quad
TSC805CBQ Flat Package 0°C to 70°C
Formed Leads
60-Pin Plastic Quad
TSC805CSQ Flat Package 0°Cto 70°C

Straight Leads
Pin Configuration

AN
TSC805

LCD SEGMENT DRIVE

©1984
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3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

e Low Power CMOS

TSC805

Absolute Maximum Ratings

Supply Voltage (VI 1o V) vviiiviiiiiniineenns, L, 18V
Analog Input Voltage ............coovvviiiiinne, V+ toV_
Reference input Voltage ..............cooviuns VitoVv
Voltage at Pin 43 ...... e .iooo GND 207 V

Power Dissipation

Plastic Package .............. e 800 mW
Operating Temperature
“C" DeviCeS +.vvviiiiiiinins e .. 0°Cto +70°C

-65°C to +160°C
........... 300°C

Stresses above those listed under Absolute Maximum Ratings may cause
permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device
reliability,

Storage Temperature .................
Lead Temperature (Soldering, 60 sec.)

Electrical Characteristics: vs =9V, Ta=25°C, Figure 1 Test Circuit

TEST TSC805
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
200 mV Range w/0 10 MQ ~
Input Resistor 0000 0000 -+0000 Digjtal
1 Zero Input Reading 200 mV Range w/10 MQ Input ~0001 — +o001 Heading
20 mA and 200 mA Range -0000 0000 +0000
200 mV Range w/o 10 MQ _ _ +1
Input Resistor -
2 RE Rollover Error 200 mV Range w/10 MQ Input — - +3 Count
20 mA and 200 mA Range — — +1
3 NL Linearity Error Best Case Straight Line — — + Count
4 N Input Leakage Current — — 10 pPA
5 EN Input Noise BW =0.1to 10 Hz — 20 — #Vp-p
6 AC Frequency Response £1% Error — 4010500 — Hz
+5% Error — 40t0 2000 —
Open Circuit Voltage
7 for OHM Measurements Excludes 200 () Range — 570 660 mV
Open Circuit Voltage _
8 for LO OHM Measurement Excludes 200 Q2 Range 285 350 mV
9  Vcom Analog Common Voltage (v -Veom) 25 2.6 3.3 v
Common Voltage _ _ o
10 Vere Temperature Coefficient 5 ppm/°C
1 Display Multiplex Rate — 100 - Hz
20 mA, AC, I, Tow 0,
12 ViL Low Logic Input Range, -MEM, OHMs - - 1 v
(Relative to DIG GND Pin 56)
20mA, AC, I, Low
13 Logic 1 Pull Up Current Range, -MEM, OHMs —_ 25 — wA
(Relative to DIG GND Pin 56)
14 Buzzer Drive Frequency — 4 — kHz
15 Low Battery Flag Voltage Vce to Vssa 6.3 6.6 7.0 \"
16 Operating Supply Current — 0.8 1.5 mA
Note:

1. 200 () range open circuit voltage approximately 2.8 V.
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3 1/2 Digit Auto-Ranging

Analog-to-Digital Converter

® Triplex LCD Drive

e Low Power CMOS TSC805

Pin Description and Function Table 1:

PIN NO.
(Quad Flat SYMBOL DESCRIPTION
Package)

1 OHM Logic Input. “0” (Digital Ground) for resistance measurement.

2 20 mA Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement.

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

XTAL1 32.768 kHz Crystal Connection.
XTAL2 32.768 kHz Crystal Connection.

6 VDISP Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate for
temperature variation of LCD crystal threshold voltage.

7 BP1 LCD Backplane #1.

BP2 LCD Backplane #2.
9 BP3 LCD Backplane #3.
10 Low Q/A LCD Annunciator segment drive for low ohms resistance measurement and current measurement.
11 (A% LCD Annunciator segment drive for resistance measurement and voltage measurement.
12 K/m LCD Annunciator segment drive for k (“kilo-ohms”) and m (“milli-amps” and “milli-volts”).
13 BCPO LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD).
(Ones digit).
14 AGDO LCD segment drive for “a,” “g,” “d” segments of LSD.
15 FEO LCD segment drive for “f” and “e” segments of LSD.
16 BCP1 LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD.
17 AGD1 LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit).
18 FE1 LCD segment drive for “f,” and “e” segments of 2nd LSD.
19 BCP2 LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit).
20 AGD2 LCD segment drive for “a,” “g,” “d” segments of 3rd LSD.
21 FE2 LCD segment drive for “b” and “c” segments of 3rd LSD.
22 BCP3 LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand'’s digit).
23 AC/-/AUTO LCD annunciator drive signal for AC measurements, polarity, and auto-range operation.
24 —MEM/dBATT LCD annunciator drive signal for low battery indication and memory (relative measurement)
mode.
25 VSSD Negative battery supply connection for internal digital circuits. Connect to negative terminal
of battery.
26 VCC Positive battery supply connection.
27 COM Analog circuit ground reference point. Nominally 2.6 V below VCC.
28 RMREFH Ratiometric (Resistance measurement) reference high voltage.
29 RMREFL Ratiometric (Resistance measurement) reference low voltage.
30 CREFL Reference capacitor negative terminal CREF = 0.1 uf.
31 CREFH Reference capacitor positive terminal CREF = 0.1 uf.
32 REFHI Reference voltage for voltage and current measurement. Nominally 163.85 mV.
33 OR1 Standard resistor connection for 200 () full-scale.
34 OR2 Standard resistor connection for 2000 ) full-scale.
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3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

TSC805 ¢ Low Power CMOS
Pin Description and Function Cont.
PIN NO.
(Quad Flat SYMBOL DESCRIPTION
Package)
35 OR3 Standard resistor connection for 20 k() full-scale range.
36 OR4 Standard resistor connection for 200 k() full-scale range.
37 QR5 Standard resistor connection for 2000 k(¥full-scale range.
38 VR3 Voltage measurement + 100 attenuator.
39 VR2 Voltage measurement + 10 attenuator.
40 VR5 Voltage measurement + 10,000 attenuator.
41 VR4 Voltage:measurement + 1000 attenuator.
42 Vi Unknown voltage input + 1 attenuator.
43 li Unknown current input.
44 ACVL Low output of AC to DC converter.
45 COMP Comparator output.
46 Cl Integrator capacitor connection. Nominaily 0.1 uf. (Low dielectric absorption. Polypropylene
dielectric suggested).
47 CAZ Auto-zero capacitor connection. Nominally 0.1 uf.
48 Rx Unknown resistance input.
49 CFI Input filter connection.
50 ADI Negative input of internal AC to DC operational amplifier.
51 ADO Output of internal AC to DC operational amplifier.
52 ROBUF Active buffer output for resistance measurement. integration resistor connection. Integrator
resistor nominally 220 k(.
53 RVIBUF Active buffer output for voltage and current measurement. Integration resistor connection.
Integration resistor nominally 150 kQ.
54 ACVH Positive output of AC to DC converter.
55 VSSA Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery.
56 DIG GND Internal logic digital ground. The logic “0” level. Nominaily 4.7 V below VCC.
57 RANGE Input to set manual operation and change ranges.
58 MEM Input to enter memory measurement mode for relative measurements. The two LSD’s are stored
and subtracted from future measurements.
59 DC/AC, Input that selects AC or DC option during voltage/current measurements. For resistance
O/LOW Q1 measurements, the ohms or low power (voltage) ohms option can be selected.
60 |

Input to select current measurement. Set to logic “0” (Digital ground) for current measurement.
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TSC805

3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

e Low Power CMOS
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Figure 2: TSC805 Analog Section
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TSC805

3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

¢ Low Power CMOS

reference deintegrate — requires 8000 clock periods or 488.3
ms. There are approximately two complete conversions per
second.

The integration time is fixed at 1638.5 clock periods or 100 ms.
This gives rejection of 50/60 Hz AC line noise.

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

Figure 5 shows the basic TSC805 timing relationships.

Manual Range Selection

The TSC805 voltage and resistance auto-ranging feature
can be disabled by momentarily bringing RANGE (Pin 57) to
digital ground potential (Pin 56). When the change from
auto-to-manual ranging occurs the first manual range se-
lected is the last range in the auto-ranging mode.

The TSCB805 power-up circuit selects auto-range operation
initially. Once the manual range option is entered, range
changes are made my momentarily grounding the RANGE
control input. The TSC805 remains in the manual range
mode until the measurement function (voltage or resistance)
or measurement option (AC/DC, Q/LO Q) changes. This

Table 5: Manual Range Operation

causes the TSC805 to return to auto-ranging operation.

The “Auto” LCD annunciator driver is active only in the auto-
range mode.

Table 5 shows typical operation where the manual range
selection option is used. Also shown is the extended resolu-
tion display format.

Extended Resolution Manual Operation

The TSC805 extends resolution by 50% when operated in the
manual range select mode for current, voltage, and resis-
tance measurements. Resolution increases to 3000 counts
from 2000 counts. The extended resolution feature operates
only on the 2000 k) and 2000 V ranges during auto-range
operation.

In the extended resolution operating mode readings above
1999 are displayed with a blinking “1” most significant digit.
The blinking “1” should be interpreted as the digit 2. The
three least significant digits display data normally.

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

For resistance measurements the buzzer signal does not
indicate an overrange condition. The buzzer is used to indi-
cate continuity. Continuity is defined as a resistance reading
less than 19 counts.

INPUT DC VOLTS AC VOLTS OHM LO OHM

235V 18.2V 18.2 kQ 2.35 MQ
RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
POWER-ON 200 mv “1"000mvV | 2V “1".000 V 200 O “1700.0 0 2k “1".000 kQ
AUTO-RANGE 2V “1".000 V 20V 18.20 V 2 kO “1".000 kO 10k “170.00 kQ
OPERATION 20V “1"0.00 V 20 kO 18.20 kQ 200 k2  “1"00.0 k)
200 V 235V 2000 kO “1"350 kQ

# of RANGE CHANGES ~ L~

T~ RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
1 200V 235V 20V 18.20 V 20 kO 18.20 kO 2000 k) 1”350 kQ
M g 2 200 mV “1"000mV | 2V “1".000 V 200 “1"00.0 0 2k "1".000 kO
ﬁ E 3 2V 1.000 V 20V 18.20 V 2 kO “1".000 k2 20k "1"0.00 k)
U A 4 20V “1"3.50 V 200V 182V 20 k) 18.20 k2 200 k) “1"00.0 kO
f T 5 200V 235V 600 V 19V 200 kO 18.2 k) 2000 kQ “1"350 k)
g 6 1000 V 24V 2V “1".000 V 2000 k) 19 k) 2k0 “1".000 kO
7 200 mV “1"000mV | 20V 18.20 vV 200 “1'00.0 () 20k “1"0.00 kN
8 2V “1",000 V 200V 182V 2 k0 “1",000 k2 200 k1 “1"00.0 kO
Notes: 3. A flashing MSD with a non-zero display indicates the TSC805 has entered

1. A flashing MSD is shown as a “1". A flashing MSD indicates the TSC805 is
over-ranged if all other digits are zero.
2. The first manual range selected is the last range in the auto-ranging mode.

the extended resolution operating mode. An additional 1000 counts of reso-
lution Is avallable. This extended operation Is available only In manual
operatlon for voltage, resistance and current measurements.

4, —u- = momentary ground connectlon.

“/*™ TELEDYNE SEMICONDUCTOR

7-16



3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

* Low Power CMOS

(a)

VA= { 064 V For OHMS |
9 0.32 V For LO OHMS |

R§ < *
163,86 k2 Q. CREF
< VR
100 kQ VR

‘)
S a0a
‘>

(b)

()

[ V)3

>
UNKNOWN 2 RX
<

TO ANALOG
BUFFER

v

a

) RX=163.85<

Independent of R, Ci or Internal Voltage Reference

TSC805
Example: 200 k() Full-Scale Measurement
VR= __ 16385k x0e4
163.85 + 220 + RX
vx= __ RX  xo64
163.85 k(1 + 220 N
+ RX
“Ramp Up Voltage” = “Ramp Down Voltage”
VX xT = VR Toe
RICi RICi
Where:

R| = Integrating Resistor, T = Integrate Time
Ci = Integrating Capacitor,Tpe = Deintegrate Time

TpE
Ti

Figure 4: Resistance Measurement Accuracy Set by External Standard Reslistor

V 1\ N SIGNAL REFERENCE
‘~ TsC806 INTEGRATE DEINTEGRATE

PHASE PHASE

AUTO-ZERO NEXT CONVERSION

PHASE AUTO-ZERO CYCLE

EXTENDED

RESOLUTION

ZERO
CROSSING

MIN. AUTO-ZERO
TIME

FIXED
16385 Tp

* MAX.
3000.0 Tp

*IN AUTO-RANGE OPERATION
MAXIMUM 1S 2000 Tp AND

MINIMUM AUTO-ZERO TIME
18 4361.5 Tp

33615 Tp T Tpg-a=—

=TO INPUT
SIGNAL

|t TgoNy = 8000 Tp

= Tpe = 3000 (Tr) = 183.1 ms (Manual, Extended Resolution)
= 2000 (Tp) = 122.1 ms (Auto-Range)

= (8000-3000-1638.5)

= (8000-2000-1638.5)

External Crystal = 32.768 kHz
Internal Clock Period = Tp = 2/32.768 = 61.04 us

Total Conversion Time = TcoNv = 8000 (Tp)

= 488.3 ms =~ 2 CONV/SEC

Integration Time = T| = 1638.5 (Tp) = 100.0 ms
Maximum Reference Deintegrate Time

Minimum Auto-Zero Time

(Tp) = 205.1 ms (Manual, Extended
Resolution)
(Tp) = 266.2 ms (Auto-Range)

Figure 5: Basic TSC805 Conversion Timing

Measurement Options
AC to DC Measurements

In voltage and current measurements the TSC805 can be
configured for AC measurements. An on chip operational
amplifier and external rectifier components perform the AC
to DC conversion.

When power is first applied the TSC805 enters the DC mea-
surement mode. For AC measurements (current or voltage),
AC/DC (Pin 59) is momentarily broughtlow todigital ground
potential; the TSC805 sets-up for AC measurements and the
AC liquid crystal display annunciator activates. Toggling
AC/DC low again will return the TSC805 to DC operation.

If the manual operating mode has been selected toggling
AC/DC will resetthe TSCB805 back to theauto-range mode. In
manual mode operation AC or DC operation should be se-
lected first and then the desired range selected.

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

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

Conversion Timing

The TSC805 analog-to-digital converter uses the conven-
tional dual slope integrating conversion technique with an
added phase that automatically eliminates zero offset errors.
The TSCB805 gives a zero reading with a zero volt input.

The TSCB805 is designed to operate with a 32.768 kHz crystal.
The 32 kHz crystal is low cost and readily available; it serves
as a time base oscillator crystal in many digital clocks. (See
External Crystal Sources.)

The external clock is divided by two. The internal clock fre-
quency is 16.348 kHz giving a clock period of 61.04 us. The
total conversion — auto-zero phase, signal integrate and

7-15
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3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
® Triplex LCD Drive

TSC805 e Low Power CMOS
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52 |53 17 46
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150 k2 CINT
0.1 4f

220 k2

Figure 3: Ratiometric Resistance Measurement Functional Diagram

Voltage Measurement

Resistive dividers are automatically changed to provide in
range readings for 200 mV to 2000 V full-scale readings
(Figure 2). The input resistance is set by external resistors
R14/R13. Thedivider leg resistors are R9-R12. The divider leg
resistors give a 200 mV signal at VI (Pin 42) for full-scale vol-
tages from 200 mV to 2000 V.

For applications which do not require a 10 MQ input impe-
dance the divider network impedances may be lowered. This
will reduce voltage offset errors induced by switch leakage
currents.

Current Measurement

The TSCB805 measures current only under manual range
operation. The two user selectable full-scale ranges are:
20 mA and 200 mA. Select the current measurement mode by
holding the T input (Pin 60) low at digital ground potential.

The OHM input (Pin 1) is left floating or tied to the positive
supply.

Two ranges are possible. The 20 mA full-scale range is
selected by connecting the 20 mA input (Pin 2) to digitai
ground. If left floating the 200 mA full-scale range is selected.

External current to voltage conversion resistors are used at
the liinput (Pin 43). For 20 mA measurements a 10 () resistor
is used. the 200 mA range needs a 1 Q) resistor. Full-scale is
200 mV.

PC board trace resistance between analog common and R16
(See Figure 1) must be minimized. In the 200 mA range, for
example, a 0.05 () trace resistance will cause a 5% current to
voltage conversion error at I (Pin 43).

The extended resolution measurement option operates
during current measurements.

To minimize rollover error the potential difference between
analog common (Pin 27) and system common must be
minimized.

“»" TELEDYNE SEMICONDUCTOR
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3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

e Low Power CMOS

TSC805

Resistance, Voitage, Current
Measurement Selection

The TSCB805 is designed to measure voltage, current, and
resistance. Auto-ranging is available for resistance and vol-

tage measurements. The OHMS (Pin 1) and | (Pin 60) input
controls are normally pulled internally to Vcc.

The low power ohms measurement is not available on the
200 () full-scale range. Open circuit voltage on this range is
below 2.8 V.

The standard resistance values are listed in Table 3.

Table 3: Ohms Range Ladder Network

By tying these pins to Digital Ground (Pin 56), the TSC805 is ;‘;{','gs:"" Standard | Sow Power
configured internally to measure resistance, voltage, or
current. The required signal combinations are shown in 200 0 163.85 2 (R1) NO
Table 2. 2000 O 1638.5 (R2) YES
20 kQ 16,358 ((R3) YES
Table 2: TSC805 Measurement Selection Logic 200 kQ 163850 )(R4) YES
Function Select Pin 2,000 kO 1,638,500 ((R5) YES

OHM (Pin 1) | (Pin 60) Selected Measurement
0 0 Voltage
0 1 Resistance
1 0 Current
1 1 Voltage

0 = Digital Ground
1 = Floating or Tied to Vcc

Notes:

1. OHM & | are normally pulled internally high to VCC (Pin
26).
This is considered a logic “1.”

2. Legic “0” is the potential at digital ground (Pin 56).

Resistance Measurements —
OHMS & Low Power OHMS

The TSC805 can be configured to reliably measure in-circuit
resistances shunted by semiconductor junctions. The
TSC805 low power ohms measurement mode limits the
probe open circuit voltage. This prevents semiconductor
junctions in the measured system from turning on.

In the resistance measurement mode the /LOWQ (Pin 59)
input selects the low power ohms measurement mode. For
low power ohms measurements Q)/LOW() (Pin 5§9) is momen-
tarily brought low to digital ground potential. The TSC805
sets up for a low power ohms measurement with a maximum
open circuit probe voltage of 0.35 V above analog common.
In the low power ohms mode an LCD display annunciator,
LOW (), will be activated. On power up the low power ohms
mode is not active.

If the manual operating mode has been selected, toggling
O/LOWQ will reset the TSC805 back to the auto-range mode.
In manual mode, the decision to make a normal or low
power ohms measurement should be made before selecting
the desired range.

N/A = Not available.

R8, a positive temperature coefficient resistor, and the 6.2 V
zener, Z1in Figure 1 provide input voltage protection during
ohms measurements.

Ratiometric Resistance Measurements

The TSCB805 measures resistance ratiometrically. Accuracy
is set by the external standard resistors connected to Pin 33
through 37. A low-power ohms mode may be selected on all
but the 200 Q full-scale range. The low power chms mode
limits the voltage applied to the measured system. This
allows accurate “in-circuit” measurements when a resistor is
shunted by semiconductor junctions.

Full auto-ranging is provided. External precision standard
resistors are automatically switched to provide the proper
range.

Figure 3 shows a detailed block diagram of the TSC805 con-
figured for ratiometric resistance measurements. During the
signal integrate phase the reference capacitor charges to a
voltage inversely proportional to the measured resistance-
RX. Figure 4 shows the conversion accuracy relies on the
accuracy of the external standard resistors only.

Normally the required accuracy of the standard resistances
will be dictated by the accuracy specifications of the users
end product. Table 4 gives the equivalent ohms per count for
various full-scale ranges to allow users to judge the required
resistor accuracy.

Table 4: Reference Resistors

Range. Rositor (VGOUNT

200 163.85 0.1

2k 16386 1

20K 16385 10

200 K 163850 100

2M 1638500 1000
4™ TELEDYNE SEMICONDUCTOR
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e Low Power CMOS TSC805
MANUAL
RANGE
SELECT RANGE
SELECT
CONTINUITY
INDICATOR QUTPUT NON-
CONTINUOUS
QUTPUT 4 kHz YES 4 kHz AUDIO
AUDIO | FREQUENCY
FREQUENCY ‘
OVER-RANGE INDICA’
CONTINUOUS 4 kHz NO . ' CATOR
BUZZER OVER-RANGE
INDICATOR
Is YES DISPLAY
1S YES VX >3000 wqee
DISPLAY
RX >3000 el 3 1" 000

“1" = >FLASHING MSD

NO 1" = >FLASHING MSD NO

DISPLAY LAST 15 YES DISPLAY LAST
3 DIGITS AND VX >2000 3 DIGITS AND
FLASH MSD ? FLASH MSD
EXTENDED EXTENDED RESOLUTION
RESOLUTION NO FEATURE
FEATURE
DISPLAY
TRUE DISPLAY
READING TRUE
READING

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

Figure 6: Manual Range Selection; Figure 8: Manual Range Selection;
Resistance Measurement Voltage Measurement
aANGE A few examples clarify operation:
SELECT NON-CONTINUOUS
ves pR—— Example 1: In Auto-Ranging
A ENGY Ri (N) = 18.21 k) (20 k2 Range ) = > Display 18.21 kQ
MEM U™ = > Store 0.21 kQ
OVER-RANGE INDICATOR Ri (N+1) = 19.87 k(2 (20 k2 Range)
= > Display 19.87 - 0.21 = 19.66 k)
oo > YES DispLAY Ri (N+2) = 22.65 k0 (200 kQ Range)
y => Display 22.7 kQ & MEM Disappears
“1" = >FLASHING MSD
No Example 2: In Fixed Range 200.0 ) Full-Scale

Ri (N) = 18.2 0 = > Display 18.2

o ves DISPLAY LAST MEM ~LJ™ = > Store 82 0

? AND FLASH MSD Rl (N+1) - 367 O,
No = > Display 36.7 - 8.2=28.5 ()

Ri (N+2) = 5.8 O

DISPLAY => Display 5.8 - 8.2 =-2.4

TRUE

READING * Will display minus resistance if following input is less than
offset stored at fixed range

Figure 7: Manual Range Selection;

Current Measurement Example 3: In Fixed Range 20.00 V Full-Scale
. Vi (N) =0.51 V => Display 0.51 V
-MEM Operating Mode MEM —LJ™ = > Store 0.51 V
Bringing MEM (Pin 58) momentarily low configures the Vi (N+1) = 3.68 V
TSC805 “~-MEM” operating mode. The -MEM LCD Annun- = > Display 3.68 - 0.51 =3.17 V

ciator becomes active. In this operating mode subsequent X _
measurements are made relative to the last two digits (<99) vi (1\‘+2) . 023V

displayed at the time MEM is low. This represents 5% of full- = > Display 023 - 0.51=-0.28 V
scale. The last two significant digits are stored and subtracted Vi (N+3) =-5.21V

from all the following input conversions. => Display -5.21 - 0.51 =-572 V
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On Power up the TSC805 “~MEM" mode is not active. Once
the “~-MEM" is entered bringing MEM low again it returns the
TSCB805 to normal operation.

The “~-MEM" mode is also cancelled whenever the measure-
ment type (resistance, voltage, current, AC/DC,0/Low ()
or range is changed. The LCD -MEM annunciator will be off
in normal operation.

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

The “~MEM" operating mode can be very useful in resistance
measurements when lead length resistance would cause
measurement errors.

Automatic Range Selection Operation

When power is first applied the TSC805 enters the auto-
range operating state. The auto-range mode may be entered
from manual mode by changing the measurement function
(resistance or voltage) or by changing the measurement
option (AC/DC, (/LOQ).

The automatic voltage range selection begins on the most
sensitive scale first: 200 mV for DC or 2.000 V for AC measure-
ments. The voltage range selection flow chartis given in Figure
9.

Internal input protection diodes to VCC (Pin 26) and VSSA
(Pin 5§5) clamp the input voltage. The external 10 MQ) input
resistance (See Figure 1, R14 and R13) limits current safely in
an overrange condition.

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

An overrange voltage input condition is flagged whenever the
internal count exceeds 2000 by activating the buzzer output
(Pin 3). This 4 kHz signal can directly drive a piezo electric
acoustic transducer. An out of range input signal causes the
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms,
and off for 610 ms (See Figure 15).

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

The resistance automatic range selection procedure is shown
in Figure 10. The 200 () range is the first range selected unless
the TSC805 low ohms resistance measurement option is
selected. In low ohms operation the first full-scale range tried
is 2 kQ.

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

If the conversion is less than 19 in auto-range operation a
continuous 4 kHz signal is output at BUZ (Pin 3). An overrange
input does not activate the buzzer.

Out of range input conditions are displayed by a blinking most
significant digit with the three least significant digits set to
“000."

The extended resolution feature operates only on the 2000 k)
and 2000 V full-scale range during auto-range operation. A
blinking “1" most significant digit is interpreted as the digit 2.
The three least significant digits display data normally.

IF DC
IFAC

zz
-0

200.0 mV FULL-SCALE RANGE
1,2000V FULL-SCALE RANGE

zz

N =N

(REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)

Kth
CONVERSION

Vy = (1710M) v,y

N=N-1

DISPLAY
VOLTAGE (Vy) K=K+1

N=N+1

EXTENDED
RESOLUTION

DISPLAY “1” XXX
LASH MSI

ACTIVATE
BUZZER

OVER-RANGE

DISPLAY "“1" 000
FLASH MSD

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

Figure 9: Auto-Range Operation;
Voltage Measurement
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¢

N=0IFQ
N=1IFLOQ N = 0; 200.0 £2 FULL-SCALE RANGE
N = 1; 2.000 k§2 FULL-SCALE RANGE
(REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)
K th
CONVERSION
'R
Ry = o N

CONTINUITY
INDICATOR

ACTIVATE
BUZZER

CONTINUOUS 4 kHz
SIGNAL

DISPLAY

RESISTANCE [ | K=K+1

— N=N+1

OVER

RANGE
DISPLAY
DISPLAY “1" XXX 1" 000
FLASH MSD FLASH MSD
EXTENDED RESOLUTION T
START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE
Figure 10: Auto-Range Operation;
Resistance Measurement
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T
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VSSA

> 2
T ¢
LOW BATTERY ANNUNCIATOR DISPLAYED FOR VsuppLy <7 V

Low Battery Detection Circuit

The TSC805 contains a low battery detector. When the 9 V
battery supply has been depleted to a 7 V nominal value the
LCD display low battery annunciator is activated.

The low battery detector is shown inFigure 11. The low battery
annunciator is guaranteed to remain OFF with the battery
supply greater than 7.0 V. The annunciator is guaranteed to
be ON before the supply battery has reached 6.3 V.

Triplex Liquid Crystal Drive

The TSCB805 directly drives a triplexed liquid crystal display
(LCD) using 1/3 bias drive. All data, decimal point, polarity
and function annunciator drive signals are developed by the
TSC805. A direct connection to a triplex LCD display is
possible without external drive electronics. Standard and
custom LCD displays are readily available from LCD manu-
facturers.

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

If VDISP, for example, is setat a potential 3V below VCC the
peak drive signal is:

Vp = VCC-VDISP =3V
An “OFF” LCD segment has an RMS voltage of Vp/3 across it
or 1 volt. An “ON” segment has a 0.63 Vp signal across it or
1.92 V for VCC-VDISP =3 V.

Since the VDISP pinisavailable the user may adjust the “ON”
and “OFF” LCD levels for various manufacturer’s displays by
changing Vp. Liquid crystal threshold voltage moves down
with temperature.

vee
>0 TZG
- <€
50 k
v,

0 H

TRIPLEX

SEGMENT 50 k

DRIVE

LoGIC

\
SET VDISP
FOR PROPER V,
50 k WITH RESISTIVE
DIVIDER
".‘ TSC805
16 ovoisp
2 A
2
Vp = VCC - VDISP
“QFF" = Vp/3 RMS
wont= X v, RMs
Vs

Figure 11: Low Battery Detector

Figure 12: 1/3 Bias LCD Drive
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“OFF” segments may become visible at high LCD operating
temperatures. A voltage with a -5to -20 mV/° C temperature
coefficient can be applied to VDISP to accommodate the
liquid crystal temperature operating characteristics if
necessary.

The TSC805 internally generates two intermediate LCD drive
potentials (V4 & VL) from a resistive divider (Figure 12)
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe-
dance is approximately 150 k(2. This drive method is com-
monly known as 1/3 bias. With Vpisp connected to digital
ground Vp = 5.0 V.

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

LCD Displays

Although most users will design their own custom LCD dis-
play, several manufacturers offer standard displays for the
TSCB805. Figure 14 shows a typical display available from
Varitronix.

1. Varitronix Ltd.
9/F Liven House, 61-63, King Yip Street
Kwun Tjong, Hong Kong
Tel: 3-410286
TELEX: 36643 VTRAX HX
Part No.: VIM 309-1 Pin Connector
VIM 309-2 Elastomer Connector

USA OFFICE:

VL Electronics Inc.
2775 Glendower Ave.
Los Angeles, CA 90027
Tel. (213) 661-8883
TELEX: 821554

2. Adamant Kogyo Co., LTD.
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan
Tel: Tokyo 919-1171

External Crystal

The TSCB805 is designed to operate with a 32,768 Hz crystal.
This frequency is internally divided by two to give a 61.04 us
clock period. One conversion takes 8000 clock periods or
488.3 msec (= 2 conversions/second). Integration time is
1638.5 clock periods or 100 ms.

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

Several crystal sources exists. A partial listing is:

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

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

® |nternational Piezo LTD
24-26, Sze Shan Street
Yau Ton, Hong Kong
TLX: 35454 XTAL HX
Tel: 3-3501151

Contact manufacturer for full specifications.
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* Low Power CMOS TSC805
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o
~

DIMENSIONS IN MM (NOT TO SCALE) :____
11 1.1
Flgure hat Tryspcl%%ISLTcﬂDplgisplay con"guraﬂon PAD | BP1 | BP2 | BP3 | PAD [ COM1| COM2 | COM3
1 BP1 / / 19 / / /
2 4 BP2 / 20 / / /
“Buzzer” Drive Signal I A R N3N N A N I
The TSC805 BUZ output (Pin 3) will drive a piezo electric Sl A B M N I B I
audio transducer. The signal is activated to indicate an input 5 /1 @2 v L 4 /
overrange condition for current and voltage measurements | s / k m u | s | s /
or continuity during resistance measurements. B RV PR R I N A
During a resistance measurement a reading less than 19 on s o | gt a1 | 28 , , ,
any full-scale range causes a continuous 4 kHz signal to be . P » P P 7 7 P
output. This is used as a continuity indication.
, _ \ 10 b2 | o2 P2 | 28 ’ 4 4
A voltage or current input measurement overrange is indi- = y p ;
cated by a non-continuous 4 kHz signal at the BUZ output. AL I L
The LCD display MSD also flashes and the three least signifi- 12 2 | e | / 3 | 7 4 4
cant digits are set to display zero. The buzzer drive signal for 13 b3 | 3 | P3| 3 / / /
overrange is shown in Figure 15. The buzzer output is active w | e | @ | @ | a2 | / , ,
for any reading over 2000 counts in both manual and auto-
. N ' . 16 13 o3 / 33 / / /
range operation. The buzzer is activated during an extended
resolution measurement. LI I L AT o I A
The BUZ signal swings from VCC (Pin 26) to Digital Ground LA Mol Wl et I IR A 4
(Pin 56). The signal is at VCC when not active. e | CF | -MEM| £ 3 4 / 4
The buz output is also activated for 15 ms whenever a range
change is made in auto-range or manual operation. Chang-

ing the type of measurement (voltage, current, or resistance)
or measurement option (AC/DC, (/LON) will also activate
the buzzer output for 15 ms. A range change during a current
measurement will not activate the buzzer output.
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Figure 15: TSC805 Timing Waveform for Buzzer Output

Vendors for piezo electric audio transducers are:

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

. Taiyo Yuden (USA) Inc.
Arlington Center
714 West Algonquin Road
Arlington Hts., Ill. 60005
Typical P/N’s: CB27BB, CB20BB, CB355BB

Display Decimal Point Selection

The TSCB805 provides a decimal point LCD drive signal. The
decimal point position is a function of the selected full-scale
range as shown in Table 6.

Table 6: Decimal Point Selection

1 ¢ 9 e 9 e 9
Full-Scale Range DP3 DP2 DP1
2000 V, 2000 kQ OFF OFF OFF
200.0 V, 200.0 kQ OFF OFF ON
20.00 Vv, 20.00 k) OFF ON OFF
2.000 V, 2.000 kQ ON OFF OFF
200.0 mV, 200.0 Q OFF OFF ON
20.00 mA OFF ON OFF
200.0 mA OFF OFF ON
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AC to DC Converter Operational Amplifier

The TSCB805 contains an on chip operational amplifier that
may be connected as a rectifier for AC to DC voltage and
current measurements. Typical operational amplifier charac-
teristics are:

® Slew Rate: 1 V/us

® Unity Gain Bandwidth: 0.4 MHz

® Open Loop Gain: 44 dB

® Qutput Voltage Swing (Load = 10 k}) £1.5 V
(Reference to Analog Common)

When the AC measurement option is selected the input
buffer receives an input signal through switch S14 rather
than switch S11 (See Figure 2). With external circuits the AC
operating mode can be used to perform other types of func-
tions within the constraints of the internal operational ampli-
fier. External circuits that perform true RMS conversion or
a peak hold function are typical examples.

Component Selection

Integration Resistor Selection

The TSCB805 automatically selects one of two external inte-
gration resistors. RVIBUF (Pin 53) is selected for voltage and
current measurement. RQOBUF (Pin 52) is selected for resis-
tance measurements.

RVIBUF Selection (pIN 53)

In auto-range operation the TSC805 operates with a 200 mV
maximum full-scale potential at VI (Pin 42). Resistive dividers
at VR2 (Pin 39), VR3 (Pin 38), VR4 (Pin 41) and VR5 (Pin 40)
are automatically switched to maintain the 200 mV full-scale
potential.

In manual mode the extended operating mode is activated
giving a 300 mV full-scale potential at VI (Pin 42).

The integrator output swing should be maximized but satu-
rations must be avoided. The integrator will swing within
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 55) without
saturating. A =2 Vswing is suggested. The value of RVIBUF is
easily calculated assuming a worst case extended resolution
input signal:

VINT = Integrator Swing =+2 V
Ti = Integration Time = 100 ms
Ci = Integration Capacitor = 0.1 uf
VMAX = Maximum Input at V| = 300 mV
RVIBUF = __Max(M)_ ~450kn
VINT (C1)

ROBUF Selection (rin 52)

In ratiometric resistance measurements the signal at Rx (Pin
48) is always positive with respect to analog common. The
integrator swings negative.

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

The input voltage VX (Pin 48) is easily calculated (Figure 16).

Vancom = Potential at Analog Common = 2.7 V
Rs = 220 0

R1 = 163.85 0

Rx = 300 0

Rs = Internal Switch 33 Resistance = 600 ()
ROBUF = _(VCC-Vancom)Rx _qe3y

(Rx + Rs + R1 + Rs)

For a 3.1V integrator swing the value of R Q BUF is easily cal-
culated:

VINT = Integrator Swing =3.1 V
Ti = Integration Time = 100 ms
Ci = Integration Cap. = 0.1 uf
Rx Max = 300 Q
Vx Max = 700 mV
RaoBuF = _(XxMAX) (T) ~ 220 kQ
Ci (VINT)
Vee=9V

sW33 | Rg ~ 6000

Ry

163.85 2

Rg

Vx

Rx

ANALOG COMMON =V -3V

Figure 16: RQOBUF Calculation (200 Q Manual
Operation)
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With a low battery voltage of 6.6 V analog common will be
approximately 3.6 V above the negative supply terminal. With
the integrator swinging down from analog common toward the
negative supply a 3.1 V swing will set the integrator output to
0.5 V above the negative supply.

CINT, CAZ and CREF Capacitors

The integration capacitor, CINT, must have low dielectric
absorption. A 0.1 uf polypropylene capacitor is suggested.
The auto-zero capacitor, CAZ, and reference capacitor,
CREF, should be selected for low leakage and dielectric
absorption. Polystyrene capacitors are good choices.

Reference Voltage Adjustment

The TSC805 contains a low temperature driftinternal voltage
reference. The analog common potential (Pin 27) is estab-
lished by this reference. Maximum drift is a low 75 ppm/°C.
Analog common is designed to be approximately 2.6 V below
VCC (Pin 26). A resistive divider (R18/R19, Figure 1) sets the
TSCB805 reference input voltage (REFHI, Pin 32) to approxi-
mately 163.85 mV.

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

Package Outline

Flat Package Socket

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

Nepenthe Distribution

2471 East Bayshore

Suite 520

Palo Alto, CA 94303

(415) 856-9332

TWX: 910-373-2060

(a) “BQ" Socket Part No.: IC51-064-042 BQ
(b) “SQ" Socket Part No.: IC51-064-042 SQ

Resistive Ladder Networks

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

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

Attenuator Attenuator Caddock

Accuracy Type Part Number
0.1% Voltage 1776-C441
0.25% Voltage 1776-C44
0.25% Resistance T 1794-204-1

064 2,004
‘ ’\ |<\15° MAX
)
047 £ .004 / B H E l
f "y
0076 "( 1022012 L .060 2 .008 010 MIN

“BQ" Package — Formed Leads
(Package #21)

60-Pin Plastic Flat Package

Il
.
i

f ——— ——] 0316 850 . o5
— — TYP TYP
— 1

=

PIN 60

I~

PIN 1 INDICATION
DIMPLE OR BUTTON

“SQ" Package — Unformed Leads
(Package #22)

PIN 1
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General Description

The TSC815 is a 3 1/2 digit integrating analog-to-digital con-
verter with triplex LCD display drive and automatic ranging.
A display hold function is on-chip. Input voltage/ohm atten-
uators ranging from 1 to 1/10,000 are automatically selected.
Five full-scale ranges are provided. The CMOS TSC815 con-
tains all the logic and analog switches needed to manufac-
ture an auto-ranging instrument for ohms and voltage
measurements. User selected 20 mA and 200 mA current
ranges are available. Full-scale range and decimal point LCD
annunciators are automatically set in auto-range operation.
Auto-range operation is available during ohms (high and low
power ohms) and voltage (AC & DC) measurements. Auto-
ranging eliminates expensive range switches in hand-held
DMM designs and makes compact meters easier and less
costly to design. The auto-range feature may be bypassed
allowing decimal point selection and input attenuator selec-
tion control through a single line input. Expensive rotary
switches are not required.

During manual mode operation resolution is extended to
3000 counts full-scale. The extended range operation is indi-
cated by a flashing 1 MSD. The extended resolution is avail-
able during 2000 k() and 2000 V full-scale auto-range opera-
tion also.

The memory mode subtracts a reading — up to =5% of full-
scale — from subsequent measurements. Typical applications
involve probe resistance compensation for resistance mea-
surements, tolerance measurements, and tare weight mea-
surement.

The TSC815 includes and AC to DC converter for AC mea-
surements. Only external diodes/resistors/capacitors are
required.

A complete LCD annunciator set describes the TSC815 me-
ter function and measurement range during ohms, voltage
and current operation. AC measurements are indicated as
well as auto-range operation. A low battery detection circuit
also sets the low battery display annunciator. The triplex
LCD display drive levels may be set and temperature com-
pensation applied via the Vpisp pin. With HOLD low the display
is not updated. A HOLD MODE LCD annunciator is activated.

The “low ohms” measurement option allows in circuit resis-
tance measurements by preventing semiconductor junctions
- from being forward biased.

A continuity buzzer output is activated with inputs less than
1% of full-scale. An overrange input signal also enables the
buzzer, except during resistance measurements, and flashes
the MSD display. Featuring single 9 V battery operation,
10 mW power consumption, a precision internal voltage
reference (75 ppm/°C max. TC) and a compact surface
mounted 60-pin quad flat package, the TSC815 is ideal for
portable instruments.

TSC815

3 1/2 Digit Auto-Ranging
Analog-to-Digital Converter
e Triplex LCD Drive

e Display Hold Function

Features

® Auto-Range Operation for AC & DC Voltage and Resistance
Measurements
— Two User Selected AC/DC Current Ranges 20 & 200 mA
® 22 Operating Ranges
— 9 DC/AC Voltage
— 4 AC/DC Current
— 9 Resistance and Low Power Ohms
® Display HOLD Function
® 3 1/2 Digit Resolution in Auto-Range Mode .... 1/2000
— Extended Resolution in Manual Mode ....... 1/3000
® Memory Mode for Relative Measurements ... *5% F.S.
® |nternal AC to DC Conversion Op Amp
Triplex LCD Drive for Decimal Points, Digits and
Annunciators
® Continuity Detection and Piezoelectric Transducer Driver
® Compact Surface Mounted 60-Pin Quad Flat Package
o
.

Low Drift Internal Reference .............. 75 ppm/°C
9 V Battery Operation ...............coovinen 10 mW
® | ow Battery Detection and LCD Annunciator

Ordering Information

Temp.
Part. No. Package Range
60-Pin Plastic Quad
TSC815CBQ Flat Package 0°Cto 70°C
Formed Leads
60-Pin Plastic Quad
TSC815CSQ Flat Package 0°C to 70°C

Straight Leads

Pin Configuration

TSC815 _]

LCD SEGMENT DRIVE

co
BACKPLANES
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TSC815
Absolute Maximum Ratings
Supply Voltage (V71O V7) oot ; 18V
Analog Input Voltage .............cciviininn, VitoV
Reference Input Voltage ....................... Vito v~
Voltage at Pind43 ............cccvviiivnnn. GND +0.7 V
Power Dissipation

Plastic Package ...........ccoiiiiiiinnnnn. 800 mW

Operating Temperature

Storage Temperature .................
Lead Temperature (Soldering, 60 sec.)

-65°C to +160°C
........... 300°C

Stresses above those listed under Absolute Maximum Ratings may cause
perrmanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device

“C” Devices

reliability.

Electrical Characteristics: vs =9 v, Ta =25°C, Figure 1 Test Circuit

TEST TSC815
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
200 mV Range w/o0 10 M) ~
Input Resistor 0000 0000 +0000 Digjtal
1 Zero Input Reading 200 mV Range w/10 MQ Input -0001 — +oopy Heading
20 mA and 200 mA Range -0000 0000 -+0000
200 mV Range w/o 10 MQ _ _ +1
Input Resistor B
2 RE Rollover Error 200 mV Range w/10 MQ Input — — +3 Count
20 mA and 200 mA Range — - +1
3 NL Linearity Error Best Case Straight Line — — +1 Count
4 IIN Input Leakage Current — — 10 pA
EN Input Noise BW =0.1to 10 Hz — 20 - uVp-p
6 AC Frequency Response *1% Error — 40to500 — Hz
+5% Error — 40to 2000 —
Open Circuit Voltage _
7 for OHM Measurements Excludes 200 () Range 570 660 mV
Open Circuit Voltage _
8 for LO OHM Measurement Excludes 200 Q) Range 285 350 mV
9 Vcom Analog Common Voltage (V+ -Vcowm) 25 2.6 3.3 \Y
Common Voltage _ _ °
10 Vere Temperature Coefficient 5 ppm/°C
11 Display Multiplex Rate — 100 — Hz
20 mA, AC, |, Low O, HOLD
12 ViL Low Logic Input Range, -MEM, OHMs — — 1 \%
(Relative to DIG GND Pin 56)
20 mA, AC, |, Low O, HOLD
13 Logic 1 Pull Up Current Range, -MEM, OHMs — 25 — uA
(Relative to DIG GND Pin 56)
14 Buzzer Drive Frequency — 4 — kHz
15 Low Battery Flag Voltage Vcce to Vssa 6.3 6.6 7.0 )
16 Operating Supply Current — 0.8 15 mA
Note:

1. 200 O range open circuit voltage approximately 2.8 V.
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Pin Description and Function Table 1:

PIN NO.
(Quad Flat SYMBOL DESCRIPTION
Package)

1 OHM Logic Input. “0” (Digital Ground) for resistance measurement.

2 20 mA Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement.

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

XTAL1 32.768 kHz Crystal Connection.

5 XTAL2 32.768 kHz Crystal Connection.

6 VDISP Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate for
temperature variation of LCD crystal threshold voltage.

7 BP1 LCD Backplane #1.

8 BP2 LCD Backplane #2.

9 BP3 LCD Backplane #3.

10 Low /A LCD Annunciator segment drive for low ohms resistance measurementand current measurement.
11 oV LCD Annunciator segment drive for resistance measurement and voltage measurement.
12 K/m/HOLD LCD Annunciator segment drive for k (“kilo-ohms”), m (“milli-amps” and “milli-volts”) and HOLD
mode.
13 BCPO LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD).
(Ones digit).
14 AGDO LCD segment drive for “a,” “g,” “d” segments of LSD.
15 FEO LCD segment drive for “f” and “e” segments of LSD.
16 BCP1 LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD.
17 AGD1 LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten'’s digit).
18 FE1 LCD segment drive for “f,” and “e” segments of 2nd LSD.
19 BCP2 LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit).
20 AGD2 LCD segment drive for “a,” ““g,” “d” segments of 3rd LSD.
21 FE2 LCD segment drive for “b” and “c” segments of 3rd LSD.
22 BCP3 LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand’s digit).
23 AC/-/AUTO LCD annunciator drive signal for AC measurements, polarity, and auto-range operation.
24 —MEM/dBATT LCD annunciator drive signal for low battery indication and memory (relative measurement)
mode.
25 VSSD Negative battery supply connection for internal digital circuits. Connect to negative terminal
of battery.
26 VCC Positive battery supply connection.
27 COoM Analog circuit ground reference point. Nominally 2.6 V below VCC.
28 RMREFH Ratiometric (Resistance measurement) reference high voltage.
29 RMREFL Ratiometric (Resistance measurement) reference low voltage.
30 CREFL Reference capacitor negative terminal CREF = 0.1 uf.
31 CREFH Reference capacitor positive terminal CREF = 0.1 uf.
32 REFHI Reference voltage for voltage and current measurement. Nominally 163.85 mV.
33 OR1 Standard resistor connection for 200 () full-scale.
34 OR2 Standard resistor connection for 2000 (2 full-scale.
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Pin Description and Function Table 1:

PIN NO.
(Quad Flat SYMBOL DESCRIPTION
Package)

35 OR3 Standard resistor connection for 20 k() full-scale range.

36 OR4 Standard resistor connection for 200 k() full-scale range.

37 OR5 Standard resistor connection for 2000 k) full-scale range.

38 VR3 Voltage measurement + 100 attenuator.

39 VR2 Voltage measurement + 10 attenuator.

40 VR5 Voltage measurement + 10,000 attenuator.

41 VR4 Voltage measurement + 1000 attenuator.

42 Vi Unknown voltage input + 1 attenuator.

43 Il Unknown current input.

44 ACVL Low output of AC to DC converter.

45 Ci Integrator capacitor connection. Nominally 0.1 uf. (Low dielectric absorption. Polypropylene
dielectric suggested).

46 CAZ Auto-zero capacitor connection. Nominally 0.1 uf.

47 Rx Unknown resistance input.

48 CFI Input filter connection.

49 ADI Negative input of internal AC to DC operational amplifier.

50 ADO Output of internal AC to DC operational amplifier.

51 ROBUF Active buffer output for resistance measurement. Integration resistor connection. Integrator
resistor nominally 220 k().

52 RVIBUF Active buffer output for voltage and current measurement. Integration resistor connection.
Integration resistor nominally 150 kQ.

53 ACVH Positive output of AC to DC converter.

54 VSSA Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery.

55 DIG GND  Internal logic digital ground. The logic “0” level. Nominally 4.7 V below VCC.

56 RANGE Input to set manual operation and change ranges.

57 HOLD Input to hold display. connect to DIG GND.

58 MEM Input to enter memory measurement mode for relative measurements. The two LSD’s are stored
and subtracted from future measurements.

59 DC/AC, Input that selects AC or DC option during voltage/current measurements. For resistance

O/LOW O measurements, the ohms or low power (voltage) ohms option can be selected.
60 1

Input to select current measurement. Set to logic “0” (Digital ground) for current measurement.
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Figure 2: TSC815 Analog Section
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TSC815

Resistance, Voltage, Current
Measurement Selection

The TSC815 is designed to measure voltage, current, and
resistance. Auto-ranging is available for resistance and vol-
tage measurements. The OHMS (Pin 1) and | (Pin 60) input
controls are normally pulled internally to Vcc.

The low power ohms measurement is not available on the
100 Q full-scale range. Open circuit voltage on this range is
below 2.8 V.

The standard resistance values are listed in Table 3.

Table 3: Ohms Range Ladder Network

. . o . Full-Scale Standard Low Power

By tying these pins to Digital Ground (Pin 56), the TSC815 is Range Resistance Ohms Mode
configured internally to measure resistance, voltage, or 200 () 163.85 (1 (R1) NO
f:r:gleen;. The required signal combinations are shown in 2000 O 1638.5 0 (R2) YES
20 k) 16,358 () (R3) YES
Table 2: TSC815 Measurement Selection Logic 200 k) 163850 () (R4) YES
Function Select Pin 2,000 kO 1,638,500 () (R5) YES

OHM (Pin 1) | (Pin 60) Selected Measurement
0 0 Voltage
0 1 Resistance
1 0 Current
1 1 Voltage

0 = Digital Ground

1 = Floating or Tied to Vcc

Notes:

1. OHM &I are normally pulled internally high to VCC (Pin

26).
This is considered a logic “1.”

2. Logic “0” is the potential at digital ground (Pin 55).

Resistance Measurements —
OHMS & Low Power OHMS

The TSC815 can be configured to reliably measure in-circuit
resistances shunted by semiconductor junctions. The TSC815
low power ohms measurement mode limits the probe open
circuit voltage. This prevents semiconductor junctions in the
measured system from turning on.

In the resistance measurement mode the (M/LOWQ (Pin 59)
input selects the low power ohms measurement mode. For
low power ohms measurements /LOW() (Pin 59) is momen-
tarily brought low to digital ground potential. The TSC815
sets up for a low power ohms measurement with a maximum
open circuit probe voltage of 0.35 V above analog common.
In the low power ohms mode an LCD display annunciator,
LOWQ, will be activated. On power up the low power ohms
mode is not active.

If the_manual operating mode has been selected, toggling
(/LOWQ will reset the TSC815 back to the auto-range mode.
In manual mode, the decision to make a normal oow power
ohms measurement should be made before selecting the
desired range.

N/A = Not available.

R8, a positive temperature coefficient resistor, and the 6.2 V
zener, Z1 in Figure 1 provide input voltage protection during
ohms measurements.

Ratiometric Resistance Measurements

The TSCB815 measures resistance ratiometrically. Accuracy is
set by the external standard resistors connected to Pin 33
through 37. A low-power ohms mode may be selected on all
but the 200 Q full-scale range. The low power ohms mode
limits the voltage applied to the measured system. This allows
accurate “in-circuit” measurements when a resistor is shunted
by semiconductor junctions.

Full auto-ranging is provided. External precision standard
resistors are automatically switched to provide the proper
range.

Figure 3 shows a detailed block diagram of the TSC815 con-
figured for ratiometric resistance measurements. During the
signal integrate phase the reference capacitor charges to a
voltage inversely proportional to the measured resistance-
RX. Figure 4 shows the conversion accuracy relies on the
accuracy of the external standard resistors only.

Normally the required accuracy of the standard resistances
will be dictated by the accuracy specifications of the users
end product. Table 4 gives the equivalent ohms per count for
various full-scale ranges to allow users to judge the required
resistor accuracy.

Table 4: Reference Resistors

Fal-scai Reierne® /COUNT
200 163.85 0.1

2k 1638.5 1

20 k 16385 10

200 k 163850 100
2M 1638500 1000
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Figure 3: Ratiometric Resistance Measurement Functional Diagram

Voltage Measurement

Resistive dividers are automatically changed to provide in
range readings for 200 mV to 2000 V full-scale readings
(Figure 2). The input resistance is set by external resistors
R14/R13. The divider leg resistors are R9-R12. The divider leg
resistors give a 200 mV signal VI (Pin 42) for full-scale vol-
tages from 200 mV to 2000 V.

For applications which do not require a 10 mQ) input impe-
dance the divider network impedances may be lowered. This
will reduce voltage offset errors induced by switch leakage
currents.

Current iMeasurement

The TSC815 measures current only under manual range
operation. The two user selectable full-scale ranges are:
20 mA and 200 mA. Select the current measurement mode by
holding the | input (Pin 60) low at digital ground potential.

The OHM input (Pin 1) is left floating or tied to the positive
supply.

Two ranges are possible. The 20 mA full-scale range is
selected by connecting the 20 mA input (Pin 2) to digital
ground. If left floating the 200 mA full-scale range is selected.

External current to voltage conversion resistors are used at
the ljinput (Pin 43). For 20 mA measurements a 10 () resistor
is used. the 200 mA range needs a 1 () resistor. Full-scale is
200 mV.

PC board trace resistance between analog common and R16
(See Figure 1) must be minimized. In the 200 mA range, for
example, a 0.05 trace resistance will cause a 5% current to
voltage conversion error at || (Pin 43).

The extended resolution measurement option operates during
current measurements.

To minimize rollover error the potential difference between
analog common (Pin 27) and system common must be
minimized.

“™ TELEDYNE SEMICONDUCTOR
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_ 1064V For OHMS | (a)
| 0.32 V For LO OHMS |

(b)

+

()

VX

UNKNOWN

TO ANALOG
BUFFER

(d)

Independent of Ri, Ci or Internal Voltage Reference

TSC815
Example: 200 k() Full-Scale Measurement
VR = 163.85 k() % 0.64
163.85 + 220 + RX
VX = RX X 0.64
163.85 k() + 220 0} + RX
+ RX
“Ramp Up Voltage” = “Ramp Down Voltage”
VX« T = VR Toe
RiCi RiCi
Where!

Ri = Integrating Resistor, Ti= Integrate Time
Ci = Integrating Capacitor,Tpoe = Deintegrate Time

RX=163.85< Toe )

T

Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor

y NN SIGNAL REFERENCE
" TSC815  |NTEGRATE DEINTEGRATE
PHASE PHASE

AUTO-ZERO NEXT CONVERSION
PHASE AUTO-ZERO CYCLE
EXTENDED
RESOLUTION
ZERO
CROSSING

FIXED * MAX,
MIN. AUTO-ZERO
TIME 1638.5 Tp 3000.0 Tp

33615 Tp T Tpg— *IN AUTO-RANGE OPERATION
MAXIMUM 1S 2000 Tp AND

=TO INPUT | MINIMUM AUTO-ZERO TIME
SIGNAL 1S 43615 Tp

-~ TCoNy = 8000 Tp

External Crystal = 32.768 kHz
Internal Clock Period = Tp = 2/32.768 = 61.04 us

Total Conversion Time = TcoNnv = 8000 (Tp)

= 488.3 ms =~ 2 CONV/SEC

Integration Time = T| = 1638.5 (Tp) = 100.0 ms

Maximum Reference Deintegrate Time
= Tpe = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution)
= 2000 (Tp) = 122.1 ms (Auto-Range)

Minimum Auto-Zero Time

= (8000-3000-1638.5) (Tp) = 205.1 ms (Manual, Extended

Resolution)

= (8000-2000-1638.5) (Tp) = 266.2 ms (Auto-Range)

Figure 5: Basic TSC815 Conversion Timing

Measurement Options
AC to DC Measurements

In voltage and current measurements the TSC815 can be
configured for AC measurements. An on chip operational
amplifier and external rectifier components perform the AC
to DC conversion.

When power is first applied the TSC815 enters the DC mea-
surement mode. For AC measurements (current or voltage),
AC/DC (Pin 59) is momentarily brought low to digital ground
potential; the TSC815 sets-up for AC measurements and the
AC liquid crystal display annunciator activates. Toggling
AC/DC low again will return the TSC815 to DC operation.

If the manual operating mode has been selected toggling
AC/DC willresetthe TSC815 back to the auto-range mode. In
manual mode operation AC or DC operation should be
selected first and then the desired range selected.

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

AC current measurements are available on the 20 mA and
100 mA full-scale current range.

Conversion Timing

The TSC815 analog-to-digital converter uses the conven-
tional dual slope integrating conversion teghnique with an
added phase that automatically eliminates zero offset errors.
The TSC815 gives a zero reading with a zero volt input.

The TSC815 is designed to operate with a 32.768 kHz crystal.
The 32 kHz crystal is low cost and readily available; it serves
as a time base oscillator crystal in many digital clocks. (See
External Crystal Sources).

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

The integration time is fixed at 1638.5 clock periods or 100
ms. This gives rejection of 50/60 Hz AC line noise.

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

Figure 5 shows the basic TSC815 timing relationships.

Manual Range Selection

The TSC815 voltage and resistance auto-ranging feature
can be disabled by momentarily bringing RANGE (Pin 56) to
digital ground potential (Pin 55). When the change from
auto-to-manual ranging occurs the first manual range se-
lected is the last range in the auto-ranging mode.

The TSC815 power-up circuit selects auto-range operation
initially. Once the manual range option is entered, range
changes are made my momentarily grounding the RANGE
control input. The TSC815 remains in the manual range
mode until the measurement function (voltage or resistance)
or measurement option (AC/DC, Q/LO Q) changes. This

Table 5: Manual Range Operation

causes the TSC815 to return to auto-ranging operation.

The “Auto” LCD annunciator driver is active only in the auto-
range mode.

Table 5 shows typical operation where the manual range
selection option is used. Also shown is the extended resolu-
tion display format.

Extended Resolution Manual Operation

The TSC815 extends resolution by 50% when operated in the
manual range select mode for current, voltage, and resis-
tance measurements. Resolution increases to 3000 counts
from 2000 counts. The extended resolution feature operates
only on the 2000 k() and 2000 V ranges during auto-range
operation.

In the extended resolution operating mode readings above
1999 are displayed with a blinking “1” most significant digit.
The blinking “1” should be interpreted as the digit 2. The
three least significant digits display data normally.

An input overrange condition causes the most significant
digit to blink and sets the three least significant digits to
display “000”. The buzzer output is enabled for input voltage
and current signals with readings greater than 2000 countsin
both manual and auto-range operation.

For resistance measurements the buzzer signal does not
indicate an overrange condition. The buzzer is used to indi-
cate continuity. Continuity is defined as a resistance reading
less than 19 counts.

INPUT DC VOLTS AC VOLTS OHM LO OHM

235V 182V 18.2 k2 2.35 MQ
RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
POWER-ON 200 mV “1”00.0 mV 2V “1”,000 V 200 0 “1"00.0 2kQ  "1".000 kQ
AUTO-RANGE 2V “1".000 V 20V 18.20 V 2kQ “1”.000 k) 10k “170.00 kQ
OPERATION 20V “170.00 V 20 kQ 18.20 kQ 200 k) “1700.0 kQ
200V 235V 2000 kQ “1"350 kQ

# of RANGE CHANGES ~ LI

TLJ~ RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY RANGE DISPLAY
1 200 V 235V 20V 18.20 V 20 kO 18.20 kQ 2000 kO 1”350 k)
M g 2 200 mV “1”00.0 mV 2V “1".000 V 200 O “1"00.0 0 2k *1".000 kQ
ﬁ '_E‘ 3 2V 1.000 V 20V 18.20 V 2k “1",000 kQ 20k "170.00 kQ
U A 4 20V “1"3.50 V 200 V 182V 20 k2 18.20 k2 200 k2 “1"00.0 kQ
t T 5 200V 235V 600 V 19V 200 kN 18.2 k) 2000 kO “1"350 k)
3 6 1000 V 24V 2V “1",000 V 2000 kO 19 kQ 2k "1".000 kQ
7 200 mV “1"00.0 mV 20V 18.20 V 200 “1"'00.0 0 20k “1"0.00 k2
8 2V “1",000 V 200 V 182V 2kn “1".000 kQ 200 kY "1"00.0 kO
Notes: 3. Aflashing MSD with a non-zero display indicates the TSC815 has entered

1. Aflashing MSD is shown as a “1". A flashing MSD indicates the TSC815 is
over-ranged if all other digits are zero.
2. The first manual range selected is the last range in the auto-ranging mode.

4

the extended resolution operating mode. An additional 1000 counts of reso-
lution is available. This extended operation is available only in manual
operation for voltage, resistance and current measurements.

L = momentary ground connection.
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MANUAL P TSC815 wTSCBIE
RANGE
SELECT RANGE
SELECT
CONTINUITY *
INDICATOR OUTPUT NON-
CONTINUOUS
OUTPUT 4 kHz 4 kHz AUDIO
AUDIO YES FREQUENCY
FREQUENCY
OVER-RANGE INDICATOR
CONTINUOUS 4 kHz NO
BUZZER OVER-RANGE
INDICATOR
s YES DISPLAY
[ YES VX >3000 viqer
DISPLAY 1" 000
RX >3000 “1" 000 ?
1" = >FLASHING MSD
NO “1” = >FLASHING MSD NO
IS YES* DISPLAY LAST 1S YES DISPLAY LAST
RX >2000 3 DIGITS AND VX 2000 3 DIGITS AND
; FLASH MSD ? FLASH MSD
NO EXTENDED EXTENDED RESOLUTION
RESOLUTION NO FEATURE
FEATURE
DISPLAY
TRUE DISPLAY
READING TRUE
READING
*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS
SELECTED AND 2 M <RX <2.999 M%

Figure 6: Manual Range Selection;
Resistance Measurement

RANGE
SELECT

NON-CONTINUOUS

YES OUTPUT 4 kHz
AUDIO
FREQUENCY

OVER-RANGE INDICATOR

DISPLAY
“1" 000

“1" = " -FLASHING MSD

DISPLAY LAST
3 DIGITS
AND FLASH MSD

q‘ TSC815
DISPLAY

TRUE
READING

Figure 7: Manual Range Selection;
Current Measurement

-MEM Operating Mode

Bringing MEM (Pin 58) momentarily low configures the
TSC815 “~-MEM" operating mode. The -MEM LCD Annun-
ciator becomes active. In this operating mode subsequent
measurements are made relative to the last two digits (<99)
displayed at the time MEM is low. This represents 5% of full-
scale. The last two significant digits are stored and subtracted
from all the following input conversions.

Figure 8: Manual Range Selection;
Voltage Measurement

A few examples clarify operation:

Example 1: In Auto-Ranging

Ri (N) = 18.21 kQ (20 k(2 Range ) = > Display 18.21 k2
MEM ~LJ~ = > Store 0.21 k()

Ri (N+1) = 19.87 k() (20 k(2 Range)
= > Display 19.87 - 0.21 = 19.66 k()

Ri (N+2) = 22.65 k() (200 k) Range)
= > Display 22.7 k() & MEM Disappears

Example 2: In Fixed Range 200.0 () Full-Scale

Ri (N) = 18.2 ( = > Display 182 (1
MEM "LJ™ = > Store 8.2 O

Ri (N+1) = 36.7 0
= > Display 36.7 - 8.2 = 285 ()

Ri (N+2) =5.8
= > Display 5.8 - 8.2 =-24 ("

* Will display minus resistance if following input is less than
offset stored at fixed range
Example 3: In Fixed Range 20.00 V Full-Scale
Vi (N) =0.51 V = > Display 0.51 V
MEM "L~ = > Store 0.51V
Vi (N+1) = 3.68 V
= > Display 3.68 - 0.51 =317 V
Vi (N+2) =0.23 V
= > Display 0.23 - 0.51 = -0.28 V
Vi (N+3) =-5.21 V
=> Display -5.21 - 0.51 =-5.72 V
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On Power up the TSC815 “~-MEM” mode is not active. Once
the “~-MEM” is entered bringing MEM low again it returns the
TSC815 to normal operation.

The “~-MEM” mode is also cancelled whenever the measure-
ment type (resistance, voltage, current, AC/DC,Q/LO ()
or range is changed. The LCD -MEM annunciator will be off
in normal operation.

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

The “~-MEM” operating mode can be very useful in resistance
measurements when lead length resistance would cause
measurement errors.

Automatic Range Selection Operation

When power is first applied the TSC815 enters the auto-
range operating state. The auto-range mode may be entered
from manual mode by changing the measurement function
(resistance or voltage) or by changing the measurement
option (AC/DC, (/LO®O).

The automatic voltage range selection begins on the most
sensitive scale first: 200 mV for DC or 2.000 V for AC mea-
surements. The voltage range selection flow chart is given in
Figure 9.

Internal input protection diodes to VCC (Pin 26) and VSSA
(Pin 54) clamp the input voltage. The external 10 MQ input
resistance (See Figure 1, R14and R13) limits current safely in
an overrange condition.

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

An overrange voltage input condition is flagged whenever the
internal count exceeds 2000 by activating the buzzer output
(Pin 3). This 4 kHz signal can directly drive a piezo electric
acoustic transducer. An out of range input signal causes the
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms,
and off for 610 ms (See Figure 15).

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

The resistance automatic range selection procedure is shown
in Figure 10. The 200 Q) range is the first range selected unless
the TSC815 low ohms resistance measurement option is
selected. In low ohms operation the first full-scale range tried
is 2 k().

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

If the conversion is less than 19 in auto-range operation a
continuous 4 kHz signal is output at BUZ (Pin 3). An overrange
input does not activate the buzzer.

Out of range input conditions are displayed by a blinking most
significant digit with the three least significant digits set to
“000.”

The extended resolution feature operates only on the 2000 k()
and 2000 V full-scale range during auto-range operation. A
blinking “1” most significant digit is interpreted as the digit 2.
The three least significant digits display data normally.

* Tsc81s

2z

=0; 200.0 mV FULL-SCALE RANGE
N=1; 2/ V  FULL-SCALE RANGE

N =Ny
(REMAIN IN RANGE SELECTED
DURING THE K th CONVERSION)

K th
CONVERSION

vy = (1710N) vy

DISPLAY
VOLTAGE (vy) [™™] K=K+1

N=N+1

EXTENDED
RESOLUTION

DISPLAY “1” XXX
FLASH MSD

YES ACTIVATE
BUZZER

OVER-RANGE

DISPLAY “1" 000
FLASH MSD

.

START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE

Figure 9: Auto-Range Operation;
Voltage Measurement
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Low Battery Detection Circuit
‘ *mm The TSC815 contains a low battery detector. When the 9 V
N=0IFQ battery supply has been depleted toa 7 V nominal value the
N=1IFLOQ N b0 o P ek e et LCD display low battery annunciator is activated.

The low battery detector is shown'in Figure 11. The low battery
{REMAIN IN RANGE SELECTED annunciator is guaranteed to remain OFF with the battery
PURING THE K th CONVERSION) supply greater than 7.0 V. The annunciator is guaranteed to

cONvERsION be ON before the supply battery has reached 6.3 V.
Triplex Liquid Crystal Drive
The TSCB815 directly drives a triplexed liquid crystal display
, (LCD) using 1/3 bias drive. All data, decimal point, polarity
Rx = g IV and function annunciator drive signals are developed by the

TSC815. A direct connection to a triplex LCD display is’
possible without external drive electronics. Standard and
custom LCD displays are readily available from LCD manu-
facturers.

CONTINUITY
INDICATOR

ACTIVATE
BUZZER

CONTINUOUS 4 kHz The LCDs must be driven with an AC signal having a zero DC
component for long display life. The liquid crystal polariza-
tion is a function of the RMS voltage appearing across the
backplane and segment driver. The peak drive signal applied
to the LCD is: VCC-VDISP.

If VDISP, for example, is set at a potential 3V below VCC the
= K-k peak drive signal is:

Vp = VCC-VDISP =3V
An “OFF” LCD segment has an RMS voltage of Vp/3 across it
or 1 volt. An “ON" segment has a 0.63 Vp signal across it or
1.92 V for VCC-VDISP =3 V.

OVER Since the VDISP pinisavailable the user may adjust the “ON”

RANGE

DISPLAY
RESISTANCE

L] Nenen

LAY and “OFF" LCD levels for various manufacturer's displays by
DA e XX a0 changmg Vp. Liquid crystal threshold voltage moves down
with temperature.
EXTENDED RESOLUTION T
YES
START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE vee
- - ?
Figure 10: Auto-Range Operation;
Resistance Measurement oo 2%
>
B:
2.0 :: 50 k
vee o Vi ————rd]
LOW BATTERY DETECTOR 1o pLex g
SR SEGMENT 260k
s DRIVE 2
V. LOGIC
T + VL ]
TO L
Sw com- ANNUNCIATOR oo
< FOR PROPER V|
| 3 PARATOR SEECTION :E 50 k WITH RESISTIVE
< DIVIDER
:: Rz "\‘ TSC816
".‘ 780816 & ovoisp
Vz=82V
b Y
¢
— Vpe 7 X2 w2y Vp = VCC - VDISP
R1+Ry “OFF" = Vp/3 RMS
VSSA Sy “on X vy RMS
T C 3\/:—
LOW BATTERY ANNUNCIATOR DISPLAYED FOR Vgypppy <7 V
Figure 11: Low Battery Detector Figure 12: 1/3 Blas LCD Drive
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“OFF" segments may become visible at high LCD operating
temperatures. A voltage with a -5 to -20 mV/° C temperature
coefficient can be applied to VDISP to accommodate the
liquid crystal temperature operating characteristics if
necessary.

The TSC815 internally generates two intermediate LCD drive
potentials (VH & VL) from a resistive divider (Figure 12)
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe-
dance is approximately 150 k(). This drive method is
commonly known as 1/3 bias. With Vpisp connected to digital
ground Vp=5.0 V.

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

LCD Displays

Although most users will design their own custom LCD
display, several manufacturers offer standard displays for the
TSC815. Figure 14 shows a typical display available from
Varitronix.

1. Varitronix Ltd.
9/F Liven House, 61-63, King Yip Street
Kwun Tjong, Hong Kong
Tel: 3-410286
TELEX: 36643 VTRAX HX
Part No.: VIM 310-1 Pin Connector
VIM 310-2 Elastomer Connector

USA OFFICE:

VL Electronics Inc.
2775 Glendower Ave.
Los Angeles, CA 90027
Tel. (213) 661-8883
TELEX: 821554

2. Adamant Kogyo Co., LTD.
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan
Tel: Tokyo 919-1171

External Crystal

The TSC815 is designed to operate with a 32,768 Hz crystal.
This frequency is internally divided by two to give a 61.04 us
clock period. One conversion takes 8000 clock periods or
488.3 msec (= 2 conversions/second). Integration time is
1638.5 clock periods or 100 ms.

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

Several crystal sources exists. A partial listing is:

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

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

® |nternational Piezo LTD
24-26, Sze Shan Street
Yau Ton, Hong Kong
TLX: 35454 XTAL HX
Tel: 3-3501151

Contact manufacturer for full specifications.

|
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Figure 13: Triplex LCD Drive Waveforms
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50.8 (+0.3 —0.1)
| 45.0 VIEWING AREA MIN. b
'q——-———-————q_ BETWEEN PADS 254 X 17=43.18 — 5| 381
| 1.27, 1.27 ’ ) ‘4—'»
T T - 1
! |
H |
|1‘9 36‘ ™
bl |
| B3RS Hoo B oo | 1
E—ﬂ- | ?*—"S_’i 55—»/ | ==
P | _U ?9
I g 9o
i I AC £ Q TF@/? kO3 (22
g © I / —ﬂ 8'g
st | O [ v
a7 B, [ 1
ﬂas ! AUTO ﬁ ! 4mVA'
MAX, p4_ B kP vt
A 18
b =| oz2[]
g e
Y U o
DIMENSIONS IN MM (NOT TO SCALE) f—
1.1 11
Figure 14: Typical LCD Display Configuration paD | BP1 | BP2 | BP3 | PAD | cOM1| com2 | com3
TSCB815 Triplex P IV N RV BT RN R R
2 / , BP2 /7 20 / / /
“Buzzer” Drive Signal HREEEEIEI Ay
The TSC815 BUZ output (Pin 3) will drive a piezo electric I A B N IR A A 4
audio transducer. The signal is activated to indicate an input 5 4 a v 23 /|7 4
overrange condition for current and voltage measurements 6 [HOLD| Kk m u ’ ’ /
or continuity during resistance measurements. ; o1 ﬂj , . L1, ,
During a resistance measurement a reading less than 19 on s ol | gl [ @ | 2 , , ,
any full-scale range causes a continuous 4 kHz signal to be 5 " o y p ; p
output. This is used as a continuity indication. /
. N 10 b2 ] P2 28 / / /
A voltage or current input measurement overrange is indi-
cated by a non-continuous 4 kHz signal at the BUZ output. " @ | @B}/
The LCD display MSD also flashes and the three least signifi- 12 2 | e / 2 4 4 4
cant digits are set to display zero. The buzzer drive signal for 13 b3 | 3 | P3| @ / ’ /
overrange is shown in Figure 15. The buzzer output is active w |l =] @ e = |/ S
for any reading over 2000 counts in both manual and auto- - " y - y y
range operation. The buzzer is activated during an extended i ' !
resolution measurement. 1% | b4 | 4 | P4 B )/ 4 4
The BUZ signal swings from VCC (Pin 26) to Digital Ground LA e Bl Ll I A A 4
(Pin 55). The signal is at VCC when not active. 18 -MEM| / * / / /
The buz output is also activated for 15 ms whenever arange
change is made in auto-range or manual operation. Changing
the type of measurement (voltage, current, or resistance) or

measurement option (AC/GC, (/LOQ) will also activate the
buzzer output for 15 ms. A range change during a current
measurement will not activate the buzzer output.
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TO POWER UP PREVIOUS CONVERSION OVERRANGE PREVIOUS
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Figure 15: TSC815 Timing Waveform for Buzzer Output

Display Decimal Point Selection
The TSC815 provides a decimal point LCD drive signal. The

Vendors for piezo electric audio transducers are: decimal point position is a function of the selected full-scale

1.

Gulton Industries
Piezo Products Division
212 Durham Avenue
Metuchen, New Jersey 08840
(201) 548-2800

. Taiyo Yuden (USA) Inc.
Arlington Center
714 West Algonquin Road
Arlington Hts., IIl. 60005
Typical P/N's: CB27BB, CB20BB, CB355BB

range as shown in Table 6.
Table 6: Decimal Point Selection
1 o 9 e 9 e 9

Full-Scale Range DP3 DP2 DP1
Typical P/N's: 102-95NS, 101-FB-00 2000 V, 2000 k(X OFF OFF OFF
200.0 V, 200.0 kQ OFF OFF ON
20.00 V, 20.00 kO OFF ON OFF
2.000 V, 2.000 k2 ON OFF OFF
200.0 mV, 200.0 0 OFF OFF ON
20.00 mA OFF ON OFF
200.0 mA OFF OFF ON
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TSC815

AC to DC Converter Operational Amplifier

The TSC815 contains an on chip operational amplifier that
may be connected as a rectifier for AC to DC voltage and
current measurements. Typical operational amplifier charac-
teristics are:

® Slew Rate: 1 V/us

® Unity Gain Bandwidth: 0.4 MHz

® Open Loop Gain: 44 dB

® Qutput Voltage Swing (Load = 10 k) 1.5V
(Reference to Analog Common)

When the AC measurement option is selected the input
buffer receives an input signal through switch S14 rather
than switch S11 (See Figure 2). With external circuits the AC
operating mode can be used to perform other types of func-
tions within the constraints of the internal operational ampli-
fier. External circuits that perform true RMS conversion or
a peak hold function are typical examples.

Component Selection
Integration Resistor Selection

The TSC815 automatically selects one of two external inte-
gration resistors. RVIBUF (Pin 52) is selected for voltage and
current measurement. RQBUF (Pin 51) is selected for resis-
tance measurements.

RVIBUF Selection (rin 52

In auto-range operation the TSC815 operates with a 200 mV
maximum full-scale potential at VI (Pin 42). Resistive dividers
at VR2 (Pin 39), VR3 (Pin 38), VR4 (Pin 41) and VR5 (Pin 40)
are automatically switched to maintain the 200 mV full-scale
potential.

In manual mode the extended operating mode is activated
giving a 300 mV full-scale potential at VI (Pin 42).

The integrator output swing should be maximized but satu-
rations must be avoided. The integrator will swing within
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 54) without
saturating. A £2 V swing is suggested. The value of RVIBUF is
easily calculated assuming a worst case extended resolution
input signal:

VINT = Integrator Swing =+2 V
T = Integration Time = 100 ms
Ci = Integration Capacitor = 0.1 uf
Vmax = Maximum Input at V) = 300 mV
RVIBUF = _ YMax(M)  _ 450k
VINT (C1)

ROBUF Selection (rin 51)

In ratiometric resistance measurements the signal at Rx (Pin
47) is always positive with respect to analog common. The
integrator swings negative.

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

The input voltage VX (Pin 47) is easily calculated (Figure 16).

Vancom = Potential at Analog Common = 2.7 V
Rs = 220 Q

R1 = 163.85 ()

Rx = 300 Q

Rs = Internal Switch 33 Resistance = 600 ()
ROBUF = (VCC - Vancom) Rx 063V

(Rx + Rs + R1 + Rs)

For a 3.1 V integrator swing the value of RQOBUF is easily
calculated:

VINT = Integrator Swing =3.1 V
Ti = Integration Time = 100 ms
Ci = Integration Cap. = 0.1 uf
Rx Max = 300 Q
Vx Max = 700 mV
ROBUF (Vx MAX) (Th) ~ 220 k0
Ci (VINT)
Vee=9V

sw33 | Rg ~ 600 2

Rq

Rg

Vx

Rx

ANALOG COMMON = Vee -3V

Figure 16: RQBUF Calculation (200 () Manual
Operation)
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With a low battery voltage of 6.6 V analog common will be
approximately 3.6 V above the negative supply terminal. With
the integrator swinging down from analog common toward
the negative supply a 3.1V swing will set the integrator output
to 0.5 V above the negative supply.

CINT, CAZ and CREF Capacitors

The integration capacitor, CINT, must have low dielectric
absorption. A 0.1 uf polypropylene capacitor is suggested.
The auto-zero capacitor, CAZ, and reference capacitor,
CREF, should be selected for low leakage and dielectric
absorption. Polystyrene capacitors are good choices.

Reference Voltage Adjustment

The TSC815 contains a low temperature driftinternal voitage
reference. The analog common potential (Pin 27) is estab-
lished by this reference. Maximum drift is a low 75 ppm/°C.
Analog common is designed to be approximately 2.6 V below
VCC (Pin 26). A resistive divider (R18/R19, Figure 1) sets the
TSC815 reference input voltage (REFHI, Pin 32) to approxi-
mately 163.85 mV.

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

Display Hold Feature

The LCD display will not be updated when HOLD (Pin 57) is
connected to Ground (Pin 55). Conversions are made but the
display is not updated. A HOLD Mode LCD annunciator is
activated when HOLD is low.

The LCD HOLD annunciator is activated through the triplex
LCD driver signal at Pin 12. '

Package Outline

Flat Package Socket

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

Nepenthe Distribution

2471 East Bayshore

Suite 520

Palo Alto, CA 94303

(415) 856-9332

TWX: 910-373-2060
(a) “BQ” Socket Part No.: IC51-064-042 BQ
(b) “SQ" Socket Part No.: IC51-064-042 SQ

Resistive Ladder Networks

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

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

Attenuator Attenuator Caddock
Accuracy Type Part Number
0.1% Voltage 1776-C441
0.25% Voltage 1776-C44

0.25% Resistance T 1794-204-1

.054 £ .004

,—\ }‘15“ MAX

60-Pin Plastic Flat Package

e =
.00175 '{ 1102012 ’-‘

“BQ” Package — Formed Leads
(Package #21)

-.050 + .006

) [————

.098 [ e—

+.002 l | ——————
! PIN 80

.010 MIN

PIN 1

PIN 1 INDICATION
DIMPLE OR BUTTON

“SQ"” Package — Unformed Leads
(Package #22)
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General Description

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

The TSCB826 is a complete analog-to-digital converter with
direct liquid crystal (LCD) display drive. The 40 LCD data
segments plus zero driver give a 2.5% resolution bar display.
Full-scale differential input voltage range extends from
20 mV to 2 V. The TSCB826 sensitivity is 500 uV. A low drift
35 ppm/° C internal reference, LCD backplane oscillator and
driver, input polarity LCD driver, and overrange LCD driver
make designs simple and low cost. The CMOS design re-
quires only 125 uA from a 9 V battery. In +5 V systems a
TSC7660 DC to DC converter can supply the -5 V supply.
The differential analog input leakage is a low 10 pA.

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

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

A compact, 0.5" square, flat package minimizes PC board
area. The high pin count LS| package makes multiplexed
LCD displays unnecessary. Low cost, direct drive LCD dis-
plays offer the widest viewing angle and are readily available.
A standard display is available now for TSC826 prototyping
work.

TSC826

A/D Converter With

Bar Graph Display Output
® 2.5% Resolution

® Direct LCD Drive

¢ Bar/Dot Display Format

Features

® Bipolar A/D Conversion

2.5% Resolution

Direct LCD Display Drive
“Thermometer” Bar or Dot Display
40 Data Segments Pius Zero
Overrange Plus Polarity Indication
Precision On-Chip Reference
Differential Analog Input
Low Input Leakage
Display Flashes on Overrange
Display Hold Mode
Auto-Zero Cycle Eliminates Zero Adjust Potentiometer
9 V Battery Operation

Low Power Consumption ............c..couunes 1.1 mwW
20 mV to 2.0 V Full-Scale Operation

Non-Multiplexed LCD Drive for Maximum Viewing Angle

Ordering Information

Temperature
Part No. Package Range
60-Pin Plastic
TSC826CBQ Quad Flat Package 0°C to 70°C
Formed Leads
60-Pin Plastic
TSC826CSQ Quad Flat Package 0°C to 70°C
Straight Leads
TSC826Y CHIP 0°C to 70°C
Pin Configuration
5535553333353 33§
alzizizializiEie ElzlE
BAR 31 46} BAR 15
BAR 32 {47} [29] BAR 14
BAR 33 [48] 28] BAR 13
BAR 34 [49) BAR 12
BAR 35 [50] 126 BAR 11
BAR 36 [51] 125 BAR 10
BAR 3757} "~‘ BAR9
BAR 38 [53] Tscs26 BAR 8
BAR 39 [54] (BQ) OR (sQ) 2] AR 7
BAR 40 [55] [21] BAR 6
OR |[56] BAR5
POL— [19]BAR 4
BAR/DOT [s8) 18] BAR 3
HOLD [59] BAR 2
TEST [69] [16] BAR 1

REF IN[=]
CREF+[v]

o]
N
<
o

+
s
VBUF [}

©1984
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Absolute Maximum Ratings

Supply Voltage (VT tOVT) ooiiii i 15V
Analog Input Voltage (either input)

(1)

Package Power Dissipation

Flat Package (B, S)

Operating Temperature
(“C” Devices)

Storage Temperature

Lead Temperature (Soldering, 60 sec)

0°C to +70°C

-65°C to +160°C

............ 300°C

Electrical Characteristics: vs=9v, ROSC = 430 kQ, TA = 25°C, Full-Scale = 20 mV unless otherwise stated.

TEST TSCB826
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
1 —_ Zero Input Reading VIN =00V -0 +0 +0 Display
_ . . V|N = 00 \Y _ o
2 Zero Reading Drift 0°C < TA<70°C 0.2 1 uVv/eC
. . Max Deviation From
3 NL Linearity Error Best Straight Line -1 0.5 +1 Count
4 — Rollover Error -VIN = +VIN -1 0 +1 Count
5 EN Noise VIN=0V - 60 — uVp-p
Input Leakage _ .
6 ILK Current VIN=0V 10 20 pA
Common-Mode VCM =+1V
7 CMRR Rejection Ratio VIN=0V - 50 - WV
0<TA<70°C .
Scale Factor
8 — - External Ref. Temperature — 1 - ppm/°C
Temperature Coefficient < trieni= o ppm/°C
250 k() Between
Analog Common + °
9 VCTC . Common and V —_ 35 100 ppm/°C
Temperature Coefficient 0°C < Ta<70°C
Analog Common 250 k() Between
10 Voltage Common and V& 27 2.9 3.35 v
LCD Segment
" vspb Drive Voltage 4 5 6 Vp-p
LCD Backplane
12 vBD Drive Voltage 4 5 6 Vp-p
13 | Power Supply Current — 125 175 nA
Notes:

1. Input voltages may exceed the supply voltages when the input current is
limited to 100 uA.

2. Static sensitive device. Unused devices should be stored in conductive
material to protect devices from static discharge and static fields.

3. Backplane drive is in phase with segment drive for “off” segment and 180°C

out of phase for “on” segment. Frequency is 10 times conversion
rate.

. Logic input pins 58, 59, 60 should be connected through 1 MQ series
resistors to Vs for logic 0.

EN
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A/D Converter With

Bar Graph Display Output

® 2.5% Resolution

e Direct LCD Drive

¢ Bar/Dot Display Format TSC826

Pin Description and Function
PINNO. NAME DESCRIPTION

1 Analog  Establishes the internal analog ground peint. Analog common is set to 2¥9Vbelowthe positive supply
Common by aninternal zener reference circuit. The voltage difference between Vs and analog-common canbe
used to supply the TSC826 voltage reference input at REF IN (Pin 4).

2 +IN Positive analog signal input.

3 -In Negative analog signal input.

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

5 Crer +  Reference capacitor connection.

6 Crer -  Reference capacitor connection.

7 V§ Positive supply terminal.

8 VBUF Buffer output. Integration resistor connection.

9 CAZ Negative comparator input. Auto-zero capacitor connection.
10 VINT Integrator output. Integration capacitor connection.
11 Vs Negative supply terminal.

12 0SsC1 Oscillator resistor (Rosc) connection.
13 0sc2 Oscillator resistor (Rosc) connection.
14 BP LCD Backplane driver.

15 BAR O LCD Segment driver: Bar 0
16 1 1
17 2 2
18 3 3
19 4 4
20 5 5
21 6 6
22 7 7
23 8 8
24 9 9
25 10 10
26 11 11
27 12 12
28 13 13
29 14 14
30 15 15
31 16 16
32 17 17
33 18 18
34 19 19
35 20 20
36 21 21
37 22 22
38 23 23
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TSC826

A/D Converter With

Bar Graph Display Output
¢ 2.5% Resolution

¢ Direct LCD Drive

e Bar/Dot Display Format

Pin Description and Function (Cont.)

PIN NO. NAME DESCRIPTION

39 BAR 24  BAR Segment driver: Bar 24

40 25 25

41 26 26

42 27 27

43 28 28

44 29 29

45 30 30

46 31 31

47 32 32

48 33 33

49 34 34

50 35 35

51 36 36

52 37 37

53 38 38

54 39 39

55 40 40

56 OR  LCD segment driver that indicates input out-of-range condition.

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

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

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

60 TEST Input logic signal. Sets TSC805 to BAR display mode. Bar 0 to 40, plus OR flash on and off. The POL-

LCD driver is on. Pulled high internally to inactive state. Connect to Vs with 1 MQ series resistor to
activate.
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A/D Converter With

Bar Graph Display Output
® 2.5% Resolution

¢ Direct LCD Drive

¢ Bar/Dot Display Format

TSC826

Typical TSC826 Circuit Connection (Figure 1)

CINT
RINT _[_ cAZ
- 1
VBUF CAZ VINT
’_w/ 58] gaR/5GT CREF ————]5
CREF
1M 59 A 1.0 uf
r‘/\"’/— HOLD CREF- I___]
12
T MQ w0 s osc1
W —TEST qt S ROSC
TSCe26 S s30ka
oscz 2
8P 14
s on}ee
+ REF ANALOG BARO-
Vs IN COMMON —IN _ +IN BAR40 POL—
7 4 1 3 2 S 57
| £ R BACKPLANE
| m !
R R E V
i SR ! 2 o ¥ ¢ 41SEGMENT
2V 200 mV 20 mV —IN  +IN LCD BAR GRAPH
COMPONENT | FULL-SCALE | FULL-SCALE FULL-SCALE
RINT 2MQ 200 k2 23k - OR
CINT 0.033 uf 0.033 uf 0.033 uf D D D D D D
CREF 1uf 1uf 1uf
CAZ 0.068 uf 0.068 uf 0.14 pf Rqy+ Rz= 250 kQ
Dual Slope Conversion Principles
The TSC826 is a dual slope, integrating analog-to-digital
converter. The conventional dual slope converter measure-
ment cycle has two distinct phases:
® [nput Signal Integration ANALOG R
° ; i i INFUT @e—0 COMPARATOR
Reference Voltage Integration (Deintegration) SIGNAL
The input signal being converted is integrated for a fixed time D
period (Tsi). Time is measured by counting clock pulses. An
opposite polarity constant reference voltage is then inte- ner CONTROL |— ICLOCK
grated until the integrator output voltage returns to zero. The VOLTAGE PHASE CONTROL roaie
reference integration time isdirectly proportional to the input POLARITY CONTROL
signal (TRri). (Figure 2).
In a simple dual slope converter a complete conversion re- I T
H H “ ” “ ” E
quires the integrator output to “ramp-up” and “ramp-down. 2 DISPLAY COUNTER ]
. . . . . 2
A simple mathematical equation relates the input signal 2
reference voltage and integration time: g VIN = 1V2VEyLL-scALE
Tl § ! VN~ V4VEyLL-scaLE
1 _ VAT 2 .
—— Jun@dt =— T
RC RC SIGNAL  VARIABLE
0 INTEGRATE REFERENCE
WherEZ TIME INTEGRATE TIME
VR = Reference Voltage
Vsi = Signal Integration Time (Fixed)
Tri = Reference Voltage Integration Time (Variable)

Tri
Tsi

For a constant VIn: VIN VR

Figure 2: Basic Dual Slope Converter

7 - 47
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A/D Converter With

Bar Graph Display Output

e 2.5% Resolution

o Direct LCD Drive

TSC826 e Bar/Dot Display Format

The dual slope converter accuracy is unrelated to the

30
integrating resistor and capacitor values as long as they are
stable during a measurement cycle. An inherent bene- _
fitis noise immunity. Noise spikes are integrated or averaged Kl
to zero during the integration periods. Integrating ADCs are g L
immune to the large conversion errors that plague succes- 'ﬁj y/
sive approximation converters in high noise environments. E ,
Interfereing signals with frequency components at multiples 9 4
. R . s 4 /
of the averaging period will be attenuated. (Figure 3). FR
=
<
, g / T = MEASUREMENT PERIOD
The TSC826 converter improves the conventional dual slope Vg
conversion technique by incorporating an auto-zero phase. o A ‘
This phase eliminates zero-scale offset errors and drift. A 0./T T 10/T
potentiometer is not required to obtain a zero output for INPUT FREQUENCY
zero input. Figure 3: Normal-Mode Rejection of Dual Slope
Converter
AAA v
REF IN CE;F VR‘I'I\TT s
" =RcAz SR CINT
4 5 6 8 9 10 7 Y
T
AZ
BUFFER INTEGRATOR
N \?\ COMPARATOR
INT IN TOMP
HINPUT ® 1‘"}— v @ Dc o DreiTaL
>~ SECTION
AZ
___® Az
FROM - AZ
pam [T
DE- /" \DE+ SECTION | =-DE—
vi v ® ANALOG SWITCH
DE+ DE~ 1uA
ANALOG A T @ ‘ ~e3v
COMMON 1
° &
~INPUT
o2 & :
INT

av§-29V

"""‘ TSC826 <

VWV

»*

A

Figure 4: TSC826 Analog Section
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A/D Converter With

Bar Graph Display Output
® 2.5% Resolution

e Direct LCD Drive

e Bar/Dot Display Format

TSC826

Theory of Operation
Analog Section

In addition to the basic signal integrate and deintegrate
cycles discussed above the TSC826 incorporates an auto-
zero cycle. This cycle removes buffer amplifier, integrator,
and comparator offset voltage error terms from the conver-
sion. A true digital zero reading results without external
adjusting potentiometers. A complete conversion consists of
three cycles: an auto-zero, signal integrate and reference
integrate cycle. See Figure 4 and 5.

Auto-Zero Cycle

During the auto-zero cycle the differential input signal is dis-
connected from the circuit by opening internal analog gates.
The internal nodes are shorted to analog common (internal
analog ground) to establish a zero input condition. Addi-
tional analog gates close a feedback loop around the integra-
tor and comparator. This loop permits comparator offset
voltage error compensation. The voltage level established on
CAZ compensates for device offset voltages.

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

Signal Integration Cycle

The auto-zero loop is opened and the internal differential
inputs connect to +IN and -IN. The differential input signal is
integrated for a fixed time period. The TSC826 signal integra-

tion period is 20 clock periods or counts. The externally set
clock frequency is devided by 32 before clocking the internal
counters. The integration time period is:

Tsi = 32 x20

Where: Fosc

Fosc = External Clock Frequency

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

Reference Integrate Cycle

The final phase is reference integrate or deintegrate. -IN is
internally connected to analog common and +IN is con-
nected with the correct polarity to cause the integrator out-
put to return to zero. The time required for the output to
return to zero is proportional to the input signal and is be-
tween 0 and 40 counts. The digital reading displayed is:
20 VIN_
VREF

AUTO-ZERO

INTEGRATOR
OUTPUT

ANALOG
COMMON
POTENTIAL

I

INTERNAL DATA

SIGNAL
INTEGRATE —_—|
[ PHASE(AZ) ™| puase(si) > |®  (DEINTEGRATE)

SIGN BIT
DETERMINED \L\

INTERNAL SYSTEM
CLOCK (FSYS) j [_(’?—‘l I—] r? t‘—] l—-I —] l——e

REFERENCE INTEGRATE
PHASE (RI)

/———x’(’-—

ZERO CROSSING
DETECTED

TRUE ZERO
CROSSING

=

LATCH UPDATE
SIGNAL

T

19COUNTS ol
S o~ 20 COUNTS

ONE COl

1
ERSION CYCLE = 80 COUNTS (Tcony = 80 X —euc?)

Tp=<V)n -]

NUMBER OF

l«— COUNTS —p>|
PROPORTIONAL

e 2V

41 COUNTS

E—
MAXIMUM

FSYS

Figure 5: TSC826 Conversion Has Three Phases
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TSC826

A/D Converter With

Bar Graph Display Output
® 2.5% Resolution

e Direct LCD Drive

e Bar/Dot Display Format

System Timing

The oscillator frequency is divided by 32 prior to clocking the
internal counters. The three phase measurement cycle takes
a total of 80 clock pulses. The 80 count cycle is independent
of input signal magnitude.

Each phase of the measurement cycle has the following
length:

® Auto-Zero Phase: 19 to 59 Counts
For signals less than full-scale the auto-zero phase is
assigned the unused reference integrate time period.

® Signal Integrate: 20 Counts
This time period is fixed. The integration period is:

T = 20 |32
Fosc

Where Fosc is the externally set clock frequency.
® Reference Integrate: 0 to 41 Counts

Reference Voltage Selection

A full-scale reading requires the input signal be twice the
reference voltage. The reference potential is measured
between REF IN (Pin 4) and Analog-Common (Pin 1).

Required Full-Scale Voltage VREF
20 mV 10 mVv
2V 1V

The internal voltage reference potential available at analog-
common will normally be used to supply the converters
reference. This potential is stable whenever the supply po-
tential is greater than approximately 7 V. In applications
where an externally generated reference voltage is desired
refer to Figure 6.

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

v*
TSC826 x e
REF IN AP TSC9491CJ

12v
REFERENCE

ANALOG
COMMON [1

{b)

Component Value Selection
Integrating Resistor (RiNT)

The desired full-scale input voltage and output current capa-
bility of the input buffer and integrator amplifier set the inte-
gration resistor value. The internal class A output stage am-
plifiers will supply a 1 uA drive current with minimal linearity
error. RINT is easily calculated for a 1 uA full-scale current:

Fuli-Scale Input Voltage (V) _ VFS
1%x107° 1x107®

RINT =

Where: VFS = Full-Scale Analog Input

Integrating Capacitor cinT)

The integrating capacitor should be selected to maximize
integrator output){swing_. The integrator output will swing to
within 0.4 V of Vs or Vs without saturating.

The integrating capacitor is easily calculated:

CINT = _VFS 640
RINT | FOSC x VINT

Where: VINT = Integrator Swing
FOSC = Oscillator Frequency

The integrating capacitor should be selected for low dielec-
tric absorption to prevent roll-over errors. Polypropylene
capacitors are suggested.

Auto-Zero Capacitor (caz)

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

Reference Capacitor (creF)

A 1.0 uf capacitor is suggested. Low leakage capacitors such
as polypropylene are recommended.

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

Table 1: Suggested Component Values

2V 200 mV 20 mV

Full-Scale Full-Scale Full-Scale

Component VRer =1V VReF =~ 100 mV  VRer = 10 mV
RINT 2 MO 200 kQ 20 kQ
CINT 0.033 uf 0.033 uf 0.033 wf
CREF 1 uf 1 uf 1 uf
Caz 0.068 uf 0.068 uf 0.14uf
Rosc 430 k() 430 kQ 430 kQ

Figure 6: External Reference

1. Approximately 5 conversions/sec.

“»™ TELEDYNE SEMICONDUCTOR

7 - 50



A/D Converter With

Bar Graph Display Output
® 2.5% Resolution

e Direct LCD Drive

¢ Bar/Dot Display Format

TSC826

Differential Signal Inputs (+IN (Pin 2),-IN (Pin 3))

The TSCB826 is designed with true differential inputs and
accepts input signals within the input stage common-mode
voltage range (Vcm). The typical range is Vi-10toV +1V.
Common-mode voltages are removed from the system when
the TSC826 operates from a battery or floating power source
(Isolated form measured system) and -IN is connected to
analog-common (Vcom).

In systems where common-mode voltages exist the TSC826
72 dB common-mode rejection ratio minimizes error.
Common-mode voltages do, however, affect the integrator
output level. Integrator output saturation must be prevented.
A worse case condition exists if a large positive Vcm exists in
conjunction with a full-scale negative differential signal. The
negative signal drives the integrator output positive along
with Vcm. For such applications, the integrator output swing
can be reduced below the recommended 2.0 V full-scale
swing. The integrator output will swing within 0.3 V of véor
Vs without increased linearity error.

Digital Section

The TSC826 contains all the segment drivers necessary to
drive a liquid crystal display (LCD). An LCD backplane driver
is included. The backplane frequency is the external clock
frequency divided by 256. A 430 k() osc gets the backplane
frequency to approximately 55 Hz with a 5 V nominal ampli-
tude. When a segment driver is in phase with the backplane
signal the segment is “OFF.” An out-of-phase segmentdrive
signal causes the segment to be “ON” or visible. This AC
drive configuration results in negligible DC voltage across
each LCD segment. This insures long LCD display life. The
polarity segment driver, -POL, is “ON” for negative analog
inputs. If +IN and -IN are reversed this indicator would re-
verse. The TSC826 transfer function is shown in Figure 7.

OVERRANGE H
INDICATION =~
4 2 '_I
]
N 1
% '
3
5 +w —
8 A H
< > ]
2 1
R Y —
a
~+1
1
i
1
[}
| | =05 0 ] | | L5y | | | |
T T T T L R B
2 1 05 1 2 3 39 395 40 405
— T ANALOG INPUT
: VFS
X 40)

Figure 7: TSC826 Transfer Function

BAR/DOT Input (pin s8)

The BAR/DOT input allows the user to select the display for-
mat. The TSC826 powers up in the BAR mode. Select the
DOT display format by connecting BAR/DOT to the negative
supply (Pin 11) through a 1 MQ resistor.

HOLD Input (pin 59)

The TSC826 data output latches are not updated at the end of
each conversion if HOLD is tied to the negative supply (Pin 11)
through a 1 M series resistor. The LCD display continuously
displays the previous conversion result.

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

TEST Input (Pin 60)

The TSC826 enters a test mode with the TEST input con-
nected to the negative supply (Pin 11). The connection must
be made through a 1 MQ resistor. The TEST inputis normally
internally pulled high. A low input sets the output data latch
to all ones. The BAR display mode is set. The 41 LCD output
segments (zero plus 40 data segments) and overrange annun-
ciator flash on and off at 1/4 the conversion rate. The polarity
annunciator (POL-) segment will be on but not flashing.

Overrange Display Operation (or, pin 56)

An out-of-range input signal will be indicated on the LCD
display by the OR annunciator driver (Pin 56) becoming
active.

In the BAR display formate the 41 bar segments and the over-
range annunciator, OR, will flash ON and OFF. Theflash rate
is one fourth the conversion rate (FOSC/2560).

In the DOT display mode, OR flashes and all other data seg-
ment drivers are off.

Polarity Indication (poL-, Pin 57

The TSC826 converts and displays data for positive and
negative input signals. The POL- LCD segment driver (Pin
57) is active for negative signals.

Oscillator Operation

The TSC826 external oscillator frequency, FOSC, is set by
resistor ROSC connected between pins 12 and 13. The oscil-
lator frequency vs resistance curve is shown in Figure 8.
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TSC826 e Bar/Dot Display Format
~ The oscillator should swing from V§to Vs in single supply
g 2 operation (Figure 10A). In dual supply operati+0n the signal
Sz ] should swing from power supply ground to Vs.
2 88
o=
50 20 T
o {1 PR Tz
L
w0 VitoVg =V z ".‘ T5C826 A. Single 9V Supply
14
30 12 =% ||1 12 113
\ osc1  |osc2
10 £
20 8 \ WOJ uf
° il
b ¢ EXTERNAL
2 ™~ - OSCILLATOR
0 o
0 2 4 6 8 10 12 14 16 18 2 l
ROSC (X 100 k$2)
B. Dual Supply vg=5v

Figure 8: Oscillator Frequency vs. ROSC

FOSC is divided by 32 to provide an internal system clock,
FSYS. Each conversion requires 80 internal clock cycles.
The internal system clock is divided by 8 to provide the LCD
backplane drive frequency. The display flash rate during an
input out-of-range signal is set by dividing FSYS by 320.
(See Figure 9)

V§J7 I

POWER

SUPPLY

PR 12
" TSC826 (S OSCILLATOR

4

vs—|11 =

Vg=5V

——a
DISPLAY FLASH FREQUENCY
BACKPLANE FRE QUENCY-FBP
INTERNAL SYSTEM CLOCK-FSYS
2o
o0scz |13 ocs1 (12
INTERNAL SYSTEM CLOCK = FSYS = FOSC/32
LCD BACKPLANE FREQUENCY = FBP = FSYS/8
CONVERSION RATE = FOSC/2560 ROSC
DISPLAY FLASH RATE = FOSC/10,240

Figure 9: Internal Oscillator Operation

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

Figure 10: External Oscillator Connection

LCD Display Format

The input signal can be displayed in two formats (Figure 11).
The BAR/DOT input (Pin 58) selects the format. The TSC826
measurement cycle operates identically for either mode.

BAR Format

The TSCB826 power-ups in the BAR mode. BAR/DOT is pulled
high internally. This display format is similar to a thermome-
ter display. All bars/LCD segments, including zero, below the
bar/LCD segment equalingd the input signal level are on. A
half-scale input signal, for example, would be displayed with
BAR 0 to BAR 20 on.

DOT Format

By connecting BAR/DOT to Vs through a 1 MQ resistor the
DOT mode is selected. Only the BAR LCD segment equal-
ling the input signal is on. The zero segment is on for zero
input.

This mode is useful for moving cursor or “needle” appli-
cations.
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A. BAR MODE

1. INPUT =0 2. INPUT =5% of FULL-SCALE
BAR4 [ OFF C— OFF

BAR3 [ OFF /] OFF

BAR2 [ OFF ON

BAR1 [——1 OFF ON

BARO ZZZ7Za ON ON

B. DOT MODE

1. INPUT =0 2. INPUT =5% of FULL-SCALE
BAR4 [ OFF —/—/ OFF

BAR3 [ OFF C— OFF

BAR2 (/3 OFF ON

BAR1 [ CFF C— OFF

BAR O ON C—3 OFF

Figure 11: Display Option Formats

LCD Dispiays

Most end products will use a custom LCD display for final
production. Custom LCD displays are low cost and available

from all manufacturers. The TSC826 interfaces to non-multi- -

plexed LCD displays. A backplane driver is included on chip.

To speed initial evaluation and prototype work a standard
TSC826 LCD dispiay is availabie from Varitronix.

Varitronix Ltd.

9/F Linen House, 61-63, King Yip Street
Kwun Tjong, Hong Kong

Tel: 3-410286

TELEX: 36643 VTRAX HX

USA Office:

VL Electronics Inc.
2775 Glendcwer Avenue
Los Angeles, CA 900027
Tel: (213) 661-8883
TELEX: 821554

® Part No.: VBG412-1 {Pin Connectors)
® Part No.: VBG412-2 (Elastomer Connectors)

Other standard LCD displays suitable for development work
are available in both linear and circular formats. Cne manu-
facturer is:

UCE Inc.

24 Fitch Street
Norwalk, Conn. 06855
(203) 838-7509

® Part No. 5040: 50 segment circular display with

3 digit numeric scale.

® Part No. 5020: 50 segment linear display.

LCD Backplane Driver (pin 14)

Additional drive electronics is not required to interface the
TSC826 to an LCD display. The TSC826 has an on-chip back-
plane generator and driver. The backplane frequency is:

FBP = FOSC/256

Figure 12 gives typical backplane driver rise/fall time vs back-
plane capacitance.

10
) rsteas!

ﬁﬂ? Tp=25°C
— Vg=9V

® ©

o ~
N
N

RISE/FALL TIME (X 100 ns)

~ g

1.2 3 4 85 9 10
BACKPLANE CAPACITANCE (X 100 pf)

Figure 12: Backplane Driver Rise/Fall Time vs
Capacitance

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

Nepenthe Distribution
2471 East Bayshore

Suite 520

Palo Alto, California 94303
(415) 856-9332

TWX: 910-373-2060

(a) “BQ” Socket Part No.: IC51-064-042 BQ
(b) “SQ” Socket Part No.: IC51-064-042 SQ
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Package Outline

064 £ ,004

60-Pin Plastic Flat Package

.047 £ .004
P st

= ve
,'\ \4-15° MAX 0315 560
T TvP Typ 008
008 $ |
H +1002 =
& Y
PIN 60 cm— g Y ——l l

- ’o1 1102+ .012 e .060 + .006

(Package #21)

“BQ” Package — Formed Leads

T

PIN 1 INDICATION
DIMPLE OR BUTTON

“SQ” Package — Unformed Leads
(Package #22)
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General Description

The TSC7106A and TSC7107A 31/2digitdirectdisplaydrive
analog-to-digital converters allow existing 7106/7107 based
systems to be upgraded. Each device offers a precision inter-
nal voltage reference featuring a 20 ppm/°C typical,
50 ppm°C maximum temperature drift coefficient. This
represents a 4 to 7 times improvement over similar 3 1/2 digit
converters. Existing 7106 or 7107 based systems may be
upgraded without changing external passive component
values. The need for a costly, space consuming external
reference is removed. The TSC7107A drives common anode
light emitting diode (LED) displays directly with an 8 mA
drive current per segment. A low cost, high resolution indi-
cating meter requires only a display, four resistors, and four
capacitors. The TSC7106A low power drain and 9 V battery
operation make it suitable for portable applications.

The TSC7106A/TSC7107A reduces linearity error to less
than 1 count. Rollover error — the difference in readirgs for
equal magnitude but opposite polarity input signals — is
below * 1 count. High impedance differential inputs offer
1 pA leakage current and a 1012 Q) input impedance. The
differential reference input allows ratiometric measurements
for ohms or bridge transducer measurements. The 15 uVp-p
noise performance guarantees a “rock solid” reading. The
auto-zero cycle guarantees a zero display reading with a zero
volt input.

The TSC7106A/TSC7107A dual slope conversion technique

TSC7106A (LCD Drive)

TSC7107A (LED Drive)
3 1/2 Digit A/D Converter
e Low Drift Internal Reference
o Automatic Zero Correction

Features

® |nternal Reference with Low

Temperature Drift ........ vviveess 20 ppm/°C Typical
50 ppm/° C Maximum

Drives LCD or LED Displays Directly

Guaranteed Zero Reading with Zero Input

Low Noise for Stable Display

Auto-Zero Cycle Eliminates Need for Zero Adjustment

True Polarity Indication for Precision Null Applications

Convenient 9 V Battery Operation (TSC7106A)

High Impedance CMOS Differential Inputs ..... 1012 ()

Differential Reference Inputs Simplify Ratiometric

Measurements

® Low Power Operation ..........covvvinivvnnens

® Available in 60-Pin Plastic Flat Package

automatically rejects interference signals if the converters
integration time is set to a multiple of the interference signal
period. This is especially useful in industrial measurement
environments where 50, 60 and 400 Hz line frequency signals
are present.

The TSC7106A/TSC7107A are available in a small 60-pin flat
package for compact designs. DIP devices are offered in an
industrial temperature range and with burn-in lasting for 160
hours at +125°C.

Where long battery life is needed see the TSC7126 or the
TSC7126A data sheets.

0.1 uF

34ﬁ }_]33

Cher CREF LCD DISPLAY
1m0 HEF

+OHW—I—— Vin 2-19 | SEGMENT

ANALOG 0.014F 22-25|DRIVE l 9 9 9

INPUT 0T %

31
30}, ,—
- A poLf——T
N ap j21__MINUS SIGN
32| ANALOG

COMMON v 1

28|,
BUFF " P ﬁ?z
47 kQ & 0.47 uF TSC7100A ¢
29
I_chZ + Vv <
Vi 36 VREF
022 uF ” Rer |28 RER 2. ok

<
y— >

VinT Vier 35 100 mV

26

BACKPLANE
DRIVE

+
9V

I

0sc; 0sc;  0sC}
39 [38 Cosc |40
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100 kQ

100 pF  ~<€— TO ANALOG COMMON (P32)

3 CONVERSIONS/SEC
200 mV FULL-SCALE

0.1uF
COMMON
34 33 C'E“ODE

D
>4 CR| DISPLAY
CR REF
1MQ 3 EF

fo—W—I— Vi 2-19 |SEGMENT
ANALOG 22-25|DRIVE
0.01 uF
INPUT _ >
- Vin YN |
2
GNDF=—)

2| ANALOG
COMMON vl 045V
VBUFF 24 2

- k3

N |w w
@ S

\4

47 k2 S 0.47 uF

29

TSC7107A
Caz 7 P.
VRer |2FEL2 | ka

<
= >
VRer 35 100mV
26

os¢d [ ——T—™o-%V

0.2Z uF

X

VINT

0SC; 0SC3
o
39 [38 Cosc |40

Rosc. 100 pF q— TO ANALOG COMMON (P32)

3 CONVERSIONS/SEC

100 kQ 200 mV FULL-SCALE

Note: -5 V may be supplied by TSC7660. *

Figure 1: Typical TSC7106A Operating Circuit

Figure 2: Typical TSC7107A Operating Circuit
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TSC7106A (LCD Drive)
TSC7107A (LED Drive)

3 1/2 Digit A/D Converter
e Low Drift internal Reference
o Automatic Zero Correction

Absolute Maximum Ratings

TSC7106A
Supply Voltage (VI tOVT) covvviviiiiiiiiiiinnes. . 15V
Analog Input Voltage (either input) (Note 1) .... V+ to V__
Reference Input Voltage (either input) .......... V' to V+
Clock Input voviiiiiiii i Test to V
Power Dissipation (Note 2) -
CerDIP Package ...........covvvivviinnnn. 1000 mW
Plastic Package ..........c.coviiiiiiiiiiinn, 800 mW
Operating Temperature
“C" DBVICES t.hiiiiiiiii i 0°C te +70°C
“I" DeVICES i -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 300°C

Stresses above those listed under Absolute Maximum Ratings may cause
permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions above those indicated

Electrical Characteristics (Note 3)

TSC7107A
Supp+|y Voltage
Ve +6 V
Vs -9V
Analog Input Voltage (either input) (Note 1) .... Vitov
Reference Input Voltage (either input) .......... vito Vo
CIOCK INPUL vt evtietenaeereeeeannannanenn, GND to V*
Power Dissipation (Note 2)
CerDIP Package .........covvvviivninnnnes 1000 mW
Plastic Package ..........ccovviiiniiiiniiin 800 mW
Operating Temperature
“C" DBVICES tvviiiiiiiiiii e 0°C to +70°C
“I" Devices ....... P -25°C to +85°C
Storage Temperature ............ ... =65°Cto +160°C
Lead Temperature (Soidering, 60sec) ............ 300°C

in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device
reliability.

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
: VIN=00V - .
Zero Input Reading Full-Scale = 200.0 mV -000.0 +000.0 +000.0 Digita! Reading
. . . VIN = VREF f
Ratiometric Reading VREF = 100 mV 999  999/1000 1000 Digital Reading
Rollover Error (Difference in
Reading for Equal Positive and =VIN = +VIN = 200.0 mV -1 +0.2 +1 Counts
Negative Reading Near Full-Scale)
Linearity (Max. Deviation From Full-Scale = 200 mV
Best Straight Line Fit) or Full-Scale = 2.000 V -1 0.2 + Counts
Common-Mode Vem=%1V,ViN=0V. _ 50 _ VIV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV s
Noise (Pk - Pk Value Not VIN=0V _ 15 — v
Exceeded 95% of Time) Full-Scale = 200.0 mV s
Leakage Current @ Input VIN=0V —_ 1 10 pPA
ViN=0V
[ratll — L L]
Zero Reading Drift Vﬁq __l?gv\l;:e =0°Cto70°C - 0.2 1 uv/eC
“I" Device = -25°C to +85°C — 1.0 2
VIN = 199.0 mV,
aAn e = 00 o °
Scale Factor (gxtDFe(\e/:‘c: agprcn /!"OCZO ¢ 1 5 ppm/°C
Temperature Coefficient VIN = 199.0 mV _ _ 20 ppm/°C
“I" Device: -25°C to +85°C
Supply Current (Does Not —
Include LED Current for TSC7107A) ViN=0 - 08 18 mA
Analog Common Voltage (With 25 k() Between Common
Respect to Pos. Supply) and Pos. Supply 27 3.05 3.35 v
25 k) Between Common
Temp. Coeff. of Analog Common and Pos. Supply
0°C=<Tas<70°C - 20 50 ppm/°C
(With Respect to Pos. Supply) “C,” Commercial Temp.
Range Devices
25 k() Between Common
Temp. Coeff. of Analog Common and Pos. Supply
-25°C < Ta<85°C - - 75 ppm/°C
(with Respect to Pos. Supply) “1," Industrial Temp.
Range Devices
TSC7106A ONLY Pk - Pk + -_
Segment Drive Voltage (Note 5) Vitev =8V 4 5 6 v
“™ TELEDYNE SEMICONDUCTOR 7 - 56



3 1/2 Digit A/D Converter
e Low Drift Internal Reference TSC7106A (LCD Drive)
e Automatic Zero Correction TSC7107A (LED Drive)

Electrical Characteristics (Note 3)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT

TSC7106A ONLY Pk - Pk + - =
Backplane Drive Voltage (Note 5) VitV =9V 4 5 6 v
TSC7107A ONLY vt=s0V
Segment Sinking Current ' 5 8.0 — mA

(Except Pin 19) Segment Voltage =3 V

TSC7107A ONLY vi=50vV
Segment Sinking Current o 10 16 — mA
. Segment Voltage =3 V
(Pin 19 Only) 9 9
NOTES:
1. Input voltages may exceed the supply voltages provided the input current is
limited to £ 100 xA. of Figure 1. TSC7107A is tested in the circuit of Figure 2.
2. Dissipation rating assumes device is mounted with all leads soldered to 4. Refer to “Differential Input” discussion.
printed circuit board. 5. Backplane drive is in phase with segment drive for ‘off' segment, 180° out of
3. Unless other wise noted, specifications apply to both the TSC7106A and phase for ‘on’ segment. Frequency is 20 times conversion rate. Average
TSC7107A at Ta=25°C, fcLock = 48 kHz. TSC7106A is tested in the circuit dc component is less than 50 mV.
Pin Configuration
vi[i] @ OV 301 0SCq osci[] @ NS a0 vt
— NORMAL REVERSE
D 0sC:;
"2 oy conricuration [32095C2 2C21 oy conrroumarion |20
¢ [3 38 ] 0SC3 osc3[3 38 ]Cy
81 37 ] TEST TEST[ 4 37 18y
s A3 36 ] Vher Vher[ 5 3JAT 1
F1e 35 ] VRer VEEF 6 35 ] Fy
[ 52 ) ci Chee[7 ] EX
G1[7 "~‘ 34 CEEF CEEF 7 "~‘ 34 |Gy
— s -] f\nf\toe ANAS)E(:‘: = Blh
0, [ ] TSC7106A 37] ANALOS, ANALOG S TSC7106AR 2 |02
¢z [0 31 ]Vin viy [0 31]C2
s 82003 30 ] Vin Vin[11 30 ] B2 1o
Az [12 29 ] Caz Caz[32 29 | A2
F2 [13 28 | VBUFF Veurr[13 28 |F2
| F2[de] 27 ]VinT VINT% (27]e |
D3 [15 26 |V~ v—[1s 26 | D3
100 33{ 16 25 ] G2 G216 25183 1004
F. 7] (A (24 ]F
3 L7 28 1C3 1004 1005 ©30Z 2L 1s
E3 [8 23 | A3 Az[18 23 €3
1000's=ABg | 19 22 ]G3 G319 22 ]ABg = 1000's
poL [20 21 8P 8P [20 21 ]POL
(MINUS SIGN) (BACK PLANE) (BACK PLANE) (MINUS SIGN)
viai] @ NS 40 ] 0SC4 osci[7] @ ~ a0 v*
— NORMAL REVERSE ]
T conFiGURATION |21 95C2 0¢;[2 ] PIN CONFIGURATION 59101
[ [:3 3:8 0sc3 0sc3[3 38 |Cq
81 [ 37 | TEST TEST[ 2| [57]84
s A[E 36 ] VRer Vher[5 36 ]Aa s
F1Ce 35 | VRer VEEFI 6 35 | Fq
G1[7 P 34 ] Chep CRer[7 P 341Gy
| B[] N 33 ] CReF CRer[3_] ) 3381
02 [ ] TSC7107A 37 ] ANALOG ANALOG =5 TSC7107AR 57102
cz2 [0 31 Vi viy [0 31]¢C2
s P2 5] vin vin[i ] Gale: o,
A2 32 29 Caz Caz[OZ ] 29 ] A2
F2 O3 28 | VBUFF VBurr[13 28 | F2
E2[1a 27 JViNT Vint[14 27 |E2
D3 [15 26 |V~ v-[15 26 |D3
w0 23016 25 | G2 Gz [18 25 B3 o0
Fs (17 24163 pgr roos S0 [ 2¢173
E3 [18 [23 ] A3 Az[18 23 |E3
1000's—ABg [ 19 22 ]G3 G379 ] 22 | ABg~ 1000's
poL [20 21 ] GND GND[20 21 JpOL -~
(MINUS SIGN) (MINUS SIGN)
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3 1/2 Digit A/D Converter

TSC7106A (LCD Drive) * Low Drift Internal Reference
TSC7107A (LED Drive) e Automatic Zero Correction
Pin Configuration (Cont.)
Lesgsscrsseaddvoes Lesssrsiesifors
5] [+4] Fi3] fe2] () ol o) [Bel [57) foe] o) 34 B3] [52] [31] 5] 4] 3] 2] o] foo) ) o] [67) o) 8] (54 Bl [39 [3)
Vint 4]
VBUFF
NC
Caz
NC
Vin
»~ e "
TSC7106A sus TSC7107A
NC
Vin
NC
COMMON
CReF
CReF
VRer [60] o VRer [60} o
CI T2l o] TaTsTteT 1T TeT Te T Trol T gl TiaT Ti] TasT U T2 te] Te] Ls] e 2] LeT Lo T ol Tory 2] o] {ra] fas]
L 2885888 d828 %5808 5 2hy 288828 g825850
& £ 3 8 @ 3 e = 8 @ 8
Notes: Notes:
;A NC = NO INTERNAL CONNECTION ; ;‘ﬁ\l; yg;%;k:h?;EQngggglrl;\?EhéT'D TO THE DI§ SUBSTRATE. THE
. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE D|§ SUBSTRATE. THE s £ S S .
POTENTIAL AT THESE PINS IS APPROXINATELY V. NO EXTERNAL RS e BE A O XIMATELY V7. N0 EXTERNAL
Ordering Information
Pin Temp. Display Pin Temp. Display
Part No. Package Layout Range Drive Part No. Package Layout Range Drive
40-Pin 0°C to 40-Pin -25°C to
TSC7106ACPL Plastic Dip Normal 170°C LCD TSC7107AlLIL CerDIP Normal 185°C LED
40-Pin 0°C to 60-Pin o
TSCT106ARCPL  ppagtic pip ~ Heverse  iqgec  LCD TSC7T107ACBQ  Plastic Flat  formed  07Cto pp
40-Pin Z25°C to Package
TSC7106AlJL CerDIP Normal 185°C LCD 60-Pin
- N
P TSC7107ACSQ  Plastic Flat  Ufomed  0°Cto  gpy
; Formed 0°C to Package ea
TSC7106ACBQ Plastic Flat Leads 170°C 1.CD
Package Devices with Burn-In (160 Hours at +125°C)
60-Pin o p 40-Pin 0°C to
TSCT106ACSQ  Plastic Flat prformed  0°Ctlo Lop  TSCTIOBACPL/BI  piggiic pip  Nomal  47gec  LCD
ackage - S
40-Pin 0°C to
- TSC7107ACPL/BI Py Normal o LED
TSC7107ACPL po-pin bip  Normal S Lep Plastic Dip +70°C
-Pi 950
pr *ote TSCT107AMLBI  dRIn Normal ~255C18  LED
TSC7107ARCPL CerDIP Reverse ¥70°C LED
Pin Description
40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
1 (40) 13 v Positive supply voltage.
2 (39) 14 D1 Activates the D section of the units display.
3 (38) 15 Cq Activates the C section of the units display.
4 (37) 16 B Activates the B section of the units display.
5 (36) 17 A1 Activates the A section of the units display.
6 (35) 18 F1 Activates the F section of the units display.
7 (34) 19 G1 Activates the G section of the units display.
8 (33) 20 E1 Activates the E section of the units display.
9 (32) 21 D2 Activates the D section c¢f the tens display.
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3 1/2 Digit A/D Converter

¢ Low Drift Internal Reference TSC7106A (LCD Drive)
e Automatic Zero Correction TSC7107A (LED Drive)
Pin Description (Cont.)
40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name  Description
10 (31) 25 C2 Activates the C section of the tens display.
" (30) 26 B2 Activates the B section of the tens display.
12 (29) 27 A2 Activates the A section of the tens display.
13 (28) 28 F2 Activates the F section of the tens display.
14 27) 29 E2 Activates the E section of the tens display.
15 (26) 30 D3 Activates the D section of the hundreds display.
16 (25) 31 B3 Activates the B section of the hundreds display.
17 (24) 32 F3 Activates the F section of the hundreds display.
18 (23) 33 Es Activates the E section of the hundreds display.
19 (22) 34 ABs  Activates both halves of the 1 in the thousands display.
20 (21) 35 POL Activates the negative polarity display. -
21 (20) 36 BP TSC7106A: LCD Backplane drive output.
GND  TSC7107A: Digital Ground.
22 (19) 37 Ga Activates the G section of the hundreds display.
23 (18) 40 A3 Activates the A section of the hundreds display.
24 (17) 41 Cs Activates the C section of the hundreds display.
25 (16) 43 G2 Activates the G section of the tens display.
26 (15) 45 V- Negative power supply voltage.
27 (14) 46 VinT Integrator output. Connection point for integration capacitor. See
INTEGRATING CAPACITOR section for additional details.
28 (13) 47 VBurs  Integration resistor connection. Use a 47 k() for a 200 mV full-scale
range and a 470 kQ for 2 V full-scale range.
29 (12) 49 Caz The size of the auto-zero capacitor influences the system noise. Use a
0.47 uF capacitor for a 200 mV full-scale, and a 0.047 uF capacitor for a
2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for
more details.
30 (11) 51 ViN The analog low input is connected to this pin.
31 (10) 55 ViN The analog high input signal is connected to this pin.
32 9) 57 Analog  This pin is primarily used to set the analog common-mode voltage for
Common battery operation or in systems where the input signal is referenced to the
power supply. See paragraph on ANALOG COMMON for more details. It also
acts as a reference voltage source.
33 (8) 58 Crer  Sse pin 34.
34 (7) 59 TRer A 0.1 uF capacitor is used in most applications. If a large common-mode
voltage exists (for example the Vin pin is not at analog common), and
a 200 mV scale is used, a 1.0 uF is recommended and will hold the
rollover error to 0.5 count.
35 (6) 60 VREF  See pin 36.
36 (£) 1 VRer  The analog input required to generate a full-scale output (1,999

counts). Place 100 mV between pins 35 and 36 for 199.9 mV full-scale.
Place 1.00 volts between pins 35 and 36 for 2 volts full-scale. See para-
graph on REFERENCE VOLTAGE.

37 (4) 3 Test Lamp test. When pulled high (to V+) all segments will be turned on and

the display should read -1888. It may also be used as a negative supply for
externally generated decimal points. See paragraph under TEST foradditional

informetion.
38 (3) 4 OSCz  See pin 40.
39 ) 6 OSCz  See pin 40.
40 (1) 10 0OSC1 Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock

(3 readings per section) connect pin 40 to the junction of a 100 kQ resistorand
a 100 pF capacitor. The 100 kQ} resistor is tied to pin 39 and the 100 pF capacitor
is tied to pin 38.
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TSC7106A (LCD Drive)
TSC7107A (LED Drive)

3 1/2 Digit A/D Converter
e Low Drift Internal Reference
o Automatic Zero Correction

General Theory of Operation
Dual Slope Conversion Principles

The TSC7106A and TSC7107A are dual slope, integrating
analog-to-digital converters. An understanding of the dual
slope conversion technique will aid in following the detailed
operation theory.

The conventional dual slope converter measurement cycle
has two distinct phases:

® |nput Signal Integration
® Reference Voltage Integration (Deintegration)

The input signal being converted is integrated for a fixed time
period (Tsi). Time is measured by counting clock pulses. An
opposite polarity constant reference voltage is then inte-
grated until the integrator output voltage returnsto zero. The
reference integration time isdirectly proportional to the input
signal (Tri). (Figure 3A).

In a simple dual slope converter a complete conversion re-
quires the integrator output to “ramp-up” and “ramp-down.”

c

1
ANALOG R INTEGRATOR

INPUT O——0

COMPARATOR

SIGNAL 1
1
I
]
|
L— SWITCH DRIVER
CONTROL CLOCK
REF —‘I I
VOLTAGE Logic
PHASE CONTROL
POLARITY CONTROL
N vy 4
2
g DISPLAY COUNTER
)
S
g VIN ~ VFULLSCALE
o
@ ! ViN=~ V2 VEyLLSCALE
E L
£
T >|

SIGNAL VARIABLE
INTEGRATE REFERENCE
TIME INTEGRATE TIME

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

Tsi
_ [/.N(t)dt = VRTRI
RC RC
0
where:

VR = Reference Voltage
Tsi = signal Integration Time (Fixed)
TrI = Reference Voltage Integration Time (Variable)

For a constant VIn:

VIN = VR ﬂ.
Tsi

The dual slope converter accuracy is unrelated to the
integrating resistor and capacitor values as long as they
are stable during a measurement cycle. An inherent bene-
fit is noise immunity. Noise spikes are integrated or
averaged to zero during the integration periods. Integra-
ting ADCs are immune to the large conversion errors that
plague successive approximation converters in high noise
environments. Interfering signals with frequency compo-
nents at multiples of the averaging period will be atten-
uated. Integrating ADCs commonly operate with the
signal integration period set to a multiple of the 50/60 Hz
power line period. (Figure 3B)

30

@
z
g I
E 20 V
o v
o 7/
[:4
u 7/
7
2 ’
o}
2 10
=
]
z2 / T = MEASUREMENT PERIOD
0 I,
0.1/T T 10/T

INPUT FREQUENCY

Figure 3A: Basic Dual Slope Converter

Figure 3B: Normal-Mode Rejection of Dual Slope
Converter
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3 1/2 Digit A/D Converter
o Low Drift Internal Reference
o Automatic Zero Correction

TSC7106A (LCD Drive)
TSC7107A (LED Drive)

Analog Section

In addition to the basic signal integrate and deintegrate
cycles discussed, the circuitincorporates an auto-zero cycle.
This cycle removes buffer amplifier, integrator, and com-
parator offset voltage error terms from the conversion. A true
digital zero reading results without external adjusting poten-
tiometers. A complete conversion consists of three cycles: an
auto-zero, signal integrate and reference integrate cycle.

Auto-Zero Cycle

During the auto-zero cycle the differential input signal is
disconnected from the circuit by opening internal analog
gates. The internal nodes are shorted to analog common
(ground) to establish a zero input condition. Additional ana-
log gates close a feedback loop around the integrator and
comparator. This loop permits comparator offset voltage
error compensation. The voltage level established on Caz
compensates for device offset voltages. The offset error
referred to the input is less than 10 uV.

The auto-zero cycle length is 1000 to 3000 counts.

Signal Integrate Cycle

The auto-zerg loop is opened, the internal differential inputs
connect to VIN and VIN. The differential input signal is inte-
grated for a fixed time period. The signal integration period is
1000 counts. The externally set clock frequency is divided by
four before clocking the internal counters. The integration
time period is:

Tsl = x 1000

fosc
where:
fosc = External Clock Frequency

The differential input voltage must be within the device
common-mode range (1 V of either supply) when the con-
verter and measured system share the same power supply
common (ground). If the converter and measured system do
not share the same power supply common, VIN should be tied
to analog common.

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

Reference Integrate Cycle

The final phase is reference integrate or de-integrate. ViNis
internally connected to analog common and VN is con-
nected across the previously charged reference capacitor.
Circuitry within the chip ensures that the capacitor will be
connected with the correct polarity to cause the integrator
output to return to zero. The time required for the output to
return to zero is proportional to the input signal and is be-
tween 0 and 2000 counts. The digital reading displayed is:

1000 X _YIN
VREF

Digital Section (TSC7106A)

The TSC7106A (Figure 5) contains all the segment drivers
necessary to directly drive a 3 1/2 digit liquid crystal display
(LCD). An LCD backplane driveris included. The backplane
frequency is the external clock frequency divided by 800. For
three conversions/second the backplane frequency is 60 Hz
with a 5 V nominal amplitude. When a segment driver is in
phase with the backplane signal the segmentis “OFF.” An out
of phase segment drive signal causes the segment to be “ON"”
or visible. This AC drive configuration results in negligible
DC voltage across each LCD segment. This insures long LCD
display life. The polarity segment driver is “ON” for negative
analog inputs. If Vin and Vin are reversed this indicator would
reverse.

On the TSC7106A when the test pin is pulled to v*all seg-
ments are turned “ON.” The display reads -1888. During this
mode the LCD segments have a constant DC voltage im-
pressed. Do not leave the display in this mode for more than
several minutes. LCD displays may be destroyed if operated
with DC levels for extended periods.

The display FONT and the segment drive assignment are
shown in Figure 6.

[-1000':—|—-100':—|-—10'x —T—1’s——]

-1 888

DISPLAY FONT

01234561789

Figure 6: Display FONT and Segment Assignment

In the TSC7106A an internal digital ground is generated from
a 6 volt zener diode and a iarge P channel source follower.
This supply is made stiff to absorb the large capacitive cur-
rents when the backplane voltage is switched.

Digital Section (TSC7107A)

Figure 7 shows the TSC7107A. Itis identical to the TSC7106A
except that the regulated supply and back plane drive have
been eliminated and the segment drive is typically 8 mA. The
1000 output (pin 19) sinks current from two LED segments,
and has a 16 mA drive capability. The TSC7107A is designed
to drive common anode LEDs.

In both devices, the polarity indication is “on” for negative
analog inputs. If ViN and VIN are reversed, this indication can
be reversed also, if desired.

The display font is the same as the TSC7106A.
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TSC7106A (LCD Drive)
TSC7107A (LED Drive)

3 1/2 Digit A/D Converter
o Low Drift Internal Reference
o Automatic Zero Correction

System Timing
The oscillator frequency is divided by 4 prior to clocking the
internal decade counters. The three phase measurementcycle
takes a total of 4000 counts or 16000 clock pulses. The 4000
count cycle is independent of input signal magnitude.
Each phase of the measurement cycle has the following
length:
® Auto-Zero Phase: 1000 to 3000 Counts
(4000 to 12000 Clock Pulses)

For signals less than full-scale the auto-zero phase is

assigned the unused reference integrate time period.
@ Signal Integrate: 1000 Counts

(4000 Clock Pulses)
This time period is fixed. The integration period is:

Tsi = 4000 1
fosc

Where fosc is the externally set clock frequency.

® Reference Integrate: 0 to 2000 Counts
(0 to 8000 Clock Pulses)

The TSC7106A/7107A are drop replacements for the 7106/
7107 parts. External component value changes are not re-
quired to benefit from the low drift internal reference.

Clock Circuit

Three clocking methods may be used:

1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.

3. An R-C oscillator using all three pins.

NG
TSC7106A/TSC7107A

TO
COUNTER

Fm———————e

CRYSTAL

EXTERNAL

OSCILLATOR RC NETWORK

TO TEST PIN ON TSC7106A
TO GROUND PIN ON TSC7107A

Figure 8: Clock Circuits

Component Value Selection
Auto-Zero Capacitor - Caz

The Caz capacitor size has some influence on system noise.
A 0.47 uF capacitor is recommended for 200 mV full-scale
applications where 1 LSB is 100 uV. A 0.047 uF capacitor is
adequate for 2.0 V full-scale applications. A mylar type die-
lectric capacitor is adequate.

Reference Voltage Capacitor - CRer

The reference voltage used to ramp the integrator output
voltage back to zero during the reference integrate cycle is
stored on CRer. A 0.1 uF capacitor is acceptable when ViN is
tied to analog common. If a large common-mode voltage
exists (VREF # analog common) and the application requires
a 200 mV full-scale increase CRerF to 1.0 uF. Rollover error will
be held to less than 0.5 count. A mylar type dielectric capaci-
tor is adequate.

Integrating Capacitor - CiNT

CINT should be selected to maximize integrator output vol-
tage swing without causing output saturation. Due to the
TSC7106A/7107A superior analog common temperature
coefficient specification, analog common will normally
supply the differential voltage reference. For this casea+2V
full-scale integrator output swing is satisfactory. For 3 read-
ings/second (fosc =48 kHz) a 0.22 uF value is suggested. Ifa
different oscillator frequency is used CiNT must be changed
in inverse proportion to maintain the nominal +2 V integrator
swing.

An exact expression for GiNT is:

@ooo) (') (VFs_,

fosc RINT
VINT

CINT =

Where:

fosc = Clock frequency at Pin 38

VEks = Full-scale input voltage

RINT = Integrating resistor

VinG = Desired full-scale integrator output swing

CinT must have low dielectric absorption to minimize rollover
error. An inexpensive polypropyiene capacitor is recom-
mended.

Integrating Resistor - RINT

The input buffer amplifier and integrator are designed with
class A output stages. The output stage idling current is
100 pA. The integrator and buffer can supply 20 uA drive
currents with negligible linearity errors. RiNT is chosen to
remain in the output stage linear drive region but notso large
that printed circuit board leakage currents induce errors. For
a 200 mV full-scale RINT is 47 k(). A 2.0 V full-scale requires
470 kQ.

Component Nominal Full-Scale Voltage
Value 200.0 mvV 2.000 V
Caz 0.47 uF 0.047 uF
RINT 47 kQ 470 kQ
CINT 0.22 uF 0.22 uF
Note:

1. fosc = 48 kHz (3 readings/sec)
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TSC7106A (LCD Drive)
TSC7107A (LED Drive)

Oscillator Components

Rosc (Pin 40 to Pin 39) should be 100 kQ). Cosc is selected
from the equation:

0.45
RC

fosc =

For fosc of 48 kHz, Cosc is 100 pF nominally.

Note that fosc is divided by four to generate the TSC7106A
internal control clock. The backplane drive signal is derived
by dividing fosc by 800.

To achieve maximum rejection of 60 Hz noise pickup, the
signal integrate period should be a multiple of 60 Hz. Oscilla-
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz,
33 1/3 kHz, etc. should be selected. For 50 Hz rejection, oscil-
lator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 50 kHz,
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 readings/
second) will reject both 50 and 60 Hz (also 400 and 440 Hz).

Reference Voltage Selection

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

compensating offset voitage can be applied between analog
common alnd VIN. The transducer output is connected
between ViN and analog common.

The internal voltage reference potential available at analog
common will normally be used to supply the converters
reference. This potential is stable whenever the supply po-
tential is greater than approximately 7 V. In applications
where an externally generated reference voltage is desired
refer to Figure 9.

vt vt
SERVE ° v
VT Vier 6.8 VOLT 68k
ZENER
ve

PR REF

TSC7106A 'z TSC7T106A |

TSC7107A 15¢7107A VREF| TSC9491Cy

1.2v
REFERENCE

VREF

COMMON

(a) (b)

Required Full-Scale Voltage* VREF
200.0 mV 100.0 mV
2.000 V 1.000 V
* VFs = 2 VRef

In some applications a scale factor other than unity may exist
between a transducer output voltage and the required digital
reading. Assume, for example, a pressure transducer output
is 400 mV for 2000 Ib/in2. Rather than dividing the input vol-
tage by two the reference voltage should be set to 200 mV.
This permits the transducer input to be used directly.

The differential reference can also be used when a digital
zero reading is required when VN is not equal to zero. Thisis
common in temperature measuring instrumentation. A

Figure 9: External Reference

Device Pin Functional Description
Differential Signal Inputs

(Vin (Pin 31), VIN (Pin 30))

The TSC7106A/TSC7107A is designed with true differential
inputs and accepts input signals within the input stage
common mode voltage range (Vcwm). The typical range is vt
-1.0to V +1 V. Common-mode voltages are removed from
the system when the TSC7106A/TSC7107A operates from a
battery or floating power source (isolated from measured
system) and ViNis connected toanalog common (Vcom): See
Figure 10.

[

SEGMENT LCD DISPLAY
DRIVE

——
ViV GND,
POWER SOURCE

MEASURED VBUF €Az VINT Pon_oss.;
SYSTEM . N l
Vin j
N\t >
v* 4™ TSCT106A J‘ 3
Vin osc3
ANALOG ,— osc
common VREE VRer vt v— 2

)

LAY

Figure 10: Common-Mode Voltage Removed in Battery Operation with Vin = Analog Common
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3 1/2 Digit A/D Converter
e Low Drift Internal Reference
o Automatic Zero Correction

Differential Signal Inputs (Cont.)

In systems where common-mode voltages exist the 86 dB
common-mode rejection ratio minimizes error. Common-
mode voltages do, however, affect the integrator output level.
Integrator output saturation must be prevented. A worse case
condition exists if a large positive Vcm exists in conjunction
with a full-scale negative differential signal. The negative
signal drives the integrator output positive along with Vcm
(Figure 11). For such applications the integrator output swing
can be reduced below the recommended 2.0 V full-scale
swing. The integrator output will swing within 0.3 V of v¥or
V™ without increasing linearity errors.

L

INPUT
BUFFER

+

INTEGRATOR

!
|
i

vi= %: [VCM —VlN]

Vem where:
| Ty = INTEGRATION Time = 4000
C) = INTEGRATING CAPACITOR
Ry = INTEGRATING RESISTOR

Figure 11: Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # VIN)

Differential Reference
(VRer (Pin 36), VRer (Pin 39))

TI+1e reference voltage can be generated anywhere within the
V' toV power supply range.

To prevent rollover type errors being induced by large
common-mode voltages CreF should be large compared to
stray node capacitance.

The TSC7106A/TSC7107A circuits have a significantly lower
analog common temperature coefficient. This potential gives
a very stable voltage suitable for use as a voltage reference.
The temperature coefficient of analog commonis 20 ppm/°C
typically.

Analog Common (Pin 32)

The analog common pin is set at a voltage potential approxi-
mately 3.0 V below v*. The potential is guaranteed to be
between 2.7 V and 3.35 V below V. Analog common is tied
internally to an N channel FET capable of sinking 30 mA. This
FET will hold the common line at 3.0 V should an external
load attempt to pull the common line toward v, Analog
common source current is limited to 10 uA. Analog common
is therefore easily pulled to a more negative voltage (i.e.,
below V* -3.0 V).

The TSC7106A connects the internal Vi and Vin inputs to
analog common during the auto-zero cycle. During the
reference integrate phase VIN is connected to analog com-
mon. If Vin is not externally connected to analog common, a
common-mode voltage exists. This is rejected by the con-
verters 86 dB common-mode rejection ratio. In battery
operation analog common and ViN are usually connected
removing common-mode voltage concerns. In systems
where Vin is connected to the power supply ground or to a
given voltage, analog common should be connected to ViN.

The analog common pin serves to set the analog section
reference or common point. The TSC7106A is specificially
designed to operate from a battery or in any measurement
system where input signals are not referenced (float) with
respect to the TSC7106A power source. The analogcommon
potential of vi-30vVv gives a 6 V end of battery life voltage.
The common potential has a 0.001%/% voltage coefficient
and 15 () output impedance.

With sufficiently high total supply voltage (V+ -V >7.0V)
analog common is a very stable potential with excellent
temperature stability — typically 20 ppm/°C. This potential
can be used to generate the reference voltage. An external
voltage reference will be unnecessary in most cases because
of the 50 ppm/°C maximum temperature coefficient. See
Internal Voltage Reference discussion.

Test (Pin 37)

The test pin potential is5 V less than V. Test may be used as
the negative power supply connection for external CMOS
logic. The test pin is tied to the internally generated negative
logic supply (Internal Logic Ground) through a 500 () resistor
in the TSC7106A. The test pin load should be no more than
1 mA.

If test is pulled high to V¥ all segments plus the minus sign will
be activated. Do' not operate in this mode for more than
several minutes with the TSC7106A. With Test=V the LCD
Segments are impressed with a DC voltage which will destroy
the LCD.

The test pin will sink about 10 mA when pulled to v*.

Internal Voltage Reference Stability

The analog common voltage termperature stability has been
significantly improved (Figure 12). The “A” version of the
industry standard circuits allow users to upgrade old systems
and design new systems without external voltage references.
External R and C values do not need to be changed. Figure 13
shows analog common supplying the necessary voltage
reference for the TSC7106A/TSC7107A.
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TSC7106A (LCD Drive)
TSC7107A (LED Drive)

200
180 |-
5 NO
< 60| MAXIMUN
& PECIFIED
=3
5 o TYPICAL]
8
5 120}
£ NO
§ 100 MAXIMUM
& sl SPECIFIED
S MAX. LIMIT
2 ool TYPICAL
[:4 r———-
£ | 1
£ s | !
= ITYPICAL |
2 IeTse IcL icL
7106A 7106 7136

Figure 12: Analog Common Temperature Coefficient

V- vt
T 1 L
= v 3 24ka
7 }
TSC7106A $
Vher i Sike
TSC7107A
VREF
Vaer [ l
avatos f2 T
COMMON

SET VREF = 1/2VFULL SCALE

Figure 13: Internal Voltage Reference Connection

TSC7107A Power Supplies

The TSC7107A is designed to work from +5 V supplies.
However, if a negative supply is notavailable, it can be gene-
rated from the clock output with two diodes, two capacitors
and an inexpensive IC. Figure 13 shows this application.

In selected applications a negative supply is not required.

The conditions to use a single +5 V supply are:

® The input signal can be referenced to the center of the
common-mode range of the converter.

® The signal is less than £1.5 volts.

® An external reference is used.

1

v

osc 1

0OSC 2|

0SC 3
"\~

TSC7107A

GND

Figure 14: Generating Negative Supply From +5 V

The TSC7660 DC to DC converter may also be used to gene-
rate -5 V from +5 V (Figure 15).

BV

3
Vier >

VREF

LED

DRIVE &% com 32

TSC7107A

WOW--4-

+

2
o
T 4] Tgmso

10uf

*3% DIGIT ADC

Figure 15: Negative Power Supply Generation with
TSC7660.
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e Low Drift Internal Reference
o Automatic Zero Correction

TSC7107 Power Dissipation Reduction

The TSC7107A sinks the LED display current and this causes
heat to build up in the IC package. If the internal voltage
reference is used, the changing chip temperature can cause
the display to change reading. By reducing package power
dissipation such variations can be reduced. By reducing the
LED common anode voltage the TSC7107A package power
dissipation is reduced.

Figure 16 is a photograph of a curve-trace display showing
the relationship between output current and output voltage
for a typical TSC7107CPL. Since a typical LED has 1.8 volts
acrossitat7 mA,anditscommonanodeis connectedto+5V,
the TSC7107A output is at 3.2 V (point A on Figure 15). Maxi-
mum power dissipation is 8.1 mA X 3.2 V X 24 segments =
622 mW.

Notice, however, that once the TSC7107A output voltage is

.above two volts, the LED current is essentially constant as
output voltage increases. Reducing the output voltage by
0.7 V (point B of Figure 15) results in 7.7 mA of LED current,
only a 5 percent reduction. Maximum power dissipation is
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%.
An output voltage reduction of 1 volt (point C) reduces LED
current by 10% (7.3 mA) but power dissipation by 38%! (7.3
mA X 2.2V X 24 = 385 mW).

Figure 16: TSC7107A Output Current vs Output
Voltage

Reduced power dissipation is very easy to obtain. Fig. 17
shows two ways: either a 5.1 ohm, 1/4 watt resistor ora 1 Amp
diode placed in series with the display (but not in series with
the TSC7107A). The resistor will reduce the TSC7107A out-
put voltage, when all 24 segments are “ON,” to point “C” of
Fig. 16. When segments turn off, the output voltage will
increase. The diode, on the other hand, will result in a rela-
tively steady output voltage, around point “B.”

In addition to limiting maximum power dissipation, the resis-
tor reduces the change in power dissipation as the display
changes. This effect is caused by the fact that, as fewer seg-

ments are “ON,” each “ON” output drops more voltage and
current. For the best case of sixsegments (a*“111” display) to
worst case (a “1888” display) the resistor will change about
230 mW, while a circuit without the resistor will change about
470 mW. Therefore, the resistor will reduce the effect of dis-
play dissipation on reference voltage drift by about 50%.

The change in LED brightness caused by the resistor is
almost unnoticeable as more segments turn off. If display
brightness remaining steady is very important to the de-
signer, a diode may be used instead of the resistor.

IN -5V

0.22 uF

0.47 uF
-
E'Z DISPLAY
%T T F] | S
2

30 TP 1
4

TSC7107A

D -»

10 20
FrrrrrrrTrrrrr T

510 1/4wW DISPLAY

VWA
E IN4001 : ——7999
L_” 4

Figure 17: Diode or Resistor Limits Package Power
Dissipation.

Applications Information
Liquid Crystal Display Sources

Several LCD manufacturers supply standard LCD displays to
interface with the TSC7106A 3 1/2 digit analog-to-digital
converter.

Representative

Manufacturer Address/Phone Part Numbers?

Crystaloid 5282 Hudson Dr., C5335, H5535,

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

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

EPSON 3415 Kashikawa St., LD-B709BZ
Torrance, CA 90505 LD-H7992AZ
213/534-0360

Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903
Lake Mills, WI 53551
414/648-2361

Note:

1. Contact LCD manufacturer for full product listing/specifications.

“/* TELEDYNE SEMICONDUCTOR

7 -68



3 1/2 Digit A/D Converter
e Low Drift Internal Reference
e Automatic Zero Correction

TSC7106A (LCD Drive)
TSC7107A (LED Drive)

Light Emitting Diode Display Sources

Several LED manufacturers supply seven segmentdigits with
and without decimai point annunciators for the TSC7107A.

Display
Manufacturer Address Type
Hewlett
Packard 640 Page Mill Rd. LED

Components Palo Alto, CA 94304

. . 19000 Homestead Rd.
Litronix, Inc. Cupertino, CA 94010 LED

770 Airport Blvd. LED

And Burlingame, CA 94010

Decimal Point and Annunciator Drive

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

Ratiometric Resistance Measurements

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

The unknown resistance is put in series with a known stan-
dard and a current passed through the pair. The voitage
developed across the unknown isapplied to the inputand the
voltage across the known resistor applied to the reference
input. If the unknown equals the standard, the display will
read 1000. The displayed reading can be determined from the
following expression:

R Unknown x 1000

R Standard
The display will overrange for R Unknown =2 x R Standard.

Displayed Reading =

<
<
1
|
5

T a
- | |
| 4049
TSC7106A | |
: {

21 | } TO LCD

BP | DECIMAL
v POINT
GND
TEST |3L T
oTOLCD
BACK PLANE

Simple Inverter for Fixed Decimal Point
or Display Annunciator

vt e
M ae 1
BP | |
D |
PN
Tsc:,osA ! D+ ToLCD
DECIMAL | —7

DECIMAL

POINT !
SELECT | _| | POINTS

! |

LB

40: 1

l.__j_30 _J

GND

Muitiple Decimal Point or
Annunciator Driver

Figure 18: Decimal Point Drive Using Test as Logic
Ground.

e

;3

VREF

L_ VREF

i g

<
R >
'STANDARD :, LCD DISPLAY

1983

RuNKNOWN TSC7106A

Vin
ANALOG
COMMON

Figure 19: Low Parts Count Ratiometric Resistance
Measurement
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Application Circuits
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Figure 21: Temperature Sensor

Figure 22: Positive Temperature Coefficient Resistor
Temperature Sensor
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Application Circuits (Cont.)
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Figure 23: Integrated Circuit Temperature Sensor
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Figure 24: TSC7106A Using the Internal Reference. Figure 25: TSC7107A Internal Reference (200 mV Full-
(200 mV Full-Scale, 3 RPS). Scale, 3 RPS, ViN Tied to GND for Single
Ended Inputs).

7-7 “»* TELEDYNE SEMICONDUCTOR



3 1/2 Digit A/D Converter
TSC7106A (LCD Drive) e Low Drift Internal Reference
TSC7107A (LED Drive) o Automatic Zero Correction

Application Circuits (Cont.)
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Figure 26: Circuit for Developing Underrange and Figure 27: TSC7106A/TSC7107A: Recommended
Overrange Signals from TSC7106A Component Values for 2.00 V Full-Scale.
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Figure 28: TSC7107A With a 1.2V External Band-Gap Figure 29: TSC7107A Operated from Single +5 V
Reference. ViN Tied to Common). Supply. An External Reference Must Be
Used in This Application.
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General Description

The TSC7106 and TSC7107 3-1/2 digit CMOS analog-to-di-
gital converters contain all the active components necessary
to construct a 0.05% resolution measurement system. Seven
segment decoders, polarity and digit drivers, voltage refer-
ence and clock circuit are integrated on chip. The TSC7106
drives liquid crystal displays (LCD) and includes a backplane
driver. The TSC7107 drives common anode light emitting
diode (LED) displays directly with an 8 mA drive current per
segment.

A low cost, high resolution indicating meter requires only a
display, four resistors, and four capicitors. The TSC7106 low
power drain and 9 V battery operation make it ideal for por-
table applications.

The TSC7106/TSC7107 reduces linearity error to less than 1
count. Rollover error — the difference in readings for equal
magnitude but opposite polarity input signals —is below * 1
count. High impedance differential inputs offer 1 pA leakage
current and a 1012 ) input impedance. The differential refer-
ence input allows ratiometric measurements for ohms or
bridge transducer measurements. The 15 uVp-p noise
performance guarantees a “rock solid” reading. The auto-
zero cycle guarantees a zero display reading with a zero volt
input.

The TSC7106/TSC7107 dual slope conversion technique
automatically rejects interference signals if the converters

TSC7106 (LCD Drive)

TSC7107 (LED Drive)
3 1/2 Digit A/D Converter
¢ Direct Display Drive

e Automatic Zero Correction

Features
® Drives LCD or LED Displays Directly
® Guaranteed Zero Reading with Zero Input
® | ow Noise for Stable Display
-2.000 V or 200.0 mV Full-Scale Range

® Auto-Zero Cycle Eliminates Need for Zero Adjustment
Potentiometer

® True Polarity Indication for Precision Null Applications

® Convenient 9 V Battery Operation (TSC7106)

® High Impedance CMOS Differential Inputs .....

® Differential Reference Inputs Simplify Ratiometric
Measurements

® Low Power Operation ...........ccoevevnn...

integration time is set to a multiple of the interference signal
period. This is especially useful in industrial measurement
environments where 50, 60 and 400 Hz line frequency signals
are present.

The TSC7106/TSC7107 are available in a small 60-pin flat
package for compact designs. Standard devices are offered
in an industrial temperature range and with burn-in lasting
for 160 hours at +125°C.

For applications requiring a more temperature stable internal
reference voltage refer to the TSC7106A/7107A data sheets.
A display hold feature is available on the TSC7116A and
TSC7117A converters.
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Figure 1: Typical TSC7106 Operating Circuit

Figure 2: Typical TSC7107 Operating Circuit
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TSC7106 (LCD Drive)
TSC7107 (LED Drive)

3 1/2 Digit A/D Converter
e Direct Display Drive
e Automatic Zero Correction

Absolute Maximum Ratings

TSC7106
Supply Voltage (V1o VY) .. 15V
Analog Input Voltage (either input) (Note 1) .... Vito V™
Reference Input Voltage (either input) .......... Vito vV~
CIOCK INPUL vttt Testto V*
Power Dissipation (Note 2)
CerDIP Package ..........covcvinivennnnnn. 1000 mW
Plastic Package .........c.ccvviviiiiiiiiiinnn. 800 mW
Operating Temperature
“C” DBVICES .viviitiiiiii e 0°C to +70°C
“I" DeVICES it -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 300°C

Stresses above those listed under Absolute Maximum Ratings may cause
permanentdamage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions above those indicated

Electrical Characteristics (Note 3)

TSC7107
Supply Voltage
Vs +6V
Ve -9V
Analog Input Voltage (either input) (Note 1) . Vito Vv~
Reference Input Voltage (either input) .......... Vito vV~
ClOCK INPUL oo e et GND to V*
Power Dissipation (Note 1)
CerDIP Package .........ccevivinnienennnns 1000 mW
Plastic Package .............coiiiiiiiiiian, 800 mW
Operating Temperature
“C”" DevVICeS ...t 0°C to +70°C
“I" DEVICES v iviiii i -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 300°C

in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device
reliability.

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
: ViN=0.0V - .
Zero Input Reading Full-Scale = 200.0 mV -000.0 +000.0 +000.0 Digital Reading
. . . VIN = VREF . .
Ratiometric Reading VREF = 100 mV 999  999/1000 1000 Digital Reading
Rollover Error (Difference in
Reading for Equal Positive and -VIN = +Vin = 200.0 mV -1 +0.2 +1 Counts
Negative Reading Near Full-Scale)
Linearity (Max. Deviation From Full-Scale = 200 mV
Best Straight Line Fit) or Full-Scale = 2.000 V - *02 + Counts
Common-Mode Vem=11V,ViN=0V. _ 50 _ VIV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV w
Noise (Pk - Pk Value Not VIN=0V _ 15 _ v
Exceeded 95% of Time) Full-Scale = 200.0 mV ®
Leakage Current @ Input VIN=0V — 1 10 pA
VIN=0V
[Fatll H = o ° —
Zero Reading Drift W Device =0°C 1o 70°C 02 ! uV/°C
“I” Device = -25°C to +85°C - 1.0 2
VIN =199.0 mV,
[T atll 3 - o o °
Scale Factor ((E:xtD;;c__e.a gpren /toOC;O c ! 5 ppm/°C
Temperature Coefficient ViN = 199.0 mV _ _ 20 ppm/°C
“I” Device: -25°C to +85°C
Supply Current (Does Not _
include LED Current for 7107) ViN=0 - 08 8 mA
Analog Common Voltage (With 25 k() Between Common 24 28 3.2 v
Respect to Pos. Supply) and Pos. Supply . ) )
Temp. Coeff. of Analog common 25 k() Between Common _ 80 _ ppm/°C
(With Respect to Pos. Supply) and Pos. Supply
TSC7106 ONLY Pk - Pk + —
Segment Drive Voltage (Note 5) ViteV =9V 4 5 6 v
TSC7106 ONLY Pk - Pk VoV =9V 4 5 6 v

Backplane Drive Voltage (Note 5)
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3 1/2 Digit A/D Converter
e Direct Display Drive
e Automatic Zero Correction

TSC7106 (LCD Drive)
TSC7107 (LED Drive)

Electrical Characteristics (Note 3) (Continued)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
TSC7107 ONLY V =50V

Segment Sinking Current N _ 5 8.0 - mA
(Except Pin 19) Segment Voltage =3 V

TSC7107 ONLY V=50V

Segment Sinking Current § 10 16 — mA

(Pin 19 Only)

Segment Voltage =3 V

NOTES:

1. Input voltages may exceed the supply voltages provided the input current is

limited to + 100 pA.

2. Dissipation rating assumes device is mounted with all leads soldered to

printed circuit board.

3. Unless other wise noted, specifications apply to both the TSC7106 and
TSC7107 at Ta = 25°C, fcLock = 48 kHz. TSC7106 is tested in the circuit of

Pin Configuration

Figure 1. TSC7107 is tested in the circuit of Figure 2.
4. Refer to “Differential Input” discussion.

5. Backplane drive is in phase with segmentdrive for ‘off segment, 180° out of

phase for ‘'on’ segment. Frequency is 20 times conversion rate. Average
dc component is less than 50 mV.

vl e et 40 ] 0SCq
o1 [ 7] NORMAL ] 0scy
PIN CONFIGURATION
=N [ 38 0sC3
8y [ | TEST
s A5 | (36 ] Vier
Fr e ] [35 ] VRer
61 [7] o [34] Cier
| =] n (53] Crer
oofr] worw  Friaes
¢ O] e
e 200 Ea
%2 (7] 5] cn
F2 [O3] 28 | VBUFF
L E2[od] (27 ]VinT
03 [15 | 26 V-
100 2306 % Gz —I
F3 07 [2a]cs 50
€3 78] 23 | A3
1000's~ABg [19 | 127 ]G3 J
poL [20 | 21 ] 8P
(MINUS SIGN) (BACK PLANE)
vi(1 ] @ S 30 ] 0scq
— o % NORMAL 5] oscs
PIN CONFIGURATION
o 5] ] oscs
Bq ]I 37 | TEST
s A5 ] [36 ] VRer
F1 % 35 ] Vier
[z 34 ] Cher
| B[] " [33] CRer
ol erw Faaaies
2 0] 31 ] Viy
s B2 30 ]Vin
A2 [0z [25]caz
F2[13 28 ] VBuFF
| B % [ 27 |VinT
D3 [15 ] 26 V™
10 53 008 [25] 62
Fa (7] (28103 450,
& O] 73] %
1000's-=—ABg E EGg J
poL [20 GND
(MINUS SIGN)

os[] @ S\ o] v+
REVERSE ]
0sCy[2 39 ] D4
PIN CONFIGURATION
osc3[3 38 Cq
TEST[ 2 37 ] By
Vier[3 36 | A1 s
VRer[ 6 35 ] Fq
CRer[ 7 P 3461
CRer[8 N [33 )€1 __|
AT ) TSC7106R 32 | D
VIiN 10 31 ] C2
vin[11 30 | B2 10
Caz[ 12 29 | A2
Veurr[ 13 28 | F2
Vint[ 14 27 JE2 |
v-GE] [26] 05
r G216 25183 00%
105 S30Z] (28] Fs
Aa[iE ] e
l_ G379 22 | AB4 = 1000's
8p[20 | 21 ]POL
(BACK PLANE) (MINUS SIGN)
osci[17] @ N~ vt
0s¢,[7] REVERSE 55101
PIN CONFIGURATION
osc3[3 38 ] Cq
TesT[ 4 37 ]Bq
Vher[5 ] (36 JA1 1
VRer[ 6 35 ] Fq
Cher[ 7 34 ]Gy
E TN
CRer[8 N 33]E1 |
églabl%% 6] TSC7107R [32 102
viy[o 31 ] C2
Vin[11 30182 0.
Caz[12 29 | Az
Veurr[13 28 | F2
Vint[3a 27 JE2 |
v-[1s 26 | D3
Gz [6 25]83 00
1005 30 [24]F3
As [T 755
L G319 | 23 | AB4~ 1000's
GND[20 21 ] PoL
(MINUS SIGN)

“»™ TELEDYNE SEMICONDUCTOR



TSC7106 (LCD Drive)

TSC7107 (LED Drive)

3 1/2 Digit A/D Converter
¢ Direct Display Drive
e Automatic Zero Correction

Pin Configuration (Continued)

%\

TSC7106 BQ
TSC7106 SQ

ﬂ\

TSC7107 BQ
TSC7107 sQ

2] 2] 2] 5] (6] 2] L8] o] o] 1] b2 T3] 4] T3
feagfegegegeesss
NOTES: NOTES:
1. NC = NO INTERNAL CONNECTION 1. NC = NO INTERNAL CONNECTION
2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE
SUBSTRATE. THE POTENTIAL AT THESE PINS IS SUBSTRATE. THE POTENTIAL AT THESE PINS IS
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS APPROXIMATELY V*. NO EXTERNAL CONNECTIONS
SHOULD BE MADE. SHOULD BE MADE.
Ordering Information
Pin Temp. Display Pin Temp. Display
Part No. Package Layout Range Drive Part No. Package Layout Range Drive
40-Pin 0°C to 40-Pin -25°C to
TSC7106CPL Plastic Dip  Normal 7503 LCD TSC71071JL CorDIP Normal ~“gZ2  LED
40-Pin 0°C to 60-Pin R
TSC7TI06RCPL  piastic pip ~ Reverse  47gec  LCD 1sc7107CBQ Plastic Fiat Formed  0°Cf  Lep
- ackage
40-Pin -25°C to
TSC71061PL Plastic Dip Normal 185°C LCD 60-Pin Unformed  0°C to
20-Pin 0°C to TSC7107CSQ Plastic Flat Leads 170°C LED
TSC7106CJL CorbIP Normal .58  LCD — it:a;kagel T o
" evices wi urn-in ours at + °
TSCT1061L pogaii Normal 28 Lco 20 010
TSC7106CPL/BI Piastic Di Normal 1,53  LCD
TSC7106CBQ Practie Flat  Formed  0°Cto | ¢ 40-Pin ° 0°C to
o
Package Leads +70°C TSC7106RCPL/BI Plastic Dip Reverse 170°C LCD
60-Pin 40-Pin -25°C to
TSC7106CSQ Plastic Flat ~ Jnformed  0%Cto  gp  TSCTIOBML/BI  cerpip Normal "iggec  LCD
Package "
40-Pin 0°C to
" s TSC7107CPL/BI n o Normal LED
TSC7107CPL 40-Pin Normal 0 Coto LED Plastic Dip +70°C
Plastic Dip +70°C 20-Pin °Cto
" 3 TSC7107RCPL/BI no Reverse LED
TSC7107RCPL 40-Pin  Reverse 001 LeD Plastic Dip +70°C
Plastic Dip +70°C 20-Pn 25°Cto
20-Pin 25°Cto TSC71071JL/BI CorDIP Normal 8500 LED
TSC7107IPL Plastic Dip ~ Normal  "gg @ LED
40-Pin 0°C to
TSC7107CJL CerDIP Normal 170°C LED
“»™ TELEDYNE SEMICONDUCTOR 7-76



3 1/2 Digit A/D Converter
e Direct Display Drive TSC7106 (LCD Drive)
¢ Automatic Zero Correction TSC7107 (LED Drive)

Pin Description

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
1 (40) 13 v’ Positive supply voltage.
2 (39) 14 [o]] Activates the D section of the units display.
3 (38) 15 C1 Activates the C section of the units display.
4 (37) 16 B1 Activates the B section of the units display.
5 (36) 17 A1 Activates the A section of the units display.
6 (35) 18 F1 Activates the F section of the units display.
7 (34) 19 G1 Activates the G section of the units display.
8 (33) 20 E1 Activates the E section of the units display.
9 (32) 21 D2 Activates the D section of the tens display.
10 (31) 25 C2 Activates the C section of the tens display.
1 (30) 26 B2 Activates the B section of the tens display.
12 (29) 27 A2 Activates the A section of the tens display.
13 (28) 28 F2 Activates the F section of the tens display.
14 27) 29 E2 Activates the E section of the tens display.
15 (26) 30 D3 Activates the D section of the hundreds display.
16 (25) 31 Ba Activates the B section of the hundreds display.
17 (24) 32 F3 Activates the F section of the hundreds display.
18 (23) 33 Es Activates the E section of the hundreds display.
19 (22) 34 ABg4 Activates both halves of the 1 in the thousands display.
20 (21) 35 POL Activates the negative polarity display.
21 (20) 36 BP TSC7106: LCD Backplane drive output.
¢ GND  TSC7107: Digital Ground.
22 (19) 37 Gs Activates the G section of the hundreds display.
23 (18) 40 A3 Activates the A section of the hundreds display.
24 17) 41 Cs Activates the C section of the hundreds display.
25 (16) 43 Gz Activates the G section of the tens display.
26 (15) 45 V- Negative power supply voltage.
27 (14) 46 VINT Integrator output. Connection point for integration capacitor. See
INTEGRATING CAPACITOR section for additional details.
28 (13) 47 Veurr  Integration resistor connection. Use a 47 k(} for a 200 mV full-scale
range and a 470 kQ for 2 V full-scale range.
29 (12) 49 Caz The size of the auto-zero capacitor influences the system noise. Use a
0.47 uF capacitor for a 200 mV full-scale, and a 0.047 uF capacitor for a
2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for
more details.
30 (11) 51 VIN  The analog low input is connected to this pin.
31 (10) 55 Vﬁq The analog high input signal is connected to this pin.
32 (9) 57 Analog This pin is primarily used to set the analog common-mode voltage for
Common battery operation or in systems where the input signal is referenced to the
power supply. See paragraph on ANALOG COMMON for more details. Italso
acts as a reference voltage source.
33 (8) 58 Crer  See pin 34,
34 (7) 59 CRer AO.1 wF capacitor is used in most applications. If a large common-mode
voltage exists (for example the ViN pin is not at analog common), and
a 200 mV scale is used, a 1.0 uF is recommended and will hold the
rollover error to 0.5 count.
35 (6) 60 VREF  See pin 36.
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TSC7106 (LCD Drive)
TSC7107 (LED Drive)

3 1/2 Digit A/D Converter
¢ Direct Display Drive
o Automatic Zero Correction

Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description

36 (5) 1 VAEF  The analog input required to generate a full-scale output (1,999
counts). Place 100 mV between pins 35 and 36 for 199.9 mV full-scale.
Place 1.00 volts between pins 35 and 36 for 2 volts full-scale. See para-
graph on REFERENCE VOLTAGE.

37 (4) 3 Test Lamp test. When pulled high (to V+) all segments will be turned on and
the display should read -1888. It may also be used as a negative supply for
externally generated decimal points. See paragraph under TEST foradditional
information.

38 (3) 4 OSCs  See pin 40.

39 (2) 6 OSC2 See pin 40.

40 (1) 10 OSC1  Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock

(3 readings per section) connect pin 40 to the junction of a 100 k() resistor and
a 100 pF capacitor. The 100 kQ resistor is tied to pin 39 and the 100 pF capacitor
is tied to pin 38.

Analog Section

Figure 3 shows the Block Diagram of the Analog Section for
the TSC7106 and TSC7107. Each measurement cycle is
divided into three phases. They are (1) auto-zero (A-2Z), (2)
signal integrate (INT) and (3) reference (REF).

Auto-Zero Phase

Input high and low are disconnected from the pins and inter-
nally shorted to analog common. The reference capacitor is
charged to the reference voltage. A feedback loop is closed
around the system to charge the auto-zero capacitor Caz to
compensate for offset voltages in the buffer amplifier, inte-
grator, and comparator. Since the comparator is included in
the loop, the A-Z accuracy is limited only by the noise of the
system. The offset referred to the input is less than 10 uV.

Signal Integrate Phase

The auto-zero loop is opened, the internal short is removed,
and the internal input high and low are connected to the
external pins. The+convert_er then integrates the differential
voltage between ViNand VN for afixed time. This differential
voltage can be within a wide common-mode range; within
one volt of either supply. If, on the other hand, the input sig-
nal has no return with respect to the converter power supply,
ViN can be tied to analog common to establish the correct
common-mode voltage. At the end of this phase, the polarity
of the integrated signal is determined.

Reference Integrate Phase

The final phase is reference integrate or de-integrate. Input
low is internally connected to analog common and input high
is connected across the previously charged reference capa-
citor. Circuitry within the chip ensures that the capacitor will
be connected with the correct polarity to cause the integrator
output to return to zero. The time required for the output to
return to zero is proportional to the input signal. The digital

reading displayed is:

1000 X —IN_

VREF

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common-mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capa-
citance on its nodes. If there is a large common-mode voltage,
the reference capacitor can gain charge (increase voltage)
when called up to de-integrate a positive signal but lose charge
(decrease voltage) when called up to deintegrate a negative
input signal. This difference in reference for (+) or (-) input
voltage will give a roll-over error. By selecting the reference
capacitor large enough in comparisor to the stray capaci-
tance, this error can be held to less than 0.5 count for the worse
case condition. (See Component Values Selection.)

Differential Input

The input can accept differential voltages anywhere within
the common-mode range of the input amplifier; or specifi-
cally from 1.0 volts below the positive supply to 1.0 volt above
the negative supply. In this range the system has a CMRR of
86 dB typical. However, since the integrator also swings with
the common-mode voltage, care must be exercised to assure
the integrator output does not saturate. A worse case condi-
tion would be a large positive common-mode voitage with a
near full-scale negative differential input voltage. The nega-
tive input signal drives the integrator positive when most of
its swing has been used up by the positive common-mode
voltage. For these critical applications the integrator swing
can be reduced to less than the recommended 2 V full-scale
swing with little loss of accuracy. The integrator output can
swing within 0.3 volts of either supply without loss of linearity.

" TELEDYNE SEMICONDUCTOR
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3 1/2 Digit A/D Converter
® Direct Display Drive
¢ Automatic Zero Correction

TSC7106 (LCD Drive)
TSC7107 (LED Drive)
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Figure 3: Analog Section of TSC7106/TSC7107

Analog Common

This pin is included primarily to set the common-mode volt-
age for battery operation (TSC7106) or forany system where
the input signals are floating with respect to the power sup-
ply. The common pin sets a voltage that is approximately 2.8
volts more negative than the positive supply. This is selected
to give a minimum end-of-life battery voltage of about 6 V.
However, the analog common has some of the attributes of
a reference voltage. When the total supply voltage is large
enough to cause the zener to regulate (>7 V), the common
voltage will have a low voltage coefficient (0.001%/%), low
output impedance (=15 (1), and a temperature coefficient of
80 ppm/°C typically.

An external reference may be added to improve temperature
stability or the TSC7106A/TSC7107A devices with lower
analog common temperature drift may be used. The circuit is
shown in Figure 4.

vt v*
1

vt

+ o vt
VRer 6.8 VOLT 68k2
ZENER

w 7°e
TSC7106A 'z TSC7108A . , :
TSC7107A TsC7107A VReF|->

”»

TSC491C)

A

1.2V

REFE E

VRer

COMMON

(a) (b)

Figure 4: Using an External Reference

Analog common is also used as the VIN return during auto-
zero and deintegrate. |f Vin is different from analog common,
a common-mode voltage exists in the system and is taken
care of by the excellent CMRR of the converter. However, in
some applications VIN will be set at a fixed known voltage
(power supply common for instance). In this application,
analog common should be tied to the same point, thus
removing the common-mode voltage from the converter.
The same holds true for the reference voltage. If reference
can be conveniently referenced to analog common, itshould
be since this removes the common-mode voltage from the
reference system.

Within the IC, analog common is tied to an N-channel FET
that can sink 30 mA or more of current to hold the voltage
2.8 volts below the positive supply (when a load is trying to
pull the common line positive). However, there is only 10 pA
of source current, so common may easily be tied to a more
negative voltage thus over-riding the internal reference.

Test

The TEST pin serves two functions. On the TSC7107 it is
coupled to the internally generated digital supply through
a 500 () resistor. Thus it can be used as the negative supply
for externally generated segment drivers such as decimal
points or any other presentation the user may want to in-
clude on the LCD display. Figures 5 and 6 show such an
application. No more than a 1 mA load should be applied.

The secon+d function is a “lamp test.” When TEST is pulled
high (to V") all segments will be turned on and the display
should read -1888. The TEST pin will sink about 10 mA under
these conditions.

Caution: On the TSC7106, in the lamp test mode the seg-
ments have a constant dc voltage (no square-wave) and may
burn the LCD display if left in this mode for several minutes.
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TSC7106 (LCD Drive)
TSC7107 (LED Drive)

3 1/2 Digit A/D Converter
e Direct Display Drive
o Automatic Zero Correction
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Figure 5: Simple Inverter for Fixed Decimal Point
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Figure 6: Exclusive ‘OR’ Gate for Decimal Point Drive
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TO TEST PIN ON TSC7108
TO GROUND PIN ON TSC7107

Figure 7: Clock Circuits

Digital Section

Figures 8 and 9 show the digital section for the TSC7106 and
TSC7107, respectively. In the TSC7106 (Figure 8), an inter-
nal digital ground is generated from a 6 volt Zener diode and
alarge P channel source follower. This supply is made stiff to
absorb the large capacitive currents when the back plane
(BP) voltage is switched. The BP frequency is the clock
frequency divided by 800. For three readings/second this is
a 60 Hz square wave with a nominal amplitude of 5volts. The
segments are driven at the same frequency and amplitude
and are in phase with BP when OFF, but out of phase when
ON. In all cases, negligible dc voltage exists across the
segments.

Figure 9 is the Digital Section of the TSC7107. Itis identical
to the TSC7106 except that the regulated supply and back
plane drive have been eliminated and the segment drive is
typically 8 mA. The 1000 output (pin 19) sinks current from
two LED segments, and has a 16 mA drive capability. The
TSC7107 is designed to drive common anode LEDs.

In both devices, the polarity indication is “on” for negative
analog inputs. If VN and VN are reversed, this indication can
be reversed also, if desired.

System Timing

Figure 9 shows the clocking method used in the TSC7106
and TSC7107. Three clocking methods may be used:

1. An external oscillator connected to pin 40.

2. A crystal between pins 39 and 40.

3. An RC oscillator using all three pins.

The oscillator frequency is divided by four before it clocks
the decade counters. It is then further divided to form the
three convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and
auto-zero (1000 to 3000 counts). For signals less than full-
scale auto-zero gets the unused portion of reference
de-integrate. This makes a complete measure cycle of 4,000
(16,000 clock pulses) independent of input voltage. For three
readings/second, an oscillator frequency of 48 kHz would be
used.

To achieve maximum rejection of 60 Hz pickup, the signal
integrate cycle should be a multiple of 60 Hz. Oscillator fre-
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz,
33-1/3 kHz, etc. should be selected. For 50 Hz rejection,
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz,
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5
readings/second) will reject both 50 and 60 Hz (also 400 and
440 Hz).

Component Value Selection .

Auto-Zero Capacitor

The size of the auto‘zero capacitor has some influence on
the noise of the system. For 200 mV full-scale where noise
is very important, a 0.47 uF capacitor is recommended. On
the 2 volt scale, a 0.047 uF capacitor increase the speed of
recovery from overload and is adequate for noise on this
scale.

Reference Capacitor

A 0.1 uF capacitor is acceptable in most applications. How-
ever, where a large common-mode voltage exists (i.e. the ViN
pin is not at analog common) and a 200 mV scale is used, a
large value is required to prevent to roll-over error. Generally
1.0 uF will hold the roll-over error to 0.5 count in this instance.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3 volt from either
supply). In the TSC7106 or the TSC7107, when the analog
common is used as a reference, a nominal £2 volt full-scale
integrator swing is acceptable. For the TSC7107 with £5 volt
supplies and analog common tied to supply ground, a+3.5to
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3 1/2 Digit A/D Converter
e Direct Display Drive TSC7106 (LCD Drive)
e Automatic Zero Correction TSC7107 (LED Drive)
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Figure 8: TSC7106 Digital Section
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Figure 9: TSC7107 Digital Section
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3 1/2 Digit A/D Converter
¢ Direct Display Drive
e Automatic Zero Correction

+4 volt swing is nominal. For three readings/second (48 kHz
clock) nominal values for CiNT are 0.22 u1F and 0.10 uF,
respectively. If different oscillator frequencies are used,
these values should be changed in inverse proportion to
maintain the output swing.

The integrating capacitor must have low dielectric absorp-
tion to preventroll-overerrors. Polypropylene capacitors are
recommended for this application.

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100 uA of quiescent current. They can
supply 20 uA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remain
in this very linear region over the input voltage range, but
small enough that undue leakage requirements are not
placed on the PC board. For 2 volt full-scale, 470 k() is near
optimum and similarly a 47 k() for a 200.0 mV scale.

Oscillator Components

For all ranges of frequency a 100 kQ resistor is recom-

mended and the capacitor is selected from the equaticn

f=_‘}§ For 48 kHz clock (3 readings/second), C = 100 pF.
RC

Reference Voltage

The analog input required to generate full-scale output
(200 counts) is: VIN=2 VREF. Thus, forthe 200.0 mV and 2.000
volt scale, VRer should equal 100.0 mV and 1.00 volt respec-
tively. However, in many applications where the A/D is
connected to a transducer, there will exist a scale factor other
than unity between the input voltage and the digital reading.
For instance, in a weighing system, the designer might like to
have a full-scale reading when the voltage form the trans-
ducer is 0.682 V. Instead of dividing the input down to
200.0 mV, the designer should use the input voltage directly
and select VRer = 0.341 V. Suitable values for integrating
resistor and capacitor would be 120 kQ and 0.22 uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The TSC7107 with £5 V supplies can
accept input signals up to +4 V. Another advantage of this
system occurs when a digital reading of zero is desired for VIN
# 0. Temperature and weighing systems with a variable tare
are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between
VIN and common and the variable (or fixed) offset voltage
between common and VIN.

TSC7107 Power Supplies

The TSC7107 is designed to work from +5 V supplies. How-

ever, if a negative supply is not available, it can be generated

from the clock output with two diodes, two capacitorsand an

inexpensive IC. Figure 10 shows this application.

In selected applications no negative supply is required. The

conditions to use a single +5 V supply are:

® The input signal can be referenced to the center of the
common-mode range of the converter.

® The signal is less than £1.5 volts.

® An external reference is used.

[

Viosct

0sC 2

0OSC 3|
“r
TSC7107

GND

V7= -3.3v

Figure 10: Generating Negative Supply From + 5V
Typical Applications

TOPIN 1

NS
TSC7106 r MQ +
31

‘—— TO DISPLAY

TO BACKPLANE

Figure 11: TSC7106 Using the Internal Reference. (200
mV Full-Scale, 3 RPS).

TOPIN 1

NS
TSC7107

0-5V

Figure 12: TSC7107 Internal Reference (200 mV Full-
Scale, 3 RPS, VinTied to GND for Single
Ended Inputs).
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TSC7106 (LCD Drive)
TSC7107 (LED Drive)
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37|
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33
32
3
30
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O000000000n0nr
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O/RANGE
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CD4023 __G
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CD4077
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e | BKe 26K0
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TSC7107 * \—o0
20 =O0WF VY oN
2P | M
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i ]
2
2 g TO DISPLAY
2 a
21
(rm—

Figure 13: Circuit for Developing Underrange and
Overrange Signals from TSC7106 Outputs.

Figure 15: TSC7106/TSC7107: Recommended Com-
ponent Values for 2.00 V Full-Scale.

TOPIN 1

100K
100pF

AAA~AAA -AAA vt

"\ 33

12V . TSC9491C)
Tsc7107 32 T

o YWviig©,
== OWF M2 JIN

]— TO DISPLAY

TOPIN1

100KQ

100pF |
SET Vggr = 100.0mV

F————

pos AN-AAAPAA A0 5V
24 K 10K2[ 10KS2
PR
TV Tsco491Cy
Tsc7107 32 i €n +

e AMA—0

01uF M _IN
il o

]‘ TO DISPLAY

Figure 14: TSC7107 With a 1.2 V External Band-Gap
Reference. ViN Tied to Common).

Applications Information

The TSC7107 sinks the LED display current and this causes
heat to build up in the IC package. If the internal voltage
reference is used, the changing chip temperature can cause
the display to change reading. By reducing package power
dissipation such variations can be reduced. By reducing the
LED common anode voltage the TSC7107 package power
dissipation is reduced.

Figure 17 is a photograph of a curve-tracer display showing
the relationship between output current and output voltage
for a typical TSC7107CPL. Since a typical LED has 1.8 volts
across it at 8 mA, and its common anode is connected to
+5 V, the TSC7107 output is at 3.2 V (point A on Fig. 17).
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments
=622 mW.

Figure 16: TSC7107 Operated from Single +5 V Supply.
An External Reference Must Be Used in This
Application.

Notice, however, that once the TSC7107 output voltage is
above two volts, the LED current is essentially constant as
output voltage increases. Reducing the output voltage by
0.7 V (point B of Figure 17) resultsin 7.7 mA of LED current,
only a 5 percent reduction. Maximum power dissipation is
now only 7.7 mA X 2.5 V X 24 =462 mW, a reduction of 26%.
An output voltage reduction of 1 volt (point C) reduces LED
current by 10% (7.3 mA) but power dissipation by 38%! (7.3
mA X 2.2 V X 24 = 385 mW).

Reduced power dissipation is very easy to obtain. Fig. 18
shows two ways: eithera 5.1 ohm, 1/4 watt resistorora 1 Amp
diode placed in series with the display (but not in series with
the TSC7107). The resistor will reduce the TSC7107 output
voltage, when all 24 segments are “ON,” to point “C"” of Fig.

7 - 83
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17. When segments turn off, the output voltage will increase.
The diode, on the other hand, will resultina relatively steady
output voltage, around point “B.”

In addition to limiting maximum power dissipation, the resis-
tor reduces the change in power dissipation as the display
changes. This effect is caused by the fact that, as fewer
segments are “ON,” each “ON" output drops more voltage
and current. For the best case of six segments (a “111” dis-
play) to worst case (a “1888" display) the resistor circuit will

-

TV 2V 3V 4V 5V

Figure 17: TSC7107 Output Current vs Output Voltage

Package Information

40-Pin Plastic Dual-In-Line Package
(Package #17)

@ 2,050 (51.816)

<" q

0.540 (13.716)
NOM.

160 026
060 (1,542) TYP, K
= [~"+.002 (0.051) (4064 053

R ) 012 001
5° {0.305 = 0.025)
—+ TYP. TYP.
100
~ - B 125 (3.17) | 0.650—
(258)
070 018 (0.467) .{ MIN. (‘!'3.1)6(4)
(1.778) 020 (0.508) .
TYP. TYP.
15 40
4
g 40-Pin CerDIP
. WE (Package #20)
g
= MAX. [
0.100 E
L 810
E BEND 80—
d
g | o—
0.065 -
N / :.
19 HToh| -
- 0.040 .
¥ = d 15 MAX.\/ 0.012
20 21 e ** 0,008
) [)
0.090 MIN.»| |« 0,200 MAX. «353

0.015 MIN, »|[=—

change about 230 mW, while a circuit without the resistor will
change about 470 mW. Therefore, the resistor will reduce the
effect of display dissipation on reference voltage drift by
about 50%.

The change in LED brightness caused by the resistor is
almost unnoticeable as more-segments turn off. If display
brightness remaining steady is very important to the de-
signer, diode may be used instead of the resistor.

+BV IN Y
+ -
1mMe
4 KD o1
2 0.22 uF
100 p| 0.47 uF
- T3
PS5 WA
1009 0.1 uF a7 DISPLAY
k2 S TR 9 r“,l k /___lﬂlj__
1% TIII= wa
40 30 TP 21
4
) > Tscriora =
10 20
JITT T rrerd
1% VAW DISPLAY
WV
IN4001 ;———-1——-————-—-—]939
L-.N....

Figure 18: Diode or Resistor Limits Package Power
Dissipation

60-Pin Flat Package

PIN 1

PIN 1 INDICATION
DIMPLE OR BUTTON

“SQ" Package - Unformed Leads
(Package #22)

.054 +.004

.047 :.004
[

,r\ |-15° MAX

)

X3

.00

102,012 je—
75

- .050 + 008 010 MIN

“BQ" Package - Formed Leads
(Package #21)
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General Description

The TSC7116A and TSC7117A 3-1/2 digit CMOS analog-to-
digital converters contain all the active components neces-
sary to construct a 0.05% resolution measurement system.
Seven segment decoders, polarity and digit drivers, voltage
reference and clock circuit are integrated on chip. The
TSC7116A drives liquid crystal displays (LCD) and includes
a backplane driver. The TSC7117A drives common anode
light emitting diode (LED) displays directly with an 8 mA
drive current per segment.

The TSC7116A/TSC7117A incorporate the display hold
(HLDR) function. The displayed reading will remain inde-
finitely as long as HLDR is held high. Conversions continue
but the output data display latches are not updated. The VREF
or reference low input is not available as it is with the
TSC7106/TSC7107. VREF istied internally to analog common
in the TSC7116A/TSC7117A devices.

The TSC7116A/TSC7117A feature a precision low drift
internal reference. A low drift external reference voltage is
normally not required. Existing 7116/7117 systems may be
upgraded without changing external components.

The TSC7116A/TSC7117A reduce linearity error to less than
1 count. Rollover error—the difference in readings for equal
magnitude but opposite polarity input signals — is below
+1 count. High impedance differential inputs offer 1 pA
leakage currentand a 1012 () input impedance. The 15 uVp-p
noise performance guarantees a “rock solid” reading. The

TSC7116A (LCD Drive)

TSC7117A (LED Drive)
3 1/2 Digit A/D Converter
e Low Drift Voltage Reference
¢ Display Hold Function

Features

® |nternal Reference with Low

Temperature Drift ................ 20 ppm/°C Typical
50 ppm/° C Maximum

Display Hold Function

Drives LCD or LED Displays Directly

Guaranteed Zero Reading with Zero Input

Low Noise for Stable Display

-2.000 V or 200.0 mV Full-Scale Range

Auto-Zero Cycle Eliminates Need for Zero Adjustment

Potentiometer

® True Polarity Indication for Precision Null Applications
® Convenient 9 V Battery Operation (TSC7116A)

® High Impedance CMOS Differential Inputs ..... 1012 Q
® | ow Power Operation ............. e 10 mwW

auto-zero cycle guarantees a zerodisplay reading with a zero
volt input.

The TSC7116A/TSC7117A dual slope conversion technique
automatically rejects interference signals if the converters
integration time is set to a multiple of the interference signal
period. This is especially useful in industrial measurement
environments where 50, 60 and 400 Hz line frequency signals
are present.

The TSC7116A/TSC7117A are available in a small 60-pin flat
package for compact designs. Standard devices are offered
in an industrial temperature range and with burn-in lasting
for 160 hours at +125°C.

0.1 uF DISPLAY
HOLD
34 33
Cier Crer HLDR LCD DISPLAY
Mo REF RE!

1
+o—wv~—ll Vin 2-19[seamenTY
ANALOG 22-25|DRIVE
IANALOG 001 4F
Vin poLfRl— T
21 MINUSSIGN |  BACKPLANE
B DRIVE

2] ANALOG
COMMON v 35

N |w w
o S

VBUFF < 2 2
a7 152 ke .

0.47 uF TSC7116A

caz v
Vher |38 _AEE ::mm
>
VinT 100 mv
26

0scp 0SCs  OSCY |

39 |38 Cosc |40

0.22 yF

.1

Rosc ~1 100 pF  <w— TO ANALOG COMMON
P32)
100 k82 3CONVERSIONS/SEC o2

0.1 4F DISPLAY
[_{ h THOLD COMMON
34 33 |1 ANODE
— LE|
1ma Chee CRer HLDR DISPLAY
"0—/\/‘/'1ﬁ Vin 2-19|SEGMENT Y e
ANALOG 22-25|DRIVE
INPUT 0.014F
3 v 20 T
- Vin poL=
GND|
32| anaLog E—
= COMMON v sy
VBUFF 24 9
- kg
47K S 0474 TSC7117A
29
H&caz t |36 VREF
Vher S 1.0ke2
0.22 uF 2 00mv S
2 VINT
|26
osc,0s¢; os¢y [ ——°-8V
38 |38 Cosc |40
Rosc 1100 pF <~ TO ANALOG COMMON
100 80, 3convenrsionsisec (P32

Figure 1: Typical TSC7116A Operating Circuit

Figure 2: Typical TSC7117A Operating Circuit

%" TELEDYNE SEMICONDUCTOR




TSC7116A (LCD Drive)
TSC7117A (LED Drive)

3 1/2 Digit A/D Converter
e Low Drift Voltage Reference
® Display Hold Function

Absolute Maximum Ratings

TSC7116A
Supply Voltage (V to V) tovvivrvivriiniiinnnans, 15V
Analog Input Voltage (either input) (Note 1) .... Vito V™
Reference Input Voitage (either input) .......... vito V™
CIOCK INPUL .+ vttt eeieee e enannans Test to V*
Power Dissipation (Note 2)
CerDIP Package .........coevvvvvinnnnnnnns 1000 mW
Plastic Package ..........ccovviiiivninninns 800 mW
Operating Temperature
“C" DBVICES tiiiiiiii i 0°C to +70°C
“I" DEVICES «ivvtiiii e -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60 sec) ............ 300°C

Stresses above those listed under Absolute Maximum Ratings may cause
permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions above those indicated

TSC7117A
Supp+ly Voltage
Ve e +6 V
Ve e -9V
Analog Input Voltage (either input) (Note 1) .... V: to V:
Reference Input Voltage (either input) .......... VitoV
CIOCK INPUL .ttt vrreeeeeteeaeneeeinneens GND to V*
Power Dissipation (Note 1)
CerDIP Package ..........c.covvvvnvinnennn, 1000 mW
Plastic Package ...........cooiiiiiiiiinn, 800 mW
Operating Temperature
“C" DBVICES tvvvvevnriinriirieiiiaans 0°C to +70°C
“I" DEVICES v iviiii i -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 300°C

in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device
reliability.

Electrical Characteristics (Note 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
Zero Input Reading O 2000 mV -0000  +000.0 +000.0 Digital Reading
; \ : VIN = VREF iai i
Ratiometric Reading VREF = 100 mV 999  999/1000 1000 Digital Reading

Rollover Error (Difference in _ N
Reading for Equal Positive and ’V': 2“;0\6"{/_ 200.0 mv -1 +0.2 +1 Counts
Negative Reading Near Full-Scale) or=z.
Linearity (Max. Deviation From Full-Scale = 200 mV
Best Straight Line Fit) or Full-Scale = 2.000 V - 02 + Counts
Common-Mode Vem==%1V,VIN=0V. _ 50 _ VIV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV K
Noise (Pk - Pk Value Not VIN=0V _ 15 _ v
Exceeded 95% of Time) Full-Scale = 200.0 mV #
Leakage Current @ Input VIN=0V — 1 10 pA
VIN=0V
“uesn i _— o 0
Zero Reading Drift V% Egv\'fe =0°Cto70°C - 02 1 uV/eC
“I" Device = -25°C to +85°C —_ 1.0 2
VIN =199.0 mV,
“C"” Device =0°C to 70°C — 1 5 ppm/°C
Scale Factor . (Ext. Ref = 0 ppm/°C)
Temperature Coefficient Vin = 199.0 mV _ _ 20 ppm/°C
“I” Device: -25°C to +85°C
Input Resistance,
Pin 1 (Note 6) 30 70 - kQ
Vi, Pin 1 (TSC7116A only) — — Test +1.5 \
ViL, Pin 1 (TSC7117A only) —_ — GND +1.5 v
ViH, Pin 1 (Both) V' -15 — — \
Supply Current (Does Not _
Include LED Current for 7117A) ViN=0 - 08 18 mA
Analog Common Voltage (With 25 k() Between Common
Respect to Pos. Supply) and Pos. Supply 27 3.05 3.35 v
Temp. Coeff. of Analog Common wAn oa-
(With Respect to Pos. Supply) C” Devices: 0°C to +70°C — 20 50 ppm/°C
25 k() Between Common
Temp. Coeff. of Analog Common )
(With Respect to Pos. Supply) and Pos. Supply - - & ppm/*C

“I" Devices: -25°C to +85°C

“y" TELEDYNE SEMICONDUCTOR
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TSC7116A (LCD Drive)
TSC7117A (LED Drive)

Electrical Characteristics (Cont.)

CHARACTERISTICS

CONDITIONS MIN TYP MAX UNIT
TSC7116A ONLY Pk - Pk + -
Segment Drive Voltage (Note 5) Vitov =9V 4 5 6 v
TSC7116A ONLY Pk - Pk + -_
Backplane Drive Voltage (Note 5) VitoV =9V 4 5 6 v
TSC7117A ONLY vi=50V
(SEegcn;::rtPiS[:n1kér)19 Current Segment Voltage =3 V 5 8.0 — mA
TSC7117A ONLY vi=s0vV
(S;i%n;t;n(t)i;;v)klng Current Segment Voltage = 3 V 10 16 — mA
NOTES:
1. Input voitages may exceed the supply voltages provided the input currentis

limited to + 100 uA.

2. Dissipation rating assumes device is mounted with all leads soldered to
printed circuit board.

3. Unless other wise noted, specifications apply to both the TSC7116A and
TSC7117A at TA=25°C, fcLock = 48 kHz. TSC7116A is tested in the circuit
of Figure 1. TSC7117A is tested in the circuit of Figure 2.

Pin Configuration

4. Refer to “Differential Input” discussion.

5. Backplane drive is in phase with ssgment drive for ‘off' segment, 180° out of
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average
dc component is less than 50 mV.

6. The TSC7116A logic input has an internal pull-down resistor connected
from HLDR, Pin 1, to TEST, Pin 37. The TSC7117A logic input has an inter-
nal pull-down resistor connected from HLDR, Pin 1 to GROUND, Pin 21.

wor(T] @ N [407] 05C4 wor[] @ > 45 ] 0sc,
NORMAL — NORMAL
D13 39] 0scy 012 [357] osc,
PIN CONFIGURATION PIN CONFIGURATION
¢ [3 38_] 0sc3 G [3 38 ] 0sC3
B[ a 37 | TEST B[4 37 ] TEST
v M[E 36 ] Vher v Am[E 36 ] VREF
| & 35 ] vt Fi (6 35 ]vt
G (7 - [34] clier G [7 P [32] cher
©1LE 1sc7".1s 35 orer 1] TSC7'1.17A 3] e
— A ANALOG ANAL
o2 [5] 32 ] common I 0 [F] common
¢z [0 31 ] Vin ¢2 [0 3 vin
w2200 301 Vit w8201 130] Vi
A2 [32 29 JCaz Az (A7 29]Caz
F2 [33 28 | VBUFF F2 [33 28 | VBUFF
Ex [12 27 JVinT E2 (T4 27 [VINT
D315 26 |V~ D3 [15 26 |V™
105 2 B8 R wos 23 0E] EGZ——‘
F3 (37 ] 24]C3 0 F3 [77 ] 24]¢3 450,
[__ €3 08} A3 E3 18] A3
1000's —=ABg4 [19 22 ]G3 1000's-~ABg [19 22 |G3
poL [20 21 ] 8P poL [20] 21 ] GND
IMINUS SIGN) (BATK PLANE) (MINUS SIGN)

”»
TSC7116A

CITel [T T Ts] Te) [19)
w o ~ I
I %
S = § § § H
Notes: 1. NC = NO INTERNAL CONNECTION
2 PIN:

8, 23, 38 AND 63 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE
NS IS APPROXIMATELY V*. NO EXTERNAL CONNECTIONS SHOULD BE MADE.

TSC7117A
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TSC7116A (LCD Drive)
TSC7117A (LED Drive)

3 1/2 Digit A/D Converter
® Low Drift Voltage Reference

e Display Hold Function

Ordering Information

Pin Temp. Display Pin Temp. Display
Part No. Package Layout Range Drive Part No. Package Layout Range Drive
Tsc7iteacPL  gR oo Normal  25f8 Lep Tsc7ii7AL o Normal “252%  LeD
TSC7116ALL Sorolp Normal “23218  LOD  r1scrii7aceQ Piatls Fiat formed  0%S%  LeD
Package
TSCT116ACBQ  Piactic Flat  Formed  0°Cto o 60-Pin .
Package Leads  +70°C TSCTII7ACSQ  Plastic Fiat pnformed  0°CX LED
60-Pin Unformed  0°C to - o S
TSC7116ACSQ ;l:;:u:g zlat Leads 170°C LCD Devices wlt:o:l;‘n-ln (160 Hours at +1 205o g)to
-Pi
E— ,ﬁ?;:’,‘{é op Normal 9:7 ‘858 b TSC7116ACPL/BI 4P(|::i: Dip Normal ;_detg LCD
TSC7117ACPL/Bl  piactic Dip Normal +70°C LED
Pin Description
40-Pin DIP 60-Pin
Pin Number  Flat Package
Normal Pin Number Name Description
1 13 HLDR Hold Pin, Logic 1 holds present display reading.
2 14 D4 Activates the D section of the units display.
3 15 C1 Activates the C section of the units display.
4 16 B1 Activates the B section of the units display.
5 17 At Activates the A section of the units display.
6 18 F1 Activates the F section of the units display.
7 19 G1 Activates the G section of the units display.
8 20 E1 Activates the E section of the units display.
9 21 D2 Activates the D section of the tens display.
10 25 C2 Activates the C section of the tens display.
11 26 B2 Activates the B section of the tens display.
12 27 Az Activates the A section of the tens display.
13 28 F2 Activates the F section of the tens display.
14 29 E2 Activates the E section of the tens display.
15 30 D3 Activates the D section of the hundreds display.
16 31 Ba Activates the B section of the hundreds display.
17 32 F3 Activates the F section of the hundreds display.
18 33 Es Activates the E section of the hundreds display.
19 34 AB4 Activates both halves of the 1 in the thousands display.
20 35 POL  Activates the negative polarity display.
21 36 BP TSC7116A: LCD Backplane drive output.
GND  TSC7117A: Digital Ground.
22 37 G3 Activates the G section of the hundreds display.
23 40 A3 Activates the A section of the hundreds display.
24 41 Cs Activates the C section of the hundreds display.
25 43 G2 Activates the G section of the tens display.
26 45 A Negative power supply voltage.
27 46 VINT Integrator output. Connection point for integration capacitor. See
INTEGRATING CAPACITOR section for additional details.
28 47 VBUFF Integration resistor connection. Use a 47 k(} for a 200 mV full-scale
range and a 470 k() for 2 V full-scaie range.
“™ TELEDYNE SEMICONDUCTOR 7 -88
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TSC7116A (LCD Drive)
TSC7117A (LED Drive)

Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal Pin Number Name Description
The size of the auto-zero capacitor influences the system noise. Use a 0.47 uF capacitor for
29 49 Caz a 200 mV full-scale, and a 0.047 uF capacitor for a 2 volt full-scale. See paragraph on
AUTO-ZERO CAPACITOR for more details.
30 51 VIN The analog low input is connected to this pin.
31 55 Vﬁq The analog high input signal is connected to this pin.
32 57 Analo This pin is primarily used to set the analog common-mode voltage for battery operation or
Commgn in systems where the input signal is referenced to the power supply. See paragraph on
ANALOG COMMON for more details. It also acts as a reference voltage source.
33 58 CReF  See pin 34.
. A 0.1 uF capacitor is used in most applications. If a large common-mode voltage exists
34 59 Crer  (for example the ViN pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 60 v’ Positive Power Supply Voltage.
N The analog input required to generate a full-scale output (1,999 counts). Place 100 mV
36 1 VREF  between pins 32 and 36 for 199.9 mV full-scale. Place 1.00 volts between pins 32 and 36 for
2 volts full-scale. See paragraph on REFERENCE VOLTAGE.
Lamp test. When pulled high (to V+) all segments will be turned on and the display should
37 3 Test read -1888. It may also be used as a negative supply for externally generated decimal
points. See paragraph under TEST for additional information.
38 4 OSCs  See pin 40.
39 6 OSC2 See pin 40.
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per section)
40 10 OSC1  connect pin 40 to the junction of a 100 kQ resistor and a 100 pF capacitor. The 100 k{2 resistor

is tied to pin 39 and the 100 pF capacitor is tied to pin 38.

Analog Section

Figure 3 shows the Block Diagram of the Analog Section for
the TSC7116A and TSC7117A. Each measurement cycle is
divided into three phases. They are (1) auto-zero (A-Z), (2)
signal integrate (INT) and (3) reference (REF).

Auto-Zero Phase

Input high and low are disconnected from the pins and inter-
nally shorted to analog common. The reference capacitor is
charged to the reference voltage. A feedback loop is closed
around the system to charge the auto-zero capacitor Caz to
compensate for offset voltages in the buffer amplifier, inte-
grator, and comparator. Since the comparator is included in
the loop, the A-Z accuracy is limited only by the noise of the
system. The offset referred to the input is less than 10 uV.

Signal Integrate Phase

The auto-zero loop is opened, the internal short is removed,
and the internal input high and low are connected to the
external pins. The converter then integrates the differential
voltage between ViNand Vin for a fixed time. This differential
voltage can be within a wide common-mode range; within
one volt of either supply. If, on the other hand, the input sig-
nal has no return with respect to the converter power supply,
VIN can be tied to analog common to establish the correct
common-mode voltage. At the end of this phase, the polarity
of the integrated signal is determined.

Reference Integrate Phase

The final phase is reference integrate or de-integrate. Input
low is internally connected to analog common and input high
is connected across the previously charged reference capa-
citor. Circuitry within the chip ensures that the capacitor will
be connected with the correct polarity to cause the integrator
output to return to zero. The time required for the output to
return to zero is proportional to the input signal. The digital
reading displayed is:

1000 X _VIN_
VREF

Reference .
The positive reference voltage (VREeF) is referenced to analog
common.

Differential Input

The input can accept differential voltages anywhere within
the common-mode range of the input amplifier; or specifi-
cally from 1.0 volts below the positive supply to 1.0 voltabove
the negative supply. In this range the system has a CMRR of
86 dB typical. However, since the integrator also swings with
the common-mode voltage, care must beexercised to assure
the integrator output does not saturate. A worse case condi-
tion would be a large positive common-mode voltage with a
near full-scale negative differential input voltage. The nega-
tive input signal drives the integrator positive when most of
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Figure 3: Analog Section of TSC7116A/TSC7117A

its swing has been used up by the positive common-mode
voltage. For these critical applications the integrator swing
can be reduced to less than the recommended 2V full-scale
swing with little loss of accuracy. The integrator output can
swing within 0.3 volts of either supply without loss of linearity.

Analog Common

This pin is included primarily to set the common-mode volt-
age for battery operation (TSC7116A) orforany system where
the input signals are floating with respect to the power sup-
ply. The common pin sets a voltage that is approximately 3.0
volts more negative than the positive supply. This is selected
to give a minimum end-of-life battery voltage of about 6 V.
However, the analog common has some of the attributes of
a reference voltage. When the total supply voltage is large
enough to cause the zener to regulate (>7 V), the common
voltage will have a low voltage coefficient (0.001%/%), iow
output impedance (=15 1), and a temperature coefficient of
20 ppm/°C typically.

vt

6.8k

»
- Vher| TSC9491Cy
TSC7116A

TSC7117A 1.2v

REFERENCE

COMMON

Figure 4: Using an External Reference

An external reference may be may be used if necessary. The
circuit is shown in Figure 4.

Analog common is also used as the Vin return during auto-
zero and deintegrate. If ViN is different from analog common,
a common-mode voltage exists in the system and is taken
care of by the excellent CMRR of the converter. However, in
some applications Vin will be set at a fixed known voltage
(power supply common for instance). In this application,
analog common should be tied to the same point, thus
removing the common-mode voltage from the converter.
The same holds true for the reference voltage. if reference
can be conveniently referenced to analog common, it should
be since this removes the common-mode voltage from the
reference system.

Within the IC, analog common is tied to an N-channel FET
that can sink 30 mA or more of current to hold the voltage
3.0 volts below the positive supply (when a load is trying to
pull the common line positive). However, there is only 10 A
of source current, so common may easily be tied to a more
negative voltage thus over-riding the internal reference.

Test

The TEST pin serves two functions. On the TSC7117A it is
coupied to the internally generated digital supply through
a 500 O resistor. Thus it can be used as the negative supply
for externally generated segment drivers such as decimal
points or any other presentation the user may want to in-
clude on the LCD display. Figures 5 and 6 show such an
application. No more than a 1 mA load should be applied.

The second function is a “lamp test.” When TEST is pulled
high (to V+) all segments will be turned on and the display
should read -1888. The TEST pinwill sinkabout 10 mA under
these conditions.
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Figure 5: Simple Inverter for Fixed Decimal Point
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Figure 6: Exclusive “OR” Gate for Decimal Point Drive
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Figure 7: Clock Circuits

Digital Section

Figures 8 and 9 show the digital section for the TSC7116A and
TSC7117A, respectively. In the TSC7116A (Figure 8), an inter-
nal digital ground is generated from a 6 volt Zener diode and
a large P channel source follower. This supply is made stiff to
absorb the large capacitive currents when the back plane
(BP) voltage is switched. The BP frequency is the clock
frequency divided by 800. For three readings/second this is
a 60 Hz square wave with a nominal amplitude of 5 volts. The
segments are driven at the same frequency and amplitude
and are in phase with BP when OFF, but out of phase when
ON. In all cases, negligible dc voltage exists across the
segments.

Figure 9 is the Digital Section of the TSC7117A. It is identical
to the TSC7116A except that the regulated supply and back
plane drive have been eliminated and the segment drive is
typically 8 mA. The 1000 output (pin 19) sinks current from
two LED segments, and has a 16 mA drive capability. The
TSC7117A is designed to drive common anode LEDs.

In both devices, the polarlty indication is “on” for negative
analog inputs. If VIN and VIN are reversed, this indication can
be reversed also, if desired.

System Timing
Figure 9 shows the clocking method used in the TSC7116A
and TSC7117A. Three clocking methods may be used:

1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.
3. An RC oscillator using all three pins.

The oscillator frequency is divided by four before it clocks
the decade counters. It is then further divided to form the
three convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and auto-
zero (1000 to 3000 counts). For signals less than full-scale
auto-zero gets the unused portion of reference de-integrate.
This makes a complete measure cycle of 4,000 (16,000 clock
puises) independent of input voltage. For three readings/
second, an oscillator frequency of 48 kHz would be used.

To achieve maximum rejection of 60 Hz pickup, the signal
integrate cycle should be a multiple of 60 Hz. Oscillator fre-
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz,
33-1/3 kHz, etc. should be selected. For 50 Hz rejection,
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz,
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5
readings/second) will reject both 50 and 60 Hz (also 400 and
440 Hz).

HOLD Reading Input

When HLDR is at a logic “HI” the latch will not be updated.
A/D conversions will continue but will not be updated until
the HLDR is returned to “LOW". To continuously update the
display connect to TEST (TSC7116A) or GROUND
(TSC7117A) or disconnect. This input is CMOS compatible
with 70K typical resistance to TEST (TSC7116A) or GROUND
(TSC7117A).

Component Value Selection

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on the
noise of the system. For 200 mV full-scale where noise is very
important, a 0.47 uF capacitor is recommended. On the 2 volt
scale, a 0.047 uF capacitor increase the speed of recovery
from overload and is adequate for noise on this scale.

Reference Capacitor

A 0.1 uF capacitor is acceptable in most applications. How-
ever, where a large common-mode voltage exists (i.e. the Vin
pin is not at analog common) and a 200 mV scale is used, a
large value is required to prevent to roll-over error. Generally
1.0 uF will hold the roll-over error to 0.5 countin this instance.
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Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3 volt from either
supply). Inthe TSC7116A or the TSC7117A, when the analog
common is used as a reference, a nominal £2 volt full-scale
integrator swing is acceptable. For the TSC7117A with £5
volt supplies and analog common tied to supply ground, a
+3.5 to =4 volt swing is nominal. For three readings/second
(48 kHz clock) nominal values for CiNT are 0.22 uF and
0.10 uF, respectively. If different oscillator frequencies are
used, these values should be changed in inverse proportion
to maintain the output swing.

The integrating capacitor must have low dielectric absorp-
tion to prevent roll-over errors. Polypropylene capacitors are
recommended for this application.

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100 pA of quiescent current. They can
supply 20 pA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remain in
this very linear region over the input voltage range, but smalil
enough that undue leakage requirements are not placed on
the PC board. For 2 volt full-scale, 470 kQ is near optimum
and similarly a 47 k) for a 200.0 mV scale.

Oscillator Components

For all ranges of frequency a 100 kQ resistor is recom-
mended and the capacitor is selected from the equation
f =45 . For 48 kHz clock (3 readings/second), C = 100 pF.

RC

Reference Voltage

To generate full-scale output (2000 counts) the analog input
required is: ViIN=2 VRer. Thus, for the 200.0 mV and 2.000 volt
scale, VRer should equal 100.0 mV and 1.00 volt respectively.
In many applications where the A/D is connected to a trans-
ducer, there will exista scale factor between the input voltage
and the digital reading. For instance, in a measuring system,
the designer might like to have a full-scale reading when the
voltage from the transducer is 700 mV. Instead of dividing the
input down to 200.0 mV, the designer should use the input
voltage directly and select VRer = 350 mV. Suitable values for
integrating resistor and capacitor would be 120 k and
0.22 uF. This makes the system slightly quieter and also
avoids a divider network on the input. The TSC7117A with
+5 V supplies can accept input signals up to £4 V. Another
advantage of this system occurs when a digital reading of
zero is desired for VIN # 0. Temperature and weighing sys-
tems with a variable tare are examples. This offset reading
can be conveniently generated by connecting the voltage
transducer between Vi and common and the variable (or
fixed) offset voltage between common and VIN.

TSC7117A Power Supplies

The TSC7117A is designed to work from +5 V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with two diodes, two capa-
citors and an inexpensive IC. Figure 10 shows this applica-
tion.

In selected applications no negative supply is required. The

conditions to use a single +5 V supply are:

® The input signal can be referenced to the center of the
common-mode range of the converter.

® The signal is less than +1.5 volts.

® An external reference is used.

r
|
|
i
!
|
|
|
|
1
|
|
|
1
|
|
1

V7= -3.3v

Figure 10: Generating Negative Supply From + 5V

Typical Applications
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Applications Information

The TSC7117A sinks the LED display currentand this causes
heat to build up in the IC package. If the internal voltage
reference is used, the changing chip temperature can cause
the display to change reading. By reducing package power
dissipation such variations can be reduced. By reducing the
LED common anode voltage the TSC7117A package power
dissipation is reduced.

Figure 17 is a photograph of a curve-tracer display showing
the relationship between output current and output voltage
for a typical TSC7117ACPL. Since a typical LED has 1.8 volts
across it at 8 mA, and its common anode is connected to
+5 V, the TSC7117A output is at 3.2 V (point A on Fig. 17).
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments
=622 mW.

Figure 16: TSC7117A Operated from Single +5 V
Supplr. An External Reference Must Be
Used in This Application.

Notice, however, that once the TSC7117A output voltage is
above two volts, the LED current is essentially constant as
output voltage increases. Reducing the output voltage by
0.7 V (point B of Figure 17) results in 7.7 mA of LED current,
only a 5 percent reduction. Maximum power dissipation is
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%.
An output voltage reduction of 1 volt (point C) reduces LED
current by 10% (7.3 mA) but power dissipation by 38%! (7.3
mA X 22V X 24 = 385 mW).

Reduced power dissipation is very easy to obtain. Fig. 18
shows two ways: either a 5.1 ohm, 1/4 watt resistor ora 1 Amp
diode placed in series with the display (but not in series with
the TSC7117). The resistor wili reduce the TSC7117A output
voltage, when all 24 segments are “ON," to point "C" of Fig.
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17. When segments turn off, the output voltage will increase.
The diode, on the other hand, will result in a relatively steady
output voltage, around point “B.”

In addition to limiting maximum power dissipation, the resis-
tor reduces the change in power dissipation as the display
changes. This effect is caused by the fact that, as fewer
segments are "ON,” each “ON" output drops more voltage
and current. For the best case of six segments (a “111" dis-
play) to worst case (a “1888" display) the resistor circuit will

Figure 17: TSC7117A Output Currentvs. Output Voltage

change about 230 mW, while a circuit without the resistor will
change about 470 mW. Therefore, the resistor will reduce the
effect of display dissipation on reference voltage drift by
about 50%.

The change in LED brightness caused by the resistor is
almost unnoticeable as more segments turn off. If display
brightness remaining steady is very important to the de-
signer, diode may be used instead of the resistor.
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Figure 18: Diode or Resistor Limits Package Power
Dissipation
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General Description

The TSC7116 and TSC7117 3-1/2 digit CMOS analog-to-di-
gital converters contain all the active components necessary
to construct a 0.05% resolution measurement system. Seven
segment decoders, polarity and digit drivers, voltage refer-
ence and clock circuit are integrated on chip. The TSC7116
drives liquid crystal displays (LCD) and includes a backplane
driver. The TSC7117 drives common anode light emitting
diode (LED) displays directly with an 8 mA drive current per
segment.

The TSC7116/TSC7117 incorporates the display hold
(HLDR) function. the displayed reading will remain indefi-
nitely as long as HLDR is held high. Conversions continue
but the output data display latches are not updated. The VRErF
or reference low input is not available as it is with the
TSC7106/TSC7107. VREF is tied internally to analog common
in the TSC7116/TSC7117 devices.

A low cost, high resolution indicating meter requires only a
display, four resistors, and four capicitors. The TSC7116 low
power drain and 9 V battery operation make it ideal for por-
table applications.

The TSC7116/TSC7117 reduce linearity error to less than 1
count. Rollover error — the difference in readings for equal
magnitude but opposite polarity input signals — is below +1
count. High impedance differential inputs offer 1 pA leakage
current and a 1012 ) input impedance. The 15 uVp-p noise
performance guarantees a “rock solid” reading. The auto-

TSC7116 (LCD Drive)

TSC7117 (LED Drive)
3 1/2 Digit A/D Converter
¢ Direct Display Drive

¢ Display Hold Function

Features
® Display Hold Function
® Drives LCD or LED Displays Directly
® Guaranteed Zero Reading with Zero Input
® | ow Noise for Stable Display
-2.000 V or 200.0 mV Full-Scale Range

® Auto-Zero Cycle Eliminates Need for Zero Adjustment
Potentiometer

® True Polarity Indication for Precision Null Applications

® Convenient 9 V Battery Operation (TSC7116)

® High Impedance CMOS Differential Inputs ..... 1012 Q

® | ow Power Operation ........................ 10 mW

zero cycle guarantees a zero display reading with a zero volt
input.

The TSC7116/TSC7117 dual slope conversion technique
automatically rejects interference signals if the converters
integration time is set to a multiple of the interference signal
period. This is especially useful in industrial measurement
environments where 50, 60 and 400 Hz line frequency signals
are present.

The TSC7116/TSC7117 are available in a small 60-pin flat
package for compact designs. Standard devices are offered
in an industrial temperature range and with burn-in lasting
for 160 hours at +125°C.

For applications requiring a more temperature stable internal
reference voltage refer to the TSC7116A/7107 A data sheets.
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Figure 1: Typical TSC7116 Operating Circuit

Figure 2: Typical TSC7117 Operating Circuit
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Absolute Maximum Ratings

TSC7116
Supply Voltage (VIO V) vuvivvviiiiiiiiiniinnns 15V
Analog Input Voltage (either input) (Note 1) .... V toV
Reference Input Voltage (either input) .......... VitoV”
CIOCK TNPUL « ettt et eeeeeeeeeeeenennnns Testto V*
Power Dissipation (Note 2)
CerDIP Package ........ovvvvvvnvvinennnns 1000 mW
Plastic Package .........coevviiiiiiiinnenn 800 mW
Operating Temperature
“C" DBVICES +uvivvrririiniieiiiinens 0°C to +70°C
“" DEVICES .+ vt -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 300°C

Stresses above those listed under Absolute Maximum Ratings may cause
permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions above those indicated

Electrical Characteristics (Note 3)

TSC7117
Supply Voltage
Ve +6V
Ve -9V
Analog Input Voltage (either input) (Note 1) .... V: to V:
Reference Input Voltage (either input) .......... VitoVv
Clock INPUt «ovvviiiriiiiieinin i ininenaenes GND to V*
Power Dissipation (Note 1)
CerDIP Package ......vovvviiinnveernnnnes 1000 mW
Plastic Package ..........coovviiiviiiiinnnns 800 mW
Operating Temperature
“C" DEVICES +viviiiiniiiiiiiiii s 0°C to +70°C
“I" DeVICES . it -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ............ 300°C

in the operational sections of the specifications is not implied. Exposure to
Absolute Maximum Rating Conditions for extended periods may effect device
reliability.

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
Zero input Reading ‘é{:‘,:sgf,ev: 2000 mV -000.0 +000.0 +000.0 Digital Reading
Ratiometric Reading ‘6:‘;;";3’8 mv 999  999/1000 1000 Digital Reading
Rollover Error (Difference in
Reading for Equal Positive and =VIN = +VIN = 200.0 mV -1 *0.2 +1 Counts
Negative Reading Near Full-Scale)
Loarri M. Devtion From e o0 v 4 =2 B
Comm_on-Moqe Vem=*1V,VN=0V. _ 50 _ VIV
Rejection Ratio (Note 4) Full-Scale = 200.0 mV
Noise (Pk - Pk Valqe Not VIN=0V _ 15 _ Y,
Exceeded 95% of Time) Full-Scale = 200.0 mV
Leakage Current @ Input VIN=0V - 1 10 PA
VIN=0V
Zero Reading Drift V?r; Bgv\i;: e=0°Cto70°C - 02 1 wVv/°C
“I" Device = -25°C to +85°C — 1.0 2
VIN =199.0 mV,
Scale Factor N (gxtDFel;;c: ; g;rCn/tooc:?)ooc — 1 5 ppm/°C
Temperature Coefficient VIN = 199.0 mV _ _ 20 ppm/°C
“I" Device: -25°C to +85°C
e Restanee o - B
ViL, Pin 1 (TSC7116 only) — — Test +1.5 \Y
Vi, Pin 1 (TSC7117 only) — - GND +1.5 \"
ViH, Pin 1 (Both) Vi-15 - — v
R e e Nt - o mA
Analog Common Voltage (With 25 k() Between Common 24 28 32 v
Respect to Pos. Supply) and Pos. Supply i
Ter_np. Coeff. of Analog common 25 k() Between Common _ 80 _ ppm/°C
(With Respect to Pos. Supply) and Pos. Supply
TSC7116 ONLY Pk - Pk vt toV =9V 4 5 6 v

Segment Drive Voltage (Note 5)

“»* TELEDYNE SEMICONDUCTOR



3 1/2 Digit A/D Converter
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TSC7116 (LCD Drive)
TSC7117 (LED Drive)

Electrical Characteristics (Cont.)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
E‘:‘f@éﬁf Drive Cﬁﬁaz‘; (Note 5) ViovT=9v 4 5 6 v
TSC7117 O.NL.Y v =50V
\(S'Eefcrgg?tmsr:n1k9n)19 Current Segment Voltage = 3 V 5 8.0 - mA
TSC7117 O.NL.Y V= 50V
Segment Sinking Current 10 16 - mA

(Pin 19 Only) Segment Voltage =3 V

NOTES:

1. Input voltages may exceed the supply voltages provided the input currentis
limited to = 100 wA.

2. Dissipation rating assumes device is mounted with all leads soldered to
printed circuit board.

3. Unless other wise noted, specifications apply to both the TSC7116 and
TSC7117 at Ta = 25°C, fcLock = 48 kHz. TSC7116 is tested in the circuit of
Figure 1. TSC7117 is tested in the circuit of Figure 2.

Pin Configuration

4. Refer to "Differential Input” discussion.

5. Backplane drive is in phase with segment drive for ‘off' segment, 180° out of
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average
dc component is less than 50 mV.

6. The TSC7116 logic input has an internal pull-down resistor connected from
HLDR, Pin 1,to TEST, Pin 37. The TSC7117 logic input has an internal pull-
down resistor connected from HLDR, Pin 1 to GROUND, Pin 21.

HWOR[T ] @ ‘ml_ [ 4] oscy
— NOR
o1 CZ] PIN CONFIGURATION [ 38] 0sc
o1 (5] [55] oscs
81 4| 37 ] TEST
s A ] 36 ] VRer
F1[6 35 vt
617 34 ] Cher
PRS
| af= () [55 ] CRer
Dz [ ] TSC7116 32 ég‘%%ﬁl
¢z [0 31 ] Vin
10% B2[m 30 JVin
Az [12 29 |Caz
F2 [13 28 ] VBUFF
| E2[7a 27 VINT
D315 26 V™
w00 B3 [08 25 | G2
F3 [O7 24]C3 100
E3 [18 23 | A3
1000's=AB4 (79 ] [27]63 __l
poL [20 21 ] 8P
(MINUS SIGN) (BACK PLANE)

/"

TSC7116 BQ
TSC7116 SQ

2] e 7] el [e]
LY E MY N ) Ty Q& - -
5285929 9852g228485S
= £3 g 8 z

Notes:
1. NC = NO INTERNAL CONNECTION

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE, THE POTENTIAL AT THESE
PINS 1S APPROXIMATELY V*. NO EXTERNAL CONNECTIONS SHOULD BE MADE.

_wor[T] @ NML [30] 0scy
o1 7] PIN CONFIGURATION |22 9SC2
¢ [3] [ s8] osc3
814 | TEST

o A [E] ] vier
F1 e [35]v*
&1 ] [ 34 ] Cher

| B[] “n [33] CRer

0, [3] Tser7 32 Cominon
C2 (0] 31 ]vin

ws 20O [30] Vi
Az 2] [25]caz
F2 [13] [ 28 ] Vaurr

L Ee[H] [27]Vine
D3 15 | 26 |V

1os B8 8] [25] 62

|_ s L2813 400,

E3 78] [23] A3
1000's~-AB4 [19 | 22 ]G3 _’
poL [20 | 21 ] GND

(MINUS SIGN)

ViNT
VBUFF

Vin

e -”»

TsC7117 8Q
NC TSC7117 SQ

L2l (e Taf 18]
g 2
[=]

osc, [}
ne [5]
sug [o]
NC [o]
osc, [G
ne [3]
ne [5]
HLDR (3]
0, [F]
¢ G
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TSC7116 (LCD Drive)
TSC7117 (LED Drive)

3 1/2 Digit A/D Converter
® Direct Display Drive
e Display Hold Function

Ordering Information

Pin Temp. Display Pin Temp. Display
Part No. Package Layout Range Drive Part No. Package Layout Range Drive
TSC7116CPL e bip  Nomal %52 1co Tscrirrou o Normal  975%  LED
TSC71161PL eriaDip  Normal 2L Lop  TSCTI7IL Corip Normal 2§ LED
TSC7116CIL pomA Nomal 001 LD rscricB Pt Flat  FomMed  0°Clojgp
TSC71161JL 40-Pin Normal “25°Clo cp oo
CerDIP +85°C TSCT117CSQ e Fiat Unformed  0°Cto e
60-Pin Formed  0°C to Package Leads e
TSC7116CBQ SL%S,EQ%S'“ Leads +70°c LCD Devices with Burn-In (160 Hours at +125°C)
_Pi 40-Pin 0°C to
TSC7116CSQ EZagtnggat Hg;%gned 2;80% LCD TSC7116CPL/BI 4P(I::|: Dip Normal ;Zgog LCD
0P °Cto TSC7117CPL/BI Plastic Dip Normal 170°C LED
TSC7117CPL Plastic Dip Normal 170°C LED -
TSCT117IPL o Dip  Normal 2Cfe 1ED
Pin Description
60-Pin
40-Pin DIP Flat Package
Pin Numb Pin Numb Name  Description
1 13 HLDR  Hold Pin, Logic 1 holds present display reading.
2 14 D1 Activates the D section of the units display.
3 15 C1 Activates the C section of the units display.
4 16 B1 Activates the B section of the units display.
5 17 A1 Activates the A section of the units display.
6 18 F1 Activates the F section of the units display.
7 19 G1 Activates the G section of the units display.
8 20 E1 Activates the E section of the units display.
9 21 D2 Activates the D section of the tens display.
10 25 C2 Activates the C section of the tens display.
1 26 B2 Activates the B section of the tens display.
12 27 A2 Activates the A section of the tens display.
13 28 F2 Activates the F section of the tens display.
14 29 E2 Activates the E section of the tens display.
15 30 D3 Activates the D section of the hundreds display.
16 31 B3 Activates the B section of the hundreds display.
17 32 F3 Activates the F section of the hundreds display.
18 33 Es Activates the E section of the hundreds display.
19 34 AB4 Activates both halves of the 1 in the thousands display.
20 35 POL Activates the negative polarity display.
21 36 BP TSC7116: LCD Backplane drive output.
GND  TSC7117: Digital Ground.
22 37 Gs Activates the G section of the hundreds display.
23 40 A3 Activates the A section of the hundreds display.
24 41 Cs Activates the C section of the hundreds display.
25 43 G2 Activates the G section of the tens display.
26 45 v~ Negative power supply voltage.
27 46 VINT Integrator output. Connection point for integration capacitor. See

INTEGRATING CAPACITOR section for additional details.

“»*™ TELEDYNE SEMICONDUCTOR
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3 1/2 Digit A/D Converter
® Direct Display Drive
¢ Display Hold Function

TSC7116 (LCD Drive)
TSC7117 (LED Drive)

Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal Pin Number Name Description
28 47 VBUFE Integration resistor connection. Use a 47 kQ for a 200 mV full-scale
range and a 470 k() for 2 V full-scale range.
The size of the auto-zero capacitor influences the system noise. Use a 0.47 uF capacitor for
29 49 Caz a 200 mV full-scale, and a 0.047 uF capacitor for a 2 volt full-scale. See paragraph on
AUTO-ZERO CAPACITOR for more details.
30 51 VIN  The analog low input is connected to this pin.
31 55 Vf& The analog high input signal is connected to this pin.
32 57 Analo This pin is primarily used to set the analog common-mode voltage for battery operation or
9 in systems where the input signal is referenced to the power supply. See paragraph on
Common
ANALOG COMMON for more details. It also acts as a reference voltage source.
33 58 CRer  See pin 34.
. A 0.1 uF capacitor is used in most applications. If a large common-mode voltage exists
34 59 CREF (for example the VIN pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 60 VT Positive Power Supply Voltage.
. The analog input required to generate a full-scale output (1,999 counts). Place 100 mV
36 1 VREF between pins 32 and 36 for 199.9 mV full-scale. Place 1.00 volts between pins 32 and 36 for
2 volts full-scale. See paragraph on REFERENCE VOLTAGE.
Lamp test. When pulled high (to V+) all segments will be turned on and the display should
37 3 Test read -1888. It may also be used as a negative supply for externally generated decimal
points. See paragraph under TEST for additional information.
38 4 OSC3  See pin 40.
39 6 O8C2  See pin 40.
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per section)
40 10 OSC1  connect pin 40 to the junction of a 100 k() resistor and a 100 pF capacitor. The 100 k{} resistor

is tied to pin 39 and the 100 pF capacitor is tied to pin 38.

Analog Section

Figure 3 shows the Block Diagram of the Analog Section for
the TSC7116 and TSC7117. Each measurement cycle is
divided into three phases. They are (1) auto-zero (A-Z), (2)
signal integrate (INT) and (3) reference (REF).

Auto-Zero Phase

Input high and low are disconnected from the pins and inter-
nally shorted to analog common. The reference capacitor is
charged to the reference voltage. A feedback loop is closed
around the system to charge the auto-zero capacitor Caz to
compensate for offset voltages in the buffer amplifier, inte-
grator, and comparator. Since the comparator is included in
the loop, the A-Z accuracy is limited only by the noise of the
system. The offset referred to the input is less than 10 uV.

Signal Integrate Phase

The auto-zero ioop is opened, the internal short is removed,
and the internal input high and low are connected to the
external pins. The converter then integrates the differential
voltage between Vikand Vin for a fixed time. This differential
voltage can be within a wide common-mode range; within
one volt of either supply. If, on the other hand, the input sig-
nal has no return with respect to the converter power supply,
VIN can be tied to analog common to establish the correct
common-mode voltage. At the end of this phase, the polarity
of the integrated signal is determined.

Reference Integrate Phase

The final phase is reference integrate or de-integrate. Input
low is internally connected to analog common and input high
is connected across the previously charged reference capa-
citor. Circuitry within the chip ensures that the capacitor will
be connected with the correct polarity to cause the integrator
output to return to zero. The time required for the output to
return to zero is proportional to the input signal. The digital
reading displayed is:

VIN
REF

1000 X

Reference .
The positive reference voltage (VReF) is referenced to analog
common.

Differential Input

The input can accept differential voltages anywhere within
the common-mode range of the input amplifier; or specifi-
cally from 1.0 volts below the positive supply to 1.0 voltabove
the negative supply. In this range the system has a CMRR of
86 dB typical. However, since the integrator also swings with
the common-mode voltage, care must be exercised to assure
the integrator output does not saturate. A worse case condi-
tion would be a large positive common-mode voltage with a
near full-scale negative differential input voltage. The nega-
tive input signal drives the integrator positive when most of
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common(

Caz CiNT
AUTO. v
ZERO INT
2 "7 77 __’r_
TsC7116
TSC7117
INTEGRATOR
N 10
i + —> DIGITAL
SECTION

COMPARATOR

vin ¢

Figure 3: Analog Section of TSC7116/TSC7117

its swing has been used up by the positive common-mode
voltage. For these critical applications the integrator swing
can be reduced to less than the recommended 2 V full-scale
swing with little loss of accuracy. The integrator output can
swing within 0.3 volts of either supply without loss of linearity.

Analog Common

This pin is included primarily to set the common-mode volt-
age for battery operation (TSC7116) or for any system where
the input signals are floating with respect to the power sup-
ply. The common pin sets a voltage that is approximately 2.8
volts more negative than the positive supply. This is selected
to give a minimum end-of-life battery voltage of about 6 V.
However, the analog common has some of the attributes of
a reference voltage. When the total supply voltage is large
enough to cause the zener to regulate (>7 V), the common
voltage will have a low voltage coefficient (0.001%/%), low
output impedance (=15 ), and a temperature coefficient of
80 ppm/° C typically.

vt

vt
6.8k

-»

TSC8481Cy

1SC7118
TSC7117 Vel

1.2V
REFERENCE

COMMON

Figure 4: Using an External Reference

An external reference may be added to improve temperature
stability or the TSC7116A/TSC7117A devices with lower
analog common temperature drift may be used. The circuitis
shown in Figure 4.

Analog common is also used as the ViN return during auto-
zero and deintegrate. If Vi is different from analog common,
a common-mode voltage exists in the system and is taken
care of by the excellent CMRR of the converter. However, in
some applications Vi will be set at a fixed known voltage
(power supply common for instance). In this application,
analog common should be tied to the same point, thus
removing the common-mode voltage from the converter.
The same holds true for the reference voltage. If reference
can be conveniently referenced to analog common, it should
be since this removes the common-mode voltage from the
reference system.

Within the IC, analog common is tied to an N-channel FET
that can sink 30 mA or more of current to hold the voltage
2.8 volts below the positive supply (when a load is trying to
pull the common line positive). However, there is only 10 uA
of source current, so common may easily be tied to a more
negative voltage thus over-riding the internal reference.

Test

The TEST pin serves two functions. On the TSC7117 it is
coupled to the internally generated digital supply through
a 500 Q resistor. Thus it can be used as the negative supply
for externally generated segment drivers such as decimal
points or any other presentation the user may want to in-
clude on the LCD display. Figures 5 and 6 show such an
application. No more than a 1 mA load should be applied.

The second function is a “lamp test.” When TEST is pulled
high (to V¥ all segments will be turned on and the display
should read -1888. The TEST pin will sink about 10 mA under
these conditions.

)™ TELEDYNE SEMICONDUCTOR
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TSC7116 (LCD Drive)
TSC7117 (LED Drive)

[V* v+
=+
: 4048 :
“-<n" ' !
TSC7116 ! '
| | TOLCD
L 1—»»—;——— DECIMAL
Y POINT
GND
TesT|—
ToL
0 BACK PLANE

i T
R
PRN
A ‘__::)D":— 1O LCD
i DECIMAL

TSC7118 DECIMAL |
::}. H POINTS
Vo
1
I
l

PO‘NW
]
|
| 4030 i
LIEET_J Lo
T\cuo

SELECT
Figure 6: Exclusive “OR" Gate for Decimal Point Drive

-»
TSC7118/7117

CRYSTAL

EXTERNAL

OSCILLATOR RS NETWORK ,
1

TO TEST PIN ON TSC7116
TO GROUND PIN ON TSC7117

Figure 7: Clock Circuits

Digital Section

Figures 8 and 9 show the digital section for the TSC7116 and
TSC7117, respectively. In the TSC7116 (Figure 8), an inter-
nal digital ground is generated from a 6 volt Zener diode and
alarge P channel source follower. This supply is made stiff to
absorb the iarge capacitive currents when the back plane
(BP) voltage is switched. The BP frequency is the clock
frequency divided by 800. For three readings/second this is
a 60 Hz square wave with a nominal amplitude of 5 volts. The
segments are driven at the same frequency arid amplitude
and are in phase with BP when OFF, but out of phase when
ON. In all cases, negligible dc voltage exists across the
segments.

Figure 9 is the Digital Section of the TSC7117. It is identical
to the TSC7116 except that the regulated supp!y and back
plane drive have been eliminated and the segment drive is
typicaily 8 mA. The 1000 output (pin 19) sinks current from
two LED segments, and has a 16 mA drive capability. The
TSC7117 is designed to drive common anode LEDs.

In both devices, the polari+ty indication is “on” for negative
analog inputs. If VIN and VN are reversed, this indication can
be reversed also, if desired.

System Timing
Figure 9 shows the clocking method used inthe TSC7116 and
TSC7117. Three clocking methods may be used:

1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.
3. An RC oscillator using all three pins.

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three
convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and auto-
zero (1000 to 3000 counts). For signals less than full-scale
auto-zero gets the unused portion of reference de-integrate.
This makes a complete measure cycle of 4,000 (16,000 ciock
pulses) independent of input voltage. For three readings/
second, an oscillator frequency of 48 kHz would be used.

To achieve maximum rejection of 60 Hz pickup, the signal
integrate cycle should be a multiple of 60 Hz. Oscil'ator fre-
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 43 kHz, 40 kHz,
33-1/8 kHz, etc. should be selected. For 50 Hz rejection, oscil-
lator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 20 kHz,
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 readings/
second) will reject both 50 and 80 Hz (also 400 and 440 Hz).

HOLD Reading Input

When HLDR is at a logic “HI"” the latch will not be upaated.
A/D conversions will continue but will not be updated until
the HLDR is returned to “"LOW". To continuously update the
display connectto TEST (TSC7116) or GROUND (TSC7117)
or disconnect. This input is CMOS compatible with 70K typi-
cal resistance to TEST (TSC7116) or GROUND (TSC7117).

Component Value Selection

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on the
noise of the system. For 200 mV full-scale where noise is very
important, a 0.47 uF capacitor is recommended. On the 2 volt
scale, a 0.047 uF capacitor increase the speed of recovery
from cverload and is adequate for noise on this scale.

Reference Capacitor

A 0.1 uF capacitor is acceptable in most applications. How-
ever, where a large common-mode voltage exists (i.¢. the Vin
pin is not at analog common) and a 200 mV scale is used, a
large value is required to prevent to roll-over error. Generally
1.0 uF will hold the roll-over errorto 0.5 countin this instance.
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TSC7116

BACKPLANE

LCD PHASE DRIVER

—

TYPICAL SEGMENT QUTPUT

+ 7 SEGMENT 7 SEGMENT 7 SEGMENT .200
v DECODE DECODE DECODE
SEGMENT
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INTERNAL DIGITAL GROUND

FROM COMPARATOR OUTPUT

THOUSAND I*{HUNDR EDS]
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TO SWITCH DRIVERS

T

CLOCK

=

~ 70k

40

g

39

0502?

INTERNAL DIGITAL GROUND

—— — — = — - — - -

0sC 3

P
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Vm . WF! | 5000 |

26
1 —oV
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Figure 8: TSC7116 Digital Section
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Figure 9: TSC7117 Digital Section
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Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3 volt from either
supply). In the TSC7116 or the TSC7117, when the analog
common is used as a reference, a nominal £2 volt full-scale
integrator swing is acceptable. For the TSC7117 with =5 volt
supplies and analog common tied to supply ground, a+3.5to
+4 volt swing is nominal. For three readings/second (48 kHz
clock) nominal values for CinT are 0.22 u1F and 0.10 uF,
respectively. If different oscillator frequencies are used,
these values should be changed in inverse proportion to
maintain the output swing.

The integrating capacitor must have low dielectric absorp-
tion to prevent roll-over errors. Polypropylene capacitors are
recommended for this application.

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100 A of quiescent current. They can
supply 20 uA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remain in
this very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2 volt full-scale, 470 k() is near optimum
and similarly a 47 kQ for a 200.0 mV scale.

Oscillator Components

For all ranges of frequency a 100 kQ resistor is recom-
mended and the capacitor is selected from the equation
f =45 . For 48 kHz clock (3 readings/second), C = 100 pF.

RC

Reference Voltage

To generate full-scale output (2000 counts) the analog input
required is: ViIN=2 VRer. Thus, for the 200.0 mV and 2.000 volt
scale, VRer should equal 100.0 mV and 1.00 volt respectively.
In many applications where the A/D is connected to a trans-
ducer, there will exist a scale factor between the input voltage
and the digital reading. For instance, in a measuring system,
the designer might like to have a full-scale reading when the
voltage from the transducer is 700 mV. Instead of dividing the
input down to 200.0 mV, the designer should use the input
voltage directly and select VRer =350 mV. Suitable values for
integrating resistor and capacitor would be 120 k(2 and 0.22 uF.
This makes the system slightly quieter and also avoids a
divider network on the input. The TSC7117 with £5 V supplies
can accept input signals up to +4 V. Another advantage of
this system occurs when a digital reading of zero is desired
for VIN # 0. Temperature and weighing systems with a
variable tare are examples. This offset reading can be con-
veniently generated by connecting the voltage transducer
between Vil and common and the variable (or fixed) offset
voltage between common and VIn.

TSC7117 Power Supplies

The TSC7117 is designed to work from £5 V supplies. How-
ever, if a negative supply is not available, it can be generated
from the clock output with two diodes, two capacitorsand an
inexpensive IC. Figure 10 shows this application.

In selected applications no negative supply is required. The

conditions to use a single +5 V supply are:

® The input signal can be referenced to the center of the
common-mode range of the converter.

® The signal is less than *£1.5 volts.

® An external reference is used.

v

I B e gl
Vosc 1 ! cos00s |
| |
0sc 2 \ ! IN914
osc 3 i ; +
NN ! 104F
N H IN91aT=
TSC7117 :
1
1
I

VT=-3.3v

Figure 10: Generating Negative Supply From + 5V

Typical Applications

-”»
TSC7116 3

}——‘ TODISPLAY

TO BACKPLANE

Figure 11: TSC7116 Using the Internal Reference
(200 mV Full-Scale, 3 RPS)

g
TSC7117
k1l

-0-5V

Figure 12: TSC7117 Internal Reference (200 mV Full-
Scale, 3 RPS, Vin Tied to GND for Single
Ended Inputs).
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Figure 13: Circuit for Developing Underrange and
Overrange Signals from TSC7116 Outputs.

Figure 15: TSC7116/TSC7117: Recommended Com-
ponent Values for 2.00 V Full-Scale.

SET VReF = 100.0mV
T — Ve

ovr
1K 10KQ | 10KQ
[ 1.2V TSC9491 CJ
Y

AAA
—0
—_ VY.
:_.UIMF mMQ oIN

9
TsC7117

Figure 14: TSC7117 With a 1.2 V External Band-Gap
Reference. V|N Tied to Common).

Applications Information

The TSC7117 sinks the LED display current and this causes
heat to build up in the IC package. If the internal voltage
reference is used, the changing chip temperature can cause
the display to change reading. By reducing package power
dissipation such variations can be reduced. By reducing the
LED common ;node voltage the TSC7117 package power
dissipation is reduced.

Figure 17 is a photograph of a curve-tracer display showing
the relationship between output current and output voltage
for a typical TSC7117CPL. Since a typical LED has 1.8 volts
across it at 8 mA, and its common anode is connected to
+5 V, the TSC7117 output is at 3.2 V (point A on Fig. 17).
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments
=622 mW.

Figure 16: TSC7117 Operated from Single +5 V
Supply. An External Reference Must Be
Used in This Application.

Notice, however, that once the TSC7117 output voltage is
above two volts, the LED current is essentially constant as
output voltage increases. Reducing the output voltage by
0.7 V (point B of Figure 17) results in 7.7 mA of LED current,
only a 5 percent reduction. Maximum power dissipation is
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%.
An output voltage reduction of 1 volt (point C) reduces LED
current by 10% (7.3 mA) but power dissipation by 38%! (7.3
mA X 2.2 V X 24 = 385 mW).

Reduced power dissipation is very easy to obtain. Fig. 18
shows two ways: either a 5.1 ohm, 1/4 watt resistorora 1 Amp
diode placed in series with the display (but not in series with
the TSC7117). The resistor will reduce the TSC7117 output
voltage, when all 24 segments are “ON,” to point “C” of Fig.
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3 1/2 Digit A/D Converter
® Direct Display Drive
¢ Display Hold Function

TSC7116 (LCD Drive)
TSC7117 (LED Drive)

17. When segments turn off, the output voltage will increase.
The diode, on the other hand, will result in a relatively steady
output voltage, around point “B.”

In addition to limiting maximum power dissipation, the resis-
tor reduces the change in power dissipation as the display
changes. This effect is caused by the fact that, as fewer
segments are “ON,” each “ON" output drops more voltage
and current. For the best case of six segments (a “111” dis-
play) to worst case (a “1888" display) the resistor circuit will

I
1V 2V 3V 4V 5V

Figure 17: TSC7117 Output Current vs Output Voltage

change about 230 mW, while a circuit without the resistor will
change about 470 mW. Therefore, the resistor will reduce the
effect of display dissipation on reference voltage drift by
about 50%.

The change in LED brightness caused by the resistor is
almost unnoticeable as more segments turn off. If display
brightness remaining steady is very important to the de-
signer, diode may be used instead of the resistor.

0.224F
047 uF

j DISPLAY

TIOF | S
TP 2

1

0.1 uF a7

30

D o4\ TSC7117

10 20
REERERRRREEEEEEEEERn

50 14w DISPLAY

1 a
-
Lyt

Figure 18: Diode or Resistor Limits Package Power
Dissipation
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3 1/2 Digit A/D Converter
¢ Direct Display Drive
¢ Display Hold Function

TSC7116 (LCD Drive)
TSC7117 (LED Drive)

Package Information

40-Pin Plastic Dual-In-Line Package
(Package #17)

40-Pin CerDIP
(Package #20)

60-Pin Plastic Flat Package

PIN 1 INDICATION
DIMPLE OR BUTTON

. t
NS 0540 (13.716)
N g Nom: % N ————
{ 1
T —————
060 (1.542) TYP 160 025 = L___ & e
= |~ 002 (0.051) (4.064) (0.635) ] -”<™ — 0315 550
TYP. —_— = P Typ 1008
L oz o0 = = =
B 5 (0.305 + 0.025) ——
-+ TYP. TYP. | e—
-~ - ..| |-(;;gg) 125 (3:17) o 0,660 PIN 60
070 018 (0.467) ! MIN, (16.764) 0] )
(1.778) 020 (0.508) L v 0145
TYP, TYP. TYP
Ny UUUUL duuugu

‘,‘ L Q180 Max. “SQ” Package — Unformed Leads
TH w0 (Package #22)
q
g
:
2100
vAx | g~
0.100 g
i_" g
g .064 £ .004
o065 ,\ [+16° MAX
0020 = z E 1047 £ .004 e
0.015 oos0| J l 7 J\* 0g2. l
r—j_= 200 21
0,090 MIN.-I <0200 MAX, o 0590 —oI _00175 "‘ 022012 <— L.050 .00 Q10MIN
001BMIN. ~fi-  BEND f«— 810
| —
i T “BQ" Package — Formed Leads
’ Package #21
15° MAXi/ "Lomz ( o )
- 0.008
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TSC7126A
3 1/2 Digit A/D Converter

Low Power Dissipation - 900 uW Max.

General Description

The TSC7126A is a low power 3 1/2 Digit LCD display analog
to digital converter that allows existing 7126 based systems
to be upgraded. An improved internal zener reference vol-
tage circuit maintains the analog common temperature drift
to 35 ppm/° C typically. A 75 ppm/° C maximum limit is gua-
ranteed. This represents a 2 to 4 times improvement over
similar 3 1/2 digit converters.

Existing TSC7126 or ICL7126 based systems may be up-
graded without changing external passive component values.
The costly, space consuming external reference source may
be removed. Power dissipation is a low 800 uW maximum.
Long battery iife is guaranteed; a key design consideration in
portable or battery back-up systems.

The TSC7126A limits linearity error to less than 1 count on
200 mV or 2.00 V full-scale ranges. Rollover error - the differ-
ence in readmgs for equal magnitude but opposite polarity
input signals - is below +1 count. High |mpedance differential
inputs offer 1 pA leakage currents and a 10" Q input impe-
dance. The differential reference input allows ratiometric
measurements for ohms or bridge transducer measurements.
The 15 uVp-p noise performance guarantees a “rock solid”
reading. The auto zero cycle guarantees a zero display readout
for a zero volt input.

The single chip CMOS TSC7126A incorporates all the active
devices for a 3 1/2 digit analog to digital converter to directly
drive an LCD display. The internal oscillator, precision voltage
reference and display segment/backplane drivers simplify
system integration, reduce board space requirements and
lower total cost. A low cost, high resolution -0.05% - indicating
meter requires only a display, four resistors, four capacitors
and a 9 V battery. The flat package option eases the mechani-
cal design of low cost, hand held multimeters.

The TSC7126A dual slope conversion technique rejects inter-
ference signals if the converters integration time is set to a
multiple of the interference signal period. This is especially
useful in industrial measurement environmerits where 50, 60
and 400 Hz line frequency signals are present.

Typical Applications

® Thermometry
® Bridge Readouts (Strain Gauges, Load Cells,
Null Detectors)
® Digital Meters
- Voltage/Current/ Ohms/Power
- pH
- Capacitance/Inductance
- Fluid Flow Rate/Viscosity/Level

e 35 ppm/°C Internal Reference

Features
® Internal Reference With Low

Temperature Drift ................. 35 ppm/°C Typical

75 ppm/°C Maximum

® Guaranteed Zero Reading With Zero Input
® Low NOISE ...vviviii i 15 uVp-p
® High Resolution (0.05%) and Wide Dynamic Range (72 dB)
°

Low Input Leakage Current 1 pA Typical
10 pA Maximum

Direct LCD Drive - No External Components.

Precision Null Detection With True Polarity at Zero

High Impedance Differential Input

Convenient 9 V Battery Operation With Low

Power Dissipation 500 uW Typical
900 uW Maximum

® |nternal Clock Circuit

® |mproved Drop-In Replacement For ICL7126 that offers
Low Analog Common Voltage Drift

® Available in Compact Flat Package

® |ndustrial Temperature Range Device Available

Ordering Information

Reference
Part No. Package tla';out ;:':gpe' Cool;‘;:m:i
TSCT126ACPL b pip Normal verw TSepmiC
TSC7126ARCPL portil) Dip Reversed e ""m,a’as
TSCT126AlL ol Normal '2i;‘g,tg 100 pp’“'\/;af
Tsorizeacea R o Forted - S PP
recracsa B2 e e Townie

Devices with 160 Hour, +125° C Burn-In

40-Pin 0°C to 75 ppm/°C
TSC7126ACPL/BI Plastic Dip Normal 70°C Max
40-Pin -25°Cto 100 ppm/°C
TSC7126AL/BI o pip Normal +85°C Max

1MQ
. 31
ANALOG
INPUT

0.01 uF

2

2

FL%

0.1 uF

CRer  CREF

22-25|PR

ANALOG
COMMON 1

N 2-19 SEGMENT

LCD DISPLAY

-1999

Vin poLfE— T
w21 MINUSSIGN | BACKPLANE

v+
VBUFF -

2402

8

= Humidity 180 kS %0.33#!’ kg =,y

— Position }LQ{CAZ TSC7123C+ » 1
@ Digital Scales 016 uF REF Soke
© Panel Meters T —vinr T IS
® LVDT Indicators 05C; 0sC3 osc\{—ﬁ"'—
® Portable instrumentation 3T Cosc |® 1CONVERSION/SEC
© Power Supply Readouts
® Process Monitors Roscypn TE0F =l TOANALOG COMNON
® Gaussometers L 560 k2
¢ Photometers Figure 1: Typical Operating Circuit
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3 1/2 Digit A/D Converter
e Low Power Dissipation - 900 uW Max.
¢ 35 ppm/°C Internal Reference

TSC7126A
Absolute Maximum Ratings
Supply Voltage (VT 1O V) vt 15V
Analog Input Voltage (either input)" ........... V: toV”
Reference Input Voltage (either input) .......... VitoV
Clock Input ..viviiiiii ittt aeenes Testto V*
Power Dissipation ®

CerDiP Package (J) ......c.covvininnenennn. 1000 mW,

Plastic Package (P) ........c..coviivinininens 800 mwW

Epoxy Flat Package (B, S) ................... 500 mW
Operating Temperature

(“C” DEVICES) +vvuvivnriinreneininnennss 0°C to +70°C

(“I" DeVICES) «vvvrvivicnennninnneanes -25°C to +85°C
Storage Temperature ................. -65°C to +160°C
Lead Temperature (Soldering, 60sec) ........... 300°C

Electrical Characteristics: vs =29V, fciock = 16 kHz and Ta = 25°C unless otherwise noted.

TEST TSC7126A
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
_ ; ViN=0.0V, ~ Digital
1 Zero Input Reading Full-Scale = 200.0 mV 000.0 +000.0 +000.0 Reading
_ . . VIN=0.0V, _ o
2 Zero Reading Drift 0°C < Ta < 70°C 0.2 1 uVv/eC
3 — Ratiometric Reading N = VREF, 999 999 1000 Digital
':l VRer = 100 mV 1000 Reading
P Full-Scale = 200 mV or
U 4 NL Linearity Error 2.000 V. Max. Deviation -1 +0.2 +1 Counts
T from Best Straight Line.
5 — Rollover Error “VIN = +VIN -1 +0.2 +1 Counts
~200.0 mV -
. VIN=0V, . _
6 En Noise Full-Scale = 200.0 mV 5 #Ve-p
7 I Input Leakage Current ViN=0V —_ 1 10 pPA
Common-Mode Vem=x1V,VN=0V _ _
8 CMRR  pgejection Ratio Full-Scale = 200.0 mV 50 HVN
Scale Factor VLN = 199.0 mVo,
0°C=<TAa<70°C °
9 — Temperature Ext. Ref. Tem — 1 5 ppm/°C
Coefficient PP P
Coeff. =0 ppm/°C
250 k() Between
Analog Common Commom ard V
10 Vcere Temperature 0°C<Ta=<70°C — 35 75 ppm/°C
Coefficient “C" Commercial
AC Temp. Range Devices
’\l g 250 kO Between+
LM Analog Common Common and V
00 11 Vcrte Temperature -25°C<Ta<85°C —_ 35 100 ppm/°C
GN Coefficient “I” Industrial Temp.
Range Devices
Analog Common 250 k() Between
12 Ve Voltage Common and V" 27 3.05 3.35 ¥
D LCD Segment + -
é‘; r 13 VsdD Drive Voltage VitoV =9V 4 5 6 Vp-p
DV LCD Backplane + -
E 14 VsD Drive Voltage VitoV =9V 4 5 6 Vp-p
— + =
SUPPLY 15 s Power Supply Current  Y/N=0V,V toV — 55 100 uA
Note 7
Notes: 4. Refer to “Differential Input” discussion.
1. Input voltages may exceed the supply voltages when the input current is 5. Backplane drive is in phase with segment drive for ‘off’ segment and 180°

limited to 100 uxA.

2. Dissipation rating assumes device is mounted with all leads soldered to

printed circuit board.
3. Static sensitive device. Unused devices should be stored in conductive 7. During auto-zero phase, current is 10-20 uA higher. A 48 kHz oscillator,

material to protect devices from static discharge and static fields.

out of phase for ‘on’ segment. Frequency is 20 times conversion rate.

Average DC component is less than 50 mV.
6. See Figure 1.

increases current by 8 pA (typ.). Common current not included.
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3 1/2 Digit A/D Converter
¢ Low Power Dissipation - 900 W Max.
e 35 ppm/°C Internal Reference TSC7126A

Pin Configuration

— vEd e [40] 056y
o1 CZ] oy conrrauraTion |22 95¢2
¢ [3 38 ] 0SC3
8y [} 37 | TEST s p A
e =] her R L A
REF
e I - = =) [+ [ [7] [ ] (3] [ ) (7] (5] [ L L ]
e1[8 N [55] Crer
T 3] Tsomes 32] Eon e ] o
¢z [0 31 ] vin surr [#7] B
B[] 30 ] Vin
W m[Em 29 Caz ne [#] 2] .
F2 (131 (78] Vaurr caz E E] A2
€2 (14 ] [27]vVinT
I ps[ie 26 V™ Ne E E B2
1005 83 [16 25 ] G2 lNLoE P— i—ﬁ_lce
23 Gz %? 100 NG E '. E NC
3 [O8 3
1000's—AB4 [79 22 ]G3 __l sus E TSC7126ACBQ Za] sUB
poL [20 71 ] 8P
(MINUS SIGNI (BACK PLANE) ne [5] 22] no

N [EE] 7] o2
N [5] 2] &

8] @
osarr] e v common [7] 5] &
0sCy 7] REVERSE 39Dy CREF [5E E Fy

PIN CONFIGURATION
0sc3 3] [38] ¢ CREF E E] a
TEST[ 4 37 | By !
Vher[5 3]A1 s ReF Lo [50] o B
Vier[E_| [35] Fq /
Gelr] e [E AT S EE
Crer[[B N 33| Eq R N T 0 N O N S N O N N V* D C
ANALOG 5 TSCT126AR 5702 ECcCEgc g cecyc s coco
commoN s ¢ 5 ¢
vin [0 37]C2 "
Vin[1T 30 | B2 .
10%s
Caz[12 29 ] A2 NOTES:
v ; 3 1. NC = NO INTERNAL CONNECTION
BUFF, L3 [ 26] F2 2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE
vinT[12 7] E2 SUBSTRATE, THE POTENTIAL AT THESE PINS IS
v-[s [ 26]03 APPROXIMATELY V*. NO EXTERNAL CONNECTIONS
N . SHOULD BE MADE,
276 183 00,
w00 G307 24 |F3
| A3[38 23 | E3
| Gs[0e 27 ] AB4~ 1000's
8P [20 71 ]POL
(BACK PLANE) (MINUS SIGN)

Pin Description

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description

1 (40) 13 v* Positive supply voltage.
2 (39) 14 D1 Activates the D section of the units display.
3 (38) 15 C1 Activates the C section of the units display.
4 (37) 1€ B1 Activates the B section of the units display.
5 (36) i7 A1 Activates the A section of the units display.
6 (35) 18 F1 Activates the F section of the units display.
7 (34) 19 G1 Activates the G section of the units display.
8 (33) 20 E1 Activates the E section of the units display.
9 (32) 21 D2 Activates the D section of the tens display.
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3 1/2 Digit A/D Converter
e Low Power Dissipation - 900 uW Max.

TSC7126A e 35 ppm/°C Internal Reference
Pin Description (Cont.)
40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
10 (31) 25 C2 Activates the C section of the tens display.
1 (30) 26 B2 Activates the B section of the tens display.
12 (29) 27 Az Activates the A section of the tens display.
13 (28) 28 F2 Activates the F section of the tens display.
14 (27) 29 E2 Activates the E section of the tens display.
15 (26) 30 D3 Activates the D section of the hundreds display.
16 (25) 31 Bs Activates the B section of the hundreds display.
17 (24) 32 F3 Activates the F section of the hundreds display.
18 (23) 33 E3 Activates the E section of the hundreds display.
19 (22) 34 AB4  Activates both halves of the 1 in the thousands display.
20 (21) 35 POL Activates the negative polarity display.
21 (20) 36 BP  Backplane drive output.
22 (19) 37 G3 Activates the G section of the hundreds display.
23 (18) 40 Az Activates the A section of the hundreds display.
24 (17) 41 Cs Activates the C section of the hundreds display.
25 (16) 43 Gz Activates the G section of the tens display.
26 (15) 45 V™ Negative power supply voltage.
The integrating capacitor should be selected to give the maximum voltage swing
that ensures component tolerance build up will not allow the integrator
27 (14) 46 VINT output to saturate. When analog common is used as a reference and
the conversion rate is 3 readings per second, a 0.047 uF capacitor may be used.
The capacitor must have a low dielectric constant to prevent roll-over errors.
See INTEGRATING CAPACITOR section for additional details.
Integration resistor connection. Use a 180 k() for a 200 mV full-scale range and a
28 (13) 47 Vurr 180 M( for 2 V full scale range.
The size of the auto-zero capacitor influences the system noise. Use a 0.33 uF
29 (12) 49 Caz capacitor for a 200 mV full-scale, and a 0.033 uF capacitor for a 2 volt full-scale.
See paragraph on AUTO-ZERO CAPACITOR for more details.
30 (11) 51 VIN  The low input is connected to this pin.
31 (10) 55 Vﬁ'q The high input signal is connected to this pin.
This pin is primarily used to set the analog common-mode voltage for battery
32 o) 57 Analog operation or in systems where the input signal is referenced to the power supply.
Common See paragraph on ANALOG COMMON for more details. It also acts as a
reference voltage source.
33 8) 58 CRer  See pin 34,
. A 0.1 uF capacitor is used in most applications. If a large common mode voltage
34 (7) 59 Crer  exists (for example the VIN pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 (6) 60 VREF  See pin 36.
. The analog input required to generate a full-scale output (1,999 counts). Place
36 (5) 1 VRer 100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between
pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE.
Lamp test. When pulied high (to V+) all segments will be turned on and the display
37 (4) 3 Test should read -1888. It may also be used as a negative supply for externally
generated decimal points. See paragraph under TEST for additional information.
38 (3) 4 OSC3z See pin 40.
39 (2) 6 OS8C2 See pin 40.
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per
40 (1) 10 OSCy section) connect pin 40 to the junction of a 180 k() resistor and a 50 pF capacitor.

The 180 kQ resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38.
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3 1/2 Digit A/D Converter
e Low Power Dissipation - 900 uW Max.
e 35 ppm/°C Internal Reference

TSC7126A

General Theory of Operation

Dual Slope Conversion Principles

The TSC7126A is a dual slope, integrating analog-to-digital
converter. An understanding of the dual slope conversion
technique will aid in following the detailed TSC7126A opera-
tion theory.

The conventional dual slope converter measurement cycle
has two distinct phases:

® |nput Signal Integration
® Reference Voltage Integration (Deintegration)

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

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

[

ANALOG R INTEGRATOR

INPUT O——0
SIGNAL

COMPARATOR

'
S |

L~ SWITCH DRIVER
REF CONTROL CLOCK
VOLTAGE Logic
PHASE CONTROL
POLARITY CONTROL
N v
2 |
£ DISPLAY COUNTER
]
o«
e ~v
g VIN = VFULLSCALE
©
@ ! Vin= V2 VEyLLsCALE
= I
F
“Fxeo T >|

SIGNAL VARIABLE
INTEGRATE REFEREN!
NTEGRATE TIME

Figure 2: Basic Dual Slope Converter

30
a 1
= |l
: . ] i
= T 1
g I ‘!
] [
= / | | !
8 vy ‘ LI
= 7 |
20 || |
E 11T
g [ I
2 / T= MEASUREMENT PERIOD
/ ]
/ i
0 Lt | |
0.1/T uT 10/T

INPUT FREQUENCY

Figure 3: Normal-Mode Rejection of Dual
Slope Converter

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

1 f vinydt = VRTRL
“RC

VR = Reference Voltage
Tsi = Signal Integration Time (Fixed)
Tr1 = Reference Voltage Integration Time (Variable)

where:

For a constant Vin:
TRI
Tsi

The dual slope converter accuracy is unrelated to the inte-
grating resistor and capacitor values as long as they are stable
during a measurement cycle. An inherent benefit is noise
immunity. Noise spikes are integrated or averaged to zero
during the integration periods. Integrating ADCs are immune
to the large conversion errors that plague successive approxi-
mation converters in high noise environments. Interfering
signals with frequency components at multiples of the averag-
ing period will be attenuated. Integrating ADCs commonly
operate with the signal integration period set to a multiple of
the 50/60 Hz power line period.

VIN =VR

Analog Section

In addition to the basic signal integrate and deintegrate
cycles discussed above the TSC7126A design incorporates
an auto-zero cycle. This cycle removes buffer amplifier, inte-
grator, and comparator offset voltage error terms from the
conversion. A true digital zero reading results without
external adjusting potentiometers. A complete conversion
consists of three cycles: an auto-zero, signal integrate and
reference integrate cycle.

Auto-Zero Cycle

During the auto-zero cycle the differential input signal is
disconnected from the circuit by opening internal analog
gates. The internal nodes are shorted to analog common
(ground) to establish a zero input condition. Additional ana-
log gates close a feedback loop around the integrator and
comparator. This loop permits comparator offset voltage
error compensation. The voltage level established on Caz
compensates for device offset voltages. The auto-zero cycle
residual is typically 10 -15 uV.

The auto-zero cycle length is 1000 to 3000 clock periods.

Signal Integration Cycle

The auto-zero loop is opened and the internal differential
inputs connect to VIN and Vix. The differential input signal is
integrated for a fixed time period. The TSC7126A signal inte-
gration period is 1000 clock periods or counts. The externally
set clock frequency is divided by four before clocking the
internal counters. The intergration time period is:

Tsi = x 1000

osC
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3 1/2 Digit A/D Converter
* Low Power Dissipation - 900 W Max.
* 35 ppm/°C Internal Reference

TSC7126A

where:
fosc = External Clock Frequency

The differential input voltage must be within the device
common-mode range when the converter and measured sys-
tem share the same power supply common (ground). If the
converter and measured system do not share the same power
supply common, ViN should be tied to analog common.

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

Reference Integrate Cycle:

The final phase is reference integrate or deintegrate. ViN is
internally connected to analog common and Vi is connected
across the previously charged reference capacitor. Circuitry
within the chip ensures that the capacitor will be connected
with the correct polarity to cause the integrator output to
return to zero. The time required for the output to return to
zero is proportional to the input signal and is between 0 and
200C internal clock periods. The digital reading displayed is

1000 YN __

VREF

Digital Section

The TSC7126A contains all the segment drivers necessary to
directly drive a 3-1/2 digit liquid crystal display (LCD). An
LCD backplane driver is included. The backplane frequency
is the external clock frequency divided by 800. For three con-
versions/second the backplane frequency is 60 Hz witha 5V
nominal amplitude. When a segment driver is in phase with
the backplane signal the segment is “OFF.” An out of phase
segment drive signal causes the segment to be “ON” or visible.
This AC drive configuration results in negligible DC voltage
across each LCD segment. This insures long L.CD display life.
The polarity segment driveris “ON” for negative analog inputs.
If Vik and VIN are reversed this indicator would reverse.

On the TSC7126A when the test pinis pulled to V" all segments
are turned “ON.” The display reads -1888. During this mode
the LCD segments have a constant DC veltage impressed. Do
not leave the display in this mode for more than several min-
utes. LCD displays may be destroyed if operated with DC
levels for extended periods.

The display FONT and segment drive assignmentare shownin
Figure 5.

r1000’s—'—-100's—-|——10‘s —,—‘I's j

- 8§88

Figure 5: Dispiay FONT and Segment Assignment.

DISPLAY FONT

0123456189

System Timing

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

Each phase of the measurement cycle has the following length:

® Auto-Zero Phase: 1000 to 3000 Counts
(4000 to 12000 Clock Pulses)
For signals less than full-scale the auto-zero phase is
assigned the unused reference integrate time period.

® Signal Integrate: 1000 Counts
(4000 Clock Pulses)
This time period is fixed. The integration period is:

Ta= 4000 |_'_
fosc

Where fosc is the externally set clock frequency.

® Reference Integrate: 0 to 2000 Counts
(0 to 8000 Clock Pulses)

The TSC7126A is a drop in replacement forthe TSC7126and
ICL7126 that offers a greatly improved internal reference
temperature coefficient. No external component value
changes are required to upgrade existing designs.

Component Value Selection

Auto-Zero Capacitor - Caz

The Caz capacitor size has some influence on system noise.
A 0.33 uF capacitor is recommended for 200 mV full-scale
applications where 1 LSB is 100 pV. A 0.033 uF capacitor is
adequate for 2.0 V full-scale applications. A mylar type dielec-
tric capacitor is adequate.

Reference Voitage Capacitor - CRer

The reference voltage used to ramp the integrator output vol-
tage back to zero during the reference integrate cycle is
stored on CReF. A 0.1 uF capacitor is acceptable when ViN is
tied to analog common. If a large common-mode voltage
exists (VREr # analog common) and the application requires
a 200 mV full-scale increase CreF to 1.0 uF. Rollover error will
be held to less than 0.5 count. A mylar type dielectric capaci-
tor is adequate.

Integrating Capacitor - CiNT

CINT should be selected to maximize integrator output vol-
tage swing without causing output saturation. Due to the
TSC7126A superior analog common temperature coefficient
specification, analog common will normally supply the dif-
ferential voltage reference. For this case a =2 V full-scale
integrator output swing is satisfactory. For 3 readings/sec-
ond (fosc =48 kHz) a 0.047 value is suggested. For one read-
ing per second 0.15 uF is recommended.If a different oscil-
lator frequency is used CiNnT must be changed in inverse
proportion to maintain the nominal £2 V integrator swing.

An exact expression for CINT is:
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TSC7126A
@4o00) (') (Vs
_ fosc RINT
CINT =
VINT
Where:

fosc = Clock frequency at Pin 38

VFs = Full-scale input voltage

RINT = Integrating resistor

VINT = Desired full-scale integrator output swing

At three readings per seccond, a 750 () resistor should be
placed in series with CINT. This increases accuracy by com-
pensating for comparator delay. CiNT must have low dielec-
tric absorption to minimize roll-over error. An inexpensive
polypropylene capacitor is recommended.

Integrating Resistor - RiNT

The input buffer amplifier and integrator are designed with
class A output stages. The output stage idling current is
6 uA. The integrator and buffer can supply 1 uA drive
currents with negligible linearity errors. RINT is chosen to
remain in the output stage linear drive region but not so large
that printed circuit board leakage currents induce errors. For
a 200 mV full-scale RiNT is 180 k(). A2.0 V full-scale requires
1.8 mQ.

Component Nominal Full-Scale Voltage
Value 200.0 mV 2.000 V
Caz 0.33 uF 0.033 uF
RINT 180 kQ 1.8 MQ
CINT 0.047 uF 0.047 uF
Note:

1. fosc =48 kHz (3 readings/sec)

Oscillator Components

Cosc should be 50 pF. Rosc is selected from the equation:
0.45

'RC

For a 48 kHz clock (3 conversions/sec) R = 180 k().

fosc =

Note that fosc is divided by four to generate the TSC7126A
internal control clock. The backplane drive signal is derived
by dividing fosc by 800.

To achieve maximum rejection of 60 Hz noise pickup, the
signal integrate period should be a multiple of 60 Hz. Oscilla-
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz,
33 1/3 kHz, etc. should be selected. For 50 Hz rejection,
oscillator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz,
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5
readings/second) will reject both 50 and 60 Hz (also 400 and
440 Hz).

Reference Voltage Selection

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

Required Full-Scale Voltage * VREF
200.0 mvV 100.0 mV
2.000 V 1.000 V

* VFs = 2 VREF

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

The differential reference can also be used when a digital
zero reading is required when VIN is not equal to zero. Thisis
common in temperature measuring instrumentation. A
compensating offset voltage can be applied between analog
common and Vin. The transducer output is connected
between ViN and analog common.

Device Pin Functional Description
Differential Signal Inputs
(Vin (Pin 31), Vin (Pin 30))

The TSC7126A is designed with true differential inputs and
accepts input signals within the input stage common-mode

e

SEGMENT LCD DISPLAY
DRIVE

—
ViV GND
POWER SOURCE

MEASURED VBUF  Caz VINT v
SYSTEM " 1
Vin
vt P> Tscr126A I
Vin osc
ANALOG ,,— 0SC:
common VREF VRer vt vo 2

Figure 6: Common-Mode Voltage Removed in Battery Operation with VN = Analog Common
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TSC7126A

voltage range (Vcwm). The typical range is vV -1.0toV +1V.
Common-mode voltages are removed from the system when
the TSC7126A operates from a battery or floating power
source (Isolated from measured system) and ViN is con-
nected to analog common (Vcowm): See Figure 6.

In systems where common-mode voltages exist the
TSC7126A 86 dB common-mode rejection ratio minimizes
error. Common-mode voltages do, however, affect the inte-
grator output level. Integrator output saturation must be
prevented. A worse case condition exists if a large positive
Vcwm exists in conjunction with a full-scale negative differen-
tial signal. The negative signal drives the integrator output
positive along with Vcm (Figure 7). For such applications the
integrator output swing can be reduced below the recom-
mended 2.0 V full-scale swing. The integrator output will
swing within 0.3 V of V* or V™ without increased linearity
error.

]

INPUT
BUFFER

—o v,
Vin
l INTEGRATOR
-0
T
? Vi=g Ich—VlN]
Vem where:
| T) = INTEGRATION TimE = 4000
C) = INTEGRATING CAPACITOR
R| = INTEGRATING RESISTOR

Figure 7: Common-Mode Voltage Reduces Available
Integrator Swing. (Vcom # VIN)

Differential Reference
(Ver (Pin 36), Vrer(Pin 39))

The reference voltage can be generated anywhere within the
V* to V™ power supply range.

To prevent rollover type errors being induced by large
common-mode voltages CRer should be large compared to
stray node capacitance.

The TSC7126A offers a significantly improved analog
common temperature coefficient. This potential provides a
very stable voltage suitable for use as a voltage reference.
The temperature coefficient of analog common is 20 ppm/°C
typically.

Analog Common (Pin 32)

The analog common pin is set at a voltage potential approxi-
mately 3.0 V below V. The potential is guaranteed to be
between 2.7 V and 3.35 V below V. Analog common is tied
internally to an N channel FET capable of sinking 30 mA. This
FET will hold the common line at 3.0 V should an external
load attempt to pull the common line toward v’ Analog
common source current is limited to 10 uA. Analog common
is therefore easily pulled to a more negative voltage (i.e.,
below V* -3.0 V).

The TSC7126A connects the internal Vik and ViN inputs to
analog common during the auto-zero cycle. During the
reference integrate phase VIN is connected to analog com-
mon. If VN is not externally connected to analog common, a
common-mode voltage exists. This is rejected by the con-
verters 86 dB common-mode rejection ratio. In battery
operation analog common and VIN are usually connected
removing common-mode voltage concerns. In systems
where VIN is connected to the power supply ground or to a
given voltage, analog common should be connected to Vin.

The analog common pin serves to set the analog section
reference or common point. The TSC7126A is specifically
designed to operate from a battery or in any measurement
system where input signals are not referenced (float) with
respect to the;l‘SC7126A power source. Theanalog common
potential of V' -3.0 V gives a 7 V end of battery life voltage.
The common potential has a 0.001%/% voltage coefficient and
a 15 O output impedance.

With sufficiently high total supply voltage (V'-V~ >7.0 V)
analog common is a very stable potential with excellent
temperature stability - typically 35 ppm/°C. This potential
can be used to generate the TSC7126A reference voltage. An
external voltage reference will be unnecessary in most cases
because of the 35 ppm/°C temperature coefficient. See
TSC7126A Internal Voltage Reference discussion.

Test (Pin 37)

The test pin potential is5 V less than V*. Test may be used as
the negative power supply connection for external CMOS
logic. The test pin is tied to the internally generated negative
logic supply through a 500 Q) resistor. The test pin load
should be no more than 1 mA. See the applications section
for additional information on using test as a negative digital
logic supply.

If test is pulled high to V* all segments plus the minus sign will
be activated. Do not operate in this mode for more than
several minutes. With Test = V' the LCD Segments are
impressed with a DC voltage which will destroy the LCD.

200

180 |-
NO
MAXIMUM

6o - SPECIFIED

ta0 - TYPICAL

120

NO
MAXIMUM
SPECIFIED

100 |-
GUARANTEED
80 |- MAXIMUM

ANALOG COMMON
TEMPERATURE COEFFICIENT (ppm/°C)

|
60 |- ! TYPICAL
i
|

s} iTYPICAL
"‘\
IcL IcL

TSC7126A 7126 7136

20

Figure 8: Analog Common Temperature Coefficient
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TSC7126A Internal Voltage Reference

The TSC7126A analog common voltage temperature sta-
bility has been significantly improved (Figure 8). The “A”
version of the industry standard 7126 device will allow users
to upgrade old systems and design new systems without
external voltage references. External R and C values do not
need to be changed. Figure 9 shows analog common supply-
ing the necessary voltage reference for the TSC7126A.

Applications Information
Liquid Crystal Display Sources

Several LCD manufacturers supply standard LCD displays to
interface with the TSC7126A 3 1/2 digit analog-to-digital
converter.

Representative

Manufacturer Address/Phone Part Numbers'

320k
‘D

>
210k
‘P

SET VREF = 1/2VFULL SCALE

Figure 9: TSC7126A Internal Voltage Reference
Connection

Crystaloid 5282 Hudson Dr., C5335, H5535,

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

AND 770 Airport Blvd., FE 0801

Burlingame, CA 94010 FE 0203
415/347-9916

EPSON 3415 Kashikawa St.,, LD-B709BZ
Torrance, CA 90505 LD-H7992AZ
213/534-0360

Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903
Lake Mills, WI 53551
414/648-2361

Note:

1. Contact LCD manufacturer for full product listing/specifications.

Decimal Point and Annunciator Drive

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

Flat Package

The TSC7126A is available in an epoxy 60-pin flat package.
The “BQ" device leads are bent while the “SQ" device leads
are unformed (straight). A test socket for the TSC7126ACSQ
device is available:

s
I
1S

P -
S
H

TSC7126A

———

21

BP

!

TO LCD
DECIMAL
POINT

|
El
S

TesT 3L

oTOLCD
BACK PLANE

Simple Inverter for Fixed Decimal Point
or Display Annunciator

TSC7126A

| )
DECIMAL |~
POINT

TOLCD
DECIMAL
SELECT POINTS

Muitiple Decimal Point or
Annunciator Driver

Part No.: IC 51-42
Manufacturer: Yamaichi
Distribution: Nepenthe Distribution

2471 East Bayshore
Suite 520

Palo Alto, CA 94043
(415) 856-9332
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TSC7126A

Ratiometric Resistance Measurements

The TSC7126A true differential input and differential refer-
ence make ratiometric readings possible. In ratiometric
operation, an unknown resistance is measured with respect
to a known standard resistance. No accurately defined refer-
ence voltage is needed.

The unknown resistance is put in series with a known stan-
dard and a current passed through the pair. The voltage
developed across the unknown is applied to the inputand the
voliage across the known resisior applied to the reference
input. If the unknown equals the standard, the display will
read 1000. The displayed reading can be determined from the
following expression:

RUnknown
R Standard

Displayed Reading = x 1000

The display will overrange for R Unknown =2 x R Standard.

I

v

+
VREF
I—' VREF
Vin -
TSC7126A

<
RSTANDARD ::

RUNKNOWN
Vin

ANALOG
COMMON

LCD DISPLAY

1983

Figure 10: Low Parts Count Ratiometric Resistance

Measurement

9V

N
3
38
3
<z
2
B
S
B
M
L
[ ]

,'Il-—l
26
I

\J
irm 27
VIN 1oma 1Y |4
S <AAA 24k0 P
oma Simn B 3] < P\ TsCr126A 2
X 3]
i 13 J— 12] y 38 —
900 k2 I 1M L o 1wag REF
VAVA VAVA
90 k2 ::‘Q“:ﬂ oo | [E] 10 ] VRer =
{5] o —E“z CoMan
1MR10%
31) o+ 40
ok u El g st rrrany A
< 2.24F -
o %: g L 38
C1=3-10pF VARIABLE, 4
COM 2 =132 pF VARIABLE 25y .
SEG BP
DRIVE
3 1/2 Digit True RMS AC DMM
LCD DISPLAY
av 11,8V
1| 1!
< < <L 23
Ste0ke  S300ke S 300ke 5.6k 160k
< T b g vt V= 1 v V-
LRy
Vin 914 S Vin
- $ 20ke
R
LRy
; ::‘18?“ 50 kQ <, Vin TSC7126A Vin TSC7126A
L, 07 %/°C R
1 Vgg=200mv < prc Q.2 Vher
50k S Vigr 2 Ry STore
SR,
’ VREF VREF
I—— COMMON COMMON

Figure 11: Temperature Sensor

Figure 12: Positive Temperature Coefficient Resistor
Temperature Sensor
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9V
°
2 1
v CONSTANT 6 V v
J Vher
51kQ 5.1k Vgg =200V
- vour € A WA 0kQ
R R > _
- 4 5 Rz VREF
TSC8495 s \ 2
ADJ F— NC 2 \
172Lm358 ! M vin
TSC7126A
Tewe |2 . //
v
v N
TEMPERATURE ouT =
DEPENDANT 18%ve
OUTPUT 25°C } 50 k2
Ry OMMON
s
GND L V;
4 %

Figure 13: Integrated Circult Temperature Sensor

Package Information

(Package #17)
40-Pin Plastic Dip (PL Package)

2.050(51.816)

l'~\ q D.Sﬂéﬁﬂﬁ)

i

.060 (1.542) TYP,

160 025
~] |=—"+.002 (0.061) 14.064) (0.635)

TYP.
S 012 001
i {0,305 + 0.025)
TYP.

Tve
125:3 ,17) |.._0 eso—-{

(16 764)

ST

(1 778)

|__ 100
(2.64)

018 (o 457)

o0 o 500)

(Package #20)
40-Pin CerDIP
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:-_‘g d b
g b
d b
s B
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2100 ] b
1109 ] b
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0.100 g o
g g b
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5 b
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0020 =Y g o
0915 ol G P
0040 B
T 200} p21
|
0.090 MIN. J.u,zoo MAX, e 0590 ]
0.015 MIN. L BEND [-_ 80—
—
§
15° MAX,\/ Lo o012
- "I 0.008

PIN 60

60-Pin Flat Package

PIN 1 INDICATION

DIMPLE OR BUTTON

“SQ” Package - Unformed Leads

(Package #22)
064 =004 ’\ ]_\150 MAX
047 £ 004 o
7 f\ﬂ’v"z !
.uoT75 4-1 102+ .012 r<— L 050+ .008 D10MIN

“BQ” Package - Formed Leads

(Package #21)
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TSC7126
3 1/2 Digit A/D Converter

* Low Power Dissipation - 900 uW Max.

General Description

The single chip CMOS TSC7126 incorporates all the active
devices for a 31/2digitanalog-to-digital converter to directly
drive an LCD display. The internal oscillator, voltage refer-
ence and display segment/backplane drivers simplify system
integration, reduce board space requirements and lower
total cost. A low cost, high resolution -0.05% - indicating
meter requires only a display, four resistors, four capacitors
and a 9 V battery. The flat package option eases the mechani-
cal design of low cost, hand held multimeters and systems.

The TSC7126 dual slope conversion technique rejects inter-
ference signals when the integration time is set to a multiple
of the interference signal period. This is especially useful in
industrial measurement environments where 50, 60 and 400
Hz line frequency signals are present.

With an auto-zero error less than 10 uV, zero drift less than
1 uV/°C, input bias current of 10 pA max and rollover error of
less than one count, the TSC7126 brings exceptional value to
the portable battery powered field.

In addition, the differential input and reference allows the
measurement on load cells, strain gauges and other bridge
type transducers. The low power TSC7126 can be used as a
plug-in replacement for the TSC7106 by changing only the
values of seven passive components.

For applications needing a low drift internal voltage refer-
ence refer to the TSC7126A data sheet.

Features

® |Long Battery Life ................ 8000 Hours Typical
® Auto-Zero Cycle

® Guaranteed Zero Reading With Zero Input

O LOWNOISE . iivtiitt ittt 15 uVp-p
® High Resolution (0.05%) and Wide Dynamic Range (72dB)
® Low Input Leakage Current ............. 1 pA Typical

10 pA Maximum
Direct LCD Display Drive - No External Components.
Precision Null Detection With True Polarity at Zero
High Impedance Differential Input
Convenient 9 V Battery Operation With Low
Power Dissipation 500 uW Typical
900 uW Maximum

Internal Clock Circuit

Drop-In Replacement for ICL7126
Available in Compact Flat Package
Industrial Temperature Range Device

Typical Applications

® Thermometry

® Bridge Readouts (Strain Gauges, Load Cells,
Null Detectors)

® Digital Meters

— Voltage/Current/Ohms/Power

— pH

— Capacitance/Inductance

— Fluid Flow Rate/Viscosity/Level

Digital Scales

LVDT Indicators

Portable Instrumentation

Power Supply Readouts

Process Monitors

Photometers

Tl
_ R R
SET REF = 100.0 mV z.;om 11319:; 9V
Rq ¢ 0-33F
50pF g 10K A
R - cz2 ARz
560K93 '|‘c4 0.1uF 1% " F DISPLAY
| rlc!] Tl 111
20 30 21
b TSC7126
1 10 20
L It rrrerrrrerervrrrereT

LIQUID CRYSTAL DISPLAY
A

EkEE-— ——

IN

+0 o
1 1|
Ri o o g 1
SET REF=1000mv S 240kQ §8 S v
) g
R
50pF 10k 022, SR
P < 01 5
R3 < - cy \R2 S’ ]
180KS2 Ta 0.14F w3 |2 DISPLAY
| Cl:l Tl 1111
0 30 21
D TSC7126
1 10 20
L T T T T T T T T TTTTT T T
LIQUID GRYSTAL DISPLAY

BEEl

Figure 1: TSC7126 Clock Frequency 16 kHz
(1 reading/sec.)

Figure 2: TSC7126 Clock Frequency 48 kHz
(3 readings/sec.)
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Absolute Maximum Ratings*

Supplyvoltage(v+tov') .......................... 15V Plastic Package .........c..vivivicine.... 800 MW
Analog Input Voltage (either input) ™ .......... vito Vv’ Operating Temperature
Reference Input Voltage (either input) ........ RART AT (C Device) .......... siiiiiiniiiae... 0°Cto +70°C
Clock Input ........ e e e Testto V* (I Device) .......... e civeen.. —25°C to +85°C
Power Dissipation @ Storage Temperature ................. -65°Cto +160°C
Ceramic Package ........................ 1000 mW Lead Temperature (Soldering, 60sec) ............ 300°C
Electrical Characteristics °
CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin = 0.0V
Full Scale = 200.0 mV -000.0 +000.0 +000.0 Digital Reading
Ratiometric Reading Vin = VREF 999 999/1000 1000 Digital Reading
VREF =100 mV
Rollover Error (Difference in =Vin = #Vn = 200.0 mV -1 +0.2 +1 Counts
reading for equal positive and
negative reading near Full Scale)
Linearity (Max. deviation from Full Scale = 200 mV -1 +0.2 +1 Counts
best straight line fit) or Full Scale = 2.000V
Common Mode Rejection Ratiol4] Vem = £1V, Vi = 0V, _ 50 . uV/V
Full Scale = 200.0 mV
Noise (Pk - Pk value not exceeded 95% | Viy =0V _ 15 . uV
of time) Full Scale = 200.0 mV
Leakage Current @ Input Vin =0V — 1 10 pA
Zero Reading Drift Vin=0 _ 0.2 1 uV/°C
0°< Ta<70°C
Scale Factor Temperature Coefficient Vin=199.0 mV 1 5 ppm/°C
0<Ta<70°C —
(Ext. Ref. 0 ppm/°C)
Supply Current (Does not Vin=0 . 50 100 uA
include Common current) iNote 6
Analog Common Volitage (with respect | 250K() between Common and 2.4 2.8 3.2 v
to positive supply) positive supply
Temp. Coeff. of Analog Common 250K() between Common and — 80 . ppm/°C
(with respect to positive supply) positive supply
Pk-Pk Segment Drive Voltage Vrto V=9V 4 5 6 \
(Note 5)
Pk-Pk Backplane Drive Voltage VitoV-=9V 4 5 6 v
(Note 5)
Power Dissipation Capacitance vs. Clock Frequency — 40 - pF

Notes:

1. Input voltages may exceed the supply voltages provided the input currentis

limited to £100 uA.

2. Dissipation rating assumes device is mounted with all leads soldered to

printed circuit board.

3. Unless otherwise noted, specifications apply at Ta=25°C. fcLock =16 kHz

and are tested in the circuit of Figure 1.

4. Refer to “Differential Input” discussion on page 4.

5. Backplane drive is in phase with: sesgment drive for ‘off’ segment, 180° out of
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average DC
component is less than 50 mV.

6. During auto-zero phase, current is 10-20 pA higher. 48 kHz oscillator,
Figure 2, increases current by 8 ua (typ.).

* Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional operation
of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum

rating conditions for extended periods may effect davice reiiability.

Ordering Information

Pin Temp. Pin Temp.
Part No. Package Layout Range Part No. Package Layout Range
40-Pin 0°C to 60-Pin Unformed 0°C to
TSC7126CPL Plastic Dip Normal 70°C  1SC7126CSQ Plastic Flat Leads 70°C
TSC7126RCPL 40-Pi.n Reveréed O:C Devices with 160 Hour, +125°C Burn-in
Plastic Dip 70°C 40-Pin 0°C to
40-Pin 25°Cto  VSC7126CPL/BI Plastic Dip Normal 70°C
TSC71261JL Normal o
CerDIP +85°C - =
TSC71261UL/BI 40-Pin Normal 2 Clo
TSC7126CBQ 60-Pin Formed 0°C to CerDIP +85°C
Plastic Flat Leads 70°C

“»™ TELEDYNE SEMICONDUCTOR

7-122



3 1/2 Digit A/D Converter

o Low Power Dissipation - 900 uW Max. TSC7126

Pin Configuration

31 % PIN CONFIGURAT!ON %gi‘zz s p A
0 SC3
8 B
812} 37 ] TEST VNG 6 & oA B o B L §oE R oB
nooa ] Vier [ =[] [ [ [ 3 &]19) [ 5 B 5 L
i 6] [35 ] Vier .
Gy 7 "~‘ 34 CEEF INT |46 30| D3
| &[] 33 | Crer BUFF E E [
0, (5] TSC7126 37 Common
¢z [0 31 ]Vin ne [4] [25] .
= -
1w 22 L] [30]Vin caz [as] 7] A
Az (32 29 ]Caz
Fa [13 1 28 | VBUFF NC E E B2
2 1 71
| Ez2[1a] 27 JVINT INLO E E Ce
D3 [15 26 |V~ h N
wos % OE] L2562 o [&] “ ] v
F3 07 [2a]C3 450, sus [33] TSC7126CBQ 7] sus
£3 (75 ] (7] Aa
1000's-~AB4 [79 22 ]G3 NG E 22] ne
poL [2 8P = 1 o
(MINUS SIGN) (BACK PLANE) i [5] 2] o
ne 53] 20] €
COMMON E E G
crer (58] E £y
osci[1 ] @ ~ a0 | v* .
= REVERSE 7 cer [5] 7] A
05¢2[ 21 iy conrioumation 2] O
osca[3 38 ] ¢ ReF Lo [60] ' 6] &
TEST[ 4 37 | B1 Y 4
VfEF[L— [35] F1 Ecéscgcuc(s:cc Y
CEEF[:7 PR [ 34] 61 y ? ¢ 2 8 1
CReF[ 8| N 33JE1 | H
étl\)l!‘v\llrh%?\l 9 TSC7126 3z |02
vi [0 31]C2 NOTES:
n 1. NC = NO INTERNAL CONNECTION
VINE E B2 10's 2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE
Caz[2 29 | A2 SUBSTRATE. THE POTENTIAL AT THESE PINS IS
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS
Veurr[33 ] [28]F2 SHOULD BE MADE.
Vint[4 27 JE2 |
v-[35 26 ] 03
[ e [e] (25183 gq,
1
100 307 24 |F2
] BE (23 ]E3
L G3[19 22 | ABg = 1000's
BP| 20 POL
(BACK PLANE) {MINUS SIGN}
Pin Description
40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse) Pin Number Name Description
¥ .
1 (40) 13 Vv Positive supply voltage.
2 (39) 14 D1 Activates the D section of the units display.
3 (38) 15 C1 Activates the C section of the units display.
4 (37) 16 B Activates the B section of the units display.
5 (36) 17 A1 Activates the A section of the units display.
6 (35) 18 F1 Activates the F section of the units display.
7 (34) 19 G1 Activates the G section of the units display.
8 (33) 20 E1 Activates the E section of the units display.
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Pin Description (Cont.)

40-Pin DIP 60-Pin
Pin Number Flat Package
Normal (Reverse)  Pin Number Name Description
9 (32) 21 D2 Activates the D section of the tens display.
10 (31) 25 C2 Activates the C section of the tens display.
11 (30) 26 B2 Activates the B section of the tens display.
12 (29) 27 A2 Activates the A section of the tens display.
13 (28) 28 F2 Activates the F section of the tens display.
14 (27) 29 E2 Activates the E section of the tens display.
15 (26) 30 D3 Activates the D section of the hundreds display.
16 (25) 31 Bs Activates the B section of the hundreds display.
17 (24) 32 F3 Activates the F section of the hundreds display.
18 (23) 33 E3 Activates the E section of the hundreds display.
19 (22) 34 AB4  Activates both halves of the 1 in the thousands display.
20 (21) 35 POL  Activates the negative polarity display.
21 (20) 36 BP Backplane drive output.
22 (19) 37 G3 Activates the G section of the hundreds display.
23 (18) 40 A3 Activates the A section of the hundreds display.
24 17) 41 Cs Activates the C section of the hundreds display.
25 (16) 43 G2 Activates the G section of the tens display.
26 (15) 45 V- Negative power supply voltage.
The integrating capacitor should be selected to give the maximum voltage swing
that ensures component tolerance build up will not allow the integrator
27 (14) 46 VINT output to saturate. When analog common is used as a reference and
the conversion rate is 3 readings per second, a 0.047 uF capacitor may be used.
The capacitor must have a low dielectric constant to prevent roll-over errors.
See INTEGRATING CAPACITOR section for additional details.
Integration resistor connection. Use a 180 k() for a 200 mV full-scale range and a
28 (13) 47 VBUFF 1,80 MQ for 2 V full-scale range.
The size of the auto-zero capacitor influences the system noise. Use a 0.33 uF
29 (12) 49 Caz  capacitor for a 200 mV full-scale, and a 0.033 uF capacitor for a 2 volt full-scale.
See paragraph on AUTO-ZERO CAPACITOR for more details.
30 (11) 51 ViN The low input is connected to this pin.
31 (10) 55 V1+N The high input signal is connected to this pin.
This pin is primarily used to set the analog common-mode voltage for battery
32 © 57 Analog operation or in systems where the input signal is referenced to the power supply.
Common See paragraph on ANALOG COMMON for more details. It also acts as a
reference voltage source.
33 (8) 58 CRer  See pin 34.
. A 0.1 uF capacitor is used in most applications. If a large common mode voltage
34 7) 59 Crer  exists (for example the VIN pin is not at analog common), and a 200 mV scale is
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count.
35 (6) 60 VREF  See pin 36.
. The analog input required to generate a full-scale output (1,999 counts). Place
36 (5) 1 VRer 100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between
pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE.
Lamp test. When pulled high (to V+) all segments will be turned on and the display
37 4) 3 Test  should read -1888. It may also be used as a negative supply for externally
generated decimal points. See paragraph under TEST for additional information.
38 3) 4 OSCs See pin 40.
39 2) 6 OSC2 See pin 40.
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per
40 (1) 10 OSC1 section) connect pin 40 to the junction of a 180 k() resistor and a 50 pF capacitor.

The 180 k() resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38.
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Detailed Description

ANALOG SECTION

Figure 3 shows the Block Diagram of the Analog Section
for the 7126. Each measurement cycle is divided into three
phases. They are (1) auto-zero (A-2), (2) signal integrate
(INT) and (3) de-integrate, (DE).

1. Auto-zero phase

Input high and low are disconnected from the pins and
internally shorted to analog COMMON. The reference
capacitor is charged to the reference voltage. A feedback
loop is closed around the system to charge the auto-zero
capacitor Caz to compensate for offset voltages in the
buffer amplifier, integrator, and comparator. Since the
comparator is included in the loop, the A-Z accuracy is
limited only by the noise of the system. The offset referred
to the input is less than 10uV.

2. Signal Integrate phase

The auto-zero loop is opened, the internal short is re-
moved, and the internal input high and low are connected
to the external pins. The converter then integrates the
differential voltage between IN Ht and IN LO for a fixed
time. This differential voltage can be within a wide com-
mon mode range; within one volt of either supply. If, onthe
other hand, the input signal has no return with respect to
the converter power supply, IN LO can be tied to analog
COMMON to establish the correct common-mode vol-
tage. Atthe end of this phase, the polarity of the integrated
signal is determined.

3. De-integrate Phase

The final phase is reference integrate or de-integrate.
Input low is internally connected to analog common and
input high is connected across the previously charged

reference capacitor. Circuitry within the chip ensures that

the capacitor will be connected with the correct polarity

to cause the integrator output to return to zero. The

time required for the output to return to zero is propor-

tional to the input signal. The digital reading displayed is
VIN

1000 X ——
X Vrer

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capac-
ity onits nodes. If there is a large common mode voltage, the
reference capacitor can gain charge (increase voltage)
when called up to de-integrate a positive signal but lose
charge (decrease voltage) when called up to deintegrate a
negative input signal. This difference in reference for (+) or
(—) input voltage will give a roll-over error. However, by
selecting the reference capacitor large enough in compari-
son to the stray capacitance, this error can be held to less
than 0.5 count for the worst case condition. See Compo-
nent Values Selection.

Difterential Input

The input can accept differential voltages anywhere within
the common mode range of the input amplifier; or specifi-
cally from 1.0 volts below the positive supply to 1.0 volt
above the negative supply. In this range the system has a
CMRR of 86 dB typical. However, since the integrator also
swings with the common mode voltage, care must be exer-
cised to assure the integrator output does not saturate. A
worst case condition would be a large positive common-
mode voltage with a near full-scale negative differential
input voltage. The negative inputsignal drives the integrator

INTEGRATOR

p———— TO DIGITAL SECTION

AZ

COMPARATOR
n

TSC7126

Figure 3: Analog Section of TSC7126.
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positive when most of its swing has been used up by the
positive common mode voitage. For these critical applica-
tions the integrator swing can be reduced to less than the
recommended 2V full scale swing with little loss of accuracy.
The integrator output can swing within 0.3 volts of either
supply without loss of linearity.

Analog Common

This pin is included primarily to set the common mode
voltage for battery operation or for any system where the
input signals are floating with respect to the power
supply. The common pin sets a voltage that is approximately
2.8 volts more negative than the positive supply. This is
selected to give a minimum end-of-life battery voltage of
about 6V. However, the analog common has some of the
attributes of a reference voltage. When the total supply vol-
tageis large enough to cause the zener to regulate (>7V), the
common voltage will have a low voltage coefficient
(0.001%/%), low output impedance (=15(1), and a tempera-
ture coefficient typically less than 80 ppm/°C.

An external reference may be added to improve temperature
stability. The circuit is shown in Figure 4.

vt v
T
Y 'ReF Hi vt 27K
6.8 VOLT
ZENER "~\
REF LOp— TSC7126
~4
" l'l REF M1 9491 CJ
T5C7126 \2v
REF LO REFERENCE
COMMON
Ve
(a) (b)

Figure 4: Using an External Reference

Analog common is also used as the IN LO return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the
converter. The same holds true for the reference voltage. If
reference can be conveniently referenced to analog COM-
MON, it should be since this removes the common mode
voltage from the reference system.

Within the IC analog COMMON is tied to an N-channel
FET that can sink 100 uA or more of current to hold the
voltage 2.8 volts below the positive supply (when a load is
trying to pull the common line positive). However, there
is only 1 uA of source current, so COMMON may easily
be tied to a more negative voltage thus over-riding the
internal reference.

Test

The TEST pin serves two functions. It is coupled to the
internally generated digital supply through a 500Q resis-
tor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal
points or any other presentation the user may want to
include on the LCD display. No more than a 1 mA load
should be applied. Figures 5 and 6 show such an
application.

The second function is a “lamp test”. When TEST is pulled
high (to V*) all segments wili be turned on and the display
should read - 1888. The TEST pin will sink about 10 mA
under these conditions

Caution: In the lamp test mode, the segments have a con-
stant d-c voltage (no square-wave) and may burn the
LCD display if left in this mode for several minutes.

[v+ v+
s
| |
4049

| |

/" ' '

T8C7126 ! !
| | TOLCD

Bp I bo—'— DECIMAL
2 L ] POINT
GND
TEST [—

TOLCD

~~ BACK PLANE

Figure 5: Simple Inverter for Fixed Decimal Poir:

1 i
D+
DECIMAL ‘—::) E ToLco

DECIMAL

TSC7126 POINT D H POINTS
SELECT i
j > 1
i

TEST 4030

°

1
'
-

'___

GND

Figure 6: Exclusive ‘OR’ Gate for Decimal Point Drive

DIGITAL SECTION

Figure 8 shows the digital section for the 7126. An inter-
nal digital ground is generated from a 6 volt Zener diode
and a large P channel source follower. This supply is
made stiff to absorb the relative large capacitive currents
when the backplane (BP) voltage is switched. The BP
frequency is the clock frequency divided by 800. For
three readings/second this is a 60 Hz square wave with a
nominal amplitude of 5 volts. The segments are driven at
the same frequency and amplitude and are in phase with
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TSC7126

BP when OFF, but out of phase when ON. In all cases,
negligible d-c voltage exists across the segments. The
polarity indication is “ON" for negative analog inputs. If
IN LO and IN Hi are reversed, this indication can be re-

versed also, if desired.

System Timing
Three clocking methods may be used: (Figure 7)

To achieve maximum rejection of 60 Hz pickup, the sig-
nal integrate cycle should be a multiple of 60 Hz.
Oscillator frequencies of 60 kHz, 48 kHz, 40 kHz, 33-1/3
kHz, etc. should be selected. For 50 Hz rejection, Oscilla-
tor frequencies of 66-2/3 kHz, 50 kHz, 40 kHz, etc. would
be suitable. Note that 40 kHz (2.5 readings/second) will
reject both 50 and 60 Hz (also 400 and 440 Hz).

1. An external oscillator connected to pin 40. o TSCT126
I 1
2. A crystal between pins 39 and 40. ! |
3. An R-C oscillator using all three pins. } ,_E, ;
. . L. . ! |
The oscillator frequency is divided by four before it clocks ! OUNTER |
the decade counters. It is then further divided to form the : !
three convert-cycle phases. These are signal integrate (1000 S . -\ J
counts), reference de-integrate (0to 2000 counts) and auto- oeXTERNAL CRYSTAL
zero (1000 to 3000 countsi. For signals less than full scale,
auto-zero gets the unused portion of reference integrate. RC NETWORK
This makes a complete measure cycle of 4,000 (16,000 clock TEST
pulses) independent of input voltage. For three readings/ Figure 7: Clock Circuits
second, an oscillator frequency of 48 kHz would be used.
BACKPLANE
_____________________ - =
I'.\ |
TSC7126 I
LCD PHASE DRIVER |
|
|
TYPICAL SEGMENT OUTPUT
+ 7 SEGMENT 7 SEGMENT 7 SEGMENT +200 |
A DECODE DECODE DECODE '
0.5mA |
— SEGMENT '
OUTPUT
LATCH |
2mA
1 I
INTERNAL DIGITAL GROUND l
THOUSAND |« HUNDREDS |« TENS J<«—j UNITS ] I
|
*THREE INVERTORS, TO SWITCH DRIVERS I
06 CLAR TR SHOWN FROM COMPARATOR OUTPUT 1 I
FOR CLARITY. -———_—1
i oV
CLOCK * 6.2V |
+4 LOGIC CONTROL 3 Test
l rvTH - ,VF 4 5000 |
INTERNAL DIGITAL GROUND I @ 26 v
40 39 38 v
_— e = B — — = - — = =8 - — - — - — - — = — = - -
0sC 1 0sc 2 % 0sc3
i
L

Figure 8: Digital Section
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Component Value Selection
1. Auto-zero Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system. For 200 mV full scale where
noise is very important, a 0.33 uF capacitor is
recommended. On the 2 volt scale, a 0.033 uF capacitor
increases the speed of recovery from overload and is
adequate for noise on this scale.

2. Reference Capacitor

A 0.1 uF capacitor is acceptable in most applications. How-
ever, where a large common mode voltage exists (i.e. the
REF LO pinis not atanalog COMMON  and a 200 mV scale is
used, a larger value is required to prevent roll-over error.
Generally 1.0 uF will hold the roll-over error to 0.5 count in
this instance.

3. Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up
will not saturate the integrator swing (approx. 0.3 volt
from either supply). When the analog COMMON is used
as a reference, a nominal £2 volt full scale integrator
swing is acceptable). For three readings/second (48 kHz
clock) nominal value for CiNT is 0.047 uF, for one reading
per second (16 kHz) use 0.15 uF.

If different oscillator frequencies are used, these values
should be changed in inverse proportion to maintain the
output swing.

The integrating capacitor must have low dielectric
absorption to prevent roll-over errors. Polypropylene
capacitors are recommended for this application.

At three readings/sec., a 750() resistor should be placed
in series with the integrating capacitor, to compensate
for comparator delay.

Typical Applications

4. Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 6 uA of quiescent current. They can
supply ~1 uA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remain in
this very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2 volt full scale, 1.8 M(} is near optimum
and similarly 180 K(} for a 200.0 mV scale.

5. Osclllator Components

For all ranges of frequency a ‘50 pF capacitor is recom-
mended and the resistor is selected from the approximate
equation f ~ A5 For 48 kHz clock (3 readings/second),
R=180Kn. RC

6. Reference Voitage

The analog input required to generate full-scale output
(2000 counts) is: VIN = 2 VRer. Thus, for the 200.0 mV and
2.000 volt scale, VRek should equal 100.0 mV and 1.000 volt,
respectively. However, in many applications where the A/D
is connected to a transducer, there will exist a scale factor
other than unity between the input voltage and the digital
reading. For instance, in a weighing system, the designer
might like to have a full scale reading when the voltage from
the transducer is 0.682V. Instead of dividing the input down
to 200.0 mV, the designer should use the input voltage
directly and select VRer = 0.341V. A suitable value for inte-
grating resistor would be 330 K(). This makes the system
slightly quieter and also avoids the necessity of a divider
network on the input. Another advantage of this system
occurs when a digital reading of zero is desired for ViN # 0.
Temperature and weighing systems with a variable tare are
examples. This offset reading can be conveniently gener-
ated by connecting the voltage transducer between IN Hi
and COMMON and the variable (or fixed' offset voltage
between COMMON and IN LO.

To

31

" osc1
osc 2

osc 3

TEST

REF HI

REF LO

€ REF

C REF
COMMON
IN HI

LILILls

n 1 -L
W men == 10uF
-
pd

10K()

E— 220K1)

14
E‘
n

(Vret = 100mV for AC to RMS)

INLO

Scale factor adjust

100K()

ACIN

470K/}

-~y
%3
T5C7126 BUFF
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v-

o
»
»
©

|
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M rthasi]|
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©
<
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G2
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A3
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}—— TO BACK PLANE
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Figure 9: AC to DC Converter with TSC7126. Test is Used as a Common Mode Reference Level to Ensure

Compatibility with Most Op-amps.
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Figure 10: Recommended Values for 2.000 V Fuli-
Scale, Three Readings Per Second.

Figure 12: TSC7126 Using the Internal Reference.
200.0 mV Full-Scale, Three Readings Per
Second, Floating Supply Voltage
(9 V Battery).
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]
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Figure 11: TSC7126 with Zener Diode Reference.

Figure 13: TSC7126 Operated From Single +5 V
Supply. An External Reference Must
Be Used.
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*Values depend on clock frequency. See Figure 10, 12, 15.
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Figure 14: TSC7126 Measuring Ratiometric Values of
Quad Load Cell. The Resistor Values
Within the Bridge are Determined by the
Desired Sensitivity.

Figure 16: TSC7126 Used as a Digital Centigrade

Thermometer. A Silicon Diode-Connected
Transistor Has a Temperature Coefficient

of About 2 mV/°C.
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Figure 15: TSC7126 With an External Band-Gap
Reference (1.2 V Typ) IN LO Is Tied to
Common. Values Shown are for One
Reading Per Second.

Overrange Sigrials from TSC7126

Figure 17: Circuit for Developing Underrange and

Outputs.
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Figure 18: Recommended Component Values for 2.00 V Full-Scale, One Reading Per Second.
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TSC7135
4 1/2 Digit Precision
Analog-to-Digital Converter

General Description

The TSC7135 4 1/2 digit analog converter offers 50 ppm
(1 part in 20,000) resolution with a maximum linearity error of
1 count. An auto-zero cycle reduces the zero error to below
10 uV and zero drift to 0.5 uV/°C. Source impedance error
sources are minimized by a 10 pA maximum input current.
Rollover error is limited to + 1 count.

By combining the TSC7135 with a TSC7211A (LCD),
TSC7212A (LED) or TSC700A (High LED Segment Current)
driver a 4 1/2 digit display DVM or DPM can be constructed.
Overrange and underrange signals support automatic range
switching and special display blanking/flashing applications.

Micro-processor based measurement systems are supported
by the TSC7135 Busy, Strobe and Run/HOLD control signals.
Remote data acquisition systems with data transfer via UARTs
are also possible. The additional control pins and multiplexed
BCD outputs make the TSC7135 the ideal converter for dis-
play or u-processor based measurement systems.

Features

® Low Rollover Error .............. £ 1 Count Maximum

® Guaranteed = 1 Count Maximum Error

® Guaranteed Zero Reading for 0 V Input

® True Polarity Indication at Zero for Null Detection

® Multiplexed BCD Data Output

® TTL Compatible Outputs

® Differential Input

® Control Signals Permit Interface to UARTS and
u-Processors

® Auto-ranging Supported with Over and Underrange
Signals

® Blinking Display Visually Indicates Overrange Condition

® Low Input Current ........... P I - 7.Y

® Low Zero Reading Drift ...........ovevvvene. 2uV/°C

® |nterface to TSC7211A, TSC7212A, and TSC700A

Display Drivers
Available in Compact Flat Package

Pin Configuration

Ordering Information

Temperature

Part No. Package Range

TSC7135CJI 28-Pin CerDIP 0°C to +70°C

TSC7135CPI 28-Pin Plastic 0°C to +70°C
60-Pin Plastic

TSC7135CBQ Flat Package w/ 0°C to +70°C
Formed Leads
60-Pin Plastic

TSC7135CSQ Flat Package w/ 0°C to +70°C

Unformed Leads

v-[7] ~ @ UNDERANGE
REF IN[Z ] 27] OVERANGE
ANALOG COMMON [3 ] STROBE
INTouT (7] 26 RUN/HOLD
AzIN[E] [24] DIGITAL GROUND
BUFF OUT 4| 9 23] POLARITY
TSC7136
REF cAP 7] [22] cLock I
REF CAP+[3 | 21) BUSY
—INPUT [ [ 20] (LsD)D1
+INPUT [10] [75] o2
v [T} [e] o3
(msp)os [iz] (7] b4
(seig1 73] 78] (MsB)B8
821 % 84
SEE PAGE 5 FOR COMPACT FLAT PACKAGE

Typical 4 1/2 Digit DVM with LCD Display
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Absolute Maximum Ratings (Note 1)

Positive Supply Voltage ................... e, 1BV
Negative Supply voltage e -9V
Analog Input Voltage (Pin9or10) ..... V toV (t\iote 2)
Reference Input Voltage (Pin2) ............ oo VtoV
Clock Input Voltage .........ccvuuen, e oVtoVv*

Operating Temperature Range ............ 0°C to +70°C
Storage Temperature Range .......... -65°C to +160°C
Soldering Lead Temperature (10 Seconds) ....... 300°C
CerDIP(J) Package Power Dissipation .............. 1W
Plastic(P) Package Power Dissipation ............. 0.8 W

Electrical Specifications: o= 25°C, fcLock = 120 kHz, V¥ =50V, V" = -5V

TEST TSC7135
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Display Reading with ~ " Display
A 1 Zero Volt Input Note 3,4 0.0000 +0.0000 +0.0000 Reading
N
Zero Reading ViN=0V _ °
C 2 TCz Temperature Coefficient  Note 5 05 2 wFrC
(o] Full Scale ViN=2V _ _ o
G 3 TCrs Temperature Coefficient  Notes 5,6 5 ppm~C
4 NL Nonlinearity Error Note 7 — 0.5 1 count
S - -
Differential
(E: 5 DNL Linearity Error Note 7 — 0.01 — LSB
T Display Reading In VIN = VREF Display
I 6 Ratiometric Operation Note 3 +0.0988  +0.8099  +1.0000 Reading
(o]
+ Full Scale Symmetry =VIN = +VIN
+ -
N 7 *FSE Error (Rollover Error) Note 8 05 1 count
8 IIN Input Leakage Current Note 4 — 1 10 pA
Peak-to-Peak
9 VN Noise Value not exceed —_ 15 —  uVp-p
95% of time
10  INL Input Low Current ViN=0V — 10 100 uA
DS 11 INH Input High Current VIN=+5V — 0.08 10 uA
1E 12 VoL Output Low Voltage loL= 1.6 mA — 0.20 0.40 Vv
GC -
Output High Voltage
13 = . .4 . Y
.:-1; VoH (B1, Bz, Ba, B, D1 - Ds) loH =1mA 2.4 4 5.0
AO Output High Voltage
LN 14 VoH (Busy, Polarity, Overrange, loH = 10 uA 4.9 4.99 5.0 v
Underrange, Strobe)
15  fcik Clock Frequency Note 11 0 100 1200 kHz
s 16 v* Positive Supply Voltage . 4 5 6 \
gu 17 v~ Negative Supply Voltage -3 -5 -8 v
w,': 18 1 Positive Supply Current  foLk = 0 Hz — 1.0 3.0 mA
:.L 19 I Negative Supply Current  foLk = 0 Hz — 07 3.0 mA
Y 20 Pd Power Dissipation fcLk = 0 Hz - 8.5 30 mwW
Notes:

1. Functional operation is not implied.

2. Limitinput current to under 100 uA if input voltages exceed supply voltage.
3. Full Scale Voltage = 2,000 V.

4, VIN =0.0000 V.

5. 0°C= Tas+70°C.

6. External Reference Temperature Coefficient less than 0.01 ppm/°C.

7. -2V < VIN < +2 V, Error of reading from best fit straight line.
8. |VIN| = 1.9958.
9. Test Circuit shown in Figure 1.
10. Static Sensitive Device. Unused devices must be stored in conductive
material to protect devices form static discharge and static fields.
11. Specification related to clock frequency range over which the TSC7135
correctly performs its various functions. Increased errors result at higher
operating frequencies.
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Test Circuits

SET VRgp=1.000V — 5 v

W, ANALOG INPUT
| swar  swpf BUFRER nreGRATING INTEGRATING
RESISTOR

+INPUT o.O__ CAPACITOR

EEROIROR
CARACIT COMPARATOR

TO DIGITAL
SECTION

REFERENCE
INPUT

INTEGRATOR
ANALOG
COMMON

. SWITCH CLOSED

O SWITCH OPEN

VRer N —UJ
1 8
v unperranGe 22
<
>
100ke 2 rer overranGe |2L
° 3] ANALOG GND sTROBE |2
ANALOG X
GND ————Tout RUNAOLD |2
AT ”
AZIN oiaiTaLanp PA——
104F g w =
BUF OUT POLARITY }—
CLOCK
REF CAP 1 crock N 22— ot
21 120kHz
REF CAP 2 susy f2L
NS
—INPUT ‘~ LSD D1 hzg
TSC7135 19
+ INPUT o2 P2
v+ 03 Fi
E‘ MSD D5 D4 'E
Bl sae1 wiss 88 S
L2 S B S
Figure 1: TSC7135 Test Circuit
v+
LoGic AN BUFFER

INPUT O Wy

L

Figure 2: TSC7135 Digital Logic Input

Figure 3B: TSC7135 System Zero Phase

ANALOG INPUT
INTEGRATING INTEGRATING

7] RI
+INPUT o—.— } RESISTOR  CAPACITOR

CAPACITOR

COMPARATOR

TO DIGITAL

REFERENCE SECTION
IN

PUT

INTEGRATOR
ANALOG
COMMON

. SWITCH CLOSED
O SWITCH OPEN

Figure 3C: TSC7135 Input Signal Integration Phase

ANALOG INPUT
swgp * SWRf BUFFER
\ .

sw
HINPUT °‘O

INTEGRATING INTEGRATING
RESISTOR CAPACITOR

ZERO
ERROR
CAPACITOR

COMPARATOR

SWq TO DIGITAL
REFERENCE SECTION
INPUT
sy,
INTEGRATOR
ANALOG
COMMON * SWgy would be closed for a
negative polarity analog input
signal.
W,
! . SWITCH CLOSED

~INPUT o—O
() switcH open

Figure 3D: Reference Voltage Integration Cycle

ANALOG INPUT

swgf BUFFER INTEGRATING INTEGRATING
RESISTOR  CAPACITOR

i SWi

awur o)y
F

COMPARATOR
TO DIGITAL
SECTION

REFERENCE
INPUT

INTEGRATOR
ANALOG
COMMON

W
! . SWITCH CLOSED

—INPUTO—O
QO swircHoren

ANALOG INPUT

SWRr BUFFER INTEGRATING INTEGRATING
RESISTOR CAPACITOR

T swg

+INPUT o_O__

COMPARATOR
TO DIGITAL
SECTION

REFERENCE
INPUT

INTEGRATOR
ANALOG
COMMON

. SWITCH CLOSED

-wereC QO swircnoren

Figure 3A: TSC7135 Analog Circuit Function Diagram

Flgure 3E: TSC7135 Integrator Output Zero Phase
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General Theory of Operation
Dual Slope Conversion Principles

The TSC7135 is a dual slops, integrating analog to digital
converter. An understanding of the dual slope conversion
technique will aid in following the detailed TSC7135 opera-
tion theory.

The conventional dual slope converter measurement cycle
has two distinct phases:

® |nput Signal integration
® Reference Voltage Integration (Deintegration)

The input signal being converted is integrated for a fixed time
period. Time is measured by counting clock pulses. An op-
posite polarity constant reference voltage is then integrated
until the integrator output voltage returns to zero. The refer-
ence integration time is directly proportional to the input
signal.

In a simple dual slope converter a complete conversion re-
quires the integrator output to “ramp-up” and “ramp-down."”

E COMPARATOR

CONTROL CLOCK
LOGIC

c
INTEGRATOR

ANALOG R
INPUT O———0
SIGNAL

L

- SWITCH DRIVER

REF
VOLTA
OLTAGE PHASE CONTROL

POLARITY CONTROL

y 4

COUNTER

DISPLAY

ViN = VFULLSCALE
Vin = 12 VEyLLSCALE

INTEGRATOR OUTPUT

FIXED I
SIGNAL VARIABLE
INTEGRATE REFERENCE
TIME INTEGRATE TIME

Figure 3: Basic Dual Slope Converter

Table 1: Internal Analog Gate Status

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

TsI
VR TRI

1
— fVing) dt =
- IN(t) RC

0

where:
VR = Reference Voltage
Tsi = Signal Integration Time (Fixed)
Tri = Reference Voltage Integration Time (Variable)

For a constant VIN:

TR
VIN= VR | —
TslI

The dual slope converter accuracy is unrelated to the inte-
grating resistor and capacitor values as long as they are
stable during a measurement cycle. An inherent benefit is
noise immunity. Noise spikes are integrated or averaged to
zero during the integration periods. Integrating ADCs are
immune to the large conversion errors that plague succes-
sive approximation converters in high noise environments.

TSC7135 Operation Theory

The TSC7135 incorporates a system zero and integrator out-
put voltage zero phase to the normal two phase dual slope
measurement cycle. Reduced system errors, fewer calibration
steps and a shorter overrange recovery time result.

The TSC7135 measurement cycle contains four phases:

® System Zero

® Analog Input Signal Integration
® Reference Voltage Integration
® Integrator Output Zero

Internal analog gate status is shown in Table 1 for each phase.

Conversion Internal Analog Gate Status Reference
Cycle Phase Schematic
SWi SWhi SWhI SWz SWr SW1 SWiz

System
Zero Closed Closed Closed 3A
Input Signal
Integration Closed 3B
Reference
Voltage Closed* Closed 3C
Integration
Integrator
Output Closed Closed 3D
Zero

Note: *Assumes a positive polarity input signal. swE. would be closed for a negative input signal.

“)* TELEDYNE SEMICONDUCTOR
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System Zero Phase (Figure 3B)

During this phase errors due to buffer, integrator and com-
parator offset voltages are compensated for by charging Caz
(auto-zero capacitor) with a compensating error voltage. With
a zero input voltage the integrator output will remain at zero.

The external input signal is disconnected from the internal
circuitry by opening the two SWi switches. The internal
input points connect to analog common. The reference
capacitor charges to the reference volitage potential through
SWR. A feedback loop, closed around the integrator and
comparator, charges the Caz capacitor with a voltage to
compensate for buffer amplifier, integrator and comparator
offset voltages.

Analog Input Signal Integration Phase
(Figure 3C)

The TSC7135 integrates the differential voltage between the
+ Input and - Input. The differential voltage must be within
the device common-mode range; -1V from either supply rail
typically.

The input signal polarity is determined at the end of this
phase.

Reference Voltage Integration (Figure 3D)

The previously charged reference capacitor is connected
with the proper polarity to ramp the integrator output back to
zero. The digital reading displayed is:

Reading = 10,000 [ lefere\?tlal Input ]
REF

Integrator Output Zero (Figure 3E)

This phase guarantees the integrator output is at zero volts
when the system zero phase is entered and that the true sys-
tem offset voltages are compensated for. This phase normally
lasts 100 to 200 clock cycles. If an overrange condition exists
the phase is extended to 6200 clock cycles.

Analog Pin Functional Description
Differential Inputs (+ input (Pin 10) and -Input (Pin 9))

The TSC7135 operates with differential voltages within the
input amplifier common-mode range. The input amplifier
common-mode range extends from 0.5 V below the positive
supply to 1.0 V above the negative supply. Within this com-
mon-mode voltage range an 86 dB common-mode rejection
ratio is typical.

The integrator output also follows the common-mode vol-
tage. The integrator output must not be allowed to saturate.
A worst case condition exists, forexample, when a large posi-
tive common-mode voltage with a near full scale negative
differential input voltage is applied. The negative input signal
drives the integrator positive when most of its swing has been
used up by the positive common-mode voltage. For these cri-
tical applications the integrator swing can be reduced to less
than the recommended 4 V full scale swing with some loss of
accuracy. The integrator output can swing within 0.3 volts of
either supply without loss of linearity.

Analog Common (Pin 3)

Analog COMMON is used as the -Input return during auto-
zero and de-integrate. If -Input is different from analog
COMMON, a common-mode voltage exists in the system.
This signal is rejected by the excellent CMRR of the conver-
ter. in most applications -Input will be set at a fixed known
voltage (power supply common for instance). In this applica-
tion, analog COMMON should be tied to the same point, thus
removing the common-mode voltage from the converter. The
reference voltage is referenced to analog COMMON.

Reference Voltage (REF IN (Pin 2))

The REF IN reference voltage input must be a positive voltage
with respect to analog COMMON. Two reference voltage cir-
cuits are shown in Figure 4.

v+ v+

6.8 k2

V+

6.8 VOLT
ZENER

REF IN TSC9491
REF IN
E NS

TSC7135

12V
£\ REFERENCE
1\‘
TSC7135

Iz
ANALOG
COMMON '

ANALOG
COMMON

AAA
W

ANALOG GROUND

v

Figure 4: Using an External Reference

The TSC7135 digital section is shown in Figure 5. Timing
relationships are shown in Figure 6.

Pin Configuration

“n
TSC7135 sus
(8Q OR Q) NC

INT OUT

NOTES

1. NC = NO INTERNAL CONNECTION

2.PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE
PINS IS APPROXIMATELY V*. NO EXTERNAL CONNECTIONS SHOULD BE MADE.
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{ roLarity s D4 03 D2 o1 Run/Hold |nPU' (Pin 25)
When left open this pin assumes a logic 1 level. With R/H=1
FROM WSB— DIGIT _ DRIVE _ SIGNAL—Lsg_} 1381 the TSC7135 performs conversions continuously with a new
ANALOG oata 2B o measurement cycle beginning every 40,002 clock pulses.

TION 1584
sEve MULTIPLEXER OUTPUT ‘5——0

POLARITY
FF

ZERO
CROSS |
DET

[E- CONTHOLLOGI’C
LT T T = = I

DIGITAL  CLOCK  RUN/ OVER UNDER STROBE ~ BUSY
GND IN HOLD RANGE  RANGE

COUNTERS |

Figure 5: TSC7135 Digital Section Function Diagram

When R/H changes to a logic 0 the measurement cycle in
progress will be completed and data held and displayed as
long as the logic 0 condition exists.

A positive pulse (>300 ns) at R/H will initiate a new measure-
ment cycle. The measurement cycle in progress when R/H
initially assumed the logic “0" state must be completed before
the positive pulse czn be recognized as a single ccnversion
run command.

The new measurement cycle begins with a 10,001 count
auto-zero phase. At the end of this phase the busy signal
goes high.

INTEGRATOR
OUTPUT

SVST EM

10 001/
COUNTS

SIGNAL REFERENCE
INTEGRATE
10 oow 20,001/
?gUNT)s COUNTS (MAX.)
|<¢—— FULL MEASUREMENT CYCLE .|
40,002 COUNTS

BUSY

OVERRANGE
WHEN APPLICABLE

UNDERRANGE
WHEN APPLICABLE

| ExpANDED scALE |
BELOW
DIGIT SCAN I | ' I | D5
J_n_n .,
JE y SR N o BN
n n r D2
PR iy Sy EE—
| 1001 *FIRST D5 OF SYSTEM ZERO
COUNTS AND REFERENCE INTEGRATE
ONE COUNT LONGER
STROBE r=T-T
AUTO ZERO REFERENCE
DIGIT SCAN SIGNAL INTEGRATE ~»~=— INTEGRATE
FOR OVERRANGE I-l D5 oo n__ N
.
J1os P n n
o8 5N M n_
TC
.02 3> I S
<C
o co— n_r

Figure 6: Timing Diagrams for Outputs

TSC7135 Digital Section Functional
Description

The major digital subsystems within the TSC7135 are illus-
trated in Figure 5 with timing relationships shown in Figure 6.
The multiplexed BCD output data can be displayed on LCD
or LED displays with the TSC700A (LED), TSC7211A (LCD),
or TSC7212A (LED) four digit display drivers.

The digital section is best described through a discussion of
the control signals and data outputs.

Strobe Output (Pin 26)

During the measurement cycie the STROBE control line is
pulsed low five times. The five low pulses occur in the center
of the digit drive signals (D1, D2, D3, Ds). (Figure 7)

Ds (MSD) goes high for 201 counts when the measurement
cycles end. In the center of the Ds pulse, 101 clock pulses
after the end of the measurement cycle, the first STROBE
occurs for one-half clock pulse. After the Ds digit strobe, D4
goes high for 200 clock pulses. The STROBE goes low 100
clock pulses after D4 goes high. This continues through the
D1 digit drive pulse.

The digit drive signals will continue to permit display scan-
ning. STROBE pulses are not repeated until a new measure-
ment is completed. The digit drive signals will not continue if
the previous signal resulted in an overrange condition.

The active low STROBE pulses aid BCD data transfer to
UARTSs, processors and external latches. See Application
Note AN16.

TSC7135

OUTPUTS]:— END OF CONVERSION

1
susy [

—0é
81
02 (MSD) D3 Dz D1(tsD) | D5
BATA DATA DATA | DATA DATA
STROBE
NOTE ABSENCE
L 200 —‘v Y 1 ' O EAsaE

COUNTS
oo ] R

COUNTS COUNTS

pa 200
COUNTS

200
b COUNTS

200
o COUNTS

200
D1 COUNTS
* Delay between BUSY going lDw and first STROBE
pulse is dependent on analog in|

Figure 7: Strobe Signal Puises Low 5 Times
Per Conversion.
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Busy Output (Pin 21)

At the beginning of the signal integration phase BUSY goes
high and remains high until the first clock pulse after the
integrator zero crossing. BUSY returns to the logic 0" state
after the measurement cycle ends in a overrange condition.
The internal display latches are loaded during the first clock
pulse after busy and are latched at the ciock pulse end. The
busy signal does notgo high atthe beginning of the measure-
ment cycle which starts with the auto-zero cycle.

Overrange Output (Pin 27)

If the input signal causes the reference voltage integration
time to exceed 20,000 clock pulses the overrange output is
set to a logic 1. The overrange output register is set when
BUSY goes low and is reset at the beginning of the next refer-
ence integration phase.

TSC7135 Digital Section Functional
Description (Cont.)

Underrange Output (Pin 28)

If the output count is 9% of ful! scale or less (<1800 counts)
the underrange register bit is set at the end of BUSY. The bit is
set low at the next signal integration phase.

Polarity Output (pin 23)

A positive input is registered by a logic * polarity signal. The
polarity bitis valid at the beginning of reference integrate and
remains valid until determined during the next conversion.
The polarity bit is valid even for a zero reading. Signals less
than the converters LSB will have the signal polarity deter-
mined correctly. This is useful in null applicaticns.

Digit Drive Outputs (Pins 12, 17, 18, 19 & 20)

Digit drive signals are positive going signals. The scan
sequence is Ds to D1. All positive pulses are 200 clock pulses
wide except Ds which is 201 clock pulses wide.

All five digits are scanned continuously uniess an overrange
condition occurs. In an overrange condition all digit drives
are held low from the final STROBE pulse until the beginning
of the next reference integrate phase. The scanning se-
quence is then repeated. This provides a blinking visual
display indicaticn.

BCD Data Outputs (Pins 13, 14, 15 and 16)

The binary coded decimal bits Bs, B4, B2, B1 are positive
true logic signals. The data bits become active simultan-
eously with the digit drive signals. In an overrange condition
all data bits are at a logic “0” state.

Applications Information
Component Value Selection

The integrating resistor is determined by the full scale input
voltage and the output current of the buffer used to charge
the integrator capacitor. Both the buffer amplifier and the
integrator have a class A output stage with 100 uA of quies-
cent current. A 20 uA drive current gives negligible linearity
errors. Vaiues of 5 to 40 uA give good results. The exact value
of integrating resistor for a 20 uA current is easily calculated.

full-scale voltage

RINT = —20 WA

Integrating Capacitor

The product of integrating resistor and capacitor should be
selected to give the maximum voltage swing which ensures
that the tolerance build-up will not saturate the integrator
swing (approx. 0.3 volt from either supply). For £5 volt
supplies and analog COMMON tied to supply ground,a+3.5
to +4 volt full scale integrator swing is adequate. A 0.10 uF to
0.47 uF is recommended. In general, the value of CiNT is given
by:

[10,000 x clock period] x liNT
Integrator output voltage swing

(10,000) (clock period) (20uA)
Integrator output voltage swing

CINT =

A very important characteristic of the integrating capacitor is
that it has low dielectric absorption to prevent roll-over or
ratiometric errors. A good test for dielectric absorption is to
use the capacitor with the input tied to the reference. This ratio-
metric condition should read half scale 0.9999. Any deviation is
probably due to dielectric absorption. Polypropylene capaci-
tors give undetectable errors at reasonable cost. Polystyrene
and polycarbonate capacitors may also be used in less critical
applications.

Auto-Zero and Reference Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. A large capacitor reduces the noise.
The reference capacitor should be large enough such that
stray capacitance to ground from its nodes is negligible.

The dielectric absorption of the reference cap and auto-zero
cap are only important at power-on or when the circuit is
recovering from an overload. Smaller or cheaper caps can
be used if accurate readings are not required for the first
few seconds of recovery.

Reference Voltage

The analog input required to generate a full-scale output is
VIN = 2 VREF.

The stability of the reference voltage is a major factor in the
overall absolute accuracy of the converter. For this reason, it
is recommended that a high quality reference be used where
high-accuracy absolute measurements are being made. Suit-
able references are:

Part Type Manufacturer
TSC9491 Teledyne Semiconductor
MC1400U2 Motorola

Conversion Timing
Line Frequency Rejection

A signal integration period at a multiple of the 60 Hz line fre-
quency will maximize 60 Hz “line noise” rejection.

A 100 kHz clock frequency will reject both 50 Hz, 60 Hz and
400 Hz noise. This corresponds to 2.5 readings per second.
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Oscillator Frequency
300 kHz, 200 kHz,

Frequency Rejected

150 kHz, 120 kHz, 100 kHz, 60 Hz
40 kHz, 33 1/3 kHz
250 kHz, 166 2/3 kHz, 50 Hz

125 kHz, 100 kHz
100 kHz

50 Hz, 60 Hz, 400 Hz

Conversion Rate vs Clock Frequency

Oscillator
Frequency Conversion
(kHz) Rate (Conv/Sec)
100 25
120 3
200 5
300 7.5
400 ' 10
800 20
1,200 30

Power Supplies and Grounds
Power Supplies

The TSC7135 is designed to work from +5 V supplies. The
conditions to use a single +5 V supply are:

® The input signal is referenced to the center of the common
mode range of the converter.
® The signal is less than +1.5 volts.

Grounding

Systems should use separate digital and analog ground sys-
tems to avoid loss of accuracy.

Displays and Driver Circuits

Teledyne Semiconductor manufactures three display
decoder/driver circuits to interface the TSC7135 to LCD or
LED displays. Each driver has 28 outputs for driving four
seven segment digit displays. The TSC700A features
increased LED segment drive current for greater display
brightness. '

Device Package Description
TSC7211AIPL 40 Pin Epoxy 4 Digit LCD Driver/Decoder
TSC7212AIPL 40 Pin Epoxy 4 Digit LED Driver/Decoder

TSC700AIJL 40 Pin CerDIP 4 Digit LED Driver/Decoder
with high LED Segment
Current (Isec = 11 mA)

Several sources exist for LCD and LED displays:

Display
Manufacturer Address Type
Hewlett Packard 640 Page Mill Rd LED
Components Palo Alto, CA 94304
. . 19000 Homestead Rd.
Litronix, Inc. Cupertino, CA 94010 LED
And 770 Airport Blvd. LCD and

Burlingame, CA 94010 LED

3415 Kanhi Kawa St.

Epson America, Inc. 1, once CA 90505

LCD

High Speed Operation

The maximum conversion rate of most dual-slope A/D con-
verters is limited by the frequency response of the compara-
tor. The comparator in this circuit follows the integrator ramp
with a 3 us delay, and at a clock frequency of 160 kHz (6 us
period) half of the first reference integrate clock period is lost
in delay. This means that the meter reading will change from
0to 1 with a 50 uV input, 1 to 2 with 150 uV, 2 to 3 at 250 uV,
etc. This transition at mid-point is considered desirable by
most users; however, if the clock frequency is increased
appreciably above 160 kHz, the instrument will flash “1” on
noise peaks even when the input is shorted.

For many-dedicated applications where the input signal is
always of one polarity, the delay of the comparator need not
be a limitation. Since the non-linearity and noise do not
increase substantially with frequency, clock rates of up to ~1
MHz may be used. For a fixed clock frequency, the extra
count or counts caused by comparator delay will be a con-
stant and can be subtracted out digitally.

The clock frequency may be extended above 160 kHz without
this error, however, by using a low value resistor in series with
the integrating capacitor. The effect of the resistor is to intro-
duce a small pedestal voltage on to the integrator output at
the beginning of the reference integrate phase. By careful
selection of the ratio between this resistor and the integrating
resistor (a few tens of ohms in the recommended circuit), the
comparator delay can be compensated and the maximum
clock frequency extended by approximately a factor of 3. At
higher frequencies, ringing and second order breaks will
cause significant non-linearities in the first few counts of the
instrument.

The minimum clock frequency is established by leakage on
the auto-zero and reference caps. With most devices, mea-
surement cycles as long as 10 seconds give no measurable
leakage error.

The clock used should be free from significant phase or fre-
quency jitter. Several suitable low-cost oscillators are shown
in the Applications section. The multiplexed output means
that if the display takes significant current from the logic
supply, the clock should have good PSRR.

Zero-Crossing Flip-Flop

The flip-flop interrogates the data once every clock pulse
after the transients of the previous clock pulse and half-clock
pulse have died down. False zero-crossings caused by clock
pulses are not recognized. Of course, the flip-flop delays the
true zero-crossing by up toone countin every instance, and if
a correction were not made, the display would always be one
count too high. Therefore, the counter is disabled for one
clock pulse at the beginning of the reference integrate (de-
integrate) phase. This one-count delay compensates for the
delay of the zero-crossing flip-flop, and allows the correct
number to be latched into the display. Similarly, a one-count
delay at the beginning of auto-zero gives an overioad display
of 0000 instead of 0001. No delay occurs during signal inte-
grate, so that true ratiometric readings result.
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Application Circuits
Ry Ry +5V
¢ éw ke :I;wn
L L —oVour
= = = 0.22 uF 2=
Gates are 74C04 ’
1
| $ 20ka
1‘f0”~'—1— 'Rp=R_152_ 6k <
2 C[0.41 Rp + 0.70R1] R1 + R2
—~ 390 pF
a. If R1 = R2 = Ry, f = 0.55/RC
b. If R2 >> Ry, f = 0.45/R1C =
c. If Rz << Ry, f = 0.72/R1C -
a. =120 kHz, C = 420 pF %o 2
Ri=R2=109 k 0 YW i
b. f = 120 kHz, C = 420 pF, Rz = 50 k Q 10HH
Ri=8.93k () @
¢. =120 kHz, C = 220 pF, R2 =5 k Q N0
R1 =273k Bk o LM311 LANS - S VA
< 01uF s A
—} - Sha
Figure A: R/C Oscillator 1 S 50k
Figure B: Comparator Clock Circuit
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4 1/2 Digit Precision
TSC7135 Analog-to-Digital Converter

4 1/2 Digit ADC with Multiplexed Common Anode LED Display
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