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inters:l o ICL7106, ICL7107,
ICL71068S, ICL7107S

31/, Digit,
LCD/LED Display, A/ID Converters

January 1998

Features Description

* Guaranteed Zero Reading for OV Input on All Scales o\ o - 2106 and ICL7107 are high performance, low

* True Polarity at Zero for Precise Null Detection POWET, 3112 digit A/D converlers. Included are seven seq-
| ment decoders, display drivers, a reference, and a clock.
The ICL7106 is designed to interface with a liquid crystal dis-
* True Differential Input and Reference, Direct Display Drive  play (LCD) and includes a multiplexed backplane drive; the

- LCD ICL7106, LED ICL7107 ~ ICL7107 will directly drive an instrument size light emitting
diode (LED) display. -

The ICL7106 and ICL7107 bring logether a combination of
* On Chip Clock and Reference high accuracy, versatilily, and true economy. It features auto-
zero to less than 10V, zero drift of less than 1uV/°C, inpul
bias current of 10pA (Max), and rollover error of less than

* 1pA Typical Input Current

* Low Noise - Less Than 15uVp_p

* Low Power Dissipation - Typically Less Than 10mW

* No Additional Active Circuits Required one counl. True differential inputs and reference are useful in
» Enhanced Display Stability (ICL7106S, ICL7107S) all systems, b}J{ give lhe desugne:r an uncommaon advan!age
when measuring load cells; slrain gauges and other bridge
. . type lransducers. Finally, the true economy of single power
Ordermg Informaﬂon supply operation (ICL7106), enables a high performance
[ TEMP. ] panel meter to be built with the addition of only 10 passive

PARTNO. |RANGE(°C)| PACKAGE PKG. NO. | components and a display.

ICL71068CPL Oto70 40 Ld PIYIP E40.6

ICL7106RCPL 0o 70 ]40 Ld PDIP (Note) |€E40.6
: y

ICL7106CM44 0to70 |44 Ld MGFP c:e«m:m:ml
; ICL?1U€~SCPL- 0to70 |40Ld PDIP lE206 |
ICLT107SCPL |  0t070 140 LdFOIP - |E406 . |
!CL?i‘lﬂ?CPL 01070 |40 LdFOIP | ..... E40.6 |
‘ ICL7107RCPL rj -to 70 ]40Ld PCIP (Note) ea0s
 ICL7107CM44 0to70 |[44Ld M(:Tr:rf o 044,10$<10

i

NOTE: "R indicates device with reversed leads for mounting to PC
board underside, “S" indicates enhanced stability.

CAUTION: These devices are sensilive o electrastatic discharge. Users should foillow proper IC Handling Procedures. File Number 3032 2
htip:/;www.intersil.com or 407-727-9207 | Copyrighlé Intersil Carporation 1999 1
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¢« Pinouts

{1's) «

{(10's) <

(100's) <

v+ [

[ D1

C1
B1
A1
F1
G1
E1
D2
c2
B2
A2
F2
E2

[ D3

B3
F3

| £3

(1000} AB4

(MiNusy  TOL

ICL7106, ICL7107 {PDIP)

TOP VIEW

ICL7106R, ICL7107R (PDIP)

TOP VIEW

NS

133

37

5]

32

3

30

23

28

£7

26

25

24

2]

'E

" 1#6] osc 1 osc 1 [
39] OSC 2 osc2[2
38| osC 3 osca[3
37| TEST TEST {4
36| REF HI REF HI [5
35] REF LO REFLO [6
34 ] Crer* Crert {7
33 ) Crer- Crer- LB
32] COMMON COMMON [ 9
3T] IN Hi IN HI [10
30] INLO INLO |11
9] &-Z A-Z [12
28] BUFF BUFF [13
27] INT INT [14
261 V- v- [15
75| G2 (10's) G2 (10's) [16
24] c3 (¢3 [T7
23] Al » (100's) (100's) ¢ A3 [18
22] 63 G3 [13
21| BP/GND BP/GND [20

ICL7108, ICLT107 (MQFP)
TOP VIEW
T 91 o % 0O L
by EE¥Sz 2 tl- N
. (/44 41 42 41 40 39 38 37 36 35 34
NCLI i1 g 33{—L NG
3 Tod W W | ¥ R2{T13c2
TEsTCI ]| 3 | Ics
osc3t 1|4 30| [T A3
NC i | 5 29T ]G3
oscz{_[]| 6 28 |11 BPIGND
OSCi 1117 27|13 PoL
v I 1|8 26 [ JAB4
D1 L] 9 25T JE3
C1T{10 24| T3F3
BT, 13 14 15 16 17 18 10 20 21 28 ||—1J B3

J55HHEHHHHH

A1 F1 G1 E1 D2 C2 B2 A2F2 E2 D3

36|

132

V+
D1
C1
B1
A1 3 (1's)
Fi
G1
E1
D2
C2
B2
A2
F2
E2 |
N3’
B3
F3
E3
{1009) AB4
POL

» {10°s)

y {100's)

(MINUS)
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Absolute Maximum Ratings
Supply Voitage

ICL7106, V+to V-, ... ... .. 15V
ICL7107. V¥ 1o GND. ... ..., ... ... . . .. .. 6V
ICL7107 V-to GND ... ... .. .. .. . . -9V
Analog Input Voltage (Either Input) (Nota 1) . . .. e V+ o V-
Reference Input Voltage (Either nput) . ... ... ... ... . V+to V.
Clock Input
ICL7106 ... ... ... . . . TEST to v+
ICL7107 .. .............. I GND to V+
Operating Conditions |
Temperature Range .. .. .. .. e......0°% to 70°C

Thermal Information

Thermal Resistance (Typical, Note 2) 8,4 (°CIW)
POIPPackage. .... ... .......... .. ...... a0
MQFPPackage ......... ... . ... ......... .. 80

Maximum Junction Temperature ... . ... ... . ... .. 150°C

Maximum Storage Temperature Range ... ... .. .. -65°C to 150°C

Maximum Lead Temperature (Soldering 10s). .. .... .. .. .. 300°C

(MQFP - Lead Tips Only)

CAUTION. Stresses above those listed in "Absolute Maximum Raltings” may cause permanen! damage lo the device. This is 8 siress only rating and operalion
of the device al these or any other conditions above those indica led in the operalional seclions of this specification is nol impfied.

NOTES:

1. Input voltages may exceed the supply voltages provided the Input current is limited to +100uA.

2. 9 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications  (Note 3)

SYSTEM PERFORMANCE

PARAMETER ' l TEST CONDITIONS ‘ MIN l TYP l MAX l UNIT

——

Zero input Reading Vin = 0.0V, Full Scale = 200mv -000.0 { 1000.0 | +000.0 Digital

Reading
: ——1 ; - o

Stability (Last Digit) (ICL7 1068, ICL7107¢ Fixed Input Voltage (Note 7) -000.0 | £000.0 | +000.0 Digital
Only) Reading

Ratiometric Reading ViN = VRef. VRep = 100mV 8999 |]999/10 | 1000 Digital
00 Reading

| - Aﬁ - SR— - —— . 4
Rollover Error -ViN = *Vy = 200mV - 10.2 11 Counts

. | Difference in Reading for Equal Positive and

L Negative Inputs Near Full Scale

Linearity Full Scale = 200mV or Full 3cale = 2V Maximum ~ . 0.2 11 Counts
Deviation from Best Straight Line Fit (Note 6)

- ————— — | r —y
Common Mode Rejection Ratio Vem = 1V Viy = 0V, Full Scale = 200mV {Note 6) l - 30 . nviv
Noise Vin = 0V, Full Scale = 200mvV - 15 - uv

(Peak-To-Peak Value Not Exceeded 95% of Time)
Leakage Current inpul VN = 0 (Nole 6) - 1 10 pA %

E&m Reading Drift Vin = 0, 0°C To 70°C (Note 6) [ - T 0.2 -] 1 pv/eC

{ Scale Factor Temperature Coefficient Vin = 198mV, 0°C To 70°C, ‘ 1 5 ppm/°C

(Ext. Ref. Oppm/°C) (Note 6) |

[ ; : - r—r &

End Power Supply Character V+ Supply V)N = 0 {Boes Not Include LED Current for ICL7107) - 1.0 1.8 mA

Curmrent

End Power Supply Character V- Supply Current [ ICL7107 Onily - r 0.6 1.8 mA

—— -

COMMON Pin Analog Commeon Voltage 25k$2 Between Common and 24 3.0 3.2 JW \
Positive Supply (With Respect to + Supply)

Temperature Coefficient of Analog Common | 25kQ) Between Common and - 80 - ppm/°C
Positive Supply (With Respect to + Supply)

DISPLAY DRIVER ICL7106 ONLY

Peak-To-Peak Segment Drive Voltage V+ = to V- = 9V (Note 5) 4 2.5 vV

Peak-To-Peak Backplane Drive Voitage




ICL7106, ICL7107, ICL71068, ICL7107S

Electrical Specifications (Note 3) (Continued)

PARAMETER | TEST CONDITIONS T I MIN \ TYP I MAX | UNIT
DISPLAY DRIVER ICL7107 ONLY
“g;gmenl Sinking Current ) - V+ = 5V, Segment Voltage = 3v r
(Except Pins 19 and 20) 5 8 - mA
Pin 19 Only | - | 10 16 - T mA
Pin 20 Only | 4 H 7 . ] mA
NOTES;

3. Dissipation rating assumes device is mounted with all {eads soldered to printed circuit board.
4. Unless otherwise noted, specifications apply to both the ICL7106 and ICL7107 at Ta = 259G, foLOCK = 48kHz. ICL7106 is tested in the
- clrcuit of Figure 1. ICL7107 is tested in the circuit of Figure 2.
9. Back plane drive is in phase with segment drive for ‘o segment, 180 degrees out of phase for ‘on’ segment. Frequency is 20 limes
conversion rate. Average DC component is less than 50mV.
6. Not lested, guaranteed by design. _
7. Sample Tested.

Typical Applications and Test Circuits

+m. oV
il
Ry Rs
c Cs! . IR, c
R c l.?:. 1 . ’ DISPLAY -
F. | - -

T 1M T T Cq = 0.4pF
stialistisislslzlizi=l=ls]lzle]s =] =]l . C2 = 0.47uF
Fﬂﬁpigtﬁ_izgwu_}-iﬂﬂnnu_ C'_":UZZPF
33 gh pegizytErsoess Ca - 10057
Q O O ¢ W O - Cs=0.02uF
0 ICL7106 | R1 = 24ki)

.=
b |
. e . . e o o o R4 = 100k{2
inumqu'mmgﬂﬂﬁﬁmc.mﬁﬁﬁg R::=1l-tl'}
Fﬂﬂﬂ“mhmmﬁ.‘:ﬂﬂﬁﬂﬁ'sﬂﬂﬁ Re = 1M1
DISPLAY //5

. 4
FIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV

FULL SCALE
' +5V + - -5V
IN o

A, R

Ra% m— N 0 i 7 IS DISPLAY |
— - -

3 0h r% ] - Cy=0.1pF
sllall=)slisls i1 =)=l R [ Rl R e C,=0.47yF
""”"EG‘L'EEDH‘J—'—;'.NHHHQ-—::T C3=022uF
383E$i$§852‘§5 - C4 = 100pF
0O ©C O ¢ U O = | C5'—'U_UZI‘JF
2 ICL7107 | Ry = 24k

)=
b .

— LA L = 4
!{50aictoud888¥rusacpd? Ra = 100ks:
anqhﬂjwhﬂmﬁﬁﬁﬂﬂEfﬁEEE R::"\qg]

FIGURE 2. 1CL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV
FULL SCALE
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Design Information Summary Sheet
+ OSCILLATOR FREQUENCY

fosc = 0.45/RC
Cosc » 50pF; Roge > 50k
fosc (Typ) = 48kHz

+ OSCILLATOR PERIOD
losc = RC/0.45

+ INTEGRATION CLOCK FREQUENCY
fcLock = fosc/4

» INTEGRATION PERIOD
T = 1000 x (4/fggc)

» 60/50Hz REJECTION CRITERION

UnTleoHz OF inTflsoHz = Integer
* OPTIMUM INTEGRATION CURRENT

INT = 4pA
« FULL SCALE ANALOG INPUT VOLTAGE
V]NFSI(T}(D) = 200mV or 2V

* INTEGRATE RESISTOR
VINFs
linT

RinT =

+ INTEGRATE CAPACITOR )

_ (NN
INT = —v
INT

* INTEGRATOR OUTPUT VOLTAGE SWING
M) i)
Cint

VINT ©

« ViNT MAXIMUM SWING:
(V- + 0.5V) < Vit < (V*+ - 0.5V), Vit (Typ) = 2V

DISPLAY COUNT

VIN
COUNT = 1000 %

Vv

REF

CONVERSION CYCLE

lcye = lcLock x 4060
leve = loge x 16,000
when foge = 48kHz; teye = 333ms

COMMON MODE INPUT VOLTAGE
(V- + 1V} < VIN < (V+-0.5V)

AUTO-ZERO CAPACITOR
0.01uF < Cpy < 1pF

REFERENCE CAPACITOR
0.1uF < Crep < 1uF

Vcom
Biased between Vi and V-.
Veom = V- 2.8V

legulation lost when V+ {o V- < 6.8V
I Voom is externally pulled down to (V+ to V-)/2,
the Voom circuit will urn off.

ICL7106 POWER SUPPLY: SINGLE 9V

V+ - V=9V

Digital supply is generated internally

Vonp s V+-45V

ICL7106 DISPLAY: LCD

Type: Direct drive wilh digital logic supply amplilude.

ICL7107 POWER SUPPLY: DUAL 5.0V

V+ = +5V to GND
V- = -5V {o GND
Digilal Logic and LED driver supply V+ to GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anode

Typical Integrator Amplifier OQutput Waveform (INT Pin)

_

AUTO ZERO PHASE
(COUNTS)
2999 - 1000

Fode e mm— o cm e e

SIGNAL INTEGRATE
PHASE FIXED
1000 COUNTS

e — TEE B A ey e

RE-INTEGRATE PHASE
0 - 1999 COUNTS

\

4
-
4

v
F

TAOTAL CONVERSIGN TIME = 4000 » tcLock = 16,000 x losce
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Detailed Description

Analog.Section

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measurement cycle is divided inlo three
phases. They are (1) aulo-zero (A-Z), (2) signal inlegrale
(INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First input high and
low are disconnecled from the pins and internally shorled to
analog COMMON. Second, the reference capacilor is
charged to the reference voltage. Third, a feedback loop is
closed around the system to charge lhe 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. In any case, the offset reférred to the inpul is
less than 10pV.

Signal Integrate Phase

During signal inlegrate, the aulo-zero loop is opened, the
internal shorl is removed, and the internal input high and low
are connecled to the external pirs. The converter then
integrates the differential voilage between IN HI and IN LO
for a fixed time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. f, on the
other hand, the inpul signal has no return with respect lo the
converler power supply, IN LO can be tied to analog
COMMON to establish the correct carnmon made vollage. Al

the end of this phase, the polarity of the integrated signal is
determined. '

 De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and inpul
high is connecled across the previously charged reference
capacitor. Circuilry within the chip ensures thal the capacitor
will be connected with Lhe correcl polarity to cause the
integrator oulput to return to zero. The time required for the
oulput to relurn to zero is proportional lo the input signal,
Specifically the digital reading displayed is:

Vv
DISPLAY COUNT = 1000{%].
REF

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below lhe positive supply 10 1V above the negalive sup-
ply. In this range, the system has a CMRR of 86d8 typical.
However, care must be exercised lo assure the inlegralor out-
pul does not saturate. A worsl case condition would be a large
positive common mode voltage with a near full scale negative
differential inpul voltage. The negalive inpul signal drives the
integrator positive when most of its swing has been used up
by the positive common mode vollage. For these critical appli-
calions the inlegrator oulpul swing can be reduced lo less
than the recommended 2V full scale swing with liltle loss of
accuracy. The inlegralor oulpul can swing to within 0.3V of
either supply without loss of linearily.

I
I
)
|
| TO
I DIGITAL
1 SECTION
INHI &
|
|
'
b
(
¢ COMPARATOR
'
: '
COMMON &
I .
* INPUT
: 10 INT A-Z AND DE() LOW
)
IN LO f

&
b

—lﬂ-—h——-----———h——_—t—-—

“-——--—-H—--_--———_—.ﬁ.-—-w—--—ﬁ——.d-—-—--

FIGURE 3. ANALOG SECTION OF (CL7106 AND ICL7107
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Differential Reference *

The reference voltage can be generaled anywhere within the
power supply voltage of the converter. The main source of com-
mon mode error is a roll-over vollage caused by the reference
capacitor losing or’gaining charge 1o stray capacity on its
nodes_ If there is a large common mode vollage, the reference
capacitar can gain charge (increase voltage) when called up to
de-integrate a posilive signal but lose charge (decrease volt-
age) when calied up to de-integrate a negalive inpul signal.
This difference in reference for positive or negalive inpul voltage
will give a roll-over eror. However, by selecling the reference
capacilor such that it is large enough in comparison to the stray
capacilance, this error can be held to iess lhan 0.5 count wors!
- case, (See Component Value Selection.)

Analog COMMON

This pin is included primarily to sel the common mode
voltage for baltery operation (ICL7106) or for any system
where Lhe input signals are floaling with respect lo the power
supply. The COMMON pin selts a vollage that is approxi-
malely 2.8V more negative than the positive supply. This is
selected lo give a minimum end-of-life battery vollage of
about 6V. However, analog COMMON has some of the
atlributes of a reference voltage. When the total supply
vollage is large enough to cause the zener lo regulale (>7V),
lhe COMMON voltage will have a low voltage coefficient
(0.001%/V), low output impedance (=15{), and a
temperature coefficient typically less than 80ppm/°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7107, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermat resis-
lance, plaslic parls are poorer in this respecl than ceramic.
The combination of reference Temperature Coefficient (TC),
internal chip dissipation, and package thermal resistance can
_increase noise near full scale from 25uV to 80pVp.p. Also the
linearily in going from a high dissipation count such as 1000
(20 segments on) to a low dissipation count such as 1111(8
segmenls on} can suffer by a counl or more. Devices wilh a
positive TC reference may require several counts to pull out of
an over-range condition. This is because aver-range is a low
dissipation mode, with the three least significant digits
blanked. Similarly, units with a negalive TC may cycle
between over-range and a non-over-range counl as the die
allernately heats and cools. All these problems are of course
eliminaled if an external reference is used.

The ICL7106, with its negligible "dissipalion, suffers from
none of these problems. In either case, an external
reference can easily be added, as shown in Figure 4,

Analog COMMON is also used as the input low return during
aulo-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage iexists in the syslem
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN L( will be set al a fixed
known vollage (power supply common for instance). [n this
application, analog COMMON should be tied to the same
point, thus removing the common mode vollage from the
converter. The same holds true for the reference voltage. If
reference can be conveniently tied to analog COMMON, it

shculd be since this removes the common mode vollage
from the reference syslem.

Within the IC, analog COMMON is tied to an N-Channe! FET
that can sink approximately 30mA of current to hold the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line posilive). However, there is only
t0pA of source current, so COMMON may easily be tied 1o a
more negalive voltage thus overriding the internal reference.

v
REF H!

REF LO

[CL7106
ICL7107

Vv

ICL71086
ICL7107

COMMON

FIGURE 4B. |
FIGURE 4. USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves lwo functions. On the ICL7106 il is
coupled {o the internally generated digital supply through a
500%2 resislor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal poinis
or any other presentation the user may want lo include on
the LCD display. Figures 5 and 6 show such an applicalion.
No more than a 1mA load should be applied.

>—
§ MO

TOLCD
$-0 DECIMAL
POINT
ICL7106
BP ——

S

o TOLCD
BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT
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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 “188B". The TEST pin will sink about 15mA
under these conditions.

CAUTION: In the tamp test mode, the segments have a constant DC
vollage (no square-wave). This may bumn the LCD display if main-
tained for extended periods. '

10 LCh
> DECIMAL
POINTS

ICL7106

I E! >_|_
DECIMAL | ™ J
POINT < .jD_:__

!

SELECTY

| CD4030 !

) _ TGEE;

FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE

--"-‘-—_—‘---——----h———'-.—----—“..‘

-b L
) L0

Digital Section

Figures 7 and 8 show the digital section for the ICL7106 and
ICL7107, respectively. In the ICL7106, an inlernal digital
ground is generated from a 6V Zener diode and a large
P-Channel source follower. This supply is made stiff to
absorb the relalive large capacitive currents when the back
plane (BF) vollage is swilched. The BP frequency is the
clock frequency divided by 800. For three readings/sec., this
Is @ 60Hz square wave with a nominal amplilude of 5V, The
segments are driven at the same frequency and amplilude
and are in phase wilh 8P when OFF, but out of phase when
ON. In all cases negligible DC wvollage exisis across ihe
segments.

Figure 8 is the Digital Section of the ICL7107. It is identical
to the ICL7106 except that the requlaled supply and back
plane drive have been eliminatled and the segment drive has
been increased from 2mA lo 8mA, typical for instrument size
common anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA.

In both devices, the polarily indication is “on” for negative
analog inputs. If IN LO and IN HI are reversed, this indicalion
can be reversed also, if desired.

% L

B e

BACKPLANE

TYPICAL SEGMENT QUTPUT
V4

L 0.5mA

SEGMENT
ouTPUT

Z2mA

1

INTERNAL DIGITAL GROUND

- - ' o = = = o

1000's
COUNTER

TO SWITCH DRIVERS 4

LCD PHASE DRIVER

I I i

DECODE DECODE DECODE

{1 HEE [ L1
LATCH

FROM COMPARATOR OUTPUT 1

—[FH-

|

|

|

|

|

|

!

'

I

|

J

|

i

100°s 10's 1's l
codrer]—1
|

. : i

|

|

¢

- — |
'
'

;

5000

} THREE INVERTERS INTERNAL T [Wo TEsT
ONE INVERTER SHOWN FOR CLARITY DIGITAL - Vyy = 1V l
GROUND . '
I
261
40 39 38 \
__________________________________________________ o

At 'Y
0SC 1 0SC 2 0SC 3

FIGURE 7. ICL7106 DIGITAL SECTION
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TYPICAL SEGMENT QUTPUT
V+

0.5mA

- TO
SEGMENT

DIGITAL GROUND

1000's
c

OUNTER | [ COUNTER

TO SWITCH DRIVERS «
FROM COMPARATOR QUTPUT

V+ | v+
CLOCK i o TEST
- LOGIC CONTROL 37,
50001 |,
| DIGITAL
} THREE INVERTERS ' b GROUND
i

OUNE INVERTER SHOWN FOR CLARITY

System Timing

Figure 9 shows the clocking arrangement used in the
ICL7106 and ICL7107. Two basic rlocklng arrangemenis
can be used:

1. Figure 9A. An exlernal oscillator connected to pin 40.
2. Figure 9B. An R-C oscillator using all three pins.

The oscillalor frequency is divided by four before it clocks the
decade counters. l is then further divided {o form the three
convert-cycle phases. These are signal integrale (1000
counls), reference de-inlegrate (0 to 2000 counts) and
auto-zero (1000 to 3000 counts). Fer signals less than full
scale, aulo-zero gets the unused portion of reference
de-integrale. This makes a complele measure cycle of 4,000
counts (16,000 clock pulses) independent of input voltage.
For three readings/second, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejeclion of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequenmes of 240kHz, 120kHz, 80kHz, 60kHz 48kHz,
40kHz, 33'3kHz, elc. should be selected. For 50Hz rejec-
lion, Oscillator frequencies of 200kHz, 100kHz, 65213kHz
50kHz, 40kHz, etc. would be suitable: Note that 40kHz (2.5
readings/secand} will reject both JOH? and 60Hz (also
400Hz and 440Hz).

Py,

I

F--‘—-.—.—

-l—-ﬁ—-Iﬂ-——_-l—————--_———-h———“——'-

qQ 40

INTERNAL TO PART

------ R i - B | R
WM
tIh GND ICLT107
TEST [CL7106
FIGURE 9A,

_H—————ﬂ———-----——.—m-ﬁ_.—__-

INTERNAL TO PART

——D:»—o—D: 4 CLOCK

— vy
A
| L
LA
0

RC OSCILLATOR

FIGURE 9B.
FIGURE 9. CLOCK CIRCUITS
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Component Value Selection

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
oulput stage with 100pA of quiescent current. They can
supply 4uA of drive current with negligible nonlinearity, The
integrating resistor should be large enough-to remain in this
very linear region over the input voltage range, but smail
~ enough that undue leakage requirements are not placed on
the PC board. For 2V full scale, 470kQ is near oplimum and
similarly a 47k for a 200mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum vollage swing that ensures tolerance buildup will
not saturale the integrator swing (approximately. 0.3V from
either supply). In the ICL7106 or the ICL7107, when the
- analog COMMON is used as a reference, a nominal +2V full-
scale integralor swing is fine. For the ICL7107 with +5V
supplies and analog COMMON tied 1o supply ground, a
+3.5V 1o +4V swiig is nominal. For three readings/second
(48kHz clock) nominal values for Cjny are 0.22uF and
0.10uF, respeclively. Of course, if different oscillator frequen-
cies are used, these values shouid be changed in inverse
proporlion to mainlain the same outpu swing.

An additional requirement of the integraling capacitor is that
i must have a low dielectric absorption to prevent raoll-over
errors. While other types of capacitors are adequale for this
application, polypropylene capacitors give undetectable
errors at reasonable cosl.

Auto-Zero Capacitor

The size of the auto-zero capacilor hias some influence on
the noise of the syslem. For 200mV full scale where noise is
very important, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of recav-
ery from overload and is adequale for noise on this scale.

Reference Capacitor

A 0.1uF capacitor gives good results in mosl applicalions.
However; where a large common mode voltage exisls (i.e.,
lhe REF LO pin is not at analog CCMMON) and a 200mV
scale is used, a larger value is required to prevent roll-over
error. Generally 1uF will hold the roli-over error 1o 0.5 count
in this instance.

Oscillator Components
For all ranges of frequency a 100k resistor is recommended

and the capacilor is selected from the equalion:

0.45

RC
C = 100pF.

f For 48kHz Clock (3 Readings/sec),

Reference Voltage

The analog input required to generate full scale output (2000
counts}is: Viy = 2VRer. Thus, for the 200mV and 2V scale,
VREF should equal 100mV and 1V, respeclively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the inpul 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 0.662V. Instead of dividing the input down to
200mV, the designer should use the input vollage direclly
and selecl Vggr = 0.341V. Suilable values for integrating
resislor and capacitor would be 1 20kQ and 0.22uF. This
makes the system slighlly quieter and also avoids a divider
nelwork on the input. The ICL7107 with +5V supplies can
accept inpul signals up to x4V, Another advantage of this
system occurs when a digital reading of zero is desired for
Vin # 0. Temperature and weighing syslems with a variable
fare are examples. This offset reading can be conveniently
generaled by connecling lhe voltage transducer between IN
Hi and COMMON and the variable (or fixed) offsel vollage
belween COMMON and IN LO. |

ICL.7107 Power Supplies

The ICL7107 is designed to work from 45V supplies.
However, il a negalive supply is not available, it can be
generated from the clock oulput with 2 diodes, 2 capacilors,
and an inexpensive IC. Figure 10 shows this application. See
ICL7660 data sheet for an allernative.

In fact, in selecled applicalions no negative supply is
required. The condilions to use a single +5v supply are:

1. The inpul signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than 41,5V,

3. An exlernal reference is used.

1 L [
,  CDagos .| =
B
l |
v+ 1 i
OSC 1 | ‘-DD_' :
t ! IN914 +
R S D2 ST A
03C 3 : i | 0047 )
| [ F
ICLT107 , : g
| 1 |IN914
1
)

- EE s S S

V.= 33V

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V
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Typical Applications

Application Notes

The ICL7106 and ICL7107 may be used in a wide variety of | T AnswerFax
configurations. The circuits which fcliow show some of the NOTE # DESCRIPTION DOC. #
of these A/D converters. ANO16 | “Selecting A/D Converters” 9016
The following application notes contain very useful |AN017 |“The Integrating A/D Converter” 9017
information on understanding and anplying this part and are ' ]
. . g and applying Ths p AND18 |"Do’s and Don'ts of Applying A/D 9018
available from Intersil Corporation. .
Converters
| |
AND23 | "Low Cost Digital Panel Meter Designs” 9023
AN032 | "Understanding the Auto-Zero and 9032
Common Mode Performance of the
ICLY136/7/9 Family”
ANG46 | "Building a Battery-Operated Auto 9046
Ranging DVM with the ICL7106"
AN052 | “Tips for Using Single Chip 3/, Digit AD 9052
Converters”
Typical Applications
TBPIM«' TOPIN1 4
\J : N/
0sc 1 |40 100k} 0se1 140 100k
0SC 2 [39 Ay t 0sC 2 [39] AV~
0sc 3 [38 {— SET VREr 0SC 3 |38 (| SET Vrgr
TEST 137 100pF /= 100mV TEST [37 100pF /= 100mV
REF Hi [36}——— 1 REF HI |35 gl
REF LO {35 r WW——AWA—s REF LO |35 —AA—ANA—b—a T5V
1
Crer (3] - k2 22k0 Crer (33} .- 1k 22k
. T— . 1
Crer 3Bp— . CREF 33— }
COMMON |37} ‘ MG . COMMON |32 : IMOH .
IN HI {31 AAA, o IN HI |31 AA——0
N LO é 0.01nF N N LO [30 . _lT 0.0%uF &
NLO 130 0ATnE T ° 3.47nF * .
A-Z [29 Il + A-Z |79 1
| 4Tk} _ AT ki) J
BUFF |26 A — = av BUFF 23——-'\/%.*} |
T- |
v. |26 LoH V- [26 i 1 o -5V
‘G2 [75) | Gz [25] | :
¢332 C3l |24 !
> TO DISPLAY > TO DISPLAY |
Al 23 A3 [23 :
G3 {22 G3 [27) | l
‘ |
8P |21 » TO BACKPLANE GND 21__L _________ ‘

Values shown are for 200mV full scale, 3 readings!éec., floating
supply voitage (9V battery). '

FIGURE 11. ICL7106 USING THE INVERNAL REFERENCE

Values shown are for 200mV full scale, 3 readings/sec. IN LO may
be fied to either COMMON for inputs flpating with respect to
supplies, or GND for single ended inputs. (See discussion under

Analog COMMON))

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE
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Typical Applications (Continued

~ asc1 (3%

TOPIN | <

0SC 2 [39

OSC 3 (38

TEST {37

REF Hi |38

100pF

REF LO |35

Crer |24

Crer |33

COMMON (32

IN HI

100k l
] 1 - |
11 ' SET UREF

' /=1uumv

IN LO |30

A-Z 128

BUFF |28

INT |27

V. |26

AFGR

C3 |24

A3 {23

G3 (22

GND |21

IN LO is tied to supply COMMON establishirs} the correct common mode
voltage. f COMMON is not shorted to GND, the input voltage may float
with respect to the power supply and COMMON acts as a pre-regufator
for the reference. f COMMON is shorted to GND, the input is single

a\V’

ended (refered lo supply GND) and the pre-regulator is overridden.

FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP
REFERENCE (1.2V TYPE)

03C 1

TOPIN 1

51
bl

0SC 2

100k02

GSC 1

Wy———-9

TEST

REF HI

1I!lttl}pF /

REF LO

¥

Crer

CREF

25ks2

COMMON

IN HI

-—

SET Vrer
= 100mV

24k}

1MC

A

- VNW— WA—e— V+

INLO

IN

A-Z

0.0471F
Il

BUFF

U aTOKS?

INT

YW

V-

O.ZiipF

1,

01pF
L

0 Q 4+

G2

C3

A3

G3

BP/GND

» TO DISPLAY

—p V-

FIGURE 15, ICL7106 ANDICL7107: RECOMMENDED
COMPONENT VALUES FOR 2V FULL SCALE

asC 1
OSC 2
QSC 3
TEST
REF HI
REF LO

Crer

~ Crer
COMMON

IN HI
INLO
A.Z
BUFF
INT
V.
G2
C3
Al
G3
GND

8

TOPIN 1 ¢——

100k{:
39 :
18 Il

37 100pF

SET Vrer
/= 100mV

100k

k{2

1M

TO DISPLAY

3 b

+5Y

? 6.8V

IN

-0 -5V

Since low TC zeners have breakdown voltages ~ 6.8V, diode must
be placed across the total supply (10V). As in the case of Figure 14,
IN LO may be tied to either COMMON or GND.

~ FIGURE 14. ICL7107 WITH ZENER DIODE REFERENCE

- —~ o TO P_mu
- 100k{2
OSC 2 {39 MWy
0SC 3 [33 ” _ SET VREF
TEST {37 100pF /=1unmv
REF HI [35 1
REF LO [35 -
Tk} 10k | 15k
CREF I ) )
. ApFl .
Crer [33p—T Pt 1.2V (ICL806Y)
COMMON [32 —4 MO
IN HI [31 +——WA—0
N Lo 1o T O0nF IN
0.47)1 °
A2 129 -”_ﬂkﬂ
BUFF [Z8] A }
INT (37 ! - -
v. B 0.22uF
Gz 79 ]
E S TO DISPLAY
A3 |23
G3 [27] |
GND [H] _L

—
il

+5V

An exlernal reference must be used in this application, since the
voltage between V+ and V. is insufficient for correct operation of the

internal reference.

FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V




ICL.7106, iICL7107, ICL71088, ICL7107S

‘Typfcal Applications (Conﬁnued)

U TO PIN { gp——mpp Y+ ~ - TO PIN 14—
0S¢ 1 -
0SC 1 [20 Ty | % 100k07
Qsc 2 |39 MWy t 0SC 2 [3——W '
0SC 3 38 1
03¢ 3138 . "',;}p,: SCALE
TeST [F TEST [37] # FACTOR
REF HI (36 REF HI [36}— 1 ARJUST
REF LO {35 REF LO |35 YWA—t 5 220
Coce (33 100k(? 1MQ
Crer |34 REF u i . -
CAUFS | 100k() 220k
Crer |33 CreF {39
COMMON [32 COMMON [32 | - |
IN HI |31 IN HI |31 oo F X ﬁ%ﬁgm SILICON NPN
- | MPS 3704 GR
N Lo [ INLO {30 Tu.aqu SIMILAR
. A-Z |78 1} .
Az |29 47RO =
BUFF 2§ BUFF |2 Ay = oV
INT [27 INT [Z7] 1} '-r
G2 |25 | G2 |25
C3 |24 C3 (24
TO DISPLAY > TO DISPLAY
A3 23 - Al |23
G3 [22 G3 |27 |
GND [21] - $ BP 171 + TO BACKPLANE

= A silican diode-connected transistor has a temperature coefficient of

The resistor values within the bridge are determined by the desired ~ 8bout -2mV/°C. Calibration is achieved by placing the sensing
sensitivity. transisior in ice water and adjusting the zeroing potentiometer for a
C00.0 reading. The sensor should then be placed in boiling water

and the scale-factor potentiometer adjusted for a 100.0 reading.
FIGURE 17. iCL7107 MEASUREING RATIOMETRIC VALUES OF FIGURE 18. ICL7106 USED AS A DIGITAL CENTIGRADE

QUAD LOAD CELL THERMOMETER
v+ +5V
{ 7] v+ ' osc 1 [@ 1_1 v+ ' osc 1 [
2] D1 0sc 2 |3 . : 7| D1 osc2 [39
Tﬂ,:,—:ﬂ‘-’"c 3] ¢1 osc 3 [38 3] cq QSC 3 [38
4| B1 TEST |37 - Al B4 TEST |37
5] A1 REF H! {36 : ‘ 5| A1 REF H) [36
_ — v
61 F1 . REFLO [35] 4 61 F1 REFLO [35
v REF _I GND Vee 7| &1 Crer |34
8] E1 Crer {33] 8| E1 Crer |33
5] p2 COMMON [32 12 3 [8] b2 coMmon [37]
10l C2? N HI |31 10f C2 : IN HI |31
11l B2 IN LO [30] The LM339 is required to 11] B2 IN LO (30
7] A2 Az [ ensura logic compatibility 1 Az 4z 139
'1; E2 suee |5 with heavy display loading. 5 r2 sure 8
|’1_E E2 INT [27 14| E2 INT [27
['5 D3 v- [26}o V- I-Gg ¢ 15| D3 V- {26}-oV-
l—‘(:E "CE:_u; B3 G2 [75 4 76| B2 G2 [
IRANGE
' 17] F3 C3 |24 ' € [7] F3 €3 {24
IRANGE 18] E3 A3 (23 . —1{i8] E3 A3 [23
[G:. °CK—| E AB4 Gl |22 ' l—cG—. q 19| AB4 Gl 122
; 20f POL BP |21 6 /RANGE 26| PoL BP |21
0 /RANGE -
. CD4023 OR -
" CD4023 OR
74C10 CD4077 — —

FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROMICL7106 OUTPUTS OVERRANGE SIGNALS FROM ICL7107 OUTPUT
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Typical Applications (continued)

TOPIN 1 « -
\J
¢1 [20}— . .
03 100k I J_
0SC 2 [ 39— 10pF SCALE FACTOR ADJUST
asc 3 [38 T | / (Vaer = 100mV FOR AC TO RMS)
3140
yesT 3 100pF i F CA31 . 100k .
REF HI [36 | A AC IN
- ¥ i I
CHEF 34 _____l - 1ki1 22k} 4:2:1
. 1 Y
Crer 3BT l 2. 2Mf1
COMMON |32 1)sF 10k
'N HI 131 : ‘ 4.3k$2
iNLQO |30 5.3 F AAN
A-Z |29 | — .
47k ' T
SBUFF |28 YWy . | 100F =gy 100pF
INT |27 7 T T- {FOR OPTIMUM BANDWIDTH)
v. [ 0.22,F 1
G2 [25] ]
c3 |24 |
= » TO DISPLAY
A3 [23
G3 (22
F
BP (21— 4 YO BACKPLANE

Testis used as a common-mode reference level to ensure compatlibility with most op amps.

FIGURE 21. AC TO DC CONVERTER WITH ICL7106

+5Y
DM7407 LED
| SEGMENTS
ICL7107 13000
AN <
1304} %
1300} ™
[ | [ ] [ ] [ ) |
1 | [ | ] 1

FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT
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Dual-In-Line Plastic Packages (PDIP)

N/2 -
A- ,
- D r‘ - -
BASE !
PLANE | Eip.z t A .
SEATIHG\;h ' :
PLANE f L €
D1 - - .ﬁ:_‘i * Q—E——‘
B —e B Bg—> g Gt | | of—
i will—
il EB =
{} 0.010 {Q.EE]@ C A B@
NOTES:

1

2.
3.

10

IE1

. Controlling Dimensions: INCH. In case of conflict between English
and Metric dimensions, the inch dimensions control.

Dimensioning and tolerancing per ANSI Y 14.5M-1982.

Symbols are defined in the “MO Series Symbol List” in Seclion 2.2
of Publication No. 85.

Dimensions A, A1 and L are measured with the package sealed in
JEDEC seating plane gauge GS-3.

D, D1, and E1 dimensions donot include mold flashor ;frrotrusions.
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

E and jeal are measured with the leads constrained to be per-
pendicular ta datum | -C-|.

. g and e are measured at the lead tips with the feads uncon-

strained. e must be zerc or greater,

B1 maximum dimensions do not include dambar protrusions.
Dambar protrusions shall not exceed 0.010 inch (0.25mm).

N is the maximum number of terminal positions.

. Cornerleads (1. N, N2 and N/2 + 1) for ES.3, E16.3, E18.3, E28.3,
E42.6 will have a B1 dimension of 0.030 - 0.045inch (0.76 - 1,14mm).

E:40.6 (JEDEC MS-011-AC ISSUE B)
40 LEAD DUAL-IN-LINE PLASTIC PACKAGE

INCHES MILLIMETERS
SYMBOL] MIN | MAX | MIN | MAX | NOTES
A [ - 1| 020 - | 635 4
A1 0.015 : 0.39 |. 4]
AZ 0125 | 0195] 318 | 495 -
B 0014 | 00221 o356 | o558 | -
B 0030 | o070 o077 | 177 8
¢ 0.008 | 0015 | 0204 | 0.381 :
D 1980 | 2095 | 503 | 53.2 5
D1 0.005 | - 013 : 5
£ 0600 | 0625 ] 1524 | 1587 | 6
E1 0485 | 0.580 § 12.32 | 14.73 5
e 0.100 8SC |  2.54 BSC :
en 0.600 BSC 15.24 BSC 6
es - | oo - | 1778 7
L 0.115 | 0200 | 293 | -508 4
N 40 40 g
| Rev. 0 12/93
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP)
- D — - Q44.10x10 (JEDEC MO-108AA-2 ISSUE A)
- D1 - 44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE
- - -D- | . SYM. INCHES MILLIMETERS | |
1 HHHHHHHHHHH | BoL MIN MAX MIN MAX NOTES
' | \ A 0.093 - 2.35 -
! —— ' —L) X 0004 | €010 | 010 0.25 -
0= \ — e _
- i — , —1 ,_B_I A2 0.077 0.083 1.95 | 2.10
—1, T l ) B 0012 | 0018 | 0.30 0.45 6
| — .' —D | -
E E1 ol i x| SR S R RN |y 3 B1 0.012 0.016 030 |. 040 -
1 o — i 1 4 D 0510 | 0530 | 1295 | 13.45 3
T : , —
- — : l_—_::: l D1 0.390 0.398 9.90 10.10 4. 85
- -— . | 5— E 0.610 0.630 | 1285 | 13.45 3
C i ;
' \ e J b E 0390 | 0398 { 990 [ 10.10 4,5
! e - -
| IR oo oo o
|
PIN 1 : N 44 44 7
. ' 1 0.032 BSC 0.80 BSC -
1 SEATING
H-{ { _ ] . A PLANE Rev. 1 1/94
NOTES;
j L - J l / . : '
0,10 1. Centrolling dimension: MILLIMETER. Converted inch
‘ V2 vms imensi ~
. , 1.‘ o dimensions are not necessarily exact.
- tﬁu"‘ﬁn = '20 2. All dimensions and tolerances per ANSI ¥14.5M-1952.
' ¥ 5.600 M| C AB(B|0E® : 3. Dinensions D and E to be determined at seating ptane | -C-
T | B |- 4. Dimensions D1 and E1 to be determined at datum plane
] AZ Aq ) «H-
—l Bt |} Al i ' :
/ l 1 i 3. Dimensions D1 and €1 do not include mold protrusion.
: 0.13/0.17 ' — Altowable protrusion is 0.25mm (0.010 inch) per side.
" 59_160 ' nﬁ.;;ygng _ 6. Dimension B does not include dambar protrusion. Allowable
) dambar protrusion shall be 0.08mm_{0.003 inch) total.
BASE METAL / 7. "N”is the number of terminal posilions.
WITH PLATING
0.13/0.23
0.005/0.¢09
All Intersil semiconduclor products are manufactured, assembled and tested under 1SQ9000 quality syslems certification.

nlersil sermiconductor products are soid by description only, inlersit Corporalion reserves the right lo make changes in circuit design and/or specifications at any lime with;
t nolice. Accordingly. the reader is caulioned lo verily thal data sheels are current belore placing orders. Informalion furnished by intersil is believed 10 be sccurale anc
iable. However, no responsibility is assumad by Intersil or ils subsidiaries for its use; nor for any infringements of patenls or olher rights of third pariies which may resui
rom its use. No license is granted by implication ¢r otharwise under an y patent or patent righis of inlersit or its subsidiaries.

For information regarding Intersit Corporation and its praducis, see web site http:liwww.intersil.com

Sales Office Headquarters

ORTH AMERICA

ntersil Corporation
. Q. Box 883, Mail Stop 5§3-204
elbourne, FL 32902

TEL: (407) 724-7000

FAX: (407) 724-7240

EUROPE

Intersit SA

Mercure Center

100, Rue de 1a Fusee
1130 Brussels, Belgium
TEL: (32) 2.724.2111
FAX:(32) 2.724 2205

ASIA

Intersil (Tamwan) Ltd.

7F-6, No. 101 Fu Hsing North Road
Taipei, Taiwan

Republic of China

TEL: (888) 2 2716 9310

FAX: (886) 2 2715 3029
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