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AY-3-1270

Digital Thermometer and Temperature Controller

FEATURES

m Measurement and control range —399° G to +399°C (option
200°C to 499°C)

m Accuracy1.5°C, 0°C to —30° C using Thermistor temperature
sensor

m Direct drive of liquid crystal displays

m Direct drive of 0.6” common anode L.E.D. displays

® 40 pin dual in line package

® Can be used as a digital voitmeter with digital autozero 399
range

| g volt supply

B | eading zero blanking

m Power failure and over-range indication by flashing display

® Adjustable Hysteresis 0, 0.2, 0.4, 0.8, 2, 4, 8 degrees

m Two control/alarm outputs, HIGH and LOW

DESCRIPTION

The Digital Thermometer/Controller chip is an N-Channel MOS
integrated circuit which when used in conjunction with a
Thermistor, an L.E.D. or L.C.D. display and a power supply forms
a complete unit intended primarily for use in Deep Freezers, though
it may also be used for the display and control of any parameter.
Two control outputs are provided, one which operates when the
reading is higher than the set point and the other when the
reading is lower. The switching hysteresis is presettable as re-
quired.

A power fail detector is incorporated on the chip. if power is
removed for more than a specified time, the initial reading at
restoration of power will be retained and the display will flash.
The display will also flash if during normal operation an over-range
condition occurs.

With minor changes to the peripheral circuitry, the chip can be used
for other temperature ranges, or used as a 2%digit digital voltmeter.

OPERATION

The chip uses a single ramp conversion technique to measure the
imbalance of a thermistor bridge temperature sensor. A digital
autozero system which operates on every other measurement
cycle, is employed to compensate for offsets in the comparators.
The chip may be used as a digital voltmeter by removing the
thermistor network and connecting the signai to be measured
between the two comparator inputs.

The set point circuitry compares the actual reading to the value
presented to the set point inputs.

Two outputs are provided, one which operates at Set Paint plus
Hysteresis and the other which operates at Set Point minus
Hysteresis. In addition, .05° display hysteresis has been introduced
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PIN CONFIGURATION
40 LEAD DUAL IN LINE
Top View
Vs ®1 ~ 40 [Osign o/p
Hyst strobe (] 2 39 [1A3-B3-D3-G3
Tens strobe[] 3 ag[dFa Tens
Units strobe (] 4 37 [Je3 Segment
Tenths strobe[] 5 3Bc3 Qutputs
2 wpl6 3B G2
2 wpd7 34[F2 l
22 ypd 8 33[3E2 Units
2 ipl]9 32[0D2 >Segment
Timer/Reset ivp(] 10 31jgcz Outputs
Clock o/p 20 11 30B2
Clock ofp 1] 12 29 [JA2
Clock irp] 13 28 [1Dec. Pt. o/p
Comp 2 ilp 14 27 OG1 }
Comp 1 vp ] 15 26 [JF1 Tenths
Ramp i/p ] 16 25 et
> Segment
Controt o/p 2 17 240D Outputs
Control o/p 1] 18 230¢c
Vec [ 19 220\
LCD orp} 20 21 [J A1

to prevent control output and L.S.D. jitter. An optional power
failure detection circuit is provided. At power up the chip will read
normally for about 10 sec—actual time determined by anexternal
capacitor—then it will store the last reading and flash the disptay.
In this condition the chip will continue to make measurements and
operate the control outputs normally. Operating the reset button
will restore the narmal display. if there is a short duration power
failure the circuit will ignore it, if it lasts longer than 10 sec the
alarm condition will occur.

HIGH READING OPTION

For normal operation Pin 39 drives segments A3, B3, D3 and G3in
parallel. Pin 38 drives segment F3, Pin 37 drives segments E3 and
Pin 36 drives segment C3.

For 20.0 to 49.9 range Pin 39 drives segment C3. Pin 38 drives
segment E3, Pin 37 drives segment A3 and D3 and Pin 36 drives
segment F3. Segments B3, G3 are connected to Pin 28 {Decimal
Point).
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AY-3-1270 iNstROGERE
PIN FUNCTIONS
Pin No. Name Descrlption
1 Vss Negative Supply (0y)
2 Hysteresis Strobe Output Common output for Hysteresis and LED select switches
3 Tens Strobe Output Common output for Tens and Sign select switches
4 Units Strobe Output Common output for Units select switches
5 Tenths Strobe Output Common output for Tenths select switches
6 Set Point 22 Input Common input for 2° bit
7 Set Point 2" Input | Control & Common input for 2' bit
8 Set Point 22 Input [ Hysteresis Common input for 22 bit
9 Set Point 2% Input Common input for 23 bit
10 Timer Input/Reset Timer Input Connected to a capacitor to Vss and switch to Vce for
power failure detection and reset. The nominal delay time
is 10 sec when a 10uF capacitor is used
11 Clock Qutput 2 Connected to frequency determining netwark
12 Clock QOutput 1 } See Figure 1
13 Clock tnput
14 Comparator Input 2 Connected to nominal Vcc/2 reference
15 Comparator Input 1 Connect to thermistor network
16 Ramp Input Connect to Resistor to Vcc and Capacitor to Vss
17 Control Output 2 (HIGH) Open drain output which turns ON when reading is
greater than (Set Point + Hysteresis). Turns OFF again
when reading equals Set Point
18 Control Output 1 (LOW) Open drain output which turns OFF when reading equals
(Set Point—Hysteresis)
19 Vee Positive supply (9V nom.)
20 LCD Backplate Output Square wave output to drive backplate of LCD display
21 Segment A1 Output
22 Segment B1 Output
23 Segment C1 Qutput
24 Segment D1 Output
25 Segment E1 Output
26 Segment F1 Output
27 Segment G1 Output
28 Decimal Point Qutput
29 Segment A2 Output Tens, Units and Tenths 7 segment outputs
30 Segment B2 Output In LED mode these are open drain outputs
31 Segment C2 Output designed to sink 12.5mA per segment
32 Segment D2 Cutput In LCD mode these are push pull outputs
33 Segment E2 Output
34 Segment F2 Output
35 Segment G2 Output
36 Segment C3 Output
37 Segment E3 Output
38 Segment F3 Output
39 Segment A3, B3, D3, G,
40 Sign Cutput On for a negative reading

CLOCK OSCILLATOR

The Clock oscillator is designed to operate with an R-C network, an LC network or 2 Ceramic resonator. The choice will depend on
the system Temperature and Voltage stability requirements.

As the thermometer reading is directly proportional to the clock frequency a ceramic resonator is recommended for frequency
stability. In systems where only small variations in supply voltage and ambient temperature occur an R-C network could be used.
The frequency variation over the specified operating range with an R-C is about £22% (i.e. from 7V to 11V supply variation and
—25°C to 70° C Temperature variation).
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CHIP INTERFACE CIRCUITS

The input configuration on the Set Point inputs is shown in Fig. 2.
The circuit for the display drive is shown in Fig. 3. and shows the internal switching required to drive LED or LCD displays.
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Fig. 2 SET POINTS INPUTS

CERAMIC RESONATOR —
s2pF (560 KHz TYPE MF 02) 82pF LCD

| * ] l | ]
1.l 1
DATA
LED/LCD
OUTPUTS
LCD
Fig. 1 TYPICAL OSCILLATOR CONFIGURATIONS /J7
Fig. 3 DISPLAY QUTPUTS
ANALOG CIRCUITRY A non linear ramp is generated by R and C and the time taken for
The Temperature measuring circuit consists of a bridge network the ramp voltage to change from one comparator input voltage to
connected across the power supplies. the other gives the temperature. R is varied to adjust the FSD. The

non linearity of the ramp to a large extent compensates for the

One side of the bridge (which is connected to comparator 2 input
ge ( p input) non linearity of the thermistor network.

consists of two equal value fixed resistors. These setup a reference

potential of approximately Vcc/2 {4.5V). The other side of the bridge For use with linear sensors or as a digital voltmeter the Resistor
{which is connected to Comparator 1 Input) consists of a would be replaced by a current source.

Thermistor and a series resistor connected to Vcc and a resistor Reading will be negative if comparator input 1 voltage < com-
connected to Vss. A suitable thermistor is Multard Type 640-80003. parator input 2.

The bridge is arranged to balance at0°. As the temperature varies, Typical circuit diagrams showing the AY-3-1270 displaying
the voltage at Comparator 2 input goes from approximately 3V temperature in a freezer are shown in Fig. 9 (with LED display) and
(at —-39.9°) to 6V (at +39.9°) in a non linear fashion. Fig. 10 (with LCD display).
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SET POINT PROGRAMMING

To set the controt temperature, diodes are inserted in the program matrix with the cathodes connected to the strobe lines on pins
2,3,4. The codeis B. C. D, and any temperature within the operating range can be selected by a suitable combination of diodes. For
a negative temperature set point, a diode is inserted between pins 8 and 3.

When an L.E.D. display is being used the diode between pins 9 and 2 is inserted, which inhibits the L.C.D. backplate waveform. This
waveform is shown in Fig. 4.

A timing waveform for the strobe lines is shown in Fig. 5.
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20 21 22 2?
(pin &) | {pin7) | (pin8) | (pin9)

0.1 0.2 04 08 Tenths {pin 5)

1 2 4 8 Units (pin 4)

10 20 Minus Do not Tens (pin 3)
Use
LED . .

A B C Display Hysteresis (pin 2)

To set the hysteresis tevel, that is the temperature difference above and below the “set point” at which the control outputs operate,
diodes are inserted in locations A, B, and C according 1o the following table. Fig. 6 shows the cantrol output characteristics with
temperature.

Hysteresis A B C
0
+0.2 *
04 *
+0.8 * *
+2 * *
Note 2 4 * *
is * * *

*indicates presence of a programming diode

NOTES:
1. Set points must consist of valid BCD codes or incorrect readings will occur.

2. The %° LSD Controi and Display hysteresis should also be taken into account.

3. When in the “High Reading” mode it is necessary to program a set point 10° C lower than that required.
e.g. To select 44° C diodes are inserted in the matrix between pins 6, 3/7, 3/8, 4.

4. Nominal hysteresis value; for actual hysteresis obtained see table on following page.
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-~ HYSTERESIS When 12, +4 or 18is set and the set point is less than or equal to the

=8 When +2, +40r+8is setthe actual hysteresis obtained is as shown: hysteresis setting then the actual hysteresis is given by the follow-

= : ing table:

=

8 Set Temp. Hyst. £2 Hyst. 14 Hyst. 18 Set Temp. Hyst. +2 Hyst. +4 Hyst. +8
+XX9 +2.0/—1.9 +4.0/—3.9 +8.0/—7.9 +XX9 +2.0/—2.8 +4.0/—-4.8 +8.0/-8.8
+XX8 +2.1/-1.8 +4.1/—3.8 +8.1/—7.8 +XX8 +2.1/-2.7 +4.1/—4.7 +8.1/—8.7
+XX7 +2.2/—1.7 +4.2/—-3.7 +8.2/—7.7 +XX7 +2.2/—2.6 +4.2/—4.8 +8.2/—8.6
+XX6 +2.3/—1.6 +4.3/—3.6 +8.3/—7.6 +XX6 +2.3/—2.5 +4.3/—-4.5 +8.3/—8.5
+XX5 +2.4/—1.5 +4.4/—3.5 +8.4/—7.5 +XX5 +2.4/—-2.4 +4.4/—4.4 +8.4/—8.4
+XX4 +2.5/—1.4 +45/—34 +8.5/-7.4 +XX4 +2.5/-23 +45/—4.3 +8.5/—8.3
+XX3 +2.6/—1.3 +4.6/—3.3 +8.6/—7.3 +XX3 +2.6/—2.2 +4.6/—4.2 +8.6/—8.2
+XX2 +2.7/—1.2 +4.7/—3.2 +8.7/—7.2 +XX2 +2.7/—21 +4.7/—4.1 +8.7/—8B.1
+XX1 +2.8/—1.1 +4.8/—3.1 +8.8/—7.1 +XX1 +2.8/—2.0 +4.8/—4.0 +8.8/—8.0
+XX0 +2.9/—2.0 +4.9/—4.0 +8.9/—8.0 +XX0 +2.9/—-29 +4.9/—4.9 +8.9/—8.9
+000 +2.9/—2.9 +4.9/—4.9 +8.9/—8.9 +000 +2.9/—2.8 +4.9/—4.9 +8.9/—8.9
—000 +2.9/—-2.9 +4.9/—49 +8.9/—8.9 —000 +2.9/—2.9 +4.9/—4.9 +8.9/—8.9
—XX0 +2.0/—29 +4.0/—4.9 +8.0/—8.9 —XX0 +2.9/—2.9 +4.9/—4.9 +8.9/—8.9
—XX1 +1.1/—-2.8 +3.1/—4.8 +7.1/—8.8 —XX1 +2.0/—2.8 +4.0/—4.8 +8.0/—8.8
—XX2 +1.2/-2.7 +3.2/—4.7 +7.2/—8.7 —XX2 +2.1/-2.7 +4.1/—-4.7 +8.1/—8.7
—XX3 +1.3/—2.6 +3.3/—4.6 +7.3/—8.6 —XX3 +2.2/—2.6 +4.2/—4.6 +8.2/—8.6
—XX4 +1.4/—25 +3.4/—4.5 +7.4/—8.5 ~XX4 +2.3/-25 +4.3/—4.5 +8.3/—8.5
—XX5 +1.5/—2.4 +3.5/—4.4 +7.5/—8.4 —~XX5 +2.4/-2.4 +4.4/—4.4 +8.4/—8.4
—XX6 +1.6/—2.3 +3.6/—4.3 +7.6/—8.3 —XX6 +2.5/—2.3 +4.5/—4.3 +8.5/-8.3
—XX7 +1.7/—-22 +3.7/—4.2 +7.7/—8.2 —XX7 +2.6/—2.2 +4.6/—4.2 +8.6/—8.2
—XX8 +1.8/—2.1 +3.8/—4.1 +7.8/—8.1 —XX8 +2.7/—21 +4.7/—4.1 +8.7/—8.1
—XX9 +1.9/—2.0 +3.9/—4.0 +7.9/—8.0 —XX9 +2.8/—2.0 +4.8/—4.0 +8.8/—8.0

7-36



AY-3-1270 INSTORRE

‘1" SIGNAL TO REAR
ELECTRODE OF
- ALL SEGMENTS

BACK PLATE
WAVEFORM | } 1 |
e 8192 T, —~ i

! | | I

| I ]

%)
=
=]
=
=
=
=
=
=
S
!

— 1" SIGNAL TO FRONT
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] | [ |
. | I [ |
‘ON' SEG [ | | i SIGNAL TO FRONT
DRIVE = ——'1" ELECTRODE OUT
WAVEFORMS OF PHASE WITH
o REAR ELECTRODE
SIGNAL

Tec = CLOCK PERIOD

Fig. 4 LCD DRIVE WAVEFORM

RAMP RESET —— 64 7T 64 T ——rqsz T
(PIN 16) I
|

|
TENTHS STROBE
1
(PIN 5) 6 Tc

-

UNITS STROBE
(PIN 4)

TENS STROBE
(PIN 3)

HYSTERESIS STROBE
(PIN 2)

Tc IS CLOCK PERIOD

REPETITION RATE OF ABOVE CYCLES S
TWICE MEASUREMENT CYCLE

Fig. 5 STROBE OUTPUT TIMING

OUTPUT VOLTS

+oV
== = === =O0F
LOW I
OUTPUT Y
d— nigH
| OUTPUT
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Fig. 6 SET POINT HYSTERESIS
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MEASUREMENT AND READ CYCLE

the internal ramp and comparator waveform.

In order to compensate for offsets in the comparators, a digital autozero cycle operates on every other measurement cycle. Fig. 7 shows

RAMP x VOLTS/SEC

AN

MEASURE
REF VOLTS
COMPARATOR
INT. ®
CIRCUIT
SIGNALS
COMPARATOR
®

]
| 1
1
| T
H READ H :
1 ]
l}
i l | | i ‘ —
1 ' | I t ]
1 ] ) t 1 !
] \ i y STOP READ )
1 ] :
i ! .
T
AUTO ZERO MEASUREMENT
CYCLES CYCLE

Fig. 7 TYPICAL MEASUREMENT/READ CYCLE

SYSTEM DIAGRAM
Fig. 8 shows a block schematic of the AY-3-1270 circuit.

Fig. 8 TEMPERATURE CONTROLLER SYSTEM DIAGRAM

RAMP  COMP COMP TIMER  0SC 0sc osc
VP P2 1Pt WPUT  O/P1 orp2 VP BACKPLATE Vss Veo
{REF) A
16 14 15 10 13 12 1 20 1 19
AUTO
ZERO
=2
o \-——-le— | TiMeER
AUTO
ZERO
oN'
BAGKPLATE FLASH RATE
4 GENERATOR GENERATOR
h +512 128
W COM
HYST. STROBE A
3
TENS STROBE UP/DOWN
SYSTEM CONTROLLER
4
UNITS STROBE GOUNTER
s COUNTER
TENTHS STROBE % DECODES
H
6 YST SWITCH
2z wP o CONTROLLER
5
7 L
2' A
.8 T
= ¢ SET R ¢
9
2 E ) M
5 POINTS P
A [ 1 Ve
R ‘V' <
A
T %ﬁ_’:}e‘;" C: COUNT :> DISPLAY
o ATCH
p SUPPRESSOR LATC DECODERS
T T
LCD | I |
SELECT : |
|
17 18 21 } | 40
v v v \J
CONTROL  CONTROL DISPLAY QUTPUTS
orP2 ©/P1 (PINS 21-40)
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ELECTRICAL CHARACTERISTICS
Maximum Rallngs*

Voltage on any Pin with RespecttoVgg . . c.vvvu. . vererss. —0.3t0+18
Storage Temperature Range ...........c.conuuunne —65°C to +150°C
Ambient Operating Temperature Range ............. —25°Cto +70°C
Maximum Power Dissipationat70°C ................ veee s s 800MW
Maximum Segment Qutput Current (LEDMode) + oo vvvvvvenn... 20mA
Maximum Switch OutputCurrent . . . .............. veeseee.. 30MA
Maximum Total QutputCurrent . .............c0vinievnnn. 250mA

Standard Conditions (unless otherwise stated):

*Exceeding these ratings could cause permanent dam-
age to the device. This is a stress rating only and func-
tional operation of this device at these conditions is not
implied—operating ranges are specified in Standard
Conditions. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.
Data labeled "typical” is presented for design guidance
only and is not guaranteed.

Vgs =0V V= (7.2V to 10.8V) Tamp = —25°C to +70°C, positive logic convention
Characteristics Min Typ Max Units Conditions
Segment, DP, Sign Outputs LED mode
On resistance — — 120 Q Vour = +1.5V I, = 12.5mA
On resistance E3 - —_ 60 (9] Vour = +1.5V I = 25mA
On resistance DP - - 40 Q Vour = +1.5V I, = 37.5mA
On resistance (A3, B3, D3, G3) — — 30 ¢] Vour = +1.5V I, = 50mA
Segment, DP, Sign Outputs LCD mode
Logic ‘0’ output — — 400 mvV Load = 50pF + 1M Ohm to
Logic ‘1" output Voc—400 — — mvy E3 load = 100pF + 500K
DP load = 150pF + 330K
A3, B3, D3, G3 load = 200pF + 250K
Backplate load = 1000pF + 50K
Rise time — — - — Under specified ioad conditions
Fall time — — — — Under specified load conditions
Frequency — 68 - Hz Clock (560kHz)
Control Outputs
On resistance — - 75 9] Vo = +1.5V [, = 20mA
Off leakage — - 10 LA Vout = 115 Volts
Strobe Outputs
On resistance — - 400 Q Vo= +H1V I, = 2.5mA
Off leakage — — 10 HA Vout = Ve
Frequency — — — — 2 x reading rate
Pulse width - 28.6 — us Clock frequency = 560kHz
Set Point Inputs
Logic ‘0" level Vsg - 2 Vv
Logic ‘1" tevel 6 — Vee v
Pull up resistance 20 -— 100 KQ to Voo Vi =Vss
Comparator Inputs
Leakage current — — 1 UA Vin= Ve¢e
Resolution 5 -_— — mV
Common Mode Range 0.1 - Vo3V v
Impedance between either input and
ramp input 1 — — MQ Clock frequency = 560kHz
Ramp Input
Discharge resistance — — 100 Q Vour = +1V Iy = 10mA See note 1
Leakage current - — 1 LA Vin = Veo
Timer Input
Flash Threshold 0.5V - 0.7Voe v
Reset Threshold —_ — 6 v
Pull up resistance 500 - 2500 KQ to Voo (Vi = Vgg)
Pull down resistance 50 - 250 KD to Vgs (Vin = Vo)
Open circuit input voltage (Vo) 2 2.6 3.5 v
Clock
Frequency 300 — 800 kHz
Gain to output 1 (A1) 3 — — — small signal open loop
Gain to output 2 {A2) 3 — — — AC gain, F = 560kHz
Input capacitance - — 12 pF
Count frequency - 6.25 — kHz Clock (560kHz) + 32 see note 2
Flash rate, Overrange and Power Fail — 1 — Hz Clock (560kHz) — 158048
Supply current — 25 — mA Vo =9V, T, = 25°C
— — 45 mA Vee= MV, Ty = — 25°C

NOTES: 1.

Minimum resistance to Vec = 1KQ Maximum capacitance to Vss = 104f.

2. Reading is measurement time divided by Count Frequency period. Measurement time depends on both the voltage
difference at the Comparator inputs and ramp speed at pin 16.
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AY-3-1270
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p— TROL 1
& O CONTRO
rF > —Q CONTROL 2
56K 120K
e
RESET
— ~ o o~ O +ov
L L '
DIODES IN4148 10K
SET
ZERO g [ O
500K
THERM 47K ST | 33K
-ISTOR FULL
SCALE ‘L
10y ‘ — COMPRESSOR
B CIRCUIT
-T- 0.22uF
47K 47K _—
— —e -O ov

THERMISTOR: MULLARD 640-80003

Fig. 9 THERMOMETER WITH LEAD DISPLAY
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