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CHAPTER IV

YPEMPERATURE CONTROL SYSTEM"

Theoretical Development :

A generallised block diagram of a pracess control

is shown in fig. 4

control
elemant
‘ 1
C — controller Procssy
sp B v
S
A
measiceunent
Fig., 4
C = Controlled dynamic variable,
Csp= Setpoint value of controlled veriable.
Cm = measured value of controlled vaciable.
E =C =C = *Error signal.

m sp

The controll is exercised by
a) A comparision of the controlled variable measurement
and the .setpoint and
b) A determination of action required tc bring the
controlled variable to the setpoint value.

A computer is used as a controller. 3y software the
control function, the setpoint and the deviation L[rom it are

defined. There are many controller modes.
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A) Discontineous controller modes (1)

i) TWO position mode

This is ON - OFF type simple and chear method used

in cases were its disadvangages are tolerable,

ii) Multiposition mode : In this mode several intermediate

settings of the controller output is made use of,

iii) Floaring control mode : In floating contrsol the specific
output of the controller is not uniquely detesmined by the
error. If the error is zero the output will ot change and
when the error moves off the zero the controller output

begins to change.

B) Contineous controller mode :
The ocutput of the controller changes smoothly in
response to the error or rate ¢f change of error.
i) Proportional control mode :
In this mode the controller output and the crror
bear linear relationship. Thus over some range of errors
about the set point each value of error has a nuigue value
of controller output in one to one correspondance, The
range of error to cover the zero percentage o 100% controller
output is called the proportional band. This mode can be

expressed as.

P (t) = KE_ + P (0)
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Where Kp = proportional constant between errors and
controller output.
P (0O) = Controller output with no error. “he proportional

mode introduces offset due to change in load. Hence the

system is used only if the offset balance is possible.

-

2) Integral control mode :
This mode is called the reset action and the

analytical relation describing it is,

dE_ _
at = KiEp

]

Where dp/dt rate of controller outpat change,

Ki = constant, relating the -ate to the
error,
% = T1 = integral time in s=2conds,
i

At any time the controller O/P is

t
P () =x; N E,(t) + P (0)

o
Where P (0) = controller O/P at t = 0
Thus the cstate of the present controller O/P is a
function of the history of errors from the time observations
started at t = 0. Hence if the error doubles, thé rate of
change of controller 0O/P also doubles, If Ki is large even

& small change in Ep causes large change in g% « This is
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shown in Fig., 4.1. This method produces deszabilising
effect in the close loop systems and loop r=sponse time

may be increase, -

3) Derivative control mode :

This mode provides that the controll=ar output
depends on the rate of change of rerror. Thes mode is also
known as rate of anticipatory control. The analytic

exXpression is,

P = Ky dEp /4t + P (0).
Where Kd = derivative gain constant.

dEp /dt = rate of change of error.

P (0) output with no error rate,

The derivative gain constant is also known as the
rate of derivative time and is commonly exp-essed in
minutes. For a given rate of change of erro-, there is a
unique value of controller output, It can b= noticed
From fig. 4.2 that the extent of controller output depends
upon the rate at which this error is change< and not on the

value of the error,

The derivative mode improves the resgonse of the close

loop system. It is effective only during the transient,
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C) Composite control mode : Integral or derivative mode
alone is never used but basic modes are comk.ned to have
the advantage of eliminating the limitations of individual

modes.

1) Proportional integral mode (PI)

This mode is a combination of proportmonal mode and
integral mode. The analytical expression for thig control
mode is,

= , E d
P (t) KE, + KpKlf pdt + P (0)

The main advantage of this mode is ore-to-one
correspondance of the proportional mode is evailable and
the integral mode eliminates the inherent offset. Notice
that the proportional gain, by design, a;so changes the
net integration mode gain, but that the integjration gain
K, can be independently adjusted. The integral function
provides the required new controller output, thereby
nullifying the error caused in proportional node due to
load change. The integral feature effectively provides the
reset of operating point when a load change dccures. The
controller ocutput is provided through a séme of p?oportional

pPlus integral action, which finally leaves the error at zero.

This mode is used in systems with large load changes,
The disadvantage of this mode is that large overshoot is

observed before setting to the operation po-nt to mininigze

this overshoot the load change must be slow.
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This controller mode is implemented i1 our system
through software., Since system time constant is large,

over shoot can be minimized,

2) Proportional -~ Derivative mode (PD)
This is a control mode that results from a
combination of the proportional mode and the derivative mods,

The analytic expression for this control prcoess is,

P (t) = KE 4+ KK, de_/dt + P (0).
(£) oKq 9B/ (0)

The process can handle fast process Ioad changes
as long as the load change offset error 1is ecceptiable,
However, the system cant eliminate the oflsct of nroportional

controllers,

3) Proportional-Integral-Derivetive (PID) :
The PID control algorithm is the uniwersly accepted
control strategy used in analog controllers. The controller

output is the sum of the three seperate terms, proportional.,

integral or reset and derivative or rate. Ticse tenms are

as shown below in fig. 4.3

The constant of proportionality Kp is called the
controller galn., It is adjustable over a wile range frow
0.1 to 100 in most controllers. Controller are calibrated
in terms of the proportional band Pb, which is exprecssed as

percentage.

Pbh = 100/K5%
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With proportional control, a permanenk steady
state offset between the setpoint (reference pt) and the
process output variable is obtained., Additioan of the
integral term provides zero steady state offiset under all
setpoint and disturbance conditions. The int=gral term
is almost always used with the proportional term, making a

P.I. controller is described by

t
= K E K K. E dt + P (0).
P (t) Kpp'*'plé/ pdt + (0)

The constant Ki— is called the integral time, The
i

typical range is 0,02 to 50 minute., The addizion of

integral action produces a destabilizing effect in the
closed :loop system and the loop response tinm= may increase.
The derivative (rate control) term is used for improving
the response of the closed loop system, The derivative
control is anticipatory and is effective only during the
transient period. The dérivative control is’never used alone
and seldom with only the proportional contrcl. When the
derivative term is added to a PI controller —he complete

three term PID control algorithm is obtained,

t dE

p
M (t) = K E_ + K K. E_ dt + K K - + P (0).
(t) PP pl_s/.p pad g¢ )

Where Kd is derivative gain constant,

When the derivative control is used ia a procesgs

whose measured variable is noisy additional filtering may
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be required to elimingte the effect of noise. Hence the
derivative control is not used as widely as right be
expected, Additionally, three term controllers are more
difficult to adjust (tune) properly as compared to two term
PI controllers,

£

Temperature control system :

In chapter - 2, we have given the chazacteristics
of the silicon diode used as the temperature sensor. We
have calculated the rate of drop of the diode forward
voltage to be 2mv/oC In the temperature contzol system
two diodes have been used so that the rate o drop of the
forward voltage is 4mv/OC rise of temperature. This sensor
is immersed in the liquid whose temperature -s to be
controlled. The sigpal from this sensor is amplified by
operational amplifier LM 308, The offset is alanced by

4-7K pot and the gain of the amplifier is adjusted by 5K pot,

About LM 308 (6)

R

~. It is a precision operational-amplifier, Zt has low input

current and extremely low offset voltage. The features are,

1) Offset voltage guranteed less than 0.5mv.

2) maximum input bias current of 3nA cver temperature,
3) offset current is less than 400 PA over temperature,
4) Supply current of only 300 MA, Ever in saturation,

5) Guranteed 5 Mv/°C drift.



The gain and the offset of the amplif._er are
calibrated so that the output is zero (0) wi=h the sensor
in ice and in the boiling water, This analog equivalent
voltage of the temperature is converted in t» digital
edquivalent by ADC, This digital voltage isdesplayed and
also processed by the microprocessor 8085 based system,
we have designed., Using 8155 (A) as I/0, This digital
equivalent of the temperature is inputed through port A
to the microprocessor by using a softaare roatine,

The BCD output is converted in to the binary. The setpoint
corresponding to the temperature 61°C is sto-ed in the

. EPROM 2732, This setpoint is compared with tae sensor output
and the error signal is calculated, This resalting error

is processed by PI software and is used to control the ON
time of the heater control circuit If the ezror is large
the ON time is also kept large and vice versi, After every
2,5 second the program is called and the temderature
regulation is done, This system can be extenied for the
measurement and the control of various tempe-ature by

change of the setpoint,

In fig. 4.4 the block diagram the tem-erature
control system is shown., The heating element is energized
with the help of triac and its control circu-t. Actual
heater control circuit and itls block diagram are shown
in fig. 4.5, IC 555 is used in Astable mode »hose set-resgl

pin No.4 is controlled by the microprocessor through the
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port of 8155, This setting and resetting controls the
ON~-OFF time and ultimately the temperature. 11is triggering
circuit is isolated from the power circuit by the pulse
transformer, In order to avoid RFI the triac is triggered
at the zero volt point of the mains voltage. The Ireduency
of the pulse is 2KHZ, When the pin-4 is at lcgic high the

output is enabled otherwise it is disabled,

The pulse transformed 1l:1 ratio is used to isolate
the trigger circuit from the power circuit. Opto-isolators

are recommended for the high power control, ().

The zero voltage switching is necessary because
i) It does not produce electrical nois=e,
ii) There is no need for RFI filter in the circuit.
iii) The rate of rise of voltage and the current are
limited therefore the triac with low dv/dt‘ard dI/dt rating
can be used. The triac is triggered by (+ve) gate pulses
at the pin-3 of IC 555 the details of the heeter are

described in chapter 2,

Microprocessor based system : In fig, 4.6 tl2 minimun

system around the microprocessor 8085 is showa. Here 8155-A
and 8155-B are used as I/0 port scratchpad, €212 is used

as a latch and 74139 is used as 2 to 4 address decoder.

The EPROM 2732 is used to store the temperati-e controller

program.
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The address decoding by 74139 for the «<ifferent

chips are as follows. 74139 is selected by A while A

15
and A13 are used to select one of the three chips as

14

shown below,

— A Awe M e me e M wm B e e M e e e W e

A15 A14 A13 Chip selected
0 0 0 2732

0 0 1 8155 (B)
0 1 1 8155 (A)

The latch 8212 is used to demultiplex . ADO~ AD7 bus,

The ALE signal is used to latch the address for 2732 EPROM.

The following are the address used.,

8155 (A) - RAM -~ 6000 to 60 ¥R
8155 (B) -~ RAN - 2000 to 20 FF

2732 = EPROM~ 1000 to 1 FFF

The ALE signal is issued by the micropgocessor
latches, the address in 8155 and 8212 latch. In chapter-3

the details of the control signals are given,

4.6  analog to digital converter :

The ADC MC 14433 used is a high performance, low
power 3%— digit ADC having very few external zomponent
(2 resistors and 2 capacitors). The full scalz range of ADC
is from 1,999 V 199,9 mV. The éccuracy is + 0:05% of

reading and the speed is 25 conversions/seconZ., We have

used it in full scale range of 0 to 1.999 VvV, It is used to
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operate with LED display. The ADC also has fa:xility to
refresh multiplexed display. Output of converzer is in
multiplexed BCD form, QO to 03 are data outpucs and DS1
through DS4 are data strobe outputs., A data strobe output
goes high when the data for the digit is on the QO to 03o

Disgplay and driving circuit

The display unit consists of 4 seven s=2gment LED,
which are common anode type. 7447 is used to convert the
BCD output of ADC to seven segment with the use of
multiplexed display only one.BCD to seven secment converter
1s required, These displays are selected by £L 100 transistors.

The display refreshing frequency used is 800 Hz.
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4,8 Support chips :(2)

8212 : It is 8~bit I/O port. Its characteriscics are,

1. Fully parallel 8~bit data regist8r and Buffer,
2. Service request flip-flop for int&:fupt generation,
3. Low input load current -0,25 mA Meximum,
4, Three state.output.
5, Output sink 15 mA,
6o 3.65 V output high voltage for dirzct interface
to 8008, 8080A, or B8085A CPU,

7. Asynchronous Register clear,

8. Replaces buffers, latches and multiplexers in
microcomputer systems.

9. Reduces system package count.

10, Available in express,

- Standared temperature range,

- Extended temperature range,

The pin configuration is given below Fig., 4.7

The 8212 is I/0 port consisting of 8-bit latch with
3=-state output buffers along with control ard device
selection logic, also included is a service —equest flip-£lop
for the generation and control of interrupts to the
microprocessor. The de&ice is multimode in rature., It can
be used to implement latches, gated buffers or multiplexers,
Thus, all of the principal peripheral and imput/output
functions of a micropoiputure system can bo ~uplonented

with that device.
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Pin configuration

— NS

05,1 13 Ve
MD(]2 14 ]INT
D3 16 [ )Dlyg
00, 4 16 {00y
DI,[s 17 [0,
DO,( 6 g212 '8 | 1D0,
DLy 19 jDiG
DO, & 20 )00
CIREE] 21 [ |DYg
Do,[]10 2z [T]D0;
sTa(i1n- 23 [T1€1R

GND[]12 247108,

Pin names

Di, DIy Damain

DO, DOy Data out

DS, DS,  Device select

MD Mode

ST8 Strobe ,

INT Interrupt {active low)

CLR Ctear {active low)

Logic diagram

Service request FF

P

!
t
i

Device selection D50
: - é}ﬁ
[ os T (33
@ DS2 _D {Active low)
7 ~TIN
o T
@ sTe i N IO Output
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Fig. 477
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Functional wvescription

Data latch : The 8 bflip-flops that make up the data
latch are of a "B" type design. The output Q of the
flip-flop will follow the data input (D) whi_e the clock
output (C) is high. Latching will occur when the clock (c)

returns lowe.

The latched data is cleared by an asy~.chronous

reset input (CIR). Note clock (C) overrides reset (CIR).

Output buffer : The outputs of the data latch Q are
connected to 3-state, non-inverting output biffers., These
buffers have a common control line (EN); This control line
either enables the buffer to transmit the daza from the
outputs of the data latch (Q) or disables th=z buffer,

forcing the output in to a high impedance state (3-state).

The high impedance state allows the d=zsigner to
connect the 8212 directly in to the microprozessor

bi-directional data bus.

Control logic : The 8212 has control inputs., 5@1, D8,., 1D
and STB. These inputs are used to control dewice selection,
data latching, output buffer state and service request

flip~flop, Dsl 552 (Device select).,

These two inputs are used for device selection, When
ﬁ§l is low and DS, is high (ﬁ§1, ﬁ§2) the device is selected,
In the selected state the output buffer is eaable and the

service request flip-flop (SR) is asynchroncasly set,
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MD (Mode) : This input is used to control tl= state of the
output buffer and to determine the source of the clock

input (C) to the data latch,

When MD is high (output mode) the outout buffers
are enabled and the source of clock (C) to the data latch is

from the device selection logic. (5§1, 552).

When MD is low (input mode) the outpu:z buffer state

is determined by the device selection logic (DS DSZ) and

,1.
the source of clock (C) to the data latch is the STB (strobe)

input.

STB (Strobe) :
This input is used as the clock (C) to the data latch
for the input mode (MD=0) and to synchronous.y reset the

service request flip-flop (SR).
Note that the SR flip-~flop is negativ= edge triggered.,

Service Request flip-flop :

The (SR) flip-flop is used to generat= and control
interrupts in microcomputer systems. It is asynchronously
set by the CLR input (active low). When the (SR) flip flop

is set, It is in the non-interrupting state,

The output of the (SR) flip-flop (Q) —s connected to
an inverting input of a "NOR" gate., The other input to the

“NOR® gate is non-inverting and is connected to the device
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selection logic (5§1. DS,) The output of trz= "NOR" gate
(INT) is active low (interrupting state) fcc connection to the

active low input priority generating circuits,

4,9 74193 3 It is dual 1 of 4 decoder, Its featares are,
i) Schottky process for high speed,
ii) Multifunction capability.
iii) TWO completely independent 1 of 4 decoders,
iv) Active low mutually exclusive outputs.,
v) Each of the two decoders has 4 ou-put demultiplexer,

The pin diagram is given in fig. 4.8.

Its operating voltage is + 5 volt within the temperature

range 0 to 70°c.

e e e Em e s s e mm e me A sm e mm e el e

Pin names Description
AO' Al Address inputs
B Enable input

(Acotive low)
5 -~ 53 Ouzputs (Active low)
4,10 2732 : It is 4K X 8 UV erasable PROM. Its f=2atures are
i) Fast access time : -~ 450 ns Maximam 2732
- 550 ns Maximam 27326
ii) Single + 5 V + 5% power supply.
iii) Output Enable fow MCS - 85 and MC3 86 Compatibility,

iv) Low power dissipation.
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PIN CONFIGURATION®
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- 150 mA Maximum active current.
30 mA Maximum standby current,
v) Pin compatible to Intel 2716 EPROL.

vi) Completely static,

vii) Simple programming requirements .
- Single location programming.,
- Programs with one 50 ms pulse,

viii) Three-state output for direct bus interface,

The pin out and the mode selection details are given.,

Pin names

A -~ All Addresses
CE Chip Enable
OE Output Enable
OO - 07 Outputs

8155 : (4, 5) : Fig. 4.8 shows the block diagram of Intel

8155 static MOS RAM which has 256 bytes.,

It has two programmable 8-bit ports port A and P
port B, There are 8-pits in each port which can be
programmed, i.e., can be used as input or input by programming

the command status register also in the RAM chip,

The memory of I/O port sectionnis adcressed using the

8~bit AD bus whether the address on the AD bus is for
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B Pin contfiguration
3 Block diagram
T\
PC3:1 Lochc _ —
" Py 2 ag[lec,  IOM Port A,
Reset (4 w7 rcy  AP0-7 static | |
PCs 5 36[1PB —
.‘—.——%-Es P87 —] ram Port 8
imerou 35{1PBg 5 Peg_y
10/M(]7 34 [1Peg ALE—— |
Ce(s 33 [Py, RO —3) —
_R_PES 32 [1PB, Wi . Port ¢ o
wRLio 8155 31 [ps, | KCE—D>PCos
Reset — g W
ALE( oPe t N
ADg [’;12 28 [Pgy y .
AD OIS 28[1PA Ti.mnr_CLK_.T Lv Lsv)
' AD, 4 27 [PAg Timar out ss(3V)
AD; (15 26 [PAg ‘
AD, 18 25 [JPA
ADS[;W 24 [1PA,
ADg (18 23 [IPA,
AD; (s 22 [IPA,
Ves (20 21 [IPA,
Fig.4-8 Block diagram of 8155




memory or an I/0 port depends on the status of the Io/ﬁ"
line., The I/0 section is selected if it is 1, and the
memory is selected. If it is zero (0). The same AD bus is
used for data transfer to and from the microprocessor, To
read from memory or any I/0 port, RD is kept low and
Io/M is used as deécribed earlier, Similarly, to write ﬁn

to the memory or I/c port WR is used and henze again

Io/M is used according to the same convention,

There is a 6-pin port, port C, which zan fuﬁction as
input or output port or it provides control signals for
ports A and B, Programming of port C is also done through

the C/S Register,

The RESET pulse to initializé the sys:zem may be
provided by the microprocessors on RESET in line, Input
high on this line Resets the chip and initializes the three
I/0 ports to input mode CE, Input is used fo- enabling the
chip. The 8155 also has a 1l4-bit programmablz binary
counter/timer to provide either a sequare wase or terminal
count pulse for use in timing of any desired operation, The

I/, addresses are given in Table 4,
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Table =~ 4
AD2 AD1 ADO Location
0 0 O Command and status

register,

0 0 1 Port A

1 0 Port B

o -

0

0 1 1 Port C
1 Low 8~bit of timer
1

2 bits of time mode
and upper 6-bits of

}

timer,

W mw e e e W R e e e e e e e e s s e
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- e s em  em em MR e em e e e wm  mm am W

------------ Port B
____________________ Port C
_____________________ -~~~ Interr_pt enable A,
___________________________ Interript enable B
------------------------------------ Timer
Port - A Port - B
_______ 0 - I/P e O - I/P
o """ Dy =mmmmees E
------- 1 - O/P “eemmmmem 1 - O/P
Port C
D3 D2 Mode
0 0 I/P port 9 ( 6-=bits)
0 1  Port A handshaking and ( 3-bits »

1 0 Ports A and B handshaking

1 1 O/P port C( 6-bits )
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Status word

e I . T T e R e T - T TR T,

X INTR INTB BF INTR INTE BF INTR

Timer B B A A A A
XX X S TR .
X X X X X I X Interrupt pending
SN e
% § { % % § ) S Bulifcr full, nort A,
X X X X X ‘{
X X X X I 0 A Inzerrupt enable,
S
Lo X |
§ § § § ----------------- — Interrupt pending,
X X X 1
§ § ); ------------------------- Bu=fer full, Port B
§ § S — Interrupt enable,
X X po-t B
1 I
% S Incerrupt timer
g ———————————————————————————————————————— Do 't care

Timer program : The lower and the upper time kytes are shown.

L e . T e N

AN O s o - b

T D U Ban Gty O T G e S T e W G S U e Saie S G Yy W e S Gl G T . - G W - — . - - -

e Gm M aw s B W e R s M G e e S e e e e

i i --------------------------------- Uroer 6-bits
1 X

—————————————————————————————————————————— Timer mocde
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Timer mode

0 0 Single sguare wave

0 1 Continuous square wave
1 0 Single pulse
1

1 Continuous pulse

- mm N aw mm  em M R mm  mm  mm R W we e e sas

e RS s ma B W e ew M e M e R W e e e e e e

D7 D6 Effect
0 0 Nop
0 1 Stop immediately
1 0 Stop after TC is reached
1 1 Start
Timer commands bits
D7 D6 D5 D4 D3 D2 Dl DO Command
CE T e s
§ § ; % i § l ----------- Port B
§ X % % X__--l ---------------- Port C
Yy o1 X
X X i ~~~~~~~~~~~~~~~~~~~~~~~~~~ Interrupt enable A,
X
§ i }_; _____________________________ Interrupt enable
X
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MC14432

v 34 DIGIT A/DCONVERTER

automatic zero correction and automatic polarity.
The MC14433 is ratiometric arndd may be used over a

and can drive a low-power Schottky TTL ioad.

scales, cemota A/D, A/D control systems, and in MPU systems.
o Accuracy: 20.05% of Reading £1 Count
®: Two Voltage Ranges: 1.999 V and 199.9 mV

The MC13433 is a high parformance, low power, 3% digit A/D
canverter combining both linear CMQS and digital CMOS circuits on
a single monalithic IC. The MC14433 is dasigned 1o minimize use of
axternal components. With two axterna) resistors and twa external
capacitors, the system forms 3 duai stope A/D converter with '

full-scale
rangs fraom 1.999 volts to 199.9 millivalts. Systems using the
MC14433 may operata over a wide range of power supply voitages
for ease of use with batteries, or with standard 5 volt supplies. The
autput drive confarms with standard B-Series CMOS specitications -

The high impedance MOS inputs allow applications in current and
resistance meters as wall as voltmeters. {n addition to DVM/DPM
applications, the MC14433 finds use in digital thermomaters, digitat

CMOS LS!

(LOW-POYER COMPLEMENTAR'? MQOS)

T4 DIQAT A/D CONVERTER

T

—

LSUFFIX
CERAMIC PACKAGE
CASE 623

®. Up ta 25 Conversions/s
® 2., > 10GOM ohm
® Auto-Polarity and Auto-Zero
® Single Positive Voiltage Reference # SUFFIe
® Sundard 3-Series CMOS Outputs—Drives One Low Powec PLASTIC PACFAGE
Schaaky Load CASE 0%
# is2s On-Chip Systemn Clock, or External Clock
#: Low Powsr Consumaotion: 8.0 mW typical @ *50V
& Wide Supoly Range: 8.g., 145 Vto tB8.0V GROREBING INFORMATION
® QOvacrange and Underranga Signals Availabie
- ODAINES in Auta Ranging Circuits MCIAX XX Suttia Qenoiwe
e Qperates with LED and LCO Displays L Ceramic Package
¢ Low Externai Component Count P Prastic Paskage
BLOCK DIAGRAM 2023
>oeas PIN ASSIGNMENT
Muitiptexer 18-19
H
051.054 ' ,:
. Diglt Sorote 1y
: 3 e 2
L] pIrr TEeE fITd o= "
Ag s o L
v p— Catches Polarity - i
o - Oatect + ™
Cix ¢ Cixo . == o
L LD LI R = Fo i S
s g Cioxs Ty -=111
Clock N 100 bl 00 e 100w Overticw O i
t t } ’ 17 Cdveg "QFU
18
OR Overrangs
2 i age
—T—:y Y-H O Veay Astarence Vo
Conural Avaiog F—0 ¥ 4 o Anstog Ground
Lage SuGsystem 3
b V3 Ansiag Input
I 4 H [ ’ s
V Ay Accl &Y cord coz Vpp = Pin 24
% | cuotev 4L gnanr et i€ Vss = Pin
L O Undats £0C Tonvetmon e egratar Dty vgg = 7o
e ettt it s 2 02 e e e §

PRSI s



mMC14433

MAXIMUM RATINGS

!

e e s

This device containg circe try 10 pralect
tha inouts 3ganst damage $u8 10 high slic
voitages or electric felds hawever, it
advizad hat NOrmal Preca tons be faeen
o avod wphcation of are voltage higher
than maximum rated voltaes 10 ths njh

. i
ELECTRICAL CHARACTERISTICS (C) = 0.1 5F mylar, B} = 870 kit @ Vyqf ~2.000 V, Ry = 27 K03 @ V, ¢ = 200.0 eV,

circuit, For preoer operation ot

is recommended that Vi, and Vg, Se -
constrained to the range wgE S (V4 or -

Aating Symbol Vatue Unit
[70C Sussly Voitage Voo o Vee § 051013 | vde
[ Voltage, any pin, relerenced to Vgg v -35 10 ag
Vpp +0.5
I OC Currant Orain per Pin \ 10 mAdc
| Ooerating Temparature Range Ta -40ta +3% %
Storage Termparature Range Tstg 65w ets0, %C v Voo.
. ; :
RECOMMENODED OPERATING CONDITIONS ivgg = 0 or VEEQ [
[ Patamuter Symbaoi Value Unis 3‘
OC Suppiy Voitage — V) to Analog Ground Vob +50110+80 | Ve E
) Vg 10 Analog Ground VEg ~2.8 w0 4.0 ;
Clack Frequency ek 32 to 400 WH1 o
Zero Qttser Correction Capacitor Co Q.1220% aF t
{

Co = 0.1 uF, R = 00 02 3l voltages refarenced 10 Anatog Ground, pin 1.)

voo | Vee -40°%¢. L 28%¢ 8=
Chaenctaristic Symbol| Vde Vae Min Man Min; Typ Max Min Mux Umt
Linearity -Output Reading (No1s 1} - 4 Srdg
< Vi = 2000 V) 50 ~-5.0 -~ S -0.05; 1005 +0.05 - -
' ~-Couat +Caunt
Vet = 200.0 mV) 5.0 -59 - - -~ :0.08 - — -
Stabidity Quipus Reading {Nots 2} - H LsS0
IV * 1.390 V, Vo » 2000 V} sg | -5 - - - - 2 - -
(Vx = 199.0mV, V gy = 1000 mV) 5.0 -5¢ - - - - ) - -
Zaro-Output Rasding ~ 50 -E9 - - - [+] [} - - L30
tvx <0V, Vrgt = 2000 v} |
Bias Curront — Amaiog fnput - 50 -5.0 - - -t «20 ]| 2100 -~ - pACC
Refarencs Inpuat $.0 -5.0 - - ~ i1 220 { £10Q - -
Analog Ground 50 | -50 | ~ - -t] 220 {es00! -~ -
Common Made Rejection - 50 | -50 - - -1 &8 - - - ad
(Vx = 1.4V, Vg #2000V, !
fog * 32 kH2)
Output Voltage — Ping 14 10 23 . [
IVgg =0V}  “0” Lavet voL | 50 | -850} ~ joos| -:f 6 joos| .~ | d0s
¥ ] Vou 5.4 -850 ; 498 - 495 5.0 - 4.35 -
(Vgg»-5.0V} “0" Lavet - VoL 80 -5.0 - 4.95% — 1] -850 [-495 - ~3.95
N Y Lavet Vo | 80 -50 | 498 - 4951 5.0 - 4.95 -
Output Current ~ Pins 14 10 23 ) mAoc
{Vgg =0 v) .
- (Vo = 4.8 Vi Source lon | 50 | -80 |-025| -~ | -02]-038] ~ |-004f -~
(Vo ~ 0.4 V) Sink oL 5.0 -50 | 0.64 - 051 | 088 - 036 {. ~
Vg5 = -50 V)
Vo ~ 4.5 V) Source 104 5.0 -50 | -082 - -08.1 -09 - -0.35 -
(VoL = -4.5 V] Sink io, | 50 ] -50 | 18 - 1.3 .25 - 0.9 -
Clack Fraquency icw | 50 | -50 - - - 66 - - - [BX
l._{Re =300 un} :
tnout Current — DU oy ! 80 D -s0 1 - 1 :03 1 -~ looovor]:03 ] - 1.0 | wiic
Quiescant Currant tq | 50 | -83 | - 27 = 69 | 20 - 6 |mace
Voo vgg, 1gg+ 0 80 | -80 | - 7.4 - 18 | 40 | - z.2
oc Supply Aejecian - 50 -50 - - - 03 - - - mv.y
L._V00 10 veg, Isg = 0. V,q1 = 2000V .
Nae 3: Accuracy - The accuracy of the mater at full scale is the accuracy of the secting ot the raference voitage. Zaro is recacautated dur ~q
sach conversion cycie. The mesawnglul ipecihication it Lineanty, {n other words, tha devianion from corract feading 108 #i snourt
Nore z ather than postive full scale and 2erg i3 d2fined a3 the hinsarity soecrhication,

3 4,50 stanility for 200 mV scale 1s detined as tha rangw that tre LSO will occupy 96% af the time.



‘digit is selected. The most signifizant digit (% digitl turns
on immediately alter an EOC pulte followed by the re-
mawung digits, sequencing from S0 to LSD. Aninter-
digit olanking time of two clotk ceriods is inctudad o
ensure that tne BCO data has setsd. Tha multiplex rate
‘is equal to the clock frequency Zivided by 0. Thus,
with a system clock rate of B3 <M1z, the multiplex rate
would be 0.8 kHz. Relative timing among digital select
ouptut and EOC signals is shown in the Digit Select
Timing Diagram, Figure 8.

BCD DATA OUTPUTYS (Qo, Q1, Q2, Q3, Pins 20, 21,
22,23} ’ ,
.. Multiplexed BCO outputs contain 3 full digits of
information during D52, 3, 4, white during DS, the %
digit, overrange, underrange and polarity are available.
The adjacent truth table shows the farmats of the infor-
mation during DST.

POSITIVE POWER SUPPLY {Vpp, Pin 24}
The most positive supply voltage pin.
' 1

1
t

TRUTH TABL
Coded Condition 8C0 ta? s-.;m.ﬁ

of MSD Q3 a2 Q1 Qo Vazading

0 Tt 1 Q Flank

-~ 0 [ Jtank

*OUR t 1 11 atank

~Qun t ¢ t 1 . 3k’

.1 0 1 0 0] $-1} Hookup
-l ¢ 0 0o ¢ O0—~1{ ontyigb
+108 ot [ | 71} andcio
-1 0R 0 0 LR 31} Mm30

Naotes for Trutn Tabie

Q3 ~ % digit, tow tar 1, high tar 0~

Q2 — Polarity: 1" » positive, “0°' » martive

QQ —~ Qur of range condition exists if 20 ~ 1, Whaa vied in

~e conjunction with Q3 the type of  at of range condition

it indicated, .0, Q3 0+~ OR or2X ~ 1 — UR.

Whan only segmant b and ¢ of the =coder are connecied
ta the %4 digit of tha display, 4, 0, 7 ana scoear ax i,

The overrangs indication {Q3 » C and GO » 1} occury

whan the count is greater than 1995 e.g., 1.993 V for 3
relecancy ol 2.000 V. The underrangaindication, useful for
autoranging circuirs, occurs when the =cunt is fuss than 130,
9., 0.180 V far a referance af 2.000 »
Caution: if the mast significant digit is wanected 1o a display
ather than a "1 only; sich 4s 3 lull ceqit display, seymenny
athar than b and ¢ must be disconnecaxt. The 8CQ (o seven
segment decoder must blank on 8CO irmurs 1010 13 1111,

7 FIGURE 7 — ALTEANATE OSCILLATOR CIRCUITS .

{a) Ceyseai Oucittator Curcuit

10
L & [=2 W3
< —
\an MC14423
= n
[=1 W d
47k )

CII

16 pF <CY ana C2 <200 of

«

{6} LC Owittarar Clecuir

Cin

3
= "2_" UL

FarL~SmrisndC» Q.ORRFA, ¢+ 5 I kMe

FIGURE 8 ~ DIGIT SELECY TIMING DIAGRAM

£0C ~ |— 112 Croex Cycte

Il

1
2 43 400 Clock Cyclas
between EOC puties

L

fo—er——e] 18 Ciack Cyctas

sy { ‘
17/2.0igit 4

IMSO)

2 Clack Cvcln—{ F l
082 )

0S4
w30

083 i : l I

[ ]
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FIGURE § - INTEGRAYOQ WAVEFORMS AT PING
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FIGURE 10 ~ EQUIVALENT CBRCUIT DIAGRAMS OF THE
! ANALOG SECTION CLRING SEGMENT 4
OF THE TiM 4G CYCLE

Seart €na f
* ‘ ‘ * Butter . tntegratar Camparator
<
Time 1 v 3 4 8 >
Segrnent vx N
NumBaer y Ay
AAA, y
Typicel Positive vx )y »
input Valitage ] .
e .
]
Typical Negative .
inpur Voitags |
l
§
WA t
'
\ .
! CIRCUIT OPERATION

The MC13433 CMOS imegramj cirguit, together with
3 minimum number of external components, forms 3
modified dual ramp A/O convertar. The device contains.
the customary CMOS digital logic providing counters,
fatches, and multiplexing circuitry as wetl as the CMOS
analog circuitry providing operational amplitiers and
comparators (mi:ed 1o implement 3 complets singte
chip A/0. Autozere, high ingput impedances, and
autopolarity e features of this system. Using CMOS
technalogy, an A/D with a wide range of powaer supply
voitege and low power consumption is now availabls
with the MC14433. )

During each conversion, the offsat volitages of the
internal ampilifiers and comparators are compensated for
5y the system’s autozero operation. Alsa each
Canversion ‘ratiometrically’ measures the unknown input
voltage. In other words, the outgut reading is the ratio
of the unknown voltage to the raference voltage with a
ratio of 1 equal to the maximum count 1999. Tha entire
convarsion cycle requires slightly more than 16000 clock
pariods and may be divided into six different sagmants.
The waveforms showing the conversion cycle with a
Positive input and a negative input are shown in Figure
9. The six segments of these wavefarms are described
below.

. Segment 1 - The offset capacitor {Cgl. which
Compunsates tor the input offset voltages of the buffer

'

ard integrator amplifizrs, i« charged duning this Szciad,
Alsa, the integrator capacikx is shorted. Thit tegment
requires 4000 clock periods..

- Segment 2 — The integr :0or outpul Cecreases [0 the
comparator threshold voltage. At this time a numoer of
counts equivalant to the ing_ ¢ offsut voltage of the com
parator is stored in the of fsex larches for later use in the
autozero process. The time for this segment is varatie,
and tess than 800 clock peri «3s.

Segment 3 ~ This segmer-t of the conversion cycie is
the same as Segment ).

Segmant 4 — Segmeat ~ is an up-gonyg rimp Cycle
with the unknown input vol age {Vx) as the ingut to the
integrator. Figure 10 showssshe equivalent configuration
of the analog section of he MC14433. The actusi
configuration of the analog section iz depencent upan
the polarity of the input eoltage during he gravigus
conversion cycle.

Segment § — This segment is a downgoing ramp
period .with the referenca <c.tag. as the input 2 the
integrator. Segmant 5 of thm conversion cycie hasa time
aqual to the number of =unts storad in the offser
storage latches during Sagment 2. As & result, the systern
zeros actomaticatly. '

Segment 8 - This is an -xtension of Segment 5. The
time period for this partioe is 3000 ctock pericds. The
results of the A/D conver- an cycle are determined in
this portion of the conver:.. n cyile.
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BOLLOVER ERROK fi L5D) AT FULL SCALE

1y SINK CUNRENT fmA)

1, CLOCK FREQUENCY K}

TYPICAL CHARACTERISTICS

FIGURE { - TYPICAL AOLLOVER ERAOR
versus POWER SUPPLY SKEW

FIGURE 2 ~ TYPICAL QU ESCENT PwwER SUPPLY CURRENY

verws TEMPERX “URE

UvV00 - VEEIL SUPPLY VOLTAGE SKEW (VOLTS)

FIGURE 3 — TYPICAL N-CHANNEL SINX CURRENT
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20 / . Sw e
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- 3
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ATIVE. . :
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MC14433

. : DEVICE OPERATION

ANALOG GROUND (VAg, Pin 1}

Analog ground at this pin is the input reference level
{or the unknown input voltage (V) and referance
voitage {V,pf). This pin is a high impadance input.

REFERENCE VOLTAGE (V,of, Pin 2) *
UNKNOWN INPUT VOLTAGE (v, Pin 3)

This A/O system performs a ratiomatric A/D convar-
sion; that is, the unknown input voltage, V. is mea-
sured as a ratio of the referance voltage, V. The full
scale voltage is equal to that voltage appiied to Vyaf.
Therefore, a full scale voltage of 1.999 V requires a
reference voltage of 2.000 Y while full scale voltage of
199.9 mV requues a reference voltaga of 200 mV. Botir
Vx and Vipf are h«gh impedance inputs. In addition to
being a reference input, pin 2 functions as a resac for tha

. A/D converter. When pin 2 is switched: to Vgg forat .

least 5§ clock cycles, the system is resat 1o the begmmng
of a conversion cvcle .

EXTERNAL COMPONENTS {Ry, R}/Cy, Cy; Pins &4, 5, 6'

These pins are for external components for the
integration used in 1the dual ramp A/D conversion. A
typical value for the capacitor is 0.1 ufF (mylar) while
the resistor should ba 470 k{2 far 2.0 V full scate apera-
ton and 27 kQ for 200 mV full scala operation. These
values are for a 66 kHz clock frequency which will pro-
duce a conversion time of approximately 250 ms. The
equations governing the calculation for the values for

" integrator companents are 15 follows:

Ay = vamax)
Cy 3‘1

AV = Vg - Vximax) - 3.5

T =4000 x .1
g tCik
where:
RI isin k2
Vg is the voltage at pin 24 referanced 1o V45

Vi is the voltage at pin 3 referenced to V4G
feik is the clock frequency at pin 10 in kM2

Example:
Cy = 0.1 uF
VoD = 5.0voits
fol, = 66 kHz
For Vy{max} = 2.0 volts
Rj = 480 k{2 fuse 470 ) x 5%}
For Vximax) = 200 mV
Ry = 28 k2 tuse 27 k2 £ 5%)

Mote that for warst case conaitions, the minimum
allowable value for Ry 15 a funct.on of Cyp min, Vpp min,
and fCrc max. The worst-case conditian does nat atlow

V r Vx to excead V. The 03V factor in the above
equation for AV s for safety marc. |

OFFSET CAPACITOR {COY, COZ Pins 7, 8)
These pins are used for cenecting the offset
correction capacitor. The recomm -1ded vatue is Q.1 yfF.

OISPLAY UPDATE INPUT (DU, Fn 9)

if a positive edge is recéived on ais input prior to the
ramp-down cycle, new data will e strobed into the
output latches during that comverson cycie. When this
pin is wired directly (o the EOC owput {pin 14), evary
conversian will be displayed. Whem this pin is driven
from an external source, the voltage should be
referenced to V§s. i

CLOCK {Cik 1, Cik O, Pins 10, 11}

The MC14433 device containe its Qwn oscilfator
system clack. A single resistor conmected betwaen pins
10 and 11 sats the clock frequency. B increased itability
is desired, these pins will support a Tystal or LC circuit.
The clock input, pin 10, may alsc be drivan from an
external clock saurce which neszd Bave only standard
CMOS output drive, For external clw 2k snputs this pin is
referenced 10 VEE. A 300 kil resi or results in clock
frequency of about &6 kMz. (See the typical
characteristic curves.) For alternate - sguits see Figure 7.

NEGATIVE POWER SUPPLY {VEg Pin12) .

This is the connection for the 35t negative power
supply voltage. The typical current = 0.8 mA. Note the
currant for the output drive circe t is not r2turned
through this pin, but through pin 13.

NEGATIVE POWER SUPPLY FOR ZUTPUT
CIRCUITRY {Vgg, Pin 13}

This is the law voitage level far the Dulput pins of the
MC14433 (8CD, Oigit Selects, EOC, ZR). When this pin
is conagctad 10 analog ground, the owaput voitage is from
analog ground to VpD. When conazcted 10 VEg, the
output swingis fram VEE to Vp. The allowable aperat-
ing range far Vg is between Vo — 10 solts and Vg,

END OF CONVERSION (EQC, Pin 1=,

The E0C qutpul produces 3 pulse .t the end of sach
conversion cycle. This pulse width 1. sQuivaieat (0 one
hait the period of the system clock {pis 11},

OVERRANGE (OR, Pin 15}

The GR pin is low when VX excee s Vi Normally
it is high.

BIGIT SELECT (D54, DS3, 0S2, DS Pins 16,17, 13,
19)

Tha digit select ocutput is high whzsn tha respective
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