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Abstract

Voltage to Frequency Converter (VFC) can be used
for high resolution analog to digital converter using
ratiometric counting technique. In this method we use
ratio between output count M on VFC frequency and count N
on reference frequency wiﬂhin the suitable period T (ofen
0.1 second ,‘ 10 second etc.). By wusing VFC pulse to
synchronize counting both VFC frequency and reference
frequency simultaneously it can eliminate error of VFC

counting and improve accuracy of conversion.
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Definition Of Control
SC—SELECT COUNTER:
SC1 SCo

0 0 Selsct Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 ilegal

RL—READ/LOAD:

BRL1 RLO
0 0 | Counter Latching operation (see
READ/WRITE Procedure Section).

0 | Read/Load most significant byte only.
0 1 | Read/Load least significant byte only.
1 1 | Read/Load ieast significant byte first,

then most significant byte.
M—MODE:
M2 M1 MO
0 0 0 Mode 0
0 0 1 Mode 1
X 1 0 Mods 2
X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
BCD:
0 Binary Counter 16-Bits
1 Binary Coded Decimal (BCD) Counter
(4 Decades)

31] 4.9 ﬁaﬁwuausiasﬁmm%’%ma%mnqu(CONTROL REGISTER)
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National
Semiconductor
Corporation

LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters

General Description

The LM131/LM231/LM331 family of voltage-lo-frequency
converters are ideally suited for use in simple low-cost cir-
cults for analog-to-digital conversion, precision frequency-
to-voltage conversion, long-term integration, linear frequen-
¢y modulation or demodulation, and many other functions.
The output when used as a vollage-to-frequency converier
Is & pulse train at a frequency precisely proportional o the
applied input vollage. Thus, it provides ali the inherent ad-
vantages of the voltage-lo-frequency conversion tech-
niques, and is easy to apply in all standard voltage-to-fre-
quency converter applications. Further, the LM131A/
LM231A/LM331A attains a new high level of accuracy ver-
sus temparature which could only be attained with expen-
give voltage-to-frequency modules. Additionally the LM131
Is ideally sulted for use in digital systems at low power sup-
ply voltagos and can provide low-cos! analog-to-digital con-
version In microprocessor-controlied systems. And, the fre-
quency from a battery powered voltage-to-frequency con-
verier can be easily channeled through a simple photoisola-
tor to provide isolation against high common mode levels.
The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circult, to provide excel-
lent accuracy over the full operating temperature range, at
power supplies as low as 4.0V. The pracision timer circuit

has low bias currents without degrading the quick response
nocessary for 100 kMz voltage-to-frequency conversion,
And the outpul is capable of driving 3 TTL 'pads, or a high
voltage output up to 40V, yet Is short-circuii-proof against

Vee

Features

8 Guaranteed linearity 0,01% max

8 Improved performance in existing voltage-to-frequency
conversion applications

& Spiit or single supply operation

& Operates on single 5V supply .

8 Pulse output compatible with all logic forms

| Excellent {emperature siability, +50 ppm/*C max

8 Low power dissipation, 15 mW typical at 5V

190 27 o

/l Wide dynamic range, 100 dB min at 10 kHz full scale

frequency
B Wide range of full scale frequency, 1 Hz 10 100 kHz
a Low cost

Typical Applications
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*=0.1uF or 1uF, See “Principies of Operation.™

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with « 0 N Tunical Linaardtv If = 10 Hz to 11 kHr)
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Ty
. N
e ——
Absolute Maximum Ratings (ote 1) _
It Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for
avallabllity and specifications.
LM131A/LM131 LM231A/LM231 LM331A/LM331
Supply Voltage 40v 40V 40V
Output Short Circuit to Ground Continuous Continuous Continuous
Output Short Circuit to Voo Continuous Continuous ! Continuous
Input Voltage —-0.2Vto +Vg =~0.2Vio +Vg ~0.2Vto +Vg
Tuiw  Tuax Tain Tuax - Tun  Tuax
Operating Ambient Temperature Range -55'Cto +125°C ¢ -25°Cto +85'C 0*Cto +70°C
Powaer Dissipation (Pp at 25°C)
and Therma! Resistance (0ja)
(H Packagse) Pp 670 mW 570 mW 570 mW
Oja 150°C/W 150°C/W 150°C/W
- (NPackage) Pp- . 500 mW 500 mW
Oja 155°C/W 155°C/W
Lead Temperature (Soldering, 10 sec.) ’
Dual-In-Line Package (Plastic) 2680°C 260°C 260°C
Metal Can Packege (TO-5) 260°C 260°C 260°C
ESD Susceptibllity (Note 4) 8DV TBDV TBDV
Electrical Characteristics T,=25'C unless otherwise specified (Note 2)
Parameter Conditions Min Typ: Max Units
VFC Non-Linearity (Note 3) 4.5V € Vg < 20V :o.oq:a +0.01 % Full-
; Scale
Tmin € Ta < Tuax 10.008 +0.02 % Full-
’ Scale
VFC Non-Linsarity Vg = 15V,{ = 10 Hzto 11 kHz +0.024 10.14 %Full-
in Clrcult of Figure 1 Scale
Conversion Accuracy Scale Factor ViN= —10V,Rg = 14kn N
(Gain) .
LM131,LM131A, LM231, LM231A 0.95 1.00 1.05 kHz/V
LM331, LM331A - 0.90 1.00 1.10 kHz/V
Temperature Stability of Gain Tmin £ Ta < Tuax, 4.5V < Vg < 20V
LM131/LM231/LM331 +30 $150 ppm/*C
LM131A/LM231A/LM331A +20 150 ppm/*C ;
Change ol Galn with Vg 4.5V<Vg < 10V 0.01 0.1 %/ b
10V < Vg < 40V 0.008 0.06 %/V '
Rated Full-Scale Frequency ViN= =10V 10.0 kHz
Gain Stability vs Time TMmIN € Ta < Tuax +0.02 % Full- |
(1000 Hrs) Scale !
Overrange {(Beyond Full-Scale) ViN= —11V 10 % ‘
Frequency
INPUT COMPARATOR
Otisetl Voltage ; +3 10 mv
LM131/LM231/LM331 Tmin € Ta < Tmax 14 +14 mv
LM131A/LM231A/LM331A TN < Ta < Tmax 3 +10 mV
Blas Current -80 -300 nA
Offset Current %8 1100 nA’
Common-Mode Range TN < Ta € Tmax -0.2 Voc—20 v
TIMER
Timer Threshold Voltage, Pin § - 0.63 0.667 0.70 X Vg
Input Bias Current, Pin 5 Vg = 15V
All Devices OVEVping < 9.8V *10 +100 nA
LM131/LM231/LM331 Vping = 10V 200 1000 nA
LM131A/LM231A/LM331A Vpinsg ™ 10V 200 500 nA
Vsat piy s (Reset) i=5mA 0.22 0.5 \
B e Lol IO ' B

AT 1 i Y

%

RIS S cond

PN h

1



/ Cistributors for

LWM331A/LM331
4NV
Continuous
Continuous
~0.2V10 +Vg
T Tmax
1w +70°C
870 mW
1ECIW
500 mW
155 CIW
260°C
260°C
TBDV
Trox Units
1 0.0 % Full-
Scale
10.02 % Full-
Scale
2014 %Full
Scale
1.05 kHz/V
1.10 kHz2/V
1150 ppm/*C
150 ppm/°C
0.1 %IV
.06 % IV
kHz
% Full-
Scaie
%
I R,
o 0 mV
114 mv
£10 mV
IUGTRAEEE SRR S
300 nA
1 100 nA
Ve~ 2.0 v
ot bl G A
P,
070 X Vg
S BERANA S,
1100 nA
1000 nA
500 nA
0.5 \Y
- - c—

Electrical Characteristics Ta=25°C unless otherwise speacified (Note 2) (Continued)

Parameter | Conditions T Min I Typ I Max ] Units

CURRENT SOURCE (PIn 1) .
Output Current Rg=14k, Vpiny 1 =0

LM131, LM131A, LM231, LM231A 128 135 144 KA

LM331, LM331A 116 136 156 pA
Change with Voltage OV$Vpin 1< 10V 0.2 1.0 pA
Current Source OFF Leakage :

LM131, LM131A 0.01 1.0 nA

LM231, LM231A, LM331, LM331A : 0.02 10.0 nA

All Devices Ta=Tmax 2.0 50.0 nA
Operating Range of Current {Typical) ' (10 to 500) pA
REFERENCE VOLTAGE (Pin 2)

LM131, LM131A, LM231, LM231A 1.76 1.89 2.02 Voo

LM331, LM331A 1.70 1.89 2.08 Voo
Stability vs Temperature ) 160 ppm/*C
Stabllity vs Time, 1000 Hours ) +0.1 %
LOGIC OUTPUT (Pin 3)

Vsat I=5mA 015 | 050 v

1=3.2 mA (2 TTL Loads), TuiNS TA< Tmax 0.10 0.40 v

OFF Leakage +0.05 1.0 pA
SUPPLY CURRENT

LM131, LM131A, LM231, Vg=5V 20 3.0 4,0 mA

LM231A Vg=40V 25 4.0 6.0 mA

LM331, LM331A Vg=5V - 1.5 3.0 6.0 mA

- Vg =40V ’ 20 4.0 8.0 mA

Note 1: Absolute Maxi Ratings ind
the device beyond its specified operating conditions,
Note 2: All specifications apply in the circult of Figwe 3, with 4.0V<Vg 40V, unless otherwise noted.

timits beyond which damage to the device may occur. DC and AC electrica! speciications 4o not apply whon opersting

Ti "n S&a0-P

Note 3: Nonlinearity is defined as the devistion of foyy from Viy X (10 kHz/ - 10 Vor) when the circult has been trimmed for zero error at 10 Kz and at 10 kHa,
ovar the frequency range 1 Mz to 11 k2. For the timing capacitor, Cy, use NPO ic, Tefion®, o polysty
Hote 4: Human body modae!, 100 pF discharged through 8 1.5 kf) resistor.
Functional Block Diagram
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2| Typical Performance Characteristics
d (Al electrical characleristics apply for the circuit of Figure 3, unless otherwise noted.)
< Nonlinearity Error, LM131 . -
g Family, as Precision V-to-F Nonlfinearity Error, LM131 Nonfinearity vs Power Supply
= Converter (Figure 3) " Famlly Voltage
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Typlcal Applications (continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONYERTER

The Lm:h. is a monolithic circuit designed for accuracy and
versatile operation when applied as a voltage-to-frequency
(v-to-F) converlar or as 8 frequency-to-voltage (F-to-V) con-
verter, A simplified block diagram of the LM131 is shown in
Figure 2 and consists of a switched cunent source, input
comparator, and 1.shol timer,

The operation of those blocks is best understood by going
through the operating cycle of the basic V-to-F converler,
Figure 2, which consists of the simplified block diagram of
the LM131 and the variqus resisiors and capacitors con-
nected to it

The voltage comparator compares 8 positive input voltage,
V1, at pin 7 to the voltage, Vy, at pin 6. if V1 is greater, the
comparator will trigger the 1-shot timer. The output of the
timer will tum ON both the frequency output transistor and
the switched current source for a period = 1.1 R;C;. During
this period, the current | will flow out of the switched current
source ang provide a fixed amount of charge, Q=i X t, into
the capacitor, Cy. This will normally charge Vy up to a higher
leve! thaniV's, At the end of the timing period, the cument |
will tum OFF, and the timer will reset itself.

Now there is no current flowing from pin 1, and the capach
tor C_ will'be gradually discharged by Ry until Vy falis o the
level of V1. Then the comparator will trigger the timer and
start another cycle.

The current flowing into C,_ is exactly lavg = | X (1.1 XRCy)
X 1, and the current flowing out of Gy is exactly Vy/Ry =
Vin/Ry. If VN is doubled, the frequency will double to main-
tain this balance. Even a simple V-to-F converter can pro-
vide a frequency precisely proportional to its input voltage
over a wids range of frequencies.

-y
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]
] Ynyoutacy
] suTmit
l 3
ou w01 -d
e
=
:
TU/H/5680 -4

FIGURE 2. Simplified Biock Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131and
Extemal Components

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a) :

The block diagram shows a band gap reference which pro-
vides a stable 1.9 Vpc output. This 1.8 Vpg is well regulated
over a Vg range of 3.8V {0 40V, i also has a flat, low tem-
perature coetficient, and typically changes less than ;%
over a 100°C temperature change.

The current pump circuit forces the vollage at pin 2 to be at
1.8V, and causes a cumrent i=1.80V/Rg 1o flow. For
Rg= 14k, 1= 135 pA. The precision current relleclor pro-
vides a current equal to | to the current switch. The current
swilch swilches the current to pin 1 or to ground depending
on the state of the Rg flip-flop.

The timing function consists of an Rg flip-fiop, and a timer
comparaior connected to the external R\C, network. When
the input comparator detects a voltage at pin 7 higher than
pin 6, it sets the Rg flip-flop which tums ON the cument
switch and the output driver transisior. When the voltage at
pin 5 rises 1o ¥4 Vce, the timer comparator causes the Rg
flip-fiop 1o resel, The rasel ranaistor is thon turned ON and
the cumrent swilch is tumed OFF.

However, i the input comparator still detects pin 7 higher
than pin 6 when pin 5 crosses 24 Vg, the flip-fiop wiil not
be reset, and the current at pin 1 will continue to flow, in its
attempt to make the voltage at pin 6 higher than pin 7. This
condition will usually apply under start-up conditions or in
the case of an overload voltage at signal input. it should be
noted that during this sort of overioad, the output frequency
wili be 0; as soon as the signal is restored 1o the working
range, the output frequency will be resumed.

The output driver transistor acts 10 saturate pin 3 with an
ON resistance of about 509, In case of overvoltage, the
output cumrent is actively limited to less than 50 mA.

The voltage at pin 2 is regulated at 1.80 Vpg for all values of
i batween 10 pA to 500 pA. It can be used as a vollage
reterence for other components, bul care must be taken to
ensure that cumrent is no! taken trom it which could reduce
the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (FIGURE 1)

The simpis stand-alone V-to-F converter shown in Fours 1
includes all the basic circuitry o1 Figuwe 2 plus a few compo-
nents for improved performance.

A resistor, Ryy= 100 kf) £ 10%, has been added in the path
to pin 7, 50 that the bias current at pin 7 (- B0 nA typical)
will cancel the eftect of the bias current at pin 6 and help
provide minimum frequency ofiset.

The resistance Rg &t pin 2 is made up of & 12 k1 fixed
resistor plus a 5 k(1 (cermet, preferably) gain adjust rheo-
stat. The function of this adjustment is to trim out the gain
tolerance of the LM 131, and the tolerance of Ry, R, and Cy.
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typlcal Applications (continued)

For best results, all the components should be stable low-
temperature-coetficient components, such as metal-film re-
sistors. The capacitor should have low dielectric absorption;
depending on the lemperature characteristics desired, NPO
ceramic, polystyrene, Teflon or polypropylene are best
sulted.

VA capacitor Cin is added from pin 7 to ground 1o act as &
filter for V). A value of 0.01 uF 10 0.1 uF will be adsquate in
most cases; however, in cases where betler filtering Is re-
quired, a 1 uF capacltor can be used. When the RC time
constants are matched at pin 6 and pin 7, a vollage step at
Vn will cause a step change in foyr. If Ciy is much less
than Cy, a step at V) may cause foyr to stop momentarily,

A 479 resistor, in series with the 1 uF C;, is added to give
hysteresis effact which helps the input comparator provide
the excellen(} linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3) .
in this circult, integration Is performed by using a conven-
tional operational amplifier and fesdback capacitor, Cg.
When the integrator’s output crosses the nominal thrashold
level at pin 6 of the LM131, the timing cycle is initiated.

The average current fed into the op amp's surnrin:: poing
{pin 2) Is 1 X (1.1 RCY X { which is perfectly balanzac with
= Vin/Ryn. In this circuit, the vollage offset of th:
input comparator does not effect the offset or sccurasy of

the V-to-F converter as it does in the stand-alona V.o.F |
converler, nor does the LM131 bias current or o!fset cur-

rent. Instead, the offset voltage and offset curruai of the

operational amplifier are the only limits on how smiall the

signal can be accurately converted. Since op & with

vollage offset well below 1 mV and offset curtents woll be-

low 2 nA are available at low cost, this circuit is recormend-

ed for best accuracy for small signals. This circuit also re-

sponds immediately to any change of input signal {which &

stand-alone circuit does not) so that the oulput treuancy .
will be an accurate representation of V|N. as quickly as 2

output pulses’ spacing can be measured.

In the preclsion mods, excellent {inearity is obtanu:s be-

cause the current source (pin 1) is always a! ground ;:oten-

tial and that voltage does not vary with Vyy or Ig,;7. {1 the

stand-alone V-10-F converter, a major cause of non-!'s carity

is the output impedance at pin 1 which causes i tv +i.ange

as a function of Vi), - :

The circuit of Figure 4 operates in the same way as ~r).r@ 3,
but with the necessary changes for high speed oparation. .
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*Use stable P with low temp coefficients. See Typical Applications soction.

**This resisior can be § k) or 10 kN for Vg = BV 10 22V, bul must be 10 kN for Vg = 4.5V 1o BV,
***Use low offset voltage and low offset curment op amps for A1: recommended types LM108, LM30BA, LF411A

FIGURE 3. Standard Test Circult and Applications Clrcult, Precision Volitage-to-Frequency Converter
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r:yplcal Applications (coﬁunued)

DETAILS OF OPERATION, FREQUENCY-TO-

VOLTAGE CONVERTERS (FIGURES 5 AND 6)

in these applications, a pulse input at fiy is differentiated by
8 C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circult. Just as with
a V-to-F converter, the average current flowing out of pin 1
is laverage = | X (1.1 RCy) X 1.

In the simple circuit of FIGURE 8, this cumrent is filtered In
the network R = 100 kf? and 1 uF. The ripple will be less
than 10 mV peak, but the response will be slow, with a

0.1 second time constant, and setiling of 0.7 second 1o
0.1% accuracy.

In the precision circult, an operational amplifier provides a
buffered output and also acts as a 2-pole filter, The ripple
will be less than 5 mV peak for all frequencies above 1 kHz,
and the response time will be much quicker than in Figurs 5.
However, for input frequencies below 200 Hz, this circuit will
have worse ripple than Figure 5. The engineering of the filler
time-constants {0 get adequate response and small enough
ripple simply requires a study of the compromises 1o be
made. Inherently, V-to-F converier response can be fasl,
but F-to-V response can not.
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*Use stable components with low temperature coofficients.

FIGURE S. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, £ 0.06% Non-Linearity
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*Use stable P with low temperatsre L] s,
See Typica! Applications section.

* This resistor can be § k! or 10 Afl for Vg~ 8V to 22V,
but must ba 10 kN for Vg= 4.5V to BV,

*25 30 low offse! voltape and low offsel curent op amps for At:
recommended types LF411A or LF358.

TL/H/5680-8

FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, 1 0.03% Non-Linearity
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Program VFC;

USES Crt,Dos,Graph;

VAR
Gd,Gm,error : integers;
Vi : real;
X,y ¢ integers
flagi,flag2 : integer;
controlword : word;
CONST
cO0 = $304; port_a = $300;
cl = $305; port_b = $301;
c2 = $306; port_c = $302;
cwr = $307; | contrl = $303;
cO_m0 = $30; cé_mz = $B4;
cl.m0 = $703 c2_m4 = $B8;
c2_m5 = $BA;
{ ----port_a,port_c ¢ out , port_b :in -—---- }
ctl55 = $82;
{-emmme - parameter for set8255A procedure -------- }
Base8255 : word = $300;
Type
Flag825510 = (Input,Output);
bit = 0..13
addbit = 1..73

Procedure Set8255I0(AI0, BIO, ClowerIO, CupperIO : Flag8255I10;

var controlword : word)s;



(]
Var
IOcontrol : Byte;

Abit, Bbit, Clowerbit, Cupperbit : Integers;

O INITIALIZES USING MODE O ONLY =-~=-----—-e—ea- )

I0control := $80; { set high bit for IO option }

IF AIO = Input THEN Abit := 1 ELSE Abit := 03
IF BIO = Input THEN Bbit := 1 ELSE Bbit := 0;
IF ClowerlIO = input THEN Clowerbit := 1 else Clowerbit := 03
IF CupperIO = input THEN Cupperbit := 1 else Cupperbit := 03

I0control := IOcontrol OR (Abit SHL 4 ) OR (Bbit SHL 1) OR
(Cupperbit SHL 3) OR (Clowerbit):

controlword := Ichntrol;

End;

Procedure setscale;
Var
yo,y1 ¢ integer;
st : Strings
begin
settextstyle(0,0,1);

rectangle (20,0, getmaxx, getmaxy-10);

for yo := 1 to 11 do

str(yo-1,st);
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outtextxy(0o,getmaxy - 17 - y1,st);
outtextxy(15,getmaxy - 17 - yl,;_’);
Y1 == yO #(10000 div (getmaxy - 48));

end

we

end;

Procedure initializelIO;

begin
{=—m=m==- set I/0 mode O for 8255A -------eee- )
set825510 (output, input,output,output,controlword);
PortLcontrll =:= controlword; '
{-emmemee set counter mode and initialize ---}
{-cmmemme for counter 1 and counter 2 -------- }
Portlfcwrl  := cO_m0;
PortCcO1l t= $FF; {lo byte}
Port[c0O3l t= 8FF;s; {(hi byte)
Portlfcwr] t= c¢1_mO;
PortCc1] :=  $FF3;
Portlci] := $FF;
e el set, period 20 ms for counter 2 ----- )
PortCcwrl = c2_m2;
Portlc2] t= $603{ low byte }
PortfCc21 t= $EAs;{ high byte }
end;

Procedure startconvert;

begin

]
o
-

Port[port_cl :

Port[port_cl := $FF;
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PortCport_cl := 0;
ends;

Procedure ReadCounter(Var Vin : real):

Var
LBO,LB1,UBO, UB1 : real;
M,N,Fo : reals;
begin
LBO = Port.[c01; {Lo byte}
UBO s= Port(cO01l; {Hi byte)}
LB1 := Portlci1l;
UB1 s= Portlfci1l;
M 2= 65535 - ((UBO % 256) + LBO); {VFC Freq}
N =:= 65535 - ((UB1 % 256) + LB1); {Clk Frea}
Fo := (M / N) *3000000;
Vin = 1.18 % (Fo - 1100 );
writeln(> M = ?’,round(M) ,’ N = ?’,round(N),
end;

Procedure initCTO_CT1:

begin
{—mmmmme e SET COUNTER 0 ---m-e—m———e )
{Portlcwrl = e¢0_mOs3}
PortCcO1l t= $FF; {lo byte}
Portlc0l := $FF; {hi byte}

{mmmmmmmmee o SET COUNTER 1 ~—-—=mm——-—mn )

v

’

,rou



end;

Procedure

end;

Procedure

begin

end;
Procedure
var

y1

begin

$603{ low byte }

$EA; { high byte 1}

Portlcwr] t= ¢1_mO0;
PortCc1l t= §FF;
Portlci1] s= $FF;
initCT2;

—————— SET COUNTER 2
Porticwrl t=  c2_m2;
PortfLc2] =
PortLc2] sz
opengraphic{

Gd := detects

initgraph(Gd,Gm, *Az’)
error := graphresults;
iR

begin

writeln(’Error graph detect’);

writelLn(’Abort
halt(1)s

end;

real);

plot( y =

: word;

error <> grok then

L2
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¥1 := round(y) div getmaxy - 10;
putpixel (x,getmaxy-10-y1,getmaxcolor);

ends

begin (Main}
clrscrs
initializeIo;
portLport_cl := $00;
while not keypressed do
begin
startconvert;
(% ////71//77/7 check SG = 1 /777777177 %)
flagl := Poft[port-b];
while (flagl or $7F) < S$FF do
begin
flagl := PortLport_bl;
end;

Ok L1111 000777070707700777070770170777 %)

delay(18);
startconverts;
(k ///777//7777 check SG = 0 /////7//177 %)
vhile (portCport_bl or $7F) <> $7F do
begin end;

Ok /7177777171777 270771171777717777 %)

ReadCoUnter(vi);

initCTO_CT1;



end.

while (portLport_b]
begin end;y
de]ugl]d»;
startconvert;
while (portlport_bl
begin end;
ReadCounter(vi);
initCTO_CT1;s
end;

readln:

or $7F) < $FF do

or $7F) <> $7F do
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