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ABSTRACT

This thesis presents a development of a multi-channels
controller using two 8:bit Z-80A microprocessors, one functioning
as a multi-channels controller and the other as a data trans-
ceiver. The measurement signal and control signal are sent as
FM-modulated carrier signals on the 220V AC power lines.

The .multi—channels controller is designed to have four
independent. single-loop analogue controllers, and also digital
I1/0 facilities. Each analogue controller can be used with control
actions which are proportional only, or proportional plus
integral (P1), or proportional plus derivative (PD), or
proportional plus integral and derivative (PID). The user may
also set high and low alarm values through the keyboard. A
display facility gives, for any one channel, simultaneous dis-
plays of the set-point, the measured variable and the controller
output by an LED panel. The 16-channel digital 1/0 facility can
be configured to provide a wide range of digital control func-
tions:

Thus the controller may be used for a‘very wide range of
control purposes, both analogue or digital or both. It is small,

inexpensive and very versatile.
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Tunautasionnoiaean i loun3 W dtnnaeudan mac) w1y
183 MC 1408 wnaiamatas aneluled MC 1408 WeEnavEasaeITIENE
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Voo g [(A1/2)+(A2/4)+(A3/B)+(A4/16)+(A5/32)+(A5/64)+

(A7/128)+(Aa/258)3 Vg, (2-19)
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2.4.6 nanfamsbnamaentiudnaeIeaa [Analog to  Digital

Conversion : (ADC)]
< < . - & 4l <l <
n L andnueunaen L Thiinnea Inea luzﬂmﬁm'fﬁ'm\:mrm‘lﬁﬁa WA

. v . 3 - af - - w =4
Successive Appoximation ADC Tiihiinetian & Fuasmisn 1wt e w59



20
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O m AV Vi NG (2-21)
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t®a7139% (2 nd Order Butterworth VCVS Low-pass Fitters)
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[, = ARFL R B C N ) (2-22)

" o . ' -'.: >y o " - :Jl o w
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Fig. 3.20 FINAL DATA RECEIVER CIRCUIT
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722 EXAR

XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION

Tne XR-2206 is & monolithic function generator inte-
rated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
gtability and accuracy. The output waveforms can be
poth amplitude and frequency modulated by an exter-
nal voltage. Frequency of operation can be selected
externally over a range of 0.01 Hz to more than 1 MHz.

The circuit is ideally suited for communications, instru-
mentation, and function generator applications requir-
ing sinusoidal tone, AM, FM, or FSK generation. It has a
typical drift specification of 20 ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequen-
¢y range, with an external control voltage, having a
very small affect on distortion.

FEATURES

Low-Sine Wave Distortion 0.5%, Typical

Excellent Temperature Stability
Wide Sweep Range

Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range

Adjustable Duty Cycle

APPLICATIONS

Waveform Generation
Sweep Generation

AM/FM Generation

VIF Conversion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dissipation
Derate Above 25°C

Total Timing Current

Storage Temperature

20 ppm/°C, Typical
2000:1, Typical
0.01%YV, Typical

10V to 26V
1% 10 92%

26V

750 mwW

5 mw/°C

6 mA

-65°C to + 150°C
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2206M Ceramic —-55°C to +125°C
XR-2206N Ceramic 0°Cto +70°C
XR-2206P Plastic 0°C to +70°C
XR-2206CN Ceramic 0°C to +70°C
XR-2206CP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set
of current switches.

The VCO actually produces an output frequency pro-
portional to an input current, which is produced by a re-
sistor from the timing terminals to ground. The current
switches route one of the timing pins current to the
VCO controlled by an FSK input pin, to produce an out-
put frequency. With two timing pins, two discrete output
frequencies can be independently produced for FSK
Generation Applications.




XR-2206

ELECTRICAL CHARACTERISTICS

L\

251

Test Conditions: Test Circuit of Figure 1, vt = 12V, Ta = 25°,C = 0.01 yF, Ry = 100 k02, Ry = 10 kA, Rz =
unless otherwise specified. S open for triangle, closed for sine wave.
XR-2206M XR-2206C
PARAMETERS MIN | TYP TMAX MIN l TYP I MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS == %
Single Supply Voltage 10 26 10 26 v ;
Split-Supply Voltage 25 +13 | 5 +13 v i
Supply Current 12 17 14 200 mA |Ry 2 10k0 o
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 05 1 MHz |C = 1000pF, Ry = 1k
Lowes! Practical Frequency 0.01 0.01 Hz |C=50uFRy=2M0
Frequency Accuracy 2] I\ %4 -3 % of I | o = 1/R4C
Temperature Stability +10 | 50 +20 ppm/°C | 0°C = T = 70°C,
Ry =Rz = 20kN
Supply Sensitivity 0.01 | 01 0.01 %N Viow = 10V, VHIGH =
20V,
Ry = Rp = 20k 02
Sweep Range 1000:1 | 2000:1 20001 H=IL [lH@Ry = 1kD 4
IL@Ry =2M0 ]
Sweep Linearity
10:1 Sweep 2 2 % |1 = 1kHz, fy = 10kHz |}
1000:1 Sweep 8 8 % fL = 100 kHz, {4 = 100
kHz 1
FM Distortion 0.1 0.1 % 4 10% Deviation 1
Recommended Timing
Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF See Figure 4.
Timing Resistors: 1 20001 1 2000 kM
R1 & R2 ]
Triangle Sine Wave Output See Nole 1, Figure 2.
Triangle Amplitude 160 160 mV/k @ | Figure 1, S¢ Open
Sine Wave Amplitude 40 60 | 80 60 " | mVik @ | Figure 1, Sq Closed b
Max. Output Swing 6 6 Vpp a
Qutput Impedance 600 600 0
Triangle Linearity 1 1 % 1
Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep E
Sine Wave Amplitude 4800 4800 ppm/°C | See Note 2.
Stability
Sine Wave Distortion
Without Adjustment 25 25 % Ry = 30k 0
With Adjustment 04 1.0 0.5 1.9 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 k@
Modulation Range 100 100 %
Carrier Suppression 55 85 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vpp |Measured at Pin 11. |
Rise Time 250 250 nsec |Cp = 10 pF !
Fall Time 50 50 nsec |Cp = 10 pF !
Saluration Voltage 02 | 04 02 | 06 v I = 2mA i
Leakage Current 0.1 20 01 100 pA Vi1 = 26V
FSK Keying Level (Pin 9) 08 1.4 24 08 1.4 24 v See section on circuit
controls
Reference Bypass Voltage 29 31 33 25 3 3as v Measured at Pin 10.

Note 1: Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 2.
Note 2; For maximum amplilude stability, Rg should be a positive temperature coeflicient resistor.
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XR-2206

Figure 10. Circult for Sine Wave Generation without External
Adjustment. (See Figure 2 for Choice of R3).
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Figure 11. Circult for Sine Wave Generation with Minimum
Harmonic Distortion. (R3 Determines Output
Swing—See Figure 2.)
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The XR-2206 can be operated with two separate timing
resistors, R4 and Rp, connected to the timing Pin 7 and
g, respectively, as shown in Figure 12. Depending on
the polarity of the logic signal at Pin 9, either one or the
other of these timing resistors is activated. If Pin 9 is
gpen-circuited or connected to a bias voltage =2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Rp is activated. Thus, the output frequency
can be keyed between two levels, {1 and fp, as:

fy = 1/R1C and f2 = 1/RC

For split-supply operation, the keying voltage at Pin 9 is
referenced to V—.

Dutput DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
pin 3 is biased midway between V+* and ground, to
give an output dc level of =V+/2.

APPLICATIONS INFORMATION
Sine Wave Generation
without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V+/2, and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be pro-
vided as described in the following section.

The circuit of Figure 10 can be converted to split-supply
operation, simply by replacing all ground connections
with V= For split-supply operation, Rz can be directly
connected to ground.

With External Adjustment;

The harmonic content of sinusoidal output can be re-
duced to =0.5% by additional adjustments as shown
in Figure 11. The potentiometer, Ra,-adjusts the sine-
shaping resistor, and Rg provides the fine adjustment
for the waveform symmetry. The adjustment procedure
is as follows:

1. Set Rg at midpoint, and adjust Rp for minimum
distortion.

2 With Ry, set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
liangle wave generation, by simply open-circuiting Pin
13and 14 (i.e., Sy open). Amplitude of the triangle is ap-
Proximately twice the sine wave output.
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Figure 12 shows the circuit connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted, by the choice of timing re-
sistors, Rq and Ry, the output is phase-continuous dur-
ing transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V—.

FSK Generation

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp wave-
form generation. in this mode of operation, the FSK key-
ing terminal (Pin 9) is shorted to the square-wave output
(Pin 11), and the circuit automatically frequency-shift
keys itself between two separate frequencies during
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% 1o 99%, by the choice of Ry and Rp. The val-
ues of Ry and Ry should be in the range of 1 k2 to 2
M.

PRINCIPLES OF OPERATION
Description of Controls
Frequency of Operation:

The trequency of oscillation, fg, is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8.
The frequency is given as:
1
fo RC Hz

and can be adjusted by varying either R or C. The rec-
ommended values of R, for a given frequency range, as
shown in Figure 4. Temperature stability is optimum for
4 kit < R < 200 k2. Recommended values of C are
from 1000 pF to 100 uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total tim-
ing current, |7, drawn from Pin 7 or 8:

_ 320 I (mA)
U CHER)

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at + 3V, with respect to Pin 12.
Frequency varies linearly with Iy, over a wide range of
current values, from 1 pA to 3 mA. The frequency can
be controlled by applying a control voltage, V¢, to the
activated timing pin as shown in Figure 9. The frequen-
cy of oscillation is related to Vg as:

{ = Lh\iUﬁE)Hz
RC Rg 3
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where Vg Is in volts. The voltage-to-frequency conver-
sion gain, K, is given as:

0.32
K = 8/ = = —— H
alrdve RcC zV

CAUTION: For safety operation of the circuit, IT
should be limited to =3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportional 1o
the external resistor, Rz, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximately 60
mV peak per ki of R3: for triangle, the peak amplitude
is approximately 160 mV peak per kit of R3. Thus, for
example, R3 = 50 k1 would produce approximately
+ 3V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying adc ;. |
as and a modulating signal to Pin 1. The internal impeg.
ance at Pin 1 is approximately 100 kQ. Output ampj;.
tude varies linearly with the applied voltage at Pin 1, i
values of dc bias at this pin, within 24 volts of V+ /2 a5 |
shown in Figure 5. As this bias level approaches V+p |
the phase of the output signal is reversed, and the am.
plitude goes through zero. This property is suitable fo
phase-shift keying and suppressed-carrier AM genera.
tion. Total dynamic range of amplitude modulation is ap.
proximately 55 dB.

CAUTION: AM control must be used in conjunclion
with a well-regulated supply, since the output amplitude
now becomes a function of V+.

v
V: A Ve
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vy
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[F] ' \
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ANA[OG DIVISION JUNE 1983

8-BIT GENERAL PURPOSE AID CONVERTER N55034

%—m

DESCRIPTION FEATURES PIN CONFIGURATION

The NE5034 is a high-speed micropro- * 8-bil resolution and accuracy

cessor-compatible B.bit Analogto-Digital * Accepts unipolar or bipolar inpuls F PACKAGE

converter. It uses the successive approx- * Three-state output buffers for easy

imation conversion technique, and in- microprocessor interface

cludes the comparator, reference DAC, + Choice of internal or external clocking oo wse) 1] (18] oA

SAR, an Internal clock and three-state bul- » Short conversion time, 17,5 typical Mea [77) 0iG1TAL GND
fers all on the same chip. using internal clock e ) anALOG GMD
The converter can accommodate a8 wide APPLICATIONS o83 (3] mm

analog Input voltage range, bipolar or i

unipolar, selectable through exiernal * All microprocessor-based monitoring oe4 ] [1d] - vee

input resistors. An external capacitor con- ::::]::::;:::"t'm' fequiring analog pes [ (73] tngr IN

rol nal clock fr n ro- 5

:i:i:nm:or::::;I:n iim:s 'az?.:: 1?.15,.:. * Typlcal applications Include: oee [T i3] 4 vee
Faster conversion times are possible Automated process control, machine oe7 [} 1) cuk

using an external clock. tools, robots, lest and measurement ok [7] 78] STRT

Instruments, environmenial controls
Other applications include:

Microprocessor interfacing requirements

are simple, allowing analogto-digital  Ratiometric A/D conversion, very high .,
conversion with a minimum of external resolution AID conversion systems ORDER NUMBERS
components. requiring high speed &-bit bullding NERRN
blocks
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vec+  Positive supply voltage Oto +6 v
Vec- Negative supply vollage 0to -15 v
lrer Reference current 1.5 mA
[ Analog Input current 50 mA
Vo Data outpul vollage 6.0 v
Analog GND 1o Digital GND 10 v
Vi Logic input voltage =110 Veet v
Po Power dissipation
F package 1000 mw
Ta Operating temperature range Oto 470 *C
Tsig  Storage temperature range - 6510 + 150 *C
Tsop Lead soldering temperature (10 seconds) 300 *C

BLOCK DIAGRAM

Iner IN +Vee -Vee
8811 DAC
‘
AN GND
INT
CLOCK BAR
=
s
—0 DIG GND
QUTPUT BUFFLN 1
lr |———0 DATA READY
cLK SThT Of LBl e s = .
(M58 |lIl1

Signetics 3.55
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ANALOG DIVISION JUNE 1983

8-BIT GENERAL PURPOSE A/D CONVERTER NES034

DC ELECTRICAL CHARACTERISTICS +vcc=50V, - Vo= - 12V,0°C € T, < 70°C unless otherwise specified

SYMBOL AND PARAMETER TEST CONDITIONS MIN | TYP | MAX [UNIT

Resolution 8 8 8 Bits

Relative accuracy error . =12 | LSB
Vcc+  Positive supply range 475 | 50 | 525 v
Vee—- Negalive supply range -114 | =12 | -126 v
Erg Full scale gain error lpgr=1.0mA, T,=25"C +2 x5 LSB
Ezs Zero scale offsel error lpgr=1.0mA, T, =25°C +05 +1 LSB
Pst  Power supply rejection’ lngr= 1.0 MA, Vee + 47510 + 525V, Ve - 11.4

to - 126V +12 | LSB

Vi Logic 1input voltage (STRT and OF) 20 v
Vi Logic 1 input vollage exi. clock 24 v
Vi Logic 0 Input voltage (STRT and OE) 08 v
Vi Logic 0 input vollage ext clock 07
I Loglc 1 Input current (STRT and OE) Vin=2.4V 20 WA
I Logic 1 input current ext clock Vin= 2.4V 100 wA
I Logic 0 input current (STRT and OE) Vi = 0.4V ~20 | -100 | »A
I Logic O Input current ext. clock V=07V : - 100 A
Vou  Logic 0 output voltage lop = 1.8mA, 5E= 0.8v 04 v
Vou  Logic 1 output voltage lon= 4004A, DE=0.8V 24 v
loz Three-state leakage E-E =20V, Vo =0V or 5V = 10 L)
lccs  Positive supply current Vee+ 5V, Vee - 12V 18 36 mA
lec Nepgative supply current Vec#+ 5V, Vo - 12V -1 -22 | mA

NOTES

1 Reistive sccuracy Is defined as the devistion of the code fransition points from the idaal code iransition points on & siraight line drawn trom rero scale 1o full scals of the
device

2 Specllications given in LSBs refer (o the weight of the least signilicani bit at the B bt level which is 039% of the full scale voltage

3. MAX chenge in lull scale

AC ELECTRICAL CHARACTERISTICS V4 = 4+5V,V- = - 12V, T,=25'C

SYMBOL & PARAMETER T0 FROM TEST CONDITIONS MIN | TYP | MAX |UNIT
Internal clock frequency C, = 60pF (See Figure 1) 500 KHz
External clock frequency 700 | KHz
Tw STRT pulse width Clock freq. = S00KHz 400 ns
External clock pulse width positive/negative 600 ns
Set up time' See Figure 3 300 ns
1p (oul data) propagation delay data oult OE See Figure 2 50 200 ns
tp (out DR) propagation delay data ready outl | Bth clock See Figure 3 700 ns
Ip (3:stale) propagation delay 3-state 'mpe:;g:e = 5E See Figure 2 60 200 A
1p (DBO) propagation delay DBO DR See Figure 3 500 ns
tp (SDR) STRT low 1o DR high data ready high | STRT low See Figure 3 700 ns

NOTE
1 See descoption of “Set up time”

3-56 Signetics



ANALOG DIVISION

JUNE 1983

8-BIT GENERAL PURPOSE A/D CONVERTER

NES034

TYPICAL PERFORMANCE CHARACTERISTICS

INTERNAL CLOCK FREQUENCY vs CONVERSION TIME vs
EXTERNAL CAPACITOR (CL) CLOCK FREQUENCY
100.000 50
10,000 - “© o
=
- e £ »
g ™ .—< = _!-,
x -
5 o ) ey
5 \ \\
[ 3
" 10 p—o N 10 ]
\‘
1 0
1 10 100 1000 10,000 100,000 300 400 500 600 700 800
CAPACITOR (CL) IN pF FREQUENCY (KHa)
FIGURE 1
!
TEST LOAD CIRCUITS
DATA OUTPUT HIGH
In & If = 20ns
p—] | GaTaREALY L oa1y oy
(F - = 0%
DATA OUTPUT ,,:.-‘:o: a0 0 TR 3 0%
= o] nEson —0 - Vee (- 12V) _l
YKt S15pFE ) o —0 Ings IN= ImA n
I \ —0 Vee ¢ (+ W)
= o {‘:_li_;;faolm 10%
©— ART PULSE 50%
SRRV 2k 170 LEVELS) PEETOS)
-— Ip (DATA) — rpsrarg
DATA QUTPUT LOW
Vee= + 8V vec In & 15 & 2008
e —————o BATA READY #0%
10K b 1 ] ] L
2 / o— 4 sxu 10% ,\)
a4
DATA z 00— AAN—C iy (=0 1V)
ouTPUT S o NESOM - Ve (- 12V) _-| o in
b\ o—] Inis IN = tmA
I \ g Voo + (4 8Y)
= e — () CLK 500K M2 Veo
OF (111 L:vum® fa I ETART PULSE
= (TTL LEVELS) %
= 0%
= Ip para) e asraTe— l- =
FIGURE 2

Signetics
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ANALOG DIVISION

JUNE 1983

8-BIT GENERAL PURPOSE A/D CONVERTER

NES034

8th CLOCK
PULSE

Jiﬁ%

GR 50%

DBO

FIGUREQ

<1rDBO) >

FUNCTIONAL PIN DEFINITIONS
DATA READY (DR)

This is an output pin used to indicate that
a conversion Is in progress. DR goes to a
logic *'1" when STRT is at a logic 0. At
the completion of a conversion DR returns
1o a logic "0". There Is a delay (MAX 0.5us)
from the time DR goes to "0 to the time
DBO data Is valid.

DBO-DB7

Eight three-state data outputs each with a
drive capabllity of one TTL load. DBO is the
LSB and DB7 is the MSB.

OF 7

Output enable input. When OE Is al a logic
"1" the data outputs assume a high impe:
dance state. With OF at a logic 0", data is
placed on the outputs. Data appearing on
the outputs is only valid if both OF and DR
are at logic 0" (see note on DR timing).

STRT

This pin Is used to resel the converler and

start a new conversion. A logic 0" applied -

to this pin for a minimum of 400ns will
rese! the converter to a condition with
DB7 at a logic 1" and all other Data oul-
puts at logic "0". It will also cause DR to
Qo to a logic 1" (see timing diagrams for
delay times) Conversion will start with the
1st clock pulse after STRT relurns 1o a

3-58

logic “1" (see notes on set up time re-
quired). A STRT pulse while a conversion
is taking place will cause the conversion
to be aborted and the converter will reset.
(See notes on shori-cycle operation.)

CLKIN

An external capacitor between this pin
and ground generales the internal clock
pulses. (See diagram for clock frequency
vs capacilor value). In order to synchro-
nize the internal clock, lo the starl pulse a
diode (small signal lype e.g., 1N914)
should be connected between STRT and
CLK IN (see Figures 4 and 5). Without this
diode the start pulse could occur at a time
which could cause one of the conditions
described in the Note on “set up” time.
Applying an external TTL.or MOS.compat-
ible clock to this pin slaves the NE5034 to
external clock lrequency. In this case, the
diode is not requited but the "set up™ time
requirements should be noted.

BASIC CIRCUIT DESCRIPTION

The NE5034 is an B-bit AID converter which
incorporates the successive approxima
tion conversion method. Upon receipt of
the STRT pulse. successive bits, begin-
ning with the MSB (DB7), are applied o the
input of the internal B-bit current output
DAC by the 1L successive-approximation
register (SAR) (see Block Diagram).

Signetics

The comparator determines whether the
output current of the DAC is greater or
less than the inpul curient converted from
the unknown analog input voltage through
an exiernal input resistor. If the DAC out-
put current is greater, the data latch for
the trial bit is reset to a ‘0’ if it is less, the
trial data bit stays at '1°, After all the bits
from DB7 to DBO have been tried, the SAR
contains a valid B-bit binary outputl code
which accurately represents the unknown
analog input to within = 1/2 LSB (= 0.2%).
This binary output will now remain in the
SAR until another STRT pulse is applied.

During the successive-approximation se-
quence, the DATA READY signal remains
at ‘1'. Upon completion of the conversion,
the signal goes to a ‘0’, Indicating that
data is valid and ready. If the OE input is
left at a '0° during the conversion, the
DATA OUTPUT shows the conversion se-
quence (see short cycle section). When
the OE line Is made a logic '1’, the output
bulfers will go to a high impedance state
and will remain so until the OE is returned
to a ‘0" state.

TIMING DESCRIPTION

The timing diagram shown in Figure 7
shows the successive trial and decisions
for each data bit.

with STRT at a logic "'0" the converter Is
reset to a condition with DB7 at a logic
“1", DR at a logic "1" and DBO-DB6 at
logic 0",

Converslon starts after STRT returns to a
logic “1". Starling with DB7 each bit Is
tried in turn, with the decision point being
at the time of the positive going edge of
the clock. Starting with the first positive
edge alter STRT returns to logic 1" (see
note on “sel up” time). The Bth positive
going edge makes the decision on DBO
(LSB) and also causes DR to return to a
logic 0" to indicate the conversion is
complete. (See note on DR timing.)

SHORT-CYCLE OPERATION

In applications where less than 8 bits of
resolution are required the NE5034 can be
operated to achieve shorter conversion
times. No hard wire changes are required
to perform “short-cycling™.

Conversion to X number of bits Is com-
pleted at the end of X4 0.5 clock cycles
(after a start pulse) DR Will still be at a
logic 1" slale.

OF can be used 10 3stale the oulputs
even during shorl cycle operation
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8-BIT GENERAL PURPOSE A/D CONVERTER

NESO034

BASIC SET-UP DIAGRAM
UNIPOLAR INPUT VALUES (0-10V)

STRY BaYa BuTPUT

BASIC SET-UP DIAGRAM
BIPOLAR INPUT VALUES (= 10V RANGE)

EXTERNAL CLOCK EXTERNAL CLOCK §TRT DATA DUTPUT
(IF USED) PuULSE READY ENABLE (IF USED) PULSE READY ENABLE
1} o
DIGITAL DIGITAL
GROUND 4 GROUND!
UNKNOWN ANALOG cL s UNKENOWN ANALOG cL -4
VOLTAGE INPUT vl el VRS R vount INPUT R et iR Vil
Pin 15 . 100K 18 R
| ——o DGT Mse —o DG7 Mse
50K LR, Lils
Lol LA
| REFIN s ""—o . LT
fl 4
ROREF = 80K LIy NESOI o
8 G 125 &
[ o= LS
|
L < osoise |—< peoLse
[ 12 [
CL ~ SEE FIG 1 FOR VALUE GME €L — SEE FIG 1 FOR VALUE
Di — IN§14 OR SIMILAR }—“1 @nF DI — INS14 OR SIMILAR
CL AND DI NOT REQUIRED — CL AND DI NOT REQUIRED
IF USING EXTERNAL CLOCK IF USING EXTERNAL CLOCK
ANALOG +Vee - Vee ANALOG * Vee - Vee
GROUND GROUND
FIGURE 4. FIGURE 5.
-
20K4
+ V o—AN
ANALOG 3
INPUT - ol
AN Ty
VAvA'
NES034
1004 LT
[557] wovomn
POT

FIGURE 6. SUGGESTED ZERO/FULL SCALE ADJUST CIRCUIT
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SET UP TIME

When using an external clock, the positive
going edge of the start pulse must be syn-
chionized to the clock pulse. There is a
“set up” time of 300ns required between
the time of the start pulse returning to a
logic “1" and the next positive going edge
of the clock.

If the positive edge of the start pulse
occurs less than 300ns prior to the posi-
tive clock edge, one of the following con-
ditions will occur:

a) The converter recognizes the clock
pulse and converts as normal.

b) The conversion starts one clock pulse
later,

©) The conversion never starts, this will be
indicaled by the fact that DR does not
return to logic “0". In this case a new
start pulse will be required.

DATA READY (DR) TIMING

After DR returns to a logic 0" indicating a
conversion is complete there is a time
delay of 500ns before the data at DBO out-
pul (the Least Significant Bit) is valid

ZERO OFFSET (NEGATIVE FULL

SCALE) CALIBRATION

PROCEDURES

1. Apply continuous start pulses to the
ETRT input.

2. Apply 1/2 LSB in the case of unipolar
operation, or 1/2 LSB above - FSin the
case of bipolar operation o the analog
input.

3. Observe all data outputs aller each
conversion is completed.

4. Adjus! the potentiometer connected to
I, (see Figure 6) until the LSB flickers
between ‘0" and ‘1, and all other data
outputs remain ‘0" following each con-
version.

FULL SCALE (POSITIVE FULL
SCALE) CALIBRATION:

1. Apply continuous start pulses to the
ETRT input.

2. Apply tull scale minus 1 1/2 LSB to the
analog inpul.

3. Observe all data outpuls after each
conversion is completed.

4. Adjus! the voltage applied 10 Vger 1y
(Figure 4) until the LSB varies between
‘0 and '1', and all other data outputs
stay ‘1" after each conversion.

NOTE:
1 Whare an input of 1/2 LSB s called lor, the vollage Is
equal m-'-E
25

2 The seguence of calibration should be.

8 Zerooffsel

b Full scaie adjust

¢ Zero oflset

o Full scale adjust

OPERATING PRECAUTIONS:

Analog and digital grounds should have
separate returns. Noise and jitter on digi-
tal ground will degrade accuracy unless
the input is referenced to a ‘clean’ analog
ground.

NOTE
1 OF - Loge 0

? Ser Shoit Oy e el

FIGURE 7. NE5034 TIMING DIAGRAM
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UNIPOLAR BINARY
OPERATION:

A standard connection for a 0 to 10V uni-
polar binary operation, with Vgee  equal
to +5 volts, is shown in Figure 4. The
NE5034 can quantize full scale ranges of
1V to 10V. it should be noted, however,
that for smaller full scale ranges, the ac-
curacy and speed will degrade.

The input voltage versus output code rela-
tionship for unipolar operation is shown in
Table 1. The full scale range is 2 times
IRer in-

Table 1. Unipolar—Binary

DIGITAL
ANALOG INPUT OUTPUT CODE
NOTES 1,2, 3 MSB LSB
FS—1LSB 11 191 ey
FS—2LSB Y1 150
34 FS 11000000
12FS+1LSB 10000001
12 FS 10000000
12 FS-1LSB [ T e B v 65 7
14 FS 01000000
11LSB 00000001
0 00000000
Table 2. Bipolar—Offset Binary
: DIGITAL
ANALOG INPUT OUTPUT CODE
NOTES 1,3, 4 MSB LSB
+(FS-11SB) b A Joh s 1 S
+(FS-218B) 1171 5 3400
+ (112 FS) 11000000
+(1LSB) 10000001
0 1000000
- (1LSB) (100 0 B0 T T I 1
- (12 FS) 01000000
-(FS-11S8B) 00000001
-FS 00000000

BIPOLAR (OFFSET BINARY)
OPERATION:

A standard connectionfora - 5to + 5V or
- 10 to + 10V bipolar opetation is shown
in Figure 5.

NOTES
1 Analng Inputs Ahown ae nnminal cenier valuss of
code

2 1S intullseale Lo, 2y gp (Unipolar more)
3 1 LSA equats (2~ MIFS)
4TS m tgllseate be gy gp (Rpoiar mode)
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DESCRIPTION PIN CONFIGURATIONS
The SE/NE565 Phase-Locked Loop (PLL) is F.N PACKAGE
a self-contained. adaptable filter and de- RFAGEAYS
modulator for the frequency range from v- [1] 73] ne eyt [7] ia] v-
0.001Hz to 500kHz. The circuil comprises a weut [3] 73] we we 7] E ey
vollage-controlled oscillator ol exceptional
stability and linearity. a phase comparator, weyr [3] 73] we wrut (3] 7] ve =
an amplifier and a low-pass filler as shown vCO OUTPUT E E NC vCoouTPUTY E U Eerv?olt
in the block diagram_ The center frequency co..,.s:?s.‘. a 0] Ve coup.\::“éi ] ip) EXTERNALR
of the PLL is determined by the free-runnin btesdetoiist] ki gl
Y 9 rererence [€] Dl ne (€] (3] ne
frequency of the VCO. this requency can be OUTPUT ;::‘:le i SR +) DEwODULATES
adjusted externally with a resistor or a ca- DEMODULATED i FOR VCO outeut L jtw'n-l.ll
pacitor The low-pass filter, which deter- outPyl s i e
mines the capture characterislics of the ORDER :U:ltl ORDER NUMBER
loop, is formed by an internal resistor and an NE/SESESF N NE/SES85D
external capacitor.
ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise specilied
FEATURES
* Highly stable cenfer frequency PARAMETER RATING UNIT
(200ppm/“C typ.) Maximum operating vollage 26 v
* Wide operating vollage range (‘6 lo 112 Input voltage ] Vp-p
volts) Storage temperalure -65 to 4150 *C
. :«g!;ly linear demodulaled output (0.2% Operaling temperature tange
YP NE565 0to 470 *C
* Cenler Irequency programming by SES65 -55 10 4125 °c |
means of a resislor or capaclior, vollage Power dissipation 300 mw
or currenl
* TTL and DTL compatible square-wave BLOCK DIAGRAM
output, loop can be opened 1o insert -
digial frequency divider |
* Highly linear triangle wave outpul » L,
* Reference oulpul for connection of com- —x, , e “T
parator in frequency discriminator mevn 0ty Ll g S ofm outrit
* Bandwidth adjustable from - 1% to =2 =y o '
~ 460% i i
* Frequency adjuslable over 10 1o 1 range 0 |
with same capacilor Jur Tl | L= B eSS SEREER. W
APPLICATIONS i
* Frequency shilt keying g AAA
* Modems i
* Telemelry recelvers tL T—-—‘——‘
* Tone decoders 3 v o
* SCA recelvers
* Widebend FM discriminators EQUIVALENT SCHEMATIC
* Data synchronizers -~
* Tracking filters m;_oul NCY SETTING RESISTOR ye
* Signal restoration b B2l m: 5
* Frequency multiplication & division | J l { }.u: éc,
dudtip | 0 " i outeur
’ (L] B l It i . ouTPUY l
e I gt r i ‘ l‘ REFERENCT
1 | . " l ] ‘ H 1 $,
' (T Mt *
1 { I
T f | dirad
! |
i, 1,
| ' BT )
th
o L% i I |
' | 1 -4 | e
| " |
A ] " I I
l' s L L ) 3s.lnn.u !’ SIGNAL
¥V €, TREQUENCYSFTTING  VCO PHASE WPyt mPyT
i CAPACITOR OUTPUT COMPARATOR :
11-12 Signetics
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&1ALOG DIVISION
ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = 46V unless otherwise specified.
SE565 NE565
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
SUPPLY REQUIREMENTS
Supply voltage 26 112 | 26 212, v
Supply current 8 |125 8 |125 mA
INPUT CHARACTERISTICS
Input impedance! p 2 10 5 10 kil
Input level required for fo = 50kHz, 210% 10 10 mVrms
fracking frequency deviation
VvCO CHARACTERISTICS
Center frequency
Maximum value 300 | 500 500 kHz
Distribution? Distribution taken about
fo= 50kHz, Ry = 5.0kf}, Cy = 1200pF| -10 0 [+10{-30 0 |+30 %
Drift with temperature fo = 50kHz 200 300 ppm/*C
Drift with supply voltage fo = 50kHz, Vcc = %6 to 17 volts 01]10 02|15 %/V
Triangle wave
Output voltage level 19| 24| 3 |19 (24 ]| 3 Vp-p
Linearity 02 05 %
Square wave
Logical “1" output voltage fo = 50kMHz2 +49| +52 +49 452 v
Logical “0" output vollage fo = 50kHz -02]|+02 -02]|+402 v
Duty cycle fo = 50kHz 45 50 | 55 | 40 50 | 60 %
Rise time 20 | 100 20 ns
Fall time 50 | 200 50 ns
Output current (sink) 06| 1 06 1 mA
Output current (source) 5 10 -] 10 mA
DEMODULATED OUTPUT CHARACTERISTICS
Output voltage level Measured at pin 7 425| 45| 475| 40 | 45| 50 v
Maximum voltage swingd 2 2 Vp-p
Output voltage swing 110% frequency deviation 250 | 300 200 | 300 mVp-p
Total harmonic distortion 02 ]075 04 |15 %
Output impedanced 36 36 kil
Offset voltage (V6-V7) 30 | 100 50 | 200 mvV
Ofisat voltage vs temperature (dritt) 50 100 uv/ec
AM rejection 30 40 40 dB
NOTES
1 Both input terminals (pins 2 and 3! mus! receive identical dc bias This biss may range
from 0 volts 1o -4 volts 3
2 Theexternal o lof freg ¥ 1R must have 8 value belween 2ki)
and 20M1)
3 Oulpul vollage swings negative as inpul liequency InCleases
4 Outpul nol bullered
Signetics
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PHASE LOCKED LOOP

NE/SES65

TYPICAL PERFORMANCE CHARACTERISTICS

POWER SUPPLY CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE

3

R, = FREQUENCY SETTING
RESISTOR

»
|

\
|

POWER SUPPLY CURRENT — mA

4

4 " 2 26
TOTAL SUPPLY VOLTAGE — V
LOCK RANGE
AS A FUNCTION OF
GAIN SETTING RESISTANCE

1

(PIN 6-7)
L % !
V4=V
V- =8V
- 1
I
e
& 8 10
& rEEano
-1
£
-]

|
|
I

02040808 101214181820
RELATIVE FREE-RUNNING FREQUENCY — Iy

VCO CONVERSION GAIN

/|

os |—1 4

T

08 10 15 20 25 20
VOLTAGE BETWEEN PIN 7 AND PIN 10 — Vig-Vr
CHANGE IN FREE-RNNING

VCO FREQUENCY AS A
FUNCTION OF TEMPERATURE

-

NORMALIZED FREE-RUNNING FREQUENCY

25 Tl

| V- =8V
B P ‘
15 a2

o B AR o

-10 —

FREQUENCY — %

=18 | =W _—
rd
-20

-25
~75-80-25 © 25 BO 76 100 12%

TEMPERATURE — *C

CHANGE IN FREE-RUNNING VCO

LOCK RANGE
AS A FUNCTION OF
INPUT VOLTAGE

[ [T
\ ViaV =8y

0 |—1— e

INPUT — mV (pp)

02 04 08 08 1.0 1.2 1.4 18 18
NORMALIZED LOCK RANGE

YCO OUTPUT
WAVEFORM

;

- N T 7N 1]
Ej NZ-NZIEN
Hratiai

DESIGN FORMULAS
(See Figure 1)

1.2
Free-running frequency of VCO: lo~
% @ 4R\C)

inHz

Bl .
Lock-range: I = + — in Hz
Vee

where » = (36X10M X C2

TYPICAL APPLICATIONS
FM Demodulation

The 565 Phase Locked Loop Is a general
purpose circuit designed for highly linear
FM demodulation. During lock, the average
dc level of the phase comparator output
signal is direclly proportional 1o the fre-
quency of the input signal. As the Input
frequency shifts, it is this oulput signal
which causes the VCO to shift its frequency
to match that of the input. Consequently,
the linearity of the phase comparator output
with frequency Is determined by the
voltage-lo-frequency transfer function of
the VCO.

1-14

Because of its unique and highly linear
VCO, the 565 PLL can lock to and track an
inpul signal over a very wide bandwidth
itypically +60%) with very high linearity
(typically, within 0.5%!).

A typical connection diagram is shown In
Figure 1. The VCO free-running frequency is
given approximately by

-1.2

fom AR}Cu and should be adjusted to be at

the center of the input signal frequency
range.  C1 can be any value, bul R1 should
be within the range of 2000 to 20,000 chms
with an optimum value on the order of 4000
ohms. The source can be direct coupled il
the dc resistances seen from pins 2and 3are
equal and there is no dc voltage difference
between the pins. A shorl between pins 4
and 5 connects the VCO to the phase com-
parator. Pin 6 provides a dc reference voll-
age that is close to the de potential of the
demodulated output (pin 7). Thus, if a resist-
ance is connected betweon pins 6and 7, the
gain of the output stage can b reduced with
little change in the dc voltage level al the
output. This allows the lock tange to be

Signetics

decreased with little change in the free-
running frequency. In this manner the lock
range can be decreased from *60% of I, to
approximately $20% of fo (at 26V).

A small capacitor (typically 0.001uF) should
be connecled between pins 7 and B to elimi-
nale possible oscillation in the control cur-
rent source.

A single-pole loop filter Is formed by the
capaclior C2, connected between pin 7 and
the positive supply, and an internal resist-
ance of approximalely 3600 ohms.

ML
L]
A 00! T €3
1t
[T DF MODUA ATLD
L T eyl
w3 o
4 Trut
e < ¥
l— I SRS
L1
WA
Figure 1
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Frequency Shift Keylng (FSK)

FSK relers to data transmission by means of
acarrier which is shifted between two preset
Irequencies. This frequency shill is usually
accomplished by driving a VCO with the
binary data signal so that the two resulting
frequencies correspond to the “0" and "1"
slates (commonly called space and mark) of
the binary data signal.

A simple scheme using the 565 1o receive
FSK signals of 1070Hz and 1270Hz is
shown in Figure 2. As the signal appears at
the input, the loop locks to the input fre-
quency and tracks il belween the two lre-
quencies with a corresponding dc shift at
the output.

The loop flilter capacitor C2 is chosen small-
er than usual to eliminate overshoot on the
output pulse, and a three-stage RC ladder
lilter is used to remove the carrier compo-
nent from the output. The band edge ol the
ladder filter is chosen to be approximaltely
half way between the maximum keying rate
tin this case 300 baud or 150Hz) and twice
the input frequency (approximately
2200Hz). The outpul signal can now be
made logic compatible by connecling a
vollage comparator between the oulput and
pin 6 of the loop. The free-running frequen-
cy is adjusted with R1 so as to resull in a
slightly-positive vollage at the output with
T = 1070Hz

The input connection is lypical for cases
where & dc voltage is present al the source
and therelore a direct connection is not
desirable, Both input terminals are returned
to ground with identical resistors lin this
case, the values are chosen lo effect a 600-
ohm inpul impedance).

Frequency Multiplication

There are iwo methods by which frequency
multiplication can be achieved using the
565:

1. Locking to a harmonic of the input signal.

2 Inclusion of a digital frequency divider or
counter in the loop belween the VCO and
phase comparator,

-

The first method is the simplest, and can be
achieved by setling the free-running fre-
quency of the VCO to a multiple of the input
frequency. A limitation of this scheme is that
the lock range decreases as successively
higher and weaker harmonics are used lor
locking If the input frequency is lo be
constant with hittle tracking required, the
loop can generally be locked to any one of
the first 5 harmonics. For higher orders ol
multiplicalion, or for cases where a large
lock range is deslred, the second scheme is
more desirable An example of this might be

l.ll ]
:'m E

i O *

w
<

ow Zom 3 ooz

Figure 3
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Figure 4

a case where the inpul signal varies over a
wide frequency range and a large mulliple
of the input frequency is required.

A block diagram of the second scheme is
shown in Figure 3 Here the loop is broken
between the VCO and the phase compara-
tor, and a frequency divider is inserled The
fundamental of the divided VCO frequency
is locked to the input frequency in this case,
s0 that the VCO is actually running al a
multiple of the input frequency. The amount
of multiplication is delermined by the fre-
quency divider. A typical conneclion
scheme is shown in Figure 4. To set up the
circunt, the frequency limits of the input
signal must be determined. The free-
running frequency of the VCO is then ad-
Justed by means of R1 and C1 (as discussed
under FM demodulation) so that the output
frequency of the divider is midway between
the input frequency limits The filter capaci-
tor, C2, should be large enough o eliminate
variations in the demodulated output volt-
age (at pin 7), in order to stabilize the VCO
frequency. The oulpul can now be taken as
the VCO squarewave oulpul, and ils funda-
menilal will be the desired multiple of the
Iinput frequency (1) as long as the loop s in
lock.

SCA (Background Muslic) Decoder

Some FM slations are authorized by the
FCC to broadcas! uninterrupled back-
ground music for commerical use. To do
this & frequency modulated subcarrier of
67kHz is used The frequency is chosen 50

Signetics

&s not 10 inlerfere with the normal stereo or
monaural program; in addition, the level of
the subcarrier is only 10% of the amplitude
of the combined signal

The SCA signal can be fillered out and
demodulated with the NE5S65 Phase Locked
Loop without the use of any resonant cir-
cuits A connection diagram is shown in
Figure 5. This circult also serves as an
example of operation from a single power
supply.

A resistive voltage divider is used 10 estab-
lish a bias voltage for the input (pins 2 and
31. The demodulated imultiplex) FM signal is
fed to the input through a two-stage high-
pass filter, both to effect capacitive coupling
and to altenuale the sirong signal of the
regular channel. A total signal amplitude,
between BOmV and 300mV, is required at the
input Its source should have an impedanca
of less than 10,000 ohms.

The Phase Locked Loop is tuned to 67kHz
with a 5000 ohm potentiometer; only ap-
proximalte tuning is required, since the loop
will seek the signal.

The demodulated output (pin 7) passes
through a three-stage low-pass filter to
provide de-emphasis and atlenuate the
high-frequency noise which often accom-
panies SCA transmission Nole that no ca-
pacitor Is provided directly &1 pin 7; thus, the
circuit is operaling as a first-order loop The
demodulaled oulpul signal s in the order of
50mV and the lrequency response exlends
to 7TkHz

11-15
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Semiconductor

LM131A/LM131, LM231AILM231 LM331A/LM331
Preclslon Voltage-lo— Frequency Converters

General Description

The LM131/LM231/LM331 family of voitm o~ the quick response necessary for 100 kHz voltage-to-
frequency converters are ideally suited for use in simple frequency conversion. And the_putput is gapable of
low-cost circuits for analog-to-digital conversion, driving 3 TTL loads, or a high voltage output up o
precision frequency-to-voltage conversion, long-term 40V, yet is short- cucult proof sgainst Voe.

integration, linear frequency modulation or demodu-

lation, and many other functions. The output when used . “ .
a5 a voltage-to-frequency converter is a pulse train at a ; !

frequency precisely proportional to the applied input Features

voltage. Thus, it provides all the inherent advantages of

the voltage-to-frequency conversion techniques, and is s Guaranteed linesrity 0.01% max

easy to apply in all standard voltage-to-frequency \ B
converter applications. Further, the LM131A/LM231A/ ® Improved performance in existing voltage-to-frequency
LM331A attains a new high level of sccuracy versus conversion applications

temperature  which could only be sttained with

expensive voluge to-frequency modules. Additionally & Sollt or singié sipply OPvIRticn _

the LM131 is ideally suited for use in digital systems at s Operates on single 5V supply

low power supply voltages and can provide low-cost

snalog-to-digital conversion in microprocessor-controlled  ® Pulse output compatible with all logic forms
systems. And, the frequency from a battery powered 3
voltage-to-frequency converter can be easily channeled
through & simple photoisolator to provide isolation = Low power dissipation, 15 mW typical at 5V
sgainst high common mode levels.

Excellent temperature stability, +50 ppm/°C max

The LM131/LM231/LM331 utilizes 8 new temperature- frequency
compensated band-gap reference circuit, to provide
excellent accurscy over the full operating temperature
range, at power supplies as low as 4.0V. The precision -

* Wide range of full scale frequency, 1 Hz to 100 kHz

s Wide dynamic range, 100dB min at 10kHz fu'lll'u:'ilc ;

{

"".Lg_emmecm ‘LEZNTIVIEZN

-

3 A g s N Low cost
timer circuit has low bies currents withouy degrading
Typical Applications _ e vy
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, LM331A/LM331

Absolute Maximum Ratings

Supply Voltage

Output Short Circuit 1o Ground
Output Short Circuit to Vg
Input Voltage

Operating Ambient Temperature Range

LM131A/LM131,
LM231A/LM231

Power Dissipation (Pp #1 25°C)
and Thermal Resistance (6j4)
{H Package) Pp
Bia
(N Package) Pp
6ia

LMI31A/LMI3Y LM231A/LM2Z3N
40V 40V
Continuous, Continuous
Continuous Continuous
-0.2V 1o +Vg =0.2V 10 +Vg
TN TMAX Tmiv - Tmax
-55°C104125°C  -25°C 10 4B5°C
670 mW 570 mW
150°cw 150°Cw
y 800 mwW
155°C™W

Electrical Characteristics TA = 25°C unless otherwise specified.  (Note 1)

LM331A/LM331
40V
Continious
Continuous
-0.2V1to4Vg

Tmax
0°C1o470°C

Tmin

570 mW
150°CW
500 mw
155°CW

PARAMETER CONDITIONS [ TYF MAX
VFC Non.Linearity (Note 2) 4.5V < Vg<20v =0 003 00
ThINS Ta< TMax 20000 2002
In Circuit of Fipure 1 Vg = 15V, = 10 Hz 10 11 kH2 20024 0.
Conversion Accuracy Scale Factor Vin® =10V, Rg = 14 k]
{Gain)
LMI31, LMI31A, LM231, LM231A \ v 100 1.08
LM331, LM3IA ! 0B 1.00 1.10
Temperature Subitity of Gain TMINS TA< Thax. 4.5V € Vs € 20V v
LAMIILM231/LMAY B 230 2150
LMIZTAILMIITA/LMAZIA 220 50
Crange of Gain with Vg 45V < Vg <10V 001 01
! 10V € Vg < 40V 0006 006
Rated Full Scale Frequency Vin® ~10V 100
Overrange (Beyond Full Scale) Vin® =1V 10
Freauency
INFUT COMPARATOR
Othet Voluape e 23 210
LMI31/LM231/LM33) TMINS TA < Tiax 4 214
LMIZIA/LNZ31A/LMIZTA TMINS T € TMAX 3 10
Bias Current -8 =300
Offset Current H 1100
Common-Mode Range TMINS TA< TuaX 02 Vec20
TIMER
Timet Thresho!d Volisge, Pin § [ A D&Y oM ’
Input Bias Curent, Pin § Vg * 15V J _ 5
A1l Devices OV < Vp e B BY 10 100 - -
LMI31/LM23V M3 VR g 10V 200 1000
LMINALMINAILMIZIA VeiIN g * 10V 00 00
Veat pin & (Reset) I=Sma 022 06

B 252
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Electrical Charactieristics (Continued) Ta= 25°C unless otherwise specified (Note 1)

[T PARAMITER | CONDITIONS T 7 mn ] v | wax | unns
[CURRENT SOURCE (Pin 1)
[Dutout Current Rg» Wkl Vpn1* 0
LMI31, LMI31A, LM23Y, LM2DNA 126 13% 144 pA
LM331, LMINA 16 136 166 PR
Change with Voluage OV < Ve 1 S0V ) - 0.2 10 5 A
Current Source OFF Leakage
LMI3Y, LMIZVA om 1.0 nk
LM231, LM231A, LM33T, LM3IZA 002 100 LLY
All Devices Ta=Twax 20 800 nA
Operating Range of Curremt (Typica!) 110 10 500) pA
REFERENCE VOLTAGE (Fin 2)
LMI31, LMI3TA LM231, LM23VA 176 1.89 202 Vpc
LM33), LMIJTA 1.70 189 208 vVpcr
Subility vi Temperature 360 ppm/C
Subility vs Time, 1000 Hours 201 L)
LOGIC OUTPUT (Pin 3)
VEaT I=&ma 0% 0.50 v
1#32mA 2 TTL Loads). TMINS TA € TMaX 010 040 v
OFF Leakape 200% 10 ph
SUPPLY CURRENT
LMI3T, LMI3TA, LM23Y, Vg 5V in 0 40 mA
LMZ31A Vg = a0V 25 40 €0 ma
LM331, LM3IA Vg =5V 18 a0 &0 mA
Vg 4DV z 20 40 80 mA

Functional Block Diagrams

Note 1: All specifications spply In the circuit of Figure 3, with 4 0V € Vg € 40V, unless otherwist noted.

Note 2: Nonlinearity it Gefined ms the devistion of 1oyt from Vi » (10 kHz/=10 V! when the circuit has been trimmed for 2ero #rror 81
10 Hz #nd at 10 kHz, over the frequency renge 1 Hz 1o 11 kHz. For the timing capscitor, C7, vie NPO ceramic, Tefion®, or polystyrene.
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LM231A/LM231, LM331A/LM331

LM131A/LM134,

Typical Performance Characteristics

(All electrica! characteristics apply for the circuit of Figure 3, unless otherwise noted.)

Nonlinesrity Error, LM131

Family, »s Precision V1o-F Nonlinearity Error, LM131 Nonlinsasrity vi Powsr Supply .
Converter (Fipure 3) Family Volisge
«<n —
oM |
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g L im g : //
E 40 ' fan AL
M t "
<0 -
P AN B W w0001 BBCT BT MY 0 (IR O T [ T I TR T}
FREQUENTY, hHs ulnuiu\n.m POWER SUPPLY VOLTAGL, Vg
Frequency v Tempersture, VREF vi Temperature, Outpun Frequency wi
LMI131A LMI31A VSUPPLY
s R T
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Typical Applications (continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO- FREDUINCV CDtJ)VERTER
Faewamraen

The L 1.’3’1 is a monoli T'uc circuit designed for accuracy
and v:mme operation when applied as 8 voltape-to-
frequency (V-to-F) converter or as a frequency-to-
voltage (F-10-V) converter, A simplified block diagram
of the LM131 is shown in Figure 2 and consists of a
switched current source, input comparator, and 1.shot
timer,

The operation of these blocks is best understood by
going through the operating cycle of the basic V-10-F
converter, Figire 2, which consists of the simplified
block diagram of the LM131 and the various resistors
and capacitors connected 10 il

The voltage comparator compares & Ppositive inpul
voliage, V1, a1 pin 7 10 the voltape, Vi, at pin 6. 1 V1 is
greater, the comparator will trigger the 1-sho1 timer, The
output of the timer will turn ON both the frequency
ouvtput transistor and the switched current source for »
period 1 = 1.1 R{Cy. During this period, the curient i
will flow out of the switched current source and provide
2 fixed amount of charge, O = i x 1, into the capacitor,
CL. This will normally charge Vy up 10 8 higher level
than V1. At the end of the timing period, the current
i will turn OFF, and the timer will reset itself,

Now there is no current flowing from pin 1, and the
capacitor C| will be graduslly discharged by R until
Vy falls to the level of V1. Then the comparator w-ll
rigger the timer and start another cycle.

The current flowing into € is exactly JAVE = | x
(1.1 x RyCy) x 1, and the current flowing out of C is
exactly Vy/R & Vyn/RL. H VN is doubled, the fre-
quency will double 1o maintain this balance. Even a
simple V-to-F converier cen provide a frequency pre-
cisely proportional to its input voltage over a wide
range of frequencies.

\
b3

]
. .
I[J‘

w=iigwip
twsmjuy
SOVALE

Yipoit

e e ¥ L
. i sutrwt
7 L) BT
h t L A ouiaupt
I CDwrARAIDE Smetn
= o
il
YoLYALE
.

' L, l
FIGURE 2. Simplified Block Disgram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External Components

RIpuinry

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

The block disgram shows # band gap reference which
provides a stable 1.8 Vpc output. This 1.8 Vpg is well
regulsted over a Vy range of 3.8V 10 40V, It also has »
fis1, low temperature coefficient, and typically chanpes
less than 1/2% over » 100°C 1emperature change.

The current pump circuit forces the voliage at pin 2 10
be at 1.8V, and causes a current i » 1.90V/R, to fiow.
For Ry = 14k, i= 135 yA, The precision current reflector
provides # current equal 10 i 10 the current switch, The
current switch switches the current to pin 1 or 1o
ground depending on the s1ate of the Rg {lip fiop.

The timing function consists of an Rg tlip-fiop, and a
timer comparator connected to the external RyCy
network. When the inpul comparator detects » voltage
»1 pin 7 higher than pin 6, i1 se1s the Rg flip-fiop which
wrns ON the current switch and the output driver
transistor, When the voliage at pin 5 rises 10 2/3 V((.
the timer comparator causes the Rg tlip-fiop 1o reset.
The reset transistor is then turned ON and the current
switch is turned OFF,

However, if the input comparator still detects pin 7
higher than pin 6 when pin 5 crosses 2/3 Vg, the
flip-fiop will no1 be reset, and the current at pin 1 will
continue 10 flow, in it attempt to make the voltage at
pin & higher than pin 7. This condition will usually
apply wnder stert-up conditions ot in the case of an
overload voltage a1 signa! input. It should be noted that
during this sort of overload, the output frequency will
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 seturate pin I with
an ON resistance of about 5002 In case of overvolispe,
the output current is actively limited 1o less than S0 mA,

The voltage a1 pin 2 s regulsied a1 1.90 Vpc for ol
values of i between 10 pA& 10 500 pA. It can be used as 8
voliapt reference for other componenn, but care must
be tehen 1o ensure that current i not teken from it
which could reduce the accuracy of the converter.

PRINCIPLES OF OFERATION OF BASIC VOLTAGE.
TO.FREQUENCY CONVERTER (FIGURE 1)

The simple standatone Vo F converter shown in
Figure 1 includes !l the basic circuitry of Frigure 2
plus » few components for improved performance.

A resistor, Ry = 100 k02 210%, has been dded in the
path 1o pin 7, so that the biss cuntentat pin 7 (=BD nA
typicat]) will cancel the eflect of the biss current s pin B
snd help provide minimum frequency oflsel

The resistance R, a1 pin 2 is made up of 2 12 L1 fined
resistor plus 8 B AT (cermen, preferably) gan adjust
rheostat. The function of thil adjustment i1 1 tnim ool
the gain tolerance ©f the LAI3Y, and the rolerance of
Ry. R and Cy. For best resu'n, oll the components

‘LELNTVIELAT
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Typical Applications (continued)

should be stablé low-temperature-coefficient ¢compon-
ents, such as metal-film resistors. The capacitor should
have low dielectric absorption; depending on the temper-
ature characteristics desired, NPO ceramic, po!ystyrane 5
Teflon® or povaropvlene are best suited.

A capacitor is added from pin 7 to ground to act as a
filter for ViN. A value of 0.01 puF to 0.1 uF will be
adequate in most cases; however, in cases where better
filtering is required, a 1 uF capacitor can be used. When
the RC time constants are matched at pin 6 and pin 7,
a voltage step at VN will cause » step change in fouT.
If CyN is much less than C|, a step at VN may cause

fouT to stop momentarily,

A 4752 resistor, int series with the 1 pF C|, is added to
give hysteresis effect which helps the input comparator
provide the excellent linearity (0.03% typical),

DETAIL OF OPERATION OF PRECISION V-TO-F

. CONVERTER (FIGURE 3]

In this circuit, integration is performed by using a con-
ventional operational emplifier and feedback capacitor,
CF. When the integrator’s outpu! crosses the nominal
threshold level at pin 6 of the LM131, the timing cycle is

* Registered trademark of DuPont

initiated. The average current fed into the op s}
summing point (pin 2) is i x (1.1 RiCi) x { which 4
perfectly balanced with —V n/RyN. In this circuit, pe
voltage offset of the LM131 input comparator does net
affect the offset or accuracy of the V-to-F convertw &
it does in the stand-alone V-to-F converter, nor does e
LM131 bias current or offset current. Instead, the oM
voltage and offset current of the operational amplife
sre the only limits on how small the signal con 0
sccurately converted. Since op amps with voltage ot
well below 1 mV and offset currents well below 2 ad
are available at low cost, this circuit is recommented by
best accuracy for small signals. This circuit also respora
immediately to any change of input signal (which 3
stand-alone circuit does not) so that the output *y
quency will be an accurate representation of Viy =
quickly 8s 2 output pulses’ spacing can be memus

In the precision mode, excellent linearity is obta~et
because the current source (pin 1) is always at grom¢
potential and that voltage does not vary with Viy e
fouT. (In the stand-alone V-to-F converter, s mas
cause of non-linearity is the output impedance at pn 1
which causes i to change as a function of V).

The circuit of Figure 4 operates in the same wry a |

Figure 3, but with the necessary :hanges for high wpeet
, operation.

;
:
o
X

Vg '
» M
108 1 10% 106 1% Ehoxt
—"AWA _‘v‘v‘v '3
L LTI o
. ) 1t
- I\ 7 B
= 1 -

L jlggic - =
3 'i'"
? 0 kM
-

LEATRE L FULLSCALE
Py " i I

A RHEDSTAT — ;

. GAIN o gn
% ADJUST 00055 < <" d
. ey Pt MYLAR
i -—wv——d—-l F«
¥ A
ULL SCALE - 'om--'-‘l'—ﬂ 5
v Ay MG

vi

OPTIONAL
OFFSET ADJUST
0L 70 1M =

*Use s1able components with low temperature coefficien

**This resistor can be 8kl or 10 k{1 for Vg = BV 1o 22V,

t1. See Typical Applications section.
but must be 10kl for Vg = 46V to BV,

***Use low offset voltage end low offsat current op smps for Al: recommended types LM10B, LMJIOBA, LFI51B

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Applications (continueg)

Light Intensity to Frequency Converter
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Typical Applications (continvea)

Anslop-to-Digitsl Converter with Microprocessor
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Applications (continvea)

Voltage-to-Frequency Converter with Isolators
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LM2ITH, LMIZVAH or LMINH
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Schematic Diagram

Ay <
ru% “

> iln

Bt

>
< -
b

w

HE

R s

| 73, N

=

8261



2
o

mu\“-lmmaums%mumamiﬂﬂmmmﬁ i




28 0B
B8 DA
04 FF
2CFF
82 FF
84 FF
21 08
CA 09
46 02
98 02
4D 02
80 FC
DO FC
78 FC
7A FC
08 FC
28 FC
0é FC
00 00
£8 03
38 FC
00 00

40 FC
00 00
0A 00

90 01
FF 03
60 FC
00 00
90 01
68 FC
00 00
FF 03
3C 00
70 FC
20 FD
20 00
24 00
28 00

2500 A.D. 780 CROSS ASSEMBLER

INPUT FILENAME :
OUTPUT FILENAME :

DECBIN:
DECIMAL:
INPBF:
DISPBF:
OUTPTR:
DISP:
CONVER:
MSG:
SCAN:
SCAN1:
SCAN2:
PAGE1:
PAGE2:
PARAP:
PARAP1:
SV:

KP:
VALUEL:
KPMIN:
KPMAX:
g
TIMIN:
TIMAX:
10:
TDMIN:
TDMAX:
ALH:
AHMIN:
AHMAX :
ALL:
ALMIN:
ALMAX:
MAN:
MANMIN:
HANMAX :
DT:
DATA:
CHECK:
PORTAL:
PORTAZ:
PORTA3:

SET. ASH
SET.0BJ

EoU
Eeu
Eou
EQU
EQu
EQU
EQU
EoU
EQU
Eou
EQU
Eou
EQU
EQU
EQU
EQU
EQU
EQU
EoU
EQU
EQU
EQU
Eou
Eou
Eou
Eou
EQu
EQU
Ecu
Eou
Eou
Eou
Eou
EoU
EQU
EQU
Eou
Eov
Eou
Eou
EQU

VERSION 3.00b

0B28H
0ABBH
FFO4H
FF2CH
FF82H
FF84H
0821H
09CAH
0246H
0298H
D24DH
FC8OH
FCDOH
FC78H
FC7AH
FCO8H
FC28H
FCO&H
00H
O3E8H
FC38H
00H
064H
FC&40H
00H
0AH
FC58H
0190H
D3FFH
FC60H
000OH
0190H
FC68H
0000K
03FFH
3CH
FC70H
FD20H
20H
26H
28H

;= 0.0
;= 100.0

0 Sec.
3= 100 Min.

0 Sec.
10 Min.

60.0 %
102.4 %

"N

;= 0.0 %
;= 40.0 %

H 0.0 % .
102.6 %
60 Sec./Sample

" "

iRECEIVE DATA PV1
; TRANSMIT DATA Mv1
RECEIVE DATA PV2



2000

2000
2003
2005
2008
2008
2000
2010
2013
2016
201A
201E
2022
2026
2024
202€
2032

20

21
25
29
pi]

22
26
24
2E

23
27
28
2F
2
20
2E

3C

30

34

38
61
04
B9

21
36
11
01
ED
cD
21
22
0D
DD
DD
DD
1]
DD
(]
DD

00

00
00
00
00

00
00
00
oo -

00
00
00
00
00
00
00

00

00

00

00
00
00
09

08 FC

00

09 FC

7F 00

B0

B9 09

00 00

20 FD

21 0& FF
36 00 4C
36 D1 20
36 02 20
36 03 53
36 06 20
36 05 20
36 06 2E

PORTA7:

PORTB1:
PORTB2:
PORTB3:
PORTB7:

PORTC!:
PORTC2:
PORTC3:
PORTC7:

COMMWI :
COMW2:
COMW3:
COMWT:
P_LOOP:
P_PARA:
Ptt-D:

P_UDI1:
P_SU_D:
P_Su_D1:
DPALARM:
N1:

N2:
CLEAR:

EQU

EQU
Eou
EoU
EQU

EQU
Eou
Eou
EQU

Eou
EQU
EoU
EQu
Eou
EoU
EoU

EQU

EQU

Eou

EQU
EOU
Eou
EQU
ORG

LD
LD
LD
LD
LDIR
CALL
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD

2CH

21H
25H
294
20H

224
26H
2AH
2EH

234
274
26H
2FH
2CH
20H
2EH

3CH
30H
34H

38H
61H
04H
09B9H
2000H

HL, SV
(HL),00
DE, SV+1
BC,007FK

CLEAR

HL, 000D
(CHECK), HL
1), INPBF
(1X40H), 4CH
(1X+1H),20H
(IX+2H),20H
(1X+3H),53H
(1X+4H), 204
(1X45H), 204
(1X+6H), 2EH

;RECEIVER VARIABLE PARAMETER
;FROM EXTERNAL KEYS

; TRANSHIT DATA MV2

;RECEIVE DATA PV3

; TRANSHIT DATA HV3

;RECEIVER VARIABLE PARAMETER
;FROM EXTERNAL KEYS

RECEIVE DATA PV4
;TRANSHITDATA MVé

;SEND LOOP CODE

;RECEIVER DATA UP OR DOWN
;FROM EXTERNAL KEYS

sRECEIVER DATA UP OR DOWN
;FROM EXTERNAL KEYS (LOW)
sRECEIVER DATA UP OR DOWN
+FROM EXTERNAL KEYS (HIGH)
sTRANSHITTER DATA UP OR DOWN
;FROM EXTERNAL KEYS (LOW)
TRANSMITTER DATA UP OR DOWN
sFROM EXTERNAL KEYS (HI6H)
sTRANSMIT DATA ALARM

;DELAY

1]

;CLEAR TABLE.



2036
203A
203E
2042
2046
204A
204E
2052
2056
205A
205€
2062
2066
206A
206D
2071
2075
2079
207C
2080
208¢
2088
208C
2090
2094
2098
209¢C
20A0
20A4
2048
20AC
2080
2084
2088
208C
20C0
20C4
208
20CC
2000
2003
2007
2008
20DF
20€2
20E4
20E6
20E8

0D 36 07 20
DD 36 08 20
Db 36 09 50
DD 36 0A 20
0D 36 0B 20
DD 36 OC 2E
DD 36 0D 20
DD 36 OE 20
DD 36 OF 4D
DD 36 10 20
DD 36 11 20
DD 36 12 2E
DD 36 13 20
21 04 FF

DD 22 82 FF
DD 21 80 FC
DD 22 84 FF
CD CA 09

DD 21 04 FF
DD 36 00 20
DD 36 01 20
DD 36 02 20
0D 36 03 3D
DD 36 0¢ 20
DD 36 05 20
0D 36 06 20
DD 36 07 20
DD 36 08 20
DD 36 09 20
DD 36 0A 20
0D 36 0B 20
DD 36 OC 20
DD 36 0D 20
DD 36 OE 20
0D 36 OF 20
DD 36 10 20
DD 36 11 20
DD 36 12 20
DD 36 13 20
21 04 FF

DD 22 82 FF
DD 21 DO FC
DD 22 84 FF
cb CA 09

3E 99

D3 23

3E 82

D3 27

LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
ouT
LD
ouT

(IX+7H), 20H
(1X+8H), 20H
(IX+9H),50H
(IX+AH), 20H
(1X4BH), 204
(1X+CH), 2EH
(IX+DH), 20H
(IX+EH),20H
(IX4FH), 4DH
(IX+10H), 20H
(IX+11H), 20K
(IX+12H),2EH
(IX+13H),20H
HL, INPBF
{(OUTPIR), IX
1X,PAGE1
(DIsP), IX
MS6

1X, INPBF
(1X4DH), 20H
(1X+1H),20H
(1X+2H), 20H
(1x+3H), 30H
(1X+4H), 20H
(IX+5H), 20H
(IX46H), 20H
(IX+7H), 208
(1X48H), 20H
(IX+9H), 204
(1X+0AH), 20H
(IX+0BH), 20H
(1X+0DCH), 20H
(IX+0DH), 20H
(IX4DEH), 20H
(IX+0FH), 20H
(IX+10H), 204
(IX+11H), 204
{IX+12H), 204
(IX+13H), 204
HL, INPBF
(OUTPTR), IX
IX,PAGE?2
{DISP), IX
MS6

A, 99H
(COMW1), A

A, 82H
(CoMW2), A

;INITIAL 8255-1 1/0/1

JINITIAL 8255-2 0/1/0

.
'



20EA
20EC
20EE
20F0
20F2
20F4
20F6
20F9
20FC
20FF
2100
2103
2104
2106
2104
210€E
2111
2113
2117
2118
211E
2120
2124
2128
2128
2120
2131
2135
2138
2139
213A
213D
2140
2141
2144
2145
2147
2148
214F
2152
2154
2158
215C
215F
2160
2161
2164
2167

3E 90
03 28
3E 96
D3 2F
3E FF
D3 24
Ch 44
01 00
21 08
09

2278
s

3E 53
DD 21
0D 22
Chb 21
3E 56
oD 21
DD 22
b 21
3E 2E
DD 21
Db 22
cb 21
3E 25
0D 21
DD 22
cb 21
C1

79

b 83
21 28
09

22 78
5

3E B
0D 21
DD 22
b 21
3E 50
0o 21
0D 22
b 21
1

79

cb 83
21 38
09

26
00
FC

FC

D0 FC
8¢ FF
08

D2 FC
B4 FF
08

DC FC
84 FF
08

ED FC
84 FF
08

22
FC

FC

DO FC
84 FF
08

D2 FC
84 FF
08

22
FC

BEGN:
S5V

SKP:

Skl

LD
out
LD
out
LD
out
CALL
LD
LD
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
Lb
LD
Lo
CALL
LD
LD
LD
CALL
POP
LD
CALL
LD
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
CALL
LD
ADD

A, 90H
(COMM3), A
A, 9BH
(COMW?),A
A, OFFH
(PORTC3), A
DELETEL
BC,0000H
HL, SV
HL,BC
(PARAP) , HL
BC

A,53H

1X, PAGE?2
(DISP), IX
CONVER

A, 56H

IX, PAGE242H
(p1sP), IX
CONVER

A, 2EH
IX,PAGE2412
(DISP), IX
CONVER

A, 25H
1X,PAGE2416
(DISP), IX
CONVER

BC

A

LD1

HL, KP
HL,BC
(PARAP), HL
BC

A, 4BH
IX,PAGE2
(DISP), IX
CONVER

A, 50H
IX,PAGE242H
(DISP), 1X
CONVER

BC

A,C

LD1

HL, T1
HL,BC

;INITIAL 8255-3 1/0/0
;INITIAL 8255-7 1/1/1
;STAND BY C-PAC

;FILL S INTO BUFFER.

;FILL V INTO BUFFER.
H

;FILL . INTO BUFFER.

;FILL % INTO BUFFER.

.
1

;FILL K INTO BUFFER.

;FILL P INTO BUFFER.



2168
216B
216C
216E
27N
2176
2179
2178
217F
2183
2186
2187
2188
2188
218E
218F
2192
2193
2195
2199
2190
21A0
21A2
21A6
21AA
21AD
21AE
21AF
2182
2185
2186
2189
21BA
21BC
21C0
2104
2107
2109
210D
2101
2104
2106
21DA
21DE
21E1
21E3
21E7
21EB

22 78 FC
3

3E 54

DD 21 DO
DD 22 84
¢ 21 08
3E 49

DD 21 D2
DD 22 84
€D 21 08
3]

79

0 83 22
21 40 FC
09

22 78 FC
c5

3E 54

DD 21 DO
DD 22 84
CD 21 08
3E 44

DD 21 D2
DD 22 84
CD 21 08
(1

79

CD 83 22
21 58 FC
09

22 78 FC
¢s

3E 41

DD 21 DO
DD 22 8
¢ 21 08
3E 48

DD 21 D2
DD 22 84
¢ 21 08
3 2

DD 21 DC
DD 22 84
¢ 21 08
3E 25

DD 21 EO
DD 22 84
CD 21 08

FC
FF

FC
i

FC
FF

FC
FF

FC

FF

FC
FF

FC
FF

FC
FF

STD:

SAH:

LD
PUSH
L0
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
CALL
LD
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
CALL
LD
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL

(PARAP) , HL
BC

A, 56H
IX,PAGE2
(p1sP), IX
CONVER

A, 69H
1X,PAGE242
(DISP), IX
CONVER

BC

A,C

LD1

HL,TD
HL,BC
(PARAP) , HL
BC

A, 56H
IX,PAGE2
(p1sP), IX
CONVER

A GGH
IX,PAGE242H
(DISP), IX
CONVER

BC

A,C

LD1

HL, ALH
HL, BC
(PARAP), HL
BC

A, 61H
IX,PAGE?2
(DISP), IX
CONVER

A, 48H
1X,PAGE242H
(DISP), IX
CONVER

A, 2EH
IX,PAGEZ412
(D1SP), IX
CONVER

A, 25H
1X,PAGE2416
(DISP), IX
CONVER

;FILL T INTO BUFFER.

;FILL I INTO BUFFER.

;FILL T INTO BUFFER.
)

;FILL D INTO BUFFER.

;FILL A INTO BUFFER.

;FILL H INTO BUFFER.

;FILL . INTO BUFFER.

1

;FILL % INTO BUFFER.



21EE
21EF
21F0
21F3
21F6
21F7
21FA
21FB
21FD
2201
2205
2208
2204
220E
2212
2215
2217
221B
221F
2222
2224
2228
222C
222F
2230
2231
2234
2237
2238
2238
223C
223E
2242
2246
2249
2248
224F
2253
2256
2258
225¢C
2260
2263
2265
2269
226D
2270
221

C1

79

Ch 83 22
21 60 FC
09

22 18 FC
C5

3E 41

DD 21 DO
DD 22 84
b 21 08
3E 4C

DD 21 D2
DD 22 84
Ch 21 08
3E 2E

DD 21 DC
DD 22 84
¢b 21 08
3E 26

DD 21 EO
DD 22 8¢
€D 21 08
1

19

CD 83 22
21 68 FC
09

22 78 FC
L

3E 4D

DD 21 DO
DD 22 84
cb 21 08
3E 56

DD 21 D2
DD 22 84
(b 21 08
3E 2E

DD 21 DC
DD 22 84
Ch 21 08
3E-25

DD 21 ED
DD 22 84
Ch 21 08
C1

79

FC
FF

FE
FF

FC
FF

FC
FF

FC
FF

FC
FF

FC
FF

F
FF

SAL:

SHAN:

FOP
LD
CALL
LD
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
L0
LD
CALL
LD
LD
LD
CALL
POP
LD
CALL
LD
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD

BC

A,C

LD1

HL, ALL
HL,BC
(PARAP), HL
BC

A, 41H
IX,PAGE?2
(DISP), IX
CONVER

A, 4CH
IX,PAGE2+2H
(DISP), IX
CONVER

A, 2EH
1X,PAGE2+12
(DISP),1X
CONVER

A, 25H
1X,PAGE2+16
(DISP), IX
CONVER

BC

AC

LDi

HL , MAN
HL,BC
(PARAP), HL
BC

A, 6DH
IX,PAGE2
(DISP), IX
CONVER

A, 56H
IX,PAGE2+2
(DISP), IX
CONVER

A, 2EH
1X,PAGE2+12
(DISP), IX
CONVER

A, 25K
IX,PAGE2416
(DISP), IX
CONVER

8C

A,C

jFILL
Z
;FILL
!
sFIRL

iFILL

;FILL
iFILL

iRILL- .

)
)
sFILL

A INTO BUFFER.

L INTO BUFFER.

. INTO BUFFER.

% INTO BUFFER.

M INTO BUFFER.

V INTO BUFFER.

INTO BUFFER.

% INTO BUFFER.



2272
2275
2217
2279
227A
227C
227F
2280
2283
2285
2287
2289
228A
228E
2292
2295
2298
2299
229A
229¢C
229
2240
2201
22A3
2245
2207
22A9
22hA
22AC
22AE
2281
2283
2284
2286
22BA
228BE
2201
2202
2204
2205
2206
2208
22CA
2208
220C
22CF
2203
2206

ch 83 22
3E 00

D3 2A

79

FE 03

CA 9E 26
oc

€3 FC 20
FE 00

20 13

3E 31

c5

DD 21 Dé FC
DD 22 84 FF
Cb 21 08
CD B6 22
1

¢y

FE 01

20 05

3E 32

€5

18 E7

FE 02

20 05

3E 33

€3

18 DE

FE 03
C2F9 20
3E 34

€5

18 Dé

DD 21 DO FC

DD 22 84 FF -

Ch 46 D2
57

3E 39

D5

BA

38 5D

06 30

74

B8

DA C2 23
DD 21 70 FC
DD 7€ 01
DD 77 00

LD1:

PUT:

Lb2:

LD3:

LDé:

KEYRX:

CALL
LD
ouT
LD
P
JP
INC
JP
CP
JR
LD
PUSH
LD
LD
CALL
CALL
POP
RET
cP
JR
LD
PUSH
JR
CP
JR
LD
PUSH
IR
cP
JP
LD
PUSH
JR
LD
LD
CALL
LD
LD
PUSH
CP
JR
LD
LD
cp
IP
LD
LD
LD

LD1
A,00
(PORTC3), A
AC

3H
Z,START
C

S5V

OH
NZ,LD2
A,31H
BC

IX,PAGE2+4H

(DISP), IX
CONVER
KEYRX

BC

1H
NZ,LD3
A, 32H

BC

PUT

2H
NZ,LDé

A, 334

8¢

PUT

3H
NZ,BEGN
A, 36H

BC

PUT

1X, PAGE2
(DISP), IX
SCAN

D,A

A, 39H

DE

]

€, CHKPAR
B, 30H
A,D

B
C,CHKCR
1X,DATA
A, (IX+1H)
(1X40H), A

;SEND RUN CODE TO -
; CONTROL-PAC BOARD.

;FILL 1 INTO BUFFER.
i

;FILL 2 INTO BUFFER.
i

sFILL 3 INTO BUFFER,

¥

;FILL & INTO BUFFER.

.
1

;DISPLAY AND SCAN KEY

il

.
1

;JUNP TO CHECK PARAMETER,

+JUMP TO CHECK RETURN KEY.

;SHIFT VALUE IN DIGITS3 -
;70 DIGITE,



2209
220C
220F
22E2
22E5
22E8
22€C
22EF
22F3
22F6
22F9
22FD
2301
2304
2307
2308
230F
2312
2315
2319
231D
2320
2321
2322
2323
2325
2328
2320
2320
232F
2332
2335
2336
2338
2338
233E
233F
23461
23644
2347
2348
234A
234D
2350
2351
2353
2355
2356

]
0D
0D
0D
0D
FD
DD
FD
co
DD
FD
FD
cD
DD
FD
FD
b
DD
FD
FD
co
D1
(1
€5
18
2
ED
AF
ED
D2
21
AF
ED
DA
21
AF
ED
DA
21
AF
ED
DA
21
AF
ED
38
D1
C1

7€ 02
77 01
7€ 03
77 02
72 03
21 DE FC
7€ 03
22 84 FF
21 08
78 02
21 DC FC
22 84 FF
21 08
7E 01
21 DA FC
22 84 FF
21 08
7E 00
21 D8 FC
22 84 FF
21 08

91
0B FC
56 78 FC

52
B6 22
56 FC

52
B6 22
63 FC

52
B6 22
68 FC

52
B6 22
28 FC

52
32

CHKPAR:

CHKAH:

CHKAL:

CHKMAN:

CHKKP :

LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
POP
PUSH
JR
LD
LD
XOR
SBC
JP
LD
XOR
SBC
JP
LD
XOR
SBC
JP
LD
XOR
SBC
JP
LD
XOR
SBC
JR
POP
POP

A, (IX+2H)
(IX+1H),A
A, (IX+3H)
(IX+2H), A
(Ix+3H),0
1Y, PAGE2+14
A, (I1X+3H)
(DISP), IV
CONVER

A, (1X42H)
1Y,PAGE2+12
(DISP), 1Y
CONVER

A, (I1X+1H)
1Y,PAGE2410
(D1SP), 1Y
CONVER

A, (IX40H)
IY,PAGE2+8
(D15P), 1Y
CONVER

DE

BC

BC

KEYRX
HL,5V+3
DE, (PARAP)
A

HL, DE
NC,KEYRX
HL,ALH+3
A

HL, DE

¢, KEYRX
HL,ALL+3
A

HL, DE

¢, KEYRX

HL , MAN+3

A

HL, DE
C,KEYRX
HL,KP+3

A

HL, DE
C,CHKT]

DE

BC

;SHIFT VALUE IN DIGIT3 -
;70 DIGIT2.

;SHIFT VALUE IN DIGIT2 -
;70 DIGIT]

;STORE NEW VALUE IN DIGITI.
;MOVE VALUE IN DIGITI TO -
;BUFFER.

i

;MOVE VALUE IN DIGIT2 TO -
;BUFFER.

j

;HOVE VALUE IN DIGIT3 TO -
;BUFFER.

iHOVE VALUE IN DIGIT4 TO -
;BUFFER.

L]

.
1

;CHECK SV

;=MV? (MANUAL DEFINE)

; CHECK KP

Ll



2357
2358
235A
235¢
2350
235€
2360
2361
2362
2364
2367
2368
236F
237
2375
2378
237¢
2380
2381
2384
2387
2384
2388
238D
238F
2390
2391
2392
239
2396
2397
2398
2394
2398
239¢
239€
2341
23A5
23A8
23AC
2380
2381
238
2387
238A
2388
2380
2300

5
06 44
0E 52
A
B8
28 07
7A
B9
28 0D
€3 B6
0D 21
DD 36
18 07
DD 21
0D 72
FD 21
FD 22
7A
ch 21
C3 B6
21 38
AF
ED 52
38 28
D1
€1
€5
06 4D
0E 53
7A
B8
28 07
7A
B9
28 03
€3 B6
0D 21
Db 72
FD 21
FD 22
74
b 21
€3 B6
21 43
AF
ED 52
DA F9
18 CD

22
70 FC
04 20

70 FC
0¢

E0 FC
84 FF

08
22
FC

22
70 FC
04
E0 FC
84 FF

08

22
FC

20

PASS:

PASS1:

NEXT1:

CHKTI:

COMM:

PASS2:

CHKTD:

PUSH
LD
LD
LD
P
JR
LD
cp
IR
JP
LD
LD
JR
LD
L0
LD
LD
LD
CALL
JP
LD
XOR
SBC
JR
POP
POP
PUSH
LD
LD
LD
CcP
JR
LD
cp
JR
JP
LD
LD
LD
LD
LD
CALL
JP
LD
XOR
SBC
JP
JR

BC

B, 4H
C,524

A,D

B

2,PASS
AD

¢

Z,PASS1
KEYRX
IX,DATA
(1X44H), 20H
NEXT1
IX,DATA
(IX#4H),D
1Y,PAGE2416
(p15P), IY
AD
CONVER
KEYRX
HL,TI+3

A

HL,DE

€, CHKTD
DE

BC

BC

B,4DH
C,53H

A,D

8

7,PASS2
A,0

C

2,PASS?2
KEYRX
IX,DATA
(IX+4H),D
1Y,PAGE2+16
(DISP), 1Y
A,D
CONVER
KEYRX
HL,TD+3

A

HL, DE
C,BEGN
CONN

;PUT D(OR R) INTO BUFFER.
;
:
;

;PUT M(OR S) INTO BUFFER.

.
¥

;=107



23C2
23C4
23C5
23C6
237
23C8
23CA
23CC
2300
2300
23D2
2304
2307
23DB
23DE
23E0
23E1
23E3
23E7
23EA
23EB
23ED
23F1
23F4
23F5
23F7
23FB
23FE
23FF
2601
2605
2608
2408
240C
240F
2613
2614
2616
2618
2419
261C
241D
241E
2420
2623
2627
262
2420

3E 0D

D1

C1

€5

BA

28 0D

3E 14

BA

C2 B6 22

3E 01

D3 2A

C3 B6 22

DD 21 70 FC
DD 7E 0O

06 20

B8

20 22

DD 36 00 30
DD 7E 01

B8

20 18

DD 36 01 30
DD 7E 02

B8

20 OF

DD 36 D2 30
DD 7€ 03

B8

20 04

DD 36 03 30
11 70 FC

€D 28 0B

ES

21 0B FC

ED 5B 78 FC
AF

ED 52

38 19

El

11 FF 03

EB

AF

ED 52

DA E8 25

0D 2A 78 FC
Db 72 00

DD 73 D4

CD &4 26

CHKCR:

PASS3:

PASSE:

LD
POP
POP
PUSH
cP
JR
LD
cp
I
LD
out
JP
LD
LD
LD
cp
JR
LD
LD
cp
JR
LD
LD
CP
JR
LD
LD
cp
JR
LD
LD
CALL
PUSH
LD
LD
XOR
SBC
JR
POP
LD
EX
XOR
SBC
JP
LD
LD
LD
CALL

A, ODH ;= (CRIKEY?

DE '

BC

BC

D

7,PASS3

A, 14H ;=(CONTROL T)KEY?
D !

NZ,KEYRX

A,01H

(PORTC3),A

KEYRX

IX,DATA

A, (1X40H)

B, 20H

B

NZ,PASS4

(1X+0H), 30H

A, (I1X+1H)

B

NZ,PASSE

(1X+1H), 30H

A, (IX+2H)

8

NZ,PASS4

(1X42H), 30H

A, (IX+3H)

B

NZ,PASSE

(1X43H), 30H

DE,DATA

DECBIN ;STARTING CONVERT % T0
HL {HEX

HL,5V43 sCHECK SV

OE, (PARAP)

A ;

HL,DE :

¢, CHK1 ;JUMP TO CHECK KP.
HL

DE,D3FFH ;CHECK MAXIXMUM VALUE -
DE, HL ;OF SV,

A ;

HL, DE ;

C,DELETE ;JUMP TO CLEAR BUFFER.
IX, (PARAP)  ;PUT VALUE OF SV INTO -
(1X40H),D s TABLE.

(IX44H),E ;

DELETEL



2630
2431
2634
2438
2439
2438
243D
2641
2664
2646
2648
2449
2448
264C
244K
2451
2455
2459
2458
245F
2463
2664
2667
2468
2669
2668
2646E
2471
2672
2473
2675
2678
247C
267F
2482
2685
2686
2489
2480
248E
2690
2692
2496
2499
2698
269¢C
249E
249F

9

21:28 FC CHK1:
ED 568 78 FC
AF

ED 52

38 &9

DD 21 70 FC
DD 7E 04

06 20

OE 52

B8

28 06

B9

28 0D

€3 E8 25

DD 24 78 FC
DD 36 08 00
18 08

DD 2A 78 FC
DD 36 08 80

FILLD:

FILLR:

El CHKMAX:

11 E8 03

EB

AF

ED 52

DA E8 25

21 00 00

EB

AF

ED 52

DA EB 25

DD 2A 78 FC
DD 74 00

DD 75 D4

CD 46 26

€9

21 38 FC CHK2:
ED 5B 78 FC
AF

ED 52

38 SE

0D 21 70 FC
0D 7E 04 CHKS:
06 53

88

20 1D

£l

3N

RET
LD
LD
XOR
SBC
JR
LD
LD
LD
LD
CP
JR
cP
JR
IR
LD
LD
JR
LD
LD
POP
LD
EX
XOR
SBC
JP
LD
EX
XOR
SBC
JP
LD
LD
LD
CALL
RET
LD
LD
XOR
SBC
JR
LD
LD
LD
CP
JR
POP
L0

HL,KP43
DE, (PARAP)
A

KL, DE

¢, CHK2
IX,DATA

A, (1X+4)
B, 20H
C,52H

B

2,FILLD

C

Z,FILLR
DELETE

1¥, (PARAP)

(1X+8H),00

CHKMAX
IX, (PARAP)

(1X+8H),80H

HL

DE, KPHAX
DE, HL

A

HL, DE
C,DELETE
KL, KPMIN
DE, HL

A

KL, DE
¢,DELETE
1X, (PARAP)
(IX40H), K
(IX44H),L
DELETEL

HL, TI43
DE, (PARAP)
A

HL,DE
C,CHK3
1X,DATA
A, (TX+4H)
B,53H

B

NZ, CHKM
HL

A, 774

;CHECK KP
'

;CHECK KPHAX

;CHECK KPMIN

;CHECK TI

;CHECK §
i

;CHECK 119§



26A1
26A2
26A5
26A6
26A8
26A9
24AC
2680

24B3
2487
24BA
24BB
248D
24BE
24BF
24C2
24C4
26C5
24C8
24C9
24CB
24CC
24CF
24D1
2405
2409
260D
24ED
24E1
24E5

24E8
24EC
2UEF
24F0
26F3
24F7
24F8
26FA
24FC
2500
2503
2505
2506
2507
2509
2508

8D

DA EB 25

70

06 00

B8

DA EB 25

DD 2A 78 FC
Db 75 00

DD 36 04 00
CD 46 26

9

06 4D

B8

3

€2 E8 25

3E 64

BD

DA E8 25

70

06 01

B8

DA E8 25

20 10

DD 2A 78 FC
DD 36 00 3C
DD 36 04 0O
CD 44 26

c9

DD 2A 78 FC
DD 75 00

DD 36 04 80
Ch 46 26

€9

21 43 FC

ED 58 78 FC
AF

ED 52

38 5D

DD 21 70 FC
DD 7€ 04

06 53

B8

El

20 1C

3€ 77

BD

CHKM:

LESS:

CHK3:

CP
JP
LD
LD
cp
JpP
LD
LD

LD
CALL
RET
LD
cp
POP
JP
LD
cP
JP
LD
LD
cP
JP
IR
LD
LD
LD
CALL
RET
LD
LD

LD
CALL
RET
LD
LD
XOR
SBC
IR
Lb
LD
LD
cpP
POP
JR
LD
cp

L
C,DELETE
AL

B, TIMIN

£

C,DELETE
1X, (PARAP)
(1X+0H),L

(IX+6H),00
DELETEL

B, 4DH

3

HL
NZ,DELETE
A, TIMAX

L

¢,DELETE
AL

8,01

8

¢,DELETE
NZ,LESS
IX, (PARAP)
(1X+0K), 3CH
(IX44H),00
DELETEL

IX, (PARAP)
(IX40H),L

(IX+4H), 80H
DELETE1

HL, TD+3
DE, (PARAP)
A

HL,DE
C,CHK4
IX,DATA
A, (1X44H)
B,53H

B

HL
NZ,CHKMI
A 77H

L

;CHECK MINIMUM VALUE OF -
45 I

;PUT VALUE OF TI INTO -
; TABLE.
;PUT S INTO TABLE.

;CHECK MAXIMUM VALUE OF -
ol

;PUT 605 INTO TABLE.

;PUT VALUE OF T1 INTO -
; TABLE.
tPUT M INTO TABLE.

;CHECK 1D

;CHECK S

{CHECK 119 S

|}



250C
250F
2510
2512
2513
2516
251A

251D
2521
2524
2525
2527
2528
2528
252D
252E
2531
2532
2534
2535
2538
253A
253E
2542
2546
2549
254A
254E

2551
2555
2558
2559
255C
2560
2561
2563
2565
2566
2569
256A
2568
256D
2570
2573
2574
2576

DA E8 25

70

06 00

B8

DA E8 25

DD 2A 78 FC
0D 75 00

0D 36 04 00
CD 44 26

9

06 4D

B8

C2 E8 25

3E DA

BD

DA E8 25

0

06 01

B8

DA E8 25

20 10

DD 2A 78 FC
DD 36 00 3C
DD 36 04 DO
CD 46 26

c9

DD 24 78 FC
DD 75 00

DD 36 04 80
CD &4 26

€9

21 5B FC

ED 58 78 FC
AF

ED 52

38 24

El

11 FF 03

EB

AF

ED 52

DA E8 25

21 90 01

AF

ED 52

28 03

CHKMI

LESS1:

CHKé4:

JP
LD
LD
cp
JP
LD
LD

LD
CALL
RET
LD
cpP
JP
LD
cp
I
LD
LD
cp
JP
JR
LD
LD
LD
CALL
RET
LD
LD

LD
CALL
RET
LD
LD
XOR
SBC
JR
POP
LD
EX
XOR
SBC
JP
LD
XOR
SBC
JR

C,DELETE
AL

8, TDNIN

B
C,DELETE
1X, (PARAP)
(IX+0H),L

(IX+4H),00
DELETEL

B, 40H

B

NZ,DELETE
A, TDMAX

L

C,DELETE
AL

8,01

B

C,DELETE
NZ,LESS1
1X, (PARAP)
(1%40H), 3CH
(IX+4H),00H
DELETEL

1X, (PARAP)
(IX40H),L

(IX+4H), 80H
DELETE1

HL,ALH+3
DE, (PARAP)
A

HL, DE

C, CHKS
HL

DE, AHMAX
DE, HL

B

HL, DE
C,DELETE
HL, AHMIN
h

HL, DE

2, CHKH]

;CHECK MINIMUM VALUE OF -
; 1D,

;PUT VALUE OF TD INTO -
; TABLE, .
;PUT S INTO TABLE.

;CHECK MAXIMUM VALUE OF -
£107

;PUT 605 INTO TABLE.

;PUT VALUE OF TD INTO -
s TABLE.
;PUT M INTO TABLE.

s CHECK AH £

;CHECK AHMAX

;CHECK AHMIN



2578
2578
257F
2582
2585
2588
2589
258C
2590
2591
2593
2595
2596
2599
259A
2598
2590
25A0
25A3
25A4
25A5
25A7
25AA
25AE
2581
2584
2587
2588
2588
25BF
2500
25C2
25C5
25C6
2509
25CA
25CB
25CD
2500
2503
2504
2505
2507
25DA
250E
25E1
25E4
25€7

D2

E8 25

DD 2A 78 FC

1]
)]
cD
c9
21
ED
AF
ED
38
El
11
EB
AF
ED
DA
21
EB
AF
ED
DA
DD
DD
DD
co
9
21
ED
AF
ED
DA
E1
11
EB
AF
ED
DA
21
EB
AF
ED
DA
DD
il
]
co
c9

72 00
73 04
6 26

63 FC
58 78

52
23

90 01

52
E8 25
00 00

52

E8 25
24 78
76 00
75 04
id 26

6B FC
56 78

52
E8 25

FF 03

52
E8 25
00 00

52

E8 25
2K 78
74 00
75 04
b4 26

FC

FC

FC

FC

CHKMI :

CHKS:

CHK6:

®
LD
)
LD
CALL
RET
LD
LD
XOR
SBC
IR
POP
LD
EX
XOR
SBC
P
Lb
EX
XOR
B¢
3®
)
)
Lo
CALL
RET
LD
Lb
XOR
S8C
»
POP
LD
EX
XOR
SBC
®
L0
EX
XOR
SBC
JF
LD
LD
LD
CALL
RET

NC,DELETE
1X, (PARAP)
(IX+0H),0
(1X+4H),E
DELETEL

HL,ALL+3
DE, (PARAP)
A

HL, DE

C, CHKé

HL

DE, ALMAX
DE, HL

A

HL, DE
C,DELETE
HL,ALMIN
DE, HL

A

HL,DE
C,DELETE
1X, (PARAP)
(IX+0H),H
(IX+4H),L
DELETEL

HL , HAN+3
DE, (PARAP)
A

HL,DE
C,DELETE
HL

DE , MANMAX
DE, HL

A

HL , DE
C,DELETE
HL, HANHIN
DE, HL

A

HL, DE
C,DELETE
1, (PARAP)
(IX40H),H
(IX44H),L
DELETE1

;CHECK AL

;CHECK ALMAX

;CHECK ALMIN

;CHECK MV

;CHECK HANMAX

;CHECK MANMIN



25E8
25EC
25F0
25F4
25F8
25FC
2600
2604
2606
260A
2600
2611
2613
2617
261A
261E
2620
2624
2627
2628
262D
2631
2634
2638
263A
263E
2661
2644
2648
264C
2650
2654
2658
265C
2660
2662
2666
2669
266D
266F
2673
2676
267h
267C
2680
2683
2687
2689

0D 21 70 FC
DD 36 00 20
0D 36 01 20
DD 36 02 20
DD 36 03 20
DD 36 04 20
FD 21 EO FC
3E 20

FD 22 84 FF
€D 21 08

FD 21 DE FC
3E 20

FD 22 84 FF
Cb 21 08

FD 21 DC FC
3E 20

FD 22 84 FF
Cb 21 08

FD 21 DA FC
3E 20

FD 22 84 FF
Cb 21 08

FD 21 D8 FC
3E 20

FD 22 8¢ FF
€D 21 08

€3 B6 22

DD 21 70 FC
DD 36 00 20
DD 36 01 20
DD 36 02 20
DD 36 03 20
DD 36 04 20
FD 21 EO FC
3E 20

FD 22 84 FF
cb 21 08

FD 21 DE FC
3E 20

FD 22 84 FF
CD 21 08

FD 21 DC FC
3E 20

FD 22 84 FF
Cb 21 08

FD 21 DA FC
3E 20

FD 22 B& FF

DELETE:

DELETEIL:

LD
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD
L
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
Lo
LD
Lb
CALL
JP
LD
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD

IX,DATA
(1X+0H), 204
(IX+1H), 20H
(IX42H), 20H
(IX+3H), 204
(IX+4H), 20H
1Y,PAGE2+16
A, 20H
(DISP), 1¥
CONVER
IY,PAGE2+14
A, 20H
(DISP), T¥
CONVER
1Y,PAGE2412
A, 20H
(DISP), 1Y
CONVER
1Y,PAGE2+10
A, 20H
(DISP), I¥
CONVER
1Y,PAGE248
A, 20H
(DISP), 1Y
CONVER
KEYRX
IX,DATA
(IX+0H),20H
(IX+1H), 204
(IX+2H), 20H
(1X+3H), 20H
(IX+&H), 20H
1Y,PAGE2416
A, 20H
(DISP), 1Y
CONVER
1Y,PAGE2+14
A, 20H
(DISP), 1Y
CONVER
1Y,PAGE2412
A, 20H
(DISP), 1Y
CONVER
1Y,PAGE2410
A, 204
(DI1SP), 1Y

;CLEAR BUFFER

- we wme we

CLEAR BUFFER



268D
2690
2694
2696
269A
269D
269E
26A2
26A6
2648
26AA
26AC
26AE
26AF
2681
26B4
2687
26BA
268D
26C0
26(2
26C3
26C5
26C8
26CA
26CB
26CD
26CE
26CF
26D1
2602
2603
2606
2609
26DC
26DF
26E2
26E5
26E7
26EA
26ED
26F0
26F1
26F3
26F5
26F8
26F9
26FB

Cb 21 08
FD 21 D8 FC
3E 20

FD 22 84 FF
Cb 21 08
€9

DD 21 08 FC
DD 22 78 FC
3E 00

D3 24

DB 20

06 0OC

B8

20 OF

DD 56 60
DD SE 64
01 04 00
CD 33 28
C3 F8 26
DB 20

5F

16 00

DD 6E 74
26 00

19

DB 20

5F

19

DB 20

5F

19

0D 73 74
DD 74 08
DD 75 OC
€D 96 28
Ch BB 28
3A 7A FC
D3 38

DD 56 20
DD 5E 24
21 00 00
AF

ED 52

28 03

Cb BE 29
70

D3 21

5F

START:

LOOP1:

SETLI:

CALL
LD
Lb
LD
CALL
RET
LD
LD
LD
out
IN
LD
cp
IR
LD
LD
LD
CALL
JP
IN
LD
LD
LD
LD
ADD
IN
LD
ADD
IN
LD
ADD
LD
LD
LD
CALL
CALL
LD
out
LD
LD
LD
XOR
SBC
JR
CALL
LD
ouT
LD

CONVER
I1Y,PAGE248
A, 20H
(D1SP), 1Y
CONVER

IX,SV
(PARAP), I1X
A, 00H
(PORTC3), A
A, (PORTB?)
B,CH

B

NZ,LO00P1
D, (1X+60H)
E, (1X+64H)
BC, 0004H
DEVIS
SETLI

A, (PORTAL)
E,A

D, 0DH

L, (IX476H)
H, DOH
HL, DE

A, (PORTAL)
E,A

HL, DE

A, (PORTAL)
E,A

HL,DE
(IX+74H),E
(IX+8H),H
(1X4CH),L
ALARMH
ALARML

A, (PARAP1)
(DPALARM), A
D, (1X+20H)
E, (1X424H)
HL , 0000K

A

HL, DE
Z,SETL1
PID

AL
(PORTB1),A
E,A

INITIAL TO LOOP1,

.
'

;CHECK KEY MANUAL

1

{READ MVO1. (HIGH)
;READ MvVO1. (LOW)

HV01/10 = DOH - FFH

;READ PV1,

iPV1%6 = 0.0 - 102.4 %

;STORE PV1. (HIGH)

;STORE PV1, (LOW)

;JUNP TO CHECK ALARM HIGH.
;JUMP TO CHECK ALARM LOW.
;DISPLAY ALARM

;CHECK KP1

]
L
1
»
1

1JUMP TO PID SUBROUTINE.

; TRANSMITTER MV1 = OOH - FFH



26FC 16 00 LD D, 00H
26FE  3E 04 LD A, O6H

2700 €D 20 28 CALL  MULY V1% = 0.0 - 102.4 %
2703 DD 21 08 FC LD IX,sV ;

2707 DD 74 18 LD (IX+18H),H  ;STORE MV1. (HIGH)

2704 DD 75 IC LD (IX+1CH),L  ;STORE Mvi. (LOW)

2700 DD 56 08 LD D, (IX+8H) ;READ PV1, (HIGH)

2710 DD 5E OC LD E, (IX+CH) ;READ PV1. (LOW)

2713 0D 72 10 LD (IX+10H),D  ;PV TO PVO INTO TABLE.HIGH)
2716 DD 73 12 LD (IX+412H),E  ;PV TO PVD INTO TABLE.(LOW)
2719 €D 56 28 CALL  STARTT :

271C €D 56 2B CALL  STARTT :

271F €D 4B 28 CALL  DELAY ;

2722 DD 21 09 FC LOOP2: LD IX,5V+1 ;INITIAL T0O LOOP2,

2726 DD 22 78 FC LD (PARAP),IX

2726 3E 01 NN A,01H ;

272C D3 2A out (PORTC3),A

272 DB 2D IN A, (PORTB7)  ;CHECK KEY MANUAL

2730 06 0OC LD B,CH :

2732 B8 cP B ;

2733 20 OF JR NZ,L00P21 ;

2735 DD 56 60 LD D, (IX+60H)  ;READ MVOD2. (HIGH)

2738 DD SE 64 LD €, (IX+64H)  ;READ MVO2.(LOW)

2738 01 04 00 LD BC,0004H ;

273E  CD 33 28 CALL  DEVIS ;MV02/10 = OOH - FFH
27641 18 2C IR SETL2 :

2743 DB 22 LOOP21:  IN A, (PORTC1)  ;READ PV2,

2745 5F LD E,A ;

2766 16 00 LD D, 00K ;

2748 3E 04 LD A, 0dH ;

276A CD 20 28 CALL  MULT ;PV2% = 0.0 - 102.4 %
274D DD 74 08 LD (IX+8H),H ;STORE PV2. (HIGH)

2750 DD 75 OC LD (IX+CH),L ;STORE PV2. (LOW)

2753 €D ED 28 CALL  ALARMH1 ;JUMP TO CHECK ALARM HIGH.
2756 CD 05 29 CALL  ALARML1 ;JUMP TO CHECK ALARM LOM.
2759  3A 74 FC LD A, (PARAPL)

275C D3 38 ouT (DPALARM),A  ;DISPLAY ALARM

275 DD 56 20 LD D, (IX+20H) ;CHECK KP2

2761 DD SE 24 LD E,(IX+2¢H)

2764 21 00 00 LD HL , 0DOOH ;

2767  AF YOR A :

2768  ED 52 SBC HL , DE .

276A 28 03 IR Z,SETL2 i

276C €D BE 29 CALL = PI ;JUMP TO PID SUBROUTINE.
276F 7D SETL2: LD AL ;

2770 D3 24 out (PORTA2),A  ;TRANSMITTER MV2 = DDH - FFH
2772 "' SF LD E,A ;

2773 16 00 LD D, 00H 3



2775
2m
277h

21

2781
2784
2787
278A
278D
2790
2793
2796
2799
2790
27A1
27A3
2745
2747
2749
27hA
27AC
27hF
2782
2785
2788
27BA
278C
278D
278F
2102
2704
2705
2107
27C8
27C9
27CB
27CC
27CD
2700
2703
2706
2709
270C
270F
27E1
27E4
2787
27EA

Ch 20 28
0D 21 09

DD 75 1C
DD 56 08
DD SE OC
DD 72 10
Db 73 12
CD 56 28
CD 56 28
Ch 4B 28B
DD 21 DA
DD 22 78
3E 02

DB 2D
06 0C

20 OE
DD 56 60
DD 5E 64
01 04 00
€D 33 28
18 38
DB 25

16 00
DD 6E 74
26 00

DB 25

DB 25

DD 73 74
DD 74 08
DD 75 OC
CD 24 29
CD 4F 29
3A 7A FC
D3 38

DD 56 20
DD 5E 24
21 00 00
AF

FC

FC
FC

LOOP3:

LOOP31:

LD
CALL
LD
LD
LD
LD
LD
LD
LD
CALL
CALL
CALL
LD
LD
LD
ouT
IN
LD
CP
JR
LD
LD
LD
CALL
JR
IN
LD
LD
LD
LD
ADD
IN
LD
ADD
IN
LD
ADD
LD
LD
LD
CALL
CALL
LD
ouT
LD
LD
LD
XOR

A, 04H

HULT
IX,5V+1
(I1X+18H),H
(IX+1CH),L
D, (1X+8H)
E, (IX4CH)
(IX+10H),D
(IX+12H),E
STARTT
STARTT
DELAY
IX,SV+2
(PARAP), IX
A,02H
(PORTC3),A
A, (PORTB?)
B,CH

B
NZ,L00P31
D, (I1X+60K)
E, (1X464H)
BC,0004H
DEVIS
SETL3

A, (PORTB2)
E,A

D, 00H

L, (IX476H)
H, 0OH
HL, DE

A, (PORTB2)

E,A

HL, DE

A, (PORTB2)
E,A

HL, DE
(IX476H),E
(Ix+8H),H
(IX4CH),L
ALARMH?2
ALARML?

A, (PARAPL)
(DPALARM), A
D, (1X+20H)
E, (I1X424H)
HL , 0000H

A

)

V2% = 0.0 - 102.4 %

’

;STORE  Mv2. (HIGH)

;STORE  Mv2. (LOW)

;READ PV2. (HIGH)

;READ PV2. (LOMW)

;PV2 T0 PVD2 INTO TABLE.HIGH)
;PV2 TO PVD2 INTO TABLE.(LOW)

H
;INITIAL TO LOOP3,

SCHECK KEY MANUAL

.
L

iREAD MVO3. (HIGH)
;READ HVO3. (LOW)

[ ]
{MV03/10 = 00H - FFH

il
;READ PV3.

;PV3* = 0.0 - 102.4 %

;STORE PV3. (HIGH)

:STORE PV3. (LOW)

;JUNP TO CHECK ALARM HIGH.
1JUNP TO CHECK ALARM LOW.
;DISPLAY ALARM

;CHECK KP3



27E8
27ED
27EF
27F2
27F3
27F5
27F6
27F8
27FA
27FD
2801
2804
2807
280A
2800
2810
2813
2816
2819
281C
2820
2824
2826
2828
282A
282C
2820
282F
2832
2835
2838
2838
283D
283F
2840
2842
2844
2847
284A
284D
2850
2853
2856
2858
2858
285E
2861
2862

ED 52

28 03

CD BE 29
D

D3 26

5F

16 00

3E 04

CD 20 28
DD 21 DA
DD 74 18
DD 75 1C
DD 56 08
DD SE OC
DD 72 10
DD 73 12
CD 56 28
CD 56 2B
(D 4B 28
DD 21 OB
DD 22 78
3E 03

D3 2A

DB 2D

06 0C

B8

20 OE

DD 56 60
DD SE 64
01 04 00
Cb 33 28
18 2C

DB 28

5F

16 00

3E 04

CD 20 28
DD 74 08
0D 75 0OC
CD 76 29
cb 99 29
3A 7A FC
D3 38

DD 56 20
DD SE 24
21 00 00
AF

ED 52

FC

FC
FC

SETL3:

LOOP& :

LOOPé1:

SBC
JR
CALL
LD
ouT
LD
LD
LD
CALL
LD
LD
LD
LD
LD
LD
LD
CALL
CALL
CALL
LD
LD
LD
out
IN
LD
Cp
JR
LD
LD
LD
CALL
JR
IN
LD
LD
LD
CALL
LD
LD
CALL
CALL
LD
out
LD
LD
LD
XOR
SBC

HL, DE
Z,SETL3
PID

AL
(PORTC2), A
E,A

D,00H

A, D4H

MULT
IX,5V42
(IX+18H),H
(IX+1CH),L
D, [1X+8H)
E, (IX+CH)
(IX+10H),D
(1x+12H),E
STARTT
STARTT
DELAY
1X,5V+3
(PARAP), IX
A, 03H
(PORTC3), A
4, (PORTB?)
B, CH

B
NZ,L00P&1
D, (1X+60H)
E, (IX+64H)
BC, DDD4H
DEVIS
SETLG

A, (PORTA3)
E,A

D, 00H

A, DGH

HULT
(I1X48H),H
(IX+CH),L
ALARHH3
ALARHL3

A, (PARAP1)
(DPALARN), A
D, (1X420H)
E, (IX426H)
HL, 00DOH

A

HL, DE

i
;JUMP TO PID SUBROUTINE.
; TRANSHITTER MV3 = OOH - FFH

] .
iMV3%6 = 0.0 - 102.4 &

iSTORE  MV3. (HIGH)

;STORE  MV3. (LOW)

;READ PV3. (HIGH)

;READ PV3. (LOW)

:PV3 TO PVO3 INTO TABLE.HIGH)
;PV3 10 PVO3 INTO TABLE. (LOW)

- e e

sINITIAL TO LOOP4.

’
;CHECK KEY MANUAL
i

;READ MVOL. (HIGH)
;READ MVO4. (LOW)

;HV04/10 = OOH - FFH

sREAD PVé.

iPVE*E = 0.0 - 102.4 3
;STORE PV1. (HIGH)

;STORE PV1. (LOW)

;JUMP TO CHECK ALARM HIGH.
;JUMP TO CHECK ALARM LOMW.
:DISPLAY ALARM

;CHECK KP4



2864
2866
2869
286A
286C
286D
286F
2871
2874
2878
2878
287E
2881
2884
2887
288A
288D
2890
2893
2896
2899
289C
289F
28A2
28A3
28A5
2847
26A9
28AC
28AE
2881
2882
2885
2887
28BA
2888
288BE
28C1
28C4
28C7
28C8
28CA
28CC
28CE
2801
2803
2806
28D7

28
)]
70
D3
SF
16
3E
€D
DD
DD
DD
DD
DD
DD
0D
D
co
D
€3
DD
0D
DD
(1]
AF
ED
38
28
34
8
32
c9
3A
cs
32
9
DD
DD
DD
0D
AF
ED
38
28
IA
o]
32
c9
3A

03
BE 29

29

00

04

20 28
21 0B FC
74 18
75 1C
56 08
5 OC
72 10
73 12
56 28
56 28
B 28
9E 26
46 08
4E 0OC
66 50
6E 54

7A FC

74 FC
c7
7A FC

66 08
6E 0OC
b6 3A
4E 5C

62
0B
09
74 FC
A7
7A FC

7A FC

SETL4:

ALARMH:

DISHI:

ALARML :

DISLO:

JR
CALL
LD
ouT
LD
LD
LD
CALL
LD
LD
LD
LD
LD
LD
LD
CALL
CALL
CALL
JP
LD
LD
LD
LD
XOR
SBC
JR
JR
LD
RES
LD
RET
LD
SET
LD
RET
LD
LD
LD
LD
XOR
SBC
JR
JR
LD
RES
LD
RET
LD

2,5ETLé
PID

AL
(PORTB3), A
E,A

D, 00H

A, 0éH

HULT
IX,5V43
(1X+18H),H
(IX+1CH),L
D, (1X48H)
E, (1X4CH)
(1X+10H),D
(IX+12H),E
STARTT
STARTT
DELAY
START

B, (1X+8H)
¢, (1X+CH)
H, (1%450H)
L, (IX+56H)
A

HL,BC
C,DISHI
Z,DISHI

A, (PARAP1)
0,A
(PARAP1), A

A, (PARAP1)
0,A
(PARAP1), A

H, (1X+8H)
L, (IX+CH)
B, (1X458)
¢, (1X45CH)
A

HL,BC
€,0ISL0
Z,DI5L0

A, (PARAP1)
G, A
(PARAP1), A

A, (PARAPY)

;JUNP 10 PID SUBROUTINE.
; TRANSMITTER MVé = OOH - FFH

iMVE* = 0.0 - 102.4 %

1

;STORE  MV4. (HIGH)

;STORE  MVé. (LOW)

READ PV4. (HIGH)

sREAD PVé. (LOW)

sPV4 TO PVDL INTO TABLE.HIGH)
iPVé TO PVOL INTO TABLE. (LOW)
'

)

iREAD PV1. (HIGH)
;READ PV1. (LOW)
:READ AH1. (HIGH)
;READ AH1. (LOW)

;AH1-PV1 = RESULT ALARM DISPLAY

;READ PV1. (HIGH)
;READ PV1. (LOMW)
sREAD AL1. (HIGH)
;READ AL1. (LOW)

;PV1-AL1 = RESULT ALARK DISPLAY



280A
280C
280F
28ED
28E3
28E6
28E9
28EC
28ED
28EF
28F1
28F3
28F6
28F 8
28FB
28FC
28FF
2901
2904
2905
2908
2908
290€
2911
2912
2914
2916
2918
2918
291D
2920
2921
2924
2926
2929
292A
2920
2930
2933
2936
2937
2939
2938
293D
2940
2942
2945
2946

8 E7

32 7A FC
c9

DD 46 08
DD 4E OC
DD 66 50
DD 6E 54
AF

ED 42

38 0B

28 09

3A 74 FC
CB 8F

32 7A FC
c9

3A 74 FC
CB CF

32 7A FC
9

DD 66 08
DD 6E OC
0D 46 3A
DD 4E SC
AF

ED 42

38 0B

28 09

3A 78 FC
CB AF

32 74 FC
9

3A 7A FC
CB EF

32 7A FC
c9

DD 46 08

DD 4E OC
DD 66 50
DD 6E 54
AF

ED 42

38 0B

28 09

3A 7A FC
c8 97

32 7A FC
€9

3A 7A FC

ALARMH1 :

DISHI1:

ALARMLYL:

DISLOL:

ALARMHZ:

DISHIZ:

SET
LD
RET
LD
LD
LD
LD
XOR
SBC
IR
JR
LD
RES
LD
RET
LD
SET
LD
RET
LD
LD
LD
LD
XOR
SBC
IR
JR
LD
RES
LD
RET
LD
SET
LD
RET
LD
Lo
LD
LD
XOR
SBC
JR
JR
LD
RES
LD
RET
LD

4,A
(PARAP1), A

B, (1X+8H)
¢, (IX+CH)
H, (1X+50H)
L, (IX454H)
A

HL,BC
C,DISHI1
Z,DISHIL
A, (PARAP1)
1,A
(PARAP1), A

A, (PARAP1)
1,A
(PARAP1), A

H, (1X+8H)
L, (IX+CH)
B, (1X+58)
¢, (TX+5CH)
A

KL, BC
¢,DISLO1
Z,DI5L01
A, (PARAP1)
5,A
(PARAP1), A

A, (PARAP1)
5,A
(PARAP1), A

B, (1X48H)
C, (1X+CH)
H, (1X+50H)
L, (IX454H)
A

HL, BC
C,DISHI2
Z,DISHI2
A, (PARAP1)
2,A
(PARAP1), A

A, (PARAP1)

.
’

]

;READ PV2. (HIGH)
READ PV2. (LOW)
:READ AH2. (HIGH)
iREAD AH2. (LOW)

) .
;AH2-PV2 = RESULT ALARM DISPL

sREAD PV2. (HIGH)
;READ PV2. (LON)
;READ AL2. (HIGH)
;READ AL2. (LOW)

iPV2-AL2 = RESULT ALARM DISPL
i
i

-

iREAD PV3. (HIGH)
;READ PV3. (LOW)
:READ AH3. (HIGH)
;READ AH3. (LOW)

;AH3-PV3 = RESULT ALARM DISPL



2949
2948
294E
294F
2952
2955
2958
2958
295C
295E
2960
2962
2965
2967
296A
2968
296E
2970
2973
2974
2977
297A
2970
2980
2981
2983
2985
2987
298A
298C
298F
2990
2993
2995
2998
2999
299¢C
299F
29A2
29A5
29A6
2948
29AA
29AC
29AF
2981
2984
2985

6 D7

32 74 FC
9

DD 66 08
DD 6E OC
DD &6 3A
DD 4E SC
AF

ED 42

38 0B

28 09

34 7A FC
(8 87

32 74 FC
c9

3A 7A FC
C8 F7

32 78 FC
5

DD 46 08
DD 4E OC
DD 66 50
DD 6E 54
AF

ED 42

38 0B

28 09

3A 7A FC
CB 9F

32 7A FC
9

CB DF

32 7A FC
€9

DD 66 08
DD 6E OC
DD d6 3A
DD 4E 5C
AF

ED 42

28 09

3A 74 FC
(B BF

32 7A FC
9

3A 7A FC

ALARML?:

DISLO2:

ALARMH3:

DISHKI3:

ALARMLS:

DISLO3:

SET
LD
RET
LD
LD
LD
LD
XOR
SBC
JR
JR
LD
RES
LD
RET
LD
SET
LD
RET
LD
LD
LD
LD
XOR
SBC
JR
JR
LD
RES
LD
RET
LD
SET
LD
RET
LD
LD
LD
LD
XOR
SBC
JR
JR
LD
RES
LD
RET
LD

2,A
(PARAP1), A

H, (1X48H)
L, (IX4CH)
B, (1X+58)
¢, (IX+5CH)
A

HL, BC
¢,D15L02
Z,DI5L02
A, (PARAP1)
6,A
(PARAP1), A

A, (PARAP1)
6,A
(PARAP1), A

B, (IX48H)
C, (IX4CH)
H, (1X450H)
L, [IX+54H)
A

KL, BC
C,DISHI3
Z,DISHI3
A, (PARAP1)
3,A
(PARAP1), A

A, (PARAP1)
3,h
(PARAP1), A

H, (1X+8H)
L, (IX+CH)
B, (1X458)
¢, (IX+45CH)
A

HL, BC
¢,DISLO3
2,DI5L03
A, (PARAP1)
7,A
(PARAP1), A

A, (PARAP1)

1]

;READ PV3. (HIGH)
iREAD PV3. (LOW)

;READ AL3. (HIGH)
;READ AL3. (LOW)

;PV3-AL3 = RESULT ALARM DISPLAY

1
.
L)
1]

;READ PV4. (HIGH)
READ PV4, (LOW)
:READ AHé. (HIGH)
iREAD AHé. (LOW)

AHE-PVL = RESULT ALARM DISPLAY

;READ PV4. (HIGH)
;READ PVG. (LOW)
;READ AL4. (HIGH)
;READ AL4. (LOW)

;PVé-ALG = RESULT ALARM DISPLAY



2988
29BA
298D
29BE
29C2
29C5
29C8
29CB
29CE
29CF
2900
2903
2906
2909
290C
290D
29DE
29E0
29E1
29E3
29E5
29E6
29E7
29EA
29ED
29EF
29F0
29F2
29F4
29F5
29F6
29F7
29F9
29FC
29FF
2403
2A05
2h07
2K09
2h0B
2400
2A0E
2410
2A12
2A15
2417
2h18
2h1A

(B FF

32 7A FC
c9

DD 2A 78 FC
DD 56 00
DD 5E D4
01 0A 00
Cb 33 28
EB

D5

DD 56 08
DD SE OC
01 0A 00
€D 33 28
D1

AF

ED 52

0

30 03

ED 44

37

F5

21 00 00
DD &E 30
06 00

AF

ED 42

28 65

F1

F5

4F

06 00

DD 6E 40
DD 66 &8
DD CB 28 7E
20 04

30 10

18 04

38 0C

18 00

AF

ED 42

30 08

21 00 0O
18 06

09

30 03

21 FE FE

PID:

DORR:

REVERS] :

SUBT1:

ADDI:

SET
Lo
RET
L
Lo
L
LD
CALL
EX
PUSH
LD
LD
LD
CALL
POP
XOR
SBC
Lb
IR
NEG
SCF
PUSH
LD
LD
LD
XOR
SBC
IR
POP
PUSH
LD
Lb
Lb
Lb
BIT
IR
IR
IR
IR
IR
XOR
SBC
IR
LD
IR
ADD
IR
LD

7,A
(PARAP1), A

1X, (PARAP)
D, (1X+0H)
E, (1X+4H)
BC, 000AH
DEVIS
DE, HL

DE

D, (IX48H)
E, (1X4CH)
BC, DD0AH
DEVIS

DE

A

HL,DE
AL

NC, DORR

AF
HL , 0000H
¢, (IX+30H)
8,00H

A

HL, BC
Z,PROP

AF

AF

C,A

B,0H

L, (IX+40H)
H, (IX448H)
7, (1X+28H)
NZ,REVERS]
NC, ADD1
SUBT1
¢,ADD1
SUBT1

A

HL,BC

NC, TOMULT
HL , 0000H
TOMULT
HL,BC

NC, TOMULT
HL,FFFFH

i
)
i STARTED PID SUBROUTINE.

iREAD SV. (HIGK)
;READ SV. (LOW)

’
;SV/10 = 0.0 - 102.4 %

;READ PV. (HIGH)
;READ PV. (LOW)

]
;PV/10 = 0.0 - 102.4 %

'

iPV - SV = ERROR(ER)

1]
;CHANGE RESULT T0-
;2" COMPLEMENT,

sCHECK TI.



26D DD 75 40 TOMULT: LD (IX+40H),L ;STORE NEW SUM INTO-

2020 DD 74 48 LD (IX+48H),H  ;TABLE.

2423 EB EX DE, HL ;SUM*ER AND PUT RESULT-
2024 3E 3C Lb A,DT ;INTO HL REGISTER.

2426 €D 20 28 CALL  MULT ;

2429 EB EX DE, HL ;SUN*ER*DT

2024 D5 PUSH  DE ;STORE SUN*ER*DT INTO STACK
2028 DD 56 20 LD D, (IX420H)  ;READ KP. (HIGH) .

2h2€ DD 5E 26 LD E,(IX426H)  ;READ KP. (LOW)

2431 01 DA 00 LD BC, 000AH ;

2436 CD 33 2B CALL  DEVIS ;

2437 7D LD AL ikP/10

2438 D1 POP DE ;READ SUM*ER*DT FROM STACK
2A39  CD 20 2B CALL  MULT J

2A3C EB EX DE, HL i SUN*ER*DT* (KP/10)
2A3D 01 DA 0D LD BC, D0DAH :

2460 €D 33 2B CALL  DEVIS :

2463 EB EX DE, HL ; (SUM*ER*DT*(KP/10)/10)
2h66 DD 4E 30 LD C,(IX+30H)

2667 06 00 LD B, OH ;

2049 €D 33 28 CALL  DEVIS ; (SUN*ER*DT* (KP/10)/10)/T1 =
2A6C DD CB 34 7E BIT 7,(IX+364H)  ;CHECK M OR S.

2050 28 07 IR Z,PROP ; JUNP T0 PROPORTIONAL-
2452 EB EX DE, KL ;ROUTINE.

2A53 01 3C 00 LD BC, 003CH ;RESULT 1S DEVISED BY-
2456 €D 33 2B CALL  DEVIS 160, :

2459 F1 PROP: POP AF 1ER T0 [A] REGISTER.
2054 ES PUSH  HL ;DCI T0 STACK.

2458 F5 PUSH  AF {ER TO STACK.

2A5C DD SE 24 LD E,(IX424H)  ;KP 10 [DE] REGISTER.
2A5F DD 56 20 Lo D,(IX+204) ;

2462 01 DA 00 Lo BC, DDDAH :

2465 CD 33 28 CALL  DEVIS ;

2468 EB EX DE, HL iKP/10

2469 CD 20 28 CALL ~ MULT ; (KP/10)*ER=DCP

e B EX DE, HL ;

2460  F1 ; POP AF ;

206 1 POP HL ;

206F DD CB 28 7E BIT 7,(1X+28H)  ;CHECK D OR R.

2473 20 04 R NZ,REVERS2  ;JUMP T0 REVERSE -
2475 30 10 IR NC, ADD2 ;ROUTINE.

2877 18 04 IR SUBT2 ;

2479 38 OC ; REVERS2: IR C,ADD2 ;

2478 18 0D IR SUBT2 ;

2070 AF SUBT2: XOR A g

2076 ED 52 SBC HL, DE :DC1-DCP=RESULT

2A80 30 08B JR NC,DERIV ; CHECK MINIMUN
2A82 21 00 0O LD HL, DOOOH :



2A85
2h87
2A88
2A8A
2A8D
2A8E
2A91
2h94
2496
2497
2K99
2498
2A9E
2hA1
28R4
2KA7
24A8
2hR9
2hAC
2hAF
2482
24B5
24B6
2487
2489
24BA
2488
2ABC
2ABE
24C0
2AC1
2402
2403
2AC5
2AC8
2ACB
2ACC
2ACE
2AD1
2hD2
2AD5
2AD8
24DC
2ADE
2ADF
2AE1
24E4
2AES

18 06

19

30 03
ZAVFF FE
ES

21 00 00
DD SE 38
16 00

AF

ED 52

28 SE

DD 56 10
DD SE 14
01 DA 00
CD 33 28
EB

D5

DD 56 08
DD SE 0C
01 0A 00
Ch 33 28
D1

AF

ED 52

70

3

ES

30 03

ED 44

37

F5

5F

16 00

DD 7E 38

€0 20 28

EB

3E 0A

CDh 20 28
EB8

01 3C 00
Cb 33 28
DD CB 3C
28 06

EB

3E 3

CDh 20 28
EB

D5

7E

ADD2:

DERIV:

POSIT:

NOT:

IR
ADD
IR
LD
PUSH
L
LD
LD
XOR
SBC
IR
LD
LD
L
CALL
EX
PUSH
Lo
L
L
CALL
POP
XOR
SBC
Lo
POP
PUSH
IR
NE
SCF
PUSH
LD
LD
LD
CALL
EX
L
CALL
EX
L
CALL
BIT
IR
EX
Lo
CALL
3
PUSH

DERIV
HL, DE
NC,DERIV
HL,FFFFH
HL

HL , DODOH
E, (IX+38H)
D, 00H

A

KL, DE
Z,NOT1

D, (IX+10H)
E, (IX+16H)
BC, D00AH
DEVIS
DE, HL

DE

D, (IX+8H)
E, (IX+CH)
BC, D00AK
DEVIS

DE

A

HL, DE

AL

HL

HL

NC, POSIT

AF

E,A

D,0H

A, (1X+38H)
MULT

DE, HL

A, AH

HULT

DE, HL
BC,DT
DEVIS

7, (1X43CH)
Z,NOT
DE, HL

A, 3CH

HULT

DE, HL

DE

]

;DCI+DCP=RESULT

;CHECK MAXIMUM

;PUSH RESULT INTO STACK.
i

;CHECK TD.

i

;PVO (HIGH) TO [D] REGISTER.
iPVD (LOW) TO [E] REGISTER.

;PVO/10 = 0.0 - 102.4 %

.
1

i
;PV (HIGK) TO [D) REGISTER.
;PV (LOW) T0 [E] REGISTER.

;PV/10 = 0.0 -102.4 %

'
;PV-PVO=DDE
i

;CHANGE DDE T0 2'S -
; COMPLEMEN.
;PUSH DDE INTO STACK.

.
1

;1D T0 [A) REGISTER,
;DDE*TD

;DDE*TD*10

1

;0T T0 [BC) REGISTER.
;DDE*TD*10/0T

;CHECK M OR S.

i

;DDE*TD*10%60/DT

L



2hE
2AE9
2AEC
2AEF
2AF2
2AF3
2AF &
24F7
2hF8
2AF9
2AFA
2AFE
2600
2802

. 2804

2806
2808
2B09
2808
260D
2610
2811
2812
2B14
2817
2B18
2819
281B
261C
2B1F
2820
2822
2624
2825
2826
2828

2829
2828
282C
282E
262F
2832
2B33
2834
2835
2636
2638

DD 56 20
DD SE 24
01 0A 00
Cb 33 28
70

D1

Cb 20 28
EB

F1

3

DD CB 28 7E
20 04

30 OF

18 D4

38 08

18 00

AF

ED 52

30 08

21 00 00
9

19

30 04

21 FF 00
c9

7

FE 00

c8

21 FF 00
9

06 08

26 00

6C

29

38 07

07

30 01
19

10 F7
c9
21-FFEF
c9

AF

67

6F

3E 10
cB 13

NOTI:

REVERS3:

SUBT3:

ADD3:

MAX:

MULT:

LOOP:

NADD:

ouT:

DEVIS:

pvO:

LD
LD
LD
CALL
LD
POP
CALL
EX
POP
POP
BIT
IR
JR
JR
JR
JR
XOR
SBC
JR
LD
RET
ADD
JR
LD
RET
LD
cP
RET
LD
RET
LD
LD
LD
ADD
JR
RLCA

JR
ADD
DINZ
RET
LD
RET
XOR
LD
LD
LD
RL

D, (IX+20H)
E, (1X+24H)
BC, 000AH
DEVIS

AL

DE

HULT

DE, HL

AF

HL

7, (1X+28H)
NZ,REVERS3
NC, ADD3
SUBT3
C,ADD3
SUBT3

A

HL, DE

NC, MAX

HL , DODOH

HL,DE
NC, HAX
HL, DOFFH

AH

OH

z

HL, 00FFH

B,8H
H,0H
L,H
HL,HL
C,0uT

NC,NADD
HL,DE
LoopP

HL,FFFFR

A
H,A
LA
A, 16
E

;KP (HIGH) TO [D) REGISTER.
:KP (LOW) TO [E) REGISTER.

]
;KP/10

:(KP/10)*TD*DDE*10* (OR 60)
;/DT=DCD

;CHECK D OR R.
;=1 JUMP TO REVERSE.
i

;DCI+DCP-DCD=DCPID
jCHECK HININUM.

1
;DCI4DCP+DCD=DCPID

)
;CHECK MAXTHMUM

;SET BYTE COUNTER=8
v

+CLEAR HL REGISTER.
t+SHIFT HL LEFT.
;CHECK MAXIMUN.
;ROTATE BIT 7 OF "A’-
;INTO CARRY FLAG.
;TEST CARRY FLAG.
;ADD DE TO HL

JEND?

1]

;HL=0

;A=16,L00P COUNTER
;SHIFT LEFT,STORE -



263A
283C
283E
2840
2842
2843

2844
2B45
2847
2B48

2B4A
2B4B
284D
2B4F
2850
2852
2853
2B55

2B56
2858
2B5A
285C
2B5E
2861
2864
2868
286C
286D
2870
2871
2875
2879
287C
287F
2881
2683
2886
2889
2B8C
2B8E
2891
2894
2897

(B 12
ED 6A
ED 42
30 01
09
3F

3D
20 F1
EB
ED 6A

€9
3E 00
OE 61
B9
2803
ob
18 FA
c9

DB 2C

c6 01

FE 31

20 21

21 08 FC
22 78 FC
DD 21 82
DD 22 84
F5

CD 21 08
F1

DD 21 Dé
DD 22 84
CDh 21 08
C3 A6 28
FE 32

20 09
2109 FC
22 78 FC
€3 64 28
FE 33

€2 94 28
21 DA FC
22 78 FC
C3 64 28

FC
FF

Fe
Ff

DVi:

DELAY:
COMP2:
COHPY:

BACK1:

STARTT:

2 i

BEPAL:

L2:

E3s

RL
ADC
SBC

. JR

ADD
CCF

DEC
JR
EX
ADC

RET
LD
LD
cP
JR
DEC
JR
RET

IN
ADD
P
JR
LD
LD
LD
LD
PUSH
CALL
POP
LD
LD
CALL
JP
CP
JR
LD
LD
JP
cP
JP
LD
LD
JP

HL, HL
HL,BC
NC, DVI
HL,BC

A
NZ,DVD
DE, HL
HL,HL

A,00

C, N

C
Z,BACK1
C

comnPl

A, (P_LOOP)
A, IH

34

NZ,L2
HL, SV
(PARAP), HL
IX,PAGE142
(DISP),1X
AF

CONVER

AF
IX,PAGE2+4
(DISP), IX
CONVER
PARKEY
324

NZ,L3

HL, SV+1
(PARAP) , HL
SET L

334

NZ,Lé
HL,5V+2
(PARAP), HL
SET L

;PARTIAL RESULT IN-

;BIT 0.

ROTATE HL LEFT.
jHL=HL-BC

j

;IF NEGATIVE,RESTORE HL.
;PARTIAL RESULT IN -

i CARRY FLAG.

’
;STORE LAST BIT OF -
;RESULT.

;DELAYING SUBROUTINE
i

.
)

;SET PARAMETER POINTER.

;PUT NUMBER OF LOOP-
+INTO PAGEL.



289A
289C
2890
26A0
26A3
2BAG
2BA8
2BAC
2BAE
28B1
28B4
2887
2888
288D
28C0
2BC3
28C6
28C8
28C8
2BCE
2602
2606
2BDA
2BDE
2BE1
2BE4
2BE8
2BEB
2BEE
2BF2
2BF6
2BFA
2BFE
2001
2005
2008
2008
2COF
2013
2017
2018
2C1E
2022
2025
2026
2028
2028
2020

FE 34

co

21 0B FC
22 78 FC
€3 64 28
DB 2D

DD 24 78
FE 00

€2 26 2C
DD 56 00
DD SE 04
ED 53 04
DD ES

2A 78 FC
Cb 05 30
2h 04 FC
DD El

DD 74 00
DD 75 04
DD 21 08
FO 21 88
0D 22 82
FD 22 8¢
CD B8 DA
CD 4B 28
DD 24 78
DD 66 08
DD 6E OC
0D 21 OE
FD 21 94
DD 22 82
FD 22 84
CD B8 DA
DD 24 78
DD 66 18
DD 6E 1C
DD 21 14
FD 21 AD
0D 22 82
FD 22 84
CD B& OA
DD 21 80
CD 98 02
c9

FE 01

€2 B6 2C
DD ES

3E 4B

FC

FG

Ik
FC
FF
FF

FC

FF
FC
FF
FF

FF
FC
FF
FF

Lé:

PARKEY

RSV:

RPV:

RMV:

TKP:

CcP
RET
LD
LD
JP
IN
LD
cp
JP
LD
LD
LD
PUSH
LD
CALL
LD
PoOP
LD
LD
LD
LD
LD
LD
CALL
CALL
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD
LD
LD
LD
LD
LD
CALL
LD
CALL
RET
cP
JP
PUSH
LD

34H

NZ

HL,SV+3
(PARAP) , HL
SET L

A, (P_PARA)
IX, (PARAP)
OH

NZ, TKP

D, (I1X+0H)
E, (IX+4H)
(VALUE1),DE
IX

HL, (PARAP)
U_DKEY1

HL, (VALUE1)
IX
(1X40H),H
(IX+4H),L
IX, INPBF +4
1Y,PAGE1+8H
(OUTPTR), IX
(o1se), 1Y
DECIMAL
DELAY

1X, (PARAP)
H, (I1X+8H)
L, (IX4CH)
1X, INPBF +AH
1Y,PAGE1+14H
(OUTPTR), IX
(D1SP), 1Y
DECINAL

1X, (PARAP)
H, (I1X+18H)
L, (IX+1CH)
1X, INPBF +10H
1Y,PAGE1420H
(OUTPTR), IX
(D15P), 1Y
DECIMAL
1X,PAGE1
SCAN1

1H
NZ,TT]
IX
A, 4BH

;CHECK PARAMETER KEY.
;CHECK LOOP DISPLAY.

sPUT SV INTO BUFFER. (HIGH)
;PUT SV INTO BUFFER. (LOW)

;PUT PV INTO BUFFER.
; (HIGH)
; (LOW)

’

H

+PUT MV INTO BUFFER.
i (HIGH)

; (LONW)

;DISPLAY LOOP OF PROCESS.
;JUHP TO START AGAIN.
jPUT KP INTO BUFFER.

;FILL K INTO BUFFER,



202F
2033
2037
203A
2C3C
2040
2066
2047
2049
2048
2C4F
2051
2053
2057
2058
205E
2060
2062
2064
2066
2069
2C6C
2C70
2072
2075
2078
2079
2C7¢
2080
2083
2084
2086
2088
2088
208E
2C8F
2091
2094
2095
2098
2098
209¢E
2CA1
2CA4
2CA7
2CAA
2CAD
2CB0

DD 21 DO FC
DD 22 84 FF
Cb 21 08

3E 50

DD 21 D2 FC
DD 22 84 FF
Cb 21 08

DD El

DD ES

DD CB 28 7E
20 11

3E 44

FD 21 EO FC
FD 22 84 FF
Cb 21 08
DD E1

18 04

3E 52

18 ED

DD 56 20

DD SE 24

ED 53 04 FC
DD E5

2A 78 FC

01 20 00

09

Cb 05 30

ED 5B 04 FC
21 E8 03

AF

ED 52

DD El

DA 9E 2C

21 00 00

AF

ED 52

D2 AA 2C

EB

DD 74 20

DD 75 24

C3 A9 2F

21 £8 03

DD 74 20

DD 75 24

C3 A9 2F

21 00 00

DD 74 20

0D 75 24

STORE:

REVERSE :

NEXT:

HKP:

LKP:

LD
LD
CALL
LD
LD
LD
CALL
POP
PUSH
BIT
JR
LD
LD
LD
CALL
POP
JR
LD
JR
LD
L0
LD
PUSH
LD
LD
ADD
CALL
LD
LD
XOR
SBC
POP
JP
LD
XOR
SBC
JP
EX
LD
LD
JP
LD
LD
LD
JpP
LD
LD
LD

IX,PAGE?2
(p1SP), IX
CONVER

A, 50H
IX,PAGE242H
(DISP), IX
CONVER

IX

IX

7, (1X428H)
NZ,REVERSE
A, b4H
1Y,PAGE2+10H
(DISP), 1Y
CONVER

IX

NEXT

A, 52H
STORE

D, (1X+20H)
E, (IX+2¢H)
(VALUE1),DE
IX

HL, (PARAP)
BC, 00204
HL, BC
U_DKEY1
DE, (VALUE1)
HL , KPMAX

A

HL, DE

IX

¢, HKP

HL, KPMIN

A

HL, DE

NC, LKP
DE, HL
(1X+20H) ,H
(1X+24H),L
FILL

HL , KPHAX
(1X+20H) ,H

- (IX426H),L

FILL

HL, KPHIN
(IX+20H),H
(IX426H),L

.
1
.
L]
.
'

sFILL P INTO BUFFER.
i
i
i

;FILL D INTO BUFFER.
i

.
]

i

i

;FILL R INTO BUFFER.

i

;READ KP FROM BUFFER. (HIGH)
;READ KP FROM BUFFER. (LOW)

;CHECK LINIT OF KP.



2083
20B6
2088
2(BB
208D
2CBF
2003
2007
2CCA
20cC
2000
2004
2007
2009
2c0C
2CDF
2CE1
2CE4
20E7
2CE8
2CEB
2CEE
2CF0
2CF4
2CF6
20F7
2CF9
2CFA
2CFC
2000
2002
2005
2007
2009
2D0A
200C
2010
2012
2015
2017
2018
201D
201F
2023
2027
2024
202¢
202F

C3 A9 2F
FE 02
G272 20
DD ES

3E 54

DD 21 DO
DD 22 84
€D 21 08
3E 49

0D 21 D2
DD 22 84
CD 21 08
DD E1

DD 7€ 30
32 04 FC
DD ES

24 78 FC
01 30 00
09

CD Cé 2F
3A 06 FC
DD E1

DD CB 34
20 11

&7

3E 77

B8

30 19

DD CB 34
3E 02

32 04 FC
18 OE

06 02

B8

30 09

DD CB 34
3E N

32 04 FC
0D ES

DD CB 34
28 35

DD 21 EO
DD 22 84
Ch 21 08

3A 04 FC
47

FC
FF

Fe
FF

7€

3E

7t

FC
FF

Tkl

MINUTEL:

NONSEC1:

JP
cp
JP
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
LD
PUSH
LD
LD
ADD
CALL
LD
POP
BIT
JR
LD
LD
cp
JR
RR
LD
LD
JR
LD
CcP
JR
SRL
LD
LD
PUSH
BIT
JR
LD
LD
LD
CALL
POP
LD
LD

FILL

2H

NZ,TTD

IX

A,56H
IX,PAGE?2
(DISP), IX
CONVER

A, G9H
1X,PAGE2+2H
(DISP), IX
CONVER

IX

A, (1X430H)
(VALUE1),A
IX

HL, (PARAP)
BC,D030H
HL, 8C
U_DKEY

A, (VALUEL)
X

7, (1X436H)
NZ,MINUTE]
B,A

A, 77H

8

NC, NONSEC1
(IX+3&H)
A,02H
(VALUE1),A
NONSEC1
B,02H

B
NC,NONSEC1
(IX+36H)
A, 77TH
(VALUE1),A
IX

7, (1X+36H)
Z,56C1

A, 4DH
1X,PAGE2+10H
(DISP), 1X
CONVER

Ix

A, (VALUEL)
B,A

:PUT TI INTO BUFFER.
i
;FILL T INTO BUFFER.
2
;FILL I INTO BUFFER.
i

.
]

;FILL M INTO BUFFER.



2030
2032
033
2035
2038
2039
2038
203E
2040
2043
2045
2048
2DéA
204D
204F
2052
2054
2058
205C
2D5F
2061
2064
2066
2067
2069
206C
206D
206F
2072
2074
2077
2079
2078
207F
2083
2086
2088
2D8C
2090
2093
2095
2098
2098
2090
20A0
20A3
20A4
20A7

3E 64

B8

38 09

DD 70 30

68

26 00

C3 A9 2F

2E 64

DD 75 30

26 00

C3 A9 2F

2E 00

DD 75 30

26 00

C3 A9 2F

3E 83

DD 21 ED FC
DD 22 84 FF
D 21 08
DD E1

3A 04 FC

DE 00

B9

38 DF

Db 77 30

6F

26 00

C3 A9 2F

FE 03

C2 2E 2E

DD ES

3E 54

DD 21 DO FC
DD 22 84 FF
Cb 21 08

3E 44

DD 21 D2 FC
DD 22 84 FF
Cb 21 08

DD El

DD 7€ 38

32 06 FC

DD ES

24 78 FC

01 38 00

09

Cb Cé 2F

JA 04 FC

HTI:

LTl

4

17D:

LD
cP
JR
LD
LD
LD
JP
LD
LD
LD
JpP
LD
LD
LD
JP
LD
LD
LD
CALL
POP
Lo
LD
CP
JR
Lo
LD
LD
JP
cp
JP
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
LD
PUSH
LD
LD
ADD
CALL
LD

A, TIHAX

B

C,HTI
(1X+30H),B
L,B

H, OH

FILL

L, TIMAX
(IX+30H),L
H, OH

FILL

L, TININ
(IX+30H),L
H, OH

FILL

A, 534
IX,PAGE2+10H
(DISP), IX
CONVER

IX

A, (VALUE1)
¢, TININ

¢

C,LTI
(IX+30H),A
L,A

H, OH

FILL

3H

NZ,AHN

IX

A, 56H
IX,PAGE2
(DISP), 1
CONVER

A, béH
1X,PAGE242H
(D15P), IX
CONVER

IX

A, (IX+38K)
(VALUE1), A
Ix

HL, (PARAP)
BC,0038H
HL, BC
U_DKEY

A, (VALUE1)

;CHECK LINIT OF TI.

;FILL S INTO BUFFER.

;PUT TD INTO BUFFER.
FILL T INTO BUFFER.

1
;FILL D INTO BUFFER.



2DAA
20AC
2080
2082
2083
2085
2DB6
2088
208C
2DBE
20C1
2003
20C5
2006
20C8
2nCC
20CE
2001
2003
2007
2009
2DDB
20DF
2DE3
2DE6
2DE8
2DEB
2DEC
20EE
2DEF
20F1
2DFé
20F5
20F7
2DFA
2DFC
2DFF
2601
2E04
2E06
2E09
2E08
2E0E
2E10
2E14
2E18
2E18
2E1D

0D E1

DD CB 3C 7E

20 11

&7

3E 77

B8

30 19

DD CB 3C 1E

3E 02

32 04 FC

18 OE

06 02 v MINUTE2:
B8

30 09

DD CB 3C 3E

3E 77

32 06 FC

DD ES NONSEC2:
DD CB 3C 7E

28 35

3E 4D

DD 21 EO FC

DD 22 8¢ FF

CD 21 08

DD Et

34 06 FC

47

3E DA

B8

38 09

DD 70 38

68

26 00

C3 A9 2F

2E DA HTD:
DD 75 38

26 00

C3 A9 2F

2E 00 LTD:
DD 75 38

26 00

C3 A9 2F

3E 53 SECOND:
DD 21 EO FC

DD 22 84 FF

Cb 21 08

DD E1

34 04 FC

POP
BIT
JR
LD
LD
CP
JR
RR
LD
LD
JR
LD
cp
JR
SRL
LD
LD
PUSH
BIT
IR
LD
LD
LD
CALL
POP
LD
LD
LD
cP
JR
LD
LD
LD
JP
LD
LD
LD
JP
LD
LD
LD
JP
LD
LD
LD
CALL
POP
LD

IX

7, (1X43CH)
NZ,MINUTE?2
B,A

A, 77H

B
NC,NONSEC2
(1X+3CH)
A, 024
(VALUE1), A
NONSEC?2
B,02H

]
NC,NONSEC2
(IX+3CH)
A, 77H
(VALUEL),A
IX

7, (1X+3CH)
Z,SECOND
A, 4DH
1X,PAGE2410H
(pISP),1X
CONVER

IX

A, (VALUE1)
B,A

A, TDMAX

8

C,HID
(1X+38H),B
L,B

H, OH

FILL

L, TDMAX
(IX+38H),L
H, OH

FILL

L, TOMIN
(1X+38H),L
H, OH

FILL

A, 53H
1X,PAGE2+410H
(DISP), IX
CONVER

Ix

A, (VALUE1)

;FILL M INTO BUFFER.

tFILL S INTO BUFFER.



2€20
2E22
2E23
2E25
2E28
2E29
2E28
2E2E
2E30
2E33
2E35
2837
2£38
2E3F
2E42
2844
2E48
2E4C
2E4F
2E51
2E55
2E59
2E5C
2E5E
261
2E64
2E68
2E6A
2E6D
2E70
2E71
2E74
2E78
2E78
2E7C
2E7E
2E80
2E83
2E86
2887
2E89
28C
2E8D
2E90
2E93
2E96
2699
2E9¢C

OE 00

B9

38 DF

bD 77 38
6F

26 00

C3 A9 2F
FE 04

C2 AE 2E
DD ES

3E 41

0D 21 DO
DD 22 84
Cb 21 08
3E 48

DD 21 D2
DD 22 8¢
€D 21 08
3E 25

DD 21 EO
DD 22 8¢
Ch 21 08
DD El

DD 56 50
DD SE 56
ED 53 D4
DD E5

2h 78 FC
01 50 00
09

Cb 05 30
ED 5B D4
21 FF 03
AF

ED 52

0D El

DA 96 2E
21 90 01
AF

ED 52

D2 A2 2€
EB

DD 74 50
DD 75 54
C3 A9 2F
21 FF 03
DD 74 50
DD 75 54

FC
FF

FC
FF

Fe
FF

FC

FC

AHN:

HAH:

LD
cp
JR
LD
LD
LD
JP
CcP
JP
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
LD
LD
PUSH
LD
LD
ADD
CALL
LD
LD
XOR
SBC
POP
JP
LD
XOR
$BC
JP
EX
LD
LD
JP
LD
LD
LD

C, TOMIN

C

C,LTD
(1X+38H),A
LA

H, OH

FILL

&H

NZ,ALN

IX

A G1H
IX,PAGE?2
(DISP), IX
CONVER

A, 68H

1%, PAGE242
(DISP), IX
CONVER

A, 25H
IX,PAGE2416
(p18P), IX
CONVER

IX

D, (1X450H)
E, (IX+56H)
(VALUE1),DE
Ix

HL, (PARAP)
8C, 00504
HL,BC
U_DKEY1
DE, (VALUE1)
HL, AHMAX

A

HL, DE

IX

C, HAH

HL , AHHIN

A

HL, DE
NC,LAH
DE, HL
(1X450H),H
(IX456H),L
FILL

HL , AHHAX
(IX450H) ,H
(1X454H),L

;PUT AH INTO BUFFER.

»
;FILL A INTO BUFFER.
;FILL H INTO BUFFER.
i

L]
;FILL 3 INTO BUFFER.



209F  C3 A9 2F I FILL

26A2 21 90 01 LAH: LD HL, AHMIN

2EA5 DD 74 50 LD (IX+50H),H

2EA8 DD 75 54 LD (IX+54H),L

2EAB  C3 A9 2F P FILL

2EAE FE 08 ALN: cP 8H ;PUT AL INTO BUFFER.
2680 C2 2E 2F [ NZ, MANN ;

2EB3 DD ES PUSH  IX ; 2
2EB5  3E 41 Lo A, d1H ;FILL A INTO BUFFER.
2EB7 DD 21 DO FC LD 1X,PAGE?2 ;

2EBB DD 22 84 FF LD (DISP),1X ;

2EBF  CD 21 08 CALL  CONVER ;

26C2  3E 4C LD A, 4CH ;FILL L INTO BUFFER.
2EC4 DD 21 D2 FC LD IX,PAGE242 :

26C8 DD 22 84 FF LD (DISP), Ix ;

2ECC €D 21 08 CALL ~ CONVER ;

2ECF  3E 25 LD A, 25H ;FILL % INTO BUFFER.
2EDI DD 21 EO FC LD IX,PAGE2¢16

2ED5 DD 22 84 FF LD (DISP), IX ;

2609 CD 21 08 CALL ~ CONVER

260C DD Ed POP IX

2EDE DD 56 58 LD D, (1X458H)

2EE1 DD SE 5¢ L0 E, (IX45CH)

2EE6  ED 53 04 FC LD (VALUE1),DE

26E8 DD ES PUSH  IX

26EA  2A 78 FC LD HL, (PARAP)

2€ED 01 58 00 LD BC, 0058H

2EF0 09 ADD HL,BC

2EF1 €D 05 30 CALL  U_DKEY!

2EFG  ED 5B D4 FC LD DE, (VALUE1)

2EF8 21 90 01 LD HL, ALKAX

2EFB  AF XOR A

26FC  ED 52 SBC HL , DE

26FE DD E1 POP IX

2F00 DA 16 2F JP C,HAL

2F03 21 00 0O LD HL, ALKIN

2F06  AF YOR A

2F07 ED 52 SBC HL, DE

2F09 D2 22 2F JP5 NG AL

2F0C  EB EX DE, HL

2F0D DD 74 58 LD (1X+58H) , H

2F10 DD 75 5C LD (1X45CH),L

2F13  C3 A9 2F A FILL

2F16 21 90 01 HAL : Lo HL , ALHAX

2F19 DD 74 58 LD (IX458H) ,H

2F1C DD 75 5C LD (IX+45CH),L

2FIF  C3 A9 2F P FILL

2F22 21 00 00 LAL: . LD HL, ALMIN



2F25
2F28
2F28
2F2E
2F30
2F31
2F33
2F3%
2F39
2F3D
2F60
2F42
2F46
2FEA
2F4D
2F4F
2F53
2F57
2F5A
2F5C
2F5F
2F62
2F66
2F68
2F6B
2F6E
2F6F
2F72
2F76
2F79
2F7A
2F7C
2F7E
2F81
2F84
2F85
2F87
2FBA
2788
2F8E
2F91
2F94
2F97
2F9A
2F90
2FAD
2FA3
2F A6

0D 74 58
DD 75 5¢
€3 A9 2F
FE OC

i

DD ES

3E 4D

DD 21 DO
DD 22 84
¢D 21 08
3E 56

DD 21 D2
DD 22 84
CD 21 08
3€ 25

DD 21 EO
DD 22 84
€D 21 08
DD E1

DD 56 60
DD SE 64
£D 53 04
0D ES

24 78 FC
01 60 00
09

€D 05 30
ED 5B 04
21 FF 03
AF

€D 52

DD E1

DA 96 2F
21 00 00
AF

ED 52

D2 AQ 2F
EB

00 74 60
DD 75 64
€3 A9 2F
21 FF 03
DD 74 60
DD 75 64
C3 A9 2F
21 00 00
DD 74 60
DD 75 64

FC
FF

FC
FF

FC
FF

FC

FC

MANN:

HHAN:

LMAN:

LD
LD
JP
CcpP
RET
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
LD
LD
PUSH
LD
LD
ADD
CALL
LD
LD
XOR
SBC
POP
JP
LD
XOR
SBC
JP
EX
LD
LD
JP
LD

LD
Lo
JP
LD
LD
LD

(IX+58K),H
(1X45CH),L
FILL

CH

NZ

IX

A, 4DH
1X,PAGE2
(DISP), IX
CONVER

A, 56H
IX,PAGE242
(D1SP), IX
CONVER

A, 25H
1X,PAGE2416
(D1sP), IX
CONVER

IX

D, (IX+60H)
E, (IX+66H)
(VALUE1),DE
IX

HL, (PARAP)
BC, 00604
HL, BC
U_DKEY1
DE, (VALUE1)
HL, MANMAX
A

HL, DE

IX

C, HNAN

HL, BANHIN
A

HL, DE

NC, LMAN
DE, HL
(IX+60H),H
(1X+64H),L
FILL

HL , MANHAX
(1X+60H) ,H
(IX464H),L
FILL

HL , MANHIN
(1X+60H) ,H
(IX464H),L

;PUT MV INTO BUFFER.

Al
+FILL M INTO BUFFER.

L]
;FILL V INTO BUFFER.

¥
;FILL % INTO BUFFER.

.
’



2FA9
2FAD
2FB1
2FBS
2FB9
2FBC
2FCO
2FC3
2FCh
2FC6
2FC7
2FC8
2FC9
2FCD
2FCE
2FD0
2FD2
2FD3
2FD5
2F07
2FD8
2FDB
2FDD
2FE1
2FE2
2FES
2FE6
2FE7
2FEA
2FEC
2FEF
2FF2
2FFé
2FF5
2FF7
2FFA
2FFD
2FFF
3000
3001
3004
3005
3007
3008
300A
3008
3poc
3000

DD 21 08 FF
FD 21 D8 FC
DD 22 82 FF
FD 22 84 FF
CD B8 DA

DD 21 DD FC
€D 98 02

c9

DB 2E

F5

50

54

ED 4B 20 FD
AF

ED 42

20 05

F1

D3 30

18 06

F1

3A 04 FC

D3 30 .
ED 53 20 FD
&7

3A D& FC

90

c8

DA F5 2F

FE 01

CA 00 30

3A 04 FC

D3 30

€9

FE FF

CA 00 30

34 04 FC

D3 30

£9

78

32 04 FC

9

DB 2E

5F

DB 3C

57

E5

D5

ED 4B 20 FD

FILL:

DISPLAY:

U_DKEY:

ENIT:

CON:

NEG1:

NEWVL:

U_DKEY1:

LD
LD
LD
LD
CALL
LD
CALL
RET
IN
PUSH
LD
LD
LD
XOR
SBC
JR
POP
out
JR
pPoP
LD
ouT
LD
LD
LD
SUB
RET
JP
cp
JP
LD
ouT
RET
cP
Jp
LD
out
RET
LD
LD
RET
IN
LD
IN
LD
PUSH
PUSH
LD

1X, INPBF +4H
1Y, PAGE248H
(OUTPTR), IX
(DISP), 1Y
DECINAL
IX, PAGE?2
SCAN1

A, (P_UD)
AF

E,L

D, H

BC, (CHECK)
A

HL,BC
NZ,ENIT

AF
(P_SU_D),A
CON

AF

A, (VALUEY)
(P_SUD),A
(CHECK),DE
B,A

A, (VALUE1)
B

z

¢,NEG1

1H

7, NEWVL

A, (VALUE1)
(P_SUD),A

FFH

Z, NEWVL

A, (VALUE1)
(P_SU_D),A

AB
(VALUEL), A

A, (P_UD)

E,A

A, (P_UDI)
D,A

HL

DE

BC, (CHECK)

;DISPLAY PARAMETER.

;START U&D KEY-
; SUBROUTINE.

;CHECK ZERO™ RESULT,
;JUNP TO CHECK -1.
;CHECK 1 RESULT.

L]
’

.
L

;CHECK -1 RESULT.

)

’

JINITIAL P_SU_D.

H

sNEW VALUE BE STORED-
JIN A,

;START USD KEY-

1 SUBROUTINE.

L
'
L]
L



3011
3012
3014
3016
3017
3018
301A
3018
301D
301F
3020
3024
3025
3027
3028
3024
3028
302E
3031
3032
3034
3035
3038
3039
3038
303E
3041
3042
3064
3045
3047
3048
3049
3048
304E
3051
3052
3054
3055
3057
3058
305C
3050

AF

ED 42

20 09

D1

78

D3 30

7A

D3 34

18 08

D1

ED 5B 04 FC
78

D3 30

7A

D3 3

El

22 20 FD
2h 04 FC
AF

ED 52

c8

DA 48 30
70

FE 01

CA 58 30
2A 04 FC
0

D3 30

7€

D3 34

c9

70

FE FF

CA 58 30
2A 04 FC
70

D3 30

7C

D3 34

€9

ED 53 04 FC
c9

ENITI:

CON1:

NEG2:

NEWVLI:

XOR
SBC
JR
POP
LD
ouT
LD
out
JR
POP
LD
Lb
out
LD
out
POP
LD
LD
XOR
SBC
RET
JP
LD
cp
JP
LD
LD
out
LD
ouT
RET
LD
cP
JP
LD
LD
ouT
LD
ouT
RET
LD
RET
END

A

HL,BC
NZ,ENIT1

DE

AE
(P_SU_D),A
A,D
(P_SU_D1),A
CON1

DE

DE, (VALUE1)
AE
(P_SU_D),A
A,D
(P_SU_D1),A
HL
(CHECK) , HL
HL, (VALUE1)
A

HL,DE

b

C,NEG2

AL

1H

Z, NEWVLY
HL, (VALUE1)
AL
(P_SU_D),A
AH
(P_SU_D1),A

AL
FFH
Z,NEWVL1
HL, (VALUEL)
AL
(P_SU_D),A
kil
(P_SU_D1),A

(VALUE1),DE

;CHECK ZERO RESULT.
;JUMP TO CHECK -1.

’
;CHECK 1 RESULT,

;CHECK -1 RESULT,

+INITIAL P_SU_D.

JINITIAL P_SU_D1.
sNEW VALUE BE STORED-
(IN A,



RERRRARRRRRRR s Y H B B L [ C R E F E R E N C E T A 8 L E Rt ARRLRY

ADD1 2017 ADD2 2487 ADD3 2811 AHMAX = D3FF
AHNIN = 0190  AHN 262 ALARMH 2896  ALARMHI  28EQ
ALARMH2  292A  ALARMH3 2976  ALARML 2888 ALARNL1 2905
ALARML2  294F  ALARML3 2999  ALH = FC58  ALL = FC60
ALNAX = 0190  ALNIN = 000D  ALN 2EAE BACKI 2855
BEGN 20F9  CHECK = FD20  CHKI 2431 CHK2 2486
CHK3 24F0  CHK4 2559 CHKS 2589  CHK6 2588
CHKAK 2332 CHKAL 2338 CHKCR 23C2  CHKKP 234D
CHKM 20BB  CHKM1 2525  CHKMAN 2346 CHKMAX 2463
CHKMI 2578 CHKPAR 2325  CHKS 2696 CHKTD 2387
CHKTI 2387  CLEAR = 0989  COMM 238F  COMPI 2B4F
CONP2 284D COMWL = 0023  COMW2 = 0027  COMW3 = 0028
COMW? = DO2F  CON 260D CON1 3024 CONVER = 0821
DATA = FC70  DECBIN = 0828  DECIMAL = 0ABS  DELAY 2848
DELETE 25€8  DELETEl 2644  DERIV 248D DEVIS 2833
DISHI 2882 DISHI1 28FC  DISHI2 2966 DISHI3 2990
DISLO 2807  DISLOY 2921 DISLO2 2968 DISLO3 2985
DISP = FF8¢  DISPBF = FF2C  DISPLAY  2FBC  DORR 29E6
DPALARM = 0038 DT = 003C DVO 2838 DVI 2843
ENIT 2FD7  ENITH 301F  FILL 2FA9  FILLD 2451
FILLR 2658 HAH 2696 HAL 16 HKP 209E
HMAN 2F96  HID 20FA  HTI 203E  INPBF = FFO4
KEYRX 2286 KP = FC28  KPMAX = D3E8  KPMIN = 000D
L1 2854 L2 287F L3 288C L4 2894
LAH 2642 LAL 2F22 D1 2283 D2 2294
LD3 203 LD 200 LESS 241 LESS1 254A
LKP 20AA  LMAN 2FA0 LOOP 2825  LOOP1 2600
LOOP2 2722 LOOP21 2743 LOOP3 2799 LOOP31 278A
LOOP4 281C  LOOP41 2830 LD 08 2 a7 - 2048
HAN = FC68  MANMAX = D3FF  MANMIN = 0000  MANN 2F2E
HAX 2818 MINUTEl 2007  MINUTE2  2DC3  MSG = D9CA
HULT 2820 N = 0061 N2 = 0006  NADD 282¢
NEG1 2FF5  NEG2 3048 NEWVL 3000 NEWVLI 3058
NEXT 2066 NEXT 2378 NONSECI 2015  NONSEC2 20D
NOT 286 NOTI 24F9  OUT 282F  OUTPTR = FF82
PAGEI = FCB0  PAGE2 = FCDO  PARAP = FC78  PARAP1 = FC7A
PARKEY 2BA6  PASS 2367 PASSI 2371 PASS2 23A1
PASS3 2307 PASS4 2605  PID 298  PORTAI = 0020
PORTA2 = 002¢  PORTA3 = 0028  PORTA7 = D02C  PORTBI = 0021
PORTB2 = 0025  PORTB3 = 0029  PORTB7 = 0020  PORTC1 = 0022
PORTC2 = 0026  PORTC3 = 002A  PORTC? = D02  POSIT 2401
PROP 2059 PUT 2284 P_LOOP = 002C  P_PARA = 002D
PSUD =000 PSUDI =003% PUD =002  PUDI = 003C

REVERS1 2A09 REVERS2 279 REVERS3 2804 REVERSE 2062
RMV 2001 RPV 2BE4 RSV 2881 SAH 2182



SAL
SEC1
SETL3
SHAN
STD
SUBT2
TDMAX
TIMIN
111

0000 ASSEMBLY ERRORS

21F3
2052
27F2
2234
2188
2A7D
000A
0000
2086

SCAN
SECOND
SETL4
SsV
ST1
SUBT3
TDMIN
TKP
U_DKEY

0246
2E0E
2869
20FC
2164
2808
0000
2026
2FCé

SCAN1
SETLY
SET_L
START
STORE
sV

T
TOMULT
U_DKEY1

= 0298
26F8
2864
269E
2053
FCo8
FC38
2A1D
3005

SCAN2
SETL2
SKP
STARTT
SUBT1
0
TIMAX
110
VALUEL

024D
276F
213D
2B56
2400
FC4D
0064
2072
FCO4



0000
0000
0003
0005
0008
DO0A
ooocC
000E
0010
0012
0014
0016
0018
0014
oo1cC

20 00
26 00
28 00
20 00
21 00
25 00
29 00
20 00
31 00
35 00
22 00
26 00
24 00
2E 00
32 00
36 00
23 00
27 00
26 00
2F 00
33 00
37 00
00 C0
1F 00
61 00

01 00
ED A9
EA 03
3E 82
D3 23
3E 99
D3 27
3E 8B
D3 28
3E €0
D3 2F
3E 98
D3 33
3E 90

03

00

2500 A.D. Z80 CROSS ASSEMBLER

INPUT  FILENAME :
OUTPUT FILENAME :

PORTAé:
PORTAS:
PORTAG:
PORTAB:
PORTBE :
PORTBS:
PORTBG:
PORTBS:
PORTEY:
PORTE10:
PORTCS:
PORTCS:
PORTCG:
PORTCS:
PORTCY:
PORTC10:
COMME:
COMMWS:
COMWG:
COMWS:
COMWG:
COMW10:
SYSSTK:
Ni:

N2:

RS_START:

VERSION 3.00b

CPAC2. ASH

CPAC2.08]

EQU 20H

EQU 26H

EQU 28H

EQU 2CH

EQU 214

EQU 25H

EOU 29H

EQU 2DH

EOU 31H

EQU 354

EQU 224

EOU 26H

EQU 24H

E0U 2EH

EQU 324

EQU 36H

EQU 23H

EOU 27H

EOU 28H

EQU 2FH

Eou 33H

EQU 374

Eou COO0OH

EQU 1FH

EQU 61H

ORG 0000H

LD BC, 3004 ;POWER UP DELAY

CPD -

P PE,RS_START

LD A, 82H INITIAL 8255-4 0/1/0
ouT (COMMG), A i

LD A, 99H INITIAL 8255-5 1/0/1
ouT (COMHS), A ;

) A, 8BH ;INITIAL 8255-6 0/1/1
out (COMUE), A ;

LD A, COH ;INITIAL 8255-8 MODE 2
out (CoMus), A sAND KODE 0O

LD A, 9BH JINTTIAL 8255-9 I/1/1
ouT (COMH9), A ;

LD A, 90H INITIAL 8255-10 1/0/0



001E 03 37 ouT (COMWIO), A :

0020 31 00 €O LD 5P, SYSSTK JINITIAL SYSTEM STACK
0023 DB 2A BEGIN: IN A, (PORTC6)

0025 06 00 LD 8,00 ;

0027 BB P B ;

0028 28 37 IR 2,RUN ;

0024 D& INC 8 ;

0028 B8 cP B ;

002C 20 F5 R NZ,BEGIN ;

0026 3E 04 ST_BY: LD b, 06H s TRANSMIT CODE

0030 80 ADD A,B ;

0031  6F LD L,A ;

0032 D3 2 out (PORTC8),A

0036 €D 9D 00 CALL  DELAY ;DELAY 18 mS

0037 0D 21 BO 0O CHKOUT: LD 1), 0PPORT ;

0038 16 0D LD D,00H ;

003D 58 Lo E,B :

pO3E DD 19 ADD 1X,DE ;

0060 DD 4E 0¢ L0 €, (IX+6H) !

0043 ED 78 IN A, (C) ;

0065 D3 2C ot (PORTA8),A  ;TRANSMIT DATA TO PROCESS -
(0é7 DB 2E IN A, (PORTCE) ;& CHECK ACKNOWLEDGE SIGNAL.
0049 CB 77 BIT 6,4 ;

0048 20 EA R NZ, CHKOUT ;

00D DB 2E READ: IN A, (PORTCB) ~ ;CHECK STROBE & READ -
006F  CB 67 BIT 4,A :DATA FROM PROCESS.

0051 20 FA R NZ,READ ;

0053 DD 4E 00 LD ¢, (1%+0H) :

0056 DB 2C IN A, (PORTAB)

0058 ED 79 out (c),A :

005A 04 CHANG: INC g ;

0058  2C INC L ;

005¢  3E 08 LD A,08H ;

005  BD P L ;

pOSF 20 €D IR NZ,ST_BY ;

0061 DB 31 RUN: IN A, (PORTBS)  ;GET INPUT PORT B

0063 EE FF YOR FFH ;

0065 D3 35 ouT (PORTB10),A  ;RECEIVER FROM INPUT AND OUT POR
0067 DB 32 IN A, [PORTCS)  ;GET INPUT PORT C :
(069 D03 36 ouT (PORTC10),A  ;RECEIVER FROM INPUT AND OUT POR
0068 €D 90 00 CALL  DELAY ;

0D6E 06 04 LD B, 04H ;

0070 DD 21 BO 00 LD 1), 0PPORT ;

nnzé 78 NEXT: LD AR i TRANSMIT CODE

no7s 03 2F out (PORTCE), A

0077 €5 PUSH  BC ;

0078 €D 90 00 CALL DELAY :



0078
007¢
007F
0081
0083
0085
0087
0089
0088
008D
DO&F
0092
0094
0096
0097
0099
0098
009D
009F
00Al
00A3
00A4
0046
00A7
00A9
00AA
00AC
00AD
DOAF
0080
0081
0082
0063
0084
0085
0oB6
0087
noge

(1
DD
ED
D3
08
B
20
08
(8
DD
0B
ED
04
]
10
18
3E
16
1]3
B9
28
0o
18
BA
28
15
18
€9
20
22
25
28
21
24
26
29

4E
78
20
2E
77
F3
2E
67
FA
43
20
79

23
(13
Cé
00
61
1F
03
FA
03

F2

0é

00

FAIL:

CHECK:

(HANGE :

DELAY:

COMP2:
COMPY:

BACKI:

BACK2:
OPPORT:

IFPORT:

POP
LD
IN
out
IN
BIT
R
IN
BIT
IR
LD
i
ouT
INC
INC
DINZ
IR
LD
LD
LD
cP
R
DEC
AL
P
IR
DEC
IR
RET
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
END

BC
C, (IX+4H)
A, (C)
(PORTAR),A
A, (PORTCS)
6,A
NZ,FAIL

A, (PORTCS)
A

NZ, CHECK
C, (IX+0H)
A, (PORTAS)
(C),A

B

X

NEXT

RUN

A,00

D, N2

c, N

c

Z,BACK1

c

COMP1

D

7,BACK2

D

Conp2

20H
224
25H
28H
21H
2¢H
26H
294

; TRANSFER MV FROM MPF1-P -
;& OUT T0 FINAL CONTROLLER.

'
;CHECK ACKNOWLEDGE SIGNAL.

’
;READ INPUT FROM PROCESS.

’
; TRANSFER TO MPF1-P,
; CHANGE LOOP

;DELAYING SUBROUTINE



smasagmaratss Sy MBOLIC REFERENCE TABLE *urimmum

BACK1 00A9  BACK2 OOAF  BEGIN 0023  CHANG 0054
CHANGE 0096  CHECK 0089  CHKOUT 0037 - COMP1 00A3
COMP2 00Al COMWID = 0037  COMW4 = 0023  COMWS = 0027
COMW6 = 0028  COMWB = 002F  COMW9 = 0033  DELAY 0090
FAIL 007¢C IPPORT 00Bé NI = BOIF - N2 = 0061
NEXT 0074 OPPORT 00B0  FORTA = 0020  PORTAS = 0024
PORTA6 = 0028  PORTA8 = 002C  PORTBI0 = 0035  FORTBé = 0021
PORTBS = 0025  PORTB6 = 0029 PORTB8 = 0020  PORTBY = = 0031
PORTCI0O = 0036  PORTC4 = 0022  PORTCS = 0026  PORTC6 = 002A
PORTCE = 002E  PORTCY = 0032  READ 006D  RS_START 0003
RUN 0061 ST_BY D02 SYSSTK = COOOD

0000 ASSEMBLY ERRORS





