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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
I/0 facilities. Each analogue controller can be used with control
actions which are proportional only, or proportional plus
integral (PI), 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. 1t is small,

inexpensive and very versatile.
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5K 1 7 —‘\H Yiogic
1% — :
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Re r 1
2K GAIN AD.-J_I_ } 2.2K
= = |

fin L
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100%
-0V, 31X
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0.0D
[
\
™
Ve ve 2 VK c

20K TO 1M

OFFSET ADJUST.

Precielon Voltage-to-+roquency Converter,

o o <
Zﬂ“ 2.9 udasn TN la7 LM 331 Sl’llﬁ‘u'N’i‘S V/F uiipms
J 4 -
2.4.2 prinkmmisnithaseuhih Frequency to Voltage Con-
version : (F/V)1 , '
o o o ] oy
naLRmuawn s i 7 F/v) sﬁumnﬂaauﬁxyymmaa‘luzﬂ
o« e - & X
raenaud Bhihdnrmaunden Tusumasuasiubih Toninlness F/v o el
TNUIIT V/F '1umﬁuﬂ'\s'ﬁas:a uar winlad LM 331 mﬂ-:zzgnwﬂﬁtﬁmeﬂ
: o - o
F/V B9t Nongvdy ae3in 2.10
J Y e . ¥e 4 o v
a'mzﬂ‘n 2,10 ILLAIINITIENS GRS Lualaurun i‘m L8 LU
< <~ a‘ & - a‘ Y U a‘
6 nsgnwwmmman‘iamew RC N1 6 WAXlUDLTIAUNTI 6  UAUBENITNTN
3 | 4 4 ' [ .
7 wm‘lmmmﬁnnmww Input. Comparator ‘hjmvsgu'a\r-m One Shot Timer

o 5 o 3 YY) 4‘1;; ' w
nINIU ?\Snr]'i‘nWqurlﬂ‘luﬂQa‘:ﬂa']ﬂﬂﬂq\j'aﬁ V/F nlanandiian
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+Vs -~ +4.g’l TO +20v

Preclslon Frequency-to-Voltags Converter.

o o °
7 2.10 usasn TN 193 IM 331 wmiine’s Fov
. « < Y
ANTELRLARET IMADANUNANTN 1 AE LN
oo = 1 Q1R CO T

ﬂ?gttﬂtuaﬂn1ﬂu'a52ﬂu1 1In3292NA TN uasdﬂﬂ'\'lu‘i\iﬂutﬂ'“;mﬂﬂ\r]\'nm

V. = -f (20R_/R)R C) (2-186)
ou in + ) - t t
2.4.3 nmmufAmnzud b s tcurrent to Voltage Con-
version : (I/V)1]
J [y 5 <] o
pTviRmngeus Wi g ih ®? asv)  sadwnTen 1 leanamin
. o
aaﬂuauﬁ (Op—-Amp) uqmasﬁumqa1mﬂuzﬂn 2.11
4 & ] -] » [v]
ﬂﬂﬂzﬂﬂ 2.11 15088 TEUR T IVAHIUANETUNTY R aun i Do 396uan
] - 4 % * ar
ﬁiauauwnnaoaaﬂuauﬂnnﬂ 3 ?ematﬁuaoasuﬂtﬂa% (Buffer) WREAUNTITVDY

ar 'L ]
WIT L WaTAp

Vo = V
IR (2-17)



17

0 Yo
lo 3

—_—
4-20mA.

Vi
Re 280 ohms,

Curront-to-Voltege Convertor.

gﬂ% 2.11 2933 I/V laalHaaiasn]

Tuns Wewad st Fufonnanseud 4 s 20 nade. iasuanudinuny
250 Tavis (ohm) ﬁwqﬁuseﬁuﬁugnLﬂgauuﬂaeaéssni1o 1 4 5 V. (Volt) aih
LaﬂﬁqnﬁqzLﬂﬁﬂuuﬂaeaészniqe 1 f9 5 V. 1dutaeaiu

2.4.4 nsulmnusenbihithnsuslih voltage to current con-
version : (V/I)1]

aa s i unseus i (/D shein T Tasn s Waauand
#1721 ih2937 Noninverting Amplifier ﬁ\if‘nﬁ‘l 2.12

Vino———1

im- 50 ohms., 1L

Voltage-to—Current Converter.

gﬂﬁ 2.12 2933 v/1 Tog\¥amuau
AMNIGITIE 1679

I, = V, /R (2-18)

5 2 v e N < o o
Torz 1AM IEUE 1, UAw LURIMIA 91 T 96UBMYN Tursaruas linaw

I's . y] < P
B madumannanToud I, 1ua % lenTeus I, iy 20 mAdc. Twumaw A
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1aTon D1 hniwnde il W lunadmwasnnadernasud 1, Tamiwonifiadun
dﬂliﬂﬂiﬂ A uaz B 16 lasmas nasud I, ﬂ1ﬁasﬁ11ﬂqﬂ1unﬂﬁﬂauquqﬂniénau
G}u%uzfﬂﬁ'l (Final Control Element)

2.4.5 nwﬁtﬂgauﬁ@@1m33aaatﬁuﬁmmﬂmauwﬁan (Digital to Analog
Conversion : (DAC)]

maRmsnreaaneat udnneaunien®? war  naiAmEanaeuEen
Lﬁuﬁyy1ma3maa[°’5u;ﬁu§eiﬁnﬁd1unﬂ1nauﬁun1=u1unw1ﬁaﬂ1uTniTﬂsLﬂaxﬂa§
R PTT 1un1su1unﬂiaququﬁunqssﬂgauuﬂaenﬂenﬂan1u1u5hnm51a 9 hew
(Physical Process) ngnLﬂgﬂﬁ1ﬁnﬁuﬂmy1mauﬂ§anTﬂan1ﬁuaaatﬂaé (Tran-
sducer) mﬂuqmﬁuﬁaﬁLWNﬂzauﬁHEUuunnﬂqnwanqwﬁu 9 5@mﬂmauw§anﬁungndﬂ
molufie seanil (System Bus) uewpiAmEnnuewan titnradinaa
naw twiwsTNTnﬁTﬂiLﬂanﬂaéaznisﬁﬁﬁuiagaﬂtﬁuzﬂ&%maa;ﬁw&u i b Tas
Tﬂ1tﬂﬂ;ﬂa%wzﬁwiaga1ﬂﬂ1suaaua vsnnUranawauda 1 Rmnimn oo

-3 i © ]
aunRan nﬁau1§a§a1ﬂ1#aauquannﬂanwunaen1su1unﬂ1aa1ﬂ

Al A2 A3 A4 AL
wss AB A7 AB Lss
Tﬂ) F 1 T‘ 2
RANGE l
CONTROL, lo
10 | Current Switches o4
R-2R Laddar Stas Clroutt [ O2
eND
Vref L———— ]
(+)
140- - .
I ——013
Reference vCce
1%50——4———. Current
0O
-3 Ampl T ter
Vref
}—o186
COMPEN

e

NPN Current Source Pafr

BLOCK DIAGRAM OF MC14D8

J
zﬂn 2.13 243100 Iupay 181 MC 1408
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'lummﬂmﬁsypm?ﬁmaaﬁ Tt i3 0 ufonmewnian acy  w i
1% MC 1408 uvmTAmalay maluled MC 1408 WsenauliagnvaTnEne
nTtusb19BY (Reference Current Amplifier) 2933 R-2R wARLaRTUREAINT
msuamﬂm?qge 8 @7 (8 High Speed Current Switch) é’ozﬂ?’w 2.13

A9MN9UEAY 18T MC 1408 fa a?m'ﬁnwuﬂn'mmg'agoﬁo 8 HazgnALAN
nwﬂmﬂaé’amﬁd&%naaﬁm‘m LS DEARBUTIeUEN9EL FTI9eT  R-2R uaaLead
#1937 R-2R uaﬂma‘?nwuﬂgﬂﬁ'unau‘lﬂ'luﬁmq 1/2 TedanaRa i luunim
uazanuantinTl mt{n;m St A mn v i thag e m{n;m AWRNNT

(2-19)

V., = [(A/2)4(A,/0)+(A,/B)+(A,/16)+(A,/32)4(A,/64)+

£

(A_/128)+(A_/256)]1 V (2-19)
7 8 re

. o
zhmeﬁn'\ﬂﬁqmﬁﬁzdaaozm 2.14

14 ,’a
{MSB} 1K

15 AAA
g e ! BBPF
" "_{“'—"

1408 1K £1X
- —AA—b
E: u *
- 1
2 4
b—OVoe

(Lse) 2

J :
3 2.14 udaeNRa 1T wnav 1o MC 1408
pu 4 < s =
2.4.6 mivfambnnaunaantiuinwainea [Analog to Digital

-

LF3sIN

15V,

1 5

Conversion : (ADC)]
o‘ [-3 o 43«: A JQ v
L ilRBusinNNEuRaNL quymnmaa‘luzﬂhmﬂmmﬁemﬂu'lma Wi

. . 5 ﬁu a M LY Ilu [
Successive Appoximation ADC 9t Lmunn\lmm'nmﬂmwns WAIUL I
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X waENAMMIUEY  laa lE a8 NE 5034  nne lulssnauéanaeasiliou ey
(Comparator) 72933 8 im DAC 2933 SAR (Successive Appoximation Reg-

istor) 2¥AIENAUNINY (Clock) uaraedsiMivaidwane  (Three State
o J
buffer) a¢uﬁaq1uzﬂn 2.15

1 IN

fvce -vee
TREI‘-’
—° 15
F\\\\\\\\k B~BIT DAC
/
AN.GND
r__lm'umn< - SAR
//8
iIT@Dmem |
OUTPUT BUFFER = .
| ———ODATA READY :
t
wn] 111 11T Jem
° # D87 bl
o SRT oC A 4

BLOCK DIAGRAM OF NESD34
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1 2.15 udnsuRon leazunsunalulad NE 5034
o - <4 ° < <4 <4 <4 <4 4
nuRen ledeunaudinianieuhe 293310380 Nsyssaas U Ta fisu L mn
< o d - £ 41u 1
3N 2937 8 iin DAC Hufanmeundanduwn v, uaziawmnn laax lundunneas
o 4 [ < < < o < o
sar Wi lwadut usiin i3 Tam Jawant ilafnnosn@invaniviie i luaerin 1
e - <4 % <
2937 8 Im DAC Fuwdhorw v 1Evluifnuiiey Beariuan MSB Bwans
' - a ¥ P 4
Lﬂ?ﬂutﬁnuﬁaanmqaugn1ﬁﬂounuutﬂu 1 Tlwress sar  iimawas Wl animm
- 4 L4 ' ' wa Y Y o -
iniWaSuaTEoNa uatwnnanae ioma i 0 antufinnanesauimiie luauaTy
- ' 3 ' [
nNlmIaaUN 31 BIMMIEA13N v, Tiviu 1 LsB
<l -y ar < ug
Qﬁn11wqﬁﬁﬂnmmamaa1u3ﬂ1nﬂ1uuq1uu qWIOW 1oean

Out.put (0/P)

v,/ V.2 (2-20)

" A o - le 4 ‘10
14 n nmﬁmutm‘lunu n 8 auulr e
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o/p = v, /v 2" (2-21)
4 L ar s L o v ar
o/p nlihuansndy  &eadiania et ansudasiiae Suaid e

o < w ' o o«
M11M118!’\&lﬁﬂ\1ﬂ'l1 ﬂ'l‘i(ila')\ﬁ‘i‘l#\‘l'mﬂﬂ\‘l\lﬂa NE 5034 ua’mmzﬁn 2.16

vz
12v.

74514
74L508 .
— 2So<:| 5
®—4
}: 180 i
741L514 184148 I ‘f
2 08, = 0.022
—t L :
START | = :3:!:: E= |
i i | i
Arnalog Input i
IZEZ>—~ i ® ’
5K
7]
NE 5 j
5034 '
] |
3 . |
ha | D2 !
2 DY
11 PO
16 12 14
lo.t
._)[ o+5V.
0.1
__%} ° AAA—O-15V,
- J 180
' I 22¢

31]?'1 2.16 UNANN"3@B 19U 123 NE 5034
2.4.7 n11n1aoam1u#é15uﬁuﬂaq ﬂﬁa??gtaﬁuaaauﬂuacn1cavquguuuﬁa
1487137 (2 nd Order Buttervorth VCVS Low-pass Fitters)
Liuntsnaaserwiient * 2 naninvme B luinise uae  293InIas
ﬂ')1u5'8';’15u§fnﬁa\1¢h‘hﬂ;llizﬂaauw e (Voltage Controled Voltage
Source : VCVS) ﬁezﬂ?‘n 2.17
IMNIT 2.17 ﬂawuaﬁnaau (Cutoff Frequency) w1 16N
f_ = wiemT(R R, C,C," "1 (2-22)

4 o 1 x < (] «r 8 - L V)
\¥amn aunnT (2-22) Semleiwua i R, = R, C, = C, SIS 16

2?
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l'lv < 44 M, d 1 e

N7 v uavt1unnﬁ1n1aeﬂQﬁnnm1u11uuuqﬂnsmtn1nu (Equal Compoment.)
o o

ﬂ@gﬂﬂ 2.18

L
Vie—AAAs I:t>_ —ove
e I L]

|A

J dd o J
7 2.17 NRTNTAIA MDA BRI EIAIT ) | DAWARBLUAUANNISA NN

ar ‘ - (
WIS LARTL AT
£, = 1/(27R ©) (2-23)
C
3l
K
R R !
vio—AA i

—s—OVo

RA

<) RS d 1w o
i 2.18 qea1n130911unm1uuuqﬂn1msnwnudﬁm%ﬁqLaa
4' davu ‘lv [ ‘i'u‘lajd
LHANIINNITNTAIRINDATUALFD S NATAINIIRDLAUANARAIND 89 WeWa
- ar e ’ dguu ar
Fol¥ i fususd TaonasarevanTasnaanabusa s luinueaa L Ae (Casca—

- o
de) ﬂegﬂﬂ 2.19
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|1 |2

vio-
NAA
—¢—0OVo
RB

zﬂ% 2.19 qcﬂsni30911u3é1§uﬁuﬁﬂﬁm3?3Laﬂuamanauaenﬁeﬂqﬂuﬁ
wiiiine eadi3ng

dwiu R, R,, R, uaz R L Thadian WuRANER TN TIENEN S T BTy
aamaumwmu Noninvert,ing

2.4.8 MINTANRIWILING SRR e384 (2nd Order VCVS Band-
pass Filters)

\unnansasasiimone i luiigy uae Timssiniansasaoni
WA LAR W0 [T s RN TRe d1qmnﬂutgﬁnana% (Quality fac-

: o o
tor : Q) &1 1 aezﬂn 2.20

R

Py

. AA
Rt c
Vi - —AAA ——
e . -
C R
|3
R2

< & lo w
'31]11 2.20 'N'a‘m'xa\m'nunumﬂamuﬂaoﬂﬁm’i’b’%La’d

H—

)

o v w & ’ 1
Q'\ﬂgﬂ'ﬂ 2.20 381951']']313”%’1305]1 R uax C avu

K = uw(®R O

B = 4 - u)/Rl C
-4 2

W = 2/(R O

u = 1+ (Ry /R)
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o
Toah Quality Factor (@) = f_/B
Gain = K/B
ot o
B: uuuﬁqaﬁ (Bandwidth) , f, : @27W0ANA1Y (Center Frequency)

4 o - o 1] ar o d
Lﬁaﬁmen11nwtﬁuaunu§ Thammﬂaﬂdtaanunqzﬂn 2.21

Rt

R iy g S N
= w2 |

c
r2
=

J d o ar -
gﬂn 2.21 1¢ﬂ1n1nen11&nuuuﬁauau§ﬁua3§1Laﬁ
o ' o " e <
aﬂnzﬂn 2.21 a1 Q, #1atﬁu 1.55 Q_ uae B 1NNU 0.644B_ Tﬂnn Qa

’ "
B RaAnavNIAlL6n7 (Single Stage)
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1. uﬁaamqué’n (Main Control)

2. mi‘:anw‘x"fuda'ﬁm:a&'unw (Host Data Transceiver)

3. ﬂ'l.i'lan’l‘r'ﬁld\li'm'laﬂa'lm\l (Final Data Transceiver)
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o < Mo ' 4 v v o <
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d' L 1Y) o 8 o ¢ H
aﬁngﬂn 3.1 EUANHUENITNIS THIRSTELLMSVNGE SAD 115
Y w - d o .
LFunaneng ldwrTniitead L ihwana (Setpoint : SV) K, (Proportio-
nal Gain) T, (Integral Time or Reset Time) T, (Derivative Time
. B ] d 'S
or Rate Time) AH (Alarm High) AL (Alarm Low) wiuniwihfduatanas
< X s . [} ] [ o ‘u '
LATANTILNALATA (Sigle Board) U MPF-1P AWM MPF-1P NRemnamuan PV
d @ ° [y
aﬂnuaimnﬂﬂtnﬁaga (Data Transfer Board) MIMN9U5NIawa WAIRINHL L
- s ' d ' W < [Y) '4 [
B9t aMymea Inzavua iR L NANTaNA Lwade1unaﬁﬂnauqumtun (Control PAC
< v 2 [ 34 I'4
Board) d93MAMILUTAINADAIAN LAY praindaudeea  UBNIINUNLD TR
] ' - < < & ' a' o "’ - '
nﬂamnﬂqﬁaga mquuﬂuﬂﬂuaiaLwa1ﬁ§1§aﬂuﬂ1nLﬂaauaﬁwqiﬂutnai SV K, T,
S o y N ° ' *
T, AH uaz AL 18 Feawrantiieadang q 1¥aTUnIe MPF-1P  aeina3aiuan
° y '
LEquﬂnwnﬂsﬂisuaauaqnnﬁenaenﬂzaunugﬂ (Scan Loop) Tﬂﬂl%ﬂﬁuﬂﬂnﬁﬂ 1
8 -r “‘ 4 L] -] ‘.
WATINY 4 &yl uﬁq?qqunau1ﬂtiuﬁun§ﬂ 1 Tl waznssmmlinges
8 P o 4 ' '~3 o
dﬁunumaunﬂ11uﬁe§aganunssuaunwsﬁa L%uuinnaﬁanauqutLwnﬂsnwnﬂz
(v} « ) - < [ ar ] Y () * [) % ] v o
dqnaganqstanngﬂawniumana 1ﬂnkuaaindqnaganunﬂo W99 7L TauaanAtn
o & I 4 «f - )
1ﬂTu§Lan (Modulate) PuRRUWIAIMD 100 KHz. seaan luisdne Wi laguu
Mardnmiiune LimihsTudeisumianame v Tasvassdumiin uin
] ar L, ar -] 4
dema1ﬂaeqea71n1nﬂ15an§ﬂ nﬁnﬂ151ugman (Demodulate) uastﬂanu§a§a1ﬁ
(Y < < v - 8 Q. [ 4
Lﬁuuseau1uﬂﬂtﬂiautnﬂunnuicmuﬁﬂeﬁenaegﬂuu 1 GINIIMEl IR
(v .. o t V) L 74 L. & L 74 o ar
1) 1ﬂﬂeaeﬂ1ﬂauqu Luan11nqqnidena§anwoqu Luaaeﬂ1dena§anwequn=1utaﬂ
d d
Eagantﬁunﬁsua1umﬁq 489 20 mAdc. INNITLIREAIRITAINIZLIUATTLEN
) ) v - ¢ «l
uw;ﬂaautﬂuzﬂnaenqqun 4 9 10 KHz. uEQTugtannuﬂﬁuNWﬂQQﬂun 250 KHz.
1 ar .‘." 1 -r
Aepannedng Wi Tasd sl sansmindanen naqﬂﬂnuunqewuquiudeﬁagaﬁu
I~ v [V ] [ o W e <4
MY N TURNNSIIINIIITRUALN demn1nqoﬂ11nnagan1nqﬁﬂTugLan Uay
o I3 < ] - ' 4 [-4 *
RmnFannaauniont i anea dema1ﬂﬂeua1ﬂnqnqumtwn Tanu 2933
q ] - 3 [ rv)
L Faumn wa9 NIl 2R 14 ms.(nﬂewuaﬂiude5a§aﬂaﬂanﬂensd¢§a§auﬂLﬂu
- 3 < 4 4
L2RITENN 10 BS. TIMALLIAT [WNNTVRNL R8N 4 Bs.) UATAAILANL LN
o~ 8 Y I'4 [y d [ « .
1nnaganmaenﬂide1ﬂﬂququqﬂn1m5mnﬂﬂ nqnnaﬁﬂnﬂuLnnagandeaanuwﬂeaqn1
4 v % ] - ° o P ]
\Houna ?easdqma1ﬂﬂeqeﬂ1de§agaﬁunqa s Rew ufonnuaunian wia
o o 4 é « ] [}
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lﬂgﬂutﬁuzﬂnisuﬂ 4 09 20 mAdc. dﬂaan1ﬂa1nquqﬂn1&§aﬁwﬂda1ﬂ~ WAz 1D
na%aﬂauquntﬁn sefnnmaan it aan 10 ms. uﬁqﬁwnwstﬂgaugﬂnwsaaﬁa
TﬂaLﬂgﬂusﬁanaqgﬂ#aquaan1ﬂ Aun e Lvtauim TEnan i e
it liauaTy 4 aul u513q1ﬂ1§uﬁuﬁ§ﬂ 1 i Feae Wiamiiovans e

14+ 10 + 1 ms. (1 ms. 812 WR9LNESIMN

Laawnaqudasgﬂ =
NIININW)
= 25 ms.
do
L ARINNATY 4 §ﬂ = (25)4 nms.
= 100 DS.

} <4
stwsauus1aw1un17ﬂunu§ﬂasuﬂﬂﬂszu1m 100 ms.

3.1 WiBAMIMAN (Main Control)
]
(] - [ o W « < £ ¥ .
wuaunauquuantﬁuwumsuwnaganunﬂwﬂiﬂutaa1aﬂi | aﬂunﬂ1aﬂnﬁnae§1ﬂ
uasawnnssuvunﬂ1naqudaz§ﬂ EIATUSEUIARARRIAD (USRS 9 IH
i 14
awsuunﬂ1ma1ﬂ Tﬂauuenﬂsanﬂuanntﬁudau 4| ]
< X 4 ] .
3.1.1 1A7BVENINAUATA U MPF-1P (Single Board MPF-1P)
i X ¢ <Jt o J I's
Lﬁuta§aq?eLnauasﬂnunwaawuﬁaomaﬂanq 4| Ty 29 luTaa Ty d71Has
I 4 . o ° <o 1 < £
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L Y}
3.1.2 uyaiennainmaua (Data Transfer Board)
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d‘ ] (v I's (-4 o = «~ ar 8 A o
Lwaazdema1UﬂenasmnqnquLLwn uasﬂeunw1uﬂﬂoaansnw1Lmaunanqmwwiage
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naann e 1 fRaATN Qﬂ uan’Nutvanikngua e ?eawuw1ns1ﬂnguazun
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Tawrsnitaadans | naeumasgﬂuwunﬂeuﬂuﬂuuaﬁmuQQﬂ
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Fig. 3.14 HOST DATA RECEIVER CIRCUIT
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XR-2206

p—

—

—

Monolithic Function Generator

GENERAL DESCRIPTION

he XR-2206 is a monolithic function generator inte-

rated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
stabllity 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, instry-
mentation, and function generator applications requir-
ing sinusoidal tone, AM, FM, or FSK generation. It has a

ical 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
Excelient 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

0.5%, Typical

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

10V to 26V
1% to 99%

26V

750 mw

5 mw/°C

6 mA

-65°C to 4 150°C

FUNCTIONAL BLOCK DIAGRAM

R\
o I 1 16
INPUT | J SYMMETRY
cnrot | 2 15
MULTIPLIER
MULT. OUT | 3 o H1a
SHAPER WAVEFORM
- ADJ.
e | 4 H13] |
L— E— @ GROUND
capacITOR veo
6 H 11| SUTRUT
= BYPASS
TIMING 7 1 - E
RESISTORS CURRENT FSK
SWITCHES 9 l ST
ORDERING INFORMATION
Part Number Packape Operating Temperature
XR-2206M Ceramic ~55°C to +125°C
XR-2206N Ceramic 0°C to +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Ceramic 0°Cto +70°C
XR-2206CP Plastic - 0°C 1o +70°C
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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 butfer 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.
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ELECTRICAL CHARACTERISTICS

Test Condltions: Test Circuit of Figure 1, V¥ = 12V, T = 25°,C

= 0.01 4F, Ry = 100 ki, Rz = 10 kR, A3 = 25

unless otherwise specified. Sy open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETERS MIN ] TYP [ MAX ] WMIN | TYP [ MAX'| UNITS CONDITIONS
GENERAL CHARACTERISTICS . IR é
Single Supply Voltage 10 26 10 26 \ 1
Split-Supply Voltage %5 13| %5 13| V i
Supply Current 12 17 14 200 mA |Ry =10k0 ‘
OSCILLATOR SECTION ]
Max. Operating Frequency 0.5 1 0.5 1 MHz |C = 1000pF, Ry = 1k
Lowest Practical Frequency 0.01 0.01 Hz C=50u R =2M10
Frequency Accuracy +1 x4 +2 % of i5 | Io = 1/R4C
Temperature Stability +10}| £50 +20 ppm/°C | 0°C = Tp =< 70°C,
Ry = R2=20k0
Supply Sensitivity 0.01 | 01 0.01 %N Viow = 10V, VHiGH = [!
20V, :
Ry =Ry =20k0} :
Sweep Range 1000:1{ 2000:1 2000:1 H=lL |[lH@Ry = 1kD 3
fL@Ry=2M0 §
Sweep Linearity 3
10:1 Sweep 2 2 % i = 1kHz, f)y = 10kHz ]z
1000:1 Sweep 8 8 % L = 100 kHz, 1y = 100 |.
kHz 9
FM Distortion 0.1 0.1 % | £10% Deviation ]
Recommended Timing
Components ‘
Timing Capacitor; C 0.001 100 | 0.001 100 uF See Figure 4. 3
Timing Resistors: 1 2000 1 2000] k@O E
Ry & R2 i
Triangle Sine Wave Output See Note 1, Figure 2. ’
Triangle Amplitude 160 160 mV/k @ | Figure 1, Sq Open
Sine Wave Amplitude 4 | 60 | 80 60 | ' |mvika |Figure 1, $1 Closed ’
Max. Output Swing 6 6 Vpp 3
Output Impedance 600 600 o 4
Triangle Linearity 1 1 % |
Amplitude Stability 0.5 0.5 dB | For 1000:1 Sweep A
Sine Wave Amplitude 4800 4800 ppm/°C | See Note 2. ‘
Stability
Sine Wave Distortion
Without Adjustment 25 25 % Ry = 30k 0
With Adjustment 0.4 1.0 0.5 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 k0
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
. Linearity 2 2 % For 95% modulation
Square-Wave Output :
Amplitude 12 12 V p-p |Measured at Pin 11.
Rise Time 250 250 nsec |Cp = 10pF
Fall Time 50 50 nsec |Cp = 10 pF
Saturation Voltage 02 | 04 02 | 06 v It = 2mA
Leakage Current 0.1 20 0.1 100 pA Vi = 26V
FSK Keying Level (Pin 9) 0.8 1.4 24 | 08 1.4 2.4 v See section on circuit
controls
Reference Bypass Voltage 2.9 3.1 33 25 3 35 v Measured at Pin 10.

Nole 1: Output amplitude is directly proportional to the resistance, Rg, on Pin 3. See Figure 2.
Note 2: For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
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Figure 8. Circult Connection for Frequency Sweep.

Figure 10. Circult for Sine Weve Generation without Externat

Adjustment. (See Figurs 2 for Choice of R3).

outPut

%, C1OSIDFOR Bt wav] Y

Figure 11. Circult for Sine Wave Generation with Minimum
Harmonlc Distortion. {R3 Determines Output
Swing—See Figure 2.)
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The XR-2206 can be operated with two separate timing
resistors, R1 and R2, connected to the timing Pin 7 and
8, respectively, as shown in Figure 12. Depending on
the polarity of the logic signal at Pin 8, either one or the
other of these timing resistors is activated. If Pin 9 is
open-circuited or connectedto a bias voltage =2V, only
Ry s activated. Similarly, if the voltage level at Pin 9 is
<1V, only R is activated. Thus, the output frequency
can be keyed between two levels, 14 and fp, as:

f1 = 1/R1Cand 2 = 1/RC

For split-supply operation, the keying voitage at Pin 9 is
referenced to V=

Output 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, R3 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 Rp at midpoint, and adjust Ra for minimum
distortion.

2. With Ry, set as above, adjust Rg 10 further reduce
distortion.

Triangle Wave Generation

The circults of Figures 10 and 11 can be converted to
friangle wave generation, by simply open-circuiting Pin
Wand14(ie. S1 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 cholce of timing re-
sistors, Ry 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 negalive-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% to 99%, by the choice of Ry end R2. The val-
ues of Ry and Ry shoutd be in the range of 1 kfi to 2
MQ.

PRINCIPLES OF OPERATION
Description of Controls
Frequency of Operation:

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

1
'o 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 k! < R < 200 kfl. Recommended values of C are
from 1000 pF to 100 uF.

Frequency Sweep snd Modulation:

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

_ 3207 (mA)
C wF)

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

Hz

1= Lie Ba-You,
RC Rc 3
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where Vg is in volts. The voltage-to-frequency conver-
sion gain, K, is given as:

K= = - =L H

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

Output Amplitude:

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

ve VR

Amplitude Modulation:

Output amplitude can be modulated by applying a dc b;.
as and a modulating signal to Pin'1. The Interna! impeg.
ance at Pin 1 is approximately 100 k. Output ampj.
tude varies linearly with the applied voltage at Pin 1, 1o
values of dc bias at this pin, within +4 volts of V+f2as
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 g
phase-shift keying and suppressed-carrier AM generg.
tion. Total dynamic range of amplitude modulation is ap.
proximately 55 dB.

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

4 v
by
nea. | "
L vy
Vg b
[f] ' S;“F
- 1l
vg ) j '\ p ’
vy ¥ f 1 ¥ »& N S
To—4 o 0 Vz
V“- ) i1 N
.
- EQUIVALENT SCHEMATIC DIAGRAM
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ANALOG DIVISION

JUNE 1983

_

8-BIT GENERAL PURPOSE

AID CONVERTER

NES034

DESCRIPTION

The NES5034 is a high-speed micropro-
cessor-compatible 8-bit Analog-to-Digital
converter. It uses the successive approx-
imation conversion technique, and In-
cludes the comparator, reference DAC,
SAR, an internal clock and three-state buf-
fers all on the same chip.

The converter can accommodate a wide
analog input voitage range, bipotar or
unipolar, selectable through external
input resistors. An external capacitor con-
trols the internal clock frequency, pro-
viding conversion times down (o 17u8.
Faster conversion times are possible
using an exiernal clock.

Microprocessor interfacing requlrements
are simple, allowing analog-to-digital
conversion with a minimum of external
components.

ABSOLUTE MAXIMUM RATINGS

FEATURES

* 8-bit resolution and accuracy

e Accepts unlipolar or bipolar inputs

o Three-state output butfers for easy
microprocessor Interface

* Cholce of internsal or external clocking

+ Short converslon time, 17,8 typical
using Interna! clock

APPLICATIONS

* All microprocessor-based monltoring
and control sysiems requiring analog
signal inputs.

Typlca! applications include:
Automated process control, machine
lools, robots, test and measurement
Instr ts, envir tal controls
Other applications include:
Ratlometric AID converslon, very high
resolution A/D conversion systems
requiring high speed 8-bit bullding
blocks

PIN CONFIGURATION.

F PACKAGE
pBo (L58) [3 18] bR
oe1 [7] [17] DIGITAL GND
os2 3] i) ANALOG GND
083 4] o
B4 [F] 4] - v
oes [€] 3] bnur IN
pes [7] %¢ Yee
(0 [11) cux
130y E sTAY

TOP VIEW

ORDER NUMBERS

NESO34F

M5 8) {L88)

PARAMETER RATING UNIT
Vec+ Positive supply voitage Oto+6 v
Vec— Negative supply voltage Oto -15 v
laer Reference current 1.5 mA
[ Analog input current 5.0 mA
Vo Data output voltage 6.0 v
Analog GND to Digital GND 1.0 v
Vi Logic input voltage - 110 Vee+ v
Py Power dissipation
F package 1000 mw
Ta Operating temperature range Oto +70 *C
T  Storage temperature range -65to + 150 ‘c
Tsoip Lead soldering temperature (10 seconds) 300 *C
BLOCK DIAGRAM
Ingr IN + Voo -¥ce
LT
-1 comp
8-BIT DAC
*
AN’OND 3
AN GND
Al
clock SAR
s
—l—o DIG GND
OUTPUT BUFFER =
l_ t———0 DATA READY
CLK STRT [-13 LBJ e o ¢ o ¢ o UBD
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8-BIT GENERAL PURPOSE A/D CONVERTER

NE5S034

DC ELECTRICAL CHARACTERISTICS +Vgg=5.0V, - Vge= ~ 12V, 0°C € T, € 70°C unless otherwise specitied

SYMBOL AND PARAMETER TEST CONDITIONS MIN TYp MAX | UNIT

Resolution 8 8 Bits

Relative accuracy error™ 2 12 | LSB
Vec+ Positive supply range 415 | 50 |['825 | v
Vec- Negative supply range -114 ] -12 | -126 v
Erg  Full scale gain error tpge= 1.0mA, T,=25°C +2 +5 (LSB
Ezs  Zero scale offset error Ipgr = 1.0mA, T, = 25°C 205 | =1 |LSB
Psr Power supply rejection’ lngr=1.0mMA, Ve + 47510 + 525V, Vo - 114

) to - 126V 12 | LSB

Vi  Logic 1inputvoltage (STRT and OF) 20 v
Vin Logic 1 Input voltage ext. clock 2.4 v
V. Logic0Input voltage (STRT and OE) 0.8 v
Vi Logic 0 Input voltage ext clock 0.7 v
[ Logic 1 Input current (STRT and OE) Vin=2.4V 20 pA
™ Logic 1 input current ext clock Vin= 24V 100 A
e Loglc 0 input current (STRT and OF) Vin= 0.4V -20 | -100 | A
Iy Logic 0 input current ext. clock Vin=0.7V -100 pA
Vou  Logic 0 output voltage lo = 1.6mA, OE = 0.6V 0.4 v
Vou Loglc 1 output voltage low = 400xA, DE = 0.8V 24 v
loz . Three-state leakage OE = 2.0V, Vo =0V or 5V +10 sA
lecs  Positive supply current Vee+ 5V, Voo - 12V 18 36 mA
lec Negative supply current Voo + 5V, Vg - 12V -1 | -2 | mA

NOTES

1. Relative accurscy In defined ps the devialion of the code transliion points from the ideal code transition points on a siraight line drawn from zero scale to full scale of the

device

2 Specitications piven in L5Bs refer 1o the weighi of the teast signilicant bil at the B:hit feve) which is 0.39% of the full scale voltage.

3. MAX chenge In full acale

AC ELECTRICAL CHARACTERISTICS v+ = +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. = 500KH2 400 ns
External clock pulse width positive/negative 600 ns
Set up time' See Figure 3 300 ns
tp (out data) propagation delay dala out OE See Figure 2 50 200 ns
tp (out DR) propagation delay data ready out | 8th clock See Flgure 3 700 ns
{p (3-state) propagation delay 3-state high oF See Figure 2 0 200 ns

impedance ol/p
ip (DBO) propagation delay DBO bR See Figure 3 500 | ns
\p (SDR) STRT low to DR high data ready high | STRT fow See Figure 3 700 ns

NOTE
1 Sen deaciiption ol “Set up time”
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NES034

TYPICAL PERFORMANCE CHARACTERISTICS

INTERNAL CLOCK FREQUENCY vs CONVERSION TIME vs
EXTERNAL CAPACITOR (CL) CLOCK FREQUENCY
100,000 t0
10,000 ©
B
z S o=
£ o N $ »
b N 3
Y o ‘\ 2 x N <]
o
- \
& 0 N 1 —
N
1 °
110 100 1000 10,000 100,000 30 40 0 0 700 800
"TAPACITOR (€L} IN pF FREQUENCY (KH2)
FIGURE 1
TEST LOAD CIRCUITS
DATA OUTPUT HIGH
a &ty « 2008
— o GATAREADY
DATA OUTPUT oo 4 exu
27 esan AM—o tmvuo.mm
N —0 ~Veel- 1
10K1 QISHF Ne—] Ingr IN= TmA
I \ ——0 Veg + (4 8V)
= = CLK 800KHz
&— EYARY PULSE
EaR LeveLs) L (TTLLEVELS) DB TOH)

DATA OUTPUT LOW

\T

5)

Veem 4 BY Vee
——————o BATA READY O
e s 0— ¢ sxu
DATA P NESOM A0 lin{-01V)
OUTPUT Siian =Vee (- 12V) —
15pF NN tngr INe 1mA
I \ Vec ¢ (45V) v
= CLK BOOKMZ cc
BE (1L l(VElS)® START PULSE OB (070
= (TTL LEVELS)
FIGURE 2

-

80%

80%
10% I

90%

— Ip (DATA)

te (2 5TATE)—]
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NESO34

B1h CLOCK
PULSE

cLock
SETUP
| nme - 80%
sTRY
tr rsom =
bR 50%
DBO

FIGURE 3

FUNCTIONAL PIN DEFINITIONS
DATA READY (bR) '

This is an output pin used to indicate that
a conversion Is in progress. DR goes to a
loglc 1" when 5TRT is at a logic “0". At
the completion of a conversion DR returns
to a logic 0", There is a delay (MAX 0.5xs)
from the time DR goes to “0" to the time
DBO data Is valld.

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 -
Output enable input. When OE is at a logic
*“1" the data outputs assume a high impe-
dance state. With OE 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 reset the converter and

start a new converslon, A logic 0" applied *

to this pin for a minimum of 400ns will
tese!l the converter to a condition with
DB7 at a logic 1" and all other Data out-
puts at logic 0", it will also cause DR to
go to a logic 1" (see timing diagrams for
delay times). Conversion wili start with the
18t clock pulse atter STRT returns to a

3-58

logic 1" (see notes on set up time re-
quited). A STAT pulse white a conversion
is taking place will cause the conversion
to be aborted and the converter will reset.
(See notes on short-cycle operation.)

CLKIN

An externa! capacitor between this pin
and ground generates the Internal clock
pulses. (See diagram for clock frequency
vs capacitor value). In. order to synchro-
nize the internal clock, to the start pulse a
diode (small signal type e.g., 1N914)
shouid 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 externat TTL-or MOS-compat-
ible clock to this pin slaves the NE5034 to
external clock frequency. In this case, the
diode is not required but the *set up” time
requirements should be noted.

BASIC CIRCUIT DESCRIPTION

The NE5034 is an 8-bit A/D converter which
incorporales the successive-approxima:
tion conversion method. Upon receipt of
the 5TRAT pulse, successive bits, begin-
ning with the MSB (DB?7), are applied to the
input of the internal 8-bit current output
DAC by the L successive-apptoximation
register (SAR) (see Block Diagram).

Signetics

The comparator determines whether the
output current of the DAC is greater or
less than the input current converted from
the unknown analog input voltage through
an external input resistor. {f 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 8-bit binary output code
which accurately represents the unknown
analog input to within = 1/2 LSB (2 0.2%).
This binary output wlill now remain in the
SAR untll 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
buffers 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 loglc 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".

Conversion starts after STRY returns to a
logic “1". Starting with DB? each bit is
tried in turn, with the declision point being
at the time of the positive going edge of
the clock. Starting with the first positive
edge atter STRT returns 10 logic “1" (see
note on “set up” time). The 8th 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 NE5S034 can be
operated to achieve shorter conversion
times. No hard wire changes are required
to perform "short.cycling™.

Converslon to X number of bits is com.
pleted at the end of X+ 0.5 clock cycles
(after a start pulse) DR will still be at a
logic " 1" state.

OE can be used 10 3 stale the outputs
even during short-cycle operation.




ANALOG DIVISION

JUNE 1983

8-BIT GENERAL PURPOSE A/D CONVERTER

NE5S034

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

ExTeANAL clock  STRT DAYA BuTPuY
(¥ USED) puLst READY ENABLE

BIGITAL
GROUND

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

extennaLcLock kYT BAYA DUYPUT
IF USED) PULSE READY ENABLE

DIGITAL
GROUND

UNKNOWN ANALOG 1 UNKNOWN ANAI OG 1
VOLTAGE INPUT a 1w e s VOLIAGL INPUY v fw_ fuw e
L T WOKE 18 )
18 ® o oormse VWA ! oosrmse

S ORL o . "L'o .

L] s oKy 0
. —o o AR —oc o
VREFIN NESOM -s-Q . .L-o .

‘ NEBO34 .
R REF = 5 OKst —o: © 50Ku 1 e
[T —o oy j—0 »
Ea 2 , . oV B

16 '

L o psoiss L1 o pBOLSS
2 ] 12 1
0.1.F o1, f
€L — SLE FI1G 1 FOR VALUE CL — SEE FIG 1 FOR VALUE
— our DI — (N#A4 OR SIMILAR ¢ o DI — IN914 OR SIMILAR
— CL AND Di NOT REQUIRED - €L AND DI NOY REQUIRED
IF USING EXTERNAL CLOCK IF USING EXTERNAL CLOCK
ANALOG * Ve -Vee ANALOG +Vee =-Vec
DROUND GROUND
FIGURE 4. FIGURE §.
20K
+V O—AA—0 - ¥
ANALOG
INPUT :» 800K1
>
<
AN g
—AA
-
NES034
1001} Angr ¥
10 TURN
POT.

FIGURE 6. SUGGESYED 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-
chronized 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.

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

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

b} The conversion starts one clock pulse
later.

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

DATA READY (BR) TIMING

Atter DR returns to a logic 0" Indicating a
conversion is complete there Is a time
delay of 500ns before the data at DBO out-
‘put (the Least Significant Bit) is valid.

ZERO OFFSET (NEGATIVE FULL

SCALE) CALIBRATION

PROCEDURES

1. Apply continuous start puises to the
ETRY input.

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

3. Observe all data outputs afler each
conversion Is completed.

4. Adjust the potentiometer connected to
i (see Figure 6) unti! the LSB flickers
between ‘0’ and *1°, and all other data
outputs remain ‘0’ following each con-
vergion,

FULL SCALE (POSITIVE FULL
SCALE) CALIBRATION:

1. Apply continuous start pulses to the
ETRT input.

2. Apply full scale minus 1 1/2 LSB to the
analog Input.

3. Observe all data outputs after each
conversion Is completed.

4. Adjust the voltage applied to Vaer 1y
(Figure 4) until the LSB varles between
‘0" and ‘1’, and all other data outputs
stay ‘1" after each conversion.

NOTE:
1 Where an input of V2 LS8 is called for, the voltage is
F
=
2 The sequence of calibration should be:
a Zero offsel
b Fuli scale adjust
¢ Zero offset
d. Fyll scale adjust

egualio S

OPERATING PRECAUTIONS:

Analog and digita! 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.

bRo .—l

NOTE
+ O tnar 0
? See Shan Cyedr aetnm

FIGURE 7. NE5034 TIMING DIAGRAM

3-60

Signetics

UNIPOLAR BINARY
OPERATION:

A standard connection for a 0 to 10V uni-
polar binary operation, with Ve o equal
to +5 volts, is shown in Figure 4. The
NES5034 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 scele range is 2 times

IRer iN:

Table 1. Unipolar—Binary

DIGITAL
ANALOG INPUT OUTPUT CODE
NOTES 1, 2.3 MSB LS8
FS—1LSB 11111111
FS—21SB 11111110
34 FS 119000000
112FS+1LSB 10000001
112 FS 10000000
H12FS-1LSB 01111111
14 FS 01000000
1LSB 00000001
0 00000000

Table 2. Blpolar— Offset Binary

DIGITAL
ANALOGINPUT | ) roir copE
NOTES 1,3,4 | MSB Lse
+(FS-11SB) | 111481111
+(FS-215B) | 111111140
+ (12 FS) 11000000
+ (1 LSB) 10000001
0 1000000
-(1LSB) 01111111
- (V2 FS) 01000000
~{(FS-11SB) | 0000000 3
-FS 00000000

BIPOLAR (OFFSET BINARY)
OPERATION:

A standard connectionfora - 5to 4+ 5Vor
- 10 10 + 10V bipolar operation is shown
in Figure 5.

NOTES:
1 Analog Inputs shown are nominat center valuss of
rode
2 TS i tull acaln, e, 2ipep gy (Uvipolar modnea)}
FS)

3 1LSA equals (2~ B¢
4 TS lullacale.ie lprp Ny (Ripntar mode)
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PHASE LOCKED

DESCRIPTION

The SE/NES565 Phase-Locked Loop (PLL) is
a self-contained, adaptable filter and de-
modulator for the frequency range from
0.001Hz to 500kHz. The circuit comprises a
voltage-controlled oscillator of exceptional
stability and linearity, a phase comparator,
an amplifier and a low-pass filter as shown
in the biock diagram. The center frequency
of the PLL is determined by the free-running
frequency of the VCO; this frequency can be
adjusted externally with a resistor or a ca-
pacitor. The fow-pass filter, which deter-
mines the capture characteristics of the
loop, is formed by an internal resistor and an
external capacitor.

FEATURES
® Highly stable center frequency
{200ppm/°C typ.)

* Wide operating voltage range (6 1o 12

volls)

Highly linear demodulated output (0.2%

typ.)

® Cenler frequency programming by
ofar or capacllior, voit

or current

¢ TTL and DTL compatible square-wave

output; loop can be opened fo insert

digltal frequency divider

Highly linear trlangle wave output

Reference output for connection of com-

parator in frequency discriminator

Bandwidth adjusiable from -~ * 1% to

> 260%

Frequency adjustable over 10 to 1 range

with same capacitor

APPLICATIONS
Frequency shift keying
Modems .
Telemetry recelvers

Toné decoders

SCA recelvers

Wideband FM discriminators
Dats synchronizers -~
Tracking filters

Signal restoration
Frequency multiplication & division

11-12

PIN CONFIGURATIONS
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NE/SES65

F.N PACKAGE D PACKAGE
v- [1] [73) NC mput [7] 7] v
eyt [7] [13] nc we [7] , 73] NC
eyt [3] [i7) NC neuT 3] ERE
veo outeut [4] 1) e vcooutrut [7] ;] wvea.c
compARATOR ] 0] v coMpARATOR =] ig) EXTERNALR
VCO INPUT ¢ VCO INPUT {19) £ on vco
nerenence (8] DH nc [€] all
ouTPUT REFER
oewoputareo (7] ) EEhveo: TourPT D) ooreur
ouTPUT
TOP VIEW TOP VIEW
ORDER NUMBER ORDER NUMBER
NE/SESESF.N NE/SES85D
ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise specified.
PARAMETER RATING UNIT
Maximum operating voitage 26 v
Input voltage 3 Vp-p
Storage temperature -65 to 4150 *C
Operaling temperature range
NESE5 0to +70 °C
SES65 -55 to 4125 °C
Power dissipation 300 mw
BLOCK DIAGRAM
U
10 1
tom Pass tnvie o] ‘s
u vz O Bl IR
" 'z:: m'“"‘c!v'uu eI TS : ﬂ:: L::L‘ '
o1
e F
J-LI v e ——— e )
) "L MA '
" ".[ ty
(Lv' Ov
EQUIVALENT SCHEMATIC
FREOUENCY SETTING RESISTOR ve
s A 19 o
! o
1 I ] { 38 icy
LN ' e " ""t;-‘ouwu'
r ~ N o 4 . OUTPUY
“ ‘ i 1 r I & RErERENCE
t l ' iy, [ ] : { A ot
1 [ R K SN |
f } | 1’ ] t i ] ’
. R
l 1 i, ri }
1h, ' :
! X l i bl
N l |
L " M I‘ 2s1aNAL 1) s1GNAL
v €y TRFOUTNCYSETTING VvCO PHASF INPUT INPUT
CAPACITOR OUTPUY COMPARATOR
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AALOG DIVISION
ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = 16V unless otherwise specified.
SES565 NES85
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
SUPPLY REQUIREMENTS
Supply voltage 6 12 | 16 112, v
Supply current 8 |125 6 |125] mA
INPUT CHARACTERISTICS
input impedance? 7 10 5 10 kN
Input {evel required for fo = 50kHz, 210% 10 10 mvrms
tracking trequency deviation
VvCO CHARACTERISTICS
Center frequency :
Maximum value 300 | 600 500 kHz
Distribution2 Distribution taken about
to= 50kHz, Ry = 5.0k}, Cy = 1200pF| ~10 0 |+10 ] -30 0 [+30 %
Drift with temperature fo = 50kHz 200 300 ppm/°C
Drift with supply voitage fo = 50kHz2, Vcc = 26 to 17 volts 01|10 02|16 | %V
Triangle wave
Output voltage level 10| 24| 3 |18 124] 3 Vp-p
Linearity 0.2 05 %
Square wave
Logical “1" output voltage to = 50kHz +49}! 152 +4.9 ] 5.2 v
Logical “0" output voltage fo = 50kHz -0.2|+02 -02]+40.2 v
Duty cycle fo = 50kHz 45 S0 | 551 40 S0 | 60 %
Rise time 20 | 100 20 ns
Fall time S0 | 200 50 ns
Output current {sink) 06 1 0.6 1 mA
Output current (source) ) 10 5 10 mA
DEMODULATED OUTPUT CHARACTERISTICS
Output voltage level Measured at pin 7 425| 45| 475| 40| 45} 50 v
Maximum voltage swing3 2 2 vp-p
Output voltage swing 310% frequency deviation 250 | 300 200 | 300 mVp-p
Total harmonic distortion 021075 04| 15 %
Output impedanca4 36 36 ki)
Ofiset voltage (V6-VT) 30 | 100 50 | 200 mv
Otfsat voltage vs temperature (drift) 50 100 »V/°C
AM rejection 30 40 40 dB
NOTES '
Both input terminals Ipins Z and 3! must recaive identicsl dc bias This biss may range
from 0 volis to 4 volis
2 The tor t {R1} must have a valus betwesn 241}
and 20A01 -
3 Output vollage swings neg: as Input fi
4 Oulpul nol buttered
Signetics 1113
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NE/SE565

TYPICAL PERFORMANCE CHARACTERISTICS

POWER SUPPLY CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE
20 et T
E Ry = FREQUENCY SETTING
' RES!ISTOR
|3
PR e
% RAym 2k
>
3 7 di
3w
p “
5
e
]
10 " 19 n 2
TOTAL SUPPLY VOLTAGE — V
LOCK RANGE
AS A FUNCTION OF
GAIN SETTING RESISTANCE
(PIN 6-7)
L] L]
Ve =ty
V- ubV
> 1
!
k]
i °wmm
E L ]
-1 44—
(-
-2
o
02040608 101214 18 1020
RELATIVE FREE-RUNNING FREQUENCY — I

VCO CONVERSION GAIN

20 ;
Vim oV
Vo= -0V
: oA
15 g
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P
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05 10 15 20 285 230
VOLTAGE BETWEEN PIN 7 AND PIN 10 — Vio-Vr
CHANGE IN FREE-RNNING
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FUNCTION OF TEMPERATURE

’
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o g
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1
<
1
]
L
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DESIGN FORMULAS
(See Figure 1)

Free-running trequency of VCO: 1o~ ‘;

2 inHz
1C

8o .
Lock-range: = % i Hz
Vee

Capture-range: fc = % ;‘— .2_':'5
where ¢ = {3.6X10% X C2
TYPICAL APPLICATIONS

FM Demodulstion

The 565 Phase Locked Loop is a general
purpose circuit designed for highly linear
FM demodulation. During lock, the average
dc fevel of the phase comparator output
signal Is directly proportional to the fre-
quency of the Input signal. As the Input
frequency shifts, it is this output signa!
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-to-frequency transfer. function of
the VCO.

11-14

Because of its unique and highly linesr
VCO, the 565 PLL can lock to and track an
input signal over a very wide bandwidth
itypically *60%! with very high finearity
{typically, within 0.5%).

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

1 oa_"‘:‘%; and should be adjusted to be at
the center of the input signal frequency
range. C1 can be any value, but A1 should

be within the range of 2000 to 20,000 ohms .

with an optimum value on the order of 4000
ohms. The source can be direct coupted i
the dc resistances seen from pins 2and 3 are
equal and there is no dc vollage difference
between the pins. A short between pins 4
and 5 connects the VCO to the phase com-
parator. Pin 6 provides a dc reference volt-
age that Is close to the dc potential of the
demodulated output (pin 7). Thus, if a resist-
ance is connected belweon pins 6and 7, the
gain of the output stage can be reduced with
little change In the dc voltage level at the
output. This allows the lock range 1o be

Signetics

decreased with littte change In the {ree-
running frequency. in this manner the lock
tange can be decreased from +60% of fo to
spproximately $20% of fo (at 26V).

A small capacitor (typically 0.001uF} should
be connected between pins 7 and 8o elimi-
nate possible oscitlation in the control cur-
rent source.

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

)

j0.001 T Co
i
4

DF wofus A1E0
outPy)

=m0 RET (R XCT’

3 m outPUt

Figure 1
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Frequency Shift Keying (FSK)

FSK refers 1o data transmission by means of
acarrier which is shifted between two preset
frequencies. This frequency shift is usually
accomplished by driving a VCO with the
binary data signal so that the two resulting
frequencies correspond to the “0” and “1”
states commonly called space and mark) of
the binary data signal.

A simple scheme using the 585 to receive
FSK signals of 1070Hz and 1270Hz is
shown in Figure 2. As the signal appears at
the input, the loop focks to the input fre-
quency and tracks it between the two fre-
quencies with a corresponding dc shift at
the output.

The loop filter capacitor C2 is chosen small-
er than usual 1o eliminate overshoot on the
output pulse, and a three-stage RC ladder
filter is used to remove the carrier compo-
nent from the output. The band edge of the
ladder tilter is chosen to be approximately
half way between the maximum keying rate
(in this case 300 baud or 150Hz) and twice
the Inpul trequency (approximately
2200H2). The output signal can now be
made logic compatible by connecting a
voltage comparator between the output and
pin 6 of the loop. The free-running frequen-
cy is adjusted with R1 50 as to result in a
slightly-positive voltage at the output with
i = 1070H2

The input connection is typical for cases
where a dc voltage is present at the source
and therefore a direct connection is not
desirable. Both input terminals are returned
to ground with identical resistors (in this
case, the values are chosen to effect a 600-
ohm input impedance),

Frequency Multiplication

There are two methods by which trequency

multiplication can be achieved using the

565: .

1. Locking to @ harmonic of the input signal.

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

The tirst method is the simplest, and can be
achieved by setting the tree-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 for
locking. It the input frequency is to be
constant with little tracking required, the
loop can generaily be locked to any one of
the first 5 harmonics. For higher orders of
mulliplication, or for cases where a largo
lock range is desired, the second schems is
more desirablo. An example of this might be

Figure 2
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Figure 4

a case where the input signal varies over a
wide frequency range and a large multiple
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 inserted. The
fundamental of the divided VCO frequency
is locked to the input frequency in this case,
so that the VCO is actually running at a
multiple of the input trequency. The amount
of muliiplication is determined by the fre-
quency divider. A typical connection
scheme is shown in Figure 4. To set up the
circuit, the frequency limits of the input
signal must be determined. The free-
running frequency of the VCO is then ad-
justed by means of R1and C1 (as discussed
under FM demodulation) so that the output
frequency of the divider is midway between
the input trequency limits. The filter capaci-
tor, C2, should be large enough to eliminate
variations In the demodulated output volt-
age (at pin 7}, in order to stabilize the VCO
frequency. The output can now be taken as
the VCO squarewave output, and its funda-
mental will be the desired multiple of the
input frequency (1iN) as long as the loopisin
lock.

SCA (Background Music) Decoder
Sume FM stations are authorized by the
FCC to broadcast uninterrupted back-
ground music for commerical use. To do
this a frequency modulated subcariier of
67kHz is used. The frequency is chosen s0

Signetics

es not to interfere with the normal stereo or
monaural program; in addition, the level of
the subcarriet is only 10% of the amplitude
of the combined signal.

The SCA signal can be filtered out and
demodulated with the NE565 Phase Locked
Loop without the use of any resonant cir-
cuits. A connection diagram is shown in
Figure 5. This circult also serves as &n
example of operation from a single power
supply.

A resistive voltage divider is used to estab-
lish a bias voltage tor the input (pins 2 and
3). The demodulated tmultiplex) FM signal is
fed 1o the input through a two-stage high-
pass filter, both to effect capacitive coupling
and to attenuate the strong signal of the
regular channel. A total signa! amplitude,
between B0mV and 300mV, is required at the
input. Its source should have an impedsnca
of less than 10,000 ohms. )

The Phase Locked Loop is tuned to 67kHz
with a 5000 ohm potentiometer; only ap-
proximate 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 attenuate the
high-frequency noise which often accom-
panies SCA transmission. Note that no ca-
pacitor is provided directly at pin 7; thus, the
circuit is operating as afirst-order loop. The
demodulated output signal is in the order of
50mV and the frequency response extends
to TkHz. -

11-15
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LM131A/LM131, LM231AILM231 LM331AILM331
Precision VoItage-to-Frequency Converters

4

General Description

The LM131/LM231/LM331 family of voltage-to-
frequency converters are ideally suited for use In simple
lowcost circuits for analog-to-digital conversion,
precision frequency-to-voitage conversion, longterm
integration, linear frequency modulation or demodu-
Iation, and many other functions. The output when used
85 8 voltage-to-frequency converter is a pulse train st &
frequency precisely proportional to the applied input
voltage. Thus, it provides sli the inherent advantages of
the voltage-to-frequency conversion techniques, and is
easy to apply in all standard voltage-to-frequency
converter applications. Further, the LM131A/LM231A/
LM331A ettains 8 new high level of sccuracy versus
temperature  which could only be sttained with
expensive voltage- -to-frequency modules. Additionally
the LM131 is ideally suited for use in digite! systems at
low power supply volteges and can provide low-cost
snalog-to-digital conversion in microprocessor-controtled
systems. And, the frequency from s battery powered
voltage-to-frequency converter can be easily channeled
through a simple photoisolator to provide isolation
against high common mode levels.

The LM131/LM231/LM331 utilizes a new tempereture-
compensated band-gap reference circuit, to provide
excellont sccuracy over tho full operating temperature

.. . .AtoD,DtoA

the quick response necessary for 100kHz voltage-to-
frequency conversion. And the. putput js gaspable of
driving 3 TTL lopds, or s high voltage output up to
40V, yet is short-clrcult proof against Ve

Features

s Guaranteed linearity 0.01% max 1"-"-'

s Improved performance in existing voltlga-to-fnquency
conversion applications

= Split or single supply operation

.
8 e
PR SO,

s Operates on single 5V supply ’
s Pulse output compatible with 8!l logic forms

= Excellent temperature stability, £ 50 ppm/°C max
® Low power dissipation, 15 mW typical st SV &

® Wide dynamic range, 100dB min at 10kHz full u:alc
frequency

® Wide range of full scale frequoncy, 1Hz to 100 kHz
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, LM331A/LM331

LMA31A/LM131,
LM231A/LM231

Absolute Maximum Ratings

Supply Voltage

Output Short Cireuit 10 Ground
Output Short Circuit 1o Ve
Input Voltage

Operating Ambient Temperature Range
Power Dissipation {Pp #1 25°C)
end Thermal Resistance (6;a)
{H Peckege} Pp
. bja
{N Package} Pp
6ja

Electrical Characteristics Ta=25°C unl;xs otherwise specified. (Note 1)

LM13I1A/EMI3Y
40V
Continuo.ulz
Col;ninuous
=02V to +Vg

TN Tmax

-55°C 10 +125°C

670 mW
150°CAW

LM231A/LM231

40V
Continuous
tontinuous
0.2V 1o +Vg

TN Tmax
-25°C 10 +85°C

570 mW
150°Cw
500 mw
155" CW

LM331A/LM33T

40V
ContinLous
Continuous
~0.2V to +Vg

Tvin - Tmax
0°C10+70°C

570 mW
150°Cw
500 mwW

158°CAW

PARAMETER CONDITIONS MIN TYP MAX
VFC Non-Linesrity (Note 2) 4.5v< vg< 20V 20003 20.01
ThMIN € Ta < Tmax £0.005 20.02
In Circuit of Figure Vg* 15V, 1= 10 K110 Y1 hHs 20.024 -20.14 -
Conversion Accuraty Scale Factor ViN® =10V, Rg » 14 k2
{Gain)
LANI3Y, LMIBV1A, LM231, LM231A 1.00 108
L1331, LM33IA K 1.00 110
Temperature Subility ot Gain TMINS TAS TmaX. &85V < Vg € 20V )
LMI31/LA231/LM33Y . 230 2180
LMINNAALMIIA/LNINA 220 50
Changt of Goin with Vs 45V Vg <oV on 0.1
. * | Wwv<vg<aoy 0 006 006
Rated Full-Scale Frequency Vin® 0V
Overrange (Beyond Full-Scale) Vin® -V
Frequency - .
INPUT COMPARATOR
Otfsrt Voltape . > . 23 2110
LMI31/LAZ31/LMIN TmIN < Ta € Tmax 24 14
LAIITA/LNZNIAMLMITIA TmiN € Ta € Tmax 13 o
Bins Curreny ' -80 =300
Ofttset Currenmy 28 2100
Common.Mode Ranpe TMINS TAS TMaX 02 Vee?0
TIMER
Timer Threshold Volisge, Pin B 0607 [ [4
Input Bias Cusrent, Pin B Vg = 16V .
Al Devices OV Vp NS H BV 210 1100
LMWLV IN VPN g™ 10V 200 1000
LMITAZLMZITANAMIZIA VBN B = 10V 200 . ~00
VEaT PN & (Reset) te bmA 0.22 ok

8252
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Electrical Characteristics (Continved) TA = 25°C unless otherwise specified {Note 1)

[ PARAMETER | CONDITIONS T wmnv | 3ve ] wmax | unis
-[CURRENT SOURCE (Pin %)
[Durput Current Rg= 14 k0, Ve 1° 0
LM13), LMI31A, LM231, LM231A 126 135 44 PR
LM331, LMI3IA 16 138 156 A
Crange with Voliage ovV<Vpiy 1S 0V - 0.2 0 , #A
Conent Source OFF Leakage ’
LMI31, LMIDIA 0.0 10 nA
LM231, LM2314, LM33, LM3DNA 002 100 nA
AN Drvices - Ta™ Tmax 20 800 nA
Operating Range of Current (Typica!) {10 10 500} pA
REFERENCE VOLTAGE (Pin 2)
LM131, EMI31A, EM231, LMZI1A 1.76 1.89 2.02 Vpc
LM331, IM3I1A 1.20 169 2.08 vpe
Subility v3 Temperature 160 peml C
Subility vs Time, 1000 Hours 101 *
LOGIC OUTPUT {Pin 3)
VSAY {=BbmA . 0.6 0.60 v
1= 32mA (2TTL Loads), TMINS TA € TMAX 0.10 040 v
OFF Leakape 20.05 1.0 pA
SUPPLY CURRENT
LMI31, LMI31A, LM23Y, Vg *» BV 2.0 30 a0 mA
LM231A Vg = 40V 28 a0 €0 mA
LM331, LMINIA Vg =5V 1.8 o 60 mA
Vg = 40V . 20 a0 BO mA

Functional Block Diagrams

Note 1: Al specifications apply in the circuh of Figure 3, with 4.0V € Vg < 40V, uniess otherwise noted.

Note 2: Nonlinearity is defined 8 the devistion of fgyT from Vi x (10kH2/-10 V) when the circuit has been trimmed o Jerd error ot
10 Hz ond 8t Y0 kHz, over the frequency range 3 Hz to 11 kHa. For the viming capacitor, Cy. use NPO ceremic, Tetion®, or polystyrene,
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LM231A/LM231, LM331A/LM331

LM131A/LM131,

Typical Performance Characteristics

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

Nonlinesrity Ervor, LM131

Family, a1 Procision Vo-F Nonlinesrity Error, LM131 Nonlinesrity vt Powsr Supply .
Converter (Figure 3) Family Voliags N
B8 e e : '
o8
»® o0y 082 ]
TN o bz
£ o N £ o0 »
3 et L P " e B -
e en . = E““
3 ¢ - E ] -
& & sPECimT
001 — s 2 oom B TR .
E em 17 Eoo E > d
13 SPEC LT £ . |~
gm £ o -
004
By om0
P2 4 8 3w u BLIDI BOCY 881 0 % w e TR E TR
TREQUENCY, oHs "‘W“"\"-"" POWER SUPPLY VOLTACE, Vg
Frequency vi Tempersture, VREF vi Tempersturs, Output Frequency v
LMI31A LMIJ1A VSUPPLY
17,3 RT3 T
o J I(JJ 1 s 1 =
WK 7 s 13 Y X .
%“, ) 185 » e )
5 SARCd 1 ; 8 o
o8y <) 5 [y . >
o) . W 11 s es -
b 1 > ] E T, Z IYrical
A o — g £ 2 T
& ) > 19 ~ o SN
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o e LR 1t 1 -3
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B2 W B an X 73 TR (RS TS R3] ) b uuwnnxxe
TIMPLRATURE,°C TIMPERATURL, *C oL . Vaurev.¥
T00kH: Nonlinearity Errer, Nonlinesrity Error, LM13Y Input Current (Pim 6,7) »s .
LM139Y Family (Figure 4} * (Figure 1) Tempersture :
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Typical Applications (continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIEO
VOLTAGE-T,O FHEOUENCV COﬁVE RTER
5"3!‘*\!2_-- "ll\ll (1PN

The L 1 is a monolithic circuit designed for accuracy
and uruhl: operation when applied as a voltage-to-
frequency (V-10-F} converter or as » frequency-to-
voltape {F-10-V} converter, A simplified block diagram
of the LM131 is shown in Figure 2 and consists of 8
switched current source, input comparator, and 1-shot
timer. .

The operetion of these blocks is best understood by
going through the operating cycle of the basic V-to-F
converter, Figure 2, which consists of the simplified
block disgram of the LM131 and the various resistors
#nd capacitors connected 1o it.

The voltage comparstor comperes a positive input
voliege, V1, at pin 7 10 the voltage, Vy, 81 pin 6. If V1 is
greater, the comparator will trigger the 1-shot timer. The
output of the timer will turn ON both the frequenty
output transistor and the switched current source for @
period t = 1.1 RyC;. During this period, the current i
will fiow out of the switched current source and provide
8 fixed smount of charge, O = i x t, into the capacitor,
CL. This will normally charge Vy up to 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 €| will be gradually discheiged by R| uniil
Vx falls 10 the level of V1. Then the comparetor wnll
trigger the timer and start another cycle.

The current tiowing into C s exactly IAVE = 1 x
(1.1 x RyC,} x 1, and the current tiowingout of C Is
exactly Vi /Ry & VN/RL. I Vi) is doubled, the fre-
quency will double to maintsin this balance. Even 2
simple V-10-F converter can provide » frequency pre-
cisely proportions! 1o its input voliage over » wide
range of frequencies.

e

Yook

£
touranatpr o1 8a01

/ .
FIGURE 2. Simplifeed Block Dispram of Stand-Alone
Voltspe-to-Frequency Converter Showing LM131 and
External Components

nigulety
[ Tl ]

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

The block diagram shows & band gap reference which
provides a steble 1.8 Vpc output. This 1.8 Vpg Is well
regulsted over Vg range of 3.8V to 40V. It alio hes a
fist, low temperature coefficient, and typically changes
tess than 1/2% over » 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to
be at 1.8V, and causes a current | = 1.90V/R; to flow,
For Ry = 14k,i= 135 pA. The precision current reflector
provides » current equel 10 i 10 the cutrent switch, The
current switch switches the current to pin 1 or to
ground depending on the state of the Rg flip-flop.

The timing function consists of sn Rg fiip-flop, end &
timer compsrator connected to the external RyCy
network, When the input comparator detects » voltage
a1 pin 7 higher then pin 6, it sets the Rg flip-flop whith
turns ON the current switch snd the output driver
transistor. When the voltege st pin 5 rises to 2/3 Ve,
the timer comparator csuses the Rg flip-fiop 1o reset.
The reset teansistor is then turned ON anc the current
switch is turned OFF, ’

However, if the input comparator still driects pin 7
higher than pin 6 when pin § crosses 2/3 Vg, the
{lip-flop will not be reser, and the current a1 pin 1 will
continue to flow, in its attempt to make the voliage at
pin 6 hipher then pin 7. This condition will ususlly
apply under stert-up conditions or in the cave of an
overlosd voltage at sipns! input. 1t should be noted that
during this sort of overload, the output frequency will

" be O; as soon s the signal is restored 1o the working

range, the oulpux 1requen:y will be resumed.

Tht output dmm transistor scis to seturale pin 3 with
sn ON resistance of about 5011, in cese of overvoliape,
the output current is actively limited to less than SO mA,

The vo‘upe.'n pin 2 i3 regulated ot 1.80 Vpg for all
velues of i between 10 uA 10 SO0 pA. It can be used a3 8
voltape reference for other components, but care must
be teken to ensure that current is not taken fiom it
which could reduce the sctutacy of the converter,

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

The simple stend-alont V-toF converter shown in
Figure 1 includes all the basic circuiwry ot Fipure 2
plus 8 few components for improved periormante,

A tesisior, Ry = 100 k02 210%, has been sdded in thr
path 10 pin 7, 30 that the biss cunrent at pin 7 {-B0nA
typics!} witl cancel the effect of the biss current a1 pin &
and help provide minimum frequency othel

The resistanre Ry 81 pin 2 is made up of 3 12 K1D fined
resistor plus 8 & hTY {cermet, preferedly) pon adjust
rhrostat. The function of this agjustment i 1o trim out
tht gain tolerance of the LA131, and the toleranee of
Ry. R snd Cy. For best results, ol the ecomponenty

‘LELNT/VIELNT
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. 8| Typical Applications continues) - . e
. E . N .
'. -\J should be stablé low-temperature-coefficient compon- initiated. The average current fed into the op vy}
. < » ents, such as metal-film resistors. The capacitor should summing point (pin 2) is i x (1.1 RCq) x f which &
‘ - ' have low dielectric absorption; depending on the temper- perfectly balanced with —VN/RIN. In this circuit, pe
Y ] ature characteristics desired, NPO ceramic, polvstvreno , voltage offset of the LM131 input comparator does s
R o) Tefion® or polypropylene are best suited. affect the offset or accuracy of the V-to-F convertsr g
— E it does in the stand-slone V-to-F converter, nor dor e
N | A capacitor is added from pin 7 to ground to act as 8 LM131 bias current or offset current. instead, the ofthwe
. filter for ViN. A value of 0.01 pF to 0.1 pF will be voltage and offset current of the opeyauoml smplife
S ad_equate in most cases; however, in cases where better are the only limits on how small the signa! con b
z:, 5 ] filtering is required, 8 1 uF capacitor can be used. When accurately converted. Since op amps with voltsge oftwe
N - N the RC time constapts ere matched at pin 6 and pin 7, well below 1 mV and offset currents well below 2nd
E E # voltage step at V)N will cause a step change in foyuT. pre available at low cost, this circuit is recommended f
ot o If CyN is much less than Ci, 8 step at VN may cause best accuracy for small signals. This circuit also respong
— four to stop momentarily. - immediately to sny change of input signal (which
‘ < - 8 ' stand-alone circuit does not) so that the output by
5 5 A 4792 resistor, in series with the 1 uF C|, is added to quency will be an accurate representstion of Viy 8
_give hysteresis effect which helps the input comparator quickly 8s 2 output pulses’ spacing can be memurse
E g provide the excellent linearity (0.03% typical). o

. In the precision mode, excellent linearity is obtyaed
ol o DETAIL OF OPERATION OF PRECISION V-TO-F because the current source (pin 1} .is slways at gowd

. CONVERTER (FIGURE 3) potential and that voltage does not very with Viy @
RIS - fouT. (In the stand-alone V-to-F converter, » muy
.- # | in this circuit, integration is performed by using 8 con- cause of non-linearity is the output impedance at pin )
’,a ventional operationa! amplitier and feedback capacitor, which causes | to change as a function of ViN).
L8 CF. When the integrator’s output crosses the nominal - s
threshold level at pin 6 of the LM131, the timing cycle is The circuit of Figure 4 operates in the same way @
c Figure 3, but with the necessary changes for high speee
* Registered trademark of DuPont ! ' operauon. .
’ vl ' .
065 00% wones . £ en we
gl A A —AAA AAA

! s At
LA 1

H an ’_mv':ﬂ.:ﬁ: = .

N FULLSCALE
’
Rg 2 T
'.L' > ‘
. > th
L
! ! ADJUST S Y
L
: v e MYLAR
K 18y !
! FULL BEALE . a
: ; topy = ¥ 85 L
! 1RV Ay G
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)
,
]
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OFFSET ADJUST ]
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*Use steble components with low temperature cosfficients. See Typlca! Applications section.
**This resistor can be B kIl or 10k2 for Vg = BV to 22V, but must be 10k} for Vg = 4.5V 10 BV.
***UJse low offso1 voitage and low offset currant op smps for A1: recommended types LM108, LM308A, LF3518

FIGURE 3. Standard Test Circuit snd Applications Circuit, Precision Vo!tage-to-Frequency Converter
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Typical Applications (continued)

OETAILS OF OPERATION, FREQUENCY.TO-
YOLTAGE CONVERTERS (FIGURES 5 AND 6)

I theis applications, a pulse input at fyn is differen-
sned by 8 C-R network and the negative-going edge at
pn @ causes the input comparator to trigger the timer
orouit. Just 85 with @ V-to-F converter, the everage
armint flowing out of pin 1 is JAVERAGE = | x
MIRLCY x 1. - :

Ie tu simple circuit of Figure 8, this current is filtered
® the network R = 100 k2 and 1 uF. The ripple will
& less than 10 mV peak, but the response will be siow,

with a 0.1 second time constant, end settling of 0.7 sec-

ond to 0.1% accuracy.

In the precision circuit, an operational amplifier provides a
buffered output and also acts s a 2-pote filter. The ripple
will be less than 6 mV peek for ali frequencies above
1 kHz, and the response time will be much quicker than
in Figure 5.However, for input frequencies below 200 Hz,

this circuit will have worse ripple than Figure 5. The .
engineering of the filter time-constants to get edequate

response and small enough ripple simply requires a study
of the compromises to be made. Inherently, V-to-F
converter response can be fast, but F-10-V response
can not.

*Uss snsble
Ses Typlcal Applications section.

** This resistor can be 6 ki2 or 10 ki) for Vg = BV 10 22V,
but must be 10 k{) for Vg = 4.6V 10 BV,

®oeUse low offset voliage snd low offset current ep smps for Al:
recommended types LF3518 or LF368.
! ' FIGURE 4. Precision Voltage-to-Frequency Converter,
’ 100 kHz Full-Scale, 10.03% Non-Linsarity
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LM231AILM231, LM331A/LM331

LM131A/LM131

Typical Applications (continued)

Light Intensity to Frequency Converter
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—
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Typical Applications (continves)
Anelop-to-Digitel Converter with Microprocessor
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LM231A/LM231, LM331A/LM331

" LM131A/LM134,

Typical Applications (continueq)

Vg

Voltage-to-Frequency Converter with lsolstors
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LM231A/LM231, LM331A/LM331
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28 0B
B3 DA
04 FF
2C FF
82 FF
84 FF
21 08
CA 09
46 02
98 02
40 02
80 FC
DO FC
78 FC
74 FC
08 FC
28 FC
04 FC
00 00
E8 03
38 FC
00 00
64 00
40 FC
00 00
0A 00
58 FC
90 01
FF 03
60 FC
00 00
90 01
68 FC
00 00
FF 03
3¢ 00
70 FC
20 FD
20 00
26 00
28 00

2500 A.D. 280 CROSS ASSEMBLER

---------------------

VERSION 3.00b

INPUT FILENAME :
OUTPUT FILENAME :

DECBIN:

DECIMAL:

INPBF:
DISPBF:
OUTPTR:
DISP:
CONVER:
MSG:
SCAN:
SCANL:
SCAN2:
PAGEL:
PAGE2:
PARAP:
PARAPL:
sV:

KP:
VALUEL:
KPMIN:
KPMAX:
TI:
TIMIN:
TIMAX:
10:
TDMIN:
TDMAX:
ALH:
AHMIN:
AHMAX:
ALL:
ALMIN:
ALMAX:
MAN:
MANMIN:
MANMAX:
DT:
DATA:
CHECK:
PORTA1:
PORTA2:
PORTA3:

SET. ASM
SET.0BJ

EoU
EQU
EOV
EQU
EOU
EQU
EQU
EQU
EQY
EQU
EQU
EQU
EOU
E6U
EQU
EoU
Eou
Eou
EQU
EQU
EQU
EQU
EOU
EQU
EQU
Eou
E6U
EoU
EQU
EQU
EoU
EQU
EoU
EoU
Eov
EoU
EQU
EoU
Eou
EQU
EQU

0B28H
0ABB8H
FFO4H
FF2CH
FF82H
FF84H
0821H
D9CAH
0246H
029BH
024DH
FC8O0H
FCDOH
FC78H
FC74H
FCOgH
FC28H
FCO&H
00H
03E8H
FC38H
00H
064H
FC4OH
00H
0AH
FC58H
0190H
03FFH
FC60H
0O000H
0190H
FC68H
0000H
03FFH
3CH
FC70H
FD20H
20H

" 24K

28H

-e we we

3= 102.4 %
;= 60 Sec./Sample

;RECEIVE DATA PV1
; TRANSHIT DATA HV1
;RECEIVE DATA PV2



2000

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

2C 00

2t 00

25 00

29-00
20 00

22 00
26 00
24 00
2E 00 -

23 00
27 00
28 00
2F 00
2C 00
20 00
2E 00

3C 00

30 00

36 00

38 00
61 00
04 00
89 09

21 08 FC

36 00

11 09 FC

0t 7F 00

ED B0

CD 89 09

21 00 00

22 20 FD

DD 21 04 FF
DD 36 00 4C
DD 36 01 20
0D 36 02 20
DD 36 03 53
DD 36 04 20
DD 36 05 20
DD 36 06 2

PORTAZ:

PORTB!:
PORTB2:
PORTB3:
PORTB7:

PORTC1:
PORTC2:
PORTC3:
PORTC?:

COMWI1:
COMW2:
COMH3:
COMH7:
P_L00P:
P_PARA:
PUD:

P_UDIL:
P_SU_D:
P_SU_D1:
DPALARM:
NL:

N2:
CLEAR:

EQU

EQY
Eou
EGU
Eou

EoU
EQU
EQU
EQU

Eou
EoU
Eou
EoV
Eou
EoU
Eov

Eou
EOV
EoV

Eov
£ou
EoU
£ou
ORG

LD
L0
LD
Lb
LDIR
CALL
LD
Lb
LD
LD
LD
LD
LD
LD
LD
LD

2H

21H
25H
29H
2DH

224
264
2M4
2EH4

23H
24
28H
2FH
2CH
204
2EH

3CH
304
34H

384
61K
04H
09B9H
2000H

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

.CLEAR

HL , 0000
(CHECK), HL
IX, INPBF
(IX+0H),4CH
(I1X+1H), 20H
(IX+2H), 204
(1X+3H),53H
(IX+4H),20H
(IX+5H), 20H
(IX+6H), 2EH

;RECEIVER VARIABLE PARAMETER
;FROM EXTERNAL KEYS

; TRANSMIT DATA MV2

;RECEIVE DATA PV3

;TRANSHIT DATA MV3

;RECEIVER VARIABLE PARAMETER
;FROM EXTERNAL KEYS

;RECEIVE DATA PY4

; TRANSMITDATA Mvé

;SEND LOOP CODE

;RECEIVER DATA UP OR DOWN
;FROM EXTERNAL KEYS

;RECEIVER DATA UP OR DOWN
1FROM EXTERNAL KEYS (LOW)
sRECEIVER DATA UP OR DOWN
;FROM EXTERNAL KEYS (HIGH)

s TRANSMITTER DATA UP OR DOWN
;FROM EXTERNAL KEYS (LOW)

s TRANSMITTER DATA UP OR DOUN
sFROM EXTERNAL KEYS (HIGH)

; TRANSMIT DATA ALARM

;DELAY

;CLEAR TABLE,
H



2036
2034
203€
2062
2046
2044
204E
2052
2056
2054
205€
2062
2066
206A
206D
2071
2075
2079
207¢
2080
2084
2088
208C
2090
2094
2098
209¢
2040
2044
20A8
20AC
2080
2084
2088
208C
2000
2064
208
200¢
2000
2003
2007
2008
200F
20€2
20E4
20E6
20E8

DD 36 07 20
DD 36 08 20
DD 36 09 S0
DD 36 0A 20
DD 36 0B 20
DD 36 OC 2t
DD 36 0D 20
0D 36 OE 20
DD 36 OF 4D
0D 36 10 20
DD 36 11 20
DD 36 12 2E
DD 36 13 20
21 04 FF

0D 22 82 FF
0D 21 80 FC
0D 22 84 FF
Cb CA 09

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

0D 36 OF 20,

DD 36 10 20
DD 36 11 20
DD 36 12 20
0D 36 13 20
21 04 FF

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

3E 99

D3 23

3E 82

03 27

LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
Lb
LD
CALL
LD
LD
LD
LD
LD
LD
LD
L0
LD
Lb
LD
LD
Lb
Lb
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
out
LD
ouT

(IX+7H) , 20H
(1X+8H), 20H
(1X+9H), 50K
(IX+AH) , 20K
(1X+BH), 204
(IX+CH), 2EH
(IX+DH), 20H
(IX+EH), 20H
(IX+FH), 4DH
(IX+10H},20H
(IX+11K), 20H
(IX+12K), 2EH
(1X+13H), 204
HL , INPBF
(OUTPTR), IX
IX, PAGE1
(D1sP), IX
4S6

IX, INPBF
(1X+0H), 20H
(IX+1H), 20K
(1x+2H), 20H
(IX+3H),3DH
(1X+4H), 20H
(IX+5H), 20H
(IX+6H), 20K
(IX+7H), 20H
(1X+8K), 20K
(IX+9H), 20H
(IX+DAH), 204
(1X+0BH), 20H
(IX+0CH), 20H
(IX+0DH), 20K
(IX+0EH), 20H
(IX+OFH), 20H
(IX+10H}, 20H
(IX+11H), 20H
(IX+12H),20H
(IX+13H), 20H
HL, INPBF
(OUTPTR), IX
IX,PAGE2
(DISP), IX
456

A, 99H
(comwi), A

A, 82H

(coMu2), A

+INITIAL 8255-1 1/0/1
;INITIAL 8255-2 0/1/0



20EA
20EC

20EE

20F0
20F2
20F4
20F6
20F9
20FC
20FF
2100
2103
2104
2106
210A
210¢
21
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
D3 28
3E 98
D3 2F
3E FF
D3 2A
CD 44
01 00
21 08
09

22 78
cs

3E 53
00 21
0D 22
021
3E 56
00 21
DD 22
021
3E 2t
0D 21
0D 22
2
3E 25
Db 21
DD 22
cb 21
(1

19

€D 83
21 28
09

22 78
c5

3E 4B
0D 21
DD 22
¢ 21
3E S0
DD 21
DD 22
b 21
1

79

CD 83
21 38
09

26
00
FC

FC

D0
84
08

02
84
08

0C
84
08

EO
84
08

22
FC

FC

Do
84
08

D2
84
08

22
FC

FC
FF

Fe
FF

FC
FF

FC
FF

FC
FF

FC
FF

BEGN:
SSV:

SKP:

STI:

LD
ouT
LD
ouT
LD
out
CALL
LD
LD
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
POP
LD
CALL
Ld
ADD
Lo
PUSH
LD
L0
LD
CALL
LD
LD
LD
CALL
POP
LD
CALL
Lo
ADD

A, 90H
(comu3), A
A, 98H
(comu?), A
A,OFFH
(PORTC3),4A
DELETEL

BC, 0000H
HL, SV

HL, BC
(PARAP), HL
BC

A,53H
1X,PAGE2
(D15P), IX
CONVER

A, 560
1X,PAGE2+2H
(D1SP), 1X
CONVER

A, 2EH
IX,PAGE2+12
(p1sP), IX
CONVER

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

BC

AC

L0

HL, KP

HL,BC
(PARAP), HL
BC

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

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

BC

AL

Lb1

HL,TI

HL,BC

s INITIAL 8255-3 1/0/0
;

;INITIAL 8255-7 1/1/1
;

;STAND BY C-PAC

;FILL S INTO BUFFER,
:
;FILL'V INTO BUFFER.
:
;FILL . INTO BUFFER.
:
sFILL % INTO BUFFER.
’

;FILL K INTO BUFFER.

;FILL P INTO BUFFER.



2168
2168
216C
216E

2172,

2176
2179
2178
217F
2183
2186
2187
2188
2188
218E
218F
2192
2193
2195
2199
2190
21A0
21A2
2146
21AA
21AD
21AE
21AF
2182
2185
2186
2189
21BA
218C
21C0
21C4
207
2109
2100
21D1
2104
2106
2104
21DE
21E1
21E3
21E7
21EB

22 78 FC

cs

3E 54

DD 21 DO FC
DD 22 84 FF
b 21 08

3E 49

DD 21 D7 FC
DD 22 84 FF
cD 21 08

c1

79

D 83 22

21 40 FC

09

22 78 FC

c5

3E 54

DD 21 DO FC
DD 22 84 FF
b 21 08

3E 44

DD 21 D2 FC
DD 22 84 FF
cb 21 08

¢l

79

CD 83 22

21 58 FC

09

22 78 FC

cs

3E 41

DD 21 DO FC
DD 22 84 FF
€D 21 08

3E 48

DD 21 D2 FC
DD 22 84 FF
¢D 21 08

3E 2E

DD 21 DC FC
DD 22 84 FF
b 21 08

3E 25

DD 21 EO FC
DD 22 84 FF
¢D 21 08

STD:

SAH:

Lo
PUSH
LD
Lb
1)
CALL
LD
Lo
Lo
CALL
POP
Lb
CALL
Lb
ADD
Lo
PUSH
Lo
)
LD
CALL
LD
)]
LD
CALL
POP
LD
CALL
LD
ADD
LD
PUSH
LD
LD
LD
CALL
)
LD
LD
CALL
LD
Lo
Lo
CALL
LD
)
Lo
CALL

(PARAP) , HL
BC

A, 54H
IX,PAGE2
(DISP), IX
CONVER

A, 494

1X,PAGE2+2
{DISP},IX
CONVER

BC

A C

Lb1

HL,TD
HL,BC
{PARAP), HL
8C

A, 54H
IX,PAGE2
(DISP}, IX
CONVER

A, G4H
IX,PAGE2+2H
(pISP), IX
CONVER

BC

AC

LD1

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

A&1H
1X,PAGE2
{DISP), IX
CONVER

A, 48
IX,PAGE242H
(DISP), IX
CONVER

A, 2EH
IX,PAGE2+12
{pISP), 1X
CONVER

A, 254
IX,PAGE2416
(DISP), IX
CONVER

jFILL T INTO BUFFER.

i
;FILL T INTO BUFFER.

;FILL T INTO BUFFER.
H
i
sFILL D INTO BUFFER.

;FILL A INTO BUFFER.
;
;FILL H INTO BUFFER.
H

;FILL . INTO BUFFER.

;{FILL % INTO BUFFER,

.
’



21EE
21EF
21F0
21F3
21F6
21F?
21FA
21F8B
21FD
2201
2205
2208
2204
220E
2212
2215
2217
2218
221F
2222
2224
2228
222¢
222F
2230
2231
2234
2237
2238
2238
223C
223t
2242
2246
2249
2248
224F
2253
2256
2258
225¢C
2260
2263
2265
2269
226D
2270
2n

a1

79

¢D 83 22

21 60 FC

09

22 78 FC

¢5

3t 41

DD 21 DO FC
DD 22 84 FF
cb 21 08

3E 4C

0D 21 D2 FC
DD 22 84 FF
¢D 21 08

3E 2t

0D 21 DC FC
DD 22 84 FF
¢D 21 08

3E 25

DD 21 EO FC
DD 22 84 FF
CD 21 D8

1

79

cb 83 22

21 68 FC

09

22 78 £C

¢5

3E 4D

0D 21 DO FC -

DD 22 84 FF
¢D 21 08

3E 56

DD 21 D2 FC
DD 22 84 FF
¢b 21 08

3E 2t

DD 21 DC FC
DD 22 84 FF
cb 21 08

3E 25

DD 21 EO FC
DD 22 84 FF
cb 21 08

€1

79

SAL:

SMAN:

POP
LD
CALL
Lb
ADD
LD
PUSH
LD
LD
LD
CALL
LD
LD
LD
CALL
Lb
LD
LD
CALL
Lb
LD
LD
CALL

POP

LD
CALL
LD
ADD
Lb
PUSH
Lb
LD
Lb
CALL
LD
LD
LD
CALL
Lb
LD
LD
CALL
LD
LD
LD
CALL
POP
LD

BC
AC

Lb1

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

A, 41H
IX,PAGE2
(DISP),IX
CONVER

A, 4CH
IX,PAGE242H
(pISP),1X
CONVER

A, 2EH

IX, PAGE2+12
(pISP), IX
CONVER

A, 25H
IX,PAGE2+16

" (DISP), IX

CONVER
BC

A,C

Lo1

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

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

A, 56H

IX, PAGE2+2
(pISP), IX
CONVER

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

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

BC

AC

;FILL A INTO BUFFER.
)
H

;FILL L INTO BUFFER.

FILL . INTO BUFFER.

.
’
.
H
.
]

;FILL % INTO BUFFER,
i

;FILL M INTO BUFFER.

H

;FILL v INTO BUFFER.
i

;FILL . INTO BUFFER.

;FILL % INTO BUFFER.



2272
2275
221
2279
2274
227¢
T227F
2280
2283
2285
2287
2289
228A
228
2292
2295
2298
2299
2294
229¢
229¢
22A0
22A1
2203
2245
2247
2249
22AA
2240
22A€
2281
2283
2284
2286
22BA
228
2201
2202
22C4
22C5
2206
2208
22CA
22CB
220C
22CF
2203
2206

CD 83 22
3E 00

D3 2A

M

FE 03

CA 9E 26
oc

C3 FC 20
FE 00

20 13

3E 3

cs

DD 21 D4 FC
0D 22 8¢ FF
Cb 21 08
CD B6 22
(%]

c9

FE 01

20 05

3E 32

5

18 7

FE 02

20 05

3 33

c5

18 DE

FE 03

€2 F9 20
3E 34

5

18 04

0D 21 DO FC

DD 22 84 FF -

€D é6 02
57

3E 39

05

BA

38 5D

06 30

7A

B8

DA €2 23
DD 21 70 FC
DD 7E 01
DD 77 00

LD1:

PUT:

LD2:

LD3:

LDé:

KEYRX:

CALL

LD

ouT
LD
cp
JP
INC
JP
cp
JR
Lb
PUSH
LD
LD
CALL
CALL
PoP
RET
cp
JR
Lo
PUSH
JR
cp
JR
Lb
PUSH
JR
cp
JP
LD
PUSH
JR
LD
LD
CALL
Lo
LD
PUSH
cp
JR
LD
Lb
cp
JP
LD
LD
LD

LD1
A, 00
{PORTC3),A
A,C

3H

Z,START

C

SSy

OH

NZ,LD2
A,31H

BC
IX,PAGE2+4H
(DISP), IX
CONVER
KEYRX

BC

1H
NZ,LD3

A, 32H

BC

pPUT

2H
NZ,LDé

A, 33H

BC

PUT

3H
NZ,BEGN
A, 34H

BC

PUT

1X, PAGE2
{DISP),1xX
SCAN

D,A

A, 39H

OE

D
C,CHKPAR
B, 30H
AD

B

€, CHKCR
IX,DATA
A, (IX+1H)
(1X40H), A

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

;FILL 1 INTO BUFFER.
)
}

;FILL 2 INTO BUFFER.

;FILL 3 INTO BUFFER.

.
)

;FILL & INTO BUFFER.

.
’

;DISPLAY AND SCAN KEY

’

;JUMP TO CHECK PARAMETER.

;JUMP TO CHECK RETURN KEY.

jSHIFT VALUE IN DIGIT3 -
;10 DIGITS.



2209
220C
22DF
22E2
22E5
22E8
22eC
22EF
22F3
22F6
22F9
22FD
2301
2304
2307
2308
230F
2312
2315
2319
231D
2320
2321
2322
2323
2328
2328
232C
2320
232F
2332
2335
2336
2338
2338
233k
233F
2341
2344
2347
2348
236A
234D
2350
2351
2353
2355
2356

00 7E 02

0D 77- 01

0D 7€ 03

DD 77 02

DD 72 03

FD 21 DE FC
DD 7E 03

FD 22 84 FF
(b 21 08

DD 7E 02

FD 21 DC FC
FD 22 84 FF
¢D 21 08

0D 7E 01

FO 21 DA FC
FD 22 84 FF
¢b 21 08

DD 7E 00

FD 21 D8 FC
FD 22 84 FF
CD 21 08

D1

€1

* €S

18 91
21 0B FC
ED 58 78 FC
AF

ED 52

D2 B6 22
21 58 FC
AF

ED 52

DA B6 22
21 63 FC
AF

ED 52

DA B6 22
21 6B FC
AF

ED 52

DA B6 22
21 2B FC
AF

ED 52

38 32

D1

C1

CHKPAR:

CHKAH:

CHKAL:

CHKMAN:

CHKKP:

Lo
LD
LD
LD
LD
LD
Lo
Lb
CALL
Lo
Lb
LD
CALL
LD
LD
LD
CALL
LD
LD
Lb
CALL
POP
POP
PUSH
R
LD
Lo
XOR
SBC
P
LD
XOR
$BC
P
LD
XOR
SBC
i
LD
XOR
$BC
IP
LD
XOR
SBC
IR
POP
POP

A, (1X+2H)
(IX41H),A
A, (IX+3H)
(1X+42H),A
(IX+3H),D
1Y,PAGE2+14
A, (I1X+3H)
{p1sP), 1y
CONVER

A, (IX42H) -
1Y,PAGE2+12
(p1sSP),1v
CONVER

A, (IX41H)
1Y,PAGE2410
(p1SP), 1Y
CONVER

A, (1X40H)
1Y,PAGE2+8
{DISP),1¥
CONVER

DE

BC

BC

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

HL, DE

NC, KEYRX
HL, ALH+3

A

HL, DE
C,KEYRX
HL,ALL+3

A

HL, DE

¢, KEYRX
HL, MAN+3

A

HL,DE
C,KEYRX
HL,KP+3

A

HL, DE
C,CHKTI

DE

BC

;SHIFT VALUE IN DIGITS -
;70 DIGIT2.

;SHIFT VALUE IN DIGIT2 -
;70 DIGIT1

;STORE NEW VALUE IN DIGITIL.
;MOVE VALUE IN DIGIT1 10 -
;BUFFER.

. v
’

’

;MOVE VALUE IN DIGIT2 TO -
;BUFFER.

)

H

;MOVE VALUE IN DIGIT3 TO -
;BUFFER.

'

’

;MOVE VALUE IN DIGIT4 T0 -
;BUFFER.

]

sCHECK SV

;=MV? (MANUAL DEFINE)

;CHECK kP
;



2357
2358
2354
235¢
2350
235E
2360
2361
2362
2364
2367
2368
236F
237
2375
2378
237¢
2380
2381
2384
2387
238A
2388
238D
238F
2390
2391
2392
2394
2396
2397
2398
239A
2398
239¢
239F
23A1
2345
23A8
23AC
2380
2381
2384
2387
23BA
2388
238D
23¢0

cs
06 44

0F 52

7A

88

28 07

7A

B9

28 0D

€3 B6 22

DD 21 70 FC

Db 36 04 20
18 07

DD 21 70 FC

DD 72 04

FD 21 EO FC

FD 22 84 FF

7A

D 21 08

(3 B6 22

21 3B FC

AF

ED 52

38 28

D1 : comM:
1

c5

06 4D

OF 53

7A

B8

28 07

74

B9

28 03

€3 86 22

D 21 70 FC
DD 72 04

FD 21 EO FC
FD 22 84 FF
74

0 21 08

€3 86 22

21 43 FC

AF

ED 52

DA F9 20

18 €D

PASS:

PASSY:

NEXT1:

CHKTYI:

PASS2:

CHKTD:

PUSH
LD
Ldb
LD
cP
JR
Lo
cP
JR
JP
Lo
LD
IR
LD
LD
LD
Lb
LD
CALL
JP
LD
XOR
SBC
IR
POP
POP
PUSH
LD
LD
LD
cp
JR
Lo
cp
JR
JP
LD
LD
Lo
LD
Lo
CALL
P
Lb
XOR
SBC
JP
JR

BC

B, 44H
C,528

AD

B

2,PASS
A,D

C

Z,PASS]
KEYRX
IX,DATA
(1X+4H), 204
NEXT1
IX,DATA
{1X+4H),D
1Y,PAGE2416
(b1sP), I¥
AD
CONVER
KEYRX

KL, TI+43

A

HL,DE
C,CHKTD
DE

BC

8C

B8,4DH
¢,538

A0

B

2,PASS2
AD

c .

2,PASS2
KEYRX
IX,DATA
{1X+4K),D
1Y,PAGE2+16
(DISP), 1Y
A,D
CONVER
KEYRX

HL, TD43

A

HL,DE

C, BEGN
COMM

iD
R

1=0?

;PUT D(OR R) INTO BUFFER.

3



23C2
23C4
2305
23C6
23C7

23C8

23CA
23c¢
230D
2300
2302
2304
2307
2308
23DE
23E0
23E1
23€3
23E7
23EA
2368
23ED
231
23F4
23F5
23F7
23FB
23FE
23FF
2401
2405
2408
2408
20¢
20F
2013
2414
216
218
2419
21¢
21D
21E
2420
223
2427
2624
2420

3E 0D

D1

Ct

€5

BA

28 0D

3E 14

BA

€2 86 22

3E 01

D3 2A

€3 B6 22

0D 21 70 FC
DD 7E 00

06 20

B8

20 22

DD 36 00 30
0D 7E 01

B8

20 18

0D 36 01 30
0D 7€ 02
B8

20 OE

DD 36 02 30
0D 7E 03

B8

20 04

0D 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 EB 25
DD 2A 78 FC
DD 72 00
DD 73 04
CD 46 26

CHKCR:

PASS3:

PASS4 ;

Ld
PoOP
POP
PUSH
ce
JR
LD
P
e
Lo
ouT
JP
Lo
Ldb
LD
CP
JR
Lb
LD
ce
JR
LD
LD
ce
JR
LD
LD
ce
JR
LD
Lb
CALL
PUSH
LD
Lb
XOR
SBC
JR
POP
LD
EX
XOR
S8C
Jp
Lb
LD
Ld
CALL

A, ODH
DE

BC

BC

D

Z,PASS3

A, 14H

D

NZ,KEYRX
A,01H
(PORTC3),A
KEYRX
IX,DATA

A, (1X+0H)

8,204

B

NZ,PASSE
(1X+0H), 30H
A, (IX+1H)

B

NZ,PASSé
(IX+1H), 30H
A, (IX+2H)
B

NZ,PASS4
(1%+2K), 30K
A, (IX+3H)

B

NZ,PASSé
(IX+3H), 30K
DE,DATA
DECBIN

HL

HL,5V+3

OE, (PARAP)
A

HL, DE

€, CHK1

HL

DE, 03FFH
DE, Ht

A

Ht, DE
C,DELETE
IX, (PARAP)
(1%+0R),D
(IX44H),E
DELEYE}

;=(CRIKEY?

;=(CONTROL TIKEY?

;STARTING CONVERT % 70
HEX

;CHECK SV

i

i
'
;JUNP T0 CHECK KP,

;CHECK MAXIXMUM VALUE -
;OF Sv.

)

+JUMP TO CLEAR BUFFER.
;PUT VALUE OF SV INTO -
; TABLE.



2430
243
2434
2438
2439
2438
263D
2641
2444
2446
2048
2449
2448
244C
244E
2451
2455
2459
2458
245F
2463
2464
2467
2468
2669
2468
246E
247
2472
2473
2475
2478
267C
247F
2482
2485
2486
2489
2080
248E
2690
2692
2496
2499
2698
249C
249E
269F

¢9

21 2B FC

ED 58 78 FC
AF

£D §2

38 49

pD 21 70 FC
pD 7E 04

06 20

OE 52

B8

28 06

B89

28 0D

€3 €8 25

DD 2A 78 FC
pD 36 08 00
18 08

DD 24 78 FC
DD 36 08 80

CHK1:

FILLD:

FILLR:

3 CHKMAX:

11 €8 03
£8

AF

ED 52

DA E8 25

21 00 00

£8

AF

£D 52

DA E8 25
pD 24 78 FC
00 74 0O

0D 75 04

CD 4é 26

c9

21 38 FC

ED 58 78 FC
AF

ED 52

38 SE

DD 21 70 FC
0D 7t 04

06 53

88

20 1D

E1

3E 77

CHK2:

CHKS:

RET
LD
LD
XOR
SBC
IR
LD
LD
L
LD
cP
IR
cP
R
I
Lb
LD
IR
LD
Lb
POP
Lb
EX
XOR
SBC
b
LD
EX
XOR
$BC
P
LD
LD
LD
CALL
REY
LD
LD
XOR
SBC
IR
LD
LD
L
cP
IR
POP
LD

HL,KP43
DE, (PARAP)
A

HL, DE
C,CHK?2
IX,DATA

A, (I1X+4)
B, 20H
C,5%H

B

Z,FILLD

¢

Z,FILLR
DELETE

1X, (PARAP)
(1x+8H),00
CHKMAX

1X, (PARAP)
(1X+8H),80H
HL

DE, KPMAX
DE, KL

A

HL, DE
C,DELEYE
HL, KPHIN
DE, HL

A

HL, DE
¢,DELETE
1X, (PARAP)
{(IX+0H),H
(1X+4H),L
DELEYE1

HL, 1143
DE, (PARAP)
A

HL, DE
C,CHK3
IX,DATA
A, (IX44H)
B, 53H

8

NZ, CHKM
HL

A, 77H

;CHECK KP
i

;CHECK KPMAX

;CHECK KPHIN

.
'
)
H
.
'

; CHECK T1

;CHECK S

;CHECK 1119 S



2M
2042
24A5
2446
24A8
26A9
24AC
2480

24B3
2487
24BA
248B
248D
24BE
24BF
24C2
24C4
24C5
24C8
2409
24CB
24CC
24CF
2401
2405
2409
240D
24E0
24E1
24E5

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

80
DA E8
7D
06 00
88
DA E8
0D 2A
0D 75

0D 36
C0 44
c9
06 4D
GH]
£1
C2 E8
3E 64
8D
DA E8
7D
06 01
B8
DA E8
20 10
DD 2A
0D 36
DD 36
CD 44
9
DD 2A
DD 75

DD 36
CD 44
c9
21 43
ED SB
AF
€D 52
38 5D
0D 21
DD 7E
06 53
B8
3
20 1C
3 77
8D

25

25
78 FC
00

04 00
26

25

25

25

78 FC
00 3C
04 00
26

78 FC
00

04 80
26

FC
78 FC

70 FC
04

CHKM:

LESS:

CHK3:

cp
JP
LD
LD
cP
JpP
Lb
LD

LD
CALL
RET
Lb
cP
POP
JP
LD
cp
P
R
L
cp
JP
JR
LD
LD
LD
CALL
RET
LD
LD

Lo
CALL
REY
LD
LD
XOR
SBC
JR
LD
LD
LD
cp
POP
IR
LD
cp

L
C,DELETE
AL

B, TININ

B

¢, DELETE
I¥, (PARAP)
(IX+0H),L

(1x+4H), 00
DELETEL

8,4DH

B

HL
NZ,DELETE
A, TINAX

L

¢, DELETE
AL

B, 01

B

C,DELETE
NZ,LESS
IX, (PARAP)
(1X+0H}, 3CH
(1X+4H),00
DELETEL

1¥, (PARAP)
(IX40H),L

(1x+4H), 80H
DELETE1

HL,1D+3
DE, (PARAP)
A

HL,DE

¢, CHK4
IX,DATA
A, (IX+4H)
B, 53H

B

HL

NZ, CHKM1
A, 77H

L

H
;CHECK MINIMUM VALUE OF -
i T1.

J

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

;CHECK MAXIMUM VALUE OF -
HIN

;PUT 60S INTO TABLE.

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

;CHECK TD
}

1CHECK

;CHECK 2119 S



250C
250F
2510
2512
2513
2516
251A

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

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

DA E8 25

0

06 00.

B8

DA E8 25
DD 2A 78 FC
0D 75 00

DD 36 04 00
CD 44 26

- €9

06 4D

B8

C2 E8 25

3E DA

BD

DA E8 25

7D

06 01

88

DA EB 25

20 10

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

c9

0D 2A 78 FC
0D 75 00

CHKM1:

LESS1:

DD 36 04 80
CD 44 26

€9

21 5B FC

ED 5B 78 FC -
AF

ED 52

38 24

3

11 FF 03

EB

AF

ED 52

DA E8 25

21 90 01

AF

ED 52

28 03

CHKé :

JP
LD
LD
cP
JP
Lb
Lb

Lb
CALL

‘RET

L
cP
IP
L
cP
IP
LD
Lb
cP
P
IR
LD
LD
Lo
CALL
RET
LD
LD

LD
CALL
RET
LD
LD
XOR
SBC
JR
POP
LD
£X
XOR
$BC
JP
Lb
XOR
SBC
JR

C,DELETE
AL

8, TOMIN

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

(IX+4H), 00
DELETE?

B, 4DH
8

NZ,DELETE

A, TDMAX
L
C,DELETE

- AL

8,01

B

C,DELETE
NZ,LESS1
IX, (PARAP)
(XX+0H), 3CH
(1X+6H),00H
DELETE].

1X, (PARAP)
(IX+0H),L

(IX+4H), 80K
DELETE}

HL,ALH+3
DE, (PARAP)
A

L, DE

C, CHKS
HL

DE, AHMAX
DE, HL

A

L, DE

C, DELETE
HL, AHMIN
A

HL, DE
Z,CHKNI

;CHECK MINIMUM VALUE OF -
;TD. .

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

jCHECK MAXIMUM VALUE OF -
;0.

;PUT 605 INTO TABLE,

;PUT VALUE OF TD INTO -
;TABLE,
;PUT M INTO TABLE,

;CHECK AH Vs

;CHECK AHMAX

; CHECK AHMIN



2578
2578
257F
2582
2585
2588
2589
258¢C
2590
2591
2593
2595
2596
2599
2594
2598
259D
25A0
20A3
25A4
2545
2547
25AA
20AE
2581
2584
2587
2588
2588
258F
25C0
25C2
25C5
25C6
25C9
25CA
25C8
25CD
2500
2503
2504
2505
2507
25DA
25DE
25E1
25€4
25€7

D2 £8 25
DD 2A 78 FC
0D 72 00O
DD 73 04
CD 44 26

C9

21 63 FC

ED 58 78 FC
AF

£D 82

38 23

3

11 90 0t

]

AF

ED 52

DA E8 25

21 00 00
]

AF

ED 52

DA E8 25

0D 2A 78 FC
0D 74 00

DD 75 04

CD 44 26

¢

21 6B FC

ED 58 78 FC
AF

ED 52

DA EB 25

E1

11 FF 03

4]

AF

ED 52

DA EB 25

21 00 00

EB

AF

ED 52

DA EB 25
DD 24 78 FC
DD 74 00

DD 75 04

€D 44 26
9

CHKMI:

CHKS:

CHKé:

3P
LD
LD
LD
CALL
RET
LD
Lb
XOR
SBC
IR
POP
LD
EX
XOR
SBC
g
)
EX
XOR
SBC
P
LD
L
LD
CALL
RET
LD
LD
XOR
SBC
3P
POP
LD
EX
XOR
S8
IP
)
EX
XOR
SBC
3P
)
LD
LD
CALL
RET

NC,DELETE
IX, (PARAP)
(IX+0H),D
(IX44H),E
DELETEL

HL,ALL+3
DE, (PARAP)
A

HL,DE

¢, CHK6

HL

DE, ALMAX
DE, HL

A

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

A

HL, DE
C,DELETE
IX, (PARAP)
(1X46H),H
{IX+4H),L
DELETEL

HL, MAN+3
DE, (PARAP)
.

HL, DE
C,DELETE
HL

DE, MANMAX
DE, HL

A

HL, DE
C,DELETE
HL , HANMIN
DE, HL

A

HL, DE
C,DELETE
1X, (PARAP)
(IX+0H),H
(IX44H),L
DELETEL

;CHECK AL

;CHECK ALMAX

;CHECK ALMIN

;CHECK mv

;CHECK MANMAX

;CHECK MANMIN



25E8
25EC
25F0
25F4
25F8
25FC
2600
2604
2606
2604
260D
2611
2613
2617
261A
261E
2620
2624
2627
2628
2620
2631
2634
2638
2634
263E
2641
2644
2648
264C
2650
2654
2658
265C
2660
2662
2666
2669
266D
266F
2673
2676
2674
267C
2680
2683
2687
2689

DD 21 70 FC
0D 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
b 21 08

FD 21 DC FC
3E 20

FD 22 84 FF
b 21 08

FO 21 DA FC
3E 20

FD 22 84 FF
€D 21 08

FD 21 D8 FC
3E 20

FO 22 84 FF
D 21 08

€3 B6 22

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

FD 22 84 FF
€0 21 08

FD 21 DE FC

3E 20

FD 22 84 FF
¢0 21 08

FD 21 DC FC
3E 20

FD 22 84 FF
CD 21 08

FD 21 DA FC
3t 20

FD 22 84 FF

DELETE:

DELETEL:

LD
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
Lb
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
JpP
Lb
LD
LD
LD
LD
LD
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
LD
LD
CALL
LD
Lo
LD

IX,DATA
(IX40H), 20H
(IX+1H), 20K
(1X+2H), 204
(IX+3H), 204
(IX+4H), 20H
IY,PAGE2+16
A, 20H
(DISP), ¥
CONVER
IY,PAGE2+14
A, 20H
(D1SP), 1Y
CONVER
1Y,PAGE2+12
A, 20H
(pISP), 1Y
CONVER
1Y,PAGE2+10
A, 20H
(01sP), Iv
CONVER
IY,PAGE2+8
A, 20H
(pIsP), 1v
CONVER
KEYRX

1X, DATA
(IX+0H), 20H
(1X+1H), 20K
(IX+2H), 20H
(I1X+3H), 204
(IX+4H),20H
1Y,PAGE2+16
A, 20H
(pISP), 1y
CONVER

1Y, PAGE2+14
A, 20H
(p1sP), Iy
CONVER
1Y,PAGE2+12
A, 20H
(015P), 1Y
CONVER

1Y, PAGE2+10
A, 20H
(DISP), 1Y

;CLEAR BUFFER

;CLEAR BUFFER



268D
2690
2694
2696
2694
269D
269E
2642
2646
26A8
26AA
26AC
26AE
26AF
2681
26B4
2687
2684

268D

26C0
2602
26C3
265
26C8
26CA
26CB
26CD
26CE
26CF
26D1
2602
26D3
26D6
2609
260C
26DF
26E2
26E5
26E7
26EA
26ED
26F0
26F1
26F3
26F5
26F8
26F9
26FB

CD 21 08
FD 21 D8 FC
3t 20

FD 22 84 FF
¢b 21 08
c9

0D 21 08 FC
0D 22 78 FC
3E 00

03 2A

DB 2D

06 0C

88

20 OF

0D 56 60
DD 5E 64
01 04 00
¢b 33 28
C3 F8 26
DB 20

SF

16 00

0D 6E 74
26 00

19

0B 20

SF

19

0B 20

5F

19

DD 73 74
00 74 08
0D 75 0OC
€D 96 28
CD 8B 28
3A 74 FC
D3 38

0b 56 20
DD 5E 24
21 00 00
AF

ED 52

28 03

CD BE 29
70

D3 21

5F

START:

LOOP1:

SETLL:

CALL
LD
LD
LD
CALL
RET
LD
LD
LD
ouT
IN
L0
cp
JR
LD
Lo
LD
CALL
JP
IN
Lo
LD
L0
LD
ADD
IN
LD
ADD
IN
LD
ADD
LD
LD
L
CALL
CALL
LD
out
LD
LD
LD
XOR
SBC
JR
CALL
Lb
ouT
LD

CONVER
1Y,PAGE2+8
A, 20H
(DISP), 1Y
CONVER

1X,SV
(PARAP), IX
A, O0H
(PORTE3),A
A, (PORTB?)
B,CH

B

NZ,L00P1
D, (1X+60H)
E, (I1X+64H)
BC, 0004H
DEVIS
SETLY

A, (PORTA1)
E,A

D, 00H

L, (IX+74H)
H, 00H
HL, DE

A, (PORTA1)
E,A

HL,DE

A, (PORTA1)
E,A

HL, DE
(IX474H),E
(1X+8H),H
(I1X4CH),L
ALARMH
ALARML

A, (PARAP1)
(DPALARM), A
D, (I1X+20H)
E, (1X+424H)
HL, 0000H

A

HL, DE
7,5ETL1
PID

AL
(PORTB1), A
E,A

;INITIAL TO LOOP1.
i

1)
;CHECK KEY MANUAL

sREAD MVD1. (HIGH)
sREAD MvO1. (LOW)

1
;MV01/10 = OOH - FFH

1]
;READ PV1,

.
’
'
’
»
’
1

;PV1*4 = 0.0 - 102.4 %

’

;STORE PV1. (HIGH)

;STORE PV1, (LOW)

;JUMP TO CHECK ALARM HIGH.
;JUMP TO CHECK ALARM LOW.
’

;DISPLAY ALARM

;CHECK KP1

]

]

1]

»

;JUMP TO PID SUBROUTINE.

{TRANSHITTER MV1 = OOH - FFH



26FC
26FE
2700
2703
2707
2704
2700
2710
2713
216
2719
271¢
201F
2722
2726
2724
272¢
272€
2730
2732
2733
2735
2738
2738
273
2761
2743
2745
2746
2748
2764
274D
2750
2753
2756
2759
275¢
275€
2761
2764
2767
2768
276A
276¢
276F
2770
2772
273

16 00

3E 04

b 20 28
DD 21 08 FC
DD 74 18
DD 75 1C
DD 56 08
0D SE OC
0D 72 10
0D 73 12
D 56 28
D 56 28
CD B 28
0D 21 09 FC
DD 22 78 FC
3E 01

D3 24

DB 20

06 0C

B8

20 OF

0D 56 60
DD -5E 64
01 04 00
0 33 28
18 2¢

0B 22

5F

16 00

3E 06

D 20 28
0D 74 08
DD 75-0C
D E0 28
D 05 29
3A 7A FC
D3 38

DD 56 20
DD SE 24
21 00 00
AF

ED 52

28 03

D BE 29
)

D3 24

5F

16 00

LOOP2:

LooP21:

SETL2:

LD
LD
CALL
LD
LD
LD
LD
LD
LD
LD
CALL
CALL
CALL
Lb
LD
LD
ouT
IN
LD
cP
JR
Lb
LD
Lo
CALL
JR
IN
LD
Lo
LD
CALL
LD
LD
CALL
CALL
LD
ouT
LD
LD
LD
XOR
SBC
JR
CALL
LD
oUT
Lb
LD

D, 00H

A, O4H

nuLT

IX,sv
(IX+18H),H
(Ix+1CH),L
D, (IX+8H)
E, (IX4CH)
(IX+10H),D
(IX+12H),E
STARTT
STARTT
DELAY
IX,SV+1
(PARAP), IX
A,01H
(PORTC3),A
A, (PORTB7)
8, CH

]
NZ,L00P21
D, (IX+60H)
£, (IX+64H)
BC,0004H
DEVIS
SETL2

A, (PORTC1)
E,A

D, 00H

A, 0¢H

MULT
(1X+8H),H
(IX+CH),L
ALARMH1
ALARML1

A, (PARAP1)
(DPALARN), A
D, (IX+20H)
E, (IX+24H)
HL , 0000H

A

HL, DE
Z,5ETL2
PID

AL
(PORTA2),A
E,A

D, 00H

H

;

$MV1%6 = 0.0 - 102.4 %

1]

;STORE  MV1. (HIGH)

;STORE  MV1. (LOW)

iREAD PV1. (HIGH)

iREAD PV1. (LOW)

;PV T0 PVO INTO TABLE.HIGH)
;PV T0 PVO INTO TABLE. (LOW)

1)
H
H
;INITIAL TO LOOP2.
;
i
’

;CHECK KEY MANUAL.
i
i
i

sREAD MV02. (HIGH)
;READ MVO2. (LOW)
;MV02/10 = OOH - FFH

iREAD PV2,

1

)

H

{PV2% = 0.0 - 102.4 %
;STORE PV2, [(HIGH)

;STORE PV2. (LOW)

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

;DISPLAY ALARM
;CHECK KP2

;JUMP TO PID SUBROUTINE.

’
; TRANSMITTER MV2 = OOH - FFH
i



2775
am
2774
277¢E
2781
2784
2787
2784
278D
2790
2793
2796
2799
2790
27A1
2783
2745
2747
2749
27AA
274C
214F
2782
2785
2788
27BA
278C
278D
278F
2702
27C4
27C5
2107
21C8
2709
27C8B
27¢C
27CD
2700
2703
2706
2709
270C
270F
2781
27E4
2787
27EA

3E 04
CD 20 28
00 21 09

0D 74 18

00 75 1C
DD 56 08
0D 5 0C

DD 72 10

0D 73 12
b 56 2B
€D 56 2B
€D 48 28
DD 21 OA
0D 22 78
3E 02

D3 24

0B 20

06 0C

B8

20 OE

0D 56 60
DD 5€ 64
01 04 00
b 33 28
18 38

DB 25

5F

16 00

DD 6E 74
26 00
19

DB 25

5F

19

DB 25

5F

19

DD 73 74
DD 76 08
DD 75 OC

FC

FC
FC

€O 24729 .

CD 4F 29
34 74 FC
03 38

0D 56 20
DD 5k 24
21 00 00
AF

LOOP3:

LOOP31:

LD
CALL
Lo
LD
Lo
Lo
LD
LD
LD
CALL
CALL
CALL
Lo
LD
LD
ouT
IN
LD
cp
JR
LD
LD
LD
CALL
JR
IN
LD
LD
LD
Lb
ADD
IN
LD
ADD
IN
LD
ADD
Lb
LD
LD
CALL
CALL
LD
out
LD
LD
LD
XOR

A, 04H
MULT
IX,SV+1
(I1X+18H),H
(IX+1CH),L
D, (IX+8H)
E, (IX+CH)
(IX+10H),D
(IX+12H),E
STARTT
STARTT
DELAY
IX,5V+2
{PARAP), IX
A,02H
{PORTC3),A
A, (PORTB?)
B,CH

]
NZ,L00P31
D, (1X+60H)
E, (1X+66H)
BC,0006H
DEVIS
SETL3

A, (PORTB2)
E,A

D, 00H

L, (IX+7¢H)
H, 00H
HL, DE

A, (PORTB2)
E,A

HL, DE

A, (PORTB2)
E,A

HL,DE
(1X476H),E
(1X+8H),H
(IX+CH),L
ALARNH2
ALARML?2

A, (PARAP1)
(DPALARM) , A
D, (1X+20H)
E, (1X426H)
HL , 0D0OH

A

]

sMV2%6 = 0.0 - 102.4 %

]

;STORE  Mv2. (HIGH)

;STORE  Mv2. (LOW)

;READ PV2. (HIGH)

;READ PV2. (LOW)

;PV2 TO PVD2 INTO TABLE.HIGH)
iPV2 T0 PV02 INTO TABLE. (LOW)
?

]

H

;INITIAL TO LOOP3.

'

]

sCHECK KEY MANUAL

;
{READ MVO3. (HIGH)
;READ Kv03, (LOW)

’
;103/10 = OOH - FFH

’

;READ PY3.
,
’
H
)
i
)
)
3

iPV3*6 = 0.0 - 102.4 %

s

1STORE PV3. (HIGH)

;STORE PV3. (LOW)

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

;CHECK KP3



27E8
27ED
27EF
21F2
27F3
27FS
27F6
27F8
27FA
27FD
2801
2804
2807
280A
280D
2810
2813
2816
2819
281C
2820
2824
2826
2828
2824
282
2820
282F
2832
2835
2838
2838
283D
283F
2840
2842
2844
2847
284A
2840
2850
2853
2856
2858
2858
285E
2861
2862

ED S2

28 03

Cb BE 29

70

03 26

5F

16 00

3t 04

¢D 20 28

DD 21 DA FC
DD 74 18

Db 75 1C

DD 56 08

0D SE OC

0D 72 10

0D 73 12
¢D 56 28
CD 56 28

CD 48 28

DD 21 0B FC
DD 22 78 FC
3E 03

D3 2A

D8 2D

06 0C

B8

20 OF

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

0B 28

5F

16 00

3t 04

CD 20 28
00 74 08
DD 75 0OC
CD 74 29
Cb 99 29
3A 74 FC
D3 38

DD 56 20
DD SE 24
21 00 00
AF

ED 52

SETL3:

LOOPé:

LOOP41:

SBC
JR
CALL
LD
our
LD
LD
LD
CALL
LD
LD
LD
LD
LD
LD
LD
CALL
CALL
CALL
LD
Lo
LD
oun
IN
LD
cP
JR
LD
Lo
LD
CALL
JR
IN
LD
LD
LD
CALL
LD
LD
CALL
CALL
Lo
ouY
LD
LD
LD
XOR
SBC

HL, DE
Z,SETL3
PID

AL
(PORTC2), A
E,A

D,00H

A, 04H

NULT
IX,5V+2
(IX+18H),H
(IX41CH),L
D, (1X+8H)
E, (IX+CH)
{IX+10H),D
(1x+12H),E
STARTT
STARTT
DELAY
IX,5V43
{PARAP), IX
A, 03K
(PORTC3), A
A, (PORTB7)
8,CH

8
NZ,L00P41
D, (I1X+60H)
E, (IX+64H)
8C,0004H
DEVIS
SETL4

A, (PORTA3)
£, A

D, 00K

A, 04H

HULT
(IX+8H),H
(IX+CH),L
ALARMH3
ALARML3

A, (PARAP1)
(DPALARM), A
D, {IX+20H)
E, (IX+26H)
HL , 0000H

A

HL, DE

;JUNP TO PID SUBROUTINE.
; TRANSMITTER MV3 = O0H - FFH

H
sMV3%4 = 0.0 - 102.6 %

;STORE  MV3. (HIGH)

;STORE  MV3. (LOW)

;READ PV3. (HIGH)

;READ PV3. (LOW)

;PV3 T0 PVO3 INTO TABLE.HIGH)
;PV3 TO PVO3 INTO TABLE. (LOW)
H

’

;INITIAL TO LOOP4.
i

H

i

;CHECK KEY MANUAL
;

H
sREAD MVO4. (HIGH)
;READ NMVO4. (LOW)

’
;MV04/10 = 00H - FFH

1
- sREAD PV4.

b

PV4*4 = 0.0 - 102,64 &
;STORE PV1. (HIGH)

;STORE PV1. (LOW)

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

;CHECK KP4

’



2864
2866
2869

286A
286C
286D
286F
2871
2874
2878

2878
287E
2881
2884
2887
2884
288D
2890
2893
2896
2899
289¢
289F
2842
2843
2845
287
2849
28AC
28AE
2881
2882
2885
2887
28BA
2888
28BE
28C1
28C4
287
28C8
28CA
28CC
28CE
28D1
2803
28D6
28D7

28 03
¢D BE 29
m

D3 29

5F

16 00

3E 04

€D 20 28
DD 21 08 FC
DD 74 18
DD 75 1€
DD 56 08
DD SE OC
DD 72 10
oD 73 12
€D 56 2B
€D 56 28
CD 4B 28
€3 9€ 26
DD 46 08-
DD 4 OC
DD 66 SO
DD 6 54
AF

ED 42

38 0B

28 09

34 7A FC
€8 87

32 7A FC
)

34 74 FC
€8 C7

32 74 FC
€9

DD 66 08
DD 6E OC
DD 46 3A
DD 4E 5C
AF

ED 42

38 0B

28 09

34 74 FC
(B A7

32 74 FC
€9

34 74 FC

SETL4:

ALARMH:

DISHI:

ALARML:

DISLO:

IR
CALL
Lo
out
Lo
LD
Lb
CALL
Lb
Lo
Lo
Lb
Lb
Lo
Lo
CALL
CALL
CALL
JP

LD

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

Z,SETLS
PID

AL
(PORTB3),A
E,A

D, 0OH

A, B4H

HULT
IX,SV+3
(I1X+18H),H
(IX+1€H), L
D, (IX+8H)
E, (IX+CH)
(IX+10H),D
(IX+12H),E
STARTT
STARTT
DELAY
START

B, (1X+8H)
¢, (IX+CH)
H, (1X+50H)
L, {IX+56H)
A

HL,BC
C,DISHI
Z,DISHI

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

A, (PARAP1)
0,4
(PARAP1), A

H, (1X+8H)
L, (IX+CH)
B, (1X+58)
C, (IX45CH)
A

KL, BC
¢,0I5L0
Z,015L0

A, (PARAP1)
4,A
(PARAP1), A

A, (PARAP1)

;JUMP T0 PID SUBROUTINE.

;TRANSMITTER MVé = OOH - FFH

’
iMVé*¢ = 0.0 - 102.4 % .

1)

;STORE MV4. (HIGH)

;STORE  MVé. (LOW)

sREAD PV4. (HIGH)

;READ PV4, (LOW)

;PV6 TO PVO4 INTO TABLE.HIGH)
;PV6 TO PVO4 INTO TABLE. (LOW)

sREAD PV1. (HIGH)
;READ PV1. (LOW)
:READ AH1. (HIGH)
{READ AH1, (LOW)

;AH1-PV1 = RESULT ALARM DISPLAY
}
i
’
i
}
;
j
i
i
’

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

;PV1-AL1 = RESULT ALARM DISPLAY

i



28D
280C
280F
28€0
28E3
28E6
28E9
28EC
28ED
28EF
28F1
28F3
28F 6
28F8
28FB
28FC
28FF
2901
2904
2905
2908
2908
290
2911
2912
2914
2916
2918
2918
2910
2920
2921
2924
2926
2929
2924
2920
2930
2933
2936
2937
2939
2938
293D
2940
2962
2945
2946

C8 E7

32 7AFC
c9

0D 46 08
0D 4E OC
0D 66 50
DD 6E 54
AF

ED 42

38 0B

28 09

3 7A FC
B 8F

32 7A FC
c9

3A 74 FC
CB CF

32 74 FC
c9

DD 66 08
DD 6E OC
DD 46 3A
0D 4E 5C
AF

ED 42

38 0B

28 09

34 74 FC
(B AF

32 74 FC
c9

34 78 FC
CB EF

32 7A FC
9

DD 46 D8

DD 4E OC
DD 66 50
DD 6E 56
AF

ED 42

38 08

28 09

3A 7A FC
CB 97

32 74 FC
9

3A 7A FC

ALARMH1:

DISHIL:

ALARML1:

DISLOL:

ALARMH2:

DISHIZ:

SET
Lb
RET
LD
LD
LD
Lb
XOR
SBC
JR
IR
LD

RES

LD
RET
LD
SET
LD
RET
LD
)
LD
Lo
XOR
SBC
R
R
LD
RES
LD
RET
LD
SET
LD
RET
LD
LD
LD
LD
XOR
SBC
R
R
LD
RES
LD
RET
LD

6A
(PARAP1), A

B, (IX+8H)
C, (IX+CH)
H, (I1X+50H)
L, (IX+56H)
P
HL, BC
¢,DISHI1
Z,0ISHI1
A, (PARAP1)
1,4

(PARAP1),A

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

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

HL,BC
¢,DISLO]
Z,0ISL01
A, (PARAP1)
5,A
(PARAP1),A

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

B, (1X48H)

€, (IX+CH)

H, (1X+50H)
L, (I1X+54H)
A N

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

A, (PARAPY)

;
{READ PV2. (HIGH)
sREAD PV2. (LOW)

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

i .
;AH2-PV2 = RESULT ALARM DISPLAY

“es we me we we we wa we we we

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

;PV2-AL2 = RESULT ALARM DISPLAY

“a we wa we we ws we we ws we

;READ PV3. (HIGH)

sREAD PV3. (LOW)

:READ AH3. (HIGH)

;READ AH3. (LOW)

;AH3-PV3 = RESULT ALARM DISPLAY

¥

$
.
1]
1
)



2949
2948
294E
294F
2952
2955
2958
2958
295C
295¢E
2960
2962
2965
2967
296A
2968
296E
2970
2973
2974
2917
2974
2970
2980
2981
2983
2985
2987
298A
298C
298F
2990
2993
2995
2998
2999
299¢C
299F
29A2
29A5
29A6
29A8
29AA
29AC
29AF
2981
2984
2985

CB D7

32 74 FC
c9

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

ED 42

38 08B

28 09

3A 7A FC
(B 87

32 7A FC
€9

3A 7A FC
CB F7

32 74 FC
€9

DD 46 08

DD 4E OC
D 66 50

DD 6E 54
AF

ED 42

38 0B

28 09

3A 74 FC
CB 9F

32 7A FC
9

3A 7A FC
CB OF

32 7A FC
9

DD 66 08
DD 6E OC
DD 46 3A
0D 4E 5C
AF

ED 42

38 0B

28 09

3A 74 FC
CB BF

32 7A FC
9

3A 7A FC

ALARNL2:

pISLO2:

ALARMH3:

DISHI3:

ALARNL3:

DISLO3:

SET
LD

RET.

LD
L
LD
LD
XOR
S8
R
R
L
RES
LD
RET
LD
SET
)
RET
LD
L
L
L
XOR
S8
R
IR
LD
RES
L
RET
LD
SET
LD
RET
LD
)
LD
)
XOR
s8¢
R
IR

LD

RES
LD
RET
LD

2,A
(PARAPL}, A

H, (1X+8H)

L, [IX+CH)

B, (1X+58)
C, (IX+5CH)
A

HL,BC
C,015L02
Z,D15L02
A, (PARAPS)
6,A
(PARAP1), A

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

~ B, (IX+8H)

C, (IX+CH)
H, (1X+50H)
L, (1X+54K)
A

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

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

H, (1X+8H)
L, (IX+CH)
B, (1x458)
C, (IX+5CH)
A

HL, BC
¢,DISL03
2,DI5L03
A, (PARAP1)
7.A
(PARAP1), A

A, (PARAP1)

]

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

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

; .
iPV3-AL3 = RESULT ALARM DISPLAY
i
]
;
i
i
i
i
;
i
i

;READ PV4. (HIGH)
;READ PV6. (LOW)
sREAD AH4. (HIGH)
;READ AH4. (LOW)

¥
;AHé-PV4 = RESULT ALARM DISPLAY

;{READ PV4. {HIGH)
;READ PV6. (LOW)
{READ AL4. (HIGH)
;READ AL4. (LOW)

;PV6-AL4 = RESULT ALARM DISPLAY



2988
29BA
298D
298BE
29C2
29C5
29C8
29CB
29CE
29CF
. 2900
2903
2906
2909
290C
290D
290E
29E0
29E1
29E3
29E5
29E6
29E7
29EA
29ED
29EF
29F0
29F2
29F4
29F5
29F¢6
29F7
29F9
29FC
29FF
2403
2405
2407
2409
2408
240D
2A0E
2410
2412
2415
2417
2A18
2A1A

CB FF

32 74 FC
c9

DD 2A 78 FC
0D 56 00
DD SE 04
01 0A 00
€D 33 2B
EB

05

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

AF

ED 52

0

30 03

ED 44

37

F5

21 00 00
DD 4E 30
06 00

AF

ED 42

28 65

F1

F5

éF

06 00

DD 6E 40
DD 66 48
0D CB 28 7E
20 04

30 10

18 04

38 0C

18 00

AF

ED 42

30 0B

21 00 00
18 06

09

30 03

21 FF FF

PID:

DORR:

REVERS]:

SUBT1:

ADDI:

SET
LD
RET
LD
LD
L0
LD -
CALL
X
PUSH
LD
LD
LD
CALL
POP
XOR
SBC
L0
JR
NEG
SCF
PUSH
LD
LD
LD
XOR
SBC
JR
POP
PUSH
LD
LD
LD
LD
BIT
JR
JR
JR
JR
JR
XOR
SBC
JR
LD
JR
ADD
JR
LD

7,A
(PARAP1), A

1X, (PARAP)
D, (IX+OK)
E, (I1X+4H)
BC, 000AH
DEVIS
DE, HL

DE

D, (I1X+8H)
E, (1X+CH)
BC, 000AH
DEVIS

DE

A

HL, DE
AL

.NC,DORR

AF
HL , 0000H
C, (I1X+30H)
8, 00H

A

HL,BC
Z,PROP

AF

AF

C,A

B, OH

L, (IX+40H)
H, (1X+48H)
7, {1X+28H)
NZ,REVERS1
NC, ADD1
SUBT1
¢,ADD1
SUBT1

A

HL,BC

NC, TONULT
HL , 0000H
TOMULT
HL,BC

NC, TONULT
HL,FFFFH

i
i
;STARTED PID SUBROUTINE.

1READ SV. (HIGH)
;READ SV. (LOW)

’
;9V/10 = 0.0 - 102.4 %

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

;
(PV/10 = 0.0 - 102.4 %

)
1PV - SV = ERROR(ER)

]
;CHANGE RESULT TO-
12" CONPLEMENT.

’
;CHECK TI.



2A1D
2420
2423
2024
2426
2429
2424
2428
2A2E
2A31

2834

2437
2A38
2439
2A3C
2A3D
- 2K60
2443
2h44
2h47
2449
244C
2450
2452
2453
2A%56
2459
2A5A
2K58
2A5C
2ASF
2462
2465
2468
2469
286C
246D
2A6E
2h6F
2473
2475
2877
2879
. 2478
2A7D
2A7E
2480
2482

0D 75 40
DD 74 48
EB

3E 3¢

tD 20 28
EB

DS

DD 56 20
DD SE 26
01 0A 00
tD 33 28
)

D1

¢D 20 28
EB

01 04 00
D 33 28
EB

DD 4E 30
06 00

cD 33 28
DD CB 36 7E
28 07

EB

01 3C 00
D 33 28
F1

ES

FS

DD SE 26
DD 56 20
01 04 00
D 33 28
EB

€D 20 28
B
F1

E1

DD CB 28 7E
20 04

30 10

18 04

38 0¢

18 00

AF

ED 52

30 08

21 00 00

TOMULT:

PROP:

REVERS2:

SUBT2:

LD
LD
Ex
LD
CALL
EX
PUSH
LD
LD
LD
CALL
LD
POP
CALL
EX
LD

CALL

EX
LD
LD
CALL
BIT
JR

EX

Lb
CALL
POP
PUSH
PUSH
Lo
LD
LD
CALL
EX
CALL
Ex
POP
POP
BIT
JR
JR
JR
JR
JR
XOR
SBC
JR
Lo

(IX+40H),L
(IX+48H),H
DE, HL

A,0T

HULT

DE, HL

DE

D, (IX+20H)
E, (1X+26H)
BC, 000AH
DEVIS
AL

DE

UL Y

DE, HL

BC, 000AR
DEVIS
DE, HL

¢, (IX+30H)
8,0H
DEVIS

7, (1X434H)
Z,PROP
DE, HL

BC, 003CH
DEVIS

AF

HL

AF

E, (IX+26H)
D, (1X+20H)
BC, D00AH
DEVIS
DE, HL

HULT

DE, HL

AF

KL

7, (1X+28H)
NZ,REVERS?2
NC, ADD2
SUBT?2

¢, ADD2
SUBT?2

A

HL, DE
NC,DERIV
HL, 0DOOH

;1STORE NEW SUM INTO-

; TABLE,

;SUMER AND PUT RESULT-
;INTO HL REGISTER.

’

;SUR*ER*DT

;STORE SUM*ER*DT INTO STACK
;READ KP. (HIGH) .

;READ KP. (LOW)

;
;KP/10
;READ SUM*ER*DT FROM STACK

)
;SUMAER*DT*(KP/10)

;(SUH’ER'DI'(KPIIU)IIU)

1)

; (SUM*ER*DT*(XP/10)/10)/T1 = DCI
;CHECK M OR S.

1JUMP TO PROPORTIONAL-
;ROUTINE.

;RESULT 15 DEVISED BY-
;60. :

;ER 70 [A) REGISTER.
iDCI TO STACK.

;ER 70 STACK.

;KP 70 [DE] REGISTER.
H

]
iKP/10
;(kP/10)*ER=DCP

;CHECK D OR R.
;JUMP TO REVERSE -
;ROUTINE.

i

;DCI-DCP=RESULY
;CHECK MININUN



2AB5 18 06 JR DERIY

]
2087 19 ADD2: ADD HL, DE ;DCI+DCP=RESULT
2488 30 03 R NC,DERIV ;CHECK MAXINUN
208A 21 FF FF LD HL, FFFFH ;
2A8D  ES DERIV: PUSH  HL ;PUSH RESULT INTO STACK.
2A8E 21 00 00 LD KL, 0000H :
2A91 DD SE 38 LD E, (IX+38H)  ;CHECK 1D.
2096 16 00 LD D, 00K ;
2096  AF XOR A ;
2497 ED 52 SBC HL,DE ;
2099 28 SE R Z,NoTt ;
2098 DD 56 10 LD D, (IX+10H)  ;PvO (HIGH) TO [D] REGISTER.
209E DD SE 14 Lo E,(IX+14H)  ;Pv0 (LOW) TO [E] REGISTER.
2AA1 01 DA 00 ) BC, 00DAH ;
2AA6  CD 33 2B CALL  DEVIS ;PV0/10 = 0.0 - 102.4 %
2AA7  EB EX DE, KL ;
20A8 DS PUSH O P
2AA9 DD 56 08 ' Lb D, (1X+8H) ;PV (HIGK) 10 [D] REGISTER.
2AAC DD SE OC Lo E, (IX+CH) iP¥ (LOW) TO [E] REGISTER,
2AAF 01 0A 00 LD BC, 00DAH ;
2AB2  CD 33 28 CALL  DEVIS ;PV/10 = 0.0 -102.4 %
2485 D1 PoP DE ;
2AB6  AF XOR A ;
2AB7 ED 52 SBC HL, DE ;PV-PVD=DDE
2089 70 Lo AL ;
20BA  E1 POP HL ;
208 ES PUSH  HL ;
2ABC 30 03 IR NC,POSIT ; ~
2ABE  ED 44 NEG ;CHANGE DDE 10 2'S -
200 37 SCF ;COMPLEMEN,
28C1 « FS POSIT: PUSH  AF ;PUSH DDE_INTO STACK.
20C2  SF LD E,A ;
2AC3 16 00 LD, D,0H ;
2AC5 DD 7E 38 LD A, (IX+38H) ;1D 1O [A) REGISTER.
2AC8 €D 20 2B CALL  HMuLT ;DDE*TD
2ACB  EB EX DE, HL ;
2ACC 3£ DA ) A, AH ;
2ACE €D 20 2B : CALL  NULT ;DDE*TD*10
2AD1  EB EX DE, HL ;
2AD2 01 3C 00 LD BC,DT ;DT 10 {BC) REGISTER.
2AD5 €D 33 28 CALL  DEVIS ;DDE*TD*10/DT
2AD8 DD CB 3€ 7E BIT 7,(IX+3CH)  ;CHECK M OR S.
2ADC 28 06 IR Z,N0T ;
2ADE  EB EX DE, HL ;
24DF  3E 3C LD A, 3CH ; _
2AE1 €D 20 2B CALL  MULT ;DDE*TD*10%60/DT
2AE4  EB NOT: EX DE, HL ;

245 D5 PUSH  DE ;



2AE6
2AE9

* 2AEC

2AEF
2AF2
24F3
2AF4
24F7
2AF8
24F9
2AFA
2AFE
2800
2802

. 2804

- 2806
2808
2809
2808
280D
2810
2811
2812
2814
2817
2818
2819
2818
2B1C
2B1F
2820
2822
2824
2825
2826

2828

2829
2828
282
282E
282F
2832
2B33
2B3¢
2835
2836
2838

DD 56 20
DD 5 24
01 0A 00
¢ 33 28
I
0
€D 20 28
£8

Fi

El

DD €B 28 7E
20 04

30 OF

18 04

38 08

18 00

AF
£D 52

30 08

21 00 00
X
19

30 04

21 FF 00
€9

7€

FE 00

cs

21 FF 00
€9

06 08

26 00

6C

29

3807

07

30 01
19

10 F7
c9

21 FF FF
c9

AF

67

6F

3E 10
8 13

NOT1:

REVERS3:

SUBT3:

ADD3:

- MAX:

NULT:

LOOP:

NADD:
ouT:

DEVIS:

DVO:

L0
LD
LD
CALL
LD

POP

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

IR
ADD
DINZ
RET
LD
RET
XOR
LD
Ldb
LD
RL

A, 16
E

D, (1X+20H)
£, (1X+26H)
8C,000AH
DEVIS

AL

DE

HULT

DE, HL

AF

HL

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

¢, ADD3
SUBT3

A

HL,DE

NC, MAX

KL, 000OH

HL,DE’
NC, NAX
HL, 00FFH

AH

OH

2

HL, 0OFFH

B, 8H
H, OH
L,H

HL, HL
C,0uT

NC, NADD
HL,DE
LooP

HL,FFFFH
A

A
L,A
1

:KP (HIGH) T0 [D) REGISTER.
iKP (LOW) TO [E} REGISTER,

)
iKP/10

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

. ;CHECK D OR R,

;=1 JUMP TO REVERSE.

;DCI+DCP-DCD=DCPID
;CHECK MININUN.

;DCI+DCP+DCD=DCPID

s
;CHECK MAXIHUM

;SET BYTE COUNTER=8

]

;CLEAR HL REGISTER.
;SHIFT HL LEFT,
;CHECK MAXINMUM.
;ROTATE BIT 7 OF "A"-
;INTO CARRY FLAG.

s TEST CARRY FLAG,
;ADD DE TO HL

;END?

;HL=0
;A=16,L00OP COUNTER
;SHIFT LEFT,STORE -



2B3A
283C
283E
2840
2842
2843

2864
2845
2847
2848

2844
2B4B
284D
284F
2850
2852
2853
2855

2856
2858
2B5A
285C
285E
2861
2864
2868
286C
286D
2870
2871
2875
2879
287C
2B7F
2881
2883

2886 -

2889
2B8C
2B8E
2891
2894
2897

8 12
ED 6A
ED 42
30 01
09
3F-

3D
20 F1
EB
ED- 6A

c9
3E 00
O 61
B9
28 03
0
18 FA
c9

08 2¢

C6 01

FE 31

20 21

21 08 FC

22 78 FC
0D 21 82 FC
DD 22 84 FF
F5

¢D .21 08

Fi

DD 21 D4 FC
DD 22 84 FF
CD 21 08

C3 A6 28B

FE 32

20 09

21 09 FC

22 78 FC

€3 64 28

FE 33

€2 94 28

21 0A FC

22 78 FC

C3 64 28

OV1:

DELAY:
COMP2:
ConPi:

BACK1:
STARTT:

L1

SET_L:

L2:

L3:

RL
ADC
SBC
JR
ADD
CCF

DEC
IR
Ex
ADC

RET
Lb
LD
cP
JR
DEC
JR
RET

IN
ADD
cP
IR
LD
LD
L
LD
PUSH
CALL
POP
LD
LD
CALL
3P
cP
IR
LD
LD
3P
cP
IP
LD
LD
3P

HL, HL
HL,BC
NC, DV
HL,BC

A
NZ,DVO
DE, HL
HL, HL

A,00
C,Nl

¢
2,BACK]
¢

conp1

A, (P_LOOP)
A 14

31H

NZ,L2
HL, SV
(PARAP) ,HL
IX,PAGE1+2
(D1SP), 1X
AF

CONVER

AF
1X,PAGE2+4
(DISP), IX
CONVER
PARKEY

324

NZ,L3
HL,SV+1
(PARAP}, HL
SET L

33

NZ,Lé
HL,SV+2
(PARAP), HL
SET_L

sPARTIAL RESULT IN-

;BIT 0. .

H

+ROTATE HL LEFT,
;HL=HL-BC

H

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

H

1
iSTORE LAST BIT OF -
;RESULT.

;DELAYING SUBROUTINE

i
;SET PARAMETER POINTER.

]
+PUT NUMBER OF LOOP-
;INTO PAGEL.



2894
289¢
289D
2840
2843
2846
2848
2BAC
2BAE
2881
28B4
2887
2888
288D
2800
2803
28C6
2808
2BC8
28CE
2802
28D6
28DA
2BDE
2BE1
2BE4
2BE8
2BEB
2BEE
28F2
28F6
28FA
2BFE
2001
2005
2008
2008
2C0F
2013
217
2018
21E
2022
2025
2026
2028
2028
202D

FE 34
co

21 0B FC
22 78 FC
€3 64 28
DB 2D
DD 24 78
FE 00

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

24 78 FC
Cb 05 30
2A 04 FC
DD E1

DD 74 00
DD 75 04
DD 21 08
FD 21 88
DD 22 82
FD 22 84
CD B8 DA
D 4B 28
DD 24 78
DD 66 08

DD 6E OC

0D 21 OE
FD 21 94
0D 22 82
FD 22 84
CD B8 DA
DD 2A 78
DD 66 18

DD 6E 1C

DD 21 14
FD 21 AD
DD 22 82
FD 22 84
CD B8 DA
0D 21 80
Cb 98 02
c9

FE 01

C2 86 2C
DD ES

3E 4B

FC

FF
FC
FF

FF

FC

FF
FC
FF
FF

FC
FF
FC
FF
FF

FC

Lé:

PARKEY:

RSV:

RPV:

RMV:

TKP:

cp
RET
LD
LD
P
IN
LD
cp
P
LD
LD
LD
PUSH
LD
CALL
LD
POP
LD
LD
LD
LD
LD
LD
CALL

CALL

LD
LD
LD
LD
LD
LD
LD
CALL
LD
)
Lb
LD
)
)
LD
CALL
LD
CALL
RET
cP
3P
PUSH
LD

34H
NZ

KL, 5V+3
(PARAP) , HL
SET_L

A, (P_PARA)
IX, (PARAP)
OH

NZ,TKP

D, (1X+0H)
£, (IX+6H)
(VALUE1),DE
IX

HL, (PARAP)
U_DKEY1

KL, (VALUE1)
IX
(I1X+0R), H
(1X+4H),L
IX, INPBF+4
1Y,PAGE1+8H
(OUTPTR), IX
(p1sp), 1y
DECIMAL
DELAY

IX, (PARAP)
H, (1X+8H)
L, (IX+CH)
IX, INPBF +AH
1Y,PAGE1+14H
(OUTPTR), IX
(D1sP), I¥
DECIMAL

1X, (PARAP)
H, (I1X+18H)
L, (IX+1CH)
IX, INPBF+10H
1Y,PAGE1+20H
(oUTPTR), IX
(DISP), ¥
DECIMAL
IX,PAGE]
SCAN1

11
NZ,TT1
IX
A, 4BH

;CHECK PARAMETER KEY.
i
;CHECK LOOP DISPLAY.

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

’

;PUT PV INTO BUFFER.
; (R1GH)

; (LOW)

H

’

H

’
;PUT MV INTO BUFFER.

+(HIGH)
; (LOW)

;DISPLAY LOOP OF PROCESS.
;JUMP TO START AGAIN.
;PUT KP INTO BUFFER.

v
’

;FILL K INTO BUFFER,



2C2F
2033
2037
203A
203C
240
2044
2047
2049
2C4B
2C4F
2051
2053
2057
2058
2CSE
2060
2062
2064
2066
2069
2C6C
2C70
2072
2075
2078
2079
207¢C
2080
2083
2084
2086
2088
2088
2C8E
208F
2091
2094
2095
2098
2098
209E
2CA1
2CA4
2047

2CAA

2CAD
2080

DD 21 DO FC
DD 22 84 FF
Cb 21 08

3E 50

DD 21 D2 FC
DD 22 84 FF
CD 21 08

DD E1

DD E5

DD CB 28 7E
20 11

3E 44

FD 21 EO FC
FD 22 84 FF
CD 21 08

DD E1

18 04

3E 52

18 ED

DD 56 20

DD SE 2

ED 53 04 FC
DD ES

24 78 FC

01 20 00

09

¢D 05 30

ED 58 04 FC
21 E8 03

AF

ED 52

0D E1

DA 9E 2C

21 00 00

AF

ED 52

D2 AA 2C

EB

DD 74 20

DD 75 2

€3 49 %

21 €8 03

DD 74 20

DD 75 2

€3 49 oF

21 00 00

DD 74 20

DD 75 2

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
Lo
LD
PUSH
LD
LD
ADD
CALL
LD
LD
XOR
S8C
POP
JP
LD
XOR
SBC
JP
EX
LD
Lb
P
LD
LD
LD
JP
Lb
LD
LD

IX, PAGE2
(D1SP), IX
CONVER

A, 50H
IX,PAGE2+2H
(p1SP), IX
CONVER

IX

IX

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

X

NEXT

A,52H
STORE

D, (IX+20H)
E, (IX+26K)
(VALUE1},DE
IX

HL, (PARAP)
BC,0020H
HL, BC
U_DKEY1

DE, (VALUE1)
HL , KPMAX

A

HL, DE

IX

¢, HKP

HL, KPMIN

A

HL, DE
NC,LKP
DE, HL
(IX+20H) ,H
(IX+264H),L
FILL

HL , KPHAX
(IX+20H), H
{IX+24H),L
FILL
HL,KPHIN
(IX+20H),H
(IX+24H),L

i
;FILL P INTO BUFFER.

]
;FILL D INTO BUFFER.

;FILL R INTO BUFFER.

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



2083
2086
2088
2088
208D
2CBF
20C3
2007
2CCA
20cC
2000
2004
2007
2009
200¢
200F
2CE1
2CE4
2CE7
2CE8
2CEB
2CEE
2CF0
2CF4

2CF6_

2F7
2F9
20FA
2FC
2000
2002
2005
2007
2009
2004
2000
2010
2012
015
217
2018
201
21F
2023
2027
2024

202
202F

C3 A9 2F

FE 02
c27220
0D ES

3E 54

DD 21 DO FC
DD 22 84 FF
Cb 21 08

3E 49

0D 21 D2 FC
DD 22 84 FF

D 21 08

0D E1
0D 7E 30
32 04 FC
DD E5
2A 78 FC

01 30 00

09

CD C4 2F

3h 04 FC

DD E1

DD CB 34 7€
20 11

47

3E 77

B8

30 19

DD CB 34 1E
3€ 02

32 04 FC

18 OF

06 02

B8

3009
DD CB 34 3E
¥ 7

32 04 FC

DD E5

DD CB 34 7E
28 35

3€ 4D

DD 21 EO FC
DD 22 84 FF
¢D 21 08

DD E1

3A 04 FC

67

T

MINUTEL:

NONSEC1:

JP
cp
JP

PUSH -

LD
LD
L
CALL
LD
LD
L
CALL
POP
LD
LD
PUSH
LD
LD
ADD
CALL
LD
POP
BIT
IR
LD
LD
cP
IR
RR
LD
L
IR
L
cP
IR
SRL
LD
LD
PUSH
BIT
IR
L
LD
LD
CALL
POP
LD
LD

-

FILL
2
NZ,TTD
IX

" A, 54H

IX,PAGE2
(D1SP), IX
CONVER

A, 494
IX,PAGE242H
(DISP), IX
CONVER

IX

A, (IX430H)
(VALUE1),A
IX

HL, (PARAP)

.- BC,DO30H

HL,8C
U_DKEY

A, (VALUE1)
IX

7, (IX+34H)
NZ, MINUTEL
B,A

A, 77H

B

NC, NONSEC1
(IX+34H)
A4
(VALUE1),A
NONSEC1
B,02H

B

NC, NONSEC1
(1X43¢H)

A 77H
(VALUE1),A
IX

7, (1X434H)
Z,5EC1

A, 4DH
IX,PAGE2+10H
(p1SP), IX
CONVER

IX

A, (VALUE1)
8,A

i
;PUT TI INTO BUFFER.

]
;FILL T INTO BUFFER.

)
; : .
;FILL T INTO BUFFER.
;
i

;FILL M INTO BUFFER.



2030
2032
2033
2035
2038
2039
2038
2D3E
2040
2043
2045
2048
2D4A
204D
204F
2052
2054
2058
205C
2D5F
2061
2064
2066
2067
2069
2D6C
206D
2D6F
2072
2074
2077
2079
2078
207F
2083
2086
2088

208C -

2090
2093
2095
2098
2098
2090
20A0
20A3
2DA4

2047

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 EO
DD 22 84
¢D 21 08
DD El

3A 04 FC
OE 00

B9

38 DF

pb 77 30
6F

26 00

C3 A9 2F
FE 03

€2 2t 2E
0D E5

3E 54

0D 21 DO

DD 22 84

Cb 21 08
3E 44
DD 21 D2
DD 22 84
Cb 21 08
DD El

- DD 7E 38

32 04 FC
0D ES

24 78 FC
01 38 00
09

FC
FF

FC
FF

FC
FF

CD C4 2F

3A 04 FC

HTI:

LTI:

SECL:

T1D:

Lb
cp
JR
Lb
LD
Lb
JP
Lb
Lb
Lo
JP
Lb
LD
Lb
JpP
LD
LD
Lb
CALL
POP
Lb
Lb
cP
JR
Lo
LD
LD
Jp
cp

~JP

PUSH
Lb
Lb
Lb
CALL
LD
LD
LD
CALL
POP
LD
LD
PUSH
LD
LD
ADD
CALL
LD

A, TINAX
B

C,HT1
(I1X430H),B
L,B

H, OH

FILL

L, TIMAX
(IX430H),L
H,0H

FILL

L, TININ
(1x+30H),L
H, OH

FILL

A, 53H
IX,PAGE2410H
(DISP), IX
CONVER

IX

A, (VALUE)
¢, TININ

¢

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

FILL

34

NZ, AHN

IX

A,56H
1X,PAGE2
(D1SP), IX
CONVER

A, 44H
IX,PAGE2+2H
{DISP), IX
CONVER

IX

A, (IX+38H)
{VALUE1), A
IX

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

A, (VALUE1)

sCHECK LIMIT OF TI.

SFILL S INTO BUFFER.

;PUT TD INTO BUFFER.
;FILL T INTO BUFFER,
H
'
i

sFILL D INTO BUFFER.



2DAA
2DAC
2080
2082
2083
20BS
2086
2088

- 2DBC

2DBE
2001
20C3
205
206
- 20C8
2
2CE
2001

2003

2007
2009
2008
~ 2DOF
“ 2DE3
2DE6
20E8
20EB
2DEC
2DEE
2DEF
-2DF1
20F4
20FS
20F7
20FA
2DFC
20FF
2E01
2E04
2E06
2E09
2E0B
2E0F
2E10
- 2E14
" 2E18
2E18
2E1D

DD EY

DD CB 3C 7€
20 11

47

3E 77

B8

30 19

DD CB 3¢ 1E
3E 02

32 04 FC

18 OF

06 02

B8

30 09

DD €B 3C 3E
3E 77

32 04 FC

DD €5

DD CB 3C 7€
28 35

3E 4D

DD 21 EO FC
DD 22 84 FF
€D 21 08

DD E1
34 04 FC
'Y

3E DA

B8

38 09

DD 70 38

68

26 00

€3 A9 2F

2E DA HTD:
DD 75 38

26 00

C3 A9 2F

2E 00 LTD:
DD 75 38

26 00

€3 A9 2F

3E 53

DD 21 EO FC
DD 22 84 FF
¢ 21 08

0D Ei

34 04 FC

SECOND:

MINUTE2:

NONSEC2:

POP
BIT
R
LD
1)
cP
IR
RR
1)
1)
R
Lb
cp
R
SRL
LD
LD
PUSH
BIT
R
Lb
1)
)
CALL
POP
LD
Lo
LD
cP
IR
LD
LD
1)
P
LD
LD

LD

P
LD
LD
L0
P
LD
LD
LD
CALL
POP
LD

X
7, (IX43CH) -
NZ,MINUTE2
B, A

A, 77H

B

NC, NONSEC2
(IX+3CH)
A,02H
(VALUE1), A

- NONSEC2

B;02H

B

NC, NONSEC2
(1X+3CH)
A, 77H
(VALUE1),4A
IX

7, (IX+3CH)
Z,SECOND
A, 6DH

1X, PAGE2+10H
(DISP), IX
CONVER

Ix

A, (VALUE1)
B,A

A, TOMAX

B

C,HTD

(IX+38H),B

L,B
H, 0K

FILL

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

FILL

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

FILL

A,53H
IX,PAGE2+10H
(DISP), 1X
CONVER

Ix

A, (VALUE1)

;FILL M INTO BUFFER.

iFILL S INTO BUFFER.



2E20
222
2623
2625
2628
2629
2628
2E2E
2E30
2633
2635
2637
2E38
2E3F
2642
2644
2648
2E4C
2E4F
251
2E55
2659
265¢
2ESE
2661
2664
2E68
2664
266D
2E70
271
2674
278
2E7B
27¢

2E7E

2E80
283
286
2E87
2E89
2E8C
2E80

2E90

2E93
2E96
2E99
2E9C

OF 00

B9

38 OF

DD 77 38
6F

.26 00

C3 A9 2F
FE 04

C2 AE 2

0D ES
3E 41
DD 21 DO
0D 22 84
€D 21 08
3E 48

DD 21 02

0D 22 84
€D 21 08
3E 25

0D 21 EO
0D 22 84
cD 21 08
00 EI

0D 56 50
0D SE 54
ED 53 04
DD ES

2A 78 FC .

01 50 00
09

b 05 30
ED 5B 04
21 FF 03
A
ED 52

0D Et

DA 96 2E
21 90 0t
AF

ED 52

D2 A2 2E
B

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

FC
FF

FC
FF

FC
FF

FC

FC

AHN:

HAH:

Lb
cp
JR
Lb
Lo
LD
JP
cp
JP
PUSH
Lb
Lb
Lb
CALL
Lb
LD
Lb
CALL
LD
Lb
Lo
CALL
POP
LD
Lb
LD
PUSH
Lo
LD
ADD
CALL
LD
LD
XOR
SBC
POP
JP
LD
XOR
SBC
Jp
EX
LD
LD
JP
LD
LD
Lo

A, 48H

C, TDMIN

C

¢,LID

(IX+38H),A

L,A

H, OH.

FILL

4H ;PUT AH INTO BUFFER.

NZ,ALN 5

X i .

A,41H 3FILL A INTO BUFFER.

1X,PAGE2 ;

(0ISP), IX ;

CONVER ;
FILL R INTO BUFFER,

IX,PAGE2+2 PR :

(DISP), IX ;

CONVER ;

A, 254 ;

IX,PAGE2¢16° 3

(0ISP), IX ;

CONVER

Ix

D, (1X450H)

E, (1X45(H)

(VALUE1), DE

Ix

HL, (PARAP)

8C, D050H

HL,BC

U_DKEY1

DE, (VALUE1)

HL , AHMAX

A

HL,DE'

Ix

C,HAH

HL, AHMIN

A

HL, DE

NC,LAH

DE, HL

(1X+50H),H

(1X454H),L

FILL

HL , AHNAX

{IX450H),H

{IX456H),L

SFILL % INTO BUFFER.



269F
22
2EAS
2EA8
26AB
2EAE
2680
2683
2685
2687
2E88
2EBF

" 2EC2

2EC4
2EC8
2ECC
2ECF
2ED1
2ED5
2ED9

260C

2EDE
2€E1
2€E4
2E8
2EEA
(2EED
2F0
2€F1
2EF4
2EF8
2EFB
2€FC
2EFE
2F00
2F03
2F06
207
2F09
2F0C
2F0D
2F10
F13
216
219
21C
2F1F
222

C3 A9 2F
21 90 01

DD 74 SO

DD 75 54

C3 A9 oF

FE 08
€2 2 oF
DD- ES

3F 41

DD 21 DO FC
DD 22 84 FF
b 21 08

3E 4C

DD 21 D2 FC
DD 22 84 FF
cb-21 08

3E 25

DD 21 EOD FC
DD 22 84 FF
D 21 08

0D E1

DD 56 58

DD 5E 5C

ED 53 04 FC
DD E5

24 78 FC

01 58 00

09

€D 05 30

ED 5B 04 FC

21 90 01

AF
ED 52

DD E1

DA 16 2F
21 00 00
A

ED 52

b2 22 2F
E8

DD 74 58
DD 75 SC
€3 A9 2F
21 90 01
DD 76 58
DD 75 5C
€3 A9 2F
21 00 00

LAK:

ALN:

HAL:

LAL:

P
LD
LD
LD
P

‘CP

P
PUSH
LD
LD
Lo
CALL
LD
0}
LD
CALL
Lb
LD
Lb
CALL
POP
LD
LD
Lb
PUSH
LD
LD
ADD
CALL
LD
LD
XOR
SBC
POP
P
LD
XOR
SBC
P
EX
LD
LD
P
LD
LD
LD
IP
LD

FILL

HL, AHMIN
(1X450H) ,H
(IX+54H),L
FILL

8H

NZ, HANN

IX

A, 41H

IX, PAGE2
(DISP),IX
CONVER

A, 4CH
1X, PAGE2+2
- (DISP), IX

CONVER

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

I

D, {IX+58H)
E, (1X+5CH)
(VALUE1),DE
Ix
KL, (PARAP)
BC, 0058H
KL, BC
U_DKEY1

DE, (VALUE1)
HL, ALMAX

A

HL, DE

IX

“C,HAL

HL, ALMIN
A

HL,DE
NC, LAL
DE,HL

(IX+58H),H

(1X45CH), L
FILL

HL, ALMAX
(1x+58H),H
(IX+5CH),L
FILL

HL, ALMIN

;PUT AL INTO BUFFER,

’ I3
;FILL .A INTO BUFFER.
H

- 3FILL L INTO BUFFER.

SFILL'S INTO BUFFER,
H



2F25
2F28
2F28
2F2E
230
2F31
T 2F33
2F35
2F39
2F3D
240
2F42
2F66
2F6A
2F4D
2F4F
2F53
257
2F5A
2F5C
2FSF
2F62
2F66
2F68
2F6B
2FSE
2F6F
#72
2F76
279
2F7A
27C
2FTE
2F81
2F84
2F85
2F87
2F8A
2F8B
2F8E
2F91
2F9%
297
2F9A
2F9D
2FAD
2FA3
2FA6

DD 74 58
DD 75 5C
C3 A9 2F
FE OC

co

DD ES

3E 4D

0D 21 DO
DD 22 84
ch 21 08
3E 56

DD 21 D2
0D 22 84
ch 21 08
3E 25

0D 21 ED
0D 22 84
€D 21 08
0D E1

DD 56 60
DD 5E 64
ED 53 04
0D E5

24 78 FC
01 60 00
09

¢b 05 30
ED 5B 04
21 FF 03
AF

€0 52

0D E1

DA 94 2F
21 00 00
AF

ED 52

D2 AD 2F
EB

" DD 74 60

Db 75 64
€3 A9 oF
21 FF 03
DD 74 60
DD 75 64
€3 A9 2F
21 00 00
DD 74 60
0D 75 64

FC
FF

fFC
FF

FC
FF

FC

FC

MANN:

HMAN:

LBAN:

LD
LD
IP
cP
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
P
LD
XOR
SBC
IP
EX
LD
LD
P
LD
LD
Lb
3P
LD
LD
LD

{(1X+58H) ,H
(IX+5CH),L
FILL

CH

NZ

IX

A, 4DH
1X,PAGE2
(p1SP), IX
CONVER

A, 56H

1X, PAGE2+2
(DISP), IX
CONVER

A, 25H
IX,PAGE2416
(p1sP}, IX
CONVER

IX

D, (I1X+60H)
E, (IX+64H)
(VALUE1),DE
IX

HL, (PARAP) -
BC, 0060H
HL, BC
U_DKEY1
DE, (VALUE1)
HL , NANMAX
A

HL, DE

IX

C, HiAN

KL, HANMIN
A

HL,DE

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

HL., HANHAX
(IX+60H) ,H
(I1X+64H),L
FILL

KL, MANMIN
{1X+60H) ,H
(I1X+64H),L

;PUT MV INTO BUFFER.

1] .

;FILL 1 INTO BUFFER.
H

i

;FILL V INTO BUFFER.
}

i

;

;FILL % INTO BUFFER.
H



2FA9
2FAD
2F81
2FBS
2FB9
2FBC
2FCO
2FC3
2FCE
2FC6
2FC7
2FC8
2709
2FCD
2FCE
2FD0
2FD2
2603
2FDS
2607
2608

" 2F0B

2FDD
2FEY
2FE2
2FES

2FES

2FE7
2FEA
2FEC
2FEF
2FF2
2FF4
2FFS
2FF?
2FFA
2FFD
2FFF
3000
3001
3004
3005
3007
3008
3004
3008
3ooc
300D

0D 21 08 FF
FD 21 D8 FC
DD 22 82 FF
FD 22 84 FF
Cb B8 DA

0D 21 0O FC
CD 98 02

¢9

08 2t

FS

50

54

ED 4B 20 FD
AF

ED 42

20 05

F1

D3 30

18 06

F1

34 04 FC

03 30

ED 53 20 FD

47

3A 04 FC
90
c8

DA F5 2F

FE 01

CA 00 30
3A 04 FC
03 30

c9

FE FF

CA 00 30
3A 06 FC
03 30

¢9

78

32 04 FC
c9

DB 2E

SF

bB 3C

57

ES

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
Lo
XOR
SBC
JR

POP

ouT
IR
POP
Lo
out
LD
Lo
LD
sus
RET
P
cP
JP
LD
out
RET
cp
JP
LD
ouTt
RET
LD
LD
RET
IN
LD
IN
LD
PUSH
PUSH
LD

IX, INPBF+4H
1Y,PAGE2+8H
(OUTPTR), IX
(DISP), IV
DECIMAL .
1X, PAGE2
SCAN1

A, (P_UD)
AF

E,L

D,H

BC, {CHECK)
A

HL,8C
NZ,ENIT

AF
(P_SU_D),A
CON

AF

A, (VALUE1)
(P_SU_D),A
{CHECK),DE
B,A

A, (VALUE1)
B

z

C,NEGL

1H

Z,NEWVL

A, (VALUE1)
(P_SU_D),A

FFH

Z, NEWVL

A, {VALUE1)
(P_SU_D),A

A8
(VALUE1),A

A, (PUD)

E,A

A, (P_UDI1)
0,A

HL

DE

BC, (CHECK)

;DISPLAY PARAMETER,
H

; 4
;START VD KEY-

; SUBROUTINE.

i

“e wp we we

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

i

i

,
;CHECK -1 RESULT.

’
s INITIAL P_SU_D.

sNEW VALUE BE STORED-
;IN AL

;START U&D KEY-
+SUBROUTINE.



3011
3012
3014
3016
3017
3018

301A

3018
3010
301F
3020
3024
3025
3027
3028
3024
3028
302
3031
3032
3034
3035
3038
3039
3038
303E
3061
3062
3064
3045
3047
3048
3069
3068

304E .

3051
3052
3054
3055
- 3057
3058
305C
305D

AF
ED 42
20 09
D1
78
D3 30
7A

- D3 34

18 0B

DL

ED 5B 04 FC
%

D3 30

T

D3 3¢

E1

22 20 FD
24 04 FC
AF

£D 52

8

DA 48 30
»

FE 01

CA 58 30
24 04 F
»

03 30

7
D3 3¢

¢9

i)

FE FF

CA 58 30
24 0 FC
»

D3 30

¢

D3 34

c9

ED 53 0¢ FC
€9

ENIT1:

CONt:

NEG2:

NEWVL1:

XOR .

$8¢
R
POP
LD
ouT
LD
ouT
IR
POP
)
LD
out
LD
ouT
POP
LD

Y

XOR
SBC
RET
»
Lo
cp

P

LD
LD
ouT
LD
ouY
RET
LD
cP
P
LD
LD
ouT
LD

ouT.

RET
LD

RET
END

A

KL, BC
NZ,ENITL
DE

AE A
(P_SUD), A
A,D
(P_Su_D1),A
coNl
DE

DE, (VALUE1)
AE
(P_SU_D),A
AD
(P_su_p1),A
HL
(CHECK) , HL
HL, (VALUE1)
A

HL,DE

z

C,NE62

AL

1H

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

AL

FFH

7,NEWVLY

HL ; (VALUEY)
AL
(P_SU_D),A
ALK
{P_Su_D1),A

(VALUE1),OE

;CHECK ZERD RESULT,
;JUMP TO CHECK -1.

L
;CHECK 1 RESULT,

;CHECK -1 RESULT.

sINITIAL P_SU_D.
sINITIAL P_SU_D1.

1]
{NEW VALUE BE STORED-
;IN AL



RRRRRXRRRRRRRR s Y H B 0 L I C R E F E R E N c E T A B L E RRRRRRARRRRRS

ADD1 2M7. ADD2 2A87  ADD3 2811 AHHAX = 03FF
AHMIN = 0190  AHN 2E2E  ALARMH 2896 ALARMH1 28E0
ALARMHZ2 292A  ALARMH3 2976 ALARML 28BB  ALARML1 2905

ALARNL2  294F  ALARML3 2999  ALH = FC58 AL = FC60
ALMAX = D190  ALMIN = 0000  ALN 2EAE BACKI 2B55
BEGN 209  CHECK = FD20  CHKI 231 CHK2. 286
CHK3 AF0 CHK4 2559 CHKS 2589 CHK6 2568
CHKAH 2332 CHKAL 2338 CHKCR 2302 CHKKP 234D
CHKM 2488 CHKMI 2525 CHKMAN 2346 CHKMAX 2463
CHKMI 2578 CHKPAR 2325 CHKS 2496 CHKTD 2387
CHKTI 2387 CLEAR = 0989  COMM 238F  COMPY 2B4F
COMP2 284D COMMI = 0023  COMW2 = 0027 COMW3 = 0028
COMH? = DO2F  CON 2FDD  CON1 3024 CONVER = 0821
DATA = FC70  DECBIN = 0B28  DECIMAL = OAB8  DELAY 2B4B
DELETE 258  DELETEl 2644  DERIV 2480 DEVIS 2833
DISHI 2882 DISHIN 28FC  DISHI2 2946 DISHI3 2990
DISLO 2807 DISLOL 2921 DISLO2 2968 DISLO3 2985
DISP = FF84  DISPBF = FF2C  DISPLAY  2FBC  DORR 29E6
DPALARN = 0038 DT = 003C  DVO 2838 DV 2843
ENIT D7 ENITE 300F  FILL A9 FILLD 2451
FILLR 258 HAM 2696 HAL 216 HKP 209€
HMAN % HID: FA  HII 203 INPBF = FFO4
KEYRX 2286 KP = FC28  KPMAX = 03E8  KPMIN = 000D
L1 2854 L2 BF 13 288C L4 2894
LAH 2642 LAL F22 LD 2283 LD2 229
LD3 2243 LD4 2200 LESS UE1  LESSI 256
LKP 20AA  LMAN 2FAD  LOOP 2825  LOOP 260
LOOP2 2722 L0OP21 2743 LOOP3 2799 LOOP31 2784
LOOP4 281C  LOOP41 2830 LD L 2E06 LTI 2048
HAN = FC68  MANMAX = O3FF  MANMIN = 0000  MANN 2F2E
HAX 2818 MINUTEI 2007  MINUTE2  2DC3  MS6 = 09CA
HULT 2820 © Nt = 0061 N2 = 0004  NADD 282¢
NEG1 FF5  NEG2 3048 NEWVL 3000 NEWVLI 3058
NEXT 2066 NEXTI 2378 NONSECI 2015  NONSEC2 20D
NOT 20E4  NOTL 20F9  OUT 2B2F  OUTPTR = FF82
PAGEY = FCB0  PAGE2 = FCDO  PARAP = FC78  PARAP1 = FC7A
PARKEY 2BA6  PASS 2367 PASS1 2371 PASS? 2341
PASS3 2307 PASS 2605  PID 29BE  PORTAl = 0020
PORTA2 = 0024  PORTA3 = 0028  PORTA7 = D02C  PORTB1 = 0021
PORTB2 = 0025 PORTB3 = 0029  PORTB? = 002D  PORTC1 = 0022
PORTC2 = 0026  PORTC3 = 0024  PORTC? = O02E  POSIT 2401
PROP 2059 PUT 2284 P_LOOP = 002C P_PARA = 002D
PSUD =0030 PSUDI =003 PUD =002 PUDI =003

REVERS1 2A09  REVERS2 2A79  REVERS3 2806  REVERSE 2062
RMV 2001 RPV 2BE4 RSV 2881 SAH 2182



SAL 21F3  SCAN

SECH 2052 SECOND
SETL3 27F2  SETL4
SMAN 2234 SSV
STD 2188 STI
SUBT2 247D SUBT3
TDMAX = 000A  TDMIN
TIMIN . =0000  TKP
71 2086  U_DKEY

0000 ASSEMBLY ERRORS

= 0246
2E0E
2869
20FC
2164
2808

= 0000
2026
2FCh

SCAN1
SETL1
SET_L
START
STORE
sV

T
TOMULT

U_DKEY1

=

0298
26F8
2864
269E
2053
FCos8
FC38
2A1D
3005

SCAN2 = 024D
SETL2 276F
SKP 213D
STARTT 2B56
SUBTI 240D
10 = FC40
TIMAX = 0064
11D 2072

VALUEl = FCO4



0000
0000
0003
0005
0008
000A
000¢
000E
0010
0012
0014
0016
0018

0014
001¢

20 00

2L 00
28 00
2C 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
28 -00
2F 00
33 00
37 00
00 Co
1F 00
61 00

01 00 03
ED A9
EA 03 00
3E 82
D3 23
3E 99
D3 27
3E 88
D3 2B
3E €O
D3 2F
3E 9B
D3 33
3E 90

2500 A.D. 280 CROSS ASSEMBLER

........................

INPUT FILENAME :
OUTPUT FILENAME

PORTA4:
PORTAS:
PORTAS:
PORTAS:
PORTBS:
PORTBS5:
PORTBS:
PORTBS:
PORTBY:
PORTB10:
PORTCS :
PORTCS:
PORTCé:
PORTCS:
PORT(Y:
PORTC10:
COMuWE:
COoMuWS:
COMU6:
COMNS:
COMWY:
COMW10:
SYSSTK:
" NI
N2:

RS_START:

VERSION 3.00b

CPAC2. ASM
CPAC2.0B)

EQU 20H

EOU 24H

EOU 28H

EQU 2CH

EQU 21H

EQU 256

Eou 294

EQU 20H

EoU 314

EoU 354

EQU 224

EoU 26H

EQU 24H

EQU 2EH

EOU IH

EoU 36H

EQU 23H

EoU 274

EQU 2BH

EoU 2FH-

EoU 334

EQU IH

EoU COOOH
E£0U 1FH

EOU  6IH

OR6 0000H

Lo BC, 300H
¢PD

P PE,RS_START
Lo A, 82H

ouT {conNG), A
Lo A, 99H

ouT (comMWS),A
) A, 8BH

ouT (comue), A
) A, COH

ouT {coMue), A
b A, 9BH

ouT (conNg), A
10 A, 90H

- " e 20 -

;PONER UP DELAY

* ;INITIAL 8255-4 0/1/0

;INITIAL 8255-5 1/0/1
;

;INITIAL 8255-6 0/1/1
:INITIAL 8255-8 MODE 2
;AND MODE D

JINITIAL 8255-9 1/1/1

{INITIAL 8255-10 1/0/90



001E

0020

0023
0025
0027
D028
002A
0028
002C
002E
0030
po31
0032
0034
0037
0038
003D
003t
0040

0043

0045
0047
0049
0048
004D
004F
0051
0053
0056
0058
005A
0058
005¢
005E
00SF
0061
0063

0065
0067
0069
0068
006E
0070
0074
0075
0077
0078

b3 37 .
31 00 CO

DB 2
06 00

B8

28 37

04

B8

20 F5

3E 06

80

6F

D3 2E

¢D 9D 00 -
DD 21 B0 00

16 00

58

o 19

0D 4E 04

ED 78

D3 2¢

DB 2E

8 77

20 EA

DB 2E

CB 67

20 FA

DD 4E 00

0B 2C

ED 79

04 CHANG:
2

3E 08 .

B

20 CD

DB 31 RUN:
EE FF

D3 35

DB 32

D3 36

¢D 90 00

06 04 -

DD 21 BO 00

78 NEXT:
D3 2E

¢

¢0 90 00

ST_BY:

READ:

BEGIN:

CHKOUT:

ouT
LD

IN
LD
cP
JR
INC
CP
JR
LD
ADD
LD
ouT
CALL

W

Lo
Lo
ADD
Lb
IN
ouT
IN
BIT
JR
IN
BIT
JR
LD
IN
ouT
INC
INC
Lb
cp
JR
IN
XOR
ouT
IN
out

CCALL

LD
LD
LD

-~ out

PUSH
CALL

(coMW10},A
5P, 5YSSTK

A, (PORTCS)
B, 00

B

Z,RUN

B

B
NZ,BEGIN
A, 04H

AB

L,A
(PORTCS), A
DELAY

IX, OPPORT
D,00H

E,B

IX,0E

C, (IX+6H)
A, (C)

~ (PORTAB),A

A, (PORTCS)
6,4

NZ, CHKOUT
A, (PORTC8):
6,A
NZ,READ

¢, (IX+0H)
K, (PORTAB)
(C),A

B

L

A, 08K

L

NZ,ST_BY

A, (PORTBY)
FFH
(PORTB10),A
A, (PORTCY)
{(PORTC10), A
DELAY ‘
B,04H

IX, OPPORT
A,B
(PORTC8), A
BC

DELAY

)
;INITIAL SYSTEM STACK

TRANSMIT CODE

DELAY 18 nS

we we W we Wr we WE we Wwe we WM. Ws we We we We ws we

;TRANSIT DATA ‘10 PROCESS -
s& CHECK ACKNOWLEDGE SIGNAL.

]
;CHECK STROBE & READ -
;DATA FROM PROCESS,

;6ET INPUT PORT B

]
{RECEIVER FROM INPUT AND OUT PORT B

;GET INPUT PORT C

+RECEIVER FROM INPUT AND OUT PORT ¢

.
s

1]
; TRANSMIT CODE



0078
007¢
007F
0081
0083
0085
0087
0089
0088
008D
008F
0092
0096

0096.

0097
0099
0098
009D
009F
00A1
00A3
00Aé
00A6
0047
00A9
00AA
00AC
D0AD
00AF
00BO
0081
0082
0083
00B4
00BS
00B6
0087
00B8

(1

DD 4E
ED 78
D3 2C
DB 2E
CB 77
20 F3
DB, 2E
C8 67

- 20 FA

0D ¢E
0B 2¢
ED 79
06

0D 23

10 09.

18 Cé

04

00

3E 00

16 61
OE 1F
B9

"28 03

00
18 FA
BA
28 03
15
18 F2
€9
20
22
25
28
21
2%
2
29

FAIL:

CHECK:

CHANGE:

DELAY:

conpP2:
COMP1:

BACK1:

BACK2:
OPPORT:

IFPORY:

POP
LD
N
ouT
N
BIT
IR
N
BIT
IR
LD
N
out
INC
INC
DINZ

IR

Lb
Ld
LD
cP
IR
DEC
IR
¢P
IR
DEC
IR
RET
DEFB
DEFB
DEFB

- DEFB

DEFB
DEFB
DEFB
DEFB
END

BC

C, (I1X44H)
A, (C)
(PORTA8), A

A, (PORTC8)

6,A
NZ,FAIL

A, (PORTCS)
4,A

NZ, CHECK
¢, (1X+0H)
A, (PORTA8)
{c),A

B

IX

NEXT

RUN

4,00

D,N2

N1

¢

Z,BACK}

¢

COMP1

D

2,BACK2

D

COMP2

20K
224
25K
28K
218
24K
26H
29H

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

'

4 .
;CHECK ACKNOWLEDGE SIGNAL.
i

;READ INPUT FROM PROCESS.

’
; TRANSFER T0 MPF1-P.
;CHANGE LOOP

; .
;DELAYING SUBROUTINE



R3S RRRRER) S Y H B 0 L Ic R E F E R E N c E T A B L E RS RSRSREREE]

BACK1 00A9
CHANGE 0096
CONP2 00A1
COMM6 = 002B
FAIL 007¢
NEXT 0074
PORTA6 = 0028
PORTBS = 0025
PORTC10 = 0036
PORTC8 = 002E
RUN 0061

- 000D ASSEMBLY ERRORS

BACK2
CHECK
COMH10
CoMus
IPPORT
OPPORT
PORTAS
PORTB6
PORTC4
PORTCY
ST_BY

0DAF
0089
0037
002F
0084
0080
002¢
0029

0022

0032
002E

BEGIN
CHKOUT
COMM6
COMM9
N1
PORTAG
PORTB10
PORTES
PORTCS

-READ

SYSSTK

" " 1", "

0023

0037
0023
0033
001F
0020

0035 -

0020
0026

004D °
€000.

CHANG

COMF{

"COMMS

DELAY

T N2

PORTAS
PORTB4
PORTBY
PORTC6 -
RS_START

" ”n "

0054
00A3
0027
009D
0061
0024
0021
0031
0024
0003



