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ABSTRACT ~

This thesis presents phase-locked loop controller
by wusing microcontroller 8031 which provides in the
form of software programming. This controller acts as
the phase/frequency detector which has the behavior of
tri-state. The application of this controller is using
for DC motor speed control. The exXperimental results
is good in speed regulation and can track the variation

setpoint.
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V; V,
Va Vel Voltage- °
{w) ——> ds?eacs;?:r -1 controlled {w,)
7 oscillator {6,}
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Oom= 0, wo=uw;

3ﬂﬁ 2.1 Basic phase-locked loop

NygruBunn vy a1l fn wy
ihd - fla ey
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iafimninad(PD) Iz wfnuifiny e, fiu e; w2
V4 fo1fudadufuAlITuRAT NG (phase error) 14 11aftasfiazifiu
control- voltage'Vc ﬁ1ﬁﬁ?UQu oscillator (VCO) 1#fia1uf Wo
uqrfiaundviffu negative feedback
wan11zdan wy = wy MY phase error ffqfiasuan  #9

fiuf inauaza1ufivay oscillator azﬂnnﬁuLﬂaua=ﬂ11nﬁvaaﬁmm1mﬁuun



PHASE DETECTOR CHARACTERIéTICS

W 84 unuaAl AV IRdTERI 9 Na R BNy iddyae VCO

characteristics ¥ay Vg Uas €5 udavfivgl 2.2 -
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vy | (volts)

vg for no PLL input

}ﬂﬁ 2.2 PD characteristic

fafiiggow vy o iddadinniaadaz1f free-running voltage (Vg,)
#eily Vda = Vdao
e T 94 -~ ©do
= QD HS

plot Vg fiu o #H9jU 2.3

Vo 1} {volts}
o,::,_:,, Tk For —% <f,< —;—
STl Vo= Kb+ Voo

=AY
Kg= == =120 Vir

Vao
Average vy in lock
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;ﬂﬁ 2.3 shift Pd characteristic



Kdq
Vq = Kg& + V4o
udnvtfilu model M#A&ayU 2.4

dVd/dGe

Vo

Vo

gﬂﬁ 2.4 model 183 PD

Kq fs PD gain

Vqo fin free-running detector voltage

VCO CHARACTERISTICS
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w; is average of

10M w, in lock

M

AM

jﬂﬁ 2.5 VCO characteristic
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;ﬂﬁ 2.6 Shift VCO characteristic

awifudfde awg = 0 , V., = Vg, slope BBy VCO
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14 signal flow graph #vji

Jufl 2.7 model a4 VCO

LINEAR MODEL OF PLL
18811 o Udr w, 041uUBI9 linear

1% Vi

sin(wijt + 9;)

Vo = sin(wit + gg)

1iia Wy = constant

SENY | Wo = d(wjt + e,)/dt
= wy + dey/dt

1nnf AWG = Wy — Wy

AEAT aw, = de,/dt

win 8o = .fawo dt

lﬂﬂliﬁuﬁjﬂ signal flow graph uidafiuiffu linear model Bav

PLL  3z1dfieyl

PD vCo

Vg Ve A Auw, o
Kg + \‘D Ko fdt

}Uﬁ 2.8 Linear model of PLL



STATIC PHASE ERROR '
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}ﬂﬁ 2.9 ac model of PLL

3¢ 1flui1 forward gain fia G(s)

G(s) = KgKo / s
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1G(jw) 1 KgKqo/W
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}Uﬁ 2.11 Narrowed banwidth PLL

BT Kp = Ry / (RytRy)
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K ﬁﬂ A1 3 dB bandwidth 8y PLL 1# transfer function tflu
6o(s) / ©5(s) = K / (s+K)

udav31 maugd 2.11 1flu first order phase-locked loop

LOOP FILTER

n131d R wSadlaeanau 1y PLL nMA¥ ac gain K

aRav  bandwidth flasay  1%an47 n1914 Joop filter ﬁﬂaznﬁ¢1uﬁ

a1 gy uasdl unity gain fi dc

, n19M7 loop filter 88134189 An 14 capacitor auyl
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v; \ 7] 2 ki V;_- Vo
RS PD vCo P
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A,C
(a)
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w1 l/(R0+R2)C
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frequency response
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IINJY 2.12 LA

G(s)
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e € e e —

-

¥av |G(jw)! plot “14fe3u
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fnmfiges IF(3w) 1 = Ky uaz 1G(jw) | = 1 amfu w = KgKnKq
351§ bandwidth w3gp = KgKpKo = K
us IF(3w) = K 10w > wy
: deffu  asdidn wy < K
Y 2.14 3zifdudafin wy daandn 4K szfdwalissuiniy

response leg,/9;1

#9fy PLL transfer function 3:ifiy

-

0o (5) /8 (s) = (Ks + Kwg) / [s2 + (K+w;) + Kwyl

STATIC PHASE ERROR WITH A LOOP-FILTER

n3d 2.8 #113918  loop filter 1¥W Hegu

Phase Loop Voltage-controllied
detector filter oscillator
Vdo L Vco

8; Be 7 Ve Aw, 8,

Ky Fls) Ko > /s >

6,4~
;ﬂﬁ 2.15 Full linear model of PLL

tEAT R bwg = B8oKgF(8)Ky + VgoF(s)Ky - VoK

w1A11ads (AR dc , s=0)

Ay = 8 KgF(0)Ky + VgoF(0)Ky - VooKg
static phase error g, tgnfiznuifiu §e 141fle PLL ag1u

anqazfan (awg = 0)

LAY | Bco = (-Vg3o/Kg) + [Vgo/KgF(0)]
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n1IMMeuBas VCo  fu Aasaaudfl tfisenseainunasniifanrnd 1y
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10MHz ——{ +50 > f

0.2 MHz PLL -
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Juff 4.1 WSiaruBsufinizadaniedng

W3 aqufBufts tsadaniednafige udaetddeguf 4.1
Usznaufts idafangy  uaz#amysaliuBludlufaundy e uiafenguagu
antazfan  adwlflaunfy  £o/N  azfatumafiualiadiaede £ dafi
z1fAmANNuSvasautintedu tafignasdunis (4.1)

s JNRRERIR S 21 (4.1)
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dmfudtadutdaede  (£.) Rl Averaufioadndg

1TQANIKUAIINNITLIRENAY N flmuazay  193finannaasarubdagdn N
fegnaiuguisafyn ui$anin  programmable  dividers w4a

programmable counter -

4.1 dtimufsuftsizad  Iasn1v13193Tedun1$aunq4
(FREQUENCY SYNTHESIZER BY USED HAREWARE CIRCUIT)

193 ea fanr i sznan ifung tarudBufits isad  Ussnaudas
dqupevidafiangl  usr  Kamaredaaf cfeuvensunnuffuns taaudButy
tga4en19ds  TasfladubdAefidautdifiu 1 KHz Ava1aufnaeinu
tafynfitdann S taufButs ivadaglusae  150-500 KHz  ufnateac

UNTNATUAAIAA Y 4.2 29370 1AubBuf Iy toasfune1ddagy 4.3

PHASE DETECTOR LOW-PASS FILTER VCO

Ko

-3

[72]

+

-

"

1 KHz

=
N
145]
+
=

PROGRAMMABLE COUNTER

Kn

JUfl 4.2 udeAtlanzunyuvaenstAuBBuf1s 1ons (1Bn14a00%)



PHASE DETECTOR CONVERSION

GAIN = 0.12 V/rad
VEO CONVERSION

GAIN = 11*10% v/rad/sec

22
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AT NBUINIIIIINS LAuBBuRLs (504

1. Frequency reference circuit rd{1931n
crystal oscillator _ fennifianaqul 1 MHz nhn1In17ies divider
-by N counter autlfiarufiitredefikaunis 1 KHz

2. Phase detector 1% MC 4044 integrated circuit
phase detector fyuiznaudinidafinninnd 2 ga  Tesgausnaz iy
iNdRA tnntaafuny nagative edge-triggered flan Kq = 0.12 V/rad
gafiansznniaf ifudud tatnnfuananiizaisfan charge pump uav
amplifier inaf inntandsafiaznr¥anafithaaan  Harmonic uaé duty
cycle #7w

3. Voltage control oscillator 1% MC 4024 voltage
-controlled multivibrator (VCM) fedqu13nnvmuasiealiufiéan
A1 C fidpTendn9s 3 uarun 4 (WSava 10 uar 1 11) MC 4024
axaduftigega iy 25 MHz  uazaw¥uAl ¢ ffldauanndn 100 pF
3¢1ffA1 free running frequency 8y VCO.

f,(MHz) = 300/C(pF)

4. Loop filter smaminfiAaugunis lock , capture,
bandwidth uas transient response 383 loop n18lu 193z
first order lag-lead 1low pass filter 8411y passive
filter network

310 block diagram Tujufi 4.2 =14 nyuainaSNeAsunes
forward part usf: feedback part #esgun1sfi (4.2) uaz (4.3)
transfer function of forward part

G(s) = KgKgoF(s)/s (4.2)
transfer function of feedback part
H(s) = Kp (4.3)

AT uluA1 K, v89¥ programmable counter MTHHIAUNTY



Nmin

Npax =

Kp = 1/150 fis 1/500

fo(min)/fr
150 KHz / 1 KH

150

fo(max)/fr

500 KHz / 1 KHz

500

transfer function 84 low pass

F(s) =

Inpfdanr T3 = RjC

{Tys + 1)/(Tgs +1)

Ty = (Rl + Rg }C

(Rl = 10K , R2 =

Kotfuasg transfer function 383 loop

G(s)H(s)

1aufi K = KKKy

3¢1# characteristic equation

1 + G(s)H(s)
1 + K(Tys+l)/s(T9s+1)
Tos2 + (1+KTj)s + K
s2 + (14KT)s/Ty + K/Ty
s2 + 2¥8wps + wn2
LA .natural frequency
(4.10)

wn2 =

100K ,

KpKoKnpF(s)/s

K(TlS+l)/S(T25+1)

ey

K/T9
A K/T2

A KKKy /T

vutdetusaunas (4.8)

0
0
0
0

0

0.33 uF)

25
(4.4)

(4.5)

ffutydsaunis (4.6)

(4.6)

tfudeudauns(4.7)

(4.7)

(4.8)

A3 1AudBufs tsa s 1iutuatudaunis

(4.9)

(4.10)
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J/ko.12)<11*106)(1/500)
(10+100)103%0.33%10°5

269.68 rad/sec

1z1¥ dampling ratio wasMSiAluBBuftisisas ifiuluatusuniy(4.12)
2%y,
3

1+KT1/T2 (4.11)

(1+KT) /2 /KTy (4.12)

1+(0.12) (11*10%) (1/500) (10%103%0.33%10~5)

2[,/(0.12) (11*10%) (1/500)]1 [(10+100)103%0.33%10~5]

0.823

4.2 ASinudSuitisnaf  Tasn131¥venfu2% (Sauuuy (dafinn 1end

nSiausufis ioa$RtdoandurSuny tiafinninasd  uaeavi
pankua 4t L 0sufusz 1 Bouunun 1 79n 9 U0 9AsH Lan tAaALnnina$ (TRI-
STATE PHASE DETECTOR) fienfurat¥tluunft 3  uszsiudvntfanaiiy
f&1989 voanSiAuBBuR s 1Bas1d RIUUTEnaUR19 YR INS LA ufBufy
158§ udaIdeyl 4.4

daudssnanvasnstaubsuiisine s

1. 2933 ifiananf 100 KHz

2. 8031 Microcontroller

3. Tristate switch

4. Low pass filter and buffer

5. Driver , moter and tachometer

26
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TRI-STATE SUITCH

+5
8931 MICROPROCESSOR | M) _.L\\
FREQUENCY| 108KHz
+ [ conparaTor
GENERATOR LOUPASS
FILTER
L
> — \
3. DRIVER

JUfi 4.4 dqudsznaudvIaenS A uEBuAts 1504

1. 293Inniaaiud 100 KHz '

W5 auBBuftsinafdnenisaaubiaaede  (£,)  flwduau
tfBAuduEN 1IN Kedlunasa¥read ufidauddus 8031
microcontroller Jzd¥1v3nASdndanadfiainafvune 1 MHz udn
w111 iU 100 KHz favf fuarqubsaeds  arudfrEdacdarnidng

#3989 2937 iflaRufudaetddegl 4.5



n

. 1c2 -
RL R3 28 100 KHz
NS1 Q8
—AAA——— AAA = || us2 3 :Fg :
ICisA 1C1:8 1c1:¢ ~ 2
2404 R2 7404 7404 IR 23
1 2 3 4 5 6 1
A DCLK L
== ch > l,>: Iﬁcfcum
!

Juft 4.5 293niflandud 100 KHz

2. 8031 MICROCONTROLLER
n181u933f 8031 microcontroller azmininfindin 2
Y1017 fia a¥readwBAeBe(EL)  vnadudfiugiu 100 KHz fidau
un 8031 uazifuir controller  wavszuu  TasIzninrTlSay
lﬁﬂﬂﬂ11uﬁﬁ10ﬁ0(fr) uazﬁ;wndﬂaunauawnszuu(fo) fiaa ¥ edonia

ATUANNTIINIIIUDBITS LY

28
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2.1 n1¥R¥19a11uidedenas 8031
niTnnua tsanadunsaniiufiidiedenaesruy aznﬁwﬁa
ndfvuuuidsunsuid (programmable counter) fan1u1ué1 8031
as1¥ counter 1u mode 2 Auto-Reload of TL from TH nniaf oy
programmable counter 1aﬂﬂn11uﬂﬁu51uﬂﬂu1ﬁuﬁ counter 100 KHz
ﬂ11uﬁﬁa:qnﬂﬂu1ﬂun§§atnaf TR0 93atnnd TLO azflufusndqddery
(ﬂoannanawn%ﬁatanf THO) Jufied1 FFH  TLO 3:z1% clock aanu1 1
gn 1flann13  enable Nﬁulnnffnﬁiaﬂnnxlﬂnﬂn TFO a#fA1fu 1 uas-
NI InafaA13 N THO tﬁw\uﬂq TLO (A tSukunasiinind  TdsunIung
fuinn$enfazadnefifefian (fuafontivvavar uftunisduinaddnd  dquvav

programmable counter UfA3d9IgU 4.6

REGISTER
190 KHz TFY p——— INTERRUPT
TLO 8 BIT

/V\§

REBISTER
THO 8 BIT

§Uﬁ 4.6 Counter mode 2 auto-reload

AUN15UNITANUIMANKI LAY 8 bit fAasflauldun THO I
Anuaatdanaun1shetud
A miA1eBe (£.) Afpsntaufutuaiuannis

fo = fmt/2

ﬂ11u61un17ﬁu1na§nﬁaztﬂuﬁﬂa1uﬂun13



100KHz/ (256~-THO)

fmt
2f,

]

100KHz/ (256~THO)

THO

256- (100KHz/2£ )
n18%u  program fazninusal ufif1eBelusae 600 Hz-3300

Hz $93:18a1871a0 8 On  flaztfatiiun THO #emrs519ff (4.1)

Fout (v) THx (X)
Dec (Hz) {Hex (Hz) Dec Hex
600 258 173 AD
900 384 200 cs
1200 4B0 | 214 D6
1500 5DC 223 DF
1800 708 228 E4
2100 834 232 ES
2400 960 235 EB
2700 asc 237 ED
3000 BB 239 'EF
3300 CE4 241 F1

1519 4.1 usavA# 1anfifal% THO
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2.2 nﬁnﬁﬂﬁ1ﬂuﬁ1ﬁﬂu1nsataa€uﬁnLﬂﬂﬁtnnlnnf fafl&nnazu
n1yLdsSuu Ifinuuaznisad1vdngy o ¥efi1dna1uynf 3
3. TRI-STATE SWITCH
dygruAuAusIIn 8031 MICROCONTROLLER azgnilaulfun
TRI-STATE SWITCH tﬁﬂﬂauqun11 ON %S%m OFF ¥BY switch 1wp@v

TRI-STATE SWITCH #vudaavlugy 4.7

+5 v

T
Pl.8 ~—— —lk\
L 4

out put PD

Py T2t = 5\

I
L

ANRLOG SUITCHES

jﬂﬁ 4.7 Tri-state switch

N1In131u TRI-STATE SWITCH 389ﬂﬁ1Uﬁu1ﬂﬂﬂmm1mﬂ1UQN

n19Y1 HIGH  uazp? LOW  fiaaniin 8031 1uni@fvsuuagiuaniisay
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98 Nugranluquizddtciy 0 v1 HIGH uazun LOW Aaztpedd O nanun
" SWITCH Sj;uaz S, OFF udffrszuungasInaniizdugs  Sgeow
ﬁ1uqu3zﬂﬁnnmztﬂuﬂaﬁn;;u1n10n1 HIGH w%n 7 LOW »1%ayinfe 6
finaaan19y¥ HIGH 3Isnv1¥ SWITCH S1 ON aztfian1vdaa27ud19dnd3n
5 17af  Wun C tu LOW PASS FILTER nY1#a27uA9fnflu C gedu
whlindyyIwAIVANBANNIIYY LOW 3:n1f SWITCH So ON 3z tfianasnny .

A17UA19ANA3I0 C a9 GND NUHAINAIANATY C aRav
4. LOW-PASS FILTER AND BUFFER

71935 LOW-PASS FILTER 93:nin13 HOLD A1a21uA 9&ndf
14310013078 0y 1AHN13 ON nSa OFF w13y SWITCH 9u TRI-STATE
SWITCH #1A21u419An4fl HOLD 1% #9fia18g7En419 0-5 Tad azgnds
1fun  BUFFER fefl GAIN 1M1fflu 3  A1A77ud19Andfiaansin BUFFER
A18g789319 1-15 Taak S iflumdaudavdnbfi inuazantunay drive
uainng

193189 LOW-PASS FILTER AND BUFFER uaad#vyu

+ H5

R1 R2 = ~ Ly
3 LMN7?41 R4
6K 10K 16K

Vin + 3 AAA
‘_WIW_—] 9
Ct ’
‘ 0. 47uf j .

=1

RG
?gk 38K
AN A

JUfi 4.8 Low-pass filter and buffer
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5. DRIVER Uay MOTOR
1fla voltage #1u LOW-PASS FILTER uasz BUFFER u1u#2
azflaiegiusie 0-15 Tiafl uvu~du DC uniaaf  ugAnAass MODEL
ED-4400 “t#iaun1i#nszdaniu DRIVER AMPLIFIER  tfafiuuniaa$fed
n1ind ieafanpguatasSaaurvanyutdtlusie 1500-5000 rpm

a1 §1tun1 nyusasun tan§fungfiv voltage fiflauidaun
ﬂunalnnf 1 voltage fitfuafiafine  waitmn$azuyuda uadt voltage
fidunfiauan upieedazuyui§a .

TACHO GEN. fi4affuuninn$ z¥ad1a 1w LT un TRy U BNNE
tanfudrad iffudipgra AC panun  fedfadumiamrudddaunsuty tusay
tnufiudgyirai1enof inad inn canSfiuias

n134a DRIVER , MOTOR uar TACHO GEN. uaa9l##eju 4.9

ﬁ\lﬂ’m'l'ftl‘)'ﬁﬁ’l’lu t$2vpuvavun tap$1d3n METER

eter

T
' +1BY L_+< TACHOGEN
o -
-Lg M T [TRC| Frv
é‘ : =1

: i %
L

3uﬁ 4.9 Equivalent diagram 38Y driver ua: motor

§gngin ac fiaanu13an tacho gen. 3rtflyu sine wave #aunh

1flusquare wave Iasdn193¥A 03U 4.10
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#5 = 3
- Liz 4 D2
IN4B8081 . LM324 R4 IN4GB1LS:B
EH s . 10K LM324
R1 2] —REY” +
18K 18K - L1z e
- RS LH324
ot + D3 -]} 10 3 e
= - 9 —— OUTPUT
) R2 = p,
B8K
AN = 16K
e— o W‘
{ R3 > ~ { RS
1K 82K

zﬂﬁ 4.10 nismdgg e sine wave A¥iffu square wave



NITANUINAIVDIRIVNAINT

6831 MICROCOMYROLLER

PROGBRANMABLE
LOOP vC
COUNTER FILTER ANP 0
£=108KHA COMPARATOR
Xn Xd F(S) — Xa —4 XosS #‘o

Jufl 4.11 ufantapzunsuvpanSiauiufiis ts0s (A5sankuqs)

nIMuf * FREQUENCY REFERENCE
* FREQUENCY STEP
f * LOCK-UP TIME BETWEEN
* ERROR
* AMPLIFIER GAIN(Ka)

* VCO CONVERTION GAIN(Ko)

AYUUAMISI01nBS Kn,Kd,F(s) finfin

AYUUAY Gain Kn;

Npin = fR(min)/fstep
600Hz/300Hz

=. 3

6Q0Hz-3300Hz

300Hz

1 SEC

LESS THAN 10%

3

27.78rad/s/v ;37n Tacho

gen =3V/5000 rpm

35



Npax = fR(max)/fstep
3300Hz/300HZz

- = 11

3¢ 1#A1 Gain ¥pv PROGRAMMABLE COUNTER Kn 1/11 A3 0.33

0.09 fiv 0.33
AT UTUAT PHASE DETECTOR CONVERSION GAIN Kd:
éd = (DF HIGH - DF LOW)/2(21)
= (5V - 0V)/2(2M)
= 0.4 V/rad
AMUIUAN transfer function BAY LOOP-FILTER;

31112935 1flu LAWPASS FILTER #ejul

ci Vo

}ﬂﬁ 4.12 1997 low pass filter

a:fl transfer function flu

F(s) = 1/(1+7Ts)

&
I

RC
¢4 forward part gain

G(s) = KgKzK,F(s)/s

KgKaKo/s (1+Ts)

36



3¢1# forward part gain

H{(s
loop gain ifiu

G(s)H1s

) = 1

}) = K/s(1l+Ts)

1# charcteristic equation 1iflu

1l + G(s)H(s)
1l + K/s{1l+Ts
Ts2 + s + K

. s2 + s/T + K

s2 + 23w, + W,2

PAL ] wn2

EAL ] respdnse ﬁﬁﬁqa

¥n
ILE (1) =(2)

1/22 T =
JT =
T =
31N T = RC =
R =
wn =

0

) 0

it
(=

"
o

/T

L}
(=

]

2
=
~
-

JK/T

1/242K

1/8K
1/(8%0.4%27.78%3)
0.0037

0.0037
0.0037/(0.47*10°6)
7872 ohm = 7.8 K
1/2427T

95.5 rad/sec
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une S

0
HUAAULUNNTITNIOAIIIUTAN I

iNsd8nmanpuiInsa tans

usuden1InvunavseNAuas
nnﬂﬁnﬁiuﬂoins-atnntnaﬁtnn1na€qntﬂuuﬁulﬂn1ﬁ1un11ﬂ1u
AUNIINI9IuYBY A unieng Fefiuganfurfipafanmaznivarugu (fuuuy
real time ifiaffufiuni1Invviusas Afuatand  naTnvvurEIIUTUATUAE
uneannifly  Tusunsuazunessnifu Tusunsun&n  wasTdyunsudang #ef
1. MAIN PROGRAM

2. SUBROUTINE

INTERRUPT SERVICE ROUTINE

COMPARE SETPOINT

CALCULATE FREQUENCY

CONTROL SIGNAL

STOP MOTOR

FLOW CHART nayn291uunay MAIN PROGRAM




set interrupt-
address

#92H-) 68H
#22H-> 69H

Y

Initial setpoint
#08H -> SPBUF

L4

—n

Disable TIMERQ
CLR ICON.4

i
Display
PPLL"

KO

YES

Display PSEI-PI”

cheok
ENTER key




l

Receive input ]

key from
keyboard

¥

HEXBUF = Inputkey

Enable Timer 8

v

Set value THG

¥

#OOH ~) fref

Y

STATUS = ¢

A

display”YES”

SIATUS = 9

NG

#28H -)> R3

display "CANCEL”

¥y

send control
signal

NO

YES

chee VES
ENTER §09

¥

40



:

display”LOCK"

h 4

YES

enti Koy

display”sTOP” 14

NO

YES

stop motor

A4

display”END”

¥

Honitor

41



FLOW _CHART n13nh97u189 _SUBROUTINE #7149

INTERRUPT SERVICE ROUTINE
n19nh91urey INTERRUPT SERVICE ROUTINE 3sn%
vIuiasn1sbuinainfiann TIMER 0 (fiada¥1ea1rulifrvdenudqfisuainds
uafn  IasA13nAfuadaszgaaiulaniudsnis (5.1)  (Ra1¥iflugiutaartk
un THO 189 TIMER 0 TIMER 0 3zmivuiflu  COUNTER u MODE 2
AUTO-RELOAD THO TO TLO tfia TLO nanqsdufusufiven FFH v ifia
n111fa TX0 1fn ENABLE &gni@idunivinfain TIMER O

fin/(256-THO) = 2F, (5.1)

42



Interrupt TXO

fref=00H

#00H -) fref

#O2H -) fref




COMPARE SETPOINT
COMPARE SETPOINT SERVICE ROUTINE szniuiinfitu
n11lSau fsuAraufiveuntnad 8y uazerufiInlfdautfun 8031 (fis

e e 1 8geraauqgunik 78 uainaSuyui$2funsasaa



START

s

#SPlowbyte-> R3
#NSPlowbyte-> A

#SPhighbyte~> R3
#NSPhighbyte-> A

A = A-R3-C

YES

#08H -)>STATUS

?
RET ¢

Ko

#Q4H ~)STATUS

45



¥
H

. CALCULATE FREQUENCY

‘m'mnwﬁaﬂﬁﬂzn‘m‘nn‘\u'zuﬁﬂﬁun THO lﬂ'ﬂ LOAD

TLO 1u TIMER 0  1sanisuidandr1ufifidsusinffun$au tdfun ifiavdn

a1 uline9

3181919 3.1 ifian1a1fisr SET 1¥un THO

46



‘ START }

¥

#frefChighbyte)
=R

NO
A=BAH
NO

A=@BH

No

#ADH->THO

4

RCOH-)THO

h 4

4

#DeH->TH

v

¥

#DFH->THO

v

v

v

HEBH-)THE

v

\d

HEDH->THO

L 4

#EFH->THO

h 4

A

NFiH-)THO

LCALL GETSP

RET

A 4

47



CONTROL SIGNAL

iyt sunudaafiszsnminfiad1edggraniugy

(i Ssy 1z indaunzA1ul

ua4ﬂma1ma11u6ﬁ1qﬁaua=n11uﬁﬁnunﬂu

1R8N

48



START

y

A=0LD DATA
R3=00H

v

Ri=NEW DATA

A= R OR Ri

YES

AcC.2=0

KO




SETB Pi.4

YES

Ko

NO

YyYvy

RET

CLR Pi.0

R1=03H
HO

INC R3




RET

YES YES
INC R3
NO
R3=00H
YES
—» a= 8 (R RL
I
YES
——P R3I=8OH
A4
SETB Pi.0
YES
R3=00H

a

51



R )

t

START

Y

SEIB Pi.4

1

HOOH -) R1  je———

{":l!%:l." No
YES

INC R4

Ri=400H
YES
“IHHHHHHHI"

STOP‘MOTOR

tutusunsudnsfitdlun19R2UqUN1THYRYAY mOotoT
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unt e

dgUduaunazfin tdunilue

daqyeaniInean .

1. A ndnrmza1 TN usaesanfua$f (Daufi d1u17088n
a2 818819 600-3300 Hz £ ifusaefaturaudrirarursatvun inaf1d
udidantnrTnaanvasnydn  sampling time  pASTUTUATNAIZIIAININAT
Aaaa2ul141us29 0-1.2 KHz iqfiu rartabfidsutduanniad  aanas
avtuqannaNdul4szfanain  JASS 31 1anveruetu Ty seun suf L 9oy

2. Amgyomfaaniin analog switch ifie1¥fuuatand  a:zgn
AINANTIRENTT on/off pavainfyn HIGH uazyi LOW In8n1Y start
upinn$lunauninkayifidgeia clock thafufivn HIGH mM1# switch on
uazy1 LOW #aRY GND 1% switch off us’3nAududAsny low-pass
filter fi1%1un1% hold A113af1a4 C lu 16w~pass filter st
charge uar discharge ag1932n t%uan ﬁoﬁutﬂnlﬂan1s on switch
y1 HIGH tfiny 1 a¥s C faznn1y chart uszywuify  dggrafinanu
f91fu 5 1986 1fed u buffer gain 3 1M1 Azgnyeae iy 15 Taaf
nhafun tasfuyuitsaltut$agege uaz tfadiuivsTulavdyyim sine wave
fiannian tacho gen. A iflu square wave 3zian1aluffiannuq1d 5

Kz $9iffunaaufift tiundantsneuraenandud$fu
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fa1duauus

1. ni1iSsuivsunsuuuunde JASS 31 gnirfincfiavatnnirimn
41UB8Y monitor program amaia u13018 1 fiafily internal ram 128
Kbyte 14 n11¥898942991u013 st sunsudenafu fafiaffunén
n1Inveunesvanfur$fidrenneiuiflu real time Wufiun1Iwyunsasuninng
#7105unsueq? A1wBun1T sampling fggrwazdasas  RIINEINITAN
n1sfnafignéseizanaq

Weffuaananasefits e tBsutuvenyuvusi$au$uda

armAdsvlunITAuIRIETIa 140 fed1u170 support #AnmazuneTuTunTy
141 flusaed Azl suntndufy  Avr11uflunts sampling ﬁasgvﬁu
A27mdIu 70 un s aafgefudae

2. loop filter f1#a13fgaduiidfid As n1y charge Bav
c ar7tfinfunsqedng fuludyyinaiuquiiasnuisinvanfuds

3. n1151uau1un11naaﬂaﬁ1ﬁnuuu linear Mild1u3vyousn
GND ysuivunianfifiu JASS 31 14 nﬁﬁﬁﬁmm1aﬁﬂnunﬁna1nualanf fl
WATUNIUABNIINT9IUDY JASS 31 Heflump1idn isolator nautin JASS
31 flauan GND 1e8#Be7:¥9n1T shift BBV INAUAZN1T bias A41499
fnvas ifgn faenn

4. nﬂ1uﬁﬂmn11un1dﬁﬁ11uﬁﬂaunﬁnﬂﬁ1nwnn11ﬁ1oﬂaﬁﬁﬂﬁnnﬂﬁ
wrfdrmrsaninrsdanté 1pgni niTAiauifiaundy  filaangiusaef
faen1TAuAN  #ANUNAY K, sBvEInasuaaiuilunl low-pass filter &9

my 39fA1T1IRA lﬂ’iﬁﬂ'lll"l?ﬂ drive ubn lﬁﬁfﬁ'ﬂﬁ'l'lu t‘h‘muu‘mﬁu
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Dan H. Wolaver , Phase-Locked Loop Circuit Design ,
Prentice.Hall : Englewood Cliffs , New Jersey , 1991.
Howard M. Berlin , Design of Phase-Locked Loop Circuits
with Experiments , Howard W. Sams & Co.,Inc.,Indianapolis
. 1978.

Kenneth J. Avala , The 8051 Microcontroller , West
Publishi Company.
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naAgdUuInN n
saNu24 ninqcasisuuld 8031 m8Y TUvUNIY
TisunTuvaekiNadinniand Az 19suiflunipuad isuufizay 8031

1uiAaTABUINIA LRDS ﬂoaq1ua1=qa MCS-51

sanfurSaafzuanetinas tfan  uunifudaug  &ed

0280 F521 LIST: MOV A, R6 : SHIFT LEFT OF R7
0280 tfununteniliaal1u3n (Address) vl suun sy
F521 &ﬂun1n1tﬂénqﬁtnﬂunﬂ1uIUnﬂqlau:ﬁu 16 -
LIST (iunrsnnussiteunn tasdtuandy

MOV A,R6 (fuatdevneni¥iund Lsuusd 8031

SHIFT LEFT OF R7 iffusqasuis (comment)
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8051 Cross—Assembler (1.3)

THESIS.ASM

003C=

0093=

00E4=

009F=

0025=

8050=

8051=

8052=

8053=

8

9

; FILENAME

: SUBJECT

.

-e

~e

; SOFEWARE

HARDWARE

; ASSEMBLER

(C) 1987, 1989 Binary Technology

58

THESIS.ASM

PHASE LOCKED CONTROLLER

SIULATING TRI-STATE PHASE

IN FREQUENCY SYNTHESIZER

JASS 31 SINGLE BOARD MIC

MONITOR PROGRAM V 1.0

SXa51

10 **xxxxxx*xx SYSTEM CALL ADDRESS ***&x*&xkx

11CLEAR
12SCAN
13HTOS
T4INW

15

EQU
EQU
EQU

EQU

003CH
0093H
00E4H

009FH

e

e

16;**x*xx RESERVED MEMMORY INTERNAL RAM **x**

17DISBUF

18

EQU

0025H

~e

19;**** RESERVED MEMMORY EXTERNAL RAM ***x*

2008P

21NSP

228TAT

23FR

EQU
EQU
EQU

EQU

8050H
8051H
8052H

8053H

.
s

e

CLEAR SUBVECTOR
SCAN SUBVECTOR
HTOS SUBVECTOR

INW  SUBVECTOR

DISPLAY BUFFER

OLD SETPOINT
NEW SETPOINT
STATUS

FREQ REFFERENCE



8054=

8055=

8000
8000
8003
8007
8009
800D
800F
8013
8015
8019
801B
801F
8021
8025
8026
802A
802B
803F
8031
8035

8037

8100

028003
00000073
3838
6D797808
7378
00000066
796D
39773739
3879
40383F39
7040
ADC8D6DF
E4
E8EBEDEF
Fl
006D783F
7300
00000079
545E

028100

240DAT

25NDAT

26

27

28

29PLLTAB:

30SETTAB:

310K:

32CANCLE:

33LOCKTAB:

34SETPOINT:

35

36STOPTAB:

37ENDTAB:

38

39 .

40;***************** MAIN

41

EQU

EQU

ORG

LJMP

DB

DB

DB

' DB

DB

DB

DB

DB

DB

LJMP

ORG

59

8054H . OLD SAMPLING DATA
8055H : NEW SAMPLING DATA
8000H
PLLTAB

OOH,00H,00H, 73H, 38H, 38H
6DH,79H, 78H,08H, 73H, 78H
OOH, 00H,00H, 66H, 79H, 6DH
39H,77H,37H,39H, 38K, T9H
40H,38H,3FH,39H, 70H, 40H
0ADH;OC8H,OD6H,0DFH,0E4H
OE8H, OEBH,OEDH, OEFH, OF1H
OOH, 6DH, 78H, 3FH, 73H, 00H
OO0H,O00H, 00H, T9H, 54H, SEH

MAIN

AhAkAkhkhkkkkkkkhkkk

8100H



8100
8103
8106
8109
810B
810E
810F

8111

8051 Cross—Assembler (1.3)

THESIS.ASM

8114
8117
811A
811D
8120
8123
J 8126
8129
812C
812F
8132.
8134
8137
8139

813C

759000
756882
756922
7400
908050
FO
c28C

12003C

308003
1281A7
120093
B412FA
12003C
908009
1281A7
120093
B412FA
300000
TA40

12009F
E583

908051

FO

42MAIN:
43
44
45
46
47
48LOOP:

49

50

51
52PLLKEY:
53

54

55

56
57SETKEY:
58
59GETSP:
60

61

62

63

64

MOV
MOV
MOV
MOV
MOV
MOVX
CLR

LCALL

MOV
LCALL
LCALL
CINE
LCALL
MOV
LCALL
LCALL
CINE
MOV
MOV
LCALL
MOV
MOV

MOVX

.

P1,#00H
68H, #82H
69H, #22H
A, #00H
DPTR, #0OSP
@DPTR,A
TCON. 4

CLEAR

(C) 1987, 1989 Binary Technology

DPTR, #PLLTAB

STDB

SCAN

A,#12H, PLLKEY
CLEAR

DPTR, #SETTAB

STDB

SCAN

A, #12H, SETKEY
DPTR, #00H

R2, #40H

INW

A,DPH

DPTR, #NSP

@DPTR,A

.

1

’

’

4

14

1

60

SET INITIAL FR

; DISABLE TIMER

: DISPLAY " PLL "

DISPLAY " SET 1"

CHECK ENTER KEY

; HEXBUF = NEW FR



813D
8140
8143
8146
8149
814cC
814F
8151
8154
8157
815A
815D
8160
8163
8165
8168
816A
816B
816E
8170
8173
8175
81717
817A
817D
8180

8183

1281B4
12003C
90800F
128147
120093
B41202
8014
B410F5
12003C
908015
1281A7
120093
B412FA
80CA
908053
7400
FO
1281CFP
D28C
758906
D2AF
D2A9
128231
90801B
1281A7
120093

B41203

65

66

67

68
69YESKEY:
70

11
7T2CKEY1:
73

74

75
T6CCKEY:
171

78
T9SETFR:
80

81

82
83SETINT:
84

85

86

87

88

89

90LOCKKEY ¢

91

LCALL

LCALL

MOV

LCALL

LCALL

CJNE

SJMP

CJNE

LCALL

MOV

LCALL

LCALL

CJNE

SJMp

MOV

MOV

MOVX

LCALL

SETB

MoV

SETB

SETB

LCALL

MoV

LCALL

LCALL

CJINE

CPSP

CLEAR

DPTR, #OK
STDB

SCAN

A, #12H,CKEY1
SETFR
A,#10H, YESKEY
CLEAR

DPTR, #CANCLE
STDB

SCAN
A,#12H,CCKEY
GETSP

DPTR, #FR

A, #00H
@DPTR,A
CALFREQ
TCON. 4

TMOD, #06H
IE.7

IE.1

CT3SN

DPTR, #LLOCKTAB
STDB

SCAN

A,#12H, STOP

14

.
’

4

~e

e

61

; CALL COMPARE SP

DISPLAY " YES

DISPLAY " CANCLE®

Fref = 00H

ENABLE TIMER 0
SET TIMER 0 TO cOow
ALL INTERRUPT

ENABLE TIMER 0

DISPLAY " LOCK °



62

8186 12810F 92 LCALL  LOOP
8189 B410F4 93STOP: CJINE A,#10H, LOCKKEY
818C 90802B 94 MoV DPTR, #STOPTAB
818F 1281A7 95 LCALL  STDB
8192 120093 96STOPKEY : LCALL  SCAN ; DISPLAY " STOP *
8195 B412FA 97 CJNE A,#12H, STOPKEY
8198 1282CF 98 LCALL  BREAK
819B 908031 99 MOV DPTR, #ENDTAB
819E 1281A7 100 LCALL  STDB
81A1 120093 101ENDKEY: LCALL  SCAN ; DISPLAY " END *
81A4 B4132FA 102 CJINE A, #12H, ENDKEY
103

104 **xxxxxxx* SET DISPLAY BUFFER **%x&x#xxkxx

81A7 7825 105STDB: MOV RO, #DISBUF

81A9 TA06 106 MOV R2,#06H ; 6 SEGMENT
81AB 7400 10760: MOV A, #00H

81AD 93 108 MOVC A,@R+DPTR

8051 Cross—Assembler (1.3) (C) 1987, 1989 Binary Technology

THESIS.ASM
G?kqﬁ
81AE F6 109 MOV @RO,A
81AF A3 110 INC DPTR
81BO 08 111 INC RO
81B1 DAF8 112 DJNZ R2,6G0
81B3 22 113 RET

114



81B4
81B7
81B8
81B9
81BC
81BD
81BE
81BF
81Co0
81c2
81C5
81Cé6
81¢C9
81ca
81CD

81CE

81CF
61D2
81D3
81D6
81D9
81DB
81DE

81El

908050
EO

FB
908051
EO

C3

9B

23
5401
908052
FO
908051
EO
908050
FO

22

908050
EO
B40205
908021
8043
B40305
908022

803B

115;*%xxxxkxxx COMPARE SET POINT ***x*xxxxxkk%

116CPSP: MOV
117 MOVX
118 MOV
119 MOV
120 MOVX
121 CIR
122 SUBB
123 Y|
124 ARL
125 o
126 MOVX
127 biis:
128 MOVX
129 o
130 MOVX
131 e
132

133 *xx*xxx%xxx CALCULATE

134CALFREQ: —
135 MOVX
136FREQ2: CINE
137 MoV
138 " SJMP
139FREQ3: CINE
140 MOV
141 SIMP

DPTR, #0OSP
A,@DPTR
R3,A
DPTR, #NSP
A,@DPTR

c

A,R3

A

A,#01H
DPTR, #STAT
@DPTR,A
DPTR, #NSP
A,@DPTR
DPTR, #0SP

@DPTR,A

FREQUEHCY **xxkkkxk%

DPTR, #OSP
A,@DPTR
A,#02H,FREQ3
DPTR, #SETPOINT
SETTIME
A,#03H,FREQ4
DPTR, #SETPOINT+1

SETTIME

LYY

63

COMPARE

COMPARE



81E3 B40405
81E6 908023
81E9 8033
81EB B40505
81EE 908024
81F1 802B
81F3 B40705
81F6 908025
81F9 8023
81FB B40805
81FE 908026
8201 801B
8203 B40905
8206 908027
8209 8013
820B B40A05
820E 908028
8211 800B
8213 B40BO5
8216 908029
8219 8003
821B 90802A
821E EO
821F F58C

8221 22

142FREQ4:

143
144
145FREQ5:
146
147
148FREQ7:
149
150
151FREQ8:
152
153
154FREQS:
155
156
157FREQA:
158
159
160FREQB:
161
162

163FREQC:

164SETTIME:

165
166
167

CJNE
MoV
SJMP
CJNE
MOV
SJMP
CJNE
MOV
SJMP
CJNE
MOV
SJMp
CJINE
MOV
SJMP
CJINE
MOV
SJMP
CJNE
MOV
SJMP
MoV
MOVX
MOV

RET

A,#04H,FREQS
DPTR, #SETPOINT+2
SETTIME

A,#O5H, FREQ7
DPTR, #SETPOINT+3
SETTIME

A, #07H,FREQS8
DPTR, #SETPOINT+4
SETTIME

A, #08H,FREQ9
DPTR, #SETPOINT+5
SETTIME

A, #09H, FREQA
DPTR, #SETPOINT+6
SETTIME
A,#OAH,FREQB
DPTR, #SETPOINT+7
SETTIME

A, #0BH, FREQC
DPTR, #SETPOINT+8
SETTIME

DPTR, #SETPOINT+9
A,E8DPTR

THO,A

~e

e

e

-e

-e

64

COMPARE

COMPARE

COMPARE

COMPARE

COMPARE

COMPARE

COMPARE

COMPARE
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‘8051 Cross—Assembler (1.3)  (C) 1987, 1989 Binary Technology

‘THESIS.ASM
168;**xxxx* SET FREQUENCY REFFERENCE **#**#%%x
8222 908053 169GETINT: MOV DPTR, #FR ; INTERRUPT SERVICE
8225 EO 170 MOVX A,@DPTR
8226 B40004 171 CIJNE  A,#00H,SGI
8229 7402 172 MOV A, #02H
822B FO 173 MOVX  @DPTR,A
822C 32 174 RETI
822D 7400 175861: MOV A,#00H
822F FO 176 MOVX  @DPTR,A
8230 32 177 RETI
178
1']9;************ CONTROL SIGNAL khkkhkkhkkkkkkk
8231 908053 180CTSN: MOV DPTR;#FR : SET INITIAL
8234 EO 181 MOVX  A,@DPTR
8235 A292 182 MOV C,P1.2
8237 92E0 183 MOV Acc.0,C
8239 908054 184 MOV DPTR, #ODAT
823C FO | 185 MOVX  @DPTR,A
823D 7B00 186 MOV R3,#00H i R3=0
823F 908053 187SUBCTSN: - MOV DPTR, #FR ; SET NEW SAMPLING-
8242 EO 188 MOVX  A,@DPTR
8243 A292 189 2(0)' C,P1.2
8245 92E0 190 MOV Acc.0,C

8247 908055 191 MOV DPTR, #NDAT



66

824A FO 192 MOVX @DPTR,A
824B 908054 193 MoV DPTR, #ODAT
824E EO 194 MOVX A,@DPTR ¢ A = OLD SAMPLING
824F B40305 195CHECKO03: CJNE A,#03H,CHECKO02
8252 128279 196 LCALL  COMPO3
8255 8013 197 SJMP NEWSET
8257 B40205 198CHECKO02: CJNE A,#02H, CHECKO1
825A 128285 199 LCALL  COMPO2
825D 800B 200 SJMp NEWSET
825F B40105 201CHECKO1: CJINE A,#01H, CHECKOO
8262 12829B 202 LCALL  COMPO1l
8265 8003 203 SJMpP NEWSET
8267 1282B1 204CHECKO00: LCALL  COMPOO
826A 908055 205NEWSET : ; MoV DPTR, #NDAT ; MOVE NDAT TO.ObDAY
826D EO 206 MOVX A,@DPTR -
826E 908054 207 MOV DPTR;#ODAT
8271 FO 208 MOVX @DPTR, A
8272 BB1OCA 209 CJNE R3,#10H,SUBCTSN ; IF R3 = 32H OUT
8275 759000 210 Mov P1,#00H
8278 22 211 RET
212

213;kxxkxxxkkkkxkx COMPARE 03 X*X*xkxkkxkxkk

8279 908055 ° 214C0OMPO3: MoV DPTR, #NDAT

827C EO 215 MOV A,@DPTR ;+ A = NEW SAMPLIN®&
827D B40302 216 CJNE A,#03H,COMPO33

8280 OB 217 INC R3

8281 22 218 RET



8282 7BOO

8284 22

8285 F9
8286 908055
8289 EO

828A 49

8051 Cross—Assembler
THESIS.ASM

828B 30E00C
828E 908052
8291 EO
8292 20E003
8295 C290
8297 22
8298 D291

829A 22

829B F9

829C 908055
829F EO
8270 49

82A1 30E10C

67

219COMP033: MOV - R3,#00H
220 RET
221

222; kkkkkkkkkkxkxk COMPARE 02 ***Axkkkkkkkxk

223C0oMP02: MOV R1l,A

224 MOV DPTR, #NDAT
225 MOVX A,@DPTR

226 ORL A,Rl

(1.3) (C) 1987, 1989 Binary Technology

227 JNB  ACC.0,RET02
228CSTATUSI : MOV DPTR,#STAT

229 MOVX  A,@DPTR

230 JB ACC.0,CLO02

231CHO2: CLR  PI.0 ; CLEAR HIGH PORT
232 RET

233CLO2: SETB  Pl.1 ; SET LOW PORT
234RET02: RET '

235

236;************** COMPARE 01 Ahkkhkkhkkhkhkkkkkk

237COMPO1: MOV R1,A

238 MOV DPTR,#NDAT

239 MOVX  A,@DPTR

240 ORL  A,Rl

241 JNB.  ACC.1,RETOL



68

8234 908052 242CSTATUS2: Mov DPTR, #STAT
82A7 EO 243 MOVX A,@DPTR
8228 20E003 244 JB ACC.0,.CLO1
82AB D290 245CHO] : SETB P1.0 ; SET HIGH PORT
82AD 22 246 RET
82AE C291 247CLOL: CLR Pl1.1 . ; CLEAR LOW PORT
82B0 22 248RETO1: RET
249

250 ; ¥k xkkxkkkkkkkx COMPARE 00 ***xkiik&kkkikkx

82B1 908055 251COMPOO: MOV DPTR, #NDAT
82B4 EO 252 MOVX A,@PTR ; A = NEW SAMPLING
82B5 B40106 253COMP0O1 : CJINE A,#01H,COMP002
82B8 12828E 254 LCALL  CSTATUS1
82BB 7A00 255 MoV R2,#00H
82BD 22 256 .RET
82BE B40206 257COMP002: CJNE A,#OéH,COMP003
82C1 1282A4 258 LCALL  CSTATUS2
82C4 7A00 259 MOV R2,#00H
82C6 22 260 RET
82C7 B40002 © 261COMP003: CJNE A, #00H,COMP004
82CA 0B 262 INC R3
82CB 22 263 RET
82CC 7A00 264COMP004: MOV R2,#00H
82CE 22 265 RET

266

267 ;kxkxkkkkxxkxxkx STOP MOTOR **kkkkkkxikxdx

82CF D291 268BREAK: SETB Pl.1 : SET LOW PORT



8201
82D3
82D5
82D7
82D9
82DC
82DE
82E1
82E2

82E5

7900
D292
A292
92E0
30EQ005
7900
1282D3
09
B964EE

22

0000=

8051 Cross—Assembler (1.3)

THESIS.ASM

break

ch02

ckeyl
comp001
comp02
cstatus2
fr

freq7
freqe
inw

ndat

osp

269
270SUBBK:
271
272
273
274

275

2760UTSYS:

271
278
279

82CF

8295

8151

82B5

8285

82A4

8053

81F3

821B

009F

8055

8050

MOV R1,#00H

SETB P1.2

MOV C,P1.2

MoV Acc.o,C

JNB ACC.0,0UTSYS
MOV R1,#00H
LCALL  SUBBK

INC Rl

CJINE R1,#64H,SUBBK
RET

END

(C) 1987, 1989

calfreq =

check00 =

cl0l =

comp002 =

comp03 =
ctsn =
freq2 =
freq8 =

getint =

lockkey =

newset =

outsys

Binary Technology

81CF
8267
82AE
82BE
8279
8231
81D3
81FB
8222
8180
826A

82El

cancle
check01
cl02
comp003
comp033
disbuf
freq3
freq9
getsp
locktab
nsp

pllkey

" 1 ] U n . [} [ ]

8015
825F
8298
82C7
8282
0025
81DB
8203
812F
801B
8051

811A

69



ret02
setpoint
stdb

subectsn

829A
8021
.81A7

823F

scan‘= 0093
settab = 8009
stop = 8189

8149

I

yeskey

setfr
settime

stopkey

8165

821E

8192

70
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TuiasaauInvatand 8031

8031

tiututasanuinta tapSuvusdn 1dan
ﬂ1uququn1ﬂ5u1uuuﬁﬂ1uﬁﬁ

myzaIn¥ueu
dva tsuTUTunTNA1LAUN 1IN UL AR N
fiavn1y  npldssnauéas
1. mrgdszuaana (CPU)
2. nuIHAIUAY (MEMORY)
- ROM
- RAM

3. punsydfunnuaziatdign (Input / output Device)
- 4 I/0 Port

- Timer/Counter
- Serial port
AL EPRGERTE MR KR 31
B3CI54
NTO NT3 — i
(83 80CSY | c
{80CS2) 258bytes | a3ciog 80CS2/83C154
;‘ ‘ . 8K POM. | B0Cs2 AAM ! l!!l‘“:ﬁ:ﬂ
conTROL b——ﬁ 4KROM {80CS1 128bres [ gocss ""gc', ] n
-
[ |
oFu I‘ hod hed
(A > r i
> >
osc Bus 4VOPORTS
L

38 k=

CFT T

74 v-1 Manzunsninvvda¥ivuae 8031
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8031 (ffuBwifaiuuy 40 17 navAvdygIAIINNIBIY URE

n1sSufggialinntuuan  znimesa (pin)  #9gd

8051 DIP Pin Assignments _/

Port1Bit0 |1 PI1.0 \\‘~’// Voe 40 | +5V
Port1Bitl1 | 2 PIlL.1 (ADO)PO.0 39 | PortOBitQ
(Address/Data 0)
port1Bit2 |3 PlL2 (AD1)PO.1 38 | Port 0 Bit 1
(Address/Data 1)
Port1Bit3 | 4 P13 (AD2)PO.2 37 | PortOBIt2
(Address/Data 2)
Port1Bit4 | 5 Pl4 (AD3)P0.3 36 | PortDBIt3
(Address/Data 3)
Port1Bit5 | 6 P15 (AD4)P0.4 35 | Port O Bit4
(Address/Data 4)
Port 1 Bit6 7 Plé6 (AD5)P0.5 34 | Port O BitS
’ (Address/Data 5)
Port18Bit7 | 8 Pl.7 {AD6)P0.6 33 | PortOBIit6
(Address/Data 6)
Resetinput { 9 RST (AD7)P0.7 32 | PortOBit7
(Address/Data 7)
Port 38it0 | 10 P3.0(RXD) (VPPY/EA 31 { External Enable f
(Receive Data) (EPROM Programming Voltage) !
Port3Bit1 | 11 P3.1(TXD) (PROGJALE 30 | Address Latch Enable
(XMIT Data) .{ {EPROM Program Puise)
Port3Bit2 | 12 P3.2(INTO} PSEN 29 | Program Store Enable |
{Interrupt 0) i
Port3Bit3 | 13 P3.3(NTI) (a15)p2.7 28 | Port28Bit?7 |
(Interrupt 1) .| (Address 15)
_Port3Bit4 | 14 P3.4(T0) (A14)P2.6 27 | Port2Bit6
(Tsmer O Input) (Address 14) .
Port38Bit 5 | 15 P3.5(T1) (A13)P2.5 26 | Port2Bit 5
(Timer 1 Input) (Address 13)
Port3Bit6 | 16 P3.6(WR) {A12)P2.4 25 | Port 2Bit4
(Write Strobe) (Address 12)
Pt3Bit7 | 17 P3.7(-)-?_D') (A11)P2.3 24 | Port2Bit3
(Read Strobe) (Address 11)
Crystal Input 2 { 18 XTAL2 (A10)P2.2 23 | Port 2 Bit 2
(Address 10)
Crystal Input 1 | 19 XTAL1 (A9)P2.1 22 | Port2Bitl
(Address 9)
Ground | 20 ¥ss (AB)P2.0 21 | Port28Bit0
(Address 8)

Ju 1-2 TRazunsuy1vay 8031 uuy DIP



01718 8031 uiAveeaufl zr¥du JASS 31 SINGLE

BOARD MICROCONTROLLER fufldnwaczi pgl

73

4255 USER-PORT PRINTER-PGRT SV 0C 9V DC
1 BACKUP
= [:EE + il il - O)
- uagﬁziJE:gﬁu4
8259
POHER
PORT] SYSTEM BUS \.)AZZ—Bl % E —us
ST T A1 - )
PHEN OHEH || P/OMEN -~ "
32K 32K 30K u5<3
86031 ) HONITOR USER-RAN @:‘ Q
JL
S t_A ot 32 RITe
. EEHE ([EE= RX TX GND
ROM ¢ | Yol HW
RAM — 1711 2 3 eyt
U3 U4
S
[:::j RS232
@) osc I pSEdip ‘Sc OSC-FRE OX-LED SOUND-YOL Exi:/ ::.': AUT0 L/R E
- INTQ @ osSc-oN | &1
6| \\ = F N\ /O
g PHEN cy7s
1 orary 2nre i JoC S B
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Table 1. MCS®-51 instruction Set Description

ARITHMETIC OPERATIONS
Mnemonic Description Byt
ADD ARn Add register to Accumuiator 1
ADD Adirect Add direct byte to Accumutator 2
ADD A@Ri Add indirect RAM to Accumulator 1
ADD A #data Add immediate data to Accumulator 2
ADDC ARn Add register to Accumulator with Carry 1
ADDC A direct Add direct byte to Awith Carry flag 2
ADDC A Q@RI Add indirect RAM to A with Carry flag 1
ADDC A #data Add immediate data to Awith Carry flag 2
suBs ARN Subtract register from A with Borrow 1
suss Adirect Subtract direct byte from A with Borrow 2
suBB A@Ri Subtract indirect RAM from A with Borrow 1
suBB A#data Subtract immed. data from A with Borrow 2
INC A Increment Accumulator 1
INC Rn Increment register 1
INC direct increment direct byte 2
INC @Ri Incriment indirect RAM 1
INC DPTR Incriment Data Pointer 1
DEC A Decrement Accumulator 1
DEC Rn Decrement register 1
DEC direct Decrement direct byte 2
DEC @Ri Decrement indirect RAM 1
MUL AB Multiply A& B 1
oV AB Divide Aby B 1
DA A Decimal Adjust Accumuilator 1
LOGICAL OPERATIONS
Mnemonic Destination Byt
ANL ARn AND register to Accumulator 1
ANL A direct AND direct byte to Accumulator 2
ANL A@Ri AND indirect RAM to Accumulator 1
ANL A #data AND immediate data to Accumulator 2
ANL direct A AND Accumulator to direct byte 2
ANL direct.#data  AND immediate data to direct byte 3
ORL ARn OR register to Accumulator 1
ORL A.direct OR direct byte to Accurnulator 2
ORL A@Ri OR indirect RAM to Accumulator 1
ORL A #data OR immediate data to Accumulator 2
ORL direct A OR Accumulator to direct byte 2
ORL direct#data  OR immediate data to direct byte 3
XRL . ARn Exclusive-OR register to Accumulator 1
XRL A direct Exclusive-OR direct byte to Accumulator 2
XRL A@Ri Exclusive-OR indirect RAM to A 1
XRL A #data Exclusive-OR immediate data to A 2
XRL direct A Exclusive-OR Accumulator to direct byte 2
XRL direct.#data  Exclusive-OR immediate data to direct 3
CLR A Clear Accumulator 1
CPL A Complement Accumulator 1
RL A Rotate Accumulator Left 1
RLC A Rotate A Left through the Carry flag 1
RR A Rotate Accumulator Right 1
RRC A Rotate A Right through Carry flag 1
SWAP A Swap nibbles within the Accumnulator 1

o
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Table 1. (Cont.)

JNC rel

Move register to Accumulator

Move direct byte to Accumulator

Move indirect RAM to Accumulator
Move immediate data to Accumulator
Move Accumulator to register

Move direct byte to register

Move immediate data to register

Move Accumulator to direct byte

Move register to direct byte

Move direct byte to direct

Move indirect RAM to direct byte

Move immediate data to direct byte
Move Accumulator to indirect RAM
Move direct byte to indirect RAM

Move immediate data to indirect RAM
Load Data Pointer with a 16-bit constant
Move Code byte relative to DPTR to A
Move Code byte relative to PCto A
Move External RAM (B-bit addr) to A
Move External RAM (16-bit addr) to A
Move Ato External RAM (8-bit addr)
Move A to External RAM (16-bit addr)
Push direct byte onto stack

Pop direct byte form stack

Exchange register with Accumulator
Exchange direct byte with Accumulator
Exchange indirect RAM with A
Exchange low-order nibble ind RAM with A

Description

Clear Carry flag

Clear direct bit

Set Carry flag

Sel direct Bit

Complement Carry flag
Complement direct bit

AND direct bit to Carry flag

AND complement of direct bit to Carry
OR direct bit to Carry flag

OR complement of direct bit to Carry
Move direct bit to Carry flag

Move Carry flag to direct bit

Description

Absolute Subroutine Call

Long Subroutine Call

Return from subroutine

Return from interrupt

Absolute Jump

Long Jump

Short Jump (relative addr)
Jump indirect relative to the DPTR
Jumnp if Accumulator is Zero
Jump if Accumulator is Not Zero
Jump if Carry flag is set

Jump if No Carry flag

DATA TRANSFER
Mnemonic

MOV ARn

MQV A direct
MOV A@Ri

MOV A#data
MOV RnA

MOV Rn,direct
MOV Rn.#data
MOV direct, A
MOV direct,Rn
MOV direct direct
MOV direct.@Ri
MOV direct #data
MOV @RI.A

MOV @Ridirect
MOV @Ri #data
MOV DPTR#data 16
MOVC A@A+DPTR
MOVC A@A+PC
MOVX A@Ri
MOVX A@DPTR
MOVX @Ri,A
MOVX @DPTRA
PUSH direct

POP direct

XCH ARn

XCH A direct
XCH A @Ri
XCHD A.@Ri
BOOLEAN VARIABLE MANIPULATION
Mnemonic

CLR C

CLR bit

SETB C

SETB bit

cPL C

CPL bit

ANL Cbit

ANL C1bit

ORL C/oit

ORL C.1bit

MOV C/bit

MOV bit.C |
PROGRAM AND MACHINE CONTROL
Mnemonic

ACALL addr 11
LCALL addr 16
RET

RETI

AJMP addr 11
LJMP addr 16
SIMP rel

JMP @A+DPTR
JZ rel

JNZ rel

JC rel
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80C51-L/80C31-L
Table 1. (Cont.)
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Description Byte Cyc
JB bit,rel Jump if direct Bit set 3 2
JNB bit,rel Jumnp if direct Bit Not set 3 2
JBC bit,rel Jump if direct Bit is set & Clear bit 3 2
CJNE Adirect,rel Compare direct to A&Jump if Not Equal 3 2
CJINE Aftdata.rel Comp. immed. to A&Jump if Not Equal 3 2
CUNE Rn#data,rel  Comp.immed.to reg &Jump if Not Equal 3 2
CJNE @Ri#data.rel Comp.immed.to ind.&Jump if Not Equal 3 2
DINZ Rn,rel Decrement register & Jump if Not Zero 2 2
DINZ direct. rel Decrement direct & Jump if Not Zero 3 2
NOP No operation 1 1
Notes on data addressing modes:
Rn - Working register RO-R7
direct - 128 internal RAM locations, any /O port, control or status register
@Ri - Indirect internal RAM location addressed by register RO or R1
#data - 8-bit constant included in instruction
#data 16 ~ 16-bit constant included as bytes 2 & 3 of instruction
bit - 128 software flags, any I/O pin, control or status bit
Notes on program addressing modes:
addr 18 - Destination address for LCALL & LUMP may be anywhere within the 64-k program memory
address space
Addr 1 ~ Destination address for ACALL & AJMP will be within the same 2-k page of program
memory as the frst byte of the following instruction
rel - SJMP and ali conditional jumps include an 8-bit offset byte. Range is +127 ~128 bytes

relative {o first byte of the following nstruction.

All mnemonics copyrighted * Intel Corporation 1979
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Tabile 2. Instruction Opcodes In Hexadecimal Order

Hex Number Hex Number .

Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
00 1 NOP 33 1 RLC A
01 2 AMP code addr 34 2 ADDC A#data
02 3 LJMP code addr 35 2 ADDC Adata addr
03 1 RR A 36 1 ADDC A@RO
04 1 INC A 37 1 ADDC A@R1
05 2 INC data addr 38 1 ADDC ARO
06 1 INC @RO 39 1 ADDC AR1
07 1 INC @R1 3A 1 ADDC AR2
08 1 INC RO 38 1 ADDC AR3
09 1 INC R1 3C 1 ADDC AR4
OA 1 INC R2 3D 1 ADDC ARS
08 1 INC R3 3E 1 ADDC A.RB
oC 1 INC R4 3F 1 ADDC AR7
oD 1 INC RS 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addrA
10 3 JBC bit addr,code addr 43 3 ORL data addr#data
11 2 ACALL code addr 44 2 ORL A #data
12 3  LCALL code addr 45 2 ORL A.data addr
13 1 RRC A 46 1 ORL A@RO
14 1 DEC A 47 1 CRL A@R1
15 2 DeC data addr 48 1 ORL ARO
16 1 DEC @R0 49 1 ORL AR1
7 1 DEC @R1 4A 1 ORL AR2
18 1 DEC RO 4B 1 ORL ARS3
19 1 DEC R1 4C 1 ORL AR4
1A 1 DEC R2 4D 1 ORL ARS
1B 1 DEC R3 4E 1 ORL ARB
iC 1 DEC R4 4F 1 ORL AR7
1D 1 DEC RS 50 2  JUNC code addr
1E 1 DEC R6 51 2  ACALL code addr
1F 1 DEC R7 52 2 ° ANL data addrA
20 3 J8 bit addr,code addr 53 3  ANL data addr#data
21 2 AJMP code addr 54 2 ANL Ad#data
22 1 RET 55 2 ANL Adata addr
23 1 RL A 56 1 ANL A@GRO
24 2 ADD Adata 57 1 ANL A@R1
25 2 ADD A data addr 58 1 ANL ARO
26 1 ADD A@RO 59 1 ANL - ARt
27 1 ADD A@R1 5A 1 ANL AR2
28 1 ADD ARO 58 1 ANL AR3
29 1 ADD AR1 5C 1 ANL AR4
2A 1 ADD AR2 5D 1 ANL ARS
28 1 ADD AR3 SE 1 ANL ARG
2C 1 ADD AR4 5F 1 ANL AR7
2D 1 ADD ARS 60 2 JZ code addr
2E 1 ADD ARG 61 2  AMP code addr
2F 1 ADD AR7 62 2 XRL data addr A
30 3 JUNB bit addr.code addr 63 3 XRL data addr#data
31 2  ACALL-  code addr 64 2 XRL A #data
32 1 RETI 65 2 XRL A.data addr




80C51-L/80C31-L

Table 2. (Cont.)
Hex Number . Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
66 1 XRL A@RO 99 1 SuUBB AR1
67 1 XRL A.@R1 9A i suss AR2
68 1 XRL ARO 98 1 suBss AR3
69 1 XRL + ARt 9C 1 suBs AR4
6A 1 XRL AR2 9D 1 sSuBB AR5
68 1 XRL AR3 9E 1 suBs AR6
6C 1 XRL AR4 9F 1 suBeB AR7
6D 1 XRL ARS A0 2 ORL C.hit addr
6E 1 XRL ARS6 Al 2 AJMP code addr
6F 1 XRL AR7 A2 2 MOV C.bit addr
70 2  UNZ code addr A3 1 INC DPTR
71 2  ACALL code addr Ad 1 MUL AB
72 2 ORL C.bit addr AS - reserved
73 1 JMP @A+DPTR AB 2 MOV @RO0,data addr
74 2 MOV Addata A7 2 MOV @R1,data adadr
75. 3 MOV data addr#data A8 2 MOV RO.data addr
76 2 MOV @RO,#data A9 2 MOV R1.data addr
77 2 MOV @R1#data AA 2 MOV R2.data addr
78 2 MOV RO, #data ] AB 2 MOV R3.data addr
79 2 MOV R1,#data AC 2 MOV R4.data addr
7A 2 MOV R2 #data AD 2 MOV R5.data addr
78 2 MOV R3#data At 2 MoV R6.data adadr
(¥ 2 MOV R4 #data AF 2 MOV R7data addr
70 2 MOV R5 #data BO 2 ANL Cbit addr
7€ 2 MOV R6 #data B1 2  ACALL code addr
7F 2 MOV R7.#data B2 2 CPL- bit addr
80 2 SJMP code addr B3 1 CPL C
81 2 AIMP code addr B4 3 CINE A #data,code addr
82 2 ANL C.bit addr BS 3 CINE A.data addr,code addr
83 1 MOVC A@A+PC B6 3 CINE @RO0,#data,code addr
84 1 Div AB B7 3 CINE @R1 #data,code addr
BS 3 MOV data addrdata addr B8 3 CINE RO, #data,code addr
86 2 MOV data addr,@R0 B9 3 CINE R1,#data,code addr
87 2 MOV . -dataaddi@R1 BA 3 CINE R2 #data,code addr
88 2 MOV data addrRO 88 3 CINE R3.#data,code addr
89 2 MOV data addrR1 | BC 3  CINE ‘R4 #data,code addr
BA 2 MOV °  dataaddrR2. . . ~t 8D 3 ° 'CINE - RS#datacode addr
88 T2 MOV . dataaddrtR3. - ¢ oS BE 3 CINE R6,#data,code addr
- 8C 2 MOV data addrR4 BF 3 CINE R7#data.code addr
8D 2 MOV data addrRS Cco 2  PUSH data addr
8k 2 MOV data addrR6 1 2 AIMP code addr
8F 2 MOV data addrR7 - C2 2 CLR bit addr .
30 3 MOV DPTR #data C3 1 CLR C
91 2  ACALL code addr C4 1 SWAP A
92 2 MQV bit addr.C Cs 2 XCH A data addr
93 1 MOVC A@A+DPTR cé 1 XCH A@RO
94 2 suBs A #data Cc7 1 XCH A@R1
95 2 SuBB A data addr C8 1 XCH ARO
96 1 suBss A@RO Cg 1 XCH AR1
97 1 suss A@R1 CA 1 XCH AR2
98 1 suss ARO CB 1 XCH AR3
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Table 2. (Cont.)
Hex Number Hex Number
cmofaytaananonlcOperands CO“MB“”MnemonlcOpomnds

CcC 1 XCH AR4 E6 1 MOV A@RO
CcD 1 XCH ARS E7 1 MOV A@GR1

CE 1 XCH ARG E8 1 MOV ARO

CF 1 XCH AR7 E9 1 MOV ARl

DO 2 POP data addr EA 1 MOV AR2

D1 2 ACALL code addr EB 1 MOV AR3

D2 2 SETB bit addr EC 1 MOV AR4

D3 1 SETB C ED 1 MOV ARS

D4 1 DA A EE 1 MOV AR6

D5 3 DINZ data addr,code addr EF 1 MOV AR7

D6 1 XCHD A@RO FO 1 MOVX @DPTRA
D7 1 XCHD A@R1 F1 2 ACALL code addr
D8 2 DJINZ RO.code addr F2 1 .MOVX @ROA

D9 2 DINZ R1,code adar F3 1 MOVX @R1A

DA 2 DUNZ R2,code addr F4 1 cPL A

D8 2 DINZ R3,code addr F5 2 MOV data addrA
DC 2 DINZ R4.code addr F6 1 MOV @ROA

DD 2  DUNZ RS.code addr F7 1 MOV @R1.A

DE 2 DINZ R6.code addr F8 1 MOV ROA

DF 2 DINZ R7.code addr F9 1 MOV R1.A

EO 1 MOVX A@DPTR FA 1 MOV R2A

E1 2  AIMP code addr FB 1 MOV R3A

E2 1 MOVX A@RO FC 1 MOV R4.A

E3 1 MOVX A@R1 FD 1 MOV RSA

E4 1 CLR A FE 1 MOV R6.A

ES 2 MOV A.data addr FF 1 MOV R7A
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