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ABSTRACT

This project concerns speed and direction control of DC Motor by phase control
method. Power circuit is dual converter which is controlled by firing circuit using the closed-
loop system. The controlling uses MCS-51 microcontroller to control the system by detect the
value of speed, current and process these values to control speed, braking and change the

direction of rotate by regenerative braking.
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7.3 Qdmaiutrmmha’h’s’%a LCD

Tuilegiu mauarssasziivn 1y Tuga@Module) 48338 LCD  (NMARUIN) o
vn gueniAfimnzeulunaiedifie Wnszuadidl aunsoueasldnaouuufe &3
SNYI,AAAY Uar NIINHN avanlumsifuususzuuneufiune s @i mnzewundan
madou Tolsuns wedeami Ifuaaana wenviniidalinaesaudan

TugaLeD Ainunguidenifeduuuy aenuuainot metix) vuin 20 A28nu3 2
p337iA Asueraalu mdnjn(data book) DMC 202

wsmTasmadaTaunay wnauguld LCD yammdhil Adesnsdedl duida
Mmad(CLEAR DISPLAY) , Tsuineiwe3(HOME CURSOR) , 86w 881 ne1w8(ON OFF
CURRSOR) uarduq uduannudeants lumslfamldaunsy augy dlefiidadaluds
LeD husasaissdessely szuunisvinunioluvesda Modue viauSouioonow Sass
derirdado 1R Faae1$itasavaeudivduran (Busy Flag) Tums WaudadanIngjw 19y
Tdsunsussiinig ﬁmuﬂfht?nﬁ'uﬁﬁmﬁwmmmnm#wﬁ'mmfm:zﬂum:uﬂmwa
s1uuaziPuu aalu DDRAM de Tyl

msidou wie 81u Jeyariu Tuga 183 LCDLCD Module) fionisrimuaguieuiid

3 ~ s . ..l « d’
AN vam:"l‘!‘s’ﬂu AITURLLIBTANTNIAIN

instruction /s riw 7 6 5 4 3 2 1 0
clear display o 0 O 0 0 0 0 0 0 1
cursorathome 0 O 0 0 0 0 0 0 1 0
entrymodeset 0 0 0 0 0 0 0 1 id *
display on/off 0o 0 0 0 0 0 1 d c b
display shift 0 0 ©0 0 0 1 s'c 1 * *
function set 0o 0 O 0 1 d n f * *
set cgram add 0 0 O 1

set ddram add 0 0 1

busy,add.read O 1 bf

cgram,ddramwr 1 O

[u—y
—t

cgram,ddram rd
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(rpm.) no-load 1A 2A 3A 4A
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840 49.59 22.98 13.51 9.68 8.16
900 51.13 2866 | 14.96 9.98 | 8.48

A d 1 ' ) -~
M3 9.1 uaasnm lumsnganyuiinnnudwasi Inaneieq Tasldniuea

N d U ] z .
naassdunameiiaNmEs uasm Inanans Teeldyeniungu sindungams

nyuvesueine? udrtanalumsnganyuyeueined lawamananssfuaaslums

floz

AN nmAn)

(rpm.) no-load 1A 2A 3A 4A
600 9.33 7.64 532 527 5.07
660 14.85 | 7.94 | 639 5.28 5.00
720 15.61 9.35 6.17 5.64 4.85
780 16.01 8.98 654 6.18 4.76
840 16.42 9.16 7.07 6.02 542
900 16.36 "1051 . | 7.54 5.90 5.33

< { 1 ( 1
mIudl 9.2 ueaananlumanganyuiinianudwari Inassne Taoldganiungu
3 4‘ = a
wiwamsnaassd lduulounsn wSsudfeunarlumsnganiuyes

usimed Tasldnsusn uazldemniunu Aumadlugih 9.11 849.15



86

aBaudsunaildlumsnga siehililnan

nn(Gum)

600 660 720 780 340 9S00 . 13uen

AU Arpm) R i

-

d -
1 9.11 asminlFeuiioy narlumanganyuvsuames Tneldniuen

¥ A 4 =
uazldyaniuqu iisuemss 1l Inaa

nfSaufsunmilslumnga flvan 14

)

P

- 715uen

aad ¥rpm)

< YANIUNY

< a
U 9.12 nsmlfSoudion na1lumsnganyuvesnemed Tavldn3uen

P
uazldganrunu lvas 1 A



87

afSsumaunailylumavga ilven 24

na1thni)

[} (=3
[l < a
Lt 7 < FUBN
k- §
AIBUTYrpm) = YANILAY

Wi 9.13 armlifSvuioy nalumsnganyuussusined Taol¥nsuon

o
tazldypniunu ilnan 2 A

nfaumeunmil¥lumsvga Hilnan 3 A

na3un)

600 650 720 780 840 900

« 715ueR

* YARTUAN

o
AINUIWrpm)

< a
W 9.14 AyminFuifiou nanlumsnganyuvesemsd TaoldSuen

s < .
uasldyanaunu lvas 3 A



88

naiGun)

600

-1
AT Arpm)

nSeuiaunafiliunsvga filvaa 44

-

b

T5uen

YANILAY

- a
JUH 9.15 neifTeuiiey nalumsnganyuveusiney Tanldnsuen

Y <
uazloyanrunu flvan 4 A

9.5 mimaseanfTavifsumaniuazisduiiclvoasag

o 4 P - SR [P} Yy o @ o o
naassiuuamey TufsnuTaawng vasliliTnaalasl¥nSuen Jausesud

7 - g q - = . g 1+ o 1 d d.
OTUUBANMANULITIANT ﬂ']ﬂuulﬂﬂUUﬂ'lTﬂﬁﬂlﬂuﬂ’]ﬂ’N‘] u&]']ﬂﬂ’]ﬂ'ﬂnli']“ﬂ']

) Qr- A'
Traase Idnamsnaassdauaaslumsnii 93

anusa manuss Alvaaeng  (pm)
(rpm.) no-load 1A 2A 3A 4A
600 600 578 '547 515 495
660 660 641 614 577 553
720 720 700 664 627 601
780 780 756 730 692 660
" 840 840 820 783 748 729
900 900 879 848 813 783

J 4 & d - d 1 3 A
MINT 93 UaAIMANUTIATUTIAUTINOT TUBaYBINBINGS A1 Tnannee 1o

¥ nsusaduneimed W llfianus 9deamy vauelid Tvan




89

s rs o g 1t T e 4 & =
naasstuuBmey linnuFimaag vas il Tnas Taemsdemanu$inn

¥ v o I’ a o < 1 z ) t -1 "o
YANITUAY IAUTIAUNINDTUUDANAINIIUITIANG mnuuLﬂaauﬂﬂnnmﬂummm

@ 1 4 v o ‘a o - @
llﬁt}')ﬁﬂ']ﬂ'n’»Jﬁ'J“ﬁzlﬁlﬁuni'ﬂﬂiuuﬂﬂ‘ﬂﬂqiﬂﬂﬂuu 15’4aﬂ’]iﬂﬂﬂﬂQﬂ\illﬁﬁﬂ’luﬂqi'N

-
194
1
=1 1 r o ]
AT AT AInaedaNg  (pm)
| (pm.) | no-load | 1A 2 A 3A 4A
600 393 670 600 600 600
660 882 715 660 660 660
| 720 883 720 720 720 720
780 873 780 780 780 780
840 880 846 840 840 840
900 893 900 900 900 900

d ine? d ¥ o ) o 3 4 o d .
ATTWN 9.4 UTAIMANIWINIALUIIAUNINDTUUDA 'nﬂ']T'Hﬁﬂﬂ'N"] LUBHIMNNIULTT

a o < :
nnganuay W ldianudiideimsvas il Tnas

bkt

9t o d ' a
himnusMiaeuliith naaden TeeldnTusnuazyrningy sideu

- o
nsifTeuiioy uaadTusai 9.16 i 9.21



-

1
ANHITI(rpm)
wn
<)

S
n

0
LR R 1113
=
=
= o YRNUNY

Tnana)

{ ; { 1 4 o
U 9.16 nslifSsufeumanuiinlaouly iWeduuowmes Taeld

a o d tct a
NIBALASYANILAY 'Hﬂ’J'Illl&"J,lllilTHﬂﬂ!Jm 600 rpm

E]

Q“

e <

b7 *  5uBfr
b~

-3 .

& RN
[~

{ ' { d 4 o
sUR9.17 nniifSeuiisusanudnfaouly dedunemes Tauld

a o d4 1 Qo
nIdoALATHYANIUAU 'Ylﬂ']']ﬂﬁ'lililnTﬂﬂﬂuﬂ’] 660 rpm



91

=
=
[= n
= s A15UOA
(l
e
g 2 YARILAY
[~

Tnan(a)

o 1 { { 4 o
¥ 9.18 nemilFeuisunnmudnnlaonly Wevuuswmes Taoly

a o g 'y a
NIuvfasyYAN I ﬂﬂ'nlll‘.l"l‘hllllﬂﬁﬂﬂﬂ'\ 720 rpm

e
&
b d
(ad
=
=
[y
(‘
[
: «  M3uen
1
% g * YARIURY

Tnan(a)

d ' d 4 o
U 9.19 armiSeufsumanudndould e duusines Ineld

a P ] 1 a0
MIusauazyanIugu Annuialuli Tnaaliai 780 pm



[ -
& +  75UBA
4
o~
w
(;c: P HAAIUAN
[~

i Tvan

Tnaa(a)

o] ' 4 14 4 o
q1# 920 nrlifouifiousnnudafnlaeuly detusewefTald

- o o et Qo
NIUBAUASYANILA Y ‘ﬂﬂ‘]’llllﬁ’lhllﬂ‘ﬂﬂﬂllﬂ’l 840 rpm

g
(=9 Ry
£ ¢ 713ueR
ﬁ
w
2 = YARTURY
e =

nan(a)

o s 4 4 o
il 921 nylnBeudeusnnudfnfenly deduvsmeiTald

- P o ted -
NTUBAUDNSYANILAY ﬂﬂ’nmi’ﬂlﬂﬂﬂﬁﬁﬂﬁ‘] 900 rpm



93

unii 10
a é
apwanazIansal
10.1 3relnazagnaminaaes
o " A L4 ) '
nnmsnaasluunie Unngiulisvuvamesvus lili Tvaa uazavaa 1 A
kg o o [ 1 4 '
judygramsanszusuazusiau lestuuuuludeiiis Ml lueusoniugy
4 ' > ;o o
anuSweawawos Wil Tumumgui 18 iWeanina L Tudwemesduiuluvil¥mg
¥ ; L 3 A o ¢ 9 o ) s vt
avaundaud  Aniudedunsmesnn Inaaloeq  nyzuen lvahusimosozluss
4 9 ¥ ¢ 7 s 3 o A W 4 3
wies MiFliawsedunswesianuiidnld dsannmsduvamed legldmaiungu
=a a s 4 o ] P v ) s 1o
venininsaunasnyy 0-90 83m Fuiluyanes MusmesrhauluTnuauoinssse uan
yu 90 84 SvuuswesuuyluiTnanes 1A vde = 135 v it ldanud sz 900
=& F = v 4 o g 4 1o
rpm. FadutlunsdinssuaaniioassAoald vde = 0 v uazanuimeine SM1AY 0 rpm.
lugayudilng o sem ganinluannsavhen]d mididymlumsaiugy
» 5 ] [
anudy Teomwizdilvaagaiinu Hdsamssnunnudiadfissfeuivussdiu Tao
a P - a 3 4 o 1
nmsaayunin Fadaayuninouganinlumusariuld Assiiliaunsonugu
anuld  ildvewed lummnsonyudiganumiainald  usausaldauluga
g o ‘; 4 LY ¢ a s o
anwimnheduld Wesnnmusadunsimes Ainnusdin1d
4 o o 4 1c4 o
nanansnaasy edimanuiwameinnyaniuguuus lililvas udnlsu
1 - da o d o .' 3 el ]
A1 Traaluimanaquninginisenudiding 900 pm. vazliilnas ozluaunse
w P d 9 rd4 4 Y 4 o - P
Junemed ifianudandeams lAuademuInantu  Aozansaduliusimefishn
d 49 Q@ o @ =3 LY o ar U o
anuiiidesms warmusaduldusweiinuanudi e ldTaedw Tuld vazdiyge
. d 1 d
Miuen Tugunsonuquanudaidnedld
4 4 o
INHANITNARBIMTILSAN BMYAMINYUVBIBIAES Taoyandugy.  Fuilums
4 I s Y 1 A [ '
wsanuuTisuuasin asldnalunganyulissnnismanganyu Taemsaaunassio
y 1 A L 4 ! 1]

TWeenld usnwinimnszuaivameitlounduolFlumsusaniislugeuin hid
t - l& U 1 w 1] A
mywsa luquussswiuly  uafis Tnaauwmimsnganyudadilymeyd  Weannya

@ o ' 4 4 d yy - ¢
. artuanuiwevauesseanusidsu 1A i lumsnganyuvesusines
A [ ¥ K ) -~ Y
Wennmadnganyuud 19388 liaunsaasteléhweaimednganyueden ldymnou
4 5 3| Y a v = 4 9 ' P ¥ 3
redmesdahou uwaldifamsnyundudimaniey  neufinsssasieduanuiieg

a7799014 uargenounefimeizugamsriinu



94

10.2 Jymifadunaziumisunly
a a_ a0 e s oAy Y q a 2 3 Ya
1. iedgynudeihledangu andveiasldnuluraesmin ildidamssy
& o cv - 4 - .:x' sa Y 9 ' =) o g
mugatunasiu Teommizledwes 555 uenmnigUnsoinlfudsesumeadu gl
' o ¥ a 4 o iy a i3 ¥ o o o ' v 3 ¥
anuuanautui i wminindog InSame s Idvhu haouiyuanduandsy 819
-~ A
szud Iy Tremsifon ifginsaindqaning
s v ¢ P} 3 ar o :
2. wieudasvias  avlFlumsusnieesnruquuazieshidasananiuiu
dnngidemenssddufamsathsa fadtana Ifgunssimaduaiunuriauda
waa Tagmnzilad awsaudlv1dTaems i lalearstlosiue mduinsaay
A k< 2
Au afumsdaunduvesnszud
3. WelMIME WU NITANGINT WY 1wu 1TianTIua . 1NeTATIT
-~ U “ v & 73 & ‘4
anusisey  wazlulasasulnsames  Unnguibadygpmsuniudadunasdy 4
ansauttymidlaemsl¥ ¢ silafidhuwuladiawof(multiayer) Assznialhide
o 4 o ¢ 4 9 o =t P © v £
funsa Tusumianndduleduniiqa uazuuniesmdsiuaiuguesnaniu
¢ Slay 0 o E] da ] i
4. mlanumaimaed  AiFteamanusy  danudidugeaumuesanunlums
Ay i 2 dn o+ = Y ' 3 a v
wyuvesuaasd Aaiusz ldmanuiin luaziben Sdsamsmanusaziduazdss
v El 4 ' 5 2 o 4
atwpunalumatuanuduudu  wamsszadupunaliuduiy sz ldldm
g v ¢ 4 ,aqy d s 4 v -
anu§ntloundudnay  Fohldsruususguiimnouauesdas Uwaldmadiu
4 ¥ 1. 4 dy Y ag d o d
anuduhgamnuiafideimsdas uennndtmanfdeuguaalumsiuanuiuda

] é 1
81919738 mudsum Inmunesms fillueu Tname s encoder)  Falinnutiilunaredes

WhysaMUATBIMINYUYBINBIRGT

10.8 ag
Y [d Y 9 ¢ s =
msfunemesnTruasyianssduuen LuL 4 AtauaTuY lagldgeaiunuh
J o Lt { 4 4 P { °
ad T umusodiIuoeed e lianusadeams 18 Tunsdind Twasunwenesrih e
' v 4 ' o o a1 w ¢ S s a9
Ny THapgNABIied uA lunNTNN Inaatosq a2 lueuisatuLamas i 1a
2 qy A py d 2
Tumsaauguanudilvaen e lvaaasuliin  geaivnuansesiuny
-J A | [} - < A‘ £ L]
anudiitaenld S lvaauluvnawduly S Tuasmuandu ldee luaunsasy

-] d P a g o Py 9 o .;
quanuhilidanld iisimnaminlaunsondnninSmasshnuiyudng 14



95

v
Tumsngams My uvsaBIRaFIY yanURuAINTIRILUMTHYanyu 1y
' a ' o o 4 1 Yo
aunsavganyuldedunasy , yuwaae wasteundenundufiugssuuld widadl
: - @ A 4 ' P 4
flam Aeluunafwemefenfemsndufimmemanyuidndaonouniosnya (lissnn
yaassuamuamnsasevauesld daulumsdelindunismemsnyu munse
3 N 2 v
mldesnnaduaslasady
Qv U 3 $ 1 o s ‘ d -3 | 1
msdsumanufudgamdeamsmusaildegnsimis  Imsundwesm
s 9 11 dy 1 ' g d 2 a v 4 a
amy Sanouwdigamaidesms lumnuazannuiaiiem 14limIndifesdumanudaed
1 U fd A o o
wadadimanufanmaduiannglnssiuazesaristuanuia
manuauaNud e ldganiunuiii ldTaedaludd |, s9mdy wazmusady

nd sunduihgszun i 18 Welimswsa

10.4 Fafimsayandely
Ldfudpagenuquldmmsadusemed MSwmnngatisoufinnuififald
. o Yy A . - 4 aw
wazrnsoauquanuii a8 nnvus luliTnassud Inamaufina
2 upgeniuqu fmumsansugudumiamahauvesiaueines 1a
o [ o 9t = ; 1
3. dfudgageasteduanuia IdiANUaD IAFITULATAITOABUAUBIAD
, \) ,
amuSainaguly1dedwsaas
o - a 4 .
4. 5utlgagenesniniaunsandnfiyudn 18
. . Z
s dsurlse Tusunsu Iaunsauasnveanssua lhasiduniiu
. Vo 4 y
6. auasndunsitude Fvazuse i ldaunsousaldniy
b - 4 b A -~ 4
7. fimnganuquidaunsahauden Teatuniesneuiunefitomusnniy
¢ o Q- -} o b A - d <t & -3
quusined ldnaemlunnufsady  TasldinTeensufiunefiiouniounsalumsniy
@ 1 . 9 ! - (% ° Y - -1
qu , miduswmaeanandensufiused sahldidennuazain, 133 lumsady

AUUBIABI MAW 73

| 3 A o
8. PINMTINUVIITTVURIWAUANUT MUY 4 ABUATHY aunsafiesiam
4 - ' TS P =
woh llszgndlfau deSa luddneg Tumegaeunssy i 8 Satluauides
Py [ . ¥ o 3 o <4 a
fmsndufirmemsmpunsdeimIanuiowmssg, Jususnves Falimshenatiy
o ' ° . ' d '
$anae famyhnuuasrgamainutesg uie lunuiideamsngasdnsaduas

Yuurn Wussuumsnyauemesutugniiy



&z n:l' ¥ o [y v d‘ = 7 1 Y o £ ¢ v 1%
nasiluenansnanulidmsunisldnuienisfinyingu lieygreliiluldussleviaunisi

lidnsallas viedu Bnnsnuilvidnuadlienuaviesssdadadivedenarsnasaninisinluly



El Type Cores
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M Dimensions and Effective Parameter <R UBLCOEBER

Ellective Parameler @LNEATH

Cores Dimensions{mm)=<ti&

2} A 8 [o] [s) [ F v Ciimen ') [Ae(mmi}| ¢ e{mm)|Ve{mml)[Aw{mm?)
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£112.8 Gl Jo.t=0.35 | s.00.2 1 9,200 0 | 25057 [s.000.15 ) 1.620.18) 1.36 (5.7 | 21.4 | 335] (1.0 F
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PULSE-TRANSFORMERS

Table B.12 Contd.

——

Nominal Gauge Maximum Standard Approximate ~ Area of bare
diameter pumber over-ail resistance weight conductor
of bare (SWG) diameter- at 20°C (kg/km) (mm?)
conductor normal Ry
(mm) covering (obm/km)

(mm)
0.315 30 0.351 221.3 0.7121 0.07791
0.345 29 0.384 183.97 0.8559 0.09372
0376 28 0.417 155.34 1.014 0.1110
0.417 27 0.462 126.51 1.245 0.1363
0.457 26 0.508 105.02 1.499 0.1642
0.508 25 0.561 85.07 1.851 0.2027
0.559 24 0.612 70.30 2.233 0.2452
0.610 23 0.665 59.07 2.655 0.2919
0.711 2 0.770 43.40 3.607 0.3973
0.813 21, 0.874 33.23 4.702 0.5189
0.914 20 0.978 2626 5.939 0.6567
1.016 19 1.082 21.27 7324 0.8107
1.219 18 1.293 14.768 10.537 1.167
1.422 17 1.501 10.850 14.313 1.589
1.626 16 1.709 8.307 18.678 075
1.829 15 1.920 . 6.564 23.64« . 2.627
2.032 14 2.129 5.317 29.15 3.243
2337 213 2.441 4.020 38 4.289 -
2.642 12 . 2756 3.146 49 5.480
2.946 11 3.068 2.529 61 6.818
3.251 10 3.383 2.077 74 8.302.
3.658 9: 3.800 1.640 94 10.51
4.064 8 4.219 1.329 116¢ 1297

- e

Table-B.13 Data. for Litz wires. =

Litz wire: Nomina} Outer diameter of theinsulateds de
dizmeter: litz wire- (max. dimeasions)- resistance:
. of the - at 20°C.
- copper Non covered Covered- (65°F)
coamel Single Double R,
wire: natural patural. Q/m
C silk- silk
. . (sy (s)
A x8'xC mm mm mm mar
1x 12 x 0.04 0.208 0.243 0.278 1.190
1x15x0.04 0.228 0.268 0.298 0.950
1x20x0.04 0.04 0.260 0.300 0.330 0.710
1x30x0.04 0321 0.361 0.391 0.475
1 x 45 x 0.04 : 0.400 0.440 X 0.470 0316




USEFUL NOMOGRAMS IN PULSE
TRANSFORMER DESIGN

Winding turns available per cm2 winding space

Enamel wire-

40000 —
Silk-insulated
20000 w‘ire
/ Silk-insulated
enamel wire
3000 e e — Wire with double-
60001 —— silk insulation.
4000 ////
s
/ 8)uX
2000 £
patdVd
o //
& 800 22
o A~ .
g 600 7
o 400 > z
E -
2 .
S 200 v ~ .
7. 3 )
- 100 a
3 80
Z 60
1 08 06 04 02 0.10.08 006 004

Diameter of the-copper wire

dcu

(mm) ——e=—

Fig. C.1 Conductof diameter (mm) versus number of turns per cm? of winding space of a coii-former
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e

ORG  0000H

LIMP  staing

- ORG  0013H

MAaNUIN 3.

é
Tlsunsumugummninemednsziansanuy 4 ArouATHY

{EXTERNAL INTERRUPT 1

LIMP INIT _SCAN

COMMAND  EQU
READBUSY  8QU

WRITEDATA  3QU

PORTA 2QU
PORTB BQU
PORTC 2QU
SETPORT EQU
CRG  01COH

starting:mov [E,#85H

QE080H :READ-WRITH RBGISTER

0B081H ;READ BRBUSY FLAG) AND
;ADDRESS

0B082H ;WRITE CHARACTER

GE020H

0BO21H

0E022H

CE023H ;SET PORT OF 8255

mov TCON.#00001010b

iAwsesesensSTART SHOW DISPLAY®seeresn

STARTED:LCALL INITED

MOV RO#20

MOV DETRADCMOT

LCALL WRITE
MOY R2#18

:SBT TIMB FOR WAIT

WAITED: LCALL SCDBLAY
DINZ R2,WAITED

MQV A#00H

LCALL QOTOXY

MOV RO.#20

MOV DPTRABLANK

LCALL WRITE
MOV RO#0AH
MOV RL40BH
MOV R5#10

STAR: MOV A.RO
DBC R0

LCALL goTOXY

MOV A4

LCALL WRITE _CHR

MOV ARL
NCR1



LCALL GOTOXY
MOV Ag™
LCALL WRITE_CHR
LCALL SCDELAY
DINZ R6.STAR
LCALL SCDELAY
LCALL SCDBLAY
PRSCOM: MOV A #00H
LCALL QOTOXY
MOV Ro#20
MOV DPTRUPRSXEY
LCALL WRITE
MOV 17H#00H
MOY 02H.400H
MOY 1SH#00H
MOV 29H#$00H
MOV 2AH,#00H
STAND: MOV A.17H :ADDRESS 17H CHECK RECETVED
:COMMAND FOR REV,STOP
INZ IMP_INTT
;LCALL TESTRI**#+essrere
SIMP STAND
IMP _INIT:
MOV 17H#00H
LIMP INITS

i #*P****BEQIN SCAN KEYBOARD*»*assses

INIT_SCAN:
PUSH DPL
PUSH DPH
LCALL SCANKEY
POP DPH
POP DPL
MOY PSWH00H :USE REQISTER BANK 0 BERORE RETURN
RETI

SCANKEY:MOV PSW,300001000B ;USB REGISTER BANK 1 FOR
:SCAN KEYBOARD
MOV DPTR#COMMAND
MOV A.#0FH
MOVX @DPTRA
LCALL WAITBR
MOV A #00H :S8T ADDRESS
LCALL GOTOXY
MOV DPTRMINSTRUCT
MOV RO#20
LCALL WRITE



MOV DPTRM#SETPORT
MOV A.#100000018

MOVX @DPTR.A

MOV DPTR.#PORTB
MOY A,02H
MOVX @DPTRA

MOV DETR#PORTA
MOV A29H

MOVX @DPTRA
MOV DPTR#PORTE
MOV A2aH

ORL A02H

MOVX @DPTRA
ORL A,#00010000B
MOV DPTR#PORTB
MOVX @DPTRA
ANL AA11101111B
MOVX @DPTRA

MOV RO#22H
MOV R1#2DH
MOV R2.#0SH
KBEEP: MOV A,@R0
MOV @R1A
INC RO
INCRL
DINZ R2,XBEP
MOV RS¥00H
MOV R7800H
MOV R6,#00H

TEST: LCALL KBY

CINE A#0FFH.CHEX
SIMP TEST

:PORT A O/P.PORT B O/

:PCO-PC3 I/P,PC4-PCS O/

:SBT CON1.CON2 TO UNCHANGE

;SEND SPEED OUT BEFORE INTERRUPT

{KEEP COMMAND AND VALURE OF SPEED
:BERORE SCAN KEYBOARD

;A=0FFH (NO KEY)

;

;#9¥8ee**CHECK KEYBOARD STILL CLOSB**ssesseres

STILL: MOV DFTR#PORTC

TESTZ: MOVX A.@DFTR
ANL AWOFH
CINB A#0FH, TEST2
LCALL SCDELAY
SIMP TEST

IPKBY STILL CLOSB
:DELAY TIMB

;ctoto‘toomm OF sw KEYBOARDU.."....

KEY:



-

KEY0: MOV R2#0
KEYL. MOV DPTRHPORTC
MOY AR2
SWAP A
MOVX @DPTRA
MOV DPTRAPCRTC
MOVX A.@DPTR
ANL A #0FH
CINE A80FHXEY3
KEY2: INCR2
CINE R2#3,KEY!
MOV AMOFFH
RET
KBY3: LCALL SCDBLAY
MOV DPTRAPORTC
MOVX A.@DPTR
ANL A#0FH
CINE A #0PHKEYPRES
SIMP KEY2
KEYPRES:CPL A
SWAP A
MOV B0
KEY4: INCB
RLC A
INC KEY4
MOV AB
DEC A
SWAP A
ORL AR2Z.
RBT

;BEOIN SCAN AT COLUMN 1

:USB 4 BIT UPPER
SCAN

;USE 4 BIT LOWER

{CHECK PRESS XBY

;SCAN 3 COLUMN

JINPUT KBY

\Iﬂ.

H DELAY

SCDBELAY:MOV R3.480
SCDELAYL:MOVY R4#250
SCDB: Nor
Nop
DINZ R4.SCDE
DINZ R3,SCDBLAY!
RET

:DELAY 10 m8

J#****SCHECK WHAT KEY IS CLOSED**esrassussns

CHEX: MOV R3A
MOV ARS
JZ RECEIVB
CINE A#01H,YIEWKE
CHEX1: MOV AR3
CINE A#30H,CHEX2
LIMP CANCEL1

:R3 KEEP CODB

:START RECEIVE COMMAND



CHEX2: CINE A#32H,LCCOMO
MOV ARG
INZ SPENTE ;HAS SPBED VALUB
SIMP STILL

VIEWXE: LIMP VIEWKEY
SPENTE: LIMP SPENTER
STIL. LIMP STILL

LOCOMO: MOV AR?
INZ STRLL iSPZED VALUE HAS 4 DIGIT
MOV AR3

LOCOM: MOV DPTRATABLE
ADD ADPL
MOV DPL.A

WRITENUM:MOVX A.@DPTR
LCALL WRITE_CHR
CaRrRC
SURB A#30H
MOV @ROA
INC RO
INC RS iHAS PRESSED SPBED VALUB
CINB R6$04H,STIL
MQV R7.401H :SPEED VALUR HAS 4 DIGIT
LIMP STILL

;##¥****CHECK KEY COMMAND CLQOSE*#essssrass

RECEIVBMOVY A #400H
LCALL GOTOXY
MOV‘A.&%
FORWARD:CINB A #00H.REYERSB
MOV ROM20
MOV DPTRASROR
LCALL WRITB
LCALL DEL
MOV ROSZ3H :SET ADDRESS FOR KEEP SPEBD VALUB
MOV RS#01H
MOV 22H,#00100000B :ADDRESS 22H KEEP CODE PORWARD
MOV A#10H
LCALL QOTOXY
LMP STILL
REVERSB:CINE A #01H,STOPS
MOV Ro#20
MOV DPTR¥RBV
LCALL WRITB
LCALL DBL
MOV RO#23H
MOV RS#OIH
MOV 22H.#010000008 :ADDRESS 22H KBEP CODE REVERSB



MOV A#10H
LCALL QOTOXY
LIMP STILL
STOPS: CINB A #0ZH,VIEW
MOV 22H#00000000B  ;ADDRESS 22H KERP CODB STOP
MOV RO#20
MOV DPTR#STOPPED
LCALL WRITE
LCALL DBL
MOV 17H.#66H
RET
VIEW: CINB A#31H.CANCEL
MOV RO#20
MOV DPTRAVIEWED
LCALL WRITE
MOV RS#02H  :CODB POR VIEW
MOV A #09H
LCALL GOTOXY
LIMP STILL
CANGCEL: CINB A#30H.STILS
CANCEL1:MOV A$00H
LCALL GOTOXY
MOV RO#20
MOV DPTR#CANCELS
LCALL WRITE
MOV R7.604H
CANC: LCALL SCDELAY ;DELAY TO SHOW CANCEL
DINZ RT.CANC ;POR A MOMENT
MOV RO#22ZH ;RETURN COMMAND AND YALUE OF SPEED
MOV RL#3DH :BEFORB SCAN KBYBOARD
MOV R2#05H
RETURN: MOV A.@R1
MOV @RO.A
INC RO
INC R1
DINZ R2.RETURN
MOV AB00H
LCALL GOTOXY
MOV R1#22H
MOV A.@R1
INC R1
LIMP SHOR

STILS: LIMP STILL

»

WRITB: MOVX A.@DPTR
LCALL WRITB_CHR
INC DPFTR
DINZ RO.WRITE
RET



;t”ntnmucﬂgm WHAT TO vmw""."l.’.

VIEWKET:MOV A.R3
MOV 15H#5FH
VIEWT: CINB A#12H,VIEWC iVIEW TCRQUEB
MOV RO#0O6H
MOV DPTRAVIEWTO
LCALL WRITB
MOV 16H,#02H
LCALL FIND _TORQUR
SIMP SPEN
VIEWC: CINB AXLIHSTILLED  ;VIEW CURRENT
MOV ROM#OTH
MOV DPTRAVIEWCUR
LCALL WRITE
MOV 16H,#05H
LCALL CONVERT_CURRENT
SIMP SPEN

STILLED:LIMP STILL

pevesrerssCLEAR SPEED VALUB COMMAND®*rassess

DEL: MOV RO#23H ;CLEAR SPBBD VALUB
MOV R4,#04H
DELL: MOV @RO.#00H
INC RO.
DINZ R4,DEL1
RET

o

{#32020+SHOW COMMAND BEFORE VIEW#sreese

SPEN: MOV R7420
SPEN1: LCALL SCDELAY
DINZ R7,SPEN1
MOV A#00H
LCALL QOTOXY
MOV R1.#2ZH
MOV A.@R1
INC R1
SHOF: CINB A#20HSHOR \FOR BEFORE VIEW
MOV RON20
MOV DFTRM#FOR
LCALL WRITE
SIMP TEX
SHOR: CINB A.#40H.TOP ;REV BEFORE VIEW
MOV Ro,#20



-

MOV DPTR#REV
LCALL WRITE
SIMP TEX
TOP: MOV RO.420
MOV DPTRMSTOPPED
LCALL WRITE
RET
TEX: MOV A#10H
LCALL GOTOXY
MOV R2#04H
TEX1: MOV A.@RI
IZ TEX3
TEX2: MOV A.@R1
INC RI
ADD A#30H
LCALL WRITE_CHR
DINZ RZTEX2
RET
TEX3: INCRI1
DINZ R2TEX!
MOV A 20
LCALL WRITE_CHR
RET

;STOP BEFORE VIEW

;SHOW SPEED BEFORB VIBW

H SYHED BENTER'

SPENTER:CINB R6404H,PAIR
SIMP TO_HEX
PAIR: MOV ANOSH
CLRC
SUBB A.R6
MOV R6A
PAIRL: MOV RO#26H
MOV R1#25H
MOV R2403H
PAIRZ: MOV A,@R1
MOV @ROA
MOV @R1#00H
DEC RO
DEC R1
DINZ R2,PAIRZ
DINZ R6.PAIRL
SIMP TO_HEX

;HAS PRESSED SPEED ENTER

SPBED LESS THAN 4 DICIT

;##9839*CONVERT BCD TO HEXADECIMAL***sese

TO_HEX: MOV A23H
MOY BAOAH
MUL AB
MOV BAHOAH

;BCD SPEED TO HEX



ADD A24H

MUL AB

MOV B#OAH

ADD A2SH

MUL AB

ADD A26H

MOV 13HA ;13H XKEEP 8 BIT LOWER
MOV AB

ADDC A #00H

MOV 14HA :14H KEBP 4 BIT UPPER

;#s##9sCHRECK SPEED VALUR OVER SPERD**»#es

OVERSP: MOV B#05H
DIV AB
JZ NOT_OVER
CINE A#01H,SP_OVER
MOV AB
JNZ SP_QVER
MOV A,13H
MOV BADCH
DIV AB
IZ NOT_OVER
CINE A#01H,SP_OVER
MOV AB
JNZ SP_OVER
NOT_OVER:
MOV 17H#55H
MOV A#00H
LCALL GOTOXY
MOV RO#20
MOV DPTR 40K
LCALL WRITB
MOV R7.#04H
OKAY: LCALL SCDELAY ;DELAY TO SHOW OK
DINZ R7.0XAY ;FOR A MOMENT
MOV A#0CH
LCALL GOTOXY
MOV R1.#22H
MOV A, @R1
INC R1
LIMP SHOF

SP_OVER:MQV A.#00H
LCALL QOTOXY
MOV RO#20
MOV DPTRM4OVERSPESD
LCALL WRITE
MOV R7.#04H
LO: LCALL SCDELAY :DELAY TO SHOW OVER SPEED FOR



e

-

e e

DINZ R7,LO :A MOMENT
LIMP SCANKEY

;#** SET INTTIAL CONDITION G LCD ***

INITED: MOV DPTRACOMMAND

MOV A#38H :8 BIT.2 LINB, 5*7 DOT
MOYX @DPTRA ;WRITB INSTRUCTION
LCALL WAITBF {WAIT LCD LCD BUSY
MOV A #0FH ;DISPLAY-ON,CURSOR-ON,BLINK
MOVX @DPTRA
LCALL WAITER
MOV A #6 ;CURSOR INCREMENT
MOVX @DPTRA
LCALL WAITER
© MOV A#L ;CLEAR DISPLAY & HOMB
MOVX @DPTRA
LCALL WAITBR
RET

;#922%%® WRITE CHARACTER TO LCD#**eas

WRITE_CHR:PUSH DFL

PUSH DPH

MOV DPTRAWRITEDATA
. MOVX @DPTRA

LCALL WAITB? {WAIT LCD MODULE READY

POP DPH
POP DPL
RET

;**** WAIT POR READY,CHACK BUSY FLAG®***»

WAITBF: PUSH DPL
PUSH DPH
PUSH ACC
MOV D?TR.!READBUS‘{
RDYl: MOVX A.@DPTR
B ACC.7,RDY1 :BUSY FLAG
POP ACC
POP DPH
POP DPL
RBT

;.'..“ oo TO ADDRESS OR LCD *ONNRBIINES

GOTOXTY: MOV DPTR#COMMAND

£

it



SETB ACC.7
MOVX @DPTRA
LCALL WAITBP
RET

;.”.""m. sHow COWAND EPXTURAFIFREY

INSTRUCT: DB* ENTER COMMAND '
DCMOT: DB '4-QUADRANT DC MOTOR '
BLANK: DB '

PRSKEY: DB' READY FORRUN
POR: DB 'PORWARD SPEED = °*
YIEWTO: CB TORQU®E'

VIEWCUR: DB 'CURRENT

QVERSPEED: DB' OVER SPEED °
REY: DB REVERSE SPEED = '
STOPPED: DB STOP d
VIEWED: DB' VIEW: '
CANCELS: DB CANCEL !

OK: DB oK. o

#****SELECT THB THING YOU WANT TO SER *e#s

.

TESTRL: MOV PSW,#00001000B  :USB REQISTER BANK 1
:TO SHOW
LCALL OFF_CURSOR
MOV A,15H
CINE A #00H,SHOWPARA
LCALL FIND_SPEED
MOV PSW.#00H
RET
SHOWPARA:
MOV A,16H
SHOWT:
CINE A #02H.SHOWC
LCALL FIND_TORQUE
MOV PSW.400H
RET
SHOWC:
LCALL CONVERT_CURRENT
MOV PSW #00H
RET

;2*##* CHANGE BINARY TO BCD **sesrs

FIND _SPBED:
MOV DPTRW¥EOACH
MOVX A.@DPTR  ;MOVB DETECT FRBQUENCY TO A



S —

i -

N

MOV BAIEH :MOVE 30 TO B
MUL A3 :CONVERT SRIQUENCY TO SPEED
MOV IBH.A ;LOW BYTB TO ADDRESS 2BH
MOV 2CH.B :HIGH BYTR TO ADDRESS 2CH
LCALL BCD_SPEED
LCALL sPBED
RET
FIND_TORQUE:
MOV DPTR#EOAIH
MOVX A.@DPTR
MOV B.#12
DIV AB
MOV 12HA
MOV AB
CLRC
SUEB A #6
IC FREX
INC 12H _
FREX: MOV A.12H :MOVB REAL CURRENT TO A
MOV B405H
MUL AB
MOV B.#10
DIV AB
MOV RéA
MOV AB
1Z STATUS
INC R4
STATUS: MOV A.12H
ADD A.R4
MOV ROS87TH
LCALL BCD_VT
LCALL TORQURB
DBC 15H
RET
CONVERT _CURRENT:
MOV DPTR#EQAIH
MOV ASFFH
MOVX @DPTRA
MOVX A.@DPTR
MOV B#12
DIV AB
MOV 1ZHA
MOV AR
CLRC
SUBB A#6
JC.FRESH
INC 124
FRESH: MOV A.12H
MOV ROSEAH
LCALL BCD_VT



]

LCALL CURRENT
DBC 154
RET

BCD_SPERD:

MOV RO#80H  ;SET ADDRESS
MOV B#AH MCVE 10 TORB

MOV AZBH
ANL AAPOH
ADD A2CH
SWAP A
DIV AB
SWAP A
MOV R2A
MOV AB
SWAP A
MOV R3A
MOV AZBH
ANL A #0FH
ADD AR3

MOV B#OAH MOV 10 TOB

DIV AB

MOV @R0B

NC RO

ADD ARZ
BCD_VT: MOV RLH0ZH

LOOP: MOV B#0AH MOV 10 TO B

DIV AB
MOV @RO.B
INC RO

DINZ R1.LOOP
MOV @RO,A
INC RO

RET

: STARTLCD

SPEED: LCALL OFF_CURSCR
MOV A#40H
LCALL GOTOXY
MOV DPTRASPBE

:MQV ADDR OF SPEB TO DPTR

MOV RO#20 :No OF #SPER

LCALL WRITH

LCALL STARTS :SHOW SPBED TO LCD
RET :RETURN TO BCD

CURRENT: LCALL OFF_CURSOR
MOV AM40H
LCALL GOTOXY
MOV DPTRACURREN
MOV RO.#20

iTHE SAME AS SPEED



LCALL WRITE
LCALL STARTC
RET

TORQUB: LCALL OFF_CURSOR

MOV AMOH

LCALL GOTOXY
MOV DPTRATORQ

MOV RO#20
LCALL WRITB
LCALL STARTT
RET

:RETURN TO BCD
;THE SAMBE AS SPEED

;REBTURN TO BCD

;tnmn"nom grAR’r SHOW Na’”.'.‘".."'

STARTC.
MOV R2.80ZH
MOV RO #8BH
MOV A#4CH
LCALL GOTOXY
LCALL LOOPA
RET

STARTS:
MOV R24
MOY RO#83H
MOV A#M9H
LCALL QOTOXY
LCALL LOOPA
RET

STARTT:
MOV R293
MOY RO#35H
MOY AMBH
LCALL QQTOXY
LCALL LOOPA
RET

LOQPA:
MOV A,@RO
LCALL No_

LCALL WRITB_CHR

DEC RO
DINZ R2Z.LOQPA
RET

#8BH IS ADDRESS CURRENT
:SET LOCATION ON LCD

;#83H IS ADDRESS SPEED
;SET LOCATION ON LCD

#89H S ADDRESS TORQUR
:SBT LOCATION ON LCD

OFF_CURSOR:MOY DPTR¥COMMAND

MOV A#0CH

MOVX @DPTRA
LCALL WAITBR

RBT

;#*****sCHANGE BCD TO ASCI*eeeeees

=



No.. INCA

MOVC A,@A+PC

RET

DB ¢’

DB 1

DB 72

DB '3

DB ¢

DB s

DB '¢

DB ‘7‘

LB 'é'

DB ¢
SPEE: DB 'SPBED = RPM. '
CURREN: DB ' CURRENT= A. '
TORQ: DB' TORQUE= NM.'

;###%3¢ TABLE OF KZY BOARD #eeesss

ORG 0800H
TABLE: CB‘1'. 2,
ORG 0810H

DB#,'5.,'¢

ORG 0820H
DB'T.%,9
ORQ 0830H
DB ", 0", =

ORG 0840H
[ FPOPSIINHIBIT CON. Feoovees
INITS: MOV PSW,300H ;USB REGISTER BANK 0
MOV DPTR#PORTB
MOV A,#00000000B
MOYX @DPTRA

;##*** DESCRIPTION OF ADDRESS AND REGISTER #**eeseres

{22H KEEP CODB PORWARD,REVERSE,STOP COMMAND
;R2 KBEP CODE FORWARD,REVERSE.STOP THAT USE NOW

:13H KEBP § BIT LOWER OF SPEBD VALUE COMMAND
:14H KBEP 4 BIT UPPER OF SPEED VALUE COMMAND

:R4 = § BIT LOWER RUNSPEBD BEGIN = 0 RFM
;RS = 4 BIT UPPER RUNSPBED BEGIN = 0 RPM

:R6 = 8 BIT LOWER OF ANGLB OUT TO D/A
iR7 = 4 BIT UPPER OF ANGLE QUT TO D/A



INIT: MOV R222H
START: CINB-R24001000006,START _REV
START_FOR:
MOV DPTRAPORTE
MOV AR2
MOVX @DPTRA
LIMP PRE
START_RBV:
CINE R2H#010000006,START_STOPR
MOV DPTR#PORTE
MOV AR2
MOVX @DPTRA
LIMP PRE
START_STOP:
MOV DPTR#PORTB
MOV A.R2
MOVX @DPTRA
LIMP REST_LOOP
jevewsene®sIET D/A = S VOLT ,START AT 180%¢sesasws
X180: MOV DPTR#END_TABLE
A:  MOVX A.@DPTR
MOV R6A
INC DPTR
'MOVX A.@DFTR
MOV R7A
SIMP B
Al:  LCALL X180_DELAY
LCALL C
LCALL D
CLRC
MOV A.DPL
SUBB A #03H
MOV DPLA
MOV A.DPH
SUEB AJ00H
MOV DFHA
SIMP A
B: MOV A#DCH
XRL ARS
Z3B1
SIMP Al
BL MOV A#0SH
XRL A.R?
zZB
SIMP Al

C PUSH DPH
PUSH DPL



o

CLRC

MOV A#BSH
SUBB A.R6
MOV R6.A
MOV 29H A
MOV A#0BH
SUBB A,R7
MOV R7A
MOV 2AHA
POP DPL
POP DPH
RET

D: PUSH DPH
PUSH DPL
MOV DPTRMPCRTA
MOV ARG
MCVX @DPTRA
INC DPTR
MOV AR7
ORL AR2
MOYX @DPTRA
ORL A.#00010000B
MOVX @DPTR.A
ANL A#11101111B
MOVX @DPTRA
POP DPL
POP DPH
RET
B: MOV RT#DCH
MOV R6,#05H
LCALL D
RET
X130_DBLAY:
MOV R3,#07H
X130 _DELAYI:
MOV RO#TFH
X180_DBLAY2:
Noe

DINZ R0.X130_DELAY2
DINZ R3,X180_DELAY!

RET
PRE: LCALL X180
PREBL: CLRC
MOV R4#00H
MOV RS#00H
LIMP ControlSpeed
DELAY: MOY R3#0FH
DELAY1. MOV RO#7FH
DBLAYZ. NOP

*EANETY eenser



DINZ RO.DELAYZ
DINZ R3.DELAY?
RET

DTOAL

DX.

MOV DPTR#INTT_TABLE
MOV DPL,R4
MOV ARS
ADD A,DPH
MOV DPH.A
MOVX A.@DPTR
MOV R6A
INC DPTR
MOVX A.@DPTR
MOV R7A
LCALL X
RET

QR C
MOV A#BSH
SUBB A.R6
MOV R6A
MOV 29H.A
MOV A40BH
SUBB A.R7
MOV R7TA
MOV 2AHA
RBT

MOV DPTR#PORTA
MOV A.R6
MOVX @DPTRA
INC DPTR
MOV AR?
ORL A.R2
MOVX @DPTRA
ORL A.#00010000B
MOYX @DPTR.A
ANL A 4111011118
MOVX @DPTRA
RET

DTOA2:

CLRC

MOV AR4

MOV DPTRAMINIT_TABLE
ADDC A,DPL

MOV DPLA

MOV ARS

ADDC A,DPH

MOV DPHA

MOVX A.@DPTR

MOV R6A



MOV 29HA
LCALL X

INC DPTR

MOVX A.@DPTR
MOV R7A

MOV 2AHA

ORL A,R2

LCALL Y

ORL A,#00010000B
MOV DPTRAPORTE
MOVX @DPTRA
ANL A#11101111B
MOVX @DPTRA
RET

X: PUSH DPH

PUSH DPL

MOV DPTRAPORTA
MCVX @DPTRA
POP DPL

POP DPH

RET

T PUSH DPH

PUSH DPL

MOY DPTR#PORTB

MOVX @DPTRA

POP DPL

POP DPH

RET
CantrolSpeed:

MOY DPTRABOAIH

MOV A#92H

MOVX @DPTRA
LoopControl:

MOV DPTRABOACH

MOVX A,@DPTR

MOV B.#30

MUL AB

MOV 2BHA

MOV 2CHB
BRROR: CLR C

MOV A,13H

SUBB AZBH

MOV A,14H

SUBB A2CH

JC LOWER _LIMIT

MOV A.13H

XRL A2BH

12 ZERO

SIMP UPPER _LIMIT
ZERO: ' MOV A.l4H



XRL A2CH
Z LeopCon
SIMP UPPER _LIMIT

LaepCon:MOV A, 17H

JNZ INT_CHANGEL

LCALL XDELAY

LCALL XDELAY

LCALL XDELAY

LCALL XDELAY

LCALL XDELAY

LCALL XDBLAY

LCALL XDBLAY

LCALL XDELAY

LCALL XDELAY

LCALL TBSTBI

MOV PSW #00H

SIMP LoopControl

INT_CHANGEL:

MOV 17H #00H

LIMP TEST4Q
LOWER _LIMIT:

MOV AR4

XRL A#00H

iZ Low

SIMP DECSPEED1
LOW: MOY ARS

XRL A#00H

XZ LoopCon

SIMP DECSPRED1
UPPER _LIMIT:

MOV AR4

XRL A#90H

Z up

SIMP INCSPEBD1
UP: MOV ARS

XRL A #0BH

JZ LoopCon

SIMP INCSPEED1
DECSPBEDI:

MOV A,lTH

INZ INT_CHANGE2

ClRC

MOV AR4

SUBB A#02H

MOV R4A

MOV ARS

SUBB A #00H

MOV RSA

LCALL DTOA2

LCALL XDELAY



LCALL TBSTBI
MOV PSW, #00H

LIMP LoopControl

INT__CHANGEZ:

MOV 17H.#00H
LIMP TEST4Q

INCSPEBD1:

MOV A.17H
INZ INT_CHANGE3
CLRC

MOV AR4

ADDC A #02H
MOV R4A

MOV ARS

ADDC A #00H
MOV RSA

LCALL DTOA2
LCALL XDRLAY
LCALL TESTSI
MOV PSW.#00H
LIMP LoopControl

INT_CHANGE3:

MOV 17H#00H
LIMP TBST4Q

XDELAY: MOV R3#5FH
XDELAY1MOV ROSTFH
XDELAY2:NOP

DINZ RO.XDELAYZ
DINZ R3,XDRLAY!
RBT

TBST4Q:

;SOOI CHECK STOP COMMAND*#»sssss
MOV PSW.#00H ;USB RBGISTER BANK ¢
MOV A R2

JZ GOTO_INIT1
MOV A22H
CINE AM#00H,CHECK _CHG
LIMP STOP

JINITIAL MOTOR STOP

GOTO_INTTI:

LIMP INIT
:#*%e*r20CHECK COMMAND CHANGE®*#*+ss

CHBCX _CHG:

JAY:

MOV A,13H

Z JAY

SIMP CHECK _CHG1
MOV A,14H

Z IMP_STOP1

SIMP CHBCK _CHG1

IMP_STOP!.

LIMP STOP



JOTO _CHANGEL:
LIMP CHANGE
CHBCK _CHGL:
MOV A22H
ANL AR2
JZ COTO_CHANGEL
NO CHANOE!

j*eew=resCHECK NEW SPEED = QLD SPEED*résere
IN_SPEED:

MOV DPTR#ECAOH

MOVX A,@DPTR

MOV B30

MUL AB

MOV ZBHA

MOV 2CHB
COMPARE:

QLR C

MCV A13H

SUZB AZBH

MOV A,14H

SUBB A2CH

JC GOTO_DECSFD
GOTO_CTRLSPDI:

LIMP CorntmiSpeed
QGOTO_DECSPD:

LIMP DECSPEED
STOP: CLRIB7
STOP4: LCALL STOP1

LCALL LOOPSTOP
INHIB: MOV DPTRAPORTB

MOV A00H

MOVX @DPTRA

MOV R2.400H ;MOVE STOP CODE TO R2

SETB IR7

LIMP REST_LOO?
CHANGE:

LCALL PRESTOP

MOV R2.22H

LIMP ControlSpoed
DECSPEED:
CHBCK _LWRLMT:

MOV AR4

XRL A NOCH

IZ LITTLE

'SIMP REAL_DEC
LITTLE. MOV A.RS

XRL A #00H

JZ GOTO_CTRLSPD2



SIMP REAL_DEC
GOTO_CTRLSPDZ.
LIMP ControtSpeed
REAL_DBC:
LCALL sTOP1
LCALL LOOPSTOPZ
; ***INHIBIT CON***
MOV DPTR¥PORTS
MOV A, #000000008
MOVX @DPTRA
CHECK _CURRENTL:
MOV DPTR#BOAIH iMOVE CURRENT TO A
MOVX A.@DPTR
JZ CALL_CHQCON1
LCALL DELAY
SIMP CHECK _CURRENT!
CALL_CHGCON1:
LCALL CURRENT DELAY
LCALL CHGCON g
LCALL DTOA2
LIMP CenzrolSpeed
LOOPSTOPZ:
CHEX_LWRLMT.
MOV AR4
XRL A#00H
IZ DUCK
SIMP LOOP_DEC
DUCK: MOV ARS
XRL A#00H
Z THROW
SIMP LOOPDEC
THROW: RET
LOOP_DEC:
CLRC
MOV AR4
SUBB A#02H
MOV R4A
MOV ARS
SUBB A#00H
MOV RS,A
LCALL RGDELAY
LCALL DTOAL
LCALL DX
LCALL TESTBI
MOV PSW,#00H
REALSP_IN:
MOV DPTR#E0AOH
MOVX A.@DPTR
MOV B#30
MUL AB



MOV ZBHA
MOV 2CHB
CHBCK _VELO:
CLRC
MOV AL13H
SUBB AZBH
MOV A,14H
SUBB A2CH
JC AGAIN _CHECK
SIMP LOQOPSTOP2
AGAIN_CHECX:
LCALL DELAY )
MOV DPTR#EOAOH
MOVX A.@DPTR
MQY B#30
MUL AB
MOV 2BHA
MOV 2CHB
CHBCX _VBLOL:
CLRC
MOV A13H
SUBB A2BH
MOV A,14H
SUBB A2CH
JC CONTROL2Y
SIMP LOOPSTOP2
CONTROLZY:
RBT

PRESTOP:
LCALL STOP?
LCALL LOOPSTOP1
JQONB_OUT:

LOOPSTOPL:
CLRC
MOV AR4
SUBB A#02H
MOV R4A
MOY A.RS
SUBB A #00H
MOV RS A
LCALL DTOA1
LCALL DX
LCALL TESTRI
MOV PSW.#00H
CHECK _$0X:
MOV Ax00H
XRL A.R4



TZ CHECK 301X

SIMP LOQ?PSTOPL
CHECK _$01X:

MOV A #00H

XRL ARS

JZ CONTROLZP

SIMP LOOPSTOP1
CONTROL2F:

RET

STOP1:
[SRRRSSSINLTRIT CON sessvsrrnnass
MOV DPTR4PORTS
MOV A #00000000B
MOVX @DPTRA
CHECX _CURRENT:
MOV DPTR#BOAIH
MOVX A.@DPTR
2Z CALL_CHGCON
LCALL DELAY
SIMP CHECK_CURRENT
CALL_CHGCON:
LCALL CURRENT_DELAY
LCALL CHGCON
MOY R4#BSH
MOV RS40BH
LCALL DTOAL
MOV DPTR#PORTA
MOV ARS
MOVX @DPTRA
INC DPTR
MGV ART7
MOVX @DPTRA
ORL A.#00010000B
MOVX @DPTRA
ORL ARZ
MOVX @DPTRA
ANL A#111011113
MOVX @DPTRA
RET

CURRENT_DELAY: {DBLAY 20 MS
MOV R3,#50H
CCDELAYI:
MOV RO#FFH
CCDBLAYZ:
DINZ RO,CCDBLAY2
DINZ R3.CCDELAY!
RET



LooesTOP:

CLRC

MOV A R4

SUZB ANZH

MOV R4A

MOV ARS

SUBB A,¥00H

MOV RSA

LCALL TESTRI

MOV PSW #00H
CHECK _REALSP.

MOV DPTRMEJACH

MOVX A,@DPTR

CLRC

SUBB A.#04H

JC FEW _DBLAY

SIMP CHECK _%0
FEW _DELAY:

LCALL RODELAY
AGAIN_RBAL:

MOV DPTRH#EOAOH

MOYX A.@DPTR

CLRC

SUBB A#04H

JC CONTROL2
CHECK _50:

MOV ARBAH

XRL AR4

JZ CHBCX _s01

LIMP SEND_OQUT
CHECK _901:

MOV A#03H

XRL ARS

JZ CONTROL2G

SIMP SEND_OUT
SEND_QUT:

LCALL RGDELAY

LCALL DTOAL

LCALL DX

LIMP LOOPSTGP
CONTROL2:

LCALL DTOAL

LCALL DX

RET
CONTROL2G.
WAIT_QUT:

MOY DPTRAEOAOH

MOVX A.@DPTR

CLRC

SUBB A#OFH



JC CONTROLZX
LCALL TBSTBI
MOV PSW #00H
LCALL WETDELAY
LCALL WEBTDBELAY
LCALL WETDELAY
LCALL WETDBLAY
LCALL WETDBLAY
SIMP CONTROL2G
CONTROLZX:
MOV R6.#BSH
MOY R7.40BH
LCALL D
RET
RGDELAY: MOV R3#07H
RGDBLAY1: MOV ROMTFH
RODELAY2: NOP
DINZ RO.RGDELAY2
DINZ R3,RGDELAY1
RET
WETDELAY: MOV R3#8FH
WETDELAYL: MOV RO#FFH
WETDELAY2: DINZ RO, WETDELAYZ
DINZ R3,WBTDELAY1
RET
CHQCON:
MOV AR2
CPL A
ANL A #01100000B
MOV R2A
RET
RBEST_LOOP:
MOV AL7TH
INZ CHG_COMMAND
LCALL TBSTBI
MOV PSW.#00H
LCALL REST_DBLAY
SIMP REST_LOOP
CHG_COMMAND
MOV 17H#00H
LIMP TEST4Q
REST _DELAY:
MOV R3#FFH
REST_DBLAY!:
MOV RO#FFH
REST_DELAY2:
Noe
DINZ RO,REST_DBLAYZ
DINZ R3,REST_DBLAY!
REBT
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COS TABLE

ORG 1000H
INIT_TABLE:
DB DCH :00..10
DB 05H
DB DBH
DB 05H
DB DAH
DB 0SH
DB DAH
DB 0SH
DB DSH
DB 05H
DB D8H
DB 0SH
DB DgH
DB 0SH
DB DTH
DB 05H
DB DSH
DB 05H
DB D6H
DB 0SH
DB DSH
DB 05H

DB D4H ;1120
DB 05H
DB D4H
DB 05H
DB D3H
DB 05H
DB D3H
DB 05H
DB D2H
DB 05H
DB DIH
DB 05H
DR DIH



DB 05H
DB DOH
DB 05H
DB CFH
DB 05H
DB CFH
DB 05H

o ;21..1490

DB 68H :1491..1500
DB 00H
DB &2H
DB 00H
DB 5CH
DB 00H
DB 55H
DB 0oH
DB 4DH
DB 00H
DB 45H
DB 00H
DB 3CH
DB 00H
DB 31H
DB 00H-
DB 22H
DB 00H
END_TABLE:
DB 00H
DB 00H
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n Generation 3 %
AD7541A Recommended for New Designs ROLEARZQURRIION )~
— 3 (NOT TO SCALE)
’ lour % L4 73] Aseromacx
GENERAL DESCRIPTION wre [2 ‘ 7] Vaes 1N
The Analog Devices AD7541 isa low cost, high performance ano {7} (78] Voo 1+ )
12-bit monolithic multiplying digital-to-analog converter it 1 s (] [15] air 12 wsar
fabricated using advanced double-layer-metal CMOS technolo- wr2 5] Da] arr 1
gy and packaged in 2 standard 18-pin DIP. : w3 (8] 3] w10
Pin compatible with the AD7521, this new device uses laser Ni” % ::: 'l
wafer trimming to provide full 12-bit linearity and excellent . YL 7 i
absolute accuracy. wreE] [ ¥R
The inherendy low power dissipation, coupled with the cur-
rent switching R-2R ladder, ensures that the pcrfommncc is <
maintained over the full temperature range. . - ~
ORDERING INFORMATION
. Temperature Range and Package
* 7 ..| Plasde *  ..Ceramic . Ceramic i .
Nonlinearity | 0 to +70°C -25°Cto +85°C -55°Cto +125°C : -

0.02% | AD7S#JN ¥ AD7S41AD  AD7541SD
0.01% | AD7541KN- - AD7S41BD AD7541TD

PACKAGE IDENTIFICATION! S e ‘ ST AR
Suifix “D*": Ceramic DIP (D18B) : T e
Suffix “N": Plastic DIP (N18B)

!See Seamn ‘19 for pu:k:g: outline infomnnon- -

P
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SPECIFlCATIONS ;v.,;-

15V, VREF,;HOV unless cthonmse nomd)

’

N - - A N
‘Y . s - e, )
Tp-miomex - | TEST CONDIION - _d
oy ND MR . el i A s b
-— 12 §|~— ~ b
- . 4 LY - . PR - *
s g B IR R L ¢ RN 24 S, -
o ,Ams«»uu AD75414D, ADTSHSD! 1158 max .. *1LSBmax- " Vour =Vourz =0V o e e ~‘~1
= SAD7541KNIAD7541BD, AD7S41TD?  2L/2LSB max L 2u2SBmax ¢ et s .
el A ad Y. B *12.515B - 216.71158 . PR Y X . Ak TR P =
P P e A i : ! B ; WSS T8 33
Power Supply R '«’So"w T #740.01% per % raax 0.02% per % max Vpp = 14.5V —15.5v ¥ v AAERTAT
- Outpet Leakage Current +50nA max +200nA max VREF = £10V.-"02 0] merendiinie™d Jul
DYNAMIC PERFORMANCE ™™~ '~ =™~ T ettt
Output Current Serding Time®  « ', Lgsmax. 1us max To £1/2LSB of Full Scale Range >
Feedthrough Error’~ 1mV p-p max 1mV p-p max VRer = 20V pp @ 10kHz.-
REFERENCE INPUT ° . R - SRS
Input Resistance 5%€2 min, 20k 2 max Sk min, 20k max [N o Ttaeer e
DIGITA.L INPUTS _. .. .. « e e sl
Vouu - - . ~ : 2.4V min 2.4V min
VgL ~pres i - 0.8V max 0.8V max TOTan U,
Iaput Leakage Current =1pA max +14A max Vg =0orlisV . .
Ioput Capacitance® 8pF max 8pF max L
Input Coding Binary or Offset Binary -
(sec Page 5) .
ANALOG OUTPUTS : - . = - ~
OntpntCn.pmt:.nce = 7 T B — . - e
Coumt 200pF max 200pF max } Digiral Inputs
Courz 60pF max 60pF max = Vi
Couna y 60pF max 60pF max Digital Inputs
Courz 200pF max 200pF max } =VmL
POWER REQUIREMENTS
Vo Range +5V min, +16V max +5V min, +16V max Accuracy is not "
guaranteed over this n.nge.
Ipp 2mA max 2mA max Digital Inputs = Vpyy
1 or VL
NOTES
'], A 124 S versions are monotonic to 11 bis. A
3K, B and T versioas are monotoaic to 12 bis.
? Using intwernal feedback resistor,
*Max gain change from +25°C ©© Trnin 0f Tray is £4.2LSB max,
! Guarmnted by dexign, not subject to test,
Specifications subject to change without nodce.
ABSOLUTE MAXIMUM RATINGS SPECIFICATION DEFINITIONS

(Ta = +25°C unless otherwise noted)

VEBD(OGND) . . ..ottt e +17Vv
VREF(OGND) ... ... .. i iiinnn. 25V
Digital Input VoltageRange ... ........... Vpp to GND
Output Voltage (Pin 1,Pin2) ............ -0.3V to Vpp
Power Dissipaton (Package)
UPTto+75°C oo eiiiiiinciiee e sus 450mW
Derate above +75°C by .. 6mw/°C
Operating Temperature
JN,KNVersions. . .........cvuuun.... 0 to +70°C
AD,BD Versions. . .. .............. ~25°C 1o +85°C
SD, TD Versions. . ............... -55°Cto +125°C
Storage ;l'cmpmturt ............... . -65°C10+156°C
CAUTION

1. "Do'not xpply voltages higher than Vpp or less tba.n GND
-" potential on any terminal except VRER.

2 The dxgnzl control inputs are zener protected; however
permanent damage may occur on unconnected units under
high cnergy clectrostatic fields. Keep unused i mpurs in

- conducuvc foam at all mes.

b

-

S tw T ot

RESOLUTION: Value of the LSB. For example, a unipolar
converter with n bits has a resolution of (2°2)(Vggg). A
bipolar converter of n bits has a resolution of [27(8-1)]
[VREp] Resolution in o way unphcs lmnnry ot

SETTLING TIME: Time rcqun'cd for the output - function of
the DAC o settle to within 1/2 LSB for a given dngxtal in-
"“put stimulus,’ie., 0 to Full Scale: .

GAIN: Ratio of the DAC's operational amphﬁer output
voltage to the input voltage. - i

FEEDTHROUGH ERROR: Error cz.uscd by czpacmvc )
coupling from VREF to output with all switches OFF. *

OUTPUT CAPACITANCE:
IoyT2 terminals to ground.

OUTPUT LEAKAGE CURRENT: Cum:nt which 2ppears

on loyT1 terminal with all digital inputs LOW oron Iou—rz

_terminal when alli mputs ‘are HIGH.

Capacity from Iou'n and
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T Ay r-ﬁ"\"i' el p i) Tuirzivatliels '-" £ r:—.- amzasetAs mnm -4- 2w erpid
T et fhEraeine LSS SR in o

TYPICAL PERFORMANCE CHARACI'ERISTICS APPLICATION HIN‘I‘S ' '
U =3 Yt Y T 3 nsrd o Selt 35ral e Linesrity dcpends upon the potendal of loyTy 20d IoyTz -

AT L e ] - e, (pin 1 and pin 2) bcmg exzcdy cquzl to GND (pin 3) and the
sxrestasy sl el output amplifiers non-inverdng (+) input. Carcful PC board
b=t P N layout and adjustment and sc!ecumrof the a.mphfe:s offset
Erex|-agin| - tsefeoa iz ao o voltage and b‘” gurmrent is neccssuy Rt U A
gx'T e G N ;'77“"’.'?.'-"’7 - The input Tiétures of some high speed opmmnzl amplifiers
oz = cam attempt to draw substantial current during switch-on.
PRSIk E Cop e (oY Schottky diodes should be used in these circumstances to
3 SR R el prevent the absolute maximum rating for VOUT! and Vourz
o - being exceeded. -
o . I
A0 - The power supply should be c:.refully checkcd for noise,
oL 5 v = o — which would affect performance, and overshoot which could
el imceVpg Vol -e eel damage the device. - - .- .
Figure 1. Gain Erroc vs. Supply Voitage \ Unused digital inputs must alwzys be grounded or taken to
v g = “ Vpp to ensure correct operation. Particular care should be
el - : taken when digital inputs are routed to another PC card. Itis *

- ' recommended that inputs open-circuited when PC cards are* -
i 1 disconnected be taken to Vpp or GND viz high value (1MS2)

resistors to prevent the accumuladon of static charges.
s . : Y, V
10 el
3 | /’ CIRCUIT DESCRIPTION
et BLe GENERAL CIRCUIT INFORMATION
//‘“ el The AD7541, a 12-bit multiplying D/A converter, consists
1A 1 of a highly stable thin film R-2R ladder and twelve CMOS
°5 5 10 [T current switches on a monolithic chip. Most applications
Voo —Votm:. - require the addition of only an output operational amplifier

Figure 2. Supply Current vs. Supply Voltage and a voltage or current reference.

The simplified D/A drcuit is shown in Figure 5. An inverted

004
R-2R ladder structure is used — that is, the binarily weighted
currents are switched between the loyp and loyry bus lines,
* og < thus mainuining 2 constant current in cach ladder leg inde-
g pendent of the switch state.
2 [.T.-] S - Vnrc < 1ok 1"‘1&' 4 y '1& _ )
g - P S 2o 20k o 20x ézm
5 0.0t : st $2 3 $12
AR o 4 4 ‘
1 i 1 l - .
3 5 10 18 : ? ' T ; ! o A
. ,v'w_m____‘ R e | T T T -
Figure 3. Li E Supply Vol Vo - L“”‘“ Lw—-o' Presmmace Y
lgure namty mor vs. Supply Volage BT Ms®) "2 u?: w2 sy ct
1.0 i B K .. N OIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE} |
Flgum5 AD7541 Functloml Diagram (Inputs "HIGH"I
T, LTAT LT N

One of the CMOS current sthchcs is shows in Figufe' 6. The
geometries of devices 1, 2 and 3 ire optimized to make the
digital control inpurs DTL/TTL/CMOS compatiblc ovcrthe'
full military temperature range. The input smge drives two-: -
inverters (devices'4, 5,6 and 7) which in turn drive the two
output N-channels. The “ONC resistances of the switches are..
binarily scaled so thcvoltzge drop across each switch is the

* same. For example, switclr 1°of Figure 6 was.designed foran® .*
“ON" resistance-of 10 ohms, switch 2 of 20'chms and soonu b
For a'10V reference input;: t.he.cﬁrrcntﬂ.u'ough switch 1is® "
O.SmA thc-cumtthmugh sww:l! 2 is 0. ZSmA,a.nd saon, T

[T Ty . Il .. -

I
FEGDTHAOUQH — %

. b)
Rt



. - W R -a
thus mammmng a consunt SrnVHI-op oS adh swx"ch. 3N
essential Lhzt ca.ch smtch voltzge -drop be equalifthe . .
bmzn]y wcxghted Current division f property of the lzdder 1s to

b e syevort¥

. 'OUTPUT.IMPEDANCE >,

™ ey T
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EQUIVALENT CIRCUIT ANALYSIS s
The equivalent circuits for all digital inputs high and all dxgm.l
inputs low are shown in Figures 7 and 8. In Figure 7 with all
. digital inputs low, the reference current is switched to loyT2.
“The current source I EAXAGE is composed of surface and
junction leakages to the substrate while the 1/4096 current
sgurce represents 2 constant 1-bit current drain through the-

Regsosack

R = 1x f Leaxacs

lner
——

Vs O———AAA— Olurnz
f 14006 *é‘wuuu 'I'W .

Figure 7. AD7541 Equivalent Circuit —
All Digital Inputs Low

terminanon resistor on the R-2R ladder. The “ON"’ capaci-
tance of the output N~channel switch is 200pF, as shown on
the loyTz terminal. Analysis of the circuit for all digital inputs
high, as shown in Figure 8, is similar to Figure 7; however, the
*ON" switches are now on terminal IgyTty, hence the 200pF
ac that terminal. -

e A

Pt e ¢ CTaL Qe . AL AN

.Figure 8. ‘AD7541 Equivalent Circuit — ! ~ -+
All Digital Inputs High _ = DS SR METMED

“vx. -

The preceding cu-cmu.nalysxs shows ﬂ:zt thie oufput cz.pacl-
uncenacpcndcnt 1pon the digmloodc.’f:s xszhcoutput“,‘?"‘

e 1y Trenmnge mor aeen Fravashovaiomend. 2 - resistance. Looking back into Igyry the resistance seen is

mythmg‘betwccn'lbkﬂ (RFEEDBACK aloneyand Sk (Rpp
Lin pa.rallel with the 10kS2 nctworkmsunce AR

Ths variation affects.both mnczcmncyand,dynmg,

2. .

- pcrformznce The effect on static accuracy is further con™ -

.sidered on pages S and 6. Thc dynamic performance of the
- AD754 % will dcpcnd upon thcg:.m-and phase stabilicy of the .-
output amplifier, together with thc optimum choice of PC
board layout and dccouphng components. ; .

P e

- Figure 9. DAC Circuit Using AD741K

Figure'10. Output Waveform -
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Figure 14. Qutput Waveform

The circuits and waveforms shown in Figures 9 to 14 are repre-
sentative of the three principal types of output amplifiers. A
general purpose low drift (AD741K), 2 high speed low cost
(ADS518), and a fast setding unit (AD509).

Points to remember when applying high speed amplifiers
include:

1. Protection diodes as shown in Figures 15 and 16.

2. Phase compensation for the DAC's output capacitance.

3. Power supply decoupling and correct load earthing.

APPLICATIONS

g
v

L0 Y s
L3 A S

Anreay AY

Ton
s ! dours v
60-0

Figure 15. Unipolar Binary Operation = -

-
NT 120090

Lrm

UNTPOLAR BINARY OPERATION (Figure 15)

The connections required for unipolar digital binary operation
are shown above. Vrgp may be positive or negative so 2-quad-
rant multiplication may be performed. Schortky diede D1
(HP 5082-2811 or equivalent) prevents lgyry from negative
excursions which codld damage the device. This precaution is
only necessary with. cerrain high speed amplifiers. The diodes
are not required when unng TRI-FET amplifiers such as the
AD542 or AD544. N \, LT L

BIPOLAR (4-QUADR.ANT) BINARY OPERATION (F'xgure
16) . .
The digital input is offset bmazy coded and ‘muldiplies Vrgrp
according to Table II. Resistors R3 and R4 should be equal
within 0 1% avall tcmpentnres, but need not tnck the re-

Ly . P
20D s PR S A h. =

el F/gural 16‘. Blpabr (4—0uadrantl Binary Operation * -~

sistors within thé AD7541. D1 and D2 perform the same-
function as in Figure 15 Network RS, R6, R7 sum 1/2LSB
of current into Igyry to ensure correct coding atzero. | .,

R1 can be ad]us:cd to produce the outputs shown in Table L .
However, it is recommended that when the apphcztlon permits’
it, R1 and R2 be omitted. The maximum gain errorin this ..
condition is 0.3% of full scale. The offset voltage of amphﬁcr
A1 should be adjusted to less than 0.5mV over the tempera= =

ture range. > g A . o

DIGITAL INPUT ~ NOMINAL ANALOG OUTPUT

111111111111 i -0.99975 VR

100000000000 -0.50000 VRgF
011111111111 -0.49975 VRgr - ..
000000000000 ]

Table |. Code Table for Circuit of Figure 15
hY

NOMINAL ANALOG OUTPUT

DIGITAL INPUT

111111111111 ~0.99951 Vgep

100000000001 - - =0.00049 VRgp
100000000000 )]
010000000000 ' +0.50000 VRgp
000000000000 +1.00000 Vgep

. Table .. Code Table for Circuit of Figure 16 " - N

Ampllficrs Al and A2 should be zd}ustcd to an input o&sct of
less than 0.1mV and should be better than 0.5mV .over the
temperature range. With VReF set to approximately 10V, RS
should be adjusted so that with code 10000000000 Vour = :

0V £0.2mV. R1 should be adjusted so that with ¢code ...
0000 Vout = VREF: | . g
L L VN R R PR L S g (d
A&mth the; umpola.: cireuit Rl and R2 an bc omxmd, -
a resulting maximurm gain error of 0.3%. of full scale. RS ma.y
be replaced by 2 100£2 fixed rcs:stot.:rhc manmumzcro cxror
xfthxstsdoncstOlS%ofFSR. a3
- A

4 et
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