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THE CONTROL OF SMALL DC MOTOR

Yutthana Liangtrakulchai

Wasant  Yipmontasiri
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Dr. Rattikorn Warakoonsiriphun

Abstract

This thesis suggests to control the dc motor by
velocity and position control. The velocity is controled by
PHASE LOCKED SERVO method and the position is controled
by INCREMENTAL OPTICAL SHAFT ENCODER. We used the
IC 8255 to read the parailel data and transfer to Z-so on
single board mpf .1ip. The system is increased the dynamic
breaking to stop to the precise position.
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5400/7400 Quadruple 2-Input Positive-NAND Gate :
b Y Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL -
i Tu : Package Package Package Package Package -
+ et Device T Device T Device Type Device Type Device Type 2
YPe re TP mcH yPe IeTPMIcF yPe (TR [MIcF YPe cTP[M[cH elcTrmicd |
T SNS4S00 3 DIN SN54H00 1o W[ SNSeL S00 L O] Wi SN5S400 ) @) SN54L U0 J QINDLT s
b SNT4500 ToNE SNT4H00 T DIND) SNIL S00 J OING SN7400 TOIND) SNTAL 00 1 OIND{T
FAlRCHUJ F MS4S00/F F MS4H00/F M9H00 D_Q) F ()] resaso0 / Fesiso0 o) *@ | Fv 5400/F MINOO |Od FQ -
F C74500/F C9500 Q| PO F C74H00/F C9H00 [DDIPQ)] OIS0,/ FOLS00 o | rD 7® | F C7400/F CoN00_ [DDIPD) q
MC3100 I Fo MC5£00 s F e =
MOTOROLA MC3000 LOPO) 2| SNI4LS00 Pa MC 7400 LD|P F Q) £
N.S.C DM54H00 ) DN DM54LS00 DM5400 JIND| W2 | DMS4L 00 DO |F <
gy DMTS00 IND) DM74H00 [ (OIND)] DM74L 500 DM7400 JONO) DM4L00 JOND __IF k
PHILIPS N74500 [0) G JH131/74H00 @) N 4L S00 [d) F JH131/7400 [G)
N54500 [0 S54H00 FOAQ) W) 55400 F DO W)l
SIGNETICS N74S00 [0)30)| NI&HO00 F DA N74L 500 AT N7400 F OO,
SEMENS FLHIOI [0)
FUJITSU MB601 OMD 4L S00 M D) MB400 DM b8
HITACHI HDMS00 QP HD 4L S00 a4 HD7400/HD2503 | OPPD) b
MITSUBISHI ssaco PO M74L 500 P@) M53200 &
NEC PB2500 o) 4LS00 3 WPB201 DO
TOSHIBA 703400 A P@)
Electrical Characteristics SN54LS00/SN74LS00
absolute maximum relings over operabing ffee air-temperature rang e
S vewr VGG W e — Twe 1o inE Schematics (each gate)
Inpul voilage v terperaiee 1ange SNI4LS gc o WC
Inleremiier voltage S W Storage e alre (48 ~85C to 10T
rer. ded operatng ti
ENS4L500 SN74LS00 v
MIN NOM MAX MIN NOM MAX T cc vcc
Suooly voitage. VCC a5 s ss LS -5 525 v Ry R, R3
High-leve! outpul owrrent. igs —400 —400 wh
Uom-seve! wiput Current. igy T 4 I INPUTS
Oparating kee-av lempnsies Ty -5 2% o » b
2 - 5 INPUTS
electrical characteristics over recommended cperating . oCTPUT
free-air temperature range A\ ) > A—+ uTPUT
PARAMETER TEST CONDITIONS t MIN TYP$ MAX[UNIT B B — "
Vi High-level nput voltage 2 3
Vil Low-leve! inpst voilsge oty Vv T3
Vi inpul olamp weliage Voo =MiIN, ij=—18mA -1.5 v 500
Voo =MiN, V(L= Vi max,
VoM  Highvievel output voiiage ]:NC: e FRABy N v GND
Vog=MIN. VjH=2V.
Vo Low-leve! oulput voitage 0.2 04 V
: : lo = ik CIRCUIT] Rs | Ra | Ao | Ra
Input ourrent at 00 4k | Lew] 130 | Ix
h e Hlirim: ige® Volings VORTARTYTEN oA 00 [ 40w ] 20k | 500 | 12K o GND
Iy Moghievel wigwt curreat VG SMAK, Vii=2,7V 20 wA tnput clampdiodes not on !
I)___ Low-level inpat current Voo =MAK. Vi =0.4¥ —0.4) mA SN54L 7/ SNTAL" circuits. S00 CIRCUIT
’ [sss Famuy | ~20 = oof 00, ’LO0 CIRCUITS
los Short-oircuit auipul current® Vge =MAX ITILS 7 7 B e mA
ICOH__ Supply ourrent Total, outputs high 0 8| mA ¥
Voo =MAX
Iggy  Supply ourrent Total, outpuls low - QR 22| mA
A > Average per gale
Joo # S igp!y oo Yooray (50% duty cyce) 84 s
: Propagation gelay tme, 3 St
PLH - vVog=5V. Ta=25C, 9 15| ns Vee
Propagation gelay time, X X 58
'PHL high-to-low-level output N P . 4 i i 25k
Pin Assignments (Top View)
® @ INPUTS ouTPUT
A Y INPUTS
"cc na @ w A 3Y 5 2
~F 3 QUTRUT
B 1i¢ [k
F '3
Yy
k 3K
GND
s s wr
A 1B Y 2o 28 2Y OND
"HOO CIRCUIT ) L
positive logic: LS00 CIRCUIT
Y=AB Resistor. values shown are nominal and in ohms
1 For conditions shown as MIN or MAX, use the spgropriate value specified under d operating
1 Al typical values ae at Voo =SV, Ta=25C
@ Not mue then one outpul should Be shoried sl & bme, and lor SNSIH /SNT4H' and SNS4S"/ SNT4S’, duration of short-oecurt shuuld not excesd | seoond
e R s T TR Y




473 Dual J-K Master-Slave Flip-Flop with Clear

- z i Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package 1 Package
~ran o Device Type Device Type Device Type Device Type Device Type
C|P|M|CF] ; C|P [M|CF pCPMCF C|P|M|CF] -~ |C|P|M
T.1 SNS4HT3 JO w(Q) SNSALST3 J O, SNS473 J O, Wi SNS4LT3 J OIND|T
5% g SNI4HTY ) O ND SNILSTI JONO! SN1TI J DN SNTALTS J OIND[T
g FAIRCHILD F M54H73/F M3H13 [0D F O rwsasn/ st FM5473/FMSNT3 (DD F
F C14H73/F C8H73 (DD |PD FIUST)/FOUST) FC1473/FCINT3  |DD(POD!
MC3163 LO! F O] MC5473 LO F O
MOTOROLA MC3063 LD |PD F @ SN74LST3 P MCT473 LD |PO! F O
N.S.C. DM 54HT3 JOND DMSALST3 PO DM5473 JOND, WD DMS4LTY J OIND!
DM 74H73 ) OIND DM74LS73 P ) ‘| oM JOND! DM74LTY 1 OND|  FO
PHILIPS NI4HT3 [) NTALSTI [©) FJJi21/7413 [0)
SS54H73 FOAD w) 55473 FOAD W)
SIGNETICS N74H13 F@|AD NT4LS13 A0 N7473 FDJAD!
SIEMENS TV )
FUJITSU -
HITACHI g HD74LST3 PO HOTAZ3/HO2515 | ©IPO
T
MITSUBISHI M74LST73 PO M53273 PO
NEC LPB225 DO|CO!
TOSHIBA R o
Electrical Characteristics SNS4LS73/SN74LS73A . .
abaolute masimum ralings over opersting free-air lempetalute range Pin Assignment (Top View)
Suoony voisge VCC ™ Opwaimg weeae | SNSALS -8t e i 1. 10 10 OND X 2
oot volivgn s sv tomomaiors wie | Tn LS vo w0 we valfis] frz] {19 Jro} Jel f®
Siorege Mo ale Tenee ~45T 1» 1wC
tecommended operaling condilons
SNSALSTIA SN74LS73A S
waT
N NOM MAX | WIN oM AN ar an
Swwon wonege, VOO o s ss |4 y an| v 0] s = * g
Hgh-tawel utoul Gurrent. Lo -0 ~ &0 b bi
Low-level outpil ourrent Iy 0 By mA .
e v 1 o e £ o g IaflgDalggDpilin
Pramt o et ow 23 i i TCK - .. &K Vog K 24 ¥
lov LCLR. CLR
T High-ievel o8la 201 £33 i
Lowlavel data 200 201 s Function Tables
It Ro18 1t tams 0) (3] W : o 3
s fiot i worores. T 7 o - - 73 /H.73. 'L73 (See Note 2) LS73 (See Note 2)
electrical characteristics over recommended operating ANpUTS QUTPAIS NS OUTPUISR
free-air temperature range 3 CLEAR CLOCK J K Q a CLEAR CLOCK J K Q T
PARAMETER » FEST CONDITIONS T |MIN_ TYP i MAX [UNIT L o x Gyl Ly M - ’: Xk N S8
Vi High-level input voltage 7 v H n okt [0 T H \ L L |0 T
ex Low-lovel input voltage T8l v H S NH L H L H . H L W L
Vi Input clamp voitage VGG =MIN, || ==18mA -1 59y H MLYC B L H H o ) L H
3 *chc-wu Vi1 H N HoHo| ToGGLE H I W H | TOGGLE
High-level I X R
oH igh-level output voliage vy =0 By Nipy= VAR 2.1° 0.8 ay H M. xR 0y fily
.VoL  Low-level output voliage Voo™ MIN. SR R 025 04| v Functionay Block Diagrams
Vi =08V, lgL =4mA
D.J.K. 0.1 _L
]
' Input current at Clmar & ot e 0.3 5 '._0 3 9 —) »
4 J maximum input Presel eC e 03] __ill
vollage Clock O.T |
D.J.K, 20
1 Hyes e VGG =MAX, V=2V . S0 : !
H o input current Presel 5 el Ay 50| “ =
L RS
} Clock 80 : | 4%
D.J. K. “0.4 s
Low-level Clear ~0.8 ‘73-DUAL J-K WITH CLEAR HI-DUAL J-K WITH CLEAR
e Voo =MAX, V=04V - mA
input current Preset -9.8
Cilock -08 ° ————
hort B - = — 8
s S ~crcunt eri68 SALS Voo = MAX 20 100 o, °
output current® |Secies 74LS -20 =100 cLtan
. Supply ourrent 2
| - -
cC (a eraae_per 1ip-iop) Voo =MAX, See Note 1 4 6| mA g s 1 i
Imax u:\n-mu:oloch 'v:uno.y - Vog=ov. 30 a5 MHZ % = “‘.:no- St
rom clear, prese! o &iool o PR
! 3 TA=25C. an - Sn e Gaa
PLH |* (a5 approprete) 10 0 or O c:-ms 5 2 3
r n
‘ from ciear, presel o clock A= 20 i 20 NOTES: 1. wih all oulputs open, IGC 18 measured with the Q and G ovtputs high i turn
PHL (as spproprate) 1 Q or O At the time time of mesauroment, the olock mput is grounded
2. H =high level (steady siste). L =low level (steady state), X =wreievant
1 = wansition from high 10 low level
Ji=high-level pulve; data nouls should be held constent while olook I8 hgh;
data is wranslerred to outpul or tho falling edge of the of the puise.
Qo=the ievel of Q before the d Input were
TOGGLE: Each output ohanges 1o the complement of ils previons level on
each active lransition (pulse) of he clook.
3 g S
150r conditions shown as MIN or MAX, use the appiopriate valve under 1 operaling

$AN typical velues sre a1 VoG =5V. TaA=25C
© Not more than one oulpul should be shoried at Lime.
S 1P A ™ Propagation dsiay tme. low-to-high-level - oulpul ;

1P| ™0ropagation Gelay time, high-to- low- Jevel oulputl.
§ .11 7The arrow indwates the edge of the clock puise use

d for eewnce: 1 for the rising edgn, | for the falling edge




;5474/ T4T4  Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package * Package
Device Type Device Type Device Type Device Type Device Type
C|P|M|CF| C |P|M|CF| P |[M|CF] C|P[M|CF] CiP (M
| SNS4S4 JO SNSAHT4 O IWQ)| SNSALSTA J O W} SNS4T4 e (W] SNSAL T4 JDIND|T!
2 SN14ST 1D ND SNTAHTL 1 DIND SNIALS™H ) OIND) SN JOIND) SNIALTL J DIND|T:
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OTOROLA SNYLSH an =
s.C. OMS4HTL J D ND! DMS4L ST a0 DM5474 JOINO{ W] DMS4LE J DIND
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NITSU 4L ST MD MB420 D |MD)
ITAQ" HDMUST OlPe HD74LS74 PO HD1474/HD2510 | O[P D)
!TSLBISH' MUST PO ML ST PO M5327/M5374 P
':c T4ST4 C D) LS CD) #PB214 DD CO)|
r)SHlBA TOMTAA PO
Electrical Characteristics SNS54LS74/SN73LS74 - .
sbsolute maximum ralings over operating free-ir temperature range pif S
Swoly vohage VOO w Operaing Woe-aw SNSALS =35C e I8T . v-
LR =1 iew
ot vl 8 5 v omparaie e SNI4LS €C 0 we - Pin Ass»ngnments (TOP R )
B1oage temosraturs renge —45C. % I0C .
8 recommended opersting conditions @
SN54LS74 SN74LS74 - PR §0:10 OND 20, 20 R j-;._ o
MIN NOM  MAK| MIN | MOM | maAX sl il i) fiol [s] [
Suwoly wolinge. VOO s s 58 [am 5 (¥ v 1 l T | .
e weel sulpt et IOn ~a0c, — w00 Py I | i |
s % 21 ea L o 0 [ .
i Gocr 2 7% o PR _CLAD\dCLA PR b -
Promt o cloar low 25 25
~— | cK cx y
B s High-level data 251 51 D 2% g | o
Low-level data 201 27 »s ﬁ g
t hoiE 1t st 51 ~3 uRkigtiplintipll 7 1 MEPEIgtiglighd s
waing keeae lempeciius Ty =3 " ) L <3 T 1D 1CK. PR 1010 OND 1ICK 1D 1 Wge 2 2 ¢
: s ] Ger tLr L]
oloc!rl'cnl characteristics over recommended operating Functional Table
free-air temperature range L
PARAMETER® TEST CONDITIONS 1| MIN _TYP$ MAX | UNIT 15 $174E574; [S74.)(See NOW 2)
{ _ High-level input voltage 2 vV INPUTS OUTPUTS
s Low-level nput voltage o8l Vv PRESET CLEAR CLOCK D Q Q
Input_ciamp vollage Veg=MIN, |j=-18mA =FAT W L H X X H L
VCC=MIN, Vjq=2V. - (1] x X 40 v
High-level output vo! (e ——
H g’ put vo'tage Vi =0.8V, lon=MAX 21 34 v - ‘ ¥ o L.—"' ¥
; VCC=MIN, V=2V, M /i) 1 Al R AL ¥
Low-level output volt ) o e
. i i ViL=08V, loL=4mA el 4 H \ ’H; 1 T L
broutbieradidis D.J.K, 0.1 il 3H | L X | .88 4%
Clear 0.2 <
input Voo =MAX, V=1V mA
oliags Preset ] 0.2 {*
o o.¢ Functional Block Diagram
DK, 20 2
High-level Ciear AT TS 0 &
nout current Presat N o e "
Clock 20
. 0.J.K, -0.4 Ctan —oy e
Low-leve! Clear e S -0.8
P i et VEC=MAY, Vi=0.4V —55 ™
Clock -0.4 | 2
Short-cirouit Series S4LS -20 - 100 oy .
oulput current @  |[Seres ML S Yoo -20 - 100 oA
Supply ourrent
(Average per 1p-fiop) Veg=MAX, See Note 1 4 8| mA °o—
clock frequenoy Voo =5V 25 33 MH2 ‘74, "ST4, 'WI&. 'LS74. L74.DUAL DFLIP FLUP WITH CLEAR AND PRESET
H 1 tom ciear, preset or clock Ta=25C. 13 %
— CL=1%F, ns
(as appropriate) 10 0 or O
L AL =20 %5 40
NOTES : 1 Wubh all outpuly ooen, IGC 18 measured with the C and O outputs high n tum,
Al 1he ume of maesuwement, the clock Input 1s grounded
2 H=tugh level (steady state), L =low level (sieady siate), X =irelevant
5 1 =transion from low 10 high leve!
> Qo=the leve: of U before the indicated Npul CoNdi1iOnS were eslablished.
* This contiguration 18 nonstable; that s, 1t wil NOl persist when preset
and clear ;puls return 10 thewr inactive (high) level
¥ 00nditons shown 8s MIN of MA), use the appiopiate value sp under rec: operaling

| typioal values are at Vogo=SV, Tao=25C

I more than one oulput snowld be sho-ied at a time.
LH ™0ropagation delay time, low 1o-high-leve! output;
H| ™propagation delay time, hih-ic-low-level output ;
he arrow indicate the edge of the clook puise used for refence: 1 1o the rising edge.

:




WL Popegetion

2 e

"4 BLKupoDsaIcn delay ime, low-10-high-level output
Gelay time, high-low-leve! oulput

i

i ¥ 4
¥ .
Bt . 3 = o
TV P ” g . . ; e Y
123/74123 Dual Retriggerable Monostable Multivibrator with Clear- . = . ET Y
“«  Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL: Low-Power TTL -
Package Package Package v Package 2 Package
Device Type Device Type Device Type Device Type Device Type :
C|P|M|CF] Yo C|P[M|CF] C|P|M|CF] P |M|CF] C|P|M|CF|
& SNS4LS123 JO (W[ SNS4123 D] W SNSAL 123 1O -
SNILSI23 J DIND SNT4123 JOIND| SNT4LI23 J DIND
= FSA123,/ FUIM1 2 [
FOUIZ3 ./ FOMI2) »D ¥
3 OMS4L (224 (0]
MC4123 P @) DMT4L 123A [))
2, OMS4LS 123 U]
T DM74L S 123 0] DM74123 N D)
st 3
¥ | I [ o
o T il N74LS 123 N4123 0] R
- | S54123 FOBO| [wD
N74123 FO|BO)
- FLKI2I O
] T 2
LS 123 M) MB44g D |mD} L
X L
" HD4LS123 - PO 074123,/ HD2516 | D ip @) :
S M74LS 123 PO | | Ms3323 0 1
o
X
2 ,ﬁi»u Y s uPB2123 0D :
oo r e
§557" Blectrical Characteristics SNSALS123/SN74LS123
i res oL
v - v 3
“haolute maximum ratings operating free-sir temperature range y ~
o3, " . ¢
iy, W B i @oniag ime o Tsesus =%Tw 135C .3
s 1 L { snes 0w 10C i
s EE $1oage tempmaiien 1900 —65C 1 10T L
ﬁ’ﬁ?{lf’ recommendsd operaling conditions
oyt SNS4LS123 SN74LS 123
g‘l-(x'\-' T N MAX MTTUNIT
- e o WL .8 s 58 4 s s v
L St wowt (L On — 400 - 400 I : :
e et comsl Y00 4 . -4 £ .
© “ " z %
e by miince bl 53 . e s 760 | 1w o 0 -
¢ Vo capacilonce Casl o reiinglion o restnction -
= "By caecrionce 1 Bert Cert lermmal % Q| ef -—s \
3 X = N
um'mu Ta u\ £ 125 [ L 1 ? 3 ‘ [ (] 1 ] s A
electrical characteristics over recommended operating — Y
free-air t t 1A 18 1 10 20 2 2Rey OND
¢ air temperature renge - 4 CLR 5 S e 5
_PARAMETER = TEST CONDITIONS t MIN TYP3$ MAX |UNIT l ¥ ‘J <
2 Hgprevel nput voltage 2 v
q “Lowdeve! nput vollage 08| Vv o e
4% i clamp vohage VCC=MIN, 1= —18mA = 1. N :
. = VEC=MIN, lgn=MAX, ; ;
| I 4
P B voliage Ses Note | F-2. 33 4 - FUNCTION TABLE -
VCC=MIN, igL =8mA
: See Note 1 it B {19 §123. L123 (See Note )
:‘I‘,"’N o v MAX, V=1V (] A . | ;
AYE wnoun vout oitage cc - m g INPUTS ‘ouwuﬂ
Wepievel gt TR = LEAR[A B| a a : <
R CC=MAX, V;=2v 20 | m L X XlT H . ;
2% 0 Lewdevel nput »X__ H X H R 5
Vio=MAX, V=04V 04| mA X g e H ot 1
turent , % 2 N
L Shoriovount oulput current @ [ Voo =MAX: See Nots 1 20 100 | mA \ e i \f 9.* =3
T[T | e
Suply current Voc=MAX, % > o 73
12 20 mA 1 4 wl v
{qrescent or riggered) See Notes 2 and 3 = .
“{komA 10 output Q 22 3 b
e B 10 output Q 2 ] .
fom A 10 output O Vee= V. Cex =0, 2 3450 . 3
¥om 8 10 outpet O 3 Rlgxy =542 U s ige-d
¥om Ciear 10 ovipul O ;A:” f_ 20 0] - |NOTESY :0round Coxr 1o meeswe Vou mt 0, VoL a1 0. o Igs at Q. ; 3
fom Clear 10 output Q L= 150F, 28 45 Cext s Open 10 measure Vo 8t Q, VoL at Q.or lgsat Q. :
) ¥om A o B to output O RL=2xu y 16 200 | ns 2 ‘Quiescent IgC 1s measured (after clearing) with 2 &V applied to all clear and A nputs, B
— = 3 — = T0000F B inputs grounded, ait outputs open, Cgyy =0.02 xF, and Rexy =252 , '
‘¥om A or B 10 output Q Cext ‘e s s | wms 3 llcc 1 measured m the Inggered state with 2.4V apphed 10 all clear and Bin = . »
< Roxt = 10M2 nputs. A wnpuls grounded, all outputs open, Cey =0.02 uF, and Ry, =25 KQ . - -
4 A H=hgh level (sieady siate), L =low level (sieady state), 1 =tiansition fom low 1o )
hign level, § =1ransiion from high 10 low ievel, 2L =one high-level pulse,1r=une low-leve! i
pulse, X =urelevant {any input, including transitions). -
- B.An external Wming capacitor may be connected between and Rext Caxt/Cexy (positive) o
C.For accurate repeatable pulse widths, connect an exter ernal resistor betlween £
i Rexi/Coxy 2nd VCCwith R;jopen-oircuited. St
To obtain variable pufse widths, 00aneot exlernale resisiance betwesn Rint o £ %
Rext/Cext 8nd Ve, - b2
A1k congions shown 25 MIN or MAX, use the value specified under operating T 3
1 tpea! valves are at Voo =Sy, TA =25C. .
g% mory 1hen one output should be shorted at a teme. a1 -~
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/74‘[51 6-Line-to-l-Line Datata Salector/Mdt'iplexer'

'l.' ‘¥ Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL
% A Package Package Package " | _Package
N 5 g 5
‘ Device T' Device Type Device Type Device Type Y
3 Peiclplmlee clp[mlcr g cleimler clp mlcr
" S5 [NSISIST 1 W) ! SNSALS (51 b SNS4ISIA 10 7|
% L5 ISNUSISI J OIN SN74LS 151 DN SNT4ISIA J {ND)
s s %) FusaLs1sl /SISl | o FO |FMS4151/FM33151 (D)
B FCUSISI oD [P D) FOUSIS) /TS | oQ) | WD O |FC74151/F093151 (D@D P T
- e MCS4151 L 0
i 5§ k MCT4LS |51 PO MCT74151 P (1)
; DML S 151 @ DMS4151 J @D
OM¢S 151 N DMS4L S 151 ] DM74151 J DN
> "} .
L& S nusis [ N74LS 15! [] NT4ISI D
B . 15 S54151 FOIBA W
& s 48151 NLSI5! AD)] IN74151 F () B0}
3 FLYi21
; =
3 4L S151 MD MB44sS ‘ M M)
- HOWS'S! OP O HD74L S 151 PO HD74151A/HD2549 | P ™M)
" 2~
B : i T P () b MY4LS1S] P M5335 1 PM
4 JraLsisy O uPB21S1 DD,
AMBAS 151 | Jamsacsisi @
AMNUS 15| 1 famursisi ©
oS s " o . 5 s
“Pectrical Characteristics SN54LS15|A/SN74LS151A Pin Assignment - (Top View) Function Table g
S maxirum ratings over operating free-air temperature range ® ISIA LSIS1,'S151 iRy &
2rori INPY
weag, ¥ < TV [ Operating free-air . [swsasT -56°c w0 125°C DATA WPUTS DATA SELECT - SELECT U;iROBE QUIPUTS
= V| temperature range " _Iswas] 00T wo | v ; S T 2 SR
1 Storage tempersture range —65C 10.150°0 il S8 hel Jus] [ra] In] Twh s e = T—
sacerded operating conditions ' Lol L L oo Do |.
: pesa s 5L L o DT "
oy« SNS4LSI51A SN74LSIS1A L Hat L bz
: X L UNiT L ‘u L 03’ B3 \
5 2 MIN NOM MAX |MIN NOM MAX o Ay : =5 X
= .5 4. \ v
=3 wxe, Voo 45 S b » 5" 5.2 02\ DEt oo™ A e H L M L os D%
; o3 W orenl 10K —a00 —400] A H H L ¥ s Ds v
< B W Wt orrenl IpL a 8] A ] [ J l I H o M L o1 b7 3
SET B 3 ' = 30 ° 1 2{ 13[4 5 1s 7 P g
A :egh-u posetiatue. T a2 55 125] 1@ | N =y H=high level, L =low level, X =irrelevant %)
.5\ = :;,' ola:tqul characteristics over recommended operating BN Erroid DO.DI ... D7=the level of the D respective input p
5 {75 " free-air temperature range viay, 4 } 4 - ,‘
¥ e > i lunc tion
T TR TEST CONDITIONS T |MIN_TYP I max JumiT]  Pottive lolic:, see » ;
AR T M leve! input voltage 2 b v L {
: M Lerlewl it volge 08l v 4 & - ; .‘
2 111 e gy voltage VBoS M T= —ismA TR Functional Block Diagram
e O R VGE =MIN, Viy=2V, syRoBE 1) o [
S ¥ Mg-lew! outout voltage X =2 21 % v TENABLE ) (¢, e :
: ViLRO Y. JoHS%400,4 Wi ﬁ:} d
LN, VCC=MIN, Viy=zVv, & ¢
; vol v rpel ' i
3 %" Lowlewel sutput voltage Vi =0V I & aooh _0. 3: 6.5 [ - : 1
4 ot purrent at maximum mlh ‘ 3
47 Voo =MAX, Vj=1V 0.1 A
iﬂ . o ot wvo'tage eo \ J > =18 (5) :
BETY " Hgevs vput ourrent VGO =MAX, Vy =2,V H 20| wh GATAJ (1T e it g
N T Lowtenl rput ourent VGC=MAX, V| =0 #V —0.4| mA inPuTS a2 AW $
2 : ¥ r
ot 1 [SNS4LS | —20 -- 100 (14) \
i eirout . =MA b A 0s s \
o r;-t- output cutrent Voo =MAX ]sn“u = sl ™ A) o J E
. | Sy ourrent VoG =MAX, See Note 6.0 + 10| mA - ¥ ’
A i . ard
7 x [#am A, B, or C (4 lovels) 27 a4
g ns
f‘ » et Y |
23 ) ez A,B.C.or D(3 levels) AABBCC,
L o e W vee=sv e e £
A . SEE ADORESS BUFFERS BELOW
3 o §trube Ta=25°C. we
» ot Y CL=15pF, =
e : AL =20 — 7 = ADDRESS BUWFFERS Fg‘;e EISIA :
® ot W _I_I<A 30 " |1 IC 3
A —{zj {1 ' va. B
frem D0 tvu D7 2 2 oavall ! | 4
5 ¥ amul Y 6 2% suzuﬁﬁ-%}_—_.—‘J.__J : : .
: ﬁ #rom €0 theu E15,0r DO tru D7| ST IBNARY) | @ o e . 5 T
; Vg | atut W 22| ™ : e |y B
— .
ADDRESS BUFFERS FOR 'LSI51,'SI151 i
_leb cc i
‘ ;3 g H
oats [A—DALBES a1l
RS il
g ( v 7 anamrec)
le—>L—
. NOTE: Igg Is measured with the stobe and dats seleot input at 4.5V, sll other L 2 ’ h .
asisd o outs and outputs open. 1SIA,"LS151,'SI51 DATA SELECTOR/MULTIPLEXER 5~ g ‘
o cndrom shown as MIN or MAX, Use the appropriate valus under for the Gevioe type. g o
AR tyvical vakes at Vo =5V, T4 =25"C. . . < 5 i
. - A

et wore then one cutout of should be shoried at a time.
W= prvegetion delay time, low- 10-high- level Dulput
P " propagation delay lime, high-to-low- level output




74188 256-Bit Programmable Read-Only Memory (256-Bit-'PROM)

$AI typical values are at Voo =5V, ToA=25C.

mip = Propagelion dolay time, low-lo-twgh-level output
1pHL = Propagation delay time, high-to-fow-level outpul

#Absolute maximum rating.

Schotty TTL High-Speed TTL' Low-Power Schottky TTL Standard TTL Low-Power
Package Packag o Package 5 Package k o
Device T Device Type Device Type Device T Device Type
YPe [CTrm[ce YPe IcTrm e e Tpmer P [c[pmcF *le
i i
TL - N74l I OIND) ekt
IR
FAIRCHLD oI
b4 B
MOTOROLA el
DMS4188 :
NS C DM74188 o
PHUPS - - :
[ &
SIGNETICS = o
1
3
SIEMENS i
o
FUITSU -
. RE
HTACH =
MITSUBISHI =
Lk
NEC > .
TOSHBA =
Eiectrical Characteristcs /SN74|88A Pin Assignments (Top View)
‘absolute maximum ratings over eperating free-sir temperature range i® t I ]
BINARY SELECT
Supply voltage, Vo (See Notes | andd)] IV | cperating free-sir | ENABLE r e -
Input voltage 5.5V | temperature range | SN74' 0'C.10. 70C £ £ L) A
Storage temperature range - §5°C 1o 150°C " 1) " i1 {H] " 0
recommended conditions for programming L l 1 ] ]
ol
MIN NOM MAX | UNIT '] E o c -] A
Steady state 0 5.5
N H v i
Supply voliage, Vo (See Note 1} Ry TR N TR 3 \ i
4 Low isvel 0.5
v
s S L . Yo s v ALy
To & low logio level Open oreut
1 v I l I
RN G tpoa: for g ramiivg To a high logic leve! ~0.6 -0.8 L ] —I
Duration of programming puise (See Note 2) 700 ms
Case temperarature (See Note 3) 71 ./°C
% = Y Y2 15 12 Y6
s recommended operating conditions - ﬁv.r‘f :
OUTPUTS
SN74 1BBA \ {
R WIN_ NOM._ MAX | UNT ogic : ,
Supply voltage, Voo 475 5.25 v ‘
High-leve! outpul voltage. Vo 35| N X
Low-level outpu! ourrent, lg 12| mA
Operating free-air temperature, TA 0 70| ‘C
> electrical characteristics over recommended operating
k free-air temperature range
PARAMETER» TEST CONCITIONS ¥ MIN TYP$ MAX |UNIT
ViH High-level input voltage 2 v
Vi Low-level input vollage 08| Vv
vy Input olamp voltage Voo=MIN, =~ I2mA =1.51 %
A Veg=MIN, Vig=2V,
-level 1 A
loH High-level output ourrent Vi =88V, VoR=55V 001 u
B o Voe=MIN, V=2V,
-l
VoL . Low .ovel output voltage Vi =88V, gL =i2mA 0.45 v.
==+ Input ourrent a! maximum
i S ssos Vog=MAX, V=55V 1| mA
H High-level input ourrent Vee=MAX, V =24V 40| upA
« Low-isvel input current Voo=MAX, V=04V -1 | mA
IcCH__ Swply oument, all outputs high VoC=MAX [ See Note s so s
IgoL  Supply ourrent, all outputs low | Ses Note 6 82 10
1P| H from Enable 1o vee=5V. Ta=25C. 23 50 P
tpHL | Any outpul CL=3 pF 100ND, M 50 )
PLH from Seleot 1o R =400 Q 10V o, 28 50 i
PHL Any outpul Ay 2=600 Q 1o GND, 3 S0 NOTES: |. AN voltage vaiues are with respect 10 netwock round terminal, i ';
2. Programming is guaranieed if the puise is applied for 700 ms. Tpd, [
0cours in less than 200 ms. a8
3. Ths refors the temperature measured at the center of the boliom u-u
S 4. Ths ratng apphes at 8l tmes except during programming.
S. ICCH 's measured with all inputs at 4.5 V, all outpuls open. 5
> 6. IcgL 18 measured with ensle inpul grounded. all other inpuls st 48 Y,
18 open. The typoal value shown 18 for the wor se 00nd 110 of B KA
\ low a1 one ime. This condition may nol be possible afier i'e Ornce b bess =
ammed. b o
1For conditions shown as MIN or MAX, use the appropriate value specified under operating
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VALRS, SR W LIS

mputs at &5V,
A. Clear overrides load, dala, and count inputs.
B.

must be tegh. .

When oounting Lp, Oouni-down Inpul must be hgh: when counting

oown, count-wp nput

o R : » L3 . : 4 ; . o
', 54193/T4193  Synchronous 4-Bit Binary Up/Down Counter (Dual clock with clear)
¥
&l e, A Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Powsr
‘| Package ; Package Package Package | = - ¢ vl ped
Device T Device Type Device T Pevice Type Device T
P (e mcr] c[p[m[cr YPeIcTpmier cl[pmlcr e
T.1 SNSALS 193 0 SNS4193 J SNsaLis3 - - b
= SNIALS 193 J DN - | SN74I93 J SNTAL 193 '
rusesiny,/Ancins | oD F@ | F M54193/F M9366 |D s O
FAIRCHLD Tomny/ o 00| FD| | FO| FC14193/FCe366 [ODIP s
§ <
MOTOROLA SN74L S 193 P MCT74193 PO - *
DMS4L S 193 (0] OMSAL 193
NS C. DMTAL 5183 DM74193 N DM4L 193
= N b
PHLUPS NT4LS 193 [) N74i93 O | &
554193 F DB o
SIGNETICS A D) N74193 F OB 2+ Qe
SIEMENS LB ~Tole
FUJl ‘e I K
TSU LS 193 MO R S =
4 B b
HTACH HD4L S193 PO HD2542 P RE
. e
MITSUBISH M74LS 193 PO M53393 P ' 3
BE
Nec LS19) C @) uPB2193 0 D) B
>l
TOSHBA TD74193 P (] i 3
AmSAL S 193 | BBEE
i Am74L S 193 = g T
Electrical: Characteristics SNS54L.S193/SN74L5193 Pin Assignment (Top View)
g : S = 2 —— s weu1s
sbsolute maximum ratings over operating free-air temperature renge s B : A ‘:u e
Supply voliage. VOO v Operating hee-ar | susdis| —S5C to 125C 1 minininiDinolo
Input_vollage 55V temperalure range | SN74LS 0C 1o W0C ’
Siorage temperalure fange —65°C 10 150C l l l I l l
7 A CLLA SOGOR CABT L0 €
recommended operating conditions
® —* [
. A SNS4L5193 SN74LS 193 | 0y ot coun
. B MIN NOM  MAX [ MIN _NOM_MAX g 0, o w Q 0,
Suply vollags, VOO %555, selhas. 5 saslv I e O
High-level output ourrent. loy — 400 —400 | wA RiENENIERIER I IS
Low-level oulput ourrent. loL 4 t| mA oA O O\ O gl 0. Vv OO
Count freguency. fooum ' 0 FTY ) 25| MHz S o, s
Width of @ny Inpul pulse. Ly 20 20 o - J
Dala solup Time. tsaiyp 20 20 ns :
Data hoid time. thoig 0 [] ns !
Operating froe-mt tompecature, To =83 125 e 0] €
electrical charscteristics over recommanded operating
free-air temperature range .
PARAME TER ® TEST CONDITIONS T |MIN_ TYP I MAX | UMIT .
ViH High-ievel inpul voltage 2 v
Vi Low-isvel inpul voilage [N
vy Input clamp. valtage Voo =MIN,. k= —iimA <ist v, :
Voo=MIN. Vin=2V. 4V
Hy v.]~
gh-level output voitage Vi =08V, lon= - €00uA 2. 3t
VOO =MIN, Viu=2V
> v
Low-level output voitage Vy= OBV, ‘g, = tnh 035 05
Inputl ourrent Al maximum
§ i VOO EMAX, V=1V 0.1} mA '
M High-level inpul current Vog=MAX, V=24V 20| uA . N
Wy Low-evel inpul cuwrent Ve =MAX, Vi =0.4V 0.4 mA gt
SHS4LS | —20 100,
los Shor1-orouit oulpul ourrent® Voo =MAX asiiial =20 ) mA
VGG =MAX, SKS4LS 1§ 1CM
Icc  Swoply ourent See Note | SNOALS T Snl
Ima x  maximum clock frequency 25 32 MH2z
1L H | trom Count-i to output £ | TR
pyL | Carry NOGEHY: 8,2 =
P trom Count-down 1o outoul = 16 24
tprL_ | Borrow TASHES TR T
tp | trom Esther Count to = 21 8-
pHL | outest Q 01 4% 30 al 2
[N y : % M40 -
= om Load to outout O R =2 m rm ns ;
1PHL from Clésr to oulpul Q 23 35| ns
(
x
NOTES: |. igg s measured with all outputs open. clear and load 1nputs grounded, and all other

$AIl typcal values are 3t Voo =5V, Ta=257C.

#Not more 1han one owiput should be shoried al a ume.

® P K% propagation Cefay time, low-10- tugh-level output
IPHL * propagation delay lime, hgh-to-fow-evel output

1For condlions shown a3 MIN or MAX, use the appropriale value spoo hed under recommended

operating cond iuns for, the applioable 1ype.




DATA (18)
INPUT &

pown _(4)
COUNT
(s)

uP
COUNT

oATA (1)
INPUT

DATA L10)
INPUT €

DATA ) |
INPUT O

(14} \
OLEAR ——D.J =

LOAD %

Dynamio input motivated by 8 transtion om a hph lovel 16 a jow level.
T193,°L193,°LS188 SYNCHRONOUS 4-BIT UP/DOWN COUNTER

!

typical clear, load, and count sequences

Miuatraiog bolow (s the Toflowng sequence: (See Notes
1. Claw ouiputs to aees.

2 Lond (preset) 10 by thrisen. )

3. Cont g 1o fosrieen, iien oarry, Two. o, and Two.

4. Count down 1© om. 10D, Borcow. fieen, fourieen. a0 thiriesn.

o\

PRESET




V313
ea RS
- b54374,/74374  Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops o
3 £ Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package : Package Package
Device Type Device Type Device T Device Type -—{Device Type
YPe[cTrMlce clpImce YPercTPm PeIcTPImcF Pe TP mlcr
e Y‘L Lo, | SNSasan J SNS4L S374 J 1
AL - [snusin J DN SNT4LSIN J N e
s
|
] e i
) 5
I
7
I | | :
Electrical Characteristics SNS4LS374/SN74LS374 ; 1B
5 Ped. - N § & \ s
e 7 Pin_Assignment (Top View) G
theolute maximum ratings over operating free-sir temperature range . 0] s g 7
{3 v, Voo V| Operatoy hreear [SNsiLs | =%5¢ 1o io5t W e paid=n o Wa e s el _r\_,
| W voltage V| temperatuce range [SNMULS 0T 0. 70T mym e liwjuifolfe]fw b S ol
: Storage 1empecsiure range ~65T to 150T < ook
; - i;;. - TR
E' recommend operating conditions ‘E-;Jl >
] e . = SN54L.5374 SN74L5374 ot > » "
o MIN _NOM MAX | MIN NOM MAX
. .
Szv'y wiage. Voo 5 S ftslars 5 52| v g JLIGINIG I T s .
lere! output voltego; VQ" -4%0 —400 | wA C Ry A i
et oulput ourrent, 19y 18 16 [ mA 7 e LS < P S P
¥ of olock enadl ise, 1 How B o Y ¥
5 o dben 1 Low] 15 15 o SNSALSINA L) SN74LSI74 (4;N)
| 51 ok me, 1o or of ns SN545374 () SN745374 (4, N)
Mg tme, 1y, 201 201 ne
i Cowatog tree-air temperature, Ta ~55 125 0 ‘T
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APPENDIX E

BT 138 ) T

Z80 INSTRUCTION CODES
(The literal d is shown as 05 in the object code.)
CE
J SOURCE o8J SOUR
nﬂﬂm STATEMENT CODE STATEMENT
8E ADC  A,(HL) E620 AND n
DDBEOS ADC A l1X+d) cB46 BIT 0,(HL)
FDBEOS ADC A1Y+d) DDCB0546 BIT 0,(1X+d)
8F ADC AA FDCB0546 BIT 0,(1Y+d)
88 ADC AB cB47 8IT 0.A
89 ARG AL CB40 BIT 0.8
8A ADC AD cBat BIT 0.c
88 ADC  AE cB42 BIT o.no
8C ADC AH cB43 BIT 0E
8D 1 ADC AL CBa4 BIT 0.H
CE20 ADC  An cB45 BIT oL
ED4A ADC  HLBC CB4E 8IT 1 ”wxr..n,
ED5A ADC  HL,DE DDCBO54E 8IT 1, _
ED6A ADC  HLHL FDCBOS4E BIT 1,(1Y+d
ED7A ADC  HLSP CB4F BIT 1.A
86 ADD  A,(HL) cB48 BIT rm
DDB60S ADD  A(IX+d) cB43 BIT ro
FD8605 ADD  A,(IY+d) CB4A BIT _.m
87 ADD - AA cBaB BIT 1,
80 ADD AB cB4C BIT 1,H
81 ADD AC CB4D BIT 1L
82 ADD AD cB56 BIT u.nwx_u.n.
83 ADD  AE DDCB0556 BIT 2,
84 ADD AH FDCB0556 BIT 2,(1Y+d)
85 ADD AL cB857 BIT 2,A
C620 ADD  An cB50 BIT 2,8
09 ADD  HL,BC cB51 BIT {.c
19 ADD  HLDE cBS2 BIT m.o
29 ADD HL,HL CcBs53 m"H mm
39 ADD HL,SP MNMM M_q nwr
v >WN "mwm CBSE BIT  3.(HU
e oo h: i DDCBOSSE  BIT 3,(1X+d)
b g FDCBOSSE BIT 3,(1Y+d)
wo% nmm "”wm CBSF N, 3,4
a0 ) BIT 3.8
FD19 ADD  IY,DE Mwww o o
FD29 ADD Y)Y gy i 4
Lo >mw ._M:wv cB58 BIT 3,E
A
wmog AND  (IX+d) cBsc N"H wn
FDAG605 AND (1Y+d) mwwm A a..:.:..
& po 4 M DDCBO0566 BIT 4,(1X+d)
pel >zw c FDCBO0566 BIT 4,(1Y+d)
= Vs cB6? BIT 4.A
- )nw m CB6O BIT 48
”w ”20 H CB61 BIT 4.C
AS AND & CB62 BIT 40D

08BJ SOURCE 08J SOURCE
CODE STATEMENT CODE STATEMENT
CB63 BIT 4 EDB1 CPIR
CB64 BIT aH EDA1 CcPI
CB65 BIT 4L 2F CPL
CBGE BIT 5,(HL) 27 DAA
DDCBOS6E BT 5,(1X+d) 35 DEC * (HL)
FDCBOS6E  gIT 5,(1Y+d) DD3sos R8Ik
Cash . &R FD3505 DEC  (IY+d)
c868 BIT 5.8 39 Ofc " A
c869 BIT 5.C S Sl &
C86A BIT 5.0 o o%e, .. S8e
€868 BIT 5. i PEE il
CBBC BIT 5.H 15 b
BN o 18 oRE.
c876 BIT 6.(HL)
DDCBO576.  gIT 6,(1X+d) 43 BERI
FDCBO576 BIT 6.(1Y+d) uowum WMM _ﬂr
cB77 BIT 6.A
i 4 » e FD28 DEC Iy
cB7M 8IT 6.C = osE ;
CB72 8IT 6.0 ww w_mn o8
C873 BIT 6.E 102E DINZ ¢
cB7a | BIT 6.H FB El
c878 BIT 6.L £3 EX (SP),HL
CB7€ BIT 7.(HL) DDE3 EX (SP),IX
DDCBOS7E  g(T 7.(1X+d) FDE3 EX (SP),I'Y
FOCBOS7E BIT 7.01Y +d) 08 EX AF AF’
CB7F B8IT 7.A €8 EX DE,HL
c878 BIT 7.8 D9 EXX
€879 BIT 7.c 76 HALT
CB7A BIT 7.0 ED46 M 0
ca78 BIT 7.E ED56 M 1
ceic BIT 7.H EDSE M 2
c87D BIT 7L ED78 IN A.(C)
DC8405 CALL  C,n ED40 IN 8.(C)
FC8405 CALL M.n £D48 IN C.(C)
D48405 CALL NC,nn EDS0 IN D.ic)
C48405~ L NZan £D58 IN E.(C)
F48405 CALL  P,nn ED6O IN H.(C)
EC8405 CALL  PEnn £D68 IN L.(C)
48405 CALL PO .nn 34 INC (HL)
cc8405 CALL i DD3405 INC (1X+d)
CD8405 CALLL 7000 FD3405 INC (1Y+d)
3F CCF 3c INC A
BE cp (HL) 04 INC 8
DDBEOS cp (1X+d) 03 INC 8c
FDBEOS ce (1Y+d) oc INC ¢
BF cP A 14 INC (>
88 cp 8 13 INC DE
89 cP c c INC E
BA cp D 24 INC H
88 cp E 23 INC HL
BC cP H 0023 INC 1X
8D cp L FD23 INC 1y
FE20 cp n 2¢ INC L
EDAS CPD a3 INC SP
EDBY CPDR D820 IN A.(n)
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Z80 APPLICATIONS

CONTROL WORD 4
o, o, o, o, O, O, 0O, O

Rl e el

0, 0y =—r—— C{

._-/.—- PA, PA,
Rl

b e nc,

._.__/.'_.;(’.g‘

"Vt

CONTAOL WORD #10
b OO

ARPEE A

A -——/'—— PA,2A,

R e

e,

e,

CONTAOL WOAD «17

.
A fag e va, P4
bA
.
— i L, P,
,___.;.‘.—o'(,"(.

e,

CONTROL wWORD # 14

o, © ©g O, 0, D, O, O

= LT

a ._4'__ ra, v

-——l-‘—— ., <,

I “—_—'f‘__’ “,5

of— re, ’a,

CONTROL WORD =9
0,

0,70y 1By

pponDDon

72— oaj0n,

S L

o

CONTROL wORD » 11

90, +5 ———ui

CONTROL WOAD «1)

o, 0,
'

LA ]

0,0, =

B2 Sy A, oy
- w,x,
—-——f“— L L

it =i, v,

CONTROL wORD o8
By By Oy 0, 03

...—_f.— A, A
»‘—v‘.—— <, x,
-

-




MODE 0 Configurations
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i Figure 6.7: These are all the possible configurations that can be used with mode 0. (continues)




Z80 APPLICATIONS

e

s

1 Figure 6.1 there are two blocks, labeled group A control and group B
trol, that define how the three 1/0 ports operate. (There are several
erent operating modes for the 8255 and these modes must be defined
he CPU writing programming or control words to the device.) Notice
group C of the 8255 consists of two 4-bit ports. One of the groups is

o A, ARl b
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= Completely TTL Compatible

8255A18255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

s Fully Compatible with Inlel® Micro-
processor Famllies

& Improved Timing Characteristics

The Intel® B255A is a general purpose programmable 4O device designed for use with Intel* microprocessors. It has
groups of 12 and used in 3 major modes of operation, In the first
{ 4 10 beanput oroutpul .In-MODE 1, the second
pins, 3 are used for hand-
s mode which uses 8

24 1/0 pins which may be individually programmed in 2
mode (MODE 0), each group of 12 /O pins may be programmed in sets 0
mode, each group may be programmed to haye 8lines of input or output. Of'the remaining 4
shaking and interrupt control signals. The thirg mode of operation (MODE 2)is a bidirectional bu
lines for a bidirectional bus, and 5 lines borrowing one from ihe other group, {or handshaking
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Control Application Interface
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Figure 6.1: A block diagram and device pinout of the 8255 PIA.
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