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ene peniphenial device.

'S The timing s p o vided by mop‘_?a?f:;\@o\ Wrm,

P i.yn 3:3323.“ o, er:m_: itha __3_.%9&3&%%33 v

_.h. m",m SYstem bus_{o pefch binamy instiue el and dd
Erom the imentony), Trant \vt | |
29t nses negis ten from negister section to s toq |

the Jata temponanily  and [+ p enbong

bus .mt >pl+/

DISTNINGUISH BETWEEN
ADDRESS BUS & DATRBUS

Data Bus A ddness Bug

D Databug (s Tmnpmznn.*._,o:o.r

> Addness Bug (s ypi-
dine ctional

2 Databus Monge upte D - =\ Addness Bus nange ypto

.._uw bulD_m

225§ ditberent memony = 65,536 dibbenent memony
Location. Location

=But data bug (s not calkd = A ddress Bug Us a (so
addness byg called data bug,

Hvﬂoa_.u_mx.;ﬁq ts lesg = Complexty s high

=) Addness Rus :mﬁtao only
to sent the data.

2 Data Bus nequine to cend

Ln neceve the data

Q:jvpt:q Fan tien  indo the PLU.

.Wm:n:a\ b Send out  the mesult in Z:E& E...:@)EB
bus ling 4o L.FD( Lisht ms_.wr_;mu Diode )

2 The technigue was

mm:m?bmm_. t e duce cost
and  INPC modulan, |

gna:
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|
Ry
_
|

TACCUMULA TOR :

.\r.\(\r)lr\lr\fsl\f\(rt.?\ .
D 3t isa §-bit general purpose negister (PR) and (tis q

pact ob ALU(Anithmetic Logic Uait),

> The PAccumulator G (dentibied by ‘A

> The negisten (s use te gtone on B-bit date and to
per konm arithmetic and rom_ﬂ operations,

S The nesult ob an aopenation (s stone tn the S

TEMPORARY REG ISTER:
i Bbit negisten and alse part of Urc
> Tt o othenwise called opefand :ﬂw_,wwmﬁ because.
vt provide openand to the ALY, v
= PLU can stone the (mmed ate mesult (4 wmsvoa:aa.

:.mm_.w.wm? and tt (s called accessible _u¢ the user,
mhq m\bﬁ_\nr_sﬁxw.n\ Mr_u e CD_..W .

is o Bbit :mm_m*nﬁ

v m:‘ perbotm anithmetic opens tion C _AP wrﬂ, addtion,
Subtraction, multiplication, divigion and +he :nmsz.\
off openation (s stomed ¢n accumy later,

> Tt alse pertlornem ho@._n openation [ike that aoo&&k
Complement, compate , etc and also nesult ob an
openation s stored (n accumulator.

= BLV include accumulaton temponany regis ten
and Flag, |

= T4 wses data brom Baao:¢__ _9,@_—, accumulaton
to petbonm the operation,

|
|
|
|
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. 0

| _H_.bm.o

l.l’l).ft"ll.\-l,

DTt is o D-bit :mmr&na and alesp part of the

BLV,
D Flag negisten Us o group of blipblop,
2 R s used to give the m??,n ow the dibberent

Openation result.

D The klag rnegister is connected +o the PLV.

and  status  ob mesult will be stoned (v flag,
> Five klag negister arne ag fpollows:
. L) Sign Flag (s) LY Zeno Flag (2)
UL D Penleny Canny, Flag (i) Panity Flog (1)
<v hp::m. I\p@ mnt % _ | :
_vmem: Flag:- _ gra tedd o ol

W§P execulion c K Ll Euma iaﬁn ; Uw b

(s one then :csrﬂr s_:. e QZ;_GSP 0s

| :m@:mwm:._ , 1
DIk the Dy mw Ls NQS i.ms number E_ﬁ be
| va,mm_:i as wgw;;@ _

_Do_—d_Q.:_ _‘:_DQQ_ _A7 QL

jo 011010 {000 E v

MO0o 110 | (o) 0001V 0 (Postive

1A

|
M
_
_M _E%‘._ 24 41
|
|
M
|

S O:n.nc one o penation Us _um:.vd::ﬁ% T,d .wr.m. ﬁulc
the nesult (s trnanskened on' mlaipr%mwﬂrrﬁmm

|

L_Mvmn_.n,_.‘ vc:amohn \mnm.pm.ﬁm.m. ﬁ.m.,.uN&

Tﬁm.nze ﬁn?m;
_ .vH@. (s nepnesenbed by Dg bit,
_.nv..; the nesult of¥ ALV openation

|

(s zeno then zeno I.Pm.

¢ cet othenwise nesed,
_“_mvwsx__“?nm ﬁp_.c&. Flogs-
S Tt s nepnesented by Dy i,
Ls genenafed by the bid

3 Ik ALY openation, Lk canny
lang  blag rs Set othemise

then U.w and Uc_ ?.w the aux

Mese t,

EV Parity Flags-
A T the mesult ok PLU o_vmai_g even :cs_uma Ew ohe. _w._.a;

pani ty Spm wll be .nm.w
> Tk the result ok RPLV %m:i_o: _Eoc_mmh aog :cawg ok

one then ﬁn;;mr w?& will be Rm,mn.m

P

ﬁﬁni« Flags- -
= Ik the openation penfortm on mE m%maia the
canny fbnom Dy to next step the canny (s set

'S
othenwise  rneget
wmmmm.ﬁé Sections-
= Tn BOBS. micnoprotesseny

| o greoup s v (= Gienenal, purpose :m,mﬁ.?.a Q:q@
| Vmen_nb wc::u.uw@ Rﬂm_mw.ma. m\fv.mL

|
i

,mmmbman.h wuza_Uo.mm WWmmm,ﬁnﬁ (aPR) |
2The genenal, punpose negistert ane W-2, b-£, H-1, B-¢,

the %m.n?.g ’s divided hto

v.;m special punpose register ane PL(Progran Ducswm@
Stack pointen (SP), _ ¥
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Stack Pointer §

j : negl
3 Stack polnien (s alse l§- bi+ speciab PUTPOSE mm_riﬁﬁ_

S I s known as memony poinben, )
D gt point to the m emong Location that is calle u#ﬁ

VwT,ow (s qlso LIFO (Last 3n Firgt Q:.Q concept Erm;

the wsdas data (s ?n%sm into the stack. the

ented Erm: the data Ls

stack potnt Lg decmen

Receive krom, the stack, the s tack pointer s

incnemen ted,
Prognam Countex s
VH+ t$ a l6 bit hmmn_pc Punpose :mm_ﬁwma .
= T4 m*ozn the memo iy f:;m& ol ;m ?QZ, e

insthuction to be m»mn:wm% s %
st NL ,

Tncnement \Umozﬁ_sn:w , | |
_ v

v H:h:nsgﬂ concept Us anm,n_mP .»m dala will be move |

by one by one and Lmnn_,pm_ﬂw no;nmv&

" as nemove %F,TP o:ﬂ w¢ one.

(s CONS i den

Address Buss
D m: 8085 micreprecesson ;the add wess, bus mange
m\;oz/ mo - D._m:

r 1
v dn that c: Py) L

bus:. and Q.J Pmu

bus, | ‘.,
= 3t ig o9 uni- dinectional  Aug, _
Us._ﬂp w;mm, _ _ _
= 4n B0BS micnoprocesson; the
Hv 9t j¢ also called as bidinectional bus-Low

onden. addtess bus 16 olso KnoWn as dota bus,

the Low cordet addness

(<« the higho nder addness

data bus ‘range 1s Do -Dz _“

\ B

" Trstnuction negis ten and decoder s

= Hts ® bit negister,

> The irstuuction may be any-thing that is ADD, SUB,
MuL) DIV, etc,

= When the instruction (s phase fon the mememoty b

intennal databus, its stone n the tns trruction
:mmmm ten,

V The Mmachine encoder and decoder Wi Ll encode
and decode the data Pnono%:m&.
Intenrupt Contmols
> Thene dne 6 internapt pin used that (g IN7H INTR
RSTS'S) RST 6.5, RST 7.5, TRAP

= These Six pin priovide  piennupt m_m.,pF send by
extennal handwane to the micnoprocecssn and
MiCropnoceSson acknowledgement fon receiving
the S?::le\. a_m:P,—\ whene INTA (o the
tn Femnupt lacknowl edgement:
mmﬂ_gr I/p Transmission y oL
= Thene ane_twe pin use v\oﬂ &:pﬁ.BFm_ca iB.w (s
SID hwﬂ:_Pr input o_n..?r.u MOU m,m@::i\ QF.ch._.an.rC
Senial Jnput UPA.P m.,mHU\u
D Thig pin @qoSLm& .m.,m_.:‘,u ojyu,_.v._w a_o.wn .
S Hhe sental dada on e Er (s loaded Cnto #m
occumula torn s When muzhmmpm a:#:n;ﬁ* Marn k)

ls execute]d,
Senial Output Data 908

=D Thig pin provides semial output oflg.

= The senial data on this pin Us Loaded into the

o ccumu lator (Jhen SIM (Senial Intennupt Mank) (o

executed,
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. €SSOI ¢
wnm?w@. Onmo::.::n: ok G085 [Micropn©

T ey | 2 (8wt 4 |

B (601 ¢ (8bit) |/ Genenal vcn?,wn_.
G hmr.i |ﬁm T_t | mnm_.u ten v
H Sgﬁl L (Bbi1) CaPR)

. -lehid 10
Stack wa:,_r.a mm& :um. ,mﬁmﬁ__.or_. ..mc.:uo,mﬂ _

mnw_,u.ﬁn_.ﬁ

Pregram Countern (PQ)- 16 bt

Increment hHZnn.uWH 16 bt C Mﬂ.ﬂ.u
/Decnenent (DECR)

Registen ;
=) Registen (s used by the microprocesson ot

Manipulation © b instnuction
=) INTEL 908S micnopliocesso

L Which contents 8- __u_‘w :NWG‘_HE . - no o

V The :mm_.m?a E 2 ﬁp_A ane ob?::p_.r.no the mic .wz.n

= ol "

uv The :mw.m&ma B-C wn:c. _U..mm&f H- ml hs:ﬁ

the vnvm:DBBma_
H-L L e 33&

= i H-L s iuded 'as me

D The :mm_m.ﬁ.m_ﬁ A Sl

nLouse :mmmh*_wqﬁ Qﬂﬂmnra.

avai lable to " wwm

¥
‘..4. i _

micreprocessornt:

> 9n 0BS 3“*03 hao,m,“_.m.,mwf thene ane. 4 _nrma_m#m
an e 9¢$;>£h\_. Sl an pbald T 2

i Temponang egister (TR). _
is) Pccumulator 7eg isier (AR)
Vﬁrn¢,nqm_mwmﬁnwpp . ﬁ
Sv Tnstruction, meg fsten mHnu

i i wth 4 ._M !k st b

‘11

1‘

Temponany Registen. (TR)

= Jn B0§S micno processon +h
into GPR and SPR,
GPR (B-C,D-E; H-L W-2)

S PR QSHznP_ DECR)

W-2 pain @ S.T.:anﬁ paiy

e .ﬂmm-ﬂw.ﬁg Mmﬂ.mq.oh.__ ._..-w

divide d
HV m.u‘.or_jﬂﬁ b

=y TNicRopRe.CRSS ON 1S use
negisten and 3 pain in (ns truc tion are B-C pain,
Ulm VD“_X..... Ilhl_ﬂ.n:r. oz . 3
|,v GPR (s also called as temporany megigten,
A ccumalator wam_ﬂeﬁ (AR) ¢
STt is also GPR. I+is 16 bit negister and (t (s

hll

tdentity by "B
= The negisten b (s use to stone on $-bit data and
to penkonm 9;_?31_0 and [egic opernation,
hv.__‘rm_nmmF._.._F:\uw an omes.ws: ts stome (n the accumulaton,
Flag Registén(FR):
=S T4 is @.@.ﬁ .”sqm_.,m.mmz. and [t (s the _vnq& ok RLY,
=) Flag negisten (s a group of flip-f(op
= T+ ts ased 1o give the status of dippenent openation
o nesult. The status ob mesuld will be ,m+2:uo~ en Enm
Tnstnuction Registen (IR):
v.H.m t$ a pant o b CPY s contnol unit thet rc_n_,m the
bnstruction cunrently  being executed on de Qi@

axby 0§

2 B gimple processon  each ins triuc tion :m%ﬁma
executed (s Loaded (nto the (nstruction rregisten,
which holds (t while (4 is decoded, _

2 When the Sm?c,ng: (s betch fmom the Snagm__. or
E._we._._,pﬁ data r:.mc tts m+ozﬁu oy wr@ ins thuction
negisten, !
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&.._.rm machine encoden and mmnomma witl m:mom

and decode the data gnnﬁqnf:arm_
Dikbenence petween GPR ond SPRS

G PR SPR

.....Vm..;_vz stands kon genenal D GPR stands fon mvnn;r
PuUnpose negisten. PUTPISE negisten,

> 3n 6068 nICROPROCesSoi
thee ane B GPR which
cohtaing 6-bit dala

D GPR (s used by the
Programmen to gtoned

w_..m mp._n_»

340 B0BS micmopn omm,m.oﬁ

thene ane 3 SPR Z._.:Pf
o_.___.._no.,_v,m. 16 \.U_+ &.D‘_..

= SPR (s Used by w:m
Quc won .wnsﬂ_oqp:,mﬂ
n.mm%m?qpma ol LP.E

s ike ) wca mn_.n:;*_o: on oiﬁﬂ

B

SIS | ol _ﬁcam.qmm
..NV\_.G: Ponany :mmr&@a isialso,

S__&m_w:?i;_@
> &x-W-2,B-(, H-1, ¢4 > bz~ INER ) DECR, ,ﬂcﬁ

Stack Pointeng' ' folgon ¢
vM_.m, s mnmbnpzm\ m.nw,_amm, as ._:Jm nogmn.?o: ok

EmScnq Lo cation s,:&_\ wﬁ_a Amsmoapau stomage

ﬁ.w %D...wn._
.aVu_.rm ,..,.,?,nx prognam :ppmmm wnas ocoi Sw\nrﬂ

> Grstiuction negls ter s
also called -spr.

V_ .U_.rm. rm.?:u_x i L) Fo' ,mx.w:cn.wc.am‘

W_ﬁ,m mgnw (s :ﬁ_:ap:% groUp hack Wwand-(nte
the Bmsoam - s _

_IW,J,@ @o.m/m B_O:QwaonnmmoF Eoso_mm tw'o

m_ PUSH and ﬁoﬂ Su?cn_ﬂ_ on

ingtnuction |
and netnive ;?;31:5 into +he stack

wo_ﬁ .m.r.___:m‘

..wcm.l Openation OR Instruction %

S PUSH in an openating within (n Used o (nsent
an  element tnto the gtack,

S PUSH openation Jdecnemented the stack pointey
and then CoPy the data (nte the stack,

M\HQBwﬁ@w
— B¢
> [18H 204

gnsl 1 dfas FlUEFRE T

PUSH@

PUSH 0 6 F¥Fq 8

Y ——
HV dn this m_.m: PUSH openation fimst decnement the
Stack pointen then novm- 1the coptent o nmmﬁm..mn_ﬁ to
the memony Llocation penipd, out by stack poip tey

= Then agan dectement the stack peinter and copy
the data brem +he :mm._.,m._“m#.. Cy
V The condition in which .ﬁrm ,m.wo&ra Is kull ._w:m: Lt

called Stack ovenElow,

POP Openation (R H:m._ﬂ.:;nw_,o._:a,
>POP (s an opuation which s wsed wEn “delete an
element from the stack, i
3 POP operation binst (ncrement the ugEo:o;E then
delete krom the top ok the ctack,
D 9 the figue, fins toistack ponter increment thes
the data!'in delete prom the stack and (t

store Ln =m%aﬁmﬁ

Scanned by CamScanner



B ¢ \\\)/L Registex

i
[n]aon] [ | Es
! wiw] T 1] | [8085 INTERRPIS
0 1 2 3 y | Toienngpt
_
M... _ o . - _ .\Wuiga,ﬁu&. LS e mechanism by which on 1/p on &k
A 001 o 0 Trketion con suspend the norma eXecution op
\” ” ﬂoﬂ@ GOQN.I . %mﬁ: CeSsonm, Q.:_nﬂ @m..m _....*.hn&w‘ hnm_c.._.nm%h
iﬂiwxﬁmt . enemally, q panticulan  fask (s as signed o they

. o? | ! i
“, oﬁh'.ﬁ' = _ W Fennypt Stgnals Gn the micnoprocesgpn based syster
”_ uv .:,m no_&._ﬁ.f. _ &799?3;1,,_oqmchn%w3 n_.p.F..?:,mme

| to" Which stack (s empt g
Pty then (4 & between the percipheninl devices and the microproce

m Lsed called ™ UNDERFLOW o,
| PROBLEM: : ; .
! - Mg o H..HPW\_"MEM mm:% Routine (Isr)
] = 5 l(l/|\l.[|}|l.}|.\l/J\}l
_w s . ' : mmuc._._nm,m _.E:.r connes _vo...or._,.m. (ntternup f.sm. sounce,
_ : :

w. ] !._.. { % _. : _ \
_ g Erial} _ : 1s called s Top, .
. DEEA_ o ”. __ 3 o T} M e _ .._. . b
1 | _ ; ) > When Microprocessor. neceives ¢ntennupt signals,

£ | Lxz SP 700 Laaim s proaal L vt sends  an pnx:wﬁ__mmmms.n,w (INTR) to the
PUSH. ] b maad gk vminrm.;_.fr, which ' g Neguesting fore cts Senvice.
Using Z,mxwmwr&w, Ssee: bty Cacestion of il
stack Ch o GISRlay this questioy o 4 - v When dherie (g an (nennupt megests do the
memony Loca tion, : _

fMicnoprocesSor 4 hen \_nw&nz‘ accepting the (ntennupls
: \ 3

E.. . s Micnoprocessdi  send ..n:_m _Hﬁ_z_u_...a man.w_mqm low) M_.m:QF
D ¢ . 1v the vmf.vrmn___nv_. The vectoned addness o0f
_ EE A ,__.__mu.o.._m_.:_ pore ticulan intenmupd _L, m_,ﬁ_o“:m% in progrem counten,
.._ _ ,_.,. WMM,”” | The processon mymmﬁﬂ,ma .ﬂ:__...? ..mnwa._nf.u,w senvice
iAyade 244 4 | e ) addressed  in _o_:omnpg counter.
¥ #0024 |
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Tyres OF INTERRUPTS .

——— S

Intennupt
based on thein mﬁﬂnsm&ma
= Handwane nternnupts:
When {he micrepnroCesSOR

.Z.:.,cc,mr pins ﬁ:pnuapq& ok B_A:ov:ommw

freceive (n ey
signal s
Awrmd ane  Known ag

INTR), RST 7:5, RST 6'S, RST & mC TR PP,
= Sobtwane Inten nuptss

Those intennupts which

ane (nsen ted (o
between the program Which means these ane
MNPEmONICS o micnoprocessor , (& Calleq
Sobtware Jn tennupti .._.Tma are- RSTO, RST|
RST 2, RS7T 3, RsTy, m,wqu RSTE, mﬁ__

> Vectoned m:._wm,:.u.fo.w.w, | |

These Fixed vedr
addness (stonting, ,_Dmo_.aﬁrw ok ISR) and ajt

(ntennpt which. have

executing these , program contnol (s transk
nned to that nmn_a?w Forn example !
RST +S, RST 6§ m,ﬂmm{ TRBP, &

microprocesson, They angl

]

== -

ane O_Pm,m_w_mnf (nto w.cEQES@ a:uﬁ

!

= Non- Vectened .m:.m.mn_;v.wm s ger |
Those S tennupls tn which vecton |
oddne $S cw :o+ predefined , THLHeE 3:&
non- <m0+o:mm @imaqﬁuyw The S._wmn::wé;m._
device gives &:m pmmnmmm ot 1SR kot thet
intennapts « INTR /¢ the o:rcmn.?aa__

only n

inlennupt n 80BS micno processon,

[ = Moskable

Gnhterupts:

“Thos e (nlennupt which can be disabled
(]

on ignoned by
éntennupts, These

{he micro p7OCesSon t.e. called

moskahble (ntennup £ 5 either

edge~ tniggened on level-tniggened . So theg
disabled ., INTR ,RST #,§, RST éx,
RST £-& ane moas kable qr.a g 0868
Mmi Ute pridce $S o,
V Non- Maskable 9n tennuptsy
Thos ¢

on tgnened by microprocessor,

can be

(n tennupt

Scanned by CamScanner

internnupt which connod be disabled
TRAP s q
intenrup+t . 9t consist ok
both Llevel as well ag

nNon ~Maskakle

edge trniggening and
(s used

mOw.&EQ:m m_?.mm::;:ﬂ..ﬁh.

N —

D mmcwﬁzp:m g:;f%...mu s
“that can be b the

n chitical FPOouW en m\m_.boram conditiong

a panticular (nstructi

cnsented desined Location
in the priogmam

softwane intennupts (n B0BS

= Thene oane eight

Nicnoprocessomn and thy ane!
—-RS8TD = RST Y
SRST1 S RST S
PRETZ — RST 6
>RST 3 — RST 3

= They allow the micnoprocesser 1o tnansler
non\?n;\ frnom the main PTOGNAM 1o the
_u...wmn\.. hO..DLU?WAS.?% the.. TSR wuzc%.,_-nnﬂqj\

TQOT to IWT.W

w:om:na
TSR maomzas. R
the priogmam control metunns

moin  priognam.



:.l.ul.l.

i
m

P

Ugﬂnp? calculate  the vector addiness of wr

r?*m_._—aﬁ—aﬂ.w ;.M:J& .:/m.- TOJBSHQ m\__(_m\_._ be _.0—)_.

7‘?2: R Lmnmvw_ =

Jntennupt Numbern MM

= Vecton qddnese table

ﬁ..a.*n#;rr_u +m ol

kot the s obtwane

H.:.wn.P:Fv+ Vector Dm&:m.w,m

RST0 0000y

RST2 00084

RST 2 0010Q

RST 3 00184

RST M 00204

RST S 00 2B+

RST 6 0030RH

RsT 7 00384 !

'Hardwane JIn tennupt

e — e e el TR

0 Thene ane six thternupt pins

- ol

/

n..wn

I'n w Dm.m M _._nﬂowuﬂunhﬁ_

used as Handwane Intenngpts and they ane:

- TRPP
— RSTS
- R8T 65
—> RST S.5
2 INTR

Zo.wﬂ" HZJ.D. ._,mv Do._. an P.k:.wm::rﬂw‘ﬁ HZ.._.3 n,r rrbm.%...aﬂvu

the micnoprocessen [ffort Mm:nf:@ the acknowledgenei

"

gwen below !
Intenmupt
RST #5
RST &5
RST S5
TRAP

= TRAP;

-

= The vector address ob these intenmuyptse e

Vecton Pddregs
003CH
00344

002CH
H024 1

> 3t (s non-maskable edge and level triigged

intotnapt.

S TRAP has the highes + prioncty and vectones

inlennupt

v mofmm ond beve L .?_mmm:mnm means iﬁl the TRBP

mast ge high and nemain

ockhow) mmmmmh

J:mr until Ut is

— 9n cose ob sudden powen fkailure, (t executes

o JSR and send ithe data bFnem Mmaih Mmemory

fo  backup memeny,

= As we know the .Hﬂmﬁv can not be masked bui
tt can be Lm_pmmnm._.u%tm_m HOLD signal. This

indercngpt  transbens  the micrnoprocessor 's contnol

to Location 0024 H, 91 con only be masked by

= RST 9.5: Nesetting the Microphocessen om cannet be

masked,

= 9% has the second highest prioruity

- 9t (s maskoble ond edge Llevel triggered Cntennypl
ok this (ntenmupt s O0L3CH,

=, The vecten addness

- £dge sensitive means
no need +o maintarn
1%2@2#2?

cnput  goes high ond
high state untit ¢t [s
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! 2 J4 can alse be orn mos Ked rx.
esetting  micneprocessene 3t can calse be
Mesetted by DI (nstructron,

| D RST 6.5 and RST S.8

= These Level

ane

— When RST €S pwn s at h.om_.n .H.._ INTE %P.w.t@

tsset.
— RST £.5 hag thind highes + priionity and RS T
$%  has
= It can
tnstructiong
> INTR
i = 3t (s leyel ﬁiwmm:m% and Mmagkable tnlennypt,

founth highest pnionity,
be masked by giving DI and SIM

o by nesetling micnoprocesson,

> The kellowing sequence ok events occurns whey
INTR signal goes rmmr,.

. >The B08S checks  the sdatus of INTR signd

Yo
duning exe cution ol each (ns tnuction,

= 3y INTR Mﬁm:u;l ﬁ.m.
(ts n.\_c.:.::iu..h @ﬁmfnwh.ca and cends active

! LS enables, ‘
4D On necewiny the insthuction, the 8088 save the
. addnesS ob next (nstnuetion gn c4ock and
execute mneceved
= It has Lowest prionity,
~ 3t can be disabled
ore. by DI and STIM Instruction

i
R I
o
@
i

f

ingtruc tion,

ProCesson

hgh, then BDBE complete

by neseting the frerno-

triggened and mackable (ntenuy,

Low ?.?:::mw:...nm_bq‘:oz ?n_qm slgnal, ik the intetnypdt

e e i i A e

ﬁ_ﬁ‘_..oq._“,w& o..w .m_:.nmquwrw.ﬁm

nultrele mJ.mﬂa.::,v.»

When nicnoprocesson meceives
m:\m\é:mv&w m._cha:no:h_\&u vt Sm._..r execute the ojwﬁﬂnﬁﬁn
senvice neguest (35p) acconding to the prionity of the
ntertnupts.,

[They | Pt

RST 6:S

RST S5

HELE

v

INTR |
——— Lodest]

@pmgm\mf@,o: ko Intennupts

— —— I

L Enable dntennpt (€1)

_ The (ntermnupt enable klipklop Le cet and all
internupts ane enabled kolloding the erecution ob Nexi
?:m?;nio: bollowed by €I, No klag ane abbec ted,
Prler o system meset, the (ntenupt enable kLp-blop
| is :mw@g@ thus disabling the dhtemrupte: This (nstructin

(s necessany to enable the (ntenmupis again,
2. Disable H:+ﬂ?;Fw¢hUH
The (nsiruction s used +o neset the
‘Value o b enable bLipblep hence disab ling all e
_ ,:+mzzﬁw+m_ Zo w_bmm ane_ wamn.ﬁmm _um ihis n:w.wa:n.m_.op.

3:3et Jnternupt Mask (sIM)
“, 9t is used +o umplement +he haedwane
[0 fennups by setting vandowe bits fo bonm masks

ouwkput data via SOD Une,

0Tt generate
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Y Read Intennupt Mask (RIM) :
Se——— e .

SRR This (s used. to nead
the status ob the handwane (nterrnupts - by ?pn:aw
inte the P negicten o hyte wWhich de bines  the

condition ok the mesk bits bon the ontertmupis. 9

alse neads the nq:m_.?.u,: o b SID bi ton the

Micne pnoCessoT .

(ns tyc tion

o Intlennupts
?ﬂm;%oﬁ kot bour hamdwane f
intennupte INTR, RST 55, RST 65 and RST 7.
The masKing ok BOBS Cnterriupts is done at

A kbenent [evel ¢s done at Aikbeneat Llevels.

Masking

=1 -~ e
== =] -
=1 flyarsd] !

__Fla. 13 Interrup) structurs of B0BS

_

e

he, babove
ond ¢rﬂ¥ are !}

A,_ @Hrﬂ maskable (nternupts D:m..v
Reset signal: So no (niennupt

g debault musked by e

is necomgni2ed by the
hondwane nesed,

ﬁ The internupts  can be enabled b
EV.;@ thnee RST indemnupts
mesked by Leading {ne
g.m.nssi

g the €T i sdnuction
can  he mﬁwmn‘?{m\h%\
apPrOPTiate  wond ¢ Ela
atorn and execu ting S TM ths trucetion
l::.m. It n,nﬂ:mn* ,wom\ﬂ.zn..‘.m 39;...5...:9 ;

0D PLL maskeble _
an (Ntenny, s

/b ALl moskab|e

g.__n:ufuqﬁm are 0?.&9&__««_. Erm?erﬁ
rs :aazwrw_.mh 4

w3+4d34v+ can vﬂ Ais ableg _uu\
v mwvnmﬂcf.f._.ﬂ@l 1k @H ths W:Fn.ﬁ.._.u:r
=2 RST % .
.+. w S alone  has a kUpklop -te MeeTp-Co 8g-ni 2 _m%mn
Mansition « The DT insthiycticn neseTt m:.mmﬂzc,w&
enable T\_._uwgﬁ (n the processon and the

miernupts  ane dsableds To enahle (ntenmyp ks, E£7

instnuction has to be eexecyted,

S 1M H nstnuction

(Ilr‘\llll\\/ll\l!..l.ll’-ll\}r)-)l :
Hvi;ﬂ SIM insinuction s used to mask on un mes &

RST handwane intennupts.

= When executed, the SIM (nstruction eads the content
ot oaccumulaton  and acco

the
> The ponmat ol control, wond to be <tomed (n the

accumulatont  befone execubing ST M (ngtruction
15 as shown (n Fthe below bigune

riding _x. mask o nmask
miermreupts, .

.ufm. can be eXplained Tm fhese m\\ ,_. .. .v...w.,.s.mw...
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T wr s iy rrwra

-

[Rit position [ DF [ Ds [DS DY P3 P2 PI°
i ,

Noame SOD |SDE [ X [R3s5 MSE M35 S M.Sg

Explanation [Semial | Seral | gt Reset |Mask Set m.n&? Set to] Sety
data 1o m_.ip_a wrd [RST 75 [ enable 1 o |1 4o |1 e
be send | enahle pUp blep| Set to J mask [mas k| m

mm.ﬁ__\\ﬁc By sansl T
1 fon mtenmy _..m_uu
,m_m.:_:m.

R

v@;aiioa bit patfens bort SIM inshiation S adldibio
to masking (ntennupts, SIM (nstrudtion can be sed ¥
send senial data en the S0D Une. of the |processon

3 The data ts be send {s placed,,in the MSB bit
ob the accumulaton and the send Senial data en
wr.n./mm.mfr_oi%ﬂn, 's enabled by, making D6 bit ko,

.wwHE cnstriuction (s used to :mnm‘ the hwo.__:m ok
the intenmupt mack hAileil | 3 /

= When RIM  (nstructiond s 'executed ; +hé accumubde
(s loaded with the cannent status of Fhe

(ntertnupt  masks and the pending (ntenmupts,
W, The konmat an v the ,BmD.Z,pa. of ithe dadn stored
in the accumwlatert  apten execution ok RTM

instruction (s shown in helow bl gune,

V Inaddition RIM instruction is also used +o
nead the senmial data on .wym mHU Pin of wrm
PrlOCRSSOTL, |

v The Jdata on fhe- S LD Pin s stoned n ipz,ﬁw
o the onnsaipwonzawﬁna the execution ok the
RIM C(nebriuction, |

e e e St
ﬂom_.ioj Um. D&. Ucm. UJ U U.N. Uh UD —
o 1 m
s SID URE I S Iss|IE [M78 |M6S|MSg
. ] P——— . . h -ﬂ
i .?;% pet to | Set te fSetdoi[ Sor to | et to | Scb bo| Set bl
H,H:p; A LA T N ERR T N
Ehe, RET IRST ISy |intemmst{ RST | ReT|RST
mu.b 3-8 ..1.% 65 s 55 is|ane M...M ic 65 i S5 (e
V.HD .ﬁd:&.a@. ._uﬂ_./nr.__._@ .Tﬂ:m...-m. N,Bp_uutnm. 30%71& _.ﬂohx._um o ke
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RIM

tns truction
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i miihn




JM'& and __.BSS'?.MM& Languq&c_. R‘“ﬂ““mm""a: 1

TsTRUCTION Worp St76:-
=>The B085S instrnuction set (s divided cnlo thnee grooups
ﬂCEﬂP‘IJ;ﬁﬂ' ic the wond Size on bla fe size.

J}i‘ba‘tt Lhafnqr_tinn
D )- byle tnstrnuction
3- byte ing lnuction

1- Byte Inainuctinn :

51 byte ingtnuction include opcode and opermand In
the Same byte.

Dpcncﬁ,g OFE'TQH&.

—_———

ADD R
Binanﬂ- Cede Hexcode
10010010 00
2 Hene accumulaton and megist
. gisten B ane the same Ayt
e 1 batc.' "

23 is also known as  B-bit Snstnucirton,
= The value range upte {'O—Z.ES_);
'*-"*)E:cnmp]ﬂ._‘

MOV n,B

;— B'-gt‘-'- Tngtnuction :

=>3n 2 byie (nstnuction _the kinsl byte speciby tThe
1"'& by te hsPt?n'bH the operand.

opcede and the

Opcode Openand Hexcode,
MVl A B2H MVL ) — JE-> Lbyte

B2 <2 6% —}iba‘ta
S 9t is also known as l6-bit (nstruction,
= The value mange upto (2-"5"1_)
-_-> E;(ump:'&

MVI B, IS5+
|
"byle 2™ byte
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Y lnLn ' " o I LB B 7 .J:.I. LA

| 3 “P;atu JnstnucTion: _‘h

e e —_—— —

SThe 3 byte instacTon the 1** byte speciby The
Z Lﬂk ‘-5FE":"5& dhe 16 bit

opcode and the
address | data.
= In 2-byte the 2™

Opcode Opercand
LDH 6000 H

LDH — Hexcode — SR <> - ba‘te_
= In €000, 00 is the (oyex byte ond 60 is the
hiﬂhm b}jiﬁ
-T_>EH is also Known oS 24~ hid (nstruction on 31]3,.'.{
= The value nange UpTe (271 on (‘-lalﬂ])‘

. % EKnmp’E_

LLDB 6000H
|
25 byte

ADDRESSING MopE..

= The way tn which operand
05 addnessing mode,

ane specibied (s Kpown

Y

. - O.R
> The way of specibying data 4o be operated by an

.'.;I‘I-E.'tﬂut"h.ﬂn LS called a.dchrs.sfné_ m Ddfl
-‘} In B0BS micoprocessor, thene ‘ane  kive types ok
addnessing modes: o

= Immediate F}clslnessing- Mo 4
| bae
-—> Re'ai&t'tﬁ_ HMFLE»S{,;F\% Mt]:!.&
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= Dinect ﬂddnes&inﬂ Mode
— RFHELTEH TIndinect Hd&nusina Mode

- Implied / Implicit Hddneﬁsina Mode
I._mme&iu.tﬂ Hc&&l’lr‘:&ﬁng}. Mode !

I this ﬂclnlq?ssind_ rnude.} the sournce oOpenand |
aLwnas dada Ik the data (s B-bit, then the dnstnuction

will be ob 2 bytes, 1k the data is ok J6-bit then

the nstruction will be o b 3 bytes

_E:c.amgle.s:
MVI B Y5 [moeve the data YSH (mmediately tornegisten B)
LXIT H 3050 lead the H-L paiz with the opertand 3050H

(“\mfdl'm‘ftf&)
UMP address (Jump to the operand addnecs tmmediately )
Rgai%tﬁm Hd&ﬁﬂs&.in& Mode :

In negistfn addnessing mode, the data to be

than,rd (s available (nside +the neai,s,{‘m(s) and negfstea{f)
is LD,TIE,J ppenandS: Thenebkone the openation g penkormed

within vanious negistens ot {he mic7OpPTOCESSOT,

E_:immp les ¢
a MOV A, B (meve the contents ol nmegistex B toregistend)
ADD B (add conlents ok megistens P and B and shone
the mesult in negisten A)
INR B (incnement the contents e%—m&fater_ﬁbg one.)
-D..L_HEC{ R ddmessing Mode:

9n this O:ddnesefn& mode, thad davda 4o
be openu.'ft’& s ovarlable inside a memony.
s dinectly specikied as an pperand

location
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' | ' h
:_j"j‘h,z ﬂpfiﬂﬁfl i dinectly avar lable’ iR Bhe

F_nginurfiaﬂ iselps

Examples

LDPA 2050 [load the contents of me meofy location
into accumulafort A)
LH LD addness (load contends ok J6-bit memony
location jnto H-L negistexn pain)
IN 35 ["['E'!:ld the data frtom ponf whose adclﬂf-‘u;
(s 01)

_R'_egidtn. Indineﬂ: H&Anes&;ng Mode:

— s M

In 1this qdclHE&E.Fn mod h
i § mode, the data to be

t‘ L] . N n
S oval lable lnside a memony. [ocation

and {hat memony Location s Inclfqetﬂa, specikied
bg a negistened pain,

E:camp}e5:

MOV HJ M(mw:a ihe contends 66 the MemMon g Jeradien

pniﬁ‘lf’d ba the H'qu;q 1o the
0 ccumylgton)

LDRX B (.’WNE tontamng o B-C ﬂFa-"-E-‘Il.'ETL 1o. the
accumulaton )

LALR 4530 [laad immediate the M-L pain with

the addnrese olr the location 9599
t Pddressing My, de

Jn  this ﬂdt‘ﬂﬁ-&sfn& mode, the opendnd
ang the c&uﬁlq_ 1o be

in the inSTruetion

:I'“P Uied f Implic

1S Ridden
aum;&b}a

opera ted ¢
Iq‘}'-S’E. i ¥
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&MP]ES:
CMA (kinds an & sone -he 1's complent ok 1he conaing
ok o ccumwlaton A (A ) _
RRC (rotate accumulaten P righ by 6ne bit)
RLC (nmotate accumulatore B Llekt by one bt

InsTRucTION SETS -

= An instiuction jo o command that given fo the
Mcroprececsom 1e penkonm a S pecibied ppertation 0
ﬂ'\‘uﬂn date,

2 The instuuction cet o micneprocesson is  the collec-
tion op an nstnuction that micropnocesson des ign
to execyte

:“) The piegnammen Ccan Wnite +the pPregnamming
agsembly leve L Lan guage uan'nﬂ thad (ns 1nuc tiop,

2 The (nstnuction has been clagsikied ;to Six
Cﬂ‘tfﬂ-ﬂﬂ;ﬂs:-@Dq‘f_q Trans bere Group
@Arnithmelic Gnoup
@Luﬂirq L Gnoup
@ Swikt on Rotation Gnoup
@Bﬂnnf_'ﬁ Contno Ll Grouwp
@ Anput 8 Output and Machine Control Group

Dota Imansber Group |
Th Lnﬁjfﬂut‘linn <hich ane wsed to fransfex
<

) b, s nea‘:.i{tﬁ. Cﬁ'k‘)j orc ﬂf’af&fﬁr{-
(R-R), N "
=M) comes unden thie g rouwp

te to €O LT (M"’R
e e R .
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E;:(Q[\{"\IP)E‘E’; M(]U(ﬂnuc); LI (,Loﬂcl Pifrtk.ma.-.hiq'tﬂft_)‘)
STP LS'H'HE HCC%”\LUm‘E'Uﬂ_) (‘.L‘J‘C-..-
Rri thme tic. Group:

Thﬁ in&{r\_mtiiﬂﬁ L] b t"\ ILB ﬂngup

| Per bortm
Q R {hfm: tic

imPEr{ﬁ_thn suc h as addi Fion (+) y

Subtna ctiop (-), iﬁ{n&ﬁ‘xﬁﬁ%i de Crnemen+ ot tAhe

on tained ok memony on ”E’ﬂf-EfEﬂ

EI&H\F:]EL'- ADD, SUB, 1NR ( InCremen+ QPﬂfs{tn)

D CR (De creemen t Qca

'IS'[E'"I‘) iy g P
Loa ical Greup:

The (nstruction ot thig JroUp per komm

QNDJ Ok xR OTHT E, edp,
{(::cqmplﬁ&i AN B (AND Peccumulaton ), RAR (Rota He
ﬂttqmuiq{"’l Hlaht)

Branch Contro | Gnnqp:

This grioup l:ﬁ-:l*u_df_ 1he (nstnuction 4on
Cﬂnd;{';ﬂf\u'[-

lbgic, Dpertqf;r'nn .s.ut}\ as

and unconditional Llen'L'PJ Swb moitine
CﬂLlLJ Tlt'}'wﬂn,

E:{umPlféi

TIWP [Fune Paaldy). OB Lisete
L/o and machine Control Anstnuction:

| This group include the Ins {-nucﬁna ‘I'b'-nrt.
input and oudpt (T0) portd, Siack dhd machine Cor s
E:camp‘lf.&-'a I NJ OUTJ N 0P (Mn opwqﬁﬂn_] Tl -
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Data Trans ber Grnoup -
AN ST

e T RS

1 MOV (Move) i~ (1) Mov(r-7p)

K S_Hniu:- MOV Ra, R,

The condained ok source nfafsfm(n@
and mMove (10  the des fination Ht’@f&{f"t “?d_J

X Cxamplesi- Mov B, ¢ [Bl<—Te]

-‘—f)lT'hiE. s (hdinecd ad&nessing mede
= N o B]ﬂ*ﬂ ane g klected,
’ By te Moc hine .C{jL]E T*aiq%¢7
|1 1

L

:> Thﬁ‘ Cﬁﬁ‘}ﬂ.;hﬁd {:E 'Ehp Inﬂmgna ]._,.g AT Lccqffnl'] EEHLJ

L) MOV (R- M)

*Sgnfu:{ - MoV R’c".Jm

ane  transhen 1c {he decdination negis tert
(R&)
X Examplesi- MOV B, HL ZB_]%H HL:]
E‘Q{'E | Machine C}j['lf' 75;1;%
{2 3 = ]
Uy Mov (m-r) -

¥ §yntax i~ MOV n, R
= The contained

ok 1he sounce ﬂeé}l'&h’rr f-E,s_)
ane  transten

(nle the destination memony.
qu:nples:- Mov HL, B Z_HQ#L——EBJ

Ea'if 1_Tlurh|'nf ('-_'EEJE [H---S‘bq{q
i 2 [ 7
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__-_"_,____’-’——'—‘—\

() (1v) Mov (W- "_“_L

% Syataci- MOV MM ) - 0 B

= The condent ot memony i move 3 .- ]
memunﬂ» | ;

XK E:famp'!t"s:- Mov H, L EH]"-D—}

Ba‘l,e, " Machine CH‘:'E T- & +atle
]— i/ 2, 7 R

2. MVI (MOVE TMMEDIRTE):-
s Synleti- MVI R/M, B bit dala
= This ‘nstnuction move the contain ok 6-brt

dala (nto the negisten om memony,
K Camplei- Myl R, 8 bit data
MVI B; 23H E‘E‘J‘"—Dﬂ
MUL m, ® bit data
HL, 324 [HU]< [32)

= | This is {ndinect addrnessing mode,
‘Bat"’ Machine Cycle | T-state
2 2 >

3| LXI (‘Lc)qd pta\ﬁ‘tfﬁ :f-jﬂlﬂ. J'mm[dlf_\tk:_):-

x SH n‘l&:i.'-' L)RI R'PJ f{ bt dﬂ{l

| _"—‘)Thi,ﬁ (netmuction  Load the contaln ok l6-b%
. |

data. (ndo the megister pair (Rp),
K Example '~ LAT R, 20004 |

B e
207 00
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Y

-I __-_-""_—--.
"5 T ) |

s Immidiate addnessing mede,

,._.>

By e Mac hige Cycle } T-state
3 E3 / 10

L
v
(0F + MR+ MR)
Y, LDOR (Load Accumy later):
4 Syntex - LDF T8 514 address

:bThis, (ngdnuc tion (vad fhe condain of 14 b+ addnese

inde the accumulaton,

¥ Examplesty DR 6000 H
)

[Ale<—[32 1]

> This is dinect addnessing mode,

By te Machine Cycle T-sdadte |
LB ! 9 J £
5: STR (Stone Pecumglater ):-
%m;
= Thig instruction stene the conditien pp the
Accumu laten inte dhe l6-bit addmecs,
K Examplesi- STA €000 H
[F] — 32H
[ ] — €000y
D Thisiha dinect addressing mede,

E,H'{:E ) Machince Caf]'g T‘_$ Jodn
3 7 5 B
I
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F—— T e
6+ LHLD (Load H=L pan Dinect)! '
3 MLH LD 16 bit address
=) The conlept ok memony Llecation poinfed out by
[b- bit addnesc ane Lloaded (nio negistern L and
Che centend o b next memony localien ame Loaded

(nto negisien H,
K E\\(QM{:]EE‘L
e e

&CO0 Y
coolH

=3

e

.=>‘ Thf&. | g A'mec{ c!\c!c&mzsfdﬂﬂ mode,
:_> N o [rlqﬁ. ane akbecled

/ RB‘E& Macking 'CUCJE‘ / T'!i*ﬂit; ‘
3 ___-__'___‘_——______

OF 42N + 2 MR

?'SHLD (,-S}U"F(: H-L o e r)"ﬂ*'f."t,)i*
¥ Syntaxs- SHLD 15 it wddmess
s> T}lt con ltﬁ.‘]; o ¥ nga.sffn_ L acne ﬁ.;‘!bf'?e:d al the memony

location and the centent of megister H are

stoned al the nexy me mor Yy leration by Yn e it e med!

3

¥ Ecanpicss- S—
-MP e t‘
J T 60U _5_3_‘ 1
\ _'__,-"".'?
_:—"'J’ I

:.? T‘hi‘h Ig dinec + aaar{Eés;n& mode,
=.> Ne bklag are akbected,

i
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'E)b'LE. ] MG.ChiﬁE Cﬁgle_ ! T”.qu"le)
= J S I 14

8. LDAX (Loed Bccumulator indinect):

¥ Syntex: LDAX B /D/ Regisden pan (Rs)

:> This (nstnuciton copies (lead) an B-bit dala to fhe
dccumulaton  krem  1he memeny  loca tion poinfed
Ou+ by B-C rmegisten pain on D)E nmegrsier
pa'n.

X Cxamplest LDHX R

LLHJ*‘“EBJ{_]
LDAX D
[Al<— [ €]

= This is (ndinec addrecsing mo

de,

= N blag ane alffbected,

%aff Mechine C.h‘(_-ll‘m?
- .

= 7
q‘STH}‘(JS}GWE P

Rece MM la tere lnf\imtcf)‘

*M STH.}( EJ}D Ep (_Peﬂla'ffn F”H-r]')

:.—> This (nstnuction will gTeme  {he accumulaien

Content jn the e Moy le calion puin‘fnud ,pu:t ]:.H_
TlFa‘;,s{t'ﬁ Pﬂ."TE an DJ E Rf"a l'_g‘h;lq paim, 1

K Exanpler STRX B
LAY~ Trieq
STAX D
[p] — Db, E)
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= This is indinect adodnessing mode
-_:.> N o Ij']u_ﬂ ane ablecled

Ba le muchfnﬁ.tac le T'S‘lq'iﬂ}
1 2. # {

|0 XCHG (_E,EChunﬂe H-L pair with D-E Peaisftﬂ: F*ﬂtl'r‘t)
K Synter: XCHg
X Descaiption

The contieat ok +he megisten H and
Megisten D ane Exc‘hgnatd widh con tenT of

Ne gisten | and E is exchanged,

K Cxample

H= S0y
Alten XCHG
L = 20H B

& perg ticn

L:
D: HESH P

F = 26H

._:5 N o #’]‘ﬂ& one Il]:rbf'f*l"ﬁ',

Byte Machine Cyele | T-slate
) 1 f 4
RRITHMETIC GROUP:-

@ ADD (ADD Registen on memcna fe the accumulaton)
M
S:an'lﬂ-i{: ADD R/m

=> The content ol negisten on memony  ane qdded

10 the cnn‘itni ok mctumu[qfnq a4 md 1t he

nesult g done ;n the accumylator,
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._) Ik ‘the_ opemnd [S Q m&moq& Lo(qtion} 'ﬁ"‘d"& 'lﬁ_’d'fc”t"?f’rﬂ
by the l6-bit addness (n the HL ‘megister,

? ALl Ha.a, an
qdé tion

ADDR
ARDD B [ple—Tp +8_]
ADD M

DD HL D}Je&u}_@
:}Th!t IS O gne ba%ﬁ [.r\,S‘i'fl.\lC.tl.Of)

e modikied to neblect the nesult.ilop e
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SBB m[ 1 4 | Ei
: 2 7
SBL (Subtnact Ireen i d I

{
ate data with borey I
G/ P TR et | |
KSyotea: SBT B-bit data
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ane s teme In the accumulaton,

e et b

D AL Klag ane modibied do meblect the weg, |y
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= 2 1T F
‘®Ir\)pciﬁcnemeﬁ{: content oF R/M bari)

~——— . ' .
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the § b

nesult
Cxample s
e

t oddressdata '(, “the opetand and +he
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Flo\a_. ond Hx.\xfl,o\nv- CO\HFU(-]_ FL;\@- arne neset
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K| Flags .
Qa Sign Flag, Partity ﬂ%a—) A uxi lamty (anny. Flag ame alse
mo& Bie&

(" addition +6 Zeno blag and. Cantmy J”Qf—
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by one position but A3 (s placed i the position By
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C,Ontmu@ to f?.XEthe a Mmachine code krom a
new Locqtion

> TI\E bﬂaﬁc}\

unsinuctjon S@:f;goﬂe c_)ass.:b)e& Ln’co
f:hnee -

outeﬁomego.
)\]Umb L“‘St"{ucflon
WCALL (hstruction
LQ?ETURI\;
)JUﬂ]P bns‘bnuci;on ok Lo o
= This annev c lassitied tniv two TYPE
QQOHd!twnaL Jump

@ Unconditional Jump

o) Conditional Jump

(n s truchion

.‘ _-_-_>'Th15 L‘/-S' 2 (:ﬁ.s'thb&('_tl:ﬂﬂ { QLLGIW\S ; —L_hQ; mfcnopnoce-‘géoﬂ-

4o made the decision| hased on , the cenlain
condition (e intiated by &lag

=> Pflen the LDG'CCLL o math ematical oPe,rm{lM
the klags ane cet o meget neblect 1he dota
con d'tion.
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=> The condilional ouwnp  (nstruclion ¢ heck 1he H"ﬂ-
conditien and make the decision to change on net,
to change the sequence ok progream,

=.> n B08S micn(mprroces_gouj é’ilw.’ [;lqa ave. presen out of
bive, blag. Auxi Ly CnrmU H'“S (s used as o T
to the micnopitocesson, “

JIMP Fb= s addresc

Descrtptions

mMc{fon trans ke {he pProgram Sequence o the
mQTfNOH& Locatlion specified uncderr 1he lag condition

= Thig i§ 3batt instrnuction whene, |

[’.>‘ Fing{ byte (s fon
Lb) SQCOB& bbte

e

.
opcode/operation code,

LS kon spec:'b& low ordern meﬁwn%'

”)ad&neg_g
Vi Thimd buyde o - '
J1& 18 ko 3 ; i
dcﬂdqes\g Peciby h:gh ohden mtmpn}
Cxomples - |
e 34 byte
| IMP 6000R
\/ \
! j—-b}ftd Z“ba.td

0 Juw B> Uncon ditional Jump
D The B0BS imstnuction set ¢
e BS  instnuction set (nclude ope. un ¢ ond

e

| 1 Bienal
\}umpu
= The unconditional aump  (nstruction @wena

. bleg
Priogrammer.  to set{ o picontinyotis loop, " "'t )

X Sﬁn{oxz IJMP 16~ bt aadfress
B Domdibisng,
= The program sequence (s thanshern to the
Memony Location epecibied by l6-bit addness
‘ i the operands s '
s —
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X

Ry - s WA P S SER SEpeR T IINR

S Me,

¥

— ,
-> Th"s L:.S 3 })':3 te L'r\Simu‘[ion. Fing ¢ bU '(;tf m-
ko L, l ' _ me Ty de‘

owe d 6-b.tr9.dnc$5 and the second ang

-tT,.‘”TA butﬂ specibffd 10 ’{)—bl'{' memof‘?ﬁ Qddrffs

he ¢ .
i G—C‘Uf\d byte speaiby Llow- o der addneg
'“\”?d ']:)6

L e - i
adince. ¢ Spcc:ﬁ& high- onder Memony
E:{q

™ ,
,WE[’E" . :).mp

16 big addnesc

IMmp ¢ ¢
¥ e g
st Byte os01p owe0 | |
v v
hi(‘ihoﬂdert lowoendey
-éf_‘:.tj‘}_l’_‘ié databy
"d byte g byte
O7p

s%sff%)
Watex; Jp g

bit Qd&"(e
PDescriptions o
"53\,\:#\__'“ : ' |
Conf‘l Ls "?jb’lfﬁ’c_'tlvej LL’ ‘ﬁhe sf%h Ha&' l‘.s‘nege-b OJChf’_rwicc
] .
. ue ‘Lr\ the mncﬁopnocgggom and data will be
oned (n the Pc/mqiﬁ'P’w&’Zg.ﬂxl- |
Sxample 3 MUVETBIAY, 5 o
JP €000 4
EPC:] «&_6000 H
©IN T v

SN WYump on Negative)

S_ﬂf_o_ustﬁ IN - J6-bit addrecc

Deccnip tions

e, ke R ienuli, L S s § b s s
othenwise continue (n the Mmic o .

processor, ond stoed

0 the main PTLOgGTAam/pL.
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%#M IN 6000H | SRR UIER
[pc] < 60004 - i J

@ ‘:T_Z- (,Jump on 2eno)
A Sgn":al% J2 18- bt addﬁess :

£ Description s |
2 Jump [s eblective 15 the zeno blag (s set o—l')werL'w,'SG
con tinue (n 1the m)croproCess on and stoned in 1

* | Seamples JZ gpopH
[PC]<— 6000 H - '
@:)Nltﬁump on No Zero) ' '

Syntaxs INZ 14- bit addness

Descriptions 1

mebbecﬁve vb the zeno blag (s meset O—thE"?Wﬂsgi

Continue (n the micrnopnocesson and data willbe |
Stoned in 1he PC
xample: INZ 6000 H
[P]e— 60001

©7JrE (Jump on Parity €ven)

X Syntoexs JPE 16 bit addnesss

De sc niplf“ong

>

%

=2Jump LS ehlective |k the Parrt:‘lbl f;_)aa 1S _se‘bothenw'se,i
Continue (n the micnopnvcessort and data wilL
be <tored in the PL o

K| Examples IPE 0004

|Pc] <~ 600D H
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v

M
i

@ JPQ (Jump on Parti'ty Oﬁ&)
M JPO 16 bi1 addness
Description:
> Jump (s ebbective (b ¢he p at(ty Flag s set
UJf-hEnwfse continue (n the micnoprocesson ond
data stored (n the PC.

Cx ;
Shple; Jpp 6000H

[P]<— 6000 n
@ 3 C C]um

Descnlptiop e i)
\——f‘\/\_/\_,_\i_‘

= Y - ;
D Jump (s efbective 1k the canny flag (s set

O{'hc« ] | ;
Twise continue [n the M) CNOpPIoCe cSorg ang

Stoned (N the Pc,
amples " Je 5000 H
[Pc)e— 6000+
@:—mc (Jump &
Spbes ING 4.y,
?_?E‘s&n(:p’fl'ong
=>3qmp ﬂbeHechiVe 1k the carnn
Othen wise continue jn the
Stoned ¢n the Pc,
Ceample 1. J ¢, 6000 H
[P < 6000H

NO C_Qr[n )
't a&cll'{es;g

9 Ha& ls rresed

MICrnoprocessor and’
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i) Calb Instruction

_-=>3't s used W Mmaun P OgTam to call a \s'ub—nou-ﬁ,'ne
when a sub-rnoutine 5 call the content o
pregram counten glome on the st.&ck and{;he
Pogram cesadereXxecution (e trans ber to the
Sub - noutine - addmress,

-*> Call Lns‘tﬂuc‘tion (s &IWAP(;Q LA ‘Lo

8> Cot ditbigha LCa LU

B Un con'ditiohal Ca
? Conditional Call

\-../\___,,\‘

} The (nstmyction (s used cond; tlbnalta to-call %a i
Subroutine . This (nsthuction +rans Een the !
Priocgriom = seguence  to . 1he subnroytine anrtthl

tw 0 ‘f’& pes:

=> The (ngtruclion set  the conitept o pr(o&rmnq.
Countern on 1the glack and The 'S fack pointen,
decmemented by 2 and data will be'stoned |
Ln the PROGAN coun terw, ‘ |

Sgntu CRhLL ¢ bhit addresg

Desenipions

> This 1S 3bat€ L“S{“uctlon dst ba{e bt opcode,
2nd byte koe Low order. memory ao\qu;g&s:/.

3nd b%te, borc high ortder memony addess,

D b the condition Us fnut‘yﬂ\en five ﬁ\flC'\."ﬂe
cyele and el'ah‘been T-state are used, Lk the
con di’ifbr\ Y S quse, 'H\e(\_ two m&_;hl'qQ I(H_cle,

and Nnine T-gtate ane used,| .

L I8 I
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Examples CALL 60001
i e S

__ \pe| < (000t
5 b> UnCOI\ {i-_il brona l, C,u "y,

[
it

\""\‘._;-—u. -

:"> Thy g h‘(nr\-‘f. Inuelion L sed uncondt [itna ”H Lo cq l';
0, s u‘)”n“ !_i[‘(‘l‘ ) '] }') }I [“: (:f\.’f;i ’frl.u,r-;".:f Ln (f"! it L el /’; [
Progiam sequente, Lo o | sy noubine o dAnes,
s i . ' | 117 U

::> hes (ns tnwelion gl the com ewt ob pr freom
coun len, o Lhe  alack on d the cback poin ley

i p )
decnemen|eq by 2. ond dala will be cloned iy

l . 1\ e PROGNAM  Coun fer,
!E MCHLL 'r;'l)i’ .rlr]f,]run._;’

- Descnipliony | »
\_’-——\.—-—-\—“
> Thic 4 debyte  nstnwctiod! where 7o | hyle iy

kort OP.-}':n.ullor\ (‘_r)(’u,/ 2nd by Le bBoi (o ottd er

i‘f | M(*.mof'l‘d (l(]h',\rl‘,!.('!i.‘(',/ -'73!!(] ”H 1,; 5,,;, hf{} )«, (;Hr)w‘:
| memony addine s, | ‘
; => N o L‘l.na are abbected:

6_ l 2 U ' T S g § S I T ——
| S B T

_,Iii_‘." WIe | Teotate

AL wooon [T s gy ] |
| E: | AV . EP C.] 4"""" C D00 ” o A BTTAIENN NS A j
_. @CP (Call on Poxi'live,)

= Llatlon

e gy

Synbasts P T6- hid addnehe
D(’§anp !‘.ifin:, &
D Call is ebbeclive L dhe < 40 blog is neset

obhenwise. continue (n' fhe  miero Jrocessorn
and 0 ala will he stored [fa Lhe P 1L04ran
countern.

i /
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R
ESCC\mPIE"e P GDOO H

T T Ipc) &« 6000H

@C N( Call on Ne C\Jc,iu_:e_,i
MCN 16 - bit addness

= Call ie e kbecetive, th the sign blag LS cel othenwise

Continue (n 1he micnopprocessor and data will be

Stoned in fhe progmam Counien
Cxample: CN 6000 H

[Pc]e— 60004,
OCL (Gl on 26m0)
Sgntexs C2 16 bit addres

SCall 1s ebbective, vk the zeno flag cs set
othenwis'e eonbinug - in, the mrieno protessorn and

dada will be stored tn the PWOG'?“T.C“U\&'L
3 v |
Aample? Cz Lo
[pc) < 60004
@QNZQCQU, on Nozemo)
Syrdaxs CNZ - bit addvess

Degertiptions
%

= Call (s e hbective Ly the zero oLh
4he M) GlopTOCeSSON and data wi e

b Log Ls Teset othenwise

Coﬁ't\m\i{ef-' o
stored in the prognam Cour\_Jrﬂf (P

Sxamples CN7Z 6000H
e e e e
TPc]<—6000H
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®QD_ECGL:*%3* on Po.rtt'l'd-ﬁven) ' | | x
%w_ GPE ‘)(J*Bi 1 addness i
tl'&;s,c.@ign_n _ o | i

> Call (g eblective (F the panity .’[{Lg@- (s Set

in the mMicroprocessor

Othenwise continue
onA - yoto ! Wikl be s tored, “yn the progtam

Counten,

Cxample: CPE 6000 H
[Pc) < 6000H
DLPO (att o0 Purity 00d)
Sﬂ“t‘q% CPO 16-bit 4ddness
S ‘
escrip tions
D Call 0s ohbective ib the patvly blag ts sEF
. portviy 4
othenuise continue 'tn the myicropnocésson
ond data’ will' heistored in the progmam
Countern (p(), SRR I
Gxamples CPo 6000 . -
[PC] < 60004

@ C/C C,C&L[ oM Co\rﬂla T | J
Syntaxs CC 1 bit addnesg .

"'"\s_.-—""""‘*-—-_‘..,

» L o
Degcuptiont
~ i, T R TR

Call is ebbective vb the corythlag [o cet othémdise
Continue jn the micmoprocessert: and data wt
be slomed In the pnc'armn’\ Coun ter LPC_), |
=xawples CC 60004 |

[PC]&«— 60001

A | iy
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> aall

@) CNC (Call on No Canny)

Sgn’co@t% CNC 16-bit address
Descncrions - |
> Call s ebbective b the canny fblag US neset
other\Wise CDI\‘L‘“'WL& in 1he micro PFLDCGSSOW_CMA ]1
|

dodo willb e storred IN‘The Pnt:gno\m'cwnfet(n),

Txamp les CNC 6000'H
o, e | |
Lrc]&e—60 008 a1 qurinhaan-nld @ |

\',l}l) Retunn I nstnuction. y r ]

‘—"-’-> The Retunn (nstnuction (s used at the end ok the
Submoudine 1o petunn 1o The man progiam: |

'—_:> When the Retunn (nstruction (s @.Xec,ufé& at {}\eg
end ok the \subnou,{in'e) {he remomy address |
Storned on {the &tack (s netenive an d an the
Sequence ob ek rution ' 13 ;s‘m&y in the main

PrLo griam, |
-'=>Qe£wﬂh inétiiwction are BWO ’b&.?e\gg '
| Uew Conditionall Retinn' |
OL)IUT\tD\’\d""},‘.On'D;L Return ' '
°>(M Re tunn e 0 B
=\ Be kone the execution: ol subrouting, the adness
ob next (nstmuction ol main prognam, (¢ Save o
the stack through the condith onally .Ond data

wi LL be 5f0ﬂe& 'n  the Pn%nam counten (Pc).

S%“met; RE \ib=bit addness

L N )

(E,I‘om\p\ﬁf, RF__'T 6000H
R Ep(:]é—— 6000H "
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s . — 3

Deg aip dion s

> 9k the conditiona s trnue  and  the Prte gramme
Netunn  fnom the Subnoutine  {the executiongy
Q@ Conditiona| netunn take fo 6frer MAChing
Cycle o Tegbols

—> b the condition not thue or\IU One  mach
6 T-state (or-y + SP-2)

b,> Un- conditional Retumn
M

ne Cycle

- Sub routing the CM‘Q&
ok ’chP.l next L}\g'tnqctio_n ok 4 o

L:S ¢aved (n Iﬂ\e s tack,
é Then the executiton 0F rmeturn  jagtruchis,
hm‘na_ back the gaved Qd&ness. Ib“w”\ the
Stac K cteo the P ogriam coun ben LF‘C_)} .
> The content of the <tack poin ter{ In¢ temented
by two To indicate the newstack top,
Then the progrnam JTOUMP +5 the tn trrue oy

Yo thie main Pregrtam’ ‘next - to pa | [iing Fruetion

Called ¥ ealdebAing i hy 4
=2 No L:laas)cﬁ‘n < olbected, | o
| [BHT] , m/C Cycle
1 U I

>'T\,\ “5 iS LIHA{HGC J[': d(&t&ﬁﬂSﬁl‘f\'&-JmDCﬂﬁ
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Bl g

(o f;::j:iil—‘?.: KL CO00Y
— e e - - :
" [P (000t

() RP (Retunn on Positive)
B T T

Synto: RP 10-hid o 3dnecs

— et o

:_> Retunn  Lg ebbertive (,E {the Sign

) ‘L";{;?' whse

blag e necet

€ et [& ) -

L On fv"-.UA(:_ (1 ‘ﬂ\'\g i Coprie CessSen and dq_’tq_
.f/)1 L L r)’" 5 -‘t‘&ﬂ/?}dl

e

LA omp L‘; e

__/ — gt
PP

Ln Ahe progriam Ceunter (po),

€000
[FCle—to00H

Lurn ¢
e

————

n T
i _
285Gy, ¢

v = Lt
LY s

S o ;
g ]‘b’l})ﬂf! LS ¢ L’L’!'r'f,lu('_ LL’ ‘U\G_ &;81\

r.:,'.ft; ‘},Jlr_ e l:f _{} o

'.Jd’lr/ﬂ(l é

r~

C [P)e—¢voon

‘“‘—-*xi__:_f" nn e Zenn )
i “* T’;\M .
,'],‘ VIR & Rz 14-hit a_dglngéé

LS e blhective tk the zZenp &an. Cs +
Se

the mjcroprocesson and

Othe Tuise continue (.

dots 50 LL he SZLOr(eoQ
Croww les R2 60004
[PC)s— 6000

* Scanned by CamScanner

Q) R Ly (:H{: .‘

g S A cn N “4 ot .}9_,‘) ]

a e . T N e
SQuptoz:  pn :
300025 RN 1L b T addnese

bleg (< cet othenwise -

| MICMepnoCe sson and data will bff i
i the Pﬂc&.n_orn Ccunten LPC_), -

Ceamples RN ¢pogny “

In - the pPrognam ¢, unten (P

“

|
|



5 .‘!
]

g

e e e A e - L e Leem e

‘.‘:ql-:,;
DRNL (eturn on No_2ene). 8

Wix RNZ [6-bil adldnesg

Descriiptions
Zsaiphions

g

:; RQ‘L\Mr\ L'_k. ebbec'ﬁve Lb “W 2enu L’Lf-'-{j f‘.& Megof

othenwise conbtitue in the MO proCesSery an d

datq will be &tored in the PTIOgITam fountey,

D Rebunn e ebbective ( the
Othenwfseg

. o Hy. blag 1o se+-
continye n fhe MICTOPIE (eSSt qpq

d ata MEO A be

storted ,n proe oy -
Ctamples preog. Counter ( Pc)
\-A___‘-\__\

RPE 60004
5 [PCIe— o004

RPD (:R(i‘t‘ul"fn ON Pur'(_l'f i Dcﬂ&)
M RPO 16-hi1 a ddlrtesg

Descrivptions

= Retann WL ebbective 1hthe ponity Flap cs mocet |
Othenwise continue in the MICOPIOCesson and _::
dota cill he stored (n the priogrram counten (Fed ”

Cramples RPp goooH
D’c]e—{;_o 00 H

{4
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S\dn'iﬂ-i RC- I{!" bit G(QCR"EC.S

Descmbflon'
i e

S Retuny ) S ekkecﬁ% tk the catnmy l;lag 1S fRese
0thenwise con tnue in the microprocessonn and
data will be stoned /n the program ceunter
bed
eomp le2 RC 160004
[Pe) <— 0004

RNC (,Retum\ Ne Carn
D Retunn s e bbective it the cammy blag I's meset

otheriwise Continue in the mfcno‘;?noce,ssomqnd
data will be stomed in the F’w‘&”q”‘ “’““‘}QCPQ'.

EDCCU(\{D RNQ’ 6DDOH

%

[PC)<— 6000H
@RS T (Restarrt ) Tngtruction

Syntax: RST n
Descriptiong |
= Restant (nstruction ame ec;,u'f\)qhn{: t8 4 ba?t'te CALL

LT\&,‘I;T'{ ue t)on. 4P o
) 9% this (ns truction, ihe con‘h"n‘i 0ok progmam COl.ln'lLerz_
Le a Set on the stack,
2 The program Juomp to the cnsinuction .s'tan‘['.-nﬂ ad
Resant Location. The o:oqc’ ness o b nes‘éan'f
f:ﬁS'hTU\CtJ‘Dn L5 B times CO-—'-?_),
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| D This i \

‘s indinect addnessing mode,

it iemc

e

Bgte  Machine Cycle  Trstale

;.; s -
| INSTRUCTION  RESTART LOCATIay
! RST © 0000
| BET LT %4 D008
BT 2 0010
Il RST Y
| Do~
I os 028
| RST 6 .
i 00 30

TORCHINE  ConTROL I
NOp (,Nq Openation )

i Sgntaxy NOP | |
Dﬁscn]p)ﬁ'ong {
> No opertation

N STRUCTION:

)S Pelonmed  when the (n sTruction |

ey ted ; ‘ q i [ ]
> The Megisten and b lag QI‘I”Q_ no T 'a.ﬁ.is’éct‘e&,“ |
? Byte Machine CacLe. T-s tate
a . 1 4

:ii. H L.—)- (,S-‘:OP Sn 6’{:]’[\{_C tl.on):-
S%njtvq:n ° H LT

| Descn{p‘lion:

! | D The's  nstruetion
on

stop the execution ob mI creop s
I => No B‘lqa_s. ane  akkected.
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Bt\ le Machine Cﬂcle‘ T-5tate
4  -itta ) .20 , S
%THL(&C‘)\N\GQ H-L with top ol the stack)

(E:cr_hqn,ge, the exact '!e.alg,‘f.tn, 'Pm'r;, with the 'f:oP
o +he s,":ack_)

San{a:x: y‘T HL D"]HFS'P]

EH]HESP-;.D

Descniptions |

= The content op negisier L ane exchange it h
the Top ok the sack,

= The content ob megisten L ane exchonge wilh beloy
ok the giack +top,
> Thie 1 Tmeeisfen  (ndinect addressing mode
> No blags «ne albbecled.
Bgte  Machine Cycle T-s tate
i S 14

Cxamples
Bekore ATHL between

Uﬁ\gﬂ‘o—%—‘ 9 '[_iowen)' : 1 35 gk
H% | 2045 a2n > )

9]
Sp 2,045 i

Pkten ATHL uns tnwction

et . te)
Phere (Lowewbge/
H | 63 \ 38 \- 2095
S9 | 2045 2044

T ‘;..
3

L

—
0 Ut
N ~NJ

B
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PCHL QPmoa—nam Counter H-L):-
(Load PC with H-L Content);-
Syntexi-ponp
E’C:|<———EH I._].
[PCH] S EHJ
EPCL]%EL]
Descﬂfpfio;\ ..
=S Ths content ,p )
PTog Ram Coun Jen

Pain . ane  frans fered te The

%The Con ten 4 0b H one move 4o 4he }\"ﬁ'h oﬁdet[ﬂ)

d bit ok the Pregram counten ance  the Contend
Ok - ame...move! to the low onder (L) & bit
0 the prnogram Coupter.

= No  #) 0ags one akfected,

Byde Machine Cycle T-state
1 1 &

SPHL (Load S tack pointer.  with H-L content):-
Syntax: SPHL
LSP] «— 1]
Description
= The content ok H I
Stack peinten

= Nb klags arte akkected,
Bg te MGch}ne Céj c ,e T'S"fq'fe

1 1 6

PR ane transfber to e

Py
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/

INPOT OVTPUT TINSTRUCTT ONs-

TN INSTRUVCTIONYE Input +to srcoumuliton | Lo
8-bit data)

Syntaxs TN Bbit port addness

EF)] 'f\——-[Pon{]

Descrip tions

> The dala ane available on the pont Ts ‘move to the |
accuamulaton,

= Dkten the IN ing truction the address ob F.’Ofwt-' i
speabiedr The sSecond by 1e¢ op the insthuctron .
con tent addness ob the port,

> No blags ane abbected, |

dinect addne gsing mode,

S Thic is @
Byte Machne Cycle T-sdate
e B )

OUT Instnuction (Output krom o ccamy(ator to 8"51"5'

da“t—q\):- ,.; )
Syntex: QUT 8 bit pont addmess

[F] — [pont]
D(’.JaC"'[iPlecn:

-"—> The content o accumuladent 18 MDVe to the @.brt+ port

G&&ﬂeg;
> No blage ane albected.
Ryte Machine Cyecle T-stecte
\ I Y
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! STHCK HHBTEDTINSTRUCTIDN

OPUSH
Syptats  PUSH Ro
De&crtfphon

The PUSH the content ob riegistetpain 1030 the s tack

E:tounp]e, PUSH M~
' PUSH ¢ H-L_

W-Z2 D-E H-L H-L

(Y PO P
Syntots  pop R,
Deccription:,

PoP The content ok f‘tee.ig'[jem pairt inte the gdack

b E:tqn\ple °- '

i POP D-E L \,m
- W-Le ]

| L>E1 Cﬁhqb’e n'ttﬂﬂqp't)

t Sgr\’fu =)

D%Cn\p’hoh%
| —':> When the s instruction ¢ executed the fﬂJfﬁftﬂwH
!i ane ochive 4o +he enable sugyes tion,
> No klags ane aklected,
Bybe Machine Cycle T=g tate

} 44 Jowitonie Y

u !
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pa= e 4

e

DT (Disable Intennupt)
Sanhii D
Descniption’
=S When thes Cednuction o €xecuted the ntertrupt ane
deactive to he enable suggestion
D No flags ane Abbected |
Ea‘tﬂ Machin e Cﬁcle T-s tate
g 1 \1
V>51m (Set Intennupt m%)\) '

Suntax: 8T M
Descriptions
= When this (nstruction Us executed +the bif 6k 'Hae
AC Cumuyladort are used I'n the Pno&nam' |
-\>N0 HR&& are ablected,
B%*Q Mackine C\écle T-S{:q.{'r{ |

. 1 ol v
VDRIM (Read Tnttennupt Mosk) b ]
Synbasc: RIm
D%Cﬂ;p*fo,\tr i | | ) :
. = ' i_i-l & ! pal
2 No blage ame alkbected, 13}
Byte Machine Cycle  T-stede
| :. ” , o | \4 _' L5 o
RRIT ) it v it piiipy af -ul e g ik T
/ 4. 2]
;-
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S7¢ (*St‘: {- Cﬂﬂnu)
S!jn[u:: ! B9E

I) Cse Miplon '

oCan he get

UkSing Hhi ¢ Ins +1 :
ucH
aAne q L’f?(’c {‘(’cﬂ : UO’

| '
3&5 le : h\uchme CUCIQ T-state
* 1
Hsse_ b | : ' 1
e "Olere Dinechive | ' |
SSemblen  dinective (& a wessage  that (s tells

aSsemblen  wWhene he progitam Vs lecated 1n The
h\L'rnuwgJ,

=> 11 e alco Called ax Pseydo.
ORG—, [Or\iﬂfn)

Sgn'\u: OR 6

Descniplion: |

2 The ne Xl i‘554nwc‘|ion ort dady.

iy 1s e be' cHoney 'f'ﬂ'JrRe,

5 lOCC\‘HUI\ S.’OHI\IU gk-l gDDOH
CHample: QRG (000K
END (End ok assembly)

Sﬁnbm.’ tENID‘ vy SHE A% Bssn sne  mobalums:
Degeniphion: |
=>Il is the end ol c:SSczmlpJg preogram,
E@U(iq,uqtt.) | |
DTt us apuale do V“”'.Qb'ellﬂfme to qlnumem'c vaue ona Vake
name., _

DS (Deking S torage)
"> The d;rtoc'l'""e deb‘l”e amount of free <& pace.

Scanned by CamScanner



e R N S e i

e Y e i

e S e, > 4 2 S DA

i TIMING DIPGRAM

wha"& do you mean by T\mina-‘ Diaaﬁam ?.

Th& ﬂecess:.m& S-LQPJ which ane f:c,aﬂrUE’A ou'f} Ln

| .fﬁdich“l“‘e" cycle can be nepresented 8“thiCau&

Such  graphically mepnesentation called 'l‘l'rﬁ'.ﬂca~
diqgnam,_

_LUhat do foumean by chhine_'cbnc;{,e.?(l‘/lc)
Tt s defned as  the E‘t‘lme_ nequined To . comp lete one

DPQ‘T_C{_-“JEDQ 0 lf o-Cess lf\&_ meMmor ‘d,.J glfcess l‘f\a. ;'nPLL-}-

-—cma Otd“ptd‘ o‘aj'tl_ @.‘PCI
|- State.

3 T-state (s defrined o ONE sub-division of the

Operation
2 | :
> T-state = | c lock peniod,

r LF= Clec ¢ &me%@\cﬂ
Tstate= 0.p20yg

é 1= S tate 1.5

"-"‘> Ecxd\ t-state

Feteh Cyele (Fe)
It is a S tondand

b’u”kj‘ depends open the clock bneq)&&ﬂt&.'
= O0Ne acloek penipd,

preocess wWhyeh Je f\EEo\ecl h)ng Pnocesshj
of o data. TL js called petch cycle, And othenwise rf'S!

khowh  gs 5’€+Ch deceole Q xecy te C‘a.cle.. {
Tnstruction Cyele CI C)

> Tt is the time Jaken to compute +he pxecutonr ok an
instruchon,  Tngtruction cycle is the coﬂ\b;“""ﬂé

0[;)’ [?Q_’rc,\\ Cﬁ.c\e,(r—(‘_) m\& Q_XQCU\:HO“ ‘—8 QJ&,O;C:)

3]
At
i
e
5

1C= A E b | ii

i
Y

i
i
i“ &
i
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c%d&

971\@,“&&33@& steps which ane cartied out i’P&ej: the dq.fliﬁ
krnom the. remon ond execute -t conslitute o .a betch

fMac hine Cac. Le

—]

Thstruction Cycle

N defined as the Hime

| r[ewfnecﬁ to complete one

acCcessing  input and owh:q{;
data is called machine cyce
Di&&nam

FE}L}W‘II\%_

[recdibg

Process

Fe‘}d\fng) de cncﬁing) e xecuhon,
\Slro?ﬁ;\a_

Mernony _
Moachine (3,(.\& does hQVe
Memor y capability

Componends

memoﬂal- 0ni (mu) (C?O) e+c,

mG_MDmd Sizes

Machine cycle Cohs:c?emn& mwcz,

memony space than TC :

operation o accessing memony)

' Fé*c“\il\@f de Co&fnﬂ.) QXEC‘&JGI'DI\J

Jfl:--‘

D T4 is the time akey fo
CUfT\'PQL'beI the gxecq+;on ol an
instreuchions T ctrwetion cycle
¢ alse Fined a¢ combination
ok, FC & EC.

Diagram |

I'Ft+;h{ﬁ&
Fod

e

z;xe_mj-l n

Procese

T[ul\m'nﬂ

meW\Dn% |

Tnstruction Cgcle AOE’; ne -t
have memony capabi Lr T
Componenys | |
Registert, ALV , e¥,

memona Sizer,
Tnetrnuction cblc)e (onsrc!erc
(ess mewony Space than

L&

L’

m¢

D 2 At

i

o
e A
= \

b ’ i
) f’J(;“-,,IJ [
-~ — i
- .-

al.
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e T S ———— = S 502 i 3

S

| A—

Clock Cyele (ec)

S i L Nal X . o e Tl

2 The speed ob a computer CPU is delenmined by clock

Cycle: The clock cycJe is meagumed in HentzlHz)

:>_;°mPu*f*t pPriccesson Can execule one orC MoOre
1“%5'“\{(;{"!0[\ per. Clock C&C)G d‘;eper\dfr\& Ypon +he
Type of prioceesson, |

"T{min% Diogmm kort 0pc..ode, Ferch Cgc)e

‘ 3 S
ignal T, Ta T_.g ' T\;
R ' —\
y | -
So [
5, | [
g&'ﬂ)g 1;. i |
Al -
ﬁ‘D,t ‘
ALE .‘.j
‘E_D-’ Jeri
Desonivbion —— ST el ol

> ek "L -
ﬂh a Ife_ C C.sdc,]%/ -Ehe ﬁ;gcuoPnoge‘gsw( EQ')'C}\Q\S ‘the
‘ OPQOAQ O‘[T,_ an instiuction

e i Feomn  the memony ond
Obpve ‘timir\% d?q&n&m\ korc . l -

ON opcode  fkedch r.a"c,)fa
-“‘}TIJTQ_)T_:;_, T4 "Hrf\h\'cé_ &*a‘aﬂm kor |

ke teh Ca(‘,)e- Ty szTsJTq -cU'YQ
o art clck Cycle,

6n  opCode -

Consecutive

1
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B

= The microprocessornt  jssues a [ow 10/ signal te. indicate
bhat Hs wont  to make Commum'oq'“on with . the
Memony,

> -Hadm 1 he MICHOPN6 Lesson 'S ends out high Sg"a;\dsl
Sighal, to indicate dhal (¢ (o going Lo pen bonm

Fetc N Opeﬂcd‘fol\

> 99‘”!5490“”? derends upon the dabe which Wil be
1Y ;Em“?& out On fLhe opcode fetch C&'C.fe
‘ trans et address  (adch enable and [t
nainly  used  for Thans ferc the dada 5nnm&one
Location o QP\UJC"%*C Lo ca tion . Plten thas nead
DPQHc\lrl'on (E—ﬁ_) Wil be peh bon‘m,' |
Timing  Diagran  bor memwgﬁ Read Opertation

so/m \ |
o 1) /

Sa \
Bp-Phs | YrsDX Hitp b endler Wop

ADe-FD2 [ \fr ‘:.-"—-"X LoVefdery— — — — ~ -

( )

ALE ‘ {f j

g ] 2 /
RD , — 3
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= e,

P

| Descriiption:

b e

e A \ e e P A Mot TNV

< The priocessor’ takes fhree T-Statec to execute

the cycle kot N emony read. apenatl'on' Pad seven
. Sgnals ane  used Jco Head the memomy operation

ond ek is CLK, TO/R, S S, Po-Pi, PPy,
PLE , RD

= The MEMOTY nead mackine

(_%c)& ) S execu ted by e
PridcRSs o | 4o,

nea d o dC’C)‘(L_ ba_-}’e b’r(on\ m@moug
S The tasdructon H}nc}\ have mone +han ib&}e word

S‘ZQ w})) UL.SQ f:}\e rmachine Cg_c}f akter. the
Opcode Hhe machine cycle,

!Pmn% qu%*{qm korL f’)eﬁr\om@r WUrute 0 perdtion

(EAY !

i \_/__L/—U

01/

5,

S H — =
Py - Fhe . . ‘ L
P00 My

ALE
NR
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Desc'ni‘ption: _

D The process  fakes thnee T-stades Jo execyde the cqcle
ot memony white openation. Pnd seven ¢ lanals ane el L
to write the memony operation and tha t fe D )
50/%, So, S1, Pe-Pys, Po-Rz, ALE, WR v

-2 The memony wnite machine cycle 1s executed by the
priocess ot fo wnite a data byte from memory,

= The ingtnucton which have mone +han 2 byte L omd
size will use the mMachine cycle alrten the opcede

the machine cycle, '
Tfmin& ‘quayzqm kot L/0 Read Cycle

- = £ a8

Sigrml. T TZ_ | -}-5 |

W o I W
L/

S /

=8 TN
By - :

6915 el Fiih snden St
AN, - ‘

5])? \JT’QWL'"“‘ ZH "}-—-— ——) o6y T
'DQSCJ‘\;P '\Iion

2 The processon fakes thiee T-states that is Ty,
T3 o\i\o\- \S"t)( Sﬁ\aw\ax\ that ¢ CI]\’} F})_E/ggh_.;)w
R~ Po7,iRD; L0 4581510 o execute the cycle
kore  “L10. rregid openation | pagtzatdra h o

. _ ' i Z'J ‘- I €. L . e
Scanned by CamScanner
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e i e e e P

E—..-..u..-,,a - = e

P T o it g s oo .

3 T)0 rexd cycle is exccwted by the Process of 't
nead o data byte TJ0 pont-or bom the
pertipheria L ore which s I/6, mapped rn the sa’st’em’

> The mput instnucton poes the mackine Q%C)Q duﬂ;ﬂg

the execytion

mmn%_ j]q%rum\ ore _L/D L\)'U'[;GL Cade’ |

Sigral T TZ_ by | i
Cad. i _ _ A
N TN T

10/m ],
Sy L_
501 7

My A0z [0esX Loa Orfie

DC,SCﬂIP't\Oﬂ

|2 The processont takes  thiee T2gdates o€y Tu T2, T3

seven

cmd se¥@sighals that 1s Ok, ALE ;) Pz~ Do, B ;%91%'
_%LJR,) Sib Saa |
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2 T)0 Unideicycle is execkled by |the Process bl o, wnite
a data bafe Jlo ponf.on bnom The peripheniay P
which s I)0 mapped in the sysiem,

= The inpud <nstrayctios uses the machine cycle du\n{n@

the fiecution, :
Timin& 'Diag"’fﬁm ko MOV RB,R

ngmb T, Tl ?
&6
107 | .M D/ )13
L
o0
o LI/ i

By | U e =

'Dﬁ’ U-}" ——_
DH% Y 00 }
pLE L—/ )
—
RD ]
L l

7. Theprocesson - takes . poun T-otate - that 05 Ty, TolTs') Ty and
gight sighals ame used to eXtcule the operation

Such that 't MDV PLB I_‘H\f\i’ means dala will pe move
knom B-C paint negister  to accumulator,

2 The instn e ction MOVE A, B s a 1 byile :‘n:sv‘rmcfion
¥ ‘Mfcﬁépnoce.sso'n_.. ?}akesl | one mc\CHl‘ne | CHCJC (op{odg
Cketeh)  to complete :|'nrs-}rr,uc+ion, N

:> EH_QT\CQJ 'He‘ code kon HOV QJB s P‘*gs_e,‘? 'the

M) CroprHOCE SS O

Bl
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D T 3001

Timing Dma,n.nm [rcm, MVI B)OSH

et —

| D

II)

Qt : - —— i " N
. I,\l.\l. T! ‘.‘__ r_l. ]"| l'_; )r‘.

— e —— o —

SIS NSNS

T0/ |-
/N } W) (T . ™ o
Qi e D 4 Py
S{l '”/ .

—

Rg-Pis|| 110 | XUnshe
ADo- PO e X | 00 Y406 Y- - <
[
{

)
ALE / ; o= / |
ﬁ _ I( |
~ T =

DE&CHipﬁﬂﬁ:‘
2 The processon takes  Seven T-sdates L.e. Ty Ta, 73;711)[;,
Te, T3 and eight Sighale lane used (. €. ClKx, Pg-h

Ao-ADy ,ALE, T0/M, S, Sy to Uemie the MVI

B 0S H DPan-hon

7

|

:> Tho_ ;nS'}ﬂuc’hon MVI BJD\SI-' I's Qa 25

Microprocessorn ta keg {WO mac K
to co mplede I'\s-!nqc-lton,

DHence, the code por MVI, B, DSH (s passed 1o

Fhe Mmoo opriocessore

S, .
— T . — |
Scanned by CamScanner
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e I e T S S A T T T T P

o oana ,%r

.OoOb .

H 0091 4d

g Di&g,rmm bor LD'D’IIn‘s-hzuc"h'on

5

AVAY

N_.f\

D;\

“l.

i

K

Timin

1w
‘__

| g
,H ¥_ “ | o
.h h\_ el ¥ s AN/ | M)lll\ , N /| 31
( ; U H __ ,, \M
' BT T oD e e o i o e
IX Nt Xu%svﬂ Q £ X%,_OA 0t | X 4 X 0 £l g P siy-8y
ok ] R o]
- [ %
— \l \I _w
<] as 1 WieT

FANVATIS

et S
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e e g

Descniption: gatiseRied Bl &R etk e §

%Thﬁ pnocesson dakeg 123 T-stales o T to Ty an 4 (’._.‘ﬂ}rk :
si,gna\s ane used Clk, HB.—D,(;/ HDH-D;; ) TJLE/ jo)mﬂj _g-oz
S\) -R_D '

% An _'Uws. c\icxghqm ,HWe bolloy that is T,
calle d opc::é%--hfch and T
ead o oprode nead,

> 94 Consis Hn g of 3 bytes , Y

Priceess’ L.DB ]r\'s-},-mc_ﬁm\ s H‘ used as to

T2 73, Ty ane
5-Tz ane called M€ Moy
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N5

p System Deverormeh T P 1ne

Tten becing
W

a desined output,

@M Interfaciy

3 memoru:x—v\&

| P10 Sntenpacing
; = T1)0 Lnttnb’acin&
Cinput) ond display

Mico processon,

| Mapping

LC_OPROCESSOR  Rnsk

23t ¢s a micnoprocesser (s to connect (1 with vartiows

““:>3ntcnbacin3 ane ok tWD‘L&P&s :;(Dmemong Sn’[errfyoel'na.

Pemiphe.n_fal,g '(',o Peqborfm Vanious OPQrza‘tl'orj to Ol.'ato.m

|
|
|
|
i
|

@ I/0 dnten chfna,

Lf\ienbuc\'n& Ls use, when the microprocessor, :
Nteds to access memony  krequently fon reading
and wniting data eStoged in the memony,

é':[{‘ 1S also used when q,\)r[fffnﬁ oML neadfqe +o0 a

| spect fic negisier o b a memorty chip.

e g il ot e S e i

1S achieyed by comecting keyboard
mon | tor Loud'pwt‘.) wth the ]

Lange and shows where the dikbenent memony chips are

Exam p) e 2000

EPROM

1 located within the address range.
|
|

<

V Rddnegg nange ol EPROM Chip

3IFFF
4400

RAM 1

/vr'l'—‘rddr[e_s_g range ob RAM | Chip
SFFF

RAM 2

€000

:D]:)Mrless rcange ol RAM2 Chip
BFFF

RRM 3

9000

:Dﬂc\d Mess ange ok RBEM2 C}\t‘p
AFF

RAM Y

FFFF A

AYD O,
Py

Rddress mange ob RRMYU Chip

~=
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—
Dikberence between Memony Mapped I/0 and T/0 Mappegpy

Menony Mapped T/0 || T/0 Marped 1/Q

P Co mmon o ddress space nequindllsy Dikferent addness & pace
| neguined,

> R single set ob nead on wmh? => Sepanate head on white

Contnol Llines Tl contriol Srgnale, -

> Mone decoding is mequined D Lecs decoding is mequined,

2 Memony control <ignal is used|[3T)0 control Signu | is alse

1o Contnol mead and wnite ase te contrnol meod and

10 0petation wri te o peration,

S Memory and 1/o <hane the [|DProcescon provides sepamate

entine addnecs ronge o the addness ronge  hor Memony

pioCessorg, Qnd 1)o
3 Exanple: TR
Priogrom R pmy o o 'Pr[og.nnm RAM
I/D negisten _ i) TLP&}'S‘[‘ER
Variab)e R BRM Vaniable 'RPM . .
J .S{'Q‘{'IQ RBM | Static REAM ‘ ) ‘

9258 PP1 W Periphenial JIntenfuce)
3> 8285 s o progrummable peripherial, tnfenface,
-‘é It was &QVQJOPQ& and manu ff&ctunecﬂ b‘d‘ entel c_orc,forzqf;'.,j

in 1970
=> 3t L othenwise called as B25EH.

S §258 PPL 15 the intenface  petuieen m'tﬂoPrmcassom
and 1/0 device 7o connect pex iphenial, cﬂev,g@

9 8255 uced a5 3pont (e pont f) potB, portC

¥
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B -
8?: L N = -
S . Peat 0
| o [ T | S e
1 . s e sl = T
| |Pin Diagram ol §255 PPL
Phs 4——;; = wo K Phy
, e, &0 38 k— PAs
Ph 3 2% k— PP¢
Phigs M 5 € >Tf)_-;
"D ——{° 2k TR
T« —46 gule SERECET
GND 37 8255 PPL I
2] .—"ﬁ'ﬁ Pin A;qarmm 22 (———-) D
B —4 32— D,
Ply £—N0 31 K—— D
| oLy ¢ Y el
| Pls H.”’ i 2 £ —> Ds- - -
" e L = D
Ly il A——D,
Pey ——A B 2 k— Ve,
| Pl 4—1 6 | | > K—>PB,
Ps —37 2y K—— PRy
, PBo 18 - Bg—PB -
| PRy ¥ Ak ——>Thy |
?B};,- P & | | | 2] JEe—=3 Phs . 5‘
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T S~ - - p— _— S8 AN NNy ", e —— —‘
-

A,

T
[}

29288 s a 10TC pin package ond each pip cL"V*'c'le&
l',nJCo b’ourL Cq{f 8,01-“9_5 3 LI_) POI‘L‘L’ |
- LII) Dﬂ.’hl bus

U”_)PULJEFL SQ-PPJ}

UV_) CDq'LTmL Sfanqb

Port
3Tt e genenally a specibic . place bot being P“tj»‘;"mllh‘
Comected 4o the o then devices using a Socket and

|
Plu@- tn computen g.f_,nﬁnq_”& two. pomté ane wsed:

)Senia[. Poa +

B Pana lle[ Pont

SUL\QL Portt ,

= Transmit 14 bit data at .8 time In seguence orcdern ,

Ext Scanners

PamL[cL Fortt

) Tnansmlf mote fthan 16 bi+ data at a fime PL\R&LLLﬁﬂ
Ex} Prin ten
36255 ‘has Yponts W Pont B
(1) Pont B
Un)Pont C (Lowen )
(V) Pont ¢ (uppen)
> PRy= PR3 = PotR (B bE) '
- PRy — PRy = PortL'BU?b:"f:l)
P Plo~ Pz = Port & Lbwen Ybi't)
> PCu-PC3= Pont ¢ (Uppen Ub't)

¢
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bbb s = e

r D
[ Daba bus;

DTt s a Bbit that (s Dp-Dy and j+ (s also called

bidinectional and pin occuning 27 to 3Y (n the
d2Ls 8 Aiagram,

Powen Supply:
S 8253 PPL uses erV powert s upplYy as Vee and

24 _num]ner[ ofy P"“. U-—“’- bort the Ve e and 7 nur;f\bE»rL

Pin ag g tound (GND) pin.

S lhip Select)
DB low on this Input signal e,nqb}e, the comms.\mcq‘hm
)De’}ween 825X and CPY,

WR C[AJ!'!I te u’\&w

2T+ is . aetive L '
| bW S-‘ﬁha[ 14 Pen b'or{m\g wﬂfft’_ Opena.f“
When the signal gees Llow the

! Mmicrioprocescgn Wtk
(Vto a celecte,

mpu:f.on_ output pom+ and « contnol
Wond negis ten .. o

RD (Read Signa ()

= :
) t ic active LowslgmL R PN Forme, rea d opeh:qfim
When the s

‘ghal goes Low the ™I Crtoprrocessor Ttead

INto o selected mpw}‘ o output port ang a control

won d negister,
RESET

;' 3+ e active hf@.}\ 5r'8nal; N C)l?c\r(_ the control

wWond register qnd save all pon+t n tThe
;'r\PL.L"l" Font"
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A Bo

P N N

97})(:5& aré nDF!Tﬂq“U. Connected fo the Lower(' biE o b
address bus that is Po-P, and occupying the pin Mq,

%%m%lﬁ % %lf&neng‘b‘ﬁemmflng mode kort 285G

PPL . fg,) Bit set on Re_cd'ﬂ\ocfe
() T/0 Mode
BSR mocfe

>3+ is manly used 4o debme, handshek s:gnq(l
_,LQ ﬂ')ode

>ﬂ’r 1$ used born (npu+ o pudput Aaﬁf’mnsberg
Contrio | QP_&M '
j‘87_55 Mag be openaled 1nong of the 2 mod e E%l\d Is
BSR ont I/0 mode) by (hitialising Dy bit,

> I Dy bi+ is egual tol 4hen jd .ie OPG”“‘”& H\
I/Ulﬂoc’&r

S Ty Dy =0, 1t /s oPE'qulf\g- i B_SRmode
Inpuf On Output Paruf

~ Thls mode /s lerdE'cf into 3 types
» Mode 0 . ' v
1 Mode 1
13 Mode 2

mo&to b | ~

’9 It js a simple - 1)0 mo de, .

SInh thic mode part B, PW‘*% POIH G ane uwed ac
Simple, 8 b/t T/0 pond,

2 This pon t couldnot neguine,  hands

ﬁqki’ng 5;'3;;0[[,
S Thene 16 no need 66 BSR mode, that's mwh& e
ane u,Slﬂ& 1/0 mode 'n this mode.

Y ———
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Mode 1 .

>TH s also known a;s"stori,bcd' iJo mode. |

! é (When Greowp and. Gﬁw‘ﬂ? B are P:zo&rmﬂ)mcd fo model |
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2 Continuing  Openational Mode of §2.5S

M
éT}\ﬁnQ QT e "i.\-JU ﬁ\Oﬁ'@&:

\ s :
It is US\;’/rJ L » > Idie S(:+/”55€,1‘

9D% i s L Select pin OlpPont( Fin ol rerte
s ALY S for BSRIOsd
SR mod ¢ g alway Applicable 4 ) t
= : 'able o portt C only -
> g"m‘-}) Line o} pont C San be set on ’ LPCb PC?L)
In control ‘ B (oqczl.q&
> y wokd tegister (Crv R);
> Bit D, Ds,Dy  ane Unspecibied . B,
Fo select the pin of pont C. p,

nese + +he PN ok port C.

L2/0 moge

D D D
T IIEJ
¥ — T

. . \ e selectiongno ; g
> Thic mode s Selected whar” Dy 5dg Selection grous 5

+ ‘D3JD2.)D1 ane yged
byt s u;ec_l To set ox

9 Therne are three input, output mode

D Mode 0 (imple. T/o)
2> Mede 1 (8% nobed I/o)
91‘{\0&3 2 (Stnobed I/0 J;fcq';rtec'h'onq[)

% Ly, Dy, Ds, Dy  ane a_s_';t'gr\ boe Pont C- wa-&rc/ Pont B, Porrd C

Wppetk o pont P rtupet-]ivel-a\
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>3k D= Dy =0, the pornt C  (ower and pond B is act as
owd put pont . gL Dy = Du=9, the pont C uppen 3 pont P
act ag l‘ﬂptﬁ pond, '

=>4k Dr=D5=0, then pont B 4 pont C uppern act as [aput pent,
Jk P1=D3=1, then pord B ¢ pond C uppert acl as owput pent,
=>D1 s used for the mode <elect/om O{far;roqp B (pontR®
and pont C lowen )

:;\:ﬁ”wen D=0, Mode 0 1S Selected and when Ds =1, mode=
1S Selected,

> D¢ and D ane Wsed ko the mo

Portd B Pord Cs Vppen )
—é mo (;'S.. &e]cc‘}edl

de se lection ob gruoup

n bt -DLJD;,Dg are qll @ bore mocle O

OPQTLCL-'HDIJ
Con'f;nob W ord
Cocbinll oy [ Do Vs Dy Bs B D Do Bibw,
Registen ]'PLF)I( Poj;;; EB:#S; vnn#g ‘F’olr::u f;

S To make Bont € Lawewn. an f/p pont, the bf.*- set to 1
"—'> To maKe pont & Lower an o/p Porl) 4he bt se+ 406 O
2 To make pont B an ijp ponit the b+ 1S sed +p 7

%‘To maKe pomt B an ofp petd 4dhe Lt s set tog
‘Brt nn-(

L DL_) {34 is fon selection of the Mode, fon fhe pont B}
)I'{' fe ko 4he selec } op ok the mode kv the poﬂtg

I the porct B operated o mode 0 bhe bt 1 set tol
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| ) ts set 1ol
fort mode L openation ob +he pont B, )1 1s S¢€ _

Bt no. LDBJ (T4 is kot Ahe pont C“Pf’e‘g'
R PN

U PP e A Ve
> To ma ke pond  C Uppen ame f/p port the bit is setts

15

D To maKe pont C Upperr are O/p port 1 the bt Is set
D'

2 To make pont A an 1},:, pont, Jkis {he bit Is _Se“!"bDJl
:>TD make portB an ofp port: JE I's the bit I'sseltto |
Sit o Ds, b

= Thes b F ts to dekine Ehis openq+l‘ﬂg mod e D[;PorLH)I

mODE OF PORT Bit Ny, 6 Bit No. & |
MODE o D D
mopp 2 y i s

=> Contnel Wornd is used ko - the PILOG IAMMIng- portt 6B
The (,on'bfro[, worr d 'S written indo +he rontrel wornd
negisten | |

=5 No mead openation o the control wor'd megister co
allowed v JF a Pwticuhrﬁ .pont is’ to be Mmade <
an 1) P Pont the conmegponding L't kort the pornt
s sald to 4, - _

> IR panticulare pot (s made an putput pot the

c,crm.r’sPOM‘.‘,.“&. bit ko the pont 1's cot to 0,
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e ol i)y Pent ane divide d into two groype
R, g oup B ' |

containg

b group

= Th& group R

'Pc-‘r}'+ P 3 Ps
=> The grew R i

tbn‘fqt‘r\s pont R ¢ Por¥ lower,
Tnten b’ﬂcfﬁﬁ- Seven §
\——h\

e |
ISP ay Ehrrou\&h the_ pno%rzqmm“?_ Ug Pm-} 2SS,

displays e obten used in the c!;a!"[QL
@C_,'}.'ﬂbﬁl‘c_, 'ELQ,U‘I‘PTHE_;\-}' : 10

:.5 SE'_\J N Segmen+

el
‘ [:{i's.plaa_ }nb’unmq+fﬂn Hea qn&fn&
C{J.rl +Q1 AN Pn'O CGSS,

2373

0 d&vf(‘es such ag LEDg

and  Key hoard 8
Cnmpﬂﬂﬁﬂ*s ol the Micro ¢ Poards ane. essential

quEc\ SHS{ﬁm PnoCesson EuseoL g meFZDron’lrzclle;(
2 Sev
€N - Segmend LEDc o} ‘
L:].. e ten used 4o dl_sp’c\lj- BCD ”“ﬂ'\ber;g
\-L%hq) and a few alphabeds,
-—> D %r““kp ﬁb &I,

c&,hi‘ LEDe Fh}jsica“ld mountedd

Ok, th -
b, ¢ € numben tight plug q decima L point,
:_j Sach LED g called -

5}

in the shape

o segment and labeled as /a’ Threyg)

% . iy Sewen Segment | £
:> (-‘.cmmm]\d used ouwlpyt pertipheniq lg T
N embedded systems ame LED, | b
Seven gegment | ED and LCDg, . )
the simplest o LED 5
= |
L,M/Acﬁﬁ?:r
d
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Twe ways o b Connecting LED_s bo V)0 ports
[’> LED cothsdes ' ant gnoundpd o.nJ ]03|L 1 knem the

by the T/0 pont called Curlr?en"L gourcing,

@ LED anedec ane connected bto the pouer supply
and logic 0 hrom the T Jo porrt tunns on the
LEDs — The cunrent is neceived by ‘H\e chip calley

Cumrent sin)ing.

PORT B LED7 UG RO
RR } _*’VW*U-—— : RC # M
] _B_?’f - — [ — RC ¢ W—D——
_ RBS  P—p— | RCS W
RBY M RCY  PWM—D—bsy
E RR3 W R Hi—p—
RRY WD REL = TP
RB1 W Rc1  P—D—
| RBO _IUW\_D}_. __)5 0 -—'}:'i'H%'—
_ \\d = LEDO ¥
Common Cq’o‘node Common Pnode
Betive high Active Low

2 Ln' a common anode seven segment LED- ALl anodes are

Conngcted togethen 4o aq power. supply and cq+hodec
are coffected +o date Linec

Logic _'D tunng on o Segmend,

\
1 \
\ ]
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Memony Tntenfacing. oo 808S

émmunu 1S an [ni;érm(, pant ob a microprocessornt system
D Memony Gndenkacing in §045 rs used o access memony
qui e breguently 4o nmead instnuction codes and data

Stoned jn 4he memo 1 4

DThis  Mead /wnite
Siﬂhq L.S,

s

opernaliong gre monifomed by conirol

S The micnoprocessor activates 4hece signa bs when 1+ Wonie
Yo nead Krom ond wri'te into

@m M& and (,Jcs Req,

ﬁ‘\emw{g,

: Uinements
Rea
d/ Wnite memomes consis? ok ah annag ok ?TPQLSJLUL;

In which each Megisien has Unigue addnress,

.>Thf‘_ size oF+ the memony is N x a2t < hown j'.r)
below [Figune wWhene N
csamg U 08 cbhe Worg o (e

Is° the number o NE&LIS'I;EI[_S

-a Nglhy/n numben ok &, +e
dn:}'tl A ARAT —_— .
4 R |
ﬂnpujt bﬂkbft I i
0 4&1-CS EPROM
Pe—1 £ CORIEE LR Sl 1 B s T
— Memony. '
£ 2048 B =1
Rs 2 - 2 -
/ o L a i e i | A -
| e B e
Ou‘}?\d‘ b ublee 04——TRD .- Oulput bu_\sbct_ 3 %
\L 0\'::;;} l Oudput

et 'l ]

e . 1 deto
LS [."\J Lﬁg.lc.&la&rtm - L’DTL Rﬂ'm

‘Fl&(b) Logic Diagram fron €PRIM
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'Bosic, CGNC&p"S& memon& ﬂn‘l:cnb'&cina

T
et

N

> M cnoprocesson. B0BS can access 6M Kbyles memony S'n¢e
addne ss bus ie l6-bit, But ok ors nol alwaycs
Necessamy o use pull 64 Kby Fes address space,

The total Mmemonry Srze depends ypon the qp‘p}"mjl-;on'

=\ Genenally EPROM (on EPRON\&) 15 Used o6 o prognay

Memony and RAM (o RAMs) as a datq Memony,
l/\]h@(\ bo"H‘\) QPRom Cl.‘\(l Rom ,

‘ane US"CI/ thf’

toda) addrecc Space lé‘{ Kbdh;s [o . shared bU t"\Pm-
= The Ct\Pac_\'%é

o b Pltogmam Memory and data fncmwzy

> df_PEf\oLg on 'bht r:\pp”t:c\t?‘nf\.
s not qlwug,s N¢cessany to Select 1 EPROMY and

LRAM. e can have multiple EPROMs and multiske

REMe os Per the mequinement of application,

SR
> We  can P lace EPROM/RAM angWhene in bull 6y

addness ¢pace.
(EPROM ) should he |
DODD R since Hese+

IS 000D H,
:> I3 s not always

bytes
Bkd‘ Progrtam MEeMon y

ocateq From ad-CP ness

add rress oy 808% MI‘C.I'NPI'(U(L&'

‘ Nelessany to |ocqte EPROM ond
REM in consecutive Memor y |

MapPiog 6F EPROM
R

Fort e xample J b the
s brom DOOD 1 4, 0FFFH
e not must to locqle R PM  from 100D H, .

We can locate 4 dnawhene betw een ’DOU‘H.Q“‘?'
FREER Whenel o Lo ot fmemony. component 11
L totally depends on  the app l'cath'on
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he ™ :
SMon Ln‘teqkucfn nequines 2o
— SQ)?C.".' the chip

:i Sderﬁ;&g th
Er\c\b)e Fhe

< ﬂegfs‘fem

QPP My priate bubber.

m" Clopn oc ESson

T/0 deviceg, g+ <ystem includes memomy deyices ang

Pontant 4o o .
ca :
N commyn cat e il note +hat MicropROCESSaT

the dada, a) o, "Ny one device at a time, since
all +k devi TS and contnol buses ane common For
ey ’ﬂf\ onde
- te

communicate with Memony.
= NELessany $o de code +he addres

.ssom. Due te thisg cach device,
Inde pend cntly

Friom the Ml‘cnUPr{Ofe

coan be QCCesge

RHddreos Decoding Teer -
ST ——2"& 'tchnigueg
Che ane 4u,

techigy e ob
= Bbsplude Decodin

> Lineqn Decodin
‘""-—-h--\.i&.; -Df'_c.o&{n% /Fu LL

dIn absclule decodin
addrress

address de.cocl-f"ng‘:
9 ] Full De.c.oJJ'n&
§ | Pantial D(’COcjl‘n.
! (a
‘Dt‘_c«ocilﬂa.

and the memony cNip s selected only f

Lo%‘\(_ LQU{IS 4 A b y ort tj\ﬂﬁPEcr'b’f\Ec'

ih onder. addres

| lines + p
othert logic Llevele can select 4he c hip b o

Bé]ﬂw Fi
S\‘\OWL ‘f_‘hg memoqa in‘ttnkacl‘nﬂ 'n BD&Q ’8‘4!76’

Wit h b
Aecod;nﬂl abso|yte

The address technigue 1's nNenmally used 1
I
Lange memony SHstems | AR PRI 8 KPP
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O e i

N small sUﬁemg, handwoarne fort the decoo@l‘n}
legic can be elimingted by Using : ferw'OLr_,LaL M‘@ A~ order

address [‘nes fo celect me’,m:ang chips - Thi'e [s REIremeJ

to as Unean o\ecorll‘hﬂ-' Be]'ow Ff@une, s hoWwe the
C\danessfr\@ o RPM with Linean c!ecodfng 1‘8_&’?“?'7/“6 |
Thie *9th‘q,u€ ;‘.5 also called paqgtial d@cvdfﬂg, I+

|
Hedures' dhe posd alb decoding I(_‘I‘f?cw“b byt vt hae J

A drtanbaeck o multiple addaesSes (shadow adofﬂ&sxegi

Be)ow Fl'aurc’cf 3 ho WS ’H\& Qd&ﬂfﬂ:&fﬁg 0 b RBm '
W‘t}\ Uﬂeqr( deco&f‘n% ’tECHI\f‘qflAQ: H.’B adc!m’:s; L'lnfd ’l"g dr'rc_ec)ﬁ'&
Connecte d o the chip gelec+§€6naL o €PROM and

al-tert invemston 1+ s connected 40 the chip 5e,lef;‘i
Signal ok the RAM, Thermekone, when the status ob Pis o K
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Ls \z_erm‘} EPROM gels Selected and when the status ob Pic
line s ‘ene' RRM gets selected, The stafus o the olhen

addnes s (lnes s pot Cor\STAG_nfcgj gince those addres_s

Unes ane not used fort generation ob chip Select signals,
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2 Processon ‘
Per fenm arithmet e '
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digital fonm ane. Less SUSPec 1
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g tal Signalg,
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digital :
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&ﬁC\)Dh\ Vo ltage D .
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developnent as bl o Selection of Ppe Cdigs desipn
Conventen) 'LAgital o ana Jag
‘-> R&SO l,q‘h‘(;“ A S
“B Dt‘lfﬁﬂti\t‘e Uo[‘lu&e\g <25 e
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‘ ] Fonm . So thak i+ can be carnried over telephone wing ';_
: “)Poin‘t'ans .
| o Digitat awdie .
_; Digital moter contno
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; | i CnopRocec ¥ Memories and !
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© sevenal I/p gey;
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] | 1SSqgeg if\s'}"'f-UC‘Hon Same  be '+ )(
Cause |+ Jq Keg

To solve 4he Problem o}
a W\F\Q!?OPITDCE’SSbr(‘ and T/0 -

@
f\b\mbem o lf cpq‘}q +rzans L’E‘rt.., ‘f‘ﬁ’cf\n;q,um have

‘iQVQI‘JPPdu The 4
into the |
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]fc}, Data Trons kert Sc)a_e.me.

Przo?rml““‘f-
Pnoanammeol Dot trans berr « chemes are controlled by the

CPV. Data ame {rans berzed  Hrom  an T/0 device fo the (Py ,

unden the control ob programs Which meside

on Vice Vetrsa

in the memorny !

These programe Die executed by the Cppy when an

IfD device I1s neao\}j k o trans ben d o« The ”\EC‘TDPWDLQ-”“%

QYECL&+E$ ‘H\t". P"CO‘?.TLU\N\ to ‘tl’ca“!.sfierc alcx.'hl ?rzo&rmmmed dqf‘q :

trnanser  schemes amne Q,N\Ploblf_d when small amount 6 & date |

ane To be i'an&lremnecl, The Pr[og_rmmmgd GEIM.-}'C& +Hans ber
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Q Sgnchno NO WS -Glck,')-dL ‘k"(t'd\s lief‘l'. Scheme
@ Hé‘jl\(_l\nonoq& da ta trans fen scheme,
ﬁ I tlenuwpt  duiven data fransker Scheme

Sanchnonou_s Data Tﬂ&ns{rem Scheme

1 S "
2 SHnghn’tDnauﬁ peans at the same f+ime

S The Jevice which neceives dara  amne fsynchronized with same

Ao K,
_;,) When the £y Ile deviceg match in speec@; th e S%nchmms

data trnansken (g employed,

= The data trancher with I/H devicec o pert borme d

EXecuting N ang? ODUT instruction kox I/0 Mappred
110 devices on memorty read /uwnite ing Enuc tlon bew
mempny .

%Th@ %eckm‘?ue ol dato tTransker & rfa,rzel%f Lsed
) ' “tR m(croprrotesset
because: I)v'device compa tble w . d

f‘f\ s pee c:Q ane u‘gu_a,“(gl f\04‘ awl \C\b{g

€
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Chapter 5: Microprocessor( Architecture
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Register organization

A register is a very small amount of fast memory that is built in the CPU
(or Processor) in order to speed up the operation. Register is very fast
and efficient than the other memories like RAM, ROM, external memory

etc,. That's why the
registers occupied the
top position in memory
hierarchy model.

The 8086
microprocessor has a
total of fourteen
registers that are
accessible to the
programmer. All these
registers are 16-bit in
size. The registers of
8086 are categorized
into 5 different groups.

2|z

BL

CL

2|2

DL

CS

U

BP

sP

Flag Register

Status
Register



General registers
Index registers

c) Segment registers

d) Pointer registers

e) Status Register

d) General Registers

All general registers of the 8086 microprocessor can be used for
arithmetic and logic operations. These all general registers can be used
as either 8-bit or 16-bit registers. The general registers are:

AX (Accumulator):

AX is used as 16-bit accumulator. The lower 8-bits of AX are
designated to use as AL and higher 8-bits as AH. AL can be used as
an 8-bit accumulator for 8-bit operation.

This Accumulator used in arithmetic, logic and data transfer
operations. For manipulation and division operations, one of the
numbers must be placed in AX or AL.

BX (Base Register):

BX is a 16 bit register, but BL indicates the lower 8-bits of BX and BH
indicates the higher 8-bits of BX. The register BX is used as address
register to form physical address in case of certain addressing modes
(ex: indexed and register indirect).

CX (Count Register):

The register CX is used default counter in case of string and loop
instructions. Count register can also be used as a counter in string
manipulation and shift/rotate instruction.

DX (Data Register):

DX register is a general purpose register which may be used as an
implicit operand or destination in case of a few instructions. Data
register can also be used as a port number in I/O operations.

e) Segment Register:

The 8086 architecture uses the concept of segmented memory. 8086 can

able to access a memory capacity of up to 1 megabyte. This 1 megabyte
of memory is divided into 16 logical segments. Each segment contains 64
Kbytes of memory. This memory segmentation concept will discuss later
in this document.

There are four segment registers to access this 1 megabyte of memory.



The segment registers of 8086 are:

e CS (Code Segment):
Code segment (CS) is a 16-bit register that is used for addressing
memory location in the code segment of the memory (64Kb), where
the executable program is stored. CS register cannot be changed
directly. The CS register is automatically updated during far jump, far
call and far return instructions.

e Stack segment (SS)
Stack Segment (SS) is a 16-bit register that used for addressing stack
segment of the memory (64kb) where stack data is stored. SS register
can be changed directly using POP instruction.

e Data segment (DS)
Data Segment (DS) is a 16-bit register that points the data segment of
the memory (64kb) where the program data is stored. DS register can
be changed directly using POP and LDS instructions.

e Extra segment (ES):
Extra Segment (ES) is a 16-bit register that also points the data
segment of the memory (64kb) where the program data is stored. ES
register can be changed directly using POP and LES instructions.

f) Index Registers

The index registers can be used for arithmetic operations but their use is

usually concerned with the memory addressing modes of the 8086

microprocessor (indexed, base indexed and relative base indexed

addressing modes).

The index registers are particularly useful for string manipulation.

e Sl (Source Index):
Sl is a 16-bit register. This register is used to store the offset of source
data in data segment. In other words the Source Index Register is
used to point the memory locations in the data segment.

e DI (Destination Index):
Dl is a 16-bit register. This is destination index register performs the
same function as Sl. There is a class of instructions called string
operations that use DI to access the memory locations in Data or Extra
Segment.

g) Pointer Registers:

Pointer Registers contains the offset of data(variables, labels) and



instructions from their base segments (default segments).8086
microprocessor contains three pointer registers.

SP (Stack Pointer):

Stack Pointer register points the program stack that means SP stores
the base address of the Stack Segment.

BP (Base Pointer):

Base Pointer register also points the same stack segment. Unlike SP,
we can use BP to access data in the other segments also.

IP (Instruction Pointer):

The Instruction Pointer is a register that holds the address of the next
instruction to be fetched from memory.lt contains the offset of the next
word of instruction code instead of its actual address

h) Status Register:

The status register also called as flag register. The 8086 flag register
contents indicate the results of computation in the ALU. It also contains
some flag bits to control the CPU operations.

Flag register is 16-bit register with only nine bits that are implemented.
Six of these are status flags. The complete bit configuration of 8086 is
shown in the figure.

Interrupt

SF (Sign Flag): This flag represents sign of the result.
0-Result is Positive



1-Result is Negative

ZF (Zero Flag): ZF is set if the result produced by an instruction is zero.
Otherwise, ZF is reset.

PF (Parity Flag): This flag is set to 1, if the lower byte of the result
contains even number of 1’s.

0- Odd parity

1- Even parity

CF (Carry Flag)

This flag is set, when there is a carry out of MSB in case of addition or
borrow in case of subtraction.

0- No Carry/ Barrow

1- Carry/ Barrow

TF (Trap Flag):

If this flag is set, the processor enters the single step execution mode.
When in the single-step mode, it executes an instruction and then jumps
to a special service routine that may determine the effect of executing the
instruction. This type of operation is very useful for debugging programs.
IF (Interrupt Flag):

If this flag is set, the maskable interrupts are recognized by the CPU,
otherwise they are ignored.

DF (Direction Flag):

This is used by string manipulation instructions.

0- The string is processed beginning from the lowest address to the
highest address, i.e., auto incrementing mode.

1- The string is processed from the highest address towards the lowest
address, i.e., auto incrementing mode.

AC (Auxiliary Carry Flag):

This is set when there is a carry from the lowest nibble (i.e, bit three
during addition), or borrow for the lowest nibble (i.e, bit three, during
subtraction).

OF(Over flow Flag):

This flag is set, if an overflow occurs, i.e, if the result of a signed
operation is large enough to accommodate in a destination register.
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General bus operation of 8086

e The 8086 has a combined address and data bus commonly referred
as a time multiplexed address and data bus.

e The main reason behind multiplexing address and data over the
same pins is the maximum utilisation of processor pins and it
facilitates the use of 40 pin standard DIP package.

e The bus can be demultiplexed using a few latches and transreceivers,
when ever required.

e Basically, all the processor bus cycles consist of at least four clock
cycles. These are referred toas T1, T2, T3, T4. The address is
transmitted by the processor during T1. It is present on the bus only
for one cycle.

e The negative edge of this ALE pulse is used to separate the address
and the data or status information. In maximum mode, the status
lines SO, S1 and S2 are used to indicate the type of operation.



e Status bits S3 to S7 are multiplexed with higher order address bits
and the BHE signal. Address is valid during T1 while status bits S3 to
S7 are valid during T2 through T4.

Memory read cycle »id Memory write cycle—y)
Ll nl Ll ol ool nl nl Tl T

(LK | u |
w0\ S\ S\

Rl 7/ ///
- A-Ayg 3-S5 Ap-Ay S;-S-
Add/stat X X 4 X X
! BHE Bus reserve 'BHE
Add/data X X forDatalm X X< X DataOut Dis-Dp )
" Ap-Ags | Dys-Dy ArAg Dys-Dy
RD/INTA ! \ /
' | Ready
READY |\ |\ /‘deadv. \m ré
|

DTR | Wait
I‘\

I\/IaX|mum mode

Wait

/ \

¢ In the maximum mode, the 8086 is operated by strapping the
MN/MX pin to ground.

¢ In this mode, the processor derives the status signal S2, S1, SO.
Another chip called bus controller derives the control signal using
this status information .

¢ In the maximum mode, there may be more than one microprocessor
in the system configuration.

Minimum mode

¢ Inaminimum mode 8086 system, the microprocessor 8086 is
operated in minimum mode by strapping its MN/MX pin to logic 1.

¢ In this mode, all the control signals are given out by the
microprocessor chip itself.

e There is a single microprocessor in the minimum mode system.



Memory Organization

As far as we know 8086 is 16-bit processor that can supports 1Mbyte
(i.e. 20-bit address bus: 220) of external memory over the address
range 0000016 to FFFFF16. The 8086 organizes memory as individual
bytes of data. The 8086 can access any two consecutive bytes as a
word of data. The lower-addressed byte is the least significant byte of
the word, and the higher- addressed byte is its most significant byte.

Figure: Part of 1 Mbyte Memory

The above figure represents: storage location of address 0000916
contains the value 716, while the location of address 0001016 contains
the value 7D16. The 16-bit word 225A16is stored in the locations
0000C16 to 0000D16

The word of data is at an even-address boundary (i.e. address of least
significant byte is even) is called aligned word. The word of data is at
an odd-address boundary is called misaligned word, as shown in
Figure below.



Vi.

Vii.

viii.

1
Physical Aligned
Address memory words
00008H Byte 8
00007 H Byte 7 wWord
00006 H Byte 6 L Word
5
O000SH Byte S
Word .__l
00004+ Byte a4 ‘l‘
0o H Byte 3
003 e Word
00002+ Byte 2 IS4
— Word
O0001H Byte 1 1
word |
O0000H Byte O ?
Misaligned
words
.

Figure: Aligned and misaligned word

To store double word four locations are needed. The double word that
it's least significant byte address is a multiple of 4 (e.g. 0 16, 416, 816
...) is called aligned double word. The double word at address of non-
multiples of 4 is called misaligned double word shown in Figure below.

Physical Aligned
Address memory doutle
words
[sTeToTo T Byto 8
00007H Byte 7 | Double
word
000068H Byto 6 Double s
word
0000SH Byte S 1 Double
word
00004+ Byto 4 Double a
word
(elelelefc I8} Byte 3 Double 2
word
oooo2+H Byto 2 Double 1 l
word
OO00TH Byte 1 o
Misaligned
oo i ¥] double words

Figure: Aligned and misaligned double word

a) Memory segmentation

The size of address bus of 8086 is 20 and is able to address 1 Mbytes
() of physical memory, but all this memory is not active at one time.
Actually, this 1Mbytes of memory are partitioned into 16 parts named
as segments. Size of the each segment is 64Kbytes (65,536).

Only four of these segments are active at a time:

Code segment holds the program instruction codes

Stack segment is used to store interrupt and subroutine return
addresses

Data segment stores data for the program

Extra segment is an extra data segment (often used for shared data)



Each of these segments are addressed by an address stored in
corresponding segment registers: CS(code segment), SS(stack
segment), DS(data segment), and ES(extra segment). These registers
contain a 16-bit base address that points to the lowest addressed byte
of the segment. Because the segment registers cannot store 20 bits,
they only store the upper 16 bits. The BIU takes care of this problem
by appending four 0's to the low-order bits of the segment register. In
effect, this multiplies the segment register contents by 16.
=58 S e S T T S
! s
=11 I
Segment Registers DATAS2
R
STACK
SRR T
e
Cil i

The segment registers are user accessible, which means that the
programmer can change the content of segment registers through
software.

b) Programming model:

How can a 20-bit address be obtained, if there are only 16-bit registers?
However, the largest register is only 16 bits (64k); so physical addresses
have to be calculated. These calculations are done in hardware within the
microprocessor.

The 16-bit contents of segment register gives the starting/ base address
of particular segment. To address a specific memory location within a
segment we need an offset address. The offset address is also 16-bit
wide and it is provided by one of the associated pointer or index register.



Figure: Software model of 8086 microprocessor

To be able to program a microprocessor, one does not need to know all
of its hardware architectural features. What is important to the
programmer is being aware of the various registers within the device and
to understand their purpose, functions, operating capabilities, and
limitations.

The above figure illustrates the software architecture of the 8086
microprocessor. From this diagram, we see that it includes fourteenl6-bit
internal registers: the instruction pointer (IP), four data registers (AX, BX,
CX, and DX), two pointer registers (BP and SP), two index registers (S|
and DI), four segment registers (CS, DS, SS, and ES) and status register
(SR), with nine of its bits implemented as status and control flags.

The point to note is that the beginning segment address must begin at an
address divisible by 16.Also note that the four segments need not be
defined separately. It is allowable for all four segments to completely
overlap (CS = DS =ES = SS).

c) Logical and Physical Address

Addresses within a segment can range from address 00000h to address
OFFFFh. This corresponds to the 64K-bytelength of the segment. An
address within a segment is called an offset or logical address.

A logical address gives the displacement from the base address of the
segment to the desired location within it, as opposed to its "real"” address,



which maps directly anywhere into the 1 MByte memory space. This
"real" address is called the physical address.

What is the difference between the physical and the logical address?
The physical address is 20 bits long and corresponds to the actual binary
code output by the BIU on the address bus lines. The logical address is
an offset from location 0 of a given segment.

You should also be careful when writing addresses on paper to do so
clearly. To specify the logical address XXXX in the stack segment, use
the convention SS:XXXX, which is equal to [SS] * 16 + XXXX.

CODE > | SegmentAdd.

o + | OffsetAdd.
STACK

EXTRA Physical Add. (20bi)
Segment Registers

Logical address is in the form of: Base Address: Offset

Offset is the displacement of the memory location from the starting
location of the segment.

To calculate the physical address of the memory, BIU uses the following
formula:

Physical Address = Base Address of Segment * 16 + Offset



Address location [

segment:offset _ ‘
Offset| [ Segment

Example:
The value of Data Segment Register (DS) is 2222H.

To convert this 16-bit address into 20-bit, the BIU appends OH to the LSB
(by multiplying with 16) of the address. After appending, the starting
address of the Data Segment becomes 22220H.

Data at any location has a logical address specified as:2222H: 0016H

Where 0016H is the offset, 2222 H is the value of DS
Therefore the physical address:22220H + 0016H
: 22236 H

ADS Regisgr
\

Offset = 0016 H

Y

| Addressed Byte | 22236 H

The following tables describes the default offset values to the
corresponding memory segments.

| Segment | OffsetRegisters | ____ Functon ___

CS IP Address of the next instruction

DS BX, DI, SI Address of data

SS SP, BP Address in the stack

ES BX, DI, SI Address of destination data
(for string operations)

Some of the advantages of memory segmentation in the 8086 are as
follows:



e With the help of memory segmentation a user is able to work with
registers having only 16-bits.

e The data and the user’s code can be stored separately allowing for
more flexibility.

e Also due to segmentation the logical address range is from 0000H to
FFFFH the code can be loaded at any location in the memory.

d) Physical memory organization:

The 8086’s 1Mbyte memory address space is divided in to two
independent 512Kbyte banks: the low (even) bank and the high (odd)
bank. Data bytes associated with an even address (0000016, 0000216,
etc.) reside in the low bank, and those with odd addresses (0000116,
0000316, etc.) reside in the high bank.

Address bits A1 through A19 select the storage location that is to be
accessed. They are applied to both banks in parallel. AOand bank high
enable (BHE) are used as bank-select signals.

The four different cases that happen during accessing data:
Case 1: When a byte of data at an even address (such as X) is to be
accessed:

TRANSFER X

=

Avg-Ay Dys-Dy BNE (HIGH)

e AO is set to logic 0 to enable the low bank of memory.
e BHE is set to logic 1 to disable the high bank.

Case 2: When a byte of data at an odd address (such as X+1) is to be
accessed:



TRANSFER X + 4

Ave-Aq Dis-Ds BHE (LOW) Dy-Oy  Aq (WOM)

iv. AQis set to logic 1 to disable the low bank of memory.
v. BHE is set to logic 0 to enable the high bank.

Case 3: When a word of data at an even address (aligned word) is to be
accessed:

TRAMSFER X + 1, X

e AOQ is set to logic O to enable the low bank of memory.

e BHE is set to logic O to enable the high bank.

Case 4: When a word of data at an odd address (misaligned word) is to
be accessed, then the 8086 need two bus cycles to access it:

a) During the first bus cycle, the odd byte of the word (in the high bank) is
addressed



FIRST BUS CYCLE
x +3 x +
S
N
\\\
\
Ave-Ay Di-Oy  BHE (LOW) 0r-0y Ae (HIGH)

e AO is set to logic 1 to disable the low bank of memory
e BHE is set to logic 0 to enable the high bank.

b) During the second bus cycle, the odd byte of the word (in the low bank)
is addressed

SECOND BUS CYCLE
G
x +3 v zx + 2,4
x + 1 X

>

Ave-A, Dys-Dy BNE (MIOM) 07-Dy Ag(LOW)

1. AOis set to logic 0 to enable the low bank of memory.
2. BHE is set to logic 1 to disable the high bank.

Minimum Mode 8086 System

e The microprocessor 8086 is operated in minimum mode by strapping its
MN/MX pin to logic 1.

e In this mode, all the control signals are given out by the microprocessor
chip itself. There is a single microprocessor in the minimum mode system.

e The remaining components in the system are latches, transreceivers, clock
generator, memory and I/O devices.

e Latches are generally buffered output D-type flip-flops like 74LS373 or
8282. They are used for separating the valid address from the multiplexed



address/data signals and are controlled by the ALE signal generated by
8086.

Minimum Mode 8086 Configuration

v, T'U'_I
8284A Clock MNMIX [¢ Vo
Generator | CLK MAD l,
RES > READY INTA \
| RESET  FD T 4
ROY = i l,
I 1]
. | i
el L -
1 3 | - :
1 D lamaa Il @2 By =00
| cods, 1 | 8086 N e | :
i 1 | cPU 18 i 1
1 1 ALE + | CLK
_______ il - 1 i
Noﬂ-'d G i i
o 1 1
AD—AD e AddrData P f Ad N
A1s-AD g T E 1 B\
— > L} A
BHE TT | '
1 H
1t
[ O 1 '
' ' —————— l
| ~==sloR 1! 1
. 1l ; :
1 Transcewer 17 Data - {
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1 1l Ag i
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increased
2142 RAM (4
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rer era
2) 2)
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Trans receivers are the bidirectional buffers and some times they are
called as data amplifiers. They are required to separate the valid data from
the time multiplexed address/data signals. They are controlled by two
signals namely, DEN and DT/R.

The DEN signal indicates the direction of data, i.e. from or to the
processor.

The system contains memory for the monitor and users program storage.
Usually, EPROM are used for monitor storage, while RAM for users
program storage. A system may contain I/O devices.

The opcode fetch and read cycles are similar. Hence the timing diagram
can be categorized in two parts, the first is the timing diagram for read
cycle and the second is the timing diagram for write cycle.

The read cycle begins in T1 with the assertion of address latch enable (ALE)
signal and also M / 10 signal. During the negative going edge of this signal,
the valid address is latched on the local bus

The BHE and AO signals address low, high or both bytes. From T1to T4,
the M/I0 signal indicates a memory or I/O operation.



e At T2, the address is removed from the local bus and is sent to the output.
The bus is then tristated. The read (RD) control signal is also activated in
T2.

e The read (RD) signal causes the address device to enable its data bus
drivers. After RD goes low, the valid data is available on the data bus.

e The addressed device will drive the READY line high. When the processor
returns the read signal to high level, the addressed device will again
tristate its bus drivers.

e A write cycle also begins with the assertion of ALE and the emission of the
address.

e The M/IO signal is again asserted to indicate a memory or I/O operation. In
T2, after sending the address in T1, the processor sends the data to be
written to the addressed location.

e The data remains on the bus until middle of T4 state. The WR becomes
active at the beginning of T2 (unlike RD is somewhat delayed in T2 to
provide time for floating).

e The BHE and AO signals are used to select the proper byte or bytes of
memory or |/O word to be read or write.

e The M/I0, RD and WR signals indicate the type of data transfer as
specified in table below.

T, | T, ' T3 | Ty . ' Ty T,

ALE

1 : N\
ADD / STATUS tmf{lo — Ayl S7—Ss X

ADD /DATA J‘ Als — Ao ( Valid data Dz — D, ><

WR .

Write Cycle Timing Diagram for Minimum Mode



Hold Response sequence:

e The HOLD pin is checked at leading edge of each clock pulse. IfIf it is
received active by the processor before T4 of the previous cycle or during
T1 state of the current cycle, the CPU activates HLDA in the next clock
cycle and for succeeding bus cycles, the bus will be given to another
requesting master.

e The control of the bus is not regained by the processor until the requesting
master does not drop the HOLD pin low.

e When the request is dropped by the requesting master, the HLDA is
dropped by the processor at the trailing edge of the next clock.

Hold Response Timing Cycle
o« | L LT L L L

HLDA

Bus Request and Bus Grant Timings in Minimum Mode System

Maximum Mode 8086 System

e |n the maximum mode, the 8086 is operated by strapping the MN/MX pin
to ground.

¢ In this mode, the processor derives the status signal S2, S1, SO. Another
chip called bus controller derives the control signal using this status
information .

e In the maximum mode, there may be more than one microprocessor in
the system configuration. The components in the system are same as in
the minimum mode system.



The basic function of the bus controller chip IC8288, is to derive control
signals like RD and WR ( for memory and I/O devices), DEN, DT/R, ALE etc.
using the information by the processor on the status linline.

The bus controller chip has input lines S2, S1, SO and CLK. TheseThese
inputs to 8288 are driven by CPU.

It derives the outputs ALE, DEN, DT/R, MRDC, MWTC, AMWC, IORC, IOWC
and AIOWC. The AEN, IOB and CEN pins are specially useful for
multiprocessor systems.

AEN and IOB are generally grounded. CEN pin is usually tied to +5V. The
significance of the MCE/PDEN output depends upon the status of the I0B
pin.

INTA pin used to issue two interrupt acknowledge pulses to the interrupt
controller or to an interrupting device.

IORC, IOWC are I/0 read command and |/O write command signals
respectively . These signals enable an 10 interface to read or write the data
from or to the address port.

The MRDC, MWTC are memory read command and memory write
command signals respectively and may be used as memory read or write
signals.

All these command signals instructs the memory to accept or send data
from or to the bus.

Here the only difference between in timing diagram between minimum
mode and maximum mode is the status signals used and the available
control and advanced command signals.
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Maximum Mode Configuration For 8086
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Maximum Mode 8086 System.

e RO, S1, S2 are set at the beginning of bus cycle.8288 bus controller will
output a pulse as on the ALE and apply a required signal to its DT / R pin
during T1.

e InT2, 8288 will set DEN=1 thus enabling transceivers, and for an input it
will activate MRDC or IORC. These signals are activated until T4.

e For an output, the AMWC or AIOWC is activated from T2 to T4 and MWTC
or IOWC is activated from T3 to T4.

e The status bit SO to S2 remains active until T3 and become passive during
T3 and T4.

e |f reader inputis not activated before T3, wait state will be inserted
between T3 and T4.
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Memory Read Timing in Maximum Mode

-— One bus cycle -
! T, | T, | T | T, | T |

S e s e Y I o O
ALE 4/ \

“S:—Se Active ><_ __Imactive X Active
ADD/STATUS X XBHE) Ss—Ss e
ADD/DATA —<Ais-As X Data out Dys — Dy ),
ANTWC or ATOWC \ /

MWTC or IOWC

DT/

b \ /
o \ /

Memory Write Timing in Maximum mode.




Interrupt

An INTERRUPT is a condition that causes the microprocessor to
temporarily work on a different task and then return to its previous task.
Interrupt is an event or signal that request to attention of CPU.

Whenever an interrupt occurs the processor completes the execution of
the current instruction and starts the execution of an Interrupt Service
Routine (ISR) or Interrupt Handler. ISR is a program that tells the
processor what to do when the interrupt occurs. After the execution of
ISR, control returns back to the main routine where it was interrupted.

Whenever an interrupt is occurred, it will be acknowledged by the
processor at the end of the current memory cycle. The processor then
services the interrupt by branching to a special service routine written to
handle that particular interrupt. Upon servicing the device, the processor
is then instructed to continue with what is was doing previously by use of
the "return from interrupt" instruction.

The status of the program being executed must be saved first. The
processors registers will be saved on the stack, or at very least, the
program counter will be saved. Preserving those registers which are not
saved will be the responsibility of the interrupt service routine. Once the
program counter has been saved, the processor will branch to the
address of the service routine.
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Figure: Interrupt processing flow

Purpose of Interrupts
As we studied, the Microprocessor can serve several devices. There are
two ways to offer service: Interrupts and Polling.

The advantage of interrupts is that the microprocessor can serve many
devices (not all at the same time, of course); each device can get the
attention of the microprocessor based on the priority assigned to it.

The polling method cannot assign priority because it checks all
devices in a round-robin fashion.

More importantly, in the interrupt method the microprocessor can also
ignore (mask) a device request for service.

This is not possible with the polling method.

The most important reason that the interrupt method is preferable is
that the polling method wastes much of the microprocessor’s time by
polling devices that do not need service.

So interrupts are used to avoid tying down the microprocessor.

To understand the difference better, consider this example. The polling
method is very much similar to a salesperson. The salesman goes door-



to-door requesting to buy his product. Like processor keeps monitoring
the flags or signals one by one for all devices. Interrupt is very similar to a
shopkeeper. Whosever needs a service or product goes to him and
approaches him. Like, when the flags or signals are received, they notify
the processor that they need its service.

Interrupts are useful when interfacing I/O devices with low data-transfer
rates, like a keyboard or a mouse, in which case polling the device
wastes valuable processing time

Keyboaniimcrmpx Printer imcrmp( Keyboard interrupt
N N N N
§ ain program \ ’% \
N ™ NN 3
t
Printer interrupt

Above time line shows typing on a keyboard, a printer removing data from
memory, and a program executing. The keyboard interrupt service
procedure, called by the keyboard interrupt, and the printer interrupt
service procedure each take little time to execute

Types of Interrupts
In general there are two types of Interrupts:

¢ Internal (or) Software Interrupts are triggered by a software instruction
and operate similarly to a jump or branch instruction.

e External (or) Hardware Interrupts are caused by an external hardware
module.

SOFTWARE INTERRUPTS—-
INT nn is invoked software (sequence ofcode)

Examples:



e DOS INT 21H, BIOS INT 10H.

e INT 0O (divide error)

e INT 01 (single step)

e INT 03 (breakpoint)

e INT 04 (signed number overflow)

HARDWARE INTERRUPTS

Hardware interrupts are generated by hardware devices when something
unusual happens; this could be a key-press or a mouse move or any
other action.

Maskable Interrupts:

The processor can inhibit certain types of interrupts by use of a special
interrupt mask bit. This mask bit is part of theflags/condition code register,
or a special interrupt register. In the 8086 microprocessor if this bit is
clear, and aninterrupt request occurs on the Interrupt Request input, it is
ignored.

Non-Maskable Interrupts:

There are some interrupts which cannot be masked out or ignored by the
processor. These are associated with highpriority tasks which cannot be
ignored (like memory parity or bus faults). In general, most processors
support the Non-Maskable Interrupt (NMI). This interrupt has absolute
priority, and when it occurs, the processor will finish thecurrent memory
cycle, then branch to a special routine written to handle the interrupt
request.

Interrupt Service Routine

For every interrupt, there must be an interrupt service routine (ISR), or
interrupt handler. When an interrupt is invoked, the microprocessor runs
the interrupt service routine. For every interrupt, there is a fixed location in
memory that holds the address of its ISR. The group of memory locations
set aside to hold the addresses of ISRs is called the interrupt vector table.

When an interrupt is occurred, the microprocessor stops execution of
current instruction. It transfers the content of program counter into stack.
It also stores the current status of the interrupts internally but not on
stack. After this, it jumps to the memory location specified by Interrupt
Vector Table (IVT). After that the code written on that memory area will



execute.

Interrupt Vector Table
The first 1Kbyte of memory of 8086 (00000 toO03FF) is set aside as a
table for storing thestarting addresses of Interrupt Service
Procedures(ISP).Since 4-bytes are required for storing starting addresses
of ISPs, the table can hold 256 Interrupt procedures.

The starting address of an ISP is often called thelnterrupt Vector or
Interrupt Pointer. Therefore the table is referred as Interrupt Vector Table.
In this table, IP value is put in as low word of thevector & CS is put in high

vector.
Memory Table Veclor
Address Entry Definition
we | csass | 3
Vector 288,
we | IP 258 |
L L
! ! User Availa
] I
02 cs 32
Vector 3240 J
[ 1] P32
TE CcCsSn
Vector 3149 )
1C "N
] i
1 1 } Reserved
14 Ccss
Vector § )
14 Ps
12 CcsSa
Vector 4 — Overfiow
10 (X ]
o€ Cs3
Vector 3 — Greakpoint
ocC w3
oA cs2
Vect: 2 - “.
oe P2
oe cst
Yector 1 — Single-Step
04 ([ ]
02 CS Value ~ Vector0(CS O)
Ye O =~ Divide Error
00 IP Value — Vector O(IP O)
2 Byies

8086 Interrupts
We are aware of the fact that the interrupt can be either hardware or
software. If the interrupts are generated by the inbuilt devices, like timers
or by the interfaced devices, they are called as hardware interrupts. If the
interrupts are generated by the software code, they are called as software
interrupts.



In other words an 8086 interrupt can come from any one of three sources.

e An external signal applied to the non-maskable interrupt (NMI) input
pin or to the interrupt input pin (HARDWARE INTERRUPT).

e Execution of the interrupt instruction (SOFTWARE INTERRUPT)

e Some error condition produced in the 8086 by the execution of an
instruction.

Example:

If you attempt to divide an operand by zero, the 8086 will automatically
interrupt the currently executing program. At the end of each instruction
cycle, the 8086 checks to see if any interrupts have been requested. If an
interrupt has been requested, the 8086 responds to the interrupt by
stepping through the following series of major actions:

¢ |t decrements the stack pointer by 2 and pushes the flag register on
the stack.

e |t disables the 8086 INTR interrupt input by clearing the interrupt flag
in the flag register.

¢ It resets the trap flag in the flag register.

¢ |t decrements the stack pointer by 2 and pushes the current code
segment register contents on the stack.

¢ |t decrements the stack pointer again by 2 and pushes the current
instruction pointer contents on the stack.

Divide-By-Zero Interrupt-Type O:

The 8086 will automatically do a type 0 interrupt if the result of a DIV
operation or an IDIV operation is too large to fit in the destination register.
For a type 0 interrupt, the 8086 pushes the flag register on the stack,
resets IF and TF and pushes the return addresses on the stack.

Single Step Interrupt-Type 1:

The use of single step execution feature is found in some of the monitor &
debugger programs. When we tell a system to single step, it will execute
one instruction and stop. We can then examine the contents of registers
and memory locations.

In other words, when in single step mode a system will stop after it
executes each instruction and wait for further direction from user. The



8086 trap flag and type 1 interrupt response make it quite easy to
implement a single step feature direction.

Non-maskable Interrupt-Type 2:

The 8086 will automatically do a type 2 interrupt response when it
receives a low to high transition on its NMI pin. When it does a type 2
interrupt, the 8086 will push the flags on the stack, reset TF and IF, and
push the CS value and the IP value for the next instruction on the stack. It
will then get the CS value for the start of the type 2 interrupt service
procedure from address 0000AH and the IP value for the start of the
procedure from address O0008H.

Breakpoint Interrupt-Type 3:

The type 3 interrupt is produced by execution of the INT3 instruction. The
main use of the type 3 interrupt is to implement a breakpoint function in a
system. Whenever we insert a breakpoint, the system executes the
instructions up to the breakpoint and then goes to the breakpoint
procedure.

Overflow Interrupt-Type4:

The 8086 overflow flag will be set if the signed result of an arithmetic
operation on two signed numbers is too large to be represented in the
destination register or memory location.

Example: If we add the 8 bit signed number 01101100 and the 8 bit
signed number 010111101, the result will be 10111101. This would be
the correct result if we were adding unsigned binary numbers, but it is not
the correct signed result.

Software Interrupts-Type O through 255:

The 8086 INT instruction can be used to trigger the 8086 to do any one of
the 256 possible interrupt types. The desired interrupt type is specified as
part of the instruction.

The instruction INT32, for example will cause the 8086 to do a type 32
interrupt response. The 8086 will push the flag register on the stack, reset
TF and IF, and push the CS and IP values of the next instruction on the
stack.

INTR Interrupts-Types 0 through 255:
The 8086 INTR input allows some external signal to interrupt execution of



a program. Unlike the NMI input, however, INTR can be masked so that it
cannot cause an interrupt. If the interrupt flag is cleared, then the INTR
input is disabled. IF can be cleared at any time with CLEAR instruction.

Mnemonic Meaning Format Operation Flags Affected
CLI Clear interrupt Nag CL! 0-(IF) IF
STI Set interrupt flag ST1 I=(IF) IF
INTn | Typensoftwareinterrupt | INTn | (Flags)= ((SP) - 2) TF,IF
0= TF,IF

(CS) =+ ((SP) - 4)
(2+4-n)~(CS)
(IP) = ((SP) - 6)
(4 n)=(IP)

IRET Interrupt return IRET | ((SP)~=(IP) All
((SP) + 2) = (CS)
((SP) + 4) = (Flags)

(SP) + 6 =+ (SP)
INTO Interrupt on overfllow INTO | INT 4 steps TF,IF
HLT Halt HLT Wait for an external None

interrupt or reset to occur

WAIT Wait WAIT | Wait for TEST input to None
£0 active

Figure: 8086 Interrupt Instructions.

Interrupt Priority
If two or more interrupts occur at the same time then the highest priority
interrupt will be serviced first, and then the next highest priority interrupt
will be serviced.

Example: If suppose that the INTR input is enabled, the 8086 receives an
INTR signal during the execution of a divide instruction, and the divide
operation produces a divide by zero interrupt. Since the internal
interrupts-such as divide error, INT, and INTO have higher priority than
INTR the 8086 will do a divide error interrupt response first.

The interrupt that has a lower address, has a higher priority.

For example, the address of external interrupt O is 2, while the address of
external interrupt 2 is 6; thus, external interrupt O has a higher priority,
and if both of these interrupts are activated at the same time, extern al
interrupt O is served first.

8086 Interrupt Pins and Timing

3. INTR: Interrupt Request. Activated by a peripheral device to interrupt
the processor.

1.  Level triggered. Activated with a logic 1.



4. INTA: Interrupt Acknowledge. Activated by the processor to inform the
interrupting device the interrupt request (INTR) is accepted.

1. Level triggered. Activated with a logic O.

5. NMI: Non-Maskable Interrupt. Used for major system faults such as
parity errors and power failures.

Edge triggered. Activated with a positive edge (0 to 1) transition.
Must remain at logic 1, until it is accepted by the processor.

3. Before the 0 to 1 transition, NMI must be at logic O for at least 2
clock cycles.

4. No need for interrupt acknowledgement.
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LPCG\ Hong,
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Data Mmemeny

2 Data Memsny «

i¢ used to store +he memorty

Megistens each ob GYHK byles size, to

»antenﬂﬂ.t data memony ¢

‘ ; .
s S} ‘

n the
access the data

Mmemon g }ng‘}'nucjrfon MOV X 15 used - DafOL rﬂp_morr_;j s

Ob' two fapeg ﬁr\'ter[na,,/ OLI’\OF Cxief‘thL:

The indennal date N\ MoTy conslsts o b 256 55#‘;

these ane dividied ia o twe qutarq'fsf

o00 H- FFR f4on cntemnal dato RAM (128 b;qup\c)

0B0H-FFH kot cpecial functon negleters UZ?Jbbf_‘i’e_y

Intesna L Data Memo

Special function negisten

(28 byteg)

TP

Itennal data RAM
(L8 bytes)

Hutt

+

'I).)E,X'tﬁm\ql. d.uul‘tx mesy DrL}j.

FFFFH Extennal Data Memony

64K byles {.Q,X'fEJlnqL
PLOGLA. Mmemshy

|

oo L

The 60S) a\‘vm‘ the bacility to interbace

external RAM ond ROM, Extennal RAM i accessed |
by DPTR ond up to 64KB ok RPM can be interbace.

Grtemnal data memony inten facing s o two bypes
(.e. RPHM and RDM inten lfac:fr\&

2
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r}?ﬁ M (ntenkacin g

hos seme rteaq_,lq,l,'fcrx.c to ke Lizk'!:

The }n‘ftmkar.'nq a&memm% chip with micgocoonine fleg.

® Ihe Memony data bus is deec TrF::,L cennected e Memony
f]
C.}Hp dq D‘ Pff"‘
) Cc{\‘tﬂc, b'(g‘[‘n '. ('Cf‘rr:c-. on
C Da ] v § . 3 -~
RD (Read Memeny ) cennected +o UE (Ouiput Cnalh
0 LR [(Wnte . - 3 ,
LIk LYmite ”)Uv‘:'r:. Cecnnegcied (e WE ({'%"T‘:f- Ent\bJE)
C,> he PU -
The CPU addness (ires ane dimec Tly connec ted e
m’trﬂtn \.j ~ ‘r‘ D a ‘:)J "*C 5_:, 0 ;.‘ '-._‘_p‘:,.-
f? H\%_ Permaody chio tnd b 1 :
, Tt ChIp ccensts Ot Lhnipset (C S) and C}\fD
Cnakle (CE ; : f
€ Wb) adress Lines vamies  based on memery
Capacity chip chewld retol & with Centre l sf
35 w1 C L4 = L Lo Sfé‘_na!&j
data (inec =1 e ' P . !
The o L3 o memOily s dove whey
C)"'l" 15 activateq
EanpLe‘, Inten ¢ Mo IKE PRM
ch‘ adaness chip o Ef:'i',';i te AFFEF
O s e s e e
ce auﬁm L'ﬂts ﬁnwﬁl"f C-l‘\lP
B ! B T
D
]
] s —
Ae - ) ! . ":1
'
$es 3 -
B e i I e
" . RD LIk P Uz
p,s i
MEmR — |
i
n"ﬁu-——— PeESC— i b o .
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“> RDm fn‘h‘:n [.'u.u'na-

Jn many  systems the on chip ROM of 805/ <

ot sukkicient, so 803 chip s wed, vt (s a
Rom,

lesg vension Ok B80S/ which allows p7ogran
S 2e to bg Ltl"f\‘je s 6MYK bﬁ}ﬁg

E’H- Piq: TO l\i\c‘]\(‘(\_'i < Lh Q. PJTO;]WULW\ (“Ude s}OWF’CJ f.n
m“C-TIO Coﬁ+ﬁo“€q_ on c,l\l‘P R Dm; £R P;n

f\5 coelhected +to VCQ y to l‘ﬂd"Cc\"e prrogaan
Code | S torted ' ROM  EF PN i
connec ted to gound.

'SFRQSPQQ,{&L Func tion Reafs'ter(,)

The 90S! microcontrolle  special kunction ne%r'$+em
et ac o contro L lable that monitor and contre! 1he

| Operaiion ok the Q05 micnocontrollen, 368 SnJ Interna L RAM

sw‘rluctu\rze), the oddresc Space ko BOH to FFH is allocaled
1o SFRe.

OU.+ ol,' ‘E})@_ge

N | 2.% memorny Loca tions (80 H o FFH)/

NCne arte only ) +0 ’

o' GFR. " VE et that ane acqually assigned
¢« Cach SFR hax gpne byte addrnesc and olss

0 um UL nopame Whch SPecykies

1+ Punpese,

Since 1he SFR¢  ane o Pant ok £ Intenna (
RAM sliuctune,

s W& Can access $FRy qg 1
ACCess the Jntenng| RAM, 77

‘s the address S pace

b §0
he main d,
b

st )28 bate\gCOOH to 7F 1)
ﬂ(‘-’ah\)&rl \(JHTQ”HD\L Rﬂm o.ﬂt\ .Y\Q_X{
129 Bytee (BOH Yo FFH) /s fon S FRRg

‘HTEITQ_ NCe
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———E T

Clements ol Special Functron Re-%lls ter
2> BLL the 2) 405 microcon o llvr  special  function egistey

‘\\\.
’
5
1

($FRs) alon g wilh Lhein kuncbions and  JInterng Rpm
addness s given In bhe kollowing fable .

Nane o f the Regited Ridebidn TInternal R AM A ddnecs (Hr
A C A ccumy (atore ¢OH ==
B Bregislen F Qi &
PN Clhon [ nidhmetic)
Dddressing  Extennal g3 H
MemoTy
DPL Hc)\dﬂfSS'\ﬂg Extermal e H
l‘ﬁemoll‘g'
Py Intennwpt enable | H@Hr | : .
Contol 5 omt oot g
IP Intennypt Prioniy B&H
PD Pont 0 Latch B0 H
| P) Poetl L Lateh 90 H
¥l - Port 2. Latch ROH
PC"})%N Pont 3 Latch BOH
Powen Contrno L g 7H
'SPEDL\IJ\) quawfam iiqiu_c, Wond DOH
Senial Port Cnf\":TIuL qgH
SBUF SeriaL Port Dola Bulbbe,| 9aH
SP Stack Pointer gIH
MDD Timer / Countert Mode Contwo(,| HIN
TCoN Timer / Counten Contr | iy
™ Toew 0 Low Byl | 69
i tmer, O H IGH Bile, geH
- 'ﬂfnerzi Low By e BBH
[ Timen ] HIGH Byte 8 Dt
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Thene ane ™ony woys to catlegonies thece 2] SFR
‘buf T the eq_sies.'{ Uay (se (n which ’f;he.;] o ne

f
o

Cc\ipﬁoniag(} in | geven guoups anc: §

DMath o CPUY Reg is Teng CH and B )

> §tatug Regisiex (PSW)

= Pointen Registens (DPTR)-DPL) DPH and ‘SP)

2 T/0 Pont Lalches (Po,PisPs, Py )

- peﬂ\PMqu C el "R(,H{S{gngcPCON;SCC‘N,T(.Q"};TFIOD/ |
> Fertipheniol Data, Registens (TLo, THO, TL, T%E{)fff) ‘
‘ CPYU ot Math Pe%\‘s‘teﬂs SR

1. R o Becumulator (RCe)

3 The accumulaton or registen B ig the mogt impeatant and |
% most used B0S| micnocontnellen SFRe, ]

SThe Reaisti"l R ys lecated o+ the, addness EOH in the SFR
Memony- S pace. ' \ |
—_ST}\E, accu\mw,ml’(’m i uSe d- to ”\o}LP the Act'tCL ke GLMOS{-

all the P LD openations.
‘-'>SON\F; 0‘7 the op?_nq'tfoﬂs when e, the prCC‘*W\\a\,Cd’cf‘L 1'g

i
|
{
used anes |

Oﬁ”iﬂ\meﬁc_ Openation Like Rddition, Subtrnaction, Mg iphiaty
ete,

0 LogicalL OPQ_J’IO"[:I"DHS lke AND,OR, NOT et
O’Dql}-m 'ET'LCU\S EQ-;L O})an+fon$ C,l)QwaeQR $0S ) ond E)({-Qr‘nqL mcmtg)

!

éThe, ho\mo,“ Drgcuvmu\\c\“'om” camg  from the n!rac-j +his

tegislee s wsed fo accumo [ate the mesylt D(rcdf

U ThmeHe, and mos+ o b Logical oper ationg '
.
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B(Re.gi&‘btm B)
-=> Th B registen. | ‘

c a 9‘\\; LI FS U\?ed Q)Dnﬁh \m‘t}) t},e_ BCe ;',r\ mmufph‘ﬂ-},;m
and Division opermadonc,

:> Thw&se two operationg are  pen fonmed On duo that ane
STomned or\lxd. N me&l'\sfen_a A an ¢l 3, h

—> EH’ can }De use rj al o G]GJ\@TC&L PR OSe Rf@lls‘l:E:r(_ L"”L
nomma L openaTions and s ebten used ag P}uxflc\m&

me gisden b}f Programmens to ctone ‘LQN\PUHC{!‘d rcesuls

PS W

= The PSW ¢ aleo called ag Flog Reg
the i por font S FRe.

_:>Tl\e, PSW reeg islen congicd

Plognammer. jn chee

ister and e oNe ol

ok é’ad bit, whic h Khelp the

”(lnﬁ 1he Cond, i’C)n o b £he neswl/4
add als o make decision,

}]_]u\& ane 1-bit s{ofzage elements +had ‘57\0'?&(2 Q“C’ :

ndicate the nature ok the resullt’ t}mt e &ﬁﬂﬁi‘wdecg
bk} evecuton of centain mhqcﬁon_;

=>_“\e bo Wowing table (Jescmbes the function o
each b’}qa. i

R v
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e . - i Dﬁ—‘\
[ lss1 | symsoL | FLPG NPME | pEEgRr 1
= ' USPC! " qm'}'})m?j"(bj lﬁc?l'(_
4+ Con CY Canny S5 biﬂ_}_f;m Upenqﬂ
5 HC HU\X“'!‘JCLHZ?T C‘MT'IH US?G‘ in 3CD D”"“’WE‘J—;'E
=) a nqﬁc{f;p.;ﬂﬁi’ifsé" Vse.
S R Pl 0 e lrleg,
U\ RS 1 Rga isten Bank Selectien
2 B+ L
RS © Registert Bank Selectio,
R4
Rg 1 RSO Bank
0 O Ben KD
0 | BankZ
\ 0 Bank 2
\ \ Bm\kB
2 Ry, s
| Oyert blow Vsed in ) Phme 4,
] Openc-tiup
" - | Re“se’l‘\’eﬁq Muy by USe
'P | PD\W1+U— SG‘E’.'\EW&\) p‘”’”&eqilan
a‘;r ol Aoy
A °b1s othenyy
Poin‘b:n_ k&g\&‘kﬂs ' — Resed _ 76
'D ;
Q.+O\ PO”\%/% (_DPTR’" DPL q“d_ DPH) . _'(‘/&/ |
o 7 . ' i i Le gt ‘
5 The Dato  Ppornter gl & L4 #i / .
/‘{ L /l/«/{’f"{,{; ' /fg (,.@071"/657&//077 0/{- '
# : ,
N ,4(/& /(:/C’/QI p £ ‘
% . Dats Fo coifer CAPY7 4 ctd 5/ ad O |
¥ /A& RS : ) O o |
7 . /5 éf,/ /ffc”ff'(;_',(”/e/?“ ( A _/jﬁ//(/.) 7 | i
SKom g€ : : . . oz7 )
/ »Fﬂg fod reeqesfers @ DSL S P
AN U - ‘ E
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e r? DPTR doesnt have a Physiral Mpmpr\/ /\drh-pss byt the DPPL B,
(Lowen Byte of DPTR) and DPH (ijigher Byle of OpTR) have
separnate addresses (n the STR Memory Space!

4 OPL = 82H and DPH =834

5 The DPTR RPéfsurr 15 vsed by 1he Pro%rnmﬁwrf addressing exlornal
memery (Program - ROM o Data - RAYy

'

H

5Fack Pointert (SP)

= SP PO’mts oyl tp the 1op of the s4ack and U Yodicates The mext dala

4o be accessed.
3 Stack Pomtort can be accesses using PY

5 “The Stack Pomntert is a0 3-Bif rodisten and upin resol, the Stack Pointer

©o imthalized with OAH. ;
Hog a nev data s written 5t an address SP+ 4.
Aata From stack, the dats is retiiaed From the Address 3n P

51, POP, CALL and RET 10shuchion

3 When wh

5 When reading he dz
and after bhat the OP. 1o decremented b\/ > | (SP-—i).

’
1

1

T/O Port Registers (PO, P4, 72 3nd P 1o o
' ‘which can be used as Toput and Jore Oulput,

5 The 805) Nlicro controllert Four qu*s
% These {6ur lgorls are T’J‘DJ bi; p2 and P3.€ . |
S Each Pt has 3 covtesponding registet With same namMes Lhe Port Redistoys

arp. also PO, P4,P2 and P3), ) by
= Mhe addresses of. the Povt Redistets 2re as follqus ¢

po - 8OH, pl - QOH, P2-A0H and P2- BOH
5 &ach pibin these SFFs corvesppnds o one physical Pinin the -

' go51  Miwo controllen . :
velors e both Bib Addmssable snd Byle' Addressable mad

=5 AN fhese ot Red
S povifingd on O on 3 port ReBistan it wil) roflect as an
’ | | . L _ o '
‘@Mﬁopfiafg vol{ago (5\ and DV) on 4he royrospord!@_ Pn‘lj,
> TF 2 port Bit te SET( declaved as 4), the 1ovvos ponding  Port b Pin wlif ke

configured 25 Output. |
S Upen reset, all the  PestPia—is—contgue

EET C1) and hencey all the Postk Pins oute. fof

i

d-qs Outjput. Pont Bils arte
Fi‘g'urwd as Inpuls.
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Per'iPthIaI Control Rr'g'l'sl‘f':"“‘ X var 01 -el

PCON ( Powent Control) |

S “The PCON,as Ih nAME 6
“Mucnocontraller’s Powert Modes a0d

|
OP ace.
Using -wo bils 1w {ha PCON F‘mﬁu!arr, lhe micracontvoller can be

sel {o Tdle Moade and Powoer Dowry Mnde,

Durma Telle M(){lp the Micraconlyolled U’i”!fobﬂ’w Clock 5'?”‘“”9

L+ the /\UJ(CPIJ)bul 1S dlvan1nu“)r’rfpr‘ﬂ|‘3h("c”-‘ like ’fmf’rf
S erial, Tnterrupls, of..

2 In Orclpv 1o Lerminale the Tdle Mode ;o 'ﬂm/g 1o vse an
r’nielru]’ll 01l Mavrdloare Rege l-,

3 dn cthe Power Down Mede, Ahe oscillaton will be slopped &
he PD\UQH will be rodycod 4o 2V,

7 To termingte Ahe Powert Down  Made, \ou have Lo use Ahe

s;pﬁmff T (|rp;] Lo coniyo] the pOY |

io localed n| i) of the SFR Mf’many

Hardware Resed, : .
3 Apart from lh(}rr' -wo, Lhe "(0‘\] RP( LSH"I fanalso by ubod for

Few addilional purposes.

¥ TThesMon Bit inthe, PCON Redister Usec] 1‘tt>i('oni4r'0'
Ahe. Baud Rale of (the (”D(’na) ‘Porfl 4

3 ‘;ﬁgﬁe arte o Q(merral pur]msc. F‘Iqrﬁ Bﬂ&m lhv P(ON
(’ "l 3 L
Zisten, which ran be mrd by thg pV@rramWPrr flwl\g?‘(’xecuf?on,

SCON ( Serp! Control) g - B
- - 13 L i j y '\‘ ;
> ‘\'he~ SCON § F.R \ Used to continl the 305 Microcondrollea’s
Serial Port?,’ F—is-y el R |
A i t
= Tt 14 lochted . as un: addross o Q8N . - \‘

- ‘(Jm.ﬂé SCON, you tan (gndrol the O pertphion Modeq cﬂ‘ thy
SertalN Porly ‘Baud Rale o thel 8orn| Por
Rard oft and Serd or,
eltve Dala: ys ing 1Sereal Port., .
A SCON Reqisten. alsd  consists of bite thak a'l(’
am‘vrrmhcaw SET when a b\/f:@ of olalc! U
t”aosm'”f’ﬂ' ore rpceivp bl
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Sertal Port Mode (orttvol Biys

M0 | ST |Mode [Deseription o [Boud Rate
- _____'___AJ____;;___________W"‘__,_i Bl 2 SPURPTIRPOERE N 3 SR DRSO (S N —:-H' A
0 ¢ ‘ O ' B8-Bil Synchronnus Fiaed Badd Rote
| Shirk Register Mode | (Frequency of osciitaon
I [ Has 1) Vil 7
A 1 ! 1 8-BW Standard \[ar}abie Rayd Rate
} | UART Mocdlp - (Can be cet by Timen 4)
; | | | :
‘ f \ ’ I N
1 | O !~ 2 |[-a-bit Multiprocessort | Fixted Baud Raf,
C 'a
s Dm.m. 'YJDC’IQ 1(996{)_960(:/ of ogf‘njaﬂg,{/

| 52-'011.9(051,9&(1‘51/ af
ogclllahﬁ/ Gq )

1 | .,4 | et L
b, 3 q-bit Mulbiprocessyr  \larigble Baud Rate
| Comm. mode (Can bg oot by‘lﬁne«i}
TCON (Trme vy Contvol) . .. -

7 Timen Control 75 used 4 star
8051 Micrtoc ontyoljer

=5 Jt ako contains bits to ndicate 1F the Timens has overflowed,

7 The TCON SFR also consists of interrupt related bits,

TMOD (Timed Made)
_..,7The TMOD s used to set the OpenaJr?nQ Modes o the Timers T0 andTd,

t oot stop . the ‘T\rmens of

The 1ower Foun brts are used to confcgurte Timer 0 and the
highen -fout hits are used 4o Eonﬁgune Timer 4,

TE (anterupt ¢ nable)
% The JE RPQ\IS“” Ve used tp enable on digable ind\idual i terru pis.

J I¢ & bit s SET, the rorrps]:ond?r_g Anterrupt s enabled and ik the
kit (s cleared, '\'he-‘mferru}:'l 16 disabled-
S The BitF of the TE register jp, EA bikis wed toenable on disolp

all the ]nforrup-b.
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\‘-—h‘_-———

r

—

2P Cinterrupt - « Priority) |

< The 1P Re'a isket s used toset -the Pnortly of “the mferrupf as H;gb orfLm

% IF & bit {s CLEARED, the rorrpsbordmi? iterrupt [13 tssigned  Jow Fv‘tonfy and
A the bit ts SET Ahe taterrapt s qssgnod high priorily,

?erLPHeral ’Data Reatsfeng

SBUF (Sertal Da‘ca ByFfert) )
= The Sertal Buffert redisten is used tp hold. the seral dala whike

i

s mMission 31 che‘;ﬁ)n.
TLo/THO ( Timert O Low/ High)

% The Timer O consists of two SFRs <
or b\;’ce. snd the THO is the b

o 16-bik Tiwer 0 Register.

" TLO and THO.-
ig hen byte and
5 The TLO tsine fow g

tvg&hex they form

TLi/THd, (jfunen 1 Low/ Hh)

i 4 " y |
~d TR are the ‘louoeﬁc and nghen b\{h?s of the Timen 0

4
6.9 Paddnessing Medes of 3051

BUS, aalo[rte,ssmg. modes ane classlﬂed a_s kolow_g

1. Ivmediate addiecéig: !

2. Pea‘sf(’,rt a&&ﬂ@&smt&—-r

31 Dinec t Addressiy

H Indinect Pddress ing.

S Relative pddn ess.fng\,

6 Fbsolate Hddnessfn%

2 Long ﬂa&nessin}
o B Indexed Addnessing.
| - VBt Inhenent Pddressing i

)D; Bit Dineck Addnessing. rodid

!

—
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Immediate ch&ﬂeg.sfna_ "

2 I this nc\dRE&sir\Q mode the data |e provid

‘ ed ag a
ofF insTructio iy

ndselbe n othenwonds  dada Immed;
the l‘\sffmc.‘{,iur\

> €9 Moy g3y

DDDJ B—#Bg ‘ #Sambof. l‘l\dl‘cﬂtkt L—hc_J
Pegigftm %d&ne&stn&

m‘f&f&_ bro llay.

ata (¢ l'mlneJ::;k;

= ,\|‘ ' |
N I this CLG[OQTIE&&m? Mode Lhe registerc will hold the data.

O -~
Ne ok the elght § enerny egis tens (RO to R?) can be
used ond gpeci

> Cqg- MoV A, RO
| ‘ ROD P,R6
: Dirte,c_'b Bcicine.ssfr\g,

2 There ke Two Wags o access the Ent&nnqueMomdL, Vsin
dinect addness and  hdinect addmesc, Nsing dinect aclclmessfn;
mode we <an not only address the internal memony.
but SFRg also- l |

‘Hed ac the o perand .

In dmect qd&rce\gsin%, an 8 bit g termal data. memo
L

. obr the ine truction and hene
b can speciby the oddnes lg in t )
| a < only in the mange o f OOH and

|FFH. 8 ki \ ' |
I thig addrezsing mode, data s obtained Direct/y I
briom memony. P

Eg0 MOV A, 60 K
ADD A, 30H
Qdalrres.sfr\a-

The indinect aacgness{v\%. mode u;s
bhe ackial addnese thab will, b,

addres s Specikied as park

|
1
|

!
€S o regls fer to ol |
wsedk iIn data movemesd
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Rﬁgis%ets Ro ond R4 and DPTR ome +he only fegistey
that can be used ag doto. potaten - Indizect addzess ‘ng-
Cattot be wsed 4o neben to SFR negistens- Bot+h Roond
RL “can hold ® bit address and DPTR can hold °
H-Rit o ddnesg.

SERN I CRY)

PDD B, @ RT
| Mov x B,@ DPTR
| Tndexed 9A3n655|'n3

In Indexed addnessing, eitherc PC on DPIR s useol o
[hold the bogce address, and the A 1s wsed to holg the 0 bhset
|C\clc\rf,e$s- HoMing the value of the base addresg to The

Value ob the obleet addmess Lonms the fpective addnes

3ﬁc\axe&.q&cﬁmessfn9 ¢ used. WiEh JMPerr MOY ¢ 1 nstructHons

o 1MRV.C By BE kP,
Relative Dc@dnessinﬂ,

PQ. '.CL'L"NQ qdc‘r{’es

: sing | : e R
Mshlkcjcl‘o_ g s Used only— WITK conditonal Jump

Make ' the qddress b::_n\::q . adCl‘EDL e I[}}\Q,:F’C uS
he next mstryction,

¢'g SIMp jooP1l
| JC RAck
%Hbsol&‘k Qa&ne_ssinﬂ_
Pbsolute addnessing 1o used only by the absolute
Jump Qf\d obsolute lCCLLL _frxs ’t’l\&c,fl'or\g_ .
These are 2 bgies fngtnuchionc.
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. PThe absolate wddreessing mode gpect e the [owest 17
bt ok the memoy Qdd'?.t‘SS as pan L o b e bras e,

SThe wppen S bit ok The destination addness ane
the Ppen T by

t ok the C wiren - pPreogrzam counfer
Cg. ATMP LOop 7 |

AL, LDD?Q
Lona- Holdrtessfng
>The [’0“& QM'TGSS"&g moJé 18 Used
LIMP and LCRLL.%
S These are 3 byde inghuuctions.
Cg LIMP FINTSH

_ LCRLL. DELBY
-B‘{' Shbeﬂer\‘l— Qdcﬂnessfng,

N I tNig gcfcgtessfna.j the oaddress s ‘Ef\"e_ B)q&\
'ch containg the oPertand ; 1S [mplied rn Fhe opcede

Wi th the Ing tnucts,

ol the ingtryction
&y LR T
B’{' D;rtedml: P&Jne&s\':\g.

In this addnessing mode e di'n gt

address |
’H\Q, l)t'l‘ g

(s specibied. I The [nstructiog. The RAM
SPace. J0H 4o JFH and most 6k ihgsp &_C_"‘l L Function
| Megistens arte bt addiescable.

Eig LR GER ;f
| ~ SETB 07h 1
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fC' 10 jn‘tena\u’ts, Tmex b Grunters
Ijh'LQ,rLru\P'bs Lo 9051 mICFLOCOr\tﬂou,erz,

||T penipherial J wites

Dunma ‘. F"“ﬁ“““‘ ?.Jktcwhor\
8e,nencx,‘be

ecds senvice briom aicnocontmellen, deviee W‘”
l

"W‘Jenwp-k and gete the senvite  faom ”\‘C”'Oc‘mtm‘m'

Ehe ;“-bo_rcﬂ‘&Pt

called

W hen periphenial dcvive ac tivate
to a preogra®
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* Wavelorm generaunon
8051 has two timers, Timer 0 and Timer 1.

0] 111 ]
1!11- Dwa D1y D13 DAY D10 D9 HHBF D8 DS B4 DI B O ﬂﬂ-l
Timer 0

LY |
1:"1. o4 DiY DiF DN DD O ua|u:r D8 B4 Dd B1 0F DY nhH
Timar 4

'l

"

Timer in 8051 is used as timer, counter and baud rate generator. Timer always counts up
irrespective of whether it is used as timer, counter, or baud rate generator. Timer is always
incremented by the microcontroller. The time taken to count one digit up is based on master clock
frequency.

If Master CLE=12 MHz,

Timer Clock frequency = Master CLK/12 = 1 MUz
Timer Clock Peried = 1micro second

This indicates that one increment in count will take I micro second.
The two timers in 8051 share two SFRs (TMOD and TCON] which control the timers, and each timer
also has two SFRs dedicated solely to itself (THO/TLO and TH1/TL1).
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TMOD Register

TMOD : Timer/Counter Mode Control Register (Not Bit

Addressable)
LAl T | Rl LT l LAl I 0T LY i LT
FLATH (ETIR T
GATE When TR in TCON) is set and GATE L TIMER'COUNTERN will run only while 1N Tx pin is high
thardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = | (sofiwane
comiral ), i
T limer or Counter selector. Cleared for Timer operation {inpul from imemal svstem elock ). Set for
Counter upermion tinput from Tx nput pin).
A1 Mode selector bil (NOTE 1),
LAl Muode selecior bit iNOTE 1)
Mede | :
k11| N OFERATING MODE
il il i 1 3-hit Temey
il | | it it U oirig
| (] 3 R ohil Mt Teload Times Conmer
I 1 3 B U0 1L o i B b Lutsen owmer cuidialbed b e stslaed [imes U el
Bats, THIS i ot Kbt Tomady ansd is comsmillod s Timer | cownii hits
| | 1 i Fumser 10 Tomee Cointer | st
TCON Repister

TCON : Timer/Counter Control Register (Bit Addressable)

| ow T oo | e [ o | wm [Tw T m |

i TCONT - Timer | overflow flag. Set by hardware when the Timer Counter 1 overllows, Cleared by
hardware as processor vectors 1o the inlerrupt service routing,

TRI TCONG  Timer | run control bit, Set'cleared by soltware 1o lwm TimerCounter N OFT,

e TCONS  Timer 0 overflow flag. Set by hasdware when the Timer Counter § o erflows, Cleared by
hardware as processor vectors 1o the senvice routine,

THI TCONA  Timer O ran control bit, Set'clearcd by software wowm Timer Counter 0 0% Ol

11 TCONS  External Interrupt | edee Mlag. Set by hardware when External mterrupt edge is detected. Cleared
by hardware when intermupl is processed.

oy FCON2 - Imterrupt | type control bit. Setcleared by software o specify falling edge/Mow level triggered
Eosternal Intermep,

1o TCON Lxternal Interrupt 0 edee flag. Set by hardware when Extemal Interrupt edge detected. Cleared
by hardware when interrupt is processed.

[Tt TCON. D

Interrupt O type control bit. Set'cleared by software 1o specify falling cdee low level trigeercd
External Interrapl.

Timer/ Counter Control Logic.

Scanned by CamScanner



Osc fieq _ﬁs_“‘ Timer mwode

CT-0
To Thest
! /( stages
| =
|
10 Lﬂ-i '
I ey Coiimted nidile :
TR10 b |
in TCON o |
Gate i
e ) >——
WiTia
Irvgrunt ol
TIMER MODES
Timers can operate in four different modes. They are as follows
Timer Mode-0: In this mode, the timer is used as a 13-bit UP counter as follows.
el TL X Sliits jLowein) THX Bhits TEX M
Input pulse
Fiomn previous
slaqge

Fig. Operation of Timer on Mode-0
The lower 5 bits of TLX and 8 bits of THX are used for the 13 bit count.Upper 3 bits of TLX are
ignored. When the counter rolls over from all 0's to all 1's, TFX flag is set and an interrupt is
generated. The input pulse is obtained from the previous stage. If TR1/0 bit is 1 and Gate bit is 0,
the counter continues counting up. If TR1/0 bit is 1 and Gate bit is 1, then the operation of the

counter is controlled by input. This mode is useful to measure the width of a given pulse fed to
input.

Timer Mode-1: This mode is similar to mode-0 except for the fact that the Timer operates in 16-hit
mode.

TLX8bits  [—= THX8bis |— oI qpy LIenupt

—
Input pulse
From previons
stage

Fig: Operation of Timer in Mode 1
Timer Mode-2: {Auto-Reload Mode): This is a 8 bit counter/timer operation. Counting is

performed in TLX while THX stores a constant value. In this mode when the timer overflows i.e. TLX
becomes FFH, it is fed with the value stored in THX. For example if we load THX with 501 then the
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timer in mode 2 will count from 50H to FFH. After that 50H is again reloaded. This mode is useful in

applications like fixed time sampling.

TFX

Intermupt

——————————

TLX Bbits
Input pulse
From previous e
stage [
THX Bhirs

Fig: Operation of Timer in Mode 2
Timer Mode-3: Timer 1 in mode-3 simply holds its count. The effect is same as setting TR1=0.

Timer( in mode-3 establishes TLO and THO as two separate counters.

Intermupt
i TLO 8bits — T
Input pulse
From previous
stage
Interrupt
f12—1—=  THO 8bits e P Bk
I
I
I
TR1 bit in TCON

Fig: Operation of Timer in Mode 3

Control bits TR1 and TF1 are used by Timer-0 (higher 8 bits) (THO) in Mode-3 while TR0 and TFO
are available to Timer-0 lower 8 bits(TLD).
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6.1 SERIAL COMMUNICATION.

6.1.1. DATA COMMUNICATION
The 8051 microcontroller is parallel device that transfers eight bits of data simultaneously

over eight data lines to parallel 1/0 devices. Parallel data transfer over a long is very expensive.
Hence, a serial communication is widely used in long distance communication. In serial data
communication, B-hit data is converted to serial bits using a parallel in serial out shift register and
then it is transmitted over a single data line. The data byte is always transmitted with least
significant bit first

6.1.Z. BASICS OF SERIAL DATA COMMUNICATION,

Communication Links
1. Simplex communication link: In simplex transmission, the line is dedicated for transmission.
The transmitter sends and the receiver receives the data.

Transmitier # Receiver

2. Half duplex communication link: In half duplex, the communication link can be used for either
transmission or
reception. Data is transmitted in only one direction at a time.

Transmiter Receiver

B S

Receiver =3 —nu] Transmitter

3. Full duplex communication link: If the data is transmitted in both ways at the same time, itis a
full duplex i.e. transmission and reception can proceed simultaneously. This communication link
requires two wires for data, one for transmission and one for reception.

Transmitler o Recoiver

Receiver - Transmitter

Types of Serial communication:

Serial data communication uses two types of communication.

1. Synchronous serial data communication: In this transmitter and receiver are synchronized. [t
uses a common clock to synchronize the receiver and the transmitter. First the synch character is
sent and then the data is transmitted. This format is generally used for high speed transmission. In
Synchronous serial data communication a block of data is transmitted at a time.

Transmitter |5]ml:| | | | I i | | F | Receiver

t 1
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Data

Dack
2. Asynchronous Serial data transmission: In this, different clock sources are used for transmitter

and receiver. In this mode, data is transmitted with start and stop bits. A transmission begins with
start bit, followed by data and then stop bit. For error checking purpose parity bit Is included just
prior to stop bit. In Asynchronous serial data communication a single byte is transmitted at a time,

Transmitter | | Start [DO[ D1 [ D2 D3] D4 [ D5 [ D6 | D7 | D8 | Stop Receiver
t Data t
Clock 1 Clock2
Baud rate:

The rate at which the data is transmitted is called baud or transfer rate. The baud rate is the
reciprocal of the time to send one bit. In asynchronous transmission, baud rate is not equal to
number aof bits per second. This is because; each byte is preceded by a start bit and followed by
parity and stop bit. For example, in synchronous transmission, if data is transmitted with 9600
baud, it means that 9600 bits are transmitted in one second. For bit transmission time = 1 second/
9600 = 0.104 ms.

6.1.3. 8051 SERIAL COMMUNICATION

The 8051 supparts a full duplex serial port.
Three special function registers support serial communication.

1. SBUF Register: Serial Buffer (SBUF) register is an B-bit register. It has separate SBUF
registers for data transmission and for data reception. For a byte of data to be transferred
via the TXD line, it must be placed in SBUF register. Similarly, SBUF holds the 8-bit data
received by the RXD pin and read to accept the received data.

2. SCON register: The contents of the Serial Control (SCON) register are shown below. This
register contains mode selection bits, serial port interrupt bit (T1 and R1) and also the ninth
data bit for transmission and reception (TBB and RBS).
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Serial Porl Control (SCOM) Regiter

(D7 Jpe T0% Joa Jp3 Joe o1 Do
EE0  SMI (B RIN | TES RAE |TI L4

& SME [SO0M. T Senal communicaton e seiectom b
& SME [SC0M. L) Sevwl comuramsiafion maods SelectEon b

SRR | ML | Mo | il Fdatik} Powisd rale
1] Q Mode 0 | Bt e regesies | Mo f 12
[t il

i ] 1 Mode | | bt LAAET Vel (4l Dy Do
11

] [2] Modde & | 5t LIAKT Foard A oo Foscnid

] 1 Mode 3 | ket LIAET Warnabls (el by Tamer
1)

& SM2 [SO0M.5): Multprodesior  Cofremanicatson B, In
mesded 1 oad ), et Ehel will enabls it ooetior
[4=pappp Fotad = g8

ik

AEN (| SCON 4) © Erable sl reception

» TES (SCOM 3} : Thes i 9 et that s renamiltted in mode 3
[ 8

RES (SOON D) 1 9 data bt o regeneed mmodes 2 A L

¥

TH(SCON 1} : Tranem® intermupd flag, sst by hardeare
st b Cegre] by sofTaarne,

¢ B](SCDON0) : Recens nPerrigt flag et by hardess
rearer b Ceaned by sofTaare,

PCON register: The SMOD bit (bit 7) of PCON register controls the baud rate in
asynchronous mode transmission.
Power mode Control (PCON]) Register |

-

D7 _|p6 _|D5 |D4 D3 |D2 DL |DO |

SMOD | — |— |— |GFL (GFO |FD | IDL |

: SMD [PCOMN.T): Sena’ rate megfy bt Set o 1 by program
to double baud rebe using mer 1 for modes 1, 2, and 3.
claared by program o use bmer | bawd rate.

o GF1 (PLCOMN.3) : Geneml Purpose user flag bt

- GFQ (PCON.2) 1 General Purpose user flag bit.

= PDIPCOMN.1) : Power cown bit. Set to 1 by program to
enter power down configuraten far CHHMOS processorns.

. IDL {PCON.0) : ldle mode DT Set to 1 by program io
enter wlle mode configuration for CHMOS precessars.

6.1.4. SERIAL COMMUNICATION MODES

1

2.

Mode 0
In this mode serial port runs in synchronous mode. The data is transmitted and received
through RXD pin and TXD is used for clock output. In this mode the baud rate is 1/12 of

clock frequency.

Mode 1

In this mode SBEUF becomes a 10 bhit full duplex transceiver. The ten bits are 1 start hit, B
data bit and 1 stop bit. The interrupt Mag TI/RI will be set once transmission or reception is
over. In this mode the baud rate is variable and is determined by the timer 1 overflow rate.
Baudrate = [2==4/32] x Timer 1 overflow Rate

[2mmed f32] x [Oscillator Clock Frequency] / [12 x [256 - [TH1]]]

]

Mode 2

This is similar to mode 1 except 11 bits are transmitted or received. The 11 bits are, 1 start
bit, B data bit, a programmable 9t data bit, 1 stop bit.

Baudrate = [2#==4 /64 ] x Dscillator Clock Frequency
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4. Mode3
This is similar to mode 2 except baud rate is calculated as in mode 1

6.1.5. CONNECTIONS TO R5-232

R5-232 standards:

To allow compatibility among data communication equipment made by wvarious
manufactures, an interfacing standard called RS232 was set by the Electronics Industries
Associatian [EIA) in 1960. Since the standard was set long hefore the advent of logic family, its
input and autput valtage levels are not TTL compatible.

In RS232, a logic one (1) is represented by -3 to -25V and referred as MARK while logic zero
(0] is represented by +3 to +25V and referred as SPACE. For this reason to connect any R5232 to a
microcontroller system we must use voltage converters such as MAX232 to convert the TTL logic
level to RS232 voltage levels and vice-versa. MAX232 IC chips are commaonly referred as line
drivers.

In RS232 standard we use two types of connectors. DRI connector ar DB25 connector.,

CRIH— (Fiefeialngdl
[oloTo]
sesss ol B ca@ﬁ@é :z;_:} ﬂf?g /e
Al sl als
DB9 Male Connector DB25 Male Connector

The pin description of DB9 and DBE25 Conneclors are as follows

DB~-15 Pin Mo, DOB-8 Pin Mo, Abbreviation Full Mame

Pin X im 3 iTo [Trarmsmit Data

Pin ) Pin 2 RO Recerve Dats

Pin 4 Pim 7 RTS Iﬂmiﬂa S-I_'I"ld'_r
[Fin 5 Mm@ TS |Clear Ta Serd

Pin & Pir o (o) |Data Set Ready

Pin T n 5 G Signel Grouwnd

#ini B | Pim | D hCammier Datect

Pin 20 :hn 4 :DTH E:t:urr Terminal
Ll ) L] Rirg Imdaaior

The B051 connection to MAX232 is as follows.

The B051 has two pins that are used specifically for transferring and receiving data serially. These
two pins are called TXD, RXD. Pin 11 of the 8051 (P3.1) assigned to TXD and pin 10 (P3.0) is
designated as RXD. These pins TTL compatible; therefore they require line driver [MAX 232) to
make them RS232 compatible. MAX 232 converts RS232 voltage levels to TTL voltage levels and
vice versa. One advantage of the MAX232 is that it uses a +5V power source which is the same as

the source voltage for the BO51. The typical connection diagram between MAX 232 and 8051 is
shown below.
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