8087 Co Processors and Architechture

Overview

[JEach processor in the 80x86 family has a corresponding coprocessor with which it is
compatible.

JMath Coprocessor is known as NPX,NDP,FUP.

Numeric processor extension (NPX),

Numeric data processor (NDP),

Floating point unit (FUP).

Compatible Processor and Coprocessor

Processors

1. 8086 & 8088

2. 80286
3.80386DX

4. 80386SX
5.80486DX

6. 80486SX
Coprocessors

1. 8087
2.80287,80287XL
3. 80287,80387DX
4. 80387SX

5. It is Inbuilt

6. 80487SX

Architecture of 8087

[IControl Unit
[1Execution Unit

Control Unit

"IControl unit: To synchronize the operation of the coprocessor and the processor.

[This unit has a Control word and Status word and Data Buffer

U1If instruction is an ESCape (coprocessor) instruction, the coprocessor executes it, if not
the microprocessor executes.

[IStatus register reflects the over all operation of the coprocessor.
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Status Register

15 0

B |C3 ST C2|C1|CO0|ES PE | UE | OE | ZE | DE | IE

* C3-C0 Condition code bits
* TOP Top-of-stack (ST)

* ES Error summary

* PE Precision error

* UE Under flow error

* OE Overflow error

* ZE Zero error

* DE Denormalized error

* IE Invalid error

* B Busy bit

TIB-Busy bit indicates that coprocessor is busy executing a task. Busy can be tested by
examining the status or by using the FWAIT instruction. Newer coprocessor
automatically synchronize with the microprocessor, so busy flag need not be tested
before performing additional coprocessor tasks.

[1C3-C0 Condition code bits indicates conditions about the coprocessor.

CJTOP- Top of the stack (ST) bit indicates the current register address as the top of the
stack.

CJES-Error summary bit is set if any unmasked error bit (PE, UE, OE, ZE, DE, or IE) is
set. In the 8087 the error summary is also caused a coprocessor interrupt.

[IPE- Precision error indicates that the result or operand executes selected precision.

TJUE-Under flow error indicates the result is too large to be represent with the current
precision selected by the control word.

TJOE-Over flow error indicates a result that is too large to be represented. If this error is
masked, the coprocessor generates infinity for an overflow error.

[JZE-A Zero error indicates the divisor was zero while the dividend is a non-infinity or
non-zero number.

"IDE-Denormalized error indicates at least one of the operand is denormalized.
[IE-Invalid error indicates a stack overflow or underflow, indeterminate from (0/0,0,-0,
etc) or the use of a NAN as an operand. This flag indicates error such as those produced
by taking the square root of a negative number.

CONTROL REGISTER

[1Control register selects precision, rounding control, infinity control.

1Tt also masks an unmasks the exception bits that correspond to the rightmost Six bits of
status register.

"Instruction FLDCW is used to load the value into the control register.



Control Register
15 0

IC| R |C |P |C PM (UM [OM |ZM |DM | IM

*IC Infinity control

*RC Rounding control

*PC Precision control

*PM Precision control

*UM Underflow mask

*OM Overflow mask

*ZM Division by zero mask

*DM Denormalized operand mask

*IM Invalid operand mask

UIC —Infinity control selects either affine or projective infinity. Affine allows positive
and negative infinity, while projective assumes infinity is unsigned.

INFINITY CONTROL

0 = Projective
1 = Affine
TJRC —Rounding control determines the type of rounding.

ROUNDING CONTROL

00=Round to nearest or even

01=Round down towards minus infinity

10=Round up towards plus infinity

11=Chop or truncate towards zero

[IPC- Precision control sets the precision of he result as define in table

PRECISION CONTROL

00=Single precision (short)

01=Reserved

10=Double precision (long)

11=Extended precision (temporary)

"JException Masks — It Determines whether the error indicated by the exception affects
the error bit in the status register. If a logicl is placed in one of the exception control bits,
corresponding status register bit is masked off.

Numeric Execution Unit
[1This performs all operations that access and manipulate the numeric data in the

COProCessor s registers.
[INumeric registers in NUE are 80 bits wide.



"INUE is able to perform arithmetic, logical and transcendental operations as well as
supply a small number of mathematical constants from its on-chip ROM.
[JNumeric data is routed into two parts ways a 64 bit mantissa bus and

a 16 bit sign/exponent bus.

Source : http://nprcet.org/e%20content/Misc/e-Learning/IT/IV%20Sem/CS%202252-Microprocessors%
20and%20Microcontrollers.pdf
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Typewritten Text
Source : http://nprcet.org/e%20content/Misc/e-Learning/IT/IV%20Sem/CS%202252-Microprocessors%20and%20Microcontrollers.pdf


Nl L S SO

" “'\\Jsuunu. badureery  HUN Mum Mede A, lboeima M Hodlt
(R ECRTLNTT N N\Q(LL wmpm S‘njél

r}_ T i Mede tmlH‘ o \). P epimumy Mobele Hhaors
\3—3\0“-'\\3\ v awentod) e, oR6 ‘Cun"u. W?.Lg PM-&JJ\G.\

Wik Qogh Gle %091, B0t T
g Gl o
W':fk A ‘*‘“W&ﬁkﬂ.‘.q :L}_HNF‘-— w 0, 4o Bt
(_Ell] (WIS T
DAE R W ok iy o

T VISR R S e oy
PPN O e ol wdd -

dC& DNEW  and Q“\']ﬁ IEN Hha |
enh - VAl wy  ana ﬂ

Vb \‘t)""-‘k’
SV Dinedk on St 2 qna
Q‘E, A m qbl"-f\ \d—‘ r“.'?‘

ona desbd Wy 213
We [4-128.

’:}% TNTA 4 o

l
I
E
B

Scanned by CamScanner



|
|
|

Scanned by CamScanner




Scanned by CamScanner




Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



B R B e

N NLAVEE N - B

\ - @o%) ﬂMotmb. S
Apafudclin Sk - 38 i
’B: 6L YT

Baed on the opuo_l:forv Pu;(owrﬂd the
ingGuction  get op 8051 ase c,\cun,g‘!ed ag
1} Dain i’ip.nx?u tulziuctions
P  Asitherelbic taliuckions &
2 Lo%lcgj trulcttions. L
4 Roeoean wne{ucions . ;‘ s e Al
5 ’pa.oca&o.m baanchs *nca

%  Eoch tsbackon  hou Yoo posdd
opexadien code ¢ o&o.mh.

/-4 Data Taoryfeh 3,._00_‘3 T l
The j_rumtd-i‘on wy  Hhie LX_QQ{) CLU_r

ene
MoV .éJubUJr_licm coples data ,SSLOm

lo arothex location.

Moy Deahnalien, Sowwxce |
desttinodion.

COP‘LJ ,Pmm Socxce 10 \

Scanned by CamScanner



?“ — = DesRae (9)

AS ™oV A, Rn
Bytes : 1 L—’"’%"’M\evwﬂh)
cyclee: 1
statur _plags agected ¢ None.
opaation? Mov
(A) &—(®)

Description |- This aruliuction  moves the contentt of
Rn M%,_gl:u to accumulader . The Rn

aa_r?_’-la u not a_yt;cc.’ccd .

NOTE &= Rn Moy be Ro

cusaently Aelected bonk.gcg
- ;- 7 L’%
procaiR S Rs o by~ W
Bepore  Execution —p Ry = .5'8h , A= Any Value 8axy 10h.
Ater  Execudion — A= sgh . & R,=58h.

10 By ougiter of the

o Mov A , disct ( Dlacct addaert)
L T I
cycleg ¢ 1

opaadion ! () — (Airect)
Daaiption ! This srubiucion moves the contente of
the oddacg tnto A J.eczru{a .

-Fl.oﬂg aﬂaclcd *  None
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MOV A, 40b.

S

Begose Foceciition. aptes  Execudion.

At xx’ A+—FF

qoh «— FF A0 & FF

Meae AOh &1 o disect addaun.ﬁe&m&

NOTE - .
oddaess content FF7 A moved nto Accwmedatol.
3 MoV A,@R; -
oy v Bi—= Rc?hba Ro 81 Ry
e R; — Intarml ucdhiu.
operakion : (A) ¢— ((R)
Deascaiption ¢
-Fla?s O:H‘cded: None .
o Sy .
MOV ﬂ,@RO_
Say R, = 40h «— addse.
40h = FF «— data.
¥ The addsws 4oh &t in :u.cyu{a Ro.
# The data FF 1t In addaus 40,
Bepose  execution . Apter R
Ro «— 40h. R, < 40h.
d0hid FF- 40h ¢ FFr
A & ‘xx’ Bt FE.
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i8> oy disect 4 data.
eyter . 3,

eyt t 2.
opsalion:  ( dirack) ¢— date:

ﬂac}j o,“e_clea: None.

fu—  jaov oh,WFF .
Apter execition .
" soh = FF

Begose  exeeution.
Fohe ‘XX’

izb MoV @Ri, diuct

Bytet : 9.
eycles: 2.
pesakiont (&) & (dixeck)

£logs oyecked s  None.

exs— NIOV @Q|,3TDI")-

@ Hon A-;i:ex ej_@cLLHOﬂ.
R = 40h R‘z:tl.Dh
40h = ¢ X%’ ADh= FF
J0h = FF gans £

14y MoV @Ri, #F dadn.

Bytes : 2

ogcles £ L
opesation ((R)) +— #dala.
Jilacr a#ec’red d ne.

S S S
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ADD Ay Ry

Refose
Az 00
Rq"zl:‘:'

exeeuion.

gy ADD A, disect
Byter 2/
ITS TSR

epqudcm B e— (AT CM)

Flagy ajecked: cy, Ac,ov.

\/_Q_’l__!-‘

ADD A, ACh.
Begose execrdion.
Az 1]
40h =23 .

5‘> A—DD-‘QQ@RI

Bylis s 1

ﬂ-jcﬁu: 1./

speakien: () «— (8)+ ((R))
Tlag ajpected ! cy, Ac,0V.

L.— ADD A,@R1L

Begose exetution.
A=z 30

Rl = 30h. |+
Fo0h= Q0

i\;ﬁu execaion

A= FF
QJ. = FF.

Ater execudion.
Az 33 |
40h= 22.

hese Ry may be Ro 81 Rg

psogiam:-
Mov @RI, #30h.
MOV A, ¥ 30h

ADD B @RI

Apter  execction.

A =50
Rl = 30h.
Foh = Q0.

— ' r_
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e e

Byow executien Arter exeeubion .
A 2_0\ : : A 203
o B 95 c=zl
Qot 10h QOZ :I—Dh
.40h e DL qth 01.

g HODC A, # daka.
Bytes ¢ 2
eycles @ 4
opesakiont (R) &— (#) + () + # dada.
Dagt apected s ey 5 AC,0V
(eli- appc A, #01h

Repoae erecukion. Awu evearien.
i’. cz 1. : ot A P

aw

Mu.Udph‘ AXB. |
MOL AB tmﬂﬂﬂhJ &N:ng?ud &?ﬁ
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‘'mov A, #5

B o
L

mov §,¥%F 3
MOL AB

A=50b
p=A0h.

/d{mv AB

Function ;
Btz 1
s * 4.
sperakion ! (A)5-g
(84 o

rmq; apecled : cy, OV .

Divide.

L
a

opcm!ﬁerﬂ: (&)q_o

-8

’{ «—— (8)x(B)

4¥5=35= 23h .

A=35= aah
RO

Bejere execokien
50¥% A0 = 3200h .

Apler execution .
A=00h « (0-3) lowr byle

Be3ah 4 (15-8) Highu by

ex:- Az 100, B 00 .
-5 100X 200 = 20,000,
r 4 EQ0h.
4XB= AEQ0D.
A =a0h 5 Bz4E
L
ia&— (] (&)
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pucuplion : DIV AB  diwdu  the unsignid 8- bit tnteger
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F(g;m B eene o kien Agter execudion. - ().

A=odb (13dec)  1g) 95!

234
g- h (11 ded) e

A =rFeh (&5l ded)
g = 1ah (18 dec),

I ¥ the Qu&i@:ﬁ 12 ( decirmal) odh g Aowd N
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nh
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A. N~ > A:ésp BZIO' | .:3/( lo)as
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I
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Az @’, B::'J
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Flﬂﬂl ¢ Non¢.

et Inc DPTR.

) Bgewe  Erecution.
DPTR = 16 FEh .

(DD\-\}: 16 , DPL= FE)

W Byete crecudion.

DPH = 0oh.
DPL = FEbh.
S ¢-

\lgp DEC A
funchon : Decsement
By ¢ L.
eyclas 1.

gPua,\iem (a) + (A)-1L

Llo.crs ¢ None.

Befose eecukion .
Az05h.

I:t) DEC Rn.
Btj\‘.u 09,
eyclest 3 . '
epakion: (er)<— (en) -1
naqx ' Nene.

) Alex exe codion .
ppIR = 1HO0h.
( ppH =17, DPL :00)

& hplex execuion.

DPTR = o1oh .
DPY = oth
pDpL=z tOh .

Mla execnekion .
A =04h.
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The xCcwD wm&m

e

l’xchﬂn?u mhj
accmdaf&l ( bl -3~@,
94_ the RPAM

Dt&ciLPLLeﬂ ' .
the ldouxs Nibble o
el the  lowoea yibble

Jocalion  pointed o by K-
Jﬁcﬁlﬂn _ exdia  mibbles(bik 9-4)

X The

91 each M.qh-lw ase Tot a,Hec):ed.

r Qa%s ' Nemne.

gatey @ L.
uicw: i

qmahcrn ¢ RBes ) &7 (021 3‘0.))

Ex:- XxcHD A,@ R

liem. lea erecuhiem.
MoV A, # FED. Beere  e1ectiion pl;l)

’~". -A.':-‘:Oh,
MOV Ri, 3 50h. A= FED . o
Sehl =9 :

NIOV  50h, # 00N R1="56h. Rl
e ‘ sph= 00N . Soh=CFh.

KCHD A,@RL.

| 265 mov DprR, R 16-bik volue.

| function ¢ [oad Dato Pomlm wtth a 18- bit conglank
9 mmphen t The data mlnlu 1o loaded wits the

e i6- bil  eprutant  tndtcated.

The  PPH .Mcl}.s%e:t holdt  high-etdes Pmﬁii,
ohile * pPL  holde the Lo~ exdus byte.
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Exs- Movx H,@%Lo.

MoV o, 350b.
Mov 50h,#HFEh Ro = 50h. A= FFh.
Mo A,@ Ro. soh = FFh. Ro= S0h.
: _‘\:fxx, 50h.“_FLH
S . \
S M o
38> MoV A,@DPTR. . y \’LL’U\ )
Bgter ¢ L. O ' 0“/
ofdu © 2

eperation: (A) 4— ((DPTRY)
lila_cr. » Nene.

Ex:~ MowA, @ OPTR.

16N 2yecnkien,
MOV DPTR #1234 geore  erecuk 9‘5&‘

=FEh.
MOV 18340 yH PEh. 1a34h = £Fh. ﬂ e
2 .
A, @ DPTR DPTR = 1234 . PPIR = |
MONYX Hy : e e,

aal.  Movx @Rt, &

1:10% ¢ None
I eyt @ 1

udd.u:a

opoakien : ([ R)) €— (™
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EXi- MOVYX @R!'; A

e

MoV Ri, 380 Rejere Exectution. AE{@L Lxecuhon.
§ b
MoV 8Ch, H-Phh, Ri= 80h. 0= Alh.
Bor By o Qoh = AAK. 21 = 8Oh.
K ‘ (AN = Rl x’ csoh = pah.
‘7' 2 AN
\
9 £ ~dP
50y Fmovx @DPTR, A
Byler 1 1.
u.ld.u S

epesakion : (( DPTR)) 4— )
-Clcu?x ' None.

Ex:~ MOVX @ DPTR, P

Beyore  execulion Apler execubion.

Mov DPTR ,4 1234 | _ :
DPTR 4{— 1234.h A=FFEh.

MOV 1234 o 4 EFh,

1234h < FEh. DPTR = 1Q34h,
NOVX R.bp
movx @DPIR, B ek = £Th.

T T T T

P A S i (i —————
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Q) ANL a, diseck
eyl ¢ 4

u.dd.u ta.
gpualicm: () e— (#) A (iaect)
clgaf: Nene.
e1t- ANL A, 40h.
Byote  execudion Ajtes  execution.

A=3g A=09 aq 0ol 100!

A0h = 09 Aoh = 09 A09  pooo tOOI.
' 09] (e000 1001

3 ANLA,@RL AN
Byter 2 1.
eyt A,
B e (m)
1 Flagy :
%m C.Ie.ugibn-
A= A=29 o0l 100 |
R0 = 20h gohe0q 00001001
0000100 1.
8oh = 09. s, 5
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4> AL A 2edata
Byl ¢ &
eyclen t 1
gpesakion : (8) &— (/) A#rdata:
Llaql.. Noene.

- ANL A ,309h.

. 3 e
eege\e exeenion . -'A1>'b:1 exoentkion. 39 001! {

A0g 0000 t0C[.

A =239 A=03 @'ﬂ

ey.]m: Q
G
spva.\wen : (Dm&) «— (piseek) A ()
.ﬂ_o_cr: None
QU- ANL  4ch, A
cukion,
40h = 39 Ater exe
A= 09 40"‘:
H =

en:-
ANL Pl 1HI0 8 3 wMask PLO (e Do o poki)

BNL Lottt B3 Magk pa.3 (ie D gf pestd)
BNL Pl dlilonl 83 Mask PL3 (le D3 e pert 1)

ANL  Pl1,#11111100 B3 Mark PLO g PL.L.
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A= as
h—-—"’
ie A =10010101
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A Logtaoj OR fer the byte vasiabler i-

ORL Lcix.!k—bj’ct> s AL btd*:e}v o4
DORL du\*-—bg\-e ‘ sowtcn_—-b«d{—e_

funchion Lofakcal 0R fer b%tz. vasiablet.
Duviphion: ORL peyosrs  the bilioize Logtcal- OR .
eptao.hm bekeoeen  the indicated vassable,

A’co.\inca e awulks n the deshinakien

hikeo
( the ORL ingbudion con be wed to et

askoin bk g an gpacmd 0 1).

% ORL A4 Rn.
/ Rytes ¢ )
oypellag ¢ )
‘ Pn
4 gpoakiont (#) &4— AV ( )

CLa.t’ﬂ : None

Ducsiphion: Thir  neluckion  peyosms @ nxxﬁtaﬂ OR &N
the b(db', epeaande 5 bib de bik , and
aloas  #he amalt in Hu dukinadien,

€Li- oRL A,RS
mov 8,4 3ah Begore  execution. ‘HDE* execuHen . - Az 0011000
mov R4 ,##50h Az 32h p=12h gC=01010000
| ¢ 10019
¥ ‘ j 5= 50h €= 50h. A OV
. ORL .n: R4 R 200, | R —

écanned by CamScanner



eycless 4
”‘QCF: None.

it ORL A, 30h.
que eltu_dicm_

A=33h.
30h=50h.

A"b'tu EMEU_LHm
30h = 50h.

5> ORJ. A, @ &2

Bl ¢ |
cyclugs 1

QPCJ:l‘eﬂ: (h) e ) VC(QI'))
r‘.aﬂﬂ: None

=L 0, @0y
~ MOV 30h,4#50h, Bejote E e
= 5 mv 8' ,‘# 30h . |
. 30h = 50Mh.

Li—> R B4 R @V\,LLJ_

)3
.

1)
¢ ¢

1)
¢ 2

e .
MOV A 5 # 22k

OV 20k 53 SOh.
DEL‘ A » 30“\.

J J

)

¢ C

I

‘2

At‘k&l QKQC.U:QJ:D o

A=3ah.

R\ = 30h.
\3th Soh-

LLLLLL!
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8 ORL C, 'lbﬂ:
oylis ¢ R
TR
epesabion: (¢) &— (O)V (bit)
flagti ¢
eLi- ORkL C, Ihcc.3
v Byse erecustion

A=00011000 b.

it —»| NoT B ki

Ater execution.

ie Az 18h. A= oomo@bﬁ
e\ z0 + ¢y = +0
Result | cy 0
1 Byoe execution. At execnkien
e
A= 00010000b A= 0001ilp00 M3
ie A=10h ay = 5 ©:
20 Yy = L

Yzt h
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Mmov A ,3 39k ‘ Pejete execion l—\b{u execu&%or}.
)

OV 30'\:*0‘“"‘- A = 39h . Acso};.
YRL A, 30h. 30h = 09h . 3phz 0Ah.
- A=39 = ool tOO!
\o‘
30h=z09 = 0000 1001,
ey 4 OBILBBOO.
3y XRL Ay, @K Ry —> Rie Ry
By ¢ 1
u.idhu 6 4.
gpaakien: (A) &— AN ((R1))
t'lach v None

Bz Xl A ,@ K1
' B@;G\S exe cukion. AJDlu exeu&iefn

| mov A,#39h.
A=2h A = 30h
1 mov Ri,4s0h '
‘ = 50
oy 50h, #0940, Rl '
g 50h = 0k
— (P) Y #dalx
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Ex:- XRL ﬂ,*—DQH.
o Bejete execuHon. Pter exe cudion.

39h
LR A= 29h. A =30h.
XRL B, % 0. datns = 04h.
5} YR Mg ‘H'
Bytu = Q
eycdor ¢ 4
rqua; None
: CExi- xRL 50h 4 A
” ;mcg,ﬁgqh | Begore execsbion.  After execadion.
OV 50h,%09h. H = 3ah A « 30h,
xeL SUH) A 50h = oqh' -
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XRh 1 wied do check whathes dhe dwo segister
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18 PD.Qud n accumulaldr et Loeakion Col.u%aﬁ*eﬂ).

oid

ROTATE  Trngtauckions §-

m—

The 2ight bk an dhe acouroulaflet e1e
aotolid ene- kit o the Lyt

gub-31 u actalid it he bE-0 pesitien
None

"8

L
Ehny) €—(An)  ohene N=0-6 % o1
S e acty a8 Bejere Execudion.

{\(\(\n@_(j_ﬁ}_ﬁ b:enh
Ll (O fojo|Bl L] O —

G 9~
el >
A ﬁq’m exection,
A285H.
TR S T 5 R W
le £z (000D I0OLD.
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By i

(81) & (O

(O <— (%)
Hlag | ¢y

‘Delcxi]ol-ien ¢ The B&-bai the  Accumadaler and the

, caasy _glaqm-loqﬁl‘wambied 1-bit %o
: » Bik -0 mover nto e eowy .!J;cua.

The mzaarno afe o He comy Hag

moves woto  the bik-1 posikien.

| execution: -
e 110D 0I0b

e 8

olo|o | |

¥ : . I
4L .__.'rﬁv_vf“‘_;.".\g 1h G
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5y NOP
funckies ¢ No epeadien.
C.la%& ¢ None
~ Dusiphion & ¥ Thio ireliucion  pesforms. mg?“°£m
Y execiien condinueg  coth dhe Nexk
% A 4 gomedimas wied per J%m'mca
d_d_m_r 40 mcuﬁ clock uddu
¥ This amﬁuchoﬂ Gfﬂa-‘ updam the

program countin {PC) 1o ‘Po‘ﬂt L
the nexdt druBiuction puowtnca WVOP.

% quIx:i
w3 L

f

(Pe) 4— (Pe)+1

;:;'." Boolean ZD’UW e
CLR A
| 1-'01'!&!61'1P ¢ ey Accumuldlen

X wug:hen The fecumulater & caased (A=00h)
Ml b ey the acowmnulatet ate Sek

do O.
e
T e

Scanned by CamScanner |




epusakien : (A) O

Macy : None
exe— \ |
Bepere  execudion Myl execrdion.
RO | A =FEh. A = o0h.
& CLR bit
Funchien 3  deas  bik

ghis  drubucdon deass a Sndicated bk

*‘me bit can be thecoa&q.?{ac(],
cmq it - addseizable’ docation n 8oL

-

Desestption

anl:ex g Gk
aidlu:i

X~
ChR C 5 Cy=0

/ 6
CLR  PR.45 clear pa.s (peat 2'8 5% Pin 18 cleaud )

CkR PL2; clar P12 (P12 =0)
ChR  ACC.H 3 cloas D1 ©f QCCALMLdnﬂ'E’t (Acer =0)

81t Y MOV Ay EFh.

CLR ACC. T
Byee  execudiem .

S NI AR

A_b-lu exe caiom

Ace = Dt ttd
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» S

5 AR e - R

™
. bgjese  execution. Mier exeeudien.

R evz0

B cLR palk i 0

| exyere  execudion. Aplea execoion,

4 PRt 4 = 0OL0 O111 pod L= 00100011

S

3 B cPL K &

y Fanchen 1 complement  Accumudabion.

4 Dawiplion @ Shie  druliuction wm]oﬂmn_niq the
’3 condents g the Accurnatadon.

) 4~ % The sowld & 1% complment g the
l accumulodot 1o Ot become 1'¢ g 1'g

become  zua0.

' 1(R) — NOT(A)

- ,: ujdu At e\

(A) « o) v

-

Beyere execadion &btu exe cution.

A 57’“3 | A =00h.
4= ?6h a.-_—AFFh

T i e o8
3 [ B R i st
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A cpL bk
Bylms @ R
aaciu 8
Fanchen ¢ tomplement bk
Detciphien t x  ghu  dnuliucken mefwmnh i Spectpred
&ng\e' bit.
* The bit can be anqbitadfhﬂf-ab‘f’
locakien sn 8051.

Ilac)s + Neme.

B - CPL POLB.

. egde execution . Afler  Exe cuddion.
' Po.3 =1 (Tfp pin) Po.3 =0 (op piv).
CPL PRE
Egme  execudion. Ates  Execudion

B o o =Rl
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i. Begose  execution. A:Ehﬂl execahion,

) Y=o H cy=1.
'_ — 8 cy=4 i) ey=0
6} 8ETBR C
| _Baj’cu ‘"
E N cycleg 4
epesadion ¢ (&) L
funchon ¢ gelr dhe cassy bt
Hlacg 4 ey,
o Begore execttion . -A%{a exe wrdien .
D ¢y=0 V) &y=1

“) cy z-j_ [ “) &M= 4

% SETB b
Butes : g
eyelor s 4
epesation! (bit) ¢ 1
' fanckien & Sel gpec.ijgied sk,
ﬁ - BUi— 8etB pr.0
Bepere  oxecicken . Aglu exe cankion .
PLO=0 (olp pin) PIL.O= 4 (ilp pm)
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9 Twe ik,

fundien : Turmp fp bt NoT seh
i Degesaplion 4 the srdicabhd bik & a a0,
bianch to he MMWI;

- ohuuste -paocud otith dhe next

dntitudyon.
The bit fulid not nuxﬂl.ged.
Flagt @ None
‘Bgtﬁ 4 8.
eyelay ¢ 2
pperokion : (Pc) 4— (P0) +3
7 (bit)=0
thesss

(P 4— (PO + el

2

8oy addae st |
0300 INB ACC.O ,dOown.
0301 INC RO
0302 :

0303. down:bec Ri.

Byete  exeadion. Agrer execufien.
> pc = 0300h. 3  ACCO=1
. e ¥ PCzOSOlh.
&y AcC.0= 1.

. - e
Nee ACc.o=1 , the condiben 2 falie, SO
":.pnnla execules vexk melBuckien ie INC KC
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1'1.) PC:OSOOH. ACC 020
= D305,
gasy ACC.O=0. Pc
B the condibon & Tauw, 8o paocesren Jumps

40 e addaas s}au%ied b&j the label & execulie
that  drulaackion.

W) SETB ACC.O Wy JOB ACC.0, Nexd W) CLR A
s INR ACCL.O
Juse W TNB ACC.0, heae TNC A dhae s 3N £
O L e ooV R2,R3.

3y JIBC kit g0l
Fun:c':ggn :—_@mp Ip bit 18 geb § clean bdrl]
Deswsiptions 4 the dulud bit s ht%émﬂ e\l
Jump o the  dasget addaess ($pecifred
addasa ie. fakel) , at the game Hime
the bit u deased to o

*- I the dugied bit & dow, then
Paocusren. paoceeds woth  the next
inuBudion ie, ereculmn next imeletion,

Buytes r 3.
ydes 4 Q.
epeaadien :  (pc) «— (pc) +3.
o (bit)=1
e (bi)é& 0
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Flagg - None
Bx - MOV g)‘:ﬂ:OF:h.
MOV ©, #FOFOh.
Add a,b
ING , doeon.
NG RO,

Adde a, #30h.
TNC 5 dowon

douwsn 2 OV 40h, a

%  ohu dnglaudion chuke 4he camy flag, i
cy=0 (cenditien Tue), then Jurmps do +he
Apespied  fakel . 4 cy=i (cenditon falie),
then exeeuter mext Tndiudion.

6 Jz axgek et Iz
Fun;mp g azo (Jump iy Accumuiafer 7o)
4‘-10132 Nene.
Desaiption : Ip aul bl ef the accumulafier Az,
Jsanch to the andicalid addsesg;
Otheusite .poued  cdith the next tngt:
o -

)
(Pc) &— (PO+2

O A=0,
Then ,

BE

b

(PC) 4— (pe) +=2el.
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Exs- mov A, #0oih.
mov B, #02h.

Add A, B
Jz, 5 docon.

INC Ro.

down? mov 40h, &

erd

% I} pzo.(cendition % Taue) ‘then Jumpg to the
addacsg .&Pec_l,r'red by the Jobel down .

ie. mov 4oh, & n above €X

: da oith
*x 4 A+0, Ccenditten e _Faue) then procee s,

e next anuliuction.
1e - INC Ro » above ex.

8% N doaget .e% INZ sk
furchion 2 TJurp 19 accurmulator 1a NOT xuo.
F&.&%E ¢ None. :
'DEmlPHm: L any bit o the accumul 1”8 O
one, baanch 1o the indicalid addsess;
otheuolse .pswutd eaith  the nexk it Hen

ey I Ao (Taue conditien) , then braoch
(Jamp) to the. indicated addsess.
2 Azo (Fabe conditien), then P'voc_m;d
eoith  the vext ingkuckon.
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D{'_\[_z' Rris wj; (where nzo o )
131:,111 ' Q

cuidu A -]

(pc) & (P) *2

(Rn) & (Rn)-—1

T (@)+o e (Ro)>0 et (En)<0.
Then .

(Pe) «— (Pc)+ 2l

:
%t

Ex:-
MoV 20, H=30h
MOV 31’#4&‘
MoV ﬂj,#osh

tup: MoV ay@310
adde a, #0Lh
mov @aly,a
INC AL
INC ap,

DINZ 43, U'P
end.

% 15 decterventt  the  eontents B 43 :m?xla g ten chacks
the condifion e a0 . 1§ 43 comteri 1@ wmot 20,

L b 3““‘?‘ fo the speetfted addacss tedicated by

Wm gt md
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NOTE =

- The icnqc.l" addaus can hbe no mew than 189 hrJJ_m

i 9- btz
mtkwasd e QA -bl.lﬁj ,foatoaqd , 8tnce 1 U a -5Y

‘ralaction.

0y sap ael @ SIMP e-bik addauts
.
Funcon @ shedl Juwwp

chut onditierallc 1o
Jbaan e {

Desanipiien : Ps.oq[xom contaol
He addseu  andicated.
Byl ! 2
czicLu ! Q
epesakien (pe) «—(PC) + 2.

(pc) 4— (Pc)+

'&mc]e ! -}28 Iozj.Uu to +127 btdm.

filo.cr ¢ None.

£xi- oa% eoh 0sq ooh .
8TMP OVER SITMP 30h.
e’Lﬂ 30h. aq 30h.

OVER : MOy A ,4F10h .

W LIMP  l6- bk addaa,
e bl

Muipﬂmg LIMP  caruer  an ancenditienal bsarch to e
i - indicated addaest bL& loacﬂlr\ca the .hicdh
odes 4 low edu byl g the ¥ awspeckivelsy.
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13 Conditional  Jump:-
@gpmd'mq wpen the conditien te. Tauwr en
5
fale , PADGROT brancha (Jumpg) to e Apeciped  addrast.
n condifion M Bue — then P to &pecigied label.

e,
1] condiien 18 falze % NO Jump. gxecuter Next ingtauchp

*- Ml condilienal Jumope Qs Shext Jaropt 5
fpeand that dhe ﬁmft addawst  cannob ke Mol
Fhan “ia—lae bﬂm backwasd o AR btdﬁ.l &eﬂwﬂld

o the PC & the drsfRueddion .go\lpw'mgj the Jump.

¥ Iy the :kqs.cje.’c addaese 4 .budmd e —128

an 25884,
to +ia3 dojh  dange , ausembles  givet _

¥ I) the ‘toupt addas ’J't.b&dond the — 138
to +193 byl sange the asgembluy  gives an Let.

o Uncondikienal Jump o- -

| Jurops  t0 the ﬁpe.clje\ec] addaes
oithout™  any eendilion [unterdxhemlh, Juernpt o He
 speiped  oddand). | 4

The uncondilienal Jump e Buddione axe
8-bit addsu.

}" £IMP
o 4P 1b-b addaut.
o @R+-DPTR.
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4y posH  dised -

funcken : Puth ento stack.

The stack poinﬁx AN esementid btj one.

Dexm'Lp’dﬁm
indicated \oatable

The condenta 9 the

i then cgpie,d wilo he
jocakien . addaused by e atack ;sycm{e&.

drdewnal RAM

”QCB‘ ¢ None.
Byt 1 2
cyhet 1 Q.
opsadion @ (sP)¢— (sP)+ L
() «— (diaect)

NOTE 2 - |
This  anliucdion Au.ppe&ﬁi onky diaeet ad&xmm?

“.ndj-' o4 Th-l JI\!KLICELE}'O SUC"\ ag “PUSH ﬂ” e
“ pusH Ry” awe J.Lhﬂ(lj Jruliudiens.

Exs- 1 pusH OEOh.
L B
whase €0h 1t the RRY addsess beigm}mcd

aujmz; A,

iy posH 03h.
by 0zh 18 the @AM oddaess o B3 €

Banko.
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e

i K_ [ & ‘

M* -
. e R i

& LCALL

Funchon
pylm
cyclas

g

Dutiptien

¥

16 -bit addsess.

A A
)

¢+ None.

¢ Lecatl cally a Lubsouline localid at the
indicatid oddacs . The Jdruliucdion adde
thaee 1o Hha paogram countta o qzmmh. the

addass  ©f e nexk inBudion & Han
puther  the 16-bab st eato Thu atack

(1% lowen  boyti) .lnunmmﬁnca
poinfin Jay 2 & Puthu highu lxyfe.

The tubsoutine may
in dhu pull 64 K-kt  piograrn memey

‘amh.ux spacs.

opesation

s T

(pe) & (pc) +3.
(sP) 4—(spP) + 1
() « (Peas)
(8P +—(sP)+1

G») (&p) .

(&P) «— (bcyy)

(PC) e midm‘o-is.

P long call . Taansew contiol 4o a Subsoudine.

the Ltack

ky_q!n o,m{:duu,
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CALL E,mﬁutﬁgm - ( Lealt ¥ -J\c_c.m)
M

—

w can nelsucion h&mbw conbiol 40 a Gubsoutine.

Thae  ase  two Hﬂae..x @% call )

B ACAKK &
& keAkk.

'> RCALL += & pcnll L a -Q-»b!j’[’e Tmﬁuiﬁim.

2  dn Acall , The '1CL&c],d' addsay o coithin ek L:xjﬁz

o the cosant paogram cound. (PC).

A called , the Pe ( which has the

¥ I a Subsouline
addsei o the  drulruclion cuﬁtu, .  Acall) U
puthed  ento  the sack , v the atack pointe (sP)

ﬂ it anoeruentd by 2.
Then  he paogram counlm (Pc) U !Loa;Q_Jd Wit the
Neww oaddsetr & eonfmol W ﬂa_qm.gua_d 4o The Sub&mﬁnﬁ

At P oend g the pacced usL. ( subaodting) ,wohen
axeendsd , Pe 18 popped  €ff the

»*

4—
ReT  aultudion
gtack ) which  setusne  econbiol 1o the tneftuction

a.t*:u the ALk,
& LCALL 4-
: Leat, & a 3-loyle inEudion in which m-nbtjﬁi
{1 the epeode., § the ofhus dwo by aw the 16-bit
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Compnre & Jump Fnafiuchions
CINE  dust - byte , Sowas - byfe , dawget
funchen ornpass ard TJamp 1§ ot aqual.

‘bw.\i{tﬁm: The mqniﬂl.du o he muxu.bgh-&duhmﬂieﬂ
by  ou cempaud. n ey aw nob 2qual, HE

Jurpt 1o Hue hu?l’
F—lma ' Cy.
1 CINE 4, disack, sul addsest.
by 5 =
eyt ;2.
openakion: (pc) &~ (pc) + 3

Iy (#) < > (disel)

then
(Pe) 4 (pc) + wulakive addaoss.

) < Cdiaack)

Then.
(c)«— 1

Else.
()« o
Flage : cy.

» CINE *)*Ch‘n, a2} addsest.
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JOMP & ChALL TNSTRUCTIONS -

X Jurp & cau inurucliens S\APLaw Y condents
o Pregpam countles (PC) ecils  New addaets ¢
pogam  axeadion  Jo /,-l:asjc_ faomn 3ot ety
addsee,

* The clt'ﬂmncn, (in byles) o thiy neco addsass
pov  addaesz  @n paogram whuae Jump 8t call
andltucion & catied sange g Tump e call,

FFFFh g E
LADD kamtt =3 ---_-?\
T |
mpﬁc,e. 8ADD Mmit o —-7}\ l
|
| |
Pe+19%d  |Relative L_{mﬁ-_ e ceade } |
e |
e P
Relakive e. ATVP sanqe -

'm ek &W‘ﬂf-

' pTNE Byle |
:gxﬁz T ’ |
----- ¥ g ypp g ! \|
| |
|
|
|
!
l
|
B s o e . i 3y N
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9 © Tump  dreliuchien  Lange-

8aDD —% &beat adqhw o
LADD - Lom:( adc%.u:.

% Tump o catt dnfiuclions may have et § the

'59:mcf.l

i &!c\hue sange. — riogdity —tasd:

4 ¥
N Reative sange $~
* The Jump can ke wosithin within -128 chH:'

(for backwasd ErumP) o 4127 bylw (ot peroard

Tump) of Trermey alative o he addsus ef ummk
“paogram counle ( PO

B Jump & call dnefiuction um\‘v': suakive aanqe
wit Je o \59: b4f émmc% . The byl u
OF(nd.! y $ewr:d h;,ﬂi u auche addaers  ©f imr}ek
docation. :

iy Avbsoh.t’ce Ranqe ¢~
| 73 Jn sosi Paocr.a.m Memoay &t rhvtcltd oo roaical

3 dlvi.ﬁm coated ?agru each of QKJQI

oy Maxioowm  8ize ;Piaalam m:mexﬂ s Mkbqﬁ}.
- 8ixe of each page 18 QHbqoﬁ.
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s Lnnoé Absoludy Kange 2-

FrerFh K »
- P.m%tam {an mnqe .
MM
0000h . L N7
v
% Thia sqanqe.  alloces the  Jurmp to any whaee n the
mmg\q Yocakion _f%Om 000h 1o FFF eh.
B “The Jump e call irulavchions  eodth  dhis aange.

wit be 0 3 byft  drubudions  n which 18 bytt o
epwde, v ;)“d ] 3“‘* mm :chaucnh the 16 -biat

addwer ¢ {-'curdel location.

'T‘-J:: iﬁ:m? Ranqes NO o bylu exarmple.
Relative -1a8d 4o a- bxte JC , INC , I8, INB,
anqc' +1a3d - inglhackions. | T80 JZ 5 INZ.
. : ‘, | DINT » CINE,
| | Aosdute kitthin o page | 2- byte ACALL .
% Y (Qkbylr) Tneliuckons .
Anupoliese. o |
Within  pa.ogham e LeAkh
| memew (o FrerR)
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Subroudineg ¢ -

Subheudine 8 a Wﬁ‘ﬁmiwhxu&
many dmg n the QW%QWWm

y
Subfhoudime v the WTm‘ﬁ\(d:o&m ot U&dﬂhp‘l“'fk‘é’\m
—huq—thutmjnhbpw&ﬁ%\m ?’huvw:rd:\«d.

¥ With —the Selewamt ?-u&;ﬁ—w_, e o Q._(Vm_-nc,_dk el —tHhat

Tl dm 8051 Milswtarts ety when —the  CALL : .
& RET onidhuldios
e etetued

TOm-I'o,GM
* E‘):Plam Wwih . et dlﬂla9mn,_ﬁ'\L g;cb'r\J&;.u\mQJ} S‘i:ntkmm%ud,
.whmm O CALL ttdwckom 5 oxerihd by “the Ros1 ALC,

Tune-08,5M | Tune-0%, 5M

I \ Program Counter
PCH PCL
| = 1
R S B S R e T i
S e - SP + 1 PCL- SP+} —r——m—— - '
, ! RET  REW
PCH | .PCL T gp| SackAea | o l
Program Counter
ACALL  LCALL
Inlefrlbt Internal RAM

When Goll inpiuckion 3 execiha ~the Follswing Siyuente 4

Ueerds  oCudy ¢
4>—Tﬁ._ P addeuy CD[ +the et SmitSulton o.,fgns,mmn
c ngwlm Wil be in The P"!\O?wwn (ruvitss, (PO).

' L "n-'u. rtutn addtug Qhe Dushed onte the Staua'uefflm&
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h“ah _H'\LT\ *\1(3)“051 h\}h.: |
P “The Stk piten 4 dnemerted T oath push onthe Sk
; (—\hux SP i fsemevited : \;Ld a)

“> Then pC M-(hﬁi “the  Subhodine Qd&h%g A
e> Aty mcuiimf[)
e Scbunm Qddbed 2 Poped Phem —the SHk

pC .
gt Gy
*—P‘Tﬁm Sad v p@nhmndﬂ}&mnbxl% 20Lh P°P( v Sp

"Ju.\.a—oe, UM

* Dﬂ“mmii.ohhdluwn T@xp&(ﬂlwucﬂm,

& s TEET I T
-‘> Juarp Srtbwalkions prmamarcly Call Ovebuationg devnpuduly
Qm?u%ﬁm?m?—_\mu ““"‘3“’ -—Hugmymg,w
? UWWWW ol Srgluckony Side —the
Gehdin 0ddsop o Shak,

| Joamp Ividduddiony Bramches (Giomg)  Coll IpBualHiony e Wed

g m\?ﬂiw all o Sutfhundine .
3| Condibimmal Jump Intihuatiory | Comdikional Coll SrauCions
| ®a Ongoilakle e NOT Quailoble .

B Tump ‘hang" call qqomg,,
? D Relifiee — Liggd 4o HATFd 9&@11.» within a ;::Km(m}
‘ %&'ﬁ Wthin o page (39| 1 call o Prywhase wihin 611D

1 &
1] 4 a
J "
& 3 o b
£ 5 il

wheso Ghn YUK
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' é>,{ ey 4~ | ot~
STMp, INC, INZ, TZ,J¢ Acall
TB ke Lealk

¥ Dfsortiol bahoun mdwnndiump@wmm

_%'o Cnditionol  Juemy UnCondikiomal  Tump

I.b ﬁnCmd&imanuwm Wmdmo-r\cLLTumpm:ah
et Tumpy Ge- -1pd oHaTd|  LTIMP ¢ STMP

a> “The Condiioral Jump Inghy The Wnlonddional Taernp gt
(}um%u ~+he Proghamn Flow 3| Changut ~the p%‘ra%m Pdow

ooty Comdidon oxiphs 5 CHiune 5}_\4\,_ R
ve: NOT dupends om any Gondikion)
e-l-:" .JN'Z- 72-) WC’TC ey -
? —JB Q,:k. 7 SIMP) L—JMP.

# Sphh—ﬂ‘u-w:m%udcﬂm% h&hm[in?@%&ﬂﬂwﬁcmm
Wed i @d5A ¢ List hk.lmmiu?m.%n&x Jine -09, 5™

| % 20n o geh i the medy e wed B bk dued Jogical v
[ L q b dnal ol Sveruche:
| amic b sk cpc
L ANLG /b 8¢, /b

e

| LAY D
i -i;-,'-/'. ey S 1 i
o :
ARSI
i R L
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: Tonpidard SniBuckiony |-

_1> SWAp &1 SWAPA ;-

Functiomn : Suwap mibbly weithim —the Olummulad.

Ootesighion ¢ The Swop imtiochm -irbsChongs Fhe Lowss vibble
; (Be-Rg) with the uppen wikle (Rly - Ag) drtide —the

F—ln.(a‘ ¢ None
W |
7 oy A, #5qH
SWAp A
Boe Execidiom 1 Akt Buetudiom
"A=S9H A= Aqsu

ter A=01011001 J’h-ﬂ:lomom

!

i} XCHG -~ XCH A, Bh
Funcion 1 Exthonge Accemudatdt (/) Wih buge Vohiable.

Daipbion ; TRy Lrebuction Stopi ( xthange) “he Covdents
wummmmh.,n.mmh#mh
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General Bus Operation

/

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

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

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

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



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.

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.



General Bus Cycle For 8086

Pi\f[emnn read cycle + Memory write cyvel
T Ts | Tyl Ty T | T, | T, | Tyl

ALE f‘—\ ‘ SN / \
<=\ /777 \ /777 \

v Age-Ags o Age-Ags Ba-5a
Add/stat :'_‘.tf‘ 4 - o o
; BHE Bus reserve BEHE
Add/data o for Data In  x po %  Data Out Dhs—Dy
I Ag-Ags ! Dis-Dy Ap-Ags DDy

RD/INTA | ' N\ f
DR;;D . : Wait /_ﬁ‘*"‘d?'i \\\\{ﬂit /}l

A - \
AR ¢ . /

WER *—Alemory access time—™|

General Bus Operation Cycle in Maximum Mode

eady




|
Minimum 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. There is a single microprocessor in
the minimum mode system.

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

Latches are generally buffered output D-type flip-flops like
74L.S373 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.



mum Mode Configuration For 8086

Minimum Mode 8086 Configuration

82844 Clock MMNRE [ Yo
Generstor gl CLE MAD 4
RES - |READY  IMTA 4
- | RESET RO = 7 L
! RO W - : |
__t__ _ 7
: : DTRf ———— I i
1
: Wiait 1 BENE === -i : F————— 1
[ I I
Diaks 1
I Generator 1 8086 : : | ] 1
I 1 | cPU - I I
1 1 ALE i | cLk i
—— e —— e 11 — [ |
G O =——g—| = ] ]
A e U ! )
ADg-4D,: K — AddrDags ) e g i Addr " ;)
F'.-E—F'.D--g 1 1 _! i I:l
E-HE 1 » ' ¥
11 B 1
1 :
1 r————
ety -
| ~==lor 1 : |
— 1 |
'———*G il I :
1 Transceier 17T Dista : y
— {2) 1 I H Y
I L= A
| L - 1
I i~ I
_____ = L b A T Ll w L -
i:urcinpnlji;zle-: CS0n CSon  WE OD “E “E cs RD WR
dats bus drive 2142 RAM(4) 2718-2 PROM (2) sAc=-an
12 123
1K = 8 1K = 8 g | 2k=a




/
e i
/ —
Transreceivers 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 / IO signal. Durinithe negative going edge of
this signal, the valid address is latched on the local bus.
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The BHE and Ao signals address low, high or both bytes. From
T1 to T4 , the M/IO signal indicates a memory or I/O
operation.

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.

The read (RD) signal causes the address device to enable its data
I()lus d];ivers. After RD goes low, the valid data is available on the
ata bus.

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

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

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).

The BHE and Ao si%nals are used to select the proper byte or
bytes of memory or 1/O word to be read or write.

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

10
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Write Cycle Timing Diagram for Minimum Mode
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Hold Response sequence:
The HOLD pin is checked at leading edge of each clock pulse.

If 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.

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

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

12



Hold Response Timing Cycle
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~ Maximum Mode 8086 System

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, Si1, 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. 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 lines.

14
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The bus controller chip has input lines S2, S1, So and CLK.
These inputs to 8288 are driven by CPU.

[t 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 IOB pin.

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

15
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IORC, IOWC are I/O read command and I/O write command
signals respectively . These signals enable an IO 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.

16



Maximum Mode Configuration For 8086
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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.

In T2, 8288 will set DEN=1 thus enabling transceivers, and for an input
it will activate MRDC or IORC. These signals are activated until T4.

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

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

If reader input is not activated before T3, wait state will be inserted
between T3 and T4.

18
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DOS FUNCTIONS AND INTERRUPTS
(KEYBOARD AND VIDEO PROCESSING)

The Intel CPU recognizes two types of interrupts namely hardware interrupt when a peripheral
devices needs attention from the CPU and software interrupt that is call to a subroutine located
in the operating system. The common software interrupts used here are INT 10H for video
services and INT 21H for DOS services.

INT 21H:

It is called the DOS function call for keyboard operations follow the function number. The
service functions are listed below:

# OOH- It terminates the current program.
- Generally not used, function 4CH is used instead.
# 01H- Read a character with echo
- Wait for a character if buffer is empty
- Character read is returned in AL in ASCII value
# 02H- Display single character
- Sends the characters in DL to display
- MOV AH, 02H
- MOVDL, ‘A’ ; move DI, 65
- INT 21H
# 03H and 04H — Auxiliary input/output
- INT 14H is preferred.
# O5H — Printer service
- Sends the character in DL to printer
# 06H- Direct keyboard and display
- Displays the character in DL.
# 07H- waits for a character from standard input




Microprocessors lecture 6 : Programming with 8086 Microprocessor

- does not echo
# 08H- keyboard input without echo
- Same as function 01H but not echoed.
# 09H- string display
- Displays string until ‘S’ is reached.
- DX should have the address of the string to be displayed.
# OAH — Read string
# OBH- Check keyboard status
- Returns FF in AL if input character is available in keyboard buffer.
- Returns 00 if not.
# OCH- Clear keyboard buffer and invoke input functions such as 01, 06, 07, 08 or OA.
- AL will contain the input function.

INT 21H Detailed for Useful Functions

# 01H

MOV, AH 01H; request keyboard input INT 21H
- Returns character in AL. IF AL= nonzero value, operation echoes on the screen. If Al=

zero means that user has pressed an extended function key such as F1 OR home.

# 02H
MOV AH, 02H; request display character
MOV DL, CHAR; character to display
INT 21H

- Display character in D2 at current cursor position. The tab, carriage return and line feed
characters act normally and the operation automatically advances the cursor.

# 09H
MOV Ah, 09H; request display
LEA DX, CUST_MSG; local address of prompt
INNT 21H
CUST_MSG DB “Hello world”, ‘S’

- Displays string in the data area, immediately followed by a dollar sign (S or 24H), which
uses to end the display.

# OAH
MOV AH, OAH ; request keyboard input
LEA DX, PARA_ LIST ; load address of parameter list
INT 21H

Parameter list for keyboard input area :
PARA_LIST LABEL BYTE; start of parameter list
MAX_LEN DB 20; max. no. of input character
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ACT _ LEN DB ?; actual no of input characters
KB-DATA DB 20 DUP (‘); characters entered from keyboard

- LABEL directive tells the assembler to align on a byte boundary and gives location the
name PARA _LIST.

- PARA_LIST & MAX_LEN refer same memory location, MAX_LEN defines the maximum
no of defined characters.

- ACT_LEN provides a space for the operation to insert the actual no of characters
entered.

-  KB_DATA reserves spaces (here 20) for the characters.

Example:
TITLE to display a string

.MODEL SMALL
STACK 64
.DATA
STR DB ‘programming is fun’, ‘S’
.CODE
MAIN PROC FAR
MOV AX, @DATA
MOV DS, AX
MOV AH, 09H ;display string LEA
DX, STR
INT 21H
MOV AX, 4COOH
INT 21H
MAIN ENDP
END MAIN

INT 10H
It is called video display control. It controls the screen format, color, text style, making
windows, scrolling etc. The control functions are:

# O0H - set video mode

MOV AH, 00H ; set mode
MOV AL, 03H ; standard color text
INT 10H ; call interrupt service

# 01H- set cursor size

MOV AH, 01H

MOV CH, 0O0H ; Start scan line
MOV CL, 14H ; End scan line

INT 10H ; (Default size 13:14)
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# 02H - Set cursor position:

MOV AH, 02H

MOV BH, O0H ; page no

MOV DH, 12H ; row/y (12)
MOV DL, 30H ; column/x (30)
INT 10H

# 03H — return cursor status

MOV AH, 03H

MoV BH,

OOH; INT 10H

Returns: CH- starting scan line, CL-end scan line, DH- row, DL-column

# 04H- light pen function

# O5H- select active page
MOV AH, O5H
MOV AL,page-no. ; page number
INT 10H

# 06H- scroll up screen

MOV AX, 060FH ; request scroll up one line (text)
MOV BH, 61H ; brown background, blue foreground
MOV CX, 0000H ; from 00:00 through

MOV DX, 184F H ; to 24:79 (full screen)

INT 10H

AL= number of rows (00 for full screen)
BH= Attribute or pixel value

CX= starting row: column

DX= ending row: column

# 07H-Scroll down screen
Same as 06H except for down scroll

# O8H (Read character and Attribute at cursor)
MOV AH, 08H

MOV BH, 00H ; page number O(normal)
INT 10H

AlL= character

BH= Attribute

# 09H -display character and attribute at cursor
MOV AH, 09H
MOV AL, 01H ; ASCII for happy face display
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MOV BH, 00H ; page number

MOV BL, 16H ; Blue background, brown foreground
MOV CX, 60 ; No of repeated character

INT 10H

# 0AH-display character at cursor
MOV AH, OAH

MOV Al, Char MOV

BH, page _no MOV

BL, value MOV CX,

repetition INT 10H

H ‘O/BH- Set color palette

Sets the color palette in graphics mode

v Value in BH (00 or 01) determines purpose of BL
v BH= 00H, select background color, BL contains 00 to OFH (16 colors)
Y BH = 01H, select palette, B, contains palette MOV
AH, OBH
MOV AH, OBH
MOV BH, 00H; background MOV BH, 01H ; select palette
MOV BL, 04H; red MOV BL, O0H ; black
INT 21H INT 21H

#OCH- write pixel Dot

- Display a selected color
Al=color of the pixel CX= column
BH=page number DX= row

MOV AH, OCH

MOV Al, 03

MOV BH,0

MOV CX, 200

MOV DX, 50

INT 10H

It sets pixel at column 200, row 50

#0DH- Read pixel dot
- Reads a dot to determine its color value which returns in AL
MOV AH, ODH
MOV BH,0 ; pageno
MOV CX, 80 ; column
MOV DX, 110 ; row
INT 10H
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#OEH- Display in teletype mode

- Use the monitor as a terminal for simple display
MOV AH, OEH
MOV AL, char

MOV BL, color; foreground
color INT 10H

#OF H- Get current video mode

Returns values from the BIOS video .

AL= current video mode MOV AH, OFH
AH= no of screen columns INT 10H

BH = active video page

TITLE To Convert letters into lower case
.MODEL SMALL
.STACK 99H
.CODE
MAIN PROC
MOV AX, @ DATA
MOV DS, AX
MOV SI, OFFSER STR

M: MOV DL, [SI]

MOV CL, DL
CMP DL, ‘ &’
JEN
CMP DL, 60H
JLL

K: MOV DL, CL
MOV AH, 02H
INT 21H
INC S
IMP M

L: MOV DL, CL
ADD DL, 20H
MOV AH, 02H
INT 21H
INC SI
IMP M

N: MOV AX, 4COOH
INT 21H
MAIN ENDP

.DATA
STR DB ‘l am MR Rahul “, ‘S’
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END MAIN

TITLE to reverse the string
.MODEL SMALL
.STACK 100H
.DATA
STR1 DB “ My name is Rahul”, ‘S’
STR2 db 50 dup (‘S’)
.CODE
MAIN PROC FAR
MOV BL,00H
MOV AX, @ DATA
MOV DS, AX
MOV SI, OFFSER STR1
MOV DI, OFFSET STR2
L2: MOV DL, [SI]
CMP DI, ‘S’
JEL1
INC SI
INC BL
JMP L2
L1: MOV CL, BL
MOV CH, 00H
DECSI
L3: MOV AL, [SI]
MOV [DI], AL
DECSI
INC DI
LOOP L3
MOV AH,09H
MOV DX, OFFSET STR2
INT 21H
MOV AX, 4COOH
INT 21H
MAIN ENDP
END MAIN

TITLE to input characters until ‘q’ and display
.MODEL SMALL
.STACK 100H
.DATA
STR db 50 DUP (‘S’)
.CODE
MAIN PROC FAR
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MOV AX, @ DATA
MOV DS, AX
MOV SI, OFFSET STR
L2: MOV AH, 01H
INT 21H
CMP AL, ‘q’
JELL
MOV [SI], AL
INC SI
IMP L2
L1: MOV AH, 09H
MOV DX, OFFSET STR
INT 21H
MOV AX, 4COOH
INT 21H
MAIN ENDP
END MAIN



Serial Communication

Zommunication:

Communication means exchange of meaningful information between transmitter &

receiver i.e. source & destination.
Communication are mainly classified into

1. Serial communication

2. Parallel communication

Serial communication:

Serial
Transfer

Sender le———» Receiver

Fig 1 shows serial communication

% Serial communication uses single data line to transfer data.

& In serial communication one bit is transferred at a time over a single data line.

Serial communication enables two computers located in two different cities to

communicate over the telephone.

& Serial communication uses single data line instead of the 8-bit data line of parallel

communication makes it much cheaper.

& Serial communication is used for long distance communication
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In serial communication data byte (8-hit data) must be converted to serial bits using
parallel-in-serial out shift register, and then it can be transmitted over a single data

line,

At the receiving end there must be a serial-in-parallel out shift register to receive the

serial data & pack them into a byte.
Sertal communication is slower than parallel communication

If the data is to be transferred on the telephone line, it must be converted from 1's &
0’s to AUDIO tones, which are sinusoidal shape signals. This conversion is performed
by a peripheral device called a MODEM ie. “MODULATOR /
DEMODULATOR™.

When the communication distance is short, the digital signal can be transferred it on a

simple wire & requires NO modulation

Eg: - IBM keyboards transfer data to the motherboard.

Parallel communication:

&
L
..

Parallel
Transfer
Do »
Sender Receiver
4.
D7 ' »

Fig 2 Parallel communication

In parallel communication number of lines required to transfer data depends on

the number of bits to be transferred simultaneously.

% The information is simply grabbed from the 8-bit data bus of the sender presented

(transferred) to the 8-bit data bus of the receiver.
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< Parallel communication works only for shorter distance,
« For longer distance communication long cables diminish & even distorts signals,

< The data transmission over a long distance using parallel communication is

impractical due to increase in cost of cabling.

>

Parallel communication is faster than serial communication.

Eg: - Data transmission from computer to printer.

Be/rial Data transmission formats:-

The data in serial communication may be sent in two ways:
1. ASYNCHRONOUS

2. SYNCHRONOUS

ASYNCHRONOUS Serial communication:-
Spoce. SRDE . vy

l | Da O B by b 0y 8 0,

MK

l

l

I S 10 ]
A
\?&,

—

Txer Rxer

otk Froeme
G ok logs |

out |5t

Fig 1 Asynchronous format.

)’*/Ksynchronous serial data communication is widely used for character-oriented

transmission.

/':/Each character (data) is placed between start & stop bits as shown in figure. This is called

Framing.
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i yfhc start bit is always one-bit, but the stop bit can be one or two-bits.

% The start bit is always a 0 (low, called Space) followed by a character & one or two stop

bits (High, called Mark).

Txer

| ta,qu\d: Q-bit dotn
Urre Lotk
@

/ln fig 2 the ASCII character “A” (8-bit binary 01000001 = 41h) is framed between the
start bit & a single stop bit. The LSB is sent out first.

yWhen there is No data transfer, the signal is high (1), which is referred to as MARK.

% The low (0) is referred to as SPACE.

/vt‘/ln synchronous serial communication, peripheral chips & MODEMS can be
programmed for data that is 7-bit or 8-bit wide.

% While in older systems ASCII characters were 7-bit & in recent years ASCII characters

are 8-bit.
% Assuming that we are transferring an 8-bit ASCII characters using 1- Stop bit & 1-

| Start bit i.e. total of 10-bits for each character. Therefore for each 8-bit character there
are extra 2-bits, which give 20% overhead.

o —

% In some systems, the parity bit of the character byte is included in the data frame in order
to maintain data Integrity.
‘/é for each 8-bit character we have a single parity bit in addition to start & stop bits.

The parity bit is ODD or EVEN,
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- . 1
1 x ase of arity b : ber of data bits. including the parity bit, has an odd
% In case of ODD-parity bit the number ¢

number of 1’s.

/i/ln case of EVEN-parity bit the number of data bits, including the parity bit, has an

even number of 1’s.

Data Transfer Rates:

** The rate of data transfer in serial communication 1s stated in bps (bits per second).

Another widely used terminology for bps is Baud rate.

% The baud rate & bps are not same. The baud rate is the MODEM terminology & is

defined as the number of signal changes per second.
“* In modem a single change of signal sometimes transfers several bits of data.

“* For conductor wire, the baud rate & bps are the same. So for this reason we use the

term bps & baud interchangeably.

ud rate in the 8051:-

% The 8051 transfers & receives data serially at many different baud rates. The baud rate in

the 8051 is programmable.

% A standard crystal frequency, XTAL=11.0592 MHz is used to generate the baud rate.

V'/I‘he 8051 divides the crystal frequency by 12 to get the machine cycle frequency.
ie. XTAL/12 =11 0592MHz/12 = 921.6 KHz
The 8051’s serial communication UART circuitry divides the machine cycle frequency

of 921.6 KHz by 32 i.e. 921.6 KHz/32 = 28,800 Hz, then fed to the Timerl to set the baud
rate as shown in below figure.

Q/i/[‘he 8051 baud rate is set by Timer1 using Mode 2 (8-bit auto reload).

% To get the baud rates compatible with the PC, we must load TH1 with the values shown in
< below table,

~

. =
i T Nt T I i - b
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SYNCHRONOUS serial communication:-

. _Clock
i
|
Txer ksyn.ch S)'nc‘h. Dat? Data‘ Data D_ata. Data. Da:t?' Ker'
'; —mEE
Start time-

Figl: Synchronous Transmission format.

/‘48 synchronous method transfers a block of data (Character) at a time.

3 . [ b

\/l‘/ he start & stop bltS in each frame of asynchronous format represcnts wasted overhead

bytes that reduces the overall character rate.
————

i 3 -

\/".’/ These start & stop bits can be eliminated by synchronizing receiver & transmitter i.c.

ﬂ synchronous transmission synchronous bits are inserted instead of start & stop bits.

by having a common clock signal.

“"»‘i; T ———— ‘__NA
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omparison between Asynchronous & S

nchronous serial communicat

ion

Synchronous serial communication

SI Asynchronous serial
No. communication
A" | Transmitter and Receiver are notyAransmitter — and Receiver  are
- 1 .
synchronized by clock synchronized by clock
2" | Bits of data are transmitted at L Data  bits are transmitted  with
constant rate synchronization of clock
+~73 | Character may arrive at any rate at - '
; <1 Character is received at constant rate
receiver
4 | Data transfer is character oriented Data transfer takes place in blocks
b
5 Start & Stop bits are not required to
(f"
Start & Stop bits are required to | establish to communication of each
establish communication of each | character; however synchronization
character bits are required to transfer the data
block.
6 | Used in LOW-SPEED transmission at
Used in HIGH-SPEED transmission
about speed less than 20 Kbs
.7— s

& Transmission Rate:-

: Mm,&deﬁned as the number of bits transmitted per second.

nission rate = 1 Sec / Baud rate.

I bit=1 sec / 1200 = 0.83ms.
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2. Half Duplex:-

Txer j Rxer
Txer

Rxer

In half duplex, data transmission is possible only one way at a time.
OR

%The half duplex transmission allows the data transfer in both direction, %ut not

simultaneously. Eg: - Walkie-Talkie

Theee | ot \,

< ¢ 1S Nno eed ree 1Bn ot R« \GJ\AU

3. Full Duplex:- 2 pos Cﬁ'\\u] ol U 1) wncd t{
Txer » Rxer ’st'h a o X
Rxer [¢ Txer

il . )
Full duplex transmission allows the data transfer in both directions simultaneously.

Eg: - Transmission through Telephone lines.

X The ¢ 19 (\\ao\ dJwo WO i g

Aatr bacn oo dar e mictnse]
|
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SCON (Serial control) Register:
. 0 1\0 QA €
SMO [SM1|SM2 | REN | TB8 [RB8 | TI | RI

WFb{'m %WJ/bl b

|
i
1

SM0:SM1:- ial mode specifier
SM0 | SM1 | MODE Description Baud Rate
’ . i
0 0 MODE0 Shift Register Baud=f/12
0 1 | MODE1 | 8-bit UART Baud= variable
(Set by model,2)
1 0 MODE2 9-bit UART Baud=f/12 of 1/32
1 1 MODE3 9-bit UART Baud= variable

Where f is the crystal frequency.

SM2:- Used for multiprocessor communication. In 8051 we are not using multiprocessor

communication so SM2 is made 0 i.e. SM2=0

REN: - Receive Enable bit.

REN is set to 1 to enable reception (REN=1) -
REN is cleared to 0 to disable reception (REN=0)

TBS:- Transmit bit 8 _

Sct/clcareﬁ by hardware to determine state of the 9™ data bit transmitted in 9-bit

UART (In mode 2 & 3)
—_————

RBS:- Receive bit 8.

Set/cleared by hardware to indicate state of 9' data bit received. (In gge 2 &3)

In 8051 mode is used, so these two bits are cleared ie. TB8"RB8=0
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TI: - Transmit interrupt flag

b

(NOT

| GF1:

PD: -

whenever byte is transmitted)

TI must be cleared by software.

ST

RI: - Receive interrupt flag.

Set by hardware at the beginning of the stop bit in Mode 1. (i.e. set by hardware whenever

RI must be cleared by software.

*{CON (Power Mode Control) Special function register:-

SMOD:- Serial Baud Rate modify bit.
| Bit 6-4: Not implemented

GF0:-  General purpose user flag bit 0

R

e —

~E———

L]

yte is received)

s es——

SMOD | - - - GP1 | GPO | PD | IDL

bit addressable register)

e

Set to 1 by program to double the baud rate using Timerl for mode |, 2 & 3.
(SMOD=1)

Cleared to 0 by program to use Timerl Baud Rate (SMOD=0)

- General purpose user flag bit 1
Set/cleared by program

Set/cleared by program.

Power Down bit
S m!byprogmn to enter power down configuration for CHMOS processors.
--3 A - & s R : L b e i %:_;‘
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IDL: - Idle mode bit.

Set to 1 by program to enter IDLE mode configuration for CHMOS processors.

Formula to compute BAUD Rate:-

Crystal Frequency |
Baud Rate = X

12 x 32 256 - THI

Formula to compute Initial value for Particular Baud rate:-

Crystal Frequency

THI1 = 256 —
12 x 32x Baud rate

Doubling the Baud rate in 8051:-

There are two ways to increase the baud rate of data transfer in the 8051,

|. Use a Higher frequency crystal(Not Feasible)

2. Change a bit in the PCON register. (used by 8051 Microcontroller)

Procedure for Doubling the baud rate in the 8051:-

% When the 8051 is powered up, SMOD bit(D7) of the PCON register is zero (1.c.
SMOD=0)

« We can set it to high by software & thereby double the baud rate.

When
SMOD =0: Baud Rate = Crystal Frequency b = e
X
12 x 32 256 - THI
Crystal Frequency 1
== == X
SMOD =1: Baud Rate s e
TR N s ey i v B R, 3 Mu—n www B s --...., p‘"‘-—‘:“":—: s |
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% The following sequence of instructions must be used to set high SMOD (D7) of

PCON register.

MOV A, PCON - Place a copy of PCON in ACC
SETB ACC.7 ; Make D7=1
MOV PCON, A ; Now SMOD=l, without  changing  any

other bits

Note:
SETB ACC.7
MOV PCON, A

» Now only SMOD is set & all other bits of PCON is cleared.

» Only we have to set the PC ON D7 bit & we must not alter the other bits of

PCON register.

oq( )
XQJF Register:-

& SBUF is an 8-bit register used only for serial communication in the 8051.

& Whenever 8051 wants a byte of data to be transferred via TxD line, it must be

placed in the SBUF register.

«+ Similarly SBUF holds the bytc-of data. when it is received by the 8051°s RxD
line.

& SBUF can be accessed like any other registers in the 8051.

Eg:-

1. MOV SBUF#'D’ . load SBUF = 44h ASCII for ‘D’
2. MOV SBUF,A : copy Accumulator into SBUF

3. MOV A,SBUF ; copy SBUF into accumulator
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NOTE:-
< When a byte is written into SBUF, it is framed with the start & stop bits &

transferred serially via the TxD pin

< Similarly when the bils are received serially via RxD, the 8051 deframes it by
eliminating the stop & start bits, making a byte out of the data received, & then

placing it in SBUF.

Different Baud Rates:
Baud rate comparison for SMOD=0 & SMOD=1

TH1 Baud Rate
DECIMAL | HEX |SMOD=0 SMOD =1
-3 FD 9,600 19,200
-6 FA 4,800 9,600
-12 F4 2,400 4,800
-24 E8 1,200 2,400

Note: XTAL = 11.0592 MHz
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P’(ocedure to program the 8051 to TRANSFER data serially:

n programming the 8051 to transfer character bytes serially, the following steps must be taken:

. The TMOD register is loaded with the value 20H, indicating the use of TIMERI in
mode 2 (8-bit auto-reload) to set the baud rate.

2. The THI1 is loaded with one of the values four values to set the baud rate for serial data
transfer (Assuming XTAL=11.0592MHz).

3. The SCON register is loaded with the value S0H, indicating serial mode 1, where an 8-bit
data is framed with start and stop bits.

4. TRI is set to 1 to start Timer].
5. TI is cleared by the “CLR TI” instruction.
6. The character byte to be transferred serially is written into SBUF register.

7. The TI flag bit is monitored with the use of the instruction “JNB TI, label” to see if the
character has been transferred completely.

8. To transfer the next character, go to step 5.

| Importance of the TI Flag:

| To understand the importance of the role of TI, look at the following sequence of steps that the
| 8051 goes through in transmitting a character via TxD

1. The byte character to be transmitted is written into SBUF register.

2. The start bit is transferred.

3. The 8-bit character is transferred one bit at a time.

4. The stop bit is transferred. It is during the transfer of the stop bit that the 8051 raises the

TI flag (TI=1), indicating that the last character was transmitted and it is ready to
transfer the next character.

5. By-ﬂitﬂ'hg tlw T1 flag, we make sure that we are not overloading the SBUF register.
€ snem ware ' te inta SBLIF register before TI is raised, the untransmitted portion
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of the previous byte will be lost. In other words, when the 8051 finishes transferring a

byte, it raises the T flag to indicate it is ready for the next character.

6. After SBUF is loaded with a new byte. the TI flag bit must be forced to 0 by the “CLR

T1” instruction in order for this new byte to be transferred.

S

“{ Procedure to program the 8051 to RECEIVE data serially:

In programming the 8051 to receive character bytes serially, the following steps must be taken:

1. The TMOD register is loaded with the value 20H, indicating the use of TIMERI in

mode 2 (8-bit auto-reload) to set the baud rate.

: - 2. The TH1 is loaded with one of the values four values to set the baud rate for serial data
N e e e Ry ] :

SSi ing XTAL=11.0592MHz).

th start and stop bits.

i
O o - B8

use of the transmission “JNB RI, label” to see if an

ontents are moved into a safe place.

i

FMEE S

v.‘} w? w? wy wywljw%dw

221132377
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Importance of the RI Flag:

In receiving bits via its RxD pin, the 8051 goes through the following steps:

L

9

'h

. By checkin

It receives the start bit indicating that the next bit is first bit of the character byte it is

about to receive.

The 8-bit character is received one bit at a time. When the last bit is received, a byte it

is about to receive.

The stop bit is received. When receiving the stop bit the 8051 makes RI=1, indicating

that an entire character byte has been received and must be placed up before it gets

overwritten by an incoming character.

g the RI flag bit when it is raised, we know that a character has been received

and is sitting in the SBUF register. We copy the SBUF contents to a safe place in some

other register or memory before it is lost.
ace. the RI flag bit must be forced to 0

After the SBUF contents are copied into a safe pl

by the “CLR RI” instruction in order to allow the next received character byte to be

aced in SBUF. Failure to do this causes loss of the received character.

pl

b NG ey e e
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1. Write a program to transfer a letter ‘Y’ serially at 9600 baud continuously,
and also to send a letter ‘N’ through port0, which is connected to a display

device.
ORG 00h 5
MOV TMOD, #20H ; timer 1, mode 2
MOV THI, #-3 , 9600 baud rate
MOV SCON, #50H ; 8 bits, 1stop, REN enabled
SETB TRI1 ; START TIMER 1
AGAIN:

MOV SBUF, #'Y' ; transfer "Y' serially

HERE: JNB TI, HERE » WAIT FOR TRANSMISSION TO BE OVER
CLR» T ; clear TI for next transmission
MOV PO, #N' ; move 'N' to p0 for parallel transfer
SIMP AGAIN ; repeat
END
P3.A°F s
8051

P0 :> Display

Scanned by CamScanner




Scanned by CamScanner



. ent in serial form and send it
3. Write a program to receive the data which has been sent in sel jal form anc
out to portl in parallel form. Also save the data at RAM location 60h.

Sol:-

ORG 00K
MOV TMOD, #20H
MOV THI, #-3
MOV SCON. #50H
SETB TRI
CLR RI

RPT: INB RI, RPT
MOV A, SBUF
MOV PO, A
MOV 60H, A
END

4. Assume that the 8051 serial port is connected to the
the C we are using the hyperterminal program to send
the 8051 are connected to LEDs and switches, respecti
send to the PC the message ° We are ready”’, (b) receive any data sent by the PC and put it
on the LEDs connected to the P1, and (c) get data on switches connected to P2 and send it

to the PC serially. The program should perform part (a) once, but parts (b) and (¢)
continuously. Use the 4800 baud rate.

COM port of the IBM PC, and on
and receive data serially. P1 &P2 of

vely. Write an 8051 program to (a)

Sol:-

8051
ORG 00h

TOPC — | 1xD P1 > LED
MOV P2, #0FFH

MOV TMOD, #20H

coMm EY
MOV THI, #0FAH Port AR <:

MOV SCON, #50H
SETB TR1

MOV DPTR, #MYDATA
H_l_: CER A
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1Z B_1
ACALL SEND
INC DPTR
SIMP H_1
B_1: MOV A, P2
ACALL SEND
ACALL RECV
MOV P1, A
SIMPB 1 '?
5 - SERIAL DATA TRANSFER
SEND: MOV SBUF, A |
H_2: MOV TI,H_ 2
CLR T1

-

:

4

= 1

|

1

, gl 3l |

i-‘ I-_;7 a8 E
: G e P
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Ex 10.10 A Square wave is being generated at pin p1.2 this square wave is to be sent
to a receiver connected in serial form to this 8051, Write a program for this.

Solution:

B M " e B ML) % Ay * 5 " & r B - : : Iy ¢ '
Timer 0 in mode 2 is used to generate the square wave on P1.2. Whenever this pin is high, a data FFH is
transmitted serially, and when this pin is low, a data 00H is transmitted. This data can be converted into

parallel form at the receiver side to regenerate the square Wave there.

ORG  0000H

MOV TMOD, #22H ; timer 0 and timer | in mode 2
MOV SCON, #50H

MOV  THI, #-3

MOV THO, #OOH ; count value for timer 0

SETB TRI . start timer |
MOV A, #00H - move A=00
ClER. Pj22

REPT: SETB TRO , start timer 0

BACK: INB TF0, BACK; wait for timer O rollover

CPL A : complement A
CRL - P12 : complement P1.2
MOV SBUF, A - move A to SBUF for transmission
CLR TRO - ; stop timer 0
CLR TFO - clear Timer 0 flag
HERE: JNB TI, HERE : check for TI flag
LR -T1 : clear Tl to enable next transmission
SIMP REPT ; repeat the whole process
END
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Egl10-12) Write a program to send the text string

rate at 9600, 8-bit data, and 1 stop bit.

Solution:

FN:

Sl:

SCONI
SBUF1
TI1
ORG
MOV
MOV
MOV
SETB
MOV
CLR
MOVC
JZ
ACALL
INC
SIMP
SIMP

SENDCOM2:

HERE1L:

MESST:

MOV

INB
CLR
RET
DB

END

EQU 0COH
EQU 0CIH
BIT 0CIH
00H
TMOD, #20H
THI, #-3
SCONI, #50H
TRI
DPTR, #MESS]

A
A,@A+DPTR
S1
SENDCOM2
DPTR

FN

S1

SBUFI, A
TIl, HEREI1
TI1

“Hello™, 0

“Ilello” to serial #1.Set the baud

: starting position

: 9600 baud rate

. display “Hello”

: read value
- check for end of line
: send to serial port

: move to next value

; place value in buffer
» wait until transmitted

: clear
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iilﬁ second serial port of the DS89C4x0 to receive bytes of data
put th :m on P1.Set the band rate at 4800,8-bit data, and 1 stop bit,

ST it
#'iﬁmﬂ"l EQU O0CIH : second serial SBUF addr
~ SCON 1  EQU 0COH - second serial SCON addr
- BIT 0COH - second serial RI bit addr
\, w L  starting position
~ TMOD,#20H  ; COM? uses Timer 1 upon reset
, #-6 ; 4800 baud rate
- COM2 has its own SCONI
- ; start Timer 1
~; wait for data to come in
 savedaa

] t
33
-~

- ;displayonPl

R
R [
‘-.l-l"‘ - 5
'g J._ - | L
= ]
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END

10-15) write a C program for the 8051 to transfer the letter “A” serially at 4800 baud
‘ continuously. Use 8-bit data and 1 stop bit.

#include<reg51.h> -
void main (void) . .
1 L CWEN YL

/luse Timer 1, 8-BIT auto-reload
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10-17) Program the 8051 in C to receive bytes of data serially and put them in P1,

Set the baud rate at 4800, 8-bit data, and 1 stop bit.

#include<regS1.h>
void main (void)
{
unsigned char mybyte;
TMOD=0x20;
THI1=0xFA;
SCON=0x50;
TR1=1;
while (1)
{
while (RI==0);
mybyte=SBUF;
P1=mybyte;
RI=0;

/fuse Timer 1, 8-BIT auto-reload

//4800 baud rate

//start timer

//repeat forever

//wait to receive
//save value

//write value to port
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1) Write an 8051 assembly language program to transfer letter “G” serially at 9600

baud rate, continuously.

ORG 00H
MOV TMOD, #20H : timer 1, mode 2
MOV TH]1, #-3 : 9600 baud rate or FDh
MOV SCON, #50H . 8 bits, 1stop, REN enabled
SETB TR1 : START TIMER 1
AGAIN:
MOV SBUF, #G' ; transfer "Y' serially
HERE: INB TI, HERE : WAIT FOR TRANSMISSION TO BE OVER
CLR 13 - clear TI for next transmission
SIMP AGAIN ; repeat
END
C- Program:
#include<reg51.h>
Void main ()
{
TMOD=0x20;
THI1=0xFD;
SCON=0x50;
TRI1=1;
while (1)
{
SBUF = ‘G’;
while (TI==0);
TI=0;
}
}
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2) Write an 8051 assembly language program to transfer the message “-HELLO’*‘?

serially at 9600 baud rate, 8-bit data, 1 stop bit continuously.

ORG 00H |
MOV TMOD, #20H ; imer |, mode 2 |
MOV THI1, #-3 ; 9600 baud rate
MOV SCON, #5011
SETB TR
START:

MOV A, #'H’ PR ot
ACALL TRANS .
MOV A, #E' iL, ¢ S
ACALL TRANS S B R L
MOV A, #'L! i s 7 TR “ ‘
ACALL TRANS RS
MOV A, #'L' IR p | <

P

: 8 bits, Istop, REN enabled |
; START TIMER 1 1

e II" B
r. "
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HERE:

INB TI, HERE . WAIT FOR TRANSMISSION TO BE over
CLR TI : clear TI for next transmission

RET

END

6. Write an 8051 assembly language program to transfer letter “H” serially at
9600 baud rate, continuously.

ORG 00H
MOV TMOD, #20H . timer 1, mode 2
MOV THI, #-3 - 9600 baud rate or FDh
MOV SCON, #50H - 8 bits, Istop, REN enabled
SETB TRI1 : START TIMER 1
AGAIN:
MOV SBUF, #'H' - transfer 'Y' serially
WAIT: JNB TI, WAIT  ; WAIT FOR TRANSMISSION TO BE OVER
CLR 1] - clear TI for next transmission
SIMP AGAIN ; repeat
END
C- Program:
#include<reg51.h>
Void main ()
{
TMOD=0x20;
TH1=0xFD,;
SCON=0x50;
TR1=1;
while (1)
{
SBUF = ‘H’;
while (TI==0);
TI=0;
}
}
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7. Read pamhs&r this data serially continuously at a baud rate of 4800.

ORG 00H

MOV TMOD, #20H

MOV THI, #-6

MOV SCON, #5011

MOV P1, #OFFH

SETB TR1
START:

MOV A, P

MOV SBUF, A
WAIT:

JNB TI, WAIT

CLR TI

SIMP START
END

C- Program:

#include<reg51.h>
void main ()

{

: 4800 baud rate or 'A
&l
.Ht'ﬂ!_;_":l Ly
- | ll'j_'_;_'_ iy
b S R
Sl f:[
) h AN, |
m....a. &

B e mwﬁ' J'I‘!li':_
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