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Q.2 a. Briefly describe programmer’s view of 8085 and need for accumulator.
Answer:

We have seen that 8083 receives B-bil information on AD. , from memory or an input port, When jit
comes inside the microprocessor, where does it reside inside the processor”? For this purpose, there is
what is called ‘register” (o store such information inside. A register is nothing but a group of flip-flops,
where each flip-flop can store n bit of information, The size of such a register in 8085 has to be Rhits,
to store § bits of information.

It 1s necessary to have atleast one such register in any brand of wicroprocessor The advantages of

o register over 4 memory location are as follows

®  The contemts of a register can be accessed much faster by the microprocessor, compared with the
contents of 8 memory location (by *access' wo mean ‘read or write').

®  Instructions imvolving register operands will b shiorter in length and are executed faster compared
with instructions invelving memory operands.

However, the disadvaniages of a register over a-memory location arc as follows.

w  During an intertupt service subroutine (18S), the register values will have 1o be stored in un area
of memery called stack. Upon retum from the IS8, the register values have 1o berestored from the
stack. This takes away the speed advantage that was mentioned earlier,

w  If there are too many registers, they occupy lot of real estate on the chip. thus reducing the real
estate available for the control unit and ALL, -

m In instructions iovol .':inp_l, J'cg:':il:'r f'lpd.'htrld-j, the number of bits that are free o spcu"r'} the opera-
tion hecome reduced. theveby reducing the number of possible ingtructions.

The reader will be in a position 1o appreciate these advantages and disadvantages much better after
a study of a few of the successive chaptars,

In view of the earlier discussion, mesi microprocessors provide only a few registers on the chip.
The registers provided on 8083 are A, B, C. I, E, H, and L. These arc the general-purpose registers

(GPRs). In addition to these registers there are a few special purpose registers (SPRs). These are
discussed later. 2
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b. Explain the following set of instructions with the help of one example of each.

(i) LDAal6

(i) MOV r,M

(iii) MVI M, d8

(iv) XCHG

(v) LHLD a16

(vi) STAXr,

Answer:
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LDA is a maemonic that stands for Loald Accumulator contents from memory. This is an instruction
to load Acoumulator with the contents of a memory location whose 16-bit address is indicated in the
instruction as al6. This instruction uses absalote addressing for specifying the dara. 1t gccupies Ibytes
in memaory: First hyte specifies the opeode, and the successive 2 bytes provide the |6-hit address.

LDA FES0H is an example instroction of this type. It is a 3-hyte instruction. The result of execu-
tion of this instmetion i$ shown below with an axample.

Before After
(F850) BCH
A 12ZH BCH
LDA F830H is stored in memory with F3350 stored in byte reversal form as shown below.
Code for LDA
50
F&

There are no instructions in 8085 like LDB alé, LDC alé, etc. As was stated earlier, Accumulator

is the most important 8-bit regisier, whose contents can be loaded in more ways than any other 8-bit
register.

Summary: LDA 216 (3 bytes; LDA FSSOH; 1 opcode) ./~
(1) Sechionm B © Pose S 2 %
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This is an instruction to load register r with the B-bit value in memory locauon, But from which mem-
ory location? The address of the memuory location is understood to be provided in HL register pair.
This instruction uses register-indirect addressing for specifying the data.

As 1 can have any of the seven values, there are seven opcodes for this type of instruction. It occu-
pies only | byte in memory. MOV E, M is an sxample instruction of this type. It is a |-byte instruc-
tion, Soppose E register content is 45H, H regicter contem is FEH, and L register content is 50H, Let
us say location FRSOH has the data value 8DH. When the BDE5 executes this instruction, the contents
of E register will change to 8DH, as shown below,

Bejore After
(E} 45 8D
(HL} FB50 FR50
(F&30) gD ED

Henceforth, for simplicity, only values that have changed will be shown in the *After” coluinn.
Thus the simplified diagram for the execution of MOV E, M will be as follows.

Before After
(E) 45 8D
(HL) F850
(F850) 5D

Notice thar there are instructions like ‘MOV H, M. This instruction moves contenis of a memory
location pointed by HL register pair to H register, Generally, it is of no use to anybody! However, such

useless instructions are also provided in the nstruction set of 085, —
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This 1= an instruction to load a memory location pointed by HL pair with an 8-bit value. This instne-
tion uses immediate addressing for specifying the data. It gcoupies 2 bytes in memory,

MVIL M, 8DH is an example instruction of this type. Tt is a 2-byte instruction, with opcode for MV
M using up one byte, and 2DH using up one more buvie. Tha result of execution of this mstruction is
shown below with an example.

Before After
(HL) Fi43
(F245) AC 8D

Summary: MVL M, d8 (2 bytes; MVI M, 8DH; 1 opcode)
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XCHG is a mnemonic, which stands for eXCHanGe, This is an instruction to exchange contents of
HL pair with DE pair. This instruction uses implied addressing. It occupies anly 1 byte in memory.
The result of execution of thig instruction is shown below with an example,

Before After
{HL) 1234H S6TRH
(DE) 56T8H |234H

Using XCHG instruction, only HL and DE contents can be exchanged. There are no insiructions in
BOBS to exchange contents of HL and BC or to exchange conlents of DE and BC.

i "
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IL]'-[L'D is a mnemonic that stands for Load HL pair using Direct addressing from memery location
whose 16-bit address is denoted as al6. As HL pair has to be loaded, the data comes from two
consecufive locations starting at the address al6. Thie instruction uses absolute addressing, for speci-
fying the data. It occupies 3 bytes in memory.

LHLD F2BCH is an example instruction of this type. It is a 3-byte instruction. The result of exe-
cution of this instruction is shown below with an example.

Before Afier
(F2BC) DCH
(F2BD) ABH
(H) 12H ABH
(L) 34H DCH A
LHLD F2BCH is stored in memory with F2BC stored in byte reversal form as shown below.
Code for LHLD
BC
F2

Naote that there are no instructions in 8085 like LBCD al6 and LDED al6. As was stated earlier,
HL pair is the mosgt important register pair, whose contents can be loaded in more ways than any other
register pair. ~

(‘-"J Sechon .44 Poare Wwp £,
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STAX is a mnemonic that stands for STore Accumulator contents in memaory pointed by eXtended
register denoted as ‘rp’. This mstruction uses register indirect addressing for specifying the destina-
tion. It occupies only 1 byte in memory.

STAX B is an example instruction of this type. It is.a 1-byte instruction. The result of execution of
this instruction is shown below with an example.

Before After
(BC) FZBCH
(A) 12H
(F2BC) DCH 12ZH

Only other instruction of this type is STAX D. Note that STAX H is not provided in 8085, This is
because, STAX 1 = the same as MOY M, A in its function.

Also rote that there are no instructions in 8085 like STBX rp, STCX rp, eic. As was stated earlier,
Accumulator is the most important 8-bit register, whose contents can be stored in memory in more
ways than any other 8-bit register.

Summary: STAX rp (1 byte; STAX B; 2 opeodes) -
l:_\-": -') ‘S’p_ﬁ Han 6" /3 /-f?cH{ 2 & b ’3
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Q.3 a. Differentiate between unconditional and conditional branch instructions, mention
various conditional call instructions. 4)
Answer:

w10.2 UNCONDITIONAL JUMP INSTRUCTIONS

In simple programs there is a linear program flow from the first instruction to the last instruction in
the program. But the real power of a computer exists in its ability to change program flow, and the
programs shiould be wnitten 1o take advantage of this ability.

Change in program flow is needed when a sequence of instructions is 1o be executed repeatedly. I
i= also needed when it 15 required to choose between two or more sequences of actions based on some
conditicns. The branch group of mmstructions in 8085 cffects such a change in program flow. The
branch instructions can be used fur effecting a forward branch or 4 backward branch.

© IETE 5
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An important subgroup of the branch group of instructions is the jump instructions, The jump
instructions are classified into;

= Unconditional jump instructions, and
- Conditional jump instructions.

10.2.1  JMP alé—Unconpmonat DIRECT Jume g

- o
JMP is a mnemonic that stands for *JuMP’ and ‘'al6’ stands for any 16-bit address. This instruction is
used 1 jump to the address al 6 provided in the insiruction. JMP F950H’ is an example instruction of &

this type. It is o 3-byte instruchon, The result of execution of this instruction 18 shown below with an  #
example.

Memary Iertruction
andress
FEXOH IMP F950H

F823H MOVB.C

FIALY
jo dinosn youesg

L F¥50H MOV C, B; This is excouted next after JMP F350H

In the previcus example, after 8085 feiches *TMP FOS0H" the PC value would have been automat-
cally incremented by 3 to FE23H. Functionally, JMP F950H can be treated as:

JMP F9501 = LX1 PC, F950H

Thus, execution of JMP FOSOH results in loading of PC with the value FO50H, overwriling the
earlier value of FE23H. Hence, afier execution of JMP F950H, the instruction MOV C, B at mem-
ory location FO50H will be ferched and exccuted, In this example, a forward jump was effected,
IMP FEOSH instruction at location FE20H, effects a backward jump.

In the instruction set of B0O8S, *TMP’ is used instead of 'LX1 PO, because JIMP very explicitly indi-
cates & change in program flow, But, X1 PC just indicates that PC volue is changed, but its implied
change in program flow may go unnoticed by the programmer.

The result of execution of “JMP F950H" can be indicated in terms of change in PC value as follows,

Before  After
(PC)  FB2(H FOs50H

Stommary: IMP al6 (3 bytes; JMP F950H; | opcade)

10.2.2 PCHL—UnconpmonaL INDIRECT Jume

PCHL is a mnemonic, which stands for 'Load PPC with contents of HL.. This insmuction is used to
Jump to the address provided in HL register pair. Thus it 15 ap unconditional indirect jump instroction.
Because of its ipdirect jump feature, it is not very commaonly nsed,

T is & [-hyte instruction compared with the direct jump instruction, which is 3-bytes long, Because
of this size advantage, it can be useful for jumping to a frequently used portion of the program.

The result of exceution of this instruction i shown below with an example,
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Memory Insiruetion
aildress
FH20H LX1 H; F950H
F823H PCHL
| rsuan MOV B, C
— FUSOH MOY C, B; This 15 cascuted next after FCHL

In the previous example, after BD8S fetches “PCHL’ the PC value would have becn automatically
meremented by | 10 FRMH

But execution of PCHL esults in loading of PC with the value F950H, which is the content of HL,
overwriting the earlier value of F824H. Hence, after execution of PCHL, the jnstruction ‘ MOV C, B
at memory location FO50H will be fetched and executed.

The result of execution of *PCHL’ can be indicated in tenns of change in PC value as {ollows.

Before After
(HL)}  F550H
(PC) FE23H F930H

Summeary. PCHL (1 byte; PCHL; 1 oprode)

@ 10.3 CONDITIONAL JUMP INSTRUCTIONS

The conditiomal jump instructions of BORS perform a jump based on the value of a single flag. The
Jjump takes place based on the value of carry flag, zero flag, parity flag, or sign flag. There is no jump
instruction based on the value of auxiliary flag This is because, penerally no one is interested in
performing a jump based on this flag!

10.3.1  INC al6—Jume I NoT CARRY

INC is a mnemonic, which stands for “Jump if Not Camry”, and ‘alé’ stands for any 16-bit address.
This instruction 13 used 10 jump o the address al6 provided in the ingtruction, only if carry flag value
is 0. [f carry flag value iy |, progrom fow continues sequentially. *JNC FOS0H" is an example instruc-
tign of this type. It is a 3-byte instruction. The result of execution of this instruction is shown below
with an example,

Memory Instruction

address

Fi20M INC FosiH —

FE33H MOY B. C: This 15 execuled nesd after JNC FOSOH iIMCy =1
e FOSOH MOY C, B This i executed neat ofter JNC FHS0H if Cyowl

I Cy=0
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In the previous example, after 8085 fetches "JINC F950H' the PC value would have been automat-
ically incremented by 3 to FE22H, But JNC F950H instruction execution results in loading of PC with
the value FO50H, only if Cy flag value is 0.

Hence, after execution of INC F950H, the instruction ‘MOV C, B' at memory location FOS0H will
be feiched and executed only if Cy flag value is 0. If Cy flag value is 1, the PC value will remain as
FE23H, and so the instruction "MOV B, C" will be executed.

Swommairy: INC al6 (3 bytes; JNC FO50H; | opeode)

10.3.2  JC al6—Jump IF CarRy

SUO1}INESU)
0 dnosny youesg

JC is a mnemonic, which stands for “Jump if Carry’. This instruction is used to jump to the address
al6 provided in the instruction, only if'carry flag value is 1. If carry flag value is 0, program flow con-
tinues sequentially.

*IC F950H" is an example instruction of this type. It is a 3-byte instruction. The result of execution
of this instruction is shown below with an example.

Memory Instruction

adhdress

F&20H 1C Fa50H

FEI3H MOV B, C; This ia executed next after JC FOS0H of Cy=0
—— FR50H MOY C, 13; This 1 executed next after JC FISOH if Cy=1

IfCy=1
Summary: JC al6 (3 bytes; JC F950H: | opeode)

10.3.3 INZ alé—Jume F NoT Zero RESUTT

INZ is a mnemonic, which stands for “Jump if Not Zero result’. This instruction is used to jump 1o the
address a6 provided in the instroction, only if result is not zero, indicated by Z Nag value of 0. If Z flag
value is 1, program flow continues sequentially. ‘JNZ FOS0L is an example instruction of this type. It
i§ 2 3-byie instruction. The result of execution of this instruction is shown below with an example.

Memory Instruction

aldress

FE2IH INE FUsOH

FE23H MOY B, C; This is executed next after INZ FOS0H il 2=

— RS0 MOV C, B; This s executed next afier INZ FO50H if Z=0
[[E= 0

Summary: INZ al6 (3 bytes; INZ FO50H: 1 opcode)

© IETE 8
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10.3.4 |7 olb—)ume ¥ ZERD RESUIT

JZ 15 o mnemonie, which stands for “Jump if Zero result’. This mstruction is used to jump lo
the address al6 provided in the instruction, only if result is zero, indicated by Z flag value of L. If
Z flag value is 0, program flow continues sequentially, 'JZ FOSOH" is an example instuction of

§  this type. It is a 3-byte instruction. The result of execution of this instruction is shown below with
§ an example,
3
e
B
i -
- Memory [mstruction :
E | address ::
FRIOH JZFoson —
é FE13H MOV B, C; This is cuecuted pext after JZ FOSOH iff 2=0
e FUSUH MOV C, B: This iz execoted next alier J72 FOSOH if 7=1
Wi=|

Surmmerry: I al6 (3 bytes; JZ F950H; 1 opeade)

10.3.5 PO al&—Jump ik Papity OoD

JPO is a mnemonie, which stands lor *Jump if Parity Odd’. This instruction is used to jump 16 the address
al6 provided m the instruction, only if panty flag value 15 0. If parity flag value is 1, program flow
continues sequentially, “JPO F950H" 15 an example instruction of this type. It is a 3-byts instruction.

Summgry: JPO al6 (3 bytes; PO F950H; 1 opeode)

10.3.6 JPE albs—Jume F Parmy Even

IPE is a mnemonic, which stands for *Jump if Parity Even'. This msiruction is used to jump to the
address 216 provided in the instruction, only if panty Oag value is 1. If parity flag value is 0, program
flow contmues sequentially.

Sumtmary: JPE al6 (3 byies; JPE F950H; | opends)

1037 JP al6—lume ¥ POSITIVE

JP 15 a mnernonic, which stands for *Jump if Posinive'. This mstruction is used to jump to the address
al6 provided in the instruciion, only if sign flag value is 0. If sign flag value is 1, program flow
continues sequentially.

Suummary: 11 216 (3 bytes; JP FOS0H; | opcode)

JM is a mmemonic, which stands for *Jump if Minus’. This instruction is used to jump to the address
al6 provided in the instruction, only if sign fAag value is 1. If sign flag valve is 0, program flow
continues sequentially. : -
Summary: IM al6 (3 bytes; JM F950H; 1 opcode)

© IETE 9
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/8105 CONDITIONAL CALL INSTRUCTIONS

The conditional call instructions of 8085 branch to a subroutine based on the value of a single flag,
The branch takes place based on the value of Cy Mag, Z flag, P flag, or § flag. There is no call instruc-
tion based on the value of auxiliary flag. This is because, generally no one is interested in branching
o a subroutine based on this flag! The conditional call instructions are 3 bytes in length, 1 byte for
the opcode, and another 2 byies for the subroutine address.

SUQT S|
o dnoun yauesg

10.5.1 CKNC al6—CaiL IF Not Carry

CNC is a mnemonic, which stands for “Call if Not Carry’. This instruction is used to branch to the
subroutine whose 16-bit address is provided in the instruction, only if Cy flag value is 0. If Cy flag
value is 1, program flow continues in the main program sequentially. *CNC F950H" is an example
insiruction of this type. It is a 3-byte instruction. The result of cxecution of this instruction is shown
below with an example.

Memory Instruction

address

Fg20H CNC F9s50H  ——

P FR21H MOV B, C; Exscuted next after CNC FGSOH if Cy=1
» axacuted next after RET at FO80H if Cy=0

F880H HLT
— 23 Fos0H MOV C, B, Executed next after CNC FOSOH i Cy=()
If Cy=0

Fo80H RET—I

In the previous example, after BDES fetches *CNC F950H' the PC value would have been automa-
ically incremented by 3 to FE23H. But CNC F950H instruction execution results in saving PC value
on the stack and loading of PC with the value F950H, only if Cy flag value is 0.

Hence, after execution of CNC F250H, branch to subroutine at memory location FG50H will take
place only if Cy flag value is 0. After executing the RET instruction in the subroutine, the program
flow will continue with the instruction at F823H in the main program.

If Cy flag value is 1, the PC value will remain as FE23H, and so the program flow continues with
the instruction MOV B, C in the main program.

Summary: CNC alé (3 bytes; CNC F950H: | opeode)

© IETE 10
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The B0BS Microprocessor

10.5.2 CC alé—Caww Carry

CC is a mnemonic, which stands for ‘Call it Carry’. This insuuction i$ used to branch to the subrou-
line whose 16-bit address is provided in the instruction, only it Cy flag value is |, 1T Cy flag valoe is 0,
program flow continues in the main program sequentially.

Summary: CC al6 (3 bytes; CC FO50H, | opeode)

1053 CNZalé—Cal F Noat Z&0 Resuir

CNZ 15 a mpemonic, which stands for “Call if Not Zero result’. This instruction is wsed to branch to
the subroutine whose 16-bit address is provided in the instruction, only if result is not zero, indicated
by Z flag value of 0. If Z flag valuc is |, program flow continues in the main program sequentially.

Sumriary: CNZ al6 (3 bytes; CNZ F950H; | opeede)

10.5.4 CZ al6—Cau i Zero Resurr

CZ 15 a mnemonic, which stands tor *Call if Zero result’, This instruction is wsed to branch to the sub-
routine whuse 16-bit address is provided in the instruction, only if result is sero, indicated by Z flag
vilue of 1. If Z flag value is 0, program flow continues in the majin program sequentially.

Summary: CF al6 (3 bytes; CF FUS0H; | opeode)

10.5.5 CFPO alb—Caul IF Parmy OoD

CPQ ig a mnemonic, which stands for "Call if Parity Odd'. This instruction it used to branch to the
subroutine whose 16-bit address is provided in the instruction, only if P flag value is 0. I[P flag value
s 1, program flow continues in the main program sequentially,

Summary: CPO ald (3 bytes; CPO FOS0H; 1 opcode)

1056 CPEols5—Call IF Parny Even

CPE 15 a mremonic, which stands for “Call of Parity Even’. This instruction is used 10 branch to the
subroutine whose 16-bil address is provided in the instruction, only if P flag value is 1. If P flag value
is ), program low continues in the main program sequentially.

Surmmary: CPE al6 (3 bytes; CPE F?5(H; 1 opcode)

10.5.7 CPoaléd—Cau ¢ Posmve

CP iz # mnemonie, which stands for *Call if Positive’. This instruction i used to branch to the
subroutine whose 16-bil address is provided in the instruction, only if S flag value is 0. 1f S flag value
is 1, program flow continues in the main program sequentially.

Summmany: CPal6 (3 bytes; CP FO50H, 1 opeode)

© IETE 11
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10.5.8 CM ald—Calt Ir MiNUS

g - Ep—

—

CM is £ mnemonie, which stands for *Call if Minus®. This instruction is used 1o branch to the subrou-
tine whose 16-bit address is provided in the instruction, only if 3 flag value is 1. If 5 flag vulue is 0,
program flow continues in the main program sequentially,

Summary: CM a16 (3 bytes; CM FOSOH; 1 opcode) /"
3 (a). Seehvns 0.2 € (0.3, Pagno 104 o 107
-’{-)/I a{-ato_ﬂhﬂﬂ — b, /’\4 -
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b. With a neat block diagram, explain the architecture of 8085. (12)
Answer:

m 13.1 DETAILS OF BO85 ARCHITECTURE

Shown in Fig 13.1 is the architecture of 8085, As we are already aware, it has 8-bit ALU, control unit,
the general purpose registers A. B, C, D, E. H, and L. and the special purpose SP, PC, and Flags registers.

13.1.1  Asmimenc Locic Un (ALU)

It basically performs 8-bit agithetic and logical operations. Accumulotor and Temp registers provide
the two operands needed in the operations like addition or logical AND operalions. The resulis will
be stored in the accumulator. This is done by sending the ALU output to the accumulator via the inter-
nal bus. Alse, the Flags register is alfected based en the result. In an instruction like ADC B, Temp
register receives B register value, and Cy flag is also input to the ALL,

In ‘DAD B’ instruction, it is required to add HL and BC contents, and store the result in HL, This
is also performed by the 8-bit ALU, by adding the LS bytes first, and then adding the MS bytes along
with any carry generaied.

Even increment or decrement of 16-bit registers is done by this ALU. But in Fig. 3.1 incre-
menter/decrementer unit is separately shown just far convenience,

13.1.2  TrunG AN CONTRCL LN

This unit is responsible for generating timing signals and control signals. This unit controls all the
activities inside the 80835, as well as oulside the 8085,

X1, X2, and Clk out pins: To facilitate timing operations in the microcomputer system, there 15 a
clock generstor in the control unil of 8085, The comiplete cscillator circuit, except the quartz crystal
is within the chip. Two pins X1 and X2 are brought out of the chip to provide for the external erystal
connection. This is shown in Fig. 13.1. Generally a capacitor of about 20pF value has to be connegcted
between X2 and ground to ensure proper stating up of the erystal. There 18 a divide by 2 counter in
the control unit, which divides the crystal frequency by 2. The 8085A can work at an approximate
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Fig. 13.1 8085 architectura {instruction axecution portion only)

maximum clock frequency of 3 MHz internally. Thus typically a 6-MHz crystal is connected beiween
X1 and XZ. All operations in a 2085 system take place in synchronization with this clock. This clock
signal is brought out on “clock out” pin of 8085, Peripheral chips, like 8251 USART, which nieed a
clock signal for their operation, use it

It is also possible to connect a LC-ned circuit between X1 and X2, instead of a crystal. In very
low-cost systems, a resisior can be connected between X1 and X2, and a capacitor connected between
X1 and ground to generate the oscillations. However, for good stability of oscillations, it is preferred
10 use a (uartz crystal.

With internal frequency as 3 MHz, the clock period will be 333 nS. In other words, the 8085 clock
ticks once every 333 nS, whereas our watch is ticking once every second! A clock cvele of 8085 is also
called as a T state, T standing for ‘timing’.

© IETE 13
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The minimum mtemnal frequency of operation of 8085 (any version) is 500 KHz. In other words, the
minimum crystal frequency should be | MHz At lesser frequencics, the informution in the registers
will be lost. This is because, the registers are basically dynamic RAM cells, which have to be continu-
ously refreshed.

Stotus signafs 10/M*, ST and SO- An instruction cycle (io be discussed later) requires one to five
machine eycles, depending on the instruction. Each machine cycle performs a specific cperation, hike
read from memory. A machine cycle needs a fixed number of clpck cveles, the minimum being three
elock eveles. The firer elock evele is eermed as T1 (T For time period), the second clock cyele as T2, ele.

The type of machine cycle that 8085 is going to execute is indicated by the status signals TO/M®*,
51, and 80. This is shown in the following table. These status signals are emitted by the 8085 during
T1 of a machine cycle.

oA &y 50 Machine evele

| Memaory write [(MW)

{ Memory read (MR)®

1 Opcode fetch (OF)

1 10k werine (IO}

0 TAC e (JEDR}

I Intermupt acknowledge (INA P

=1t i bus idfle (1) i the case of DAD mstroction.
=40y s Bl im the casc of acknowlalge for veclored miemmpis,

e e — N — N =
— T

Generally in a RORS system, only [(V/M* signal is made use of in szlecting a memory or an 1/0 port
chip. 81 and 50 signals are not made use of in most systems. For example, in ALS-SDA-E5M ki, 51
and S0 signals are unosed.

In this chapter, OF, MR, MW, TOR, and 10W machine cycles will be discussed. BT and INA
machine cycles will be discussed in the chapter on 8085 intermipts.

Control signals RD*, WR?, and INTA*: During T, the status signals and address are sent out. Only
after the ;ddress has become stable, the control signals are emitted by the 8085 during T2 of a machine
cycle, The values of the control signals for the various machine cycles are shown in the following
table, INTA*® signal will be discussed in detail in the chapter on 8085 interrupts,

Machine cpele RO* HR* INTA4®

OF, ME, 10R i |
MW, HOW 1 i
NA I I
Bl I I

-— T = =

During T2 of the halt machine cycle, 8085 tristates RD* and WR*, and ‘emits 1 on INTA.

Adldress laich enable signal (ALE)- As discussed in the previous chapter, S085 has multiplexad address
data pins. 50 LS byle of address will have to be sent out for enly a short ime in & machine eycle.
During the rest of the machine cyele, the same pins are to be used for data transmission or receplion
Some specialized chips like Iniel 8155 have an address laich within the chip, as shown in Fig. 13.2.
During T1 of a machine cycle, 8085 sends oul address on A, and sends out logic 1 on ALE. The
address latch in 8155 latches on to the address using this signal. During T2, 5085 stops sending the
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13.1.3  Insmeucmion REGISTER (IR)

This s a &-bit register. It is used to recerve the 8-bit opcode of an mstruction from memory. It may be noled
that opcode of an instruction is only ¥ bits, even though the instruction may ke 3-bytes long. [R register is
not accessible 1o the programmer. This means there are no instructions by which a programmer can load a
value of his choice into this register. There are no instructions like *MVI IR, 35H°, or ‘MOV IR, C".

Instruction decoder: The instruction decoder receives the input from the TR register. It is an 8-input
to 256-output decoder. Depending on the input, only one of the 256 cutput lines will be activated. The
instruction decoder output drives the contral unit, The control unit then generates the appropriate con-
trol signals to execute the instruction.

13.1.4 W anp 7 REGISTERS

These are 8-bit registers. They are not accessible to the programmer. They are used for temporarily
storing nside the B083, the 16-bit address operand of an mstruction. For example, when ‘LD
C234H, instruction is fetched, IR register wil] receive the opeode for LDA. and W and Z registers will
receive C2H and 34H, respectively.

13.1.5 TewmpPoRaRY {TEMP] REGISTER

This is an 8-bit register. 1t is not accessible o the programmer. It wmporarily stores inside 30835, the
8-bit operand in an instruction. For example, when ‘MV1 M, 34H instruction is fetched, TR register
will receive the opeode for MVI M, and Temp register will reccive 34H.

In arithmetic and logical operations that involve two operands, the accumulator provides one
operand, and the other is provided by the Temp register. For example, in ADD B instruction, B regis-
ter contents are moved to the Temp register; and then addition of A and Temp register contents is per-
formed by the ALU,

13.1.6  Mumpiexer)/ DEMULTIPUEXER

Consider the execution of the instruction ‘MOV A, C'. In this case, the 8-bit value in the C register
has Lo be moved 1o the A register. The registers B, C, D, E, H, and L are connected to the intemal bus
through a multiplexer/demultiplexer. The register select unit sends the appropriate code to the mult-
plexer so that C register contents are sent out of the muliiplexer to the intenal bus. Then Accumulator
receives the data from the imternal bus,

Similarly, cotsider the execution of the instruction *MOV D, A”. In this case, the §-bit value in the
Accumulator has to be moved to the D register. Accumulator sends out the 8-bit value to the internal
bus, The registers B, C, D, E, H, and L are connected to the internal bus through a multiplexer/demul-
tplexsr. The register select unit sends the appropriate code to the demuliiplexer so that D register
receives the contents of the internal bus from the demultiplexer.

13.1.7 Apoeess/Daia Buriers

These buffers are bi-directional, when uwsed for data. When used for sending out LS byte of address,
they are unidirectional. The buffers are used to increase the current driving capacity, Data comes to
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the buffers from the internal bus. LS byte of address comes to the buffers from the internal address
latch. -
Thus the address'data sent out on AD+., can drive all the external chips, like RAM chips, EPROM
chips, and other peripheral chips. Similarly, the data received by the 8085 from outside is also inter-
nally buffered. The received data om AD4 4y reaches the internal bus, from where it reaches the final
destmation.

I fact, in a practical microcomputer, the driving capacity of the data pins, after the internal buffer-
ing, mity not be edequate, So there will be external bufer chips also. Practical use of such buffer chips
i shown in Fig. 13.19, later in the chapter.

Addréss buffars: These buffers are unidirectional. They are used for sending out the MS byte of address.
MS byte of address comes 1o the buffers from the intemal address latch, Thus the address sent out on
AD;< ¢ can drive all the extemal chips, like RAM chips, EPROM chips, and other peripheral chips,

In fact, in a practical microcomputer, the driving capacity of the address ping. after the internal
buffering, may not be adequate. So there will be external buffer chips also. Details of such buffer chips
are given in the sppendix.

13.1.8 InTERNAL ADDRESS LatCH

| The register select unit in the B8ORS selecis one of the register pairs (BC, DE, HL, SP, PC, or WZ) for
sending it to the address lutch unit. For example, let us say the contents of PC is CZ00H. If the regis-
. fer selection unit selects PC, it sends C200H from PC to the internal address latch. The latch holds on
[ tothis value, and sends it out on the address pins after buffering. The MS byie of address, C2H, is sent
out on A 5.5 and the LS byte of address, (WH, 15 sent out on the pins AD; 4.

A little later, the PC value may be incremented, but still the latch will continue to have the value
| C200H. This value of C200H is sull sent out on the address pins of 8085 even if the PC content is
already incremented.

13.1.9  INCREMENTER / DECREMERTER

Itis acmally a function perfonmed by the ALU. But in Fig. 13.1, it is shown as & separate unir just for
eonvenience.

The incrementer is used to increment the PC value, after the 8083 has fetched a byte of the instruc-
tion. This way, the PC will be pointing to the next instruction hy the time the current instruction B
[ fully fziched. It is also used for incrementing the SP value after a byte is popped out from the stack
| lop. Ivis also used for incrementing an 8-bit or a 16-bit register.

The decrementer is used for decrementing the SP value hefore a byte 15 pushed above the stack top.
It is also used for decrementing an 8-bit or a 16-bit register.

13.1.10 Comrecnon oF RecisTErs 10 THE INTERMAL BUS

Accumulator will have to recerve data from internal bus in instructions like *“MOV A, €', It has to send
out data to internal bus in instructions like *MOV D, A’. As such, the Acoumulator communicates with
the internal bus in a bi-directional way.

Flags register will have to receive data from internal bus in instructions like POP PEW. It has to

send out data 1o internal bus in instructions like PUSH PSW. As such, the Flags register communicates
with the internal bas in a bi-directional way.

© IETE
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In instructions like “MVI1 M, 25H°, Temp register will have to first of all emporarily receive data
value of 25H from ioternal bus. Later this data in Temp register has to be sent oul to memory via e
internal bus. As such, the Temp register communicates with the internal bus in-a bi-directional way,

IR register will always have (o receive the opeode from memory via the internal bus for my
instruction, It is pever required o send out opcods to the internal bus. As such, the TR register oaly
receives opcode via the internal bus.

Register B will have to receive datz from intemal bus via-demultiplexer in instructions like *MOY
A, B’ It has to send out data to internal bus via multiplexer in instructions like MOV B, A°, As such,
regisicr B commumicates with the internal bus in a bi-directional way, Similarly, registers C, D, E. H,
and L also communicate with the intemal bus in a bi-directional way.

In instructions like “LDA 2345H°, W and Z repisters will have to first of all temporarily reccive
address value of 2345H from the internal bus, Later they have to send out this address in W and £ rege
isters to memory via the internal bus. As such, W and Z registers communicate with the internal bus

in a bi-directional Wfly.//_
F

- J } 1 | = A : -
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The 2085 Micsroprocessor
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Q.4 a. Write an 8085 assembly language program and flow chart to search for a given byte
in an array of bytes using linear search algorithm. Location X contains the size of
the array and location X + 1 contains the element to be searched. The elements of
the array are stored from location Y onwards. The program should display in the
address field, the search element and the position when it was found. If the search

element is not found, the position should be indicated as 00. (8)

Answer:

/" Write an 8085 assembly language program to search for a given byte in an array of bytes using linear
/ search algorithm. Location X contains the size of the array and location X+ 1 contains the element 1o
be searched. The elements of the arrny are stored from location Y onwards. The program should dis-
play in the address field, the search element and the position where it was found. IT the search element
is not found, the position should be indicated as 00,
Flowchart for solving the problem is shown in Fig. 16.1.

16.1.1  ProGram 7O PERFORM LINEAR SEARCH

;FILE MAME C:\ ALS\LTMS5RCH.AGM

;B083 ALF TO PERFORM LINEAR SEARCH. LOCATION X CONTAINS
+THE NUMBER QF BYTES SEARCH, LOCATION X+1 CONTAINS THE ELEMENT
;70 BE SERBCHED, AND LOCRTION Y OHNWARDS ARE THE ELEMENTS OF THE ARRAY.

FPROGRAM DISPLAYS IN THE ADDRESS FIELD, THE SEARCH ELEMENT AND THE
SPOSITICN WHERE IT WAS FOUND. IF EHE SEARCH ELEMENT IS NOT FOUND,
;THE POSITION WILL BE IMDICATED AS 0D.
CRG C100H

X: OB O4H,33H

© IETE 17
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i
Load C with no. af
| elements m array
Load A with senrch
| element

e gl

Load B with EHJI'r—l
Point HL1o Y |
e e

"~ mER .|
|
tMi‘\"l

r,

> H"“;u y
k\_liu_ mumf_/.‘:*————--

Wi

|

| |
} DCR C_ J
s

o {

¥
Reload B with 00
| S

—
|_' _-L _'I
MOV HLA
LI'-‘L‘H-E p |

A

Digplay HL value
Im acladress Cedd

Fig. 16.1

e
Gﬂ;\, Flowcharl for
A [inear search
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OFG C200H
¥: DB 55H, 44H,22H, 66H

CURAD ;
DFDRD: EQI

FEFTH
0 6BCH

MOV C,M ;ileoaa C with the number of &lements in the array.

MOV A:M ;:load A with the eslement toe be esarched
B,00H: Inittialis=s B with 0.
It finally dindicates the position where the element was found.

LXI H,Y :Point HL to the beginning of the arcay.

The BDOBS Microprocsisor
=

REP: INE B ;Increment B. B lodicabtes alement number being checked.
CMP M :Compare A and memary pointed by HL.
JE EXIY ;If they are same, jump to EXIT.

INK H

DER € ;;Else, increment AL and decrement

JHE REP;If C value is nonzero, jump to REP.

sIE we come out of this loop because C is 00,

+ic meara secarch is unsucceaful. Hence make B as 00,

MJVI B,00H ;Load B with OCH.

At this point B will have the position where the alement
jwas found. T¢ elepent was not found, B wil e D0H.

EXIT: MOV H, A rLoad H with the search element.
MOV L, B iload L with the position the elemént was found.

SHLD CUBRAD
CRLL UPDAD ::Display the result in tha address. field.
HLT jMake sure to end with HLT for keyboard mode.
sFor serial mode BST 1 i5 preferred. //'
f o , = \ ,5 \ f
1—( k-f"-.) e Y] C'h ovy [4. / //‘*}_,‘_LC A Log T 2o & ';_.’«ér'.r
, g -
r‘r leco che s A ratihe INO i / i Y Z ‘“_-[‘ BT
) - * T

o
« 3 | i
;‘} 20 b2 e T Lee f}{'.-),' i R | = ‘-{-i‘ }ru']ll

b. Write an 8085 assembly language program and flowchart to exchange 10 byte of
data stored from location X with 10 byte of data stored from location Y. (8)
Answer:
Wrile an %085 assembly language program to exchange 10 bytes of daia stored from location X with
10 bytes of data stored from location 'Y
Flowchart for the progream
Flowchart for solving the problem is shown in Fig. 14.1.
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ER ]
Pl A
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DE—CIOH=X | 110" —Ln—‘f;}i:’—si___ '
2H | @ ®ls
13H e W3] STAX D
i s s
| =@
L ’ﬁ{ﬂ M > MOV AL B A
ML - CHOOH=Y| OIN @ iy _._:_.;_.| '_'_'.,_

T oen | @ et ()
I;I 0aH__|
{

Siari )
s I,--/
Pont DE toblock X

Paint HL 1o block Y
| Load C with 10 {0AK)

(i )

g

LDAX D

MOV B, M
| MOVM, A
MOV A B
STAXD

[ INX D
INXH
DCRC

L __c-j_'g ) *-0}}

Y

- =

L

Fig. 14.1 Flowchart for exchange of 10 bytes
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Program to exchange 10 bvies

: FILE HAME C:\ALS\XCHG. ASM

i Suppuse we want Lo make sone changes to the spurce file., If a print out
jof the program informs us about the file npame for the program on the disk,
Jit becomes easy Lo search the file apd make modiflcaticns te the program.

;8085 ALP TO INTERCHREGE 10 BYTES OF DATA STORED FRONM
JTOCATION M WITH 10 BYTES OF DATA STORED FROM LOCATION ¥

ORG C100E

X: DB 11H, 22K, 33H, 44H, 55H, 66H, 77n, BAH, 994, ARH

QRG C200H

¥: OB OkH, 02H, 034, 04K, OBH, O6H, 074, O0BW, 09H, OANM
jFor manual translation store 11IH,Z2H etc starting at location CLlO0H.
(§imilarly, the following program after manual translation should ba stored
from location COCOH. DRG, DB are Assembler directives and are explained in
jderail in the naxt chaptar.

ORG COOOH

IXI D, X ; Load DE with ClDOH (address X)
ILXI H; ¥ jy Load HL with C200H (address Y}
MUYT T, DAH; Load T with OAH (C used as down counter)

; The instructions from here to JNZ LOOF perform sxchange
; of byles 4t memory locations pointed Ly DE eand HL

LOGF: LORY D { Load A from memocy pointCed by BE
MOV B, M i wad B from memorcy pointed by HL
MOV H,. A ; Stoxve A in memory pointed by HL
MOV A, B
STAX D }iStore B in memory pointed by LE

;In the convention followed in this book, @ single ;' sfter an instruction
:pravides':ommerta for ‘the instruction. If there ore M number of ;" after an
iinstruction, it provides comments for W instructions preceding the N nuonber
;of semicolons.

INYX D
INK H iilncremsnt address pointere DE and HL
DeER ¢ : Decramant C
JRZ 1Loop : Tf not zers Jump o IOOP

RLT ; Stop when all the hytes are sxchanged ,ﬂ;;

Apwessy ajdulg

Y =
(b7 Seehon 14.)  Poge no 165 mis 2 Tes

,t‘r!"f.br.ti r_'.l":.af,,f'/ /‘_;-::.jr.u'-r_ No /¢ /]

2 20
ol
’; ) g - gr_'c_ r?<.'£|‘,-‘;».

Q.5 a. Mention different data transfer schemes to communicate with a 1/O device and

explain any one scheme in detail.

© IETE
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Answer:

f‘#hm the 8085 18 executing a program, it can get interrupted half way through the program by al
device. An 1'0) device interrupts the working of the processor, because it may want to unzently e
municale with the processor. It may want to send some information to the processor, or receivi 5
information from the processor. .
A microprocessor does not directly communicate with an 10 device. Tt communicates withan i
device via an [0 port. Data transfer can be in parallel or serial form. Parallel dota transfer is possi
using programmed 1/0 or Direct Memory Access (DMA ). Serial data transfer and DMA data trani
are explained in later chapters. There are three different ways @ microprocessor can communicais 58
an [/0 port for parallel data transfer with programmed VO. They are: i

1. Basic or simple data transfer,
2. Status chieck data transfer;
3. Inlerrupt-driven data (ransfer.

Datn tramsfer schemes

vd b
Parllel Serial
=Ny e

Using Software  Using Hardware
Programencd 0. DMA 4 ctructions of {USART)

Tl 1 e Micr processor

Baszle 1O Status Interrupi-
cheek VO driven 'y

18.1.1 Basc or Swpeie Data TramMsrer

This is the simplest of the dats timsfer schemes. Thig method is useful when we have accumiz kn
ledge of the 1/ device timing characteristics. When we know thal the device is ready for data tnns
fer, we execuate IN or OUT instruction. depending on the required direction of data transfer. This wil
case when the /O port is connected in the system as an VO-mapped /O port. T the port is connecte
as a memory-mapped 10 port, ‘MOV M, A, *MOV A, M", or any other memory reference insis
tion is used depending on the direction of data transfer.

As an example, let vs say we have a hypothetical multiplier chip. Registers RO and R | are
load the two 8-bit mumbers to be multiplied. The 16-bit product will be available in RZH and Rk
when the multiplication is over. Address pins Al and A0 sclect a register as shown in the followiag

© IETE
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Al A Refecred register

i i RO

0 1 Ri

| 0 K2L (L5 byie of product)
J 1 R2H {MS byie of product)

Let us say the chip is connected as F'O-mapped /O, as shown in Fig. 18.1. As per the chip select
 circuit, the address for RO, R1, R2L, and R2H is 40H, 41H, 42H, and 43H, respectively. Let us say
e data sheet for the multiplier specifies a maximum of 50 ps for completing the multiplication.

5808 Y] sydnuaiug

g Ay ——— Multiplier chip
| Az Po—N F
] Ay ——m—— 8 bitg "
' 3 i: OR cse 40RO
0 A —a, 4 M
1 10M
SRS Y - | I |25
aH[__ |Rm
ED?E Fig. 18.1

Simple VO data transler

With this set up, the following program segment performs multiplication of 05H and 08H, and the
result will be stored in the BC register pair.

MUI A, 0OSH
ouT 40H ;Load RD with O5SH
MVI A, 08H
ouT 41H ;Load Rl with O8H

CALL DELAY :Generate a delay of 50 micro agconds
:The subroutine 1s not ghown for simplicity

iH OAZR
MOV C, A sStore 1S byte of product in C register
IN 434
MoV B, A :Srore ME byte of product in B register

In the previous example, even if the multiplication is over in 20 ps, we are required to wait for
50 s, as per the data sheet. The advantage of simple VO is its simplicity, but its disadvantage is that
it is not very efficient, We come across a number of examples later in the text for this type of data
wransfer. The flowchart for simple 1O is illustrated in Fig. 18.2.

18.1.2  Status CHECK Dara TRANSFER

This is more complex than simple data transfer. This method is used when we do not have accurate
knowledge of the 'O device timing characteristics. The processor should get status information about
the readiness of the /O device for data transfer. Generally, the processor will be in a loop checking
for the readiness of the device. The moment the device is ready, it comes out of the loop, and executes
IN or OUT instruction depending on the requirement. Tn this case, the processar has simply wasted its
time in a loop 1ill the device got ready.
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@

Request device to get ready.
{In the example, output 2 bytes
to RO and K1)

l

Idle away or perform soma other
task for a fixed period so that the
device pels neady,

(Wit for multiphication o be
over in 50 us)

|

Issue data iransfer smim:lmn_.[
{1ssue two IN instractions in
the example)

- |

Fig. 18.2

St
o Flowcharl for simple /O

As an example. let us once again consider the hypothetical multdplier chip. Let the chip be
vided with command and status registers also. Let us say when the MS bit of the command register
set to 1, it is a command to start the multiplication of the two numbers in RO and R1. Let us sy
LS bit of the status register is set to 1 when the product is available in R2H and R2L.

Address pins A1, Al, and Al select a register as shown in the following.

AZ Al Al Kelected ropister

RO

Rl

RIL {18 byte of product)
B2H (MS byie of product)
Command registes

Siatun regrster

—— o000
oo — =2
|

= o —=a

Let us say the chip is connected as 1'O-mapped 1/O, as shown in Fig, 18.3. As per the chip select
circuit, the address for RO, R1, RIL, R2H, command register and status register is 40H, 41H, 42H,
43H, 44H, and 45H, respectively. |

In this case, the microprocessor sends the two bytes to be multiplied to the registers RO and BRI, |
Then a command is issued to start the multiplication process. This is done by setting the MS bit ofthe |
command register. Then the status register is continuously monitored for the completion of the multi-
plication operation. This is done by checking the LS bit of status register. When the LS bit of status
register becommes 1, the microprocessor reads the result

With thig set up, the following progran segment perfprms multiplication of 05H and 08H, and the
result will be stored in the BC register pair.
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Multiphier chip
| |
I TN - ]
[ 44H Srart |
| B b
] 4
Ay —AA . au[ " [mi
n Ay — ]
! & ———HA : L
M o N O I e
0 As —:;\ g'“ R |rm|
0 Ay + R ——{ C5™ 45H o J TR T |
0 Ay e —N Fig 18.3
110" —po— 7 L Stanie chock dala
- transler
MVI A, 05H
oY 40H tLogd RO with 05H
MVl A, 083
ouUT 41H jioad Bl with OBH
MVYI A, 100000008
OUT 44H i lasue Start multiplicetion comnand
WAIT: 1IN 45H
HELC
JHE WAIT iBe in walt loop till LS kit of Status
jregister bacomes 1
In 924
MOV C, & ;5tore LB byte of product in C register
IN 43H
MoV B, A tStore M5 byte of product in B register

In status check 170, as soon as the device is ready, the data transfer is pérformed. Status check 10
is more efficicnt than simple J'O, but is more complex. This method of data transfesr is also known as

handihake data fransfer.

We come across a number of examples later in the text for this type of data transfer. The flowchar

for status cheek 10 iz illustrated in Fig. 18.4.

—
Q}-ﬂ)

Reques 1O device io I
ey

Lhmmmmm i

Fig. 18.4
(EI\ Flowchart for statie
2o ) check 1O
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Tha 8085 Microproceasor

181.3  INTERAUPT-DRVER DATA, TRANSFER

This method is used when we do not have accwrate knowledge of the 10 device timing characiens
tics, except that it takes quite a long time for the device to gel ready. [ we resort to status check
transfer, the processor will have to waste a long tme in the loop for the device to get ready. To mﬁd
this problem, interrupt-driven data transfer can be used. In this case, the processor will go ahead with
its required work, and whencver the device geis ready for data trapsfer, the corresponding FC o
will send a interrupt request signal to the processor. The interrupt request may amive even half wli
through an instmetion execution. Then the processor will complete the instruction. After this, the
processor will perform data transfer with the 1/0 device using IN or OUT instruction. Then it resumes
the exceution of the interrupted program. Flowchart for intermupt=driven data transfer is providedin
Fig. 18.5a.

T
l!mm‘-m,)
- —

Felch mext instruction |
in the sequence

— - |

Execuie the mstruction | pe
fesched

Sk
im::::t;;;\:}

netive] -~

|| Fxmooute interrupt service |
\ subrouling o sorvice | |v:-g 18.5a

I. intcﬂ'ﬂ]’ﬂllﬂ lk"b'lﬂ! i Fbmhﬂrl .I:‘:“ Intﬁrrup{-
L ] griven data transfer

This method is obviously the most complex af the three tvpes of data transfer. But the advantage
now is that the processor is not wasting its time in a loop checking for the readinegss of the 10 devies

For example, if the 8085 wants to read from a keyboard, one way is to continuously scan
the keybonrd loaking for a pressed key. This is the status check method. It may s0 happen that
once in a second or o, it finds that a key is pressed. The 8085 15 in a loop for this amount of
time just waiting for a key depression. In this time, the 8085 could have executed abow
500,000 instructions, assuming an average execution time of 2 ps per instruetion! In interrupts
driven data transfer, the 8085 would execute about 300,000 useful instructions, by which time the
user presses a key on the keybourd. This causes an interrupt ignal to be sent 10 the 8085 by the ]
/0 port. Then the 3085 reads from the port attached to the keyboard, after which it goes ahead
with the program.

In the remaining portion of this chapter, we mainly discuss the interrupt pins of 8085, interrup:- |
related instructions, and some programs that use interrupts. These programs clearly describe the inter- |
rupt-driven data transfer. o |
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b. Write the action taken by 8085 when INTR pin is activated.
Answer:
It is assumed that internupt system is enabled uging El instruction, and higher priority intemal inter-
rupt signals are not active.

1. In the penultimate clock cycle of the last machine cycle of every instruction, the 8085 senses
all the internal interrupt signals,
2. HINTR internal signal is at logic 1, the 8085 enters an interrupt acknowledge (INA ) machine

cycle.

3. The interrupt from the 'O port is acknowledged by the 8085 by activating INTA® pin in the
T2 state of the INA machine cycle, INTA® is an active low pin. In response to INTA®, the inler
rupting port should send code for CALL instruction to IR register of 8085 on AD., pins. Intel
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e T] e T2 = e T3 e T = e TS5 —p e TH —
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7 Dicode i} Decrement SP by 1

k. Chut
Ajsy f From PC, bt I'Il
O ignored by memory /

Ohsi Iny

i . ' n___.
Al x el A \
P {1gnared) Fo /
Code for CALL or RETie
ALE
[ =} \

M S1.50) ) 10Me=1,S1-1,50=]

| e

Fig 18.10  Interrupt acknowledge (INA) machine cycle

saoe u) sjdnuaquy
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B259 intermapt controller is capable of sending such a CALL mstruction to $085. Inicl 8259 is
discussed in a later chapter. Mote that the CALL instruction does not come from memaory in
this case. So this M1 machine cycle is not an OF machine cvele from memory. Also, it is not
an 10K machine cycle, becauso INTA® is activatad, and not RD™ In this INA machine cycle,
10M*, S1, and S0 will all be in | state. This INA machine cycle is shown in Fig. 18.10. INTA*
signal becomes a | after the 8085 receives the code for CALL during this INA machine cycle.
This INA machine cycle that fetches the code for CALL and decodes it. uses six T states.
4. In M2 machine eycle, which is also an INA maching cyele, LS byte of 1SS address is trans-
ferred to the Z register of BOBS by the 8259, This will be in response to activation of INTA*
during T2 of this INA machine cvele, This machine eycle uses only three T states, ag tha RD85
does not have to decode this information.
In M3 machine cyele, which isalso an INA machine cycle, MS byte of IS5 address is trans-
ferred to the W register of 8085 by the 8259, This will be in response to activation of INTA®*
during T2 of this INA machine cycle. This machine cyele also uses only three T siates, as the
X085 does not have 1o decods this information. Now the 8083 has received the complete [S5

-
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address. After this, save an the stack top the return address available in PC, before branching |
to the 155,

6. In M4, which is a MW machine cycle, M5 byte of the PC is pushed onto the stack. Thes takes
three T states.

7. In M35, which is alsoa MW machine cycle, LS byte of PC is pushed onto the stack, At this point,
the address specified in the CALL instruction, which is present in the WZ register pair, is moved
to the PC. All this takes three T states. This results in the starting of the [SS execution

It can be noticed from these points that, after completion of the instruction during which the 805
got interrupted, it takes 6 + 3 -+ 3 + 3 + 3 = 1R 7" states before the BOBS wansfers control o the 155

Incidentally, digressing a bit, it may be appropriate 10 describe the fetching snd execution of a
3-byte CALL instruction stored in memory, This also needs 18 T states, but the maching cychs
involved are: six F=stare OF, followed by two MR maching cycles cach of three T statcs, and two MW
machme cycles each of three T stales. //

The BOBS Microprocessor

{ 1.} o G S
{ L2 LectHor /& ff / jge. N0 RPL 7o 290 Te

>
Vag=®

2T favk -
Ary r}',r"' COnld hora Chwocdad  Jie e3r e
.'{'i"a.'(-i'-‘_ Ctpjrtf'l«‘:l;'za‘fﬂ?l O OF e I|I ln"/lll

Q.6 a. Explain Port C bit set/reset control word of 8255. Write the required Port C bit
set/reset control word for each of the following cases- (12)
(i) To reset to 0 bit 5 of Port C
(if) To set to 1 bit 3 of Port C
Answer:

© IETE 29



DE60/DC68/DE111/DC111
MICROPROCESSORS & MICROCONTROLLERS

DEC 2015

'//Suppme Port C lower has been configured as ountput port. If we want to send the data 0101 out
PC; we can execute the following instructions. assuming 8255 is connected as shown in Fig. 2(l:

MYT B, =xxxll01lE G = ='don’ & gare (it could be 0 or 1)
oUT Z2H

After a while if we want 1o send out logic 0 on PCy without affecting other lines of Port C, we
to execute the following instructions,
IN 22H
ANT 111111108
COT 22H

Intel 8255 provides an allernative way of sending out logic | or 0 on any pin of Port C that
condigured as an output pin. It is done using the single bil setireset feature of Port C. This featur
reduces software requirement in control-based applications, This facility is provided only for Porl .
Figure 20,7 explains the Part C bit set/reset control word.

7 4] 3 4 3 2 1 0 +—— Bil number

L) X X X 5BI 5B1 SB0 SR

e e i il

Fig. 20.7 Port C bit set/resat control word

el

Bit 7 must be 0 to indicate that the control port contains Port C bit set'reset control word. Bits .},;{;-5
and | select a bit of Port C that is to be set or reset, Bit 0 decides whether the selected bit of Porl €15
io beset or resel. Bits 6, 5, and 4 are not used in this control word, They are generally loaded with

Thus, the meaning for the various bits of control port when it contains Port C bit set/reset conrel
word iz as follows,

ek i coibeki il

Bit 0 (3/R*): | = Set Port C bit selected by bits 3, 2, and 1

0 = Reset Port C bit selected by bits 3, 2, and |
Bits 3,2, 1 (582, 1, 0): 000 = Select bil 0 of Port C

001 = Select bit 1 of Port C
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010 = Select bit 2 of Port C
011 = Select bit 3 of PFort C
100 = Szlect bit 4 of Port C
101 = Select bit 5 of Port C
1100 = Sclect but 6 of Port C

111 = Select bit 7 of Port € E
Bitz 6. 5. 4 Are don't cares, Generally loaded with 000 = :
F3
Bit 7: 0 to indicate it is Port C bit set/reset contrel g.g
o
Thus, to reset PCy using the Port C bit set/reset feature we have to execute only the following two o 3
mstroctions. o8
-
MVI A, D 000 000 0B &
QUT 23H g
5
Similarly, the following two instuctions set PC,. -4
MVI A, O 000 D10 1B i‘
ouT 23R
The main use of Port C bit set/reset control word is for enabling or disabling Port A and Port B
interrupts when they work in strobed mode operation. This will be discussed later, a
R -
O lmbhons — . £ U mayky i ok amd o Yanarit
ial : 4 o1 emb -
. ey 5 S VRl U
Pt & A Rauhement /
- kA - s B
b. Write the functional pin diagram of Intel 8279 4)
Answer:
-~ inte] #2709
= r |
e —ll e Shift
Gnd ——— = Ciri b
Drol—— T
g 0§ —— ——> 5130
E. T e —
g WE o i S e
§ o, i
g Clk ———
a2 Resel ——
@ IR
E Fig. 22.15
Functiona! pin dia-
] gram of Intel 8279 5
. -
o Ol
e 2 T ) 4 = 340 o
‘J{..‘Jﬁ' Jechen 22.6. /J"_, ffoge nH SRE , Tiseke no 22 )y
_ T Ext Book ™
) 5 e d! vl
Q.7 a. Explain all the registers used in 8259 (8)

Answer:
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From the point of view of a microprocessor, the 8259 is a specialized 1/0 port chip. It is never used
for interfacing 1/0 devices, but only for controlling the interrupt system in a microcomputer. The §259
has Ay as the only address input pin. Thus only two addresses are possible for the 8259 ports as seen
from a microprocessor, The two ports can be designated as low port and high port

Low port is selected by the processor when Ay = 0,
High port is selected by the processor when Ay = 1.

The processor issues command words to these ports in order to configure the 8259 as per the

need. There are several command words which are classified as initialization command words and
operation command words. There are four initialization command words (ICW 1, ICW2, ICW3, and
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ICW4) and three operation command words (OCW1, OCW2, and OCW3), The processor also reads
the status of 8259 by reading the low port and the high pori. There are scveral stams words to be read.
The 8259 makes use of a numnber of §-bit registers shown as follows for its working.

Interrupt request register—IRR;
Interrupt mask register—IMR;
In-service register—I15R,;

Slave register—3SLE.

The processor writes command words, reads status words, or acoesses registers using only the low
port and the high port. Identification of a command wond, status word, or a register is based on Ay
value, the bit values in certain bit positions, and in some cases by the context of the programming. The
details about the idemtification of a command word, status word, or a register are provided later.

A brief deseription of the registers is provided as follows.

23.4.1  INTERRUPT REQUEST REGISTER

It 15 an B-bit register that keeps track of active interrupi requests. Whenever an interrup? request input
15 aotivated, (he comesponding bit in IRR register is set to 1. For example, if IRy and IR, inputs are
gctivated, bits 4 and 6 of IRR are set to 1 muking the contents of IRR as 01010000. The processor can
only read the contents of this register but cannot write to IRR. To read the IRE contents, the proces-
sor has w issue OCW 3 command to the §259, with the L5 3 bits of the OCW3 commancd as 010. This

results in 8259 storing the TRR status in low port of 8259, Then the processor has to read the low por
of 8259,

23.4.2  |nrerrupT Mask RecisTer

[t 35 an B-bit register that keeps track of the interrupt requests that are masked. IF 1R, and IR, requests
should not cause an interrupt to the processor, it is easily achieved by making the contents of IMR as
01010000 that sets bits 4 and 6 of IMR to 1. Then even if IR, or IR request is activated, the 8259
does not activate INT output and hence the processor will not be intermpted. The IMR is wriiten by
issuing the OCW1 commmand, The comménd uvses high pont of 8259. The processor can also read the
conents of IMR register. To do this, the processor has to read the high port of 5259,

2343  IMService ReaisTeR

Tt is an 8-bit register that keeps track of the interrupt requests that are currently being serviced. If TR,
request is currenily being servived, then the contents of ISR will be 01000000, 1 TR, request becomes
active during the service of IR, the 8259 sets bit 3 of ISR to 1 and activates INT output. But bit 6 of
ISR remains set at | as IR, request is not fully serviced yet. Thus the contents of ISR will be
01001000, The following assumptions must held good for this o happen.

m §259 is gperating in fully nested mode, without rotating priority, so that IR, has higher priorily
over 1R,
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m  The processor has enabled interrupts in the routine for IR,
m IR, request has not been masked.

bt bl

The processor can only read the contents of the ISR register but cannot write to ISR, To read e
ISR contents, the processor has to issue OCW3 command to the 8259, with the LS 3 bits of fhe
commanid as 01 1, This results in the 8259 storing the ISR status in low port of 8259, Then the pmm‘.«‘rJ
sor has to read the low port of 8259,

23.4.4 Siave REGISTER

It is an 8-bit register. The processor writes to SLR but canpot read it. The content of this register has
different meanings for Master 8259 and a Slave 8259. For Master 8259, 1t provides information aboi
the IR inputs to which Slave 8259s are connected. If SLR of Master 8259 is loaded with the value
00061111, then it means that:

m There are Slave 8259z on IR, IR,, IR, and IR
m There are no Slave 82595 on IR, 1R, IR, and IR+,

The B0BS Microprocessor

For a Slave 8259, it provides information about the IR input of Master 8259 to which the Slave
B259 iz connected. In this case, only the LS 3 bits of SLR are meaningtul. 1f the SLR of a Slave B250
is loaded with the value 00000101, then it means that the Slave 8259 15 connected to TRs input ofthe
Master 8259. The SLR is written by issuing the ICW3 command, which uses high port of #259. o,

i Uﬂ:‘, Sechon R34 regey Ll 2 o L2y TEx7T Bevk —T

E}{ ‘.'C:'))Cl-] 1y ?i &+l o B) clln _B_L{jl 7.5 ;La"fl y E-ﬂu‘_'_ i\. Ceaxarren — ‘:2 ‘n’\t

b. What is DMA? Explain the need for DMA data transfer. 4)
Answer:
In & microcomputer system there are basically three blocks: the microprocessor, memories such as
RAM and EPROM, and 'O ports 1w which 10 devices are connected. Then the possible data trams-
fers as indicated in Fig. 24.1 are as follows:

m  Datz transfer between microprocessor and memory (Ex. using LDA and STA instructions);

m Data transfer between microprocessor and 1/0 ports (Ex. using IN and OUT instructions);
m Data transfer between memory and O ports (DMA data transfer).
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—, DM& data transier

—

Fig. 24.1
Passible data transfers in
b 170y parts # microcompuler system

For data transfer between microprocesser and memory or between microprocessor and L'O ports,
msmuctions of the microprocessor are cxccuted. As such, these data transfers are termed as
pogrammed data transfer, which is gencerally used when a small amount of data transfer is involved.

Both microprocessor and memory are semiconductor chips that work at elecironic speeds. Hence
ila transfer between microprocessor and memory is generally not a problem. In case memory is a bit
Hlower than the microprocessor, the processor has to insert wait siates. There is no problem other than
this.

[ The VO ports like 8255, 8212, and 50 on are also semiconductor chips that work at electronic
!:peeds However, they are nsed for interfacing /0O devices that are electromechanica) in namre, and
{ bence very slow compared to the speed of the microprocessor. As a resalt data transfer between micro-
| processor and /O ports becomes more complex. In the chapter on 8255 the hasic 1/0, stams check
LR, and the interrupt driven IO schemes for data transfer between microprocessor and 1/0 ports are
{already discussed.
g transfer between memory and L0 poct directly (without going (hrough the microprocessor) is
Pelled direct memaory aceess (DMA)Y There are no instructions in the instruction set of the proc®ssor
 perform DMA data trunsfer. The need for-DMA data transfer and methods to perform it.are dis-
cussed next,

2 24.2 NEED FOR DMA DATA TRANSFER

If prograimmed data transfer is used for reading from memory location 3456H and writing to output
port number SOH, it lakes 13 clocks for reading from memory location 3456H using LDA 3456H
instruction and ten clocks 1o write o output port number 50H. Thus it takes a total of 23 clocks. If the
processor is working at 3-MHz internal frequency with a clock period of 0.33 s, it takes 7.66 ps.
Similarly, for reading from input port 40H and writing o memory location 2345H, it akes 7.66 ps
using programmed datn tronsfer.

1f DMA data transfer is used, reading from memory location 3456H and writing to output port
mumber S0 requires only {our clocks, which amounts to only 1,33 ws. Similarly, for reading from
input port 40H and writing (0 memory location 2345H. it takes 1.33 ps using DMA data transfer.

Some 1O devices like the hard disk and the floppy disk are capable of perfonming data transfers at
quite a fast rate, If we have a 1.44-MB TNoppy diskette rotating at 360 rpm, and has 18 sectors
per track, each gector storing 512 byles, then the data transfer rate becomes 54K bytes per second, or
ahout 19 ps per byte. Hard disks can easily transfer data at least ten times fuster. Hence it tums out to
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be 1.9 us per byte, This is the situation when DMA data transfer becomes a must, In programmed dis
transfer, which needs aboul 7.66 s per byte of data transfer, 4 bytes would have come out of the i
disk in e same time. Thus with fast 'O devices, DMA data transfer becomes a necessity. :
Sometimes we may want to read from the AD converter, say 1,000 times, and store the converiie
vahues in 1,000 memory locations. This may be needed (o obtain statistics like the average, the lagit
and the smallest, of the converted values, Using programmed data transfer, it takes 1,000 x 7.66 = 74
s of processor time. Using DMA data transfer it takes only 1,000 % 1,33 = 1,330 us, Thus DMA(
transfer is desirable, if' not essential, for data transfer between & slow 10 device (like AT coliventes
and memory, if lange amount of data transfer i< desived.
Thus it i3 to be noled that when large amount of data has to be transferred betweéen memory it
[/O port. routing each byte via microprocesser becomes a lime consuming operation. If the L0 pa|
can directly access memory for data transfer, withoul processor intervention, it will be more eificicnt |
Such a scheme is known as DMA data transfer, p
However, as already mentioned, there are no instructions in the instruction set of a processor to per |
form DMA daea transfer, if DMA data transfer has 1o take place without processor intervention, ther
must be a controlier circuit on the /0 port that supervises DMA data transfer. Such a controdler mest
have the following features.
m [OR, IOW, MR, and MW control signals generation capability.

m  Memory address register to generate memory address for data transfer.
m  Count regisier to indicate the number of bytes still to be transferred.

The 8085 Microprocessar

Generally /0 ports, like 8255 PPI chip, do not possess these features. Also, if more than one 10
porl needs to perform DMA data transfer, then all these IO ports need to have such controller dir
cuitry. To solve this problem, Intel has developed programmable DMA controller chips like Intel 8257
and Intel 8237, Intel 8237 is deseribed in this chapter, L7

Secton =¢,.) £ 24 . ¢ 2
Q:h_," it TS I - { u‘l /Cen if'l-n"‘él ‘hq”tr TE?‘}’AML—_T
YR 2?'?'/’1(\}1'5‘#)'1 ay} D — N
N eagt \32:‘3- D A — M
=™ 2
c. Mention the conditions for the following modes w.r.t.8257
(i) When processor is the master & 8257 is slave.

(ii) When processor is in HOLD stack & 8257 is in master mode (@)
Answer:
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D/ Aysy are used as bi-directional data lines for communication between the processor and ai ini
nal register of 8257, .
Ajy are input lines of 8257, 1o select an internal register of 8257 for communication with
PIOCECSSOT, ¥
IOR* and IOW™ are input lines of 8257 so that the processor can read from or write to the intemal
registers of 8257,
MR*, MW*_and Ay, which are the output pins of 3257, are tristated by 8257.

24.3.2 CoNDITION WHEN PROCESSOR (5 [N THE HOLD STATE anD 8257 15 IN MasTER MODE

Do oA 5.5 are used as uni-directional address putput lines for sending out MS byle of address fmm m
AR in B257.
Ayg are outpul hines of 8357 and are used to send out the LS 4 bits of address from an AR in 8257,
Ay are gutput lines of 8257 and are used to send out the M3 4 bits of LS byte of address from o
AR in 8257,
IOR*, IOW*, MR*, and MW* are ouiput pins of 8257, If the required operation is DMA read
machine cycle, MR* and [OW* signals will be activated by the 8257, The [OR* and MW* signals
will be in the inactive state. IF the required operation is DMA write machine cycle, IOR™ and MW*
signals will be activated by the 8257. The MR* and 10'W* signals will be in the inactive state, /_'

(c) ¢

echora Q¢ .3 ] € 24.3.9 Ao Lrlo & Tiat

Klj i;( Conole' AoiiA 2.m. Rook — 1

"\JT'-) i.- conelihom — 9 A,
Q.8 a. Explain the internal architecture of 8253.
Answer:

© IETE

(8)

37



DE60/DC68/DE111/DC111 DEC 2015
MICROPROCESSORS & MICROCONTROLLERS

Antel 8253 is a 24-pin programmable IC available as a DIP package. It has three independent munfét_gj
each of 16-bits width. In addition, there is a control port to decide the mode of working of the thes
counters. fts physical and functional pin diagrams are indicated in Figs. 25.1 and 25.2, respectively.

Toted £253 24-pm DIP
Dy 1 24—V,
Dy+—4 2 21 WR"
Dys—n 3 22 k- RD"
Do 4 I
D_1 = ﬁ
D, 6
D, 7
Iy B
Chey—H 9
Ouly +—7 10
Cratey ﬂ 11
Gind - 12 i Fig. 25.1
s Pin diagram of Intel 8253
Imied 253
Vo ——— b Clky
Cind X — iy
Doy ﬁ f— Chutyy
LH{- il P 'CTE.
. ' k—— Ciane;
RD -
wi' e,
A — Clk,
— 1
ﬁl — Ciate, :jg' 215'2 b ol
— ——
i _ Out unctional pin diagram
b e g of Intel B253

Voo and Gnd:  Power supply and ground pins. 8253 uses +5V power supply.

Dy Eight bi-dircctional data pins for communication with the processor,

RD*: Active Jow input pin that is activated by the processer to read counter information from the 8253,

W™ Active low input pin that is activated by the processor to wrile counter and control
mformation to the 8253,

Ca*: Active low input pin used for selecting the chip.
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Ay, Ay

[-L*;u:
CLK;:
I: I..IKE:

Latey,
Clate;:
Garte,:

Ot
Ot
Chut;:

Address input pins. They are used along with RD*, WR*, and CS* 10 select one of the coun-
ters or the contro] port. The control port can be wrilten only from the processor. The proces-
sor cannol read it. The counters can be read or writien. Table 23.1 provides the details,

Aol | penraju)
djgeunueiboid—egze 193u)

Table 25.1 Selection of a counter port or control port

Ay Ay RIy* Wr#* L] 0 Uperation

L] o ] I i *Read Counterl

] 1 0 1 i *Remd Counter]

I il 1] I i *Read Counter?

1 | ] l 0 **No operation

] 0 1 1] 0 = ®Wrilee o Counber

i | 1 0 1} M Wnic to Counter

I 0 1 i} i == Wiile 1o Comer]

1 1 1 i 0 Wirite te contral pert

X X X X | **No operation
_f‘.__. X | I = **No opeiution
Nenhet

*Read LS by, or MS byte, or LS and then MS byte, or LS and thea MS byie on the fly
=40, will be mictated
AW o LS byie, ar MS byde, or LS und then MS bvie: There is no weite on the fly.

Provides clock input for Counter(.

Provides clock input for Counterl.

Provides clock input for Counter2. Maximum frequency allowed for any of these clocks
15 2 MHz

Tt is an input pin that controls the function of Counter().

It is an input pin that conirols the function of Counterl.

It is an input pin that controls the function of Counter2. The gate inputs have different effects
in different modes on the functioning of the corresponding counters.

It is an outpul pin on which Counter(} sends its oulput.

It is am outpul pin on which Counterl sends its oulput,

It is an outpet pin on which Counter2 sends its output. The output generated by the timer
depends on the mode of operation, e
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b. Discuss the following w.r.t. 8251
(i) Asynchronous Transmission
(ii) Synchronous Transmission (8)
Answer:
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As the 8251 is used for communication purpose, it is necessary to study the various types of commu-
nications. In asynchronous transmission mode, the mansmission of characters 18 not at regular micr-
vals, The transmission is not svachronized with a clock.

The parallel data, o be transmitted in serial format, is sent by the processor to the transmit buffer
of 8251, The transmit buffer is an 8-bit port that can only be writien, but not read, by the processor,
The processor wriles to the transmit buffer by activalting the CS* input and WR* inputs of 8251, when
C/D#* (control/data*) input is at 0. The information in the transmit buffer is automatically transferrsd
1o transmit shift register. This register acts like a parallel-in serial-out shifl register.

When the 8251 chip js selected, the RD*, WR*, and C/D* inputs decide which register is going to
be-accessed by the processor, as indicated in the following,

L K= WK* Avtienn

L : 3 —
0 0 Read from recoive builer

] I it 1o transmit bufler

| 1] Read giatms register

1 1 Wiite to control regiler

—_—

-

For the chip sclect circuit shown in Fig. 26.1, the 8251 is connected as an [[O-mapped 1/0 deviee,
The transmit buffer and receive buffer have the same address 50H and the control and status registers
have the same address 51H, as per this figure.

Intel 8251 is a programmable chip. It can be configured to suit our reguirement by writing to the
control port of 8251, The control port ig an 8-bit port thal can only be written, bul not read. by the
processor. The processor wriles to the conbrol port by activeting the CS* and WR* inputs of 8251,
when C/D* input is at 1. The contro] port of 8251 is used to supply the following types of informations
to tvwe 8251,
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oM a [y 2]

Fig. 26.1 Chip select circuit for connecting 8251 as VO-mapped VO

2 Mode instroction (M)
®  Synchronization character or characters;
B Command instruction (CI).

Using the MI {to be described latar), the 8251 can be configured as indicaled in the following list
in the asynchronous moede for ransmission as well as reception,

5,6, 7. or § bits per character;
Even, odd, or no parity,

I, 1.5, or 2 stop bits;

XK1, x16, or X64 mode.

Number of Bits per Character: ASCII code is normally used for representing o characler. 1L uses a
T-bil vode, Bxtended ASCI code that uses 8 bits are used when some special characiers like graphic
charscters are to be represented. Intel 8251 allows the oser to specify the charucter length as 5, 6, 7,
or & bils by writing appropriate information in ML

Parity Bit: Senal communication is basically used for long distance communication. During transit, the
data may get corrupted because of noise on the communication medium. The receiver of the dita needs
1o be sure that he has received the comect data. This can be aclweved to a great extent by appending a par-
ity bit al the end of the character data. There are two tvpes of parity bits—Odd parity and Even parity.

The bit appended at the end of the characier is called odd parity bit if the number of Is in the data
including the parity bit is an odd number,

Exampie!: Assume the data o be 01010010, In this, the number of 1s 15 3, which is already an odd
pumber, Thus the odd parity to be appended at the end of this character will be a 0, The character with
appended odd parity bit will then be 01010010 0.

Example 2: Assume the data 1o be 01 LLOO10. In this, the number of 15 is 4, whicli is an even number. Thus
the odd parity 1o be appended at the end of this character will be a [, so that there may be odd number of
15 after appending the parity Bil. The character with appended odd parity bit will then be (01 10010 1,

The bit appended at the end of a character is called even panty bit if the number of [s in the data
including the parity bit is an even number.,

Exampief: Assume the daa o be 01010010. In this, the number of 15 15 3, which is an edd number,
Thus the even parity o be appended al the end of this character will be a |, so that there may be even
number of s afler appending the panity bir. The character with appended even parity bit will then be
O10L0D1D 1,
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Example 2: Assume the data to be 81110010, In this, the number of' 15 is 4. which is already aneven

number, Thus the even parity 1o be appended at the end of this character will be a 0, 50 that (here may

be even number of |s afier appending the parity bit. The character with appended even parity bit will ;

then be O1110010 0,

Sometimes the data is transferced in serial form over only a small distance. An examle is the

downloading of the machine code of 8085 program from u personal computer to the BO8S kit using
the serial port of the PC. In such a case, it may not be necessary to append a parity bit at the end of
cach character. This improves the speed of transmission. lntel 8251 can be programmed for append:
ing an odd parity bit, even parity bit, or not appending any parity bit by writing appropriate informa:
tion in the M.

Start and Stop Bits:  In the asynchronous mode of transmission, there can be any amount of time
pap belween the transmissions of two characters. Hence there is a peed for the receiver o be informed
about (he beginning and end of the character. This is done using the start it that is appended at (he
beginning of the character and slop bits that are appended at the end of the character,
f When there is nothing to transmit, the TxD output of 8251will be In the mork state, which i 4
{ logical 1. The receiver then comes to know that the transmitter is active, but has nothing to transmil
hg:entc the moment the transmitier has a character w send, it sends the staer bir, which is ahvars o
ical ). This is followed by the data bits of the character, with LS bit transmitted first and MS bi
last. The parity bit, as discussed here, is computed by the 8251 and is sent next, Finally, stop bits are
sent. The number of stop bits to be transmitted at the end of a character can be programmed 1o be |,
1.5, or 2 bits. The stap bit value is afways a logical ],
In asynchronous mode, the receiver frequency can be slightly off from the transmitting frequency

withoul causing any problems in receiving. This is because the start bit ensures synchronization at the

beginning of every character, If the number ol stop bits is programmed for 1.5 or 2 bits there is tha
much extra time for the receiver to catch up with the ransmilter frequency.

Number of Clocks for Transmitting or Receiving a Bit: Intel 82351 pses transmut clock (TxC*)

saibibiidihib bt bl it

mput to send out the infermation in trensmit shift register. For every falling ¢dge of TXC*, a bital

tranamil shift register is sent out on TxD output if 825] is programmed for % 1 mode. [n X 16 mode,
a bat is senl out for every 16 clock wansitions on TwC*, In 64 mode, a bit is sent out for every

64 clock transitions on TxC", This is tnee only for asynchronous operation. i gynchronous mode of

operalion, a bit is sent out for every falling edee of TxC?,

Example: L2l us say, 8251 is configured for asyochronous data transmission with chamcter length of
5 bits, even parity, 1.5 stop bits, and > ] mode,
Assume that the 8251 transmit buffer is loaded with 35H using the instructions

MYI A, 35H
ouT 500

Then the waveform gn TxD owput pin of 8251 will be as shown in Fig. 26,2, The 8251 TxD cutput will
be in mark state (logic 1) initially. When transmit buffer is loaded with 35H, it is automatically moved
to transmit shift repister. The contents of transmit shift register are sent out in serial on TxD pin only if
CTS* (clear to send) input pin is activated and TxEn (tmnsmitter enable) bit is set 10 1 in the C1

The data is shifted out on the falliog edge of TxC* for every 1, 16, or 64 clock pulses depending
on whether the 8231 is programmed for %1, X |16, or %64 modes respectively.

If conditions for transmission are met, the 8251 sends out the stan bit (4 logic (1) on TxD pin, Then
the data bits of the character are sent out on TxD, starting with the LS bit. In the aforementioned
cxample, only the L5 5 bits of 35H that is 10101 are sent ont followed by the even parity bit which is

© IETE

43



DE60/DC68/DE111/DC111
MICROPROCESSORS & MICROCONTROLLERS

DEC 2015

mie | in this case. This is finally followed by 1.5 stop bits that are in the logic | state, At the end of
thig, the TxD oulput will again be in the mark state.

tis o be noted that the transmit buffer and transmit ghift registers are only 8-bit long. The start
i, calculated panty bit (if any), and stop bits are sent out automatically from inlemal registers thal
e not accessible to the user.

The data transmission lakes place at the rate of 1 hit per clock cyele, as 8251 is programmed for
| mode. If the TxC* frequency is ) kHz, it needs 8.5 ps for the transmission of the 5-bit character

gnchronous transmission,

1.5 stop hits
Mark i —
.LM_I i i 1 i i i Fiﬂ- 26.2
Isit LS MS  Even Waveform on TxD in
bl it parity =% llne asynchronous
bt transmission

The transmiiter is double buffered, which means that when the data in transmit shifl regisier is
#emyg shifted oul, the transmil buffer is ready 1o receive another character from the processor. To
indicate this situation, the TxRdy (transmitter ready) output of 8251 is activated. To be precise, TxRdy
quipurt s activated when the following are troe.

Transmit bufler is emply;
'8 TxEn bit is set 10 1 (n the CI;
8 CTS* input is active.

The TxRdy output ¢an be used 1o inlerrupt the processor. The processor can respord by sending a
\character to 8251 in the 1SS, Assume that the processor is in disable interrupt state, or it does not send
,[-a-::har:acter when it executes the 1S5, A short while later the transmit shift register would send out its
feontents in serial form on TxD pin, Then both the transmit buffer and the transmit shifl register are
Fempty. In such a case, the TxE {transmitter emply) outpat is activated by the 8251,

The TxE ouiput can also be used to interrupt the processor, It is deactivated by the 8251 when a
| tharacter is wrillen, o the transmit buffer by the processor. This output indicates to the processor that
{ibe transmitier section has become completely empty and it is time to switch over from transmit mode

K0 receive mode in the half duplex mode of operation. e
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" w264 SYNCHRONOUS TRANSMISSION

In synchronous transmission, characlers are sent one after another without any gap, synchronized by
clock pulscs. Before the actual synchronous transmission, ihe processor writes to 8251 control port
one or twe synchronization characters, depending on the way the 8251 is configured. Thus the 25|
is aware of the sync (synchronization) characters 1o be used in the synchronous mode.

First of all, the 8251 sends oul the programmed number of syne characters on the TaD pin, This is
followed by the assembled data characters. The assembled data characters will not have any start or
stop bits. The start and stop bits are not necded any more as one data character follows another with-
out any time gap between them. However, the assembled dota characters may have the optional par-
ity bit, Since there are no start and stop bits for each character, the synchronous mode of transmizsion
is faster. Ii is o bo noted that in synchronous mode, a bit is sent out of TxD pin for every TxC* clock,
It does not support X 16 and %64 modes.

The 8251 expects a steady stream of datn characters from the processor for transmission on TxD
outpul pin. Io case the transmitter becomes empty, mdicated by TxE signal becoming active, the 8251
avtomatically sends out programmed number of sync characters on TxD pin to aveid losing synchro-
nization. The waveform on TxD) in synchronouy ransmission mode is shown in Fig, 26,4,

In synchronous mede, the recelver frequency must matéh the transmitting frequency. Else, it causes
problems in receiving. This is because there is no slart bit that eénsures synchronization at the begin-
ning of every chamcter.

TxE activated
Mark = )
WD | gy | sz | oot | por | pea | oser | osez | s J =
SC — Syne charpeier \ T Hhari
D=2 Diaita chamcter [ata bits Tx buffer
Specific patiem ol + optional perity Toaded
Gz and 13 (Mo s1Artstop ils)
In ASCIL it is 16H

Fig. 264 Waveform on TxD in synchronous transmission assuming two sync characlers >
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Q.9 a. Mention the salient features and functional pin diagram of INTEL 8051. (8)

Answer:
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The main fearres of Intel 2051 are listed as follows and details about these features are provided in
the rest of this chapier and the next,

§-bit CPU aptimized for control applications;

Bit processing cupability;

Separate progrom memory and date memory spaces (Harvard architeciure);

4 kilobytes of on-chip EPROM for program memory (range Q000—0FFFH);

128 bytes of on-chip data RAM (range 00-TFH),

64 kilobytes program memaory address space, This includes 4 bytes on-chip program memeory;
64 kilobyies duta memory address space. This is exchuding 128 bytes on-chip data RAM;

32 bi-directional and individually addressable 11O lines;

Two oambers of 16-bit timer/counters T0 and T1;

Full duplex UART:

On-chip clock oscillator;

Interrupis from six sources, twvo external and four internal;

Two-level intermapl priority sttucture;

Security features for EPROM paris against soflware pimacy;

255 iostructional opeodes, using 111 instruction types;

64 instruction types executed in single machine cy<le of one microsecond, when crystal frequency
is 12 MHz.

Intel 8051 employs Harvard type of acchitecture. In this type, the program memory and data memaory
are separated. With this feature, overlapping of program and data memeory space is avoided, provid-
ing improved security for program and data.

Intel 8751 is anpther member of the MOCS-51 family. It has 4K bytes of on-chip EPROM instead
of ROM. Yet another member, Intel 3031 does not have any program memory on-chip. Thus, 8751 is
an EFROM version of 8051, apd 8031 is a ROM less version of 8051. Apart from the difference
mentioned here, these chips have the same instruction set and mternal architecture.

? (a). Seehon 29, |

Fage no  §¢

3 nzf Lo eat 5/4@ Teke sy == "fr' M
(B)  Gogitn TS O SUPOR —
b. Explain the following instruction of 8051 (8)
(i) MOVXA, @ DPTR
(i)CLRC
(i) DIVAB

(iv) XCHD A, @ R1
Answer:
DPTR stands for External Data Memory
X stands for External Data Memory
This instructions moves from External Data Memory to Register A.

“CLR C’ instruction results iy Cy flag becoming 0. It is a 1-byte instruction, and the execution time is
one machine cycle. 4~

e DIV AB’ divides the contents of A register by the contents of B register, treating them as unsigned
numbers. The 8-bit quotient 1s stored in A and the 8-hit remainder in B regisier. The V flag 15 set to |
only if B content is 00H before division, Also A and B values are undefined afler divide operation.
The Cy flag i1s always cleared atier the divide instruction. It is a |-byte instruction that needs four

machine cycles for execution, A
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@ "KCHD A, @R 1 is a typical example for the general type of instruction " XCHD A, @Ri". The contents

of LS digit of A and LS digit of intemal RAM location pointed by Rl ane exchanged. If A contents arc
15H, R contains 45H, and internal RAM location 45H contains 67H, then A contents are changed to 37TH
and internal RAM location 45H contenis are changed to 65H. [t is a |-byte instruction, and the execulion
tume is one machine cycle. The cffect of execution of this instruction is represented as shown below

__ Boere _aper
Y] 3sH i7H 7
(R} 45H /:'f
4SH) [ '[1_ f3H
J;l‘,-.. / A
1 wack & - it P
n) €a / [ 1R
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