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PROGRAMI\/IABLE PERIPHERAL INTERFACE
Internal Architecture of 8255:
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Block Diagram of the 8255 Programmable Peripheral Interface (PPI)
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FEATURES OF 8255

Features of 8255:
» Itis widely used as a programmable peripheral interface, compatible with all
MICTOProcessors.
» It has 3 ports, each of 8 bit namely: Port A, Port B and Port C
» These ports can be taken in two groups of 12 bits as Group A (GA) and Group B (GB).
Where GA is strict combination of port A + PCU whereas GB 1s a combination of port B
+ PCL
» The 8255 IC canoperate in 2 different modes namely
1. Basic I/O mode
2. BSR (bit set reset) mode

Out of these two modes, BSR mode can only work on Pc, whereas Basic I/O mode is

further divided into mode 0. mode 1 and mode 2

» Out of these three modes, MO and M1 can operate on Group A
& Group B whereas M2 can operate only on Group A.

Microprocessors and Microcontrollers
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PIN CONFIGURATION OF 8255A

PA3|j 1 o 40 || PA,
PA ]2 39| _JPA;s
Group A PA[]3 38| _JPAg
Port A (PA7-PAO) and upper PA L4 3TEIPA;
half of port C (PC7 - PC4) ROL{S 36 [ JWR
cs]s 35 |_]RESET
Group B eno}7 L
Port B (PB7-PBO) and lower A'Ea 33Dy
half of port C (PC3 - PCO) " 32710,
PC;[]10 31 1Dy
PCe[ 11 82354 30 _Jp,
. PCs[(]12 20 [~]Ds
/O Port Assignments pc, (13 2D,
A | A Function PCOE 14 27[ o,
0 |0 Port A P15 26 [ 1Vec(+5V)
0 1 Port B P02: 16 25 1PB,
1 0 Port C PC3L__- 17 24 | ]PBg
1 1 |Command Register| PBol_]18 23 1PBg
PBy[]19 22[1PB,
PBa[]20 21[ _]PB;

Microprocessors and Microcontrollers Fig. 14.1 Pin diagram of 8255A
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CONTROL WORD REGISTER FORMAT

L 8255 operates in two basic modes:
/O Mode

Bit Set-Reset Mode
L 8255 has three operation in I/O mode: mode 0, mode 1, and mode 2

Command Byte A (Programs ports A, B, C)
7 6 5 4 3 2 1 0

1
Group A ] Group B
P?rt_C_ (PCT - PC4) Port C (PC3 - PCO)
= input 1 = mput
0 output 0 = output
Port A Port B,
1 = mput 1 = mput
0 = output 0 = output
Mode Mode
00 = mode 0 0 = mode 0
01 = mode 1 1 = mode 1
1x = mode2

Command Byte B (Sets or resets any bits in port C)
7 6 5 4 3 2 1 0
| x| x| x

Bit set/reset
1 = set
0 = reset

. . Selects a bt
Microprocessors and Microcontrollers
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BSR Mode:

1 X x x

.
O-for BSR mode —T T T T O-Reset

Bit select lags 1-Set
Bi, Bz, B4, are from 000 to 111 for bits PCg to PCy

D
rJ2

Selected bits of Port C
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

=

RO OO0
RO ORFRPREFEEO O
RFOoOPFPORPEPEOR O
~lghwv B wrpE= O

Microprocessors and Microcontrollers



Programming 8255
 Mode O:

— Ports A, B, and C can be individually programmed as input or output ports
— Port C is divided into two 4-bit ports which are independent from each other
O Mode 1.

— Ports A and B are programmed as input or output ports
— Port C is used for handshaking

<1 PA[7:0] > PA[7:0]
PC4+— STB, PC7— OBF,
PC5— IBF, PC6+— ACK,
PC3— INTR, PC3— INTR,

8255 K— PBJ7:0] 8255 [ —> PBJ[7:0]
PC2+— STB, PC2— OBF,
PC1— IBFg PC1~— ACK,
PCO— INTR, PCO— INTR,

PC6, <> PC4, 55—

Input and Output control signals of 8255 in model



STB  The strobe mput loads data mto the port latch on a 0-to-1 transition

IFB Input buffer full s an output indicating that the mput latch
contan  mformation

INTR  Interrupt request is an output that requests an interrupt

INTE  The interrupt enable signal 1s neither an mput nor an output; it is an
internal bit programmed via the PCdiport A) or PC2(port B) bits.

PC7PC6 The port C pins 7 and 6 are general-purpose 'O pins that are
avallable for any purpose.
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Mode 1 Port A Timing Diagram
PORT A
M pclle——smE  STB /\
PC3 »IBF
IBF (Buffer full) \
PC3 »INTR
PC6+7 [4— 1O INTR /(Inten:upt request)
Mode1 Port B
PORT B
5| Pe2le——sTE
B
Port ™\
PC1 >IBF < :/

Data strobed Data read by
PCo > INTR into port N1 CrOProcessor

Fig 4.5 Input and Output control signals of 8255 in model



Programming 8255
U Mode 2:
— Port A'is programmed to be bi-directional

— Port C is for handshaking
— Port B can be either input or output in mode 0 or mode 1

<——> PA[7:0]
PC/lT— @ZA
PC6— ACK,
PC4+—— S—TBA

8255 PC5— IBF,
PC3— " INTR,

PC1I— In  Out IBFy  ACKjg
PCO” In Out INTRg INTRg
<——> PB[7:0] “— e
Mode 0 Mode 1

Fig 4.6 Input and Output control signals of 8255 in mode2
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INTR

OBF

ACK

5STB

INTE

PC2,PC1
and PC0

Interrupt request i1s an output that requests an mterrupt

Output buffer full 15 an output indicating that the output buffer
contains data for the bi-directional bus

Acknowledge 15 an input that enables tri-state buffers which are
otherwise m their high-impedance state

The strobe put loads data into the port A latch
Input buffer full is an output indicating that the input latch
contains information for the external bi-directional bus

Interrupt enable are internal bits that enable the INTR pin.
Bit PC6(INTE1) and PC4(INTE2)

Theses port C pins are general-purpose I/O pins that are
available for any purpose.
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PC3

—» INTR

( PORT A
) i

INTE PCo

4+—ACK

PC7

—» OBF

L5 PC4

4+— S5TB

PC35

—»IBF

PC2-0

+—»T/O

Fig 4.7 Input and Output control signals of

8255 in mode2
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Interface an 8255 with 8086 to work as an /O port. Initialize port A as output port, port B as input
port and port © as output port. Port A address should be 0740H. Write a program to sense switch
positions SW,;—SW. connected at port B. The sensed pattern is to be displayed on port A, to which
8 LEDs are connected, while the port C lower displays number of on switches out of the total

eight switches.

Solution The control word is decided upon as follows:

Aditya Engineering College (A)

B7 B B, B,y B, B, B, Control word
1 0 0 0 0 1 0 = 82H
e Port A Port Port Port Port Port

mode in mode 0 Aolp Colp B mode 0 B.ilp C,o/p
8255 YO Address lines Hex. Port

Addresses

Ports "4]'5 ATJ "'4;‘3 "'41.? "'q'ﬂ' "q]'ﬂ "'a‘ﬂ.'.'-' "'qﬂﬂ "'q-E'? Aﬂﬂ "'q-E'E "'q'-ﬂd "'q-ﬁ'ﬂ‘ "qﬂ.‘-_" "'qﬂ':l "d'-l?ﬂ
PortA 0 O 0 0 0 1 1 0 1 0 0 0 0 0 0 0740H
PortB 0 O 0 0 0 1 1 0 1 0 0 0 0 1 0 0742H
PortC 0 O O 0 o 1 1 (1] 1 0 0 o 1 o0 0 0744H
CWR 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 0746H
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By By Bs B4 By By By By

1-I'0 modes 1 | 1 1 | 2ort C
0-BSR moda ower bit | Group B
Mode of 2ort B bit
Group A
Mode of port B
Sort C upper bit
Sort A bil GroupA
Group A modes . o . _
(i) Port B mode is either O or 1 depending upon B2 bit,
By B; Mode (i) A port is an output port if the port bit is O else it is
0 0 mode 0 input port
0 1 mode 1
1 0 mode 2
1 1 X
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EXAMPLE OF INTERFACING 8255 WITH 8086

Wien

_ '

Ass—d By =1 Mg P 22002 e
— 1
: — Ag By ! :}Il
| —9 | A [
P— L e =t
|
A —
|
1
I |
= 1 I
B A A =
i
j}r 1 %
: Ph, v =
I jrem—
Ay =
l l PRy \
I
ﬁ!» | L
| 1".._.37
|
L=
. M—o—
i o
1 e T
1 o
Fram . ——f
BOAE . _ ] o
System IoRD -1 RO : L
IDWR— > WR ] o]
P‘Bﬂ -
Resel —»0 Resat -
PCs b —
PCa
PCy ——
PCh 10K

Microprocessors and Microcontrollers
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EXAMPLE OF INTERFACING 8255 WITH 8086

MOV DX, 0746 H

MOV AL, B2 H
OUT DX, AL
SUB DX, 04
IN AL, DX
SUB DX,02
OUuT DX, AL
MOV BL, 0O H
MOV CH, 08H
Y¥: ROL AL
JNC XX
INC BL
AX :DEC CH
JNZ YY
MOV AL, EL
ADD DX, 04
OUT DX, AL
HLT

Microprocessors and Microcontrollers
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Initialise CWR with

» control word 82H

Get address of port B in DX

Read port B for switch

positions in to AL and get port A address
in DX.

Display switch positions on port A
Initialise BEL for switch count
Initialise CH for total switch number
Kotate AL through carry to check,
whether the switches are on or

off, 1.e. either 1 or 0

Check for next switch., If

all switch are checked, the

number of on switches are

in BL.Display it on port C

lower.

; Stop
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/O MODES OF OPERATION
Mode O:
» Also known as basic input/output mode.

» Data can be simply read from and written to the input and
output ports respectively.

» Two 8-bit ports (Port A and Port B) & two 4-bit ports (Port C
upper and Port C lower) are considered.

» Any port can be used as input/output port

» A maximum of 4 ports are available so that 16 1/O
configurations are possible.

» Output ports are latched (become fixed in a particular state)
and Input ports are not latched.
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Mode 1:

» Two groups i.e. group A and group B are available for strobed
data transfer.

» Each group consist of one 8-bit data I/O port and one 4-bit
control/data port.

» The 8-bit data can be either used as input or an output port.
Both the inputs and outputs are latched.

» In port C, PC, — PC, are used to generate control signals for
port B and PC; — PC, are used to generate control signals for
port A. The lines PC,,PC, may be used as independent data
lines.
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Mode 1 input control signal definitions:

[nput control signal definitions (mode 1)

STB (Strobe input)—If this lme falls to logic low level, the data avalable at 8-bit mput port 1s loaded into
mput latches.

[BF(Input buffer full)—If this signal nses to logic 1, it indicates that data has been loaded into the latches, 1.
it works as an acknowledgement. IBF s set by a low on STB and 1s reset by the rising edge of RD tnput.

INTR (Interrupt request):

» Active high output signal can be used to interrupt the CPU
whenever an input device requests the service.

» INTR is set by a high at STB pin and a high at IBF pin. INTE
Is an internal flag that can be controlled by the bit set/reset
mode of either PC, (INTE, ) or PC, (INTEg).

» INTR is reset by a falling edge on RD input

Microprocessors and Microcontrollers
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Mode 1 output control signal definitions:

OBF (Output buffer full}—This status signal, whenever falls to logic low, indicates that the CPU has writ-
ten data to the specified output port. The OBF flip-flop will be set by a rising edge of WR signal and reset
by alow going edge at the ACK mput.

ACK (Acknowledge input)— ACK si gnal acts as an acknowledgement to be given by an output device.

ACK signal, whenever low, informs the CPU that the data transferred by the CPU to the output device
through the port 1s received by the output device.

INTR (Interrupt request)—Thus an output signal that can be used to interrupt the CPU when an output

device acknowledges the data received from the CPU. INTR is set when ACK, OBF and INTE are °I". It

reset by a falling cdge on WR input. The INTEA and INTEB flags are controlled by the bit set-reset mode
of PCyand PC, respectively.

Microprocessors and Microcontrollers
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Input control signal definitions in Mode 1

11011 wo| x| x| x 1 x| x| x|x | 1]1] x
D; Dg Ds Dy D; D, D; Dg D; Dg Ds D; D3 D D; Dp

1 — Input
0 — output

PA—PAy < Input PB~PBy ' Input

PCy4 [«—— STBa

} for F‘GE—P‘G 7

INTEA

L PCs —— IBF s, INTEB PCy = STBg

PC1— IBFg

PCs | INTRa

— PCg—PC; |[=—> IO =5 i PCo > INTRs

o

(a) Model Control Word Group A I/P (b) Mode 1 Controi Word Group B I/P

Microprocessors and Microcontrollers
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Output control signal definitions Mode 1

1 0 1 0 |o| x| X | X 1 X1 X X | X 1 0| X
Dy Dg Dg Dy Ds D Dy Dy Dy Dg Ds Dy D3 Do Dy Dy

|— 1 - Input

for PC,—PC
G-DutpuJ Or Fhe=rbs

PA—PA; > PB,—PB; %

PC7 ——> OBF,

INTE,

¥ PCg |«—— ACKp INTEg PCy b— OBFg

"lr .
PC2 <—— ACKg

PCs —— INTRx

PC4—PCs f=—> /O PCy — INTRg

(a) Mode 1 Control Word Group A o/p (b) Mode 1 Control Word Group B o/p

Microprocessors and Microcontrollers
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IBF \—

INTR —

(a) Mode1 Strobed Input Data Transfer (b) Mode1 Strobed Data Output

Microprocessors and Microcontrollers
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Mode 2(Strobed bidirectional 1/O)

» Can be used for communicating peripheral devices. Handshaking signals
are provided to maintain proper data flow and synchronization between the
data transmitter and receiver.

» RD and WR decide whether the 8255 is going to operate as an input port or
an output port.

Features of mode 2:

» Single 8-bit port in group A is available and also port B can be programmed
in Mode 0 or Mode 1. Mode 2 is not available for Port B.

» The 8-bit port is bidirectional and additionally a 5 bit control port is
available.

Three 1/O lines are available at port C i.e. PC, — PC,
Inputs and outputs, both are latched.

The 5-bit control port C (PC; — PC, ) is used for generating/accepting
handshake signals for the 8-bit data transfer on port A.

YV V V
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*ontrol Signals in Mode 2:

» INTR (Interrupt Request): A high on this output can be used
to interrupt the CPU for input or output operations.

Control signals for output operations:

» OBF Dbar (Output Buffer Full): This signal when falls to
logic low level, indicates that CPU has written data to port A.

» ACK bar (Acknowledge): This control input when falls to
logic low level, acknowledges that the previous data byre is
received by the destination and the next byte may be sent by
the processor.

» INTEL: Interrupt enable signal.
Control signals for input operations:

» STB bar(Strobe input): A low on this line Is used to strobe
the data into the input latches of 8255.

» IBF (Input Buffer Full): When the data is loaded into input
otiffer, thissignal rises to logic 1.
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PCsl——>= INTR

D; D¢ Ds D; Ds D, Dy Do

— 1 1 X XX 10 | 1/0 | 1/0
- PC; —— OBF ;
b A
< INTE 1 PCé l«—— ACK T T
1/0 mode Port B
mode
0-mode 0
Port A
( mode 2 1-mode 1
INTE 2 PC4 [«—— STB f’*"l':}FB
W—R_"": - PCE . IBF 0-Q/P
L PC,—PCq
RD —>¢ PC,-PCy |«—~— /O 1-1/P
3 0-0fP
(a) (b)

(a) Mode 2 pins (b) Mode 2 control word

Microprocessors and Microcontrollers
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STE \\ /
IBF / ~
AT A
DAA DATA FROM 8085 — TOWARDS > — — —
BUS 8255
~° \—/

WR bar must occur hetore ACK bar and STB bar must be activated before RD bhar.

INTR goes high
if IBF, INTE2, STB bar, and RD bar go high
or

if OBF, INTEL, ACK bar, and WR bar go high

Microprocessors and Microcontrollers
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de 1 control word format:

Mode 1:
Input controd sigmal definitions. n RMode 1
[rlofs]sfuw] x] x| x| [ 1 ] ] ] =xfx]+]]x]
Dy Drg Dy D Dy Dz Dy (=5 D De D Crg Dy D2 (=2
DOultput controd signal definitions Mode 1
1o 1[oefuwe] x| x| x| [t x] x[x[x]+]o] x|
Dy D Y Da Da D ¥, Do D D Ds D D D Dy Dy

I—‘-l-lnpurt

o ﬂulp-uﬂ- for PO —PC,

Mode 2 control word format:

- i - ST i - I3 - i - 7 N - I Iy e
u g - - - e g - W
T i
i Fam g Pt 7= Faoart B
[ p e == =]

Fraoerf &S
reereeclee

Microprocessors and Microcontrollers
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de definition summary:

MODE 0 ~ MODE 1 MODE 2
IN | OUT IN ouT GROUP A ONLY
PA; | IN | OUT IN ouT —
PAy | IN |OUT IN ouT —
PAz | IN |OUT IN ouT -
PAa | IN |OUT IN ouT -—
PAs | IN |OUT IN ouT —
PAs | IN |OUT IN ouT « -
PAs | IN | OUT IN ouT -—>
PA; | IN |OUT IN ouT —
PBo | IN | OUT IN ouUT =
PBy | IN |OUT IN ouT ==
PB. | IN |OUT IN ouT —
PBs [ IN | OUT IN | ouT — 33%%%5 ‘
PB, | IN | OUT IN ouT =
PBs | IN | OUT IN ouT = ONLY
PBs | IN | OUT IN ouT ==
PB; | IN | OUT IN ouT —
PCo | IN |OUT INTRg | INTRg o
PCy| IN | OUT IBFg | OBFg /O
PCz| IN | OUT STBp | ACKg J{e)
PCs| IN |OUT INTRA | INTRA INTRA
PCs| IN | OUT STBa | VO STBA
PCs| IN | OUT IBF A 17O IBF A
PCg | IN | OUT o ACK ACK A
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SEMICONDUCTOR MEMORIES INTERFACING

» Semiconductor memory Is used in any electronics assembly
that uses computer processing technology.

» Semiconductor memory is the essential electronics component
needed for any computer based PCB assembly.

» A variety of different memory technologies are available -
each one suited to different applications..

» The memory devices that are considered for interfacing with
8086 is the SRAM and DRAM.

» SRAM stands for Static RAM and DRAM stands for Dynamic
RAM.
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SRAM:

» The advantage with SRAM is that there is no requirement of
refreshing mechanism like in DRAM.

» These semiconductor devices are able to support faster read
when compared with DRAM.

» The cycle time is much shorter because it does not need to
pause between accesses.

» They consume more power, they are less dense and more
expensive than DRAM.

» As a result of this SRAM is normally used for caches, while

DRAM is used as the main semiconductor memory
technology.
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» The semiconductor memories are organized as two
dimensional arrays of memory locations.

» For example 4K x 8 contain 4K byte memory locations I.e.
4096 locations. Each location consist of 8-bit data and only
one of 4096 locations can be selected at once.

» Once a location is selected all the bits in it are accessible using
a group of conductors called data bus.
» For accessing 4K bytes of memory, 12 address lines are

required. In general to address a memory location out of N
memory locations, we require n address lines which is given as

n=log N (base 2)
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SRAM Interfacing: Interface two 4K x 8 EPROMS and two 4K
X 8 RAM chips with 8086. Select suitable maps.

|
Address Ayg Ay Ay Ayg Ajs Ay AH{AH Ay Ay Agg Agg Ay Agg Ags Apy Aps Agy Agp  Agg
FFFFFH 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | 1 |
EPROM 8K x8

Address A;g Ajg Ayy Ayg Ays Ajy Ays Apy Ay Ayg Agg Apg Agy Agg Ags Apg Ags Apy Ay Ay

1
FEOOOH 1 1 1 1 1 1 1 ; O o0 o0 o o 0 0 0 0 0 0 0 0
FDFFFH 1 1 1 1 1 1 0 |1 1 1 1 1 1 1 1 1 1 1 1 1
RAM | 8K x 8
FCOOOH 1 1 1 1 1 ] O 0 o 0o 0o 0O 0 o0 0 0 0 0 0 0
|
MEMORY oDD EVEN Lines
RAM Cs3 cs4 0 is common for both even and odd
with respect to even address, 1
with respect to odd address, 2
cs3 - 0,2; ¢4 - 0,1
ROM csl cs2 4 4s common for both even and odd

with respect to even address, 5
with respect to odd address, 6
cs2 - 4,5; ¢csl1 - 4,6

Microprocessors and Microcontrollers
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EVEM
CE, \U/ CSa
ROM Mo F . A0 ROM
{:'ﬂ 0 AK = B Ay <-,._ _l,.-> Aygg AR B
oy P~ 1 MRD—4 QE RD—=a QE
R ot 2
BHE —| 4, _— Oz
Ay —»| », DECODER Oy p— 2
74138 O, pb—= 4 D~0yp D=0y
. 4 ¢
— 'ﬁ"l_‘e'ﬂ! —
P & CSs CS,
o
i
rRam Mo < :;.""J RUAM
AK =8 Ay | —| Ay 4K B
MRD =3 RO MRD = RO
RAVYR = R MW =1 WR
Caln] 0] EVEM
Dg—Lhg Dr—Dy

Microprocessors and Microcontrollers
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Decoder [P = 4, 4 A Selection/
Adress BIE A o BHE Comment

Word transfer on [~ D 0 0 0 Evenand odd addresses n RAM

Byte transfer on D, - D, 0 0 | Only even address in RAM

Byte transfer on Dy~ D¢ 0 l 0 Onlyodd address in RAM

Word transfer on [~ ;s 0 0 Evenand odd addresses in ROM

Byte transfer on D~ D, 0 | Onlyeven address in ROM

Byte transfer on Dy~ D, 1 0 Only odd address n ROM

Microprocessors and Microcontrollers
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DRAM:
» Dynamic RAM is a form of random access memory.

» DRAM uses a capacitor to store each bit of data, and the level
of charge on each capacitor determines whether that bit is a
logical 1 or 0.

» These capacitors do not hold their charge indefinitely, and
therefore the data needs to be refreshed periodically

» The process of refreshing the data in RAM is known as
refresh cycle. During this refresh period, all other operations
related to memory subsystems are suspended.

» DRAM is the form of semiconductor memory that is often
used In equipment including personal computers and
workstations where it forms the main RAM for the computer.

» This refreshing activity leads to reduced system performance.
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DRAM Refreshing Logic:
n
> Ar—Asa
16K x 1 16K x< 1 16K x< 1 16K x 1 16K x 1 16K = 1 16K x 1 16K =< 1
S
—
OE CE| |OE <cCE| |OE cCE| |OE <cCE| |OE CE| |OE cCE| |OE cCcE| |OE CE
CE;
A—ALs > Ar—Ass
16K =< 1 16K = 1 16K < 1 16K < 1 16K x< 1 16K x< 1 16K < 1 16K > 1
S Ag—Ag
7 bit | 7
Aa—As>,3::‘,§< OE CE| |OE cCE| |OE cCE| |OE <cCE| |OE CE| |OE cCE| |OE cCE| |OE CE
CE> S o3
e -
»—{>: I
Siad CE; CE>
af. Refresh
Add H Add
D Counter Refresh gmer Dedrdeiiz
T logic
\
e ’

To transreceivers
Asa

Microprocessors and Microcontrollers
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8259A PROGRAMMABLE INTERRUPT

CONTROLLER
Architecture of 8259A:

INTA INT
00-0 ; T
o T Data
i bus —
buffer
] Control Logic
A
RD ke Read/ T ¥ Y 1t
WD Write -
WR ——0f Logic ~=—— IRy
Ay — In- Interrupt IR
. Priority Request [ T "1
Service | g
CS J Register <::> IREREE by {Tﬁeg) :
[
[re—1— IR7
C A b, A
ASo Cascade
CAS, . Buffer/
comparator
CAS; ——— Interrupt Mask
- ] — Register IMR
SP/EN

..--F"{\
Internal Bus

Microprocessors and Microcontrollers
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Pin Description of 8259A:

Minimum mode

_ L
cs [ 1 28 [ ] Vec
WR [ 2 27 || Ag
RD [ 3 26 || INTA
Dy [ ] 4 25 | IRy
De [ |5 24 [ ] IRg
Ds [ |6 23 | ] IRs
Dy [ |7 22 [ ] IRg
D, [18 8250A 21 7 IRs
D, [ ]9 20 ] IRz
Dy [ ] 10 19 ] IRy
Do [ | M 18 | | IRg
CASy [ ] 12 17 [ ] INT
CAS; [ |13 16 | SP/EN
GND [ ] 14 15[ ] cAs2

Microprocessors and Microcontrollers
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CS: Active low chip select for enabling RD and WR operations
of 8259A. INTA’ is independent of CS.

WR’: Active low write enable input to 8259A. Enables it to
accept command words from CPU.

RD’: Active low read enable input to 8259A. Low on this line
enables the 8259A to release status onto the data bus of CPU.

D7-D0: Bidirectional data bus that carry 8-bit data either to
control word or from status word registers. Also carries
Interrupt vector information.

CASO0-CAS2 Cascade Lines: Asingle 8259A provide 8 vectored
Interrupts. If more interrupts are required then used in cascade
mode in which master 8259A along with 8 slaves 8259A can
provide 64 vectored interrupt lines. These three lines act as
select lines for addressing the slaves.
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PS’/EN’: Dual purpose pin. When the 8259A is used in buffer
mode, it can be used as a buffer enable to control buffer
transceivers. If not in buffer mode, used as input to designate
the chip is used as a master (SP’=1) or a slave(EN’=0).

INT: Goes high when a valid interrupt request is asserted. Used
to interrupt the CPU and connected to the interrupt input of
CPU.

IRO-IR7(Interrupt Requests): In edge triggered mode an
Interrupt service is requested by raising an IR pin from a low
to a high state. Held high until it is acknowledged. If used in
level triggered mode, latches to a high level.
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MO (Single = 1)

NO (IC4=0)

Ready to Accept
Interrupt Request

Microprocessors and Microcontrollers



Ernituid Aditya Engineering College (A)

Initialization Command Words:

W
. - D D Dy (P D - -

O o A A 1 I LTIMA ADI | sMGL I,

1050 4745 Vector adoress of G085 and in case of 8080 they il be considened as dont can

{1 Al |

3 :11nd1cates TR

Lo AL s call ao
wﬂlb fir

I 1n1caes NL(

red i { inctes o trigee
e, If inficates intervel of 4 bytes and 1F 0 inbicates intervel of  ytes
ocesso
) inbicates cascace.
edd 18 dicates no JOW neede

o
|
8
)

:5"'-——"'—!:3—!
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ISV
s [ D D [y Dy D [y Oy

D7-D3: T7-73 indicate the most sigmificant 3 bits of interrupt type
1east sigm'ﬁcant three bits are pointing o zero 1., IRl
Actuaﬂ A indicate the interrupt vector adaress with respect to 8083 systen,
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ICWa3:

» Used when there are more than one 8259A’s with respect to ICW1 SGNL
bit.

» Loads an eight bit register i.e. slave register.

» There are two types with respect to ICW3 i.e. master mode and slave mode.

Slave mode of ICW3:

‘ 1 Cr cr L8 o ] | Do 4 ] -

Do g — 000 t 111 for IRy 6o IRy or slave 1 to slawve &8

D7-D3 will be 0.
02-00: 102 to 100 will be 000 to 111 which indicate the slave I to slave 8.

Slave will release second byte of CALL sequence,

Microprocessors and Microcontrollers
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Master mode of ICW3:

FMMaster maodse W S
o I BT Crg - Cra O Oy 1 N [P
So

‘ 1 S Se Ss S Sa | So =,

Sn = 1-1RnN Input has a slawve
= O-1THm Input does meod have a slave

07-00: Tndicate the § bit slave register wnich will be set bitwise to L for each slave in the systen,
§n = 1 indicates IR0 Tnput has a lave

S = ) indicates TRn inout does not has 4 slave

W11 wait until slave will release second byte of CALL sequence,

Microprocessors and Microcontrollers
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ICWy
A D7 Dy Ds D D D2 (B D
1 O 0 0 SFNM| BUF MIS AECT | mPM

04 1 indicates Special Fully Nested Mode 15 selected.
D3: 1 indicates buffered mode i selected and SP/EN acts as enable output,
D2: /S if 1 indicates that 82994 is a master and 0 indicates that 82504 is a slave,
If BUF = 0 then Il/S" can be neglected.
DL: AEOL f L indicates that Automatic End of Interrupt is selected
D0: WM if 1 indicates that 8086/88 s selected and if 0 indicates that 8085 is selected,

Microprocessors and Microcontrollers
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Operation Command Words:

» In 8259A once ICW is initialized then it is ready for normal
function 1.e. for accepting the normal interrupts.

» 8259A handles the interrupt in its own way called modes of
operation.

» These modes of operation can be selected by programming the
Internal registers called Operation Command Word registers.

» The data written into them is called Operation Command
Word. There are three Operational Command Words I.e.
OCW1, OCW2, OCWS3.

» OCW1 used to mask/unmask the unwanted interrupt requests
» OCW?2 used to control the end of interrupt
» OCWSa3 used to enable special mask mode
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OCW,
.Aﬂ. D? DB Dﬁ Dq. D:J. D2 I::"'l U'D
‘ 1 M Mg M5 My Mo A A4 MG
L,

1-Mask Set
O-Mask Reset

OCW,,
By D Dy Dg L Dy D, Dy Dy
1 ‘ R ‘SL EOI ‘ o o ‘ Iis i ‘ i
RNO., 0 | 1| 2|3 a4 |5 |86 |7
- -~ 0| 1| 0] 1|01 |01
= ool 1|1 ]|0]|0|1]|1
= o |lo|lo|lo|1]1 1|1
y v v
END OF 0 0 1 NON-SPECIFIC EQI COMMAND
INTERRUPT 0 1 1 SPECIFIC ECl COMMAND
AUT 1 ] 1 ROTATE ON NONSPECIFIC ECl COMMAND
A=A 1 o 0 ROTATE IN AUTOMATIC ECI MODE (SET)
| o 0 0 ROTATE IN AUTOMATIC ECI (CLEAR)
SPECIFIC 1 1 1 ROTATE ON SPECIFIC ECI COMMAND
ROTATION | | 1 1 0 SET PRIORITY COMMAND*®
o 1 0 NO OPERATION

“In this Mode LU-LZ are used

Microprocessors and Microcontrollers
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UCW,
Ay D Dp D D Dy D D Dy
0 0 |ESMM SMM 0 i P | RR | RIS
ror RS
0|0 " 0| 0 |
No Action Iil 1-Pall 0 | No Action
- Command -
. Read IRR on next
Reset Special Mask — 1 0 0o ol 1 0 =< AD pulse
Set Special Mask —> 1 | 1 Command | 4 < Read IRR on next
- RD pulse

fel

Microprocessors and Microcontrollers
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Operation modes of 8259A
FULLY NESTED MODE:

» Default mode of operation.

» IR0 has the highest priorty

» ISR bit is set and remains till EOI

» Priority can be changed by programming the rotating priority
modes

EOI:
» Used to reset the ISR.
» Specific and non-specific.

» Specific mode can determine which ISR bit is to be reset on
EOI.
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» Non specific auomatically reset the ISR bit.
Automatic EOI:

> In ICW4, 8259A operates in AEOI mode till AEOI value will
be equal to 1. Performs a non-specific EOI operation.

» This mode has to be used when the nested interrupt is not in
use.

ROTATING PRIOTITY MODE:
Automatic rotation:

» Used in the applications where all the devices are of equal
priority.

» In this mode, the Interrupt Request which is currently being
served will get the least priority. The Interrupt Request which

IS next in the sequence will get the highest priority and this
will be continued,
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Specific Rotation Mode:

» In this mode a bottom priority level can be selected using L2,
L1, LOin OCW2 & R=1, SL=1, EOI=0.

» For example if IR5 is selected as bottom priority, then IR5 will

have the least priority and IR4 will have the next highest
priority. Thus IR4 will have the next highest priority.

» These priorities can be changed during an EOl command by
programming the rotate on specific EOl command.
SPECIAL MASK MODE:

» In this mode when a mask bit is set in OCW1, 8259A will

enable the interrupts from the other levels which are not
masked.
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QW
Ay Dy Dy Ds Dy Dy D3 Dy Dy
0 0 ESMM SMM 0 1 P RR RIS

SPECIAL FULLY NESTED MODE:

» Used In more cascading systems and priority has to be
programmed in the master using ICW4.

» In the master and slave communication, if a certain slave is in
service then slave can send an interrupt request to the master
and the device connected to the slave has the highest priority
than the one currently being served.

» The master will interrupt the CPU only if the interrupting
device has the highest or the same priority
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> In the Interrupt Service Routine the software has to check whether the
request is from the slave or not. This can be done by sending a non-specific
EOI command to the slave and then reading its ISR.

> If it is zero, then a non-specific EOI can be sent to the master and otherwise
no EOI has to be sent.

BUFFERED MODE AND CASCADED MODE:

Buffered Mode:

> In this mode the 8259A sends a buffer enable signal on SP’/EN’ whenever
the data is placed on the bus.
Cascade Mode:

» CAS, - CAS, will act as chip select inputs for slaves. In this mode the
slave INT outputs are connected with IR master inputs.

» \ector address will be released during the second pulse of INTA’ sequence.
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» Each 8259A in the system must be separately initialized and
programmed to work in different modes. EOl command has to
be issued twice I.e. one for the master and the other for the
slave.

Microprocessors and Microcontrollers
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EDGE/LEVEL TRIGGERED MODE & POLL MODE:
Edge/Level Triggered Mode:

» Decides whether the interrupt should be edge triggered or level
triggered. If LTIM bit of ICW1 = 0 then they are edge
triggered. Otherwise interrupts are level triggered.

W
. - e, Dis Dy (P D C» 4 -
O o A A 1 LTIMA ADI | sMGL I,

Poll Mode:

» In this mode of operation, the INT output of 8259A Iis

neglected i.e. INT output is either not connected or either
masked.

» The poll mode is entered by setting P=1 in OCWS3.

Microprocessors and Microcontrollers
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S

& A %‘s
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Interfacing and Programming 8259A:

Show 8259A interfacing connections with 8086 at the address 074x. Write an ALP to initialize the
8259A in single level friggered mode, with call address interval of 4, non-buffered, no special fully
nested mode. Then set the 8259A to operate with |R6 masked, IR4 as bottom priorty level, with
special EQl mode. Set special mask mode of 8259A. Read IRR and ISR into registers BH and BL
respectively. [R; of 8259 will have type 80H.

» For programming 8259A with 8086 microprocessor, we
require the ICW and OCW initializations.

» For the above given problem the various ICW and OCW are
Initialized with their suitable values.

Microprocessors and Microcontrollers
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W
. - D D Dy (P D - -

O o A A 1 | LTIMA ADI | sMGL I,

b A% 49 Vector aagress of §085 and in case of S086 they il be consicered a5 cont care
d o Al L

} | triggeed nd 0 mctes ed trigee

2 atiress terval, If inficates intervel of 4 bytes and 1F 0 inbicates intervel of  ytes
wﬂlb for 8066 pr ocesso

0L Lindicates SalL ( ng]e) and 0 ndicates cascaded

0 T AF L indicates TOW neeced ano 0 Tndicates o 10 nesded

: 11nd1cates 08
00 means call

triggg
L
i
)
I

AQ D7 D6 D5 D4 D3 D2 D1 DO

0 X X X 1 1 1 1 1 ICWl = 1F

Microprocessors and Microcontrollers
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ISV
g D D Ds D, Dy O Ly D

Ago

AE‘AE.‘

D7-DB: T7-73 indicate the most sigmificant 3 bits of interrupt type
1east sigm'ﬁcant three bits are pointing o zero 1., IRl
Actuaﬂ A indicate the interrupt vector adaress with respect to 8083 systen,

Type = 80H = 80 = 1000 0000
D7 D6 D5 D4 D3 D2 p1 DO

1 0 0 0 0 0 0 0 ICW2 = 80H|

Microprocessors and Microcontrollers
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Slawve mode W
Ay L D = ey o L Crq o

1 Cr Cy 0 L i 1D | -l ] =P

Do Dg - 00 o 111 for IR o 1Ry or slawve 1 to slawve 8

07-03 will be 0.
02-00: 102 to I00 will be 000 to LLL which indicate the slave 1 to slave §.
Slave will release second byte of CALL sequence,

ICW3 related to slave. Here there is no slave.

D7 D6 D5 D4 D3 D2 D1 DO

0o 0o 0o 0o 0o 0 0 0 ICW3 = OOH|

Microprocessors and Microcontrollers
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Master maodse W
1 S Ss =Ss Sa | L= | So =y Sa
Sn = 1-1RnN Input has a slawse
= D-1Rn Input doaes ot have a slawe

Microprocessors and Microcontrollers
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ICWy
A D7 Dy Ds D D D2 (B D
1 O 0 0 SFNM| BUF MIS AECT | mPM

04 1 indicates Special Fully Nested Mode 15 selected.
D3: 1 indicates buffered mode i selected and SP/EN acts as enable output,
D2: /S if 1 indicates that 82994 is a master and 0 indicates that 82504 is a slave,
If BUF = 0 then Il/S" can be neglected.
DL: AEOL f L indicates that Automatic End of Interrupt is selected
D0: WM if 1 indicates that 8086/88 s selected and if 0 indicates that 8085 is selected,

D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 0 1 ICW4 = O1H

Microprocessors and Microcontrollers
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OCW,

Ay D+ Dg Ds Dy Da D2 Dy Dy

1 M Mg Ms My M3 M M Mg

Iy i L

T T f T T 1-Mask Set
O-Mask Reset
D7 D6 D5 D4 D3 D2 D1 DO

0 1 0 0 0 0 0 0 ocwl = 40H

Microprocessors and Microcontrollers
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OCW,,
Ay D5 Dy, D, (o D, D D, D,
1 R sL EOI ‘ o o Iis Ly i
IR_N':F._U_'I 23_4_5_5?
-~ 0| 1| 0] 1|01 |01
= o|lo|l1]1 |00 |11
o |lolo|lo|l1] 1|11
3 T T
END OF 0 0 1 NON-SPECIFIC EQI COMMAND
INTERRUPT 0 1 1 SPECIFIC ECl COMMAND
AUT 1 0 1 ROTATE ON NONSPECIFIC ECQl COMMAND
A=A 1 0 0 ROTATE IN AUTOMATIC EClI MODE (SET)
| o 0 0 ROTATE IN AUTOMATIC ECI (CLEAR)
SPECIFIC 1 1 1 ROTATE ON SPECIFIC ECI COMMAND
ROTATION | | 1 1 Lo SET PRIORITY COMMAMND*
o 1 0 NO OPERATION

“In this Mode LU-LZ are used

Special (Specific) EOI is mentioned and with respect to OCw2 we need to select the specific rotation column
D7 D6 D5 D4 D3 D2 D1 DO
1 1 1 0 0 1 0 0 0CW2| = E4H

Microprocessors and Microcontrollers
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ULW,
by Dy Dg Dy Dy Dy D Dy Dy
0 0 |ESMM SMM | 0 1 P | ERR | RIS
v Y B
0 | 0 ! 0 ,
Mo Action 0 1 1-Poll 0 No Action
| ) S " Read IRR on next
Reset Special Mask —= 1 0 0-No Pall 1 0 = RD pulse
Set Spocial Mask — > 4 1 Command 1 { = Read IRR on next
ik RD pulse
Read IRR registers is mentioned
D7 D6 D5 D4 D3 D2 D1 DO
0 1 1 0 1 0 1 0 OCW3 = 6AH
Read ISR registers is mentioned
D7 D6 D5 D4 D3 D2 D1 DO
0 1 1 0 1 0 1 1 OCW3 = 6BH

Microprocessors and Microcontrollers
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CODE SEGHMENT
ASSUME CS : CODE
START: MOV AL, 1FH i set the 825H9A in single, level
MOV DX, 0740H
OUT DX, AL : triggered mode with call address of

interval of 4
MOV DX, 0742H

MOV AL, BOH : Select vector address 0000:0200H
OUT DX, AL ; for IR3 (ICHW;)
MOV AL, O1H : ICW, for 8086 system, normal
ouT DX, AL : EOI, non-buffered, special fully nested
mode masked
MOV AL, 40H ;
OUT DX. AL ; OCW, for IR6 masked,
MOV AL, OE4H ; Specific EOI with rotating
MOV DX, 0740H
ouT DX, AL : Priority and bottom Tevel of IR4 with
OCH,
MOV AL, BAH ; Write OCW, for reading
OUT DX. AL : IRR and store in BH
IN AL, DX :
MOV BH, AL
MOV AL, 6BH : Write OCW, to read
ouT DX, AL : ISR and store in
IN AL, DX ; BL
MOV BL., AL
MOV AH, 4CH : Return to DOS
INT 21H
CODE ENDS
END START

Microprocessors and Microcontrollers
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Ag Use of Ag and Ay1—Ays5 is not compulsory for deriving chip select
-'ﬁ'E = =
.||‘-i|'|r — [::F'G
Ag
+Veo
& G
9 G; G,
MIO  As A, [ o A T4ALS ~—— IRy
138 S
Aa | Ay Yopor— 5 - R
As | Ay - IR
WR = WR -~ |R3
8086 RD > RD 8259 ~— IRy
INTA = IMTA —-—— |Rs
INTR = L INT - |Rg
Aq = A - IRy
™
d D -
N o7 )’

Microprocessors and Microcontrollers



D
V4 g"}\ Aditya Engineering College (A)

DIRECT MEMORY ACCESS

FADITTYAY

Features:

» Fastest among all the modes of data transfer. In this device
may directly transfer the data to/from memory without the
Intervention of CPU.

» The device requests the CPU through the DMA controller to
hold the data. The DMA data transfer is initiated only after
receiving the HLDA signal from the CPU.

» DMA data transfer can be done through the DMA controller.
Such DMA controller was introduced by Intel i.e. DMA
Controller 8257 which has four channels.

» The DMA on behalf of the devices requests the CPU for bus
access using bus request i.e. HOLD in minimum mode and
RQ’/GT’ in maximum mode.
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» On receiving the HLDA signal or RQ/GT signal the requesting
device gets access of the bus and completes the required
number of DMA cycles for the data transfer.

Microprocessors and Microcontrollers
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Register organization of 8257:
» 8257 performs the DMA operation over four DMA channels.

Each of the four channels of 8257 has a pair of two 16 bit
registers.

» The registers are DMA address register and terminal count
register. Mode set register and status register are the common
registers for all four channels.

» Thus there are total of 10 registers. The CPU select the one of
these 10 registers using A0-A3 bits.

DMA Address Register:

» Each DMA channel has one DMA address register. This stores
the address of starting memory location.

» This starting address will be loaded in the DMA address
register of the channel.



A
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SRSy
*e:

YA

Terminal Count Register (16 bit):

» Each channel has one Terminal Count register. This register will make sure
that the data transfer will be finished after the required number of DMA
clock cycles are finished.

» The bits from 0 to 14 will be initialized with binary equivalent of DMA
clock cycles minus 1. After each DMA clock cycle the terminal count
register content will be decremented by 1 and finally becomes zero after all
the DMA cycles are finished.

» The 14 and 15 bits of this register indicate the type of DMA operation.
(Bitl5 Bitl4 : 00 -verify, 01- write, 10 - read, 11 - illegal)
Mode set register:

» Used to enable the DMA channels individually and also to set various
modes of operation.

» Till DMA register and Terminal Count register contain the valid data the
DMA channel should not be enabled.

> If it is enabled without the valid data in DMA register and Terminal Count
register then the memory data can be destroyed.

Aditya Engineering College (A)
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1. T A A i | i T )
Enables Aulo Load Enables Channel 0
Enables TC Stop Enables Channel 1

Enables Extended Wite ——————— ~——————————— Enables Channel 2
Enables Rotating Priority Enables Channel 3

» DO0-D3 enable one of the four DMA channels of 8257. If D4 is
set then rotating priority is enabled and if O then fixed priority
IS enabled.

» D5 =1 indicates that the duration of MEMW and IOW can be
extended.

Microprocessors and Microcontrollers
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» D6 =1 then indicates that selected channel is disabled after the
terminal count register condition is reached. It prevents the
further DMA cycles on the channel. If it is O then indicates that
the register Is not disabled even after count reaches zero.

» Auto load bit if set then enables the channel 2 for the repeat

operations.
Status register:
Dy Dg Ds Da Dy Dz Dy Dy
| L N T— TC Status Channel O
TC Status Channel 1
Update Flag TC Status Channel 2

TC Status Channeal 3
It 1, the respective channel has reachad the terminal count condition.

» If update flag is set then channel 2 register is loaded with
contents of channel 3 register. Can be cleared by resetting
8257.

Microprocessors and Microcontrollers
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PIN DIAGRAM OF 8257/ DMA

Eﬁ = 1 40 & Ar
ow od 2 39 o Ag
MEMR o 3 38 & As
MEMVY o 4 37T P Aa
MARK o 5 a6 > TC
READY o & 35 & Aa
HLDw, = 7 34 P Ao
ADSTB o & 33 & Ay
AEN o 9 32 P Ap
HRGQ 5 10 — 31 &= Vee
CcCs o 11 30 B Do
CLK of 12 29 & Dy
RESET o 13 28 & D2
DACKZ o 14 27 b D3
DACK3 o 15 26 & Da
DRQ, o 16 25 P DACKOD
DRQ, o 17 24 & DACK1
DRQ, o 18 23 P Ds
DRQ, o 19 22 & Dg
SN 20 2182 Dy

Microprocessors and Microcontrollers



< \ Q‘N t [ [ |I
Voa \} 4y ) A E A
‘%?:;;\\ DD”T_J/\"E" d| ya Ilgllleel’lllg CO ege ( )

» DRQ,—DRQ3
These are the four individual channel DMA request inputs,

which are used by the peripheral devices for using DMA
services.

When the fixed priority mode is selected, then DRQ, has the
highest priority and DRQ, has the lowest priority among them.

» DACK_ — DACK,

These are the active-low DMA acknowledge lines, which
updates the requesting peripheral.

These lines can also act as strobe lines for the requesting
devices.
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FADFUAY
> DO - D7
These are bidirectional, data lines which are used to interface
the system bus with the internal data bus of DMA controller.

In the Slave mode, 1t carries command words to 8257 and
status word from 8257.

In the master mode, these lines are used to send higher byte of
the generated address to the latch.

» IOR

It is an active-low bidirectional tri-state input line, which is
used by the CPU to read internal registers of 8257 in the Slave
mode.

In the master mode, it is used to read data from the peripheral
devices during a memory write cycle.
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> IOW
It is an active low bi-direction tri-state line, which Is used to
load the contents of the data bus to the 8-bit mode register or
upper/lower byte of a 16-bit DMA address register or terminal

count register.

In the master mode, it is used to load the data to the peripheral
devices during DMA memory read cycle.

» CLK
It is a clock frequency signal which is required for the internal
operation of 8257.

» RESET
This signal is used to RESET the DMA controller by disabling
all the DMA channels.
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> AO 'A3
These are the four least significant address lines. In the slave mode, they
act as an input, which selects one of the registers to be read or written.

In the master mode, they are the four least significant memory address
output lines generated by 8257.

» CS
It is an active-low chip select line.
In the Slave mode, it enables the read/write operations to/from 8257.
In the master mode, it disables the read/write operations to/from 8257.
> A - A
These are the higher nibble of the lower byte address generated by DMA in
the master mode.
» READY

It is an active-high asynchronous input signal, which makes DMA ready by
inserting wait states.
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» HRQ
This signal is used to receive the hold request signal from the
output device.
In the slave mode, it Is connected with a DRQ input line 8257.
In Master mode, it is connected with HOLD input of the CPU.
» HLDA

It I1s the hold acknowledgement signal which indicates the
DMA controller that the bus has been granted to the requesting
peripheral by the CPU when it is set to 1.

» MEMR

It is the low memory read signal, which is used to read the data
from the addressed memory locations during DMA read
cycles.
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» MEMW

It is the active-low three state signal which is used to write the
data to the addressed memory location during DMA write
operation.

» ADSTB

This signal Is used to strobe the higher byte of the memory
address generated by the DMA controller into the latches.

> AEN
This signal is used to disable the address bus/data bus.
> TC

It stands for ‘Terminal Count’, which indicates the present
DMA cycle to the present peripheral devices.
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It is the power signal which is required for the operation of the
circuit.

Microprocessors and Microcontrollers
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DMA Transfer and Operations based on 8257:

» Can do three types of operations i.e. verify DMA operation,
write operation, and read operation.

» A single byte transfer with an 8257 can be done using any one
of the 8257 DRQ inputs.

» In request 8257 will send HRQ signal to the CPU at its HLD
Input and wait for acknowledgement at the HLDA input.

» Indication of bus availability can be known if the HLDA signal
IS received by the DMA controller.

» The DACK’ line is pulled low to indicate that the request for
1/0 device through DMA is done by the CPU.

» DMA controller generate the read and write commands to
transfer the byte from/to 1/0O device.
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» HRQ line is pulled low by the DMA controller so that CPU can
again take the access of bus line. DRQ must be high in until
acknowledged.

» If more than one channel is requested by an 1/O device
simultaneously then the transfer that will occur is known as burst
transfer.

> After each transfer of data the DMA controller checks for the DRQ
line. If it is high then completes the current transfer of data and
releases the HRQ line i.e. makes it low.

» 8257 use four clock cycles to complete a transfer of data. The 8257
can be used as either memory mapped device or 1/O mapped device.

» In memory mapped device memory related instructions can only be
used while in I/O mapped device IN and OUT instructions can be
used .

» 1/0O mapped 1/Os have a separate address space from the memory
while Memory-mapped 1/Os share the memory space with external
emory.
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RESET

}

s,
. Sampie DRQn Lines, DRGQn =~ 0
Set HRQ IF DRQn - 1

 I— )
 DRQn = 1

So
Sample HLDA. HLDA =0
Resolve DROQn Priorities

YHLDA =1
S,
Present and Latch
Upper Address,
Present Lower Address

+ y

Sz
Actvate Read Command,
Advanced Wnte Command
and DACKnN
A
Y Ready
S + sSw
Active Wrte Command, Vo =0 . Sample Ready = O
Activate Mark and TC Ready = ¥
If Appropriate Line
v
Reset Enable for Channel n if
T TC SI:g gn: TC are Active,
eactiv CKn, Commands
HLDADRCH Deactivate Mark and TC.

Sample DROn Pricrities,
Reset HRQ IF HLDA - 0O OR DRQ = 0.

HLDA DRGOn
DRQnN refers to anv DRQ line of an enabled DMA channel

Microprocessors and Microcontrollers
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Priorities of DMA reqguests:

» There are two priority schemes 1.e. fixed priority scheme and
rotating priority scheme.

Fixed priority scheme:

» Each device connected to a channel is assigned a fixed priority.
In this scheme DRQ3 has the least priority and DRQO has the
highest priority.

DRQ3<DRQ2<DRQ1<DRQ0
Rotating priority scheme:
» Here the priorities assigned are not fixed. For example if

DRQO has the highest priority and once the channel 0O is
serviced its priority goes down.

» Next channel 1 gets the highest priority till it will be serviced
and then continues for the remaining channels.
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» The priority allotment in rotating priority mode IS shown

below.
1st 2nd 3rd 4th
Service Service Service Service
Last Last

Serviced Serviced

Last request request
Highest 0 Serviced 2= 3= 0

request

1 3 0 1
2 0 1 2

Lowest 3 1 - D > 3

Microprocessors and Microcontrollers
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Programming and reading the 8257 registers:

>

>
>

Depending upon the instruction executed by the CPU the selected register
can either read or write the data.

Mode set register can only be written and status register can only be read.

There will be two successive read/write operations in which the 16 bit
register pair of each channel is either read or written.

Each channel will have a register which will have LSB and MSB. The LSB
and MSB will have the same address.

They will be differentiated by an internal first/last flip-flop. If it is zero then
Indicates that LSB to be read or written. If it is one then indicates that MSB
to be read or written.

A0-A2 indicate the specific register. A3 used to differentiate between
channel registers and common registers.

A4-Al5 used to derive the chip select of 8257. To say DMA address
registers must be in pairs i.e. LSB access must be followed by MSB access.
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Direct Memory Access

Programmable DMA Controller 8237

» Fastest among all the modes of data transfer. In this device
may directly transfer the data to/from memory without the
Intervention of CPU.

» The device requests the CPU through the DMA controller to
hold the data. The DMA data transfer is initiated only after
receiving the HLDA signal from the CPU.

» 8237 Is capable of transferring a bulk of data between system
memory and peripherals.

» Also memory to memory data transfer is available in this
peripheral.

» 8237 also support more independent channels but they can be
extended to any number by cascading more number of 8237.



Internal architecture of 8237:
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EOP —=—g Decrementor |IncJDacrﬂmBnin

RESET —g TEMP. WORD TEMP. ADDR.
CS —=q COUNT REG. (16) REG. (16)
READY L i i

CLE ——

AEN - Timing & — v J,
ADSTB ~—1y =ontrol Read Buffer Read/Write Buffer|
MEMR Base  Base Curment| Current
MEMW Add.|  Word Add. | Word

IOR . (16) |Count (16 {16) |Count (16)

IOW | *

I —
‘ Write Buffer ‘ Read Buffer ‘
A
DRQy-DEQ,
N | [coMmMAN
4 h (8)
HLDA —=  Priarity ASK jE 1}
Encoder & | L
HRQ «—— Rotating [® (4) (:: RD/MWR Status
Priority Mode (8)
PACKs-DACK, Logic REQUEST
—— < a
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Register Organization of 8237

» 8237 consist of total 12 different registers. Some of these
registers are common for all channels.

Current Address Register:

» The size of the Current address register i1s 16 bits which is
present in each of four DMA channels. Current address
register holds the current memory address.

» The address Is automatically incremented or automatically
decremented after each transfer.

» The programming can be done byte wise i.e. lower byte first
and then higher byte.
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Current Word Register:

» Each channel has a 16 bit current word register. It holds the
number of data byte transfers to be carried out.

» The word count is decremented after each transfer and new
value Is stored again to the current word register.

» When the count becomes zero, an EOP (End of Process) signal
will be generated.

Base address and Base word count registers:

» Each channel has a pair of these registers. They maintain a
copy of respective initial current address register and current
word register respectively i.e. first pair will maintain a current
address register and second pair will maintain a current word
register.



Aditya Engineering College (A)

Command register:

» This 8 bit register controls the complete operation of 8237.
Can be programmed by CPU and cleared by reset operation.

» The register format is shown below.
07 _Da_Dg_Dq.Dg..Dg_D-..Dﬁ

0 — DACK sense active - - 0= Memory to Mem. Disable

low 1 — Memory to Mem. Enable
1 — DACK sense active
high _
0 — Channel %Add ress
0 — DRECQ sense active hold disable
low 1 — Channel 0 Address
) - - haold enable
1— ElEEQ sense active X — Don't care if DO = 0

U — Late Write Selection 0 — Controller enable

1— Eﬂef‘lﬂﬁﬂ Write - - - 1 — Controller disable
Selection

X— |f.D3 -1 0 — Marmal Timing

0 — Fixed Priority - - 1 — Compressed Timing

1 — Rotating Priority : | X—HfDg=1

Microprocessors and Microcontrollers
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Mode register:
» Each of the DMA channel has an 8-bit mode register.
» The register format of mode register is shown below.

|
Damand Mode Salact 0 O 0 0 Salact g:annﬁ: Iil-
Single Mode Select 0 1 0 1 Select Lhanne
Block Mode Select 1 0 1 0 Select Channel 2
Cascade Mode Salect 1 1 + 1 0 Select Channel 3

0 O “erify Transfer
0 1 Wrile Transher
1 0 Read Transfer
1 1 lil=gal

X X IfDg Dy are 11

o | O — Auto-initiali zation Disable
1 — Sago-initalization Enable

0 — Addresa Incremant Select
= | 1 — Addresa Decrernent Selact

Microprocessors and Microcontrollers



Request register:
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» Each channel has a request bit associated with it. They are

nonmaskable.

» Each bit Is set or reset under program control / cleared upon

generation of TC.

» This entire register is cleared upon reset. The register format is

shown below.

Microprocessors and Microcontrollers

Chamnnel 0 Selaect
Chamneael 1 Selaect
Channel 2 Saelact
Chamnel 3 Selaect

=0 aa00
= Q=20

— Reset regqueast bit
— Sat reguest bit
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Mask register:

» Each of the four channels has a mask bit which can be set
under program control to disable the incoming DREQ
requests.

» Bits of the register are set when the corresponding channel
produces an EOP signal.

» After reset operation the register is set to FF which will disable
the DMA requests till the register is cleared.

» The register can be programmed to define the mask bits
Individually or simultaneously.

» The register formats for defining the mask bits individually or
simultaneously i1s mentioned below.
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To program individually:

D7 De Ds Dy Dy Dy Dy Dy

.

Don't Care

|

0 Selact Channel O
1 Select Channel 1
0 Select Channel 2
1 Select Channel 3

= = 3 0

= 0 - Clear Mask bit
1 - Set Mask bit

To program simultaneously:

Dy D D - Do e 3y D
L 1
Don't Sare
e 0 — Clear Chanmel O
MMask bit
O - Clear Charnmeal 3 1 - Set Chanmel O
hask bit g MMask bit
1 - Set Gh..‘l.slnn-el =
Ma=sk bit 0 - Chear Chanmel 1
pAamsk bit
D - Clear Channmnel 2 1- E?EEE?IHHEI 1

Aok Gk
1 - St Channmne!| 2
Mask bhit

Microprocessors and Microcontrollers
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Status register:

» Keeps track of all the DMA channel pending requests and
status of their terminal counts.

» DO0-D3 of this register are updated every time once any
channel reaches Terminal Count.

» Cleared on reset and also on each status read operation.
» Bits D4-D7 are set if the corresponding channels request

05 Dg Oy Oy DO O Dy D
if =1, Channel 3 J L .
g ; if =1, Channel O
requested service, otherwise 0O reached TC, otherwise 0
if =1, Channel 2 - L = f=1,Channel 1
regquested service, otherwise 0 reached TC, otherwise 0
if=1 . Channeal 1 » - if=1 N Channel 2
requested service, otherwise O 7 reached TC, otherwise 0
if =1, Channel 0 if =1, Channel 3

requested sarvice, otherwisea 0 reached TC, otherwise 0

Microprocessors and Microcontrollers
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Transfer modes of 8237:
Single transfer mode:

» Device transfers only one byte per request. The word count is
decremented after each transfer.

» The address Is either decremented or incremented depending
upon programming.

» When the count becomes zero, the Terminal Count state IS
reached. For each transfer DREQ must be active until DACK
IS activated.

Block transfer mode:

» 8237 is activated by DREQ to continue the transfer until a TC
IS reached.

» The transfer cycle may be terminated due to EOP.
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Demand transfer mode:

» Continues transfer until a TC Is reached or an external EOP iIs
detected.

Cascade Mode:

» In this mode more than one 8237 can be connected together to
provide more than four DMA channels.

» The priorities are preserved at each level.
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8237 Commands and Programming:
Clear first/last flip-flop:

» There exists an internal flip-flop in 8237 called First/Last flip-
flop.

» Decides whether the lower byte or upper byte of selected 16
bit register will be read/written.

» Selected register means the current address register or the
current word count register.

Clear Mask Register:

» A mask register when set, can disable the DMA channels. A
clear mask register command will clear the bits of mask
register individually.
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Master Clear Command:

» Using this command all the internal registers of 8237 are
cleared and all the bits of mask register are set.

» After executing this command the DMA controller disables the
DMA channels and enters an idle cycle.
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Addresses of the internal registers of 8237

Command Register FEH
Mode Register FBH
Request Register FOH
Mask Register FA/FFH Individual/ Common Mask
Status Register F8H
Temporary Register FDH
Byte Pointer Flip-Flop FCH
Base and Current Address Registers
Channel O FOH
Channel 1 F2H
Channel 2 F4H
Channel 3 FoH
Base and Current Word Count Register
Channel 0 F1H
Channe] 1 F3H
Channel 2 F5H
Channel 3 F7H

Microprocessors and Microcontrollers
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Interfacing of 8237 and 8086:

initialize the B237 for memory-to-memory DMA
transfer mode using channel 0, masking all other channels. Initialize the 8237 for normal timings,

fixed priority, extended write with DREQ active high and DACK active-high. The 8237 should work
in auto-initialization mode with address increment, block mode select with read transfer on chan-

nel 0. Further, write a program to transfer a data block of size 4KB available at 5000:0000H to
5000:1000H.

» 8237 1s able to transfer data on DO-D7 and 8086 memory
system transfers data on D8-D15.

» DO0-D7 data lines are the even address data transfer and D8-
D15 are the odd address of the memory system.

Microprocessors and Microcontrollers
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Steps to program 8237 DMA.

» First write down the given data.

» Next with respect to given data initialize the registers.

» Various register formats to be outputted into their specific addresses.
» Command word register
» Mode register
» Mask register

Clear byte counter flip-flop with respect to its address.

Base and current address register with respect to mentioned channel (CH 0
& CH 1) needs to be cleared and then initialized

Clear byte counter flip-flop with respect to its address.

Word count register to be initialized into its address. Has to be done in
successive bytes.

Request register to be initialized.
Wait for transfer to start.
Termination of program.

YV VvV

YV VYV

YV V V
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V QL7
SADTFYA Y

Nemory to menory OVA transer node using chamne] 0

sk all other chamnels,

normal timings, Tixed priority, extended write with DREQ active high and DACK active high

Aito initialization mode with address increnent, block mode select with read transfer on channel {
To transfer a data block of size 468 available at 5000:00008 to 5000: 10004

Microprocessors and Microcontrollers
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Command register:

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1 0 0 0 1 1 E3 H

Mode register:
D7 D6 D5 D4 D3 D2 D1 DO
1 0 0 1 1 0 0 0 98 H

Request register:
D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 1 0 0 04 H

Mask register:
D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 1 1 1 0 QE| H

Microprocessors and Microcontrollers



ASSUME Cs : CODE
CODE SEGMENT
START : MOV AX,O0A100H

OUT OF8H, AX
MOV AX, S800H
QUT OFBH,AX
MOV AX,OEOOH
OUT OFFH, AX
MOV AKX, O0O0OH
MOV OFCH, AX
MOV AX. O0OH
OUT OFOH, AX
OUT OFOH, AX
MOV AKX, O0O0OH
OUT OFCH, AX
MOV AX. O0OH
OUT OF2H, AX
MOV AX, 1000H
ouT OFZH, AX
MOV AX. O0O0OH
QuUT OFCH, AX
MOV AX,OFFOOH
OUT OF3H, AX
MOV AX,OFOO0OH
OUT OF3H, AX
MOV AX,0400H
OUT OF9H, AX
NOP
MOV AH.4CH
INT Z21H

CODE ENDS
END START

Microprocessors and Microcontrollers
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Out command word Al

to port FEB for initialization
Out mode word to port FB

for mode programming

Mask all reguests

except channel 0 (DREQO).
Clear byte pointer

flip-flop

Write base and current address
Register of channel O in
successive byte transfers
Clear byte pointer Tlip-flop

Write base and current address
register of channel 1 1in
successive byte transfers

Clear byte pointer flip-flop

Load word count OFFFH
in channel 1 word count
register in successive bytes

Initialize the transfer

by setting DREQ reguest
Wait for transfer to start
Return to DOS
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INTERFACING THROUGH 8255

Interfacing of keyboard:

» A Matrix keypad is the most commonly used input device in
many of the application areas like digital circuits, telephone
communications, calculators, ATMs, and so on.

» A matrix keypad consists of a set of push button or switches
which are arranged in a matrix format of rows and columns.

» These keypads are available in configurations like 3x4 and
4x4 based on the application it is implemented for.
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T Lol s Col o Col) e O
——y - 5 3
SWs SWe SWT SWa
dh
nm:i?aﬁ;?o"i_io?jga’
WS SW0 S sSwi2
y 8 64 (5 8¢ 5 54 T 54
e —v fo . B
SW1 SWie SwWis SWs
e *+o — —I
Keypad Internal Diagram

Microprocessors and Microcontrollers
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Concept of key debouncing:

» The push buttons are used for interfacing switches to
microprocessors based systems when pressed for certain
number of times.

» The processor will wait until the keys (which are pressed) will
reach the study state. This mechanism iIs known as key
debouncing.

» It can be eliminated by using software or hardware technigues
I.e. the processor waits for some time (ms) and checks whether
that is the key that is being pressed.

» In software technique, known as wait and see method, the
program simply for 10 ms and reexamines the same key again
to see if it is still pressed.
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Example program:

» Interface a 4*4 keyboard with 8086 using 8255. Write an ALP
for detecting a key closure and return the key code in AL. The
debouncing period for a key iIs 10ms. Use software key
debouncing technique. DEBOUNCE is an available 10 ms

delay routine.

Solution:

bort A 15 used a5 outout port for selecting the rons of keyooard and Fort § 15 used for selecting the colums of keyboard,
The Key code 15 detected depending upon the selected row and a sensed colum,

Microprocessors and Microcontrollers
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Interfacing circuit for keyboard with 8086:

+5Y
10K m%mu 10K
Seel Mol el el 10K
RESET — > PAg 2 AL AL AL A
ool Nl el N 10K
IOWR  ———————>q PAy |l & AAAN—
o] Nev] e 10 K
IORD ———q PA, — Ll AL L AAAAN—
“we] ] we]  we 10K
PAg L1 & L 2 L 2 L AA
Ao | Ay PBy ~—
Ay = Ay PB: |
Aqs PBy l=
12 —<
A'l:]—ﬂ C_E PBU
A1y —
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CODE SEGMENT
ASSUME C5 : CODE
START : MOV AL. B2H : Load CWR with

MOWw DX, SO0sH
ouT DX, AL
Maw EBEL. J0OH
XOR &A=, AR
MOw DX, SO000H
ouT DX, AL
ADD DE, OZ
WATT = IN AL. DX
AND AL, OF H
CHMP AL, OF H
JZ WATT
CalLL DDEBOUNCE
MOWw AL, FFH
Maw EBEH. OJO4H

conmtrol word

regui red

Imitialize BL fTor key code
Clear all tlaags

Port Address in AX .

Ground all Tows.

Port B address in DX.

Read all columns .

Mask data lines D;—-Ds.

Any key clased?

IT not, wait L£til1Tl1 kew
Cclosure 2lse wait far 10 ms
Load data byte to ground

a row and set row coumnter.

METROW = BROL AL, O1 FRotate AL to ground next row.
MOw CH, &L Save data byte to growund ne=st row.
SUE DX, 02 : Dutpwut port address is im DX.
ouT DE, AL : Ground one of the rows.
ADD DX . 02 : Input port address 1s An DX o
IN AL, DX : Read finput part for keay closwura,
AND &L, OFH : Mask DIy—-Ds.
MOw CL, QO4H : Set column cowunter.
METCOL = ROR AL. o1 : Mowe Dy in CF.
JHC CODEKY : Eey closwure is= Ffowund,., if CF=0.
INC BL : Imncremasnt BL for mext bimary
: kKey Ccode.
DEC CL : Decremsasnt colwumnm cowunter,
: i fF no key cloaosure fTound.
JHZ MWMETCOL : Check Tor key closure in ne=xt ool uumn
MOV &L, CH : Load data byite to ground nmext row.
DEC EH : T F no key claser found im columni
: aget ready Tto ground next row.,
JHNZ METEOW : Go back to ground next row.
JMP WAIT : Jump back to check Tor key.
: Ccloswurs again.
CODEKY = MOW AL, BL : KHKey code 1= Ttramsferred to AL

MOV aH. 4CH
INT 21 H

Microprocessors and Microcontrollers
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This procedure generates 10 ms delay at 5 MHz operating frequency,

DEBOUNCE PROC NEAR

MOV CL, OE2H
BACK: NOP

DEC CL

JNZ BACK
RET
DEBOUNCE  ENDP

CODE ENDS
END START

Microprocessors and Microcontrollers
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Interfacing of stepper motor
» Stepper motor iIs a device to obtain an accurate position

control of a rotating shaft.

The rotation of the shaft will be in terms of steps. To rotate
the shaft, the sequence of pulses are to be applied to the
winding of the stepper motor in proper sequence.

The number of pulses required for one complete rotation of
the shaft of the stepper motor are equal to its number of
Internal teeth on rotor.

The position of the shaft can be fixed by locking the stator
teeth and rotor teeth.

When a pulse is applied to the winding input, the rotor rotates
by one teeth position or an angle “x’.
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 The angle ‘X’ may be calculated by

360°
i no.of rotor teeth
 The typical stepper motor have parameters like
torque (3kg-cm), operating voltage (12V), current
rating (0.2A), and a step angle of 1.8 deg.

Permanent Magnet
Stepper Motor

Stator

Rotor

Windings

Permanemt
Magnet Poles

Microprocessors and Microcontrollers
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» For a 4-phase stepper motor, the winding arrangement will be
done as shown below.

S T

d

Protection of winding:

» This Is necessary so that when any excess current flows
through the winding, the winding circuit cannot be damaged.

Microprocessors and Microcontrollers
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Design a stepper motor controller and write an ALP to rotate shaft of a 4-phase stepper motor:
(i) in clockwise 5 rotations
(ii) in anticlockwise 5 rotations
Table 5.15(b) An Afternative Scheme for Rotating Stepper Motor Shaft

Motion Step A B c D
Clockwise 1 0 0 1 1
2 0 1 1 0
3 1 1 ] 0
4 1 0 0 1
5 0 0 1 1
Anticlockwise 1 0 0 1 1
2 1 0 o 1
3 1 1 0 0
< 0 1 1 0
5 0 0 0 0

The 8255 port A address is 0740H. The stepper motor has 200 rotor teeth. The port A bit PA,
drives winding W,, PA1 drives W, and so on. The stepper motor has an inertial delay of 10 m sec.
Assume that the routine for this delay is already available.

Microprocessors and Microcontrollers



ASSUME CS : CODE
CODE SEGMENT

START: MOV AL,
OUT CWR, AL
MOV AL, 88H

MOV CX, 1000
AGAINI: OUT PORT A,AL
CALL DELAY

ROL AL, 01
DEC CX
JNZ AGAINI
MOV AH, 88H
MOV CX, 1000
AGAINZ: OUT PORTA,AL
CALL DELAY
ROR AL, 01

DEC CX

JNZ AGAINZ

MOV AH, 4CH

INT 21H
CODE ENDS

END START

Microprocessors and Microcontrollers
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80H

Bit pattern 10001000 to start

the sequence of excitation

from W,. Excite W,, Wg,

We and W, in sequence with delay. For 5
clockwise

rotations the count is 200*5 = 1000.

Excite till count = 0.

Bit pattern to excite WA.

Count for 5 rotations

Excite W,, Wg, W., and W,.

Wait.

Rotate bit pattern right to obtain
anticlockwise

: motion of shaft. Decrement count.

If b rotations are completed
return to DOS else
Continue
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ASSUME CS : CODE
CODE SEGMENT
START: MOV AL, 80K :
T CWR, AL
MOV AL, 88H ; Bit pattern 10001000 to start
MOV CX, 1000 ; the sequence of excitation
AGAINI:  OUT PORT A,AL ; from W,. Excite W,, W,

CALL DELAY ; W, and Wy in sequence with delay. For 5 clockwise
ROL AL, 01 ; rotations the count is 200%5 = 1000.

DEC CX ; Excite till count = 0,

INZ AGAINI

MOV AH, 88H ; Bit pattern to excite WA.

MOV CK, 1000 3 Count for 5 rotations

Microprocessors and Microcontrollers
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(00E

0UT PORTA,AL
(ALL DELAY
ROR AL, 01
DEC CX

INL AGAINZ
MOV AH, 4CH
INT 21K

ENDS

END START

ors and Microco

ntrollers

Aditya Engineering College (A)

halt
+ Rotate bit pattenmtwght*UJobtau\antuﬂochns

nmtlon(ﬂ’shaft Decrenent count.,
f S rotations are completed

. return 10 00S else

. (ontinue

0
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Interfacing of A/D and D/A converters:

» The analog to digital converter is treated as an input device by
the microprocessor that sends an initializing signal to the ADC
to start the analog to digital conversion process.

» The process of analog to digital conversion is slow and the
processor has to wait until the conversion will be finished.
After the conversion is finished, the ADC sends an End of
Conversion (EOC) signal to inform the microprocessor.

» The tasks of issuing the SOC pulse to ADC, reading EOC
signal from the ADC, and reading the digital output of the
ADC are carried out by the CPU using 8255 1/O ports.

» The time taken from the active edge of SOC pulse till the
active edge of EOC signal is called the conversion delay of the
ADC.



YN Aditya Engineering College (A)
he conversion delay will range from microseconds to

milliseconds. A number of ADC’s are available in the market
and the ADC which has to be selected will depend on cost,
resolution, and speed of conversion.

» Successive approximation and dual slope integration
techniques are the most popular used techniques.

» The steps that have to be followed for conversion in ADC are
as follows:
» Apply the analog input to the input of ADC.
> lIssue Start of Conversion (SOC) pulse to ADC.

» Read End of Conversion (EOC) signal to mark the end of conversion
process.

» Read the digital data output of ADC as equivalent digital output.

» The analog input voltage which is given at ADC input must be
a constant from the beginning to the end of conversion.




£25his constant analog input voltage can be ensured By using &'
sample and hold circuit which samples the analog signal and
holds it for a specified time duration.

» The microprocessor may issue a hold signal to the sample and
hold circuit. If the applied input changes before the
conversion, the digital output may not be a correct value.

ADC 0808/0809:

» The analog to digital converter chips 0808 and 0809 are 8-bit
CMOS successive approximation converters.

» Successive approximation iIs the fastest technique used for
conversion of analog to digital.

» The conversion delay iIs 100 us at a clock frequency of 640
KHz.

» These converters have 3:8 analog multiplexer so that at a time
3. different.analog inputs can be connected.
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» Out of these eight inputs, only one can be selected for
conversion using the address lines ADD A, ADD B, ADD C.

Analog input selected Address Tines
B A

L

— o —H —H —H
- IJ "3J "I o3I oI 4O 1T,
—~d O L B LD D O
— OO OO
) O OO
— O OO O

Microprocessors and Microcontrollers
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g k diagram of ADC 0808:

¢ Enr

SOC CLOCK
— EOC
/P Control and
0 Timing unit and
”F'1 — = SAR Y
|.-'Pg —
o —
1P3 —— 8 Channel I
Analog ?:: >
P4 Multiplexer R
|/Pg — /P [ . 8-bit
P, Lateh O/P
256 R —
1P; —— Register —
ladder and |
Switch tree
o T t DtF‘
C B | A Enable
Address Lines Vet Vief

Microprocessors and Microcontrollers



“45in diagram of ADC 0808/0809:

1Py >
Py —
lIPs —
IIPg —
IP7 =

SOC—*
EOC—

03 —
OE —
CLK —
Vg —
Vigrt —=
GND—
D1 ——

—

w0 oo ~ O o B L o

10
1
12
13
14

ADC 0808
ADC 0809

< |IP2
~ |IP1
~— |IPo
~— ADDA
< ADDB

~ ADDC
- ALE

<« O;MSB
< Qg

< O

< Oy

<« 0OpLSB
< Vigi-

~ 0,

Microprocessors and Microcontrollers

IP-IIP;
ADD A, B, C
0,-0,
s0C

EOC

OE

CLK
Ve, GND

Vier, and Vi

Aditya Engineering College (A)

Analog inputs

Address lines for selecting analog inputs
Digital 8-bit output with O, MSB and O, LSB
Start of conversion signal pin

End of conversion signal pin

Qutput latch enable pin, if high enable output
Clock input for ADC

Supply pins +5V and GND

Reference voltage positive (+5 Volts maximum)
and Reference voltage negative (0V minimum)
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Minimum SOC pulse width
Minimum ALE pulse width
Clock frequency
Conversion time
Resolution
Error
Vieert
vrcf'

+ V., supply
Logical 1 i/p voltage
Logical 0 /p voltage
Logical 1 o/p voltage
Logical 0 o/p voltage

100 ns
100 ns
10 to 1280 kHz
100 ms at 640 kHz
8-bit
+/-1 LSB
Not more than +5V
Not less than GND
+5VDC
minimum V_ -1.5V
maximum 1.5 V
minimum V 04V

maximum 0.45 V

Microprocessors and Microcontrollers
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Ds Ds D, D, D, D, Dy Control word

1 0 0 1 1 0 0 0 =98 H
The required ALP is given as follows:
MOV AL,98 H ; Initialise 8255 as
OUT CWR,AL : discussed above
MOV AL,02H ; Select I/P, as analog
QUT PORT B,AL : Input
MOV AL,OQOH : Give start of conversion
OUT PORT C,AL : pulse to the ADC.
MOV AL,01 H ;
OUT PORT C,AL '
MOV AL, OOH :
OUT PORT C,AL ;
WAIT IN AL,PORTC : Check for EOC by
RCL : reading port C upper and
JNC WAIT . rotating through carry.
IN AL,PORTA . If EOC, read digital equivalent in
AL
HLT » Stop

Microprocessors and Microcontrollers
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Interfacing of 8086 to ADC 0808:

Aditya Engineering College (A)

Vrgtt Vit
T =
l Hv =
+5V
—> Vee
) <« Clockup
Ph-PA, { 10-0,
Ap— A EOC
P, |« ADC 0808 Analg
A— My S0 IP) l— |
PCy 5 voltage
Resel —— O GND H——
ORD —>{ kD 8295 o AE A B ¢
i +5 L
IOWR * WR PBy ) A w
PB,
PB,

Microprocessors and Microcontrollers
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Digital to Analog Interfacing

» The IC number for the conversion of digital to analog signal is
DAC 0800.

» This i1s a monolithic 8-bit DAC manufactured by National
Semiconductors.

» The power supply voltage range from 4.5V to 18V and the
supply V+ will be usually +5V or +12V. V- can be kept at a
minimum of -12V.

Threshold s
Control
Le—1 1 16 | Compensation
loyt— 2 15 | Veef (=)
V-—i13 14— Vrer (+)
lout 4 13— V+
B__| g 0800 12 | BglLSB
B 6 11 — By
Bs— 7 10 — Bg
By 8 9 — Bs

Microprocessors and Microcontrollers
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14 ——NNW—0 5V

Do-D; > PA7-PA > B1-Bs — AAA—
4 5k

- 15 4 2 -
IOR 8255 28k DACOR08 741 _VD
= 3 |+ 0
0.01 uF 2
OWR {16 = i
—( = =
Vec, +5Vor
-12V o 13—
- : +12V

=
—
=
m
| 1
1 T

Vref+ should be tied to +3V to generate & wave of amplitude 43V,
The required frequency s 500 Kz,

Assune the waveform is symetric 1.e, will rise for L ns and will fall for L ms, This will be repeated continously,

Microprocessors and Microcontrollers



SSUME
CODE

START :

BACK :

BACKI

CODE

C5S : CODE
SEGMENT

MOV AL,80 H
OUT CWR,AL
MOV AL, OOH

OUT PORT A, AL
INC AL

CMP AL, FFH

JB BACK

OUT PORT A,AL
DEC AL

CMP AL, 00

JA BACKI

JMP BACK

ENDS

END START

Microprocessors and Microcontrollers
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 Initialise 8255 ports
: suitably.
. Start rising ramp from

v OV Dby sending 00H to DAC.

; Increment ramp till 5V

v 1.e. FFH.

; If it is FFH then,

; Output it and start the falling
; ramp by decrementing the

; counter till 1t reaches

; zero. Then start again

 for the next cycle.



