UNIT-V
Analog to Digital Converter

(ADC 0808)

The process of conversion of analog signal to digital signal is referred to as  analog to digital conversion. The system used for realizing this conversion  is referred to as an analog-to-digital converter (A/D converter or ADC). The  A/D conversion is a quantizing process where by an analog signal is  represented by equivalent binary states. A/D converter can be classified into 

two groups based on conversion technique. 

1. One technique involves comparing a given analog signal with the  internally generated equivalent signal. This group includes Successive  approximation Register, counter and flash type converters. It is used  for data loggers and instrumentation 

2. The second technique involves changing an analog signal into time or  frequency and comparing these new parameters to known values. This  group includes Integrator and Voltage to Frequency Converters. It is  used in digital meters, panel meters and monitoring system

Types of available ADC’s 
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Successive Approximation A/D converter 

This is the most popular method of analog to digital conversion. It has an 

excellent compromise between accuracy and speed. An unknown voltage Vin 

is compared with a fraction of reference voltage, Vr. For n-bit digital output, 

comparison is made many times with different fractions of Vr

 and the value 

of a particular bit is set to 1, if Vin is greater than the set fraction of Vr. It 

includes three major elements: 

1. The D/A converter 

2. The Successive Approximation Register 

The comparator. 

Signal conversion 

 The output signal from the humidity and temperature sensors is in analog  form and the data can be fed to the microcontroller only in digital form so an  Analog to digital converter is to be used. The 8-bit A/D converter ADC 0809 uses successive approximation as the conversion technique. The ADC0809 data acquisition component is a monolithic CMOS device with an 8-bit  Analog-to-digital converter, 8- channel multiplexed and microprocessor compatible control logic. The converter features a high impedance chopper stabilized comparator, a 25R voltage divider with analog switch tree and a successive approximation register. The 8 –Channel multiplexer can directly access any of 8-single-ended analog signals. The device eliminates the need for external zero and full –scale adjustments. Easy interfacing to microprocessors is provided by the latched and decoded multiplexed address  inputs and latched TTL TRI-STATE outputs. Incorporating the most desirable aspects of several A/D conversion Techniques has optimized the design of the ADC0809. The ADC0808, ADC0809 offers high speed. High  Accuracy, minimal temperature dependence, excellent long-term accuracy and repeatability, and consumes minimal power. These features make this  device ideally suited to applications from process and machine control to  consumer and automotive applications. 

Key specifications of ADC0808 

· Easy interface to all microprocessors and microcontrollers. 

· Resolution: 8 Bits. 

· Operates ratio metrically or with 5 VDC or analog span. 

· No zero or full scale adjusts required. 

· 8-channel multiplexer with address logic. 

· Total Unadjusted Error = ½ LSB. 

· Single supply 5 VDC 

· Low Power 15m W, conversion time 100µs
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Pin Description 
The 8-channel multiplexer can be controlled by a microcontroller through a 3-bit address decoder with address load to select any one of eight single-ended analog switches connected directly to the comparator. Channel 0 ofthe multiplexer has been selected permanently by grounding the address pins of multiplexer in the electronics hardware i.e. Pin no. 23, Pin no. 24 and Pin no. 25. 

The comparison and the converting methods used eliminate the possibility of missing codes, non-monotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR and latched inputs to the multiplexer address decoder. The single 5V supply and low power requirements make the ADC 0808 especially useful for a wide variety of applications. Ratio metric conversion is made possible by access to the reference voltage input terminals. The ADC 0809 are characterized for operation from – 40 0C to 85 0C. The ADC 0809/0808 contains a network with 256-300 resistors in series. Analog switch taps are made at the junction of each resistor and at each end of the network. In operation, a reference of 5V is applied across the network of 256 resistors. An analog input VIN is first compared to the center point of the ladder via the appropriate switch. If VIN is larger than VREF / 2, the internal logic changes the switch points and now compares VIN and ¾ VREF. 

This process, known as successive approximation, continues until the best match of VIN and VREF is made. N defines a specific tap of the resistor network. When the conversion is complete, the logic loads a binary word corresponding to this tap into the output latch and an end of conversion (EOC) logic level appears. The output latch holds this data valid until a new conversion is completed and new data is loaded into the latches. 

The data transfer occurs in about 100ns so that valid data is present virtually all the time in the latches. The data outputs are activated when the output enable is high, and in TRI-STATE when output enable is low. The enable delay time is approximately 100ns.each conversion requires 40 clockperiods. The device may be operated in the free running mode by connecting the start conversion line to the end of conversion line. However, to ensure start-up under all possible conditions, an external start conversion pulse is required during power up conditions. 

The EOC line (pin 7) will be in the low state for a maximum of 40 clock periods to indicate “busy”. A START pulse that occurs while the A/D is BUSY will reset the SAR and start a new conversion with the EOC signal remaining in the low state until the end of this new conversion. When the conversion is complete, the EOC line will go to the high Voltage State. An additional 4-clock period must be allowed to elapse after EOC goes high, before a new conversion cycle is requested. 

Start conversion pulses that occurs during this last 4 clock period interval may be ignored. This is a problem only for high conversion rates and keeping the number of conversions per second less than fCLOCK/44 automatically guarantees proper operation. The transfer of new digital data to the output is initiated when EOC goes to the high Voltage State. The reference applied across the 256 networks determines the analog input range. A reference voltage of 5V is applied to the pin number 12 of the ADC 0808. Since the conversion completes with in 256 steps. By using VREF = 5V, each step have voltage of 20mv as 5 / 256 = 20mv.The pin numbers 1, 2, 3, 4, 5, 26, 27, 28 of the ADC 0808 describes the 8 multiplexer channels. Any channel can be selected by using three address bits ADDA (pin 25), ADDB (pin 24), ADDC (pin 23). In the hardware channel (INO) pin number 26 is selected permanently by grounding ADDA, ADDB, ADDC. 

The 8-bit digital output we are getting at the pin numbers 21, 20, 19, 18, 8, 15, 14, 17 of ADC 0808 are connected to port 2 of the 8051 microcontroller. Pin10 of ADC 0809 is for CLK input. Since ADC 0808 have clock between 50 KHz to 800 KHz. A reference of 5V is provided at pin12 of ADC 0809. Pin number 16 is grounded. Pin 22 (ALE) and pin 6(Start) are connected to port 3 pin P3.2 of the microcontroller.
Interfacing
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Generate the Sine Wave using DAC interface

PA EQU 0DD00H

PB EQU PA+1

PC EQU PB+1

PCW EQU PC+1

CW EQU 80H

ASSUME CS:CODE,DS:DATA

DATA SEGMENT

TABLE DB 128,136,144,153,160,166,172,175,178,178,178,175,172,166,160,153,144 

            DB 136,128,119,110,102,95,88,83,80,77,76,77,80,83,88,95,102,110,119, 128 

DATA ENDS

CODE SEGMENT

START:MOV AX,DATA

      MOV DS,AX

      MOV AL,CW

      MOV DX,PCW

      OUT DX,AL

UP2: 
      MOV BL,37    

 ; COUNT =TOTAL NO OF VALUES

      LEA SI,TABLE   

UP1:
      MOV DX,PA

      MOV AL,[SI]

      INC SI

      OUT DX,AL

      CALL DELAY

      DEC BL

      JNZ UP1

      JMP UP2

      MOV AH,4CH

      INT 21H

 DELAY PROC

      PUSH CX

      PUSH BX

      MOV CX,05FFH

THERE:
      MOV BX,0FFH

HERE:
      DEC BX

      JNZ HERE

      DEC CX

      JNZ THERE

      POP BX

      POP CX

      RET

 DELAY ENDP

 CODE ENDS

 END START

Ramp Wave Form Generation

CONTROL    EQU FFC6H       ;control port address for 8255

PORTA EQU FFC0H    ;porta address for 8255

PORTB EQU FFC2H    ;portb address for 8255

PORTC EQU FFC4H    ;portc address for 8255

DSEG SEGMENT

ORG 0000: 4000H

      MSG    DB' Dac mode    ',0h

      MSG1    DB    'Ramp wave output',0h

      DSEG    ENDS

CSEG    SEGMENT

    ORG 0000 : 5000H

    ASSUME CS : CSEG, DS : DSEG

    START:

    MOV DX, CONTROL    

    MOV AL, 80H        ;initialise all ports as output

    OUT DX, AL        ;ports

                        ;displaying message on LCD

    Call far f800 : 4bb1h    ;clear display

    Mov di, 80h    ;display in upper line

    MOV SI, offset MSG    

    CALL FAR f800 : 4FC0h    ;display output routine

    MOV DI, C0H    ;display in lower line

    MOV SI, OFFSET MSG1    

    CALL FAR F800 : 4FC0H    ;display output routine

    ;ramp wave form generation

    MOV BL, 00H        

RAMP: MOV DX, PORTB

    MOV AL, BL    ;increment the digital code

    OUT DX, AL    ;and output it on to PORTB

    INC BL

            ;check to see if a NMI-INTR

    JNZ RAMP

    MOV BL, 00H

    JMP RAMP

CSEGENDS

END

Square Wave Form Generation

DA00: MOV DX, PORTB

      MOV AL, 00H        ;outport 00 for 0V level

      CALL OUTPUT

      MOV AL, 0FFH        

      CALL OUTPUT        

      JMP DA00

    ;routine to output digital value

OUTPUT: OUT DX, AL

    CALL DELAY

    RET

DELAY: MOV CX,0FFH     ;to vary the frequency alter the delay count

LUP1: LOOP LUP1

      RET

STEP WAVEFORM:

DA00: MOV DX, PORTB

      MOV AL, 00H    ;outport 00 for 0V level

      CALL OUTPUT

      MOV AL, 7FH    ;outport 7F for 2.5V level

      CALL OUTPUT

      MOV AL, FFH    ;outport FF for 5V level

      CALL OUTPUT

            ;look for NMI-INTR if user

     JMP DA00    ;switch to ramp w/f generation

    ;routine to output digital value

OUTPUT: OUT DX, AL

    MOV CX, FFH

DELAY: LOOP DELAY

    RET

Triangular Wave Form Generation

DA00: MOV DX, PORTB

      MOV AL, 00H    ;outport 00 for 0V level

UP: CALL OUTPUT

    INC AL

    CMP AL, 00H

    JNZ UP

    MOV AL, 0FFH       ;to change amplitude change count

UP1: CALL OUTPUT

     DEC AL

     CMP AL, 0FFH

     JNZ UP1

     JMP DA00

;routine to output digital value

OUTPUT: OUT DX, AL

    CALL DELAY

    RET

DELAY: MOV CX, 07H    ;to vary the frequency alter the delay count

LUP1: LOOP LUP1

      RET

Traffic light Control system using 8086

APPARATUS:-
Microprocessor trainer kit, Traffic light controller kit, power supply, data cable etc

THEORY:-
Traffic light controller interface module is designed to simulate the function of four way traffic light controller. Combinations of red, amber and green LED’s are provided to indicate Halt, Wait and Go signals for vehicles. Combination of red and green LED’s are provided for pedestrian crossing. 36 LED’s are arranged in the form of an intersection. A typical junction is represented on the PCB with comprehensive legend printing.
At the left corner of each road, a group of five LED’s (red, amber and 3 green) are arranged in the form of a T-section to control the traffic of that road. Each road is named North (N), South(S), East (E) and West (W). LED’s L1, L10, L19 & L28 (Red) are for the stop signal for the vehicles on the road N, S, W, & E respectively. L2, L11, L20 & L29 (Amber) indicates wait state for vehicles on the road N, S, W, & E respectively. L3, L4 & L5 (Green) are for left, strait and right turn for the vehicles on road S. similarly L12-L13-L14, L23-L22-L21 & L32-L31-L30 simulates same function for the roads E, N, W respectively. A total of 16 LED’s (2 Red & 2 Green at each road) are provided for pedestrian crossing. L7-L9.L16-L18, L25-L27 & L34-L36 (Green) when on allows pedestrians to cross and L6-L8, L15-L17, L24-L26 & L33-L35 (Red) when on alarms the pedestrians to wait.
To minimize the hardware pedestrian’s indicator LED’s (both red and green are connected to same port lines (PC4 to PC7) with red inverted. Red LED’s L10 & L28 are connected to port lines PC2 & PC3 while L1 & L19 are connected to lines PC0 & PC1 after inversion. All other LED’s (amber and green) are connected to port A & B.

WORKING:-
8255 is interfaced with 8086 in I/O mapped I/O and all ports are output ports. The basic operation of the interface is explained with the help of the enclosed program. The enclosed program assumes no entry of vehicles from North to West, from road East to South. At the beginning of the program all red LED’s are switch ON, and all other LED‘s are switched OFF. Amber LED is switched ON before switching over to proceed state from Halt state.
The sequence of traffic followed in the program is given below.
a) From road north to East
From road east to north
From road south to west
From road west to south
From road west to north
b) From road north to East
From road south to west
From road south to north
From road south to east
c) From road north to south
From road south to north
Pedestrian crossing at roads west & east
d) From road east to west
From road west to east
Pedestrian crossing at roads north & south






ASSEMBLY LANGUAGE PROGRAMS:-
MODEL SMALL
.STACK 100
.DATA
CWR EQU 0FFC6 H
PORTA EQU 0FFC0 H
PORTB EQU 0FFC2 H
PORTC EQU 0FFC4 H
.CODE
START:
MOV AX,@DATA
MOV DS,AX
MOV AL,80H
MOV DX,CWR
OUT DX,AL 
MOV AL,F3H
MOV DX,PORTC
OUT DX,AL 
MOV AL,FFH
MOV DX,PORTA
OUT DX,AL 
MOV AL,FFH
MOV DX,PORTB
OUT DX,AL
MOV CL,03H
CALL DELAY
TOP:
MOV AL,EEH
MOV DX,PORTA
OUT DX,AL
MOV AL,EEH
MOV DX,PORTB
OUT DX,AL
MOV CL,02H
CALL DELAY

MOV AL,FCH
MOV DX,PORTC
OUT DX,AL
MOV AL,7DH
MOV DX,PORTA
OUT DX,AL
MOV AL,57H
MOV DX,PORTB
OUT DX,AL
MOV CL,15H
CALL DELAY

MOV AL,E7H
MOV DX,PORTB
OUT DX,AL
MOV AL,FDH
MOV DX,PORTA
OUT DX,AL
MOV AL,EDH
MOV DX,PORTA
OUT DX,AL
MOV CL,02H
CALL DELAY

MOV AL,F7H
MOV DX,PORTB
OUT DX,AL
MOV AL,F0H
MOV DX,PORTC
OUT DX,AL
MOV AL,F1H
MOV DX,PORTA
OUT DX,AL
MOV CL,15H
CALL DELAY

MOV AL,FBH
MOV DX,PORTA
OUT DX,AL
MOV AL,FBH
MOV DX,PORTB
OUT DX,AL
MOV AL,50H
MOV DX,PORTC
OUT DX,AL
MOV CL,15H
CALL DELAY

MOV AL,FEH
MOV DX,PORTA
OUT DX,AL
MOV AL,FEH
MOV DX,PORTB
OUT DX,AL
MOV CL,03H
CALL DELAY

MOV AL,FFH
MOV DX,PORTA
OUT DX,AL
MOV AL,AFH
MOV DX,PORTC
OUT DX,AL
MOV AL,EEH
MOV DX,PORTA
OUT DX,AL
MOV AL,EEH
MOV DX,PORTB
OUT DX,AL
MOV CL,02H
CALL DELAY

MOV AL,BFH
MOV DX,PORTA
OUT DX,AL
MOV AL,BFH
MOV DX,PORTB
OUT DX,AL
MOV CL,15H
CALL DELAY
JMP TOP

DELAY:
MOV BX,10H
D1:
MOV CX,0FFFFH
D2:
LOOP D2
DEC BX
JNZ D1
INT 03H
END START

To Interface Stepper Motor to 8086 using 8255 and write Assembly Language Program to rotate Stepper Motor in Clockwise & Anticlockwise direction.



Stepper motor is a device used to obtain an accurate position control of rotating shafts. A stepper motor employs rotation of its shaft in terms of steps, rather than continuous rotation as in case of AC or DC motor. To rotate the shaft of the stepper motor, a sequence of pulses is needed to be applied to the windings of the stepper motor, in proper sequence. The numbers of pulses required for complete rotation of the shaft of the stepper motor are equal to the number of internal teeth on its rotor. The stator teeth and the rotor teeth lock with each other to fix a position of the shaft. With a pulse applied to the winding input, the rotor rotates by one teeth position or an angle x. the angle x may be calculated as.
x = 3600 / no. of rotor teeth
After the rotation of the shaft through angle x, the rotor locks it self with the next tooth in the sequence on the internal surface of the stator. The typical schematic of a typical stepper motor with four windings is as shown below.



The stepper motors have been designed to work with digital circuits. Binary level pulses of 0-5V are required at its winding inputs to obtain the rotation of the shafts. The sequence of the pulses can be decided, depending upon the required motion of the shaft. By suitable sequence of the pulses the motor can be used in three modes of operation.



· One phase ON (medium torque)

· Two phase ON (high torque)

· Half stepping (low torque)




WORKING:-
8255 is interfaced with 8086 in I/O mapped I/O. port C (PC0, PC1, PC2, PC3) is used to give pulse sequence to stepper motor. The 8255 provides very less current which will not be able to drive stepper motor coils so each of the winding of a stepper motor needs to be interfaced using high speed switching Darlington transistors with max 1A, 80V rating with heat sink, with the output port of 8255. Output the sequence in correct order to have the desired direction to rotate the motor.





Assembly Language Program to rotate Stepper Motor in Clockwise direction
MODEL SMALL
.STACK 100
.DATA
PORTA EQU FFC0H ; PORTA ADDRESS
PORTB EQU FFC2H ; PORTB ADDRESS
PORTC EQU FFC4H ; PORTC ADDRESS
CWR EQU FFC6H ; CONTROL PORT ADDRESS
PHASEC EQU 03H
PHASEB EQU 06H ; SEQUENCE IN SERIES TO ROTATE MOTOR
PHASED EQU 0CH ; IN CLOCKWISE DIRECTION
PHASEA EQU 09H 
.CODE
START:
MOV AL,@DATA
MOV DX,CTL
OUT DX,AL
AGAIN:
MOV AL,PHASEC
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH
UP: 
LOOP UP

MOV AL,PHASEB
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH
UP1: 
LOOP UP1

MOV AL,PHASED
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH
UP2:
LOOP UP2

MOV AL,PHASEA
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH 

UP3: 
LOOP UP3
JMP AGAIN ; REPEATE OUTPUT SEQUENCE
INT 03H 
END START




Assembly Language Program to rotate Stepper Motor in Anticlockwise direction
MODEL SMALL
.STACK 100
.DATA
PORTA EQU FFC0H ; PORTA ADDRESS
PORTB EQU FFC2H ; PORTB ADDRESS
PORTC EQU FFC4H ; PORTC ADDRESS
CWR EQU FFC6H ; CONTROL PORT ADDRESS
PHASEC EQU 03H
PHASEA EQU 09H ; SEQUENCE IN SERIES TO ROTATE MOTOR
PHASED EQU 0CH ; IN ANTICLOCKWISE DIRECTION
PHASEB EQU 06H

.CODE
START:
MOV AL,@DATA
MOV DX,CTL
OUT DX,AL
AGAIN:
MOV AL,PHASEC
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH
UP: 
LOOP UP

MOV AL,PHASEA
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH
UP1: 
LOOP UP1

MOV AL,PHASED
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH
UP2:
LOOP UP2

MOV AL,PHASEB
MOV DX,PORTC
OUT DX,AL
MOV CX,0FFFFH 
UP3: 
LOOP UP3
JMP AGAIN ; REPEATE OUTPUT SEQUENCE
INT 03H
END START

8086 MICROPROCESSOR INTERFACING WITH MEMORY
This unit explains how to design and implement an 8086 based microcomputer system. To design an 8086 based system, it is necessary to know how to interface the 8086 microprocessor with memory and input and output devices. Due to the mismatch in the speed between the microprocessor and other devices, a set of latches and buffers are required to interface the microprocessor with other devices. In this unit, you will learn about the way in which address/data buses, latches and buffers are used in the process of interfacing. To understand the interfacing principles and concepts it is necessary to learn the various types of bus cycles and bus timings. Overall, this unit makes you to understand how 8086 microprocessor is interfaced with memory and peripherals and how an 8086 based microcomputer system works

Operating modes of 8086

There are two modes of operation for Intel 8086 namely the minimum mode and the maximum mode. When only one 8086 CPU is to be used in a micro computer system the 8086 is used in the minimum mode of operation. In this mode the CPU issues the control signals required by memory and I/O devices. In a multiprocessor system it operates in the maximum mode. In case of maximum mode of operation control signals are issued by Intel 8288 bus controller which is used with 8086 for this purpose. The level of the pin MN/MX (active low) decides the operating mode of 8086. When MN/MX (active low) is high the CPU operates in a minimum mode. When it is low the CPU operates in the maximum mode. From pin 24 to 31 issue two different sets of signals. One set of signals is issued when the CPU is operating in the minimum mode. The other sort of signal is issued when the CPU is operating in the maximum mode. Thus the pins from 24-31 have alternate functions.

Pin description for minimum mode

The minimum mode block diagram is shown in figure

[image: image7.emf]
Figure 3.1 8086 Minimum Mode Block diagram
For the minimum mode of operation the pin MN/MX (active low) is connected to 5V DC supply that is MN/MX (active low) is equal to Vcc. The description of the pins from 24 to 31 for the minimum mode is as follows:

INTA (active low)(output) Pin No 24. Interrupt Acknowledge. On receiving interrupt signal the processor issues an interrupt acknowledge signal.

ALE (output) Pin No 25. Address Latch Enable. It goes high during T1. The microprocessor sends the signal to latch the address in to the Intel 8282/8283 latch.

DEN (output) Pin No 26. Data Enable. When Intel 8286/8287 octal bus transceiver is used, this signal acts as an output enable signal. It is active low.

DT/R (active low)(output) Pin No 27. Data Transmit/Receive. When Intel 8286/8287 octal bus transceiver is used, this signal controls the direction of data

flow through the transceiver. When it is high data are sent out. When it is low data are received.

M/IO (active low)(output) Pin No 28. Memory or I/O access. When it is high the CPU wants to access memory. When it is low, the CPU wants to access IO device.

WR (active low)(output) Pin No 29. Write. When it is low the CPU performs memory or I/O write operation.

HLDA (output) Pin No 30. Hold Acknowledge. It is used by the processor when it receives hold signal. When hold request is removed, HLDA goes low.

HOLD (input) Pin No 31. Hold. When another device in the complex microcomputer system wants to use the address and the data bus, it sends a hold request through this pin.

The maximum mode block diagram is shown as

[image: image8.emf]
Figure 3.2 Maximum Mode Block diagram of 8086
For the maximum mode of operation the pin MN/MX (active low) is made low. It’s grounded. The major difference between the minimum mode and the maximum mode configurations is the need for the additional circuitry to translate the control signals. The circuitry is for converting the status bits S1 (Active Low), S2 (Active Low) and S3 (Active Low) into the I/O and memory transfer signals needed to direct data transfers, and for controlling the 8282 latches and 8286 transceivers. From the status the 8288 is able to originate the address latch enable signal to the 8282s, the enable and direction signals to the 8286 transceivers and the interrupt acknowledge signal to the interrupt controller. The description of the

pins from 24 to 31 is as follows:
QS1, QS0 (output) Pin no 24 and 25. Instruction Queue Status. These two pins allow the system external to the processor to interrogate the status of the processor instruction queue so that it can determine which instruction it is currently executing. The meaning of QS1 and QS0 are as follows:

	QS1
	QS0
	Meaning

	0
	0
	No operation

	0
	1
	1st byte of opcode from queue

	1
	0
	Empty the queue

	1
	1
	Subsequent byte from queue


S0, S1, S2 (active low) (output) Pin No 26, 27 and 28. Status Signals. These signals are connected to the bus controller Intel 8288. The bus controller generates memory and I/O access control signals. The meaning of S2, S1, and S0 (active low) are as follows: 
	S2
	S1
	S0
	meaning

	0
	0
	0
	Interrupt acknowledge

	0
	0
	1
	Read data from I/O port

	0
	1
	0
	Write data into I/O port

	0
	1
	1
	Halt

	1
	0
	0
	Opcode fetch

	1
	0
	1
	Memory reading

	1
	1
	0
	Memory writing

	1
	1
	1
	Passive state


LOCK (active low) (output) Pin No 29. When it is low al interrupts are masked and no hold request is granted. In a multi processor system all other systems are informed by the signal that they should not ask the CPU for relinquishing the bus controller.
RQ (active low)/GT1 (active low), RQ (active low)/GT0 (active low)(bidirectional)

Pin No 30 and 31. Local bus priority control. Other processors ask the CPU through these lines to release the local bus. RQ (active low)/GT1 (active low) has lower priority than RQ (active low)/GT0 (active low)(bidirectional). A request consists of a negative pulse arriving before the start of the current bus cycle. The grant is a negative pulse that is issued at the beginning of the current

bus cycle provided that

1. The previous bus transfer was not the low byte of a word to or from an odd address if the CPU is an 8086. For an 8088, regardless of the address alignment, the grant signal will not be sent until the second byte of a word reference is accessed.

2. The first pulse of an interrupt acknowledgement did not occur during the previous bus cycle.

3. An instruction with a LOCK prefix is not being executed.
If the condition 1 or 2 is not met, then the grant will not be given until the next bus cycle, and if the condition 3 is not met, the grant will wait until the locked instruction is completed. In response to the grant the three-state pins are put in their high impedance state and the next bus cycle, and if condition 3 is not met, the grant will wait until the locked instruction is completed. In response to the grant the three state pins are put in their high impedance state and the next bus cycle will be given the requesting master. The processor will be effectively disconnected from the system bus until the master sends a second pulse to the

Processor through the RQ (Active Low) / GT (Active Low).

In the maximum mode of operation signals WR, ALE, DEN, DT/R (active low) extra are not available from the processor. These signals are available from the controller 8288.

Figure 3.3 shows a typical 8086 system in the minimum mode configuration.

[image: image9.emf]
Figure 3.3 Minimum Mode Configuration

Figure 3.4 shows a typical 8086 system in the maximum mode configuration. In maximum mode configuration, in addition to the latches and bus transceivers, a bus controller is also employed for this configuration. The bus controller provides control signals as shown in figure. The important signals are

MRDC (Active Low) 
Memory Read Command

MWTC (Active Low) 
Memory Write Command

IORC (Active Low)
 I/O Read Command

IOWC (Active Low) 
I/O Write Command

[image: image10.emf]
Figure 3.4 Maximum Mode Configuration

Address Decoding

Two of the EPROMs have their eight data outputs connected in parallel to system data lines D0-D7. These two EPROMs give 4 Kbytes of storage in the lower memory bank. The other two EPROMs have their data outputs connected in parallel to system data lines D8-D15 to give 4 Kbytes of storage in the upper bank of ROM. Eleven address lines are needed to address the 2 Kbytes in each device. Therefore system address lines A1-A11 are connected to all the EPROMs in parallel. A2716 has two enable inputs. CE(Active Low) and

OE(Active Low). The CE (Active Low) inputs of the two devices in the lower bank are connected to system address line A0. Hence the CE (Active Low) inputs of these devices will be asserted if A0 is low. The CE (Active Low) inputs of the two 2716s in the upper bank are connected to the BHE (Active Low) line. The CE (Active Low) inputs of these devices will be asserted whenever BHE (Active Low) is asserted low. A 3625 is a 1K x 4 bipolar PROM which functions as an address decoder. PROM functions as a better decoder since it is programmable and it has large pins and hence it allows us to select a specific area in the memory without using external gates. The CS1 (Active Low) is an enable input of the PROM decoder which is tied to the ground and hence permanently enabled. The CS2 (Active Low) enable input is tied to the RD (Active Low) signal from the 8086, so that the decoder will be enabled only if the 8086 is doing a read operation. The truth table for the PROM inputs, PROM outputs and the corresponding address blocks that will be selected is shown in the figure.
	PROM INPUTS
	PROM OUTPUTS
	ADDRESS

BLOCK

SELECTED

	M/IO
	A14-

A19
	A13
	A12
	O4
	O3
	O2
	O1
	

	1
	1
	1
	1
	1
	1
	1
	0
	FF000H-FFFFFH

	1
	1
	1
	0
	1
	1
	0
	1
	FE000H-FEFFFH

	1
	1
	0
	1
	1
	0
	1
	1
	FD000H-FDFFFH

CSX (Active Low)

	1
	1
	0
	0
	0
	1
	1
	1
	FC000H-FCFFFH

CSY (Active Low)

	ALL OTHER STATES
	1
	1
	1
	1
	NONE


