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- Abstract

This thesis contains the technical details of the design, development and construction of an 8086-based
16-bit microprocessor trainer. The trainer has been built using local technology and at lesser cost
compared to the foreign made trainers. The hardware and software design are simple and logical to allow
others become acquainted with the design rules. The trainer has been built with the features of a
‘Learning and Development System.’ The features are (a) edge connectors for developing interfacing
circuits, (b) integrated peripheral module containing all the common peripheral controllers (c) the IBM-
PC to trainer down loading software and (e) many useful routines and subroutines in the EPROMs.

The trainer has been constructed successfully. All the objectives quoted above have also been achieved.

The trainer has the following hardware features : (a) 8086 CPU, (b) 64Kbytes EPROM, (c) 64 Kbytes
RAM, (d) Bus Lines at Edge Connectors for Interfacing Experiments, (e) 5.5"°x2.5”” Bread Board for
Prototyping Circuits, (f) Well-documented User’s Manual, (g) 18-Key Hex-key pad for Machine Codes
Programming, (h) 9 - Digits 7-Segment Display Window, (i} Memory and Port Decoded Lines Available
at Edge Connectors, (j) +5V Power Supply Adapter.

The trainer has also software features like (a) Powerful and Comprehensive Resident Monitor Program,
(b) Auto/Manual Data Entry for both Bytes/Word Operations, (¢} Program Execution Capability, (d)
Forward/Backward/Change/Backspace Facilities, (e} Bytes/Word Examine/Edit Capability, (f) Single
Instruction Execution Capability for Program Debugging, (g) Basic Initialization Routines for Many
Peripheral ICs like ADC, DAC,8251,8259, (h) Register’s Contents can be Examined and Changed, (i)
Flag Register’s Contents can be Examined in Bit-form and Hex-form, (j) Many Stand-lone Useful
Routines and Subroutines to facilitate microprocessor based system design.

This thesis contains detailed description of the procedures and techniques employed for the design,
development and construction of the trainer. It is a comprehensive reference containing experimented
steps that the designers and academicians may consult to solve microprocessor related problems. This
thesis has also documented the description of the new ideas conceived to solve varieties of hardware and
software problems. The examples are -- the design of composite memory/port decoder and single
stepping routine.

The thesis contains 10 chapters, 6 appendices and a reference caption. Attempt has been made to

document the work in the form of descriptive language, schematic diagram, flow chart, assembly and C
codes.
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INTRODUCTION



This chapter gives a brief introduction to the Evolution of Microprocessor, Motivation for the Thesis
Work, Detailed Content Outline and the Main Features of the developed Trainer.

Evolution of Microprocessor .
A microprocessor is a programmable device. Within it, there are thousands of transistors forming large

number of floating type basic logic gates and memory cells. The interconnections between these circuits

"are established and broken asserting software commands from outside. This way, a single
microprocessor chip is used to impler: ent numerous types of work. The credit for the idea of a general
purpose microprocessor goes (o one of the intel engineers who was working on the Japanese camera Co.
_ Busicom around 1970. The microprocessor can take data from different users and can modify the data
exactly the way a user wants. The CPU can give back the modified data to the user.

The arrival of microprocessor has brought revolutionary change in the field of ‘Information Technology’
and ‘Industrial Instrumentation and Control." Without today’s high speed microprocessor, it would be

simply impossible to build low cost desktop computers that are processing and presenting ‘Information’
worth million of dollars.

Early microproceséors, during 1974 - 1976, were mainly developed for making business calculators and
controlling simple industrial processes. With the passage of time, peoples’ mentality evolved and started
thinking of ‘Time Saving.' They made the personal computers using the early 8-bit microprocessor
(8085, 6502,...) to do their word processing and simple spread sheet works at home without going to the
mainframe station located somewhere down town.

The first 16-bit microprocessor, called 8086 appeared in 1978. Enhanced version of 8086, called 80186,
appeared in the same year with integrated ceripherals. [n 1983, the 80286 microprocessor appeared with
‘Protected Virtual Mode Addressing’ capability and ‘Multitasking® support. As application begun to
demand more speed, the 80386 (32-bit) appeared in 1986. In 1989, Intel released 80486 (32-bit) with
built-in math coprocessor and cache. The Pentium (64-bit) appeared in 1993.

Figure - | presents a curve showing the growth of component density per chip versus time.
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Figure-1 : Growth of Maximum Achievable IC Components Density.
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Motivation for the Present Work .
“Microprocessor Fundamentals” is a basic subject offered to computer, electrical and electronic

engineering and many other applied disciplines. Because of the enormous popularity of Intel
microprocessors, it has become a de facto standard of including Intel’s 8085 (8-Bit) and 8086 (16-Bit)
microprocessors in the curriculum. The study and the understanding of the features of these
microprocessors require relevant CPU based trainers. The prescribed text books usually make frequent
references to the microprocessor trainers for the clarification of many concepts and the experimentation
of new ideas. These trainers are also needed by the professionals engaged in designing and developing
microprocessor based industrial control systems and consumer products.

These trainers are non-consumer items and are usually made by the rich companies in the developed
countries as a side product in their factories, where the main product is an electronic/electrical consumer
product. They have the manpower, machinery, sophisticated development tools etc., worth millions of
dollars. Setting up such a million dollar factory to produce these educational trainers, woould merely
mean to be a dream - at least, in Bangladesh!

The educational institutions of Bangladesh are in a crying need of these trainers. They could not get them
in time due to price hulk and import formalities. As a result, the microprocessor courses are being
conducted mainly on paper and black board. Some of the institutions might have their trainers but the
numbers are certainly very low compared to the number of students.

Outline of this Thesis

Chapter - 1 is the introduction. It makes a brief survey of the evolution of various microprocessors. A
curve is shown to indicate the trend of evolution of microprocessor with time. This chapter has included
the motivation behind the development of the 8086 trainer presented in this thesis.

Chapter - 2 has documented the operating procedures of the trainer. The meanings for the labels of the
Keys of the ‘Keyboard Template” are also given. A component layout of the trainer is provided. The
commercial type numbers of the components are also provided. The names of the signals at various pins
of the edge connectors are also given. This chapter also contains some example programs for exercising
how to enter a program code into the trainer for execution.

Chapter - 3 describes the fundamental features of the 8086 microprocessor. The functional description
of the pins are presented along with diagrams. The use of DT-R/ and DEN/ signals are illustrated
showing their connection with 74LS245 data buffer. The definitions of the processor status signals are
aiven. Special attention is given as to the application of the §4,S3 signals in connection with their
possible use for accessing IMbyte of memory per segment. A circuit diagram is added showing how
these status bits could be decoded to allow the 8086 CPU for accessing 4 Mbytes of memory [1].

The chapter also includes the register architecture of the 8086 processor. An address computation chart is
provided along with examples. This chapter also contains a summary of the instruction set.

Chapter - 4 includes the complete schematics of the hardware of the trainer. The total circuit is divided
into four subsystems viz., (1) CPU Subsystem, (2) Memory/Port Decoding Subsystem, (3) Memory
Subsystem, and (5) Keyboard/Display Subsystem. There is a block diagram showing the overall
hardware structure of the trainer. Every subsystem is followed by detailed description of the working
principles of the circuit of that subsystem.,



Chapter - 5 is the full documentation of the monitor program of the 8086 trainer. The logic of the entire
monitor program is summarized into eight flow charts. These flow charts will be fe\requently referred
during the study and analyze of the working principles of the monitor program.

There is also description corresponding to each key command. For example, how does the trainer
response when EXA key is pressed. Or, how does the CPU response when BKS key is pressed. The
description has also been augmented by flow charts and program listing.

The chapter contains the source code listing of all the subroutines and the stand-alone routines which are
provided as firmware in the EPROMs of the trainer. The various data and lookup tables are also given.

The memory/port and the reserved RAM space maps are provided. The interrupt vector table is also
giver.

Chapter - 6 contains full technical documentation of an Integrated Peripheral Module containing 2 -
Programmable Interval Timers of the type 8253, 1- Analog-to-Digital Converter of type ADO08084, 1-
Digital-to-Analog Converter of the type AD558, 1- Eight Channel Analog Multiplexer of the type
DG508, R$232-TTL-RS232 Converting Chips of the type 489, 488 and a versatile Controller Chip of the
type 8256. The 8256 chip contains all the commonly used five functions viz., Parallel 1/0, Serial /O,
Timing, Counting and Interrupt Priority Management. This separate board is provided to help convenient
implementation of interfacing experiments. Basic initialization routines of all the peripherals are also

given.

Chapter - 7 has indicated the realistic application of the 8086 trainer. The applications are (1) display of
the binary data using an 8255 controller (2) coding and running a Bubble Sort Program (3) Complex
timing function generation for the Bedford Inverter and (4) the construction of an EPROM programmer.
The chapter also contains full data sheet of the commonly used EPROMs of the type 2716, 2732, 2764,
27128 and 27256. The data sheets include the flow charts of numerous programming algorithms. An
example program has been included in this chapter to program an EPROM of the type 2716.

Chapter - 8 documents the serial communication software to download program codes from [BM-PC to
the 8086 trainer. The schematic of the hardware interfacing between the trainer and the IBM-PC is given.
The transmitter software is developed using assembly/C language and the complete source code listing is
provided. The resulting exe file is named scom86.EXE and is provided in a 3.57 disk with the trainer.The
trainer’s firmware listing is also given.

Chapter - 9 shows a study of the results expected from the trainer and the actual results achieved. The
reasons for the discrepancies are described in the discussion caption.

Chapter - 10 makes hints as to possible future good technical works that could be done based on this
trainer. The possible areas are 80286 trainer to study PVAM features, ROM-Based Assembler, On-board
8087 math coprocessor and improving the existing monitor program.

Appendix - A includes the schematic diagram of the 8086 system in its maximum mode while operated
with an 8087 math coprocessor.

(5]



Appendix - B documents the preliminary experimental works for the development of a ROM based
Assembler 8086 Trainer. The component lay out is given along with an alphanumeric keyboard. The
original Hex keyboard is retained to operate the trainer for learning purposes. The appendix contains the
full schematic of the 15-segment alphanumeric display system. The ROM character table is also
presented. The internal circuitry of the 15-segment display is also provided.

Appendix - C contains data sheets for the 8279 and 8256 programmable controllers. This is provided to
make this thesis complete.

Appendix - D describes the manual procedures of making the PCB for the trainer. The PTH (printed
through holes) have been made by hand. The procedures of good soldering is also presented in the form
of pictorial illustration. This appendix also contains the pictorial view of the PCB artwork.

Appendix - E describes the manual procedures/methodology of fusing the program/data codes of the
monitor program into EPROM. This job is usually done by an automatic development system where the

program codes are developed in the IBM-PC and then down loaded into the prototype trainer..

Appendix - F includes the color plates of the various board of the trainer. These are the component/wire
wrapping sides, the component/solder sides of the final PCB and the solder mask.

Features Summary

HARDWARE and SOFTWARE FEATURES SUMMARY

Hardware Features:

01. 8086 CPU

(2. 64Kbytes EPROM

03. 64 Kbytes RAM

04. Bus Lines at Edge Connectors for [nterfacing Experiments
05.5.5°’x2.5"" Bread Board for Prototyping Circuits

06. Well Documented User’s Manual

07. 18-Key Hex-key pad allows Machine Codes Programming
08. 9 - Digits 7-Segment Display Window ‘

09. Memory and Port Decoded Lines are Available at Edge Connectors
10. +5V Power Supply Adapter.

Software Feature:

01. Powerful and Comprehensive Resident Monitor Program

02. Auto/Manual Data Entry for both Bytes/Word Operations

03. Program Execution Capability

04. Forward/Backward/Change/Backspace Facilities, Bytes/Word Examine/Edit Capability
05. IBM-PC to Trainer Down Loading Software A

06. Single Instruction Execution Capability for Program Debugging

07. Basic Initialization Routines for Many Peripheral [Cs like ADC, DAC,8251,8259

08. Register’s Contents can be Examined and Changed
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This chapter is an introduction to the fundamental of 8086 microprocessor. Included are, the detailed
description of the various pin functions, the basic timing diagram, internal architecture, register layout,
address computing chart and the instruction set summary.

2.1 Pin Diagram and Functions

The 16-bit 8086 microprocessor is packaged in a 40-pin CERDIP (CERamic Dual In Package) or plastic
DIP package { Figure - 2.1(a), 2.1(b)]. it is 0.3-inch wide and 2-inch long. The pins are separated from
each gther by 0.1-inch. The CPU design has been implemented using HMOS technology to achieve high
performance. The 8086 operates at 5SMHz, 8086-2 at 8MHz and the 8086-1 at 10 MHz with maximum
power dissipation of 2.5W. There are corresponding CMOS versions (80C86,80C86-2,80C86-1) which
operate at the same frequencies as for the HMOS 8086 but with maximum power dissipation of 1W. The
8086 has two modes of operation viz., Minimum Mode which does not permit connecting a 2nd
processor/co-processor in the system and Maximum Mode which allows connecting a second
processor/co-processor. Throughout this thesis, we will be studying the 8086 CPU in a minimum mode

for better understanding the underlying concepts. Appendix-A includes the maximum mode operation of
the 8086 CPU.
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Fig-2.1(a) : Pin Assignment (Min Mode} Fig-2.1(b} : Bus Structured Pin Assignment (Min Mode)

Address Bus - 20 Lines

There are 20 address lines and are designated by A19 - A15 and Al5 - A00 (embedded in ADIS5 -
ADO00) which are shown in Fig-2.1(a) and Fig-2.1(b). Address lines are used by the processor to select a
particular memory location of a standard memory or an interface memory for data read/write operation.
Since these lines are always originating from the processor and terminating to the memory devices, they
are unidirectional output lines. The possible combinations of these lines range from 0000 0000 0000
0000 0000 (binary) to 1111 1111 ¥111 1111 1111 (binary).



In hex notation the range is from 00000H to FFFFFH. In decimal, the range is from 0 to 1,048,575 which
equals to 1,048,576 combinations. This figure indicates that the 8086 CPU can individually select up to
1,048,576 memory locations. Taking 1024 as 1K and 8-bit size (1 byte) for each memory location as is
the normat practice in computer literature, then the total addressable memory becomes | mega bytes or
IMbyte. The address number for the data location of a standard memory or port memory is always
treated as an unsigned binary number.

The lower 16 address lines (A15-A00) are used to assert the address of a memory location when that
location is considered as a port space and is enabled by the LOW level of the M-10/ line. During port
read/write operations, the upper four address lines viz., A19-A16 remain zeros. Thus the 8086 CPU can
address up to 65,536 locations of port.

In 8086 CPU, the lower 16 address lines viz., AD15 - ADOQO share common lines with the 16 data signals
D15 - D0O. This is possible due to the fact that a memory location is selected first and then the data
read/write operation takes place. Stating another way, the address assertion and the data dump events
never occur at the same time. Therefore, these two distinct information can be multiplexed over the same

physical wires in time axis. And the composite signals being carried by these lines may be shown as
AD15 - ADQO. '

Data Bus - 16 Lines multiplexed with A15-A00 Lines

There are 16 data lines D15-D00 (embedded in AD15-AD00) for the 8086 CPU and are time multiplexed
with the lower 16 address lines A16-A00. The default read/write operation of the CPU is byte oriented.
That is, while the CPU is reading data from memory on its own (while booting up after power up reset),
it reads data byte by byte. Then what is the benefit of having 16 data lines? The answer is given saying
that the CPU has got powerful instruction by virtue of which the programmer can instruct the CPU to do
a word operation. This increases the speed of the system almost by twice. The lower data bye D7-DO0 is
called EVEN data while the upper data byte D15-D8 is called ODD data. The Data lines are bi-
directional.,

Read/Write Control Bus - 2 Lines

Fundamentally, only one line should be enough to complete read and write operation on memory chip.
Single line can carry either HIGH or LOW logic value and this feature can be utilized to distinguish
between read and write operations. In fact Motorola 6802 and 68000 microprocessors use only one line
for both read/write operation. Whereas, Intel 8085,8086 use two lines for read/write operations. The
choice of 1 or 2 lines is a matter of design convention and convenience.

To differentiate read/write with standard memory or port memory, use of a separate line makes sense.
And it is M-10Q/ line.

Read Control Line: RD/ - 1 line

This is a single line originating from the CPU and going to the memory (both the standard and the port
memory) devices. It carries active low signal to indicate the selected memory chip that the address
information asserted to its inputs are now stable and it should now dump the desired data byte on the data
bus. Figure -2.1(d) is referred for the timing relationship of this signal with other bus signals.

Write Control Line : WR/-1 line
This is also a single output line. This line is connected to both the standard memory and port memory. it
carries active low signal fo trigger the selected memory chip that the address and data asserted to its



inputs are now stable and it should absorb the data byte from the data bus. Figure - 2.1(d) shows the
timing relationship of this signal with other bus signals.

Memory/Port Control Line: M-10/ - 1 line

A microcomputer system can have many memory chips. Some of them are RAM and ROM and the rest
are certainly port memories being connected with the users devices. By standard convention and
practices, the RAM and ROMs are assigned 20-bit unsigned number for the addresses of their internal
memory locations. And the input/output controllers (port memories or simply port) are assigned 16-bit/8-
bit numbers for the internal memory locations. A single line designated as M-10/ is used to distinguish
between memory or port selection. A high signal on M-IO/ line will enable the memories and a low
signal on M-IO/ line will enable the ports.

Memory Bank Control Lines

BHE/ (Byte High Enable) Signal

This signal is multiplexed with S7 signal on pin-34 of the CPU. This is a memory related signal and
hence needs to be sampled by an optional latch (refet to section-4.2 schematic). The CPU asserts low
level signal over this line when a user instruction requests a WORD oriented or ODD byte data
read/write operation. The BHE/ signal has a close association with A00 address line as shown below:-

BHE/ A00 Meaning

0 0 : one word operation in one machine cycle when aligned with
even address

0 1 : D15-D8 (upper byte = ODD byte) operation

1 0 : D7-D0  (lower byte = EVEN byte) operation

Multiplexed Bus Control Line

ALE Line (Address Latcl Enable) _

The 16-bit address information from the composite AD15 - ADOO signals is to be sampled and kept to
the input address lines of the intended memory location unti! the data read/write operation is finished. To
accomptlish this, it is necessary to know the ‘“Time Point’ at which the address signal is being asserted on
the composite AD15 - ADOO lines. The 8086 CPU does indicate this ‘Time Point’ by generating a single
pulse called ALE over pin-25. This ALE signal could be used to trigger optional D-type flip-flops (for
example 74L.8373 in section - 4.2) to latch the address information from their inputs to the output. Since
ALE signal is generated only once during a read or write operation (refer to page-22), the output of the
D-FFs which 1s in fact address information will remain constant at the input of the memory chip until the
data movement operation is completed.

The above reasoning may also be applied for the upper 4 address lines viz., A19 - A16. The physical
wires assigned to carry these signals might in fact carry composite signals like A19/S6 - A16/S3. 56 - S3
stand for Status signals. An optional latch (section - 4.2} can be triggered to sample the A19- Al6
information from the composite signal and hold them at the output. Now the lines are free and they may
be used to carry the processor Status signals S6-53. -

Processor Control Lines

RST (ReSeT) Line : _ 7

[t is an input line and carries a positive pulse to start the processor from the cold state. The minimum
requirement for the width of this pulse is at least four clock periods. The reset pulse is usually supplied
by an auxiliary clock chip of type 8284 (Sec-4.2) and is synchronized with processor clock. At the rising
edge of the reset pulse, the CPU will terminate all operations if it was doing something. The CPU will

S
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remain ‘Idle’ for the duration of the pulse. During the falling edge of the reset pulse, the CPU will
undergo an internal reset sequence and will last for about 10 clock periods. During the reset sequence,
the following events occur within the CPU:-

Data Segment register is initialized to 0000H DS = 0000H
Stack Segment register is initialized to 0000H SS = 0000H
Extra Segment register is initialized to 0000H ES = 0000H
Code Segment register is initialized to FFFFH CS = FFFFH
Instruction Pointer register is initialized to 00000H [P = 0000H
Flag Register is initialized to 0000H FR = 0000H

At the end of the reset sequence, the processor starts booting up from the absolute memory location
CS:IP = FFFF:0000H

MN-MIX/ (MiNimum mode or MaXimum mode)

The meaning of the pin signals of the 8086 CPU are sufficiently different when it operates in minimum
and maximum modes (Appendix B). Maximum mode allows connecting additional
processors/coprocessors to realize multiprocessing environment. Whereas, minimum mode does not
permit so. An IC having only 40 pins is not capable of furnishing all the functions required by min and
max mode operations. To keep the number of pins at minimum while achieving the multiprocessing
performance, a jumper pin (pin-33) has been added to the CPU. When MN-MX/ pin is strapped to +5V,
the 8086 asserts signals at its various pins as required by the minimum mode operation (Section - 3.1).
When the jumper pin is connected to ground potential, the CPU asserts maximum mode signals at its
various pins.

RDY (ReaDY)

This is an input logic to the processor. The CPU functions normally as long as the fogic level at this pin
remains high. When the logic level of this pin goes low, the CPU starts inserting ‘WAIT States” in its
operating clock (page-22). It means that the clock period begins stretching and all bus activities gets
frozen. Activities resume when the pin restores high logic level.

The addition of the RDY pin in the CPU allows the utilization of slow memory in the system design.
Slow memories are cheap in price but the access time is greater than 200nS. There are in fact some
commercial systems requiring huge on-board memories with moderate importance in speed. The RDY
line is connected with the controller of the slow memory module. After the reception of the address, data
and read signal from the buses, the controtler pulls down the RDY line. After the known delay, the siow
memory dumps the data on the bus. The controller also receives this information and it immediately
releases the RDY line. ‘

The RDY signal is usually provided by the clock chip generator (8284). The output of the slow memory
controller is connected to the input of the clock chip (Section - 4.2). This is to allow synchronous
operation of the RDY signal with the processor clock.

CLK

The CLK signal is the prime mover to the CPU for the generation of all the timing functions. The clock
signal is usually provided by an auxiliary clock generator chip viz., 8284. The clock has a duty cycle of
33% for optimum operation. For details of the clock circuitry, refer see section - 4.2.



+5V Supply :

To supply the power for the operation of the internal electronics. The tolerance of the voltage is 5V+10%
for the 8086 and 5% tolerance for the 8086-1 and 8086-2. The maximum current that may be drawn from
the power supply is 340 mA at room temperature.

OV Supply :
To sink the +5V supply current. Two pins have been used to provide parallel paths for minimizing the
noise.

Interrupt Control Lines

NMI (Non-Maskable Interrupt)

It is an asynchronous external input signal for interrupting the CPU. The active signal is rising edge
which is sampled by the processor during the last clock cycle of the instruction being executed. The CPU
1s directed to an interrupt service routine (abbreviated as ISR) for interrupt ‘type 2°. The starting
address of the ISR is found by consulting a lookup table called Interrupt Vector Table (IVT) located at
space 00000H - 003FFH of the main memory. This interrupt can not be disabled by setting the IF-bit of
the flag register. This type of interrupt is designated as externally triggered internally vectored hardware
interrupt. This input is usually terminated by a pull down resistor of 5Kohm.

INTR (INTeRrupr)

This is also an asynchronous external input to interrupt the CPU. It is level sensitive and is sampled by
the CPU during the last clock cycle of the instruction being executed. This interrupt is usually funneled
by an Interrupt Priority Controller chip like 8259. The type code for the interrupt is supplied by the
mterrupting device via 8259. The CPU is directed to an ISR consulting the IVT . This interrupt can be
disabled by setting the IF-bit of the flag register. This type of interrupt is designated as externally
triggered externally vectored hardware interrupt.

INTA/ (INTerrupt Acknowledge)

This is an active low signal, generated by the CPU in response to INTR signal. It is asserted to inform the
interrupting device to dump the 8-bit interrupt type code on the data bus. There are two such pulses that
are generated. This output is terminated by a puli up resistor of 5Kohm.

DMA Control Lines

HOLD

An asynchronous input signal asserted by DMA device. The signal must remain high until the DMA
service is completed. The CPU samples this input during every machine cycle of an instruction. The
input is terminated by a pull down resistor of SKohm. :

HLDA (HoLD Acknowledge)

The CPU generates an active high signal at this pin in response to the HOLD input. This signal is
propagated to the DMA device to indicate that the local bus has been isolated from the system bus
(Section - 4.2). Now-the system bus mastership may be owned by the DMA device for direct data
transfer to the RAM bypassing the CPU. At the end of DMA action the HOLD line goes low and the
CPU also pulls down the HLDA line. The local bus becomes associated with system bus and the CPU
regains the bus mastership.



Interprocessor Communication Line

FEST Line

The CPU samples this input during every clock cycle and keeps working if logic low is detected. This
Iime is usually connected with a math coprocessor called ‘Floating Point Unit = FPU’ in maximum mode
operation (8087). The FPU asserts this pin high to inform the 8086 to stop executing its instructions and
wait for some computational result to be supplied by the FPU. Refer to Figure- A.2 at page-162.

Utility Lines

DEN/ (Data buffer Enable)

I'he local bus of the CPU has a very limited current driving capability and is just good to drive one TTL
load. 1T a user wishes to connect more |oads, suitable data buffer (like 74LS52435) are to be installed to
protect the local bus from being damaged due to overloading. The asynchronous DEN/ (active low)
signal is generated by the CPU may be used to enable such data buffers. For minimum systems. this line
usually remains open. Refer Fig-2.1(c) for the application of this signal.

DT-R/

Tlus alternate signal is generated by the CPU asynchronously to change the direction of the data buffer
being enabled by DEN/ signal. The signal level becomes high if the instruction being executed refers to a
write operation on external memory. The signal becomes active low if the instruction is involved in data
read operation from the external memory. Please see Fig-2.1(c) below for the implementation of this
line.
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Fig - 2.1(c) : lmplementing the DEN/ and DT-R/ Signals

Processor Status Lines

53,854,85,56 and §7 Lines

Signals §3,54,55,56 and S7 appearing at the indicated pins of the Fig-2.1(b) are termed as Status lines.
These signals become available just after the assertion of the A19-A16 address information. To grasp
these status information, suitable electronic circuitry are to be employed . The meaning of these signals

are as follows:



Status Signals ' Meaning

54 S3

1 1 : The memory reference instructions are using Data Segment for read/
write operations during the execution of the current instruction

1 0 : The memory reference instructions are using Code Segment for read/
write operations during the execution of the current instruction.

or
: The CPU is accessing the Interrupt Vector Table for jumping to Interrupt

Service Routine in response to an Interrupt.

0 1 : The memory reference instructions are using Stack Segment for data
accessing.

0 0 : The memory reference instructions are using Extra (Alternate) Segment
for read/write operations during the execution of the current instruction.

S§5=1 : The IF-bit of the flag register is set.

S6=0 - always

§7=7 : Spare

53 and 54 - these two lines indicate the status of the segment being used by the processor for accessing
the data/code at the current instruction. These two lines can be used to access up to 4 Mbytes of memory
( | Mbyte per Segment) [1]. Refert to Fig - 2.1(e) for the hardware circuit to realize this concept.

Pin Loading Considerations

Sourcing

Every pin can source maximum 400pA current at minimum 2.4V. if the load increases, the logic level
may decrease and the behavior of the CPU will become unpredictable.

Sinking
Every pin can sink about 2.5mA current at maximum 0.45V.



Figure-2.1(d) shows the activities on the 8086 bus during simple read/write operations. The first line
show the clock waveform. One cycle of this clock is referred to as ‘State’ and is designated by the
svmbol *T°. The group of states required for the completion of one read or write operation is called a
"Machine Cycle’. The total time needed by the CPU to complete the activities of one instruction is called
an “Instruction Cycle’.

To read data from a memory location, the CPU asserts the 20-bit address information on the bus. The
ALE signal is generated to demultiplex the address information from the composite AD15 - ADO signals,
M-10/ signal is made ‘High’ to select memory device. After some delay, the RD/ signal is asserted 10
bring the data from the bus into the accumulator of the CPU. DT-R/ and DEN/ signals are generated to
¢nable the data buffers if there is any.
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Fig - 2.1(d) : Basic 8086 System Timing in Minimum Mode (Courtesy Intel Corp.)
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2.2 Internal Architecture

Figure - 2.2(a) is the block diagram of the internal architecture of 8086 microprocessor. The machine is
primarily composed of two functional units viz., ‘Bus Interface Unit (BIU)" and ‘Execution Unit (EUY.’
Each functional unit is also composed of many subunits.
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Fig - 2.2(a) : Functional Blcok Diagram

B1U : Bus Interface Unit
This unit is composed of the following subunits:-

Memory Interface Unit
This unit asserts the 20-bit physical address on the external bus to read/write data/code out of memory.

fustruction Stream Byte Queuc

The instruction codes {program codes) goes to the ‘Instruction Stream Byte Queue (ISBQ) over the C-
Bus. When the CPU is busy for calculating the address or internal processing, the bus is free and is used
to read the instruction codes from the external memory and are stored in the ISBQ. Thus the CPU always



ets the nstruction bytes from inside except during branch and jump. This increases the throughput of
the system.

Segment and Instruction Pointer Registers

There are five registers. Thease are;-

I-S : Extra Segment Register. It holds the upper 16-bit of the 20-bit base address of the extra segment.
('S : Code Segment Register. It holds the upper {6-bit of the 20-bit base address of the code segment.
5S¢ Stack Segment Register. It holds the upper 16-bit of the 20-bit base address of the stack segment
DS : Data Segment Register. It hotds the upper 16-bit of the 20-bit base address of the data segment.

IP : Instruction Pointer Register. Its 16-bit content is added with the CS-base address to read code byte.
Address Computing Subunit

Figure - 2.2(b) is the expnaded view of the address computing unit of the BIU unit. The chart shows all
possible modes for calculating the 20-bit physical address of a memory operand. Examples :-

Single Index: mov ax,[bx] . default segment is DS
mov ax,[bx+d8] . default segment is DS
mov ax, [bx+d16] . default segiment is DS
mov ax, cs: [bx + d§] : default segment is overridden CS
Double Index: mov  ax,[bx+si] . default segment i1s DS
mov  ax,[bx+siTd§] s default segment 1s DS
mov  ax.[bx+si+d16] s default segment is DS
mov  ax, csi[bx+si+d8] . default segment is overridden b\ CS
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Fig - .2(b) : Address Computing Unit




EU = Execution Unit

This is composed of the following subunits:-

Working Register Bank
Figure - 2.2(c) shows the layout of the internal registers of the 8086 microprocessor.
can access these registers except the CS and IP registers.

Status/Flag Register
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Fig - 2.2(c) : Internal Register Layout

The programmer

There is a 16-bit status register of which only 9 bits are active. This register reﬂects the operational status

- after the execution of each instruction. The flag bits are :-

BO-CF
B2 - PF
B4 - AF
B6 - ZF
B7 - SF
B8 - TF
B9 - IF
B10 - DF
Bl11-OF

: Carry Flag - when a carry is generated after the addition of two operands
: Parity Flag - number of |s becomes even after operation
: Auxiliary Flag - a carry is generated out of 4th bit during BCD operation.
: Zero Flag - the result due to operation is zero
: Sign Flag - the MSB of the data is | due to the execution of an instruction.

: Trap Flag - to allow the CPU to execute one instruction at a time,

. Interrupt Flag - to enable/disable hardware interrupts viz., INTR.

: Direction Flag - used to control the direction of string transfer.

: Overflow Flag - when the result of an operation exceeds the capacity of the destin.

7



2.3 Instructions

The .instructions of 8086 microproccessor are broadly classified into 6 groups. The mnemonics summary
is given in Figure-2.3(a). Coding templates are given in Figures-2.3(b), 2.3(c) and 2.3(d).

DATA TRANSFER INSTRUCTIONS | ARITHMETIC INSTR.| PROCESSOR CONTROL
General Purpose Addition Flag Operations
mov add cle
push adc cmc
pop inc ste
xchg aaa cld
xlat daa std
cli
Input/Qutput Subiraction sti
in sub
out sbb External Synchrpnizn.
dec hlt
Address Object neg wait
lea cmp €sc
Ids aas lock
les das
No Operation
Flag Transfer Multiplication nop
tahf mul
pushf imul
popf aam
STRING INSTRUCTIONS Division
movs div
rep idiv
cmps aad
scas cbw
tods cbd
stos I
SHIFT/ROTATE/LOGICAL INSTRUC] PROGRAM TRANSFER INSTRUCTION
Logicals Conditional Transfer Unconditional Transfers
not jeljz call
and Jjljnge ret
or jle/ing jmp
Xor jb/jnae
test jbe/jna fteration Controls
Jp/ipe loop
Shift jo loope/loopz
shl/sal s loopne/ioopnz
shr jne/inz jexz
sar inl/jge
jnleljg Interrupts
Rotate Jinbljae int
rol jnbe/ja into
ror inpfjpo iret
rel jno
rer

jns

Fig - 2.3 (a) : Instruction Mnemonics Summary
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- 80206 INSTRUCTION SET SUMMARY (Continued)

Funchon FORMAT

80286 INSTRUCTION SET SUMMARY

Aheethc
DD = At
R/ thinmory weifh reustas W arthar

.| emecuy i regestarmamary
IMpchaTy I SOCUMaitnr

ADC = Mk wilh carry:
Piag/Tremary sy (egupter 10 efthe
| TMTWAOABTE 13 {HMbar ROy
OTTRRALY D 8¢Cuthulatn:

IR = incromant:

g/ mamory

Ragistar

$UB = Saliact

Ry mamory b faguctas b st
Ifrmmdiats 1rom (eguriar/memary
I rursdaats from sccumulaios

280 = fairirne! wih barrow:
Reg/mamary and (aQis1ar 10 st

ImiTabctta Irom regiecrmamory
Imemadizia from AcCumuiatne

DG = Decromanc
Ragrits/mamary

Reguty

FMP = Comparn:

RAQLII/ Mamary with registe
RaQLIS wiIT ot rmmony

Iuhediala wilh (eGLEUM: IPTIONY

Wrrmdiatn with MCEum g data dw=1 _

L0 = Clunge wgn 1111041 w] madDIT m |

AMR = ASCI apusl v acsd sn._e____

Ok =« Documal ajusd o s for10g1 1
M-l e [FOTT T T]
(RO (xix kx|

MU = Myhuply (unugned): 1113001 w[ modi0n wm |

TEUL = Imiexges muiply (vgrad)- [ 017 w] medid1 _m )

DAY = Dwviche (ungapnnd|: [ 1073 w] medii0om |

v

i e

Shaded areas indicate instructions not available in iAPX 86, 88 MmiCrosystems.

£LOCK COumT
Ausi Pratacies
FUNCTION FORMAT HI -..c!.l_.l-
B Mods
DATR THARSFER
MOV = Nyw:
Racpster 1o agreter/Memory 23 EAN
AMGUTE /TGy 11T RGLE 2.5 25"
i 23 2y
Lnmadiaty 50 paginac H z
Moy 5 5
ACCUMULION 11 Memory 3 3
Raquilarmemory 10 sagman (austr | 25 11,19
S MUY FRESDAT L regesta /iy 1900119 0] modlieg inm 2.3 PR
PUSH = Pl
Lamory [tt1197 1] mediio_rm ] 5 5
Ragisias 01010 reg m 3 3

Sagmant regeatn 000 reg Y1 0
BT s g TR

Regrsr 8T ]
Segment ragsm D00 g T 1 {reg + 01}

Flegis ar/mamory with regustar (10000t Tw] mxrmg rm |
Ragstoe weh pszumedaion (610 w] -

N = lngt roem:

Fuxnd porl [Tirobrow] povt ]
e Crerres]

OUT = Outpul io:

« Foud port o0 1Tw] port |
Variable port TI10111w
P T (T xv x|

LA« Lowt 4 m e (o001 1o7] roreg 7]

LOB = Lo paanter 1o DS
LES - Load pasniar D ES

1100010 1] mosees _om | (moa = 1)
1100010 0] makveg rm | (mod = 1)

e [ TSk
wo-sovmmte  [50TTTTE)
. froen
. Cii ]

1E 35
3 1
% 5
5 5
3 3
E) 3
§ 5
M ¥
™ Fild
e kil
2 2
2 2
1 3
) 3

Shaded areas indicate instruclions not available in iAPX 86, 88 microsystems.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT

LOQIC

Ragure/Macnory by 1
Ragisarkemony by CL

FTOL = Seav bytaowed trm ALA
e miw o e
JET 3 LS Y

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.

eoo

0o ROR

[(R] REL

11 RCAR

100 SHUSAL

101 SHA

11 SaR
D= A
Ry motmory ) ragislar Lo GOer 00100040 w T
Imimad.ae 10 FeuSIBIHTRMOrY ar
immadats D O10010w ditaifw =1 3
TUET = Aod IaacTion o Haga, 00 Mol
Raguriar: memaony 4nd 1agater (To0d010w| medrsg rm_j 26
\menaipty e 40 1eQlrimemary |1 171011 w| mod000 om | [TE) [ aadw=1 ]| 36"
I eneciata quty and [[oiotoow] d [ szaiw-+ ] 3
OR = Dr:
Rag/mamary and regieter o aihat [(ao0r0aw] modeg vm | 2,7
Irramaadisale L {05 UBLAK/TH MY 1000000 w| moal0l om daty w1 ar
Imamasiyta o 0000110w data it w et 3
XOA = Diglotley o
Rag/memory and 1egurter [ mih [Co1100dw] modreg vm | 21
el 1 g U/ TRy gataf w1 ar
Imimadiza 10 accumukator 3
BT = (et 40 y 7
STRING ARUMELATION:
BOVE = Wows Dyl wind 5
CaPY - Comcass bywmond | DERCERREY '
R —-— Cieiis) :
LODS = Load byt I ALMX 5

3

COMMENTS
Mesl | Protacied | Rasl | Preiacted
Asdrssy | Virmal | Address | Wizl
FUNCTION FORMAT adres ddrss
Mube Meds
ARITHIETIC .
MDY = Inages dencie |Wogned) Fitioi 1 w] modtis vm | \ ,
Saquar- 7 17
fahﬂ_ ® 2% 8 [
Mamory-Byls 0 = 28 .13
gmory-Wotd 2 2" 8 8y -
AAM = KSCII adjusd los maylipty T19:0100]00001010 " 16
D = ABCI) sl bor drce W "
CBY « Corvan tyta 10 word 2 2
WD = Coumwsr! word to doubd word H H

80286 INSTRUCTION SET SUMMARY (Continued)

LODS =102 sing

] CLOCK COUNT COMMENTS

LS Rast Pratected Raal Protactsd
RINCTION FORMAT AMtrens | il | Addees ) Wirbsd

Nods Aséreny Mody ki

STRING MANIPULATIGN (Continuad): = -
Rapaaiad by eountin X .
l,s.-lza.lE___n S+4n 5+dn 2 ]
CMPE = Compare sring +9n Sadn 23 49
BEAL = 5can string

CONTROL TRANSFER
CALL = Calk:
Direct wiltun segmant Trm em 2 18
L/ mamis R
_ﬂ_wﬁia_apﬂa.a Teallew) fomfiea' | 28 1918
Chract inteaagmant [oprtora] sagmant offset ] 1Bem | Waem F4 119218
- [ SIGMan! selsclor ]
Protactad Moot Only (Direct Intarcepman):
Vid €0l Q18 to sama Drrvikage Mvit iem
Wi call grie prwilegs kwl, no gm
Vil clll gte to Qilfezant privilegu Hvel, x pardmeters Nrbrn
Y 78S Mem
Vid sk gatn w.n
{ndlineet inreognt AT ti7 ] maoiiem ] (mod s E-m 3em 2 jsamyzie
Doy [ingirect N
¥l call g Lo san riviiegp levet e
WH £all gas I diffarent prrvdage Mvel, I parameters D+m
<sn-=us.sa_=-.53§_,-nn_:-_.;==§3 Woderw
<,E._.¢w N 1M+ m
Via Lash gaue W m
JMP = Uoconditienal [ump:
Shoftlsng RN EE TN | ds-kow f+m Fem L]
Drrwct wiun sagment Ai5p-Pegh T+m Tem ]
Ragistermemory indirect wamun segmam {1 1111 11 1 TemMea| fomitem 2 9.8
Dirwct iz rsegmant fitoiaro] segment offset ] Hem | Bam 11.12.18
3 3 .
Protectnd Mods Oaty (Diree iimrcegmant: et e _
Vi Gall g 10 auma privikega vl b 23]
vaTss Hea
Via sk e Wem
Indifect marsagmant (11t 1115 medto) em (mod + 11} B am 2 |esnazie
Protectied Mode Ony (kadirec iatsagmont):
Via call Qe 20 1ama prvikegs bevel N ttom B.11,12.18
“HME. r 08,11,12,18
o em 83111218
RET = Aatwrn from CaLL:
Wit
it segment em H+m 2 K-8 ]
Wiitnn 360 adaung immed m 5P (Ltoceo1 o]  cmlow | amhgn | Nnem| em H 29,18
s (e
rssgmant 15em B/+m PR R AERER]
Ingreagmant adding mmedmacSP (1 100101 0] demow | doa-hgh | 15+m 2 s
Prtected Mods Oaly [RETH:
To ditterent prrvtage igvel - 554 m 911,128

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.

Figg-23 (c) : Coding Termplate of the Instructions
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Wou tpacoa a1 id 7] pe
Wmd 11901100
D o e

Probocid Sedy Duly:

Vi T 0 g (N W0 ST pviege Lived

Vid TuEA O et o iferant Dreviege igve
Wi Texh G

RIT = At il rebum

Présected Beda Daly:
Vo ciftary priviga el
To elfiarent sk (N7 = 1)

X & vl 3 kN
Shaded areas indicate instructions not available in iAPX 86, B8 microsystems.

INSTRUCTION SET SUMMARY (Continued)

D+em
Da+m

Heand
)
-

W+m

Wim
+m
Mem
LB ]

N+m

HBa+m
-em

4

‘CLOCK COuMT | comments T}

§ Pasl [Prwnctsd | Masl | Prateceed |2

— - S

[ [

CONTHO, TRARSFER {Coctimad]; NG

JUR « oy IR disg } temordl Temord " . l'#

A/ mak i1t 70¢ tsp ] Temor3[ 7emorad M iy

nrimG- Eoiiiiitie ] 1reees| 7rmord w

M IRAE - HEEEE T EN [ | Temoerd| Temord 18
LA - ey wegdriton [0 111011 [T 7emecs| 7emord K]
P IPE = o o iy mn 1111010 aip Femotd| 7omor3 8
A0 = Jowy womrior |(EEEETTEN olsp Temord| Temord 13
H=yam | CEEEEETY] O i Temerd| 2omord 13

B = e o8 2T e I [critaies [ | Temed| 7+mord 13 !

LG = Joro w A i o 0 Q1111181 . ] Temord| 7emard 12 .

JELE DG = Jormy 20 WY 1 A Di1111711 disp ] Temord) Temord 13
L JAE = ford o6 Y tmbwltom i Wl 01110011 disp ] Tamord| 7+mod 13
R/ 2k e Jopy £ 3 T o g | EEEN NI disp ] Femeord| 7omod 18
P10 - oy o gt el [EasThaiq ditp Jemord| Temors "
M0 ~ oty o o [Cis10001 ) Femord| 7emord £
JRE = by mrimn Q1111001 oisg Temord| 7emord L}
LOGP = Ly Cares Ti1a005 @ [ Bamocd | Brmord "
LOOPZA DS = Lick wri vz T16000 1] G5 G+mocd | Brmors 1
LDOMEAGOMLE = lopekeraioesd [T 1100000 ) Demod | 8emord "
F =+2¥" T 1§ ﬁ-‘—m—' Brmod | Bemork u

T8,35.42,00
TAUMA218
TAIL1218

[k AN ]

[VRIR 4%
LLAER: 30 )

Clack -
FUNCHION FORMAT Cyclas Cemments
PRELELIEA CONTAGL
L Crraarry 2
€8 = Compane zary 2
STE e Setany 2
€20+ Caar ¢ veezon 2
510 s O 2
SilaCarareenst 2
M s | 2
Wil [hioiao] 2
WAIT = 2 [Feivaiy)] 6 itigst= 0
L3EE - But ik poetn [oegsa) 2
13 - P 3cntsor Erennon Fscase 06113 7] reotiLim 5
ATTTLLL dr¢ opeade lagrocessss evem cn)

Shaded areas indicale instructions nol avalableiniaPX @6, 88 Micrasystems

Foolnotes

The eftective Addreas (EA) of tha memary operand is

computed according 10 the mod and r/m fialds:

fmod = %1 then +/m is treated as a REG fleld
fmod = 00 then DISP = 0, disp-low and disp-high
are absent .

#mod = 01 then DISP = disp-low sigh-oxtended to
16-bits, disp-high is absent

ifmod = 10then DISP = disp-high: disp-low

fi/m = 000then EA = {BX) + (S} + DISP
ifr/m = Q01 then EA = {BX) + (DI} + DISP
if/m = 010 then EA = (BP) + (S} + DISP
Hr/m = 011 then EA = (B + (DI) + DISP
#r/m = 100 then EA = (S} + DISP

r/m = 101 then EA = (D} + DISP

ifr/m = 110then EA = (BP) + DISP*

#rm = 11t then EA = (BX) + DISP

DISP foliows 2nd byte of instruction {befora data if
required)

“encapd it mod = 00 and im = 110 then EA = dag-high: disp-low.

SEGMENT OVERRIDE PREFIX

7oy is assignad according to the following:
g Rogier
00 ES
01 cs
10 sS
H Ds

REG is assigned according to the following table:

16-Bit{w = 1) 6-Blt{w = 0)
000 AX 000 AL
001 CX 001 CL
010 DX 010 DL
011 BX 01% BL
100 SP 100 AH
1M BP 101 CH
110 s 110 DH
111 D4 11t BH

The physical addresses of ell gperands addressed by
the BP register are computed using the SS segment
register, The physical addresses of the destination op-
arands of the string primitive operations (thoss ad-
dressad by tha DI register) are computed using the ES
segmaent, which may not be ovarridden.

Coding Template of the Instructions

Tz- 2.3 (d)
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This chapter briefly describes the purpose of the trainer. The board layout is given to identify the
physical locations of various components. The part list is also provided in terms of ‘Commercial Type
Number.”. The names of the signals at various pins of the edge connectors are also described. The
detailed operating procedures of the trainer are described along with examples.

31 Purpose and the Component Layout

The 8086 trainer can be used to verify the functionality of a control program of any compiexity level.
The trainer also privides the facility of debugging a faulty program. The trainer has a hex key-pad to
enter program/data codes. There are also command keys to instruct the trainer for executing an user
program. Figure - 3.1 shows the ‘Component Layout’ diagram of the trainer.

Fig - 3.1 : The Component Layout of the 8086 Trainer
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3.2  Cmponents Description

Circuit

Ul

uz .
Us-us
ue6 - u7
U8 -u9
ulo

Ull
ul2-0U14
Uls

Ul6-U24

Cl-Cl5
Ci6

R1-R2
RN1 - RN2
RN3

Yl
LEDO - LED7

JO1
JO2
JO3
J04
105
J06
Jo7
JO8

Description  Type
EPROM 2716
Microprocessor 8086
Data Latch 741.8373
EPROM 27256
RAM 62256
Controller 8279
Data Buffer  741.8244
Decoder 74L5138
Clock Chip 8284
Commeon Cath

7-Seg Display

AC Capacitor
DC capacitor

Resistor
Resistor Net
Resistor Net

Crystal
Light Emit

Connector
Connector
Connector
Connector
Connector
Connector
Connector
Connector

Bread Board

Keys

AuF/63V
100uF/16V

1/4w, 5k
8x4k7
8x560

6.144 Mhz

Normal

Dual - 16 pin
Dual - 22 pin
+5V Conn.
Dual - 21 pin
Dual - 8§ pin
Dual - 7 pin
Dual - 8 pin
Dual - 5 pin

57x2.5”

ON/OFF

22
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33 Signal Signatures

Connector Input/Qutput Signal Remarks/Circuit
J01- 011n/Out +5V . -

JO1 - 02In/Out +0V -

JO1 - 030ut Al9 Unbuffered Address Line A19
JO1 - 040ut AlB “ Al8
101 -050ut Al7 * Al7
JO1 - 060ut Alb “ Alb
JO1 - 070ut AlS * AlS
101 - 080ut Al4 “ Ald
101 - 090ut Al3 “ Al3
JO1 - 100ut Al2 B Al2
Jo1-110ut M-10/ Unbuffered Control Line

JO1 - 120ut ' BHE/ “

JO1 - 130ut CS7 Decoded Space (Even Port: 3000-3FFF)
JO1 - 140ut CS6/ Decoded Space (Even Port: 2000-2FFF)
JO1 - 150ut CS5/ Decoded Space (Even Port: 1000-1FFF)
J01-160ut ALE " Unbuffered Control Line
J02 - 011n HOLD - CPU Contro!

J02 - 020ut HLDA . Control

102 - 031n/Out ADI5 Composite A15 & D15

J02 - 041In/Out ADl14 Composite Al4 & D14

102 - G5In/Out ADI13 Composite A13 & D13

102 - 06In/Out ADI2 Composite A12 & D12

JO2Z - 071n/Out . ADI11 Composite A1l & D11

102 - 08In/Out ADI10 Composite A10 & D10

J02 - 09In/Out AD(9 Composite AQ9 & D09

J02 - 10In/Out ADO3 Composite A0S & D08

J02 - 11In/Out ADO7 Composite A07 & DQ7

J02 - 12In/Out ADO6 Composite A06 & D06

J02 - 131n/0Oint ADO3 Composite A05 & DO0S

102 - 14In/Out ADO4 Composite A04 & D04

102 - 15In/Out . ADO3 Composite A03 & D03

J02 - 16In/Out ADO02 Composite A02 & D02

102 - 17In/Out ADGCI composite A0l & D01

102 - 18In/Out ADOO Composite A00 & D00

J02 - 19In NMI External Interrupt to MPU
J02 - 20in INT External Interrupt to MPU
J02 - 210ut OS8C TTL Clock = 6.144 MHz

J02 - 220ut PCLK TTL Clock, 1024 KHz

J03 - Centre  In +5V +5V Supply In

J03 - Outer In . +0V +0V Line

J04 - 01In/Out +5V +5V Supply -

104 - 021n/Out +HOV +0V Line

J04 - 030ut DT-R/ Control Signal from MPU

J04 - 040ut _ DEN/ Control Signal from MPU



J04 - 050ut INTA/ Control Signal from MPU

J04 - 060ut AD0 Unbuffered Address Line A00
J04 - 070ut A0l @ - A0]
J04 - 080ut A02 " . A02
J04 - 090ut A03 < A03
J04 - 100ut A04 ¢ A4
J04 - 110ut ADS © A0S
J04 - 120ut AD6 ¢ A06
J04 - 130ut AQ7 < A07
JO4 - 140ut A08 © A08
J04 - 150ut : A09 ¢ AQ9
J04 - 160ut AlQ ¢ Al10
J04 - 170ut All ¢ All
J04 - 180ut WR/ Write Control Signal from MPU
JO4 - 190ut RDY Read Control Signal from MPU
JO4 - 20In RDY Control Signal to 8284 = U5
J04 - 210ut IRQ Interrupt Signal from 8279 =U10
JO5-01In Do7 Data Monitoring
J05 - 02In D06 Data Monitoring
JO5 - 031In DO5 Data Monitoring
JO5 - 04In D04 @
JO5 - 05In D03 "
JO5 - 061n D02 “
JO5 - 07In Dol ¢
JO5 - 08In D00 “
J06 - 010ut ' Cco9 To Enable 8279°s Digit - 09
106 - 020ut Cl10 ° Digit- 10
106 - 030ut Cil © Digit - 11
J06 - 040ut Cl12 ¢ Digit - 12
J06 - 050ut : Ci13 < Digit - 13
J06 - 060ut Ci4 @ Digit - 14
J06 - 070ut Cl5 © Digit - 15
JO7 - 010ut a - 8279°s multiplexed segment - a
JO7 - 020ut b @ -b
JO7 - 030ut c . ¢ -¢c
JO7 - 04Qut d @ -d
JO7 - 050ut e ¢ -e
JO7 - 060ut f ° -f
JO7 - 070ut g © -g
JO7 - 080ut dp ¢ -dp
JO8 - 010ut 53 Status Signal from MPU
JO8 - 020ut S4 ©
JO8 - 030ut S5 ¢
JO8 - 040ut Sé6 ©
J08 - 050ut S7 @
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3.4 Keyboard Mnemonics and Meaning
The 8086 trainer has a hex key pad consisting of 18 keys. All the keys are of double functions. Figure -
3.4 shows the pictorial view of the keyboard template.

. ' °
.. l m .
DODP FRUR |
mm
AuUT
m
FLR
cCsS
ﬂ
=18
0 ¥ DK ;
pr1) s.sd rsT

Fig - 3.4 : Keyboard Template

RST/ :(Reset and Start) - a hardware command to the CPU to start from the cold state.

E/EXA : E - data value in hex
EXA (EXAmination) - command to examine/edit memory contents.

A/AUT : A - data value A in hex
A (AUTo increment) - command to enter data into memory on auto incrementing the add-

ress field.

D/DOP : D - a data value D in hex.
DOP (DO a Program) - command to the CPU to execute an user’s program.

S/PC  :5-adata value 5.in hex :
PC (Program Counter) - command to enter the starting address of the 1st instruction of an
user’s program to be single stepped. Also works as a home key to bring the display to
show the address of the instruction to be single stepped when the display isn’t showing so.

8/EXB : 8 - a data value 8 in hex.

EXB (EXamination Byte data) - command to examine/edit the content of only one
memory location - one byte.
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TEXW:

F/FRW:

B/BKW

C/CHG : C - a data value in hex.

0/PRT :

9%FLR :
6/FB
4HCS

1/IP

2/AX

3/AL

7 - a data value in hex.
EXW (Examination Word-data) - command to examine/edit the contents of two consecut-

ive memory locations.

F - a data value in hex.
FRW (FoRWard) - a command to examine the content of the next memory location or of
the next Register or Port.

: B - a data value B in hex.
BKW (BacK Ward) - command to examine the content of the previous memory location
or Register or Port.

CHG (CHanGe) - command to alter the contents of memory location or Register or Port.
0 - a data value in hex.
PRT (PoRT) - command to examine the content of a Port location ( yet to be

implemented).

9-adatavalue9inhex.
FLR (Flag Register) - command to examine the content of the flag register in hex.

1 6 - a data value in hex.

FB (Flag Bit) - command to examine the content of the flag register in bit form.

:4 - adata value 4 in hex.

CS (Code Segment) - command to examine the content of the code segment register.

: 1 - a data value | in hex.

IP (Instruction Pointer) - command te examine the content of the Instruction Pointer.
Please use FRW key to examine the contents of the registers DI,SI,SP,BP.

: 2 - a data value 2 in hex.

AX - command to examine the content of register AX. FRW key should be used to
examine the contents of BX,CX,DX registers. ~

: 3 - adata value 3 in hex.

AL - command to examine the content of register AL. FRW key should be used to
examine the contents of registers AH,BL,.BH,CL,CH,DL,DH.

BKS/S-8 : BKS (BacKSpace) - command to correct typing mistakes.

S-8 (Single Step) - command to execute one instruction at a time.
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35

Program Codes/Data Loading into Memory

Byte Data Entry/Change with Manual Increment of the Address Filed
Sample Program:
(When executed, this program will display the message dQ)

00500
00502
00505
0050A
0050F
00514
00519
0051E
00523
00509

- B0 DO
- 8847 4E
- 9A 7C F4 00 FO: call

:mov al,DOh

:mov BYTE PTR [bx+4Eh],al

SUR#8 (F000:F47C)

- C74744 0000 : mov WORD PTR [bx+44h],0000h
- C747460000 : mov WORD PTR [bx+46h],0000h
- C74748 0000 : mov WORD PTR [bx+48h],0000h
- C7474A0000: mov WORD PTR [bx+4Ah],0000h

- 9A B6 FF 00 FO: call
- EA 23 0500 00: jmp

Procedures of Loading the Codes into memory

Step
- 01.
02.
03.
04.
05.
06.
07.
08.
09.
10.
1.
12.
13.
14.

Action

press RST/
press EXA
press 0,0,5
press 4
press BKS
press 0,0
press EXB
press CHG
press 6
press BKS
press D0
press FRW
press BK'W

press FRW,CHG and finish entering the remaining data bytes.

Display

8086 CPU
_____ Ad
005__Ad
0054 _Ad
005__Ad

00500Ad

00500XX

00500
005006 _
00500 _
00500d0

00501XX

00500d0

SUR#3 (F000:FFB6)
0000:0523

Remarks
the trainer is ready
the address field is opened
the data is getting entered
wrong digit entry
corrects typing mistake at address field
20-bit address is entered
X X indicates random value
data field is opened to enter new value
wrong digit entry '
corrects typing mistake at the data field
data byte is entered
next memory location
previous memory location & conten

Word Pata Entry/Change with manual Increment of the Address Field
Procedures for loading the program/data codes of the sample program of Section-3.5 og this

page.

Step
0l.
02.
03.
04.
05.
06.
07.
08.

Action

press RST
press EXA

press 0,0,5,0,0

press EXW
press CHG
press B,0,d,0
press FRW

Displﬁ Iy

8086 CPU

Ad

00500Ad

00500XXXX
__ _data is opened to receive new data

00500 _

00500Bd0OO

00502XXXX

Remarks
the trainer is ready
address field is opened
20-bit address is entered
16-bit random value of two locations.

16-bit data is entered
next word location

press CHG,FRW and finish entering the remaining data.
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Byte Data Entry with Auto Increment of the Address Filed
Procedures to foad the codes of the sample program of Section - 3.5 of page-27

Step
01.
02,
03.
04.
05.

Action Display Remarks

press RST/ g8086CPU the trainer is ready

press AUT Ad address field is opened

press 0.0.5.0.0 00500 _ _ data field is opened without CHG
press B 00500b 1 digit is entered

press 0 00501 data entry done = updated and the next

memory location is automatically

opened.

06.

3.6

finish entering the remaining data.

Program Execution -

It is assumed that the user has finished entering the data/code bytes of the sample
program of Section-3.5 into the trainer. Now, to execute the program one has to enter the
starting address of the program which is 005 0 0.

Procedures:

Step  Action Display Remarks

0i. press RST/ 8086 CPU the trainer is ready

02. pressboOP do address field is opened
03. press 0,0,5,0,0 run program is running

Note that the message ‘r u n’ may not be visible due to the very little execution time of the
program. If you want to see the static message ‘r u n’, please terminate the program into a loop.

3.7

Program Debugging/Single Stepping

The procedures outlined below will show the ways of executing one instruction at a time.
After the instruction has executed, the user may examine the registers and the port
contents or the memory contents to check the correctness of the instruction.

Say, we wish to single step the sample program of Section- 3.5 at page-27.

Step
01.
02.
03.
04.
0s.

Action Display Remarks

press RST/ 8086 CPU the trainer is ready

pressPC PC enter address of the [st instruction

press 0,0,500 00500b0 display shows Ist instruction to be executed.
press S/5 0050288 2nd instruction ready for execution

AN SO ON..uviiiciiicc e e

Now, examine/change memory contents if required using the FRW,BKW and CHG commands.
It is always recommended to press the PC key to bring the display to home position to show the
starting address of the instruction that is to be executed.
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Exam/Egdit AX,BX,CX,Dx Registers
It is recommended to bring the trainer into single stepping mode using the procedures of Section-
3.7 of page-28. CHG,FRW,BKS commands are valid. Now, do as fotlows:-

Step  Action Display Remarks

0l press AX AX X XXX shows AX’s content

02. press CHG AX enter new value

03. press 1,234 AX1234 new value for AX register is updated
04. press FRW BX X XXX BX register’s content

05.  press CHG BXX XXX can’t and shouldn’t be changed Why?

It is because the BX register is used as a pointer by the operating system while
implementing the various routines of the Single Stepping mechanism. If the value of bx-
register is changed, the Single Step routine will not work at all. And even the CPU might
crash. Try to change..!

06. use FRW key to check and edit the remaining registers.

07, at the end of the register exam/edit, plcase press the PC key.

' Exam/Edit AL,AH,BL,BH,CL,CH,DL,DH Registers
The procedures are similar to examing/editing AX,BX,CX,DX registers. WE will rotice that the
contents of BL,BH are not changeable. FRW,BKS and CHG commands are active.

Exam/Edit CS,DS,ES and SS Registers
- Similar procedures as above. There is no provision to change the contents of these registers.
FRW command is active.

Exam/Edit IP,DL,SL,SP and BP Contents
Similar procedures as described for other registers. However, the content of SP register can not
be changed. FRW,CHG and BKS commands are active.

Exéming Flag Register
To examine flag register contents in hex form, please press FLR key. To examinge the content in
bit form., please press FB key. The contents can not be changed.

Exam/Edit Port Contents
To be implemented in future. Please see section 5.4.10.



3.8 Example Programs
A: Adding two unsigned 8-bit hex numbers.

Entering and Executing the following program at location 05010h will give the above output. The data values are to
be deposited at the indicated memory locations using the EXA command. The result will be displayed at D2D1
positions of the display window of the trainer.

05006 - 23 ; Ist data byte

05007 - 75 ; 2nd data byte

05008 - 98 . ; expected result after addition
;Program Codes:

05010 - BB 00 50 :mov  bx, 5000h ; initialize local pointer

05013 - B8 0000 :mov  ax,0000h ; data to set DS=0000h

05016 - 8E D8 . rmov  ds,ax ; DS=0000h

05018 - 8B 4706 :mov  ax, [bx + 06h] ; getting the data from memory, ax = 7523h
0501B- 02 C4 : add al,ah ; adding two numbers, al=result
0501D - 88 4708 :mov  BYTE PTR [bx + 08h}, al ; result is stored temporarily at 05008h
coutputting result in the display

05020 - BB 00 04 :mov  bx,0400h ; getting back the value of bx

05023 - 88 47 4E :mov  [bx+4Eh]),al ; putting the result in T2

05026 -9A TCF400 FO :call SUR#8 ; xferring T2 into T1

0502B-C747440000 :mov WORD PTR [bx+44h],0000h ; blanking D4D3
05030-C747460000 :mov WORD PTR [bx+46h],0000h ; blanking at D6DS
05035-C747480000 :mov WORD PTR [bx+48h],0000h ; blanking at D8D7
0503A -C7474A 0000 :mov  WORD PTR [bx+4Ah),0000h ~ ; blanking at D9
0503F -SAB6FF 00 FO :call SUR#3 ; xferring T1 into 8279
05044 - EA 44500000 :jmp  F000:5044 ; loop here

B: Expanding the display of the trainer

The 8279 chip of the trainer has been initialized to handle 16 display devices. There are only 11 display
devices installed in the trainer. This example (Fig - 3.8) shows the technigue of adding extra display
devices {(maximum 4) without the need of ‘additional electronics like, display controller, decoder and
etc.) devices :

01. " Let us build the circuit as per Fig-3.8 on the breadboard using hook up wires.

Fig - 3.8 : Installing Additional 7-segment Digit with the Trainer Display

02. Enter and execute the following program.

03. The character ‘A’ should be seen on the display of the breadboard.

Program Codes: '
07000 - BA 02 00 :mov  dx,0002h ; pointing at the control register of the 8279
07003 - BO 8A :mov  al,BA ; data for the position of the new display
07005 - EE s out dx,al ; position is set

07006 - BA 00 60 © :mov  dx,0000h ; point at the data register of the 8279
07009 -B0O77 :mov  al,77h ; data for character ‘A’

0700B - EE :out dx,al ; character is sent

0700C - EAQC 70 00 00 :jmp  0000:700C ; loop



C: Demonstration of a Recursive Procedure by calculating the factorial of a number ( upto §

decimal).

The result of the factorial wil be in hex. The value will be displayed at positions D2D1 of the trainer. The remaining
digit positions of the display window will remain blank.

:Data Value

(00475)(00474) = xxxx (upto 0005) is to be enterted first by the user

;Execution starts
01600 - BC FE FF
01603 - BB 00 04
01606 - 90 90 90
01609 - 81 EC 04 00
060F - 8B 47 74

0612 - 50

0613 - 9A 66 16 00 00

I mov
T mov
I nops
: sub
mov
: push
: call

sp,0FFFEh
bx,0400h

sp,0004h

ax,[bx+74h]

ax

#FACTO (0000:1660)

;known TOP of STACK, good programming
;bx will work as a pointe

:keeping four RAM locations to hold X!
;number is loaded to ax register

; Ist factor X is saved onto stack

; get next factor if there is any

0618 - the fcatorial of the contents of memory locations (00475)(00474) is at memory locations (OFFFD
OFFFA). Get the results from these locations and dsplay it at D4-D1 positions of the MicroTalk-8086
trainer, D9-D3 positions will remain balnk.

01618 - BB 00 04
0161B - BD FA FF
0161E - 90 90

01620 - 8B 46 00

01623 - 89 47 4E
01626 - 8B 46 (2
01629 - 89 47 4F

0162C - 9A 7C F4 00 FO
01631 - C7 47 44 00 00
01636 - C7 47460000
0163B - C7 47 48 00 00
01640 - C7 47 4A 00 00
01645 - 9A B6 FF 00 FO
0164A - EA 4A 16 00 00

#FACTO Subroutine
01660 - 8B EC
01662 - 8B 46 04
01665 -3D 0100
01668 - 75 OF

0166A -C746 0601 00
0166F - C746080000
01674 - EA 96 16 00 FO
#DETER

01679 -81 EC 04 00
0167D - 48

0167E - 50
0167F - 9A 60 16 00 00
01684 - 8B Ec
01686 - 8B 46 02
01689 - F7 66 0A
O0168C - 8946 0C
0168F - 89 46 OE
01692 - 81 C406 00
01696 - CB

T mov
> mov
: nops
T mov
T mov
I mov
I mov
call

I mov
I mov
: mov
S mov
: call

cjmp

Tmov
P mov
Temp
:jne

T mov
I mov
1jmp

1 sub
s dec
: push
: call
S mov
S mov
:mul
I mov
I mov
: add
cret

bx,0400h
bp,0FFFAh

ax,[bp+00h]

WORD PTR [bx+4E],ax
ax,{bp+02h]

WORD PTR [bx+4Fh],ax
SUR#8( FOO0:F47C)

WORD PTR [bx+44h],0000h
WORD PTR [bx+46h],0000h
WORD PTR [bx+48h],0000h

WORD PTR [bx+4Ah],0000h -

SUR #3(F000:FFB6)
#HERE (0000:164A)

bp.sp

ax,[bp+04h]

ax,0001h

#DETER (0000:1679)

{bp+06h],0001h

[bp+08h],0000h
BEXIT (0000:1696)

sp,0004h

ax

ax

#FACTQ (0000:1660)

bp,sp

ax,[bp+02h]

WORD PTR [bp+0Ah]
[bp+0Ch],ax
[bp+0Eh],ax

sp,0006h

; get X! from (OFFFB)(OFFFA) into ax
; put nto T3 of the reserved RAM
; get X! from (OFFFD)YO0FFFC)

;to convert packed hex to cc-codes

; blanking D4D3

;blanking D6D3

;blanking D8D7

;blanking D9

;to transfer cc-code to 8279 Of the trainer
;loop

;programimer can not use sp as a pointer
; get the number X

; check if X=1

;X> 1, determine (X-1)

P X=1,Xt=1 -

; factorial process is end.
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 HARDWARE
DESIGN



This section briefly describes the art of drawing the block diagram of a microcomputer system and also
the procedure of reading it to retrive the design infromation.

4.1 Hardware Block Diagram
A hardware block diagram, when properly drawn contains almost all information regarding the system
design. The block diagram for the 8086 trainer is given in Figure-4.1.

The study of the blcok diagram starts from the microprocessor. The microprocessor unit ( or the module)
can be detected as the one from which the address bus has originated. According to this formula, the
module M7 is the microprocessor (MPU or CPU). This is Intel’s high performance 8086 microprocessor.

The next step is to find the memoy devices laying around the CPU and classify them as memory or ports.
The devices which are connected with the CPU by the Address,Data and Control busses are the
memory/port devices and these are MO,M1,M2,M3 and M4. Obviously, M0-M3 are memory devices.
M4 is a port memory because it is connected with users devices like keyboard and display. However, a
port memory like M4 can also be called a standard memory if it is accessed by 20-bit physical address.

The memory/port decoder is the the module M5 because the chip select lines (CS0/ - CS4/) of all the
memory devices are connected to the outputs of this module. The diagram also indicates that the decoder
module has been implemented using a 2716 EPROM (for details refet to Section-4.3).

Modules M2 and M3 are the ROMs because they have accepted only the RD/ signals from the control
bus. M2 is connected with lower data bytes (D7-D0) and M3 is connected with the upper data byte (D15-
D8). M0 and M1 are RAMs due to their connectivity with the RD/ and WR/ signals. MO is
communicating with the D7-D0 lines and M1 is doing with D15-D8 lines.

What is the function of the module M6?

The memory devices are connected to the CPU address bus via the output lines of module M6. The CPU
shares common wires for the lower 16 address lines (A15-A00) with the 16-bit data lines (D15-D00).
The module M6 separates the address information from the composite ADi5-ADO00 signals. It also
separates the A19-A16 bits from the status signals S3-S6. This signal separation is done at the active
high level of the ALE signal.. The BHE/ signal also gets separated from the status signal S7.

Function of M12

The heart-bit of the CPU is the clock signal that is generated by the module M12, utilizing an 1C of type
8284. The frequency of the clock signal is equal to the 1/3rd of the crystal frequency connected to the
8284. The reset signal is also conditioned by the 8284.

Keyboard and Display:

A 18-key hexadecimal keypad is interfaced to the CPU via M4, which is designed by using an 8279.
Three of the scan lines of the 8279 are decoded by the module M9 to generate walking 1°s signals over
the column lines of the keyboard. The rows of the key pad are connected to the 8279, The scan code
generated by each pressed-down key is a function of its position in the matrix.

The display unit is of multiplexed type, 9-digit common cathode type. Scan lines are provided by M8
after decoding S3-80 lines. The users’.data bits are available at B7-B0 lines of the 8279.
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4.2  CPU Subsystem
Let us now refer to diagram of the CPU subsystem in Figure-4.2.

U2 is the Microprocessor Unit and is configured to work in its minimum mode having a jumper between
the MN-MX/ pin and +5V. This mode does not allow a 2nd co-processor such as 8087 (please see
Appendix-B) math co-processor to work in parallel with the main processor.

U15 is the clock generator. It generates a clock frequency of 1/3rd of the crystal frequency. The duty
cycle is 33%. The reason for choosing a 6.144mhz crystal is to derive an auxiliary clock suitable for
serial interface (refer to Section-6.9.2).

U3,U4 and US are the demultiplexers. U3 latches at its outputs the signals A16-A19 and BHE/ from the
composite signals A16/S3 - A19/S6 and BHE/-S7. U4 and US are for A0-A7 and A8-A15 signals
respectively. The signals are latched at the respective outputs by ALE signal asserted by the CPU at the
beginning of the machine cycle [please see Figure-2.1(d)] for the timing diagram).

Read/write lines are terminated by pull up resistors to meet the timing specifications prescribed by Intel.
INTA/ signal being an open collector signal must also have a pull up termination.

Pull down resistor network RN1 ensures that the corresponding signal pin remains very close to the
ground patential when there is no active signal at the input.

NMI, INTR are the two interrupt input lines of the 8086 CPU. HOLD and HLDA are the DMA control
lines. TEST/ input is used when there is a co-processor in the system and the 8086 is working in its
maximum mode.

There are two pins viz., pin-20 and pin-1 which are ground.. This is to distribute the ground path in order
to reduce noise.

The address, data and control lines are available at the edge connectors for interfacing experiments.
However, it is to be remembered that the bus lines of the 8086 can drive one TTL logic. Therefore, if
there is a need to drive more loads, suitable buffers have to be used for the data, address and control
itnes. The DEN/ and DT-R/ lines may be used to activate the bi-directional data buffers like 7415245
(refer to Section-2.1).
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4.3 Memory/Port Decoding Subsystem

Reference is made to circuit diagram in Figure-4.3 to study the following:-

The design requirement demands that:-

01. For all the EVEN addresses ranging from 00000,00002,..,0FFFC,0FFFE; the pin-9 output of the
decoder should go low. The other 7-outputs of the decoder must remain high. This is the way how a
decoder circuit helps the CPU to accomplish a conflict free sequential read/write operations with all
the avatlable memory/port chips in the system.

The same reasoning is applicable for the other memory/port devices while conducting byte oriented
operations.

To accomplish word oriented operation starting from an EVEN address (00000,00002,..,0FFFE), the
outputs of pin-9 and pin- 10 of the decoder must remain low simultaneously so that both the U% and
U8 memory chips get selected at the same time. The other outputs of the decoder should remain
high.

The same reasoning is applicable for the other memory/port devices while conducting word oriented
operations.

04.

Design Parameters Tabulation:
Memory Devices

{C Type Capacity RAM/EPROM Bank Space Allocated Selected By
U9 62256 32 KBytesRAM EVEN  00000,00002,.,0FFFC,0FFFE UI-9

U8 62256 32 KByfesRAM oDD 00001,00003,..,0FFFD,0FFFF U1-10

U7 27256 32 KBytesEPROM EVEN  F0000,F0002,...FFFFC,FFFFE Ul-11

U6 27256 32 KBytesEPROM ODD F0001,F0003,...,FFFFD,FFFFF U1-13

Port Devices:

IC  Type Capacity RAM/EPROM Bank Space Allocated Selected By
Ul0 82792 Bytes ~ --e-e- EVEN  0000,0002,.,0FFC,0FFE Ul-14 :
- e 32 KBytes------ EVEN  1000,1002,. ,1FFC,IFFE Ul-15

Rt 32 KBytes------ EVEN  2000,2002,..,2FFC,2FFE Ul-16

memm emees 32 KBytes------ EVEN 3000,3002,...3FFC,3FFE ui-17

The decoder is designed using an EPROM of the type 2716 to implement the above requirements. The explanation
of the decoder Truth Table as indicated in Fig-4.3 is given below.

Asserted  Memory Address Locations of the 2716 EPROM Data Fused Active Low Qutput
00000,00002,..,0FFFC,0FFFE 006,00E,016,01E,..,076,07E 1111 1110 =FE DO {Pin-9)
00001,00003,..,0FFFD,0FFFF 005,00D,015,01D,..,075,07D 1111 1101 =FD D1 (Pin-10)
00000-00001,..,0FFFE-OFFFF 004,00C,014,01C,..,074,07C 1111 1100 =FC DO,DI (Pin-9,10)
F0000,F0002,..,FFFFC,FFFFE 786,78E,796,79E,..,7F6,7FE 1111 1011 =FB D2 (Pin-11)

FO001,F0003,..,FFFFD,FFFFF
F0000-F0001,..,FFFFE-FFFFF

785,78D,795,79D,..,7F5,7FD
784,78C,794,75C,..,7F4,7FC

11110111 =F7D3 (Pin-13)
1111 0011 = F3D2,D3(Pin-11,13)

Asserted Port Address Locations of the 2716 EPROM Data Fused Active Low Output
0000,0002,. OFFC,0FFE 002 11101111 =EF D4 (Pin-14)
1000,1002,..,1FFC,1FFE 00A 1101 1111 =DF D5 (Pin-15)
2000,2002,..,2FFC,2FFE 012 10111111 =BF D6 (Pin-16)
3000,3002,..,3FFC,3FFE 01A 0111 1111 =7FD7 (Pin-17)

Advantage of ROM Based Decoder:

01.
02.

Saves many discrete Ics and their interconnection. Hence, a reliable circuit.
It is dynamic in the sense that new decoded output lines can be derived without changing the component. Just

fusing new data in the ROM locations will yield new decoded lines.
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4.4  Memory Subsystem

Let us refer to circuit diagram of Figure-4.4. [n 8086 system, the memories are arranged as EVEN and
ODD banks. Sometimes the EVEN bank is termed as Lower bank and the ODD bank is termed as Upper
bank, In this arrangement, the EVEN numbered locations are assigned to one memory chip and the ODD
numbered locations are assigned to another memory chip. Given below a short table showing the RAMs
and EPROMSs used in the 8086 trainer.

Circuit Type Capacity ‘ Space Allocated Decoding
ué 27256 - EPROM 32 Kbytes F00O01 - FFFFF : ODD Fully

u7 27256 - EPROM 32 Kbytes F0000 - FFFFE : EVEN Fully

us 62256 - RAM 32 Kbytes 00001 - FFFFF : ODD Fully

ug 62256 - RAM 32 Kbytes 00000 - OFFFF : EVEN Fully

The location no. Oh of the U9 will be seen by the 8086 at system address 00000h, location no. 1h will be
seen at system address 0000Zh. It has been made possible by adopting the following strategy. As
opposed to the traditinal technique, the A0 line is not connected to the memorym instead, the A0 line has
been used by the decoder (refer to Section-4.3) to realize such memory address allocation strategy.
Similar argument holds good for the ODD numbered chip viz, U8 where the location Oh is seen at system
address 00001h, and the location 1h is seen at system address 00003 h.

Bank oriented arrangement allows reading/writing two bytes data in one machine cycle provided the data
operation starts at EVEN address boundary. Thus, the memory reference instructions get executed in half
of the time. For example:-

mov BYTE PTR [bx+45h],77h : C6 47 45 77, mov BYTE PTR [bx+44h], SEh : C6 47 44 5E
instructions require two machine cycles to move data value 77h and SEh into two memory locations.

The above operations can be carried out by executing only one instruction like -

‘mov  [bx+d44h], 775Eh : C7 47 44 5E 77" Now. the CPU is taking only one machine cycle to move
data value 77h and SEh into two memory locations. Now, the time taken by the CPU is half of the
previous.

However, the word oriented operation starting at ODD address boundary will take two machine cycles
but the total execution time will be less due to lesser number of instruction bytes. For example:-

mov  [bx+45h], 1234h : C7 47 45 34 12. In this case, the data from [bx+45h] location
will be read first and then from the [bx+46h] location.

Data read/write can be done on the EVEN or ODD bank only. The following examples may clarify some
of the underlying concept.
mov al, BYTE PTR [bx+24h] : data from EVEN bank over D7-DO0 lines — al
mov  al, BYTE PTR [bx+25h] : data from QDD bank over D15-D8 lines — al
mov ah, BYTE PTR [bx+34h] : data from EVEN bank over D7-DO lines —» ah
mov  ax, f[bx+57h] : data from ODD bank of location [bx+57h] over D15-D§ — al
data from EVEN bank of location [bx+58h] over D7-D0 — ah

By default, the 8086 microprocessor does byte oriented operations as occurrs while booting up.
However, the CPU possesses instruction for doing word oriented read/write operations.
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4.5  Keyboard/Display Subsystem

In a'microcomputer application system, data entry and display are the two most important functions that
a user desires. The keyboard and the display serve these purpose. Figure - 4.5 shows the schematic
diagram of the keyboard/display subsystem of the 8086 trainer.

[n the trainer presented in this thesis, the keyboard consists of 18 keys and is good enough to program the
trainer in machine language. The display unit consists of nine 7-segment common cathode display
devices. Five of them are for the 20-bit address and the remaining four for the 16-bit data.

The keyboard/display units have been interfaced with the 8086 CPU using 8279 controller. The internal
ports of the U10-IC has been configured to work as a variable ports. The port addresses of the registers
are:-

Register Name Port Address Mode of Operation

Data Register 0000h read/write

Control Register 0002h write only

Status Register 0002h read only
Display Unit: ,
There are 16 display RAM locations inside the 8279. They are internally numbered as 0 to F i.e., 0000,
0001,......,1111. The digits of the display window ie, D9, ... ,D1 correspond to RAM
locations 0000.,........... ,1111, respectively. If one wishes to send 3 at D9 position of the display, then the

code 4F {cc-code for 3) has to be written at RAM location 0000 of U10 and so on.

The contents of RAM locations 0 to F are sequentially dumped at B0-A3 of U10 and is in synchronism
with the scan lines S0-S3. If the present data is, say 4F, and is coming from location 2(0010), then cc-
terminal of D7 goes low. Other cc-terminals remain high. Thus, character 3 will appear at position D7 of
the display window. The data multiplexing signals which determine where to display the present data, are
generated by the U10 automatically and appear as S0-53 scan lines. U13 is a 4-to-16 lines decoder.

Keyboard:
There are 18 keys in the key pad. The are labeled with some mnemonics whose meanings have been
described at section-3.4.

The six row lines of the keyboard are connected to the six return lines of the 8279. These lines are
internally terminated by pull-up resistors. Three column lines viz., Y0/-Y2/ have been derived from S0-
S2 lines of the 8279 using U12 decoder. The bit pattern 01111111 rotates around the Y0/-Y7/ lines at
100khz rate and thus at a particular time, only one column line becomes 0. This type of keyboard is
called a walking 0’s keyboard.

When a key is closed, the corresponding return line at some time switches from logic-H to logic-L. This
causes a unique 8-bit code depending on the position of the key. This is called SCAN CODE and gets
stored in keyboard FIFO inside the 8279. At the same time, the 1st bit of the status register of the 8279
changes from 0 to 1 and IRQ line of the 8279 also goes high. When data is read from the FIFO, the status
register gets cleared and the [RQ) line drops to low.

With the help of the IRQ line, the key SCAN CODE may be read by the processor on interrupt basis. Or,
the CPU can keep polling the status register of the 8279 and check for LSB=1.
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5.1 What is a Monitor Program?

After. powering up the 8086 trainer, we see the prompt message 8086 CPU in the display window. Now,
we press the E/EXA key, the message _ _ _ _ _ A d appears in the display. How does the CPU know the
meaning of the symbo! ‘E/EXA’? The answer to this question will lead us to define the meaning of a
monitor program, its essential features and the design aspects.

Looking at the trainer board, we see that there are two EPROM chips. If these two chips are replaced by
another two EPROMs of the same type but blank, the events cited in the top para will never occur. This
indicates that the original two EPROMSs contain ‘Something” which has guided the CPU to output binary
data into the display buffer corresponding to the message *°_ _ _ _ _ A d’. This ‘Something” 15 a
collection of complex data/code base consisting of many routines and subroutines used to interpret the
meaning of the command EXA and takes action accordingly. The other name of this ‘Something’ is
Monitor Program.

Now, we press the same key, the symbol E is outputted and the display looks like E__  Ad. This
time, the meaning of the key has been changed. Again - how does the CPU correctly determine the
meaning of a Key depending on the current context?

In fact, the CPU knows nothing. It is one of the most foolish semiconductor devices the human being has
ever created. It has no sense of ‘Good’ or ‘Bad’. It does exactly what it is instructed to do. It is the user
who employs a microprocessor to do the job he is supposed to do. '

The user knows the meaning of the key E/EXA. [t is a command key if pressed after power up. The same
key will work as a data key for the data value E if the display shows the message _ Ad. The user
has coded all these definitions into binary data and has fused in the said two EPROMSs. Depending on the
requirements of the user, the CPU uses one or more of these definitions to get the meaning of the

external symbolic command like EXA or DOP.

The purpose of a microprocessor trainer is to allow understanding the working principles of the
Instructions and the Addressing Modes of the 8086 CPU. It needs entering the binary codes of an
instruction into RAM locations and execute them. So, the trainer’s Monitor Program should allow a user
to accomplish the following basic tasks:-

01. A request to the CPU to open the address field so that the user can input the 20-bit address
of a RAM location for depositing the instruction codes.

02. A request to the CPU to move to the next RAM locations (i.e., Forwarding).

03. And finally a request to execute the instruction (i.e., Single Stepping).

The actual monitor program allows a user to accomplish many varieties of tasks . These may be :-

01. RAM location backwarding

02. Editing of the entered data

03. Correcting of the typing mistake (Backspace)

04. Execution of a large block of instructions (i.e., one complete program).
05. Examing and changing the registers contents.

06. Data/code entry with auto incrementing the address fieid.

07. Execution of one instruction at a time (Single Stepping).
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The monitor program has to take various decisions while implementing a user request. This is done by
maintaining a table of flags. These flags are the reserved RAM locations. Some RAM locations are also
used as counters in order to keep track of the number of digits already or to be printed in the display
window, These are reserved RAM locations and are shown in section 5.11.

The monitor program spends a considerable amount of time in the data conversion from one form to
another. For example, the CPU gets the scan code 11 from E/EXA key closure. But to print E, the code
11 has to be converted to the 7-segment code corresponding to E which is 79. This conversion is being
done using various look up tables and are shown in section 5.7. For carrying out EXA command, the
scan code does not under go any conversion. o

One of the desired characteristics of a monitor program is its ability to protect the reserved RAM space
by insulating it from the users application codes. This is usually done by creating a software fence. The
fence compares the users asserted address with the boundary addresses of the reserved RAM. If violation
is detected, the users is forced to revert his initial condition. Some microprocessors like 80286, 80386
have built-in electronics to work as hard ware fence called fence registers. The data structure of the
reserved RAM is a vital parameters for the monitor program to work. If this data table or its part goes
corrupted, the computer system is bound to crash! Please see section 5.11 for reserved RAM space map.
In the case of the monitor program for the trainer introduced in this thesis, no such protection is
employed. This has been done intentionally so as to allow a learner to manipulate the reserved RAM data
and see that the system does crash. For example, after powering up the 8086 trainer, one can change the
value of the memory location 00401 to 01h by executing the following codes and observe that the trainer
is not working! A user may take the self assignment to develop the protection software routine or to
design an electronics fence register to implement the monitor program codes isolation from that of the
users codes.

06000 - mov  BYTE PTR [bx+01h],01h : C6 47 01 01
06004 - jmp 8086 CPU : EA 21 00 00 FO

The design and documentation of the monitor program of a trainer should be as simple as possibie. This
is to allow the users to follow easily the working logic of various routines. Since, in the case of a trainer,
the speed is not a concern, the monitor program has been developed using ladder structure. Compact
structure would impose great difficulties on the readers to read and understand the instructions.

[n the following pages, attempts have been made to document the whole logic of the monitor program in
the form of flow charts into eight summary pages. These are shown in Figures-5.1(a) to 5.1(h). Then the
assembly and binary codes are provided task wise. Brief comments are als® provided at the end of the
most instructions.

The program discussed above is just the kernel part of the monitor program. A monitor program to be of
users friendly or useful to the users must contain some utility/ready made routines and subroutines.
These are in fact not the essential part of the monitor program. The monitor program of this trainer
contain a good amount of routines and subroutines which can easily be linked with the application
program of a user. For the listing of these routines and subroutines, please see section 5.5 and 5.6.

The above discussion reveals that the design and the implementation of a monitor program requires a
good level of understanding of the total system as well patiencé. A learner needs much more patience to
study this program to get something useful.
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5.2 Implementing EXA, EXB/EXW, AUT, BKS and DOP Commands

5.2.1 Respond/Action for EXA Command.

EXA command allows an user to make a request to the CPU for entering progra/data codes into the trainer's RAM
space. Upon detecting the EXA command, the CPU sets up some internal data structure so that the user can safely
type 20-bit address of the desired RAM location.

Responding to EXA Command :Reference Figure - 5.1(a)

The logical 1st step of the user of the 8086 trainer is to enter program data/codes into memory locations. This is
done by pressing the EXA key which is a request to the CPU to open the 20-bit address field. Now the user can
enter the desired starting address of the memory locations. The CPU will show the current content. The user will
enter the new data if needed by changing it with the CHG (Change) command. Data entry may be byte or word.

The user has pressed the EXA key. The CPU has got the scan code 1l from the keyboard FIFQ of the 8279
controller. The code will be interpreted as a command key. And accordingly, the CPU has opened the address field
showing the message * Ad’ in the display. The monitor program set f5=1(refer flow chart: Summary-1 and
Level; Br_7) so that 20-bit address printing is possible following Br_5. f7 is also set to 01h. Printing position (PP)
and counter-2(C2) ar¢ also initialized. Refer to reserved RAM space map and its description in section 5.11 for
better understanding. '

Instruction Codes: FOOO:OOBC

00BC -9A SEFF 00 FO :call  SUR#2 (FOOO:FFBE) ;todisplay Ad at addr field
00CI - C6 47 0501 :mov  BYTE PTR {bx+05h],01h ; 1 — {5 (00405)

00C5-C647 0701 :mov  BYTE PTR [bx+07h],01h ; 1 — 7 (00407)

00C9 - C6 47 40 05 :mov  BYTE PTR [bx+40h],05h ; 5 — C2 (digits to print at Addr fld)
00CD-C7474C4A 04 :mov [bx+4Ch],044Ah ; Ist digit printing at D9 of display

00D2-EAS510000F0 :jmp  KBP(Keyboard Polling) ; now take digits from the keyboard.

The above codes have set that 5 hex-digits corresponding to 20-bit physical address of a memory location will be
allowed to have printing at the address field of the display. The Ist digit will appear at the D9 position of the
display. This D9 position is corresponds to the 0000:044A location of the reserved RAM space.

Action for EXA Command

Let us assume that the user has finished entering the 20-bit physical address of RAM location. Say, for example it is
06666. Now, what should happen? The logical answer is this that the CPU should show the content of this memory
tocation. But, there is a question - the 8086 has 16-bit data bus, so it should show one byte data for the current
entered memory location or two bytes data for the two consecutive memory locations? The user has to supply the
answer to this question. So, at the end of 20-bit address entry, the monitor program should wait for the users
command requesting Byte or Word entry (section 5.2.2).

Display became like Ad in response to EXA command. 20-bit address printing is done. The display is
XXXXX Ad. Now the next step - EXB or EXW command. The CPU knows that the user wants to examine/edit a
memory content. But, is it byte or word? Hence, the processor goes back to the keyboard to get the specific request
from the user. The CPU sets the flag fé=1 to allow branching at Br_6 where EXB (Examination of byte data) or
EXW (Examination of word data) request is sensed. f7.f5 are reset to 00s as the requirement for branching to the
corresponding paths are not there.

Instruction Codes: Br _5.2.1.1

0120-C6 470700 :mov  BYTE PTR [bx+07h],00h ; £7 is reset

0124 -C6 470500 :mov  BYTE PTR [bx+05h],00h ; £5 is reset

0128 -C64706 01 :mov  BYTE PTR [bx+06h],01h ;foissetto ]

012C-C647 4005 :mov  BYTE PTR [bx+40h],05h ; address digit counter is back 10 5
0130-C7474C4A 04 :mov [bx+4Ch],044Ah ; Ist digit printing back to D9

0135-EAS10000F0  :jmp KBP
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5.2.2 Respond/Action for EXB/EXW Commands
The display is like XXXXX Ad. The CPU will respond only to EXB or EXW commnads. If EXB command is
encountered, the CPU will display the content of the memory location printed at the display following Br_6.1.

If EXW command is encountered, the CPU will follow Br_6.2 to display the contents of two consecutive memory
locations in the data field of the display window. The content of the entered memory location will be displayed at
D4D3 positions and the content of the next higher memory location will be shown at D2D1 positions. In either case,
the monitor program will enable the software logic for FRW, BKW, BKS and commands.

Br_6 : Instruction Codes

Sensing EXB Command

0150 - 803F 13 :cmp  BYTE PTR [bx],13h ;checking if EXB (scan code 13h) command
0153-7505 1jnz FOO0:015A ; not EXW command

0155-EA5F0100F0 :jmp  F000:015F ;EXB command sensed, goto Br_6.1
0I15A-EA200400F0 :jmp F000:0420 ; memory allocation

Sensing EXW Command :

0420 - 30 3F 0B :cmp  BYTE PTR [bx],0Bh ; checking for EXW {scan code 0Bh) command
0423 - 74 05 oz F000:042A ; EXW command found, goto Br 6.2

0425 -EA 510000F0 :jmp KBP ; if not EXB/EX'W, poll KBP for them.

Br_6.1 : Responding/Action to EXB Command

Till EXB command, digits being shown in the display window are laying as common cathode format at Table-1{T1)
of the reserved RAM space. Upon EXB command, the CPU converts T1 to T3 and then to T2. The cc-codes f Tl
are first converted to unpacked hex and then to packed hex. The CPU determines the segment base by manipulating
the content of RAM location D9 of the T3. Offset part is calculated from (D8D7)XD6D5) of T2. Now, the CPU
makes a read operation from the appropriate memory location as requested by the user via key-pad. The data byte is
stored at D2D1 of T2. T2 is converted to T1. 00s are written at D2,D1 of T1. And finally, T1 is transferred to
8279’s display RAM for outputting at the display window. Flag f2 is set to 01h, so that the CPU can branch at Br_2
for responding to FRW, BKW , BKS and CHG commands.

Instruction Codes:

013F-SA BOFOOOFO :calt SURH#S ;toconvert Tl to T3, cc-codes to unpacked hex
0164 -9A DO F4 00 FO  : call SUR#6 ; to convert T3 to T2, unpacked hex to packed hex
0169 -9ASAF400F0 :call SUR#7 ; to determine segment/offset and passed to es/di
O16E - 26 8A 05 :mov  al, BYTE PTR es:[di] ;data byte is read from requested memory location
0171 -88474F :mov  BYTE PTR {bx+4Fh),al, ;data — D4D3 position of T3

0174 -9AJCF400F0 :call SUR#R ; convert packed hex to cc-codes (T2— T1)

0179 -C6 47 42 00 :mov  BYTE PTR [bx+42h],00h ;blank — Di of T1

017D - C6 4743 00 :mov  BYTE PTR [bx+43h],00h :blank - D2 of T1

0181 -9A B6 FFO00F0 :call SURH#3 ; cc-codes of T1 goto 8279s display RAM
0186-C6470201 :mov  BYTE PTR [bx+02h},01h ; 1 — 2 (00402)

018A - C6 470600 rmov  BYTE PTR [bx+06h],00h ; 0 — 6 (00406)

OIBE-EAS510000F0 :jmp KBP ; sense FRW BK W CHG commands

' 8r_6.2 : responding/Action to EXW Command
The logic is same as EXB command except that, now a word-oriented read operation will be done. The contents of
two consecutive memory locations will be displayed at D4D3 and D2D| respectively. f3=1 to branch at Br_3.

Instruction Codes: .
042A -9A BOF400F0 :call SURH35 ;to convert Tl to T3

0454 -EA510000F0 :jmp KBP ; poll keyboard for FRW BKW and CHG commands



5.2.3 Respond/Action to AUT Command

Br_9 : Responding to AUT Command

With AUT command, a user can save a lot of time while entering data into memory. The address field
automaticatly steps to the next memory location as the data bytes are entered. Also, the data field becomes ready to
accept the next data byte. There is no need to use the CHG command to open the data field to enter new data for the
next memory location. The data byte gets stored in the desired memory location as they are entered. f5 is set to Olh
to allow printing at the address field for entering the 20-bit memory address.

Instruction Code:

039A -9AS8EFF00F0 :call SUR#2 stodisplay _ Ad at the address field

039F - C6 47 0501 ~ :mov  BYTE PTR [bx+05h],01h ; 15f5 (00405)

03A3 - C647 08 01 :mov  BYTE PTR [bx+08h],01h ; | — f8 (00408) ,
05A7-EAS510000F0 :jmp KBP ; poll keyboard for data entry at the address field.

Br_5.2.1.3 : Actions for AUT Command

Printing at the address field was due to AUT command. Since, the user wants to enter data into memory location in
auto-increment mode that is after each data byte entry, address field will be automatically incremented and the data
field will also be ready to accept the next byte of data and the display will become XXXXX .

F19 (00419) is set to O1h to allow printing at the data fieled following Br 2.1. In this mode, all commands are

inactive except two digits data entry and BKS (Backspace). The printing position and the number of digits to. be
printed are passed by PP and C2 memory locations of the reserved RAM (section 5.11),

instruction Codes:

03BB-C6470401  :mov BYTEPTR [bx+04h},01h ;

03BF - C6 47 05 00 :mov  BYTE PTR [bx+051],00h ;

03C3-EA070200F0 :jmp  F000:0207 : memory allocation

0207 - C6 47 0B 01 :mov  BYTE PTR [bx+0Bh],01 ;1= fli

020B - C6 47 13 01 :mov  BYTE PTR [bx+13h],01 ;1> f19

020F - C6 47 44 08 :mov  BYTE PTR [bx+44h],08h ;writing * ' symbol at D3 of T1
0213-C6474508 :mov  BYTE PTR [bx+45h),08h ; writing ©_” symbol at D4 of T1
0217-9A B6 FF00F0  :call SURA#3 ; TI — 8279°s display RAM
021C-C7474C4504 :mov WORD PTR [bx+4Ch],0445h ; Ist digit printing position is at D4
0221 -C6 474002 :mov  BYTE PTR [bx+40h],02h ; 2 digits will be printed
0225-EA510000F0 :jmp KBP ; poll keyboard for data for next location
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5.2.4 Backspace Routine

BKS (Backspace Routine) : Br_5.1 of Fig-5.1(a).

This routine allows erasing typing mistake with the help of BKS command. Sinc:eIsl printir(]ig f:torlllld S:tzﬁef;:d:::t:é
i i if C2=05h, that means that no digit has

data field, the logic works accordingly. For address field, if C . :

and BKS has nobmeaning. Similar reason applies for data field both for byte and word data. The flow chart of this

-outine is shown in Figure - 5.2.4.
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Fig-5.2.4 : Flow Chart for Implemeting Backspace Routine

The BKS command replaces the digit just printed by the symbol ¢ (underscore). This data manipulation occurs
only in the display image (T1 of the reserved RAM) and consequently at 8279’s display RAM. Nothing happens in
the users RAM until 20-bit address printing or data entry is complete.

Instruction Codes:

0340 - 80 7F 05 01 :cmp  BYTE PTR [bx+05h],01h :
0344 - 74 05 iz F000:036D . printing has done in the address field
0346 - EA 6D 03 00F0 :jmp  F000:036D : memory allocation
034B - 80 7F 40 05 :emp  BYTE PTR [bx+40h],05h Do
034F - 74 05 1)z F000:0356 : C2=05h, no action for BKS command
0351 -EAS5BO0300F0 :jmp  F000:035B ; memory allocation
0336 -EAS510000F0 :jmp KBP ; polling keyboard for valid command
035B - 8B 7F 4C :mov  di, WORD PTR [bx+4Ch] : collect PP to get next position of printing
035E - 47 Jing di ; calculate current PP
035F - 89 7F 4C :mov  WORD PTR [bx+4Ch],di ;
0362 - C6 05 08 :mov BYTE PTR [di],08h : erase the current digit with the symbo! *_".
0365 -FE 4740 . inc BYTE PTR [bx+40h] o
0368 -EA9B0200F0 :jmp F000:029B : share common codes
036D - 80 7F OB 01 ccmp  BYTE PTR [bx+0Bh],01h ;
0371 -7405 1jz F000:0378 ;
0373 -EA A00400F0 :jmp  F000:040A ; memory allocation
0378 - 80 7F 40 02 cemp  BYTE PTR [bx+40h],02h ;
037C-74 05 tjz F000:0383 ) ; printing has occurred at data field
" O37E-EASBO300F0 :jymp  F000:035B :
0383-EASI0000F0 :jmp KBP ; polling keyboard for valid command
04AO0 - 80 7F 40 04 :cmp  BYTE PTR [bx+40h},04h -
04A4 - 74 05 1z FO00:04AB . print at data field (word)
04A6 - EA SRO300F0 :jmp  F000:035B ;
04AB-EAS510000F0 :jmp KBP : polling keyboard for valid command
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5.2.5 Printing at Display Window (Address/Data Field)

Say, the display is like Ad. The first digit entered from the keyboard will be printed at D9 position of the

————— n and so on. The nine 7-segment display devices are mapped over nine ‘RAM

display, the next one at D3 positio
locations of T1 of the reserved RAM space (refer section 5.11). To demonstrate how the printing takes place, we

take an specific example. Flow chart of the routine is shown in Figure - 5.2.5.

Say, we wish to print digit 5 at D9 position of the display. In order to do it, the CPU will have to write the
corresponding cc-code of 5 ( cc-code = 7F) at memory location 0044AH (for D9 position) of T1 of the reserved
RAM space. The cc-codes for digits O-F are pre-stored at L.ookup Table-1 (LUT-1: section 5.7) of the EPROM. This
LUT-1 has been built on the basis of the scan codes of the keys of the hex-key pad. The CPU uses the scan code of
the pressed key to form a 20-bit physical address to address the LUT-1 in order lo collect the right cc-code. The
CPU, then knows the printing position from the memory location of PP of the reserved RAM space map. The total
number of digits to be printed is also known to the CPU from the content of the C2 of the reserved RAM space map

as well. :

Since, the number of digits and their printing places are variable, a generalized subroutine (SU R#4; section 5.5) has
been designed which is good enough 10 carry out printing both at the address and data field.

LA
colect the SCAN

code fros RESER-
UED RAM space

!

using SCAN code
form 20-bit addr
to hit LUT-1

!

collect the co-
code for the key

!

write the cc-code
?} D9 position of

Transfer the

contenls of 11
to 8279’ s RAN

adjust printing
position

!

Fig-5.2.5 : Flow Chart to Implement Digit Printing in the Display Window

Instruction Codes: Br_5.2

OOFF - 9A 00 F4 00 FO  :call  SUR#4 . for printing digit in the display window
0104 - 7505 jnz F000:0108 ; printing not finished

0106-EA 1001 00 FO . : jmp F000:0110  printing finished. Now for next action
0I10B-EASI0000F0 :jmp KBP ; poll keyboard to receive valid command
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5.2.6 Respond/Action to DOP Command

Responding to DOP Command

DOP (DO a Program) is detected. The CPU has opened the address field for getting the 20-bit address of the
program to be executed. Flag f5 is set to 01h to allow printing following Br_3. 19 is set to 01h so that the CPU, at
the end of the 20-bit address printing can remember that the user requested a program execution.

lnstruction Codes: Br_8

02BA - C6 470501 :mov BYTE PTR [bx+05h],01h A =15

02BE - C6 47 09 01 :mov  BYTE PTR [bx+0%h],01h ;=19

02C2-9A 8EFFO00F0 :call SUR#2 ; to display message _ _ Ad
02C7-C647 45 SE :mov  BYTE PTR [bx+45h],5Eh ; writing d at D4 position of T'l
02CB - C6 47 44 5C :mov  BYTE PTR [bx+44h],5Ch ; writing ‘0" at position D3 of T1
02CF-9A B6 FFO0F0O :call SUR#3 1 T1 — 8279, displayis _ do
02D4 -EA 51 0000F0 :jmp KBP ; poll keyboard for valid command

Actions for DOP Command
The display became like _ __ _ _ do in response to DOP command. The command informed the CPU that the user

wanted to execute a program either written into RAM or already stored into EPROM. Now, the starting address of
the program to be executed is to be typed at the address filed. say, it is FOSBOH.

Once the 20-bit physical address typing is complete, the CPU separates the segment base and the offset by using
many routines and subroutines. These four bytes information viz., OFF_L(B0), OFF_H(05), SEG_L(00),
SEG_H(FO0) are passed to RAM locations 0045F,00460,00461 and 00462 respectively (Table: T5) of the reserved
RAM space map. The CPU also passes code EA(opcode for far jump) at location 0045E in T5 of the reserved RAM

space map.

The CPU then makes a far jump at location 0045EH. The PC (CS:IP) is replaced by 0000:045E. At location
0045E........ , the CPU finds another jump instruction viz., EA B0 05 00 FO. The PC’s contents again changed to
F000:05B0 which is the starting address of the program to be executed. This is how the CPU is managed to arrive at
the starting address of a user program to be executed.

There is one point to mention is that the CPU outputs the ‘run’ message at the display before jumping to the user
program. This ‘run’ message may not be visible if the program execution time is relatively small. The message can
be viewed if the program is terminated in a loop. The program does not regard the flags as they are not meaningful

any more.
Instruction Codes: Br_5.2.1.2

02EB-9A BOF4 00 F0 :call SURHS ; to convert T1 to T3 (cc-codes to unpacked hex)
02F0-9A DOF4 00 FO :call SURH6 ; T3 to T2 conversion (unpacked hex to packed hex)
02F5-9A 5AF400F0 :call SUR#7 ; to determine segment/offset, passed to es/di

02FA - C6 47 SEEA :mov  BYTE PTR [bx+5Eh],EAh ; passing code EA for long jump at TS
02FE - 89 7F 5F :mov  WORD PTR [bx+5Fh].di ; passing OFF_L and OFF_H

0301 - 8947 61 © :mov  WORD PTR [bx+5Fh],ax ; passing SEG 1. and SEG_H

0304 - C6 47 4A 00 :mov  BYTE PTR [bx+4Ah],00h; blank — D9 of T

0308 -C6 474900 :mov  BYTE PTR [bx+4%h],00h ; blank — D8 of T1

030C - C6 47 48 50 :mov  BYTE {PTR [bx+48h],50h ; writing ‘" at D7 of T1

0510-C6 4747 1C :mov  BYTE PTR [bx+47h],1Ch ; writing ‘u” at D6 of T1

0314 -C64746 54 :mov  BYTE PTR [bx+46h],54h ; writing ‘n’ at D5 of T1

0318 -C6474500 :mov  BYTE PTR [bx+45h),00h ; blank — D4 of T

031C-C647 44 00 :mov  BYTE PTR [bx+44h]),00h ; blank — D3 of T1

0320-C6 474300 :mov  BYTE PTR [bx+43h],00h ; blank —» D2 of T|

0324 - C6 4742 00 :mov  BYTE PTR [bx+42h],00h ; blank — D1 of T

0328 -9AB6FFO0F0 :call SUR#3 ; the display shows run message

032D -EASE(40000 :jmp  0000:045E ; the CPU jumps at T5 and then at user program.
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5.3 Implementing FRW/BKW/CHG (in non S/S mode) Commands

The display is showing XXXX XX, for example. This means that the address field shows a 20-bit address and the
data byte indicates its contents. This dispfay could have been resuited either by EXB or PC command.

The user can now change the data using CHG command. He can also check the contents of the previous or next

memory location with BKW or FRW commands respectively.

The PC command is checked to see if the display was in 8/S mode and the user wanted a home action. Home action
means that the display will be brought back to the initial position where it was showing the address of the
instruction to be executed by S/S command. Details will be found at Br_2.5.1

- Instruction Codes: Br_2

0198 - 80 7F OB 01 :cmp
019C - 74 05 iz
OI9E-EA A80100F0 : jmp
OIAS-EA300200F0 :jmp

01A8 - 80 3F 19 :cmp
01AB-7505 Jjnz
01AD-EAB70100F0 :jmp
0IB2-EAD5S0QI00F0 :jmp

01D5-803F 12 ;cmp
01D8 - 7505 | jnz
0IDA-EA200500F0 :jmp
0IDF-EA D501 00 FO :jmp

01F2 - 80 3F 12 1 cmp
OIF5-74 05 jz
0IF7-EA040600F0 :jmp

0604 - 80 3F 14 . : cmp
0607 - 74 05 jz
0609 -EA 510000F0 :jmp

BYTE PTR [bx-+0Bh],01h

FO00:01A3
FO00:01A8
F000:0230

BYTE PTR [bx],15h
F000:01B2
F000:01B7
F000:01D5

BYTE FTR [bx],12h
FO00:01F2
F000:0520
F000:01F2

BYTE PTR {bx],1Ah
FOQ0:01FC
F000:0604

BYTE PTR [bx],14h

F000:060E
KBP
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; display is XXXX _ _gotoBr 2.1
; memory allocation
; goto Br_2.1 for printing at data field

;FRW desired , goto Br_2.2
: memory allocation

; BKW desired, goto Br-2.3
; memory allocation

; CHG desired, goto Br-2.3
; memory allocation

; PC (Home Action) desired goto Br_2.5.1
; potl keyboard for valid command



5.3.1 Forward Routine
Forward (FRW) command can be used to:-
examine the contents of the next memory location

a.

b. examine the contents of the next two consecutive memery locations

c. examine the contents of next 16-bit general purpose registers (AX, BX, CX and DX)

d. examine the contents of next 8-bit general purpose register (AL, AH, BL,BH, CI,CH,DL,DH)
€. examine the contents of next segment register (CS, DS, ES, SS)

f. examine the contents of next 16-bit index registers (IP,DLSI,BP,SP)

g, examine the content of the next variable port.

Instruction Codes: Br_2.2

01B7 - 80 7F 02 01 :cmp  BYTE PTR {bx+02h],01h ;

OlBB-7505 :jnz  F000:01C2 ;

. FRW for byte goto Br 2.2.1
; memory allocation

O0IBD-EAC70100F0 :jmp F000:01C7
0IC2-EAF00400F0 :jmp  FO000:04F0

04F0 - 80 7F 03 01 :emp  BYTE PTR [bx+03h],01h ;
04F4 - 74 05 :jnz  F000:04FB ; FRW for word data goto Br_2.2.2
04F6 - EASI0000F0 :jmp KBP ; poll keyboard for valid command

Forward for Byte Data : Br_2.2.1

The routine reads the current OFFSET from the location OF(OFset) of T2 of the reserved RAM. It is incremented
and is written back to T2. A read operation is done using the new OF and the data byte is placed at D413 position
of T2. And finally, T2 is transferred to the 8279 for displaying.

Instruction Codes:

01C7-9A SAF400F0 :call SUR#T ; to deter segment/offset, passed via es/di

01CC -47 s inc di ;

0ICD -89 7F 50 :mov  [bx+50h],di ;

0ID0O-EAG6E0QIO0F0 :jmp  FO00:016E ; memory allocation to share codes
OI6E - 26 BA 05 :mov  al, BYTE PTR es:[di] : data byte is read from memory
0171 -88474F :mov  BYTE PTR [bx+4Fh],al ;

(174 - share common codes at Br_6.1

Forward for Word Data : Br_2.2.2

The routine extracts the segnment base and the offset from T3 and T2 by using SUR#7. The CPU then increments
the offset by twice and does a word-oriented read operation from the memory. The word data is saved at ‘OF’
position of T2. Finally, the content of T2 is displayed.

Instruction Codes: Br_2.2.2

04FB-9A5AF400F0 :call SUR#7 ; to deter segment/offset, passed via es/di
0500 - 47 s inc di ;

0501 - 47 inc di ) ;

0502 - 89 7F 50 :mov  [bx+50h].di :

0505 - 26 8B 05 :mov  ax,es:[di} '; word data is read from the meory

0508 - 88 47 4F :mov  BYTE PTR [bx+4Fhj,al B

050B - 88 67 4E :mov  BYTE PTR [bx+4Eh],ah ;

O050E-9ATCF4 00F0 :call SUR#S , convert T2 into T1 (packed to cc-codes)
0513-EA9SB0200F0 :jmp FO00:029B ; memory allocation

029B-9A B6 FFO0FO :call  SUR#3 ; to transfer T1 into 8279

02A0- EASI0000F0 :jmp KBP ; poll keyboard for valid command
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5.3.2 Backward Routine

The function of the BKW command is similar to FRW command except that now it is for the previous memory
location or the register.

Instruction Codes: Br_2.3

0520 - 80 7F 02 01 semp  BYTE PTR [bx+02h],01h ;

0524 - 74 05 [z F000:052B ; BKW desired for byte data

0526 -EA300500F0 :jmp  F000:0530 ; memory allocation
052B-EAE40100F0 :jmp FO00:0lE4 ; goto Br_2.3.1 for byte data

0530 - 80 7F 03 01 :emp  BYTE PTR {bx+03h],01h

0534 - 74 05 tjz F000:053B ; BKW for word data ‘
0536 -EAS10000F0 :jmp KBP ; poll keyboard for valid command

BKW for Byte Data : Br_2.3.1
The logic is same as for Frw except now for the previous memory location

Instruction Codes:

0IE4 -9A SAF400F0 :call SUR#? ; deter seg/off, passed via es/di

OIE9 - 4F s dec di :

OIEA - 89 7F 50 :mov  [bx+50h].di :

OIED-EAGEO0100F0 :jmp  FOO00:016E ; share common codes under Br_2.2.1

BKW for Word Data : Br_2.3.2

The logic is same for FRW except that now., it is for the previous memory contents.

Instruction Codes: :
0535B-9A SAF400F0 :call SUR#7 ; deter segment/offset, passed via es/di

0540 - 4F :dec  di ;
0541 - 4F rdec di .
0542 -EA020500F0 :jmp  F000:0502 ; share common codes under Br 2.2.2
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5.3.3 CHG Command and Byte Data Update for Memory - Br_2.4

Byte-Data Edit for Memory _
Let us see how the monitor program helps to modify the current content of a RAM location. Take an spef:lﬁc

example of location 0C000 XX. We wish to deposit 32H in this location.

We give the CHG command with the key - K23. The display becomes like 0C000 _ _l and prompts us to enter one
byte data. we type 3,2. The display becomes 0C000 32. The following three inter-related software routines have
worked together here.

a. responding to CHG command :Br 2.4.1
b. printing at the data field :Br 2.1
c. data update in the memory :Br_2.1.1.1

Responding to CHG Command : Br_2.4.1 :

The routine sets f11=1 to allow digit printing at the data field following Br_2.1. It makes data field ready to type
digits. It passes values relating to the number of digits to be printed and also the position of the st digit to be
printed. The routine also sets f19=1, to tell the CPU that the current printing position at the data field is due to byte-
wide memory content modification.

Instruction Codes: Br_2.4.1

0207 - C6 47 0B 01 :mov  BYTE PTR [bx+0Bh],0th 1= il

020B - C647 13 01 :mov  BYTE PTR [bx+13h],01h 1> 19

020F - Co6 47 44 08 :mov  BYTE PTR [bx+44h],08h s writing © > at D3 of T

0213 -C6474508 :mov  BYTE PTR {bx+45h],08h ;writing © " at P4 of T

0217-9AB6 FF 00 FO  :call SUR#3 ; to transfer Tt to 8279
021C-C7474C4504 :move [bx+4Ch],0445h ; printing position is passed

0221 -C647 4002 :mov  BYTE PTR [bx+40h],0Zh ; no of digits to be printed are also passed
0225-EAS510000F0 :jmp KBP ; poli keyboard for valid command

Printing at the Data Field : Br_2.1 ‘

The logic is the same as printing at the address field. In fact, the same subroutine (SUR#4) is used. The non-digit
key BKS is filtered out. If a need arises to correct the typing mistake, then ‘BKS’ routine is called upon. The
information relating to the number of digits to be printed and the printing position are taken from C2 and PP of the
reserved RAM space map.

Data Update in Memory : Br_2.1.1.1

Now, two digits entry in the data field is complete. The next step is to write this value in the actual memory
location. The digits entered in the T1 are in ¢c-code format. These have to be converted to hex and then to be
written at the desired RAM location. A read after write is done in order to demonstrate the the particular RAM
location is good and the content of a ROM location can not be changed. :

Instruction Codes: Br_2.1.1.1.1

0255 - 80 7F 02 01 :emp  BYTE PTR [bx+02h],01h ;

0259 - 74 05 .otz F000:0260 ; it is data-byte modify
025B-EAE0O0300F0 :jmp FO00:03E0 ; not data-byte modify

0260 - 80 7F 13 0] :emp  BYTE PTR [bx+13h],01h ;

0264 - 74 05 Lz F000:026B : ; content modify in EXB command
0266- EAxx xxxxxx  :jmp 77727 ;

026B - C647 13 00 :mov  BYTE PTR [bx+13h],00h :

026F - C647 0B 00 :mov  BYTE PTR [bx+0Bh},00h ;-

0273 -9A BOF400F0  :call SUR#5S ;to convert Tl to T3
02A0-EAS510000F0 :jmp KBP ; poll keyboard for valid command
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53.4 CHG Command and Word-Data Update for Memory - Br_2.4

Word-Data Modify for Memory
We are examing word-data of memory. That means that if the display is showing 0C000 ABCD,; that means

(0C000) = AB and (0C001) = CD. Now, we wish to deposit 12 and 34 at these RAM locations respectively.

We press CHG key. The display becomes like 0C000 _ _ _ . and prompt us to enter the digits 1,2,3,4. When the
entry is finished, the display becomes 0C000 1234.

The following three inter-related routines have worked together:-

a. responding to CHG command :Br 242
b. printing at the data field :Br_2.1
c. data update into memory :Br_2.1.1.3

Responding to CHG Command : Br_2.4.2

The CHG command brings the display XXXXX _ _ _ _ and prompts us to enter 16-bit data. At the end of entry,
memory locations are updated. A read operation is done to check the goodness of the RAM locations and also to
demonstrate that the ROMs contents can not be modified. The PP and C2 are also initialized at 0000:0445 and 04
respectively.

Instruction Codes: Br_2.4.2

046B - C6 47 14 01 :mov  BYTE PTR [bx+14h],01h ;

0d6F - C6 47 42 08 rmov  BYTE PTR [bx+42h],08h ; writing " at D1 of T

0473 - C6 47 43 08 :mov  BYTE PTR [bx+43h],08h ; writing *_" at D2 of T1

0477 -C6 47 44 08 :mov  BYTE PTR [bx+44h],08h ;writing *_" at D3 of T

047B - C6 47 45 08 :mov  BYTE PTR [bx+45h),08h ; writing °_" at D4 of T1

047F - C6 47 40 04 :mov  BYTE PTR [bx+40h],04h ; passing no of digits (4) to C2

0483 -C7474C4504 :mov [bx+4Ch],0445h ; PP=0445 , 1st digit 10 be printed at at D4
0488 -EASBO200F0 :jmp F000:029B - - ; share common codes under Br_2.2.2

Printing at Data Field: Br_ 2.1
Same as Br_2.}

Update Word-data into memory : Br_2.1.13

04BB-9ABOF400F0 :call SURH#S ;to convert T1 into T3

04C0-9A DOF4 00 FO :call SUR#6 © ;toconvert T3 into T2

04C5-9A SAF400F0 :call SUR#? ; to deter segment/offset, passed via es/di
04CA - BA 47 4F :mov  al,BYTE PTR [bx+4Fh] ;

04 CD - 8A 67 4E :mov  ah,BYTE PTR [bx+4Eh] ;

04D0 - 26 89 05 :mov  es:[di}ax ; word data is written into two locations
04D3 - 26 8B 05 cmov  ax.es:[di] ; read after write

04D6 - 88 47 4F :mov  BYTE PTR [bx+4Fh},al ;o

04D9 - 88 67 4E :mov  BYTE PTR [bx+4Eh]},ah ;

04DC-9A 7CF400F0 :call SUR#8 ; to convert T2 to cc-code
04E1-C647 1400 :mov  BYTE PTR [bx+14h],00h ;0 - 20 :
04E5-EA9BO0200F0 :jmp  F000:0298 ' ; share common codes under Br_2.2.2
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5.4  Theory of Single Stepping
5.4.1 Respond/Action to PC Command

Respond :
After power up RESET, we usually enter program data/codes jnto RAM and then execute the program. If the

program works, fine!. Otherwise, we proceed to debug the program by executing one instruction at a time - called
Single Stepping.

To singlé step the processor, we use the PC command to enter the 20-bit physical address of the st instruction of
the program. At the end of the address entry, the CPU shows the address-opcode of the st instruction.

f5=t, it will allow us to print the 20-bit physical address in the address field of the display. fi0=1 allows the
operating system to determine that the 20-bit address entry was done following the ‘PC’ command. So, actions can

be taken accordingly.

Instruction Codes:

0550 - 803F 14 cemp  BYTE PTR [bx],14h :check for PC command

0553 -74 03 )z F000:055A ; yes PC command
0555-EASI0000F0. :jmp KBP : no PC command detected,goto monitor
055A-9A S8EFFO0F0 :call SUR#2 i Ad at T1 of the reserved RAM
055F -C~474573 :mov BYTE PTR [bx+45h].73h ;PatD4 of T1

03563 - C6 47 44 39 :mov  BYTE PTR [bx+44h],3%h ; CatD3 of T

0567 - C6 47 0501 :mov  BYTE PTR [bx+05h],01h b5

056B - C6 47 0A 01 :mov  BYTE PTR [bx+0Ah],01h ;1> fi0

056F-9A B6FFO0F0 :call SUR#3 ;transfer T1 to 8279, display | PC
0574 -EA510000F0 :jmp KBP ; poll keyboard for valid command

Action

20-bit address entry has been due to ‘PC’ command. Therefore, the monitor program should display the address-
opcode of the 1st instruction to be executed.

Instruction Codes:

:entry for PC?

0580 - 80 7F 0A O cmp BYTE PTR [bx+0Ah],0lh

0584 - 74 05 iz F000:058B ; yes PC command
0586 -EA 51 0000F0 :jmp KBP ; not PC command
058B -C647 0500 :mov  BYTE PTR [bx+05h],00h ;015

058F - C6470A 00 :mov  BYTE PTR [bx+0Ah],00h ;00— fl10

0593 - C6 470101 :mov  BYTE PTR [bx+01h],01h ;1> fl

0597-EA 3006 00FC :jmp  F000:0630 ; memory allocation
0630-9A BOF400F0 :call SUR#S ;xlate T1 to T3
064A -EA740100F) :jmp F000:0174 ; memory allocation
0174 -9A7CF400F0 :call SUR#8 ; xlate T2 to T1
0186 - EA C0 0A 00 FO :jmp  FOO00:0ACO ; memory allocation

; initializing memory locations 0046A - 00473 as flags and are zeroing them all. These will be used by single step.

0ACO - C7 47 6A 0000

:jmp

1434 - EA 51 00 00 FO

L mov

WORD PTR [bx+6A],0000h

; 0 — foA - f6B

; poll keyboard for valid command



542 Home Key Routine (PC command in S/S mode)

Pressing ‘PC” key after power up, allows entering instruction address for the purpose of single stepping the
processor through each of the instructions of a program segment. Once the trainer has entered into single step mode
following 1st PC command. 2nd PC command works as a ‘Home Key’. Home Key means that the pressing of PC
key will bring the display to show the address-opcode of the instruction to be single stepped should the display not
showing so0. This is necessary as because the display may show something else due to a ‘Register Check’ command.

We may clarify it by an example. say, the display is in S/S mode and is showing FO000 B1 - the Home Position
Press ‘FB’ key and the display shows ‘XXXXX XXXX'. Now press PC key and the display shows F0000 B1 again.

This is what we stated as Home Action.

Entry
8504 X

Fla? conditions clearly {
tell the CPU that the i
sof tware, status is in "Home |
Position® and thre would be /
no conflict between the key |
commands,

H, 86089

a

instruction Codes:
;checking PC command

BYTE PTR [bx], 14h

0604 - 80 3F 14 remp
0607 - 74 05 ¥ F000:060E ; yes PC command
0609-EAQ000AQOF0 :jmp F000:0A00 ; other command

BYTE PTR [bx+01h],01h ; checking if in S/S mode

060E - 80 7F 01 01 : cmp
jz F000:0619 ;yes S/8 mode
KBP ; not 5/S mode

F000:0650 ; memory allocation

0612 - 74 05 _
0614 -EA S10000F0  :jmp
0619-EA S0 0600 F0 :jmp

;say the display is not showing the address-opcode of the instruction to be single stepped. T3/T4 of the
reserved RAM space contains this information. Threrfore, get it from there and display it in the 7-segment

output.

0650 -9A SAF400F0 :call SUR#7 ;get Segement/Offset, passed via es/di
0655 - 8B 7F 66 :mov  di,[bx+66h] ;zet offset from T4

0658 - 26 8A 05 :mov  al,BYTE PTR es:[di] ; grt opcade

065B - 88 47 65 :mov  BYTE PTR {bx+65h],al ; xfer opcode to T4

: call SUR#12

065E - 9A 34 F5 00 FO
F000:0AED

0663 - EA E0 0A 00 FO - jmp
0AEQ - C6 47 1500 :mov  BYTE PTR [bx+15h],00h
0AE4-C7471E0000 : mov

02A0-EAS10000F0 :jmp KBP
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WORD PTR [bx-+1Eh],0000h

; xferring T4 to T2

; memory allocation

-0 fI5h
;0> fIEfIF

; poll keyboard valid command



5.4.3 Execution of One Instruction (Single Stepping)

Single Stepping Routine aliows the user to study and understand various features of a microprocessor
particularly the ‘Instructions’ and the ‘Addressing Modes’ by examing/changing the contents of the

registers.

Implementation of the single step routine in the monitor program of the 8086 trainer was a
challenging as well as a thrilling task. The author consulted many literature [2,3,4] but found no
‘Engineering Hints’ as to how to utilize the 8086’s ‘[IRET instruction’ and ‘Trap Bit’ (these two
features supports single siepping according to Intel’s data sheet) to implement the single stepping
mechanism. The author discovered the idea of ‘artificial IRET’ and then got the routine
implemented. Given below the complete documentation of the single step routine of the 8086 trainer.

Implementation of the Routine

THTERRUPT SSRUI%E ROUTIKE

Hainline Programm: FFW&‘!?B‘JZB
B ko T 1ow\6B303r86 20008 - 89
Feop: 0R0D ref: ci\flow r Sgaos - &
o0pea? - fo
H
BADA
KXEP
PA15,09A0
/5 HODE
IHITIALISE
VECTOR TABLE
FOR int DM
} ese2
PUSK FR RHD
NAKE TFz1
BEE3E
OD4XC R ng
| 0043A ax
DTt e DRRe L e : .
INST. "ON STACK {iviv —ooase o ox <k
usad Q0434 2.4
1" H
Slrnole_ _QQ432 DS
P Step v
RETRIEVE REGS ' 20430 1 E= 4 .
bp,si,di,ss,es Q042E | 5SS L
ds, dx, cx, ax ooazc | 1p
0042a | DI . &
00426 SX a
3
ROz cSs (34 .

Fig-5.4.3 : Flow Chart and Data Structure to Implemet Single Step Routine
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Say, we wish to advance the processor through each of the following instructions :-
Program segment:

02000 - B0 1B :mov  al,1Bh

02002 - BA 0010 :mov  dx,1000h

02005 - EA 00300000 :jmp  0000:3000

0200A -

01. Press the RST/ and then the PC key. The display shows: PC

02. Enter the digits viz., 0,2,0,0,0 The display shows : 02000 B0

This indicate that the CPU is ready to execute the 1st instruction if $/S key is pressed.
03. Press S/S key. The display shows : 02002 BA

This write-up will make an attempt to clarify the ways adopted to instruct the CPU for executing
_ only one instruction at a time.

To implement the smgle stepping mechanism, we have utilized the following features of the 8086
microprocessor.

The features:
01. The TF-bit of the “Flag register’ can be set/reset by program instruction.

02. The “IRET’ instruction does not sample the interrupt of the 8086 while being executed.
Say, the Tf-bit is set to ‘1’ by the programmer.,

The CPU will see this TF-bit as set during the execution of every instruction except ‘[RET’
instruction.

And if the TF- blt is found as set, the CPU is internally interrupted to execute interrupt type ‘int 01h".
before vectormg at the corresponding ISR (Interrupt service Routine), the CPU pushes the FR (Flag
register) and the CS:IP of the next instruction onto the stack.

Therefore the reasoning is that:-

The current content of the ‘Flag Register’ and the CS:IP (0000:2000) of the Ist instruction may be
kept onto stack. Make “1° at TF-bit position of the FR on the stack. Execute artificial ‘IRET’-
meaning fooling the CPU s if it is returning from an Interrupt Service Routine.

Due to IRET execution, the CPU will copy the respective bytes from the stack into its IP,CS and FR
registers. This will result as having CS = 0000, IP = 2000 and FR_8 (Tf-bit) = 1.

The CPU will be executing the instruction ‘B0 1B = mov al,1Bh’ at location 02000. While executing
this instruction, the CPU will find FR_8(TF-bit) as 1°. As a result, the CPU will be interrupted to
execute ISR for ‘int 01h°,

Before vectoring at the ISR, the CPU will push the FR,CS:IP = 0000:2002 (of the next instruction)

onto stack.
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In the ISR for ‘int 0lh’, we may update the display with the address and opcode of the next
instruction to be single stepped which is here ‘02000 - BA . We can also update the main line
program with the address of the next instruction so that the CPU can execute it on receipt of the S/5
command from the key board of the trainer.

Instruction Codes:
Muainline Program:
F000:0A00

;schecking if 8/8 command in Single-Stepping Mode g
0AQ00 - B0 3F 16 :cmp  BYTE PTR [bx],16h ;check if 8/8 command from the keyboard

0A03-7403 1jz FOO00:0AQA ;yes §/S command
0AO05-EA1ACGAOQ0F0 :jmp FODO:0A1A ;not /8 command
CAOA - 80 7F 01 01 :ecmp  BYTE PTR [bx+01h],01h ;check if $/S mode
O0AOE - 74 05 1jz FO00:0A15 ;yes S5/8 mode
0A10-EA510000F0 :jmp F000:0051 ;keyboard polling for command
OAI5-EAAGO0900F0 :jmp  F000:090A ; memaory allocation

.BAILA -
F000:090A
sinitializing the Vector Table for ‘int 01k’
09A0 - BB 00 00 :mov  bx,0000h ;bx as a local pointer
09A3-C747042009 :mov [bx+04h],2005h ;initializing the OFFSET
09A8-C7470600F0 :mov [bx+06h],00FCh ;inttializing the SEGMENT Base
0SAD-BB 00 04: mov  bx,0004h ;getting bx back

;put FR onto Stack and make TF =1

09B8 -4C 4C : dec SP,Sp ;pointing at vacates

09B2 - 8B 47 3C :mov  ax,[bx+3Ch] ;get FR from the table Tx
09B5 - 8B EC :mov  bp,sp ;

09B7 - 89 46 00 :mov  [bp+00h],ax :FR onto Stack

09BA - 814E 000001  :or WORD PTR [bp+00h],000th ;now TF=1.

F000:09BF

:putting CS:IP of the current instruction onto Stack

;section 05.03.01 of the Reference manual says that PC command and subsequent 20-bit address entry of ;the
st instruction to be single stepped manipulated various data in the following way:-

;MB3-byte of Segment Base has been saved at D9 position of T3 ofd the reserved RAM. Offset has been :saved
at (DBDT7YD6D5) positions of T4 as packed hex.

09BF - 9A SAF400F0 :call F000:F45A (SUR#T) ; determine Segment/Offset
09C4 - BC 46 FE :mov  [bp - 02h],es ;put Seg onto Stack

09C7 - 8B 7F 66 :mov  di,[bx+66h] ;get Offset from T4

09CA -89 7EFC:mov  [bp-04h],di ;put Offset onto Stack 7
09CD - 4C 4C : :dec  sp,sp ;adjusting the point of sp
09CF -4C 4C : dec Sp,sp : :
09DI1 -

F000:09D1

;Retrieving the Registers contents from Tx before executing the current instruction
0SD1 - 8B 6F 26 :mov  bp,[bx+26h] ;updating bp
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09D4 - 8B 77 28
09D7 - 8B 7F 2A

09DA -BE 57 2E:

09DD - 8E 47 30
09EQ - 8E 5F 32
09E3 - 8B 57 34
09E6 - BB 4F 36
09E9 - 8B 47 38
09EC - 8B D8
09EE - BB 00 04
09F1 - 8B 47 3A
09F4 - CF

09F5 -

I mov
T mov
mov
D mov
D mov
T mov
I mov
: Mmov
I mov
T mov
L mov
s iret

si,[bx+28h]
di,[bx+2Ah]
ss,[bx+2Eh]
es,[bx+30h]
ds.[bx+32h]
dx,[bx+34h]
cx,[bx+36h]
ax,[bx+38h]
bx,ax
bx,0004h
ax,[bx+3Ah]

;updating si

;updating di
;updating ss
;updating es
;updating ds
;updating dx
;updating cx
;updating ax

:don’t disturb bx
;updating ax
.artificial IRET

Interrupt Service Routine for ‘int 01h’ (Single Step)
;Vector table for int 01h has been initialized by mainline program as follows:-

;00004 - 20
;00005 - 09
;00006 - 00
;00007 - FO

:IP L
:IP_H
: CS
: CS

L
H

";The CPU has executed one instruction and now it has come to the [SR. Do the house keeping job to allow the
user examine/changing various register contents.

F000:0920

;save the registers contents at Tx of the reserved RAM

0920 - 89 47 3A
0923 -8B C3
0925 - 8947 38
0928 - 89 47 36
092B - 89 57 34
0G2E - BC 5F 32
0931 -8C4730
0934 - BC 57 2E
0937 - 8B 47 66
093A - 8947 2C
093D - 89 TF 2A
0940 - 86 77 28
0943 - 89 6F 26
0946 - 89 67 24
0949 - 8B 47 68
094C - 8947 22
094F - 9C

0950 - 8B EC
0952 -8B 46 00
0955-89473C
0958 - 9D

0959 -

:mov
. mov
S mov
: mov
. mov
. mov
: mov
. mov
 mov
:mov
S mov
Pmov
I mov
. mov
. mov
T mov
. pusf
- mov
: mov
T mov
: popf

{bx+3Ah),ax
ax,bx
[bx+38h],cx
[bx+36h],dx
[bx+34h],ds
[bx+32h].ds
[bx+30h].es
[bx+2Eh],ss
ax,[bx+66h]
[bx+2Ch],ax
[bx+2Ah].di
[bx+28h],si

" [bx+26h],bp

[bx+24h},sp
ax,[bx+68h]
[bx+22h],ax

bp,sp
ax,[bp+00h]
[bx+3Ch],ax

;saving ax

;

;saving bx
;saving cx
;saving ds
;saving ds
;saving es
;saving ss

; offset of the executed instruction being
;saved in Tx

; saving di
;saving si
;saving bp
;saving sp

;Seg of the executed instruction being
;saved at Tx

;to save at Tx

)

;now FR in ax
;saving FR at Tx
;good sp

;updating the display and T4 with the Segment/Offset of the next insfruction to be single stepped.

0959 - 8B EC
095B - 8B 46 00
095E - 89 47 66
0961 - 8B F8

. moyv
. moy
. mov
. mov

bp.sp
ax,[bp+00h)
{bx+66h],ax
‘di,ax

;getting Offset
;xferring at T4

r
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0963 - 8B 46 02

0966 - 89 47 68

0969 - 8E CO

096B - 26 8A 05

0%6E - 88 47 65

0571- 8B 46 04

0974 - 8947 3C

0977 -9A 34 F5 00 FO
097C-9A 7CF4 00 FO
0981 -C747420000
0986 - 9A B6 FF 00 FO
098B - 44

098C - 44

098D - 44 44 44 44
0991 -EA 51 0000 FO
09996 -

I mov
I mov
I mov
I mov
1 mov
T mov
I mov
: call
s call
Moy
:call
sine
1inc
:inc

: jmp

ax,[bp+02h] ;getting Segment
[bx+68h],ax ;xferring at T4
€s,ax :

alLBYTE PTR es:[di} ;getting the opcode
BYTE PTR [bx+65h],al ;xfrer at T4
ax,[bp+04h] ;getting FR
[bx+3Ch],ax ;saving FR
F000:F534 (SUR#12) ;xfer T4 to T2
F000:F47C (SUR#8) sconvert T2 10 T1
WORD PTR [bx+42k],0000h ; blank at D2,D1
FOOO:FFB6 (SUR#3) xfer T1to 8279

sp ;

sp :

5p,5P,5P,SP ; good sp

F000:0051 (KBP) ; wait for §/S command from the keypad
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5.4.4 Exam/Edit AX, BX, CX, DX Registers

Program Logic
There is only AX key on the key pad. The contents of the remaining registers can be viewed by successively
pressing the FRW key. The flow chart is shown in Figure-5.4.4.

The user has to examine the AX value first . This enables FRW command and a flag to check’BX register. Next
FRW command checks fIE=] to be sure that the system is in 5/S mode. The program allows checking the BX
regisier. While checking the BX register. the flag for CX register is enabled. Next FRW command allows checking
the CX register. The exam routine of the CX register enables the flag for DX register. The next FRW command
allows checking the DX register. While checking the DX register. the flag for AX register is enabled. Next FRW
conunand ailows checking the AX register. And the process cycles.

While checking the Register contents, the CHG key active. This way the current content of the registers except the
BX register can be changed. The next section shows the flow chart for updating the registers contents after the data
have been entered following the CHG command.

g
AX XAXN
{19 eFse
I>56
* KBF .
B5F4 Y
kB KB?

Fig - 5.4.4 : Flow Chart to Implemet AX,BX,CX and DX Examination
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54.5 Exam/Edit AL AH,BL BH,CL CHDL,DH Registers

Fig - 5.4.5 : Flow Chart to Implement Contents Examination.
' B b |




5.4.6 Exam/Edit IP,SI,DI,SP,BP Registers

The four registers DI,SP,SLIP and BP are grouped together and is tagged by the flag f20. [ndividual flags are also
identified by separate flags and are shown in the above flow chart. There is only one key viz., IP in the keyboard.
The user has to check the content of this register first and then use the FRW command to examine the contents of
the remaining registers. The BP register check is not implemented and is left as an exercise to the readers. It can be
casily implemented by assigning a new flag to the BP register. The contents of this register cari only be viewed in
the S'S mode. At the moment there is o routine to edit their contents.

FRH : Entry —

Show!

Shows

KEP é
KBP

Fig - 5.4.6 : Flow Chart to Implement Contents Examination
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5.4.7 Exam/Edit CS, DS, S8, ES Registers

To examine/edit these registers, the system has to be in the single step mode. Pressing CS key, will show the content

of the present CS register. The contents of the remaining registers can be viewed by pressing the FRW, FRW
commands. At the moment there is no routine to edit the contents of these registers.

-
These four segment registers are grouped together and is tagged with the flag f1F. The individual segment registers
also has the identification flags as shown in the flow chart.

FRH : Entry

e

1
v ‘.,
! ‘a
Show: DS XXXN :
2 —» f16 !
{ —» £17 !
KB§ 4
Show: ES XWX |
B 18 ;
¥ 1 -» 19 |
, .
Show: 85 XXXX KBP
0 —» (17
1 — 18
XXXX
- 19
-+ 16

|

|

|

KBP | : %

Fig - 5.4.7 : Contents Examination Flow Chart



5.4.8 Exam/Edit Flag Registers

There are two command keys in the trainer to check the contents of the flag register. Both of them work in the
single step mode. The FLR key allows checking the content in hex form. The FB key allows examing the content in
bit-form which are 9-active flags. The software logic involved in displaying the contents are briefly described

below. P

The FLR command works this way. The execution of the last instruction saved the flag register into RAM location
(0043D)(0043C) {refer page-65]. Upon detection of the FLR command, the CPU just reads the word-data from
these two locations and display in the 7-segment output device.

The FB command works in a bit complex way. This time the contents of the flag register is read and then broken to
extract the bit values of the nine active flags.

Given below the mapping mechanism between the 16-bit contents of the flag register and the nine display digits of
the trainer.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

OF DF| IR Tk SFZF AF ﬁ’F C%

Trainer’s Display
D9 D8 D7 D6 D5 D4 D3 D2 DI

Flag Regiéter

Fig - 5.4.8 : Diagram Showing the Mapping of the Status Register Content to Display
Example : Say, the execution of the last instruction has resulted with ZF = 1, TF = 1, and others are 00s,

FLR command will display Fr 0140H note : F r = Flag Register
FB command will display 000t0L000
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'5.4.9 Exam/Edit Memory Contents (Memeory as a simple Register)

In single stepping, the contents of various registers are examined and changed if necessary. This is the usual
requirement of the users. But, sometimes, it may be required to examine and change the contents of memory
locations after the execution of a memory reference instruction like ‘'mov BYTE PTR [bx+23h], 45h’". This
is to sure that a data value 45h has really got deposited at memory location ds:[bx+23h]. Implementing such a
routine needs a dedicated software interface between the ‘Single Stepping Mechanism’ and the normal part of the
monitor program where the memory locations are edited using EXA and CHG commands.

In single step, EXA key will be treated just like a Register check key. This is to sure that the control will not exit the’
single step mode. After exam/edit of the memory content, the environment will revert to single step mode following

the ‘Home Key Action’. :

Implementation of this routine will share many instruction codes of the non S/S part of the monitor program relating
to entering 20-bit address, memory check, change, update and etc. The implementation demands a close study of the
monitor program that deals with address field opening, digit entry. Given below, a flow chart indicating some hints
towards creating a routine for examing/editing the memory content without exiting the single step.

Entry

#+ EXIT

Share codes of non-$/%
of the monitor program g:::t-

XX XN XXX

Enable, FRH, BKN, CHG and BK
Commands

Home
Position

J

Fig - 5.4.9 : Flow Chart to Implememt Mapping Memory as a Register
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5.4.10 Exam/Edit Port Contents

The hex key pad of the 8086 trainer introduced in this thesis contains a key labeled as PRT. This key may be used to
examine/edit the contents of variable ports. The routine may be working only in the single step mode. The design
and the implementation of this routine will be very much similar to that of the routine proposed for exam/edit
memory content in $/S mode (section 5.4.9). The port will just be treated as a register. FRW, BKW, CHG and BKS
commands may be enabled. In order to implement these functions, most of the codes has to be borrowed from the
non-S/S part of the monitor program. The routine will allow reading a port content as well as writing into a port.
Given below a rough idea of the routine in the form of a flow chart.

KBP

KBP

Show: —l

Print Port Address

, _:';C——-i-*——;
KBP

Show: XX¥X %X

"~ RB*

Fig - 5.4,10 : Flow Chart to ExamlEdit Port Content
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5.5 Subroutines

Subroutine - 1 (SUR#1)
Purpose : This subroutine reads the scan code from the keyboard FIFO of the 8279, The SUR is
called after a key has been pressed. :

Entyry Parameters : after a key closure

Calling at : FOO0:FF80

Instruction Codes:

FF80 - BO 40 :mov  al,d0h :

FF82 - BA 02 00 :mov  dx,0002h ;

FF85 - EE ; out dx,al :

FF86 - BA 00 00 :mov  dx,00000h :

FF89 - EC tin al,dx ;

FF8A - 88 07 :mov  BYTE PTR [bx],al ; key code is save at 00400h

FF8C - CB s ret :

Subroutine -2 (SUR#2)

Purpose: The purpose of this subroutine is to output the message Ad in the display window. The
cc-codes of this message is written into T1 of the reserved RAM. Then the user has to call SUR#3
to transfer T1 onto 8279 for displaying the said message.

Entry Parameters ; none

Calling at : FOOO:FF8E

Instruction Codes:

FF8E - BF 00 00 :mov  di,000Ch

FF91 - Bl 05 :mov  cl,05h :

FF93 - 47 s inc di :

FF94 - C6 414508 :mov  BYTE PTR [bx+45h],08h ; start writing " at Tl
FF98 - FEC9 : dec cl ;

FF9A - 75.F7 1jnz FOOO:FF93 ;

FFOC - 47 sinc di ;

FFOD - C6 474577 :mov  BYTE PTR [bx+45h],77h ;writinf ‘A” at D4 of Tl
FFAL - Co 47 44 5E :mov  BYTE PTR [bx+44h],5Eh ; writing ‘d” at D3 of Tt
FFA5-C647 4300 :mov  BYTE PTR [bx+43h],00h ; balnk at D2 of T
FFAS - C6 4742 00 :mov  BYTE PTR [bx+42h],00h ; blank at D1 of T1
FFAD-9A B6FF 00 FO :call SUR#3 ; transfer T1 to 8279°s display RAM
FFB2 - CB ;ret ;

Subroutine - 3(SUR#3)

Purpose:

Entry parameters
Calling at

Instruction Codes:
FFB6 - BA 02 00
FFB9 - B1 90

: write cc-codes at T1 of the reserved RAM

: FOOO:FFB6
:mov  dx,0002h
:mov al,90h
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Thsi subroutine transfers the contents of T1 of the reserved RAM to the display RAM of
the 8279.



FFBB - EE . cout dx,al ;

FFBC - BA 00 00 :mov  dx,0000h ;
FFBF - B1 09 :mov  c¢l,09h ;
FFC] - BB 4B 04 :mov  bx,044Bh ;
FFC4 - 4B : dec bx ;
FFC5 - 8A 07 :mov  al,BYTE PTR [bx] ;
FFC7 - EE :out dx,al : -
FFC8 - FE C9 cdec  cl ;
FFCA-75F8 cdec i :
FFCC - BB 00 04 :mov  bx,0400h :
FFCF - CB iret ;

Subroutine - 4 (SUR#4)
Purpose:
This subroutine allows to print hex digit at any position of the 7-segment display unit

Entry Parameters : Printing position via PP of the reserved RAM.
Number of digits to print via C2 of the reserved RAM.
Calling at © : FO00:F400
Instruction Codes:
F400 - 8A 07 :mov  al,BYTE PTR {bx] ;
F402 - BB DO FF :mov  bx,BYTE PTR [bx] ;
F405 - 02 D8 radd  blal ;
F407 - 2E 8A 07 :mov  al,cs:[di] 3
F40A - BE 4C 04 smov  5i,044Ch ;
F40D - 8B 3C :mov  di[si] ;
F40F - 88 05 cmov  [di],al ;
F411 - 4F : dec di :
F412 - 89 3C ;mov  [si],di ;
Fd14 - BB 00 04 :mov  bx,0400h 4
F417-9AB6 FF00FO  :call SUR#3 ; to trabsfer T1 to 8279
F41C - FE 4F 40 :dec  BYTE PTR [bx+40h] ; one more less digit to be printed

F41F - CB tret |

Subroutine - S{SUR#5)

Purpose: :

To convert ce-codes of T1 of the reserved RAM into unpacked hex of the form 00,10,20,....... ,FO. The result is
saved at T3. For exampple, if D1 of T1 contains 4F (cc-code of 3), then this SUR will deposit 30 at D1 of T3.

Entry Parameters : none

Calling at : FOO0:F4B0

Instruction Codes: )

F4BO - BF 53 04 :mov  di,0453h ;

F4B3 - B1 0A :mov  cl,0Ah ;
F4B5- B4 FF :mov  ah,0FFh ;
F4B7 - BB 41 04 :mov  bx,0441h ;
F4BA - 43 tine  bx

FABB - 47 dine di ;
F4BC - 8A 07 :mov  al,BYTE PTR [bx] :
F4BE - 8B F0 . :mov  siax ;
F4CO - 2E 8A 04 :mov  aLbLBYTE PTR cs:{si}
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F4C3 - 88 05 :mov  BYTE PTR ds:{di],al ;

FAC5-FE C9 idec  cl ;
FAC7-75F1 s jnz FO00:F4BA ;
F4C9 - BB 00 04 rmov  bx,0400h ;
FACC -CB :ret '

Subroutine - 6 (SUR#6)

Purpose:
To convert unpacked hex of T3 to packed hex. The contents of T3 is converted to packed hex and is saved at T2.

For example, if D2D1 of T3 have contents 20,30; then D2D1 of T2 will have 23. And so on.

Entry Parameters ' none

Calling at : FOOO:F4D0

Instruction Codes:

FADO-EA5S0F500F0 :jmp  FO000:F550 ; memory alllocation
F350-C647 5D 00 :mov  BYTE PTR [bx+5Dh],00h ;
F554 - Bl 04 "~ :mov cl,04h ;
F556 - BF 4D 04 :mov  di,044Dh ;
F559-EAD5SF400F0 :jmp FO000:F4D5 ; memory allocation
F4D5 - B5 05 :mov  ch,05h :
F4D7-BB 5304 :mov  bx,0453h ;
F4DA - 43 tinc bx ;
FADB - 8B 07 :mov  ax, WORD PTR [bx] ;
F4DD - D2 C§ s ror al,cl

F4DF - 24 OF . rand  al,0000111Ib ;
F4E]1 - 02 EQ :add  ah,al :
F4E3 - 47 sinc di ‘ :
F4E5 - 88 25 :mov  BYTE PTR [do],ah ;
FAE7 - 43 sinc bx ;
F4E8 - FE s dec ch ;
F4EA - 75 EF s jnz FOOO:F4DA :
F4EC - BB 00 04 :mov  bx,0400h ;
F4EF - CB : ret :

Subroutine - 7 (SUR#7)

Purpose:

To determine the segment base from the contentn of D9 of T3 of the reserved RAM. That is, if D9 of T3 contains
FO, then the segment base will be determined as FO0O0 and so on.

Entry Parameters :none

Calling at : FOO0:F45A

Instruction Codes: '

F45A -B1 04 :mov  ¢l,04h ;
F45C - BO FF mov  al,0FFh :
FA5SE - FE CO :inc al

F460 - 8A EO :mov  ah,al :
F462 - D2 C4 : ror ah,cl :
F464 - BOE4 FO . cand  ah,11110000b ;
F467 - 38 67 5C :cmp  BYTE PTR [bx+5Ch],ah ;
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F46A - 74 02 .tz FOOO:F46E ;

F46C - EB FO :jmp  FOOO:F45E :
F46E - B0 00 :mov  al,0Ch ;
F470 - 8E CO Tmov  esax ;
F472 - 8B 7F 50 mov  di,WORD PTR [bx+50h] ; -
F475- BB 00 04 :mov  bx,0400h ;
F478 - CB : ret :

Subroutine - 8 (SUR#8)

Purpose:
To convert packed hex into cc-codes. ie., from T2 to Tl of the reserved RAM. This SUR uses Lookup Table -

1{LUT-1) for conversion.

Entry parameters : none

Calling at : FOOO:F47C

Instruction Codes:

F47C-B104 :mov  c¢l,04h ;
F47E - B5 05 . :mov ch,Oh ;
F480 - Bf 42 04 :mov  di,0442h :

F485 - BB 4E 04 :mov  bx,044Eh ;
F486 - 8A 07 :mov  aliBYTE PTR [bx] :
F488 - BA FO :mov  dh,al :
F4BA - D2 CO Dror al,el ;
F48C - 24 FO :and  al,11110000b ;
F48E - B4 FE :mov ah,11111111b ;
F490 - 8B FO ;mov  si,ax ;
F492 - 2E 8A 04 :mov  al,BYTE PTR cs:[si] ;
F495 - 8A DO :mov dlal :
F497 - 8A C6 :mov aldh ' R
F499 - 24 FO :and  al,11i10000b ;
F49B - B4 FE :mov ah,11111110b ;
F49D - 8B FO :mov  si,ax ;
FA9F - 2E 8A 34 :mov  dh,BYTE PTR cs:[si] ;
F4A2 -89 15 :mov  WORD PTR ds:[di],dx ;
F4A4 - 47 s inc di :
F4A5-43 . rinc bx ;
F4A6 - FE CD : dec ch :
F4A8 - 75 DB :jnz FOO00:F486 ;
F4AA - BB 00 04: mov  bx,0400h :

F4AD - CB :ret ;

Subroutine - 9(SUR#9)
Does not exist

Subroutine - 10 (SUR#10)
Purpose:

Thsi subroutine filters out the key BKS to prvent the monitor program from printing any ghoét charaters.

Entry Parameters :none
Calling at : FOO0:F4F8

Instruction Codes:
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F4F8 - BO (1 . :mov  al,0lh ;

F4FA - Bl 06 :mov  ¢l,06h ;
F4FC - 38 07 :emp  BYTE PTR [bx],al ;
F4FE - 74 05 iz FOO0:F505 ;
F500- EAOAFS00F0 :jmp  FOO0O:F50A ; N
F505-EAS10000F0 :jmp KBP ;
F30A -FE C9 s dec cl :
F530C-7411 jz FOOO;F51F ;

FSOE-EA 18FS00F0 :jmp FOOO:F518 ;
F513-EAS10000F0  :jmp KBP

F518 - FECO s inc al :
F5IA-EAFCF400F0 :jmp FO00:F4FC ;
F31F-CB s ret ;

Subroutine - 11 (SUR#11)

Purpose: :
This subroutine is used by the single stepping mechanism. it’s purpose is to transfer the contents of T2 into T4 table

of the reserved RAM space.

Entry Parameters :none

Calling at : FOOOQ:F520

Instruction Codes;

F5320 - 8B 47 4E cmov  ax, [bx+4Eh] ;
F323-8947 64 cmov  [bx+64h],ax ;
F326 - 8B 47 50 cmov  ax,[bx+50h] ;
F329-8947 66 :mov  [bx+66h],ax ;
F32C-8A 4752 :mov  al,LBYTE PTR [bx+52h] ' ;
F32F - 88 47 68 :mov  BYTE PTR [bx+68h],al

F332-CB s ret ;

Subroutine - 12 (SUR#12)

Purpose: .

This subroutine is used by the single stepping mechanism. It’s purpose is to transfer T4 into T2 of the reserved
RAM. In S/S mode, while editing the RAM locations, the first byte of the instruction going to be executed might
had been changed by the user. In that case, the changed value is to be updated and displayed in the 7-segment
window.

Entry Parameters :none

Calling at : FOO00:F534

Instruction Codes:

F334 - 8B 46 64 cmov  ax,[bx+64h] ;
F537 - 8947 4E :mov  [bx+4Eh],ax ;
F53A - 8B 47 66 :mov  ax,[bx+66h] ;
F33D - 894750 " rmov  [bx+50h]ax ;
F540 - 8A 47 68 :mov  BYTE PTR [bx+68h] ;

F346 - CB cret ;
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Subroutine - 13 (SUR#13)
Purpose:
Used by monitor program while displaying the contents of AL,AH,BL,BH,....... ,DL,DH. This subroutine formats

the data for displaying in the desired way.

Entry Parameters : none

Calling at : F000:0C60

Instruction Codes:

0C60 - 88 47 4F :mov  BYTE PTR [bx+4Fh],al ; xfer AH to Tx
0C63-9A 7CF400F0 :call SUR#HS ; xlate T2 into T1
0C68 -C747420000 :mov WORD PTR [bx+42h},0000h ; blank D2D1 of T
0C6D-C747480000 :mov WORD PTR [bx+48h],0000h ; blank D8D7 of T1
0C72-C7474A 0000 :mov WORD PTR [bx+4Ah],0000h ; blank D10C9 of T1
0C77 -CB cret :
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5.6  Stand-alone Routines

RUT - 1 : (Routine - 1)

.Purpose: .

To convert analog signal inputted to the ADC. The circuit diagram is given below, The data will be displayed at
D2D1 position of the output device. The remaining positions of the display will remain blank.

Circuit Diagram:

I
|
!
|
!
i
lir
I

i
i
|
|
i

VUI. = ADCOBOqg

Fig - 5.6(a) : Circuit for Prototyping Analog-to-Digital conversion

Test Procedure:
Connect a 10K variable resistor in the breadboard of the trainer. Connect +5 and 0V across its terminals.

1.

2. Connect the wiper of the potentiometer at the Analog-in terminal (pin-6) of the ADC .

3. Reset the trainer pressing the RST key.

4. Execute at F000:0800

3. After executing the following program. If the potentiometer is varied, the Display should vary also..
Instruction Codes: ‘ ‘
0800 - BA 00 30 :mov  dx,3000h ; point at the Control Register of ADC
0803 - EE cout  dx.al ; write function generates fow going pulse.
0804 - B9 02 00 mov  ¢x,0002h ; to start ADC, delay parameter for convert.
0807 - E2 EE :loop  F000:0807 ; wait until conversion is done

0809 - EC in al,dx ; reading data from the ADC

080A - 88 47 4E :mov  BYTE PTR [bx+4Eh],al ; data placed at T2 of the reserved RAM
030D -9A 7CF4 00 F0 :call SUR#B ;convert T2 into T1
0812-C747440000 :mov WORD PTR [bx+44h],0000h ; blanking positions D4D3

0817 - C7 47 46 00 00 :mov  WORD PTR [bx+46h]),0000h ; blanking positions D6DS5 of the display
081C-C747430000 :mov WORD PTR [bx+48h],0000h , blanking positions D8D7 of the display
0821 -C7474A0000 :mov WORD PTR [bx+4Ah],0000h ; blanking positions D9 of the display
0826-9A B6FFO0F0 :call SUR#3 ; transfer T'1 into display RAMs of 8279
082B - B9 FF FF ;mov  ¢x,0FFFFh ; delay para for sampling ADC

082F - E2 FE " :loop FO000:082F ; wait until delay is done
0830-EA000800FC :jmp F000:0800 ; acquire ADC’s data again and display

RUT - 2 : (Routine - 2)
Does not exist.

RUT -3 : (Routine -3 )

Purpose: When executed, the scan code of the keys (after pressing down the keys), appear at D4D3 position of the
display window. D6D5 positions show the key matrix. For example, S_43 14 means that S= switch, 43 = key K43,
14 =



scan code of the key. This routine uses LUT-4 for conversion processes. This is to note that the present routine
assumes that there is missing keys in the 1st row. Therefore the physical 1st row of the key pad appears as 2nd row
while displaying the key’s scan code.

Execution at : F000:0700

Instruction codes:
FO700 - BA 00 20 dx,2000h ;

F0O830 - EA 00 0800 FO :jmp  F000:0800

:mov
; loop

RUT - 4 : (Routine - 4)

Purpose:

To establish communication between the 8086 Trainer and the IBM-PC. The communication will be implemented
using COM1 port of the IBM-PC. Data transmitted from the trainer keyboard will be received by the IBM-PC and
will be displayed in the CRT monitor. Data transmitted by the keyboard will also be received by the 8086 trainer
and will be displayed at D2D1 positions of the trainer. The interface hardware between the 83086 trainer and the
IBM-PC is shown at page-83. To test the functionality of this interfacing experlment follow all the steps accurately
as described below:-

01.  Use hookup wires and built the circuit of page-83 in the trainer’s breadboard.

02.  Manually initialize vector table for ‘int 20k’ in order to receive the data sent by the IBM-PC. The ISR is at
ROM location FO7AQ,

03.  Manually initialize vector table for ‘int 22h” in order to transmit data entered from the trainer’s keyboard. An
ISR is already in EPROM at location FO7DO0h,

04.  Using Macro-Assembler, assemble the following terminal emulation program adopted from [5]. Run it,

MYSTACK SEGMENT stack RDCHAR; mov ah,02h
DW 200 dup(0) int 14h
STKTOP LABEL word : mov dlal .
MYSTACK ENDS moy ah,02h
int 2th
MYCODE SEGMENT KYBD: moy ah.01h
ASSUME ¢s:MYCODE, ss:MYSTACKH int 16h
START: mov ax, MYSTACK jnz RDKY
mov $5.a% jmp CHKAGN
mov sp. OFFSET STKTOP RDKY: moy ah,00h
int 16h
mov al,0Ch mov dx,0000h
mov dx,0000h mov ah,0lh
mov  al,l11000111b int 14h
int 14h jmp CHKAGN
sti MYCODE ENDS
CHKAGN: mov dx,0000h END
mov ah,03h
int 14h
test ah,0lh
jnz RDCHAR
jmp KYBD
05.  Initialize the 8259 for base type code 20h for IR0. 8251 for 4800 Baud rate, no parity, 2 stop bits. Execute
at F0740h

06.  Press any key in the trainer. The character ‘A’ will appear in the CRT of the IBM-PC.

07.  Press any key in the keyboard of the IBM-PC. The corresponding ASCII code will appear at D2D1 positions
of the 8086 trainer.

08.  Now open the EPROM locations for the initialization routines of 8259 and 8251. Disassemble them and
read carefully.

09.  Also open the codes of the ISRs for *int 20h’ and “int 22h’. Read them carefully.
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5.7 Data Tables

A: Lookup Table - 1 (LUT - 1)

The following ROM locations are fused with the data shown against them. This [ookup table is used by
SUR#4 to derive the cc-codes corresponding to a hex-digit-key on the key pad of the 8086 trainer.

Location
FFFDE
FFFDD
FFFES
FFFED
FFFDC
FFFE4
FFFEC
FFFDB
FFFE3
FFFEB
FFFDA
FFFE2
FFFEA
FFFD9
FFFE!
FFFE9

B: Lookup Table - 2 (LUT - 2)

=(S

= F000
=F000
=F000
=F000
=F000
= F000
= F000
=F000

=F000 :
: FFDO +
:FFDO +
: FFDO +
: FFDO +
: FFDO +
: FFDO +
: FFDO +

= F0Q0
= F000
= F000
= F000
= F000
= F000
= FO00

: OFF
: FFDO +
: FFDO +
: FFDO +
: FFDO +
: FFDO +
: FFDO +
:FFDO +
:FFDO +

+

FFDO +

Key Scan Code

OE
oD
15
1D
0C
14
1C
0B
13
1B
0A
12

- 1A

09
11
19

= Data Fused (cc-codes)

=3F
=06
=5B
=4F
= 66
=6D
=7D
=07
=7F
= 6F
=77
=7C
=39
=5E
=79
=71

TMOOT > 0020 b h W —O

Digit

The following ROM memory locations are fused with the data shown against them. This lookup table is

usedbu SUR#5 to convert cc-codes of T1 of the reserved RAM space to unpacked hex.

Location
FFF3F
FFF06
FFF5B
FFF4F
FFF66
FFF6D
FFF7D
FFFO7
FFFT7F
FFF6F
FFF77
FFF7C
FFF39
FFF5E
FFF79
FFF71]

=CS
= F000
= F000
= F000
= F000
= F000
= F000
= F000
=F000
= F000
= F000
= F000
= F000
= F000
= FO0O
= F000
= F000

: OFF
: FF0O
: FF0O
: FFOO
: FF0O0
: FF00
: FFOO
: FF00
: FFOO
: FF0O
: FF00
: FFOO
: FFOO
: FF00
: FFO0
: FFOO0
: FF00

e T T T T Tk T I e uatar

CC-Codes

3F
06
5B
4F
66
6D
7D
07
7F
6F
77
7C
39
SE
79
71

86

= Data Fused (cc-codes)

=00
=10
=20
=30
=40
=50
=60
=70
=80
=90
= A0
=B0
=C0
=D0
=E0
=F0




C: Lookup Table - 3 (LUT - 3)
The following ROM locations are fused with the data shown against them. This lookup table is used by
Sur#8 to convert packed hex of T2 of the reserved Ram into cc-code.

Location =(CS :O0FF + X0 = Data Fused (cc-codes)
FFEOO =F000 : FEQO + 00 =3F
FFE10 =F000 : FEOO + © 10 =06
FFE20 =F000 : FE0O + 20 =5B
FFE30 = F000 : FEOO + 30 . =4F
FFE40 =F000 : FEOQ + 40 = 66
FFE50 = FQ000 : FE0O + 50 =6D
FFE60 =F000 : FEOO + 60 =7D
FFE70 =F000 : FEQO + 70 =07
FFE80 =FQ00 : FEOO + 80 - =7F
FFES0 =F000 : FEOO + 90 = 6F
FFEAQ =F000 : FEOO + A0 =77
FFEBO =F000 : FEQO + BO =7C
FFECO =F000 : FEO0 + Cco =39
FFEDO =F000 : FEOO + DO =5E
FFEEO =F000 : FEOQ + E0 =79
FFEFO =F000 : FEQ0 + FO =71

D: Lookup Table - 4 (LUT-4)
The fotlowing ROM locations are fused with the data shgown against them. This lookup table is used by
the stanad-alone routine RUT-3 of section-5.6.

Location =CY :OFF + Key Scan Code = Data Fused (Key Position) Key
FFEQI =F000 : FEQO + 0l =11 - - -- Kii-
FFE09 = F000 : FEQ0 + 09 =12 - - - K12
FFE1I =F000 : FEOO + 11 : =13 - - - K13
FFE1Q =F000 : FE0O + 19 =14 .- -- -- Kt4
FFEO2 = F000 : FE0O + 02 , =21 - - - K21
FFEOA =F000 : FEOO + 0A =22 - - - K22
FFE12 =F000 : FE0O + 12 =23 - -- - K23
FFEIA =F000 : FEQO + 1A =24 - - -- K24
FFEO3 = F000 : FE0O0 + 03 =31 - - - K31
FFEOB =F000 : FEOO + 0B =32 - -- - K32
FFEI13 =F000 : FEOO + 13 =33 - -- -- K33
FFEIB =F000 : FEOO + 1B =34 - - K34
FFE04 =F000 : FEOO + 04 =41 - -- -- K41
FFEQC =F000 : FE0O + 0C =42 - - - K42
FFE14 =F000 : FEQO + 14 =43 - - K43
FFE1IC =F000 : FE0O + 1C =44 - -- -- - K44
FFEO5 =F000 : FEQO + 05 =51 - - - K51
FFEOD =F000 : FEOO + 0D =52 - -- - K52
FFEIS = F000 : FEOO + 15 =53 - - K53
FFEID =F000 : FEQO + 1D . =54 - -- - ‘K54
FFEQ6 =F000 : FEQO + 06 =61 - -- -- K61
FFEOE =F000 : FE0O0 + OE =62 - - - K62
FFE16 =F000 : FEOO + 16 =63 -- -- - K63
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5.8  Interrupt Vector Table

Say, the 8086 CPU is executing some instructions of a program.This is its normal course of action. The
CPU can be asked to stop the current task momentarily and spar¢ some times to do a side job and then
return back to the interrupted program. This is called ‘interrupting’ the CPU and this interruption can be
done in the following ways:-

I A low-to-high sngnal at the NMI input of the CPU. This is called externally triggered hardware

interrupt.

A high level signal at the INTR input of the CPU. This is also called externally triggered

hardware interrupt.

Inserting a special instruction like ‘int 05h’ in the program. This is called internally triggered

software interrupt.

4. Some conditions are generated as a result of the execution of an instruction. This condition e.g.,
‘dividing an operand by zero’ forces the CPU to suspend the current program execution and
divert to an interrupt service routine. Interrupt ‘int 00h - int 04h’ are of these type.

|SS]

(W]

The CPU after being interrupted, wants to know the starting address of the ‘Interrupt Service Routine
(ISR)’. The starting address is a 20-bit physical address and is provided in the form of CS:IP called
“Interrupt Pointer’ or ‘Interrupt Vector’. The values of the CS and IP have to be initialized before hand
by the users before interrupting the processor.

Intel has said that its 8086 CPU does support to have ISRs starting addresses at 256 different ‘Places’ in
the memory. Here ‘Place’ means a 20-bit physical address and is definable by the users. This also means
that the CPU can respond to 256 different interrupts, each interrupt has its unique 20-bit starting address
somewhere in the memory. Intel has named these 256 interrupts as ‘int 00h - int FFh’, The starting
address of the ISR for each of the interrupts is of 4-bytes wide and is composed of CS(CS_H,CS Ly: 1P

(IP_H,IP_L). '

Since, these 4-bytes data are definable by the user and could be anywhere in the memory, a suitable way
of implementing this concept is to declare 4-RAM locations for each of the possible interrupt types.
Hence, a total of 1024 bytes of RAM locations are required to accommodate 256 interrupts. And
accordingly, Intel has allocated space 00000h - 003Fh to contain the starting addresses of the interrupts.
This RAM space is called Interrupt vector Table’.

Q-1: How does the Interrupt Pointer do correspond to an Interrupt Type?

A-1: Intel says that if there is a low-to-high transition signal at the NMI input of the 8086 CPU. the CPU
will make a jump to an interrupt service routine whose starting address could be formed from the
contents of the following memory locations of the interrupt vector table:-

00008 - [P_L, 00009 - IP_H, 0000A - CS L, 0000B - CS_H

The first RAM location is 00008h which when divided by 04h gives 2. So, Intel says that this particular
type of interrupt will be called by the name ‘int 02h’. And accordingly, if an interrupt called ‘Overflow
[nterrupt (due to an arithmetic operation on two unsigned numbers, the result of which exceeds the
capacity of the destination register or memory)’ is named as ‘int 04h’, and the starting address of the JSR
for this interrupt will be found at the following RAM locations of [VT.

4x4 = 16decimal : 00010 -1IP_L,00011 -1IP_H,00012-CS_L,00013-CS H

Hence, if the mterrupt type is known, the first point of the vector table can be found by multiplying the
“interrupt type’ by 04h. Now, a look may be made at the Interrupt vector Table chart at page-87.
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5.9 Memory Space Map

The break up of the total memory space of 1 Mbytes addressable by the 8086 microprocessor is given
below. The tabular form of this break up is shown at page-109. )

Memory Space Range " Amount in Bytes Used By

00000 - 003FF 1024 Bytes Interrupt vector Table

00400 - 004FF 256 Bytes Monitor Program]

00500 - OFBFF 63232 Bytes Users RAM for writing program
QFCOO - OFFFF 1024 Bytes : Stack Memory

10000 - EFFFF 851968 Bytes Available for external decoding
F0000 - FFFFF ‘ 65536 Bytes EPROM Space

EPROM:

A large amount of space is blank, The monitor program and other utility programs have occupied only at
best 16kbytes of EPROM space. The blank space can be used by the programmer for storing the control
programs and etc.

RAM: ,
The RAM space has to be used with caution so that no user instruction by mistake address the reserved
RAM space. There is no fence register in order to guard such unwanted accesses.

Free Undecoded Memory Space:

A space from 10000h - EFFFFh is available to the user for inserting more memory devices in the system
should there arises such requirements. The user has to consult the memory decoder of the trainer (section
- 4.3) for designing the new decoder. This is to ensure that the user decoder does decode the undecoded
space as shown in the memory space map.

Stack Memory:

The stack memory is allocated from the same RAM chips as for the users memory. The total allocated
space is 1024 bytes. The user has to take care of the limited amount of stack while calling subroutines in
the program so that the stack does not penetrate the users RAM space.
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510 Port Space Map

Refer to Figure-5.10.

Total Ports supported by 8086 microprocessor

Port Address assuming all the port are variable

Even addressed variable Port
Odd addressed variable Port

Total Fixed Port supported by 8086 microprocessor

Even addressed Fixed Port
Odd addressed Fixed Port

" On Board Port Status
[C Designation Type: Purpose

No of Internal Register

ulo 8279 Keyboard/Display Interface

Port Allocation Status

Port No Variable/Fixed Port
0000 Variable

0001 variable

0002 variable

0004 - OFFE  even variable

0003 - FFFF  odd variable

00 - FE even addressed Fixed
01 - FF odd addressed Fixed
1000 - IFFE  even addressed variable
1001 - IFFF  odd addressed variable
2000 - 2FFE  even addressed variable
200! - 2FFF  odd addressed variable
3000 - 3FFE  even addressed variable
3001 - 3FFF  odd addressed variable
4000 - FFFE  even addressed variable
4001 - FFFF  odd addressed variable
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: 64 Kbytes

: 0000, 0001, 0002,.......,FFFE, FFFF

: 0000, 0002,.......... ,FFFC, FFFE
: 0001, 0003,.......... , FFFD, FFFF
: 256 Bytes

:00,02,........ ,FE

:01,03,........ ,FF

2

Assigned to

Data Register of U10

available for decoding

Control Register or Status register of U10
Shadows of U1Q’s registers addresses
available for decoding

Can not used. Occupied by Ul0
avatlable for decoding

decoded and available at J1-15 of the trainer
available for decoding

decoded and available at J1-14 of the trainer
available for decoding

decoded available at J1-15 of the trainer
available for decoding

available for decoding
available for decoding
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5.11 Reserved RAM Space Map
Refer to Figure - 5.11.

Space/ Space Range  Used By

00400 Monitor Program (MP)
00401 - 00421 . Monitor Program
00422 - 0043D Single Step Routine of MP
0043E Monitor Program
0043F - 00441 Monitor Program
00442 - 00445 Monitor Program
- 00446 - 0044A Monitor Program
0044B - None
0044C - 0044D Printing Routine of MP
0044E - 0044F - MP
00450 - 00452 MP
00453 ---
00454 - 0045C MP
0045D MP
0045E - 00462 MP
00463 -
00464 - 00468 Single Step Routine of MP
(0469 -
0046A - 00473 MP
00474 - Q04FF . restricted use by programmer
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Purpose
to store Key's Scan Code

as Flags

to store and retrieve registers
as Flag

a counters for printing at etc.

holding cc-codes of data for display at D3 - D1
holding cc-codes of data for display at D9-D4

contains the printing Position {PP)
the offset part of the location of D9-D1 of T1

Hex format of the values D4-D1 of T1
DF = Data Field :

Hex format of D9-D5 of T1
OF= Offset Field, AF=Address Field
SF=Segment Field

2

unpacked Hex format of D9-D1 of T1
SC = Segment Code.

for conformity

for executing a user program
PROG EXE = program Execution

for keeping track of the next instruction
to be executed.

as Flags

for data/code storage
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6.1  Introduction and Board Layout

Introduction

The trainer board should contain all the common peripheral controllers, and thus the board would
certainly become dense. The PCB artwork for this highly denser board could not be manufactured
locally, owing to non-availability of the required technology here. Therefore, it has been decided that a
separate PCB module can be made which would contain the ommon peripheral controllers.

Board Layout
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Fig - 6.1 : Board Layout Diagram
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6.2 Components Description

Circuit Description Type Qty PartNo Vendor
Ul 3-to-8 Decoder 74LS138 1 Signetics
uz Multi-function UART 8256 - 1 Siemens
U3,U5 3-Ch Program Interval Timer 8253 pA NEC

U4 TTL-to-RS5232 Converter MC1488 1 Motorola
Ue RS232-to-TTL Converter = MCI1489 1 Motorola
u7 Analog-to-Digital Converter ~ AD0804 I Signetics
U8 8-Channel Analog Multiplexer DG508 1 Harrish
U9 Digital-to-Analog Converter  ADS558 1 Burr-Brown
C1-C9 Decoupling capacitors 0.1uF/63V 9

101 Edge Connector 16-Pin DIL 1

J02 Edge Connector 40-Pin DIL |

J03 Edge Connector 12-Pin DIL 1

104 Edge Connector _ 40-Pin DIL ]

JO5 Edge Connector 12-PinDIL 1

J06 Edge Connector 12-Pin DIL 1

107 Edge Connector 38-Pin DIL 1

J08 Edge Connector 8-Pin DIL 1

109 Edge Connector 6-Pin DIL ] :
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6.3 Signal Signatures

Connector
J01-01,02
J01-03
JO1-04
JO1-05
JO1-06
J01-07
JO1-08

JOT1-01
102-02
102-03
J02-04
J02-05
102-06
J02-07
J102-08
J02-09
JO2-10
102-11
i02-12
J02-13
JO2-14
J02-15
J02-16
J102-17,18
J02-19,20

103-01
J03-02
J03-03
103-04
103-05
103-06

104-01
104-02
§104-03
104-04
104-05
104-06
J104-07
J04-08
104-09
104-10
J104-11
104-12
104-13

Input/Output

Input
Input
Input
Input
Input
Input
[nput

Input/Cutput
Input/Cutput
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input

Input

Input

Input-

Input

Cutput

Input

[nput
Input/Qutput
Input/Output

Input

Input

Output
Output
[nput/Output
Input/Output

Input/Output
Input
Output
Input./Output
Input/Qutput

113
(13

(19

Signal Remarks

+5V Power Supply Live and Return
Cs7/ Decoded Port Select Line From 8086 Trainer
All Address Line

Al0 Address Line

AQ9 Address Line

A02 Address Line

A0l Address Line

ADOO Data Line DO

ADOI Data Line D1

ADO02 Data Line D2

ADO3 Data Line D3

AD04 Data Line D4

ADOS Data Line D5

ADO06 Data Line D6

ADO7 Data Line D7

ALE Address Latch Signal

RD/ Read Activate Signal

WR/ Write Activate Signal

RST Hardware RESET Signal

INTA/ Interrupt Acknowledge Signal

INT Interrupt Signal from 8256-U2
EINT (EXINT) External Interrupt Signal to 8256-U2
CLK 1024 Clock into 8256 (U2),8253(U3,U5),U7
+5V - :
oV o

RxRS Receiving Data in RS232 format
RxRS Receiving Data in RS232 Format
TxRS Transmitting Data in RS232 Format
TxRS Transmitting Data in RS232 Format
Y _ .

ov -

ov

RxT Receiving Data in TTL Format

TxT Transmitting Data in TTL Format
P27 1-Bit Signal from U2

P26 «

P25 “

P24 «“

P23 . «

P22 “

P21

P20 “

P17 b

Pl6 *
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Connector

J04-14
104-15
104-16
104-17
J04-18
104-19
104-20

J05-01
105-02
105-03
105-04
105-05
105-06

J06-01
106-02
J06-03
J06-04
106-05
106-06

J07-01
J07-02
J07-03
107-04
J07-05
107-06
107-07
107-08
107-09
JO7-10
JO7-11
J07-12
107-13
107-14
J107-15
107-16
107-17
J07-18
107-19

JOZ-01
108-02
J08-03.04
109-01
J09-02
109-03

Input/Output

13

[nput/Output

Input
Output
Input
Output
Input
Output

Input
Output
Input
Output
Input
Output

Input

(13

[13

Input.
Input

(1]
N %
(13

©

Inpu.t/Output

<

Output

Input/Output
Input
Input
Input

Signal
P15
P14
P13
P12
P1i
P10
+5V

GTO
OTo0
GTI
OTl
GT2
OT2

GTO
OTo
GT1
OTl1
GT2
OTz2

INO+
INO-
INI+
INI-
IN2+
[N2-
IN3+
IN3-
IN4+
[N4-
IN5+
[N5-
IN6+
IN6-
IN7+
IN7-
oy

)Y

ov

AOUT
Y
+12V
12V

-0V

99

Remarks

"

[

Power Supply

Trigger Signal to Timer-0 of U3
Output signal from Timer-0 of U3
Trigger Input Timer-0 of U3
Output Signal from Timer-1 of U3
Trigger Input to Timer-2 of U3 .
Output signal from Timer-2 of U3

Trigger Signal to Timer-0 of US
Output signal from Timer-0 of U5
Trigger Input Timer-0 of US
Output Signal from Timer-1 of US
Trigger Input to Timer-2 of U5
Output signal from Timer-2 of U5

Analog Ch-0 Input
Analog Ch-0 Return
Analog Ch-1 Input
Analog Ch-1 Return
Analog Ch-2 Input
Analog Ch-2 Return
Analog Ch-3 Input
Analog Ch-3 Return
Analog Ch-4 Input
Analog Ch-4 Return
Analog Ch-5 Input
Analog Ch-5 Return
Analog Ch-6 Input
Analog Ch-6 Return
Analog Ch-7 Input
Analog Ch-7 Return

Analog DC Out from DAC-U9

for RS232 Link

for RS232 Link



6.4  Integrated Hardware Block Diagram

Because the 8086 trainer board could not accommodate common [/O functional chips, it is decided to
build a separate stand-alone board which can easily be interfaced with the trainer using hook up wires
and interface connectors. The board is only 10cm x 18cm size and contains the following peripheral
controllers that all we need to build any type of controller. Refer Figure-6.1.

6 - Channel Programmable Interval Timer/Counter - 2x8253 ) - M2, M8
8 - Channel 8 - Bit Analog-to-Digital Converter - AD0B0O4, DG508 - M7, M6
8 - Bit Digital-to-Analog Converter - AD558 -M3
Multifunction Asynchronous Receiver/Transmitter - 8256 - M5, M4
16 - Line Paralle! I'O
Async Serial I/O with RS232 Protocol - 488, 489 -M4

1 or 3 or 5 Channel Timers
0 or 2 Channel Counters
8 Level Interrupt Priority Management

The detailed discussion of each of the above peripheral controllers will be made in the relevant sections.
However, a brief coverage is made here referring to the block diagram schematic of Figure-6.6. e

M8, M2 : Programmable Interval Timer/Counter

tmplemented using Intel’s 8253s. Each IC contains three identical 16-bit down counters. Each counter
can be configured by.software command to work as ‘Terminal Counter’/Square Wave Generator/ One
Shot. The channels are equipped with input lines for getting startup and clocks. For details, consult the
manufacturer data sheet available elsewhere.

M7, M6 : 8 Channel ADC

M7 is the single channel ADC implemented using AD0804. The number of channels have been increased
to eight using a multiplexer M6. The mux channel is selected by the programmer using three 1/O lines of
the M5. The fuil scale of the ADC is +5V and it is also unipolar.

M3 : Digital-to-Analog Converter
Implemented using industry standard IC of type ADS558. This DAC can be operated upto at 12V at lower
resolution. The analog output must derive a power section to deliver enough current to the load.

M35 : MUAR - Multifunction Asynchronous Receiver/Transmitter

This is the most and lucrative IC the Intel has ever made containing all common five functions
viz.,Parallel I/O, Serial 1/0, Counting. Timing and Interrupt Management The 8256 can be configured to
various mode of operation and provides an easy support for the designers willing to implement various
functions in a small cost effective PCB board. This IC can be used only with multiplexed bus system
such as 8085, 8086 and 8751. The 8256 also contains full circuitry of TTL level serial communication.

M4 : RS§232-TTL-RS232 Converter
The serial data associated with the 8256 gets converted to the required RS232 format using the Ics 488
and 489. +12V and -12V supplies are needed for the operation of these Ics and are provided using M1.

M9 : Port Decoder

Implemented using 74LS138 which has further decoded the EVEN CS7/ port group line
(3000h,....,3FFEh) to derive the Variable Port addresses for all the peripherals of this Integrated
Hardware Module. \ -
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Block Digram for the Integrated Peripheral Module
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6.5 Local Extended Port Decoder
Refer to diagram of Figure-6.5..

Ul : The Decoder

A standard 74LS138 which is a 3-to-8 line decoder. There are only 5 port chips in the peripheral module
and therefore, one 74LS138 is just enough to select one port chip out of many. The base address of the
decoder is (3000, 30002,....., 3FFC, 3FFE = EVEN addressed) and has come from the 8086 trainer. The
base address band has already been conditioned with AQ, M-10O/, BHE/ lines. Therefore, there were not
needed to decode here again. The decoder has accepted the A09, A10, Al1 lines in order to derive the
address band for the various peripheral controllers located in the board.

The decoder is enabled for any EVEN numbered address out of 3000,.....,3FFE. It means that the band of
the decoder is 2x1024 Bytes. Each of the decoded line has a band width of 512 Bytes. The truth table of
the decoder at page-103 indicates that the Ul-~15 (pin no 15 of U1) will go low for and address of 3000,
3002,.....,31FC, 31FE.

This is a partial decoder. A partial decoder is one which has not decoded all the unused address lines for
the selection of a chip/location. For example, the U3 of page-102 has only four internal registers. So,
there should be only four addresses for the chip. In practice, we have assigned 512 byte allocation. This
is due to not decoding the unused address lines A3 - A8. If the unused address lines would have been
decoded using more 74LS138s, then it would be called a full decoder. Full decoder does not waste
memory locations but it does waste money should the shadow memory locations are not to be used.

Shadow Location: :
It is created due partial decoding of the address lines. For an example, the decoder presented in this
section is a partial decoder and it has created shadow locations in the following way.

Al5 Ald Al3 Al12 A1l A10 AD9 X X X X X X A2 Al AD
0 0] i 1 0 0 0 « variable - x x 0

The address bits A3-A6 are not decoded neither by Ul(page-100) nor by U3 (page-102). Now, the
addresses of a register of the U3 will have many port numbers and all these port numbers will hit the
same physical register/port. ‘

A2 Al Register Port Addresses

0 0 Ist 3000, 3008, 3010,....... 3 1F8
0 1 2nd ' 3002, 3004, 3012,......31FA
] 0 3rd ' 3004, 300C, 3014,........ 31FC
1 1 4th 3006, 300E, 3016,........ JIFE

Therefore, the following instructions are the same and will hit the ist register:-

mov - dx, 3000h or mov  dx, 3008h or mov  dx,31F8h
out dx, al out dx,al out dx,al

The same reasoning may also be applied for the registers of other peripheral chips.

While, using the partial decoding scheme, it is a good practice of keeping a decoding table showing the
shadow locations. '
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6.6 6 - Channel Progrmmable Timer
Refer to Figure-6.6 for the following description.

Introduction to 8253:

[t has three identical down counters each 16-bit wide. The counter has a clock input for decrementing the
counter value. It has also another input to start down counting. There is a output to indicate the user the
desired EVENT has occurred after the down counting. This output line can be connected to the interrupt
line of the CPU. The down counter of the 8253 can be configured to work in either of the following
mode. Since, there are three counters in the single package, three different functions can be obtained
simultaneously. The IPM (Integrated Peripheral Module) contains two 8253s and thus will provide 6
available functions. In the PCB 8253’s D7-D0 are wired to DO-D7. So, swap data byte before sending
to 8253s. Write a subroutine and call it whenever needed.

Mode Name Functions Available Meaning

0 [nterrupt on Terminal Count Known Time Delay Generation

1 Programmable One Shot Generation Single Shot or a Series of single shots
2 Rate Generator Divide by N counter

3 Square Wave Generator Frequency Division of 50% duty cycle

4 Software Triggered Strobe Gating Clock generation, one clock out of many

5 Hardware Triggered Strobe Same as Mode-4 but retriggerable

Circuit Description:

Register Name Port Address  Operation Mode 1C Designation
Counter - 0 © 3000 Read/Write us3
Counter - 1 3002 Read/Write u3
Counter - 2 3004 Read/Write u3
Control Register -1 3006 Write Only U3
Counter -=3 3800 Read/Write us
Counter - 4 3802 Read/Write us
Counter - 5 3804 Read/Write us
Control Register - 2 3806 Write Only us

Testing Routine for U3:
The following program segment will test the functionality of the Counter - 0 of U3. The test routine is
designed to generate 20khz signal out of 1024 Khz signa! connected to the input of the counter. The
frequency of the output signal can be monitored by connecting a frequency counter or an oscilloscope at
terminal QUTO of the U3,

Procedures:;

01. Connect the IPM and the 8086 trainer using hook up wires maintaining signal’s one-to-one correspondence.
02. Connect GATEQ at +5V

03. Connect a Frequency counter or an oscilloscope at OUTO terminal

04. Now eneter and execute the following instruction codes into the 8086 trainer.

07000 - BA 06 30 :mov  dx,3006h ; pointing at the control register

07003 - B0 36 :mov  al,36h ; Counter-0 in Mode-3 operation

07005 - EE cout dx.al ; mode is set to generate Squre Wave
07006 - B0 34 :mov  al, 34h ; data for Lower 8-bit of Counter-0
07008 - BA 00 30 :mov  dx,3000h ; pointing at Counter-0 data register
0700B - EE : out dx,al ; data is sent

0700C - BO OO :mov al, 00h ] : ; data for upper 8-bit of counter-0
0700E - EE :out dx,al ; now Counter-0 should generate 20khz
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6.7  8-Channel 8-Bit Analog-to-Digital Converter
Refer to diagram of Figure-6.7.

U7 : The ADC - AD0804

[t is an industry standard ADC and is fully microprocessor bus compatible. It has a reference input
voltage point which must be fed with a regulated voltage and to be half of the full scale. For example, if
the Vref=2.5V, the this ADC will measure from 0 - 5 volt input range.

The ADC needs a clock of about 600khz for data conversion. The ALE signal of the 8088 is Just good
enough for this purpose. The ADC starts conversion whenever it receives a Jow-going pulse at its WR/
pin. The conversion time is about 100uS. '

Register Name Port Address Operation Mode
Data 3200 Read Only
Convert 3200 ~ Write Only

U8 : Analog Multiplexer

This IC can acquire analog signals from eight inputs. The channels are selected by the control signals
50,51 and S2. The 50-S2 control signals are being delivered by the output lines of the 8256 under
program control. The truth table is given below.

S2 S1 SO Channel Selected
0 0 0 INO
0 0 1 . IN1
] 1 1 IN7

Functionality Check of the ADC and MUX ‘
The following program segment will test the functionality of the ADC, multiplexer and the P20-P22 lines
of the 8256.

Procedures:
0l. Connect the wipre of a 10K potentiometer at J7-2 to feed variable DC via INO.
02. Enter and execute the following program in the 8086 trainer. The D2D1 positions of the display window

of the trainer should indicate the varying value as the pot is varied.

; select ADC channel
using hook up wires connect 0V to ail the terminals J4-9, J4-10 and J4-11.

; initiate Convert signal and wait for conversion time

06000 - BA 00 32 :mov  dx, 3200h ; pointing at Convert register
06003 - EE cout  dx,al ; to generate a low-going pulse
06004 - 30909509090 : nops ; waiting for conversion

;acquire digital data and display it

06009 - EC tin al,dx ; data is read

0600A - 88 47 4E :mov  BYTE PTR [bx+4Eh],al ; data at T2 of the Reserved RAM
0600C -9A 7CF4 00 FO :call SUR#HS ; to convert T2 to T1 (hex to cc-code)
06011 - 9AB6FFOOF0 :call  SUR#3  transfer T1 to 8279

06016 - B9 FF FF :mov  ¢x,0FFFFh ; delay between sample

06019 - E2 FE :loop HERE ;

0601B-EA 00600000 :jmp  0000:6000 ; take the next sample
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6.8  8-Bit Digital-to-Analog Converter
Refer to Figure-6.8.

This is an industry standard digital-to-analog converter. This DAC is microprocessor bus compatible. It
needs a low-going pulse at its WR/ terminal. The analog output is available at terminal 16 and should
drive a power stage for delivering enough current to a load.

Register Port Address Mode of Operation
Data/Control 3600 Write Only

Functionality Check of the DAC .

The following program will check that the DAC is working all right. The digital data will be fed by the
program to its inputs (AD0-AD7) which will also be outputted at the D2D1 position of the display unit of
the 8086 trainer. The user has to connect a suitable DC voltmeter across pin-15 and ground to monitor
the converted DC voltage. The reader may observe that the value may saturate before the input data goes
to FFh. This is not a problem from the practical point of view as because the interested region remains
very near to 00- 3Fh. :

; input data display at D2D1

05000 - BO 00 :mov  al,00h ; initial data

05002 - 8847 4E :mov  BYTE PTR [bx+4Eh],al ; data at T2 of the reserved RAM
05005 - 50 :push  ax ; saving data

05006 -9A TCF4 00 FO :call SUR#S8 ; to convert hex code to cc-code
0500B-C747440000 :mov [bx+44h],0000h ; blanking D4D3
05010-C74746 0000 :mov [bx+46h],0000h ; blanking D6DS
05015-C747480000 :mov [bx+48h],0000h ;blanking D8D?7

0501A -C7474A 0000 :mov [bx+4Ah], 0000h ; blanking D9

0501F -9A B6 FFO0 FO :call SUR#3 ; to transfer T1 into 8279 .

; now inputting data to DAC

05024 - 58 ‘pop  ax ; getting data out of stack

05025 - BA 00 36 :mov  dx,3600h ; pointing at Data/Controi Register
05028 - EE s out dx,al ; data is written to DAC

05029 - B3 07 :mov  bi07h ; delay counter

0502B - B9 FF FF ;mov  cx, OFFFFh ; delay parameter

0502E - E2 FE :loop HERE ; wait until cx=0

03030- FECB :dec bl ;

05051 -75 F7 inz F000:502B ; wait more

05033 - FECO rinc al ; next data for input to DAC
05035-EA 02500000 :jmp  FO00:5002 ; convert the next data byte
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6.9.1 Parallel I/O Using 8256
Refer to schematic of Figure-6.9.1.

The 8256 is multiplexed bus compatible and it works with both the 8085 and 8086 microprocessors. It
has two internal parallel 1/0O ports each 8-bit wide. The port lines can be individually programmed as
either input or output. However, some of the 1/0 lines may be used for some other purposes depending
on the mode of operation of the 8256. The parallel section is just a part out of five parts of the 8256.

All the five functions of the 8256 are completely independent. Therefore it is only enough to initialize
the 8256 for the particular function we are interested in. In this example, we will be interested for Port-1
to operate as output. There is no need to initialize the whole chip.

Command words needed to be written into 8256 to make it fully operation as far as Port-1 is concerned.
Port-1 is being configured as outputs. The P10-P17 may be connected to the trainer’s LEDs for
monitoring purposes. Consult the 8256’s data sheet at Appendix-D.

A: Initialization Words

Control words Data  Written to Address Purpose

Command Byte-102 Command Register-1 3400 8256 is in 8086 system

Mode Byte 00 Mode Register 3406 Port-2 as /O, so Port-1 as 1/O
Port-1 Control FF Port-1 Control Register 3408 Port-1 as outputs

Port-1 Data XX Port-1 Data Register 3410 data output

B: Now write data to Port-1
Writing to Port-1 (P17-P10)

01: 02000 -mov dx,3400h :BA 0034 ; getting address of Command Register-1
02: 02003 -mov al,02h - B0 02 ; the 8256 is in 8086 system

03: 02005 -out  dx,al :EE ; Command Byte-1 goes to CR-1

04:

0s: 02006 -mov dx, 3406h :BA 0634 ; getting address of Mode Register

06: 02009 -mov al,00h ;B0 00 ; set Port-2 as 10 to ensure Port-1 as 1/0
07: 0200B - out dx,al : EE ; the configuration {s done

08:

09: 0200C -mov dx,3408h :BA OB 34 ; address of PICR (Port-1) Control Reg,
10: 0200F -mov al,FFh ; BO FF ; data to set Pi7-P10 as outputs

i 02011 - out dx,al :EE ; configuration is done

12: .

13: 02012 -mov dx,3410h :BA 1034 ; getting address of PIDR (Port-1 Data Reg)
14: 02013 -mov alFFh : BO FF ; writing +5V to all the port pins

15: 02017 - out dx,al : EE ; the connected LEDs should glow!

16:

17; 02018 - jmp HERE {Long Jump) : EA 18 20 00 00 : program ends, Terminated to a loop at 17:

Execute the program either in DOP or §/8 mode. Get the result.
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6.9.2 Seial I/0 Using 8256 -
Please refer to Figure-6.9.2 to follow the description given below.

Verification of Serial Communication Link of the 8256

0l. Reference circuit diagram Fig-6.9.2 0s. Reset the trainer

02. Short 13-1 and J3-3 06. Change the content of location 09021h.
03. Eneter and execute the following Program 07. Repeat steps 03 - 07

04. A data value 45 will be displayed at D2D1 08. Verify that the data is received & displyed

positions of the display.

Working Principle:

The serial section of the 8256 has been initialized for transmitting and receiving serial data at 4800 Baud
Rate. The frame length is 11 consisting of 8-character bits, 2-stop bits, 0-parity bit, 1-start bit. The data is
transmitted manually through program. The data comes back to the receiver. The receiver makes and
interrupt request with IVC of ‘int 44h’. The CPU jumps to the corresponding ISR and displays the
received data at D2D1 positions of the display window of the trainer. '

A: Initialization Words

Control Words Data  Written to Address Purpose

Command Byte-122 ~ Command Register-1 3400 8086 system,2-stop bits, 8-char.
Command Byte-235 Command Register-2 3402 O-parity, 4800 Bd, CLK prscl 5
Command Byte-3E0 Command Register-3 3404 Rx ,IntACK enabled, Normat int
Interrupt Related 14 Set Interrupt Register 340A interrupt enabled for *int 44h’
Interrupt Related 00 Reset [nterrupt Register  340C enabling interrut for “int 44h’.
Data . XX Tansmitter Register 340E sending data

Data XX -- 340E reading received data

B: Now Writing data at Transmitter and reading data from the Receiver
ISR setting up for ‘int 44h’ 00L10-1IP_L 100 00112-CS L :00
00111 -1P_H 160 00113-CS_ H :00

vinitialization

09000 -mov dx, 3400h :BA 00 34 ;

09003 -mov al, 2Zh : B0 22 ; 8086 system, 2-stop bits, 8-character
05004 - out dx,al - EE

09005 -mov dx, 3402h :BA 02 34 ; address for CR-2

09008 -mov al, 35h : B0 35 ; CLK prescaier = 5, Bd = 4800, no-parity
0900A -out  dx,al :EE _ '

0900B -mov dx,3404h :BA 04 34 ; address dor CR-3

0900E -mov al, EOh . . BO EO ; Rx Enabled, IntAck enabled, Normal int.
09010 - out dx,ax :EE

09011 -mov dx, 340Ah : BA 0A 34 ; address for SIR (Set Interrupt Register)
090t4 -mov al, 1Ch ;B0 14 ) ; interrupt Level-4 s enabled for IVC 44h
09016 -out  dx,al EE ; also for Level-2 is enabled for iVC 42h
09017 -mov dx, 340Ch :BA0C 34 ; address for RIR (Reset Interrupt Register)
090iA -mov al, 00h :BO 0O ; data relatingto interrupts

0901IC - out dx,al - EE : ; done

0901D -sti :FB ; 8086’s interrupt is enabled

0901E - mov  dx, 340Eh :BA OE 34 ; pointing at Transmitter Buffer

09021 -mov al,23h ; B0 45h ; data to be sent

09023 - out dx,al :EE : done

09024 -jmp HERE :EA 24900000 : loop here
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{SR for *int 44h" : The CPU will read the data. It will be displayed at D2D1 position.

06000 -mov dx,340Eh :BAOE 34 : pointing af the Recetver
(66003 -in al.dx ' :EC : data is in al register
06004 -mov BYTE PTR [bx+4Eh].al : 8847 4E :data is in T3 of the reserved RAM
06007 -call  SUR#8 (FOO:F47C) : 9A 7C F4 00 FO ; to convert hex-code Lo cc-codes
N600C - mov  [bx+44h].0000h 1 C7 47 44 00 00 : blanking D4D3 positions
06011 -mov  [bx+46h].0000h :C74746 0000 ; blanking D65 positions
06015 - mov  [bx+48h].0000h :C7 47 480000 ; blanking D8D7 positions
060A  -mov  [bx+4Ah].0000h :C7474A 0000 ; blanking D9 position
NGOLF  -call  SUR#3 (FO00: FFBG) 1 9A B6 FF 00 FO ; trnasferring T to 8279
(6024 - iret :CF : returning to Mainline Program
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6.9.3 Timing Functions Using 8256
Schematic diagram Figure-6.9.3 shows the possible combmatlons of the Timer configurations and the

type of interrupts they produce at terminal counts.

8-Bit Timer : Timer-1 to Timer-4

Timer-1 to Timer-4 are identical in size and operational point of view except that they are independent
and produce separate interrupts on terminal counts. These Timers are down counters. They are loaded
with known counts which get decremented by the internal clock. The internal clock is some fraction of
the CLK input and is determined by the ‘System Clock Prescaler’ and ‘Counter Prescaler’. These
prescalers are operated by software commands. The timers are operated by either 1Khz(100uS) or
16Khz(62.5uS) clocks which is derived from the output of ‘System Clock Prescaler’.

These counters are always down coun‘ting and they produce interrupts whenever the count change from |
to 0. The intial value is to be loaded first and then enable the corresponding interrupt. These timers are
non-retriggerable means they can not be loaded with new values when they are counting down. There is
no way of stopping the timers while they are counting down.

8-Bit Timer : Timer-5 with external Control Input

From functional point of view, this timer is same as Timer-1 to Timer-4 except that this timer can be
preloaded to an intial value through the use of the P15 line of the 8256. The loading id done at the rising
edge of P15 and the timer starts counting down on the detection of falling edge of the P15 line. It is a
retriggerable timer. The operation sequence is - Loding the initial value into the save register, Enabling
the interrupt and then start the timer.

16-Bit Timer : Timer-4 & Timer-2
Timer-4 and Timer-2 can be cascaded together to make a 16-bit timer. The functional features are the

same as the Timer-1 to Timer-4.

Time Delay Generation Using Timer-1

sinitialization
0l Time delay required = 50mS. 02, Ikhz down counting clock
03. Timer-1 has to be loaded with value 32h for 50mS time delay. 04. Let us enter and execute

the following program
05. IVT setup oft ‘int40h*  00010-1IP_L : 00 ,00011-1P. H :80
00012-CS L :00 ,00013-CS_ H :00

08000 - CF ;iret
04000 - BA 00 34 :mov  dx, 3400h : pointing at Command Regsiter - |
04003 - B0 03 :mov  al, 03h ; 8086 system, 1Khz Timer Clock
04005 - EE :out dx,al ; done
04006 - BA 14 34 :mov  dx, 3414h ; pointing at Timer-1
04009 - BO 32 mov  al, 32h : data to be loaded
0400B - EE :out dx,al ; done
0400C - BA 04 34 :mov  dx, 3404h ; pointing at Command Register - 3
0400F - B0 10 :mov al, 10h ; data for IntACk enabled
04010 - EE :out dx , al ; done
04010 - BA 0A 34 :mov  dx,340Ah ; point at SIR (Set Interrupt Register)
04013 - BO 00 :mov  al,00h ; interrupt Level-0 for Timer-1 is enabled
04014 - EE tout  dx,al ' " ;done
04015-FB ‘ sti ; 8086’s interrupt structure is enabled.
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6.9.4 Counting Functlons Using 8256 :
Refer to ‘schematic of Figure-6.9.4 at page-116 for the Counter section of the 8256. The dlagram.
indicates following possible combinations of counter usage we can have:-

Two counters each 8-bit wide . OR
One 8-bit counter and One 16-bit counter OR
Two 16-Bit Counters

If we are using two 16-bit counters, then we can have only one 8-bit timer from the 8256 chip.
Alternatively, we can have two 8-bit counters and three 8-bit timers and other possible combinations as
well. ) .

Counter -2 : An Example :

This is a down counter. The counter can be ]oaded with a value. The content will be decremented one-by-
one following the rising edge of an activating signal at U2-37 (P12). When the counter content will just
be changed to 00h, the CPU will be interrupted with the interrupt type code ‘int 41h°. An interrupt
service may be written at the corresponding Interrupt Vector Table to serve the user’s purpose.

A: Initialization Words '

Control words Data Written to Address Purpaose

Command Byte-102 Command Register-I 3400 8256 is in 8086 system

Mode Byte - 08 Mode Register 3406 Counter-2 is created, P12 as input
Command Bye-3 - AD Command Register-3 3404 IntAck enabled, Normal Int
Interrupt Data 02 Set Interrupt Register 3404 int 41h is enabled for Counter-2
Interrupt Data 00 Reset Interrupt Register  340C data relating to interrupt.

Instruction Codes:

IVT initialisation fpr ©=  int41h 00104 -IP L :00
00105 -IP_H :A0
00106 -CS L :00
00107 -CS H :00

&

0A000 -CF s iret or User’s defined codes .

01: 02000 -mov dx,3400h :BA 00 34 : getting address of Command Register-1-
02: 02003 -mov al,02h :B0O02 ; the 8256 is in 8086 system

03: 02005 -out dx,al :EE ; Command Byte-1 goes to CR-1

04: .

0s: 02006 -mov dx, 3406h : BA 06 34 ; getting address of Mode Register

06: 02009 -mov al08h : B0 0O ; Counter- 2 is created, P12 as inpt line.
07: 0200B - out dx,al :EE ; the configuration is done

08:

09: 0200C -mov dx,3404h :BA 04 34 ; address of Command Register-3

10: 0200F -mov al,AQ :BO AD ; Interrupt Related Data

il 02011 - out dx,al :EE ; configuration is done

12: ‘

13 02012 -mov dx,340Ah - :BA 0A 34 ; getting address of Interrupt Enable Register
14: 02015 -mov al02h : B0 02 ; enabling . int41h

15: 02017 -out dx,al :EE ; done

16: 02018 -mov dx,340Ch :BAOC 34 : address for Interrupt Reset Register

17. 0201B -mov al,00h : B0 00 ; interrupt related data

18. 0201D -out  dx,al :EE ; done :
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6.9.5 Interrupt Prioriy Management Using 8256
Refer to Figure-6.9.5 at page-118 for the following description.

Assignment of Interrupt Levels to Interrupt Sources

|

‘Interrupt Interrupt Vector | Trigger Mode | Sources Selection By
l‘ Level 8086 Mode (Only one source can be
i assigned at any time)
 Highest
i Priority
’ 0 int 40h edge Timer - 1 -
l int 41h ' edge Counter - 2 OR Command Word -1
Timer - 2 OR BITI (bit - 2)
External Int Request via P17
2 int 42h edge External Int Request via EXINT -
; 3 int 43h edge | Timer-3 OR Mode Word
3 Counter-3  OR T35 (bit 7)
t Timer-5&3 OR
i Counter- 5 & 3
: 4 int 44h edge Serial Receiver ) -
]
i 5 int 45h edge Serial Transmitter .-
i
i 6 int 46h edge Timer - 4 OR Mode Word
j ‘ Timer-4 &2 QR T24 (bit 6)
i! Counter - 4 & 2
f 7 int 47h edge Timer - 5 OR ' Mode Word j
i Lowest Port-2 with Handshaking P2C2 - P2C0 ,
i Priority Interrupt Request (bits 2,1,0) ‘

8086 - 8256 Interrupt Operation

The 8256 is told by software instruction that it is in an 8086 system. And then the [NT and ITTA/ lines are directly
tied with the 8086°s corresponding lines. Upon receipt an interrupt request from the 8256, the 8086 issues an INTA/
pulse to inform the 8256 that it has accepted the INTR. The 8086 issues a second INTA/ pule and the 8256 places
the interrupt vector bytes 40h through 47h corresponding to the level of the interrupt to be serviced.

Interrupt Registers:

The 8256 has the ‘Interrupt Mask’, Interrupt Address’, ‘Interrupt Service’ and a ‘Priority Control’ registers
associated with the interrupts. Only the IMR (consisting of Set Interrupt Register and Reset Interrupt Register) and
Interrupt Address Register can be accessed by the programmer. '

Interrupt Priority Logic: )

The 8256 contains special circuitry to resolve the conflicts when several interrupt requests occur at the same time,
so that when the CPU'acknowledges interrupt, the highest priority request is vectored to the CPU. ‘

The individual interrupts can be enabled and disabled by manipulating the contents of the Set Interrupt Register and
Reset Interrupt Register. '
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7.1.1 Developing and Running Program for Hardware Project

An interfacing experiment based on 8255 programmable peripheral interface is given in Figure-7.1.1.The
purpose of this experiment is to give a demonstration that the developed trainer is capable of controlling

a user defined hardware.

The user will enter 8-bit binary data using port-A. The data will be acquired and will be displayed to the
trainers LEDs using port-B.

Register Name Port No Mode

Port - A 3000h Read/Write

Port-B 3002h ' Read/Write
Port-C 3006h Read/Write
Control Port 3006h Write Only

Instruction Code:
; intializing Port-A as input, Port-B as output

09000 - BA 06 30 :mov  dx,3006h ;pointing at the Control register
09002 - B0 90 :mov  al,90h ; control byte
09004 - EE zout  dx,al : Port-A as input and Port-B as output

-acquire data of Port-A and dump over Port-B

09005 - BA 00 30 :mov  dx,3000h ;pointing at Port-A
09007 - EC ~tin al,dx ; gettoing the input data
09008 - BA 02 30 :mov  dx,3002h ; pointing at Port-B
0900B - EE : out dx,al ;writting to Port-B
0900C - EA 05900000 :jmp  0000:9005 .get again
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7.1.2 Developing and Running Program for Software Project

Bubble Sort: -
To sort the numbers in an array into descending order. The flow chart of the bubble sort is given in

Figure-7.1.2. In the flow chart, N represents the number of elements in the array. A is the name of the
array which has started at memory location 00481h. 1 is the index within the array. A bubble sort
proceeds by starting at the beginning of an array and puts successive elements in descending order. After
the first pass through the array the smallest element must be at the end. Therefore, during the second
pass, only the N-1 elements are considered, and so on. An assembly program sequence for executing a
bubble sort is given below. This program is adopted from [15, page-90] and then coded and executed by

the author in the 8086 trainer.

Bubble Sort Program

No of element in the array =N=0005h
Elements Counter = ¢X register
Array Space =00481h - 00485h

Values in the array before sort = 01,02,03,04,05
Values in the array after sort = 05,04,03,02,01
Program Execution = 09000h

Before Sort The Array is After Sort the Array is

00431 -01 00481 -05
(00482 -02 00482 -04
00483 - 03 00483 - 03
00484 -04 00484 -02
00485 -05 00485 - 01

Program Codes:

09000 - B9 05 00: mov  ¢x,0005h :element counter

09003 - 49 sdec  ex i N-1

09004 - 8B F9 mov  dicx ‘ ; save count at di

09006 - BE 81 00 :mov  si,0081h ; pointing to 1st element of the array
09009 - 8A 00 :mov  al.BYTE PTR [bx+si] ; Ist element in al register

0900B - 3A 40 01 cemp  al,BYTE PTR [bx+si+01h] ; comparing present element with the next
0900E - 7D 05 tjge LBI1 (F00Q: 9015) ; swap if present element < next
09010 - 864001 : xchg  al,BYTE PTR [bx+si+0| hl ;

09013 - 88 00 :mov  BYTE PTR [bx+si],al , store the greater number
09015-83C601: add 5i,0001h ; increment index

09018 - E2 EF tloop  LOOP2 (F000:9009) ;ifnotend, REPEAT

0901A - 8B CF mov  cx,di ;restore Countl for the outer loop
0901C - E2 E6 “loop  LOOPI (F000:9004) ; if not the final PASS, repeat
0901E - EA Q00000 FO :jmp F000:0000 ; goto keyboard
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7.2.1 Generating Timing Functions for Firing the McMurray-Bedford Invertgr

The McMurray-Bedford complementary impulse commutation inverter is well known in the industr_y for
its application -in DC-AC converter for supplying shutdown/emergency power. Upto now, there is no
recorded information of generating the complex timing functions of this type of inverter using
microprocessor. Everything was done using discrete electronics. The author of this paper successlfull.y
senerated the firing pulses for the thyristor bridge using 8085/8086 microprocessor. The detailed circuit
diagram has been shown in Figure-7.2.1. Given below a brief account of the working principles of the

interfacing circuit based on 8253 programmable interval timer.

Plaese refer to schematic diagram in Figure-7.2.1.

01. 100Hz (AA) base frequency generated using Counter-0 of 8253.

02. 50 Hz complementay signals (BB, CC) were generated using U2 (7474)

03. Oneshot signal DD generated using Counter-1 in synchronism with 100Hz signal

04. Oneshot signal EE generatd using Counter-2 in synchronism with 100Hz stgnal.

05. SCR2 is fired by EE.CC.20KHz. SCR4 is fired by DD.CC.20KHz. SCR 3 and SCR1 are OFF
becuase BB is low.

06. Polarity changes in real time by the complemenatry signals BB and CC.

07. The timeing diagram given at page-123 is self explanatory.

08. Given below the codes for generating the depicted timing functions,

I[nstruction Codes:
; configuring Counter-0 as square wave generator, Counter-2 and Counter-3 as Oneshots.

08000 - BA 006 20 :mov  dx,2006h ; pointing at control register of 8253
08003 - BO 36 :mov  al,36h : Counter-0 as 100.6Hz osciltator
08004 - EE : out dx.al ; done

08005 - BA 00 20 :mov  dx,2000h ; pointing at Counter-0

08008 - B0 00 mov  al,00h ; value for LSByte of C-0

0800A - EE out dx,al : done

0800B - BO 78 :mov  al,78h ; data for MSByte of C-0

0800D - EE :out dx,al ; now C-0 is running at 100.6 Hz.
0800E - BA 06 20 :mov  dx,2006h ;pointing at Control Register 7
08011 -B0 72 :mov  al,72h ; data for configuring Counter-1 as O/S
08013 -EE rout dx,al ; done

08014 -BA 02 20 :mov  dx,2002h ; pointing at Counter-1

08017 - Bo CC :mov  al,0CCh ; data for LSByte of C-1

08019 - EE : out dx,al ; done

0801A - B0 64 mov  al,64h ; data for MSByte of C-1

080IC - EE zout  dx,al ; now counter-1 is generating DD pulses
0801D-BA 0620 :mov  dx,2006h ;pointing at Control Register

08020 - BO B2 :mov  al,0BZh ; data for configuring Counter-2 as O/S
08022 - EE :out dx,al ; done

08023 - BA 04 20 :mov  dx,2004h ; pointing at Counter-2

08026 - BO CC :mov  al,0CCh ' ; data for LSByte of C-2

08028 - EE : out dx,al - : done

08029 - BO 20 :mov  al,20h ; data for MSByte of C-2

0802B - EE :out dx,al -~ ; now counter-2 is generating EE pulses

The Inverter is now generating the OUTPUT ac voltage as shown in the diagram. The duty cycle of the
output voltage can be varied by changing the data contents of the Counter-1 and Counter-2.
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7.2.2  Developing an EPROM Programmer

The detailed circuit diagram of an EPROM programmer has been given in Figure-7.2.2(d). It suupots
most of the common EPROMs and the truth table for thier programming is given'in Figure-7.2.2(a). The
hardware functionality of this circuit has been fully tested using the 8086 trainer. There are various
<witches viz., SW1-SWS are for connecting various programming voltages and logic levels for different
EPROMSs. The full documentation of the programming algorithms, the switches, the ZIF socket and etc.
are also given. As a demonstration purpose, given below an example program for programming a 2716
EPROM. This routine has been tested and found working all right.

Device Pin Capacity Mode PBO PB1 PBZ PB3 PB4 PCOD PC1 PC2 PC3 PC4 PCS PC6 PC7 ProgAlg

oy
L

P
o —

‘ i
2716 24 | 2K Bytes Read i 0 | EO P ‘H/l,,

26 24 | K Bytes | Prog 0 0 1 .0 0 HA
i 1 '
] |

1‘1 R U R B
Lo 1 1 ot T sums N

T S B

|
!
7394 24 dKByies | Read | HA; 01 00 HIL | 0
oa o4 | aKBytes | Prog |HAIO 10 0 L TO b0t 11 sumS-N
: i .

764N 28, BK Bytes Read | H/AL[H/AL O | { A1 1 L 10,0 [ e

2764 28 | 8K Bytes | Prog ! H/Li H/L 0 oo AL p L "0 0 S o0 1 3UmS-N
2764 28 | 8K Bytes Prog H/L| HA. O ;U {} %H/L 1] { 8] b0 0 ImS -1
. ‘ ] : ; | '
| | ) ! :
27128X 28 16K Bytes | Read | /L) HA BLA 0 qHALL UL I 0 0 [—
37128 28! 16K Bytes | Prog | H/L H/L FYL LJ. o £ 2 P A T | I 0 1 30m$-N
171284 28] 16K Bytes | Prog | H/G WL HAL ] o ‘Wlit v 10 [0 0 lms-}
| i A L
47256X 28} 32K Bytes | Read | H/L| WL HAL{HA. 0 HET Ll | 10 0 [J—
27156 28] 32K Bytes | Prog | H/L] H/L;HAf HL 0 G HL, Il oo L 0 Ims-1
27128A ?.Si 16K Bytesl Read | H/L| H/L [-!/Liu 0 GHLG b oo T 0 ms-
S |

Fig - 7.2.2(a) : PROGRAMMING CHART USING 28-PIN ZIF SOCKET
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Fig - 7.2.2(¢) : Zif Socket Pin Diagram
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Programminng a 2716 EPROM

Refer to schematic of Figure-7.2.2(d) at page-127.

: configure PA, PB and PC of the 8255 (U1) as outputs and reset Page Register U2

06000 - BA 06 30 :mov  dx, 3006h ; pointing at Control Register of 8255
06003 - B0 80 -mov al,80h . data to configure PA, Pb, Pc as outputs
06004 - EE : out dx,al  data is sent at Control Register
06005 - BO 10 :mov al,10h . data to reset Ul

06007 - BA 02 30 :mov  dx,3002h ; pointing at Port-B

06004 - EE out dx,al ; data is sent

06008 - B0 00 :mov  al,00h ;

0600D - EE :out dx,al - U1 is reset and enabled

: now all controls active except Vpp and Programming Pulse and asserting 0000h memory location
0GO0E - BO 05 :mov al,05h - data for Vee =connect, Vpp=13V
06010 - EE cout  dx,al ; done

06011 - BA 04 30 :mov  dx,3004h ; pointing at Port-C

06014 - BO 3E - :mov al3Eh - data for CE/=0, OE/=1,Vpp=+5V
06016 - EE :out dx,al ; done .

: now assert data (45h for example to get fused inside the 2716 at location 0000h)

06017 - BA 00 30 :mov  dx,3000h ; pointing at Port-A

0601A - B0 45 :mov - al45h ; data 45h

0601C - EE :out dx,al ; done

0601D - 00 00 00 00 00 : nops :delat for stabilization

:now apply Programming Pulse and Program ming Voltage

06022 - BO7A :mov al3Ah ; data for CE/= +5V, Vpp=t24V
06024 - EE T out dx,al ; done

;50mS delay for getting the data fused inside the 2716

06025 - B0 30 :mov  al,30h l; count for 48d

06027 - B9 F223:mov  ¢x,23F2h ; delay loop for ImS

0602A - E2 FE :loop  0000:602A ; loop here until cx=0000
0602C - FE C8 :dec  al ; count down

0602E - 75 F5 . jnz  0000:6027 ; loop until 50mS$ is completed
; | byte data is fused. Flag down Programming Pulse and Programming Voltage

06030 - B0 3E :mov  al,3Eh ;data for CE/=0, Vpp=+5V
06032 - EE sout dx,al’ ; done

06034 - one byte is done.
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SW1 DETAILS:
=249y

SHZ2 DETAILS:
+R1Y

SHI DETAILS!
+2 1V

Q1,Q3,Q95,Q7,99,Q911,Q12 are of twpe CE28

Q2,494,96,98,910,91F are of twpe CLIO04

SHA DETAILE:
+12,5Y
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*SY
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START

Table 1. Mode Selaction

{{_A00RESS =1RST LoCATIGN )

v

Vop = 35,0V
Vop 3 13,0V

( ProGRAM ONE 30ms PULSE )

IMCREMENT
AQDRESS

JEYICE
PA3SED

Flgure 3. Standard Programming Flowchart

' Plna CE o] 4 Vep Veo Qutputs
: 24 3-11, 13=1 '
i Mode {18} (20} 2n (24} { n
Read l Vi V"_ +5 +5 DOU'I'
| OulputDisadie | Vil Vike +5 -5 High Z
| Stangoy Vin X +5 -5 High Z
s Program Pulsed Vy_to Yy Vi +25 +5 Din
Vanty Vi Vi +25 +5 Cour
Program Intibit ViL Vi +25 +5 High Z
NOTE: '
-1. X can be Y, of Vi,
Inter 2716
PROGRAMMING WAVEFORMS
PROGRAM VERIFY
ViR
-~ ADDRESSES AOQDRESS
Yo
tas fan
{2) (2) |
Yin
DATA i DATA I HIGH 7 DATA OUT
STABLE YALID
Yo
‘ore (atgg fore
7 (0.20 wAx) Wwax} S _7 (0.20 MAX)
1 Yin . S
of ;’
, Yo I
‘ i
V) o
Device | ! M ‘ot
FARLED & R S -
£ : : (2)
Yo
. tprr
NOTES:
1. All times shown in parenthes:s are minimum times and are us unless otharwise noted,
2.0g and tpep are characiensics of the davica but mwst be accommodaled by the programmar.




|ntef 2716

PROGRAMMING CHARACTERISTICS

D.C*PAOGRAMMING CHARACTERISTICS T, = 25°C 2 5°C. Veclll = 5V £5%, Vppll 21 = 25V 1V

Symbaol Parametar Min Typ Max Units_ Col:lrt;:I:Jns
—I,_ Input Current {lor Any input) 10 KA Vin = 5.25V/0.45
}—TP_FH Vpp Supply Current ' 5 mA CE=v_

Ipp2 Vpp Supply Currenl during 30 mA TE=vy

Programming Pulse

e Voo Supply Cusrent 100 mA,

ViL Input Low Leve! -0.1 0.8 Y

Vi Input High Level 20 Vee +1 v

A.C. PROGAAMMING CHARACTERISTICS Ta = 25°C 25°C, Voot = 5V £5%, Vppl!. 8 = 25V £tV

Symbol Parameter Min | Typ | Max | uUnia COHL;T;HS,
las Addrass Setup Time 2 HS
l0ES OE Satup Time 2 us
tps Data Setup Time - 2 ps
taH Address Hold Time 2 ' i
loen GE Hold Tima 2 us
toH Data Hold Time 2 1S
torp Outpul Enabte to Qutput Float Delay b 200 ns CE =v_
o Oultput Enable to Gutpul Delay "1 200 ns “TE = vy
tow Program Pulse Width 45 50 | s5 ms
teAT Program Pulse Rise Time 5 . ns
tpFT Program Pulsa Fall Time 5 ns
B . \'
*A.C. CONDITIONS OF TEST
Input Rise and Fall Times (10% ta 90%)...... 20ns
Input Pulse Levals ..., e 0.8Vip2.2v
Input Timing Reference Lavel ......... 0.8V and 2V
Output Timing Reference Level........ 0.8V and 2V
NOTES: :

1. Yoo must be applied simultaneously or belore Vpp and removed simultaneously or afler Vpp. The 2716 must not be
insorted inl¢ or romoved from a board with Vpp al 25 £ 1V 10 prevent damaga to the device.

2. The maximum allowabla voitage which may be applied 1o the Vpp pin during programming is + 26Y. Care must be taken
when swilching the Vpp supply lo pravent overshoot exceeding this 26V maxmum specilication.

Fig- 7.2.2 (g): Timing Parameters for 2716 EPROM (Courtesy Intel Corpn.)
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{{ A0DRESS = rRST Location )
"cc = 5.0v
Vea = 20.0¥
Table 1. Mods Selection
{{_PRoCRAM OME 50 ms FULSE | Pins
M EE B/ Vop| Aq | A |V
iMOd! 9| Ag | Yo | Outputs
INCREMENE iA i
iRead/Program Verity Vi [ vi | x| x [vee Dayr
(Culoul Disabfe ViLl My x| X fvee High Z
i
lSlandby Vil X X[ x Voo High Z
Program YiLp Vep x| x Vce|l Oy
Program Inhibit ViNi ¥Yep | X[ X Voo| HighZ
u.f.o;:r‘cgsw N Intgligent Identifierid)
FALED —Manufacturer Vil Yoo [Viivie|veel esH
—Dovice Vil Ve (Vul|Vin[veel o
NOTES:
5. X can be Vyy or Vi
2.Vy = 12V 205V,
290081 -8 3. Ay-Ag, Agg, Ay = Vi
Figure 3. Standard Programming Flowchart
.
mtel' 2732A
PROGRAMMING WAVEFORMS
— .
g FROGR anl YERIFT
g v
| ‘VIDI )
% [ ADDAESS STABLE
"L '
i e —
! .
I Hign T " Ment
aata QATA N STARLL >——~_—q oata Oul vaLID
i N
i L tom = —] i —1 forslT
i
i } e e
’ T =t *
e
1 :
!
: 290081-9

HOTES:

t. The input timing relerance leval is 0.8V for a V|, and 2V for a Vi
2. 1py and tpgp are charactadistics of the device but must be accommaodated by the programmer.
3. When programming the 2732A, a 0.t uF capacilor is required across JE/Vpp and ground to suppress spurious vollage

Iransients which can damage the device.

Fig- 7.2.2 (h) : Programming Algorithm for 27324 EPROM
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+.C. PROGRAMMING CHARACTEHISTICS

Ts = 25°C £5°C. Ve = 5Y 2 5%, Vpp = 21V £0.5V . )
?s;rrnu; I L TR ) - LI‘T‘:S Units! Test.&:&uﬁlons
‘ ) ) Min [Typsi tax {08 v
:!,_! ‘[tnput Current (Al! Inputs) 10 HA (Vin = ViLor Viy
Wi Input Low Level (Al Inputs) " -0 0.8
Ving Input High Level (All Inputs Except CE/Vpp}| 2.0 Ve + 1| v
Vo Outpul Low Voitage During Verify © Q.45 lg = 2.1 mA
Vow  [Qutput High Voltage During Verity 2.4 V |lgq = —400 pA
degat) (Vo Supply Current (Program and Verity) 85 100 | maA
i:.atdl Vep Supply Current (Program) 30 | mA € = vy, OE/Vpp = Vpp
Vio  |Agintgligent Identifier Voltage 11.5 125 | v
. \ i
lnter 2732A g
A.C. PROGRAMMING CHARACTERISTICS B
TA = 25°C +5°C Voo = 5V 25%, Vpp = 21V 205V
Symbol Parameter Limits Units Test Conditiona*
Min| Typid | Max {Note 1)
lag Addrass Setup Time 2 ps
toes | OE/Vpe Selup Time 2 ps
ios Dalta Setup Time 2 us
tase Addrass Hold Time 1] ns
ton Dala Hold Time 2 ps '
loFp OE/Vpp High to Output Not Drven 0 130 ns {Note 2)
lew CE Pulse Width During Programming 20 50 55 | ms
togn | OE/Vpp Hold Time 2 us
toy | Data Valid trom CF 1 | ms [CE = vy, OE/Vpp = i |
tva Vpp Recovery Tima ! 2 HS
leaT OE/Vpp Pulse Risa Time During Programming | 50 ns
NOTES:

1. ¥ee must be applied simultaneously ar bafore
2. This parameter is onty sampled and is

diiven—see liming diagram,
1. Typicat vatues are for Ty = 25'C and nominal supply voltages.
4. The maximum current valua is with qutputs Jp lo 07 unloaded.

"A.C. TEST CONDITIONS

Input Rise and Fall Tima (10% 10 90%) . ... . £20 ns
Input Pulse Levels ., ................. 0.45V 10 2.4V
Input Timing Reference Level ... .. ..0.8V and 2.0V
Output Timing Reference Lavel . .. ... 0.8V and 2.0V

DE/Vpp and removed simultanaously or atler OE/Vpp,
not 100% tasted, Outpul Floal is definod as the point whera data is no longer

Fig- 7.2.2 @ : Timing Parameters for 27324 EPROM
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Bﬁm_. _ 2764A ..

PROGRAMMING WAVEFORMS staar

\ b vom ot — lﬁ.ﬂ-

m . vimEY ADDA = FIRET LOCATION
R . .

H .

t ¥, i

} T

H ADOAESSLS AQONESS STAMLE Yoo - bov

| N Yop - V1.5

' v

1 tag —d . ) H

| . - _

i \

| .
£ - 3 igh 2 iy

; onta DATA 1N STABLL V||!|.|II|A DAL OUT vALID . .

0y

Yo - -
£e ) -
L T ' R .
1 L |
(v . ) | .
Yoo . -
L~ Py —f H . m —
. . . FALED '
Y .
& .
ALY
[rovqu—
- Yo

PAQOAAM ONE PUL KL
OF IX mase DUALTION

X
Yo
—{ e f— Lo ocs Il_
| Yon b tcn —a — T
H & - torw / /. .
[ = e S ren
" rQ Qasg

! 230864 -8 iy
: - -‘

N . Q -

NOTES:

1, The input timing rajerenca level is 0.8Y for ¥i_ and 2V for a Yip. _ !
2. ‘o and Ipep are charactensucs of tha davice but must be accommadaled by the programmer. ] “
3. When programmung the 2764A, a 0.1 uF capacilor is required across Ypp and ground Lo suppress spurious voltage ;
_._.n:m_m:E!En:Dw_._um_:._maaﬂ:oumz.nn. . ) '

SIWViCE raiseD

Fig- 7.2.2 (}) : Programming Algorithm for 2764A EPROM
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2764A

Table 2

D.C. PROGRAMMING CHARACTERISTICS T, = 25C t5°C.

Symbaol Parameter 2N Ll:;;’ T TT::S?{Z‘:L";’;“
ly) Input Current {All Inputs) 10 uA Vin = Vi orViy®
ViL input Low Leval {All inpuls}- —0.1 0.8 -V
Vin Input High Level 2.0 Ve v
VoL Cutput Low Voliage During Verity 0.45 v oL = 2.1 mA
Vou Qutput High Vol'tage During Varity 2.4 v loH = —400 pA
logzl¥ Vce Supply Currant (Program & Verity) 75 mA
topal9) Vpp Supply Current {Program) 50 mA CE = vy
Vig Ag inlgligent Identifier Vollage 11.5 12.5 v
Vpp intgligant Programming Algorithm 12.0 13.0 \ CE = PGM = ViL
Veg __intgligent Programming Algorithm 575 |'6.25 v .
A.C. PROGRAMMING CHARACTERISTICS
Ta = 25°C £5°C (see table 2 for Veg and Vpp vollages)
* Limita Test Conditions®
Symbol Parameler i Top Nax Onit (see Note 1)
tas Address Setup Timse 2 ns
10ES OF Setup Time 2 ps
'ns Data Setup Time 2 i
taH Address Hold Time Q HS
loH Data Hold Time 2 £S
DFp OF High to Cutput 0 130 ns {See Noto 3)
Float Daelay
tvpsg Vpp Setup Tima 2 us
tyes Vee Selup Time 2 us
cES CE Satup Time 2 us
lpw PGM Initial Program Pulse Width 0.95 1.0 1.05 ms
lopw PGM Overprogram Pulse Width | 2.85 78.75 ms {see Note 2)
o Data Valid from OF 150 ns ]
*A.C. CONDITIONS OF,TEST PIG.OVTCECS:W“ b applied simu(laneously or belore Vep and
Input Rise and Fall Times ] remaved simultaneausly or alter Vep.

(10% (o 90%)

20ns 2, The langth of tha overprogram puise may vary {rom 2.85
msec 10 76.73 msoc as a funclon of the iteration counter

Input Puise Levels ., . ................ 0.45V o 2.4V value X, :
Input Timing Refarence Level .......0.8V and 2.0V 3. This paramater is only sampled and is not 100% tesled,

Qutput Float is defined as the point where data is no long-

Qutput Timing Reference Lavel . ... .. 0.8V and 2.0V of driven—saa timing diagram,

4. The maxifmum current valua is with Oulputs Og to Oy
. . Unicaded.

Table 1. Mode Selectlon

Pioe CE[OEIFGH] Ay [ Ag| Ve Yoo | Outputs
Mode
Aedd Vi [Vin | ¥ | XU X [Vee|S.0v] Ogyr
[rput Orsatle Vi [V Var | X | X [Viee| 5.0v] Hignz
Standoy V| X | X % | X |vec|s.0v| tignz
Programming Yo V[V | X [ x[] Oy
Program Vaenty Vi [Va | Vie | X | X043 (0 Oout
Program tahibit Ve XU x [ x [0 aenz
wighgent Identifiertt
—manulachees Vi Vi | Y |V Vi [Veo]Sov]  seH
—dbvica Ve [ Vi | Viet [Viel2) | Vi Vee | 5.0v] oant
HOTES:

L. X can bo Vi or Vi

2.Vu = 120V 105V

3. Ay-Ag, Arg-Arz = V)

4. 590 Table 2 for Vcg and Vpp vollages.

Fig- 7.2.2 (k) : Timing parameters for 2764A EPROM
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ADDA = FIAST LOCATION

PROARAM OHE PULIL
OF 3X mesr DURATION

DEVICE PASLID

SEVICL
FAILED

FAIL

DEYICE
FARED

Figure 3. Inteligent Programming Flowchart

intel

2T128A

PROGRAMMING WAVEFORMS

VERIFY m————ee ot

<

A0DRESSEY

ADORES STADLE

1

T l; o]

| e
: L Fame
: - B HWGHT £ B N
: ZaTA DATE (N $TANLE _.< DATA QUT VALID S—
' I 1 i v
. h fos —aJ oo 9 J— }4—-
i 15w ' i
i Voo *
3
f Loy oy
l wav "
[ . v
i e .
i
v sov k hes
i . v
: ¥in
i
. TE x

LV "
! - ¢ —
b ,
i . 4
i PGM
1 v
J} L tors
i | ine
|
)
i
i

!
L

230849-7

NOTES:

1. The Input Timing Reference Level is 0.8V for Vi and 2V for a Vi,
2 lng and Ipgp are charactenstics of the devico bu! must be accommedated by tha programmar.

3. 'When prograrmng the 271284, a 0.1 uF capacuor is required across Vpp and ground [0 supprass spunous valtage

ransients which can damage the device.

Programming Algorithm for 27128A EPROM

Fig-7.22 (1)
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‘27T128A

DEVICE OPERATION

Tra modas af aparation of the 27128A are listed in Table 1. A single 5V power supply is required in the raad
mcde. Allinputs are TTL levels except for Vpp and 12V an Ag for intgligent Identifier.
Table 1., Modes Seloction

CE | OF

| mode HNHoles PGM Ay Ao' Vep VYoo Cutputs
[ Road U odive [ v | ovi | x| x [ veg [ 50v ] Dour
! Output Disabla Vit | Vin Vin X X Vee | 5.0V High Z
I Standby Vin | X X X | X 1 vee I sov | Hignz
@g:amming 4 vie v | v X X | vep | 6OV Oy
! Program Verity 4 YiL YL ViH X X Vpp 6.0V Doyt
" o-ogram Inhibil 4 Vig | X % X X | vpp | 8OV | Highz
, Jaigligant Manufacturer 2,3 Vie ViL Vi Vi VL Voo 5.0v BS H
; |dentifier Device 2,3 Vie [ Vi | Vi I va P vin | vee | sov 89 H
NOTES:
t. X can be ¥ or Viy
2 Vy = 120V £0.5Y .
3. Ai-Ag, Ajg=Agz = V) ‘
4. 508 Table 2 lor Vg and Ypp voltagos.
DC PROGRAMMING CHARACTERISTICS Ta = 25°C £5°C {
Symbot Parameter i Ll:ant: Unit T“‘(S:&d:t;on' ’
Iy Input Gurrant (All Inputs) 10 pA | Vin=viorving |
Vil input Low Level {All Inpuls}) -0.1 0.8 v R
Vin Input High Level 2.0 Veg+1 v
Vou QOulput Low Voltaga During Varity 0.45 \ loL = 2.1 mA
Vo Output High Voltage During Verify 2.4 \ loy = —400 A
Icgz) Ve Supply Current (Program & Verify) 100 mA
lppa Vep Supply Current (Program) 50 mA CE=vy,
Vio Ag intgligent Idenlifiar Voitage 11.5 12.5 v
Vpp intgligent Pragramming Algorithm 120 13.0 v CE = PGM = v,
Vee intgligant Programming Algorithm -5.75 6.25 \'
. . ;
AC PROGRAMMING CHARACTERISTICS
Tp = 25'C 25°C (See Table 2 for Vog and Vppe voltages.)
Symbal Parameter Limits Conditions*
Min Typ Max Unit (Hote 1)
las Address Setup Time 2 us
WoES OF Setup Time 2 ns
los Data Setup Time 2 HS
tar Address Hold Time 0 us
loH Data Hold Time 2 us
DFP OE Migh to Qutput Float Delay 0 130 ns {Note 3)
tvps Vpp Setup Time 2 us
tves Vee Setup Time 2 T8
lces CE Selup Time . 2 ns
tpw PGM Initiai Program Pulsa Width 0.95 1.0 1.05 ms
opw PGM Overprogram Pulse Width 2,85 78.75 ms {Note 2}
o Data Valid from OE 150 ns
HOTES:

*AC CONDITIONS OF TEST
Input Rise and Fall Times (10% to 90%)

...... 20 ns
Input Pulse Levels.................. 0.45V to 2.4V
Input Timing Refaerence Level ....... 0.8% and 2.0V
Output Timing Reference Level . ... .. 0.8Y and 2.0Y

i. Vo must be applied simultaneously or balore Yep and
femoved simuilaneously or ater Vpp.

2. The langth of the ovemrogram pulss may vary from
2.85 msec 10 78.75 msec as a lunclion ol the iloration
counler valug X, -

3. This paramater Is anty sampled and is ot 100% Iesiod.
Qulput Float ia defined as the point where dala is no Ion%
er ditvan—seo liming diagram, K
4, The maximum current value is with outputs Qo-07 un-
loaded,

Fig - 7.2.2 (m) : Timing Parameters for 27128A EPROM
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27256

STANT

ADDN = FIRET LOCATION

C.aougss = FIRST LOCANON )

Yoo = LoV
Ypp » 128V

Vs 36,25V
Ypp = 1275V

K

PROGRAM ONE bavpeg PUALSE

INCAEMENT 3

1 -
A
F I 1A Lt
O
[
Fan, L oEVICE
. FARLED

Lt . sy

FROQ AL Quf PULLE
OF 3X mudg QURATION

INCREMENT
ADDRESS

COmPLAE

ayLarTfy

10 GRICINAL
Bata

fan oLvice
FanLD

L
T 35

DEYICE mASSED

Figure 3. Quick-Puise Programming™ Algorithm

Figure 4. intaligent Pragramming™ Flowchart

Flg-72.2 (n): Programming Algorithm for 27256 EFROM
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Table 1. Oper'atlng Modes

e et

Pins|CE|OE| Ag | Ag|Ypp|VYoc|Outputs
Moda
Road Vi Vi) Xt X (Ve 8.0V ODouyr
Cutputl Disable Vie[Vin] X | X ]Vce]5.0v] HighZ
Slandby V| X[ X 1 X [Vee|5.0VE Hgh 2
Programming Vi |Yinl X [ X (4 [ 4 O
N Program Verity Viu[ViLl X | X[ (4 | (4} | Dour
Oplional Program [V iYLl % | % [vec] (41 | CouT
Verity
Program Inhibit Viplvi| X | x| ] (0 | HighZ
intgligent identiliarid) BYHLS)
—manulacturer |V { Vi [Val2 Vi |5.0v]5.0v] 8BHIS)
—device Vi Vi [ VitV 5.0v[5.0v]  04H
"NOTES:
1. X can be V4 or V.
2.V = 120V0.5V.

L Aj~Ag, Ajg=Arg = Vi Ay = Vi

4. Sae Table 2 for Yoo and Ypp vollagaes.

5. Tne manufacturers idedtifier reads 89H lor Cerdip
EPROMS; 88H lor Plashc EPROM:

27256

PROGRAMMING WAVEFORMS

+ PROGAL W
VERIFY
i_. ADDALsYLE x ADDALES TANLE
i Yo 1
k | S PRQE—
. JE—— ’——l..
' q MG T d "
Data QAT IM STABLE ——< DaTa QUT waLIO
1-.-—'9\—- ' r'ﬁlﬁ —] o o
, . u.nvuurm_ "
You
Voo e o] )
Ui
¥, '
aov
——
Vou v
€ \
v 7
— Ly fe— he— 013 ——’
v P— by —ery e — e e s,
(13 w
v —-—I Len  fueer -
2900877
NOTES:
1 Tﬂa 'I"pl.-l timing relerence level is 0.3V ior 8 Vi and 2V {oi 8 V.
<%y a2 ere characterislics of the device but must be accommadated by the programmar.
WML T TRt TTST e 00 pF capacitor is required across Ypp and ground to SuUppress sputious voltage tan-
ans wh, . ETIGy - '

4. 1275V Ypp & 625V VCC lur Chack-Putse Programming Algorithm. 12.5V Vpp & 6.0V Ve for ingligant Programming

Algarithen.

Fig- 7.2.2 (0) : Timing Parameters for 27256 EPROM
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27256

TABLE 2. D.C. PROGRAMMING CHARACTERISTICS T, = 25 25°C

QOutput Timing Relerence Level .. .. .. 0.8V and 2.0V

.

Limits Test Condltlons
Symbot Parameler o Hax ot (see Note 1)
I input Currant (Al inputs) 10 pA Vin = ViL of Vi
ViL Input Low Level (All Inpuls} ~0.1 0.8 v
Vin Inpul High Level 2.0 Vee v
Voo Qutput Low Vollage During Verity 0.45 v lop = 2.1 mA
Vau QOuipul High Voltage During Verily 24 N4 o = —400 pA
et Ve Supply Current (Program & Verily) 125 mA
lopté) Vpp Supply Current (Program) ) 50 mA CE = vy
Vip Ag intgligent identilier Voltage 115 | 125 v ) )
Vpp intgligent Programming Algorithm 12.0 13.0 v CE =V
Quick-Pulse Programming Algorithm 12.5 13.0 v CE=vV
Yeo inlgligeril Programming Algorithm 5.75 6.25 v
Quick-Pulse Programming Algorithm 6.0 6.5 v
A.C. PROGRAMMING CHARACTERISTICS
Ta = 2525°C {see table 2 for Vg and Vpp vollages) )
Symb.ol Parameter Limits _ Test Conditions®
. Mis | Typ | Max | vait (Hote 1)
145 Address Setup Time 2 ps
IoES OF Satup Time 2 i)
tos Data Setup Time 2 IS
1AH Address Hold Time 0 BS
oM Data Hold Time 2 HS
\pEp OE High to Output o 130 ps | [Note 3)
Data Float Delay
tvps Vpp Selup Time 2 us
tves Ve Setup Time 2 us
lpw CE Inilial Program Pulse Width | 0.95 1.0 1.05 ms intgligent Programming
: 95 | 100 | 105 | ps | Quick-Pulse Programming
lopw CE Overprogram Pulse Width 2.85 7875 | ms | (Note2)
I0g Data Vatid irom OE 150 ns .
"A.C. CONDITIONS DF TEST :I.o\:'r:cs;-nusi be applied simultaneously or belora Vpp and
Inpu! Rise and Fall Times romovod simullaneously o afler Vpp. ’
(10% 030%) ..o coenoe2gns 2yl o o e ooy pit na v Lo
Input Puisg Levels........ errreeees 0.45V 1o 2.4V counler value X {intgligent Programming Algorithm only). -
input Timing Reference Lovel ....... 0.8V and 2.0V SOug:sl "DT:;""FT;':" iiss %:'z;%mﬂeg:ﬁ::lfg;?;ins;ﬁ
tonger ditven—see liming diagram on the {oliowing page.

4, Tha maximum current vatua is wilh oulpuls Oy to Oy un-
loaded. . ' :

Fig-7.2.2 (p) : Timing Parametrs for 27256 EPROCM
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8.1 Introduction ' o
The IBM-PC and the 8086 trainer can be connected together by a 4800-Bd RS232 serial link on COMI1

port. An ASCII (non document text) of the following format can be down loaded into the RAM of the
8086 trainer. The ASCII file will usually be prepared from the LIST file produced by the Macro
Assembler. This link will be used mainly to down load program codes which will be executed out of the
RAM of the trainer. The following program will drive an ADC connected with the trainer as per
schematic diagram of page-81 RUT-!. The program codes are developed using MASM. The LST file is
givén the following format according to the RAM locations of the trainer. Every instruction line must be
terminated by ; (semicolon). Also, the last character should be a * (star) which is used to indicate the end
of transmission. Now, these codes will be transferred to the trainer. Execution will be done at the local

keyboard of the traner at loctation 08000h.

08000 | -

03000 - BA 00 30 :mov  dx, 3000h pointing at Command Regsiter

08003 - EE ; out dx,al Convert command to ADC

08004 - B9 02 00 ;mov  c¢x, 0002h. del ay parameter

08007 - EZ FE ; loop HEREI (0000:8007) Conversion dealy

08009 - EC ;in al, dx data is read

0800A - 8847 4E -mov BYTE PTR [bx+4Eh),al data is xferred to T2

0800D - 9A T7CF400FQG ;call SURHS (FO00:F47C) translating T2 to T1 (hex to cc-codes)
08012 - C747440000| ; mov  [bx+44h], 0000h blanking D4D3 positions odf the display
08017 - C747460000| ; mov [bx+46h], 0000h blanking D6DS5 positions of the display
0801C - C747480000; ; mov [bx+48h], 0000h blanking D8D7 positions of the display
08021 - C7474A 0000 ;mov [bx+4Ah}, 0000h blanking D9 position of the display
08026 - 9A B6 FF 00 FG ; call SUR# 3 (FO00:FFB6) transferring T'1 to 8279

0802B - B9 FF FF ;mov  cx, OFFFFh display update delay

0802F - E2 FE ; loop  HEREZ (0000:082F) wait

08030 - EA 00 8000 00] ;jmp  0000:83000 get the next sample

*

The content of the 1st small box (08000) is transmitted first to the trainer as the memory location from
where the program codes will be stored. The contents of the second box is then transmitted character by
character. The PC xmits a character and then waits for the acknowledgment form the trainer. If no ACK
is received, no transmission.The communication software has the following parts and will be
documented in the next few pages. '

01. Program for IBM-PC (SCOM86.EXE)
- Checking if the 8086 trainer has been popwered up.
- Asks the user to enter the ASCII file name from the keyboard
- The ASCII file is opened for READ only. _
- The Hedaer (RAM starting location) is transmitted. Xmission is indicated by sending code 01h.
- Then the instruction codes are transmitted. Code 01h is xmitted after the end of each instruction
codes transmission.
- End of file transmission is marked by sending charater 03h.

4
1

02. 8086 Trainer Firmware j

- Receives the header. The ASCH is processed to retrieve the 20-bit starting address of the RAM.
- Receives the instruction codes in ASCII. These are processed to reconstruct the hex codes and

one instruction at a time. The codes are also placed in the appropriate RAM locations.

i
H
)
1
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8.2  Assembly Source Code Listing for IBM-PC’s EXE program

STACK SEGMENT pan stack 'stack’

Dw . 2048 dup@®
STKTOP LABEL word
STACK ENDS

DATA  SEGMENT pars public 'data’

FLAG! DB 00 ;usedbyCOMI_IN procedure
FLAG2 DB 00

FLAGZ DB 00 ]

FLAGA DB 03 ;forretry to enter vahd filennme
FLAGS DB 09 :

FLAGS DB 00

PMT DB ODhOAL ;PMT =PRoMt, OD=Cumiage Retur, 0A=Line Fecd
DB ‘Enter Cepital (3 for Londing ASCII File... 1", 0Dh 0Ah 240
ENQ DB  O0DhOAhR
DB ‘Now Roll Calling for 8086 Trainer.....",0Dh,0AN 0D 0A R 245
ACKt DB '8086 Trainer is Ready... | 0DROALODROAR 240
ACI2 DB (DhOAR -
DB 'Now Trensmitting Starting Location of RAM..|.0Dh 0AR 24h
DB ODhOAh :
ACK3 DB 0DhOAW
DB ‘Now Transmitting Program/Data Code.....) . 0Dh 0Ah 24h
DB 0DhOAR
ACK4 DB ‘TranemissionEnds....... 1I',0Dh.0AR,24h
DB (DhOAh
TI_OUTMDB ‘Tranemit Toneout - Check Hardwwre' 0Dh0AD 24h
PROMPT DB ODhOAR
DB Plense Type in ASCH Filename' 0Dh,OAH
DB TFilename Format is: path\Filerame TXT'.0DhOAL 24k
FNAME DB 8}
DB 0 | numberof characters in file path excluding CR
DB 81 dup@ ;afl characters of puth including CR
BUFF DB 16dup®
FHANDLDW 0
MSG1 DB 'File Successfully Opened ', 0Db,0AL 24E -
MSG2 DB O0DhOAh
"~ DB 'Enter the File Prhname in the Right Farmat.... ) 0Dh 0AR 24h
MSG3 DB O0DhOAh
DB ‘Bad Pahrame.....|' 0Dh0AR 24h ¢
WARN DB 'BESURE THE TXT FILE DOESH"T CONTAIH ANY DASH () AFTER SEMICOLON (3.4 ODh.DAh.Ztih
QUEUE DB 1000 dup®
"SBUFF DB 00h .
DATA ENDS .

CODE  SEGMENT pare publc ‘code’
ASSUME  ca:MYCODE,dsMYDATA. ss MYSTACK

- START: mov =x, STACK
| mov £g,ax
mov sp, offset STKTOP

mov. ax,0000h sinit of COMI1's IVT
mov esax ;00030 - 0DO35h
moy WORD PTR ¢s:0030h, offset COM1_IN
- mov WORD PTR ¢3:0032h, seg COMI_IH  init [VT forint 6Ch

mav WORD PTR ¢5:008Ch, offset CTLC
mov WORD PTR ¢s008Eh, seg CTLC [ IVT for °C detection during 110

COMMENT *
These codes do not work to set the IVT for int 6Ch
mov  mh25h .
144
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mov il OCh

mov  dxsegCOMI_IN
moy  ds.dx )
mov  dxoffset COM1I_IN
mt 2h; doesnot work

CDAG:

BR:

dec bl
iz CDAG : CDAG =Count Down Again
THERE: mov ah0lh .getiing keybaard stahug
mt  1&h
yz RDKY = not zero, key waiting
cmp  FLAGLOlh ;01 iz given by COMI's Ruin COM!_IN SUR when ACK is received
= LH2 1 05 code wrs not received by 8086 trainer
mp FRL ; trainer is ready and now tranemit ASCII file
mov  ah00h
mt  i6h .
cmp  alSlh ;check f Quit @ commund
me BB . techeck Acknow of 06h

in al2th  :Master £249 Q03F) IMR adéss =21k
and al0ECh al&edr 11101180 ,COM1's Rx interrupts CPU on IR4
ot 2thal  ;[Rdline GntOCh, IRO=int 08K is enabled

moy  ah00h Jinidt of comm protocal
mov & 0000h  pointing xt COMI port
mov all1000[1{b 4800BJNP2-SBR-.DB
int ldh ‘ROM BIOS function call

moy d&x03FBh - LCP =Line Control Port addrs =03FBh

in alde ;RaRDY bne can generate interrupt

and al7Fh

ot dxal

mov  al0th

mov dn03F9h  ;pointing at [ER = Interrupt Enable Register

out dnal i no need to aagzert DTRY, RTS/ which see alrendy
‘hatdwase programmed by jumpers at COM| connectar
; painting at Madem C ontrol Register

st ;enable 8086's interrupt

mov  ah0%h :message Now Roll Calling for 3086 Traiﬁe:...i
mov  dx, seg ENQ'

mov  ds dx
mar  dxoffeet ENQ
mt 2lh “.send prompt message to CRT

mov  al05h  ;LB2=Lubel-2 Roll Calting 8086 Truines
call XMIT » Procedure to weite data o1 Transmittsr of 8250

mov  bLd5h ;wail for the tramer to dugest 05h code.
eall DELAY '

jmp QUT  ;gotaDOS

mov xh0% ; 8086 Trxineris Ready........... I
mov dxseg ACKL ‘

mov  dedx

mov &y offcet ACKL

int 21h

mov ah09h  ; PressL for Landing ASCI file
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moy
mov
moy

Pyt

dx. seg PMT
ds,dx
dx offset PMT

"l 2L

CHKIK: mov
mt
cmp

shO0h  ;checkforLkey
16k
aldCh

7 GRDTX

cop

s 51h

B QUIT

jmp

CHKILK

GRDTX: call RDTX : g0 ahead read and xmitting ASCII file

Jrtp

QUIT : trangmit finiches

QUIT: i a2lh  ;unmaskUART for COMI to prevent it
or al10b from disrupting DOS

oul
mov

21hat
o 4C 00h

nt 2tk

CTLC PROC NEAR

moy

wxAC00h

im 2lh

et

CTLC  ENDP

COMI1_INPROC NEAR ; data is rend from Rx buffer. Put in circulr

st
push
puch
push
push
push
mov
mov
mov

squene QUEUE and then CHK_DIS routine prirts it on CRT.
ax
bx
d
d
ds
mMYDATA
de,xx
dx 03F%h ‘Receiver Buffer Address of £250

m  alde

mov

cmp
oz
mav
LB4: nop
mov
out
pop
pop
pop
pop
pop
iret

SBUFF.a

alD6h .
LB4 . no ack og D6h
FLAGLOIL  ; ackis received

at20h . nan specific End of Interrupt for 8259
20h,al

ds

di

&

bx

ax

COM]_IN ENDP

XMIT PROC NEAR

push
push
push
push
maov

RECHK: mov

bx

X .

dx

x, 0010k

de 05FDh  check if Tx buffer is ready

in  aldx
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and  al20h

. NO_RDY

pop mx :Tris READY?

mov  dn03F8h | pointing W UART
out  daal

cle

jmp DONE

NO_RDY:locp RECHK : cheek Tx buffer far readiness ngein

DONE:’

XMIT

mov  dx OFFSET T1_OUTM
mov sh 0%

mov  bh00h

it 2ih

e

pop mx

pap &

pop X

pop bx

ret

ENDP

RETX PROC NEAR s ASCII file rend and XMIT

GFiL:

st
push bx ,prampt to entet filenmme from keyborrd.

mov oh0%h

mov bh00h

mov  dx seg PROMPT
mov dsdx

mov  dx, offset PROMPT
nt 2ih

calt SPACE

mov ah(9h . Waming messnge not to mchide - after ; in ASCII file
mov  bh,00h

mov dxseg WARN

movy  ds,dx

mov  dxoffset WARN

it 2ih

mov  ak0Ah JGFIL=Ge(FILe get filename from keyboard
mov dxsegFNAME

mov  ds,dx

mov dxoffset FNAME

int 2h

mov  BLFNAME+]  length of filename for CATXFILETXT it is 134
mov bh00h ;bxis a pomter
rmov  FNAME+2[bx]00h .place 00 (ASCIIZ) to replace CRODE at end.

mov  ah3Dh . ASCII file aperning
mev  alOCh

mov  dxseg FNAMER?

mov  ds,dx

mov  dxoffset FNAMEA2

mt 2h

moy FHANDLax  ;File Handle is saved

me  FIOK , file opened
dec FLAGY ; 3 times chance if worng paih for filename
2 BELOW
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mov  shO%h

~mov  drsegMSQ2

mov ds,dx

mov  dxaffset MSG2
mt 2ih

mp GFIL

BELOW: mov FLAGd.O?I'x . not comrect Slename

FIOK:

oKX

GCHA:

mov ah0%h

mov  dxsegMSGS | message Bad pathname...

mov dsdx

mov  dx offset MSG3

int 2ih

movy  al2Ah Lt ® to trainer to indicate end of xmission
call XMIT

jmp EXITH

mav  ah05h  file opening success message
moy  dxaeg MSGI

mov 4o dx

mov  dx offset MSGI

mt 2ih

moy th4h :File Painter Position
mov  al00h

‘mov bxFHANDL

mov  ox,0000h
mov  dx 0000h
int 2th

mov al0%h ; header will be gent RAM addreas
enll XMIT

cal DELAY

cmp FLAGLOML  ; ack06is received
7 OKX . o ahead
"ol CTLQ

mp PM

‘mov FLAGLOOh ;1o sense pext acknowledgement

mov sh0Sh » message Transmitting RAM starting location
mov  dxseg ACK2

mov  dsdx

mov dx offset ACK2

mt 2th

call NXTCHA . teading next chamctes from File
eep BUFF20h  czpuce ic not printed
7 GCHA :GCHA=Get CHAracter

eup BUFF2Dh - will not be printed
g PEXIT s proceed 1o ENIT

mov  ah(Zh ; printing the start of RAM X2OOXX -
mov & BUFF
int 21h

mov  al BUFF Jmit start of RAM 20000
eal XMIT
call DELAY

ACMP. cmp FLAGLOlh ; checking f ACK (D6) has mmived from teminer.

7 OKI
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OKI:

PEXIT:

CM:

OK2:

AGN:

AGH!-

CMPL:

OK3:

Al:

FCHK:

QOK4:

call CTLQ
jmp ACMP
moy FLAG!00h

mp GCHA

moy aldlh .end of header transmission, RAM start X000XX
call XMIT

call DELAY )

emp FLAGL,0th

z O0K2 , ack QK of 06h

cal CTLQ

jmp CM . wiating for ack or Q=Chuit

mov FLAGLOOL . falgresetta sense next ack

nop sHeader Tx done .

call SPACE

mov  ah0%h , message transmitting Program/duata codes
mov  dxseg ACK3

mov  dudx

mov  dxoffset ACK3

it 2th

call NXTCHA
mov  ah02h . prnting Offcet of the RAM tocations
mav  dLBUFF , No mmission

“int 2lh .

emp  BUFF2Dh .-
e AGH :

call NXTCHA , NOW time to xemit program data/codes

emp BUFF2AR  ;if * end of it
g EXITP .sensed ¥

mov =h02h ; print all program codes
mov A BUFF .
nt 2ih .

cp BUFF3Bh . detecting
z Al

cmp BUFF20h  ; space is not being trangmitted
2 AGNI

mov alBUFF : valid program codes e being xmitted
call XMIT

call DELAY

cmp  FLAGLOIh

r QK3 : ack OK

call CTLQ

mmp CMP1

mov FLAGLO0E  ;iosense next ack

jmp  AGHN1 Jemzming Characters of the Line

mov ai0lh . one mstruction omit done
call XMIT

call DELAY

cop FLAGIO1h

r OK4 .ack OK

.call CTLQ

jmp FCHK - ,FlagCHecK

mov  FLAGLOOh
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EXITP:

EXITI1:

RDTX

cTIQ

. OUTX:
CTLQ

NXTCHA

NXTCHA

SPACE

SPACE

jmp  AGN :next Line

. mov -~ alBUFF ; xmit * to trainer
call XMIT B
calt SPACE
cafl SPACE
moy  ah0%h , Transmission Ends Message
mav  drseg ACK4
mov  ds,dx
mov  dx offset ACKd
mi  2th

mov  ah3Eh ; ASCII file cloge
mov  bxFHANDL

mt 2k

mov xAC00h

mt 2th

Iet

ENDP

PROC NEAR
mav  ah00h
mt |6h

cmp  ol5lh
mz OUTX

moy ah3Eh ; ASCII file close
mov bx FHANDL
nt 2lh

movy mxACO0h
mnt 2th

et

ENDP

PROC NEAR

mov  ah3Fh reading one byte fram the cwrrent file pomter
mov brFHANDL

mav o 000ih

mov dx seg BUFF

mov  ds,dx

mov  dx offset BUFF

mt 2lh

et

ENDP

PROC NEAR
mov ah02h
mov  dlODh
mi 2lh

mov  ah02h
mov dLOAh
mt 2lh

ret

ENDP

DELAY PROC NEAR

mov  x0FFFFh
HERE: loop HERE
et
DELAY ENDP
CODE  ENDS

END START

150



83

C Source Code Listing for IBM-PC’s EXE Program

#include <stdio.h>
#include <bios.h>

#define M3G1 “\nNow Rol! Calling for 5086 Trainer........"\n"

#define STCMD (bioscom(2,0x00,0)) && x000¢ = 0x000e

#define TXCMD 1,ch,0 :

#define M3G2 fnAcknowledgernent Not Received from the Trainer... n®

main ()

{
char fname [80].ch;
FILE *{p;
inty,

bioscorn (0,0xC7,0%, /* COMLI initialize at 48003-.’!,1&_1?,2-33 =/
printf (M3G1),

do
{

bioscom (1,0x05,0)/* sending ASCII=05h=ENQ=Enquiry) */
delay (100), /* delay to absorb the data byte by the trainer #/
}

while ((bicgcom(2,.0x00,0)} = 0x06);

printf ("nTrairer is Ready........ "y,

printf ("nPress Capital-L to Load and Xmit ASCH File\n"s

printf ("\nEnter Pathname for the File.\n");

gety (fname);

fp = fopen (fniarne,"r;

bioscom (1,0x409,0); /* 09h = ASCH Header Trangmit (HT) */
if (STCMD) f*checking for the ACK coming from Trainer */

{
printf(MSG2),
exit(1), -
}
printf ("nNow Transmitting the RAM Starting Address....\n"),
do
{
putchar(ch=getc(fp));
if(ch1=""
{
if (ch t="-
{
bioscom(TXCMD);
delay (10); - )
iIf{(STCMD) /* ACK (06h) is checked and not received)*/
{
printf{MSG2),
exil(2);
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}
}
}
while(ch I="-Y;

putchar (getc(fp));

biescom(1,0x01,0% /p M {j Zﬁ'!’f addegs T'RM_S VaJAGn ‘f/

printf("\nNow Transmitting ONLY the Instruction Codes.\n");

do
putchar{ch=getc(fp)):
if (ch== ’-')
{
_ do

if((ch=getc(fp)) 1="9
{

if(ch 1=
{
biogcom{TXCMD),
delay(10);
putchar(ch);
if(ch == " od ¢
{ w,(_ z * weer}y [f‘«(

prirtf("nTransmission Ends......I\n%), /45 ¥ w e
exit (O); 7Ll % /

else
{
if (STCMD) /* ACK not received */
( .
printf (MSG2), -
exit(3);
}
}
}

else /* one instruction xmission is ended */

{
putchar(ch); 1, ng uugc“ )ow%ﬁcn /
bioscom(1,001,0); /¥ 01ih=

if (STCMD)
exit{dy;, -
1
¥
else
putchar (ch);

¥
while (ch =47
} .

}
- while (ch I="*";

return (0);
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8.4  Assembly Source Code Listing for Tralner’s Firmware

8086 Trainer’s Firmware Program Listing
Mainline Program Starts at F1600h.,

Fl60 . C747700000

Fl&os. Cr7o2 20000
FI0A . C747740000
Fl60F - BBO0OOI
Fis12. C747100017
FI6t7. C?7471200F0
F161C - BB00O4

Imoy

mav
Tmov
‘mav

av
Lmov

movy

inow initlalizing the 8256's Rx/Tx

FIGIF - DA 0D 34

Fl62. BO22
Fi$24- EE

F1625 - BAD234
Fi628. Bo3s
Fl62A - EE
FI2B - BA 0434
Fi62F . BOED
F1630 - EE
F1631. BAOA34
Flé34. BOI14
Fié36 - EE
Fl837. BAOC34
Fl63A - BOOD
FI3E. EE
F163D- BE7800
Fi60 - FB

Fi&d4l - EA 41 I600F0

;Interrupt Service Routine for
FI1700 - SD7F 7300

FI?04. 7405

F1706 - EA O} 700000
FI70B. 207F7400
FI70F - 7405

F1711 -  EA601700F0
Fi716- BOYF7500
FIMA. 7405

FITIC - EA41700F0
Fi721 . BAOE34
FIR4. EC

Fi725. 3C05

Fi727. 7405

FI729- EA351700F0
FIZZE. C6477501

Fi732. BO0s
Fi734-. EE

FI1735. CF
Codes lor LB3:
Fl743 - BAOE3M
Fi743- EC
Fl744 . 30 W
F1746 - 7405
F1743. EAS51700F0
Fi174D - C6 477401
F1751 - BOOG
F1753- EE

F1754- CF

L mov
Lmav

s
I mov
Imav

L out

- mov

g :-1-1

Lout

. mov

L mov
Dout

L mov
L mov

{bx+70R1 0000H
[bx+72h] 0000T.
[bx+741] 0000h
bx 01000
[bx+10h] | 700N
[bx+12h] OFGOOh
b 0dD0h

dx3400h
U 2h
dral

d 3402h
135h
deal
dx3404n
al0EOL
deal
dx340ANh
alldh
dral

dn 390Ch
al00h
dxal
s1,0078h

F000:14641

BYTE PTR [bx+73h],00h
F000.1708

0000:7000

BYTE PTR [bx+74n] 00k
FO00:1716

FOO0D:£760

BYTE PTR [ox+75h100h
FO00:1721

FOD0:1740

dx 390Eh

aldx

105h

FO00:172E

F000:1735

BYTEPTR [bx+75h]0th
al,06h

dxal

dx 340Eh
aldx

T Sk

FO00:1740
FO00:1754
[bx+74h101h
a106h

dral
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. FAO=00470h, £71=00471h
S72=0047 2, £73=004734b ‘
f74=00474h, £75=00475h

wnew vahue for bx to set vector for int ddh
L0011 =00, PO1ID) =17 for int 44k
(0011 =00, @0113) =F0 for wu 445,

. getting back bx's value

; ponting at CR.{

. 8088 system, 2-5B, 8 Character

, done

. potntmg at CR-2

; CLK prescaler=5 for 1024K_ 4300-Bd

. done

. pointing st CR-3 i

; Rx Enabled Normal [nt, IntAck enabled
.done

. pointing &t Set Interrupt Register

: Intercupt enabled for L 4 of int 4dh

; done

. pointing at Rezet Intecrupt register

. data relating to intemuaypt

. done

. 5143 pointer 1o save RAM start address
. 8086"s interrupt i enable

. mitiakzation done. Wait for mtesrupt.

A 73=17

; goto LBI and develop codes in RAM

L=l

, foltow LB2
L f75=17

. follow LB3

. pointing at Rx buffer of §256

. get the ASCIE byte

i cheek if Roll Calling by the IBM -PC7

; yes Roll Calling

. no Rofl Calting just IRET

, allow LH3 '

. code for Acknowledgement Lo [BM.PC
 ACK sent to IBM PC

;ISR dorne for ane byte ASCII character.

, pointng at Rx

;readmg code

; check if Marker for RAM Loc is coming?
. ¥es Muarker has anived

; oo Marker, just et

.allaw LB2 to process ASCII for RAM Loc
; datafor ACK

.done

;ISR done



Codes for 1.B2 and LB19O;

Fi1760 - BAOE3d :moy  dx340Eh .omting 1 Rx !
Fi763. EC 1in aldx get ASCHIl .
Pi764. 3C 0} : cmp al01h ; check # RAM Loc receive done
FI766 - 7405 - F0O00:176D . receiption done

FI1768- EAT721700F0 :jmp FO00:1772 , gtill to recerve the RAM Loc codes
F176D - EA 0060 00 00 L jmp 000060000 ; LBl1 4o mem to procesa RAM Loc ASCI
FI772. 8800 : movw fox+zil sl . LB10-save the ASCII &t RAM 00478, .....
Fi774. % ipush s 1 saving the si pointer }
FI7?5. 88474 : mov [bx+4ER] .placinf mt T2 of Reserved RAM
FI7I8- 9SATCFA00F0 seall SURMS . ximte T2¢hexd) 1o Tl {cc-cadd)
FI77D - 9A B4 FF00FO ;cafl SURM , dfer T1 to 8279 to dispiny ASCIH
FI7&2 - 3E Lpop i . gt 5iback

FI783- 46 :inc P . inceement the memory poinier
Fi784- BAJEM : may & 340Eh , pointing &1 Tx

F1787 . B00é i mow al0éh ; code far ACK. !
FI7T89 - EE D out dx, al ; done |
Fi78A - CF siret . ISR Bmished ‘
Codes for LB11:

06000 -EA 60 16 00 FO ; jmp FO0D:1660 , inking to ROM from RAM

; process 1st ASCII to reconstruct SEGMENT Base of the Form X000

F1660 -8A 4778 : movw alBYTE PTR {bxt72h] ;get 1 st ASCH of RAM siert address

F1663 -9A B0 16 00 FO ceall SUR* , to get Hex single digit fom ASCII
F1663-B4 00 : moy ah 00h i to put 00 fo gettinh SEG=XD00 |
Fi66A -89 47 76 rmoy [bxt76b) . SEGMENT walue mt @0477 00476)
iprocess next four ASCTI coder to reconstruct OFFSET of the form XXXX

F166D -8B 47 7% . mov x,[bx+79h} , geiting next two ASCIE codes

F1620 -SA B0 16 00 FO call SUR*

F1675 -8A DO I mov¥ dlal , saving the 15t Hex dignt "
F1677 -8A C4 cmoy alah . ASCII for the other hex digit :
F1679 -9A B0 16 00 FO Ccall a itogetnenthexmdform XX hex
FI67E-Bl 04 :

F1680 -D2C3

F1682 -24 0F

Fi584 -0A 02 :

F1686 -88 4718  moY [bx#78hLal . MSByte of OFFSET at {0479 (00478)
;process next two ASCII codes for LEByte of OFFSET .
F168! -8B 47 7B I movy x,[bxt+7Bh] ; geiting next two ASCII codes

F1634 -3A B0 1600 FD teall SUR™ ’

F1689 -BA DO . movy dl=l ; szving the 15t Hex digit

FI68B -8A C4 i mov alzh : ASCTI For the other hex digit

FI&D -$A B0 16 00 FO ccall [ , to get next hex xnd form XX hex
F1692 -Bl 04 :

Fig94-D2C8

F1696 - 240F . !
F1698 -DA C2 : . !
FIPA -BB4 79 Tmov [bx#79h] 2l . MSByts of OFFSET =t (0047 A) 00479
FISSA -8847 79 :

F169D -BAOE™

Fl6A4 - BO DS

Fl16A6 -BE :

FI6A7 - :CF

SUR* Coden:

F16B0 -BA EB :moy chal ; temporery stomge of the ASCH code
Fi6B2 -24 10 cand a10h , thecking if ASCIH of 31 -39

FiéB4 .74 09 z FO0D; vnot ASCH for 0 -9, #is for A -F
F16D6 -B1 04 I mov clOdh , counter for rotxtion

F16B8 -BACS Imov alch . get the uncomupted ASCH
P16BA-D2CO ] rot alcl » processing Lo get hex digit
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Fi6BC- 24 FO
FI1$BE-CB

; hex digit is

FI16BF -8A C5
FI6CL- 0409
F16C3- Bip4
FI6CS5- D2CO
F16C7 - 24FC
FieCe- CB
SUR # codes:
F16D0 - 24 OF
FisD2. O0AC2
FléD4- CB

:and
tget

cadd
:moy
: ro}

:mnd

:mnd al0Fb

al0F0h

alch
al(®h
cL04h
al.cl
al.GF0h
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, precessing to get hex digit
: done ’

. get the uncormupted ASCII
; proceseing Lo gt hex digit
; counter fpr rotatio

. processing to gel Hex dignt
. hex got for A-F
; donie

L proceds 10 get hex dignt

; got of the form xx

; done
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RESULTS

Given below a short table indicating the Actual Result versus the Expected Result. The reasons for the
anomalies have been discussed in the next page.

| Item Expected Result - Actual Result

01. Driving the on-board memory devices without Working fine. At present there are
using bi-directional data buffers like 741.5245/244. 5 memory chips on the bus.

02. EPROM based composite memory and port One 2716 EPROM is found to be
decoder in order to reduce the components counts| just good for the purpose. Unused
and increase the organizational beauty of the board. decoded lines are for EVEN ports.

05. Getting all the bus signals available at edge They are available
connectors for [nterfacing Experiments

04. Getting available at edge connector the multiplexed They are available. But seems to be
(A3-A0)(B3-B0) display signals along with the not working as expected.
corresponding scan signals for driving extra (16-9
seven-segment display devices.

05. HLDA signal implementation to disable the bus _Can not be easily connected a DMA
devices like 74L.5373s to allow DMA device device in the system.
06. -Every key should have double functions without Successfully done

any Shift/Control Key.

07. Modularity in he design of the Monitor Program. Not fully achieved.
08. Typing error correction both in address and data Fully achieved
field. '
09, Generalized subroutine for printing digit at any, Implemented but limited utility.

position of the display unit.

| 10. The content of bx register could not be changed Changeable by changing bl, bh.
during single stepping. :

11. Memory Location can be examined and changed Not implemented
without exiting the single step environment.

12. Port location can be examined and changed during  Not implemented
program debugging.

13. Separate Integrated Peripheral Module containing|  Developed
all the common [/O functions.
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DISCUSSION

Item - 01:

The 8086’°s line can source about 400uA current, That means that it can drive only one TTL gate. At
present, the 8086 will at best drive two CMOS gates (either two EPROMs or two RAMs at the same time
for word operation) which will not overload the bus. It has been experimentally verified that the bus can
be connected to the IPM of section-6 without any data buffers. However, if the question of connecting
TTL RAM ( 745189) occurs, then one has to condition the bus lines using suitable data buffers like
74L.S245.

Item - 02:

Thanks to 2716 EPROM for having 11 address lines. It has made it possible to decode the memory chips
of 32Kbyte size with full decoding. The decoder has 8 active low outputs. 5 of them have gone to 5 on-
board memory/port chips. The remaining 3 are available at edge connector as decoded lines for accessing
EVEN addressed byte-oriented ports. If someone wishes to access ports at ODD address, then the contents
of the EPROM has to be changed to meet the requirements. This can be easily done by consulting the
section-4.3.

Item - 04:

The 8279 can drive 16 seven-segment display devices. In the trainer, only 9 are used. The remaining 7 can
be added by the user to monitor some of the data of interest. The data and the scan lines of the 8279 are
made available at edge connectors J7 and J6. The functionality of this scheme has been verified. But, the
data does not remain in the added display device when the control is transferred to the monitor program. It
is good as long as the control remains in the executing program. The beginning part of the monitor
program needs to be read and analyzed properly for finding out the clue of this problem.

Item - 07;

Full modularity in the design and implementation of the monitor program could not be achieved and it is
mainly due to manual coding of the instructions. A survey of the flow charts at section-5.1 indicates that
the program development is tree structure. This is good for understanding the program logic but creates
problem to maintain the program codes. There is also difficulty to modify the program should a need
arises. However, still a good amount of modularity hs been achieved by creating many subroutines.

[tem - 09 :

Digit printing in the display unit will occur while examing/editing memory/register contents. There is no
separate ‘Digit Printing Routin’ for each situation. Rather, a generalised ‘Printing Subroutine’ has been
developed which is being called with approproate parameters.

Item - 10:

The bx register is used by the single stepping mechanism as a pointer. If the content of this register is
changable in the Single Stepping environment, the Single Step rountine fails. Therefore, the content of the
bx register can only be examined. However, due to an error, the content can be changed using CHG
command, while the bx register is examined as bl and bh. The users need to remain aware about it,

Item - 11 and Item -12 :

[t is a necessary routine that allows checking the memory content without exiting the single stepping
routine. However, due to time constraint, this routine could not be developed and implemented. The key
labeled as 0/PRT may be used to examine/edit port contents. The routine is yet to be developed.
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Conclusion:

Design, development and the construction of a microprocessor trainer requires the same setup as required
for any other PCB assembly line. The set up consists of :-

01.  Trained engineers and technicians
02. PCB ( at least double layer) manufacturing facilities
03. Development Tools and software

In spite of the lacking of the minimum requirements of the above support, the 8086 trainer has been
realized, and it has been functioning properly.

The advent of this trainer has established a theory that ‘Creative Idea’ always gets transformed into
reality regardless of the degree of obstacles and it is attributed to the ‘Strong Desire’ of the team working
behind the project.

This work will motivate the researchers of the various organizations to transform their ‘Hookup Wiring’
circuitry into manually PTHed double layer PCBs.

There are virtually endless number of consumer products and industrial controllers that could be
developed using programmable devices like Microprocessors. However, due to non-availability of the
trainers, the concerned designers could not work on ‘Microprocessor Based Design’. The locally
developed 8086 trainer would help the engineers designing their products based on microprocessor. A
microprocessor product requires less maintenance. It is low cost and highly reliable.

Microprocessor is a common subject to offer in the curriculum of electrical/electronic/computer
engineering and other disciplines of applied sciences in home and abroad. In Bangladesh, the practical
classes of the microprocessor courses are conducted based on a few imported ‘Trainers’ for which there
is no Laboratory Manuals, The developed trainer, if adopted by the educational institutes of Bangladesh
would allow the respective teachers to write and develop Microprocessor Laboratory manuals and make
the teaching more practical and complete.

The success of this work makes an indication that all types of educational trainers at least of
electrical/electronic type may be developed at home.

To make a programmer, there is a need of PC which must be available as a low cost consumer product.
Likewise, to make an engineer { who will be making a machine - the computer), there is a need of low
cost microprocessor trainer. The realization of this trainer has opened the door for a graduate to become
an engineer by exercising his theoretical knowledge on this trainer.

Having a look at the trainer, it can be said that designing a computer does not require the so called
talents. Rather, it requires ‘A File’ that contains the systematic methods of developing a product. People

can be trained to follow the steps of the ‘File’.

[t is believed that the present thesis will serve as such a ‘File’.
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Future Scope of Work
The following areas have been indentified as potential areas where good technical work can be carried
out based on this trainer.

On-board I/O Peripherals:

This is a basic trainer. It is built keeping in mind that it will be used by the students for learning
purposes. The trainer does not contain any on-board 1/0O periphrals. Therefore, the product designers will
face some difficulties in developing a controller. A new PCB may be designed incorporating the Intel’s
MUART chip 8256 which contains all the five common functions (Paralle! I/O, serial I/O, Timing
Fuctions, Counting Functions and Interrupt Priority management) in a 40-pin IC.

On-board 8087 Math Coprocessor:

Many applications may require the number crunching jobs where the 8086 will certainly be slow.
Therefore, incorporating an 8087 chip on the board might be good idea. A new PCB could be designed to
add an 8087 and operate the 8086 in Maximum Mode. (Refer to Appendix-A).

ROM-BASED Assembler:

The present trainer will require an IBM-PC and the Macro-assembler for getting the machine codes for
the instructions to be entered into the trainer for execution. This can be easily eliminated if some one
comes forward to write a ROM based assembler for this trainer. The author has given some hints in this
regard in Appendix-B.

80286 Tratner:

8086 is an advanced processor, but it does not include the PVAM (Protected Virtual Addressing Mode)
concepts. 80286 and later microprocessors support this concept. These processors always boots up in
8086 mode. Therefore, an attempt could be made to develop an 80286 trainer based on the 8086 trainer
for the understanding of the PVAM concepts.

Improving the Monitor Program:
The monitor program of the trainer could be improved in many areas. Moreover, many routines are yet to
be developed and fused into the EPROMs. The following areas are being pointed:-

Treating a memory Location as a Simple Register in the Single Step

At present, there is no provision for checking the content of a memory location after the
execution of a memory reference instruction in the single step mode. To do it, one has to EXIT
form the single step, check the memory content and then re-enter manually. This can easily be
done still being in the Single Step environment if the RAM location could be treated as simple
register. The authoe has given some in this regards in section-5.4.9.

Examining/Editing Port Content:

This is an useful routine which the trainer does not have. A key has been assigned for this
purpose but there is no software routine to response to the key’s request. Some works may be
done to write and implement this routine. For hints please see section - 5.4.10

Software Documentation:

The full documentation of the monitor program has not been done. Some more works could be
done in this regard because ‘A software exists by its documentation’. Without systematic
documention of the monitor program, future modification of the monitor program would be
simply impossible.
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A.l  Schematic of 8087 with 8086

The design of the 8086 CPU is not optimized to carry out fast mathematical calculations. Virtually, any
kind of mathematical calculations can be carried out using 8086 instructions, but they will run very slow.
Therefore, a specialized processor named as math coprocessor or Floating Point Unit of the type 8087
has been designed to carry out all types of number crunching tasks. Since, the FPU is not a general
purpose processor, it has to be operated in parallel with a general purpose processor like 8086.

The 8086 CPU is housed in a 40-pin package and is usually used in its minimum mode where there is no
need of connecting any other co-processor like 8087. The schematic diagram of Figure-A.1 shows actual
implementation of the 8086’s maximum mode having connection with an 8087 and an 8288. A clock
generator chip of type 8284 has also been shown.

U2 : 8087 Math Co-processor
Double arrows near the A16/S3 - A19/56 lines indicate that the 8087 can assert address information

while operating on the memory devices. It can also monitor the status signals S3-S6 being asserted by the
8086 when the bus is under 8086’s control. The same reasoning holds good for the BHE/-S7 line.

Double arrows near the S0/-S2/ lines also indicate that the 8087 asserts the encoded signals while it is the
master of the bus. It also monitors the, 8086’s status signals S0/-S2/ while 8086 is the bus master.

The 8087 gains the bus mastership from the 8086 using the RQ/-GT0/ fines. This is also a bi-directional
line and the single line furnishes the ‘Bus Request’, ‘Bus Grant’ and ‘Bus Release’ operations between
the 8086 and 8087. The RQ/-GT1/ line is strapped to +5V meaning that no other coprocessor can be
cascaded in the system.

The 8087 uses the QS0 and QS1 lines to monitor the status of the Instruction Prefetch Queues of the
8086 for the purpose of copying the insttuction bytes of those queues .

The 8087 has an interrupt line labeled as ‘INT’. This pin goes high whenever there occurs an error inside
the 8087. This line can be routed to the 8086 CPU via an optional 8259. Or, it can be directly connected
to the NMI line of the CPU,

Ul : 8086 Microprocessor .

MN-MX/ pin strapped to +5V in order to allow it for generating the signals shown against its pins. The
CPU generates the encoded status signals S0/-S2/ which get decoded by the bus controller 8288. The
output of the 8288 chip indicate the various timing functions required for interfacing RAMs, ROMs,
Interrupt Controlier and 1/O devices. It also generates the ALE signal for sampling the address
information from multiplexed bus system carrying composite signals like AD15-D00.

The 8086 has two bus transfer line viz., RQ/-GT0/ and RQ/-GT1/. In the present case only one has been
used and the other one has been disabled by strapping at +5V.

Bus Arbiter? '
Do we need a Bus Arbiter here? Why not? Or why? There are two processors 8086 and 8087. They will

share the same data memory. Therefore, there may be a chance of bus conflict! If this would be the case,
then the bus arbiter 8289 could be employed in the system to generate the AEN/ and CEN signals of the
8288. Under this circumstances, the 1OB input line of the 8288 has to be strapped to +0V indicating the
Bus System.
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A.2 Demonstration Example

The prototype 8087 trainer is built using the 8086 trainer. The 8086, 8087 and 8288 are placed on the bread board.
The circuit as per Figure-A.1 has been implemented using hook up wires. The system has come up in maximum
mode and allowed execution of all 8086 instructions. To verify that the 8087 is also working, the following program
codes are entered in the trainer and executed. The result is found as expected.

The following program empleys both the 8086 and 8087 to add two numbers viz., 03h and 04h. If the program is
executed successfully, the result 07h will be stored at memory location 0047Ch by the 8087.

03000- C747740300 T mov WORD PTR [bx+74h],0003k  ; 8086 is storing data 0003h at 004745 and 00474 Kl
05005- C747760000 T mov WORD PTR [bx+76h],0000h  ; 8086 is storing data 0000h at 00477 and 00476 02
0300A - 9B : wait . 8086 is waiting, next instruction for 8087 ;03
0300B- D94774 : fld DWORD PTR [bx+74h] ;8087 petting data into its ST(0) from 00474 - 00477 04
0S00E- 9B : wait ; 8086 is waiting 05
0300F - DD DI : fst ST(1) ; 8087 is moving content of ST(0} into ST(1) 06
03011- C747780400 L mov WORD PTR [bx+78k),0004h  ; 8086 is putting data 0004h at 00479 and 00478 07
03016- C7477A 0000 L mov WORD PTR [bx+7AhL0O000h  ; 8086 is putting data 0000k at 0047B and 0047A .08
0501B- 9B T wait ; 8086 is waiting, next instruction is for 8087 ;09
0301C- D94778 : fid DWORD PTR [bx+78k] ; 8087 is getting data into its ST(0) from 00478 - 0047B;10
0301F- 9B : wait ; 8086 is waiting, next instruction is for 8087 1
03020- D8ClI : fadd ST(0). ST(1) ; 8087 is doing the addition 2
0s5022- 9B s wait ; 8086 is waiting. next instruction is for 8087 3
03023- D95F7C : fstp DWORD PTR [bx+7Ch] ; 8087 is storing data at 0047F - 0047C = 00 00 00 07 ;14
03025- EA000000F0 jmp FO00:0000 ; goto prompt and display message 8086 UP 45



APPENDIX - B

8086 TRAINER WITH
BUILT-IN ASSEMBLER



B.1 Introduction

The 8086 trainer introduced in this thesis is a very basic one. It has only a hex keyboard and a 9-digit 7-
segment display unit with a friendly and powerful EPROM-based monitor program. The trainer board
does not contain any port devices. The trainer will allow any user to study, analyze and experiment any
of the 8086 instructions and the addressing modes. The trainer is equipped with edge connectors for
conducting interfacing experiments.

Because of so many (about 24) addressing modes of the 8086 microprocessor, it is not very easy to code
the assembly mnemonics into binary values by hand. Therefore, the common practice is to use the
Assembler package and get the machine codes for the instructions of the program intended to be
executed in the trainer. This requires the need of IBM-PC.

The aim here is to work on the upgrading of the basic trainer so that it becomes independent of IBM-PC
for coding the assembly mnemonics. It means that a EPROM-based assembler is to be designed. The
trainer must contain an alphabetic keyboard and an alphanumeric display unit so that instructions can be
entered in plain text. The trainer should retain the original hex key pad in order to program in machine
codes.

The author claims that he has conducted sufficient works and experiments in order to test the possibility
of realizing such a sophisticated trainer with the available hardware. There is a good sign of geiting a
trainer of this kind in near future if a suitable candidate could be found to carry out the remaining jobs
which is mainly developing the translation and code generation routines. The summary of the works so
far conducted is given below:-

Works Conducted Implemented Using Result Reference

Alphanumeric Display MAN2815 (15 Segment),8279 OK  C.2: U20,U13; C.3:D1-Dl16, Ul3
Characters ROM 2716 OK C2:Ul4-Ul5,C3:Ul4-U15
Keyboard Interrupt 8256 OK C2:Ull; C.3:Ul13-4 (IRQ)
Alphabetic Keyboard 8279 OK C2: C.3:UI3,K11 - K88
Sample Line Editor Machine Codes OK  --- C.3 : Page-156

Section - B.2 depicts the board layout of the proposed assembler-based trainer. The trainer now has used
the Intel’s versatile MUART chip of type 8256. It is a Multifunction Universal Asynchronous
Receiver/Transmitter and contains all the five common functions usually required in a microcomputer
applications viz., (I) Parallel 1/0, (1) Serial I/O, (11I) Counting Functions, (IV) Timing Functions and (V)
Interrupt Priority Management. Some additional Ics viz., MC1488 and MC1489 have been used to make
the serial communication to RS232 standard in order to communicate with an IBM-PC over the
COM1/COM2 port should there arises a need of recording data in the hard disk or on the color monitor.

Section - B.3 contains detailed schematic of the alphanumeric display unit and the keyboard. The
drawing also contains the detailed structure of the key matrix along with their scan codes.

Section - B.4 depicts the internal diode matrix structure of the alphanumeric display unit of the type
MAN?2815. It is to be noted that the display unit is of multiplexed type. The dlsplay must be driven by a
character ROM.

Section - B.5 is the data table of the character ROMs which are designated as U4 and Ul5 in the
schematic diagram in Figure-B.2. The data table has been prepared by hand first and then were fused in
the EPROMs of type 2716. They work all right.
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Fig- B.1: Component Layout of the Proposed Trainer




B.3  Alphanumeric Diaplay/Keyboard

U20: Multiplexed Display - Type MAN2815

This is a 15-segment display device. Please see section-B.4. To activate the 15-segments, the 8-bit user
data fines of the 8279 have been expanded to 15-lines by incorporating the chips U14 and U15. U135
drives the segments a - h and U4 drives the segments i-dp. The common cathodes of the display devices
are driven by the decoders Ul16 and U17.

U13: Keyboard/Display Controller
It is initialized to drive 16-digits left entry and a 2-key lockout keyboard.

U14,U15 : ROM Characters _

Please see section-C.5 for the details of data fused in these two EPROMs. Say, we wish to display
charater *A’ at D16 position. To activate the required segments, we consult the data chart of page-158
and see that U14 should output 0Ch and U15 should output F7h. The data chart also indicates that these
two data bytes are fused at locations 00h of the Ul4 and U15 which are essentially EPROMs. Therefore,
in order to get these two data bytes out, we need to output a data valu 0Ch at A3-A0 and B3-B0 lines of
the 8279. That means that writing a data value 00h at Diaplay RAM location Olh of the 8279 will
accomplish everything wanted.

Demonstration Routine:
sinitializing the 8279

assumed to be already done at power up.
sdisplaying ‘A’ at D16 position

0500C - mov al,80h : B0 80 ; control byte to be able to write data at display
0500E - out dx,al :EE ; RAM location 00h corresponding to D16
0500F - mov dx,0000h : BA 00 00 ; pointing at data register of the §279

05012 - mov al,01lh ;B0 O] ; data byte for RAM location 00h

05014 - out dx.al - EE ; data is written

05015 - ' ; we shall see character ‘A’ at D16 position.

In real situation, there will be a blinking cursor probably of the type * (star). The CPU will fully remain
busy in blinking the cursor. Therefore all other tasks including the keyboard entry would be served on
interrupt basis. Thus the IRQ line of the 8279 has been funneled to the INTR line of the 8086 via the
ExINT line of the 8256.

Full syntax rules of the commercial assembly language like Macro-assembler could not be followed in
this case due to lack of sufficient symbols in the keyboard. Even there is no ; (semi colon) sign in the
keyboard. The cursor * (star) itself can be used as the line termination symbol of an assembly instruction.
The following type of instructions can be entered using the alphanumeric features of the keyboard. For
fully syntaxed system, the display unit has be converted to a single/multiline graphics/dot matrix one.
Our one is a simple 16-digit display unit. However, it should be good enough to implement a workable
system at least for learning purposes.

Maximum Length Instruction in Assembly : L2: mov ~ WORD PTR c¢s:[bx][di+1234h],al ;
Implementation in the Proposed Trainer : L2\ MOV BYTE PTR CS.[BX][DI+1234H],AL*

\ - backward slash will work as : (colon) for LABEL

. - full stop will work for the : (segment override prefix sign)

* - star sign will work for the end of the instruction line

Because there is only 16-digits, the entry will shift to left. It will be retained in RAM.
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

a Simultansous Keyboard Display » Single 16-Character Display

Operations  w Right or Left Entry 16-Byte Display
a Scanned Keyboard Mode RAM -
= Scanned Sensor Mode . m Mode Programmable from CPU
= Strobed Input Entry Mode .- - .mProgrammable Scan Timing
m 6-Character Keyboard FFFQ L o intarrupt Output on Key Entry
= 2Key Lockout or N-Key Rollover with * o » 1otie In EXPRESS
Contact Debounce ) .-+ - - - —Standard Temperature Range
= Dual 8 oa_’j_S-Nurnarlcal Display -’ -fExiendod Temperature Range

The InlaM® 8279 ks a genaral purpoi- programmable keyboard and display VO Interlace davice designed for use with
intel* microprocessors. The keyboard portion can provide a scannad Interface to a G4-contact key matrix. The
keyboard portion will also Interface 10 &n array of sanzors of & strobed intarface keyboard, such as the hall effect and
fermite variaty. Key depresalons can be 2-key tockout or N-key roflover. Keyboard enlries are debounced and strobed In
an B-character FIFQ. If more than B charecisrs &ré sntered, overrun status is sat. Key entriss ast the interrupt output
fire to the CPL. . . [
The dispiay portion providea a scanned diapla
technologiss. Both numeric and alphanumeric sag
has 16XB dispisy RAM which can be organizedinto d
right entry, calculator and left entry typewriter diaplay lormats
can be done with auto-Incremant of the display RAM address.

y Interface for LED, Incandescent, and other popular display
ment displays may be used as well as simple Indicators. The 8279
ual 16X4. The'RAM can be loaded of Interrogated by the CPU. Both
are possible, Bath read and write of the display RAM
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HARDWARE DESCRIPTION

The B279 Is packaged in a 40 pin DIP. The following Is

a functional description of each pin.

Table 1. Pin Dascripticns

[

£-403

N
Pin b Pin
symbol Ho. Nams and Function Bymbol Ho. Name and Function
D808y 8 | Bi-directional data bus: A%l dats SHIFT 1 [shm: The shitt input status Is
and commands between the CPU siored Along with the key position
and tha 8279 are transmitied oh on kay closurs I the Scanned Key-
thasa lines. board modes. it has an ecthve In-
CLK 1 | Clock: Clock from sysiem vzed 1o tamal putlup to keep 1 high unt &
generats Intamal timing. swiich closure putts it low .
ControlStrobed 2 -
RESET 1 | Reset: Ahighsignsionthispinre- CNTL/STB 1 topuA Mode: For
sats the £279. After being reset the kayboard modes this (ine la used
8276 Iy placed In the folowing & 8 control Input and stored ke
mode: siatus on & ky closure. The Bne
o
Is also the strobe Ene that enters
N :,.'.:,,_‘"’"""" claplay the data Into the FIFO in the
2) Encodad scan keybosrd—2 Btrobed Inputmode. © T ¢
key lockout. :
Along with this the program clock mm’;"‘“:‘wﬂm
prescaler ls sat to 31. :'m""';m” keep a"'::
1 | Chip Betect: Alow on thia pl :
< ables the |nl|rlleomi1uncug:::: OUT AFOUT A; | 4 | Outputs: These two ports &re the
raceive of transmit. OUT Bg-OUT B, | 4 |outputs for the 18 x 4 display re-
frash reglaters. The data from
Ay 1 | Butier Addrese: A high on this these outputs b synchronized to
line indicates the signals in oF ot the scan lines (BLo-SLa) for multh-
ars intarpreted as & command of plexed dight dhplays. The two a4
status. A low indicates that they bit ports may bs blanked Inde-
— ars deta pandently. Thase two ports mey
RD. WA 2 |Input/Output Read and Write: also be congiGered ax one B-bit ,
: These signats enable the data : port. i
butfers 1o alther send dsis to the 1] 1 |mtank Dieptsy: This output is
sxtemal bus or recebve It from the used to blank tha display during
axternal bus. digit switching or by a display
RQ 1 |interrupt Reguest: In a key- bianking command. .
- board mods, the Interrupt fine i
high when thers is data In ths
FIFO/Sensor RAM. The Intsrrupl
line goss low with ssch FIFQ/
Sensor RAM read and raturne |-
high If thera Is stilt Information in
the RAM. In a sensor mode, the FUNCTIONAL DESCRIPTION
lmar:rupl 1Iln0 goes hlg;:&xn;;:r
s change In & sensof L .
¥as. Ve 2 |Ground and powsr supply pins. Since data input and display are snintegral part of many
Slo-Sly 4 | Bean Linea: Scan fines which are microprocessor designs, the system designar needs an
usad 1o scan the key switch or interface that ¢an conltrol these funclions without piacing
sensor matrix and the isplay a large Joad.on the CPL. The B279 providay this fuaction
digits. These lines can be efther for 8-bit microprocasson. .
:;"j‘)’m {1 of 18) or decoded (1 The B278 has two sections: keyboard and difptay. The
keyboard section can Inferface to regular typewriter style
RL,-| .
o-RLy 8 :;:::‘z":én:::: :;“;\;n::a‘: keyboards or random toggle or thumb switches. The
kines through the keys o sensor display section drives alphanumeric displays or a bank ol
switches. They have activs Internal indicator lights. Thus the CPU is refieved from scanning
pullups to keep them high until e the keyboard of relreshing the display.
switch closure pulls one low. They Tha 8270 Is designed lo direclly connecl to the
also serve as an B-bit Input In the microprocessor bus. The CPU can program bl cparating
— Srobed input mode. modbes for the 8278. Thess modes include:
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inpul Modes

e Scanned Keyboard — with encoded (8 x 8 key

keyboard) or decoded (4 x 8 key keyboard) ecan lines.

A key depreasion generates e 6-bit encoding of key

position. Position and shilt and control status are

stored in the FIFO. Keys are auiomatically debounced

with 2-key lockout or N-key rollaver,

Scanned Ssnsor Matrix — with encoded {8 x 8 matrix

switches} or decoded (4 x 8 matrix switches) acan lines.

Key sialus {(open or closed) stored in RAM addressable

by CPU.

» Strobed Input — Oata on return lines during contro!
tine strobe is tranaferred to FIFO.

Output Modss

"« 8 or 16 character multiplexed displays that can be or-
ganized ns dual 4-bit or single B-bit (Bo= Dy, Ay = Dy).

= Right entry or lelt entry display formats.

Other features of the 8278 include:
» Mode progremming from the CPU.
* Clock Prescaler

* Interrupt output to signat CPU when there is keyboard
or sensor date available. -

* An B byte FIFO to store keyboard information.

* 16 byte internsl Display RAM lor display relresh. This
RAM can also be read by the CPU. .

. "

PRINCIPLES OF OPERATION

The following I8 & description of the major elemants of Lhe
8279 Progammable Kayboard/Display interface devica,
Refer 1o the block disgram In Figure 3. - ‘

VO Control and Data Bullers L .
o
The /0 contro? section uses the &5, Ao, AD and Wh linea
to control data flow to and trom the various Internal
registers and butters. All data flow 10 and fromthe 82101y
enabled by C5. The character of Lhe Information, given or
desired by Lhe CPU, Is IdentHied by Aa. A loglc one
‘means the information Is & command or sialus. A logic -
zero means the information is data. RD and WR determins .
the direction of data flow through the Oeta Butters. The
Oata Buffers are bi-directiona! buiers that connect the -
internal bus to the external bus. When the chip Is nol
selectsd {55 = 1), the devices are in & high Impedance
state. The drivars Input during WhRe &5 and output during.
RbsC3 e hd

Control and Timing Registers and Timing Contro}

Theae registers siore the keyboard and display rgocdes and
other operating conditions programmed by the CPU. Tha
modes are progrsmmed by presenting the proper
command on the data Jines with Ao = t and then sanding _
a WH. The command is iaiched an the rising edge ot WH.

cLR  MESEY o90-7 nD F 8 A wa
a o FIHOSLNSON
COmMTAGL Nan
WUFFERS e

(=

INTERNAL - DATA BUS &}

Ut &gy CUT g,

L]
DIFLAY COMTROL AND Eak °
ADOALES p. Wk Tikiue FHOSINION . | 1 stvecamo

REGHTERS | LAY REGHTERS nAM N CERMICE

A A AND
T conthoL
: 1
Timrmg
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"

he command Is-lhen decoded and the appropriste  SOFTWARE OPERATION

funclion is sel. The timing conlto! contains the besic
ter chain. The first counter is & + N presceler 8278 commands

{iming coun
tnat cange |:|tlografl1medst? yiel: a:;nl:mat lr;ql;en:; The following commands program the 8278 operatin
of 100 kHZ \: :: m“‘.'“am' rTn: eyh ar scatn mdlalde modes. The commands are sent on the Data Bus with C5
a 103 ms debounce e. The other counters v low and Ao high and are loaded to the 8279 onthe rising
down the pasic internal frequency to provide the proper ed { WR.
ge ol WR.

key 5can, fow scan, keyboard matrix scan, and display -
scan limes. Keyboard/Display Mods Ssl

E:ounlor MsB LS8

can

$ cose: [o]ojofo]o K [x[K]

The scan counter has two modes. in the encoded mode,
the counter provides a binary count lh_at must be
::;g:::g .::C‘:’?:; .‘: lf'":;':z:;':d:ga:‘ ;::?’lh':'. é:: where DD I3 the Display Moda and KKX |Is the Keyboard
counter decodes the least significant 2 bits and provides a Mode.

decoded 1 of 4 scan. Note than when tha keyboard is in 0D

decoded acan, 30 s the display. This means thatonly the —

tirst 4 characters in the Display RAM are dispiayed. G 0 8 B8-bit character display — Left entry
In the encoded mode, the scan fines are active high o1 16 8-bit character display — Lell entry*
o'output;ll::’the decoded mode, the scan lines hre active 1 O -8 B-bit character display — Right entry
w Ou .
. 1 1 16 8-bit character display — Right entry
r:;"é::i':;:." and K'ybolrd Dsbounce For descriplion of right and left "antry. le'e intertace
. Considerations. Note thal when decaded scan is sel in
latchi \he Return
The 8 return lines are buffered end latched by the Feturn, keyboard mode, the disptay is reduced o 4 characters

Butlers. In the kayboard mode, these lines are scanned.
looxing for key closures in that row. | the debounce
circuil detects @ closed swilch, it waits sbout 10 msec lo KKK
check if the switch remains closed. It it does, tha address Jatalit

independent of display mode set.

ol tha switch in the matrix plus the status of SHIFT and 0 0 0 Encoded Scan Keyboard — 2 Key Lockout®
CONTROL are transterred to the FIFO. tn the scanned

Sensor Matrix modes, the contents of the return lines i o 1 Decoded Scan Keyboard — 2-Key Lockout
directly transterred to the carresponding row o: the G 1 0 Encoded Scan Keyboard = N-Key Rollover
Senzor RAM {FIFO) each key scan time. In Strobed Input

moda, the contents of the return lines are transferred to ¢ 1 1 Decoded Scan Keyboard — N-Key Rollover
the FIFO on the rising edge of the CNTL/STE line pulso. 1 0 0 Encoded Scan Sensor Matrix

FIFOISensor RAM and Status 1 0. 1 Decoded Scen Sensor Matrix

This block is & dual function B x 8 RAM. In Keyboard of 1 1 0 Strobed input, Encoded Display Scan
Strobed Input modes. it is a FIFO. Each new entry it 1 1 1 Strobed Input, Decoded Display Scan

writien into successive RAM positions and each is then
read in order of antry. FIFO staius keeps track of the Program Clock
number of characters in the FIFO and whether it is fuli or
empty. Too many reads or writes will be recognized as an Code: I 0 I oitlplrPlrPlrPiP

etror. The slatus can be read by an RD with C5 low and I l l I I l _}

As high. The atatus logic also provides an IRQ signal )

when the FIFO is not empty. In Scanned Sensor Matrix All timing and mq‘glglexlng signals for the 8279 sre

mode, the memopry is & Sensoc AAM. Each row of tha generated by an infernal preacaler. This prescater
divides the external ciock (pin 3) by @ programmable

Sensor RAM is ioaded with ‘he status of the carrespond-
ing row of senser in the sensor matrix. In this mode. [RQis
Righ if & change in @ sensor is detected.

_ Integer. Bita PPP7P determine the velue of this Integer
which ranges from 2 te 31. Choosing a divisor that ylelds
" 100 -kHz will give the spacifled scan and debounce

Display Addrass Reglsters end Display RAM {Imes, For instance, it Pin 3 of the 8278 is baing clocked
The Display Address Registers hold the address of the by a 2 MHz signal. PPPPP should be set 1o 10100 to
:‘3'6 currently being wrillen or réad by the CPU and lhe divide the clock by 20 to yield the proper 100 kHz operat-
=0 4-bit nibbles being displayed. The read/write Ing frequency. .
:::';sses Bre programmed by CPU command. They 8lso
€ se! 10 auto increment after each read or write. The As IFOIS RAM

Display 4AM can be dwrectly 7ead by the CPU after the od FIFO/Sensor
“irrect mode and aturess is set The agdresses fod the A o .
210 8 nibbles are -utomatically upoated by the 8279 to Coae: [0 1]0] Al x]ajal A| x=Don'tCers
e;-“d‘ data entry by the CPU. The A and B nibbles can be
oered i ngenily or as ong word, ccordy e The CPU sets up the 8279 for a read of the FIFO/Sensor

'9de that 1 sel by the CPUT D3 ¥ e display can RAM by first writing this command. In the Scan Key-

b !
e “Set 1o elRer lelt or right entry. See interlace

Onsiderations for delals. *Deaiausit siter reser.

6-405 AFH-O0TAIB
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board Mode, the Auto-Increment fiag (Al) and the RAM
address bits (AAA} are Irrelevant. The B279 witl automati-
cally drive the data bus for each subsequent read [(Ag=0)
in the same sequence In which the data first entersd the
FIFQ. All subsequent reads wiil be from tha FIFQ untit

another command I8 {ssued.

in the Sensor Matrix Mode, the AAM addrass bits AAA
setect one of the B rows of the Sensor RAM. If the Al flag
is set (Al = 1), each successlve read will ba from the sub-

sequent row of the sensor RAM.

cose: [o]1[1]afalala[4]

The CPU sets up the B279 fora read of the Display RAM
by first writing this command. The address bits AAAA
select one of the 16 rows of the Display RAM. If the Al
flag la set (Al= 1), this row address will be Incremaented
atier sach following read or write to the Dispiay RAM,
Since 1the same countef (s used for both reading and
writing, this command 8ets tha next read or write
address and the sense of the Auto-Increment mode for

both operations.

Write Display RAM
cose: [1]0]oailafala]a]

The CPU sats up the 8279 lor a write 1o the Dispiay RAM
by first writlng this command. After writing the com-
mand with Ag=1, all subsequent writes with A; =0 wlli
be to the Disptay RAM. The addressing and Aulo
Increment funclions are Identlcal 1o those for the Read
Display RAM. However, this command does nat alfect
the source of subsequent Data Reads; the CPU will read
from whichever RAM {Display of FIFCISensot which
was last specified. If, indeed, the Display RAM was last
specified, the Write Display RAM will, naverthaless,
change the next Read locatlon.

Display Write Inhiblt/Blanking

A B A B
code:  [1]o]1 x[w[w][BL]BL]

The TW Bits can be used to mask nibble A and nibble B
in applications requiring separatc 4-blt'display ports. By
setting the IW flag (W= 1) for one ol tha ports. the port
becomes marked so that entries to the Disptay RAM
from the CPU do not aifect that pont. Thus, H each nibble
is input to a BCD decoder, the CPU may write a digit to
the Display AAM without aftecting the other digit being
displayed. It is important to note that bit By corresponds
1o bit Dy on the CPU bus, and that bil A corresponds to
bit Dy.

If the user wishes lo blank the display, the BL fiags are
availatile for.each nibble. The last Clearcomman2 issued
determines the code to be used as a “blank.” T-.s code
defaults to all zeros after & reset. Note tha: both BL
flags must be set to blank a display formatted with a

single B-bit port-
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. Clear

[T TeTeo]colca] cr[ca]
The Cp bits are avaliable In this command to clear all
rows of the Display RAM to a selecteble blanking code
as follows:

€o Co Co

0 X All Zeros (X = Dan't Care}
1 0 AB = Hax 20 (0010 0000
t 1 Alt Ones

Enable clear display when = 1 {or by Cp = 1}
During the time the Display RAM Is being cleared {~160 ys),
it may not be written to. The most signlficant bl of tha
FIFO status word Is set during this time. When the Dls.
play RAM becomes avallable agaln, It automatically -
rasets. - :

Cods:

It the Cg bit is asserted (Cp=1), the FIFO status is
cleared and the Interrupt output line s reset. Also, the
Sensor ﬁAM polinter la set to row 0.

C,, the Clear Al bit, has the ecombined etect of Cpand
Cr It uses the Cp, clearing code on the Display RAM and
also clears FIFO status. Furthermore, It resynchronizes
the internal timing chain.

End IntermupVEsror Mode Set .

code: [ [ ]efx]x|x]x] X = Don't care.

For the sensor matrix modes this command lowars the
IRO line and enables further writing into RAM. (The IRQ
line would have basn raised upon the detection of &
change in a sensor value. This would have also Inhibited
further writing into the RAM until resetl.

For the N-key rollover mode — if the E bit is programmed
to “1" the chip will operate in the special Error mode. {For
further details, see Interface Considerations Section.)

Status Word

The status word contains the FIFO stalus, error, and
display unavailable signals. This word is read by the CPV
whan Ag is high and CS and RD are low. See Interlace
Considaerations for more detail .on status word.

Data Rend

Data is read when Ag. CS and AD are ell low, The source
of the data is specilied by the Read FIFO or Read Display
commands. The trailing edge of RD wilt cause the address
ol the AAM being read to be incremented if \he Auto-
Increment Hag is set. FIFQ reads always increment {if no
error occurs) independant of Al

Data Write

Data that is writlen with Ag, G5 and WH low is alway?
writien tothe Oisplay BAM. The addressis specified by the
latest Read Display or Write Disolay command. Auto-
Incrementing on the rising edge of WA occurs if Al set bY

-the iatest displey command.

arnectir®
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AT

Lo
I Rt D

o1 14 15-=+—Displar
_—— - - Address
ot 1415

Ind entry 1| 2]

0 1415
(3R] 1415
§7th entry 2
[ I | 415
" LEFT ENTAY MODE
AUTO INCREMENT)
Righ! Entry

Right entry is the method used by most electronic
calculators. The first entry is placed in the right most
oisplay character. The next entryisalse placedinthe right
—ost characler afier the display is shifted lelt one
cnaracier. The lefl most characles is shitted off the and
and is lost.

L] 14 1§ 0-=Display
-—— - Addr s
a3 _sen
2nd gntry D:[
J a 0
Ire entry | l I |:I?l |
o 1 _ 13 14 15
16th entry E—ﬂ _ RL} ma
1 2 1415 Q9
2 3 % 0 1 -

AIGHT ENTRY MODE
{AUTO INCREMENT)

“ote that now the display position and register addressdo
- ot correspond. Consequently. entering a charactes toan -

2-Drtrary position in the Auto Increment mode may have
-nexpected results Entry start ng at Display RAM address
£ with sequentisl eniry it recommended. ~

Auto Inl:r!rnenl

= the Lel! Enry mode. Auls incrementing causes the e

aadress where the CPU will r£xt write 10 be increménted’
=y Ore &nd the characier ag
with nsn-Aia Increménting = entry 15 toth'tothe ;arne
SAM address and dispiay pcuitron Entry to an arb-ltary

address in the Auto Increment mode has no undesirable '

side ellects and the result s predictabie:
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sears lhe next locallon L
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1 2 3 4 5 6 7= Display

woer [TTTTTTT] o,
0t 231458 6 7
raewy [1J2] JI] 1]
01 23 4 5 86 7
corrd [T [T T T
Enter next at Location § Auto Increment
¢ 1" 23 45 67
sewe [RLTTIT)
¢ 1 2 3 45 87
oo oy “[ef2] | | J2]4] |

LEFT ENTRY MODE

JAUTO INCREMENT)
In the Right Eniry mode. Auto incrementing and non
{ncrementing have the same eflect as in the Leh Entry
except it the address sequence is interrupted:

e [LLTTLTTI 5

2 3 45 6701

2nd entry [_[ i' I*‘[i‘j
BN EEEER
Command | T T 1T 1?]
10010101 .
i Enter next at Locaticn § Aute Increment
34867001 2
saeey [ | J3T ] [1]2] ]
46 67001 23
ameey [ J3]a; 1 ]2] ]

" RIGHT ENTRY MODE
.. LAUTO INCREMENT]

Starung at an afbnrary location operales as shown b How:

2 3 4 5 8 7 =—Disolay
Co nd RAM
conmwns [T T TTTT] ™%,
. - Enter ment 3t Location 5 Auto Incrament
. 123145670
ey [ § ] 7 !

2:45570:
manuy r ITII?! I

o N HInt EQ’JJ

e |5E511|s]9|zi 4]

RIGHT ENTRY MQDE
(AUTO INCREMENT]

A Rras
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8279/8279-5

e

Entry &ppears 1o be from the initial entry point.

3718 Character Display Formats

|t the display mode is seito an 8 character display. the on
duty-cycle is double what it would be 1or a 16 character
dispiay (e.g.. 5.3 ms scantimefor 8 characters vs. 10.3 ms
tor 16 characters with 100 kHz internal Irequency).

G. FIFO Statwe .
FIFQ status Is used in the Keyboard and Strobed Input
modes 10 indicate the number of characters in the FIFQ
and to indicate whather an error has occurred. There are
two types ol etrors possibla: overrun and underrun.
Overrun accurs when the entry of anothercharacterinioa
tut! FIFO is attempted. Underrun occurs when the CPU
tries to read an empty FIFQ,

The FIFO status word also has a bil to indicate that the
Display RAM was unaveilable becausa a Clear Display or
Clear All command had not compietad Its claaring
operation. .

In & Sensor Matrix mods, & bit Ia set In the FIFO status
word to Indicate that at 18231 one sensor closura Indica-
tion Is containad In the Sensor RAM, '

In Special Error Mode the S/E bit Is showling the errof
flag and serves as an Indication to whethar a simuyliane-
ous muitiple closure eror has occurred.

FIFO STATUS WORD

f-—-FIFO Full
Lo Jselofuir Injn]n]
r L—:_Humbwuf

characiers in FIFQ

Error-Uindevrun
Errot-Overrun

Serser Clowura/Error Flag tor
Multipe Clowress

Diwplay unsvailable

"KEYBOARD
Suier MATRIN
TONTAOL
[ § Eo U
NETURN
LiES o Rowt .
Nt r Ry g
1NT Yoo
(Y114 TATA BYS '“
MICRO OATA 0
PAOCEEIOA  BUS .7
. ST il
LT-] e . B
() o
CONTROLE [
neser | e
[<]
ADDRESS v a0
sus 2
cLx N
cLocx 0,y e
DISPLAY
. ADORESSTS
D001
DISPLAY, -
. CHARACTERS
— A M
! DsALAY
00 not drive [lve nayBOMD BECOdMs wilh (he MSB of the scan ines. r

Figure 4. System Block Diagram

AFMOUT2E
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8279/8279-5

ABSOLUTE MAXIMUM RATINGS*®

Ambient Temperature
Storage Temperature
Voltage on any Pin with
Respect to Ground
Power Dissipation

*NQTICE: Stresses above thase listed under “Absolute
Maximum Ratings™ mey cause permeanent damage to the
device. This is & stress raling only and functionsl opera-
tion of the device at these or any other conditions abova
those Indicated in the opaerational sections of this specili-
cation is not implied. Exposure to absclute maximum
rating conditions lot extended periods may affect device
roliability,

D.C. CHARACTERISTICS [T, = 0"Cto70°C. Vg5 = OV, (NOTE )]*

Symbol Paramaeter Min. Max. Unh Test Condiions
Viee Input Low Voltage for -0.5 1.4 v .
Return Lines
Vi Input Low Vahage for All Others -0.5 .8 v
Viuy Input High Voltage for 22 v
Return Lines
Viug Input High Voltage for Al Qthers 20 v
VoL Quiput Low Voltage 0.45 v Note 1
Vo Qutput High Voltage on Interrupt 35 v Note 2
Line
Vomz Other Qutputs 2.4 Ion = :,‘33:: 3,799'5
hiea Input Current on Shitt, Cantrol and +10 HA Vin = Voo
. Aeturn Lines -100 A Vin = 0V
T [T Input Leakage Current on Al Qthers *10 BA Vin * Vg To OV
lgey, Cutput Float teakage 10 HA YouT = Ve 100,45V
lee Power Supply Current 120 mA
CAPACITANCE
Symbol Parameter Typ. Max. | UnH Test Conditions
Cin Input Capacitance 5 10 pF fc = 1 MHz Unmeasured
Cour Output Capacitance 10 20 pF pins returned to Vss

"A.C. CHARACTERISTICS [Ta = CCto 70°C. Vg5 = OV, {Note 3}] °

Bus Parametars

READ CYCLE
BI79 82785
Symbol Paramatst Min. Max Min. Max. Unlt

taAR Address Stable Before READ 50 0 ns
tRa Address Hold Time for READ 5 0 o |
tam READ Pulss Vhath 20 L 250 | PR
trn 'l Data Delay from READ 300 . 150 ns _'-
taplil Address to Daua Valid 450 . 250 ng —

toF READ 1o Data Floating 10 100 10 100 ns

tacy Read Cycle Time 1 1 Fi
e’
6410 Jpap—

L
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lntef 8270/8279-5
A.C. CHARACTERISTICS {Continued) )
WRITE CYCLE
8279 B279-5 ]
Symbol Parameler Min. Max. Min. Max. Untt
1AW Address Stable Before WRITE 50 [} a3
twa Address Hold Time for WRITE 0 0 at
tww WRITE Pulse Width 400 250 ns
tow Duta Set Up Time for WRITE 300 150 .
two Data Hold Time tor WRITE 40 0 ns
twey write Cycle Time 1 1 HS
OTHER TIMINGS
8279 8278-5
Symbol Parsmoter Min. Max, Min, | Max Untt
tow Clock Pulse Width 220 120 ngec
tev Clock Period 500 3o nsec
Keyboard SCan TIM@ .....coiiraanmcuaonraes Digit-on TIMe ...covmuociiirirarsasrnanriar 480 usec
Xeyboard Debounce Time ... Blanking TIMe ... .ccouiirireacriareenoees 160 usec
Key Scan TIme ....0..coeenne Internal Clock Cyelel® ... ..ooiiiiiiiiins 10 usec
Display Scan Time ... cocivnerriniranees .
HOTES:
18279, o = 1.6mA; 8279-5, lor = 2.2mA,
2lon = =100 uA
3 8279, Voo = +5V =5%; B279-5, Voo = +5V =10%.
4. 8279, C = 100pF; BZ79-5, C = 150pF. :
& The Prescaler should be programmed 10 provide 8 10 ps internal clock cycle.
* For Extanded Temperatura EXPRESS. use MB279A electrical parameters.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
i InPUTIOUTPUT
|
1
. X
! 2 Benet
: > TEST FOINTE < TEST . ] o« vopt
oas X 0. I
: E&ES‘WGII NWTEA:E D:w!n AT24V FOR ALDGE + ANDO 4} P‘O“ =
s D'Bcv gonl:ﬂ:oﬁctf cSI.I EMENTS ARE MADE AT 20V FOR A LODT T g: r;c‘:r;:s G CARACITANCE
AFNLQraTS
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— -
wAVEFORMS {Continued)

—
- sCAN

-2

oIcoDED
scan

" DISPLAY

@ ;
: . /
e :::'.".“-iX = *:_)[( EEEEE
N / 1/
h "_;',“].‘,l.k.l.u;.k.l-uln. o [ oo [ Ton [T

[ PR
Ll e I l(tfl Ul:utﬂ

NOTL BHOWN I3 ENCODED SCAN LEFT ENTRY

BBy ANE MOT SMOWM BUT TMEY ARZ SIMPLY B, DIVIDED B

YL 5O FIFO

METURY LiN

T3 AND A

B3 ANL BAMPLED DN AT A TTME A3 EHOWA.

6-413
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lnte‘ 8279/18279-5
WAVEFORMS
READ OPERATION —
= e
L"‘"’"" : ner
:[' tua [’-‘ll-‘ .
b A i.. f . \ IREAD conTma_ . |
be——tap— L—q,,_..

Qo

eI ETEIN

3

WRITE OPERATION
- X mrees
) i .--;,_.._..! n " i-""‘""
= Z IWRITE CONTRAL
. ow wo
D‘Iltv'u‘rus} uyb:,::”m X DATA VALID X w'o.n; .
CLOCK INPUT l
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VE

Yk

FORMS (Contlnued)

MODE 2 (BIDIRECTIONAL}

k14 O
£ wmed 10 4Ha

OATA PACM
PRl AL TG

HOTE: Any wcontecn mhory W accurs netose ATR sag §TR
AIMTA + 1K - MATE « §TH « AT » (8F + MASK + ACK « WH |

Ul
[LoYLEI T TYS

acrur twiess AT i1 pormitsnty

s Programmable Sarial Asynchronous

WRAITE TIMING READ TIMING
[ X waw X
. e e e PR - e
st Y~ X R -
. e et e — e
- U \ BaAra g g ] AN0E HEE LT L T P
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Aol

 8256AH
| MULTIFUNCTION UNIVERSAL
ASYNCHRONOUS RECEIVER-TRANSMITTER (MUART)

# Two 8-Blt Programmabla Parallel 11O
Ports; Port 1 Can Be Programmed for
Port 2 Handshake Controla and Event
Counter inputs

Communications Interiace for 5, &, 7,
or §-Bit Characters, 1, 1¥2, or 2 Stop
Bits, and Parily Ganeration

On-Board Baud Rate Génerator
Programmable for 13 Common Baud
Rates up to 192K Blta/second, or en
External Baud Clock Maximum ol TM
Bit/second

8 Eight-Level Priority Interrupt Controller
Programmable for 3085 or IAPX 88,
1APX 88 Syatems and lor Fully Nested
interrupt Capehility

n Five 8-Blt Programmable Timer/
Counters; Four Can Be Cascaded to

u Programmable System Clock to 1x,
Two 18-BI Timer/Counters

2x,3x,0r5x1.024 MHz

The intel* 8254AH Multitunction Universal Asynchronous Recsiver-Transmilter (MUART) combines tive com-
monly used tunctions inlo & single 40-pin dewice. 1L Is designed 10 ntentace 10 the BOBE/BA, LAPX 184148,
and 8051 to perform serial communicitions, parstial MO, iming, event counting, and pilonty interrepd func-
tions. All of thess h are fully prog tte through nine internal registers. In addition, the live
timar/counters and two patalisl 1O pons can be accessed directly by the microproceasor.

Aane S . 18 avL mitamas

aesetn Somren PUNCTIONE.

o

[ty

[T
] )
oary
FamdiLeL LTI o
roRTS A P+

r—{.ﬁf‘.'c'.'.'.'.}—l—w?-?ftﬂ - ., 1sean .;

+ roat s
- Couetin Countin
- - HusAy Ty
A e | cOmTIOL

MM r—] 108K

BT e T
. 14

Y \ wARY  lan N2
e T2

Couraonin [t e

Figure 1. MUART Block Diagram Flgure 2. MUART Pln Configuration
]
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8256AH ADVATICE TNEHREAATION

Table 1. Pin Deacription

‘Symbol

Pln

[Type

Name and Function

ADO-ADA
pas-oBT

14

ADDRESS/DATA: Three-stale sddrossidais lnes which Interface to Lhe lower

# biis of the microp s mutliplexed sddress/d bus. The S:bll

adtress I8 larched on the falling ege of ALE. In the 3-bit mode, ADO-ADD
are used to selec (he proper regisar, whils AD1.AD4 ate used in the 18-bit
mode. AD4 In (ha Sbit mode l Ignored as en sddresa, whis ADO in the
18-bit mods is used as & second chip solect, sctive low.

ADDRESS LATCH ENABLE: Latched the 5 address ines on ADO-AD4 and CB on ihe
falling wdge.

3 al g

AEAD CONTRCL: When Ihis signal I3 low, the selecied register is galed
o010 tha daia bus,

WRITE CONTROL: Whoen this sigral i3 kow, \he valye on the dawn bus is
werltten into the ssleciad registe.

AESET

RESET: An active high pulse on Ihis pin forces he chiip inlo its irrial 3lste,
The chip remaing In this stete until control information |8 wrimen.

CHIF SELECT: A low on lhis signal snables the MUAART, i is latched with
the sddress on the faling edge of ALE, mne FO and WR haws o eflect
uniess C8 wes taiched low during the ALE cycls.

INTERRUPT ACKMOWLEDGE: If the MUART hes been enabled (o tespong
to wterrupts, this sigral informs Me MUARAT that ilv intsfeypt request i3 being
acknowledged by \he microprocessor. During this acknowledgemani the
MUAAT puts an ASTn insuruction on the daia bus lor the Bbit mode or
& vector for the 18-bit mode,

MY

INTERRUPT REQUEST: A high signais he mictopracessor thal the MUART
noedy sarvice. .

EXTINT

EXTEANAL INTERRUPT: An sxtwnal device can réquast intstrupl servee
thiough this nput, The input ls level sensilive (highl. therefore 1 must be
heid high untd an (NTA accurs of the misrupt addreas regisler is (ead,

SYSTEM CLOCK: The reference clock Tor the baud rale genstator and the wmers.

AxC

RECEIVE CLOCK: If the baud rale bits in the Commuwnd Regsier 2 we all .
this pit is &n input which clocks Serisl daia into the RxD pm on Lhe finng
sage of RxC. It baud rate bits in Command Register 2 e progeammed from
10FH, INs pin outpuls & SQUATe wave whole caing adge indicaies when

the cata on PxD is being sampled. This ouiput remams high ounng ster.
0P, g parnty bits.

RaD

AECENVE DATA: Serial data input.

GND

PS

GROUND: Powsr suppty and logic oround reference.

|
|
ii

e IMFORIATION

8256AHK A

Table 1. Pln Dascription {continuad)

Symbaol

Pln__ |Typ#

Name and Function

H ]

CLEAR TO SEND: This in enabiss the sersl Lansmitter, U 1, $5, o 2
wop bils sre selectsd i el senshive. As long xs CTS h low, sy
character \osded intp the Lransmitter bufter regiier will be transmitter deciafly.
Ainpamnﬁuq:hgpuhuc-ummnmlmmmghmwmmmﬂr
losged into the Uansmitter buffer regivier. 1l & baud rate from 1-0FH &
setected, TS must be low for &t least 132 of & bit, or i will be ignored. If
the trensmitter bulter 3 empty, lhis pulse will be lgnored 1t this pulse
oecurs dunng the transmeson of 8 Cherdcter up lo the time whers ¥4 the sl
tuwnnlwbilinumoul.i\-iuuiqmd. I} 4 occurs sferwaids. bul
welote the eng of lhe #top bits, the next character wiil be trensmitied
Wmmedistety fotiowng (he current ona. It CTS is sul high when he tanamitter
regisier i yending [he lasl atop b, the Uansmdter will enier s Kie sto
until the nexl Mgh-lo-low transitan on CTS occurs. I 0.7 stop
chosen. the CTS inpul is Qe sensitve. A negatrve edge on CTS resulls
immediate tansmssion of the nexl chaacier, The langh of
detormingd Dy the time nterval betwsan the begnmng ol the

the nexl negaiva eage on (TS A hghicdlow tanstion has no eftect i
Irenymdter bulim is ampty of i Ihe trde iMerval betwoen the

$100 bai ARG nexl neqalive sdge ¢ lans Then 075 bila. A hgh or 2 low
ot & low-10-lwgh lransion has no ellect an ihe ransmities lo¢ the 0,75 stop bt

FEEE
e
f728.3:82

i

Tal

2 vo

TRAMSMIT CLOCK: I the baud rate bits m command reglsier 2 are L]
10 0, Tus input clocks data out of the Uansmrier on the lalling edge. i
rate bils are programmed tor 1 or 2, tis input pemits he user to ronds a
A2x or 84n clock which 3 usea for the teceer and transmatien, il e beud rals
iy are piogrammed for J-0FH, The inteenal laramifter clock 4 oulput. As an
oMDul it detivers the transmutier clock el he asiecied DRt rale, 0ive or 0.73
stop bits afe selecied. the tiansmifier divider st b asynchronously teset ot
the begwnmng of aach sten bi, Immecately causing a highdo-ow uansfien
op TaC. TxC mshes 3 Migheiodom tranmion al the Deginmnyg of each el
o, and & low-lo-hgh iransiion §1 the conter of sach b,

fx

TxD

TRANSMIT DATA: Senst data ouput,

P27PN

PARALLEL /D PORT 2: Eight bit general purpose VO port. Eech nibbie (4 o)
of M3 port can Ba ither 8A input of an oulput. The outouts re latched wheteas
thnnpul!-anolannot.Alw.imMcaanumanMumvl
port when using Ihe two-wie handshale. In the handshahe mode both inputs
and ate laiched.

P17-P10

2% | v

PARALLEL O PORT 1: Each mn can be programmed as 80 input or an output
0 perform genwral purpose WO. ANl oulputs are lasiched wherass [npuls are
nol. Altetnatively these pins cin 38rve 83 control pins which extend Ine

! unctional speclrum af the chig

Vee

40 PS

POWER: + 5V powet supoly.

—
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FUNCTIONAL DESCRIPTION

The B238AH Mulii-Function Universal Asynchrcnous
Recaheer-Tranamilter (MUART} combines tive com-
monly used lunclions IMo & single 40-pin device. The
MUART periorma asynchronous seflal communica.
tians, paraiiel 1O, timing, event counting, and inter-
rupt control, For dotailed application inormation, see
el Ap Mole #1153, Deslgning with the B256.

Serial-Communications

The setial communicalions portion of the MUART
conaing & fullb-duplex asynthronous receiver
iransmine: (UARY). A programmeble baud rate
peneraior is Inctuded on the MUART 10 permit a varie-
ty of oparating speeds without extarnal componants.
The UART can be programmed by the CPU lor a
variaty of chalacier sizes, parity generation and detec-
10N, errov detection, and SINrUSIOp bit handling. The
teceiver checka the 1811 8No 1iop bils in the center
of the bit. s & Drask hatts the recapion of data. The
ransritier can send bresks and can be contrelied
by an exernal enabls pin,

Paralle! /O

The MUART in¢luoes 16 bits of peneral puepose
paralet Q. Eight bits {Pon 1) can be ndividually
changed from inpul 1o cwtpun o wsed for special 0
Iunetions. The oiher wighl bits (Port 2} can ba used
as nibbies (4 bits) or a3 bytes. These eight bits also

meiuae & handsnaking capabllity using 1wo pins on
Pon 1,

|
Counter/Timers
There are five B-bit counterlimers on the MUART,

Tha timars can be programmed to use elthat & 1 kHi
or 16 kM1 cloch generated from the system clock,

Four of the B-5il counterAtmers can be cascaded to

twd 16-b counterftimees, and one of the B-bit
counierfimens can be reset to its initisl vahue by an
axiarnal signyl.

Interrupts
An sightlevel priority imerrup coniroller can be con-

ligurad lor lufly nested of normal interrupt priodity,
Seven ol the sight interrupts service lunclicns on the

MUART (counierfitmers, UART), and one oxternal in- .

terrup s provided which can be used lor a particular
funciion or tor chaining | controfiers Of more
MUAATs. The MUART witl support BOBS snd 8086788
fyvtems with chract Imterrup vectoning, or the MUART
can be polied 1 determine the cayse of the interrupl.
1t additionad inwermupt control capabliity Is needed, the
MUART's interrupt controller can be caacaded inlo

mnother MUART, into an Intel 8259A Programmable
Interrupt Coniroller, or into I inte1rupt controlier of
the iAPX 186/188 High-integration Microprocessor.

- INITIALIZATION

In peneral the MUART'S functions sre indapendent
of sech other and only tne repimers wng bils
assotinled with & parlicular function nead to De in-
Hiatized, not the entite chip. The command sequance
|5 arbiirary since every regisier is ditecty addressable;
however, Command Byle 1 must be loaded brsl. To
pul the device into a fully operational condivon, Lt 15
¥ 1o write the lollowing commands:

Command byle 1
Commang Dyle 2
Command byle 3
Moge byls
Pon ¥ conttal
Sel Interrupts

The modification regiter iy be loaded i 1aquired
lor special appleatons; normally this oparation o not
necessary. The MUART should be resel before 0.
Nigligsvon. {Eilher a hardware of & soitware 1eset wil
de.)

INTERFACING

This seclion describes the herdware mierdace bet-
woen the 9256 MUARY and the 80186
microprocessor, Figure 3 displays the Block dugeam
tot thus inleriace. The MUART can be inieriaced to
many othar mcroprocesss using these basic
principles,

In aft casas the B258 wil be connected direcily to (he
CPU's multiplaxwd adoressidata bus If Latches or
dain bus buliers are used in a sysiem, the MUART
should be on the mictoprocessor sde ol the ad-

"dresaidme bus, The MUART iaiches the sdores in-

ternally on the lalling sdge of ALE. The addreas con-
sists of Chip Select (CS} and lour address Enes. For
B-bit micioprocassors, ADO-ADD e (he cdress ines.
For 18-bt microprocessons, AD1-AD4 are (he addvexs
lines: ADQ is usad as 8 Becond chip gelect which iy
aciiva Jow. Since chrp salact i1 internalty laiched along
wiith the address, Il 0o#s nok have 10 remain aClive
during the entira instruclion Cytie. A3 long s the chip
salaCt aatup and hold IMes Afe MAt, A CAN DI dedrv-
od from adde fimes of i

ed sddrepy/statys hnes. When the 8256 is in the 16-bit
moda, AG serves a3 & 380ond chip select. Ay & resull
the MUART"s internal registers will a1l have aven ad-
drasses since AQ musi be 1870 10 selecl the device.
Normalty tha MUART witl be placed on the lows: d
tyre. Il e MUART Js placed ofi the upper dats brte.

6-382
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Figure 3. 80108/8256 Interface

tre internat regisiers will be 512 address focatons
pan 2nd the chip would oocupy &N B K word addrass
space.

DESCRIPTICON OF THE REGISTERS

Tha tollowirng secion witt provids a description of the
registéns and dehne the bits within the registers wheie
eppropriats. Tabls 2 lists the regissers and 1heit
ncdredses,

Command Register 1

[ui 1o 51 1 5o [eAr el | soss | FRO J .
Y (oW

O U b
\‘l. I'.‘_‘

FRQ — Timer Frequency Selecl

This bit selects batween two lrequencies lof the lve
Umers, 1t FRQ = 0, the timer Inpul Irequancy t3 16

* kHz (82.803). # FRO = 1, tha limet inpul trequancy

I t XHz {1 ma). The selecied clock irequency is
shated by all the counterfiimers snabled lor liming:
thus, afl limers Mus) ron with the same lime base.

5-363

8086 — 8086 Mode Enable

This bit selec1s batween 6085 mode and BOBA/BOBS
mode, In BDBS made (8086 = D), AD 1o A are used
10 siiress ihe mierrul regraters, and an RSTN matne-
tion is genarated in responsa 1o the hirst INTA. In
In BOBE moda (BDAG = 1), A1 10 Ad are used 1o ad
drass the intemal registers, snd AQ 15 vsed as an ex-
tra Chip gelect (AQ must equal 2ed0 ™ be enabled).
The response 10 INTA Is lor BOBE interrupts whete
tha first INTA rs ignoted, and Bn mlerTupl vecior (40H
to 47H i plsced on 1the bus in response o ihe

second INTA, .

BITI — Interrupt on Bit Change

This bil selecis batween one ol b MIEHUD) BOUCES
on Priotty Level 1, aiiher Counter/Tener 2 of Pont 1
P17 misftupl. Yhan this bil #quals 0, Counter/Timer
2 with b mappod into Prosity Leval 1.1t BITI equats
0 and Laval 1 iMerum is enabled, a iransinn lrom
1100 tn CounterTimat 2 will Qanerale an inlarrupl
roquast on Level 1. When BIT) equais 1, Port 1 P17
wxternal sdge Uiggered inerupt source s mapped
Into Priodlty Level 1. 1n this caso If Level 3 is en-
sbled. a lw-10-high transition on P17 ganerates an
inlarcupt requos! on Levat 1.

X000
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As an culput, RxC outputs a low-to-high transliton at
Iampling time of every data bit of A character. Thus,
dats can be toaded, ¢.9., o a shik regisier extar-
nally, The transition occurs only If data bits of a
character are present. it doss not occur for stan, park
1y, and stop bits (RxC = high),

A3 BN output, TxC outputs the internal baud mis elock
of tha tranamitter. Thers willbe a high-to-low tranal.
ton at every beginning of a bi.

€0, C1 — System Clock Prescaler
{Bits 4, 5)

Bits 4 and 5 deling the Fyytem clock prescaler divider
gatrn. The Intemnal cparating Irequency of 1.024 MHE
ia dertved from the system clock.

o Cluck at Pin
Ct C0 | Divider Ratio CLK

g 1] 5 5.12 MHz

[*] 1 3 3.072 MH2

1 +] 2 2.048 MHz

1 1 | 1.024 MH2

EP — Even Parity (Bit 6)

EP = { Odd parity
EP = t: Even parity

PEN — Parity Enable Bit?
Bit 7 anables parity generation and checking.

PEN = 0: No parity bh
PEN = 1. Enabis parity bit

The parlty bt sccording 10 Command Register 2 bit
6 {se above) It inserted beatwwan the inst date bit of
a character and the first or only stop bil. The parity
bit s checked during receplion, A lalse parity bit
genernies an error indication in the Statua Rogister
4nd an Interrupt Aequest on Leve) 4.

Command Register 3

IseTAse[1AE [N JERD [sBRK[TBRK] AST |
{2R) {2W)

Command Register 3 Iy differant from the first two
reqisters because it has a bit Sstiresst capabillty,
Wntlﬂ_g @ byte with Bit 7 high sats any bils which wers
2l30 high, Writing & Cryte wilh Bit 7 low resals any bita
which were high, 1l any bit 0-6 s low, no ¢change oc-

curs fo that bit, When Command Register Jis rand,
bits 0, 2, and 7 wii always b tero,

RST — Regset

M RST is sat, the foflowing svems oceur:
a

1. All bits In the Status Regixter sxcapt bits 4 and
are clearad, and bits 4 and § are sat.

2. The Interrupt Enstle, Interrupt Request, and In.
terrupt Service Registers ary claared. Peanding re-
queats and ingications for interrupts in service will
be canceiled, Intereupt signat INT wilt o low,

3. The recelver and transmitier are reasl, Thal

franamiisr goes idte (TxD fs high}, and the receiver
enters siert bit search mods.

4. It Port 2is programmiad for handshake mode, IBF
and OBF are resel high.

RST does not aiter ports, data ragisiers or commangd

rtgisrers. but it halts any operation in pragress. AST
is automaticafly cloared.

AST = O has not ettect. The rasel opevation iriggerad

by C::mmand Reglater Jis a subset of tha hardware
reset.

TBRK — Transmit Break

The transmission data QUIpW T2l will be et low as
3001 a3 the transmission of the previous character
has baen finisheg, 1 stays low untit TBAK is claared.
The state of CTS Iy of no significance for thia
operstlon. As long as braak is active. data Iranster
lrornl the Transmitter Buller 10 the Transmittar
Register will be inhibited, As 3000 83 TBRK is roset
the break condlilon will be deaclivated and tho'
transmitter will be re-snabled.

SBRK — Single Character Break

This cauaes the transmitter data o be set low lor one
cheracter including siart bil, data bita. parity bit, ang
stop bits, SBAX Is auomatically claared when (ime
for ihe last dala bit has passed. Rt will start alter the
character In progress complates, and will delxy Ihe
next dat_a franster from the Transmitier Bufter lotha
Transmitter Register unll TaD returns 1o an idle
{marking) state. If both TARAK ang SBRK are e

break will be set as long as TBAK Iy ¥, but SBRK
will be g!oareﬂ Aher one cheracter tims of break. i
SBAK is set agaln, it ramainy sar lor another
character, The user ean send 4 delinite number of
bresk characters in this manner by dearlng TBAK
alter seriing SBRK lor the 1ast characiar Hime,

6-386
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END — End of Interrupt

It fulty nested Interrupt mode s salecied, (i bit reaat
{he cutrently served Interrupt level In Lhe Ir

P2C2, P2C1, P2CO — Port 2 Control

vice Register, This command must occur at ihe end
of sach interrupt service rovting during fully nasted
interrupt mods. END s automaticalty cleared whaen
the Interrupt Service Regisier {inlernal) is cleared.
END ls ignoréd il nested Interrupis are not enabled.

NIE — Nested Interrupt Enable

When NIE equala 1, the interrupt controller will
cperate In the nestad Intsrrypt mode, Whan NIE
squaia 0, the interrupt cantrolier will operats In the
normal interrupt mods., Reter to the **Inlerrupt con-
traller”” section of AP-153 under “Normal Mods™
and “‘Nested Mode™ lor & delailed description of
these operations.

IAE — Interrupt Acknowledge Enable

This bit enables an automatic response o INYA. The
partcular response is delermined by the BOBE tit in
Command Register 1.

RxE — Receive Enable

This bit enabies the serial receiver and its associaled
status bits in the stalus regisier. |l Ihig bit 13 resal,
the serial receiver will be disabled and the recave
dtatus bits will not be updated.

Nots (hat the deiection of break characters ramains
enabled whils the receiver is disabled; i.e., Status
Reagister Bit 3 {BD) will be 3¢l whits the recemer iy
disabled whenever a break characier hos besn
recognized at the receive data input RaD,

SET — Bif'Set/Reset

Il ihia bit ia high durng & write to Command Register
3, then any bit marked by & high wil sat. Il this bit
I3 low, then any bit marked by a high will ba cleared.

Mode Register

{rasiraal rsc{eta[cre[Pecairect | P2co ]
EL) (aw}
H test mode is selected, the outpul Irom the internal

baud rate genarator is placed on bit 4 of Port 1 (pin
a5,

Te achieve this, ! I3 necessary to program bit 4 of
Pori 1 as un outpul {Port 1 Conirel Regisier Bt P14
= 1}, and 1o program Command Aegqster 2 bits B3
- BO with a value > IM.

6-187

- B s T T ———

Diraction
" Set. PIC2|P2C1|P2CO| Mode_ |Upper Lower
0 0 0 |Nibbis Input | Input
Q 0 1 Hibble Input {Qutput
Q 1 0 |Mibble Quiput | Input
o | 1 1__|Nibble Qutput | Out
1 0 4] Byte Input
Handshake
1 Q 1 Byte Qutput
Handshake
1 ). Q 00 NOT USE
1 1 1 |Test |
NOTE:

Il Port 2 s oporating in Randifahe mods, Intevrupt Levet 7
s ot mvadatie tor Timer 5. Insiead 1l 13 ea%gned to Port 2
handshaking.

CT2, CT3 — Counter/Timer Mode

Bi1 3 and 4 delines the mode of aperation of event
couniertimers 2 and J regardiess ol its use as 8 single
unit or as a cascaded one.

I{ CT2 or CTJ are high. then coyunteritimer 2 or 3
taspactively is contiqured as an avent counter on bit
20r 3 tespoctivaly of Port 1 (pins 27 or 38). The event
counter decremants the counl by ong on aach low.
1o-gh iranssiion of the external inpul, ICT2 or CTI
is low, then the respeclive counternimer is configurad
ag & timer and Ihe Port | pins are used lor parellel KO,

T5C — Timer 5 Control

1 TSC is set, then Timer 5 can be preset and stared
by an external signal. Wriling to the Timer § regisier
loads the Timar 5 save regiater and Mops the timer.
A high:te-low transition on bt § of Pent 1 (pin 34) loads
the timer wilh the saved value and starts the hmer.
The next highto-low ransiion on pin 34 retriggers
the timer by reioading it with the initial value and con-
tinues fiming.

Fallowing a hardware reset, the save regiater is resel
to 00H and bath clock and tngger nputs are dis-
abled. Transterring an instruction with T5C = 1
enabies ihe tnggar input: the save reqister can now
be londed with aninitial vatua, The lirst trigger pulse
causes the inial velus to be loaded Irgm the save
regisier and snabies the counter lo count down 10
zar0.

Yihen the timer reaches zoro i issues an Interrupt
requesl, disables its interrupt level and continues
counting. A subsequent high-to-low transitlon on pin
5 resats Timer S 1o 13 initial vatue. For another timar
inlerrupt. ine Timer S interrupt snable bit must be 301
agamn,

1073001




u‘i‘u

o8l

intel

B8256AH

ADVANCE IFFORMATION

Tas, T24 — Cascade Timers

These two bins cascads Timers Jand S or 2 and 4.

Timers 2 and 3 are e kower bytes, while Timars &
and 5 are the upper bytes. It TSC is sat, then both
Timers 3 and 3 can be preset and staried by an ¢x-
terna) pulse.

Whmuﬁgmmmnmﬂlrmrﬂspram
10 Its saved vafue, But Timer 3 is slways preset to all
ones. If sither CT2 or CT3 Is set, Lhen the correapon-
ding (imer pakr ls & t6-bit svent counter.

A y of the cour Ji
In Table .

NHOTE:

Internugt byvaty asigred (0 single counters are partly not oc:
cuped il everl tounterntimens are cascaced. Lavel 2wl be
wacated ff pront COuMMRIMes 2 And 4 ars cascaded.
Likworag, Levet 7 will be vacated || event counteratimers 3
and § we cascaded.

Single wvent Counteraimens genevats en interrupt request
on the anation o 01H o O0H, whils castaded ones
gereraly i on T vansifion Ioen 0001 0 000CH,

controd bita is given

Port 1 Control Register

[ri7]rie]Pis[rialPia P2 T P11 | P |
(aw) (aw)

Each bit in the Port 1 Conirol Register configures the
dirsction of the correspanding pin, If the bit ia high,
the pin 13 an oulpul and I it kow the pin is an Input.
Every Port 1 pin has ancther function which 13 con-
trolled by olher reqisters. If that apecial functien Is
disabled, the pin functions &s a generel UO mn as
specilled by this registsr. Tha apeclal lunctions for
sach pin are described below.

Port 10, 11 — Handshake Control

Il byte handshake centrof is ensbled fomBort 2 by
the M&dﬁ Register, then Port 10 is progeamimed as
STB/ACK nandshake contral input, and Porl 11 Is
pregrammed as iBFAOBF handshake control cutput.

1 byl hlnndshnlto mode is anabled for output en Port
2 OBF indicatas thal a character has been loaded

Table 3. Event Counters/Timers Mode of Oparatlon

Event Counter/ ' Programming
Timer Function (Mode Word) Clock Source
1 8-bit limer L= inlernat clock
2 B-bit limer T24m)), CT2=0 intemnal clock
8-bit even counier T24=0, CT2m1 P12 pin 37
2 ‘} 8-bll timer TI5=0, CTI=0 fnismal clock
B-bil event counier T35=0, CT3 w1t P13 pin 18
4 8-bit timer T24w=0 tntemal clock
8-bit timer, TIS=0, TS5C=0 Internal clock
5 normal mode
B-bit timer, TISu0, T5C =y Intemal clock
ralriggerable mode .
2and 4 16-bil timer T24mt, CT2u Intarnal ¢lock
cascaded 18-bit evant counter T24m1, CT2m) P12 pin 37
18-bit timer, Ti5=1, T5Cu0, Intemal clock
normal mode CTi=0
Jand s 18-bit evanl counter, TiI5=1, T5Ca=Q, P13 pin 35
cascaded normal mode VT
18-bit Uimer, T35, T8Cwy, intemal clock
ratfiggerable mode CT3=d
18-DR event counter, TIE=1, THC =1, P13 pin 38 P & o
- teuigoeTable mode £ -0 | CTdet- . o B e i

S

8256AH
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Into the Pon 2 outpul bulfer. When an extarnal
device reads the dale, i scknowledges this opers-
tion by driving ACK low, CBF i3 sal low by writing to
Pont 2 and Iy reeet by ATK.

1 byigh ke mpde is enabled for inpyLon Port
2. STB Is an input. IBF I3 driven ‘ow «iter STB goes
Jow. On the rising edge of STB the data from Port 2
is [atched.

1BF iy reset high when Port 2 is resd.
Port 12, 13 ~ Counter 2, 3 Input

It Timar 2 ot Timer 3 is programmed a3 an event
counter by the Mods Register, thon Pont 12 ar Port
13 is \he courter inpul lor Event Counter 2 or J.
raspactivaly.

Port 14 — Baud Rate Genarater OQulput
Clock

Il te3l mode is enabled by the Mode Regisiarand
Command Register 2 baud rate select i3 greatet than
2, then Port 14 is an cutput rom Lhe internal baud
rate gensralor.

P14 in Port 1 contral registar must ba set 1o \ 1o the
baud rate ganerator ciock to be output The baud rate
generaior clock 1a 64 x the satial Dil rate excepl at
19.2Kbps when 1t is 32 x ‘the bll rate.

Port 15 — Timer 5 Trigger

11 TSC is set in the Mode Regisier anabling a tetrg-
gerable timer gnan Port 15 is the input which starls
and reloads Timer 5,

Ahigh-to-iow transition on P15 {Pin 34} loads the timer
with the save regisier and starls the timer.

Port 16 — Break-in Detect

11 Break-In Delect is enabled by DRXI in Commaond
Register 1, Ihen this inpul 1s u3ed 10 sensa a Break-
. If Port 184 low while the serisl (tansmuitier is sen-
ding the tast stop bil, then & Break-in condition 13
signaled,

Port 17 — Port Interrupt Source

It BITI In Command Register 1 1s set, then & low-1o~
ales an \nlerrypl i o
W

Intarrupt Enable Register

oTeelis (e[ [ulw]
{5R) (SW = onrable,
{5W = cisable)

Intereupts are enabled by wriing 1o the Se! Internupts
Register (SW). Interrupls are disabled by writing 1o
Ihe Reset intecrupts Register (6W). Each bil set by
tha Set inerrupts Fegisier [SW) il anabio Lhat level
inigrfupt, and ssch bit 361 0 the Aeset Interrupty
Pogiator (5W) wil Gisable thal lavel inierrupl Tha user
can determine which intertupls are onabled by
tending the Interrupt enable Register {SR).

Prlority
Highest . L0 Timer }
Ly Timer 2 or Por interrupt
L2 Emernal Interupt {EXTINT)
L3 Timer 3 or Timors 3 & 5
L4 Recorver Inmerupt

Source

) L5 Transmaltar Intarcupt
L6 Timer 4 or Timers 2 & ¢
Lowest L7 Timet § or Por1 2 Handshaking

tnterrupt Addreas Register

[o]o]oloalos o021 0 | o}

interzupl Level
{6R) Indication |

RAeading tha inlerrupt dddaress regisier transters an
identiller lor 1he currently requesiad imerupt level
on the system data bus. This idennfier is the number
ol 1he inlerrupl level multiplied by 4. 1t can ba used
by the CPL) as an olfsel address lof infertypt handl
ing. Reading the interrupt addresy reqrsier has the
samy eltect as a hardwars inlerrupt achnowiedge
INTA: « clears the nterrupt requast pin {INT) and
indicates an intarrupl acknowleagemant 1o the inter-
Tup coniroller.

Recaelver and Transminver Butfer

(o7 Jos ] os 0s 03 02 ' 0n |00}
7R ™)

Both ihe receiver and transmitter in (he MUART are

. double butiered. This moans that the ransmitier and

haye.a shil reguster and a-butlpr

oor i,
stord 8030 :

otd

U
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MOTE:

The mocfication register cannol be tead. Feading lrom ag-
thess OFH, 8088; IEH guies the contents of Ihe siatus
teguler oo e duta bus.

A hardware resnt (resel, Pin 12) resets all modifica-

1k register bita to 0, Le.:

* The stant bit check i3 enabled.

¢ Status Register 81t 0 (FE) Indicates framing error.

* The sampling lime of the serial receiver is the bit
center,

A 30ftware reset (Command Word J, AST) daes not
affect the modification regixter,

Hardware Reset
A resat signal on pin RESET {HIGH level) forces the

device 5258 into & wefl-defined initial state, This siate
is characienzed as folows:

1. Command reqisters 4, 2 and 3. moda register, Part
1 control register, and modification (agister ere

resal, Thus, all bits of the parelis] interface are set .
10 be mputs and event countarsftimers are con-

figuted a3 independent 8-bit timers,

[

. Status registar bils are resat with the axception of
bits 4 and 3. Bita 4 and 5 are set-indicating that
both ransmitter register and lranamitler buifer
ragisior are ampty,

ol

The interrupt mask, interrupt raquest, and inler-
TUpL service register Dits are reset and disable alt
requesla. A & consequence, Inlerrupl signal INT
IS INACTIVE (LOW).

4. The transmit dala output is set Lo the marking siate
(HIGH]) and tha receiver section is disebled until
il is enabled by Command Register 3 Bit 8.

L

Tha start bil will be chacked at sampling time, The
recerar wil raturn lo stan bit search mede i in-
Put RaD i3 not LOW at this time.

6. Status Regisier Bit 0 impliea framing error.

Reset has no atlect on the contents of receiver bui-
lor register, transmitter butler register, the in-
lermediate laihes of parallel ports, and avent
countersitimars, respectively,

RS4/RSIIAS2|RS1|NS0]| Paint of time between
start of Bit and end of
bit messured In steps
of 1732 bt tength

Qv ]t ] 1 (S1an of BY}
o1 ftr1]o 2
L2 I O I O B | k]
Q{11 (o]0 4
L+ I+ I O R | 5
el{1]o|tr]o 3
1] 1 [ 1 7
e(r1]0|0}jo0O a
e(oO]r 1} 9
ec(o|t1{1]0 tQ
|0 110 1 1
efolir1{olo 12
0lolo]r ] 13
cl{ojol1]o ]
e|joj0joq1 15
ojojo|o]o 16 {Bit canler)
1 1 1 1 ' 17
141 1 1 0 18
LI B N O+ I I 19
tii1 (1|00 0,
LI T I T I 2
1110t ]o 22
tjrflefo]n 23
1111000 24
LI I I O IR B A | 25
110t v )@ 28
1 0 t]o t 27
110y ]oteo 23
t{fojel i ol
1 010 |1 o X
t(ofoe]|oft n
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ABSOLUTE MAXIMUM RATINGS®

Ambient Tomperatue Under Biaa  0°C 10 70°C
Siotage Temperalure -§5*C 10 —150°C
Woilage Om Any Pin

Wihh Reapect to ground
Peower Dissication

0.5V 10 -7V
1 Watt

D.C. CHARACTERISTICS

"NOTICE: Straases above 1hose listed undar “Ad-
Solute Maximum Ralings' may cause permanant
damage lo the devica. This is a siress rating only and
Amnctional operation of the device at these o amy other
eonditiony atxgwa thase indicatad i the opsrahona!
seclions of this specilication is nol implisd. Exposure
o absolute maximum rating conditions for extended
perioda may alfect davice reliability,

(Taw 0°C to 7O®C. Vo= +5.0V ¢ 10W)

Symbol Paramatsr Min. Max, Units Test Condillons
Vi Input Low Voltage -0.5 0.8 v
Vi input High Valtags 2.0 Veg+ 0.5 v
Yo Cuiput Low Voltage 0.45 v lop= 2.5 mA
Von Qutpul Migh Vohage 24 v lon= =400 uA
10 Vinsw V,
" input Leaxage -0 ﬁ V:‘: - osc
10 v, -
Qulput Leakage -10 :2 v&“{;_ l‘)’FfSV
e Ve Supr v Cunent 160 mA
CAPACITANCE  (Tam 25°C. Voe® GND = OV)
Tymbot Parametst M, Max, Units Test Corcitions
e Inpul Capacitance 10 pF fom 1 MHz
g O Capacitance 20 . pF Unmeasured ping
raturned {0 Ves
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Reading 1he receive bufter claars tha RBF status bil,
Tha transmit bufter should be written to only if 1he
TBE bit In the stalus reqgister is swi, Bytes written to
the tranamit butter are held there ynlll the transmit
shift rogister is empty, assuming CTS ks low. Il the
fransmit buffer and shilt register sre ampty, writing
to the transmit buMer immediately transfers the byte
lo the vansmit shit register. If 2 serlal characier
length i3 lesa than 8 bits, the unused most significant
bits are et to zer0 when reading the receive buifer,
and are ignared when wiiling to the transmit buifesr.

Port {

(ozfosfos[oafo3] 02 [ 01 [ 00 ]
{8R) 8™

Writing o Port 1 sets the data in the Port 1 output
tatch, Writing to an input pin does not alfect the oin,
but the data is stored and wilt be outpyt It the direc.
lion of the pin is changed later, if the pin iy used as
a control signal, the pin will not be alfecied, but the
flala s stored. Reading Port 1 transiers ihe data in
F'of 1 onto the data bus,

Port 2°

(o708 05 D4 03] uz.l 0 | oo

{9R) - W)

Writing to Port 2 sels the data in the Port 2 output
lateh, Writing to an input pin does nol alfect the pin,
but it does store the data in the fatch. Reeding Port
2 puts tha inpyt pins onto the bus or the contenta of
the oulpuf taich lor cutput pina,

Timer 1-5

{orToe[os{oe (3] b2 | ov | oo |
{0 OE,_Ry {04 -DE_w)

Arading Timer N puts the contents of the timar cnte
the data bus. It the counter changes while RD is low,
the valus on ha data bus will ot change, If two timars
1o cascaded, rending the high-order byte will cause
he low-order byte 1o be [aiched. Reading the low-
ordst byle will untatch (hem both, Writing 10 either
timer or decascading them aiso clears the tateh core
dition. Writng 1o a timer sats the staning vaiue of inmi
tmor. 1f two timars are casceded, wiiting to tha high-
ordet Dyls preseis the low-order bte to off ones,
Loading only the high-order byte with & valye of X

. 6390

leads ta a count of X 256 + 255, Timers count
down continuously. If the imerrupt is enabled, it
occurs when the counter changes from 1 10 0.

‘The limet/counter interrupts are automatically disabi-
ed when the intarrupl request is generated.

Status Register

[ {rarivee]TreT a0 | PE | oe | Fe |
{0F )

Reading the siatus regisier Qales ils conrants ontg
1he data bus. It holds the operational status of 1he
serial interface aa well as the staius of the intetrupt
pin INT. Tha status register can be read at any lime.
Tha iings are stablo and wall detined a1 all Instants,

FE — Framing Error, Transmission
Mode

8it 0 can ba used in two modes, Normally, FE .
dicales Haming srror which can be chinged to
Iransmission mode indication by setting the TME bit
in 1he medification ragister,

Il transmission mode |y disableg {in Modillcation
Register), then FE indicates a Iraming ereor. A fram.
ing error is delected during Ihe first siop bit, The ar-
FOf 18 (&3¢ by randing the Status Registar or by a chip
rosel. A lraming error does not inhibit the loading of
the Receiver Bulter.il RxD remains low, |he receivar

‘will a3semble the next character, The 1atse stop bil

13 freated a3 the nexl start bit, and no Pigheto-low tran-
silion on Al s required to synchronize the recaver.

¥hen the TME bit in the Modilication Regiater is get,
FE is used !0 Indicate that the transmitter was active
during thg ion of & ¢h . thus ndicating
that the character recaived was iranamitied DY 113 own
transmilter. FE is reset when the iransmitter 13 not
activs during the recepilon of characier. Reading the
sinlus regisier will not reset the FE bit In 1ha iransms.
ion mode.

OE — Overrun Error

1 the user toss nol read the character in tha Recerer
Butter before the next charsctar is received ang
tranalerred to this regisier, than the OF bit is se!, The
CE fag is st during the facepiion ol ihe trs siop
bit and is clesred whan 1nhe Staiyy Register iy read
Or when o hardware or sofwars resst occurs, The fiest
character received in Ihis case wif ba lost,

TP

Ml ] Il.el DA oA P P

PE — Parlty Error

This bil indicates that a parity error has occurted dur-
Ing the reception of a character. A panty error bs pre-
sent H valus of the patlty bil In the recesved characier
is differant from the one expecied according 1o com:
mand word 2 bits 8 EP. Tha parity bil ia expected and
chacked only if it is enabled by command word 2 bit
7 PEN.

v
A parity atror % set during the flrat stop bit and is reset
by reading the Status Register or by a chip ressl,

BD — Break/Break-in

The BD bit Iags whether & brask character has been
received, or a Break.In condillon exists on (he
Iransmisaion line, Command Regrsier 1 8it 3 (BAKI)
enables the Break-in Detect lunction.

Whanever a bresk character has basn recerred,
Status Recister BU 3 wil be set and in addition an
interrupt recuest on Level 4 is ganerated. The recever
wiil Do icfed. It will o Slarted again with the nexl hgh-
to-low lransition at pin AxD.

The bresk character recerad will nol be ioaded into
the tacmiver butler regisier.

It Break-in Dateclion is enabled and a Break-in con-
dition ocgur, Statuy Register Bil Y will be 281 and
In addition an interupl (equast on Level 5 13
qeneraled, .

The BD status bit will be reset on reeding the Natus
register of on a hardware or software reset. For
mars information on Broak/Break-In, refer 10 the

TBE — Transmitter Bufter Empty

TBE Indicaies the Transmitter Buller is ampty and
ia rendy lo mecapt & characior. THE iy set ty & chip
resal or the \ransfer of data to the Transmitter
Register, and Is cleared when a cheracter I8 writtan
1o the (ransmitler buffer, When T8E is sa1, an inter-
fupl request is generatad on Lavel 5 il anabled.

ABF — Receiver Buffer Full

ABF i3 set when the Racaivar Aulier Aas basn load-
ed with & naw character during Ihe sampling of (he
firs! 3lop bit. RBF is cloated by reading the recetver
bufiet or by a chip reser,

INT == Interrupt Pending

The INT bif reNects the state of the INT Pin {Pln 1%)
and Indicales an inlarnipl 13 panding. i |s résal by
INTA of by seading the Internapr Address Aegeter il
only one inl#rrupl is pending ana by & chip resel,

FE. OE. PE. RBF, and Break Datecl all genarate a
Lavel 4 interrupt when the recesver samples the lrst
siop bil. TRE, TRE, and Brdak-In Delect generale a
Leve! 5 interrupt. TRE genarates an interrupt when
TBE is set and the Transmilter Register finished
tranamilling, The Break-In Detect interrupt is issued
al Ihe same time a3 TBE or TRE.

Modification Register

L0 [rsa[msains2[Rs1] Aso | TME | DSC |

“Serial Asynchronous Communk ion of
AP-15) under “Recetve Break Detect” and *'Break-
In Datect,”

TRE — Transmit Reglster Empty

When TRE Is set e transmil register is empty and
an intefrupt request s g on Level 3 il en-
abled. Whan TRE #quais 0 the fransmd register 13
in the proceas of sanding data. TRE 13 set ty a chip
ressl and whan the lasl siop bit hos leH the ranamt-
lar. It Is resnt when a chqtpctsr 13 tonded into the
Transmilier Rogiater. I1CTS 13 low, he Transmitar
Regiater will be loaded during the trommission of Ine
slart bit, f CTS ia high s the end ol a characler, TRE
wlili remain high and no charactgr will be loaded info
Ihe Transmitier Register tnil CTS gons low, If the
lranamitler was inactive before a character 13 logd.
od inlo Ihe Transmitter Builer, the Tronsmitter
Register will be empty lemporandy while the bullar
is full. Howwver, the data in the butfer will be transler.
red 10 the transmimler ragister immadialely and TRE
will ba cleared while TBE is sel.

5398

{aF W)

DSC — Disable Start Bit Check

DSC disablen the receiver’s start bit check. In this
state the receivar will not be reset if AxD is not low
a1 Iha center ol the wiart bit.

TME — Transmisslon Mode Enable

TME anables ranymisson mode and disables (ram-
ing arror etection. For inlormation an transmssion
mode see the descriphion of 1ne Iramung weror bl in
the Status Registar.

RS0, RS1, AS2, RSJ, AS4 — RAeceiver
Sample Time

The number in RSn allers when the receiver sampies
AxD. Tne recever sampie time can be moditied only
if the receiver is nor clocked by AxC.

oMot

T
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A3 an output, FuC outputs 8 low-to-high transition at
sampling time of every data bit of & charscter, Thus,
dsla can be keded, 8.5., In® & shift register exioer.
nally. The tranaltion occurs only [f data bits of a
character are present, Il does not occur for start, par
ty. and stop bits (AxC = high),

AS an outpadt, TaC outputs tha Intemat baud mie clock
of the {ransmitter, Thare will be a high-to-tow 1ransi-
ticn at evary beginning of a bi,

€0, C1 — Syatem Clack Prescaler
(Bits 4, 5)

Blisdand § define the system clock prescaler divider
ratla, The Internal éparating tregquancy of 1,024 MHz
is dorlved from the system clock,

curs 1o that bit, When Commandg Registar 3 s read,
bits 0, 3, and 7 will evvays be zero.

RST — Reset

It RST iy set, the loNowing events occur:
»

1. Al bits In the S1atus Register except bits 4 and 5
are cleared, end bits 4 and § are sel.

2. The interrupt Enable, Intetrupt Request, and In-
torrupt Service Registers are claared, Pending re-
questy and incicallons for interrupts in asrvice witt
be cancelled. interrupt signal INT wll go fow.

3. The recalver and Iransmiller ara reset. Tho.

\ramamitter goes ictle (TxD i high), and the teceiver
antesy siart bit search mode,

4. I Poni 2 |1 progremmed for handshake mode, IGF
and CBF are reset high,

AST does not siter pors, daty regislers or command

tegisiers, but i hals any operation in progiess. AST

EP — Even Parity (Bit 6)

EP = 0: Odd parity
£P w t: Even parity

PEN — Parity Enable {Bit 7
Bit 7 anabtes par}n generation and checking.

PEN = Ot No parity bh
PEN = 1; Enable parity bit

The parity bit according to Commang Regisisr 2 bit
& {39% above] b inserted betwesn the last data bit of
& charactef and the first or only stop bit. The parity
il is checked during reception. A lalse panty bit
Qenaerales an error indication In (N8 S1atus Regrater
and an intorrupct Request on Level 4,

Command Register 3

[seT]rxe] e Triw [EnD[sBAK] TBAK] RST

‘ Clock at Pin

ct C0 [ Divicder Ratle CLK

2 [+] 5 5.12 MH:x

Q 1 3 3.072 MHz

1 ° 2 2.048 MHz is ically cleared,
1 1 1 1.024 MHz ’ '

RAST = 0 has not eftect The reset operabon triggered

by C::mrnunc Register 3 is & subset of the hardware
et

TBRK — Transmit Break

The tramamission dats outpyt TxD wil be set low as
2001 2% 1h_u transmisslon ol the previcus character
has baen linished, |t stays low until TBAK is claared.
The stale of CTS Is o mo significance for this
operation. As long as break is active, data fransier
from the Trensmitter Bufter 1o the Tranamitter
Register will be inhibited, As 300n as TBAK by reset,
the break condition witf be deactivated and the
iransmittar will e re-enabled.

SBAK — Single Character Break

This causes ihe transmilter data 10 be set fow fer one
<haracter including s1mi Bil, data oits, panty bit, ang
stop bils, SBAK I8 sutomatically clested when time
for the last daw bit has passed. It will s1set afier the
chatacter In prograss compimtes. and will delay the

-next gara lreaster from the Transmutier Bulter to The

(=R (2w)

Command Rexgistar 3 Is dlitsrant from tha first two
reqisters baceuse it has a bil satreset capability,
Weling & byt with it 7 high sets any bits which wers
aiac high, Writing a byte with Blt 7 low rasnts any bity
which ware high. Il any bit 0-6 I8 low, no changs oc-

Register unlil Tx0 returns to an kil
(marking} state. It both TBAK and SBAK are sel.
break will be sel as long as TSAK Is set. byt SBAK
will be cleared alter one characler tima of break, If
SBAK is set again, il remains set for ancther
character, The vser can sand & delinite number of
break characters in this mannar by clearing TBAX
aller seiting SBRK lor the lasi charactar Hme.

6-386
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END — End of Interrupt

1t {ully nasted imerrupl mode ks selocted, this bit reset
1he currently served tnterrupt lewel in the | Ser-

M ITTR ST 7o ST eI RS I T A T T

P2C2, P2C1, P2C0 — Port 2 Control

vice Register, This command must cecue af the end
of each interne Jervice routing during fully nested
interrupt mode, END s autamatically cteared when
Ihe Interrupt Service Register (Internal) ia ceared.

END ts tgnoved il neated tnterrupls are not

NIE — Nested Interrupt Ensble

When NIE squaly 1, the nerupt controltar will
operate in the nested Interupt mode, ¥When NIE
equals 0, the Nterrupt controfier wil operate In the
normal ntertupl mode. Reter 10 the “Interupt con:
trofter™ section of AP-153 under “Normsl Mode™
and "Nested Mode™ lor & detailed description of
these operations.

IAE — Interrupt Acknowledge Enable

This bil anables an automatic risponse 1o INTA. The
particular fesponse is delarmined by 1he BOB6 bil i
Command Register 1.

RxE — Recelve Enable
This bit enables the sadal receiver and ity associaled
status Dits in 1he statys cegister, If this il s ream,

the setinl recoiver will be disabled and the recewve
talus bits will not e updated.

Note ihat the deteclion of break cheracters remains

while the is disabled; v.a., Slalus
Register Bil 3 (BO) will be el whila tha recowet is
| h a braak ¢ has been

recognized al the receive dats input AxD.

SET — BlrSet/Reset

I 1 DIt I3 high during = wits 1o Command Hagiﬂ-_r
4, than any bit marked by & high will 3al. If this bil
I8 kv, then arvy bit marked by 8 hign will be closed.

Mode Register

[ras[tealvsc[cralcrziPeca{Peci [ P2co |
(3R} (v}

1l teg!l mods is selocted, the oulput from \ha internal
baud raly generstor is placed on bil 4 of Porl 1 (pin
%),

To achieve this, it I3 necessary Lo program bl 4 of
Porl 1 a3 an ouipul [Port 1 Control Regiatar Bit P14
= 1}, and 10 program Command Fegister 2 bits Bl
« 80 with a valug > 3H.

k......

— e

Direction
P2C2 | P2C1 | P2CO Mode Upper Lower
L] 9 ¢__]Nibble Input | Iny
9 1] 1__ |Nibble Input_| Culput
0 1 9 [Nibble Culput | tnput
] 1 1 |Nibble Qutput } Oulput
1 o 1] Byle Input
Handshake
Qutput
' ° ! Hnra;str.tam ”
1 1 2] 00 NOT USE
1 Y 1 |Test |
MOTE:

11 Port 2 1 ooerale m handshaks mode, interupt Level 7
s not avaratiy lor Times S, Instesd s s33gned to Por 2
handshakeg,

CT2, CT3 — Counter/Timer Mode

Bit 3 and 4 gsliney the mode al operation of avent
counterimers 2 and J (egardless of i3 use a3 8 single
unit or a3 a cascaded ong.

it CT2 or CTJ ara high. then countertlimer 2 or 3
respectively is confiqured as an avent courtar on bil
2 or 3respecinely of Port 1 {pins 37 or J6). The svent
counler decraments the count by cne In each iow-
to-high transihon of tha external inpul. 1 CT2 or CTI
i1 low, then 1he respective countarnimer is confiqured
as a umes and (ha Port | parry are used for paratiel VO,

T5C — Timer 5 Control

1 T5C is set, then Timar 5 can De presat and staried
by an extarnal signal. Writing 10 the Timet § toguater
Ioes the Timer S aave (egister #nd 5ops 1he hmer
A high-to-low Irensition on hit $ of Fon 1 {pin J4) boad's
the \lmes with the saved valve and piaila the himer,
The next high-io:ow iransdon on pin M {eirggers
the tirmer by raibading it with (e nitial value and con-
1inues timing,

Following & hardwars raset, The save ragister is resel
12 00H and bolh clock and \NGEH npuls are diy-
pbled. Transtmnng an instruction with TAC = 1
enapies the Wgger input. |he SEve regisier can now
be ioaded wiih an initial valus, The first (HQQer pulse
causes the initral vatue 10 ba Joaged from the save
registes and anabley tha counter 10 count down 10
8ro,

Whan tha limer reaches zoro il issues an interrup!
request, disables its intarrupt level and continuss
counting. A subsequani Pgh-to-low iransition an pin
S tpzels Timer S Lo 11S indlinl vatua. For anothar timer
intarfupt, the Timer 5 intriupt enable bit must be set
again,

TOTIH001
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A.C. CHARACTERISTICS (TA = (0°C 10 70°C, \-":c = +5.0V & 10%, GND = 0V) A.C. CHARACTERISTICS {continued)
BUS PARAMETERS SERIAL INTERFACE AND CLOCK PARAMETERS
B258AH - 0258AH
Symbol Parameter Yy ey Unita Symbol Parameter P Yoy Units
Ly ALE Pulse Widih 70 ns 3 Clock Pariod 195 10,000 ns
tCSL T8 1o ALE Setup Time ! ¢ ns ICLKH Clock High Pulse Width 65 ns
1AL Address 1o ALE Satup Time 20 ns ICLKL Clock Low Pulse Widih . 65 ny
LA Address Hold Time Ahtter ALE 30 ns tA Clock Rise Time a0 s
nec ALE 10 RD/WR 20 ns 1F Clock Fall Time 30 ns
ICC AD, WR, INTA Pulse Widih 200 ns 1SCY Sarial Clock Period {4} 975 ns
1RD Data Valid from R (1) 150 ns 15PD Serial Clock High {4} 350 ny
OF Data Float Atter AD (2) 70 na : 1SPW Serial Clock Low {4) 350 ns
1ow Data Vaild 1o WR 200 ns ISTD Internal Status Updale Delay From Center ol 300 ns
WD Data Valid Atter WH - 50 na Stop Bit (5) :

i tCL ABANA Control 1o Latch Enatie 25 ns 107X 5T to TeD Cata Valid i | 300 ns
‘ t#LDR ALE io Data Valig . 180 p IRBF INT Dalay From Center of First Stop 81 2CY ns
tAST Reset Puise Widin 500 ns , : +500

priet Riocovary Time Berween ROTWR %00 -~ UTBE Tn: lg'cl;l\; :rgl;:i Falling Edge of Transmit Clock at 31;:;2 ns
TIMER/COUNTER PARAMETERS Fl [ ICTS Pulse Width for Singls Character Teansmission (]
tCPI Counter Input Cycte Time (P12, P13y 2.2 ua PARALLEL IO PORT PARAMETERS
ICPWH Counter Input Pulse Width High 1.1 us ) WP W 1 1o P1/P2 Data vaid 2 o
ICPWL Sounter Inpul Pulse Width Low 11 us ) £1/P2 Data Stable Before B0 1 (7) 300 i
\TP! Counter tnputt to INT! at Terminat Count 2.5 ps AP P11P2 Data Hoto Time %0 =
1TIH LOAD Putse High Time Counter 5 1.1 us AR ACK Puise Wiih 150 s
ITIL LOAD Pulss Low Yime Caunter § 1.1 3 ST Sirobe Pulse Widih | sia e
PP Counter 5 Load Belore Nexi Clotk Pulse on P13 1.1 us . \PS Data Setup (6 518 ¢ 50 -
ICR E:?.ng ?Eﬁ.?m to ABL to Ensure Clock is 22 uso P Data Hold Afer ZV5T P s
IRC ﬁr 1@ External Count Clockt 1o Ensure Clock 0 ns wos WA 1 1o OBF t 250 ns
- is not ReBectad in Count 1AQB ARG 1 OBF 1 ! 250 ns
I 1cw External Count Clock? ro WRt to Ensure Counl 2.2 s 1518 §8 i IBF s | 250 ns
: Written is Nol Decremanted ™ AD 110 IR T : 250 ns
we WRI to External Count Clock to Ensurs Caunt ) ns t ST STB t1o INT 1 : 2CY ns
Written I3 Decramanted H « 500
INTERRUPT PARAMETERS i WIT ACK 1t 1o I § ; oY ns
DEX EXTINTI 1o INTH 200 ns i L +500
0Pt interrupt request on P17Y to INTH 2CY ¢ \AED OBF | 10 ACK | Delay i o | ns
+500 ns i ROTES:
Pl Pulse Widih of Interrupt Request on P17 tCY + H 1. G = pF #f oulputs. 5. The cantst of the Siop Bit watl i 1ha receves
100 ns | 2. Measured liom logic “one” o “toro ' sampie lima, a3 piogrammedt by ihe modificalon register.
y o 15V a C\ - 150 pF, & V1B bal lenmin das 32X BAX: 100 ny lor 1X.
HEA INTAI or FDY to EXTINT? 0 . n3 : 3. P12, P13 ara extemnal clock nputs., 7. To ensure ty, s00c 1§ mos,
| tHIA INTAT or D! 10 INTE 300 ns ! 4. Note thet AxC mey be used 83 0 inpul onty
in X mode, othermas i witl be an quiput. ,
¥
[ t
130739001
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s258aH  ADVANCE INFORMATION

* WAVEFORMS .
) A.C. TESTING INPUT, QOUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
m‘rn;r:u'r - e
70 ; LmbeR |
. o oy Mot C w130 o8
e o8 a1 I e
"QTE':' B

AC. tooling: Inpuls are driven al 2.4V jor a logie <t avd
0.45Y kor & logic 0™, tming maasisemants are macs &l 2.0V
kr a logic 1" and 0.0V for a logic "0,

NOTES:
c‘_ - 150 pF
c,_ Inctudes Jig capachance

SYSTEM CLOCK

o

WRITE CYCLE

) e DATA K

intel

8256AH

L

ADVANGE INFORMATIO

WAVEFORMS (Continued)

PARALLEL PORT HANDSHAKING - INPUT MODE

1\

AN i

= O

PARALLEL PORT HAND}!AKING = OUTPUT MOQDE

o
e /] L '
K N e ———
%__.“._j.'Tx__'fL._.ﬂ
READ CYCLE -
LL 1 ™ R
e 4 R
‘ _ ‘or o]
s o ‘n y — tu

o'&" DATA
a YALID
-

X

wR
Yion
1 P —————————

oan
'u L i
o5 ™— /lgi_-l s
wr ’

WTAon A8 f——

|.| ! \——/
- . - OUTPUT amaune - = o — - -
oy’ o P P - ATA VALMDLIRCS iy o oo DA B S e e
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COUNRT PULSE TIMINGS

P12 Py
COUNTER sy ] EDGE CAUSING

! ' : ZEAO COUNT
b ™ 1
™y f

LOADING TIMER {OR CASCADED COUNTER/TIMER 3 AND 5)

"M EDGE CAUSING
[COUNTZR tipuT)

N ™ TtA0 counr
L

s

{COUNTEN NPTy

| ' I"mj o=
mr

TRIGGER PULSE FOR TIMER 5 {CASCADED EVENT COUNTER/TIMER 3 AND .5}

s
(TRIGOER thruT)

COUNTER TIMER TIMING

EXTERMAL CLOCK
(M1 Py

T
o *V\__/f____—
i I R

CUTPUT FROM PORT 1 AND PORT 2

LY Km\u vaLID ) o
-3

wR .
ey ]
oUTMUT

X

P17, #2007

6-398

oo e s

INPUT FROM PORT 1 AND PORT 2

NPUT
PF1g-11, PI0-27
t

-3

INTERRUPT TIMING

MIERAUPT FRONM /7
"7 [t Ly —e]
I""nu""

)

' /

a mu

EXTINT

CTS FOR SINGLE CHARACTER TRANSMISSION

= X X \t—-m—-

RESET TIMING

RESET

1
b 1

EXTEANAL BAUD RATE CLOCX FOR SERIAL INTERFACE

e
{04 X ANTH 37
BAUD RATE mwPyT

6-399 L 01 :
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"I'FIA.NSMITTER AND RECEIVER CLOCK FROM INTERNAL CLOCK SOURCE

[Tt et 1]
Tk, g N LA N
{ouTPUT}

L_.....'I * YrBAUD RATE —ed

ey

.

TRANSMISSION OF CHARACTERS ON SERIAL INTERFACE

REQUSTER 1
NT 3 {TRE)

& a8, Hl'all’l

STATUS
REQUSTER
T & (TAE}

WA ) \ﬁ ’ in s
. , cee A
TATYs = el : J
B ! /]

- mmu‘! MO0 “nmm

1 =8
naves 5 | ' I ' 3 3 (F’.‘
\l
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APPENDIX - D

' HADWARE DEVELOPMENT
. TECHNOLOGY



" D.1 Introduction to Procedure/Methodology

Brief Description on the Procedure / Methodology:

1. Minimum system with the following components were built in a grid-board by wire-wrap. Page-193,
196

8086 (CPU) 8284 (Clock Chip)

2x27256 (Two EPROMSs) 3x74L.8373 (Three Latch)
8279 (To Control Display & Keyboard) 1-CC 7-Seg Display

2716 (EPROM as Decoder) 74LS154 (To Drive Display)

2. Just minimum amount of Boot Codes will be written into 2x27256 EPROM s so that the character A
appears in the 7-segment display.

3. Akey will be connected to the system via the 8279 chip and an additional 74LS138 chip.
(74LS138 is a 3-to-8 line decoder).

4. Codes will be added to the 27256 EPROMS, so that now the character A appears on the 7-segment
display when the key is pressed.

5. Now, the core hardware is ready to accept more functional ICs and software:
6. Display will be expanded to 16-digit ( still by wire-wrapping).
7. Keyboard will be expanded to 18-keys. 2x62256 RAMs will be added.
8. The Monitor' program’s Fléw Chart (minimum}) will be developed.
9. The flow chart will now be slowly and carefully coded.
10. The binary codes will be entered into the 27256 EPROMs, tested and debugged.

t1. The flow chart will slowly be expanded as much as possible and will be coded and written to
EPROM.

12. Using SmartWork software, the PCB artwork of for the schematic will be developed.
13. The results, the difficulties and the ways difficulties were solved, will be documented.

14. Finally, the product will be physically made. The documents will be organized as per rules of
Thesis preparation.
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Components Organization:

Because the 8086 system is a educational trainer, its components are visible. Therefore, the arrangement
ol the various Ics have to be well placed relative each other so that the board looks pretty without
sacrificing the optimum rottes of their interconnections using copper tracks.

All the components including keys, connectors and etc. are gathered. A holed grid board is arranged. The
components are placed on the grid board. Various positions are tried until a good looking and well
organized lay out is found. The obtained lay out is shown to no-electronic people to asses the
arganizational beauty of the board. Refer at page-187 for the component lay out that we have chosen for
the 8086 trainer. It is a good practice to keep a model of this one if possible. For our case. we don’t have
except the engineering prototype.

D.2  Wire Wrapping Aecessories:

Wire Wrap Sochet:

Allows developing and testing circuits based on pure thought. [f the circuit does not work due to faulty
design or faulty connections, then it is very easy and quick to modify the wiring just by unwrapping the
connection,

Muanual Wrap Tool:
Type P160-2B tool will make wrapped wire connections manually with No. 26 through 30 gauge wire.

Manually Unwrap Tool:
Type P160-1B slips over terminat and is turned to unwrap 26 to 30 gauge wires wrapped either right or
left on 0.025” or 0.028” square posts.

Powered Wrap Tool

Tvpe P148-7-30 tool comes complete with external power supply. The tool makes standard wrap joints
for solderless wrapped terminations. With an 03 bit this power too! wraps No. 26 through 30 gauge
wires.

Wire Wrap Wire:
P160-6A package is a tension regulator wire spool bracket. Usually comes with 200 feet of spool of No.
30 ecauge silver plated wire with Tefzel insulation.

- P18D-2B

PEpa-r-30
P1§0-12

PIEO4A Wik diced Wre

Fig - D.2 : Wire Wrap Tools and Accessories

Local Vendor: Foreign Vendor:
Sabium Electronics Network Electronics
34. Stadium Swimming Pol 4801 N, RAVENSWOOD AVE.
Dhaka Stadium , Dhaka - 1000 CHICAGO, IL. 60640 - 4496
BNAGLADESH US.A
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D.3  PCB Assembly Manufacturing
The industry standard procedures for making a quality graded PCB (Printed Circuit Board) assembly are
01. Use of a flexible software for developing the PCB artwork. Flexible means that the software
02. will allow easy changing of the width of the PCB track and the inter/external diameters of
the pad as per the diameter of the component leads. For example, the BM (Board Maker)

software.

02. Use of plotter to obtain industry standard good quality 2X (Two Tunes) print of the PCB art-
work,

03. Good camera works facility on the premlses to obtain real size negatlve positive films of the
PCB artwork.

04. Solder Mask including PTH (printed through hole) facilities.

05. Industry standard Screen Print facility or Photo Resist facility to transfer the PCB artwork
impression on the copper clad board.

06. Industry standard temperature controlied itching plant.

07. Industry standard CNC (Computer based Numeric Controlled) drilling facilities.

08. Finally, wave soldering facilities for high quality soldering.

While building the 8086 trainer, we had none of the facilities stated above prevailing in the market. But,
vet the product has been realized and available for learning purposes. This section will discuss how the

job gets done inspite of lacking of the required services.

PCB Artwork Making :

Software Used : SmartWork Software (Old version). Capable for putting only two sizes
. copper tracks and two sizes pad.
No of Layers T : Solder side Layer page - 188

: Component side Layer page - 189
PCB Artwork Print: ' :

PCB Artwork Size :9.457 x 7.657
Printer Used _ : EPSON LX - 800 3” and 9-pin Dot Printer
Print Difficulties : The software produces 2X artwork PCB. The printer is only 87

span.Therefore, the print of each layer had two pieces and glued
together. This has created mechanical misalignment while
adjusting the solder side and component side layers.
PTH Solution: ‘
In Bangladesh, there is no commercial use of double layer PCBs. Therefore, the relevant infra structure
did not get developed. The design of the 8086 trainer could not be realized using single layer PCB. We
were well aware about the non-existence of PTH facility. The PTH has been done manua]ly in the
following ways:

Refer to PCB artworks at page- 187, 188, 189.

Pin - 10 of U2 (page-197) will have copper tracks at both layers. So, the pin-10 should have a PTH
(Printed Through Hole). Since, we could not place a PTH there, still we managed to get copper tracks
from pin-10 at both sides of the PCB in the follwing way:- '

A hole is drilled near pin-10. Copper track has been made at solder side from pin-10 upto the new hole.

At the component side, copper track has also been made from the new hole upto the target. A wire is
inserted in the hole and it is soldered at both sides with the pads.
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PCB Manufacturer:
Design Group Limited, 65-66, Khilgaon Taltola uper market, ist Floor.Dhaka, Phone: 416178, 415772

D.4 Soldering techniques

Manual Soldering:

The IC socket pins and others are soldered manually. Manual solder causes no problem if done following
the prescribed procedures. Otherwise, there would remain many cold solders leading to intermittent
problem throughout the life of the product. There are about 2700 points in the 8086 trainer PCB which
are to be soldered by hand. Fortunately, the author possesses 13 years of soldering experience along with
professional training on soldering, to finish the soldering job of the trainer. Given below, the standard
procedures of Hand Soldering which needs to be exercised on regular basis till the soldering proficiency
is achieved by an worker.

Type of Soldering : Temperature of the Soldering Iron Bit:
Surface Sodering means Romm Temperature soldering: Should be around 600°F

SOLDERING
1RON

Procedures: COMPONERT
0t. Place the soldering iron tip at 45° against both the lead LEAD /

and the circuit board foil as shown in the picture to the POt
right. Let both be heated for two to three seconds.

CIRCUIT BOARD

SOLDERING
02. Now apply solder to the other side of the connection as (RON
. . . SOLDER
shown in the picture to the right. Allow the hetaed lead
and the circuit board foil to melt the solder. FOTLN
SOLOERING
Co . . IRDS
03. When the solder begins to melt, let it to flow around the SOLDER /
connection. And then remove the solder and the iron. ForL
Allow the the connectin to cool down. Figure to the - ]
right.
04. Trim the lead lengths close to the connection. Clip the

. Fig-D.4(a) : Soldering Techni
leads to prevent them from flying toward eyes. BD-4@ e e

A Good Solder Connection:

And Gracualy Blonds PR Fig-D.4(b) : Good Soldering
With The Fot And The ,'," - Soldering
e tron
'/.‘, - "™ Postoned
i Correctty

Poor Solder Conncctigq: Fig -D.4 (c). .

Scider Doas Not Flow
Onto Load. A Hard Rown - Scider Appears To pid

Fiow inward Ang St O+ -, Stldering

Top Of Fail S
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D.7 Component side PCB Artwork Looking form Top
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D.8

Solder Mask including PTH (Printed Through Hole Mask) of the PCB Artwork
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APPENDIX - E

MONITOR PROGRAM
DEVELOPMENT TECHNOLOGY



Introduction : . . ' .
The monitor program is the mind of the trainer. It regulates all possible behavior of the trainer. The size

of the monitor program is about 12Kbytes including the kernel, the subroutines; the stand-alone routines
and the data tables. The code/data bytes are fused in two EPROMs arranged in ODD and EVEN banks.

This section will make an attempt to document the methods adopted to write and fuse the program
codes/data into the EPROMSs.

Let us begin with an example to demonstrate how has the job been accomplished. The example is the
Subroutine-4 (SUR#4). This subroutine allows to print a hex digit at any position of the 7-segment
display unit..

01. Preparation of the Source Codes using EDIT program of the DOS Package.

MYCODE SEGMENT ; 01
ASSUME ¢5:MYCODE ; 02
mov  al, BYTE PTR [bx] ;03
mov  bx, BYTE PTR [bx] ; 04
add bl, al ; 05
mov  al, cs:[di] ; 06 _
mov  si, 044Ch ; 07 register si to be loaded with
4C04h
mov  di, fsi] ;08
mov  [di], al , ;09
dec di ;10
mov  {si], di ; 1
mov  bx, 0004h : 12 bx is to be loaded with 0400h
call SUR#3 ; 13 calling at FO00:FFB6
dec BYTE PTR [bx+40h] ;14
ret ;15
MYCODE ENDS ; 16
END 217

Note that at line-12, the instruction is ‘mov bx, 0004h’. Actually, the standard way of writing is ‘mov bx,
0400h” while using MASM and LINK. The MASM produces codes ‘BB 04 00 for the instruction mov
0400h” and the LINK transposes these codes into ‘BB 00 04’ to satisfy the condition that for Intel
processor the lower byte comes first. But, since we did not use LINK program, we had to write the
instruction in such way so that when the program is processed by MASM, we get the right codes - lower
byte comes first and ready to enter in the trainer manually.

02. Now assemble the above source codes using MASM and prepare the following SUR4.Ist
file. '

The SUR4.ASM file has to be repeatedly assembled until all the errors have gone except the
errors for the undefined symbols. In the case of this example program, the only undefined
symbol is SUR#3.We know the calling address of the SUR#3 (Subroutine - 3) which we could
not enter into the source codes due to certain limitations of the Macro-Assembler package.

202



03.

04,

0000 - 8A 07

0002 - 8B IF

0004 - 02D8

0006 - 2E 8A 05

0009 - BE 4C 04

000C - 8B 3C

000E - 88 05

0010 - 4F

0011 - 89 3C

0013 - BB 0004

0016 - 9A B6 FF 00 FO : 20-bit address of SUR#3 is know. So, we use FAR cali
; The opcode for FAR call is ‘9A’. The instruction size ;
; is 5 bytes. Therefore, the next instruction would start at
: offset 001B.

001B - FE 4F 40

001E - cB : the opcode for ‘ret’ instruction due to FAR call is‘'CB’.
- ; C3 is the opcode for the ‘ret’ instruction of NEAR call.

Now, choose suitable EPROM space (20-bit system address) from which the codes will be
stored. :

Let us choose memory location FF400h.
Now, rewrite the program codes of step-02 as follows with respect to base address FF400.

FF400 - 8A 07

FF402 - 8B IF

FF404 - 02D8 .

FF406 - 2E 8A 05

FF409 - BE 4C 04

FF40C - " 8B3C

FF40E - 8805

FF410 - 4F

FF411 - 89 3C

FF413 - BB 00 04

FF416 - 9A B6 FF 00 FO ; 20-bit address of SUR#3 is know. So, we use FAR call
; The opcode for FAR call is ‘9A’. The instruction size ;
;1s 5 bytes. Therefore, the next instruction would start at
; offset 001B.

FF41B - FE 4F 40

FF41E - cB ; the opcode for ‘ret’ instruction due to FAR call is
‘CB’. ; C3 is the opcode for the ‘ret’ instruction of
NEAR call.

Splitting the Codes into EVEN and ODD Locations
The instruction codes of section-03 will be fused into two EPROMSs. The EVEN address

numbered bytes will be fused into EVEN banked EPROM and the ODD address numbered bytes
will be fused into ODD banked EPROM. Therefore, r-arrange them manually as follows:-
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EVEN address Bytes : ~ ODD address Bytes

FF400 - 8A FF401 - 07
FF402 - 8B FF403 - 1F
FF404 - 02 FF405 - ‘D8
FF406 - 2E : FF407 - 8A
FF408 - - 05 _ FF409 - BE
FF40A - 4C FF40B - 04
FF40C - 8B FF40D - 3C
FF40E - 88 FF40F - 05
FF410 - 4F FF411 - 89
FF412 - ic FF413 - BB
FF414 - 00 FF415 - 04
FF416 - 0A FF417 - B6
FF418 - FF FF419 - 00
FF41A - FO FF41B - FE
FF41C - 4F FF41D - 40
FF41E - CB FF41F - FF

Fusing EVEN addressed Bytes into EVEN banked EPROM

The EPROM type is 27256 of capacity 32kbytes. Its unit address is 0000h- 7FFFh. Now, we
need to determine which unit address of this ROM does correspond to the system address
FF400h. '

Procedures:
a. Get the 20-bit physical address written here. And enter the {st location bits

Al9 Al1B Al17 Al6 ALS Ald Al3 Al2 All ALD A09 AD8 AD7 AO06 AD5 AD4 A03 A02 AOL AOO

1 1 | I 1 1 i I 0 | 0 0 60 0o 0 0 0o 0 0 0
b. Now, we discard the lowest significant bit. Write down below what we have got:-

i | 1 ! 1 1 | 1 0 1 0 0 0 0 0 0 0 0 0
c. Now, get the hex format of the bit pattern of step-02. We get:-

TA00

d. So, the data value 8A will be fused at location 7A00h, 8B at location 7A01 and so on.
e. Now, re-arrange EVEN address data bytes of section - 04 as follows:-

EVEN address Bytes

TA00 - 8A

7A01 - 8B

TA0Z - 02

7A03 - 2E

7A04 - 4C

7A05 - 3B

TA06 - 88

7JAO07 - 4F

TJAO8 - 3C

TA09 - 00
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TADA - 9A

7JAOB - FF
7TAOC - FO
7TAOD - 4F
7TAOE - CB

06. Actual Fusing of the Data into EPROM

We use the IBM-PC based DOS dependent EPROM Programmer of the following particulars:-

0l. EPROM Programmer : Model : EW - 901 BN
02. Manufacturer : Shunshine Company of Taiwan.
03. Local Vendor : Sabium Electronics
34, Stadium Swimming Pool
Dhaka - 1000, Bangladesh

Procedures:

01. - Execute the EPROM]I.exe program.

02. Select the EPROM as 27256 for Vpp = 12.5V

03. Select the programming pulse algorithm as ‘Quick’

04. Insert a blank EPROM in the ZIF socket.

05. Make a Read Operation

06. Choose the Edit option

07. The screen should show all FFs or at least that part where we want to fuse our codes
08. Now, enter the codes of step-04 into the specified memory locations.

09, Now program the (fusing) the codes into the EPROM.

07. The procedures applied for EVEN address bytes fusing equally applicable for ODD address
bytes fusing. '
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COLOR PLATES



Component Side of the Prototype 8086 Traincr

F.1

Component Side of the Prototype 8086 Trainer

Fig-F.t:

Wire-wrap Side of the 8086 Trainer

.2

Fig-F.2: Wirc-wrap Side of the 8086 Trainer
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Component Side of the PCB of the 8086 Traincr
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F.3

Solder Side of the PCB of the 8086 Trainer
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F5  Pictorial View of the 8086 Trainer
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