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Laboratory Marking Scheme

. Labs are marked out of 10.
. Prelabs consitute half (i.e. 5 marks) out of the total lab mark of 10.
. Partially finished prelabs are penalized 2.5 marks which means that the maximum mark

obtainable for that lab is 7.5/10.

. A student showing up for a lab without the prelab done receives 0/5 for the prelab and

can therefore only obtain a maximum of 5/10 for that particular lab.

. Prelabs are marked individually. Both students in a group are expected to do the prelab

to obtain full marks.

. Late labs can be finished in subsequent weeks. Labs are penalized 2 marks per week

when finished more than one week after the scheduled lab penod.

. Students can obtain at least 5/10 for a lab by just turning up at the scheduled lab period

and attempting to complete the lab, even if the lab is not completed, and the prelab is
not done.



LABORATORY #1

Familiarization with the SDK-86 Keypad Monitor,
Downloading and the 8086 Instruction Set

T.A.
Description Student # 1 Student # 2 Initials Date

Student
Name

Student
Number

Prelab/
Attendance

Lab #1
Completion.

HOME PREPARATION:

1. Read the SDK User’s Guide (one of the two white books), chapters 3 and 4. Chapter 3
is summarized in Tables 3-1, 3-2, 3-5. Chapter 4 is summarized in Table 4-1. The sys-
tem consists of an extemnal SDK-86 board comnected to an IBM PC. Chapter 3
describes the SDK-86 keyboard monitor. Chapter 4 describes the serial monitor which
performs the same type of commands as the keyboard monitor, except it allows you to
execute them remotely from the IBM PC keyboard.

2. Bring in a blank 3.5” floppy diskette for storing your programs.
3. Thus lab has four parts. Prepare the code for parts B and D.

LAB #1: INSTRUCTIONS

Fill in the blanks on these question sheets (One per group). These sheets constitute your
Iab report. The T.A. will ask you questions about your work. You will have to demo your
work to the T A.

PART A: SDK-86 AND KEYPAD MONITOR COMMANDS:

1. Page 1-1 of the SDK-86 User’s Guide indicates that the systems can have either 2K or
4K of RAM. By examining the SDK-86 printed circuit board, how much RAM is in the
systems in the lab ? K

2. What addresses does the RAM memory occupy?
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3. Page -1 also indicates the clock frequency is 2.5 MHz or 5 MHz (jumper selectable).
From page 2-11 of the SDK-86 User’s Guide (or Figure 2.2 in the SDK System Design
Guide) the jumper settings are either W40 or W41. What is the correct jumper setting
for 2.5 MHz operation ?

Find the jumper on the SDK-86 board and make sure it is set for 2.5 MHz operation.

Familiarization With Keypad Instructions
For the following exercise, refer to the examples on pages 3-8, 3-9 and 3-12 of the SDK-
86 User’s Guide.

1. Reset the system (press SYSTEM RESET key). NOTE: Hirring reset will not clear the
main memory. Only the registers are reser.

2. Examine bytes FEOQ:5 to FEO00:9 using the SDK command EB FE00:5,,,,,(EBisa
single button “examine byte” command. pp. 3-8)

Contents:
FEQO:5 H FEOO:6 H FEQ0Q:7 H FEOO:8 HFEQO:O H

What physical address is represented by FE00:0 ? H

3. Give an EB comrnand that accesses the same addresses as the previous one but uses
different segment and offset values:

4. Move a block of data, 6 bytes long, starting from location FEOOOH to a new area start-
ing at location 300H (see example on pp. 3-21).

What is the word at location 00300H:? H. Use the EW command (pp. 3-9) to

change its contents to ABCD H. Examine it again to confirm the change. Give the 6
byies starting from 00300H:

5. Do a SYSTEM RESET. What are the contents of CS ? H
‘What is the absolute address of CS:29H ? H
Examine the DS register (pp. 3-12); give contents H
Change its contents to 30 H and examine it again to confirm the change:
H
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6. Examine all registers starting from AX using the command ER AX , , , , ., (untl ali
shown) and write down the contents:

PART B: 8086 OBJECT CODE:

1. In the program shown on the next page, hand assemble the two mstructions whose
object code is not shown. Show how each bit of the hand assembled instructions was
determined.

2. Key in the program as bytes starting from location 100H. If you enter them by words,
you may get the order of the bytes reversed.

3. Modify the words at location 150H to 3H and 152H to SH.

4. Execute the program by keying the GO key with a break point set at 114H. ( See pp.3-
17 and 3-18 for the syntax ).

5. Examine the words at the following locations: 150H 152H
154dH______ 160H
NAME TEST

- J
r

;**94.461 LAB 1 Part B.

. kd
¥

;** A simple test program that enters an infinite loop.
;**

PROG SEGMENT

ORG CQ100H

ASSUME CS:PROG,DS:PROG

START:
MOV AX,CS BC C8
MOV DS, AX

LOCP: MOV BX,l1l50H BB 50 01
MOV AX, [BX] BE 07
ADD AX, [BX+2)
MOV [BX+4],AX B9 47 04
MOV BX,160H ¢ BE €0 01
MOV [BX],AX BS 07
JMP LCGOP EBR EE

PROG ENDS
END SETART
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PART C: DOWNLOADING FROM THE IBM PC TO THE SDK BOARD

1. Each PC has a sub-directory called 361 {or 461) that contains a number of files. Change
to directory 461,

NOTE: Take copies of the two files LAB1B.ASM and LABIDASM and put them on
vedr floppy disk, Included in these proprams are valuable comments abowt how to use
the MASM asvembler. fvalubiz in other labs)

Copy these files ooto vour floppy disk and then from dove Aq (or B, Assemble the
program by ryping:MASM LABI1B. [t produces LABIB.OBJ

3, Link the program by typing: LINE LAB1E. It produces LAB1B.EXE.

4, Coovert the executable code to hexadecimal format for downloading by typing:
EXEZHEX LAB1B.EXELAB1B HEX

b

NOTE: There is a batch program called ASSEM that will do steps 2 through 4 for youw,
For example, type ASSEM LABIB. It showld be noted though that in case of an error, it i5
wise 1o execute MASM and specify a 1LST file name which cap be examingd for errors.

5. Reset the SDK board and execute the SDK-86 command: GO FENK:D . (don't forget the

period at the end). The SDEK will display B6 1.2 to show that the serial monitor is oper-
ating.

6. Execute the PC command:SDE

-]

. The prompt for the SDK program is a dot. To download the program enter the PC com-
mand: L. LAE1B.HEX

8. You can run the 8086 program either from the PC kevboard or directly on the SDE key-
board. To run it from the PC enter the command “G” and hit retumn. IT you check the
program vou will see that it is in an infinite Joop and therefore nothing will show oo the
screen of keypad monitor.

9. To stop it, press the SDE-86 SYSTEM RESET and repeat commands = and 7. NOTE:
Hitting resel will not clear the main memaory. Only the registers are reset.

10.To run the program from the SDE-86, press the SDE-86 SYSTEM RESET followed
by: GO 100,114. {don’t forget the dot]

This results in a breakpoint shown oo the SDK display as: -br

11.Examine the words (use “EW™) at the following locations:
150H 152H 154H 160H

PART DI: FAMILIARIZATION WITH THE 8036 INSTRUCTION SET

In the 361 {or 461) directory is a file called LABID. ASM It is an 8086 assembler program
that simulates a ¢lock. It displ avs hours, miovtes and seconds on the SDE-86 LED display.

L. Browse through the code. You will find that the subroutine o wait one second (WAIT)
only contains a retum stalement.
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1. Finish the WATT subroutine by wnting the code to delzy one second. Ignore the tmes
taken by other subroutines such as TPDATE, We just wan: vou to write the code for &
one second defay.

-Remember that vou set the clock freguency to 2.5 MHz.
-Make use of Table 3-14 (p 3-57) in the 8036/8088 User's Manug! as well as the num-
ber of clock cvcles taken by each insoruction.

1ad

. Write the code for the WATT subroutine before vou come to the lab. For this tirst lab, it
15 not required to understand the rest of LABID ASM However, you will have 1o
understand the copoepts of the softwars-hardware interface later in the course. It can’t
nurt to browse through it now.

. During the LAB, add your code for the WATT routine to LABR 1D ASM and assemble/
hek/download it to the SDE. Eun it and demonstrate it to the T A,

Ju

The following code is part of LAB1D ASM

P *E AT ¥ [(Pleass wrizte code below in spacs provided) .

- -
'

4 Corteine loops whick run for apcroximetely cne second {within 25%)
i™* Dioez oot coke ints azcount the Tun time of the othsr proosdures
;7% in the CLOCY progz=am {they ere necligible with ressect to bhe

"¢ orocessor speed wariancs; .

WATT FRCC WEARR
KET

WaIT i o) =

Final Bemarks

Do mot lezve any of your files on the hard disk. Copy all your files to vour floppy disk ,
smece all files on the hard disk will be lost when you logout.
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LABORATORY #2

Signal Waveforms and Parallel Port Programming

| LA
Trescriplinn | Studeni # 1 [ Student § 2 ! Inifinls | Thate

Student | i
Mame

Smdent i |
Mumber | |

Lab £2

. ) — e
Altendance
T
i |

Completion

HOME PREFPARATION:

1.

~

3

4.

L

Feview the 3086 Hardware Reference Manoal to familiarize yourself with the CPL bus
signalline waveforms. Note that the B0B6 on the SDE board is set up in Minimusn
Mode. Review the waveform diagram provided in Table 2.

Review:  Appendix A, logic analvzer aperation
Appendix B, in pamticular the 82354 and DAC extensions.

. Calculate the number of clock cycles expected in the program of PART A,

Write the program required in PART B. Enspre that it is well documented.
Asin LAB #1, and for all following labs, bring in a 3.5 diskette.

AB #2: INSTRUCTIONS:

Fill in the blanks on these question sheets. (one per group} . These sheets constitute your
lab report. The T.A. will ask guestions about your work and you will have to demonstrate
your work o the T.A.

PART A: BUS SIGNALS AND WAVEFORMS

In this part of the Iab you will us a logic analyzer to monitor the bus signals on the CPLT as
it exocutes 2 small program. You must understand the relationship between the program
and what appears on the bus, Sez APPENDIX A for settings and use of the logic analyzer.

1

. Find the 50 pin male connector on the SDK board labelled *DATA BUS' and plug the

logic analyzer pod into it. NOTE: The logic analyzer should be powered down while
mserting and removing the pod into ity front panel.

_ah#2 -1



2. Assemble, link and convert to executable code the LAB2A ASM file provided in the
361 (or 461) directory, then download this and mn it on the SDK board (follow the
downloading instructions provided in LAB #1, PART C).

3. Complete the timing diagram in Table 2 by copying the waveforms as observed on the
logic analyzer.

4. Determnine what the processor is doing at each clock cvele by looking at the address and
data values on yvour Urming diagram. The bus has either a 20 bit address or -16-bit data
on it at one time, oot both. Determine which ane 15 on the bus and write down the
events which are occuring and what each one means in Table | below. The first enov is
given for you.

TABLE 1. Timing Diagram Event Descrption
Chock Event {Read’ i Address or Data
Crele WriteLatch) Value Explanation

1-3 Write data AS Wnte ASH from AL into location MEM
e
3-7
B-13
14
1517 !
18
18-21 ! |
2 | I
23-25
26-Z7
28
28-30

5. Explamn why some of the address/data lines rise or fall in cycle 107

6, Over which clock cveles 15 the MOV MEM, AL instruction executed (oot fetched)?

Lab &2 -2



7. Look at the program LAB2ZA ASM and refer to the BO86/E08E User's Mammal. How
many clock cycles should this take? (Hint: Examine the relationship between the JMP
instruction and the prefetch guens).

8. Why is the number of clock cveles observed different from the number calculated
above?

Lab #2-3



TABLE 2. Timing Diap

' Clock o !
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1.

ALY or TIATA

3B L3A
AL

| |

Program fragment from LAB2ZA ASM

(Loop occurs at 00106, AL=A5H)

LOOP: MOV
CHMP LODE

MEM DE

Lab#Z-4

MEM, AL

OOH,

JF0H, 7VH



PART B: PARALLEL PORT PROGRAMMING AND THE I¥A CONVERTER

In this part of the lab vou will program the 8255A parallel I/Or port to generate analog volt-
ages via the wire-wrapped DACOBO0 DYA converter expansion on the SDK hoard. You
will have 1o wrile g program to generale @ sawlaeth waveform,

The [¥A converter obtains its data from the P2B port of the 8253 A chip (See APPENDIX
B). This data is then cooverted into the corresponding voltage at the analos output
between -4V and +4V. You can moniter this voltage with the oscilloscope. To vse the P2R
port for thas purpose, the 8255A must first be programmed for this function via the P2
Control Register.

i

b2

Using the keypad monitor on the SDK board, program the 82554 port P2B for output
by outputting the control tyte BSH to the P2 Control Register which is set up as
address FFFEH on the SDEK board. This i3 done by using the OB (outpue bvte) com-
mand. According to the Penpherals Handbook (See page 3-104), what does this pro-
gram the 8255A o do? Please show all eighe birs with an explanation of whart each bir
dires.

T T T 7T [ 71T

- how outpat a data vajue to the DVA converter by cutpatting to P2ZB ar address FFFAH

on the SDK board. If vou wish, you can see these values appear on pins 18 to 23 on the
second (lower) 83255A chup. This 15 port P2B. Monitor the voltage appeanng on the TV
A output pins, using the ground provided

3. What output data produces -4V? ov? VT __ AV

. Wrte a program o generate a sawtooth waveform as shown below on the DVA output.

The program should allow the period of the cycle (Le. the rising time of the slope) and
the amplitude of the sawiooth to ke specified and independently controfled. This can be
done by either reassembling and redownloading the code, or by altering the program
via the keypad moenitor The DVA oaotput is viewed by connecting the oscilloscope
betwesn the DVA output and the IV A pround (both are marked on the left hand side of
the SDK board).

This program must be demonsivated to the TA. af the end of the lab. Remember to doc-
wrreni i well!

* Period

Lab#2 -5



LABORATORY #3

Interrupfs

-~ TA.
Iveseriplion fimdent # 1 Stodent #2 Initials Iate

Btuedent
MName

Student
Mumber

FPrelab’
Attepdandce

Lah #3
Completion

HOME PREPARATION:

1. EXTREMELY IMPORTANT NOTE: Go to the 1ab in the week before your schedu!=d
lab period and take copies of LAB3A_ASM and LAB3B ASM. Print out these two pro-
grams while your are in the lab. There are office hours posted on the door of the Lab.
You cannot do your home preparation witheut these programs.

Review: Appendix A, logic analyzer operation
Appendix B, in particular the timer and PIC connections.

Read: B086/8088 Users’s Manual, Chapter 4, Interrupt Structure section
1990 Microprocessors Handbook, Interrupt Operations
Penipherals Manual for Timer (8253)
Peripheral Interrupt Controller (B2594)
Keyboard/Display Controller (8279)
Faralle] Ports chip (B255A).

2. This lab has two pans. From the readings, understand the interrupt structure of the
SDE-86; you will need this in both parts. For Part B, write the assembler code before
coming o the lab.

3. Note that many blanks on these sheets can actually be filled in before you come to the
lab. The programs you get from the lab have spaces for comments. You must fill in
these blanks before handing in the lab. Bring in a 3.5 diskette,

Lab #3-1



LAER # 3: INSTRUCTIONS:

Fill mn the remaining blanks on these guestion sheets (One per group). Thess shects const-
lute your Jab report. The T.A. will ask vou questions about vour work. You will have 1o
demo your work w the T.A. Be prepared to submit these lab sheets and your program [ist
ing at the end of the lab for marking,

The SDK board is connected in such a way that a timer chip (8253 is connected to & pro-
grammable mterrupt controller (PIC) (8239A), and the PIC is conmected to the B086
microprocessor. The timer produces waveforms to trigger the PIC. When the PIC receives
Interrupt requests, il raoks the requests according to their priorities and services them
accordingly. The P1C will send will send 2 signal to the INTR pin of the 8086, Eventually
the 8086 responds with an interrupt acknowledge signal (INTA). The PIC will then send
the interrupt vector to the 3086 and the 8086 confirms with another INTA, then executes
the approprate interrupt service routine determined by the interrupt vector, Before the
BOBG executes the Interrupt service routine, it saves the flag, CS and 1P registers. Once the
interrupt service routine has been cxeccuted, the BOR6 resumes ite oripinal task via the
IRET instruction, which also restores the flags.

PART A: SDE-86 INTERRUPT TIMING DIAGRAMS

Check that the following jumpers are in place; W40 (2.45 MHz), W27 {zero wait slates)
Check that the following jumper 1s NOT in place: W36 {intemmupt disable), In the 361/451
directory, vou will find LAB3IA ASM. You have been expected to get a copy of it and
study it the week before vour lab.

The LAB3A.ASM program initializes the SDK-86 hardware to generate and zllow inter-
rupts. The main program is an infinite loop. The interrupt service routines do nothing
cxcept a return from intermopt. Some of the chips that have becn imitialized are on the Car
leton extension of the SDK-86 board. On the actual board vou have ssen this extension as
& column of chips at the left. At the end of the lab is a schematic diagram of the Carleton
extension of the SDK-86 board. It contains two 32K byte RAM chips, an A/D converter, a
D¥A cooverter, a timer chip (8253} and an interrupt controller (8259A). The timer and
interrupt controller are of concern in part A of this lab.

1. According to the program and peripherals manval, what has the timer chip (8253) been
programmed to do?

2. What has the peripheral interrupt controller (8252A) been programmed to do?
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. Assemble/link and download LAB3IA ASM to the SDEK-85 and run it from the serial
monitor. (For the details of this proceduore see Lab # 1.)

4. Using the logic analyzer, observe the signals INTR and INTA to complete the follow-
ing tming diagram Use the logic analyzer to trigger on IR1 and sketch INTR and
INTA. {See AFPENDIX A for a listing of Logic Analyeer/CPU pins).

. Complete the following timing dizgram:

Lad

_n

. Descnbe what is happening:

PART B: PROGRAMMING THE TIMER, INTERRUPT CONTROLLER AND
DISPLAY CHIP

You are expected to get a copy of LABIBASM and study it in the week before your sched-
uled lab period. Here is a description of how it works.

The program initializes hardware for interrupts and then enters an infinite Joop and waits
for intermupts. The interrupt service routine for TRO will cutput a value to the DVA con-
verter 1o generate a sawtooth waveform, The intermupt service rootine for IR1 will output a
GARBAGE character to the rightmost digit of the SDE-86 LED display.

1. Assemble/link and download LAB3B _ASM io confirm that the program works. Use the
oscalloscope to check that a sawtooth waveform is being produced by the DYA con-
VETEEL.
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2. According to the program and peripherals manual, what has the timer chip (8253) been
programmed to do?

3. What has the peripheral interrupt controller (8259A) been programmed to do? (Is this
different from part A? }

4. What has the display chip (8279) been programimed te do? (Is this different from part
A? )

5. Now that you have confirmed that LAB3B.ASM is generating IniErrupts as you woulkd
expect, you will have to change the program. Your task is 1o add a third intervupt ser-
vice routine called ISR2 that does NOT interfere with the existing ISRs. ISR2 should
be invoked every 0.5 seconds. Ta do this you will have to re-program the timer chip to
generate a 0.5 second period signal on pin OUT2. Note that QUT? is comnected to IR2
on the PIC. You will alsa have to reprogram the PIC and the BOR6. You are required to
have ISR2 rur at a higher priority than ISR1 and ISR0. ISR2 should display a digit in
the leftmost LED display of the SDK-86 which continually counts down from 9 1o 0.
Refer to LABID.ASM for the binary to seven-segment digat ranslation code required
by the 8279,

Thus when your program is done, you should see a sawtooth waveform (from ISRQ),
garbage character being updated every second in the rightmost LED {from iSR1)anda
downward count every 0.5 seconds displayed in the lefimost digit (from ISR2).

6. In your new program, what have you programmed the timer chip (8253) to do?

7. What have you programmed the peripberal interrupt controller (82594) te do?
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8. What have you programmed the display chip (3279) to do?

-

S

=

8. In your program, what ISR has the lowest prioity 7 -

1. Write down the new 8253 control words that vou would use 1o double the sawrooth -
quency without changing the frequencies of the two SDK LED display updates. Note,
you are nof required to download & new program; just write down what vou would deo.

Lab#3-5



LABORATORY #4

USART and Numerical Coprocessor Programming

{ Description Shudent # 1 Srudent 2 Initaks Thate

Sipdent
Mame

Snudent
MNumber

Prelah!
Attendanice

Lab #4 |
Ceompletion

HOME PREPARATION:

1. IMPORTANT: Go to the Iab in the wesk before vour lab session and gel 2 copy of the
files LAB4A ASM and LAB4B ASM that vou will kave to modif.

2. Read section 2-11 of the SDK User’s Guide on the serial interface, Complete the pro-
srarnming for both parts A and B. The 8251 A programming can be completed by look-
ing in your text for the bit patterns.

3, The opcodes for the BDB7 programming can be found on page 2-140 to 2-143 of the
1990 Microprocessor Manual. Read Chapter 3 in the B0EGE028 User's Manual on
8087 operation.

LAB #4: INSTRUCTTONS:

Fill in the blanks on these question sheets, (one per group). These sheets consttute your
lab report. The T.A. will ask questions about your work and you will have to demonstraze
vour work to the T.A, The programs must be well documented.

PART A: PROGRAMMING WITH THE 8251 USART CHIF

The 2251A chip is a Universal Synchronous/Asyochronous Receive Transmitter
(USART) and is used for serial communications, On the SDK-86 board, 1t is used to com-
municate with the host IBM PC. The use of this chip in the labs has been transparent to
you this far since it is programmed by the serial moniter program in the SDE-86 ROM
{1z, by the program at ROM address FEOR O],

In this part of the lab you are given an SDE-86 program (LAB4A.ASM) that receives

characters typed in on the SDE-86 keyvboard and transmits them to the IBM PC via the
USART.

Lab #4 - 1



You are required to modify this program to allow it to recaive characters from the IBM PC
and display them on the SDE-86 display {in addidoen to what the prograrmn does now).

Mot that the IBM PC also uses a USART for serizl commumnication, and this chip is nor-
mally programmed by ASCH terminal emuolation applications. The STXE program on the
IBM PC is an example of an emulation application, 2nd will be used to receive znd send
characters from and to your SDE-B6 program.

1. Complets the subroutine PC2SDE which will receive the characters from the IBM PC
and display them on the LED display of the SDK-86 board. Characters will be received
from the IEM PC when vou tvpe on the PC kevboard while the SDE program is run-
ning (vou must use the “G command from the PC keyboard to start your program omn
the SDEK-B6 board- do nor use the SDE-86 keypad).

Maote that the characters received are coded in ASCII format, and so must be translatad
to the 7 segment format for display. Only the characters O through 9 and A through F
must be translated, although all others should be caught and manslated w a periad (°.7).
Mote that the characters received from the PC will be in upper case only since the SDE
program converts characters typed on the PC kevboard to upper case.

Your PC2SDEK subroutine should follow the pseudo-code provided in the subroutine
header. This can easily be accomplished with around 30 lines of code. The program
(LAB4A ASM) already contaios the translation tables--you just have to make use of
therm.

The ASCII translation may be accomplished by subtracting the character zero or A as
appropriate, then translating to the 7 segment code, for example;

ZEUE AL, D7 ;AL CORTAIKE AW ASCIT FOEWRT NUKSER STRoM 0 To 9
ELaT LED TAELE JBE CONTAINS LEDN TAELE QJFFSET (PFUTE 7-5E5 CODE
s IX AL

To display the characters on the LED, you must program the LED as yvou have seen in
previous labs. The characters should appear on the display at incrementing digits, (i.e.
typing ‘1 2 3' should result in a display of '3 2 1"), Review the 8279 specifications to
determine how this is done. Explain how you program the 8279 to accomplish this
{give bit patterns):

EIT PATTERN NOTES

KBDPRG=___H | | [ | [ [ | | |

DISPCLR = B [ ]| L1 I

DISPINI = ;S
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| ]

Note that the USART chip requires a delay between successive writes or reads. This is
dus to 2 manufacuring design oversight and a delay is required for proper chip opera-
tdon. The DELAY subroutine should be called after each access 1o provide this delayv

- Modify the SETUP subrourine 1o program the 8251 A properly for 2-way communica-

tion by sctting the proper equate values for the MODE and COMMAND bitzs, The
requiraments are given here, and you must show the bits selecred.

MODE: 4800 baud (64 x), 8 dara bits, no parity, 1 stop bit.

H

LI T LT T T 11

I

Why does 64 x give 4800 baud? (Refer to Figure 2.2 and Table 2-10 of the SDE User's
Cruade.

COMMANLY. ransmit enable, dats terminal ready, receive enable, bresk character nor-
mal Operanon, no error reset, request to send, no internal reset, no hunt mode,

T TTT7TTTI1 - u

Note that the SETUP subroutine resets the USART by writing 00H to the control regis-
ter address OFFF2H three times followed by a 40H. Then the chip is programmed with
the MODE and COMMAND words. Note that the DELAY subroutine is called after
each access. The chip stams is available via the control register, and data is sent to/
recerved from the chip via the data register (address OFFFOH).

- Run vour program to make sure it works.
. When ¥ou get your program working, you will notice that anee in a while an unex-

pected character is written on the PC screen when you are hitting keys on the SDE key-
pad. Hitting two or more keys simultaneously car causes repeating characters. When
this happens, an error flag in the 8279 FIFO status word is set which causes the pro-
gramm to repeat characters because it thinks there are characters in the buffer. Fix this
bug by masking the error flags cut before checking the FIFO status word. You muest
demonstrare your well documented program by the end of the lab period.

T.A. Initials:
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PART B: PROGRAMMING THE 80X87 NUMERIC COPROCESSOR

In this part of the lab the SDK board will not be required. Hers we will program the B0Z87
numeric coprocessor present in the IBM PCs to perform a few simple anthmetic opera-
tions. The program LAB4B.ASM in the 361/461 directory performs a few anthmetic
operations on intsgers and reports the results. The code provided performs these opera-
ticns first without the assistance of the coprocessor, then again using the BO287, The latter
code 15 incomplete.

Your task is to complete the NPX procedurs to perform similar operations as in the
NONPX procedure, but using the coprocessor. You can treat the 80287 coprocessor identi-
callv to & 8087 coprocessor for this lab, (i.e. assume there is only an 80871, Although the
MASM assembler supports coprocessor instruction, fe. FLD, FMUL, ctc. you must
assemble vour additions by hand and insert the instruction bytes nto the code wsing the
DE directive. An example of an integer load (FILD) command is given in the NFX sub-
routine.

1. List the bits of the instructions vou are asked to code and complete the NPX subroutine.

; Division:

soo[o[a 1 foltfr ] VLT |
P T
FWAIT  ESC

What 1s the final HEX Value? g

Hlofoltlilol 1fz]1 ol
"—‘—‘I "_f_'l
FWAIT ESC

What i5 the final HEX Value?

Mote that ESCAPE = 11011 (refer to page 7-% in the B0B&/B0BE User's Manual). The cod-
ing for the 80x87 instructions may be found in the Microprocessor's Manual.

Note that the 8087 performs all of its arithmetic internally as 80-bit floating point oper-
ations. The operations take significantly less time than the identical floating point oper-
ations would take on an 8086 without the coprocessor (1.2 using an B087 emulation
software library). Also, while the coprocessor is calculating, the B086 is free to do other
work, This allows a degree of parallel processing nsing the B086/87 (with careful pro-

gramming!}
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. How many registers are there are on the 80877
Can they be treated in the same way as 8086 registers? If not, how are they used?

3

Lik

. Why 15 @ WAIT instruction required before executing 8087 instructions?

4. What 8087 signal is connscted to the 3086 TEST signal?

5. Describe how the following instruction is (a) detected by the coprocessor (b) how the
coprocessor accessas the data, and () what the instruction does. (See Chapler 7 of the
BOEG/BOSE User's Manual)

FILD DDATAL

&. Compile and run the LAB4B_ASM program, fullowing these steps on the IBM PC from
the 361/461 directory:

a) MASM LAB4B/

by LINK LAB4E

¢} LAB4B

The first step assembles the program, where the */r” indicates that 8087 instructions are

to be recognized. The second step performts a standard link, The third step runs the pro-
gram under DOS.
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7. [sthere a difference 1n the results berween the NONPY and the NPX procedures of the
LAB4B.ASM program? Can you explain this? (Hint, step through the calculation man
wally ). What 1s the correct value of the calculation? (be sure to include fractional part of
the correct answer),

e

If you have time, vou may wish 10 single step through the program on the PC by using the
DEBUG momtor. This is done using the following commands (read ‘addr’ as an 3086
address, for example. the vanzble DATA4 is at address DS: (08).

Single Step Commands:
a) DEBUG LAB4B EXE

b) Tvpe "o’ to unassembile from the current CS:IP location, “T" for a single step (Steps
over a single mstruction, showing the current 8086 registers), ‘g’ to run unatil the end
of the program (‘g addr’ to run to a breakpoint at ‘addr”), ‘d addrl.addr?’ 1o dis-
play the memory locations and *q” to quit.

c) When the INT 21H instruction is reached vou should either type ‘2" or '’ o stop.
otherwise you will be stepping through the PC DOS,

From the debugger vou can see the 8087 environment at the ENV location (DS:0050) after
the FSAVE insttucton has been executed. The lavou: of the environment is described in
thed(86/3088 User's Manual.

PART C: FLOATING POINT EMULATION

1. Compile and Link the LAB4C ASM program following the instruction provided in par
B of this lab. This program provides a floating point multiplication routine that emu-
lates part of the operation of the 8087 coprocessor. The routine multiplies two B0-bit
flpating-point numbers that are stored mn [EEE 80-bit formart (see page 5-18 of the
HO8A/B08E Usar's Manual). The result i3 remurned in 80-bit format as well, and is
printed out on the screen.

The algorithm wsed essentially treats the fraction part (64-bits) as four 16-bit words,
multiplying each word in the multiplicand by each word in the multiplier {each result-
ing in a rwo-word result), while maintaining the positioning of each intermediate result
for later addition to form the final result, Ses the comments to procedurs FEMULT in
the code. The exponent is simply an addition of the two input exponents (with some
adjusoment for normalization).
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2. The numobers being multiplied are 178.125 and -6.0. The 80-bi: coding for [75.125 s
described on page 3-1% of the 3086/8088 User’s Mannal The result of the multiplica-
tion is displayed (in 80-bit format) on the PC screen after you run it by tvping LABAC
at the DOS prompt. Write the result in the format (+ x.xx...0 * 2%c, where x's are bits,

3. The program calculates the result of this multiplication a number of times using both
the BO&Y and the emulator. Estimate the execution time for a single loop (by dividing
the total time taken by the number of repetitions) for both methods, Measure it with
your watch to the closest second and fill in the table helow.

TAEBLE 1. 3087 vz Emulation loop times
1 BOET | Emulation Prozram

Total Time
Number of loops
{ Time per loop

4. Compare these results with the values in table 5-1 on page 5-4 of the 3086/8088 User's
Manual. Give several reasons why we are not seeing a speed improvement factor on the
order of approximately 85 times, (a5 given in the table) when using an 80877 (Hint;
Compare the FPMULT code with the description of 8087 characteristics in the BORE/
BOBE User's Manual)

. Tahle 5-1 in the 80BS6/B088 User's Manual gives times according 1o the use of an 3087,
The B08Y is approximately 85 times faster than emulation vsing an 8086. How does the
use of a 486 chup mside the PC, which has a buili-in coprocessor, change the times?

Lan
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Sftudent Names:
Student Mumbers: —

94, 61 LABORATORY #5

MCe80M0 Educational Computer Board

The objecdve of this laboratory is w provide a comprehensive introdacdon to systems based on the
Motomola MEEOK) farmily of microcomputer produacts, This laboratory consists of four parts, each
part mqur*s. simple programming using a small subser of the MCS3000 rm..,"c:pm-::n:s-;.c:r
mnstucEens. Progremming information and system structure are described within each individual
part Duoring the laborztory, you will gain expeniencs on the external bus stucture of the
microprocessor and how it interfaces to the memory and peripheral devices. You will also have an
oppormunicy o program teo of the MESOO0 famiiy penpheral chips (MOS80 and MOCSE2307.

Home Preparations:

= Study and undersiand all information which is provided within each: part of the labomatory.
= Answer all horne preparation quesdons on these sheets.

= Write all required programs for this laboratary. Ensurs that they are well documented.

« Al home preparadons have o be completzd before you are allowed o perform the experument

Laboratory Report

Fill in the blanks on these quesdon sheets (one per group). These sheets consomite your lab report
The T.A. will ask you guestions about your worke You will have o demo your work to the T AL
Ee prepared to submit these lab shesis and your programs at the end of the lab. Cverdue lab
reports will not be acsepted.

Marking Scheme: Home Preparations %
: Diernas and Report 0%

Description of MEX68KECE/D2

The educationz] computer board (ECE), shown
in Figure 1, is 2 small printed circoit card which
includes an MCS8000 16-bit microprocessor,
memory, parallel input/output (10, and serial
communicatons 103, It only requires an
RS5232C connecton to a terrmunal and power
suppliss o become a funcdonal system.

The ECB has a resident frmware package that
provides a self-contained programming and
u::-p-:rau.n g environment. The firmware, apty
named "TUTOR", provides the user with
monitordebog, as&:mb!v.-"d sassembly, program L

CONSECT

enmy, and TAD conmel funcrions. el

Farae §: Ecucaizes! Campaled Hoard
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A 4-MHz MCEROD0 MPU is used on the ECB

(the functonal block diagram i shown in Figure

25 All the memory and [0 devices communicate

with the MPU via a common parallel bes. Some
major funcconal areas of the board are described
briefly in the following paragraphs,

Svntem MWemony

The systzm memery consists of 22K byies of
dynamic RAM and 16K bytes of ROM. The
RAM is used for both scrarchpad space of the
TUTOR firmweares and user programs.
Approximately 2K bytes are reserved for the
scratchpad, the remaining RAM (3900-37FFF)
is available to the user, T]'u: system rmware
pccupies the 16K bytes of read only memeory.
The memory map of the system 15 descnbed in
Figure 1.

Ti. rapa - -

Two asynchronous senal communicaton ports,
designated Port 1 for the Terminal and Pon 2 for
the Host, are provided on the board. The MPU
comrnunicazes with each of these ports through
the MCE250 Asynchronous Comrmunicetons
Interface Adapter (ACIA] peripheral deviee, The
termunal miat provices user mgeriace is connected
to the ECB via Port 1, and Port 2 can be
connectad o a modem or directly to a host
computer. Both serial ports can be jumpered for
various datz tansmission rates {110-2600 bawd).

Erocmammakle Timer

Contzined within the MCG8230 Parallel

Interface, Timer (PLT} 15 a gencral purpose tiner.
The omer can be clocked by a 3-bir prescaler or
directly. The clock source can be the 4-MH=
system clock or an exiernal clock. Itcan be used
o FenerEie peniodic interrupts, @ squUers wave, or
a single interrupe after 2 programmed ome period.

RESET Bugon

RESET 15 the black bumon locared on the edge of
the board. Depressing this button causes all
DroCEsses 1o 1erinate, reses the MCGE
processor end MCE8230 PI/T. and restars the
TUTOR firmware. Pressing the RESET button
shoald be the appropriate acton if all else fails.
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ABRORT Beuen

ABORT is the red button located next to the RESET button. The abort function czuses an intzrrupt
of fie present processing (a level 7 intermupt on the MOA3000) end zives conool to the TUTOR
firmware. This acton differs from reset in that no processor Segisier of Memery contents are
changed, the processor and peripherals are net reset, anc TUTOR is not resiazted, Alsc, in
response 1o depressing the ABORT button, the contents of the MCS8000C internal regisiers are
displey=d. The zbon funcdon is most appropnate when software is being debugged. The oser can
inrcmmapt the processor without destoving the present state of the system.

System Setup Procedure

The system configuradion nsed for this laborztory is deseribed in Figure 4. The following
procedure has to be performed step by step to ensure nortmal operaton of the MOCSE000 system.

= Ser the terminal baad rate by shorang the aporopriate pins on header J10. The ping ar=
jumpered together using a plasic jumper cap. The cap should be positioned comresdy on
header J10, as shown in Figure 5, 1o selact 9600 Diy's.

»  Coonect the ECB to the PC vusing a cusom-made cabie, The cable has a 20-comzact card edge
connector on one end and a 25-contact "D subminiatire connector on the other end. The Port
1 {connector J3) of the ECE is connected to the card edge connecror and the "D" connector is
connected to the COMI port of the PC

» Connect the ECB to the power supply using the custom-made power Connecior.

« Poswer up the PC and the ECB,

= Input these commands 1o enter TUTOR envirenment; cd 61

68kech
Connect Ta COMI
o Porl af PC PPN FE R
£ MIEACARE "0
SnlAr fiaA FOP L\-\"'\. i Pmwl BT
SENISEN AL I AT .,
il LaDidH M,
o
1 Hl 1 L]
.\-H-HH'\-H‘F'_\_\-\' 1 n oo ]
_,-HJ'_\"" T
1__.;—- \ F [ ] 2 L -
- e RIE pape) Q o d By
.-""..r ]
..-.--ﬂ-""'..“q Bl el -
o LT - I -
ala ojm ]
Fower ale = ]
Cakia
i |
" HH'H |
Qh .__,.-":-'-.'I-j | Figure 5: Terminal Baud Kate Select Jumper
- o
FoErd Rabrr _‘_?\:_!-F:‘__-C:f_ i _l

Figure 4; Lab Serepn Confipuration
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da

Part A: Bus 5ignal and Waveforms

ln this part of the lab, you are asked 1o monitor the bus signals of (e MPU using an oscillosc
43 1t 15 execuing a smali program. You have 1o Jndmtdnd the relationship berseen the prog P
anc what appears on the bus, Lot

‘Al and Buas o I ipn (Bosh

Figere 6 describes the pin assignments of the misToprocessor, The e il
WCEE000 has an asynchronous data bus and data mansfers are =3 g
conmolled bv the addresy strobe, read’write, upper and lpwer dara e s .
strobes, and daa ranger acknowledge signals. o =P
e (b [ 1l L L]
Address Bus (Al through A23) ._I:‘jg“ e
This 23-bit, unidirectonal, three-state bus is capable of addressing = pp—
16 Mbyvtes of data. Thas bus provides the address for bus operation = b o
during all cycles except interrupt acknowledge cvcles. During s o] e
inrerrupt acknowledge cycles, address lines Al A2, end A3 provide e S
the level number of the interrupt being acknowledged, and address e VER o b
lines Ad through A23 are driven to logic high. = :;E -
=5 o
Data Bus (D0 through D15} gnciz D,
This bidirecdonal, thres-state bus is the general-purpose data path, It =on =
s 16 bits wids. The bus can mansfer and accept data of either word oy ok
ot byte length. During an interrupt-acimowledge cyele, the extenal i B
dewvice supplies the vector number on dag lines DO through D7, 2 s ”E:,'
L™ FH LH]
Address Srobe (AS") P =
This three-s:ete signal indicates that the informaton on the address “En e

bus 13 a valid add=ess.

Figure 4: Plo Asslpnment
Read!Wrire (RIW™ |
This thres-state signals defines the dara-bus mansfer as a read or write cvcle.

Upper and Lower Dara Strobes (UDS™ LDS")

‘These three-smie signals and /W™ conirol the flow of data on the data bus. When both UDS” and
LDE" are low, DO-D15 are valid data bits, When UDS" is low end LDS" is high, DE-D15 are
valid data bits {datz byte at even address). When UDS" is high and LDS" is low, DO-D7 are valid
dzta bits (data byte 21 odd address). When the BW™ line is high, the processor reads from the
dara bus. When the R/W” is low, the processor drives the data bus.

Dag Transfer Ackrowledge (DTACK™)

This input signal indicates the complenion of the data wansfer, When the processor recognizes
DTACK" during a read cycle, data is latched, and the bus cycle is wrminated, When DTACEK” is
recopnized during a write eyele, the bus cycle 15 rerminated.

Figurz 7 15 the reed-cvele tming diagram of the MOUGECOD, Figure 8 shows the wrire-cyele iming
of the bus signals. A gmd understand of each state of the read and writs cycles is necessary 1o
complese the preparation of this part of the 1ab,
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Figure 7: Read Cycle Tlmlog DMagram

Srate O The read cycle staris in szt O (300 The
proceszor places walid function codes on FCO-
FC? and doves B high o idennfy a zead
cvele.

Entering state 1 (51), the mrocessar doves &
valid acdress on the address bas.

Cm the rising edge of saez 2 (52), the
processor asserts A5, LD, and [DE.

During sma1e 3 (53], no bes signals are alered,
During state £ [54), the processor walls for 2
cycie wrminasion signal (DTACK is one of
the cweit erminadon signals). IF no
semination signal 15 aszeried before the
falling edge &0 1the end of 54, the processor
inserts wails states {full clock syeles) il
DTACHK is asseriad

Dring stale 5 (55), no but sigrais are aliered.
Dl.:lr.ing state & [36), dala fom the device =
drven onte the daw bus,

Cm the faliing =dg= of the clock enl=rmg slale
T {87, the proc=ssor |atches data fom the
addressed device and nepavez AS, UDS, end
LI5S, At the rising edge of 57, the processor
places the address bus in the high-impedance
state. The device negapes DTACK ar this

14 -

Spare |
Elate 2

Spape 3
Arare 4

State 5
Sraze 6

Lrame 7

Subser of TUTOR Commeands
Ieg [<expressionz]
BC 1000
GO [=address>]
GO
0 address
GT <breakpoint address=

ST address
PC.

L]

w1 oL R & R oiwona S 5 5 o2 om FhoA oS b owr e oz om ERM W
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Figure B; Write Cyele Tlming Diagpram

Stae 0 The write oycls starts i stae O (509, The
rrocessar pisces velid funedon epdes on FCOO-
FC2 mnd drives A% high (il a preceding wril=
cyole has left W low).

Entering swie= 1 (51, the processer drives a
valid address on the address bus,

Um the rising edge of s1ate 2 (53F), the
Frocesiar Esseris AS and drives BUW low,
Criring sare 3 {537, the dais bus 2 drven our
nf!hn'l'l.j_gh—i;npﬂ:'l.mcn state as the daia io be
wringen 14 placed on the bus.

AL the rimg sdpe of stare 4 {54, the
mocessar msseris UDS, LO5. The processor
waiE for a evele wrminscieon signal (DTACHK
1= ooe of the evele wrminaven fsignals) IE
no fermination signal 15 asserted before the
falling edpe a1 the end of 54, the processor
inseris woits siates (full clock cycies) umnl
DTACK iz assersed.

Curmg saie £ {550, po bus signals are aliered.
Cruring sace 6 (56 ne bus signals are ali=red.
O the falling edge of the clock entenng siare
T {57), the processor negaces A%, UDS, and
LLx5, As she clock risss ar the end of 57, the
processec places The address znd data bus=: n
e high-impedence stae, amd drives BOW
hgh, The device nepzies DTACK ar thus
TimeE.

Stap= T
Spars 2

Stare 3

Srare 4

Sale 5
Staie &
S1awe 7

Individual regisier display/change.

digplay the value of statws register,

set program counter to 1000,

Begin execudon in rezl tme.

begin executon at address in PC.

se1 FCU=address and begin execution at that address.
Go untl breakpoint.

set temporary breakpoint=address and begin execurion at address in
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SO0 zaddresse[;<opticns>]  Me=mory Modify, This command is &lso vsed 0 inveks the on
board essembler/diszssembler.

Descriprion of MM command

MM <zddress> After entering this command, one dywe of datz is displayed at one fme
stasting at the specified address location followed by the "7 prompe. This
I_‘.D[‘_I'_I_'[:'_I,E[‘_d hes severz] submodes of operztion that allow modification and
verification of deta. The subcommands are in the formaz:
[edata>](cr)  Update locanon 2nd sequence forward
[=data=]*{cT) Update location and s=quence backward.
[<data>]=(cr) Updae locedon and reopen same location.
[<datax].(cr) Update locaton and terminate.

WM <zddress= DI The DI option invokes the assembler/disassembler funetion. The address
entered showld be the stamrg address for an insoructon (opcode) wors.
The instrucden will then be displayed in disassernibled form.

The displayes insmucten is follows by a queston mark "7" that indicates a
new source fine may be entered,. If a new line 15 entered, the instueton i5
immediately assembled, stored, and displayed. To enter a new hine, the
foliowing format 15 vead:

? espacem<operadon fisld=<space><operand field=(cT)

Upon enoy -."_‘-f the camigge recam, the new instuction will overwrite rl‘ﬁ ald

instructon and enmer the new one, To exit the command,-a period "." 1
entered i.'ﬂ.']lEdJE.I:E'j? after D cuesdon mark, followed by a carmsage rr.“.rum.

If an error is found in the new insoucton, the new line is redisplaved with
and "X" immediately under the field suspected of causing a problem in the
assembler. The "X" is followed by a question mark 10 allow re-entry of the
correcied source line,

Bg.
TMOVE.B wkF3.D1
9

The above commands input 2 MOVE instucton and then exit from the
assembier/dizassembler. This MCAE0) insrucdon stores an immediate hex
ovte {§F5) into da@ register D1.

Part A Insmacq ol
Lab Insmuciion
17 Enter the following MCO3000 insmucdons vsing the MM commeand szarting at address S1000

£nd execute the code.

Address Ti Ion

21000 MOVE.L #52000,A1
$1006 MOVE.B D1.(AT)

31003 BRA 31006
F100A - -
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2} Connest en osctiloscope 1o momdtor the RAW™ on channel 1 and et mggening on the [alling
edge of me BWT signal. Use channel 2 1o observe the other bus signals.

Home Prepararion

1} LUsethe provided informaton (read and write cycle operadons) 1o predict the waveform of
AZ" UDS", and LDS". Draw the waveform in the provided space. Venfy vour oredicdon
during the lab session by performing instuctdons 1 and 2. Instroction fetch is 3 Word
Read Cryrele.

1000 MOVE.L #32000,A1
51006 MOVE.B DI, (AL}
51003 BRA F1006
1004 - -
50 5D S0 50
e [TUUUTTUU U UYuUU Uy iy
RiW |
DTACK _ | |
- ; i i Mw 5w ..... Ww ..... .
o6% AEEEE HIRIERE L IRERRR AR
E58{ . i jili:rspgig g it piappeis
Trierpres and hme:-nal Interpret
Perform rile execule BEA4 CwCies Fead insmuction | MOVER insirestion
t T20000 Read instuction  For BRA| 20 51005 Fead mstrucoon
ar $100A A at 31008

Part B: Programming the ACIA {(MC6&350)

Ln this par of the lab, vou are asked to program the MC6850 to interact with the keybeard and the
mocitor of the PC.

Descopuion of Smeil Su

The MCGEHE executes insouctons in one of two modes - user mode or supervisor mods, The
vser mode provides the execution envirenment for the majority of application programs. The
supervisor mode, which zllows some addidonal insouctions and privileges, 15 used by the
aperating svstem &nd other system sofrears,
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The user programrer's model of the MC6E0 consists of eight 22-bit data regisers (DO-D7,
seven 32-bit address registers (AC-A6). one 32-bat user swack poiner (A7), one 32-bit progem
counter (PC), and cne B-kit status register (SR).

The status TI:_EiSE{‘-I in the supervisor programmer § model 18 16-bit long, This status re giser
sentains the interrupt mask znd the condition codes: overflow (W), zero (Z), negative (), carry
(T, and sxtend (X} Addidonal stafnus bits indicate that the processor is in see (1) mode zndior in
the supervisor {31 state. The interrupt mask can be wsed 1o mask oot unwanted intermapis at a
p_ru-::._].-a: priorty level. When a higher level interrupt 1s masked, all interrupts which has lower
Frionty than that are masked 100,

The MCEE000 is a memery map 1O microprocessor. The Processos COMUTUNIcales with its
peripherzl devices by wniting to or reading from the memory locaton where the device is located.
A good understanding on the MCE200) memory map of the ECB is needed before you can
pomeunicare and progam the ACLA or any other peripheral device.

In this lab, use only the following list of instmections for all your MOS0 progrmmming.
(Word = 2 bytes, Long Word = 2 words = 4 byies. $F4 is hex constant F4 which is 244 in
decimal. The "F" 15 used to inform the assembier that the constant 15 a hex number.)

MOVE.L #inno_An Move immediate data (long word) 1o eddress register An

MOVE.B #ann,(An}  Move immediate data (byte) to memory location specified by the
content of addrass register An

MOVEE (An),Dn Move the content {one byvie) at the memory locadon specifed by An
into the data register Da.

ETS5T #,Dn Test a bit in the data register Dn end seis the £ conditon mﬂ:
appropriately.
BEQ.S address Short branch to "address” if Z=1
BRA.S adcress Short branch o "address” always
ETE Retumn from intermupt
ACTA Proprammer's med E

Figure 9 describes the ACLA Addrese Map of the terminal port Figure 10 describes the
programmang model of the 4 CLA.

Address (5] ACTA Repistare (Temmingi Ppr)
104G Conmol Begister (Wnte Cnlv]

Sians Repister {Read Omiv)

Q10042 Transrul Data Repisier (Write Caly}
Receive Data Repister (Read Tmly)

Firure 9; ACIA Address Map

Transmit Data Register (3016042}
Wriing dais o e segisier czuses e Tramsmal Dara Register Empiy bol 10 the stalus Begisier 10 go low,
Dziz can then be ransmitled. 1F the rznsmitter 5 idling 2ng no characier is being wransmited, then (e
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wzrcfer will take 2iace wathm 1-bi ome ol the oriling edge of the Wriee eommand. If a charoce=r iz bemg
rransmrined, the new deta characier wili commenes a3 soan 45 the srevious chesacer s eompleied, The
trassfer of dzta ceuses the Transmit Do Bagisisr Empry {TDEEZ) Sit 1o indicate amply.

Recelve Dats Feglster (S3010042)

Dazz is suwicmalicaily cansfered o the empty Beceive Date Regiiler from the recerver deserializer {2 shif;
rn:];is:er} upoT Teceiving & complele character. This everl caises lhe Recaive Data Kegister Full bit [RLEF: 1
the stels buifer wo po luph (full), Dee mey then be read throagh the pos by addressimg the ACTA and
saleciing the Recesve Data Register (30100400 when the ACTA is snabisd. The nen-desoocdve read cycis
capses the BOEF bi2 to be cleered although the daa is reained in the Becesve Dats Regisier, The stams is
marmzsined by RDRF a2 10 whather or not the calz s cument. When the Recsive Dale Register is Fall, the
automatic Tansfer of data fam the Bessiver Shifi Regisier v e Data Regoier 35 inhibited and che Thais
Fagister comtenls cemain velid sath i eursent starus swered noche Suane Regisoer,

;7 6 5 a4 3 2 1 0 CR4|CR3 koR2 Funenion
CRYJC RO |CR4 {CRIJCRIJCRL [CRO Ol 010 | 7 Bis + Even Pasity + 2 Stop Bis
Coatrol HReglster af ot 7 Bins + Odd Parity + 2 Siop Bis
s g s 4 1 3 1 0 0 1 & | 7 Bits + Even Fa:r'll'_-r + 1 Siop B
FRTJ]PEIE‘fRF]FEIﬂSImE]m IIII il ?BI._|3+mdPI-'1.'[?:"-j Swep Bits
L|a B Bits = 2 Stop Bits
Stains Hegister il ali § Bz + 1 Seop Bit
1| 10 8§ Bils -~ Even Parity + 1 Stop Bi
CR1 CaJ Function 11 1|1 % Bits + Odd Perity + 1 Swop Bt
1] o +1
o1 = 16 CRGCRS | Function
1 0 ~ B4 o a BTS = low, Transmiming [nrerrups Dnsabled
1 1 Master Heset 4 1 ETE = jow, Transmuding Interrupt Enabled
1 & ETE = fugh, Trancmiuion Inmermepr Cheabied
[CRY Funesion 1 1 | ETS = iow, Transmits = Break ievel on the
qd Rec=jve [mi=rrap: Enabled Transmir Diars Curpur Transmiermg
| Feceive Interaupt Disabled Incerrupe Dicabied

Figure 10: ACIA Programming Model

Control Heglitler
The ACIA Conool] Esgisier consists of =ighc bits of =mite-omly buffes, This re=gister conbols the Rmction of

the receiver, bansmitler, inl=rupl enabbes, znd the Bequest-o-5ead penipheralimeodes contrel aursur

Covnter Divide S=lect Byt (CRO zpd TR1Y
The Counges THvide Salecy Bis decermines the Zivide rabos vilized iz bolh e Tensmider and receiver
sections of the ACLA. These counter select bits pravids for the clock divide ratios as Sescribe n dhe Figuers.

Word Setpet Bits (CRICRY aad CRAY
The Weord Seiect bits ere used fo s=iect wazd lenpth, pariny end the sumber of swp b, Word Lenpth, Pariry
Selecc. and Stop Bit changes are not beffersd and therefece become effectve immedialely. The eacoding

[comnatl 15 2 shown mn the Fipuars,

Toansmatter Conpral Bipe (CRS and CRE

Two Transmitter Conmal bis provade fof e conmal of the memupt fTom te Trarsmur Deie Register Empry
condition, e Keguesi-to-Sead output and e marsmissicn ol 2 Breck level {space). The encoding forma: is

shown in the Figure,

Eapmiva o= m i 14 B
The [pifowing miamops will be enabled By 2 hich level in bic positten 7 of the Conmol Regisien Receive
Daza Regisier Full, Ovemom, or 2 low i high Transiban on the Dana Carmier Derecl signal lime.



Department of Systems ang Computer Enginecring 10

Status Reglster

Infemmeuos en the slaos of the ACLA 5 svailable o the MPL by reading the ACTA stamas regisier,
Information siered in s register ndicales the staes of the Transmis Dos Repister, the Receive Dala
Regisier end ersor logie, and the pecipheralimodem sizmus irpeis of the ACTA,

E--::\E= r-:=[= E:ziEIE[ Ep.l] rEDEE] H.. n

Faceive Dota Begisier Full, when set, indicales thel ther= iz & chareorsy wzitng o be read. EDRF i cleared
afrer gn MPLU read of the Beceiws Daea Ragisier. This sieras bit Ras 1o be cheacked befosc reedng the Reosive
Dizta Register.

Transmit Data Eepister Emper (THREY, Rit ]

Trarsm:t Date Regisier Empry ko berng sec high indicat=s that the Transmit Dama Repisier contenis have pesrn
ransiemed and (st new dala may e =nizred. This 5t G has 0 be chacked before writing w the Transmil
Diara Bepiste:.

Fann B IOC: )

Home Preparation

1) "What is the value, in hex, of the conmol byte which sets the ACIA oo clock divide rado o+ 16,
data encoding format o B data bits and 1 stop bit, RTS o low |, and ransmit and reczive
irterrups disabled”

2] Use the answer to inscucton 1 and write a progresn which sends an asterisk (ASCH $2A) w
the PC monitor whenever there 15 2 keypress on the keyboard.

Lab Instruction

1} Imput your program into the system using the described TUTOR commmands, debug, and demo
1t the T.A. .

Part : Sguare Wave Generation Using MC68230 (PL'T)

In this part of the lab, vou are asked to program the MC68230 to generzte & periodic sguare wave.

Programer s Meadel af PUT

o el -
=" g3 ﬂh:‘&'
- LE-N, E] -:_ht

Ful Qi3 ug.;-c.
Addrese (5 PLT REegiscess ot & g
010031 Timer Consol Register (TCR) e 2 wha
QLOGIE Timer Ioterreps Wecoor Registr (TIVE) s be nE
GLOGET Couner Prelosd Begister High (CFRHD i g i
10020 Comnter Preload Register Middle [CPRM) g sE et
G1002E Counzer Preload Regiscer Low (CPRLY =g £ o R
G1002F Coumr Repimer High (CWTRH} &= =t ‘:;"T"_"
a10031 Count Register Micdla (CHTEM] o ! i
010032 Coung Begisier Low (CNTEL} o b
d10035 Time Srans Repisus (TSR} - £E =

Figere 11: PI/T Address Map and Pin Assignment

Figure 11 describes the address map and the pin assignmen: of MCS58230, The PLT timer contzins
a 24-bit synchroncus down counter that 15 loaded from three 8-bit counter preload registers. The
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22t counter ey be clocksd by the ourput of a 5-bit (divide-by-32) prescaler or oy an sxiernal
Lmer inpat (LIN). 1T the presceler is used, 11 may be clocxed by the svstem clock (CLX pin or by
the TIN external input The Counter signals the occurrence of an event primanly through zero
det=coon. (A zemo 5 when the counter of the 24-blr gmer is equal to zero.) This se15 the zero
detec: giatus (Z0S) bit in the dmer siams Tegister. [t may be checked by the processor or mav be
used [0 gencrEie A tmer interrupl. The ZI05 bit can be reset by woiting a one [0 the imer sanes
regiser in that 01t pesiton independent of Dmer operabon.

Ihe drer is fully configured and conroelled by programrming the §-bit omer conmol Tagiser. It
contnls: 1] the cheice berween the port operstion and the timer operstion of three dmer pins, 2)
whether the counter s loaded from the counter prelead register or rolls over when zem dewect s
reached, 3) the clock input. 4) whether the prescaler is used, and 5) whether the omer is ezabled.
The following paragraphs describe the programer's model of the PIT dmer.

4.9 TIMER CONTACL REGISTER ITCR)

Trmer Contrel Register [TCH]

7 [ E £ a 2 i [n}
TCU-TIACE ) = Cloct ] Timer
Zorvral Cartricl oo Eraitic

Tre wrmer cororo! regester (TCRI desermines all opereticns of the times, Bie 7-5 configurs e
A TOUT and PO TIACE pins for port O, sguare wawe, vectored miesiupl. oF sutowscioned inier-
ot pperaen, bl d saesiEs wrstner 1he courter rscenes 4ate from the coumer prelead regisier or
riinuns couniiog when pero deteer 1S reacned;] i 3 © orused and s re30 a5 Iene; Dits 2 snd T
configure Lae pais from the ©U8 &5 TIN gras 10 the ecuntesr contraller; end =iz engnEs the Limer.
Thiz regizier iz rgacnble and witaible &0 £l wmes. All LS are cleared 1o 2ei0 when 172 EEEST oines
aEsered

co
s

TEE TOLUTHTIACK Control

D0 E The augklunchos pas SC3 TOUT and PC7STIACK maory the pea £ fenclon.

29 % Thp desklumction oin POSSTOUT cames the TOUT lunciegs, In she un siaie i i osesd g 3
SLuArEwAwE D007 20 F 1pogied on 2ero deiect. The TOUT gin is sgh whie nothe ksl saae
Taw zusl-lunclion pn PE?.‘TIA%H sEfries 1he PLT fumonipen

07 Treswsienciion po FC3TOWT carmes the TOUT Fescngan, tnomne run of S8l 2lele L2 wsE0 as a

| e i lefiLnL fegLnn] outpel TRE Iemer Sarmegt is o beed, s, e pin s aawavs ifres cigtad
Tre aush lunchios pen PCTSTIALE, carries the TIACE [uaciion, howsver, 5002 N80T IRguas: S
sggates, ne PIFT sroduces ro response lie:, no zate o GTACKD 1o a0 2sxened ALK, Reler o
S.1.3 Timer Interrupl Scxnowidedge Cycles 100 detalis.

1t The des-fopetiss e PO TOUT carres the TOUT lunztian 2ns = used 35 3 el iniRorupl T
e surnul The limer inlE=uUst 15 Enabled; thus, the 3in s owd whien ine pmer 2005 Si3Tus Dl s
e The auak luncticn pn 2TF0T TALCE carmesine TIGLE funshios 5 5 used as a lime: migsiun?
acknowsenge inoul, Feter 10 the .13 Timer Internapl Acknowaedge Dycles lor detads T=is com-
betainn SUppEnSs wooiarss iR CNSTUESS.

.10 The gualduncion sin SCLTOUT carries the TOUT fescyen, Inihe ron o nal siate it i wsdd 85 2
simremr inleErrUET reGURE] GLIUL. T Lmen infecrapn 5 dEabled; thus, the s Sleedys (8 = T |
“he diarlunciion pin SR TIECE carreas the POY foncnon.

1 1 1 Ths duakiunoion pin SO TOUT marries 17 TOUT fWrcnon ang s Lsas a2 @ time inlerros e
coumst gutpel The DeTE INGEFRVED S5 @NAmARDD 150s, the pin s low when the nmes 225 sleluf 0005
ooz The cual-lopctan o PO TIACE £an®s the POT function and autswesioed inierupls ere

SLOEoes
ToR
2 Zero Deted1 Conral
[H The courisr is Eaged irom L Sou=18r oreinas regEler on (e Tiesl GInck g roe 340t S0eried
atior zern delszl, dket IEsLmes couniies.
1 Ihe goietier ralls o an 2eT 310, then coniinuet SoAAT-RE.
TCR

3 Livagas zad 5 25elvs "BeC 25 2@rds
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TR
| Clock Comtro
go The PLHTIN ergat oo szrries 1me port © funcuos, and tha DUF fee and SrefnE S are gsed T

Eresfakn iz decrememied on the falieg wansmon of he TLE pno ocne FEmit mrarter s
Ceremenlan, mls seer, o0 m loades rom e counler pralaad rEgeEiss wnen 1hE SREsEs e ralls
cwes fram S0010 15 The Limer snable 20 dewrmines swhetter the timer = 7 the ren o feh Si218
Tire FOESTIM pon sarves 25 & frmer input, 2nz the CLE pin are srescaler 2re usss The presoaie =
proremented oo s lalling sransitian of the CLE ping the 24- b counter 1= decremmried, o0 5 s
o7 5 aded frsm the counier Srelcad regesters when 108 srescaler rods owver lrom 50510 51 The
191015 =1 Lhe run siase when the nmer erabie B s one arc she Til pinos highs Stherese, oe
IrTer 1% en s hah sians

1L The AC24TiN N SEMRS 35 A timar inpus 2nd 1he prescaler is useg. The prescaies & Jecrémer jpd
‘olizwing ha rsing waasimes ¢l the TIN pin areer being synohrpmzss weln me el 2leck, The
Z8-m7 Cownier i desrementes, rolls oves, oF is lcaced {roem the counie peeloas r=gist=rs when the
prescaler rolls aver from 20010 57F, The rimar erable Sl Sotprmenes whelner 196 $imss 500 15 run
o hElL 21818,

11 The FZESTIM pin fereas as a bimer ingal and the Drescaler is not uses. The 24-bd couqne: =
cecremerned. rols awer, o 15 1oacged From The counter goeioad segislers Scllowing 1me N5t Bige
of the TEW pin @her teng synchronized wish ine imernai elock. The limer 2nabs2 bit datemings
whathe: 1he Tmer s in e un o hall 51316,

Timea: Eralzle
Drzbied
Zrnabled

- L1 omra

£10 TIMER INTERRUFT VEZTOR REGISTEER {TIVAI

Toe timar wvigreopl wesior fegisier ConlEms the B-bit wecler sopplied when the Lmar imlarryo
acknowledgs pin TLACK 15 asseried. The regester is readabie and writabiz 31 34 omes, and 15 same
vitled 15 Brwdys Gilained from 3 normal read cycle or @ umer miermept acsncwledge Hus oycle
ITIETK L When the FEEET pin is 355201 the valve of 59F = laaced in1g 1me remister, Aeler 0503
Tirer Interrupt Acknowiedge Cveles far more detais.

411 COUNTER PRELOAD REGISTER H, M, L ICPRH-L]
Covnter Prelead Register B, M, L [CFPEH-L

b 4 5 & o3 3 1 5
SEdS | el Bag 23 ETHe v A ) Ba1E | Ba 17 F Ei s | Cpap
B it | Bale | BEu il Hi 12 S Ead | m-w Ba B | C=ak4

{ 3eF | EBcE | @ag g d Bl | maz g Zen lome

L hmogunien prelosd FECQELArs dre & gQroud of thires 3-En '=Ei51gr'_5_ used far S1anng gaa to be wanniar-
rad D 10e counter. Each of 1he rl;:gizter'; = MCivicwEf eddressab =,

Thess ragisiers 12 reacable and weritable a1 sl vmes. 2 read cwcle procseas dependanihy of 2oy
UEnsrer o Ihe counler, whnot may be ooourmning semy 13neously. To insurs proper speranon ol the
PLET tirmer, & weloe ol S000000 may noT D 510180 i The counier prsiosd remis1ss ter use with the
sounters Toe SEZET pin does nol Sffect 1ne conigmis of these regqisiss,

L12 COUNT REGISTER H, M, LICNTAH-L)
Count Regmter H, W, L ICNTRE-LI

¥ & 5 2 3 I i o
k] R &n 25 B 20 Bit 18 Ba B 317 Bits | INTRS
T e | BalZ B=1 12 B:r 71 B 20 du s Bu B | CRTRA
Ea 7t Ea R [:FER] Ris & B 2 LR | i * Sl INTRL

The courl rEgisiess are a grooe ol thres B -kl aderesses 20 whieh the eoanter 2ar oo rsed The con-
ents of 1he counter are na leiched durnirng & reed bus evele, 1hos, the SE1E resd 21 os5e addresses
2 ot guargnEad of 1he mes is o the ron S2a1e, Wnls operalions 1o 1hese ecdresses r@suling no
2! bus oyole bul 1he caiE F ignored
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£33 TIMER STATUS REGISTIA 17551

Tmer Zimus Feqister iTSRI

Thp imer slaius PELIELEr SONTEINS O 00 framm wmich 1he rern detest s2aius can be coiss = mvwed, Tho
Z08 siatos be ipa 00 s 2R adoesensines hp-'ts AT 5 5E1 1o ere wenes Hhe AL ol countEr
pecremenls lrom 000007 10 8000000, The 205 s b s cleared 10 2o Tollewng e ¢reot reset
aparglica & when the 1imer s neies. fegie thins wher 1ne I-. e I s E 2s5ened the wmer o5 dis-
anied, end thus enters the hall s1ane

T - . —_— - r -
Vhig regislesr s always readeble wilhoo ! CONSEQUETCS, A wiite AncEss zerlarms 2 dirasl feset npona-
lign i Gl im the swrinlen 221802 one Following 1h21, the Z05 o0 12 20,

This regisier s conslrucied with 3 rezer dominant 5.8 fli-dicp 5o thas &l Searing sonditions orevad
cwer 1n2 possible Xero cotes conaision.

Pat O Instrpcton angd Preparation

Home Preparation
1) Use "00" as the clock control (the system clock and divide-by-32 prescaler are used) value.
The system clock is 4 MHz. What are the count values, in hex, for the counter preload

reglisters in order 1 generate a 1.6 ms penedic square wave at TOUT {pin 33)7

23 WWhart value, in hex, has 1o be loaded into the Timer Control Register (TCR) to generate the
squars wave?

3) Write a program to instuct the PLT to generzie a 1.6 ms periodic square wave,

Lab fnsruction
1) Imput your program into the svstem vsing the descmbed TUTOR commands, debug, and show
it to the T.A.. Use an oscilloscope to observe the waveform cuput of TOUT.

2y I you have problem running your program, push the resar button before executing the program
sequence. This will cause the syster o reload the SR to mask our all maskable interruzis and
reset the PUT.

Part D: Interrupt Programming

The MC63000 recognizes seven intemupt priony T il
levels, The intetrup: prionity levels sre numbered

from one to seven with level seven having the '1F5:l F:x“‘n" AT T 1] =la] T
highest przority (the equivalent of 2 non-maskahle e —— | : |
interrupt). The MCE800] status register contains & p— . i '
threa-bit mask which indicares the corrent processor st DR | ' ! _
prionicy level. Figure 12 shows the staius register of }— e—— | | |
the MCG3000, Interrupts are inhibited for pronty e — t]
levels less then or equal o the current processor el B | .l
priority. An interrupt request is made to the Ll P B 1
processor by encoding the incerrupt reguest level on - ;

the mt:n'l.rpt TEquEst lines (IPO-IF2) with a zem
indicaring no interrupr requests. _
Figure 12: MCS8000 Swztus Register
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Tz ntermupt prioriny lave! of the PLT gmer is a level

2 non-autovector interrupt. As & resuit the PUT has T
w0 pravide aa B-bit vector number 1o the MPU curing s bt e v
=ach interrupl. This interrupt vector number has w | e PR e s
be programmed into the PLT amer. The table on the L e R e g
rigkt hangd side describes the intemupt vector 12ble of o T e
the MCEEDOG. o _.': f__ L
Peciogic Intermup |

i o A b
The orocessor loads the counter preload registers | i ARyt o
(CFPER), the trmer inlefmupr vecior register (TTYR), i e = P A
and the dmer conool register (TCR}, and then e B L | TR
enabies the timer. When the 24-bit counter passes sy L | TP
From S000001 to SO00000, the ZDS status bit is sat — W},_.....‘_....m“
and the TOUT (interrupt request) pin is asserted. At =
the next clock to the 24-bit counter, it is again loaded e .‘m.? N
with the contents of the CPRs and thereafter S — |~
decrements. The processor must direst clear the ] T | e
suarus bit wo negate the intermupt request. The ZDS sy [T ] | 17w B
bit can be reset by writing a one to the timer e [ ] e 0yt e
status register in that bit position gy N | DU
independent of timer operation. e N | SRS

i ' e e [ T et e
Fart D Insrpcrion and Presaraton = %‘E"%,_,, |
o mmm| s || WA

b T
R

Horre Preparation o e N

I} What velue, in hex, has to be program into the e o |
TCR to generate a pericdic interrupt 7 :“f—"“”:-{ Fromihas,

2] Wth "00" as the clock control value, what ol e [
values, in hex, have to be loaded into the preload o 30 A
SOount TEEISHETS 1o SENSrale an inteITupt every one : 3 bt
second ? . Ny L .

TEEEL | PN L

i | R e

GEED | Sda B
—

3 If interrupt vector number 64 i5 used, what wo, TR A
memory locaden has to con@in the starming L soarwe oI

addmess of the intermupt service mutne 7

4) Write a program, interrupt driven using vector nummber 64, to send a beep (ASCH 507) o the
PC every second. The program must include the inidalizadons of the ACIA and the PI'T dmer.
and a simple intermept service routine, The service routine sends a beep character o the PC for
each interrupt. Make sure you reset the ZDS at the entry of the servics routdne,

Lab [nstructions

1} Izput your program intwe the system, Use ".5R 21007 10 unmask the tmer interrupt and vse the
VM corrnend to store the starcing address of the service rourine into the vector table before
TURRING yOUT program. ¥ ou have to debug your program and demo it o the T.A..

1} If you have any problem, push the reset button to reset the board.  Keep in mind that every
tme e system is reset, the SR and the vector wable are re-initalized. Make sure vou have
reprgram the SR and the vecter table before executing your program again.
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1.

Carleton University
Systems and Computer Engineering, 94.361*

Laboratory #5: Microprocessor Interfacing

Instructions

This design lab 1s to be completed in groups, one submitted report per group, no
more than three students per group.
Students may (and are encouraged to) begin the lab work as soon as possible. The

TAs wall be available to assist students dunng the nommal lab periads.

3 Due Date: June 27% 2000, To be submitied during class. Students are advised to

LA

retain 2 copy of their final report for their records and study purposes, Late reports
will be aceepted with a 15% penalty up unti] June 305 2000. No reports will be
accepled after June 30", 2000,

Thas lab replaces Lab 5 1o the onginal lab manual and cames the same weight
tovwards the {inal grade. The marking scheme 15 as follows:

Technical Correcimess 15
Crrganization and Presenation = - &
Total 20

It i5 the students’ responsibility o work effectively in the lab teams, complete the
designs, orgamze the report, and present the solution in a logieal and neat submission
that another engineer could understand. Not every wire connecting any pin to another
pin must be shown. Collect common connections into buses to reduce drawing,
complexaty, but clearly indicate the connections proposed by your group. Reports
neaed not be typed, but must be neatly presented,

Do not attempt to include all interfaces on the same drawing, complete schematic
diagrams lor each task as outlined on the following pages.
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2. Background

A small embedded 3086-based microprocessor system 15 nesded for a supervisory contiol
system that reguires 128 switches and 128 LEDs. The general architecture 15 shown in
Figure 1. The purpose of this lab 15 to design the microprocessor, memory, and 14)
subsystems (1o the el of the dashed hne). The system is based on an 8086 with 82544
clock gencrator, 256Kbyvte of SEAM. [28Kbvie of EPROM. penipheral 'O consisting of
an 8255 PPI, 8253 Timer, 8279 keypad'display controller and an 82514 senal
communications interface. The system clock 15 to be Sh{Hz, however one wait state s

required for access to the EPROM.

SBE Peripheral |

LY
128 LEDs

Clack Puafferad 1o P Kepad |
Ry acd {8255 ;| Dhsplay
Wil Siales Latched 5353 " Senal
(32844 §27 | Paralil
B251A) i
e —
FFROM 128 Swatches |
SEAM 'IIH!':;:.-E Swritch/LED ’ e
256Kyt P L0 |
(128K " {Bx1Ghit loput Foets 3
% 15 bit Zx L6kt Chetpal Farts. -
16 hi] .__3__

Figure 1: 83086 embedded system for supervisory control.
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3. Procedure

Complete the following design tasks:

Task 1: Buffer and latch the 8086 muicroprocessor using standard components ("244,
245, '373) as covered in the lecture. Connect an 82844 clock penerator to the 8086 for
ShiHz operation and resei capability, Design a wail state generator offening 0-1o-7 wait
states and connect this w the 32544 Deseribe the operation of the wait state generator
and how 1t will be set and activated to insert one wait state whenever the microprocessor
reads from EPROM

Task 2: Design address decoding circurtry and data and control bus connections for
256Kbyies of SEAM organized as 128K by 16 bits using 62256 SRAM chips (32K by &
bit each) starting at address O)00H. Each 62256 has 8 data lines, and three active low
control lines labeled WE*, OE®*, and C8* {note that ()* indicates an active low signal).
Any standard logte pates or decoders (2-to-4 or 3-t0-8) may be used in vour design. The

complers address bus must be decoded 1o vour design.

Task 3: Design address decoding circuitry and data and control bus connections for
128K bytes of EPROM orgamzed as 64K by 16 bits using 27128 EPROM chips (16K by
2 bit each) such that the highest byte address of EPROM resides at FFFFFH. Each
27128 has & data lines and two active low control lines labeled OE* and CE*. Anv

standard logic gates or decoders (2-10-4 or 3-t0-8) may be used m your design. The
complets address bus must be decoded in vour design. Whenever EPROM 15 accessed,
ONE wait state must be inserted 1o the read cvele to accommodate for the slower responss

of these devices.

NOTE: All addresses from the top of SRAM to the bottom of EPROM are to be left

for future expansion.
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Task 4: Desigm address decoding circwitry and data control bus connections for the

peripheral 10 system using [/O-mapped-1/0) at the addressed given in Tahle 1

Additional 'O may be required at a later date, so your desigm must only allow the

specified devices to be activated at the addresses given. Any standard logic gates or
decoders (2-t0-4 or 3-t0-8) may be vused in vour design, The complate [FO address bus

must be decoded 1n vour design.

Table 1: Repister addresses for peripheral 100,

Peripheral Register Address (H)
8255 Port A FFCD
__"" Port B FFC2
- Port C ~ FFC4

1 CommandReg FFC#

| B253 | CD’I.IJT['ET 0 - i “__--m -
| | Counter 1 FFD3
Counter 2 FFT3&
a Control Word Reg FFD7
8279 ! Data Reg FFE(l
Command Reg FFE2
D 82514 Data Reg FFF()
— | Command Reg FFF2
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Task 5: Design address decading circuitry and data control bus connections for the
switch/ LED IO system using T'O-mapped-1100. Each switch has two positions 1 -on or
U=off} and maintains its posilion when switched (detented toggle switches). Each LED 13
turned on by providimg a logic high level 1o that LELD, and 15 turned oft by providing a
logic low level to that LED.

sSwitches and corresponding LEDs are ammanged 1n groups of & forming one byte of data
that 1z read from (input porl) & group of switches or written to {outpur port) 2 group of
LED=. Each &-bit input‘output port pair is to have the same address. For example,
switches 0-7 are connected to an 8-bit input port which has the same port address as the
output port which 15 connected 10 LEDs (-7, The same is true for switches 8-135 and
LEDs B-15. etc.

LO-mapped-10 is to be used with addresses running sequentially from CRFOH through
CBFFH. That 15, the port for switches/.LEDs (-7 is CBFOH, 8-15 is CBF1H, 16-23 is
CBF2ZH. etc.. and 120-127 is CBEF. Svatches'LEDs can be read'written byte-wise (8-bits
at a ume} or word-wise [ 16 bits at a time). Byte- or word-wise access can occur at even
or odd addresses depending on the group of switches LEDs to be accessed. Anv standard
logic gates or decoders (2-to-4 or 3-to-%) may be used in your design. The complete IO
address bus must he decoded in your design.

4. Lab Report

The report must be neatly prepared (not necessarily tvped) and logically presented.
Feports that are simply too messy to decipher will be retlurnsd with a mark of zero.
Include a title pave that clearly identifies the name and student nomber of cach
member of the lab group. The maximum number of students per group is 3. Givea
short mmtroduction and then document vour designs under the Task headings miven above,

Include a discussion of vour design under each Task and a concluding section



APPENDIX A

Operation of the Logic Analyzer

1.0 STATUS KEY

The status key brngs up the system status. Itis a pasiive screen (i.e. you canot change the
setiings in this screen’ The setings will look something ke the following:

SOURCE: Internal WIDTH: 16 bits
BEZIOD: d040 nsac DATA QUAL; off
T DELAY: 0 clocks

" SEQLIEMCE: A

" TRIGGEER * Format PO0D; LOGIS 18

MNote: One of the bits on Channel A should be set for the selected trgger line where the
iefonost bit is MSE and the righmest bir is the LSB

2.0 KEY DESCRIPTION AND SELECTION SETTING PROCEDURE
a. FORMAT Key
PO Mode: Select Logic® or Logiclé. This will st the rest of the fields on the screen.

b. CLOCK Ke¥
SOURCE: Choose 0 for INTERNAL
INTERNAL: Choose ? nsec for clock penod (TA's will be able w0 help you here).
Note; 1gnore external settings.

c. CONFIG Key
RECORED WIDTH: Sclect 8 or 16 bits, The rest of the fields in this screen arc irrele-
vant.

d. TRIGGER Key

With a 16 bit (Logic 16) sequence, only the first 16 positions on A will be used. The
3SB will be on the lefrost bil and the L3B will be on the rightmost bit, Also, the
selected sequence will be displaved at the bottom of this screen. Note: A maximopm of
12 channels can be viewed at once on the display.



e. DELAY Eey
The delay kev allows the user to set @ window of 2000 events (when logic 16 or 16 bits
is selected). Therzfore, depending on the vour requirements, the window can be set 1o
capture cvents afler (delay = 0), before (delay = 19990 or in the middle of the wigger
QECLrBnCs.

I. SEQUENCE Key
TRIGGEE. SEQUENCE: Select O for oigger scquence A,

Remember to recheck the sviem status after seiting things up by pressing the STATUS
Eex.



TAEBLE 1. Logic Apalvrer Pinout

Logic Analyzer Signal CPU Signal (SDK Board)  CPU Signal (65000 Board)
h o FOLE CLE
1 ALF T T W

P R DIACK o

3 RD - 11os

N ADD UDs

3 ADI A5

6 ADZ | pcyToOUT

7 AD3

8 h ADd

9 AD3
[ 10 " ADE N

11 I AT

T ADE '

3 ADY

14 ADID |
15 ADI1 N
| 16 | ADI2
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18 Al 4
BT ADIS . T
20 AlE

21 _ AT

e ATE

23 A1Y

| 24 RO

25 Ri

| 26 IRz - |
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28 A T
g NIC '

a0 WiC

3] NIC =




APPENDIX B:

SDK Systern Extensions

1.00 8253 Timer and 8259 Peripheral Interrupt Controller

e
WA = a®
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2.0 82554 Chip and DAC/ADC Expansion
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