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MICROCOMPUTER INTERFACING HORKECOK

CHAPTER 1
INTRODUCTION

HARDWARE INTERFACING AND REAL TIME PRCGRAMMING



1.

o1

‘_J

INTRODUCTION

All computer applications involve the connection of the computer ¢to
external hardware for input and output. In computational systems
these external devices are slaves to the computer, and they exist only
to serve the computer. In control applications, however, the computer
(or microcomputer) exists to serve the process, and the computer
design and programming must be adapted to the process. In this course
we will be concerned with control applications: now a microprocessor
is connected to equipment it controls, and how it is programmed to

meet process requirements.

In most control applications the computer must receive 1input data,
process the data and generate control outputs in a timely fashion in
order to achieve its intended goals. Failure tc react in the allowed
time will result in loss of data and possibly improper control. Real
time programming deals with these requirements. Most cf the exércises

in this course are real time programs.
PURPOSE AND CONTENT OF THE COURSE

The text and exercises of this course teach the use of programmed,
timed, and interrupt driven input and output. These are applied to
open and closed locp control problems, with various forms of discrete
and analog 1input signals. Sensor calibration is used to convert a
thermistor signal to temperature, and the speed of a motor is measured
using an optical sensor. Logarithmic and sinusoidal output signals

are generated., A digital noise filter is developed. The student will
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c/7/78

measure the response time of a c¢losed loop control system, after
observing the difference in behavior between open loop and.closed loop
control. Although no attempt 1is made to teach servomechanism and
feedback theory, the basic ideas of proportional, and integral

feedback are presented and used in exercises.

The 1interface <circuit board 1includes an interrupt system with
priorities and vectors. These are explained and wused in many

exercises having multiple interrupts.

The manufacturers of microprocessors are introducing new L3I chips . to
make real time control systems easier to design and cheaper to build.
The background provided through this course will make such devices
comprehensible to the engineer and programmer. One such device, the
INTEL 8253 interval timer, is included 1in the ncourse hardware and

extensively treated. .

The remainder of this chapter gives an introduction to the hardware of
the interface circuit board. Complete schematics are included here,
but details of how various parts of the hardware operate are covered

along with exercises in later chapters.



FIGURE 1-1

PHOTO OF MTS AND INTERFACE BOARD WITH
MTS TILTED TO SHOW ITS BOTTOM WITH FOLDED CABLE




1

.3

.3.

CABLES AND CONNECTIONS

The interface circuit board is connectad to the Microcomputer Training
System through a ribbon cable and— an adaptor board with an edge
connector thaﬁ plugs onto the MTS. The MTS as originally supplied has
only the address bus and data bus available at the edge connector.
Various control signals are brought to the edge connector by jumpers.
If the MTS and Course 525 have been supplied with Course 536, these
jumpers will have been installed by ICS. Otherwise the c¢onnections

must be made in accordance with Appendix B.

The adaptor circuit board via its connector is plugged into the MTS,
with the ribbon cable running under the MTS and folded to come out to
the left, as shown in Figure 1-1. The cable is plugged 1into the
connector at the right hand side of the interface board.

1l Power Connections

Normally the power connections (+5 volts, +12 volts, ground) are made
directly to the MTS through wires soldered to pads at the lower left
corner. The interface board then obtains the power through the ribbon
cable from the MTS. Alternately it is possible to make these
connections to the tie block in the center of the left hand side of
the interface board. There is no negative supply required, unless the
serial interface port for a teletype or an RS232 terminal 1is to be

used.
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1.3.2 Signal Terminals

Signals used to connect the interféce board to external devices, or to
connect wvarious functions together for experiments, are made through
tie blocks at the left and top edges. The white plastic tie blocks
each have four different signals, labelled next to the block. Each
row in a block is a common line, making it easy to tie several signals
together. Wires or component 1leads can be inserted directly into
these tie blocks. One block, at the upper left corner, has +5 volts

at all points to facilitate insertion of pullup resistors.

A row of screw terminals at the upper right provides for connections

to serial ports.
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1.4 INTERFACE HARDWARE AND REFERENCES

An overall block diagram of the interface circuit board is shown in
Figure 1-2. Various sections are shown in separate schematic diagrams

and described in the chapter referred to below.

1.4.1 MTS Interface

Figure 1-3 lists the signals that are brought out to the MTS via the
50 pin connector with their pin assignments in the connector head.

The corresponding connections within the MTS 100 pin edge connector are

described in Appendix C.



S 1 - 19

CONNECTOR SIGNAL NAME CONNECTIONS ON
PIN INTERFACE BOARD
1 GND
2 GND
3 GND
.4 GND
5 Vece (+5 Volts)
6 Vcc (+5 Volts)
7 GND
8 +12 Volts
9 +12 Volts
10 GND
11 GND
12 CLK g2 (U26-18)
(CLK1l Tiepoint)
_ (CLK2 Tiepoint)
13 GND
14 AB15 (U44-11)
15 AB7 (MEM-16)
16 AB6 (MEM~1)
17 ABS (MEM-2)
18 AB4 (MEM~-7) (U15-13)
19 AB3 (MEM-6) (U15-14) .
20 AB1O (U44-10)
21 AB2 (MEM-5) (U1l6-9)
22 - AB9 (MEM=-14)
23 AB1 (MEM-4) (U26-20)
(U28-8) (U30-8)
(Ul13-5)
24 ABS (MEM~15)
25 ABO (MEM-8) (U26-19)

(U28-9) (U30-9)
(Ul3-4)

LIST OF INTERFACE SIGNALS TO MTS

FIGURE 1l-3a



1 - 11

CONNECTOR SIGUIAL NAME CONNECTIONS ON
PIi INTERFACE BOARD
26 MEMR (U42-10)
27 RESET (U32-9) (Ul3-2) -
28 POBO (U54-6)
29 POCO (U32-5)
30 MEMW (MEM-3) (U42-9)
31 INTA (U46-1) (G45-1)
32 DB7 (U45-9) (U15-2)
(U60-~11,12) (U26-1)
(U28-7) (U30-7)
33 IOR (G28-5) (U30-5)
(U26=-22)
34 DB6 (U59-11,12) (U26-2)
: (U28-28) (U30-28)
(U45-7)
35 . DB5 (U58-11,12) (U26=-3)
(U28-29) (U30-29)
(U45-5)
36 DB4 (US57-11,12) (U26-4)
(U28-30) (U30-30)
(U45-3)
37 DB3 (US0-11,12) (U26-5)
(U28-31) (U30-31)
(U46-9) (UL4=3)
33 INTR (U33-3)
39 DB2 (U49-11,12) (U26-6)

(U28-32) (U30-32)
(U46-3) (Ul4-2)
40 DBl (G43-11,12) (U26-7)

(U28-33) (U30-33)
(U46-5) (Ul4-1)

41 INTC GND

42 DBO (U47-11,12) (U26-8)
(U28-34) (U30-34)
(Ud46-7)

43 IOW (U28-36) (U30-36)

(U26-23) (U15=3)
NOTE: (MEM - ) refers to corresponding pins on all memory

chips: U47,U48,U45,U50,0U57,U58,U59,U60.

LIST OF INTERFACE SIGNALS TO MTS
FIGURE 1-3b



'MEMW
(CON 30)
MEMR
(CON 26)
AB10
(CON 20)

AB15
(CON 14)

RESET
(u32-8)

D

10| U42

10

U44 )c

1T

Bx210LA-4

8

3 4
2o

ADDED MEMORY (8400 - 87FF)

FIGURE 1-4

D80 pBi DB2 bB3
!
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ago 8] o1 PO DI DO bl DO Dl DO
ABlI —2
ABZ ——
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’A%g 7| U47 u48 U49 U50
AB6 ——1-
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ABB —7
ABY
R/W s R/W €5 RIW C$ R/IW s
3 Q13 3 Q13 3 13 3 13
U13 )o3
3 G133 9513 3 N33 ([)13
ABO 8 |R/W s R/W ¢S R/W ¢S R/W Cs
AB) — 4
AB2 —=2-|
ggg—%‘ Us57 Us8 U59 U60
ABE —T¢
AB 7 75 ]
ABS'—EZ“
B9
Dl DO Dy DO DI DO DI DO
11 12 11 | |12 1] 12 1] Ju2
’__._.l ¢ ¢
bB4 DBS DB6 DB7

T - 1
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2 Added Memory

The interface circuit board provides space for thev‘addition of 1024
bytes of memory, located at addresses 8400-87FF. To use this memory
area install eight 2102 or 8102 memory chips. Each chip is organized
as 1024 locations of onme bit (1024 x 1), so the full 1024 bytes must

be installed. Figure 1-4 shows the memory connections. This figure
also exemplifies the notation used in other schematics. For example,
consider the two signals shown at the lower left, AB 15 and

RESET. ABl5 is "address bus bit 15". It comes from the ribbon

cable at pin 14, designated (CON14). The signal is connected as shown

on this schematic to input pin 11 of a three input gate which is part

of the chip designated U44 on the ITS board. You will find this chip

in the second column from the right on the circuit board.

RESET is a signal generated on the interface board. Its source is an
inverter in chip U32, with the output at pin 8. It is connected to

input pin 2 of a gate which is part of chnip U13.

.3 Chip Selects and Resets

Several bits of the address bus, control bus, and data bus are decoded
to generate various chip select and reset signals needed on the
interface board. The circuits are shown in Figure 1-5. Figure 1-6
gives a "truth table”" listing the results of this decoding circuitry.
The addressing of the interface board ports is described in Section
2.1. The purpose and use of the various reset signals are described

in Section 2.7.




ABO (CON

AB1 (CON

DB1 (CON
DB2 (CON
DB3 (CON

RESET (CON 27)———<:::%>—

74LS139
Ul5
DB7 (CON 2 [1a 1Y0
TOW (CON 3 s 1yl
_1:f~£alc . 1v2
. 1Y3
AB3 (CON 1415 2v0 o
AB4 (CON 13 1>p 2v1
AB2 (CON 8 154sc 2v2
2Y3
7415138
4 Ula
L 0G2A Y0
5
5| u13 6 lc1 Y2
23) Y3
Y4
40) Lla Y5
39) 21p Y6
3
37) c Y7

FIGURE 1-5

I/0 CHIP SELECTS AND INTERRUPT FLIP-FLOP RESETS

RESET (U28-35)
(U30-35)
(U13-2)

CS1(U30-6)
CS2(U28-6)
CS83(U26-21)

RO (U24-10)
R1(U24-4)

R3(U20-3)
R4 (U34-10)
R5 (U34-4)

FT - 1

8L/L/3



FIGURE 1-6

oW Low Address Bus Data Bus Chip Select Resets
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 5 4 3 1 0
X X X X X X 0 X X X X ’X X. X X X X 1 1 1 1 1 1 1 1] No effect
X X X X 1 0 1 X X X X X X X X X X 0 1 1 1 1 1 1 1] Select Timer
X X X X 0 0 1 X X X X X X X X X X 1 1 o0 1 1 1 1 1| Select Port 1
1 X X X 0 1 1 X X X X X X X X X X 1 0 1 1 1 1 1 1} Select Port 2
0 X X X 0 1 1 0 o X X X X X X X X 1 0 1 1 1 1 1 1) Write Port 2A
0 X X X 0 1 1 0 1 X X X X X X X X 1 0 1 1 1 1 1 1} Write Port 2B
0 X X X 0 1 1 1 o X X X X X X X X 1 0 1 1 1 1 1 1} Write Port 2C
0 X X X 0 1 1 1 1 1 X X X X X X X 1 0 1 1 1 1 1 11! Program Port 2
i
0 X X X 0 1 1 1 1 0 X X X 0 0 0 X 1 0 1 1 1 1 1 0 Bit Set/Reset 2CO0
0 X X X 0 1 1 1 1 0 X X X 0 0 1 X 1 0 1 1 1 1 0 1| Bit Set/Reset 2C1
0 X X X 0 1 1 1 1 0 X X X 0 1 0 X 1 0 1 1 1 1 1 1| Bit Set/Reset 2C2
0 X X X 0 1 1 1 1 0 X X X 0 1 1 X 1 0 1 1 1 0 1 1| Bit Set/Reset 2C3
0 X X X 0 1 1 1 1 0 X X X 1 0 0 X 1 0 1 1 0 1 1 11| Bit Set/Reset 2C4
0 X X X 0 1 1 1 1 0 X X X 1 0 1 X 1 0 1 0 1 1 1 1] Bit Set/Reset 2C5
0 X X X 0 1 1 1 1 0 X X X 1 1 0 X 1 0 1 1 1 1 1 1! Bit Set/Reset 2C6
0 X X X 0 1 1 1 1 0 X X X 1 1 1 X 1 0 1 1 1 1 1 li Bit Set/Reset 2C7
}....I
1
Truth Table for Chip Selects and Resets tn
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FIGURE 1-7
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1.4.4 Port 1 and A/D - D/A Converter

The interface board includes two 8255 I/0 devices, with 3 I/0 Ports

each (A, B & C). One of these designated device (or Port ) 1, drives
the LED indicators at the top left of the interface board via Port 1A
and provides connections for the digital to analog converter via

Port 1B. It is shown in Figure 1-7. The discrete outputs are described
in Sections 2.1 through 2.3. The digital to analog converter is des-
cribed in Sections 4.5 and 4.6. The circuitry that makes it function

as an analog to digital converter for input is the subject of Sections
5.3 and 5.4. Port 1C is brought to a DIP socket (Ul8) for general

I/0 applications.

1.4.5 Interrupt System

The secand 8255 I/0 deﬁice is primarily devoted to the interrupt system
shown 1in Figure 1-8 and described in Sections 2.7 through 2.9. The
8253 interval timer is closely tied to the interrupt system, so it 1is
shown in the same schematic, but this device is so important (and so

complex) that all of Chapter 3 is devoted to it.
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1.4.6 Optical Couplers and Power Driver

It is often necessary to provide electrical 1isolation between the
computer and external equipment. Optical couplers use infrared light
as a coupling medium for information while giving complete electrical
isolation. A optical coupler (Monsanto MCT6) is provided on the
circuit board. One coupler is wused for output, driving a power
transistor mounted on a heat sink. The other coupler is used for

input. Figure 1-9 shows these circuits.

1.4.7 Serial Interface Circuit

The circuits shown in Figure 1-10 can be used to connect the MTS to a
teletype or a terminal such as a CRT that uses RS232 signal levels.

The RS232c system's software and board connections are described in
Appendix E. ‘

1.4.8 Tape Cassette Modem

Programs (and data) can be stored on or 1loaded from magnetic tape
cassettes, wusing the digital modem shown in Figure 1-11, This is to
be connected to a consumer type audio cassette recorder through the
screw terminals 1labelled AUX and EAR, (located at upper right of
ITS board) with a common ground. The monitor program of the MTS provides
for recording and loading programs. The programs and connections are

described in Appendix D.

1.4.9 Tape Cassette Library
A cassette tape is provided with most of the programming exercise

solutions and a few additional programs. It is described in Appendix D.
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INPUT/0OUTPUT AND INTERRUPTS

This chapter discusses the provisions made on the experiment board for

digital logic level inputs and outputs to the microprocessor. Interval
’ I
timers, analog signals and optically isolated inputs are discussed 1in

later chapters.

PORT ASSIGNMENTS AND ADDRESSES

The experiment board includes Ewo 8255 Programmable Peripheral
Interface devices. Including the 8255 on the MTS board, a total of 72
bits of input/output is accessible to the 8080 microprocessor. In
addition there 1is an Intel 8253 Interval Timer (see Chapter 3) which
is addressed and programmed in much the same way as the 8255 ports.
Figure 2-1 shows the port assignments. Figure 2-2 lists the port
addresses and assignments and gives a3 1list of programming control

bytes suitable for each of the 8255's.

In this table and throughout the course we will refer to input ports

by device number, port letter, and sometimes a bit number.

PORT 1 A
L—-————-PORT A, all 8 bits
8255 #1
PORT 2 C 2 or sometimes 2C2
Bit 2 (where the least significant (or right most)

bit is bit 0 and the most significant (or left most)
bit is bit 7.
Port C

8255 #2




8255
#0
(MTS)

oA
0B7
to 0Bl
0BO

0C7
0Cé
0C5
0C4
0C3
0C2
0Cl
0co

8255
#1

la
1B

1c7
to 1C4
1C3
1c2
1cl
1C0

8255
$#2

27
2B

2C7
2C6
to 2C0

5 - 2 c/7/78

<— Keyboard Rows
Unassigned
-—— Tape Cassette Receive Data
— Display Enable
— Command Keys

— Keys 8-F
—= Keys 0-7

} Unassigned

— Tape Cassette Send Data

——> LED's and open collector drivers
<> A/D - D/A Converter

} Unassigned

— Interrupt
Unassigned

— Motor Drive Enable

— A/D Count Enable

<> uUnassigned I/0
e— Interrupt Status

— General Interrupt Disable
} Specific Interrupt Enables

8255 I/0 PORT ASSIGNMENTS

Figure 2-1



PORT ADDRESSES AND ASSIGNMENTS

ADDRESS PORT NAME FUNCTION SPECIAL ASSIGNMENTS FOR 0C AND 1C
00 PORT 0A MTS Keyboard |nput Qc? Display Controi (1=0n)
01 PORT 0B Unassigned except 08B0 0Cs Enable Command Kays {0 =0n)
02 PORT GC Sae column at right 0cs Enable Keys 8-F (0 =On)
03 CNT O Control Port for MTS 8255 oca Enable Keys 0-7 (@ = On)
04 PORT 1A LED and Driver Outputs ocs Unassigned
05 PORT 18 D/A Qutput or A/D Input 0C2 Unassigned
06 PORT 1C Sae column at right | oc1 Unassigned
07 CNT 1 Control Port for 8255 # 1

0co Cassette Modem Out
ac PORT 2A Unassigned 0BO Cassette Modem in
0D PORT 2B {nterrupt Status input 1c74 Unassigned
(3] 3 PORT 2C Interrupt Enable Qutput ] if bi ac
oF CNT 2 Cantrol Port for 8255 2 C3  Interrupt (If Enabied by 2C6)
1c2 Unassigned
14 ™
M0 Timer 0 1C1 Motor Drive Buffer (1=0n)
15 TIM 1 Timer 1 o
16 ™ 2 Timer 2 1co D/A Control (1= Automatic A/D)
17 ™ CT Control Port for 8253

8255 PROGRAMMING CONTROL BYTES (WRITE TO 8255 CONTROL PORT)

USE WITH | [07]0s|0s{0q]01|02{01|00|
8255 # ] '

CONTROL BYTE | PORT A | PORT B | PORTCO-C3| PORTC4AC7 | 0 | 1| 2 GROUP 8
80 Out Out Out Out D/A PORT C (LOWER)
31 Out Out In Out 9 0 - ouTRuT
82 Out In Out Out A/D| * et
83 Out “In In Out A/D o
88 Out Out Out In D/A 3 9&%%’:‘;”"’“
89 Out Out In In ®
8A Qut In Qut In A/D P,
88 Out In In in A/D pop———
20 In Out Out Out * |D/A 0= OUTIUT
91 In Qut in Qut * | @ onT A
92 In In Out Out * |A/D| * o= outrur
93 In In In Out * |AD 0= MGDED
a8 In Out Out In D/A I~ oD 2
29 In QOut In In 9
3A In In Qut In A/D MODE SET FLAG
9B In In In In A/D | TACTIVE

* Generaily oniy these controi bytes shouid be used for normai opaeration. Mode Definition Format

‘ Forbidden configurations

Figure 2-2
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2.2 PROGRAMMING AND USING THE 8255

t system reset all ports of all 8255's are automatically set to input
Mode O. They can be used this way or programmed to other configurations
by writing a control byte to the control port of the desired 8255.
The monitor program automatically re-configures the 8255 on the MTS board
such that ports 0A and 0B are input and 0C is output. It accomplishes

this by writing 92 to the control register.

3E MVI A,92 Load A with control byte to make device

92 O: A= IN; B= IN; C = OUT

D3 OUT CNT Output A to 8255 0 Control Register
(Address 03, with most significant 5 bits

FB high: 11111011B.

The experiment board 8255's must be set to the desired modes by your
program. The first programs we will develop require output in all

three ports of 8255 #1. Figure 2-2 gives 80 as the required control

byte:
3E MVI A,30 Load A with control byte to make device 1:
80 A = OUT, B = OUT, C = OUT
D3 OUT CNT1 Set 8255 1 Control Register
07 (Address 07)

Because 8255 2 is largely committed to the interrupt system it
| usually is programmed for input at port 2B and output at port 2C.

Port 2A may be input or output but must be in Mode 0, the normal
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direct I/0 mode. Most programs developed 1in this course use the
interrupt system, so in general programs should contain (again from

Figure 2-2):

3E MVI A,93 (or 32) Device 2: A out, B in, C out

92
D3 QUT CNT2

oF

With the 8255 ports programmed, data can be read from or written to

the ports by IN or OUT instructions, for example:

DB IN PORTOA (A) ¢— Port 0A
00 (Keyboard Input)
D3 OUT PORTI1A Port 1A <— (A)

04 (EXP. Board's LED's)
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If you write a program containing all of the instructions listed so
far, and terminated with a jump back to the input instruction, as in
Figure 2-3, the LED indicators on the experiment board will show the

keyboard input data.

Figure 2-4 shows the keyboard connections to ports 0C and OA.

Programming a port to output automatically sets its outputs low.
Therefore, (from Figure 2-4), if a key is pressed, the corresponding
bit in port OA is made low. For example, if the MEM key is depressed,
then port 0OAO (which was pulled high by the resistor té Vo) is now
pulled low through the MEM key and port 0C6. (The monitor scans the
keyboard by alternately making ports 0C4, 0C5 and 0C6 low or 0, thus

indentifying the key pressed).

With the program shown, Port OC is programmed for output, so all keys
are enabled (0C4, 0C5 and 0C6 all low), therefore, 0, 8 and MEM will
show the same output. The input to the bit of port 0A is high if no
key in that column is pressed; if a key is pressed and the bit of port
0C for that row is low, then the input is low. (Review Course 525,

Sections 8.1.3 through 8.1.6 if a more detailed description is needed).
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2.3 PORT 1A LED'S AND DRIVERS

Port 1A (address O4) drives eight sets of open collector inverters and

LED's.
vcce

7406 open

LED collector inverter

Port D& Dé 7] TB]ich

1AX DSX

Each bit of the port drives an identical circuit. The LED 1indicates
the state of the output, i.e. 1illuminated if a one is output. The
terminal block output follows the pocrt. The state is low if a zero is

output and open if one is output.

An open collector buffer is a TTL amplifier whose output comes from a
transistor with no internal- connection to its collector. It is
approximately equivalent to the circuit belows. VWhen the input is a logic
1 (>2v.) current flows into the transistor, thus turning it on and effec-
tively connecting the output to ground. However, when the input is a

logic 0 (0 v.), no current flows into the transistor's base. Therefore,

it is off and the output is "floating' (i.e. connected to neither ground

nor +5v.).

ou
Input O— > MA g tput

1

An open collector inverter is shown on a schematic diagram by:
o

D
‘\\\ Slash
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(The slash indicates open collector). Note that the open collector
output gives a signal only if it is pulled up through some load or
pullup resistor to a positive voltage, which may be as high as 30
volts. The output is capable of sinking 40 ma to 0.7 volts. Connect
a voltmeter from one of tne port 1A output drivers to ground. It will
show O volts whether the LED 1is on or off. Now connect a pullup
resistor to +5 volts, and the voltmeter will display either 0OV or

5V depending on the state of the Port 1A0 output bit.

*
+5 volts

1X Pullup Resistor

Port 1lAQ

GND

For output bits 142, 1A3, and 1A4 (marked DS2, DS3, and DS4 on the ITS
board) pullup resistors (in U1) are available on the circuit board,
but not connected. They can be connected by soldering jumpers between

two pads in front of the LED's for those three bits.

* NOTE Throughout this text the illustrations represent ITS board
TIE Block connect points with the symbol@. These refer to one of

the labelled rows within the white Tie blocks.
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MTS DISPLAY

The seven segment displays on the MTS are operated by a direct memory
access system. Whatever data are written to memory locations 83F8
through 83FF are automatically displayed in the eight digits.
(Review Course 525, Sections 8.3 through 8.3.1 for more detail). The
DMA channel must be enabled by a high. output at port O0CT. Since
programming a port to output automatically sets all bits low, the
display was disabled when you programmed the MTS 8255 0. Prove this
by adding STA 83F8 before the jump instruction in your program. Even
though you have written the same data to the DMA display area of fhe

MTS memory as you wrote to the LED's, the display will remain blank.

A good way to turn the display on is by wuse of the bit set/reset
function of the 8255. This allows a single bit of port C to be
changed without affecting any other bit. Enter this at the end of

your program (after OUT PORT1A):

32 STA 83F8 Write keyboard data to display
F8

83

3E MVI A,QF Set bit 7 in port OC

oF

D3 ouT CNTO

03

C3 JMP 820C Jump back to input instruction
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Note that the bit set/reset control byte is written to the
control port, not to port C.

The bit set/reset control byte has the form:

7 6 5 4 3

(- S \C ];J

2
W

0
L—————— Set/Reset

0 = Off
1 =0n

Bit Number 0 to 7
Don't Care
0 = Bit Set/Reset Command

We will use the bit set/reset command frequently. Be sure

you

understand it. The bit set/reset command is discussed in Course 525,

Section 8.1.4,
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INPUT/QUTPUT CONNECTICNS

In addition to the terminal block outputs driven by the buffers, port
1A, port 1C, and port 2A are directly connected to empty DIP sockets,
shown in Figure 2-5. A cable that plugs into this socket <c¢an be
obtained (available from Augat as part number 7P16-3T24-1). This
allows connection of these ports to any suitable device for input or
output. None of the experiments described here require these
connections, but when you develop interfaces to other equipment they

may be needed.
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2.6 EXTERNAL INPUTS 4 AND 5

Two terminal block connections labelled EXT 4 and EXT 5 are provided
for the external inputs needed 1in many of the experiments in this
course. These inputs are part of the interrupt system, which will be
described in Section 2.7. They can also be read as single inpup bits.

They are connected to Port 2B, bits 6 and 7 respectively (Figure 2-7).

EXERCISE:

Read the external input bits and display them with the LED's. ‘ Change
the program of Section 2.4 to read from Port 2B instead of from Port OA.
(Refer to Figure 2-2 to find the address). Since the EXT4 and EXT5 inputs
are connected to Port 2B bits 6 and 7, the modified program will repeatedly
input these bits and display them (along with random data in the other bit

——0—-

positions) in both the LED's and in the left digit

of the MTS display. Connect a clip lead to the 5 1
\O/ \ / \O/ \O/ \Of \O/ \O/ \O/
7/ \N 7/ N 7/ ANRd N7 N/ \N 7 N7 N
7 6 5 4 3 2 1 0
. . . 4 2
' EXT4 input and touch it to ground to see bit 6
change in the display. —_— 3 — (:>
TTL circuits demand sharp rising and falling edges. To ensure

suitable signals and to prevent spurious noise from causing interrupts

>

EXT4 and EXT5 are brought into Schmitt Trigger inverters (in chip U2,

a 7414) (see Figure 2-7). The signals are then inverted again and

used to clock flip-flops in the interrupt system, discussed in the
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next section. The inverted signal, EXT4, is available at at: terminal

labelled EXT 4 OUT. Connect this to EXT 5 IN, so that EXT 5 will be |

. !
inverted from EXT 4. Now when you connect EXT 4 input to ground both

signals will change. They will be displayed (with the program of

Section 2.4) in bits 6 and 7 of the LED's.



2C0 __|

Timer 0 F/F
I_’ 2B0
2C1 __|
Timer 1 F/F
2B1
2C2
Timer 2
2B2
2C3
A/D
Converter
‘2B3
2C4

F/F

2B6

EXT 5 —@—

F/F

2B7

PORT 1C3

2C6 o
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Interrupt System disable; Port 2C7 {:>C

INTERRUPT SYSTEM - PARTIAL DIAGRAM

Figure 2-6

INTR
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INTERRUPT FLIP-FLOPS AND ENABLES

Most of the experiments in this course use the interrupt capability of
the 8080. The student should be familiar with Section 8.4 through 3.6
in Course 525 . A review of those sections may be advisable at this

point.

1 Interrupt Sources

The MTS will accept repeated interrupts generated by its own hardware
when the AUTO/STEP toggle switch is set to STEP. We will also refer
to these as "monitor interrupts" since their purpose is to invoke
monitor functions such as single stepping or Dbreakpoints. In
addition, and independent of the AUTO/STEP switch, the MTS will accept
interrupts generated by the experiment board. (Once an interrupt has
occurred, or if a DI instruction is executed in the program, no other
interrupt <c¢an occur until an EI instruction and one following

instruction have been executed).

Figure 2-6 is a partial diagram of the interrupt 1logic of the
experiment board. Interrupts can occur in response to signals
generated by the interval timers (Chapter 3), by strobed input or

output using port 1C, and by the EXT 4 and EXT 5 input ports.
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!
I
\
\
EXT 5 IN \@._DO_DO_,

EXT 4 IN

RESET 4
D Q.
0 ——e—— Port 2B4
RESET 5 L. To interrupt
é ~— regquest gates
=P 0
6—..—.—- Port 2B5
Port 2B6
Port 2B7

b)

EXT 4 OUT ___/_——\

[$¢

)

EXT 5 IN _ﬂ

LS

b))

(¢
b)

«
PORT 2B4 / \
b))
18§
PORT 2B5 _.___/
RESET 4 % — ;
RESET 5 —

~
) N

ZXT 4 AND EXT 5 CONNECTIONS AND SIGNALS

Figure 2-7
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2.7.2 Interrupt Flip-Flops

The purpose of an interrupt system is to provide for processing of an
occasional and perhaps fleeting event while allowing the computer to
carry on other tasks that can be put aside temporarily when an
interrupt occurs. To permit the processor to recognize a possibly
very brief signal, the rising edges of the EXT 4 and EXT 5 inputs set
flip-flops, which actually provide the interrupt data to the
processor. Each flip-flop is reset only by a specific command from
the'processor under program control. This insures that each interrupt
signal is retained uﬁtii it has been processed. Figure 2-7 shows the

connections of these flip-flops in detail.

(To save components the experiment board wuses negative 1logic here.
The flip-flop is actually set to 0 by the input signal and preset to 1
by the reset command. Since the inverted output of the flip-flop 1is
used, the siznal becomes true (=1) at the input rising edge and false

(=0) at reset.) These ''reset' signals are software generated as described below.

Similar flip-flops are connected to the outputs of timer 0 and timer
1, to allow interrupts on narrow pulses from these timers. The
interrupts from the A/D converter and port 1C3 are 1latched by their
sources so flip-flops are not needed. Only timer 2 output is
unlatched. It is used primarily in connection with the A/D converter

or in a timing mode in which it latches its own input.
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2.7.3 Interrupt Status and Enables

All of the interrupt sources, except port 1C3, are taken to port 2B as
inputs. After an interrupt has occurred, the program can read this
port to determine the source cf the interrupt. We refer to the
content of this port as the interrupt status byte. The program can,
of course, read this port at any time. The data are not dependent on

the interrupt. Refer again to Figure 2-6 to see these connections.

Although the hardware is designed to permit interrupts from many
different sources, most programs will be concerned with only one or a
few of these. To prevent any reaction to an undesired interrupt, each |
interrupt source 1is gated with an output. bit from port 2C. The
processor will be interrupted only if an event cccurs and its -enable

bit at port 2C is set high. These gates also are shown in Figure 2-6.

The interrupt sources, their positions in the interrupt status byte at

port 2B, and their enable bits from port 2C are listed on the next page.
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Source Interrupt Interrupt
Enable Rit Status Bit

(Active High)

Timer O Flip-Flop 2C0 2B0
Timer 1 Flip-Flop 2C1 2B1
Timer 2 (no Flip-Flop) 2C2 2B2
A/D Comparator 2C3 2B3
EXT 4 Flip-Flop 2C4 2B4
EXT 5 Flip-Flop 2C5 2B5
Port 1C3 2C6 A 1C3
General Disable 2C7

EXT 4 Direct (no interrupt) 2B6
EXT 5 Direct (no interrupt) 2B7

Note that Timer O, Timer 1, EXT 4, and EXT 5 generate interrupts only
through their flip-flops, which are set by rising edges. 1In pro-
cessing the interrupt, the flip-flop will be reset (see section
2.7.4), so it will not generate new interrupts until another rising

edge occurs.

Port 2C7 is a general disable for all external interrupts. When it is
high, only monitor interrupts can occur. At system reset all ports
are forced to input mode thus floating the éignal lines. To the logic
this appears as a high signal so port 2C7 automatically inhibits
external interrupts. Whenever port 2C is programmed for output, all
bits are automatically set low. Now, bits 2CO through 2C6 inhibit the
individual interrupt sources. No external interrupt can occur until

8255 2 has Dbeen programmed and specific bits of 2C have been set

high.



2 - 25
c/7/78
2.7.4 Clearing Interrupts

The interrupt flip-flops for Timer 0, Timer 1, EXT 4, and EXT 5 are
reset by ¢the act of either setting or resetting the corresponding

interrupt enable bit. This must be done by the bit set/reset command

written to CNT2 (OF). Writing a byte to port 2C does not affect the

interrupt flip-flop (see Figure 1-5). This logic design has three

purposes:

a) After an interrupt from one source has been processed, its
flip-flop can be cleared without affecting any other source which

may have received a signal while the previous interrupt was being

serviced.

b) A previously disabled source can be enabled and its flip-flop
cleared so that only future events will generate interrupts.

c) A previously disabled source can be enabled witout clearing its
flip-flop (by writing tc Port 2C instead of CNT 2) so that

a previous event can generate an interrupt.



Program MTS 8255
Program 8255 #1
Program 8255 #2

oy

Read Interrupt Status
Byte (Port 2B)

Write to LED's
Write to 83F8
Enable MTS Display

‘Decrement Delay

Not Zero

Zero

CNT 2 —— 08

Disable EXT 4 Interrupt

CNT 2 =-— 0OA

Disable EXT 5 Interrupt

Figure 2-8
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Program of
Section 2.6
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EXERCISE:

We will demonstrate the setting and clearing of the interrupt
flip-flops for EXT 4 and EXT 5, using the connection already set up
(Figure 2-7), and extending the program of Section 2.6. The program
will display EXT 4 and EXT 5 flip flops as well as the direct inputs
and demonstrate clearing the flip flops. The routine will provide a
delay period during which the inputs can be controlled manually and
will be displayed. At the end of the delay, it will clear the flip
flop by a disable command. LED's DS6 and DS7 will display EXT 4 and
EXT 5 direct inputs, while LED's DS4 and DS5 will display the state of
EXT 4 and EXT 5 flip flops, respectively. Figure 2-8 shows the

program.

During a delay period the interrupt status byte is repeatedly read and
displayed. At the &end of the delay, the EXT 4 and EXT 5 flip-flops
are cleared by disabling their control bits in port 2C. Now if you

ground the EXT 4 input during the delay period, its inverted output

(EXT4 OUT) will become high and set the EXT5 flip flop. These signals.

will be displayed. If you remove the ground, the EXT4 flip-flop
will be set. If both flip flops are set (both LED's on), it

is due to "bouncing" the jumper contact more than once during a
delay. In fact it is very difficult to make or break the connection
so cleanly that you do not set both flip-flops, but is is possible.
This phenomenon of seeing both rising and falling edges when a
contact is opened or closed is called "contact bounce', and must

be considered when a computer is connected to switches.
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2.8 RESTART INSTRUCTIONS

The 8080 provides for eight '"restart" instructions RSTO, RST1 ---
RSTT. (See pages 8-55 through 8-67 in Course 525). The MTS monitor

program permits five of the RST instructions to be used:

RST O Corresponds to system reset, generated by power

up or the reset key.

RST 4 Enters the monitor program as though the STEP

key has been used.
RST 5 Jumps directly to address 8228
RST 6 Jumps directly to address 8230

RST 7 Enters the monitor to test for a breakpoint

or the STEP key.

2.8.1 AUTOMATIC RST 7

The MTS hardware as originally delivered automatically generates RST 7
when any interrupt occurs. A modification must be made to permit
insertion of other restart instructions by external interrupts. This
is done by ICS on MTS boards supplied with Course 536. The 8228
system controller enters the RST 7 instruction if its INTA output is

pulled up to +12 volts through a resistor. The modification shown in
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Figure 2-10 permits the automatic RST 7 generation to occur if the
experiment board is not connected, because the transistor is turned on
and INTA is pulled up. When the experiment board is connected to the
MTS, the transistor is turned off by its grounded base. INTA is now
an output signal from the 8228, indicating .that the processor has
acknowledged an interrupt request and expects the interrupt system to

place an instruction on the data bus.
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+12V
é 1K Connection to
< generate RST 7
for any interrupt
23
O~
+12V : E
{ : EXPERIMENT
: [ BOARD
i i
|
1K $ 10K | |
<
| !
{ |
| |
b —
re l l Jr
| | =
23 | i
o -9 ‘ff :F INTA
{ |
t |

Modified connection generates
RST 7 automatically if experi-
ment board is not connected,
but when experiment board is
present it must generate all
RST instructions.

AUTOMATIC RST 7 GENERATION
Figure 2-10
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Figure 2-11
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2.8.2 RST Generation

The logic for generating interrupt request and restart instructions is
shown in Figure 2-11. Port 2C7 is the general disable for interface
board interrupts. When it 1is high (or floating), none of the
interface board sources can generate an interrupt request. If the
monitor hardware generates an interrupt request, all data bus bits

Wwill be high, giving an RST 7 interrupt.

When port 2C7T is low, the interface board interrupt sources can be
enabled by the other bits of port 2C. If any interrupt source is high
aﬁd its corresponding enable bit in port 2C is high, the NAND gate (0,
1, 2=--=6) output becomes low, forcing the output of gate 3 high. Now
gate 9 generates the interrupt request, which is OR gated on the MTS
board with the monitor interrupt request, so in STEP mode an interrupt
occurs on every user instruction, but in AUTO mode an interrupt occurs

only if 2C7 is low and one of the NAND gates C-6 is low.

When INTA is output by the 8228 in response to the interrupt request,
the tri-state buffers are enabled to drive the data bus (DB0-DBT7).
Six of these are always high; DB3 and DBY4 are controlled by the gates.

The following possible combinations exist:

* 2CT7 high. The interrupt request was generated by the MTS
hardware. Gate 0O and gate 10 outputs are both high,

giving 11111111 on the data bus. This is an RST 7 instruction.
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2C7 low, timer 0 flip flop and 2C0 high. Gate 0 output
low, forcing gate 10 output high. This gives 11101111 on the

data bus, a RST 5 instruction.

2CT7 low, timer 0 flip-flop or 2C0 low. Gate O output is high.
Now if any other interrupt source and its enable bit are nigh,

gate 10 is low, giving 11110111, RST 6, on the data bus.

2CT7T low but no enabled source high. Again the interrupt request

has come from the monitor; gate 0 and gate 10 are high, and

RST 7 is generated.
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Program 8255 #0
Program 8255 #1
Program 8255 #2

in B in C out
out B Out C out
in B in C out

b

Clear memory at 8300, 8301

Enable and clear EXT 4 F/F
Enable and clear EXT 5 F/F

2

Display (8301) and (8302)

INTERRUPT SERVICE FOR RST 6

Save Registers

Read Interrupt Status
Test for EXT 4

EXT 5

Address and
increment 8301

Reenable EXT 5

et

EXT 4

Address and
increment 8300
Reenable EXT 4

i

EI,

Restore Registers

RET

Figure 2-12
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INTERRUPT SERVICE FOR EXT 4 AND EXT 5
EXERCISE

Develop a program to count the number of times the EXT 4 input is
connected to ground and released. Program the 8255's as in the
preceding sections. Clear two bytes of variable memory at 8300 and
8301. Enable EXT 4 and EXT 5 interrupts (using the bit set command).
Write a main program with a repetitive loop that 1loads and displays
the two bytes from variable memory: nigh order byte for EXT 4, low

order byte for EXT 5.

Write an interrupt service routine at 8230 to distinguish EXT 4 from
EXT 5. Set the . interrupt -enable bit (to clear the flip-flop) and
increment a count of number of interrupts. Use location 8300 for EXT

4 and 8301 for EXT 5. A flow diagram appears in Figure 2-12.

Figure 2-13 1lists the status bytes resulting from the various

interrupt sources and the command bytes to disable or re-enable the

interrupts.

A solution to the programming problem is given in Figure 2-14a and
2-14Db. In 2-14c an alternate interrupt service routine is shown to
demonstrate two programming tricks. It is only necessary to save
registers that will be wused. Here only H, L, A and flags are use.
When a conditional jump iS to be made based on a yes-no decision, it
is often more efficient to assume one result before making the jump.
Her we can replace a three byte LXI 8301 (at 8246) with a single byte

INX H, and we can omit the JMP 824E (at 8243). Such tricks are often
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powerful, but should be introduced only after a successful program has

been written. Patching the program would be difficult 1in this

situation.
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STATUS AND COMMAND BYTES
COMMAND BYTE

WRITTEN BY

STATUS BYTE OBTAINED BY IN PORT 2B OUT CNT 2

(see Note 2) - (see Note 1)

INTERRUPT
SOURCE BINARY HEX DISABLE ENABLE

Timer 0 Q X X X X X X 1 01 00 01
Timer 1 0 X X X X X 1 X 02 - 02 03
Timer 2 0 X X X X 1 X X 04 04 05
A/D Comparator 0 X X X 1 X X X 08 06 07
EXT4 -1 0 X X 1 X X X 10 08 09
EXTSH 0 X 1 X X X X 20 0A 08
Port 1C3 (see Note 3) oc oD

Note 1: Disable or enable command byte must be output to CNT 2 to clear the inten'uptAﬂip flop for Timer Q,
Timer 1, EXT 4, or EXT 5. Disable or enabie for A/D Comparator ciears the interrupt in automatic A/D
maode only. .

Note 2: The hex values shown assume ail other bits are 0. ANI (hex value) will give zero if the interrupt is not
present.

Nate 3: Port 1C3 does not appear in the status byts. It is read as XXXX1XXX by IN PORT1C. It is cleared by
reading PORT1A in strobed input mode (mode 1 or mode 2) or by writing to PORT1A in strobed output
mode (mode 1 or mode 2). Otherwisa it can be cleared or set by writing 06 or 07 to CNT1. The interrupt
enabie Cfgr Port 1C3 is cleared or sat by writing 0C or 0D to CNT2, but this does not change the data at
Port 1C3.

STATUS AND COMMAND BYTES

Figure 2-13
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STANDARD PROGRAMMING FOR 8255'S

Figure 2-15
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2.10 STANDARD PROGRAMMING FOR 8255'S

In Figure 2-12 we programmed the 8255's as follows:

8255 0 A in B in C out
8255 1 A out B out C out
8255 2 A in B in C out

Almost all of the exercises in this course will use either that

programming or the same, except for port 1B.
8255 1 A out B in C out
In most program flow diagrams hereafter, we will show either

Program 8255's - 1B out

Program 8255's - 1B in

This is to imply the programming above, with the assumption that the
user program need not program 8255 0 since the monitor sets it in the
required condition. Figure 2-15 shows the program steps. This 1is

duplicated in Appendix A. You may want to post it in a convenient place.
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INTERVAL TIMERS

Timing functions are extremely common in compuﬁérs used in real time
applications and communications. Timing can be achieved by program
loops but with two major limitations. The precision of the timing 1is
limited to the length of the loop, (commonly of the order of four or
more instructions) and the computer can do nothing else while it 1is

timing. Hardware timers overcome these limitations at moderate cost.
INTEL 8253 INTERVAL TIMER

The 8253 provides three identical, independent 16 bit timers. Each
timer comprises (Figure 3-1) a 16 bit counter and a 16 bit storage
register (accessible by IN and OUT instructions), control 1logic and
flip flops, a <clock 1input, gate input, and an output. Each of the
timers occupies one I/0 port address for reading the counter and
loading the register. A fourth I/0 port provides for controlling all
of the counters. Various operation modes exist which may be selected

by writing a control byte to the control port.

Initiating a timer's operation always involves two steps. First the
timer "mode"™ must be specified to the control register. Second, the
timer count-down value is initialized. Typically this requires the

following sequence.



MVI
ouT
MVI
OUT

MVI
ouT

A, control byte
TIMCT
A, low data byte
TIMER

A , high data byte

TIMER

Write control byte to

timer control port, to set mode.

Load time data to storage register

Load high time data byte

After the count value has been initialized the timer will run under

control

of

its clock and gate inputs, and will generate a particular

output signal depending on which timer mode was pre-specified. The

output

waveform could

microprocessor, a low speed

variety

see throughout the course.

as a timed interrupt to the

for an external «circuit, or a

of other applications in a microcomputer system, as we will
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3.2 CLOCK, GATE, AND OUTPUT

Each timer receives a clock input and decrements the content of its
counter at the falling edge of the clock. On the experiment board all
clock inputs are normally connected to the system 2.048 MHz clock, but
this connection can be altered to permit use of an external clock

input. (See Figure 3-2.)

The gate input to each timer starts, enables or disables its counting,
depending on the selected mode. On the experimené board these inputs
for timer 0 and timer 1 are pulled high by resistors so that c¢ounting
is normally enabled, but these gate inputs are also accessible at
terminals for external control. The gate input to timer 2 1is
connected to the analog to digital converter circuitry because timer 2
is often used in A/D operations <(as discussed 1in Chapter 5). Te
enable timer 2 for other functions its gaﬁe input must be forced high

by setting port 1C0 low.

The output of a timer goes high to indicate the end of a time
interval. The time at which it goes low depends on the modé selected.
On the experiment board the outputs of timer 0 and timer 1 set flip
flops in the interrupt system, exactly like the EXT 4 and EXT 5 flip
flops. Timer 2 output has no flip flop. It is directly gated with an
interrupt enable‘bit into the interrupt system, and it is also used to

drive a counter in the A/D converter.



The output of timer 0, as well as setting an interrupt flip-flop, also
drives an inverter whose output is available at a terminal for use by

external hardware.

Because the system clock is nominally 2.048 MHz it is very -easy to

relate'binary counts to decimal times. The following table lists some

useful values.



Binary Count Decimal Count Time

(Hexadecimal) (milliseconds)
0100 256 0.125
0200 512 0.250
o400 1024 0.500
0800 2048 1.000
1000 3 4096 2
1800 6144 3
2000 8192 4
2800 (10240)* 5
3000 (12288) 6
3800 (14336) 7
4000 (16384) 8
4800 (18432) 9
5000 (20480) 10
AQ00 (40960) 20
F000 (61440) 30
0000 (65536) 32

Time (seconds)

1F40 8000 1/256
OFAQ 4000 1/512
07D0 2000 1/1024

* The timer cannot be loaded with decimal values greater than
9999, so binary counting must be used.

Relating Counts to Time
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3.3 TIMER MODES r :

Any of the three interval timers can operate in any of six modes
(0-5). Most of the experiments here use mode 0 or mode 2. The other
modes are intended principally for interfacing the timer directly with
external hardware rather than through the program. The modes are
listed below, and defined 1in subsequent sections along with

experiments. A summary of the modes is given in section 3.10.

‘Mode 0 Interrupt on Terminal Count
Mode 1 Programmable One Shot

Mode 2 Rate Generator

Mode 3 Square Wave Generator

Mode 4 Software Triggered Strobe
Mode 5 _ ' Hardware Triggered Strobe

Within each of these modes the user has some additional options. The
counters are 16 bits long, and can be loaded with two bytes of data,
less significant byte first. Two other options (which must be
selected when thé mode 1is programmed) are to load only the less
significant byte or to load only the more significant byte. In either
of these cases, the other byte is set to 00, and counting proceeds on

both bytes.
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Timer Control Byte Structure

o

= binary count
1l = decimal count

000 Mode
001 Mode
X10 Mode
_ X1l Mode
100 Mode
101 Mode

00 Latching command (see Section 3.6.3)
1 01 Read/Load least significant byte only

bW HO

'10 Read/Load most significant byte only
11 Read/Load least significant byte
First, then least significant byte

00 Select timer 0
01 Select timer 1

IlO Select timer 2
11 Illegal (Undefined)

TIMER CONTROL BYTE STRUCTURE

Figure 3-3
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The timers can count in binary or decimal, as selected when the mode

is programmed.

The mode and options are selected for any one of three timers by

writing a byte to the control port of the 8253.

3E MVI A,CONTROL BYTE
XX

D3 QUT TIMCT

17

Figure 3-3 shows the bit structure of the control byte. Figure 3-4
lists the most commonly used control bytes for eacn of the three

"timers.
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Timer 0 Mode
2
Latch 00 00 00 00 00 00
Read/Lcad LSB 10 12 14 16 18 1A
Read/Léad MSB 20 |22 |24 | 26 | 28 | 2a
Read/Load Both 30 | 32 | 34 | 36 | 38 | 3a
(LSB first)
Timer 1 Mode
0] 1 2 3 4 5
Latch 40 40 40 40 40 40
Read/Load LSB 50 52 54 56 58 S5A
Read/Load MSB 60 62 64 66 €8 EA
Read/Load Both 70 72 74 76 78 7a
(LSB first)
Timer 2 Mcde
0 1 2 3 4 5
Latch 80 80 80 80 g0 80
Read/Load LSB S0 92 g4 S6 98 Sa
Read/Load MSEB AQ A2 a4 A6 A8 AA
Read/Load Both BC B2 24 B6 B8 BA
(LSB first)

Control Bytes shown set binary counting

Add 1 for decimal counting

Write control byte to TIMCT,

Port 17

Latching cecntrol byte does not affect mode

TIMER CONTROL BYTES
FIGURE 3-4
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3.4 MODE 0 - INTERRUPT ON TERMINAL COUNT

When a timer is set to mode 0, its output goes low. When it has been
loaded (with one or two bytes as required by the mode select option),
and its gate input is high, it will decrement the count at each
falling edge of the cldck. When the count reaches zerc; the output
goes high. Mode 0 is intended to generate a time delay whose duration
and starting time are set by the program. In the following exercise
Wwe compare a programmed timing loop with an interval timer. Figure

3-5 shows the program flow diagram.
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Program 8255's
1A Out 1B Out 1C Out

Program Timer 2
Both bytes, Mode O
Decimal Counting

Disable Interrupts
CALL ENTWD

(A) 6~ Command
(HL) é— Time Delay

Disable Display
(set port OC7 1low)
Enable Timer 2 interrupt
(set port 2C2 high)
Load Timer 2
(Timer 2) & (L)
(Timer 2) & (H)
Enable 8080 Interrupt

(A)&— 99

(A) & (A) + 01(ADI 01)
Decimal Adjust

Interrupt Service

CALL DBYTE to

display count in A
Disable Timer 2 interrupt
Discard Return Address
Enable Interrupts

COMPARE T

IMING LOOP WITH INTERVAL TIMER

FIGURE 3-5
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EXERCISE

This program accepts a time delay value from the keyboard, and starts
timer 2 in mode 0 with this value. After enabling interrupts it
enters a counting loop. At the interrupt generated by timer 2 it
displays the value reached by the counting 1loop. The interrupt
service discards the return address (by POP H) and jumps to start
since the function of the main program is finished when the interrupt

occurs.

Note that timer 2, which has no external flip-flop in <the 1interrupt
system, 1is appropriately used here because in mode 0 its output goes
low when it is programmed to mode O or when it is 1loaded, goes hnigh

and stays high at the end of the interval.

The addresses, programming control bytes, and interrupt enable/disable
bytes are found in Figures 2-2, 2-13, and 3-4. Duplicate copies of

these are found in Appendix A. You may want to post them for ready

reference.
The delay loop should be: ADI 01 9 clocks
DAA 5
JMP 13
27 clocks

The interval timer will count 27 times as fast as the programmed
timing loop. When you run the program, find the smallest delay value
you can enter that results in a zero in (A). This represents the time

taken to reach the DAA instruction after the second byte is loaded to
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the timer. (Run the program in AUTO mode to make the time

measurements.)

You should be able to add 27 to that value and get a count of 01. (We
programmed the timer and the loop for decimal counting to make the
arithmetic easier.) Each added value of 27 in the delay should result
in one added count in the result. At some intermediate values you
will see hex values in the display because the interrupt occurred
after ADI 01 but before DAA. At 2711 you should obtain a count of 99.
With delays from 2712 to 2720 the count will be 9A, and at 2721 it

will be 00.

If the display is not disabled during counting the programmed timing

loop wWill be slower because of the hold states introduced by the DMA

channel for the display.

Try running the program in STEP mode (but with the RUN key). Now you
can measure the time taken by the monitor. Insert some breakpoints

that will never be reached and observe the effect.



- 18
CorMPARE TIMinG LoopP WITH I/?/r‘é‘ﬂ'/ﬁ-a TrmMER

CODING SHEET

MICROCOMPUTER TRAINING SYSTEM

INTEGRATED COMPUTER SYSTEMS

8 2. 0 3 MV |z Al | 1o Froe raim 255/
1 1o AVQU./‘ ouT Coul
A O\T| |eIMT] !
3 S\7
4 -3 MIVIL Al S| P2 Frvﬁrw P F 2
5 2|24 A im B CouT
s |D|3 ololT| |alwvlr=
7 O\~
8 2l MVIZ| A B FProsrom Tiwmer 2
9 3K Boft buytes
A |Dlz olv|r] |7nLiMlelT Mode O
B [ 7 Deecimad

T 20 ¢ Fl 2 2L | For ST0 anda
D |aiD QlALIL] (EM TP
E 4 b
F 0|3

8 2/ o0 3 MVIZ| A4 JlolE Set  Port- ©C7 [oa
1 ol\E g fo ci/sé,é'»./e_ 4¢5¢,./M
2 |Dl3 olv|T| lejumTlo . oo
3 013
a 2|E MVIZ A4 lols Set  Port 222 hishk
5 ol | To ewalls fzwll.
6 D2 O\VIT| e MT 2 ttevrrin? (oul
7 o\~ gog0 (V\.Td;,rr:,‘,pf.i
8 7P MoV A“)Z— N\ st disabled )
s D3 olvir |rz|ay 2 [
A A : ( lood Time dolou
B |7l Mo lv] (Al IH Vo i 2
c Dl2 o\viT| | TIZM|2.
D /G /
£ FlB E\LIT : Sl 4
aEA MVIZ 14,1919

8 2-2- 0 149 o] .

2 21 Cle AP T ol
2 ol 2
271 __DlAA
s |ei3 JImlPl |52 2]/
5 2/
6 124
7
8 FIGUVRE =6 ao




\ A
Q /*l \3
,u ~ \
by N\ .,/r mfh/m )
. Y} o
3 § ww RIRAE \a
= L ~ v
3 3 (e | R S
‘AREEREERE S
W A AV N N T}
3 ,,_
N N
- Q - ™ | Q
¥ N o W Q
N ~ X R A
\( do < (9] [ [
N
,u Y 14 N EYEY
3 3 <+ S| [J] QNI
N J J SNSERNENNE
")
L4l M9 Y\ |~ [m o]
Q5 J| ™| % J | Q| o Al |\ <) Q%
ER0123456789ABCDEF0123456789ABCDEF01234
3 | ;
VR | L
qj oo 00 [..] o0

133HS ONIQOD WILSAS ONINIVHL H31LNdWODJ0OHIIN SWILSAS HILNIWOD QILVYHOILINI



CALL

SCAN

No key

Key

(C) =—Key

(D) =—20

CALL
(1 ms

DELAY
delay)

CALL

SCAN

Key

No Key

Decrement D

Neo

Zero

Zero

(A) =— Key

Test for command

(;7 Return :)

GETKY FLOW DIAGRAM

Figure 3-7




3.5 RESTARTING A COUNTER IN MODE O.

When a counter is running in mode 0 it can be stopped and restarted by
loading a new time count. The output will remain low while this is
done, and go high only when the most recently 1loaded count reaches

zero.
EXERCISE

The monitor subroutine GETKY is used to get a single keyboard entry.
After a key has been pressed and read, it waits until the key has been
released for 20 milliseconds to protect against contact bounce, which
might otherwise cause a single key operation to be read as two or more
operations. Figure 3-7 is a flow diagram for GETK&. Scan 1is the
subroutine that actually reads the keyboard, returning with carry
cleared if no key is pressed. 1If a key is pressed SCAN returns the

hex value in (A) and carry set.
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I

CALL SCAN (0257)

No Key

Key

(C)=—Key

Disable Timer 0 Interrupt
CNT2 -— 00

Program Timer 0 for
mode 0, load high byte
TIMCT ~— 20

>

TIMQ=-~—— 10
for 20 ms delay

-

CALL SCAN (0257)

Key

No Key

Read interfupt status
{(A) -— PORT 2B
Test timer 0 (ANI 01)

Zero

(Timer 0 low) Not zero
High

(A)=—Key

l

maest for command

(j Returnﬁj)

GETKY WITH TIMER
Figure 3-8
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The delay loop in GETKY is a nuisance when a program is being run with.
the monitor enabled forvBr;;kpoints (i.e. with the MTS toggle switch
at STEP) because the delay is exaggerated by a factor of 42 or more.
If you are not familiar with the problem, load and run this program,

first in AUTO mode and then in STEP.

8200 cD CALL GETKY
01 3D
02 02
03 CD CALL DBYTE
o4 95
05 02
06 C3 JMP 8200
Q7 00
08 82

We will develop a substitute for GETKY that uses timer O instead of a
delay 1loop. Figure 3-8 1is a flow diagram for this program. The
diagram is generally the same as figure 3-7 except for the delay
functions. Write this subroutine and call it instead of GETKY in the

program above.

Note that here we restart timer O each time SCAN finds the key still
present, but let it run when the key is released. Timer 0 output

never goes high until the timer is decremented to zero.

We have disabled the timer O 1interrupt because this program tests

timer 0 1itself and does not want an 1interrupt to occur. Other
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interrupts are allowed. It 1is necessary to disable the timer
interrupt (using the bit reset function) to clear the flip flop,
because it is the flip flop output that is read in port 2B, not the:
direct output from the timer. Timer 1 can be used in the same way.
Make that substitution and see that the program still works. It can
also work with timer 2, but port1C must be programmed for output and
bit 1C0 set low, otherwise timer 2 may be inhibited from counting by

the A/D circuitry.
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3.6.

READING A TIMER

A timer c¢an be read as well as loaded. The exercises of this section

make use of that facility.
1 Measuring a Pulse Duration
EXERCISE

In mode O (also modes 2, 3 and 4) counting continues only while the
gate input is high. We can use this to measure the width of a pulsg.
A useful signal source is the cassette modem output. Connect one end
of a clip lead as indicated in Figure 3-10 (bottom of R23) to pick up
the signal, and connect it to the gate input (G1 IN) for timer 1 and
also at the EXT 4 input. The modem output is nominally 1200 Hz if
port 0CO output is low, and twice that when port 0CO is high. We will
write a progrém to select the frequency by keyboard input, measure the
width of the high portion of the output signal, and display that

width. The width is displayed in decimal clock pulse units. Divide

‘the clock count by the clock frequency (2.048 MHz) to determine the

input pulse width. Alternately, since the signal we are measuring is

a square wave, obtain the frequency by 1024000/count.
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To measure the pulse width we will initially load timer 1 with =zero,
while the input signal is low. After the signal has gone high and

then returned to low we will read the counter.

XRA A Enter zero to
QUT TIM1 both bytes of
OUT TIM1 the timer

! Wait for input

! to go high and

! then low
IN TIM? Read the timer
MOV L,A content into
IN  TIM1 | registers H,L ~

MOV H, A

Although we could clear the timer to zero with a single byte load, 1if
it were so programmed, we would then be restricted to a single byte

read.

The process above reads and stores the content of the timer, but since
it counts down this result 1is the twos or tens complement of the

actual time, as shown in Figure 3-11.



Binary Counting Decimal Counting
Positive Timer Positive Timer
Count Data Count Data
0000 0000 0000 0000
0001 FFFF 0001 9999
0002 FFFE 0002 9998
0003 FFFD 0003 9997
0004 FFFC 0004 9996
0005 FFFB 0005 9995
0006 FFFA 0006 9994
0007 FFF9 0007 9993
0008 FFF8 0008 9992
0009 FFF7 0009 9991
000A FFF6 0010 9990
000B FFFS 0011 9989
0oocC FFF4 0012 9988

000D FFF3
000E FFF2
000F FFF1l
0010 FFFO
0011l FFEF
O0QFF FFOl 0099 9901
0100 FF00 . 0lo0 9900
0101 FEFF 0101 9899
OFFF FOOl 0999 9001
1000 F00OQ 1000 9000
1001 EFFF 1001 8999
FFFF 0001 9999 0001
0000 0000 0000 0000

TWOS AND TENS COMPLEMENT COUNTING

Figure 3-11
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The twos complement can most easily be converted by complementing the

byte as it is read and then adding one to the two byte result.

IN TIM1
CMA

MOV L,A
IN TIM1
CMA

MOV H,A
INX 3!

The tens complement is needed if we use decimal counting. Refer to

course 525, figure 10-33, for a subroutine to convert a two byte

decimal value to its tens or hundreds complement.

Although the counter in mode C will only run while its gate input is
high, it gives no direct indication to the program when it stops.
Figure 3-12’shows how the computer will react to the input signal.
Figure 3-13 is a flow diagram for the program. A program solution is

given in-Figure 3-14 for decimal counting.



MODEM SIGNAL |

- - - . - —— o o

Initialize

Wait for
input high

Wait for
input low

Timer Runs

Set Frequency
Clear Timer

Wait for
input high

Wait for
input low

Read Timer

Complement

‘Display

TIME DIAGRAM FOR PULSE WIDTH MEASUREMENT

FIGURE 3-12

T¢
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Program Ports (1B out)
Program Timer 1
Both bytes, mode 0, decimal

Wait for EXT4 signal to
be high and become low

Read Keyboard and set
frequency. Enable dmsplay.

(A) &~ (PORTO0A)
Mask for low bit.
Set high bit

(PORTOC) &«— (A)

Clear Timer 1
Wait for EXT4 signal to
be high and become low

Read Timer

(L)é&— (TIM1)

(d)é— (TIM1)
Convert to 100's complement
Display pulse width

PULSE WIDTH MEASUREMENT
FIGURE 3-13
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| INTEGRATED COMPUTER SYSTEMS
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