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CHAPTER 1 GENERAL DESCRIPTION

INTRODUCTION
The M6300 EXORciser (MOESDT) is a system

Microcomputer Family of Parts. The M6800 Microcom-
puter Family of Parts are discussed in the followng
docaments.
» M6300 Microprocessor Programming Manual
» M6800 Microprocessor Applications Manual
® M6800 Microprocessor Family of Pars Data Sheets
The EXORciser may be configured in a vatiety
of applications and with various EXORciser options. This
manaal, rather than discussing every possible configura-
tion and option, discusses only the basic EXORciser with
each option except the Wirewrap and Extender Modules
discussed in a supplement to this manual. The basic
EXORciser is discussed in Paragraph 1.5 and the options
are identified in Paragraph 1.6
This manual provides general information, in-

PP

ing proced and theory of op for My s
M6800 EXORclser. The M6800 EXORciser in illustrated
in Figure 1-1
12 EXORciser FEATURES

The features of the basic EXORciser include:

o Flexible. adaptable, and expandabie design develop-
ment tool

» Easy 1o use
» Provides the Microprocessing Unit capability for both
the EXORciser and the user's system
® Saves sysiem design and development time
o Decreases system design and development costs
w Evaluates and debugs the user’s program
» Evaluates and debugs the user’s system hardware.
1:3 EXORciser SPECIFICATIONS
Table 1-1 identifies the basic EXORciser
specificatons.

TABLE 1-1. Basic EXORciser Specifications

CHARACTERISTICS SPECIFICATIONS
Power Requirements 95-135/205.250 VAC
47-420 Hz, 250W
Word Sune
Data 8 bars
Address 16 buts
Imstructions 8, 16, or 24 bits
Memory Size B4k bytes
Imstruction Set 12 vanable length instructions
Clock cycle time Selectable, 1us or an external
clock between 1 and 10us
Leermupt Maskable real time interrupt
Physicial Charactenistics
Table top
Length 19.25 in
Depth 17,50 in.
Height 7.00 in
Rack Mountable
Length 19.00 in
Depth 17.00 in.
Height 7.00 n.
Baud Rates (Switch Selectable) 110, 150, 300, 600, 1200,
2400, 4800, and 9600




14 FUNCTIONAL DESCRIPTION

The M6E00 EXORciser, illustrated in Figure
1-2, is an efficient and economical off-the-shelf systems
development tool for the MSR0D Microcompuater Family
of Pasts. The EXORciser may be easily tailored 1o meet
the user’s needs in the design and development of his
system. Its modular design reduces the time required 1o
m.aynm-ﬂulbmm pruhdnr-

mmmnfﬂtlmt system. mexon.mm

EXbug Firmware, through its debug and program control

features, minimizes the time required 1o develop user's

systems. The EXbug firmware provides the EXORciser

with the capability to:

» Dusplay the contents of the MPL registers

» Step through the program

# Trace through user's programs 1o locate problem areas

# Stop the program on a selected program step

& Provide an oscilloscope trigger signal oo a selected
program siep

» Abon from the user’s program and return to the EXbug
controd program oa command

o Reinitialize the EXORciser on command

» Chunge the contents of memory

The user communicates with the EXORciser in
ooe of two ways.
» Through & RS-232C or TTY terminal
® Through the EXORciser front panel controls and indi-

cators

The terminal device permits the user 10 com-
municate directly with the EXORciser's EXbug
Firmware. The EXORciser's front panel permits the user
1o apply power 1o the EXORciser, to abon (exit) the
EXORciser from a routine, and to initialize and restart the
EXORciser. The EXORciser's unique front panel was
designed o incorporate future EXORciser options such as
@ data keys and displays.

15 BASIC EXORciser SYSTEM (FIGURES

1-2 AND 1-3)

The basic EXORciser (MB8SDT) consists of
the MPU Module, the Debug Module, the Baud Rate
Muodule, the Power Supply, and the chassis. These mod-
uhmbﬁhmmmmmely
of Parts (MCS800 Microprocessing Unit, MCS820
Peripheral Interface Adspter, MCSES0 Asynchronous
Communications Interface Adapter, MCM6810 Random
Access Memory, and MCMES30 Resd Only Memory
devices)
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The MPU Module (Figure 14) incorporates
the MCAS00 Microcompater Unit { MPU) and the system
clock. This module, as illustrated in Figure 1-2, serves a
dual function in that the module provides the MPU and
chock for both the EXORciser Debug and the user’s sys-
tem. The MPU Module also initistes sn EXORciser re.
start operation and initinlizes the EXORciser. The
MC6800 Microprocessing Unit is an B-bit parallel device
capable of addressing 64k bytes of memory. In addition,

FIGURE 1-1 Basic EXOficiser System

the MPU addresses ity input and output devices as mem-
ory. The MPU alwo provides the EXORciser with 72
varisbie length instroctions and the capability of respood-
ing to real time interrupt signals. With the exception of the
EXORciser clock, the system restart, and the DBE signal
(delayed); the MPU Module appears exsctly like a
MCGHE00 M i Unit with unlimited TTL drive
capability.

FIGURE 1-4. MPU Module




The Debug Module (Figure 1-5) provides the
EXORciser with its capability to evaluate and debug the
wser's program. The MOMSSY) ROM memocy oa this
module contain the EXbug Firmware that provides the
EXORciser with its umigue software and hardware control
features. The module also has a MCMEE10 RAM mem
ory to provide a soratch-pad memory to the EXbug
Firmware. The EXbug Firmware enables the EXORciser
o

o Load data into the EXORciser

o Venfy that the data in the EXORciser is valid

® Search a tape for a specific file

o Print the contents of the memory

® Punch (record) the contents of the memory on tape

Perform the MAID (Motorols Active Interface Debur) 1
functions

The MAID functions enable the EXORciser 1o

Examine and, if required, change the contents in a
memory location

Examine and, if required, change the dats in an MPU
register

o Calculate the offset in the relative addressing mode

Insert, display, and remove breakpoints in a user’s
program

» Freerun or trace through a oser’s program under MAID
control

Stop the EXORciser on a specific program step in the
user's program

Provide an oscilloscope trigger pulse ot a selected pro
gram step

# Scarch memory for a specific bit patiern

o Perform decimal-octal-hexadecimal conversion

The Debug Module working with the Baod
Rate Module (Figure 1-6) provides the EXORciser with
eight standard baud rutes between 110 and 9600 Baud
(refer to Table 1-1), These modules also interface the
EXORciser with a TTY or RS-232C compatible terminal
and provide a reader control signal for remaote control of
modified TTY terminals.

The Power Supply (Figure 1-7) provides the
EXORciser with the +5VDC, +12VDC, and - 12VDC
power sources to support & full EXORciser rack of
modules

The chassis is capable of holding 14 plug-in
modules, The Power Supply and Baud Rate Module are
not plug-in modules but mounted directly to the chassis
Two versions of the chassis are available, the rack mount-
ing version and the table-top version
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FIGUAE 16 Baud Rate Module
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16 EXORciser OPTIONS

The EXORciser options provide the EXOR-
ciser with the flexibility of emulating the user’s system.
The optional modules provide the EXORciser with mem-
ory, peripheral imerface capability, and provisions for
constructing custom circuits, The EXORciser options are
identified in Table 1-2.

1-6.1 UNIVERSAL WIREWRAP MODULE
(FIGURE 1-8)
I16.1.1  Features

The features of the Universal Wirewrap Mod-
ule include:
» Standard pin spacing for 75 14-pin wirewrup sockets
» Standard size EXORciser plug-in module
# Permits user 1o build and incorporate his custom cir-
cuits into a system
1-6.1.2  Specifications

The Universal Wirewrap Module Specifica-
tions are identified in Table 1-3.

1-6.1.3  Description
The Universal Wirewrap Module permits the
user o and incorp his ize clrouits

into 3 MEK00 Microcomputer System. This module is the
standard size EXORciser plug-in module. The power bus
and ground bus printed wiring are incorporated in the
moduale. Also, the module has standard pin spacing for 75
I4-pin wirewrap sockets and two 50-pin flatribbon cable
cOnneetors.

1-6.2
1-6.2.1

EXTENDER MODULE (FIGURE 1-%)
Features
The features of the Extender Module include:
» Extending any EXORciser plug-in module for servic-
ing
o Interfacing with all EXORciser plug-in modules
» Providing clip-on test point for all EXORciser bus
signals
146.2.2  Specifications
The Specifications of the Extender Module are
identified in Table 1-4.
1-6.2.3  Description
The Extender Module enables the user 1o ex-
tend any EXORciser plug-in module for servicing, test-
ing, troubleshooting, and debugging. This module pro-
vides clip-on test points for the EXORciser bus.

1-6.3 FLATRIBBON INTERCONNECT

CABLE

The Flatribbon Interconnect Cable permits the
user 1o connect an Input/Output Module to a peripheral
device. One end of this cable is terminated with a 50-pin

flatnbbon connector and the other end is unterminated.
Each 1O Module has provisions for two cables.

1-6.4 RACKMOUNTING KIT

The Rackmounting Kit allows the user 10
mount his EXORciser in u standard 19:inch rack.

1-65  TABLE TOP KIT

The Table Top Kit allows the user to use his
EXORciser on a bench top or similar location.

TABLE 1-2. EXORciser OPTIONS

OPTION PART N'Lm]
2K Static RAM Module MEX 6812-1
Input/Output Module MEX 6820
Universal Wirewrap Module MEX 65WW
Extender Module MEX 68XT
Flatribbon Interconnect Cable MEX 68I1C
Rack Mounting Kit MEX 68RK
Table Top Kit MEX 68TT
8K Dynamic RAM Module MEX 6815-1
Resident Software
Option 1 MGSXAESS1. 18
» Assembier
« Editor
# 8K Dynamic RAM Module
Option 2 M6BXAESR]. 12
 Assembler
» Editor
» Four 2K Static RAM Modules
Option 3 MESXAE6R]. 10
» Assembler
» Editor
TABLE 1-3. 1 Wi
CHARACTERISTICS
Physical Characteristics
Length
Height
Thickness

TABLE 1-4. Extender Module Specifications

CHARACTERISTICS SPECIFICATIONS
Physical Characteristics
Length 975 in.
Height 9.00 in.
Thickness 0.062 in.







CHAPTER 2 INSTALLATION INSTRUCTIONS

21 INTRODUCTION
ehlplu' prnhdu the unpacking, Inspec-
on, and p for use for

the M6S00 EXORciser. Also inclided in this chapter are
imstractions for connecting the selected data terminal 1o
the EXORciser and the function of the EXORciser
wwitches and indicators.
22 UNPACKING INSTRUCTIONS

No special unpacking instructions ane required
for the EXORciser. Unpack from the shipping carton and,
referring 10 the packing list, verify that all of the pars are
present. Save the packing material for worage or reship-
ment of the EXORciser. If the shipping camon is damaged
upon receipt, request that the carmier’s agent be present
while the module is being unpacked and inspected
23 INSPECTION

The EXORciser should be inspected upon re-
ceipt and ai periodic imervals, Inspect the modules for
broken, damaged, or missing pans and the printed circuit
boards for physical damage. Inspect the coanecton for

damaged, bent, or missing pins. lnspect the cables for
dumaged insulation and broken wires

24 PREPARATION FOR USE

The following paragraphs discuss connecting
the selected data terminal to the EXORciser and preparing
the EXORciser to operate with a 110 or 220 VAC source.
The preparation of the optional modules s discussed in
their nespective supplements 1o this manual.

24.) DATA TERMINAL CONNECTIONS

The user has the option of interfacing the
EXORciser with an ASRI3 Teletypewriter (TTY) or an
RS- 2]2('lcmlllld¢nm 'l'lle'l'l"‘l'dlnmw.ll shall be

figured for h control, full-
duplex operation, and 20mA neutral current lnop opera-
tion. The RS-232C terminal device should be capuble m‘
110 10 9600 baud operation and
reader/punch (recond) control hrunﬁ’-l 1.1 discus-
ses the TTY terminal preparation and interconnections 1o
the terminal and Paragraph 2.4.1.2 discusses the RS-
232C interconnections
2411 TIY © tible Terminal Preparati

and Interface Connections

The EXORciser is capable of working with a
TTY not having sutomatic reades/punch control capabili-
1y: however, this n a long and tedwes operation where the
user has to manually turm hiv werminal on and off as
required. Alvo, this terminal is not capable of supporting

the resident assembler and editor, It is recommended,
therefore, anuulmdenuwrmmm:

detipunch control dix B presents a
mﬁmmwummmhm
reader/control operation

(a) Referring w the TTY I d pre-
pﬂt&!mmlwl'dl-dqﬂundmm
current loop operation. Appendin B also discusaes
mmlmmwmmmwlm

ion; however, it i d that you use
uielenma-ltdomumn if available, 10 make
this comversion

(b} Referming w Figure 2-1 and Table 2-1, construct the
interconnection cable 1o be used between the EXOR-
ciser and the TTY terminal. Use the connector
wipplicd with the EXORcrer

Serisl Dyre Camman
Peader Contrgt
Serial Dot in

i

i

Te
™y
Tarmingt

Faitme G
Y

Barlal Cuanm Sur

NOTE
Ve Cinih O 9 or £ e vwtemt Conmponss

FIGURE 2-1. TTY/EXORciser Interconnection Cable

2412 RS2C C
Connections
Referring to Figure 22 and Table 2-2, con-
struct (he interconnect cable o be used between the
EXORciser and the RS-232C tenminal. Use the 25-pin
conmector supplicd with the EXORciser

P LY
Conne tar

Terminal Interfs

Powt Gomurial
Facors Date
Teanamn Gotm
Clasr 19 Bama
e Tt Meay
Signal O rgural
Carriar Durmt
Dts Tasmmnat
Haese

Te
namIc
Taiminal

HHHH

NOTE
VAN other pine g moT used
2 Une sineh OB 25P o0 mauvalent connaem

FIGURE 3-2. RS-




TABLE 2-1. TTY/EXORciser Interconnections

PIN SIGNAL
NUMBER | MNEMONIC SIGNAL NAME AND DESCRIPTION
1 SERIAL SERIAL DATA COMMON — This — 12 VDC signal provides the signal return
DATA for a TTY data terminal.
COMMON
2 READER® READER CONTROL — This signal provides the control to operate the paper
CONTROL tape reader on a modified TTY data terminal under MPU control.
3 SERIAL® SERIAL DATA IN — This line accepts the input from a TTY data terminal.
DATA IN
4 READER READER COMMON — This line is connected to EXORciser ground. This pin is
COMMON also connected to pin 5 in the cable.
5 TTY TTY — This line indicates when a TTY device is connected to the EXORciser.
This pin is connected to pin 4 in the cable
6 SERIAL® SERIAL DATA OUT — This line transfers data to a TTY data terminal.
DATA OUT

*The EXORciser provides the necessary dnve for the TTY data transfer.

24.2 POWER SUPPLY CONNECTIONS

The EXORciser power supply may be con-
figured to accept 95 1o 135 VAC, (110 VAC) or 205 to
250 VAC (220 VAC) input voltage with an input fre-
quency of 47 1o 420 Hz. This power supply provides the
EXORciser with +5 VDC @ 15A, +12 VDC @ 2.5A,
and —12 VDC @ 1.SA. Paragraph 2-4.2.1 discusses
configuring the power supply fora 110 VAC input voltage
and Pamgraph 2-4.2.2 & ing for a 220
VAC input voltage.

2421 Power Supply 110 VAC Voltage Connec-
tions (Refer to Figures 2-3 and 2-4)

(a) Connect one of the power lines to pins | and 2 of the
transformer terminal board

(b) Connect the other side of the power line to pins 3 and
4 of the transformer terminal board.

(¢) Connect the fans as illustrated in Figure 2-4.

2422 Power Supply 220 VAC Voltage Connec-
tions (Refer to Figures 2-3 and 2-4)
(a) Connect one of the power lines to pin 2 of the trans-
former power supply.
(b} Connect the other power line to pin 3 of the trans-
former power supply.
(€) Connect a jumper between pins 1 and 4 of the trans-
former power supply.
(d) Connect the fans as illustrated in Figure 2-4

2.5 INSTALLATION INSTRUCTIONS
The user has the option in purchasing his
EXORciser of purchasing the desk top version or the rack
ing version. P ph 2-5.1 di setting up
the table top version while Paragraph 2-5.2 discusses
installing the rack mounted version. Paragraph 2-5.3 dis-
cusses installing the printed circuit module’s into the
EXORciser.

Tranatarmar
Tarminal Soard




TABLE 2-2. RS-2320/EXORcser Interconnections

PIN SIGNAL
NUMBER | MNEMONIC SIGNAL NAME AND DESCRIPTION
1 POWER POWER GROUND — Common for the — 12 volt source ‘l'lmlmpnmdu-
GND safety ground connection 1o the RS-232C compatible terminal
2 RECEIVE RuﬂVEDATA—mmmmeqwlmmlsan
DATA termunal .
3 TRANSMIT TRANSMIT DATA — This line transfers data to an R$-232C compatible
DATA verminal.
a4 Not used
s CLEAR TO CLEAR TO SEND — 'This line is a high level when an RS-232C data rerminal is
SEND connected 10 the EXORciser and informs the terminal to transfer data,
L] DATA SET DATA SET READY — This line is a high level when a RS-232C data terminal is
READY connected 1o the EXORciser and indicates 10 the terminal that the EXORciser is
operating
7 SIGNAL SIGNAL GROUND — This line provides a common signal coanection 1o the
GND RS-232C data terminal
B CARRIER CARRIER DETECT — This line is a high level when a RS-232C data terminal
DETECT is conneted to the EXORgiser and indicates that the EXORciser has detected the
carrier signal,
9 Not used
10 Not used
i Not used
1”2 Not used
13 Not used
4 Not used
15 Not used
6 Not used
17 Not used
18 Not used
19 Not used
0 DATA DATA TERMINAL READY — Thas line from the RS-232C data terminal
READY indicates that the data terminal is ready.
21 Not used
F Not used
3 Not used
24 Not used
15 Not used
1 1
e
110 VAC ‘““‘:" H:"'ﬂ
-
2 X0 VAT
7
N age
L Fam

FIGURE 2-4. EXCRciser Powsr Distribution Drawing




2.5.1 RACK MOUNTING INSTALLATION IN-
STRUCTIONS
In selecting the site to mount your EXORciser,
make sure you provide adequate space in front of the rack
to allow the EXORciser to be fully extended from the
rack. Also, mount the EXORciser so that you have easy
access 1o the EXORciser modules when the EXORciser is
extended from the rack

fa) Mount the EXORciser in a standard 197 retma rack

(b} ‘With the EXORciser PWR switch OFF, connect the
EXORciser 1o the selected power source.

(c) Connect the selected data terminal 1o the EXORciser,
using the cable constructed in Paragraph 2-4. A TTY
data terminal is connected to EXORciser connector
13 while a RS-232C data terminal is connected to
EXORciser connector J2.

(d) Inswall the optional modules in accordance with
Paragraph 2-5.3

2-5.2 TABLE TOP INSTALLATION

INSTRUCTION

In selecting a site to place your EXORciser,
select a site where you have easy access to the EXORciser
front panel and 1o the EXORciser modules.

(a) Place the EXORciser in the selected location
(b) With the EXORciser PWR switch OFF, connect the
EXORciser to the selected power source.

(¢} Connect the selected data terminal to the EXORciser
using the cable constructed in Paragraph 2-4. ATTY
data terminal is connected to EXORciser connector

13 and a RS-232C device is connected 1o EXORciser
connector 12
(d) Install the optional modules in accordance with
Paragraph 2-5.3
253 PRINTED CIRCUIT BOARD
INSTALLATION

The installation of the optional EXORciser
modules is discussed in their supplements to this manual
Since each module is offset as well as keyed, there is linle
chance of installing the modules in backwards. The
EXORciser bus permits the user to install the modules in
any of the 14 card slots; however, modules having wire
wrap sockets require additional spacing between card
slots. The 14 card slots are illustrated in Figure 2-5. Install
the modules as follows:

b} If the EXORciser is mounted in a rack, pull the
EXORciser out on its extenders to gain full access to
the dust cover

Remove the dust cover from the EXORciser. The
rack mounted dust cover is held in place by four
screw-lock fasteners while the table 1op dust cover is
held in place by tension clips.

g

(3

Referring to the module supplements, install the op-
tional modules into their selected card slots, (It is
assumed that the Debug and MPU Modules are al-
ready installed in their selected card slots.)

NOTE
It is recommended that the dust covers be
placed on the EXORciser when you are not
working on the EXORciser

FIGURE 2-5. EXORciser Card Rack

24




2-6 SWITCHES AND INDICATORS

The EXORciser switches and controls are di-
vided into three categories, those on the EXORciser chas-
ais, those used on the Debug and MPU Modules, and
those wied on the optional modules. Figure 2-6 and Table
2.3 identify the location and function of the ywitches and
indicatons on the EXORciser while Figures 1.7 and 28
along with Tables 2-4 and 2.5 identify the location and
fonction of the MPU and Debug Module switches. The
switches on the optional modules are idemtified in their
respective supplements,

Fig. 240 Fron View

FIGURE 1-0. EXORcisar Switches and Indicatorn

»

FIGURE 2-T. MPU Module Switch Locations




FIGURE 2-8. Debug Module Switch Locations

2.7 TABLE TOP TO RACK MOUNTING
CONVERSION

The following procedures discuss converting
the EXORciser from its table top version 1o its mck
mounted version. Figure 2-9 depicts an exploded view of
the table top kit and Figure 2-10 depicts an exploded view
of the rack mounting kit.

(a) Remove the Table Top Kit from the EXORciser in the
reverse order of the index numbers in Figure 2-9.

(b} Install the Rack Mounting Kit onto the EXORgiser in
the sequence of the index numbers in Figure 2-10

2.8 RACK MOUNTING TO TABLE TOP
CONVERSION

The following procedures discuss converting
the EXORciser from its rack mounting version to its table
top version, Figure 2-9 depicts an exploded view of the
table 10p kit and Figure 2-10 depicts an exploded view of
the rack mounting kit

fa) Remove the rack mounting kit from the EXORciser
in the reverse order of the index numbers in Figure
2.10.
(b} Insiall the wble top kit onto the EXORciser in the
sequence of the index numbers in Figure 2.9
2.9 EXORciser BUS SIGNAL
DESIGNATIONS
Table 2-6 identifies each of the signals on the
EXORciser bus, the pin connection, the signal’s
mnemonics, and the signal’s characteristics

3

4
5.

B

g Brackets,

and oo right
Tovalve 10-32 x 1/2
Phillip Screwa

Two Lowar Covers
Four Rubber Fe
Four 832 x 3/4 Phillips
Dust Cover

FIGURE 2-9. Table Top Kit




FIGURE 2-10. Reck Mounting Kit

TABLE 2-3. EXORciser Switches and Indicators

SWITCH/
INDICATOR FUNCTION
RUN The RUN indicator is on when the EXORciser is running the user’s program
Indicator and 15 not on when the EXORgiser is in EXbug (Upper 4K of memory),
PWR The PWR (PoWeR) indicator indicates the statos of the EXORciser PWR
Indicator keyswitch. The PWR indicator is ON when the PWR switch is ON,
AUX The AUX (AUXiliary) indicator is not used at this time. (Wired in cable
Indicator harness and available on the Baud Rate Module)
R RESTART The RESTART pushbutton switch, when actuated, resets and initializes the
- Switch EXORciser. The EXORciser on completing its initialization routine, goes to
its EXbug control program.
PWR The PWR (PoWeR) key switch, when on, applies primary power 1o the
EXORciser,
ABORT The ABORT pushbutton switch, when actuated, aborts or exits the
EXORciser from the routine it is performing and returns the EXORciser to
its EXbug control program. |
BAUD The BAUD RATE switch allows the user to select the data transfer rate
RATE between the EXORciser and the data terminal,
" (Switch)
1 TABLE 2-4, MPU Module Switch Functions
SWITCH
NAME SWITCH FUNCTION
CLOCK This switch selects either the EXORciser's | MHz internal clock or an external
Switch clock. The external clock input is located on 1op of the MPU Model and provides
a 50 ohm load




TABLE 2-5, Debug Module Switch Functions

SWITCH
NAME SWITCH FUNCTION
EXBUG The EXbug Switch in the ON position, enables the EXORciser to execute the
Switch EXbug Firmware.
SCOPE/STOP- The SCOPE/STOP-ON-ADDRESS switch, in the SCOPE position, provides
ON-ADDRESS i scope trigger pulse on & selected address. This switch, in the STOP-ON.
ADDRESS position, instructs the EXORciser 10 wop on a selected memaory
address, The EXORciser will stop the next program instruction
TABLE 2-6. EXORciser BUS Signals
PIN SIGNAL
NUMBER | MNEMONIC SIGNAL NAME AND DESCRIFTION

A +3 VDC +5 VDC used for the module’s Togic circuits.

B +5 VDO +5 VDC used for the module’s logic circuits

c +5VDC +5 VDC used foe the module's logic circuits.

D ™ INTERRUPT REQUEST (IRQ) — This signal requests that 3 MPU interrupt
sequence be generated within the machine. The MPU will wait until it completes
the current i ion that it is ing before it recog the request. At that
time, if the interrupt mask bit in the MPU condition code register iy not set
(interrupt masked), the MPU will begin the interrupt sequence.

E B NON-MASKABLE INTERRUPT (NMI) — This signal requests that & non-
maskable interrupt be generated within the machine, The MPU will wait until it

pletes the current that it ing befors it recognizes the NMI
signal. At that time, the MPU will begin ity pon-maskable interrupt sequence.
The EXORciser EXbug Firmware uses the non-maskable interrapt for its Abort,
Run-One-Instruction,, and Stop-On-Address functions,

F VMA VALID MEMORY ADDRESS (VMA) — This output indicutes to the Debug
Module that there is a valid memory address on the address bus. This signal is not
three-state

i H GND GROUND for =12 VDC

J @2 Phase 2 ($2) clock signal

K GND GROUND for =12 VDC

L MEMCLK MEMORY CLOCK (MEMCLK ) —This signal 1 the basic clock frequency used
by the MPU Module 10 generate its ¢1 and &2 clock signals.

M =12 VDC =12 VDC for use with user's custom designed interface crcuitry.

TSC THREE-STATE CONTROL (TSC) — This input, when high, places all of the
address ines in their off or high impedance state. The VMA and BA signals will
be forced Jow, The data bus is not affected by the TSC input
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BUS AVAILABLE (BA) — This bus available output signal will normally be a
low level, when activated, st will go hugh indicating that the MPU has sopped and
that the address bus is available. This will occur if the GofHalt line is in the Halt
(low) state or the MPU is in the WAIT state ax a result of executing a WAIT
instruction. A1 such time, all the MPU three-state output drivers will go 10 their
off state and other outputs 1o their normally inactive state. A maskable interrupt,
or actuating the RESTART or ABORT switches, removes the MPU from the
WAIT state.

MEMORY READY (MEMRDY) — This signal, when present, initistes a
memary tefresh operation. At this time the MPU Module is inhibited from
jgenerating its &1 and &2 clock signals.

REFRESH CLOCK {REFCLK) — This signal is generated by the dynamic
memory module being used as the master refresh module. This signal i used 1o
initiated & memory operation on the dynamic modules used as slave refresh
modules

+12 VDC for wse with user’s custom designed interface circuitry.

BATTERY +12 VOLTS (BAT +12) — This line in normal EXORciser opera-
tion is + 12 VDC from the EXORciser power supply. If the EXORCciser is using
battcry backup and the power supply is turmed off or a power-fail should occur,
the power backup places +12 VDC on this line

STAND BY (STDBY) — Thus line is a low level during a power-fail condition
and a high level during normal EXORciser operation.

Not used
Not used
Not used
Not used
Not used
GROUND
Not used
Not used

BUS AVAILABLE (BA)— This line is present only when an Evaluation Module
is placed in the EXORciser chassis. Signal is same as BA on pin P1.P.
GO-HALT — This line s used only when an Evaluation Module is placed in the
EXORciser chassis. Signal is same as G/H on P1-4.

DATA BUS (D) — This bi-directional line, when cnabled, provides a two-way
data transler between the MPU Module and all other plug-in modules in the
EXORciser, The data bus drivers on these module are in their off or high-
impedances state except when one of these modules is selecied during a memory
read operation

DATA BUS (D7) — Same as D3 on PIH.

DATA BUS (D2) — Same as D3 on PI-H

DATA BUS (D6) — Same 3 B3 on PI.H

ADDRESS BUS (A14) — This address line, when enabled, transfers the MPU
program counter output to add the plug-in modules in the EXORciser,
ADDRESS BUS (A13) — Same as Al4 o0 PI-M

ADDRESS BUS (A10) — Same as Al4 on PI-M.
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Al
GND
GND
GND

+35VDC
+35 BDC
+5 ¥VDC

RESET

=12 VDT
REFREQ

REF GRANT

+12 VDC
BAT +12

ADDRESS BUS (A9) — Same as Al4 on PI-M,
ADDRESS BUS (A6) — Same as Al4 on P1-M.
ADDRESS BUS (AS) — Same as Al4 on P1.M.
ADDRESS BUS (A2) — Same as Al4 on P1-M_
ADDRESS BUS (A1) — Same as Al4 on PI-M.
GROUND
GROUND
GROUND
+5 VDC used for the module’s logic circuits
+5 VDC used for the module’s logic circuits
+5 VDC used for the module’s logic circuits.
GOMALT (G/H) — When this input is in the high state, the MPU will fetch the
ion addressed by the prog ter and start ion. When low, all

sctivity in the MPU will be halted. This input is level sensitive. In the halt mode,
the MPU will stop at the end of an instruction, bus available will be af 2 high level,
valid memory sddress will be at low level, and all other three-state lines will be in
their off or high impedance state

The halt line must go low with the leading edge of the phase one clock (¢1) to
insure single instruction operation. If the halt line does not go low with the
leading edge of the ph lock, one of two i ions may result,
depending on when the halt line goes low relative 1o the phasing of the clock.
RESET — This signal is used to start the MCS300 MPU and reset the EXORciser
from 3 power down condition or when the EXORciser RESTART switch is
actusted
READ/WRITE (R/W) — This MPU output signal indicates 10 the EXORciser
plug-in modules whether the MCS800 MPU is performing a memory read (high)
or write (low) operation. The normal standby state of this signal Is read (high).
Also, when the MCB800 is halted, thin signal will be in the read state

Phase 2 (¢2) clock signal
GROUND for =12 VDC
GROUND for =12 VDC

VALIDUSER'S ADDRESS (VUA} — This signal, when high, indicates that the
wddress on the address bus is valid and the EXORciser in not sddressing its
EXbug program

=12 VDC for use with the user’s custom designed interface circuitry.
REFRESH REQUEST (REFREQ) — This signal, when low, initiates a memory
refresh cycle of the dynamic memory modules. During the refresh operation the
MPU Module is inhibited from gencrating its &1 and 2 clock signals

REFRESH GRANT (REF GRANT) — This signal, when high, instructs the
dynamic memory modules to refresh their memories

Not used
Not used
+12 VDC for use with the user’s custom designed interface circuitry,
BATTERY +12 VOLTS (BAT +12) — Same sd BAT +12 on P1-U

Three-State Control (TSC) — This line is present caly when an Evaluation
Module is placed in the EXORciser chassis. Signal is same as TSC on P1-N.

Not used
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36
37
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41
42
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AC OFF

gage

GND
GND
GND

Not used

AC OFF — Ina system using battery backup, this signal indicates when ac power
is removed from the primary of the power supply transformer,
Not used

Not used

GROUND

Not used

Not used

Not used

Not used

DATA BUS (D1) — Same as D3 on P1-H

DATA BUS (D) — Same as D3 on PI-H

DATA BUS {D0) — Same as D3 on P1.-H

DATA BUS (D) — Same as D3 on PI-H
ADDRESS BUS (A15) — Same as Al4 on P1F.
ADDRESS BUS (A12) — Same as Al4 on P1.F.
ADDRESS BUS (A11) — Same as A14 on P1.-M.
ADDRESS BUS (A8) — Same as Al4 on P1-M.
ADDRESS BUS (A7) — Same as Al4 on P1-M.
ADDRESS BUS (A4) — Same as Al4 on P1I.M
ADDRESS BUS (A3) — Same as Al4 on P1.M.
ADDRESS BUS (A0) — Same as Al4 on P1-M.
GROUND

GROUND

GROUND
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CHAPTER 3 M6800 SYSTEM EMULATION

31 INTRODUCTION

The M6800 EXORciser is a system develop-
ment 100l used in the design and development of M6E0OD
Microprocessor Systems. It is assumed in this chapter that
the user is designing his system as described in the MOSO0
Microprocessor Applications Manual and i prepaneg hes
programs in sccordance with the MES00 Microprocessor

ng Manual, This chapier reviews in general
terms developing the hasdware, proparing the software,
and the place of the EXORciser in this system develop-
ment. This chapter also presents preparing the EXORciser
10 emulate (functionally duplicaie) and debug the user's
sysiem

This chapler discusies using the optional
EXORcser module in general terms. Refer 1o the optional
module’s supplements to this user’s guide as required to
assint you in preparing your EXORciser to emulate your
system.

32 ME800 EXORciser AND SYSTEM
DEVELOPMENT

system, let us first review the procedure I'ollnted by a
typical engineer in developing o microprocessor system
and, how the EXORciser will simplify the design effort. It
should be noted that the sysem design pmoedum pre-

sented were developed for d only.
321  DEVELOPING mclomunm
SYSTEMS

The following procedures are intended 1o illus-
trate how an engincer might develop a typical mecro-
computer system. The enginer:

(1 Defines his system. In this defi he d

(7)Extensively tests and evalustes his system in an ac-
tual working environment. The user’s program may
be stored in PROMs

(K} Builds the production hardware of his sysem and has
s ROMs made

(%) Combines the production hardware with the system
software (in ROM) and makes the final system ad-
Justments.

(10) Releases his system 1o production,
3212 M6800 EXORciser IN SYSTEM
DEVELOPMENT

The EXORciner, through its ability 1o emulate
@ wser's system hardware and debog a user’s vystem.
greatly reduces the time nequired for an engineer o con-
struct a prototype of and debug his system. The engincer,
rather than designing and building s prototype of his
system, sets up the EXORciser to funciionally represent
his system. He may however, have 1o construct special
circuitry 1o interface the EXORciser to his process or
peripheral device. Nuu th- ngmnu has developed In
sysiem EF
design and comstruction time.

The EXORciser provides th with
a functional system on Mm&nﬁwhh system
software, The advantages of the EXORciser 1o the pro-
grammet are that the EXORciser permits him to assem-
ble. edit, and modify his program on the actual hardware
and to evaluste his programs using the system input/
output capabilitics

The EXORciser's EXbug Firmware provides
the engineer and the programmer with 3 system develop-
m program capability for debugging both the sysiem

d and the system software. This EXbug system

the software and hard functions 1o be perfi 4
and the interfacing requirements

(2) Designa and constructs 3 hardware prototype of his
system and at the same time,

13) Prepares his software programs around the hardware
0 sccomplish the intended function

(4) Combines the software with his hardware and debugs
both his hardwaee and his software until he has o
working sysem

(S)Finalices his system design and his softwore and
builds a preproduction model of his sysem.

(6) Combines the preproduction hardware with the sys-
tem software and makes any pecessary hardware and
software adjustments.

1

develop program is hardware compatible and en-
ables the user to:

+ Load his program imto the EXORciser

® Verify that the program was comectly loaded

» Scarch a tape for a specific file

» Print the contents of the memory

» Punch (record) the contents of the memory on tape

» Debug his sysem haniwm and software using MAID
Debug)

( la Active |
These MAID functions permit the user to
debug his system through:

o Examining and, if required, chang
memory location

(g the comtents in




» Examining and, if required, changing the contents in
the MPU registers

» Stopping the EXORciser on a specific memory address
in » user's program

» Providing an oscilloscope tngger pulse ot o selected
memory sddress

« Calculating the offset in the relative addressing mode

® Inserting, displaying, and removing breakpoints in &
user's program

» Freerunning or tracing through a user’s program under
development

omhmhﬂnml’xhﬂm

® Performing decimal-octal-he:

H the user were 10 develop has system withou
the EXORciser, be would be required 1o develop or
purchase his own system development program using st
least part of the EXbug functions.

Now, let us review the system development
process using the EXORciser. The engineer:

Illwmhs l)“ m before. In this definition he
o be

wrfuw.

(2)Sets up the EXORciser 1o emulate his system
hardware. He will, if required, also design and build
any special hardware interface circuitry

system. This paragraph discusses preparing the EXOR-

ciser’s optional modules in general terms. Refer w the

options modules’ supplements us required 1o prepare

these modules. Prepare the EXORciser as follows:

(a0} Construct any required special circuitry, e special
imterface circuitry.

i) Uning the procedures in Chapter 2, install the EXOR-
ciser modules in the selected EXORciser curd slots,

(¢} Determine whether you are going 10 use the EXOR-
clser clock or an external clock in your system. Set
the clock switch S 1 on the MPU Module accordingly

(d) I you are using an external clock, determine the
chock frequency to be used in your system

ie} Connect the extermal clock to the MPLU Module.

() Connect the EXORciser 10 the user’s process of
peripheral device

(§) Set the base memory sddresses on the EXORciser's
memory and peripheral interface modules

34 PROGRAMMING PREPARATION

The foll graphs are p d to &

|mywmpmp-nngwnnmm These paragraphs are

a supplement 1o the MES00 Microcomputer Programming

Manual and are intended as a guide. Also, these para-

graphs discuss the optional modules only in general

lmm txhqmunl modules’ unique programming con-

d in their b o this man-

(3) Prepares his sofrware prog around the hard
0 accomplish the intended funcnon

(4)Loads software o EXORcser and, wung the
EXbug Firmware, debugs both the hardware and the
software until e has 8 working system.

(5) Designs and builds » preproduction model of his
system compatible with the EXORciser's bus

(5) Combines the preproduction hardware with the user's
systemn sofrware and, using the EXORGiser’s EXbug
Frrmvware, debugs and makes any necessary sysem
hand: and software adj

(71 Extensively tests and evaluates his system in an ac-
tual working environment. At this point the program
may be stored in the PROMs.

(§) Buslds the production hardware of bis system and has
his ROMs made. This system should be compatible
with the EXORciner bus if the EXORciser is 10 be
used in debugging the vystem

(%) Comibines the production hardware with the system
software and makes the final adjustments 1o his sys-
tem. He again may use the EXORciser in evaluating
his system.

{10} Releases his sysiem to production
33 HARDWARE PREPARATION

This graph 4 prepaning  the
EXORciser to emulate (functional represent) the uset's

ual. Mwﬂuﬁmu Manual and these wpple-
ments a3 required in prepanng the user’s program

Also included in the following parugraphs are
the EXORciser's programming constraints, the pro-
gramming mmeﬂnﬂ:i of rhe ENOR:M. MEmory of-
! and the
wueﬂedpmdm uied in program preparation
340 PROGRAMMING CONSTRAINTS

The EXORciser places the following con-
strmints on the user while he is using the EXbug Firmware
# He can pot use memary locations FOOO through FFFF
« The EXbug Firmware uses the MOSS00 MPL's NMI

 The EXbug Firmware uses the MC6S00 MPL's SWI
(SoftWare-Interrupt) capability

3411 EXbag Firmware

The DEBUG switch on the Debug Module
allows the user 1o use or not use the EXbug Firmware
This Firmware precludes the user from using memory
locations FOOO through FFFE. Now, the EXORciser may
be operating with partically coded user’s sysiems (por
using all 16 address lines) and programs using addresses
between FOOD and FFFF. To prevent reading duplicate
addressing, the EXORciser, on determining that it is read.
ing an EXbug addrcss, inhibits the reading of » user’s
program.
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If you have a portion of your program above

FOO0 and wish 10 debug it using EXbug, it s recom-

mended that you nssemble this program at another mem-

ory location, debug it, and, upon completion, reassemble
the program at ity original address.

3412 SWI (Software Interrupt) Capability

The EXORciser EXbug Firmware uses the

MCSH00 MPL's SWI capability to insen break points imio

the wset’s program (Paragraph 4-14). You can use the

EXORciser to evaluaie 3 user’s soffware interrupt st the

expense of losing the EXORciser's beeakpoint function

capability. If you wish 10 evaluate a sofrware interrupt
routine, proceed s follows:

(a) Using the MAID Memoey Change Function (Para-
graphs 4-9 and 4-11), change the interrupt vector in
memory location FFFA (MSB) and FFFB (LSH) 10
the address of your software intermupt routine,

NOTE

The EXORciser, on the actuution of the RE-
START or .I\BQRT switch, enters its MPU

colid-start powes-up routine and loads addres-
ses FFFA and with the breakpoini vee-
tor address. If you are evaluating your
software | routine and are required 10

intermipt n
ctuate one of these switches, repest step a

(b) Initiate, run, and debug the user’s software intermupt
routine.

(€} Afer you have completed evaluating the software
interrupt routine, press the ABORT swach, and re-
woee the EXbug beeakpoint function

3413 NMI (Non-Maskable Interrupt) Capability

The EXORciser EXbug Firmware uses the

MCBR00 MPU's NMI capability in its Abon function,

Stop-on- Address function, and Run-One- Instruction fea-

wire, You can use the EXORciser 1o evaluate a user's

non-maskable interrupt routine at the expense of losing
the EXORciser's Abor, Stop-On-Address, and Run.

One-Instruction capabilities. If you wish 10 evaluate a

non-maskable interrupt routine, proceed as follows:

(&) Using the MAID Memory Change Function (Para-
graphs 4-9 and 4-11), change the interrupt vector in
memory locations FFFC (MSE) and FFFD (LSB) 10
the address of your non-maskable imerrupt routine

ﬂ-ﬂmmn‘n;m-:mdlhlﬁ-
START swinch, enters its MPU cold-wan

(b} Initiste, run, and debug the user’s non-maskable in-
lerrupt routine.
(e} Afier you have completed evaluating the non-

maskable interrupt routine, press the RESTART
switch und restore the EXbug NMI functions,

33

342 UNIQUE PROGRAMMING
CONSIDERATIONS

The MCE800 Microprocessing Unit sets aside
the top eight addresses of memory — FFFS through FFFE
— for in interrupt vectors as follows:

» 1RO uses addresses FFFR and FFF9

» SW1 uses addresses FFFA and FFFB

» NMI uses addresses FFFC and FFFD

» RESTART uses addresses FFFE and FFFF.

The user in designing his system, must make his top of
memory addresses appear 10 the MCH800 MPU as addres-
ses FFFS nmdr FFFF (refer 10 the MGSOO Macro-
and P g Manuals for

P PP

details).

The EXbug Firmware assumes that the user i
using $3FF as the top address in the user's program. That
is, the EXbug Firmware assumes that the user is using
only address lines 2'* and 2° through 2* in the user's
sysiem, Using this addressing configuration, the addres-
ses 83FE and 83FF appear to the MCSS00 MPU as ad-
drexses FFFE and FFFF (the MPU RESTART vector
siddress), If you are using an address other than BIFF a
the top of the user's sysiem, you will have 1o enter the
memory top of sddresses as described in Paragraph 4-2
Abso, gach time the EXORciser RESTART switch s
sctusted, the EXORciser performs its cold-stan power-up
routine and mitialires itself. 17 the wser’s system s uning a
1op of memory address other than K3FF, you must reenter
the user’s system top of memory addresses in accordance
with Paragraph 4-2

343 MEMORY ASSIGNMENTS

The user, before be prepares his equipment and
writes his program, must sssign the memory locations 1o
be used In his system. Figure 3-1 illusirates o typical
EXORgiser memory map, Prepare your map ax follows:
{a) Construct @ basic memaory map of your system. On
this map indicate that the EXORciser iy using mem-

ory addresses FOOO through FFFE
(b) Assign the memory location for your MC6830
ROM’s at the top of your memory. The top of mem-

ory of the ROMs musst appear 1o the MPU as sddress

FFFF

(€} Assign the memory addresses for your MCes10
RAM's. It is recommended that you place the RAM
at the bottom of memory 1o ke sdvantage of direct
addressing mode

(d) I your system is using MCBS20 Peripheral Interface
Adapters (PIA) assign four addresses for each PIA as
described in the M6800 Microprocessor Applications
Manual.
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FIGURE 3-1, EXORciser Map

() I your system is wsing MO6850 Asynchronous
Communication Interface Adapters (ACIA) assign
two addresses for each ACIA as described in the
Mo6B00 Microprocessor Applications Manual

(N Determine the required address lines 1o be used in
YOUT system.

344 IRQ (INTERRUFT REQUEST) AND

INTERRUPT PRIORITIES

In its initializing routine the EXORciser trans-
fers the IRQ vector address from the user's program (o
memory locations FFFR and FFF9. The EXORciser,
throagh its bus, ramfers IRQ (Inserrupt ReQuest) inpuats
bum.pmphunlt\rmwmmuru The MPU
it is g before it recog-
mnlﬂqm Then, if the interrupt mask bit in the
MPU"s condition code register is not set, the EXORciser
reads the vector address in memory locations FFFS and
FFFS and jumps o the user's IRQ routine
In setting up the user's system, you must de-
termine whether you are goang 10 use the MOBS00 MPLUs
IRQ capability and, if you are, you mus determine the
interrupt command input level from the peripheral device
10 the EXORciser. Refer 1o the M6800 Microprocessor
Applications Manual snd MES00 Microprocessor Pro-
gramming Manuals and the supplements to this user's
guide o set up or Inhibit the IRQ capabilities for the
MC6H20 PIA and MCB6350 ACIA devices.

If you are using more than one peripheral de-
vice capable of interrupting the MC6800 MPU, you must
mulwmwmuuwhmmhd
these devices and di i
rupt. This polling routine, nmwﬁeﬂ@m
itiated device, causes the MPU 1o jump 10 the appropriate
Service routing

In preparing the interrogation routine, you
must sasign priofities 1o the devices. Assign prionities 1o
these devices by assigning their position in the interroga-
tion polling routine. The device that is interrogated first
has the highest priority and the device i wgated last has
the lowest priority
Jas MCS820 PIA PROGRAMMING

INFORMATION

The MC6300 MPU ddnm the MCI':BZD
PIA a5 if it were y. Th all ds to the
FIA are executed by the MPU as memory reference io-
structions. The M6S00 Microprocessor  Applications
Manual il the PIA

being performed on the selected PLA regivter. Nuelen
2 of PIA control regiters is used in selecting between the
PIA"s peripheral interface registers and the data direction
registers. The proper state of the CA2 and CB2 bit must be
loaded into the corresponding PIA control register before
asddressing its penpheral interface of data direction regis-
e The M6B00 Microprocessor  Applications
Manual also discusses the decoding of the PIA contral
registens in controlling the PLIA"s four interrupt lines —
mﬂ-ﬁﬂm&mﬂ-wwh
Refer 1o the Appli Manual and de ine the con-
nmmhhﬂhmhcuwmhmwmlmf
application needs. Note that the MCS800 MPU cannot
write into bit 6 and bit 7 of the control registers, but checks
the status of the flag bits stored o these register locations
during a read operation. Note also that the flag bits are

their respective peripheral fines (PAD
through PAT and PBO through PBT) are 10 be used as input
wwlpuilim A logic one huhladhclnuugllutbll

s P line 1o func-
munoﬂwwlhﬂmmwhuh
function as an inpat.

346 MC68S0 ACIA FROGRAMMING
INFORMATION

The MC6800 MPU addresses the MCOS50

ACIA as if it were memory, Therefore, all commands 1o

u\eACanmeythPUnmnum
The MEE00 M

mmmmmmummm
being performed by the selected ACIA register. Note that
the MPU can only read the receive data register and the
status regisier and can only write into the transmui data
register and control register.

The M6800 Microprocessor  Applications
Manual also discusses the function of each of the bits in
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the control register and the function of the bits in the statusy
register. Note that both flag bit 0 and bit | of the status
register are reset when the status register is read.
347 PROGRAM PREPARATION
Prepare your program in accordance with the
following procedures:
(8} Using flowcharts or other means design the user’s
program,
(b) Code the user's program as described in the MES0OO
Microprocessor Programming Manual
(€} Assemble the user’s program using either the resident
assembler or a cross-assembler,
NOTE
'l?uusu“gwniwhnmmmmme
emter his rlallhroujhhil
data terminal usi m& lemony
Change Function in ;’u'y‘pullwdll
of this manual. This is, however, a long and
tedious job, subject 1o error, snd therefore pot
recommended

() Prepare the sssembled user’s program to be evaluated
in the EXORciser

35 SYSTEM DEBUG AND DEVELOPMENT

Now that you have set up the EXORgiser and

have assembled the user's progrum, you are ready 10

debug the user’s system hardware and program. Debug

the user’s system a4 follows.

(a) Losd the user’s program into the EXORciser and,
using the procedures in Chapter 4, debug the user’s
system hardware and software.

(b} Refer o the M6S0O Applacations
Manual and design a preproduction model of the
user's system. Refer to Chapter § of this manual and
Chapter 3 of the supplements 1o get an overview of
the user's system as emulated by the EXORciser. If
you are going 10 use the EXORciser to debug the
wier's preproduction system, design this system's bas
10 be compatible with the EXORciner's bus except.
connect the EXORciser's VUA (Valid User's Ad-
dress) rather than its VMA (Valid Mesmory Address)
signal line 10 VMA signal line on the user’s system
bus. The VUA signal is used 1o prevent duplicate
addressing while the EXORciser is executing it
EXbug Firmware.

{€) Debug your preproduction system. If you are using
the EXORciser. remove the MPU chip from the
user’s system and debug the user’s system using the
basic EXORciser (just the MPL and Debug Mod-
ules). Debug the uscr's system using the procodures
in Chapter 4.

(d) Design your production system. If you intend to use
the EXORciser to debug this system to refer to step b
for details,

() Debug your production system using the procedures
discussed in step <.
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CHAPTER 4
PROGRAM EVALUATION AND DEBUG PROCEDURES

41 GENERAL

The EXORciser with its EXbug firmware is
u-ed lu evaluate and debug a program or o system under
7 . The EXbug i enables the user to:

» Load his program into the EXORciser (Parngraph 4-4)

» Venfy that his program was properly loaded into the
EXORciser (Paragraph 4-5)

» Search the tape for a particular file (Paragraph 4-6)

» Print the program (Paragraph 4-7)

o Punch (record) the program on 1ape (Paragraph 4-8)

® Uning the MAID (Motorols’s Active Interface Debug)
routine, test and debug his program o system under
development. (Paragraph 4-9)

The operating procedures for each of these functions as
well as the abon function are discussed in the following
parmgraphs. The EXORciser, while performing its EXbug
program, is inhibited from performing the user’s program
except under specific MAID control routines

It is wssumed in this chapier that the EXOR-
ciser has been installed in accordance with Chapter 2 and
the EXORciser s interfacing with a data terminal de-
scribed in Chapter 2. It is also assumed that the user’s
programs have been prepared in accordance with the
procedures described in Chapter 3 and the EXORciser
hardware has been configured to emulate the user's sys-
tem as described in Chapter 3.

42 OPERATING PROCEDURES
NOTE
The location and use of the EXORciser indi-
cators and controls are discussed and Jocs-
tions identified in Chapter 2.
() Setthe EXBUG switchon the Deobug Module to ON

(b} Set the BAUD RATE switch to the selected transfer
e

() Turn the terminal power switch to ON

{d) Uning the power key, sct the EXORciser POWER
wwitch to ON, The EXORciser performs its EXbug
control program and the eeminal prints EXBUG x.x
where x.x identifies the version of the EXbug pro-
pram being wed in the EXORciser. The EXORciser
now waits for a four character command to be en-
tered

(¢) If the first few characters are missing from the dis-
played data and all of the other characters are cor-
rect, there i insufficient delay between the camiage
return and the first character to be printed. Enter
530, and the EXbug program will insert an approp-
nste number of nalls. (4)

() I you are nod using the address KIFF a5 the top
memory address in your user's program, enter the top
memory of your program address at memory location
FFOO and FFOI using the MAID Examine and
Change Memory Data Function in accordance with

Paragraphs 4-10 and 4:11.

a3 ABORT FUNCTION

1 the EXORciser in debugging a user’s pro-
gram should lose control or you wish to exit from an
EXORciser function, perform the following procedures

(8} Press the ABORT switch. The EXORciser should
return 10 the EXbug control program and the data
terminal should print the following message:
ABORTED AT P-0106 X-4000 A-04 B.00 C-C4
S-FF91
EXBUG w.x
where: program counter

index regiser

sccumulator A

accumulator B

condition code reglster

stack pointer

mAaE»RT

NOTE

The values in the counters and registers are

typical
I the pressing of the ABORT switch does not regain
program control, press the RESTART switch. This
causes the EXORciser to initinte 8 power-on interrupt
routine and initialize itell. Reenter the data termi-
nal’s baud rate and the top sddress of the uset's
program (if not 83FF) in sccordance with Parsgraph
42




MEMORY LOADER FUNCTION (LOAD)

NOTE
To abort from the Memory Loader Function,
The Memory Loader Function of EXbug loads enter the character X The Memory Loader
formatted binary object tapes into the EXORcuser. Figure Function also may be aborted by pressing the
4.1 depicts the paper tape format. It is assumed af the stan ABORT switch. Should you make a typing
of this procedure that the EXORciser is performing its H‘f;il' in emmg l:; Wh:\‘l |JOM3’. H‘Pttl}l ]
: program - sufficient number of characters to form a four
IEXIW:JMI;;:HU(. u: fhe :”: r:ulmmd by ‘.htl character code. The EXORciser will remain
I %, THENI 3 R b Typn in its EXbug control program and the terminal
Memory Loader Function will print EXBUG x.x on the next line. Re-
{a) Load the tape into the terminal tape reader pemijicp £
(b) Set the tape reader switch 10 AUTO.
(c) Enter the word LOAD after EXBUG x.x. This in Leader (Wuini
itiates the EXORciser Memory Loader Function, The
terminal prints SGL/CONT on the next line R Fasmening bor priniee
[ e ILF} Foataty sy . igriond
Frmme [1] INULLY by maier
| 53 5 = Srertal-record
2 B 4 CC * Ty of Micord
3 ST Byte Count (two frames «
4 o by te)
s B =
: 3 § - - AddeminSin
i k= § B =
L & o} o
P = b t
3 2
=
[ |
; Checimm
Fruves 3 theough N are henadecimal digety o bt ASCHI which are cosverted

0 BED, Two BCD dogity arw cornbenad to make ore Bbit byte

The checksurm i) the one's comgkement of the suesation of 8-bi1 by e

=2 ]
MEader
Foprw Record
1 Startof Record __ S
1. Tyow of Record L.
: Byte Count "
L
6 AdwenSow 100
’
" —
)
o8
10 Dats
az
A [Checkusm
L= T




(d) Enter the charadter 5 or the charscter C after SOL/
CONT. The character S initistes the losding of one
i 1m0 ihe EXGRclser sad then seterma 10 ihe EXbug
control program. The character C, o the other band,
initiates the loading of multiple files inmo the EXOR-
civer 1f the character § in entered, proceed to the
following Chechwum Erme Detection parsgraph be-
low

NOTE
If the EXORciser attempts 10 load the data
into ROM, protected RAM, or nuﬂ‘cmnt'l‘:
memory locatkons, the reader stops, 1
terminal prims NO a:\mﬁ. and the
EXORciser returns to the EXbug control
program.

(e} If the character C was entered in stop d, press the
ABORT swich at the conclusion of the memory
foader function, The EXORcser now returns to the
EXbug control program und the terminal prints
EXBUG a.x

CHECKSUM ERROR DETECTION

If in the loading functive, the EXORciser detects a
checksum error, it instnicts the teletypewriter 1o print
CKSM nnnn and then it stops the tape reader. The nnnn in
the checksum emoe is the address of the revord found in
crmor

if) If w checksum error message 18 present, petform one
of the following substeps:

(X) Enter the character X and abon from the Mem-
ory Loader Function. The EXORciser will return
10 the EXbug control progrim and the terminal
will primt EXBUG x.x

L} Reposition the tape and enter tfic charaiter R
The rccord cauning the chechum ermr i reread

(€1 lgnote the checkswin ermor amd enter the charac-
ter €. The EXORciver ignores the checksum
eirr and comtinues the Memory Losder Func-
ton

CAUTION
IF THE CHECKSUM ERROR IS ON AN
ADDHRESS AND THE CONTINUE OP-
TION 1S SELECTED, THERE 15 NO CER-
TAIN WAY TO DETERMINE WHERE
THE DATA WILL BE LOADED INTO
THE MEMORY.

NOTE
The vedertimed chasscters in the figutes de
ity ojlerale enincs

AN Le) LOAY
STLACONT =

K EANATY
Saddd el

FGUNRE 1. Typiesl Vemary Loader Funrtion

15 MEMORY VERIFY FUNCTION (VERF)
The Memaory Vesify Function of EXbug com-

parcs the coetents of memory with the paper tape data 1nd

pring all Jocanons that sre oot the swoe. Figue 31

depists the paper tape format. It is assumed that ihe

EXORciser is performing s EXbug control program and

the Lait data peinted by the serminal b EXBUG « x. Figues

4-3 allutrstes 2 typical Memory Verly Fuscnoa

{2} Load the tape into the terminal fape reader

ib) Set the tape render switch 10 AUTO

fc) Enter the word VERF after EXBUG X.X. This in.
itiates the EXORciser Memory Venfy Function. The
terminal shall print SGL/CONT on the next line

‘enfy Function
enter the character X mnm-yw

Function also may cbuud
ABORT switch. Shmld you n\lz a I!pln‘

error in entering the word VERF,
sufficient number of churacters to form a four
character code. The EXORcuser will remain
s control program and the terminal
will prmt EXBUG x:x on the next line. Re-
peat siep ©.

(d) Enter the charucter S o¢ the character C after SGL/
CONT. The character S initistes the verification of
one memory file and stops at the end of the file. The
character C, on the other hand, initiates the verifica:
tion of multiple files in the EXORciser. If the charac-
ter S was entered in sicp d, proceed to the checksem
error detoction paragraph.

(e} I the character C was entered in step d, press the
ABORT switch af the conclusion of the memory
werily function, The EXORciser returnd to1he EXbug
conteol program and the terminal pnnts EXBUG x 1

ZAMIG Lol JEIF
SAL/CONT 3

Hd

AU AMEN/TARE
Q011 &) DE
IS 12 us
24946 1.1

FIGURE 43 Typical Memary Varity Funclion

CHECKSUM ERROR DETECTION
17, im thee venfication, the EXORcmer detoots @ checkvum
ermor, it instructs the ferminal tn pring CKSM nnin amd
then stops the Lape reader. The nnnn in the checkvum erne
s the addecws of the record found in ermor
(I & checksum error message i printed, perform oae

of the following substepy

(X) Enter the chatucter X and abort the Memory

Verily Function. The EXORCciner returmm to the

— = =




EXbuy comiol program and the terminal prints
EXHUG wn
() Reposition the tape and enter the character R
The record causing the checksum error is reread
(€) Ignore checksam emmar and enter the characier C
The EXTORciser ignores the checksum error and
continues the Memory Verify Function

NOTE
1 the checksum crror i on an sddoess and the
sostinue option 1 sclecied, the verification
process may be meamngless

a6 TAPE SEARCH FUNCTION (SRCH)

The EXORchser in the Tape Scarch Funcrion
searches the papr tape until it encounters a beader recoed
The EXORciser, o detecting the header record, siops the
e reader und prints the header record. The operator now
Mrthe option of continuing the search, switching 1o the
Memary Loader Function, or switching 1o the Verify
Memory Function. Figuse 44 illusirtes & typical Tape
Search Function

EAMJG 11 SHCH
HoH
CONI Z/LDADAVEAF C
K EXQ:rS2
CONT 7/LOAD /JEAF
SGL/CONT 5
EXRJG 1.1 JEAF
SGL/CONT 5
A BROdTrs2
ADDA /MEM/TAPE
0013 BD OB
Q01C 12 08
0U2F DE 02

& EX3UG 11

T

FIGURE 4-4. Typical Tape Search Function

(0) Load the tape imo the terminal tape reader
b} Set the tape reader switch 1w AUTO,

(€) Ester the word SRCH after EXBUG w.x. This in-
itistes the Tape Search Funcion. The EXORciser
advances tape until it detects 3 header record and then

7

whop the tape reader. The toromimal nee prinds iha sexl
foomn the bheoder and on the neat ling priss CONT
MOATYVERF. The operator now has the option of
{C) continuing the tape search, (L.} lading the file
into memory, (V) verifying the file, of (X1 abirting
ape search program and returming v the EXbug
comrol program

NOTE
Should _ul.l make 2 I_\rﬂ‘r CITOE 0 endering

The EXORciser will tesmuin in L\r-ur
conteol program and the data eermusal will
poiot EXBUG X.X osi the next line. Repeat
wep €
Reler o Table 4- | and enter the approprate characier
siter CONT/LOAD/VERF 1o schect the desired oper-
aliem

PUNCH MEMORY DUMP FUNCTION
The Punch Memory Dump Function instructs

the EXOHRciser to punch an absolute formatied binary
object tape. Figure 4.1 depicts the paper tape format, It
i assumed that the EXORciser is performing it EXbug
control program and the last dota printed by the terminal
i EXBUG x.x. Figure 4-5 fllustrates a typical Punch
Memory Dump Function

(s
(b)

NOTE
To abon from the Punch Memory Dump
Function, enter the character X. The Punch
Memory Dump Foncuos also may be
aborted by presung the ABORT switch

Prepare the tape reader 1o punch a tape

Enter the word PNCH after EXBUG x.x. This in
itlates the EXORgiser Punch Memory Dump Func-
thon. The terminal prints BEG ADDR nnnn on the
next line,

NOTE
The nnnn in the BEG ADDR and END
ADDR iy the address used in the previous
Punch Memory Dump Function, Also,
should you make a typing error in entening
the word PNCH, type m s sufficient number
of characters to form & four charscter code
The EXORciser -riﬂ remain in i EXbug
control and the terminad will pnm
EXBU on the pext line. Repest stop

TABLE 4-1. Tape Search Program Charscter Selection

CHARACTER FUNCTION

[ =) Continues seurching the wpe

L Loads the file into memory. The EXORciner amtomatically rransfess 1o the memory boad
program and prints SGLICONT. Proceed fiom Paragraph 44 step d.

v Verifies the file. The EXORciser automatically transfers 1o the memory verify program and
prints SGLICONT. Proceed from Paragriph 4-5 step d.

X Aborts the type search function. The EXORciser prints EXbug .x and returns to the EXbug
comntro] program
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EXBUG 1.1 PNCH

BEG ADDR 024&A 10
END ADDR 0D9R 38

HDA=X EXOAT2
EXEC Y

SO0R0000%5R2 'l-l" &

F11200103E0DT

T1130020ATO0R1 0626

-

o
FS702DEOSEDFASETC
GE2SFITEFS6402C8

T10F00300015000E000312152223202RDF

i3030000FC

BEG ADDA 0010 X

EXBJG 1.1

FIGURE 4-5 Typica! Punch Memory Dump Function

k) Enter in hexsdecimal the selected beginning address
afier BEG ADDR onnn and then enter a CR (Car-
risge Retum) character. The terminad prints END
ADDR nnnn on the neal line

Should you make a typing errod in on .?
the hexndecimal beginning or ending
dress, type in & sufficient number
bevadecimal digin w0 form a five m:u
code. Do not enter a camiage refurn o the
fifth character, The EXORciser will disre-
| rdhnm:ndlhkmudwlllpnm
EG ADDR nann or END ADDR nann on
the next line.

(d) Enter in hexadecimal the selected end address
afier END ADDR nnnn and then enter a CR (Car-
nage Return) character, The terminal prims HDR =

| X on the next line

NOTE
- 1f the END ADDR i+ smaller than the BEG
‘& ADDR. lhc EXORcrer will disregard these
addresses and the terminal will pimt BEG
ADDR annn. Repest steps ¢ and d
(¢) Enter the sin-character header record name afier the
HDR =X_ The terminal prints EXEC on the next
line.
(N Enter the character Y after EXEC. The EXORciser
initigtes the punchi Al the Tusi
of the th umuuu the terminal prints BEG
ADDR nnnn,

EXSUG 1.1 PANT

856 ADDR 00AD FAAD

END ADPA FABS

EXEC ¥

FRAD 53 54 4F S0 20 4l a4 aa 52
F380 45 44 20 41 54 20 04 14 13
AEG ADDR FAA0 X

EXBUG 1.1

NOTE
The annn i the BEG ADDR nann now is the
addrevs entered im step ©

The user now must decide whether to punch anather
tape of this file, 1o punch another file, of 1o exit from
this function

(g) At the conclusion of punching the tape, perform one

20 08
o oo

of the following substeps:

(1) To punch a second tape of the file. repest steps
b through e, however, enter only a CR (Car-
riage Retun) character after the address in steps.
cand d

To punch another file on tape, repeat steps b
through ¢ and enter the beginning and conclud-
ing addeesses of the new file in steps cand d.

To exit from the punch memory dump function,
enter & charscter X. The EXORciser will return
o the EXbug control program and the terminal
prints EXBUG x.x

4.5 PRINT MEMORY DUMP FUNCTION

(PRNT)

The Prict Memory Dump Function instructs
the terminal 1o prins the contents of memary 1 a hevadec-
imal format followed by the literal ASC Il charactens.
Figure 4-6 illusirates a typical Print Memeory Dump Func-
tion It i sssumed that the EXORciser s performing ity
EXbug control program and the List data printed by the
terminal s EXBUG x.x.

(2

(3,

4l a2 4F Sz 54
00 Uu 04 07 20

S5TOP ADDR
EQ Al

T

FIGURE 4-8 Typicel Prine Memary Dump Function

4.5

« ABORT
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NOTE
To abort from the Print Memory Dump Fune-
ton, enter the chatacter X. The Print Memory
Dump Function also may be aborted by pees-
wing the ABORT swirch.

(a) Enter the word PRNT afier EXBUG 1.1, This in-
iniates the EXORciser Print Memory Dump Fonction
The terming! prints BEG ADDR nnan on the next
line

NOTE
The miinn in the BEG ADDR and END
Prine Memory Dump Function, Alko, should

06 maic 3 typing ertor in entenng the word
i, w?llndﬁ:\emmd\m

Q ten o a four character code. The
I:X(J‘R-clwl vnﬂ remain in it EXbug control
and the terminal will pont EXBUG

program
a2 o the next line, Repeat sicp a.

(b) Emver in heasdecimal the selected beginning sddress
aher BEG ADDR nnna and then enter a CR (Camage
Return) character. The terminal prints END ADDR
nnnn on the next line

NOTE
Should you make 8 typing enos in entering &
hexadectmal ing wddress,

will
and the werminal will print
or END ADDR nnon on the nest line.
() Enter in hexadecimal the selected end address after
END ADDR nnnn and then enter a CR character, The
4+ serminal prints EXEC on the neat line

NOTE
1f the END ADDR |s smaller than the BEG
ADDR. the EXORciser will disregard these
addresses and the terminal will print BEG
ADDR nnnn. Repeat steps b and ¢

(d) Emter the character Y afier EXEC. The EXORciser
initiates the memory printing operatioa. Al the con-
clusion of the printing operation the terminal prings
HEG ADDR nnnn

NOTE
The nann in the BEG ADDR now it the ad-
diens emtered in siep ©

The user pow mumt decide whether 1o reprint
the selected file, 1o print another file, or 10 exit from this
fumction

1€} At the conclusion of printing the file perform one of
the following substeps:

Ea ]

(1) Toprird a second copy of the file, repear viepi a
thtough e; however, enier only & CR (Camage
Return) character ofier the address in seps a and
b

(2) Toprint another file., repest seps & through ¢ and
erser the be guming and eod sddomse of U pew
file in wieps b oand ©

(3) To exit from the primt memory demg function,
entes & charsvter X. The EXCGRcuer retuims 1o
the EXbug conwrol program and the tcrmina
prints EXBUG wx o the neat line

49 MAID FUNCTION PROCEDURES
The MAID {Morola Aided Interface D hug)

function of the EXORcwer EXbug control program en-

ubles the user to perform the following functions in de-

bugging his progam.

e Examine and change data in 3 memony locstion,
(Paragraph 4-11)

o Calculate the offsct in the relative addrensing mode.
(Paragraph £-12)

» Examine and change the data in the MPL! program
registers and counters. (Paragraph 4-13)

» Insent, display, and remove breakpoints in the prog-
ram. (Paragraph 4.14)

® Stop the EXORciser on a selected memory address
(Paragraph 4-15)

« Provide a scope tngger pulse on & selecied memory
address (Paragraph 4. 16)

» Freerun or troce through the user's program under
MAID control. (Paragraph 4- ;‘rwa 19

o Perform  decimal-octal 3
(Paragraph 4-21)

# Search memory for & bit pattern. (Paragraph 4-20)

Table 4.2 identifies each of the MAID Commands used in
debugging the user's program. The following paragraphs
drcuss placing the EXORciver in the MAID function and
performing each of the MAID function operations. It
should be recalied that the EXORciser in EXbug i inki-
bited from performing the user's program encept under
specific MAID functions

4.0 ENTERING MAID FUNCTION

Bis sssumed ot the start of this function that the
EXORciser i perfomming its EXbug comred program sad
the list data printed by the eomanal is EXBUG x.a.

Enter the word MAID alier EXBUG 1 1. This
plaves the EXORciser in the MAID funcuion, The termi-
nal prints *(an asterivk) on the neat line

v



»
TABLE 4-2. MAID Program Control C: d
[ MAID
COMMAND DESCRIPTION
L Print the contents of memory location n and enable the EXORciser to change the contents of
this memory location.
;0 Calculate the address offset (for relative addressing mode instructions),
(LF) Print the contents of the next sequential memory location and enable the EXORciser to change the
contents of this memory Ioc.mon (LF — Line Feed character)
S | Print the f the p ial memory location and enable the EXORciser to change
' the comenuo(lh.smemr) location. (1 — up arrow character or SHIFT key and N character), e 1o &
(cr) Return the dupl-lyed contents {0 memory and sccept next command ((_‘R Camage Return
character). " :
nV Enter a breakpoint at memory location n.
5V Display the memory location of each breakpoint
P Continue executing from the selected breakpoint until this breakp is n times,
i ] LRy Remove the breakpoint at memory Jocation n.
U Remove all the breakpoint.
W Search for the n bit pattern.
™M Display the search mask.
G Execute the user’s program starting at the auto restart memory location.
nG Execute user’s program starting at memory location n.
SR Display/change the user’s program registers.
H Continue executing from the current program counter setting.
N Trace one instruction,
N Trace one instroction.
mN Trace n instructions.
5T Set the trace mode.,
T Reset the trace mode,
58S Display and set the stop-on-address compare — Scope tngger pulse.
-~y S Reset the stop-on-address compare — Scope wrigger pulse,
#n = Convert the decimal number n 1o its hexadecimal equivalent.
#5n = Convert the hexadecimal number n 1o its decimal equivalent.
#@n = Conven the octal number n to its hexadecimal equivalent.
411 EXAMINE AND CHANGE MEMORY " - A "
DATA FUNCTION Figure 4.7 depicts a Typical Memory Change Function.
The EXORciser performs this function in three
steps: 1) examining the contents of a selected memory EXBUG 1.1 MAID )
location (opening the memory location), 2) changing the #800/00 12 -
\ contents of this location if required, and 3) closing the 2
memaory location. The EXORciser, in examining & mem- NO CHANGE
ory location, instructs the terminal to print the contents of *400/01 24
P this memory location, Q401789
The EXORciser in this function displays each 0402705 23
of the program instructions in machine language. Table 04a03/1F
4.3 is an M6800 instruction map to assist the user in 0402723 66
reading and changing his program steps. Q403/1F
It is assumed at the start of this procedure that ¥

the EXORciser is performing its MAID control program

and the last data printed by the terminal is an astorisk. PIIIRE 4-7. Typlcal Exmnkene wsd Chiamss

Memary Data
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TABLE 4-3, M6500 Instruction Map
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NOTE
If the me address selected is in ROM or
protected RAM, the contents of this memory

location cannot be changed.

{a) Enter the address of the memory location 1o be
examined and the a / (slash character). The EXOR-
ciser examines this memory location and the terminal
prints the contents of this memory location in
hexadecimal.

NOTE
If the memory contents are not to be changed,
proceed 10 step c.

(b} If the contents of the memory location are 1o be
changed, enter in hexadecimal the new data to be
stared at this location,

The operator now must decide in closing this
memory location whether to return to MAID control prog-
ram, to examine the previous sequential memory loca-
tion, of to examine the following sequential memory
location,

(€} Perform one of the following substeps and close this
memory location.

(1) Enter 8 CR (Carrisge Return) character. The
EXORciser closes the memory location and re-
tums to the MAID function. The terminal prints
an asterisk character on the next line.

(2) Enter an T (up arrow) character (or SHIFT key
and N character). The EXORciser closes this
memary location and examines the previous se-
quential memory location. The terminal now
prints the new memory address. a/ character and
the contents of this memaory location. Return to
step b,

(3) Enter a LF (Line Feed) character. The EXOR-
ciser closes this memory location and examines
the next sequential memory location. The termi-
nal now prints the new memory address, a [
character and the contents of this memory loca-
tion, Return 1o step b.

NOTE
If the memory address selected to be changed
is in ROM or protected RAM, the data can not
be cha and the terminal prints NO
CHANGE on the next line, and EXOR-
ciser returns to the MAID control program.

412 CALCULATE RELATIVE MODE
OFFSET FUNCTION

The EXORciser in this function calculates
whether the branch address in the second byte of a relative
mode instruction is within a range of — 127 1o + 128 bytes
from the next location. It is assumed at the start of this
procedure that the EXORciser is performing its MAID
control program and the last data printed by the terminal is
as asterisk. Figure 4-8 depicts a Typical Relative Mode
Oifset Function.
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EXBUG 1.
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0400701

0400701

0401 /89
*480 /08
0480 /0B
0480 /08
0481 /09
0482705
0481709 T
0482705

*

FIGURE 4-8. Calculate Relative Mode Otfsst Operation
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(a) Enter the address of the memory location who's offset
is 1o be calculated and then enter a/ (slash) character.
The EXORciser opens this memaory location and the
terminal prints the contents of this memory location
in hexadecimal,

(b) Enter the relative address you wish to branch to
followed by a ;0 (semi-colon and the letter O). The
EXORciser calculates the offset to this address. The
terminal prints the offset if it is within the =127 10
+128 byte range or INVL (INVaLid) if it is not
within range. In either case the terminal reprints the
memory address, a / character, and the memory con-
tents on the next line.

If the offset address entered in step b is within range,
enter the offset calculated in step b followed by a CR
character. If, however, the offset sddress entered in
step b is INVL you will bave to modify your prog-
ram.

(e

413 EXAMINE AND CHANGE MPU

PROGRAM REGISTER FUNCTION

The EXORciser in each of the following pro-
cedures, performs a simulated powerfail routine and re-
wrmns to the MAID function.

Execute-one-instruction occurs.

Breakpoints are reached.

Stop-on-address is recognized.

The EXORciser at this time stores the contents
of the MPU register in memory (pseudo stack), prints the
data stored on the pseudo stack, and returns from the
MAID masked user’s program to the MAID control prog-
ram. The user, through the Examine and Change MPU
Program Register Function, has the capability of examin-
ing and changing the contents of the MPU registers stored
on the pseudo stack. It is assumed at the start of this
operation that the EXORciser is performing its MAID
function and the last data printed by the terminal is an
asterisk. Figure 4.9 depicts a Typical Examine and
Change MPU Register Function.



EXRUG 1.1 MALD

B = accumulator B
C = condition code register

e § = sack poi
P~0106 X-4000 A=04 A=00 C=-Ch S-FF31 et i
P=0105 100
2208 NOTE
X-4000 2345 The values in the regisiers are typical. Table
A=04a 44 depicts the status of the condition code
3-00 44 register
L
{b) If none of the registers require change, enter & CR
P 4. s e s e G e o D s
User Program Register Function Lo
asterisk on the next line. If, however, one of the
registers requires chunge, proceed to step ¢
()} Enter the churacters SR. The EXORciser now (s et f€) If the contents of one of the user program registers

bled 10 perform the Examine and Change MPU Prog-
ram Register Function and the terminal prints:
PO106 X-4000 A-D3 B-00 C.Cs S-FF91

where: P = program counter
X = index register
A = accamulator A

requires change, using Table 4-5, change the data in
the sclocted MPU program register
NOTE
Only a lime feed or & carnage return charucter
can be used in this function. The only way to

g0 back 1o a rogisler is to enler & cwmage
retumn character and repeat this function

TABLE 44, Condition Code Register Status

CONDITION CODE REGISTER BITS
r» 2 2» 0 22

STATUS BIT
BEING MONITORED

X

— O MO O P MM M
-
S D Mt DM = O M
= M
A T ]

1 I
1 1
I I
| ]
I I
1 1
I I
| 1
I i
I I
I I
1 1

A ARAR A A~

o R - T

carry/borrow clear
camy/borrow set
overflow clear
overflow set

zero clear

IC10 set

negative clear
negative set
interrupt mask clear
interrupt mask set
half carry clear
half camry set

TABLE 4-5. Changing User Program Data

REGISTER REQUIRE CHANGE
YES NO
Program Coumer Enter new data and o LF character Enter a LF character
Index Register Enter new data and s LF character Enter a LF character
Accumiulator A Enter new duta and s LF character Enter a LF chatacter
Accumulaior B Enter new dats and a LF character Emer a LF character
Condition Code Reginter Enter new data and a LF character [Enter 3 LF chamscter
Stack Pointer Enter a new duta and a CR character Enter 1 CR characier




414 INSERT; DISPLAY; AND REMOVE

BREAKPOINT FUNCTION

This function enables the EXORciser 1o insent
up to eight breakpoints st specific points in the user
program, 1o display the breakpoint addresses on com-
mand, and to remove the ints. During a MAID
exccute function (Paragraph /) the breakpoints are in-
sened into the user's program and instruct the EXORciser

10 siop ot the selected breakpoint addresses. The break-

Posnt Mquence 1

» User & the breakpoin

® User initiates the execute function

» The EXORciser replaces the program instruction{s)
with breakpoint(s) and transfers control 10 the user’s
program.

o The EXORciser on detecting a breakpoint instruction
retums (o the MAID program control routine.

» The MAID function inserts the program instruction and
the terminal prints the contents of the MPU program
regisiens

It is assumed at the stant of this function that the EXOR-

ciser is performing its MAID function and the last data

printed by the terminal is an asterisk. Figure 4-10 depicts

1) the insertion of breakpoints, 2) the displaying of break-

points, and 3) the resetting of hreakpoints.

Emenng » breakpoint (:V):
(a) Enter the address of the seloctod breakpoint

EXBUG 1.1 MALID
wiesfy 203V
#1030

NOTE
Mmmmumumw
F can
k-uumm
(b)) After the breakpoint address, enter 2.V (semi-colon
and the character V). The EXORciser enters the
breakpoint in the user’s program and returns 10 its

MAID function, The terminal prints an asterisk on
the next line.

Displaying & breakpoint ($V):

fc) Enter the characters 3V, The EXORciser displays
the breakponts and then returns 1o the MAID func-
tion. The terminal prints the memory address of each
breakpoint.

NOTE
1f o breakpoints have been entered, the ter-
minal prines the address 0000

Remove (reset) breakpoints (aU or ;U)

The user has the option of removing one break posnt
or all breakpoints a1 one time. To remove all break-
points, enter | U (semicolon and then character U).

(d) Enter the memory address of the breakpoint to be
removed.

(e} After the selecied breakpoint sddress, 3
(semi-colon) and the charscter U. 'l‘hll’.XORm-u
removes the breakpoint from the user program and
retumns 10 the MAID function. The terminal prints an
asterisk on the meat ling

a
#-0020 K-000F A-41 A-F0 C-CO 5-0050

Ay
20U

*

*3IPASD

P
P=00BA X=000E A=-41 %=F0 C-CO 5-0050

P=00R2A X=-0008 A=-44 A=F0 C-Cg 5-0050

bs 1§
0000 002A Q000 0000 0000 0000 0000 0000

*1y

*5y
0000 0000 0000 0000 0000 0000 0000 0000

FIGURE 4-10. Insart: Display. and Remowe Braakpalnt Functions




415 STOP-ON-ADDRESS FUNCTION

The EXORciser, on reaching  the address
entered in this function, stops the user program on this
address and returns to the MAID control program, It is
assumed al the stan of this function that the EXORclser in
Mwﬂin‘thlmblmmndmlmdmpdmh‘

the terminal is an asterisk. Figure 4-11 depicts a typical
Stop-On- Address Function

EX30G 1.1 MAID

53
STOP ADDH 0114 109
*101:6

416 SCOPE TRIGGER FUNCTION

The Scope Trigger Function cnables the
EXORciser 10 gencrate a scope trigger pulse on the
selected memory address. 1t is assumed at the start of this
function that the EXOReiser is performing the MAID
function and the last data printed by the terminal is an
asterisk. Figure 4-12 depicts a rypical Scope Trigger
Function,

Srof-0N-ADDAESS P=-010C X=-FFBD A=00 B-FF C-D4 >-FFEA

.5
-

FIGURE 4-11. Typical Stop-On-Address Function

Set Stop-On-Address (351

(a3 Set the SOCOPE/STOP-ON-ADDRESS switch on the
Debug Module 1o STOP-ON-ADDRESS.

(b) Emter the characters §5. The EXORciser sets the
Stop-On-Address Function and the terminal prints
STOP ADDR nann (000 on the next line where nnan
in the address being monitored,

(¢) Enter the stop address and then a CR (Carnage Re-
wrn) charscter. The EXORciser inserts the Stop-
On-Address in the user program and rewurns to the
MAID function. The terminal prinis an asterisk on
the next line.

NOTE
The EXORciser in executing the user’s pro-
gram with the -aiddress routine ena-
o okt g s
ing in the users
2“0&:&-« the

Jons are
one, Iwo, ulduul:z‘mlu; the EXOR-
ciser may not siop on but
wops on the address of the next lmwcﬂw.

Reset Stop-On-Address (:5)

(d) Enter the characters; (semi-colon) 5. The EXORciser
disables the Stop-On-Address Function and returms 1o
the MAID function. The terminal prints an asterisk
on the next line.

412

EXBUG 1.1 MALD
e 3
STOP ADODR 004l 189

FIGURE 4-12. Typlcal Scope Trigger Function

Emering the Selected Scope Address (35)

{a) Set the SCOPESTOP-ON-ADDRESS switch on the
Debug Module to SCOPE,

(b) Enter the characters §5, The EXORciser seth the
Stop-On-Address Function and the terminal prints
STOP ADDR nann oa the next line where annn is the
address being monitored

() Enter the stop address and then a CR (Carriage Re-
turn) character. The EXORciser inserts the selected
scope address in the program and returns 1o the
MAID function. The terminal prints an asterisk on
the next line.

Removing the Selected Scope Address

(d) Enter the characters | (semi-colon) 5. The EXOR-
crser dinables the selected sope address and retarns
1o the MAID function The terminal prints an ssterisk
on the next line.

417 EXECUTE USER'S PROGRAM

FUNCTION

The user bas the option of executing his peo-
gram in either the Freerunning User's Program Fusction
or the Trace User's Program Function. The differences
between these two functions (s that in the Trace User's
Program Function the EXORciser prints the contents of



-

the program registers aftcr each program instruction. The
Freerunning User's Program Function procedures are pee-
Mhmd—ll.ﬂh'rml}n:hw

Function e d in Py h 4- 19,
418 FREERUNNING USER'S PROGRAM
FUNCTION

This function enables the EXORciser to per-
form the user's program or a portion of the user's program
in real time. It is assumed at the star of this function that
the EXORciser is performing its MAID function and the
Lt data primted by the terminal is an asterisk. Figure 4-13
depicts a typical Freerunning User’s Program Function.

EXBUG 1«1 MALD
#1036
EXBUG 1.1

FIGURE 411 Freerunning User Program Function

Refer to Table 4-6 and enter the selected com-
mand. The EXORciser shall perform the user’s program
until it reaches une of the following conditions:

Figure 4-14 depicts (1) trace n instroctions and
(2) trace 1o ending address.
EXBUG 1.1 MAID
e 133
P=001D X-000F A-OF 8-00 C-DO S5-0050
P=001D 10
X=000F 0O

b 11,
P-0013 X-0000 A=OF 8-00 C-DO $-0050

P-0015 X=0000 A-00 9-00 C-D& 5-0050
P~0016 X-0000 A-00 B-00 C-Da S5-0030

he 11
END ADDA 001D 17
#1016

P=0013 X=0000 A=00 B2-00 C=-D0 S5-0050
5=-0050
5=0050

P=0015 X=-0000 A=00 B-00 C=Da
P=0017 X-0000 A-00 3-00 C-Da
o1

-

FIGURE 4-14. Trace User Program Funcion

TABLE 4-6. Freerunning User Program Function Commands

COMMAND OPERATION
O Imitiate 3 restan interrupt and go.
G Set the program counter o sddress n and go.
» Go from present address in the program counter.
P Select number of times n EXORciser is 10 bypass the breakpoint and go.
. Dtumahlelimmwlulhcmmndnrlsmo 4-19.1 TRACE N INSTRUCTIONS

the EXORciser on &
hmnnhmdﬂmlmm.mu
user’s program. )

o Detects an interrupe wait (WAL instruction. The pro-
gram will restant on a non-masked VO imerrupt.

» Detects a stop-on-sddress compare,

o User's program loses control (recover control by pres-
sing the ABORT or RESTART switch.)

19 TRACE USER'S PROGRAM FUNCTION

In the Trace User's Program Function the
EXORciser prints the contents of the program register
after the execution of cach program step. There are two
variations of the Trace User's Program Function — trace n
Instructions and trace 10 ending address. 1t is assumed at
the stan of this function that the EXORciser is performing
the MAID function and the List dats printed by the terma-
nal is an asterisk

(@) To trace one instruction, enter the character N of ;
(semi-colon) N. The EXORGciser traces one instruc-
tion and then returns to the MAID function. The
terminal pnints:

P-1003 X-0000 A-00 B-00 C-CO §-1100
where: P = program counter
X = index register
A = accumulator A
B = accumulator B
€ = condition code register
S = unck pointer

NOTE
The values in the registers are typical

(b) To trace a selected number of instructions, enter the
selected number of instructions (o be traced (n), a
scm—ao}on und IMMN The EXORciser

ions and then

return the MAID control program. The terminal
pprints the contents of the program regisien for cach
insTruction and an mterisk affer the last instructions.




4:192 TRACE TO ENDING ADDRESS (ST)
(a) Enter the $T. The EXORciser shall initiate the Trace
to Ending Address Function and the terminal shall
print END ADDR
(b) Enter the last address to be traced and then 3 CR
(Carmiage Retorn) characies. The erminal shall print
an asterisk on the next line
{€) Refer 1o Table 4-7 and enter the appropriate trice
command. The terminal prints the contents of the
[program tegisters for each instruction theough the
selecied ending address
TABLE &7. Trace to Ending Address Commands

COMMAND OPERATION
G Stant ot the auto restart location
B | - wnd truce the user's program,
G Stant at memory location n and

trace the user's program.

Stant 8 present memory address
and trace the user’s program

(d) Enter the characters ;T 10 remove the EXORciser
from the trace mode. The EXORciser returns 1o the
MAID function and the terminal prints an asterisk on
the next line.

4.20 BIT PATTERN SEARCH FUNCTION

The Bit Pattern Search Function instructs the

EXORciser 1o search a selocted section of memocy for o

specific bit patiern. The user has the option of selecting

the bits of the memory bytes 1o be searched by emtering in
hexadecimal a number 1o be ANDed with the byte. A high
level in the number enables checking the particular bit and

a low level inhibits (masks) checking of this bi. For

example. the hexadecimal number FF enables the EXOR-

crset 10 check the bit patiern of all eight bits in the byte
while the aumber OF enables the EXORciser to check the
bat pattern of the four least significant bats of the byte. ltis
assumed at the stan of this function that the EXORciser is
in the MAID function and the last data printed by the
terminal is an asterisk. Figure 4-13 depicts a typical bit
search patiern function

EXBUG 1.1 1D

*iM 23 FF

BEG ADDA 0010

END ADDA OQO2E 38

*HDiW

001D 8D

0033 Ap

0038 AD

Ll

FIGURE 4-15. Typical Bit Paftern Search Function

4.20.1 SET SEARCH MASK
(a) Enter the charscter $M. The EXORciser is placed in

the bit pattern search function and the terminal prints
00 on the same line.

(b) Enter in hexadecimal the bits in the byte 1 be
searched (i.e. FF for all eight bits or OF for the four
least significant bits) and then a CR (Carmiage Return)
character. The terminad shall primt BEG ADDR nnnn
on the next line

(<) Enter in hexadecimal the beginning address of the
memaory section to be searched and then enter s CR
character. The terminal shall print END ADDR nnan
on the next line

4202 START BIT SEARCH (n;W)

{a) Entet the bit pattern () 10 be searched for, a semico-
lon, and the character W, The EXORciser searches
the selected porion of memary for the bit patiern and
the terminal prints the address of matching bits, At
the conclusion of this function, the EXORciser re-
mmlummmmlpmmmmmunml
prints an asterisk

421 NUMERICAL CONVERSION FUNCTION

The EXORciser has the capability of convern-
ing decimal numbers into their hexadecimal equivalent,
octal numbers to their hexadecimal equivalents, and
hexadecimal numbers 10 the decimal oquivalents. It is
assumed that the EXORciser is in the MAID function and
the last data printed by the terminal is an asterisk. Figune

4-16 depicts typical numerical conversion functions.

EXBUG 1.1 MAID
«41024=0400

+48200=0080
*#3400=01024

FIGURE 4-18. Typical Numerical Conversion Functions

Decimal-to-hexadecimal converuon.

(a) Enter » pound sign (#) charscier and the decimal
number to be converted

(b) Enter an equal sign (=) charscter. The EXORciser
returns to the MAID function while the terminal
prints the hexadecimal equivalent and on the follow-
ing line an asterisk.

(c) Enter a pound sign (#) commercial st sign @, and the
octal number 1o be comverted

(d) Enter an equals sign. The EXORciser returns 1o the
MAID function while the terminal prints the bexadec-
imal equivalent and on the following line an asterisk.

H kimdLdt- deckinal

(e) Enter & pound sign (#), a dollar sign ($), and the
hexadecimal number 1o be 4

if) Enter an equals sign. The EXORciser returns 10 the
equivalent und on the following line an asterisk.




CHAPTER 5 THEORY OF OPERATION

1 INTRODUCTION

= 4 descrip

a block diagr
mdha(mcmnﬂmaumm
circuit modules. The EXORciser a8 8 system develop-
ment ool may be configured in a variety of applications
and with a variety of options. This chapier, rather than
basic EXORciser with each otpion (except the Wirewrap
Module) discussed in a supplement to this manual. The
basic EXORciser comes equipped with an MPU Module
(Paragraph 5-3), a Debug Module (Parsgraph 5-5), the
Baud Rate Module (Paragraph 5-6), and the Power Sup-
ply (Paragriph 5.7). The optional Wirewrap Module
(Parngraph 5-8) is also discussed in this chapter.

The basic EXORciser and its optional modules
provide the user with a system development tool for the
M6800 Microcomputer Family of Pams, The user,
Mhnnwﬂmdhmmﬁuw&v
mm::ut.h-ﬂu ap y of

The user with the EXORciser in

one of two ways:

® Through s RS-232C or TTY data terminal

» Through the EXORciser froat panel controls and indi-
cMon.

The data terminal permits the oser to com-
municate directly with the EXbug Firmware. The EXOR-
ciser front panel permits the user w apply power to the
EXORciser, to abort (exit) the EXORciser from a routine,
and 1o initialize and reset the EXORciser,

The MPU Module incorporates the MC6300
Microprocessing Unit (MPU) and the system clock. This
module, as illustrated, performs a dual function in that
this module provides the MPU and the clock signals for
both the EXORciser Debug and the user’s prototype sys-
tem mmmemgUwhui-th

ng) & hardw mdhvp
mmmmhﬂhﬂeﬂlﬁmwm
EXORcoer and debugs his system hardware and soft-
ware,

52 BASIC EXORciser BLOCK DIAGRAM
DESCRIPTION

The basic EXORciser, as illustrated in Figure
5-1, consists of the MPU Module. the Debug Module, the
Bavd Rate Module, the power supply, the chassis, the
EXORciser bus, und the EXbug Finmware. Each of these
modules is built around the MG800 Microcomputer Fam-
iy of Pants — MCB800 Microprocessing Unit (MPU),
MC6820 Peripheral Interface Adapues (PIA), MCM6810
Random Access Memory (RAM), MCM6830 Read Only
Memoty (ROM), and MCE850 Asynchronous Comemuni-
cations Interface Adapter (ACIA),

The EXORciser EXbug Firmware, through its
sysiem debug and program control features, minimizes
the time required to develop a user’s system. The EXbug
firmware provides the EXORciser with the capability 10:
» Dusplay the comtents of the MPU registers ot any ime
& Siep through the sser’s program oac imtrction ot 8

time

» Trace through a user’s program to locste problem areas

» Stop the program on a selected program siep

® Abon from the user’s program and return o the EXbug
control program on command

# Reinitialize the EXORciser on command.

kel p ng unit capable of sddressing 64k bytes of
m_hm.mmmmmu
output devices as memory. The MPU also provides the
EXORciser with 72 varisble length instructions and the
pability of ding to real time

mmmmnm«m
mands, data. and addresses on the EXORciser bus. Dur-
ing a MPU memory read or write operation the MPU
Madule controls the transfer of command, status, addres-
ses and data to the selected module by controlling the
EXORciser bus.

With the exception of the EXORciser clock,
the sysiem restart, and the DBE signal (delayed); the
MPU Module appears exactly like a MC6300 Micro-
processing Unit with unlimited TTL drive capabiliy.

The Debug Module provides the EXORciser
with its capability to evaluate and debug the user's pro-
totype hardware and software in an sctual application
The EXbug Firmware, contained in the module’s ROM
memory, provides the EXORciser with its program con-
ol capatulities. The module’s RAM memory is used w8
scratch-pad memory for the EXbug Firmware. The
EXbug Firmware enables the EXORciser w:
® Load data into the EXORciser
® Verify that the data in the EXORcisor s valid
# Search a tape for a specific file
 Print the contents of the memory
# Punch (or record) the contents of the memory
» Perform the MAID (Motorola Active Interface Debug)

functions.
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FIGURE 51, Basic EXORcier Biock Disgram

The MATD function enables the EXORclser to:

» Examine and, if required, change the coatents in &
memory location

® Examine and, if required, change the contents of the
MPU registers

» Calculate the offsct in the relative sddressing mode

® Insert, display, and remove broakpoints in the user’s
program

o Freerun or trace through a user’s program under MAID
control

® Search memary for a specific bit pattern

.km&_‘_,u_.n - 1

* Stop the EXORciser on a selected memory address in
the user's program
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» Provide a oscilloscope trigger pulse at a selected mem-
ory address.

The Debug Modale abvo incorporates the level
converter circuits required to interface the EXORciser
with a TTY or RS-232C data terminal,

The Baud Rate Module provides the EXOR-
ciser with eight standand baud rates — 110, 150, 300,
600, 1200, 2400, 4800, and 9600 baud. This module also
interfaces the EXORciser with a TTY or RS-232C com-

The Power Supply provides the EXORciser
with the +5 VDC, +12 VDC, and —12 VDC power
sources required by the EXORciser and its modules. This
power supply will support a full rack of modules.

The chassis is capable of holding 14 plug-in
modules. These 14 sockets connected directly into the




EXORciser bus. The Power Supply and Baud Rate Mod-
ule are not plug-in modules and are mounted directly to
the EXORciser chussis.

53 MPU MODULE
5341 GENERAL DESCRIPTION

The MPU Modale serves a dooble function in
the EXORciser. This module provides the timing and
microprocessing unit for both the EXORciser and the
user's prototype system. The module’s timing cincuit de-
termines the EXORciser's clock frequency and provides
the EXORciser with the capability to refresh dynamic
memories. The module also interfaces the MCGE00
Microprocessing Unit (MPU) with the EXORciser bus.
The MPU performs all of the EXbag Firmware and user’s
program instructions. A block diagram of the MPU Mod-
ule is presented in Figure 5-2 and the module's schematic
dingram is illustrated in Figure 5-5.

532  BLOCK DIAGRAM DESCRIPTION

The MPU Module, as illustrated in Figure 5-2,

provides the user with the option of using its internal
| MHz crystal clock or an external clock signal, The MPU
module is capable of accepting an extemal clock input
between 100k Hz and | MHz. The external clock signal is
applied to the EXT CLK (EXTemal ClLocK) input termi-
nals E3 and E4 of the external clock input circuit, Swich
S1 selects the clock signal 10 be applied 10 the clock
control circuit and to the EXORciser bus as the MEMCLK
(MEMory ClocK).

The clock control circuit converts its selected
input clock signal into the two non-overlappiag clock
signals &1 and &2 required by the MCSS00 Microproces.-
$2 clock signal to the YW coatrol circuit and the data bos
control circuit. The clock control circuit delays the &2
clock pulse 100 to 250 ns and applies this signal 1o the
MC6800 Microprocessing Unit and the data bus control
cireuit as the DBE (Data Bus Enable) signal. This signal
enables the EXORciser to transfer data on its bus during
time $2.

"
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The clock control circuit also provides m:
MPU Module with a dynamic memaory refresh capabi

The restart circuit generates a RESET signal

Any dynamic memory module in the EXORciser can
initiste a memory refresh operation by placing a RR
(Refresh Request also called command on the
EXORciser bus. Assume that a dynamic memory module
has just applied a FR command 1o the timing control
circuit. This KR command inhibits the timing control
from generating its &1 and &2 clock signals and, at the
same time, instructs the timing control circuit to generate
athR:frnlthnl also called REFGKANT} command.
The RG d instructs the req g memory 1o

refresh itself using the MEMCLK and remove the RR
command. The memory control, on the removal of the RE

command, is again enabled o generate ¢1 and 2 clock.

The MPU Module, through the MEMORY

READY command, has the capability of working with
slow memory modules. The MEMORY READY com-
mand on going low also inhibits the control logic from
generating its &1 and $2 clock signals, The clock control
circuit now stretches the ¢2 pulse and waits for the initiat-
ing nmdul: to complete its memory mmmn At the
of this operation the i module returns

the MEMCNRY CLOCK to a high level enabling the clock

control circuit to again generate the &1 and &2 clock.

three state control circuit, on receiving a
Tow level TSC (Three State Control) input is enabled to
process the BA {Bus Available) signal, The TSC is made 2
low level by cither using a jumper between El and E2
(making it permanently low) or by receiving a low level
TSC signal from the EXORciser bus (no jumper between
El and E2). When the BA signal is present, the three state
control circuit applies a BSEN (BuS ENable) signal to the
R/W control circuit and to the address bus interface. This
signal enables the R/'W control circuit and the address bus
interface to place the R/W command and the selected
memary address on the EXORciser bus. A high level TSC
input or the absence of the BA signal inhibits the three
state control from generating a BSEN signal. The absence
of the BSEN signal forces the R/W control circuit drivers
and the address bus interface drivers to their off or high
impedance state. That is, these drivers place a high impe-
dance output to the EXORciser bus.

The data bus control circuit decodes its inputs
and determines whether to transfer data into or from the
MO6800 Microprocessing Unit. This circuit also places
the BA signal on the EXORciser bus. During a MPU write
operation the data bus control receives a low level RAW
command and AND"s this signal with the DBE (¢2 clock
signal delayed 100 to 250 ns) signal and the BA signal
forming a DREN (DRiver ENable) command. The DREN
command instructs the data bus interface to transfer data
from the MC6800 Microprocessing Unit to the EXOR-
ciser bus. During a MPU memory read operation the data
bus control AND's the high level R/W command with the
&2 clock si forming a RCEN (ReCeiver ENable)
signal. The signai instructs the data bus interface to
transfer data from the EXORciser bus w the MC6800
Microprocessing Unit,
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i ly 500 ms after power is applied to the
EXOReiser. This module also receives a RESET signal
each time the EXORcisei’s RESTART switch is actuated,
The RESET signal instructs the MC6800 Microproces-
sing Unit to perform its initialization routine. This signal
also resets and initializes the EXORciser.

The MC6800 Microprocessing Unit is the
central processing unit for the EXORciser and the user’s
prototype system under development. Refer to the
MC6800 Microprocessing Applications Manual for a
complete explanation of the MPU"s operation.

5-4 EXORciser BUS

The EXORciser bus, as illustrated in Figure
5-1, interfaces the MPU Module with the other modules
being used in the EXORciser. This bus provides the
EXORciser with its flexibility in being configured 1o meet
= user's specific application.

The MPU Module controls the operation of the
EXORciser bus. This module, using the bus, is capable of
addressing 64k bytes of memory. The MPU Module also
addresses its peripheral devices as memory. This means
that the MPU Module addresses each of the EXORciser's
modules as memory. During & MPU memaory read or write
operation the MPU Module places on the bus the address
of the memory location 1o be exorcised. This module also
transfers on the bus the commands and timing signals
required 1o perform the assigned operation. The bus,
during time ¢2, provides a two-way data transfer capabil-
ity between the MPU Module and the selected memory
location. Table 2-6 identifies and describes each of the
bus signals.

Itis possible for another module to gain control
of the bus. This module would place a low level GIH
(Go/Halt) on the bus and monitor the BA signal. When the
MPL Module completes the instruction it is performing, it
generates a high level BA signal. The module requesting
control of the bus now must pull the TSC line low forcing
the MPU Module address bus interface drivers to their
high impedance state. The requesting module has gained
control of the bus until it selects to relinquish control. To
relinguish control this module must remove the TSC sig-
nal and, on the next &2 clock pulse, release the G/H line.

The user in preparing the EXORciser as a pro-
totype of his system, sets the base memory location ad-
dresses for each of the memory and peripheral interface
modules, The EXORciser bus permits the user to insert
these modules in any of the EXORciser's 14 card slots and
to move the module from card slot to card slot as required
without changing his user’s program. This bussing ap-
proach also permits the user to change the base memory
address of a module without having to make any hardware
design changes in his prototype system.

5-5 DEBUG MODULE
3-5.1 GENERAL DESCRIFTION

The Debug Module (refer to Figure 5-1) pro-




vides the EXORciser with the capability of evaluating and

ing a user's symem and
software. lis ROM memory contains the EXbug
Firmware thet provides the EXORciser with it unique
system development capabilitics. The module’s RAM
memory scts as & scratch-ped memory to the EXbug
program. The EXbug Firmware enables the EXORciser
to:

« Load data into the EXORciser

® Verify that the dats in the EXORclser memory is valid

» Search a tape for a specific file

» Print the comtents of the memory

» Punch the f the memory on tape | ord
a tape cassetic)

« Perform the MAID (Motorola Alded Interface Debug)
function,

The MAID functions enable the EXORciser 10;

» Examine and, if required, change the contents in a
memory location

» Examine and, if required, change the contents of the
MPU registers

o Calculate the offsct in the relative addressing mode

® Imsen, display, and remove breakpoints in the user’s
program

o Freerun or trace through the user’s program under
MAID control

®» Search the memory for a specific bit patiern

® Stop the EXORciser on a selected address in the uscr's
[program

» Provide an oscilloscope trigger pulse st o selected
memaory address

« Perform decimal-octal-hexadecimal conversions

The Debug Module also incorporates the level
converter circuits regquired to interface the EXORciser
with a TTY or RS-232C data terminal.

A block diagram of the MPU s presented in
Figure 5-3 and the modules schematic diagram is illus-
trated in Figure 5.6
552 DEBUG MODULE BLOCK DIAGRAM
DESCRIPTION

The Debug Module's block diagram descnp-
tion is divided into two parts. The first pant (Paragraph
$-5.2,1) discusses the modules various operations and the
mm{m&!ll}mmwlymho{
the circuits on the module.

3521 Debug Module Operations

mmmmmuu
ug Module. Th

muﬂehﬁmwﬂmiﬂm:ﬂhﬂ
development capabilities and are under EXbug control,
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EXBUG ENABLE. The user, through the
EXBUG switch on the Debug Module (refer to Figure
5-3), can select 10 use or 1o inhibit this modules EXbug
Firmware and hardware capabilitics. When the EXBUG
switch is im its ON position, the Debug Modle i enabled
to perform its EXbug function and, when OFF, inhibits
the module.

INITIALIZE AND RESTART OPERATION.
Approximately 00 ns after power is applied o the
EXORciser, the Debug Module receives a reset pulse
from the MPU Module via the EXORciser bus. This
RESET pulse instructs the MCS800 Microprocessing
Unit on the MPU Module 1o perform its restart routine.
The Debug Module applies this signal 1o the restant and
muaster clear circuit which, in tum, geserates s MR pulse.
The restant and master clear circuit also generstes & MR
pulse cach time the EXORciser RESTART switch is ac-
tuated. In this case, however, the resturt and master clear
circuit places & pulse on the EXORciser bas 10

The MR pulse resets and initializes the EXbug
coatrol logic, the stop-on-address decoder, the NMI-ROL
counter, the NMI initiate circuit, and the restant circuit. At
this time the MCBS00 Microprocessor is performing its.
cold-stant power-up routine. In the firt two steps of this
routine the MPU Module reads memory address FFFE
(For the eight MSB's) and FFFFis (for the eight LSH'S) 10
get the interrupt vector address (F559:4) in the following
manner. The restan circuit, on being reset, applies a high
mﬁﬂ!ﬂcmmnpnmmmuuu
PROM select curcusts. This high level signal inhibits the
RAM memory from being read and imstructs the PROM
select circuit to enable the MPU to read the PROM. The
MPU Module during the reading of addresses FFFE and
FFFF, reads the cold-start power-up vector sddress from
the PROM. The data bus enable circuit, in enabling the
data bus interface 4o transfer restant vector address from
the PROM to the MPU Module, applies two DRVENB
(DRiVer ENaBle) pulses to the restant cireuit and the data
bas interface. The restart circuit counts the number of
DRVENB pulses and at the conclusion of the second
pulse generutes u low level RAMEN signal, This low
level signal enables the MPU 10 use the RAM in perform-
ing the EXbug Firmware.

The advantage of actuating the RESTART
switch rather than removing power from the EXORciser
to gain program control is that the instialize and restant

3 the d of power to the MPU snd
yet does not destroy the data in the static RAM memory
devices used in the system.

MEMORY READ AND WRITE OPERA-
TIONS. During 8 MPU memory read or write function,
the Debug Module receives the 16 address bits AD through
ALS, the &2 timing signal. the VMA (Valid Memary
Address) signal, and the R/'W command via the EXOR-
ciser bus. During a memory write this module
also receives the eight data bits DU through T7. The
module applies the 16 address bits 1o the address bus

— S ——



interface and the ¢2 timing signal, the VMA signal, and
the R/W command to the control buy interface. The ad-
dress bus imterface, after buffering the input address,
couples the sddress to the various circuits used on the
module. The control bus interface, after buffering its
inputs, also couples its inputs and thetr complements 1o
fthe circuits on this module.

The EXbug control logic decodes its input ad-
dresy. bits 1o determine whether the MPU Module is ad-
dressing the EXbug Firmware. The EXbug Firmware uses
memory addresses FOOO:s through FFFFue, If the MPU
Module is hot addressing the EXbug Firmware, the
EXbug control logic sutomatically places a VUA (Valid
Users Address) signal oa the EXORciser bus. This VUA
signal enables the other modules in the EXORciser to
process the address and commands on the EXORciser
bus. The EXbug control logic. on determining that the
MPU Module is addressing the EXbug Firmware, reads
the position of the EXBUG switch, This switch in the OFF
position inhibits the EXbug control logic from generating
the module's EXbug commands and instnacts this circuit
1o generate 8 VUA signal for all MPU Module addresses
In the ON position, however, the EXBUG switch enables
the EXbug control logic 1o generate the module’s EXbug
commands and inhibits this circuit from gencrating a
VUA signal during the execution of the EXbug Firmware.
The using of the VUA signal rather than the VMA signal
o enable the optional EXORciser Modules permits the
user to operate his EXORciser with partially decoded
systems (not using all 16 addross lines) and not resding
two addresses af the same wme

mmmm on determining that
the MPU Module is addressing the EXbug program,
further decodes the address bits to determine whether the
MPU Module is addressing the Debug Module’s RAM,
ROM, PROM, stop-on-address circuits PIA, or ACIA
circuits, Table 5- 1 depicts the sddresses. sebected circuits,
and EXbug enabling commands

TABLE %1. EXbag Firmware Memory Addresses

Memory Addresses Selected Enabling

To From Clreult C d
FOOO FIFF ROMI FVMA
F400 FIFF ROM2 FVMA
F800 FBFF ROM3 FVMA
FCF4 FCF7 ACIA IOEN
FCF8 FCFB PIA 10EN
FCFC FCFF PROM 10EN
FFO0 FFTF RAMG RAMS
FFR0 FFFF RAM? RAMS

During an EXbug memory read operation, the
control bus interface receives a high level R'W command
and applies this command with ity complement 1o the
circuits as illustrated in Figore 5.3, The EXbug control
logic AND's the R/W command with the 2 timing signal
and applies the resulting &2 R/W signal to the ROM and

the data bus enable circuit. Now, while the MPU is read.
ing the selected memory location, the $2-R/W pulse
instructs the data bus emable circull to generate a
DRVENB signal. This signal instructs the data bus inter-
face 10 transfer data from the selected memory location on
the Debug Module 10 the MPU Module via the EXOR-
ciser bus.

During & memory write operation of EXbug
the control bus interface receives a low level R'W com-
mand and applies this command with its complement 1o
the circuits illustrated in Figure 5.3, The EXbug control
logic is inhibited by the R/'W pulse from generating a
&2 R/W pulse. Now, as the MPU Module writes into the
selected memory location in the RAM, ACIA, or PIA in
the stop-on-address circuit, the data bus enable circuit is
cnubled and applies & signal 10 the data bus
interface circuit. This signal enables the data bus interface
to transfer data from the EXORciser bus to the memory
location being addressed.

ABORT FUNCTION . The user, on pressing the
EXORciser ABORT switch. instructs the EXORciser to
abort or exit from the program it b rusning and return to
the EXbug control program. Each time the ABORT
switch is actusted, the sbort flip-flop applies an ABT
(ABorT) signal 1o the NMI initiate circuit and to the
MC6820 Peripheral Interface Adapter (PIA) in the stop-
on-address decoder. The NMI initiate circuit, through its
NMI (Non-Maskable T d, initiates 3
MC6800 MPU non- maskabie interrupt routine. The RMT
command is present as loag s the user holds the ABORT
switch in. The MCSS00 MPU, on receiving a NMI com-
mand, completes the 100 it is perf g and then
Jumps 1o ity non-maskable interrupt routine. In this inter.
rupt routine the MPU stores its register contents on the
stack and then palls the MC6820 PIA in the stop-on-
address decoder 1o determine the operation initiating the
interrupe. In this case, the ABT input 1o the MCES20 PIA
instruces the MPU Module 10 print the smtement

“ABORTED AT and the MPU register data stored on
the stack. On completing the printing operation, the MPL
Module goes to the EXbug control program,

STOP-ON-ADDRESSISCOPE TRIGGER
FUNCTION. The user in selecting the stop-on-address or
scope trigger function loads an address into the EXOR-
ciser. The MPU Module, using two memory write opers-
tions, loads this sddress into the MCSS20 PLA in the
stop-on-addreis decoder. The cight least significant bits
of the sddress are loaded into side A and the cight most
significant bits are loaded into side B of the MCSE20 PIA.

Now, each time the EXORciser performs an
operation, the stop-on-address decoder compares the ad-
dress on the bus with the address stored in its MC6820
PIA. When these two sddresses the stop-on-

compare,
address decoder applies a SAD (Stop on ADdress) pulse
10 the SCOPE/STOP-ON-ADDRESS switch, S2. This
.-mhummmhmmm&
SCOPE TRIGGER jack. In the STOP.ON.ADDRESS
position the switch applies the SAD pulse 10 the NMI
initiste circuit and 1o the MCGB20 PIA in the stop-on-




address decoder. The NMI initiate circuit theough its NMT
command, initiates a MC6800 MPU non-maskable inter-
rupt routine and enables the NMI-ROI counter to count.
The NMI-ROI counter applies two pulses 1o the NMI
initiate circuit — one at the sixteenth $2 clock pulse after
the NMI was initiated and the second at the thirty-second
2 clock pulse after the NMI was initiated, At the conclu-
sion of the thirty-second $2 clock pulse, the NMI initiate
circuit removes the NMI command and disables the
NMI-ROI connm The MC6800 MPU, on mmm (]
3 the i ion it is perf;

R —

transfer baud rate between the EXORciser and the data
terminal to be used. The Baud Rate Module applies the
BIT RATE clock and the 134,49 Hz signal to the Debug
Module. The BIT RATE clock is 16 times the data transfer
rate, The phase detector compares the 134.49 Hz input
with the BIT RATE clock and determines whether the data
being transferred requires one or two stop bits. This cir-
cuit in comparing the 134,49 signal with a 110 baud rate
input, forms a high level SBS (Stop Bit Select) signal,
This signal is used as address bit A2 on the PROM. In

and jumps o its nnnmnk«uhlc interrupt routine, The
MPU in its NMI routine stores the MPU register contents
on the stack and then polls the MC6E20 PIA in the stop-
on-address decoder. In this case, the SAD input to the
MC6820 PIA instructs the MPU Module to print the
statement **STOP-ON-ADDRESS™ and the MPU regis-
ter contents on the stack. On completing the printing
operation, the MPU Module goes to the EXbug control
program. It should be noted that the MPU completes the
instruction it is processing before it processes the R
command; therefore, the MPU may not stop on the select
address but on the address of the next instruction.

RUN-ONE-INSTRUCTION FUNCTION. The
user in the MAID function has the capability of instructing
the EXORciser to run a predetermined number of instruc-
tions in cither tracing through a user's program or free
running through the user’s program. The MPU Module on
receiving the run-one-instruction input from the user,
losds the run-one-instruction command into the stop-on-
address MCS820 PIA. The MC6820 PIA on receiving this
instruction, applies 8 RINST (Run-one-INSTruction) sig-
mal to the ROI (Run One Instruction) pulse network. This
network converts the RINST signal to a 3.5ns pulse, This
pulse loads the binary number 1011 {decimal 11) into the
NMI-ROI counter. At the conclusion of the eleventh 2
clock pulse, the counter instructs the NMI circuit to in-
itiate a non-maskable interrupt routine. During the 11 $2
clock pulse period, the MPU Module transfers the con-
tents of the user register stored on the stack back into the
MCH800 MPU registers and performs the next instruction
in the user’s program. The NMI initiate circuit and NMI-
RO counter now generate 1 32 &2 long NMI pulsie. In the
non-maskable interrupt routine the MPU Module stores
the contents in the MPU register on the stack and then
polls the MC6820 PLA.

If the EXORciser was instructed 10 run this
instruction in the freerunning mode, the MPU Module
goes directly to the MAID control program. If. on the
other hund, the EXORciser was instructed to trace
through this program, the MPU Module prints the register
contents on the stack and then goes 1o the MAID control
program.
40.DATA TERMINAL INTERFACE. The data terminal
interface circuit, working in conjunction with the Baud
Rate Module provides u two-way transfer of data between
EXORciser and the selected data terminal. The user in
preparing the EXORciser for operation, selects the data

paring the seven other baud rates (all above 135 Hz)
used in the EXORciser with the 134.49 Hz signal, the
phase detector generates a low level SBS signal, The
EXORciser in preparing to transfer data, reads the FROM
to determine whether to insert one or two stop bits on the
data being transferred. This determination is made by the
SBS signal addressing the PROM. The EXORciser now
loads a control word into the ACLA instructing it to insert
the appropriate number of stop bits.

‘When a TTY data terminal is connected to the
EXORciser, the Debug Module receives a low level TTY
signal. This signal enables the receive data select circuit to
process the SERIAL DATA input from a TTY data termi-
nal via the Baud Rate Module.

When the EXORciser is interfacing with a
RS-232C data terminal, the RS-232C control interface
circuit receives a high level DATA TERM READY sig-
nal. After double inverting this signal, the RS-232C con-
trol interface circuit transfers this signal to the Baud Rate
Module as the DATA SET READY signal. The Baud Rate
Maodule transfers this signal to the RS-232C data terminal
as the DATA SET READY, CARRIER DETECT, and
CLEAR TO SEND signals.

The EXORciser in transferring a character to
the data terminal, loads in parull:l the character into the
MC6350 Asynch i Interface
Adapter (ACIA). The MC!SSSD ACIA reformats this data;
adds the start bit and the appropriate number of stop bits;
and serial transfers the character 1o the RS-232C level
converter at the BIT RATE clock frequency. The RS-
232C level converter convens its TTL compatible input to
the RS-232C compatible signal level, The TRANSMIT
DATA output of this circuit is applied to the TTY isolator
und level converter circuit and through the Baud Rute
Maodule to 2 RS-232C data terminal (if used). The TTY
converter at this time is receiving the READER CON-
TROL signal from the ACTA and the TRANSMIT DATA
input. These two signals are optically isolated and then
converted 1o be TTY compatible. The TTY level conver-
ter transfers the READER CONTROL and the SERIAL
DATA OUT signals through the Baud Rate Module to the
TTY data terminal. The READER CONTROL signal is
used o control the operation of a modified TTY data
terminal.

When the user enters a character into the TTY
data terminal, this character is coupled through the Baod
Rate Module to the TTY isolator and level converter on
the SERIAL DATA INPUT line. The isolator and level



comverter circuit optically isolates this input, converts it 1o
be TTL compatible, and applies this signal to the receive
dats select circuit. This cincuit also is receiving a low level
MCE830 ACIA. The MCB8S0 ATIA serially scoepts the
character, examines the bit for panty, overflow, and for-
mat errors; strips off the stop and start bits; reformates the
data into 2 parailel format; and sets the interrupt flag. The
Bxcﬂmmmﬂh‘m polls the ACTA 10 see
if it has pred 3 that the
Mmsohamw.mm.unmmum
the MCG8S0 ACIA and transfers the character 10 the
MO800 MPU,

When the user enters a character inio the RS-
232C data terminal, this character is coupled through the
Baud Rate Module to the RS-232C level convener, This
circuit converts this input 10 be TTL compatible and
applies this signal 1o the receive data select circuit, The
receive data select circuit at this time i also recelving o
high level TTY input and transfers the senial input data 1o
the MCB850 ACIA. The MCE850 processes this input in
the same manner a4 the TTY data terminal input

TRACE DURING IRQ OPERATION. The
EXORciser has the capability in the trace mode of tracing
throagh a maskable interrupt routine. Asvume that the
user is racing through his program and s maskable inter-
rupt routine (IRQ) is initated. The control bus receives a
IRQ (Interrupt ReQuest) command from the EXORciser
bus and spplies this command 1o the control bas interface .
After buiTering, the control bus interface applies the IRQ
command to the PROM as address input A, The EXOR-
ciser now uses the commands in the PROM 1o trace
through the IRQ routine. At the conclusion of the IRQ
routine, the IRQ command is removed and the EXOR.
ciser continues its racing through the user’s program
5522 Debug Module Circuits

The following paragraphs discuss the function
of cach of the circuits on the Debug Module

ADDRESS BUS INTERFACE. The address bus
interface circuit buffers the 16 address inputs AD through
A1S and applies these signals with their complements 1o
the Debug Module address bus.

ABORT FLIP-FLOP. The abont flip-flop cir-
cuit receives a dual input from the ABORT switch on the
EXORciser front panel. The prime function of this circuit
is 10 remove the switch bounce as it initistes & non-
maskable interrupt routine.

CONTROL BUS INTERFACE, The control
bus interface circuit buffers its four input commands and
applics these inputs to the appropriste circuity on the
Debug Module as illustrated in Figure 5-3. This circuit
also applies the complement of its VUA, R/W, and &2
inputs throughout the module

RESET AND MASTER CLEAR CIRCUIT. The
resct and master clear circuit is ased to reset the Debug
Module and, when the EXORciser's RESTART switch
actuated, resets and initializes the entire EXORcmer. Thes
circuit accepts the RESTART input, removes the switch

bounce from the input and then dot AND's this input onto
the EXORciser RESET linc. Now, cach time the RESET
line s actuated — cither by the RESTART switch or the
MPU Module restart circuit — the reset and master clear
circuit through its MR (Master Clear) signal, resets the
Debug Module circuitry,

EXbug CONTROL LOGIC. The EXbug coa-
ol logic, through its decoding of the address lines,
EXBUG switch input, snd command inputs, controls the
operution of the Debug Module. Paragraph 5-5.2.1 dis-
cusses each of these operations.

STOP-ON-ADDRESS DECODER. The stop-
on-address decoder consisty of » MC6520 Peripheral In-
terface Adapter (PIA) snd o 16-bit comparator circuit,
The operstion of the PIA is discussied in the M6X00
Microprocessor Applications Manual. The control regis-
ters in the PLA are used |n the stop-on-address, run-one-

and abor operati The 16-bit
circuit compares the |6 bits on the address bus with the 16
PIA data lines and, when they com generutes a SAD
($top-on- ADdress) signal T'h:ﬁn;ull is used as a
scope trigger pulse of to initiate a non-maskable interrapt
routine

RN PULSE NETWORK. The ROI (Run-One-
Instruction) pulse network cincuit convers its RINST
(Run-ooe-INSTruction) input 1o & 35ns pulse. This pulse
s applied to the NMI-RO! counter.

NMI-ROI COUNTER. The NMI-ROI counter
nﬂ tqp: I6-bit counter used 1o control the timing of a

and 1o & the time
m—'}mmmlmh“\ilmmamnmu
— 32 &2 clock pulses. Each time the reset and master
clear circull receives 3 RESET signal or an from the
RESTART switch, this circuit, through its signal,
resets the NMI-ROI counter w0 an all zero count.

Each time the NMI initiate circuit receives an

o imitisie a now kable imerrupt routine,
this circuit enables the NMI-ROI counter 1o coant. The
counter reconds 16 clock pulses and then clocks the NMI
imitiate circwit. The counter records 16 addition clock
pulses and clocks the NMI initiate circuit a second time
Al the conclusion of this second clock pulse, the NMI
initiate circuit disables the counter and remaves the NV
instruction, The counter now remains et its zero count
until it gets its next input command

In & run-one-instruction operation, the NMI-
RO counter receives a RINST pulse from the ROI pulse
network. This pulse loads the binary number 101 | into the
NMI-ROI counter. This counter, at the conclusion of the
eleventh 2 timing pulse, is ot count 0000 and instructs
the NMIininate circuit through its clock pulse to initiate
mon-maskable intermept routine. The counter now controls
the NMI initiate circuit operation as descnbed in the
previous

paragraph

NMI INITIATE CIRCUIT. The NMI initiate
circuit consists primarily of a two-stage, two-bit counter
and a bus driver circuil. This circeit initates a non-

maskable interrupt routine cach time it reccives an
ABORT, SAD, or TNT command. On receiving one of




these inputs, the circuit generates an NMI command and
tranafers an enabling signal 1o the NMI-ROI counter. The
NMLROI counter clocks the NMI initlate circuit twice.
At the conclusion of the second clock pulse from the
counter, the NMI initiate circuit removes. the NMT com-
mand and the NMI-ROT counter enabling signal.

ROM MEMORY, The ROM memory, consist:
ing of three preprogrammed MCMGAI0 1024 x & bin
ROM devices, stores the EXbug Firmware. The EXbug
control logic, through its decoding of the address bits and
the EXBUG switch, determines when the MPLU i addres-
sing the ROM memory. This memory uses addresses
FOO0 through FRFF

RAM MEMORY, The RAM memory, consist-
ing of two MCMSS10 128 x § bit RAM devices, is
scratch-pad memory for the EXbug program, The EXbug
control circuit determines when the MPU is addressing
this memory. @ restan . the restant cir-
cuit, through its signal, inhibits the RAM mem-
ory from being read.

PROM SELECT. The PROM scloct circuit de-
termines when the PROM memory bs 1o be read. The
restant circuit, during a restan operation, instructs the
PROM select circuit 1o enable the PROM memory and
read the two byte cold-stant interrupt vector address lo-
cated st memory locations FFFE and FFFF. The PROM
select circuit also cnabices the PROM memory when the
MPU Module is reading sddresses FCFC through FCFF

PROM MEMORY. The PROM memory con-
tains the cold-wan power-up vector address, the number
of stop bits to'be used in the data transfer with the selected
data terminal, and the instructions 1o be used in tracing
through a Wser's program InterTupt foutine

ACIA. The MCSESO Asynchronouc Com-
munication Interface Adapter (ACIA) provides the
parallel-to-senal and senal-to-parallel data comverions
required to trunsfer data 1o and from the selected data
terminal, The circuit also, in transferring dats 10 the
selected data terminal, inserts the start bit and the fequined
stop bits on each character. This circuit tests each charac-
tet it receives from the selected data terminal for format-
operation of the MCB830 ACIA, refer 1o the MASOO

STOP-BIT PHASE DETECTOR. The stop bit
phase detector compares the BIT RATE clock signal with
the 134,49 Hz signal to determine whether the data being
transfermed is using one of two stop bits. The stop-bit
phase detector generates a high level SBS signal when the
BIT RATE clock signal is at a frequency lower than the
134.49 He signal and a low level when it is ot a higher
frequency.

TTY ISOLATOR AND LEVEL CONVERTER.
The TTY isolator and level convener optically isolates the
TTY data terminal from the EXORciser and performs the
voltage Jevel convenions required w0 interface the

RS-212C LEVEL CONVERTER. The RS-
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232C level convener performs the voltage level conver-
sions fequired o interface the EXORciser with a RS-232C
data terminal.

RECEIVE DATA SELECT CIRCUIT, The re-
ceive data select circuit, on receiving 8 low level TTY
signal is enabled to tramfer the SERIAL DATA IN input
from the TTY isolator and level converter to the ACIA.
The TTY signal is a low level when the EXORciser is
interfacing witha TTY da . The TTY input g
high when the EXORciser is interfacing with a RS.232C
data terminal . The roceive data select circuit now transfers
the input data from the RS-232C level conventer W the
ACIA,

RE-232C CONTROL. INTERFACE. The RS-
232C control intesface enables the EXORciser to interface
with RS-232C data terminal by generating the required
data tramsfer commands. This circuit double inverts the
DATA TERM READY signal and with the Baud Rate
Module, transfers to the data terminal its input signal as
the CARRIER DETECT, CLEAR TO SEND, and DATA
SET READY commuands.

RESTART CIRCUIT . The restan circuit is used
during the MPL s initialization and reset operation 1o load
the vector address of the cold-stan, power-up routine into
the MPU. This circuit, on receiving an MR signal is reset
and applics & high level signal 1o the RAM
inhibits the MPU from reading the RAM memory and
instructs the PROM select 1o enable the PROM memary to
be read. The restant circuit is clocked by the data bus

ble circuit as the MPL reads add FFFE and FFFF
of the PROM. At the conclusion of the second read
m‘ the restan circest removes the high level
signal. The low level RAMEN signal enables

the MPU 10 address the RAM and places the PROM select
circuit under the control of the EXbug control ciecuit.

DATA BUS ENABLE . The data bus enable cir-
cull through its decoding of the R'W command, deter-
mines the direction of dats flow on the Debug Module's
data bus. During & MPU memory read operation this
circuit applies s DR VENB signal wo the data bus interface
circuit. The DRVENB signal imstructs the data bus o
transfer data from the selected memory location on the
Debug Module to the MPU. During » memory write

ion, the data bus ensble circuit, through its REC-

signal, enables the data bus interface to transfer data
from the MPU to the selected memory address on the
Debug Module.

DATA BUS INTERFACE. The data bus inter-
fuce provides a two-way transfer of data between the
EXORciser's bus and the circuits on the Debug Module.
When the driver and receivers are not enabled 10
data, they provide a high impedance output to their re.
spective busses.

56 BAUD RATE MODULE
56.1 GENERAL DESCRIPTION

The Baud Rate Module provides the EXOR-




ciser with eight standard baud rates between 110 and 9600 or RS-232C data terminal. A block diagram of the Baud
baud, The baud rates are 110, 150, 300, 600, 1200, 2400, Rate Module is presented in Figure 54 and the schematic
4800, and 9600, This module also interfaces the Debug diagram in Figure 5.7,

Module with the EXORciser front panel and with a TTY
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BLOCK DIAGRAM DESCRIFTION

The Baud Rate midule consists of the oseil-
lator and bit rate generator, the BAUD RATE switch, and
imerconnection leads between the EXORciser fromt
pancl, a TTY data terminal, and a RS-232C data terminal .

The oscillator and bit rate generator circuil
pencrates the cight baud rate frequencies wsed in the
EXORciser. These eight froguencies are applied to the
BAUD RATE switch. The user through the BAUD RATE

h selects the frequency ferred 10 the
Module. It should be noted that the bit rate clock signal is
sixteen times the baud rate frequency data bit transfer rate,
The oscillator and bit mie generator also applies the
134.49 Hz 1o the Debug Module. This Debug Module
uses this signal to determine the number of stop bits to be
used in the data transfer operation

5.7 POWER SUPPLY

The power supply provides the EXORcmer
with +5 VDC, +12 VDC, and ~ 12 VDC. The +3 VDC

is used by the EXORcisens logic circuits and the +12
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VDC and — 12 VDC are used to interface the EXORciser
with the selected data terminal, These three voltages also
may be used in the construction of the user's customized

circuitry.

The power supply provides both overload and
shon protection without damage 1o the power supply. In
addition, the power supply provides overvoltage protes-
tion. In the case of power failure, the power supply
provides all de voltages for @ minimum of 16 ms. This
time interval provides the MCS800 MPU sufficient time
o store its register contents before power is removed.
Now, if the EXORciser is using a battery backup, the data
in memory can be preserved,

54 WIREWRAP MODULE

The optional Wirewrap Module allows the user
to construct any cestomized circuwitry required in his
prototype system. This module incorporates the power
bus and ground bus printed wiring. and has standard pin
spacing for 75, 14 pin wirewrap sockets and provisions
for rwo 50-pin flatribbon connecton.
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APPENDIX A
HEXADECIMAL NUMBERING SYSTEM

The M6R00 Microcomputer Family of Pans
uses the hexadecimal numbering system (o express it
sddress, imstruction set, and regiaer comtents. The
hexadecimal numbering system has 3 base (radin) of 16
and uses 16 distinct symbols. Table A-| lists these sym-
bols, *eir binary equivalent, and their decimal equiva-

‘."-' he following paragraphs discuss  binary-to-

binary conver-
slon, decimal-to-hexad 1 and
henadecimal-to-decimal conversion
Al BINARY-TO-HEXADECIMAL
CONVERSION

Use the following procedures to convert a bi-
nary mimber to its hexadecimal equivalent. In this proce-
dure we will convert the address 000100101101 1001 1o its
hexadecimal equivalent
(a) Staning st the henadecimal point and working to the

left, divide the binary digits into groups of four. In
breaking down the nunsber GO0 100101 1011004, we
have

0001, 0010, 1101, 1001

(b) Refeming to Table A-1, convert each group of four

bits to their hexadecimal equival
DOOT001001 100 1001 we get

0001 = |,0010 = 2, 1101 = D, and 100] = 9

(¢) Combine the hexadecimal digits from LSB o MSB.
In combining the digits we get
000100101 10110015 = 12D%a

HEXADECIMAL-TO-BINARY
CONVERSION

A-2

Use the following procedures o convernt 8
hexadecimal number to s binary equivalent. In this pro-
cedure we will conven the hexadecimal number E38F s 10
its binary equivalent
(a) Referring to Table A-1, conven each hexadecimal

digit 10 ity four binary equivalent. In converting

E38F s we get

E=1110,3 = 0011, 8 = 1000, and F = 1111
{b) Combine the binary equivalent of the hexadecimal

digits 10 form the binary number. In combining the

numbers we get

E38F ¢ = 1110001 110001111

TABLE A-1. Binary, Decimal, and Hexadecimal Equivalents
Binary Number Decimal Number | Hexadecimal Number

0000 0 0

DooE 1 ]

o010 2 2

ool 3 3

L] 4 4

ool 3 L]

0110 L] L

o1 1 7

1000 8 8

1000 ] 9

1o 1] A

1o 1 B

100 12 C

1ol 13 o

i 4 B

1 15 F




A3 DECIMAL-TO-HEXADECIMAL
CONVERSION
Use the following procedures to convert a de-
cimal number to its hexadecimal equivalent. In this pro-
cedure we will convent the decimal number 235 10 its
hexadecimal equivalent
(a) Divide the decimal number by 16 and record the
remainder. In dividing 235 by 16 we get
16 235
14 with a remainder of 11.
Repeat step a until 16 can no longer be divided into
the decimal number. In dividing 14 by 16 we get
16 14
0 with a remainder of 14,
Refeming to Table A-1, conven the remainders to
their hexadecimal equivalents. Converting 11 and 14
we get
Il=B,and 14 = E
(d) Arrange the remainders in the order indicated below.,
The remainders form the hexadecimal equivalent of
the binary number.

)

(

16 235
16 14 with remainder of 11 = B LSB
0 with remainder of 14 = E MSB

23518 = EBus

A HEXADECIMAL-TO-DECIMAL
CONVERSION
Use the following procedures to convent a
hexadecimal number ot its binary equivalent. In this pro-
cedure we will convent 80FB s to its decimal equivalent.
(a) Multiply each hexadecimal number by its position
value. In multiplying the numbers in 80FB,« by their
position value we get
8x16°=8x 16° = § x 4096 = 32768
0x16=0x 16" =0 x 25 =0
Fx 16 = 15x 16' = 15 x 16 = 240
BXxI6*=11x6°=11x1=1] -
(b) Add the values found in step a. The sum is the
decimal equivalent of the hexadecimal number. In
adding the power values times 80FB1s we get
32768 + 0 + 240 + 11 = 33019
of B0FBi« = 330190

APPENDIX B
TTY MODIFICATIONS

B-1 INTRODUCTION

This appendix discusses configuring a TTY
terminal for full-duplex 20 mA neutral loop current opera-
tion and for modifying & TTY terminal for automatic

der/punch control. This dix is intended for gen-
eral i and itis ded that the user refer
the terminal manufactures’s documentation to make these
changes.

BC-2 FULL-DUPLEX 20 mA LOOP CURRENT
CONFIGURATION

Figure B-1 depicts the connections 1o be used
for a full-duplex 20 mA neutral loop current TTY termi-
nal. Refer to this figure and make the necessary following
connections on your terminal

(a) Connect the white/blue wire to terminal 5

(b) Connect the brown/yellow wire to terminal 5,

() Connect the violet wire to terminal 9.

B-l

(d) Move the blue from the 750 ohm tap to the 1450 ohm
tap on terminal power resistor. This resistor is located
behind the terminal’s power supply.

B-3 AUTOMATIC READER/PUNCH

CONTROL MODIFICATION
The EXORciser provides a command signal to
be used for derfpunch of & modified TTY

terminal {refer to Figure E!-I].r Modify your terminal as

follows:

(a) Install a 1200 ohm reed relay into the teletype-
writer.

(b) Connect the relay contacts such that when the
LOCAL-OFF-LINE switch is in LINE and the relay
energizes, the TTY will operate.

(e} Conmect the relay coil such that one side is connected
through the cable to J3-2 and the other side of the coil
o J34.
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