








































































































































































































KEYBOARD

TRC QUAL Key

The TRC QUAL key allows the user fo select the type of transactions that are
stored in the Real-Time Trace Buffer.

COUNT Key

The COUNT key allows the counting of the various parameters up to a maximum
value of 65,534 units. Maximum counts are an indication of counter overflow and
therefore, cannot be viewed as valid measurements.

FLD SEL Key

The FLD SEL key is used to select options and parameters for TRIG 1, TRIG 2, and
TRC QUAL keys.

TERM DISP Key

This key displays the type of data to be output to the display terminal. |f the
display function is OFF, the autostep function is disabled; if the display func-
tion is not OFF, the autostep function is enabled. |If the display terminal is
enabled, data corresponding to type (S) selected will be output to the display
terminal.

TERM DISP Subfunction

INCR - Selects and displays the next type (S) of a data 1o be output to the
display ferminal.
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TERM DISP Displays

Key Strokes

Display

TERM/DISP

“INCR

INCR

INCR

INCR

INCR

INCR

INCR

INCR
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DISPLAY

OFF

DISPLAY

REG

DISPLAY

MEM

DISPLAY

REGMEM

DISPLAY

1/0

DISPLAY

REG+1/0

DISPLAY

MEM+1 /0

DISPLAY

REGHMEM+1 /0

DISPLAY OFF

Explanation

Dump all register data.

Dump memory by parameters entered through
the DUMP MEM function.

Display the last examined 1/0 port and its
current data.

Wraps around.



Chapter 4

COMMUNICATIONS

INTRODUCT ION

The Remote Link RS-232 interface of the uSE permits two uSE's to be connected

through a modem or data set. When the Remote Link is enabled, the onsite slave

uSE emulates the Unit Under Test (UUT) and performs all normal functions, but the
master uSE controls the operation of the slave uSE from the master uSE keyboard. The
results are displayed on the master uSE and the slave uSE.

REMOTE CONTROL LINK

The remote link can operate in Slave, Master, Download, and Pass modes.

Slave Mode

When a uSE is operating in the slave mode, it is totally under the control of
the master uSE. The keyboard of the slave uSE is locked out and all operations
are initiated by keystroke messages received from the master uSE. Results are
displayed on the slave uSE and transmitted back to the master uSE as display
messages and LED messages. i

Master Mode

When a uSE is operating in the master mode, it totally controls the operation of
the slave uSE. The master uSE does not perform any functions locally; instead,
all keystrokes are transmitted. All display messages and LED messages are
received from the slave uSE and displayed on the master uSE.

Download Mode
When a uSE is operating in the download mode, it is connected to a host computer
system. The operator can download a program from the host computer into the

uSE RAM memory (up to 16K). The program can then be executed by the uSE.

In the slave, master or download mode, with the display terminal enabled, one of
the following will occur:

1. All transmitted data will be displayed on the display terminal.
2. All received data will be displayed on the display terminal subject to
the display fterminal transmit data register being empty.
Pass Mode
When a uSE is operating in the pass mode, any data received from the .host com-
puter is transmitted directly to the display terminal without being operated on.
Likewise, any data from the display terminal is passed directly to the host com~

puter. However, the display terminal must be enabled by the uSE TERMINAL key.
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DATA MESSAGES

Four types of data messages can be transmitted and/or received by the uSE. A
fifth type of data can be transmitted and/or received by the uSE but the uSE
does not manipulate the data.

LED (f
KEYSTR

ront panel
OKE

indicators)

DISPLAY (front panel alphanumeric display)

DOWNLO

AD (memory load)

HOST (to and from host computer and display terminal)

All data messages consist of printable ASCI| characters, with the exception of
Those characters
Table 4-1 shows what data can be received and
transmitted by each of the remote modes.

the carriage return (ODH) and the optional
indicate the end of a message.

line feed (OAH).

Table 4-1. Data Messages
MESSAGE MODE
DOWNLOAD SLAVE MASTER PASS
TYPE
RECEIVE | TRANSMIT | RECEIVE | TRANSMIT | RECEIVE | TRANSMIT | RECEIVE | TRAN

Keystroke X X

LED X X

Display X X

Down | oad X X X X X X

HOST X
All data except HOST is affirmatively acknowledged (ACK) by the receiver. I|f an

error is found in the message, a negative acknowledge (NAK) is sent.

The message

is retransmitted if an ACK is not received after a transmission, or a NAK is
received after a transmission. If an ACK is not received after the fifth
transmission, the task is terminated and the following message is displayed:

TRANSM ISS.ION ERROR
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LED Messages

The LED message defines a 16-bit integer, bit coded, to specify the ON/OFF state
for each LED. These messages are generated by a uSE when it is in the slave
mode and received and acted upon by a master uSE. When an LED message is
received by a master uSE, it illuminates the appropriate LED on its front panel.

Bit values of the LED display lights are shown in Table 4-2.

Table 4-2. LED Bit Values

Bit LED Bit LED

(Most significant bit)

15 | BEEP (Audible Alarm) 7 | RAM MEM ENABLE

14 Unused (must = 0) 6 | RUN

13 | Unused (must = 0) 5 | HALT

12 Unused (must = 0) 4 | PROM MEM ENABLE
11 Unused (must = 0) 3 | BREAK ENABLE

10 | Unused (must = 0) 2 | LOCAL

9 | TRIG BKPT ENABLE 1 | MESSAGE PENDING
8 | REMOTE ENABLE 0 Unused (must = 0)

(least significant bit)

NOTE: 1 =0n, 0 = Off
The message format consists of four parts, the TYPE. VALUE. TEKSUM, and EOL

(end-of-line). An example of an LED message causing the HALT, RUN, TRIG BKPT
ENABLE and REMOTE ENABLE LED's to be illuminated is shown in Table 4-3.
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Table 4-3. LED Message

ASCI1 | HEX | FORMAT DESCRIPTION
! 21 TYPE |Defines LED message.
0 30 | VALUE |Four ASCI! hex digits representing the 16 bit value. The
3 33 LEDs illuminated are: TRIG BKPT ENABLE, REMOTE ENABLE,
6 36 HALT, and RUN.
0 30
0 30 | TEKSUM | Two ASCII hex digits. An 8-bit arithmetic sum of the .
9 39 four hex digits of VALUE converted to two ASCI!| hex
digits. Example: |If VALUE = 01234H, then
TEKSUM=AHEX (0+1+2+3) modulo 256 = 06H = 30 36 in-ASCl|.
For this example TEKSUM = 0+3+6+0 = 09.
CR oD EOL CR = Message terminator.
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Keystroke

The keystrokes are encoded to an unsigned 8-bit integer. When the uSE is in the
master mode, the key message is sent by the uSE each time the operator presses a
function key. When in the slave mode and a key message is received, the key is

acted upon. Table 4-4 gives actual values of keystrokes.
Table 4-4. Keystroke Functions
Key Type | Hex Value | Key Type |Hex Value| Key Type | Hex Value
PROCESSOR CONTROL TRACE CONTROL HEX KEYPAD
RUN 23 TRIG 1 0B <—= 1F
STEP 22 BKPT 0A -—=> 17
PROM/MEM 21 TRC QUAL 09 ENTER 27
SUBSEL 20 TERM DISP 08 "on 07
RUN/D ISP 1B TRIG 2 03 mn 06
RESET 1A COUNT 02 nzn 05
RAM /MEM 19 TRC DISP 01 n3n 04
FILL 18 FLD SEL 00 n4n OE
"5" OD
SUBFUNCTION CONTROL DISPLAY SELECT | |6 o
"8" 15
DISABLE 32 1/0 47 gn 14
ENABLE 31 MEMORY 4A "AM 1E
B INARY Vi) MSG 49 g 1D
DECR 2A BREAK 43 nen 1C
INCR 29 REGISTER 42 "p" 26
IIEII 25
"F" 24
SPECIAL CONTROL REMOTE LINK nyn OF
TEST 2F ATTN 36
SEND 46 TERM INAL 2E
MOVE 45 REMOTE 2D
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The structure of the keystroke message consists of four parts: TYPE, KEYVALUE,
TEKSWM and EOL. An example of the keystroke message sending the REGISTER key is
shown in table 4-5.

Table 4-5. Keystroke Message

ASCII | HEX | FORMAT DESCRIPTION

# 23 | TYPE

4 34 | KEYVALUE | Two ASCI! hex digits. Send the register key.
2 32

0 30 | TEKSW Two ASCI| hex digits as defined in the LED message
6 36 using the sum of the two digit KEY VALUE field.
TEKSWM = 4 + 2 = 06

CR OD | EOL Message terminator.




COMMUN ICATIONS

Display Messages

When the uSE generates messages in the slave mode, they are displayed on the
slave uSE and transmitted. |In the master mode they are only transmitted. The
structure of the display message function is:

BYTE DIAGNOSTIC HEADER DESCRIPTION

0 TYPE 22H (double quote).

1,2 MESSAGE LENGTH Ranen = g0 Coaay " messege:
3,4 CURSOR CONTROL Legal values are: gg: z zz:zg: gzt.
5,6 CURSOR POSITION Range = 0-20 (00-14H).

7,8 DEC IMAL POSITION Range = 0-20 (00-14H).

Two ASCI| hex digits as defined in the LED
9,10 TEKSWM message, using the sum of bytes 1 through 4
of the DISPLAY MESSAGE.

" MESSAGE
. - | 1 to 20 modified ASCI| characters - see
. appendix A.
11+n MESSAGE
12+n ASWM One ASCI| hex digit. ASUM computed as
follows:
13+n, 14+n EOL Let ASUM = 40H - Sum (hex equilvalent of
ASCI| character in message (modulo 64)).
n=1+% 20 If ASUMM < 20H then add 40H fo ASUM.

If ASUM >= 20H use ASUM.

End-of-Line, an ASCI| carriage return
(ODH) .
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Table 4-6 gives an example of a display message.

Table 4-6. Display Message

ASCI1 | HEX | FORMAT DESCRIPTION
" 22 | TYPE Defines display message.
0 30 | MESSAGE |Number of characters = 15.
F 46 | LENGTH

0 30 | CURSOR Cursor off.
0 30 | CONTROL

0 30 | CURSOR No cursor position.
0 30 | POSITION

0 30 | DECIMAL ([No decimal position.
0 30 | POSITION

30 | TEKSUM Sum of MESSAGE LENGTH, CURSOR CONTROL, CURSOR POSITION
46 and DECIMAL POSITION.
TEKSUMM = 0+F +0+0+0+0+0+0 =0F.

Mo

5A | MESSAGE | ASCI| Message is "Z80A DEMO V2.1".

O=XZImMmo > o oN
S W
o o

N <
W
N
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Table 4-6. Display Message (continued)

ASCI! | HEX| FORMAT DESCRIPTION
Q 51 | ASWM Sum of MESSAGE = 5A+38+30+41+20+44+45+4D+4F+20+56+32+2E
+31420
= 36F = 2F (modulo 64)
ASWM = 40-(2F) = 11, ASUM is < 20, so 40 must be added
ASUM = 11440 = 51
CR 0D | EOL Message terminator.

Download Messages

The download message moves memory data from one system to another, and can be
-sent or received in any mode. The structure of the download message function

is:
l.

2.

TYPE - slash (2FH).

LOCATION - Starting address (four ASCI| hex digits). Range = O-FFFFH.

. BYTE COUNT - Number of data bytes to transfer (two ASCI| hex digits).

Range = 1-20H.

. TEKSUM 1 - Sum of LOCATION and BYTE COUNT (two ASCI| hex digits).

. DATA - Data transferred (ASCI| hex digits). Range = 2-40H.

TEKSWM 2 - Sum of DATA (two ASCI| hex digits).

. EOL - End-of-Line, ASCI!| carriage return (ODH) and optional line feed

(0AH) .
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Table 4-7 is an example of a seven=byte message sent starting at address 0800.

Table 4-7. Download Message

ASCI | HEX FORMAT DESCRIPTION
/ 2F TYPE Defines download message.
0 30 LOCATION Four ASCII| hex digits start loading data at
8 38 location 0800.
0 30
0 30

30 BYTE COUNT | Two ASCII| hex digits. Transfer seven bytes of
7 37 data.

30 | TEKSWM 1 Checksum of LOCATION and BYTE COUNT fields.
46 TEKSUMM 1 =0 +8 +0+0+0+ 7 =0F

m o

33 DATA The ASCI| hex digits of memory transfer.

32 When this data is received, the uSE displays:

39 "LOAD IN PROGRESS."

WO OOUWOWMOWOWONWOW
W
o

33 TEKSWM 2 Checksum of DATA.
TEKSWM 2 = C
0

O W
N
W

3+C+3+2+ 9+0+8+C +
3+0+0+0+ 3C (modulo 256)

CR 0D EOL CR = Message terminator.
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A message with a byte count of zero is the file terminator. Memory data and
TEKSW 2 are not part of the termination message. Table 4-8 shows an example.

Table 4-8. File Terminator Message

ASCI1| HEX| FORMAT DESCRIPTION
/ 2F | TYPE Defines download message.
0 30 | LOCATION Starting address is 0800H.
8 38
0 30
0 30
0 30 | BYTE COUNT | No bytes transferred - end record.
0 30
0 30 | TEKSWM TEKSWM = 0+8+0+0+0+0 =08
8 38
CR | OD | EOL Message terminator.

After the file ferminator message is received, the uSE displays:

LOAD COMPLETE

The data that was received by the download would be in memory as follows:

ADDRESS DATA

0800 3C
0801 32
0802 09
0803 08
0804 C3
0805 00
0806 08

The starting address is stored in the program counter, the move address, and the
send addres;.
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ESTABLISHING uSE TO uSE COMMUNICATIONS

To establish communications between the uSE master and uSE slave, both operators
must press the REMOTE key and select the desired options.

For the slave uSE, bits 7 and 6 of the remote option byte must equal 0 and 1
respectively. For the master uSE, bits 7 and 6 of the remote option byte must
equal 1 and O respectively. ’

.Both master and slave operators must select the same ACK/NAK, parity and baud
rate. The communications link can be established over wire lines (see RS-232D
specifications for distance), or using acoustic couplers (see respective data
sets) and the phone lines. Once the options have been selected, both operators
should press the ENABLE key.

In the following example, the master uSE controls the slave uSE over phone
lines. The master downloads the program fo the slave and then executes the
program.

MASTER uSE
Operation Display ' Explanation
xxxxxx = Emulator type.
RESTART xxxxxx READY 2708 1 2708 = PROM configuration.
REMOTE REM OPTS = 96 Default options.
BINARY REM OPTS = 10010110 Put in binary.

Modify options to MASTER,

1000001, ENTER REM OPTS ACK/NAK on, NO PARITY, 300 BAUD.

10000001

ENABLE MASTER MODE REMOTE ENABLE LED is illuminated.
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Operation

RESTART

REMOTE

BINARY

0100001, ENTER

ENABLE

SLAVE uSE

Display

xxxxxx READY 2708

REM OPTS

96

REM OPTS

10010110

REM OPTS

01000001

SLAVE MODE

Explanation

xxxxxx = Emulator type
2708 = PROM configuration

Default option.

Put in binary.

Modify option to SLAVE, ACK/NAK
ON, NO PARITY, 300 BAUD.

REMOTE ENABLE LED is illuminated.

Both units are enabled, and are ready to talk to each other.

MASTER uSE SLAVE uSE
Operation Display Explanation Disglax
Put master in local mode,
ATTN LOCAL MODE LOCAL LED is illuminated
to indicate local mode.
Get ready to send data
SEND SEND R 0000 0000 +o the slave.
1.
INCR SEND P 0000 0000 Choose SEND PROM data

2, ENTER SEND P 2000 0000

SEND PROM

to slave.

27FF, ENTER | SEND IN PROGRESS

from master to slave.

data from

address 2000 thru 27FF

LOAD IN PROGRESS
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Operation

REMOTE

ENABLE

RAM /MEM

ENABLE

RUN

MASTER uSE

Display

SEND COMPLETE

REM OPT = 81

MASTER MODE

DIAG RAM -1 = 2000

780 DEMO V3.1

PROM TEST

RAM TEST

END OF ALL TESTS

Explanation

SLAVE uSE

Display

LOAD COMPLETE

Return to master mode.
REMOTE and LOCAL LED's
extinguished, remote
link broken.

Re-establ ish remote
link. REMOTE ENABLE
LED illuminated.

DIAG RAM -1 = 2000

780 DEMO V3.1

The master tfested
the user's system
that the slave uSE

PROM TEST

was emulating.

RAM TEST

END OF ALL TESTS
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DISPLAY TERMINAL FUNCTIONS

When the display terminal function is enabled (via the TERMINAL key) then the
display ferminal can be used to display memory, registers, and accumulated trace
data.

With the auto-step function enabled, the display terminal, can be used to
display all registers and/or the last memory dump specified and/or 1/0 locations
examined

Display Terminal Display of Memory

The Dump Memory function displays memory data on a display terminal, according
to the current memory map. |f the display terminal is enabled, then, when the
MEMORY key is pressed, the Dump Memory function is invoked instead of the
Examine Memory function and the uSE displays:

XXXX
YYyy

starting address
ending address

DUMP MEM xxxx yyyy

Dump Memory Subfunctions

HEXPAD - Allows the operator to modify the start and end addresses.

ENTER - Freezes the start and end addresses. When the ENTER key is pressed
to freeze the start address, the end address may be modified. When
the ENTER key is pressed to freeze the end address, fransmission of
memory display data to the display terminal begins. However, if
the start address has not been modified and the ENTER key is

pressed. the default addresses are used and the transmission will
be initiated.

Display Terminal Display

XXXX =YY YY YY VY YY YY VY YY VY YY YY YY YY YY YY YY 2222222222222227

where: XXXX

Yy
zZ...2

memory address.
memory data.

ASCI| equivalence of the memory data (non-printable bytes
are replaced with a period).

If the addresses entered are not modulo 16, then there will be short lines of
data displayed at the display terminal, e.g., if the following were entered at
the uSE,

DUMP MEM 1234 1256




COMMUN ICAT IONS

then, the following could be displayed at the display terminal:

1234 = 34 35 36 37 38 39 3A 3B 3C 2D 3E 3F 456789: ;<=
1240 = 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F @ABCDEFGH | JKLMNO
1250 = 50 51 52 53 54 55 56 PORSTUYV

Display Terminal Display of Registers

The dump registers function displays the contents of a processor's registers on
the display terminal. When the display terminal is enabled, pressing the
REGISTER key invokes the Examine Registers function, the Dump Registers
function, and displays the register data last displayed. All subfunctions are
allowed with this function. Pressing the ENTER key, when the display terminal
is enabled, reinitiates data transmission to the display terminal. The format
of the display terminal data is processor dependent. The output to the display
terminal is in the same format as the uSE's display, but there is one line of
display terminal register data for each three unique lines of uSE register data.

Examples of display terminal register dumps:

|. For the Z-80:

PN=0000 PL=0000 [=00  SP=0000 CC=00 RA=00 BC=00 00
DE=00 00 HL=00 0O 1X=0000 |Y=0000 CC'=00

RA'=00 BC'=00 00 DE=0000 HL'=00 00 IR=00 R=00 IM=0
IFF2=0 IFF1=0

2. For the 6800:

RA=00 RB=00 RX=0000 SP=0000 PN=0000 PL=0000 [=00
CC=00
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Display Terminal Display of Trace Data

The Dump Trace function displays accumulated trace data on the display terminal.
When the display terminal function is enabled, pressing the TRC DISP key invokes
Dump Trace instead of the Singular Display Trace function displayed on the uSE.
The display for this function is as follows:

DUMP TRACE xxx xxx = Starting line number of the trace dump,

which, when the TRACE key is pressed, is

the line number of the last line of the
trace data collected; this line number can
be modified, see below.

Dump Trace Subfunctions

HEXPAD -

ENTER -

Allows the operator to modify the line number where to start
dumping trace data.

Freezes the trace dump starting line number. If the line number
is not modified before the ENTER key is pressed, the default line
number is used. Pressing the ENTER key begins transmission of
trace data to the display terminal. The data transmitted is a
"column-title" line followed by the 23 lines of accumulated trace
data, beginning at the line number specified.

Display Terminal

LINE ADRS DA BU EX
N WWWW XX Yy ZzzzzzzzZ
ntl wwww XX yy zzzzzzzz
n+2 WWWW XX Yy 2zzzzzz2

N+22 WWWW XX Yy ZzzZz27zZ

where:

LINE = column header for the trace line number, range is 000 - 127
in decimal format.

ADRS = column header for the value of the address lines.

DA = column header for the value of the data lines.

BU = column header for the bus activity.

EX = column header for the value of the external data probes.
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n = line number (1-127 decimal).
wwww = value of the address lines (O-FFF).
xx = value of the data lines (0-FF).
vy = F-Instruction fetch (implied memory read).
MR = memory read.
MW = memory write.
IR = 1/0 read.
IW = 1/0 write.

zzzzzzzz = the binary representation of the value of the
external data probes.

If the line number specified is less than 23 lines from the end of the trace
buffer, then the trace data dump at the display terminal will be less than 23
lines long and will be terminated with the word END.

Furthermore, if the line number specified is greater than 23 lines from the end
of the trace buffer, then the "xxx" in the uSE display will contain the line
number of the next consecutive line number to be displayed. Thus, if the trace
buffer is full, one could enter line number 000, and then repetitively press the
ENTER key to cause the entire contents of the trace buffer to be displayed on
the display terminal.



Chapter 5

REAL-TIME TRACE

INTRODUCT ION

Real-Time Trace (RTT) provides the following debugging features for hardware and
software development:

o Real-time storage and display of the last 128-selected bus transactions.
o Dual breakpoint and trigger capability using bus, address and probe data
with event comparison further conditioned by a pass count of n events

and or a delay of n clocks.
\

o Eight external probe states that are stored with the bus transaction data
and can be selectively included in the breakpoint equation.
o General-purpose counter can measure time, events, bus transactions, tfrace

stores, or instruction fetches made between two points in a program, or
between events.

Real-Time Trace Buffer

The following data is stored in the Real-Time Trace (RTT) buffer during selected
events:

o Contents of the 16-bit address bus
o Contents of the 8-bit data bus (software displays only pertinent data)
o Value of the 8-bit external probe data

o Type of operation: read, write, memory, 1/0, or instruction fetch

Dual Breakpoint and Trigger Circuitry
RTT contains a set of event comparators that compare operator stated require-
ments to bus information. For an event fo be recognized, the requirements must
be met simultaneously. The requirements may be any or all of the following,
because they may be specified in the AND function:

o 16-Bit Address equal, less than or equal, greater than or equal

o 8-Bit Data equal, less than or equal, greater than or equal

o 8-Test Probe Bits compare (1 0, or X (don't care)

o Bus transaction type
The command is cumulative, allowing changes or additions to be entered easily

without respecifying the entire function.
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EVENT DEFINITION

The ability to define two distinct system "events" (T1 and T2) is at the heart
of the RTT. The following keystroke operations will demonstrate the various
options available to the user in defining a particular event.

I+ describes the event definition equation in terms of:
o Address Bus State
o Bus Activity Status
o External Events
o Data Bus State

In addition, the modifications available by pass count and delay are listed.

Delay and Pass Conditioning

Once an event is recognized it may immediately set a trigger or initiate a
breakpoint, or it may be conditioned by the pass count. The pass count register
can be set to count up to 65,535 events before a trigger or break is generated.
This feature facilitates debugging of programs that contain loops.

The capability to delay a trigger or a break from an event can also be helpful.
For example, a delay of 64 frace stores allows centering of the trace display
relative to the event. A delay of from 3 to 65,535 clocks may be specified.
The clock is operator selected by the COUNT key and may consist of events,
instruction fetches, bus cycles, trace stores, microseconds, or milliseconds.

The capability to specify pass and delay counts for trigger 1 and trigger 2 is
included in the TRIG 1 and TRIG 2 keys. 1f no pass or delay count is specified,
they default to OFF. A Pass Count of 0 or 1 is defined as equivalent to No Pass

Count (OFF). If both pass and delay are selected, the pass count must first be
satisfied, then the delay period starts.

Breakpoint and Trigger Modes

After a frigger condition is specified by the TRIG keys, a breakpoint on that
trigger is specified by the BKPT key. The mode options allow further ver-
satility in utilizing the two trigger circuits. For example, Limit mode is use-
ful for displaying trace information between selected addresses. In limit mode
EVT 1 is further required to meet the EVT 2 requirements. This allows break-
point on events between certain selected addresses.
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Real-Time Trace Probe

An active data acquisition probe with ten test clips provides the real-time
trace with external data gathering capability (see figure 5-1). The ten probes
consist of eight acquisition probes that attach to test points, a clock probe
that may be connected to an external clock source and a ground.

Figure 5-1. External Test Clips Probe

The trace probe assembly consists of ten individual probe cables contained in a
probe pod. [t attaches to the uSE back panel with a discrete wire cable via a
15-pin D connector (see figure 5-2).

v

Figure 5-2. External Test Probe Connector
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Data Acquisition

The data from the eight test clips is stored with the bus transaction data and
may be displayed with the TRC DISP key. The test clip information can also be
used in the definition of either or both events. Each bit can be specified as
1, 0, or don't care.

Three modes of operation are available with the trace probe:
o Synchronous data acquisition
o Asynchronous data acquisition

o Latched mode

The three types of operation and external clock polarity are operator selectable
by externally accessible switches located in the trace pod (see figure 5-3).

Figure 5-3. Operation and Clock Polarity Switches

Synchronous Data Acquisition. Synchronous operation presents test chip data to
the real-time module at all times. Data is then captured by the real-time tfrace
at its internal strobe rate.

Asynchronous Data Acquisition. Asynchronous operation allows the operator to
use an external clock to capture events for presentation to the real-time trace
at a later point in the trace cycle. An octal flip-flop is used as a register
to store the state of the eight test clips on a selected edge of the clock. The

data presented will be the data that was stored prior fo sampling by the real-
time trace.
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Latched Mode. The octal register is also used in the latched mode, but it is
clocked by the internal strobe pulse of the real-time trace. Data bit 0 of the
test clip is monitored constantly and compared with the data presented to the
real-time trace on the previous cycle. Any state change will be presented at
the next sampling period. This mode of operation allows the detection of a
pulse within the trace window.

Generél—Purpose Counter

The general-purpose counter provides a method of measuring real-time or number
of clocks between points in a program or between events. The operator specifies
the clock from one of the count options. The counter is set to zero when the
RUN key is pressed. When a break occurs, the count value may be displayed with
the COUNT key.

EVENTS AND TRIGGERS

A distinction should be made between the concepts of events and triggers. An
event occurs when a certain combination of address value, data value, external
test clips value, and bus operation type occur simutaneously. A typical event
will be defined as one or more of the values or bus operation types being in the
off or don't care state, but the event will occur only when every item is simu-
taneously satisfied. An event can contribute to the production of its
corresponding trigger by further qualification of pass count and delay count.
The pass counter (which may be turned off) will determine when its corresponding
event has occurred the required number of times. On satisfaction of the pass
count, the delay counter (which may also be off) will count a given number of
specified units, and then cause a trigger to occur. If the operator has further
requested a break to occur on the occurence of the trigger, the slave CPU will
be stopped. The sequence can be shown as follows for trigger 1:

PASS DELAY
EVENT 1 COUNTER COUNTER > TRIGGER 1

1 1

....

., ‘
s BREAKPOINT 1
BREAKPOINT 1 ENABLE o
FX 1
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Independent Mode

In the Independent mode of operation, the trace buffer contains the last 128-
qualified cycles executed prior to encountering the breakpoint, whichever
program path is taken. The event definitions do not interact. The two triggers
and their corresponding events are unrelated and are shown in figure 5-4.

EVENT 1
ADDRESS PASS
EXT. DATA COUNTER DELAY
DATA BUS FOR COUNTER 1 » TRIGGER 1
ACTIVITY EVENT 1 .
00.....
¢ —BREAKPOINT 1
BREAKPOINT 1 ENABLE by
..
000.
EVENT 2
ADDRESS
BUS ACTIV- PASS DELAY
ITY COUNTER COUNT 2 -
EXT. DATA FOR TRIGGER 2
DATA EVENT 2
. eoe,,
..
[ )
e BREAKPO INT 2
BREAKPO INT 2 ENABLE .
...
cco0®

Figure 5-4. Independent Mode
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Limit Mode

This mode allows the address bus conditions that define a breakpoint to be a
logic AND of the address bus conditions for T1 and T2. This allows a closed
range of addresses to be specified. (See figure 5-5.)

In the Limit mode of operation the events and triggers are configured as
fol lows:

EVENT 1
ADDRESS "o,
s L | Bien || BT
DATA | >
DAl : FOR TRIGGER 1
ACTIVITY .° EVENT 1
* BREAKPOINT 1
<«— Only address 2 and BREAKPOINT 1 :
bus operation 2 are ENABLE .
considered here. oo
EVENT 2
ADDRESS PASS DELAY
BUS COUNTER COUNT 2 _
ACTIVITY FOR > TRIGCER 2
EVENT 2
“____BREAKPOINT 2 -
BREAKPOINT 2 ENABLE M

Figure 5-5. Limit Mode

In the Limit mode it should be noted that when event 1 and event 2 occur
simultaneously to produce the input to pass counter 1, only the address and bus
operation qualifiers for event 2 are considered. Trigger 1 should be used if
the user desires to break on the simultaneous occurrence of event 1 and event
2. Trigger 2 will occur independently whenever its individual conditions are
satisfied.
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Arm Mode

In this mode, the breakpoint occurs at T2, but only affer T1 has been encoun-

tered (see figure 5-6).
Also,
encounter after T1.

That is,

if T2 occurs prior to T1, no break is made.
if T2 is encountered a number of times, the break does not occur until the
The best example is having T2 in a subroutine called from a

number of places, but not having a break occur until it is called from that part
of the program that contains T1. )

EVENT 1
DELAY COUNT 1 [«— (Must be turned off
ADDRESS eeve,, coee,, to allow trigger 1)
EXT. DATA *. | PAsS
DATA BUS % | COUNTER .
ACTIVITY S| FOR : > TRIGGER 1
Lot | EVENT 1
.non..
l +—BREAKPOINT 1
R BREAKPOINT 1 ENABLE s
Q [ eee® *
ooo.'
Q BREAKPOINT 2 ENABLE .
S S ___BREAKPOINT 2
[ :
DELAY COUNT 2
EVENT 2
‘., | PASS .
ADDRESS * | COUNTER A
BUS ACTI- I For : L  » TRIGGER 2
VITY EXT. EVENT 2
DATA DATA .
Figure 5-6. Arm Mode

In the Arm mode, trigger
2 is enabled and trigger
enabled and trigger 2 is
indefinitely.

5-8

1 is initially enabled.
1 is disabled.
disabled.

When +rigger 1 occurs
When trigger 2 occurs, trigger 1 is
This enabling/disabling sequence occurs

trigger
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k XK XK X XK X x X X X X

FRZ Mode

In this mode, the trace is frozen when T1 is encountered (see figure 5-7).
is stored in the buffer, but the program is
The FRZ (Freeze) mode

means that no new information
allowed to continue until T2 is encountered.

¥ X O X X X O X X X X X X X X X X K X K X X X X X X X X X X

The general-purpose counter and the two delay counters
will not run when trigger 2 is disabled.
that delay counter 1 cannot be used in the Arm (or FRZ)
mode to define trigger 1 since the counter will not run

NOTE

until trigger 2 is enabled by trigger 1.

X K X K X O X K X X K X K X X X R X K K X X X X X X X X

This implies

X k K Kk K K Kk K Kk X

This

is identical

to the Arm mode except that trace buffer stores are prevented between the
occurrence of trigger 1 and trigger 2.

EVENT 1

ADDRESS
EXT. DATA |
DATA BUS

ACTIVITY

PASS

.| CouNTER

FOR
EVENT 1

DELAY COUNT 1

LR Y
.
.

3
.

<€— (Must be turned off

to allow trigger 1)

» TRIGGER 1

L
L XX

ENABLE TRACE

BREAKPOINT 1 ENABLE

“— BREAKPOINT 1

BREAKPOINT 2 ENABLE

veoe
.
.

3
.

— BREAKPOINT 2

)
.

EVENT 2

ADDRESS

BUS ACTI-
VITY EXT.
DATA DATA

DELAY COUNT 2
PASS .,
COUNTER .
FOR s
EVENT 2 et
Figure 5-7. FRZ Mode

.
co0®
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REAL-TIME TRACE LIMITATIONS

1. If the specifications are used to define event 2 for a high-speed pro-
cessor (e.g. a 4 MHz Z-80A or a 5 MHz 8085A) a break specified on trigger
2 may not occur until after an additional instruction has been executed.

2. A delay'counfer value of 1 or 2 is illegal.

3. The maximum general-purpose counter value is 65534 (216-2).

REAL-TIME TRACE FUNCTION KEYS
TRIG 1 Key

The TRIG 1 key defines the trigger equations. Table 5-1 defines the parameters
and options of the TRIG 1 key. When all elements are satisfied, the appropriate
trigger pulse is provided on the uSE front panel trigger jack. The event
‘equations can also be used in conjunction with the BKPT function to terminate
the run condition.

Parameters for the TRIG 1 key are selected using the FLD SEL key. Parameter
fields (i.e., address, data, etc.) may contain more than one option. Options
within a parameter field are selected using the INCR key as shown in figure 5-8.

After the uSE is initialized, the first time a TRIG key is pressed it will

display the address parameter. Each time it is pressed after that, the last
parameter displayed will be displayed again. Each parameter field remains set
to the last operator selection.

Table 5-1. TRIG 1 Parameters and Options

Parameter Display Explanation
Address T1 EVT ADDR=OFF Trigger 1 off (default).
T1 EVT ADDR= xxxx Hex bus address

xxxx=0000-FFFF .

T1 EVT ADDR=>xxxx Hex bus address
xxxx=0000-FFFF.

T1 EVT ADDR=<xxxx Hex bus address
. xxxx=0000-FFFF.
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Table 5-1. TRIG 1 Parameters

and Options (continued)

Parameter Display Explanation
Bus T1 EVT BUS=ALL All bus activity (default).

T1 EVT BUS=FTCH All instruction fetch.

T1 EVT BUS=MEM RD/WR |} Al| memory accesses.

T1 EVT BUS=1/0 RD/WR | All 1/0 accesses.

T1 EVT BUS=ALL RD All bus reads.

T1 EVT BUS=ALL WRT All bus writes.

T1 EVT BUS=MEM RD All memory reads.

T1 EVT BUS=MEM WRT All memory writes.

T1 EVT BUS=1/0 RD All 1/0 reads.

T1 EVT BUS=1/0 WRT ALl 1/0 writes.
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Table 5-1. TRIG 1 Parameters and Options (continued)

Parameter Display . Explanation

Binary External probe data.
External * T1 EVT EXT= bbbbbbbb } bbbbbbbb = 00000000 11111111 or
XXXXXXXX (X = don't care)
Data T1 EVT DATA=OFF Trigger 1 off (default).
T1 EVT DATA=xx Hex bus data xx = 00-FF.
T1 EVT DATA=xx Hex bus data xx = 00-FF.
T1 EVT DATA=xx Hex bus data xx = 00-FF.
Pass T1 PASS=0FF Pass of f (default).
1 pnsseasag et | Seciel P et

* External data can be applied to the equation by using the 8-bit external

probe input. Data is sampled on the external probes synchronously to bus
activity.

Due to timing constraints on the real-time trace board, it may not be
possible, in certain cases, to stop the emulator processor exactly on the
instruction causing a break. The break may occur on the next instruction in
the following circumstances:

1. A high-speed processor is in use (such as a Z-80A at 4 MHz or an 8085A at
5 MHz).

2. Data and/or test clip values are specified for event 2.
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Table 5-1. TRIG ! Parameters and Options (continued)
Parameter Display Explanation
Delay T1 DELAY=OFF Delay off (default).
T1 DELAY=xxxxx EVT1 Delay xxxx T1 events.
xxxxx=00000-65534.
T1 DELAY=xxxxx EVT2 Delay xxxxx T2 events.
xxxxx=00000-65534.
T1 DELAY=xxxxx TRC Delay xxxxx traces.
xxxxx=00000-65534.
T1 DELAY=xxxxx UuSEC Delay xxxxx microseconds.
xxxxx=00000~-65534.
T1 DELAY=xxxxx MSEC Delay xxxxx milliseconds.
xxxxx=00000-65534.
T1 DELAY=xxxxx FTCH Delay xxxxx fetches.
xxxxx=00000-65534.
T1 DELAY=xxxxx MCYC Delay xxxxx machine cycles.
' xxxxx=00000-65534.
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Table 5-1. TRIG 1 Parameters and Options (continued)

Parameter

Display

Explanation

Mode

T1 EVT MODE=IND

T1 EVT MODE=LIMIT

T1 EVT MODE=ARM

T1 EVT MODE=FRZ

Independent triggers 1 & 2.
Trigger 1 depends on trigger 2.
Trigger 2 is armed by trigger 1.

Same as arm, but trace stops on
trigger 1.
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ADDRESS BUS
PARAMETER PARAMETER
PRESS TRIG 1
| |
|} T1 EVT ADDR=OFF Press EVT BUS=ALL Press
FLD SEL FLD SEL
ress NCR
T1 EVT ADDR= xxxx Press T1 EVT BUS=FTCH Press
T FLD SEL FLD SEL
Press | INCR Press | INCR
T1 EVT ADDR=>xxxx Press T1 EVT BUS=MEM RD/WR }Press
FLD SEL FLD SEL
Press| INCR Press | INCR
|} T1 EVT ADDR=<xxxx Press T1 EVT BUS=1/0 RD/WR | Press
FLD SEL FLD SEL
Press | INCR Press | INCR
T1 EVT BUS=ALL RD Press
FLD SEL
Press | INCR
T1 EVT BUS=ALL WRT Press
FLD SEL
Press | INCR
T1 EVT BUS=MEM RD Press
FLD SEL
Press | INCR
T1 EVT BUS=MEM WRT Press
FLD SEL
Press | INCR
T1 EVT BUS=1/0 RD Press
FLD SEL!
Press | INCR
T1 EVT BUS=1/0 WRT Press
FLD SEL
Press ] INCR
2
Figure 5-8. TRIG 1 Key Selection Sequence
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PASS
PARAMETER
|
T1 PASS=0FF Press
FLD SEL
Press | INCR
T1 PASS=ddddd EVT1 Press
FLD SEL

EXTERNAL
PARAMETER
2
T1 EVT EXT=bbbbbbbb
Press | FLD SEL
DATA
PARAMETER
|
. T1 EVT DATA=OFF Press
FLD SEL
Press | INCR
|} T1 EVT DATA=xx Press
FLD SEL
Press | INCR
.} T1 EVT DATA= xx Press
FLD SEL
Press | INCR
|} 11 EVT DATA= xx Press _
FLD SEL
Press | INCR '

Figure 5-8. TRIG 1 Key Selection Sequence (continued)

Press | INCR
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T1 DELAY= OFF

Press COUNT

PARAMETER

Press

‘ Press | INCR

FLD SEL

[

Press COUNT
T1 DELAY= xxxxx EVT1 | Press COUNT=xxxxx EVT1 Press
FLD SEL TRIG 1
Press | INCR Press | INCR
Press COUNT
T1 DELAY= xxxxx EVT2 } Press COUNT=xxxxx EVT2 Press
—— FLD SEL TRIG 1
Press | INCR Press | INCR
Press COUNT
T1 DELAY= xxxxx TRC | Press COUNT=xxxxx TRC Press
FLD SEL TRIG 1
Press | INCR Press | INCR
Press COUNT
T1 DELAY= xxxxx uSEC } Press COUNT=xxxxx uSEC Press
FLD SEL TRIG 1
Press | INCR Press | INCR
Y Press COUNT
T1 DELAY= xxxxx MSEC { Press COUNT=xxxxx MSEC Press
FLD SEL TRIG 1
Press | INCR Press | INCR
Press COUNT
T1 DELAY= xxxxx FTCH | Press COUNT=xxxxx FTCH Press
FLD SEL TRIG 1
Press | INCR Press | INCR
Press COUNT L
T1 DELAY= xxxxx MCYC | Press COUNT=xxxxx MCYC Press
FLD SEL TRIG 1
Press | INCR Press | INCR
4
"Figure 5-8. TRIG 1 Key Selection Sequence (continued)
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MODE
PARAMETER

T1 EVT MODE=IND

Press

Press | INCR

T1 EVT MODE= LIMIT

FLD SEL

Press

Press | INCR

T1 EVT MODE=ARM

FLD SEL

Press

Press | INCR

-

T1 EVT MODE=FRZ

FLD SEL

Press

Press | INCR

FLD SEL

Figure 5-8. TRIG 1 Key Selection Sequence (continued)
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RIG 2 KEY

he TRIG 2 key operates the same as the TRIG 1 key except for the Mode
‘arameter. Table 5-2 shows the TRIG 2 parameters and options. The selection of
arameters and options is shown in figure 5-9.

Table 5-2. TRIG 2 Parameters and Options

Parameter Display Explanation
Address T2 EVT ADDR=OFF Trigger 2 off (default).
T2 EVT ADDR= xxxx Hex bus address

xxxx=0000-FFFF.

T2 EVT ADDR=>xxxx Hex bus address
xxxx=0000-FFFF .

T2 EVT ADDR=<xxxX Hex bus address
xxxx=0000-FFFF.

Bus T2 EVT BUS=ALL All bus activity (default).

T2 EVT BUS=FTCH All instruction fetch.

T2 EVT BUS=MEM RD/WR § Al! memory accesses.

T2 EVT BUS=1/0 RD/WR | All 1/0 accesses.

T2 EVT BUS=ALL RD All bus reads.

T2 EVT BUS=ALL WRT All bus writes.
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Table 5-2. TRIG 2 Parameters and Options (continued)

Parameter Display Exp lanation
T2 EVT BUS=MEM RD All memory reads.
——
T2 EVT BUS=MEM WRT All memory writes.
T2 EVT BUS=1/0 RD All 1/0 reads.
T2 EVT BUS=I/0 WRT All 1/0 writes.
Binary External probe data.
External * T2 EVT EXT= bbbbbbbb | bbbbbbbb = 00000000-11111111, or
xxXxxxxxx (x = don't care)

Data T2 EVT DATA=OFF Trigger 2 off (default).
T2 EVT DATA=xx Hex bus data xx = OQ—FF.
T2 EVT DATA=xx Hex bus data xx = 00-FF.
T2 EVT -DATA=xx Hex bus data xx = 00-FF.

* External data can be applied to the equation by using the 8-bit external

probe input. Data is sampled on the external probes synchronously to bus
activity.
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Table 5-2. TRIG 2 Parameters and Options (continued)
Parameter Display Explanation
Pass T2 PASS=OFF Pass off (default).
_ v Decimal pass count
T2 PASS=ddddd EVT1 ddddd = 00000-65534.
Delay T2 DELAY=OFF Delay off (default).
T2 DELAY=xxxxx EVT1 Delay xxxx T1 events.
xxxxx=00000-65534. .
T2 DELAY=xxxxx EVT2 Delay xxxxx T2 events.
xxxxx=00000-65534.
T2 DELAY=xxxxx TRC Delay xxxxx traces.
xxxxx=00000-65534.
T2 DELAY=xxxxx uSEC Delay xxxxx microseconds.
xxxxx=00000-65534.
T2 DELAY=xxxxx MSEC Delay xxxxx milliseconds.
xxxxx=00000-65534.
T2 DELAY=xxxxx FTCH Delay xxxxx fetches.
xxxxx=00000-65534.
MCYC Delay xxxxx machine cycles.

T2

DELAY=xXXXX

xxxxx=00000-65534.
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ADDRESS BUS
PARAMETER PARAMETER
PRESS TRIG 2
1
[ |
- T2 EVT ADDR=0OFF Press T2 EVT BUS=ALL Press
FLD SEL FLD SEL
Press | INCR Press | INCR
| T2 EVT ADDR= xxxx Press | T2 EVT BUS=FTCH Press
FLD SEL FLD SEL
Press | INCR Press | INCR
| J T2 EVT ADDR=>XxXX Press __[ T2 EVT BUS=MEM RD/WR | Press
FLD SEL FLD SEL
Press | INCR Press | INCR
| _J T2 EVT ADDR=<xxxX Press | § T2 EVT BUS=1/0 RD/WR fPress
FLD SEL FLD SEL
Press | INCR Press | INCR
- T2 EVT BUS=ALL RD Press
FLD SEL
Press | INCR
|72 EVT BUS=ALL WRT |Press
FLD SEL
Press | INCR
|| T2 EVT BUS=MEM RD Press
FLD SEL

5res?| INCR

| | T2 EVT BUS=MEM WRT Press

FLD SEL

Press | INCR

T2 EVT BUS=1/0 RD Press

FLD SEL

Press | INCR

T2 EVT BUS=1/0 WRT Press

FLD SEL

rress INCR

Figure 5-9. TRIG 2 Key Delay Parameter Selection Sequence
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EXTERNAL
PARAMETER

2

T2 EVT EXT=bbbbbbbb

Press | FLD SEL

DATA PASS
PARAMETER PARAMETER
| : |
T2 EVT DATA=0FF Press T2 PASS=0FF Press
FLD SEL FLD SEL
Press | INCR Press | INCR
T2 EVT DATA=xx Press T2 PASS=ddddd EVT1 Press
FLD SEL FLD SEL
Press | INCR Press | INCR
T2 EVT DATA= xx Press
FLD SEL 7
Press | INCR 3
T2 EVT DATA= xx Press
FLD SEL
Press | INCR

Figure 5-9. TRIG 2 Key Delay Parameter Selection Sequence (continued)
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DELAY
PARAMETER
Press COUNT
T2 DELAY= OFF Press

Press [INCR

FLD SEL

Press COUNT

COUNT=xxxxx EVT1

Press

Press | INCR

| COUNT=xxxxx EVT2

TRIG 2

Press

Press | INCR

T2 DELAY= xxxxx EVT1 } Press
FLD SEL
Press | INCR
Press COUNT
T2 DELAY= xxxxx EVT2 } Press
B - — FLD SEL
Press | INCR
Press COUNT
T2 DELAY= xxxxx TRC |} Press

COUNT=xxxxx TRC

FLD SEL

Press | INCR

T2

DELAY= xxxxx uSEC

Press COUNT

TRIG 2

Press

Press | INCR

Press

COUNT=xxxxx uSEC

Press | INCR

FLD SEL

T2

DELAY= xxxxx MSEC

Press COUNT

TRIG 2]

Press

Press | INCR

Press

COUNT=xxxxx MSEC

Press | INCR

FLD SEL

T2

DELAY= xxxxx FTCH

Press COUNT

TRIG 2

Press

Press | INCR

Press

COUNT=xxxxx FTCH

Press | INCR

FLD SEL

T2

DELAY= xxxxx MCYC

Press COUNT

TRIG 2

Press

Press | INCR

Press

| COUNT=xxxxx MCYC

Press | INCR

FLD SEL

TRIG 2

Press

Press | INCR

TRIG 2

1

Figure 5-9. TRIG 2 Key Delay Parameter Selection Sequence (continued)
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BKPT Key

The BKPT Key enables the user to set break points determined by the TRIGGER 1
and TRIGGER 2 equations. Options and Mode are selected by using the FLD SEL
key. Parameters of the BKPT function are selected using the INCR key to step
to the desired parameter. The selected parameter remains active until changed
by operator selection or the RESTART key. Table 5-3 shows the parameters and
options of the BKPT key.

Table 5-3. BKPT Parameters and Options

Parameter Display Explanation

| sel BKPT SEL=OFF No active breakpoint set (default).
BKPT SEL=T1 Breakpoint when trigger 1 occurs.
BKPT SEL=T2 Breakpoint when trigger 2 océurs.
BKPT SEL=T1 or T2 Breakpoint when trigger 1 or 2 occurs.

Mode Pause emulator after breakpoint

BKPT MODE=STOP (default).
BKPT MODE=CONT Continue emulator after breakpoint.

If a breakpoint occurs, the uSE displays:

xxxx = hex address of the breakpoint,
BREAK AT xxxx and, if the display terminal is enabled,

the data selected via the TERM DISP key will
be output to the display terminal.
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TRC QUAL Key

The TRC QUAL key allows the user to select the type of transactions that are
stored in the real-time trace buffer. The trace buffer always stores selected
information when the Emulator is operating. The only exception is the freeze
trace mode, commanded by the TRIG 1 key. In this case the trace storage is
stopped after the trigger 1 requirements are met. The type of activity to be
captured is selected by using the INCR key to position to the desired activity
type. The real time trace buffer maintains up to 128 current TRACE entries.
.Operator selections remain active until modified by the opera+or or Restart key.
The options of the TRC QUAL key are shown in table 5-4.

Table 5-4. TRC QUAL Options

Display Explanation
TRC QUAL=ALL All bus activity (default).
TRC QUAL=FTCH All instruction fetch.
TRC QUAL=ALL RD All bus reads.
TRC QUAL=ALL WT All bus writes.

TRC QUAL=MEM RD/WRT All memory accesses.

TRC QUAL=MEM RD All memory reads.

TRC QUAL=MEM WRT All memory writes.
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Table 5-4. TRC QUAL Options (continued)

Display Explanation

TRC QUAL=1/0 RD/WRT All 1/0 accesses.

TRC QUAL=1/0 RD ALl 1/0 reads.
TRC QUAL=1/0 WRT All 1/0 writes.
TRC DISP Key

The TRC DISP key allows the user to display the contents of the real-time trace

buffer. Transactions are always displayed starting with the most recent. The
TRACE display format is as follows:

dd = Trace line number (decimal).
ddd xxxx yy zz aa xxxx = Value of the address lines (hex).

yy = Value of the data lines (hex).
zz = Value of the external data probes (hex).

This value can be displayed in binary by
pressing the FLD SEL key.
Bus Operation
F=Instruction fetch (implied memory read)
MR=memory read
MW=memory write
IR=1/0 read
IW=1/0 write

aa

The initial trace displays the last trace buffer entry. The INCR and DECR keys
are used to scrol!l through the trace lines. The trace line field (ddd) is
alterable from the hexpad fo position fo any trace line. Partially filled trace
buffers are indicated by a count (ddd) 127. Incrementing the count beyond the
last trace entry displays a line number and a blank trace line. (Refer to
chapter 4, COMMUNICATIONS, DISPLAY TERMINAL FUNCTIONS and DISPLAY TERMINAL
DISPLAY OF TRACE DATA.)
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COUNT Key

The COUNT key allows the counting of the various parameters up to a maximum
value of 65,534 units. Maximum counts are an indication of counter overflow and,
therefore, cannot be viewed as valid measurements. Depressing the COUNT key
displays the current count value specified in the selected units. The general
purpose counter is reset by depressing the DISABLE key while in the count func-
tion. The INCR key is used to step through the count parameters. A new count

parameter selection will also reset the counter. The COUNT key options are
. shown in table 5-5.

NOTE: Pressing the COUNT key also allows the count betweenm T1 and T2 when in
the Arm mode of the FRZ mode.

Table 5-5. COUNT Options

Display Explanation
COUNT=xxxxx EVT1 Count event 1 occurrences.
COUNT=xxxxx EVT2 Count event 2 occurrences.
COUNT=xxxxx TRC Counts real-time trace entries.
COUNT=xxxxx uSEC Count microseconds.

COUNT=xxxxx MSEC Count milliseconds.
COUNT=xxxxx FTCH Count instruction cycles.
COUNT=xxxxx MCYC Count machine cycles.
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Chapter 6

PROGRAMM ING

INTRODUCT ION

This section describes in detail the formats of the memory used to execute diag-
nostic programs on a UUT. The formats are the same as those used on the Micro-

System Analyzer. Functional diagnostics written in this format can be executed

using either a uSE or uSA.

The uSE uses up to 4K bytes of PROM and 256 bytes of RAM (Shadow RAM) to execute
the diagnostic programs that exercise the UUT. The uSE executes diagnostics on
the UUT from the diagnostic program resident in the PROMs plugged into the front
of the uSE or from the program in the UUT memory. Because the memory of the UUT
can occupy any address locations, the diagnostic program could overlay the UUT
memory or it could extend it. For example, the UUT memory could extend from
0000 to 2FFF and the diagnostic PROM could begin at 2000. In this case, the
diagnostic program would overlay the UUT memory. |f, however, the UUT memory
was from 0000 to 1FFF and the diagnostic program began at 2000, the diagnostic
program would extend the program memory space.

In addition to the mapping of the diagnostic program to UUT memory, the uSE con-
tains a 256-byte block of RAM, called Shadow RAM, that dynamically overlays

the control information of the diagnostic program in PROMs. The diagnostic
program uses the Shadow RAM during execution. Figure 6-1 illustrates how the

diagnostic program can overlay UUT memory, and how the Shadow RAM over lays the
diagnostic program.

UUT MEMORY
DIAGNOSTIC PROMS SHADOW RAM **
—xx00 —
Diagnostic header* Shadow RAM over lays
The contents of the first 256 bytes
diagnostic PROM of diagnostic PROM
are mapped to Subtest header* during execution
the memory of xxFF
the UUT T
Program 256 bytes
body
- *  Accessible by uSE only
** Accessible by uSE and
1K. 2K, or 4K bytes - diagnostic program

0 to 64K bytes
Figure 6-1. Program Memories
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DIAGNOSTIC PROM

The diagnostic program in the PROM (or pair of PROMs) consists of control infor-
mation and a program body as shown in figure 6-2.

DIAGNOSTIC PROM

DIAGNOSTIC HEADER
CONTROL
INFORMAT ION
SUBTEST HEADERS
PROGRAM FUNCTIONAL SUBTESTS,
BODY MESSAGE LISTS, AND
MESSAGES

Figure 6-2. Diagnostic Program in PROMs

Control Information

The control information in the PROM consists of a diagnostic header followed by
the subtest pointers and the subtest headers. |f this information occupies less
than 256 bytes, the leftover bytes can not be used because the uSE overlays the
first 256 bytes of PROM 1 of the diagnostic program with the shadow RAM during
program execution (see figure 6-1). The uSE provides the shadow RAM to the
users program at execution time. The uSE can switch the RAM in and out of the
working memory space as required for access to the diagnostic program control
information and also to service special requests made by the diagnostic program.
The information contained in the diagnostic header and subtest header areas is
not accessible by the program during execution.

Diagnostic Header

The diagnostic header block contains information about the operating environment
of the diagnostic program. The diagnostic header must start at byte 0 of the
diagnostic program. Figure 6-3 shows the format of the diagnostic header block
and the position of the diagnostic header block in the diagnostic program.
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DIAGNOSTIC PROM DIAGNOSTIC HEADER BYTE
[111111117111171111111
1111117111171111111711 PROGRAM 0
// DIAGNOSTIC HEADER / | }b—mo | |- - - - =-=-=-=- - - -
CONTROL 1111111111111111111711 ORIGIN 1
INFOR- | | ////1/1]1111111111111/
MATION
ENDING 2
‘ SUBTEST HEADERS | | | |- ==« « =« - -
ADDRESS 3
NUMBER OF PROMS 4
PROGRAM FUNCTIONAL SUBTESTS,
BODY MESSAGE LISTS, AND MESSAGE LIST 5
MESSAGES T T T
POINTER 6
NUMBER OF SUBTESTS 7
SERVICE REQUEST 8
BYTE POINTER 9
*Not used, must = OOH 10
*Not used, must = OO0H 1"
SUBTEST 12
PO INTER 13

* Bytes 10 and 11 contain filter pointer information that is non-functional
in the uSE but active in the uSA. Refer to the MicroSystem Analyzer
Users Manual for additional information.

Figure 6-3. Diagnostic Header
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A description of the bytes of the diagnostic header follows:

BYTE

6-4

DIAGNOSTIC HEADER

PROGRAM

ORIGIN

ENDING

ADDRESS

NUMBER OF PROMS

MESSAGE LIST

POINTER

NUMBER OF SUBTESTS

SERVICE REQUEST

BYTE POINTER

(FILTER CRITERIA
uSA only)

POINTER

SUBTEST

PO INTER

DESCRIPTION

Two-byte address (hi-byte then low-
byte) used by the system to map
diagnostic program fo the memory
space of the UUT. The program
origin of the address must fall on
one of the following boundaries:

Program Size Boundary
One 2708 PROM 1K *
Two 2708 PROMs 2K *
One 2716 PROM 2K *
Two 2716 PROMs 4K *

Two-byte ending address (hi-byte
then low-byte) of the diagnostic
program. This address is used to
calculate program size. ‘

Number of PROMs plugged into the
keyboard (either 1 or 2).

Two-byte address pointer (hi-byte
then low-byte) to the initial mes-
sage list that identifies the
program. The message size is re-
stricted to 20 characters and is
displayed when the PROM/MEM key

is pressed. (See message list
structure.)

The number of subfests in the
program. The value range is
1 -through 99. (63H max)

Two-byte address pointer (hi-byte

then low-byte) to the communica-
tion service request byte. The
address of the service request
byte must be in the shadow RAM.
(See description of the service
requests.)

* Boundary 1K x000, x400, x800,

xC00
2K = x000, X800
4K = X000
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Diagnostic Header description (continued)

BYTE  DIAGNOSTIC HEADER BLOCK

0
PROGRAM

1 ORIGIN

2 ENDING

3 ADDRESS

4 NUMBER OF PROMS

5 MESSAGE LIST

6 POINTER

7 NUMBER OF SUBTESTS

8 SERVICE REQUEST

9 BYTE POINTER DESCRIPTION

i

‘ These two bytes are used as an
10 FILTER CRITERIA address pointer (hi-byte, low-

----------- byte) to the filter specifi-

1 POINTER cations in the MicroSystem
Anaylzer (uSA). They are not
used by the uSE.

12 SUBTEST ‘

----------- Two-byte address pointers (hi-

13 POINTER byte then low-byte) to subtest

header block. A subtest pointer
. . is required for each subtest, and
. . a diagnostic program may have as
. . many as 99-subtest pointers.
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Subtest Header

The subtest header defines the control

for the individual subtest. The most

efficient placement of the subtest control blocks is immediately following the
diagnostic header block, as this area is overlayed by the shadow RAM.
6-4 shows the position of the subtest header block in the diagnostic program and

the format of the subtest header.

header is on the following page.

CONTROL
* INFOR-
MATION

PROGRAM __|
BODY

DIAGNOSTIC PROM

DIAGNOSTIC HEADER

SUBTEST HEADER

SUBTEST START ADDRESS
|

TITT777T77177777771777
[111711771111111111177
// SUBTEST HEADERS ///
11111111111111111711177
1111111110111111111111

" FUNCTIONS SPECIFIED
MAP

FILTER CRITERIA
PO INTER

FUNCT IONAL SUBTESTS,
MESSAGE LISTS, AND
MESSAGES

STOP COUNT
(SIGNATURES ONLY)

START COMPARATOR
ADDRESS

STOP COMPARATOR
ADDRESS

Figure 6-4.

RESTART ADDRESS

TIME OUT

FUNCTIONAL SETUP 1

FUNCTIONAL SETUP 4

TERMINATOR = 00

Subtest Header

Figure

A description of the bytes of the subtest

BYTE
0 -1
2
3 -4
5-6
7 -8
9 - 10
1n 12
13 - 14
15 - 19
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BYTE

10

11
12

13

14

15 - 19

SUBTEST HEADER

SUBTEST

START ADDRESS

FUNCTIONS SPECIFIED
MAP

FILTER CRITERIA

POINTER

STOP COUNT

(SIGNATURES ONLY)

START COMPARATOR

ADDRESS

STOP COMPARATOR

ADDRESS

RESTART

FUNCTIONAL SETUP 1

FUNCTIONAL SETUP N

" TERMINATOR = 00

DESCRIPTION

Starting address of the subtest.
(High-byte, low-byte.)

Indicates if any functional setups
are present and also specifies how
memory is to be mapped.

Bit 0 indicates how memory is to be
mapped. |If it is zero, all memory
except the test diagnostic memory is
mapped to the UUT. If it is a one,
all memory is mapped to the uSA;
however, all control, address, and
data signals are passed to the UUT.
While mapped to the uSA, any memory
control and data signals from the
UUT are disregarded. This allows
fault analysis on the UUT memory and
bus structure.

Bit 1 is used to indicate if one or
more function setup is present.
This is used for fault isolation.
If it is a one, setups are present.
I1f zero, all information after byte
4 is not used and a new subtest
header may be started.

Not used in the uSE. See the uSA
manual for details.

Terminator for subtest header.

6-7
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Program Body

The bytes following the first 256 bytes are reserved for the body of the
program. The body consists of functional subtests, message lists and messages
and usually begins at the beginning of the PROM plus 256 bytes (100H). However,
if the diagnostic program requires more than 256 bytes of control information,
the body starts in the next contiguous byte after the last byte of the control
information. Figure 6-5 illustrates an example in which control information
occupies less than 256 bytes, and figure 6-6 illustrates an example in which it
occupies more than 256 bytes.

PROM 1 PROM 2
___ ADDRESS 0000H

v
FIRST ///// CONTROL ////
256 ///// INFORMATION ////
BYTES [111111111111111111111
NOT USED __ ADDRESS 0100H
------------ -~ FIRST BYTE IN
BODY
BODY, CONTINUED
BODY
LAST BYTE IN === = = = = = = = = = -
BODY
NOT USED
(Plugs in to left socket) (Plugs in to right socket)

NOTE: PROM 2 is needed only if the body of the program is too long to
fit into PROM 1.

Figure 6-5. Program Example with Less Than 256 Bytes of Control Information
(slashed area)

6-8
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PROM 1 PROM 2

__ ADDRESS 0000H
L111711111111117111717

FIRST I111111111111111111111
256 I1111111011111111111117
BYTES II111111717111111111717
////1/ coNTrROL /////]/
L[IIL0H1111711/]/] | __ ADDRESS 0100H
J777TTT77T7777777777777)

//// \NFORMATION /////
/11171111111111717//// | __ ADDRESS 0120H

____________ -- FIRST BYTE IN
BODY

BODY, CONTINUED

BODY

LAST BYTE IN —=| = = = = = = = = = = - .
BODY

NOT USED

Figure 6-6. Program Example with More than 256 Bytes of Control Information

6-9
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SHADOW RAM

The uSE operating system uses shadow RAM for data transfer and service requests
between the uSE and the diagnostic program.

When the PROM/MEM key is pressed, the shadow RAM is enabled and set to zero.
Four bytes of the shadow RAM are used for making a service request (see figure
6-7). When data is stored in the service request byte, the uSE interrupts,
pauses the UUT, and determines what action is to be taken.

"The data stored at the service request byte communicates to the system: when
the subtest is finished, when the diagnostic program is finished with all of the
subtests, and if there is a message to be displayed. Also encoded in the
service request byte is what the system should do after servicing the requests.
The options are: pause the microprocessor under test, wait a period of time, or
keep going. |If the wait option is selected, the wait time is stored in the
wait time byte in the Shadow RAM. |f the request was to display a message,
then the two bytes following the servie request byte point to the message list.
The rest of the shadow RAM is available to the programmer for data storage and
stack pointer.

Figure 6-7 shows the format of the shadow RAM.

SHADOW RAM

<-- HEXADECIMAL ADDRESS xy00

SERVICE REQUEST BYTE

MESSAGE LIST

POINTER
X = any hexadecimal digit
y=20,4,8,¢C
WAIT TIME
STATUS

<-- HEXADECIMAL ADDRESS xyFF

Figure 6-7. Shadow RAM Format
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Each byte of the shadow RAM is described below:

SHADOW RAM

SERVICE REQUEST BYTE

MESSAGE LIST

POINTER

WAIT TIME

DESCRIPTION

The uSE software provides the following
functions for the operating program
through the use of a Service Request
mechanism. A service is requested by
storing data in the form of a coded data
byte into the location defined as the
Service Request byte in the diagnostic
shadow RAM. The storing of data into
this defined location causes the
operating system to perform the request.
The request types are defined below.

Hex
Value Description

STATUS

01 END SUBTEST

This signifies the end of the sub-
test and one of the following
actions will occur, depending on
the operator selected subtest.

If SUBSEL = 0, at the end of each
subtest, the subtest number is
incremented and the next subtest
is executed until the last subtest
has been run, at this point the
program is restarted at subtest 1.

If SUBSEL # 00, the program loops
on the selected subtests.

02 MESSAGE OUTPUT

The MESSAGE PENDING LED indicator
is illuminated and the program is
paused. for operator inspection of
the message. If input is allowed,
data can be taken from the
appropriate keypad at this time.
See the Message List description,
page 6-14 for details.
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Shadow RAM description (continued)

SHADOW RAM

SERVICE REQUEST BYTE

MESSAGE LIST

POINTER

WAIT TIME

STATUS

SERVICE REQUEST (continued)

Hex
Value Description

04 END TEST

The program is paused and one of

the following actions will occur,
depending on the operator selected
subtest.

If SUBSEL = 0, program restarts at
subtest 1 when RUN key is pressed.

If SUBSEL = 0, selected subtest is
repeated when RUN key is pressed.

08 HALT OVERRIDE (or CONTINUE)

This value, which can be ORed with
any other service request, causes
the operating system to perform
the requested action and then
resume operation. This action can
be used for diagnostic loop
control and message output.

10 WAIT

This value can be used by itself
or ORed with the MESSAGE OUTPUT
request. After displaying the
message, the system waites a spe-
cified amount of time before
resuming. The time .is specified
by the WAIT TIME byte.

For message output fo the uSE via the
Service Request, the two bytes imme-
diately following the SERVICE REQUEST
BYTE must contain the absolute address of
the associated message list. (Hi-byte
the low-byte.)

This value specifies the amount of time
to wait. Each hexadecimal digit repre-

sents approximately 100 milliseconds.
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Shadow RAM description (continued)

SHADOW RAM

SERVICE REQUEST

BYTE

MESSAGE LIST

POINTER

WAIT TIME

STATUS

DESCRIPTION

The status byte, the fourth byte after the
service request byte, is set by the uSA to
indicate which fault detection measurement is
currently being made. The status byte is
updated whenever a function key is pressed.

The format of the status byte is:

Hex
Value Description
00 No Fault Detection Measurement
10 Signature
20 Count
40 Interval

80 Frequency



PROGRAMM ING

MESSAGES

Diagnostic programs can initiate message displays and request data input from
the operator. The Message List is a control block in the body of the Diagnostic
PROM that is used to control and specify display data and input operations.
Message list is addressed by a pointer in the Shadow RAM as shown in figure 6-8.
Refer to paragraph on Shadow RAM for details on the Message List Pointer.

DIAGNOSTIC PROM

SHADOW RAM DIAGNOSTIC HEADER
CONTROL
INFORMAT ION

SUBTEST HEADERS

SERVICE REQUEST BYTE

[I777777777777777777

/] MESSAGE LIST //// | PROGRAM

el IEE R > MESSAGE LIST BODY
//// POINTER /////]/
[1111111111711111111
WAIT TIME

Figure 6-8. Message List

Messages can be from one to twenty characters in length. |f more than twenty
characters are required, messages may be linked, in this case multiple lines
are displayed. The test program initiates a message output via a service

request to the uSE. A message can be one of two types: Display and Halt or
Display and Continue.
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Display and Halt Messages

The MESSAGE PENDING LED indicator is illuminated, a beep is sounded, and the test
program execution is halted. When the MSG key is pressed, the message will be
displayed. Once the MSG key has been pressed, messages will be automatical ly
displayed until a key is pressed that results in a display change. |f more than
one display line is associated with the message (linked message), the operator
can step through the message by pressing the INCR key. To resume execution of
the test, press the RUN key.

Display and Continue Messages

Similar to the Display and Halt Messages except that test execution automati-
cally resumes after the message is displayed. Note a delay may be necessary to
guarantee display stability long enough for visual perception. To output a
message of this type, the Service Request byte consists of the message output
bit ORed with the halt override bit, or the wait bit.

To display a message, the diagnostic program will normally store the wait time.
If any message is contained in the wait time byte, the diagnostic program will
then store the address of the message list in the message l|ist pointer, and
lastly, store the message output request in the service request byte.
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Message List

A message list consists of one or more message list entries as shown

6-9.

CONTROL _|
INFORMAT | ON

DIAGNOSTIC PROM

MESSAGE LIST

OPCODE

DIAGNOSTIC HEADER

FIELD LENGTH

PROGRAM
BODY ~ |

SUBTEST HEADERS

ADDRESS

POINTER

OPCODE

[11711771711711117
// MESSAGE LIST //
/11111111111111111

FIELD LENGTH

ADDRESS

POINTER

OPCODE

FIELD LENGTH

ADDRESS

POINTER

Figure 6-9. Message List

in figure

| ENTRY 1

| ENTRY 2

| _ENTRY n
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A description of the bytes of

the message list follows:

BYTE MESSAGE LIST ENTRY
DESCRIPTION
0 OPCODE Specifies operation type and data
format. The definition of values
for this byte are shown below:
1 FIELD LENGTH
Hex
Value Meaning
2 ADDRESS
-= 00  Output only, input not
3 POINTER al lowed.
01 Field allows operator input.
02 The data displayed or input
is in hexadecimal format.
04 Linked message. One or more
additional messages.
OA The data displayed or input
is in binary format.
20 The data displayed or input
is in decimal format.
‘40  The data displayed or input
is signed (+ or -).
80 Last entry of MESSAGE LIST.
Any of above may be ORed tfogether.
Length of the field displayed. The
maximum size of the field for each
data type is defined below:
DATA TYPE SIZE OF FIELD
ASCI1 Number of characters
displayed
Hexa- Number of digits dis-
decimal played
Binary Number of bits displayed
Decimal 1 to 5 decimal digits
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Message List description (continued):

BYTE MESSAGE LIST ENTRY
DESCRIPTION
Address of the associated information.
(Hi-byte then low-byte.) The types
0 OPCODE of information pointed to are
pointed to are:
1 FIELD LENGTH ASC11 MESSAGE
LINKED MESSAGE LIST
DATA STORED I[N SHADOW RAM
2 ADDRESS
3 POINTER

Figure 6-10 shows an example of a simple ASCI| message.

80 means output an ASCI| message and this is

BYTE MESSAGE LIST
0 80
only entry in the message list.
1 FIELD LENGTH
2 ADDRESS
""""""""" -——=> ASCI1 MESSAGE
3 POINTER

Figure 6-10. Simple ASCI| Messages

6-18
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Figure 6-11 shows a message list

input storage area.

BYTE

MESSAGE LIST

00

FIELD LENGTH

with an ASCI| message and an hexadecimal data

Output an ASCI| message but continue fo scan
this is not the end of the message list.

Display the hex digits stored in shadow RAM.
(These digits may be modified). This is the

ADDRESS
------------------ —-——=> ASC!| MESSAGE

PO INTER

83
last entry in the message list.
FIELD LENGTH

ADDRESS Shadow RAM where
----------------- -=-=>| hexadecimal digits

PO INTER will be found

Figure 6-11. ASCII

Message and Hexadecimal Data
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The last entry on a message list must always be designated as last, even if the

last entry is a link entry. See figure 6-12.

BYTE MESSAGE LIST
0 00 Only output an ASCI| message.
1 FIELD LENGTH
2 ADDRESS
—————————————————— —-——> ASCI | MESSAGE
3 POINTER
4 84 There will be another message list and this is
the end of the message list.
5 FIELD LENGTH
6 ADDRESS Only output an ASCII
- -———-> 80 message and this is
7 POINTER the only entry in
the message list.

FIELD LENGTH

ADDRESS

POINTER

—_——

ASCI1 MESSAGE

Figure 6-12. Linked List of Two ASCI| Messages

To view the second ASCI| message, the operator would push the INCR key.

The last message list of a group of linked message lists may also be a linked

list and may point to the first (or any other) message list.
operator to continually scroll a number of messages.

the REGISTER display.

6-20
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An example of this is



PROGRAMM ING

Data Formats

The internal format of data associated with message lists is in either ASCI| or
hexadecimal format. The internal data types carried in binary are as follows:

Hexadecimal

Each hexadecimal character is represented internally by four bits. The number
of characters allowed is limited by the display length and is specified by the
Field Length entry of the Message List. The data is carried internally and is
right-justified. In the case of an odd number of hexadecimal characters, the

most significant nibble (4 bits) of the internal field is set to zero by the
uSE.

Binary

Binary is a variation of the hexadecimal format, in that, before the BINARY key
is pressed, the data is input/output in hexadecimal format. The data is still
internally right-justified in hexadecimal format. The length field entry of the
message |ist must specify the number of binary characters. The number of

characters displayed for binary will be the nearest MOD 4 number. For example,
if a 10-bit binary field is specified, then three hexadecimal characters will be
displayed. |f a hexadecimal character is entered that exceeds the specified
binary field, then it is freated as an illegal input character and is not
accepted.

Binary data is always displayed in the last n character position of the
display (right-justified). Therefore, a binary field must be the last field of
display.

Decimal

Decimal data is converted fo hexadecimal when the ENTER key is pressed. Decimal
data is limited to one to five characters (0-65, 535) in length and is always
stored in a two-byte field (right-justified) as an unsigned, 16-bit hexadecimal
number. When a decimal field is to be displayed, it is converted from hexadeci-
mal format to decimal format. |f the value exceeds the range of digits specified
in the message list, "ERR" will be displayed (right-justified) and a warning beep
will be sounded.

Signed

A signed field is stored internally as an ASCI| plus (+) or minus (-).

6-21






Chapter 7

OPERATION EXAMPLES

MOVE USER TO RAM

The following example demonstrates a sequence used when moving a block of memory

in the user's system, address 0 thru 07FF to the internal RAM at address 0. All
following examples assume the use of a Z80A Emulator Board and pod.

Operation Display Explanation
RESTART 780 READY 2708
MOVE MV PR 0000 0000 0000 | Starts out at move PROM to RAM.
INCR MV UR 0000 0000 0000 } Choose move user to RAM.
0, ENTER MV UR 0000 0000 0000 j Starting address.

O7FF, ENTER  |MV LR 0000 O7FF 0000 | Noy5erota aau ey, YoTen from address

ENTER ENABLE RAM @ 0000 | RAM not enabled.

RAM/MEM DIAG RAM-1 ADR=0000 | Envoke RAM/MEM.

INCR DIAG RAM-2 ADR=0000 | Don't want diagnostic mode.
INCR AP RAM-1=0000 S=1K Want applications mode.
ENTER AP RAM-1=0000 S=1K Keep address the same.

2, ENTER = AP RAM-1=0000 S=2K Set memory size to 2K.
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Operation

ENABLE

INCR

Display

*AP RAM-1=0000 S=2K

MV PR 0000 0000 0000

MV UR 0000 0000 0000

MOVE IN PROGRESS

MOVE COMPLETE

Explanation

RAM MEM ENABLED LED is illuminated, the
* is inserted in the display and the RAM
enabled is ready for use.

Start move PROM to RAM.

Move user to RAM.

Move data to address 0 in RAM/MEM.

(Approximately one minute.)
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MOVE PROM TO RAM

To move diagnostics from the front panel PROM to the internal RAM for debug,

follow the sequence shown below.

In the example, the diagnostic PROM starts at

address 2000 and extends thru address 27FF.

Operation

RESTART

MOVE

2000, ENTER

27FF, ENTER

Display

Z80 READY 2708

MV PR 0000 0000 0000

MV PR 2000 0000 0000

MV PR 2000 27FF 0000

2 MV PR 2000 27FF 2000
ENTER ENABLE RAM @ 2000
RAM /MEM DIAG RAM-1 ADR=0000
INCR DIAG RAM-2 ADR=0000
INCR AP RAM-1=0000 S=1K
2, ENTER, AP RAM-1=2000 S$=2K
2, ENTER

ENABLE *AP RAM-1=2000 S=1K

Explanation

Invoke move function.

Choose starting address at 2000H.

Choose ending address at 27FFH.

Choose destination starting
address at 2000H.

RAM not enabled.

Envoke RAM/MEM.

Don't want diagnostic mode.

Want applications mode.

Keep address the same.

RAM/MEM/LED is illuminated, * inserted in

display and the RAM enabled is ready for
use.

7-3
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Operation Display Exp lanation
MOVE MV PR 2000 27FF 2000 ] Move still setup.
ENTER MOVE IN PROGRESS Start move.

MOVE COMPLETE

RAM /MEM DIAG RAM-1=2000 Select diagnostic mode for internal RAM.
ENABLE INITIAL MESSAGE RAM MEM ENABLE LED is still illuminated.
RUN Run diagnostic.
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IN-CIRCUIT EMULATION FOR LABORATORY DEVELOPMENT APPLICATIONS
1. Turn off the UUT and the uSE and remove the microprocessor from the UUT.

2. Insert the In-Circuit Emulator 40-pin probe into the microprocessor socket
in the UUT.

¥ oK K X K X X X X X X K X K X X X X X *

CAUT ION

aligned with pin 1 on the probe.

x Kk Kk K Kk Kk Kk kK

*

*

' *

Insure that pin 1 on the socket is *
*

*

*

* K X K X X X X K X X O X X X X X % *

3. Turn on the UUT and the uSE.
4. Press the RESTART key. Some choices are:

a. To examine and/or modify any of the microprocessor registers or
memory locations, use the REGISTER or MEMORY key. See Emulator
Supp lement for details.

b. To execute a program in the UUT, set the program counter to the
proper address using the REGISTER key, then press the RUN, RUN/DISP
or STEP key.

c. To set one hardware breakpoint, use the BREAK key.

d. To read or modify an /0 port in the UUT, use the |/0 key.

e. To set the memory in the UUT to a defined value, use the FILL key.

f. To execute a diagnostic PROM. insert the PROM(s) into the front panel
socket(s), press the PROM/MEM key. If all subtests are to be

executed, press the RUN key. |f a particular subtest is to be run.
press the SUBSEL key and choose the subtest, then press the RUN key.
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EXECUTING A DIAGNOSTIC PROM

.

1« Turn off the UUT and the uSE and remove the microprocessor from the UUT.

2.

3.

4.

5.

6.

Insert the in-circuit emulator 40-pin probe into the microprocessor socket
in the UUT.

* K X X K X K X X X X X X X X X X X X %

CAUTION

aligned with pin 1 on the probe.

* X Xk X % X X X%

*
*
*
Insure that pin 1 on the socket is  *
*
*
*

¥ O X K K XK X X X X X X X X X X X X %

Insert the PROM(s) into the socket(s), turn on the UUT and the uSE, and
press the RESTART key. The uSA displays:

780 READY 2708

Press the PROM/MEM key. The uSE displays an initial message such as:

UUT TEST

Press the RUN key if all subtests are to be executed.

Or, if a particular subtest is to be executed, select the subtest with
the SUBSEL key, then press the RUN key.
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MEMORY EXAMINATION AND MODIF ICATION

The MEMORY key is used to read or modify data in the user's memory. The uSE can
read and modify memory in the UUT. On a memory "write", the data is entered and
then is read back to verify that the proper data was written.

When the MEMORY key is pressed the uSE prompts for the memory address. After
the address has been entered and the ENTER key has been pressed, the data con-
tained at that address is displayed.

This is a standard feature of in-circuit emulators and shows how the resources
of the system are available through the uSE.

X K K K K X X X X X X X X K X X X X K K K X X X X X X X X ¥

NOTE

(Execute the entire) load memory sequence that follows
to insure proper operation of the demonstration.

X %k %k X % % % X X
X X X X X X X X

OR X K K K K K K HK K K K K X K X X X K K K X X X X X ¥ X

This example writes a program to the user RAM. All operations are on the uSE.

Operation Display Explanation
RESTART Z80 READY 2708 | |Initializes the uSE.
MEMORY MEM 0000 The memory address can now be entered.

81 Set memory address to 0801 and display

0801, ENTER MEM 0801 t+he address

Store 3C (INC A) at address 0801, incre-

3C, ENTER MEM 0802 = 16 ment to the next address and display the
data.
Store 32 (STA...) at address 0802, incre-
32, ENTER MEM 0803 = FA ment to the next address and display the
data.
Store 09 (80809) at address 0803, incre-
09, ENTER = [MEM 0804 = OA ment to the next address and display the
data.
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Operation

08, ENTER

C3, ENTER

01, ENTER .

08, ENTER

Display

MEM 0805=D8

MEM 0806=0A

MEM 0807=1D

MEM 0808=03

Explanation

Store 08 at address 0804, increment to the
next address and displays the data.

Store C3 (JMP...) at address 0805, incre-
ment to the next address and display the
data.

Store 01 (...TO 0801) at address 0806,
increment to the next address and display
the data.

Store 08 at address 0807, increment to the
next address and display the data.

The following example shows how to examine consecutive memory locations.

MEMORY

0801, ENTER

MEM XXXX

MEM 0801=3C

Sets memory address to 0801 and displays
the data at that address.

Use the INCR key to verify that the data has been written fto the RAM correctly.
Press the INCR key to display each successive memory location and compare the
data displayed with the data listed below:

X Kk K X % k X x

7-8

Address Data
0801 3C
0802 32
0803 09
0804 08
0805 C3
0806 01
0807 08

Instruction

Increment register "A" by one.
Store register A at memory address 0809.

Jump to memory address 0801.

¥ K K X X X X XK X X ¥ K X K K K X K X X X X X K X X X X ¥ ¥

NOTE

*
*
*
If a data byte is incorrect, change it by keying in the *
correct data and then pressing the ENTER key. *

*

*

FR K K K K K K K K K K K K X K K K X K K X K X K X X X ¥
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REGISTER EXAMINATION AND MODIF ICATION

The REGISTER key is used to examine the internal registers of the micropro-
cessor. The uSE, using in-circuit emulation, has full access to the internal
registers of the microprocessor. The microprocessor has been replaced by the
uSE. Pressing the REGISTER key allows the internal registers to be examined and
the INCR key is used to step through the different registers. The features and
benefits of having this key allows the user to start execution at a specified
memory address and set internal registers to defined values.

Operation Display Explanation

The program counter next (PN and the
REGISTERS PN=0000 PL=0000 I=C3} program counter last (PL) as we!! as the
first byte of the last instruction exe-
cuted (Y) are displayed in hexadecimal.
Advances to the next display. The Stack
INCR SP=0000 CC=00 Pointer (SP) and the Flag Register (CC)

are now displayed. The SP is in hex and
the CC is in hex.

BINARY SP=0000 CC=00000000 Displtay CC in binery.

lNCR RA=00 BC=00 00 Advances to the r?gis‘fers A, B and C
(RA, BC ) respectively.

INCR DE=00 00 HL=0000 Advances to register pairs DE and HL.
INCR [X=0000 1Y=0000 Advances fo registers IX and IY.
INCR cC'= 00000000 Advances to the auxiliary flag register

(CC') which is displayed in binary.

4
_ _ Advances to the auxiliary A', B', and C'
INCR RA'=00 BC'=00 00 registers (RA', BC').

_ _ Advances to the auxiliary DE & HL register
INCR DE'=00 00 HL'=00 00 pairs (DE', HL').




OPERATION EXAMPLES

Operation Display
ANCR IR=00 R=1A IM= 00
INCR IFF2=0 IFF1= 0
INCR PN=0000 PL=0000 |=C3
0801, ENTER | PN=6801 PL=0000 |=C3

Proceed to the

Explanation

Advances to the Interrupt Register,
Refresh Register and the Interrupt mode
(IR, R, IM).

Increments to the interrupt flip flops 2
and 1 (IFF2, IFF1).

Increments back to PC next and PC last.

Set PN (Program Counter Next) to starting
address of the program that was previously
written into the users memory.

page titled PROCESSOR CONTROL KEYS, but DO NOT push RESTART.



OPERATION EXAMPLES

PROCESSOR CONTROL KEYS

The RUN, RUN/DISPLAY, AND STEP keys are used to control how the processor will
be operated. In the RUN mode, the uSE is operating the system.

In the RUN/DISPLAY mode, the system under development is interrupted ten times
per second and the display is updated during each interrupt. However, when
running, the system under development runs at full speed. The STEP key allows
one instruction to be executed for each key activation. Pressing any of these
keys will cause the slave processor to start executing at the address specified
by the program counter next. The three modes of operation allow flexibility in
controlling operation of the system under development.

Operation Display Explanation

The program runs in a loop; the display is
RUN/DISP PN=080X PL=080X |=XX | updated 10 times/second. PN, PL and | are
changing, and the RUN LED is illuminated.

The stack pointer is not changing. The
INCR SP=0000 CC= XXXXX000{ condition code is in binary and only cer-
tain bits are changing.

INCR RA=XX BC=00 00 E§$|igzgq2.changes and Register B and C do

Advance the display back to the PN, PL, |

INCR (8 times)} PN=080X PL=080X I=XX register and notice all are changing.

Press STEP key a few times; see how PN

STEP PN=0801 PL=0805 I=C5 goes to PL and there is a loop.

INCR, INCR RA=D5 BC=00 00 Advance the display to the A Register.

Press STEP key a few times; show that the
STEP RA=D6 BC=00 00 A register is being incremented by one on
every third push of the STEP key.

RUN RA=D6 BC=00 00 The uSE is now running full speed.

7-11
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BREAKPOINT

The uSE has one hardware breakpoint, which is used to interrupt the normal
program flow. An address is specified and when this address is referenced,
either for a read operation, or a write operation, break will occur.

The uSE monitors the selected address and when a read or write operation takes
p lace, the uSE pauses the slave uP and determines what to do next. The options
are (1) the specified address must be referenced several times before further
.operations take place, (2) on the first reference to the address, the slave will
either be paused, or execution will resume at a specified address.

Upon pressing the BREAK key, the uSE will prompt for the break address and the
query for further options.

This feature allows the operator to determine if an address is being referenced
when it shouldn't be, and from where, or allows the operator to inspect the
internal registers after referencing a memory location some number of times.

Operation Display Explanation
RESTART Z80  READY 2708} Initializes uSE.
BREAK BRKA=0000 OPT=C
0805, ENTER PRKA=0805 OPT=C is;; ?ggituzg?gi?s at location 0805, the
BINARY BRKA=0805 OPT= 1100} Display options in binary.
———=> BRKA=0805 OPT=1100 Move to next bit, break on read reference.
Move to pass count, pass count is the
== BRKA=0805 OPT=1100 number of times the address is referenced
before the break.
B _ Select this option. Next bit is jump to
1 BRKA=0805 OPT=1110 another address, (1) or pause (0).
ENTER BRKA=0805 OPT= 1110 | Pause option selected.




OPERATION EXAMPLES

Operation Display Exp lanation
INCR PASS COUNT=0000
0016, ENTER [ PASS COUNT=0016 This sets pass count 0016 (decimal).

This sets breakpoint for write access, or read access on address 0805 after 16
loops through that address.

R PASS COUNT=0016 BREAK ENABLE LED 16 one |

REGISTER PN=0000 PL=0000 |=C3 :szlge INCR key to increment to PN, if

0801, ENTER PN=0801 PL=0000 |=C3 Sets program counter next to start of

program.
INCR SP=0000 CC=00 Increment to Stack Pointer.
INCR RA=XX BC=00 00 Increment to Register A.
Eﬁiﬁ%?IEEiEB_ RA=00 BC=00 00 §Zg?sfifisée;n§ Yo zero and leaves
RUN BREAK POINT=0805 Break is executed and break address is

displayed.

After break, push REGISTER key to show register RA = 10. Press RUN and REGISTER keys

a few times to show that 1014 is added to register A, everytime the break is
encountered.



OPERATION EXAMPLES

REAL-TIME TRACE DEMONSTRATION

The Real-Time Trace capacity of the uSE is an extremely powerful debug aid.
Because of the level of sophistication of the Real-Time Trace, all of its opera-
tons and flexibility can be somewhat complicated. The information contained

below should help ease this situation.

The information

provides a keystroke-by-keystroke run-through of the various

options at the user's command

Operation

RESTART

TRIGI

INCR

INR

INCR

INCR

FLD SEL

INCR

INCR

Display

280 READY 2708
T1 EVT ADDR = OFF

T1 EVT ADDR = 0000
T1 EVT ADDR = >0000
T1 EVT ADDR = <0000
T1 EVT ADDR = OFF

T1 EVT BUS = ALL

T1 EVT BUS = FTCH

T1 EVT BUS=MEM RD/WR

in using the uSE.

Explanation

The restart key initializes the uSE and
allows us now to select the options we
want.

After pressing TRIG! key, this now starts
setting up the equation that will be used.

The first thing seen is address. Address
can be ignored in the off-state.

Or it can be set equal to a value.

The address can also be a range, in this
case, greater than or equal fo a value.

Or it can be less than or equal! to a
value.

Again, the increment key gets back to the
address being off.

Field select moves to the next part of the
equation. After the proper address range

has been established, bus information is
presented. All means any bus cycle

type will satisfy the equation.

The fetch is the instruction fetch and
only looks at information during instruc-
tion fetch. ‘

This means any memory operation whether it
be read or write.



OPERATION EXAMPLES

Operation

INCR

INCR

INCR

INCR

INCR

INCR

INCR

INCR

FLD SEL

1, 0, ENTER

Xx. x, ENTER

FLD_SEL

Display

T1 EVT BUS=I/0 RD/WR
T1 EVT BUS = ALL RD
T1 EVT BUS = ALL WRT
T1 EVT BUS = MEM RD
T1 EVT BUS = MEM WRT
T1 EVT BUS = 1/0 RD
T1 EVT BUS = 1/0 WRT
T1 EVT BUS = ALL

T1 EVT EXT = XXXXXXXX
T1 EVT EXT = 10xxxX%xxX
T1 EVT EXT = XXXXXXXX
T1 EVT DATA = OFF

Exp lanation

This means any 1/0 operation, whether it
be read or write.

This means any bus activity will be a
read, whether it's memory or 1/0.

The same is true for the write operation.

In this case, only memory reads.

Now only memory writes.

Now only 1/0 reads.

Now only 1/0 writes.

And back to ALL. By having the capability
to choose a particular bus cycle, the

equation can be conditioned for what the
microprocessor is actually doing on the

bus at any given time.
The field select now allows the 8-external
events. These are chosen by the extra

clips that come with the Real-Time Trace
cable.

A 1 or a0 can be chosen instead of the x.
The x means don't care.

Or they can be set to don't care state.

The field select key moves to the next
part of the equation which is what is hap-

pening on the data bus. Off means don't
care.



OPERATION EXAMPLES

Operation Display
INCR T1 EVT DATA = 00
INCR T1 EVT DATA = >00
INCR T1 EVT DATA = <00
INCR T1 EVT DATA = OFF
FLD SEL T1 PASS = OFF
INCR T1 PASS = 00000 EVTI
INCR T1 PASS = OFF
FLD SEL T1 DELAY = OFF

INCR T1 DELAY

00000 EVT1

COUNT COUNT = 00000 EVT1

Explanation

Or a particular value on the data bus can
be specified.

Or anything greater than, or equal to, the
value can be specified.

Or anything less than, or equal to, the
value.

Or, again. back to the don't care or off
condition.

What has been defined so far is an
equation for an event consisting of

address information, data information,
bus activity, and external events. The

field select moves to a field where this
event can now be specified to occur "N"
number of times, i.e. a pass count on that
event.

Here a number between 2 and 65,535 can be
chosen.

Or the pass count is off.

Field select now moves to what is called
the delay field. Once we have satisfied
the event and how many times we wish the
event to happen, we can specify the break-
point not to occur at the point of the
defined event, but to delay some number of
cycles.

The first choice is to delay n number of
additional event 1's. This number again
can be from 2 to 65,535 events.

The count key allows us to define in what
units the delay will be timed. This delay
is used for both T1 and T2. The count
will also count the number of events that
have happened. In this case, we have cho-
sen event 1's.



OPERATION EXAMPLES

Operation

INCR

INCR

INCR

INCR

INCR

INCR

INCR

INCR

INCR

TRIGI

INCR

Display
COUNT = 00000 EVT2
COUNT = 00000 TRC
COUNT = 00000 uSEC
COUNT = 00000 MSEC
COUNT = 00000 FTCH
COUNT = 00000 MCYC
COUNT = 00000 EVT1
COUNT = 00000 EVT2
COUNT = 00000 TRC
T1 DELAY = 00000 TRC
T1 DELAY = OFF

Explanation

Or choose event 2's.

This allows us to position the data in the
trace buffer by specifying how many more

pieces of ftrace information we put into
the trace buffer. Once the equation is

satisfied, the uSE will continue to run
and store a specified number of traces and
put them into the buffer before the opera-
tion is terminated.

Here we can delay so many microseconds
after the event.

Or if more time is needed. we can delay so
many miliseconds.

This allows us fo delay a fixed number of
instructions.

Or we can delay machine cycles.

Which brings us right back around to event
1.

Event 2, again.

We will choose to delay some number of
traces.

Pressing frigger 1 again we now see that
the T1 delay is the number of traces. So

the count chooses in what unit the delay
for T1 is to be measured.

Again, pressing INCR key will turn off the
delay mode.



OPERATION EXAMPLES

Operation Display
FLD SEL T1 EVT MODE = IND
INCR T1 EVT MODE = LIMIT
INCR T1 EVT MODE = ARM
INCR T1 EVT MODE = FRZ
INCR T1 EVT MODE = IND
FLD SEL T1 EVT ADDR = OFF
TRIG2 T2 EVT ADDR = OFF

Explanation

We have now completely specified a trigger
and there are two of these; trigger 1 and

trigger 2. What we now see is in what
mode we will allow these friggers to be

used. Independent mode means that trigger
1 is independent from trigger 2. There is
no relationship between the two.

Limit mode means that both trigger 1 and
trigger 2 must happen simultaneously.

When using the breakpoint; trigger 1 will
be used to stop operation.

The next mode is arm mode. This a sequen-
tial operation where T1 must happen before

T2. T2 would be used as the breakpoint to
stop operation.

The freeze mode is very similar to the arm
mode operation. Again it is sequential
and T1 must happen then T2. In this mode
tracing begins when the run key is pushed
and ceases when T1 occurs. but the
microprocessor will still continue to
operate until T2 occurs. This is useful
when you have real time operation and you
wish to examine the results up to a given
point (T1), but need to allow the program
to continue to another point (T2) before
emulation can be broken. An example of
this would be starting a motor and it must
be turned off. Otherwise it will burn up
or it will hit the limit switch. What
this provides is a means of making sure
the proper information is saved in the
trace and then allow the operation to
finish.

This gets us right back to the independent
mode.

The field select has now made a complete
circle and we are right back at the T1
event address.

Pressing trigger 2 gives the same infor-
mation as trigger 1. We can set up the T2

event fo be an address; again by pressing
INCR key, we could go through equal

a value greater than or less than a value.
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Operation

FLD SEL

FLD SEL

FLD SEL

FLD SEL

INCR

INCR

FLD SEL

INCR

FLD_SEL

Display

T2

EVT BUS = ALL

.

T2

EVT EXT XXXXXX XN

T2

EVT DATA = OFF

T2 PASS = OFF

T2 PASS = 00000 EVT2
T2 PASS = OFF

T2 DELAY = OFF

T2 DELAY = 00000 TRC
T2 DELAY = OFF

T2 EVT ADDR = OFF

Explanation

Field select moves to the bus qualifier.
I+ is exactly the same as trigger 1.

T2 event is now the external data. The

eight externals are exactly the same as
the T1 event.

Field select now moves to the data domain.
Pressing the INCR key will scroll through

equal to a value, greater than or less
than a value.

Now instead of counting event I's, this
mode counts event 2's, because we are

dealing with trigger 2. The range on the
pass count can be from 2 to 65,535.

The INCR key turns off the pass option.

Field select moves to the same delay that
was set for frigger 1.

When setting the delay of trigger 1, we
chose tfrace as the delay. Whatever is

chosen by the count key will be the same
delay for trigger 1 or trigger 2.

Again, the INCR key turns off the delay.

The field select now moves back to the
beginning of the equation. Only trigger 1
sets up the mode of operation whether it
be independent or not. Trigger 2 just
sets up trigger 2 event.



OPERATION EXAMPLES

BREAKPO INT

With events or triggers defined as above, these can be used as complex break-

point definitions.

Note the level of sophistication as compared to the simple

breakpoint defined on the MicroSystem Emulator in the DISPLAY SELECT area.

Operation

. BKPT

INGR

INGR

INCR

INCR

7-20

Display
BKPT SEL = OFF
BKPT SEL = T1
BKPT SEL = T2
BKPT SEL =T1 or T2
BKPT SEL = OFF

Explanation

The breakpoint selects which trigger is
going to be used to stop operation. It
can be off.

Or pressing the increment key select the
T1 event. Notice also that trigger BREAK

ENABLE LED is illuminated and the audible
alarm sounds.

The INCR key selects T2 instead of T1. The
trigger BREAK ENABLE LED remains lighted.

Now either tfrigger 1 or trigger 2 is
chosen. The BREAK ENABLE LED is still
illuminated.

Or turn off the breakpoint in which case
the trigger BREAK ENABLE LED is extin-
guished.



OPERATION EXAMPLES

REAL-TIME TRACE COLLECTION/DISPLAY

The actual Real-Time Trace is a 128x35 bit buffer that collects information
during the running of the emulator. By judicious use of setting the breakpoints
and use of the trace qualifier, the user can store the information that will pro-

vide the insight in finding the key to unlock circuit operation problems found
during debug.

The trace stores the information found on the address bus +the data bus, and the
external probes at each bus cycle that is qualified to be stored in the bus.

Operation Display Explanation
We can choose what bus activity is to be
TRC QUAL TRC QUAL = ALL stored in the 128-word trace memory. This
is called the trace qualifier. If we
choose all, that says any bus activity
will be traced.
Now only the instruction fetches will be
INCR TRC QUAL = FTCH traced. The programmer can look at his

listing and trace his program flow.

Now we choose any read operation to be

INCR TRC QUAL = ALL RD stored in the trace buffer. This is
memory or 1/0.

INCR TRC QUAL = ALL WR ?gwb:n%e;;i$eosp?;gfion is chosen whether

e RO QN =W e | 11319052, 0 etory cperation wether

INCR TRC QUAL = MEM RD This chooses just memory read operations

to be traced.

INCR TRC QUAL = MEM WR lglzeciggizz.Jusf memory write operations

This chooses any |/0 operation. This is a
INCR TRC QUAL = 1/0 RD/WR |} powerful feature and one which most trace
units don't have.

INCR TRC QUAL = 1/0 RD This chooses just |/0 reads.

INCR TRC QUAL = 1/0 WR This chooses |/0 writes.

7-21
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Operation

INCR

TRC DISP

7-22

Display

TRC QUAL = ALL

TRACE BUFFER EMPTY

Explanation

And again, we're back to ALL. In other
words, anything that happens on the bus
can be saved.

Pushing the trace display key allows
interrogation of the saved data. |If

nothing has been saved, this message will
be displayed.



Appendix A

ASCIl CHARACTER SET

Table A-1 contains the 7-bit ASCI| hexadecimal code for each character that
can be viewed on the uSE front panel. display.

Table A-1. ASCII Character Set

7-bit 7-bit
Hexadecimal Character Hexadec imal Character

Number Number

20 SPACE 40 (]
21 ! 4 A
22 RIGHT DOUBLE " 42 B
23 ALL SEGMENTS ON 43 C
24 $ 44 D
25 % 45 E
26 u 46 F
21 ! 47 G
28 ( 48 H
29 ) 49 |
2A * 4A J
2B + 4B K
2C , 4C L
2D - 4D M
2E . 4E N
F / 4F 0
30 0 50 P
31 1 51 Q
32 2 52 R
33 3 53 S
34 4 54 T
35 5 55 U
36 6 56 v
37 7 57 W
38 8 58 X
39 9 59 Y
3A : 5A Z
3B ; 58 z
3C o 5C \
3D = 5D ]
3E " LEFT DOUBLE SE ->
3F ? 5F <-







Appendix B

KEY SUMMARY
KEY DESCRIPTION PAGE
ATTN Allows the operator to regain control of the uSE when it is 3-23
interfacing with a host computer or a master uSE.
B INARY Displays data byte of the current display value in an 8-bit 3-17
binary mode.
BKPT Enables the user fo set break points determined by the 3-28
TRIGGER 1 and TRIGGER 2 equations. Options and Mode are
selected by using the FLD SEL key.
BREAK Displays and modifies the hardware breakpoint. Options are 3-10
provided to select read and write, read only, or write only
access to a specified memory address. Operator can establish
a pass count for each breakpoint and/or jump to an address.
COUNT Allows the counting of the various parameters up to a maximum 3-29
value of 65,534 units.
DECR Decrements the memory and 1/0 addresses. 3-17
DISABLE Used with the BREAK key fo clear breakpoint. 3-17
ENABLE Used with the BREAK key to enable breakpoint. 3-17
ENTER Enters display values and terminates the operation. 3-16
FILL Allows the operator to fill RAM memory between two addresses 3-8
with a specified data byte.
DATA Contains the hexadecimal character set 0-9 and A-F. |t is 3-15
ENTRY PAD used to enter data and address values.
FLD SEL Select options and parameters for TRIG 1, TRIG 2, and TRC 3-29
QUAL keys.
1/0 Writes and reads the user's microprocessor |/0 ports in 3-10
hex or binary mode.
INCR Increments the memory and |/0 addresses, linked displays, 3-17
and register content display.
MEMORY Displays or modifies memory contents in hex or binary mode, 3-12
or dump memory to the display terminal.
MOVE Move data from user system RAM to uSE RAM, move uSE RAM to 3-24

user RAM, move front panel PROM to uSE RAM, move front panel
PROM to user RAM, move COMM/RAM to expansion RAM or expansion
RAM to COMM/RAM.

B-1



KEY SUMMARY

KEY

MSG

PROM/MEM
RAM/MEM

REGISTER

REMOTE

RESET

RESTART

RUN

RUN/DISP

SEND

STEP

SUBSEL

TERMDISP

TERM INAL

TEST

TRC DISP

TRC QUAL

TRIG 1

B-2

DESCRIPTION

Displays messages placed in the emulator display area by the
diagnostic program. Messages for display are indicated on
the front panel via the MESSAGE PENDING indicator. Multiple
line messages are displayed with the INCR key.

Overlays front panel PROMs into the user's memory space.
Enables 8K internal RAM.

Displays or modifies register contents in hex or binary mode.
Will also cause a register dump to the display terminal when
the TERMINAL key is enabled.

Allows the uSE to operate as a remote slave unit controlled
by a master uSE. Diagnostic programs can be down-loaded via

telephone link from a master uSE or a host computer.

Forces a hardware reset on the emulator board micropro-
cessor.

Resets the uSE to initialized power on state and tests
master RAM, emulator ROM, and system ROM.

Starts the execution of the user's microprocessor at a
specified address contained in the PC register.

Runs and displays selected memory, registers, and 1/0 ten
times per second.

Transmit data in uSE RAM or PROM out serial 1/0 port.

Allows single-step program execution of the user's program.
Can also initiate and halt autostep.

Enables special subtests if present in front panel PROMs.

Displays the next type of data to be output to the display
terminal.

Enables or disables input/output to a display terminal
attached to the uSE via the TERMINAL RS-232 port.

Performs a self-test of the uSE, checking RAM, ROM, front
panel indicators and internal functions.

Allows the user to display the contents of the Real-Time
Trace Buffer.

Selects the type of transactions that are stored in the
Real-Time Trace Buffer.

Defines the trigger equations. When all elements are
satisfied, the appropriate trigger pulse is provided on the
uSE front panel trigger jack.

PAGE

3-14

3-8

3-29

3-21

3-23

3-28

3-29

3-28



KEY SUMMARY

DESCRIPTION

Operates the same as the TRIG 1 key except for the Mode
Parameter.

Moves cursor left one position.
Moves cursor right one position.

Enters "don't cares" into the current cursor position
when appropriate.






Appendix C

ERROR MESSAGES

If there is an error on startup, the following message is displayed:

MESSAGE DESCRIPTION
xxxx = 0001 = Master RAM Failure
uSE CONDITION xxxx 0002 = Emulator ROM Failure

0004 = Master ROM Failure
0008 = Emulator not Responding
0010 = RTT PROM Failure
0020 = Shadow RAM Failure
0040 = Comm/RAM Board, PROM Failure

0080 = Comm/RAM Board, #1 RAM, Failure
. 0100 = Extension RAM, #2 RAM, Failure
0200 = RTT Board is not installed

The condition codes are reported in hexadecimal so that more than one condition

may be reported. For instance, if the Master RAM and the Shadow RAM both failed
then the message would be:

uSE CONDITION 0021

After checking all connections, if the error is not apparent, then call Customer
Service at the toll-free hot-line numbers listed below.

National (800) 538-9320/9321

California (800) 662-9231

C-1
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MESSAGE INFORMAT ION

DATA MESSAGES

Table D-1 shows which of the data can be received and transmitted by each of the
remote modes.

Table D-1. Data Messages

MESSAGE MODE
DOWNLOAD SLAVE MASTER PASS
TYPE RCV | XMT [ RCV | XMT | RCV | XMT | RCV | XMT
Keystroke X X
LED X X
Display X X
Down load X X X X X X
HOST X X

D-1
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KEYSTROKE FUNCTIONS

Table D-2 gives actual values of keystrokes.

Table D-2. Keystroke Functions
Key Type Hex Value | Key Type Hex Value
FLD SEL 00 AT 1E
TRC DISP 01 <= 1F
COUNT 02 SUBSEL 20
TRIG 2 03 PROM/MEM 21
"3 04 STEP 22
"2 05 RUN 23
LR 06 nEn 24
"O" 07 IIE" 25
TERM DISP 08 "p" 26
TRC QUAL 09 ENTER 27
BKPT 0A INCR 29
TRIG 1 0B DECR 2A
"e" 0c BINARY 2B
n5n 0D REMOTE i)
n4n OE TERM INAL 2
nx OF TEST 2F
"o 14 ENABLE 31
ngn 15 DISABLE 32
nyn 16 ATTN 36
--> 17 REGISTER 42
FILL 18 BREAK 43
RAM/MEM 19 MOVE 45
RESET 1A SEND 46
RUN/DISP 1B 1/0 47
e 1C MSG 49
ngn 1D MEMORY 4A




MESSAGE INFORMAT ION

LED MESSAGES
Bit values of the LED display lights are shown in Table D-3.

Table D-3. LED Bit Values

Bit LED Bit LED

(Most significant bit)

15 | BEEP (Audible Alarm) 7 | OPT MEM ENABLE
14 | Unused (must = 0) 6 |RUN

13 |Unused (must = 0) 5 | HALT

12 JUnused (must = 0) 4 | PROM MEM

11 Unused (must = 0) 3 | BREAK

10 | Unused (must = 0) 2 | TRIG BKPT ENABLE
9 | LOCAL 1 | MESSAGE PENDING
8 REMOTE ENABLE 0 INPUT ERROR

(least significant bit)

NOTE: 1 =0On, 0 = Off






Appendix E

RECORD FORMATS

LED MESSAGE

TYPE | VALU | TEK- | EOL
SUM

KEYSTROKE MESSAGE

TYPE | KEY- | TEK- | EOL
VALU | SUM

TYPE
An exclamation mark (!) (21H) defines an LED message.

VALUE )
Four ASCI| hex digits representing the 16-bit value.

TEKSUM
Hex sum of the four digits VALUE field.

END-OF-LINE

ASCl| carriage return (ODH) and optionally, a line feed
(0AH).

<-- FIELD

<-- NUMBER OF
BYTES/FIELD

TYPE
A number sign (#) (23H) defines a keystroke message.

KEYVALUE
Two ASCI| hex digits. Send the register key.

TEKSW
Hex sum of the two digit KEYVALUE field.

END-OF -L INE

ASCl1 carriage return (ODH) and optionally, a line feed

(0AH).

<-- FIELD

<-- NUMBER OF
BYTES/FIELD



RECORD FORMATS

DISPLAY MESSAGE

MSG

TYPE CURS|CURS|DEC [TEK-|1ST LAST | ASUM| EOL
SIZE|CNTL|LOC |LOC [SUM [MSG |. . . [MSG
BYTE BYTE

1 2 2 2 2 2 1 -20 1 1-2

TYPE

A double quote(") (22H
defines a display
message.

MESSAGE LENGTH
Number of characters
in message.

Range = 1-20 (1-14H).

_CURSOR CONTROL

O0H
80H

cursor off.
cursor on.

CURSOR POSITION
Range = 0-20 (0-14H).

DECIMAL POSITION
Range = 0-20 (0-14H).

TEKSUM

Hex sum of LENGTH,
CURSOR CONTROL, CURSOR
POSITION and DECIMAL
POSITION.

MESSAGE
ASCI| message. 1-20
bytes.

ASUM
Hex sum of ASCI |
message.

END-OF -L INE

ASCI| carriage return
(ODH) and optionally,
a line feed (0AH).

<-- FIELD

<-- NUMBER OF

BYTES/FIELD



RECORD FORMATS

DOWNLOAD MESSAGE

START|LOC |BYTE J1ST |1ST LAST [2ND |EOL
REC |CNTR |COUNT|TEK -|DATA . «/DATA | TEK |[CHARS
CHAR SUM | BYTE BYTE | SUM

1 4 2 2 2 - 64 2 1-2

START OF RECORD

a slash (/) (2FH)
defines a download
message.

LOCATION
Hex starting location of
data in memory.

BYTE COUNT
Number of bytes in DATA
(1-32 bytes).

TEKSUM 1
Hex sum of LOCATION and
BYTE COUNT.

DATA

2-64 hex digits of user
data, 2 ASCII| digits per
hex byte.

TEKSUM 2
Hex sum of DATA.

END-OF -L INE

ASCI1 carriage return
(ODH) and optionally,
a line feed (OAH).

<-- FIELD

<-- NUMBER OF
BYTES/FIELD



RECORD FORMATS

FILE TERMINATOR MESSAGE

TYPE | TRANS | BYTE | TEK EOL
ADDR | COUNT | SUM CHARS
1 4 2 2 1-2

E-4

TYPE

A slash (/) (2FH) defines a file terminator
message (special case of the down!oad
message) .

LOCATION

Memory location where user program begins
execution.

BYTE COUNT
Set to 0 to indicate terminating record.

TEKSUM
Sum of LOCATION and BYTE COUNT.

END-OF -L INE

ASCII carriage return (ODH) and, optionally,
a line feed (OAH).

<-- FIELD

<-- NUMBER OF
BYTES/FIELD



Appendix F

PARTS LIST

Table F-1.
PART NUMBER

13000033
15000149-01
13000044
13000017-04
1300000-02
13-148-40
13-148-41
13000015-04
90010013-01
90010022
90010007
20580460
15000156
16000111
90010047
90010050
15000170
13000170
15000175
15000016
13000005-02
15000016
13000005-02
15000107
15000106
15000018
13000012-02
15000109
15000054
13000108-02
15000099
15000078
13000098-02
15000148
15000147
15000179
13000126
13000125

& -03

Parts List Indexed by Description

DESCRIPTION

AC Distribution PCBA

DC Power Supply

Debug PCBA

Display Board PCBA

Keyboard PCBA

2708 Control Processor PCBA
2716 Control Processor PCBA
COMM /Ram PCBA

COMM/Ram Cable

34-Connect Emulator Cable
50-Connect Emulator Cable
40-Pin Augat Connector

Test Clip Adaptor Assembly
Test Clip Adaptor Contact.
RTT Cable

RTT Cable (Trig.)

RTT Probe Assembly

RTT PCBA

RTT Test Clip Kit

6800 Emulator |/F Assembly
6800 Emulator PCBA

6802 Emulator |/F Assembly
6802 Emulator PCBA

6802 Emulator Pod Assembly
6802 Emulator Probe Assembly
8080 Emulator |/F Assembly
8080 Emulator PCBA

8085 Emulator |/F Assembly
8085 Emulator Probe Assembly
8085 Emulator PCBA

780 Emulator |/F Assembly
780 Emulator Probe Assembly
280 Emulator PCBA

8048/8021 Emulator |/F Assembly
8048 Emulator Probe Assembly
8021 Emulator Probe Assembly
8048/8021 Emulator |/F PCBA
8048/8021 Emulator Slave PCBA



PARTS LIST

Tabie F-2. Parts List Indexed by Part Number

PART NUMBER

DESCRIPT ION

13-148-40 2708 Control Processor PCBA
13-148-41 2716 Control Processor PCBA
1300000-02 Keyboard PCBA

13000017-04 Display Board PCBA

13000033 AC Distribution PCBA
13000044 Debug PCBA

15000149-01 DC Power Supply

13000015-04 Comm Ram PCBA

90010013-01 & -03 Comm Ram Cable

90010022 34-Connect Emulator Cable
90010007 50-Connect Emulator Cable
20580460 40-Pin Augat Connector
15000156 Test Clip Adaptor Assembly
16000111 Test Clip Adaptor Contact.
90010047 RTT Cable

90010050 RTT Cable (Trig.)

15000170 RTT Probe Assembly

13000170 RTT PCBA

15000175 RTT Test Clip Kit

15000016 6800 Emulator |/F Assembly
1300000502 6800 Emulator PCBA

15000016 6802 Emulator |/F Assembly
13000005-02 6802 Emulator PCBA

15000107 6802 Emulator Pod Assembly
15000106 6802 Emulator Probe Assembly
15000018 8080 Emulator |/F Assembly
13000012-02 8080 Emulator PCBA

15000109 8085 Emulator |/F Assembly
15000054 8085 Emulator Probe Assembly
13000108-02 8085 Emulator PCBA

15000099 Z80 Emulator |/F Assembly
15000078 280 Emulator Probe Assembly
13000098-02 Z80 Emulator PCBA

15000148 8048/8021 Emulator |/F Assembly
15000147 8048 Emulator Probe Assembly
15000179 8021 Emulator Probe Assembly
13000126 8048/8021 Emulator 1/F PCBA
13000125 8048/8021 Emulator Slave PCBA



Appendix G

WARRANTY AND SERVICE PROGRAM

Millennium Systems products were designed and manufactured to strict performance
standards and tested to criteria sufficient to provide the user with trouble-
free service. Concurrently our customer service policy is designed to provide
our customers with prompt, effective repair services both during and after the
warranty period.

WARRANTY

The Seller warrants that the products sold hereunder will, at time of shipment.
be free from defects in material and workmanship and will conform to the
Seller's specifications, or as appropriate to the Buyer's specifications, which
have been accepted in writing by the Seller for a period of 120 days from date
of initial shipment. Seller's obligation for any breach of this warranty shall
be limited, at Seller's election, to either refunding the purchase price of the
defective products or repairing or replacing the same; provided that Buyer shall
have (1) given written notice of nonconformance to Seller within 120 days from
date of initial shipement, and (2) obtained a Customer Return Material
Authorization Number for non-conforming products, and returned such products FOB
Seller's plant or authorized repair center within thirty (30) days from expira-
tion of said 120-day period. In no event shall Seller have any obligation
hereunder for defects in respect of which Seller has not received written notice
within said 120-day period. The warranty shall not apply to any products which
Seller determines have, by Buyer or otherwise, been subjected to operating
and/or environmental conditions in excess of the maximum values established
therefor in the applicable specifications or otherwise have been subjected to
mishandling, misuse or neglect, or to any repair, alteration or use which alters
the physical or electrical properties of said products. Transportation charges
for the return to the Buyer shall be paid by Seller within the contiguous 48
United States. If Seller determines that the products are not defective, Buyer
shall pay Seller all costs of handling and transportation. The warranty outside
the contiguous United States excludes all costs of shipping, customs clearance
and related charges.

Seller may repair or replace returned products at their sole option. Such
repair or replacement shall not extend the warranty period. Buyer's remedies
are expressly limited to Seller's obligations as stated in this paragraph.

In no event will Seller be liable fo Buyer or fo any customer of Buyer for any

incidental or consequential damages or other commercial loss of whatever nature
and however occasioned.

THIS WARRANTY EXTENDS TO BUYER ONLY AND NOT TO BUYER'S CUSTOMERS (R USERS OF
BUYER'S PRODUCTS AND IS IN LIEU OF ALL OTHER WARRANTIES WHETHER EXPRESS,

IMPLIED, OR STATUTORY INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE.

G-1



WARRANTY AND SERVICE PROGRAM

SERVICE PROGRAM

Should service be required, Millennium Systems Customer Service Program is easy

to use.

1.

Just follow these steps:

Call one of Millennium's hot-lines listed in the preface and ask for the
Customer Service Manager who will assist you in providing spare parts and
service. Be prepared to provide the Model Number, Serial Number, date of
purchase and description of the failure.

. The Customer Service Manager will issue (if necessary) a Return Material

Authorization Number, which would be included on any paperwork accom-
panying a return. Be sure to pack the defective part securely. Include
the RMA number, the name and phone number of the person requesting the
repair and ship it prepaid to Millennium Systems.

The Customer Service Manager will ask you for a Purchase Order Number (or
certified check) for a new or equivalent to new replacement part which
Millennium Systems will ship within 48 hours freight prepaid (in con-
tiguous 48 states).

If the returned part meets the conditions stated in the warranty, then
Millennium Systems will issue a full credit against your Purchase Order.
If the warranty has expired or other warranty conditions have not been
complied with, Millennium will invoice you for the difference between the
spare part price less the return allowance.
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DOCUMENT REVIEW FORM

MICROSYSTEM EMULATOR Publication No. 87000040
USERS MANUAL February 1981
Release 2.0

Dear Customer:

Your comments concerning this document help us to produce better documentation
for you.

GENERAL COMMENTS

[:] Easy to read? [:] Complete?
[J Well organized? [:] Well illustrated?
[] Accurate? [:] Suitable for your needs?

SPECIFIC COMMENTS AND CORRECTIONS

Reference Page

Please send your comments to:
MILLENNIUM SYSTEMS, INC.
19050 Pruneridge Avenue
Cupertino, Calif. 95014
ATTN: Publications
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