










































































































































































































































































































































































































































































































































































































































































PMZ8: Z8681 in Single Board Computer Application

The PMZ8 Single Board Computer is a
very small system, based on the Z8681 MCU,
which is one of the ROMless version of the
78 single chip microcomputer family.

The 78681 offers all the outstanding
features of the Z8 family architecture except
the on-chip program ROM. It provides up to
16 output address lines, thus permitting an
address space of up to 64K bytes of data on
program memory. Available address space
(up to 128K bytes) can be doubled by
programming bit 4 of Port 3 (P34) to act as a
data memory select output (DM). The two
states of DM, together with the 16 address
outputs, can define separate data and
memory address spaces of up to 64K

bytes each.

The available address space is mapped
into three devices, with up to 2K bytes each:
one EPROM and one RAM/EPROM for the
program space and one data space RAM.
The EPROM contains the monitor program
(the first 2K bytes), which allows the user to
change the content of memory and registers,
load or save the memory from and to a Host
System and to run programs. The second 2K
bytes of address space in the data space are
further decoded to four strobe lines
(WREXO0/1 and RDEX0/1), which permits the
addition of two 8-bit input and two 8-bit
output ports externally.

Operation

Start Up. After power- on or reset, the ports,
the timer and the stack pointer are
initialized. No interrupt is enabled. After
that, the memory device in the IC 5 socket is
tested. If this device is an EPROM, the
program therein is started from location
00CH; otherwise, the monitor software is
entered. This auto start feature permits
starting a user program without any
keyboard entry.

In the user program, the location 000CH
must not contain OFFH (NOP).

Terminal. The PMZ8 can be operate with
any ASCII terminal, using the following
set-up:

9600 BAUD

8 DATA BITS

1 or 2 STOP BITS

NO PARITY

XON-XOFF PROTOCOL

No hardware handshake (CTS/RTS, etc.) is
provided.

Monitor. The monitor software provides the
following commands:

e Help (display this)

c[*,/] [addr]..... Change memory content
d[*,/]1 [addr]..... Dump memory content
gladdr].......... Go and execute program
Lo, Load from host

rlreg] ........... Dump or change register

s<*,/>addr,leng. Save to host

Test (terminal)

Upper and lower case letters are treaded as
the same. All numbers are in hexadecimal.

Nkt

and “/” indicate the selected memory
space, where "*" is the program space and
“'/" is the data space.
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Operation (Continued)

c: Change Memory Content. The type of
memory (* or /) is the last one use if not
specified. The address of the location to be
changed must be entered. The type of
memory, the current address and the current
content will be displayed, and the user may
or may not enter a new value for that
location. The input will be accepted after the
following keys:

RETURN The new value (if any) will be
stored, and the next location will
be displayed.

The new value (if any) will be
stored, and the previous location
will be displayed.

The new value (if any) will be
stored, and the current location will
be displayed again.

g The new value (if any) will be
stored, and the c-Command will be
terminated.

d: Dump Memory Content. The type of
memory (* or /) is the last one used if not
specified. If the address is not specified,
then it is the address of the location which
would be displayed next if the previous
command was also a d-Command. The
memory content is displayed in HEX, and in
ASCII, if possible.

g: Go and Execute. If the address is not
specified, 00CH is used.

1: Load from Host. The type of memory, the
address and the length will be sent by the
host.

r: Dump or Change Register Contents. If
no register number is specified, then a
complete dump of all registers takes place.
Otherwise, the register number, the
abbreviation (if any) and the current content
is displayed. The software doesn't take
account of write only or read only registers.
The input of new values is the same as
described above for the c-Command.

s: Save Memory Content to Host. The type
of memory, the address and the length must
be specified. The content of the specified
memory block is sent in pure bynary, and
the software running on the host is
responsible for converting the data to HEX.
No blocks longer than 2048 bytes may be
transferred immediately.

Monitor Entry Points. There is a jump table
at 800H, which allows the use of some of the
monitor routines, as you can see opposite.

The user program may be simply
terminated by return (AFH). In this case, the
monitor software is re-entered.

If the configuration of the microcomputer
is changed by the user’s software, it must be
restored before returning to the monitor.

The monitor uses only the registers from 4
to OFH and some locations below 80H for the
stack.
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Operation (Continued)

Address Routine Description
800 JP MON Restart or start monitor
803 JP PUTC Sends character in R7 to the terminal
806 JP GETC Waits for character from terminal, returns it in R7
809 JP UNGETC Ungets one character until next getc
80C JP GETHEX Reads HEX number from terminal until first non-HEX character is
entered, returns it in RR4
80F JP TOUP Converts character in R7 to upper case, and stores it in R6
812 JP PRTHEX Prints number in R6 in HEX on the terminal
815 JP PRTCRLF Prints CR and LF on the terminal
818 JP PRTSTR Prints string on the terminal: start address of string in RR4; bit 7 high
in last character
81B JP SPC1 Prints one space on the terminal
81E JP SPC2 Prints two spaces on the terminal
821 JP SPC4 Prints four spaces on ther terminal
FoC This is reset entry point.
Jump Table
e 3]
[ o o 13 S
0 —
| Joconaacannnananannnal B
o 00 5 T Bl B
, N - Ict ‘NN B
2 o — O T oovuuouw o E IC4 g f§ 1CS E g Bl
: B | l: 1C3 i
q L( :
[ I I IC2
(@) ()

€5-0228

Figure 1 - P.C. Board and Components Layout
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Figure 2 - Functional Description
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Single Board Computer Using Z8671

Introduction

The Z8671 single chip microcomputer is
actually a Z8601 with 2K bytes of
Basic/Debug interpreter masked in the chip’s
resident ROM space. Like the Z8601, the
78671 has 2 counter timers with prescalers,
synchronous serial communication interface
with programmable baud rates. Addressing
capability includes 62K bytes of external
program memory, 144 bytes of on-chip
register and 62K bytes of external data
memory.

The 78671 single board computer is an
evaluation board which via a RS-232 link to
a terminal allows the user to access the

features of the Z8601 using BASIC
commands.

The evaluation board with 2K bytes of
RAM on board allows immediate or program
mode execution of BASIC commands.

Applications of this board ranges from
microcontrollers to a tiny BASIC
microcomputer. This Technical Bulletin
introduces the hardware and software aspects
of the Z8671 single board computer to the
user. To use this board to its’ full potential,
the Z8 Technical Manual (O.C. DAZ8TM/2)
and the Z8671 Basic/Debug Software Manual
(DAZ8671SOF/1) should be read.

Installation

The 78671 board needs +5V and ground
to run all the components on the board
except the 1488 EIA line driver. The 1488
needs + 12V and — 12V in addition to the
+5V and ground.

Power supply connection is via molex
connectors of +5V, GND, +12V and —12V.

Terminal connection is via molex
connector too, using only 3 pins, serial in,

serial out and GND.

Any terminal with a standard RS232 interface
can be used. Baud rate is set in EPROM
location FFFDH.

With power connected to the board and
the terminal connected to it, the reset button
resets the Z867] and the prompt character
appears (:"’). The board is then ready for a
Basic command when the “:" appears.

Features

m 2K bytes Basic/Debug interpreter in the
internal ROM

m 2K bytes of user RAM
m 2K bytes of user-programmable Eprom

m Full-duplex serial operation with
programmable baud rates

m RS232 interface

m 8 bit counter/timer with associated 6 bit
prescalers

m 124 general-purpose registers internal to
the Z8671

14 T/O lines available to the user
3 lines for external interrupts

3 sources of internal interrupts

Vectored interrupt structure with

programmable priority levels. Each can
be individually enabled or disabled

m External memory expansion up to 124
bytes

m Allows calling of assembly language
subroutines for time critical applications

m Allows writing and debugging of
programs in Basic, simplifying the
programming of on-critical subroutines

m Basic/Debug can directly address the
Z8671's internal registers and all external
memory. It provides quick examination
and modification of any external memory
location or I/O port

m On board static RAM can be replaced by
Eprom for auto program execution on
power up or Reset.
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Architecture

The 78671 Single Board Computer uses the
following IC packages

IC1 78671 (Z8601 preprogrammed
with BASIC/DEBUG)
IC2 M5516 (2K bytes of static RAM)

1IC3 T74L5373

1IC4 M2716/M2732
IC5 MCl1488

IC6 MC1489

IC7 T74LS30

IC8 T74L330

(8-bit latch for address)
(2K bytes of EPROM)
(RS232 line driver)
(RS232 line receiver)
(8 inputs nand gate)

(8 inputs nand gate)

Memory Addressing. The addressing of the
on board 2716 EPROM is fully decoded at
F800H to FFFFH and the 2K RAM at 1000H
to 17FFH. The M2716 Eprom can be
replaced with a 4K Eprom with the correct
jumper pads soldered. To use as a
microcontroller, the 2K RAM can be
replaced by a 2K Eprom after the ram
contents is transferred to the 2K Eprom.

Decimal Hex Contents
0-2047 (0-7FF) Internal ROM
(BASIC/DEBUG)
4069-6143 (1000-17FF) RAM (5116)
63488-65535 (F800-FFFF) | EPROM (2716)

Table 1. Memory Addressing

Interfacing the Z8671 with RS232 Port

The 78671 uses its serial communication
port to communicate with the RS232 port line
driver and receiver are used to supply the
proper RS232 signals.

The serial interface does not use the
control signals Clear to Send, Data Set
Ready, etc. It uses only serial In, Serial Out
and Ground, so it is a very simple interface.

The Z8671 uses one timer and its
associated prescaler for baud rate control.
On reset, the 78671 reads location FFFD and
uses the byte stored there to select the baud
rate.

On reset the 78671 reads FFFDH, which is
in EPROM and decodes the baud rate from
the contents of that location.

Table 2 shows what the location FFFDH

should read to select a particular baud rate
to be used by the Z8671.

Content of Baud rate
location FFFDH
LSB
1 1 1 300
1 1 0 110
1 0 1 1200
1 0 0 2400
0 1 1 4800
0 1 0 9600
0 0 1 19200
0 0 0 150

Table 2 Baud Rate Code

I/0 Ports,

Port 1 of the Z8671 is used as a multiplexed
Address/Data bus, a octal latch (IC3) is used
to latch on the address signals.

The latch is enabled by the AS output of the
78671.

Port 0 outputs the higher 8 bits of the
address from Ag-Ais.

Two 8-inputs nand gates (IC7 & IC8) fully
decodes the addressing of the M5116 RAM
and M2716 Eprom. On Port 3, line 0 and 7

are used for serial input/output
communication. These lines are driven by
the line drivers/receivers (IC5 & IC6).

Port 3 lines 1 to 6 are free for user
configuration.

All 8 lines of Port 2 are also available to the
user. These lines can be programmed for
open-collector or normal TTL outputs as well
as inputs.
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Software

When the Z8671 is reset, a prompt (*':")
appears, Basic commands can then be in
irect or program mode.

The following sequence is a simple [/O
example.

:10 input a
120 "a="a
:run

?5

a=5

:list

10 input a

20 Ya= //;a

When a number is entered as the first
character of a line, the Basic monitor stores
the line as part of a program.

In this example, "10 input a” is entered.
Basic stores this instruction in memory and
prints another ":" prompt. The run command
causes execution of the stored program. In
this example, Basic asked for input by
printing “?”. A number (5) is typed at the
terminal. Basic accepts the number, stores it
in the variable “a"”, and executes the next
instruction. The next instruction (20 “a=";a)
is an implied print statement: writing an
actual “'print” command is not necessary
here. The command "“list” caused Basic to
display the program stored in memory on the
terminal.

Reading Directly From Memory. Basic lets
the user directly read any byte or word in
memory using the Print command and “@"
for byte references or “1" for word
references:

:print @8

10
:printhex (@8)
A

:printhex (18)
AF6

The first statement prints the decimal value
of register 8.

The next statement prints the hexadecimal
value of Register 8 and the last statement
prints the hexadecimal value of Register 8
(OHH) and Register 9 (F6H).

Writing Directly to Memory. Basic lets the
user write directly to any register or RAM
location in memory using the Let command
and either “@" or “1".

:@%a = %ff
:14096 = 255

:print @10
255

:printhex( 1961000)
FF

The let command is implied to save
memory space but can be included. The first
statement loads the hex-decimal FF into
register 10 decimal (AH). The next
instruction loads the decimal value 253 into
register 4096 decimal (1000H). The print
commands write to the terminal the values
that were put in with the first two instruction.
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Software (Continued)

Commands. Basic/Debug recognises 15
command Keywords. For detail instructions
of command usage refer to the Basic/Debug
Software Reference manual.

GO The GO command unconditionally
branches to a machine language
subroutine. This statement is
similar to the USR function except
that no value is returned by the
assembly language routine.

GOSUB GOSUB unconditionally branches
to a subroutine at a line number
specified by the user.

GOTO GOTO unconditionally changes

the sequence of program
execution (branches to a line
number).

IF/THEN This command is used for
conditional operations and
branches.

INPUT/IN These commands request
information from the user with the
prompt "?” then read the input
values (which must be separated
by commas) from the keyboard,
and store them in the indicated
variables INPUT discards any
values remaining in the buffer
from previous IN, INPUT or RUN
statements, and requests new data
from the operator. IN uses any
values left in the buffer first, then
requests new data.

LET LET assigns the value of an
expression to a variable or
memory on the terminal device.

NEW The NEW command resets pointer
R10-11 to the beginning of user
memory, thereby marking the
space as empty and ready to store

a new program.

PRINT lists its arguments, which
may be text messages or
numerical values, on the output
terminal.

PRINT

REM This command is used to insert
explanatory messages into the
program.

RETURN This command returns control to
the line following a GOSUB
statement.

STOP STOP ends program execution

and clears the GOSUB stack.

RUN RUN initiates sequential execution
of all instructions in the current
program.

Functions. Basic/Debug supports two
functions: AND and USR.

The AND function performs a logical AND.
It can be used to mask, turn off, or isolate
bits. This function is used in the following
format:

AND (expression, expression)

The two expressions are evaluated, and
their bit patterns are ANDed together. If only
one value is included in the parentheses, it
is ANDed with itself. A logical OR can also
be performed by complementing the AND
function. This is accomplished by subtracting
each expression from — 1. For example the
function below is equivalent to the OR of A
and B.

-1-AND(-1-A, —1-B)

Machine Language Functions. An
application often requires a subroutine which
can be performed more quickly and
efficiently in machine language than in
Basic/Debug.

Basic/Debug can call a machine language
subroutine which returns a value for further
computation by the USR function. To call a
subroutine which return no valve, the GO@
command is available.

After the machine language routine is
assembled and placed in unoccupied
memory, it can be called as follows:

USR (% 2000)
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Software (Continued)

The address and arguments are
expressions separated by commas. Argument
256 and c variable are passed to the
subroutine via registers R20-21 and R18-19
and the machine language subroutine must
leave the return value in R18-19.

Call R18-19 Contains R20-21 Contains
USR (% 700,A,B) B A
USR (% 700,A,) A A

Table 3 USR Argument and Registers

The machine language subroutine must
end with a RET instruction, and leave the
value to be returned in R18-19.

Basic/Debug assigns addresses O through
255 to the register file. The 144 registers

127

EXPRESSION
EVALUATION

STACK

84

83
FREE

34

33

3 COUNTER

31 USED INTERNALLY

30 SCRATCH

58 | POINTER TO CONSTANT BLOCK

24 USED INTERNALLY

P LINE NUMBER
50 | ARGUMENT FOR SUBROUTINE

ARGUMENT/ROUTINE FOR
18 SUBROUTINE CALL

16 SCRATCH

14 POINTER TO INPUT LINE BUFFER

POINTER TO END OF
12 LINE BUFFER

POINTER TO STACK
BOTTOM

ADDRESS OF USER
PROGRAM

POINTER TO GOSUB
STACK

POINTER TO END
OF PROGRAM

/0 PORTS

cwhr VO N®©

Table 4 General Purpose Registers
With External RAM

include four I/O port registers (RO-R3), 124
general purpose registers and sixteen control
and status registers. These registers are
common to all Z8 Family CPU chips and are
described in the Z8 Family Technical
Manual. However, Basic/Debug uses many of
the general purpose registers as pointers,
scratch workspace and internal variables. So,
in the Z8671 single board computer, these
registers cannot be used by a machine
language subroutine or other user programs.

The 2K of internal ROM on the Z8671 chip
contains the Basic/Debug interpreter. It
begins at address 00 and extends up to 2047,
but because Basic/Debug assigns the
addresses 0-255 to the register file, the lower
256 bytes of internal ROM may be accessed
only by machine language instructions.

127

SHARED BY EXPRESSION
108 STACK AND LINE BUFFER
103 GosuB
86 STACK
85 SHARED BY GOSUB
o4 AND VARIABLES
83 VARIABLE
34
3 FREE AVAILABLE
FOR USER ROUTINES
32 COUNTER
31 USED INTERNALLY
30 SCRATCH
29 | PomTER TO CONSTANT BLOCK
a USED INTERNALLY
23
2 LINE NUMBER
2 ARGUMENT FOR
20 SUBROUTINE CALL
19 ARGUMENT/RESULT FOR
18 SUBROUTINE CALL
17
b SCRATCH
15 | POINTER TO NEXT CHARACTER
b POINTER TO LINE BUFFER
I POINTER TO GOSUB
o | pomTER TO BASIC PROGRAM
z POINTER TO GOSUB
5
A FREE
s IO PORTS

Table 5 General Purpose Registers
Without External RAM
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Initialization And Automatic Start-Up.
On Power-On/Reset, Basic/Debug checks for

external RAM memory and also for an auto
start-up program.

Basic/Debug non-destructively tests
memory from low to high addresses. Only
one byte of every 256 is tested at relative
location XXFD(hex). The first byte of RAM
found determines the lower boundary of user
memory. Basic/Debug assumes that if XXFD
is RAM, XX00 is also RAM and sets pointer
R8-9 to XX00 (hex). Basic/Debug continues
to test up through memory until it finds a
byte that does not contain in RAM.

Basic/Debug assumes it has RAM up to and
including YYFF(hex) where YYFD is the last
location tested that contained RAM. The top
of user memory pointer, R4-5, is set to YY20.
Automatic start-up allows a program stored
in ROM to be executed on reset without
operator intervention. Automatic execution
occurs on power-up/Reset when the program

- is stored in ROM
- begins at 1020(hex)

- begins with a line number between 1 and
254 inclusive.

CS-0227

RESETO—@ Rg-c_;| O .

1C1 ] 25126

1 EDGE
t CONNECTOR

1/50

GND +H2V
5V O~ Lo-12v

Figure 1 - P.C. Board and Components Layout
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Z8 in Electronic Private Automated Branch Exchange

(EPABX 2 Ext./8 Int.l Lines)

EPABX Typical Features

Day/Night Service. During night service a
telephone set has some priority features
(E.G., operator). It can receive external calls
and switch on others.

Put in Hold. During a conversation one
party can be placed in “hold condition” to
allow other connections and then be
reconnected to the original conversation.

Transfer. A party can be transferred to
another third party.

Conference Call. 3 people can speak
simultaneously.

Alternative Conversation. Led by one
party, connection can be alternated between
two other parties.

Telephone Set. Uses standard two wire
48V/30mA telephone set.

General Description

The EPABX is a small electronic private
branch exchange with the ability to set up
connections between internal extensions and
external two wire trunk lines. The EPABX is
suitable for connection to a public telephone
network.

The switching matrix and the related
control logic are semiconductor devices
driven by a Z8 single chip microprocessor.
The system concept is based on the space-
division principle.

4 “n
A it
™ eusuc !
I NETWORK I
i
SPEECH CARRIER -
CONNECTION (ANALOG OR DIGITAL) N
MATRIX
(ANALOG 0R< Y EXTERNAL
DIGITAL) LINE '
< —N 1 n LINES
1
SYSTEM MATRIX H
CONTROL :
ROM SIGNALS !
MATRIX .
NTR
MANAGEMENT gI%NALOSL :
T ! n LINES
SYSTEM CSOLS}TRE& (DIGITAL) INIIIE:EJ;\L '
FEATURES '
ph (P BASE D) ' INTERNAL
= ' TELEPHONESEY
: :
= 1]
RING > :
GENERATOR '
INTERFACE
(ANALOG OR
TONE -
GENERATOR DIGMAL)

S$-7943

EPABX: General Structure
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Operating Modes

Two basic modes of operation are possible: At point C (in Figure 1) an alternate
conversation (J or t) controlled by "I is
possible using the command “#*5"”. Or a call
conference using the command *4 or a
recall using the command *6.

For flow chart B the call cannot be picked
up if "I" has a person on hold.

Day Service (see Figure 1 and 2). The
incoming calls from either external trunk line
ring all internal extensions. Any extension
can pick up the incoming call by going
off-hook.

Access to outgoing line is gained by dialling 0.

lNTAEXT I GEN.BELL ON I IGEN BELL ONI
[

NOT ENGAGED)

i

IF SELECTED INT. EXT.
REC. EIC. INT. EXT. ENGAGED
RING SIGNAL NOT ENGAGED T-———- J

OFF HOOK OFF HOOK

I DIALS
*1

J PUTON
HOLD

ICONVERSATION

C RECEIVES

ICONVERSATION DIAL TONE

C DIALS

$-7903

Figure 1. Pick Up an Incoming Call

ALL

SELECTED YES
PHONE BUSY?,
SEND.RING SIGN. T GEN
TO FREE SELECTED € BGEL,_ERAL
PHONES

S-7904

Figure 2. Generation of an External Ring Signal in Day Service
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Operating Modes (Continued)

Night Service (see figure 3 and 4). The extension may pick up the call.

incoming calls are routed to one extension If the operator’s extension is busy, with
(the operator’s telephone set). If the operator either an external or internal conversation,
does not answer within 30 seconds, all the the incoming call will cause a busy tone to
telephone are activated and any internal be activated into the operator’s connection.

T1 CALLS

BUSY TONE OVER|
SPEECH ON#2
2 DIALS*1

HOLD PREVIOUS
J)

RING SIGNAL
ON PHONE#2

CONVERSATION
2—T

T
CONVERSATION| A;ASEQ %8 S§EV
ER

2 GOES ON
HOOK

END

SEND A RING SEND BUSY
SIGNAL ON # 2 TONE TO J

$-7905

Figure 3. Night Service

PHONE # 2
OFF HOOK

PHONE #£2
FREE? BUT NOT
IN COMMUNICATION?
RING SIGNAL
ON #2
NO
SEND BUSY TONE
WAIT 30
SECONDS OVER S:F;EZECH ON
PICK UP THE
TRUNK
PASS TO DAY
SERVICE
$-7906 . D

Figure 4. Generation of an External Ring Signal in Night Service
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Network Configuration

The network permits the connection of up
to 8 internal extensions to the 2 trunk lines.
Up to 4 simultaneous conversations can take
place (2 internal and 2 external maximum).
(see Figure 5 and 6).

Power Supplies and Power Failure. The
EPABX is powered from an AC line. A
power failure will automatically route the two
external trunks to two internal extensions
which will operate normally without AC
power. .

Physical Description. The EPABX should be
housed in a wall-mounted enclosure. The
internal lines (telephone sets) and the
external trunk lines are connected to a
terminal strip.

Type of Internal Telephone Set and Line
Resistance. The EPABX uses a standard
48V/30mA telephone set with either pulse or
DTMF dialing. The maximum line resistance
for internal extensions is 1000 ochms.

v
7o | -
> ‘?’ v
3N
110 INTERF.
HP 5-6626

Figure 5. Single Cell Matrix Structure by M079 2x2
Cross Point, for Balanced Connection

The M079 is used in severe conditions (low
attenuation, fully separation of channell, due
to double switches).

----- rF----h
r -: ; i -0 EXTERNAL 1
I | Mo79 , \
W, Sp— S ¥, Sp— O EXTERNAL 2
Ly —— oy K M O INTERNAL 1
1 1 1 1
1 1 ] 1
[ — ¥ [ SRS, ¥ ©
L At b | o
1 1
1 1 o
[ NP ¥
r---=- a o
! |
1 [
[ PSR, - °
[ et o
| 1
! ! O INTERNAL 8
| 4 P, J
o o o 6
oTuF FROM(BTONE DEDICATED DEDICATED
BUS GENERATOR  INTERNAL EXTERNAL
10 (TONE BUS) BUSES BUSES
(DTMF )
RECEIVE) 56625

Figure 6. EPABX (Matrix)
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Network Configuration (Continued)

Internal Circuit Blocks. The main EPABX
system is divided into the following blocks:
The power supply unit providing —48V
supply for the telephone sets, 70V/20Hz
ringing voltage with 1 sec/4 sec modulation,
tone generator for

- Busy tone,

- Dial tone,

- Ringing tone,

giving a 425Hz sine wave modulated as
shown in flow chart 1, with an output level of
—10dBm,

A central unit containing the microprocessor
and switching matrix circuits (Figure 7), and
line interface circuitry for 8 local extensions
and two trunk lines. (Figure 8 and 9). Both

- Line status supplied to microprocessor
protection

“A"” Type must provide:
- Dialling actuator (only for pulse dialling)

“B" Type must provide:
- Ring injection (70V, 20 HZ)
- DC feeding (—48V)

DONE BY SGS

Must Perform:

- Galvanic insulation
- DC/AC DC coupling

2 8 ROM xpoNT o j} EXT.
MATRIX MATRIN A N |
R1 MAN) NT N
SOFTWARE 000oog !
SYSTEM R
FEATURE F
SOF TWARE 2
Rz | = €
= AN
= 28 N v INT.

$-7942

- AC signal bias (to be treated by electronic

matrix)

Figure 7. Switching Matrix Circuit

[-]
-

] Ves T ]'
19 | prorecrion] 52 e oPTO PROTECTIO FROM PUBLIC
MATRIX loop INSULATOR NI\ NETwORK

1 <

|

5-6628

Figure 8. A~

PULSE
DIALLING »—
(FROM pP)
RING
FLAG
(TO pP)

-

Type: External Interface

—]

<3

Vag galmﬂ'ﬂ'_ésem
-48V
(BIAS) FROM
To PROTECTION PROTECTION INTERNAL
MATRIX OPTO TELEPHONE SET
COUPIER
<= LINE RINGING <
STATUS SIGNAL
FLAG (70V, 20Hz)
Y A
TO uP FROM pP
A
FROM PABX
5-6629 RING SOURCE

Figure 9. "B”

Type: Internal Interface
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Network Configuration (Continued)

Allocation of Numbers for Extensions and
Functions.

Internal extensions 2 to 9

Prefix to a call 0 for trunk access

1 for trunk call answer

Suffix during a call 4 for conference call
5 alternate conversation
6 recall/hold
Internal Calls. (see Figure 10). When an
extension is taken “off hook” a dial tone is
received. An extension number from 2 to 9
may be dialled. If the called party is idle, a
ringing tone is received, if the called party
is busy, a busy tone is received.
When the conversation has ended, and one
of the extensions is placed “on-hook”, the
other will receive a busy tone.

DIAL 1-0
TO CALL )

<>

RING BACK
-] CONVERSATION
1----)
1T OR J
HANG UP

l HANG UP |
TONE I

S -7907

Figure 10. Internal Calls

Outgoing Calls. (see Figure 11). An
outgoing call is initiated when an extension
is taken “off-hook” and a “0" is dialled. If
one of the two trunk lines is free, it will
become available and will be received a dial
tone from the public exchange. There is no
limit on, or control over the number
subsequently dialled.

OFF HOOK
1

DIAL TONE

HANG UP

BUSY TONE
ON1

DIAL TONE
FROM  PUBLIC
NETWORK)

CONVERSATION
1---J

J HANG UP DEP.
ON EXT. EXCH.

HANG UP
1

S-7908

Figure 11. Outgoing Calls
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Network Configuration (Continued)

Hold/Recall. (see Figure 12). After a call is
placed on hold by following the appropriate
procedure, another internal or external line
may be dialled. The call ‘on hold’ may be
recalled by dialling 6 and the previous
conversation resumed.

Transfer. (see Figure 12). After placing a
conversation on hold and establishing a
conversation with another person, a transfer
may be executed by going “on-hook”.
However, a transfer to interconnect two
external lines is not allowed.

CONVERSATION
1---3

1 DIALS
*

l J ONHOLD I l

1oALs I l RECALL I

J

CONVERSATION
[ E—

I 10N HOOK |

[

1DIALS
6

TRANSFER K I-(|EFAVE|?11‘;ND
CONVERSATION RECEIVES
Ik BUSY TONE

5-7909 ‘__

Figure 12. Hold/Recall and Transfer

Notes:

— T can be external or internal

— K can be external or internal, transfer will not
take place if J and K one both external.

— I is the master of the call and J and K are
“slaves”. If the generator goes on-hook the

second person called becomes the master (only

if the second person called is not a trunk,
otherwise the first person called becomes the
master or viceversa). If a slave goes on-hook,
the generator remains the master.

Alternate Conversation. (see Figure 13).
When a call has been placed on hold and
another conversation initiated, a user may
alternate between the two lines by dialling 5.

CONVERSATION 1

WITH J ON HOLD

1 DIALS 1 DIALS

CONVERSATION 2

1---J
WITH K ON HOLD

1 DIALS 1 DIALS I
36 l [ i | [ 1 ON HOOK
J LEAVES
BUSY TONE TO Cf}_"_ff’_'f‘ 1 LEAVES
JIF INTER.
CONVERSATION CONVERSATION
I---K J---K
S-7910

Figure 13. Alternate Conversation

Notes:

— I is an internal extension and is the master of
the call.

— ] & K are internal or external but if ] & K are
external call conference is allowed.

— Alternate calls are controlled (*5) by the
person who called the 3rd party with *6.

— If a person on-hold hangs up, he is
automatically disconnected, and consequently
not found with the *5 command; the generator
receives a busy tone and the original
conversation can, however, be resumered with
the #6 command. If the generator goes on-
hook the second person called becomes the
master (only if the 2nd person called is not a
trunk, otherwise the first person called becomes
the master or viceversa.

— If a slave goes on-hook the generator remains
the master.
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Network Configuration (Continued)

Conferece Call. (see Figure 14). A
conference call is possible up to a maximum
of either one external and 2 internal
conversations, 3 internal conversations, or 2
external and 1 internal (where allowed).

CONVIERSJATION

1 DIALS

*

J ON HOLD
I CALLS M
1 DIALS
* 4

l

T DIALS 1,1, OR 1 DIALS
*5 LEAVES .6
CONVERSATION
Wi A CONFeRtuCE AND M LEAVES
E
AN IN CONFERENC AND M LEAVES

S-791

Figure 14. Conference Call

Notes:

— 1, ] and M may be:
(a) three internal lines
(b) two internal and one external or viceversa.

— Two external lines can be put inconference.

— I is an internal extension and is the master.

— If I leaves, the second person called becomes
the master (only if the 2nd person called is not
a trunk, otherwise the first person called
becomes the master or viceversa.

— If J or M (slaves) leaves the generator (I)
remains the master.

Flow Chart Comments

In these flow charts the following symbols
are used:

LI, K, M user identifications
(internal or external)

T1, T2 trunk lines 1 and 2

dial tone

busy tone self explanatory

ring back tone

* momentary depression of
the rest (or pushing the
momentary connection
button on phones equipt
with this feature)

1-0 dialling 1 to O

I...] connection and
conversation of I with ]

E.I.C. external incoming call
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Tone Definition Timing Ring Signals Definition Timing

425Hz | o ON ON ON
o1 o o 08 16 08  SEC
Figure 15. Busy Tone Over Speech Figure 19. General Bell Ring Signal
425Hz | ON ON ON ON
0.2 0.2 0.2 SEC 0.8 3.2 0.8 SEC
Figure 16. Definition of Tones. Busy Tone. Figure 20. Internal Incoming Call, Ring Signal
425Hz ON ON ON
CONTINUOUS SEC 0.8 1.6 0.8 SEC
Figure 17. Dial Tone Figure 21. External Incoming Call, Ring Signal
S$-7913
425Hz | ON ON
0.8 3.2 0.8 SEC

Figure 18. Ring. Back Tone

$-7912
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General Timing Description

Parameter

Characteristic

Dial pulse internal
- Break space
- Mark space

Dial pulse on trunk

Inter digit

Flash

Flash on trunk line
On-hook

Antibounce on DTMF key

Delay after freeing the trunk line before
engaging the line again

Dial tone

Busy tone

Busy tone over speech
Ring back tone

Internal call ring signal
External call ring signal
Gen bell signal

Antibounce on ext-incoming call signal
receiving

More than 50 ms. Less than 75 ms

More than 30 ms

As generated on internal extension

800 ms

More than 200 ms - Less than 800 ms

80 ms

More than 800 ms
37.5 ms

200 ms

Continuous 425 Hz

200 ms ON/200 ms OFF/425Hz
100 ms ON/3.2 sec OFF/425Hz
800 ms ON/3,2 sec OFF/425Hz
800 ms ON/3.2 sec OFF

800 ms ON/1.6 sec OFF

800 ms ON/1.6 sec OFF

37.5 ms sec
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Using Z8 MCU in Keyboard Controller

Introduction

The Z8 MCU can be used advantageously
in a professional keyboard controller, with
serial scanning.

The principal points on which the
application is based are, in essence:

m Use of a new generation high-
performance microcomputer (Z8), which is
well adapted to real time applications;
and

m implementation of a serial scanning
technique for the matrix, facilitated by
Z8's remarkable execution velocity, with
the possibility of defining a single
dedicated interface circuit which includes
a limited number of pins (28), and is thus
less costly.

Description

It should be particularly noted that, if the
architecture and the software available in the
7Z8 MCU are used in a timely way, it is
possible to achieve scanning times at a level
of 2.7 msec for 128 keys with the 8 MHz Z8.
Using faster versions (12 MHz), it is possible
to achieve shorter scanning times.

The matrix interface circuit interacts with
78 by means of 2 lines:

m CK coming from Z8; and
m [N going toward Z8.

The CK signal is generated by Z8 and
enables the column counter and the line
multiplexer with its rising edge.

The circuit interfaces with the matrix via
the 16 enabling column outputs in open-
drain, and the 8 line inputs.

For these inputs, the specific thresholds
(VILmax=1.5 V) guarantee a correct
interface with the matrix.

During the micro’s initialization phase, this
takes place when the interface matrix is
reset, transmitting a timely impulse to the IN
pin, which thus becomes bidirectional.

This arrangement permits leaving out a

less reliable function, power-on reset, which
is built into the device, without adding it to a
later pin, which would result in the package
being carried to a higher pin number (40),
thus at a higher cost.

The complexity of the interface function
has been valued at the equivalent of about
200 gates.

The other functions available in the
keyboard, namely: mouse control; and serial
conversation control synchronized with the
P.C. can be easily worked out using 3 of the
4 external IRQ pins.

These vectorized interrupt requests can be
masked and prioritized through use of
software. An eventual function, namely
controlling asynchronous serial conversation,
can be freely obtained, since it already exists
in the Z8. In this case, one of the 2 internal
timers is used as a baud rate generator.

Driving eventual LEDs (caps lock, number
lock) can be achieved directly by
programming the respective pins of port 2 in
open-drain. Using LED limiting resistance in
series, the typical level of current of 10 mA
can be programmed.

Note Concerning the Block Diagram

It is possible to write a single program
which can automatically recognize if the
device being used is a Z8 ROMless or a Z8
masked. This permits an immediate
branching from the version with external

EPROM to that using Z8 2K/4K ROM. The
test is applied to bits D3 and D4 of register
248 (MODE REGISTER PO and P1)

immediately after reset.
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Note Concerning the Printout

Status is coded on 2 bits. The status table
is made up of 32 bytes with 4 states per byte.
The status coding used is the following:

This type of coding permits:

® Branching from the previous state S1 S2
to the new state S2 IN by retaining a bit
from the previous state (S2) and
introducing the real state of the key (IN).

0
1 Status updating is, therefore, easily
vgﬁo —’ ON achieved through rotation and shift
1 operations.
0 . m A simple test for a valid key: the valid
key (on or off) is identified by having the
Y 2 status bits identical (00, 11). This
ON permits testing key validity and jumping
OFF 4——0 @) VALID to the corresponding service routine,
! using the single instruction JR NOV,
$-8109 OUT. The previous instruction on rotation
0=KEY OFF really sets an overflow bit if the two status
12KEY ON bits are different.
Z8
0, faN ]
USING ROMless VERSION 7 T warax
e e e e e — e e~ ——— A ATRI
! E PORTO 16x8
: ;L Ag+An Poo+Po3
1 1
| i KEYBOARD
1 | ENCODER
! EXTERNAL | ) !
i PROGRAM LATCH RDp+AD; PORT1
! MEMORY | !
| |
1
E . E P2, CK 16
i T ! PORT 2
] ] = S () SR
o ]
4
o
Vee
PORT 3
P3y P3, P3, P3, P3,
RX ——T L—»*rx
1Ra
Xa
Move Ya S-8108

Figure 1. Block Diagram
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Program Routine

A>TYFE KEYX.ASM

RBASE
TPTR:

NSCAN!
NBYTE!

OPEN!

STARTO?
START1:

STARTZ:

ouT?

EQU OEQH

EQU RBASE+13
EQU REASE+14
EQU RBASE+15
ORG OCH

LD F2Ms $0

LD P3H,$01

LD FO1My#45H
+KEY INFUT ON FOO
LD TFTR,#10H
LD NBYTE,#20H
LD R7+#0FFH
LD @TPTRR7
INC TRTR

DJNZ NEYTE:OFEN
LD R4, #80H

LD RSy #7FH

OR R2yR4

LD NEYTE»$01
LD NSCAN: #01
JR IN

LD TETRy#0FH
LD NEYTE»#20H
LD NSCAN, #04
INC TPTR

RL @TPTK

RL @TPTK

RRC RO

Ok 2+R4

RKRC @TPTR

RKRC @TFTR

JR NOV,OUT
AND R2sRS

RL @TPTR

RL @TFTR

DJUNZ NSCAN,START2
DJNZ NEYTE»START1
JR STARTO

JR IN

YBASE FOR WORKING REGISTERS
#R13=TAELE FOINTER (TPTR)

tR14=COUNTER OF N. OF SCANNING INTO THE TAELE (4)
#R15=COUNTER OF N, OF EYTES INTO THE TAELE (32)

+F20-F27 OUTFUTS,CLK OUTFUTS ON F27
+F2 WITH FULL-UFS ACTIVATED
+F10-F17 OUTFUTS,FO0-FO7 INFUTS»INTERN,STACK

+FOINTER TO 1ST EYTE TO FRESET
tNUMEER OF EYTES TO CLEAR
+MASK TO FRESET STATUS TAELE

yFRESET ALL KEY STATUS TO OFEN CONDITION
1MASK TO RESET CLK

yMASK TO SET CLK

+RESET CLK

yTETR=STARTING @ OF STATUS TAELE MINUS ONE
P NBYTE=NUMEER OF BYTES INTO THE TAELE
tNSCAN=N., OF SCANNING TO DO FOR EACH EBYTE

$SHIFT INFUT TO CARRY FLAG
iRESET CLK

+GENERATE NEW STATUS ON EITS 6 AND 7
$TEST NEW STATUS AND GO OUT IF IT'S 00 OR 11
$SET CLK

iPREFARE THE TAELE FOR THE NEXT KEY VALUE
#CHECK IF ALL THIS EYTE IS SCANNED

JCHECK IF THE TAEBLE IS COMPLETED

#AT THE FIRST KEY JF TO STARTO
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Z8 MCU in Dynamic Keyboard

The Measurements of Pressure Velocity on the Keyboard

of a Musical Instrument

Introduction

Among the characteristics requested from
new generations of musical instruments, in
particular the piano effect, is the control of
amplitude in connection with the velocity of
keyboard pressure, in other words, the so-
called dynamic keyboard.

Software using the Z8 and supported by
the M112 has been studied by SGS in order
to permit the creation of a dynamic keyboard
with unlimited poliphonicity, up to a
maximum of 104 usable keys on one or two
keyboards.

The Z8/D, which may be considered as a
standard component for this function,

together with the M112, makes it possible for
builders of musical instruments to create a
dynamic keyboard without having to develop
the software or to use complex and costly
circuits.

The number of M112s used together with
the Z8/D depends on the poliphonicity
desired, given the fact that each M112
provides a polyphonicity of 8 notes.

The circuitry necessary for each channel’s
configuration is significantly reduced thanks
to the M112's characteristics of being able to
carry out internally the SUSTAIN and
RELEASE phase.

Main Characteristics

m The number of usable keys is
programmable from 40 to 104.

m Contact may be made by a double bar or
by a double rubber contact.

m Total polyphonicity, limited only by the
number of M112s and by the velocity of
the master/micro.

m Asynchronous conversation with master
micro.

m 2] tables which specify the amplitude of
the sound identified in relation to flight
time (key speed).

m 2 output forms for each key, arranged for
choice among the 21 available.

m Each table consists of 15 words of 6 bits
each.

m Transition time between the two bars:
min. 3 ms and max. 39 ms with CK=8

MHz (from 0 to 3 ms, equals maximum
amplitude, while, beyond, 39 ms equals
the minimum level).

m Possibility to change the transition time by
varying the CK.

m Exclusion of rebounds on either bar.

m Sending reset to master/micro during
initialization and in case of error.

m Percussive and/or sustained effects.

m Each key is defined by 14 bits in the
following way: 7 bits codify the key
number from 0 to 103; 1, the condition of
the key; 6 codify the amplitude.

Note: the M112s should have 3V + 10% on pin 12
(Vt); HOLD command = 0 and the code for attack
time should never be al =a2=a3=0. Thus the
RELEASE phase can be controlled by the M112.

Operation

The keyboard, or keyboards, the extension
of which is programmable, make up a matrix
of 8xN (Nmax =13, or in other words, 104

keys max.) and every N line is made up of 2
bars, one for release and the other for
pressure (see Figure 8) - the double contact
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Operation (Continued)

rubber can also be used (see Figure 9).

Keys not being used are in contact with
the release bar and when they are played,
they touch the pressure bar.

Transition time between one bar and the
other, which we will call “flight” time, does
not include rebounds insofar as the count
starts from the last rebound on the release
bar and ends with the first contact with the
pressure bar.

The calculation of flight time takes place
by increasing, every time the keyboard
shifts, a 4-bit counter with which a pair of
tables chosen by the user from among the 21
available can be addressed. '

Acquisition of the two tables selected and
of the number of keys is only possible at
mains on.

The time for a shift cycle represents the
basic measuring unit of “flight” time and
thus is fixed at a constant value of 1.5 ms
through use of the Z8/D’s internal timer with
CK =8 Mhz.

The first 5 steps are increased every 1.5 ms,
while the successive 10 are every 3 ms.

A key is considered pressed at its first
contact with the pressure bar, and released
at its first contact with the release bar;
eventual rebounds, even unlimited ones on
the same bar, are ignored.

The Z8/D microprocessor reads the
keyboard in a sequential mode and measures
flight time for each key that is pressed; that

of release is not taken into consideration.
This time can thus only assume 15 discrete
values.

Each of these 15 values addresses a pair of
amplitudes or levels which should have the
note which corresponds to that key.

The micro Z8/D will present on 6 pins (3
associated with port PO and 3 associated with
P3) the code for the first amplitude. After 2
us, the 3 pins PO (234) which serve, through
the use of 3 input AND to strobe and thus
memorize this first amplitude, are set to 1.

The second amplitude is made available on
the same 6 pins, 20 us after the first, and is
maintained until the release of the key or
until the successive output (see Figure 3).

The acceptance of keys by the Z8/D is
conditioned by the velocity of the acquisition
of the master/micro with respect to the
quantity of variations of keys in the unit of
time.

In order to not limit polyphonicity because
of excessive slowness of the master/micro, a
FIFO type memory area, has been prepared
inside the Z8/D, capable of holding up to 10
variations ready for the master/micro to use.

The Z8/D micro accepts any key pressed
indistinctly, taking account of the fact that
those coming after filling the FIFO are lost.
The decision of which keys to send to the
M112 and thus to play, is left to the
master/micro.

Communicating with the Master/Micro

At switch on, the Z8/D puts, on port P1,
the code FF which is received by the
master/micro and interpreted as a reset.

This code is also sent when, for any
reason, the FIFO {finds itself in an anomolous
condition - for example when the read
counter is more advanced than the write
pointer. In effect this could leave the “keys
pressed” and never cancell them again.

It is therefore necessary that the master
micro cancels all pressed keys it has in
memory when it receives FF.

All data supplied by the Z8/D is comprised
of 14 bits which have the following format:

— 7 bits (Plg - Plg) give the key number
with Plg being the LSB.

— 1 bit (P17) gives the key condition
(1 =pressed)

— 6 bits (P0O[567] and P3[567] give the two

amplitudes with POs being the LSB.

Transmission is asynchronous with two
signals from the Z8/D being used: DAV (P3y4)
which, when a 1", signals to the
master/micro that data is ready to be
transmitted and RDY (P33) which must go to
1" to alow the Z8/D to make the data
available on its ports.

8
Z8/0 oy [
6,_1pPo
MP (56.7) MICRO/
A <IP3(5.5'7) P3, :;: MANAGEMENT)
P33 fe—""———
$-7863
Figure 1
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Communicating with the
Master/Micro (Continued)

The timing shown in Figure 2 is relative to
an 8MHz clock.

DAYV can go to 1" only if RDY is zero and
vice versa.
a=972 us

b=16.5 us If, however, RDY is not yet at
zero, DAV will wait until it goes
to zero and, then, after 2.5 us,

will go to "1”.
c,e,g,m: These times depend on the
master/micro. However they
should not be less than zero.
d=7 ps In this case, RDY cannot last less

than 7 ps.

f can vary from 150 us to 1.5 ms.

SET-UP T1 PRESSED

h=53 us When this time has passed, the

data is complete, but the partial

times are:

* 13 us OUTPUT P1 (TP and
Key No.)

* 33.5 us OUTPUT first
amplitude with related strobe

* 85 us OUTPUT second

amplitude
i=4 ps
n can vary from 7 ps to 1.5 ms.

Figure 3 shows the detailed timing
beginning from the switching of RDY, in
other words, from the request for new data
and on the supposition that such data is
already available:

The data on P1 and those concerning the
second amplitude remain stable until the
next switching of RDY.

T2 PRESSED
glh l i m

RESET

DAV

RDY

hjptfmin 5-8277

Figure 2

RDY

P1 OUT VALID
13us

1ST
AMPLITUDE

31.5us

STROBE
P0(234)=1

OUT VALID
2us Bus

2ND
AMPLITUDE

> ouT VALID

53us

S$-7864

Figure 3. RDY Timing
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Typical Application

St.D and ta are generated by the
master/micro:

Possible applications of Z8/D are many; in
this note, two of these are shown, related to

percussive effects. m St.D is the strobe for data transmission for

The technique used in this application is
bused on the fact that the attack phases are
not contemporary, in other words, it is not
possible to have two or more keys with their
attack time overlapping.

This first application allows the saving of a

latch or sample and hold for each channel,
however the cross-over level between two
note decay levels of will not be defined and
thus this point must be defined by a timer
which, in this case, is made up of rd and
Cd.

The following waveforms demonstrate the
movement in the signals concerning
diagram, in Figure 10.

Ta = (Ro(4051)+Ro(D/A))*C ="~ 1
Kohm=*C

RD*C (RD can be controlled with
the assistance of a duty-cycle
variable oscillator)

Ts = 3Mohm * (3Mohm is the internal
resistance to M112 connected to the
mass)

Td

Tr = Rp * C (Rp is the internal resistance
to M112 programmable among rl, r2

and r3)

Tp represents the time interval during which
the key is pressed.

st.o

the M112. The negative transition renders
the M112 data operational, and initiates
the attack phase of the external
development circuit.

ta, which should begin before the defined
St.D, with its negative transition, the
attack phase. This time is quite well
controlled by the master/micro because,
given the characteristics of this
application, the next key can begin the
attack phase only at the end of the
present tA.

td is the decay phase time, which should
not be confused with the time constant
Td; its value is determined by the
product rd * Cd and by the threshold of
4503.

The second application (see Figure 11),
requires a temporary memorization of the
SUSTAIN level for each channel,
however, it permits better envelope
control.

In fact, the DECAY phase now tends
toward a digitally controlled level and
thus the cross-over point between the two
slopes is perfectly calculable even to the
variation of maximum size in relation to
minimum key pressure.

TP

ta

Vi

T V1H (HCF4503)

S-7865

Figure 4. Signal Diagram Relative to Figure 10
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Typical Application (Continued)

Both of the applications just described can
be carried out either with the double bar
contacts or those with conductive rubber.

If one examines various tables among the
21 available, it is sufficient to choose table
21 and any other one to obtain from the 4
least important bits (P05, P06, PO7 and P35)
the “flight” time code, from 1 to 15, with
which one can address any table inside the

8

master micro, as is shown in Figure 5, or
else an external memory.

Figure 5 shows a possible circuit to read
the tables located in the micro/management
minimizing the number of pins used in the
conversation.

Table 1 and Figure 6 show the numerical
and graphical progression of the 21 tables
contained in Z8/D.

3]

P34

P33

z8/D

MICRO/
MANAGEMENT)

P3g

P07

POsg

_k‘
POg —k
%

3ST

KQ

-A IYI-
SanTas

5-7866

Figure 5. Circuit to Read Tables Resident in the Master/Micro

Flying
time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16.17 18 19 20 21
(ms)

3 63 63 63 63 63 63 63 63 63 54 48 45 44 40 31 29 28 28 27 26 1
4,5 63 63 62 62 61 61 59 56 52 51 44 42 40 37 33 31 30 29 28 27 2
6 63 62 61 60 58 56 52 48 45 49 42 36 37 35 35 32 32 30 29 27 3
7,5 62 59 58 58 54 51 47 43 41 47 39 30 35 33 36 32 33 30 30 28 4
9 60 54 50 56 47 47 41 39 39 44 37 27 33 32 34 30 34 29 31 28 5

12 53 46 42 51 43 45 35 36 37 40 33 25 30 29 31 28 33 27 32 29 6
15 47 43 40 49 42 43 34 35 37 35 31 285 28 27 29 27 30 36 32 30 7
18 44 39 38 47 41 42 33 34 35 32 29 24 27 26 29 26 28 25 32 30 8
21 43 37 36 45 40 42 32 34 34 30 27 24 26 25 28 26 27 25 31 30 9
24 42 34 33 40 37 40 31 33 34 28 26 24 25 24 27 25 26 25 30 29 10
27 40 32 30 35 34 37 29 31 31 27 26 24 25 24 27 25 25 24 28 28 11
30 38 30 29 32 31 35 28 29 29 26 25 23 25 23 26 24 25 24 26 26 12
33 36 29 28 30 29 34 27 27 27 25 24 23 24 23 25 24 24 24 26 25 13
36 35 28 28 27 27 34 25 26 26 24 24 23 24 23 24 24 24 23 25 24 14
39 34 28 27 22 26 34 24 24 24 24 24 22 24 22 24 23 24 23 24 24 15
Tab. 1. Table of Amplitude Codes Against Fligth Times
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Figure 6. Layout of Tables Resident in the Z8/D
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® The release bars are even-numbered.
® Unusual keys are closed with a diode
near the release bar.

® The matrix is read at regular intervals of
1,5 ms with CK =8 MHz.
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Figure 8. Diagram of Double Bar Keyboard and Commands
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Figure 9. Diagram of Double Rubber Contact Keyboard
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Figure 10. Diagram for Percussive Effects
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Comparison of Z8611, 8051 and MC6801 Microcomputers

Introduction

The microcomputer industry has recently
developed single-chip microcomputers that
incorporate on one chip functions previously

performed by peripherals. These

microcomputer units (MCUs) are aimed at

markets requiring a dedicated computer.

This report describes and compares the
most powerful MCUs in today’s market: the
78611, the 8051, and the MC6801. Table 1
lists facts that should be considered when
comparing these MCUs.

FEATURES Z8611* 8051 MC6801
On-Chip ROM 4K x 8* 4K x8 2K x8
General-Purpose
Registers 124 128 128
Special-Function
Registers
Status/Control 16 16 17
1/O ports 4 4 4
1/0
Parallel lines 32 32 29
Ports Four 8-bit Four 8-bit Three 8-bit, one 5-bit
Handshake Hardware on None Hardware on one port
three ports
Interrupts
Source 8 5 7
External source 4 2 2
Vector 6 5 7
Priority 48 Programmable 2 Programmable Nonprogrammable
orders orders
Maskable 6 5 6
External
Memory 120K bytes 124K bytes 64K bytes
Stack
Stack pointer 16-bit 8-bit 16-bit
Internal stack Yes, uses Yes Yes
8-bits
External stack Yes No Yes
Counter/Timers
Counters Two 8-bit Two 16-bit One 16-bit
or two 8-bit
Prescalers Two 6-bit No prescale None
with 16-bits;
5-bit prescale
with 8-bits

* 78601 =2K ROM version

Table 1. MCU Comparison
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Introduction (Continued)

FEATURES 28611* 8051 MC6801

Addressing

Modes

Register Yes Yes No

Indirect Register Yes Yes No

Indexed Yes Yes Yes

Direct Yes Yes Yes

Relative Yes Yes Yes

Immediate Yes Yes Yes

Implied Yes Yes Yes

Index

Registers 124, Any general- 1, Uses the 1, Uses 16-bit index
purpose register accumulator for register

8-bit offset

Serial

Communication

Interface

Full duplex UART Yes Yes Yes

Interrupts for transmit
and receive

Registers Double

One for each

One for both

One for both

buffer Receiver Receiver Transmitter/Receiver

Serial Data Rate 62.5K b/s 187.5K b/s 62.5K b/s
@8 MHz @12 MHz @4 MHz

Speed

Instruction execution

average 2.2 psec 1.5 psec 3.9 pusec

Longest instruction 4.25 psec 4 psec 10 usec

Clock Frequency 8 MHz* 12 MHz 4 MHz

Power Down Mode Saves first 124 Save first 128 Saves first 64 registers
registers registers

‘Context Switching Saves PC and flags Saves PC; Saves PC, PSW,

programmer must
save all register

accumulators, and Index
register

Development 40-Pin ROMless 40-Pin (8751) 40-Pin (68701)
(Z8681/82/84)
Eprom 4K bytes 4K bytes 2K bytes
8K bytes

* 78601 =2K ROM version

Table 1. MCU Comparison (Continued)

252



Architectural Overview

The three chips have somewhat similar
architectures. There are, however,
fundamental differences in design criteria.

The 8051 and the MC680]1 were designed
to maintain compatability with older

- products, whereas the Z8611 design is free
from such restrictions and incorporates many
new ideas. Because of this, the accumulator
architectures of the MC6801 and the 8051

-are not as flexible as that of the Z8611, which
allows any register to be used as an
accumulator.

Memory Spaces. The Z8611 CPU

manipulates data in four memory spaces:
m 60K bytes of external data memory
m 60K bytes of external program memory

m 4K bytes of internal program memory
(ROM)

m 144-byte register file

The 8051 CPU manipulates data in four
memory spaces;

m 64K bytes of external data memory

m 60K bytes of external program memory
m 4K bytes of internal program memory
m 148-byte register file

The MC6801 manipulates data in three
memory spaces:

m 62K bytes of external memory
m 2K bytes of internal program memory

m 149-byte register file

On-Chip ROM. All three chips have internal
ROM for program memory. The Z8611 and
the 8051 have 4K bytes of internal ROM, and
the MC6801 has 2K bytes. In some cases,
external memory may be required with the
MC6801 that is not necessary with the Z8611
or the 8051.

On-Chip RAM. All three chips use internal
RAM as registers. These registers are
divided into two categories: general-purpose
registers and special function registers
(SFRs).

The 124 general-purpose registers in the
78611 are divided into eight groups of 16

registers each. In the first group, the lowest
four registers are the I/O gort registers. The
other registers are general purpose and can
be accessed with an 8-bit address or a short
4-bit address. Using the 4-bit address saves
bytes and execution time. Four-bit short
addresses are discussed later. All general-
purpose registers can be used as
accumulators, address pointers, or Index
registers.

The 128 general-purpose registers in the
8051 are grouped into two sets. The lower 32
bytes are allocated as four 8-register banks,
and the upper registers are used for the
stack or for general purpose. The registers
cannot be used for indexing or as address
pointers.

The MC6801 also has a 128-byte, general-
purpose register bank, which can be used as
a stack or as address pointers, but not as
index registers.

The main contrast is that any of the 78611
general-purpose registers can be used for
indexing; the MC6801 and the 8051 cannot
use registers this way. The Z8611 can use
any register as an accumulator; the MC6801
and the 8051 have fixed accumulators. The
use of registers as memory pointers is very
valuable, and only the 78611 can use its
registers in this way.

The number of general-purpose registers
on each chip is comparable. However,
because of its flexible design, the Z8611
clearly has a more powertul register
architecture.

The Z8611 has 20 special function registers
used for status, control, and I/O. These
registers include:

m Two registers for 16-bit Stack Pointer
(SPH, SPL)

m One register used as Register Pointer for
working registers (RP)

One register for the status flags (FLAGS)
One register for interrupt priority (IPR)
One register for interrupt mask (IMR)
One register for interrupt request (IRQ)

Three mode registers for the four ports
(P1M, P2M, P3M)

m Serial communications port used like a
register (SIO)

m Two counter/timer registers (TO, T1)
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Architectural Overwiev (Continued)

® One Timer Mode Register (TMR)
B Two prescaler registers (PREO, PRE1)

m Four /O ports accessed as registers
(PORTO, PORTI, PORT2, PORT3)

The 8051 also has 20 special function
registers used for status, control, and I/O.
They include:

® One register for the Stack Pointer (SP)
m Two accumulators (A, B)

m One register for the Program Status Word
(PSW)

m Two registers for pointing to data memory

(DPH, DPL)

® Four registers that serve as two 16-bit

counter/timers (THO, TH1, TLO, TL1)

m One mode register for the counter/timers
(TMOD)

m One control register for the counter/timers
(TCON)

® One register for interrupt enable (IEC)
m One register for interrupt priority (IPC)

® One register for serial communications

buffer (SBUF)

® One register for serial communications

control (SCON)

m Four registers used as the four /O ports
(PO, P1, P2, P3)

The MC6801 has 21 special function
registers used for status, control, and I/O.
These include:

® One register for RAM/ROM control

One serial receive register

One serial transmit register

One register for serial control and status

On serial rate and mode register

One register for status and control of
port 3

® One register for status and control of the
timer

m Two registers for the 16-bit timer

m Two registers for 16-bit input capture
used with timer

m Two registers for 16-bit output compare
used with timer

m Four data direction registers associated
with the four I/O ports

m Four I/O ports

The special function registers in the three
chips seem comparable in number and
function. However, upon closer examination,
the SFRs of the MC6801 prove less efficient
than those of the Z8611. The MC6801 has
five registers associated with the I/O ports,
whereas the Z8611 uses only three registers
for the same functions. The MC6801 uses
four registers to perform the serial
communication function, whereas the 78611
uses only one register and part of another.

The 8051 uses two registers for the
accumulators; the 78611 is not limited by this
restriction. The 8051 also uses two registers
for the serial communication interface,
whereas the Z8611 accomplishes the same
job with one register. Another two registers
in the 8051 are used for data pointers; these
are not necessary in the Z8611 since any
register can be used as an address pointer.

The Z8611 uses registers more efficiently
than either the MC6801 or the 8051. The
registers saved by this optimal design are
used to perform the functions needed for
enhanced interrupt handling and for register
pointing with short addresses. The 78611 also
supplies the extra register required for the
external stack. These features are not
available on the 8051 or the MC6801.

External Memory. All three chips can
access externall memory. The Z8611 and the
8051 can generate signals used for selecting
either program or data memory. The Data
Memory strobe (the signal used for selecting
data or program memory) gives the Z8611
access to 120K bytes of external memory
(60K bytes in each program and data
memory). The 8051 can use 124K bytes of
external memory (64K bytes of external data
memory and 60K bytes of external program
memory). The MC6801 can access only 62K
bytes of external memory and does not
distinguish between program and data
memory. Thus, the 78611 and the 8051 are
cleary able to access more external memory
than the MC6801.
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Architectural Overwiev (Continued)

On-Chip Peripheral Function. In addition
to the CPU and memory spaces, all chips
provide an interrupt system and extensive
1/O facilities including 1/O pins, parallel I/O
ports, a bidirectional address/data bus, and
a serial port.

Interrupts. The Z8611 acknowledges
interrupts from eight sources, four are
external from pins IRQg-IRQ3, and four are
internal from serial-in, serial-out, and the
two counter/timers. All interrupts are
maskable, and a wide variety of priorities are
realized with the Interrupt Mask Register and
the Interrupt Priority Registers (see Table 1).
All 78611 interrupts are vectored, with six
vectors located in the on-chip ROM. The
vectors are fixed locations, two bytes long,
that contain the memory address of the
service routine.

The 8051 acknowledges interrupts from
five sources: two external sources (from INTO
and INT1) and three internal sources (one
from each of the internal counters and one
from the serial I/O port). All interrupts can
be disabled individually or globally. Each of
the five sources can be assigned one of two
priorities: high or low. All 8051 interrupts
are vectored. There are five fixed locations
in memory, each eight bytes long, allocated
to servicing the interrupt.

The MC6801 has one external interrupt,
one nonmaskable interrupt, an internal
interrupt request, and a software interrupt.
The internal interrupts are caused by the
serial I/O port, timer overflow, timer output
compare, and timer input capture. The
priority of each interrupt is preset and
cannot to be changed. The extenal interrupt
can be masked in the Condition Code
register. The MC6801 vectors the interrupts
to seven fixed addresses in ROM where the
16-bit address of the service routine is
located.

When an interrupt occurs in the 8051, only
the Program Counter is saved; the user must
save the flags, accumulator, and any
registers that the interrupt service routine
might affect. The MC6801 saves the Program
Counter, accumulators, Index register, and
the PSW; the user must save all registers that
the interrupt service routine might affect.
The Z8611 saves the Program Counter and
the Flags register. To save the 16 working

registers, only the Registers Pointer register
need be pushed onto the stack and another
set of working registers is used for the
service routine.

With regard to interrupts, the Z8611 is
cleary superior. The Z8611 requires only one
command to save all the working registers,
which greatly increases the efficiency of
context switching.

1/0 Facilities. The Z8611 has 32 lines
dedicated to I/O functions. These lines are
grouped into four ports with eight lines per
port. The ports can be configured
individually under software control to
provide input, output, multiplexed
address/data lines, timing, and status. Input
and output can be serial or parallel, with or
without handshake. One port can be
configured for serial transmission and four
ports can be configured for parallel
transmission. With parallel transmission,
ports 0, 1, and 2 can transmit data with the
handshake provided by port 3.

The 8051 also has 32 I/O lines grouped
together into four ports of eight lines each.
The ports can be configured under program
control for parallel or serial I/O. The ports
can also be configured for multiplex
address/data lines, timing, and status.
Handshake is provided by user software.

The MC6801 has 29 lines for I/O (three
8-bit ports and one 5-bit port). One port has
two lines for handshake. The ports provide
all the signals needed to control input and
output either serially or in parallel, with or
without multiplexed address/data lines. They
can be used to interface with external
memory.

The main differences in I/O facilities are
the number of 8-bit ports and the hardware
handshake. The Z8611 and the 8051 have
four 8-bit ports, whereas the MC6801 has
three 8-bit ports and an additional 5-bit port.
The 78611 has hardware handshake on three
ports, the MC6801 has hardware handshake
on only one port, and the 8051 has no
hardware handshake.

Counter/Timers. The Z8611 has two 8-bit
counters and two 6-bit programmable
prescalers. One prescaler can be driven
internally or externally; the other prescaler is
driven internally only. Both timers can
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Architectural Overwiev (Continued)

interrupt the CPU when counting is
completed. The counters can operate in one
of two modes: they can count down until
interrupted, or they can count down, reload
the initial value, and start counting down
again (continuously). The counters for the
78611 can be used for measuring time
intervals and pulse widths, counting events,
or generating periodic interrupts.

The 8051 has two 16-bit counter/timers for
measuring time intervals and pulse widths,
generating pulse widths, counting events,
and generating periodic interrupts. The
counter/timers have several modes of
operation. They can be used as 8-bit
counters or timers with two 5-bit
programmable prescalers. They can also be
used as 16-bit counter/timers. Finally, they
can be set as 8-bit modulo-n counters with
the reload value held in the high byte of the
16-bit register. An interrupt is generated
when the counter/timer has completed
counting.

The MC6801 has one 16-bit counter which
can be used for pulse-width measurement
and generation. The counter/timer actually
consists of three 16-bit registers and an 8-bit
control/status register. The timer has an
input capture register, an output compare
register, and a free-running counter. All

three 16-bit registers can generate interrupts.

Serial Communications Interface. The
Z8611 has a programmable serial
communication interface. The chip contains
a UART for full-duplex, asynchronous, serial
receiver/transmitter operation. The bit rate is
controlled by counter/timer 0 and has a
maximum bit rate of 93.500 b/s. An interrupt
is generated when as assembled character is
transferred to the receive buffer. The
transmitted character generates a separate
interrupt. The receive register is double-
buffered. A hardware parity generator and

detector are integrated.

The 8501 handless serial I/O using one of
its parallel ports. The 8051 bit rate is
controlled by counter/timer 1 and has a
maximum bit rate of 187,500 b/s. The 8051
generates one interrupt for both transmission
and receipt. The receive register is double-
buffered.

The MC6801 contains a full-duplex,
asynchronous, serial communication
interface. The bit rate is controlled by a rate
register and by the MCU's clock or an
external clock. The maximum bit rate is
62,500 b/s. Both the transmit and the receive
registers are double-buffered. The MC6801
generates only one interrupt for both
transmit and receive operations. No
hardware parity generation or detection is
available, although it does have automatic
detection of framming errors and overrun
conditions.

The 8051 and the MC6801 generate only
one interrupt for both transmit and receive,
whereas the Z8611 has a separate interrupt
for each. The ability to generate separate
interrupts greatly enhances the use of serial
communications, since separate service
routines are often required for transmitting
and receiving.

Other differences between the Z8611,
MC6801, and the 8051 occur in the hardware
parity detector, the double-buffering of
registers, framing error detectors and
overrun conditions. The 8051 has a faster
data rate than either the Z8611 or the
MC6801. The MC6801 has the advantage of
a hardware framing error detector and
automatic detection of overrun conditions.
The MC6801 also has both its transmit and
receive registers double-buffered. The 78611
has hardware parity detector, and for
detection of framing errors and overrun
conditions, a simple, low-overhead software
check is possible using only two instructions.

Instruction Architecture

The architecture of the Z8611 is designed
specifically for microcomputer applications.
This fact is manifest in the instruction
composition. The arduous task of
programming the MC6801 and the 8051
starkly contrasts with programming the
Z8611.

Addressing Modes. The 78611 and the 8051
both have six addressing modes: Register,
Indirect Register, Indexed, Direct, Relative,
and Immediate. The MC6801 has five
addressing modes: Accumulator, Indexed,
Direct, Relative, and Immediate. A quick
comparison of these addressing modes
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Instruction Architecture (Continued)

reveals the versatility of the Z8611 and the
8051. The addressing modes of the MC6801
have several restrictions, as shown in Table
1. While the 8051 has all the addressing
modes of the Z8611, its use of them is
restricted. The 78611 allows many more
combinations of addressing modes per
instruction, because any of its registers can
be used as an accumulator. For example, the
instructions to clear, complement, rotate,
and swap nibbles are all accumulator
oriented in the 8051 and operate on the
accumulator only. These same commands in
the Z8611 can use any register and access it
either directly, with register addressing, or
with indirect register addressing.

Indexed Addressing. All three chips differ
in their handling of indexing. The Z8611 can
use any register for indexing. The 8051 can
use only the accumulator as an Index
register in conjunction with the data pointer
or the Program Counter. The MC6801 has
one 16-bit Index register. The address
located in the second byte of an instruction
is added to the lower byte of the Index
register. The carry is added to the upper
byte for the complete address. The MC6801
requires the index value to be an immediate
value.

The MC6801 has only cne 16-bit Index
register and an immediate 8-bit value from
the second byte of the instruction. Hence,
the Indexed mode of the MC6801 is much
more restrictive than that of the Z8611. The
8051 must use the accumulator as its only
Index register, loading the accumulator with
the register, address each time a reference is
made. Then, using indexing, the data is
moved into the accumulator, eradicating the
previous index. This forces a stream of data
through the accumulator and requires a
reload of the index before access can be
made again. The 78611 is clearly superior to
both the MC6801 and the 8051 in the
flexibility of its indexed addressing mode.

Short and Long Addressing. Short
addressing helps to optimize memory space
and execution speed. In sample applications
of short register addressing, and eight
percent decrease in the number of bytes
used was recorded.

A] three chips have short addressing
modes, but the Z8611 has short addressing
for both external memory and register
memory. The 8051 has short addressing for
the lowest 32 registers only.

The 78611 has two different modes for
register addressing. The full-byte address
can be used to provide the address, or a
4-bit address can be used with the Register
Pointer. To use the working registers, the
Register Pointer is set for a particular bank
of 16 registers, and then one of the 16
registers is addressed with four bits. Another
feature for addressing external memory is the
use of a 12-bit address in place of a full
16-bit address. To use the 12-bit address,
one port supplies the eight multiplexed
address/data lines and another port supplies
four bits for the address. The remaining four
bits of the second port can be used for I/O.
This feature allows access to a maximum of
10K bytes of memory.

The 8051 uses short addresses by
organizing its lowest 32 registers into four
banks. The bank select is located in a 2-bit
field in the PSW, with three bits addressing
the register in the bank.

The MC6801 used extended addressing for
addressing external memory. With a special,
nonmultiplexed expansion mode, 256 bytes
of external memory can be accessed without
the need for an external address latch. The
MC6801 consumes one 8-bit port for the
address and another port for the data.

Stacks. The Z8611 and the MC6801 provide
for external stacks, which require a 16-bit
Stack Pointer. Internal stacks use an 8-bit
Stack Pointer. The 8051 uses only a limited
internal stack requiring an 8-bit Stack
Pointer. Using an external stack saves the
internal RAM register for general-purpose
use.

Summary. The stack structure of the Z8611
and the MC6801 is better than that of the
8051. In most applications, the 8051 is more
flexible and easier to program than the
MC6801. The Z8611 is easiers to use than
either the 8051 or the MC6801 because of its
register flexibility and its numerous
combinations of addressing modes. The 8051
features a unique 4us multiply and divide
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command. The MC6801 has a multiply, but it
takes 10us to perform it.

In summary, the Z8611 has the most
flexible addressing ‘modes, the most

advanced indexing capabilities, and superior
space-and time-saving abilities with respect
to short addressing.

Development Support

All vendors provide development support for
their products. This section discusses the
different support features, including
development chips, software, and modules.

Chips. SGS offers an entire family of
microcomputer chips for product
development and final product. The Z8611 is
a single-chip microcomputer with 4K bytes of
mask-programmed ROM. For development,
two other chips are offered. The Z86E11 4K
EPROM and the Z86E21 8K EPROM versions.

Intel offers a similar line of development
chips with its 8051 family. The 8031 has no
internal ROM and the 8751 has 4K of
internal EPROM.

Motorola offers the MC6801, MC6803,
MCB6803NR, and MC68701. These are all
similar except the MC68701 has 2K bytes of
EPROM and the MC6801 has 2K bytes of
ROM. The MC6803 has no internal ROM and
the MC6803NR has neither ROM nor RAM
on board.

Software. Development software includes
assemblers, and conversion programs. All
manufacturers offer some or all of these
features.

Since the MC6801 is compatible with the
6800, there is no need for a new assembler.
The Z8611 and the 8051 both offer
assemblers for their products. The 78611
MACZ8 assembler generates relocatable and
absolute object code. MACZ8 also supports
high-level control and data statements, such
as IF... THEN... ELSE. Intel offers an
absolute macroassembler, ASM51, with their
product. They also offer a program for
converting 8048 code to 8051 code.

Modules. The Z8611 development module has
two 64-pin development versions of the 40-pin,
ROM-masked Z8611. Intel offers the EM-51
emulation board, which contains a modified
8051 and PROM or EPROM in place of
memory. Motorola has the MEX6801EVM
evaluation board for program development.

Additional Features

Additional features include Power Down
mode, selftesting, and family-compatibility.

Power Down Mode. All three
microcomputers offer a Power Down mode.
The 78611 and the 805! save all of their
registers with an auxiliary power supply. The
MC6801 uses an auxiliary power supply to
save only the first 64 bytes of its register file.
The 78611 uses one of the crystal input
pins for the external power supply to power
the registers in Power Down mode. Since the
XTAL2 input must be used, an external clock
generator is necessary and is input via

XTALIL. The 8051 and the MC6801 both have
an input reserved for this function. The
MC6801 uses the Vo standby pin, and the
8051 uses the V4 pin.

Family Compatibility. Another strenght of
the Z8611 is its expansion bus, which is
completely with the Z8000 Family Z-BUS.
This means that all Z-BUS peripherals can be
used directly with the Z8611.

The MC6801 is fully compatible with all
MC6800 family products. The 8051 is
software compatible with the older 8048
series and all others in that family.

258



Benchmark

The following benchmark tests were used in
this report to compare the Z8611, 8051, and
MC6801:

m Generate CRC check for 16-bit word.

m Search for a character in a block of
memory.

m Execute a computed GOTO - jump to one
of eight locations depending on which of
the eight bits in set.

m Shift a 16-word five places to the right.

m Move a 64-byte block of data from
external memory to the register file.

m Toggle a single bit on a port.

m Measure the subroutine overhead time.

These programs were selected because of
their importance in microcomputer
applications. Algorithms that reflect a unique
function or feature were excluded for the
sake of comparison. Although programs can
be optimized for a particular chip and for a
particular attribute (code density or speed)
these programs were not.

The figures cited in this text are taken
directly from the vendor’s documentation.
Therefore, the cycles given below for the
MC6801 and the 8051 are in machine cycles
and the 78611 figures are given in clock
cycles. The Z8611 clock cycles should be
divided by six to give the instruction time in
microseconds. The 8051 and MC6801
machine cycle is lus, and the Z8611 clock
cycle is .166us at 12MHz.

Because of the lack of availability of the
MC6801 and the 8051, the benchmark
programs listed here have not yet been run.
When these products are readily available,
the programs will be run and later editions
of this document will reflect any changes in
the findings.

Program Listing

CRC Generation

8051 Machine
Cycles Bytes
MOV INDEX, #8 1 2
LOOP: MOV A,DATA 1 2
XRL A ,HCHECK 1 2
RLC A 1 1
MOV  A,LCHECK 1 2
XRL A, LPOLY 1 2
RLC A 1 1
MOV LCHECK,A 1 2
MOV A ,HCHECK 1 2
XRL A HPOLY 1 2
RCL A 1 1
MOV HCHECK, A 1 2
CLR C 1 1
MOV A DATA 1 2
RCL A 1 1
MOV DATAA 1 2
DINZ INDEX,LOOP 2 3
RET 2 1
N=3+17X8=139 cycles
@12 MHz =13%s
Instructions = 18
Bytes =31
MCe6801 Machine
Cycles Bytes
LDAA u$08 2
LOOP: STAA COUNT 3
LDAA HCHECK 3 2
EORA DATA 3 2
ROLA 2 1
LDAD POLY 4 2
EORA HCHECK 3 2
EORB LCHECK 3 2
ROLB 2 1
ROLA 2 1
STAD LCHECK 4 2
ASL  DATA 6 3
DEC COUNT 6 3
BNE LOOP 4 2
RTS 5 1
N =45X8+7=367 cycles
@4 MHz=367us
Instructions =15
Bytes =28
Z8611 Clock
Cycles Bytes
LD INDEX, #8 6 2
LOOP: LD R6,DATA 6 2
XOR R6,HCHECK 6 2
RLC R6 6 2
XOR  LCHECK,LPOLY 6 2
RLC LCHECK 6 2
XOR  HCHECK,HPOLY 6 2
RLC  HCHECK 6 2
RCF 6 1
RLC  DATA 6 2
DINZ INDEX,LOOP 120r10 2
RET 14 1
N =20+ 66X7 + 64 = 546 cycles
@12 MHz=91yus
Instructions =12
Bytes =22
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Benchmarks (Continued)

Character Search Through Block of 40 Bytes

Shift 16-Bit Word to Right 5-Bits

N=6+38X40=1524 cycles
@12 MHz =254us
Instructions =5
Bytes=11

8051 Machine
Cycles Bytes
MOV  INDEX, #41 1 2
MOV  DPTR,#TABLE 2 3
LOOPI1:DINZ INDEX,LOOP2 2 2
SIMP  OUT 2 2
LOOP2:MOV  A,INDEX 1 2
MOVC A,@A +DPTR 2 1
CINE A,CHARAC,LOOP1 2 3
OUT:
N=3+39X7+4=280 cycles
@12 MHz =280us
Instructions =7
Bytes=15
MC6801 Machine
Cycles Bytes
LDAB #$40 2 2
LDAA #CHARAC 2 2
LDX  #TABLE 3 3
LOOP: CMPA $0,X 4 2
BEQ OUT 4 2
INX 3 1
DECB 2 1
BNE LOOP 4 2
ouT: —
N=7+40X7=687 cycles
@4 MHz =687us
Instructions=8
Bytes=15
78611 Clock
Cycles Bytes
LD INDEX, #40 6 2
LOOP: LD DATA, TABLE (INDEX) 10 3
CP DATA, CHARAC 6 2
JR Z,0UT 12 or 10 2
DINZ INDEX,LOOP 12 or 10 2
OuT: —

8051 Machine
Cycles Bytes
MOV INDEX#5 1 2
LOOP: CLR C 1 1
MOV A ,WORD+ 1 1 2
RRC A 1 1
MOV  WORD+1,A 1 2
MOV A ,WORK 1 2
RRC A 1 1
MOV  WORD,A 1 2
DINZ INDEX,LOOP 2 2
N=1+9X5=46 Cycles
@12 MHz=46pus
Instructions =9
Bytes=15
MC6801 Machine
Cycles Bytes
LDX  #5 6 3
LDAD WORK 4 2
LOOP: LSRD 3 1
DEX 3 1
BNE LOOP 4 2
STAD WORD 4 2
N=10X5+11=61 Cycles
@4 MHz=61us
Instructions =6
Bytes=11
Z8611 Clock
Cycles Bytes
LD INDEX, #5 6 2
LOOP: CCF 6 1
RRC  WORD+1 6 2
RRC  WORD 6 2
DINZ INDEX,LOOP 12 or 10 2

N=6+4X30+28=154 Cycles
@12 MHz =26ps
Instructions =5
Bytes=9
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Benchmarks (Continued)

Computed GOTO

Move 64-Byte Block

N=6+24X7+ 54 =228 Cycles
@12 MHz=38ps
Instructions =7
Bytes=15

8051 Machine
Cycles Bytes
MOV INDEX, @40 1 2
LOOP: MOV A,DATA 1 2
RLC A 1 1
IC ouT 2 2
MOV A, INDEX 1 1
ADD A, #3 1 2
MOV INDEX,A 1 1
SIMP  LOOP 2 2
OUT: MOV DPTR, #TABLE 2 3
MOV A, INDEX 1 1
JMP @A +DPTR 2 1
TABLE: LCALL ADDRI 3
LCALL ADDRN 2
N=1+9X7+11=75 Cycles
@12 MHz="785us
Instructions =12
Bytes =21
MCe6801 Machine
Cycles Bytes
LDAB #2 2 2
LDX  TABLE 3
LOOP: RORA 2 1
BCS OUT 4 2
ABX 3 1
JMP  LOOP 3 2
OUT: LDX OX 5 3
IMP  OX 4 3
N=8X12+14=110 Cycles
@4 MHz=110ps
Instructions =8
Bytes=17
Z8611 Clock
Cycles Bytes
CLR  INDEX 6 2
LOOP: INC  INDEX 6 1
RLC DATA 6 2
JR NC,LOOP 12 or 10 2
LD ADDR,TABLE 1,(INDEX) 10 3
LD ADDR+1,TABLE 2,(INDEX) 10 3
TP @ADDR 12 2

8051 Machine
Cycles Bytes
MOV  INDEX, # COUNT 1 2
LOOP: MOV  DPTR, # ADDRI 2 3
MOVX A,@DPTR 2 1
INC #ADDR1 1 1
MOV @ADDR2,A 1 1
INC  ADDR2 1 1
DINZ INDEX,LOOP 2 1
N=1+9X64=577 Cycles
@12 MHz =577ps
Instructions =7
Bytes =10
MC6801 Machine
Cycles Bytes
LDAB #COUNT 2 2
LOOP: LDX  ADDRI! 4 3
LDAA OX 4 2
INX 3 1
STAA ADDRI 4 2
LDX ADDR2 4 3
STAA OX 4 2
INX 3 1
STX  ADDR2 4 2
DECB 2 1
BNE LOOP 4 2
N =64X36+2=2306 Cycles
@4 MHz =2306us
Instructions =11
Bytes=21
78611 Clock
Cycles Bytes
LD INDEX, # COUNT 6 2
LOOP: LDEI @ADDR2,@ADDRI 18 2
DINZ INDEX,LOOP 12 or 10 2

N=6+63X30+28=1924 Cycles
@12 MHz=321us
Instructions =3
Bytes=6
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Benchmarks (Continued)

Toggle a Port Bit

Subroutine Call/Return Overhead

N=10 Cycles
@12 MHz=1.7us
Instructions=1
Byte=2

8051 Machine
Cycles Bytes
XRL  PO,#YY 2 3
N=2 Cycles
@12 MHz =2us
Instructions =1
Bytes=3
MCe801 Machine
Cycles Bytes
LDAA PORTO 3 2
EORA #YY 2 2
STAA PORTO 3 2
N =8 Cycles
@4 MHz=8us
Instructions =3
Bytes=6
Z8611 Clock
Cycles Bytes
XOR PORTO#YY 10 2

8051 Machine
Cycles Bytes
LCALL SUBR 2 3
SUBR: —
RET 2 1
N=4 Cycles
@12 MHz =4s
Instructions =2
Bytes=4
MCe801 Machine
Cycles Bytes
ISR SUBR 9 2
SUBR: —
RTS 5 1
N=14 Cycles
@4 MHz=14ys
Instructions =2
Bytes=3
Z8611 Clock
Cycles Bytes
CALL @SUBR 20 2
SUBR: —
RET 14 1
N =234 Cycles

@12 MHz=5.7ps
Instructions =2
Bytes=3
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Benchmarks (Continued)’,

Results Table 2 summarizes the results of
this comparison. The relative performance
column lists the speeds of the MC6801 and
8051 divided by the 78611 speeds (12 MHz).
The overall performance averages the
separate relative performances. The higher

the number, the faster the Z8611 as
compared to the MC6801 and the 8051.
The relative performance figures show that

the Z8611 runs 50 percent faster than the
8051 and 250 percent faster than the
MC6801. Although speed is not necessarily
the most important criterion for selecting a
particular product, the Z8611 proves to be an
undeniably superior product when speed is
added to the advantages of programming
ease, code density, and flexibility.

MC6801 8051 y4:] 8
Benchmark (4 MHz) (12 MHz) (8 MHz) (12 MHz) Relative Performance
Test cycles time cycles time cycles time cycles time MCe6801 8051
CRC
Generation 367 367 139 139 546 137 546 91 4.03 1.83
Character
Search 687 687 280 280 1524 382 1524 254 2.70 1.10
Computed
GOTO 110 110 75 75 228 57 228 38 2.89 1.97
Shift Right
5 Bits 61 61 46 46 154 38 154 26 2.35 1.78
Move 64-Byte
block 2306 2306 577 577 1924 481 1924 321 7.18 1.80
Subroutine
Overhead 14 14 4 4 34 8.5 34 5.7 2.46 0.70
Toggle a
Port Bit 8 8 2 2 10 2.5 10 1.7 4.71 1.18
Overall
Performance 3.76 1.44

Note: All times are given in microseconds

Table 2. Benchmark Program Result

Bytes Instructions Time (microseconds)

MCe6801 8051 78611 | MC6801 8051 28611 | MC6801 8051 28611
CRC Generation 28 31 22 15 18 12 367 139 91
Character Search 15 15 11 8 7 5 687 280 254
Shift Right 5 Bits 11 15 9 6 9 5 61 46 26
Computed GOTO 17 21 15 8 12 7 110 75 38
Move Block 21 10 6 11 7 3 2306 577 321
Toggle Port Bit 6 3 2 3 1 I 8 2 1.7
Subroutine Call 3 4 3 2 2 2 14 4 5.7

Table 3. Byte/Instruction/Time Comparison
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Benchmarks (Continued)

Summary The hardware of the three chips
compared is very similar. The Z8611,
however, has several advantages, the most
important of which is its interrupt structure.
It is more advanced than the interrupt
structures of both the 8051 and the MC6801.
Other advantages of the Z8611 over either
the MC6801 or the 8051 include I/O facilities
with parity detection and hardware
handshake and a larger amount of internal
ROM (the MC6801 has only 2K bytes).
Substantial differences are apparent with
regard to software architecture. The
addressing modes of the Z8611 are more

flexible than those of either the MC6801 or
the 8051. The Z8611 can use byte-saving
addressing with working registers, and it has
short external addresses for saving I/O lines.
It can also provide for an external stack. The
register architecture (as opposed to the
accumulator architecture) of the Z8611 saves
execution time and enhances programming
speed by reducing the byte count.

The Z861]1 microcomputer stands out as the
most powerful chip of the three, and
concurrently, it is the easiest to program and
configure.
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A Programmer’s Guide to the Z8 Microcomputer

Introduction

The Z8 is the firts microcomputer to offer
both a highly integrated microcomputer on a
single chip and a fully expandable
microprocessor for I/O-and memory-intensive
applications. The Z8 Z8601, the first one, has
two timer/counters, a UART, 2K bytes
internal ROM, and a 144-byte internal
register file including 124 bytes of RAM, 32
bits of I/O, and 16 control and status
registers. In addition, the Z8 can address up
to 124K bytes of external program and data
memory, which can provide full, memory-
mapped /O capability.

This application note describes the

important features of the Z8, with software
examples that illustrate its power and ease of
use. It is divided into sections by topic; the
reader need not read each section
sequentially, but may skip around to the
sections of current interest.

It is assumed that the reader is familiar
with the Z8 and its assembly language, as
described in the following documents:

m 78 Technical/Manual (O.C.: DAZ8TM/2)

m Z8 Programming Manual
(O.C.: DAZ8PM/2)

Accessing Register Memory

The Z8 register space consists of four I/O
ports, 16 control and status registers, and
124 general-purpose registers. The general-
purpose registers are RAM areas typically
used for accumulators, pointers, and stack
area. This section describes these registers
and how they are used. Bit manipulation and
stack operations affecting the register space
are discussed in Sections 4 and 5,
respectively.

Registers and Register Pairs. The Z8
supports 8-bit registers and 16-bit register
pairs. A register pair consists of an even-
numbered register concatenated with the
next higher numbered register (00OH and
01H, 02H and O3H,...7EH and 7FH, FOH and
F1H, ... FEH and FFH). A register pair must
be addressed by reference to the even-
numbered register. For example,

F1H and F2H is not a valid register pair;

FOH and F1H is a valid register pair,

addressed by reference to FOH.

Register pairs may be incremented (INCW)
and descremented (DECW) and are useful as
pointers for accessing program and external
data memory. Section 3 discusses the use of
register pairs for this purpose.

Any instruction which can reference or
modify an 8-bit register can do so to any of
the 144 registers in the Z8, regardless of the
inherent nature of that register. Thus, I/O
ports, control, status, and general-purpose
registers may all be accessed and
manipulated without the need for special-
purpose instructions. Similarly, instructions
which reference or modify a 16-bit register
pair can do so to any of the valid 72 register
pairs. The only exceptions to this rule are:

m The DINZ (decrement and jump if non-
zero) instruction may successfully operate
on the general-purpose RAM registers
(04H-7FH) only.

m Six control reqgisters are write-only
registers and therefore, may be modified
only by such instructions as LOAD, POP,
and CLEAR. Instructions such as OR and
AND require that the current contents of
the operand be readable and therefore
will not function properly on the write-
only registers. These registers are the
following: the timer/counter prescaler
registers PREO and PRE]1, the port mode
registers POIM, P2M, and P3M, the
interrupt priority register IPR.
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Accessing Register Memory (Continued)

Register Pointer. Within the register
addressing modes provided by the Z8, a
register may be specified by its full 8-bit
address (0-7FH, FOH-FFH) or by a short 4-bit
address. In the latter case, the register is
viewed as one of 16 working registers with-in
a working register group. Such a group must
be aligned on a 16-byte boundary and is
addressed by Register Pointer RP (FDH). As
an example, assume the Register Pointer
contains 70H, thus pointing to the working
register group from 70H to 7FH. The LD
instruction may be used to intialize register
76H to an immediate value in one of two
ways:

LD 76H,#1 !8-bit register address is
given by instruction (3 byte
instruction)!

or
LD R6,#1 14-bit working register

address is given by
instruction; 4-bit working
register group address is
given by Register Pointer
(2 byte instruction)!

REGISTER P
POINTER

The address calculation for the latter case
is illustrated in Figure 1. Notice that 4-bit
working-register addressing offers code
compactness and fast execution compared to
its 8-bit counterpart.

To modify the contents of the Register
Pointer, the Z8 provides the instruction

SRP #value

Execution of this instruction will load the
upper four bits of the Register Pointer; the
lower four bits are always set to zero.
Although a load instruction such as

LD RP, #value

could be used to perform the same function,
SRP provides execution speed (six vs. ten
cycles) and code space (two vs. three bytes)
advantages over the LD instruction. The
instruction

SRP #70H

is used to set the Register Pointer for the
above example.

INSTRUCTION [
(LD R6,#1)

1 o0l 1 0 0l

foo o ofo 0 0 1]

REGISTER L° : { ‘le 11 ol

Figure 1. Address Calculation Using the Register Pointer

Context Switching. A typical function
performed during an interrupt service
routine is context switching. Context
switching refers to the saving and subsequent
restoring of the program counter, status, and
registers of the interrupted task. During an
interrupt machine cycle, the Z8 automatically
saves the Program Counter and status flags
on the stack. It is the responsibility of the
interrupt service routine to preserve the
register space. The recommended means to
this end is to allocate a specific portion of
the register file for use by the service
routine. The service routine thus preserves
the register space of the interrupted task by
avoiding modification of registers not

allocated as its own. The most efficient
scheme with which to implement this
function in the Z8 is to allocate a working
register group (or portion thereof) to the
interrupt service routine. In this way, the
preservation of the interrupted task’s
registers is solely a matter of saving the
Register Pointer on entry to the service
routine, setting the Register Pointer to its
own working register group, and restoring
the Register Pointer prior to exiting the
service routine. For example, assume such a
register allocation scheme has been
implemented in which the interrupt service
routine for IRQ0 may access only working
register Group 4 (registers 40H-4FH). The
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Accessing Register Memory (Continued)

service routine for IRQO should be headed
by the code sequence:

PUSH RP Ipreserve Register Pointer of
interrupted task!
SRP #40H !address working register

group 4!

Before exiting, the service routine should
execute the instruction

POP RP

to restore the Register Pointer to its entry
value.

It should be noted that the technique
described above need not be restricted to
interrupt service routines. Such a technique
might prove efficient for use by a subroutine
requiring intermediate registers to produce
its outputs. In this way, the calling task can
assume that its environment is intact upon
return from the subroutine.

Addressing Mode. The Z8 provides three
addressing modes for accessing the register
space: Direct Register, Indirect Register, and
Indexed.

Direct Register Addressing. This addressing
mode is used when the target register
address is known at assembly time. Both long
(8-bit) register addressing and short (4-bit)
working register addressing are supported in
this mode. Most instructions supporting this
mode provide access to single 8-bit registers.
For example:

LD FEH,#HI STACK
lload register FEH (SPH)
with the upper 8-bits of the
label STACK!

AND O,MASK__REG

IAND register 0 with register

named MASK__REG!

IOR register 1 with working

register 5!

OR 1,RS

Increment word (INCW) and decrement
word (DECW) are the only two Z8
instructions which access 16-bit operands.
These instructions are illustrated below for
the direct register addressing mode.

INCW RRO !increment working register
pair RO, R1:
Rl1<R1+1
RO« RO + carry!

DECW 7EH !decrement working register
pair 7EH, 7FH:
7JFH<7FH -1
7EH«7EH — carry!

Note that the instruction
INCW RRS

will be flagged as an error by the assembler
(RR5 not even-numbered).

Indirect Register Addressing. In this
addressing mode, the operand is pointed to
by the register whose 8-bit register address
or 4-bit working register address is given by
the instruction. This mode is used when the
target register address is not known at
assembly time and must be calculated during
program execution. For example, assume
registers 60H — 7FH contain a buffer for
output to the serial line via repetitive calls to
procedure SERIAL__OUT.

SERIAL__OUT expects working register 0 to
hold the output character. The following
instructions illustrate the use of the indirect
addressing mode to accomplish this task:

LD R1,#20H
lworking register 1 is the
byte counter: output 20H
bytes!

LD R2, #60H
lworking register 2 is the
buffer pointer register!

out__again:
LD RO,@R2
lload into working register O
the byte pointed to by
working register 2!
INC R2 lincrement pointer!

CALL SERIAL__OUT

loutput the byte!
DINZ RI1, out__again

lloop till done!

Indirect addressing may also be used for
accessing a 16-bit register pair via the INCW
and DECW instructions. For example.

INCW @RO lincrement the register pair
whose address is contained
in working register 0!
DECW @7FH
ldecrement the register pair
whose address is contained
in register 7FH!
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The contents of registers RO and 7FH
should be even numbers for proper access;
when referencing a register pair, the least
significant address bit is forced to the
appropriate value by the Z8. However, the
register used to point to the register pair
need not be an even-numbered register.

Since the indirect addressing mode
permits calculation of a target address prior
to the desired register access, this mode may
be used to simulate other, more complex
addressing modes. For example, the
instruction

SUB 4,BASE(RS)

requires the indexed addressing mode which
is not directly supported by the Z8 SUBtract
instruction. This instruction can be simulated
as follows:

LD R6,#BASE
lworking register 6 has the
base address!

ADD R6,R5 lcalculate the target address!

SUB 4,@R6 !now use indirect addressing
to perform the actual
subtract!

Any available register or working register
may be used in place of R6 in the above
example.

Indexed Addressing. The indexed
addressing mode is supported by the load
instruction (LD) for the transference of bytes
between a working register and another
‘register. The effective address of the latter
register is given by the instruction which is
offset by the contents of a designated
working (index) register. This addressing
mode provides efficient memory usage when
addressing consecutive bytes in a block of
register memory, such as a table or a buffer.
The working register used as the index in the
effective address calculation can serve the
additional role of counter for control of a
loop's duration.

For example, assume an ASCII character
buffer exists in register memory starting at
address BUF for LENGTH bytes. In order to
determine the logical length of the character

string, the buffer should be scanned
backward until the first nonoccurrence of a
blank character. The following code
sequence may be used to accomplish this
task:

LD RO,#LENGTH
llength of buffer!
Istarting at buffer end, look
for lst non-blank!

loop:
LD RI1,BUF-1(R0O)
CP RIl,# "’
JR  ne,found

lfound non-blank!

DINZ RO,loop
llook at next!
all__blanks: llength =0!

found:

5 instructions

12 bytes

1.5 ps overhead

10.5 us (average) per character tested

At labels “all__blanks” and “found,” RO
contains the length of the character string.
These labels may refer to the same location,
but they are shown separately for an
application where special processing is
required for a string of zero length. To
perform this task without indexed addressing
would require a code sequence such as:

LD RI1,#BUF+LENGTH-1

LD RO,#LENGTH .
Istarting at buffer end, look
for lst non-blank!

loopl:
CP @Rl,# "’
JR  ne,foundl
lfound non-blank!
DEC Rl ldec pointer!
DINZ RO,loopl
lare we done?!
all__blanksl: llength =0!
foundl:
6 instructions
13 bytes
3 us overhead
9.5 us (average) per character tested
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The latter method requires one more byte
of program memory than the former, but is
faster by four execution cycles (1 us) per
character tested.

As an alternate example, assume a buffer
exists as described above, but it is desired to
scan this buffer forward for the first
occurrence of an ASCII carriage return. The
following illustrates the code to do this:

LD RO,# —LENGTH
Istarting at buffer start, look
for 1st carriage return

(=0DH)!

next:
LD rl,BUF + LENGTH(RO)
CP Rl,#0DH
JR eg,cr l!ound it!
INC RO lupdate counter/index!
JR  nz, next
ltry again!
cr

ADD RO, # LENGTH
IR0 has length to CR!

7 instructions

16 bytes

1.5 us overhead

12 pus (average) per character tested

Accessing Program and External Data
Memory

In a single instruction, the Z8 can transfer
a byte between register memory and either
program or external data memory. Load
Constant (LDC) and Load Constant and
Increment (LDCI) reference program
memory; Load External (LDE) and Load
External and Increment (LDEI) reference
external data memory. These instructions
require that a working register pair contain
the address of the byte in either program or
external data memory to be accessed by the
instruction (indirect working register pair
addressing mode). The register byte operand
is specified by using the direct working
register addressing mode in LDC and LDE
or the indirect working register addressing
mode in LDCI and LDEI. In addition to
performing the designated byte transfer,
LDCI and LDEI automatically increment both
the indirect registers specified by the
instruction. These instructions are therefore
efficient for performing block moves between
register and either program or external data
memory. Since the indirect addressing mode
is used to specify the operand address within
program or external data memory, more
complex addressing modes may be simulated
as discussed earlier in Section 2.4.2. For
example, the instruction

LDC R3,BASE(R2)

requires the indexed addressing mode,
where BASE is the base address of a table in
program memory and R2 contains the offset
from table start to the desired table entry.

The following code sequence simulates this
instruction with the use of two additional
registers (RO and R1 in this example).

LD RO,#.H BASE
LD RI1,#.L BASE

IRRO has table start address!
ADD R1,R2
ADC RO, #0

IRRO has table entry address!
LDC R3,@RRO

IR3 has the table entry!

Configuring the Z8 for I/O Applications vs.

Memory Intensive Applications. The 78
offers a high degree of flexibility in memory
and I/O intensive applications. Thirty-two
port bits are provided of which 16, 12, eight,
or zero may be configured as address bits to
external memory. This allows for addressing
of 62K, 4K or 256 bytes of external memory,
which can be expanded to 124K, 8K, or 512
bytes if the Data Memory Select output (DM)
is used to distinguish between program and
data memory accesses. The following
instructions illustrate the code sequence
required to configure the Z8 with 12 external
addressing lines and to enable the Data
Memory Select output.

LD POIM, #(2)00010010H
Ibit 3—4: enable ADg-AD7;
bit 0-1: enable Ag—Aj;!
LD P3M, #(2)00001000H o
Ibit 3—4: enable DM!
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Accessing Program and External Data
Memory (Continued)

The two bytes following the mode selection
of ports 0 and 1-should not reference
external memory due to pipelining of
instructions within the 7Z8. Note that the load
instruction to P3M satisfies this requirement
(providing that it resides within the internal
2K bytes of memory).

LDC and LDE. To illustrate the use of the
Load Constant (LDC) and Load External
(LDE) instructions, assume there exists a
hardware configuration with external memory
and Data Memory Select enabled. The
following module illustrates a program for

MACZ8 2.0
LOC OBJ] CODE STMT SOURCE STATEMENT
1 SCAN MODULE
2 CONSTANT
3 COUNT i= 6
4 GLOBAL
5 $SECTION PROGRAM
P 0000 20 3B 2C 6 DELIM ARRAY  [COUNT BYTE] 1=
P 0003 2E OA OD
7 [, ., ", 0AH, ODH]
8
P 0006 9 scan PROCEDURE
B ST o
11 Purpose = To find the next token within an
12 ASCII buffer.
13
14 Input= RRO = address of current location
15 within input buffer in external
16 memory.
17
18 Output= RR4 = address of start of next token
19 RRO = address of new token’s ending
20 delimiter
21 R2 = length of token
22 R3 = ending delimiter
23 R6, R7, R8, R9 destroyed
24
R II T I T
26 ENTRY
P 0006 BO E2 27 clr R2 linit. length counter!
28 DO
P 0008 82 30 29 LDE R3,@RR0O Iget byte from input buffer!
P 000A A0 EO 30 incw RRO lincrement pointer!
P 000C D6 O0O02E’ 31 call check llook for non-delimiter!
P 000F FD 0015 32 IF C THEN
P 0012 8D 0018 33 EXIT Ifound token start!
34 FI
P 0015 8D 0008 35 oD
36
P 0018 48 EO 37 1d R4,RO
P O0l1A 58 El 38 1d R5,R1 IRR4 = token starting addr!
39 DO
P 001C 2E 40 inc R2 linc. length counter!
P 001D 82 30 41 LDE R3,@RR0O !get next input byte!

tokenizing an ASCII input buffer. The
program assumes there is a list of delimiters
(space, comma, tab, etc.) in program
memory at address DELIM for COUNT bytes
(accessed via LDC) and that an ASCII input
buffer exists in external data memory
(accessed via LDE). The program scans the
input buffer from the current location and
returns the start address of the next token
(i.e. the address of the first nondelimiter
found) and the length of that token (number
of characters from token start to next
delimiter).
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Accessing Program and External Data Memory (Continued)

P 001F
P 0022
P 0025

P 0028
P 002A

P 002D
P 002E

P 002E

P 002E
P 0030

P 0032

P 0034
P 0036
P 0038
P 003A
P 003C
P O03E

P 003F
P 0040

D6
7D
8D

A0
8D

AF

6C
7C

8C

C2
A0
A2
6B
8A
DF

AF

002E’
0028
002D’

EO
oo1C’

00*
00*

06

96
E6
93
03
F6

0 ERRORS

ASSEMBLY COMPLETE

27 instructions

58 bytes

42

43

44

45

46

47

48

49

50 END
51

52 check

call check llook for delimiter!
IF NC THEN
EXIT lfound token end!

FI

incw RRO Ipoint to next byte!
0D

ret

scan
PROCEDURE

LR

compare current character with

54 Purpose =
55

56

57

58 input=
59

60

61

62 output=
63

64

65

66

67

68

delimiter table until table
end or match found

DELIM

start address of table

COUNT = length of that table

R3 = byte to be scrutinized

Carry flag = 1 = > input byte
is not a delimiter (no match found)

Carry flag = 0 = > input byte

is a delimiter (match found)
R6, R7, R8, R9 destroyed

e S S |

70 ENTRY
71

72

73

74

78 here:
76

77

78

79

80

81

82

83 bye:
84

85 END
86 END

Id
1d

Id

LDC
incw
cp
jr
djnz
sct

ret
check
SCAN

R6,#HI DELIM
R7,#LO DELIM

R8,#COUNT

R9,@RR6
RR6
R9,R3
eq,bye
R8,here

Execution time is a function of the number of leading delimiters
before token start (x) and the number of characters in the
token (y): 123 ps overhead + 59x ps 2 102y ps
(average) per token

1

IRR6 points to
delimiter list!

IR8 = length of list!

lget table entry!
Ipoint to next entry!
IR3 = delimiter?!
lyes, carry = 0!
Inext entry!

ltable done. R3

not a delimiter!
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Accessing Program and External Data
Memory (Continued)

LDCI. A common function performed in Z8
applications is the initialization of the
register space. The most obvious approach to
this function is the coding of a sequence of
“load register with immediate value”
instructions (each occupying three program
bytes for a register or two program bytes for
a working register). This approach is also the
most efficient technique for initializing less
than eight consecutive registers or 14
consecutive working registers. For a larger
register block, the LDCI instruction provides
an economical means of initializing
consecutive registers from an initialization
table in program memory. The following
code excerpt illustrates this technique of
initializing control registers F2H through
FFH from a 14-byte array (INIT__tab) in
program memory:

SRP #00H
IRP not FOH!
LD R6,#.H INIT__tab
LD R7,#.L INIT__tab
LD R8,#F2H
I1st reg to be initialized!
LD R9,#14
llength of register block!
loop:
LDCI @R8,@RR6
lload a register from the init
table!
DINZ R9,loop
lcontinue till done!

7 instructions

14 bytes

7.5 us overhead

7.5 ps per register initialized

LDEI The LDEI instruction is useful for
moving blocks of data between external and
register memory since auto-increment is
performed on both indirect registers
designated by the instruction. The following
code excerpt illustrates a register buffer
being saved at address 40H through 60H into
external memory at address SAVE:

LD RI10,#.H SAVE
lexternal memory!

LD RIl,#.L SAVE

laddress!
LD R8,#40H

Istarting register!
LD R9,#21H

Inumber of registers to save
in external data memory!
loop:
LDEI @RR10,@R8
linit a register!
DINZ R9,loop
luntil done!
6 instructions
12 bytes
6 us overhead
7.5 ps per register saved

Bit Manipulations

Support of the test and modification of an
individual bit or group of bits is required by
most software applications suited to the Z8
microcomputer. Initializing and modifying
the Z8 control registers, polling interrupt
requests, manipulating port bits for control of
or communication with attached devices, and
manipulation of software flags for internal
control purposes are all examples of the
heavy use of bit manipulation functions.
These examples illustrate the need for such
functions in all areas of the Z8 register
space. These functions are supported in the
Z8 primarily by six instructions:

m Test under Mask (TM)
m Test Complement under Mask (TCM)

s AND

= OR

= XOR

m Complement (COM)

These instructions may access any Z8
register, regardless of its inherent type
(control, I/O, or general purpose), with the
exception of the six write-only control
registers (PREO, PRE1, POIM, P2M, P3M,
IPR) mentioned earlier in Section 2.1. Table
1 summarizes the function performed on the
destination byte by each of the above
instructions. All of these instructions, with
the exception of COM, require a mask
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Bit Manipulations (Continued)

operand. The “selected” bits referenced in
Table 1 are those bits in the destination
operand for which the corresponding mask
bit is a logic 1.

Opcode Use

™ To test selected bits for logic 0

TCM To test selected bits for logic 1

AND To rest all but selected bits to logic 0
OR To set selected bits to logic 1

XOR To complement selected bits

COM To complement all bits

Table 1. Bit Manipulation Instruction Usage

The instructions AND, OR, XOR, and
COM have functions common to today’s
micro-processors and therefore are not
described in depth here. However, examples
of the use of these instructions are laced
throughout the remainder of this document,
thus giving an integrated view of their uses
in common functions. Since they are unique
to the Z8, the functions of Test under Mask
and Test Complement under Mask, are
discussed in more detail next.

Test under Mask (TM). The Test under Mask
instruction is used to test selected bits for
logic 0. The logical operation performed is

destination AND source

Neither source nor destination operand is
modified; the FLAGS control register is the
only register affected by this instruction. The
zero flag (Z) is set if all selected bits are
logic 0; it is reset otherwise. Thus, if the
selected destination bits are either all logic 1
or a combination of ls and Os, the zero flag
would be cleared by this instruction. The
sign flag (S) is either set or reset to reflect
the result of the AND operation; the overflow
flag (V) is always reset. All other flags are
unaffected. Table 2 illustrates the flag
settings which result from the TM instruction
on a variety of source and destination

operand combinations. Note that a given TM
instruction will never result in both the Z and
S flags being set.

Test Complement under Mask. The Test
Complement under Mask instruction in used
to test selected bits for logic 1. The logical
operation performed is

(NOT destination) AND source.

As in Test under Mask, the FLAGS control
reqgister is the only register affected by this
operation. The zero flag (Z) is set if all
selected destination bits are 1; it is reset
otherwise. The sign flag (S) is set or reset to
reflect the result of the AND operation; the
overflow flag (V) is always reset. Table 3
illustrates the flag settings which result from
the TCM instruction on a variety of source
and destination operand combinations. As
with the TM instruction, a given TCM
instruction will never result in both the Z and
S flags being set.

Destination Source Flags
(binary) (binary) Z S A%
10001100 01110000 1 0 0
01111100 01110000 0 O 0
10001100 11110000 0 1 0
11111100 11110000 0 1 0
00011000 10100001 1 0 0
01000000 10100001 1 0 0

Table 2. Effects of the TM Instruction

Destination Source Flags
(binary) (binary) Z S v
10001100 01110000 0O 0 O
01111100 01110000 1 0 0
10001100 11110000 o 0 O
11111100 11110000 1 0 0
00011000 10100001 0 1 0
01000000 10100001 0 1 0

Table 3. Effects of the TCM Instruction
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Stack Operations

The Z8 stack resides within an area of data
memory (internal or external). The current
address in the stack is contained in the stack
pointer, which decrements as bytes are
pushed onto the stack, and increments as
bytes are popped from it. The stack pointer
occupies two control register bytes (FEH and
FFH) in the Z8 register space and may be
manipulated like any other register. The
stack is useful for subroutine calls, interrupt
service routines, and parameter passing and
saving. Figure 2 illustrates the downward

growth of a stack as bytes are pushed onto it.

INITIAL FOLLOWING FOLLOWING
STATE PUSH R1 CALL
Figure 2. Growth of a Stack

Internal vs. External Stack. The location of
the stack in data memory may be selected to
be either internal register memory or
external data memory. Bit 2 of control
register POIM (F8H) controls this selection.
Register pair SPH (FEH), SPL (FFH) serves
as the stack pointer for an external stack.
Register SPL is the stack pointer for an
internal stack. In the latter configuration,
SPH is available for use as a data register.
The following illustrates a code sequence
that initializes external stack operations:

LD PO1M, # (2)00000000H

Ibit 2: select external stack!
LD SPH, #.H STACK
LD SPL,#.L STACK

CALL. A subroutine call causes the current
Program Counter (the address of the byte
following the CALL instruction) to be pushed
onto the stack. The Program Counter is
loaded with the address specified by the

CALL instruction. This address may be a
direct address or an indirect register pair
reference. .

For example,

LABEL 1: CALL 4F98H
Idirect addressing: PC is
loaded with the hex value
4F08;
address LABEL 1+3 is
pushed onto the stack!

LABEL 2: CALL @RR4
lindirect addressing: PC is
loaded with the contents of
working register pair R4,
RS5; address LABEL 2+2 is
pushed onto the stack!

LABEL 3: CALL @7EH
lindirect addressing: PC is
loaded with the contents of
register pair 7EH, 7FH;
address LABEL 3+2 is
pushed onto the stack!

RET. The return (RET) instruction causes the
top two bytes to be popped from the stack
and loaded into the Program Counter.
Typically, this is the last instruction of a
subroutine and thus restores the PC to the
address following the CALL to that
subroutine.

Interrupt Machine Cycle. During an
interrupt machine cycle, the PC followed by
the status flags is pushed onto the stack. (A
more detailed discussion of interrupt
processing is provided in Section 6).

IRET. The interrupt return (IRET) instruction
causes the top byte to be popped from the
stack and loaded into the status flag register.
FLAGS (FCH); the next two bytes are then
popped and loaded into the Program
Counter. In this way, status is restored and
program execution continues where it had
left off when the interrupt was recognized.
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Stack Operations (Continued)

PUSH and POP. The PUSH and POP
instructions allow the transfer of bytes
between the stack and register memory, thus
providing program access to the stack for
saving and restoring needed values and
passing parameters to subroutines.

Execution of a PUSH instruction causes the
stack pointer to be decremented by 1; the
operand byte is then loaded into the location
pointed to by the decremented stack pointer.
Execution of a POP instruction causes the
byte addressed by the stack pointer to be
loaded into the operand byte; the stack
pointer is then incremented by 1. In both
cases, the operand byte is designated by
either a direct register address or an indirect

register reference. For example:

PUSH R1 Idirect address: push
working register 1 onto the

stack!

POP 5 Idirect address: pop the top

stack byte into register 5!

PUSH @R4 !indirect address: pop the
top stack byte into the byte
pointed to by working

register 4!

PUSH @17 !indirect address: push onto
the stack the byte pointed to

by register 17!

Interrupts

The Z8 recognizes six different interrupts
from four internal and four external sources,
including internal timer/counters, serial 1/O,
and four Port 3 lines. Interrupts may be
individually or globally enabled/disabled via
Interrupt Mask Register IMR (FBH) and may
be prioritized for simultaneous interrupt
resolution via Interrupt Priority Register IPR
(FOH). When enabled, interrupt request
processing automatically vectors to the
designated service routine. When disabled,
and interrupt request may be polled to
determine when processing is needed.

Interrupt Initialization. Before the Z8 can
recognize interrupts following RESET, some
initialization tasks must be performed. The
initialization routine should configure the Z8
interrupt requests to be enabled/disabled, as
required by the target application and
assigned a priority (via IPR) for simultaneous
enabled-interrupt resolution. An interrupt
request is enabled if the corresponding bit in
the IMR is set (=1) and interrupts are
globally enabled (bit 7 of IMR=1). An
interrupt request is disabled if the
corresponding bit in the IMR is reset (=0) or
interrupts are globally disabled (bit 7 of
IMR =0).

A RESET of the Z8 causes the contents of
the Interrupt Request Register IRQ (FAH) to
be held to zero until the execution of an EI

instruction. Interrupts that occur while the 78
is in this initial state will not be recognized,
since the corresponding IRQ bit cannot be
set. The EI instruction is specially decoded
by the Z8 to enable the IRQ); simply setting
bit 7 of IMR is therefore not sufficient to
enable interrupt processing following RESET.
However, subsequent to this initial EI
instruction, interrupts may be globally
enabled either by the instruction

EI lenable interrupts!

or by a register manipulation instruction
such as

OR IMR, #80H

To globally disable interrupts, execute the
instruction

DI ldisable interrupts!

This will cause bit 7 of IMR to be reset.
Interrupts must be globally disabled prior
to any modification of the IMR. IPR or
enabled bits of the IRQ (those corresponding
to enabled interrupt requests), unless it can
be guaranteed that an enabled interrupt will
not occur during the processing of such
instructions. Since interrupts represent the
occurrence of events asynchronous to
program execution, it is highly unlikely that
such a guarantee can be made reliably.
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Interrupts (Continued)

Vectored Interrupt Processing: Enabled
interrupt requests are processed in an
automatic vectored mode in which the
interrupt service routine address is retrieved
from within the first 12 bytes of program
memory. When an enabled interrupt request
is recognized by the Z8, the Program
Counter is pushed onto the stack (low order
8 bits first, then high-order 8 bits) followed
by the FLAGS register (# FCH). The
corresponding interrupt request bit is reset
in IRQ, interrupts are globally disabled (bit
7 of IMR is reset), and an indirect jump is
taken on the word in location 2x, 2x + 1

(X =interrupt request number, 0=<x=<5). For
example, if the bytes at addresses 0004H and
0005H contain 05H and 78H respectively, the
interrupt machine cycle for IRQ2 will cause
program execution to continue at address
0578H.

When interrupts are sampled, more than
one interrupt may be pending. The Interrupt
Priority Register (IPR) controls the selection
of the pending interrupt with highest
priority. While this interrupt is being
serviced, a higher-priority interrupt may

CONSTANT

INT_MASK_3 =
GLOBAL
TIRQ3__service PROCEDURE

Iservice routine for IRQ3!
PUSH IMR

occur. Such interrupts may be allowed
service within the current interrupt service
routine (nested) or may be held until the
current service routine is complete (non-
nested).

To allow nested interrupt processing,
interrupts must be selectively enabled upon
entry to an interrupt service routine.
Typically, only higher-priority interrupts
would be allowed to nest within the current
interrupt service. To do this, an interrupt
routine must “know” which interrupts have a
higher priority than the current interrupt
request. Selection of such nesting priorities
is usually a reflection of the priorities
established in the Interrupt Priority Register
(IPR). Given this data, the first instructions
executed in the service routine should be to
save the current Interrupt Mask Register,
mask off all interrupts of lower and equal
priority, and globally enable interrupts (EI).
For example, assume that service of interrupt
requests 4 and 5 are nested within the
service of interrupt request 3. The following
illustrates the code required to enable IRQ4
and IRQ5:

(2) 00110000H
ENTRY

Isave Interrupt Mask Register!

linterrupts were globally disabled during the interrupt
machine cycle - no DI is needed prior to modification of IMR!
AND IMR, #INT_MASK__ 3 !disable all but IRO4 & 5!
EI

1. Iservice interrupt!
linterrupts are globally enabled now - must disable them prior
to modification of IMR!
DI
POP IMR
IRET
END IRQ3__service

Irestore entry IMR!
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Interrupts (Continued)

Note that IRQ4 and IRQ5 are enabled by the
above sequence only if their respective IMR
bits=1 on entry to IRQ3__service.

The service routine for an interrupt whose
processing is to be completed without
interruption should not allow interrupts to be
nested within it. Therefore, it need not
modify the IMR, since interrupts are disabled
automatically during the interrupt machine
cycle.

The service routine for an enabled
interrupt is typically concluded with an IRET
instruction, which restores the FLAGS
register and Program Counter from the top
of the stack and globally enables interrupts.
To return from an interrupt service routine
without re-enabling interrupts, the following
code sequence could be used:

POP FLAGS
IFLAGS+< @SP!
RET IPC<@5SP!

This accomplishes all the functions of IRET,
except that IMR is not affected.

.“!.I.:)OH interrupt inputs here!
IRQ, #(2)00010000H
JR NZ, TESTO

CALL IRQ4__service
TESTO: TCM IRQ, # (2)00000001H

JR NZ, TEST1

CALL IRQO__service
TEST1: TCM IRQ, # (2)00000010H

IR NZ, DONE

CALL IRQ!__service
DONE: Lol
IRQ4__service PROCEDURE

1.

AND IRQ, #(2)11101111H

1.

RET

END IRQ4__service
IRQO__service

PROCEDURE
IRQ, #(2)11111110H

END IRQO__service

TIRQ1__service

PROCEDURE
IRQ, #(2)11111101H

Polled Interrupt Processing. Disabled
interrupt requests may be processed in a
polled mode, in which the corresponding
bits of the Interrupt Request Register (IRQ)
are examined by the software. When an
interrupt request bit is found to be a logic 1,
the interrupt should be processed by the
appropriate service routine. During such
processing, the interrupt request bit in the
IRQ must be cleared by the software in order
for subsequent interrupts on that line to be
distinguished from the current one. If more
than one interrupt request is to be processed
in a plled mode, polling should occur in the
order of established priorities. For example,
assume that IRQO, IRQI, and IRQ4 are to be
polled and that established priorities are,
from high to low, IRQ4, IRQO, IRQ1. An
instruction sequence like the following
should be used to poll and service the
interrupts:

IIRQ4 need service?!
Ino!
lyes!
IRQO need service?!
Ino!
lyes!
ITRQ1 need service?!
Ino!
lyes!

ENTRY
Iclear IRQ4!

ENTRY
Iclear IRQO!

ENTRY
Iclear IRQ1!
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Timer/Counter Functions

The Z8 provides two 8-bit timer/counters, Tg
and T, which are adaptable to a variety of
application needs and thus allow the software
(and external hardware) to be relieved fo the
bulk of such tasks. Included in the set of
such uses are:

m Interval delay timer

Maintenance of a timer-of-day clock
Watch-dog timer

External event counting

Variable pulse train output

Duration measurement of external event

Automatical delay following external event
detection

Each timer/counter is driven by tis own
6-bit prescaler, which is in turn driven by
the internal Z8 clock divided by four. For T,
the internal clock may be gated or triggered
by an external event or may be replaced by
an external clock input. Each timer/counter
may operate in either single-pass or
continuous mode where, at end-of-count,
either counting stops of the counter reloads
and continues counting. The counter and
prescaler registers may be altered
individually while the timer/counter is
running; the software controls whether the
new values are loaded immediately or when
end-of-count (EOC) is reached.

Although the timer/counter prescaler
registers (PREO and PRE1) are write-only,
there is a technique by which the
timer/counters may simulate a readable
prescaler. This capability is a requirement
for high resolution measurement of an event’s
duration. The basic approach requires that
one timer/counter be initialized with the
desired counter and prescaler values. The
second timer/counter is initialized with a
counter equal to the prescaler of the first
timer/counter and a prescaler of 1. The
second timer/counter must be programmed
for continuous mode. With both timer/
counters driven by the internal clock and
started and stopped simultaneously, they will
run synchronous to one another; thus, the
value read from the second counter will
falways be equivalent to the prescaler of the
irst.

Time/Count Interval Calculation To
determine the time interval (i) until EOC, the
equation

i=tXpXv

characterizes the relation between the
prescaler (p), counter (v), and clock input
period (t); t is given by

1/(XTAL/8)

where XTAL is the Z8 input clock frequency;
p is in the range 1 —64; v is in the range
1—256. When programming the prescaler
and counter registers, the maximum load
value is truncated to six and eight bits,
respectively, and is therefore programmed as
zero. For an input clock frequency of 8
MHz, the prescaler and counter register
values may be programmed to time and
interval in the range

lusx1x1 =i =<1 pusx64x256
lus =i < 16.384 ms

To determine the count (c) until EOC for
T, with external clock input, the equation

c=pXVv

characterizes the relation between the
Tiprescaler (p) and the T; counter (v). The
divide-by-8 on the input frequency is
bypassed in this mode. The count range is

Ix] = c < 64x256
1 <c< 16,384

Tout Modes. Port 3, bit 6 (P3g) may be
configured as an output (Toyt) which is
dynamically controlled by one of the
following:

m Ty
T
m Internal clock

When driven by T, or T1, Toyr is reset to a
logic 1 when the corresponding load bit is
set in timer control register TMR (F1H) and
toggles on EOC from the corresponding
counter. When Toyr is driven by the
internal clock, that clock is directly output
on P3g.

While programmed as Toyr, P36 is
disabled from being modified by a write to
port register 03H; however, its current
output may be examined by the Z8 software
by a read to port register 03H.
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Timer/Counter Functions (Continued)

Tin Modes. Port 3, bit 1 (P3;) may be
configured as an input (T1y) which is used in
conjunction with T} in one of four modes:

m External clock input

m Gate input for internal clock

m Nonretriggerable input for internal clock
m Retriggerable input for internal clock

For the latter two modes, it should be noted
that the existence of a synchronizing circuit
within the Z8 causes a delay of two to three
internal clock periods following an external
trigger before clocking of the counter
actually begins.

Each High-to-Low transition on Ty will
generate interrupt request IRQ2, regardless
of the selected Ty mode or the enabled/
disabled state of T;. IRQ2 must therefore be
masked or enabled according to the needs
of the application.

The “external clock input” T1y mode
supports the counting of external events,
where an event is seen as a High-to-Low
transition on TyN. Interrupt request IRQS is
generated on the nth occurrence (single-pass
mode) or on every nth occurrence
(continuous mode) of that event.

The “gate input for internal clock” Ty
mode provides for duration measurement of
an external event. In this mode, the T;
prescaler is driven by the Z8 internal clock,
gated by a High level on Tiy. In other
words, Tj will count while Try is High and
stop counting while Tyy is Low. Interrupt
request IRQ2 is generated on the High-to-
Low transition on Tiy. Interrupt request IRQ5
is generated on T1 EOC. This mode may be
used when the width of a High-going pulse
needs to be measured. In this mode, IRQ2 is
typically the interrupt request of most
importance, since it signals the end of the
pulse being measured. If IRQS5 is generated
prior to IRQ2 in this mode, the pulse width
on Ty is too large for T to measure in a
single pass.

The “nonretriggerable input” T;y mode
provides for automatic delay timing following
and external event. In this mode, T; is
loaded and clocked by the Z8 internal clock
following the first High-to-Low transition on
TN after T is enabled. Ty transitions that
occur after this point do not affect T;. In
single-pass mode, the enable bit is reset on

EQOC,; further Tyy transitions will not cause T
to load and begin counting until the software
sets the enable bit again. In continuous
mode, EOC does not modify the enable bit,
but the counter is reloaded and counting
continues immediately; IRQS5 is generated
every EOC until software resets the enable
bit. This Ty mode may be used, for
example, to time the line feed delay
following end of line detection on a printer
or to delay data sampling for some length of
time following a sample strobe.

The “retriggerable input” Tiy mode will
load and clock T) with the Z8 internal clock
on every occurrence of a High-to-Low
transition on Tiy. T} will time-out and
generate interrupt request IRQ5 when the
programmed time interval (determined by T)
prescaler and load register values) has
elapsed since the last High-to-Low transition
on TiN. In single-pass mode, the enable bit is
reset on EOC; further Tyy transitions will not
cause T) to load and begin counting until
the software sets the enable bit again. In
continuous mode, EOC does not modify the
enable bit, but the counter is reloaded and
counting continues immediately; IRQS is
generated at every EOC until the software
resets the enable bit. This Tyy mode may
provide such functions as watch-dog timer
(e.q., interrupt if conveyor belt stopped or
clock pulse missed), or keyboard time-out
(e.g., interrupt if no input in x ms).

Examples. Several possible uses of the
timer/counters are given in the following four
examples.

Time of Day Clock. The following module
illustrates the use of T; for maintenance of a
time of day clock, which is kept in binary
format in terms of hours, minutes, seconds,
and hundredths of a second. It is desired
that the clock be updated once every
hundredth of a second; therefore, T is
programmed in continuous mode to interrupt
100 times a second. Although Tj is used for
this example, T is equally suited for the
task.

The procedure for initializing the timer
(TOD__INIT), the interrupt service routine
(TOD) which updates the clock, and the
interrupt vector for T; end-of-count (IRQ__5)
are illustrated below. XTAL=7.3728 MHz is
assumed.
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MACZ8 2.0
LOC OBJ CODE STMT SOURCE STATEMENT
1 TIMERI MODULE
2 CONSTANT
3 HOUR = R12
4 MINUTE := R13
5 SECOND := R14
6 HUND = R15
7 $SECTION PROGRAM
8 GLOBAL
9 !IRQS interrupt vector!
10 $ABS 10
P 0000 0O0OF” 11 IRQ_5 ARRAY [1 WORD] 1= [TOD]
12
13 $REL
P 000C 14 TOD__INIT PROCEDURE
15 ENTRY
P 0000 E6 F3 93 16 LD PREL, #(2) 10010011H
17 Ibit 2-7: prescaler =36,
18 bit 1: internal clock;
19 bit 0: continuous mode!
P 0003 E6 F2 00 20 LD T1,#0 1(256) time-out =
21 1/100 second!
P 0006 46 F1 O0C 22 OR TMR, #0CH lload, enable T1!
P 0009 8F 23 DI
P O00A 46 FB 20 24 OR IMR, # 20H lenable T1 interrupt!
P 000D O9F 25 EI
P O00E AF 26 RET
P 000F 27 END TOD__INIT
28
P 000F 29 TOD PROCEDURE
30 ENTRY
P 000F 70 FD 31 PUSH RP
32 Working register file 10H to 1FH contains
33 the time of day clock!
P 0011 31 10 34 SRP #10H
P 0013 FE 35 INC HUND 1 more .01 sec!
P 0014 A6 EF 64 36 CP HUND, #100 lfull second yet?!
P 0017 EB 13 37 IR NE,TOD__EXIT !jump if no!
P 0019 BO EF 38 CLR HUND
P 001B EE 39 INC SECOND !1 more second!
P 001C A6 EE 3C 40 CP SECOND, #60 !full minute yet?!
P 00l1F EB OB 41 JR NE,TOD__EXIT !jump if nol
P 0021 BO EE 42 CLR SECOND
P 0023 DE 43 INC MINUTE 1 more minute!
P 0024 A6 ED 3C 44 CP MINUTE, #60 !full hour yet?!
P 0027 EB 03 45 JR NE, TOD__EXIT !jump if no!
P 0029 BO ED 46 CLR MINUTE
P 002B CE 47 INC HOUR
48 TOD__EXIT:
P 002C 50 FD 49 POP RP Irestore entry RP!
P 002E BF 50 IRET
P 002F 51 END TOD
52 END TIMERI1
0 ERRORS
ASSEMBLY COMPLETE
TOD__INIT: TOD:
7 instructions 17 instruction
15 bytes 32 bytes
16 ps 19.5 us (average) including interrupt response time
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Variable Frequency, Variable Pulse Width
Qutput. The following module illustrates one
possible use of ToyT. Assume it is necessary
to generate a pulse train with a 10% duty
cycle, where the output is repetitively high
for 1.6 ms and then low for 14.4 ms. To do
this, Toyr is controlled by end-of-count from
Ty, althrough Tg could alternately be chosen.
This example makes use fo the Z8 feature
that allows a timer’s counter register to be
modified without disturbing the count in
progress. In continuous mode, the new value
is loaded when T reaches EOC. Tj is first
loaded and enabled with values to generate
the short interval. The counter register is
then immediately modified with the value to
generate the long interval; this value is
loaded into the counter automatically on T)
EOC. The prescaler selected value must be
the same for both long and short intervals.
Note that the initial loading of the T counter

MACZ8

2.0
LOC OBJ CODE STMT SOURCE STATEMENT

1 TIMER2 MODULE

register is followed by setting the T load bit
of timer control register TMR (F1H); this
action causes Toyr to be reset to a logic 1
output. Each subsequent modification of the
T) counter register does not affect the
current Toyt level, since the T load bit is
NOT altered by the software. The new value
is loaded on EOC, and Toyrt will toggle at
that time. The T) interrupt service routine
should simply modify the Tj, counter register
with the new value, alternating between the
long and short interval values.

In the example which follows, bit 0 of
register 04H is used as a software flag to
indicate which value was loaded last. This
module illustrates the procedure for T;/TouT
initialization (PULSE__INIT), the T interrupt
service routine (PULSE), and the interrupt
vector for Ty EOC (IRQ__5). XTAL=8 MHz
is assumed.

$SECTION PROGRAM

GLOBAL
IIRQS5 interrupt vector!
$ABS 10
P 0000 0017 IRQ_5 ARRAY [1 WORD] = [PULSE]
$REL
P 000C PULSE__INIT PROCEDURE

ENTRY
P 0000 E6 F3 03

P 0003 E6 F7 00 LD
P 0006 E6 F2 19
P 0009 8F

P 000A 46 FB 20

P 000D E6 Fl1 8C

DI

DD b= b b bt b b
QOWONOOOBRWN—OOONOD U N WN

LD T1,#25

OR IMR, # (2)00100000H
LD TMR, #(2)10001100H

LD PRE1, #(2)00000011H

Ibit 2-7: prescaler = 64;
bit 1: internal clock;
bit 0: continuous mode!
Ibit 5: let P36 be Tout!
lfor short interval!

P3M, #00

lenable T1 interrupt!

Ibit 6-7: Tout controlled

21 by T1;
22 bit 3: enable T1;
23 bit 2: load T1!
24 !Set long interval counter, to be loaded on T1 EOC!
P 0010 E6 F2 El 25 LD T1,#225
26 IClear alternating flag for PULSE!
P 0013 BO 04 27 CLR 04H 1 =0:25 next;
28 =1:225 next!
P 0015 OF 29 EI
P 0016 AF 30 RET
P 0017 31 END PULSE__INIT
32
33
P 0017 34 PULSE PROCEDURE
35 ENTRY
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P 0017 E6 F2 El 36 LD T1,#225 Inew load value!
P 00lA B6 04 Ol 37 XOR 04H, #1 Iwhich value next?!
P 001D 6B 03 38 JR Z,PULSE__EXIT Ishould be 225!
P 001F E6 F2 19 39 LD T1,#25 Ishould be 25!
40 PULSE__EXIT:
P 0022 BF 4] IRET
P 0023 42 END PULSE
43 END TIMER2
0 ERRORS
ASSEMBLY COMPLETE
PULSE__INIT: PULSE:
10 instructions 5 instructions
23 bytes 12 bytes
23 ps 25 ps (overage) including interrupt response time
Cascaded Timer/Counters. For some cascade Tp and T to function as a single
applications it may be necessary to measure unit. ToyT, programmed to toggle on Ty
a greater time interval than a single end-of-count, should be wired back to Try,
timer/counter can measure (16.384 ms). In which is selected as the external clock input
this case, Ty and Toyt may be used to for T). With Tg programmed for continuous

XTAL

TOUT (P3g)

TIN (P31)

TO INTERRUPT LOGIC (IRQ4)

mode, Toyr (and therefore Tiy) goes
through a High-to-Low transition (causing T}
to count) on every other Tg EOC. Interrupt
request IRQ5 is generated when the
programmed time interval has elapsed.
Interrupt requests IRQ2 (generated on every
Ty High-to-Low transition) and IRQ4
(generated on Tg EOC) are of no importance
in this application and are therefore

. disabled.

To determine the time interval (i) until

EOC, the equation

i=tXxpOxvOx(2xplxvl—1)

characterizes the relation between the Tg
prescaler (p0) and counter (v0), the T;
prescaler (pl) and counter (vl), and the
clock input period (1); t is defined in Section
7.1. Assuming XTAL =8 MHz, the
measurable time interval range is

lusx1x1lx(2x1-1) =i =<
1 usx64x256 % (2x64x256—1)
1 pus =i = 536.854528 s

Figure 3 illustrates the interconnection
between Tg and T;. The following module

TO INTERRUPT LOGIC (IRQS) illustrates the procedure required to

initialized the timers for a 1.998 second

Figure 3. Cascaded Timer/Count delay interval:
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MACZ8 2.0
LOC OBJ CODE STMT SOURCE STATEMENT
1 TIMER3 MODULE
2 GLOBAL
P 0000 3 TIMER__16 PROCEDURE
4 ENTRY
P 0000 E6 F3 28 5 LD PRE1, #(2)00101000H
6 Ibit 2-7: prescaler = 10;
7 bit 1: external clock;
8 bit 0: single-pass mode!
P 0003 E6 F7 00 9 LD P3M, #00 Ibit 5: let P36 be Tout!
P 0006 E6 F2 64 10 LD T1,#100 IT1 counter register!
P 0009 E6 F5 29 11 LD PREO, #(2)00101001H
12 Ibit 2-7: prescaler = 10;
13 bit 0: continuous mode!
P 000C E6 F4 64 14 LD TO, # 100 ITO counter register!
P 000F 8F 15 DI
P 0010 56 FB 2B 16 AND IMR, #(2)00101011H !disable IRQ2 (Tin);
17 and TRQ4 (TO) !
P 0013 46 FB 20 18 OR IMR, # (2)00100000H !enable IRQ5 (T1)!
P 0016 OF 19 EI
P 0017 E6 Fl 4F 20 LD TMR, #(2)01001111H
21 Ibit 6-7: Tout controlled
22 by TO;
23 bit 4-5: Tin mode is ext.
24 clock input;
25 bit 3: enable T1;
26 bit 2: load T1;
27 bit 1: enable TO;
28 bit 0: load TO!
P 001A AF 29 RET
P 001B 30 END TIMER__16
31 END TIMER3

0 ERRORS
ASSEMBLY COMPLETE

11 instructions
27 bytes
26.5 ps

Clock Monitor. Ty and Ty may be used to
monitor a clock line (in a diskette drive, for
example) and generate an interrupt request
when a clock pulse is missed. To accomplish
this, the clock line to be monitored is wired
to P3, (TiN). TIN should be programmed as a
retriggerable input to T, such that each
falling edge on Tiy will cause T} to reload
and continue counting. If T] is programmed
to time-out after an interval of one-and-a-half
times the clock period being monitored, T;
will time-out and generate interrupt request
IRQ5 only if a clock pulse is missed.

The following module illustrates the
procedure for initializing T and Ty
(MONITOR__INIT) to monitor a clock with a
period of 2 ps. XTAL=8 MHz is assumed.
Note that this example selects single-pass
rather than continuous mode for Tj. This is
to prevent a continuous stream of IRQ5
interrupt requests in the event that the
monitored clock fails completely. Rather, the
interrupt service routine (CLK__ERR) is left
with the choice of whether or not to re-
enable the monitoring. Also shown is the T
interrupt vector (IRQ__5).
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MACZ8 2.0

LOC OBJ CODE STMT SOURCE STATEMENT
1 TIMER4 MODULE
2 $SECTION PROGRAM
3 GLOBAL
4 IIRQS interrupt vector!
5 $ABS 10
P 0000 0015 6 IRQ_5 ARRAY [l WORD] = [CLK__ERR]
7
8 $REL
P 000C 9 MONITOR__INIT PROCEDURE
10 ENTRY
P 0000 E6 F3 04 11 LD PREI, #(2)00000100H
12 Ibit 2-7: prescaler=1;
13 bit 1: external clock;
14 bit 0: single-pass mode!
P 0003 E6 F7 00 15 LD P3M, #00 Ibit 5: let P36 be Tout!
P 0006 E6 F2 03 16 LD T1,#3 IT1 load register,
17 =1.8"* 2 usec!
P 0009 8F 18 DI
P 000A 56 FB 3B 19 AND  IMR,#(2)00111011H !disable IRQ2 (Tin)!
P 000D 46 FB 20 20 OR IMR, #(2)00100000H !enable IRQS (T1)!
P 0010 O9F 21 EI
22
P 001l E6 Fl 38 23 LD TMR, #(2)00111000H
24 Ibit 4-5: Tin mode is
25 retrig. input;
26 bit 3: enable T1!
P 0014 AF 27 RET
P 0015 28 END MONITOR__INIT
29 .
30
P 0015 31 CLK_ERR PROCEDURE
32 ENTRY
33 () lhandle the missed clock!
34
35  lif clock monitoring should continue...!
P 0018 46 F1 08 36 OR TMR, # (2)00001000H
37 Ibit 3: enable T1!
P 0018 BF 38 IRET
P 0019 39 END CLK__ERR
40 END TIMER4
0 ERRORS
ASSEMBLY COMPLETE
MONITOR__INIT: CLK__ERR:
9 instructions 2 + instructions
21 bytes 4 + bytes
21.5 ps 18.5 + us including interrupt response time
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The Z8 provides 32 1/O lines mapped into
reqgisters 0-3 of the internal register file.
Each nibble of port 0 is individually
programmable as input, output, or
address/data lines (A}5-A1g, A)1-Ag). Port 1
is programmable as a single entity to provide
input, output, or address/data lines
(AD7-ADg). The operating modes for the bits
of Ports 0 and 1 are selected by control
register POIM (F8H). Selection of I/O lines
as address/data lines supports access to
external program and data memory; this is
discussed in Section 3. Each bit of Port 2 is
individually programmable as an input or an
output bit. Port 2 bits programmed as
outputs may also be programmed (via bit 0
of P3M) to all have active pull-ups or all be
open-drain (active pull-ups inhibited). In
Port 3, four bits (P3p-P33) are fixed as inputs,
and four bits (P34-P37) are fixed as outputs,
but their functions are programmable.
Special functions provided by Port 3 bits are
listed in Table 4. Use of the Data Memory
select output is discussed in Section 3; uses
of Tty and Toyt are discussed in Section 7.

Asynchronous Receiver/Transmitter
Operation. Full-duplex, serial asynchronous
receiver/transmitter operation is provided by
the Z8 via P37 (output) and P3p (input) in
conjunction with control register SIO (FOH),
which is actually two registers: receiver buffer
and transmitter buffer. Counter/Timer Tg
provides the clock for control of the bit rate.

The Z8 always receives and transmits eight
bits between start and stop bits. However, if
parity is enabled, the eighth bit (D7) is
replaced by the odd-parity bit when
transmitted and a parity-error flag (= 1 if
error) when received. Table 5 illustrates the
state of the parity bit/parity error flag during
serial I/O with parity enabled.

Although the Z8 directly supports either
odd parity or no parity for serial I/O
operation, even parity may also be provided
with additional software support. To receive

Functions Bit Signal
P3; DAV2/RDY2
P3, DAV0/RDY0
P33 DAVI/RDY!
Handshake P3, RDY1/DAV1
P3g RDY0/DAVO
P3g RDY2/DAV2
P3y IRQ3
Interrupt P3 TRQ2
Request P3; IRQO
P33 IRQ1
Counter/ P3; TN
Timer P3y Tout
Data Memory .
Select | P3, DM
Status Out
. P3p Serial In
Serial VO P37 Seria Out

Table 4. Port 3 Special Functions

and transmit with even parity, the Z8 should
be configured for serial I/O with odd parity
disabled. The Z8 software must calculate
parity and modify the eighth bit prior to the
load of a character into SIO and then modify
a parity error flag following the load of a
character form SIO. All other processing
required for serial I/O (e.g. buffer
management, error handling, etc.) is the
same as that for odd parity operations.

To configure the Z8 for Serial 1I/0O, it is
necessary to:

m Enable P3y and P37 for serial I/O and
select parity,

m Set up Tg for the desired bit rate,
m Configure IRQ3 and IRQ4 for polled or

automatic interrupt mode,

m Load and enable Ty.

Character Loaded Transmitted To Received From Character
Into SIO Serial Line Serial Line Transferred to SIO Note*
11000011 01000011 01000011 01000011 no error
11000011 01000011 01000111 11000111 error
01111000 11111000 11111000 01111000 no error
01111000 11111000 01111000 11111000 error

Table 5. Serial I/O With Odd Parity

* Left-most bit is D7
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To enable P3y and P37 for serial I/O, bit 6 of
P3M (R247) is set. To enable odd parity, bit

7 of P3M is set; to disable it, the bit is reset.

For example, the instruction

LD P3M, #40H

. will enable serial I/O, but disable parity. The
instruction

LD P3M,#COH

will enable serial I/O, and enable odd
parity.

In the following discussions, bit rate refers
to all transmitted bits, including start, stop
and parity (if enabled). The serial bit rate is
given by the equation:

input clock frequency

bit rate=
(2x4x Tg prescaler x Ty counter x 16)

" The final divide-by-16 is incurred for serial

- communications, since in this mode Tg runs

- at 16 times the bit rate in order to

- synchronize the data stream. To configure
the Z8 for a specific bit rate, appropriate
values must first be selected for T prescaler
and To counter by the above equation; these
values are then programmed into registers Tg
(F4H) and PREO (F5H) respectively. Note
that PREO also controls the continuous vs.
single-pass mode for To; continuous mode
should be selected for serial I/O. For example,
.given an input clock frequency of 7.3728 MHz
and a selected bit rate of 9600 bits per second,
the equation is satisfied by Tg counter =2 and
prescaler = 3. The following code sequence
will configure the Ty counter and Ty
prescaler registers:

LD To#2 ITg counter=2!

LD PREOQ, #(2)00001101H
Ibit 2-7: prescaler =3; bit 0:
continuous mode!

Interrupt request 3 (IRQ3) is generated
whenever a character is transferred into the
receive buffer; interrupt request 4 (IRQ4) is
generated whenever a character is
transferred out of the transmit buffer. Before
accepting such interrupt requests, the
Interrupt Mask, Request, and Priority
Registers (IMR, IRQ, and IPR) must be
programmed to configure the mode of
interrupt response. The section on Interrupt
Processing provides a discussion of interrupt
configurations.

To load and enable Ty, set bits 0 and 1 of
the timer mode register (TMR) via an
instruction such as

OR TMR, #03H

This will cause the T prescaler and counter
registers (PREO and Tg) to be transferred to
the Tg prescaler and counter. In addition, Tg
is enabled to count, and serial I/O
operations will commence.

Characters to be output to the serial line
should be written to serial I/O register SIO
(FOH). IRQ4 will be generated when all bits
have been transferred out.

Characters input from the serial line may
be read from SIO. IRQ3 will be generated
when a full character has been transferred
into SIO.

The following module illustrates the receipt
of a character and its immediate echo back
to the serial line. It is assumed that the Z8
has been configured for serial I/O as
described above, with IRQ3 (receive)
enabled to interrupt, and IRQ4 (transmit)
configured to be polled. The received
character is stored in a circular buffer in
register memory from address 42H to 5FH.
Register 41H contains the address of the next
available buffer position and should have
been initialized by some earlier routine to
#42H.
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MACZ8 2.0
LOC OBJ] CODE STMT SOURCE STATEMENT
1 SERIAL__IO MODULE
2 CONSTANT
3 next__addr = 41H
4 start = 42H
5 length 1= 1EH
6 $SECTION PROGRAM
7 GLOBAL
8 IIRQ3 vector!
9 $ABS 6
P 0006 0000 10 IRO_3 ARRAY [1 WORD] := [GET_CHARACTER]
11
12 $REL 0
P 0000 13 GET_CHARACTER PROCEDURE ENTRY
14
15 ISerial I/O receive interrupt service!
16 !Echo received character and wait for
17 echo completion!
P 0000 E4 FO FO 18 1d SIO,SIO lecho!
19
20 l!save it in circular buffer!
P 0003 F5 FO 41 21 @next__addr,SIO Isave in buffer!
P 0006 20 41 22 inc next__addr !point to next position!
P 0008 A6 41 60 23 cp next__addr, #start + length
24 lwrap-around yet?!
P 000B EB 03 25 jr ne,echo__wait Ino.!
P 000D E6 41 42 26 1d next__addr, # start lyes. point to start!
27 !now, wait for echo complete!
28 echo__wait:
P 0010 66 FA 10 29 tcm IRQ, # 10H ltransmitted yet?!
P 0013 EB FB 30 jr nz,echo__wait Inot yet!
31
P 0015 56 FA E-
F 32 and IRQ, #EFH Iclear IRQ4!
P 0018 BF 33 IRET Ireturn from interrupt!
P 0019 34 END GET_CHARACTER
35 END SERIAL__IO
0 ERRORS

ASSEMBLY COMPLETE

10 instructions
25 bytes

35.5 ps + 5.5 ps for each additional pass through the echo__wait loop,

including interrupt response time

Automatic Bit Rate Detection. In a typical
system, where serial communication is
required (e.g. system with a terminal), the
desired bit rate is either user-selectable via a
switch bank or nonvariable and “hard-
coded” in the software. As an alternate
method of bit-rate detection, it is possible to
automatically determine the bit rate of serial
data received by measuring the length of a
start bit. The advantage of this method is that
it places no requirements on the hardware
design for this function and provides a
convenient (automatic) operator interface.

In the technique described here, the serial
channel of the Z8 is initialized to expect a bit
rate of 19,200 bits per second. The number
of bits (n) received through Port pin P30 for
each bit transmitted is expressed by

n=19,200/b

where b =transmission bit rate. For example,
if the transmission bit rate were 1200 bits per
second, each incoming bit would appear to
the receiving serial line as 19,200/1200 or 16
bits.
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The following example is capable of
distinguishing between the bit rates shown in
Table 6 and assumes an input clock
frequency of 7.3728 MHz, a Tg prescaler of
3, and serial I/O enabled with parity
disabled. This example requires that a
character with its low order bit=1 (such as a
carriage return) be sent to the serial
channel. The start bit of this character can
be measured by counting the number of zero
bits collected before the low order 1 bit. The
number of zero bits actually collected into
data bits by the serial channel is less than n
(as given in the above equation), due to the
detection of start and stop bits.

Figure 4 illustrates the collection (at 19,200
bits per second) of a zero bit transmitted to
the Z8 at 1,200 bits per second. Notice that
only 13 of the 16 zero bits received are
collected as data bits.

Once the number of zero bits in the start
bit has been collected and counted, it
remains to translate this count into the
appropriate Tg counter value and program
that value into Tg (F4H). The patterns shown
in the two binary columns of Table 6 are
utilized in the algorithm for this translation.

As a final step, if incoming data is to

commence immediately, it is advisable to
wait until the remainder of the current
“elongated” character has been received,
thus “flushing” the serial line. This can be
accomplished either via a software loop, or
by programming T] to generate an interrupt
request after the appropriate amount of time
has elapsed. Since a character is composed
of eight bits plus a minimum of one stop bit
following the start bit, the length of time to
delay may be expressed as

(9% n)/b

where n and b are as defined above. The
following module illustrates a sample
program for automatic bit rate detection.

|ST|DI)lDllDZ‘DS‘D“DSlMID1‘SP(STlDO101[DR‘DS'D4]_

|<»———————1 BIT TIME AT 1,200 BITS PER SECOND—-————PI
ST = START BIT SP = STOP BIT Dn = DATABITn
-

EACH INTERVAL SHOWN = 1 BIT TIME
AT 19,200 BITS PER SECOND

Figure 4. Collection of a Start Bit Transmitted at
1,200 BPS and Receive at 19,200 BPS

Number of Bits Received

Number of 0 Bits Collected

Bit Rate Per Bit Transmitted as Data Bits To Counter
dec binary dec binary
19200 1 00000000 1 00000001
9600 2 1 00000001 2 00000010
4800 4 00000011 4 00000100
2400 8 7 00000111 8 00001000
1200 16 13 00001101 16 00010000
600 32 25 00011001 32 00100000
300 . 64 49 00110001 64 01000000
150 128 97 01100001 128 10000000
Table 6. Inputs to the Automatic Bit Rate Detection Algorithm
MACZ8 2.0
LOC OBJ CODE STMT SOURCE STATEMENT
1 bit__rate MODULE
2 EXTERNAL
3 DELAY PROCEDURE
4 GLOBAL
P 0000 5 main PROCEDURE
6 ENTRY
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P 0000 8F 7
P 0001 56 FB 77 8
P 0004 56 FA F7 9
P 0007 E6 F7 40 0
P O00A E6 F4 01 1
P 000D E6 F5 0

D 12

13

P 0010 BO EO 14
P 0012 E6 F1 03 15
16

17

18

19

P 0015 76 FA 08 20
P 0018 6B FB 21
P 001A 18 FO 22
P 00IC 56 FA F7 23
P 001F 1E 24
P 0020 1A 05 25
P 0022 06 EO 08 26
P 0025 8B EE 27
28

29

P 0027 EO El 30
P 0029 7B 03 31
P 002B OE 32
P 002C 8B F9 33
34

di
and
and
1d
1d

1d

clr
Id

IMR, #77H
IRQ, # F7H
P3M, #40H
TO, #1

PREO, #(3

RO
TMR, #3

ldisable interrupts!
IIRQ3 polled mode!
Iclear IRQ3!
lenable serial I/0!

SHL 2)+1 Ibit rate=19,200;
continuous count mode!

linit. zero byte counter!

lload and enable TO!

Icollect input bytes by counting the number of null
characters received. Stop when non-zero byte received!

collect:
™
jr
Id
and
inc
djnz
add
jr

bitloop:
RR
jr
inc
jr

IRQ, #08H
z,collect
R1,SIO
IRQ, #F7
Rl
R1,bitloop
RO, #8
collect

R1

Icharacter received?!
Inot yet!

lget the character!
Iclear interrupt request!
lcompare to 0 ...!
I...(in 3 bytes of code)!
lupdate count of 0 bits!

ladd in zero bits from low!
end of lst non-zero byte!

¢, count__done

bitloop

35 IR0 has number of zero bits collected!
36 ltranslate RO to the appropriate TO counter value!

37
P 002E 1C 07 38
P 0030 2C 80 39
P 0032 90 EO 40
41
P 0034 90 EO 42
P 0036 7B 04 43
P 0038 EO E2 44
P O03A 1A F8 45
46
P 003C 29 F4 47
48
49
P O003E D6 0000* 50
51
P 0041 56 FA F7 52
53
P 0044 54
55

0 ERRORS
ASSEMBLY COMPLETE

30 instructions
68 bytes

Execution time is variable based on transmission bit rate.

RO has count of zero bits!

IR2 will have TO counter
value!

lload value for detected
bit rate!

count__done:

Id R1,#7

1d R2, #80H

RL RO
loop: RL RO

jr c,done

RR R2

djnz rl,loop
done: 1d TO,R2
IDelay long enough to clear serial line of bit stream!

call DELAY
Iclear receive interrupt request!

and IRQ, #FTH
END main
END bit__rate
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Port Handshake. Each of Ports 0, 1 and 2
may be programmed to function under input
or output handshake control. Table 7 defines
the port bits used for the handshaking and
the mode bit settings required to select
handshaking. To input data under handshake
control, the Z8 should read the input port
when the DAV input goes Low (signifying
that data is available from the attached
device). To output data under handshake
control, the Z8 should write the output port
when the RDY input goes Low (signifying
that the previously output data has been

" accepted by the attached device).
Interrupt requests IRQO, IRQI, and IRQ2 are
generated by the falling edge of the
handshake signal input to the Z8 for Port 0,
Port 1, and Port 2 respectively. Port
handshake operations may therefore be
processed under interrupt control.

Consider a system that requires
communication of eight parallel bits of data
under hand-shake control from the Z8 to a
peripheral device and that Port 2 is selected
as the output port. The following assembly
code illustrates the proper sequence for
initializing Port 2 for output handshake.

CLR P2M  !Port 2 mode register: all
Port 2 bits are outputs!
OR 03H, #40H

Iset DAV2:data not available!
LD P3M,#20H
Port 3 mode register: enable
Port 2 handshake!
LD 02H,DATA

loutput first data byte; DAV2

will be cleared by the Z8 to

indicate data available to

the peripheral device!
Note that following the initialization of the
output sequence, the software outputs the
first dat byte without regard to the state of
the RDY2 input; the Z8 will automatically
hold DAV2 High until the RDY2 input is
High. The peripheral device should force the
Z8 RDY?2 input line Low after it has latched
the data in response to a Low on DAV2. The
Low on RDY2 will cause the Z8 automatically
force DAV2 High until the next byte is
output. Subsequent bytes should be output in
response to interrupt request IRQ2 (caused
by the High-to-Low transition on RDY2) in
either a polled or an enabled interrupt
mode.

Port 0 Port 1 Port 2
. P3,=DAV P33=DAV P3)=DAV
Input handshake lines P35=RDY P3,=RDY P3g=RDY
. P3,=RDY P33=RDY P3;=RDY
Output handshake lines P35 = DAV P3,=DAV P3g=DAV

POIM (program high
nubble as input)

To select input handshake:

reset bits 6,7 of POIM
(program high nibble as
output)

To select output handshake:

set bit 5 of Port 3 (P3s5);

To enable handshake: st bit 2 of P3M

[ set bit 6 & reset bit 7 of

set bit 7 of P2M
(program high bit as input)

set bit 3 & reset bit 4 of
POIM (program byte as
input)

reset bit 7 of P2M
(program high bit as output)

reset bits 3, 4 of POIM
(program byte as output)

set bit 4 of Port 3 (P3y);
set bits 3, 4 of P3M

set bit 6 of Port 3 (P3g);
set bit 5 of PAM

Table 7. Port Handshake Selection
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Arithmetic Routines

This section gives examples of the
arithmetic and rotate instructions for use in
multiplication, division, conversion, and
BCD arithmetic algorithms.

Binary to Hex ASCII. The following module
illustrates the use of the ADD and SWAP
arithmetic instructions in the conversion of a
16-bit binary number to its hexadecimal
ASCII representation. The 16-bit number is

BIT

07 43

REGISTER

RR4 —

viewed as a string of four nibbles and is
processed one nibble at a time from left to
right, beginning with the high-order nibble
of the lower memory address. 30H is added
to each nibble if it is the range 0 to 9;
otherwise 37H is added. In this way, OH is
converted to 30H, 1H to 31H,...AH to 41H,
...FH to 46H. Figure 5 illustrates the
conversion of RRO (contents = F2BEH) to its
hex ASCII equivalent; the destination buffer
is pointed to by RR4.

Figure 5. Conversion of (RR0) to Hex ASCII

MACZ8 2.99 INTERNAL RELEASE

LOC OBJ] CODE STMT SOURCE STATEMENT
1 ARITH MODULE
2 GLOBAL
P 0000 3 BINASC PROCEDURE
TR LT L L L a e
5 Purpose = To convert a 16-bit binary
6 number to Hex ASCII
7
8 Input = RRO = 16-bit binary number.
9 RR4 = pointer to destination
10 buffer in external memory.
11
12 Output = Resulting ASCII string (4 bytes)
13 in destination buffer.
14 RR4 incremented by 4.
15 RO, R2, R6 destroyed.
R R R R R LR s L R 2T FE TP T Ty
17 ENTRY
18
P 0000 6C 04 19 1d R6, #04H Inibble count!
P 0002 FO EO 20 again: SWAP RO llook at next nibble!
P 0004 28 EO 21 Id R2,RO
P 0006 56 E2 OF 22 and R2, #0FH lisolate 4 bits!
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Arithmetic Routines (Continued)

P 0009
P 000C
P 00OF
P 0011
P 0014
P 0016

P 0018
P 001B
P 001D

P 001F
P 0021
P 0022

0 ERRORS

06

7B
06

A0
A6
EB
08

6A
AF

E2
E2
03
E2
24
E4

E6
02
El

El

30
3A

07

03

ASSEMBLY COMPLETE

18 instructions

34 bytes

120.5 ps (average)

BCD Addition. The following module
illustrates the use of the add with carry

23 lconvert to ASCII : R2 + #30H if RO in range O to 9

35

36 same__byte:
37

38
39 END
40 END

else R2 + #37H (in range 0A to OF)

ADD R2,#30H
cp R2,#3AH
jr ult,skip

ADD R2,#07H

Ide @RR4,R2 Isave ASCII in buffer!

incw  RR4 Ipoint to next
buffer position!

cp R6, #03H Iltime for second byte?!

jr ne,same__byte Ino.!

Id RO,R1 12nd byte!

djnz  R6,again

ret

BINASC

ARITH

most significant digit in bits 7-4. Bytes within
a BDC string are arranged in memory with

(ADC) and decimal adjust (DA) instructions the most significant digits stored in the
for the addition of two unsigned BCD strings lowest memory location. Figure 6 illustrates

of equal length. Within a BCD string, each

the representation of 5970 in a 6-digit BCD

nibble represents a decimal digit (0-9). Two string, starting in register 33H.
such digits are packed per byte with the

BIT

REGISTER

%34 %35

Figure 6. Unsigned BCD Representation
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Arithmetic Routine (Continued)

MACZ8
LOC

P 0000

P 0000
P 0002
P 0004

P 0005
P 0007
P 0009
P 000B
P 000D
P 000F
P 0011
P 0013

P 0014

0 ERRORS
ASSEMBLY COMPLETE

2.0

OBJ CODE STMT SOURCE STATEMENT

02
02
CF
00
00
E3
13
40
2A

AF

" 11 instructions

20 bytes

12
02

El
EO

31
30
E3
03
F2

1 ARITH
2 CONSTANT

3 BCD_SRC:

4 BCD_DST
5 BCD_LEN
6 GLOBAL

MODULE

R1
RO
R2

7 BCDADD PROCEDURE

=T T

To add two packed BCD strings of

9 Purpose =

18 Output =

22

equal length.
dst <-- dst + src

RO = pointer to dst BCD string.
Rl = pointer to src BCD string.
R2 = byte count in BCD string

(digit count = (R2)*2 ).

BCD string pointed to by RO is

the sum.

Carry FLAG = 1 if overflow.

RO, Rl as on entry.
R2 =0

P oy

24 ENTRY

25

26

27

28

29 add__again:

42 END
43 END

add BCD__SRC,BCD__LEN
add BCD__DST,BCD__LEN

rct
dec  BCD__SRC
dec BCD__DST

1d R3,@BCD__SRC

ADC R3,@BCD_DST

DA R3

1d @BCD__DST,R3

djnz  BCD__LEN,add__again

ret

BCDADD
ARITH

Execution time is a function of the number of bytes (n) in input BCD string:

20ps + 125 (m - 1) ps

Istart at least...!
Isignificant digits!
lcarry = 0!

Ipoint to next two
src digits!

!point to next two
dst digits!

lget src digits!
ladd dst digits!
ldecimal adjust!
Imove to dst!
lloop for next
digits!

lall done!

293




Arithmetic Routines (Continued)

Multiply. The following module illustates an
efficient algorithm for the multiplication of
two unsigned 8-bit values, resulting in a
16-bit product. The algorithm repetitively
shifts the multiplicand right (using RRC),
with the low-order bit being shifted out (into
the carry flag). If a one is shifted out, the
multiplier is added to the high-order byte of

MACZ8 2.99 INTERNAL RELEASE

the partial product. As the high-order bits of
the multiplicand are vacated by the shift, the
resulting partial-product bits are rotated in.
Thus, the multiplicand and the low byte of
the product occupy the same byte, which
saves register space, code, and execution
time.

LOC OBJ CODE STMT SOURCE STATEMENT
1 ARITH MODULE
2 CONSTANT
3 MULTIPLIER = R1
4 PRODUCT_LO: = R3
5 PRODUCT_HI:= R2
6 COUNT = RO
7 GLOBAL
P 000 8 MULT PROCEDURE
: O | okt ok hkkk Ak kAR AR A ARk R R AR R AR R R KR KRR AR R kR AR
10 Purpose = To perform an 8-bit by 8-bit unsigned
11 binay multiplication.
12
13 Input = R1 = multiplier
14 R3 = multiplicand
18
16 Output = RR2 = product
17 RO destroyed
T8 kdkdkhhkkkkkkkkkkk ko ke dhdk k ok hk ok k ok ok ok ke ok ok hh ke k Rk Rk kA k hkkhh ok ok h ok ok ok ok ok ok ok kkkkhhkk |
19 ENTRY
P 0000 0C 09 20 COUNT, #9 18 BITS + 1!
P 0002 BO E2 21 clr PRODUCT__HI !INIT HIGH RESULT BYTE!
P 0004 CF 22 RCF ICARRY = 0!
P 0005 CO E2 23 LOOP: RRC PRODUCT__HI
P 0007 CO E3 24 RRC PRODUCT_LO
P 0009 FB 02 25 jr NC,NEXT
P 000B 02 21 26 ADD PRODUCT__HI, MULTIPLIER
P 000D O0A F6 27 NEXT: djnz COUNT,LOOP
P 000F AF 28 ret
P 0010 29 END MULT
30 END ARITH
0 ERRORS

ASSEMBLY COMPLETE

9 instructions
16 bytes
92.5 ps (average)

Divide. The following module illustrates an
efficient algorithm for the division of a 16-bit
unsigned value by an 8-bit unsigned value,
resulting in an 8-bit unsigned gquotient. The
algorithm repetitively shifts the dividend left
(via RLC). If the high-order bit shifted out is
a one or if the resulting high-order dividend
byte is greater than or equal to the divisor,

the divisor is subtracted from the high byte
of the dividend. As the low-order bits of the
dividend are vacated by the shift left, the
resulting partial-quotient bits are rotated in.
Thus, the guotient and the low byte of the
dividend occupy the same byte, which saves
register space, code, and execution time.
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Arithmetic Routine (Continued)

MACZ8 2.0
LOC OBJ CODE STMT SOURCE STATEMENT

1 ARITH MODULE
2 CONSTANT
3 COUNT = RO
4 DIVISOR = R1
5 DIVIDEND__HI = R2
6 DIVIDEND__LO = R3
7 GLOBAL
P 0000 8 DIVIDE PROCEDURE
PR T T T TTTTTThTTTTTTTTTTYTYTYTSYTE
10 Purpose = To perform an 16-bit by 8-bit unsigned
11 binary division.
12
13 Input = Rl = 8-bit divisor
14 RR2 = 16-bit dividend
15
16 Output = R3 = 8-bit quotient
17 R2 = 8-bit remainder
18 Carry flag = 1 if overflow
19 = 0 no overflow
DO kkkddkokk ok ok ok ok ok ok ok kk ok k ok ok ko k ok k k k kR Rk ke kR R R R R R K K K K R R Rk ko ko ke k |
21 ENTRY
P 0000 0C 08 22 1d COUNT, #8 I|LOOP COUNTER!
23
24 ICHECK IF RESULT WILL FIT IN 8 BITS!
P 0002 A2 12 25 cp DIVISOR,DIVIDEND__HI
P 0004 BB 02 26 jr UGT,LOOP ICARRY = 0 (FOR RLC)!
27 'WON'T FIT. OVERFLOW!
P 0006 DF 28 SCF ICARRY = 1!
P 0007 AF 29 ret
30
31 LOOP:  IRESULT WILL FIT. GO AHEAD WITH DIVISION
P 0008 10 E3 32 RLC DIVIDEND__LQDIVIDEND * 2!
P 000A 10 E2 33 RLC DIVIDEND__HI
P 000C 7B 04 34 jr c,subt
P O00E A2 12 35 cp DIVISOR,DIVIDEND__HI
P 0010 BB 03 36 jr UGT , next ICARRY = 0!
P 0012 22 21 37 subt: SUB  DIVIDEND__HI,DIVISOR
P 0014 DF 38 SCF ITO BE SHIFTED INTO RESULT!
P 0015 OA Fl 39 next: djnz  COUNT,LOQP !no flags affected!
40
41 1ALL DONE!
P 0017 10 E3 42 RLC DIVIDEND__LO
43 ICARRY = 0: no overflow!
P 0019 AF 44 ret
P 001A 45 END DIVIDE
46 END ARITH
0 ERRORS

ASSEMBLY COMPLETE

15 instructions
26 bytes
124.5 us (average)




Conclusion

This Application Note has focused on ways
in which the Z8 microcomputer can easily yet
effectively solve various application
problems. In particular, the many sample
routines illustrated in this document should

aid the reader in using the Z8 to greater
advantage. The major features of the Z8 have
been described so that the user can continue
to expand and explore the Z8's repertoire of
uses.
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