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ABour THiIs MANUAL

This manual describes the CM7000 Series core modules, their subsystems,
and the CM7100 Evaluation Kit. For ease of reference, this manual uses
“CM7000” as a generic term referring to any of the CM7100 or CM7200
Series modules. “CM7100” refers to any of the CM7100 Series modules,
and “CM7200” refers to the CM7200 Series. Specific models are refer-
enced when appropriate.

Instructions are also provided for using Dynamic C functions.

Assumptions

Assumptions are made regarding the user's knowledge and experience in
the following areas:

* Ability to design and engineer a target system that uses a CM7000.

¢ Understanding of the basics of operating a software program and
editing files under Windows on a PC.

* Knowledge of the basics of C programming.
o lve For a full treatment of C, refer to the following texts:
The C Programming Language by Kernighan and Ritchie
C: A Reference Manual by Harbison and Steel
* Knowledge of basic Z80 assembly language and architecture.
&y For documentation from Zilog, refer to the following texts:

Z180 MPU User's Manual
Z180 Serial Communication Controllers
Z80 Microprocessor Family User's Manual
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Acronyms
Table 1 is a list of acronyms that may be used in this manual.

Table 1. Acronyms

Acronym Meaning

EPROM Erasable Programmable Read Only Memory

EEPROM Electronically Erasable Programmable Read
Only Memory

LCD Liquid Crysta Display

LED Light Emitting Diode

NMI Nonmaskable Interrupt

PIO Paralel Input / Output Circuit
(Individually Programmable Input / Output)

PRT Programmable Reload Timer

RAM Random Access Memory

RTC Real Time Clock

SIB Serial Interface Board

SRAM Static Random Access Memory

UART Universal Asynchronous Receiver Transmitter

Icons

Table 2 displays and defines icons that may be used in this manual.

Table 2. Icons

Icon Meaning Icon Meaning

(/" | Refertoorsee /
L] .
Please contact A High Voltage

A Caution T | p Tip
Factory Default

x ¢ About This Manual CM7000
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Conventions

Table 3 lists and defines typographical conventions that may be used in

this manual.

Table 3. Typographical Conventions

Example

Description

whi |l e
Il IN-01...

Italics

Edit

[]

< D>

alb|c

Courier font (bold) indicates a program, afragment of a
program, or a Dynamic C keyword or phrase.

Program comments are written in Courier font, plain face.

Indicates that something should be typed instead of the
italicized words (e.g., in place of filename, type afile's
name).

Sans serif font (bold) signifies amenu or menu selection.

An élipsisindicates that (1) irrelevant program text is
omitted for brevity or that (2) preceding program text may
be repeated indefinitely.

Brackets in a C function’s definition or program segment]
indicate that the enclosed directive is optional.

Angle brackets occasionally enclose classes of terms.

A vertica bar indicates that a choice should be made from
among the items listed.

Pin Number 1

A black square indicates
pin 1 of all headers.

Pinl—rm

Measurements

All diagram and graphic measurements are in inches followed by millime-
ters enclosed in parenthesis.

CM7000

About This Manual ¢+ xi



Blank

xii + About This Manual CM7000



1

Crarter 1: OVERVIEW

CM7000 Overview ¢+ 13



Introduction

The CM7000 is a microprocessor core module. The CM7000 combines a
complete system engine with integrated development software. You build
your own controller around the plug-in CM7000.

Features

Small size: 1.80" x 2.05" (45.7 mm x 52.1 mm)

Microprocessor: Z180 running at 9.216 MHz or 18.432 MHz, includ-
ing two DMA channels, two serial ports, and two programmable timers
(PRTs)

SRAM: 32K or 128K (512K factory-installed SRAM is also available)
EPROM:
CM7100—32-pin DIP socket accommodates up to 512K EPROM

CM7200—128K flash EPROM at 128 bytes/sector (256K factory-
installed flash EPROM is also available)

I/O support: six chip-select lines, supporting 64 addresses each, control
the application’s hardware

Low electromagnetic interference

Software written for either CM7100 or CM7200 Series is binary-
compatible with the other

Options

The CM7000 is available with two types of memory—CM7100s have
ROM and CM7200s have flash EPROM.

CM7100 Series
Table 1-1 lists the features of each model in the CM7100 Series.

Table 1-1. CM7100 Series Features

Model Features

CM7100 18.432 MHz clock, 128K SRAM, 512-byte EEPROM,
real-time clock, and ADM 691 supervisor

CM7110 CM7100 with 9.216 MHz clock
CM7120 CM7100 with 9.216 MHz clock and 32K SRAM

CM7130 CM7100 with 9.216 MHz clock and 32K SRAM. Without
ADM691 supervisor, real-time clock and EEPROM.

14 ¢+ Overview CM7000



The CM7100 is available in one of the models listed in Table 1-1 or as part of
the Evaluation Kit. The Evaluation Kit contains the following items.

e CM7110 with special EPROM containing sample programs.
* Prototyping Board.

* Manual (with schematics), cables, AC adapter, trial version of Dynamic
C development software.

The trial version of Dynamic C included with the Evaluation Kit contains only the
libraries associated with the Evaluation Kit. Once a decision is made to proceed
with normal development, the standard or deluxe version of Dynamic C must be
purchased. The Development Board supplied with the Developer’s Kit and the
development EPROM are also available for separate purchase.

o= For help with upgrading to a full-scale system, call your

...

Z-World Sales Representative at (530) 757-3737.

A Developer’s Kit is available for the CM7100. The Developer’s Kit
contains the following items.
* Development EPROM.

* Development Board, which plugs into the CM7100 EPROM socket to
emulate ROM with RAM to make it easier to develop and debug large
programs.

* Manual (with schematics), cables, and AC adapter.

A 128K EPROM and an LCD/Keypad module (the LCD/Keypad module
requires a 9.216 MHz clock) are available separately.

Figure 1-1 shows the CM7100 board layout.

oo 00 0
OO Lo ¥oO0s
vt @ off |duw oo, 0 i
O
RAM 2 RTC g PAL Uy ﬂﬂﬂﬂﬂmmmﬂﬂﬂﬂﬂﬂmla
=g :
MOOOOOOOon NN g g
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ | 0 B 3
u3 [ O g 7180 B
Ju1 = E &
(H3) EPROM S E E %
m) i = O ]
5 £ &
T T T T T T ] oog L I
[m| [}
2 I R P PR
Hl w0 0 0 0]
Top Side Microprocessor Side

Figure 1-1. CM7100 Board Layout
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CM7200 Series
Table 1-2 lists the features of each model in the CM7200 Series.

Table 1-2. CM7200 Series Features

Model Features
CM7200 18.432 MHz clock, 128K SRAM, real-time clock,
ADM®691 supervisor, and 128K flash EPROM
CM7210 CM7200 with 9.216 MHz clock
CM7220 CM7200 with 9.216 MHz clock and 32K SRAM
CM7230 CM7200 with 9.216 MHz clock and 32K SRAM.
Without ADM691 supervisor and real-time clock.

A Developer’s Kit is available for the CM7200. The Developer’s Kit
contains the following items.

* Prototyping Board.

e Manual (with schematics), cables and AC adapter.

* Serial Interface Board 2.

The following optional accessories are available for the CM7200.
* Flash Programmer to program flash EPROM.

* 256K factory-installed flash EPROM.

* LCD/Keypad module (2 x 20 LCD and 2 x 6 keypad) for use with
CM7200 modules with a 9.216 MHz clock.

Figure 1-2 shows the CM7200 board layout.

a

D (AAAACArm .. oo g u B
— = @ u2 D D @ = 691 E
% Ul % DDD D RAM OONONOAOANNONNAOR . o = =|

ShCE= B

% = (o 5 il

—_ = %

= Fooggg _mm 20
Flash = 5 us o
EPROM = B PAL §

= B

|}
H2 8 H2

Hl ® 0 0 0 O Hl
Top Side Microprocessor Side

Figure 1-2. CM7200 Board Layout
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Software Development and Evaluation Tools

Dynamic C, Z-World’s Windows-based real-time C language development
system, is used to develop software for the CM7000. The host PC
downloads the executable code through the CM7000’s RS-232 serial port
or through the Serial Interface Board 2 to one of the following places:

* Dbattery-backed RAM,

* ROM written on a separate EPROM programmer and then
substituted for the Z-World development EPROM, or

» flash EPROM.
Dynamic C allows fast in-target development and debugging.

9 ~ Z-World’s Dynamic C reference manuals provide complete
software descriptions and programming instructions.

For ordering information or more details about the various
‘ﬂ' options and prices, call your Z-World Sales Representative at
(530) 757-3737.

CM7000 Overview ¢+ 17
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Programming Setup

Dynamic C, Z-World’s C-language development system, is used to develop
applications for the CM7000. As a program compiles, Dynamic C down-
loads it directly to the CM7000’s memory via one of the PC COM ports.
Serial communication is normally at 19,200 bps, and can be as high as
57,600 bps. The CM7000 remains connected to the PC in most instances
while a program is undergoing development. The mechanics of connecting
a CM7000 and a PC vary depending on the CM7000 version and the
programming strategy.

The programming strategy for a CM7100 depends on the hardware setup.
Only one programming method is available for the CM7200 regardless of
whether the Developer’s Kit or in-target development is used.

CM7100

Four methods are available to program the CM7100.

1. Using the Prototyping Board. This method is recommended for pro-
gramming the CM7110 supplied in the Evaluation Kit. This CM7110 has
a special EPROM that contains the BIOS and sample programs.

Method 1 may also be used to program other CM7100s. Since an
EPROM is not normally included with CM7100s, except for the
CM7110 in the Evaluation Kit, which comes with a special EPROM, a
custom EPROM with the contents of the Dynamic C 2903 .BIN file
must first be burned according to the details in the section “Program-
ming EPROMSs” in Chapter 3, “System Development.”

2. Using the Development Board. The Development Board is included in
the Developer’s Kit with full Dynamic C, and is also sold separately.

3. Using the Development Board with full Dynamic C, and with the
CM7100 embedded in your target system.

4. Directly in your system without a Development Board. This method
requires some hardware setup and minor modifications to the Dynamic C
EPROM code.

Methods 1 and 2 are normally used for evaluation or experimentation.
Method 3 requires some hardware setup, and ultimately must be used to
program a working system. Method 4 can be the fastest and most power-
ful.

Once program development has been completed, recompile the program
for EPROM. An EPROM is burned in a separate operation and is then
installed in the EPROM socket on the CM7100.

20 ¢+ Getting Started CM7000



CM7100 Method 1 — Prototyping Board

1. Check to make sure the power to the Prototyping Board is not con-

nected.

2. Check header J3 on the micro-
processor side of the CM7100.
The surface-mounted jumper
should connect pins 2—3 to re-
flect the 128K memory of the
special EPROM. This factory
default setting is shown in Fig-
ure 2-1.

XE3JI3

J2
J1

U6
PAL

Figure 2-1. CM7100 Header J3
Configured for Special EPROM

. Plug the CM7100 into the Prototyping Board as shown in Figure 2-2.
Plug header H2 of the CM7100 into connector H3 of the Prototyping
Board. Pins 1 of the header and connector must match. The CM7100
will hang over the battery on the Prototyping Board. For maximum
stability, install the supplied standoff between the CM7100 and the

Prototyping Board.

. Special EPROM (680-295x)

CM7100 W
H2
Standoff ‘ vy

ol

V1 H3 Power Jack

Battery r‘ ul

TU UUUU0 |

Prototyping Board

Figure 2-2. Connecting CM7100 to Prototyping Board

4. If using the CM7110 from the
Evaluation Kit, make sure the
CM7110 has the special 32-pin
EPROM (Z-World part num-
ber 680-295x) installed at U3
as shown in Figure 2-3. Cus-
tom-burned EPROM are also
installed at location U3.

N000nNnnnann
ua

RAM

NN

32-pin EPROM

Figure 2-3. Installation of 32-pin EPROM

CM7000
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5. Place jumpers across headers J2, J3, and J4 on the Prototyping Board

to enable headers J6-J11 on the Prototyping Board. The Prototyping

Board is shown in Figure 2-4.
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Figure 2-4. CM7100 Prototyping Board

It is necessary to place jumpers across headers J2, J3, and
J4 to enable headers J6-J11 on the Prototyping Board.
Note that this disables chip selects CS1, CS2, and CS3.
The LEDs will not work when CS1 is disabled.

4

World part number

680-295x) supplied with the CM7110 in the Evaluation Kit

does not support chip selects CS1, CS2, and CS3.

The BIOS on the special EPROM (Z

4

CM7000
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6. Set the Prototyping Board’s jumpers. Jumpers across headers J10 and
J11 affect the operational mode and the baud rate as shown in Fig-
ure 2-5. When both headers J10 and J11 are jumpered, the CM7100
checks headers J6-J9 at startup. If none of these headers is jumpered,
the CM7100 will execute the program, if any, stored in RAM. If some
of these headers are jumpered, a sample program stored in the special
CM7100 EPROM will begin executing.

See Appendix F, “Prototyping Board,” for more information on
the Prototyping Board and the sample programs in the special

EPROM.
Prototyping Board Jumper Settings
Program/Baud Rate
J10[o o
@ J11 oo 19.200 bps
J10 [[E=5]
9600 bps
J6
ﬁ b Ji oo
e J1o[o o
B 0 J11 [B=5| ©7.600 bps
jﬂE J10 [&=1] Run program in RAM
Baud Rate J11 [[B=]] or special EPROM

Figure 2-5. CM7100 Prototyping Board Program/Mode
Jumper Settings

7. Connect the serial cable. Con-
nect one end to the PC COM
port. Then connect the 10-pin Serial cable to PC
end to header H4 of the Proto-
typing Board as shown in Fig-
ure 2-6. Be careful to match the
arrow on the connector to the
location of pin 1 on header H4.

8. Apply power from the 9 V pow-
er supply to the Prototyping
Board. The CM7100 is ready
for programming, unless the
jumpers were set in Step 6 to run
a program stored in RAM or to

Serial

Figure 2-6. Serial Cable Connection
run one of the sample programs to CM7100 Prototyping Board
stored in the special EPROM.
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CM7100 Method 2 — Development Board

1. Check to make sure the power to the Prototyping Board is not con-
nected.

2. Check header J3 on the microprocessor side of the CM7100. The
surface-mounted jumper should connect pins 2—3 to use the Develop-
ment Board. This factory default setting is shown in Figure 2-1.

3. Plug the CM7100 into the Prototyping Board as shown in Figure 2-7.
Plug header H2 of the CM7100 into connector H3 of the Prototyping
Board. Pins 1 of the header and connector must match. The CM7100
will hang over the battery on the Prototyping Board. For maximum
stability, install the supplied standoff between the CM7100 and the
Prototyping Board.

e ___ |

CM7100
H2

Standoff ‘ vy
! ¥ ¥ H3 Power Jack
| Battery i
M= s ||
|

Prototyping Board

TU UUUU

Figure 2-7. Connecting CM7100 to Prototyping Board

4. If an EPROM is installed in socket U3 on the CM7100, remove the
EPROM. Plug a Dynamic C development EPROM (Z-World part
number 680-290x) into the EPROM socket (U3) of the Development

Board. See Figure 2-8.
<— Dynamic C EPROM
m (680-290x)

Development Board %- e -f us

\AAD

u3
CM7100 _

Figure 2-8. Installation of CM7100 Development Board and
Development EPROM

24 ¢+ Getting Started CM7000



5. Plug the Development Board into the EPROM (U3) and H3 sockets on
the CM7100 as shown in Figure 2-8. Headers U6 and H2 on the under-
side of the Development Board must match the CM7100 EPROM and
H3 sockets exactly.

C Be careful! The U6 and H2 pins on the Development Board
are delicate and bend easily.

6. Check the jumpers on the Development Board. Figure 2-9 shows the
locations of the relevant headers.

(_”_”_”_”_”_”_”_”_”_”_”_”_”_h "7"/’ » ] ‘\\\\(
O (% Errom oy Battery [ ©
(@D}

U (1) Super. b L2
bp|

|- RS-232

Figure 2-9. CM7100 Development Board

Figure 2-10 shows the jumper settings for different RAM sizes,
operational modes, and baud rates.

Development Board Development Board Jumper Settings
RAM Jumper Settings Program/Baud Rate
JP1
— JP3[o O]
19,200 bps
O n 32K, 128K JP4 P
RAM =1
[
el P4 9600 bps
o] JP3[o O]
© 512K JP4 57,600 bps
n RAM

JP3 ==l Run program in Devel-
JP4 [B=1] opment Board RAM

[
T
e

Figure 2-10. CM7100 Development Board Jumper Settings
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7. Ifyou are using a 28-pin RAM
chip, seat the chip in the RAM
socket as shown in Figure 2-11.

Figure 2-11. Position of 28-Pin
Chip in 32-Pin Socket

Serial cable to PC
8. Connect the serial cable.

"o Connect one end to the PC
Hljc o/dumm COM port. Then connect the

.. 10-pin end to H1 of the
[o »]ap2 Development Board as shown
jii in Figure 2-12. Be careful to

O match the arrow on the

connector to the location of

Figure 2-12. Serial Cable Connection pin I on header HI.

to CM7100 Development Board

9. Reconnect the 9 V power supply to the Prototyping Board. The CM7100
is ready for programming, unless the jumpers were set in Step 5 to run a
program in the Development Board’s RAM.
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CM7100 Method 3 — Embedded in System

Method 3 assumes that the CM7100 is already mounted in a system and
that the CM7100 is properly connected. At a minimum, regulated power
(+5 V) and ground must be provided.

The Development Board plugs into the EPROM socket of the CM7100.
The Development Board emulates the system EPROM normally installed
in the CM7100, providing up to 504K of program space in addition to the
RAM on the CM7100 (used as a data space). The Development Board has
its own RS-232 port and communicates directly with the PC during
program development.

1. Disconnect power from the CM7100.

2. If an EPROM is installed in socket U3 on the CM7100, remove the
EPROM. Plug a Dynamic C development EPROM (Z-World part
number 680-290x) into the EPROM socket (U3) of the Development
Board. See Figure 2-8.

3. Plug the Development Board into the EPROM (U3) and H3 sockets on
the CM7100 as shown in Figure 2-8. Headers U6 and H2 on the under-
side of the Development Board must match the CM7100 EPROM and
H3 sockets exactly.

é Be careful! The U6 and H2 pins on the Development Board
are delicate and bend easily.

4. Check header J3 on the microprocessor side of the CM7100. The
surface-mounted jumper should connect pins 2—-3 to use the Develop-
ment Board. This factory default setting is shown in Figure 2-1.

5. Check the jumpers on the Development Board. Figure 2-9 shows the
locations of the relevant headers.

Figure 2-10 shows the jumper settings for different RAM sizes, and for
the operational mode and baud rates.

6. Ifyou are using a 28-pin RAM chip, seat the chip in the RAM socket as
shown in Figure 2-11.

7. Connect the serial cable. Connect one end to the PC COM port. Then
connect the 10-pin end to H1 of the Development Board as shown in
Figure 2-12. Be careful to match the arrow on the connector to the
location of pin 1 of HI.

8. Reconnect power to the CM7100. The CM7100 is ready for program-
ming, unless the jumpers were set in Step 5 to run a program stored in
the Development Board RAM.
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CM7100 Method 4 — In-Target Direct Development

It is possible to program directly through a CM7100’s built-in serial port
without using a Development Board. In this method, the program is held
in RAM while the application is under development. At least 128K of
RAM is highly recommended. Note that the CTSO input must be asserted
for channel z0 to transmit. Tie CTSO to ground if RTS/CTS handshake
support is not needed.

1. Build an input port into your hardware using one of the /CS lines. One
bit of the input will specify whether the Dynamic C monitor in the
EPROM enters RUN mode or PROGRAM mode.

2. Build a serial driver into your system based on the one on the Prototyp-
ing Board (see Figure 2-13).

MAX232 H4 10ka
IXAL ]y xa f—TXL ]
RXAL RX1
RX1  /RX1 o o
2180 o o
o o
lo o
_—C1+
CM7100 RAas S P iupp 477
47 UF | — C2+ X*
7 u —
T Jco- L 47

Figure 2-13. CM7100 Prototyping Board Serial Driver

If your serial driver has a 10-pin header that conforms to Z-World’s
programming cable, you will not need to build another programming
cable. CTS and RTS are tied together and pulled up.

3. Six bytes of the Dynamic C EPROM (starting at 0x70 in the EPROM
file) are reserved as indicated in Table 2-1.

Table 2-1. Dynamic C EPROM Addresses

Address Name Range Meaning
0x70 channel 0,1 Selects serial programming port.
baud Programming baud rate in multiples of
0x71 rate 1-48 1200 bps: 8 = 9600 bps, 16 = 19,200 bpk,

48 = 57,600 bps).

0x4000 to | Address of input port (corresponds to /C|S
0x417F | line), low-order bits in byte 72.

Active bit(s) of input byte, one bit
suffices.

0x72,73 | address

Ox74 mask Ox0-FF

0x75 polarity 0,1 Polarity of input bit.
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Modify the Dynamic C EPROM file (in your Dynamic C directory) and
burn a new EPROM with the appropriate new data.

When a system resets, the Dynamic C monitor in the EPROM consults
the 6 bytes. If the monitor finds valid data, the system will start
operating according to the data. The monitor will attempt to read the
specified input port. If it is successful, the monitor will either enter
programming mode (communicating with Dynamic C in a PC) or run
the program stored in the CM7100’s RAM.

For example, the C structure

(70) 0x00  serial channel 0

(71) 0x10 19,200 bps

(72,73) 0x4040 /CS2

(74) 0x80  active bit is bit 7

(75) 0x00 active bit=0 ® PROGRAM mode else RUN mode

would work and might use an input port such as the one shown in
Figure 2-14.

+5V
10 kQ
/cS2 1o
RD CH8yo a0k
74HC32 D7 Jumper:
C244 .
74H Connected for PROGRAM mode

Open for RUN mode
Figure 2-14. Input Port

With the standard CM7100 BIOS (2903 or later), setting the I/O
address (bytes 0x72 and 0x73) to 0x0000 will force the CM7100 into
development mode. This setting eliminates the need to use a RUN/
PROGRAM jumper.

Direct development is not supported by the BIOS of the CM7110 included
in the CM7100 Evaluation Kit.

Safeguards

The following safeguards have been adopted.

1.

If there is no valid program in RAM, the Dynamic C monitor will re-
peatedly go into a tight loop, forcing a watchdog timeout.

If byte 0x70 is not a 0 or 1, the monitor is forced to RUN mode.

3. Ifbyte 0x71 is not a multiple of 8, the monitor is forced to RUN mode.

If bytes 0x72 and 0x73 have an address less than 0x4000 or greater
than 0x417F, the monitor is forced to RUN mode.

The Dynamic C development EPROM has the six locations all set to OXFF.
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CM7200

The CM7200 uses its Z180 microprocessor’s CSI/O (clocked serial 1/0)
line for communicating with Dynamic C running on a host PC; Z-World’s
SIB22 makes the CSI/O port look just like an RS-232 port. Since the
CM7200’s flash EPROM is electrically reprogrammable in a circuit, the
flash EPROM requires no ROM emulation during development. Conse-
quently the CM7200’s programming strategy is very simple when com-
pared to the CM7100’s.

CM7200 Method 1 — Prototyping Board

1.

Check to make sure the power to the Prototyping Board is not con-
nected.

. Plug the CM7200 into the Prototyping Board as shown in Figure 2-15.

Plug header H2 of the CM7200 into connector H3 of the Prototyping
Board. Pins 1 of the header and connector must match. The CM7200
will extend over the battery on the Prototyping Board. For maximum
stability, install the supplied standoff between the CM7200 and the
Prototyping Board.

fny IP1

(to SIB2)

CM7200 oo} "o
B iy WHz

Standoff '
¥ H3 Power Jack
Battery r‘m

TU UUUU

Prototyping Board

Figure 2-15. Connecting CM7200 to Prototyping Board

Connect the 6-conductor RJ-12 cable provided with the Developer’s
Kit from the PC serial-port adapter to the SIB2 as shown in Figure 2-
16. Connect the 2 mm ribbon cable from the SIB2 to header JP1 on the
CM7200. Be careful to match the arrow on the connector to Pin 1 of
JP1.

Set the baud rate of the host PC’s COM port to 9600 bps, 19,200 bps,
or 57,600 bps.

Apply power to the Prototyping Board. As a minimum, the power
supply must have regulated +5 V and GND for the CM7200. The
CM7200 is now ready for programming.
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6-conductor,

To PC COM RJ-12 Cable
Port
T
o O U .
6-pin
RJ-12 to DB-9 RJ-12 Male
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[ ] S =
— S S
= &
3
6-pin
TD RJ-12 Male ~ N
~S h@
S =
S
S S
QO
N RQ
Marked
Conductor
to Pin1

) CM7200
Pin 1 Core module
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©00000000000
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mom

Figure 2-16. CM7200 Connection to Serial Interface Board 2
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CM7200 Method 2 — Embedded In System

1. Disconnect power from the system.

2. Connect the 6-conductor RJ-12 cable provided in the Developer’s Kit
from the PC’s serial-port adapter to the SIB2.

3. Connect the 2 mm ribbon cable from the SIB2 to header JP1 on the
CM7200. Be careful to match the arrow on the connector to Pin 1 of
JPI1.

4. Set the baud rate of the host PC’s COM port to 9600 bps, 19,200 bps,
or 57,600 bps.

5. Reconnect power to the system. As a minimum, the power supply must
have regulated +5 V and GND for the CM7200. The system is now
ready for programming.
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CharTER 3: SYSTEM DEVELOPMENT
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General Description

The CM7000 is a complete system engine that contains the microprocessor
and memory around which a controller is built.

Figure 3-1 shows a block diagram of the CM7100.

EEPROM “=2{ Decoder |— csiicse

AO0-A19
Z180 ¥ 1 Qv
D (2) PRTs C C [
DMAD?ATLI;S; < (2) Serial Ports {% i <% i
"1 (2 DMA Channels SRAM EPROM
Interrupt == MMU 32K-512K 32K-512K <—+5V
I A <—— GND
Supervisor VRAM |:|
WatcE\)dog Timer RTC
VBAT — 2| Power Failure Warning A
Reset Control Cs ~
Battery Backup Control > VRAM

Figure 3-1. CM7100 Block Diagram

Figure 3-2 shows a block diagram of the CM7200.

22811 Decoder —J» icsi-icse

Clocked AO-AL9 -,
serial /o <& élpqu =S 1 ggg_ﬁg
DMAR —P s
equest ~ | (2) Serial Ports <% { ITI&
omA End G (2) DMA Channels SRAM | | Flash Memory
Interrupt ==> MMU 32K-512K 128K-256K <—+5V
A <—— GND
Supervisor VRAM |:|
Watchdog Timer RTC
VBAT — | Power Failure Warning A
Reset Control Ccs ~
Battery Backup Control > VRAM

Figure 3-2. CM7200 Block Diagram

The microprocessor is a Z180, running at either 9.216 MHz or 18.432 MHz.

The Z180 has two asynchronous serial ports, two DMA channels, and two

programmable-reload timers (PRTs). Two of the Z180’s interrupt lines are
available for use in the system.
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The Z180 supports a 1M address space with its internal memory manage-
ment unit (MMU). It has 20 address lines. The data path is 8 bits wide—
lines DO-D7.

Six chip-select lines (/CS1-/CS6) enable one of six groups of 64 input/
output addresses. Thus, single-tier addressing can directly access 384
distinct devices or registers.

The optional power-supervisor IC, an ADM691, provides several services.
It has a watchdog timer, performs power-failure detection, and supports
battery backup. When power fails, it protects the RAM from being
accidentally overwritten.

Your application can obtain the time and the date from the optional real-
time clock IC, an Epson 72423.

The optional CM7100 EEPROM (24C04) stores 512 bytes of nonvolatile
data for system constants and other important values. The upper 256 bytes
of the EEPROM can be write-protected by breaking a circuit board trace.
The CM7200 simulates the EEPROM in its flash memory. This simulation
is software-compatible with the CM7100’s Dynamic C EEPROM function
calls.

See Appendix D, “EEPROM,” for more information on the
software function calls and details about write-protecting the
CM7100 EEPROM.
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Interface Description

The CM7000 physical interface to a controller is a 40-pin header (H2)
with a 5-pin extension (H1). Figure 3-3 shows the location of header H2
and extension HI1.

0 000000O0O0O0O0OO0OOOOO0O0O0Oo ™ H2 _—
©000000O0O0COOOOOOOOOO0 O
0000 m H1

Figure 3-3. Location of Header H2 and Extension H1

The 40-pin header (H2) plugs directly into a 40-pin connector on the
controller’s printed circuit board. The connector on the Prototyping Board
provides an example of this arrangement. The headers use 0.025" square
pins on 0.1" centers.

The s-pin interface extension (H1) comprises five plated through-holes,
allowing an additional 5-pin header to be added if needed.

Figure 3-4 provides the pinouts for header H2 and extension H1.

40-Pin Interface Extension
H2 H1
GND 1|m= 2 +5V (regulated) 1[a] GND
VBAT 3|o 4 [PFI 2|0 VRAM
D1 5|o o|6 [/RESET 30| /TENDO
D2 7o o8 /CSS 4|o| ITEND1
D3 9|0 o |10 /CS6 5|o| /RTSO
D4 11|o o |12 /CS1
D5 13|o o |14 /|CS2
“/” signals are active low
D6 15| o o |16 DO
/CS4 17| o o |18 AO
A1 19|o o |20 /CS3
/INT1 21 |o o |22 /INTO
A3 230 o |24 A2
/WAIT 25| 0 o |26 A4
D7 27|o o |28 A5
/WR 29| o o |30 /IORQ
/DREQO 31|o © |32 /RD
/DREQ1 33| 0 o |34 TXA1
/CTS0 35| o © |36 RXAO
TXAQ 37| o o |38 RXA1
E 39|0 o400 GND

Figure 3-4. CM7000 Pinouts for Header H2 and Extension H1
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Table 3-1 lists the CM7000 interface signals.

Table 3-1. CM7000 Interface Signals

il Direction Description
Name
AO0-A5 Out Address lines. CMOS compatible.
DO-D7 Bi. Data lines. TTL/ICMOS compatible.
/RD Out Read. Defines a read cycle. Directly connected to
Z180. TTL/CMOS compatible.
/WR Out Write. Defines a write cycle. Directly connected to
Z180. TTL/CMOS compatible.
/INTO In Maskable interrupt request 0. TTL/CMOS compatible.
/INT1 In Maskable interrupt request 1. TTL/ICMOS compatib|e.
/IORQ Out I/0 Request. Defines an I/O cycle. Directly connedted
to Z180. TTL/CMOS compatible.
/CS1- Out Chip selects (6). Each selects a group of 64 1/O
/CS6 addresses. TTL/CMOS compatible
IWAIT In Wait line. Generates wait states for I/O cycles. Allojvs
access to slow I/O devices. Directynmected to
Z180. TTL/CMOS compatible.
/DREQQO, | In DMA request lines. Requests movement of one bytg of
/DREQ1 data on specified DMA channel (0 or 1). Can be edge-
or level-sensitive. Ignored during memory-to-memoly
and serial-to-memory operations. Directly connectefl
to Z180. TTL/CMOS compatible. /DREQO can be 3
clock input or output for serial port O, running atX.6
baud rate.
/ITENDO, | Out DMA “transfer-end” lines. Signals the end of a DMA
/ITEND1 transfer on channel 0 or 1. Directly connected to Z1§80.
TTL/CMOS compatible.
TXAO, Out Transmit. Serial data for channels 0 and 1. Directly
TXAl connected to Z180. TTL/CMOS compatible.
RXAO, In Receive. Serial data for channels 0 and 1. Directly
RXA1 connected to Z180. TTL/CMOS compatible.
/ICTSO In Clear-to-send, channel 0. Serial-control signal.
Channel 0 will not transmit when this line is high.
Directly connected to Z180TTL/CMOS compatible.
/IRTSO Out Request-to-send, channel 0. Serial control signal.
Directly connected to Z180TTL/CMOS compatible.
continued...
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Table 3-1. CM7000 Interface Signals (concluded)
?\lignal Direction Description
ame

VBAT In Battery voltage. Connects to the ADM691 supervisor.
Must be grounded if no battery installed.

VRAM Out Battery-backed supply voltage for RAM, real-time
clock, and other devices.

PFI In Power failure input. Connects to the ADM691
supervisor, which generates a nonmaskabl e interrupt
(NMI) when this line falls below 1.3 V + 0.05 V.

/RESET | Bi. System reset. Driven by the ADM691 supervisor.
Must be pulled up when supervisor is not installed.

E Out 6800-compatible timing reference. Directly connect

to Z180. TTL/CMOS compatible.
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CM7000 Subsystems

This section describes the various subsystems and their signals. Source-
code software drivers are available for most of these subsystems. Sample
programs (included with Dynamic C) are provided.

299 See Appendix J, “Sample Applications,” for sample circuits to
illustrate the use of the CM7000.

DMA

Two DMA channels are accessible on the CM7000 interface and support
memory-memory and memory-1/O transfers. The transfer modes sup-
ported by the Z180 are request, burst, and cycle-steal. DMA transfers can
access the full 1M address range with a block length of 64K, and can cross
over 64K boundaries. Transfers can occur every 6 clock cycles. The
DMA channels can also function as high-speed counters, operating at up to
500 kHz (on the 9.216 MHz CM7000) by using the request line as a
counter input.

The signals /DREQO and /DREQ1 are the DMA-request lines. The DMA
channels monitor these lines to determine when an external device is ready
for a read or write operation. The signals /TENDO and /TEND]1 are the
“transfer end” lines. A DMA device asserts these outputs during the last
write cycle of a DMA operation. By monitoring these lines, a system can
detect the end of a DMA transfer.

The DMA channel can be programmed to be either edge or level sensitive.
If a DMA channel is edge triggered, a single byte gets transferred over the
DMA channel when the DMA device asserts the request line. If the DMA
channel is level sensitive, multiple bytes will continue to transfer as long as
the DMA device asserts the request line (that is, holds it low).

Channel 0 performs memory-memory and memory-I/O transfers. Such
transfers include memory-mapped 1/O and transfers to and from the serial
channels. The transfer modes for Channel 0 are burst and cycle-steal.
Channel 0 has memory-address increment, decrement and no-change modes.

Channel 1 performs only memory-1/O transfers. It supports memory
address increment and decrement.

Channel 0 has a higher priority than Channel 1.
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DMA Registers

Table 3-2 lists the registers associated with the DMA channels.

Table 3-2. DMA Registers

Register Address Description
Channel 0
SARO 0x20-22 Source Address
DARO 0x23-25 Destination Address
BCRO 0x26-27 Byte Count
Channel 1
MAR1 0x28-2A Memory Address
IAR1 0x2B-2C I/O Address
BCR1 Ox2E-2F Byte Count
Both Channels
DSTAT 0x30 DMA Status
DMODE 0x31 DMA Mode
DCNTL 0x32 DMA Control

Memory-address registers span 20 bits. I/O-address registers, on the other
hand, span only 16 bits. The byte-count register has 16 bits. The higher
order bits of the registers are stored in the bytes with higher addresses.

For details on DMA registers and timing, refer to the Zilog
Z180 MPU User’s Manual and the sample Dynamic C

&

programs SC1DM232.C and SC1DMAPW.C.
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Software

Table 3-3 lists Dynamic C functions that support the DMA channels.

Table 3-3. DMA Library Functions

Function Description Library
DMAOCount DMA channel acts as a high-speed
DVA1Count counter, interrupting when done. DRI VERS. LI B
Reads the number of pulsesa
DMASnapShot DMA channd has counted. DRI VERS. LI B
DMAO_ O f
DVAL O f Turns DMA channel off. DVA. LI B
. . Initializes a serial port (0 or 1) for
DMAO_Seri al I nit DMA transfer. DVA. LI B
DVAO Rx Inltl_atesaDMAtran_sfer (Rx =
- receive, Tx = transmit) from a DMVA. LI B
DMAO_Tx .
- seria port.
Initiatesa DMA transfer from
DMV memory to an 1/O port. The
DMﬂg_m 8 externa device must generate a DVA. LI B
- negative pulse to request each byte
transferred.
DVAO MM Initiates a memory-to-memory DVA LI B
- transfer.
Initiatesa DMA transfer from an
oo 1o ORI T | L
DVAL_| OM 9 9 :

pulse to request each byte
transferred.

e The Dynamic C Function Reference manual describes these
functions in detail.
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Programmable Timers

The Z180 has a two-channel programmable reload timer (PRT). Each
channel (PRTO and PRT1) has a 16-bit down-counter, TMDR, and a 16-bit
reload register, RLDR. A single 8-bit timer-control register, TCR, sets up
both timers. The down counters decrement every 20 clocks (2.17 us at
9.216 MHz). When the counters reach 0, they automatically reinitialize
with the value stored in their respective reload registers.

The two channels are disabled at system reset. By manipulating the bits of
the TCR, the timers can be made to cause an interrupt when they time out.
Counting can also be enabled and disabled.

When reading the TMDR registers, read the low byte first, then read the
high byte. The accuracy of the reading depends on this order. Before
writing to a TMDR, you must stop the channel by setting the appropriate
bits in the TCR. In general, do not set a reload register unless you have
first stopped its timer channel.

&

Software

Refer to the Z180 MPU User’s Manual for details on the
operation of the PRT.

Table 3-4 lists Dynamic C functions that support the programmable reload
timer.

Table 3-4. Programmable Timer Library Functions

Function Description Library
i ni t_t! mer 0 Places a c_ount in the timer's DRI VERS. LI B
init_tinmerl reload register.
timero_isr Timer O interrupt service routine. DRI VERS. LI B

Runs RTK (Real-Time Kernel).

Timer 1 interrupt service routine.
int_tinmerl Drives a beeper and keypad. RunkDM LI B
RTK if RUNKERNEL is defined.

Waits specified number of

Tdel ay milliseconds using timer 1. DRIVERS. LI B
| k_t del ay Similar toTdel ay. KDM LI B
lk_int_tinerl Similar toi nt _ti ner 1. KDM LI B
| g_i ni t _keypad Initializes timer 1, KDM keypad KDM LI B

driver, and graphic LCD.

The Dynamic C Function Reference manual describes these
o functions in detail.
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EPROM

CM7100

The CM7100 has a 32-pin socket (U3) that accepts 32K to 512K EPROM.
The socket accepts either 28-pin or 32-pin EPROM chips. The access time
must be less than 70 ns at 18 MHz, or less than 100 ns at 9 MHz.

Figure 3-5 shows how to seat the EPROM chip in the socket according to
the number of pins.

OnannRAnAnRAnan OnannRAnAnRAnan
u4 u4

RAM RAM
yiuuuoiuuuoiog yiuuuoiuuuoiog

28-pin EPROM 32-pin EPROM

Figure 3-5. Placement of 28-pin and 32-pin EPROM on CM7100

Header J3 on the micropro-
cessor side of the CM7100 % ROM >128K
reflects the EPROM size, as J3

[] ROM < 128K

shown in Figure 3-6.

The standard EPROM for \
the CM7100, Z-World part ‘W00
number 680-290x, supports U;AL 2

Ji

the full Dynamic C soft-
ware-development system.

This standard EPROM has Figure 3-6. CM7100 Header J3 Configurations
28 pins. for Different EPROM Sizes

A special 32-pin 128K EPROM (Z-World part number 680-295x) comes
with the CM7100 Evaluation Kit. This special EPROM supports the trial
version of Dynamic C that comes with the kit, and contains eight sample
programs.

When using the CM7100 Development Board (ROM emula-

/ tor), header J3 on the CM7100 must have pins 2-3 connected.
This configuration is the factory default. Also note that the
connection on header J3 is a soldered jumper consisting of
a 0 Q resistor.
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Programming EPROMs

Dynamic C can be used to create a file for programming an EPROM by
selecting the Compile to File option in the COMPILE menu with the
standard EPROM (Z-World part number 680-290x) installed. The
CM7100 must be connected to the PC running Dynamic C during this step
because essential library routines must be uploaded from the standard
EPROM and linked to the resulting file. The output is a binary file
(optionally an Intel hex format file) that can be used to build an application
EPROM. The application EPROM is then programmed with an EPROM
programmer that reads either a binary image or the Intel hex format file.
The resulting application EPROM can then replace the standard EPROM.

When doing program development with Dynamic C, it is best to use a
128K SRAM or larger. Dynamic C will work with a 32K SRAM, but the
total program space will be limited to 16K of root and 16K of extended
memory. This is enough for many programs, but it is inconvenient to run
out of memory during development. Once a program is burned into
EPROM, there is no reason to use SRAM larger than 32K unless the data
space is larger than 32K.

Choosing EPROMs

Socket U3 can accommodate several different types of EPROMs, includ-
ing the following.

27C256 32K 28 pins

27C512 64K 28 pins

27C010 128K 32 pins

27C020 256K 32 pins
Copyrights

The Dynamic C library is copyrighted. Place a label containing the
following copyright notice on the EPROM whenever an EPROM that
contains portions of the Dynamic C library is created.

©1991-1995 Z-World, Inc.

Your own copyright notice may also be included on the label to protect
your portion of the code.

Z-World grants purchasers of the Dynamic C software and the copyrighted
CM7100 EPROM permission to copy portions of the EPROM library as
described above, provided that:

1. The resulting EPROMSs are used only with the CM7100 cores
manufactured by Z-World, and

2. Z-World’s copyright notice is placed on all copies of the EPROM.
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CM7200

The CM7200 has a 32-pin flash
EPROM soldered to the board at U3,
as shown in Figure 3-7.

The standard flash EPROM for the
CM7200is a 128K AT29C010A. A
256K AT29C020 chip is available
as an option.

Unlike most memory devices,
which program a bit or byte at a
time, flash EPROM programs a sec-
tor at a time. That is, even if only a
single byte within a sector needs
updating, the CM7200 overwrites
the entire sector. All bytes not spec- Figure 3-7. Location of CM7200
ified in the sector being pro- Flash EPROM
grammed will erase to OxFF.

Write cycles execute under both software and hardware data protection.
These extra measures prevent invalid write cycles to the flash EPROM that
would otherwise possibly corrupt a program or data.

Read operations access the flash EPROM just like an EPROM. The access
time must be less than 70 ns for the 18 MHz CM7200, or less than 90 ns
for 9 MHz versions.

The CM7200 uses a portion of its flash EPROM to simulate the 512 bytes of
EEPROM. However, the access times for the flash EPROM are different
from EEPROM. The CM7200 executes the same Dynamic C EEPROM
function calls as the CM7100, accommodating hardware differences in its
BIOS. An 8-byte section of the flash EPROM contains the CM7200 BIOS.

Dynamic C software drivers handle the read and write operations.

Flash EPROM is rated for 10,000 writes. In practice, flash
EPROM has performed for up to 100,000 writes. Z-World

/ recommends that any writes to the flash EPROM be made
by the programmer rather than automatically by the soft-
ware to maximize the life of the flash EPROM.

If you modify the driver software, do not overwrite the
/ sections of the flash EPROM that contain the BIOS and that
simulate the EEPROM.
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SRAM

The RAM is not socketed, but is soldered to the board as shown in Fig-
ure 3-8. CM7000s may be ordered with 32K or 128K RAM already in-
stalled. CM7000s with 512K RAM are also available.

EPROM

Quoooooonoo
u2
RTC

{nooonaonoo

U3
Flash
EEPROM

CM7100

CM7200

Figure 3-8. Locations of CM7100 and CM7200 SRAM and RTC

The ROM addresses range from 0x0 to Ox7FFFF. The range of RAM
addresses depends on the RAM chip as shown in Table 3-5.

Table 3-5. SRAM Addresses

SRAM Size Address Range
32K 0x80000 to Ox87FFF
128K 0xA0000 to OXBFFFF
512K 0x80000 to OxFFFFF

The CM7000 address decoder makes data appear to be replicated. Data in
32K RAM appear to be replicated 16 times throughout the range 0x80000—
FFFFE. Data in 128K RAM appear to be replicated throughout the range

0xEO000-FFFFF.
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EEPROM

The CM7100 has an optional 512-byte EEPROM at location Ul. The
EEPROM is nonvolatile memory and holds system constants. The
CM7200 emulates this EEPROM in its flash EPROM, and executes all of
Dynamic C’s EEPROM function calls. Consequently, despite the dissimi-
lar hardware, the memory map for both versions is exactly the same.

AN See Appendix D, “EEPROM,” for more information on the
software function calls and details about the EEPROM.

Real-Time Clock (RTC)

The CM7000 has an optional Epson 72423 chip as shown in Figure 3-8.
The chip stores time and date, and accounts for the number of days in a
month, and for leap year. A user-supplied backup battery will allow the
values in the RTC to be preserved if a power failure occurs.

The Dynamic C function library DRIVERS . LIB provides the following
RTC functions.

e tm rd

Reads time and date values from the RTC.
* tm _wr

Writes time and date values into the RTC.

The Dynamic C Function Reference manual describes these
functions and the associated data structure tm.
The following points apply when using the RTC.

1. The AM/PM bit is 0 for AM, 1 for PM. The RTC also has a 24-hour
mode.

2. Set the year to 96 for 1996, 97 for 1997, and so on.

/ Constantly reading the RTC in a tight loop will result in a loss
of accuracy.
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Power Management

The CM7000 has an optional ADM691 supervisor chip, whose location is
shown in Figure 3-9.

CM7100 CM7200 3\2 J1

65 o (w o
ve B0 ==l
PAL OOa %%
us us = Us S

ALY 7180
ue
PAL

\ [

Tie VBAT to GND if there is no battery or super capacitor
and the ADM691 is installed.

Figure 3-9. Locations of ADM691 Supervisor Chip
and Associated Headers

If the ADM691 supervisor chip is installed, and there is no battery or super
capacitor, connect the VBAT input to ground using the VBAT pin of header
H2 as shown in Figure 3-9. Alternatively for the CM7100, a jumper may be
soldered across header J1. The grounding keeps the ADM691 VIN from
floating.

If the CM7100 ADM691 supervisor chip is removed, solder a jumper
across header J2. J2 connects the /RAMCS signal to the RAM. Further,
you must connect VRAM to +5 V. One way to make this connection is to
solder together pads 2 and 3 at US.

Figure 3-10 provides a schematic representation of these connections.

Customer-installed resistor
to enable battery charging

NV
R1
Open when 22kQ
ory i
battery |sc used VBAT - vour|VRAM Voltage supply
1 IPEIl op) pEO [INMI to RAM, RTC, etc.
WDI /WDO
/RAMCS wbl 691 oo /CSR
CEI ICEO [=2ae
/RESET RAM Chip Select
Connect when ADM691
is not installed
o
J2

Figure 3-10. CM7100 Power Management Circuit
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For the CM7200, solder a jumper across headers J1 and J2, located under
the ADM691 chip (U5). J1 connects the /RAM signal to the RAM, and J2
provides power to the RAM. Further, you must connect VRAM to +5 V.

One way to make this connection is to solder together pads 2 and 3 at US5.

Conversely, if a supervisor IC is installed on a CM7000 shipped from the
factory without one, you would first have to remove the jumpers at headers
J1 and J2 on the CM7200, and from header J2 on the CM7100.

Be sure not to connect VBAT to ground if the ADM691 is
/ present and a battery or a super capacitor has been included in
the system.

The ADM691 chip performs the following services.
*  Watchdog timer resets the microprocessor if software “hangs.”
* Performs a power-failure shutdown and reset.

* Generates an “carly warning” power-failure interrupt (PFI) that lets the
system know when power is about to fail.

* Memory protection feature prevents writes to RAM when power is low.

* Supports battery or super capacitor backup.

Handling Power Fluctuations

During a normal power-down, an interrupt service routine is used in
response to a nonmaskable interrupt (NMI) to save vital state information
for the application for when power recovers. The amount of code that the
interrupt service routine can execute depends on the rate of decrease of
voltage to the controller.

Theoretically, a power failure would cause a single NMI. Then, the inter-
rupt service routine would restore the previous state data when the voltage
recovers.

However, fluctuations in the DC input line could cause the supervisor IC to
see multiple crossings of the 1.3 V input power-reset threshold. These
multiple negative-edge transitions would, in turn, cause the processor to
see multiple NMIs.

When the Z180 generates an NMI, it saves the program counter (PC) on
the processor’s stack. It next copies the maskable interrupt flag, I[EF1, to
IEF2 and zeroes IEF1. The Z180 will restore saved state information
when it executes a RETN (return from nonmaskable interrupt) instruction.

A See Appendix C, “Memory, I/O Map, and Interrupt Vectors,”
for more information on interrupts.
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Ideally, the processor should be able to pop the stack and return to the
location where the program was first interrupted. But the original IEF1
flag is not recoverable because the second and subsequent NMIs will have
saved IEF1 = 0 to IEF2. Also, depending on the number of fluctuations of
the DC input (and hence, the number of stacked NMIs), the processor’s
stack can overflow, possibly into your program’s code or data.

The following sample program shows how to handle an NMI. This
program assumes that the controller monitors power failures and that the
CM7000’s watchdog timer is enabled.

main () {

}
char dummy[24];

#define NMI_BIT 0 ; bit O
#JUMP_VEC NMI_VEC myint

#asm
myint::
14 sp,dummy+24 ; force stack pointer
; to top of dummy vector
; to prevent overwriting
; code or data

do whatever service, within allowable execution time

loop:
call hitwd ; make sure no watchdog reset
; while low voltage
1d bc,NMI ; load the read NMI register
; to bc
in a, (c) ; read the read NMI register
; for /PFO
bit NMI BIT, a ; check for status of /PFO
jr z,loop ; wait until the brownout
; clears
timeout: ; then...a tight loop to
; force a watchdog timeout,
Jjp timeout ; resetting the Z180
#endasm
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If the watchdog is not enabled, the following sample program can be used
to force the processor to restart execution at 0x0000.

char dummy[24];

#define NMI_BIT

; bit O

#JUMP_VEC NMI_VEC myint

#asm
myint::
1d sp,dummy+24

; reset stack pointer

; to top of dummy array
; to prevent overwriting
; user code/data space

do whatever service, within allowable execution time

loop:
1d bc,NMI

in a, (c)

bit NMI_BIT,a
jr z,loop

restart:
1d a,0xE2

out0 (CBAR) ,a
jp 0000h

#endasm

load the read NMI register
to bc

read the read NMI register
for /PFO

check for status of /PFO
wait until the brownout
clears

make sure 0x0000 points
to start of EPROM BIOS
set the CBAR

jump to logical (also
physical) address 0x0000

Of course, if the DC input voltage continues to decrease, then the controller

will just power down.

If the watchdog timer is enabled, call the Dynamic C function hitwd
during the power-failure service routine to make sure that the watchdog
timer does not time out and thereby reset the processor. The controller can
continue to run at low voltages, and so it might not be able to detect the
low-voltage condition after the watchdog timer resets the processor.

CM7000
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The Watchdog Timer

To increase reliability, the ADM691°s watchdog timer forces a system reset if
a program does not notify the supervisor nominally every second. The
assumption is that if the program fails to “hit” the watchdog, the program
must be stuck in a loop or halted. The Dynamic C function for hitting the
watchdog timer is hitwd. To hold the watchdog timer at bay, make a call to
hitwd in a routine that runs periodically at the lowest software priority level.

A program can read the state of the /IWDO line with a call to wderror.
This makes it possible to determine whether a watchdog timeout occurred.
The following sample program shows how to do this when a program starts
or restarts.

main () {

if( wderror() ) wd_cleanup();
hitwd() ;

}

Power Shutdown and Reset

When V. (+5 V) drops below V, (between 4.5 V and 4.75 V), the
ADMG691 supervisor asserts /RESET and holds it until V. goes above
V. and stays that way for at least 50 ms. This delay allows the system’s
devices to power up and stabilize before the CPU starts.

PFI “Early Warning”

A power supply like that of the Prototyping Board (Figure 3-11) allows
power failures to be detected before they cause operational failures.
Connect the signals PFI and V. (+5 V) to the CM7000 via header H2.

1N5819
B Vec=+5V
DCIN=9V —pl— LM340-T5 691
10.7 kQ . 330 pF —— >
1% T~ %%L:;: 16 \l; d PFI CM7000
PFI

/

1N5230B 2kQ
1%

Y Y \Y%

Figure 3-11. Prototyping Board Power Supply

When PFI drops below 1.3 V£ 0.05 V (i.e., DCIN drops below ~7.5 V),
the supervisor asserts /NMI (nonmaskable interrupt), and allows the
program to clean up and get ready for shutdown. The underlying assump-
tion is that PFI will cause the interrupt during a power failure before the
ADMG691 asserts IRESET.
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If the CM7000 has no ADM691 supervisor, solder together pads 9 and 10
at U5 to connect PFI directly to /INMI for a nonmaskable interrupt line.

Memory Protection

When IRESET is active, the ADM691 supervisor disables the RAM chip-
select line, preventing accidental writes.

Battery/Super Capacitor Backup

You can connect a battery or super capacitor to protect data in the RAM
and RTC. Solder a connector across pins 1-3 on header H2. Connect the
battery or the super capacitor across VBAT and ground, as shown in Fig-
ure 3-12. Use a resistor to recharge the battery (if it is rechargeable) or the
super cap. Make sure jumper J1 on the CM7100 is not connected.

/ The RAM cannot be battery-backed unless the ADM691 or a
similar supervisor chip is present.

R1
2.2kQ
VBAT VRAM
$ Vcece
Battery Backup Super Capacitor Backup

Figure 3-12. Battery or Super Capacitor Installation

VRAM, the voltage supplied to the RAM and RTC, can also protect other
devices attached to the system against power failures. The ADM691
supervisor switches VRAM to VBAT or V., whichever is greater. (To
prevent “hunting,” the switchover actually occurs when V_ is 50 mV

higher than VBAT.)

Both the RAM and the RTC require 2 V or more to retain data. A3V
lithium battery (such as the coin-type CR2325 from Panasonic) works
well. The RTC draws 3 pA during powerdown; the RAM draws only

1 nA. The CR2325 is rated at 185 mA-h, and will provide current for a
total downtime of 46,250 hours or 5.27 years.

The circuit draws no current from the battery once regular power is applied.
The standby current for the RAM depends strongly on the storage tempera-
ture.
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An alternative to a battery is a large capacitor and resistor that create an
RC discharge circuit on the VBAT line. When power is applied, the
capacitor will charge up until it reaches VRAM. When power is removed,
the capacitor will power the RAM and RTC until discharged. As stated
above, the RAM and RTC require a total of 4 uA. This current draw
means that the capacitor’s full backup time is approximately 725 ks/F.

The larger the value of this capacitor, the longer the available backup time.
Connect this capacitor between the VBAT line and ground, as shown in
Figure 3-12. The CM7000 provides a resistor location (R1) to add a series
resistor to complete an RC charging circuit. The value of this resistor
affects the recharge time and limits the load on the power supply as the
capacitor recharges. The resistor has an insignificant effect during
discharge because the resistance from VBAT to VRAM on the ADM691 is
typically 15 Q.

The capacitor will recharge to 98 percent of its nominal capacity in about
four time constants (4 x RC). This recharge time limits the system’s ability
to withstand closely spaced power outages. Panasonic sells a line of gold
capacitors ideally suited for this application with capacitance up to 10 F.

Table 3-6 provides backup times for several scenarios.

Table 3-6. Representative Backup Times for Various Capacitors

Capacitance | Resistance | 5Vload* | Charge Time | Backup Time**
(F) Q) (mA) (to 98%) (49Vto 2.0V)
0.00047 2200 23 41s 5.67 min
01 1000 5 6.67 min 20h
0.25 510 10 8.5min 50 h
05 510 10 17 min 100 h
1.0 220 23 15 min 200 h
33 220 23 49 min 27d

*  Current for aload at 5V at initial power-up. The current will
decrease as the capacitor charges up.

**  The backup time at a discharge of 4 pA with RAM and RTC.

Connect VBAT to ground if there is no backup circuit. This
/ connection prevents VBAT on the ADM691 from floating,
which could cause the switchover circuitry to malfunction.
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System Reset

The IRESET line located on pin 6 of header H2 connects directly to the
CPU, and synchronizes external devices. When the ADM691 chip is
present, it drives the /RESET line. The /RESET line is not pulled up
internally. The interface circuitry must manage this line if the ADM691
chip is not installed.

The CM7000 Prototyping Board provides a 10 kQ pull-up resistor on this
line.

e See Chapter 4, “Design Considerations,” for more information
about power-on and reset management.
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Serial Communication

Two serial channels support asynchronous communication at baud rates
from 300 bps to 57,600 bps (115,200 bps with the 18.432 MHz cores). Serial
communication provides a simple and robust means for networking
controllers and other devices.

Table 3-7 lists the RS-232 signals.

Table 3-7.. RS-232 Signals

Signal

Name Description

RXO0 Receive, Channel 0

RX1 Receive, Channel 1

TXO Transmit, Channel O

TX1 Transmit, Channel 1
/CTSO Clear to send, Channel 0
/IRTSO Reqguest to send, Channel 0

Figure 3-13 illustrates a configuration of two 3-wire RS-232 channels.

MAX232
TXAO XA | 0 0 1TX0
RXAO RXAO | pvo o |/RXO
Z180
TXAL TXAL | 1y rxa |Ixa
RXAL RXAL| pyr  jyq [/RX1
Cl+
]
CM7000 4TUF 1~ oL i 47 uF
for Vit —T ’
47D V-
g I OV L a7

v

Figure 3-13. Configuration of Two 3-wire RS-232 Channels

With the appropriate driver chips, it is possible to construct two 3-wire
RS-232 ports or one 5-wire RS-232 port (with RTS and CTS) and one
half-duplex RS-485 port. An RS-485 channel can provide half-duplex
asynchronous communication over twisted pair wires for distances up to
3 km. Other kinds of serial channels are possible.
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Figure 3-14 illustrates a configuration of one 5-wire RS-232 channel and
one half-duplex RS-485 channel.

MAX232
TXAO TXAO X0 X0 /X
RXAQ RXAQ RX0 JRXO /IRX
10 kQ
7180 /RTSO /RTSO X1 X1 RTS
/ICTS0 /CTSO RX1 JRX1 CTS
TXAL
— C1+
RXA1 47 uF i
T— | Cl- 4.7 uF
vi |—T
a7pr== | car va
CM7000 T {co- %’ 47 yF
74176 680 Q
Transmit Enable TE 485+
TXA1
oar| P 220Q
RD
RE 485—
5 680 Q

Figure 3-14. Configuration of One 5-wire RS-232 Channel
and One Half-Duplex RS-485 Channel

/RTSO is on the optional H1 header, not on the 40-pin header.
/ If additional handshaking lines are needed, these are easy
to provide using registers and input buffers.

RS-232 Communication

Z-World has RS-232 support libraries for Z180 Port 0 and Port 1. The
following functional support for serial communication is included.

Initialing the serial ports.

Monitoring and reading a circular receive buffer.
Monitoring and writing to a circular transmit buffer.

An echo option.

CTS (clear to send) and RTS (request to send) control.
XMODEM protocol for downloading and uploading data.

A modem option.
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Receive and Transmit Buffers

Serial communication is easier with a background interrupt routine that
updates receive and transmit buffers. Every time a port receives a charac-
ter, the interrupt routine places it into the receive buffer. A program can
read the data one character at a time or as a string of characters terminated
by a special character.

A program sends data by writing characters into the transmit buffer. If the
serial port is not already transmitting, the write functions will automatically
initiate transmission. Once the last character of the buffer is sent, the
transmit interrupt is turned off. A high-level application can write data one
character at a time or in a string.

Echo Option

If the echo option is turned on during initialization of the serial port, any
character received is automatically echoed back (transmitted out). This
feature is ideal for use with a dumb terminal and also for checking the
characters received.

CTS/RTS Control

The Z180’s hardware constrains its Port 0 to have the CTS (clear to send)
pulled low by the RS-232 device to which it is talking. The CM7000 does
not support CTS for the Z180’s Port 1.

If the CTS/RTS option is selected, the support software will pull the RTS
(request to send) line high when the receive buffer has reached 80% of its
capacity. This stops the transmitting device (if its CTS is enabled). The
RTS line goes low again when the receive buffer has drops below 20% of
its capacity.

If the device with which your software is communicating does not support
CTS and RTS, tie the CTS and RTS lines on the CM7000 side together to
make communication possible.

If /CTSO is not used, ground it.

XMODEM File Transfer

The CM7000 supports the XMODEM protocol for downloading and
uploading data. Currently, the library supports downloading an array of
data in multiples of 128 bytes.

An application writes data to be uploaded to a specified area in RAM. The
targeted area for writing should not conflict with the current resident
program or data.

Echo is automatically suspended during XMODEM transfer.
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Modem Communication

Modems and telephone lines facilitate RS-232 communication across great
distances. If you choose the software’s modem option, character streams
that are read from the receive buffer are automatically scanned for modem
commands. When a modem command is found, the software takes
appropriate action. Normally, the communication package would be in
COMMAND mode while waiting for valid modem commands or mes-
sages. Once a link is established, the communication is in DATA mode
(regular RS-232). However, the software continues to monitor the modem
for a NO_CARRIER message.

The software assumes that modem commands are terminated with <«CR»,
that is, a carrier return (0x0D). The modem option is easiest to use when
the user protocol also has «CR> as the terminating character. Otherwise,
the software has to check for two different terminating characters. The
user’s terminating character cannot be any of the ASCII characters used in
modem commands, nor can it be a line-feed character.

The Dynamic C RS-232 library supports communication with a Hayes Smart
Modem or compatible. The CTS, RTS and DTR lines of the modem are not
used. If'the modem used is not truly
Hayes Smart Modem compatible, tie

the CTS, RTS and DTR lines on the ~ Modem Controller
modem side together. The CTS and Side Side

RTS lines on the controller also have RX RX

to be tied together. A “NULL-mo- TX N TX

dem” cable is also required for the GND o——o GND

TX and RX lines. A commercial RTS RTS
NULL-modem cable would have its CTS §E| I:z CTS

CTS and RTS lines tied together al- DTR

ready on both sides.
) Figure 3-15. Connections Between
Figure 3-15 shows the correct mo- Controller and Modem

dem-to-controller wiring.

Interrupt Handling for Z180 Port 0

Normally, a serial interrupt-service routine is declared in an application
program with the following compiler directive.

#INT_VEC SERO_VEC routine

However, if the same serial port is used for Dynamic C programming, the
program has to be downloaded first with Dynamic C before the address of
the serial interrupt service routine is loaded into the interrupt-vector table.
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That is, the service routine must be loaded at runtime. The function
reload_vec( int vector, int(*serv_function) () )

will load the address of the service function into the specified location in
the interrupt vector table. In this case, do not use the #INT_VEC directive.
Once the service routine takes over, the program can no longer be de-
bugged in Dynamic C.

If you communicate with a serial device other than the Dynamic C pro-
gramming port on the PC, the program has to make sure that the hardware
is properly configured before sending any serial messages.

When you recompile your application programs for EPROM or for
download to RAM, they will not need to communicate with Dynamic C.
At this point, you may use the compile-time directive #INT_VEC freely.

Software Support

This section lists functions for Port 0 of the Z180. For Z180 Port 1, simply
substitute “z1” for “z0” in the function name. For example, the initializa-
tion routine for Z180 Port 0 is called Dinit_z0. The equivalent function
for Z180 Port 1 would be Dinit_z1.

70232 .LIB, Z1232.LIB, MODEM232 .LIB, AASCZO0.LIB,

~We and AASCZ1.LIB contain the functions to support serial
communication. Refer to the Dynamic C Function Refer-
ence manual for details.

Master-Slave Networking

Z-World has library functions for master-slave 2-wire half-duplex RS-485
9th-bit binary communication. This protocol is supported only on Z180
Port 1. A network may only have one master, which has a board identifica-
tion address of 0. Slaves should each have their own distinct board
number from 1 to 255.

Functional support for master-slave serial communication follows this
scheme.

1. Initialize Z180 Port 1 for RS-485 communication.
2. The master sends an inquiry and waits for a response from a slave.

3. Slaves monitor for their address during the 9th-bit transmission. The
targeted slave replies to the master.

The binary-command message protocol is similar to that used for the new
Opto 22 binary protocol. The following format is used for a master
message.

[slave id] [len] [ ] [ ]1...[ 1 [CRC hi][CRC 1lo]
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The following format is used for a slave’s response.
[len] [ ] [ 1...[ 1 [CRC hi] [CRC 1lo0]

The term len is the length of the message that follows.

During a transfer from the master, the address byte is transferred in 9th-bit
address mode, and only the slave that has this address will listen to the rest
of the message, which is sent in regular 8-bit data mode.

Software Support

Table 3-8 lists function calls from NETWORK . LIB for use with RS-485

networks.
Table 3-8. RS-485 Network Software Functions
Function Description
op_init_z1 Initializes 2180 Port 1 for RS-485 9th-bit

binary communication.

check_opt o_conmand

Checks for avalid and completed command or
reply in the receive buffer.

sendOp22

Master sends a message and waits for areply.

Repl yOpt 022

Slave replies to the master’s inquiry.

m sticware

Gateway for RS-485 9th-bit binary
communication.

opt odel ay

Produces a delay of ~50 ms (uses the
suspend function if the RTK is in use).

rbuf _there

Monitors the receive buffer for a completed
command or reply.

op_send_z1

Called bymi sti cwar e to initiate
transmission.

op_rec_z1 Called bymi st i cwar e to ready the receive
for data reception.

op_kill_z1 Kills Z180 Port 1.

Z1_op_int Interrupt service routine for 2180 Port 1, usq

in master-slave networking.

AN Refer to the Dynamic C Function Reference manual for
more information on these functions.
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Use of the Serial Ports

If you plan to use the serial ports extensively, or if you intend to use
synchronous communications, Z-World recommends that you obtain
copies of the following Zilog technical manuals, available from Zilog, Inc,
in Campbell, California.

Z180 MPU User’s Manual
Z180 S10 Microprocessor Family User’s Manual
To get started, Z-World provides these low-level utility functions.

int sysclock()
int z180baud( int clock, int baud )

The sysclock function returns the clock frequency in multiples of

1200 bps, as read from the EEPROM. The clock frequency was stored at
location 0x108 at the factory. The z180baud function returns the byte to
be stored in CNTLBO or CNTLBI, considering only the bits needed to set
the baud rate. You must supply the clock and baud rate in multiples of
1200 Hz. Thus, 7680 specifies a 9.216 MHz clock, and 16 specifies a
baud rate of 19,200 bps. The return value is —1 if the function cannot
derive the baud rate from the given clock frequency.

Each serial port appears to the CPU as a set of registers. Each port can be
accessed directly with the inport and outport library functions using
the symbolic constants shown in Table 3-9.

Table 3-9. Z180 Serial Port Registers

Address Name Description

00 CNTLAO Control Register A, Serial Channel 0
01 CNTLA1 Control Register A, Serial Channel 1
02 CNTLBO Control Register B, Serial Channel 0
03 CNTLB1 Control Register B, Serial Channel 1

04 STATO Status Register, Serial Channel 0
05 STAT1 Status Register, Serial Channel 1
06 TDRO Transmit Data Register, Serial Channel 0
07 TDR1 Transmit Data Register, Serial Channel 1
08 RDRO Receive Data Register, Serial Channel 0
09 RDR1 Receive Data Register, Serial Channel 1
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Attainable Baud Rates

The serial ports built into the Z180 can generate standard baud rates when
the clock frequency is 9.216 MHz or 18.432 MHz.

Z180 Serial Ports

The Z180’s two independent, full-duplex asynchronous serial channels
have a separate baud-rate generator for each channel. The baud rate can
be divided down from the microprocessor clock, or from an external clock
for either or both channels.

The serial ports have a multiprocessor communications feature. When
enabled, this feature adds an extra bit to the transmitted character (where
the parity bit would normally go). Receiving Z180s can be programmed to
ignore all received characters except those with the extra multiprocessing
bits enabled. This provides a 1-byte attention message that can be used to
wake up a processor without the processor having to intelligently monitor
all traffic on a shared communications link.

The block diagram in Figure 3-16 shows Serial Channel 0. Serial Channel
1 is similar, but control lines for /RTS and /DCD do not exist. The five
unshaded registers shown in Figure 3-16 are directly accessible as internal
registers.

Microprocessor Internal Bus

A A A
Y Y
RDRO TDRO
A Y
RXAO0 —»{ RSRO TSRO [—> TXAO
Shift Register In I Shift Register Out
Y
/RTSO
<—— CNTLAO > ] CKAO
ICTSO Baud-Rate
— 31 CNTLBO > Generator
/DCDO
—>» STATO

Figure 3-16. Z180 Serial Channel 0
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The serial ports can be polled or interrupt-driven.

A polling driver tests the ready flags (TDRE and RDRF) until a ready
condition appears (transmitter data register empty or receiver data register
full). If an error condition occurs on receive, the routine must clear the
error flags and take appropriate action, if any. If the /CTS line is used for
flow control, transmission of data is automatically stopped when /ICTS
goes high because the TDRE flag is disabled. This prevents the driver
from transmitting more characters because it thinks the transmitter is not
ready. The transmitter will still function with /CTS high, but exercise care
because TDRE is not available to synchronize loading the data register
(TDR) properly.

An interrupt-driven port works as follows. The program enables the
receiver interrupt as long as it wants to receive characters. The transmitter
interrupt is enabled only while characters are waiting in the output buffer.
When an interrupt occurs, the interrupt routine must determine the cause:
receiver data register full, transmitter data register empty, receiver error, or
/DCDO pin high (channel 0 only). None of these interrupts is edge-
triggered. Another interrupt will occur immediately if interrupts are re-
enabled without disabling the condition causing the interrupt. The signal
/DCDO is grounded on the CM7000.

Table 3-10 lists the interrupt vectors.

Table 3-10. Serial Port Interrupt Vectors

Address Name Description

OE SERO_VEC | 7180 Seria Port O (higher priority)
10 SER1_VEC | 7180 Seria Port 1
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Asynchronous Serial Communication Interface

The Z180 incorporates an asynchronous serial communication interface
(ACSI) that supports two independent full-duplex channels.

ASCI Status Registers

A status register for each channel provides information about the state of

STATO (04H)
7 6 5 4 3 2 1 0
| RDRF | OVRN | PE | FE | RIE |/DCDO | TDRE | TIE |
R R R R R/W R R R/W
STAT1 (05H)
7 6 5 4 3 2 1 0
| RDRF | OVRN | PE | FE | RIE |CTSlE| TDRE | TIE |
R R R R R/W R R R/W

each channel and allows interrupts to be enabled and disabled.

/DCDO (Data Carrier Detect)

This bit echoes the state of the /DCDO input pin for Channel 0. However,
when the input to the pin switches from high to low, the data bit switches
low only after STATO has been read. The receiver is held to reset as long
as the input pin is held high. This function is not generally useful because
an interrupt is requested as long as /DCDO is a 1. This forces the program-
mer to disable the receiver interrupts to avoid endless interrupts. A better
design would cause an interrupt only when the state of the pin changes.
This pin is tied to ground in the CM7000.

TIE (Transmitter Interrupt Enable)

This bit masks the transmitter interrupt. If set to 1, an interrupt is re-
quested whenever TDRE is 1. The interrupt is not edge-triggered. Set this
bit to 0 to stop sending. Otherwise, interrupts will be requested continu-
ously as soon as the transmitter data register is empty.

TDRE (Transmitter Data Register Empty)

A 1 means that the channel is ready to accept another character. A high
level on the /ICTS pin forces this bit to 0 even though the transmitter is
ready.
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CTS1E (CTS Enable, Channel 1)

The signals RXS and CTS1 are multiplexed on the same pin. A 1 stored in
this bit makes the pin serve the CTS1 function. A 0 selects the RXS
function. (The pin RXS is the CSI/O data receive pin.) When RXS is
selected, the CTS line has no effect.

RIE (Receiver Interrupt Enable)

A 1 enables receiver interrupts and 0 disables them. A receiver interrupt is
requested under any of the following conditions: /DCDO (Channel 0 only),
RDRF (read data register full), OVRN (overrun), PE (parity error), and FE
(framing error). The condition causing the interrupt must be removed
before the interrupts are re-enabled, or another interrupt will occur. Read-
ing the receiver data register (RDR) clears the RDRF flag. The EFR bit in
CNTLA is used to clear the other error flags.

FE (Framing Error)

A stop bit was missing, indicating scrambled data. This bit is cleared by
the EFR bit in CNTLA.

PE (Parity Error)

Parity is tested only if MOD1 in CNTLA is set. This bit is cleared by the
EFR bit in CNTLA.

OVRN (Overrun Error)

Overrun occurs when bytes arrive faster than they can be read from the
receiver data register. The receiver shift register (RSR) and receiver data
register (RDR) are both full. This bit is cleared by the EFR bit in CNTLA.

RDRF (Receiver Data Register Full)

This bit is set when data is transferred from the receiver shift register to the
receiver data register. It is set even when one of the error flags is set, in
which case defective data is still loaded to RDR. The bit is cleared when
the receiver data register is read, when the /DCDO input pin is high, and by
RESET and IOSTOP.
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ASCI Control Register A

Control Register A affects various aspects of the asynchronous channel
operation.

CNTLAO (O0H)

7 6 5 4 3 2 1 0
MPE | RE | TE |/RTSO MEPFBF?’ MOD2 | MOD1 | MODO
R/W R/W R/W R/W R/W R/W R/W R/W

CNTLA1 (O1H)

7 6 5 4 3 2 1 0
MPE | RE | TE |cKAlD MEPFBF?’ MOD2 | MOD1 | MODO
R/W R/W R/W R/W R/W R/W R/W R/W

MODO0-MOD2 (Data Format Mode Bits)

MODO controls stop bits: 0 [ 1 stop bit, 1 O 2 stop bits. If 2 stop bits
are expected, then 2 stop bits must be supplied.

MODI1 controls parity: 0 O parity disabled, 1 [ parity enabled. (See PEO
in ASCI Control Register B for even/odd parity control.)

MOD2 controls data bits: 0 [1 7 data bits, 1 [1 8 data bits.
MPBR/EFR (Multiprocessor Bit Receive/Error Flag Reset)

Reads and writes on this bit are unrelated. Storing a byte when this bit is 0
clears all the error flags (OVRN, FE, PE). Reading this bit obtains the
value of the MPB bit for the last read operation when the multiprocessor
mode is enabled.

IRTSO0 (Request to Send, Channel 0)

Store a 1 in this bit to set the RTSO line from the Z180 high. This bit is
essentially a 1-bit output port without other side effects.

CKA1D (CKA1 Disable)

This bit controls the function assigned to the multiplexed pin (CKA1/
~TENDO): 1 0 ~TENDO (a DMA function) and 0 0 CKA1 (external
clock 1/0 for Channel 1 serial port).

TE (Transmitter Enable)

This bit controls the transmitter: 1 [0 transmitter enabled, 0 O transmitter
disabled. When this bit is cleared, the processor aborts the operation in
progress, but does not disturb TDR or TDRE.
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RE (Receiver Enable)

This bit controls the receiver: 1 0 enabled, 0 O disabled. When this bit is
cleared, the processor aborts the operation in progress, but does not disturb
RDREF or the error flags.

MPE (Multiprocessor Enable)

This bit (1 O enabled, 0 O disabled) controls multiprocessor communica-
tion mode which uses an extra bit for selective communication when a
number of processors share a common serial bus. This bit has effect only
when MP in Control Register B is set to 1. When this bit is 1, only bytes
with the MP bit on will be detected. Others are ignored. If this bit is 0, all
bytes received are processed. Ignored bytes do not affect the error flags or

RDRF.

ASCI Control Register B

Control Register B configures the multiprocessor mode, parity and baud
rate for each channel.

CNTLBO (02H) and CNTLB1 (03H)

7

6

5

4

MPBT | MP /%LS pEO | DR | ss2 | ss1 | sso
R/W R/W R/W R/W R/W R/W R/W R/W

SS (Source/Speed Select)

Coupled with the prescaler (PS) and the divide ratio (DR), the SS bits
select the source (internal or external clock) and the baud rate divider, as
shown in Table 3-11.

Table 3-11. Baud Rate Divide Ratios

for Source/Speed Select Bits

n
0
N
(9]
n
g

(7))
(7]
o

Divide Ratio

PP O OOOo

P P O OFPFrR PFrP OO

P OFr OFr OFr O

+64

external clock*

*

May not exceed system clock + 40
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The prescaler (PS), the divide ratio (DR), and the SS bits form a baud-rate
generator, as shown in Figure 3-17.

> Prescaler B_aqd Rate Divi_de >
7180 (Ps) Divider Ratio
Clock +10 1 |Eth (DR)
or to Cloc 16
=30 +64 or
64

Figure 3-17. Z180 Baud-Rate Generator

DR (Divide Ratio)

This bit controls one stage of frequency division in the baud-rate generator.
If 1 then divide by 64. If O then divide by 16. This is the only control bit
that can affect the external clock frequency.

PEO (Parity Even/Odd)

This bit affects parity: 0 O even parity, 1 0 odd parity. It is effective only
if MOD1 is set in CNTLA (parity enabled).

ICTS/PS (Clear to Send/Prescaler)

When read, this bit gives the state of external pin /CTS: 0 O low,

1 O high. When /CTS is high, RDRF is inhibited so that incoming receive
characters are ignored. When written, this bit has an entirely different
function. Ifa 0 is written, the baud-rate prescaler is set to divide by 10. If
a 1 is written, it is set to divide by 30.

MP (Multiprocessor Mode)

When this bit is set to 1, the multiprocessor mode is enabled. The multi-
processor bit (MPB) is included in transmitted data as shown here.

start bit, data bits, MPB, stop bits
The MPB is 1 when MPBT is 1 and 0 when MPBT is 0.

MPBT (Multiprocessor Bit Transmit)

This bit controls the multiprocessor bit (MPB). When MPB is 1, transmit-
ted bytes will get the attention of other units listening only for bytes with
MPB set.
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Table 3-12 relates the Z180’s ASCI Control Register B to the baud rate.

Table 3-12. Baud Rates for ASCI Control Register B

ASCI

Baud Rate at

Baud Rate at

ASCI

Baud Rate at

Baud Rate at

B Value | 9216MHz | 18.432MHz || P | 9216 MHz | 18.432 MHz
(bps) (bps) (bps) (bps)
00 57,600 115,200 20 19,200 38,400
01 28,800 57,600 21 9600 19,200
02 or 08 14,400 28,800 22 0r 28 4800 9600
03 or 09 7200 14,400 230r 29 2400 4800
04 or 0A 3600 7200 24 or 2A 1200 2400
05 or 0B 1800 3600 250r 2B 600 1200
06 or 0OC 900 1800 26 0r 2C 300 600
oD 450 900 2D 150 300
OE 225 450 2E 75 150
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Crarter 4: DESIGN CONSIDERATIONS
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Bus Loading

When designing an interface, pay close attention to the capacitive loading
of each CM7000 signal. Tables 4-1 and 4-2 give the loading (in picofar-
ads) for the CM7100 and CM7200, for the Prototyping Board, and for the

Table 4-1. CM7100 Capacitive Loading

Capacitative Load (pF)
Signal CM7100 Proég';yr%ing DeVBe:)OaE)rr(;]em 71+00 71+00 71+00
Proto | Dev Both
Typ. | Max. | Typ. | Max. | Typ. | Max. | Board | Board | Boards
AO00 26 44 12 40 19 30 38 45 57
AO1 26 44 3 10 19 30 29 45 48
A02 26 44 3 10 19 30 29 45 48
A03 26 44 0 14 20 26 40 40
AO4 14 20 0 14 20 14 28 28
A05 14 20 0 14 20 14 28 28
DO 33 54 9 30 29 52 42 62 71
D1 28 46 6 20 29 52 34 57 63
D2 28 46 6 20 24 42 34 52 58
D3 28 46 6 20 24 42 34 52 58
D4 16 22 6 20 21 32 32 37 43
D5 16 22 6 20 21 32 32 37 43
D6 16 22 6 20 21 32 32 37 43
D7 16 22 6 20 21 32 32 37 43
/IRD 17 32 3 10 10 20 20 27 30
IWR 17 32 3 10 10 20 20 27 30
/CS1 0 0 3 10 — — 3 0 3
/CS2 0 0 3 10 — — 3 0 3
continued...
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Development Board. Be sure to add the loads for the devices you are

using in your custom system to these numbers to determine the total load.
When loads exceed specifications, degraded performance will occur, and
timing requirements might not be met.

Table 4-1. CM7100 Capacitive Loading (concluded)

Capacitative Load (pF)

signal CM7100 Proég;yr%ing Dev;loo:"ré]ent 71+00 71+00 71+00
Proto | Dev Both
Typ. | Max. | Typ. | Max. | Typ. | Max. | Board | Board | Boards
/CS3 0 3 10 — — 3 0 3
/CS4 0 0 — — 0 0 3
/CS5 0 0 — — 0 0 3
/CS6 0 0 0 0 — — 0 0 3
/IORQ 8 | 18 0 0 5 10 8 13 13
E 0 0 3 10 — — 3 0 3
IWAIT 0 0 0 0 — — 0 0 0
RXA1 0 0 5 10 — — 5 0 5
TXAl 0 0 5 10 — — 5 0 5
RXAO 0 0 5 10 — — 5 0 5
TXAO 0 0 5 10 — — 5 0 5
/REQO 0 0 0 — — 0 0 0
/REQ1 0 0 0 — — 0 0 0
/RESET | 12 | 24 3 10 — — 15 12 15
/ICTSO 0 0 5 10 — — 5 0 5
/INT1 0 0 — —
/INTO 0 0 — —

PFI 27 | 36 0 0 — — 27 27 27
VBAT 5] 10 0 0 — — 5 5 5

CM7000 Design Considerations ¢ 73




Table 4-2. CM7200 Capacitive Loading

Capacitative Load (pF)

Signal | CM7200 PfoBtggr%ing e

Proto

g | e e | WEN | Rk
AOO | 26 | 44 | 12 | 40 | 38
AOL | 26 | 44 3| 10 | 29
A02 26 44 3 10 29
A03 26 44 0 26
A04 | 14 | 20 0 14
A0O5 | 14 | 20 0 14
DO | 33 | 54 9 | 30 | 42
D1 | 28 | 46 6 | 20 | 34
D2 | 28 | 46 6 | 20 | 34
D3 28 | 46 6 | 20 34
D4 16 22 6 20 32
D5 16 22 6 20 32
D6 16 22 6 20 32
D7 16 22 6 20 32
IRD 17 | 32 3| 10 20
/IWR | 17 | 32 3| 10 20

/CS1 3 10
/CS2 3 10
continued...
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Table 4-2. CM7200 Capacitive Loading

(concluded)
Capacitative Load (pF)

Signal | CM7200 PfOBtgg'rFéing L

Proto

Typ. | Max. | Typ. | Max. | Board
/CS3 0 3 10 3
/CS4 0 0 0 0
/CS5 0 0 0
/CS6 0 0 0 0
IORQ | 8 | 18 | 0 8
E 0 0 3 10 3
IWAIT 0 0 0 0 0
RXA1 0 0 5 10 5
TXA1 0 0 5 10 5
RXAO 0 0 5 10 5
TXAO 0 0 5 10 5
/REQO 0 0 0 0
/REQ1 0 0 0 0
/RESET | 12 24 3 10 15
/ICTSO 0 0 5 10 5

/INT1 0 0
/INTO 0 0

PFI 27 36 0 0 27
VBAT 5 10 0 0 5

The timing specifications for the Z180’s outputs assume driving no more
than a 100 pF load. Each 50 pF above this nominal load adds a 10 ns
delay for the signal to switch, up to 200 pF for data lines, and 100 pF for
address and control lines. The timing is measured to a 1.5 V transition for
the Z180.

All measurements were made with an additional load of 100 pF added to each
address and data line. This allows you to add up to 100 pF with your inter-
face hardware and realize the performance specified in Tables 4-1 and 4-2.
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Bus Timing

Hardware used with the CM7000 must meet the timing requirements of the
CM?7000’s I/0 cycles to ensure reliability. The I/O cycles have four wait
states by default. Four wait states are the maximum number programmable
in the Z180. Normally there is no need to change this default. Custom
hardware can insert more wait states by pulling the /WAIT line low on
header H2.

The Z180 MPU User’s Manual provides more detailed
&o information on hardware-generated wait-states.

Standard I/O Cycles

The standard (four wait states) I/O cycle timing shown in Figure 4-1 is for
the 9.216 MHz CM7000. Figure 4-2 shows the standard I/O cycle timing
for 18.432 MHz. The format for numbers in parenthesis on the drawing is
[min,max] in nanoseconds. The grey areas indicate where the signals may
change.

ons 100 ns 200 ns 700 ns 800 ns
I e e e N A B I N N B
Clock | \T1 / \T2 T g \Ts. \T
L[0‘80]7—>\ [20,] [0,80] |
Address ([ ([
10,60 —]
—[0,60
1 (20, 4 wait periods [ =
/IORQ \ [ Y
F [0'60]4" Twi-Twa F[O'GO]A‘
/RD N
[20,] F— [0.60] |-10.601—|
IWR | I
L 0,35] ,;:‘ [0,30] ——>{[0,30]
ICSx U \
L [0,80] —{[15,]
paaOut ——(  ( ] ——
130.] >t 1.0
Datain —— - j/
9.216 MHz I/O Read & Write Timing For I/O read cycles, data must have a minimum setup
CPU =8 MHz time of 30 ns before the falling edge of T3. Wait states
Period = 108.507 ns must be added if this condition cannot be satisfied.
Note: /IOC =0 For CPU and DMA cycles that access external 1/0, 1 to

4 wait states are automatically inserted, depending on
the programmed value of DCNTL bits 4 and 5.

Figure 4-1. Standard Cycle Timing at 9.216 MHz
(4 wait states)
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Clock ™\ [ \T2 [ 7 Ts T
L[o,sop»\ <120, -+—[0,30]—]
Address ( [( [
F[0,25]>] l-[0,25
—I[5.]— " 4 wait periods . H
/IORQ L
7[0’251" Tw1—Twa F[o,zs]ﬂ‘
/