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[Preface]

Thank you for considering our super high-speed serial communicator LSI, the "G9000" series.

To learn how to use the G9000 series device, read this manual and "G9001A/G9002A" user's manual
to become familiar with the product.

The handling precautions for installing this LSI are described at the end of this manual. Make sure to
read them before installing the LSI.

[What the Motionnet is]

As a next generation communication system, the Motionnet can construct faster, more volume large
scale, wire saving systems than the conventional T-NET systems (conventional LSI product to
construct serial communication system by NPM). Further, it has data communication function, which
the T-NET does not have, so that the Motionnet can control data control devices such as in the PCL
series (pulse train generation LS| made by NPM).

The Motionnet system consists of one center device connected to a CPU bus, and maximum 64 local
devices, and they are connected by using cables of two or three conductive cores.

[Cautions]

(1) Copying all or any part of this manual without written approval is prohibited.

(2) The specifications of this LS| may be changed to improve performance or quality without prior
notice. Please use the latest version. We provide the latest version on our web site.

(3) Although this manual was produced with the utmost care, if you find any points that are unclear,
wrong, or have inadequate descriptions, please let us know.

(4) We are not responsible for any results that occur from using this LSI, regardless of item (3) above.

[Logic indicators]

(1) Terminal names and signal names with a bar above the name use negative logic.
Ex.: RST means that the RST terminal uses negative logic.
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1. Outline

This LSl is a CPU emulation device (G9004A). This LSI can be connected to our Motionnet and perform data
communications with a center device (G9001A).
Either of the following two operation modes can be selected from a terminal.

1) CPU emulation mode
In this mode, the G9004A emulates CPU terminal signals using data communicated from the center device
(G9001A). Although the communication format from the center device is limited, this LSI outputs signals
identical to those from CPU terminals. Therefore it can control various LSIs that are normally connected to
a CPU.

2) Message communication mode
One word (16 bits) is reserved by the system in this mode, which is used for communication (the data
commands and formats are specified). The user can use the remaining 127 words to communicate data.
The format for the message data is not specified, which means that this LS| can communicate freely with
almost any CPU that is connected to the center device and to this LSI.

2. Features

Compatible with our Motionnet.

Can control various CPU support LSIs using data communications.

A maximum of 256 bytes of data can be communicated in one sentence.

A maximum of 64 devices can be connected using one line.

It has a safety design using a communication failure detection circuit (contains a watchdog timery).
Powered from just 3.3 VDC.

3. General specifications

3-1. Communication system specifications

Item

Description

Reference clock

40 MHz or 80 MHz

Communication speed

25M,5M, 10 M, or 20 Mbps

Communication sign

NRZ coding

Communication protocol

NPM original method

Communication method

Half-duplex communication

Communication I/F

RS-485 or pulse transfer

Connection method

Multi-drop connection

Number of local devices

64 devices max.

Cyclic communication cycle
when 20 Mbps

When using 8 local devices

(IN: 128 points, OUT: 128 points) --- 0.12 msec.

When using 16 local devices

(IN: 256 points, OUT: 256 points) --- 0.24 msec.

When using 32 local devices

(IN: 512 points, OUT: 512 points) --- 0.49 msec.

When using 64 local devices

(IN: 1024 points, OUT: 1024 points) --- 0.97 msec.

Note: The communication cycle will be extended
dependent upon data communication.




3-2. Specifications of the CPU emulation device (G9004A)

ltem | Description
CPU emulation mode
Communication sentence 1 to 128 words/frame (1 word = 16 bits)
length
Data buffer size 128 words
S When communicating 5 words (write to one register in the PCL):
Data communication time 21.7 s
Data transfer method Status: Cyclic transfer, Data: Transient transfer
Control address space 64 bytes

8-bit I/F --- Z80, 6809 etc.

CPU interface 16-hit I/F --- 8086, H8, 68000 etc.

Message communication mode

Communication sentence 1 to 128 words/frame (1 word = 16 bits)
length
Data buffer size 128 words
(1 word: reserved for the system, 127 words: Message data)
Data communication time When communicating 128 words: 169.3 us

Status: Cyclic transfer

Data transfer system Data communication: Transient transfer

CPU interface 8-bit I/F --- Z80, 6809 etc.
16-bit I/F --- 8086, H8, 68000 etc.

Others
Package 80 pin QFP (mold size: 12 x 12 x 1.4 mm)
Power supply +3.0V to +3.6V
Storage temperature range -65to +150°C

Operating temperature range | -40 to +85°C




4. Hardware description

4-1. A list of terminals (QFP-80)

No. | Signal name | 1/O Logic Description Option
1 | MoD | - Select opergtion mode (Low: Mess'age usv
communication, High: CPU emulation)
2 | TUD I - Set operation when outputting watchdog timer | U 5V
3 | TMD I - Set watchdog timer U5V
4 | LcKo | - (E))ivision rate of local bus control clock (LCLK): | U5V
5 | LCK1 | - i)ivision rate of local bus control clock (LCLK): | U5V
6 | LWTO I Positive | Interval time of local bus: 0 uUsv
7 | LWT1 I Positive | Interval time of local bus: 1 U5V
8 | LIFO I - Local bus I/F mode 0 U5V
9 |LIF1 I - Local bus I/F mode 1 U5V
11 | LCS B Negative | Chip selection for local bus 5VS
12 | LWR (R/W) B Negative | Write signal for local bus 5V S
13 | LRD (E)(LS) | B Negative | Read signal for local bus 5V S
14 | LAO B Positive | Address for local bus: 0 5V S
16 | LAl B Positive | Address for local bus: 1 5V S
17 | LA2 B Positive | Address for local bus: 2 5V S
18 | LA3 B Positive | Address for local bus: 3 5V S
19 | LA4 B Positive | Address for local bus: 4 5V S
20 | LAS B Positive | Address for local bus: 5 5V S
22 | LDO B Positive | Data for local bus: 0 5V S
23 | LD1 B Positive | Data for local bus: 1 5V S
24 | LD2 B Positive | Data for local bus: 2 5V S
25 | LD3 B Positive | Data for local bus: 3 5V S
27 | LD4 B Positive | Data for local bus: 4 5V S
28 | LD5 B Positive | Data for local bus: 5 5V S
29 | LD6 B Positive | Data for local bus: 6 5V S
30 | LD7 B Positive | Data for local bus: 7 5VS
32 | LD8 B Positive | Data for local bus: 8 5V S
33 | LD9 B Positive | Data for local bus: 9 5VS
34 | LD10 B Positive | Data for local bus: 10 5VS
35 | LD11 B Positive | Data for local bus: 11 5VS
37 | LD12 B Positive | Data for local bus: 12 5VS
38 | LD13 B Positive | Data for local bus: 13 5VS
39 | LD14 B Positive | Data for local bus: 14 5VS
40 | LD15 B Positive | Data for local bus: 15 5V S
42 | LWRQ (ACK) | B | Negative | Wait request for local bus 5V S
43 | LIRQ B Negative | Interrupt request for local bus 5V S
44 | LIFB O | Negative | Busy interface for local bus 5V
45 | LRST O | Negative | Reset for local bus 5V
47 | LCLK o] - Local bus control block 5V
e — . When a communication error is received, this 5V
48 | MRER O | Negative signal becomes Low level for a rated interval.
49 | MSEC 0 | Negative \éVhen sending data to this chip_, this signal 5V
ecomes Low level for a rated interval.
51 | SOEH ©) Positive | Enable serial output 5V
52 | SOEL O | Negative | Enable serial output 5V
53 | SO ©) Positive | Serial output 5V
54 | TOUT O | Negative | Watchdog timer output 5V
55 | DNSO O | Negative | Serial output of device number for next chip 5V
57 | BRK I Positive | Break frame send request D5VS




No. | Signal name | I/O Logic Description Option
58 | SPDO I - Communication speed: 0 U5V
59 | SPD1 I - Communication speed: 1 U5V
60 | CKSL I - Clock rate selection (L: 40 MHz, H: 80 MHz) U5V
61 | DNSM I - Device number selection mode U5V
62 | BNO | Negative ill?'lg\Lljit():e number bit 0 (common with serial U5V
63 | DN1 I Negative | Device number bit 1 U5V
64 | DN2 I Negative | Device number bit 2 U5V
65 | DN3 I Negative | Device number bit 3 U5V
66 | DN4 I Negative | Device number bit 4 U5V
67 | DN5 I Negative | Device number bit 5 U5V
69 | SI I Positive | Serial input D5V S
70 | SOEI I Positive | Enable serial output D5V S
72 | CLK I - Reference clock S
74 | RST I Negative | Reset S
15

26

36

46

56

71 | GND - GND

75

76

78

79

80

10

21

31

41 .

50 VDD - +3.3 V power input

68

73

77

Note 1: "I/O" column, "I" refers to input, "O" refers to output and "B" refers to bi-directional. In the "I/O"

Note 2: Terminals with "5V" described in the above Option column, can be connected with the 5V TTL level IC.
In the case of input terminals, they are connected with 5V CMOS, 3.3V CMOS, TTL, LVTTL, etc. In
the case of output terminals, they are connected with 3.3V CMOS (5V is not available.), TT, LVTTL,
etc. However, more than 3.3V cannot be supplied to output terminals. (Example: 5V CMOS can be
connected using 5V pull-up resister.)

Note 3: As for terminals with "5V" described in the above Option column, please note of the followings.

- These terminals can be input 5V level signals. These are the input that overvoltage protection diode
is deleted on 3.3V lines. If overvoltage may possibly be charged due to reflection, linking, or
inductive noise, we recommend inserting a diode for overvoltage protection.

Without overvoltage 7
protection diode - A

Level shifter

- Outputs (including bi-directional) from 5V devices can be connected to the center device as far as
these are TTL level. (Even when a signal is pulled up to 5V, the output level will be less than 3.3 V.)
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However, CMOS level signals cannot be connected.
- On the CPU bus interface, pull up of a5 V level is possible for stabilizing bus lines (prevent floating).
Use 10 k-ohm or larger capacity pull up resistors.
Note 4: Terminals with "U" described in the above Option column, have a built-in pull-up terminal. Terminals
with "D" described in the above Option column, have a built-in pull-up terminal.
Note 5: Terminals with "S" described in the above Option column are Schmitt trigger.



4-2. Terminal assignment drawings
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Note: Locate each pin number from the markings on the chip.

As shown in the figure above, pin number 1 is at the Lower left of the NPM logo mark.
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GND
LD11
LD10
LD9
LD8
VDD
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GND
LD3
LD2
LD1
LDO

VDD



4-3. Entire block diagram

G9004A
RST —4'|Reset control circuit I Internal reset
SPD(1:.0) Clock control Internal clock (20 MHz)
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5. Functions of terminals

5-1. CLK
This is an input terminal of the reference clock. By setting of the CKSL terminal, either of the following clock rate
signals can be connected.

CKSL = Low: 40 MHz
CKSL = High: 80 MHz

By selecting either of these clock rates, the serial communication transfer rate does not change. This clock rate
selection affects communication precision.

For a small-scale serial communication and transfer rate below 10 Mbps, use of the center device with 40 MHz
does not give any restriction.

With 20 Mbps transfer speed; however, longer communication lines or a large number of connected local
devices may deteriorate communication precision due to collapse of signals on the circuit. This deterioration of
communication quality can be corrected inside the LS|, if the deterioration level is not much. In order to improve
correction precision; however, evenness of the clock duty is required. In other words, if the duty is ideal (50:50),
the capacity to correct collapse of the signals in the communication lines can be improved. On the contrary, if the
duty is not ideal, the center device cannot cope with collapses of the communication line.

As a result, if the duty is close to ideal, the center device can be used with 40 MHz. When connecting more than
one oscillator, the duty will not be ideal. In this case, select 80 MHz. The center device divides the frequency
inside and creates 40 MHz frequency.

If you do not want to 80 MHz frequency, you may prepare a separate 40 MHz oscillator for this LSI.

5-2. RST
This is an input terminal for a reset signal.
By inputting a Low level signal, the center device is reset.
The RST line must be held Low for at least 12 reference clock cycles.
After turning ON the power, a reset signal must be input before starting communication.

5-3. DHO to DH5
Input terminals for setting device address.
Since these terminals use negative logic, setting all the terminals to zero calls up device address "3Fh."
There are two methods for entering a device address. Select the input method using the DNSM terminal.

5-4. DNSM
Select the input method for loading the device address.

1) When the DNSM = High
Input numeric values 0 to 3Fh with negative logic using DIP-SW etc. for DNO to DN5 Terminals.

2) When the DNSM = Low
Input a DNSO signal that is output by some other chip on the DNO terminal on this device. When using this
input method, this chip has an address equal to the other chip's address plus one.
When using this method, connect terminals DNO to DN5 to GND.



5-5. DNSO

The numeric equivalent of the address on DNO to DN5 + 1 will be output after being converted into a serial bit
stream.

Connect this output to another local device's DNO terminal (make all the other DNSM terminals of that local
device Low), so that other devices can get the address and pass it along to the next data-sending device.

In the case that continuous address by DNSOsignal is set, it is necessary to have at least about 50 s until the
next step address is confirmed.

5-6. SPDO to SPD1

Specify communication speed with these terminals.
All of the devices on the communication line shall be set to the same speed.

SPD1 SPDO Communication speed
Low Low 2.5 Mbps
Low High 5 Mbps
High Low 10 Mbps
High High 20 Mbps
5-7. TUD

A watchdog timer is included on the chip to assist in administration of the communication status.
When the data transmission interval from a center device to this device exceeds the set time, the watchdog timer
times out.
This terminal is used to set output conditions when the watchdog timer times out.
When TUD = High --- The LSI keeps its current status.
When TUD = Low --- A reset signal is output.

5-8. TMD

Specify the time for the watchdog timer.

The watchdog timer is used to administer the communication status.

When the interval between data packets sent from a center device is longer than the specified interval, the
watchdog timer times out (the timer restarts its count at the end of each data packet received from a center
device). The time out may occur because of a problem on the communication circuit, such as disconnection, or
simply because the center device has stopped communicating.

The time used by the watchdog timer varies with communication speed selected.

. Watchdog timer setting
TMD terminal 20 Mbps 10 Mbps 5 Mbps 2.5 Mbps
Low 5ms 10 ms 20 ms 40 ms
High 20 ms 40 ms 80 ms 160 ms
5-9. TOUT

Once the watchdog timer has timed out, this terminal goes Low.

5-10. SO

Serial output signal for communication. (Positive logic, tri-state output)

5-11. SOEH, SOEL

Output enable signal for communication.
Difference between SOEH and SOEL is that only the logic is different.
When sending signals, SOEH will become High and SOEL will become Low.




5-12. SOEI
When using more than one device (G9004A), connect the SOEH signal of the other device (G9004A) to this
terminal.
By being wired OR with the output enable signal from this I/O device, the device outputs an enable signal to
SOEH or SOEL.
When not used, connect to the GND.

5-13. SI
Serial input signal for communication. (Positive logic)

5-14. MRER
This is a monitor output to check communication quality.
When the center device receives an error frame such as a CRC error, the signal becomes Low only for 128
cycles (3.2 ps) of the CLK.
By measuring the condition using the counter, you can check communication quality.

5-15. MSEL
Communication status monitor output.
When this device receives a frame intended for this device and everything is normal (when communication
MRER is OFF), this terminal goes Low for exactly 128 CLK cycles (3.2 ys). This can be used to check the cyclic
communication time.

5-16. BRK
By providing High pulses that are longer than the specified interval, this device will be made to wait for a break
frame.
When this device receives a break frame send request from a center device, it immediately sends a break frame.
A pulse at least 3200 psec long is needed, in order to be seen as the BRK input pulse (positive logic).

5-17. MOD
Selects the operating mode for this IC.
MOD = Low: Message communication mode
MOD= High: CPU emulation mode

5-18. LCKO to LCK1
Selects the clock frequency (LCLK) for controlling a local bus.

LCK1 LCK O The clock frequency (LCLK)
Low Low 2 MHz
Low High 4 MHz
High Low 10 MHz
High High 20 MHz

When this IC is in CPU emulation mode, the speed of the emulation depends on the above setting. However,
when the message communication mode is selected, only the LCLK output frequency will change, and the
operation speed remains constant.

5-19. LCLK
Outputs a clock for controlling a local bus.
If needed, it can be used for an external circuit.
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5-20. LIFOto LIF1

Using these terminals, select the CPU interface specifications for the local bus.
LIF1 LIFO CPU-I/F interface
Low Low I/F-16 bit (2) (68000, etc)
Low High I/F-16 bit (1) (8086, H8, etc)
High Low I/F-8 bit (2) (6809, etc)
High High I/F-8 bit (1) (Z80, etc)

When IF1=Low and IFO=Low, the LWRQ terminal, the LWR terminal, and the LRD terminal become ACK

signal, R/W signal and LS signal respectively.
When IF1 = High and IFO = Low, the LRD terminals becomes an E signal.

5-21. LRST_
Output a reset signal for the local bus.
In any of the following cases, this signal goes Low.
1) When a Low is applied to the RST terminal.
2) When TUD is Low, the watchdog timer has timed out (only effective during approximate 32 cycles on LCLK).
The LRST terminal status can be changed by setting bit 1 of port 3 (See section 6 "Setting the status information
and G9004A operation information.")
(When bit 1 =0, LRST = High. When bit 1 =1, LRST = Low.)

5-22. LIFB
Outputs an interface busy signal for the local bus.
Use this signal in the message communication mode when connecting to a CPU that does not have a wait
control input terminal.
This terminal goes Low when a command or data is sent from a CPU, or when the status is being read. When
this LSI completes its internal processing, it goes High. Make sure that this terminal is High, and then you can
access the LSI.
This terminal cannot be used in the CPU emulation mode.

5-23. LAOto LAS
Address signals for the local bus. These will be either input or output terminals, depending on the mode selected.
In the CPU emulation mode, the device outputs address signals from terminals LAO to LAS.
In the message communication mode, input address signals on LAO and LAL. Pull LA2 to LA5 down to GND
(5~10Kohm resistors).

5-24. LCS
This is a chip select signal for the local bus. It will be either an input or output terminal, depending on the mode
selected.
In the CPU emulation mode, this device outputs a chip select signal for an external circuit.
In the message communication mode, you supply a chip select signal that will be used to access this LSI.

5-25. LWR
This terminal is used for a write signal for a local bus. It will be either an input or output terminal, depending on
the mode selected.
In the CPU emulation mode, this terminal outputs a write signal for external circuit.
In the message communication mode, you supply a write signal in order to access this LSI.

5-26. LRD
This terminal is used for a read signal for a local bus. It will be either an input or output terminal, depending on
the mode selected.
In the CPU emulation mode, this terminal outputs a read signal for an external circuit.
In the message communication mode, you supply a read signal in order to access this LSI.

5-27. LWRQ
This terminal is used for a wait request signal for a local bus. It will be either an input or output terminal,
depending on the mode selected.
In the CPU emulation mode, you supply a wait request signal from an external circuit.
In the message communication mode, this terminal outputs a wait request signal when the device cannot be
accessed.
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5-28. LIRO_
This terminal is used for an interrupt request signal for a local bus. It will be either an input or output terminal,
depending on the mode selected.
In the CPU emulation mode, you supply an interrupt request signal from an external circuit.
In the message communication mode, this terminal outputs an interrupt request signal from internal operations.

5-29. LDO to LDY
These terminals are used for the Low-byte signals of a local data bus. These are bi-directional terminals.

5-30. LD8 to LD15
These terminals are used for the High-byte signals of a local data bus. These are bi-directional terminals.
When using an 8-bit CPU interface, pull up these terminals to VDD (5 to 10 K-ohm resistors).

5-31. LWTO and LWT1
These terminals are used to set the time interval between writing and reading to a local bus.
Use these terminals only in the CPU emulation mode. These are not used in the message communication mode.

(T, c k- LCLK clock cycle)

LWT1 | LWTO |Time interval
Low Low Tk
Low High 3XT ek
High Low 5XT 1k
High High OXT ek

[An example of the reading procedure when using a 16-bit CPU interface (1)]

LA X Address X Next address
LCS—\—/E \I
LRD \ ; \ / —

LD Data Data

N A

Interval time

5-32. CKSL
Selects the clock specifications for the input on the CLK terminal.
When CKSL = Low, supply a 40 MHz clock signal on the CLK terminal. The duty cycle should be approximately
50%.
If the duty cycle is too far away from 50%, the number of communication faults will increase.
When CKSL = High, the device uses the CLK signal input after dividing by 2 internally. Therefore, the duty cycle
will not have such a great influence. In this case, supply an 80 MHz clock signal.

5-33. VDD, GND
Supply DC +3.0V to +3.6V for power on the VDD terminal.
Make sure to use all the terminals.
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6. Setting the status and operation information for the G9004A

During the cyclic communication and during data communication, the status register information (registers 0 to
2) is written to the port data area (ports 0 to 2) that corresponds to the device address in the center device.
When the operating information is written to the port data area (port 3) that corresponds to the center device's
device address, it is passed along to the CPU emulation device (G9004A) using the cyclic communication.

Status 0 (Interrupt information) <Port 0>
7 6 5 4 3 21 0

[0/ 0 0 0] L
L 1: Local interrupt request (result of OR bits3 to 1)
L 1:Local receive process complete interrupt (CPU emulation mode)
1: Local LIRQ input interrupt (CPU emulation mode)
1: Local transmission request interrupt (message communication mode)
Status 0 become "1" because of "Request command of Data
transmission (10h) from a local CPU.

When "Message communication command (0001h) from the center
is received, status 0 become "0".

Status 1 (Status information) <Port 1>
7 6 5 4 3 21 0

L— Local reception FIFO status (1: Data present, 0: No data)
——— Local transmission FIFO status (1: Data present, 0: No data)
Local emulation status (1: Processing 0: Stopped)

Local LIRQ input status (1: Low 0: High)

Port 3 bit 0 (halt emulation) status
LRST terminal status (1: Low 0: High)
Local message communication status (1: Processing data
transmission, 0: Processing complete
Status 0 becomes "1" because of "Request command of Data
transmission (10h) from a local CPU.
When "Reset command (0002h) of transmission flag from the center
is received, status 0 become "0".
LWRQ terminal status (1: Low 0: High)

Status 2 (setting information) <Port 2>
7 6 5 4 3 2 10
i P |O P |

I [ | \_I:l I Setlocal operation mode (0: Message communication 1: CPU emulation)
Local CPU interface mode

00: 16-bit interface (2) (68000 etc.)
01: 16-bit I/F (1) (8086,H8 etc.)
10: 8-bit I/F (2) (6809 etc.)
11: 8-bit I/F (1) (Z80 etc.)
Local LCLK setting (LCK1, LCKO)
Local LWT setting (LWT1, LWTO)

Operation information <Port 3>
7 6 5 43 2 1 0
0]ololoJolo] ]

L Halt emulation (execute by changing from 0 to 1)
Change the LRST terminal status (0: High 1: Low)
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7. Message communication mode (MOD = Low)

Configuration block diagram]

Center Control bus

device
CPU

———[CS0IA_J—\__,[ Goooi |

Serial communication Control bus

Local CPU

7-1. Terminals for use by a local CPU

Terminal name le] Logic Description
ILFO I Local bus interface mode 0
ILF1 I Local bus interface mode 1
LRST O |Negative |Resets the local bus
LAO to LAl I Positive | Address for local bus lines O to 1
LA2 to LAS I Positive | Pull down to GND (5 to 10Kohm resistors)
LCS I Negative | Chip select for the local bus
LWR I Negative | Write signal for the local bus
LRD I Negative | Read signal for the local bus
LWRQ O |Negative |Wait request for the local bus
LRIFB O |Negative |Interface busy for the local bus
LIRQ O |Negative |Interrupt request for the local bus
LDO to LD7 B |Positive |Low-byte signal for the local bus
LD8 to LD15 B |Positive |High-byte signal for the local bus

7-2.1/0 map for the local CPU

16-bit interface (1) and (2) (8086, H8, and 68000) [LIF1 = Low]
LAl Writing Reading
0 Write command Read status
1 Write transmission data Read reception data

8-bit I/f (1) and (2) (280, 6809 etc.) [LIF1 = High]

LAO to LA1 Writing Reading
00 Write command Read status
01 Invalid Invalid
10 Write transmission data Read reception data
11 Invalid Invalid
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7-3. Command and status information that can be used by a local CPU

7-3-1. G9004A's commands that can be used by a local CPU

7{6:5:4]3

2

10

Command code

00h: Invalid

01h: Software reset

02h: Reset transmission FIFO

03h: Reset reception FIFO

04h: Wait for a sending break frame
10h: Data send request

Code Description

00h |No meaning. (Does not affect the operation)

01h |Software reset. Has the same result as applying a Low to the RST terminal. See the Note

02h Res_ets or_1|y the data transmission FIFO. If written during the d_ata se_nding process (status
register bit 6 = 1) it may cause a CPU access error (status register bit 3 = 1).

03h Resets only the d_ata reception FIFO. Writing this command while no data !s being received
(status register bit 5 = 0) may cause a CPU access error (status register bit 3 = 1).

04h The device enters a break frame waiting status. This has the same results as applying a High
pulse to the BRK terminal.

10h Data'send reque;t. Make the status register 0 bit_3 in t.he CPU.e.muIation deviqe gqual 1 (set' the
sending request interrupt), so that the center device will be notified that transmission data exists.

Note: When turning ON the power, a reset signal must be supplied (RST = Low).

7-3-2. G9004A status information that can be seen from a local CPU

7 6 5 4 3 21 0

L— 1: Interrupt due to the data receipt
1: Interrupt due to the data transmission process being complete
1: Interrupt due to a communication link disconnection

1: CPU access error

1: While establishing a communication link

1: Reception data exists

1: Sending process active

1: Transmission data exists

Bit Item Description
When the G9004A receives message data from the center device, this bit becomes 1
Data receipt and an interrupt S|g_nal is output (L_IRQ_ = Low).
0 interrupt After this status register is read, this bit returns to 0.
When the device only receives an information command, this bit stays 0 and the
device does not output an interrupt.
Data . After writing a data transmission command (10h), when the G9004A receives an
transmission : ; o ) o
information command (reset transmission processing flag: 0002h), this bit becomes
1 |process . . . =
complete 1 and the device outputs an interrupt signal (LIRQ = Low).
interrupt After this status register is read, this bit returns to 0.
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Bit ltem Description
When the interval between sending one data sentence and the next from
Communication link |the center device to the PCL exceeds a specified time (time out), this bit
2 |disconnected becomes 1, and the device outputs an interrupt signal (LIRQ = Low).
interrupt After reading this status register, the interrupt signal is reset.
This is used to monitor the watchdog timer output (1: TOUT = Low)
When the PCL device does any of the folLowing on a command from a
CPU, this bit becomes 1, and the device outputs an interrupt signal
(LIRQ = Low). After this status register is read, this bit returns to 0.

- Try to write data to the transmission FIFO during transmission
3 |CPU access error processing (status register bit 6 = 1), or writing a transmission FIFO

reset command (02h).

- Try to read the reception FIFO even though it has received no data
(status register bit 5 = 0), or writing a data reception FIFO reset
command (03h).

This bit is used to see if the communication line is connected. When the
Communication link |device detects a change on the communication line, this bit becomes 1. If

valid the communication line does not change within a specified time, this bit
becomes 0.
5 Received data When there is message data in the data reception FIFO, this bit becomes
exists 1.
After writing the data transmission command (10h), this bit becomes 1.
6 Data transmission |When data communication with the center device is complete (when a
in progress receiving information command 0002h issued by the center device), this
bit becomes 0.
7 Transmission data If there is message data in the data transmission FIFO, this bit becomes 1.

exists

7-4. Information command for the center device (G9001A)

To send a message, the first word in the transmission FIFO of the center device is used for the information
command.
The remaining 127 words can be used freely as message data (any format is alLowed).

Center device transmission FIFO
Address Upper | Lower
00h Information command
0lhto 7Fh Message data (any format)

[Information command]
Command code Description

0001h Message transmission.

Use this command to send a message or data from the center device to a local CPU.
You can attach a message or data at the end of this command. (There is also an
Information command without any message.)

Transmits FIFO data of G9004A for sending to G9001A.

0002h When the G9004A receives this command, the data transmission process complete
interrupt < local status register bit 1 = 1 > and the device resets the transmission
processing flag < local status register bit 6 >.

You can attach a message or data at the end of this command.

0003h Resend request command

When the G9004A receives this command, it sends the same data as it last sent.
Use this command when the center device cannot receive data from the local device
due a data communication error or other reason.

Note. Use this when sending request is failed because of some causes. In the case
that the 0001h command is used in place of resend request command, the operation
of 0003h command after that is not guaranteed.
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7-5. Message communication procedure

The device model numbers are shown in parenthesis.

Numbers marked with (') mean that the operations are carried out by a CPU.

Assume that the local device address (for the G9004A) is "08h."

In addition, the port status information for the Cycle communication or data communication is sent to the port
data area in the center device (G9001A). In order to generate an interrupt (position *1) in the center device
(G9001A) when an interrupt request (bit 0 = 1 on port 0) occurs in the local device (G9004A), you must enable
the input change interrupt that corresponds to port O (set it to 1).

(1) When the center device (G9001A) is the first to send a message and the local device (G9004A) responds
[Center device (G9001A)] | [Local device (G9004A)]
[Start]
(1) Write an information command (0001h: Message

transmission) to the data transmission FIFO.
(2) Place a message in the data transmission FIFO.

(3) Write a data communication command (4008h).
*xxmdsrrxkrirrex Data communication (1St time) swksssxxksisnsk ik

- Interrupt occurs - Interrupt occurs
(4) The center device reads the status. (1) Read the status
\/ Data transmission complete <bit 0=1> \/ Data reception interrupt <hit 0 = 1>

(2) Read the message in the data reception FIFO.
(3) Place the message in the data transmission
FIFO.
(4) Write a data transmission command (10h).
- Set the status for port O (interrupt information)
V¥ Local device data transmission request
interrupt <Bit 3 = 1>

— V¥ Local device interrupt request <Bit 0 = 1>

*1
- Interrupt occurs € — —— — —_

(5) The center device reads the status.
\/ Input change interrupt <bit 2 = 1>

(6) Input change interrupt

(7) Send an information command to the data
transmission FIFO.

Write (0001h: Message transmission)
(8) Write a data communication command (4008h).
rekrrerekkrkrkex Data communication (2nd time) Fkdokkkkdokkkkkkkkk

When the Local device receives a message from the center
device, it sends the data in the FIFO to the center device.

- Interrupt occurs
(9) Read the status
Data communication complete <bit 0=1>
(10) Read the message in the data reception FIFO.
(11) Send an information command (0002h: reset the
data transmission processing flag) to the data
transmission FIFO.
This is how the center device informs the local
device that the data was received normally.
(12) Write a data communication command (4008h).
*ekrkkrRrkRreexx Data communication (3I‘d time) kkkkFhkkhkkFhkrKK

- Interrupt occurs - Reset the data transmission FIFO.

(13) Read the center device status - Interrupt occurs
\/ Data communication complete <bit 0 = 1> (5) Read the local device status

\/ Transmission process complete interrupt
<bit1=1>
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(2) When the local device (G9004A) is the first to send a message and the center device (G9001A) responds
[Center device (G9001A)] [Local device (G9004A)]

[Start]

(1) Place a message in the data transmission
FIFO.
(2) Write a data send command (10h).

- Set the status for port O (interrupt information)
V¥ Local device data send request interrupt <bit 3
*1 =1>
- Interrupt occurs €=+ =—— ¢ — —_— —. —_ V¥ Local device interrupt request <bit 0 = 1>
(1) Read the center device status
V Input change interrupt <bit 2=1>
(2) Reset the input change interrupt
(3) Send an information command (0001h: message
transmission) to the data transmission FIFO.
(4) Place a message in the data transmission FIFO.
(5) Write a data communication command (4008h).
*kkkkkxkRxeee Data communication (1St tiMe) skt

After receiving a message from the center device,
the local device sends the data in the FIFO to the
center device.

- Interrupt occurs - Interrupt occurs
(6) The center device reads the status. (3) The local device reads the status.
\/ Data communication compete <bit 0 = 1> \/ Data received interrupt <Bit 0=1>

(7) Read the message in the data reception FIFO. (4) Read the message in the data reception FIFO.

(8) Send an information command (0002h: Reset the
data send processing flag) to the data
transmission FIFO.
This is how the center device informs the local
device that the data was received normally.

(9) Write a data communication command (4008h).

rekererekkkrkex Data communication (2 nd tim 9) Fkdokkkkdkkkkkokkkk

- Interrupt occurs - Reset data transmission FIFO.
(10) Read the status - Interrupt occurs
\/ Data communication compete <bit 0 = 1> (5) Read the status of the local device

Data transmission process complete
interrupt <bit 1=1>

[End of message communication]
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8. CPU emulation mode (MOD = High)

[Configuration block diagram]

d Control bus Serial communication
Center side <_,_ =, CPU support LSIs
CPU G9001A &\ __»| G9004A (PCL series etc.)

Local device bus
CPU support LSIs

(PCL series etc.)

8-1. Terminals on the G9004A

Terminal name | 1/O Logic Description
LIFO I Local bus interface mode 0O
LIF1 I Local bus interface mode 1
LWTO I Positive |Local bus interval time setting O
LWT1 | |Positive |Local bus interval time setting 1
LRST O |Negative |Local bus reset

LAO to LAS O |Positive |Local bus address

LCS O |Negative |Local bus chip select
LWR O |Negative |Local bus write signal
LRD O |Negative |Local bus read signal

LWRQ | |Negative |Local bus wait request
LIRQ I |Negative |Local bus interrupt request
LDO to LD7 B |Positive |LocalbusdataOto7

LD8 to LD15 B |Positive |Local bus data 8to 15

Shown below are representative CPUs and the corresponding terminals on the G9004A.

Typical CPU G9004A
CPU name | Terminal name G9004A terminal name G9004A mode
RD LRD -
Z80 WR TWR 8 bit interface (1)
RD LRD
WR LWR -
8086 Upper enable | None 16 bit interface (1)
Lower enable || None
RIW LWR
68000 Upper strobe || LRD (No distinction between upper/Lower) 16 bit interface (2)
Lower strobe || LRD (No distinction between upper/Lower)
R/W LRD
H8 Upper WR LWR (No distinction between upper/Lower) 16 bit interface (1)
Lower WR LWR (No distinction between upper/Lower)
RIW LWR -
6809 E TRD 8 bit interface (2)
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8-2. Control method for using a center device (G9001A)

When you want to perform CPU emulation using the G9004A, write the commands and data using the formats
specified for the data transmission FIFO in the center device (G9001A). The center device’s data transmission
FIFO can store up to 128 words, including write commands, write data, and read commands.

When writing data, there is no data to be sent from the G9004A. But, when reading data, the G9004A will send
a read command and then read data from the center device

Therefore, more than 128 words of data cannot be handled by the G9004A.

hen writing data] [When reading data] [Combined case]

Center device data Center device data Center device data
transmission FIFO transmission FIFO transmission FIFO
Address | Upper ‘ Lower Address | Upper ‘ Lower Address Upper ‘ Lower

00h Write command 00h Read command 00h | Write command
01h Writing data (1) 0lh |Read command 01lh |Writing data (1)
02h Writing data (2) 02h Read command 02h | Writing data (2)

- - - - 03h Read command

- - - - 04h Read command

- - - - 05h | Writing data

If the G9004A is set up to use an 8-bit CPU interface, the folLowing precautions should be noted.
- When the center device (G9001A) uses a 16-bit interface

In the case that the number of writing for G9004 is odd number, add one byte of dummy data. This dummy
data is ignored on the G9004A side (Writing operation is not executed.), the next operation command will
be processed.

Additionally, in the case that writing of odd number bytes is executed several time simultaneously, the data
is returned in the packed state so as to cross the word boarder. (On the G9004A side, any dummy data are
not added.)

- When the center device (G9001A) uses an 8-bit interface
The operation command for the G9004A must be written to the same address in the center device
(G9001A) data transmission FIFO by arranging the upper and lower bytes in order. If the number of data
bytes to write is odd, write one dummy data byte to make the total even. Then use the following operation
commands for the G9004A at the same address.
Shown below is an example where 3 bytes of data are to be written. Write a dummy data byte to the upper
8 bits of address 02h.
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Center device (G9001A) data transmission FIFO data
Address Upper 8 bytes Lower 8 bytes
00h Write command (upper) Write command (Lower)
01h Write data 2 Write data 1 Write the
02h Write data 4 (dummy data) Write data 3 operation
03h Write command (upper) Write command (Lower)« commands to the
04h Write data 5 Write data 4 same addresses.
05h - -
06h - -




8-2-1. Command

1514131211109 8 7 6 543 2 10

; E E P i 5 5 5 |
L 1 I_J | .
L - Start address setting

- Address refresh setting
OX: Fixed address
10: Add address
11: Subtract address

Process detail setting
000: NOP
001: Write process
010: Read process
011: Data send process

100: Reset receive process complete
interrupt
101: Reset LIRQ input interrupt

Always set to 0.

Number of process times setting

© Start address setting
- Set the top address for the read or write process.
- If the CPU emulation device (G9004A) is using a 16-bit CPU interface, the Lower bit setting is ignored and
always treated as 0.
- Commands other than writing and reading processes are invalid.

& Address refresh setting
- When the number of processing times does not equal zero, select an address refresh method
- When the number of processing times is 0, commands other than writing and reading processes are invalid.

® Process detail setting
- Select the processing detail for the CPU emulation device (G9004A)

ltem Processing detail

"Do-nothing" command. The device does nothing. Reception process
NOP complete interrupt does not occur. When sending FIFO for G9004A has any
data, do not use this command. (The operation is not guaranteed.)

The CPU emulation device (G9004A) reads the number of bytes specified in

Read process the processing register, starting from the start address.

The CPU emulation device (G9004A) writes the number of bytes specified in

Write process the processing register, starting from the start address.

The device sends the data that was read by using the read process to the
center device.

In addition, if the reception process complete interrupt flag (bit 1 on port 0) is
1, and this command is received, the device will send the same data as it last
sent (the data resend process).

Data send process
Note

Reset the reception
process complete
interrupt flag

Reset the reception process complete interrupt flag (bit 1 on port 0) to O.
In the case that the bit number 1 of the state 1 is "1", the value returned to 0
after receiving this command.

Note
LIRQ input interrupt reNsoette Reset the LIRQ input interrupt (bit 2 on port 0) to O.
Note. Please use it with the beginning word of sending data without fail. If it is used at except the beginning, it is
ignored.
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@ Processing bytes setting
- Set the number of processing bytes when you want to read or write continuously. (Set a burst cycle). Enter
(the number of processing bytes - 1) as the setting.
When the device is used with a 16-bit CPU interface, set the number in units of words. Otherwise, when the
device is used with an 8-bit CPU interface, set the number in units of bytes.
Commands other than write/read processes are not allowed.
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8-2-2. Examples of CPU emulation control procedures

The device model number is shown in parenthesis.

Numbers marked with () mean that the operations are carried out by a center device (G9001A) emulating a
CPU.

Assume that the local device address (for the G9004A) is "08h."

In addition, the port status information of the cyclic communication or data communication is sent to the port data
area of the center device (G9001A). In order to generate an interrupt (position *1) in the center device (G9001A)
when an interrupt request (bit 0 = 1 on port 0) occurs in the local device (G9004A), you must enable the input
change interrupt that corresponds to port O (set it to 1).

8-2-2-1. Examples of writing single units of data (16-bit CPU interface)

rite the data 1234h to address 2]

[Center device (G9001A)] | [Local device (G9004A)]
[Start]
(1) Place a command Data transmission FIFO
(0102h) in the data| Address | Upper [ Lower
transmission FIFO. 00h 01h 02h
(2) Place the data 01h 12h 34h

(1234h) into the data transmission FIFO.
(3) Write a data communication command (4008h).

*xxkmkkxxkkkiorx Data communication (1St time) swssssx s tks

- Interrupt occurs

(4) The center device reads the status
V Data communication complete <bit 0=1> 1. Write 1234h to address 2.

2. Set status port 0 (interrupt information)

%1 V¥ Receive process complete interrupt <bit

1=1>
- Interrupt OCCUrs €= = =+ — + — ¢ — ¢ —. — V¥ Interrupt request <Bit 0=1>

(5) The center device reads the status
V Input change interrupt<Bit 2=1>

(6) Reset the input change interrupt

(7) Write (0400h) to the
data transmission
FIFO.
[Reset reception
process complete interrupt].

(8) Write a data communication command (4008h)

Data transmission FIFO
Address | Upper | Lower
00h 04h 00h

*kxkrkekekRrerecx Data communication (2 nd tim e) kkkkkkkkkkkkkkkkk

- Interrupt occurs
(9) The center device reads the status.
V Data communication complete <Bit 0=1>

[End emulation communication]
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8-2-2-2. Example of writing continuous data (16-bit CPU interface)

[Write 1234h to address 4, 2345h to address 6, and 3456h to address 8]

[Center device (G9001A)]

[Local device (G9004A)]

[Start]

(1) Place a Data transmission FIFO
command Address | Upper | Lower
(2184h) in the 00h 21h 84h
data 01h 12h 34h
transmission 02h 23h 45h

03h 34h 56h

(2) Place data (1234h) in the data transmission
FIFO.

(3) Place data (2345h) in the data transmission
FIFO.

(4) Place data (3456h) in the data transmission
FIFO.

(5) Write a data communication command
(4008h).

Fxx kR rxkkkons - Data communication (1St time) sxksksssxsmkrrxxk

- Interrupt occurs
(6) The center device reads the status.
¥V Data communication complete <bit 0=1>

*1
Interrupt occurs G o — — — —

(7) The center device reads the status.
¥V Input change interrupt <bit 2=1>
(8) Reset the input change interrupt

(9) Place a
command Data transmission FIFO
(0400h) in Address | Upper | Lower
the data 00h 04h 00h

transmission FIFO.
[Reset reception
process complete interrupt]
(10) Write a data communication command
(4008h).

1. Write 1234h to address 4.

2. Write 2345h to address 6.

3. Write 3456h to address 8.

4. Set the status on port O (interrupt
information).
¥ Receive process complete interrupt

<Bitl=1>
— V¥V Interrupt request <Bit 0=1>

xhxkrkekekekererx - Data communication (2 nd tim e) Kkkkdokdkdkhkkdokdkk

- Interrupt occurs
(12) Center device reads the status.
¥V Data communication complete <Bit
0=1>

[End emulation communication]
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8-2-2-3. Example of reading continuous data (16-bit CPU interface)

[Read data addresses 16, 14, 12, and 10 in this order]

[Center device (G9001A)] | [Local device (G9004A)]

[Start]

Data transmission FIFO
Address | Upper | Lower
00h 32h DOh

(1) Place a command
(32D0h) in the data
transmission FIFO.

(2) Write a data communication command (4008h).

*xx ki axkkRoos . Data communication (1St time) sxksksssxkimixss

- Interrupt occurs 1. Place a command Data transmission FIFO
(3) The center device reads the status (32D0h) in the data Address | Upper | Lower
V' Data communication complete <bit 0=1> transmission FIFO. 00h 3Ah DOh
01h FFh EEh

2. Read from address 16 02h DDh CCh

(FFEEh) and write to 03h BBh | AAh

the data transmission 04h 9%h 88h

FIFO.

3. Read from address 14 (DDCCh) and write to the
data transmission FIFO.

4. Read from address 12 (BBAAh) and write to the data
transmission FIFO.

5. Read from address 10 (9988h) and write to the data
transmission FIFO.

6. Set the status for port O (interrupt information)
*Note 1 V¥ Receive process complete interrupt <Bit 1=1>
- Interrupt occurs € * == = m—— —— —— — . 1 = V¥ Interrupt request <Bit 0=1>
(4) The center device reads the status
V Input change interrupt <bit 2=1>
(5) Reset the input change interrupt

(6) Place a command Data transmission FIFO
(0300h) in the data Address | Upper | Lower
transmission FIFO. 00h 03h 00h

(7) Write a data communication command (4008h).

Send the content of the transmission FIFO to the center
*ekekrkkekeeeex Data communication (an time) *kkkkhkhkkhxhkxk

- Interrupt occurs
(8) Read the center device status

YV Data communication complete <bit 0=1>
(9) Read the data from reception FIFO.

(10) Write a command Data transmission FIFO
(0400h) in the data Address | Upper | Lower
[Interrupt reset of 00h 04h 00h

reception process completion]
(11) Write a data communication command (4008h)

FkkkekkkkRkeex Data communication (3rd tim e) F*kkhkkkkkkhkkkkk

Interrupt occurs
(12) Read the center device status
V Data communication complete <bit 0=1>

[End emulation communication]
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8-2-2-4. Example of combined processing (16-bit CPU interface)

[After writing 1234h to address 0, read addresses 4 and 6]

[Center device (G9001A)] | [Local device (G9004A)]
[Start]
(1) Place a command (0100h) in the data
transmission Data transmission FIFO
FIFO. Address | Upper | Lower
(2) Place data 00h 01h 00h
(1234h) in the 01h 12h 34h
data transmission| _ 02h 12h 84h
FIFO.

(3) Place a command (1284h) in the data
transmission FIFO.

(4) Write a data communication command
(4008h).

wrekererkkRkxRxx - Data communication (1St ti me) kkkkdkkkkdkkkkdkk

- Interrupt occurs 1. Write 1234h to address 0.
2. Place a command

(5) The center device reads the status.

(1284h) in the data Data transmission FIFO

V Data communication complete <Bit 0=1> transmission FIFO. |_Address | Upper | Lower

3. Read from address |— 90N 12h | 84h

4 (FFEEh) and write—92h | FFh | EEh

it to the data 02h DDh cCh

transmission FIFO.

4. Read from address 6 (DDCCh) and write it to
the data transmission FIFO.

5. Set the status on port O (interrupt information).
¥ Receive process complete interrupt

<Bitl=1>
- Interrupt OCCUrS & + — + — v — i — . —. — ¥ Interrupt request <Bit 0=1>
(6) The center device reads the status.
V Input change interrupt <Bit 2=1>

*1

(7) Reset the input Data transmission FIFO
change interrupt. [ Address | Upper | Lower
Write (0300h) 00h 03h 00h

to the data transmission FIFO.
[Data sending process]
(8) Write a data communication command (4008h)

Send the contents of the data transmission FIFO
to the center device.
Kkkrkkxkxkrkkxxx  Data communication (2nd time) Kk kkkkkhkkkkkkkk

- Interrupt occurs
(10) The center device reads the status.

¥V Complete data communication <bit 0=1>
(11) Read the data from the data receipt FIFO.

(12) Place a Data transmission FIFO
command Address | Upper | Lower
(0400h) 00h 04h | 00h

in the data transmission FIFO.
[Reset the reception process complete
interrupt]
(13) Write a data communication command
(4008h).

*ekekrkkekkeReex - Data communication (3 rd tim E) FkkkkFkkkkkkkkkhk

- Interrupt occurs
(14) The center device reads the status.
YV Compete data communication <Bit 0=1>

[End emulation communication]
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8-3. Emulation timing

8-3-1. 16-bit CPU I/F (1) (8086, H8 etc.)
8-3-1-1. Read cycle (1) (without a wait cycle)

LCLK - .

LAS-1 ) | | o | |
T\
w0 N R
wRe A R A N
D
8-3-1-2. Read cycle (2) (wait 2 cycles)
LCLK \ . . . . . , ,
S VS S N T D U S S
o U
wR o\
LD15-0 { )
8-3-1-3. Write cycle (1) (without a wait cycle)
LCLK . . . . ; ; . 7__\
a5 c T =
e W SN N S Y S RO
R N N
wRe I N R N AR
LD15-0 ( 5 —
8-3-1-4. Write cycle (2) (wait 2 cycle)
LCLK . . . . . . . ;
A5 c =
e VS SN N N N U A S
WR - T
R 0 W U O O DO B
LD15-0 ( >7
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8-3-2. 16-bit CPU I/F (2) (68000 etc.)
8-3-2-1. Read cycle (1) (without a wait cycle)

LRD(LS)

[(WROQ(ACK) \

—

LD15-0

8-3-2-2. Read cycle (2) (wait 2 cycles)
LCLK

LAS5-1 :IX

T
'
'

LWR(RW) --4

LRD(LS)

[WRQ(ACK)

LD15-0
8-3-2-3. Write cycle (1) (without a wait cycle)
LCLK

N

LAS-1 :X

s [ S N —

S — (R

TRD(LS) \ [ ' SV N—

[IWRQ(ACK) \ / o

o150 —— ) e—
8-3-2-4. Write cycle (2) (wait 2 cycles)

LCLK

LA5-1 :)(

! : 5)(
ws [
LWR(R/W) _\ / N
CRD(LS) \ / ‘
[WRG(ACK) \ |/
T T )
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8-3-3. 8-bit CPU I/F (Z80 etc.)
8-3-3-1. Read cycle (1) (without a wait 2 cycles)

LCLK - .

e VS N R A SO S
TRD L S A
WRO . T N S A R T
D -
8-3-3-2. Read cycle (2) (wait 2 cycles)
LCLK , , , , , , , ,
S VS N S S N RN S S
o N S S B S
wRe o\ [ .
LD7-0 >
8-3-3-3. Write cycle (1) (without a wait cycle)
LCLK . . . . . . . 7__\
s T\
o N S A S N
WRQ . O S SO DY W S
8-3-3-4. Write cycle (2) (wait 2 cycles)
LCLK , , , , , , : ,
S VS N U S N R S S
o N S U NN U A
WRQ . 5\ SN S A O SO SO B
LD7-0 < )
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8-3-4. 8-bit CPU I/F (2) (6809 etc.)
8-3-4-1. Read cycle (2) (without a wait cycle)

LCLK | . . . . . .
[ROE) | / \ o
oo T o ;
s N B S o
[WR J
[WRO
= o
8-3-4-2. Read cycle (2) (wait 2 cycles)
LCLK - - - - - - - :
S I s S s s S A
LA5-0 :)( ' I’
©s ) I S R N A S
WR 7 —
wro \ R
LD7-0 ( )

8-3-4-3. Write cycle (1) (without a wait cycle)

8-3-4-4. Write cycle (1) (wait 2 cycles)
LCLK ' ' ' ' '

LAs-0 ) | | ' | | i

_ T T T R s v
wR ) SRS N N RN A SR
WRQ ... \ A e e
LD7-0 — ) —
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8-3-5. Example of a burst cycle (8-bit CPU-I/F (2) (Z80 etc.)
8-3-5-1. Burst read cycle (1) (Fixed address)

LA5-0 X n

es ) [\ [\ /
o Y e W S W
WRQ . N SN SN

8-3-5-2. Bust read cycle (2) (add an address)

n+2

n+1

>
>

LA5-0 X n

8-3-5-3. Burst read cycle (3) (subtract an address)

n-2

n-1

>
>

LA5-0 X n

8-3-5-4. Burst write cycle (add an address)

n+2

>

n+1

>

LA5-0 X n
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9. Connection examples and recommended environment

9-1. Example of a connection to a CPU using the CPU message communication mode (MOD

=Low).
9-1-1. 8-bit I/F (1) (IF1 = High, IFO = High)

780 type CPU G9004A _VbD
M » Decoding CLK ———»CLK LIF1 <
Al5 to A2 > circuit » LCS LIFO <
T MO
Al to AO »| LA to LAO
INT [« LIRQ GND
IORQ _
RD » LRD
WR »| LWR
WAIT[* LWRQ
D7 to DO [ »| D7 to LDO
RESET |« »| RST

System reset

Note 1: When you use an interrupt controller, the CPU will output IORQ as an interrupt acknowledge signal
that is used to determine the interrupt vector. At this time, when this LSI's LCS terminal goes Low,
the LSI may output a LWRQ signal and still not be able to capture the vector properly. Therefore,
arrange the decoding circuit so that it only functions when the M1 signal is High.

Note 2: Pull up terminals LD15 to LD8 to the power supply externally (5 to 10 k-ohms).

Note 3: Pull the LA5 to LA2 input terminals down to GND using external resistors (5 to 10 K-ohms).
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9-1-2. 8-bit I/F (2) (IF1 = High, IFO = Low)

VDD
6809 type CPU G9004A
Decoding
> -
A15 to A2 circuit CLK ~——>»CLK LIF1 <
» LCS LIFO «—
MOD| <
Alto A0 > LA1 to LAO
IRQ |« —|£Q GND
E » LRD
RIW > LWR
MRDY |« LWRQ
D7 to DO | »| LD7 to LDO
RESET |« » RST

System reset

Note 1: Pull the LA5 to LA2 terminals down to the GND (5 to 10 K-ohms).
Note 2: Pull the LD15 to LD8 terminals up to the power supply using external resistors (5 to 10 K-ohms).
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9-1-3. 16-bit I/F (1) (IF1=Low, IFO=High)

VDD
8086 type CPU G9004A -
M/IO » Decoding CLK—>»| CLK IF1 [*
A19 to Al circuit »| LCS IFO |«
» MOD|«
ALE >
Latch Al R
A19 to Ale F——> | LAL L
AD15 to ADO
" D15 to DO GND
ﬂ »| LD15 to LDO
I
INTR [« Interrupt m
control circuit
INTA > +
i »{ LRD
RD »| LWR
WR [« LWRQ
READY [ > 25T
RESET
VDD
MN/MX ——
System reset
System reset
H8 type CPU G9004A VDD
A15 to A2 > Di;’r‘égii?g CLK ——»|CLK LIF1 <
»|LCS LIFO <
MOD|*
Al »| LA1 ]
IRQ [« LIRQ GND
RD » LRD
HWR > LWR
WAIT [« LWRQ
D15 to DO [« »| D15 to LDO
RESET [« » RST

System reset

Note 1: Pull the LA5 to LA2, and LAO terminals down to GND (5 to 10 K-ohms).
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9-1-4. 16-bit I/F (2) (IF1 = Low, IFO = Low)

68000 type CPU G9004A
AS » Decoding CLK —| CLK LIF1
A23 to A2 » circuit »  CS LIFO
MOD
Al » LAL
P - GND
D15 to DO [ »LD15 to LDO
DTACK [< LWRQ
IPL2 to IPLO [« Interrupt |« LiRQ
control circuit
LDS » LRD
__RW » [WR
RESET [< » RST

System reset

Note 1: Pull the LA5 to LA2, and LAO input terminals down to GND (5 to 10 K-ohms).
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9-1-5. Connecting to a CPU without a wait function

The center device can be connected to a CPU that does not have a wait function.

Let’s look at an example with the CPU interface using 8-bit I/F (1) while it is connected to an Intel 8031 8-bit
CPU.

Since this CPU does not have a terminal for executing a wait function, care is needed when programming.

CLK
8031 (intel) G9004A VDD
Al5 to A8 A15 to A2 -
P2-7 to P2-0 Decoding CLK LIF1
circuit —— [ LCS IFO <
ALE » Latch AOto Al .| LA1 to LAO
PO-7 to PO-0 [ &3> 1
GND
»| LD7 to LDO
RD »| LRD
WR > LWR
INTO [« LIRQ
P1-1 [« LIFB
»| RST

System reset

[Points]
1) SetIF1=HandIF0 =H (8-bit I/F (1)).
2) Since the 8031 does not have a wait terminal, the WRQ terminal cannot be used.
However, the G9004A needs a certain internal processing time to access (write/read) a CPU.
And a wait function is therefore essential for continuous access operations.
In the example above, the LIFB output terminal on the G9004A is connected to a port on the 8031.
The LIFB bit is monitored using a routine in the 8031, so that the 8031 does not try to access the G9004A
while it is processing a command.

Note 1: Pull the LA5 to LA2 terminals down to GND (5~10Kohms).
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9-2. Access timing when the CPU message communication mode is selected (MOD = Low)

9-2-1. Normal access

CPUs that have a wait function can be connected to the LWRQ terminal on the G9004A so that they can be used
without special concern for signal timing.

However, CPUs without a wait function must monitor the LIFB output or use one of the following timing
schemes (this is essential).

9-2-2. Write to command or data transfer FIFO

The timing for writing to command (address 0 in the 8-bit /O mode (1)) or the data transfer FIFO (address 2 in
the 8-bit I/O mode (1)) is shown below.

A wait time is necessary to perform continuous writing. The wait must be 6 clock cycles or longer at 40 MHz (12
clock cycles or longer at 8OMHz).

1) Does not use the LWRQ output (CPU does not have a wait function)

LA — Address Next address

@—\_/: \_/7

LD Data __Data

A wait of 6 clock cycles or longer at
40 MHz (12 clock cycles or longer at
80 MHz) must be inserted by the
CPU software.

2) Uses the LWRQ output (CPU has a wait function)

LA — Address X Next address
S W e W
LWRQ \ f

LD Data: Data

The CPU automatically waits for the
required period of time.
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9-2-3. Read status

Shown below is the timing when reading from address 0 in the 8-bit I/O mode (1).
A wait time is necessary to perform continuous writing. The wait must be 4 clock cycles or longer at 40 MHz (8
clock cycles or longer at 80 MHz).

1) Does not use the LWRQ output (CPU does not have a wait function)

LA Address Next address

o ./

LD Data +<__Data

A wait of 4 clock cycles or longer at
40 MHz (8 clock cycles or longer at
80MHz) must be inserted by the
CPU software.

2) Uses the LWRQ output (CPU has a wait function)

LA Address X Next address
e o/ \ S
LWRQ \ /

LD Data Data

/ “:

The CPU automatically waits for the
required period of time.
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9-3. Connection to peripheral LSIs when the CPU emulation mode is selected

9-3-1. Connections to a PCL6045BL (8086 type CPU emulation)
The PCL6045BL is a pulse control LSI for NPM's motion control. One PCL6045BL can generate pulse trains for

four axes.

G9004A (8086 type emulation CPU) PCL6045BL +3.3V
VDD
T LA5 > Decoding CLK  — ¥ CLK IF1 A:I_
LIF1 LCS »  circuit » TS IFo <
LIFO  LCLK |—p Note 2 (Note 1)
MOD 1
LA4 to LA1 » A4 to Al GND
1 — |LAO
GND LIRQ |« INT
LRD » RD
LWR » WR
LWRQ |« WRQ
LD15 to LDO |« »| D15 to DO
RST | ¢ > RST

System reset GND

Note 1: The G9004A can be connected to two PCL6045BLs.
In this case, the "LA5" signal is used to tell the two chips apart. This line is the equivalent of a
decoder circuit.
When only one device is connected to the G9004A, there is no need to provide a decoder circuit.
The LCS output terminal on the G9004A can be connected to the terminal on the PCL6045BL.
Note 2: There are only 4 types of the "LCLK" clock output on CPU emulation device (G9004A): 2MHz, 4MHz,
10MHz and 20MHz. The PCL6045BL basically needs a 19.6608 MHz clock, therefore, if it is
connected to some other clock speed, such as a 20MHz clock, calculation such as multiplication
setting becomes complex. For details, see the user's manual for the PCL6045BL.
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9-3-2. Connections to the PCD4641 (Z80 type CPU emulation)

The PCD4

641 is an NPM pulse control LSI for use with stepper motors.

G9004A (Z80 type emulation CPU)

PCD4641
VDD
1 LA5 to LA4 ——— | Decoding CLK—— —» EK
»LIFL LCS|——| circuit »|CS
» LIF0 LCLK|— Note2 | (Note1l)
» MOD
LA3 to LAO > A3 1o AO
LIRQ [« INT
LRD > IE
LWR » WR
LWRQ [« WRQ
LD7 to LDO }e » | D7 to DO
® -
RST |« »| RST
» LCK1
> LCKO Note3
> LWT1
> LWTO
GND
System reset
Note 1: When only one device is connected to the G9004A, there is no need for a decoder circuit. The LCS

Note 2:

Note 3:

output terminal on the G9004A can be connected to the CS terminal on the PCD4641.

There are only 4 types of the "LCLK" clock output from the CPU emulation device (G9004A): 2MHz,
4MHz, 10MHz and 20MHz. The PCD4641 basically needs a 4.9152 MHz clock, therefore, if "LCLK”
is input, calculation such as multiplication setting become complex. For details, see the user's
manual for the PCD4641.

LCK1 = High, LCKO = Low

LWT1 = Low, LWTO = Low

When these settings are used, the device will have the status shown below:

-LCLK =10 MHz
- Local bus access interval = T ¢k (100 ns)

The “local bus access interval” is waiting time for next access when the CPU emulation device is
reading from or writing to the PCD4641. In the case that an LSI that does not have a terminal for WAIT
CPU is controlled, you can set optimal access timing by adjusting interval time.
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9-4. Connections to a serial communication line

Use RS-485 line transceivers and pulse transformers (1000 pH or equivalent) to make serial communication
connections.

Connect the line transceivers as shown below.

Connect terminating resistors (which match the cable impedance) at both ends of the transmission line.

The terminating resistors can be either before or after the pulse transformer. The same effect will be obtained at
either position.

For a line transceiver, we recommend that a 5V line transceiver is used. When using a 5 V line transceiver, ICs
such as a level shifter are needed to assert signals on lines such as "SO," "SOEH," and "SI."

(1) Circuit example for a single local device

VDD
Line transceiver
Local device (5V)
SO B:E % Terminating
SOEH RO Pulse transformer resistor
Sl [«
SOEL Y 1000 pH
d or
DNSO equivalent
_ — SOEI A le Serial line
Device number DNE to DNO B |
DNSM (Note 2)
_ -/
—~
Note 1: Make the wiring as straight and short as
1 possible (circuit on a circuit board).
GND
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(2) Circuit example for multiple local devices

Using the connections shown below, the
address of the local device above will be the
address of the local device underneath it,

Device number

Local device Line transceiver (5 V)
SO DI
SOEH DE Terminating
g |< RO Pulse transformer resistor
SOEL Y 1000 pH
DNSO Z equisglent
SOEI A |€ Serial line
D—NO (Note 2 B |e
DNSM GND _ -
~
Note 1: Make the wiring as straight and short as
possible (circuit on a circuit board).
il SO
SOEH [~
Sl
SOEL
DNSO
SOEI
DN5 to DNO
DNSM
Local device Note 3: In the case that continuous address by DNSO is set, it is

GND

necessary to have at least about 50us until next address
is confirmed.

Note 1: When connecting the serial lines to line transceivers, make the path as short and straight as

possible.

Running these lines on a PC board could deteriorate the communication performance.

Note 2: Pull down resistors to GND should be 5 to 10 k-ohms.
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9-5. Complete configuration

We recommend a configuration with the center device at one end of the line and the local devices at other end,
as shown below.

If you want to place the center device in the middle of the line, use two communication lines so that the center
device is effectively at the end of each line.

Center device

_,_
— SIB SIA = =
SO 5 % S
5 0
SOEH 2 g
INE
& = Local device
L | I —
_| & > =3
> 3 E > (Sl
] i g <«—{SO
> g |«—>| 3 |«—SOEH
If needed, construct the same — % 2
configuration on this side. — g
- Local device
] =
18 |«<—>| 3 >[S
=] =
]
{3 2 |«— SOEH
Terminating resistors are — | ) 4
needed at the ends of the - |~
line. Insert them either - Local device
before or after the pulse — c
transformer to get the —{3 = >(S!
same effect. Terminating . z 2 eSO
resistors are not needed > S le—s| 8 l«SOEH
anywhere except for the P 3 4
ends of the line. =l |
[ ]
[
[
L] pe
J— [ ]
[ ]
Local device
Sl
SO

SOEH

Jawojsuel]

J9AI9ISURl] aulT
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9-6. Recommended environment
Shown below are the results of our experimental communication results and the environment used for the
experiment.
These results can be used to design your own system. However, other system configurations are possible. The
example below is only for your reference.

Conditions Results
Transmission Number of Cable Terminating | Pulse : Max.
rate IOCE}I used resistor transformer \/F chip length
devices
20 Mbps 32 CATS 100 ohm 1000 pH RS485 100 m
20 Mbps 64 CATS 100 ohm 1000 pH RS485 50 m
10 Mbps 64 CAT6 100 ohm 1000 pH RS485 100 m

Note: In the figures above, the maximum length figures are results from ideal conditions in a laboratory.
In actual use, the results may not be the same.

9-6-1. Cable

Commercially available LAN cables were used.

CATS5: Category 5

CAT6: Category 6
We used these LAN cables because they are High quality, inexpensive, and easy to obtain. Lower quality cables
(such as cheap instrument cables) may significantly reduce the effective total length of the line. LAN cables
normally consist of several pair of wires. Make sure to use wires from the same pair for one set of
communication lines.
Even when using cables with the same category and rating, the performance of each cable manufacturer may
be different. Always use the highest quality cables in the same category.

9-6-2. Terminating resistor

Select resistors that match the impedance of the cable used.
Normally, a 100 ohm resistor is recommended. Therefore, we used terminating resistors with this value.
Adjusting this resistor value may improve the transmission line quality.

9-6-3. Pulse transformer

We recommend using pulse transformers, in order to isolate the GND of each local device.

By isolating the GNDs, the system will have greater resistance to electrical noise. If pulse transformers are not
used, the transmission distance may be less.

We used 1000 pH transformers in our experiments.

9-6-4. I/F chip

We selected I/C chips with specifications better than the RS485 standard.

For RS485 line transceiver, we strongly recommend that 5V line transceivers are used. In the experiment, we
used 5V line transceivers. When 5 V line transceivers are used, inserting an IC such as level shifters to a signal
line does not be needed.
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9-6-5. Parts used in our experiments

Show below is a list of the parts used in the interface circuits of our experiments.
Use of other parts may change the system's response. This list is only for your reference.

Parts Manufacturer Model name
CAT5 Oki Wire Co., Ltd. F-DTI-C5 (SLA)
CAT6 Oki Wire Co., Ltd. DTI-C6X

Pulse transformer JPC Co., Ltd NPT102F

Line transceiver TEXAS INSTRUMENTS SN65HVD1176

9-6-6. Other precautions

- Cables
When you are planning long distance transmission, cable quality will be the single most important factor.
Specialized cables designed for use as field busses, such as those by CC-Link and LONWORKS, have
guaranteed quality and may be easier to use.

- Pulse transformers
Needless to say, the pulse transformers should handle 20 Mbps (10 MHz) without becoming saturated. The
transformer's inductance is also important.
Since up to 64 pulse transformers may be connected, the actual working specifications of these devices must
be very similar.
We used 1000 pH pulse transformers. However, in order to obtain better response characteristics, you may
want to try pulse transformers with a larger reactance.

- Line transceivers
We used TEXAS Instruments chips for the experiments.
Other possibilities are available from MAXIM and LINEAR TECHNOLOGY, who offer very High performance
transceivers.

- Connectors
If possible, the connectors should match the cable characteristics.
Although we did not use them, modular type connecters will be better for LAN cables.

- Cable connections
Do not connect one cable to another cable (using connectors etc.).
In a multi-drop system, the number of cables increases as the number of local devices increase. However,
connecting a cable just to extend the line should be avoided.

- Processing of excess cable
Excess cable, left over after making all the runs, should be eliminated.
Unneeded cable length may restrict the line overall usable length, and may introduce electrical noise.

- Circuit board substrate
Create circuits on a substrate with 4 or more layers, to prevent the introduction of noise.

- Estimating cable length in the system design phase
In the first estimate, use shorter line lengths. In the actual system configuration, lines may be lengthened.
Estimates made using the maximum length may lead to impossible communication distances.

- Minimum cable length
Each cable must be at least 60 cm long. Although this may seem contradictory to the excess cable precaution,
this minimum length is necessary.

- Using different cables in one system
Do not mix cables from different manufacturers, even when they are in the same category. (Different cable
models from the same manufacturer should not be used either.)
Using different cables together may deteriorate the communication quality.

- 46 -



10. Center device (G9001A)

We will use the following four commands to access the address map in the center device.

1) Write command to the center device (16 bits)
Outpw (Address, Data)

Address Value corresponding to the address map in the center device (16 bits).
The lowest bit is ignored.

Data Data to write (16 bits)

Return value None

2) Write command to the center device (8 bits)
Outp (Address, Data)
Address Value corresponding to the address map in the center device (16 bits).

Data Data to write (8 bits)
Return value None

3) Read command from the center device (16 bits)

Inpw (Address)

Address Value corresponding to the address map in the center device (16 bits).
The lowest bit is ignored.

Return value Read data (16 bits)

4) Read command from the center device (8 bits)
Inp (Address)

Address Value corresponding to the address map in the center device (16 bits).

Return value Read data (8 bits)

Also, see the individual items in the "Message communication procedure" and "CPU emulation procedure"
sections.
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10-1. Program example of the CPU emulation mode
Using the CPU interface mode of the G9004A, the PCL6045BL uses a 16-bit I/F (1), and the PCD4641 uses an
8-bit I/F (1).

10-1-1. Control example of the PCL6045BL

Shown below is a program example that lets the center device (G9001A) control a PCL6045BL through a
G9004A.

The PCL6045BL is a pulse control LSI for NPM's motion control. Set the CPU-I/F to 8086 mode (IFO =L, IF1 =
H).

One PCL6045BL can generate pulse trains for four axes.

In the example below, use the device address of "28h" for the G9004A.

Registers to set in the PCL6045BL

Register name Set value Remark
PRFL 00000100h

PRFH 00000200h

PRMG 012Bh Multiplication rate = 1

Send command data to the G9004A. It will process one by

one, and controls the PCL6045BL.

[ Outpw (0x0006h, 0x1184h) Instruction to write data to the PCL6045BL buffer
Outpw (0x0006h, 0x0100h)
Outpw (0x0006h, 0x0000h)

Outpw (0x0006h, 0x0100h) mction to write the data in the 1/O buffer of the
Outpw (0x0006h, 0x0081h) <= PCL6045BL to the PRFL register

Outpw 0x0006h, 0x1184h)
Outpw (0x0006h, 0x0200h) _—
Outpw (0x0006h, 0x0000h)

mction to write the data in the 1/O buffer of the
Outpw (0x0006h, 0x0100h) PCL6045BL to the PRFH register ’
Outpw (0x0006h, 0x0082h)

Outpw (0x0006h, 0x1184h)
Outpw (0x0006h, 0x012Bh)
Outpw (0x0006h, 0x0000h)

Outpw (0x0006h, 0x0100h) ~
Outpw (0x0006h, 0x0085h)

et

mtruction to write data to the PCL6045BL buffer

elep puBlIWOD
A

“wtruction to write data to the PCL6045BL buffer

Wction to write the data in the I/O buffer of the
PCL6045BL to the PRMG register

Outpw (0x0006h, 0x0100h) == Instruction to the PCL6045BL to start feeding a pulse train ’

\ Outpw (0x0006h, 0x0051h) —@speed

7 Data communication command (send the command
data stored in the FIFO)

Outpw (0x0000h, 0x4028h)

N * This step checks the read status EDTE flag. If a communication
v error occurs the next process should not be started. This action
Dev Sts = Inpw (0x0000h) also can be performed using the interrupt procedure.

If there is no error, the PCL6045BL will begin operation.

NO E (In this step, it is not clear if the PCL6045BL is operating or not.)

>y YES G9004A status bit 0 (in this case, equivalent to port 0) becomes OR
Sts 28h = Inpw (OX01A0h) signal of bit 1 (local side completes receipt process) to bit 3. This
7 action also can be performed using the interrupt procedure triggered
NO by the input change interrupt function. When the G9004A completes
@ all the processes specified, this bit becomes 1.
In other words, this will mean that the PCL6045BL has definitely
: YES started operation (if there is no problem with the command data).
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Outpw(0x0006h, 0x0400h)

l

Outpw (0x0000h, 0x4028h)

y

Dev_Sts = Inpw(0x0000h)

S—GEw-i =
YES
End

Put a reset instruction command for the " local receive
processing complete " flag in the FIFO.

Write a data communication command (send the
command data written in the FIFO)

When CEND = H, the local device flag has been reset.

=49 -



10-1-2. Control example of PCD4641

Below shows a program example that lets a center device (G9001A) control a PCD4641 through a

G9004A. In this example, the center device (G9001A) communicates in CPU-I/F model 4 (Z80 type 8-bit
CPU). The PCD4641 is an NPM's pulse control LS| for stepper motors. In the example below, use a device
address of "28h" for the G9004A.

Registers to set in the PCD4641

Register name | Set value Remark
001000h
002000h
000258h Multiplication rate = 1

elep puewwo)

Send command data to the G9004A and it will process it one
command at a time, similar to a CPU to control the PCD4641.

Outp (0x0006h, 0x00h)
Outp (0x0007h, 0x01h)
Outp (0x0006h, 0x81h)
Outp (0x0007h, Ox00h) / *Notel* /

Outp (0x0006h, 0xc3h)
Outp (0x0007h, Ox21h)
Outp (0x0006h, 0x00h)
Outp (0x0007h, 0x10h)

Outp (0x0006h, 0x00h)

Outp (0x0007h, Ox00h) / *Notel* /

Outp (0x0006h, 0x00h)
Outp (0x0007h, 0x01h)

Outp (0x0006h, 0x82h) —
Outp (0x0007h, Ox00h) / *Notel* /

Outp (0x0006h, 0xc3h)
Outp (0x0007h, Ox21h)
Outp (0x0006h, 0x00h)
Outp (0x0007h, 0x20h) :
Outp (0x0006h, 0x00h)

Outp (0x0007h, Ox00h) / *Notel* /

Outp (0x0006h, 0x00h)
Outp (0x0007h, 0x01h)
Outp (0x0006h, 0x84h) —
Outp (0x0007h, Ox00h) / *Notel* /

Outp (0x0006h, 0xc3h)
Outp (0x0007h, Ox21h)
Outp (0x0006h, 0x00h)
Outp (0x0007h, 0x02h) —
Outp (0x0006h, 0x58h)

Outp (0x0007h, 0x00h) / *Notel* /

Outp (0x0006h, 0x00h)

Write an R1 register (FL) select command to the
command address.
Operation command to send to the G9004A: 0100h

4—\Data: 81h (FL select command)

Write the data at the address specified in the R1
register (FL), upper byte first, then the middle, and
finally the Lower byte.
Operation command to send to the G9004A: 21C3h
Data: 001000h

Write an R2 register (FH) select command to the
command address.
Operation command to send to the G9004A: 0100h

B

\Data: 82h (FH select command)

Write the data at the address specified in the R2
register (FH), upper byte first, then the middle, and
finally the Lower byte.

Operation command to send to G9004A: 21C3h

[ \_Data: 002000h

Write an R4 register (multiplication rate setting)
select command to the command address.

Operation command to the G9004A: 0100h
Wa: 84h (multiplication rate select command)

Write the data at the address specified in the R4
register (multiplication rate), upper byte first, then the
middle, and finally the Lower byte.

Operation command to send to the G9004A:

Wh

Outp (0x0007h, 0x01h)
Outp (0x0006h, 0x11h)

Instruction of an FH constant speed start sent to the
PCD4641
Operation command to send to the G9004A: 0100h
<r\Data: 11h

Note 1: Operation commands to the G9004A must be written to
the data transmission FIFO in the center device
(G9001A). Write the upper and Lower bits to the same
address.

If only 8 bits are needed, you will still have to write dummy
data to upper 8 bits, and sent an operation command to
the G9004A using the same address.

-50 -



@®

Outp (0x0000h, 0x28h)
Outp (0x0001h, 0x40h)

Y

Dev_Sts = Inp

(0x0000h)

!
——

> YES

v

Sts_28h = Inp (0x01A0h)

Bitl=07

YES

Outp (0x0006h
Outp (0x0007h

, 0x00h)
, 0x04h)

A

y

Outp (0x0000h, 0x28h)
Outp (0x0001h, Ox40h)

T
v

Dev_Sts = Inp

(0x0000h)

|

S

YES

End

Data communication command (send the command
data stored in the FIFO)
Write in order of Lower to upper bit.

* This step checks the read status EDTE flag. If a communication
error occurs the next process should not be started. This action

also can be performed using the interrupt procedure.
If there is no error, the PCD4641 will begin operation.
(In this step, it is not clear if the PCD4641 is operating or not.)

- G9004A status bit 1 (in this case, equivalent to port 0) indicates
whether reception by the local devices is complete. This action
also can be performed using the interrupt procedure
triggered by the input change interrupt function. When the

G9004A completes all the processes specified, this bit becomes
1

In other words, this will mean that the PCD4641 has definitely
started operation (if there is no problem with the command data).

Put a reset instruction command for the " local receive
processing complete " flag in the FIFO.

Write a data communication command (send the

command data stored in the FIFO)

When CEND = H, the local device flag has been reset.
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11. Electrical Characteristics
11-1. Absolute maximum ratings

Item Symbol Rating Unit
Power supply voltage Vb Vss-0.3 to +4.0 V
Input voltage Vin Vss -0.3 to Vpp +0.5 V
Input voltage (5V-I/F) Vin Vgs -0.310 +7.0 \Y
Output voltage (5V-I/F) Vour Vss -0.310 +7.0 V
Output current / Terminal lout +30 mA
1Storage temperature Tsto -65 to +150 °C

11-2. Recommended operating conditions

ltem Symbol Rating Unit
Power supply voltage Vb +3.0t0 +3.6 V
Input voltage VN -0.3 to Vppt0.3 \
Input voltage (5V-I/F) Vin -0.3t0 +5.8 Note 1 \Y
Storage temperature Ta -40 to +85 °Cc

Note 1. Do not add more than output voltage from outside when outputting "H" level.

11-3. DC characteristics

Item Symbol Condition Min. Max. Unit
Current consumption lgg CLK =80 MHz, after reset 34 mA
Output leakage current loz -1 1 HA
Input capacitance 10 pF
DNO to DN5 , DNSM,
SPDO to 1, TUD, TMD, LCKO to 1, -165 HA
Low input current I LIFOO to 1, LWTO to 1, CKSL, MOD
Inpu; terminals and input/output 1 LA
terminals other than the above.
SOEI, SI, BRK 190 HA
High input voltage iy Input terminals and input/output 1 LA
terminals other than the above.
Vpp=MAX, CLK, RST -0.3 0.8 \%
. Vpp=MAX, input and input
Low input voltage Vi Joutput terminals other than the 0.6 \Y;
above
Vpp=MIN, CLK,RST 2.0 Vppt+0.3 \%
High input current Viu Vpp=MIN, input and input/output
. 24 Vv
terminals other than the above
Hysteresis voltage Vy Vpp=MIN 0.1 \%
Low output voltage VoL lo.= 6 MA Vss+0.4 \Y;
High output voltage Von lon = -6 MA Vop-0.4 \%
Low output current loL VoL =04V 6 mA
High output current lon Von = Vpp-0.4V -6 mA
Inte_rnal pull up, pull down Rpug 20 120 K-ohm
resistance
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11-4. AC characteristics
11-4-1. System clock

TCLKH

CLK

TCLKL

Tewk

1) When setting CKSL = L and data transfer rate = 20 Mbps

Item Symbol Min. Max. Unit
Frequency feik - 40 MHz
Cycle Tk 25 ns
High duration Tk 10 15 ns
Low duration Towke 10 15 ns

2) When setting CKSL = L and data transfer rate = 10 Mbps

ltem Symbol Min. Max. Unit
Frequency feik - 40 MHz
Cycle Teik 25 ns
High duration TcLku - - ns
Low duration Teke - - ns

3) When setting CKSL = H

ltem Symbol Min. Max. Unit
Frequency feik - 80 MHz
Cycle Teik - 12.5 ns
High duration TcLku - - ns
Low duration Teke - - ns

11-4-2. Reset timing

RST
TwrsTi N
TorsT Torst
Internal RST
Iltem Symbol Min. Max. Unit
Reset length Twrst 10 - Clock cycles
Delay time Torst - 10 Clock cycles

Note 1: The reset signal must last at least 10 cycles of the system clock.
While resetting, make sure the clock signal is continuously available to the device.
If the clock is stopped while resetting, the device cannot be reset normally.
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11-5. Timing of CPU message communication mode

11-5-1. 8-bit I/F (1) (IF1 = High, IFO = High)

- Read cycle
LAl : 0)
TARW R _ TRWA _
LCS 4
Tesrw <—P| Trwes
LWRQ N~ ;
Teswr |, Twar S
LR TRDHD
Lp7z:0) — 1 - I
‘ TroLo g 1 Twmo
- Write cycle
LA(1 : 0) <
TARW _ _ TRWA
[CcS 4
B Tesrw <—F| Trwes
LWRQ 5 K
Toswr e < > Twarr
LWR Twro
LD(7:0)
TDWR >
ltem Symbol Condition Min. Max. Unit
Address setup time for LRD, LWR d Tarw 17 ns
Address hold time for LRD, LWR T Trwa 0 ns
LCS setup time for LRD, LWR { Tcsrw 5 ns
LCS hold time for LRD, LWR T Trwes 0 ns
LWRQ=0ON delay time for LCS J Teswt C_ = 40pF 12 ns
LWRQ signal Low time Twarr Note 1 6Tck+11 | ns
Data output delay time for LRD { TroLD C, = 40pF 29 ns
Data output delay time for LWRQ T Twrip | CL = 40pF 16 ns
Data float delay time for LRD ) TroHD C_ = 40pF 30 ns
LWR signal width Twr Note 2 12 ns
Data setup time for LWR T Towr 22 ns
Data hold time for LRD T Twro 0 ns

Notel: When CKSL = Low or CKSL = High, the data output delay time will be 12 T¢ « + 11.

Note 2: The time that the WRQ signal is output will be the interval after WRQ goes High until WR goes
High.
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11-5-2. 8-bit I/F (2) (IF1 = High, IFO = Low)

- Read cycle ) Tcre R
LRD(E)
’ Tae | Tewe AL Tea
LA(1:0)
[ —_—\ TCSE TECS
L S P < P
TCSWT _ TWAIT
LWRQ N ’
TRWE R . TERW R
LWR
) Terp Twro | [ Tewr
LD(7:0) ———————————— <o <
- Write cycle
P TCTC
LRD(E)
B Tae . Tewe |1 Tea R
LA(1:0)
CS « Tese « Twarr e Tecs R
| Toswr ’ N
LWRQ A 7
_ Trwe Terw
L\NR < > >
) ToeL TeLow
LD(7:0)
Item Symbol Condition Min. Max. Unit
Enable cycle time Teve 100 ns
Enable pulse width Tewe 40 ns
Address setup time for LRD (E) T Tae 17 ns
Address hold time for LRD (E) ¥ Tea 0 ns
R/W setup time for LRD (E) T TrwE 5 ns
R/W hold time for LRD (E) Terw 5 ns
LCS setup time for LRD (E) T Tese 5 ns
LCS hold time for LRD (E) ¥ Tecs 0 ns
LWRQ=0ON delay time for LCS J Teswr | CL = 40pF 12 ns
LWRQ signal Low time TwarT Note 1 6Tck+11 ns
Data output delay time for LRD (E) T Tewp | CL = 40pF 19 ns
Data output delay time for (LWRQ 1 Twrup | CL = 40pF 6 ns
Data float delay time for LRD (E) { Teior | CL = 40pF 19 ns
Data setup time for LRD (E) ¥ ToeL 22 ns
Data hold time for LRD (E) ¥ Telow 0 ns

Note 1: When CKSL = Low or CKSL = High, the data output delay time will be 12 T¢ « + 11.
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11-5-3. 16-bit I/F (1) (IF1 = Low, IFO = High)

- Read cycle
LA(1) <
< TARW > TRWA
LCS |/
| Tesrw 4—’|Tchs
WRQ N ,
Teswt  fe—ple Twar >
LR
. TRDHD
L.o(50) —n———— - F--¢
X TroLp > «—> TwrHp
- Write cycle
LA(1) >
Tarw - Trwa
[CcS /
Tesrw 4—>|Tchs
LWRQ N~ g
Teswr |[e—dle Twar >
LWR T
’ Trwr | e b >
LD(15:0)
‘ Towr >
Item Symbol Condition Min. Max. Unit
Address setup time for LRD, [WR T arw 17 ns
Address hold time for LRD, LWR T Trwa 0 ns
LCS setup time for LRD, LWR 4 Tesrw 5 ns
LCS hold time for LRD, LWR * Trwes 0 ns
LWRQ=ON delay time for LCS { Tcswr | CL = 40pF 12 ns
LWRQ signal Low time Twart Note 1 6Tck+11l | ns
Data output delay time for LRD J TroLD C_ = 40pF 29 ns
Data output delay time for LWRQ T Twthp C. = 40pF 16 ns
Data float delay time for LRD T TroHD C, = 40pF 30 ns
LWR signal width Twr Note 2 12 ns
Data setup time for LWR T Towr 22 ns
Data hold time for LWR T Twro 0 ns

Notel: When CKSL = Low or CKSL = High, the data output delay time will be 12 T¢ « + 11.
Note 2: The time that the WRQ signal is output will be the interval after WRQ goes High until WR goes
High.
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11-5-4. 16-bit I/F (2) (IF1 = Low, IFO = Low)

- Read cycle
LA(1)
< Tas > —Ton >
LCS
]| Tess [ Tscs
LRD(LS) Tes
< TRWS N le—|
LWR(R/W) Tt
< > < Tsuakr R
LWRQ
’ ’ TarRwDAKL |« >
LD(15:0)
‘ Tshp g
- Write cycle
LA(1)
’ Tas N _ Tsa N
LCS
[e—> Tscs
_ [ Tess
LRD(LS) Tsrw
- Trws . PR
LWR(R/W)
’ TshHakw N _ Tshakw N
LWRQ
LD(15:0)
) Takon g
Item Symbol Condition Min. Max. Unit
Address setup time for LRD (LS) ¢ | Tas 17 ns
Address hold time for LRD (LS) T | Tq, 0 ns
LCS setup time for LRD (LS) ¥ Tess 8 ns
LCS hold time for LRD (LS) T Tecs 0 ns
R/W setup time for LRD (LS) 4 Trws 3 ns
R/W hold time for LRD (LS) T Tsrw 4 ns
_ . —_ TsLakR C_=40pF Note 1 2Tk 6Tc 9 ns
ACK=ON delay time for LRD (LS) Teow | CL=40pF Note 1 | 2Tew | 6Torctd s
_ : =T} TsHakr C, = 40pF 16 ns
ACK=ON delay time for LRD (LS) T Tomar | CL= 40pF 6 -
Data float delay time for LIWRQ ToAKLR CL=40pF Note2 | 2Tcwk ns
(ACK) ¥
Data float delay time for LRD (LS) T | Tsup C. = 40pF 30 ns
Data setup time for LRD (LS) T Tost 22 ns
Data hold time for (WRQ (ACK) { | Taxon 0 ns

Note 1: When CKSL = Low or CKSL = High, MIN = 4T¢ x and MAX = 12T¢ «+9.
Note 2: When CKSL = Low or CKSL = High, MIN = 4T¢ .
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11-6. Timing when CPU emulation is selected

11-6-1. LCLK timing

The LCLK uses the following timing, even when the device is not in the emulation mode.

LCLK

A

S AN

TLCL
- When CKSL = Low (40 MHz, Tk = 25 ns)
ltem Symbol Condition Cycle Unit
LCKL=L.LCKO=L 2 MHz 20T ok
LCKL=L,LCKO=H 4 MHz 10Tk
Clock cycle Tiee  "[CK1=H, LCKO = L 10MHz ATk ns
LCK1 = H, LCKO = H 20 MHz 2Tk
- When CKSL = High (80 MHz, Teix = 25 ns)
Item Symbol Condition Cycle Unit
LCKL=L,LCKO=L 2 MHz 40T o
LCKL=L, LCKO=H 4 MHz 20T ok
Clock cycle Tie  'LCK1 = H, LCKO = L 10MHz 8Tk ns
LCK1 = H, LCKO = H 20 MHz AT
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11-6-2. 8-bit I/F (1) (IF1 = H, IFO = H)

- Read cycle
LA(5:0)
_ Tarw < Trwa )
LCS .
< TCSRW _ TRWCS
[WR N K
Q ~ TRWWT ~ TWTRVV R
LRD
. TRD ‘TRDHD
LD(7:0)
¢ TDRD
- Write cycle
LA(5:0)
Tarw < Trwa .
LCS N
< Tesrw > < » Trwes
LWR N o . S
Q . TRWWT _ . TWTRW
LWR T _ TWRHD _
RW < >
LD(7:0)
ltem Symbol Condition Min. Max. Unit
Address setup time for LRD, LWR 4 Tarw Tick-1 | Tiok +1 ns
, _ LWT1 =1L,
Address hold time for LRD, LWR T Tewa | \WTO=L Note | Tl | Teew+1 | ns
CS setup time for LRD, LWR { Tesrw Tick-1 | Tiax+1 | ns
CS hold time for LRD, LWR T Trwes 0 1 ns
LWRQ=ON set up time for LRD, IWR { | Trwwr Tick-12 ns
LRD, LWR = OFF signal Low time for
m T g TWTRW CL = 40pF 2TLCLK +2 3TLCLK ns
Data setup time for LRD T TorD 23 ns
Data hold time for LRD T TroHD 0 ns
LRD signal width Tro 2T cik ns
LWR signal width Twr 2T cik ns
Data output delay time for LWR J Twrip | CL = 40pF 5 15 ns
Data hold time for LWR T TWRHD TLCLK -2 TLCLK +1 ns

Note: The addresses do not change until the next cycle, so the hold time varies with value used for LWT.
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11-6-3. 8-bit I/F (2) (F1 =H,IFO=1L)

- Read cycle

Teve N
LRD(E)
» TAE TPWE » TEA N
LA(5:0)
LCS Tese DL
TEWT | » TWTE _
LWRQ N K
TRWE
LWR
TDEL _ TELRD
LD(7:0)
. Teve
- Write cycle >
CRD(E)
- TAE TPWE R TEA _
LA(5:0)
-  Tese ’ -
LCS b N —
Tewr - _ Twre N
[(WRQ Fomooee-- /
~ True ~ Terw
WR ) - S S—
 Toen ~ Tewo
LD(7:0) —
Iltem Symbol Condition Min. Max. Unit
Address setup time for LRD (E) 0 Tae Tiak-1 Tiok +1 ns
. —_ LWT1 =1L,
Address hold time for LRD (E) 4 Tea LWTO =L Note 2Tick-1 | 2Tick+1 | ns
R/W setup time for LRD (E) T Trwe Tick-1 Tick +1 ns
R/W hold time for LRD (E) ¥ Terw Tiak-l | Tiak+l ns
LCS setup time for LRD (E) T Tese Tick-1 Tk +1 ns
LCS hold time for LRD (E) Tecs Tick-1 Tick +1 ns
LWRQ=ON set time for LRD (E) T TewT CL = 40pF 2T cik -12 ns
LWRQ signal Low time for (WRQ T Twre CL = 40pF Tiok+2 2T cik ns
Data setup time for LRD (E) ¥ ToeL 23 ns
Data hold time for LRD (E) ¥ TeLRD 0 ns
LRD (E) signal width Trwe Ticik ns
LRD (E) cycle time Teve STicik ns
Data setup time for LRD (E) ¥ ToeL Tick -3 | Tick*l ns
Data hold time for LRD (E) ¥ Tewo Tick-1 Tick +1 ns

Note 1: When CKSL = Low or CKSL = High, the data output delay time will be 12 T¢ « + 11.
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11-6-4. 16-bit I/F (1) (IF1 = L, IFO = H)

- Read cycle
LA(5:1)
< TARW TRWA >
LCS N,
T
< o > < > Trwes
LWR N . S
Q . TRWWT _ . TWTRW _
LR
~ Tro D TRDHD‘
LD(15:0)
¢ TDRD
- Write cycle
LA(5:1)
. TARW _ TRWA _
LCS N .
p Tesrw R < > Trwes
LWRQ B TRWWT 1 o B TWTRW R
LWR
T
j TWR R o WRHD >
LD(15:0)
. Twrwo
Iltem Symbol Condition Min. Max. Unit
Address setup time for LRD, LWR { Tarw Tick-l | Tiak+l | ns
Address hold time for LRD, LWR 1 T tWTL =L, Tiek-1l | Tiek+l | ns
) RWA LWTO — L NOte LCLK LCLK
CS setup time for LRD, LWR | Tesrw Tiak-1 | Tiek+l | ns
CS hold time for LRD, LWR T Trwes 0 1 ns
LWRQ=ON set time for LRD, LWR l TrwwT Tick -12 ns
LRD, LWRQ = OFF del i for LWR
T ’ Q O de ay time for Q TWTRW CL = 40pF 2TLCLK +2 3TLCLK ns
Data setup time for LRD T Toro 23 ns
Data hold time for LRD T T roHD 0 ns
LRD signal width Tro 2T cik ns
LWR cycle time Twr 2T cik ns
Data setup time for LWR ¢ Twrio | CL = 40pF 5 15 ns
Data hold time for LWR T TwrHD Tok?2 | Tiak*l | ns

Note: The hold time varies with the LWT set value as the address does not change until next cycle.
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11-6-5. 16-bit I/F (2) (IF1 =L, IFO=L)

- Read cycle
LA(5:1)
L TAS | » TAKA N
LCS .
_ Tess | - Takes
LRD(LS)
L TRWS N
LWR(R/W) \
- TAKS |
[WRQ
LD(15:0)
- Write cycle
LA(5:1)
< TAS > < TAKA >
LCS N
- Tcss - _ Takes
LRD(LS)
- Tews . N
LWR(R/W) N
~ Taks R
[WRQ
LD(15:0)
Tsip [« > < > Tshow
Item Symbol Condition Min. Max. Unit
Address setup time for LS { Tas Tick-1 | Tiok*l | ns
Address hold time for ACK T T LWTL=L, 2Tick-1 | 3Tk +1 | ns
AKA LWTO - L NOte LCLK LCLK
LCS setup time for LS Tcss Ticik-1 | Tick*l | ns
LCS hold time for ACK T T akcs Ticik-1 | 2Ticik+1l | ns
R/W setup time for LS 4 Trws Tick-1 | Tick+l | ns
R/VV hOId t|me for ACK T TAKRW TLCLK -1 2TLCLK +1 ns
LS (LRD) OFF delay time for ACK d Taks CL=40pF Tick 2Tick+1 | ns
Data setup time for LS T TosH 23 ns
Data hold time for LS T TshHor 0 ns
Data output delay time for LS { Tsip CL= 40pF 2 17 ns
Data hold time for LS T TsHow 0 1 ns

Note: The hold time varies with the LWT set value as the address does not change until next cycle.
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12. External dimensions

80pin LQFP  Unit: mm

.. ABEAGRRRAAAAAAAR
= =

0.145 005 || Q 0.08 1.
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AL

1
| |

> le—0.45min
: 0.75 max
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13. Handling precautions
13-1. Design precautions
1) Never exceed the absolute maximum ratings, even for a very short time.
2) Take precautions against the influence of heat in the environment, and keep the temperature around the LSI
as cool as possible.
3) Please note that ignoring the following may result in latching up and may cause overheating and smoke.
- Do not apply a voltage greater than Vpp+3.3V (greater than 5.8V for 5V connectable terminals) to the
input/output terminals and do not pull them below GND.
- Please consider the voltage drop timing when turning the power ON/OFF. Consider power voltage drop timing
when turning ON/OFF the power.
- Make sure you consider the input timing when power is applied.
- Be careful not to introduce external noise into the LSI.
- Hold the unused input terminals to +3.3 V or GND level.
- Do not short-circuit the outputs.
- Protect the LSI from inductive pulses caused by electrical sources that generate large voltage surges, and
take appropriate precautions against static electricity.
4) Provide external circuit protection components so that overvoltage caused by noise, voltage surges, or static
electricity are not fed to the LSI.

13-2. Precautions for transporting and storing LSIs
1) Always handle LSlIs carefully and keep them in their packages. Throwing or dropping LSIs may damage them.
2) Do not store LSIs in a location exposed to water droplets or direct sunlight.
3) Do not store the LSI in a location where corrosive gases are present, or in excessively dusty environments.
4) Store the LSls in an anti-static storage container, and make sure that no physical load is placed on the LSIs.
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13-3. Precautions for mounting
1) Plastic packages absorb moisture easily. Even if they are stored indoors, they will absorb moisture as time
passes. Putting the packages in to a solder reflow furnace while they contain moisture may cause cracks in
plastic case or deteriorate the bonding between the plastic case and the frame. The storage warranty period
is one year as long as the moisture barrier bags are not opened.
2) If you are worried about moisture absorption, dry the chip packages thoroughly before reflowing the solder.
Dry the packages for 20 to 36 hours at 125+/-5°C. The packages should not be dried more than two times.
3) To heat the entire package for soldering, such as infrared or superheated air reflow, make sure to observe the
following conditions and do not reflow more than two times.
- Temperature profile
The temperature profile of an infrared reflow furnace must be within the range shown in the figure
below. (The temperatures shown are the temperature at the surface of the plastic package.)
- Maximum temperature
The maximum allowable temperature at the surface of the plastic package is 260°C peak [A profile].
The temperature must not exceed 250°C [A profile] for more than 10 seconds. In order to decrease
the heat stress load on the packages, keep the temperature as Low as possible and as short as
possible, while maintaining the proper conditions for soldering.

Package body temperature °C

Max. peak temperature 260°C
---------------------------------- Less than 10 seconds at 250 °C

| 1
| Preliminary , ! !

! heating ¢ 1 Main heating :
'14010200°C | ! 220°CorHigher |
1 60to 120 sec. i . Lessthan40sec. | Time

[A profile (applied to lead-free soldering)]

4) Solder dipping causes rapid temperature changes in the packages and may damage the devices. Therefore,
do not use this method.

5) Inthe case of using a soldering iron, the temperature of the soldering bit should be less than 350 degree and
the time should be less than 5 seconds. The number of time should be twice or less.

13-4. Other precautions

1) When the LSI will be used in poor environments (High humidity, corrosive gases, or excessive amounts of
dust), we recommend applying a moisture prevention coating.

2) The package resin is made of fire-retardant material; however, it can burn. When baked or burned, it may
generate gases or fire. Do not use it near ignition sources or flammable objects.

3) This LSI is designed for use in commercial apparatus (office machines, communication equipment,
measuring equipment, and household appliances). If you use it in any device that may require High quality
and reliability, or where faults or malfunctions may directly affect human survival or injure humans, such as in
nuclear power control devices, aviation devices or spacecraft, traffic signals, fire control, or various types of
safety devices, we will not be liable for any problem that occurs, even if it was directly caused by the LSI.
Customers must provide their own safety measures to ensure appropriate performance in all circumstances.
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