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DESCRIPTION

The uPD6708 is a peripheral LSI for microcontrollers that controls the protocol of the IEBus.

This LSI processes the protocol of the IEBus. Because it is provided with a transmit/receive buffer, the microcontroller
can concentrate on the application processing of the IEBus. Because the yPD6708 also contains an IEBus driver/receiver,

it can be directly connected to the bus.

FEATURES
* Protocol control of IEBus
e Multi-master system
» Broadcast communication function (commu-
nication between one unit and multiple units)
* Choice of three modes with different trans-

On-chip IEBus driver/receiver
Transmit/receive buffer
Transmit: 4-byte FIFO
Receive: 20-byte FIFO
Interface with microcontroller

mission speeds « Three-line serial /0 (SCK, SO, Sl pins)
e Transfer with MSB first
At 12 MHz At 12.58 MHz e Oscillation frequency (fx): 12 MHz, 12.58 MHz
Mode 0 | Approx. 3.9 Kbps | Approx. 4.1 Kbps e Inmodes 0 and 1. +1.5%
Mode 1 | Approx. 17 Kbps | Approx. 18 Kbps ¢ In mode 2: +0.5 %
Mode 2 | Approx. 26 Kbps | Approx. 27 Kbps e Supply voltage: Voo =5V 10 %

ORDERING INFORMATION

Part Number Package
uPD6708CX 16-pin plastic DIP (300 mil)
uPD6708GS 16-pin plastic SOP (300 mil)

APPLICATION FIELD
Fields where a small-scale digital data transfer system is required between equipment, such as automobile electronic
systems and industrial equipment
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PIN CONFIGURATION (TOP VIEW)

« 16 pin plastic DIP (300 mil)
UPD6708CX

* 16 pin plastic SOP (300 mil)
uPD6708GS

SCK

Sl

SO

IRQ
RIW
XI, XO
GND
BUS-, BUS+
AVbbp
c/D
[
RESET
TEST
Vobp

sck o—={ 10 16 F—O
SI O—{ 2 15 [=—oO0
SO O=—{ 3 14 {=—0
IRQ O=— 4 13 [=—0
RW O—{ 5 12 [=——0
Xl o—— 6 1 (—o0
X0 0—— 7 10 |0
GND 0—1 8 9 |=—w0

. Serial clock input

. Serial data input

. Serial data output

. Interrupt request output

. Read/write switchover input
: System clock

: Ground

. |EBus input/output

. IEBus analog power supply (connected to Voo pin)

: Command/data switchover input
: Chip select input

. Reset input

. Test input (connected to Voo pin)
. Positive power supply

Vob

TEST

RESET

c/D

AVop

BUS+

BUS-



NEC uPD6708

CONTENTS

A e | I 1 I N T 5
O R BT o) =T T T T o] 1SR UOPPRPPRRTN 5

2. IEBUS OPERATION ittt s e e e e e e e e e e e e e aeae et et et eeeeeeeeetesessss s e e aaseeaeaeaeeaaaaaaeeesnnns 6
N R O T o =T = 1 o] I @ A=Y a1 R POOPPUPPRRTN 6

2.2 IEBUS COmMMUNICAtION PrOtOCOI ...ttt e e ettt e e e ettt e e e e e ntaee e e e e e annneeeaeeaannnes 7
221 Bus mastership determination (arbitration)  ....oceiiiiiiii e 8

2.2.2 COMMUNICALION MOTES ..ottt e b e e e bt e s be e et e e e snbe e e nbee e s nabeeeas 8

2.2.3 [OFe] 2014 o108 g Tot=1uTe] g Tr=Te o {1 PR RRR TR 9

224 Broadcast COMMUNICALION  .....eiiii ettt ettt e e ettt e e e e ettt e e e et b e e e e e e enneeeeaeeanneeeaeaans 9

P T I 7= V0 Y 1= g = (0 (o o] | KPP RRRRSPPRRR 10

2.4  Transfer Data (Contents of Data FIeld) ..ot e et e e e e e e e anees 16

P T = 11 o] 0 T | PR RUR PRSI 19

3. INTERNAL CONFIGURATION ..ottt s e s e e e e e e e e e e e e e e e e e e e e e e e eeeeaeaesesnnnnnnnnnn i anan s 20
3.1 Data LinK Layer CONrOIEE ...ttt ettt e e oottt e e e e ettt e e e e amtbe e e e e e e seaeeeaeaamnneeaeeeannnneeeeaannes 21

3.2 PhysSical Layer CONTrOIEr ...ttt ettt e e e ettt e e e e e ste et e e e e antbaeeeaeaanntneeaeeeannnneeaeeannes 21

3.3 IEBUS DIIVEITRECEIVET  .eeiiiiiiiieiie ettt oottt e oo ekttt e e e e e sttt e e e e e e nbe et e e e e ntee e e e e e e annseeeaeeeamsbeeeeeeanbneeaaaaaann 21

R o [0 1S A 1= = o] ST 21

4. INTERFACING WITH HOST CONTROLLER ..ottt s s e e e e e e e e e e e e e e e e e eeeeeeeaeenensenennnnnnns 22
4.1 Accessible Buffers and Registers from HOSt CONtroller e 22
4.1.1 Write data DUFFEr (WDB) it e et e e e et e e e e e e st a e e e e e s rb e e e e e s nntbaaeaeean 22

4.1.2 Read data BUfEr (RDB)  .iocoiiiiiiiiei ittt ettt e e et e e e e et e e e e e asb bt e e e e e e snbateaeeesntaeaeeeaan 22

4.1.3 Command regiStEr (CIMR) ...ttt e e e e ettt e e e e e aate e e e e e e ansteeeaeeantneeaaeeannas 22

4.1.4 SHAUS FEGISTET (STR)  oiiiiiiiiiiie ettt ettt e e e ettt e e e e e eetee e e e e amtbe e e e e e e saeeeeeeaansseeaeeeannneeaaeaannas 23

o o o [ a1 (T F= Tod I Lo Yo [PPSR 23
4.2.1 Switching through Pin CONTIOI oo e e e s eraaee s 24

4.2.2 Switching through software CONIrOl ... e 26

B = =TT o) 1Y [ To [ PP RUUPP PP 28

5. COMMUNICATION CONTROL COMMANDS ...ttt s e e e e e e e e e e e aeaeaeaeananeees 30
5.1 Overview of Communication Control COMMANTS  ....oiiiiiiiiiiee ettt 30

5.2  Communication Control Command FUNCLONS  ...oiiiiiiiiiiieiiiie et 31
5.21 INIT command (command COde: 0000)  .....uuiiieiiiiiiiie et e et e e et e e e e et eaeaasnneeeeeeaanneeeeeaan 31

5.2.2 SETSA command (command code: 000L1)  .iiiiiiiiiiiiiiiee et e et e e et e e e e e e enaeeaaeeeneas 32

5.2.3 MREQ1 command (command code: 0010)  ..ooooiiiiiiiiiiiiiiie e 33

5.2.4 MREQ2 command (command code: O0LL)  ..oooiiiiiiiiii i 34

5.2.5 ABORT command (command code: 0100)  ..ooiiiiiiiiiiiiiiiee et e et e e e e e e e e e e nraeeeaeean 34

5.2.6 SETSD command (command code: 0L101)  uiiiiiiiiiiiiiiee et e e et e e e e e e eneaeeaaeeeneas 35

5.2.7 GETSTA command (command Code: 0110)  .cuviiieiiiiiiiiee et e e e e s e e e e e e e s eaarereeeeeaees 36

5.2.8 SETREV command (command COde: 0111)  .oooiiiiiiiiiiiiiee ettt e e st e e e et e e e e s enarenae e e e 37

T o LU N T O ] 38
6.1 Return Codes in Master/Slave Data TranSMISSION  ....cociiiiiiiiiiiiie et e s 38

6.2  Return Codes in Master RECEPIION  ..oiiiiiiiiiiiiie ettt e e e e e e e e s et e e e e e e aateeaeeesatreaeessstbnaeeesanes 38

6.3  Return Codes in SIAVE RECEPIION  ...uiiiii ittt e et e e e e et e e e e e asbaa e e e e e s ssaateeeeesrnsseaeeeannnes 39

6.4 Return Codes in BroadCast RECEPLON  ..oiiiiiiiiiiiiie ettt e et e e s e e e e e e e bt e e e e e s st eeeeessntbeaeeesannes 39

6.5 Return Codes GEeNEration INTEIVAIS  ....coiiiiiiiiiie ettt et e e eenibee e 40

7. COMMUNICATING WITH HOST CONTROLLER ...t e e e e e e e e e e e e e e eeeeeeennees 43
A T - 1S3 (=T g I = 1 £ 0 ST o o PP PR TPRPRTP 43
7.1.1 Master transmission by MREQZL COMMANG  ..oooiiiiiiiiiiiiiie et e e e eeieee e 43

7.1.2 Master transmission by MREQ2 COMMANG  ..oooiiiiiiieieiie et e e e e enaeeee e 44



NEeC uPD6708

7.2 SIAVE TTANSIMISSION  .eiiiiiiiitii ittt ettt ettt ettt b et e bt ek bt e bt e eb et e bt e s ha e e bt e et bt e b e e ne b e e ke e san e e be e e naneeee 44
721 D= 1= W (= 10 1S] 1 01T (o o LSRRI 44

7.2.2 Transmitting slave status address and [0CK addreSS ..o 45

RS T - 1S (=T g = LYot = o) Ao o SRR 45

A S F= 1YL S LYot = o) o) o U RRT PRI 46

AR T =T (o = To [or= S a2 d=To =T o1 1o o H PR URTPPRRR 47

8. EXAMPLE OF HOST CONTROLLER PROCESSING FLOW .....oiitiiiiiiiiiieeiiiiiiieie et 48
S0 R /- U1 = o U4 1= RO RU PRI 48

8.2 INtErruPt SEIVICE ROULINE ..ottt e e e ettt e e e e e tbe e e e e e e nee e e e e e e e sbeeeeaeaantbeeeeeeannaneeaaeaannen 49

8.3 PrOCESSING ROULINE ittt ettt e oottt e e e e ottt e e e e aa et et e e e e e nbe et e e e e e seeeeeeeaansbeeeeaeannbaeeaeeaannnnseeeaaaaan 50
8.3.1 UPDB6708 iNitialiZation FOULINE  ....uiiiiiiiiiiiiii ettt e e e e e e e e e et e e e e e ssbb e e e e e s sntbeeaeeeannes 50

8.3.2 Communication control command processing rOULINE  .oouviiiiiiiiiiiie e eree e 51

8.3.3 Master transmissSion ProCeSSING FOULINE ..oiiiiiiiiiiiiie et e ettt e e et e e e e e e e e e e anneeeeeeann 57

8.34 Slave data transmission ProCeSSING FOULINE ..oiiiiiiiiiiiiee e e e et e et e e e e e e e e e e e eneee 58

8.3.5 Master reception ProCeSSING FOULINE  .ooiiiiiiiieiiiiiii e ettt e et e e e et e e e s et e e e e e et e e e e e e snraeeeeaans 59

9. ELECTRICAL SPECIFICATIONS ...ttt ettt ettt e e e e e e e e e e e e e e e e s s eee s 63
10. PACKAGE DRAWINGS ... ittt e e e a4 e ottt et e e e e e s e e e e e e e e e e e e e e e e s b e eneeeas 67
11. RECOMMENDED SOLDERING CONDITIONS ... ..ottt 69
APPENDIX MAJOR DIFFERENCES BETWEEN uPD6708 AND uPD72042A, uPD72042B ................... 70



NEC

uPD6708

1. PIN FUNCTIONS

1.1 List of Pin Functions

Pin No. | Pin Name | Input/Output

Function

1/0 Format

At Reset

1 SCK Input

Input for serial clock used to interface with microcontroller.

CMOS input

Input

2 Sl Input

Input for serial data used to interface with microcontroller.

CMOS input

Input

3 SO Output

Output for serial data used to interface with microcontroller.

CMOS output

High level

4 IRQ Output

Output used by interrupt request signals generated by
communication and command execution results.

Used as operation start request signal to microcontroller.
The interrupt request signal is output for 8 us or longer
at high level.

CMOS output

Low level

5 RIW Input

Input for switching serial interface read/write mode.

When high, it is in the read mode. When low, it is in the
write mode.

When this pin is low and c/D pin high, the read and write
modes can be switched by commands input from the serial
interface.

CMOS input

Input

Connection pins for system clock resonator.

Use a 12- or 12.58-MHz crystal, or ceramic resonator.

Frequency precision depends on the communication mode

used.
Mode 0
Mode 1
Mode 2

+1.5 %
+1.5%
+0.5 %

(Oscillation
continues)

8 GND —

Ground

9 BUS-
10 BUS+

Input/output

Input/output for IEBuSs.

High
impedance

11 AVbp —

IEBus driver/receiver analog power supply. Connect to Voo.

12 c/D Input

Input used to switch between processing data input to the
serial interface as commands or data.

When set to high, data is processed as commands; when
low, data is processed as data.

When this pin is high and RIW pin low, the read and write
modes can be switched by commands input from the serial
interface.

CMOS input

Input

13 CS Input

Chip select input.

When low, serial interface input is enabled.

When high, serial clock (SF() input is disabled, SO pin
becomes high impedance, and the serial clock counter is
reset.

The status of CS pin is not affected by IEBus transmit and
receive operations.

CMOS input

Input

14 RESET Input

System reset signal input pin.

Low input effects a reset.

Always input the low signal for 6 us or longer after turning
on the power.

CMOS input

Input

15 TEST Input

Always connect this pin to the Vop.

CMOS input

16 Voo —_

Positive power supply input. Apply a voltage of 5 V +10 %.
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2. |EBus OPERATION

2.1 Operation Overview

The uPD6708 is an IEBus interface CMOS LSI device.

The IEBus is a bus for a small-scale digital data transfer system designed to transfer data between electronic devices.

The uPD6708 is connected to a microcontroller incorporated in electronic equipment with a serial interface (ﬁ(, SO,
Sl pins). The data and commands required to transfer data with the host controller (microcontroller) are set via this serial
interface.

When the host controller transmits data to the uPD6708 via the serial interface, signals are output from the BUS pins
(BUS+ and BUS-). Data received from the BUS pins can be read by the host controller via the serial interface.
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2.2 IEBus Communication Protocol
An overview of the IEBus is as follows.

Communication system: Half-duplex asynchronous communication

Multi-master system
All the units connected to the IEBus can transfer data to the other units.

Broadcast communication function (communication between one unit and multiple units)
Group broadcast communication:  Broadcast communication with group units

General broadcast communication: Broadcast communication with all units.

Three modes with different transfer speeds selectable.

fx = 12 MHz fx = 12.58 MHz Maximum Number of Transfer Bytes
(bytes/frame)
Mode 0 Approx. 3.9 Kbps Approx. 4.1 Kbps 16
Mode 1 Approx. 17 Kbps Approx. 18 Kbps 32
Mode 2 Approx. 26 Kbps Approx. 27 Kbps 128

Access control: CSMA/CD (Carrier Sense Multiple Access with Collision Detection)
The priority order for bus occupancy is as follows.

<1> Broadcast communication takes precedence over ordinary communication (i. €., communication between one
unit and another).
<2> The lowest master address has the highest priority.

Communication scale
Number of units: MAX. 50
Cable length: MAX. 150 m (with twisted-pair cable <Resistance: 0.1 Q/m or less>)
Load capacity: MAX. 8000 pF <between BUS- and BUS+>, fx= 12 MHz

MAX. 7100 pF <between BUS- and BUS+>, fx= 12.58 MHz
Terminating resistor: 120 Q
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2.2.1 Bus mastership determination (arbitration)

When a unit connected to the IEBus controls another unit, it performs an operation to occupy the bus. This operation
is called arbitration.

Arbitration is to select one unit, and if several units begin to transmit data simultaneously, gives permission to occupy
the bus to that one unit.

So that one unit is granted the permission to occupy the bus as a result of the arbitration, the following priority conditions
are determined.

Remark  The units not given permission through arbitration are automatically allowed to get into retransfer mode (number
of retransfer times for the uPD6708: 3).

(1) Priority according to type of communication
Broadcast communication (between a single and multiple units) takes precedence over ordinary communication
(between single units).

(2) Priority according to master address
If the communication devices are of the same type, the unit with the lowest master address has the highest priority.

Example The master address comprises 12 bits, and unit 000H has the highest priority while unit FFFH has the lowest
priority.

2.2.2 Communication modes
The IEBus is provided with three communication modes with different transfer speeds. The transfer speed and maximum
number of transfer bytes in a single communication frame in each communication mode are shown in Table 2-1.

Table 2-1. Transfer Speed and Maximum Number of Transfer Bytes in Each Communication Mode

Communication Mode Maximum Number of Transfer Bytes (bytes/frame) Actual Transfer Speed "¢ ! (Kbps)
fx= 12 MHz Noe 2 fx = 12.58 MHz Nete 2

0 16 Approx. 3.9 Approx. 4.1

1 32 Approx. 17 Approx. 18

2 128 Approx. 26 Approx. 27

Notes 1. Actual transfer speed when the maximum number of bytes is transferred
2. Oscillation frequency when the uPD6708 is used

Cautions 1. A communication mode is selected for each unit connected to the IEBus before communication is
performed. If the communication mode of the master unit is not the same as that of the unit with
which the master unit is to communicate (slave unit), communication cannot be performed correctly.

2. If the oscillation frequency of one unit is fx = 12 MHz and that of the other unit is fx = 12.58 MHz,
communication cannot be performed correctly even if the communication mode is the same. Make
sure that the oscillation frequencies of the two units to communicate are the same.
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2.2.3 Communication address
With the IEBus, a 12-bit communication address is assigned to each unit. The communication address is made up as ad
follows.

Higher 4 bits: Group number (number which identifies the group to which the unit belongs)
Lower 4 bits: Unit number (number which identifies a unit within a group)

2.2.4 Broadcast communication

In ordinary communication, there is only one master unit and one slave unit, and transmission or reception is performed
on an one-to-one basis. In broadcast communication, however, there are a number of slave units and the master unit
performs transmission with these slave units. Because there are several slave units, no acknowledge signals is returned
from the slave units during communication.

Whether broadcast communication or ordinary communication is performed is specified by the broadcast bit (for the
broadcast bit, see 2.3 (1) <2> “Broadcast bit" ).

There are two kinds of broadcast communication, as follows.

(1) Group broadcast communication
Broadcast communication is performed to the units in a group whose group numbers are the same as that specified by
the higher 4 bits of the communication address.

(2) General broadcast communication

Broadcast communication is performed to all units irrespective of their group numbers.

Group broadcast communication or general broadcast communication is identified by the value of a salve address (for
the slave address, see 2.3 (3) “Slave address field” ).
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2.3 Transfer Protocol

The IEBus transfer signal format is shown in Figure 2-1.
Data is transferred as a series of signals called a communication frame. The number of data that can be transferred in

one communication frame and the transfer speed differ depending on the communication mode.

Figure 2-1. Transfer Signal Format

(fx = at 12 MHz)

Field Name Header Master Slave Address | Control Field Message Data Field
Address Field Field Length Field
Number of Bits 1 1 12 1 12 1 1 4 1 1 8 1 1 8 1 1 8 1 1
Broad- Message
Start| a6t | Master | P | Slave | P | A |Control| P| A LeSnSgtgh P| A| Data |P [A Data | P| A
Bit | Bjt |Address Address Bit Bit Bit Bit
Transfer Time
Mode 0 Approx. 7330 Us Approx. 1590 x N us
Mode 1 Approx. 2090 us Approx. 410 x Nus
Mode 2 Approx. 1590 us Approx. 300 x Nus

P: Parity bit (1 bit)
A: Acknowledge bit (1 bit)

When A = 0: ACK
When A = 1: NAK
N: Number of data bytes

Remark In broadcast communication, the value of the acknowledge bit is ignored.

(1) Header

10

A header comprises a start bit and a broadcast bit, as described below.

<1> Start bit

The start bit is a signal which tells the other units that data transmission will start.

The unit which is about to start transmitting data will output the low signal (the start bit) for a specified time, and then
outputs the broadcast bit.

If another unit is already outputting a start bit before one unit outputs a start bit, the unit will not output the start bit.
It will wait until the another unit completely outputs the start bit, and then outputs the broadcast bit.

The units other than the one that has started transmission detect this start bit and enters the reception state.

<2> Broadcast bit

The broadcast bit distinguishes between broadcast communication and ordinary communication.

When this bit is ‘0, it indicates broadcast communication; when it is ‘1’, it indicates ordinary communication. There
are two types of broadcast communication: group broadcast and general broadcast. These types are identified by the
value of the slave address (for the slave address, see (3) “Slave address field” ).

In broadcast communication, there are a number of slave units. Therefore, the acknowledge bit is not returned in the
fields described in (2) below and onward.

If two or more units start to transmit a communication frame simultaneously, broadcast communication takes
precedence over ordinary communication, and wins in the arbitration.



NEC uPD6708

(2) Master address field

The master address field is used to transmit the unit address of the master unit (master address) to the other units.

The master address field consists of master address bits and a parity bit.

The master address comprises 12 bits and is output from the MSB.

If two or more units start transmitting the broadcast bit of the same value simultaneously, the arbitration decision is made
by the master address field.

The master address field compares the data the master has output with the data on the bus each time the master transmits
1 bit of data. If the master address output by the master unit is different from the data on the bus, the master unit assumes
that it has lost in arbitration, stops transmission, and enters the reception state.

Because the IEBuUs has a wired-AND configuration, the unit having the lowest master address of the units participating
in the arbitration (arbitration masters) wins in the arbitration. Ultimately, only one unit remains in the transmission state
as the master unit after outputting a 12-bit master address.

This master unit then outputs a parity bit ¢, makes the other units confirm the master address, and then outputs the
slave address field.

Note  Even parity is used. When the number of the bits that are ‘1’ in the master address is odd, the parity bit is ‘1",

(3) Slave address field

The slave address field is used to transmit the address (slave address) of a unit (slave unit) with which the master wishes
to communicate.

The slave address field consists of slave address bits, a parity bit, and an acknowledge bit.

The slave address comprises 12 bits and is output from the MSB. After the 12-bit slave address is transmitted, the parity
bit is output to prevent the slave address from being received incorrectly. Next, the master unit looks for the acknowledge
signal (bit) from the slave unit to confirm that the slave unit exists on the bus. When the master unit detects the acknowledge
signal, it starts outputting the control field. In the case of broadcast communication, however, the master unit outputs the
control field without waiting for the acknowledge bit.

A slave unit outputs the acknowledge signal if it has detected that its slave address coincides with that selected by the
master and that the parities of both the master and slave addresses are even. If the parity is odd, the slave unit assumes
that the master or slave address has not been correctly received, and does not output the acknowledge signal. In this case,
the master unit enters the standby (monitor) state and communication ceases.

In the case of broadcast communication, the slave address is used to distinguish between group broadcast and general
broadcast as follows:

Slave address = FFFH: General broadcast communication
Slave address # FFFH: Group broadcast communication

Remark In the case of group broadcast communication, the group number is the value of higher 4 bits of the slave
address.

11

ad



NEeC uPD6708

(4) Control field

The control field indicates the type of data and the transfer direction of the subsequent data field.

The control field consists of 4 control bits, a parity bit, and an acknowledge bit.

The control bits are output from the MSB.

A parity bit is output after the control bits. When the parity is even and the slave can execute the function requested
by the master unit, the slave unit outputs an acknowledge signal, and then outputs the next message length field. If the
slave unit cannot execute the function requested by the master unit even if the parity is even, or if the parity is odd, the slave
unit does not output the acknowledge signal but returns to the standby (monitor) state.

After the master unit has confirmed the acknowledge signal, it starts outputting the next message length field.

If the master unit is cannot confirm the acknowledge signal, it enters the standby state and stops communication. In
the case of broadcast communication, however, the master unit starts outputting the message length field without confirming
the acknowledge signal.

For the functions of the control bits, see Table 2-3.

(5) Message length field

The message length field is used to specify the number of communication data bytes.

The message length field comprises 8 message length bits, a parity bit and, an acknowledge bit.

The message length bits are output from the MSB. The message length bits indicate the number of communication data
bytes as shown in Table 2-2.

Table 2-2. Meaning of Message Length Bits

Message Length Bits (hex) Number of Transmission Data Bytes
01H 1 byte
02H 2 bytes
FFH 255 bytes
00H 256 bytes

Remark  Inthe communication mode, if the number of bytes exceeding the maximum number of transfer bytes per frame
is set, two or more frames are communicated. In this case, the message length bits indicate the number of
remaining communication data bytes during the second communication and onward.

The operation of this field differs depending on whether the master transmits (bit 3 of control bits is 1) or receives (bit
3 of control bits is 0) data.

<1> When master transmits data

The message length bits and parity bit are output by the master unit. The slave unit outputs the acknowledge signal
and then the next data field if it detects that the parity is even. The slave unit does not output the acknowledge signal
in the case of broadcast communication.

If the parity is odd, the slave unit assumes that the message length bits have not been received correctly, and returns
to the standby (monitor) state without outputting the acknowledge signal. In this case, the master unit also returns to
the standby state, and communication ceases.

12
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<2> When master receives data

The message length bits and parity bit are output by the slave unit. The master unit outputs the acknowledge signal g
if it detects that the parity bit is even.

If the parity is odd, the master unit assumes that the message length bits have not been received correctly, and returns
to the standby state without outputting the acknowledge signal. In this case, the slave unit also returns to the standby
state, and communication ceases.

(6) Data field

The data field is used to transmit/receive data to/from the slave units.

The master unit uses the data field to transmit data to and receive data from the slave units.

The data field consists of 8 data bits, a parity bit, and an acknowledge bit.

The data bits are output from the MSB.

Following the data bits, the parity bit and acknowledge bit are output from the master unit and the slave unit, respectively.

Broadcast communication is performed when only the master unit transmits data. At this time, the acknowledge signal
is ignored.

The operation differs depending on whether the master performs transmission or reception, as follows.

<1> When master transmits data

When the master unit writes data to the slave unit, the master unit transmits data bits and a parity bit to the slave unit.
The slave unit receives the data bits and parity bit. If the parity is even and the receive buffer is empty, the slave unit
outputs the acknowledge signal. If the parity is odd and the receive buffer is not empty, the slave unit denies
acknowledgment of the corresponding data and does not output the acknowledge signal.

If no acknowledge signal is output from the slave unit, the master unit transmits the same data again. The master
unit continues this operation until it detects the acknowledge signal from the slave unit or the data reaches the maximum
number of transfer bytes.

If the parity is even and the acknowledge signal has been output from the slave unit, and if the master unit has more
data to transmit and the maximum number of transfer bytes is not exceeded, the master unit will transmit the next data.

In the case of broadcast communication, the slave unit does not output the acknowledge signal, and the master unit
transfers data on a byte-by-byte basis.

<2> When master receives data

When the master unit reads data from the slave unit, the master unit outputs synchronization signals corresponding
to all the read bits.

The slave unit outputs the contents of the data and parity bits onto the bus in accordance with the synchronization
signals from the master unit.

The master unit reads the data and parity bit output by the slave unit, and checks the parity.

If the parity is odd or the receive buffer is not empty, the master unit denies acknowledgement of that data and does
not output the acknowledge signal. If the data is within the maximum number of transfer bytes that can be transmitted
in one frame, the master unit repeatedly reads the same data.

If the parity is even and the receive buffer is empty, the master unit acknowledges the data and transmits back the
acknowledge signal. If the data is within the maximum number of bytes that can be transmitted in one frame, the master O
unit reads the next data.
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(7) Parity bits

Parity bits are used to check that there is no error in the transfer data.
A parity bit is added to the master address bits, slave address bits, control bits, message length bits, and data bits.
Even parity is used. If the number of the bits that are ‘1’ bits in data is odd, the parity bit is ‘1’, and if the number of the

bits that are ‘1’ bits is even, the parity bit is ‘0’.

(8) Acknowledge bits

In ordinary communication (between two units), an acknowledge bit is added to the following places to confirm that data

has been acknowledged correctly.

e At the end of the slave address field.

e At the end of the control field.

« At the end of the message length field.
¢ At the end of a data field.

The definition of the acknowledge bit is as follows.

¢ ‘0" Indicates that transfer data has been acknowledged (ACK).
¢ ‘1" Indicates that transfer data has not been acknowledged (NAK).

Note that the value of the acknowledge bit is ignored in broadcast communication.

<1> Acknowledge bit at the end of the slave field
When any of the following conditions is met, the acknowledge bit at the end of the slave field is NAK, and
communication is discontinued.

¢ If the parity of the master address bits or slave address bits is incorrect.
< If a timing error (error in bit format) occurs.
¢ If the slave unit does not exist.

<2> Acknowledge bit at the end of the control field
When any of the following conditions is met, the acknowledge bit at the end of the control field is NAK, and
communication is discontinued.

¢ If the parity of the control bits is incorrect.

< If bit 3 of the control bits is ‘1’ (write operation) when the slave receive buffer N°¢ is not empty.

¢ If the control bits indicate read operation (3H or 7H) when the slave transmit buffer N is empty.

e If3H, 6H, 7H, AH, BH, EH, or FH of control bits is requested from a unit other than the unit which set the lock when
a lock has been set.

< If the control bits indicate lock address read (4H) when a lock has not been set.

e If a timing error occurs.

¢ If the control bits are undefined.

Note  See 2.4 (1) “Reading slave status (SSR) (control bit: OH, 6H) ".
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<3> Acknowledge bit at the end of a message length field
When either of the following conditions is met, the acknowledge bit at the end of the message length field is NAK,

and communication is discontinued.

If the parity of the message length bits is incorrect.

e If a timing error occurs.

<4> Acknowledge bit at the end of a data field
When any of the following conditions is met, the acknowledge bit at the end of a data field is NAK, and communication

is discontinued.

« If the parity of the data bits is incorrect Nete,
If a timing error occurred in or after the previous acknowledge bit transmission.

If the receive buffer is full and cannot accept any more data Not©.

In this case, if the number of transfer bytes is within the maximum number of bytes which can be transmitted, the

Note
transmitting side re-executes transmission of that data field.
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2.4 Transfer Data (Contents of Data Field)
The contents of the data field are data specified by the control bits.

Table 2-3. Functions of Control Bits

Bit 3 Notel Bit 2 Bit 1 Bit 0 Function Note 2
OH 0 0 0 0 Reads slave status (SSR)
1H 0 0 0 1 Undefined
2H 0 0 1 0 Undefined
3H 0 0 1 1 Reads and locks data
4H 0 1 0 0 Reads lock address (lower 8 bits)
5H 0 1 0 1 Reads lock address (higher 4 bits)
6H 0 1 1 0 Reads and unlocks slave status (SSR)
7H 0 1 1 1 Reads data
8H 1 0 0 0 Undefined
9H 1 0 0 1 Undefined
AH 1 0 1 0 Writes and locks command
BH 1 0 1 1 Writes and locks data
CH 1 1 0 0 Undefined
DH 1 1 0 1 Undefined
EH 1 1 1 0 Writes command
FH 1 1 1 1 Writes data

Notes 1. Depending on the value of bit 3 (MSB), the transfer direction of the message length bits of the subsequent
message field and data field differs.
When bit 3 is “1”, data are transferred from the master unit to the slave unit.
When bit 3 is “1”, data are transferred from the slave unit to the master unit.
2. 3H, 6H, AH, and BH are control bits that specify locking or unlocking.
If any of undefined values 1H, 2H, 8H, 9H, CH, or DH is transmitted, no acknowledge bit is returned.

A unit locked by the master unit rejects acknowledging the control bits and does not output the acknowledge bit if the
control bits received from the master unit which requested locking is in any other state than that shown in Table 2-4.

Table 2-4. Control Field Corresponding to Locked Slave Unit

Bit 3 Bit 2 Bit 1 Bit 0 Function
OH 0 0 0 0 Reads slave status
4H 0 1 0 0 Reads lock address (lower 8 bits)
5H 0 1 0 1 Reads lock address (higher 4 bits)
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(1) Reading slave status (SSR) (control bit: OH, 6H)
The master unit can learn the reason why the slave unit has not returned the acknowledge bit (ACK) by reading the

slave status.

The slave status is determined by the results of the last communication performed by the slave unit.

All the slave units can provide slave status information.

The meanings of the slave status are shown in Table 2-5.

Figure 2-2. Bit Configuration of Slave Status (SSR)

MSB LSB
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Table 2-5. Meanings of Slave Status
Bit Value Meaning
Bit Q Nete? 0 Slave transmit buffer empty
1 Slave transmit buffer is not empty.
Bit 1 Nete2 0 Slave receive buffer empty
1 Slave receive buffer is not empty.
Bit 2 0 Unit is not locked.
1 Unit is locked.
Bit 3 0 Fixed to ‘0’
Bit 4 Nete3 0 Slave transmission ends
1 Slave transmission enabled
Bit 5 0 Fixed to ‘0’
Bit 7 00 Mode 0 Indicates the highest mode the unit
Bit 6 01 Mode 1 supports Noe 4,
10 Mode 2
11 For future expansion

Notes 1. The slave transmit buffer is the buffer accessed during data read processing (control bits: 3H, 7H).

With the uPD6708, this buffer corresponds to the write data buffer (WDB) when the SETSD command is valid
(see 5.2.6 “SETSD command” ).
2. The slave receive buffer is the buffer accessed during data write processing (control bits: 8H, AH, BH, EH, FH).
With the uPD6708, this buffer corresponds to the read data buffer (RDB).
3. The value of bit 4 can be selected by INIT command (see 5.2.1 “INIT command” ).
4. Because the yPD6708 can support mode 2, bits 7 and 6 are fixed at ‘10"
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(2) Transferring data command (control bit: read (3H, 7H), write (AH, BH, EH, FH))

During data read (3H, 7H), the data in the data buffer of the slave unit are read to the master unit.

During data write (BH, FH) or during command write (AH, EH), the data the slave unit has received are processed
according to the operation convention.

Remarks 1. The user can voluntarily select data and command as his system requires.
2. Control bits 3H, AH, and BH may be locked depending on the communication condition and status.

(3) Reading lock address (control bits: 4H, 5H)
When the lock address is read processing (4H, 5H), the address (12 bits) of the master unit that has issued the lock
instruction is read in 1-byte units, as shown below.

Figure 2-3. Lock Address Configuration

MSB LSB

Control Bits : 4H Lower 8 Bits

Control Bits : 5H Undefined Higher 4 Bits

(4) Locking and unlocking (locking (3H, AH, BH), unlocking (6H))
The lock function is used to transfer a message over two or more frames.
A locked unit receives data only from the unit that has locked the unit.
Locking and unlocking are performed as described below.

<1> Locking

After the transmission/reception of the acknowledge bit ‘0’ of the message length field by the control bits (3H, AH,
BH) which specify the lock has ended, if the communication frame is completed without completing the transmission or
reception of the number of data bytes specified by the message length bits, the slave unit is locked by the master unit.
At this time, the bit (bit 2) relating to the locking of the byte which indicates the slave status is set to ‘1.

<2> Unlocking

After completion of transmission or reception of data in one frame by the number of data bytes specified by the message
length bits with control bits (3H, AH, or BH) specifying locking or control bits (6H) specifying unlocking, the slave unit
is unlocked by the master unit. At this time, the bit (bit 2) relating to the locking of the byte which indicates the slave
status is reset to ‘0’

Locking and unlocking are not performed in the case of broadcast communication.
Caution  To unlock the unit specified to be unlocked by the unit itself, the INIT command (see 5.2.1 “INIT

command”) must be executed withthe  uPD6708 (Whether a unitis locked or not can be checked by using
the GETSA command (see 5.2.7 “GETSA command”).
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2.5 Bit Format
The IEBus communication frame bit format (concept) is shown in Figure 2-4.

Logic "1"

Logic "0"

Figure 2-4. IEBus Bit Format (Concept)

—

|t - |t
o

Y

Preparation Period | Synchronous Period Data Period Preparation Period | Synchronous Period Data Period

Logic “1": Potential difference between bus lines (BUS+ pin and BUS- pin) is 20 mV or lower (low level).
Logic “0": Potential difference between bus lines (BUS+ pin and BUS- pin) is 120 mV or higher (high level).

Preparation period: The first or subsequent low-level (logic “1") period
Synchronous period: The next high-level (logic “0”) period
Data period: The period that expresses the bit value (logic “1”: low level; logic “0”: high level)

The synchronous period and data period have approximately the same length.

The IEBus uses bit-by-bit synchronization. The specifications for the total bit time and the periods allocated to the bits
depend on the type of transfer bit, and on whether the unit is the master unit or the slave unit.
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3. INTERNAL CONFIGURATION
The uPD6708 is composed of the following four blocks.

(1) Data link layer controller
(2) Physical layer controller
(3) IEBus driver/receiver

(4) Host interface

Figure 3-1. uPD6708 Internal Blocks

Host Interface

L ~] Status Register
—v] (sTR)

Data Link Layer Controller \‘_‘// —N SCK
L——~N| Read Data Buffer Y
V| (RDB) 20 Bytes
| o Shift SQ
Register !
<;: Write Data Buffer !
(WDB) 4 Bytes SI:

Receiver! ! ! :
: ‘ Filter | | : Command Registe _
> K ] " ewR | cs

BUS- Bit Sequencer  K——)) |
1 ! | IRQ
! K ‘ | ; Serial I/O =
L Dver N I Controller C/E
IEBus Driver/Receiver Physical Layer Controller ‘ RIW
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3.1 Data Link Layer Controller

The datalink layer controller performs processing of the IEBus protocol data link layer (frame composition and resolution,
communication error detection, etc.), execution of communication control commands set by the host controller, and generate
a return code that informs the host controller of the communication status.

3.2 Physical Layer Controller
The physical controller performs generation and resolution of bit timing and also converts the signals between the bus
lines through the driver/receiver.

3.3 IEBus Driver/Receiver
The driver/receiver performs conversion between the logic signals within the uPD6708 and the IEBus signals. The IEBus
signals and their relationship to the logic statuses are shown in Table 3-1.

Table 3-1. Relationship between IEBus Signals and Logical Statuses

Logical Status IEBus Signals
0 (BUS+) — (BUS-) = 120mV
1 (BUSH+) — (BUS-) < 20mV

3.4 Host Interface

The host Interface is a block which controls the transmission and reception of data to and from the host controller. It
accepts communication control commands, passes on return codes, and forwards transmit data.

The forwarding of transmit data takes place through the FIFO buffers, 4 bytes of write data buffer (WDB) and 20 bytes
of read data buffer (RDB). It also absorbs the differences between IEBus transmission speed and the transmission speed
on the serial interface between the uPD6708 and the host controller.
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4. INTERFACING WITH HOST CONTROLLER

This chapter will explain the interfacing that occurs between the uPD6708 and the host controller.

4.1 Accessible Buffers and Registers from Host Controller

The host controller, which controls the uPD6708, can access the write data (WDB), the read data buffer (RDB), the
command register (CMR), and the status register (STR) within the uPD6708.

4.1.1 Write data buffer (WDB)

WDB is a 4-byte FIFO buffer in which the host controller transmit data and the parameters of the communication control
commands are written.

4.1.2 Read data buffer (RDB)

RDB is a 20-byte FIFO buffer which stores the receive data acknowledged by the data link layer controller inthe uPD6708.
The host controller reads the uPD6708 receive data from RDB.

4.1.3 Command register (CMR)
CMR is an 8-bit register used to write control commands for the uPD6708.

As shown in Table 4-1, the host controller sets the reset mode and the host interface mode in higher 4 bits and sets the
communication control command code in lower 4 bits.

Table 4-1. Contents of Command Register

Bit Value Meaning
Bit 7 1 Entering the reset mode
0 Exiting the reset mode
Bit 6 1 Data of lower 4 bits of CMR is valid.
0 Data of lower 4 bits of CMR is not valid.
Bit 5 00 Change of mode through pin control Switches the host interface mode
Bit 4 01 Data write mode
10 Data read mode
11 Status read mode
Bit 3 to Set the communication control command codes
Bit 0
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4.1.4 Status register (STR)

STR is an 8-bit register used to determine the status of the uPD6708.

The statuses of WDB and RDB and the status of interrupts can be read from higher 4 bits. The return code, which indicates
the result of the communication, can be read from lower 4 bits.

Table 4-2. Contents of Status Register

Bit Value Meaning Description

Bit 7 1 WDB is full Indicates whether data can be written to WDB
0 WDB is not full

Bit 6 1 RDB is empty Indicates whether data can be read from RDB
0 RDB is not empty

Bit 5 1 WDB is empty Indicates whether data is in WDB
0 WDB is not empty

Bit 4 1 Interrupt requested Indicates whether interrupt servicing is being requested (Bit 4 of the status
0 Interrupt not requested register is reset by STR by the host controller)

Bit 3 to Return code Return code will be read

Bit 0

4.2 Host Interface Modes

The host controller can access WDB, RDB, CMR, and STR within the uPD6708 via the serial interface (ﬁ, SlI, SO).
There are four modes for accessing the serial interface, as shown in the Table 4-3.

There are two method for switching among these four host interface modes: by using C/D pin and R/W pin, and by writing
data to CMR (software control).

Table 4-3. Host Interface Mode

Mode Operation

Data write mode Data input to Sl pin is written to WDB from MSB at the rising edge of the serial clock input to SCK pin.
Data setting is completed at the eighth serial clock cycle.

Data read mode RDB data is output from MSB to SO pin at the falling edge of the serial clock input to SCK pin. A data
read is completed by inputting eight serial clock cycles. Data at Sl pin is ignored.

Command write mode Data input to Sl pin is written to CMR from MSB at rising edge of the serial clock input to SCK pin. Data
setting is completed at the eight serial clock cycle.

Status read mode STR data is output from MSB to SO pin at the falling edge of the serial clock input to SCK pin. A data
read is completed by inputting eight serial clock cycles. Data at Sl pin is ignored.
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4.2.1 Switching through pin control
With bits 5 and 4 of CMR both ‘0", the host interface mode can be switched by setting the c/D pin and RIW pin to the
values shown in Table 4-4.

Table 4-4. Switching Host Interface Mode by Pin Control

c/D | RIW Host Interface Mode
0 0 Data write mode
0 1 Data read mode
1 0 Command write mode
1 1 Status read mode

Figure 4-1. Example of Host Controller Connections by Pin Control

% 120 Q
Host Controller
IEBus SV
5V HPD6708
, , TEST
P Voo SCK | SCK
AVbp S| |- SO
BUS+
SO =1 SI
BUS-
12MHz | IRQ =1 INT
= C/D |- Port
IL X0
GND R/W |~ Port
CS RESET
i A
Port
120 Q Power Supply
Voltage Detection
Circuit

Caution If the power supply voltage moves out of the 5V 15 % range, the RESET pin must be driven low for6  us
or more in order to reset the uPD6708.
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4.2.2 Switching through software control

With the C/D pin at the high level and the R/W pin at the low level, the host interface mode can be switched from the
host controller by setting bits 5 and 4 of CMR to the values shown in Table 4-5.

Table 4-5. Switching Host Interface Mode by Software Control

Bit 5 Bit 4 Host Interface Mode
0 0 Mode switching by pin control
0 1 Data write mode
1 0 Data read mode
1 1 Status read mode

After one byte of data has been forwarded, the host interface mode will become the command write mode, which is

controlled by the C/D and R/W pins.

Figure 4-3. Example of Host Controller Connections by Software Control

Host Controller

26

% 120 Q
IEBus SV
5V HPD6708
. . TEST
: : Vop SCK |- SCK
AVop S| = SO
BUS+
SO = S|
BUS-
12MHz |, IRQ =1 INT
5V
(- cib b1
— 1 Iy
GND RIW j
CS RESET
7L |
1200 Power Supply
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Circuit
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Figure 4-4. Host Interface Timing by Software Control
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4.3 Reset Mode

When the RESET pin is driven low, the uPD6708 enters the reset mode. To release the reset mode, the RESET pin
must be driven high and a reset release command input.
There are two methods of resetting the uPD6708, as follows.

(1) Resetting with RESET pin

If the RESET pin is driven low, the uPD6708 will enter the reset mode.
To exit the reset mode, drive the RESET pin high and set bit 7 of CMR to ‘0.

(2) Resetting by software

If bit 7 of CMR is set to ‘1’ with the RESET pin fixed high, the pPD6708 will enter the reset mode.

To exit the reset mode, set bit 7 to ‘0.

When powering on, the RESET pin must be driven low to execute a reset.
The uPD6708 will be in the following condition directly after leaving the reset mode.

<1> |EBus slave status is intialized.

Table 4-6. Slave Status Values after Leaving Reset Mode

Bit Value Meaning
Bit 7 1 Up to mode 2 is supported
Bit 6 0
Bit 5 0 Always ‘0’
Bit 4 0 The slave transmission section has stopped.
Bit 3 0 Always ‘0’
Bit 2 0 Unit is not locked.
Bit 1 0 Slave receive buffer is empty.
Bit 0 0 Slave transmit buffer is empty.

<2> WDB and RDB are empty.
<3> Reception is disabled.

Slave reception and broadcast reception are not acknowledged.
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5. COMMUNICATION CONTROL COMMANDS

The operation conditions of the uPD6708 can be controlled by giving it a command from the host controller.
After a communication using the appropriate procedure (see 8.3.2 “Communication control command processing
routine” ), it is executed in a period in which communication is not being performed (standby state).

5.1 Overview of Communication Control Commands

Table 5-1. Overview of Communication Control Commands

Command Name Description
INIT (Initialize) Sets local address and initializes.
SETSA  (Set slave address) Sets the unit to communicate with.
MREQ1 (Master request 1) Communicates as a master unit.
MREQ2 (Master request 2) Continues in previous condition as the master unit and communicates.
ABORT  (Abort) Aborts communications.
SETSD (Set slave data) Sets data for slave transmission.
GETSTA (Get status) Reads communication status.
SETREV (Set receive) Sets reception disabled state/enabled state.

(1) Write command
The command codes and command parameters for the write commands are shown in Table 5-2.

Table 5-2. Command Codes and Command Parameters of Write Commands

Command Code Command Parameters (WDB)
Command Name (Lower 4 Bits of
CMR) First Byte Second Byte Third Byte Fourth Byte
INIT 0000 Unit address Condition
setting
code
SETSA 0001 Slave address 0000
MREQ1 0010 Broad- [Control bits| Number of master Master transmit Master transmit
cast bits transmit data bytes " | data (first byte) Nt | data (second byte) o
MREQ2 0011
ABORT 0100
SETSD 0101 Number of slave Slave transmit Slave transmit Slave transmit
transmit data bytes data (first byte) data (second byte) data (third byte)
SETREV 0111 Reception status
code
MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB

Note  Only set when transmitting.

Caution Note that even if the host controller makes a mistake in setting the number of command parameter bytes,
an error message will not be returned by the UPD6708, and command processing will be performed as
though it were a correctly set command.
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(2) Read command
The command code of the read command is shown in Table 5-3.

Table 5-3. Command Code of Read Command

Command Code Data Placed in RDB after Command Execution
Command Name (Lower 4 Bits of
CMR) First Byte Second Byte
GETSTA 0110 Lock status Address of locked unit (12 bits)
MSB LSB MSB LSB MSB LSB

Remark With a read command, the command execution result is placed in RDB, and therefore it is performed in the
reception disabled state.

5.2 Communication Control Command Functions
5.2.1 INIT command (command code: 0000)

(1) Functions

<1> Unit address setting
This command sets the unit address (12 bits), The unit address will be used as the master address when a unit is
communicating as the master unit, and as the slave address when a unit is communicating as the slave.
<2> Condition setting
e The status of bit 4 of IEBus slave status is set.
Slave transmission block operation enabled, stopped (bit 4)
(Setting of use/non-use of the function that transmits data to the master unit)
e The communication mode to be used is set.

Table 5-4. Condition Setting Method

Condition Setting Code Condition Setting Contents

Bits 3 and 2 00 Communication performed in mode 0
01 Communication performed in mode 1.
10 Communication performed in mode 2.
11 Undefined

Bit 1 0 Fixed at ‘0’

Bit 0 0 Slave transmission block stopped
1 Slave transmission block operational

The local-station address and condition setting contents set by INIT command retain their set values unless power
is turned off or reset mode is entered (see 4.3 “Reset Mode” ).
<3> Slave status initialization

The slave status is initialized as shown in Table 5-5.
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Table 5-5. Slave Status after Execution of INIT Command

Bit Value Meaning

Bit 2 0 Unit is not locked.

Bit 0 0 Slave transmit buffer is empty.

<4> Slave transmission and broadcast reception are enabled.
<5> After the 2-byte command parameter (master address and condition setting code) have been read from the write
data buffer (WDB), WDB is cleared.

(2) Example

When INIT command specifies that the master address is ‘012H’ and the condition setting are ‘communication in mode
1’ and ‘slave data transmission section operable’, the contents of WDB and CMR are as shown below.

‘P First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte —

WDB 0000 0001 0010 0101
‘H Master Address %andition’
Setting Code
CMR 0100 0000

5.2.2 SETSA command (command code: 0001)

(1) Functions
<1> Slave address (12 bits) setting
The value for the slave address set by the SETSA command remains unchanged until the power is turned off or the
reset mode is entered.
<2> This command clears WDB after reading the 2-byte command parameter (slave address) from WDB.

(2) Example
When SETSA command sets the slave address as ‘024H’, the contents of WDB and CMR are as shown below.

‘& First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte ——

WDB 0000 0010 0100 0000

-le Set to»‘
0000

‘H Slave Address

CMR 0100 0001
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5.2.3 MREQ1 command (command code: 0010)

(1) Functions

This command executes a master communication (transmission or reception). After execution of the command, the unit

begins communication as the master unit. As long as it does not lose in arbitration, the master unit will communicate with
the slave unit which has the slave address specified by SETSA command.

<1> Selected broadcast communication or ordinary communication
Broadcast communication selection : OH (broadcast bit ‘0’ output)

Ordinary communication selection : 8H (broadcast bit ‘1’ output)
<2> Sets the control bits (4 bits)

<3> Sets the number of transmit data bytes (8 bits) (transmission only)

Table 5-6. Number of Transmit Data Bytes Setting

Number of Transmit Data Bytes Command Parameter
1 byte 1H
2 bytes 2H
255 bytes FFH
256 bytes 00H

<4> Sets the transmit data (transmission only)

(2) Example

When the MREQ1 command is used to select ‘ordinary communication’, set the control bit to ‘AH’ (command write and

lock), the number of transmit data bytes to 4, and the transmit data to 12H, 34H, 56H, and 78H, the contents of WDB and
CMR are shown below.

‘<7 First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte —>‘

WDB 1000 1010 0000 0100 0001 0010 0011 0100
‘<Br0adcastI « Control Number of Transmit»‘i First »F Second »‘
Bits Bits Data Bytes Data Byte Data Byte
CMR 0100 0010

Caution Transmit data 56H and 78H should be set when the above command parameters have been read and WDB
is empty.
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5.2.4 MREQ2 command (command code: 0011)

(1) Functions
This command re-executes a master communication (transmission or reception). If master transmission or reception
stops midway, the master communication is re-executed from the stopped condition.

(2) Command execution conditions

If a communication control command other than an MREQ2 command is executed after the master communication ends
midway, the MREQ1 command may not re-execute the communication correctly from the communication interrupted
condition.

(3) Example

When re-execution is performed by the MREQ2 command when communication has been interrupted due to generation
of atiming error after transmission of two bytes (12H and 34H) in mode 1, as in the MREQ1 command example, the contents
of WDB and CMR are as shown below.

‘& First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte ——

WDB 0101 0110 0111 1000

Data to be Transmitted upon . ‘
Re-Execution of Command

‘

CMR 0100 0011

The previously set MREQ1 command values are used for the broadcast bits, control bits and nhumber of transmit data
bytes.

Cautions 1. Amaster communication performed by execution ofthe MREQ1 and MREQ2 commands is performed
in only one frame. However, if the unit loses in arbitration, the frame is automatically reset up twice
(three times in total).
2. INIT command must be executed before setting the MREQ1 or MREQ2 command. If MREQ1 or MREQ2
is set before execution of INIT command, master communication will not be performed.

5.2.5 ABORT command (command code: 0100)

(1) Functions
This command aborts master communications and slave unit data transmissions.

<1> It clears the data placed in WDB.
<2> It cancels the slave transmit data (SETSD command).

(2) Example

When the master unit begins communication as in the MREQ1 command example, a communication error is generated
and the two bytes of transmit data (12H and 34H) remaining in WDB are canceled by ABORT command, the contents of
CMR are as shown below.
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[Before execution of ABORT command]

-——  First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte ——

WDB 0001 0010 0011 0100

CMR 0100 0100

[After execution of ABORT command]

-——  First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte ——

WDB

CMR

The data placed in WDB is cleared.
5.2.6 SETSD command (command code: 0101)

(1) Functions
This command specifies the data transmitted to the master unit when a ‘data read and lock’ (control bits: 3H) or a ‘data
read’ (control bits: 7H) is received from the master unit.

<1> Sets the number transmit data bytes (8 bits)

Table 5-7. Number of Transmit Data Bytes

Number of Transmit Data Bytes Command Parameter
1 byte 1H
2 bytes 2H
64 bytes 40H

<2> Sets the transmit data
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(2) Validity of SETSD command
When SETSD command is executed, it remains valid until one of the following cases arises.
 ‘Data read and lock’ (control bits: 3H) or ‘data read’ (control bits: 7H) is received from the master unit.
* ABORT command is executed.
* Power is turned off, or the reset mode is entered.

When the SETSD command is valid, WDB functions as the slave transmit buffer.

Caution The SETSD command can be executed even if the unitis placed in the slave transmission selection halted
state by INIT command.

(3) Example

When the SETSD command is used to set the number of transmit data bytes to 5, and the transmit data to ABH, CDH,
EFH, 14H, and 25H, the contents of WDB and CMR are as shown below.

‘P First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte —>‘

WDB 0000 0101 1010 1011 1100 1101 1110 1111
‘kNumber of Transmit ___ | First - Second -l Third - ‘
Data Bytes Data Byte Data Byte Data Byte
CMR 0100 0101

Caution Transmit data 14H and 25H should be set when the above command parameters have been read and WDB
is empty.

5.2.7 GETSTA command (command code: 0110)
The GETSTA command is used by a unit to check whether it is locked by another unit.

(1) Functions
<1> Reads the lock status which indicates whether or not this unit is locked by another unit. ‘13’ is placed in RDB if the
unit is locked, and ‘OH’ if not locked.
<2> The address (12 bits) of a locked unit is placed in RDB. This data is meaningless when the unit is not locked.

After execution of GETSTA command, the data placed in RDB is as follows.

-——  First Byte 4+7 Second Byte ———

Lock Status Address of Locked Unit (12 Bits)

MSB LSB
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(2) Command setting conditions
The reception disabled state must be set and RDB emptied before setting the GETSTA command.

Caution With the IEBus, the lock function is provided to enable communication to run over a number of frames.
However, if a locked unit goes down without being unlocked, the locked unit is unable to receive any
further data. To avoid this situation, in a system which uses the lock function it is necessary to execute
the GETSTA command periodically to monitor the lock status (a unit lock is released by executing INIT
command).

5.2.8 SETREV command (command code: 0111)

(1) Functions
<1> Set reception enabled/disabled status
* When reception status code is 00H : Set to reception disabled status.
In the reception disabled status, bit 1 of the slave status is ‘1", the slave receive buffer becomes virtually empty
and no longer exists, and slave reception and broadcast reception are no longer performed.
* When reception status code is 01H . Set to reception enabled status.
When the prescribed conditions are met, slave reception and broadcast reception are performed.

The reception enabled status is also set when a command other than SETREV is executed.

<2> This command clears WDB after reading the 1-byte command parameter (reception status code) from WDB.
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6. RETURN CODES

The uPD6708 sets the communication status as a return code in lower 4 bits of the status register (STR) and requests
an interrupt (IRQ output). As a result of the interrupt request from the uPD6708, the host controller can ascertain the
communication result by reading the return code in the status read mode.

6.1 Return Codes in Master/Slave Data Transmission
Table 6-1 shows the return codes placed in the status register when a unit has executed the MREQ1 or MREQ2 command
and becomes the master unit (including broadcast communication), and when the SETSD command is executed and the

slave unit transmits data.

Table 6-1. Return Codes in Master/Slave Transmission

Return Code Name Code Description
Transmission start 0000 Indicates that master/slave transmission will start. The point of generation differs
between master transmission and slave transmission.
<1> Master transmission
Set when the master address field ends and the unit wins as the master
unit.
<2> Slave transmission
Set when control bits (3H, 7H) which request data transmission are
received from the master unit.
Transmission normal termination 0010 Indicates that transmission of the number of data bytes specified by the message
length bits has ended within one frame.
Termination during transmission 0011 Indicates that the communication has ended without completion of transmission

of the number of data bytes specified by the message length bits within one frame.
In master transmission, termination during transmission is not flagged if the unit
loses once in arbitration, and transmission is attempted up to three times.

6.2 Return Codes in Master Reception
Table 6-2 shows the return codes placed in STR when a unit has executed the MREQ1 or MREQ2 command and becomes
the master unit, and receives data, a status or lock address from a slave unit.

38




NEC

uPD6708

Table 6-2. Return Codes in Master Reception
Return Code Name Code Description

Master reception start 0100 This return code is generated when the master unit correctly receives the
message length code from the slave unit, informing the host controller of the
start of master reception.

Master receive data full 0101 Each time 20 bytes (RDB capacity) of master receive data is received, if RDB
is full, this return code makes a request to the host controller for a read of
receive data from RDB.

Master reception normal 0110 Indicates that reception of the number of data bytes specified by the message

termination length bits has ended within one frame.

Termination during master 0111 Indicates that the communication has ended without completion of transmis-

reception sion of the number of data bytes specified by the message length bits within
one frame.

Termination during master reception is not flagged if the unit loses once in
arbitration, and reception is attempted up to three times.

6.3 Return Codes in Slave Reception
Table 6-3 shows the return codes placed in STR when data or a command is received from the master unit.

Table 6-3. Return Codes in Slave Reception

Return Code Name Code Description

Slave reception start 1000 This return code is generated when the slave unit correctly receives the
message length codes from the master unit, informing the host controller of
the start of slave reception.

Slave receive data full 1001 Each time 20 bytes (RDB capacity) of slave receive data is received, if RDB is
full, this return code makes a request to the host controller for a read of receive
data from RDB.

Slave reception normal 1010 Indicates that reception of the number of data bytes specified by the message

termination length bits has ended within one frame.

Termination during slave 1011 Indicates that the communication has ended without completion of transmis-

reception sion of the number of data bytes specified by the message length bits within
one frame.

6.4 Return Codes in Broadcast Reception
Table 6-4 shows the return codes placed in STR when data or a command is received from the master unit in broadcast

communication.
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Table 6-4. Return Codes in Broadcast Reception

Return Code Name Code Description

Broadcast reception start 1100 This return code is generated when the slave unit correctly receives the
message length codes from the master unit, informing the host controller of
the start of slave reception.

Broadcast receive data full 1101 Each time 20 bytes (RDB capacity) of slave receive data is received, if RDB is
full, this return code makes a request to the host controller for a read of receive
data from RDB.

Broadcast reception normal 1110 Indicates that reception of the number of data bytes specified by the message

termination length bits has ended within one frame.

Termination during broadcast 1111 Indicates that the communication has ended without completion of transmis-

reception sion of the number of data bytes specified by the message length bits within
one frame.

6.5 Return Codes Generation Intervals
This section describes the generation order and the minimum generation interval for return codes generated each time

communication is performed,
Each time a new return code is generated, it is placed in STR without regard to STR read. For this reason, the host
controller must take account of the minimum return code generation interval in controlling the uPD6708.

(1) Master transmission
After execution of the MREQ1 or MREQ2 command, the order of generation of master transmission return codes is as
shown in Figure 6-1.

Figure 6-1. Return Code Generation Order in Master Transmission

Transmission
T1 Normal Termination T3
(Return Code : 0010)

New communication return codes

Transmission Start
(Return Code : 0000)

« Slave reception start

Termination During (Retum code : 1000)

. T3
T2 Transmission « Broadcast reception start
(Return Code : 0011) (Return code : 1100)
o . etc.
Termination During T3

Transmission
(Return Code : 0011)

The minimum generation intervals for return codes in master transmission are shown below.

Table 6-5. Minimum Generation Intervals for Return Codes in Master Transmission ( us)
Time Mode 0 Mode 1 Mode 2
T1 Approx. 6325 Approx. 1605 Approx. 1160
T2 Approx. 10 Approx. 10 Approx. 10
T3 Approx. 7290 Approx. 2050 Approx. 1550
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(2) Slave transmission

After execution of the SETSD command, the order of generation of slave transmission return codes is as shown in Figure

6-2.

Figure 6-2. Return Code Generation Order in Slave Transmission

Transmission
T1 Normal Termination

L (Return Code : 0010)
Transmission Start

(Return Code : 0000) L .
Termination During

T2 Transmission
(Return Code : 0011)

T3

T3

New communication return codes

« Slave reception start
(Return code : 1000)

« Broadcast reception start
(Return code : 1100)
etc.

The minimum generation intervals for return codes in slave transmission are shown below.

Table 6-6. Minimum Generation Intervals for Return Codes in Slave Transmission (

us)

Time Mode 0 Mode 1 Mode 2
T1 Approx. 1580 Approx. 400 Approx. 290
T2 Approx. 10 Approx. 10 Approx. 10
T3 Approx. 7290 Approx. 2050 Approx. 1550

(3) Master reception

After execution ofthe MREQ1 or MREQ2 command, the order of generation of master reception returns codesis as shown

in Figure 6-3.

Figure 6-3. Return Code Generation Order in Master Reception

T

Master Receive
Buffer Full T2
(Return Code : 0101)

T1

Master Receive

Buffer Full

(Return Code : 0101)

Master Reception
Normal Termination T4
(Return Code : 0110)

Termination During
Master Reception
(Return Code : 0111)

New communication
return codes

T4 « Slave reception start
(Return code : 1000)

« Broadcast reception

T3
Master Recegttlgrrl T2 Master Reception
(Return Code Normal Termination
£ 0100) (Return Code : 0110)
T3 Termination During

Master Reception

(Return Code : 0111)

Termination During
Master Reception

T4 start
(Return code : 1100)
etc.
T4
T4

(Return Code
:0111)

The minimum generation intervals for return codes in master transmission are shown below.
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Table 6-7. Minimum Generation Intervals for Return Codes in Master Reception ( Us)
Time Mode 0 Mode 1 Mode 2
T1 Note Approx. 8030 Approx. 5800
T2 Approx. 1580 Approx. 400 Approx. 290
T3 Approx. 10 Approx. 10 Approx. 10
T4 Approx. 7290 Approx. 2050 Approx. 1550
Note The mode 0 master receive data consists of up to 19 bytes. There-
fore, the receive buffer (20 bytes) does not become full, and a return
code is not generated.
(4) Slave reception
The order of generation of slave reception return codes is as shown in Figure 6-4.
Figure 6-4. Return Code Generation Order in Slave Reception
Slave Receive
Buffer Full
(Return Code : 1001)
Slave Receive Slave Reception
Buffer Full Normal Termination T4 New communication
(Return Code : 1001) (Return Code : 1010) return codes
Termination During T4 « Slave reception start

Slave Reception
Start

(Return Code

: 1000)

Slave Reception

Normal Termination
(Return Code : 1010)

Termination During

Slave Reception

(Return Code : 1011)

Slave Reception

(Return Code : 1011)

— (Return code : 1000)

* Broadcast reception

T4 start
(Return code : 1100)
etc.
T4

The minimum generation intervals for return codes in master transmission are shown below.

Table 6-8. Minimum Generation Intervals for Return Codes in Slave Reception ( us)
Time Mode 0 Mode 1 Mode 2
T1 Note Approx. 8030 Approx. 5800
T2 Approx. 1580 Approx. 400 Approx. 290
T3 Approx. 10 Approx. 10 Approx. 10
T4 Approx. 7290 Approx. 2050 Approx. 1550
Note The mode 0 master receive data consists of up to 19 bytes. There-

(5) Broadcast reception

fore, the receive buffer (20 bytes) does not become full, and a return
code is not generated.

The return code generation order and minimum generation intervals in the case of broadcast reception are the same

as for (4) Slave reception as shown above.
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7. COMMUNICATING WITH HOST CONTROLLER

This section explains the flow of data between the uPD6708 and the host controller via the serial interface (SCK, SO,
S| pins) during communications.

7.1 Master Transmission

Master transmission is the communication data exchange which takes place when a unit becomes a master unit by
specifying AH, BH, and FH as control bits and executing the MREQ1 or MREQ2 command, and then transmitting data and
commands to slave units.

7.1.1 Master transmission by MREQ1 command

(1) The control bits, number of transmit data bytes and transmit data are placed in the write WDB as command parameters
as shown in Figure 7-1, and the MREQ1 command (command code: 2H) is executed.

(2) When a unit wins in arbitration as the master unit (the end of the master address field), the transmission start return
code (OH) is placed in the status register (STR), and an interrupt request is generated for the host controller. At this time,
the host controller places the third and following bytes of transmit data in WDB.

Figure 7-1. Data Exchange During Master Transmission (Contents of WDB)

-——  First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte —

Broadcast . Number of Transmit
Bits Control Bits Data Bytes

wWDB Transmit Data (First Byte) [Transmit Data (Second Byte)

(3) If the number of data or command bytes specified by “number of transmit data bytes” are transmitted correctly, a
“transmission end” return code (2H) will be placed in STR and an interrupt request will be generated.

(4) Ifanerroroccurs during transmission and the data communication is halted, a “termination during transmission” return
code (3H) will be placed in STR and an interrupt request will be generated.

The timing at which the yPD6708 reads transmit data from WDB is shown below.

Table 7-1. Timing for Reading Transmit Data from WDB
(The minimum time after transmission start return code (OH) is set in STR)

Timing for Reading Transmit Data from WDB (us)
Transmit Data
Mode 0 Mode 1 Mode 2
Transmit data (first byte) Approx. 4745 Approx. 1205 Approx. 870
Transmit data (second byte) Approx. 6325 Approx. 1605 Approx. 1160
Transmit data (N-th byte) Approx. 3165+1580 x N Approx. 805+400 x N Approx. 580+290 x N
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7.1.2 Master transmission by MREQ2 command
If the MREQ1 command is executed and a communication error occurs during the transmission of data or a command,
with the result that not all the data is transmitted, the remaining data can be transmitted by executing the MREQ2 command.

(1) The remaining data is placed in WDB as command parameters as shown in Figure 7-2, and the MREQ2 command
(command code: 3H) is executed.

Figure 7-2. Data Exchange During Master Transmission (Contents of Write Data Buffer)

-——  First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte ——

WDB | Transmit Data (N-th Byte) | Transmit Data (Byte N+1) | Transmit Data (Byte N+2) | Transmit Data (Byte N+3)

The remaining operations are the same as 7.1.1 “Master transmission by MREQ1 command”
7.2  Slave Transmission

7.2.1 Data transmission
When the slave unit receives control bit 3H or 7H from the master unit, it transmits data as follows.

(1) It places the number of transmit data bytes and transmit data in WDB as command parameters as shown in Figure
7-3, and executes the SETSD command (command code: 5H).

(2) When the unit receives control bit 3H or 7H from the master unit, the “transmission start” return code (OH) is placed
in STR, and an interrupt request is generated. At this time, the host controller places the fourth and following bytes of
transmit data in WDB.

Figure 7-3. Data Exchange During Slave Transmission (Contents of WDB)

-——  First Byte —+7 Second Byte —+7 Third Byte —+7 Fourth Byte —

Number of Transmit
wDB Data Bytes

Transmit Data (First Byte) |Transmit Data (Second Byte) Transmit Data (Third Byte)

(3) If the number of data or command bytes specified by “number of transmit data bytes” is transmitted correctly, a
“transmission end” return code (2H) will be placed in STR and an interrupt request will be generated.

(4) Ifanerroroccurs during transmission and the data communication is halted, a “termination during transmission” return
code (3H) will be placed in STR and an interrupt request will be generated.

The timing at which the uPD6708 reads transmit data from WDB is shown below.
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Table 7-2. Timing for Reading Transmit Data from WDB
(The minimum time after transmission start return code (OH) is set)

Timing for Reading Transmit Data from WDB (us)
Transmit Data
Mode 0 Mode 1 Mode 2
Transmit data (first byte) Approx. 1580 Approx. 400 Approx. 290
Transmit data (second byte) Approx. 3160 Approx. 800 Approx. 580
Transmit data (N-th byte) Approx. 1580 x N Approx. 400 x N Approx. 290 x N

7.2.2 Transmitting slave status address and lock address

When the yPD6708 receives OH, 4H, 5H, and 6H as control bits from the master unit, the slave status and lock address
are generated automatically and sent to the master unit. As aresult, there is no necessity for the host controller to be involved
in the transmission of the slave status and lock address.

7.3 Master Reception
When a unit becomes a master unit by setting OH, 3H, 4H, 5H, 6H, and 7H as control bits and executing the MREQ1
or MREQ2 command, and receives data, slave status and lock address from the slave unit, the following will occur.

(1) When the master unit returns an acknowledge in the message length field, the slave address, control bits and message
length bits are placed in the read data buffer (RDB) by the MREQ1 command as shown in Figure 7-4, the “master reception
start” return code (6H) is placed in STR, and an interrupt request is generated.

Figure 7-4. Data Exchange During Master Reception (Contents of RDB)

—+—  First Byte —4—* Second Byte —4—* Third Byte —4—* Fourth Byte Onward  —
D)
(

RDB Slave Address (12 Bits) Control Bits | Message Length Bits

D)

(2) Each time one byte of receive data is received, it is placed in RDB.

(3) Eachtime 20 bytes (RDB capacity) of receive data are received, if RDB is full, a “master receive buffer full” return code
(5H) is placed in STR, and an interrupt request is generated.

(4) After one frame of data is placed in RDB, a “master reception normal termination” return code (6H) is placed in STR
and an interrupt request is generated.

(5) Ifacommunication error occurs during reception and communication stops without receiving all of the data transmitted
from the slave unit, a “termination during master reception” return code (7H) is placed in STR and an interrupt request
is generated.

The areas where uPD6708 places receive data, etc., in RDB are shown below.
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Table 7-3. Placing Receive Data in RDB
Time (us) Noe
Zi?gjigaﬂon Data Areas where RDB is read e et e
Slave address When ACK bit is transmitted in message length field 0 0 0
Control bits
Message length bits
Receive data (first byte) When first ACK bit is transmitted in data field Approx. 1580 | Approx. 400 Approx. 290
Receive data (second byte) When second ACK bit is transmitted in data field | Approx. 3160 | Approx. 800 Approx. 580
Receive data (N-th byte) When N-th ACK bit is transmitted in data field Approx. 1580 x N | Approx. 400 x N | Approx. 290 x N

Note  Minimum time after the “master reception start” return code is placed in STR and an interrupt request is generated.

7.4 Slave Reception
If aslave unitreceives AH, BH, EH, or FH as control bits from the master unit and receive data ora command, the following
will occur.

(1) When the slave unitreturns an acknowledge in the message length field, the master address, control bits and message
length bits are placed in RDB as shown in Figure 7-5, a “ slave reception start” return code (8H) is placed in STR, and
an interrupt request is generated.

Figure 7-5. Data Exchange During Slave Reception (Contents of RDB)

-~—  First Byte —+f Second Byte —4—* Third Byte —4—* Fourth Byte Onward ~ —
D)
C(

Master Address (12 Bits)

RDB Control Bits | Message Length Bits

(2) Each time one byte of receive data is received, it is placed in RDB.

(3) Each time 20 bytes (RDB capacity) of receive data are received, if RDB is full, a “slave receive buffer full” return code
(9H) is placed in STR, and an interrupt request is generated.

(4) After the final data of one frame is placed in RDB, a “slave reception normal termination” return code (AH) is placed
in STR and an interrupt request is generated.

(5) Ifacommunication error occurs during reception and communication stops without receiving all of the data transmitted
from the master unit, a “termination during slave reception” return code (BH) is placed in STR and an interrupt request
is generated.

The areas where the uPD6708 places receive data, etc., in RDB are shown below.
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Table 7-4. Placing Receive Data in RDB
Time (us) Noe
zz:ﬁjﬁ;ﬂm Data Areas where RDB is read oo o1 ot
Master address When ACK bit is received in message length field 0 0 0
Control bits
Message length bits
Receive data (first byte) When first ACK bit is received in data field Approx. 1580 | Approx. 400 Approx. 290
Receive data (second byte) | When second ACK bit is received in data field Approx. 3160 | Approx. 800 Approx. 580
Receive data (N-th byte) When N-th ACK bit is received in data field Approx. 1580 x N | Approx. 400 x N | Approx. 290 x N

Note

7.5 Broadcast Reception

Minimum time after the “slave reception start” return code is placed in STR and an interrupt request is generated.

(1) When a broadcast reception unit receives the message length field, the master address, control bits and message

length bits are placed in RDB as shown in Figure 7-6, a “broadcast reception start” return code (CH) is placed in STR,
and an interrupt request is generated.

Figure 7-6. Data Exchange During Broadcast Reception (Contents of RDB)

-—  First Byte # Second Byte ——F Third Byte 4+7 Fourth Byte Onward —
b))
(

RDB

Master Address (12 Bits)

Control Bits | Message Length Bits

(2) Each time one byte of receive data is received, it is placed in RDB.
(3) Each time 20 bytes (RDB capacity) of receive data are received, if RDB is full, a “slave receive buffer full” return code
(DH) is placed in STR, and an interrupt request is generated.
(4) Afterthe final data of one frameis placed in RDB, a “broadcast reception normal termination” return code (EH) is placed
in STR and an interrupt request is generated.

®)

If acommunication error occurs during reception and communication stops without receiving all of the data transmitted

from the master unit, a “termination during broadcast reception” return code (FH) is placed in STR and an interrupt request

is generated.

The areas where the uPD6708 places receive data, etc., in RDB are the same as those shown in Table 7-4.
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8.

EXAMPLE OF HOST CONTROLLER PROCESSING FLOW

This chapter presents an example of the host controller processing flow for controlling the uPD6708 via the serial interface

(SCK, SO, and Sl pins).

8.1

Note

48

The host controller processing flow comprises the following routines.

* Main routine
* Interrupt service routine

Main Routine

Equipment initialization

__HPDG6708 See83.1
initialization routine

0 .
Command processing See 8.3.2

routine

he]

c

1]

T 2

IS i1

S

pze

Equipment control routine Note

The equipment control routine is a routine which performs host controller application processing. When controlling
the uPD6708, set the Crq flag when there is a command request.
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8.2 Interrupt Service Routine

This routine is used when an interrupt request is generated from the pPD6708 (when IRQ pin becomes high). This routine
reads the contents of the return code, performs flag setting, and reads receive data.

"IIIII%%HIIIII"

Disable interrupts

from uPD6708

Is SIO register used?

Save value of I/O port which controls PD6708 C/D and
R/W pins, and value of SIO register in host controller

Most significant 2 bits
of return code

Read STR

Return code classification

This processing is not necessary
if interrupts are disabled when
SIO is used in the main routine.

00
Y N
Master Slave data
transmission transmission
processing processing

routine Note 1 routine Note 2

01 10 11
Master reception Slave reception ?égggggﬁt
prot_:esilor:eg3 processing processing
routine routine routine

| !

Restore value of I/O port which controls (PD6708 c/D
and R/W pins, and value of SIO register in host controller

Notes 1. See 8.3.3.
2. See 8.3.4.
3. See 8.3.5.

Enable interrupts
from pPD6708

RETI

End
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8.3 Processing Routine

8.3.1 uPD6708 initialization routine

Reset uPD6708

CMR ~ O00H

INIT command
setting

( Normal end )

* INIT command setting flow

Drive the host controller port which controls the pPD6708
RESET pin low for 6 s or longer, then return it to high.
(Not necessary when a hardware reset such as a power-on

reset is executed.)

Place O0H in the command register.

Release reset mode.

Set unit address slave unit condition with INIT command.

Read STR

‘ EXIT ,

50

WDB empty?

Y

Write to WDB

Write to WDB

Write to CMR

Normal end

Unit Address Setting
(Higher 8 Bits)

Unit Address (Lower 4 Bits)
Slave Unit Condition Setting

Set command code (OH).
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8.3.2 Communication control command processing routine

This processing routine sets the uPD6708 communication control commands SETSA, MREQ1, MREQ2, ABORT,
GETSA, and SETREV.

Processing starts when there is a command request during equipment control (Crq = 1)

(1) SETSA command

Read STR

WDB empty?

Y

( EXIT , )
Write to WDB Slave Address Setting

(Higher 8 Bits)

Slave Address (Lower 4 Bits)

Write to WDB Communication Mode Setting

Write to CMR Set command code (1H).

Normal end
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(2) MREQ1 command
When MSB of the control bits is 1 (master transmission)

52

Read STR

‘ EXIT ,

WDB empty?

Y

Write to WDB Set broadcast bits and control bits.

Write to WDB Set master transmit data (first byte).

Write to WDB Set master transmit data (second byte).

N1 —
(Number of master transmit data bytes) — 2

Write to CMR Set command code (2H).

( Normal end ,

Write to WDB Set number of master transmit data bytes.
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(3) MREQ2 command
After master transmission ends midway

‘ Start ,

Read STR
N .
Write to WDB
Y
Write to CMR Set command code (3H).

( Normal end ,
(4) MREQ1 command

When MSB of the control bits is 0 (master reception)

‘ Start >

Read STR

WDB and RDB empty?

‘ EXIT >

( Normal end ’

Set master transmit data.

Write to WDB Set broadcast bits and control bits.

Write to CMR Set command code (2H).
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(5) MREQ2 command
When master reception ends midway

‘ Start >

Read STR

WDB and RDB empty?

Write to CMR Set command code (3H).

Normal end

(6) ABORT command

Start

o

Write to CMR Set command code (4H).

Normal end

{
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(7) SETSD command

Read STR
N
WDB empty?
Y
EXIT

Write to WDB Set number of slave transmit data bytes.
Write to WDB Set slave transmit data (first byte).
Write to WDB Set slave transmit data (second byte).
Write to WDB Set slave transmit data (third byte).

N2 Al

(Number of slave transmit data bytes) — 3

Write to CMR Set command code (5H).

If the slave data transmission processing
Slave transmission shown in 8.3.4 cannot be completed because
timer setting control bits (3H, 7H) requesting slave data
transmission were not received from the master
unit within the prescribed time, an ABORT command

is executed and slave data transmission is exited.
( Normal end }
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(8) GETSTA command

< Start >

Read STR

WDB empty?

Y

Write to WDB Set reqeptiqn status code
(reception disabled : 00H).

Write to CMR Set SETREV command code (7H).

Read STR

WDB and RDB empty?

‘ EXIT ,

Write to CMR Set GETSTA command code (6H).
Read STR
RDB empty?
N
Read RDB Read lock status (4 bits) and lock address

(higher 4 bits).

Read RDB Read lock address (higher 8 bits).

( Normal end ,
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8.3.3 Master transmission processing routine

This processing routine is used when a unit becomes the master unit after executing the MREQ1 or MREQ2 command

and transmits data and commands to a slave unit.

This routine is an interrupt service routine, and is executed when the return code (higher 2 bits = 00) is read in master

transmission.

‘ Start ,

Read STR

Return code 3H?

Note 1

Termination during
transmission

Write to WDB

N1 -N1-1

Set master

transmit data.

Note 2

\N
ode 2H?

Return c

Normal end

To transmit the remaining data, execute the MREQ2 command (see 8.3.2 (3)).
To abort master transmission, execute the ABORT command (see 8.3.2 (6)).
2. N1: Number of master transmit data bytes.

Notes 1.
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8.3.4 Slave data transmission processing routine
This processing routine is used when a slave unit transmits data to the master unit after setting the SETSD command.
This routine is an interrupt service routine, and is executed when the return code (higher 2 bits = 00) is read in slave

data transmission.
‘ Start ,

Read STR

Return code 3H?

Note 1

Termination during
transmission

Y
N
. Set slave
Write to WDB transmit data.
Note 2
N2 « N2-2

\N
ode 2H?

Return ¢

Normal end

Notes 1. Untransmitted data in WDB is cleared by executing the ABORT command (see 8.3.2 (6)).
2. N2: Number of slave transmit data bytes
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8.3.5 Master reception processing routine

This processing routine is used when the master unit receive data, slave status and lock address after execution of the
MREQ1 or MREQ2 command.

One of four different routines is executed depending on the contents of the return code.

(1) Processing in case of master reception start return code (4H)

Mre « 1 Set master reception flag (Mre).
Read RDB Read slave address (higher 8 bits).
Read RDB Read slave address (lower 4 bits)

and control bits.

Read RDB Read number of master receive data bytes.

N3 «
Number of master
receive data bytes

( Normal end }
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(2) Processing in case of master receive buffer full return code (5H)

Note

60

( Start )

l~1-1

Set master receive buffer size.

Read RDB

N3 -« N3-1

N3: Number of master receive data bytes

Read master receive data.

Note

END
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(3) Processing in case of master reception normal end return code (6H)

Mre - 1

Read RDB

Read RDB

Read RDB

N3
number of master
receive data bytes

Read RDB

N3 -« N3-1

Mre « 0

End

Set master reception flag (Mre).

Read slave address (higher 8 bits).

Read slave address (lower 4 bits) and
control bits.

Read number of master receive data bytes.

Read master receive data.
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(4) Processing in case of end during master reception return code (7H)

N
Mre ~ 1 Set master reception flag (Mre).
Read RDB Read slave address (higher 8 bits).
Read slave address (lower 4 bits)
Read RDB and control bits.
Read RDB Read number of master receive data bytes.
N3 —
number of master
receive data bytes
Read STR
Y
RDB empty ?
Note
N Mre « O
Read RDB Read master receive data.
End

Note  Todistinguish data from receive data (slave reception, broadcast reception) newly input in the next communication
frame, after reading RDB (inputting one serial clock pulse to SCK pin), STR should be read (inputting one serial
clock pulse to SCK pin) within the time shown below.

¢ When the next frame is mode 2 : Approx. 290 us

e When the next frame is mode 1 : Approx. 400 us

e When the next frame is mode 0 : Approx. 1580 us
However, the above time limits for reading STR do not apply if this processing routine is executed in the reception
disabled state after executing the SETREV command.

The flowcharts for slave reception processing and broadcast reception processing are the same as for master reception
processing, and are therefore omitted here.
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9. ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings (T a =25 °C)
PARAMETER SYMBOL TEST CONDITIONS RATINGS UNIT
Power supply Vop, AVbp | Voo —AVop | < 0.5V -0.5t0 +7.0 \%
Logic input voltage Vi -0.5to Voo + 0.3 \%
The pin without BUS+ and BUS-
Logic output voltage Vo -0.5to Voo + 0.3 \%
Bus input voltage Vsi -0.5t0 + 6.0 \%
BUS+ and BUS-
Bus output voltage VBo -0.5t0 + 6.0 \%
Operating ambient temperature Ta -40 to + 85 °C
Storage temperature Tstg —65 to + 150 °C
DC Characteristics (T a =—40to +85 °C, Vopo = AVop = 5 V 10 %)
PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Input voltage high ViH 0.8Vop Vob V
Input voltage low Vi 0 0.2Vop \%
Qutput voltage high Vo lon = =400 pA 0.7Vop \%
Output voltage low VoL loo = 2.5 mA 0.4 V
Input leakage current high Ium Vi = Vop 10 UA
Input leakage current low I Vi=0V -10 UA
Qutput leakage current high ILoH Vo = Vop 10 UA
Output leakage current low ILoL Vo=0V -10 UA
Iop1 Carrier sense 35 10 mA
Supply current
lop2 Reset mode 1.2 3 mA
Capacitance Characteristics (T a =25 °C, Vop = AVop = 0 V)
PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance Ci fc =1 MHz, 15 pF
Input/output capacitance Cio unmeasured pins returned to 0 V 15 pF
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Recommended Ceramic Resonator (12 MH 2) Recommended Crystal Resonator (12 MH z)
External Capacities [pF] External Capacities [pF]
Manufacturer Product Name Manufacturer Product Name
C1 Cc2 C1l Cc2
Murata Mfg. CST12.0MT Note 1 — — Kinseki, Ltd HC-49/U 22 22
CSA12.00MX241 30 30
Kyocera Corp. KBR-12.0M Nete 2 33 33

Recommended Ceramic Resonator (12.58 MH 2)

External Capacities [pF]

Manufacturer Product Name

C1 Cc2
Murata Mfg. CSTCS12.5MTA 904 Netet —_ —_
TDK FCR12.58M28S Noet 33 33

Notes 1. Can only be used when communication mode 0 or 1 is used (frequency accuracy: +1.5 %).
2. This is a custom product, and therefore the manufacturer should be contacted directly.

Caution The oscillation circuit constants and oscillation voltage range shown above indicate the condition under
which oscillation is stable and do not guarantee the oscillation frequency accuracy. If a high oscillation
frequency accuracy is required from the actual circuit, the resonator mounted to the actual circuit must
be adjusted. For details, directly consult the manufacturer of the resonator.

External Circuit

Caution Wire the dotted portion in the above figure as follows to prevent adverse influences of wiring capacitance
when using the system clock oscillation circuit.

« Keep the wiring length as short as possible.

« Do not cross the wiring with any other signal lines.

« Do not place the wiring in the vicinity of a line through which a high alternating current flows.

¢ Always keep the ground point of the capacitor of the oscillation circuit at the same potential as V ss.
« Do not ground the wiring to a ground pattern through which a high current flows.

« Do not extract signals from the oscillation circuit.
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AC Characteristics (T a = —40 to +85 °C, Vobo = AVop =5V 10 %)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT

System clock fx = 12 MHz | Using communication mode 2 11.94 12.00 12.06 MHz

Using communication mode 0,1| 11.82 12.00 12.18 MHz

fx = 12,58 MHz | Using communication mode 2 12.52 12.58 12.64 MHz

Using communication mode 0,1| 12.40 12.58 12.76 MHz
SCK cycle time tkey 0.8 us
SCK high-level width tie 0.4 s
SCK low-level width tke 0.4 us
Sl setup time (to S?(T) tsik 100 ns
Sl hold time (from SH(T) tKsi 400 ns
SO output delay time (from SCK1) tkso 300 ns
CS, C/D, R/W setup time (to SCK1) tsa 0 ns
CS, C/D, RIW hold time (from SCKt) tha 400 ns
CS high-level width 400 ns
IRQ output high-level width 8 11 us
RESET low-level width 6 us
Oscillation stabilization time tos fx = 12 MHz 20 ms

Serial Transfer Timing

tsa tHA
CS, C/D, RIW
tkyc
ke tkH
/[
SCK
. ~
——— tsiK —==— tksI —=
Sl Data Input
—| tkso |=~—

SO Data Output ><
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IEBus Driver/Receiver Characteristics (T A =—40to +85 °C, Voo = AVop = 5 V 10 %)
PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Qutput current high lon RL=60Q 5 % -2.73 -6.22 mA
Output current low lou 1.0 UA
In-phase output voltage Vocom When high and low %—0.25 VZDD %+0.25 \%
Input voltage high ViH 120 mV
Input voltage low Vie 20.0 mV
Input hysteresis voltage ViHvs 25 mV
In-phase input voltage high ViHcom 1.00 Voo — 1.0 Vv
In-phase input voltage low ViLcom 0 Vop \%
Driver output resistance Ro Between BUS + and BUS — 100 kQ
Driver output capacitance Co Between BUS + and BUS —, 25 pF
Between BUS + and GND,

Receiver input capacitance Ci Between BUS — and GND 25 pF
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10. PACKAGE DRAWINGS

16 PIN PLASTIC DIP (300 mil)

16 9
11 r1ririe

0 _
J

NN I N N N N N O
1 8

A

\ 1 /
)

o T F

I
Lc s M R
D
NOTES ITEM MILLIMETERS  INCHES
1) Each lead centerline is located within 0.25 mm (0.01 inch) A 20.32 MAX.  0.800 MAX.
of its true position (T.P.) at maximum material condition. B 1.27 MAX. 0.050 MAX.
C 2.54 (T.P.) 0.100 (T.P.)
2) Item "K" to center of leads when formed parallel. +0.004
D 0.50%0.10 0.020°0°005
F 1.1 MIN. 0.043 MIN.
G 3.5+0.3 0.138+0.012
H 0.51 MIN. 0.020 MIN.
| 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 7.62 (T.P.) 0.300 (T.P.)
L 6.5 0.256
M 0.2579-32 0.010*9-993
N 0.25 0.01
P 1.1 MIN. 0.043 MIN.
R 005 0f15°

P16C-100-300B-1
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16 PIN PLASTIC SOP (300 mil)

HAEHBABARF

detail of lead end

O &
EEEEEEE

A
H
0} \ I | J
| |
| | >E
L
L OO O Ay SR/, w— 7
w ~— L
D
NOTE ITEM MILLIMETERS INCHES
Each lead centerline is located within 0.12 mm (0.005 inch) of A 10.46 MAX.  0.412 MAX.
its true position (T.P.) at maximum material condition. B 0.78 MAX. 0.031 MAX.
C 1.27 (T.P.) 0.050 (T.P.)
+0.10 +0.004
D 0.407595 0.01675" 503
E 0.1+0.1 0.004+0.004
F 1.8 MAX. 0.071 MAX.
G 1.55 0.061
H 7.7+0.3 0.303+0.012
I 5.6 0.220
J 1.1 0.043
+0.10 +0.004
K 0.2073 58 0.00875°005
+0.008
L 0.6+0.2 0.024%5-555
M 0.12 0.005
N 0.10 0.004
0+7° 0+7°
P 3t 3t

P16GM-50-300B-4
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11. RECOMMENDED SOLDERING CONDITIONS

This product should be soldered and mounted under the conditions recommended in the table below.
For details of recommended soldering conditions, refer to the information document Semiconductor Device Mounting

Technology Manual (IEI-1207) .
For soldering methods and conditions other than those recommended, please contact NEC representative.

Table 11-1. Surface Mount Type Soldering Conditions

UPD6708GS : 16-pin plastic SOP (300 mil)

VPS reflow

Package peak temperature: 215 °C, Reflow time: 40 seconds or less (at 200 °C or
higher), Number of reflow processes: 1

Soldering Method Soldering Conditions Symbol
Infrared ray reflow Package peak temperature: 230 °C, Reflow time: 30 seconds or less (at 210 °C or IR30-00-1
higher), Number of reflow processes: 1
VP15-00-1

Partial heating

Pin temperature: 300 °C or below, Flow time: 3 seconds or less (per side of device)

Caution Use of more than one soldering method should be avoided (except for partial heating).

Table 11-2. Hole-Through Type Soldering Conditions

UPD6708CX : 16-pin plastic DIP (300mil)

Soldering Method

Soldering Conditions

Wave soldering
(pin only)

Solder temperature: 260 °C or below, Flow time: 10 seconds or less

Partial heating

Pin temperature: 300 °C or below, Flow time: 3 seconds or less (per pin)

Caution Wave soldering is used on the pin only, and care must be taken to prevent solder from coming into direct
contact with the package body.
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0 APPENDIX MAJOR DIFFERENCES BETWEEN pPD6708 AND uPD72042A, nPD72042B
Part Number HPD6708 uPD72042A HuPD72042B
Parameter
Oscillation frequency (fx) 12 MHz 6 MHz
Supply voltage (Vob) 5V +10 %
Operating ambient temperature (Ta) —40to +85 °C

IEBus | Communication mode

Modes 0, 1, and 2

Driver/receiver

Provided

External protection resistor

Not necessary

Necessary (connect 180 Q in series to BOS+ and BOS-)

Transmit buffer

4 Bytes

33 Bytes

Receive buffer

20 Bytes

40 Bytes

Interfacing with microcontroller N

Serial interface (3-wire)

Serial interface (3-wire/2-wire)

MSB first MSB first LSB first
Package 16-pin SOP (300 mil) 16-pin SOP (375 mil)
16-pin DIP (300 mil)
Note  Setting commands/data and related pins differs between the uPD6708 and uPD72042A, uPD72042B.
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction

of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipate it once, when it has occurred. Environmental control must
be adequate. When itis dry, humidifier should be used. It is recommended
to avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools
including work bench and floor should be grounded. The operator should
be grounded using wrist strap. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no

connection is provided to the input pins, it is possible that an internal input

level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using a pull-up or pull-down

circuitry. Each unused pin should be connected to V pp or GND with a

resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-ondoes not necessarily define initial status of MOS device. Production

process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, 1/0 settings or contents of registers. Device is not initialized

until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.
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IEBus and Inter Equipment Bus are trademarks of NEC Corporation.

The export of this product from Japan is prohibited without governmental license. To export or re-export this
product from a country other than Japan may also be prohibited without a license from that country. Please call
an NEC sales representative.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customer must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

“Standard®, “Special“, and “Specific“. The Specific quality grade applies only to devices developed based on
a customer designated “quality assurance program* for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application.

Standard:Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices in “Standard” unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact NEC Sales Representative in advance.

Anti-radioactive design is not implemented in this product.
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