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1. INTRODUCTION

1.1 General

The YM3523 is an LSI device featuring an asynchronous serial communication interface, a
frequency divider that acts a communication rate generator, an interface for the cassette tape
recorder, transmit/receive data buffers, timers, counters and a parallel input/output port. With
this LSI a part of the MIDI data processing can be performed by hardware.

The YM3523 LSI has two output pins and three counters that synchronize with the MIDI
clock and the tape SYNC can be easily realized. The MIDI clock is generated by the MIDI clock
timer, the tape SYNC signal or the clock message contained in the received serial data. Another
way of the generation of the MIDI clock is a process with the host CPU control. This LSI has the
priority transmission and reception capability of the MIDI system real-time message over other
messages and also can support the processing of the system exclusive message.

Each of the MIDI counters can be utilized as general-purpose timer/counter.



1.2 Features

Serial communication

7- or 8-bits .......... Character,
1- or 2-bits .......... Stop bit,
1- or 4-bits .......... Parity bit,

Start bit error detection,

Automatic break detection and break character generation,

Character length, Types of parity and stop bits and communication rate are selectable
for transmission and reception separately.

Cassette tape recorder interface
One wave/two wave FSK modulation,
Automatic follow-up function for polarity and phase,
Transfer-rate check function,
Used for ordinary serial communication or cassette tape recorder interface in transmis-
sion and reception (separately).

Communication rate generater
Communication rate generation of 75 ~ 19200 bps and 31.25K bps.
Reception is performed at the internal clock rate that is 16 times the communication
rate. ‘
Communication rates of DC through 125K bps can be obtained by selecting the fre-
quency of a communication rate generating clock.

General-purpose 8-bit parallel input/output port.
General-purpose 14-bits timer.
128 bytes FIFO buffer for reception and 16 bytes FIFO buffer for transmission.

MIDI support functions

SYNC out, CLOCK out; output of a pulse signal synchronized to the system real-time mes-
sage.

Automatic transmitting function, priority transmitting function and priority receiving
function (without involving the receiving FIFO buffer) of the system real-time message.

8- and 15-bit counters for counting the interpolated, high-accuracy signal of the MIDI
clock.

Special 14-bit timer for determining MIDI clock generation timing. Detecting function of
the MIDI clock from the received serial data.

Tape SYNC function.

Automatic output of the tape SYNC signal

Active sense function

ID code check function for the system exclusive message.



Vector output function according to 8-level interrupt factors
C-MOS, 3u rule, 4MHz maximum system clock, 10mA power consumption
Single SV power supply, TTL level interface

40-pin plastic DIP package



1.3 Descriptions of terms

MIDI

Abbreviation for Musical Instrument Digital Interface, a communication standard for inter-
connecting the synthesizer, sequencer, rhythm machine and computer. Established in 1983
among the musical instrument industry.

Operation and SYNC information on instruments, etc., can be transmitted real-time at a
communication rate of 31.25K bps by the asynchronous serial communication using a 10-bit
word comprising a start bit, eight data bits and a stop bit.

Message

A communication unit of data for MIDI. One message is composed of one character of
status byte and data byte whose length is status byte-dependent. The MSB of the status byte
is | and that of the data byte is 0.

System real-time message

A classification of the MIDI message. A general term indicating 8 types of status bytes from
(F8)h to (FF)h with no data byte included. To provide a higher degree of real-time processing
these messages can be transmitted by interrupting other message’s data byte. The meanings of
these messages are as follows:

(F8)h  Timing Clock: SYNC clock. Indicates the note value of the ninety-sixth
note (equivalent to 1/24th of the length of the quarter
note). Hereafter called the MIDI clock.

(F9h Undecided
(FA)h Start: Start command for sequencer, etc.
Starts from the opening of music.
(FB)h  Continue: Continuous start command for sequencer, etc.
(FC)h  Stop: Stop command for sequencer, etc.
(FD)h Undecided

(FE)h  Active Sensing: Message indicating the transmitter and transmission line
are operating normally.
(FF)h  System Reset

System exclusive message

One of the MIDI messages.

Large data such as instrument tone parameters and nonstandard data are transferred with
chis message.

Consists of status byte (FO)h and variable-length data byte. The first data byte is used as the
ID code of a manufacturer. Thus the MIDI instrument manufacturer must have its ID code
registered with the International MIDI standard committee. The format from the second data
byte on can be decided by each manufacturer; a system exclusive message not in accordance
with the manufacturer ID code can be neglected.



Active sense message

One of the MIDI system real-time messages. Its status byte is (FE)h. The MIDI specification
requires that a transmitter transmit any message at least once per 300msec. If there is no mes-
sage to be transmitted, this active sense message must be sent. When a receiver does not receive
any message from a transmitter for 300msec, the transmitter or its transmission line is con-
sidered to be abnormal. In this case the sound generation is stopped and the receiver resumes
its own operation.

The receiver continues its own operation until it receives the first active sense message.

FSK modulation

FSK is an abbreviation for frequency-shift keying, a form of digital signal recording on a
magnetic (cassette) tape in which the 1 and Q are represented by two distinct frequencies.

In the YM3523 the mark (H level = 1) and space (L level = Q) of the usual asynchronous
serial signal are modulated with a frequency of two times the communication rate and a fre-
quency equal to this rate, respectively. Demodulation function is also provided.

With this type of modulation interface to the magnetic tape is obtained. The definition
mentioned above is used throughout this manual.

Tape SYNC
Synchronizing multiple recording or automatic performance according to the SYNC signal

recorded on a magnetic tape, etc.

TCLK, TCLKM and TCLKF
One-cycle time of the clock signal being input to terminals CLK, CLKM and CLKEF, respec-

tively.



2. SIMPLIFIED DESCRIPTION OF FUNCTIONS

2.1 Pin assignment

The pin configuration is shown in Fig. 2.1.

e IC.. Input
The YM3523 is reset by the L level input signal to this terminal. The reset pulse width must
be more than 32 clocks of the system clock to the CLK terminal (32 TCLK).
The same reset operation can be made by the host CPU operation on the internal registers
of YM-3523.

e CLK... Input
System clock input terminal
The internal operation of the YM3523, input signal sampling and output signal changing
are all performed in synchronization with the internal timing clock made by this system clock.
The clock rate must be more than 32 times the communication rate used. In the case of an
MIDI communication rate of 31.25K bps at least a IMHz clock rate is necessary. The maxi-
mum rate is 4MHz.

e CLKI ... Output
Internal timing clock output terminal.

e CLKM ... Input
Input terminal for a clock that generates an MIDI communication rate of 31.25K bps
(baud). Usually 1MHz or 0.5MHz is input, and 1/16 or 1/32 of this can be used as the com-
munication rate.
This clock signal is divided to obtain a count clock for the general-purpose timer and the
MIDI clock timer and also for the output pulse width at the SYNC and CLICK terminals. A
divide-by-two circuit is included so that the same setting time can be obtained, irrespective of
the input signal to the CLKM terminal (1IMHz or 0.5SMHz).

e CLKF ... Input
Input terminal for a clock that generates a communication rate of 75 x 2™ series.
Usually 614.4KHz is input and communication rates from 1/8192nd of this frequency (75
bps) to 1/32nd of the same frequency (19200 bps) can be used. Can be used also for counting
in the MIDI active sense function.
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DO ~ D7 ... Input/Qutput

AO~A2 .......... Input
CS Input
WR ... Input
RD ... Input
VR ... Input
IRQ  .......... Input

These terminals are used to provide interface to the host CPU.

TEST-0 ~ TEST-2 ... Input
Terminals used for testing the LSI. Thus, no connections are generally made.

RxD... Input
Serial data input terminal

TxD ... Output
Serial data output terminal

RxF ... Input
Audio signal input terminal from the magnetic tape such as a cassette tape. FSK-modulated
serial data are input to this terminal at the TTL level.

TxF ...Output
Audio signal output terminal to the magnetic tape such as a cassette tape. FSK-modulated
serial data are output from this terminal at the TTL level.

SYNC ... Qutput
A 2msec width pulse is output from this terminal in synchronization with the MIDI clock.
Used as a SYNC signal for other hardware.

CLICK ... Output
A 2msec width pulse is output from this terminal in synchronization with the MIDI clock
divided. Used when a metronome, etc., which is synchronized with the MIDI, is configured.

PO ~ P7 ... Input/output
General-purpose I/O port with which the input/output direction of each bit can be separate-
ly set.



2.2 Internal block functions

The block diagram is given in Fig. 2.2.

o Transmitter
Receives data trom the FIFO-ITx or FIFO-Tx. Appropriate start, parity and stop bits are
added to the received data, which is then converted to serial data. This serial data is sent direct
to the TxD terminal, or FSK-modulated and sent to the TxF terminal.
Communication rate, data length, type of parity bit and type of stop bit can each be set
independent of the receiver, has the function of forcibly lowering the output to the break level
(L level).

e FIFO-Tx
16-byte transmitting data buffer. General serial data transmission is made by setting the data
in this buffer. Because of the FIFO method the arbitrarily-set data is processed by the trans-
mitter in the same order that it was set. An interrupt signal is generated when all the data
stored in the buffer are sent to the transmitter.
Whether or not the data set area is available in the buffer can be checked from the host
CPU.

e FSK modulator
The transmitter serial data output is FSK-modulated. Its conversion rate is dependent upon
the communication rate.
If the serial data is sent to the TxD terminal, the SYNC terminal output signal is FSK-
modulated at a transfer rate of 1200 bps, which is then sent to the TxF terminal. The modu-
lation execution and halt can be controlled from the host CPU.

® Receiver
The serial data sent from the RxD terminal or the FSK demodulator is converted to the
parallel data, and the parity and stop bits are checked. Usually, the parallel data and the error
status are set in the FIFO-Rx.
Communication rate, data length, type of parity bit and type of stop bit can be set inde-
pendent of the transmitter.

e FIFO-Rx

128-byte receiving data buffer. Usually, the data received by the receiver is set in the order
it was received. This data can be read out anytime from the host CPU. The MIDI clock filter
and the address hunter can prevent unnecessary data from being set in the FIFO-Rx. In addi-
tion to the 128 bytes for data storage the parity and stop bit check results are also stored for
each data, therefore, this FIFO-Rx is in practice of the 10 bits x 128 words of storage buffer.

An interrupt signal is generated after the receiver has received one-character data and set it
in the empty buffer. The overrun error flag is set when new data is set in the buffer already
full of data, permitting checking from the host CPU.
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FSK demodulator

The FSK-modulated signal input to the RxF terminal is demodulated and sent to the
receiver in the form of usual serial signal. In this case the conversion rate is in accordance
with the receiver communication rate. The sampling timing of the serial signal that follows the
input signal fluctuation with time is sent to the receiver where the serial-to-parallel conversion
is performed at this timing.

If the receiver handles the input signal at the RxD terminal this signal is demodulated at a
transfer rate of 1200 bps and then sent to the SYNC detector. If the polarity accords, then the
phase adjustment is performed at the time when the one wave-modulated data (L level) is
demodulated. The positive or negative polarity is selectable.

Also, automatic polarity follow-up can be performed by the polarity detector circuit. The
baud check circuit is included and the result can be checked from the host CPU. Since the
level of the input signal at the RxF terminal can be directly checked from the host CPU, it
is possible that only the adjustments of baud, polarity and phase are conducted by the soft-
ware, then the demodulator output is utilized.



Break detector

Break status detector circuit for the input signal to the receiver.

If the L-level input continues during the transfer period of two characters that conform with
the communication rate, data length, parity bit and stop bit set by the receiver, it is regarded
as a break condition and thus an interrupt signal is issued.

FIFO-ITx

4-byte transmitting buffer used exclusively for the MIDI system real-time message.

If data is set in the FIFO-ITx, the transmitter will transmit this data, irrespective of whether
the FIFO-Tx data is present or not.

Idle detector and off-line detector

Functional blocks for the processing of the MIDI active sense.

The idle detector measures the interval between the serial data transmissions by the trans-
mitter, and if there is no transmission for a period of 80msec the MIDI active sense message
is set in the FIFO-ITx.

The off-line detector measures the interval between the receiver’s serial data reception and
the parallel data output. If there is no reception for a period of 300msec an interrupt signal is
generated.

MIDI clock filter

With this filter the MIDI clock message (F8)h is prevented from being transferred to the
FIFO-Rx. This can reduce the host CPU access to the receiving data buffer, if the reception of
the clock message is used by the IRQ, etc.

Address hunter

When the MIDI system exclusive message is received, the manufacturer ID code or the
manufacturer ID code plus one-byte ID code are checked against the ID code(s) pre-stored in
the register. If there is no accord, this filter (address hunter) prevents the message from being
transferred to the FIFO-Rx.

SYNC detector and MIDI clock timer

Internal MIDI clock generation sources.

The MIDI clock timer is a 14-bit programmable interval timer. The same type of timer is
used as the general-purpose timer (described later). The MIDI clock timer generates the MIDI
clock timing signal instead of interrupt signals.

The SYNC detector also generates the MIDI clock timing signal on the rising edge of the
signal obtained by demodulating the tape SYNC signal that is input to the RxF terminal.

In addition, the MIDI message detector (see later) generates the MIDI clock timing signal
when it detects the reception of the MIDI clock message (F8)h by the receiver. The host CPU
can also directly provide this timing signal.

12



According to this timing, concurrent operation of several functional blocks within the
YM3523 can be made.

SYNC controller

Controls the SYNC signal output.

A 2msec width pulse is sent to the SYNC terminal in accordance with the internal MIDI
clock. Also, the FSK-modulated SYNC output signal is sent to the TxF terminal which is
recorded on a magnetic tape for use as the SYNC signal for tape SYNC operation.

CLICK counter

7-bit programmable counter to count the internal MIDI clocks.

This counter can be used as a general-purpose interval timer if the MIDI clock timer is
employed as the MIDI clock generation source. When the values set in the register have been
counted, a 2msec width pulse is sent to the CLICK terminal and at the same time an interrupt
signal is issued. Count operation restarts by the automatic load of the counter with the preset
value.

Sequence—MIDI clock interpolator, Recording counter and Playback counter

Functional blocks for time management based upon the internal MIDI clock.

The MIDI clock interpolator generates count clocks at an interval equal to 1/nth of the
MIDI clock generation interval. This provision is used to advantage when application requiring
higher clock resolution is encountered. .

The recording counter is an 8-bit readable fixed counter which generates an interrupt when
the count reaches zero. This counter is usable as a real-time clock with its carry operation
processed by the host CPU software.

The playback counter is a 15-bit programmable subtractive counter which counts the MIDI
clock interpolator-generated count clocks and issues an interrupt signal when the count reaches
zero or becomes negative.

Although no automatic counter initialization is performed, the addition to the present
count value is possible to cope with the host CPU’s counter resetting delay.

If the MIDI clock timer is used as the MIDI clock generation source, these counters can be
utilized for general purposes.

MIDI clock controller—MIDI message detector, FIFO-IRx and MIDI message distributor

Control blocks for the internal MIDI clock.

The MIDI message detector is a functional block that detects the reception of the MIDI
system real-time message character by the receiver. When the reception of the clock message -
(F8)h is detected by the receiver this detector generates the internal MIDI clock timing signal.
Similarly, when the reception of the system real-time messages (F9)h ~ (FD)h is detected the
detected message contents are set in the FIFO-IRx.

The FIFO-IRx is a 4-byte FIFO that processes the internal MIDI clock and keeps the
process sequence of the system real-time data (messages) received by the receiver. When a
selected MIDI clock timing signal (i.e., one of the MIDI clock timing signals of the MIDI

MIDI clock interpolator — MIDI message detector
Sequencer { Recording counter MIDI clock controller FIFO-IRx
Playback counter MIDI message distributor



message detector. SYNC detector and MIDI clock timer) is generated, the (F&)h is set in the
FIFO-IRx. Also, the data (F9)h ~ (FD)h sent from the MIDI message detector are set in this
FIFO buffer. If the (F8)h is present at the exit of the FIFO it is automatically brought out as
the MIDI clock and sent to the MIDI message distributor, causing an interrupt signal to be
issued. In case other system real-time message exists at the FIFO exit another interrupt signal
is generated, and data is not brought out until directed by the host CPU.

The data at the exit of the FIFO-IRx can be arbitrarily read out from the host CPU, irrespec-
tive of the operation of the FIFO, eliminating the need to wait for the data processing by the
FIFO-Rx. The MIDI message distributor controls the functional blocks whose operation
depends upon the internal MIDI clock.

According to the (F8)h signal sent from the FIFO-IRx or to the host CPU direction, the
distributor sends the MIDI clock signal simultaneously to each functional block. Also, by the
direction of the host CPU, the system real-time messages (F9)h ~ (FD)h are sent to the func-
tional blocks either independently or in unison, controlling their operation (start, stop and
initialization).

The functional blocks controlled by this distributor are the CLICK counter, SYNC con-
troller and sequencer. The loading of data into the FIFO-ITx is also controlled by the distri-
butor.

General-purpose timer

14-bit programmable interval timer (the same type as that for the MIDI clock timer)

This timer counts a fixed 8 usec clock. When the count of the values set in the register has
been completed an interrupt signal is issued. The count restarts by the automatic load of the
counter with the initial value.

I/O controller

Functional block that provides the input/output control on the terminals PO ~ P7.

Performs the setting of the I1/O port input/output direction and of the output data. Both
the input signal level at the input port terminal and the output signal level at the output port
terminal can be read out.

IRQ controller

Controls the output level at the IRQ terminal, status register and vector register, according
to the 10 interrupt requests within the LSI and to the contents of the interrupt control register.

The status of interrupt requests is set by the bit map in the status register. The IRQ terminal
output level goes low upon generation of an acknowledged interrupt request. From the inter-
rupt requests acknowledged and being generated the vectors with high priority are set in the
vector register. LSB of the vector is fixed at zero and the highest three bits are set by the host
CPU.

14



2.3 Register layout

The register layout diagram is given in Fig. 2.3.

There are 38 registers built in to this LSI, as shown in this diagram. By way of example the
register at the uppermost stage of the diagram is considered. ROO and IVR in this register are the
register number and the register name, respectively. The register number’s high-order digit and low-
order digit are called the group number and the address number, respectively. A certain register
can be accessed by first writing its group number into the ROl (RGR), then specifying its address
number by the terminals AO ~ A2. Repeated group number entry into the ROl is not needed
when the registers of the same group are to be accessed. The registers with the address numbers
0 ~ 3 (ROO ~ RO3) can always be accessed, irrespective of the group number.

Register functions are described in relevant chapters.

15
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Figure 2.3 Register map
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3. COMMUNICATION FUNCTIONS

3.1 Serial communication

3.1.1. Communication method

Fig. 3.1 illustrates the message format of the asynchronous serial communication employed in
the YM3523. There are several modes of message format, depending upon the data bit length, the
existence of parity bit, the parity bit length, the stop bit length and the type of stop bit.

The data bit length of seven or eight bits is treated as one character.

The parity bit modes are one-bit, four-bit and no parity, and odd or even parity can be used.
In the four-bit parity mode, a pair of data bits correspond to one parity bit, as shown in Fig. 3.2.

The stop bit length are one or two bits, and two modes exist for the two bits length, i.e., one
mode with two consecutive marks (H level) and the other mode with one mark and one space
(L level). Fig. 3.3 indicates the stop bit modes.

The communication rates available are 1/16 or 1/32 of the input clock rate supplied to the
CLKM terminal, or 1/32nd, 1/64th, ....., 1/8192nd of the input clock rate to the CLKF terminal.
By inputting a clock of 1IMHz or 0.5MHz to the CLKM terminal and MIDI communication rate of
31.25K bps can be obtained. And, if 614.4KHz is input to the CLKF terminal communication
rates of from 75 bps to 19200 bps (75 x 21 series) are available.

If the signal for the magnetic tape is handled by the internal FSK modulator and demodulator,
the use of several CLKM communication rates (i.e., 1/16th and 1/32nd of the input) is inhibited.

3.1.2. Transmission procedure

When the transmit operation is acknowledged by the host CPU and data is set in the FIFO-Tx
or FIFO-ITx, the transmitter adds the start bit, parity bit and stop bits to the data according to
the transmit mode and transmits the data at the selected communication rate. When the data bit
length is seven bits the MSB of the data set in the FIFO is ignored.

The transmitter output is sent direct to the TxD terminal or sent to the FSK modulator where
the output is FSK-modulated per bit which is then routed to the TxF terminal.

3.1.3. Reception procedure

How the input signal to the RxF terminal is received is explained using Fig. 3.4. The receiver
samples the input signal with the internal communication clock that is 16 times the communica-
tion rate (obtained by dividing the input clock at CLKM or CLKF terminal). If, under “waiting
for a new message” condition, the receiver samples a space (L level) eight times after at least one
mark (H level), it is recognized as a start bit. The eighth timing of the internal communication
clock in this space condition is used as a midpoint of the start bit. Then the input sampling is per-
formed by using every 16th clock of the internal communication clock as a midpoint for each bit,
i.e., data bit, parity bit and stop bit. At the time when the last stop bit is sampled the receiver will
go into the wait state for a next message.
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Figure 3.3 Stop-Dbit length and type
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In the case of the reception of the FSK-modulated signal that is input to the RxF terminal,
since the FSK demodulator generates a clock signal every time each bit is demodulated the per-bit
sampling is performed based upon this clock. The start bit detection is made by the continuous
reception of marks and spaces.

In either case, upon completion of the reception of one message O is added to the MSB in the
case of the seven-bit length mode to form an eight-bit data signal. And, if any abnormal condition
exists with the parity and stop bits the Parity Error and Framing Error signals are made active.
These signals are loaded into the FIFO-Rx via the MIDI clock filter and address hunter and are
accessible from the host CPU.

3.1.4. Operation of transmitter and receiver

The communication rate, communication mode (communication format) and wiring of the
transmitter and receiver are set by means of registers R24, R25, R44 and R45. Register operations
are prohibited when the transmitter and/or receiver are in operation. Fig. 3.5 shows the function
of each register.

e TxRx(R44 —b6) — WRITE —
If 1 is set to the TxRx, the input to the RxD terminal is unconditionally sent to the TxD
terminal.

e TxD/F (R44 — bS5), RxD/F (R24 — b5) — WRITE —

If O is already set to the TxD/F, the transmitter serial output signal is sent to the TxD ter-
minal as long as 1 is not set to the TxRx. At this time the serial input signal to the FSK modu-
lator is the CLICK counter output signal to the CLICK terminal, and modulation is conducted
at a rate of 1200bps (CLKF/512). If 1 is set to the TxD/F, then the transmitter serial output
signal becomes the serial input signal to the FSK modulator, and modulation is performed at
the transmitter’s communication rate. As long as 1 is not set to the TxRx the output at the
TxD terminal has the H level. If O is already set to the RxD/F, the input signal to the RxD
terminal is used as the receiver input signal. At this time the FSK demodulator performs
demodulation at a modulation rate of 1200 bps (CLKF/512), and its serial output signal is
sent to the SYNC detector. If 1 is sent to the RxD/F, the FSK demodulator serial output
signal becomes the receiver input, and the FSK demodulator conducts its operation at the
communication rate of the receiver.

e R44 —b4~Db0,R24 —b4~b0 — WRITE —

According to the values set to these bits the communication rate of the transmitter and
receiver is determined. By changing the input frequency to the CLKM and CLKF terminals the
communication rate of the 110 x 21 series, etc., can be realized. However, this alternation has
an effect on the internal timers, SYNC and CLICK output pulse width and the active sense
function.
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TxCL (R25 — b5), RxCL (R25 - b5) — WRITE —
Determines the data bit length of the communication message.

TxPE (R45 — b4), RXxPE (R25 —b4) — WRITE -
Determines whether parity is used or not.

TxPL (R45 — b3), RxPL (R25 —b3) — WRITE -
Determines the parity bit length.
For the seven-bit data length one-bit parity is used, irrespective of the setting of this bit.

TxE/O (R45 — b2), RXE/O (R25 —b2) — WRITE —
Determines the parity bit polarity.

TxSL (R45 — bl), RxSL (R25 —bl) — WRITE —
Determines the stop bit length.

TxST (R45 — bl), RXxST (R25 —bl) — WRITE —

Determines the type of stop bit. If, for a stop bit length of 2, 0 is set to this bit, 2 bits of mark
(H level) is treated as stop bits; if 1 is set instead stop bits consists of one bit of space (L level)
and one bit of mark. When a stop bit length is 1 setting of this bit is invalid.

3.1.5. Effects of the initial clear

Refer to sections 3.3 & 3 .4.
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3.2 Magnetic tape interface (FSK modulation)

3.2.1. Modulation method

Fig. 3.6 shows the serial data and the FSK-modulated signal used in the YM3523.

As can be seen from this figure, the FSK-modulated signal is produced by replacing marks (1s)
and spaces (Os) in the serial data with two square waves and one square wave, respectively. When
this signal is recorded and then reproduced by an audio cassette tape recorder, etc., distortions
arise locally or wholly in the duty ratio and the communication rate; however, performing de-
modulation in synchronization with one- or two-wave signal can cope with these distortions.

3.2.2. Modulation procedure

When the modulation operation is acknowledged by the host CPU, the FSK modulator receives
at the prescribed transfer rate the transmitter serial output signal or the SYNC output signal of
the SYNC controller, modulates this signal and sends the modulated signal to the TxF terminal,
In this case, the modulation rate for the transmitter serial output equals to the transmitter com-
munication rate, while a modulation rate of 1200 bps is employed for the SYNC output signal.
The CLKM communication rates of 1/16th and 1/32nd of the input frequency cannot be used.

3.2.3. Demodulation procedure

When the demodulation operation is acknowledged by the host CPU, the FSK demodulator
demodulates the FSK-modulated signal which is input to the RxF terminal, and sends the serial
signal to the receiver or the SYNC detector. If the serial data is to be sent to the receiver, the
demodulation rate is determined by the communication rate set by the receiver. In this case, as
described later, a clock signal is sent from the demodulator to the receiver each time one bit is
demodulated, and the receiver samples the actual serial data using this clock. The CLKM communi-
cation rates (1/16th and 1/32nd of the input frequency) cannot be employed.

A demodulation rate of 1200 bps is used in the case of sending the serial data to the SYNC
detector.

The operation of the FSK demodulator is described using Fig. 3.7. The internal communica-
tion clock — either 16 times the receiver communication rate or 16 times 1200 bps — is first
produced. The input signal to the RxF terminal is read in synchronization with this clock, and
its rising edge is detected. The first rising edge detected is regarded as the start timing for one bit,
and the internal communication clock counter is set to 1. If the next rising edge is detected before
the count of 13th clock, the serial output is set to the H level in synchronization with the 13th
clock; if not detected it is set to the L level. The DSF (demodulated status flag) in the R64 (FSK
status register) is set accordingly. At the same time, a clock signal is sent to the receiver to indicate
the completion of one bit demodulation.

If more than one input signal rising edge is detected before the 13th clock, the CFF (carry
first flag) in the R64 is set. Also, when the next input signal positive edge cannot be detected
before the 21st clock, the CSF (carry slow flag) of the R64 is set. The 21st clock is regarded as the
start timing for a temporary bit and the internal communication clock counter is set to 1. Then
the serial output is set to the L level in synchronization witht he 13th clock, and at the same time
a clock is sent to the receiver. At the 21st clock the counter is again set to 1. This cycle is repeated
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until the input signal positive edge is detected. When the positive edge is finally detected usual
one bit process described above restarts. Although the serial output in the case of a temporary bit
is treated as the L level within the demodulator, and the DSF of the R26 has the L level, the
serial signal being sent to the receiver and the SYNC detector has the H level.

Fig. 3.8 illustrates the manner in which the phase alignment of the FSK-modulated signal is
accomplished by the FSK demodulator. When demodulation starts from the serial signal mark
(two wave-modulated signal = H level), it tends to be 180° out-of-phase, as shown in Fig. 3.8 (1)
& (2). As is apparent from the figure, there is a possibility for one bit of space (one wave-modulat-
ed signal = L level) to be overlooked.

The polarity (H and L levels) inversion can be applied to the input signal from the RxF ter-
minal to the demodulator. The positive or negative polarity can be specified from the host CPU,
or according to the result from the internal polarity detection circuit the automatic polarity
follow-up system functions.

The operation of this polarity detection circuit is described using Fig. 3.9. The input signal at
the RxF terminal is loaded into the 12-bit shift register according to the internal communication
clock. Then the data are extracted from the register in synchronization witht he 1st, 5th, 6th, 7th,
8th and 12th clocks (counting from the oldest data stage of the register). If the data synchronized
with the Sth and 6th clocks only have different values from other data, the data before the 6th
clock are considered mark (two wave modulation), while the data after the 7th clock are regarded
as space (one wave modulation). If the space start position is known the direction of the input
signal change at the start corresponds to the positive direction.

In Fig. 3.9 three types of input signals, each with a slightly different communication rate from
the others, are given as an example. Polarity decision will be made for the input signal whose phase
is opposite to that of the three input signals shown.

In the automatic polarity follow-up conducted according to the detected polarity the phase
alignment is made in accordance with the timing of the mark-to-space transition detected during
the polarity detection, and the internal communication clock counter is set to 1.

In the case of the automatic polarity decision the requirements for the input signal duty ratio
are considerably strict. To prevent the dropout of bits in phase alignment it is desirable that the
recorded data header portion have a mixture of marks and spaces and that use be made of the
algorithm that the polarity is fixed after repeated decisions.
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3.2.4. Operation of the FSK modulator and demodulator

The operation of the FSK modulator and demodulator is controlled by the register R65. The

status of the FSK demodulator is set in the register R64, and can be read out at any time. Fig.
3.10 shows the function of each register.

RxFS (R64 — b7) — READ-—
Status flag that indicates the input level at the RxF terminal.

SS (R64 — b6) — READ —
Status flag that indicates the result of demodulation.
A temporary bit (see section 3.2.3.), when demodulated, is treated as space (L level).

CSF (R64-—-b5) — READ —

If the RxF input signal positive edge cannot be detected for a period equal to 21 clocks
by the internal communication clock or 21/16th of a bit counting from the start of any one
bit, 1 is set. This flag denotes that a signal with the communication rate slower than the
prescribed demodulation rate may be input.

CFF (R64 —-b4) — READ —

If more than one positive edge from the RxF input signal is detected during the period
equal to 12 clocks by the internal communication clock or 12/16th of a bit counting from the
start of any one bit, 1 is set. This flag indicates that a signal with the communication rate
faster than the prescribed demodulation rate may be input.

PS (R64 — bl) — READ -
The detection result of the R x F input signal polarity is set in this status flag.

PDF (R65 - b0) — READ —
This flag is set when the polarity detection is made.

ME (R65 - b7) — WRITE —
If 1 is already written the FSK modulator operates; if O is written its operation stops.

CFC (R65 —b4) — WRITE —
If 1 is written O is set in the CSF and CFF.

DE (R65—b3) — WRITE —
If 1 is already written the FSK demodulator operates; if O is written its operation stops.
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e APD(R65 —b2) — WRITE —
If O is already written the automatic polarity follow-up function operates. If 1 is written,
the input polarity is determined according to the subsequent P/N bit (see below) and demodu-
lation is performed.

e P/N(R65 —bl) — WRITE —
Sets the input polarity when the automatic polarity follow-up function is not used.

e PDFC (R65 —b0) — WRITE —
If 1 is written O is set in the PDF.

3.2.5. Effects of the initial clear
Refer to section 3.3 & 3.4.
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3.3 Functions related to transmitting

3.3.1 FIFO-ITx and FIFO-Tx

The FIFO-ITx is a 4-byte transmitting buffer intended exclusively for the MIDI system
realtime messages (F8)h ~ (FE)h. For details, refer to section 4.1: “MIDI clock controller and
related functions”.

The FIFO-Tx is a general-purpose 16-byte transmitting buffer. If data is set in this buffer from
the host CPU, the data will be sent to the transmitter in the set order. The flag showing the FIFO
is not full and the flag showing the empty FIFO condition can be read out from the host CPU. If
the FIFO-Tx becomes empty because of the read-out by the transmitter an interrupt signal will be
sent to the IRQ controller.

The transmitter gives priority to the data (if present) of the FIFO-ITx; therefore, the data in
this buffer will first be read out and transmitted.

3.3.2. Idle detector

Detects the long absence of transmit operation.

If there is no transmission for approximately 80msec (equal to the time of six counts of the
signal obtained by dividing the input clock at the CLKF terminal by 23 : if CLKF = 614.4KHz,
then clock interval = 13 4msec, time = 66.7 — 80.1msec), the flag is set, and the active sense mes-
sage (FE)h is set in the FIFO-ITx if already acknowledged by the host CPU. The same operation
will be repeated every sixth counts. For the acknowledgment of the setting of the (FE)h in the
FIFO-ITx, see section 4.1: “MIDI clock controller and related functions”.

3.3.3. Transmitter and FSK modulator

Refer to section 3.1 for the transmitter, and section 3.2 for the FSK modulator.

An auxiliary function of the transmitter is the BREAK character transmit function. If in-
structed by the host CPU the transmitter goes to the L level and will maintain that level until
released. In this case the internal transmit operation of the transmitter continues without inter-
ruption.

3.3.4. Register operation
The transmission-related functions are controlled by the registers R54, R55 and R56. Fig. 3.11
shows the function of each register.

e TxEMP (RS54 —b7) — READ —
Status flag that indicates the FIFO-Tx is empty.

e TxRDY (RS54 —-b6) — READ —
Status flag that indicates the FIFO-Tx is not full and hence data can be set.
If this flag is 0, additional data, if sent to FIFO-Tx, will be lost.
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TxIDL (R54 —b2) —READ —
This flag is set each time non-transmit condition of approximately 80msec (when CLKF =
614.4KHz) is detected by the idle detector.

TxBSY (R54 — b0) — READ —
Status flag that indicates the transmitter is in transmit operation.

TxC (R55 —b7) — WRITE —
Clears the contents of the FIFO-ITx and FIFO-Tx. The IRQ is not generated.

BRKE (R55 —b3)  — WRITE ~
If 1 is written the transmitter serial output goes to the L level and stays there until O has
been written. The transmitter internal operation continues during the L level period.

TxLDLC (R55 —b2) — WRITE —
Clears the TxIDL flag.

TxE (R55 — b0) —WRITE-—

Enables the transmitter operation. When its operation is inhibited by writing 0 a character
now under transmission will be transmitted completely. Read-out of a new character from
the FIFO-Tx and FIFO-ITx is inhibited.

R56 —b7~b0 — WRITE —
Data written into this register is set in the FIFO-Tx.

3.35. NoteonIRQ

If the FIFO-Tx becomes empty because of the read-out by the transmitter an interrupt signal

is sent to the IRQ controller. This signal is cleared by the operation on the IRQ controller or if
the TXEMP flag becomes zero.

3.3.6. Effects of initial clear

The initial clear of the hardware and software will cause the following operations to be made:
The TxD and TxF terminal outputs go to the H level and the L level, respectively.

The operation of the transmitter and FSK modulator is stopped and initialized.

Idle counter starts its count from zero.

Zeros are written into the registers.

All flags other than the status flags are cleared.
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3.4 Functions related to receiving

3.4.1. FIFO-Rx

The FIFO-Rx is a receiving buffer of 10 bits x 128 words. Fig. 3.12 illustrates its configura-
tion.

When the receiver receives one character of message the 8-bit data and the 2-bit error flag are
set in the FIFO-Rx. If the data is read out by the host CPU the data in the FIFO-Rx is automati-
cally forwarded. The error flag associated with the data to be read next can be read out by the
status register RST (R34).

In the 4-bit length parity mode if any error is detected one word consisting of the 4-bit parity
error flag 6 zeros is set in the FIFO-Rx following the 8-bit data plus 2-bit error flag.

The flag indicating that the FIFO has the data to be read out and the flag indicating that the
FIFO under the full condition is provided with new data (i.e., overflow condition) can be read out
by the host CPU. If the FIFO goes into the overflow state, the flag is set and at the same time the
second oldest data (one word) is lost, the data that follows is forwarded and the latest data is set.
Because of this, when the host CPU detects the framing error, parity error and overrun error, one
word of data is abandoned, thereby guaranteeing the data thereafter.

If new data is set in the empty FIFO an interrupt signal is sent to the IRQ controller.

3.4.2. Break detector

Detector circuit for the BREAK condition. _

When the receiver input signal has the L level for the period of two characters according to
the reception mode and rate currently set, the flat is set and an interrupt signal is sent to the IRQ
controller. The interrupt cannot be used at the same time with that from the off-line detector (see
below).

3.4.3. Off-line detector

Detects the long absence of receive operation. If there is no parallel data output from the
receiver for approximately 300msec (equal to the time of 24 counts of the signal obtained by
dividing the input clock at the CLKF terminal by 2'3 : if CLKF = 614.4KHz, then clock interval =
13.4msec, time = 308.2 — 321.6msec), the flag is set and an interrupt signal is sent to the IRQ
controller. The interrupt cannot be used at the same time with that from the break detector (see
above).

3.4.4. MIDI clock filter

Circuit to eliminate the MIDI clock message (F8)h from the received data. If this flag is
enabled by the host CPU, the setting of data in the FIFO-Rx is inhibited only when the (F8)h
is received without error.
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{f |PE)FE| D7 D6 D5 D4 D3 D2 Dt DO
PE=0 , FE=0
2 |PEJFE| D7 D6 DS D4 D3 D2 D1 DO r . )
parity-bit length=0, 1
3 |PEJFE| D7 D6 DS D4 D3 DZ DI DO
4
S|{PE|FE| D7 D6 D5 D4 D3I D2 DIt DO PE=1 or PF={
elofJo[o o o o Pz P2 P po|j inAPbilsparity mode
7
127
128
A . A 4
4 ¢
R34 RSR R36 RDR

Figure 3.12 FIFO-Rx structure
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3.4.5. Address hunter

Circuit to eliminate the special format data train referred to as the MIDI system exclusive
message. If enabled, by the host CPU, the setting of the unnecessary system exclusive message

data received without error into the FIFO-Rx is inhibited.
For details, see section 4.4 “Address hunter”.

3.4.6. Receiver and FSK demodulator
See section 3.1 for the receiver, and section 3.2 for the FSK demodulator.

3.4.7. Register operations
Transmission-related functions are controlled by the registers R34 and R35
4.4 for address hunter controls.

e RxRDY (R34 —b7) — READ —
Status flag that shows the FIFO-Rx has the data to be read out.

e RxOV (R34 -b6) — READ -
Flag that shows the overflow has occurred in the FIFO-Rx.

e RxF (R34 —bS5) -~ READ -
Framing error flag for the next data to be read out.

e BRK (R34 -0b3) — READ -
Flag that indicates the BREAK condition has been detected.
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RxOL (R34 —b2) — READ —
Flag that indicates the off-line condition has been detected.

AHBSY (R34 —bl) — READ —
Status flag that shows the operating address hunter detects the MIDI system exclusive
message and is processing it.

RxBSY (R34 — b0) — READ -
Status flag that shows the receiver receives the serial data and is converting this data to the
parallel equivalent.

RxC (R35 -b7) — WRITE —
Clears the contents of the FIFO-Rx.

RxOVC (R35 —b6) — WRITE -
Clears the RxOL flag.

FLTE (R35 —b4) — WRITE —
Enables the operation of the MIDI clock filter.

BLKC (R35 —b3) — WRITE —
Clears the BLK flag.

RxOLC (R35 —b2) — WRITE —
Clears the RxOL flag.

AHE (R35 —bl)
Enables the operation of the address hunter.

RxE (R35 — b0)
Enables the operation of the receiver.

R36 — b7 ~ b0

Reads the first (oldest) data of the FIFO-Rx. The data in the FIFO is automatically for-
warded when the read-out is performed.
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348. NoteonlIRQ

If the empty FIFO-Rx receives the parallel data from the receiver, an interrupt signal is sent
to the IRQ controller. This interrupt is cleared by operating upon the IRQ controller, or when the
FIFO-Rx becomes empty by the read-out of data.

The interrupt signal from the break detector and the off-line detector to the IRQ controller
reflects the contents of the BRK and RxOL flags. This signal is cleared by operating upon the IRQ
controller, or cleared simultaneously if the BRK and RxOL f{lags are cleared. Conversely, the
operation of the IRQ controller causes the BRK and RxOL flags to be cleared.

The simultaneous use of both IRQs from the host CPU is impossible.

3.4.9. Effects of the initial clear
The initial clear of the hardware and software will cause the following operations to be made:

The operation of the receiver and FSK demodulator is stopped and both are initialized.
The count of the break detector and off-line detector starts at zero.

Registers are written with zeros.

Flags other than status flags are cleared.
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4. MIDI SERVICE FUNCTIONS

4.1 MIDI clock controller and related functions

4.1.1. Purpose of the MIDI clock controller

The MIDI system real-time message includes the clock message (MIDI clock) used for synchro-
nized performance of a plurality of instruments (e.g., sequencer and rhythm machine), the start
message, the stop message and the continue (continuous start) message. The MIDI clock is trans-
mitted every 1/24th of a quarter note (ninety-sixth note) and each instrument measures the time
based upon this clock for the performance.

The MIDI clock controller of the YM3523 is provided to attain the following purposes with
respect to the messages: attain the following purposes with respect to the messages:

o Automatic control of the counters and SYNC output circuits synchronized with the reception

of the clock message and the tape SYNC signal, or the clock message transmission.

The speedup of the CPU response to the reception of the system real-time message.

The priority transmission of the system real-time message and automatic transmission of some
of the system real-time message.

e The generation of the internal MIDI clock triggered by the reception of the clock message,
the tape SYNC signal, the internal timer, or by the host CPU operation, and subsequent IRQ
generation.

e The concurrent control of the counters, the output circuit and the message transmission, all
of which synchronized with the internal MIDI clock.

o The guarantee of the process sequence of the clock message and other system real-time mes-
sages when the reception of the clock message is used as a trigger for the internal MIDI clock.

4.1.2. SYNC detector

Functional module that detects the SYNC signal from the tape SYNC input signal and supplies
this detected signal as one of the MIDI clock sources.

When zero is already set in the register R25—b5 (Receiver input controller) and the input
signal to the RxD terminal is already fed to the receiver, this module operates using the serial
output of the FSK demodulator as its input. If, during operation, the module detects the positive
edge of its input level, the FIFO-IRx is informed of the generation of the MIDI clock. Since the
FSK demodulator operates at a fixed demodulation rate of 1200 bps this positive edge detection
is equivalent to the detection of the timing of the RxD terminal input signal variation from 1200
Hz to 2400Hz. If the transfer rate error is detected the serial output signal of the FSK demodu-
lator is set to the H level; thus, at the instant that the input signal is disconnected from the RxD
terminal there is the possibility of the MIDI clock generation.
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Figure 4.1 structure of FIFO-IRx
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4.1.3. MIDI clock timer

An exclusive timer — one of the internal MIDI clock sources.

A pulse with an interval of eight usec is counted by the 14-bit counter. This pulse signal is
produced by dividing the CLKM by four or eight, depending upon the setting of the register
R66—bl (CLKM frequency select). Since the count is made only once every 16 TCLK, the 16
TCLK becomes the unit of count in case the 4 TCLKM or 8 TCLKM in longer than the 16 TCLK.

When the counter reaches a count of zero reloading of the count value is performed. With the
timing of the loading or reloading of the count value the FIFO-IRx is informed of the MIDI clock
generation.

If a value of less than or equal to one is loaded into the counter its operation is not guaranteed.

4.1.4. MIDI message detector

Functional block that monitors the reception data of the receiver and supplies the reception
of the clock message (F8)h as one of the internal MIDI clock sources, and detects the reception
of (F9)h ~ (FD)h in the system real-time messages (F9)h to (FF)h.

Message detection is performed only for the data received normally, that is, received without
parity and framing errors, etc. The detection results will be sent to the FIFO-IRx.

4.1.5. FIFO-IRx

4-byte FIFO that is provided to guarantee the process sequence of the internal MIDI clock —
especially that is generated on the basis of the reception of the clock message (F8)h by the receiver
— and the system real-time messages (F9)h to (FD)h.

The clock message (F8)h is set in this FIFO by the MIDI clock generation signal from one of
the following blocks (which is selected by the host CPU): the SYNC detector, the MIDI clock
timer and the MIDI message detector. Also, if the MIDI message detector enabled by the host CPU
detects the reception of the other system real-time messages (F9)h ~ (FD)h, the detected message
is set in the FIFO. If new data is tried to be set in this FIFO which is already full of 4-byte data,
the new data will be lost.

The oldest data stored in the FIFO can be read out by the host CPU. Unlike the usual FIFO,
the read-out of the oldest data is performed without extracting it. Its extraction is made by the
other operation of the host CPU. If the oldest data becomes the clock message (F8)h, it is auto-
matically extracted, and the internal MIDI clock signal is sent to the MIDI message distributor.
With this automatic process of the MIDI clock is done, and also of the MIDI clock that is process-
ing other system real-time messages received is suspended.

When the FIFO’s oldest data becomes the clock message (F8)h, an interrupt signal called the
MIDI clock detect is sent to the IRQ controller; or when the oldest data becomes other system
real-time messages (F9)h ~ (FD)h, an interrupt signal called the MIDI real-time message detect
is sent to the IRQ controller.
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4.1.6. MIDI message distributor

Distributor for the internal MIDI clock and other system real-time messages.

The counters and output circuits that receive the messages (FA)h, (FB)h and (FC)h perform
the necessary operation, that is, start, stop and initialization, according to the meanings of the
messages (start, stop and continue). The messages that are sent to the FIFO-ITx are transmitted
by the transmitter.

According to the signal from the FIFO-IRx or the register operation by the host CPU (register
operation is selectable from the host CPU), the internal MIDI clock is sent simultaneously to the
FIFO-ITx, sequencer, CLICK counter and SYNC controller. Other real-time messages are sent to
one or more designated functional blocks throught the register operation by the host CPU.

4.1.7. FIFO-ITx

4-byte transmitting buffer intended exclusively for the system real-time messages (F8)h ~
(FE)h.

The messages (F8)h ~ (FE)h sent from the MIDI message distributor or the idle detector
(see section 3.3) are extracted and transmitted on a single byte basis while the transmitter is
enabled.

The setting of the clock message (F8)h and active sense message (FE)h is enabled/disabled
through the register operation by the host CPU. For the other system real-time messages (F9)h ~
(FD)h the FIFO-ITx only can be removed from designation by operating the MIDI message distri-
butor. Therefore, the operation of the FIFO-ITx can be fully controlled from the host CPU.

4.1.8. Register operations

Registers R86 and R87 control the MIDI clock timer, and registers R14 through R17, control
other MIDI clock controller-related functions.

Fig. 4.2 shows the function of each register.

¢ R87-b5~R86—-b0 — WRITE —

Sets the load value for the MIDI clock timer. The MIDI clock timer ‘“‘down-counts’ the
value set in the internal counter every unit of time. When a count of zero is
reached the value set in this register is reloaded in the counter. At the time of reloading the
MIDI clock generation signal is sent to the FIFO-IRx.

For the unit of time, 1/4th or 1/8th of the CLKM, which is dependent upon the setting of
the R66 — bl (CLKM frequency select) and is 8 usec for the preset CLKM, or 1/16th of the
CLK will be selected and whichever is longer is taken.

The value set in the register can settle as the reload value when data is written into R87. The
reload value during the writing into R86 and R87 is equal to the value before R86 is rewritten.
This prevents loading irregular values during the change of the reload value setting.
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LD (R87 — b7) — WRITE —

If 1 is written into this bit reloading will be performed within 32 TCLK, regardless of the
present count value of the MIDI clock timer. The MIDI clock generation signal is also sent
to the FIFO-IRx.

In the case of the repeated access to the registers R86 and R87 it is necessary that the same
register be accessed with the interval equal to 16 TCLK plus 8 TCLKM.

ASE (R14 — b5) — WRITE —
Setting of the active sense message (FE)h from the idle detector in the FIFO-ITx is enabled/
disabled.

MCE (R14 — b4) — WRITE —
Setting of the clock message (F8)h from the MIDI message distributor in the FIFO-ITx is
enabled/disabled.

CDE (R14 — b3) — WRITE —
Setting of the system real-time messages (F9)h ~ (FD)h from the MIDI message detector
in the FIFO-IRx is enabled/disabled.

MCDS (R14 — b2) — WRITE —
Determines whether the generation of the internal MIDI clock is performed by the internal
MIDI clock from the FIFO-IRx or by the operation of the register R15 by the host CPU.

MCFS (R14 — bl ~ b0) — WRITE —
Determines where the request comes from for setting the clock message (F8)h in the FIFO-
IRx: the MIDI message detector, SYNC detector or MIDI clock timer.

R15 - b7 ~ b3 — WRITE —
Designates the destinations (blocks) to which messages (F9)h ~ (FD)h are to be sent. The
clock message (F8)h is always sent to all blocks.

R15-b2 ~ b0 — WRITE —

If this register is written, the message comprising its three bits plus five bits of 1s are sent
to the blocks designated by b7 ~ b3. The MIDI clock (F8)h, however, is sent to all blocks.
This MIDI clock (F8)h is sent with the timing of register write or with the timing of the
internal MIDI clock sent from the FIFO-Rx, depending upon the condition of the MCDS
(R14 — b2).

R16 — b7 ~ b0 — READ -

Reads the oldest data from the FIFO-IRx. The data read is not lost. (00)h has been set
in this register when the FIFO is empty.
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o CLK (R7 —b0) — WRITE —
If 1 is written into this bit an increment clock is sent to the FIFO-IRx, causing the oldest
data to be lost.
* In the case of successive access to registers R14 through R17, inclusive, an interval of 16TCLK
is necessary between each access.

4.1.9. Note on IRQ

If the receiver receives the system real-time messages (F9)h ~ (FD)h without parity and
framing errors, this data is set in the FIFO-IRx via the MIDI message detector. If the FIFO-IRx
has been empty the messages (F9)h ~ (FD)h can be regarded as its oldest data and hence the
MIDI message detect interrupt is sent to the IRQ controller. This interrupt signal can be cleared
only by the IRQ controller, independent of the increment of the FIFO-IRx. (If the IRQ is cleared
the FIFO-IRx is not incremented and vice versa.) When, after the IRQ is cleared, the FIFO-IRx
is incremented to cause its oldest data to become the (F9)h ~ (FD)h, an interrupt signal is sent
to the IRQ controller.

According to the register setting by the host CPU, when the receiver receives the clock message
(F8)h without error, the SYNC detector detects the SYNC signal of the tape SYNC input to the
RxF terminal, or the MIDI clock timer detects the elapse of the prescribed time, the (F8)h is set in
the FIFO-IRx. And, if the FIFO-IRx has been empty its oldest data can be considered the (F8)h
and hence the MIDI clock detect interrupt signal is sent to the IRQ controller. At the same time
the FIFO-IRx is incremented and becomes empty again. If the (F8)h is set in the FIFO-IRx under
no empty condition the FIFO-IRx is incremented until the oldest data becomes the (F8)h and an
interrupt signal is issued.

The simultaneous use of the MIDI clock detect interrupt and the CLICK counter interrupt is
inhibited.

4.1.10. Effects of the initial

The initial clear of the hardware and software will cause the following operations to be made:
Registers are written with zeros.

FIFO-IRx is cleared.

Interrupt signals are cleared.

The value of the MIDI clock timer is not guaranteed.
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4.2 Sequencer

4.2.1. Purpose of the sequencer

The two counters in the sequencer, the recording counter and the playback counter, are pro-
vided, as their names imply, to record and reproduce the MIDI information, etc. The record
and reproduce (playback) here mean that the generation of a series of events is recorded with
respect to timing and is reproduced without destroying the relative time relationship.

The two counters operate in synchronization with the internal MIDI clock; however, since
the accuracy of the MIDI clock depends upon the ninety-sixth note, there is a tendency for the
accuracy to become somewhat lower at very fast temps. To cope with this situation the MIDI
clock interpolator is provided in which the count clock is generated at every 1/n-th point of the
interval between any two successive internal MIDI clocks, thereby improving accuracy.

4.2.2. MIDI clock interpolator

The MIDI clock interpolator measures the generation interval of the internal MIDI clock
originated from the MIDI message distributor, generates its count clock at 1/n-th of the measured
interval and provides the recording and playback counters with the count clock generated. The
integer(n) is referred to as the interpolation rate (Fig. 4.3 (a)).

The count clock generation interval is determined by counting the interval obtained by divid-
ing the unit clock (CLK divided by 16), which equals to the interval between any MIDI clock
and the next MIDI clock, by the interpolation rate. The resultant interval is further used until
the next MIDI clock is reached. At the same time, the next count clock generation interval is
measured. Therefore, if the MIDI clock generation interval varies or if the interpolation rate is
changed, the count clock generation interval can follow this variation with a lag of one MIDI
clock. In order to maintain the number of count clocks between the MIDI clocks the count
clock generation higher than the interpolation rate is inhibited. Also, if the next MIDI clock
generates before the interpolation rate is reached, a series of count clocks will generate to make
up for a deficiency (Fig. 4.3 (b), (¢)).

The recording and playback counters start and stop their operations according to the start
(FA)h, stop (FB)h and continue (FC)h messages. If, however, the start and stop of the count is
simply performed using the count clock described above, some problem is encountered. At the
second and third stages in Fig. 4.3 (d) are given the count clocks with interpolation rates of 1
and 3, based upon the above procedure. Under the generating condition of the MIDI clock and
the control messages as shown at the first stage, the count clock indicated with a circle is to be
count. Then, the measured times interpolated using two interpolation rates are 2 for 2nd stage,
7/3 for 3rd stage, respectively during the first start-stop period and 2 for 2nd stage, 4/3 for 3rd
stage, respectively during the next continue-stop period. This implies that if instruments with
different interpolation rates are synchronized for recording and reproduction, repeated start/stop
operation could bring poor synchronization. To cope with this, the start and stop of the count
clock generation is done on the basis of the MIDI clock unit in accordance with each control
message. And a function is added in which if the control message of stop (FB)h is sent count
clocks are generated in a lump that are to be generated before the next MIDI clock. With this
technique the counted value is fixed at the interpolation rate times the MIDI clock, thereby
maintaining synchronization (Fig. 4.3 (d) — fourth stage). The control messages of start, stop
and continue can be independently sent to the recording and playback counters; thus, the MIDI
clock interpolator provides its count clock output separately to each counter, permitting inde-
pendent operation.
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4.2.3. Recording counter.

8-bit read-only counter.

When the start message (FA)h is received the count value is set to 0, and the value increases
one by one with the count clock from the MIDI clock interpolator. If the count clock is received
at the count value of (FF)h the count value becomes 0, sending an interrupt signal to the IRQ
controller.

This counter, as a real-time clock on the basis of the MIDI clock, is intended for time manage-
ment such as for event recording, with its higher-order digits supplemented by software.

If the count carry is made by the IRQ and the count value is read out with the IRQ of the
host CPU masked, the count value could become zero immediately after masking the IRQ. This
raises the possibility of time recognition by pre-carry higher-order digits plus post-carry lower-
order digits.

Also, the count value could become zero immediately after its read-out and the carry of the
higher-order digits could be made before time recognition, raising the possibility of a pre-carry/
lower order-post-carry/higher order combination. For this reason caution should be used for
the host CPU process algorithm.

4.2.4. Playback counter

15-bit programmable subtracting-counter. A 16-bit (including one sign bit) arrangement
internally. This counter has the function that the host CPU-designated value can be added to
the count value. If the count value becomes zero or negative an interrupt signal is issued to the
IRQ controller. If the start message (FA)h is received the count value is set to zero. Also, the
register operation by the host CPU can cause this count value to become zero. If the count value
zero-setting and addition are simultaneously performed, the zero-setting operation precedes the
addition.

In the case of the reproduction of the generation of a series of events recorded on a relative
time basis, an event is processed by the IRQ from this counter, then the time elapsed to the next
event is added to the count value. The count proceeds with negative value; thus, even if the first
event takes time in processing the time elapsed to the next event is not changed.

4.2.5. Register operations
Registers R74 through R77, inclusive, control each function of the sequencer. Fig. 4.4 shows
the function of each register.

e R74-b7 ~ b0 — READ —
Reads the present count value of the recording counter.

e R76 —b7 ~ b0and R77 — b6 ~ b0 — READ —
The 15-bit value set in this register is added to the count value of the playback counter
through the operation of ADD (R75 — b5).

e ADD (R75 — b5) — WRITE —

If 1 is set to this bit the 15-bit value set in the R66 — R67 is added to the count value of
the playback counter.
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e CLR (R75 —b4) — WRITE —
If 1 is set to this bit O is set to the count value of the playback counter.

e R75-63 ~ b0 — WRITE —
Sets the interpolation rate of the MIDI clock interpolator.

In the case of the successive access to registers R74 through R77, inclusive, an interval of 16
TCLK is required between each access. This interval is not required when an access is first
made to R76, then to R77.

4.2.6. Note on the IRQ

When the recording counter value changes from (FF)h to (00)h, an interrupt signal is sent to
the IRQ controller. This signal is always cleared by the IRQ controller.

When the playback counter value is zero or negative an interrupt signal is sent to the IRQ
controller. This signal is cleared by the IRQ controller only when the count value is positive.

4.2.7. Effects of the initial clear
The initial clear of the hardware and software will cause the following operations to be made:
e The values of the recording and playback counters become zero.

Registers are written with zeros.
e The interpolation rate of the MIDI clock interpolator is not guaranteed.
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4.3 SYNC controller and CLICK counter

4.3.1. SYNC controller

When the MIDI clock distributor generates the internal MIDI clock the output at the SYNC
terminal is held at the H-level for 2 msec (equals to TCLKM x 210 or TCLKM x 211 depending
upon the contents of the R66-b1: CLKM frequency select). If the internal MIDI clock is again
generated at the prescribed time the output is set to the L-level after re-measuring the 2-msec
period.

The operation of the SYNC controller is conducted from the receipt of the start (FA)h or
continue (FC)h message from the MIDI clock distributor to the receipt of the stop (FB)h message.

This SYNC output signal is utilized as the input signal to the FSK modulator when the trans-
mitter output is available at the TxD terminal. The TxF terminal can output the tape SYNC signal.

4.3.2, CLICK counter

7-bit internal MIDI clock counter provided to know the timing corresponding to the note
value of a quarter note, etc., from the MIDI clock that indicates the note value of a ninety-sixth
note. When this counter reaches a count of zero the count value is reloaded, an interrupt signal
is sent to the IRQ controller and the output level at the CLICK terminal is held at the H-level
for 2 msec (equals to TCLKM x 2 1065 TCLKM x 2 1! depending on the contents of the R66-b1:
CLKM frequency select). If the count value again reaches zero when the output is still at the
H-level, this output is set to the L-level after the remeasurement of 2 msec.

The counting operation is conducted from the receipt of the start (FA)h or continue (FC)h
message from the MIDI clock distributor to the receipt of the stop (FB)h message. At the first
MIDI clock after the receipt of the start (FA)h message the reloading of the count value, the
output of the CLICK pulse and the generation of an interrupt signal. When the counter is loaded
with a value by the host CPU operation the output of the CLICK pulse and the generation of an
interrupt signal is performed. In this case the interrupt signal can be cleared after the elapse of
32 TCLKM from the writing of the value.

4.3.3. Register operations
Registers R66 and R67 control the operation of the SYNC controller and the CLICK counter,
Fig. 4.5 shows the function of each register.

e CLKM (R66 — bl) — WRITE —

Sets the frequency of the input clock at the CLKM pin. According to this setting, the
count number of the CLKM, which determines the output pulse width at the SYNC and
CLICK terminals, and the CLKM dividing ratio by which the count clock for the MIDI clock
timer and general-purpose timer is produced are determined.

e OUTE (R66 — b0) — WRITE -
The pulse output to the CLICK terminal is enabled/disabled.
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LD (R67 — b7) — WRITE —

If 1 is written into this bit the simultaneously-written value b6 — b0 is loaded into the
CLICK counter, providing the output of the CLICK pulse and the generation of an interrupt
signal. The writing of 1 into this bit is inhibited when the value is 1.

R67 — b6 ~ b0 — WRITE —
Sets the count value for the CLICK counter load and reload. The operation is not guaranteed

when 0 is written.

Repeated access to register R67 requires an interval of 16 TCLK between each access.
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4.4 Address hunter

4.4.1. System exclusive message

In the MIDI specification the system exclusive message for mass data transfer with unspecified
formats is defined. Fig. 4.6 illustrates the message format. The (FO)h and the succeeding arbitrary-
length data (00)h ~ (7F)h compose one system exclusive message. The system real-time messages
(F8)h ~ (FF)h are sometime inserted into this message.

One byte next to the (FO)h is called the manufacturers ID code which is a registration code for
a manufacturer using the MIDI standard. The MIDI-related equipment must accept only the sys-
tem exclusive message using the ID code of a manufacturer who produced that equipment, and
the mass data transfer using the manufacturer exclusive format can be made.

The manufacturer ID code is followed by a one-byte code tentatively called the device ID
code which in the MIDI specification is intended for arbitrary data. If a certain manufacturer is
producing several types of equipment in compliance with the MIDI. Each type is provided with
an exclusive ID code. This device ID code is defined assuming the case in which only necessary
or receivable information is to be processed.

4.4.2 Address hunter functions

When receiving the aforementioned system exclusive message the address hunter checks the
manufacturer ID code and, if necessary, the device ID code, and prevents unnecessary data from
being loaded into the FIFO-Rx for the purpose of reducing the host CPU processing.

Usually, the data received by the receiver is set in the FIFO-Rx via the MIDI clock filter and
the address hunter. If the address hunter is enabled, and the (FO)h data is sent from the receiver
to the address hunter, the BUSY flag is first set and this data is evacuated without being set in the
FIFO-Rx. Next, when the data (00)h ~ (7F)h is received this is also evacuated (not set in the
FIFO-Rx) as it is the manufacturer ID code. In case the operation mode requires the device ID
code checking additional one-byte data (99)h ~ (7F)h is also evacuated. Upon completion of the
evacuation of the necessary ID code(s) comparison is started between the necessary ID code and
the registered one (pre-stored in the register by the host CPU).

If accorded, the evacuated (FO)h and ID code(s) are set in the FIFO-Rx. This completes
internally the operation of the address hunter and all data thereafter are set in the FIFO-Rx. The
BUSY flag still remains set.

If not accorded, the evacuated (FO)h and the ID code(s) and following data received while
BUSY flag is set are abandoned without being set in the FIFO-Rx.

If the data (80)h ~ (F7)h is received when the BUSY flag is being set, the flag is cleared and
the data received is set in the FIFO-Rx. However, if the data is (FO)h the process is repeated by
first setting the BUSY flag.

The data (F8)h ~ (FF)h is regarded as the insertion of the system real-time message and
always set to the FIFO-Rx. The data with the generation of parity and framing errors are all set in
the FIFO-Rx and are not subject to the ID check and the start/stop check for the system exclusive
message. These data received during the period from the normal (FO)h reception to the ID code
check replace the evacuated data in order in the FIFO-Rx.
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status byte (FO)h 3
maker-iD code |0 maker-iD code
|0 data-1 (device-ID)
0 data-2
0 data-3 Systemn Exclusive message
7-bit N-word data | | . 1 1
data-N-1
\ data-N J
next messageT (80)h~(F7h

Figure 4.6 Format of System Exclusive message
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4.4.3. Register operations

Registers R26 and R27 set the operation mode of the address hunter. Fig. 4.7 shows the
function of each register. Since registers R34 and R35 also have the operation control bit for the
address hunter, and hence described again.

e IDCL (R27 —b7) — WRITE —
Determines whether the device ID code is to be checked.

® R26—b6 ~ b0 — WRITE —
Registers the manufacturer ID code.

e BRDE (R27 — b7) — WRITE —
If 1 is set to this bit the (7F)h can be regarded as the device ID code in addition to the regis-
tered ID code, and the data that follows is set in the FIFO-Rx.

e R27—-b6 ~ b0 — WRITE —
Registers the device ID code.

e AHBSY (R34 — bl) — READ —
The BUSY flag for the address hunter.

e AHE (R35 —bl) — WRITE —
The operation of the address hunter is enabled/disabled.
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4.4 4. Effects of the initial clear

The initial clear of the hardware and software will cause the following operations to be made:

Registers are written with zeros
BUSY flag is reset.

4.5 Utilization for other than MIDI services

The functional blocks provided for the MIDI service can be utilized for systems not related to

the MIDI, such as given below.

Addition of a general-purpose timer
The MIDI clock detect interrupt can simply be used as a timer interrupt by specifying the
MIDI clock timer as the internal MIDI clock source.

Long interval pulse output circuit

A 2-msec width pulse output is available at a fixed time interval at the SYNC and CLICK
terminals by specifying the MIDI clock timer as the internal MIDI clock source and sending the
start message (FA)h to the SYNC controller and the CLICK counter.

Also, using the mode in which the internal MIDI clock is generated by the host CPU opera-
tion a pulse output circuits is realized which automatically provides 2-msec width pulses by a
single access.

Use of the address hunter
The address hunter could be used for specifications other than the MIDI by altering the
format.

Real-time clock
The real-time clock can readily be implemented by operating the recording counter, with
the MIDI clock timer used as the internal clock source.

High-speed timer

Using the playback counter makes possible to a certain extent the processing of short
interval which software cannot cope with.
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5. OTHER FUNCTIONS

5.1 General-purpose timer

5.1.1. Function

Independent 14-bit timer
A pulse signal with an interval of 8 msec, which depending upon the R66—bl (CLKM frequency
select) is 1/4-th or 1/8-th of the CLKM, is counted with a 14-bit counter. Since the count is made
only once every 16 TCLK, if 16 TCLK is longer than 4 TCLKM or 8 TCLKM the count unit is 16

TCLK.

When the counter reaches zero the reloading of the count value is performed and an interrupt
signal is sent to the IRQ controller. With only the count value loading there is no generation of
an interrupt signal.

If a value 0 or 1 is loaded into the counter its operation is not guaranteed.

5.1.2. Register operations
Registers R84 and R85 control the general-purpose timer. Fig. 5.1 shows the function of each
register.

e R85-b5~ R84-b0 — WRITE —
Sets the counter load value. With the standard CLKM input 8usec is the unit.

e LD (R85-b7) — WRITE —
If 1 is set to this bit loading of the counter is made regardless of the present count value.
No interrupt signal is generated.
* For the registers R84 and R8S, if repeated access to the same register is necessary the interval
between each access should be 16 TCLK plus 8 TCLKM.
5.1.3. Effects of the initial clear

The initial clear of the hardware and software will cause the following operation to be made:

® Registers are written with zeros; thus, the generation timing of an interrupt signal is not
guaranteed.
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5.2 I/O Controller

5.2.1. Functions

Controls the input/output of the eight I/O ports PO ~ P7.

The input and output direction of each I/O port can be independently set. The port set as the
input has a high impedance state; while the port set as the output has the H- or L-level, depending
upon the output data set in the register.

The level at each I/O port terminal can be read into from the host CPU.

5.2.2. Register operations
Registers R94 through R96, control the I/O controller. Fig. 5.2 shows the function of each register.

e R94-b7~b0 — WRITE —
Sets the input and output direction of each I/O port.

e R95-b7~b0 — WRITE —
Output data for each I/O port is written.

e R96-b7~b0 — READ -
Level at each I/O port terminal is read out.
5.2.2. Effects of the initial clear

The initial clear of the hardware and software will cause the following operation to be made:

e Registers are written with zeros; thus, all I/O ports become high-impedance input ports.
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5.3 IRQ Controller

5.3.1.

Functions
Receives ten kinds of interrupt signals from each functional block and controls the IRQ

terminal output, the IRQ vector output and the release of interrupt signals.

The offline detector and the break detector have alternative interrupt signals; the interrupt
signal from the CLICK counter and the MIDI clock detect interrupt signal are also alternative.
These alternative interrupts and other interrupts are processed in the form of eight-level interrupts.
The setting condition at each interrupt level, the clearing condition other than the operation of

RO3 and the effect of the RO3 operation are given in Fig. 5.3.

IRQ level

Setting condition

Clear condition

Clear influence

IRQ-7
General Timer

When the timer reaches a
count of zero.

FIFO-Rx ready

Rx is loaded with data.

IRQ-6 When the FIFO-Tx be-

FIFO-Tx empty | comes empty through the; When the FIFO-Tx is load
data extraction by the with data.
transmitter.

IRQ-5 When the empty FIFO- | When the FIFO-Rx

becomes empty.

IRQ4 (1)
Off-line detect

When the reception is not
made for 300msec.

When 1 is written into
RxOLC (R35-b2).

RxOL (R34-b2)
is cleared.

* In addition, each IRQ is cleared by initial clear and by writing a value of 1 into the corre-

sponding bit of R0O3.

Figure 5.3(a)

65

Setting conditions, clearing conditions, clearing influence of each IRQ.




IRQ level Setting condition Clear condition Clear influence
IRQ4 (2) When the receiver serial . . .
Break detect input is at the L-level for When 1 is written into the BRK (R34-b3) is cleared.

. BRKC (R35-b3).
two-character period.
IRQ-3 When the count value of
Recording the recording counter is
Counter zero.
IRQ-2 When the count value of
Play-back the playback counter is
Counter zero or negative.
IRQ-1 (1) When its count value
Click Counter reaches zero in the case
of being selected as the
factor of the IRQ-1.
1IRQ-1 (2) When the oldest data of
MIDI-clock the FIFO-IRx becomes
detect the (F8)h in the case of
being selected as the
factor of the IRQ-1.
IRQ-0 When the oldest data of
MIDI real-time | the FIFO-IRx becomes
message detect | the (F9)h ~ (FD)h.

* In addition, each IRQ is cleared by initial clear and by writing a value of | into the correspond-
ing bit of R03.

Figure 5.3(b)  Setting conditions, clearing conditions, clearing influence of each IRQ.
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5.3.2. Register operations
The IRQ controller is controlled by registers R0O0, R02, R03, R04, R05 and RO6. Fig. 5.4
shows the function of each register.

e RO0O — WRITE —

IRQ vectors are already set which will be sent to D7 ~ DO during the vector read. Like the
other registers its contents can be read out by the host CPU. Thus, if the host CPU has no IRQ
vector processing function the use of this register can eliminate the need for polling in the IRQ
processing.

Of the interrupt signals enabled and active at present, the highest priority interrupt signal
determines b4 ~ bl. If the enabled interrupt signals are not active, (1000)b is set. The vector
offset values set in the RO4 determine b7 ~ b5, and b0 is always zero.

e RO2 — READ-
The state of the interrupt signal at each level is already set.

e R03 — WRITE —
Clears the interrupt signal at each level independently.
The interrupt signals from the offline detector and the break detector, which are at the same
level, are both cleared by this register. However, the interrupt signal from the CLICK counter
and the MIDI clock detect interrupt signal from the FIFO-Rx, which are also at the same level,
are subject to selection, i.e., only the presently selected signal is cleared. If the other interrupt
is selected the status changes.

¢ R0O4-b7~bS5 — WRITE —
Specifies the values b7 ~ b5 of the IRQ vectors.

e C/T(RO5-b3) — WRITE —
Selects between the interrupt signal from the CLICK counter and the MIDI clock detect
interrupt signal from the FIFO-IRx. Since two flip-flops are used to retain the status of the
interrupt signal separately, change of selection may bring status change.

e O/B(R0O5-b2) — WRITE —
Selects between the interrupt signal from the break detector and that from the offline
detector. Since a signal flip-flop is used to retain the interrupt signal status, status remains
unchanged if change of selection is made.

e VE (R05-bl) — WRITE —
The IRQ vector output is enabled/disabled.
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VM (RO5-b0) — WRITE —

If O is already written this register satisfies the IRQ vector output request only if its own
IRQ output is active; if 1 is already written the register always provide the output of the IRQ
vector.

R06—b7~b0 — WRITE —

The internal interrupt signal at each level is enabled/disabled. The IRQ output becomes
active only when the enabled-level interrupt signal is issued. The RIQ vector is set according
to the enabled interrupt signal which is active at present.
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5.4 System control

5.4.1. Initial clear

The YM3523 initial clear (reset) is started by bringing the input at the IC terminal to the L-
level or by writing a value of 1 to the bit 7 of the register RO1. Because the initial clear operation
is completed after a maximum of 32 TCLK it is necessary that returning the IC terminal input to
the L-level or writing a value of 0 to the RO1—-b7 be made after that period.

The contents of the initial clear operation are included in the description of each functional
block. They are summarized in the following:

Registers other than the R0O1 are written with zeros.

Registers that clear flags and IRQs are written with ones.

The MIDI message distributor sends the stop message (FB)h to each functional block.

The count values of counters and timers become zeros.

The reload values of counters and timers become zeros and their operations are not guaranteed.

Transmitter and receiver stop their receive/transmit operation and are in the operation in-

hibit state.

e FSK-modulator and -demodulators stop modulation and demodulation and are in the opera-
tion inhibit state.

e The timing counters of the offline, break and idle detectors are initialized.

5.4.2. Register group number designation

The registers of the YM3523 are each designated by their address numbers and group num-
bers. For register access the -address numbers are designated by the input level at the terminals
A2 ~ A0, but the group numbers must be pre-written into the RO1—-b3 ~ b0.

The group numbers, once written, are valid until they are re-written. The registers with the
same group number and the registers ROO ~ R03 can be successively accessed without the group
number re-designation. (Registers ROO ~ RO3 can be accessed with only their address numbers,
regardless of group numbers.)

5.4.3. Register operations
Fig. 5.5 shows the function of the register RO1.

e IC(RO1-b7) — WRITE —
The YM3523 is initial cleared by first writing a value of 1, and after the elapse of 32 TCLK,
writing a value of 0.

e ROI-b3~Db0 — WRITE —
Designates the register group numbers.

71



[0JIUGD WeIsSNS s4uY 40} suoLiaun; Jsy

[
on
[V

o4

')

73]
[V
.
>
=)

L

12qQuinu dnoub-49ysitbau Jaquinu dnodb-iaysibaa o..n
£9
\\\I\llu\\\l\\ll\lu\\\.\\i vq
s
—— 99
weyshs yasat oy g ayam " A1 ze yem | aylam ysanbad uea(o (e1}iul o]l x|
lo4yuod wayshs A A9 10

72




6. INTERFACES

6.1 Clock interface

6.1.1. CLK: System clock

As the system clock a clock frequency of not more than 4MHz should be provided. Since only
the minimum setup times for the H and L levels and the maximum transfer time between the two
levels are required, an exact 50% duty factor is not required. A CPU with a 2MHz clock rate can be
used with the YM3523 by utilizing the CPU’s 4MHz signal generated within the circuit for pro-
ducing the exact duty factor of the CPU clock.

6.1.2. CLKM and CLKF: Communication rate generating clock

These signals are sampled on the rising edge of the system clock (CLK). Thus, if the frequency
exactly 1/2-nd of the CLK is employed it must be synchronized with the CLK. If an asynchro-
nous signal is provided to the CLK the setup time for the H and L levels should be selected to
exceed one cycle of the CLK to ensure sampling.
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6.2 CPU interface

6.2.1. Register read/write
Register read/write is performed by means of terminals DO ~ D7, A0 ~ A2, CS, WR and RD.

DO~ D7 : Three-state data bus

A0~ A2 : Designates the register address number
[} : Chip select signal to the YM3523

RD :  Read request signal

‘WR : Write request signal

In the interior of the YM3523 CS is OR’ed with RD or WR, and CS-RD and CS-WR signals
activate its operation. Thus, the timing of CS and RD or of CS and WR can be freely decided.
Since A0 ~ A2 must be setup before CS-RD or CS-WR, the timing is important if a CPU with the
control lines such as R/W is used.

The read/write operation is performed in accordance with the system clock CLK of the
YM3523; thus, the WAIT circuit, etc., must be used to ensure timing when the CPU clock and the
CLK are asynchronous.

62.2. TRQ

The TRQ pin has an open drain output and the wried OR circuit can be configured using a few
peripheral LSIs.

When the VR pin is made active, the contents of the register ROO (as an IRQ vector) are
output to DO ~ D7. According to the setting of the internal registers (R05, R06), they are output
to DO ~ D7 either regardless of IRQ status, or while only IRQ terminal is active. Orals according
to the setting of the internal registers, the DO ~ D7 may remain at the high impedance state.

6.2.3. IC
The YM3523 is initialized by holding the input to the IC pin at the L level for 32 TCLK or
more.
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6.3 Transmit/receive interface
Since terminals TxD, TxF, RxD and RxF are set for interface at the TTL level, an appropriate
circuit is required to provide interface to the level of the MIDI, RS232C and audio line.
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ELECTRICAL CHARACTERISTICS

Absolute maximum ratings

Power supply voltage -03- +7.0 v
Input voltage —03—- VDD +0.5 \%
Operating ambient temperature -25 - 85 °c
Storage temperature —50 - 125 °c
Recommended usage conditions
Item Symbol Min Standard Max Unit
Power supply voltage V DD 4.75 5.0 5.25 \
Operating ambient T op 0 70 °C
temperature
Electrical characteristics
(A) D C characteristics
(Input terminal)
Item Symbol & Condition Min Standard Max Unit
Low level input voltage| V |L —-0.3 - 0.8 A
High level output voltage V | }f 2.0 - UDdb+0.5 "
Input leakage current 1L Vi = 0~5YV - - 10 A
(Except for the pins with pull-up
registers)
Pull-up register Ru (TESTO 100 - 1000 K Q
~TEST2 ,1C)
(Output terminal)
Item Symbol & Condition Min Standard Max Unit
Low level output VoL 10L= 2mA vV SS — 0.4 \
voltage — ‘
{ PO ~P7, DO~DT7,IRQ) 1
Lowleveloutput | y o [oL= 1mA VSS - 0.4 | v
voltage Output terminals other than i
) ( shown above )
High level output VOH  I0H=—1mA 1.0 - vop o]V
voltage — ,
eak ( Except for IRQ) |
Output leakage [OL Vi = 0~5 V _ _ 10 DA
current ; |
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(Power supply terminal)

I
Item | Symbol Condition Min

Umﬂ

Standard Max
Power supply I 0P ViD= 5V 6
current b= 5 10 | mA
(Capacitance)
Item Symbol Condition Min Standard Max Unit
Input capacitance C | f =1Mlz 10 pF
Output load CL1 PO~P7.D0 ~D7,IR0 100 pF
capacitance o
Output terminals other than
‘7
cL2 shown above 50 pF
( B ) AC characteristics
(CLK input)
Symbol Item Min Max Unit W
T €€ | CLK Cycle time 250 2500 nsec
T HC | CLK H level setup time 100 - n sec
T LC | CLK L level setup time 100 - nsec
T RC | CLK Build up time - 20 nsec
T FC | CLK Release time - 20 I sec
(CLK input and output pins) (CLICK, SYNC, TxF, TxD, IRQ)
Symbol Item 1 Min Max Unit
!
f
T DCC | CLK-CLKI Delay time ‘ - 50 n sec
; f
' T DOC | CLK-output change over delay time - 100 nsec

L I

71



(Register write)

il

Symbol Item MIN MAX Unit
T SAW Address setup time 20 — n sec
T HAW Address hold time 20 - nsec
T wWw CS - WR Pulse width 100 — n sec
T SDW Data setup time 50 - n sec
T HDW Data hold time 20 - n sec

(Register read-out)

Symbol Item MIN MAX Unit
T SAR Address setup time 20 - n sec
T HAR Address hold time 20 — n sec
T SRC CS - WR Setup time * 0 - n sec
T HRC CS - WR Hold time * 150 - n sec
T ADC Data access time* - 150 n sec
T HDR Data hold time 5 - n sec

* : Time to the CLK
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(IRQ vector read-out)

Symbol Item MIN MAX Unit
T SVC VR Setup time* 0 - n sec
T HVC VR Hold time* 150 - n sec
T ADC Data access time* - 150 n sec
T HDV Data hold time 5 - n sec

* : Time corresponding to the CLK

(1/0 port output)

Symbol Item MIN MAX Unit
T SCW Clock setup time 70 - n sec
T SWC CS - WR Setup time 0 - nsec
T APC 1/0 port hold time 100 - nsec

(I/0O port input)

Symbol Item MIN MAX Unit
T SCR Clock setup time 70 - n sec
T SRC CS -RD setup time 0 - n sec
T SPC 1/0 port setup time 0 - n sec
T HPC 1/0 port hold time 100 - n sec
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Terminal input (CLKM, CLKF, R x D, Rx F, IC)

Symbol Item MIN MAX Unit
T SIC Input signal setup time 0 - n sec
T HIC Input signal hold time 70 - n sec

(Note 1) : Perfect operation of the 1C requires sampling on the L level 32 times.

(Note 2) : Atleast one sampling is made if the setup period for the L-or H-level is T CIK
or more.
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O CLK input, CLKI output and other output pins

CLK input

Vol SN S

CLKI output

vV od : /

Other output pins

(CLICK, SYNC, ————

TxF, TxD. TRQ) T DOC
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C Register write

AQ ~ A2

I
i

CS-w

DO — D7 input

O Register, vector read-out

A0 ~ A2

CS+RDY or VR

CLK

DO - D7 output

>< VALID ><
;
T swz T Wy | T H.M
| |
| i »
( |
|
\‘,\ /
N /!
TSOW | T HDY
T
‘ VALID —_—
— -
VALID

‘ T J\t] T HA ﬂ
.4 ...... e ——3 |
| »
\| y
N
I\ /
|
PSVC/ TSRO THVC/THRC
L))
i !
I//'—m———-— ———
i
/i —
\ T ADC T HDV/ T KOR
L L
i | I |
. >
C —
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QC 1/0 port output

CS+4R

Internal WE

DO — D7 input

PO — P7 output

{{ o
y—\ TN\
g
TSCY 1 | TsiC
E‘T"—_ﬁ\
l
/ o
Ve
/ \_
T SOV 1 T DY
;
[
g..._....,_-_.__\{/ VALID
N— | T APG
e
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QO 1/0 port input

CLK —//_\_//—5%—\__//—\_/
T SCR l T SRC
CS+RD
/
/|
/=
Internal RE
’1:SPC T HPC I
PO — P7 Input >k VALIO >k
TADC THDR
DO — D7 Output \
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QO Internal input (CLKM, CLKF, R x D, Rx F, IC)

CLK

Input signal

Internal latch or Tx D

Input signal

Internal latch
or T x D, undecided

Input signal

Internal latch or T x D

_//—\_/

/

TSIG

THIG

TSIC

1

85




QO REGISTER WRITE operation

CLK

W

LIntemal WE

!
“{
.

L

1. Relationship of WR - CS and internal WE

2. Continuous WE inhibited

3. Continuous WE, RE

-

[\

L

R-CS

<

WE

ry
K]

ternal WE

WE

Re

2

\

¥ WE inhibited
t RE accepted

!
|
/]

 WE inhibited
{
% RE inhibited WE

‘} WE inhibited
\ !
¥ RE accepted

57#”7

nternal WE

/‘

$WE inhibited
1
/ YE _\?Ii RE accepted
|

T~

Internla WE
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¥ WE inhibited
/ \ |
WE ¥ RE accepted




QO REGISTER READ operation

CLK

C

RD°£\_/

/ O\

1. Relationship of RD -CS and internal SE
2. Continuous RE inhibited

3. Continuous RE

£

1{ Internal RE / RE \
DOUT
RD-CS \
* WE inhibited
Internal RE / RE \ ¥ REinhibited / RE
pouT ‘C/

\

[\

READ impossible

-

¥ WE accepted
\* RE inhibited

—
\

/

*F WE inhibited

.\* RE inhibited
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Appendix A.

Pin Configuration

Yoo
RxD
RxF
CLKM
CLKF

Vs

® wOU A WN -

) = = e e e e e e e = O
O © O~ U HWN - O

40
39
38
37
36
35
34
33
32
N
30
29
28
27
26
25
24
23
22
21

a0
[ ant o
x X

% -—
bR
0
N

DS
D4
D3
D2
D1
Do



Block Diagram

Appendix B.
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Appendix C. Register Map
[Cregister  [R/w] content [ %7 [ b6 | 5 | b4 | b3 | b2 | & | va |
ROO VR R, | IRQ vector IRQ vector
ROt RGR system control IC V /1 register group number
RO2 ISR R IRQ status IRQ status
RO3 ICR W IRQ clear request IRQ clear request
RO4 IOR ¥ | IRQ vector offset request IRQ vector offset V/ ///
ROS MR | W | IRQ mode control oA e Lo [ve [ vm
RO6 IER ¥ | IRQ enable request IRQ enable
R14 OMR | W | MIDi realtime message control [ A ase [rce Jeoe [mcos | mers
R1S DCR Y | MIDIreaitime message request Tx [SYNC cc PC RC content of message
R16 DSR R FIFO-IRx data FIFO-iRx data
R17 DNR W FIFO-iRx contral / /;; 1 // A S /{ CLK
R24 RRR ¥ | Rx communication rate W RxD /F Rx communication rate
R2S RMR Y | Rx communication mode >// // RxCL RxPE. l RxPL [ RxE/CI[ RxSL [ RxST
R26 AMR A IDCL maker 1D code
R27 AOR Y Address-hunter control BROE device ID code
R34 RSR R | FIFO-Rx status RxRDY{ RxQV | Rxf RxP BRK RxOL | AHBSY | RxBSY
R35 RCR ¥ | FIFO-Rx control RxC Rx3YC 77 FLTE BRKC | RxOLC | AHE RxE
R36 ROR R FIFO-Rx data FIFO-Rx data
R44 TRR ¥ | Tx communication rate /A TxRx | TxD/F Tx communication rate
R4S’ TMR W | Tx communication mode //v// /// TxCL TxPE LTXPL I TxE/0 [ TxSL [ TxST
RS4 TSR R FIFO-Tx status TxEMP | TxRDY F/ ////’/ TxIDL L Tx8SY
RS3 TCR | W | FIFO~Tx control >xC Vo A ske [xiowe U0 Tae
%<6 TOR | W | FIFO-Tx data FIFO-Tx data )
R64 FSR | R | FSK status RxfS | ss | csF lcre P00 A s | por
R65 FCR | W | FSK control ve oo e Joe | aeo [ e/n | eorc
R66 CCR | W | Click counter control 4 TS Ty A ek | ouTe
R67 COR Y | Click counter load value LD I 7 il data to load
R74 SRR R | Reoording counter current value B bit data of ourrent value
R7S SCR | W | Sequencer control L Z{ a0 Tag | 4bitinterpolation rate
R76 SPRL v lower B bit data to add
R77 SPaH | w | | dTback counter value v A higher 7 bit data to add
RS4 GTRL A4 lower 8 bil data to load
R85 GTRM A4 General timer value Lo ? /‘j higher 5 bit data to load
R86 MTRL | ¥ ) lower 8 bit data to load
RE7 MIRH | w | | clock timer vale w P higher 6 bit data to load
R94 EDR W | External I/Q direction direction of earch 1/0 part
RIS EOR W | External 1/0 output data autput request for 1/0 port
R96 EIR R | External }/0 input data pin level of earch 1/0 part
A2,A1,AQ = 000 00t 010 [AR 100 101 110 AR
group-0 Ro4 DR | ROS MR | Ro6 &R 000
1 R14 DMR R1S DCR R16 DSR R17 DNR
2 R24 RRR R2S RMR 76 AMR R27 ADR
3 R34 RSR | R3S RCR | R36 ROR /7
4 R4 TRR | R4S TOR /000
5 ROOQ WR RO! RGR RO2 ISR RO3 ICR 254 TSR pr—— RS6 TOR // //‘
6 R64 FSR RES FCR R66 CCR R67 COR
7 R74 SRR R?S SCR R76 SPRL R77 SPRH
8 R84 GTRL R85 GTRH | R86 MTRL | R87 MTRH
9 R94 EOR | R9S EOR | R96 ER Y/
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Appendix D.

Table of Register Functions

ROO VR | R | IRQ vector
b7
b$5 IRQ vector offsel same to RO4-b7~b5S
b;‘ IRQ vector 0000 : IRG-0 MIDI real-time message detecied (F9~FD)
bt appairs according to the active, 0001 :IRQ-1 Click Counter / MiDI-clock detected
highest priority , and enabled IRQ . gg:? :28:5 :111;:::: :::::::
priority : IRQ-7 > IRQ-6 > .., 0100 : IRQ-4 Off-line detecled / break detecled
0101 : IRQ-S FIFO-Rx ready
0110 : IRQ-6 FIFO-Tx emply
0f11 :IRQ-7 General Timer
1000 : caused by external requests (other than MCS itsell)
b0 eolways 0
ROt RGR ¥ | system coatrol
b7 IC initial clear request write |, wail 32Tcix , wrile O to reset system
b6
s
b4
b3
bEJ reqister-group number reqgister-group number
RO2 ISR | R | RO status
b? IRQ status IRQ-7 General Timer
b6 0 :inaclive IRQ-6 FIFO-Tx emptly
»5 t :active IRQ-S FIFO-Rx ready
bd IRQ-4 Off-line detected / Break detected
b3 IRQ-3 Recording Counter
»2 IRQ-2 Play-back Counler
bl IRQ-1 Click Counter / MIDi-clock detected
b0 RQ-0 MID!I real-lime message detecled (FI~FD)
RO3 ICR W | IRQ clear request
b7 IRQ clear request IRQO-7 General Timer
b6 write 1to clear earch IRQ IRQ-6 FIFO-Tx empty
bS IRQ-5 FIFO-Rx ready
b4 IRQ-4 Off-line detecled / Break detected
b3 IRQ-3 Recording Counter
b2 IRO-2 Play-back Counter
bt IRQ-1 Click Counter / MiDI-clock detected
b0 IRQ-0 MIDI real-time message detected (FI~FD)
RO4 10R | ¥ | IRQ vector offset request
:‘; IRQ vector offset IRQ vertor of{set for ROO-b7~b3
b4 -
s
b0 —
ROS MR | ¥ | IRG mode controt
b7 —
b4
b3 C/7 select IRQ-1 source 0 : Click Counter 1 :MiDi-clock detected
b2 0/8 select IRQ-4 source 0 :0ff-line detected { : Break detected
bl VE enable vector oulput 0 : disadble | :enable
60 VM select vector output timing 0 : while own IRQ pin active I ralways
RO6 IER W | IRQ enable request
b7 IRQ enable request IRO-7 General Timer
b6 0 : IRQ-n disable IRQ-6 FiFO-Tx empty
bS | :IRQ-n enable IRQ-5 FiFQ-Rx ready
b4 to activate IRO pin and to set IRC-+ Off-line delected / Bresk detected
b3 IRQ vector . iRO-3 Recerding Counter
b2 IRQ-2 Play-back Counter
b1 IRQ-1 Click Counter / MiDi-clock detected
50 IRQ-0 MIDI real-time message detected (F9~FD)
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R14 DMR N4 l MIDI real-time message control
b7
s
b6
bS5 ASE enable auto active-sence (FE)h output | O : disable 1 :enable
b4 MCE enable auto MIDI-clock (F8)h output 0 : disable 1 :enadble
b3 CDE enable MIDI-control (FI~FD)h detection| O : disable 1 :enable
b2 MCDS | select MIDi-clock for distribulor 0 :FIFO-IRx 1 luser
bt MCFS | select MIDI-¢clock for FIFO-iRx 00 : (inhibited)
b‘O 01 :MiDI message Detector
10 : SYNC Detector
11 :MiDl-clock Timer
R1S DCR A4 l MID!I real-time message request
b7 Tx terget block of message FIFO-iTx
b6 SYNC write | to send inessage , but clock | SYNC Controller
S CC (rg)h is always sent to all blocks . Click Counter
b4 PC Play-back Counter
b3 RC Recording Counter
b2 conltenls of messaqe 000 : (F8)h - clock
b3 001 :(F9)h
010 : (FA - start
011 :(FB)h - stop
100 : (FCIh - continue
101 : (FON
110 :  Cinhibited )
111 :  (inhibited )
R16 DSR | R | FIFD-IRx data
b7
b:‘J FIF0-IRx data FIFO-IRx data ( O is set while empty )
R17 DNR | W | FIFO-IRx control
7 — =
b1 P
b0 CLX FIFO-iRx increment clock wrile | to increment FIFO-IRx
» 16TCLK is needed to access any regisier of R14~R17 continuously .
R24 RRR ¥ [ Rx communicationrale
b7
[y —
b6 — —
bS5 RxD/F | select Receiver input connection 0 :RxD i :FSK demodulator
b4 cornmurication rate 00xxx : CLKM/16 (31250 bps) --- inhidited while RxD/F = 1
b0 Cin CLKM = 0.5 MHz O1xxx : CLKM/32 (15625 bps) --- inhibited while RxD/f = 1
. 10xxx : CLKF /32 (19200 bps)
CLKF = 614.4 KHz ) 11000 :CLKF/64  ( 9600 bps)
11001 :CLKF/128  ( 4800 bps)
11010 ; CLKF /256  ( 2400 bps)
11011 :CLKF/S12  ( 1200 bps)
11100 : CLKF /1024 ( 600 bps)
11101 :CLKF/2048 (300 bps)
11110 :CLKF /4096 ( 150 bps)
11111 (CLKF/8192 ( 75 bps)
R25 RMR Y I Rx communication maode
bz /"
b6 T
bS RxCL | select data bit length 0 :8bit 1 :7bit
b4 RxPt ensbie parily-bit check O :disable | :enable
b3 RxPL | select parity-bit length 0 :1 bit 1 ;4 bit
b2 Rx£/0| select parity-bit polarity QO .even 1 :odd
bt RxSL select stop-bit length 01 bit 1 :2bit
b0 RxST select stop-bit type in 2 bit length 0 ' HH 1 :tH




R26 AMR ¥ | Address-hunter control (1)
b7 IDCL | select ID code length 0 :maker~iD only 1 :rmvaker-iD & device-ID
:g define maker-ID code 7 bit maker-iD code
R27 ADR | % | Address-hunter control (2)
b7 BRDE | enabdle broadcast 0 : disable 1 :enable
zg define device-ID code 7 bit device-ID code
R34 RSR | R | FIFO-Rx status
b7 RxRDY|{ FiIFO-Rx ready fag 0 :empty 1 :dataready
b6 RxQY | FIFO-Rx overflow detected flag 0:- | :overflow delected
bS RxF framing error flag 0:- 1 :framing error delecled
b4 RxP parily error Nag 0:- { :parity error detected
b3 BRK bresk detected MNag 0:- 1 :break detecled
b2 RxOL | off-line detected fag 0:- 1 :off-line detected
bl AHBSY| Address-hunter busy fag 0 : Address-hunter idle 1 : Address-hunter busy
b3 RxBSY| Receiver busy MNag 0 :Receiver Idle t :Receiver busy
R35 RCR | ¥ | FIFO-Rx control
b7 RxC clear FIFO-Rx wrile | to clear FIFO-Rx
b6 RxQVC| clear overflow detected Nag write 1 to clear Nag
bS
b4 FLTE enable MIDi-clock Filler 0 :disable { :enable
b3 BLKC | clear bresk delecied fag write 1 liclear Nag
b2 RxOLC | clear off-line detected fag write | to clear Nag,
bl AHE enzble Address-hunter 0 :disable 1 :enable
b0 RxE enable Receiver 0 :disable 1 :enable
R36 ROR | R | FIFO-Rx data
bz get data from FIFO-Rx 8 bit data
b0 & increment FIFO-Rx
R44 TRR Y [ Tx communication rate
b7
b6 TxRx | select TxD connection 0 :transmitter 1 :RxD
bS TxD/F| select transmitter output connection 0 :TxD 1 :FSK modutator
b4 communication rate OO0xxx :CLKM/16 (31250 bps) --- inhibited while TxD/F = |
b0 Cin CLKM = 0.5 Mz Ofxxx :CLKM/32 (15625 bps) === inhibited while TxD/F = |
10xxx : CLKF/32 (19200 bps)
CLKF =614.4 KHz ) 11000 : CLKF /64 ( 9600 bps)
11001 :CLKF/128  ( 4800 bps)
11010 : CLKF/256 ( 2400 bps)
11011 :CLKF/512  ( 1200 bps)
11100 :CLKF/1024 ( 600 bps)
11101 :CLKF/2048 ( 300 bps)
11110 :CLKF/4096 ( 150 bps)
11111 :CLKF/8192 (75 bps)
R4S THR ¥ | Tx communication mode
b7 /
b6
bS TxCL | select data-bil length 0 :8bit 1 :70bit
b4 TxPE enable parity-bit generation 0 :disadble 1 :enadble
53 TxPL select parity-bit length 0 :1bit f 14 bit
b2 TxE/O| select parily-bit polarily O :even 1 :o0dd
bl TxSUL | select stop-bit length 0 :1bit 1 :2bit
b0 TxST | select stop-bit type in 2 bil length 0 :HH 1:LH
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RS4 TSR | R | FFD-Tx status
b7 TxEMP| FIFO-Tx emply flag 0 :datq exist 1 emply
b6 TxRDY| FIFO-Tx ready flag 0 :FIFO-Tx full 1 :ready
bS
s
b3
b2 TxIDL | Tx idle detecled Nag 0:- 1 :Tx idle detecled
bi
b0 TxBSY| Transmitter busy flag 0 :idle 1 :busy
RSS TCR | ¥ [ FIFO-Tx control
b7 TxC clear FIFO-Tx & FIFO-1Tx write 1 to clear FIFO-Tx & FIFO-1Tx
b6
s
b4
b3 BRKE enable send break 0:- 1 sel Tx output signal as L level
b2 TxIDLC| clear Tx idle flag write 1 to clear fag
bl
b0 TxE enable Transmitler 0 : disable { :enable
RS6 TOR | W | FIFD-Tx data
b7
b‘CI set data o FIFO-Tx 8 bit data
R64 FSR_ | R | FSK status
b7 RxFS | RxF pinstalus 0 :Llevel 1 :Hlevel
b6 SS demodulated serial signal status 0 :space (L) t cmark (H)
bS CSF carrier slow detected Nag 0:- 1 :carrier slow delecled
b4 CFF carrier fast detected flag 0:- 1 :carrier fast detecled
b3
s
b2 "
bl PS polarily status 0 : posilive 1 :neqative
b0 POF polarily detected fag g:- 1 :polarity detected
R65 FCR | W | FSK control
b7 NE enable Modulator 0 : disable 1 :enable
b6
3
bS
b4 CFC clear carrier S/F detected fag wrile 1 to clear Mag
b3 DE enable Dernodulator 0 : disable { :enable
b2 APD disable aulo polarity detector O :enable § :disable
bl P/N sel polarity by manual 0 : positive 1 :negative
bO POFC | clear polarity delected flag write | to clear Nag
R66 CCR A4 l Click Counter control
b7
)
b2
bl CLKM | select CLKM frequency 0 :0.5 MHz 1 :1.0MHz
b0 OQUTE enable CLICK cutput 0 :always L level { :click puise enable
R67 COR W | Click Counler value
b7 LD imediate load request write | to load imediately
:‘Z interval count data 7 bit data

» 16TCLK is needed to access R6T continuously .

Vit




R74 SRR R l Recording counter current value
o) tval
current value
b0 data
R75 SCR Y [ Interpolator control
b7
[y
b6
bS ADD Play-back Counter addition request write 1 to add
b4 CLR Play-back Counter clear request write | to clear
b3 . .
b;) interpolation rate data --- (0000)b is inhibited
R76 SPRL \'% [ Play-back Counter value (H)
b7
s lower B bit data to add dala
b0
R77 SPRH | ¥ | Play-back Counter value (i)
b7
b6
bso higher 7 bit data to add data

* 16TCLK is needed to access any register of R74~R77 conlinuously ,
except for accessing R76 then R77 .

R84 GTRL | W [ Gener al Timer value (L)
b7
bb lower 8 bit data data (unit : 8 msec. IRQ occurs when count becomes 0 . )
R85 GTRH | W [ General Timer value (1)
b7 D imediate load request write | to load value
b6
bS )
b‘O higher 6 bit data data Cunmit : 8 x 256 msec.)
R86 MTRL | ¥ I MIDI-clock Titmer value (L)
b7
b‘O lower 8 bit data data (unit : 8 msec. IRQ occurs when data is loaded . )
R87 MTRH [ W [ MIDl-clock Timer value (H)
b7 LD imediate load request write | to load value (data is loaded while 32Tk passed.)
b6 "
bS .
I;Cl higher 6 bdit data data ( unit : 8 x 256 msec.)
» count unit is ;
4TCLKM in R66-b1=0(CLKM=G.SMHz), 4T xm?16TCLK
8TcLkM in RE6-b1=1(CLKM=1.0MHz), 8T LKM>16TCLK
'ér1CLK .
» 16TCLK+BTCLKM is needed to access any register of RB4~R87 continuously ,
except for accessing R84 then R8S , or RB6 then R87 .
» (00 0000 G000 0CCOMb or (00 GOCO VCCO 0001)b is inhibited .
R94 €OR Y 1 External 1/0 directicn
b7
bb direction of earch 170 port Q :input i output
89S E0R [ W [ External 1/0 output data
b7
bb output request of earch (/0 port 0 :L level 1 1 Hlevel
R96 EIR R 1 External 1/Q input data
b7
b:J pin level of earch 1/0 port G :Llevel 1 :Hleve!

Vil




Appendix E. Table of IRQ Setting/Cleaning Conditions
IRQ level Setting condition Clear condition Clear influence
IRQ-7 When the timer reaches a
General Timer | count of zero.

IRQ-6 When the FIFO-Tx be-

FIFO-Tx empty | comes empty through the| When the FIFO-Tx is load
data extraction by the with data.
transmitter.

IRQ-5 When the empty FIFO- | When the FIFO-Rx

FIFO-Rx ready [ Rx isloaded with data. | becomes empty.

IRQ4 (1) When the reception is not| When 1 is written into RxOL (R34-b2)

Off-line detect | made for 300msec. RxOLC (R35-b2). is cleared.

IRQ4 (2)
Break detect

When the receiver serial
input is at the L-level for
two-character period.

When 1 is written into the|
BRKC (R35-b3).

BRK (R34-b3) is cleared.

IRQ-3 When the count value of
Recording the recording counter is
Counter Z€r0.

IRQ-2 When the count value of
Play-back the playback counter is
Counter Zero or negative.

* In addition, each IRQ is cleared by initial clear and by writing a value of 1 into the corre-
sponding bit of R0O3.

Setting conditions, clearing conditions, clearing influence of each IRQ.




IRQ level Setting condition Clear condition Clear influence

IRQ-1 (1) When its count value
Click Counter | reaches zero in the case
of being selected as the

factor of the IRQ-1.
IRQ-1 (2) When the oldest data of
MIDI-clock the FIFO-IRx becomes
detect the (F8)h in the case of

being selected as the

factor of the IRQ-1.
IRQ-0 When the oldest data of

MIDI real-time | the FIFO-IRx becomes
message detect | the (F9)h ~ (FD)h.

* In addition, each IRQ is cleared by initial clear and by writing a value of 1 into the correspond-

ing bit of R03.

Setting conditions, clearing conditions, clearing influence of each IRQ.
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Appendix H. Package Outline
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The specifications of this product are subject to improvement changes without prior notice.

AGENCY

T

—YAMAHA CORPORATION—

Address inquiries to:

Electronic System Division
& Toyooka Factory 203, Matsunokijima, Toyooka-mura,

® Tokyo Office

® Osaka Office

B US.A.

Iwata-gun, Shizuoka-ken, 438-01
Electronic Equipment business section
Tel. 053962-3125

3-4, Surugadai Kanda, Chiyoda-ku,
Tokyo, 104

Ryumeikan Bldg. 4F

Tel. 03-2554481

1-16, Shin-ashiyashimo, Suita-shi,
Osaka, 565

Tel. 06-877-7731

YAMAHA International Corp.
6600 Orangethorp Ave.

Buena Park California 90620
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