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1. MSX-SYSTEM I

Overview

The Yamaha S1985 is an LSI device designed for use with MSX2 computers. Itis capable of memory
control with expansion according to MSX2 specifications taken into account, and control of peripheral
equipment such as a VDP, keyboard, printer, etc. It aiso has a built-in SSG for generation of music

signals and a clock.

Features

Slot control can be expanded to slots 0 and 3

Mapper function allowing memory expansion up to 512K bytes

Built-in MSX2 standard clock functions

16 byte (8 bit) back-up RAM

Registers for foreground and background color reading as bit mapped funcuons
DRAM refresh can be selected as RAS only refresh and hidden refresh

VDP select signal output

Keyboard access

Two built-in joystick port

Built-in SSG (Yamaha YM2149 equivalent)

Voicing range : 8 octaves

Voicing systems : 3 sine waves voi'c':ing systems and 1 noise voicing system
Envelope control : 5 bit

D-A convertor : 5 bit

Bi-directional printer mode
CMOS device with Si gates
100 pin flat piastic package
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2. Functional Overview

Pin layout
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Pin functions

Pin name

ABI1S, AB14, AB7~ABO
DB7~DB0

M1

RFSH

SLT03/CS01
SLT02/CSO
SLTO1
SLT0/00

Cs2

Cs1

¢s12
MAI18/KBDIR
MAL7~14
YD~YA
X7~X0
CAPS

KANA

CMI

CMO

REM

PBUSY

PSTB

PWR

PRD

PDIR

FWDI, FWD2
BACKI, BACK2

0 0O = 0 0 0O 0 0 00 6 0 O 0 0 0 0 0 0 0 0 9 0 = =

- O O O Q w O O =

e

Function

Address bus input (10 bits) for Z80A CPU
Data bus input/output (8 bits) for Z80A CPU
M1 input for Z80A CPU

1ORQ input for Z80A CPU

RD input for Z80A CPU

WR input for Z80A CPU

WAIT signal output to Z80A CPU (can have wired logic)

Multiplex signal output for DRAM address

DRAMS RAS signal output

DRAMS CAS signai output

DRAM WE signal output

Slot # 33 select signal output

Slot # 32 select signal output

Slot # 31 select signal output

Slot # 3 or 30 select signal output

Slot # 2 select signal output

Slot # 1 select signal output’

Siot £ 03 select or ROM select 0000H ~ 7FFFH signal cutput

Slot £ 02 select or ROM select 0000H ~ 3FFFH signal output

Slot # 01 select signal output

Slot # 0 or 00 select signal output

ROM select 8000H ~BFFFH signal output

ROM select 4000H ~ 7FFFH signal output

ROM select 4000H ~BFFFH signal output

Mapper address or keyboard bus direction signal output

Mapper address address signal output

Kevboard drive signal input

Keyboard return signal input

Caps LED signal output

Kana LED signal cutput

Cassette read signal input

Cassette write signal output

Cassette control signal output

Printer busy signal input

Printer strobe signal output

Printer write signal output

Printer read signal output

Printer direction signal output

Joystick FWD signal input (general purpose port input)

Joystick BACK signal input (general purpose port input)
3




LEFTI1, LEFT2
RIGHTI, RIGHT2
TRGAIL, TRGA2

TRGBI1, TRGB2

STBI, STB2
. VDPSW
VDPCR
RANIT
RSEL
RESET
PPISND
SSGSNDL
SSGSNDR
%]

VDD
DVSS
AVSS

XIN
XOUT
ALM
BVSS

=0 0O 0 = -0 0 Q O

Joystick LEFT signal input (general purpose port nput)
Joystick RIGHT signal input {general purpose port input)
Joystick TRGA signal input/output (general purpose port
input/output)

Jovstick TRGB signal input/output (general purpose port
input/output}

General purpose port output

VDP write signal output

VDP read signal output

Kanji ROM select signai output

Signal input for expansion slot designation register control
Reset signal input

PPI sound signal output

SSG sound LEFT signal output

SSG sound RIGHT signal output

Clock signal input

+5V

0¥ (GND)

GND for sound generation

Input from clock crystai

Output to clock crystal

Alarm signal output

Power supply for clock back-up



Block diagram
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3. Description of functions

Selection of functions

When the reset signat is input, the levels applied to the kevboard return input pins are laiched

by the internal reset signals to select the default functions.

Table of initial levels and functions

Pin name| Level Function
0 RAS only refresh mode selected
°6)
1 Hidden refresh mode selected
0 Mapper address output to MA18/KBDIR pin
X5
1 Keyboard bus direction output to MAI3/KBDIR pin
0 Kanz JIS layout
X6
1 Kana syllabary layout
0 Single wait requested for VDP read or write
X7
1 Single wait not requested for VDP read or write
0 SLT03/CS01 and SLT02/CS0 pins ourput slot select signals
X3
1 SLT03/CS01 and SLT02/CS0 pins output ROM select signals
0 Expansion 1o slot 0
ﬁ de—
1 No expansion to slot 0 when X3 = 1




Back-up and reset
This devices uses the BVSS pin of the negative potential side to aliow for back-up of the RAM

data (4 bit x 26 and 8 bit x16).
Although a reset occurs when voltage of level "1"is applied to the RESET pin, the following precautions
must be heeded to prevent loss of data and improper clock operation during switching between the
back-up power supply and 5V power supply, and vice versa,

When turning on the power supply with the device in the backed- up state, release the reset signal

only after the level of the SV power supply fully approaches 5V and all input levels to the device

have stabilized. _
When switching off the power supply and shifting to the backed- up state, apply the reset signal
and shift to back-up when the level of the 5V power supply starts to drop but is still close to
5V, and all input signals to the device are still stable.
There are various methods available for switching between the 5V power supply and back-up power
supply. An example of a possible circuit and its operation are shown below.

r l Voo .
}. ] |
-
hy Nons backed-up| Backed-up ‘ﬁ.‘ Power supply for back-up
SV— section section ALM
l } — . ' 0O : Diode (low VF}
bvss| p RESET Bvss _ o
: K D —
X Rl ]
vF ] Reset signat vF
Refer 10 the AC L Power ON 1 Powsar OFF
charactieristics reparding va
vV, T vDRS, and T VORS VL.‘—-D—-( +5V
Vv — - y)
\
\ Reset signal
/ i}
7
4 wFe ‘{
il 0
| S
VA ! Y ov

BVES pin vohage

———————— | { - )
] l ] Tvoas

As shown in this diagram, there are no problems as the forward direction electrical potential (VE)
for the diodes is merely shifted so that voltage to the BVSS pin of the backed-up section is supplied
from the 5V power supply when it is operating, or the back-up battery when it is not. However,
when the alarm function is activated and output is fetched from the ALM pin, this current will
alter the VF value. This will cause the power supply voltage for the backed-up section to fluctuate
according to the output from the ALM pin. This problem can be solved by having the resistance
of the load connected to the ALM pin as high as possible, by using a circuit which limits fluctuations
in the electrical potential corresponding to VF in relation to the current from the ALM pin, or
by not connecting load resistance to the ALM pin when the alarm function is not used.
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Expansion slot register

There are two registers for designation of the expansion slot: one for slot 0 and the other for slot
3. Expansion to both of the slots at the same time is possible. The inverse value of the contents is
output when the registers are read. The address of the registers is FFFF(H) allowing slot expansion

by input of the symbol obtained from NAND logic addresses AB8 ~ ABI3 10 the RSEL pin.

E $10

s;;;:anl "1 Address | RyW | B7 | B6 | BS { B4 { B3 | B2 | B1 | BO
Slot 0 FFFF(8H) | R/W
Siot 3 | FFFF@®H) | R/W

The slot expansion function is controlled by the level of the X1 and X3 pins when the device is reset.

‘—‘_'fExpansion slot designation for

addresses 0000(H) ~ 3FFF(H)

‘— Expansion slot designation for addresses
4000(H) ~ 7FFF(H)

— Expansion slot designation for addresses
8000(H) ~ BFFF(H)

L Expansion slot designation for addresses CO00(H) ~ FFFF(H)

Refer to section om selection of this funcuon.



Address map and slot expansion

No expansion

Siot Siot Slot Siot
s \ r \
ﬁﬂo A g o A =1 1y
FFFF
cooc
8000
4000

0ooo ‘ 1 —1 1

[ | 5o | sow | Soverm -

signal pin

Expansion to siot 3

Name of control ]

Slo Slot Slot Slot
v Ty 4 * Ig:n #n #32 ﬂ:z\
FFFF
cogl
BOOO
4000
0oco
. -1 i
1 } ! J i 1 Y 1
SLTc/ee LT g T €0 | T SLTn
[_ —l Sth I SLT2 [ St '/:u| I ‘“ l I Name of comrel |

signal pin

Expansion to slots § and 3

Siot Siot Slot Slot
Vs —
Hoo  Ho #He :.1:3\ # T “axn Bn #u #::\
FFFF
coco

5900 " - j

2000 -I e 1
0000
I N f | T T T ey
| Eacz S I I S S0l 5 BT ST SIS parowvprpoese
3Tw/CS SLi0/CSat signal pino °

Note: The prescribed input is made to the RSEL pin for siot expansion.

The function of the Signals marked with asterisks is selected when the device is reset. They

cannot be used at the same time when expansion is 10 slot 0.



I/O addresses and functions

Function 1/O address | W/R Description
Back-up 40(H) W/R | Manufacturer ID number register
RAM 41 w Back-up RAM address latch
42 W/R | Back-up RAM write/read
Bit map 46 W Foreground/background color write
47 W/R | Pattern and foreground/background color read
Printer 80 W/R | Printer strobe write, printer status read
91 W/R | Printer data write/read
93 w Printer bus direction
VDP 98 ~9F w VDP write
98 ~9F R VDP read
S8G ABO w SSG address latch
ABl w SSG data write
AB2 R SSG data read
Kevboard and | A8 W/R | slot designation
Slot designa- | A9 R Keyboard rerurn signal read
tion register AA W/R | Keyboard drive, casserte and PPI sound write/read
AB w Mode designation
Clock aad slot| B4 w Clock and back-up RAM address latch
designation BS W/R | Clock and back-up RAM write/jread
Kanj Dg, D9 W/R | Kanji write/read
System control| F5 W System control
Mapper FC W/R | Mapper register page 0
FD W/R | Mapper register page |
FE W/R | Mapper register page 2
FF W/R | Mapper register page 3

10



Bit allocations of keyboard and slot designation registers

11

l Function Bit W/R Description
Slot designa- 0 Slot designation signal for addresses 0000(H) ~ 3IFFF(H)
tion register 1
l 2 Slot designation signal for addresses 4000(H)~ 7FFF(H)
3
I W/R
4 ' Slot designation signal for addresses 8000(H)~ BFFF(H)
5
l 6 Siot designatior. signal for addresses Co00(H) ~ FFFF(H)
7
l Keyboard 0 Xo
return 1 X
2 X
3 R X3 Keyboard return stgnal
I R
5 Xs
6 Xs
I 7 X7
Registers for 0 YA
keyboard 1 YB YA ~YD signals for keyboard drive
drive, etc. 2 YC
3 YD
W/R
I 4 REM signal for cassetie control
5 CMO signal for cassette write
I 6 CAPS signal for CAPS lamp (LED)
I 7 PPISND signal for sound
Mode 0 0 The slot designation regisier and register for
setting 1 1 keyboard drive and other functions are cleared when the level
I 2 0 shown on the left is given. This is the equivalent
3 W 0 function to secting the PA and PC pornts to
4 0 output and PB port to input for MODE 0 of the 3255A.
3 0
6 0
7 1
0 Bo Bits of the register for kevboard drive, etc., can
be set and reset when the Jevel shown om the left is given. B1~B3
B; express the bit numbers and the bits are set when Bois "17,
! B | apd reset when 0.
2 w B
I 3 B3
4 0
5 o
6 0
7 0




Back-up RAM (8 bit X 16)

After the ASCII ID number FE (H) is written to the 1/O address 40 (H), the inverted value of
01 (H) can be obtained when I/O address 40 (H) is read, indicating that the back-up RAM (8 bit X
16) and bit map function can be used. If the RAM address (X0 (H) - XF (H)) is then set by the lower
four bits of the address data of I/O address 40 (H), data can be written or read at 1;O address 42 (H).

Bit map function

As was indicated in the above section on the back-up RAM (8 bit X 16), writing data two or
more times in successior to I/O address 46 (H) after access of I/O address 40 (H). also writes data
to 1/O address 46 (H). When I/O address 47 (H) is then read, the last data written to I/O address 46
(H) is obtained when bit 7 of the data written to I/O address 47 (H) is “0”. The data which was wrtten
second to last is obtained when bit 7 is “0”. Then, the data written to I/O address 47 (H) is shifted
up one bit so that data of bit 7 becomes bit 0. This allows for data to be obtained according :o the

level of bit 7 each time 1/O address 47 (H) is read.

12



Printer

The following external circuit is necessary for bi-directional operation.

{1 DB ~DBo Gate | LS244 or equivaient
] Latch : 15373 or equivalent
Gate
i PRD ° °
O— 5 '
Printer
m Latch |
AD G ’
<l PWR EN
— 0oC

|

h')
X
(42}
]

PDIR r
~
P
™
P

PBUSY: If a signal is input to the PBUSY pin and read, the same level as input to Bl is output.

1/O address| R/W | B7 | B6 | BS | B4 | B3 | B2 | Bl | BO

90 (H) R

PSTE: When BO is set to “0” are written to, the level at the PSTB pin goes to “0” at the point
when the WR sihnal returns “17.

1/O address| R/W | B7 | B6 | BS | B4 | B3 | B2 | Bl | BO

0@ | W

PWR: Ifdatais written when PDIR is “1” in the output state, a PWR signal having positive polanity
according to the pulse width of the WR signal is output to the PWR pin. The data is latched
and output to the external circuit when this signal rerurns to “o”.
The level at the PWR pin is held at “17 if the input state is selected while PDIR is “07.
When the output state is returned to again, the PWR pin remains at this level. The level
goes to 70" when access of 91 (H) is completed.

1/O address| R/W | B7 | B6 | B5 | B4 | B3 [ B2 | B1 | BOD

91 (H) w Data

13



PRD: If data is written when PDIR 1s “07 in the input state. a PRD signal having negative polarity
according to the pulse width of the RD signal is output to the PRme This signal opens

the gate of the external circuit allowing for data to be read.

IO address| R'W | B7 | B6 | B5 | B4 | B3 | B2 | Bl BO

g1 {R) w Data

PDIR: If data is written with Bl = “I1" and BO = *17, a level of 1" is output continuously from
the PDIR pin, and the MSX device is set to the output state. If data 1s written with Bl
= “1" and B0 = “0" a level of “0™ is output continuousiy from the PDIR pin, and the

MSX device is set to the input state.

/O address| R/W | B7 | B6 [ BS | B4 | B3 | B2 | Bl | BO

1 1 1 — OQutput state or PRST release

1 0 | —> Input state or PRST release
931 (H) W

0 1 | — PRST output

0 0 =3 PRST release

The PRST signal can be generated by the external circuit.
When the device is reset, and data is written with B1 = “0” and BO = “1”, the PRD pin
outputs “0” continvously and the PDIR pin outputs “17. The PRST signal is created from

thase two signals.
The PRST signal is released by writing data with the levels of the two bits set to another

combination than B1 = 70" and B0 = “1".

14
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Kanji ROM select signal and system control

1/O addresses D8 and D9 (H) are kanji ROM selection signal outputs. The level of these outpuis
is controlled by the system control indicated below.

Qutput to the KANJI pin is enabled when data is written when BO of the system control data s 1"

Mapper

1/0 address

RW

BY

B6

BS

B4

B3

B1 | BO

F5 (H)

[

There are four mapper registers (0 ~ 3) located at I/O addresses FC (H) through FF (H). The effective
bits is five for each, B4~B0, and these correspond to mapper addresses MA 18 ~14. Mapper register
pages 0~ 3 are selected according to addresses AB15 and AB14, and the contents are output as an

address.

Thus, for example, if mapper addresses MA18~14 are used for 512K byte of RAM, the 512K byte
indicated by the mapper register is divided into 32 sections. Each of these 16K byte areas can be se-
lectively accessed by AB15 and AB14, making the addresses seem to increase.

1/O address | R/W B7 B6 | B5| B4 | B3| B2 | Bl | BO Register ABI5 | ABl4
FC (H) R/W Mapper register page 0 0 ]
FD R/W Mapper register page | 0 i
FE R/W Mapper register page 2 1 0
FF R/W Mapper register page 3 i 1
Mapper address MAI8|MAIZ|MALS | MAIS|MALS
15




Keyboard bus direction

This signal outputs 1 1/2 bits at the end of the I/O cvcle when data is written to 17O address AA
(H) or AB (H). Use of a circuit similar to that shown below allows for the number of signal lines
between the keyboard and main system to be reduced.

Keyboard side

186

Device side
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4. SSG and general purpose ports

The SSG (Software-controlled Sound Generator) is controlied by 14 registers (these registers can

be read with no effect on sound).
Sound generation uses three square wave generator capablie of voicing over 8 octaves, a pseudo-random

noise generator, 5 bit envelope generator for singie shot and repetitious atienuation,, volume controller,
mixer for combining music (tones) and noise, and 2 3 bit D-A convertor, The general purpose port
section consists of an input and output port which can be accessed through R/W registers.

Register array

When the upper bits, DB7~DB0, of the 8 bit address data is O(H), the lower four bits,
DB3~DBO, select the 15 registers. Address data whichis fetched is held until the next address is fetched,

and is not affected by read or write operations.
The contents of the register array is shown below.

Register array

Regis-| Address | o o ction Bit| B7 | Bs | Bs | Bs | B3 | B2 | B | Bo
ter H)
Ro o 8 bit fine 1one adjustment
R | o1 | [requency of chanoel A [ 4 bit rough tooe adjusanent
R2 0z 8 bit fine toue adjusument
o T 05 | requency of chaneel B ’ | 4 bit rough tone adjusmment
R 04 § bit fine tone adjustment
Rs Qs Frequency of chanoel C | 4 bit rough 100e adjusument
Rs 06 Freguency of noise l 5 bit noise frequency

Port * Noise Tone

R7 07 General purposc port and mixer settings . l -0 c B A c B A
Rs 08 Level of chaonel A M L3 L2 L1 Lo
Rs oe Level of channe] B M 13 L L Lo
Ra | 0A |Level of chanel e (M| DLW
RB 0B 8 bit fine adjusiment
Re | oc | freaveney of envelope § bit rough adjusment
Ro 0D | Sbape of envelope corx-r] ATT | ALY fHOL.D

0E Data of general purpose input port

Refer 1o general purpose port bit ailocation wable

RF oF Daza of general purpose outpul port

* Make sure that the section of R for ports is at the indicated levels.
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General purpose ports

The input port is at address OE (H) and the output port at address OF (H). These ports are controlied
by the register for output port data hold register RF. The general purpose port bit allocation table
on the right shows the relationship between each of the bits, and the input/output pins.

General purpose port bit allocation table

Port Bit |Input : Names of connected pins

Input Be FW1 or FW2 FWDI1 or FWD?2 is selected by Bé
B: BACK! or BACK2 of the output port, Input is
B2 LAFTI or LAFT2 from the FWD?2 side when B6 = "17.
B3 i RIGHT or RIGHT2
B« TRGA1l or TRGA2
Bs TRGBI1 or TRGB2
Bs JIS/50
By CMI

Qutput Bo TRGAI
Bt TRGBI
B: TRGA2
B o | TRGB2
B4 STBI
Bs §TB2
Bs Input selection for input port B0~ B5 (not externally output)
B7 KANA

Setting of music frequencies (controlled by registers Ro~Rs)

The frequencies of the square wave generated by the music generators for the three channels (A,
B, and C) are set by registers Ro through Rs Ro and Ri control channel A, Rzand Ry are used for channel
B, and R« and Rs control channel C. The oscillation frequency Fr is obtained in the following marner
from value of the register TP (decimal). Fo is the clock frequency.

Fo
FT= 57p
Rough tone adjustment [ Ru Channel [ A Fine tone adjustment [ Ro 7
register [ Ra:| [ B il register [ Ra
Rs C R. J
Bs ) Be| Bs| Be ] Bs| Ba| Bi| Bo Br | Bs| Bs|Bs | Bs | B | B: | Bo
Not used

TPu!TPio| TPs | TPs |TP1 |TPs | TPs {TP4 | TPs|TP:2 [TP:1 | TPo

12 bit oscillation frequency setting value (TP)
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Setting of noise generator (controlled by register R.)

The noise frequency Fx is obtained from the register value NP (decimal) in the following manner.
Fo is the clock frequency.

Fo

Fx = $3%p

Noise frequency register Rs

Not used

NP« | NPs | NP2 | NPi | NP

5 bit noise frequency setting value (NP)

Settings of mixer (controlled by register R1)

The mixer is used to combine music and noise components. The combination is determined by
bits Bs~Bo of register R» Sound is output when a 0™ is written to the register. Thus, when both the
noise and tone are “0”, the output is combined by the mixer. Whichever is “0™ is output, and nothing
is output when both are “17.

Mixer serting register Ry

B: Bs Bs B. Bs B: B: Be

110 Noise Tome
— Chamnel | C| B | A Channel | C | B | A
Alwavs set

in this manner Output possible when poise and/or tope is “0".
19



Level control (controlled by registers Re~Ra)

The audio level output from the D/A convertors for the three channels (A. B, and C) is adjusted
by registers Rs, Rs, and Ra). Mode M selects whether the level is fixed (when M = 0) or variable
(M = 1). When M = 0, the Jevel is determined from one of 16 by level selection signals Ls, Lz Ly,
and Lo which compromise the lower four bits. When M = 1. the level is determined by the 5 bit output
of E«, Es, E3, Ey, and Eo of the built-in envelope generator. This level is vanable as E«~Eo change over

time.

Rs : Channel B

Level setting registers |iRs : Channel A}
Ra : Channel C

Not used

M L. L: L Lo

Mode N 4 bit level selection

Setting of envelope frequency (controlled by registers Rs and Rc)

The envelope repetition frequency Fe is obtained as follows from the envelope frequency setting
value Er (decimal). Fo is the clock frequency.

Fa

Fe= 333Ep

Envelope rough adjustment register Envelope fine adjustment register

Br| Be!Bs i Ba| Bs| Baj Bi} Be Bs | Bs | Bs| Ba|B:| B2} Bi| Bo

>

EP.|EPW|EPWEP:IEPEP o EPs| EPt| EP:|EPs| EPs| EP4 EP:|EP:]EPi[EPo

16 bit envelope period setting value (EP)
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Envelope shape control (controlled by register Ro)

The envelope level is determined by the envelope generator using the 5 bits La~ Lo. The shape of
this envelope is created by increasing, decreasing, stopping, or repeating the counter for the envelope
generator. The shape is controlled by bits Bs~Bo of the register Ro.

Envelope shape control register Ro

B, Be Bs B. Bs B: B Bo

Not used

CONT| ATT { ALT |HOLD

Envelope shape coantrot signals

The envelope can take the shapes shown in the table below according to combinations of the CONT,
ATT, ALT, and HOLD signals.

Table of envelope shapes

B B B B Envelope shape
CONT| ATT | ALT |HOLD
0 0 X X
0 1 X x |_—"]
! 0 0 0 T T T T T
I 0 I
1 0 1 0 \/\/\/
1 0 1 O |
1 1 0 1 L—"
1 1 1 0 /\/\/\
1 1 1 1

— | 1ffe | — Repetition period of envelope
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D-A Convertor

When the D-A convertor normalizes the maximum amplitude to 1V, the output changes as shown
in the diagrams below. This conversion from linear input to logarithmic output provides a wide dynamic
range and a natural feeling of attenuation.

Normaiized Qolxage — S S

IRRREARRERI
FEEREERYEE:
o R O 0 V.0 I
I - 0 E
ENANFEWVIRFA
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v

Fig. 2 Output waveform of single tone
with envelope (Ro= XXXX1110)

! I P T A W

st INEEE AN
‘ - IREE
1ot INENENNEEE
Fig. 1 Qutput level of DA converto aﬁagﬁggﬁﬁa
. cve ave r - -
s ; : | K
The subscripts on the left balf of the dia- :
gram are the ﬁ?ctd lzvecls of th: seleectioan =E==E;EE=

signals L3, Lz, Li, and Lo converted into
“decimal values. The subscripts on the right

r 1
Pericd of anvelope

side are decimal expressions of the envel- Fig. 3 Output waveform from mixing of
ope counter output signals E«, Es, Ez, Ey, three sounds with fixed level
and Eo. (Ro~Ra = XXXX1100)
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Sound output SSGSNDL and SSGSNDR

Of the music signals generated on channels A, B, and C by the data set in the registers, channel
B is output from the SSGSNDL pin and channel C is output from the SSGSNDR pin. Channel A
is the mixed signal from the SSGSNDL and SSGSNDR pins. Output is thus stereo output having left
and right output signals. Monaural output is also possible by shorting the the SSGSNDL and

SSGSNDR pins when not in use.

Possible configuration for stereo output

LEFT ch AMP
] —
SSGSNDL ]
<
1
SSGSNDR RIGHT ch AMP
i
AVSST ,’L‘
Possible configuration for monaural output
L ]
SSGNDL
AMP
' J1
SSGSNDR 1+
3
AVss 1
T ”r
23




5. Clock and RAM (4 bit x 26)

The clock section is connected to the crystal oscillation circuit and provides second, minute, hour.
day of the week, day, month, and year clock counter functions, and minute, hour, day of the week,
and day alarm registers. Control such as setting and reading the clock data for time and calender and

alarm data is carried out in this section. All of this data can be backed up.

Address allocations and initial state of counters and registers

Regardiess of the value of the upper four bits of the 8 bit address data, the mode is selected from the

low four bits DBs ~ DBe and the four modes indicated by the address X D (H) modes registers M1
and MO. Addresses X 0 (H) ~ X C (H) can be are both writable and readable. Address X D (H) ~
X F (H) is write only, and has no effect on the mode.

The state of the counters and registers is indeterminate when the power is turned on. They must be

set by writing the prescribed values.

Allocation of addresses and functions

24

Mode 0 1 2 3
A:i;ncss Fuaction Bit| Bs B: B Bo | Function Bit| B3 B2 B1 Function | Function

x 0 |1 second counter

x 1 |10 second counter

x 2 | i minute counter | mipute alarm regster RAM RAM

x 3 |10 minute counter 10 minute alarm register 4 Bit 4 Bit

x4 |} hour counter 1 hour alarm register :3 :3

x 5 |10 hour counter 10 hour zlarm regisier

x & | Dav of the week counter D‘? of the week alarm

register

%7 1 day counter 1 day alarm register

x & |10 day counter 10 day zl2rm register

x 9 |1 mounth counter

x A |10 month counter 12/24 hour selector

x B |1 vear counter Leap year calender

x C |10 year counl.:l"
Address Note: The day of r.he‘weck. counter counis between 0

Function Bit| B3 B2 B1 Bo and 7. The relationship between aciual day of the .
(H) week and counter value cap be determined as
Mode Timerialarm| Mode desived.
xD regsier ENIEN i | Mo
Test Test
xE reqisier T3 T2 T Te
x F Reszt controller 1HZ |16HZ lAJarm
16/1Hz register ON | ON




Mode setting and alarm/timer EN function (address x D (H))

The 4 bit mode register consists of M1 and Mo for switching the mode functions and two bits for
the timer EN and alarm EN.

Mode | My | Mo Description
¢ 0 0 | Time and calender can be set and read
1 0 1 | Alarm, 12/24 selection, and leap year can be set and read
2 1 0 | RAM (4 bit x13) is both readabie and wnitable
3 1 1 RAM (4 bit x 13) is both readable and writable
Function |Level Description
Alarm 0 | Alarm signa! not output to AML pin
EN 1 | Alarm signal output 10 AML pin
Timer 0 | Counter stopped for other than seconds
EN 1 | Clock started

Reset control function and 16Hz/1Hz register setting (address X F (H))

Alarm reset and timer reset function during the data write, and not have registers.
There are registers for 16Hz ON and 1Hz ON. These function in the following manner.

Fuoction Level Description

Alarm RESET 1 | All alarm registers reset upon write.

Timer RESET 1 | Counter is reset from seconds upon write.
16Hz ON 0 | 16Hz signal output 1o ALM pin.
1Hz ON ¢ | 1Hz signal output to ALM pin.

Test registers (addresses x E (H))

Ts~To are registers for test purposes. Tests are performed for all except test 0 (operation as clock).
When using the clock for the first time, set all bits 10 level “0” in order to perform test 0 (clock).

Test Ts | T2 1 Tv | To Description
] 0 ¢ 0 0 | Operation as clock
1 0 0 0 1 {Test ] selected.
2 0 0 1 0 | Test 2 selected
3 01 o 1 | 1 [Test3seiected Ourput 1o ALM pin.
4 o 1 0 0 | Test 4 selected.
8 1 0 0 0 | Test § selecied.
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Setting of 12/24 selector (mode 1, address x A (H) )

Selection of operation as a 12 hour clock or 24 hour clock is possible by writing the level shown
in the table below. Set the time after making this setting.

Function |Level Description

0 | Operation as 12 hour clock. When this mode is selected, the
12/24 hour 10 hour counter and Bl of the alarm register indicated AM or PM.
selector AM is selected when Bl is *0”, and PM when "1™

1 | Operation as 24 hour clock.

Setting of leap year (mode 1, address x B (H) )

The leap year setting can be made by setting the levels shown in the table below. The time and
calender settings are made after this setting is made. This calender is incremented together with the
year calender. ‘

Function | B1 | Bo Description
0 0 | Operation with this year as leap calender vear
Leapyear| 0 1 | Three vears from now
counter i 0 | Year after next as leap year
1 1 | Next year as Jeap vear

Setting and reading the time and calender (mode 0, address x 0 (H)~ x C(H) )

The addresses can be fixed by the functions indicated in the table for address allocations and
functions. The clock counter can be set by writing effective values for time and calender clock data.
Data is read in the same manner. The address is fixed and the bits are read to obtain the clock dara.
The level of bits which are not effective is always “0”,

If the time of the second, minute, hour, day of the week, day or year counter (clock counter) advances
while setting or reading the clock data, it is not possibie to set or read the proper values for the ciock
data

Thus when setting the clock data, generate a timer reset and set all necessary clock data during this
second. An alternate procedure is to generate a clock EN to stop incremention of all counters except
seconds, generate a timer reset, set all necessary clock data within one sscond, and then update the
clock with the timer EN. When reading the clock data, read it twice and compare the results to determine
usable data. Another approach is to set the clock timer to the operational state again with the timer
EN and read the data. The change in the 1 second signal which occurs while the counter is stopped
for all counting above one second, will be adjusted when clock is restarted. Approximately 100&mu.s
are required for this correction. Be sure not read the time again during this period.
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Alarm setting and reading (mode 1, address x 2 (H) ~ x 8 (H) )

The alarm registers can be set by fixing the addresses by the functions indicaied in the table for
address allocations and functions. and then by writing valid values to the bits for ime and calender
alarms. The data in the alarm registers can be obtained in the same manner by fixing the addresses.

and reading the bits.
When the contents of the minute. hour, day of the week, day and vear alarm registers is the same

as the contents of the clock calender (and alarm EN register is set to output state). a level 07 signal

is output to the ALM pin.
The alarm register is reset by the alarm RESET bit. Then. the datz written to the alarm register and

clock counter are made the same. Regarding alarm registers which were not writterr to. oviput 1s to
the ALM pin as the data of both were already the same.

ALM pin output (external load resistance is needed as open drain)

The signals controlled by the alarm En, 16HZON, 1HZON, and test registers can be ourput simul-
taneously from this pin. Set the level of the various registers so that only the required signals are output.

RAM (4 bit x 26) (mode 2 and 3, address x 0 (H) ~ x C (H) )

This RAM area consists of 2 RAM area accessed at address X0 (H) ~ X C (H) in mode 2 , and
2 RAM area accessed at address X 0 (H) ~ X C (H) in mode 3.

6. Oscillation circuit

A sample oscillation circuit is shown on the night.
Note that the accuracy of the clock will suffer if the oscillaticn circuit is effected by external noise.
The voltage characteristics and temperature characteristics of the clock oscillation circuit, back-up
voltage and current characteristics and back-up current and C3 characteristics are shown below.
All parts other than the device itself are kept 2t room temperature during measurement of temperarure

characteristics.

Bvss Xout X Voo
—0 ne G o
1
Cs
R XTAL :
= o]
] C2
Ik
14
A e 4
XTaL = 32.768KHz
C1 =&8PT
C2 =&0PF(MAX)
Ca =1%PF
Ci =i uF
i =120KQ
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7. Voltage characteristics of clock oscillation circuit (1) (t,=22°C)

PPm

6(v}
voo{ Bvss=0V)

8(v}
Voo( BVss =0V}
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Temperature characteristics of clock oscillation circuit (Voo = 5¥, BVSS
= OV)

PPm
!,
! temp(T)
—_— ] e
—20* 0 an 50 80
—~—
-——i—\__-
-n___~_-_-
-&_.__

Temperature characteristics of clock oscillation circuit (Voo = 3V, BYSS

| . —t—= temp(T)
—20 6 20 a0 §0 20

- -

Temperature characteristics of clock oscillation circuit (Vop = 2V, BVSS
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8. Back-up voltage and current (C3 = 39PF, t, = 22°C)

80

{wh)
| pa

60

40

20

-

]

z.0

2.5

£
= ypp{ BYDD =0V}

Back-up current and C3 (Voo = 2%, BVSS = 0V, t, = 22°C)

20

[
-]
[
. | L
T/‘
L i
;_—_—-—-'_-—- -
&
40 60 &0
0 20 —— Ca(PF)
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9. Flectrical characteristics

Absolute maximum ratings

item Rated value Units
Power supply voltage (VpD) =03~ 170 AY
Inpu: pin voltage —0.3 ~Vpbp—0.3 v
Operational surrounding temperature 0 ~ 70 °C

10. Recommended operating conditions

liem Symbol | Minimum | Typical | Maximum | Units

Power supply voltage Voo 4.75 5.00 5.25 v

Data retention voltage Ve 2.0 5.23 v

Frequency for clock Fx 32.768 KHz

11. DC characteristics

Item Symbol Conditions Minimurn | Typical | Maximum | Units

Low level input voltage i Vi Other than (Xo ~ X1, XIN) -0.3 0.8 3
High level input voliage 1 Vs Other than (Xo ~ X7, XIN) 2.0 Vob v
Low level input voltage 2 VL2 Xo ~ X1, XIN) -0.3 1.5 A3
High level input voltage 2 vir | Ko ~ Xo, XIN) 3.5 Vop v
Low level outpur voltage 1 VoL IoL= Note 0) 0 0.5 v
High level output voltage 1 VoH lor=Note 0) 4.0 Vop A%
Input current It V=0 50 500 KA
Inpurt leak currsmt J}1 Vin=0~ 35" *10 HA
Owurput leak current Ito Vin=0~5" *10 TN
Power supply voltagz (hold) 1oe Vpp=2.0" 13 HA
Power supply voltage (opsratng) | Iop Vpp=35.25Y s LA

Note 0) Io=10mA :Applies to WAIT, CAPS, and KANA pins
Ior=2.4mA :Applies to output pins other than WAIT, CAPS, and KANA
Iou=10.2mA : Applies to all output pins other than open drain.

a1




12. AC characteristics Note 1)

Clock timing

Itern Symbol Conditions Minimum | Typical { Maximum { Units
Clock period Te 280 ns
Rise time of clock Te: 30 ns
Fall time of clock Ter 30 ns
Write timing
ltem Symbol Conditions Minimum | Typical | Maximum | Units
Assurred time prior to data WR off Twrs 300 ns
Hold time from data WR off TwrH 0 ns
Delay time from WR off of output data | Twre | Note 2) CL=100PF 250 ns
Delay time from curput data Top Note 3) CL=100PF 250 ns
Read timing
Item Symbal Conditions Minimum | Typical | Maximum | Units
Data delay time TEDD 250 Bs
Transidon time to float state TrRoF , 100 ns
Assured time prior 10 input data RD | TRDs }1\ e 4) 0 ns
Hold time for input datra RD TrDH ote 0 ns

Note 1) The various timing characteristics assume that direct connection is made to the address bus,
data bus, and control bus signals of the CPU.

Note 2) Applies to YA, YB, YC, YD, REM, CMO, CAPS, and PPISND pins.

Note 3) Applies when TRGAL, TRGBI, STBI, STB2, TRGA2, TRGB2, KANA, PDIR, PWR, and
PRD pins are controlled by data bus.

Note 4) Applies to X0, X1, X2, X3, X4, X5, X6, X1, FWD1, BACK1, LEFTI, RIGHTL, TRGAL,
TRGBI, FWD2, BACK2, LEFT?2, RIGHT?2, TRGA2, TRGB2, CML, 20d PBUSY pins.
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Reset timing

are connected

Output voliage when SSGSNDR and SSGSNDL| ViL+R)

Item Symbol Conditions Minimum | Typical | Maximum | Units
RESET 1 Xz | delay time Tesk |\ Xe= (X1, X2, X, s 150 ns
RESET | Xa 1 delay time Twsx Ne. X7) 50 ns
RESET t RESET | time Trsw 5.6 Ks
Vop (4.5) 1 RESET | delay time TvDRs 5.6 Hs
Vop (4.5) | RESET 1 delay time TVDRS 0 us
Analog output
Item Symbol Conditions Minimum | Typical | Maximum [ Units
Output voltage from channel A 1o SSGSNDL VAL 0.28 0.35 0.44 Vop
Qurput volage from channel A 1o SSGSNDR Var Note 7) and Note 9) 0.28 0.35 0.44 Vop
Qutput voltage from channel B to SSGSNDL VaL 0.52 0.66 0.53 Ve
Output voliage from channel C 10 SSGSNDR Ver 0.52 0.66 0.83 Vep
Note 8) and Note 5) 0.42 0.53 0.67 Vo

of L and R

SSGSNDL

AVss

S5CGSNDR

of L and R
SSGSNDL
R | ViL+R)
T
AVss
k0
SSGSNOR C.=0.0047.F
R=1KQ

Note 7) Circuit for separate output

Note 8) Circuit for combined output

output voltage measurement
Music frequency setting

register

Note 9) State of registers during SSGSNDL and SSGSNDR

: OFF (H) (~=440Hz)

Volume control register : OF (H) (max. volume)

Mixer register
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Timing of M1 cycle, Memory read/write cycle, and 1/O cycle

Item Symbeol Conditions Mini- Maxi- Units
mum; mum
MREQ | WAIT | delay time| TMRWA CL = 100PFRL= | Ka 150 | ns
Cick 1 WAIT 1 . TOwa . 150  ns
MREQ | RAS | . TMRIR CL = 100PF RL= 3.9 Kan 70 | .
MREQ t RAS 1t - TMRRA . 0| -
Clok 1 RAS | . To/A . 70 { -
Clok { RATS 1 - TORA . 90 [ 1806 -
Clok t MPX 1 - TOMx M 70 "
MREQ t MPX | - TMRMX n 70 -
RAS | MPX 1 . TRAMX - 50 .
Clok | CAS | . TG - 70| -
MREQ t CAS 1 - TMRCA “ 0] -
Clok | CAS - TBca . 70 | -
b3 I WE 1 - TOWE - 0| .
Clok | WE 1 - TBWE - 0 | -
MREQ | *CSn | . THRS - 0| -
MREQ t *Con 1 - TwmRes - 70 -
MREEQ | *S[Tn 3 . THMRSL . 70| -
MEEQ 1 *3LTn 1 - TMRSL - 70 | -
MEEQ | *3[Tonl . THMRST - | -
MREG t *3LTmnt . TMRST - 70 | -
ADR *MAnN - ToMaA - 120 ( -
ADR(OFF) *MAn(OFF) - TADMA - 120 -
D | VDPFCR | - TROVR - 0| -
D 1 VDPCR - TRDVR - 701 -
Clok 1t VDPCW| - ToTw . 70| -
WK 1 VDFCW: . Twrvw . 40 |
TORG | KARIT ) . TioRR - 7 | -
ORG 1 KANIT v - TiokN - 0| -
XD 1 PFRD | - TROFR - 150 | -
b:3e) 1 PRD 1 - TRDPR - 150 [ -
WR I PWR 1 - TWRPW - 150 | -
WK 1 PWR | - TWRFW - 150 | -
Clok 1 KBDIR 1 - TOKD - 150 | -
Clok ! KBDIR - TO D . 150§ -

Note 5: Refer to Note 10 for those marked with asterisks.

Note 6: The load circuit is shown on the right.

Qutout pin Owipwt pin (WAIT)
{other than WATT) Voo Voo
RL Re

*C_ b~ -L
: C.
l b4 Measurament noimT

Measurement point
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Clock timing

uH“
CLOCK (o) Voo —0.6%
Ay il —~  OUTPUT 2.0"
Clock(g ) " B | IN PUT 2.0v
' \ FLOAT aY
7
Te
Write timing
WA
L
DATABUS 1r\
{INPUT} B
Twas Twes

QUTPUT DATA Note 2)

[ OUTPUT DATA Note 3)

—

F

1
X‘ ' INPUT DATA Note 41 X

Read timing
®
——
| THSs
DATABUE
(OUTPUT)

[

iTm

3

TRSe

S
TraF
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M1 cycle timing

|

T2 Tw

Ciock(g ) r j‘ _r ] I L
l

| . !
i 1 [’ |

) RFSH | | | I
: ?

MAE __] \

L]
l !
|
WAIT | [ I '
T‘Tm i— Tiwa '
RS 1 | __ -
i} T s 7 —Tan ns iT,lI ;fTuu
MPX i |
| Ty mx - TR WY
» CAS(R) i l
‘ ; — 7 r——r Tuincs
= CAS[H) L l J—_——
e T TR I | N Tren
wE | I [| S—
et TR we TR
= 1 |
' — T e Tunes
*S0n —__I—L !
‘ "'_"ms: . TMRS.
| ———Tm o T
* MAn X
d

Note 10: Refer to the following for signals marked with asterisks
CAS (R) : CAS signal in RAS only refresh mode

: CAS signal in hidden refresh mode

CS1, CS2, CS12, and CSO and CS01 of SLT02/CS0 and ;us onSLT03/CS01

: SLT3/30,SLT31, SLT32, STL33, SLT0/00, SLTO01, SLT02/CS0, SLTO2 of SLT03/CS01,

CAS (H)
CAn :
SLTn :SLT1 and SLT2 output
SLTon
and SLTO3 cutput
MAn :

MAu, MAus, MAis, MAn, and MAx output of MAn/KBDIR
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Memory read/write cycle timing

A

CPU{ RD i
|

MREQ |

w1 I T | ]
TMIM e TRAM = Tunms P T x il
Inm 1 | L
| Towx st T iy . T = Tuabx
E ! — | i1
“—=Ta e | T T T
1 ]
| e TR TR i |
*Csn S ] o !
| = Tms b TuRCS, I
*5LTn 1 I [ |
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Note 11: Refer to Note 10 for signals marked with asterisk
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I/O cvcle timing (1)
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Note 12: The VDPCR and VDPCW signals marked with asterisks indicate the timing when “1” is
applied to the X7 pin during reset. . '
A 1 bit wait is inserted afier Tw when “0” is applied to the X7 pin during reset.
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I/O cycle timing (2)
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Note 13: The signal marked with an asterisk is the KBDIR output of MA18 when “1” is applied to
the X5 during reset.
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13. Precautions for use

This is @ CMOS device and precautions must be taken to prevent iatchup or damage from siatic
electricity as the input pins are directly connected to external circuitry.
Latchup is likely to occur under the following circumstances.
When signal lines from another system using 2 separate power supply are connected to the device's
data bus and power of this device comes up after the external CIrcuitry.
When there is a voitage surge upon turning on the power.
. When the input voliage for the device exceeds the power supply voltage range.
When the power supply line to the device lack sufficiently low resistance.
When a separate system is connected input/output pins dunng operation.
When the input/output pins are touched during operation.
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14. External view



