T i e e g — ey

S-3527

- T =\ S — T e W v e -

WAMARA

S-3527

MSX System (MSX Port Controller and Software Controlled Sound Generator )

= OUTLINE
YAMAHA S-3527 is an LSI developed for MSX computers. According to MSX specifications, it
controls access to basic and 7expanded memories, VDP, keyboard, and peripheral devices like a
printer. It incorporates SSG which is capable of generating music sound signals.

s FEATURES
Access to ROM (MSX BASIC ROM: 32 Kbyte)
Access to RAM (D-RAM: 16K—16 Kbyte or 64 Kbyte when expanded)
Control of basic slots
Selecting and controlling expansion slot
Insertion of 1WAIT during M1 cycle
Access to keyboard (including numeric key pad)
Incorporates two joysticks (or general ports)
Incorporates SSG (equivalent of YAMAHA YM-2149)
Sound range: 8 octaves

® &6 o ¢ o & o o

Sound types: 3-channel square waves and 1-channel noise
Envelope control: § bits
D/A converter : S bits

e CMOS device with Si gate

o Driven by +5V alone

e 100-pin plastic flat package
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s PIN ASSIGNMENT
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= BLOCK DIAGRAM
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Reset
Buffer

O—>

Clock
Buffer

Memory Control
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—O (MEMORY CONTROL OUT PUT)
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O WAIT

o—>
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Keyboard Control
Logic

—O VDPCW,VDPCR
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—0O Vie/SK

O Xo-~1

Printer Interface
Logic

O REM,CMO,CAP,PPISND

O BUSY

O PDBn
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General Port
Control Logic

O PSTB

O (PORT 1)

Software Control
Sound Generator

O (PORT 0)

O SSGSND(ANALOG OUT PUT)

O vssvy

(PORT 1): FWDL FWD2 BACKI. BACK2, LEFT1 LEFT2 RIGHTL RIGHT?, (TRGAL TRGAZ TRGBI. TRGB2} { ) :Wired Logic ifo
(PORT 0): (TRGAL TRGAZ TRGBI TRGH2Z) STRL STH2
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= PIN FUNCTIONS

Pin Name

AB7~AB3

AB!S, ABM)
ABi, ABO

DB 7 ~DBO

2 =
I

=
o]
m
O

i3 g

WAIT

ROMCS

k4

PX

2

AS

CAS2/E,CAS3

PDB7 ~PDBO

PSTB

1/0

i/o

Function

Z80A CPU address bus in (9 bits)

Z80A CPU data bus in/out (8 bits)
Z80A CPU M1 in

Z80A CPU RFSH in

Z80A CPU MREQ in
Z80A CPUTORQ in
Z80A CPURD in

Z80A CPUWR in

IWAIT request signal out during M1 cycle (possible to wired-OR with
external WAIT signal)
MSX BASIC ROM select signal out

D-RAM address multiplexing signal out

D-RAM RAS signal out (RAS-only refresh possible by Z80)

- CAS3 :SLOT#0 C000~FFFF or SLOT %00 C000~ FFFF
D-RAM CAS signal out {CAS2'E : SLOT=0  8000~BFFF or SLOT #00 8000~ BFFF
or SLOT#02 0000~7FFF or SLOT #32 0000~ FFFF

D-RAM WE signal out

ROM select signal out (C51 : 1000.7FFF CS2: 8000-BFFF  CSI2 : 4000-BFFF)

Siot select signal out (SLTi:SLOT#=1 SLT2:SLOT=22 SLT330 : SLOT£3 or SLOT £30)
Expansion slot # 01 or # 31 select signal out

Expansion slot # 03 or # 33 select signal out

Expansion slot select register control signal in

VDP (video display processor) read timing signal out

VDP write timing signal out

Print data out (8 bits)

Printer strobe out
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Pin Name 1/0 Function

BUSY i Printer status in
Keyboard return signal in (8 bits) (X6 and X7 receive function select signal

X7-X0 ! when reset.) L

V- VO,7T0/5) o(o/i) iz:tzzrdfzza::r:i::n;ilg:tr:sl elt‘l;lts) (Y10 / SK receive serial key signal by
FWD1FWD2 i Joystick FWD signal or general port signal in

BACK1,BACK2 i Joystick BACK signal or general port signal in

LEFTILEFT2 i Joystick LEFT signal or general port signal in

RIGHT1,RIGHT2 i Joystick RIGHT signal or general port signal in

TRGA1,TRGA2 i/o Joystick TRGA signal or general port signal out (I/O by wired logic)
TRGB1,TRGB2 i/o Joystick TRGB signal or general port signal out (I/O by wiréd logic)
STB1,STB2 o General port signal out

CMmi i Cassette tape read signal in

CMO o Cassette tape write signal out

REM ° Cassette tape control signal out

CAPS 0 CAPS lamp signal out (drives LED directly)

KANA 0 Kana lamp signal out (drives LED directly)

JI/50 i Keyboard arrangement control signal in

RSTI i Reset signal in (input to Schmitt)

RSTO o Reset signal out

PPISND o Software-defined sound out )
SSGSND 0 SSG-generated analog sound out

¢ IN i Clock in (This is used via a buffer except for Z80A.)

¢ OUT o Clock for Z8OA CPU out

vDD +5V power

VSS . 0V GND

VSSV | 0V SSG GND
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s DESCRIPTION OF FUNCTIONS

> Selection of Function and Initialization
When the reset signal has come, it is possible to select an expansion slot and assign the numeric

key drive signal output terminal (Y10 / SK) to receive serial keyboard signal, using X6 and X7
out of the keyboard return signal input terminals. As the sample circuit below shows, function is
selected by the presence or absence of diodes Di1 and Da across the reset signal output terminal
(RSTO) and the keyboard return signal input terminals. Memory maps shown on the next page

indicate how expansion is realized.

X6 and X7 input levels on initialization and functions

X6 X7 Function Diodes
0 X Slot 0 expansible D1 installed
1 X Slot 3 expansible D1 removed
X 0 Serial key circuit works D2 installed
X 1 Numeric key driver works D2 removed
Function select circuit sample
Reset Signal
to Cpu

Key Retum Signal

The reset signal applied to the RSTI terminal may be either the source voltage or can be generated
with a capacitor connected to the RSTI terminal as shown below.

To reset the device, the RSTI signal should remain at *0” level for more than 20 times of the
clock cycle when the source voltage has risen sufficiently and the clock signal is supplied.

2
»
=

|

Reset
Switch ) I c

CZ1uF
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Memory maps and expansion

(Unexpanded) (Slot # 3 is expanded)
SLOT#0 SLOT®1 SLOT#2 SLOT#3 SLOT#0 SLOT=1 SLOTH2
FFFF 77777 FFFF rFeoa
> |
4 000 [ .
€000 (444 C L .
4 ' [
8000 554454 8000 | S
t '
A . .
4000 5 4000 e -l
I ]
0000 T T T 0000 / -
ROMCS | siT1 | sor2 | RS SL0T#3 EXPANDED
ROMCS #30 #31 232 #33
LH @53 ST FFFF E ,j
HTis7E SLT 2 €000 2
A
v,
T 8000 7
Control Signal Terminal Name A
4

[} &
S
s g
o
R
asvdaanny

T 1 t
Control Signal Terminal Name —— >{5T 3% [sT o3| w5 7E | T 3|
(Slot # 0 is expanded)
To expand a slot, it is necessary SLOT#1 SLOT#2 SLOT#3
FFFF —— =
to supply the NAND of address F 1:
]
signals Az, As, As, Ao, A1, cooo :""'1.
Az, and A (which are not 8000 +— -1
supplied to the S-3527 normal- ' ;
_— i 4000 +—~-
ly) to the RSEL terminal. ! '
0000 4 — ~
SLOT #0 EXPANDED 3%
/ —
400 #01 %02 #£03 T2
FFi V77777 — -
(o3 ] free 770 il
€000
8000 ? 77777 ]

A
Y
4

A
4000 -
0000 ] ’II

Controt Signal Terminal Name —————)[ ROMCS ISLT 01 31[ CA2E LSI.T 03 3

Dhanaahany
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> Memory Control Signals

Refer to the timing diagrams given in the section of electrical characteristics for logic levels and
timing of the system control signals (M1, RFSH, MERQ, IORQ, RD, and WR) coming from the
CPU, memory control output signals (ROMCS, RAS, MPX, CAS3, CAS27E, WE, CSI, CS2,
CS12, SLT1, SLT2, SLT3/ 30, SKTO01 / 31, and SLTO03 / 33), CPU memory signal (WAIT), and
VDP control signals (VDPCR and VDPCW).

>1/0 Addresses and Functions

The functions of printer, VDP, SSG, general ports, keyboard, and slot select are fixed with I/O
addresses given as shown below according to the MSX specifications.

1/0 addresses and functions

Function 1/O ADR | W/R Description
90" | W Printer strobe out from PSTB (Bit 0)
Printer 90 R Printer status in to BUSY (Bit 1)
91 w Print data out from PDBO ~ 7 (Bits 0 ~ 7)
98 w —e
VDP write timing signal out from VDPCW
VDP 99 w
98 R —
VDP read timing signal out from VDPCR
99 R
A0 w Address latch
SSG and
Al w Data write
general ports
A2 R Data read
A8 w Slot select signal register data write
A8 R Slot select signal register data read
Keyboard and A9 R Keyboard return signal read
slot select AA w Keyboard drive signal register write
. AA R Keyboard drive signal register read
AB w Mode select
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> Bit assignments of keyboard and slot select registers

Function Bit W/R Description
Slot select register ? Select signal of 0000-3FFF slot
2 Select signal of 4000-7FFF slot
3
W/R .
g Select signal of 8000-BFFF slot
3 Select signal of C000-FFFF slot
Keyboard return 0
1 Keyboard return signal
2
3 R
4
5
6
7 )
Keyboard drive 0 1Keyboau'd drive signal (0 ~ 10 decoded from the four
register 1 bits are output to YO ~ Y9 and Y10/ SK.)
2
3| wr | :
4 Cassette tape control REM signal
5 Cassette tape write CMO signal
6 CAP signal for CAPS lamp
7 Software-generated sound signal PPISND
Mode select 0 0 When bit 7 is level *“1”, slot select and key-
1 1 board drive registers will be cleared.
2 0 This is just like mode 0 of 8255A that ports
3 0 PA and PC are assigned to output and port
4 w 0 PB to input.
5 0
6 0
7 i
0 Bo When bit 7 is level ““0”, each bit of keyboard
1 B: drive registers can be set or reset.
2 B: B: ~ Bs indicate bit No. Its content will be
3 W Bs set when Bo is 1 and reset when 0.
4
5
6
7
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> SSG and general ports

SSG is controlled by 14 registers (register contents can be read without affecting sounds). Sounds

are generated with three 8-octave square wave generators, a pseudo-random noise generator, a

a 5-bit envelope generator for singleshot and repeated attenuation, a sound level controller, a

mixer of music sounds and noises, and a 5-bit D/A converter.

The general ports include an output port and an input port connected to registers.

Register array

When high-order DB7 ~ DB4 of 8-bit address signal are 0 (H), low-order DB3 ~ DBO (4 bits)
select 15 registers. The address, once read, is retained, kept unaffected by data read/write, until a

new address is given.

The register array is as follows.

Register array
Address Bit
Regist B B B B B B B

gister (H) Function B 6 s . 3 2 1 0
Ro 00 8-bit tone fine adjustment

Channel A frequency
Ri 01 4-bit tone fine adjustment
Rz 02 8-bit tone fine adjustment

Channel B frequency
Ra 03 4-bit tone fine adjustment
Ra 04 8-bit tone fine adjustment

Channel C frequency
Rs 05 4-bit tone fine adjustment
Re 06 Noise frequency 5-bit noise frequency

*Port Noise Tone
R 07 Sets mixer and general ports
‘{0 c [ B [A |c|B|aA

Rs 08 Channel A sound level - M Ls L2 L Lo
Re 09 Channel B sound leve! M Ls L2 L, Lo
RA OA | Channel C sound level M |[L [L {L |L
RB 0B 8-bit tone fine adjustment

Envelope frequency
Rc ocC 8-bit coarse adjustment
RD OD | Envelope form CONT | ATT | ALT [HoLD

OE Data of input port ’
See the general port bit assignment table

RF OF Data of output port

* Always keep the “‘port” bits of the register R7 at the levels shown above.
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= GENERAL PORTS

The input port has address
OE (H) and the output port
OF (H). They are controlled
by an output port data latch-
ing register RF. The table at

- right shows relationships of
bits and input/output termi-
nals.

Relationships of bits and input/output terminals

VANIARA

Port | Bit i/o Connecting terminal name

Input Bo FWD1 or FWD2 B6 of the out-
B, BACK1 or BACK2 |put port selects
B LEFT1 or LEFT2 |FWDI1orFWD2.
Bs | ; |RIGHTIor RIGHT2 |WhenB6="1",
B TRGAI or TRGA? [pendl comes from
Bs TRGBl or TRGB2 ’
Bs JIS, /50
B2 CMI

Output| Bo TRGA1
B TRGB1
B2 TRGA2
B3 o | TRGB2
B« STB1
Bs STB2
Bs Input select of input port BO ~ BS (not delivered
B KANA to ougside)

In initialized state, the terminals TRGA1, TRGB1, TRGA2, TRGB2 and STB2 are at “‘0” level;
they go up to the prescribed level when the MSX BASIC is started. This being the case, the fol-
lowing explanation should be heeded when installing the MOUTH,which is to be connected to
the general port. Attention is particularly necessary concerning the MSX MOUTH for setting the

MOUTH mode at the time of turning on power supply.

In the initialization of the present device, mode A is selected in anticipation of any one of the
above-indicated terminals going to ““1”” level. Mode B is selected by driving this level to “0” by
operating a switch belonging to the MOUTH. Now, as mentioned above, no terminal goes to “1>
level: this means that the MOUTH cannot be placed in mode A.

How to overcome this problematic situation follows:

e Connect the MOUTH when power supply is turned on for the MSX including the present device.
If you already have the MOUTH connected before turning on power supply, disconnect it,
turmn on power supply and reconnect it. (The MOUTH will then automatically go into mode

A)

o By means of TRGA1 (TRGA?2), set the mode of the MOUTH.
® Install such as a push-button switch in the power supply circuit from which the general port

draws energy.

1"
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With the MOUTH installed as above, its mode can be set even when the MSX proper is in ener-
gized state (power supply ON). Such a MOUTH can be more conveniently made use of.

RSTO +5
$3527 4.7K
10K
TRGAL
(TRGA2)
25C1815

Connector

= SETTING MUSIC SOUND FREQUENCIES (WITH REGISTERS Ro ~ Rs)

Registers Ro ~ Rs define the frequencies of square waves which music sound generators of
channels A, B, and C produce. Ro and R; define frequency of channel A, Ri and Rs of channel
B, R« and Rs of channel C. The contents TP (decimal) of a register define frequency FT as
follows. Fg is the clock frequency.

F¢
32TP

Fr=

Registers R3 B Registers R2

Tone Coarse Adjustment ( Ri J Channels [ A J Tone Fine Adjustment Ru)
Rs Cc ( Ra

B Bs,BnlB:[Bz [8]80] LF7]B§ Bs]B.lealez]e.]Bal

Unused

TP TPno

TP;ITPllTPvlTPs]TPs TP TP;JTP:ITP ]TPT

12-bit Value (TP) Defining Frequency

12
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s« SETTING NOISE FREQUENCY (WITH REGISTER R¢ )

The contents NP (decimal) of a register definc the noise frequency FN as follows. Fg¢ is the
clock frequency.

F¢
TN TN
Noise Frequency Register Re
IBrIBs[Bs Bl[BJlB?lBI lBu
[ —

Unused

NP.[NP;]NPZINP|]NH

5-bit Value (NP) Defining Noise Frequency

» SETTING THE MIXER (WITH REGISTER R-)

The mixer mixes music sounds with noise according to bits Bs ~ Bo of register R. “0” denotes
that sound or noise be produced while ““1” not. If ““0” is designated for both sound and noise,

they will appear mixed. If *“0” ‘is designated for sound or noise alone, it will appear unmixed.
If “1” is designated for both sound and noise, none will be produced.

Mixer Setting Register R7

[8:]8e]Bs]Ba]BS B:|8.]80]

1*1t0° Noise Tone

«———— Channel CLBJA ChannelC]BIA

Always Set_‘.lust 0" Denotes that Sound or Noise be Produced
Like this

o
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» SOUND LEVEL CONTROL (WITH REGISTERS Rs ~ Ra)

Registers Rs ~ RA control the sound levels of channels A, B, and C. M selects fixed sound level
(M = 0) or variable level (M = 1). When M = 0, one of 16 levels will be selected with a 4-bit signal
Ls La Li Lo. To change sound level, vary Ls L Li Lo. When M = 1, sound level is determined
with a 5-bit signal E« Es Ez Ei Eo the built-in envelope generator generates. Es Es E2 Ei Eo

varies with time.

Sound Level Setting Registers ( Rg : Channel A )

Rg . Channe! B
R A . Channel C
{B’IIBS Bs | Bs BJleJBIlBT]
—
Unused

] [ololols]

Mode 4-bit Level Selection

s SETTING ENVELOPE FREQUENCY (WITH REGISTERS Rp AND Rc)

The envelope period data EP (decimal) determines the envelope repetition frequency FE as

follows. Fy is the clock frequency.

Fo¢
FE= o
512EP
Envelope’ Coarse Adjustment Register RC Envelope Fine Adjustment Register RB

(8+ [Be]Bs]84]Bs[B:]B:[80] [8:]8]Bs]Bs]Bs]B:][B:1]B0]

[ePss] pulEp[ep . [ep. [EP o[ P, [EPy [ P, [€Pe [EPs [ EPu [ €Ps [£P: [ EP. [ €Ps

16-bit Envelope Period Data (EP)

14
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= ENVELOPE FORM CONTROL (WITH REGISTER Rp)

The 5-bit signal E« Es Ea E: Eo of the built-in envelope generator determines the envelope level.
The envelope form is determined by incrementing or decrementing a counter of the envelope
generator, stopping it every cycle, or repeating to do such things. Bits Bs ~ Bo of register RD
control the envelope form.

Envelope form control register RD

[e:]Bs]Bs]B]Ba]B:]B:]B0o

———————e e

CONT{ ATT l AT IHOLD

Envelope Form Control Signals

The envelope form varies as follows depending on CONT, ATT, ALT, and HOLD.

Envelope forms
B B, B B Envelope form
CONT | ATT | ALT | HOLD
Iy 0 x x -
0 1 x x [ —_
1 0 0 0 P~
1 0 0 1
1 0 1 0 \/\/\/
1 9 1 I I
1 1 0 o | ——1T—"1—"1T—1T—1—]
1 1 0 1
1 1 1 o | /\/\/\
1 1 1 1
—{ 1 fv p= Envelope repetition period
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= D/A CONVERTER
The D/A converter produces output as shown below when the maximum amplitude is normalized

to 1V. The logarithmic conversion provides a wide dynamic range and a natural feeling of attenua-

tion.

Normalized Voltage

Figure 2 Waveform of a sound with
envelope attached (R = x x x x 1110)

e ]
Envelope/Penod
(s

Figure 1 Output level of the D/A converter Figure 3 Waveform of three mixed sounds
The decimal values of sound level control
signal L3 La L: Lo are given along the
left-side half of the curve and those of
envelope counter output E« E3 E2 E1 Eo
along the right-side half.

in fixed sound level (R<~ Ry = x x x0]100)
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> Serial Key Input

If initizlization has been performed to accept serial key input, serial data coming from the
Y10/ SK terminal according to the specifications given below can be ORed with key return

signal.

I3 7 ) 3 s P ) 3 A O [ A O

Timing of serial signal

Figure 1 Output level of the D/A converter Symbol | MIN MAX
R

The serial signal coming to the Y10/SK terminal may Fé
be asynchronous to the clock. The waveform and timing To E— %‘;&0

should be as shown above. ‘0" is discriminated from *‘1” 2056
by the length of interval between negative pulses. In the T “Fe | T
above example. the input data are a series of “0”, “1”,.. ., TooT. 8 o

“1” from left to right. The data enters a 16-bit register (Bis F¢

~ Bo). If more input signal follows, it enters bit Bo of the F¢ : Clock frequency
register with the contents of Be ~ Bias shifted to Bi ~ Bis

one bit each and the old content of Bis discarded.

After feeding in the serial input signal as above, set the contents (“Os” and “‘Is”) of the keyboard
drive register as shown in the bit allocation table, indicated below, which is for the keyboard and
slot specifying register.

Select units of 8 bits each, as in the case of keyboard return signal, and read in the selected units
to clear the 16-bit serial data register.

17
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Reading serial data and clearing register

Keyboard drive bits o
Description
Bo B:
0 0 Bo ~ B» ) Read from the same I/O address as of keyboard return signal.
0 1 Bs ~ Bis/ Bo and Bs correspond to Xo of keyboard retumn.
| X Clears 16-bit register of serial data.

The 16-bit register will be cleared when Bo is set to 1. By setting B ~ Bs appropriately, output
can be delivered to any of the keyboard drive output terminals Y:, Y3, Ys, Y+, and Ys just

when the 16-bit register is cleared. The output signal can be sent out as the next serial data.

NOTES:
1) MSX does not support serial data.
2)If a serial data and a keyboard return signal come in to the CPU simultaneously, they will be ORed

and read.
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Sample basic circuit (S-3527 and peripheral devices)

<]
i6 =
1*3
2
Ry 5
| emNAND
oV 45v ¢_£4
) VSS VDD RSEL MPX
|6‘AB 9 .
+ ~—> AB <
CPU 1,DB 7, DB Memory
Z80A  [System ‘S?l_‘;::']"'
Control Signal
WAIT
6 0UT S$-3527 Slot
RSTO
#IN ©
i vDP
RETT 1y IK ‘VDPCW.VDPCR + o
< ~
@
o 3 s
E > a w o¢g
g R R 2 G Zhe|Senen
> o O o n> S:gnz.l
2Ll s IISI 2} II;T
rtq 1ov
LS
EX WAIT B
RL Expansion
1 Slot Select
vDD
Clock Input —— ;J( \ 4
e .
Reset Input yboar Printer Port Cassette
Clock

ROM and RAM

(TMS9928A etc.)

) 'i General Port (Joystick)

Mixing & | Analogue Output

ov

Analogue
Buffer

19
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Sample basic circuit (Memory control: expansion slot unused)

S-3527

(L-'.
RSEL

ROMCS

4

SL73 30

SLoT=3

SLOT =0
FFFF
O——1 RAS D.RAM
p——————] A3
o WE 16Kbyte
CFFF
BFFF
‘—(] RAS  D.RAM
p—1— TAS
L we 16Kbyte
8000
TFFF
MSX
Q—[:Z: CE BASIC
ot ROM
32Kbyte
SLoT=1 SLOT=2
0000
D B80OO-BFFF
o8 4000 7FFF
b- 4000—BFFF
O
M)
UM

20
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Sample basic circuit (Memory control: RAM 64 Kbyte: expansion slot # 0 used)

SLOT =03
. SLOT =02
— T
SLOT =01
RSEL SLOT =00
RAS O———
CAS3 D-RAM
— 64Kbyte
WE 12
S$-3527
CASZ €
. D-RAM
64Kbyte
12
. MSX
ROMCS > [2 CE BASIC
ot ROM RAS O—
32Kbyte CAS O DT
On WE r R

SL701 31 O

51703 33

SLOT =1 SLOT=2 SLOT =3

|

o)
1%
81

3

9

7
1l
— 1

o
O

w
@
-
w
w|
ol

* The address bits which are not entered the S-3527 are NANDed and entered here.

2
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Sample basic circuit (Memory control: RAM 16K + 64 Kbyte: expansion slot # 3 used)

SLOT #33
. SLOT #32
SLOT #31
RSEL SLOT#0 SLOT # 30
FFFF e
s P————d 7 D-RAM
o p— | eas 16Kbyte D-RAM
- N dw 64Kbyte
D
€000
53527 i
CASZ E O
8000
7FFF
MSX
ROMCS [ qce BASIC
[ Rom
% 32Kpyte RS O o
CAs O
o WE O J
0000
300701 31 O—
$LOT03 33 [O-
SLOT#1 SLOT#2
= b BOOO—BFFF
= b 4000 7FFF
=z b 4000—BFFF
sSim P |'—H
M2 - )
SUT3 30—

* The address bits which are not entered the S-3527 are NANDed and entered here.
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® ELECTRICAL CHARACTERISTICS

1. Absolute maximum ratings

Parameter Rating Unit
Supply voltage (VDD) -03~70 v
Input terminal voltage -0.3~VDD +0.3 v
Ambient temperature 0~70 °C
Storage temperature -50~125 °C

2. Recommended operating conditions

! Parameter Symbol | Minimum | Typical |Maximum Unit
"1 Supply voltage VDD 4.75 50 5.25 v
Vss 0 0 0 A%
3. DC characteristics (Top=-0'C~70'C, Vpp=4.75v~5.25v, Vss=0V, Vs'=0V)
Parameter Symbol Condition Minimum | Typical |Maximum | Unit
Low input voltage ViLl (Except for X7 ~Xo) -0.3 0.8 v
ViL2 (X7 ~Xo) -03 1.5 \'
High input voltage VIHL (Except for X7 ~Xo) 2.0 VoD v
VIH2 X7 ~Xo) 35 VDD \'
Low output voltage VoLi Note 0): 0 045 \'
voL2 | IOL =10 mA (PSTB. WAIT, __ 0 045 \'
High output voltage VOH Foog (=))(:).2 mA CAPS. KANA) 40 VDD \'
T Input current I ViN= OV -50 ~500 nA
Input leakage current IL1 VIN= 0~5V 10 uA
Output leakage current ILo Vo= 0~5V 10 uA
Supply current IDD 35 mA

Note O) : loL=1mA CMO,REM,PPiSND,VDPCR,VDPCW,$OUT,ROMCS,RAS,CAS3,CAS2/E. WE,TRGA1,TRGBI1 STB1
TRGA2,TRGB2,STB2, Y10/5K, YO~Y9

IoH = 0.2mA DBO ~ DB7, ROMCS, MPX, RAS, CAS2/F, CAS3, WE, CS1, CS2, €812, §LT1, SLT2, SLT3/30,
: SLT01/31, SLT03/33, VDPCR, VDPCW, PDBO ~ PDB7, PSTB, CMO, REM, RSTO, PPiSND,

STB1, STB2
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4. AC Characteristics (See Note 1.)

Clock timing

Parameter Symbol Condition Min. | Typical Max. Unit
Clock period T¢ 250 ns
Rise/decay times of clock (input) | T 1. Tsu 30 ns
Delay time of clock (input/output) [ Ts1. 0 13 ns
Rise/decay times of clock (output) | Tyor. Teof [CL=T0PF 30 ns
Write timing
Parameter Symbol Condition Min. Max. Unit
Data stable before WR Twrs 300 ns
Data valid after WR Twrn 0 ns
Output data delay Too Note 2) 250 | s
Read timing
Parameter Symbol Condition Min. Max. Unit
Data delay Trbo 250 ns
Time to data floating TroF 100 ns
Data stable before RD TrDs 0 ns
Data valid after RD Tron } Note 3) 0 ns
Notes:
1) The address and data buses and control signal lines are assumed to be connected directly to the
CPU.
2) Applies to Yo ~ Yio, STBI, STB, TRGAI, TRGA2, TRGBI, TRGB2, CAPS, KANA, REM, and
CMO. .

3) Applies to Xo ~ X», FWD1, FWD2, BACK1, BACK2, LEFTI, LEFT2, RIGHTI, RIGHT2,
TRGAIL, TRGA2, TRGB1, TRGB2, CMI, and JIS/50.
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M1 cycle, memory read/write cycle, and I/O cycle timing

Parameter Symbol Condition ‘Min. Max. Unit
CLOCK 1 -- WAIT | Delay time| ToWwa CL=T70PF 60 ns
CLOCK t  WAIT t " Towa CL=70PF RL=6800Q 60 ns
MREQ | - RAS | " TMRRA Cyr = 100PF 60 ns
MREQ 1 — RAS 1 " TMRRA " 70 ns
CLOCK t~ RAS | " TeRA ", 70 ns
CLOCK T — RAS t " TsrA " 90 180 ns
CLOCK T - MPX 1 " Tenmx " 70 ns
MREQ - MPX | " TMRSTX " 70 ns
RAS | --MPX 1 " TRAMX ” 50 © ns
CLOCK t —*CASn | " Tsca " 70 ns
MREQ 1t *CASn " TMRCA " 70 ns
CLOCK 1 -~ WE i " Towe " 30 70 ns
CLOCK t - WE l " Te ¥E " 30 70 ns
MREQ | - ROMCS | " T™RRO " 70 ns
MREQ t — ROMCS ! " TMrrO " 70 ns
MREQ | —*C8n | " THMRGS " 60 ns
MREQ t —*CSn 1 " TMRcs " 70 ns
MREQ | —SLTn | " THMRSC ” 60 ns
MREQ t—*SLTn 1 " TMRSL " 70 ns
MREQ | —*SLTon | " THRST " 70 ns
MREQ t —*SLTnn t " TMRsST " 70 ns
RD | — VDPCR | " TRBVR " 70 ns
RD 1 — VDPCR t " TRrOVR " 70 ns
WR |- VDPCW|! " TWRVW " 70 ns
WR t—-VDPCW1 " Twrvw " 50 ns

¥ : See Note 4) Load of timing test circuit (g, cop WATT) (WATT)

Voo Output Voo

i : R
Output Terminal £3 g0 Terminal o Test Point
o

Cu
Test Point lCL J;
Analog output (SSG SND)
Parameter Symbol | Condition | Min. | Typical | Max. Unit
Maximum output current foa See below | (0.8) (1.2) 1.7 |mApp’

55G i0A
SND
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Clock timing

=Ty - Tot *H*
H v CLOCK(¢ out)  Vop-o06v
¢ IN L -5 ) C OuT PUT 2.0v
Tc IN PUT or ¢ IN 20V
HfeToor e Tgof FLOAT av
. ‘ _ ) — .
¢ ouT L5Vt - N
7
Tsi60 Tews0
REF:CLOCKt  REF:CLOCK |

Write timing

wR l_—'l___
DATA BUS I <<
(IN PUT) ( TwRH
[ Twrs
t::_’::::__::- OUT PUT DATA Note 2)
Too
Read timing
RD
:IN PUT DATANote 3)
—*{(— TRDS fe— TROH
DATA BUS <
(OUT PUT) NS
TROD TRDF

ILU
0.45v
0.8v
o.8v

+0.5V

2R
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M1 cycle timing

T T2 W T3 T4 T1
(cock! | 1 ! L I
(¢ our) : :
ADR X PROGRAM COUNTER - X REFRESH ADDRESS  + X
I
| L |
cpPu / - .
RPSH . 1 ; ]
O | | N
MREQ | : ' T
\ h
WAIT , ! | [
At Town e Towa !
RAS | [ TMRRL
MRRA 1 = e
ox ! TMRRA q o i4 TklAmx L I. TeER T3RA
e Tomx ‘4_1“ TwmRMX
* CASn l | K
Vo Tsca & TMRCA
wE l
H S« Towe T WE
ROMCS . 1 K
1 TMRROD »— TMRRO
* CSn |
! »—¢ TMRCS ¢ TMRCS
* S(Tn ! |
>+ THRSL >t—f¢ TMRSL
* StTon | I J
| >t—€ TMRST ¢ TMRsT

Note 4) : The signal names marked with = are detailed below.

CASn :CAS2/E,CAS3

CSn :CS1.CS2.Csiz
SLTn :SLTL SLT2 SLT 3/30
SLTnn :SLTO01/31, SLT0333
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Memory read/write timing

T 12 T3 T1 T2
(cLock L_—l [——I 1 | ] |

(¢ out)

CPU |RD . |

—— ]
 MREQ !
RAS :
| |
TMRRA 4—!  TRAMX =44 TMRRA e TRAMX —>{—4¢ TMRRA
| P v TeRRa Tl
MPX o 28| L.
s T MX TMRMX e T Mx >—d— TMRMX
L T
* CASn i ] '_l ' _I-
. J—«\e-'r,cT >{—4- TMRCA 4—4(—T¢CA TmrcA
WE | | -
A—fe Towe e To WE
ROMCS : ‘ |
:ﬁé TMRRO - TMRRO :
* CSn | !
SH--Twmres >t~ TMRCS |
* SLTn | | | -l | I
% TMRSL sr4eTMRsL >+ Tirst >He TMRSL
* Siian : 1 1
- “{"“‘- TRRST S Trst >} € Tomer 46 TMRST

* : See Note 4)
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1/0 cycle timing

T1

CLOCK .
(¢ ouT)

T2

READ

W

T3

T1

WRITE ’
T2 TW T3

aor | X

VDPCR

TROVR

TWRVW Twrvw
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= EXTERNAL DIMENSIONS DIAGRAM
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> Precautions for Use

The S-3527 is a CMOS device and its input terminals will be directly connccted to the outside.
When using it, protect it from latch-up and static electricity.
Latch-up is likely to happen in the following cases.
e A signal line is connected to the S-3527 from a separate system to which power is supplied
- separately from the S-3527, and the S-3527’s power is later to rise than the other’s.
A surge voltage rises when power has turned on.
The supply voltage of the §-3527 exceeds the rated range.
The resistance of the power lines connected to the S-3527 is not low.

A separate system has been connected to an input/output terminal while the §5-3527 js operat-
ing.

e Someone has touched an input/output terminal by part of his body like hand while the $-3527
is operating.
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