MSM5232RS

8 CHANNEL TONE GENERATOR

FOR MUSICAL INSTRUMENTS
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The MBWB232RS is an integrated circuit used as a sound source for nusical

instruments and contains a frequency divider circuit and envel ope generat or
for 8 scale generation, and an 8 bit bus interface circuit integrated in one
chip. The device is capable of outputting 8 tones simltaneously within a 7

octaves range while under nicroprocessor control.

FEATURES

0 4 + 4 pol yphonic tone output conposed into 2 groups.
Each group is independently provided with clock i nput, output bus,
and control register so that many beautiful and deep sounds can be
gener at ed.

0 Ceneration of 7 octave scales in addition to noise output,
0 4kinds of feet output; 2' ,4"' ,8"' ,and16" .

o The envel ope generator is incorporated.
There are two kinds of envel ope waveforns; |asting sound and danpi ng
sound.

In addition, the attack and decay tinme constant can be changed.
o Interface to copewith an 8 bit m croprocessor.

0 ROMis incorporated to convert key nunber data to divided frequency

to generate scal es.

o Low power dissipation due to the OMOS | C.

(This specification is subject to change without prior notice.)
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EXTERNAL DIMENSIONS
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TERMINAL CONNECTION

(Top View) 42 Lead Plastic DIP

-/

Solo 8 [1] ' 42] GATE
Solo 16" [2] [41] Vpp2
Vbp1 r:j 140] CAP17
DB7 E E CAPs
DB¢ [5] 38] CAPs
D‘Bs [6] 37} CAP4
DB« [7] % 2" ~2
DBs [8] |35] 4° ~2
DB2 [q] 34] 8 -2
DB1 [10] 59 186* -2
DBo [11] 132] Vss3
WR [12] 31] 167 -1
ALE [T3] 30] 8’ -1
AB3 [14 29] 4’ -1
AB: [15 28] 2’ -1
AB1 [1§ % CAP:
ABo [17] 26] cAP:
RST @ E CAP1
CLK:z [19] 24| CAPo
CLK1 [20] 23] Vsse
Vssi [21] 22] NO
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ELECTRI CAL CHARACTER STI CS

0 Maxi num Absol ute Rating

(Ta=-10~+70%C)

Item Symbol Condition Rated value Unit
Vss1 —6.5~+0.3 \
Power voltage s
VSS3 —1 6~+03 V
CLK1,2, WR, ALE, RST
v 7 < z ’ Vss1—03~Wo1 +03| V
"Input voltage - DBo~7, ABo~3
Viz CAPo~7 Vss2—(03~VWop2+03| V
NO, SOLO#8’, SOLO16’, GATE 10~
lo1 | 2719 4712 812,161, 2 Li=gly | ma
Qutput current
loz CAPo~7 =2 0~+20 mA
Tolerable loss Pp Ta=25TC 800 mW
Storage temperature Tstg - —55~+150 28]
0o Operating Range
Item Symbol Condition Range Unit
Vssi s ~5.:257—475 s
Power voltage Vois
Vss3 — =1H==475 Vv
Operating temperature Top _— —-10~70 T
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DC CHARACTER STI CS
(Ta=-10~+70t:)
- Item Symbol Condition \[[SVS]‘ \{Svs]z MIN | MAX |Unit
Input terminals other
"L" input [ than RST V[=Vssl =525 - - — uA
current TiLe2 W = i o —
Vi =Vssi sl £S 120
[1H1 Input terminals other o 1
"H' input than RST_ ¥1™"po ~-525[ — 1A
current [1H2 RST — 1
Vi =Vbp
Vi1 | ABn, DBn, WR, ALE —  |Vss1408
"L input Virz | CLK1, CLK2 =435 - —  |Vss14+08| V
voltage
ViLs | RST Vss1+1.0
Vidi | ABn, DBn, WR, ALE Vss1+2.4 —
"W Jniput Vinz | CLK1, CLKz2 —-475{ — | —08 - 5
voltage
ViH3 | RST -1.0 —
EG — | =5 —1.5 -0.5
inversion Vr \Y4
Lvo].t:age - -12 —-3.6 -1.2
- NO, GATE, SOLO8’ — | =5 — —45
wicsze | VoL | SOLO16’ | v
) [0o=0.1mA = | ~l8] = =115
NO, GATE, SOLO8’ = | =5 -05 -
"H" output Vou SOLO16* \%
vorese | lo=—01mA = F 1B} -5 | ~
[Issil| fcrky, fcLk2=212MHz |—525| — = 5
Cu nt
co;Z§mption |Issz| B -5 i B ! s
= | 19 = 3
Input capacity J @ =1MHz - e = 15 pF

electric
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(Ta=257)
Item Symbol Condition Vss1[Vssz | MIN MAX |Unit
(V3] (V)
. = [—i5 —1.4 -2.8
Ica Vo=Vss2 mA
— =12 —8F T4
— | =5 85 170
‘ Icrr | Vo=VbD2
CAPn terminal . —~i9 200 400
output' current 'uA
= | =f 85 17
Icrs | Vo=Vbp2
= | =12 20 40
Icz Vo=Vss2 or Vbpp2 — =15 —~q 1 | A
ITF Vo =Vbbpz2, Vcap =Vss2 — — — 1
TBa output ITT | Vo=Vbp2 Vcap=Vss2 +2V| — — 1 = uA
current
; Vo=Vpp2, Vcar =Vpb2 — | =5 30 60
TN | gingle CH is
only ON — | -12| 190 | 380 |uA

SWTCH NG CHARACTER! STI CS

(Vss1=—475~-525V, Ta=—10~70C)

Item Symbol Condition MIN MAX Unit
ot -
f::;ﬁl;:c;npl‘lt fc max 25 = MHz
tex 1.0 =
ALE cycle time uns
ter 0.5 10
twcH 150 ==
twcL 150 =
twLH 150 i
ns
Input pulse width tWLLX 500 —
twLLl 200 -
tww 400 =
twrsT 10 = &ns
tsa 100 =
Set-up time ns
tsp 300 &S
tHa 1 100 ==
Hold time ns
tHp 80 =
Iaput timing twaL l 0 == ns

electric
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Input waveforms
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Interface timng

(MOVX execute cycle)

b tex tcr tey tct ,
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L \ (24V) t
WR 08V) |
1sa] |t |
Aty il 2 v L R — TR s o S s S s S
08V i - J }
____________ SAYL N S DO OUS || 17 SR CE) | SO
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‘ | |
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ALOX = = e e < ‘ > -
|
DLOX == —mm momm i m e < ]
|

* These signals denote timng in | C.
Note: The voltage values at timng definition points are set
according to Vssl which is used as a reference.

TERM NAL EXPLANATI ON

o DBy, ~ DB,
These are the data input termnals which are connected to the CPU
data bus; various data are input through these termnals.

0 ABy ~ AB;
These are the address input termnals. Using this input, an

internal register is selected to wite data in.

o ALE
This input is put inthe "H" section, where signals sent to
AB, ~ AB; are inputted in the data latch and |atched on at the
trailing edge.
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o/\WR

This input is entered in the "L" section, where signals sent to
DB, ~ DB; areinputted in the data latch and latched on at the
trailing edge.

o CLK; and CLK;
They are input into the standard clock and out put scales can be
obtained through the frequency-dividing of this input.
CLK; sets the standard frequency for tone generators TG ~ TG
(group 1), and CLK, for tone generators TG ~ TG (group 2) .

o/ RST
This is the input termnals for internal parts initialization and
are incorporated with the pull-up resistance. Figure 2 shows
internal register conditions after initialization.

o CAP, ~ CAP;
These are terminals that connect the capacitor to the envel ope
generator. The envelope is generated by charging and discharging
its capacity through the enclosed resistance. In addition, when
operation of the envel ope generator is inhibited, a high inpedance
state results, and envel ope waveforms can be inputted from the
out si de.

o 2" -1~16"-1and 2" - 2 ~ 16" - 2
These are tone bus output ternminals divided into group 1 and
group 2, each of which consists of 4registers; 2' , 4" ,8"' , and
16' . Four tone generators are connected to each tone bus, and they
are mxed in a formof current addition. This is why it is inpor-
tant to receive this output fromoutside at a low inpedance.

0o SOLO8' and SOLO 16"

These are solo sound source output termnals that constantly

out put square waveforms of 8' and 16' tones fromtone generator
TG;.
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o0 CATE
This ternminal outputs the solo output OV CFF signals.
In the solo node case, &G of TG is outputted, and in cases when

the solo node is inhibited, it is set to the "L" |evel.

o NO
This is the noise sound source output termnal that always outputs
noi se generated by the incorporated pseudo random pul se generation

circuit.

o VDD, and VSS;
These are power ternminals for 5V lines.

o VDD,, VSS,, and Vss;
These are power termnals for 5 ~ 15V |ines,

Not e: Connect VDD, and VDD, and VSS, and VSS; externally and
respectively before use.



Addr.

o O w »

bz be bs by bs b2 b bo
GFo MSB LNoteADatﬁ 0 _LSB
GF1 Note Data 1
GF2 Note Data 2
GF3 Note Data 3
GF4 Note Data 4
GFs Note Data 5
GFs Note Data 6 )
GF7 NoteLData 7 A
Attack TimeData 1
— " MSB LSB
Attack TimeData 2
Decay Time Data 1
= . L SB . . LSB
Decay Time Data 2
EGE:1|ARM:1 OE21 OE441 OE81 OE1641
SF |EGEz2|ARM2 OE22 OE4” OE82 OE167
Fig. 1 Internal Register Map

TG data
TG,
TG
TG
TG
TG
TGs
TG
G oup

dat a
dat a
dat a

dat a

dat a
dat a

dat a

G oup
G oup
G oup
G oup

N P N PN

G oup

OKI €ectric

attack time data
attack time data
decay tine data
decay time data
control data

control data
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Addr. by bs bs by bs bz by bo  Condition
00 | % ¥ ¥ % % % % GF=0, pitch indefinite
it o0 | *x x % % x x x
2 | 0 | % Tx % % * x = 1
3 0 * * x * * % x* 1
4 0 X | X , + ) x } * ) * +* ’
5 0 * * * * x* * * ! I
: ; : Pl
6 |0 | * % ¥ ¥ X % % 1
7 0 | ¥ ¥ ¥ ¥ X  *x ¥ { i
8 | 0 0 0 Attack time = 2 ns
" (O z
A 0 0 0 0 ‘Decay tine = 40 ns
B o 0o 0 0 I
g 0 0| 0o 0o 0 0 Tuemaal Tepsters oF
D B ERERERE R i i s gy

Note: * mark shows that it is indefinite
(a previous condition is maintained)

Fig. 2 Internal Condition after Initial Reset

OPERATI ON EXPLANATI ON

0 Interface
This integrated circuit is controlled by witing control data in
the internal registers. DB ~ DB7;, ABy, ~ AB3, WR and ALE signals
are connected directly to the bus and CPU control signals (in case
of a low speed CPU), or indirectly through sone external parts (in
case of a high speed CPU). The device is incorporated with the
address latch to allow direct connection to the address data
mul tipl exed bus in case of low speed CPUs. CPUs which can be con-
nected directly: 8085A, 8048/49 ( 6 MHz) .

- 13 -
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(1) Type of input data

a)

b)

TG dat a

Address
GF | MSB =——— Pitch data ——— LSB

1 1 i 1 i i

b; bs bs by by by by by

0 ap ay 4apg

The data assign ONCFF and tone generator pitch.
It assigns one of the 8 TG by the lower order 3 bits
(a, ~ ap) of the address.

o & (gate flag)

1. TG ON
2. TG CFF
* Pitch data

Data are witten only when the pitch information is
b; =1 (TGON). In the case when b; = 0, the contents

of bg ~ bg are optional. (The contents do not change.)

Attack tinme data

Address

TN P MSBAttack time e
100 ag 1 L 4 1 I

b, bs bs by by by by bg

1

The attack tine data assigns the envel ope generator's
attack time. (ne of 2 TG groups is selected by the

| owernost order bit & , of the address. (ap = 0: Goup
land ag =1: Goup 2) .
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Decay time data

Address ]
Don't care s B
MSB LSB

lolao ] 1 1 1 N
b7 bs bs by bs b b, bo

The decay tine data assigns the decay/rel ease time of the
envel ope generator. One of the 2 TG groups is selected
by the lowermost order bit apg. (ap =0: Goup 1 and

ao =1: group2) .

Control data
hddrags oY or | zce| amq] 2. &' 8 16
110 ag Care OE , OE |, OE |, OE

b~ bg bs by bs b, b, by

The data sets the operational node of individual TG groups.
One of 2 TG groups is assigned a node by the | owernost
order bit ap, of the address. (ap = 0: GQGoup 1 and

a =1: Goup?2).

« SF (solo flag, significant only for group 2)
1: Solo node assi gnnent

0: Solo npde rel ease

« ECGE (envel ope generator enable)
1: Envel ope generator operation

0: Envel ope generator inhibited

* ARM (attack release mode)
1: Assignnment of lasting sound
0: Assignnent of danping sound
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« 2" OE 4 OF 8 OE and 16" OE
1: Individual register output ON
0: Individual register output COFF

(2) Timng

Signals sent to the address and data bus are tenporarily

| at ched respectively by the trailing edge of ALE and /\R in
the internal address and data |atch, and pitch data are con-
verted by the incorporated ROM into divided frequency dat a,
and after that, the data is witten in an assigned register
by the address. Accordingly, it is essential that signals
to the address and data bus are stabilized during the period
before set-up tine and after the trailing edge holding time
of ALE and /WR respectively.

The timng of witing in each register is set by a strobe
pul se generated fromthe timng generation circuit according
to an ALE signal. Since this strobe pulse is generated at
the timng shown in the timing chart, it is essential that
nmore than four ALE pul ses are added before the next witing

operation.

o Tone Gener at or

This integrated circuit is incorporated with 8 tone generators ( TG)
and these tone generators are individually capable of generating
scal es and envel opes i ndependently. An individual TG has 4 regis-

terswhichoutput apitchof 2 ' , 4" , 8" , and16"' respectively.

Ei ght tone generators are divided into 2 groups; 1 group consists
of 4 tone generators, and the TG output is connected by group, to
the internal tone bus. Moreover, the control and envel ope data

are set by these groups. Furthermore, clock input. which serves
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as a standard for pitch, is divided into groups.
(1) Frequency dividing circuit

This circuit divides standard clock (CLK,, CLK,) frequency

to obtain an output frequency which is assigned by the pitch
data, and consists of a programmabl e counter which generates
tones in octaves, and a binary counter which generates the
tones between octaves. Table 1 shows the relationship between
pitch data and divided frequency.

( 2) Envel ope generator

This circuit generates signals for TG output anplitude nodu-
lation, and functions to form the waveforns shown in Figure 3
by the charging and discharging of the external capacitor
through the incorporated resistance of control data and the

ti me constant.

Wen O is witten in EGE bit in the control data, incorporated
resistance is open, then external envelope signals can be

input fromthe CAPn termnal.

a) Operation node
ARM = 1 (lasting sound assigned)

Wen G- in the TG data register is 1, it is set in the
attack condition, and when G- is 0, it is set in the

rel ease condition.

ARM = 0 (danping sound assigned)

It is set in che attack condition at a point where GF is

changed fromO to 1, and it is set in the decay condition
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when the electrical potential of the CAPn term nal exceeds
the EG inversion voltage VT. Wen G- is turned to 0, it
is set in the danping condition, irrespective of the pre-
ceedi ng condition.

Expl anati on of individual conditions
Attack condition

CAPn terminal is connected to VDD, through incorporated

resi stance

Decay/rel ease condition

CAPn termnal is connected to VSS, through incorporated

resistance (Rgr Or Rgs)*

Danpi ng condition

CAPn terminal is connected to Vss, through incorporated

resi stance(Rgr) .

Time constant contro

The speed of attack or decay/release is set by the con-
tents of individual attack tinme or decay time registers.
The time constant is controlled by changing charge or

di scharge current flow time by the opening or closing of
resistance. In case of decay/rel ease, however, two Kinds
of resistance are changed over because the change wi dth
is wide. The time constant is always a minimmvalue in
the danping condition
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( 3) Mdulationcircuit

This circuit is used to convert a square wave of frequency by

dividing circuit output into anplitude-nodul ated current out-

put through the anplitude modul ation signal. Four circuits
are provided for each TG, and the output is connected to the
tonebusof 2 ' ,4' ,8"' ,and16' . Thenmpdulationsignal is

common to the 4 circuits but it can be turned QV OFF for each
feet by the CE bit in the control data.

o Noi se Cenerator

The device is incorporated with the noi se generator which enploys a
pseudo random pul se generator by means of the shift register to
generate noise as a noise source. This output is supplied as a

noi se source for individual tone generators, and at the sane time,
is constantly output to the NO term nal.
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‘1;,4—* Vbb2
0%
Vcar
<ig%i
Vssz
S e —|
Ta Tpo
1
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0
Condition R ,]L< A \% R
(a) ARM=1
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COUdiCI‘.On[}——)lQ_ A D \JI- 8]
(b) ARM=10
Fig. 3

Waveforms Generated by Envelope Generator

20 -
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Table 1 Pitch Data vs Divided Frequency

Programmable counter Binary divided frequency

Pitch data divided frequency 27 4’ 87 1:6¢

506 1716 1732 1764 1128
478
451
426
402
379
358
338
319
301
284
268

O W D> © 0N o s W~ O

478 18 1716 1,32 1764

478 14 1,8 17186 | 1792

~N O O
SN
(Sa]
—

- continued on next page -

- 21 -
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Pitch data

Programmable counter
divided frequency

Binary divided frequency

2/

4/

8/

16’

402
379
358
338
319
301
284
268

oSlmMMEMmyU O W » ©©

172

171

174
142

1/8

174

1716

178

|
|
|
|
|
|
!

>

|
|
l
|
I
|

MO OmW» © 0= s W — oM O m P © oo ;s W -

121

-22 .
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Pitch data

Programmable counter

Binary divided frequency

divided frequency

2’ 4’ 8’ 167

9

=ow N~ O

-
T e e

319
301
284
268

13
(Noise generator)

1716 1732 1/64 17128
1L.#1 172 174 1/8

electric

Note: The contents of pitch data 57 H are used as data for tests.

Table 2 CQutput Frequency Error

g | EEesl ek erpesusr g G
C 18 261.63 Hz 261.74 Hz +0.756
C# 19 2718 27707 — Q.70
D 1A 29366 29366 —0.06
D# 1B 3113 310.8'9 — 131
E 1C 32963 32945 —0.92
F 1D 34923 34945 +1.08
F# 1E 36999 36994 —024
G 1F 39200 39183 —071
G# 20 41530 41517 —0.5%
A 21 44000 44000

A# 22 466.16 46634 + 065
B 23 49388 49418 + 104
C 24 523295 52348 +0.75

- 23 -
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Table 3 Table of Attack Tine Data vs Attack Tine

Huliek: S ek Resiscance ON Attack time
bz b; bo Duty cycle nominal value
0 0 0 171 2 ms
0 0 1 172 4
0 1 0 1/4 8
0 1 1 178 16
1 * 0 1716 34
1 * 1 1,732 64
*: Don't care
Capacity to be added by external equipment = 0. 39UF

Table 4 Table of Decay Tine Data vs Decay Tine

b3Decagztim; ldatabo ;ii;sziziz ox Decay time nominal value
0 0 0 0 171 40 ms
0 0 0 1 172 80
0 0 1 0 1/4 160
0 0 1 1 178 320
0 I % 0 1716 640
0 1 * 1 1782 1.3 s
1 0 0 0 171 0i3:3
1 0 0 1 172 05
1 0 1 0 174 1
1 0 1 1 148 2
1 1 * 0 1716 4
1 1 x* 1 1./32 8
*: Don't care
Capacity to be added by external equipment = 0. 39UF

(Note that a sinplified mark nmay be enployed for a product's nodel nanme)

- 24 -



