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INTRODUCTION

®  The Voice Synthesis LS|

In regular tape recorders where sound is stored as analog signals on magnetic
tape, the subsequent amplification of those signals to drive a speaker is referred to
as sound “reproduction”. It cannot be called sound “synthesis”. If the amount of
information stored (which is 100% in the above tape recorder) is reduced, the
amount of storage medium (memory) can also be reduced for greater economy.
Where the amount of information is reduced (compressed) on the basis of a certain
principle, the restoration of the original sound is called “synthesis”.

®  Voice Synthesis Methods

Voice synthesis methods can be divided into three major types:- waveform
encoding, parametric synthesis, and synthesis by rule. Each type is briefly outlined
below.

(1) Waveform coding methods
This type includes differential PCM (DPCM), adaptive delta modulation
(ADM), and adaptive differential PCM (ADPCM). The original sound wave
amplitude is sampled at fixed intervals, digitized, and the volume of data then
reduced on the basis of the principles mentioned above.

(2) Parametric synthesis methods

Characteristic information included in voice waveforms is extracted as
parameters for synthesizing purposes. The PARCOR method is a typical
example.

In this method where models of the human vocalization mechanism are used,
voiced and voiceless consonant sounds are discriminated, and voiced sound
pitch and amplitude data is extracted together with filter characteristic of vocal
tract. Voice synthesis is then achieved by passing this data to hardware
consisting of digital filter circuits etc.

(3) Synthesis by rule method
This synthesis method is an ideal method where groups of phonemes
expressed by small quantities of data are skillfully linked together to reproduce
any desired words.
However, since further elucidation of linguistic laws taking intonation,
accents, and length sounds into consideration is required to achieve a highly
natural voice, this method must still be considered to be inthe research stage.

m  Basic ADPCM Method

Oki voice synthesis LSls are based on adaptive differential PCM (ADPCM)
which is an improved form of the DPCM method. The PCM and ADPCM methods
are described below.




(1)

()

3)

Pulse code modulation (PCM)

Voice waveforms and other analog data can be PCM encoded (into digital
data) by sampling and quantization in S&H (sample and hold) and AD
converter stages. The S/N ratio in this case is determined by the following
expression

(N -1) x 6 dB

where N is the number of output bits from the AD converter assuming that the
maximum waveform amplitude is equivalent to full scale in the converter.
For example, if the sampling frequency is 8 kHz and the number of AD
converter output bits is 12, the required amount of data (number of bits) per
second is

8 kHz x 12 bits = 96K bits/sec
This is called the bit rate. The S/N ratio is this case is obtained as
(12-1) x 6 = 66 dB

Adaptive Differential PCM

The ADPCM method was devised as a means of reducing the bit rate without
sacrificing the S/N ratio too much. In this method, the amount of data is
reduced by quantizing and encoding the differential (dn) between adjacent
signal samples. A feature of this method is the ability to make adaptive
changes to the quantization width An when quantizing the differential dn.

(In the DPCM method, the quantization width is fixed.) In other words, An
is enlarged when the differential dn is large, and reduced when dn is small.

ADPCM analysis
If the input at the nth sampling pomt is Xn, and the waveform reproduction
value at the (n-1)th sampling point is Xn-1, the differential dn between the two
is

dn= Xn - )A(n-1 (Differential calculation)

This is then encoded by the quantization width An atthe present point of time
(the nth point of time).

Ln=dn/An (Encoding: Ln = ADPCM data)
And if this is then quantized and the waveform subsequently reproduced,
gn = (Ln+ 1/2)An (Quantization)

)/zn = )/zn-1 +qgn (Reproduction)

The quantization width for the next (n+1)th item of data is then changed from
Anto An+1.



An+1 = An-M(Ln)  (Quantization width change)
(where M(Ln) is the Ln function format)

The quantization width is thus determined according to the previously
accumulated data.

(n+1)th sample
(n-1)th sample  nth sample (n+2)th sample

Input waveform

T)h__ ADPCM output
(1%

qn+ n+2 =.Qn+1+Qn+2
2

Xn+2

Xn+1

dn+2
§n+1 =§n+qn+1
!
dn+1
+ dn

Quantization

\

Rt

Fig. 1 ADPCM method computation process

(4) ADPCM data
The ADPCM data Ln is expressed as M bits of data including the polarity bit.
For example, a 4-bit expression is given as

Ln = {B3l BZ: B11 BO}

where B3 (polarity bit) indicates the polarity of the (begin-ind)differential dn,
B2 (MSB) indicates the presence of a 4an digit in the changed portion,
B1 (2SB) indicates the presence of a 2An digit in the changed portion,
and
Bo (LSB) indicates-the presence of a An digit in the changed portion.

(5) ADPCM reproduction
ADPCM reproduction can be expressed as part of the ADPCM analysis. The
reproduction for the nth ADPCM input data Ln is given as




gn = (Ln+ 1/2)An (Quantization)
= (-1 x Bs) (4AanB2 + 2AnB1 + AnBo + 24An)

)A(n = )/%n-1 +gn (Reproduction)
And An+1 is calculated for the (n+1)th item of ADPCM data.
An+1 = An-M(Ln)

In other words, in addition to serviné as data used for calculating new PCM
values for previously set quantization widths, the ADPCM code also serves as
the data for calculating the quantization width to be set next. Furthermore, if

Xn is set to 12 bits, and
Ln is set to 4 bits,

the quantity of ADPCM encoded data is compressed by 4/12.
Note: The 1/2 element in
quantization gn = (Ln + 1/2)An
serves as a means of linear equalization for changed polarity.

®  Oki ADPCM Types

Although the ADPCM method is the basic method adopted by Oki, a few
modifications have been made, and two analysis/synthesis methods are now in use.
These are outline briefly below.

(1) Straight ADPCM: This is the basic unmodified ADPCM method where the
quality of sound is better than the two methods described below. This method
is also suitable for sound effects.

(2) Compressed ADPCM: The compressed ADPCM method is the straight
ADPCM method subject to unvoice elimination processing™ 'and waveform
repetition processing™*2 The bit rate, therefore, can be reduced to 1/3 of the
straight ADPCM bit rate. Furthermore, the degree of data compression can be
changed for each word.

Note 1. Unvoice elimination processing:
Extensive reduction of unvoice interval data by replacing unvoice
intervals (which exceed a certain length) with unvoice data.

Note 2. Waveform repetition processing:
Data volume reduced by repeating a single item of waveform data in
voiced waveforms such as vowels which are repeated periodically.



®  Features of Oki Voice Synthesis LSIs
The major features of Oki voice synthesis LSIs are summarized below.

(1) Quality and object of synthesis
(i) Good quality sound with high degree of naturalness
(ii) Synthesis of sound effects, musical instruments, and animal sounds also
possible

(2) Hardware
(i) Easy to handle built-in ROM 1-chip devices prepared for application in
simple sets
(ii)) Range of voice synthesis LSIs with varying built-in ROM sizes to meet
diversified market needs
(iii) Low power requirements due to CMOS with low fundamental oscillating
frequency — ideal also for battery operated applications

(3) Software
(i) Simple and precise analysis for broader range of user selected sounds
(ii) Comprehensive range of analytical tools to enable synthesis to be
executed by user

Because of the fine quality of sound achieved in a wide range of applications, Oki

voice synthesis LSls are used by a great many users in many different
applications.




PRODUCT LINE-UP

Device 6258
Functions 5205 5218 6295 5248 6243 6212 Stand- | MPU 6308 6309
and Specifications alone | 'nter
raigh
‘\‘DF;‘ %’é’ Straight @] (¢] o 0] (0] (e] [¢] @] @)
et
Compressed —_ - — - O O - — -
SDP M 3 bit @) o — (0] — — -
it Length
M sba o o o - o - o o
grs:‘;t:'r'l%'; (H2) 384 ~738K | 384 ~768M 1-5M 10~50K |, 30~132K 30~ 132K 4~8M 4-6M 4-8M
Maxi lization o o 2 . D
Time :oy":x'ema; g,yn::l:'gv:: 90 sec 3 sec 20 sec 40 sec external external external
Maximum Number Determined Determined Deter-
of Vocalized Words aamschons | cmecnons | 1 ’ 1 e T e ‘ ‘
oo
tions.
Analytical Functions - @] — —_ —_ — o) o o
Built-in ROM (Kbits) — — — 48 192 288 - —_ _
Buiit-in DA Converter Voltage Voltage Voltage Voltage Current Voltage Voltage Voltage Voltage
, type type type type type type type type type
Buiit-in AD Converter — - - - — - o o) o
External Memory Interface _ —_ O - - - O @] @]
SW Input - — — O O O O —_ O O
input
Interface Mi
Qicrocomputer | o o o o o o o o o
DA A class O O @] - O O O O O
utpu
Output B class ¢ - - - O @] (0] - - -
MSC1161 Connection — - — - O O — — —
Power Supply Voltage (V) 5 5 5 3 3or5 3ors 5 5 5
Power Consumption 4( m‘A 4( m)A 5( mA 98 ma Note 3 Note 3 4mA 10 mA 10mA
I bl T 1 T Z
(in standby mode) ) ({0 s,’.‘m’ % 5::‘ ) m ) ) (1 0uA)
Package Sha 18 DIP 24 DIP DIP [
ackege Shape S I 1 [ O TN B Bl P
32 flat chip chip ‘chip 44 flat
Remarks - _ External ROM ROM ROM
ROM code code code -— _— _
device device device

Note: *1 Applicable when fsamPLE=5.5 kHz
*2 Applicable when fsampLE = 8.2 kHz compressed ADPCM
*3 Applicable when power supply voltage is 3 V
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PACKAGING

Packaging Chip Plastic DIP (RS) Plastic Flat (GS)
Device 18 pin | 24 pin | 40 pin | 24 pin | 32 pin |44 pin | 60 pin
MSM5205 O
MSM5218 O O
MSM6295 | o
MSM5248 O O ©)

MSM6243 ©) @] @) O
MSMmeé212 O O @) @)

 MSM6258V o o
MSM6258 O
MSM6308 O
MSM6309 &
MSC1161 O O O
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Oki’s Package Types Through-hole and surface-mount IC package
types are described as a function of the board

Below are Oki’s IC package types and features. mounting method.

PACKAGE TYPES
Type Package Types g;‘::zgf Pin Count
8,14,16,18,22,24,
Standard RS
28,40,42,48
DIP | Skinny RS 20,22
2
2 Shrink SS | 42,64
a
2 SIP RS | 8
I
)
3
2
F *1
PGA - 88,120,132,176,
208
Standard AS 14,16,18,22,24,28,
DIP 40,42,48
é 8,14,16,18,22,24,
® Cer DIP AS
3" 28,40
72,88,120,132,
PGA AS
176,208

* 1. In development
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Package

Type| Package Type Symbol Pin Count
SOP MS 8, 16,24, 32
FP
*2 *3 *4
24, 32, 44, 56(S), S&(L),
QFP GS | 60,64, 80, 88, 100
o 128, 136, 144, 160
2
a
. SOJ s | 26
g
. PLCC
£
A PLCC Js ii,gg,gi,zs,sz,
QFP FS | 42,60, 64,80
8
£
©
]
cc ES | 14,24,28, 44
Piggyback VS 40,42
g
©
X
"L_% SIMM "Wﬂ Ys | 30
g 1101000000000 0001701010000
7] - e
Q.
w
,,HW&‘?’/ e | 20

*a (S) and (L) differ in pin pitch and outside dimensions.

*2 Two types of packages are available, thin type and heat-resistant type (with vent hole).
*3 Lead Pins of 24- or 32-pin plastic FPs are in two directions.
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FLAT PACK FAMILY

For each type of Oki flat pack, the material it is made from, its outline and its pin count are shown here.

Pin Count
Pin 8 16 24 32 42 44 56 60 64 80 88 100 128 136 144 160
Pitch (oo
PY
ae ﬁ %
8p S I R I — _ — — _ _ —
1.27 12F
(4Px 2) | (8Px 2) {(12Px2)
L 13pP
1.00 —_ — e —_— J— J— P I _ — I J—
16P h9p
(14PX2) (13P)<2)
© (16Px2) (1apxa) | 16px2’ | lopx2
2
E: D
o 1P 32P
0.80——————§:E———— — | — — — —_
32p
16P%2.
(11PX4) aﬁﬁxz) (32Px4)
® 0 3ap
065| — | — | — | — | — | — I U g -
Ry
30P 34P!
18P%x 2 0PX 2
(14Px 4) Gere3) | Goped! (34Px4) (36PX 4) (40Px4)
10p 15P 16P 20P
1 il
2 7 S
S| — | — | — -—n‘IL;IH.’ — | — # #1 # — | — — — — —
Q)
o
10Px2)
Girx2 \15Px4) | (16Px4) | (20Px4)

@®: Two type of packages are available, thin type and heat-resistant type
(with vent hole), which shall be used depending upon board assembly method.



PACKAGE OUTLINES AND DIMENSIONS

e PLASTIC STANDARD DIP

18PIN 24PIN
(UNIT: mm)
(UNIT. mm) 32 3Max
2454 [ g
(@ ininisinisinininisininial
1@1r1r1r1r1 o Y s B s N s |
M H
o) LSS ey sy ww v g L@j L J 0
Index Mark Area 762" Index Mark Area
1524%%%°
R 2
e Y
o X
s 2 =
3 t
065" L oes || 08 3
2542025 0~15° 25420\ 3 o*~15"
Seating Plane Seating Plane
o PLASTIC QFP
40PIN i 24PIN
(UNIT: mm) (UNIT: mm)
528" 160202 223"
_— 1o~
monooanoooo® 127201 0350t P y-w
= @ @
: LIRARRRRRLE
S A| 01~03
S AAcaa=as = ' O
1524704 HE
PR ol o
R Sl
(H ] H{ 3 s ®
3
= g 06-“ H H H H H H H H H H H H—
AN I — =]
02
Index mark
Seating Plane = Luster)
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e PLASTIC QFP

32PIN I

16320
1.0%0! 0.35010

{UNIT. mm)

T
O

o)

7920
120*%

[ Andex mark {Luster)

LA LR
® ®

44PIN

(UNIT- mm)
145204
15202
105!03
03*%, 0gto0s
e I b
11800080018 '@
@ = w—
= OE=.
= =g NI
= gl H | H
= FEE
= = of
@ =

/©
-/-HHHHHHHHHHH
@ [)
Index mark (Luster)

(UNIT mm)

Ll mark (Luster)

| 24020
1908
035801 | 100"
e o)
(-]
® [
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USEFUL INFORMATION

BUILT-IN ROM VOICE SYNTHESIS LSI
DEVELOPMENT FLOWCHARTS
(MSM5248, MSM6243, and MSM6212)

Note 1

User Oki
Voice specifications
and device selection
Voice analog recording
¥

Note 2 ["Analyze the databy analyzer

Voice analysis by

— andinput the analyzed minicomputer (Make an
ADPCM datainto EPROM analyzed ADPCM data)
]
Evaluation of analyzed
and synthesized sound
by cassette tape
I
Store the confirmed
ADPCM data into EPROM
]
v
L] Voice evaluation by
simulator
[
3
ROM mask
fabrication
Prototype fabrication
]
v

ES evaluation

CS evaluation

L

16

v

Mass production

Note 1.

Note 2.

Record the source
sound on an open-reel
tape deck.

Recording assistance
and studio/announcer
can also be arranged
where required.

The voice analysis
flowchart is divided
into two paths as
indicated.

Where analysis is to be
performed by the user,
suitable ADPCM data
can be readily gene-
rated by analyzer.

Fig. 3



USER ANALYSIS SUPPORT TOOLS

®  OSA-1 (OKI Speech Analyzer)

OSA-1 enables user to make a straight/compressed ADPCM data for
MSM6243 and MSM6212 instantanuously by inputting the voice from the line
input via microphone or tape deck player. OSA-1 also can output the analyzed
ADPCM data. The analyzed data can be stored into the EPROM by connecting

OSA-1 via RS232C interface.
The OSA-1 enables the user himself to change the degree of compression

voice analysis purposes, thereby enabling sounds preferred by the user to be

generated. .
Furthermore, if EPROMs generated with the OSA-1 are used together with a

simulator (described later) the quality of the sound when the LSI is formed can be
evaluated. OSA-1 is available to users on a loan basis.

Y

Tape deck m EPROM writer

0SA-1 RS232C E

(Compressed
ADPCM data
input EPROM
generation)

IEPR@
i

£ £
= o (Sound quality
= = evaluation)

MSM6243 / MSM6212 simulator

Fig. 4 Voice analysis and evaluation block diagram
where OSA-1 is used
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m Speech Analyzer

The speech analyzer set using MSM5218RS is used to make an ADPCM
data on real-time basis by inputting voice from microphone or tape deck player
etc. Analyzed data is stored in a built-in RAM, and can be written into an
EPROM by a built-in EPROM writer.

This EPROM can be used as the voice simulator’s data or as ROM data for
MSM5248 etc. For fu\rther details, please contact

~ Nihon Denso Kogyo Co., Ltd.
3-14-19 Shibaura, Minato-ku,
Tokyo, Japan TEL. (03) 452-2351

m MSM5248 Simulator

The MSM5248 simulator has the same functions as the MSM5248. When
the EPROM, in which the analyzed data is stored, is mounted on this simulator,
this simulator can synthesize the same quality voice data as that of MSM5248.

m MSM6243 Simulator, MSM6212 Simulator

When the EPROM, in which the analyzed data by using OSA-1 is stored, is
mounted on the simulator these simulators can synthesize the same quality
voice data as that of MSM6243, MSM6212 respectively.

18
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OXKI semiconductor
MSM5205

ADPCM SPEECH SYNTHESIS IC

GENERAL DESCRIPTION

The MSM5205 is a speech synthesis integrated circuit which accepts Adaptive Differential Pulse Code
Modulation (ADPCM) data. The circuit consists of synthesis stage which expands the 3- or 4-bit ADPCM
data to 12-bit Pulse Code Modulation (PCM) data and a D/A stage which reproduces analog signals from
the PCM data.

The MSM5205 is fabricated using Oki’s advanced CMOS process which enables low power consump-
tion. The single power supply requirement and its availability in 18-pin molded DIP allow the MSM5205
to be ideally suited for various applications.

FEATURES

e 3 or 4 bit ADPCM system e Single +5V supply

® 12 to 32 kb/sec with INT VCK e Wide operating temperature
e On-chip 10-bit D/A converter (Ta =-30°C to +70°C)

® Low power consumption (10 mW typical) e 18-pin molded DIP

FUNCTIONAL BLOCK DIAGRAM

Voo O—>
Vss O—> ——— e e e
i R
Ds —+jO— I
4 bit 4 —O |« Reset
D: "{O Input + ADPCM synthesis stage |
D) —{O0— register —OI<— 4B/3B
Do —>|0—— I
: 12 |
XT ’ '
XT1_ | osc | |
0 ! |
e - |
| Tl.mln.g :3 12 bit . l
o »| Circuit ; 10 10 bit
™ resg'::tter # DA —O DA OUT
S ——10—————-» I
|
VCK <—=o—————— |
| |
UL © S © E d
T T2
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PIN CONFIGURATION

D2| 6 131 T2
DJE 129T
NC| 8 11 NC
VSSE 10 | DA OUT

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Ratings Unit
Power supply voltage Vop Ta=25°C -0.3 to +7.0 Vv
Input voltae Vin Ta=25°C " _0.3to Vpp v
Power dissipation Pp Ta =25°C 200 max mwW
Storage temperature Tstg — -55 to +150 °C

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at
these or at any other condition above those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect device raliability.

OPERATING CONDITIONS

Parameter Symbol Conditions Ratings Unit
Power supply voltage Vo — +3 to +6 \
Operating temperature Top — -30 to +70 °C

22



D.C./A.C. CHARACTERISTICS
(Vpp = 5V£5%; Ta = -30°C to +70°C, unless otherwise noted)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input High Voltage Vin All inputs except Ty, T2 4.2 — Vppt.3 \
Input Low Voltage Vi All inputs except T1, T2 | Vgs—3 | — 0.8 \
Input High Current I Vin= Vob —_ - 1 HA
Input Low Current i Vin= 0V — — -1 UA
Output High Current lon VCK pin: Vo = 4.2V -50 — — A
Output High Current loL VCK pin: Vo = 0.4V +50 — — uA
Oscillator Frequency fosc Specified Oscillator - 384 768 kHz
Operating Current Ipp fosc = 384 kHz —_ 2 4 mA

Vop = 5V
D/A Accuracy Ve Full Scale; Vpp = 5V — +4 — LSB .
(Internal 10-bit D/A)
DAout Vor - 100 — KQ
Output Impedance

PIN DESCRIPTION

Pin Name Terminal Number 110
Sq 1 |
Sz 2 |

These inputs select the sampling frequency according to Figure 1.
4B/3B 3 | o
Specifies whether 3-bit or 4-bit ADPCM data is to be processed.

Do 4 |
D4 5 I
D2 6 1
D3 7 |
ADPCM data inputs. For 3-bit ADPCM data, Do input is not used and should be connected to ground.
Vss L 9 | |
Ground (0 V)
DAouT ( 10 | o)

Output for synthesized analog signal. Peak-to-peak swing is proportional to Vpp. Typical connection
scheme is shown Figure 2.
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PIN DESCRIPTION (continued)
Ty 12 |
To 13 |

IC test pins used at the factory for testing purposes only. During normal operations, T1 is grounded and
Tz is left open.

Pin Name Terminal Number 110
VCK 14 0

This pin outputs a signal whose frequency is equal to the sampling frequency selected by the S1, Sz
inputs. See note *1.

RESET 15 |

An active high input which initializes the internal circuitry. Internally, the reset pulse is synchronized with
the VCK signal. To be effective, it must be true for at least twice VCK time.

XT 16 le}

XT 17 /0

Oscillator input and output for a 384 kHz crystal or ceramic resonator (Figure 3).

Voo | 18 | I
Power supply pin (Typical +5 V)

S1 82 Sampling Frequency
4 kHz (384 kHz/96)
6 kHz (384 kHz/64)

Note: ' The 384 kHz oscillator must

8 kHz (384 kHz/48
2 - 2/48) See Note *' be used whether 4 kHz,
Prohibited ee Note 6 kHz, 8 kHz.

I Irrr
IrITr

Figure 1 Functional table

AMP
DA OUT Speaker
— [ -=F1)

Cut off frequency fc of LPF should be related to the selected sampling frequency f sample by,
fc = f sample/2 x 0.85

Sound quality is strongly dependent on the sharpness of the low pass filter.

*If the 5205 is sent a stream of ADPCM data that causes greater than full scale output, the D/A
output will wrap around: +5 0.0 +5.

Figure 2
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XT(16)IN
X-384 KHz {Murata Corpofation
XT(17)0UT CSB 384D
X
D Or as required to
C1-220pF match crystal or
c Cz C,-220pF ceramic resonator
_T_ I load specifications.
XT and XT (Oscillator connector pins)
Figure 3
TIME CHART
w L LA n T
I‘—" |
EXTERNAL L P | | '
RESET ! OVER TWICE AS To. : — — J
R Lo ! b I
1C INTERNAL b '
RESET TIMIN 1.l b J
T =
1 I
I G ! 1
Do~Ds k«DPCmXADPcmjAopcwx é YaorCMnROPCHM !
INPUT TIMING lf l' " |
i | '
i |
[lC INTERNAL) i} 1y —t t t
DATA CAPTURE TIMING -] | !
| |
15.6usec. | « |
DA OUT {_pcmr X pcmz B Yrownt) poun YoM}
\F
>}
5.2usec.
Figure 4

DISTINCTION BETWEEN MSM 5218 AND MSM5205

Both Synthesis stages (MSM5218 and MSM5205) work with the same method. However, with the excep-
tion that MSM5218 is equipped with an overflow protection.

In other words, when all 12 PCM bits become ‘1’ any further exceeding analog input would cause a data
overflow which is catched and re-routed as the MSB in case of MSM5218.

MSM5205 returns to ‘all bits zero’ when a data overflow sets in.

Therefore, the DA output of MSM5205 is distorted badly.

When MSM5218 is being used to generate ADPCM data for playback on MSM5205, the peak to peak

input level to the A to D converter should be limited to 80% of the converters maximum input range.
The use of an automatic gain control (AGC) amplifier or a hard limiter is recommended.
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TYPICAL APPLICATION

MSM5205 to Centronics Interface Circuits (fsampLe = 8kHz)

 BUSY
. STROBE
g 6
100K £ s
_ RESET E . 6 3 sc‘3| Ss
> L ]
£ 1l s013 df..l R Sl o)
3}, 4013 |2 RQ R
el= 5O—| To )
100K 1t 4
<
= 100ki,.
14 wT 4] 15
L LA ryearry Voo VCK RES
» 0 5 Vop|
- D 3 13 7,
- D 1 12 e}, DAOUT AUDIO
. R T MSMS5205RS LPF SPEAKER
~ Ds 4 10 4],
s 2 4381t
> —
0 15 s s\ T Xt X v
.__ﬁSiB_ 1 2{3 12| 18l 7| ains |9
+5 = O- e -
I‘ I Voo 7~ 220pt
'°"’I I“’“" 220{1'; =
Figure 5
MSM5205 to Centronics Timing Diagram
ReseT __ [\
1
RES —-L—MIN 250 usec _}
DATA X ~ X FIRST BYTE
STROBE I\
125 psec—=y
VCR ) / 7 | \ / \ / \
LOW
A 101 HIGH NIBBLE \NIBBLE
8 T [\ [
BUSY [
Figure 6
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OKI semiconductor |
MSM5218

ADPCM SPEECH ANALYSIS/SYNTHESIS IC

GENERAL DESCRIPTION

The MSM5218 is a complete speech analysis/synthesis LS| featuring the Adaptive Differential Pulse
Code Modulation (ADPCM) method of data compression. The MSM5218 contains an analysis stage
where serial PCM data is compressed to 3- or 4-bit paraliel ADPCMdata. In addition, a synthesis stage
synthesizes PCM data from ADPCM data. This PCM data can be output directly or routed to the
internal 10-bit DAC for analog signal output.

In addition to simplifying speech analysis and simulation, this circuit enables users to develop their
own speech analysis and synthesis systems.

FEATURES

® One-chip speech analyzer/synthesizer ® | ow power consumption CMOS process (15

® 3- or 4-bit ADPCM system mW typical)

o ADPCM data compatible with Oki's e Built-in 10-bit D/A converted for analog
synthesis LS| MSM5205RS output

e Single power supply e Handshaking signals provided for

® Variable sampling frequency (4 kHz, 6 kHz, synchronous operation with an external A/D
8 kHz) converter.

® 24 pin plastic DIP, 32 pin plastic flat.
FUNCTIONAL BLOCK DIAGRAM

Voo O—»
Vss O—»
BIN/TOC F}—»—l— 1
| 12 bit ~+—>»} D3
AR ADPCM analysi ~—>QD:
h ysis stage <« D1
Register
| ~—>C| Do
| L22 <«d4B/3B
f\lll():SKl o -— Qn: /
SEAN |
SCON |
: oo | do
DAC
xT o] Timin I
37 oA OSC Ci,cuﬁ APCM synthesis > | _
| stage =o»-CMSB/SO
S1 |. > Q
SZlg::: |
12 bit | |
vcxb_a____] Shift I
’ Register I
Reset
l_ & 5 a —>qSOCK
T1 T2 DAS
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PIN CONFIGURATION

(Top View) 24 Lead Plastic DIP

(Top View) 32 Lead Plastic Flat Package

vek 3 S
Do% VCK E E Voo
o (3] Do[2] 23] XT
ne (4] o1 [3] [22] xT
D2[5] o:[2] [21) RESET
Ds (6] I
ne D35 ] [20) BIN/TOC
Ana/Syn (8] Ana/-STr.vcs: EMSB/@
48/38 % 48/38[7] [Tg] oaouT
S1{10
S2E St E E T
sick [i2] s2 9] [76] -
ne [ sick [10] [15] DAS
ADs!I (i3] %SOCK ADsI [TT] 4] sock
N [ N ves [ yscon
Vs [18] [17)SCON ss
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Conditions Ratings Unit
Power supply voltage Voo Ta = 25°C -03to+7.0 "
Input voltage Vin Ta=25°C -0.3 to Vpp \
Power dissipation Pp Ta=25°C 200 max mw
Storage temperature Tstg — -55 to +150 °C

Note:

OPERATING CONDITIONS

periods may after device reliability.

Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at
these or at any other condition above those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating conditions for extended

Parameter Symbol Conditions Ratings Unit -
Power supply voltage Voo — +3 to +6 v
Operating temperature Top — -30 to +70 °C
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D.C/A.C. CHARACTERISTICS
(Vpp=5V£5%, Ta= —30°C to +70°C, unless otherwise noted)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Input High Voltage Vin All input except 4.2 — — \"
T, T,
Input Low Voltage Vi All inputs except — — 0.8 \'
1 12
Input High Current(1) by Vin = Voo — — 1 uA
Input Low Current e Vi =0V — _ -1 uA
Output High Current lon SCON, VCK, SOCK, -50 — — MA
MsSB/SO, D0~D3

Vo =4.2V

Output Low Current lou SCON, VCK SOCK, 50 — — MA
MSB/50, DO ~ D3

Vo = 0.4V
Oscillator Frequency fosc Specified Oscillator — 384 768 kHz
Operating Current lop fuck = 8 kHz — 3 6 mA
Operating Current Ipp fyck = 16 kHz — 6 12 mA
DA. OUT Output Impedance Vor 100 — kQ
D/A Accuracy Ve Full Scale — +4 - LSB
(Internal 10-bit D/A) Vpp = +5V
SICK Clock Frequency fsick - — 500 kHz
Input High current (2) 2 Vin = Vpp Note 1 20 —_ 400 HA

Notel: Applicable for Reset
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PIN DESCRIPTION

Terminal Number

Pi o
in Name 24 DIP 32 FLT

Vek 1 1 (o)

This pin outputs a signal whose frequency is equal to the sampling frequency selected by S1, S2 inputs.

Do 2 2 110

D1 3 3 110

D2 4 5 110

D3 5 6 110
Data I/O port for the ADPCM data. For 3-bit ADPCM data, Do input is not used.

ANA/SYN | 6 | 8 | 10

Analyze/synthesize function selector. Controls data I/O port direction. When high, data I/O are outputs
and simultaneous analysis and synthesis occur. When low, data I/O are inputs and no analysis occurs.

4B/3B | 7 | 9 | 0
Specifies whether 3-bit or 4-bit ADPCM data is to be used. High = 4-bit.

S1 8 10 l

S2 9 11 1

These inputs select the sampling frequency according to figure 1.

SICK | 10 | 12 ] |
Clock input for clocking in serial PCM data from an external ADC into the internal 12-bit shift resister.

ADSI | 11 | 14 | |
Serial PCM data input.

Vss ] 12 ] 16 [ I
Ground (0V)

SCON | 13 l 17 i °
Output which signals the start of conversion.

SOCK | 14 ] 19 | o

When serial PCM data output mode is selected (DAS =H), this pin provides a 192 kHz signal which is
synchronized with the output of the serial PCM data through the MSB/SO pin. Each bit of the 12-bit PCM
data will be valid before the positive edge of this 192 kHz signal.

DAS | 15 | 20 . | 0
Selector for analog signal output (DAS =L), or serial PCM data output (DAS =H).
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i N Terminal Number
Pin Name 24 DPI 32 FLT Vo
T1 17 21 |
T2 16 22 |

IC test pins used at factory for testing purposes only. During normal operation, T1 is grounded and T2
is left open.

DAOUT [ 18 | 24 | o

Analog signal output pin.

MSB/SO | 19 T 25 L o

MSB/serial data output pin — MSB of the data in the internal 10-bit DAC will appear at this pin if analog
signal output mode (DAS = L) is selected. When serial PCM data output mode is selected (DAS = H), seri-
al PCM data can be clocked out of this pin.

BIN/TOC | 20 | 27 ] |
Specifies whether the input serial PCM data is in binary or 2’s complement form.

RESET r 21 [ 28 | I

An active high input which initializes the MSM5218RS internal circuitry. To be effective, must be held
true for at least one VCK time.

XT 22 29 I
XT 23 31 |

Oscillator inputs for a 384 kHz crystal or ceramic resonator (Figure 2).

VDD 24 | 32 |
Power supply pin. (typical +5V)
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: Note: The 384 kHz oscillator must be used
1 | F
S 82‘ Sampling Frequency whether 4 kHz, 6 kHz, 8 kHz.
L L 4 kHz (384 kHz/96) With 384 kHz oscillator. Other oscillator
L H 6 kHz (384 kHz/64) frequencies are possible and will
H L 8 kHz (384 kHz/48) proportionately mgdlty the sample rate.
H H Prohibited
Figure 1
—
XT(22)
X-384 KHz Murata Corporation
CSB 384P
XT (23) C1-220pF } Or as required to
X ) C2-220pF match crystal or
D ceramic resonator
load specifications.

C1I Cz;

XT and XT (Oscillator connector pins)
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ANALYSIS WITH SIMULTANEOUS SYNTHESIS (fSAMPLE = 8kHz)

125usec >

od

! 7.8usec(3x1/384kHz)
1

RESET
Latch timing note 1

|
Internal reset ] I note 1
|

| 13usec(5x1/384kHz)
SCON | ¢

o u
LR i (LA
ADSI m valid PCM, X X vangpcm, X I X vandpcm, X X:

be- 57 3ysec{ (22x1/384kHz) | |

U ZARRIAARARAANARRARARARNR AN @ s X D.

u

12 Pulses

N
T

N RS (U S ——

f
|
|
|
|
|
|
1
|
|
|
|
|
|
]

! 13usec (5% 1/384kHz)
7+ AIAAAARALARALAARARRRRARRARRARRRNGY € a X
|
SOCK ]
(DAS = H) Y
192 kHz
Note 1: The state of the RESET input is strobed into the internal reset latch by the reset latch timing
pulse. Analysis begins on the H to L transition of internal reset
Note 2: Up to 12 bits of PCM data may be strobed into the device by SICK. If more than 12 SICK pulses

occur in a given VCK cycle, only the last 12 are regarded as valid. The cycle of SICK pulses
must be completed before the next SCON- pulse.

PCMn: nth input PCM data (12 bits)

SYNTHESIS ONLY (fsAMPLE = 8kHz)

VCK I ’ | I | I | I

: 7.8usec(3x1/384kHz)
RESET | { { ) ¥

Latch timing
Internal Reset

|
: 49.5usec(19x/384kHz)

Dn Incorporate
timing

Dn wl o, D, X Ds X
-

RS~ 1 \\I\\\\\\\\\\\\\\\\\\X a X Qs X

13

Dn: nth ADPCM data.
Qn: Analog output corresponding to input nth ADPCM data.
Figure 3
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BLOCK DIAGRAM - ANALYZER

MSM5218RS 4
; — — » Data output
2 - -{LF’F H S&HHADCJ'—’ 7 RAM === ROM or EPROM
VCK Reset
1 [
Controller

Cutoff frequency fcof LPF should be related to the selected
sampling frequency fempie by

_ fsample
fc =085 X'T

Figure 4

BLOCK DIAGRAM - SYNTHESIZER

RAM
s AMP Speaker
or DA OUT 10-bit synthesis LPF - l'
ROM »| MsMms218Rs
SO

VCK  Reset | 182""5" 12 bit

EPROM I | Reg ™1 pac
12-bit
1 synthesis
Controller ’
Figure 5

DISTINCTION BETWEEN MSM5218 AND MSM5205

Both Synthesis stages (MSM5218 and MSM5205) work with the same method. However, with the excep-
tion that MSM5218 is equipped with an overflow protection.

In other words, when all 12 PCM bits become ‘1’ any further exceeding analog input would cause a data
overflow which is catched and re-routed as the MSB in case of MSM5218.

MSM5205 returns to ‘all bits zero’ when a data overflow sets in.

Therefore, the DA output of MSM5205 is distorted badly.

When MSM5218 is being used to generate ADPCM data for playback on MSM5205, the peak to peak
input level to the A to D converter should be limited to 80% of the converters maximum input range.
The use of an automatic gain control (AGC) amplifier or a hard limiter is recommended.



1

ICUTOFF FREQ lf' ¥ —<FSEL 1(S1)
SELECT  |e FSEL 2(S2)
AUDIO IN l > 3 11 2415700 > dg]—‘f;:r 6 o
> Va V, 1 1] Y VooDAS BIN/  S1S2 -
) vn DDDBS =1 —5{P1-a Wg;lg‘ ADS‘DO TOC Ag: glv;?- 8 <«ANA SYN
PREAMP LPF 10] % 9 14 2 19
: > ) PO % 10 MsMs218Rs  MSB/SO CUTOFF FREQ
] 16]== S 74 5 ik ELEC
4014 T2
= msm | 6 5 _ SOCK |1
17| s204ARs 1756 XT_XT RESETVCK D3D2D1 Do Vss
LKIN 4 7 CLK 22[, 23] 21 1 5[4]3( 2 12 AUDIO
13}iNTR __© GND fﬂi LPF
—o< RD WR D1 P/S u = SPEAKER
RE TS
E = =Y ~+— Do
N 384kHz pEY
- D3
— VCK
4069
3 4
O
I I <HALT RUN
500kHz
SYNTHESIS (WRITE) ANALYSIS (READ)
VCK (8kHz) W N W
— RECOMMENDED TIMING
ANA/SYN _
FSEL1.248/38 — X ] I ] £ORuF CONTROLLED

\
HALT/RUN —-—-\/ }

Do~ D3

7 Data latched into 5218 approx 49 5usec
1st nibble, 2nd nibble -
- —t
INPUT TO 5218

ret—y

Approx 57 3usec

1st.nibble)2nd nibble

—_—
OUTPUT BY 5218

Figure 6 Typical Application analyzer/synthesizer
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OKI semiconductor
MSM6295

4-CHANNEL ADPCM VOICE SYNTHESIS LSI

GENERAL DESCRIPTION

The Oki MSM6295 is a 4-channel ADPCM voice synthesis LSI which is fabricated using Oki’s low
power CMOS silicon gate technology.

The MSM6295 can access an external ROM, where speech or sound effect data is stored. The maxi-
mum size ROM is 256K bytes.

The MSM6295 has a 4-channel synthesis stage which allows the simultaneous playback of four different
channels. So, it is quite useful to have a voice with BGM effect, instrumental sound, echo etc.

FEATURES
e Oki straight ADPCM algorithm e Number of words: 127 maximum
¢ Number of bits/sample: 4 e Vocalization time: 60 sec maximum
* 18 address lines for external ROM (@ 8 kHz, straight)
* 8-bit control bus for mode setting ¢ Built-in DA converter: 12-bit
¢ External memory capacity 2M-bit e DA output format: A class
¢ Interface with common CPU and MPU * Voice level reduction
e Clock frequency: 1 MHz and 4 MHz on each channel: —3 dB ~ —24 dB (8 steps)
* Sampling frequency 6.4 kHz and 8 kHz ~3 dB/step

(@ 1 MHz clock) ¢ Low power CMOS process

25.6 kHz and 32 kHz e3Vor5V smgle power supply

(@ 4 MHz clock) ® 44 pin plastic flat package

BLOCK DIAGRAM

RE WR RESET CS

nput | 7 ‘4-channel word] 7 d 7 i i i i
4 N eas Reg‘?ster -1 'gecx ing |
la~17 C 1 egister Control
Circuit
8 4 ‘
lo~1a C v 8 | Input 4 %ané' el 4 4-channel
L+»{ Register
-] Compressing Bus:
| . 2 4 Repgis or ] Reg;sYer
4 / j — 4-channel Vi ...,..12 DA |
' -channei Voice
va - Synthesis Circuit Converter > BAC

Sxaét Address + Q) Ao~A17

egister

Do~ D7 Q——f] Address

Compare

>
1z

4-channel
T Stop Address

Register
Counter

VDD GND ss  XT X7




PIN CONFIGURATION

Ate E
A7 @
DAO[36]

44 pin Flat Package

E Ats
E Ata
E A3
:@ A2

E A

A9
As
A7
As

Io@
h @
|2@
Ial_‘*_g-
I4|T_1
|5[z
Is@

17 [44

E A0

27

26

25
O [~

23

22| Aa
21] As
20} A2

7] A1
78] Ao
[17] vpp

16| D7

EDG

14| Ds
[13] D«
72] 0s

Vss [1 ] :
mE] ©
wR [3]
cs [4]

x7 5]
x7[8]
ss [7]

RESET [ 8]
[9]
(o]
]

PIN DESCRIPTION

Pin Symbol Pin No. 110 Function

lo 37 110

:1 gg :;8 Data bus and condition output

|2 40 /0 These terminals are inputs of phrase

Ia 4 I specification. Maximum number of phrases is 127.

I4 42 I Also, lo~13 terminals are outputs of

Iz 43 ) operating state, busy state, for 1~ 4 channel.

Iz 44 |

WR 3 1 Writing input
Write the data on the data bus of lo~17.
The data is written by the setting-up of WR.

RD 2 1 Reading out input
Output busy state of 1 ~4 channel on the
data bus of lo~I3. ““L” level or *‘H” level is
output while RD is “L’’. When it becomes
“H”, busy state is output.
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PIN DESCRIPTION (continued)

Pin Symbol Pin No. 110 Function

[+ 4 | Chip selection input .
Input “L” level either when WR signal is
input or when RD signal is input.

"RESET 8 I Reset input
Reset condition is available by inputting “L” level.
All functions are suspended during reset.

Ao 18 |
Address output
These terminals are to addresses the external
ROM in which original voice data is stored.

A7 35 |

Do 9 |
Input of original voice data
Input the data from external ROM which stores
original voice data.

D7 16 |

SS 7 I Sampling input
Selecting sampling frequency.
When oscillation frequency is 1.18 MHz or
4.13 MHz, following choices are available by
inputting “H”’ level or ““L” level into SS.

SS="H"|sS="L"
Oscillation frequency 1.18 MHz| 8 kHz | 6.4 kHz
{ Oscillation frequency 4.13 MHz | 32 kHz | 25.6 kHz

DAo 36 o Voice synthesis output
Voice synthesized analog signal is output from
this terminal.

XT 5 | Crystal oscillator connector terminal.

XT 6 (o] Same as above

VbD 17 | Power supply terminal

Vss 1 I Ground
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FUNCTION EXPLANATION
1. Phrase Specification

Phrases are specified and read into the 2 byte data which is made up of lo ~ 17 data bus. The phrases
specification data are latched when WR goes high while CS keeps low (L).

Format of phrase specification input is as follows.

I7

le

Is

l4

I3

l2

1 Byte 1

Phrase specification data

2 Byte

Channel specification

Reduction specification

As shown in the above chart, I7 of the first 1 byte data is 1. lo ~ le of the first 1 byte data specifies
the phrase. Phrase specification data has a selection of 127 phrases which corresponds to 0000001
~1111111. The phrase specification data is equivalent to Az ~ A9 address outputs, and specify both

start and stop address which are stored in the external out ROM.

CORRESPONDENSE BETWEEN PHRASE SPECIFICATION DATA AND ROM ADDRESS

Phrase
specification —
data

External ROM

address A7~ Ato

Specification
Not Valid
Phrase 1
Phrase 2
Phrase 3

L
oooo

l

oooo

Phrase 127 0~

[=NoNeNe)

1

[eNeNoNa)

[=XeNeRa

[eNeoNoNa]

[=NeoloNa)

—_ -0

-0 -+0

[eNoNeNa)

[eNoRoNe)

[eNoNeNa]

+ Phrases cannot be specified with all Os.

The second byte of data specifies the synthesis operation channel as well as channel specific reduc-
tion of playback synthesis sound. As to the format of channel specification, please refer to the follow-
ing chart for channel specification format.

CHANNEL SPECIFICATION

Channel 17 le Is la
1 0 0 0 1
2 0 0 1 0
3 0 1 0 0
4 1 0 0 0

It is impossible to specify multiple channels at the same time. For example, it is impossible to specify
channel 1 and channel 3 simultaneously.
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REDUCTION SPECIFICATION

All 0 is considered as 0 dB, the analyzed sound itself. The reduction is made through 8 levels from
about —3 dB to —24 dB with the steps of about —3 dB. As to the format for reduction, please refer
to the following chart.

REDUCTION SPECIFICATION

Reduction Ia I2 I lo

0dB 0 0 0 0
-~ 32dB 0 0 0 1
- 60dB 0 0 1 0
- 92dB 0 0 1 1
~12.0 dB 0 1 0 0
~145 dB 0 1 0 1
~18.0 dB 0 1 1 0
~205dB 0 1 1 1
~24.0 dB 1 0 0 0

2. Channel Voice Synthesis Suspension

Voice synthesis operation of any channel can be suspended. Its data consists of 1 byte of data. To
suspend a channel, make I7 = 0. And I3 ~ le represent the channel which should be suspended.

Suspended channel 17 le Is la . I3 l2 I lo
1 0 0 0 0 1 X X X
2 0 0 0 1 0 X X X
3 0 0 1 0 0 X- X X
4 0 1 0 0 0 X X X

Channel suspension occurs even if multiple channels are specified. For example, if 13 ~ le are all
1, channels 1 ~ 4 are suspended simultaneously.
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3.Data ROM

1. ADDRESS DATA

This specifies start and stop address of ADPCM sound source data. One sound address data con-
sists of 8 bytes. The first 3 bytes show start address while the last 3 bytes show stop address.
The other 2 bytes are empty.

By specifying the first address in which the start address is stored, the sound source which should
be synthesized is selected.

Address 0 SA1

1 SA2
SA3
EA1

EA2

EAs3

EMPTY

N o o b WD

EMPTY

Start address (SA1 ~ SA3) and stop addresses (EA1 ~ EA3) are stored according to the chart shown
below.

D7 Ds Ds D4 D3 D2 D1 Do

SA1, EA1 0 0 0 0 0 0 A7 A1e
SA2, EA2 Ais A4 A13 A2 A11 A10 Ag As
SAs, EA3 A7 As As A4 A3 A2 A1 Ao

2. ADPCM SOUND SOURCE DATA

ADPCM sound source data consists of 1 sample for every 4 bits. So, 1 byte stores data of 2 samples.
Data arrangement proceeds from higher rank bits (D4 ~ D7) to lower rank bits (Do ~ Ds3).
The construction of sound source data should always be ended with lower rank bit. So, construct
it with even number of samples.

D7 Dse Ds Da D3 D2 D1 Do

Start address SING MSB 2SB LSB| SING MSB 2SB LSB
3 iad

= — -
/

B \N> 7]

End address | Final data

Sound source data is compatible with the data which is analyzed by MSM5218 or MSM6258. In addition,
the data which is analyzed by analyzer is usable, too.
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3. STRUCTURE OF SOUND SOURCE DATA ROM
Following chart shows the memory map of the sound source data ROM.

00000h
Empty
00008h
Address data
00000h 00010h
Address PR

A
T (7
section 003FFh

(maximum address data)

ADPCM ADPCM
ADPCM sound data datf

source data
section

3FFFFh

))
W\
TN
))
W\
P
)).
(&4

3FFFFh
(maximum ROM)

When the maximum 127 phrases are selected in address data section, the data is written up to ROM
address 003FFh.

When 1 phrase is selected, address data is written from ROM address 00008h to 0000Fh, and the
rest is used as the ADPCM data section.



FUNCTIONAL DESCRIPTION
1. Phrase Specifying Input

This procedure is to input phrase specifying data onto the data bus input lo ~ I7. The data is latched
inside when WR goes “‘L” to *‘H’’ while CS remains “L".
Voice synthesis operation does not start till the second byte is fully latched.

T, .

cyc
X7, XT ——————— m

RESET -

g

) /A W A

| 7500 ns

WA \__* T \_

1 byte data 2 byte data

it I 1111 S 1/

Approx 216 usec

~_-1
0 No sound —
" l —|VVV\/\/\

Phrase specifying input is from channel 1 to channel 4 continuously. *1 An interval of 15 Tcyc (max.)
is needed between phrases.
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/ 1ch \ / 2ch \
cs | VY S VY A WY A
- 63.5u

WA \ | | (g

\ Y Y, \
o~17  ————( — ) A 7

1 byte data 2 byte data 1 byte data 2 byte data

*2 Oscilliation frequency = 1.18 MHz
L

Voice synthesis operation can be started from any channel, 1 to 4. The arrangement of each channel
is of no concern.

Reduction of Synthesized Sound

This procedure is made by the second byte of phrase specifying data. Considering all 0 data of
lo ~ I3 as 0 dB, synthesized sound is reduced between approx. —3 dB and —24 dB with the
steps of —3 dB.

When reduction rate is 0 dB

Max. VppP.P

1/2Vpp

When reduction rate is —24 dB

/\/\/\/\/\/\/\[\/\/\ Max. 1/16 VppP.P.
1 1/2 Vpp




3. Channel Voice Synthesis Suspension

This is accomplished by inputting synthesis suspension data onto data bus input I3 ~ I7. The
data is latched inside when WR goes from “L” to ““H”” while CS remains active (L). Since syn-
thesis suspension data is 1 byte data, synthesis operation is suspended right after WR is input.
Multiple channels can be specified. Therefore it is possible to make suspended channels 1 ~ 4

simultaneously.
C§ ————\—_—__—/
WR
Approx 156us
lo~17 { )

N/

Voice synthesis suspension data

fe—— No sound

DAo

112 Vpp

» Oscillation frequency i1s 1 18 Mhz
s 1y

4. Reading-out of Busy State

While CS is “L” and RD is *“L”, each operation state, busy state of channels 1~ 4 is output on
lo ~ Ia. ““H” is output during the operation.

= \ /
" \
_
lo~1I3
bd
Busy output of each channel

“H” or “L” level
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5. Output of Voice Synthesized Sound
MSM6295 has a 12 bit A class (voltage type) DA converter on chip. So, analog signal is availa-

ble from DAo terminal.

DAo turns approx. 1/2 Vpp (when no sound is output) right after power supply is on. This termi-

nal outputs the amplitude of max. Vppp.p.
To output sound connects LPF and AMP to DA, terminal.

DAo LPF . l/
1
APPLICATION CIRCUIT
Interface with Microcontroller
SS Vpp
K—— 1~17 T Ao~Aw =
ﬁ-ﬁ >
WA Ais~A17
. — Do~ D7 256K
Microcontroller CcS M6295 ROM
RESET
Vgs DAo

AMP  Speaker
>1)
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OKI semiconductor
MSM5248

48K BIT ROM ADPCM VOICE SYNTHESIZER

GENERAL DESCRIPTION

The MSM5248 is an ADPCM voice synthesizer LS| using the CMOS technology process. Its internal
circuit consists of the voice synthesis stage, the ROM which stores the speech data, 10-bit D/A converter
and the control circuit. It can be used in the variety of systems by connecting with the speaker via the
simple interface.

The sampling frequency, etc. can be optionally selected by the user.

FEATURES

e COMS single chip ¢ Maximum length of speech: 3 sec

e 48K bit ROM for the user’s program (Sampling frequency: 5.46 kHz)

¢ Single power supply: 3 V ¢ Built-in 10-bit D/A converter

* Low power consumption: 0.2 mA (typical) e 32.768 kHz crystal oscillation

e Maximum number of words: 7 words e Chip form, 18-pin plastic DIP or 24-pin flat

package available

BLOCK DIAGRAM

SD2
SD1
(0 SDo
Address Select
ROM 8 x 28 bit
14 114 'y
Y 3
14 END
Stage Address ADPCM
Address| | Detec- [] M synthesizer
Counter! tor
414 \;
Test
Test (B—»— Cir- —» y P 12-bit Latch
cuit
Speech Data N
ROM ] MSB - -9
2'% x 3 = 48K bit >0 MsB
MSB
3 3
l >0 SPE
X7 o > 10-bit DAC *O
s > Timing Controller -/
xT c \
AC >
U
VREF
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PAD LAYOUT

PAD LOCATION

Y
T
0.9

Note: ¢ Chip size: 5.2 mm x 3.48 mm
e Pad size: 110 um x 110 pm min

PIN CONFIGURATION

Position
Pad No. Symbol X v
1 TEST —2445 -1197
2 SDo —2445 -1377
3 SD1 —2445 —-1585
4 SD2 —2265 —-1585
5 AC 893 —-1585
6 mMsB 2143 —1585
7 MSB 2445 —-1289
8 SP® 2445 -987
9 Vss 2445 -511
10 SPO® 2445 221
11 VREF 2445 567
12 XT 2445 1585
13 XT 2265 1585
14 LOAD 789 1585
15 Ao -2265 1585
16 A1 —2445 1585
17 A2 —-2445 1317
18 VDD —2445 1137

(Top View) 18 Lead Plastic DIP

N\
Test | 1
spo [2]
sD1 [3]
SD2 [4]

Ac [5]
msB [6 |
s [7]

*@[F]

vss [¢]

[e] VoD
17] A2
E A1
[15] Ao
[14] LoAD
EFs
12] x7
E VREF
[19] sPO

(Top View) 24 Lead Plastic Flat Package

Test ——] 10
SDo ——
SD1 —
SD2 ——
NC —
NC ———/
AC
NC
MSB ———
MSB ——
SP() =
Vgg —]

© O NN WN

[N
N - O

24 —=1 vpp
23— A2
22— A1
21— Ao
20 ——= NC
19 === NC
18 ==—= LOAD
17 == NC
16 —= XT
15 == XT
14— VReF
13—=sPQ
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings Table 1 (Vgs = 0V)
Parameter Symbol Conditions ) Limit Unit
Supply Voltage \" —-0.3to +3.6 \')
pply g DD Ta = 25°C
Input Voltage \ -0.3to Vpp Vv
Power Dissipation Pp 200 max mwW
Storage Temperature Tstg — —55to +150 °C
Operating Range Table 2
Parameter Symbol Conditions Limit Unit
Supply Voltage VoD — +24to +3.6 v
Operating Temperature Top — -10 to +60 °C
External Reference Resistor RREF Applicable for VREfF Min 100 kQ
DC Characteristics Table 3 (Vpp = 3.1V,Vgg = 0V, Ta = 25°C)
Parameter Symbol Conditions Min | Typ | Max Unit
“H”’ Input Voltage VIH — 25 — — \"
“L” Input Voltage ViL - — — 0.5 \
“H”” Input Voltage *1 H VIH = 31V = — 1 HA
“L” Input Voltage L ViL=0V — | = | -1 HA
“H” Input Voltage *2 H1 VIH; = 3.1V 7 — 200 pA
“H”’ Output Voltage *3 IoH VOH = 25V -0.1| — — mA
“L” Output Voltage *3 loL VoL =05V 0.1 — - mA
Power Consumption (1) DD+ Active — 0.2 1.0 mA
Power Consumption (2 I Standby I
P @ ‘ DD2 (no oscillation) 1 KA
Power Consumption (3) IDD3 Standby (oscillation) | — 10 20 HA
DA Synk Current *4 ISYNK Note 1 260 | 400 | 600 HA
DA Accuracy *4 e Note 2 °)‘<715 1 1)'(215 MA

Notes: 1 Applicable for Ao, A1, A2, when pull down resistor is not provided.
=2 Applicable for LOAD, AC and Ao, A1 and A2 when pull down resistor is applied.
3 Applicable for MSB, MSB.
4 Applicable for SP @, SP O .
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(Value of resistor VRgF is 2 MQ)

Table 4

MSB LSB Pin
o 1 1 1 1 1 1 1 1 SP @
1 o0 0 o0 ©O0 0 O0 O 0 SPO

Note 1: Lower 2 bit in output of 12 bit latch is disregarded, and data with
10 bit is input to D/A converter.
The characteristics indicates the value of the pin SP @ and SP ©
when the value as shown below is input to D/A converter.

Table 5
Actual M\?:ﬁ,uerement Input Data to 10-bit D/A Converter
MSB LSB Pin
"= 0 0 0 0 0 0 0 0 0 SP®
MSB LSB Pin
o= 0 0 0 0 0 0 1 0 0 SPO©
Note 2: 0.75 x 2lo < I1 < 1.25 x 2lo
This Formula is applied on following condition.
AC Characteristics
(VDD = +241to +3.6V,Ta = —~10to +60°C)
Table 6
(Timing Chart)
Parameter Symbol Conditions Min | Typ | Max Unit
Oscillator Frequency fosc - 32 |32.768| 35 kHz
AC Input Pulse Width tacw - 10 — — us
Load Input Pulse Width tw — 65 — — us
D/A Output Delay Time tLo f(OSC) —_ —_ 305 us
Full-address Zero Interval tow = 32.768 kHz 2 - | - us




PIN DESCRIPTION

) Terminal Number

Pin Name CHIP 18 DIP 24 FLT /o
Ao 15 15 21 |
A1 16 16 22
A2 17 17 23 I

Address selection input
Maximum 7 words or 3 words are determined according to Ao, A1, and A2 H/L combinations ~, except
that Ao = A1 = A2 = “‘L” is prohibited for users because of the test code for LSI.

LSl operation starting method is selected by masking option, too.
(D One method is to apply appointed pulse to either Ao, A1 or A2,
@ The other method is to apply 10ad pulse to LOAD pin after determining Ao, A1 or A2.

When the voice starting method (D is selected, repeated operation or one time operation is selected by
masking option. (See timing chart)

Existence of pull-down resistor of Ao, A1 and A2 is selected by masking option.

Starting method of IC with Ao to A2 pins.

\\ !
1
L
A1 [
|
Az : T
[
Voice output |
(SP@.SPQ) 0]
|
|
Voice start of | : Voice start of
the first word |

tow  the second word
[

Figure 1

IC is activated by setting only one of A1 to A2 pins in ““‘H’’ level. When switching to the voice start of
another word, be sure to set full-address “L” interval (fow). The maximum number of words in three
in case this starting method is selected.

LOAD 14 14 18 ] I

Pulse input pin for LSI starting

LOAD pin is a pulse input pin for voice start. Load pin is pulled down inside.

* When the voice is started by either Ao, A1 or A2, LOAD pin should be used as open.

* Either repeated operation or one time operation is selected by masking option. (See timing chart)
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PIN DESCRIPTION (Continued)

Pin N Terminal Number

n m

in Name CHIP 18 DIP 24 FLT Vo
XT 12 12 15 |
XT 13 13 16 |

Pins for crystal
Either external clock input or crystal oscillation can be selected by masking option.
e External clock input

XT
skz LI L O—>o——

XT .
open O———
Figure 2
e Crystal oscillation
XT
—>
Crystal X7

32.768 kHz DI I O

Figure 3

AC | 5 J 5 7 I

T

All clear input pin

All functions of LSI are stopped by input of *“H’’ level voltage to AC pin, and status of LSI turns to stand-
by. AC pin is pulled down inside.

The built-in P.O.R. (Power on reset) function is designated by masking option.

VREF | 1 11 14 |

This pin is an input pin for the constant-current control of low impedance D/A converter.
The volume of speaker can be controlled by external resistor (variable) whose value is more than 100 kQ.

Vbp

More than 100 kQ

VREF

Figure 4
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PIN DESCRIPTION (Continued)

Pin N Terminal Number /o
n Name

: CHIP 18 DIP 24 FLT

SP@ 8 8 " o
SPO 10 10 13

These are output pins for 10-bit D/A converter (low impedance type). When LSl is at standby, SP (3

and SP(© turn to high impedance.

MSB 6 6 9 (0}

MSB 7 7 10 (0]
These are output pins for the most significatiant bit signal and the inverted signal.

TEST 1 1 1 |

SDo 2 2 2 0]

SD1 3 3 3 (o}

SD2 4 4 4 0

As test pin is pulled down, this pin should open.
SDo, SD1, SD2 are 3-bit ADPCM data output pins, these pins should be open.

Vss ] 9 [ 9 1 12 |

This is a ground input pin.

VDD ] 18 | 18 ] 24 |

This is a supply voltage input pin.
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TIMING CHART
REPEATED OPERATION

123456789101112 abcdefghi | kim
fosc nnnnruuonuuua,, uuuuuutduuy
o ! : = | !
AC _~H-tacw l ! l |
T T T T L [ |
| ! i 1 i |
P [ | o ! :
~ LOAD or ! i T i ! 1] I
Ao to A2 '—"l[ "_'_"41 _____ |__"(L"‘- _____ i ]

: | bw ! ! |
Built-in ROM ! e X X £ IX
Address Timing E o START Address i END Address START Address !

] I
Output ! D VA—
P ®,SPO) > {
Figure 5
ONE TIME OPERATION
1234567 89101112 abcdefghi1jJklImno
fosc nnnnnng Hn nuuuin MUl
I [ 1
I ] 1
| {
AC ___ﬂ l } ) :
I ! 1
| : it |
LOAD or | T | [ i
Ao to A2 | :
|
I | A\
Built In ROM L X X
Address Timing START Address | END Address
|
Output !
(sp®’SP@) G::)

Figure 6
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TYPICAL APPLICATION CIRCUIT

Code

Vpb

Converter

3

ya
7

System

SP© MSB MSB

Tri: 25A1237 Tre ¢ Tr2
(hfe: 250 ~) ] o[
0.1pF
Tr2: 25C3064

(hfe: 500~)
Figure 7
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Combination in MSM5248 and MSM5041 (Melody chip)
This circuit is applied to Voice & Melody card and Toy, etc.

-I- 22P

22P

=—|

122 13 ]Iﬂ 12 :ézry:?aai -
OSCIN XT XT
Ros - ola spOPS
sP@)
10,,2\/:(2 I vret Q
w 22 ] T oo —
D_L——a MOz vpp | I_ \ °q Lg— Czss MsB
R N e
transducer s2 F8 -
vss (2 * .[
VEE Q—I
s
"0 0.1 Wk Figure 8
OPTION LIST
: Table 7
No. Iltems Selection
1 Package Chip 18p DIP 24p FLAT
2 Sampling frequency 8.19 kHz 5.46 kHz
OP-1 Pull-down for Ao Yes No
OP-2 Pull-down for A1 Yes No
OP-3 Pull-down for A2 Yes No
op7 | Archaterng when Ao of satng No
OP-9 Oscillation X'tal External clock
OP-10, 11 | Starting method of LSI Ao—A2 LOAD
OP-12 One time or repeatable One time Repeatable
OP-14 Power on reset Yes No
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Z
o)

@, O

—4

(OP-1)

4

(o]
— |

(OP-2)

A2 O =Y

(OP-3)

II“/VW'\

LOAD O

AC. O

I —— i ———4

—o0— (OP-12) —0—
@ O
Repeatable 5.46 kHz
o Figure 9
XT
ﬁ ’
RFB (OP-9)
Start with SW Input
(OP-10, 11)
—O0—>
Start with LOAD Input
(OP-14) '
Figure 10
:
Ao, A1, A2 O———O—
o,
(OP-7)
Figure 11
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STANDARD VERSION LIST

Selection
Type No. Contents
Ao A1 Az
MSM5248-01 “Happy Birthday” L H L
MSM5248-04 Fanfare Sound , H L L
““Merry Christmas & a Happy New Year” H L L
MSM5248-05
“Merry Christmas” L H L
OPTION LIST OF STANDARD VERSION
MSM5248-01
No. Items Selection
1 Package Chip 18p DIP 24p FLAT
2 Sampling frequency 8.19 kHz
OP-1 Pull-down for Ao Yes
OP-2 Pull-down for A1 - No
OP-3 Pull-down for A2 No
Op.7 | priceaterng when Aoz of staing
OP-9 Oscillation X'tal
OP-10, 11 | Starting method of LSI Ao—A2
OP-12 One time or repeatable One time
OP-14 Power on reset Yes
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MSM5248-04

No. ltems Selection
1 Package Chip 18p DIP 24p FLAT
2 Sampling frequency 8.19 kHz
OP-1 Pull-down for Ao No
OP-2 Puli-down for A1 Yes
OP-3 Pull-down for A2 Yes
op7 | Anhcnatiering when Ao—Az of staring ves
OP-9 Oscillation X'tal
OP-10, 11 | Starting method of LSI LOAD
OP-12 One time or repeatable Repeatable
OP-14 Power on reset Yes
MSM5248-05
No. ltems Selection
1 package Chip 18p DIP 24p FLAT
2 Sampling frequency 8.19 kHz
OP-1 Pull-down for Ao No
OP-2 Pull-down for A1 No
OP-3 Pull-down for A2 Yes
OP-7 ;:‘r;tti;g:jagtse;i;\'ge ;/ehgn Ao—A2 of starting Yes
OP-9 Oscillation X’tal
OP-10, 11 | Starting method of LSI Ao—A2
OP-12 One time or repeatable One time
OP-14 Power on reset Yes




OKI semiconductor

MSM6243

SPEECH SYNTHESIS LSI WITH 192 KBIT ROM

GENERAL DESCRIPTION

The Oki MSM6243 is a single-chip, CMOS, speech synthesis LS| for ADPCM systems. It contains
192k bits of speech data ROM storage. This IC has an input interface, a timing generation circuit, and
a 10 bit DA converter. Therefore, voice output systems may be constructed easily by connecting the
voice output circuit consisting of a simple input circuit, filter, amplifier, and speaker to the chip.

FEATURES

® CMOS single chip ® Oscillator frequency: 30 to 132 kHz (5V
® Low power consumption system).
® Custom ROM ® Chip, 40 pins plastic DIP, 44 pins or 60 pins
® Selection of supply voltage: 3V system or 5V plastic flat package. 2 types of plastic flat
system. package are provided depending on terminal
® ADPCM bit length: 4 bits pin bending or not bending.
® Maximum word number: 124 words Terminal pin not bending ’
® Maximum speaking time: 20 seconds MSM6243-XXGS
(compressed ADPCM) . Terminal pin bending
® Selection of class A or class B analogue MSM6243-XXGS-K
output is possible. When placing an order, specify the type.
® Built-in 10 bit DA converter ® Word selection through an internal random
_ number circuit is possible (maximum 32
words).
BLOCK DIAGRAM
Voo
Voo’ .
3
Vss § SD,
SD,
Ay
Ay - Address Select I SDo
Az e 124x14 bit
Az 3
Aq 3 $14 ADPCM
As ~ o~ Synthe-
As 14 bit sizer
Address Counter
%14 ["2
LOAD
u L e SP
BUSY/NAR 192 kot L Latcl WSB
DATA ROM 12 2
7 VE_ . 10
@"x12 bi) a2
10 bit DAU
12 DAC DAL
T
g .‘ osc Control Circurt q \SIZi
2 1 K
T, T2 SLA SLB

T4, T2, S/P and SDj3, SD,, SD4, SDy are test pins.
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PAD LAYOUT

(. 0)

Note: ¢ Chip size:
* Chip thickness: 350 * 30 um

491 mm x 5.57 mm

PAD LOCATION

Position
Pad No. Symbol X v
1 SLB —-2300 -1125
2 Vpp'’ -2300 -1425
3 SLA ~2300 -1725
4 MSB —2300 —2000
5 DAU —2300 —-2570
6 DAL -2110 -2615
7 SPE -1560 -2615
8 VCK -675 ~2625
9 S/IP —395 -2625
10 Vss 885 -2625
1 SDo 1075 —2625
12 SD1 1480 —2625
13 SD2 . 1660 —2625
14 SDs3 2060 —2625
15 T2 2295 —2325
16 T4 2295 -1925
17 LOAD 2295 -1745
18 Ao 2295 -1345
19 A1 2295 440
20 A2 2295 745
21 A3 2295 1145
22 A4 2295 1325
23 As 2295 1730
24 As 2295 1910
25 AC 2295 2310
26 BUSY/NAR 2295 2625
27 Vbp 1965 2625
28 XT 1650 2625
29 XT 1345 2625

61




PIN CONFIGURATION

(Top View) 40 Lead Plastic DIP

vss [1 ] ~ 40] s/P
8Dy [ 2] 39] vek
sp, [3 38] sPe
SD, % 37] DAL
sD; [5 | 36 | DAU

TzE 35 ] MSB
™ [7] 34] sLa

LoD [ | 33 ] Voo’
Ao | 9 32| sLB
A |10 31| NC

A2|11 30] NC
As |12 ENC

A3 28| NC
As |14 27 | NC
A [15 % NG
AC | 16 25| NC
BUSY/NAR [17 [24] NC

voo [18 23] NC
xT [19 22] NC

x [20] 21| NC

Note: This pinout applies to the MSM6243-XXRS.
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(Top View) 44 Lead Plastic Flat Package

SDs

%
4;
41 l SDo

43| sSD
21 SD.

[#]

40| Vss

39 I Vop”

E] siP

E VCK

E SPE

E] DAL

34| DAU

BUSY/NAR E
Vop E
o [

Vpp" |17

NG E
NCE
NC E
NCE
Ncl_z__z_

Note 1. This pinout applies to the MSM6243-XXGS and -XXGS-K.

Note 2. Since 17 and 39 pin (Vbp”) is substrate continuity, short-circuits with Voo and Voo’

in the outside.
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(Top View) 60 Load Plastic Flat Package

. (O]
T E

LOAD | 8
A | 4
NC | 5
NC | 6
NC | 7
NC | 8

ne (9]
A E
A2E

] v
45| SLA
44| Vpp’
43| SLB

ENC

41| NC
] o

ENC
EBJNC

37| NC
se] o
El NC
[34] nC
33] NC
32} ne

31| NC

Az | 12

As |13

As | 14

As | 15

AC | 16
r Q 2 Q
$8kkegrggegeg
>
2}
2
o

Note 1. This pinout applies to the MSM6243-XXGS and -XXGS-K.

Note 2. Connect pin 23 (Vbp”) with Vop and Voo’ externally. This pin is conducted to the

substrate.
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ELECTRICAL CHARACTERISTICS

3V System (Vpp = 3.1V TYP)

e Absolute maximum rating (Vss = OV)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Voo Ta = 25°C -0.3 ~ +5.0 \
Input Voltage Vi ~0.3 ~ Vpp \"
Storage Temperature Tsyg — —55 ~ +150 °C
e Operating range (Vss = OV)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Voo — +2.4 ~ 3.6 Vv
Operating Temperatﬁre Top — -10 ~ +60 °C
DAU, DAL Output Level Vop No-load 0~ Vppo Vv
e DC characteristics (Voo = 3.1V, Vgs = OV, Ta = 25°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
“H” Input Voltage Vin —_ 2.6 — — \
“L” Input Voltage Vi — — — 0.5 \"
“H” Input Current”’ It Vi = 3.1V — 0.01 0.5 uA
“H” Input Current™ liHz Vg = 3.1V 10 — 150 uhA
“L” Input Current m VL= 0V — -0.01 | -05 nA
“H” Output Current lon Vou = 2.7V —-200 — — nA
“L” Output Current loL VoL = 0.4V 200 — — nA
Qporating Power R — o1 | 05 | m
Power Consumption Standby and class B _ 4 30 A
in the case of oscillation lopa output selection.
DA Output Precision | VE| N%&?;St asr;?egi‘?os:_ A — — 100 mv
DA Output Impedance Vor — — 50 — kQ

Notes:

*1.This applies to the AC, LOAD and Aoto Ae pins.

*2.This applies to the input pin except AC, LOAD and Aoto As pins.

For SLA, and SLB pins, this applies in the case of AC input “H”. (In the case of AC input “L”, this

conforms to Note 1.)

*3. This applies when RrB exists and fosc = 32.768 kHz.
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5V System (Vpp = 5.0V TYP)

o Absolute maximum rating (Vss = OV)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Voo Ta = 25°C -03~ +7.0 \"
Input Voltage Vi -0.3 ~ Vpp v
Storage Temperature Tstig — —55 ~ +150 °C
e Operating range (Vss = OV)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Vop — +4.5 ~ +5.5 \"
Operating Temperature Top — -30 ~ +70 °C
DAU, DAL Output Level Vob No-load 0~ Vpp Y

e DC characteristics

(Vop = 3.1V, Vgg = 0V, Ta = —30~+70°)

Parameter Symbol Conditions Min. Typ. Max. Unit
“H” Input Voltage Viu — 4.2 - — \
“L” Input Voltage Vi — — — 0.8 Vv
“H” Input Current™! [ Vg = 5.0V — — 1 uhA
“H” Input Current @ [ Viu = 5.0V 20 — 400 uA
“L” Input Current " ViL =0V — — -1 HA
“H” Output Current lon Von = 4.6V -1 — — mA
“L” Output Current loL VoL = 0.4V 1 — — mA
Qperaing pover - 0z | o7 | ma
S o fooe Cslgllzsct%r? pooy — |oot| 10 | wA

oscillation stop.

Power Consumption™® | Standby and class B
in the case of oscillation b3 output selection. — 15 100 pA
DA Output Precision Vel Noc;:?tgﬂtasrgec‘::lggg A — — 130 mv
DA Output Impedance Vor — — 60 — kQ

Notes:

*1.This applies to the AC, LOAD and Aoto Ae pins.

*2. This applies to the input pin except AC, LOAD and Ao to Aspins.
For the pins of SLA and SLB, this applies in the case of AC input “H". (In the case of AC input “L”,
this conforms to Note 1.)

*3. This applies when RFB exists and fosc = 32.768 kHz.
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AC CHARACTERISTICS

(Vop = +2.4 to +5.5V are common for 3V system and 5V systems.
Ta=-301t0 +70°C, fosc =32.768 kHz.)

Parameter Symbol Conditions Min. Typ. Max. Unit
Oscillator
frequency (1) fosct 3V system 30 32.?68 35 kHz
Oscillator
frequency (2) foscz 5V system 30 32.768 | 120 kHz
Oscillator
duty-cycle fauy — 40 50 60 %
. . ‘ In the case of

LOAD input™

4 t fsample = 8.19 kHz 1 — 40 uS
pulse width asr?ngGPU interface
AC input
pulse width twiac) - 1 - - uS
Sampling — —
frequency (1) f3| fosc/4 8.192 kHz
Sampling
frequ ency (2) fsz fosc/ 5 -_ 6.554 -_— kHz
Sampling _ _
frequency (3) fss fosc/8 4,096 kHz
NAR minimum “H” t In the case of 9 _ _ s
level width MN fs1 selection L
Hold time for t In the case of 1 _ _ s
LOAD H fs1 selection M

*1. timax) in the case Qf SW input interface is equal to the speaking time of a specified word.




PIN DESCRIPTION

. Terminal Number
Pin Name CHIP 40 DIP 44 FLT 60 FLT Vo
AC 25 16 1 16 |
All clear

LSI comes to standby state by ““H’’ input, and SLA and SLB pins are pulled down to ““L” level. Since
this pin is started by LOAD input, pulse input can be used.
In this LSI, since power on clear circuit is not built-in, apply AC pulse when power is turned on.

Ao 18 9 4 5 |
A1 19 10 5 10 |
A2 20 11 6 11 |
A3 21 12 7 12 |
A4 22 13 8 13 |
As 23 14 9 14 |
As 24 15 10 15 |
Address

These pins are used to specify the speaking word code.
Speaking word code is latched into inside by the LOAD pulse rise.

LOAD 7 | s [ 3 | s | !

Speaking word code is latched into inside by the LOAD pulse rise.

When the system is reset by previously applied AC signal, the system reset is cancelled in the case of
LOAD pulse rise, and LSl is started. And when NAR output mentioned later is in the ‘‘H”’ level, LOAD
signal comes to effective.

BUSY/NAR ] 26 17 [ 12 17 o

Next address request

BUSY/NAR can be switched in an LS|, and an either of them may be specified on the occasion of order.
In the case of NAR use, LOAD input comes to effective with ““H’’ level, and in the case of BUSY use,
LOAD input comes to effective with ““L”’ level.

CXT , ] 2 ] 20 [ 15 | 20 | !

This is crystal input pin for internal clock oscillation.
This also becomes input pin when an external clock is used.

XT | 22 | 19 | 14 | 19 | !
This is crystal input pin for internal clock oscillation.

DAU 5 36 34 47 (0]

DAL ‘ 6 37 . 35 48 (o]

DA upper, DA lower

The output of 10 bits DA converter is connected to these pins directly. Since output impedance of these
pins are great and LPF is not built in, connect the LPF through a low impedance output buffer outside.
In the selection of class A mode, output pin is only DAU.
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PIN DESCRIPTION (Continued)

] Terminal Number 1o
Pin Name CHIP 40 DIP 44 FLT 60 FLT
SLA 3 34 32 45 |
SLB 1 32 30 43 |

Selecter A, selecter B
Switchover of DA converter output condition to class A mode or class B mode.

SLA SLB Mode Output Pin
Open (L) Open (L) Class B x 2 DAU, DAL
Vpp (H) Open (L) Class B x 1 Same as above
Open (L) Vpp (H) Class B x 4 Same as above
Vpp (H) Vpp (H) Class A DAU
MSB 4 s | 3 | 4 | )

In the case of class B mode, this pin becomes as follows:

¢ In the case of MSB = “‘L” output, DAU output is effective.

¢ In the case of MSB = ‘‘H” output, DAL output is effective.
In the case of class A mode, this pin becomes as follows:

¢ In the case of MSB = ‘““L” output, DAU output value is Vpp/2 or more.

¢ In the case of MSB = ““H” output, DAU output value becomes Vpp/2 or less.
In the case of internal circuit test, this pin is used as input pin.

SPE [ 7 | 8 | 3 | 4 | 1o

Speaker enable
In the case of ““H”’ level output, DA output is effective. In the case of internal circuit test, this pin is used
as input pin.

VK | 8 | s | s | s | o
Voice clock
Sampling frequency is output through this pin.

SDo : 1 2 41 57 /10
SD1 12 3 42 58 I]e]
SD2 13 4 43 59 /10
SDs3 14 5 44 60 Ie}

These pins are used for ifternal circuit test. These pins carry out I/O of 4 bits ADPCM data. Usually,
set them to open.

SIP 9 1 40 38 52 I

Serial/parallel
These pins are used for internal circuit test. Usually, set them to GND level.

T1 16 7 2 2 I
T2 15 6 1 1
Test

These pins are used for internal circuit test. Usually, set them to GND level
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TIMING CHART

Power On

(L

Voo / 1/
AC —j |-——‘W(AC}
i L
. 77
<¢
NAR  _____ S

LSI Start and No Operation (Standby)
1. Start in the case of CPU interface

X 1
Ao~ As
e *
LOAD —Jt— .,
' Approx. _’-—tﬂL "
—_— :
NAR 1.1 msec L ,/_J
1,
BUSY | | | 'f_]
Approx. {(
SPE [=— 1.0 msec ——| K4
,hsuem
DAL '
ot sty oo oo st
|——— Approx. ——I 8” ";]"x'
1.5 msec (for3 ss:cmples)
First word Second word
speaking speaking
2. Transfer to standby in the case of CPU interface
Ao ~ As A\ END code
LOAD ]
NAR | |
BUSY l ‘
SPE |
DAU or DAL Lastword l Standby
speaking \
Speaki
. complsted
When END code (Ao to As = “L”) is accompanied with LOAD, LSI comes to the same state
as standby because of AC input.
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Start of SW input interface and standby
1. Single word speaking

Ao~ Ag x
LOAD | | \ NolLOAD
NAR l l
BUSY I l
SPE I
DAU or DAL |e le
Standby i Standb
output | Voiced y
i speaking I
2. Repetition of word speaking
{ fom /L
o=t _ X L BN
7/ 7/
1f
LOAD No-load
ApproX. Loaded | if 4[‘
1.1 msec " b A ——
NAR 0.15 msec
BUSY ___lm__/ a
10 msec L . \
SPE — \ 7 \l
DAU or DAL ~f Hf
outpu? ' Standby —=j=— gpeaking Speaking —q—_»_wby
1
Approx.
0.4 msec
(3 samples)
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FUNCTIONAL DESCRIPTION

Speaking Word Code Specification
User can specify word codes set by A; ~ As and can select either CPU interface or SW input interface.

1. CPU interface

In this case, user specified words are maximum 124 words. For Ag to Ag, the following 3 codes, “1111111”,
“0111111”, “1011111”, are test codes, and the code “0000000” is an END code, therefore, these 4 codes can
not be used.

The procedure up to the LS| operation start is as follows:
Input Ap to Ag — LOAD pulse apply — latched inside, also LS| operation starts simultaneously.

LOAD pulse is effective when NAR output is “H”.

2. SW input interface

By the reason described in clause 9.1.1. CPU interface, number of words is set to maximum 124 words with
combination of Ay to Ae.

After the code is set by Ag to Ag, when “H” level LOAD input is switched by push switch, etc., the specified word
starts speaking. (From standby to operation state).

When speaking of the specified word is completed, if the LOAD input is set being “H” as it is, repeat speaking of
the same word, and if the LOAD input turns to “L”, LSI moves to standby state automatically.

Therefore, for example, so far the push switch is being pushed as it is, speaking of the same word is repeated.
When the push switch is released, the repetition is stopped at the same time of the speaking ends.

To make speaking of different words continuously, change the codes of Aq to As before the first word speaking
comes to end, and keep the LOAD in “H” state.

—
/ I Start I[ Restart

LOAD

N
l

Start |
End — Standby

Sampling Frequency Specification
An user can specify available sampling frequency for each word when ordering.

Relation between sampling frequency and oscillator frequency is as follows:

In the case of fosc) = 32.768 kHz
32.768 kHz

Selection 1. _ - 82kHz
4

Selection 2. m= 6.55 kHz

Selection 3. m= 4.1 kHz
8
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Straight ADPCM and Compressed ADPCM
1. Straight ADPCM
Features of the straight ADPCM are as follows:
1) ADPCM bit length ....... Fixed in 4 bits.
2) Deletion of silent component is possible.
3) High bit rate, high tone quality.
4) Suitable for a sound effect
Bit rate (B-R) example:
AMPLE = 8.2 kHz
TADPCM bit length = 4 bits
Deleted silent data = 1/5 (voice)
B'R = 8.2x4x4/5 = 26.3 kbits/sec

2. Compressed ADPCM
Features of the compressed ADPCM are as follows:
1) ADPCM bit length ........ Fixed in 4 bits
2) Deletion of data by repeated detection of speech waveform.
3) Deletion of silent component is possible.
4) Low bit rate
5) Mainly applies to speech.
Bit rate example:
fSAMPLE = 8.2 kHz
ADPCM bit length = 4 bits
{Number of average waveform repetition = 3 (deleted data = 2/3)
Deleted silent data = 1/5
BR = 8.2x4%x1/3x4/5 = 8.8 kbits/sec

Sampling Frequency and Band
1. Simple relation between sampling frequency and band
fsampLeX 1/2 = feanp(un)

Here, fganpwi) means upper limit of the band.

fsampLE feanp Characteristics

8.2 kHz DC ~ 4.1 kHz Clear comprehending almost all tones of voice.

6.55 kHz DC ~ 3.2 kHz High tone female voice sounds usual.

4.1 kHz DC ~ 2.0 kHz Both male and female voices sound nasal and unclear.

2. Relation between sampling frequency and LPF (Low Pass Filter) is as follows:

fsampLe X 1/2 = fc (cut-off frequency of ideal filter)

Practically, according to the skirt characteristics of filter, fc shall be designed to be lower than the above
mentioned equation. That is, the band will be further narrowed according to filter characteristics.

As an example, the fc and skirt characteristics of filter used for speech analysis by OKI are shown as follows.

fsampLe fc Skirt character feanD y
8.2 kHz 3.4 kHz —48 dB/oct Dc ~ 3.4 kHz
5.55 kHz 2.7 kHz . —48 dB/oct DC ~ 2.7 kHz
4.1 kHz 1.7 kHz —48 dB/oct DC ~ 1.7 kHz
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Precautions in Use

1. Relation between LOAD and NAR

A LOAD pulse input is effective when NAR output is “H” state, and at the LOAD pulse rise NAR output transfers
to “L” state which will be held till the completion of the former word speaking.

Therefore, use of NAR output is capable of speaking smoothly of the sentence composed of some words.

Example: “Today's” “Weather is” “Fine” “END”
Correspond- l l ‘ ‘

ing codes 0100010 0100100 0000100 0000000
by Ap to Ag

Ao ~Ag 0100010 — 0100100 — 0000100 — 0000000

LOAD _ﬂ N N N
U s B [1 [

Speakini Approx.
(L}))A out;?ut) 1ms ! Today's l Weiasther Fine |
St l LSl s being |
andby —=] started. T=— Standby

2. Internal random number circuit

Use of internal random number circuit may be specified on the occasion of order, but the specification prohibits
external code input by Ag ~ Ag and maximum word number is limited to 32 words.

3. Analog output (DAU, DAL)
The output of 10 bits DA converter is connected to DAU and DAL pins directly.

Since this output impedance is great and LPF is not built-in, it is necessary to connect outside LPF through the
low impedance output buffer.

c

ircuit example:

MSM6243 ¢_—_Ll>‘l‘ LPF —=

For output status, the following modes of class A and class B are obtained by 2 pins of SLA and SLB.

SLA SLB Mode Output pin
Open (L) Open (L) Class Bx2 DAU, DAL
Voo (H) Open (L) Class Bx1 Same as above
Open (L) Voo (H) Class Bx4 ‘ Same as above
Voo (H) Voo (H) Class A DAU
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Voo

3/4Vpp
Class A
DAU 1/2Vpp
1/4Vpp
Vpp=0V
Voo
/ DAU
Class Bx1 Vss
(9 bit DAC) Voo
\ DAL
Vss
/ DAU
Class Bx2
(8 bit DAC)
\ DAL
/ DAU
Class Bx4
(7 bit DAC)

\ DAL

MSB “1”

MSB “0”

MSB “1”

MSB “0”

MSB “1”

MSB “0”

MSB “1”

MSB “0”




EXAMPLE OF OUTPUT INTERFACE

@ |n the case of class B use, output interface is connected with MSC1161GS (provided, for only 3V system)

Y Voo

DAL
DAU

MSB
TEST

Vco
Vep

%%%mmﬁm-

MSM6243

_I-O
g8

2Vpp

]

Vss

SPE
VCK
Lo {22
LD
BD

n
ulﬁ!

N
=

SP@
SPO

qw@§

3(

=Vop

R

Voo

Vgs SLA Vpp' SLB

Voo

Vss

Note: Cs are all 0.1 uF.

o Qutput of class A

Voo

LPF

MSM6243

SLA Vpp’ SLB

Vss

Vss
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USER SPECIFIED PARAMETER

No. Item User specification Remarks
i ! Flat Pin without -
: DIP | (60 pin) bending for GS
1 | Shipping form Chip .
pping i (40pin) ' G 1 GS-K | Pinbending Y cas— S
! i ! for GS-K
: ! i Package side view
2 Supply voltage 3V system i 5V system
(24~36V) | (45~55V)
Operational o o
3 temperature c c
4 Interface SW input i CPU input
condition interface X interface
T
5 | BUSY/NAR BUSY i NAR
T
; ! Internal -
6 | Word code input External : random number Refer to circuit 1.
| Other than In the case other than 32.768 kHz,
7 | Oscillator 32.768 kHz ! 32.768 kHz specify the oscillator frequency
i in the range of 30 to 132 kHz.
- o : When oscillator frequency is other
1
8 | pampling 8-5 /'z*)‘z i 6-?15/;;"2 ; 4-(11 /ks*;'z than 32.768 kHez, specify dividing
quency 1 ! ratio within a parenthesis.
X Exists — Connect the resonator to XT
Reg of internal . | " and XT.
9 | oscillation circuit Exists ! Not exists Not exists — Apply external clock to TX.
I Refer to circuit 2.
Specification |
of correspond- i When specif ;
pecified, attach corresponsing
10 g;ggkti)r?sﬁlv?g::j Specify : Not specify table with this paper o
and word code : When not specified, OKI decides it.
(Ao to Ag) |
- ' In the case of editing, attach an
11 Editing of Editing : No editing example sentence with this paper.
1

speaking words

Ex. 3 o’clock 10 minutes

Note 1. For parameters of No. 4, 5, 6, 8, 9, 10, and 11, corresponds with ROM mask.
Note 2. When an user creates a voice data, never write the voice data in 256 wordsx 126 bits (3 kbits) from the

* top.
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Circuit 1. The following chart shows simple circuit when the word is specified.

LSl inside
Ao
: Selector
| Ao
i
o
3]
As E
6 5
]
~
As

Circuit 2. The following charts show the interface examples for XT and XT.

1 RFB inside

2 No Rgg
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OKI semiconductor

MSM6212

ADPCM 288K ROM VOICE SYNTHESIZER

GENERAL DESCRIPTION

MSM6212 is a single-chip ADPCM speech synthesizer incorporating 288K bits ROM to store speech
data. In addition to ROM and speech synthesizer circuits, MSM6212 contains an input interface, timing
generator circuit and a 10-bit DA converter. Therefore it is possible to configurate a speech output sys-
tem easily merely by connecting a simple circuit to the speech output consisting of a filter, an amplifier

and a speaker.

FEATURES

¢ Low power consumption
* On-chip 288K ROM

* 2 power supply selectable: 3V or 5V

systems

e Maximum No. of syllable words: 124 words
* Maximum speaking time: 40 sec

(compressed ADPCM)

BLOCK DIAGRAM

¢ Class A and Class B analog outputs
selectable

¢ Built-in 10-bit DA converter

¢ Oscillator frequency: 32,768 kHz

¢ Available in 40 pin plastic DIP, 60 pin plastic

flat package, or die form.

T1 T2
VoD
Vss SD2
Ao Address Select ROM Test <0 SD1
A1 7 125 x 15 bit max Circutt SDo
2 g ) M
ha g 8
= 15 Stage Address Count
— ~ ADPCM
IR | soaarmer
i —
LOAD
— @
o) ° § DATA ROM P
NAR =g 215 x 9 = 288K bit Ht s
BUSY - ms8
DATA
Controller O DAU
L T 10-bit DAC
XT (o] 7 oA
XT .- Timing Controller SPE
VCK
AC O 2
).
Vop'
SLA SLB
T1, T2, SIP .
SDz, SD1, 8Do | 1eStPIn
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PAD LAYOUT

80

O s WN—

(0.0)

Note: ¢ Chip size:

5.7 mm x 6.0 mm

PAD LOCATION

Position
Pad No. Symbol X v
1 SLA —2699 —-1063
2 VDD’ -2699 -1365
3 SLB —2699 - 1545
4 MSB - 2699 —-2091
5 DAU -2699 —-2363
6 DAL —2699 —2849
7 SPE -2199 -2849
8 VCK -1635 -2849
9 (o) -381 —2849
10 LOAD —-201 -2849
1 Ao 201 —-2849
12 A1 381 -2849
13 A2 2121 —-2849
14 A3 2301 —-2849
15 NAR 2699 —2849
16 BUSY 2699 -2123
17 AC 2699 -1577
18 XT 2699 -1397
19 XT 2699 —-995
20 VDD 2699 -815
21 Vss 2699 -635
22 SDo 2699 2263
23 SD1 2699 2443
24 SD2 2699 2623
25 S/P 2699 2849
26 T1 2519 2849
27 T2 2339 2849




PIN CONFIGURATION

(Top View)
40 Lead Plastic DIP
(MSM6212RS)
Ao (0] e [40] LOAD
A1 [2] [39] CS
A2 [3] [38] VCK
As (4] [37) SPE
NAR (5] [36] DAL
BUSY [€] [35] DAU
AC [7] [34] MSB
xT (8] 33 sLB
XT [E 132] Vpp’
Vpp 31 SLA
Vgg E 130 NC
NC (2] [29] NC
SDo [i3] 28] NC
SD1 [14] [271 NC
SD2 15 [26] NC
S/P (18] [25] NC
T1 (7] (24] NC
T2 [i8] 23] NC
NC [19] 22 NC
NC [20] [21] NC

(Top View)
60 Lead Plastic Flat Package (MSM6212GS)

(46 INC
(75 ]
7]

2
<
=]

o ‘a
2]
23z 8

[l

SLB

43
42

[a1]sLA

[40]nC

N

[38]NC

[37]NC
EIN
[35]nC
(34]NC
[33]INC

[32]Ne

[3T]NC

DAL |47

SPE [48]
veK [49]
NC [50]
NC [ 51
cs [52
LOAD [53
Ao [57]
A1 [55]
NC [56

NG (7]

NC [58

&

% [0}

30 |NC
29 |NC
28 |NC
27 |NC
26 |NC

[25] NC

24 | NC
73] Voo
22 | NC
21| NC
20 | NC
NC
T2
T

18
17

Note: Connect pin 23 (Vpp”) with Vpp and Vpp’ externally since this pin is conducted to the sub-

strate.

ELECTRICAL CHARACTERISTICS
3 V System (Vpp = 3.1V Typ)

Absolute Maximum Rating (Vss = 0V)
Item Symbol Conditions Ratings " Unit
Power Supply Voltage Vv -0.3to +3.6 Vv
pply g DD Ta = 25°C
Input Voltage V| -0.3to Vpp Vv
Storage Temperature Tstg — -55t0 +150 °C
Recommended Operating Range (Vgg = 0V)
ltem Symbol Conditions Ratings Unit
Power Supply Voltage VDD — +2.41t0 +3.6 Vv
Operating Temperature Top — —-10 to +60 °C
DAU and DAL Output Level Vob No load 0to Vpp v
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DC Characteristics

(Vpp = 3.1V, Vgg = 0V, Ta = 25°C)

Item Symbol Conditions Min | Typ | Max Unit
“H” Input Voltage VIH — 25 — - \
“L” Input Voltage ViL — — — 0.5 \
“H”’ Input Current *? lIH1 VIH =81V — — 1 WA
“H” Input Current *2 lIH2 VIH =31V 10 — 150 HA
“L” Input Current L ViL=0V — — -1 WA
*“H” Output Current IoH VoH = 27V -50 | — — HA
“L” Output Current loL VoL = 04V 50 — — MA
Qperaing Curmart ~ |~ o 05| m
o, | Mhensgeetne | — oot | 05 |
DA Output Accuracy | VE | No Load — — 100 mV
DA Output Impedance VOR - — 170 — kQ

Notes: * 1 Applied to AC, LOAD and Ao to A3 terminals
*2 Applied to input terminals other than the above.
However, terminals SLA and SLB are applied when AC input is set to ‘‘H’’ (Conform to Note
1 when AC input is set to “‘L”).

5 V System (Vpp = 5.0 V Typ)

Absolute Maximum Rating (Vgs = 0V)
ltem Symbol Conditions Ratings Unit
Power Supply Voltage \Y -0.3to +5.5 \
pply g DD Ta = 25°C
Input Voltage Vi -0.3to Vpp \%
Storage Temperature Tstg — —-55to +150 °C
Recommended Operating Range (Vgg = 0V)
ltem Symbol Conditions Ratings Unit
Power Supply Voltage VpD —_ +45t0 +5.5 \
Operating Temperature Top — —-30to +70 °C
DAU and DAL Output Level VoD No load 0 to Vpp \'%
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DC Characteristics

(VDD = 50V,Vgg =0V, Ta =

—30 to +70°C)

Item Symbol Conditions Min | Typ | Max Unit
“H” Input Voltage VIH — 4.0 — — \
“L” Input Voltage ViL — — — 1.0 \
“H”” Input Current *1 l1H4 VIH = 5.0V - - 1 MA
“H” Input Current *2 liH2 ViH = 5.0V 40 — 400 pA
“L” Input Current L ViL=0V — — -1 uA
*H’’ Output Current IoH VOH = 46V -1 — - mA
“L” Output Current loL VoL = 0.4V 1 — — mA
Qperatng Currt - ~ o2 07| m
anchy e - ~ | [0 |
DA Output Accuracy | VE| No Load — — 130 mvV
DA Output Impedance VOR — — 150 — kQ

Notes: * 1 Applied to AC, LOAD and Ao to A3 terminals
*2 Applied to input terminals other than the above. However, terminals SLA and SLB are applied

when AC input is set to “‘H’”’ AC power.
(Conform to Note 1 when AC input is set to “‘L").

AC Characteristics

(Common to Vpp = +2.4, +5.5V, 3 V system and 5 V system)

Ta = —30to +70°C fosC) = 32.768 kHz

ltem Symbol Conditions Min | Typ | Max Unit

Original oscillation

frequency (1) flosci) 3V system 30 (32.768| 35 kHz

Original oscillation

frequency (2) f(OSCZ) 5 V system 30 |32.768| 65 kHz

Original oscillation

duty cycle fduty — 40 50 60 %
When

Load Input Pulse Width tL f sample = 1 — 45 s
8.19 kHz

AC Input Pulse Width tw(ac) — 1 — — us

Sampling Frequency (1) fs floscya — |8192| — kHz

Sampling Frequency (2) fso floscys — |6.554| — kHz

Sampling Frequency (3) fss floscys — |4.096| — kHz

NAR minimum .

i Le\?el Width tmN When fg, is selected| 1. | — — us

!Pput Change Standby ta When fg, is selected | 1 - - us

ime ~ ,
Load Pulse Interval tNL When fg, is selected| 5 — | 1000 Us
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ACTUATION AND NON-OPERATION OF SW INPUT INTERFACE

1. Single Speaking

Ao to A3 X
No LOAD
oap — 1§ L \\
NAR — 1]
BUSY ———l
SPE |
DAU or DAL Silent | Word II._.. Silent (standby)
Output P

2. Repeated Speaking

/1 i
Ao to A3 x 7“ 3’)
/y ! No LOAD
LOAD I K Loaded | (L yd
NAR (L ’/}L

| " /ll_l

/) /
(L

_l f u

14 (
(L

/) \
SP|

N

DAU or DAL I : Spe:akmg _l I_ -—Speakmg __.l_.S'Ient (standby)

Output

Approx
1.1 msec

84




PIN DESCRIPTION

) Terminal Number 1o
Pin Name CHIP 40 DIP 60 FLT

LOAD 10 40 53 |

The LOAD pulse can be applied when NAR level (see below) is *‘H’’. When LOAD is set to ‘‘H’; the code
at Ao to Az is transferred into the latch.
A single pulse or a pair of pulses switches the LS| from standby mode to active.

NAR | 15 R 1 | 0

Next address request

NAR indicates whether the LOAD pulse (see above) can be applied or not. ‘‘H”’ level enables while an
“L”” output disable.

NAR outputs a “H’’ when the speaking of the current addressed word begins and indicates the next
address code can be entered.

cs J 9 [ 39 r 52 | |
Chip select

This pin enables the use of multiple LSI’s. It is open when a single LSl is used because it has an internal
puli-down resister. If ‘“‘H” is applied to CS, the LSl is retained in ‘“‘standby’’ mode.

BUSY | 16 ] 6 | 2 l °
This pin is used for CPU interface, outputting ‘‘H’’ level during the speaking time.

AC | 17 | 7 | 3 | o

All clear

A “‘H” pulse to this pin stops all internal functions and the LSI switches to standby mode.

No power ON clear circuit is built in the LSI. Therefore, make sure that AC pulse is applied when the
power supply is made.

DAU 5 35 45 (¢]
DAL 6 36 47 (0]

These pins (DAU and DAL) are connected to the output of the 10-bit DA converter. These pins have no
built-in LPF because of high output impedance. Use them connected to LPF through the buffer of exter-
nal low-output impedance.

Example of circuit:
MSM6212 +—\:(>é" LPF

The following class A and class B modes can be obtained from two pins.

SLA SLB Mode Output Pin
Open (L) Open (L) Class B x 2 DAU, DAL
Vpp (H) Open (L) Class B x 1 DAU, DAL
Open (L) Vpp(H) Class B x 4 DAU, DAL
Vpp (H) Vpp(H) Class A DAU
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TIMING CHART
1. Power on Sequence

Voo ___/ ¢

tw(AC)

—

Ac ) s’
{/.

NAR — -._-_/ .

2. LSI Starting and Non-operation (Stand-by)
OPERATING SEQUENCE FOR CPU INTERFACE

| fa
YYD G X if
— tA t|<-— 7
oo _— )= /] (
-~ 7
JRR— Approx _t_'vﬂ -~
NAR 1.1 msec (/ I
0
BUSY 4 |
((
77
SPE l
{(
DAU or DAL ' -—-J-—- Gfefneratlon —»|~— Generation »l
of first of s d
Output ?y:;prox | word worgcon
msec

FROM OPERATION TO STANDBY IN THE CASE OF CPU INTERFACE

Ao to A \ END code
LOAD AT
NAR 1 [
BUSY
SPE
I
DAU or DAL )
o] Speaking of Silent (standby)
utput final w’ordo —
Note: tA ..oooooene. Address hold time
L N I Double LOAD pulse interval
| F IR LOAD pulse width
1TV VR NAR “H”" width
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FUNCTIONAL DESCRIPTION

DESIGNATION OF SYLLABLE CODES

User can designate syllable codes by Ao to A3
and can select either CPU interface or simple in-
terface. ’

1. CPU Interface

In this case, the maximum number of user’s
designated words (syllables) is 124. All “L”s
represent “END” code. Ao to A3 and “LOAD”
pulse are related to each other as shown below.

a) Single “LOAD” pulse (The max No. of words
is 14)

Input Ao to Az — apply “LOAD” pulse — data
is latched internally and at the same time, the
LSl is actuated.

b) Two “LOAD" pulses (The max No. of words is
124)
Input Ao to Az — apply first ‘“‘LOAD” pulse —
data is latched internally and LSI retains in
“STANDBY"’ status. — Input Ao to A2 (A3 ig-
nored) — apply second ‘“‘LOAD” pulse — data
is latched internally and at the same time, the
LSl is actuated.
For the timing of “LOAD"’ pulse application, ap-
ply it when “NAR’”’ output is at ‘““H”’ level. For
the application of “END"’ code, conform to the
above a) and b).

LOAD /_I‘—‘““—’
\ M 1

2. Simple Interface

The maximum No. of words is 14. Ao to A3 =
“H” is a test code.

If “LOAD” input is set at “‘H” level by means
of a push switch after setting of a code by Ao to As,
the designated word is spoken (from ‘“Standby’’ sta-
tus to “‘operation’’ status).

If “LOAD” input is set at “H"’ level when the
speaking of the designated word has ended, the
same word is repeated. On the other hand, if

“LOAD” input is set at ‘““L” level, LSl is automati-
cally shifted to “STANDBY"’ status.

Therefore, as long as the push switch continues
to be depressed, the same word is repeated. If the
push switch is released, the repetition is stopped
simultaneous with the ending of speaking.

If the continuous speaking of different words
is desired, change codes by Ao to A3 and retain
“LOAD” input at “‘H"’ level, before the speaking of
first word is ended.

———}-————» Restart
End

/ j—— Start
LOAD
N
}—— Start

End — Standby

3. Designation of Sampling Frequency

It is possible for the user to designate the sam-
pling frequency for each word.

The relationship between a sampling frequen-
cy and the crystal oscillator frequency is as follows:

When fosc) = 32.768 kHz

32.768 kHz

Selection 1 2 = 8.2 kHz
Selection 2 gjssﬂl-l_z = 6.55 kHz
Selection 3 &76:—51"5 = 4.1 KHz
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STRAIGHT ADPCM AND COMPRESSED ADPCM

1. Straight ADPCM

The features are enumerated below.
Length of ADPCM bits ..... fixed in 3 bits.
Deletion of silent component is possible.
High bit rate and high tone quality.
Suitable to imitation sound.

Hrwn =

Example of bit rate
fSAMPLE = 8.2 kHz
Length of ADPCM bits = 3 bits
Deleted silent component = 1/5 (speech)
BeR 5 82 x 3 x 4/5 =5 19.7
kb/sec

N

. Compressed ADPCM
The features are enumerated below:
. Length of ADPCM bits ..... fixed in 3 bits
. Deletion of data by repeated detection of
speech waveform
. Deletion of silent component is possible.
. Low bit rate.
. Mainly applied to speech.
Example of bit rate
fSAMPLE = 8.2 kHz
Length of ADPCM bits = 3 bits
Frequency of average repetition £ 3
(Deleted data component
of waveform = 1/3)
Deleted silent component = 1/5 (speech)
BeR & 8.2 x 3 x 1/3 x 4/5 % 6.6 kb/sec

g hw N =
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SAMPLING FREQUENCY AND BAND WIDTH

1. Simple Relationship between Sampling
Frequency and Band Width

fsampLE x 172 = fganp (UL)
Here TBaND (UL) ..... Upper limit of band

Quality

fsampLe|  fBAND

Clear maximum in-

8.2 kHz telligibility

DC to 4.1 kHz

Female speech of
high tone sounds
nasal

6.55 kHz | DC to 3.2 kHz

Unclear both male
and female
speeches sound
nasal

41 kHz | DC to 2.0 kHz

2. The Relationship between a Sampling

Frequency and LPF (low pass filter)

The relationship between a sampling frequen-
cy and LPF (low pass filter) is fsaMPLE x 1/2 =
fc (cutoff frequency of ideal filter). However, realisti-
cally it is necessary to design “fc” to be lower than
the above equation according to the skirt charac-
teristics of filter. That is, the band will be further nar-
rowed according to filter characteristics.

As an example, the fc and skirt characteris-
tics of L.P.F. used for speech analysis by Oki are
shown as follows.

Skirt
fsampLe  fc Charac- fBanD
teristics
8.2 kHz| 3.4 kHz | —48 dB/oct| DC to 3.4 kHz
6.55 kHz| 2.7 kHz | — 48 dBloct| DC to 2.7 kHz
4.1 kHz| 1.7 kHz | —48 dB/oct| DC to 1.7 kHz




EXAMPLE OF OUTPUT INTERFACE

When connected to MSC1161 for Class B (for 3 V system only)

Y VbD

oL~ spe E—J
DAU vek [17}—
MSB 6]
5
mscier |
6212 5 o 1]
7] SPO P_&lr $ [[]
—HFE] Kl
9 | Vss Vop [10]
Vgs SLAVpp'SLB
VoD

<7 Vss

Note: C’s are all 0.1 pF.

Class A Output

VCK
SPE
MSB

6212

DAU

DAL

Vss SLAVpp'SLB
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VbD

3/4 Vpp
12V
Class A DAU oD
1/4 Vpp
Vgg=0V
Vbp
/ DAU
Class B x 1 Vss
(9-bit DAC) VoD
\ DAL
Vss
/ DAU
Class B x 2
(8-bit DAC)
\ DAL
/ DAU

Class B x 4
(7-bit DAC)

\ DAL

(An abbreviated name of the type is sometimes used as an indication

representing an actual product)

MSB “1”
+

\
MSB “0”

MSB “1”

MSB “0”

MSB “1”

MSB ‘0"

MSB “1”

MSB “‘0”
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OKI semiconductor

MSM6308

ADPCM SPEECH PROCESSOR FOR SOLID STATE RECORDER DRAM INTERFACE

GENERAL DESCRIPTION

The Oki MSM6308 is a ADPCM speech processor LS| for solid state recording which is manufactured
using Oki’s low power CMOS silicon gate technology. A maximum of 256K Dynamic RAM is used to store

the ADPCM data.

The MSM6308 has internal LPF and amplifier for a microphone. So, by connecting microphone, speak-
er, speaker driving amplifier and 256K DRAM, recording and playback of voice can be implemented in

the same manner as a tape recorder.

FEATURES

® 4-bit ADPCM algorithm

® Built-in 8-bit AD converter
e Built-in 8-bit DA converter

¢ Amplifier for microphone on chip

® LPF (Low Pass Filter) on chip
e 256K DRAM direct drive capability

¢ Oscillation frequency: 4 MHz ~ 6 MHz

BLOCK DIAGRAM

e Sampling frequency: 4 kHz, 8 kHz
(@ 4 MH2)
* Recording phrase: 1, 2, 4 selectable
® Vocalization time: 16 sec. maximum
(@ 4 kHz)
e Supply voltage: +5 V
® 44 pin plastic flat package

CSEL1
CSEL2
CA1
CA2

TEST1
TEST2

Amplifier 1

AMP1|

Timing
N
Control

]

Channel
Control

DRAM CAS
Control WE
ADPCM
Analysis/ biro
Systhesis

8-bit

e——]

RESET |
XT

XT |
VCK
NCR
SAM
START
BUSY
REC/PLAY

PLAY g
—O-}
Amplifier 2

VbD1
VDD
VpDs Analog voltage
Vsst
Vss2 Analog ground
> As
T A7
Address ! 1
Control |
At
Ao

o

i

REC

Voltage
Follower

AMP10
AMP2|

FILIN

FCUTS

o]
P
[

FiL20
ADIN
DAOUT
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PIN CONFIGURATION

28 ] REC/PLAY

EE LR ooz
- 2 < fﬁ D »n unQ
k% 255 d 23z 2
#| o] 7] [ e eL L L L
NCR | 34 22 | AMP1O
BUSY [35] [21] AMP2I
VCK [36] [20] AMP20
RAS [37] [19] FILPO
WE [@; 18] FILRO
DVpp [39] [17] Voo’
CAS [T_o_ 16 I AVpp
DI/O | 41 15\ SG
As [42]] 14] ADIN
As [43] O [13] DAOUT
Ao [44] 12] sGC
1] o] 1 Lol [l ] =] o] B
< 2 2 2 & g 3 g é e
3 8 ¢ ¢
ABSOLUTE MAXIMUM RATINGS (Vss: = Vsss = OV)
Parameter Symbol Conditions Value Unit
Power Supply Voltage VbD Ta = 25°C -03t07.0 \
Input Voltage VIN Ta = 25°C -0.3toVpp + 0.3 \Y
Storage Temperature Tstg — —-55to + 150 °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Conditions Value Unit
Power Supply Voltage VbD Vggy=Vgg,=0V +4.0to +6.0 \Y
Operating Temperature Top — —40to +85 °C
Oscillation Frequency fosc — 4.01t06.0 MHz
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DC CHARACTERISTICS

Vpp=451t055 Vggy=Vgg,=0V TA=-30 to 70°C

Parameter Symbol Conditions Min Typ Max Unit
“H” Input Voltage " ViH — 3.6 — — \'
“H” Input Voltage ! VIH — 0.8xVpp — — \
“L” Input Voltage ViL — — — 0.8 \
“H” Output Voltage VOH | loH= —40sA 4.2 — — \'
“L” Output Voltage VoL loL=2mA — — 0.45 \
“H” Input Current "3 IHy liH=VDD 1 — 100 7.
“H” Input Current "4 liH2 lIH=VDD — — 10 pA
“L” Input Current L ViL=Vgs -10 - — pA

Note: -1 Apply to input terminals except XT

+2 Apply to XT terminal

+3 Apply to start terminal
-4 Apply to terminal without pull down resistors

PIN DESCRIPTION

Pin Symbol Pin No. 1o Function

DVpp 39 I | Digital power supply terminal
Vpp' 17 1 Digital power supply terminal
AVDD 16 | Analog power supply terminal
DVgs 25 | Digital ground terminal
AVgs 24 | Analog ground terminal
SG 15 | Signal ground terminal

Connect condenser for stabilization
SGC 12 I Connect condenser for stabilization
AMP1| 23 | Input terminal for amplifier 1
AMP10 22 o Output terminal for amplifier 1
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PIN DESCRIPTION (continued)

Pin Symbol Pin No. 110 Function

AMP2I 21 O | Input terminal for amplifier 2

AMP20 20 (0] Output terminal for amplifier 2
This terminal is connected to built-in LPF.

ADIN 14 l Voice input terminal

DAOUT 13 (0] Output of DA converter
This terminal is connected to built-in LPF.

FILPO 19 (0] Output of LPF
Synthesized sound is output from this terminal.

FILRO 18 (o] Output of LPF
Analyzed sound is output from this terminal.
Connect this terminal to ADIN

RESET 27 | By inputting “H’’ level, the inside of the circuit
returns to the early stage.

REC/PLAY 28 | Selection terminal for recording or playback
“H” = recording

START 29 | By inputting ““H’’ level, recording or playback
is started. '

BUSY 35 (0} This terminal outputs “‘H’’ level while recording
or playback.

CSEL1 9 | Terminal for selecting number of recording
words

CSEL2 8 | Same as above

CA1 7 I Terminal for specifying channels when select-
ing 2 words or 4 words

CA2 6 | Terminal for specifying channels when select-
ing 4 words

SAM 30 | Terminal for determining the sampling
frequency

D I/O 41 110 Input/output terminal for 4 bit ADPCM data

Ao 44 o)

A1 4 "0

A2 2 (0]

A3 43 (0]

A4 1 (o} Address terminals of 256K DRAM

As 3 o

As 42 o

A7 5 (0]

As 31 (0]

RAS 37 o Row address strobe for a 266K DRAM

CAS 40 o Column address strobe for a 256K DRAM

WE 38 O | Write enable signal to the DRAM device
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PIN DESCRIPTION (continued)

Pin Symbol Pin No. 110 Function

XT 32 | Crystal oscilliator connector terminal

XT 33 o Same as above

VCK 36 o Outputs sampling frequency

NCR 34 (0] This terminal is used when playbacks contents
of different channels continuously.

FcuTts 26 | Terminal for selecting the cut-off frequency of
the built-in LPF

TEST 1 10 | Terminal for inhouse testing

TEST 2 11 | Same as above




FUNCTIONAL DESCRIPTION

The number of recording words of MSM6308 is selectable either a single word, 2 words or 4 words.
When selecting 1 word, the maximum memory capacity will be 256K bits. When selecting 2 words, 128K
bits are allocated to each channel. When selecting 4 words, 64K bit are allocated to each channel. So
each recording length is limited depending on the capacity of each DRAM.

1. Selection of the Number of Recording Words and the Way to Specify
Channel (CSEL:1, CSEL2, CA1, CA2)

Number Capacitance
CSEL1 CSEL2 of Words CA1 CA2 Channel of Channel
L — . 4 L L CH1
L H CH2 .
H L CH3 64K bit
H H CH4
H L 2 — L CH1 128K bit
— H CH2
H H 1 — — CH1 256K bit

2. How to Select the Sampling Frequency (SAM)

Following is the relationship between oscillation frequency and sampling frequency.

SAM L H

fsamp fosc/1 024 (4 kHZ)* fosc/512 (8 k‘HZ)*

= When oscillation frequency is 4.096 kHz.

3. How to Select the Cut-off Frequency of LPF
The cut-off frequency of LPF is controlled by FoyTs terminal. Please refer to the following chart.

Voice Sampling FcuTs
SAM VCK (Hz) “H” L
L 4 K 23K 1.95 K
H 8 K 38K 29 K

When oscillation frequency is 4.096 kHz.
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4. Function of REC/PLAY and Start Terminals

RECORDING

1. REC/PLAY = ‘“‘H’’ When Recording Using Partial Memory Capacity of the Channel

BUSY

START ————I

Recording

Not being used

Capacity of channel

2. REC/PLAY = “‘H’’ When Recording Using Entire Memory Capacity of the Channel

START —I

BUSY

| S

Automatically stops

Recording

Capacity of channel

PLAYBACK

3. REC/PLAY = *‘L” to Playback the Recorded Contents Once

START

BUSY

Play back

Pulse which is shorter than recording time

Playbacks only
the recorded length
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4. REC/PLAY = ‘L’ to Playback the Recorded Content Repeatedly an& Continuously

START ————l

BUSY
CH1 playback CHz playback

CHz playback

NCR
| |

\

1
o Don’t care

CAi, CAz  CHi X CH X CHe

L

Continuous playback and repeated playback are acheived by maintaining Start terminal at “‘H”’
level. Writing to channel is done when NCR goes low, or when starts playinh back each word.
So chennels will be changed, if ““START" is high, when NCR goes from low to high.

5. Interval of Recording Time

As described up to now, by maintaning REC/PLAY terminal high, recording is achieved for the
length of time of Start terminal is high. Recording time could be longer because the interval of

recording time is for 4K bit.

The interval of recording time can be figured out by the following formula.
(The interval of recording time) = 4K bit/(bit rate [Kbit/sec])[sec]

EXAMPLE

When sampling frequency is 8 kHz, bit rate is
4 bit x 8 kHz = 32K bit/sec.

The interval of recording time is

4 bit/32K bit/sec = 0.125 (sec)
So, the recording time becomes a maximum of 0.125 msec.

START —

Recorded longer

I

INTERNAL
START
Recording time interval

4K bit | |

J

-

! l
\—— 0.125 (sec) when sampling frequency is 8 kHz

I

Recording  (Actual recording time)
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OKI semiéonductor
MSM6309

ADPCM SPEECH PROCESSOR FOR SOLID STATE RECORDER SRAM INTERFACE

GENERAL DESCRIPTION

The Oki MSM6309 is a'ADPCM speech processor LSI for solid state recording which is manufactured
using Oki’s low power CMOS silicon gate technology. 64K or 256K static RAM is used to store the ADPCM
data.

The MSM6309 has internal LPF and amplifier for microphone. So, by connecting the microphone,
speaker, speaker driving amplifier and SRAM, recording and playback of voice can be easily implement-
ed in the same manner as a tape recorder.

FEATURES

e 4-bit ADPCM algorithm

e Built-in 8-bit AD converter

e Built-in 8-bit DA converter

e Amplifier for microphone on chip

* LPF (Low Pass Filter) on chip

¢ Direct drive capability for SRAM: 64K 4 pcs
or 256K
1 pce

¢ Oscillation frequency: 4 MHz ~ 6 MHz

e Sampling frequency: 4 kHz, 8 kHz

(@ 4 MHz)

BLOCK DIAGRAM

¢ Recording phrase: 1, 2, 4 selectable

* Vocalization time: 16 sec maximum
(@ 4 kHz)

e Supply voltage: +5V

® 60 pin plastic flat package and
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=

Timing
and
Control
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BUSY
REC/PLAY
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Control
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CSEL2
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TEST2
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-
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Amplifier 1 Filter
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=
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PIN CONFIGURATION

60 pin Flat Package

» - 0 5
E §§§|;;§§§|315§§§%§
(<] fe] (R [=1 (*1 <] (<1 (=] (L[] [BL[38] (3] (Bl (3[4
START [47] 30] AMP20
CA1 [48] (28] FiLPO
Che [48] . 28] FILRO
CSEL: [50] 27] sa
csEL [5] 126 sac
ROM [52] 25] ADy
ovpp [53] 23] BaouT
o 8 [4] 23] Avpp
110 7 [58] 122] TEST2
10 6 [56 [21] TEST!
o s [57] [20] REC/FTAY
10 4 [58 19] CEms
o3 |;_: INDEX MARK % ~
10 2 [60] 7] A

10 1 [1]
o] Q

A1E
he [4]
As [5]
As 6]
as[7]
Aelz
A7E:
€& [ig]

in
Ao [12]
Ce:[13]
AtoE
AnE

Aiz{16
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ABSOLUTE MAXIMUM RATINGS (Vss: = Vgsz = 0V)
Parameter Symbol Condition Value " Unit
Power Supply Voltage VDD Ta = 25°C -03t0 7.0 \
Input Voltage VIN Ta = 25°C -0.3toVpp + 0.3 \"
Storage Temperature Tstg — -55to + 150 °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Condition Value Unit
Power Supply Voltage Vbp Vggi=Vgg =0V +3.5t0 +6.0 v
Operating Temperature Top — —40to +85 °C
Oscillation Frequency fosc - 4.01t06.0 MHz
DC CHARACTERISTICS Vpp=4.51t055 Vgg;=Vgg,=0V Ta=-40~85°C
Parameter Symbol Condition Min Typ Max Unit
“H” Input Voltage ! VIH — 3.6 — — v
“H” Input Voltage "2 ViIH — 0.8xVpp — — \
“L” Input Voltage ViL — — — 0.8 v
“H”’ Output Voltage VOH | loH= —40kA 4.2 — — \'
“L” Output.Voltage VoL loL=2mA —_ - 045 |V
“H” Input Current IH1 ViH=VDD 20 - 400 pA
“L” Input Current L ViL=Vss -10 -_ - pA

Note: -1 Apply to input terminals except XT

-2 Apply to XT terminal
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PIN DESCRIPTION

Pin Symbol Pin No. 110 Function

DVpp 53 I Degital power supply terminal

AVpD 23 1 Analog power supply terminal

DVss 35 | Degital ground terminal

AVss 34 | Analog ground terminal

SG 27 | Signal ground terminal
Connect condenser for stabilization

SGC 26 | Connect condenser for stabilization of SG

AMP1| 33 | Input terminal for amplifier 1

AMP10 32 (o] Output terminal for ampilifier 1

AMP2i 31 | Input terminal for amplifier 2

AMP20 30 o Output terminal for amplifier 2
This terminal is connected to built-in LPF.

AD|N 25 | Voice input terminal

DAouT 24 (0] Output of DA converter .
This terminal is connected to built-in LPF.

FILPO 29 o Output of LPF
Synthesized sound is output from this terminal.

FILRO 28 o Output of LPF
Analized sound, original sound is output from
this terminal

RESET 39 | By inputting ““‘H” level, the inside of the circuit
returns to the early stage, viz. stand-by stage

REC/PLAY 20 | Selection terminal for recording or playback
“H” = recording

START 47 1 By inputting ‘““H”’ level, recording or playback
is started

BUSY 44 o This terminal outputs “H’’ level during
recording or playback

CSEL1 50 | Terminal for selecting number of recording
phrase .

CSEL2 51 | Same as above

CA1 48 | Terminal for specifying channels when select-
ing 2 phrases or 4 phrases

CA2 49 1 Terminal for specifying channels when select-
ing 4 phrases

SAM 40 | Terminal for determining the sampling

frequency
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PIN DESCRIPTION (continued)

Pin Symbol Pin No. 110 Function

/10 1 1 110

110 2 60 110

110 3 59 110

:;8 g gg :;8 Input/output terminal for 4-bit ADPCM data

110 6 56 o

o7 55 110

/10 8 54 110

Ao 2 (0]

A1 3 (0]

A2 4 (¢}

A3 5 o

As 6 (0]

As 7 O

As 8 (0]

A7 9 (o] Address terminals of SRAM

As 11 (0]

A9 12 (0]

A10 14 o

A11 15 (0]

A12 16 o

A3 17 (0]

A4 18 o

CE1 10 o]

CE2 13 (o} :

CEs 36 o Control terminals for external 64K SRAM

CE4 37 (o}

CE256 19 (0] Control terminals for external 256K SRAM

WE 46 0 Write enable signal to the SRAM device

ROM 52 I Make ““H”’ level when EPROM is equipped
externally

XT 41 l Crystal oscillator connector terminal

XT 42 o Same as above

VCK 45 (0] Outputs sampling frequency

NCR 43 o This terminal is used when playbacks contents
of different channels continuously

FcuTs 38 | Terminal for selecting the cut-off frequency of
the built-in LPF

TEST 1 21 | Terminal for inhouse testing

TEST 2 22 | Same as above
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FUNCTIONAL DESCRIPTION

The number of recording words of MSM6309 is selectable either 1 word, 2 words or 4 words. When
selecting 1 word, the maximum memory capacitance will be 256K bit. When selecting 2 words, each
128K bit is allocated to each channel. When selecting 4 words, each 64K bit is allocated to each channel.
So each recording length is limited according to the capacitance of each SRAM.

1. Selection of the Number of Recording Words and the Way to Specify

Channel (CSEL:, CSELz, CAs, CAz)

CSELe | CSELs olumber CA2 CAs Channel | Gapacitance
L - 4 L L CHi
H E e 64K bit
H H CHa
H L 2 _ v o 128K bit
H H 1 — - CHi 256K bit

2. How to Select the Sampling Frequency (SAM)

Following is the relationship between oscillation frequency and sampling frequency.

SAM L

H

fsamp fosc” 024 (4 kHZ) *

fosc/512 (8 kHz)*

*  When oscillation frequency is 4.096 kHz.

3. How to Select the Cut-off Frequency of LPF
The cut-off frequency of LPF is controlled by FcyTs terminal. Please refer to the following chart.

Voice Sampling FcuTs
SAM VCK (Hz) “H” “Lr
L 4 K 23K 1.95 K
H 8 K 38K 29 K

When oscillation frequency is 4.096 kHz.
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4. Function of REC/PLAY and Start Terminals

RECORDING
1. REC/PLAY = ‘“H”’ When Recording Using Partial Memory Capacity of the Channel

START ———-—'

BUSY

Recording Not being used
|
Capacity of channel

2. REC/PLAY = *“‘H> When Recording Using Entire Memory Capacity of the Channel

START ——-—l ]——-——

Automatically stops

BUSY Recording

Capacity of channel

PLAYBACK
3. REC/PLAY = ‘‘L” to Playback the Recorded Contents Once

Pulse which is shorter than recording time

START

Playbacks only
the recorded length

BUSY

Play back
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CH1 playback CHz playback CHz2 playback

| 5 5

|
Vo [ v Don't care

CA1,CA2  CHi X on X o A,

NCR

Continuous playback and repeated playback are made by maintaining start terminal at “‘H”’ lev-
el. Writing channel is done when NCR falls down, or the time when starts playbacking each word.
So, changing channel is made by turning it with the time when NCR stands up.

5. Interval of Recording Time

As described up to now, by maintaning REC/PLAY terminal high, recording is made for the length
of time the start terminal is high. Strictly speaking, recording time could be longer by the reason
of the fact that the interval of recording time is for 4K bits.

The interval of recording time can be figured out by the following formula.

(The step of recording time) = 4K bit/(bit rate [K bit/sec])[sec]
EXAMPLE
When sampling frequency is 8 kHz, bit rate is
4 bit x 8 kHz = 32K bit/sec.
The step of recording time is
‘ 4 bit/32K bit/sec = 0.125 (sec)
So, the recording time becomes 0.125 msec longer at most.

Recorded longer

fe-———————
START — -
INTERNAL
START

Recording time interval
Kbt | | |

| i | |
\—— 0 125 (sec) when sampling frequency I1s 8 kHz

Recording  (Actual recording time)
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APPLICATION CIRCUIT |
Interface with a single 256K SRAM
f T
VbD:  VDD2 Vee
F—— AmPil A Ais
I AMP10 A13 A3
i | | =
i | -
AMP2| ! ' 7]
' | <
A1 A1 o
N
FILIN Ao Ao =
~
wn
N
-
FILO D7 Ios 0
[j Ds I 1107 5
% ADIN ' | ! =
§ D1 ! 1102
O RESET @ D 116
. -—O/c = ___0 _‘
O O START tsh WE WE
I_ - — — — 1T — —I -C_E‘256‘__— ! -C‘E.
L—o/c CSEL1 OE
I ! veK Vss
—Q O+ CSELe T
| o NCR 1
| —0 o — car BUSY }
] 0 0 O—+—{ CA2 RFC/PLAY ”)
| : | i
FIL1O AW
| | T
— SAM I
- 00— FCUTS xT 1 L L
| © | TEST: (|
TEST2 XT —11
| i 1 ,E . Vss2 1
l - - |— Vss: S6C s6 Following circuit is recommended
o 11 if enhanced volume and sound
| quality are desired.
1 L I
AMP
FLIO LPF —M)))
Becomes fixed ‘‘H’’ level or “L” level by selection.
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Interface with 4 64K SRAMs
1 1 1 [
VpD: VDD2 Atz a2z Ve b—ae Voo —]a Vece A2 Vee
' | ) i
%——1 —— AMP1I : ! 1 - ! : -
3 s s
£ AMP1O | : 2 f E i = H <
Ao Ao % —— Ao g Ao c Ao g
AMP2! D7 W0s (V0 x [—{UOs v e x
: b3 P8 Pog Pooe
FILIN H ! w L o ! 0 i 0
Do w: e ——uor € wr  © —uen
FIL2O W we Pi—we 2w bf—w D
[ OE o O & | []OE w | % @
Y ADIN = = = H
CE Vss CE Vss CE Vss CE
I __oo—{meser E: T 1 I 1 1
i T, (fZ
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CEas
CA1 J
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4 2 amp SP
- FIL1O >—(m
XT =
=
Vss. X7
Vss:  SGC SG
£
. < T
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OKI semiconductor

MSM6258/MSM6258V

ADPCM SPEECH PROCESSOR FOR SOLID STATE RECORDER

GENERAL DESCRIPTION

The MSM6258 is a complex and highly integrated ADPCM speech processor, implemented in CMOS
technology for low power consumption. The integrated AD and DA converters make the chip more
self-contained, relieving the need of an external conversion circuitry. The device comprises internally a
DRAM controller permitting the use of DRAMs alternatively to SRAMs and ROMs to store speech data. In
other words, less periphery, thus less system vulnarability. A voice detector circuit and a phrase select
provision are succesfully added features for more performance.

The ADPCM analysis and synthesis block is identical to the popular OKI MSM5218, that is, the bit
overflow protection is included in the interest of improved reproduction quality. The device is offered in
two basic versions, each of which comes in two package types. One is the version designed to be
interfaced with an 8-bit CPU like the OKI MSM80C85, and comes in a 40-pin DIP or in a 44-pin flat
package; the other operates as a stand-alone solution that includes 19 pin-programmable output lines for
memory addressing and chip select in a 60-pin flat package or in a 68-pin PLCC, respectively, to permit
fully surface mount implementation.

MSM6258 accepts 4 to 8MHz master clocks, out of which two sets of sampling frequencies can be
derived. Additionally, the ADPCM bit number is pin-selectable between three or four bits per sample.
When using 256k or TMb DRAMs, the maximum /O time is approximately 17 minutes at a bit-rate of
16kbit/s, while 256k SRAMs offer a little more than a minute of speech, both in their maximum memory
configurations. At the higher bit-rates, 21.2 and 32 kb/s, the I/O times are reduced proportionally.

In case of DRAMSs, the OKI MSC2304 (2-Megabit. module) or MSC2305 (4-Megabit module) are
recommendable for space and cost saving benefits and in the interest of simplified handling. In the
external mode, the built-in 8-bit ADC is looped in that a separate ADC can be connected to MSM6258,
while the accuracy may be between 8 to 12 bits for ‘recording’ speech. When the playback mode is set,
the internal 10-bit DAC will be disabled to permit the connection of an external device at 10 to 12 bits of
resolution.
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FEATURES

¢ On chip analog /O circuits: 8-bit ADC and
10-bit DAC

e ADC and DAC can be looped to connect
external devices

e External conversion from 8 to 12 bits

e Analog or PCM data input

¢ Analog or PCM data output

¢ Selectable voice detector function

e On-chip complex memory timing & control

¢ SRAM interface: 64 to 256kbit (128kbyte max)

* Power-down mode possible with SRAM

interface

DRAM interface: 64K to 1Mbit (2Mbyte max)

Internal DRAM controller/refresh circuit

Playback from programmed EPROMs

Master clock 4 to 8MHz (typically 4.096MHz)

Sampling frequencies 4.0, 5.3, and 8.0kHz

@4.096MHz clock

Selectable ADPCM bit numbers: 3 or 4-bit

¢ Recording and playback monitor outputs

* Momentary pause function during recording
and playback

e o o o o

e 7 phrase channels with individual length
e Two versions: For stand-alone operation
For CPU interface (8-bit)
e Four packaging options for flexible device
mounting
¢ Single power supply + 5Volts (10%)
e Current comsumption: 4mA (@4.096MHz)

10uA during standby

‘ (SRAM interface)
e Operational temperature —40 to +85°C
(Stand-alone version)
e Operational temperature —40 to +85°C
(MPU I/F version)
e Stand-alone version
60 pin plastic FLAT
68 pin PLCC (upon request only)
e MPU interface version
44 pin plastic FLAT
40 pin plastic DIP
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BLOCK DIAGRAMS

A. STAND-ALONE VERSION

CA1 O~ o213 [ pam |13 [G]21|8 Bl=0 40
CA2 O SEH s z {
T <oy 13x16b 8 Q% S
CA3 (- 5323 5x8b 3 2 al=0as
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AN a0

PIN CONFIGURATION

Stand-Alone version MSM6258GSK (GS-K)
60-LEAD PLASTIC FLAT PACKAGE (bottom)

5
5
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— .
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[ 1vek
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D4
A3
—bs
a2
— )

1Al
— 74
— 7Y/
[ 1IAD/EAD
[__1vbs

w

30
D2 [C—IVKSICK)
D1 ———1VR(ADSI)
LN w— [—vss2
{2 I — [cat
LY m— ——cA2
vsst ] —ca3
SAM1 ] MSM6258GSK [ 1FRST
SAM2 [ ——_1vbD
FY: 3 — 1 PAUSE
A ] ST*SP
A0 [ 1 RAS(OE)
XT ] — T
XT ] I—1CAs
D/SRAM | a7

3
N m— O
A2
RAMS2 ]
RAMST [
OVF(FST) ]

MPU interface version MSM6258VRS

A13
4B/3B
YN T 3 —
DASO ]
sock [
N[ e—
PLAYM [

40-LEAD PLASTIC DUAL-IN-LINE PACKAGE (top)

1

17
16

A6 [
AC
DAOUT [

WE

40

D4 [
VeK
RECM ]
REC/PLAY []
D3 ]
p2 [J
D1 [
Do [
vsst []
sAam1 []
saM2 [
Mck [
xT [
xT ]
mpu [
108 ]
TRS2 [
TRS1
OVF E

N 4838 []

o U

MSM6258VRS

] D5

] Dé

] o7
] IAD/EAD
1 vbs
[l visICK)
[} VR(ADSI)
0 vss2
[] voD
[] PAUSE
1] sT-sP
[l oic
] RD
1 cs

WR
g DAOUT
0 AC
[] PLAYM
1 sock

[] DASO

20

21
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MPU interface version MSM6258VGS (GS-K)
44-LEAD PLASTIC FLAT PACKAGE (top)

—— 1w
w
S

33

S

O |[E=—/wr
] RECM
— Yo
— )
—
[ voD
__1INC
[ 1D6
— 7
[ IAD/EAD

D3 [ I INC

D2 ] 1 vI(ADSI)

D1 ] [ 1 VR(ADSI)

|2 ) m— [ vss2
vsst [ [—— 1 vbD
sam1 MSM6258VGS-K [ PAUSE
sam2 1 1sp
MCK [ —

b L — — )

b4 e—— — T
MPU ] | e— ]

1 | 23
SlHTHHNTTE
N N~ L@ OX S ok

Note: Since 17, 39 pin (VDD’) is substrate continuity, short-circuits with VDD in
the outside.

ABSOLUTE MAXIMUM RATINGS
STAND-ALONE & MPU interface version

PARAMETER SYMBOL CONDITIONS VALUE UNIT
Power supply voltage Voo Ta = 25°C —03t0 7.0 Volts
Input voltage Vv Ta=25C |—0.3to VDD+0.3 Volts
Storage temperature T e —55 to +150°C deg C
Maximum permissable loss Py e e 1 Watt

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation
should be restricted to the conditions as recommended. Expomre to ABSOLUTE MAXIMUM RATINGS for
extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL CONDITIONS VALUE UNIT
Power supply voltage Voo —)— 3.510 6.0 Volts
Ambient range Top —/— —40 to +85 deg C
Oscillation frequency fosc —/— 4108 MHz
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DC CHARACTERISTICS i
(Voo = 5V/10%, Ta = —40 TO +85°C) STAND-ALONE VERSION

(Vop = 5V/10%, Ta = —30 TO +70°C) MPU I/F VERSION

PARAMETER SYMB CONDITIONS MIN MAX UNIT
Operating current Ibp @4MHz 4 mA
Stand by current lps With SRAM, AC = H 10 rA
H input voltage Vine 3.6 \
H input voltage (Note 1) Vinz 0.8 x VDD "
L input voltage Vi 0.8 \")
H output voltage Vou IOH= —40 A 42 \"
L output voltage VoL IOL= 2mA 0.45 v
H input current L Wlt\f}tl)#t puyodswn 10 uA
H input current (Note 2) lin2 W\I/tlthp__l!“ \?ggn 20 400 rA
L input current " VIL = OV —10 5 rA -
Output leakage current o OV < VO < VDD -10 10 uA
DA-output relative error Vbae No-load 40 mvV
AD conversion precision Vaoe VSSIVE XS\%; ov -1 40 mV
ok DS Selacted SV lvsst'S Ve - ov| ® ®
AD S/N ratio* Sn2 12-Bit, full scale 66 dB

Ext ADC oonnected VSS1 ='VSS2 = OV

DA output impedance Roba 12 22 kOhms
VR input impedance Rvr 35typ kOhms
VR input voltage Vyr 09 x VDD| VDD \"
VI input voltage Vui 0 Vvr \
VI input impedance Ry 10 kOhms

*SN=(Mn—1)x6
n = ADC bit number

NOTE 1: Applies to XT
NOTE 2: Applies to ST/SP and PAUSE and MPU
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PIN FUNCTIONAL DESCRIPTION

TERMINAL NUMBER LSI VERSION
PIN NAME 110
40DIP 44FLT 60FLT 68PLCC SA MPU
IAD/EAD 37 35 32 62 ! ©] ©]

In the recording (analysis) mode, this pin selects either the internal ADC or an externally connected
converter.
“H” = internal, “L” = external.

VI (SICK) [ 8 [ 8 | 3 | e ] o | ©

If the internal ADC is selected (IAD/EAD = H), the analog signal coming from a pre-amplifier/low pass
filtter configuration can be input through this terminal.

If an external ADC is selected (IAD/EAD = L), the PCM data clock can be input here.

SICK = [S]erial [lJnput [Clloc[k], as in the case of MSM5218.

VR (ADSI) | 84 | 3 | 2 | 59 | I o | o

If the internal ADC is selected (IAD/EAD = H), this pin accepts the reference voltage for the internal
converter. Nominally, the reference voltage is VDD. thus derivale from the power supply rail.

In the external ADC mode (IAD/EAD = L), this pin functions as the imput for PCM data.

ADSI = [A]nalogue/[DJigital [S]erial [I]n, as in the case of MSM5218.

SOCK ]22|19T1o]38|o|o[o

The terminal provides the serial output clock to shift out the PCM data available at DASO.

DASO | 2o | w8 | 9 [ s | o [ o | o©

The recuperated PCM data is output here in the record and the playback (synthesis) mode.
DASO = [D]igital/{A]nalogue [S]erial [O]ut.

DAOUT L25|22l15|43|o]o|o

Voice signal output terminal. DAOUT provides ground level during stand by (AC = H), in order to minimize
the current through an eventual transistor amplifier stage. Note, that a “pop’’ noise appears when the
level goes to ground. In case of the SA version, when AC is changed from H to L, DAOUT raises from
GND to VDD/2 within 16 msec. In case of the MPU version, when recording or playback is suspended
by stop command, this terminal maintains the level when suspended. By start command, recording
or playback is started. At the same time this terminal changes 1/2 VDD level. During recording (analy-
sis), trllis terminal monitors the analog input with a slight delay, being useful to measure with a scope
in real time.
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PIN FUNCTIONAL DESCRIPTION, continued

TERMINAL NUMBER LS| VERSION
PIN NAME /0
40DIP 44FLT 60FLT 68PLCC SA MPU
AC 24 21 14 42 [ O O

A “H” level applied to this pin initializes the entire internal circuitry (reset function), and causes the
DAOUT output to return to ground level. MSM 6258 provides power-on reset, setting AC initially H.

SAM1 10 6 53 18 ! @) ©)
SAM2 11 7 54 19 | O O

The logic levels on these two pins determine the sampling frequency as follows:

SAM1 SAM2 SAMPLING @fosc =
FREQUENCY 4.096MHz
L L fs1 = fosc/1024 4.0 kHz
H L fs2 = fosc/768 5.3 kHz
L H fs3 = fosc/512 8.0 kHz
H H invalid invalid

The maximum recording playback times are calculated by:

disposable memory capacity [kbit]
fsample x ADPCM bit number [kb/s]

VCK 2|42L42|5ToioLo

Outputs the sampling frequency (Voice Clock) selected at SAM1 and SAM2 for further control tasks to
peripheral circuits, if required. The dW ratio is 50%, while VCK is output during AC = L, when interfaced
with DRAMs and the MPU version. When the SA version is interfaced with SRAM, VCK is output during
recording and playback and not during standby. During AC = H, VCLK is $.

[sec]

PLAYM ]23]20]12[4010[00

During the activated playback (synthesis) state, this pin outputs an “H” level for the duration of the
operation. During recording (analysis), a “L” is provided.

RECM T3[43|43 6 o) o )

This terminal outputs L, H, or a 2 Hz pulse depending on the state of operation:
1. During playback = L
2. Stand by during recording = L
3. During recording = H
4. During pause or voice detection = 2 Hz pulse

RECPLAY [ - [ - [ 4 | 8 [ o | x

Selects recording (analysis) or playback mode (synthesis). “H” = recording, “L” = playback.
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PIN FUNCTIONAL DESCRIPTION, continued

PIN NAME TERMINAL NUMBER o L1 VERSION
40DIP 44FLT 60FLT | 68PLCC SA MPU
OVF(FST) 19 15 5 ™ 5 = S

1. OVERFLOW INDICATOR. During recording and playback, an H is output if frequency of waveform
exceeds 80% of dinamic range.

2. FLAG STATUS INDICATOR. This is a monitor output related to the phrase channels, operable in stand
by only. If a selected channel does not contain voice data, an L is output. If data is present, an H is
provided. Since the MPU I/F version omits the phrase channels, this function applies to the stand-alone
version exclusively.

D/SRAM | - [ - ] e [ 22 | 1 [ o ] x

Selects the DRAM or SRAM interface. “H” = DRAM, “L” = SRAM (EPROM).

%(ﬁ)(—[—[zo]4a|o]o|x

This is the Row Address Strobe signal for the DRAM interface (D/SRAM = H), or the Output Enable
signal for the SRAM interface (D/éRAM =L).

CAsS | - | - ] =8 [ 4 | o | o | x

CAS on MSM6258 is output monitor pin for column address strobe timing. Please do not connect
the CAS pin of DRAM directly to this pin. Only high order address bits are connected to DRAM
CAS signal.

WE | - [ = ] % [ 4 | o [ o [ «x

Provides the Write Enable signal either to the DRAM or to the SRAM memories.

VDS I—’—(31L61|IlO|X

The level at this pin selects or deselects the Voice Detector Function, “H” = on, “L” = off. The voice
detector. may be compared with an auto-start recording upon detection of a sufficient voice signal level.

FRST [ - [ - 24 [ s [ 8 X

Resets the flag of a selected phrase channel when the flag status is H. Only operable during stand by.
Also refer to OVF (FST) description.
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PIN FUNCTIONAL DESCRIPTION, continued

TERMINAL NUMBER LSI VERSION
PIN NAME o
40DIP 44FLT 60FLT 68PLCC SA MPU

DO 8 4 50 15 YO @) O
D1 7 3 48 13 /1O ©) @)
D2 6 2 47 12 /o] O @)
D3 5 1 46 10 /0 (@] O
D4 1 M 40 5 [/[e] O (@]
D5 40 40 38 1 /o O @)
D6 39 37 36 66 7{e] (@] O
D7 38 36 34 64 /0 O @)

This bi-directional data bus conveys the ADPCM-coded data to and from the memory. One byte consists
of two nibbles in the 4-bit ADPCM data format. Also in case of 3-bit data format two nibbles are
presented, but the LSB of each is always externally pulled-down. The MSB of every nibble indicates
whether the input waveform is ascending (MSB = O), or descending (MSB = 1). DO to D7 output or
input a pair of ADPCM nibbles during every sampling period, which is VCK.

The MPU I/F version additionally uses the data bus to call and send command and status data.

ST-SP - | - ] a2 ] s | 1 | o [ x

This is a pulse input commencing START and STOP of either recording or playback. When the LSl is
reset, and a pulse applied, recording or playback commerce at the raising edge of this pulse. Any
operation is cancelled at the raising edge of another pulse applied to this terminal. In applications, this pin
is connected to VDD via a momentary switch. If not, the pulse width should be at least 2usec long. The
input is internally pulled-down.

PAUSE [ - | - [ = T s ] 1 o | x

When momentarily connected with VDD, the recording or playback operation is temporarily suspended.
The input is internally pulled-down.

XT 14 10 59 25 o) e O
XT 13 9 58 24 I o) e)

#*
These are the crystal connectors. When the clock is to be applied from an external source, XT is used to
input the signal while XT remains open.
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PIN FUNCTIONAL DESCRIPTION, continued

PIN NAME TERMINAL NUMBER " LS VERSION
40DIP | 44FLT | 6OFLT | 68PLCC SA MPU
RAMS1 n = | = <
RAMS2 - - 3 0 | S X

In connection with terminal D/S, the logic levels on RAMS1 and RAMS2 (RAM SIZE) determine the type
and capacity of the memory chips as follows:

D/SRAM RAMS1 RAMS2 MEMORY
H L L 64k DRAM (including 41464)
H H L 256k DRAM (including 414256)
H L H 1Mb DRAM
H H H prohibited
L L L 64k SRAM
L H L 256k SRAM
L L H AO TO A18 BINARY
L H H prohibited
4B/3B [ 20 [ 1 | 7 [ 3 [ 1 0 1)

The logic levels on this pin determine the ADPCM data format:
“H” = 4-bit ADPCM, “L” = 3-bit ADPCM.

CA1 27 57 I o} X
CA2 - - 26 56 ! O X
CA3 25 55 | @) X

The address inputs to select the recording and playback phrase channels. Up to 7 channels can be
selected, while the code LLL, corresponding to channel 0, is reserved for reading data from EPROMs, or
for use of the memory attached without channel separation.

The condition that permits recording on a channel n with FST = L is that the flag of the upper priority
channel n-1 is H.

Priorities: CHANNEL 1 > 2 >3 >4>5>6>7

CHANNEL CA1 CA2 CA3
0 L L L
1 H L L
2 L H L
3 H H L
4 L L H
5 H L H
6 L H H
7 H H H

The MPU I/F version omits the phrase channel provision.
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PIN FUNCTIONAL DESCRIPTION, continued

TERMINAL NUMBER LSI VERSION
PIN NAME /10
40DIP 44FLT 60FLT 68PLCC SA MPU

A0 33 63 o O X
A1 35 65 0] O X
A2 37 67 o} O X
A3 39 2 (@) (@] X
A4 41 4 o @] X
A5 44 7 (¢} (@] X
A6 49 14 o (@] X
A7 51 16 o (@] X
A8 55 20 o (@) X
A9 — — 56 21 (o} (@] X
A10 57 23 o (@] X
A1 1 28 (@) O X
A12 2 29 (o) O X
A13 6 33 o (@] X
A14 8 35 (e} O X
A15 1 39 (o} O X
A16 13 41 o O X
A17 17 45 o (@) X
A18 19 47 (o} (@] X

Address outputs to external RAM. Depending on which type of RAM and RAM capacity is used, the bus
provides the number of required addresses, while not required lines operate as chip select outputs
(Active = 0). In other words, the pins RAMS1 and RAMS2 program the address bus AQ to A18

MEMORY TYPE ADDRESSES CHIP SELECT
DRAM 64k AQ TO A7 A8 TO A18
DRAM 256k A0 TO A8 A9 TO A16
DRAM 1Mb A0 TO A9 A10 TO A1
SRAM 64k A0 TO A12 A13 TO A18
SRAM 256k A0 TO A14 A15 TO A18
Maximum configuration of memory chips:
MEMORY TYPE 4-BIT ADPCM 3-BIT ADPCM
DRAM 64kx1 11SETS OF 8PCS [88] 11SETS OF 6PCS [66]
DRAM 64kx4 11SETS OF 2PCS [22] 11SETS OF 2PCS [22]

DRAM 256kx1
DRAM 256kX4

8SETS OF 8PCS [64]
8SETS OF 2PCS [16]

8SETS OF 6PCS [48]
8SETS OF 2PCS [16]

DRAM 1Mbx1 2SETS OF 8PCS [16] 2SETS OF 6PCS [12]
SRAM 64k 6 PIECES 6 PIECES
SRAM 256k 4 PIECES 4 PIECES

The MPU I/F version omits the address bus A0 to A18.
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PIN FUNCTIONAL DESCRIPTION, continued

TERMINAL NUMBER R LSl VERSION
PIN NAME /o] -
40DIP 44FLT 60FLT 68PLCC SA MPU
VDD 32 29 23 52 | O O
Power supply pin, nominally 5 Volts.
VSS1 | 9 | s 52 17 ] ] O 3
Digital ground pin, nominally 0 Volts.
VSS2 | 8 | 3 [ 28 58 I ¢ ¢

Analog ground pin, nominally 0 Volts.



PIN FUNCTIONAL DESCRIPTION FOR MPU I/F ORIENTED 1/0Os

TERMINAL NUMBER LS| VERSION
PIN NAME /0
40DIP 44FLT 60FLT 68PLCC SA MPU
MPU 15 1 - - I X (@]

Selects the MPU intérface. When H, the internal circuitry is set to communicate with an external CPU.
Since the input is internally pulled-down, make sure to ‘apply a H.

cs 27 s | - [ - I | x ] ©

A chip select input. When receiving a L, the MSM6258 can communicate with the CPU. When set to H,
the data bus goes on high impedance, thus disabling read & write functions.

MCK [ 2 | 8 | - [ - [ o |J x ] o

rSIynchronization signal to the CPU. During recording and playback, a frequency of fsample/2 is output
ere.

RD | 28 | 24 | - ] 4 | 1 ] x | O

When this pin is L, the CPU can read the ADPCM coded data or status data of the MSM6258.

WR ]26|25|-|48]||x|o

At the L to H transition, the CPU can write ADPCM data or command data into the MSM6258.

D/C [29T26—[—|—]I]X|O

When Zglected H, the data bus provides ADPCM data; when L, command or status data can be
accessed.

TDS 16 12 | X O
TRS1 17 14 ! X O
TRS2 18 13 | X O
TSP 30 27 - - | X O
TRP 4 44 | X O
TVD 36 34 | X O

These are test inputs for factory testing. The three terminals must be grounded during normal operation.
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HOW TO CONTROL EXTERNAL ADC & DAC

Internal and external modes are related to signal conversion:

MODE IAD/EAD = H (INTERNAL) IAD/EAD = L (EXTERNAL)
VI(SICK) VI (Voltage Input) SICK (Serial Input Clock)
VR(ADSI) VR (Reference Voltage) ADSI (Analog/Digital Serial Input)

External DAC

The straight binary (PCM-coded) data is fed into the MSM6258 through terminal ADSI, while the data
clock must be applied to SICK. As a result, every bit coming from the external ADC is shifted into the
speech chip at the raising edge of every clock-in pulse. In case less than 12 bits are provided, the
remaining lower order bits (LSB) must be clocked in as zeros. However, usually an external ADC of more
than 8 bits will be employed to boost up the speech quality.

Timing charts (fosc = 4.096MHz)

External Analogue-to-Digital converter

] 1 DATA LATCHED
Ve INTO MSM6258
| INT

ADSI MSB, LSB
25B 35B4SB 10SB11SB

SICK 4 I
N l—{}@

>2us >2us

External Digital-to-Analogue Converter

VCK ‘ 1
DASO LSB
MSB2SB 3SB 10SB11SB
SOCK
7.8us t<—3.9Us
(fosc = 4.096 MHz)
External DAC

During playback, recugerated straight binary PCM coded data is output by terminal DASO, while the data
clo'ck is available at SOCK. Every bit of the PCM pulse train is valid upon the falling edge of the clock-out
pulses.

The effort that an external DAC involves is worth while only under the condition that an external ADC of a
higher resolution than 8 bits is used at the input.

MSM6258 does not accept u-LAW or A-LAW companded PCM data, and also does not satisfy CCITT
G.721 recommendation. Therefore, the device cannot fully replace an ADPCM CODEC.

124



RECORDING INSTRUCTIONS (For Stand-Alone Version)

1. Select the desired sampling frequency at pins SAM1 and SAM2.

2. Set the REC/PLAY pin to “H” to determine the recording mode.

3. Set the phrase select pins CA1 to CA3 in accordance with the channel priority.
4. The flag of the selected channel is outgut at pin OVF(FST) (Note).

5. Commence recording by pressing the ST-SP momentary button.

NOTE: When the selected channel flag if “H”, it is indicated that the channel is already recorded. The
available recording time for a new input is identical to the duration of the previous recording length, and
ends automatically when the pre-recorded data boundary has been reached, followed by an internal
reset.

The ST-SP input has no effect during recording. In other words, the recording operation cannot be
suspended intermediately once commenced.

When the selected channel flag is “L”, (can also be set to L by applying a H pulse to the input), recording
time is freely available until ST-SP is pressed again. However, if the recording merges into another
alr)eady recorded channel, playback of this intruded channel becomes impossible since its flag is reset

In brief:
FST=H FST=L
RECORDING 1 2
PLAYBACK 3 4

1 = The recording time is the same as the previous.

2 = Recording time is variable.

3 = Playback time as previously recorded.

4 = Playback impossible when data from previous channel has merged.

PLAYBACK INSTRUCTIONS

1. Set REC/PLAY to ‘L.

2. Select the desired channel to be reproduced.

3. Make sure that the OVF (FST) pin outputs ‘H'. If ‘L’, playback is not possible (see table above).

4. Input a pulse through ST-SP to commence playback.

5. Playback stops automatically when the time of the recording has elapsed, or can be interrupted any
time by another pulse to ST-SP.
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START/STOP/PAUSE TIMINGS

1.) RECORDING (FLAG = L)

a: STARTand STOP

START STOP
ST-SP L

FLEXIBLE RECORDING TIME

b: TWICE PAUSE DURING OPERATION

START STOP
ST-SP 1 !
PAUSE 1 -
' TEMPORARY » RESTART
¢: ONCE PAUSE DURING OPERATION
START STOP (PRIORITY)
ST-SP 1
PAUSE 1
‘ STAND BY
' TEMPORARY STOP

d: PAUSE DURING STAND BY

START STOP
ST-SP Il 1
PAUSE 1 __ |
INVALID INVALID
2.) REC/PLAY = H (recording), FLAG = H
STOP
ORIGINAL LENGTH OF SELECTED CHANNEL AUTO-RESET
- f—] STOP & RESET
TOP
START 1 L STo
INVALID
3.) REC/PLAY = L (PLAYBACK), FLAG = H
START ORIGINAL LENGTH OF SELECTED CHANNEL END OF PLAY
ST-SP 1 STOP
START STOP
ST-SP L
STANDBY MODE

NOTE: PAUSE timings at 2.) and 3.) are idenfical with 1.) b,c,d.

4) REC/PLAY = L (PLAYBACK), FLAG = L

The LSl is in Stand by condition,
and does not permit playback.
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POWER-DOWN REDUCTION MODE

During stand by, the internal oscillation circuit automatically stops the operation and validates the
power-saving mode. This mode can be entered under the condition that the SRAM interface is set (D/S
= L).When the master clock is 4.096MHz, the start-up period after cancellation of the power-saving
mode by a START pulse lasts 20 to 30 ms until the oscillator stabilizes.

HOW TO USE PHRASE CHANNEL “0” (Stand-Alone Version)

[1]. Phrase channel “0” is effective for reading EPROM resident ADPCM coded speech data into the
MSM6258. The EPROMs may have been programmed previously by a SAS1A or AW101 development
system.

When channel “0” is selected (CA1 to CA3 = L L L), all address outputs from AO to A18 are initialized to
all “0”, and commence counting up the binary addresses upon receipt of a pulse to the START input.
Condition: RAMS1 = L, RAMS2 = H, D/SRAM = L, refer to pin descriptions. Playback of certain words
or word groups can be implemented by external individual control of the CE inputs of the EPROMs.
However, this demands adequate editing of speech data prior to writing the EPROMs. In the interest of
best reproduction, the MSM6258 should be set at the same sampling rate at which the data was recorded
and stored in the memories.

When channel “0” is selected VDS (voice detector) input goes to L.

PLAYBACK INSTRUCTIONS:

a. Set “REC/PLAY” to “L”.

b. Select channel 0 by setting CA1 to CA3 to “L L L”.

c. Make sure that “OVF/FST"” output is H, otherwise playback is impossible. If necessary, reset the chip.
d. Apply a pulse to “ST-SP”, and playback commences.

e. Suspend playback with another pulse to START/STOP.

[2]. When DRAM or SRAM memories are interfaced with MSM6258, the selection of channel 0 gives the
user the totally available memory area without channel separations.

SPEECH DEVELOPMENT SYSTEMS

Right top: SAS1A records, replays, edits speech DO D1D2D3 D4 D5 D6 D7

data, and writes ADPCM coded data into 64 to

128k EPROMs. It also copies written EPROMs. l n | | n+1 | Me2ss
A microphone and a line input are provided. [ n+2 IR n+3 ]

Right bottom: The latest development system
AW101 performs the same functions as SAS1A,
but can be linked with a floppy drive, and has a
HEX keyboard for comfortable operation. It .
writes EPROMs from 64k to 512k.

n+1

} SAS

—
S -

n+3 n+2
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SWITCHING CHARACTERISTICS

MPU I/F VERSION

(VDD =4.5V to 5.5V, Ta = —40 to +85°C, fosc = 4.096MHz, fsample = 8.0kHz)

PARAMETER SYMB MIN TYP MAX UNIT

VCK high period note 1 tVH - 1/fs x 0.5 - us
VCK low period note 1 tvL - 1/fs x 0.5 - us
MCK high period note 2 tMH - 39.1 - us
MCK low period note 3 tML - 210.9 - us
VCK raise to MCK raise time note 2 tvM - 19.5 - us
Set up time in respect to MCK fall tRMS 15 - - us
(when reading ADPCM data) note 2

Hold time in respect to MCK fall tRMH 55 - - us
(when reading ADPCM data) note 2

Set up time in respect to MCK fall tWMS 70 - - us
(when writing ADPCM data) note 2

Hold time in respect to MCK fall tWMH 2 - s - us
(when writing ADPCM data) note 2

RD pulse width tRR 250 - - ns
D/C set up time in respect to RD fall tDCR 50 - ns
D/C hold time in respect to RD raise tRDC 100 - - ns
CS setup/ hold time in respect to RD tCR 50 - ns
Data stabilization time after RD fall tDRE - - 200 ns
Data floating time after RD raise tDRF 10 - 200 ns
WR pulse width tww 250 - - ns
D/C set up time in respect to WR fall tDCW 50 - - ‘ns
D/C hold time in respect to WR raise twDC 100 - - ns
CS setup/ hold time in respect to WR tcw 50 - - ns
Data set up time in respect to WR raise tDWS 100 - - ns
Data hold time in respect to WR raise tDWH 150 - - ns
AC fall to START command input note 2 tAS 16 - - ms
START command input set up time tWVS 4 - 120 us
in respect to VCK raise note 2

STOP command input hold time tWVP 4 - 120 us
in respect to VCK raise note 2

VCK fall to RECM raise tVRR 0 - 2 us
VCK fall to RECM fall tVRF 0 - 2 us
AC fall to DAOUT = 1/2vDD note 2 tDAS - 15.6 - ms
START command input to PLAYM raise tWPR 0 - -4 us
"STOP command input to PLAYM fall note 2 tWPF 0 - 2 »s
Time from STOP command input to note 1 tspt 260 _ _ 8

START command input

NOTES:
1.) Directly proportional to fsamp
2.) Directly proportional to fosc

3.) Sampling frequency x 2 — tMH
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STAND-ALONE VERSION

(VDD =4.5V to 5.5V, Ta = —40 to +85°C, fosc 4.096MHz, fsample = 8.0kHz)

PARAMETER SYMB MIN TYP MAX UNIT
AC pulse width tACP 2.0 - - us
ST-SP pulse width tSTP 2.0 - - us
PAUSE pulse width tPAP 2.0 - - us
FRST pulse width tFRP 2.0 - - us
ST-SP input to RECM raise (DRAM I/F) tDRR - 16.3 - ms
Oscillation start to RECM raise (SRAM) tSRR 56:2 - 70 ms
Oscillation start to DAOUT active (SRAM) tXDS - 40 - ms
STOP input to RECM fall tSRF 0 - 32 ms
VSS to 1/2VDD transition time at DAOUT tDAR - 16 - ms
RECM/PLAYM “L" to DAOUT = VSS tDAF 0 16 32 ms
START pulse input to PLAYM raise tSPR 0 - 4 us
STOP pulse input to PLAYM fall tSPF 0 - 4 us
PLAYM “L” to next replay START pulse tPRS 35 - - ms
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TIMING CHARTS

MPU interface version

VCK

MCK
ADPCM DATA
FROM MSM6258

bic

RD

cs

(4]

WR

DO~D7

VCK

MCK

ADPCM DATA
TOMSM 6258

D/C

WR

tvMm TMH T—L——_‘l——l-
T tRMS tRMH ' |
TN v X—
T
tCR \'ti'a" tC:i

///////////////////////////////7))\‘—

R AYA

WRITE TIMING (playback or command data input)

H {DRE tDRF
o
ZZZ%'L Valid ﬁ/]//}yy/l}////////////b(va'w
- w)‘ _ X
o \_/
[T T TN /
H ows | owH
-O—
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AC — AS
= 1\
v LML mUmL Ly sigigigigigininliy!
oic
— wysLf {we T U U
- T Es !
b START ! I \\ STOP | START U SJOP
1}
I — ﬂ__Lﬂ n_n.
tVRR TVRF
FECM I | U
o s 0 ~—
D1 S C (JL / Q.I_"_\J G {A—
D2 S G \; ”\I' T \I} a.l*
03~-b7 s {0 : Ot O—AO——
VoD 1/2VDD
DAOUT ‘/\/\‘
GND|
tDAS DAOUT vaiid IDAOUT valiid
RECORDING TIMING
J— tAS
AC . i
VCK
g I Ay l|_ L qmmm_
D/
W u tWVs tWVP U——LJ L_|
|f U |- ] [
B START STOP_START U‘]é’TOP
H
MCK Mn___J1 M m___n m
tWPR_[ | — " weF
PLAYM LWPF [
Do Y, N r——_O—
D1 M\ 0 0 0
b2 A 00— 'y,
\Wg -
gt
D3~D7 v, O O—10 Ov
VDD
DAOUT — W
GND
1DAS DAOUT valid DAOUT valid
PLAYBACK TIMING
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Stand-alone version

1.Recording Timing, DRAM I/F, VDS = “L”

ST*SP l START

tSTP
pLd BT
ST*SP ﬂ START ﬂ sToP
1SRF —=f—e—
RECM tDRR
VCK ------”"" ----------------------------- I“ ” ---------
vDD
Ir- N N
DAOUT —|— — Jna £ VL \—/e — — — — = = _\/i\ﬂf____
N
\\ N N
. N
GND > =
tDAR tDAF
NOTE: When “VDS” 1s H, the pin RECM outputs a 2-Hz pulse during voice
detection.
2. Playback Timing (DRAM I/F)
tSTP
_.!_4__
STOP RE-START

tSPF

e—1tSPR
PLAYM

tPRS '.___.

VCK ------”I”l ----------------------------- ' ”" -------------------
vDD
‘DAOUT __,\/VZ\/:/_\ ______ ___V][Wl\______
N
'I N
N N
GND B N
tDAR tDAF
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3. Recording Timing, SRAM I/F, VDS = L

tSTP
rn
ST*SP I ISTART | ISTOP
, OSC START
b
XT.XT T - -
— 7S OSCILLATION ! ! OSCSsTOP
SRR >l le— tSRF
RECM _J
VCK ”l" ------------------ m—- --t
tXDS
vDD
oAOUT — — — — |- — AL - - — NS e
lAAAf\ ~
N <
GND
tDAR {DAF
4. Playback Timing, SRAM I/F
tSTP
——
r"
ST*SP START |1 STOP RE-START
OSC START
le—
XTXT — L -
<] OSCILLATION H + OSCSTOP I<
tSPR tSPF e
A tPRS

PLAYM ] J——
N - AL

VvDD*

/

~
z ~
DAOUT - * [q 7‘ \7\\\\\ - /\
GND =

tDAR tDAF




HOW TO USE THE DATA BUS (MPU I/F Version)

1. The data bus designations are explained by the following table:

cs D/C RD WR Operation
L H L H ADPCM data output
L H H L ADPCM data input
L L L H Status data output
L L H L Command data input
- H X X X High impedance
2. ADPCM data composition on the bus:

BUS LINES: Do D1 D2 D3 D4 D5 D6 D7
4-BIT ADPCM: BOn Bin B2n B3n | BOn+1 | Bin+1| B2n+1 | B3n+1
3-BIT ADPCM: XX BOn B1in B2n XX | BOn+1|Bin+1 | B2n+1

4-BIT ADPCM 3-BIT ADPCM

B3 = Sign Bit B2 = Sign bit

B2=MSB B1=MSB

B1=2S8B BO=LSB

BO=LSB

Sign bit = 1: Waveform descending

Sign bit = 0: Waveform ascending

3. Command input structure on the data bus:

Do D1 D2 D3 D4 D5 D6 D7
SP PLAY | REC P4 P3 P2 P1 PO
ST ST

CONDITION: CS =L, D/C =L, RD=H, WR =L

SP: terminates recording or playback
PLAY ST: commences playback
REC ST: commences recording
PO to P4: set the initialization pointers. (Normaly setto “L”)

NOTE: Do not input SP command during PAUSE.

4. Command data direction:

command
CPU MSM6258
5. Status output structure on the data bus: X
Do D1 D2 D3 D4 D5 D6 D7
P2 P3 P4 XX VOICE | REC/

) P1

PLAY

CONDITION: CS =L, DIC =L RD=L WR=1L
PO to P4: set initialization pointers

VOICE: L = mute
= voice present

%

REC/PLAY: H = during recording operation
L = during playback operation

6. Status data direction:
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HOW TO MEASURE IDD

VDD
A \DD
VIH
(36V) VDD
A VR
. A18 |
vi A7 |
A16
A5 |
Ata -
A13
REC/PLAY A2~
@ sT-sP { -
PAUSE A0 -
AC [
o7 |
® = > Open
g WE
VDS @ -
© -
IAD/EAD é Do |-
M _
D/SRA set
RAMS1 WE
RAMS2
FRST
DAOUT |~
CA1
cA2
CA3
I»—_L—— XT
a
[ 5
SAM1
SAM2
vSS1  VSS2
' =
VIL (0 8V) =
I.——l ------- 36V
AC
J———[ —————— 3.6V
ST-SP

J

PERIOD TO MEASURE IDD

08V

o8v




PACKAGE DIMENSIONS

68-pin QUAD PLCC (MSM6258JS)

2,29
e 1,07 PIN1 —*3,30
° —
1.48 INDEX MARK 5,51 MIN
1,53 MIN — 033
® % @ = @B BC | 04177
bhoopnoondodonnnad 1,07 & 0,53 @“--
¥ b® e Il
: T b =
g b e
q b
q 1 = {_11_,56
q b =
d b =
: —— e ;_ = 22,61
d b — 23,62
d 1 =
q h =
g b =
g b — 11,56
j o b =
g ' b 0,66 =
| F® 0,81 ‘t_ ==
WUUIJU'UUUIF‘HUUHIJUU "
420 | APEX|REF
—:%% e f— 505°| APEXOFLEADSTOBE
7| [BLal Bc Joss]
25020 ——
12,510
12,635
| 24,130
24,332
12,085
12,166 FOOT-PRINT LAYOUT 68-LEAD PLCC
0,25 MIN.
0,6-0,76 1,27
= —E | l[l 3“]
= 24,130 = i
24,332 g ’ g
20 ]
TYP 25,020 ‘
T 25,270 o —— — Y
] | &
12065 | 42510 & l
12,168 | 92635 P !
l r::ln nn '
oot 0aa
23,12 l
1
Rth (JA) 53°CW
Lead frame:CulAoy ALLDIMENSIONS ARE IN MILLIMETERS %‘&
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CONNECTION DIAGRAM AND CONTROL TIMING FOR DRAM
A. How to connect DRAM

The are 5 kinds of DAM’s that can be connected to the MSM6258:
64K x 1-bit, 64K x 4-bit, 256K x 1-bit, 256K x 4-bit and 1M x 1-bit.

However plase connect as follows:

Type of ADPCM bit length Input/Output X 4-bit DRAM 1-bit DRAM
4-bit Use pin 8 Every even number A multiple of 8
3-bit Use pin 6 — A multiple of 6

B. DRAM REFRESH — The way to referesh DRAM is by RAS only refresh, and so almost
all DRAM’s can be used with the MSM6258.

The MSM6258 has A0 to A18 address pin and if a specific type of DRAM is selected, upper order address bits (A8 to
A11) are used as CAS signal. They also play a role of chip select.

DRAM driving timing of selection of 64K DRAM is shown below.
(diagram 1 to 3)

Timing for DRAM memory

Ao TUu gy
Ao U000 00O
he OUOoU  U0O
STAND BY * 16.8 SEC. 16 8 SEC \1/ 16.8 SEC ;i

64K DRAM SELECTION
tOSC = 4.0MHZ
tSAM = 7 8KHZ

DIAGRAM 1, TIMING OF HIGHER RANK ADDRESS

e 54 <« 4
A10
e I
As
oy I
he a ]
50 4
*‘—’”‘—‘ UNIT.U SEC.

DIAGRAM 2, ENLARGED TIMING OF DIAGRAM 1
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VCK

A8

I_4_2_I

—l—

N I I R I I s e e e L

4
-

AQ~A7 X RN X RAN+1 X RN+2 X

X Rrow X coLuMN X RN+3 X

WE

REFRESH ADDRESS CHANGE

' 8 12

(WHEN RECORDING)

INTERNAL TIMING

i)

(WHEN PLAYING BACK)

REFRESH

N

DATA READ/WRITE \] REFRESH

/r

DIAGRAM 3, DATA READ TIMING OF MSM6258

C. RAM selection and DRAM type that can be used.

Following chart shows the combination between DRAM
Type and addresses when D/SRAM terminal is “‘H’’ level and DRAM is selected.

Oki’'s equivalent Address Chip Select
RAMS1 RAM2 DRAM Type parts No. Terminal Terminal
64K x 1-bit MSM4164
L L Ao~ A7 As~Ais
64K x 4-bit MSM41464
256K x 1-bit MSM41256
H L Ao~ As Ao~Ais
256K x 4-bit MSM414256
L H 1M x 1-bit MSM411000 Ao~ A9 Ato~A11
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CONTROL TIMING FOR SRAM

Timing for SRAM Memory

Ny

A15

A1s

A13

STAND BY .| 2sEc _L 2 SEC. _L 2 SEC. J
64K SRAM SELECTION
DIAGRAM 4, CHIP SELECT TIMING fosc = 4.0MHz

fsam = 7.8kHz
| 64 I 64 |
‘._10___[

i X X

(WHEN RECORDING)

- oo
|

MSM6258
DATA READ
TIMING
52
52
-_— UNIT: MICROSEC
OE “H* WHEN RECORDING

“L” WHEN PLAYING BACK

DIAGRAM 5, DETAILED TIMING
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HOW TO RE-RECORD

MSM6258 has protection function for each recorded channel. So to re-record, and to extend the length of recording,
the protection function has to be turned off for each subsequent channels. For example, if CH-1 is to be extended then

CH-2 protection flag is cancelled by activating, the ‘‘flag reset” pin (FRST =H).

Below is a sequence to record over and change the recording lengths 6f channel 2-4 after the channel links and lengths
had been established. Please note that each channel has an override priority. That is, if CH-2 protection flag is reset
and the new length of CH-2 is longer than before, it will extend into CH-3 area even if CH-3 protection flag is set.

1. Select channel 2 and reset the ““flag” of channel-2 by “FRST” ((b))

2.

Record again on channel 2. At this time, FST is low and so input beginning and ending pulse for ST/SP pin is need-

ed. At this stage, recording time of channel 2 is prolonged, FST signal of channel 3 will automatically be low but

at the same time, channel 3 will not be able to be recorded, ((c)).
(2) is an example where channel 3 was selected and that it was recorded again so as not to extend into channel-4.

EXAMPLE SHOWING CHANGE OF RECORDING LENGTH

(a)

(b)

(O]

(e)
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. (e) is an example where channel 4 is reset and recorded over.

EXTERNAL RAM CAPACITY

CH.1 2 3 4
FST=“H" oy aH apr
RESET FLAG OF CH.2
CH.1 2 3 4
EST = “H" ooy “qr ap
RECORD AGAIN TO CH.2
CH.1 2 3 4
FST=“H" ayn apr ap
RECORD AGAIN TO CH.3
CH.2 2 3 4
FST="H" g oy “hr
RESET CH.4 FLAG AND RECORD
AGAIN TO CH.4 '
CH.2 2 3 4
FST = “H" oy “H wyr




As shown above, all channels of MSM6258 can be used for external RAM efficiently.

OVF PIN OF MSM6258

OVF pin of MSM6258 outputs ‘‘H’’ level when input signal exceeds 80% of dynamic range. However, human voice peak
has extremely large amplitude as compared with the average, so even if ““H” level is outputed from OVF pin, average
power of voice is occasionally too small and the playback signal is noisy. Therefore, usage off OVF pin be avoided.

GND

PIN CONNECTION FOR MPU INTERFACE
Following pins Must Be Grounded for MSM6258VRS

1. ST.SP 5. TRS1
2. REC/PLAY 6. TRS2
3. VDS 7. PAUSE
4. TDS
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savizs LLLLL ]
330 330 & =S 2Mb DRAM MODULE
= f/ TC g 103
SW1[SW2[SW3|SW4(SW5{SW6 [PB1 |PB2 > < 932 ps fo) ] o
FLAGRES < ¥ E
. _A9 L
d PAUSE RAS
START/STOP  RAMS{ L
Do MSC2304-15
CA1 | YSB/KS8
CA2 i
CA3 |
]
52 D7
st A0
REC/PB g 1
4069 g :
MIC PRE-AMP ANTLALLASING ovrrst 2 !
|
LPF VIN A8
SWITCH FUNCTIONS
SW1: RECORDING OR PLAYBACK SAMPLING ——fyck WAVEFORM SMOOTHING  PWR-AMP SPEAKER
SW2/SW3- SAMPLING FREQUENCY CLOCK OUT T
SW4/SW5/SW6: CHANNEL SELECT 10pF LPF
PB1- COMMENCES START OR STOPS OPERATION XT DAU .
PB2: SETS THE PAUSE MODE 10pF | IMPEDANCE
PB3: CAUSES FLAG RESET —L %7 PBMON|—>o—(J)— BUFFER  +5V
PB4: INITIALIZES THE CHIP 4.096MHz 't
o REC MONI{>0—(@) ==
= b 9 Decoupling capacitors (C) 0 1uF
& 4 Q 2x 4069

CA1 -CA3 e e———

STARTISTOP N NN __

REC/PLAY I
REC PLAY

OPERATION TIMING

l

MSM6258 INTERFACED WITH DRAM MODULE (MINIMUM CONFIGURATION)




1543

1
c ] + D ]
R c c G
b 117 111 1
% (W32 e —
A8 Q|2 L—{CAS CAS
! (7]
| o
. ¢
| I
. b3
[}
A0 2
VSS
D7 e[ [ ] |
D6 ]
oe r 2 |- 3 4
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D2
D1
WAVEFORM SMOOTHING
oAU LPF
IMPEDANCE
PBMON BUFFER ~ +8V PWR-AMP SPEAKER
REC MON
7 Decoupling capacitors (C) 0 1uF
1’4
>

MSM 6258 INTERFACED WITH 64K x 4 DRAM (MINIMUM CONFIGURATION)
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CA2
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5 & RECMON{>0—@) =
w = = n 0 Decoupling capactlors (C) 0 1uf
SIS < < n 0
o @« > > 2 x 4069
CA1-CA3 o T —— —— | 1
START/STOP — TN N l
RECPLAY ~———————— =
REC PLAY
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INTERFACE EXAMPLE WITH MSM80C85A




REMARKS TO THE APPLICATION CIRCUITS
1. All by-pass capacitors (C)0.1uF; should be mounted in close proximity to the relevant IC.

2. If the 4.096 MHz crystal were replaced by an 8MHz type, the samplinfg frequency adjusted at pins S1
and S2 is proportionately increased up to the possible maximum of fs = 15.6kHz.

3. When various sampling frequencies are to be used, the cut-off frequency of the LPF’s must be related
individually to fs: fc = fs/2 x 0.85.
For sampling fre(txencies up to 8.0 kHz, the hybrid filters, type number ALP3B (fc = 2.6kHz) and
ALP4B (fc = 3.5kHz) manufactured by SOSHIN may used.

TIME TABLE for application circuits @fosc = 4.096MHz, 4=Bit ADPCM

T
s1 s2 fsample BIT-RATE OTAL I/O TIMES OF APPLICATION CIRCUITS

SRAM DRAM x 1 DRAM x 4 EPROM
L L 4.0kHz 16.0kb/s 23 sec. 128 sec. 64sec. 40 sec.
H L 5.3kHz 21,2kb/s 18 sec. 97 sec. 48sec. 30 sec.
L H 8.0kHz 32.0kb/s 12 sec. 64 sec. 32sec. 20 sec.
H H invalid —/— —/— —/— —/— —/=

4. The analog ground shall be separated from the digital and bonded together at a well chosen system
ground position. Use VSS1 and VSS2! The power rail to VDD/VIN (MSM6258) and the memory
supply line should as well be separated in the interest of improved noise immunity, especially when
using DRAMs. High level and low level signal lines should be located as far from each other as

possible.
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OKI semiconductor

MSC1161

SPEAKER DIRECT DRIVE AMPLIFIER

GENERAL DESCRIPTION

MSC1161 is a speaker drive amplifier IC designed specifically for watches and also for similar small
system having a limitted space and power supply restriction. This IC is used together with a speech syn-
thesizer LSI. It receives a high impedance analog signal generated from D-A converter section of the
voice synthesizer LS| and directly drives a low impedance voice coil of a speaker.

FEATURES

¢ Driven by a single power supply of +3 V. * Bi-CMOS device technology.

¢ Input impedance higher than 1 MQ. e Class B amplification

e Output impedance lower than 10 Q. ¢ Input terminal pins and levels are compatible
e Speaker output enable function. with those of MSM6202.

¢ Two built-in voltage doublers for —Vpp and ¢ Chip, 18-pin plastic DIP, 24-pin plastic flat
2 Vpp. (Four external capacitors higher than
0.1 pF are required.)

BLOCK DIAGRAM

Vop
2Voo L%% Speaker
);four @out -
>> )) wound)
~Voo oout
or

2Vpp

i

LOAD] @ouT

T

-V QouT
DD 2vop
V,
ss 2Vpp C v
? 2Vpp sS
Vss r ‘Generator vep
Co
Vi
i >
Co
> \{2Y
~Vop
Generator -Vpp €0 v
DD

~Vop

Co = 0.1 yF or higher.
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(0.0)

Note: ¢ Chip size: 2.95 mm x 2.65 mm

PIN CONFIGURATION

PAD LOCATION

Pad No. Symbol Position
X Y
1 DAL -1325 —-655
2 DAU -1325 -835
3 MSB -1325 -1175
4 S/D - 865 -1175
5 Vco +365 -1175
6 Vep +925 -1175
7 VcMm +1325 -1175
8 2 Vpp +1325 —-755
9 Vss +1325 -295
10 VpD +1325 +23
1 -Vpp +1325 +203
12 SPO +945 +1173
13 SP@® +325 +1173
14 BD -925 +1173
15 LD -1125 +1173
16 LouT -1325 +1173
17 VoK -1323 +355
18 SPE —-1323 +133

(Top View) 18 Lead Plastic DIP

S
oAL [1] 18] spe
DAU [2] 17} Vex
S8 [3] [16] LouT
sm [4] [15] LD
Veo [5] 3] 8D
Ver (6] : 13] SP@®
Vem [7] [12] sPO
2Vpp [8} 11] -VoD
vss [o] [19] Voo

(Top View) 24 Lead Plastic Flat Package

©

DAL C——
DAU C—
NC ——
MSB ———
S/ID ]
NC ——
Voo ——]
Vep —
Vom ——
NC ——j10
2Vpp —— 11
Vgg —] 12

© ® N O K d N

24
23
22
21
20
19
18

16
15

13

—— SPE
— Vek
——— LOUT
——3 LD
[—— BD
[— NC
= SP®
— SPQ®
F——=a NC
———3 NC
F——— -Vpp
——3 Vpp
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Characteristics Symbol Test Conditions ) Ratings Unit
Power Supply Voltage Vbb Ta = 25°C -0.3t0 +5 \
Ta = 25°C
Digital Input Voltage VIND MSB, S/D, SPE, -0.3to Vpp v
VCK, BD, LD
Analog Input Voltage VINA TB A=LJI§/5\T.C -0.3to Vpp V.
Output Current lout Ta = 25°C 0 to 150 mA
Storage Temperature Tstg — -55to +150 °C
Power Dissipation Pp Ta = 25°C 200 max mw

Operating Ranges

Characteristics Symbol Test Conditions Range Unit
Power Supply Voltage VbD — +2.4to0 +3.3 \
Operating Temperature Topr — -10to +60 °C
Analog Input Frequency fin - Oto8 kHz
Effective Analog Input v Load dependent
Voltage CL per graphs of Fig. 1 0 to Vpp v

and 2
Output Current lout VAIN = 0to Vpp 0 to 80 mA
VCK Input Frequency fvck — 2t08 kHz
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DC Characteristics

(Ta = —10to +60°C, Vpp = 3.0 V, Typ is at 25°C)

Characteristics Symbol Test Conditions Min | Typ | Max Unit
Input High Voltage ViH MSB SPEVCK | 25 | — | — v
Input Low Voltage ViL M B’nglE_bVCK’ — — 0.5 \
Input High Current IH MSB’BSDPE’DVCK’ — | = | 1 WA
input Low Current L MSBBSDPEbVCK’ - — -1 HA
- Input vs. Output Error VIN < VoL _ _
Analog Input Current IINA VIN = VDD - - 3 HA
Switching Transistor Serial
Resistance s - - - 10 Q
LOUT
ON Output Voltage VoL ISINK = 10 mA — 0.4 \
LOUT
OFF Output Leak Current 1 — 1 A
p OR Vo = Vpp K
c . Active at
urrent Consumption 1 Ipp (1) 8 kHz fyck — 1 mA
Current Consumption 2 Ipp (2 \s/tggibéPE =0V — 1 pA
PIN DESCRIPTION
Terminal Number o
Pin N
n vame CHIP 18 DIP 24 FLT /
VpD 10 10 13 l
Vgs 9 9 12 |

Power supply

In general, a 3 V line is connected to pin Vpp and a 0 V line to pin Vgs. Note that the power supply
current needed is determined in most part by the current flowing through the external load. It should
be also noted that the internal impedance of the power supply must be sufficiently smaller than the load

impedance.
DAU 2 2 2 o
DAL 1 1 1 o
MSB 3 3 4 110

The former two pins correspond to the positive half wave and negative half wave of the analog signal
output of the D-A converter in a speech synthesizer LSI (for example, Oki’'s MSM6202) respectively. It
should be stressed to note that in using any LSI, the Vpp and Vgg must be in common with the preced-
ing LSI. The DAU means the positive half wave of the output analog signal and the DAL is the negative
half wave. The following illustration shows a relationship of the MSB pulse with the DAU and DAL waves.
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Negative

Original Signal

Positive /\ /\ /l
NA

N

- s = —— ]

|
|
|
|
|
|
i 1
|
|
|
|

|
I
I
I
|
I
I
I
|

| I
| b
o
: o
| 1
1 [
| l, |
| [
DAU | | : I,
(Positive ! 4/1
. T —T 1 T M T
half side) | | | | Lo :
b e Loy
| [ | by ! |
DAL ! : ! : o I
(Negative L m M
half side) | | | I [N T
I [ bl !
| |
MSB |
| | I————

/.

MSB — “H”
{MSB - “L")

Center

Vbp

Vbb

Vss

MSB — “L”

{MSB - “H™)

SPE

18

18

| 24

Speaker enable input

Used to make the internal circuit active when voice is produced. This feature is so effective for power
saving that the internal circuit is designed to fairly reduce power consumption when no voice is produced.
To enable the speaker at all times, make the pin level high by connecting pin SPE to Vpp or “H’’ as
shown in the truth table below.

Truth Table
IC state
High Active
Low Standby
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) Terminal Number o
Pin Name CHIP 18 DIP 24 FLT
VCK 17 17 23 |

Voltage doubler clock input )
Has a 2 to 8 kHz pulse input. This input is not needed when no voice is produced. It, however, is required
for a period of time for at least eight VCK pulses before starting voice input from the pins DAU and DAL.
The reason is that the 2 Vpp and - Vpp voltages of the internal voltage double circuit should be stabi-
lized previously.

LL

)
SPE
s Input start ' —End
] — #
Min i —
| 8 VCK

2Vpp 8 8 11 I
Vep 6 6 8 I
Vco 5 5 7 |
vcm 7 7 9 I
-VpD 1 11 14 I

Two voltage doublers
Additional capacitors should be externally connected as shown in the preceding ‘‘Block Diagram and
18-Pin Terminal Identification’’ figure. With a specific frequency input from the pin VCK, a doubled vol-

tage (2 Vpp) and negative voltage (— Vpp) will be obtained. It should be noted that the both voltages
are for internal use only.

BD 14 14 20 |

Buzzer drive input

Has a usual square waveform input when no voice is produced, to make the voice speaker sound as
a buzzer. For this purpose, should be as follows.

SPE Input: Low (standby state) ® |’| I—I l"‘l
BD Input: ©

S{:cufic frequency when buzzer mode

Normal (no buzzer) level

Connection Diagram (for single-wound speaker)

Vgs —» MSC1160

spE - L
VoK wr

s0 —0 NI
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Pin N Terminal Number o
in Name CHIP 18 DIP 24 FLT
D 15 15 21 I
LouT 16 16 22 0

Lamp drive input, lamp drive output
A simple independent lamp drive circuit for watch is built in. If a high signal is applied to pin LD, it turns
on the NPN transistor, the open collector of which makes low output signal at pin LOUT, thereby turning

on the lamp.
‘ VbD
Vss
/ —0
LouT
\ 9,
LD [
[ ON
Vss
SP® 13 13 18 o
SPO 12 12 17 (¢}
S/ID 4 4 5 |

Speaker output single/double wind select
The former two pins are connected to the speaker to directly drive in class B amplification. For a speaker
having double-wound voice coil with a center tap, a voltage of Vgg is applied to pin S/D as shown in
the preceding figure of the ‘“Internal Block Diagram and 18-Pin Terminal Identification’. The voltage lev-
el to be applied to pin S/D is charted below.

Speaker Used

Voltage Input Level at S/D

Single-wound type

High (or open)

Double-wound type

Low
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RELATION BETWEEN INPUT VOLTAGE AND VOICE COIL CURRENT

~ @ouT
DAU . O
; —_— (Vout) LOAD (Voice conl)
(Vin)
|
: % : v coil (DC impedance)
leol —F-
s @ouT

+s: Internal serial resistance

M8 of the switching transistor

Vss

STEP 1: Relation between Vin and Vout

The class B amplifier shown in the equivalent circuit above can satisfactorily follow up the input sig-

nal because its frequency is relatively low.

a.

If Vin is lower than Vpp

Vin = Vout + Voffset .......c.ccoevevniriieiieceececeeeeee, (1)

where Voffset represents the offset voltage of the amplifier which is lower than 10 mV. In view of
the fact that ILSB (input least significant bit level) of Vin (D-A converter output) is 10 mV, the offset
voltage, Voffset, can be ignored. (The ILSB is given as ILSB = 2.5 V/2® = 10 mV.) Hence, Eq. 1
can be regarded as

VIN = VOUL oo s s s e 7

. If Vin approaches to Vpp

As long as Vin < Vg, Eq. 2 can be held. If Vo = Vin = Vpp, the following relationship is given.
Vin corresponds almost to Vout in the amplification as described in a. If Vin is made to approach
VDD, the upper limit of the output voltage, Vout, of the ampilifier fixes to the clipped value, V¢ . Hence,
in the region of Vg = Vin = Vpp

VOUL = VOL coiiiiiiiiiiie ittt e s ns et (3)

This equation means that Vout has no relation to Vin.
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c. Graphical illustration

The two operational cases, a and b, mentioned above are illustrated in graph below.

Vout

VoLt — — ———-, A=8B

VcL Vbp Vin

d. Relation between Vpp and Vg

The clipped voltage, VgL, for a specific power voltage, Vpp, can be determined according to
the characteristics of the driver elements in the amplifier. The MSC1160 is designed to have
such load characteristic lines as in Figs. 1 and 2. According to the load characteristic lines, VoL
can be determined uniquely together with Icoil (denoting the current flowing the voice coil) with
a serial resistance of the voice coil as part of a parameter. The designer should take the condi-
tion for Icoil and Vout in designing the voice coil. The condition will be explained in the follow-
ing paragraphs.

Step 2: Relation between Vout and Icoil
a. If Vout is lower than Vg ,.i.e., Vout < VgL

If Vin is rather small, Vout is not clipped by Vg yet. Relationship between Vout and Icoil is
given as

VOUL et )

looll = — ol + 75~

\

Where vs is the internal serial resistance of the switching transistor, and ~coil is the serial
resistance of the voice coil. Since vs is around 5 Q as the switching transistor characteristic, if
~coil can be ignored in comparison with ys, then Eq. 3 can be modified as

VOUL e ees e s )

Icoil = ~coil

b. If Vout is clipped to VgL, i.e., Vout = VoL

The voice coil current, Icoil, can be given by

160H = _YCL oo )
ycoil
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c. Graphical illustration

The two operational cases, a and b, are shown in Figs. 1 and 2 for obtaining the voice coil cur-
rent, Icoil. For using the graphs, refer to the illustration below.

Icoil /

Load characteristic line

lcL

\@ Vo @ VpD Vout

Region 1 corresponds to Eq. 3 or 4.

Region 2 is a range where Vout and Icoil are clipped to Vo and IgL.
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mA
[lcoil]
100 4

70 4

Example 1 For 50 Q load

Vout = Vg = 25V
lcoll = IgL = 50 mA
50 * Example 2 For 66 Q load

Vout = Vg = 26V

Icoll = Ig. = 393 mA
40 1

30 4

20 4

Fig. 1 Determination of Icoil vs. Vout with parameter of
ycoil plus ys at 2.4 V of Vpp
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mA
[Icor)

100 4

Example 1 For 50 Q load
Vout = Vg = 19V

lcall = lcl = 38 mA

Example 2 For 66 Q load
Vout = Vg = 20V

Icoll = Ilcc = 30 mA

24 —=V
[Vout]

Fig. 2 Determination of Icoil vs. Vout with parameter of
ycoil plus vs at 3.0 V of Vpp
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APPLICATION NOTES

®  MSM5205 Voice Synthesis Circuit Example

An example where four 2764 devices are used linked together is shown in
Figure 1. The timing chart for this example is provided in Figure 2.

MSM 2764 (4)

EEG—‘\
Ao~A10An A2 000401 05 02 06 0307
11 8
10 1
. B2 1098
MSM 2764 (3) B L LA4100
CEf~ - (by SANYO Co)
Ap ~ A A11 Az 000401 05 0206 03 O7 123 4567
+ L
11 8 220uzzZ =
+
3w
‘47P
MSM2764 (2) j— |
CE 680P 470
Ao ~ A0 A1 Ar2 0o 04 01 050206 0307 (MSM4556) +470 1
" =
11 8 Qs E——]—
Q2 = []
MSM2764 (1) . Qi BfE
CE] o e
Ao ~ Ao Aro Az 0o 040105 02060307 =
11
O1 ~ O12 B1A1B2A2 B3A3BaAyg
MSM4040 CL KB MSM4019
RESET H3ka D1 D2 D3 D4
384kHz
220P
S1 Q2 D2Q: Do Di D2 D3TT (Low-pass filter)
MSM4013 cLi[—e VCK
RiDIS2Q1R2 CL2 MSM5205 = ALP -4
DA XT
RESETS2S14/3 OUT
T 220P L T3
= LUy N _L
1K 10n O =
R 100
1000p +
I L
20K
‘—ﬁ_———+
4T
START SW ENAQ1AENBQi8 Q28 =
MSM4520
RARB CKa CKB QsB
Note: The 2764 data conforms with

the data analyzed and written by
speech analyzer.

] The power supply is 5 V for the
S—— 4000 series, and for 5205 and

= 2764.

Fig. 1 MSM5205 voice synthesis circuit example

(MSM4025)
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M5205 VCK ”HHH ___________________________ J‘U‘U‘

START SW ! |
M4013 S, ——[

M4013 Q

(M5205 RESET)

M4013 Q,

(4 low order bits)

2
(4 high order bits)

M4040 O,

M4520

M4556

Fig. 2 MSM5205 application circuit example time chart
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RESET
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RESET DAS
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>

PEOVYNSIN

PP B> B
S & D&
BSh o D  0

<>V
B
‘S o WX T W

2000P

| A0 A1 A2 A3 A1 A5 AGAT As A AL

2177

——

OE
WE MSM5128 (1) Vbp
vss

CS 106 1,01 102
107 1,05 l/Oa/ 1,01 1,00)

1T

&
T T T T

hY

o

MSM4515

OE
5 MSM5128 (2) VD
= vss

(pesn

‘G pue ¢ sainbi4 ul uanIb
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01020304 0506070809 0190110y,

e

fa

(6020304050507 05050001107
MSM4040 VDD
;GND R

]
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!
|
|

E MsM5128 (16) PP

CS

w
[T S =]

Fig. 3 MSM5218 Voice analysis/synthesis circuit example
(when MSM5204 is used)
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Power ON __/f i

I-Reset N s

Internal res?t_r—'*’_ﬂ_
5218Reset_ [ 3
VCK R N SRR 1 J 1 I ] I L ] 1 —
Start ;M[—_
Q S
Q2 ¢
Qs ] —5f 1
@ ] —¥ T
Qs ” e T e A o
Q+VCK [ L | L J S N
SeoN@RT U U u U 1] 1 u
5204 conversion &> " | — e Je > | >| e >
INTR ] Ly U I ! ! I
D g I T 1 i ll
4014 P/S ([ M| | 1L | n

o 12 pulses
40148 & im0 kHz) |- Il--] -1 I
SICK T " Tz puses [T =1 =1 =T
Dy ~Dj i 0000 L X X X
$ e S = - Y= 1
g T —F I s v S s n— N
WE ] —iF 7 r 1 —
Address
Count “ 0 T 1 | -

Fig. 4 MSM5218 Voice analysis time chart
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Power ON ,

INITIAL
Reset

Internal reset I I
£
)’

5218 Reset l l

Start J
e

[ R e O e A e O

& {(. I
—
Q2 ,/ l
Q | S

% e 1L

RAM 0 | \
Address . J¢d

Do ~ D WA, X X

DAOUT t Output

i
AEI t !
AE2 /f\ L

Fig. 5 MSM5218 Voice synthesis time chart

167




® MSM5218 Voice Analysis/Synthesis Circuit Example (When 12-bit AD

Converter is Used) '

An example of an application circuit for voice analysis and synthesis using
MSM5218 and a 12-bit AD converter (ADC-80AG is manufactured by *MN Co.)
is shown in Figure 6.

The time charts for these circuits are given in Figures 5 and 7.

* Micro Network Corp.
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691

~rr P +5v 100K } 1 e —E—-—[ﬂ»}
L4 I
by HARRIS Co by MN Co B e (RoA1 A2 As g As ARy | Y
§ 15V MSM512811) VD)
K A 1,06 1,04 V026, VsS
i 0014 /)7 f 05 103 ! _-‘5
: < <27 J)]))
t A
GND HOLD V+ VDD S152 4¢ ANA/SYN E _Y
HA 2435 ADS1 DA OU
INZINHADJ V- OUT Range ADC ~80 AG 1 D; WEZEY VE MSM5128 (2) -
|d A =
o LRl P San MSMS5218RS D2 h: e e e J)) )"
] ps 3 Baf T I IS T
—-15V A5 E Bs J
he = o MSM5 128 (3)
jAs = Bg{A V1 Ll
SD = P =
B I7 1777 )7
VS5 g ARRARRARRARLNY _Y
— T
_ ] MSM5 128 (4)
R ] 1
Q2 Tj H JI 2T
— ]
D Q Q4 L, VoD Blt: you
el B
o [ he RN [Py
o 4 2 By MSM5128 (5)
s 2 Bs - .]-
>~ B
o S 57 ML TTTT T JT =
hs & Bg VT
to MSM5128CS i?s sl BEARLLNRE Y
(1)(2)(3)(4 X5)(6)(7)(8) VsSag g || MSM5128 (6)
({707 777 d 1
5 1234567 =
VOIJD MSM4515 INHIBIT J r)J ) ) ) /‘ J
STROBE = IRRARRARARRRRN
S e Y
T ‘ MSM5128 (7)
= "l pi
L2 2V ) JJJ =
AgA Az A3 AgAs A AT AgAoATo IL T IO
10,0504 050607 010205 MSM5 128 (8)

o

IGN!

D

MSM4040 Vb

R

2z MSM4040
GND R

Vbn

| —

= ]

Fig. 6 MSM5218 Voice anélysis/synthesis circuit example
(when 12-bit AD converter is used)
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Power ON {
Ini1tial
Reset /\

Internal reset l

{¢

5218 Reset l

Start
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o $5
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Qs L__.___
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@ 1S ] ,
L | |
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L
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RAM
éggrres s L o I—
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Fig. 7 MSM5218 Voice analysis time chart
(when 12-bit AD converter is used)



8 Example of Interface between MSM5218 and an External DA Converter

An example of an interface circuit between MSM5218 and an external DA
converter is shown in Figure 8.

The time chart for this circuit is given in Figure 9.

Connected to 12-bit external DA converter Note 1
MSB ~ | LSB
] MSMs 21 8
UQ Q@ Q T—QsQQerQquQzQx
Voo Voo, O E :
OE  MSM4094 S. IN QS MSM4 094 S.IN MSB,/SO
GND
J__ STROBE cL —l T1SNP_ sTROBE CLK | SOCK
+ = |
]
500p
© }
10k —— (b) Reset
@ |
Voo Q& Q CL VCK
MSM4 015
RESET
E GND DATA] Reset input

Note 1. The 12-bit output is in regular straight binary code.
Fig. 8 MSM5218 to external DA converter interface example

Reset input —l “ J

VCK S I T U I |

5218 Reset | / 2

(x) Qs | J
(b) OR output | ( |

(c) STROBE __| l | L l | I l

Expanded time chart for interval A
XT@84k) J'lﬂJ'IJ'U'U'U'!Jlﬂ.I'LI'}.ﬂJ'U'L“—--
VCK ] I
SCON L
MSB/SO Citss

K&>External DA converter
operation interval

L

SOCK

Fig. 9 MSM5218 and external DA converter time chart
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m  Example of MSM6258 Application Circuit
An example of an application circuit which MSM6258 is used with six 64K SRAM

devices for voice recording and reproduction is shown in Figure 10.

FF
VppVssiVss2
VR Al8

VIN §
A3

?
1{ Jg.—REC/mw Az
‘%’—START/S’[OP !
I
T _IPAUSE 0
D/ SRAM b7

VDS s
IAD IS0 o

MSM5165
MSM5165
MSM5165
MSM5165
MSM5165

®Do ~D7A) ~ A g
43 MSM5165

-
|

o
RAMS1 WE
RAMS2

[ -

FLAG
RESET DAOUT|

CAl
CA2
CA3

S

L
fiod
MSM6258

XT
XT

Fig. 10 MSM6258 application circuit example

The time chart for Figure 10 is given in Figure 11.

CA1~CA3 X o
START.’STOP n o N H| .
REC/PLAY L .
! Recording \ Reproduction J
[ ] l -

Fig. 11 MSM6258 time chart
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m MSM5248 and LM380ON (Power Amplifier) Interface Example
An example of interfacing with LM380N to achieve a high volume output from
MSM5248 is outlined in Figure 12.

3v
M
Ao Vrefy, 18 12V
PoH 10k 310k
i 9 1u 6
0——LOAD SP+ . {lr _L
5248 5k 50p LM380N
SP- 4 2 D:]
TEST 0ln
AC
Al
A2
GND =
XT___XT
T
= Eul‘fsmeskﬂz
22pI Izzp ‘

Fig. 12 MSM5248 and LM380 interface example

Note 1. The MSM5248 and LM380N ground pins are connected to a common ground terminal.

2. Use SP and SP- pull-up resistances of about 20 kohm when an external Vref resistance of 500
kohm VR is used.

3. LM380N is manufactured by the National Semiconductor Co.
4. The MSM5248 outlined in Figure 12 shows LOAD input activated with no AO pull-down resistance.
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m  MSM6243 Switch Input Interface Example
An example of MSM6243 switch input interface is shown in Figure 13, and the time
chart for repeated vocalization of a single word is shown in Figure 14.

VDD Vpp
) l l

\& Ay Vpp T,
é Al M Tg
A, SDj
v > N A3 SD2
Ss & N SD,
N A4 SDO
N As S/P
Vbp
i o SPE
o—b3 LOAD VCK
= BUSY,/NAR
P—>

Y""D s AL

A

Py \/ »

° % XT XT VgsSLA "PSLB

. ol Y

When A class is selected
Note: Unused input pins from among A0 thru -[ I-
A6 are to be connected to Vss.

Vss
Fig. 13 MSM6243 Switch input interface example

(L (A
Ac~24s _X ),i J"L

(L .
LOAD 1 LOAD applied| LOAD not applied

{
Approx. 1.1 msec. 1 o

(4
NAR —tj i / 0.15m sec ';[
BUSY [ | : 11 »

Approx. 1.0 msec -
SPE
‘ﬂ ({ \No sound P

ot i ati Standby
DAU or DAL output Standby:)_'eVocallzat|on>l<_:ﬂF—Vocal|zat!|o_n:‘—:__

>

Approx. 1.5 msec Approx. 0.4 msec
(equivalent to three samples)

N A
SMN N

4

Fig. 14 MSM6243 Switch input timing diagram
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B Example of MSM6243 and MSM5055 (Watch CPU) Interfacing with MSC1161
An example of MSM5055 interfacing when MSM6243 is used in time
announcing watches is outlined in Figure 15.

I
32768kHz o

5~35pF

LCD |
PANEL

OPEN

1[0

COM1 Ny~N24 TT2T3T4Ts5
CoM2

LD

BD
= Bonding =
S|
MSMS0S5L—18 Ao XIS 0208 af~ option
M3 A1 VDD
M2 a2 SLB{— "
M, A3 BD LD SP@SP
L2 Ay MSM6243-02 ©sP6
L A5 SPE SPE
T Lo LOAD VCK VCK
s o 5B MSE MSC1161
xT 52 BUSY,NAR DAU DAU
Vpp 2Ut XT DAL DAL MD vcg  Lout
Snszsasu\wﬂ:v(r Vss Vssz l— A6ysg Vpp Tj T2S P Vss2Vpp Ve Vem-Vob
WL [ L o
0 lu.Fl' _st
= 15uF L 1T ]—
T 0 TuFx4

Note: If bonding on chip, make sure that MSC1161 is
(begin-ind) isolated from MSM5055 and MSM6243.
(See accompanying diagram.)

COB example

44
e
HED

i

Fig. 15 Example of MSM6243 and MSM5055 interfacing with MSC1161
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u MSM6243 Microcomputer Interface Examples

MSM6243 has been designed with due consideration given to microcomputer
interfacing, thereby enabling simple voice editing etc. The method for interfacing
MSM6243 to a microcomputer is described here using the well-known Centronics
parallel interface as an example.

Normal Centronic interfaces consist of “handshaking” by BUSY and STROBE
lines where seven or eight bits of data are passed via the D0~D7 data line for
accurate transfer from microcomputer to external device (such as a printer). That
is, the microcomputer first places the data to be sent on the D, ~ Dy line, and after
checking that the external device is not busy (BUSY line at L level), applies positive
pulses to the STROBE line. The external device subsequently detects pulses on
the STROBE line and proceeds to accept that data. An H level signal is passed to
the BUSY line until the external device completes acceptance of the pulses and is
prepared to accept the next set of pulses. In this way, a single item of data is
transferred, and where necessary the next item of data is transferred in the same
way. :

MSM6243 is equipped with a LOAD pin and a BUSY/NAR pin (user selecta-
ble) which correspond to the above STROBE and BUSY pins. Furthermore,
MSM6243 is equipped with Ao — As pins which correspond to the above data
line. Vocalized syllable codes are applied to the Ao ~ As pins. The microcomput-
er is notified whether this input code has been enabled or disabled at this time
via the BUSY/NAR pin (enabled when H, and disabled when L if NAR has been
selected). When enabled, a positive input pulse is applied to the LOAD pin.
Upon input of this code, the BUSY/NAR output is switched to L (if NAR has
been selected) thereby disabling subsequent input. And almost at the same
time, the sound corresponding to that syllable code is vocalized. And if input of
the next code during vocalization of that syllable is enabled, the BUSY/NAR
output is switched to H (if NAR has been selected) in readiness for input of the
next code.

Dy~ Dy X DATA >< DATA ><

STROBE

B

Fig. 16 Centronic interfaces in/out timing
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In this way, sounds can be vocalized by MSM6243 in much the same way that
characters are printed by a printer. The flow for vocalization of a single syllable
code is outlined in Figure 17. And since MSM6243 is equipped with two buffers
for storing syllable codes, editing without interrupting syllables is possible.

Single syllable vocalization output routine flowchart Assume that RESET has
been cancelled by main routine. Assume that syllable codes are obtained from the
main routine.

( START )

NAR output monitoring
(1/0 status input)

> Wait until NAR becomes H

NO
NAR = “H"?

Yes

Syllable code output to
Ao~ A pins

“H” applied to LOAD pin
(STROBE output to
control board)

> Load pulse application

“L” applied to LOAD pin
(STROBE output to
control board)

( RETURN ) )

Fig. 17 Single sound output routine flow chart
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m  Example of MSM6212 Interfacing with an OP amp. (Class B Operation) ‘
An example of MSM6212 interfacing with an OP amp. Used in class B operation is
shown in Figures 18 and 20.

1) Example of circuit where the OP amp. *=power supply is uséd apart from
the MSM6212 power supply

10k 10k

~ 10k ~ 104F
DAL +

Connection to LPF
+
Vss

Fig. 18 MSM6212 and OP amplifier interface example 1

2) DAU and DAL output waveforms and the LPF input waveform in the above
example

o NN N
DAL ov /\ /\/\

| 7N\
Al

Fig. 19 Class B operation output and input waveforms
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3) Example of 5 V single phase power supply circuit for both MSM6212 and
OP amp.

10uF
10k hH———O LPF

Ok

Fig. 20 MSM6212 and OP amp interface example 2

Note: Ensure that the OP amp is operated in this case (begin-end) with an input voltage above 0 V.
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m MSM6212 Switch Input Interface Example
An example of MSM6212 switch input interfacing is shown in Figure 21, and the
time chart for repeated vacalization of a single word is shown in Figure 22.

Vop
IVDD T

\? \° Ao Vop T,
A T
3 A SD,
p. A, SD,
f < - SDy
:
Vop JIVQS s
> MSB
z ? SPE
6 VCK
Vss | NAR
BUSY DAU
Vb DAL
e
L AC L Vpp’
% XT XT Vss SLA SLB
Vss }‘D YVDD
J I G
\Y
Vss
Fig. 21 MSM6212 Switch input interface example
JL e
n~ a3 f f
{C
LOAD [ LOAD appliedl | e » LOAD not applied

2
(€
NAR | ] { ~$5 /
f (c
BUSY I f v
wea {
SPE [ RY \ !
{ ¢ X
DAU or DAL output Standby:l;v(,canzaﬁon;] EVocaliz! ation;l:)_s"a"dby

€«
Approx. 1.1 msec (equivalent to nine samples)

Fig. 22 MSM6243 Switch input timing diagram
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®  Example of MSC1161 Interfacing with Voice Synthesis LSI

An example showing how Oki voice synthesis LSls (MSM6212, MSM6243) are
connected to MSC1161 (speaker driver IC) is given in Figure 23. Note that a speaker
with mpedance of at least 30 ohms should be used.

\%
v DD
Vbp ——[1]paL SPE E——,
VoK r-—-[é:: DAU VCK E——J
3 LO [22]
MSB [5lresT @  BD[W}—y
DAU (5 = 19]
MSM6212 DAL —
o S [T]ved — sp ol 3
MSM6 24 3 C 8 Ver 9 S,
O Vvem = 16] (%0 °)hm
min.
c Lo L1 '
— 1T} 2Vpp Vo [1aH}
r—{i2] Vs Vop [13}—

'ss SLA Vpp SLB

I 7
DD

Note: All capacitors are 0.1 uF min.

Fig. 23 Example of interface between MSC1161

and voice synthesis LSI
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®  Examples of Inexpensive Voice Synthesis LS| Output Circuits
The following circuits are examples of inexpensive voice synthesis LSI
systems constructed with fewer components in the output circuit.

(1) MSM5248 output circuit example
An output circuit example is shown in Figure 24, and the waveform of the output
from the SP(+) pin is shown in Figure 25. A good degree of clarity is obtained with
the waveform shown in Figure 26.

7

Vbp

1k
SP @—AM—{ 2SA1015 / 2SA952 etc.

MSM52438

. =L |

SS

i
=

Fig. 24 Output circuit example

Vbp

/\/Jl /\ /\/\ /\/\AVsS

Fig. 25 Output waveform from SP (+)

Vpp
/W /(/l’\ Ve
Fig. 26 Output waveform from SP(+) when DA converter
accuracy is set to 9 bits
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(2)

(3)

Example of voltage type DA converter output circuit

An MSM6243 output circuit is shown in Figure 27 as a typical example of a voltage
type DA converter. The LPF cut-off frequency (see Q10) can be changed by
changing resistance and capacitance.

v
Vpp [ﬂ
MSM6243
DAU
Vss T
_ \"‘ﬂ’_—’

LPF
Fig. 27 MSM6243 output circuit example (for class A operation)

Example of interfacing with regular audio amplifiers

An interface example where the speaker is driven by a regular audio amplifier
(to achieve volume levels greater than that achieved by MSC1161) is shown in
Figure 28. Although the circuit shown here includes a CR type LPF
(see Q10), resistance in excess of 500 kohm is to be inserted beteween DAU
and the audio amplifier input terminal even if the filter is removed. The reason
for this is that the DAU output impedance varies considerably from -50% to
+100% of the typical value due to ambient temperature conditions etc. The
purpose of the resistance is to protect the audio amplifier output volume level
from the effects of these changes.

The gudio amplifier used should have a voltage gain of at least 40 dB.

Audio amplifier examples

LA4140 / LA4180 /
M51501L / M51180L

VbD etc.
MSM6 243
330k 330k
DAU AN J- Audio amplifier
220p % [ﬂ

©

;__V___l
CR type LPF
Fig. 28 Example of interfacing with regular audio amplifier
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VOICE SYNTHESIS LSI LIBRARY

Apart from custom-order devices for specific user requirements, the following
library of general-purpose voice synthesis LSlIs (with built-in ROM) is available
from Oki. Oki plans to further expand this library, and welcomes suggestions from

its customers.

Voice synthesis LSI library (as of August 1987)

Device Vocalized phrase
MSM5248-01 Happy Birthday (English)
(all [o)
MSM5248-04 Fanfare (ot oy o or — L F—
sound O¥—Fd 11 i
Merry Christmas And A Happy New Year
“Irasshaimase — Arigato gozaimashita”
MSM5248-09 (Japanese) (Welcome — Thank you)
MSM6243-02 Time announcement in Japanese.

MSM6243-21 (under development)

Time announcement in English
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Q&A

1 What is the relationship between the vocalization time and quality in built-
Q in ROM voice synthesis LSIs ?

A1 Parameters involved in determining vocalization time and quality include

the sampling frequency, ADPCM word length, and the degree of data
reduction when a compressed ADPCM method is used. These parameters are
described below.

(1) Sampling frequency:
The vocalization bandwidth where voice can be synthesized is determined by
the sampling frequency. According to the sampling theorem,

faano= fsamee X 172
where fganp i the upper limit of the frequency passband and fsayee is the
sampling frequency
The effective bandwidth (fgao eff) where the ADPCM method response (see
Figures 33 and 34) and the LPF used are considered can be stated as:
fBAND eff = fSAMPLE X 1/2 x 0.85

The hearing evaluation for different fo,e c Values are listed in Table 1.

Table 1
fsamPLE Bandwidth Hearing evaluation
8.2 kHz DC ~ 3.49 kHz Very clear sound including almost all vocalized sounds
6.55 kHz DC ~2.78 kHz High tone female voices sound as if the nose is blocked up
- Both male and female voices sound as if the nose is
4.1 kHz DC ~ 1.78 kHz blocked up

The “blocked up nose” sound is due to elimination of high frequency
components normally included in the human voice. Since high frequency
components are prevalent in constants (and in the “i” vowel), the effect is
stronger at lower sampling frequencies.

In determining the sampling frequency, it is better to decide the most suitable
value after listing to the source voice passed through a LPF.
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(2

(3)
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‘Quality of sound

ADPCM word length:
The ADPCM word length is related to the S/N ratio. The 4-bit ADPCM

method is better than the 3-bit ADPCM method by about 6 dB.

Degree of data reduction in compressed ADPCM methods:

The quality of sound varies according to the degree of compression in
compressed ADPCM methods. In compressed ADPCM, data can be
compressed to 1/3 of the data used in straight ADPCM. Needless to say, the
greater the degree of compression, the poorer the quality of sound becomes.
The degree of compression is selected according to the intended purpose.

Vocalization duration and quality of sound
An example of the relationship between vocalization duration and the quality
of sound as determined by the above parameters when MSM6243 is used is

outlined in Figure 29.

8.2 kHz sampling in straight
ADPCM method

8.2 kHz sampling in compressed
ADPCM method

/

[ 2 R U U G

SN ]
ot-—-

vocalization duration (sec.)

Fig. 29 Relationship between vocalization duration and quality of sound

The quality of sound is depicted as a range in the compressed ADPCM method
in Figure 29. This is because the quality of sound is also dependent on the quality of
the source sound vocalized statement specifications. And since the quality of sound
cannot be expressed in absolute terms, it is shown here in relative terms.
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(5) Examples of calculating the vocalization duration:
An example of calculation of the maximum vocalization duration in straight
ADPCM for MSM6243 at a sampling frequency of 8.2 kHz is given below.

193,584 [bits] + (8.2 [kHz] x 4 [bits]) = 5.90 [sec.]

! ! 1

Built-in ROM fSAMPLE ADPCM word Iength
capacity

The reason why the built-in ROM capacity is not 196,608 bits = 192 kbits x 1,024

bits/kbits is because the user will have a certain amount of area where use is
disabled.
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2 Although there is a certain amount of variation in the precision of the
Q MSM5205 and MSM5218 DA converters, are there any methods for
improving the S/N ratio?

A2 Yes. In terms of configuration in the above two DA converters, it is possible

for the voice waveform precision to fall in the vicinity of the center
waveform. Therefore, the S/N ratio can be improved by displacing the center of
the waveform either up or down. This method is particularly effective in improving
the S/N ratio for low level signals and in minimizing the residual noise during silent
periods (such as the intervals between successive words). In practice, the
waveform center can be shifted by adding additional data before or after the
current ADPCM data (voice data) as indicated in Figure 30.

Section (A) Section (B)
00 00 100 0 )

0 0 0O 1 0 0 0
: : ¢ 100 items of data

(Example where the ADPCM bit length is 4 bits)

Since an offset of about 5 mV per 2 items of data can be obtained in this case, shifts
case, shifts of about 250 mV will require input of some 100 items of data.
The shift is upwards in (A), and downwards in (B). The number of data items
should be equal in (A) and (B). The output waveform obtained when (A) isadded at
the start of the voice data and (B) is added at the end is shown in Figure 30.

Note that in since the dynamic range is compressed in the shifted sections,
overflow may occur in some cases depending on the data, and this can result in
clipping of the output sound. Reduce the sound pressure by about20% and repeat
the analysis. (See Q3 for additional information about overflow.)

> Voice data section N ]
Fig. 30 DA converter output waveform

Note: There must be less voice data immediately prior to section (B). Input of some 20 to 30 msec of
silence prior to the beginning of the voice is recommended.
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When ADPCM data analyzed by MSM5218 was used in voice synthesis by
03 MSM5205, noise was generated in the synthesized voice. How can this be
overcome? There was no noise in the output from the MSM5218 DAOUT pin.

A3 The analysis must be repeated.

This is because MSM5205 is not equipped with the overflow prevention
circuit featured in the MSM5218 internal computing circuits. Although sound
synthesized by MSM5218 may be normal, overflow can occur during synthesis by
MSM5205 resulting in the generation of noise. In this case, the data must be re-
analyzed and the ADPCM data regenerated.

An example of a waveform where overflow has occurred, and a method for
avoiding this overflow are outlined below.

(1) Waveforms where overflow occurs
Observation of the MSM5205 DA converter output waveform by oscilloscope
shows the occurrence of an overflow.
(see Figure 31).

Vbp

1
= VoD

ov

Overflow section

Fig. 31 Output waveform when overflow occurs

(2) Method used to avoid overflow
Even where the input waveform does not exceed the dynamic range when
analyzed by MSM5218, output overflow can be generated by internal
calculation error. Therefore, even if the input amplitude level reaches a
maximum when analyzed by MSM5218, keeping the level within 80% of the
dynamic range (see Figure 32) will ensure that no overflow occurs in the
MSM5205 output and no noise is generated in the synthesized sound.
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Fig. 32 Waveform with amplitude kept within 80% of the dynamic range
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What kind of frequency response is achieved in the output waveform in
04 respect to Oki ADPCM input waveforms?

A 4 The frequency response achieved in output waveforms when sinewave
input waveforms are applied is outlined in Figures 33 and 34.

Since these diagrams show the frequency response when 4-bit ADPCM data is

used with an 8 kHz sampling frequency, an increase in the sampling frequency will

result in a shift of the frequency response to the right.

(1) When input waveform is a 1/2 scale sinewave (1/2VDD Vp-p)

0
3
~ _2
(]
[%2]
c
o
Q
g —4
o
_6 y
T

100 200 300 500 700 1k 2k 3k 4k
Frequency (Hz)

Fig. 33 Oki ADPCM frequency response (1)

(2) When input waveform is a full scale sinewave (VDD Vp-p)

. N\

Response (dB)

[{¢
)

100 200 300 500 700 1k 2k 3k 4k
Frequency (Hz)

Fig. 34 Oki ADPCM frequency response (2)
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Q 5 What does it mean to say that the DA converter output from MSM6243 etc
is a “class A output” or “class B output”?

A5 MSM6243 and other devices are equipped with two DA converter output

pins DAU and DAL. In class A output mode (the normal mode), the output
waveform only appears at the DAU pin with the VDD/2 potential at the amplitude
center to obtain maximum amplitude for Vss thru VDD. Class B output mode is
used in interfacing with MSC1161 (note). The upper half of the waveform above
the class A output amplitude center appears at the DAU pin and the lower half of
the waveform appears at the DAL pin with the main amplitude direction as the
positive direction. The comparative waveforms are shown in Figure 35.

Where class B is multiplied by 1, the amplitude scale istwice the class A level, and
likewise class B multiplied by 2 and 4 result in class A multiplied by 4 and 8
respectively.

In waveforms where the VDD level is exceeded, however, the outputis clamped at
Voo

Note: The method described in MSM6212 Switch Input Interface Example at page 174.
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1
Class A DAU

Vou
3/ 4 Voo
7 2Nvo
1/4 Voo
Vss 0V

Voo

DAU

—

ClassBx1 Vs
(9-bit DAC)  viw

DAL

—

DAU

—

Class B x 2
(8-bit DAC)

DAL

/

DAU

T

Class B x 4
(7-bit DAC)

DAL

/

I

MSB "1°

MSB "0 "

MSB "1 "7

MSB "1”

Fig. 35 Comparative waveforms
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06 What is the best way to form a sinewave with MSM52057?

A6 By input of the following data values. The corresponding output
. waveforms are also shown. The data used is 4-bit data (in hexadecimal
notation).

(1) To obtain an output of 1.5 Vp-p
Use the following input data.

0,0,0,3,3,3,7,F,7,F,4,C,4,C
Then 4,0,9,C,8,1 repeatedly.

%Vpp

Fig. 36 1.5 Vp-p output

(2) To obtain an output of 0.85 Vp-p
Use the following input data.

0,0,0,B,B,B,7,F,7,F,4,C,0,0
Then 4,0,9,C,8,1 repeatedly.

VN WA AW WA WAl
A" AVAVAVAVAVAVAY

Fig. 37 0.85 Vp-p output

(3) To obtain an output of 2.6 Vp-p
Use the following input data.

0,0,0,0,7,F,7,F,7,F,4,C,0,0
Then 4,0,9,C,8,1 repeatedly.

CAARAAR
WUV

Fig. 38 2.6 Vp-p output

194



e e e v S o ey e w L@

Q7 How should the MSM5205 and MSM5218 reset input timing be best set?

A7 The MSM5205 and MSM5218 reset should be input according to the
following timing.

S e W A e B e B B P B B A B e A
' ! H . i '
RESET — | | R A ]
' At least twice TO T o
e e e 7 . o i
Internal IC [ i
RESET timing | L l
35
Fig. 39 MSM5205 reset timing
Ie—— 1254 sec ﬁ'
VCK
1 78 usec (3X1,384kHz) 1 |
. .
Reset latch timing :"’f Note : l : l ‘l'
| : I
1 1
1 ]

1

|

Reset I !
]

1

1

Internal reset \ ' Note

Fig. 40 MSM5218 reset timing (8 kHz sampling example)

Note: The reset signal is latched within the LS| by the reset latch timing. Analysisis
commenced by switching the external reset signal from H to L before this
timing. Switching is probably best achieved by the leading edge of the VCK
signal.
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Q8 Why is a low-pass filter required in the voice synthesis output?

A8 Low-pass filters (LPF) are designed to pass only those frequency

components below a certain frequency when the input contains a number
of different components. Since the voice synthesis output is obtained from a DA
converter output, the output waveform is a stepwise waveform as indicated in
Figure 41.

Fig. 41 DA converter voice output waveform

This waveform contains certain high frequency noise components, and since the
sampling theorem states that sampling is not effective unless only frequency
components below half the sampling frequency are obtained, the unwanted high
frequency components are removed by the LPF. The LPF output waveform is as
shown in Figure 42

Fig. 42 LPF output waveform
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Q9 | How is the LPF cut-off frequency best determined?

A9 In an ideal LPF, all frequencies above a certain level are filtered out. In
practice, however, frequencies are attenuated ata certain rate (slope) from
a particular level. This slope is usually expressed in terms of dB per octave
(dB/oct). For example, in afilter with a slope of -12 dB/oct, the outputis attenuated
by -12 dB (that s, reduced to 1/4) for each octave increase of the frequency (thatis,
each time the frequency is doubled).
The frequency where the attenuation commences is called the cut-off frequency
(note). The best cut-off frequency for any situation will depend on the sampling
frequency, the attenuation slope, and the frequency components in the source
sound. The usual design criteria is the degree of attenuation (that is, how many
dB) at half the sampling frequency (fsaw)-
A number of reference values are listed in Table 2. Since the optimum value as
determined for the frequency components in the source sound varies considerably, ddit
is best to decide on the basis of actual listening.

Table 2 Relationship between filter attenuation characteristics,
cut-off frequency, and sampling frequency

Filter attenuation g Gain at .
o och froquency 0.5 fou (dB) uaber
-12 0.3 fsam - 87 ®
18 0.33 fspm T =
-24 0.35 fgam 125 ®
-48 0.38 f5am -19 —

Although high frequency noise components are attenuated more efficiently when
the attenuation characteristics are “sharper”, a larger number of structural
elements are required, making such a filter uneconomical. The filter frequency
response when fg.e. e is 8 kHz is outlined in Figure 43 for reference purposes.
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Frequency (Hz)

Fig. 43 {5, 8 kHz filter frequency response

Note: Strictly speaking, the cut-off frequency is not defined as the point where

198

attenuation is commenced. In Butterworth type filters, the cut-off frequency
is the “point -3 dB below the overall characteristics”, while in Chebyshev
type filters itis defined as the “point where the maximum ripple width within
the set passband first appears”. Where strict adherence to either definition is
not required, the cut-off frequency can be assumed to be the point where
attenuation is commenced.



Q1 0 What is the configuration of low-cost filters designed for voice synthesis
applications? )

Al 0 The most common types of active filters (filters with active elements)
used are the Butterworth, Bessel, and Chebyshev filters. Each type is

used for different purposes.

The Butterworth filter puts emphasis on the flatness of the passband and is less

strict in terms of attenuation characteristics and transient response performance

than the Bessel and Chebyshev filters.

In the LPF used for voice synthesis where the passband attenuation charac-

teristics do not need to be perfectly flat, a Chebyshev filter capable of achieving

sharp attenuation characteristics with a small number of component parts

should be considered. Chebyshev filters can be designed with suitable ripple

width and attenuation characteristics.

Note that if the frequency response of the speaker rolls off at the desired cut-off

frequency, the LPF will not be required.

Configuration

A 1-pole RC LPF where no active elements are used is shown in Figure 44, and
the corresponding transmission characteristics can be expressed in the follow-
ing way. |

¢*’W_[¢

3 —_— AO 1 ............... Li LO
FOjed)=—/—=7713 e @) T |

where Fig. 44 1-pole RC LPF

(wo=27fo)
fo: cut-off frequency

1
CR
An F(jw) plot is shown in Figure 45.

The frequency response shown in this diagram is cut off at -6 dB/oct above
frequency wo where w, is the -3 dB value.

0
N
P——
\\

PR —
g N
<
s —10

—15 0.3 05 07 1 2 3 4 5

w / wo
Fig. 45 CR1 stage LPF frequency response
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The circuit configuration of a 2nd order Chebyshev filter is shown in Figure 46.

5

Fig. 46 2nd order Chébi(shev type filter

_ The transmission characteristics for this circuit can be expressed in the following
way.

1
w . v
- (2 i G,
Q- v'Ri G Ry Cy o = — b
02(R4_+ R2) 'I/BJICJ‘l Rz()z

The active element used in this circuit is assumed to be an OP ampilifier voltage
follower with a gain of 1.

'\ — 2Q Y, — 1
Cr= o0k Cr=3que R
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Higher order Chebyshev filter design
Even numbered higher order filters such as 4th and 6th order filters can be divided
into 2nd order elements. And odd numbered higher order filters such as 3rd and
5th order filters can be divided into 2nd order and 1st order (CR1 stage passive

filter) elements.

A 4th order filter, for example, can be divided into two 2nd order element stages as

shown in Figure 47. And by determining the fn and gn factors in each stage, the filter

configuration can be easily achieved.

INPUT

©r

2nd order 2nd order
f1 f2
qi qz2

Fig. 47 4th order LPF

OUTPUT

e

The attenuation characteristics of Chebyshev filters can be changed depending
on the ripple tolerance within the passband. The fn and gn settings will also vary
according to the tolerance.
A list of fn and gn values for Chebyshev filters is given in Table 3 below.

Table3 Chebyshev LPF and HPF fn and gn values

Ripple =01 dB Ripple =02 dB Ripple = 0.25 dB Ripple =03 dB Ripple =05 dB
fn qn fn qn fn qn fn an fn qn
g?c?e r 18204497 | 07673593 | 15351966 | 07966418 | 14539722 | 08092536 | 13911667 | 08210811 | 1231418 | 08637210
3rd 12999029 | 13490276 | 11889612 | 14595033 | 11569921 | 15080264 | 11321861 | 15524768 | 10688535 | 17061895
order 09694057 05 08146341 05 07672227 05" 07292773 05 0 6254565 05"
4th 11532699 | 21829303 | 10948338 | 24350125 | 10779389 | 25361100 | 10648159 | 26279020 | 10312704 | 2 9405542
order 07892557 | 06188010 | 07011094 | 06458968 | 06744223 | 06572494 | 06532428 | 06677803 | 05970024 | 0 7051102
5th 10931318 | 32820141 | 10570753 | 37068586 | 10466301 | 38756825 | 10385110 | 40283601 | 10177347 | 45449633
order 07974460 | 09145215 | 07472558 | 10009079 | 07324054 | 10359319 | 07207553 | 10678979 | 06904832 | 11778056
05389143 05 04614106 05" 0 4369509 05" 04171291 05 0362319 05
6th 10627261 | 46329012 | 10382299 | 52689021 | 10311242 | 55204164 | 10255981 | 57474076 | 10114459 | 6 5128456
order 08344903 | 13315707 | 08030621 | 14917187 | 07938542 | 15556533 | 07866630 | 16135959 | 07681212 | 18103772
05131875 | 05994600 | 04603216 | 06259511 | 04440628 | 06370268 | 04310754 | 06472924 | 03962290 | 06836390

The 05" in the gn column denotes CR1 stage 1st order

201




Example

The following example shows how a 5th order Chebyshev filter would actually b_e
designed. A ripple tolerance of 0.5 dB is assumed. The circuit diagram is shownin
Figure 48.

L Lo,
RF
RF, RF, s ouT
IN RF, RF;
;o IQ T
1st stage 2nd order 2nd stage 2nd order  3rd stage 1st order

Fig. 48 5th order Chebyshev LPF

The fn and gn values have already been listed in Table 3. Where ripple 0.5 dB for a 5th
order filter, the 1st stage 2nd order fn=1.0177347 and qn=4.5449633 the 2nd stage
2nd order fn=0.6904832 and gn=1.1778056 the 3rd stage 1st order fn=0.3623196
and gn=0.5. The constants can thus be calculated using these values. (begin-ind) A
cut-off frequency of 2.8 kHz is selected. This value is then substituted in equations
introduced earlier for calculating 1st and 2nd order constants.

1st stage 2nd order
Assume Rg, = 51 kohm

fo =2800 X 1.0177347 = 2850 (Hz)

X 4. 33
o = 2Q _ 2qn _ 2 X 454496 - = 9953(ph)
@y RF 27ty RF 2w X 2850 X 51 X 10

_ 1 1 _ 1
G = 2Qu, R 2qn27foRF 2 X 45449633 X 27 X 2850 X 51 X 103

= 120(pF)
2nd stage 2nd order
Assume Rg, = 56 kohm

fo =2800X06904832=1933(Hz)

_ 2Q _ _2X1.1778056 _
C3 - wORF 27 X 1933 X 56 X 103 3463(pF)

¢ 2Qwe RF 2 X 1.1778056 X 27 X 1933 X 56 X 103 24(pF)
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3rd stage 1st order

Assume Rg; = 68 kohm

fo = 2800 X 0.3623196 = 1014 (Hz2)

1 1 1 _
= = = = 2308(pF)
Cs wy RF 2TfoRrs 27T X 1014 X 68 X 103 P

In this case, the RF value can be changed to approach the value of a real capacitor.
If the values of C1 and C2 are increased 1.5 times, RF1 is more or less divided by
1.5. By selecting values which approach capacitor values, the filter constants
finally selected are as shown in Figure 49.

3300p

L
68k

56k 56k Y

I I

Fig. 49 Designed filter (5th order)

T

2200p

The filter characteristics for this filter can then be plotted. The transmission
characteristics for the 1st and 2nd stage 2nd order filter elements can be
expressed in the following way.

1

F(jo) =

1(w0)2+jé._w_

(Uo

And the transmission characteristics for the 3rd stage 1st order filter element can
be expressed by

1

F(jo) = ——a—
e 1+ ()

When, for example, w wo in the 1st stage filter,

F(jw ) = 1 = —jQ=—45449633 ]
1—(12+j qgx1
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If the absolute input/output voltage ratio is expressed in dB,

That is, the level is 13.15 dB when the frequency is 2850 Hz. The plot obtained
Inserting successive values in this equation is shown as a dashed line in Figure 50. And
similar plots obtained for the 2nd and 3rd stages are shown as the dot-dash and

20 log 4.545 = 13.15 (dB)

?ouble—dot-dash lines. The overall characteristics are shown by the full line.
ine.

According to the overall characteristics, the use of values approaching actual
capacitors gives a maximum ripple of 0.6 dB and a cut-off frequency of about 2.9

kHz.
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Fig. 50 Frequency response of the designed filter (5th order)




The constants and frequency response for a 3rd order Chebyshev filter
designed in the same manner are shown in Figures 51 and 52.

The full line in Figure 52 represents the overall characteristics.

According to these overall characteristics, the use of values approaching
actual capacitors gives a maximum ripple of 3 dB and a cut-off frequency of
about 2.56 kHz.

Fig. 51 Designed filter (3rd order)

10

(dB) - \

—10 " N
. . -~ \
N ‘\
—15 . N

—20 A

—25

300 500 1k 2k 5k 7k

Fig. 52 Designed filter frequency response (3rd order)
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Q1 1 How should the filter be connected where the MSM6243 voice output pin
output impedance is 60 kohm (typ)? ;

A1l An output impedance of 60 kohm is equivalent to connecting 60 kohms to
a 0 ohm output impedance pin (ideal constant voltage source).

If ambient temperature fluctuations and manufacturing tolerance spread are

considered, this 60 kohm output impedance can vary from -50% to 100%, making

filter constant settings impossible.

Hence, it is recommended that a voltage follower be inserted before the filter as

shown in Figure 53 to vary the impedance.

(A voltage follower should also be used when MSM5205 MSM5218, MSM6212,

MSM6258, and other devices are used.)

MSM6243 _.I_

mg 1 Cz
: .

Fig. 53 MSM6243 and filter interface
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Can the MSM5205 voice output be connected directly to an audio amplifier?

Q12

A12 Yes. But note that the amplifier input impedance and allowable input
amplitude must be considered.

With a preamplifier stage input impedance of about 47 kohm, the normal input
amplitude is 200 mVp-p. Since the MSM5205 voice output impedance is
approximately 100 kohm and the output amplitude about 4 Vp-p (Vp, = 5 V when
unloaded), a load has to be connected to reduce the amplitude to about 1/20.
Likewise with other devices, direct connection to an audio amplifier is enabled by
connecting a load to match the output impedance. See Figure 54.

5205 Analog output

470k
To preamplifier

100k

Fig. 54 Audio amplifier connection
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Note : Product data and specification information herein are subject to
change without advance notice for the sake of technical improvements in
performance and reliability since OKI is permanently endeavoring to supply
the best products possible. The manufacturer does not assume responsibil-
ity for customer product designs and for the fitness to any particular
application, nor for patent rights or other rights of third parties and infringe-
ments thereof resulting from the use of his products. This publication does
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furnished by OKI is believed to be accurate and reliable. However, no
responsibility is assumed for inaccuracies that may not have been detected
prior to printing, and for those which occur beyond our control. This issue
substitutes and supersedes all publications previously supplied by OKI for
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