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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

(® PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction.- If no connection is provided
tothe input pins, it is possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.




The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

The information in this document is subject to change without notice.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated “quality assurance program“ for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

« Device availability

.

Ordering information

Product release schedule

Availability of related technical literature

Development environment specifications (for example, specifications for third-party tools and

components, host computers, power plugs, AC supply voltages, and so forth)

Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.
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Main Revisions in This Edition

Page Description

Throughout the manual Addition of the devices shown below.
o uPD7755GT-XXX

® uPD7756AGT-XXX

o uPD7757GT-XXX

o uPD7758AGT-XXX

P.12,p.14,p.17,p.34 Addition of descriptions about external clock in
CHAPTER 2 PIN FUNCTIONS and 3.5 Clock Generator.

p.43, p.b8 Change of the devices which are used in CHAPTER 4
APPLICATION CIRCUIT EXAMPLES.

e uPD70008 - uPD78001B

e uPC1213 —» uPC1316

The mark * shows revised points.



PREFACE

Target: This manual is intended for the user engineer who intend to understand the uPD7755 family function and
design application systems using the uPD7755 family.
uPD7755 family LSI; e uPD7755
e uPD7756A
o uPD77P56
e uPD7757
e uPD7758A
e uPD7759

Purpose: The purpose of the manual is for the user to understand the uPD7785 family hardware function listed as
follows.

e Introduction
Pin functions

Operation overview

Application circuit examples

Use: The manual assumes that the reader has general knowledge of electronics, logical circuit, and speech
synthesizer LSI.

L egend: Data weight . ... High-order and low-order are indicated from left to right
Active low . ... xxx (pin or signal name is overlined)
Memory map address . ... Upper stage-low order, lower stage-high order
‘ Note .... Explanation of {Note) in the text.
Caution . ... Cautionto which you should pay attention.
Remarks . ... Supplementary explanation to the text.
Number . ... Decimal number — xxxx

Hexadecimal number — xxxxH

Related documents: Use also the following documents.
For Devices
® Data sheet
e uPD7755, 7756A, 7757, 7768A Data Sheet (1C-2254)
e uPD77P56 Data Sheet (1C-2324)
e uPD7759 Data Sheet (1C-2323)
® User's Manual
e uPD7755 Family User’s Manual (This Manual)
® Pamphlet
e SPD Speech Processing Device (IF-1034)
For Support tools
® User's Manual
e NV-300 System Speech Analysis Tool
for uPD7755 Family User's Manual (EEP—1023)



e NV-310 System Speech Emulation Tool
for uPD7755 Family User's Manual (EEU-1359)
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CHAPTER 1 INTRODUCTION

uPD7765, 7766A, 77P56, 7757, 7758A, and 7759 are fixed-word speech synthesizer LSls that operate on the
ADPCM (Adaptive Differential Pulse Code Modulation) method basically. They are generically called the uPD7755
family.

The uPD7755 family adopts two methods of speech synthesis, which are applied to various types of speech
application systems.

(1) ADPCM method . ... suitable for clear and natukal speech sounds (especially voice and word).
(2) PCM + waveform element method . . . . suitable for various melodies and sound effects.

The further compression coding of the ordinary PCM data is done by the above-mentioned two methods in
accordance with each suitable synthesis sound. Therefore the data can be synthesized longer than the ordinary PCM
data at the same ROM size.

By using those methods together, the uPD7755 family realize the long-time synthesis of high-quality sounds.

® uPD7755, 7756A, 7757, and 7758A have internal mask ROMs as speech data memory, so they are suitable for
integration in compact devices. Each on-chip ROM size is as follows:

uPD7755 . ... 96 Kbits
uPD7756A . .. 256 Kbits
uPD7757 . ... 512 Kbits
uPD7758A ... 1 Mbits

® uPD77P56 has internal 256 Kbits one-time PROM, which the user can write speech data in. So the uPD77P56
is suitable for evaluation of applications during system development and also small-volume production.

® uPD7759 is an external ROM type, and speech data memory (ROM: up to 1 Mbits) can be connected externally.
The uPD7759 allows the synthesis of speech sounds of any length by using the ADPCM data transferred from an
external devices. Therefore, the uPD7759 is suitable for use in devices requiring longer period of speech synthesis
and in equipments produced in relatively small volumes.



1.1 uPD7755 Family Features

NEC Speech Synthesizer LS| Family

Device
e uPD7755 uPD7756A uPD7757 uPD7758A | uPD77P56 uPD7759
Synthesis method ADPCM, PCM + waveform element
Sampling frequency 5,6, 8 kHz
Speech data memory 96 Kbits 256 Kbits 512 Kbits 1 Mbits 256 Kbits 1 Mbits
mask ROM mask ROM mask ROM mask ROM one time external
PROM memory
SpeechN"te 4 sec 12 sec 24 sec 50 sec 12 sec 50 sec -
Synthe- (ADPCM) (TYP.) (TYP.) (TYP.) (TYP.) (TYP.) (TYP.)
sizing Melodies &
time sound effects 30 sec 85 sec 170 sec 340 sec 85 sec 340 sec
(PCM + wave- (TYP.) {TYP.) (TYP.) (TYP.) (TYP.) (TYP.)
form element)
Package ® 18-pin plastic DIP (300 mil) ® 20-pin ® 40-pin
® 24-pin plastic SOP (450 mil) plastic DIP plastic DIP
® 24-pin plastic SOP (375 mil) (300 mil) (600 mil)
® 24-pin ® 52-pin
plastic SOP plastic QFP
{450 mil} (CN4 mm)

Note The speech synthesizing time for the speech (voice, word) at a 6 kHz Sampling. And the speech synthesizing time varies

greatly depending on the sampling frequency.




1.2 Ordering Information

Part Number

Package

Quality Grade

UPD7755C-XXX
uUPD7755G-X XX
UPD7755GT-X X X Note
UPD7756AC-XXX
UPD7756AG-X XX
uUPD7756AGT-XXX
uPD77P56CR
uPD77P56G
UPD7757C-XXX
UPD7757G-XXX
UPD7757GT-XX XNote
UPD7758ACR-XXX
UPD7758AG-XXX
UPD7758AGT-X X XNote
uPD7759C
uPD7759GC-3BH

Note Under development

18-pin plastic DIP (300 mil)
24-pin plastic SOP (450 mil)
24-pin plastic SOP (375 mil)
18-pin plastic DIP (300 mil}
24-pin plastic SOP (450 mil)
24-pin plastic SOP (375 mil)
20-pin plastic DIP (300 mil)
24-pin plastic SOP (4560 mil)
18-pin plastic DIP (300 mil)
24-pin plastic SOP (450 mil)
24-pin plastic SOP (375 mil)
18-pin plastic DIP {300 mil}
24-pin plastic SOP (450 mil)
24-pin plastic SOP (375 mil)
40-pin plastic DIP (600 mil}
52-pin plastic QFP (114 mm)

Remark xxx is the ROM code specification number.

Please refer to ‘“Quality grade on NEC Semiconductor Devices’ (Document number |EI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard



1.3 Internal Block Diagrams

Fig. 1-1 is an internal block diagram of uPD7755, 7756A, 7757, and 7758A. Fig. 1-2 is an internal block diagram
of uPD77P56. Fig. 1-3 is an internal block diagram of uPD7759.

Fig. 1-1 uPD7755, 7756A, 7757, and 7758A internal block diagram

|
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RESET O controller —J\ decoder con-  ——=OAVO
————*/ L verter
BUSY O




Fig. 1-2 uPD77P56 internal block diagram
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Fig. 1-3 uPD7759 internal block diagram
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1.4 uPD7755 Family LS! Development Flow

Fig. 1-4 shows the flow of uPD7755 family LS| development. Broadly, the flow is divided into two processes:
one that generates speech data from original analog sounds, and one that creates a mask ROM if the LSI is to in-

corporate one.

The speech data generation process, generally known as speech analysis processing, is implemented at NEC on
the basis of the specifications suggested by customers. The customers are also free to execute this process by them-
selves with the aid of the optional speech analysis tocl NV-300.

The commercial production process (including mask ROM making) is exactly the same as that for general micro-

computers.



Fig. 1-4 Development flow and allotment

Product concept

Message selection

melodies &

Speech (voice, word) |

sound effects

Original sound
message recording

Original sound
evaluation

OK

A/D conversion

Original sound
modification

Decision on melody &

sound effect specifica-

tions (frequency, time,
amplitude level)

|

TONE MODE

Production of melody

evaluation

NG
& sound effect
(NV-300 v3.0)
oK
Encode to ADPCM
Decode to PCM
NG
oK
HEX
conversion
{
ROM writing
NG Actual equipment

Mask ROM produc-
tion request

Mass production

® For speech, the recording
is done at a recording

studio,

¢ For melodies & sound
effects, a decision is
made as to frequency,
time and amplitude level.

Processing is done by the
NV-300 system,

Evaluate using the
uPD7759 or the NV-310.




CHAPTER 2 PIN FUNCTIONS

2.1 Pin Configurations

Figs. 2-1 and 2-2 show the pin configurations of the two models of uPD7756, 7756A, 7757, and 7758A each.

Fig. 2-1 uPD7755C, 7756AC, 7757C, and 7758ACR pin configuration

(Top view)
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15 O——rrf

16 O——

17 O——

-/

—O X2
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Fig. 2-2 uPb7755G, 7755GT, 7756AG, 7756AGT, 7757G, 7757GT, 7758AG and 7758AGT
pin configuration (Top view)
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Figs. 2-3 and 2-4 show the pin configurations of the two models of uPD77P56.

Fig. 2-3 uPD77P56CR pin configuration (Top view)
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Fig. 2-4 uPD77P56G pin configuration (Top view)
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Figs. 2-6 and 2-6 show the pin configurations of the two models of uPD7759.

Fig. 2.5 uPD7759C pin configuration (Top view)
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14 o= 8 33 =0 A7
15 o= 9 3210 A6
16 o—= 10 31 =0 AB
17 o— 11 30 =0 A4
AEN/WR o=={ 12 29 lwo A3
SAA o= 13 28 w0 A2
DRQ o= 14 27 =0 A1
ALE o=15 26 w0 AO
REF o—~ 16 25 leo G5
AVO o= 17 24t o X2
BUSY 0=+18 23 —o X1
RESET o119 22 leo ST
GND 0—20 21 fe—o MD

Fig. 2-6 uPD7759GC-3BH pin configuration (Top view)
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2.2 uPD7755, 7756A, 7757, and 7758A Pin Functions

24-pin 18-pin Inout/
Designation SOP pin DIP pin P Function
Qutput

number number
VpD 1 10 — Power supply.
GND - 24 9 — Ground.

Ceramic resonator inputs for clock generation.

X1 3 12 -

An external clock may be used. If an external
clock is used, X1 is used for clock input and
X2 should be left open.

X2 2 11 — X1 is Low-level and X2 is High-level when the
LSl is in the standby mode.

Used to reset the LSI.
RESET must be at low level for 12 clock
cycles (oscillation clock).

RESET 23 ___
8 Input After standby mode is released, RESET must
be low level more than 12 clocks after clock
oscillation becomes stable.
Used to input the D/A converter reference
current.
The sink-load current input causes the output
REF 19 5 Input current of the D/A converter to change.
The D/A converter reference current is passed to
Vpp Via a resistor.
In standby mode, REF is set to high impedance.
Analog speech signal output.
Unipolar open drain type.
AVO 20 6 Output potarop P
The output current is reduced to 0 when the LSI
is in the standby mode.
Used to output the low-level active BUSY signal.
When inputting start signal, it outputs low level
. signal.
BUSY 22 7 Output — E—
: P ST is invalid while BUSY is low.
In standby mode, BUSY is set to high im-
pedance.
— Used to input a chip select signal.
CS 5 13 Input

A low on CS enables ST.

12



) . 24—pir.1 18-pih Input/ .
Designation SOP pin DIP pin Function
number number Output
Used to input a start signal.
_ When ST goes low while CS is at a low level, the
ST 6 14 Input . .
L.S!I starts synthesizing the message specified by
10 to 17.
Used to input the message selection code.
0 9 15 Thc.e message selection code signals are positive
1 10 16 ogc. ,
2 11 17 Ground the pins not used.
13 12 18 These pins are connected to the internal latch
M 13 1 Input circuit which_latches 10 to 17 data at the rising
5 14 5 edge of the ST input.
6 15 3 In standby mode, set the input of these pins to
7 17 4 either a high or low level.
If these are biased at or near the typical CMQOS
switch point, causing excess current drain.
NC Omitted — — No connection.
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2.3 uPD77P56 Pin Functions

2.3.1 Pin functions during speech synthesis

24-pin 20-pin Inout/
Designation SOP pin DIP pin P Function
Output
number number

Vpp 1 12 — Power supply (2.7 to 5.5 V).

GND 24 9 -~ Ground.
Ceramic resonator inputs for clock generation.

X1 3 14 - An external clock may be used. If an external
clock is used, X1 is used for clock input and
X2 should be left open.

X2 ) 13 _ X1 is Low-level and X2 is High-level when the
LSl is in the standby mode.
Used to reset the LSI.
RESET must be at low level for 12 clock

| I

RESET 93 8 Input cycles {oscillation clock)‘.
After standby mode is released, RESET must
be low level more than 12 clocks after clock
oscillation becomes stable.
D/A converter reference current pin.
Maximum output current of the D/A converter
is approx. 34 times the REF pin input

REF 19 5 Input current.
The D/A converter reference current is passed to
Vpp Via a resistor.
in standby mode, REF is set to high impedance.
Analog speech signal output.
Unipolar open drain type.

AVO 20 6 Output poterop P
The output current is reduced to O when the LSI
is in the standby mode.
Used to output the low-level active BUSY signal.
When synthesizing speech data, it outputs low

BUSY 22 7 Output level signal.
ST is invalid while BUSY is low.
In standby mode, BUSY is set to high im-
pedance.

cS 5 15 Input ST becomes valid when CS is low level.
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24-pin

20-pin

Designation SOP pin DIP pin Input/ Function
Output
number number
Used to input a start signal.
_ When ST goes low while CS is at a low level, the
ST 6 16 Input . : e
LS| starts synthesizing the message specified by
10 to 17.
Used to input the message selection code.
0 9 17 ITh? message selection code signals are positive
I 10 18 oo _
12 1 19 Ground the pins not used.
3 12 20 These pins are connected to the internal latch
M 13 1 Input circuit which latches |0 to |7 data at the rising
I5 14 5 edge of the ST input.
6 15 3 In standby mode, set the input of these pins to
7 17 4 either a high or low level,
If these are biased at or near the typical CMOS
switch point, causing excess current drain.
Vpp 4 11 — Same potential as Vpp.
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2.3.2 One-time PROM pin functions"

Pin 24-pin 20-pin
(Abbrevia- SOP pin DIP pin 1/0 Function
tion) number number

VoD 1 12 — Power supply (6 V)
GND 24 9 — Ground
X1 3 14 — Clock input.
MDO 22 7
MD1 23 8 Input Operation mode selection pin for program/verify
MD2 19 5 to PROM.
MD3 5 15

High voltage application pin for program/verify
Vpp 4 11 -

to PROM (126 V).
DO 9 17
D1 10 18
D2 11 19
D3 12 20 )

1/0 8-bit data /O pin for program/verify to PROM.

D4 13 1
D5 14 2
D6 15 3
D7 17 4
ST 6 16 Input Set at the low level.

16

Pins other than the above are grounded by pull-down resistance.

Caution AVO, X2 must be opened.




2.4 uPD7759 Pin Functions

2.4.1 uPD7759 mode common pin functions

B52-pin 40-pin Inout/
Designation QFP pin DIP pin P Function
Output
number number
Vbp 6 40 — Power supply.
GND 32 20 — Ground.
Ceramic resonator inputs for clock generation.
X1 36 23 - An external clock may be used. If an external
clock is used, X1 is used for clock input and
X2 should be left open.
X2 37 24 - X1is Low-level and X2 is High-level when the
LS! is in the standby mode.
Used to reset the LSI.
RESET must be at low level for 12 clock
RESET 31 19 Inout cycles (oscillation clock).
npd After standby mode is released, RESET must
be low level more than 12 clocks after clock
oscillation becomes stable.
Used to-input the D/A converter reference
current.
The sink-load current input causes the output
REF 28 16 Input current of the D/A converter to change.
The D/A converter reference current is passed to
Vpp via a resistor.
In standby mode, REF is set to high impedance.
Analog speech signal output.
AVO 29 17 Output Unipolar open drainAtype.
The output current is reduced to O when the LS|
is in the standby mode.
Used to output the low-level active BUSY signal.
When inputting start signal, it outputs low level
BUSY 30 18 Output signal. o ,
ST, MD, WR is invalid while BUSY is low.
In standby mode, BUSY is set to high im-
pedance.

17



2.4.2 uPD7759 stand-alone mode pin functions

52-pin

40-pin

Designation QFP pin DIP pin Input/ Function
Output
number number

MD 34 21 Input Must be fixed at the low level.

_ Used to input a chip select signal.

cs 38 25 Input sed toinputa chip select 19
A'low on CS enables ST.

Input while CSis low starts speech synthesis of
the message specified by 10 to I7.

ST 35 22 Input When the LSl is in the standby mode, this signal
resets the standby mode and starts speech
synthesis.

Used to input the message selection code.

0 1 4 The message selection code signals are positive
logic.

K 12 5 caie _

2 15 6 Ground the pins not used.

3 16 . These pins are connected to the internal latch

1a 17 g Input circuit which Iat;hes 10 to |7 data at the rising
edge of the ST input.

15 18 9 . .

In standby mode, set the input of these pins to

16 19 10 . .

7 o1 11 either a high or low level.

If these are biased at or near the typical CMOS
switch point, causing excess current drain.

A0 41 26

Al 42 27

A2 43 28

A3 44 29 i
Used to output the lower 9 bits of the external

Ad 45 30 Output
ROM address.

Ab 47 31

AG 48 32

A7 49 33

A8 50 34

ASDO 51 35

ASD1 2 36 (D Used to output the upper 8 bits of the

ASD2 3 37 external ROM address.

ASD3 4 38 Input/ (@ Used to input 8 bits speech synthesis data

ASD4 5 39 Output from the external ROM.

ASD5 8 1 These functions are executed, (T) first and (2)

ASD6 9 2 last, on a time-shared basis.

ASD7 10 3

18




b2-pin

40-pin

. . : . | )
Designation QFP pin DIP pin nput/ Function
Output
number number
Used to determine the timing with which the
upper 8 bits of the external ROM address are
ALE 25 15 Output
externally latched. They must be latched at the
falling edge of the signal.
AEN
Qutput signal indicating that the address signal
__ Output/ )
AEN/WR 22 12 Inut is enabled.
npu
P Used to control the latch circuit for the upper 8
bits of the external ROM address.
Goes high-level when reading a message start
SAA 23 13 Output
address.
DRQ 24 14 Qutput Speech synthesizing data request.

19



2.4.3 uPD7759 slave mode pin functions

b2-pin 40-pin Input/
Designation | QFP pin DIP pin P Function
Qutput
number number
Slave mode designation pin.
MD 34 21 Input Mode transitions are not accepted while speech
synthesis is in progress.
DRQ 24 14 Output Speech synthesis data request.
CcS 38 25 Input A low on CS enables WR.
WR
o Output/ ) ) .
AEN/WR 22 12 | ; Used to input a write strobe signal for speech
npu
P synthesis data.
ASDO 51 35
ASD1 2 36
ASD2 3 37
ASD3 4 38 | ! Used to input speech synthesis data from an ex-
n
ASD4 5 39 Pu ternal source.
ASDb 8 1
ASDB 9 2
ASD7 10 3
10 " 4
i1 12 5
12 15 6]
~ 10 ! | t Disabled t be fixed high or lo
ed; m e fixed high or low.
i 17 8 npu isa us g
15 18 9
16 19 10
i7 21 11
A0 41 26
Al 42 27
A2 43 28
A3 44 29
A4 45 30 Output Disabled; must be left open.
Ab 47 31
AB 48 32
A7 49 33
A8 50 34
SAA 23 13 Output Disabled; must be left open.
ALE 25 15 Output Disabled; must be left open.
ST 35 22 Input Disabled; must be fixed high.
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CHAPTER 3 OPERATION OVERVIEW

3.1 Operation Modes and Their Control

3.1.1 Operation modes

uPD7755 family LSIs support three different modes of operation as follows:

(1) Stand-alone mode

{2)

(3)

For uPD7756, 7756, 77P56A, 7757, and 7758A with a built-in ROM, the stand-alone mode is the mode in

which speech is synthesized.
For uPD7759, which uses an external ROM, speech is synthesized based on the data that is obtained from an
external ROM address specified.

Fig. 3-1 Typical system configurations in the stand-alone mode (uPD7759)

(A) Manual control (B) Control by a host system

DATA

Host I ]
- i t
Mechanical switches, etc. system ADDRESS

L 1LIT

HPD7769 ——{>—D:] HPD7759 ——{>—D:]
Amplifier Speaker Amplifier ~ Speaker
AddressU ﬁoata . Address TTData

Speech data Speech data
PROM PROM

PO AN

N NN

Standby mode

In the standby mode, all circuit operations on a speech synthesizer LS are shut off, except for minimum essen-
tial functions, to save the power consumption when the LS| does not synthesize speech for a long time.

In this mode, only the following pin functions are enabled:

(a) RESET
(b) CS
(c) ST

(d) WR (for the uPD7759 only)

Slave mode (for the uPD7759 only)

In the slave mode, speech is synthesized with a sequential input of speech synthesis data from an external

system. The mode permits speech data synthesis over extended periods.

(a) uPD7759 enters the slave mode on detecting the falling edge of an input signal to the MD pin (slave mode
setting).

(b) Input signals to the MD pin are ignored while speech synthesis is in progress in the stand-alone mode; that
is, the BUSY pin is low.
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{c) On entering the slave mode, uPD7759 requests speech data input from the host system with a low on the

DRQ (data request signal) pin.

Fig. 3-2 Typical system configuration in the slave mode

1A

<‘F DATA BUS
Host |

ADDRESS BUS

CONTROL BUS

Speaker
Speech
data ROM uPD7759

Amplifier

system

P
Lt L

3.1.2 Operation mode control
The paths of transition among the three operation modes of the uPD7755 family LSls, that is, stand-alone mode,
standby mode, and slave mode (for uPD7759 only), are shown below.

Fig. 3-3 uPD7755 family LS| state transitions

(uPD7759 only)

Power
application

Ti

Standby |\
mode |
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(1) Transition ... Ti

Transition flow Power application = Stand-alone mode

Transition initiated by RESET pulse input

® The operation mode immediately following power application is unpredictable.
® RESET pulse input brings the LSl into the stand-alone mode.
® The RESET pulse must be latched for at least 12 clocks after clock oscillation at the X1 pin is stabilized.

(2) Transition...TO1

Transition flow Stand-alone mode = Standby mode

Transition initiated by No operation takes place after the end of speech synthesis.

® |f no RESET, CS, or ST signal is input after the end of speech synthesis, the LSI enters the standby mode in
about 3 seconds (when operating at a clock frequency of 640 kHz).

(3) Transition ... TO02 (for the uPD7759 only)

Transition flow Stand-alone mode —> Slave mode

Transition initiated by An input low on the MD pin (mode setting)

® An input low on the MD pin is required for each run of speech synthesis.

(4) Transition ... T10

Transition flow Standby mode = Stand-alone mode

Transition initiated by 1. RESET pulse input, or
2. ST (synthesis start) pulse input, in which instance the CS pin must be low

® Since the oscillation circuit is halted while the LS! is in the standby mode, the transition does not take place
until clock oscillation is stabilized. The transition takes a maximum of 80 ms (when the LS| is operating at a
clock frequency of 640 Hz).

(5) Transition...T12

Transition flow Standby mode = Slave mode

Transition initiated by An input low on the MD pin (mode setting)

(6) Transition...T20

Transition flow Slave mode = Stand-alone mode

Transition initiated by 1. A transition takes place automatically after the end of speech synthesis, or
2. RESET pulse input

® After the end of speech synthesis, the LS| enters the stand-alone mode, regardless of the level of the MD pin.
A high to low transition on the MD pin is required to bring the L.SI back into the slave mode.
® RESET pulse input during the execution of speech synthesis forces a mode transition, generating noise in the

analog output signals.
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3.2 Specifying Synthesized Messages

With an 8-bit bus, 10 to 17, uPD7755 family LSls permit up to 256 kinds of messages to be externally specified
for synthesis in the stand-alone mode.

The data input through 10 to 17 is called “‘message select code’’.

The message select code requested by the user is allocated to the corresponding message when the speech data
ROM is produced.

Note: — |f no corresponding data has been allocated for the message select code generated during synthesizing operation in advance,
no audio signal is output.
— Two or more message select codes can be allocated for one message.

Figs. 3-4 and 3-5 are timing charts for specifying synthesized messages. In Fig. 3-4, control is exercised by the use
of the CS and ST pins. In Fig. 3-5, control is exercised by the use of the ST pin only, with the CS pin fixed at the
low level,

Fig. 3-4 Message specification timing chart (1)

3 A
ics tsc
a tcc
ST A [
iDW | twWbD

10 to 17 X 'a

tSBO
BUSY \ _,__....
1SS0 tF_DJ
max -
IAvO mid Synthesized
0 sound output
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10 to 17

BUSY

max
laAvo mid
0

Fig. 3-5 Message specification timing chart (2)

tee CS: Low level

tpw | twD

tSBO

1SS0 1BD

Synthesized

sound output
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3.3 Analog Output Circuit Operations

The analog output circuits of the three uPD7755 family LSls are constructed in the same way. The following
describes the construction of the uPD7755 family LSI's analog output section and its adjustment procedure.

3.3.1 D/A converter configuration

The D/A converter built in each uPD7755 family LS! is of the unipolar current output type, with a 9-bit resolu-
tion. Since the analog output pin (AVO pin), or the D/A converter output, has an open drain structure, voltage
output can be obtained by connecting an external resistor (R ) to the D/A converter. (See Fig. 3-6.)

Fig. 3-6 uPD7755 family LS| analog output circuit configuration

VDD
uPD7755 family LS! ‘
RL vg
AVO l
~—lavo
————— S]] ]
O-bit D/A converter
GND

-

During speech analysis, the output current vascillates at around one half of the full-scale output current of the
built-in D/A converter; that is, the output current during silent periods equals one half of the full-scale output

current.

3.3.2 Adjusting the output current of the D/A converter

The output current of the D/A converter can be adjusted with the voltage applied to the REF pin. In practice,
this is effected by inserting a resistor between Vpp and the REF pin as shown in Fig. 3-7.

Figs. 3-8 and 3-9 show the relationship of the voltage on the REF pin (VRep) with the reference input current
{1reF) and the D/A converter output current (lavo).

When the amplifier connected to the AVO pin has a high input impedance (several k2 or higher), the value of
RREeF can be determined with reference to Fig. 3-8.

On the basis of this figure, IRer ranges from 60 to 80 uA (its intersection with the RRer = 50 k§2 load line) if
a 50 k& resistor is used as Rrer when Vpp = 5 V. On the other hand, since the maximum value of Iavo is 32 to
36 times higher than Iggg, it follows that favo ranges from 1.9 to 2.9 mA.
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Since the synthesized sound output level varies by about 4 dB in this instance, a fixed resistor can be used as
RRer if proper attention is given to its resistance accuracy, unless uniformity in the synthesized sound output level

among different products is required.
When the amplifier connected to the AVO pin has a low input impedance, the value of Rrgr can be determined

with reference to Fig. 3-9.
On the basis of this figure, | avo ranges from 12 to 30 mA if a 1 k&2 resistor is used as RrRer when Vpp =5 V.

Since variations in the synthesized sound output level amount to about 8 dB, use of a variable resistor as RReF

to adjust the output level is recommended.
Fig. 3-7 D/A converter reference current

VDD VDD

éRREF

uPD7755 family LS é RL
| IREF

REF

AVO «—— lavo

D/A
9 converter
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Fig. 3-8 VREer vs. IRer and layo
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Fig. 3-9 VREF vs. IRer and lavo
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Since the output current {Iavo) of the AVO pin is a drain current, a load resistor (R() is connected to VpD.
In this case, it is necessary to set the voltage of AVO shown in Fig. 3-8 within the range in which the output
transistor in the D/A converter operates as a constant-current source.
This range will be:
Vpp =bV: 1.5V to Vpp
Vpp =3V: 1VtoVpp
Set the load resistance and the output current to keep the value of AVO within this range.
If the output current (I ayvo) needs adjustment, follow the procedures below.

(1) Specify message synthesis (to output the middle-point current to the D/A converter).

{(2) Supply a reset signal within 3 seconds after the end of synthesized sound output (to prevent the LS| from
entering the standby mode).

(3) Adjust Rrep for the specified AVO voltage.

3.3.3 D/A converter in the standby mode

Since uPD7755 family LSIs use a unipolar 9-bit D/A converter, they carry half the full-scale output current flow
during operation even in the absence of signals.

In the standby mode, the input of the D/A converter is reduced to O so the output current equals O.

To prevent pop noises caused by abrupt changes in the D/A converter output current during operation to standby
mode transitions, the output current is gradually reduced immediately before the LS| enters the standby mode. (See
Fig. 3-10.)

During standby mode to operation mode transitions, clock oscillation is started by a standby reset signal gen-
erated by the CS and ST inputs. After clock oscillation is stabilized, the output current is gradually increased to
half of the full-scale current. (See Fig. 3-11.)

Fig. 3-10 D/A converter output current during transitions to the standby mode

D/A converter output current

Imax. -

Iavo Imid.

0 Time

Operation mode D/A output change time |

|L I Standby mode

1

Start of standby operation
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Fig. 3-11 D/A converter output current when the standby mode is reset
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3.4 uPD7759 External Data Interface

3.4.1 pPD7755 family

LS memory map

The internal ROMs in uPD7755, 7756A, 77P56, 7757, and 7758A and the ROM external to uPD7789 in its
stand-alone mode are mapped as shown in Fig. 3-12. Since these LSls, though compatible in speech data, vary in
their memory map, data developed for one LS| cannot be directly used for other LSls.

0000H

0005H

2n+5
2n+ 6

FF80H
FFFFH

Fig. 3-12 uPD7755 family LS| memory maps

(b) wuPD7756A,
(a) uPD7755 uPD77P56
O000H | system area 1 0000H|  system area 1
0005H 0005H
Message directory Message directory
2n+5 Unused 2n+5 Unused
2n+6 2n+6
Speech data 1 Speech data 1
[ Speech data 2 Speech data 2

\_/\
N
Speech data k-1

Speech data k

X
Speech data 1-1

Speech data 1

2F80H 7F80H
2EFFH System area 2 IEFEH System area 2
(c) uPD7757 (d) uPD7758A

System area 1

Message directory

Unused

Speech data 1

\_/-\
Speech data m-1

Speech data m

System area 2

00000H

00005H

2n+5
2n+6

1FF80H
1FFFFH

System area 1

Message directory

Unused

Speech data 1

Speech data 2

~—
N~ N

Speech data n

System area 2

00000H

00005H

2n+5
2n+6

1FF80H
1FFFFH

(e) wPD7759

System area

Message directory

Unused

Speech data 1

Speech data 2
%

Speech data n

Reserved area
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(1) System area
Constant data used for an LS! is stored in this area.

(2) Reserved area

This area is not available for use, and data is not stored in it.

(3) Speech data area
Coded speech data is stored in this area.
® |f the total number of messages involved is n, initial speech data is stored starting at address 2n + 6.
® Data associated with a message is stored starting at an even-numbered address, with the starting data being
O0H, 40H, or 80H and the ending data being O0H.

(4) Message directory

The message directory indicates the starting address of the speech data associated with each message.

® The starting address is expressed in 2 bytes, which are stored upper byte first and lower byte last.

® |f the message select code assigned to a particular message is J, the starting address of the speech data asso-
ciated with that message is stored split into address 2J + 5 and address 2J + 6 (for uPD7755, 7766A, 77P56,
7757, and 7758A).
UPD77589 requires 17 bits to address its external ROM, though its starting address consists only of an even-
numbered address, and half the address is stored at the above-mentioned addresses.

3.4.2 uPD7759 slave mode interface

Speech data must be sequentially input from uPD77569 when it is in the slave mode. The input data format is
shown in Fig. 3-13.. As shown, 4-byte auxiliary data must precede the speech data at the start of synthesis and 3-byte
dummy data must.follow the speech data at the end of synthesis.

As speech data, the data as described in 3.4.1 can be used as it is.

Fig. 3-13 Slave mode input data

FFH

XXH

XXH The contents of the data are
of no concern.

XXH

Speech data

XXH

The contents of the data are
XXH

of no concern.
XXH

Fig. 3-14 is a timing chart in which one message is synthesized in the slave mode. Fig. 3-1b is a timing chart in
which 1-byte speech data is input.
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RESET
TRM

tMDR

tBM

tMD

Icw

IDW | tWD

ASDQ to ASD7

fﬁ
T
h

BUSY B J

3
1

1SBO

Fig. 3-15 Slave mode data input timing chart

srs \
DRQ 1 M tWRQ
cs \ /
tcw

tcc, | twe

WR \ |/
tWR
PW i

ASDq to ASDy

P

O,

In the uPD775b family LSts, each byte of speech data consists of two sets of coded data. As a result, DRQ (data
request signal) output from uPD7759 in the slave mode is output at half the sampling frequency interval on the
average, exerting an increased burden on the host system. This fact should deserve special attention when hardware

configurations in which the system CPU undertakes this operation are used.
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3.6 Clock Generator

The clock generator generates clock signals for use within a chip. Connect an external ceramic resonator and
capacitors as shown in Fig. 3-16. ‘

An external clock can be used. If an external clock is used, X1 is used for clock input and X2 should be left open.
When a uPD7755 family LSl is in standby mode, X1 outputs low level. Therefore, a capacitor which is about 100 pF
must be connected in series to X1 as shown in Fig. 3-17 to avoid input of direct current.

In the standby mode, X1 and X2 are fixed low and high, respectively.

Fig. 3-16 Connection of ceramic resonator

C1
X1
CRC3
X2 o
Rp

Table 3-1 The value of parameter for each ceramic resonator’Vote

Part number Manufacturer Cq [PF] Co [PF] Rp [kQ]
CSB640P Murata Co., Ltd. 220 220 0
KBR6408 Kyocera Co., Ltd. 220 220 0
CRK640 Toko Co., Ltd. 33 150 9.1
FCR640K2 TDK Co., Ltd. 390 390 0

Note These parameters are for reference only and are not intended for use in actual design-in's. Furthermore, actuatl

parameters may be different from these parameters according to which ceramic resonator is connected with
which of uPD7755 family LSls.

Please inquire the specific data for design-in's from the ceramic resonator manufacturer.

Fig. 3-17 Input of external clock

@

X2 | Open
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3.6 Programming and Verifying One-Time PROM

uPD77P56 include a 256K bit one-time PROM as speech data memory. Procedures for programming data to the
PROM and verifying the data are described below.
Normal programming and verification can be executed by replacing the socket adapter using the PG-1500 PROM

programmer.

3.6.1 PROM operation modes
Applying +6 V to the Vpp pin and +12.5 V to the Vpp pin brings the uPD77P56 into the operation mode that
is designated by the MDO to MD1 pins as described in the table below. The ST pin is fixed low.

Table 3-2 PROM operation modes

Operation mode specification
Operation mode
Vpp Voo MDQO MD1 MD2 MD3
H L H L (D Program address zero-clear mode
L H H H (@ Program mode
125V 6V
L L H H @ Verify mode
H X H H (@ Program inhibit mode

X: Low or high

Operation mode descriptions
@ Program address zero-clear mode
The PROM address is cleared to 0. Note that the address will be reset to O if this mode is set even momentarily
during mode transitions.
@ Program mode
Speech analysis data can be programmed to the PROM. Data is input to DO — D7,
@ Verify mode
The speech analysis data programmed to the PROM can be verified as it is output from DO — D7.
(@ Program inhibit mode
No operation occurs. When the LS! is switched from one mode to another, this mode may intervene to bypass

the program address zero-clear mode.

Note: Constant data used for this LSl is stored in the system area of the memory, from O001H to 0004H. The data are 5A, A5, 69,

and b5.
Then please check the blank of the memory just from O005H to the end address and program it from 0000H to the end

address.
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3.6.2 Initialization

To preveni UPD77P56 from entering the write mode the moment VDD‘ and Vpp areset to 6 V and 125 V.

respectively, the program address zero-clear mode setting (Note) is -assigned before uPD77P56 enters the PROM

operation mode.

Note MDO MD1 MD2 MD3

3.6.3 Data program timing

PROM program procedure of normal and high speed program is as follows:

Normal program

{n

Set ST to low level, AVO, X2 pin to OPEN, and X1 pin to low level.

Apply 5V to Vpp and Vpp.

10 us waiting.

PROM address O clear mode.

Apply 6 V and 12.5 V to Vpp and Vpp respectively.

Program inhibit mode.

Program data in 1 ms of program mode.

Program inhibit mode.

Verify mode: If data has been programmed, go to item {10), if data has not been programmed, repeat items (7)
to (9).

(10) Additional programming: X* x 1 ms

(
(
(
(
(

"
12
13

* The number of times programmed in item (7) to (9).

) Program inhibit mode.

) Increment an address by inputting pulse to X1 pin four time.
) Repeat {7) to (9) up to the final address.

14)PROM address O clear mode.

15) Change voltages Vpp and Vpp to 5 V.

(16) Power off.

Note: Avoid setting the PROM address O clear mode when moving to another mode. Figure on the next page shows procedures {(2)

36
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Normal data programming timing
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3.6.4 Data readout timing

{10)
(11)

uPD77P56 can readout data from the PROM in the following sequence:

Set a low on ST, leave AVO, X2 open, and set a low on the X1 pin.
Supply 5V to Vpp and Vpp

Wait for 10 us.

PROM address O-clear. mode.

Apply 6 Vand 12,6 V to Vpp and Vpp, respectively.

Program inhibit mode.

Verify mode. Qutput data sequentially at the frequency of clock pulse input to the X1 pin.
Program inhibit mode.

PROM address O-clear mode.

Change the voltage for Vpp and Vpp to B V.

Power off,

Note: Avoid setting the PROM address O clear mode when moving to another mode.

Figure on the 39 page shows procedures (2) to (9).

3.6.5 High speed program

(1)
(2)

(10)
(11
(12)
(13)
(14)
(15)

Set ST to low level, AVO, X2 pin to OPEN, and X1 pin to low level.
Apply BV to Vpp and Vpp.

10 us waiting.

PROM address O clear mode,

Apply 6 Vand 125 V to Vpp and Vpp respectively.

Program inhibit mode.

Program data in 250 us of program mode.

Program inhibit mode.

Verify mode: If data has been programmed, go to item (10), if data has not been programmed, repeat items
(7) to (9).

Program inhibit mode.

Increment an address by inputting pulse to X1 pin four time.
Repeat (7) to {11) up to the final address.

PROM address O clear mode.

Change voltages Vpp and Vpp to b V.

Power off.

Note: Avoid setting the PROM address O clear mode when moving to another mode. Figure on the next page shows procedures
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This high speed program is different from the usual high speed program of UVPROM's.
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CHAPTER 4 APPLICATION CIRCUIT EXAMPLES

This chapter describes examples of typical application circuits that embody uPD7755 family LSls.
Piease note that these example circuits are not intended for commercial production that allows for component

deviations and temperature characteristics. NEC assumes no responsibility for the use of patents on the circuits

shown.
4.1 Control Circuits

4.1.1 Simplified message select circuit
Fig. 4-1 shows a simplified message select circuit with manual switches that connects to a uPD7755 family LSI.

Switches having long make times are suitable.
Since the uPD77656 family LSis have eight message select lines each, message select codes can be assigned as 2"
(n =20, 1,...7) to have a one-to-one correspondence between the select lines and messages. Priority may also be

assigned to the messages by the message select codes.

Fig. 4-1 Simplified messages select circuit example

VDD
. ' cs
16
. /48
o o 15
Jra
o O— 14
—_
0 © 13
JE
o o 12
—_
o © 11
[ —
© O 10

uPD7755 family LSI
(stand-alone mode)

4.1.2 Control by microcomputer
Fig. 4-2 shows a typical control circuit organized in a 4-bit single-chip microcomputer of 76X series. In this
example, the uPD7755 family LSI is controlled by using the 75X series ports POO, P40 to P43, and P50 to P53.

Fig. 4-3 shows the control procedure executed from the 75X series.
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Fig. 4-2 Typical control circuit organized in the 75X series

+5 vV
+H5 'V l

e ]t
.= 1 REF
P53 12 \
P40 i3 AVO 'M
P41 14
P2 5 Filter

Ll || BV ; 17 amplifier
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AAA
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AN
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x2 —H

P50 ‘ ST
POO BUSY
+5V =
cs
Vss — . RESET GND %
76X series uPD7755, 7756A,
uPD77P56, 7757
7758A

Fig. 4-3 Control procedure in the 75X series
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Fig. 4-4 shows a typical circuit that connects to a system based on an 8-bit single-chip microcomputer
#PD780018B. In this example, the speech synthesizer LS| is allocated to uPD78001B |/0 address “'XxXx XXXX XXXX
x000." The control procedure is the same as that for the 75X series, except that interrupt is used to detect BUSY.

+5V ]

VDD

ADO
AD1
AD2
AD3
AD4
AD5
AD6
AD7

ASTB

WR

INTPO
Vss

©PD78001B

Caution 1.
2.

Fig. 4-4 Typical control circuit organized in the uPD78001B

10
11
12
13
14
15
16

uPD74HC373
VDD
DO Qo
D1 Q1
D2 Q2
D3 Q3
D4 Q4
D5 Q5
D6 Q6
D7 Q7

LE Vgs
ﬁ 3’

17

©PD74HC138 +5V
A G1
5 Y7
o +5V

G2A G2B <17

BUSY

=1

The ST pulse must be at least 350 ns wide.

<

+

RESET

VDD
REF
AVO

X1

X2

cs
GND

Filter

£k

E

uPD7755, 7756A, 77P56,

uPD7757, 7758A, 7759

amplifier

Pullup or pulldown resistors for address/data bus are omitted in this figure. Actually, pullup or pull-
down resistors are required between ADO-AD7 of uPD78001B and D0-D7 of uPD74HC373, between
Q0-Q7 of uPD74HC373 and 10-17 of uPD7755 family LSI.

Using BUSY as an interrupt signal to the CPU is suitable where messages are frequently connected, whereas port

sensing by the CPU as necessary is suitable where messages have a relatively simple structure, with the CPU’s em-

phasis placed on other processing.

4.1.3 External ROM connection (uPD7759)
An 8-bit/word memory is best recommended for external connection to the uPD7759. Its access time should be

up to 6 us.

Fig. 4-b shows the interface with the 1 M-bit ROM
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Fig. 4-5 Interfacing with the 1 M-bit ROM
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4.2 Low-Pass Filter

Digitized signals contain not only the original signal but also Loopback signals generated from harmonics of the
sampling frequency as a loopback frequency.

To reproduce only the original signal, frequencies above one half of the sampling frequency must be cut off.
A filter with as sharp a cutoff slope as possible is desirable for this purpose. For audio signals, a cutoff slope of
—48 dB/oct or more is ideal. In practice, however, the filter circuit can be simplified depending on the reproduction
performance or other characteristics of the speaker used. Two examples of typical low-pass filters are shown below,

one using a transistor and one using an operational amplifier.
4.2.1 Low-pass filter using a transistor

(1) Circuit and its operation

' Fig. 4-6 shows a —18 dB/oct low-pass filter organized of a single PNP transistor. The transistor is configured as
an emitter-follower connection, and the analog output voltage of a uPD7755 family LSI is used as its base bias.
As a result, the transistor is normally biased only when audio signals are output from the uPD7755 family LSI.
In all other instances, the transistor is not biased at all, with a power consumption of 0.

Fig. 4-6 Typical low-pass filter circuit (using transistor)

vee vVee
R 2
L co R4
p———9¢4——0 FILTER OUT
uPD7755
family LSI o . ANy TR
AVO R1 l R2 R3
C1 C3
l l 777
C1: 0.047 uF R1+RL=R2=R3
C2: 0.1 uF R4=510Q
C3: 0.0068 uF TR: 2SA733, etc.

(2) Cutoff frequency setting

' Fig. 4-7 (a) is an AC equivalent circuit of the low-pass filter shown in Fig. 4-6. Fig. 4-7 (b) is a modification to
the circuit to have a voltage sourte as the signal source. Apparently, the load resistor R connected to the AVO
pin of the uPD7755 family LS| forms part of the circuit constant of the low-pass filter.
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Fig. 4-7 AC equivalent circuit (using transistor)
(a) (b)

c2
Ro

R2 R3

1AvVO ;7]' c1 I C3 vavo l C1 IC\B’

For the low-pass filter shown in Fig. 4-6, the cutoff frequency can be easily altered by changing R and R1 to
R3 with C1 to C3 being fixed.

Fig. 4-8 gives the relationship between these resistances and the cutoff frequency. RO in the figure is expressed
as
RO=R1+RL
= R2
=R3



5.0

\
\
\\
AN C1=0.047 uF
4.0 - _
x C2=0.1uF
X C3=0.0068 uF
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3.0 N
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o \\
g N
g N
2 2.0 N
e \\
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1.0 ™~
1.0 2.0 3.0 4.0 5.0

Cutoff frequency f {(kHz)

With a sampling frequency of 6 kHz, for example, a cutoff frequency of about 2.4 kHz is appropriate for the
low-pass filter.
The resistance RO corresponding to the cutoff frequency of 2.4 kHz is found to be 2 k2 in Fig. 4-8. If 390 &
is used as the load resistor R in the uPD77565 family LSI, the resistances will be:

R1=1.6k&Q (RL =390 Q)

R2=2.0k

R3=2.0kQ
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(3)

48

Fig. 4-9 gives measurements of the frequency response obtained by varying RO from 1.2 k§2 to 2.4 k£2.

Fig. 49 Gain vs. frequency response (Measured data: using transistors)

(Vee =56.0V)
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? -2 RO =1.2kQ
—30
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JARAY

100 1k 10k 100 k
Frequency f (Hz)

DC bias voltage level setting
The DC equivalent circuit shown in Fig. 4-6 can be represented as in Fig. 4-10.

Fig. 4-10 DC equivalent circuit

Vee. vVee
RL 'E[ R4
VBE
AVO - 1B
O—s e TR1
lavo R1+ R2 +R3

The emitter-follower circuit of TR1 functions normally only if its base voltage level Vg meets the equation
VBVeC = 1E * Ra = VBE oo it (1)



With Ig = 3 mA and Ra = 510 §, for example, the base voltage level is given from Vgg = 0.7 Vas
VB =VEC — 2,23 e (2)

If the voltage level of the AVO pin of the uPD7755 family LS| is Vayo and the base current in TR1 is Ig,
Vavo is stated as
Vavo = VB —Ig * (RT+R2+R3) . .. ... e (3)

Since, generally, Ig is about one hundredth of |g and R1 is on the order of several k€2, V ayo can be expressed
as
VAVO SVCC — 2.3 . e e e (4)

Namely, the AVO pin voltage must be at least 2.3 V lower than Ve while audio signals are being output from
the uPD7755 family LSI.

This setting is effected by adjusting the reference current in the uPD7755 family LSI or adjusting the load
resistor R_.

4.2.2 Low-pass filter using an operational amplifier

(1) Circuit and its operation
Fig. 4-11 shows a —24 dB/oct low-pass filter organized of a dual operational amplifier uPC358C. The opera-
tional amplifier is configured as a voltage follower connection, and the analog output voltage of a uPD7755
family LSI is used as its bias.
Since the uPC358C has an in-phase input voltage range of 0 to Ve —1.5 V, the analog output voltage of the
uPD77565 family LSI is divided by the resistors R1 and R2 before it is input to the filter circuit.

Fig. 4-11 Typical low-pass filter circuit (using operational amplifier)

Vee Vee

§5.1 kQ § 5.1 kQ

KPD7755 HPC358C
family
Lsl hs AN
AVO AV FILTER
ouT

_l_cg ;J;C4

C1:0.022 uF RL: 5102
C2: 0.0022 uF

C3: 0.022 uF

C4: 0.01 uF
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(2) Cutbff frequency setting
Fig. 4-12 is an AC equivalent circuit of the low-pass filter shown in Fig. 4-11.

Fig. 4-12 AC equivalent circuit (using operational amplifier)

Ci C3
L L
RO R3 R4 T R5
+1 VWY AWV J_ +1

RO in the figure is a combined resistance of the load resistor R in the uPD7755 family LSl and R1 and R2 in

the circuit diagram. It is expressed as

(R_+ R1) R2
Ro - R R (5)
RL+R1+R2

For the low-pass filter shown in Fig.4-11, the cutoff frequency can be easily altered by changing R and R1 to
Rb5 with C1 to C4 being fixed.

Fig. 4-13 gives the relationship between these resistances and the cutoff frequency. RO in the figure is a com-

bined resistance expressed by Equation (5).
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Fig. 4-13 Low-pass filter resistance constants (using operational amplifier)
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Cutoff frequency f (kHz)

The procedure for selecting circuit constants is described below with reference to a sampling frequency (fs) of
8 kHz. With a sampling frequency of 8 kHz, a cutoff frequency of about 2.4 kHz is appropriate for the low-pass
filter.

On the basis of Fig. 4-13, the resistances at fc = 3.6 kHz will be:

RO=3.3kQ
R1=1.2k§2
R2=1.3kQ
R3=6.2 k2
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Next, the values of R1 and R2 in the circuit diagram are calculated from RO. If R1 = R2 = R is assumed for
simplicity’s sake, Equation (5) can be transformed as follows.

RZ+R (RL —2°RO) — RO RL =0 . .ttt ettt e (8)

By assigning R = 510 £ and RO = 3.3 k&2 to this equation, one obtains R = 6.4 k£2. Namely, the resistances in
the circuit diagram will be:

R1=6.4k&Q

R2 =6.4 kQ2

R3=1.2k&

R4 =13k&2

R5=6.2 k{2

RL=5108



Gain Av (dB)

Fig. 4-14 Gain vs. frequency response (Measured data: using operational amplifier)

(Vec=5.0V)

100 1k 10k 100 k
Frequency f (Hz)

uPC3B8C is a dual operational amplifier operating at a single supply voltage of 3 V or higher. It is ideal for use
in low-pass filters in uPD7755 family LSls.

However, uPC3568C was originally designed as a DC amplifier, and certain care should be observed when it is
used to amplify AC signals in low-pass filters or similar devices.

Fig. 4-15 (a) shows an output-stage equivalent circuit of uPC358C, which is composed of a class C push-pull
circuit. During current drainage, the output circuit is switched to suit the current as shown in Fig. 4-15 (b},
generating crossover distortion during switching times.

The crossover distortion can be lessened by running the transistors, Qb, Q6, or Q13, in the output stage as
emitter-followers (class A operation). This is accomplished by connecting a pull-up or pull-down resistor.
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4.2.3 Typical LC filter circuit
Fig. 4-16 shows a typical LC filter circuit. Since the coil used has a terminal resistance of 270 £2, the analog

output load resistor of the uPD7755 family LSl is set to 270 2. Fig. 4-17 shows the frequency response of this

circuit.

Fig. 4-16 Typical LC filter circuit

VDD .
Coil: Toko A330LDGS-0110
Lzmn
+
Filter output
Ve (O@® G 6 , ‘o)
uPD7756 [~ = ®
family
LSl
@ 3 @ 270
1
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Fig. 4-17 Gain vs. frequency response (Measured data: using LC filter)

i

100

1k

Frequency f (Hz)

A B Unit
C1 0.12 0.22
c2 0.22 0.39 uF
C3 0.12 0.12

10 k
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4.3 Speaker Amplifier:

4.3.1 Speaker amplifier using transistors
Fig. 4-18 shows a typical speaker amplifier made up of transistors. With a standby function and a simple filtering

function, the amplifier outputs about 20 mW at Voe = 3 V.

The circuit is composed of TR1 that drives the speaker through class A operation, and TR2 that turns on and off
the DC bias for TR1 according to the BUSY signal in the uPD7755 family LSI. C1 and C3 fogm a high-pass filter,

R3and C2, a low-pass filter.

Fig. 4-18 Typical speaker amplifier using transistors

uPD7755
family
LSI

)
_—T BUSY

AVO

TR1: 2SA733

TR2: 25A733
Part number Constant
VR 100 Q
R1 470 Q
R2 560 Q2
R3 220 Q2
R4 30
RS 8.2 0
R6 30 kQ
C1 33 uF
c2 0.47 uF
C3 470 uF
C4 100 uF

Fig. 4-19 shows the gain vs. frequency response of this circuit.
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Fig. 419 Gain vs. frequency response (Measured data: using speaker amplifier)
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4.3.2 Typical configuration using uPC1316
Fig. 4-20 shows a typical speaker amplifier using uPC1316.
Given a supply voltage of 5.0 V, uPC1316 can output about 0.7 W (T.H.D. = 10 %) using a 4 2 speaker.

AVO

uPD7755 family
LSI

VDD

Fig. 4-20 Speaker amplifier using uPC1316Note

+
Cq 100 uF
1 10

FILTER
CIRCUIT

&/

RIPPLE
FILTER

? GND for INPUT

6k

uPC1316

Note The pins 2 to 6 of the uPC1316 are not used. These are pins for AMP2,

Caution 1. Mpylar capacitor is recommended as Cq5.

ok wN
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Add C in the case of reducing voltage gain at high frequency.
Add C,4 or increase capacitance of Cq when a oscillation may occur due to the pattern layout on PCB.
Voltage gain can be changed by value of R¢;. The voltage gain should be set more than 34 dB.

When a input capacitor is connected to the input terminal, a bias resistor should be connected between
the input terminal and GND.

>_«




[EXEIH Message

Although NEC hastaken all possible steps
to ensure thatthe documentation supplied
to our customers is complete, bug free
and up-to-date, we readily accept that

From: ;
errors may occur. Despite all the care and
precautions we've taken, you may

Name encounter problemsinthe documentation.
Please complete this form whenever

Company you'd like to report errors or suggest
improvements to us.

Tel. FAX

Address

Thank you for your kind support.

North America

NEC Electronics Inc.

Corporate Communications Dept.

Fax: 1-800-729-9288
1-408-588-6130

Europe

NEC Electronics (Europe) GmbH
Technical Documentation Dept.
Fax: +49-211-6503-274

South America
NEC do Brasil S.A.
Fax: +55-11-6465-6829

Hong Kong, Philippines, Oceania
NEC Electronics Hong Kong Ltd.
Fax: +852-2886-9022/9044

Korea

NEC Electronics Hong Kong Ltd.
Seoul Branch

Fax: 02-528-4411

Taiwan
NEC Electronics Taiwan Ltd.
Fax: 02-719-5951

Asian Nations except Philippines
NEC Electronics Singapore Pte. Ltd.
Fax: +65-250-3583

Japan

NEC Corporation

Semiconductor Solution Engineering Division
Technical Information Support Dept.

Fax: 044-548-7900

| would like to report the following error/make the following suggestion:

Document title:

Document number:

Page number:

If possible, please fax the referenced page or drawing.

Document Rating

Clarity
Technical Accuracy
Organization

Excellent Good
a J
O (M ]
a a

Acceptable Poor
Q a
O o
a Qa

CS 97.8



	COVER
	Regional Information
	Main Revisions This Edition
	PREFACE
	CHAPTER 1 INTRODUCUTION
	1.1 uPD7755 Family Features
	1.2 Ordering Information
	1.3 Internal Block Diagrams
	1.4 uPD7755 Family LSI Development Flow

	CHAPTER 2 PIN FUNCTIONS
	2.1 Pin Configurations
	2.2 uPD7755,7756A,7757,and 7758A Pin Functions
	2.3 uPD77P56 Pin Functions
	2.3.1 Pin functions during speech synthesis
	2.3.2 One-time PROM pin functions

	2.4 uPD7759 Pin Functions
	2.4.1 uPD7759 mode common pin functions
	2.4.2 uPD7759 stand-alone mode pin functions
	2.4.3 uPD7759 slave mode pin functions


	CHAPTER 3 OPERATION OVERVIEW
	3.1 Operation Modes and Their Control
	3.1.1 Operation modes
	3.1.2 Operation mode control

	3.2 Specifying Synthesized Messages
	3.3 Analog Output Circuit Operations
	3.3.1 D/A converter configuration
	3.3.2 Adjusting the output current of the D/A converter
	3.3.3 D/A converter in the standby mode

	3.4 uPD7759 External Data Interface
	3.4.1 uPD7755 family LSI memory map
	3.4.2 uPD7759 slave mode interface

	3.5 Clock Generator
	3.6 Programming and Verifying One-Time PROM
	3.6.1 PROM operation modes
	3.6.2 Initialization
	3.6.3 Data program timing
	3.6.4 Data readout timing
	3.6.5 High speed program


	CHAPTER 4 APPLICATION CIRCUIT EXAMPLES 
	4.1 Control Circuits
	4.1.1 Simplified message select circuit
	4.1.2 Control by microcomputer
	4.1.3 External ROM connection (uPD7759)

	4.2 Low-Pass Filter
	4.2.1 Low-pass filter using a transistor
	4.2.2 Low-pass filter using an operational amplifier
	4.2.3 Typical LC filter circuit

	4.3 Speaker Amplifier
	4.3.1 Speaker amplifier using transistors
	4.3.2 Typical configuration using uPC1316



