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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 testand 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 to the 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. Input levels 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/O 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.

Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States
and/or other countries.

PC/AT is a trademark of IBM Corporation.

InterTools is a trademark of TASKING, Inc.




The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed: uPD77016, uPD77019-013
The customer must judge the need for licence: pPD77015, uPD77017, uPD77018, uPD77018A, uPD77019

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.

NEC Electronics Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

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

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.1.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 01-504-2787

Fax: 01-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388

NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 65-253-8311

Fax: 65-250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-719-2377

Fax: 02-719-5951

NEC do Brasil S.A.
Cumbica-Guarulhos-SP, Brasil
Tel: 011-6465-6810

Fax: 011-6465-6829
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MAJOR REVISIONS IN THIS EDITION

Page Description
Throughout Addition of descriptions of uPD77018A and 77019.
Throughout Deletion of Chapter 5 Assembly Instructions
p.30 Addition of 2.1.2 (2) 116-pin plastic BGA
p.41 Addition of BGA package numbers to 2.3.2 Pin function of uPD77015, 77017, 77018, 77018A, and
77019
p.62 Addition of Note 1 to Table 3-7. Initialized Pins and Their Initial Statuses
p.67 Addition of Table 3-8. Pin Status in HALT Mode
p.69 Addition of Table 3-9. Pin Status in STOP Mode
p.96 Change of Caution in Figure 3-25. External Interrupt Timing
p.97 Addition of Caution to Table 3-17. Interrupt Vector Table
p.116 Change of status during reset of DA0-DA15 (13) and X/Y in Table 3-20. Pin Status
p.166 Addition of description to 3.7.3 (3) (C) I/O timing of non-standard serial clock
p.175 Change of descriptions of HDO-HD7 in Table 3-33. The Pin Status during and after Hardware Reset
p.183, 184 Change of 3.7.4 (5) (c) Interrupts and addition of Caution to this section
p.207 Addition of 4.3.1 (2) Parameters for self-boot of uPD77019-013
p.214 Addition of description of high-speed simulator (SM77016-H) to 5.1.2 Software simulator
p.216 Change of part number of 5.2.2 (3) Adapter for EB-77017 board
p.230 to 232 Addition of A.3 CPU Registers to Be Initialized and Initial Values to A.6 Status of Output Pins

during Reset to Release STOP mode

The mark % shows major revised points.




Readers:

Purpose :

Organization :

How to read :

PREFACE

This manual should be read by engineers who wish to understand the functions of the uPD7701x
family for designing software or hardware application systems.

This document describes the hardware and software functions provided in the uPD7701x family
products in the order shown below. This manual is designed to be used as a reference manual
when developing application system hardware or software using pPD7701x products.

This manual consists of the following sections:
e Chapter 1....... Overview
e Chapter 2........ Pin Functions
e Chapter 3....... Architecture
e Chapter4....... Boot Function
e Chapter 5........ Development Tools
* Appendix A ....Device Summary
» Appendix B ....Ordering Information
» Appendix C ....Index

This manual assumes that readers possess basic knowledge on electric/electronic circuits, logic
circuits, and microcomputers.

The uPD7701x family consists of the uPD77016, 77015, 77017, 77018, 77018A, and 77019.
Unless otherwise specified, “uPD7701x” refers to the entire family. If there are some differences
in function or operation among family products, they are described under their respective names.

» To understand all the uPD7701x functions :
Read this manual from Chapter 1 “Overview” through Chapter 4 “Boot Function” to gain a
detailed understanding of the functions of this family.

« If you are a hardware engineer
Read this manual from Chapter 1 “Overview” through Chapter 4 “Boot Function”. You will
learn various useful points for configuring a hardware system as well as gain a detailed
understanding of the functions of this family. Chapter 3 “Architecture” describes the related
interface levels of the on-chip function blocks.

« If you are a software engineer
Read this manual from Chapter 1 “Overview” through Chapter 4 “Boot Function”. You will
learn various useful points for programming a software application as well as gain a detailed
understanding of the functions of this family. Chapter 5 “Development Tools” introduces
software development tools, additional tools for this family, and evaluation systems. Refer
to “uPD7701x Family User’'s Manual Instructions.”

« If you use this document as a reference manual
Note that an index is provided at the end of this manual. This index can be used to search
aword based on akeyword. Chapter 3 “Architecture” provides descriptions of internal device
architecture on a top-down basis to facilitate searching a specific function.
Appendix A “Device summary” summarizes various key points on the use of this device, such
as instruction memory map, data memory map, and peripheral register map.



Legends :

Data weight

Active low

Memory map address
Note

Caution

Remarks

Bolded text
Numerical expression

{1}

: Upper digit is left and lower is right.

XXX (a line is drawn over the name of pin or signal.)
: Top-Higher, Bottom-Lower

: Explanation for the Note in the text.

: Description that should be read carefully

: Complementary explanation for the text

: Important items

: Binary ... ObXXXX

Decimal ... XXXX
Hexadecimal ... OXXXXX

: Either of the items enclosed within { } can be selected.



Related Documents : Also use the following documents:

[Documents related to uPD7701x family]

¢ Data sheet

Part Number uPD77016 | uPD77015 | puPD77017 | wuPD77018 | uPD77018A | uPD77019 |pPD77019-013

Document Number U10891E U10902E U11849E U13053E

e User’'s manual and brochure

Document Name Document Number
Brochure U12395E
User's Manual Architecture This manual
Instructions U13116E
Application Note Basic software U11958E

[Documents related to development tools]

Document Name Document Number
IE-77016-98/PC User’s Manual Hardware EEU-1541
IE77016-CM-EM6 User’'s Manual EEU-1506
EB-77017 User’'s Manual U12660E

Some of the above related documents are preliminary versions but are not so specified here.

. ____________________________________________________________________________________________________________________________________|
Caution The above related documents are subject to change without notice. Be
sure to use the latest edition of the document when you design your
system.
. ____________________________________________________________________________________________________________________________________|
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Chapter 1

Overview

As the 21st century approaches, multi-media systems that do not only compute numeric
data and process information as conventional computer systems do, but can also process
images and sounds, which are important interfacing elements for human beings, have come
in the limelight. Another important feature of multi-media systems is that they must provide
a real-time processing capability. As a result, the quantity of information that must be
communicated and processed is substantially increasing, the current architecture which
heavily depends on the CPU for processing information, must be reviewed, and data
processing systems that facilitate organizing multi-media systems are being increasingly
demanded.

The uPD7701x family is a collection of 16-bit fixed-point digital signal processors (DSPs) of
the new generation that have been developed for digital signal processing applications,
including multi-media systems, which require high speed and high accuracy.

Their internal circuit consists of eight 40-bit general-purpose registers that are used to load/
store or input/output data, a multiply accumulator that performs an operation of “16 bits x
16 bits + 40 bits —> 40 bits”, a 40-bit ALU, and a 40-bit barrel shifter.

By employing as the basic technology the Harvard architecture, in which the instruction
memory space and the data memory space are separated, and by separating the data
memory space into X and Y memory areas, the uPD7701x family can execute flexible,
high-speed data transfer.

These DSPs are provided with two serial interfaces, a host interface, and general-purpose
I/O ports as peripherals. Because these interface registers are mapped on the data memory
space, various peripheral control operations can be performed by all addressing modes
provided for the data memory.

The basic operation of the pPD7701x family is executed by using a pipeline of three stages:
instruction fetch, instruction decode, and instruction execution. Some instructions, however,
do not use this pipeline, but are designed so that their execution results can be used by the
next instruction. Therefore, you can program your applications without having to pay any
special attention to the pipeline.
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1.1 Products of uPD7701x Family

The uPD7701x family consists of the following products:

LPD77016
UPD77015
UPD77017
LPD77018
LPD77018A
LPD77019

20 uPD7701x Family User's Manual
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1.2 Features of uPD7701x Family

The puPD7701x family is provided with sophisticated next-generation DSP functions in
addition to standard DSP technological features. The features common to all the models in
the uPD7701x family and the features of each model are described below. Table 1-1 shows
the differences among the pPD7701x family products.

1.2.1 Common features

» High-speed instruction cycle:
30 ns (uPD77016, 77015, 77017, 77018)
16.6 ns (UPD77018A, 77019)

» Harvard architecture eliminating bus neck

» Three stage pipeline architecture

» Rational combination of parallel instructions

» Multiply accumulator capable of executing 3-operand instructions (trinomial operation)
» Eight 40-bit general-purpose registers

» Eight data memory pointer registers (four each for X and Y memories)
» Dual data memory space promising flexible, high-speed data transfer
* Many addressing mode enabling flexible memory access

» Head room format eliminating operational overflow

 Various internal peripheral interfaces

* Many external interfaces

* Interrupt functions covering wide range of applications (internal: 6 levels, external: 4
levels)

» Hardware loop mechanism minimizing overhead
» Programmable external memory access wait

» Boot ROM

e Debug function (JTAG port)

» Standby function by HALT instruction

1.2.2 Features of uPD77016

The uPD77016 is the basic model of the uPD7701x family. Because it supports an external
memory area of sufficient capacity for both instructions and data in addition to the common
features of the uPD7701x family, the pPD77016 can cover a wide range of applications.

1.2.3 Features of yPD77015, 77017, 77018, 77018A, and 77019

The uPD77015, 77017, 77018, 77018A, and 77019 are ideally suited for compact and
economical embedded systems, being provided with a clock multiplier circuit (mask option),
a crystal oscillator circuit, a single, 3-V power supply, a power down function, and a 100-pin
TQFP package in addition to the common features of the uPD7701x family. The only
difference among these models is the capacity of the internal ROM and RAM. Select the
model best suited to your application.

The uPD77019-013 invalidates the internal ROM of the uPD77019. Because mask
processing is not necessary, use this model when only the internal RAM is used.
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uPD7701x Family

Table 1-1. Features of uPD7701x Family

Items

pUPD7701x family

UPD77016 | UPD77015 | uPD77017 | pPD77018

uPD77018A | pPD77019

Instruction cycle

30 ns(@ max. clock rate)

16.6 ns (@ max. clock rate)

Clock rate
(@ max. rate)

Ext. 66 MHz | Ext. 33 MHz (x1 mask option)
Ext. 16.5 MHz (x2 mask option)
Ext. 8.25 MHz (x4 mask option)
Ext. 4.125 MHz (x8 mask option)

Ext. 33 MHz crystal (x1 mask option)

Ext. 60 MHz (x1 mask option),
Ext. 30 MHz (x2 mask option),
Ext. 20 MHz (x3 mask option),
Ext. 15 MHz (x4 mask option),
Ext. 7.5 MHz (x8 mask option)
Ext. 60 MHz crystal (x1 mask option)

Parallel instruction execution

Trinomial operation & parallel load/store
Binomial operation & parallel load/store
Monomial operation & Conditional
Register-to-register transfer & Conditional
Branch & Conditional

Hardware loop

Nesting of up to 4 levels

Conditional instruction

Conditional operation, conditional transfer, conditional branch by combining standard

conditional instructions with other instructions

Multiply accumulator

16 bits x 16 bits + 40 bits —> 40 bits
(such as trinomial operation: RO = RO + R1H * R2L)

Accumulator

40-bit inputs and 40-bit output (binomial and monomial)

General register

Eight 40-bits registers (R0-R7)

Data memory pointer

Four pointers for X memory (DPO-DP3), Four pointers for Y memory (DP4-DP7)

Interrupt

Internal: 6 levels (6 causes), External: 4 levels (4 causes)

3-stage pipeline processing

Instruction fetch, instruction decode, instruction execution

Instruction memory Boot ROM 256 words (for boot function)

(32 bits/word) Int. ROM n/a 4 K words 12 K words 24 K words 24 K words 24 K words
Int. RAM 1.5 Kwords | 256 words 256 words 256 words 256 words 4K words
Ext. area 48 Kwords | n/a n/a n/a n/a n/a

X data memory Int. ROM n/a 2 K words 4 K words 12 K words 12 K words 12 K words

(16 bits/word) Int. RAM 2 K words 1 K words 2 K words 3 K words 3 K words 3 K words
Ext. area 48 Kwords | 16 K words 16 K words 16 K words 16 K words 16 K words

Y data memory Int. ROM n/a 2 K words 4 K words 12 K words 12 K words 12 K words

(16 bits/word) Int. RAM 2 K words 1 K words 2 K words 3 K words 3 K words 3 K words
Ext. area 48 K words 16 K words 16 K words 16 K words 16 K words 16 K words

Serial interface 2 channels 2 channels (without SORQ2, SIAK2 signals)

Host interface 8-bit parallel

1/0 port

Four ports (signal direction specifiable independently)

Supply voltage

+5V+10%

+2.7t0 +3.6 V

Standby function

Entered when HALT instruction is executed.

Powerdown function

n/a

Entered when STOP instruction is executed

Package

160-pin plastic
QFP

100-pin plastic TQFP

100-pin plastic
TQFP, 116-pin
plastic BGA

100-pin plastic
TQFP

Miscellaneous

Debugging function (JTAG port)
CMOS technology

Remark

n/a: not available

22
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1.3 Main Applications of uPD7701x Family

As its name implies, a DSP is a device developed for digital signal processing. DSPs
employing next generation technology, such as the uPD7701x family, are also provided
with the functions of a general-purpose CPU, including a memory access capability and
interrupt functions. Therefore, the uPD7701x can cover a wide range of applications. The
main applications of these DSPs are listed below, by field.

General signal processing
« Digital filter (FIR filter, BIQUAD filter, etc.)
» High-speed Fourier transformation
* Hilbert transformation

» Relative processing

Adaptive filter

Communication field
» High-speed modem (V.32, etc.)
« Digital cellular telephone (voice codec, equalizer, etc.)
* MPEG
» Echo canceler
» Adaptive equalizer
* Digital PBX
* DTMF encoder/decoder
* FAX
» Spread spectrum communication

e Multiplexed communication

Sound/acoustic
 Voice recognition
» Sound coding/decoding (ADPCM, PARCOR, etc.)
» Speech synthesis (phoneme synthesis, rule synthesis, etc.)
e Synthesizer

» Electronic musical instrument

Sound field control

Sound effects
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Image processing/graphics
« Affine transformation

 2-dimension orthogonal transformation (Fourier transformation, Hadamard transformation,
KL transformation, etc.)

« Filtering (smoothing, median filter, etc.)

 Various operators (Laplacian, Sobel, etc.)

* Ray tracing, Mandelbrot

e CAD (3D graphics, etc.)

* Virtual reality

* Image compression/expansion (DCT, run length, variable-length coding)
¢ Image recognition

« Computer animation

Control
« Navigation system
« Disc control (CD, LD, etc.)
 Various servo systems (PID, AC servo, etc.)
« Control of laser printer and copier
* Robot
* NC control

e Fuzzy control

Measurement
 Spectrum analyzer
* Function generator
« Pattern matching
* Lock-in amplifier
» Box car integrator

 Various analysis systems (vibration analysis, transient analysis)

General numeric processing and others
» Data enciphering/deciphering
» Use as numerical processor

¢ Neural system
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Chapter 2

Pin Functions

This chapter describes the pin configurations and pin functions of the uPD7701x family.
The following are the pin names:

BSTB : Bus Strobe MWR : Memory Write Output
CLKIN : Clock Input NC : Non-connection
CLKOUT : Clock Output PO-P3 : Port
D0-D15 : 16-bit Data Bus PWR : Program Memory Write
Strobe
DAO-DA15 : External Data Memory
Address Bus RESET . Reset
GND : Ground SCK1, SCK2 . Serial Clock Input
HAO, HA1 : Host Data Access SlI1, SI2 : Serial Data Input
HCS : Host Chip Select SIAK1, SIAK2 : Serial Input Acknowledge
HDO-HD7 : Host Data Bus SIEN1, SIEN2 : Serial Input Enable
HOLDAK : Hold Acknowledge S0O1, SO2 : Serial Data Output
HOLDRQ : Hold Request SOEN1, SOEN2 : Serial Output Enable
HRD : Host Read SORQ1, SORQ2 : Serial Output Request
HRE : Host Read Enable TCK : Test Clock
HWE : Host Write Enable TDI . Test Data Input
HWR : Host Write TDO : Test Data Output
IAO-1A15 : External Instruction TICE : Test for In-circuit
Memory Address Bus Emulator
I.C. . Internally Connected TMS : Test Mode Select
IDO-ID31 : External Instruction Vpp : Power Supply
Memory Data Bus —
WAIT : Wait Input
INT1-INT4 . Interrupt —
XY : X 1'Y Memory Select
MRD : Memory Read Output -
X1, X2 : Crystal Connection

uPD7701x Family User's Manual
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2.1 Pin Configurations

2.1.1 Pin configuration of

e UPD77016GM-KMD: 160-pin plastic QFP (fine pitch) (24

Figure 2-1. 160-pin Plastic QFP

LPD77016

x 24 mm)

[a) O-HANM< O NOOMNOOOAHANM AESIDON~N0DO
UOHNM#m@NgszHHHHHngﬁﬁﬁﬂNNNNgngNNNNNmm
p4sjslajalafajajapiajajajajalajaiaiyplalalalajajalalaPNyyalafa)ajajayaya)
Tf??ffff?TTTT??TTTTTTTTTT??TTTT??TTTT??T

/150158157 156155 1541531521550 49 48147 6 145 4 L3147 4 LD L3938 13T 30 135 34 L3 0 4T 130 0 817 06 25 1A 123122 121
RESET O—{1 120 |—=O 1A0
INTA O—= 2 o) 119 |—O 1Al
INT3 O—={3 118 |—=O 1A2
INT2 O—={ 4 117 |—=O 1A3
INTL O—»5 116 —O Vop
WAIT O— =6 115 ——O GND
HOLDRQ O——={ 7 114 |—O I1A4
CLKIN O—{ 8 113 |—O IA5
P3 O=~——=9 112 |—O 1A6
p2 O=—=10 111 |—O I1A7
P1 O=—>11 110 |—=O 1A8
PO O=—»12 109 |—=O 1A9
CLKOUT O=—- 13 108 |—=O 1A10
GND O—— 14 107 |—O 1A11
Voo O—— 15 106 —CO Vop
MWR O=—1 16 105 ——O GND
MRD O~—- 17 104 |—=O 1A12
BSTB O~—1 18 103 |—=O 1A13
HOLDAK O=—- 19 102 |—=O 1A14
Y O=—120 101 |—=O IA15
DA15 O=—-| 21 100 [+——O T™MS
DA14 O=—1 22 99 [«——O TDI
DA13 O=—| 23 98 [«——O TCK
DA12 O=—-| 24 97 —O TICE
GND O—— 25 96 [—=O TDO
Voo O—— 26 95 —CO Vobp
DA11 O=— 27 94 ——CO GND
DA10 O=—- 28 93 |—=O AWE
DA9 O=—-] 29 92 |—=O HRE
DA8 O=—] 30 91 [«~—=O HDO
DA7 O=——131 90 [«—=O HD1
DA6 O=—1 32 89 [«—=QO HD2
DA5 O=—133 88 [«—=O HD3
DA2 O=—1 34 87 [«—=O HD4
GND O— 35 86 [«—=O HD5
Voo O—— 36 85 [«—=O HD6
DA3 O=—1 37 84 [«—=QO HD7
DA2 O=—1 38 83 [«——O HAL
DAL O~——1 39 82 [«——O HAO
DAO O=——4041 4243444546 47 4849505152 5354 555657 5859606162 6364 65666768697071727374757677787980 8L [*— O HWR
OOOOL(LOOOOOOOOLLOOOOLL(LLlOOOiiliOOOili
BN NS A0S RBERRR S ARARRES 822X Y0528 8388S312
nooog>nb 5> 5>mgogwmm5>mmmgoyw‘%‘%
nVn 88 88 nNn
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Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 RESET 41 D15 81 HWR 121 ID31
2 INT4 42 D14 82 HAO 122 ID30
3 INT3 43 D13 83 HA1 123 ID29
4 INT2 44 D12 84 HD7 124 ID28
5 INTL 45 GND 85 HD6 125 ID27
6 WAIT 46 Vbb 86 HD5 126 ID26
7 HOLDRQ 47 D11 87 HD4 127 ID25
8 CLKIN 48 D10 88 HD3 128 ID24
9 P3 49 D9 89 HD2 129 PWR
10 P2 50 D8 920 HD1 130 GND
11 P1 51 D7 91 HDO 131 Vob
12 PO 52 D6 92 HRE 132 ID23
13 CLKOUT 53 D5 93 HWE 133 ID22
14 GND 54 D4 94 GND 134 ID21
15 VoD 55 GND 95 VoD 135 ID20
16 MWR 56 Vbb %6 TDO 136 ID19
17 MRD 57 D3 97 TICE 137 ID18
18 BSTB 58 D2 98 TCK 138 ID17
19 HOLDAK 59 D1 99 TDI 139 ID16
20 XIY 60 DO 100 T™S 140 GND
21 DA15 61 GND 101 IA15 141 Vbb
22 DA14 62 Vbb 102 IA14 142 ID15
23 DA13 63 si1 103 IA13 143 ID14
24 DA12 64 SIEN1 104 IA12 144 ID13
25 GND 65 SCK1 105 GND 145 ID12
26 Vbb 66 SIAK1 106 Vbb 146 ID11
27 DA11 67 So1 107 IA11 147 ID10
28 DA10 68 SORQ1 108 IA10 148 ID9
29 DA9 69 SOEN1 109 IA9 149 ID8
30 DA8 70 GND 110 IA8 150 GND
31 DA7 71 Vbb 111 IA7 151 Vbb
32 DA6 72 SOEN2 112 IA6 152 ID7
33 DA5 73 SORQ2 113 IAS 153 ID6
34 DA4 74 S02 114 IA4 154 ID5
35 GND 75 SIAK2 115 GND 155 ID4
36 VoD 76 SCK2 116 Vbb 156 ID3
37 DA3 77 SIEN2 117 IA3 157 ID2
38 DA2 78 SI2 118 IA2 158 ID1
39 DAl 79 HCS 119 IAL 159 IDO
40 DAO 80 HRD 120 IAO 160 NC
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2.1.2 Pin configuration of pPD77015, 77017, 77018, 77018A, and 77019

(1) 100-pin plastic TQFP (FINE PITCH) (14 x 14 mm)

UPD77015GC-xxx-9EU
UPD77017GC-xxx-9EU
UPD77018GC-xxx-9EU
UPD77018AGC-xxx-9EU
UPD77019GC-xxx-9EU

Figure 2-2. 100-pin Plastic TQFP
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= E [a) o & é % (%)) v W o é 0ol oo
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T LT T T
/100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
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INTLO—=5 71 f«=—O HD6
.C.O—]6 70 |=—=0O HD7
XIY O=—|7 69 —O0 Vop
DA130O=—|8 68——0O GND
DA12 O=—]9 67 |—=0O HWE
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DA10 O=—] 13 63 |=—=0 P2
DA9 O~— 14 62 |=~—0O P3
DA8 O=— 15 61~—0 SI2
DA7 O=— 16 60 |+~—0O SIEN2
DA6 O=— 17 59 |[«—0O SCK2
DA5 O=— 18 58 —=0O SO2
DA4 O=—| 19 57 «—0O SOEN2
GNDO— 20 56 ——O VoD
Vob O—— 21 55 ——0O GND
DA3O=—22 54 |+«—0O SOEN1
DA2 O=—23 53|—=0O SORQ1
DAL O=—24 52 }—=0 SO1
DA0 O=~—25 51 |—=0O SIAK1
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Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
1 RESET 26 D15 51 SIAK1 76 HD1
2 INT4 27 D14 52 so1 77 HDO
3 INT3 28 D13 53 SORQ1 78 HCS
4 INT2 29 D12 54 SOEN1 79 HRD
5 INT1 30 GND 55 GND 80 HWR
6 |.C.Note 31 VoD 56 Vob 81 HAO
7 XIY 32 D11 57 SOEN2 82 HAL
8 DA13 33 D10 58 S02 83 GND
9 DA12 34 D9 59 SCK2 84 X2
10 GND 35 D8 60 SIEN2 85 X1
11 Vob 36 GND 61 SI2 86 Vbb
12 DA11 37 VoD 62 P3 87 CLKOUT
13 DA10 38 D7 63 P2 88 TDO
14 DA9 39 D6 64 P1 89 TICE
15 DA8 40 D5 65 PO 920 TCK
16 DA7 41 D4 66 HRE 91 TDI
17 DA6 42 GND 67 HWE 92 T™S
18 DA5 43 Vbb 68 GND 93 HOLDRQ
19 DA4 44 D3 69 VbD 94 HOLDAK
20 GND 45 D2 70 HD7 95 MWR
21 Vob 46 D1 71 HD6 96 GND
22 DA3 47 DO 72 HD5 97 VoD
23 DA2 48 si1 73 HD4 98 MRD
24 DAL 49 SIEN1 74 HD3 99 BSTB
25 DAO 50 SCK1 75 HD2 100 WAIT

Note Leave this pin unconnected because the I.C. pin is connected to internal circuits.
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(2) 116-pin plastic BGA (FINE PITCH) (12 x 12 mm)

e UPD77018AS9-xxx-YJC

Figure 2-3. 116-Pin Plastic BGA
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Pin No. Pin name Pin No. Pin name Pin No. Pin name Pin No. Pin name
A2 BSTB C6 T™S G11 P1 L9 D2
A3 VoD C7 TICE G12 P3 L10 DO
A4 MWR cs X1 G13 P2 L11 GND
A5 HOLDAK c9 GND H1 DA7 L12 SIAK1
A6 TDI C10 HWR H2 DA9 L13 SORQ1
A7 TDO c11 Vbp H3 DA8 M1 DA2
A8 Vbb c12 Vbp H11 SI2 M2 DAL
A9 HAL C13 HD5 H12 SCK2 M3 DAO
A10 HRD D1 INT2 H13 SIEN2 M4 GND
All HCS D2 INT4 Ji DA4 M5 D11
A12 HDO D3 INT3 J2 DA6 M6 D9
B1 WAIT D11 HD4 J3 DA5 M7 D7
B2 VoD D12 VoD Ji1 S02 M8 D5
B3 VoD D13 VoD J12 SOEN2 M9 D3
B4 GND E1l XIY J13 Vbb M10 GND
B5 HOLDRQ E2 INTL K1 VoD M11 GND
B6 TCK E3 |.C.Note K2 Vbb M12 SCK1
B7 CLKOUT E11 HD6 K3 GND M13 so1
B8 X2 E12 HD7 K11 GND N2 D15
B9 HAO E13 HWE K12 GND N3 D13
B10 VoD F1 VoD K13 SOEN1 N4 D12
B11 HD1 F2 DA13 L1 DA3 N5 Vbb
B12 HD2 F3 DA12 L2 VoD N6 D8
B13 HD3 F11 GND L3 D14 N7 Vbb
c1 RESET F12 PO L4 GND N8 D4
c2 VoD F13 HRE L5 D10 N9 Vbb
c3 Vbb G1 DA10 L6 GND N10 D1
c4 MRD G2 GND L7 D6 N11 Si1
C5 GND G3 DA11 L8 GND N12 SIEN1

Note Leave this pin unconnected because the I.C. pin is connected to internal circuits.
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2.2 Pin Organizations

This section describes the pin connections shown in section 2.1 by function.

2.2.1 Pin organization of uPD77016

The figure below shows the pin organization of the uPD77016.

Figure 2-4. Pin Organization of

uPD77016

Serial
interface
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Serial
interface
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Host
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Debug
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{
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-——S01 VbD RESET [+——
~—|SORQ1 INTL Reset,
—{SOEN1 INT2 Interrupt
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e
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2.2.2 Pin organization of pPD77015, 77017, 77018, 77018A, and 77019

The figure below shows the pin organization of the uPD77015, 77017, 77018, 77018A, and
770109.

Figure 2-5. Pin Organization of uPD77015, 77017, 77018, 77018A, and 77019

+3V
RO
-—1S01 VbD RESET [«
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interface < —{SCK1 INT3
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interface < ——{ SCK2
#2 | —=Ig)2
— | SIEN2
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Son ata bus
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—— | HCS
W’ HAO, HA1
—*HRD —
Host | _ | HRE XY
interface — DA0-DA13
——HWR (14) E |
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=~ "|HDO-HD?7 MRD
Debug W TDO, TICE MWR
interface W» TCK, TDI, TMS
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2.2.3 Comparison in pin configurations of ~ uPD7701x family

Some pins of the uPD77016 are different in configuration from those of the uPD77015,
77017, 77018, 77018A, and 77019 as shown in the comparative figure below.

Figure 2-6. Comparison in Pin Configurations of  uPD7701x Family
uPD77015, 77017, 77018, 77018A, 77019
tS’TV *%/ uPD77016
***** VDD GND 7””7”””?
—————— SO1 RESET [¢——-----------f+——
777777 SORQ1 INTL fo—— oo fe——
Serial —_—f - ——»{ SOEN1 INT2 [ - «~— | Reset,
eria _
torfoce | ——t - — .sck1 INT3 e .| Interrupt
#l| —----- SI1 INT4 fe— oo - —————
77777 SIEN1
77777 SIAK1 CLKIN f+— X1 f+—r
,,,,,, S02 X2}—— | Clock
-~ SORQ2 CLKOUT [——»----------- =
| - SOEN2
Serial I
interface | —— """~ —=SCK2 PWR [ | Instruction
#2| — »{SI2 IAO-IA15 memory
,,,,, SIEN2 1D0-1D31 % interface
-— SIAK2
HOLDRQ f«——— - —-----—-- .
4 4 J— Data bus
Port =——f----- PO-P3 BSTBF—»------------ [—™ | control
HOLDAK |- =
77777 HCS
2 2 —
—————— HAO, HA1 XY f— e f——
I e S ~ _.HRD DAO-DA15 |~ DAO-DALZ |~ |
ost T 16, 16
interface | ~ 1" HRE D0-D15 % ************ '7L> memory
,,,,, HWR WAIT le—— |« |interface
fffff HWE MRD ||
720 % | HDO-HD7 MWR | oo .
ffffff TDO
—————— TICE
Debug | | . I
interface TeK
- —1TDI
fffff T™S
Remark Italicized pins are those which separate the uPD77016 from
the other family members.
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2.3 Pin Functions

2.3.1 Pin function of pPD77016
(1) Power supply

Pin name Pin No. 1/0 Function

Vbb 15, 26, 36, 46, — +5-V power supply. Connect all these pins to a +5-V
56, 62, 71, 95, power supply.
106, 116, 131,
141, 151

GND 14, 25, 35, 45, — Ground. Connect all these pins to 0 V.
55, 61, 70, 94,
105, 115, 130,
140, 150

(2) System control

Pin name Pin No. 1/0 Function

CLKIN 8 Input Clock input. Always supply the clock in normal device
operation. Inthe standby mode, however, clock supply
may be stopped.

CLKOUT 13 Output Internal system clock output. Clock divided by two in
synchronization with CLKIN. Used for processing by
an external circuit in synchronization with the instruction
cycle of the uPD77016.

RESET 1 Input Internal system reset signal input. Initializes the
hardware of the device. Be sure to input the RESET
signal after power application to the device.

(3) Interrupt
Pin name Pin No. 1/10 Function
INT1-INT4 5-2 Input External interrupt inputs. These interrupt inputs can

be masked and are detected at the falling edge. If
interrupts conflict, a one level recording function is
available for each input.
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(4) External data memory interface

Pin name

Pin No.

1/0

Function

XY

20

Output
(3S)

Memory space select signal output.

» 0: Selects X memory space.

» 1: Selects Y memory space.

The X and Y memory spaces of an external memory
cannot be accessed at the same time.

DAO-DA15

40 - 37
34 -27
24 -21

Output
(39)

Address bus for external data memory.

* Accesses an external memory.

When external memory is not accessed, this bus
keeps outputting the address of the external memory
memory location accessed last. If the external has
never been accessed after reset, it outputs a low
level (0x0000).

D0-D15

60 - 57,
54 - 47,
44 - 41

/0 (3S)

16-bit data bus.
» Accesses an external memory.

MRD

17

Output
(3S)

Read output.
« External memory read.

MWR

16

Output
(39)

Write output.
« External memory write.

WAIT

Input

Wait signal input. Wait cycles specified by DWTR

(data memory wait cycle register) are inserted when

the external data memory is accessed, and this

signal is sampled at the end of the wait cycles.

While the WAIT signal is active (low level), wait

cycles are unconditionally inserted.

* 0: Wait

« 1. No wait (If the wait cycle specified by DWTR has
been completed.)

HOLDRQ

7

Input

Hold request signal input. An external circuit asserts
this signal active (low level) when it uses the data
memory bus.

» 0: Hold request
* 1: No request

BSTB

18

Output

Bus strobe signal output. This signal is asserted
active (low level) when the uPD77016 uses the
external data bus.

* 0: uPD77016 uses the bus.

«1: yPD77016 does not use the bus.

HOLDAK

19

Output

Hold acknowledge signal output. This signal is

asserted active (low level) when an external circuit

requests HOLDRQ and then the external circuit is

enabled to use the data memory bus.

« 0: Enables the external circuit to use the data memory
bus.

» 1: Prevents the external circuit from using the data
memory bus.

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when the external data memory is not accessed and when the bus is released
(HOLDAK = 0).
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(5) Serial interface

Pin name Pin No. 1/0 Function

SCK1 65 Input Serial #1 channel clock input. Signals related to
serial input/output are sampled in synchronization
with this signal.

SORQ1 68 Output  Serial #1 channel output request signal output. This
signal is asserted active (high level) before serial
data is output.
¢ 0: Serial data is not output.
¢ 1: Serial data is output.

SOEN1 69 Input Serial #1 channel output enable signal input. This
signal is asserted active (high level) to inform the
uPD77016 that the external circuit is ready to accept
serial output data.
< 0: Not ready to accept serial data output.

* 1: Ready to accept serial data output

SO1 67 Output  Serial #1 channel data output. This signal is output

3S) in synchronization with the rising of SCK1.

SIEN1 64 Input Serial #1 channel input enable signal input. This
signal is asserted active (high level) to inform the
uPD77016 that the external circuit is ready to supply
serial data.

« 0: Not ready to supply serial data.
« 1: Ready to supply serial data.

SlI1 63 Input Serial #1 channel data input. This signal is input in
synchronization with the falling of SCK1.

SIAK1 66 Output  Serial #1 channel input acknowledge signal output.
This signal informs the external circuit that the
uPD77016 is ready to input serial data.

« 0: Not ready to accept serial data input.
« 1: Ready to accept serial data input.

SCK2 76 Input Serial #2 channel clock input. Signals related to
serial input/output are sampled in synchronization
with this signal.

SORQ2 73 Output  Serial #2 channel output request signal output. This

signal is asserted active (high level) before serial
data is output.

¢ 0: Serial data is not output.

¢ 1: Serial data is output.

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when data output have been finished or RESET is input.
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Pin name Pin No. I/0 Function

SOEN2 72 Input Serial #2 channel output enable signal input. This
signal is asserted active (high level) to inform the
uPD77016 that the external circuit is ready to accept
serial data output.

« 0: Not ready to accept serial data output.
» 1: Ready to accept serial data input
SO2 74 Output  Serial #2 channel data output. This signal is output
(39) in synchronization with the rising of SCK2.

SIEN2 77 Input Serial #2 channel input enable signal. This signal is
asserted active (high level) to inform the uPD77016
that the external circuit is ready for supplying serial
data.

« 0: Not ready to supply serial data
» 1: Ready to supply serial data

SI2 78 Input Serial #2 channel data input. This signal is input in
synchronization with the falling of SCK2.

SIAK2 75 Output  Serial #2 channel input acknowledge signal output.

This signal informs the external circuit that the
UPD77016 is ready to input serial data.

» 0: Not ready to accept serial data input.

« 1. Ready to accept serial data input.

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when data output have been finished or RESET is input.
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(6) Host interface

Pin name

Pin No.

1/0

Function

HA1l

83

Input

Specifies the register to be accessed by HDO through

HD7.

¢ 0: When the uPD77016 is read (HRD = 0), the host
transmission data register (HDT (out)) is
accessed: when it is written (HWR = 0), the host
receive data register (HDT (in)) is accessed.

¢ 1: The host interface status register (HST) is
accessed.

HAO

82

Input

Specifies the register to be accessed by HDO through

HD7.

¢ 0: Bits 7 through 0 of HST, HDT (out), and HDT (in)
are accessed.

 1: Bits 15 through 8 of HST, HDT (out), and HDT
(in) are accessed.

HCS

79

Input

Chip select input.

HRD

80

Input

Host read input. Pulse read from the host. Data is
output in synchronization with the falling of this signal.

HWR

81

Input

Host write input. Pulse written from the host. Data is
input in synchronization with the rising of this signal.

HRE

92

Output

Host read enable output. When this signal is active
(low level), the host can access the uPD77016 for
read.

¢ 0: Host can access for read.

¢ 1: Host cannot access for read.

HWE

93

Output

Host write enable output. When this signal is active
(low level), the host can access the yPD77016 for
write.

« 0: Host can access for write.

¢ 1: Host cannot access for write

HDO-HD7

91-84

/O (3S)

8-bit host data bus

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when host does not access the uPD7701x’s host interface.

(7) 1/O port
Pin name Pin No. 1/10 Function
PO-P3 12-9 110 General-purpose 1/0O port. Each pin can be set in the

input or output mode independently by PCD (port
command register). Data is input or output via PCD
and PDT (port data register).
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(8) External instruction memory interface

Pin name Pin No. 1/0 Function
IAO-IA15 120 - 117, Output  External instruction memory address bus.
114 - 107, (39) Even when the internal instruction memory of the
104 - 101 UPD77016 is accessed, the address internally
accessed is output to an external device. At this
time, the data output from the external instruction
memory is ignored.
IDO-1D31 159 - 152, I/0 (3S) 32-bit instruction input
149 - 142,
139 - 132,
128 - 121,
PWR 129 Output  Program memory write strobe.
(39) While the uPD77016 is performing a boot operation,

this signal is used as a write strobe to the external
instruction memory when the program is loaded to
the external instruction memory, instead of the
internal memory.

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when the hardware reset signal is input.

(9) Debug interface

Pin name Pin No. 110 Function

TDO 96 Output  Used for debugging.
TICE 97 Output  Used for debugging.
TCK 98 Input Used for debugging.
TDI 99 Input Used for debugging.
TMS 100 Input Used for debugging.

(10) Other
Pin name Pin No. 1/0 Function
NC 160 — Non-connection
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2.3.2 Pin function of uPD77015, 77017, 77018, 77018A, and 77019

Because the pin numbers differ depending on the package, refer to the pin numbers of the

package used.

(1) Power supply

Pin name Pin No. 1/10 Function
TQFP BGA
Vbb 11,21, A3 A8,B2 — +3-V power supply. Connect all these pins to a
31, 37, B3, B10, C2, +3-V power supply.
43,56, C3,C11,
69, 86, Cl12,D12,
97 D13, F1, J13,
K1, K2, L2,
N5, N7, N9
GND 10,20, B4,C50C9, — Ground. Connect all these pins to 0 V.
30, 36, F11, G2, K3,
42,55, K11,K12,
68, 83, L4,L6, LS,
96 L11, M4,
M10, M11

(2) System control

Function

Clock input or crystal oscillator connection. Use
this pin to input an external clock. Always supply
the clock in normal device operation. In the stop
mode, however, clock supply may be stopped.

Crystal oscillator connection. When using an
external clock, leave this pin open. Always leave
this pin on the pPD77019-013 open.

Internal system clock output. Output synchronized
with the clock input or crystal oscillation frequency
supplied to X1. Use this pin when processing in
synchronization with the instruction cycle of the
uPD77015, 77017, 77018, 77018A, or 77019 is
necessary for the external circuit. Output of the
internal system clock can be also suppressed
(fixed to low level) by mask option.

Internal system reset signal input. Initializes the
hardware of the device. Be sure to input the
RESET signal after power application to the
device.

Function

Pin name Pin No. 110
TQFP BGA

X1 85 C8 Input

X2 84 B8 —

CLKOUT 87 B7 Output

RESET 1 C1 Input

(3) Interrupt

Pin name Pin No. 110
TQFP BGA

INT1-INT4 5-2 E2, D1, Input

D3, D2

External interrupt inputs. These interrupt inputs
can be masked and are detected at the falling
edge. If interrupts conflict, a one level recording
function is available for each input.
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(4) External data memory interface

Pin name Pin No. 1/0 Function
TQFP BGA
XY 7 E1l Output  Memory space select signal output.
(39) » 0: Selects X memory space.
» 1: Selects Y memory space.
The X and Y memory spaces of an external
memory cannot be accessed at the same time.
DAO-DA13 25-22, M3-M1, Output  Address bus for external data memory.
19-12 L1,J1, 33 (39) » Accesses an external memory.
8,9 J2, H1, H3, When the external memory is not accessed, this
H2, G1, bus keeps outputting the address of the external
G3, F3, F2 memory location accessed last. If the external
memory has never been accessed after reset, it
outputs a low level (0x0000).
D0-D15 47 - 44, 110, N10, I/O (3S) 16-bit data bus.

41 - 38, L9, M9, N8,

35-32, M8, L7, M7,

29-26 N6, M6, L5,
M5, N4, N3,
L3, N2

Accesses an external memaory.

MRD 98 C4 Output
(39)

Read output.
External memory read.

MWR 95 A4 Output
3S)

Write output.
External memory write.

WAIT 100 Bl Input

Wait signal input. Wait cycles specified by DWTR

(data memory wait cycle register) are inserted

when the external data memory is accessed, and

this signal is sampled at the end of the wait cycles.

While the WAIT signal is active (low level), wait

cycles are unconditionally inserted.

* 0: Wait

» 1. No wait (However, if the wait cycle specified
by DWTR has been completed.)

HOLDRQ 93 B5 Input

Hold request signal input. An external circuit
asserts this signal active (low level) when it uses
the data memory bus.

» 0: Hold request

* 1: No wait

BSTB 99 A2 Output

Bus strobe signal output. This signal is asserted

active (low level) when the uPD77015, 77017, 77018,

77018A, or 77019 uses the external data bus.

« 0: uPD77015, 77017, 77018, 77018A, or 77019
uses the bus.

e 1. uPD77015, 77017, 77018, 77018A, or 77019
does not use the bus.

HOLDAK 94 A5 Output

Hold acknowledge signal output. This signal is

asserted active (low level) when an external

circuit requests HOLDRQ and then the external

circuit is enabled to use the data memory bus.

» 0: Enables the external circuit to use the data
memory bus.

« 1: Does not enable the external circuit to use the
data memory bus.

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when the external data memory is not accessed and when the bus is released

(HOLDAK = 0).
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(5) Serial interface

Pin name

TQFP

Pin No.
BGA

I/0

Function

SCK1

50

M12

Input

Serial #1 channel clock input. Signals related to
serial input/output are sampled in synchronization
with this signal.

SORQ1

53

L13

Output

Serial #1 channel output request signal output.
This signal is asserted active (high level) before
serial data is output.

¢ 0: Serial data is not output.

¢ 1: Serial data is output.

SOEN1

54

K13

Input

Serial #1 channel output enable signal input.
This signal is asserted active (high level) to
inform the uPD77015, 77017, 77018, 77018A, or
77019 that the external circuit is ready to accept
serial output data.

< 0: Not ready to accept serial data output.

* 1: Ready to accept serial data output

SO1

52

M13

Output
(39)

Serial #1 channel data output. This signal is
output in synchronization with the rising of
SCKI1.

SIEN1

49

N12

Input

Serial #1 channel input enable signal input. This
signal is asserted active (high level) to inform
the uPD77015, 77017, 77018, 77018A, or 77019
that the external circuit is ready to supply serial
data.

« 0: Not ready to supply serial data.

¢ 1: Ready to supply serial data.

SI1

48

N11

Input

Serial #1 channel data input. This signal is input
in synchronization with the falling of SCK1.

SIAK1

51

L12

Output

Serial #1 channel input acknowledge signal
output. This signal informs the external circuit
that the uPD77015, 77017, 77018, 77018A or
77019 is ready to input serial data.

< 0: Not ready to accept serial data input.

« 1: Ready to accept serial data input.

SCK2

59

H12

Input

Serial #2 channel clock input. Signals related to
serial input/output are sampled in synchronization
with this signal.

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when data output have been finished or RESET is input.
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Pin name Pin No. 110
TQFP BGA

Function

SOEN2 57 J12 Input

Serial #2 channel output enable signal input.
This signal is asserted active (high level) to
inform the uPD77015, 77017, 77018, 77018A, or
77019 that the external circuit is ready to accept
serial data output.

« 0: Not ready to accept serial data output.

1. Ready to accept serial data input

SO2 58 J11 Output
(3S)

Serial #2 channel data output. This signal is
output in synchronization with the rising of
SCK2.

SIEN2 60 H13 Input

Serial #2 channel input enable signal. This
signal is asserted active (high level) to inform
the yPD77015, 77017, 77018, 77018A, or 77019
that the external circuit is ready to supply serial
data.

* 0: Not ready to supply serial data

« 1: Ready to supply serial data

SI2 61 H11 Input

Serial #2 channel data input. This signal is input
in synchronization with the falling of SCK2.

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when data output have been finished or RESET is input.
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(6) Host interface

Pin name

TQFP

Pin No.

BGA

I/0

Function

HA1

82

A9

Input

Specifies the register to be accessed by HDO

through HD7.

* 0: Whenthe uPD77015, 77017, 77018, 77018A,
or 77019 is read (HRD = 0), the host
transmission data register (HDT (out)) is
accessed: when it is written (HWR = 0), the
host receive data register (HDT (in)) is
accessed.

«1: The host interface status register (HST) is
accessed.

HAO

81

B9

Input

Specifies the register to be accessed by HDO

through HD7.

¢ 0: Bits 7 through 0 of HST, HDT (out), and HDT
(in) are accessed.

¢ 1: Bits 15 through 8 of HST, HDT (out), and HDT
(in) are accessed.

HCS

78

All

Input

Chip select input

HRD

79

A10

Input

Host read input. Pulse read from the host. Data
is output in synchronization with the falling of
this signal.

HWR

80

C10

Input

Host write input. Pulse written from the host.
Data is input in synchronization with the rising of
this signal.

HRE

66

F13

Output

Host read enable output. When this signal is
active (low level), the host can access the
uPD77015, 77017, 77018, 77018A, or 77019 for
read.

« 0: Host can access for read.

¢ 1. Host cannot access for read.

HWE

67

E13

Output

Host write enable output. When this signal is
active (low level), the host can access the
uPD77015, 77017, 77018, 77018A, or 77019 for
write.

¢ 0: Host can access for write.

¢ 1: Host cannot access for write

HDO-HD7

77-70

Al2,

B11 - B13,
D11, C13,
E11, E12

/0 (3S)

8-bit host data bus

Remark “3S”in the “I/O” column of the above table stands for three-state pin, and these pins go into a high-
impedance state when the host does not access the yPD7701x’s host interface.

(7) 1/O port
Pin name Pin No. 110 Function
TQFP BGA
PO-P3 65-62 F12, 110 General-purpose I/O port. Each pin can be set in
G11, the input or output mode independently by PCD
G13, (port command register). Data is input or output
G12 via PCD and PDT (port data register).
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(8) Debug interface

Pin name Pin No. 110 Function

TQFP BGA
TDO 88 A7 Output  Used for debugging.
TICE 89 C7 Output  Used for debugging.
TCK 90 B6 Input Used for debugging.
TDI 91 A6 Input Used for debugging.
TMS 92 C6 Input Used for debugging.

(9) Others

Pin name Pin No. I/0 Function

TQFP BGA
I.C. 6 E3 — Internally connected: Open this pin.

Be sure not to connect the I.C. pin. If any signal is applied
to the I.C. pin or if the I.C. pin status is read out, normal
operation of the device is not guaranteed.

Caution
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2.4 Handling of Unused Pins

It is recommended that unused pins be connected as shown in the table below.

Table 2-1. Handling of Unused Pins

Pin Direction Recommended Connection

INT1-INT4 | Connect to Vpp.

XY (@) Open

DAO-DA15 O Open

DO-D15Note 1 110 Connect to Vpp via pull-up resistor, or to GND via pull-down resistor.
M_RD, m O Open

W | Connect to Vpp.

}m | Connect to Vpp.

BSTB O Open

m O Open

SCK1, SCK2 | Connect to Vpp or GND.

SlI1, SI2 | Connect to Vpp or GND.

SIEN1, SIEN2 | Connect to GND.

SOEN1, SOEN2 | Connect to GND.

SORQ1, SORQ2 e} Open

SO1, SO2 O Open

SIAK1, SIAK2 O Open

HAO, HA1 | Connect to Vpp or GND.

H_CS, MJ WR | Connect to Vpp.

mf, H_WE O Open

HDO-HD7Note 2 110 Connect to Vpp via pull-up resistor, or to GND via pull-down resistor.
PO-P3 1/0 Connect to Vpp via pull-up resistor, or to GND via pull-down resistor.
IDO-ID31 110 Connect to Vpp via pull-up resistor, or to GND via pull-down resistor.
I1A0-1A15 O Open

PWR O Open

TCK I Connect to GND via pull-down resistor.

TDO,TICE O Open

TMS, TDI | Open (pulled up internally)

CLKOUT O Open
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Remark I: Input pin, O: Output pin, 1/O: 1/O pin
Notes 1. These pins may be left open if the external data memory is not accessed by program. To reduce the
current consumption by using the halt mode or stop mode, however, observe the recommended

connection.
2. These pins may be left open if HCS, HRD, and HWR are fixed to high level.
To reduce the current consumption by using the halt mode or stop mode, however, observe the

recommended connection.
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Chapter 3

Architecture

This chapter describes the architecture of the uPD7701x family by dividing it into several
physical blocks and explaining the functions of each block. The overall organization is
described in section 3.1, and the details (units) are then described in section 3.2 and following
sections.

3.1 Overall Block Organization

This section divides the physical structure of the pPD7701x family into several functional
blocks for explanation.
The uPD7701x family consists of the following internal units:
» Buses (main bus, X data bus, and Y data bus)
Refer to section 3.2 “Buses.”
e System control units
Refer to section 3.3 “System Control Units.”
e Program control unit
Refer to section 3.4 “Program Control Unit.”
» Data addressing unit
Refer to section 3.5 “Data Addressing Unit.”
» Operation unit
Refer to section 3.6 “Operation Unit.”
 Peripheral unit
Refer to section 3.7 “Peripheral Unit.”

Figure 3-1 illustrates the block organization. Refer to the corresponding sections for the
functions of the respective blocks.
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Figure 3-1. Overall Block Organization
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3.2 Buses

A bus transfers data between external devices and the processor. The uPD7701x family is
provided with the following three types of buses:

e Main bus
» X data bus
e Y data bus

3.2.1 Main bus
(1) Function

This 16-bit bus connects the general-purpose registers (R0-R7) and control registers, etc. It
transfers data when the following instructions are executed:

» Register-to-register transfer instruction

This instruction transfers data between the L part of a general-purpose register and a non-
general-purpose register. These registers are listed in Table 3-1. Note that this instruction
transfers only the L part of a general-purpose register.

For details, refer to “uPD7701x Family User's Manual Instructions.”

Caution A general-purpose register consists of 40 bits. These 40
bits are divided into three parts: L (lower 16 bits), H (16
bits in the middle), and E (higher 8 bits). For details, refer
to section 3.6.2 "General-purpose registers and data
formats."

* Immediate value setting instruction
This instruction sets immediate data to a specified register. Of the registers listed in Table
3-1, the following can be specified.

e General-purpose registers (L part (ROL-R7L) only)

 Data pointers (DP0-DP7)

* Index registers (DNO-DN7)

e Modulo registers (DMX, DMY)

For the details of this instruction, refer to “uPD7701x Family User’'s Manual Instructions.”
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(2) Registers connected to main bus

The table shown below lists the registers connected to the main bus.

Table 3-1. Registers Connected to Main Bus

Register name

Assembler-reserved name

Load (L)/store (S)

General-purpose register

ROL-R7L (L part of RO-R7)  L/S

Data pointer DPO-DP7 L/S
Index register DNO-DN7 L/S
Modulo register DMX, DMY L/S
Stack STK L/S
Stack pointer SP L/S
Loop counter LC L/S
Loop stack (LSTK) LSR1, LSR2, LSR3 L/S
Loop stack pointer LSP L/S
Status register SR L/S
Interrupt enable flag stack register EIR L/S
Error status register ESR L/S
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3.2.2 Data bus
(1) Function
This 16-bit bus connects the general-purpose registers, X and Y data memories, and internal
peripherals. It transfers data when the following instructions are executed.
* Parallel load/store instruction
* Partial load/store instruction
» Direct addressing load/store instruction
» Immediate value index load/store instruction

For the details of the load/store instruction, refer to “uPD7701x Family User's Manual
Instructions.”

The data bus is classified into X data bus, Y data bus, and peripheral bus. The logical and
physical relations among these buses are shown in Table 3-2.

Table 3-2. Functional Block and Bus

Functional block Relations among X data bus, Y data bus, and peripheral bus

Internal memory peripherals X and Y data buses are logically and physically separated.
Therefore, both the X and Y data buses are validated for transfer
by a single instruction.

Internal peripheral X and Y data buses are logically and physically connected.
Even when a peripheral-related register is accessed from X or
Y memory space, therefore, the same peripheral register is
accessed as long as the address is the same. At this time,
however, the peripheral register cannot be accessed
simultaneously from the X and Y data memory spaces with a
single instruction.

External memory Although the X and Y data buses are logically separated, they
are physically common. Therefore, the X and Y external
memories cannot be accessed simultaneously with a single
instruction.
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(2) X data bus

This 16-bit bus connects the general-purpose registers, X data memory, and the bus from
the internal peripherals. This bus transfers data when the following instructions are executed:

 Parallel load/store instruction (for X memory)

« Partial load/store instruction (for X memory)

« Direct addressing load/store instruction (for X memory)

¢ Immediate value index load/store instruction (for X memory)
_________________________________________________________________________________________________________________________|

Cautions 1. Although the X and Y data buses are separated inside the
device, a single data bus is commonly used externally.
Thus, an instruction that accesses both external memories
cannot be executed in the same instruction cycle.

2. The same peripheral register is accessed for internal
peripheral regardless of whether the X or Y memory is
accessed, as long as the address is the same.

3. Even in the case of 2 above, a peripheral register cannot
be accessed from both the X and Y memory spaces in the
same instruction cycle.

The table shown below shows the registers and memories connected to the X data bus.

Table 3-3. Registers and Memories Connected to X Data Bus

Register/memory name Assembler-reserved name Load (L)/store (S)
General-purpose register RO-R7 L/S
ROE-R7E
ROH-R7H
ROL-R7L
ROEH-R7EH
Xinternal RAM — L/S
X internal ROM — from ROM to bus only
(not for the uPD77016)
External memory — L/S
Internal peripheral — L/S

Caution A general-purpose register consists of 40 bits. These 40
bits are divided into three parts: L (lower 16 bits), H (16
bits in the middle), and E (higher 8 bits). Any of these parts
can be specified for transfer. For details, refer to section
3.6.2 "General-purpose registers and data formats."
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(3) Y data bus

This 16-bit bus connects the general-purpose registers, Y data memory, and the bus from
the internal peripherals. This bus transfers data when the following instructions are executed:

 Parallel load/store instruction (for Y memory)

« Partial load/store instruction (for Y memory)

« Direct addressing load/store instruction (for Y memory)

* Immediate value index load/store instruction (for Y memory)
_________________________________________________________________________________________________________________________|

Cautions 1. Although the X and Y data buses are separated inside the
device, a single data bus is commonly used externally.
Thus, an instruction that accesses both external memories
cannot be executed in the same instruction cycle.

2. The same peripheral register is accessed for internal
peripheral units regardless of whether the X or Y memory
is accessed, as long as the address is the same.

3. Even in the case of 2 above, a peripheral register cannot
be accessed from both the X and Y memory spaces in the
same instruction cycle.

Table 3-4 shows the registers and memories connected to the Y data bus.

Table 3-4. Registers and Memories Connected to Y Data Bus

Register/memory name Assembler-reserved name Load (L)/store (S)
General-purpose register RO - R7 L/S
ROE - R7E
ROH - R7H
ROL - R7L
ROEH - R7EH
Y internal RAM — L/S
Y internal ROM — from ROM to bus only
(not for the uPD77016)
External memory — L/S
Internal peripheral — L/S

Caution A general-purpose register consists of 40 bits. These 40
bits are divided into three parts: L (lower 16 bits), H (16
bits in the middle), and E (higher 8 bits). Any of these parts
can be specified for transfer. For details, refer to section
3.6.2 "General-purpose registers and data formats."
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(4) Peripheral bus

This 16-bit bus connects the internal peripheral registers and the X/Y data buses. The
peripheral registers are commonly mapped on the X/Y memory spaces. Data is transferred
by executing the following instructions.

 Parallel load/store instruction (for peripheral register)
« Partial load/store instruction (for peripheral register)
 Direct addressing load/store instruction (for peripheral register)

¢ Immediate value index load/store instruction (for peripheral register)

For the details of the peripheral bus, refer to section 3.7 "Peripheral Units."

Cautions 1. The same peripheral register is accessed for internal
peripheral regardless of whether the X or Y memory is
accessed, as long as the address is the same.

2. Even in the case of 1 above, a peripheral register cannot
be accessed from both the X and Y memory spaces in the
same instruction cycle.
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3.3 System Control Units

The following basic functions, which support the digital signal processor operations of the
uPD7701x family, are called system control units:

 Clock generator
» Reset function
 Pipeline architecture

 Standby function

3.3.1 Clock generator

The clock generator is a circuit that generates and controls the system clock supplied to the
CPU. The configuration of this circuit differs between the uPD77016 and uPD77015/77017/
77018/77018A/77019.

(1) uPD77016

An internal system clock is generated from an external clock input to the CLKIN pin. This
internal system clock serves as a reference of the internal basic timing of the device. The
internal system clock is also output from the CLKOUT pin to establish synchronization between
external devices and the yPD77016. At this time, the frequency ratio of the external clock to
the internal system clock is 2 : 1.

Figure 3-2 shows the clock circuit, and Figure 3-3 shows the timing requirements.

Figure 3-2. Clock Circuit of UPD77016

Divider

CLKIN - 1/2 = Internal system clock

CLKOUT
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Figure 3-3. Clock Timing of uPD77016

P
twco twco —>
CLKOUT JZ—JR—ZZ S‘ }:

tecl trici trici
twCIH _ _ twCIL

(2) yPD77015, 77017, 77018, 77018A, 77019

[External clock input]

An internal system clock is generated from an external clock input to the X1 pin. This internal
system clock serves a reference of the internal basic timing.

The internal system clock is also output from the CLKOUT pin to establish synchronization
between external devices and uPD77015, 77017, 77018, 77018A, 77019 (this function can
be disabled by mask option).

The external clock is multiplied by PLL. The multiple can be specified by mask option. At
this time, the frequency ratio of the external clock to the internal system clock is selected
from the following alternatives:

e 1 (external) : 1 (internal)

1 (external) : 2 (internal)
1 (external) : 3 (internal) (for uPD77018A and 77019 only)

1 (external) : 4 (internal)

1 (external) : 8 (internal)

Assuming that the internal system clock frequency is 33 MHz, for example, the input clock
frequencies are as follows:

e 1:1

1:

1
1:
1

2
3
4
8

—> external 33 MHz

—> external 16.5 MHz

—> external 11 MHz (for pPD77018A and 77019 only)
—> external 8.25 MHz

—> external 4.125 MHz
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[When using crystal resonator]

If a frequency ratio of 1 : 1 is selected by mask option, a crystal resonator can be connected
across the X1 and X2 pins to configure a self-oscillation circuit.

Figure 3-4 shows the clock circuit of the uPD77015, 77017, 77018, 77018A, and 77019 and
Figure 3-5 shows the timing.

For how to order mask option, refer to Appendix B “Ordering Information.”

Figure 3-4. Clock Circuit of uPD77015, 77017, 77018, 77018A, 77019

(@) To supply external clock (b) To use crystal resonator
STOP mode STOP mode
|
c1 X1 !
L1 System clock| Internal
X1
—™PLL control Internal — oscillation system
clock | [x» - cor system T |xe reUi lock
NUo—— circuit clock -crz circuit clocl
CLKOUT [+———o— CLKOUT [+——o—
Remark NU: Not use (leave this pin open.)

Cautions 1. Be sure to specify a multiple of 1 by mask option when
using a crystal resonator withthe ~ uPD77015, 77017, 77018,
77018A, or 77019. The processor does not operate with
any other multiples.

2. The multiplication factor of the mask option of the
uPD77019-013 is fixed to 4. The crystal resonator cannot
be used with this model.
_________________________________________________________________________________________________________________________|
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(3) Clock operation in standby mode

The operating status of the system clock is in the HALT/STOP mode is as follows:

STOP mode HALT mode
uPD77016 _ enable to stop
uPD77015/77017/77018 ext. clock + PLL stops 1/8 of ext. clock x PLL factor
{77018A/77019 crystal resonator stops 1/8 of crystal resonator frequency

Figure 3-5. Clock Timing of uPD77015, 77017, 77018, 77018A, 77019

tcfx tricx tricx

twexH twexL %}e_
X1
_/—\‘\_/‘ X ,
| tecC |
Internal clock m_f
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twco | twco s ;
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3.3.2 Reset function

The hardware of the device is reset when the signal input to the RESET pin is activated (low
level). The purpose of resetting is to correctly initialize the device before program execution.
The registers and pins to be initialized, and their initial values are shown in Tables 3-5 to
3-7. Figure 3-6 shows the reset timing.

For details of how the value of each pin and each register changes depending on the
respective boot operations, refer to Chapter 4 “Boot Function.”

Table 3-5. CPU Registers to Be Initialized and Their Initial Values

Register name Initial value Description

SR 0xF000 Interrupts of all sources are enabled but interrupts
are disabled generally at all the present and past
levels. Loop operation is not performed.

PC 0 Address 0 is a boot area and execution branches to
address 0x200 after boot processing has ended.
Therefore, the reset entry as a user area is at
address 0x200.

SP 0 —

LC ObIXXX XXXX XXXX XXXX Indicates that loop operation is not performed.
The count value itself is undefined.

LSP 0 —

RC OB IXXX XXXX XXXX XXXX Indicates that repeat operation is not performed.
The count value itself is undefined.

EIR OXFFFF Indicates that all the interrupts are disabled at all
the present and past levels.

ESR 0 —
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Table 3-6. Initialized Memory-mapped Registers and Their Initial

Values

Register name Initial value

Description

SST1, SST2 0x0002

The serial interface is initialized as follows:

* MSB first for both input and output

« 16-bit length for both input and output
» Wait is not used for load/store of SDT
 Status transition mode

« Clears error flag of SDT load/store

« Data store to SDT enabled

* No data to be loaded from SDT

PCD 0x0000

The I/O ports are initialized as follows:

* No bit manipulation
* No mode setting

HST 0x0301

The host interface is initialized as follows:

* Wait is not used for HDT access

» Disables HRE and HWE functions
¢ Clears UFO and UF1 to zero

« Clears error flag for host read/write
« Clears error flag of HDT load/store
* Disables read from host

* Enables write to host

Table 3-7. Initialized Pins and Their Initial Statuses

Pin name Initial Status

XIY Low-level outputNote 1
DA0-DA15 Low-level outputNote 1
D0-D15 High-impedance

IAO-IA15 Note 2

Low-level output (high-impedance during reset)

IDO-1D31 Note 2

High-impedance

PWR Note 2

High-level output (high-impedance during reset)

MRD, MWR, BSTB

High-level output Note 1

SORQ1, SORQ2, SIAK1, SIAK2

Low-level output

S01, SO2 High-impedance
WE, HWE High-level output
PO-P3 Input status

TICE Low-level output

Notes 1. These pins go into a high-impedance state when the bus is released (HOLDAK = 0).

The bus can be released even during reset when HOLDRQ = 0.

2. uPD77016 only.

62

UPD7701x Family User's Manual



Chapter 3 Architecture 3.3 System Control Units

Figure 3-6. Reset Timing
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3.3.3 Pipeline architecture

The pPD7701x family employs pipeline architecture to enhance the execution speed.
Generally, one instruction completes its processing via several machine cycles each of which
performs elemental processing. The instructions of the pPD7701x family have the following
three machine cycles:

F :instruction fetch cycle

Reads an op code from the instruction memory.
D :decode cycle

Decodes the read op code.
E : execution cycle

Executes the decoded result.

The part that executes each machine cycle is called a pipeline stage. Each stage
independently completes processing with the same number of clocks (1 cycle). Therefore,
an instruction under execution enters stages one after another without wait time. In addition,
three instructions can exist in the respective three stages at the same time. In other words,
it seems as if one instruction were processed with the execution time of one stage as long as
the instruction passes through the pipelines without any instruction stream fault. The number
of clock cycles in one stage is called one instruction cycle, which is 30 ns in the case that
operates with a 33-MHz clock.

uPD7701x Family User's Manual 63




Chapter 3 Architecture 3.3 System Control Units

Figure 3-7 provides images of pipeline operation. Figure 3-7(a) is a conceptional illustration
that shows the flow of executed instructions when viewed from each pipeline stage. Figure
3-7(b) shows the sequence in which instructions are executed in pipeline, from the viewpoint
of each instruction.

Figure 3-7. Pipeline Image

(a) Pipeline image 1

. linstruction cycle
S EE—
Ti :‘7 F cycle 4’1‘7 D cycle 4’147 E cycle 4’1
ime ! !
Instruction J > Instruction | Instruction H
Instruction K > Instruction J Instruction |
V Instruction L > Instruction K > Instruction J
(b) Pipeline image 2
Time
PC | n \n+1\n+2\n+3\n+4\n+5\n+6\n+7\n+8\n+9\n+10\n+11|
[0}
(] .
c Instruction 1
S| (address )
(0]
n Instruction 2
5| (addressn+1) | F2 | D2 | E2 |
3] .
= Instruction 3
E (address n+ 2)
B Instruction 4
FA | D4 | E4
(ldress n + 3) | F4 | D4 | E4 |
N
N
N
Remarks Fn: fetch cycle of instruction n N

Dn: decode cycle of instruction n N
En: execution cycle of instruction n
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(1) Successive MAC, ALU, Barrelshifter operations

When an instruction performing arithmetic/logic operations uses the result of the operation
executed by the preceding instruction as an input operand, the result of the operation is
written to a general-purpose register and, at the same time, input to the operation unit for the
operation by the subsequent instruction. Consequently, programming can be done without
having to be aware of the pipeline.

(2) Branch instruction

If a pipeline hazard occurs as a result of executing a branch instruction, the pipeline is
replenished again with a NOP instruction inserted into the delay slot. Though the execution
time is consequently extended, this does not cause erroneous application operation, and
there is no need for users to consider the pipeline operation even in programming branch
instructions.

For further details about pipeline timing with branch instructions refer to section 3.4.2 “Program
execution control block”.

Caution The delay due to the processing of the pipeline must be
taken into account in the following cases:

« Instructions that control interrupts (by setting EIR, etc.)
requires two instruction cycles to update the interrupt
control information (refer to section 3.4.4 “Interrupt”).

« When a value is set to DPn by using a Inter-register
transfer instruction or immediate value setting
instruction, the memory cannot be accessed by using the
value set to DPn as an address until the instruction that
follow the instruction that has set a value to DPn.

Example:

inst#1 DPO = 0x0100 :

inst#2 NOP ; DPO cannot be used here!
inst#3 ROL = *DPO X

e The branch instruction cannot be written within three
instructions before the loop end (refer to section 3.4.3
“Flow control block”).
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3.3.4 Standby function

The uPD7701x family is provided with a standby function that stops the device to reduce the
current consumption. The device enters a standby status when an appropriate instruction is
executed. This status is called a standby mode. The standby mode is set by two types of
instructions: HALT and STOP. The uPD77016 does not have the STOP mode.

(1) Standby mode by HALT instruction

This standby mode is common to all models of the uPD7701x family and is called HALT
mode. This mode is set by the HALT instruction. The current consumption of the device in
the HALT mode is reduced. The HALT mode is set or released as follows:

(a) The HALT mode is set by executing the HALT instruction.

(b) At this time, the registers and internal memory retain the status immediately
before the HALT mode is set, and the current consumption of the device
decreases. The status of each pin of the device is shown in Table 3-8.

(c) This mode is released by using an external/internal interrupt (which is not
masked) or hardware reset (refer to section 3.4.4 “Interrupt”).

(d) When the HALT mode has been released by using an interrupt, the return
address to which execution returns after the interrupt processing is the
address of the instruction next to the HALT instruction. Before the HALT
mode is released, a heat-up cycle (NOP) of one instruction cycle is inserted
so that the system can restore from the power-down status.

(e) For the uPD77016 only in this mode, the external clock may be stopped
(fixed to high or low level). To release this mode by using an interrupt,
however, the clock must be restored before the interrupt is executed.
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Table 3-8. Pin Status in HALT Mode

Pin name When HOLDRQ is Active When HOLDRQ is Inactive
(low level) (high level)
CLKoUTNote x1/8 clock output
XIY High impedance Low level
IAO - IA15 Retains status immediately before
DA13 - DAO High impedance Retains status immediately before
D15 - DO High impedance
MRD/MWR High impedance High level
HOLDAK Low level High level
BSTB High level
SORQ1, SIAK1, SO1, SO2 Retains status immediately before

HRE, HWE, HD7 - HDO

P3- PO

TDO, TICE

Caution Fix the input pins and pins that go into a high-impedance
state in the HALT mode to the high or low level.

Note With the uPD77015, 77017, 77018, 77018A, and 77019, if CLKOUT is activated low by mask option, it
remains low.

Figure 3-8 (a) illustrates how the HALT mode is released by using an interrupt. Figure 3-8
(b) and (c) show the timings of setting and releasing the HALT mode, respectively.

Figure 3-8. HALT Mode

(a) Releasing from HALT mode (by using interrupt)

i 0x210
0x214
HALT —— Stop status — External interrupt input ——=  (x218 rlgéirsr:i?]t
(INT1-INT4) or internal ox21c | P 9
i interrupt input .
RETI
Instruction next to HALT instruction 1
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(b) Timing of setting HALT mode

Clock | | | | | | | |

EEEES ; ; ; ; ; ; L
e et ]
L 2 leop i |0 b
Pipeline —mmmMm¥8 ---------
stops -

pPower-down [ 00T
status

f Clock can be stopped from here (only uPD77016).
Remarks if: instruction fetch
id: instruction decode

(c) Timing of releasing HALT mode

Clock |||||||||||||||||||||

| if2 nop |

Interrupt processing !
instruction#1 «______+______ . ____ L § ¢ ] T | Tt H

Interrupt processing !
instruction #2 |

pc if2 ifl if2
Pipeline |
stops

Power-down |
status

INT accept

Remarks ifn :instruction fetch
iifn : interrupt instruction fetch
iidn : interrupt instruction decode
iexn: interrupt instruction execution
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(2) Standby mode by STOP instruction

This mode, called STOP mode, can be set with the uPD77015/77017/77018/77018A/77019
only. The STOP mode is set by executing the STOP instruction. In this mode, the current
consumption of the device is reduced to several tens of yA. The STOP mode is set or
released as follows:

1. The STOP mode is set when the STOP instruction is executed.
2. At this time, the status of each pin of the device is as shown in Table 3-9.

3. The clock circuit and PLL stop, and the current consumption of the device is
reduced to several tens of uA or less.

4. The device is released from the STOP mode only by hardware reset. At this
time, PLL takes some time to be released from the mode. Therefore, assert
the reset signal active for at least 1 ms.

Table 3-9. Pin Status in STOP Mode

Pin name When m) is Active When m is Inactive
(low level) (high level)

CLKOUT Low level
XIY High impedance Low level
DA13 - DAO High impedance Retains status immediately before
D15 - DO High impedance
MRD/MWR High impedance High level
HOLDAK Low level High level
BSTB High level
SORQ1, SIAK1, SO1, SO2 Retains status immediately before

HRE, HWE, HD7 - HDO

P3- PO

TDO, TICE

Caution Fix the input pins and pins that go into a high-impedance
state in the STOP mode to the high or low level.

When the STOP mode is released by means of hardware reset, the output pins are initialized.
Some output pins, however, are in the undefined status until the PLL of the device is stabilized,
and their operation is not guaranteed.

Table 3-10 shows the status of each output pin during the reset period following releasing
the STOP mode.
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Table 3-10. Output Pin Status during Reset Period after Releasing

STOP Mode
Pin name Initialized status Status during reset of STOP mode release
CLKOUT system clock Note undefined Note
XIY low level undefined

DAO-DA13 0x0000

D0-D15 high-impedance
MRD high level

MWR

BSTB

HOLDAK

HDO-HD7 high-impedance
HRE high level

HWE

S01, s02 high-impedance

SIAK1 low level
SORQ1
PO-P3 input mode

Note When CLKOUT is fixed to low level by mask option, low level is output in even status of Initializing or status
during reset for releasing STOP mode.
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3.4 Program Control Unit

This unit controls program execution. Data can be loaded from or stored to the registers in
this unit via the main bus. This unit plays a role in execution of the following instructions:

» General instruction execution

» Branch instruction

» Hardware loop instruction

* Interrupt (Although an interrupt is not an instruction, PC, STK, SP, SR, and EIR are

automatically controlled by INTC.)

Execution of these instructions is controlled by the following three blocks of the program
control unit:

» Program execution control block

 Flow control block

* Interrupt control block
Section 3.4.1 “Block configuration” shows a detailed block diagram of the program control

unit. Section 3.4.2 “Program execution control block” through section 3.4.4 “Interrupt” describe
the details of the functions of the respective blocks.

3.4.1 Block configuration

Figure 3-9 shows the block configuration of the program control unit.

Figure 3-9. Program Control Unit

< Main bus (16 bits) >
16 16 : 16 16 16 : 16 16 16 16 16
! ! (Note)
[ernel| [srisl|!|sps| Asape)| | |eans]| | [cper|| [Lspne)| |repe|
! STK !
] ~| [16 x 15 ]
‘ levels] 1 ‘ i
NTC | ' [[LSRL_ ISRz | [SR3 _
] b LSTK--obemnmcaans < LRC
l \ B [48 x 4 levels] -~~~ -~~~
PC[16] |:

Program  pstryction memory,
Interrupt control block | execution  external instruction memory Flow control block
‘

" control block (UPD77016 only)
Note RC cannot directly transfer data via the main bus.
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3.4.2

Program execution control block

Program execution is controlled by the following registers:
* Program counter (PC)
 Stack (STK)
» Stack pointer (SP)

(1) Program counter (PC)

This is a 16-bit register that holds the address of the instruction currently under execution
when the program is executed. Therefore, the range of the value the PC can take is the
entire memory space.

Caution The PC can take any value as long as it is in the range of
16 bits, but the portion that is not defined as the instruction
memory space or the portion that is reserved for the system
must not be accessed.

(a) Instruction memory
The instruction memory space of the uPD7701x family is shown below.

* Figure 3-10. Instruction Memory Space

OXFFFF

0x4000
Ox3FFF

0x0800
O0x07FF

0x0240
0x023F
0x0200
O0x01FF
0x0100
Ox00FF
0x0000

Note

puPD77016 uPD77015 uPD77017 uPD77018, 77018A UPD77019"°t
System System
(24K words) (24K words)
External instruction System System
memory (44K words) (36K words) oxpooOf ]
(48K words) Ox9FFF
0x7000 Internal instruction Internal instruction
0x5000 OX6FFF
Ox4FFF Internal instruction Internal instruction ROM (24K words) ROM (24K words)
_____ ROM (4K words) o ROM (12Kwords) | o
System (11.5K words)
System (14K words) System System System gﬁigg th
0x0300 (15.25K words) (15.25K words) (15.25K words) Internal instruction
Internal instruction X _ S R _ s - - RAM (4K word
0x02FF Internal_instruction Internal instruction Internal instruction (4K words)
| _RAM (15K words) {1 RAM@swords) L | _RaM@sewods) ) 1 ___ RaM(@sewords)_ | o) ..
Vector area (64 words) Vector area (64 words) Vector area (64 words) Vector area (64 words) Vector area (64 words)
System (256 words) System (256 words) System (256 words) System (256 words) System (256 words)
Boot-up ROM (256 words) Boot-up ROM (256 words) Boot-up ROM (256 words) Boot-up ROM (256 words) Boot-up ROM (256 words)

Caution No program or data must be stored to the addresses reserved for the system, nor must these

addresses be accessed. If any of these addresses is accessed, normal operation of the uPD7701x
family is not guaranteed.

The uPD77019-013 does not have the internal ROM of the uPD77019.
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(b) Internal instruction memory

The uPD7701x family is provided with ROM or RAM as an internal instruction memory.
The capacity of the internal instruction memory differs depending on the model, as shown
in Table 3-11. The internal ROM of the uPD77019-013 cannot be used.

Table 3-11. Capacity of Internal Instruction Memory

Part number Internal ROM capacity Internal RAM capacity
uPD77016 None 1.5K words
uPD77015 4K words 256 words

uPD77017 12K words

uPD77018 24K words

uPD77018A

uPD77019 4 K words

(c) External instruction memory
The uPD7701x can be connected with an external instruction memory. The capacity of
this external memory is shown in Table 3-12.

Table 3-12. Capacity of External Memory

Part number External instruction memory capacity

uPD77016 48K words

uPD77015 None
UPD77017

uPD77018
uPD77018A
UPD77019

(d) Interfacing external instruction memory

The uPD77016 can be connected with an external instruction memory. The application

program, however, cannot handle the external instruction memory as data. The application

program can access the external instruction memory only in the following two cases:

* When the program has been booted from the data memory or the host interface to the
external memory by using the internal reboot function (Refer to Chapter 4 “Boot
Function.”)

* When execution is branched to the external instruction memory space by using a branch
instruction

The interface that connects an external instruction memory to the uPD77016 is explained

in the following sections.
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(e) Hardware for external instruction memory expansion
The following pins are used for interfacing the external instruction memory:

*|A0-IA15 : 16 bits of address lines that provide an instruction memory address. IA15is
the MSB, and IAQ is the LSB.

* IDO-ID31 : 32-bit data bus that transfers instruction codes. ID31 is the MSB, and IDO is
the LSB.

* PWR : Signal line that generates a write strobe signal to the instruction memory.
Active low.

Table 3-13. Pin Statuses

Pin 1/0 During reset Initial after reset No external memory accesses

IAO0-1A15 (@) Hi-Z L Internal memory address currently
accessed

IDO-ID31 1/0 Hi-Z Hi-Z Hi-Z

PWR O HiZ H H

Figure 3-11 shows the operation timing.
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Figure 3-11. Instruction Memory Operation Timing

(a) Read operation timing

CLKOUT / \ 7Z \ \ 7Z \
%tdlA thiA
b)) 2
Hi-Z « ¢
IAO-IAL5 == === === == mmmmmaan -- X
D) 2
[€9 C
tsulD thiD
D) D)
CC CC
IDO-ID31
D) D)
CC CC
_ [taiw
D) D)
PWR-------.Hl'Z __________ ¢ ¢
D) D)
_ CC CC
RESET /
(b) Write operation timing
CLKOUT Z
thiA
b))
[€¢
IAO-IA15 >< ><
b))
[€9
tsiDw ‘ thipw
2
Hi-Z ‘ Hi-Z
IDO-ID31 === === mm e e m e e -
2
C
td (IAV-IWV) tsuiw
twiw
PWR \

C
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(H Wait function of external instruction memory
* IWTR (instruction memory wait cycle register)

The external instruction memory interface does not have a hardware wait function that is
effected through handshaking, but is provided with a programmable wait function that is
controlled via software. An instruction memory wait cycle register (IWTR) is provided as
one of the internal peripheral registers, and the predetermined number of wait cycles can
be selected and set to this register by the application program.

IWTR is a 16-bit register. The number of wait cycles, at what one wait cycle corresponds
to one internal system clock cycle can be specified by setting bits 2 to 7 of this register.
The three fields of this register, IB-ID fields, each consisting of 2 bits, correspond to three
16K-word banks which correspond to the external memory that accounts for the 3/4 of
the 64K-word memory space, and wait cycles can be independently inserted to each of
the three banks.

Figure 3-12 illustrates the image of this control. Table 3-14 shows the relations between
the value set to each field of IWTR and the number of wait cycles.

Figure 3-12. Instruction Memory Control Banks and IWTR Field

Configuration
Instruction memory
OXFFFF
ID field
16K words
0xCO000
OXBFFF
IC field
16K words
0x8000
OX7FFF
IB field
16K words
0x4000
OX3FFF Internal instruction
memory area
0x0000 16K words

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

field| IB 'field] —

IWTR — ID Hfield| IC
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Table 3-14. Set Values of IWNTR Fields and Number of Wait Cycles

Bits No. of wait cycles Remarks

00 0 1 cycle access:
Connects SRAM with access time of 8 ns (at 33 MHz)

0 1 1 2 cycle access:
Connects SRAM with access time of 35 ns (at 33 MHz)

1 0 3 4 cycle access:
Connects SRAM with access time of 85 ns (at 33 MHz)

11 7 8 cycle access:
Connects mask ROM with access time of 150 ns (at 33 MHz)

Cautions 1. Data written to bits 15 through 8, 1, and O are ignored. The
contents of bits 15 through 8, 1, and 0 are undefined when
they are read.

2. Withthe uPD77015/77017/77018/77018A/77019, data written
to IWTR is ignored, and undefined data is read from IWTR.
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e Timing of instruction memory wait controller

Wait control to IWTR by using a store instruction becomes valid starting from instruction
fetch immediately after the execution cycle of the store instruction. Figure 3-13 shows the
timing.

Figure 3-13. Valid Timing of Instruction Memory Wait Control

Instruction storing data to IWTR if1 id1 ea | L -------------------- : L
L ------------------- if2 id2 o2 | 1 ._
L -------------------- 1 ____________________ if3 id3 ex3
First instruction for which : __________ 1' __________ T __________ if4 ida exd
specification of IWTR is valid ~ _____.____. [P .

Remarks if :instruction fetch
id : instruction decode
ex: instruction execution
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 External instruction memory interface example

Based on the above description, Figure 3-14 shows an example of a simple instruction memory
interface. In this example, the external instruction memory has a capacity of 32K words, and
the read/write timing without wait control and 1-wait read timing are shown.

Figure 3-14. Example of External Instruction Memory Interface

uPD77016 SRAM (4 x 32K words x 8 bits)
ID0-ID31 [ >|D0-D7 I
IAO-1A15 D A0-A14
PWR [>o OE
R
iy CS
—

cwour L\ S\
nownss _ NI XX X
XX X X X_
A

PWR y
No wait write

No wait read
(IWTR=0x0000) (IWTR=0x0000)

1 internal wait cycle read
(IWTR=0x0054)
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(2) Stack (STK) and stack pointer (SP)

Stack (STK) is a register file dedicated to saving/restoring PC and consists of 16 bits by 15
levels.
Itis used to:

e Save return address when a subroutine is called

< Save the current address under execution when an interrupt occurs
For the details of the interrupt, refer to section 3.4.4 “Interrupt.”

A pointer register that points to the stack level (called stack top) that is currently to be accessed
is called stack pointer (SP). SP consists of 16 bits, but setting a value other than 0 to 15 to
this pointer is prohibited. The stack top and SP are connected to the main bus; therefore,
data can be exchanged with a general-purpose register via the main bus.

When the stack overflows or underflows, stack error flag (ste) of ESR is set to 1.

Remark Do not write the RET or RETI instruction just after the inter-register transfer instruction to load from/
store to STK or SP.

(3) Related instructions
The operations of the program counter (PC), stack (STK), and stack pointer (SP) can be
viewed from the following two points:

« Instruction execution and PC operation

< Branch instruction and operations of PC, SP, and STK

(a) Instruction execution and PC (normal operation)
The value of PC is incremented each time an instruction is fetched. Figure 3-15 shows
the image when this PC operation is combined with pipeline execution.

Figure 3-15. Normal Operation of PC

Time

PC | n \n+1\n+2\n+3\n+4\n+5\n+6\n+7\n+8\n+9\n+10\n+11|

]
o .
c Instruction 1
% (address n)
(3]
o Instruction 2
5| (addressn+1) | F2 [ D2 | E2 |
3] .
= Instruction 3
"@‘ (address n + 2)
B Instruction 4
F4 | D4 | E4
(aldrese n + 3) | F4 [ D4 | E4 |
N
N
Remarks Fn: fetch cycle of instruction n N
Dn: decode cycle of instruction n N
En: execution cycle of instruction n N
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(b) Branch instruction and operations of PC, SP, and STK
The branch instructions are classified into the following three types:

<1> Jump and subroutine call

The branch instructions are further subdivided into these two types of instructions,
depending on whether the address of the instruction under opcode fetch (value of the
PC) is saved to the stack or not.

* JMP instruction

Does not save the address of the instruction under opcode fetch to the stack. Therefore,
program flow cannot automatically return to the branch source address from the branch
destination address.

» Subroutine call instruction :

Saves the address of the instruction under opcode fetch (address of the instruction next
to the subroutine call instruction) to the stack. To return program flow from the branch
destination address to the branch source address, the return instruction is used.

<2> Branch viewed from PC setting format
The branch instructions can be classified into the following two types when viewed from
the format in which the branch destination address is set to the PC:

* Immediate jump/call

This format is called immediate jump or immediate call. The JMP/CALL instructions for
which a numeric value is coded as an operand execute branch in this format. At this
time, the numeric value is added to or subtracted from the current PC value as 16-bit 2's
complement. Therefore this is in fact a relative branch, relative to the current PC value.
Program flow can be branched in the range of £32K words, i.e., in the entire 64K-word
space.

Caution When this instruction is written in assembler, write a direct
branch destination address or label as the operand. The
assembler calculates the correct relative branch distance
to the current PC value automatically.

« Register indirect jump/call

This format is called register indirect jump or register indirect call. The JMP/CALL
instructions for which DPn register is described as an operand execute branch in this
format. At this time, the value of the DPn register is directly set to the PC.

uPD7701x Family User's Manual 81



Chapter 3 Architecture 3.4 Program Control Unit

<3> Conditional or unconditional branch

The uPD7701x family does not have dedicated conditional branch or conditional return
instructions. Conditional branch is realized by combining conditional instructions and
branch instructions, and conditional return is realized by combining conditional instructions
and return instructions. These are classified into the following two types:

* Unconditional IMP/CALL/RET instructions
These instructions always (unconditionally) branch (JMP/CALL/RETurn).

o Conditional IMP/CALL/RET instructions
These instructions branch (JMP/CALL/RETurn) only when the condition of the
combined conditional instructions is true.

Table 3-15 summarizes the above discussion. Note that, although the processing
execution sequence when branch takes place does not differ depending on whether the
instruction is conditional or unconditional, the actual execution time is 1 instruction cycle
longer when a conditional instruction is used in combination. Although this is not indicated
in the table, if the condition of a conditional branch instruction is not satisfied, delay due
to pipeline hazard does not occur (refer to Figures 3-16 to 3-19).

Table 3-15. Classification of Branch Instructions

Instruction name Condition Address specification Word Instruction
judgment length cycles

Jump instruction Unconditional PC relative 1 2
Conditional 3
Unconditional Register indirect absolute 1 3
Conditional

Subroutine call instruction Unconditional PC relative 1 2
Conditional 3

Indirect subroutine call instruction Unconditional Register indirect absolute 1 3
Conditional

Return instruction Unconditional — 1 2
Conditional 3

Interrupt return instruction Unconditional — 1 2
Conditional 3

Caution Above number of instruction cycles are valid if the
condition is satisfied and program flow branches. If the
condition is not satisfied, even the conditional branch
occupies one instruction cycle because the branch is not
performed and no pipeline hazard occurs.
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Figures 3-16 to 3-19 show the timing of the following instructions:

» Unconditional immediate jump

» Unconditional indirect jump

» Conditional immediate jump (condition satisfied: jump)

» Conditional immediate jump (condition not satisfied: pass)

The meanings of the symbols in each figure are as follows (n=0,1,2,..):

ifn : instruction fetch

idn  : instruction decode

ia : instruction address operation
p . purge

pop : stack pop

popi : interrupt pop

jifn  : jump destination instruction fetch
exn : instruction execution

addr : address output

push : stack push

jdec : jump destination decode

Figure 3-16. Timing of Unconditional Immediate Jump

Clock

JMP
instruction

Next
instruction

Instruction
at IMP
destination

Next
instruction

| 1! idl | addr | : : E : : : !
ia

: D2 onop | o— : : 5 : : : 5

; ; | it | i3 | exs | j ! E : ! !

: : ; | ita | ida | exa | j 5 E : :

Figure 3-17. Timing of Unconditional Indirect Jump
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Figure 3-18. Timing of Conditional Immediate Jump
(condition satisfied: branch)
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Figure 3-19. Timing of Conditional Immediate Jump
(condition not satisfied: pass)
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instruction L______ ! ! U SR U SR
| B (i L r=====--= T ==" i D [ r====-=-= 1
Next | | | i3 ! id3 | ex3 | : ' : ' ' :
instruction L______!______ . ! D U D SR
Next T . . ) e ! | """ T . . T i
instructon *_____ i 1 if4 1 id4d 1 ex4 I
| B (i r====-=-= Te=====" L S i D [ r====-=-= 1
Next l I ! | ifs | id5 | ex5 | : : :
Instruction L ______l______ .l _____ ! [ S D SRR
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(c) Operation of subroutine call/return
Subroutine call is executed by the CALL instruction. When the CALL instruction is
executed, execution branches in the following procedure:

1. The value of SP is incremented (pre-increment).

2. The value of PC (address next to the CALL instruction) is saved to the STK
indicated by SP.

3. The branch destination address is set to the PC. At this time, if the branch
destination is given as a numeric value, the numeric value is added to or
subtracted from the current PC value as 2's complement. If the branch
destination is given by the DPn register, the value of the DPn register is
directly set to the PC.

To return execution from a subroutine, the RET instruction is used. This instruction is
executed in the following procedure:

1. The value in the STK indicated by the SP is restored to the PC.

2. The value of SP is decremented (post-decrement).

Remark For the timing of the CALL instruction, refer to the timing of the JMP instruction.
The timing of the CALL instruction is the same as that of the JMP instruction, except that
the return address is saved to the stack. The timing of the return instruction is the same
as that of the immediate jump instruction, i.e. it takes two instruction cycles.

(d) Operation when interrupt occurs

When an interrupt occurs, the address of the instruction under opcode fetch (address of
the instruction when the interrupt is acknowledged) is saved to the stack, and the branch
destination address is set to the PC. To return from the interrupt, the RETI (return from
Interrupt) instruction is used.

For the operation of the interrupt, refer to section 3.4.4 “Interrupt.”

uPD7701x Family User's Manual 85



Chapter 3 Architecture 3.4 Program Control Unit

3.4.3 Flow control block

In general, a high-level language provides sophisticated flow control syntax (e.g., for loop
and while loop of the C language). The uPD7701x family is provided with hardware that
allows this flow control to be directly described as assembly instructions, and performs loop/
repeat operation without any timing overhead. The loop/repeat control circuit controls the
loop/repeat operations.

Flow control is managed by the following registers and functional blocks:

Repeat counter (RC)

This 16-bit counter register holds the number of repetitions of a repeat instruction.
Loop start address register (LSA)

This 16-bit register holds the loop start address during loop execution.

Loop end address register (LEA)

This 16-bit register holds the loop end address during loop execution.

Loop counter (LC)

An initial value is set to this 16-bit register when execution of the LOOP instruction is
started. Each time loop is executed once, the value of this register is decremented. When
the current value of the register reaches 0, it indicates the end of the loop.

Loop stack (LSTK)

The LSTK is a register file with 3 x 16 bits x 4 levels to save and store the LSA, LEA and
LC values. It saves the LSA, LEA and LC values by the loop instruction. The values are
restored to the LSA, LEA and LC upon loop termination or by the loop pop instruction.

This file serves as one of the following three 16-bit registers for input/output to/from the
main bus with inter-register transfer instruction.

e LSR1: Saves/restores loop start address (stack for LSA)

e LSR2: Saves/restores loop end address (stack for LEA)

e LSR3: Saves/restores loop counter (stack for LC)
IfLSR1is specified for the inter-register transfer instruction source, the LSP is decremented

aftertransfer. If LSR1is specified for the inter-register transfer instruction destination, data
is transferred after the LSP is incremented.

[Software loop stack]

If a loop over 4 levels causes a loop stack overflow, the return address is lost and
processing cannot return normally.

When you know in advance that there is a loop over 4 levels, the contents of the stack
should be saved to memory prior to stack overflow, so thata normal return can be executed
even though another loop operation is performed. This method is called software loop
stack.

In this case, note that the contents stored should be rewritten to the loop stack in
correspondence with stack level, when stack contents are saved to memory. A software
loop stack programming example is shown below.
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Software loop stack example:

e Push (DPO: Save address)
ROL = *DP0- -
ROL = LSRS;
*DPO- — = ROL;
ROL = LSR2;
*DPO- — = ROL;
ROL = LSR1;
*DPO- — = ROL;
» Pop (DPO: Restore address)
ROL = *DPO++;
LSR1 = ROL;
ROL = *DPO++;
LSR2 = ROL;
ROL = *DPO++;
LSR3 = ROL;

 Loop stack pointer (LSP)

This pointer indicates the current position of LSTK. Although this is a 16-bit register, the
value that can be setto itis 0 to 4.

The LSP value can be input/output to/from the main bus with inter-register transfer
instruction. The LSP value becomes 0 by reset.

The LSP is incremented/decremented by 3 bits (bits 2 to 0). Bits 15 to 3 are fixed to 0.
The LSP is incremented in the following cases:
* When the LSA, LEA, and LC values are saved to the LSTK by the loop instruction
» When the LSR1 is specified for the inter-register transfer instruction destination
The LSP is decremented in the following cases:

» When the LSTK value is returned to the LSA, LEA, and LC upon loop termination or
by the loop pop instruction

* When LSR1 is specified for the inter-register transfer instruction source

Cautions 1. When the value of LSP is not between 0 to 4, a stack
overflow or underflow occured indicating an error.

2. Do not set the LSP value between 5 and OxFFFF.
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« Loop/repeat controller (LRC)

This circuit controls the loop and repeat instructions.

Caution All the above registers, except RC, are connected to the
main bus, so that data can be transferred between them
and general-purpose registers.

Flow control has the following two functions:
* Repeat function (REP instruction)

 Loop function (LOOP instruction, LPOP instruction)
(1) Repeat function

The repeat function that is written by the REP instruction realizes repetition of one instruction
on a count basis. The instruction to be repeated the repeat target instruction, follows
immediately the REP instruction itself.

(a) Format of repeat counter (RC)
Figure 3-20 shows the format of the repeat counter (RC).

Figure 3-20. Format of RC

Bit 15|Bit 14|Bit 13|Bit 12(Bit 11|Bit 10| Bit9 | Bit 8 | Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit O
RF

Count value setting field
Setting range: 1 to 32767

Repeat flag (RF): automatically controlled by the repeat controller.
RF=0: repeat in progress
RF=1: end of repeat (not in progress)

Caution During the entire repeat operation no interrupt will be
acknowledged. For further details refer to section 3.4.4
“Interrupts”.
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(b) Summary of repeat function

The repeat function can be summarized as follows:

A single instruction is repeated.

The number of repetitions can be directly given as a numeric value or by
using a general-purpose register (ROL-R7L).

The number of repetitions ranges from 1 to 32767.
The value of PC is not incremented during repeat operation.

RC is decremented each time the instruction is repeated, and repeat ends
when the instruction has been repeated the specified number of times.

The repeat function depends on RC only, and is not counted as nesting of
loop instructions.

(c) Procedure of repeat function execution

When the REP instruction is executed, the repeat function is implemented in the following
procedure.

1.

The number of repetitions given as the parameter of the REP instruction is
set to RC.

. The value of PC is incremented, and the instruction immediately after the

REP instruction is repeated. At this time, an invalid cycle of one instruction
cycle is generated.

During repeat operation, PC holds a next address of this instruction that has
been repeated.

. The value of RC is decremented each time the instruction has been repeated

once. After the instruction has been repeated the specified number of times,
repeat ends.

. When repeat ends, the value of PC is incremented. When execution shifts

from the instruction that has been repeated to the next instruction, the pipeline
stages are successive. Therefore, no overhead occurs when repeat ends.

For the repeat instruction, refer to “uPD7701x Family User’'s Manual Instructions”.
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(d) Repeat execution timing

The following figures show an example in which the REP instruction is repeated two
times.

Figure 3-21 shows the assembly program, and Figure 3-22 shows the execution timing.

Figure 3-21. Example of Repeat Instruction (repetition of 2 times)

REP 2;
RO /= R1;

Figure 3-22. Repeat Execution Timing (repetition of 2 times)

S 1 A O B o I
""" L e e e e Y
norveion || @[RS| i i i E
RE  b-mmmmmde el
"""" B B e e e e e e ]
PRE D1 0 1 0 0 0 @ 1 1 : : : :
RC L ox box b2 i1bo b0 b
. ! ! ! RC- | RC- | ! ! ! ! ! :
1 Updating instruction register and program counter
is stopped at this time.

Instructionto © e S H T . T T o '
' L2 4 onop ¢ — 1 1 1 1 1 1
be repeated '_______1_______'____?__!_______ S S
Instructionto ;""" """ . ) I N . H R . . '
berepeated | 1 | if2 | iz | ex2 |___
. [ (i L D Y e A T---==" b (i r====-=-- 1
Instruction to : ; ! | it id2 | ex2 | ! ; ; ; ;
berepeated L _____l______l ____. O SRRy PRt SUpP
Instruction  \------- - pommm- peee———— - qmmmmme - Fommm- .
next to one to : ; ; ; if3 id3 | ex3 | ; ; ; :
berepeated ---vccccmttooomooomoosooo— T ToTToTTooosomomooseooooes
[ (i r==-=-=-- B e [ E (i r====-=-- 1
Next : : : it4 | ida | exd | : : :
instruction U A S P
} Updates program counter instruction register

Remarks RF: repeat flag RC: repeat counter
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(2) Loop function

The loop function that is described by using the LOOP instruction realizes loop flow of an
instruction group consisting of 2 to 255 instructions on a count basis. Nesting of loop is
supported by a four level hardware loop stack. To escape from the loop at any point, the
LPOP instruction is provided, so that flexible loop control is performed.

(a) Format of loop counter (LC)
Figure 3-23 shows the format of the loop counter (LC).

Figure 3-23. Format of LC

Bit 15|Bit 14(Bit 13|Bit 12|Bit 11|Bit 10| Bit9 | Bit 8 | Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit O
LF

Count value setting field
Setting range: 1 to 32767

Loop flag (LF): automatically controlled by the loop controller.
LF=0: loop in progress
LF=1: end of loop (not in progress)

Remark The loop flag LC is also contained in the status register (SR) (refer to section 3.4.4 “Interrupt”).

(b) Summary of loop function
The loop function can be summarized as follows:

e Groups 2 to 255 instructions as a loop element.

* The number of loops can be given directly by a numeric value or by using a
general-purpose register (ROL-R7L).

e The number of loops ranges from 1 to 32767.
» Nesting of up to 4 levels can be realized by the loop stack.
» Execution can be escaped from the loop when:

(1) The count value reaches 1

(2) The LPOP instruction and then JMP instruction are executed

Remark For interrupt processing in conjunction with loop operations (refer to section 3.4.4 “Interrupt”).
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(c) Loop function execution procedure

When the LOOP instruction is executed, the loop function is implemented in the following
procedure:

<1> When loop is started

1.
2. The current LSA, LEA, and LC are saved to LSTK indicated by LSP.
3. The loop start address is set to LSA.

4.
5

. The number of loops is set to LC.

The value of LSP is incremented (pre-increment).

The loop end address is calculated and set to LEA.

<2> During loop operation

1.
2.

The value of LC is decremented if the values of PC and LEA are equal.

The value of LSA is setto PCif LCisnot 1. If LCis 1, the loop end processing
is executed.

<3> Loop end processing

1.
2.
3.

The value of PC is incremented.
The value of LSTK indicated by LSP is restored to LSA, LEA, and LC.

The value of LSP is decremented (post-decrement).

<4> Loop end processing by LPOP instruction

The LPOP instruction discards one level of loop by performing the following processing.

1.
2.

Restores the value of LSTK indicated by LSP to LSA, LEA, and LC.

Decrements the value of LSP (post-decrement).

For the LOOP and LPOP instructions, refer to “uPD7701x Family User's Manual
Instructions”.

Caution

The LPOP instruction does not automatically control PC

for escaping from the loop. Therefore, execute the LPOP
instruction after escaping from the loop by using the IMP

instruction, or execute the LPOP instruction and then
escape from the loop by using the JMP instruction (Refer
to “ uPD7701x Family User’'s Manual Instructions”).
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(d) Timing of loop execution (example of two loops operation)

Figure 3-24 shows an example of the LOOP instruction execution timing. In this example,
two loops operation in which a group of two instructions is executed only once is performed.

Figure 3-24. Loop Execution Timing (example of 2 loops operation)

Clock | | | | | | | | | | | | | | | | | |
Loop i 1 . AT TS T [ 1T T T T T [
; : if1 id1 +Isp 1 1 1 1 1 1
instruction push [------- R R S R
lea=
set

LF . 1 . 1 [ 0 [ 0 o0 .0 | 1 | 1 |

rkco o x +ox 1+ 2 4+ 2 4+ 1 .+ 0 ¢ 0 i 0 .

Lo L [ L LLC- s pop L. Lo N i
Firstinstruction "~~~ i |f2 e no T P T T R T T
in loop Lo Lo Me e I R S R S S

{ Loop escape address

Firstinstruction """ """ . . . T T T . v
in loop (st fetch) ©_______ . ’ 2 | Hd2 | ex ‘,,,,,,,l ,,,,,,, R S S
Second instruction] "~ . T ‘ . ‘ : ‘ ‘ ”””” T . i
in loop (1stfetch) L_______ R S if3 id3 es | . R S S
Firstinstruction |~ . T T ‘ . ‘ ' ‘ ”””” T i
in loop (2nd fetch) . _______ N S S if2 id2 e&x2 | .
Second instruction; . T T HE ' ‘ . ‘ ‘ ”””” i
in loop (2nd fetch) . _______ S S S L. i3 id3 es |
Firstinstruction """~ """ T . T T R .
afterloop L 7777777 :777777717777777:7 7777777 :77777777} 7777777 ‘ if4 ‘ id4 ‘ ex4 ‘
Remarks LF: loop flag LC: loop counter
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3.4.4 Interrupt
The uPD7701x family has powerful interrupt functions. This section describes the following
functions:
e Interrupt cause
* Interrupt control function
« Interrupt acknowledgment condition
e Hardware condition of external interrupt

e Interrupt vector
(1) Interrupt cause

There is a total of 10 interrupt causes available including internal and external interrupts.
« Internal interrupt : Caused by events specified by internal peripherals.
Six internal causes are available.
« External interrupt: Triggered by external causes via hardware signal pins.

Four external causes are available.

Table 3-16 lists all the interrupt causes.

Table 3-16. Interrupt Causes

Internal/external Interrupt cause

Internal SI1 input
Completion of serial interface #1 input

SO1 output

Enabling output of serial interface #1

SI2 input

Completion of serial interface #2 input

SO2 output

Enabling output of serial interface #2

HI input

Completion of host interface input

HO output

Enabling output of host interface
External INT1

Falling edge of external signal pin INT1

INT2

Falling edge of external signal pin INT2

INT3

Falling edge of external signal pin INT3

INT4

Falling edge of external signal pin INT4
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(2) Interrupt control function

All interrupt causes, regardless of whether they are internal or external, are handled as
independent events and at independent levels. Here is the summary of the functions to
control the interrupts:

1
» Each interrupt cause can be enabled or disabled independently.

« All interrupts can be enabled or disabled as one group (global enable).

» A stack for global interrupt enable function is provided, so that multiple (nesting of)
interrupts can be handled.

e The interrupt vectors (entry points of interrupt servicing routine at interrupt
acknowledgement) for all interrupt causes are fixed.

 When an interrupt has been acknowledged, the current instruction is aborted, and
program execution control is transferred to the specified entry point.

 After the interrupt servicing routine is executed completely, control is returned to the
instruction that was suspended by the interrupt.

* When an interrupt request is issued during the execution of Jump or some other
instructions, a delay cycle is inserted before the interrupt is acknowledged.

(3) Interrupt acknowledgment condition
When an interrupt request is generated by an interrupt cause, the interrupt will be
acknowledged if both following conditions are satisfied:

 Global interrupt enable (El) flag value is 0 (enable).

* Interrupt cause enable flag value corresponding to the requested interrupt is 0 (enable).

Note, however, that acknowledging the interrupt is delayed in any of the following cases:
» While a jump instruction is fetched, decoded, or executed
» While a repeat instruction or a repeat target instruction is fetched, decoded, or executed
» While a loop instruction is fetched, decoded, or executed

» While a loop termination instruction (instruction at loop end address) is fetched
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(4) Hardware conditions of external interrupt

External interrupts (INT1-INT4) are acknowledged when the falling edges of the corresponding
pins have been detected. To issue several interrupt requests successively, make the
corresponding pin to high and then to low, for each interrupt request, to create a falling edge.
Note that each of the high and low levels must have enough duration for the system to
recognize level changes.

Figure 3-25 shows external interrupt timing.

Figure 3-25. External Interrupt Timing

wor [N/ S S
o | twiNTL) |
INT1-INT4 _Xk %
b))

C
IAO-1A15 X X . X X Interrupt vector

Caution In case of the pPD77015, 77017, 77018, 77018A, and 77019,
if the processor is in HALT mode, the active (low) time of
an external interrupt INT1-INT4 has to be extended to
minimum 8 Xtw(NTL), since the CLKOUT period during HALT
mode is extended to 8 times longer.
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(5) Interrupt vector

Every interrupt cause has a dedicated entry point (also called vector). These vectors for
interrupt causes are sequentially set from the start position (address 0x200) of the internal
instruction area, creating a 64-word table. Each cause is assigned four instruction addresses.
If interrupt servicing is not completed within four instructions including the interrupt return
instruction (RETI), execution must branch beyond address 0x240 for service completion.

(a) Interrupt vector table
Table 3-17 shows the interrupt vector table.

Table 3-17. Interrupt Vector Table

Vector Internal/external Interrupt cause
0x200 Internal Reset
0x204 — Reserved
0x208 — Reserved
0x20C — Reserved
0x210 External INT1
0x214 External INT2
0x218 External INT3
0x21C External INT4
0x220 Internal SI1 input
0x224 Internal SO1 output
0x228 Internal SI2 input
0x22C Internal SO2 output
0x230 Internal HI input
0x234 Internal HO output
0x238 — Reserved
0x23C — Reserved

Cautions 1. Although the reset signal is not an interrupt, it is treated
as a vector entry as if it is an interrupt.

2. It is recommended that the vector of unused interrupt
causes be branched to an abnormality processing routine.

3. Because the vector area of the mask ROM model also exists
in the internal RAM area, this area must be booted up. Also
because the entry after reset is address 0x200, booting up
address 0x200 is necessary even when the internal
instruction RAM and interrupts are not used.
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(b) Example of processing of interrupt vector
See the following example.

; Definitions
#define SI1 0x3800
#define SO1 0x3800

; Interrupt vector table
int_vec imseg at 0x200

org 0x220

(0x220) IMP INPUT
(0x221) NOP
(0x222) NOP
(0x223) NOP

(0x224) ROH=*DP4++
(Ox225) *SO1:y=R0OH
(0x226) RETI
(0x227) NOP

(0x228) NOP
(0x229) RETI
(0x22A) NOP
(0x22B) NOP

; Main program segment
main imseg

INPUT: ROH=*SI1:y
R1=*DPO
R1=R1+ROH*R2H
*DPO=R1H
RETI

address of serial input register
address of serial output register

start of vector table

serial input #1 interrupt vector
branches to application area for
more than 4 instructions

serial output #1 interrupt vector
interrupt service less than 4 instructions

fetch data from y-memory

transter it to serial output #1

return from interrupt

serial input #2 interrupt

serial input #2 is not used (RETI
instruction cannot be written at
brginning of vector)

start at 0x240 (automatically located
to 0x240 by the Linker)

serial input #1 interrupt servicing routine
fetch data from serial input #1

return from interrupt
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(6) Interrupt control software

Interrupts are controlled by the following registers (refer to Figure 3-9 “Program Control Unit”):
 Status register (SR)

* Interrupt enable flag stack register (EIR)

(a) Status register (SR)

This is a 16-bit register that enables or disables all the interrupts (general interrupt enable/
disable), and enables or disables each interrupt cause separately. When the value of a
bit of this register is 0, the corresponding interrupt is enabled; when the bit is 1, the
interrupt is disabled.

The values of SR can be read and written by executing the register-to-register transfer
instruction. This register is set to OxF00O at reset.

Interrupt enable flag Reserved Interrupt enable flag for each cause

On-chip 1/O device External interrupt master

El | EP | EB LF

ho | hi |502 | si2 | sol | sil int4| int3| int2 | intl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

<1> Interrupt enable flags (El: enable interrupt, EP: enable interrupt previous,

EB: enable interrupt before)
The El, EP, and EB flags enable or disable all the interrupts. When the value of these
flags is O, the interrupts are enabled; when it is 1, the interrupts are disabled. These
three flags, El (enable interrupt), EP (enable interrupt previous), and EB (enable interrupt
before), enable or disable the current interrupts, and interrupts one levels before and two
levels before.

These flags are the same as the El, EP, EB flags at bits 15-13 of the EIR register (refer to
section (b) “Interrupt enable flag stack register”). Therefore, the values of bits 15-13 of
the SR are always the same as those of the EIR register.

The following nesting of interrupt and stack manipulation are handled by the EI, EP, and
EB flags and E3 through E15 flags of the EIR register (refer to section (b) “Interrupt
enable flag stack register”).

When interrupt has been acknowledged;
value of EB —> E3 of EIR register
value of EP —> shifted to EB
value of EI —> shifted to EP
El —> set to 1 (all interrupt disable)

Vice versa at RETI instruction;
value of EI —> wasted
value of EP —> shifted to El
value of EB —> shifted to EP
value of E3 of EIR register —> EB

uPD7701x Family User's Manual 99



Chapter 3 Architecture 3.4 Program Control Unit

For multiple interrupts, refer to section (b) “Interrupt enable flag stack register”.

The interrupt flag before updating is valid while a transfer instruction which specifies SR
as the destination is fetched and executed, that is, between the transfer instruction and
the next instruction, and between the next instruction and the instruction that follows.

Example of changing interrupt enable flag (enabled —> disabled)

Initial status:EI=0; (interrupt enabled)
ROL=EIR;
R0=R0|0x8000;
EIR=ROL;
Next instruction; May branch to interrupt servicing
Instruction that follows;

Caution To rewrite the EP and EB flag, be sure to disable all the
interrupts (El = 1).

<2> Loop flag (LF)
This flag indicates whether execution is in a loop or not. The value “0” shows that the
execution is in a loop, and “1” for not in a loop.

Caution Do not change this flag when modifying any interrupt mask
flags. Modify interrupt mask flags always by reading the
current SR contents and mask only the dedicted flags (refer
to following examples).

<3> Reserved flags
A write to these flags is ignored. Undefined values are returned when these flags are
read.

<4> Interrupt enable flags for each cause

These flags enable or disable the corresponding interrupt causes. When the value of
any of these flags is 0, the corresponding interrupt is enabled; when it is 1, the interrupt is
disabled. The values of these flags are not affected even when the respective interrupts
have been acknowledged. There are the following five types of these flags, totaling 10.

« External interrupts 1-4 : Interrupts from external interrupt pins (INT1-INT4).

e SlI1, SI2  : Interrupts that occur when serial input has been completed and data has
been received by the serial data register (SDT: for input).
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e SO1, SO2 : Interrupts that occur when serial output has been completed and transmit
data can be written to the serial data register (SDT: for output).

e HI . Interrupt that occurs when host interface input has been completed and
data has been received by the host data register (HDT: for reception).

« HO . Interrupt that occurs when host interface output has been completed and
transmitdata can be writtento the host data register (HDT: for transmission).

Caution To rewrite any of the above flags, be sure to disable all
interrupts (El = 1).

Example of rewriting interrupt enable flag for each cause (enabled —> disabled)

ROL=EIR ; disable interrupts generally here; via EIR register
R0O=R0|0x8000 ; set El = 1 (general interrupt disabled)
EIR=ROL ; write back to EIR

NOP ; wait until interrupt disable becomes valid
ROL=SR ; disable external INT1 via SR register
R0=R0|0x0001 ; Set INT1 = 1 (disabled)

SR=ROL ; write back to SR

(b) Interrupt enable flag stack register (EIR)
This 16-bit register stacks the general interrupt enable flags. When a bit of this register is
0, the corresponding interrupt is enabled; when the bit is 1, the interrupt is disabled.

The values of EIR can be read and written by executing the register-to-register transfer
instruction.

The value of this register is set to OxFFFF at reset.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| El |EP|EB | E3 | E4 | ES5 | E6 | E7 | E8 | E9 |ElO|Ell|E12|E13|E14|E15|

When an interrupt has been acknowledged, the contents of this register are shifted 1 bit
to the right, and the bit El is set to 1 to disable all interrupts generally. The register
contents are shifted 1 bit to the left by execution of the interrupt return instruction RETI
where E15 is set to 1 simultaneously. Cause of them, multiple interrupts of up to 16
levels are guaranteed.

Bits 15-13 (El, EP, EB) are the same as the bits 15-13 of the SR register.

The interrupt enable/disable status can be changed by writing EIR with the register-to-
register transfer instruction. However, note that this change will be valid three instructions
after writing EIR.
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Example of enabling interrupt (disabled status —> enabled)

Initial status:El=1 (interrupt disabled)
ROL=EIR;
RO=R0&O0Ox7FFF;
EIR=ROL;
Instruction 1; Interrupt disabled during this period

Instruction 2;
Instruction 3; } Interrupt enabled

<1> EIR and multiple interrupts

As

described earlier, a multiple interrupt system can be configured by using the EIR

register. This paragraph describes the concept of multiple interrupts, taking an example
shown in Figure 3-26 and focusing on EIR.

[Prerequisite]

All interrupts are enabled by the corresponding interrupt enable flags.

[Process]

@
@

©)
4

(©)

)

™

®

©

Clear the El bit to 0 to enable all interrupts.

INT1 is acknowledged, and control is transferred to the INT1 servicing routine. At this time,
the contents of the EIR register are shifted 1 bit to the right, and one level of interrupt status is
stacked. Atthe same time, bit 15 (El) is set to 1, disabling the other interrupts.

The interrupts are enabled (EI=0) in the INT1 servicing routine.

INT2 is acknowledged, and control is transferred to the INT2 servicing routine. In the same
manner as before, the contents of EIR are shifted 1 bit to the right, and El is set to 1, disabling
the interrupts.

INT3 request is generated while the INT2 servicing routine is executed. However, this interrupt
is not acknowledged because it is disabled, but recorded.

When the INT2 servicing routine is ended in the RETI instruction, the contents of EIR are
shifted 1 bit to the left. Consequently, the status before acknowledging the INT2 interrupt is
restored. In this status, EI=0, enabling the interrupts.

The recorded INT3 is now acknowledged, and control is transferred to the INT3 servicing
routine. The contents of EIR are shifted 1 bit to the right again, and El is setto 1. If necessary,
clear El to 0.

When the INT3 servicing routine is ended in the RETI instruction, the contents of EIR are
shifted 1 bit to the left, and the status before INT3 was acknowledged is restored (INT1 is
being processed).

Execution of the INT1 servicing routine continues. When the RETI instruction is executed at
the end of this routine, the status before INT1 was acknowledged is restored.
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Figure 3-26. Multiple Interrupt Processings

INT1

Main program

[EIR=0111...|

Interruption is allowed

INT1 servicing routine

<

> EI=0 |EIR=0011...| Interruption is not allowed
p

INT2 servicing routine

........... < Eron]

INT2
EIR=0111... RETI /\/ Interruption is allowed
INT3 ¥

INT3 servicing routine

RETI »|EI=0

>

EIR=1001...

<2> Differences between SR and EIR

The most significant three bits of the SR and EIR registers (El, EP, and EB) are accessed
as common bits. The El bit directly enables or disables the current interrupt, and therefore
care must be exercised in manipulating this bit. The differences between SR and EIR
are as follows, when the El bit is manipulated:

e To enable the interrupts, the El bit of either the SR or EIR register can be used.

* To disable the interrupts, use of the El bit of the EIR register is recommended.

There is no problem when the interrupts are enabled by the El bit because the interrupts
have been disabled up to that point. When the interrupts are disabled, however, the
following situation may arise:
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ROL=SR ; disable interrupt generally here: via SR register

<— Interrupt occurs and jump to interrupt servicing routine:

; Interrupt servicing routine
; This routine disables INT1 interrupt individually

R1L=SR ;

R1=R1|0x0001 ; set INT1=1 (disabled)
SR=R1L ; write back to SR
RETI ; return from interrupt

<— SR has changed meanwhile

R0=R0|0x8000 :set ElI=1
SR=ROL ; write back to SR

In this case, writing data to the SR register is ignored while the interrupt is serviced. To
avoid this situation, it is recommended to use the El bit of the EIR register, rather than
that of the SR register, to disable the interrupts.

(7) Interrupt sequence

(&) Acknowledging an interrupt
When an interrupt has been acknowledged, the following operations are performed:

< An instruction that was fetched immediately before the interrupt has been acknowledged
is kept pending.

The EIR register is shifted 1 bit to the right to stack 1 level.

The El bit is set to 1 to disable the interrupts.

e SP is incremented.

The address of the pending instruction is saved to STK specified by SP.

A specified interrupt vector address is set to PC, and execution branches to interrupt
servicing routine.

Figure 3-27 shows timing of acknowledging an interrupt.
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Figure 3-27. Interrupt Acknowledging Timing

Clock

Nt

Interrupt
servicing

Instr #1

Interrupt
servicing
instruction #1

Interrupt

servicing
instruction #2

Interrupt request signal

iSynchro-iSynchro- | Interrupt | Interrupt
' nization | nization | request |judgment

Fetch

save
data

Interrupt disabled —

—I El: disable

Purged and no execution

N S e i B s B e B e .
5 ; ; | in | o | ea | : ]
: ------- (i T =" [ e B r
P ; ; | i | i | ex | 5

________________________________

Remarks ifn : instruction fetch

idn : instruction decode
exn: instruction execution

iifn : interrupt instruction fetch
iidn : interrupt instruction decode
iexn: interrupt instruction execution

(b) Returning from interrupt
When the RETI instruction (interrupt return) is executed, the following are processed in
two to three instruction cycles, and execution returns from the interrupt servicing routine.

e The value of STK indicated by SP is restored to PC.

¢ SP is decremented.

* The EIR register is shifted to the left, and interrupt enable flags are restored.

< Execution branches to the return address (the instruction that was kept pending when
the interrupt was acknowledged).

Figure 3-28 (a) and (b) shows the return timings by using an unconditional RETI instruction
and a conditional RETI instruction with the condition satisfied, respectively.
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Figure 3-28. Timing by RETI Instruction

(a) Unconditional

Clock|||||||||||||||||||||
—/_\— Interrupt acknowledge delay signal

""" L e e e e e e ]
RETI| if1 | idl | popi | R bl R b L R !

addr
Instructionof 77777 T"If-z-"r"n-(;-": """" H ottt F HE R . H
address nextto RETI ©L_____. L L e S L. . O I '
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acknowledged

ifn : instruction fetch idn: instruction decode rifn : interrupt return destination instruction fetch
ridn : interrupt return destination instruction decode
rexn: interrupt return destination instruction execution

(b) Conditional instruction: Condition satisfied

Clock | | | | | | | | | | | | | | | | | | | | |
—/—\— Interrupt acknowledge delay signal

""" 1"""'I"'"'"|'"'"'1""'"F"""'u""""l
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(8) Delaying interrupt acknowledgment

In the course of acknowledging an interrupt, registers SP, STK, and PC are automatically
managed. To prevent conflicts with instructions that address these registers, acknowledging
an interrupt is delayed when any of the following instructions that may cause such a conflict
is executed. Note that the interrupt acknowledgement itself (branching to the interrupt
servicing routine) still introduces only a single delay cycle.

Caution Interrupt is not acknowledged under following conditions

and interrupt request is held until interrupt enables;

* During peripheral 1/0 wait function

e During external memory access wait cycles

» During repeat process
_________________________________________________________________________________________________________________________|

(a) Instructions generating delay of one instruction cycle

The following instructions cause a delay of interrupt acknowledgment of one instruction
cycle:

< Decoding of unconditional JMP instruction (PC-relative jump by immediate data)

« Decoding of unconditional CALL instruction (PC-relative jump by immediate data)

» Decoding of unconditional RET instruction

« Decoding of unconditional RETI instruction

» Decoding of FINT instruction

 Fetching of loop end instruction

Figure 3-29 illustrates how an interrupt is delayed that occurs during the processing of
any of these instructions.

Figure 3-29. Interrupt Delay Timing (one-cycle delay)

Clockl||||||||||||||||||||||

/ \ Interrupt acknowledgment delay signal

JMP instruction | if1 id1 addrl

ia } Fetching the first instruction of the interrupt servicing routine is
prevented in this cycle.
Instruction at address ------- ro----- [ Fme - am-mse- AT 1o Toooes ro-ese- [
next to that of poif2 tnop 1o— : : : : ; ;
IMPinstruction 77777 TT T T T T s oo '
Firstinstructionat " T | " | | | """ . T . . Y
branch destination L______._____ ! A Il RO S SR S S '

(Interrupt)

------- feemmempe———-
'

First instruction in
interrupt routine

| iif1 | iid1 | iex1 | ; ;

Remarks jifn, jidn, jexn: fetch, decode, or execution of instruction at branch destination
iifn, iidn, iexn: fetch, decode, or execution of interrupt routine
ia: branch destination address calculation addr: address
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(b) Instructions generating delay of two instruction cycles
The following instructions cause a delay of interrupt acknowledgment of two instruction
cycles:

» Decoding of onditional JMP instruction (PC-relative jump by immediate data)

» Decoding of conditional CALL instruction (PC-relative jump by immediate data)
» Decoding of conditional RET instruction

» Decoding of conditional RETI instruction

» Decoding of unconditional/conditional register-indirect JIMP instruction

» Decoding of unconditional/conditional register-indirect CALL instruction

» Decoding of REP instruction

» Decoding of LOOP instruction

Figure 3-30 illustrates how an interrupt is delayed that occurs during the execution of any
of these instructions.

Figure 3-30. Interrupt Delay Timing (two-cycle delay)

Clockl||||||||||||||||||||||
—/_\— Interrupt acknowledgment delay signal

Conditional | ) I R I T . . . . T
JMP instruction i id1 exl | addr I T S S N S S H
ia ) 4 Fetching the first instruction of the interrupt servicing
routine is prevented in between these cycles.
Instruction at address next - ----- R [ —— R —— PR —— - [ — RN R R R
to that of conditional L if2 nop i — : : 1 1 1 1 E
IMP instruction - - - - ool L L '
Instruction at address next , ______ g Feeeean P e - e e R pememme Fmmm e
to that of conditional ! ' L i3 inop i — ' ' ' ! ! i
IMPinstruction + 1 L _ L Ll . i
Firstinstruction at " . . i | o | — | """ . R [ R
branch destination ©___________ ' _____ ! P O S S A H
(Interrupt)
Firstinstruction in 1~~~ T . . N - | . | """ . . CTTTh
interrupt routine L _____ i i L | idL e | :

Remarks ifn: fetch of instruction n
idn: decode of instruction n
exn: execution of instruction n
jifn, jidn, jexn: fetch, decode, or execution of instruction at branch destination
iifn, iidn, iexn: fetch, decode, or execution of interrupt routine
ia: branch destination address calculation
addr: address
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(9) Conflict and recording of interrupt

(&) Recording interrupt

When an interrupt has been acknowledged, an interrupt servicing program is executed.
During the execution, the global interrupt enable flag “El” is automatically set to 1 (disable).
Therefore, if another interrupt occurs during this period, it is not acknowledged immediately,
but is recorded classified by the cause. When the interrupt servicing program has been
ended in the RETI (return from interrupt) instruction, the El flag is cleared to 0, enabling
other interrupts. Consequently, the recorded interrupt is acknowledged and processed.
This interrupt recording function works not only when El is 1, but also when the
corresponding interrupt enable flags are set to the disable state.

Cautions 1. Allinterrupt request are recorded, disregarding the settings
of all interrupt enable/disable flags.

2. Only one level of interrupt can be recorded per cause.

3. The internal flag that records the occurrence of an interrupt
is not cleared unless the corresponding interrupt is
acknowledged.

4. The FINT instruction discards all interrupt requests. For
further details refer to pPD7701x Family User’'s Manual
Instructions.

(b) Priority of interrupt
It is undefined which interrupt is served first if two or more interrupts occur at the same
time.
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3.4.5 Error status register (ESR)

This 16-bit register holds error flags which indicate some error status’s of the processor. A
write to bits 15-4 of this register is ignored. Undefined values are returned when these flags
are read.

Bits 3-0 of ESR are set to 1 when an error occurs. The values of these bits are not clear to
0 unless a hardware reset is applied or they are rewritten by program (inter-register instruction).

The values of ESR can be read and written by executing the inter-register transfer instruction.

The value of this register is cleared to O at reset.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ese| | [ [ [ [ L 1 [ [ ] | Joufse[te ] ox]

(a) ovf: Overflow error flag
This flag is set to 1 if an overflow occurs while the operation unit calculates data in the
40-bit two's complement format.

(b) ste: Stack error flag
This flag is set to 1 when the stack overflows or underflows.

(c) Ise: Loop stack error flag
This flag is set to 1 when the loop stack overflows or underflows.

(d) bac: Bus access error flag
This flag is set to 1 when prohibited parallel data memory access combination is executed.
Combinations of prohibited parallel data memory access are as follows;

 Internal ROM and Internal ROM
* |Internal ROM and External area
e External area and External area

» Peripheral area and Peripheral area
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3.5 Data Addressing Unit

Generally, a DSP is required to access a large quantity of data flexibly and efficiently.

The uPD7701x family is provided with dedicated data addressing units to efficiently access
the data memory spaces.

3.5.1 Block configuration

Figure 3-31 is the block diagram of the data address unit.

Figure 3-31. Data Addressing Unit

. Immediate
Immediate

16 16 value
value

16 16%
S e O

MUX \ { MUX
DNO DPO I

DN1 DP1
DN2 XAA DP2 X memory
| DMX I DN3 DP3
16
16 16 16 16

< X data bus >
< Y data bus >

16 16 16 16
16
| DMY | DN4 DP4
DN5 YAA DP5 Y memory
DN6 DP6

< Main bus (16 bits) >

DN7 DP7 16
; MUX ; v MUX
16 4 JA( 16 YBRC
16 % 16
g Immediate .
value Immediate
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3.5.2 Data memory space

The devices of the uPD7701x family have two independent data memory spaces, X and Y,
to which data can be accessed flexibly. Each of the X and Y data memory spaces is divided
into internal memory and external memory areas. The internal memory area can always be
accessed at high speeds as an internal resource of the device. The internal memory areas
of both the X and Y memory spaces can be accessed simultaneously. The external memory
area allows connection of memories of various speed range, using the incorporated software
and hardware wait functions. In addition, the internal memory area is further divided into
ROM and RAM areas.

This subsection describes the memory spaces.
(1) X and Y memory spaces

The devices of the uPD7701x family have two independent data memory spaces: X and Y.
These spaces are respectively accessed via the X and Y data buses described earlier in this
chapter (refer to section 3.2.2 “Data bus”). The features of these memory spaces are as
follows:

* One word consists of 16 bits.

e Both X and Y spaces have 64K words.

Although the memory maps of the X and Y memory spaces are the same, there are some
differences among the products in the uPD7701x family. The following figure shows the X
and Y memory maps of each product in the family.

Figure 3-32. X/Y Data Memory Map

uPD77016 uPD77015 uPD77017 uPD77018, 77018A,
77019M
(O I External data| External data] External data
memory memory memory
oxcooo | (16K words) (16K words) (16K words)
OXBFFF [ [~~~ 1 [ """
External data System
memory System System (20Kywords)
(48K words) (30K words) (28K words)
0x7000
0x5000 Ox6FFF
OX4FFF
0% [ Data ROM ) Data ROM P
4K word (12K words)
oaono || (Kwords) | (4Kwords) |
o |System (1984 words) System (1984 words) System (1984 words) System (1984 words)
0x383F: [ peripheral (64 words) Peripheral (64 words) Peripheral (64 words) Peripheral (64 words)
% T/= < U [ I I I
* System System System System
(12K words) (13K words) (12K words) 0X0C00 (11K words)
0x0800 00400 0x0800 OXOBFF
0x07FF [ Data RAM OX03FF 0x07FF [ Data RAM Data RAM
oxoo00 |_(2Kwords) | Data RAM (Kwords)| (Kwords) | . (3K words)

Caution No program or data must be stored to the addresses reserved for the system,
nor must these addresses be accessed. If any of these addresses is accessed,
normal operation of the uPD7701x family is not guaranteed.

Note The pPD77019-013 does not have the internal ROM of the pPD77019.
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(2) Internal data memory

As shown by the memory map in Figure 3-32, a 16K-word area starting from address 0
functions as an internal area of the uPD77016. With the uPD77015, 77017, 77018, 77018A,
and 77019, a 48K-word area starting from address 0O is used as the internal area. The
internal area is divided into a ROM area, RAM area, peripheral area, and system area, of
which the ROM and RAM areas are used as a data memory. The capacity of the internal
data memory differs by processor type, which allows users to select the device best suited
to their application.

For the details of the peripheral area, refer to section 3.7.2 “Peripheral registers”.
_________________________________________________________________________________________________________________________|

Caution Accessing system areas is prohibited.
_________________________________________________________________________________________________________________________|

(@) Internal ROM and RAM
As described above, the capacities of the internal ROM and RAM areas can be selected.
The table below lists the available capacity options.

Note that the internal ROM of the yPD77019-013 cannot be used.

Table 3-18. ROM and RAM Capacities

ROM RAM
Part number X Y X Y
uPD77016 None None 2K words 2K words
uPD77015 2K words 2K words 1K words 1K words
uPD77017 4K words 4K words 2K words 2K words
uPD77018 12K words 12K words 3K words 3K words
uPD77018A
UPD77019

uPD7701x Family User's Manual 113



Chapter 3 Architecture 3.5 Data Addressing Unit

(3) External data memory interface

(a) External data memory capacity

As shown in Figure 3-32, the puPD7701x family can expand the memory capacity by
using an external data memory. The expandable capacity differs by processor type, as
shown in the table below.

Table 3-19. Capacity of External Data Memory

Part number X external data memory Y external data memory

uPD77016 48K words 48K words

uPD77015 16K words 16K words
uPD77017

UPD77018

uPD77018A

UPD77019

(b) Interface signals of external data memory
When using the external data memory, bear in mind the following differences from the
internal data memory:

» As described in section 3.2.2 “Data bus”, the external data bus is shared by the X and
Y data buses. Therefore, the X and Y spaces, which are logically separated when viewed
from the program, can be considered as a single memory space if the X/Y select signal is
regarded as one of the address bits.

» An wait function is available which is effected by the data memory wait cycle register
(DWTR) and the WAIT pin.

The external data memory interface uses the following pins:

<1> DAO-DA15 (address output pins)
These output pins constitute a 16-bit address bus. Note, however, that the uPD77015,
77017, 77018, 77018A, and 77019 are not provided with the DA14 and DA15 pins.

All these pins go into a high-impedance state while the bus is released.
They output a low level immediately after reset.

The statuses of these pins are not changed when the external data memory is not accessed
(address output continues).

<2> XIY (Y/Y output pin)
This pin outputs a low level if the address bus DAO-DA15 accesses the X memory space;
it outputs a high level if the Y memory is accessed.

This pin goes into a high-impedance state while the bus is released.
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<3> DO0-D15 (data input/output pin)
These pins constitute a 16-bit data bus.

They go into a high-impedance state while the bus is released, or when the external data
memory is not accessed.

<4> MRD (memory read output pin)
This pin outputs the read strobe signal for the external data memory.
It goes into a high-impedance state while the bus is released.

Data is latched and MRD is switched in synchronization with the rising edge of CLKOUT.

<5> MWR (memory write output pin)
This pin outputs the write strobe signal for the external data memory.
It goes into a high-impedance state while the bus is released.

Data is output and MWR is switched in synchronization with the rising edge of CLKOUT.

<6> WAIT (wait input pin)
The uPD7701x inserts wait cycle(s) if this pin is made low when the external data memory
is accessed.

<7> HOLDRQ (bus hold request input pin)
This pin inputs a signal requesting occupancy of the bus.

Itis used to arbitrate the bus in a system where two or more CPUSs, including the uPD7701X,
shares the bus.

When this signal is made low, the bus is released to an external device after the current
bus cycle has been completed.

<8> BSTB (bus strobe output pin)
This pin outputs a signal requesting use of the external data bus.

When the bus is controlled by the uPD7701x serving as a bus master, this signal functions
as a bus strobe signal and indicates that the bus is accessed.

In the bus slave status, this signal functions as an external data bus request signal in
response to the HOLDRQ signal output by a bus master.

<9> HOLDAK (bus hold acknowledge output pin)
This pin outputs a signal permitting an external device to use the bus.

It outputs a low level while the bus is released to an external device.
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Table 3-20. Pin Status

Pin I/O During reset Initial after reset ~ No external memory  During bus
access release

DAO-DA15 (13Note)y o L L previous Hi-Z
XIY O H L previous Hi-Z
D0-D15 /O Hi-Z Hi-Z Hi-Z Hi-Z
MRD O H H H Hi-Z
MWR O H H H Hi-Z
WAIT - - - -
HOLDRQ [ - - L
BSTB O H H H HIL
HOLDAK O  previous previous H L

Note The uPD77015, 77017, 77018, 77018A, and 77019 are not provided with DA14 and DA15.

(c) Data memory access timing

Figure 3-33 (a) shows a read cycle without wait cycles, and Figure 3-34 (a) shows a write
cycle without wait cycles. Figure 3-33 (b) shows a read cycle with wait cycles, and Figure
3-34 (b) shows a write cycle with wait cycles. If data memory read cycles are successively
generated, MRD remains low.
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Figure 3-33. Timing of Data Memory Read Cycle

(a) Without wait cycles
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Figure 3-34. Timing of Data Memory Write Cycle

(a) Without wait cycles
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(d) Wait controller

The wait controller enables access of an external data memory with a long access time,
and inserts wait cycle(s) during external data memory access cycles. This wait function
can be controlled in the following two ways:

» By hardware signal pin

The WAIT pin is provided, so that any number of wait cycles can be inserted by means of
handshaking by hardware.

* By DWTR (data memory wait cycle register)

The number of wait cycles specified in advance by software can be set to DWTR which is
mapped to the memory space as a peripheral register.

The WAIT signal is a negative logic input signal and is sampled at the rising edge of
CLKOUT when the external data memory is accessed. While this signal is active (low
level), the corresponding cycle serves as a wait cycle (refer to (c) “Data memory access
timing”).

<1> DWTR (data memory wait cycle register)

DWTR is a register that implements a programmable wait function controlled by software.
This register is provided as one of the peripheral registers. The number of wait cycles
specified in advance can be selected and set to this register by the application program.

DWTR is a 16-hit register and is divided into fields as follows, for each processor type:

e The DWTR of the uPD77016 consists of six fields of two bits each. These six fields
correspond to six 16K-word banks corresponding to the external memory. The six 16K-
word banks are created by dividing each of the 64K-word external X and Y memory
spaces by four. For each bank, the number of wait cycles can be set independently.

e The DWTR of the uPD77015, 77017, 77018, 77018A, and 77019 consists two 2-bit
fields, which correspond to the two 16K-word banks external X and Y memory. The two
16K-word banks are created by dividing each of the 64K-word external X and Y memory
space by four. For each bank, the number of wait cycles can be set independently.

Figure 3-35 (a) shows the image of controlling the DWTR of the uPD77016. Figure 3-35
(b) shows the image of controlling the DWTR of the uPD77015, 77017, 77018, 77018A,
and 77019. Table 3-21 shows the relations between the value set to each field of DWTR
and the number of wait cycles.
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Figure 3-35. Data Memory Control Bank and DWTR Field
Configuration

(a) uPD77016

X data memory Y data memory
OXFFFF OxFFFF
D field H field
16K words 16K words
0xC000 0xC000
OxBFFF OxBFFF
C field G field
16K words 16K words
0x8000 0x8000
OX7FFF OX7FFF
B field F field
16K words 16K words
0x4000 0x4000
Ox3FFF Ox3FFF
0x0000 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWTR | Hfield | Gfield | F field Dfield | Cfield | B field

(b) uPD77015, 77017, 77018, 77018A, 77019

X data memory Y data memory
OXFFFF OXFFFF
D field H field
16K words 16K words
0xC000 0xC000
OXBFFF OXBFFF
0x8000 0x8000
Ox7FFF OX7FFF
0x4000 0x4000
Ox3FFF Ox3FFF
0x0000 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWTR | H field D field

Caution  « With the uPD77016, writing data to bits 9, 8, 1, and O is
ignored. These bits are undefined when read.

e With the uPD77015, 77017, 77018, 77018A, and 77019,
writing data to bits 13-8 and 5-0 is ignored. These bits
are undefined when read.
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Table 3-21. Set Value of DWTR Field and Number of Wait Cycles

Bit Wait cycles Remark

00 0 1-cycle access:

SRAM etc. with an access time of about 8 ns is connected (at 33 MHz).

01 1 2-cycle access:

SRAM etc. with an access time of about 35 ns is connected (at 33 MHz).

10 3 4-cycle access:
SRAM etc. with an access time of about 85 ns is connected (at 33 MHz).

11 7 8-cycle access:

Mask ROM etc. with an access time of about 150 ns is connected (at 33
MHz)

Caution When DWTR is set, the specified number of wait cycles
becomes valid when an instruction immediately after the
instruction that has set the data to DWTR is executed.

_________________________________________________________________________________________________________________________|

<2> Overlapping operation by Wﬁpin and DWTR
If the hardware control by the WAIT pin and the software control by DWTR are implemented
simultaneously, the following operation is performed:

(1) In the external data memory access cycle, the number of wait cycles specified by
DWTR is unconditionally inserted.

(2) At this time, the status of the WAIT pin is sampled at the rising edge of the last cycle
of all the memory cycles. While the WAIT pin is active (low), wait cycles are
continuously inserted.
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(e) Bus arbitration

The uPD7701x family is provided with the bus arbitration function to support memory
configuration of multiple bus masters. It is considered that the typical multiple bus masters
share the memory in the following combination:

e UPD7701x (master) — uUPD7701x (slave)

e uPD7701x — host CPU

e uPD7701x — DMA controller

Care must be exercised if the supply voltage of each bus master differs from that of the
others.

Figure 3-36 shows a typical example of bus arbitration. The operations are as follows:

<1> When the uPD7701x family executes an instruction to access the common memory,
BSTB becomes active (low).

<2> The external device makes HOLDRQ active (low).

<3> The uPD7701x family makes HOLDAK active after the bus cycle has been completed
(after the accesses are completed if accesses are successively generated).

<4> The external device uses the bus.
<5> The external device makes HOLDRQ inactive (high) after completing access.

<6> The uPD7701x family makes HOLDAK inactive (high) to resume bus access.

Figure 3-36. Bus Arbitration Procedure

Couput ./_\_/_\_/ \_/_\_/_\.
(output) \,gg_/
Bus idle ,, Bus released
U
BSTBNote 1
<1> /
(output) / o
HOLDRQ <2> 5>
(input) 2
HOLDAK <3> 6>
(output) 2
XIY (output) Hi-Z
DAO-DAIS (output Note2 X Noted )r==--- O RCREEREEE ARPRRTE X
DO0-D15 (1/0)
External
device "mmmTmmmTmmmmmmssmmmsmmmsmmess 4> fromTmmmmmmmmmmmsmmmsmmmssmmssmmsmseess
access
Note 1. BSTB becomes high when the last access has been completed.
2. External memory access: the last access if successible accesses are generated.
3. Previous value: i.e., not Hi-Z (no external memory access).
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(4) Restriction of simultaneous access

As described earlier, the uPD7701x family divides its memory space in various ways. The
uPD7701x family has a function to access two memory spaces, X and Y, simultaneously by
means of parallel load, etc. This paragraph describes the combination of memory spaces in
which access can be made. Table 3-22 shows the combination of memory spaces which
can be simultaneously accessed.

Table 3-22. Simultaneous Access to X and Y Memory Spaces

X memory area via X data bus

Internal Internal External Peripheral
ROM RAM memory register

Y memory  Internal ROM — oK — OK

area

via Internal RAM OK OK OK OK

Y data

bus External memory — OK — OK

Peripheral register OK OK OK —

Remark OK : Can be simultaneously accessed
— : Cannot be simultaneously accessed
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3.5.3 Addressing mode

The uPD7701x family is provided with a powerful architecture to realize high-speed, flexible
data memory access. The X and Y memory areas are addressed by completely independent
but functionally identically addressing units. This subsection describes the architecture and
addressing modes implemented.

(1) Function of each part of addressing unit

The functions of the registers and functional blocks shown in Figure 3-31 are as follows:

(a) Data pointers (DPO-DP7)

These eight 16-bit registers are used for indirect addressing. DP0O-DP3 are used to specify
an address of the X memory space, while DP4-DP7 are used to specify an address of the
Y memory space.

The values of DPO-DP7 can be input/output via the main bus.

(b) Index registers (DNO-DN7)

These eight 16-bit registers modify DPO-DP7. After the memory has been accessed,
DPn is modified by the value of DNn (n: 0-7, each corresponds respectively). The values
of DNO-DN7 can be input/output via the main bus.

The valid number range of this register is given by —32768 (0x8000) to +32767 (OX7FFF).

(c) Modulo registers (DMX, DMY)
These two 16-bit registers specify the ring count range when DP0-DP7 are modified
during the ring count operation performed.

The ring count range for DPO-DP3 is specified by DMX. DMY is used to specify that for
DP4-DP7.

The values of DMX and DMY can be input/output via the main bus.
The valid number range of this register is given by +1 (0x0001) to +32767 (OX7FFF).

(d) Address ALUs (XAA, YAA: X and Y Address ALUS)
These two 16-bit ALUs are used to modify DPO-DP?7.

XAA is used to modify DPO-DP3, while YAA modifies DP4-DP7.

(e) Bitreverse circuits (XBRC, YBRC: X and Y Bit Reverse Circuits)

When a bit reverse access is performed, these circuits output an address that reverses
the order of the DPO-DP7 values, so that the highest bit becomes the lowest, and vice
versa.

(H Multiplexer (MUX)
This circuit selects one of several signals for output.
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(2) Types of addressing modes
The data memory addressing modes are hierarchically classified below.
There are one type of direct addressing mode and seven types of indirect addressing modes
that are implemented by using data pointers (DPs) as the base address indicator.
* Direct addressing
* Indirect addressing
* DPn (no change)
* DPn++ (post increment)
* DPn— — (post decrement)
* DPn## (post index addition)
* DPn%% (post modulo index addition)
* IDPn## (pre-bit reverse and post index addition)

* DPn##imm (immediate addition)

(a) Direct addressing

Direct addressing is to directly express an address value and address division (X or Y) in
an instruction word. Data of 16 bits is exchanged between a specified address of a
specified division (X or Y) and a general-purpose register via X or Y data bus.

For details, refer to “uPD7701x Family User's Manual Instructions”.

Example 1: Load

ROH = *0x1234:X;

16-bit data is loaded to the H part (middle 16 bits) of general-purpose register RO from
address 0x1234 of the X memory.

Example 2: Store

*0x1234:X = ROH,;

16-bit data is stored to address 0x1234 of the X memory from the H part (middle 16 bits)
of general-purpose register RO.

Caution The X and Y memory spaces cannot be accessed
simultaneously by means of direct addressing.
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(b) Indirect addressing

In all the indirect addressing modes, the DPn register (data pointer) is used. The basic
features of indirect addressing are summarized below.

 As the address value, the current value of specified DPn is output in all the
modes except the bit reverse index addition mode. In the bit reverse index
addition mode, the current value of the specified DPn is reversed and output
(refer to Figure 3-37).

« Ifitis specified to modify DPn, DPnis modified after the data memory has been
accessed.

» The modified DPn value, i.e. the new address, is effective from the next
instruction onwards.

» DPn alone cannot be modified.

« If an immediate value has been set to DPn, either by an inter-register transfer
oranimmediate value setinstruction, the new address is effective from the next

but one following instruction (refer to “uPD7701x Family User's Manual
Instructions”).

e DP0O-DP3 are used to access the X memory space, and DP4-DP7 are used to
access the Y memory space.

Each indirect addressing mode is described next.

<1> *DPn (no change)
The memory is accessed with the value of DPn. The value of DPn is preserved after the
access has been completed.

Example:

R1L =*DPO;

16-bit data is loaded from the X memory address indicated by the value of DPO to the L
part (lower 16 bits) of R1.

<2> *DPn++ (post increment)

The memory is accessed with the value of DPn. The value of DPn is incremented (+1)
after the access has been completed.

Example:

R2H = *DP4++;

16-bit data is loaded from the Y memory address indicated by the value of DP4 to the H
part (middle 16 bits) of R2, and then the value of DP4 is incremented.
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<3> *DPn- — (post decrement)
The memory is accessed with the value of DPn. The value of DPn is decremented (-1)
after the access has been completed.

Example:

R3E = *DP1--;

8-bit data (the lower 8 bits of the 16 hits) is loaded from the X memory address indicated
by the value of DP1 to the E part (higher 8 bits) of R3, and then the value of DP1 is
decremented.

<4> *DPn## (post index addition)

The memory is accessed with the value of DPn. After the access has been completed,
the value of DNn is added to DPn. Note that the n-th index register DNn corresponds
only to the n-th data pointer DPn (e.g. DN1 to DP1).

The valid number range of DNn is given by —32768 (0x8000) to +32767 (OX7FFF).

Example:

RA4L = *DP5##,;

16-bit data is loaded from the Y memory address specified by the value of DP5 to the L
part (lower 16 bits) of R4, and then the value of DN5 is added to DP5.

<5> *DPn%% (post modulo index addition)

The memory is accessed with the value of DPn. After the access has been completed,
the value of DNn is added to DPn. In addition, modulo adjustment is made by DMX or
DMY (DMX is used when n=0-3, and DMY is used when n=4-7). Note that the n-th index
register DNn corresponds only to the n-th data pointer DPn (e.g. DN1 to DP1).

The valid number range of DNn is given by —32768 (0x8000) to +32767 (OX7FFF).
For the details of modulo index addition and modulo adjustment, refer to <9> “Modulo

index addition and cyclic buffer”.

Example:

R5H = *DP3%%;

16-bit data is loaded from the X memory address specified by the value of DP3 to the H
part (middle 16 bits) of R5. Then the value of DN3 is added to DP3, and modulo adjustment
is made by DMX.
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<6> *IDPn## (pre-bit reverse and post index addition)

The memory is accessed by using the value that reverses the order of the DPn values,
as shown in Figure 3-37, and the value of DNn is added to DPn after the access has
been completed. Note that the value of DNn having the same number as that of DPn
must be added to DPn (for example, DN1 to DP1). This function is suitable for applications
such as FFT.

Figure 3-37. Reversing Bits of DPn

Bit | Bit | Bit | Bit| Bit| Bit | Bit | Bit | Bit| Bit | Bit | Bit | Bit| Bit | Bit | Bit
DPn (15|14 |13 |12 (12|09 |8 |7 |6 |5 |4 |3 |2|1]0

Address Bit | Bit | Bit | Bit| Bit| Bit | Bit | Bit | Bit| Bit | Bit | Bit | Bit | Bit| Bit | Bit
1514 (13 (12 |11|10{9 (8 |7 |6 |5 |4 |3 |2 |10

Example:

R6H = *IDPG6##,

16-bit data is loaded from the Y memory address specified by the reserved bits of DP6 to
the H part (middle 16 bits) of R6, and then value of DN6 is added to DP6.

Remark DPn is not modified by bit-reversed access to the address, and the bit-reversed address is not fed
back to DPn. After bit-reversed access, the value of DNn is added to the value of DP6 (original DP6
value) before bit reversion.
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<7> *DPn##imm (post immediate addition)
The memory is accessed with the value of DPn, and immediate value imm is added to
DPn after the access has been completed.

The valid number range of imm is given by —32768 (0x8000) to +32767 (Ox7FFF).

Example:

R7L = *DP2##100;

16-bit data is loaded from the X memory address specified by the value of DP2 to the L
part (lower 16 bits) of R7, and then immediate value “100” is added to DP2.

Caution The immediate addition addressing mode cannot be used
to access the X and Y memories simultaneously.

<8> Modifying data pointers
Table 3-23 summarizes how the data pointers are modified as a result of accessing the
memory in the above addressing modes.

Table 3-23. Modifying Data Pointers

(a) Operation

Example Operation

DPn No modification
DPn++ DPn<— DPn+1
DPn—— DPn<— DPn-1
DPn## DPn <— DPn + DNn

(Values of corresponding DNO-DN7 are added to DPO-DP7).
Example: DPO <— DPO + DNO

DPn%% (n=0-3) DPn = ((DP_+ DNn) mod (DMX + 1)) + DPy

(n=4-7) DPn = ((DP_+ DNn) mod (DMY + 1)) + DPy

IDPn## Reverses bits of DPn and then accesses memory.

After memory has been accessed, DPn <— DPn + DNn

DPn##imm DPn <— DPn + imm
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(b) Value range

Hexadecimal Decimal
DPn 0x0000 to OXFFFF 0 to +65535
DNn 0x8000 to OX7FFF —32768 to +32767
DMX/DMY 0x0001 to OX7FFF 1to +32767
imm 0x8000 to OX7FFF —32768 to +32767

<9> Modulo index addition and cyclic buffer
The modulo index addition mode is provided for configuring a cyclic buffer (also called a
ring buffer).

* Rule of operation
After the memory has been accessed by using the value of DPn, DPn is modified. At this
time, the operation is performed according to the following rules:

(1) Executes operation of DPL = DPL + DNn.
(2) If DPL < DMa as a result,
DPn = DPL + DPH is treated as the operation result.
If not (i.e., when DPL > DMa),
DPn = (DPL + DNn) mod (DMa + 1) + DPH is treated as the operation result.
Where,
DPH : lower k bits of the initial value of DPn, which is O, if the value of DMa is in the
range of [2K, 2(k-1)] (Refer to Figure 3-38.)
DPL : value of lower k bits of DPn in the above case (Refer to Figure 3-38.)

DMa : specified DPn corresponding to DMX or DMY

Remark The process (2) above is called modulo adjustment.

Figure 3-38. Division of DPn

Bt | Bt | Bit | Bt | Bt | Bit
DMa 1 15 | 14 kK | k1| k2 0
0 0 1 D . . . ... D
opn | Bt Bt | Bit | Bt | Bit | Bit
15 | 14 K | k1| k2 0

DPH DPL
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e Meaning
The ordinary modulo operation can be considered as the mapping shown in Figure 3-39.

Figure 3-39. Mapping of Ordinary Modulo Operation

2M O
2M-1 O
2M-2 O
M+2 O
M+1 O
M O oM
M-1 O oOM-1
M-2 O OM-2
2 60— o2
10 Q‘;ol
0 O o0
Domain (x) —» Mapping —» Range (y)
y=xmod M

In contrast, modulo adjustment can be considered as the mapping shown in Figure 3-40.

Figure 3-40. Mapping of Modulo Adjustment

2M o
2M-1 ©
2M-2 O
M+2 o
M+1 O
o o
M1 o E:OM—l
T =N
2 o S
1 © o1
0 © \OO
Domain (x) —= Mapping —» Range (y)
X<M —= y=X
x>M —= y=xmod (M+1)

The difference between the two in terms of the range is that the usable buffer size in
Figure 3-39 is M, while itis M+1 in Figure 3-40, where the value set to DMa is M, because
the range in this case corresponding to the size of the buffer. Consequently, the maximum
buffer size of 0x8000 can be used, as described below, despite the maximum set value
of DMa is OX7FFF.
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 Operation range of ring count

The first address of the range in which a ring count operation is executed in connection
with the modulo index addition is determined by the values of the data pointer and modulo
register.

Where the value of the modulo register (DMX/Y) is 2k1<DMX/Y<2K, the starting address
of the ring count operation is the 16-bit value whose higher “16—k” bits are the same as
those of the data pointer and whose lower k bits are zeros. The end address is the value
whose higher “16—k” bits are the same as those of the data pointer and whose lower k
bits are the same as those of the modulo register. The higher “16—k” bits of the data
pointer always remain unchanged.

Ring Count Operation Range

When DMa is set as follows,

15 k k-1 0

DMa | 0 | O | © o |1 |D | D

ring count start address and end address are like follows.

15 k k-1 0
Startaddress| | | . . . . .. ... 1w o | ...
of DPn X X X 0 0
DPu “g
15 k k-1 0
Endaddress | v | « | . . . . . . ... I x|l 101 n | ... ...
of DPn X X X ! P b
DPw Lower part (under k-1) of DMa

* Restriction

Observe the following restrictions in executing modulo addressing:

» Keep the range of DMa to [1-0x7FFF].

» Make sure that the absolute value of the value of DNn does not exceed DMa.

Caution Because 0 cannot be set to DMa, a cyclic buffer with buffer
size = 1 cannot be configured.

132 UPD7701x Family User's Manual



Chapter 3 Architecture 3.5 Data Addressing Unit

< Example of modulo index addition

An example of operation process when a cyclic buffer is configured by using modulo

index addition is shown below.

Example 1.

DMX=0x7;
DNO=1;
DPO0=0x0;

At this time, the value of DPO is updated as follows by means of modulo index
addition:

DP0=0x0

! 0x0+1
DP0=0x1

! Ox1+1
DP0=0x2

! Ox2+1
DP0=0x3

! 0x3+1
DP0=0x4

! Ox4+1
DP0=0x5

! Ox5+1
DP0=0x6

! Ox6+1
DP0O=0x7

! 0x7+1=0x8 - Ox8—(0x7+1)=0x0
DP0=0x0

! 0x0+1
DP0=0x1

! Ox1+1
DP0=0x2

! Ox2+1
DP0=0x3

! 0x3+1
DP0=0x4
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Example 2.

DMX=0xA;
DNO=3;

DPO=

0x10;

At this time, the value of DPO is updated as follows by
means of modulo index addition:

DPO=

1

DPO=

1

DPO=

1

DPO=

1

DPO=

1

DPO=

1

DPO=

1

DPO=

1

DPO=

0x10
0x10+3
0x13
0x13+3
0x16
0x16+3
0x19
0x19+3=0x1C
Ox11
0x11+3
0x14
0x14+3
0x17
0x17+3
Ox1A
0x1A+3=0x1D
0x12

— OX1C-(0xA+1)=0x11

— Ox1D-(0xA+1)=0x12
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3.6 Operation Unit

The general-purpose registers in this unit are source of all operands and destination of all
results of arithmetic/logic operations. The general-purpose registers are connected to the

* main bus for inter-register transfers

» X and Y data bus for data exchange with the data memories and peripheral registers
All kinds of arithmetic/logic operations which are part of the following instruction types are
carried out in the operation unit:

* trinomial instructions

all operations which involve 3 input operands, e.g.

MADD: RO =R0 + R1H * R2H

* binomial instructions

all operations which involve 2 input operands, e.g.

ADD: RO=R2 +R3

e monomial instructions

all operations which involve 1 input operand, e.g.

NEG: RO=-R1

The section describes in details the functions and data formats of the general-purpose registers
RO-R7, of the multiplier /accumulator MAC and the MAC input shifter MSFT, of the arithmetic/
logic unit ALU, and of the barrel shifter BSFT. For the block diagram of this unit, refer to
section 3.6.1 “Block configuration”.
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3.6.1 Block configuration

Figure 3-41 is the block diagram of the operation unit.

Figure 3-41. Operation Unit

< X data bus (16 bits) >

T

< Y data bus (16 bits) >

16 16
Immediate value

40

40 16
MUX ; 40
16 16

0/1/16 bits

RO-R7 0
(40 bits x 8) \ \/ \/ / \ \/ / L
MAC ALU Eﬂ
“ ! !
16
< Main bus (16 bits) >

RO-R7: General-purpose registers
MAC: Multiply accumulator
MSFT: MAC input shifter
ALU: Arithmetic logical unit
BSFT: Barrel shifter

3.6.2 General-purpose registers and data formats

The features of the general-purpose registers are as follows:
 40-bit registers
 Eight registers (R0O-R7) available

< Function as input/output parameters of operation instructions
(only general-purpose registers, in addition to immediate data, can be described as
parameters of operation instructions)

e Exchange data with X and Y data memories and peripheral registers (load/store function)

» Transfer data with other registers
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(1) Partitioning of the general-purpose registers

Although a general-purpose register consists of 40 bits, the register is divided into three
parts, as follows, so that only a specified part of the register can be used to transfer and
load/store data or to execute arithmetic operations. In this case, the three parts are exclusive

to each other.

e L part : bits 15-0 (lower 16 bits)
e H part: bits 31-16 (middle 16 bits)

» E part: bits 39-32 (higher 8

bits)

Depending on the type of arithmetic/logic operation respectively data transfer different parts
of a general-purpose register are involved, as shown in Table 3-24.

The figure below shows these five formats (except ROHL-R7HL) with assembly names.

Table 3-24. Formats of General-purpose Registers

RO-R7 ROL-R7L ROH-R7H ROE-R7E ROHL-R7HL ROEH-R7EH
40 bits 16 bits 16 bits 8 bits 32 bits 24 bits
MAC multiply/accumulate X X X - - -
MAC exclusive multiply X - X - - -
ALU X - - - X -
BSFT X X - - - -
X/Y bus transfer X X X X - X
inter-register transfer - X - - - -
Figure 3-42. Formats of General-purpose Registers
39 0
RO-R7 D
39 16 15 0
ROEH-R7EH D X :
39 32 31 0
ROE-R7E D X !
39 32 31 16 15 0
ROHR7H =~ X — >}« D - X -
39 16 15 0
ROL-R7L = X - D
Remarks D: numeric value
X: invalid
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Figure 3-43 shows data exchange between general-purpose registers and data memory.

Figure 3-43. Data Exchange between General-purpose Registers and
Data Memory

Number formatin ~ Operation General-purpose register Memory
general register examples —= Memory — General-purpose register
15 0
16 bit unsigned  Unsigned
multiply p i ,
increment, 39 3231 1615 (0]
decrement | re ‘ h ‘ f |
15 0
16 bit signed Signed multiply
fixed point rh i th
without sign 39 3231 1615 0
extension | ‘S 5
15 0
Extension Store/restore of re re
40 bit numbers 39 3231 1615 0

16 bit signed Signed multiply
fixed point with - H l reh
sign extension 39 3231

40 bit signed MAC/ALU _ +_1 l .
fixed point operations 39 3231 1615 0

barrel shifter ‘754H ‘<704,

Remarks [ ] Changed
[ 1 unchanged
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(2) Numeric format

The general-purpose registers of the uPD7701x family can process fixed-point and integer
data. The architecture places an emphasis on operations of fixed-point data, however.

(a) Fixed-point format
The fixed-point format uses the position between bits 31 and 30 as the decimal point.
Fixed-point data can be expressed in three ways: in 40-bit, 32-bit, and 16-bit units.

@ 40-bit data format (input for addition/subtraction/and/or/xor)

39 38 3130 0

S: sign
S: D D: numeric value
X: invalid

0x80’0000’0000 to Ox7F'FFFF'FFFF (256 to (+256-27"))

@ 32-bit data format (input for exponent instruction)

E X S D

0x800°0000 to OX7FFF'FFFF (=1 to (+1-27%))

@ 16-bit data format (input for multiplication instruction)

0x8000 to OX7FFF (-1 to (+1-2%5))

Remark The absolute value of data never exceeds 1 in the 32-bit fixed-point format or 16-bit fixed-point
format. As long as an accumulative operation is executed on a general-purpose register with these
formats as operands, therefore, the E part functions as an overflow absorbing area (called a head
room). This function allows omission of judgment of overflow when 256 accumulative operations are
performed even if it is assumed that an overflow of 1LSB (of the E part) occurs as a result of one
accumulative operation.
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(b) Integer format
The integer format is illustrated below.

® 16-bit data format (input for multiplication and shift instructions)

! D: numeric value
I X: invalid
0x0000 to OXFFFF (0 to 65535)
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3.6.3 Operation functions of multiply accumulator (MAC) and MAC input
shifter (MSFT)

The multiply accumulator performs the following functions:

» Multiplication

MPY: ro=rh *rh’

» Extends multiplication and its result to 40 bits and adds the result to specified general-
purpose register

MADD: ro =ro + rh * rh’ (signed-signed multiply)
MSUB: ro =ro — rh * rh’ (signed-signed multiply)
SUMA: ro =ro + rh *rl (signed-unsigned multiply)
UUMA: ro =ro + rl * rlI' (unsigned-unsigned multiply)

» Extends multiplication and its result to 40 bits and adds the result to the result of shifting
specified general-purpose register 1/16 bits to the right

MASL1: ro = (ro>>1) +rh*rh’
MASL16: ro = (ro>>16) + rh * rh’

Caution MAC, ALU, and BSFT cannot operate simultaneously.

(1) Multiplication function
The multiplication function is implemented by the multiply accumulator (MAC). This function
can be implemented in the following three ways, depending on the data type to be handled:
 Signed-signed multiply
 Signed-unsigned multiply

» Unsigned-unsigned multiply

(a) Signed-signed multiply

Both of the two operands are of signed 16-bit fixed-point type. Therefore, data is set to
the H part of a general-purpose register whose bit 31 indicates the sign. A representation
of this operation process is illustrated in Figure 3-44.
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Figure 3-44. Signed-Signed Multiply

MPY: ro =rh *rh’
39 32 31 30

rh S.

rh' S.

39 32 31 30

0xxx’8000’xxxx to 0xxx '7FFF'xxxx (-1 to (+1-27°))

16 15 0

ro |S ;

0xFF'8001’0000 to 0x00’'8000°0000 ((—1-27%) to +1)

Remarks 1. If multiplication between 0x8000 (-1) is executed, the result is 0x00'8000’0000. However,
because +1 cannot be expressed in the range of the 32-bit fixed-point format, an overflow
occurs (extension bit re = 0x00 is different from the sign bit of the 32-bit format in this case).
However, the value is accurate when viewed from the point of the 40-bit format (0x00'8000°0000
= +1).

2. Since a multiplication of two 16-bit values produces maximum 31 valid bits, the LSB of the result
registers is always 0.

(b) Signed-unsigned multiply

One of the two operands is set to the H part of a general-purpose register in the 16-bit
fixed-point type, where bit 31 of the register indicates a sign. The other parameter is set
to the L part of a general-purpose register in the integer format. Figure 3-45 shows the
image of this operation process.

Figure 3-45. Signed-Unsigned Multiply

Part of SUMA: ro =rh *rl
39 32 31 30 16 15 0

th S, :

Oxxx"xxxx'0000 to Oxxx"xxxx'FFFF (0 to (+2-27%))

39 32 31 30 16 15 0

ro |S ' '

0xFF'0001'0000 to 0X00'FFFD’0002 (- (2-27) to (+1-2 %) (+2-2 %))

There is no exclusive instruction that executes this
operation. This operation is performed as part of the sign-
unsign multiply add instruction.
_________________________________________________________________________________________________________________________|

Caution
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(c) Unsigned-unsigned multiply
Both of the two operands are set to the L parts of general-purpose registers in the integer
format. Figure 3-46 shows the image of this operation process.

Figure 3-46. Unsigned-Unsigned Multiply

Part of UUMA: ro =rl*rl’

__________________________________________

__________________________________________

0xxx’xxxx'0000 to 0xxx'xxxx’FFFF (0 to (+2-271°))

39 32 31 16 15 10

0x00°0000'0000 to 0xO1’FFFC’0002 (O to (+2-2%)2)

Caution There is no exclusive instruction that executes this
operation. This operation is performed as part of the
unsign-unsign multiply add instruction.

(2) Accumulative multiplication function (trinomial operation)

All the trinomial operations executed by the uPD7701x family are accumulative multiplication.
The accumulative multiplication can be implemented in the following three ways, depending
on the shift command to the register that is used for the accumulative operation (two
accumulative operations, accumulative addition and accumulative subtraction, can be
executed, however). At this time, the shift processing is executed by the MAC input shifter
(MSFT).

» Accumulative multiplication
* 1-bit shift accumulative multiplication

* 16-bit shift accumulative multiplication

The accumulative multiplication can also be classified into the following three types by the
data type of the parameters used for the operation:

 Signed-signed multiply
 Signed-unsigned multiply

» Unsigned-unsigned multiply
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In all, therefore, the following six types of trinomial operation instructions are available:

Multiply add (signed-signed multiply and accumulative add)

Multiply sub (signed-signed multiply and accumulative sub)
 Sign-unsign multiply add (signed-unsigned multipy and accumulative add)

« Unsign-unsign multiply add (unsigned-unsigned multiply and accumulative add)

1-bit shift multiply add (signed-signed multiply and accumulative add after 1-bit shift)

16-bit shift multiply add (signed-signed multiply and accumulative add after 16-bit shift)

The accumulative multiplication function implements trinomial operations where three
parameters are used. Of these, two are the parameters for multiplication and the other is for
accumulative operation. General-purpose registers are specified for these parameters. In
this case, registers can be specified in duplicate.

Table 3-25 shows these combination.

Table 3-25. Accumulative Multiplication Function

Signed-signed Signed-unsigned Unsigned-unsigned
MSFT ro=roxrh*rh’ ro=ro+rh*rl ro=ro+rl*rl
0 bit (MADD, MSUB) (SUMA) (UUMA)
Multiply/ MSFT ro = (ro>>1) + rh * rh’ _
accumulate 1 bit (MAS1)

MSFT ro = (ro>>16) + rh * rh’
16 bit (MASL16)

Exclusive multiply ro=rh*rh’
(Binomial operation) (MPY)

(&) Accumulative multiplication

The multiplier input operands are of (signed) 16-bit fixed point type. The multiplication
result is added to respectively subtracted from a 40-bit fixed-point operand. The related
instructions are:

MADD: ro=ro +rh*rh’
MSUB: ro=ro—-rh*rh’

Figure 3-47 shows the image of this operation.
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Figure 3-47. Accumulative Multiplication

ro

rh

rh’

ro

39 32 31 30 16 15 0
s 5 5
*

39 32 31 30 16 15 0
5 S i
X
39 32 31 30 16 15 0
5 S ;
39 32 31 30 16 15 0

s 5 5

(b) 1-bit shift accumulative multiplication
The multiplier input operands are of (signed) 16-bit fixed point type. The multiplication
result is added to a 1 bit right shifted 40-bit fixed-point operand. The related instruction

is:

MASL1: ro = (ro>>1) + rh * rh’

Figure 3-48 shows the image of this operation:

Figure 3-48. 1-Bit Shift Accumulative Multiplication

ro

ro

39 32 31 16 15 0
S L :
v 1-bit arithmetic right shift

39 32 31 30 16 15 0
ss ' :

+
39 32 31 30 16 15 0
; S . 5

X
39 32 31 30 16 15 0
; S . 5
39 32 31 30 16 15 0
S : :
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(c) 16-bit shift accumulative multiplication

The multiplier input operands are of (signed) 16-bit fixed point type. The multiplication
result is added to a 16 bit right shifted 40-bit fixed-point operand. The related instruction
is:

MAS16: ro = (ro>>16) + rh * rh’

Figure 3-49 shows the image of this operation:

Figure 3-49. 16-Bit Shift Accumulative Multiplication

39 32 31 16 15 0

ro |[S ! !

t 16-bit arithmetic right shift
39 32 31 30 16 15 0

SSSSSSSS|S. SSSSSSSS '

+
39 32 31 30 16 15 0
th S
X
39 32 31 30 16 15 0
o S, E
39 32 31 30 16 15 0
ro |S E . E

146 UPD7701x Family User's Manual



Chapter 3 Architecture 3.6 Operation Unit

3.6.4 Operation functions of arithmetic and logic unit (ALU)

The arithmetic and logic unit (ALU) executes an arithmetic or logical operation on two or one
40-bit input data, and outputs one 40-bit data.

As both two operands for a binomial operation, general-purpose registers can be specified,
or a register can be specified as one of the operands with immediate data specified as the
other (immediate data cannot be used with the LT instruction, however). If general-purpose
registers are specified as both operands, they can be in duplicate. Any general-purpose
register can be specified for a monomial operation. Itis also possible to specify any general-
purpose register to store the result of the operation.

Caution MAC, ALU, and BSFT cannot operate simultaneously.

(1) Arithmetic operation instruction

(a) Binomial arithmetic operation
The following binomial arithmetic operation instructions are available. For each instruction,
refer to “uPD7701x Family User's Manual Instructions.”

e Multiply instruction (MPY: executed by MAC)
Add instruction (ADD)

Immediate add instruction (IADD)

Subtract instruction (SUB)

Immediate subtract instruction (ISUB)

Less-than instruction (LT)

(b) Monomial arithmetic operation
The following monomial arithmetic operation instructions are available. For each
instruction, refer to “uPD7701x Family User's Manual Instructions.”

« Clear instruction (CLR)

 Increment instruction (INC)

e Decrement instruction (DEC)

« Absolute value instruction (ABS)

e Two’'s complement instruction (NEG)
e Clip instruction (CLIP)

* Round instruction (RND)

* Exponent instruction (EXP)

 Substitute instruction (PUT) (mainly used for data transfer between general-purpose
registers)

e Accumulative addition instruction (ACA)
« Accumulative subtraction instruction (ACS)

« Division instruction (DIV)
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(2) Logical operation instruction
(a) Binomial logical operation

The following binomial logical operation instructions are available. For each instruction,
refer to “uPD7701x Family User’'s Manual Instructions.”

» And instruction (AND)

* Immediate and instruction (IAND)
 Or instruction (OR)

e Immediate or instruction (IOR)

» Exclusive or instruction (XOR)

» Immediate exclusive or instruction (IXOR)

(b) Monomial logical operation

The following monomial logical operation instruction is available. For each instruction,

refer to “uPD7701x Family User’'s Manual Instructions.”

e One’s complement instruction (NOT)
_________________________________________________________________________________________________________________________|
Caution The number range of immediate data is 0-OxFFFF (0-65536),

and set to bit 15-0. Each operation is executed with 40-bit
data that 39-16 are 0 extended to this immediate 16-bit data.
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3.6.5 Operation functions of barrel shifter (BSFT)

The barrel shifter (BSFT) executes shift operations. All the shift operations are binomial
operations. The BSFT outputs any shift pattern as 40-bit data in one instruction cycle in
response to 40-bit input data.

As both two operands for a binomial operation, general-purpose registers can be specified,
or a register can be specified as one of the operands with immediate data specified as the
other. If general-purpose registers are specified as both operands, they can be in duplicate.
Any general-purpose register can be specified for a monomial operation. It is also possible
to specify any general-purpose register to store the result of the operation.

Caution MAC, ALU, and BSFT cannot operate simultaneously.

(1) Shift operation instruction

All the shift operations are binomial operations. The following shift operations instructions
are available. For each instruction, refer to “uPD7701x Family User's Manual Instructions.”

 Arithmetic right shift instruction (SRA)
» Immediate arithmetic right shift instruction (ISRA)
* Logical right shift instruction (SRL)

» Immediate logical right shift instruction (ISRL)

Logical left instruction (SLL)

» Immediate logical left shift instruction (ISLL)

Caution The number range of general-purpose register or
immediate data as shift value is 0-0x27 (0-39), and set to
bit 5-0. The values of bit 15-6 are ignored.
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(2) Shift operation function

Figure 3-50 shows each BSFT operations.

Figure 3-50. Barrel Shifter Operations

Shift number: n =0 to 39, specified by
- immediate value
- bit 5-0 of rl part of general-purpose register

« Arithmetic right shift: ro =ro’sran, ro=ro’ srarl

39 3231 1615 0
ro’ |S‘ re ‘ rh ‘ rl |
] ¢
39 3231 1615 0
I | | |
n——= arithmetic right shift ——
39 3231 ¢ 1615 0
ro [sls].. | |
ooo
nx*“s”

 Logical right shift: ro=ro’ srln, ro=ro’ srlrl

39 3231 1615 0
ro’ | re ‘ rh ‘ rl |
'
39 3231 1615 0
i o B | |
n——= logical right shift ——
39 3231 ¢ 1615 0
o [l |
ooo
n x*0”

 Logical left shift: ro=ro’slln,ro=ro’sllrl
39 3231 1615 0
ro’ | re rh rl |

39 3231 1615 0
. | - o
n——= -—— Jogical left shift
39 3231 ¢ 1615 0
o | o[
ooo
nx*“0”
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3.7 Peripheral Units

The uPD7701x family is provided with the five peripheral interface functions as listed below.
* Serial interface
* Host interface
* General-purpose 1/O port
+ Wait control functionNote 1

« Debug interfaceNote 2

Notes 1. Although the wait control function is not a peripheral function in terms of the general meaning of
“peripheral”, it is treated in the same manner as a peripheral control function with the uPD7701x family.

2. The debug interface cannot be used by the user program.

When handling these peripherals from the user application, access the peripheral registers
mapped to the internal memory area.

3.7.1 Block configuration

Figure 3-51 shows the block configuration of the peripheral units.

Figure 3-51. Peripheral Units

X data bus (16 bits)

Serial

Si1, SO1 interface #1

Y data bus (16 bits)

Serial

S12, 502 interface #2

PO-P3 <—  Port

0
S
(=]
Z
8
Host a
HDO-HD7 interface ]
(4]
<
2
3
o
Wait
controller

TDO <—]
TICE <—]
TCK ——

TDI ——

T™MS ———

interface for
debugging
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3.7.2 Peripheral registers

The internal peripheral units can be used by accessing the corresponding peripheral registers
mapped in the internal data memory space. Table 3-26 shows the mapping of the peripheral
registers in the memory space, and the outline of each register.

Table 3-26. Memory Mapping of Peripheral Registers

X/IY memory Register Function Peripheral  R/W
address name name

0x3800 SDT1 Serial data register 1 SIO R/W
0x3801 SST1 Serial status register 1 SIO R/W
0x3802 SDT2 Serial data register 2 SIO R/W
0x3803 SST2 Serial status register 2 SIO R/W
0x3804 PDT Port data register I0P R/W
0x3805 PCD Port command register IOP R/W
0x3806 HDT Host data register HIO R/W
0x3807 HST Host status register HIO R/W
0x3808 DWTR Data memory wait cycle register WTR R/W
0x3809 IWTR Instruction memory wait cycle register WTR R/W
0x380A-0x383F  Reserved Do not access this area . — —

Cautions 1. The register names in this table are not reserved words of

the assembler or C language. When using these names
with the assembler or C language, the user must explicitly

define them.

is the same, from both the X and Y memory spaces.

. The same register can be accessed, as long as the address

Even different registers cannot be accessed from both the
X and Y memory spaces at the same time.
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3.7.3 Serial interface

The uPD7701x family is provided with two channels of serial interfaces, both of which are of
the same structure. The main features of these serial interfaces are as follows:

 Clock supply
Separate external clock for serial channels 1 and 2, common clock for serial input and
output of one channel

 Data word format
Serial input/output data word length 8 or 16 bits, to specify separately for input and output
of each channel

MSB-first or LSB-first data format, to specify separately for input and output of each channel

* Internal data bus connection
Access of all registers via peripheral bus, connected to X and Y buses

* Internal handshake
Internal synchronization by means of polling, wait, or interrupt

» External handshake
External synchronization by means of dedicated status signals

Each serial interface control circuit (SCTL) controls the pins and registers for the serial
interface. Figure 3-52 shows the block diagram of the serial interface.

Figure 3-52. Serial Interface

< Peripheral bus (16 bits) >
16 16 16 16 16 16
Y
[soraGm| [spTiow| | ssm | [sor2(n)| [spr2(0m)| [ ss72 |
16 16
16 16
sis1 sis2
sos1 sos2
scTL scTL
SI1 SO1  SCK1 SIENL SIAKL SOENL SORQL SI2 SO2  SCK2 SIEN2 SIAK2Noe SOEN2 SORQ2MNete
Note Not provided to the LPD77015, 77017, 77018, 77018A, and 77019.
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[Operational outline of serial interface]

This section explains the internal logical operations of the serial interface of the pPD7701x
family (for detailed timing, refer to Figures 3-54 and 3-55).

To transfer data through serial interface, double buffers are provided for both input and output.

Serial input is performed by the following registers:

SIS register (serial input shift register) . Inputs serial data from the Sl pin 1 bit at a
time, and outputs 16-bit parallel datato SDT
(in).

» SDT (in) register (serial data input register) : Inputs 16-bit parallel data from the SIS
register and outputs 16-bit parallel data to
the peripheral bus.

Serial output is performed by the following registers:

» SDT (out) (serial data output register) : Writes 16-bit parallel data from the peripheral
bus and outputs 16-bit parallel datato SOS.

e SOS (serial output shift register) : Inputs 16-bit parallel data from SDT (out)
and outputs serial data from the SO pin 1 bit
at a time.

The serial interface is accessed from an external device by using the 1-bit serial data input
pin (SI) and output pin (SO).

In the uPD7701x, serial input/output is performed by using 8-/16-bit parallel input data register
SDT (in) and output data register SDT (out). Because data transfer is automatically performed
from SIS to SDT (in) and from SDT (out) to SOS, it does not have to be directly controlled by
program.

Internal flags are provided to synchronize serial data transfer and to monitor the status of
each of the dedicated external pins and registers.

SIAK (serial input acknowledge) : Thisis anexternal pinthat monitors the status of SIS.
SIAK = high level (SIS is empty.) - Input of new serial data can be started.

SIAK = low level (SIS is not empty.) - Valid data still exists in SIS. New serial data
cannot be input.

SORQ (serial output request) : This is an external pin that monitors the status of
SOS.

SORQ = highlevel (SOS is notempty.) - Data to be output still exists in SOS. (Data can
be output by making SOEN high.)

SORQ = low level (SOS is empty.) - No data to be output exists in SOS.
» SLEF flag (serial load enable flag) : This flag monitors the status of SDT (in) (this is aflag
in the serial status register (SST)).
SLEF =1 (SDT (in) is not empty.) - Valid input data exists in SDT (in).
SLEF =0 (SDT (in) is empty.) - Input data that can be loaded from SDT (in)
does not exist.

SSEF flag (serial store enable flag): This flag monitors the status of SDT (out) (this is a
flag in the serial status register (SST)).
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SSEF =1 (SDT (out) is empty.) - New output data can be stored to SDT (out).
SSEF = 0 (SDT (out) is not empty.) — Valid output data still exists in SDT (out).

Whether data can be actually transferred to the serial input pin (SI) and serial output pin
(SO) after appropriate control signals and serial clock have been input is automatically
determind by the internal hardware.
« If an attempt is made to output serial data from the SO pin when the SOS register has no
data (SORQ = low level), the SO pin goes into a high-impedance state.
« If an attempt is made to input new serial data to the SIS register before the current data of
the SIS register is transferred to the SDT (in) register (SIAK = low level), the new data is
not written over the current data of the SIS register.

In addition to this hardware control, loading from the SDT (in) register and storing to the SDT
(out) register are completely controlled in software. Correctly load or store data by <1>
checking SLEF/SSEF or <2> using an interrupt, so that valid data is not written over or that
the same data is not loaded or stored two times.
When successively inputting or outputting serial data, keep in mind the following points:
(1) When polling with status flag
Make sure that data transfer is not disrupted by always monitoring the status of the
SLEF flag (status flag of SDT (in) register) or SSEF flag (status flag of SDT (out)
register).
(2) When using serial input interrupt
If an interrupt occurs, immediately load serial data.
(3) When using serial output interrupt
Because the interrupt cannot be used when the first data is transferred (the same
applies when a single data is output), do not use an interrupt for transfer. When
inputting or outputting the next data and if an interrupt occurs, immediately store the

serial data. Before storing the last data, disable the interrupt so that the next interrupt
does not occur.

The status of the serial input/output interface and operation block diagram are shown below.

Table 3-27. Status Indicators of Serial Input/output Interfaces

Register Status indicator Status Comments

SIS SIAK pin High: empty Serial input accepted

Low: not empty Serial input not accepted

Serial output

SDT(in) SLEF flag 1: not empty Data can be loaded from SDT(in)
0: empty Data cannot be loaded from SDT(in)
SOSs SORQ pin High: not empty Serial output possible
] Low: empty Serial output not possible
Serial output
SDT(out) SSEF flag 1: empty Data can be stored to SDT(out)

0: not empty Data cannot be stored to SDT(out)
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Figure 3-53. Function Diagram of Serial Interface (1 channel)

< Peripheral bus (16 bits) >
Load 16 ﬂ\g Store
bit 1 bit 0
16 (I |sser|sLeF| 16
INT SST Reg. INT
L SDT (in) SDT (out)
16 16
S SIS SOS SO

SIAK Serial — Parallel Parallel — Serial SORQ
SIEN SOEN

SCK

(1) Pins of serial interface

The uPD7701x has two sarial interface channels.

The number suffixed to a serial interface pin indicates a channel. All the serial interface
signals, except the clock and data signals, are active-high.

Remark The pyPD77015, 77017, 77018, 77018A, and 77019 are not provided with the SORQ2 and SIAK2
pins.

(a) SCK1 and SCK2 (serial clock - input)
These are clock input pins for serial data input or output.

Serial data are input and output, and serial interface signals are output and sampled in
synchronization with the SCK signal.

(b) SORQ1 and SORQ?2 (serial output request - output)
These pins output serial data output request signals.

The output signals change its status at the rising edge of SCK.

When serial data is written to the serial data output register, these pins are asserted
active (high level). When SOEN and SORQ are asserted active, serial output is started.
These pins are deasserted inactive (low level) after serial output has been started.

These pins are deasserted inactive at hardware reset.
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(c) SOEN1 and SOEN2 (serial output enable - input)
These pins input serial data output enable signals.

These signals are sampled at the falling edge of SCK.

They are asserted active (high level) when the external device is ready to input serial
output data. When SOEN and SORQ are asserted active, serial output is started.

(d) SO1 and SO2 (serial data output - output)
These pins output serial data.

The status of the output data changes at the rising edge of SCK.

When output is completed, these pins go into a high-impedance state.

(e) SIEN1 and SIENZ2 (serial input enable - input)
These pins input serial data input enable signals.

These signals are sampled at the falling edge of SCK.

They are asserted active (high level) when the external device is ready for outputting
serial input data. Serial input is started when SIEN and SIAK are asserted active.

(f) SIAK1 and SIAK2 (serial input acknowledge - output)
These pins output serial data input acknowledge signals.

These signals change its status at the rising edge of SCK.

They are asserted active (high level) when serial input is ready. When SIEN and SIAK
are asserted active, serial input is started. These signals are deasserted inactive (low
level) after serial input has been started.

These pins are deasserted inactive at hardware reset.

(g) SI1 and SI2 (serial data input - input)
These pins input serial data.

The input data is sampled at the falling edge of SCK.

Table 3-38. Pins Status during and after Hardware Reset

Pin 1/0 During reset After reset
SCK1, 2 I — —
SORQ1, 2 O L L

SOEN1, 2 | — —

S01, 2 (@) Hi-Z Hi-Z
SIEN1, 2 | — —

SIAK1, 2 (@) L L

S, 2 O — —
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(2) Registers of serial interface

The uPD7701x has two serial interface channels. The number suffixed to the registers of
the serial interface indicates the channel number.

(a) SDT1 and SDT2 (serial data registers: 0x3800:X/:Y, 0x3802:X/:Y)
A serial data register (SDT) is a 16-bit register that inputs or outputs serial data.

A value can be input to or output from SDT by using a register-to-register transfer
instruction.

When 8-bit data is input or output, the serial data is input to or output from the higher 8
bits of SDT.

<1> Serial data output register
This is a 16-bit register that sets serial data to be output.

When a store instruction is executed to SDT, data is input to this register from the peripheral
bus.

Output of SO can be selected from the MSB first or LSB first.

When the serial output shift register (SOS) becomes empty. the value of this register is
written to SOS.

<2> Serial data input register
This is a 16-bit register that reads serial input data.

When an instruction to load data from SDT is executed, the data of this register is output
to the peripheral bus.

Whether the data is output with the MSB first or LSB first can be selected when the data
is input.

When the last bit is input to the serial input shift register (SIS), the value of SIS is written
to this register.

(b) SST1 and SST2 (serial status register: 0x3801:X/:Y, 0x3803:X/.Y)
The serial status register (SST) is a 16-bit register that indicates the mode setting of
serial input/output and status.

This register indicates whether data is transferred with the MSB or LSB first, a bit length
(16 or 8 bits), specification of interface with the uPD7701x, overrun, and underrun.

A value can be input to or output from SST by using a register-to-register transfer
instruction.

The value of this register is 0x0002 at reset.
Table 3-30 shows the function of each bit of SST.
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Table 3-29. Conditions of Serial Input/output Error Flags Settings

Error flag Set condition Reset condition
SSER Store to SDT while SSEF =0 By hardware reset or by program
SLER Load from SDT while SLEF =0

Changing serial output mode:

The serial output mode (such as data length: 8 or 16 bits and LSB/MSB first) is determined
by the setting of SST when data is stored to SDT (out).

Do not change the value of SST when SSEF = 0 (when data exists in SDT (out)).
Change the value of SST when SSEF =1 (when SDT (out) is empty).

Changing serial input mode:
Do not change the value of SST when serial input is under execution.

If the serial successive input mode is set (SICM =), clear SICM to 0 when SLEF =1,
change the serial input mode (such as data length: 8 or 16 bits and LSB/MSB first), and
then set SICM to 1 again.

The new value of SST becomes valid when data is input after the two data input to SDT
(in) and SIS have been loaded.

(c) SOS1 and SOS2 (serial output shift registers)

A serial output shift register (SOS) is a 16-bit shift register that outputs and shifts serial
data from SO at the rising edge of serial clock SCK.

When the specified number of bits have been output, new data is input from the serial
data output register SDT (out).

(d) SIS1 and SIS2 (serial input shift registers)
The serial input shift register (SIS) is a 16-bit shift register that receives and shifts the
data input from Sl at the falling edge of serial clock SCK.

When the specified number of bits have been input, data is output to serial data input
register SDT (in).
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Table 3-30. Functions of SST (SST1:0x3801:X/:Y, SST2:0x3803:X/:Y)

Bit

Name

Load/store (L/S)

Bit function

15

SOTF

L/s

Serial output transfer format setting bit
« 0: Serial output with MSB first
e 1: Serial output with LSB first

14

SITF

L/s

Serial input transfer format setting bit
* 0: Serial input with MSB first
¢ 1. Serial input with LSB first

13

SOBL

L/S

Serial output word length setting bit
* 0: 16-bit serial output
» 1. 8-bit serial output

12

SIBL

L/S

Serial input word length setting bit
* 0: 16-hit serial input
» 1: 8-bit serial input

11

SSWE

L/s

SDT store wait enable bit
* 0: Does not use store wait function.
* 1: Uses store wait function.
Inserts wait cycles when uPD7701x stores data to SDT(out) with SSEF = 0.

10

SLWE

L/S

SDT load wait enable bit
* 0: Does not use load wait function.
* 1. Uses load wait function.
Inserts wait cycles when uPD7701x loads data from SDT(in) with SLEF = 0.

S|CMNote

L/s

Serial input continuous mode setting flag
« 0: Enters single serial input mode after completion of current serial input.
» 1: Enters serial input continuous mode to start serial input.

SIEFNote

L/S

Single serial input enable flag
« 1: Starts serial input processing in single serial input mode (only once).
SIEF flag set to 1 is automatically reset in next instruction cycle.

7-4

Reserved

Reserved bits
 Value cannot be set to these bits.
» Undefined when read.

SSER

L/s

SDT store error flag

*0: No error

» 1: Error (Set to 1 when uPD7701x stores data to SDT(out) with SSEF = 0.)
» Once set, this flag does not change its status until 0 is written by uPD7701x.

SLER

L/S

SDT load error flag

* 0: No error

 1: Error (Set to 1 when yuPD7701x loads data from SDT(in) with SLEF = 0.)
» Once set, this flag does not change its status until 0 is written by pPD7701x.

SSEF

SDT store enable flag
» Set to 1 when contents of SDT(out) is transferred to serial output shift register.
* Cleared to 0 when puPD7701x stores data to SDT(out).

SLEF

SDT load enable flag
» Set to 1 when contents of serial input shift register is transferred to SDT(in).
« Cleared to 0 when uPD7701x loads data from SDT(in).

Note

Table 3-31 shows an example of combination of SICM and SIEF.
When continuous data such as speech data is input, use status 2 (SICM = 1, SIEF = 0).

Remark The SST setting after hardware reset
Initial SST after reset: 0x0002; « 16 bits input/output word length

* MSB-first for input and output

* No store/load wait function

« No serial input continuous mode
« Serial input not enabled
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Table 3-31. Combination of SICM and SIEF Bits

Example of Bit9 Bit8 Function
combination SICM SIEF

1 0 0 « Status transition mode. This mode is also set when serial input is not performed.

» SIAK goes low. Even if this mode is set if SIAK is high, SIAK remains high until serial
input is started.

2 1 0  Continuous serial input mode.

» SIAK outputs high level if serial input can be executed. After serial input has been
started, SIAK goes low. Serial input is enabled again when SDT (in) is loaded, and
SIAK outputs high level. If SDT(in) is empty, when a complete data word has been
shifted in, the contents of SIS is transferred immediately (in synchronization with the
SCK) to SDT(in) and SIAK goes high.

Refer to Figure 3-55 (a).

3 0 1 * Single serial input mode.

» SIAK outputs high level if serial input can be executed. After serial input has been
started, SIAK goes low. SIAK remains low level even if SDT is loaded.

« SIEF flag set to 1 is automatically reset in next instruction cycle.
Refer to Figure 3-55 (b).

4 1 1 « The setting of this combination is prohibited.
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(3) Timing of serial interface

(a) Serial output timing

Generally, serial output is performed in the following steps. Operations in steps <1>
through <6> without SDT store wait cycles are illustrated in Figure 3-54 (a) and (b) for
continuous and non-continuous data, respectively.

<1> The application program executes a store to SDT (serial data register).

<2> Consequently, the SDT store enable flag (SSEF) of the serial status register (SST)
is cleared to 0, notifying the application program that no more data must be written
to SDT. Ifthe SDT store wait enable bit (SSWE) is set, the SDT store wait function
is validated, automatically blocking a write access to SDT.

<3> If the serial output shift register (SOS) is empty, the data set to SDT is transferred
to SOS after 3 SCK cycles. The serial output request pin (SORQ) becomes active
(high), informing an external device of issuance of a serial output request.

<4> When the external device makes the serial output enable pin (SOEN) active (high
level) (a), this pin is sampled at the falling edge of the serial clock pin (SCK)
immediately afterNot 1 (b), at the next rising edge of SCK, SORQ becomes low
(c) and data output to the serial data output pin (SO) is started (d).

<5> After SDT has become empty, SSEF is set to 1, notifying the application program
that the next data can be written (a), the SDT store wait function, which has been
validated with SSWE = 1, is invalidated. At this time, an interrupt request is
generated by SO (b). However, the interrupt is serviced as a valid interrupt or is
recorded, depending on the status of the corresponding interrupt enable flag and
El status (refer to 3.4.4 “Interrupt”).

<6> If the next data is not supplied when the output of the last bit data has been
completed, SO goes into a high-impedance state at the next rising edge of the
SCKNOte 2_

Notes 1. Before SOEN becomes active, SCK must rise at least three times.
Bear this in mind especially in a system configuration where the clock is used in burst mode for only
inputting/outputting data.
2. Under the following conditions, SO does not go into a high-impedance state but successively outputs
the next data:
if the next data has been already supplied before the last bit is output, and if SOEN becomes active
before falling of SCK in the last bit output cycle and is sampled as valid (refer to Figure 3-54 (a)).

After the last bit has been output, the rising edge of SCK must be supplied at least once.
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Figure 3-54. Serial Interface Output timing
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(b) Timing of serial input

Generally, serial input is performed in the following steps. Operations in steps <1> through
<4> without SDT load wait cycles are illustrated in Figure 3-55 (a) and (b). Figure 3-55
(a) and (b) show operations of steps <1> through <4> for input mode of continuous and
single, respectively.

<1> Serial data input sequence is started when an external device makes the serial
input enable pin (SIEN) active (high level) with the serial input enable (SIAK) pin
being active (high level).

<2> Changes in SIEN in <1> are sampled at the falling edge of SCK immediately
afterNote 1 (3), SIAK goes low at the next rising edge of SCK (b), and inputting
data given to the serial data input pin (Sl) is started from the falling edge of the
same SCK cycle (c). The data is loaded from the Sl pin to the serial input shift
register (SIS) bit by bit in synchronization with the falling edge of SCK.

<3> SIAK becomes active (a) in synchronization with the rising edge of the SCK cycle,
in which the last bit of the specified number of bits is loaded, immediately before
the loading, informing the external device that the next data can be input. When
the last bit has been loadedN°® 2 (b) and if the SDT load enable flag (SLEF) is 0,
the loaded bit is immediately transferred from SIS to SDTNote 3,

After that, SLEF changes to 1, informing the application program that the serial
input data word has been completed (c). If the data wait status is set with the
SDT load wait enable bit (SLWE) set to 1, the wait function is released. Although
an interrupt request is generated by Sl (d) at this time, the interrupt is serviced as
a valid interrupt or is recorded, depending on the statuses of the corresponding
interrupt enable flags and the El bit (refer to 3.4.4 “Interrupt”).

<4> When the application program executes a load from SDT (a), SLEF is cleared to
0, indicating that the input data is empty (b). If SLWE is 1 at this time, the SDT

load wait function is validated, automatically blocking further read access to SDT.

Notes 1. Before SIEN becomes active, SCK must rise at least three times. The hardware of the serial input/
output block performs a pipeline operation with SCK used as a timing clock.

Bear this in mind especially in a system configuration where the clock is used in burst mode for only
inputting/outputting data.

With a system configuration where the clock is successively supplied, exercise care in respect to the
first data after reset.

After the last bit has been output, the rising edge of SCK must be supplied at least two times.

2. If SIEN becomes active and sampled as valid before SCK falls in the last bit input cycle, the next data is
loaded from the successive next SCK cycle (refer to Figure 3-55).

3. SDTs are used separately for serial input and serial output.
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Figure 3-55. Serial Interface Input timing
(a) SICM = 1, SIEF = 0, Continuous mode
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(c) I/0 timing of non-standard serial clock

Figure 3-56 shows the operation of the serial clock counter which are caused by non-standard serial clock.

Figure 3-56. Serial Interfaces - Operation of the Serial Clock Counter
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Condition for counter to start down-count: SIAK=1 and SIEN=1 at falling edge of SCK

Data can be input/output even when SIEN and SOEN are active. If a bit shift occurs, however, the I/O timing
cannot be corrected because a non-standard serial clock is input. By deasserting SIEN and SOEN inactive,
this bit shift can be corrected as shown above. In the above example, SIEN is input by counting SCK.

However, it is more accurate if SIEN is input depending on the status of SIAK.
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(4) Handshake
There are three means to handshake with the serial interface of the uPD7701x family, which
can be implemented by application programs:

* Polling

* Wait

* Interrupt

Each format is described next.

(a) Polling

Synchronization of handshaking is established by always monitoring and evaluating the
SDT store enable flag (SSEF) and SDT load enable flag (SLEF) of the serial status register
(SST). Here is an example of serial output by means of polling:

[* Explicitly define SST1 and SO1 because they are not reserved
words. */

#define SST1 0x3801

#define SO1  0x3800

[*Disable internal interrupts SO1 and SI1.*/

ROL = SR ;

RO = R1 | 0x0030

SR = ROL ;

ROL = 0x0 ; Set serial status as follows:
*SST1:X = ROL ; » MSB first output

; » MSB first input

; * 16-bit word output

; * 16-bit word input

; *SDT store wait function is not used.
; » SDT load wait function is not used.
; * Serial input is not performed.

; * Clear serial input/output error

; flag.

POLL: ROL =*SST1:X ; Judge SSEF and loop to wait until
; store is enabled.

RO = RO & 0x2 ;

if (RO == 0)jmp POLL;

*SO1:X =R1H ; Data of R1H is output because store is
enabled.
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(b) Wait
Under the following conditions, execution of data exchanges with the SDT(in) and/or
SDT/(out) registers cause instruction wait cycles:

» when the store wait function is enabled (SSWE = 1) and a store to SDT(out) for serial
output is to be executed, while SSEF = 0 (valid data exists in SDT(out)).

» whenthe load wait function is enabled (SLWE = 1) and aload from SDT(in) for serial input
is to be executed, while SLEF = 0 (valid data does not exist in SDT(in)).

The advantage of this format is that describing handshake procedures in the application
program is not needed, because the handshake procedure is automatically executed by
hardware. Here is an example of serial output by using the wait function:

/* Explicitly define SST1 and SO1 because they are not
reserved words. */
#define SST1 0x3801
#define SO1 0x3800
/* Disable internal interrupts SO1 and SI1. */
ROL = SR ;
RO = RO | 0x0030 ;
SR = ROL ;
ROL = 0x800 ; Set serial interface as follows:
*SST1:X = ROL ; » MSB first output
; » MSB first input
; * 16-bit word output
; * 16-bit word input
; » SDT store wait function is used.
; »  SDTloadwaitfunctionis notused.
; * Serial input is not performed.
; » Clearserialinput/outputerror flag.
*SO1:X = R1H ; Data of R1H is output as soon as
; SSEF = 1.
Caution When data is written from the application program to SDT,

the wait is not released unless SDT is transferred to SOS
(i.e., unless all the bits of the previous data of SOS are
shifted out to the external device). If internal writing of

DSP and external reading do not correspond on a one-to-
one basis vis-a-vis SDT, a hang-up may occur.

During wait, interrupts are delayed (refer to secton 3.4.4
“Interrupt”).
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(c) Interrupt

Handshaking is established by interrupts, if data can be stored to SDT (out) and data can
be loaded from SDT (in). Therefore, the advantage of this format is that, even while
other processing is under execution, serial input/output can be executed independently
(asynchronously) of the processing. Here is an example of serial input/output using an

interrupt:
[* definition of serial I/O register names */
#define SST1 *0x3801:X
#define SI1 *0x3800:X
#define SO1 *0x3800:X
[* interrupt vector table entries */
SegSl1 IMSEG AT 0x220 ; sio#1 input interrupt routine
ROH = SI1 . load from SDT (in)
RO = ROH*R1H ;
*DP0O++ = ROH ; save to buffer
RETI ; return from interrupt
SegS0O1 IMSEG AT 0x224 ; sio#1 output interrupt routine

ROH = *DP4++ ; read from buffer
SO1 =ROH ; save to SDT(out)
RETI ; return from interrupt
NOP ;

[* disable interrupts to initialize serial input/output */

R1L = EIR ; disable interrupts generally
R1=R1|0x8000;El=1

EIR = R1L ;

NOP ; wait 2 cycles until

NOP ; El = 1 effective

ROL = SR ; enable SI1 and SOL1 interrupts
RO = RO & OXFFCF ;

SR = ROL ;

R1 = R1 & Ox7FFF ; enable interrupts generally
EIR = R1L ;

FINT ; discard all pervious interrupts
; initialize SST1
ROL = 0x0200 ;  input/output: MSB-first, 16-bit
; no load/store wait function
SST1 =ROL ; serial input continuous mode
SO1 =ROL ; dummy store (see below)
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Cautions Note the following points when executing serial output
interrupt because the interrupt occurs after data has been
transferred from the SDT register to the serial output shift
register:

(1) Transfer first dummy data and then forcibly generate
an interrupt, or do not use interrupts during the
transfer of the first data.

(2) When transferring data in burst mode, first disable
interrupts immediately before the instruction which
transfers the last word to SDT, then execute the
instruction introduced in (1) after the completion of
the next burst data preparation, to transfer the next
burst data. This is because the first word of data to
be burst-transferred may not be completely prepared
if an interrupt is generated during the transfer of the
last burst data word.

Example:

; I* When last word is stored to SDT. */
ROL = SR ; I* (DI status during interrupt processing) */
RO = RO | 0x0020 ; ¥ SO1 interrupt is disabled. */
SR = ROL ;
*SO1: X = ROH
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3.7.4 Host interface

The uPD7701x family is provided with a host interface that transfers data with an external

host CPU and DMA controller. The features of this host interface are as follows:

* 8-bit parallel port
e Data range
Higher 8 or lower 8 bits are selected by address.
* Internal data bus connection
Connected to X and Y buses.
* Internal 16-bit, external 8-bit configuration
External device is interfaced through 8-bit data bus.
* Internal handshake
Handshake by means of polling, wait, or interrupt
» External handshake

Handshake by means of dedicated status signal.

A host interface control circuit (HCTL) controls the pins and registers.

Figure 3-57 shows the block diagram of the host interface.

Figure 3-57. Host Interface

< Peripheral bus (16 bits) >
16 16 16
HDT (in) HDT (out) HST
Y
8 HCTL
HDO-HD7 HAO HA1 HCS HRD HWR HRE HWE
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[Operational outline of host interface]

This section explains the internal logical operation of the host interface of the uPD7701x
family (for the detailed timing, refer to Figures 3-59 and 3-60).

One buffer stage is provided for both input and output to transfer data via host interface.

Host input is performed by using the following registers:
« HDT (in) register (host data input register):
Inputs 8-bit parallel data (higher byte and lower byte) from the HDO through HD7 pins, and
output 16-bit parallel data to the peripheral bus.
Host output is performed by using the following registers:
< HDT (out) register (host data output register):
Writes 16-bit parallel data from the peripheral bus and outputs 8-bit parallel data (higher
byte and lower byte) from the HDO through HD7 pins.

The host interface can be accessed from the external device by using 8 bits of host data 1/0
pins. Internally, the interface can be accessed by using the parallel input register HDT (in)
and output register HDT (out).

To establish synchronization for host data transfer, the following internal flags are provided
to monitor the status of the dedicated external pins and registers.
« HWE (host write enable), HWEF (host write enable flag):
These are an external pin and a flag (flag of the host status register) that monitor the status
of HDT (in).
HWE = high level, HWEF = 0 (HDT (in) is not empty.) -
Valid data still exists in HDT (in). The host cannot write new data to HDT (in).
The uPD7701x can load data from HDT (in).
HWE = low level, HWEF = 1 (HDT (in) is empty.) -
The host can write new data to HDT (in).
The uPD7701x cannot load data from HDT (in).
« HRE (host read enable), HREF (host read enable flag):

These are an external pin and a flag (flag of the host status register) that monitors the status
of HDT (out).

HRE = high level, HREF = 0 (HDT (out) is empty.) -

Valid data does not exist in HDT (out).

The host can read data from HDT (out).

The pPD7701x can store output data to the HDT (out).
HRE = low level, HREF = 1 (HDT (out) is not empty.) -

The host can read new data from HDT (out).

The yPD7701x can store output data to HDT (out).
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Table 3-32. Status Indicators of Host Read/write Interface

Register Status indicator ~ Status Comments

Host write HDT(in) HWE pin High: Not empty Host cannot write to HDT(in)

Low: Empty Host can write to HDT(in)

HWEF flag 1: Empty Data cannot be loaded from HDT (in)

0: Not empty Data can be loaded from HDT(in)

Host read HDT(out) HRE pin High: Empty No new data in HDT(out) to be read by
host

Low: Notempty Host can read data from HDT(out)

HREF flag 1: Not empty Data cannot be stored to HDT(out)

0: Empty Data can be stored to HDT(out)

Figure 3-58. Function Diagram of Host Interface

< Peripheral bus (16 bits) >
Load 16 ﬂ\g Store
HST Reg. bit 1 bit 0
P N [P— HREFlHWEF 16
INT INT
HDT (in) HDT (out)
8 8
| switch from HDO-HD?7 to the busses |
8
_Y_ S N N 1
HWE HAl1l HAO HCS HRDHWR HDO0-HD7 HRE
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(1) Pins of host interface

All control pins of the host interface are active-low.
(a) HCS (Host Chip Select - input)
This pin inputs a host interface select signal.

This signal is active (low) while the host CPU accesses a register of the host interface.

(b) HAL1 and HAO (Host Addresses 1 and O - input)
These pins input an address of the host interface.

They specify a register of the host interface to be accessed.

Do not change the statuses of these pins while the host CPU is accessing a register of
the host interface.

(c) HRD (Host Read strobe - input)
This pin inputs the read strobe signal of the host interface.

It becomes active (low) when the host CPU reads the data of a register of the host interface.
This signal must not be active concurrently with the HWR signal.

(d) HWR (Host Write strobe - input)
This pin inputs the write strobe signal of the host interface.

It becomes active (low level) when the host CPU writes data to a register of the host
interface. This signal must not be active concurrently with the HRD signal.

(e) HDO-HD7 (Host Data 0-7 - input/output)
These pins input or output data to or from the host interface.

Data is input or output when the host CPU accesses a register of the host interface.
These pins go into a high-impedance state when HCS is inactive (high).

() HRE (Host Read Enable - output)
This pin outputs a signal indicating that HDT is enabled to be read.

It is asserted active (low level) if HDT is enabled to be read and is deasserted inactive
(high level) at the falling edge of the HRD pin when the higher byte of the data of HDT is
read. This pin remains unchanged even if the lower byte of HDT is accessed.

This pin is deasserted inactive at hardware reset.

(g9) HWE (Host Write Enable - output)
This pin outputs a signal indicating that HDT is enabled to be written.

It is asserted active (low level) if HDT is enabled to be written and is deasserted inactive
(high level) at the falling edge of the HWR pin when data is written to the higher byte of
HDT. This pin remains unchanged even if the data of the lower byte of HDT is accessed.

This pin is deasserted inactive at hardware reset.
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Table 3-33. Pins Status during and after Hardware Reset

Pin 1/0 During reset Initial after reset
HCS | — _

HAOQ, HAl | — —

HRD | — —

HWR | — _

HDO-HD7 110 Hi-Z (when HCS pin is inactive)
HRE o H H

HWE 0 H H
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(2) Registers of host interface

(a) Host data register (HDT-0x3806:X/:Y)
This 16-bit register is used to input or output data to or from the host interface. Data can
be stored to and loaded from HDT by use of load/store instructions.

<1> Host data output register
This 16-bit register sets data to be output from the host interface.

When a store to HDT is executed, data is input to this register through the peripheral bus.

When data is read by an external device, the higher or lower 8 bits are specified by HAO.

<2> Host data input register
This 16-bit register sets the data to be input from the host interface.

When a load from HDT is executed, the data of this register is output to the peripheral
bus.

When data is written by an external device, the higher or lower 8 bits are specified by
HAO.

(b) Host interface status register (HST-0x3807:X/:Y)

Host interface status register HST is a 16-bit register that indicates the mode setting and
status of the host interface.

It indicates the specification, and write or read error between the host CPU and host
interface and between the host interface and uPD7701x.

Data can be input to or output from HST by using a load/store instruction.

When the value of this register is read by the external device, the higher 8 bits or lower 8
bits are specified by HAO.

The value of HST is set to 0x0301 at reset.

Table 3-34 shows the function of each bit of HST, and Table 3-35 shows the set condition
of the host I/O error flags.
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Table 3-34. Function of HST (0x3807:X/:Y)

Bit Name

R/W
from host

Load/Store from

UPD7701x

Bit function

15-11 Reserved

Reserved bits
* No value can be set to these bits.
¢ These bits are undefined when read.

10 HAWE

Load/Store

HDT access wait enable bit

¢ 0: Wait is not used

e 1: Wait is used

Wait cycles are inserted if the uPD7701x attempts to store data to
HDT (out) while HREF=1, or to load data from HDT (in) while
HWE=1.

9 HREM

Load/Store

HRE mask bit

+ 0: Does not mask.

HRE changes according to the HREF status (refer to below).
¢ 1: Masks

HRE becomes inactive (high level).

8 HWEM

Load/Store

HWE mask bit

* 0: Does not mask.

HWE changes according to the HWEF status (refer to below).
¢ 1: Masks

HWE becomes inactive (high level).

7 UF1

Load/Store

User's flag

6 UFO

Load/Store

User's flag

5 HRER

Load/Store

Host read error flag

* 0: No error

e 1: Error

Set to 1 when host CPU reads HDT when HREF is 0.

* Once set to 1, it does not change until 0 is written by program.

4 HWER

Load/Store

Host write error flag

* 0: No error

e 1: Error

Set to 1 when host CPU writes HDT when HWER is 0.

* Once set to 1, it does not change until 0 is written by program.

3 HSER

Load/Store

HDT store error flag

* 0: No error

e 1: Error

Set to 1 when yPD7701x store to HDT when HREF is 1.

« Once set to 1, it does not change until 0 is written by program.

2 HLER

Load/Store

HDT load error flag

* 0: No error

e 1: Error

Set to 1 when yPD7701x loads from HDT when HWEF is 1.

* Once set to 1, it does not change until 0 is written by program.

1 HREF

Load

Host read enable flag

* 0: Read disabled

¢ 1: Read enabled

Set to 1 when the uPD7701x stores data to HDT. Cleared to 0
when host CPU reads higher byte of HDT.

« Ignored when written.

0 HWEF

Load

Host write enable flag

¢ 0: Write disabled

e 1: Write enabled

Set to 1 when the uPD7701x loads data to HDT. Cleared to O
when host CPU writes higher byte of host CPU.

« Ignored when written.
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Remark The HST setting after hardware reset:
initial HST after reset: 0x0301: * no wait function

* HRE/HWE mask: Masked
* host write enabled
« host read disabled

Table 3-35. Conditions of Host Input/Output Error Flags Settings

Error flag Set condition Reset condition

HRER Host read while HREF=0 by hardware reset or by program
HWER Host write while HWEF=0

HSER Store to HDT while HREF=1

HLER Load from HDT while HWEF=1

(3) Reqisters of host interface when viewed from host

The host CPU specifies the higher or lower bytes of either the host status register HST or
host data register HDT by use of the HAO and HA1 inputs. Table 3-36 shows the registers of
the host interface when they are accessed by an external device.

Table 3-36. Selecting Host Interface Registers

HCS HRD HWR HA1l HAO Register subject to transfer Byte

0 0 0 X X Disabled —

0 0 1 0 0 HDT (output) Lower 8 bits
0 0 1 0 1 HDT (output) Higher 8 bits
0 0 1 1 0 HST Lower 8 bits
0 0 1 1 1 HST Higher 8 bits
0 1 0 0 0 HDT (input) Lower 8 bits
0 1 0 0 1 HDT (input) Higher 8 bits
0 1 0 1 X Disabled —

0 1 1 X X No register —

1 X X X X No register —
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(4) Timing of host interface

(a) Host

read operation ( uPD7701x —> host)

Data is transferred from the uPD7701x to the host in the following steps. Figure 3-59
shows reading operations of 16-bit data to HDT without wait cycles.

<1>

<2>

<3>

<4>

<5>

The application program of the uPD7701x stores data to the host data register
(HDT) (a), (b).

Consequently, the host read enable flag (HREF) of the host interface status register
(HST) is set to 1 (a). If the HRE mask bit (HREM) of HST is 0, the HRE pin
becomes active (low), and is output to external devices as a hardware signal (b).

The host can recognize that data is present in HDT by any of the following
methods:

(1) Reads HST and detects HREF = 1 by software (a), or

(2) Detects the low level of the HRE pin (b).

The host reads HDT. If 16-bit data is transferred at this time, the lower 8 bits (a)
and then the higher 8 bits (b) must be read in this order. If 8-bit data is transferred,
the higher 8 bits are always read (refer to the logic of HREF and HRE).

HREF of HST is cleared to 0 after step <4> (b), and the HRE pin becomes inactive
(high) in step <4> (b). At this time, an interrupt request is generated by HO (c).
This interrupt is processed as a valid interrupt or is recorded depending on the
status of the corresponding interrupt enable flag and El status (refer to 3.4.4
“Interrupt”).

Figure 3-59. Host Read Sequence ( uPD7701x —> host): HDT read

without wait

HR

HO |

. <1> (a)
Instruction
execution |HDT bl data|
<1> (b)
HDT Empty X Data
<2>(a)

EF / <3> () \ <5> (a)

HRE \<2> (b) <3> (b) / <5>(b)

<4>

Host operation  =======scemcmmee e Read HDT  )r=========scccccccceannn

<4>(a) <4> (b)

Ao L1

Lower  Higher
8 bits 8 bits

<5> (c)
NT *

uPD7701x Family User's Manual

179



Chapter 3 Architecture 3.7 Peripheral Units

(b) Host write operation ( uPD7701x <— host)
Data is transferred from the host to the uPD7701x in the following steps. Figure 3-60
shows examples of writing HDT without wait cycles when 16-bit data is transferred.

<1> The host writes data to the HDT of the uPD7701x. If 16-bit data is transferred at
this time, the lower 8 bits (a) and the higher 8 bits (b) are written in this order; if 8-
bit data is transferred, data is always written to the higher 8 bits of HDT (refer to
the logic of HWEF and HWE).

<2> Consequently, HWEF of HST is cleared to 0, informing the application program of
the uPD7701x that data has been written to HDT (a). The HWE pin becomes
inactive (high level in step (b)), informing an external device that HDT is busy (b).
An interrupt request is also generated by HI (c). Whether this interrupt is processed
as a valid interrupt or is recorded depends on the status of the corresponding
interrupt request flag or El status (refer to 3.4.4 “Interrupt”).

<3> The application program of the uPD7701x can recognize that HDT is ready with
the data from the host by either of the following methods:
(1) by detecting 0 of HWEF of HST (a), or
(2) by waiting for interrupt caused by HI (b).

<4> Consequently, the application program loads from HDT (a). As a result of the
load, HWEF is set to 1 (b). At the same time, the HWE pin becomes active (low)
(c), and the external circuit recognizes that HDT is enabled to write.

Figure 3-60. Host Write Sequence ( uPD7701x <— host): HDT write
without wait

<1>
Host operation  ==---{ Write data Jr=============scscecmemaieeaeeae—aa—aa
<1>(a) <1>(b)
HWR | I | I
Lower  Higher
8 bits 8 bits
HDT Empty X Lower X Completed data Empty
<2>(a) <4> (b)
HWEF \ <3> (a)
<2> (b) <4> (c)
HWE / <3>(b) \
| . <4> (a)
nstruction
execution | Load HDT|
<2>(c)
HIINT 4
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(5) Handshake

Handshaking between the yPD7701x and host can be established by:
 Polling
* Wait
* Interrupt

Each mode is described next.

(a) Polling
Synchronization of handshaking is established by always monitoring and evaluating the
host read enable flag (HREF) and host write enable flag (HWEF) of the host interface
status register (HST). Here is an example of host read (uPD7701x —> host) by means
of polling:

[* Explicitly define HST and HDO because they are not reserved
words. */

#define HST 0x3807

#define HDO 0x3806

[*Disable internal interrupts HO and HI.*/

ROL = SR ;

RO = RO | 0x0300 ;

SR = ROL

ROL = 0x0 ; Set host status as follows:

*HST:X = ROL ; » Does not use HDT access wait
. function.
; » Does not mask HRE function.
; » Does not mask HWE function.
; » Clears all user flags.
; » Clears all error flags.

POLL: ROL = *HST:X ; Judges HREF and loops to wait

; until host reads HDT.

RO=R0 & 0x2

if (RO! = 0)jmp POLL ;

*HDO:X = R1H ; Data of R1H is output because HDT
; has become empty.
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(b) Wait

Under the following conditions, execution of data exchanges with the HDT(in) and/or

HDT (out) registers cause instruction wait cycles:

» when the load/store wait function is enabled (HAWE=1) and a store to HDT(out) is to
be executed, while HREF=1 (valid data exists in HDT(out))

» when the load/store wait function is enabled (HAWE=1) and a load from HDT(in) is to
be executed, while HWEF=1 (valid data does not exists in HDT(in))

Therefore, the advantage of this format is that writing handshake procedures is not required

in application program, because the handshake procedure is automatically executed by
hardware. Here is an example of host read by using the wait function:

[*Explicitly define HST and HDO because they are not reserved
words.*/
#define HST 0x3807
#define HDO 0x3806
/Disable internal interrupts HO and HI.*/
ROL = SR
RO = RO | 0x0300 ;
SR =ROL
ROL = 0x0400 ; Set host status as follows:
*HST:X = ROL : » Uses HDT access wait function.
; » Does not mask HRE function.
; » Does not mask HWE function.
; » Clears all user flags.
; » Clears all error flags.
*HDO:X = R1H ; Outputs data of R1H. If HDT is
; busy, wait cycle is inserted.
Caution When data is written from the application program to HDT,

the wait is not released unless HDT is read by the external
device. If internal writing of DSP and external reading do
not correspond on a one-to-one basis vis-a-vis HDT, a
hang-up may occur.

During walit, interrupts are delayed (refer to section 3.4.4
“Interrupt”).
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(c) Interrupts

Handshaking can be established by generating an interrupt, if data can be stored to HDT
(out) or loaded from HDT (in) by the uPD7701x. Therefore, the advantage of this format
is that host input/output can be executed independently (asynchronously) of the other
processing even while other processing is under execution. Here is an example of host
input/output using an interrupt:

/ * Define host 1/0O */
#define HST * 0x3807: X
#define HDO * 0x3806: X
#define HDI * 0x3806: X

[* Entry of interrupt vector table */
SegHi IMSEG AT 0x230 ; hio input interrupt routine

ROH = HDI ; Read from HDT (in)
*DP0++ = ROH : Saves to buffer

RETI ; Returns from interrupt
NOP ;

SegHo IMSEG AT 0x234 ; hio output interrupt routine

ROH = *dp4++ : Reads from buffer
HDO = ROH ; Writes to HDT (out)
RETI ; Returns from interrupt
NOP ;

[* Disables interrupts to initialize host I/0O */

R1L = EIR ; Disables all interrupts
R1=R1|0x8000 ;El=1
EIR = R1L ;
NOP ; Two wait cycles are necessary until EI = 1
NOP ; becomes valid
ROL = SR ; Enables HI and HO interrupts
RO = RO&OXFCFF ;
SR = ROL ;
R1 = R1&0x7FFF ; Enables all interrupts
EIR = R1L ;
FINT ; Discards previous interrupt
: Initializes HDT
ROL = 0x0 ; Without HDT access wait function
HST = ROL ; No HRE, HWE mask. Clears user flag
HDO = ROL ; Dummy store (Refer to “Caution” below)
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Caution Because the host output interrupt occurs at the rising edge
of the HRD pin when the higher byte of the HDT register is
accessed, the following points must be noted.

(1) Transfer the first data by forcibly generating an
interrupt by transferring dummy data or by transferring
data without using an interrupt.

(2) If data is transferred in the burst mode, the chances
are that the first data for the next burst transfer is not
generated if an interrupt occurs at the last word of the
burst data. Therefore, disable the interrupt by the
instruction immediately before the one that transfers
the last word to HDT, execute the same instruction as
(1) after generation of the next burst data has been
completed, and transfer the next burst data.
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3.7.5 General-purpose input/output port

The uPD7701x is provided with a 4-pin input/output port. The following are the features of
this port.

» Set in the input mode at hardware reset, and the values input to PO and P1 after reset
determine the boot mode.
» Each pin can be set in the input or output mode by the application program.

» The output value of the pin set in the output mode can be controlled independently.

Figure 3-61. General-purpose Input/Output Port

< Peripheral bus (16 bits) >
Load Store
4 4 16
Bit manipulation
A
PDT (in) PDT (out) PCD

—

‘ 1

Set mode
SR S
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(1) Usage of the general-purpose port
There are three methods for using general-purpose port.
(&) Mode change (input —> output, output —> input)

The port command register PCD is used to set the port pins PO-P3 in the input or output

mode.

storeto PCD | -+ « set the mode of each bit (input or output)

(b) Input data (PO-P3 —> pPD7701x)

Input data is loaded from the port data register PDT(in).

load from PDT | - e input the 4-bit data

(c) Output data (PO-P3 <— uPD7701x)
There are two methods for setting an output port pin to a defined status.
(i) using PDT

Output data is stored to the port data register PDT(out).

store to PDT | -+ * output the 4-bit data

(ii) using PCD
The status of a single output port pin can be manipulated by the port command register

PCD. Mode setting and bit manipulation can be set concurrently.

storetoPCD | -+ « set the mode of each bit (input or output)

» manipulate the 1-bit output data (low or high)
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(2) Pins of port interface

(a) PO-P3 (general-purpose input/output port)
These are general-purpose input/output pins and have the following functions:
 The output pin status is changed in synchronization with the rising edge of CLKOUT.

 The input pin is sampled in synchronization with the rising edge of CLKOUT.
(3) Port-related registers

(a) Port data register (PDT-0x3804:X/:Y)

This 16-bit register transfers data by using the general-purpose input/output port. To
input data from the general-purpose input/output port, a load from PDT is performed. To
output data, the data is stored to PDT whose value is then set to PO-P3. These pins
correspond to the bit O to bit 3 of PDT. Data can be exchanged with the PDT register by
use of load/store instructions.

When a load from PDT is executed, the data of this register is output to the peripheral
bus. In input mode, the bit n of the PDT is set to 1 when high is input to the Pn pin,
cleared to O for a low level input; if the Pn’ is an output pin, the value of bit n” is undefined
when load from PDT is performed, where n and n' are suffixes for correspondence
indication and different numbers each other.

When a store to PDT is executed, the data is input to this register from the peripheral
bus. In output mode, the Pn’ pin outputs high when the bit n’ of the PDT is set to 1, and
outputs a low for 0; if the Pn pin is an input pin, the bit n value does not affect the port pin.

(b) Port command register (PCD-0x3805:X/:Y)
This 16-bit register specifies the input or output direction of the general-purpose input/
output port, and bit manipulation of the output pins.

Data can be exchanged with the PCD register by use of load/store instructions. Note
that not all of the PCD register bits can be loaded to a general-purpose registers (refer to
the following table).

The value of PCD is cleared to O at reset.

Table 3-37 shows the function of each bit of PCD.
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Table 3-37. Port Command Register (PCD - 0x3805:X/:Y)

Bit Name

Category

Load/Store Bit function

(L/S)

15 BE

Bit manipulation

S

Bit manipulation enable bit

< 0: Does not manipulate bit.

¢ 1: Manipulates bit

Manipulation method is specified by B1, BO, and PSR.
« Undefined when read.

14 PSR

Bit manipulation

(0]

Port set/reset specification bit

¢ 0: Reset (low level)

¢ 1: Set (high level)

« Manipulation port is specified by B1 and BO.
¢ Valid when BE = 1.

« Undefined when read.

13 ME

Mode setting

Mode setting enable bit

< 0: Does not set mode.

¢ 1: Sets mode.

Contents to be set are specified by 10 and M3-MO.
« Undefined when read.

12 10

Mode setting

Input/output specification bit

 0: Specifies input mode.

 1: Specifies output mode.

« Port to be set is specified by M3-MO.
 Valid when ME = 1.

« Undefined when read.

11,10 Reserved —

Reserved bits
* No value can be set to these bits.
¢ Undefined when read.

9,8 B1,BO

Bit manipulation

Bit manipulation port specification bits
* B1, BO = 00:PO
01:P1
10:P2
11:P3
« Set/reset is specified by PSR.
e Valid when BE = 1.
« Undefined when read.

7-4  Reserved —

Reserved bits
¢ No value can be set to these bits.
¢ Undefined when read.

3-0 M3-MO

Mode setting

Mode status

Mode setting port specification bits

M3 = 0: P3 unselected, 1: P3 selected

M2 = 0: P2 unselected, 1: P2 selected

M1 = 0: P1 unselected, 1: P1 selected

MO = 0: PO unselected, 1: PO selected

« Selection can be specified independently.

Input/output mode status bits

M3 = 0: P3 input mode, 1: P3 output mode
M2 = 0: P2 input mode, 1: P2 output mode
M1 = 0: P1 input mode, 1: P1 output mode
MO = 0: PO input mode, 1: PO output mode
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(4) Timing of port interface

The general-purpose 1/O port is not assumed to be used synchronously, but is synchronized
with the rising edge of CLKOUT during data input/output.

(a) Mode change from input to output

seemecec [ [T HTHHUUULLL

Instruction if |id | ie
Store to PCD: input—~ output

Input/output mode Input Output
Bit manipulation Old data ‘ New manipulated data
Delay
PO-P3 Input data ‘ New manipulated data

The mode of each pin is changed from input to output two system clocks after the execution
cycle of the instruction that stores data to the PCD register.

Example program:
#define PCD=0x3805
#define PDT=0x3804

R1L=0x0000 ;

*PDT:x=R1L X initialize PDT
ROL=0x3001 ;

*PCD:x=R0OL : PO —> output port

Caution Because the PDT register is undefined after hardware reset,
write data to the PDT register before storing data to the
PCD register.
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(b) Mode change from output to input

seemcece [ [ [T UUULULL

Instruction if |id | ie i
Store to PCD: output— input

Required 4 instruction cycles if id ie
Load from PDT (for input data 1)
P

Input/output mode Output Input

Delay

Input | Input_|Input |,
PO-P3 Output data data 1‘ data 2| data 3

Input impossibility

The mode of each pin changes from output to input after two system clocks since execution
cycle of store to PCD register, but the pPD7701x inhibit the pin’s data from being input
during two system clocks after then. Therefore it is required that minimum 4 system
clocks between store to PCD register and load from PDT register.

Example program:
#define PCD=0x3805
#define PDT=0x3804

ROL=0x200f ;
*PCD:x=R0OL ; PO-P3 output —> input

<required minimum 4 system clocks between instructions>
R1L=*PDT:x ; load from PDT
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(c) Timing of input ports

spenosc _[1 LML LU

Instruction if id ie |
Load from PDT (for input data 1)

; Input | Input_|INput | ..
PDT(m) data l‘ data 2| data 3‘
/'/'/Synchronize with system clock
Input | INput_[INPUL |
PO-P3 ‘ data 1| data Z‘data 3

The pin’s input data is loaded after synchronized with the rising edge of two system
clocks.

(d) Timing of output ports

sysemaiook [ | [ [ LI LU

Instruction if id ie
Store to PDT

if |id | ie ‘
Store to PCD (bit manipulatioﬁ)
PDT(out) Data stored to PDT | Bit manipulated data
Delay Delay
PO-P3 ‘ Data stored to PDT | Bit manipulated data

(In case of store to PDT register)

The output data is output after one system clock since execution cycle of store to PDT
register.

(In case of store to PCD register)

The 1-bit manipulated data is output after two system clocks since execution cycle of
store to PCD register.

Caution If bit manipulation by the PCD register and data output by
storing to the PDT register are executed at the same time,
the data of the PDT register takes precedence over bit
manipulation by the PCD register.

. _______________________________________________________________________________________________________________________________|
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(e) Output port setting (by use of PCD and PDT registers)

seemeece [ [ [T U ULLL

Instruction if id ie

Store to PCD: bit manipulation

if | id | ie

Store to PDT: output data

Input/output mode Input Output
Bit manipulation Old data New manipulated data
PDT(out) Old data | New data
Dela;“'~,‘
PO-P3 Input data N ‘ New data by PDT(out)

New manipulated data
A

The manipulated data is output after two system clocks since execution cycle of store to
PCD register. Next, when the output data is output after one system clock since execution
cycle of store to PDT register, spike noise may occur at point A. Therefore it is required
that minimum 1 system clock between store to PCD register and store to PDT register.

Example program:
#define PCD=0x3805
#define PDT=0x3804

ROL=0xf00f ;

*PCD:x=R0OL ;PO-P3 input —> output, PO —> high

R1L=0x0000 ;<required minimum 1 system clock
;between instructions>

*PDT:x=R1L ;PO-P3 —> low

Cautions 1. If at least one system clock is not inserted between the
instruction that stores data to the PCD register and the
instruction that stores data to the PDT register, a spike
may be generated at point A.

2. Because the value of the PDT register is undefined after
hardware reset, set the PDT register before storing data to
the PCD register.
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(4) Example of port programming

Here is an example of a program using the general-purpose input/output port. In this example,

the following is executed:
e PO and P1 are set in the output mode.

e P2 and P3 are set in the input mode.

e PO outputs a low level, and P1 outputs a high level.

Example of programming general-purpose input/output port

#define PDT 0x3804
#define PCD 0x3805
#define All_In_mode  0x200F
#define PO_Out_mode  0x3001
#define P1_Out_mode 0x3002
#define Out_PO_Low 0x8000
#define Out_P1 High 0xC100
ROL = All_In_mode

*PCD:x = ROL;

ROL = PO_Out_mode+Out_P0_Low
*PCD:x = ROL;

ROL = P1_Out_mode+Out_P1_High
*PCD:x = ROL;

; P3-PO input pins

; PO output pin (low level)

; P1 output pin (high level)
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3.7.6 Wait controller

When the external memory area is accessed, the number of wait cycles to be inserted can
be specified in advance by using a register.

The main features of the wait controller are as follows:
* Independently controls the data memory space and instruction memory space.

» Four types of wait cycles (0, 1, 3, and 7 wait cycles).

» Can be used with the WAIT pin (data memory space).

Figure 3-62 shows the block diagram of the wait controller.

Figure 3-62. Wait Controller

< Peripheral bus (16 bits) >
16 16
DWTR IWTR
WCTL
WAIT

(1) Data memory wait cycle register (DWTR-0x3808:X/:Y)
Refer to paragraph (d) “Wait controller” in section 3.5.2 (3).
(2) Instruction memory wait cycle register (IWTR-0x3809:X/:Y)

Refer to paragraphs (d) “External instruction memory interface” and (f) “Wait function for
instruction memory access” in section 3.4.2 (1).
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3.7.7

Debug interface (JTAG)

The uPD7701x family is provided with the following functions conforming to JTAG interface:
e JTAG port
e Boundary scan test function

» Debug function (In-Circuit Emulation function)

(1) JTAG port

Joint Test Action Group (JTAG) is an organization founded to promote standardization of
boundary scan, a technique to facilitate testing of printed wiring boards that are mounted in
electronic systems, and a standardization plan by this organization is recommended as
“IEEE1149.1."

A device conforming to JTAG has an access port for testing, and the device can be tested
independently of the internal logic.

The uPD7701x family is provided with a register and a control circuit for In-Circuit Emulation,
in addition to the instruction register, bypass register, and boundary scan register, which are
specified to be essential by the above recommendation. For the details of JTAG, refer to
“IEEE1149.1."

[Debug pins (TAP: test access port)]
Four pins and In-Circuit Emulation pin (TICE) conforming to the recommendation are

provided.
* TCK (input) ........... Test clock input pin.
Input 0 when not used (conforms to recommendation).
e TMS (input)........... Test mode select input.
Sampled at the rising edge of TCK. Internally pulled up.
» TDI (input) ............ Test data input.
Sampled at the rising edge of TCK. Internally pulled up.
» TDO (output) ........ Test data output.
Changes output in synchronization with the falling edge of TCK.
e TICE (output) ........ Output to organize the break mode of In-Circuit Emulation.

Caution Do not stop TCK while it is high.

uPD7701x Family User's Manual 195



Chapter 3 Architecture 3.7 Peripheral Units

(2) Boundary scan test function

The boundary scan test method allows testing of the board level and chip level of the target
system in a consistent test phase. This is why this method has been widely employed for
automatic systems at many production sites.

The uPD7701x family has boundary scan functions as described below.

(a) Test instruction register
This 8-bit register is used to select test parameters and a test data register. Table 3-38
lists the supported instructions.

Table 3-38. Test Instructions

Bit Instruction

76543210

00000000 EXTEST instruction

00000001 SAMPLE/PRELOAD instruction
11111111 BYPASS instruction

Caution The operation is undefined if data other than above is input.

(b) Test bypass register
This register outputs the data input from TDI to TDO. Refer to BYPASS instruction in
Table 3-38.

(3) Debug function (in-circuit emulator function)

The uPD7701x family is provided with debug monitoring functions using JTAG with a run-
time program. These functions have the following features:

» Break function
« Break by fetch of specified instruction address

 Break by reading/writing specified data memory address

* Non-break monitor function
« References or changes the contents of a register or memory during program execution
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Cautions 1. Detailed operations of the debug function are not made
public to users.

2. The debug function is used by the hardware debugger for
the uPD7701x family (IE-77016). Figure 3-64 shows the
JTAG pin connections when the IE-77016 is used. When
the IE-77016 is not required, connect these pins according
to 2.4 "Handling of Unused Pins."

Figure 3-63. Appearance of JTAG Pins

(a) uPD77016 (b) pPD77015, 77017, 77018,
77018A, 77019

&y &

Figure 3-64. The JTAG Pin Processing

(a) UPD77016

] 10-pin header
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uPD7701x Family User's Manual 197



Chapter 3 Architecture 3.7 Peripheral Units

(b) uPD77015, 77017, 77018, 77018A, 77019

T™MS

TDI

TCK

TICE

TDO

10-pin header

2
o O O
01 o o
90 o o
89 o
88 o o
AN
10 kQ 777
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Chapter 4

Boot Function

This chapter explains the boot function of the uPD7701x family. First, the functional outline
is explained, and then the types of the boot function (modes), booting at reset, a boot
subroutine, and the time required for booting are described in that order.
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4.1 General

The uPD7701x family is provided with a program to be booted up to the internal instruction
RAM. This program is stored in its internal ROM at addresses 0-OxFF of the instruction
space.

This program provides users with several subroutine services, including a reset boot function
and a reboot function. The reset boot function enables execution of booting immediately
after the hardware is reset and the program counter is cleared to “0”. The reboot function
allows users to rewrite program data in the RAM area of the instruction space from the
application program. The subroutine entry points for using these functions are made public
to users.

This chapter describes boot modes (by classifying and comparing modes by aspect), the
boot functions in each mode, boot parameters, and how to call boot subroutines.

The following registers are used to execute booting:

[Registers whose contents are affected by boot execution]
*R7

* DP3

* DP7

* HDT (host data register)

[Registers that are set before booting]

* IWTR (instruction memory wait cycle register)
« DWTR (data memory wait cycle register)

* HST (host interface status register)

Caution All the above registers are not always used depending on
the selected boot mode. For details, refer to the description
of each boot mode.
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4.2 Boot Modes

4.2.1 Classification of boot modes

The boot modes can be classified according to the following three attributes:
 Boot starting format (reset boot vs. reboot)
» Boot source (self-boot vs. host boot)

 Transfer word size (word boot vs. byte boot)

(1) Classification by boot starting format

Booting can be classified into the following two types according to the starting format:
(a) Reset boot and (b) Reboot.

(a) Reset boot

Booting by resetting the uPD7701x hardware is called reset boot. When the hardware is
reset, the PC (program counter) is cleared to “0” indicating address 0 of the instruction
memory. Because this address is allocated as the reset boot entry point provided in the
internal boot ROM area, the pPD7701x automatically executes booting. With the reset
boot, the instruction memory area to be booted is limited to the internal instruction RAM
(starting from address 0x200).

(b) Reboot

Booting by calling a boot servicing subroutine from an application program is called reboot.
Some subroutine entry points for booting are provided in the boot ROM area and made
public to users. By accessing these entry points from an application program, any part of
the instruction RAM can be rewritten at any time.

The reboot function is mainly used to load program data to the external instruction memory
or to rewrite the contents of the external instruction memory with the uPD77016.

(2) Classification by boot source

Booting consists in rewriting instructions in a certain format. The boot function can be classified
into the following two types depending on from where the op code data to be rewritten and
the parameters for rewriting are obtained: (a) Self-boot and (b) Host boot

(a) Self-boot

Self-booting transfers program code data from the data memory to the instruction memory.
Boot parameters are set in the data memory (Y memory: from address 0x4000) in the
case of reset boot, and in the registers in the case of reboot.

To configure a stand-alone system with the uPD77016 , store boot parameters and
program data in an external ROM, and execute reset boot in the self-boot mode.

To configure a stand-alone system with a ROM version product (uPD77015, 77017, 77018,
77018A, or 77019), store boot parameters and program data in the ROM area, and execute
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reset boot in the self-boot mode. The boot parameters are always stored in the internal Y
ROM, whereas the program data can be stored either in the internal or external X or Y

ROM.

The puPD77019-013 cannot execute self-boot from the internal data ROM because its
internal data ROM is masked. However, because the boot parameters for self-boot are
set in advance, self-boot can be executed only from the external Y data memory.

Figure 4-1 shows a configuration example of a system in the self-boot mode.

Figure 4-1. Example of Self-boot System Configuration

(a) uPD77016

A/ID

D/A

Instruction memory

(SRAM, etc.)
(Option as necessary)

WE
A [ [
16 32

y

IA0-IA15 IDO-ID31 PWR

Sl PO =

P1 |«
uPD77016 RESET

SO

DA0-DA15 DO0-D15(7) MRD

J
16 16 (8)
Y \i

AO-A15 DO-D15(7) OE

Data memory

(ROM, etc.)
(for boot, data)

«— RESET

(b) uPD77015, 77017, 77018, 77018A, 77019

D/A

PO

,,,,,,

P1
UPD77015/ pESET

SO 17/18/18A/19
DA0-DA13  DO-D15(7)  MRD
‘ 14 168
AO-A13  D0-D15(7) OE

Data memoryN°t®
(ROM, etc.)

VbD

l«— RESET

Note Use this as an option as necessary. This memory is essential for the yPD77019-013.
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4.2 Boot Modes

(b) Host boot

When host boot is executed, the yPD7701x reads program code data through the host
interface and transfers this data to the instruction memory. In the case of reset boot, the
boot parameters are read through the host interface prior to the program code data read.
In the case of reboot the boot parameters have to be set to some registers by the application

program.

Host boot can be used in a system where a CPU is connected to the host interface and a

program is downloaded from that CPU to the uPD7701x.

Figure 4-2 shows an example of host boot system configuration.

Figure 4-2. Configuration Example of Host Boot System

(a) uPD77016

Instruction memory
(SRAM, etc.)
(Option as necessary)

WE
16 32
IAD-IA15S  ID0-ID31  PWR Vob
PO
LPD77016 L CcPU Data memory
RESET
INT Boot RQ
HDO-HD7 HAO,HA1 HCS HWR HRD WR RD Address Data| [ WR RD Address Data
8 2
Data bus
[ [ [ [ [ T ¥ [ T ]
Address bus
[ [ [ v [ ]
Control bus
(b) uPD77015, 77017, 77018, 77018A, 77019
Vob
LPD77015/ PO
77017/77018/ i CcPU Data memor
77018A/77019 RESET y
INT [+——{Boot RQ
HDO-HD7 HAO,HA1 HCS HWR HRD WR RD Address Data| [ WR RD Address Data
8 2
Data bus
[ [ [ [ [ T % [ T ]
Address bus
[ [ [ [ [ ]
Control bus
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(3) Classification by transfer word size

This classification is meaningful for self-boot only. The parameter for self-boot can specify
the size for data memory reading as follows:

» 16-bit word/1 address (word boot): Refer to Figure 4-3.
« 8-bit byte/1 address (byte boot): Refer to Figure 4-4.

In the case of word boot, therefore, two data memory addresses correspond to one instruction
step; in the case of byte boot, four data memory addresses correspond to one instruction
step.

Normally, for self-boot at reset, the boot parameters and program code data are fixed in
ROM. With the uPD77016, if the ROM in which the parameters and program code data are
stored is configured of 8 bits (1 byte)/1 address, a cost reduction can be achieved when a
small-scale system is organized.

Figure 4-3. lllustration of Word Boot

Data memory Instruction memory
15 0 31 0
Low =
address
31 y 0
High * * .
address . . .

Figure 4-4. lllustration of Byte Boot

Data memory Instruction memory
7 0 31 0
Low >
address
. 31 l _v y 0 .
High ) . .
address ° . .
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4.3 Boot at Reset

The uPD7701x family executes the boot program located at address 0 after hardware reset
is input. The boot program first reads general-purpose port pins PO and P1 and determines
the boot mode (self-boot or host boot) depending on the bit pattern. Table 4-1 shows the
relation between the bit pattern of PO and P1 at reset and the boot mode.

Table 4-1. PO and P1 Reset Values and Boot Modes

P1 PO Reaction (boot mode)

0 0 Does not execute boot. Branches to address 0x200.Note
0 1 Executes host boot, and then branches to address 0x200.
1 1 Executes self-boot, and then branches to address 0x200.

1 0 Setting prohibited

Note This setting is used by the DSP when it must be reset, to execute reset boot once on power ON and
subsequently to return from a power-down mode.

When reset boot is executed, no parameter to specify the load starting address of the
instruction memory is provided. The instruction memory will always be loaded from the fixed
address 0x200 (starting address of internal RAM area)

Caution With the pPD77016, only the internal instruction memory
is subject to reset boot. Use reboot for booting up the
external instruction memory.

4.3.1 Self-boot operation
(1) Parameters for self-booting

The following parameters are first read from address 0x4000 of the Y memory:
¢ Memory space command

» Word boot or byte boot command

Table 4-2 shows the contents of the parameters.
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Table 4-2. Parameters for Self-booting (0x4000: Y)

Meaning

Y memory boot.
Reads program codes from Y memory space.

X memory boot.
Reads program codes from X memory space. Note

Word boot.

Reads data memory in 16-bit units.

Therefore, one instruction memory address corresponds to two addresses
of data memory. Refer to Figure 4-3.

Byte boot.

Reads data memory in 8-bit units.

Therefore, one instruction memory address corresponds to four data
memory addresses. Refer to Figure 4-4.

In byte boot mode

Bit no. Value
0 0

1
1 0

1
2-7 Any
2-15 Any

In word boot mode

Note All boot parameters are read from the Y memory space even when X memory boot is specified. At this
time, seven wait cycles are set as the data memory wait cycles. The parameter addresses are as

follows:

* 0x4000: Y-0x4004: Y (in word boot mode)
¢ 0x4000: Y-0x4009: Y (in byte boot mode)

Caution The registers DWTR, IWTR, R7, DP3 and DP7 are changed
by the boot routine.

(a) Parameters for word boot

Table 4-3 shows the memory map of the parameters for word boot.

Table 4-3. Memory Map of Parameters for Word Boot

Address

Memory value

0x4000: Y

16/8 bits, X/Y

0x4001: Y

Value set to DWTR

0x4002: Y

Value set to IWTR

0x4003: Y

Starting address of data memory that stores program to be read

0x4004: Y

Number of steps of programNote

Note This value is calculated with 32 bits = 1 word, and does not indicate the number of words when the program
is located in the external data memory.
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(b) Parameters for byte boot
Table 4-4 shows the memory map of the parameters for byte boot.

Table 4-4. Memory Map of Parameters for Byte Boot

Address Memory value

0x4000: Y 16/8 bits, X/Y

0x4001: Y —

0x4002: Y Value set to DWTR (lower byte)

0x4003: Y Value set to DWTR (higher byte)

0x4004: Y Value set to IWTR (lower byte)

0x4005: Y Value set to IWTR (reserved)

0x4006: Y Starting address of data memory storing program to be read (lower byte)
0x4007: Y Starting address of data memory storing program to be read (higher byte)
0x4008: Y Number of steps of programN°€ (lower byte)

0x4009: Y Number of steps of programN°€ (higher byte)

Note This value is calculated with 32 bits = 1 word, and does not indicate the number of words when the program
is located in the external data memory.

(2) Parameters for self-boot of uPD77019-013

With the uPD77019-013, the following information is defined in advance as boot parameters.

0x4000: Y 0 (Y memory boot/word boot)

0x4001: Y 0xCO0CO (set value of DWTR: 7 wait)

0x4002: Y 0 (set value of IWTR: 0 wait)

0x4003: Y 0xCO000 (first address of boot code storage destination)
0x4004: Y 0x1000 (humber of steps of program: 4K words)

To execute self-boot, connect 8K words or more of 16-bit PROM (that can be accessed with
7 wait cycles) from address 0xC0O0O of the external Y data area, and store the codes for boot
in that PROM.
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4.3.2 Host boot operation

When the host boot mode is executed, boot parameters and op codes are obtained through
the host interface. Figure 4-5 shows a conceptual drawing of the host boot procedure.

Figure 4-5. Host Boot Procedure

Host CPU UPD7701x

Wait function is used for handshaking

. between host interface and uPD7701x.
[Polling]

Value to be set to IWTR is output.
(lower byte, higher byte) e Reads and sets value to IWTR.

[Polling] |~
Number of booted instructions is output.

(lower byte, higher byte) | x|

Reads number of program steps.

[Poling] [~
Specifies handshaking between

host CPU and host interface. | Sets handshake mode to HST.

[Polling] |#”
Outputs op code »| Executes boot.
(little endian) f-------

(1) Setting of host interface

Prior to host boot operations, initial settings for the host interface are performed as follows.
However, these settings, except the settings of HAWE bit and transfer size, are overwritten
by the HST setting parameters to be sent later.
HST=0x0401

* HAWE =1 : Uses wait function.

« HREM = 0 : Does not mask HRE.

« HWEM = 0: Does not mask HWE.

» Transfer size = 16-bit mode : Host writes the specified parameters to HDT
starting with the lower 8 bits and then the
higher 8 bits (this is not the set value of HST
but a host boot rule).

Caution The value of the HST register is changed when the HST
setting parameters are set in the boot process.
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(2) Parameters for host boot

If reset boot is executed, the following parameters are used for host boot:

* IWTR set value

* Number of booted instructions :

» HST setting value

* Instruction code

: Determines the number of wait cycles of the instruction

memory. For the meaning of the set value, refer to the
paragraph (f) “Wait function of external instruction memory”
in section 3.4.2 (1).

Indicates the number of instruction steps of the program
to be booted (number of instructions to be booted). The
number of data actually transferred is two times the
number of instruction steps.

: Data to be setto HST. All the bits of HST, except HAWE

(bit 10), are set. HAWE is set to “1”, regardless of the
value set to HST.

: The lower 16 bits (bits 15-0) and the higher 16 bits (bits

31-16) of a 32-bit op code are transferred in this order. If
the host interface is set to 8-bit width, therefore, bits 7-0,
15-8, 23-16, and 31-24 are transferred in that order.

Caution When the uPD77015, 77017, 77018, 77018A, or 77019 is
used, dummy data for IWTR set values must be transferred
though IWTR set values are not specified.

The above parameters are transferred from the host in the following sequence:

1st transfer : Lower 8 bits of IWTR set valueNote 1
2nd transfer : Higher 8 bits of IWTR set valuegNote 1
polling : Wait for uPD7701x loaded data from HDT (in)

3rd transfer
4th transfer
polling
5th transfer
6th transfer
polling
7th transfer
8th transfer
polling
9th transfer
10th transfer
polling
11th transfer

(4n+6)th transfer
polling

: Lower 8 bits of number of booted instructions
: Higher 8 bits of number of booted instructions
: Wait for uPD7701x loaded data from HDT (in)
: Lower 8 bits of HST set value

: Higher 8 bits of HST set value

: Wait for uPD7701x loaded data from HDT (in)
: 1st op code (bits 7-0)

: 1st op code (bits 15-8)

: Wait for uPD7701x loaded data from HDT (in)
: 1st op code (bits 23-16)

: 1st op code (bits 31-24)

: Wait for uPD7701x loaded data from HDT (in)
: 2nd op code (bits 7-0)

- nth op code (bits 31-24)Note 2
: Wait for uPD7701x loaded data from HDT (in)

Notes 1. Dummy data are transferred when the uPD77015, 77017, 77018, 77018A, or 77019 is used.
2. The total number of transferred bytes is 4n + 6, where the number of transferred op codes is n.
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4.4 Boot Subroutine (reboot)

Booting by using the boot subroutine to rewrite program data in the instruction memory is
called reboot. Usually, the instruction memory cannot be rewritten from an application program.
However, by using the reboot function (or by calling a boot subroutine), new instructions can
be written to the instruction memory. Some boot subroutines are provided in the boot ROM
and their entry points are made public to users as shown in Table 4-5. To execute reboot,
set specified parameters to registers, then execute the CALL instruction jumping to a reboot
entry address.

The registers and pins not related to reboot retain the status when the boot subroutine is
called during and after reboot, and are not initialized by reboot.

Table 4-5. Boot Subroutine Entry Points

Reboot mode Entry point address
Self-boot X memory  Word reboot 0x2
Byte reboot 0x4
Y memory  Word reboot 0ox1
Byte reboot 0x3
Host boot Host reboot 0x5

Cautions 1. Bear in mind the following points when executing reboot:

e The register values are not preserved.
* One level of the program stack is used (at entry).
» One level of the loop stack is used.

 Disable all interrupts throughout the reboot period. (If an interrupt
is acknowledged during reboot, normal operation cannot be
guaranteed).

 After reboot completion, execution returns to the instruction next to
the CALL instruction which called the reboot subroutine.

2. The registers DWTR, IWTR, R7, DP3, DP7, HST and HDT
are changed by the boot routine.

4.4.1 Parameters of X memory word or byte reboot
The reboot type that locates op codes in the X memory is called X reboot. X reboot can be
classified into two modes:
X memory word reboot that locates a 16-bit word per one data memory address, and
X memory byte reboot that locates an 8-bit byte per one data memory address.

In both modes, the following parameters are set to specified registers, and the entry points
shown in Table 4-5 are called.
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* R7L: Number of instruction steps to be rebooted
» DP3: Starting address of X memory storing op code

» DP7: Starting address of instruction memory to be loaded

Cautions 1. The values in the parameter registers are not preserved.
2. Set IWTR and DWTR as necessary.

4.4.2 Parameters of Y memory word or byte reboot
The reboot type that locates op codes in the Y memory is called Y reboot. Y reboot can be
classified into two modes:
Y memory word reboot that locates a 16-bit word per one data memory address, and
Y memory byte reboot that locates an 8-bit byte per one data memory address.
In both modes, the following parameters are set to specified registers, and the entry points
shown in Table 4-5 are called.
e R7L: Number of instruction steps to be rebooted
» DP3: Starting address of instruction memory to be loaded

» DP7: Starting address of Y memory storing op code

Cautions 1. The values in the parameter registers are not preserved.
2. Set IWTR and DWTR as necessary.

4.4.3 Parameters for host reboot
To reboot from the host interface, the following parameters are set to specified registers,
and the entry points shown in Table 4-5 are called.
* R7L: Number of instruction steps to be rebooted

» DP3: Starting address of instruction memory to be loaded

Cautions 1. The values in the parameter registers are not preserved.
2. Set HST and IWTR as necessary. However, be sure to set
HAWE of HST to “1” (to use wait) before reading the reboot
routine.

3. HDT must be empty (no data should remain before read)
when reboot is started.

[EEY
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45 Boot Time

Table 4-6 shows the time required for booting.

Table 4-6. Boot Time

Boot mode Boot time (unit : number of cycles)
Boot Self-boot & Word boot Min. 49+3D+(4+2D+1)xW
Max. 51+3D+(4+2D+1)xW
Self-boot & Byte boot Min. 70+ 6D + (10 +4D + 1) x W
Max. 72+6D+ (10+4D +1)xW
Host boot 29+4D + (4 + 1) x W or longer
(depending on access speed of host CPU)
Reboot Self-reboot & Word boot 6+@4+2D+1)xW
Self-reboot & Byte boot 6+(10+4D +1)xW
Reboot 6+ (4+1)xW orlonger

(depending on access speed of host CPU)

Remarks W : number of instruction words booted
D :data memory wait cycles
I :instruction memory wait cycles
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Development Tools

This chapter introduces the development tools for the uPD7701x family.

Caution This chapter only introduces currently available
development tools. For details, refer to the manual of each
tool.

5.1 Software Tools

The following type of software tool is available:

« Windows ™-pased development environments
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5.1.1 Integrated development environment work bench (WB77016)

WB77016 is a development environment that unifies Relocatable Assembler, Linker, Editor,
and Make Utility. It allows an efficient flow of operations, from program editing to the creation
of object programs and software simulation startup.

*5.1.2 Software simulator (SM77016, SM77016-H)

SM77016 and SM77016-H simulate the operation of the uPD7701x Family. The focus of
the simulation are the program control unit, external memory, instruction memory, host
interface, serial interface, and the 1/0 ports.

The SM77016-H can execute simulation at high speeds by coding the program as a 32 bit
Windows95 compatible program.

5.1.3 C compiler (InterTools ™ 77016)

This product was developed by TASKING, Inc., a US company. uPD7701x Family software
applications can be created through a high-performance C cross-compiler that compiles
with the ANSI standards. When debugging, use the software simulator.

5.1.4 System software for in-circuit emulator (ID77016)

The objective of this software package is the control of the IE-77016-PC. The IE-77016 can
be manipulated through a user interface that is the same as the software simulator interface.
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5.2 Hardware Tools

5.2.1 In-circuit emulator
(1) In-circuit emulator : IE-77016-PC

Host machine Code
IBM PC/AT™ |IE-77016-PC

Remark When using the IE-77016-PC, system software is necessary in addition to the above basic system.
Refer to 5.1.4 “system software for in-circuit emulator (ID77016)".

5.2.2 Options for in-circuit emulators

The following options are available for the IE-77016-PC. Use them as necessary.

Code Corresponding host machine

Emulation board for in-circuit emulator 1E-77016-CM-EM6 IBM PC/AT

UPD77017 evaluation board EB-77017

Adapter for EB-77017 board TGC-100SDW
(Tokyo Eletech Corp.)Note

Note Consult NEC when you purchase this product.

(1) Emulation board for in-circuit emulator

This emulation board which is mounted in the IE-77016-PC, emulates uPD7701x operations.
This board is provided with external instruction memory (32K words x 32 bits) and external X
and Y data memories (16K words x 16 bits each) in addition to one uPD77016.
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(2) uPD77017 evaluation board
This evaluation board is used to emulate the pPD77015/77017 by using the uPD77016.

One side of this board is connected to the IE-77016-PC interface cable, and the other side is
equipped with the adapter to be connected to the target system board (EB-77017).

This board also serves as a level converter between the IE-77016-PC interface cable (5-V
interface) and the uPD77015/77017 debugging pins (3-V interface) on the target system
where the uPD77015/77017 has been mounted.

This board is provided with an external instruction memory (32K words x 32 bits), external X
and Y data memories (32K words x 16 bits each), and a level conversion circuit (from 5 V to
3 V), in addition to one uPD77016.

To emulate the uPD77018, 77018A, and 77019, consult NEC.

(3) Adapter for EB-77017 board

This adapter is mounted on the EB-77017 of the evaluation board to connect the target
system of the yPD77015/77017.

It is provided with 0.5-mm pitch, 100-pin TQFP package pins equivalent to the uPD77015/
77017 pins (for target system connection) and a connector (for EB-77017 connection).
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Appendix A

Device Summary

This appendix summarizes the functions of the uPD7701x family described in this manual.
Use this appendix when developing your system after having gained a general understanding
of the features of this device.

A.1 Regqister List

A.1.1 CPU regqisters
(1) Stack (STK)

Bit 15 Bit 0
x 15 levels
Program counter push/pop

Refer to section 3.4.2 “Program execution control block”.
(2) Stack pointer (SP)

Bit 15 Bit 0

o 0 0 0 00 000 00 o0
Stack address
Refer to section 3.4.2 “Program execution control block”.
(3) Status register (SR)
Interrupt enable flag Reserved Interrupt enable flag for each cause
On-chip I/O device External interrupt master

El EP | EB | LF

ho hi s02 | si2 | sol | sil | int4 | int3 | int2 | intl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

interrupt enable flag = 1: interrupt disabled
interrupt enable flag = 0: interrupt enabled

Refer to section 3.4.4 “Interrupt”.
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(4) Interrupt enable flag stack register (EIR)

Bit 15 Bit 0

El 'EP : EB:E3:E4 E5:E6:E7:E8:E9 E10:E11:E12:E13:E14:E15

Refer to section 3.4.4 “Interrupt”.

(5) Loop start address register (LSA)

Bit 15 Bit 0

Loop start address

Refer to section 3.4.3 “Flow control block”.

(6) Loop end address register (LEA)

Bit 15 Bit 0

Loop end address

Refer to section 3.4.3 “Flow control block”.

(7) Loop counter (LC)

Bit 15 Bit 0

LF

Count value setting field (setting range: 1 to 0 x 7FFF)

LF=0: loop in progress
LF=1: end of loop (not in progress)

Refer to section 3.4.3 “Flow control block”.
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A.1 Register List

(8) Loop stack (LSTK)

LSR1

LSR2

LSR3

Bit 15

Bit 0

Loop start address push/pop

Bit 15

Bit 0

Loop end address push/pop

Bit 15

Bit 0

LF

Loop counter push/pop

Refer to section 3.4.3 “Flow control block”.

(9) Loop stack pointer (LSP)

Bit 15

Bit 0

0

0:0:0:0:0:i0:i0:0:O0

Loop STK address

Refer to section 3.4.3 “Flow control block”.

(10) Repeat counter (RC)
Bit 15

Bit 0

RF

RF=0:

RF=1:

Count value setting field (setting range: 1 to 0 x 7FFF)

Repeat in progress

End of repeat (not in progress)

Refer to section 3.4.3 “Flow control block”.

(11) General-purpose registers (RO to R7)

Bit 39

3231 16 15

Bit 0

ROE-R7E

ROH-R7H ROL-R7L

ROEH-R7EH

RO-R7

Refer to section 3.6 “Operation Unit”.

x 4 levels
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(12) Data pointers (DP0O-DP7)

Bit 15 Bit 0

DPO-DP7

DPO-DP3: Address of X-memory space
DP4-DP7: Address of Y-memory space
Refer to section 3.6 “Operation Unit”.

(13) Index registers (DNO-DN7)

Bit 15 Bit 0

DNO-DN7

DNO-DN7: Modify DPO-DP7

Refer to section 3.5 “Data Addressing Unit”.

(14) Modulo registers (DMX, DMY)

Bit 15 Bit 0

DMX, DMY

DMX: The ring count range for DPO-DP3 is specified
DMY: The ring count range for DP4-DP7 is specified
Refer to section 3.5 “Data Addressing Unit”.

(15) Error status register (ESR)

Bit 15 Bit 0

ovf i ste i Ise i bac

ovf: Overflow error flag
ste: Stack error flag
Ise: Loop stack error flag

bac: Bus access error flag
0: No error
1: Error

Refer to section 3.4.5 “Error status register”.
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A.1.2 Peripheral registers

(1) Peripheral register map

XY memory Register Function Peripheral  Load/Store
address name name (L/S)
0x3800 SDT1 Serial data register 1 Serial 10 L/S
0x3801 SST1 Serial status register 1 Serial 10 L/S
0x3802 SDT2 Serial data register 2 Serial 10 L/S
0x3803 SST2 Serial status register 2 Serial 10 L/S
0x3804 PDT Port data register 10 Port L/S
0x3805 PCD Port command register 10 Port L/S
0x3806 HDT Host data register Host IO L/S
0x3807 HST Host status register Host IO L/S
0x3808 DWTR Data memory wait cycle register Wait Reg L/S
0x3809 IWTR Instruction memory wait cycle register Wait Reg L/S
0x380A-0x383F Reserved Do not access this area . — —
(2) Serial data registers (SDT1: 0x3800:X/:Y, SDT2: 0x3802:X/:Y)
Bit 15 87 Bit O
8-hit I/0
16-bit I/0
MSB LSB
Refer to section 3.7.3 “Serial interface”.
(3) Serial status registers (SST1: 0x3801:X/.Y, SST2: 0x3803:X/3Y)
Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SO SIiSO: Sl iSSiSL: Sl Sl SSiSL:iSS:SL
TE! TF | BL | BL |WE \WE |CM | EF Reserved ER ! ER ! EF | EF
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Bit

Name

Load/store Bit function

L/S

15

SOTF

L/S

Serial output transfer format setting bit
« 0: Serial output with MSB first
« 1: Serial output with LSB first

14

SITF

L/s

Serial input transfer format setting bit
« 0: Serial input with MSB first
« 1: Serial input with LSB first

13

SOBL

L/s

Serial output word length setting bit
« 0: 16-bit serial output
« 1: 8-bit serial output

12

SIBL

L/S

Serial input word length setting bit
« 0: 16-bit serial input
« 1: 8-bit serial input

11

SSWE

L/s

SDT store wait enable bit
* 0: Does not use store wait function.
 1: Uses store wait function.
Inserts wait cycles when uPD7701x stores to SDT (out) with SSEF=0.

10

SLWE

L/s

SDT load wait enable bit
* 0: Does not use load wait function.
» 1: Uses load wait function.
Inserts wait cycles when uPD7701x loads from SDT(in) with SLEF=0.

S|CMNote

L/s

Serial input continuous mode setting flag
« 0: Enters single serial input mode after completion of current serial input.
« 1: Enters continuous serial input mode to start serial input.

SIEFNote

L/s

Single serial input enable flag
« 1: Starts serial input processing in single serial input mode (only once).
The SIEF flag that is set to 1 is automatically reset in the next instruction cycle.

7-4

Reserved

Reserved bits
 Value cannot be set to these bhits.
» Undefined when read.

SSER

L/s

SDT store error flag

¢ 0: No error

« 1: Error (Set to 1 when uPD7701x stores data to SDT(out) with SSEF=0.)

» Once set, this flag does not change its status until 0 is written by uPD7701x.

SLER

L/s

SDT load error flag

¢ 0: No error

« 1: Error (Set to 1 when uPD7701x loads data from SDT(in) with SLEF=0.)

» Once set, this flag does not change its status until 0 is written by uPD7701x.

SSEF

SDT store enable flag
» Set to 1 when contents of SDT(out) is transferred to serial output shift register.
« Cleared to 0 when uPD7701x stores data to SDT(out).

SLEF

SDT load enable flag
« Set to 1 when contents the shift register for serial input is transferred to STD (in).
* Cleared to 0 when puPD7701x loads data from SDT(in).

Note

Following table shows an example of combination of SICM and SIEF.
When continuous data such as speech data is input, use status 2 (SICM=1, SIEF=0).
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Remarks 1. Combination of SICM and SIEF Bits
Example of  Bit9 Bit 8 Function
combination SICM SIEF
1 0 0 * Status transition mode.
2 0 « Continuous serial input mode.
3 0 1 « Single serial input mode.
4 1 1 * The setting of this combination is prohibited.

2.

Setting of SST after hardware reset: 0x0002.

Refer to section 3.7.3 “Serial interface”.

(4) Host data register (HDT: 0x3806:X/:Y)

Bit 15

87

Bit 0

8-bit I/O

16-bit I/O

MSB

Refer to section 3.7.4 “Host interface”.

(5) Host status register (HST: 0x3807:X/:Y)

Bit 15

14 13 12 11 10

9

8

7

6

5

4

3

2

1

LSB

Reserved

HA
WE

HR
EM

HW
EM

UF1

UFO0

HR
ER

HW
ER

HS
ER

HL
ER

HR
EF

HW
EF
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Bit Name R/W Load/store (L/S)  Bit function
from host from uPD7701x

15-11 Reserved — — Reserved bits
* No value can be set to these bhits.
* These bits are undefined when read.

10 HAWE R L/s HDT access wait enable bit
* 0: Wait is not used
e 1. Waitis used
Wait cycles are inserted if the uPD7701x attempts to store data to
HDT(out) while HREF=1, or to load data from HDT(in) while
HWEF=1.

9 HREM R L/s HRE mask bit
 0: Does not mask.
HRE changes according to the HREF status (refer to below).
e 1. Masks.
HRE becomes inactive (high level).

8 HWEM R L/s HWE mask bit
* 0: Does not mask.
HWE changes according to the HWEF status (refer to below).
e 1: Masks
HWE becomes inactive (high level).

7 UF1 R L/S User’s flag

6 UFO R L/S User’s flag

5 HRER R L/S Host read error flag
* 0: No error
e 1: Error

Set to 1 when host CPU reads HDT when HREF is 0.
» Once set to 1, it does not change until 0 is written by program.

4 HWER R L/S Host write error flag
* 0: No error
 1: Error
Set to 1 when host CPU writes HDT when HWEF is 0.
» Once set to 1, it does not change until 0 is written by program.

3 HSER R L/S HDT store error flag
* 0: No error
 1: Error
Set to 1 when yPD7701x stores to HDT when HREF is 1.
» Once set to 1, it does not change until 0 is written by program.

2 HLER R L/S HDT load error flag
* 0: No error
 1: Error
Set to 1 when yPD7701x loads from HDT when HWEF is 1.
» Once set to 1, it does not change until 0 is written by program.

1 HREF R L Host read enable flag
 0: Read disabled
 1: Read enabled
Set to 1 when the uPD7701x stores data to HDT. Cleared to O
when host CPU reads higher byte of HDT.
« Ignored when written.

0 HWEF R L Host write enable flag
* 0: Write disabled
 1: Write enabled
Set to 1 when the uPD7701x loads data from HDT. Cleared to O
when host CPU writes higher byte of HDT.
« Ignored when written.

Remark The HST setting after hardware reset: 0x0301
* No wait function
« HRE/HWE mask: masked
« Host write enabled
« Host read disabled
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Host I/O error flag setting condition

Error flag name Cause

Releasing condition

HRER Host read when HREF = 0
HWER Host write when HWEF = 0
HSER Store to HDT when HREF = 1
HLER Load from HDT when HWEF = 1

Reset by hardware reset or program

(6) Port data register (PDT: 0x3804:X/:Y)

Bit 15

Bit 0

P3

P2

P1

PO

0: Low level

1: High level

Refer to section 3.7.5 “General-purpose input/output port”.
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(7) Port command register (PCD:0x3805:X/:Y)

Bit Name Category Load/store Bit function
(L/S)
15 BE Bit manipulation S Bit manipulation enable bit

« 0: Does not manipulate bit.

 1: Manipulates bit

Manipulation method is specified by B1, BO, and
PSR.

» Undefined when read.

14 PSR Bit manipulation S Port set/reset specification bit
* 0: Reset (low level)
« 1: Set (high level)
» Manipulation port is specified by B1 and BO.
* Valid when BE = 1.
» Undefined when read.

13 ME Mode setting S Mode setting enable bit
 0: Does not set mode.
 1: Sets mode.
Contents to be set are specified by 10 and M3-MO.
« Undefined when read.

12 10 Mode setting S Input/output specification bit
« 0: Specifies input mode.
« 1: Specifies output mode.
« Port to be set is specified by M3-MO.
 Valid when ME = 1.
» Undefined when read.

11,10 Reserved — — Reserved bits
* No value can be set to these bits.
* Undefined when read.

9,8 B1, BO Bit manipulation S Bit manipulation port specification bits
*B1, BO=00: PO
01: P1
10: P2
11: P3

* Set/reset is specified by PSR.
* Valid when BE = 1.
» Undefined when read.

7-4 Reserved — — Reserved bits
* No value can be set to these bits.
* Undefined when read.

3-0 M3-MO Mode setting S Mode setting port specification bits
M3 = 0: P3 unselected, 1: P3 selected
M2 = 0: P2 unselected, 1: P2 selected
M1 = 0: P1 unselected, 1: P1 selected
MO = 0: PO unselected, 1: PO selected
« Selection can be specified independently.

Mode status L Input/output mode status bits
M3 = 0: P3 input mode, 1: P3 output mode
M2 = 0: P2 input mode, 1: P2 output mode
M1 = 0: P1 input mode, 1: P1 output mode
MO = 0: PO input mode, 1: PO output mode
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(8) Data Wait Cycle Register (DWTR )

(@) uPD77016

X data memory Y data memory
OXFFFF OXFFFF
D field H field
16K words 16K words
0xC000 0xC000
OxBFFF OxBFFF
C field G field
16K words 16K words
0x8000 0x8000
OX7FFF OX7FFF
B field F field
16K words 16K words
0x4000 0x4000
Ox3FFF Ox3FFF
0x0000 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
DWTR | Hfield | G field | F field Dfield | Cfield | B field
(b) uPD77015, 77017, 77018, 77018A, 77019
X data memory Y data memory
OXFFFF OXFFFF
D field H field
16K words 16K words
0xC000 0xC000
OXBFFF OXBFFF
0x8000 0x8000
OX7FFF OX7FFF
0x4000 0x4000
Ox3FFF Ox3FFF
0x0000 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
DWTR | H field D field
Caution » With the pPD77016, writing data to bits 9, 8, 1, and O is

ignored. These bits are undefined when read.

e With the pPD77015, 77017, 77018, 77018A, and 77019
writing data to bits 13-8 and 5-0 is ignored. These bits
are undefined when read.
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(c) Set Value of Field (Number of Wait Cycles)

Bit Wait cycles Remark

00 0 1-cycle access:

SRAM etc. with an access time of about 8 ns is connected (at 33 MHz).

01 1 2-cycle access:

SRAM etc. with an access time of about 35 ns is connected (at 33 MHz).

10 3 4-cycle access:

SRAM etc. with an access time of about 85 ns is connected (at 33 MHz).

11 7 8-cycle access:
Mask ROM etc. with an access time of about 150 ns is connected
(at 33 MHz)

Caution When DWTR is set, the specified number of wait cycles

becomes valid when an instruction immediately after the
instruction that has set the data to DWTR.

Refer to section 3.5.2 “Data memory space”.
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(9) Instruction Wait Cycle Register (IWTR )

OXFFFF

0xC000
OxBFFF

0x8000
Ox7FFF

0x4000
OX3FFF

0x0000

15 14 13 12 11 10

Instruction memory

ID field
16K words

IC field
16K words

IB field
16K words

Internal instruction
memory area
16K words

IWTR — ID ;field IC ;field 1B ;field —
Bits No. of wait cycles Remarks
0 O 0 1 cycle access:
Connects SRAM with access time of 8 ns (at 33 MHz)
0 1 1 2 cycle access:
Connects SRAM with access time of 35 ns (at 33 MHz)
1 0 3 4 cycle access:
Connects SRAM with access time of 85 ns (at 33 MHz)
1 1 7 8 cycle access:

Connects mask ROM with access time of 150 ns (at 33 MHz)

Cautions 1. Data written to bits 15 through 8, 1, and O are ignored. The
contents of bits 15 through 8, 1, and 0 are undefined when

they are read.
. With the uPD77015, 77017, 77018, 77018A, and 77019, data

written to IWTR is ignored, and undefined data is read from

IWTR.

Refer to section 3.4.2 “Program execution control block”.
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A.2

Interrupt Vector Table

Vector Internal/external Interrupt cause
0x200 Internal Reset
0x204 — Reserved
0x208 — Reserved
0x20C — Reserved
0x210 External INT1
0x214 External INT2
0x218 External INT3
0x21C External INT4
0x220 Internal SI1 input
0x224 Internal SO1 output
0x228 Internal SI2 input
0x22C internal SO2 output
0x230 Internal HI input
0x234 Internal HO output
0x238 — Reserved
0x23C — Reserved

* A.3 CPU Regqisters to Be Initialized and Initial Values

Register name Initial value Remark
SR 0xF000 All the interrupts of the respective causes are enabled, and the
interrupts are disabled at both the current and past levels. Also
indicates that a loop instruction is not under execution.
PC 0 Address 0 is a boot area and execution branches to address
0x200 after boot processing. Therefore, the reset entry as the
user area is at address 0x200.
SP 0 -
LC 0b1XXX XXXX Indicates that a loop instruction is not under execution. The
XXXX XXXX count value itself is undefined.

LSP 0 -

RC ObLxxx XXXX Indicates that a repeat instruction is not under execution. The count
XXXX XXXX value itself is undefined.

EIR OXFFFF Indicates the interrupts are disabled at both the current and past
levels.

ESR 0 -
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*  A.4 Memory-Mapped Registers to Be Initialized and

Initial Values

Register name Initial value

Remark

SST1, SST2 0x0002

Serial interface is initialized as follows:

MSB first for both input and output

16 bits long for both input and output

Does not use wait function for loading/storing SDT
Status transition mode

Clears error flag of SDT loading/storing

Enables data storing to SDT

No data is loaded from SDT

PCD 0x0000

I/O port is initialized as follows:

Bits are not manipulated
Mode is not set

HST 0x0301

Host interface is initialized as follows:

Does not use wait function for HDT access
Disables both HRE and HWE functions
Clears both UFO and UF1 to zero

Clears error flag for host read/write

Clears error flag for HDT load/store
Disables reading from host

Enables writing from host

* A5 Pins to Be Initialized and Initial Status

Pin name Initial value
XIY High-level outputNote 1

DAO-DA15 Low-level outputNote 1

D0-D15 High impedance

IAO-1A15Note 2

Low-level output (high impedance during reset)

IDO-ID31Note 2

High impedance

PWRNOte 2

High-level output (high impedance during reset)

MRD, MWR, BSTB

High-level outputNote 1

SORQ1, SORQ2, SIAK1, SIAK2

Low-level output

S01, sO2 High impedance
ﬁ, HWE High-level output
PO-P3 Input status

TICE Low-level output

Notes 1. These pins go into a high-impedance state when the bus is released (HOLDAK = 0). The bus is
released even during reset by clearing HOLDRQ to 0.

2. puPD77016 only
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* A.6 Status of Output Pins during Reset to Release
STOP Mode

Pin name Initialized status Status during reset to release STOP mode
CLKOUT System clock Note UndefinedNote
XIY Low level Undefined

DAO0-DA13 0x0000

D0-D15 High impedance
MRD High level
MWR

BSTB

HOLDAK

HDO-HD7 High impedance
HRE High level

HWE

S01, s02 High impedance
SIAK1 Low level
SORQ1

PO-P3 Input status

Note If CLKOUT is fixed to low level by mask option, CLKOUT is low in the initialized status and the status
during reset to release the STOP mode.
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A.7 Memory Map

*  A.7.1 Instruction memory map

uPD77016 uPD77015 uPD77017 uPD77018, 77018A uPD77019N°t
(US55 I R N I I N D
System System
(24K words) (24K words)
External instruction System System
memory (44K words) (36K words) oxago0| |
(48K words) Ox9FFF
0x7000 Internal instruction Internal instruction
0x5000 OX6FFF
Ox4FFF Internal instruction Internal instruction ROM (24K words) ROM (24K words)
ox4000 Vo ROM (4Kwords) | ROM(12Kwords) | |
OX3FFF
System (11.5K words;
System (14K words) System System System 82%2% Y ( )
0x0800 (15.25K words) (15.25K words) (15.25K words) Internal instruction
OXO7FF | nteralinstruction | 93004 1. 4 1. ___. RAM (4K word
Ox02FF Internal instruction Internal instruction Internal instruction (4K words)
0x0240 | RAM(1.5Kwords) | ____]__| RAM (256words) _ L _____f __ RAM (256words) __ ) _____ ) __RaM@sswordy_ _ {1 _______________
8§8§85 Vector area (64 words) Vector area (64 words) Vector area (64 words) Vector area (64 words) Vector area (64 words)
8?8%5('): System (256 words) System (256 words) System (256 words) System (256 words) System (256 words)
8§885§ Boot-up ROM (256 words) Boot-up ROM(256 words) Boot-up ROM (256 words) Boot-up ROM (256 words) Boot-up ROM (256 words)
Caution No program or data must be stored to the addresses reserved for the system, nor must these
addresses be accessed. If any of these addresses is accessed, normal operation of the uPD7701x
family is not guaranteed.
Note The puPD77019-013 does not have the internal ROM of the uPD77019.

* A.7.2 Data memory map (X/Y)

uPD77016 uPD77015 uPD77017 uPD77018, 77018A,
77019N°t
oxFFFE [ T External data | External data | External data
memory memory memory
0XC000 (16K words) (16K words) (16K words)
[03%(=1 = = = | I Y
External data s
memory System System 20KySten;
(48K words) (30K words) (28K words) (20K words)
0x7000
0x5000 OX6FFF
OX4FFF
Ox4800 X Data ROM Data ROM
Data ROM (12K words)
oaon0 | (Kwords) | (4Kwords) |
8§§§§§ System (1984 words) System (1984 words) System (1984 words) System (1984 words)
gigggg Peripheral (64 words) Peripheral (64 words) Peripheral (64 words) Peripheral (64 words)
ox37FF [ o ‘v TTUTTTTT I
System System System System
(12K words) (13K words) (12K words) 0X0C00 (11K words)
0x0800 0x0400 0x0800 OXOBFF
OxO7FF Data RAM OxO3FF O0x07FF Data RAM Data RAM
0x0000 (2Kwords) | . DataRAM (IKwords) | (2Kwords) | (3K words)
Caution No program or data must be stored to the addresses reserved for the system, nor must these
addresses be accessed. If any of these addresses is accessed, normal operation of the
uPD7701x family is not guaranteed.
Note The pPD77019-013 does not have the internal ROM of the uPD77019.
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[MEMO]
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Ordering Information

» B.1 Ordering Information

Part Number Package

UPD77016GM-KMD 160-pin plastic QFP (fine pitch) (24 x 24 mm)
UPD77015GC-xxx-9EU 100-pin plastic QFP (fine pitch) (14 x 14 mm)
UPD77017GC-xxx-9EU 100-pin plastic QFP (fine pitch) (14 x 14 mm)
UPD77018GC-xxx-9EU 100-pin plastic QFP (fine pitch) (14 x 14 mm)
UPD77018AGC-xxx-9EU 100-pin plastic QFP (fine pitch) (14 x 14 mm)
UPD77018AS9-xxx-YJC 116-pin plastic BGA (fine pitch) (12 x 12 mm)
UPD77019GC-xxx-9EU 100-pin plastic QFP (fine pitch) (14 x 14 mm)
UPD77019GC-013-9EU 100-pin plastic QFP (fine pitch) (14 x 14 mm)

Remark xxx indicates code suffix.
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B.2 Mask Option

The uPD77015, 77017, 77018, 77018A, and 77019 are provided with a PLL and have the
following mask option functions.

B.2.1 Disabling CLKOUT output

An internal system clock is generated from an external clock input to the X1 pin to serve as
the internal basic timing of the device. This internal system clock is also output from the
CLKOUT pin, but this output can be disabled by mask option.

B.2.2 Clock multiple

The external clock is multiplied by the PLL. The multiple can be set by mask option. Available
frequency ratios of the external clock to the internal system clock are as follows. However,
the multiplication rate of the mask option of the uPD77019-013 is fixed to 4 times.

* 1 (external): 1 (internal)
1 (external): 2 (internal)
1 (external): 3 (internal) (uPD77018A and 77019 only)
* 1 (external): 4 (internal)

« 1 (external): 8 (internal)

B.3 Mask ROM Ordering Format

For how to place your order for a mask ROM, refer to “WB77016 User’'s Manual”.
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Bit manipulation enable bit .......................... 188 Data addressing Unit ..............eeeeeieeieiiieneenannnn. 111
Bit manipulation port specification bit ............ 188 Data ALU ..o 147
Bit reverse acCess ........ccccocevvvvieiieeesnneeeen 128 Data format .........coceevrvveiiieeeeee e 139
Bit reverse operation...........ccccccceieeeiaeeennnnnnn. 128 Data I/O PiNn ...eeeeeeeiiiiiiieei e 115
BOOt fUNCLION ..ocoeiiiiiiiii e 199 Data MEMOIY .....covvviiiieeiiiiiiiieeeeeee e 112
12 T0To] B 1] 0 - RESR 212 Data memory addresSing .......cccccevveveeeeeeeeeeenn. 124
BOOt Up ROM ..o 200 Data memory map .......cccevvveiiiinieeeeennnnn. 112, 233
Break function ..., 196 Data memory Space .........ccccccvvvviirieiiieeeeeeeenn 112
Bus access error flag ........cccveeveeeiieiiiiiiiiinnnnn. 110 Data memory wait cycle control..................... 119
Bus arbitration ...............cooeeciiiiiiiiiiee e, 122 Data memory wait cycle register ................... 119
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Data POINEr .......covveriieiiieie e 124 [H]
Data RAM w.oooovivnniniiniiinn, 113 Halt MOAE ...co.ceceeeeeee e, 66
Data ROM .......occvviiiiiiiiiie e 113 Handshake ... 167, 181
Data wait Cycle register................oocunnninns 119 HArdware reSet ...........cocoeeveveveeeeeeerereeneneneen, 61
DEbUG fUNCUON ...ooovs 196 Hardware tool............cc.ovveeeevevreerereeceeeeneen, 215
Debug interface .........cccecvvviviieiiiieeee e 195 High-speed SIMUIALOT «..........ovv.ovveeereeeerre. 214
D=1 o100 I o] o RPN 195 HOId ACKNOWIEAGE +...vveoeveeeeveeeeeeeeeee e, 115
Development toolS ..., 213 HOIA FEQUESE ... 115
Direct addressing ..., 125 HOSt @dArSS ......ocvvceeee e, 174
HOSE DOOL ..o 203
Host chip select ... 174
[E] HOSE data....vveeeeiiiiiieee e 174
EITON SIAWUS [OGISIEN . vvvvssvvvvss v 110 Host data bUS ........cooviviiiie e 171
External clocK..........cooooiiiiiiii 58 Host data iNput register ... 172
External clock input..........ccoccvieeiiiiiiinee e 58 Host data oUtpUE rEGISET ..o 172
External data Memory w......ccerssvvrsss v 114 Host data register ..........ooooieiiiiiiiiiiiiieeeeeeeen 176
External data memory address bus............. 114 HOSE /O e 171
External data memory interface ..........c..... 114 Host interface ..o 171
External data memory read iming.............. 117 Host interface select signal ...........cccccceeeee. 174
External data memory Space ................cuw. 114 Host interface status register .............c.cco....... 176
External data memory write timing ............... 118 Host read enable ..........cccooveiiiiieiiiiecc, 174
Extermnal inStruction MeMOry ..............ccessevees 3 Host read enable flag..............oooo oo 177
External instruction memory address bus ....... 4 Host read error flag ..., 177
External instruction memory interface ............ & Host read Strobe .........cccocveiiiiiiiiiic e, 174
External interface ..........ccccccovviiiieiie e, 151 T v 179
External interrupt ........cocoveevieiiiie e 96 Host write enable 174
EXteMal MEMOTY woorooi v 73,114 Host write enable flag ...........cccccvviveeeiiiinnen. 177
External memory wait cycle register............... 76 Host write error flag ... 177
Host write Strobe ........cveeviiiiii e, 174
[F] Host write timing .....ovvvvvvvveiiiii, 180
Fixed-point data format...........cccccceeiinnnnnnnnn, 139
[1]
[G] I/0 mode status bit.........cccccoeveiiiiiiieien, 188
GeNeral-purPOSe /O Dif v 187 I/O .spe(-:ification DIt o 188
General-purpose 0 pOrt...o. 185, 187 In-circuit .emulator .......................................... 215
GENIA-PUIPOSE TEGISIET oo 136 INAEX rEQISIEN .eeeeie e 124
Indirect addressing .......cccccvveeeeeeiiereeiieeeeeennn, 126
INIGANZE ..o 61
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Instruction address output pin ............cccccnnenee 74 Loop stack overflow ............ccccciiiiiiiiiiiiiiieeenen, 87
Instruction code 1/O PiN ........eeeeeeeiieeiiiiiiiiiieeeen. 74 Loop stack pointer ............occcceiviiiviiiiiiiieieeeeen. 87
INStruCtion CYCle .......ovvvveeeveiiieeeeeiie e, 63 Loop stack underflow ...........cccvvvvveeviviininnennnnn. 87
Instruction decode ........ccccvvveeeiiiiieiieeeeeeeeeeenn 63 Loop start address ........oooeveevvviviniiniiiiieeeee e 86
Instruction fetCh ... 63 Loop start address register .............oooeveevnnnnns 86
[INSLrUCtion MEMOIY ....evvviiiiiiiiiiiieaaeeeee e 72
Instruction memory map ..........ooeeeeennnnnnns 72,233
Instruction memory space............cceevvvnees 72,233 [M]
Instruction memory wait cycle control ............. 77 Main BUS ..o 51
Instruction memory wait cycle register ............ 76 Memory interface .............cccccviviiiiiiieennen. 79, 114
Instruction memory write strobe output pin ..... 74 Memory mapped /O ... 151
INSErUCHION RAM ....oovieeeceee e 72 Memory mapped register ..., 152
INSErUCtON ROM .....ocvvreeceeeeeeceeeeese e 72 Memory read OUtpUL PiN ..., 115
Integer data format .............ccoevevevereverererennnne 140 Memory select signal ... 114
Integrated development environment ............ 214 MEMOry SPACE .......ccvvvvvviiiiiieeeeeieeeeeeieinens 72,112
Internal instruction memory area .................... 73 Memory write OUtpUL PIN ... 115
Internal instruction RAM ..........ccccocevevevececuennne, 73 Mode setting enable bit.....................oo. 188
INternal INTEITUPE .......cvevveeeeeeeeeeeeeeeeee e 94 Mode setting port specification bit ................. 188
INterNal MEMOTY .....cevoveveeeeeeeeeeeeeeeeeeeeeeeeen. 113 Modulo operation ... 130
Internal Peripheral ..........coooveeeeeeereeeeenen. 151 ModUulo regiSter .......cceeveviiiiciiiiieeeee e, 124
Internal peripheral area.............ccccccoveveveen... 151 MUIIPIEXET ..t 124
Internal System ClOCK ..........ccoevevveeeeeerereenn, 57 Multiplication function ............ccccecveviieinnnnnn. 141
IVEEITUDE .o 94 Multiply accumulator ... 141
INTEITUPL CAUSE ..vvviiieee e 94
Interrupt control function ............cccuvviiiiiieeennen. 95
Interrupt enable flag ..., 99 [N]
Interrupt enable flag stack register .............. 101 No-break monitor function .........ccccccvvvvvveennnn. 196
Interrupt reqUESE PN ....evvveeieeieeeeee e 94 Number of data memory wait cycles ............ 121
INterrupt SErviCing ..........eeveeeeeeeiiiiiiiiaeaeaaaaeeeee 98 Number of instruction memory wait Cycles...... &
INTEITUPL VECTON ... 97

[O]
[|_] On-chip emulation function ..............ccceeeeeeeee. 196
Logical operation inStruction .......................... 148 OP COAER i 63
[IoTo] o I o]0 [ o] (-] 86 OPEration Unit ..........oooorivvvveeine 135
LOOP €nd AdAreSS vvvvvvvvooooeeeeeeooeoeeeeeeeooen 86 Overflow error flag ........ccoooovvvviiiiciiii, 110
Loop end address register ...........oocooeeiiinnnnnnns 86
LOOP SEACK ....eveeiiiiieiiiiiieeee e 86
Loop stack error flag .......cccvveeeveiviiiieiieeeennnnn, 110
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[P] Serial input continuous mode setting flag....... 160
PACKAGE ..o 235 Serial input enable ..., 157
PErPNEIaAL ... 151 Serial input shift register ..............c........ 154,159
Peripheral BUS ...........coeeeeeeeeeeeeeeeeans 56 Serial iINPULIMING ..., 164
Peripheral UNit............ccoeeeeeeeeeeeeeeeeneeennans 151 Serial input transfer format setting bit............ 160
Pin CONIQUIAtIONS ......oveveeeeeeeeeeeeeeeeeeeeeeeeees 26 Serial input word length setting bit................. 160
Pin fUNCHONS ©....ocvevceceeeeeee e, 25 Serial INGerface ..., 153
Pin 0rganizations ............cccvevevveversesseeeene. 32 Serial output enable ..., 157
Pipeling .....ooooiiii 63 Serial OULPUL FEQUEST.........cooovvviiinens 154, 156
Pipeline ProCeSSING .......ooveveeeeeeeeeeeeeeeeens 63 Serial output shift register ..................... 154,159
POINET TEGISLET ... 124 Serial oUtPUETMING ..o 162
Port command register ..............cococvevevevenennn 187 Serial output transfer format setting bit ......... 160
Port data register ...........cocveeeeeeeeeeeeeenenans 187 Serial output word length setting bit .............. 160
Port set/reset specification bit....................... 188 Serial status register ........ccccvvvvvvriieeeereeeeeeeenn. 158
Program CONtrol UNit ...........ooveveveeeeeeerenenenan 71 Shift operation iNSIruction ... 149
PrOGFaM COUNLET «..vveveveeeeee e 72 Shift regiSter ..., 159
Program MEMOTY .........cccoeeeeeeeeeeereeerenenenennan. 72 Single serial input enable flag...................... 160
Program memory Write Strobe ........................ 74 Single serial input mode ...........ccooeiiiiininnns 161
Software 100p stack ........ccccceeeveeeeiii, 86
Software simulator ...........ccccceeeeriiiiiieeeennins 214
[R] SOfWArE t00] ... 213
Read strobe output pin ........coccceveveeeveeeene, 115 StACK i, 80
REDOOL ..o 201, 210 Stack error flag ... 110
REQISTEN ISt ....veeeveeeeeeceeeeeeeeee e 217 Stack overflow ... 80
Repeat COUNLEN .......cccueeiieiieeieeeieeieee et 86 Stack POINEN .....eeeeviiiiiieeiiii e 80
RESEIVEM DIt ....veieiiciece e 188 Stack underflow ... 80
RING COUNt ..., 132 Standby function ... 66
Status regiSter ......vvveeiiiiiiee e 99
Status transition Mode ..........ccccceeeeiiiiiineeeenns 161
[S] StOP MOAE ... 69
SelfboOot ..., 201 System ClOCK .......vvvvieiiiiiiiiee e 57
Serial ClOCK .........ccuviiiiiiii e 156 System control Unit ...........cccooviiiieeeeiiiiiiieeeene 57
Serial data iNPUL ..., 157 System SOftware ..........ccccoveeiiiiiiiiieei, 214
Serial data input register ..........ccccceeee... 154, 158 System software for in-circuit emulator ......... 214
Serial data output...........cooeeviiieee 157
Serial data output register ..................... 154, 158
Serial data register...........ccooiieiiiiiiiiiiiieee 158 [T]
Sl 1O ... 153 Trinomial operation ..., 143
Serial input acknowledge...........cccccvvnnes 154, 157
240 UPD7701x Family User's Manual



Appendix C Index C.1 Key Words

[W]

Wait controller ...........cocevvvveiiiciiiieees 119, 194
Walt CYCIE ., 77,121
Wait cycle control ..., 168, 182
Wait cycle register .......ccocvvvveeeiviiieeeennenn. 76, 120
Wait iNpUt PIN .o 115
Walit SIgnal .....oooeeeiiiii e 36
WOrd DOOL ... 204
Write strobe output Pin......cvevveeeeeeeeeees 115
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C.2 Acronyms, etc. [G]
GND ..o 35, 41
[A]
ALU oo 147 [H]
HAD oo 174
HAL oo 174
[B] HAWE ..o 177
BO. B oo 188 HCS oo 174
DAC ©.voveveeeeeeee e, 110 HCTL o 171
BE oo, 188 HDO - HD7 oo 174
BSET .. 149 HDT oo 176
BSTB..... 115 T = OO 177
HOLDAK ..o 115
HOLDRQ ...t 115
[C] HRD ..o 174
C COMPIIET .o 214 HRE . 174
CLKIN oo, 57 HREF ..o 177
CLKOUT oo 57 HREM ..o 177
HRER ..o 177
HSER oo 177
[D] RS S 176
DO = D15 oo 115 HWE .o 174
DAO = DALS ..o 114 HWEF oo, 177
DIMX oo, 124 HWEM ..o, 177
(5] 12RO 124 HWER ..o, 177
DNO = DN7 oo 124 HWR oo 174
DPO = DP7 oot 124
DWTR oo eeeeeeeeee e eeeseeneee 119 [1]
LLC. e 25
JAO = 1AL ..o, 74
[E] IDO = ID3L ..o, 74
= OO 99 ID770L6 veoeoeeeeeeeeeeeeeeee e 214
=3 {0 A 216 IE-77016-CM-EMB .....ovvoveoeoeeeeeeeeeeeeseeeen. 215
El oo 99 IE-77016-PC ..o, 215
EIR oo, 101 INTL = INTZ oo, 96
EP e 99 INTC oo 71
ESR vttt 110 10 XU 188
IWTR oo 76
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[L]

LG ottt e 86
LE A 86
L 100
LRC it 88
LS A e 86
IS et 110
LS P 87
LSTK ettt sttt 86
M]

MO = M3 e 188
MAGC . 141
MAC input shifter ..o, 141
ME .. 188
[T 1o R 115
MSFT e 141
MUX e 124
MWR oo 115
[N]

N 25
[O]

OV 110
[P]

PO - P3 187
P e 72
PC StaCK ...vveeiiiiie et 80
PCD .. 187
P DT 187
Power SUPPIY .ovvveveeeeeeeeee e 25
PSR ettt 188
PWR oo 74

[R]

RO - R7 e 136
R 86
RESET ..o 61
[S]

SCKL, SCK2 .o 156
SCTL ettt 153
SDTL, SDT2 ..ttt 158
SIL, SI2 o 157
SIAKL, SIAKZ ..o 157
SIBL ettt 160
SICM Lot 160
SIEF 160
SIENL, SIENZ oo, 157
SISL, SIS2 i 159
SITF e 160
SLEF 160
SLER 160
SLWE oo 160
SMT7T0L6 ..o 214
SM770L6-H ..cooviiiiiiiiiieee e 214
SOL, SOZ .. 157
SOBL ettt s 160
SOENZL, SOEN2.....coiiiiiiiiiiiiiiiieeeeeeeeeee 157
SORQ1, SORQ2 .....uuiiiiieieeiiiiiiiiiiiiinn, 154, 156
SOSL, SOS2 ..o 154, 159
SOTF ettt 160
S e 80
SR 99
SSEF 160
SSER oot 160
ST e 158
SSTL, SST2 158
SSWE e 160
SEE e 110
STK ettt 80
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[T]

L 195
TDI et 195
TDO e 195
TGC-100SDW ... 215
TICE oo 195
TIMS e 195
[U]

UFO, UFL oo 177
[V]

VDD eevereeereeseseeeeseeseeeseseees oo 35, 41
[W]

WAIT <ot 115
WBT770L6 ..., 214
WECTL oo, 194

Windows-based development environment... 213

Y MEMOTY v 112
Y memory Boot.......cccvveviiiiiiie 206
Y MEMOTY SPACE ..evvvvennieieeeeeeeeeeeeeeeeeeeeeenennnnns 112
YAA 111, 124
YBRC oo 111, 124

[X]

Xdata bus ..o 54
XIMEMOIY ettt 112
Xmemory BOOt........ccvvvviiieeeeiiiiieeee 206
X MEMOIY SPACE ..vvvvveniiiieeieeeeeeeeeeereeeeeeenennnnns 112
XIY oottt 114
X it 59
K e 59
XAA L 111, 124
XBRC ..ottt 111, 124
[Y]

Y data bus ..o 55
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Although NEC hastaken all possible steps
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and up-to-date, we readily accept that

From: .
errors may occur. Despite all the care and
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