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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. Itis recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

Vr3000, Vr4000, VrR4100, VR4102, VR4110, VrR4111, VrR4300, VR4400, and Vr Series are trademarks of NEC
Corporation.

MIPS is a trademark of MIPS Technologies, Inc.

HSP is a trademark of PC-TEL, Inc.

iAPX is a trademark of Intel Corporation.

DEC VAX is a trademark of Digital Equipment Corporation.

UNIX is a registered trademark in the United States and other countries, licensed exclusively through
X/Open Company, Ltd.



Exporting this product or equipment that include this product may require a governmental license from
the U.S.A. for some countries because this product utilizes technologies limited by the export control
regulations of the U.S.A.

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

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

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

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

NEC devices are classified into the following three quality grades:

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

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

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

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

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

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

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

+ Device availability
« Ordering information

« Product release schedule

- Availability of related technical literature

« Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

+ Network requirements

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

from country to country.
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Readers

Purpose

Organization

How to read this manual

Conventions

PREFACE

This manual targets users who intend to understand the functions of the VR4111 and
to design application systems using this microprocessor.

This manual introduces the architecture and hardware functions of the VR4111 to
users, following the organization described below.

This manual consists of the following contents:

* Introduction

* Pipeline operation

» Cache organization and memory management system
» Exception processing

* Initialization interface

* Interrupts

* Peripheral units

* Instruction set details

It is assumed that the reader of this manual has general knowledge in the fields of
electric engineering, logic circuits, and microcomputers.

The VR4000™ in this manual includes the VR4400™.

To learn in detail about the function of a specific instruction,
—~ Read CHAPTER 3 MIPS™ Ill INSTRUCTION SET SUMMARY, CHAPTER 4
MIPS16 INSTRUCTION SET, CHAPTER 28 MIPS™ IlIl INSTRUCTION SET
DETAILS, and CHAPTER 29 MIPS16 INSTRUCTION SET FORMAT.

To learn about the overall functions of the VrR4111,
- Read this manual in sequential order.

To learn about electrical specifications,
- Refer to Data Sheet which is separately available.

Data significance: Higher on left and lower on right

Active low: XXX# (trailing # after pin and signal names)
Note: Description of item marked with Note in the text
Caution : Information requiring particular attention
Remark: Supplementary information

Numeric representation:  binary/decimal ... XXXX
hexadecimal ... OXXXXX
Prefixes representing an exponent of 2 (for address space or memory capacity):
K (kilo) 2°=1024
M (mega) 2= 1024’
G (giga) 2% =1024°
T (tera) 2 =1024"
P (peta) 2% =1024°
E (exa) 2% =1024°



Related Documents

The related documents indicated here may include preliminary version.

preliminary versions are not marked as such.

» User's manual
VR4111 User’'s Manual This manual
VR4102™ User's Manual U12739

» Data sheet
uPD30111 (VR4111) Data Sheet Under preparation

* Application note
VR Series™ Application Note programming guide Under preparation

However,
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CHAPTER 1 INTRODUCTION

This chapter describes the outline of the Vr4111 (uPD30111), which is a 64-/32-bit RISC microprocessor.

1.1 FEATURES

The Vr4111, which is a high-performance 64-/32-bit microprocessor employing the RISC (reduced instruction set
computer) architecture developed by MIPS, is one of the RISC microprocessor Vr-Series™ products manufactured
by NEC.

The Vr4111 is ideally suited for battery-driven high-performance portable information equipment.

It mainly consists of the high-performance ultra-low-power consumption Vr4111™ CPU core, and has various
peripheral functions including a DMA controller, software modem interface, serial interface, keyboard interface, IrDA
interface, touch panel interface, real-time clock, A/D converter, and D/A converter.

The external bus width of this device can be selected between 32 bits and 16 bits. This function enables the
VRrR4111 to process voluminous data at high speed.

This processor supports instruction set architecture (ISA) of MIPS I, MIPS II, MIPS Ill, and MIPS16. It does not
support LL, LLD, SC, SCD, and floating point instructions.

The features of the Vr4111 are described below.

<~ Employs 64-bit RISC CPU Core (Vr4110 equivalent)
< Internal 64-bit processing
< Optimized 5-stage pipeline
< Conforms to MIPS I, Il, lll instruction sets (with the FPU, LL, LLD, SC, and SCD instructions left out)
< Supports high-speed product-sum operation instructions to execute applications in high speed
< On-chip 16-Kbyte instruction cache and 8-Kbyte data cache
<~ 32-double-entry translation lookaside buffer (TLB) for virtual address management
< 32-bit physical address space and 40-bit virtual address space
< On-chip peripheral units suited for portable equipment
* Memory controller (supports ROM, EDO-type DRAM, and flash memory)
* ISA-bus interface
» Keyboard interface
« Touch panel interface (on-chip 4-channel A/D converter)
« Controller complying with IrDA 1.1 (FIR)
« Software modem interface supporting the HSP modem™ of PC-TEL
« DMA controller
« Serial interface
» Debug serial interfaces
« Interrupt controller
« Audio interface (on-chip digital 1/0, A/D and D/A converters)
« General-purpose A/D converter: 3 channels
» General-purpose ports
<~ Effective power management features, which include the following four operating modes:
 Fullspeed mode: normal operating mode in which all clocks operate
« Standby mode: all internal clocks stop except for interrupt-related clocks
» Suspend mode: bus clock and all internal clocks stop except for interrupt-related clocks
< Hibernate mode: all clocks generated by the CPU core stop
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< External input clock: 32.768 kHz, 18.432 MHz (for internal CPU core and peripheral unit operation), 48 MHz
(dedicated for FIR IrDA interface)
< Supports ISA bus subset

< Clock supply management function for each on-chip peripheral unit to implement low-power consumption
< Operation supply voltage: Voo = 3.0 to 3.6 V

1.2 ORDERING INFORMATION

Part Number Package Maximum Operation Frequency
* uPD30111S1-80-3C 224-pin fine-pitch BGA (16 x 16 mm) 80 MHz
uPD30111S1-100-3C 224-pin fine-pitch BGA (16 x 16 mm) 100 MHz

1.3 64-BIT ARCHITECTURE

The Vr4111 microprocessor has a 64-bit architecture. However, it can also run 32-bit applications.

1.4 VrR4111 PROCESSOR

The Vr4111 consists of the VrR4110 CPU core and seventeen peripheral units. It can connect external controllers
directly.

Figure 1-1 is an internal block diagram of the Vr4111 processor.

Figure 1-1. Vr4111 Internal Block Diagram and Example of Connection to External Blocks
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1.4.1 Internal Block Structure

1)

)

®)

(4)

©)

(6)

@)

®)

9)

The following provides an outline of the peripheral units.
For the CPU core, refer to 1.5 VrR4110 CPU CORE.

Bus Control Unit (BCU)

In the Vr4111, the bus control unit (BCU) transfers data between the VrR4110 CPU core and SysAD bus. It also
controls external circuits, such as the LCD controller connected to the system bus, DRAM, ROM (flash memory
or masked ROM), and PCMCIA controller, and transfers data between the Vr4111 and these external devices,
using the address and data buses.

Real-time Clock Unit (RTC)

The real-time clock (RTC) is provided with an accurate counter that operates on a 32.768-kHz clock pulse
supplied from the clock generator. It is also provided with several counters and Compare registers for
controlling various interrupts.

Deadman’s Switch Unit (DSU)
The Deadman’s switch unit (DSU) is used to check whether the processor is running normally. If the register of
this unit is not cleared by software within a specified period, the system is shut down.

Interrupt Control Unit (ICU)
The interrupt control unit (ICU) controls interrupt requests that are caused by factors either internal or external to
the Vr4111, and informs the Vr4110 CPU core when an interrupt request occurs.

Power Management Unit (PMU)

The power management unit (PMU) outputs signals necessary to control the power of the entire system
including the Vr4111. The signals are used to control the PLL of the VrR4110 CPU core and the internal clocks
(pipeline clock, TClock, and MasterOut) in low-power modes.

Direct Memory Access Address Unit (DMAAU)
The direct memory access address unit (DMAAU) controls the address of three different DMA transfers.

Direct Memory Access Control Unit (DCU)
The direct memory access control unit (DCU) controls the arbitration of three different DMA transfers.

Clock Mask Unit (CMU)
The clock mask unit (CMU) controls the way the clocks TClock and MasterOut are supplied from the Vr4110
CPU core to internal peripheral units.

General Purpose I/O Unit (GIU)
The general purpose I/O unit (GIU) controls 49 GPIO pins.

(10) Audio Interface Unit (AlU)

The audio interface unit (AlU) executes mic-input sampling and audio signal output by controlling the internal
A/D converter and D/A converter.
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(11)Keyboard Interface Unit (KIU)
The keyboard interface unit (KIU) has 12 scan lines and 8 detection lines. It can detect when any of 64/80/96
keys are pressed. It supports key rollover for two to three continuous strokes.

(12) Touch Panel Interface Unit (PIU)
The touch panel interface unit (PIU) detects when the touch panel is touched, by controlling the internal A/D
converter.

(13)Debug Serial Interface Unit (DSIU)
The debug serial interface unit (DSIU) is a serial interface for debugging. It supports a maximum transfer rate of
115 kbps.

(14) Serial Interface Unit (SIU)
The serial interface unit (SIU) conforms to the RS-232-C specification and is compatible with NS16550. It
supports a maximum transfer rate of 1.15 Mbps. Also available is an IrDA serial interface supporting a
maximum transfer rate of 115 kbps, but this interface and the RS-232-C interface are mutually exclusive.

(15) Fast IrDA Interface Unit (FIR)
The FIR unit is a unit for performing 0.5- to 4-Mbps IrDA communication. This unit operates based on a
dedicated 48-MHz clock input.

(16)Host Signal Processing Unit (HSP)
The HSP unit is used to realize a software modem. It interfaces the CPU core with an external codec device,
and controls them.

(17) Light Emitting Diode Unit (LED)
The LED unit is used to control the lighting of external LED.
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1.4.2 1/O Registers
The I/O registers are used for peripheral unit control.

Table 1-1. BCU Registers

Register symbols Function Address
BCUCNTREG1 BCU Control Register 1 0x0B00 0000
BCUCNTREG2 BCU Control Register 2 0x0B00 0002
BCUSPEEDREG BCU Access Cycle Change Register 0x0B00 000A
BCUERRSTREG BCU BUS ERROR Status Register 0x0B00 000C
BCURFCNTREG BCU Refresh Control Register 0x0B00 000E
REVIDREG Peripheral Unit Revision ID Register 0x0B00 0010
BCURFCOUNTREG BCU Refresh Cycle Count Register 0x0B00 0012
CLKSPEEDREG Clock Setting Register 0x0B00 0014
BCUCNTREG3 BCU Control Register 3 0x0B00 0016

Table 1-2. DMAAU Registers

Register symbols Function Address
AIUIBALREG AIU IN DMA Base Address Register Low 0x0B00 0020
AIUIBAHREG AlU IN DMA Base Address Register High 0x0B00 0022
AIUIALREG AlU IN DMA Address Register Low 0x0B00 0024
AIUIAHREG AlU IN DMA Address Register High 0x0B00 0026
AIUOBALREG AIU OUT DMA Base Address Register Low 0x0B00 0028
AIUOBAHREG AlU OUT DMA Base Address Register High 0x0B00 002A
AIUOALREG AIU OUT DMA Address Register Low 0x0B00 002C
AIUOAHREG AlU OUT DMA Address Register High 0x0B00 002E
FIRBALREG FIR DMA Base Address Register Low 0x0B00 0030
FIRBAHREG FIR DMA Base Address Register High 0x0B00 0032
FIRALREG FIR DMA Address Register Low 0x0B00 0034
FIRAHREG FIR DMA Address Register High 0x0B00 0036
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Table 1-3. DCU Registers

Register symbols

Function

Address

DMARSTREG DMA Reset Register 0x0B00 0040
DMAIDLEREG DMA Sequencer Status Register 0x0B00 0042
DMASENREG DMA Sequencer Enable Register 0x0B00 0044
DMAMSKREG DMA Mask Register 0x0B00 0046
DMAREQREG DMA Request Register 0x0B00 0048
TDREG Transfer Direction Setting Register 0x0B0O0 004A

Table 1-4. CMU Register

Register symbol

Function

Address

CMUCLKMSK

CMU Clock Mask Register

0x0B00 0060
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Table 1-5. ICU Registers

Register symbols

Function

Address

SYSINT1REG Level 1 System Interrupt Register 1 0x0B00 0080
PIUINTREG Level 2 PIU Interrupt Register 0x0B00 0082
AIUINTREG Level 2 AlU Interrupt Register 0x0B00 0084
KIUINTREG Level 2 KIU Interrupt Register 0x0B00 0086
GIUINTLREG Level 2 GIU Interrupt Register Low 0x0B00 0088
DSIUINTREG Level 2 DSIU Interrupt Register 0x0B0O 008A

MSYSINT1REG

Level 1 Mask System Interrupt Register 1

0x0B00 008C

MPIUINTREG Level 2 Mask PIU Interrupt Register 0x0B00 008E
MAIUINTREG Level 2 Mask AlIU Interrupt Register 0x0B00 0090
MKIUINTREG Level 2 Mask KIU Interrupt Register 0x0B00 0092
MGIUINTLREG Level 2 Mask GIU Interrupt Register Low 0x0B00 0094
MDSIUINTREG Level 2 Mask DSIU Interrupt Register 0x0B00 0096
NMIREG Battery Interrupt Select Register 0x0B00 0098
SOFTINTREG Software Interrupt Register 0x0B00 009A
SYSINT2REG Level 1 System Interrupt Register 2 0x0B00 0200
GIUINTHREG Level 2 GIU Interrupt Register High 0x0B00 0202
FIRINTREG Level 2 FIR Interrupt Register 0x0B00 0204

MSYSINT2REG

Level 1 Mask System Interrupt Register 2

0x0B00 0206

MGIUINTHREG

Level 2 Mask GIU Interrupt Register High

0x0B00 0208

MFIRINTREG

Level 2 Mask FIR Interrupt Register

0x0B00 020A

Table 1-6. PMU Registers

Register symbols

Function

Address

PMUINTREG PMU Interrupt/Status Register 0x0B00O 00AO0
PMUCNTREG PMU Control Register 0x0B0OO 00A2
PMUINT2REG PMU Interrupt Register 2 0x0B00 00A4
PMUCNT2REG PMU Control Register 2 0x0B0OO 00A6
PMUWAITREG PMU Wait Count Register 0x0B00 00A8
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Table 1-7. RTC Registers

Register symbols Function Address
ETIMELREG Elapsed Time L Register 0x0B0O 00CO
ETIMEMREG Elapsed Time M Register 0x0B00 00C2
ETIMEHREG Elapsed Time H Register 0x0B0O 00C4
ECMPLREG Elapsed Compare L Register 0x0B0O0 00C8
ECMPMREG Elapsed Compare M Register 0x0B0O 00CA
ECMPHREG Elapsed Compare H Register 0X0B00 00CC
RTCL1LREG RTC Long 1 L Register 0x0B0O 00DO
RTCL1HREG RTC Long 1 H Register 0x0B00 00D2
RTCL1CNTLREG RTC Long 1 Count L Register 0x0B0O 00D4
RTCL1CNTHREG RTC Long 1 Count H Register 0x0B00 00D6
RTCL2LREG RTC Long 2 L Register 0x0B0O 00D8
RTCL2HREG RTC Long 2 H Register 0x0B0O 00DA
RTCL2CNTLREG RTC Long 2 Count L Register 0x0B0O 00DC
RTCL2CNTHREG RTC Long 2 Count H Register 0x0B0O 00DE
TCLKLREG TClock L Register 0x0B00 01CO
TCLKHREG TClock H Register 0x0B00 01C2
TCLKCNTLREG TClock Count L Register 0x0B00 01C4
TCLKCNTHREG TClock Count H Register 0x0B00 01C6
RTCINTREG RTC Interrupt Register 0x0B00 01DE
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Table 1-8. DSU Registers

Register symbols

Function

Address

DSUCNTREG DSU Control Register 0x0B00 00EO
DSUSETREG DSU Cycle (Dead Time) Set Register 0x0B0O0 00E2
DSUCLRREG DSU Clear Register 0x0B00 00E4
DSUTIMREG DSU Elapsed Time Register 0x0B00 00E6

Table 1-9. GIU Registers

Register symbols

Function

Address

GIUIOSELL GPIO Input/Output Select Register L 0x0B00 0100
GIUIOSELH GPIO Input/Output Select Register H 0x0B00 0102
GIUPIODL GPIO Port Input/Output Data Register L 0x0B00 0104
GIUPIODH GPIO Port Input/Output Data Register H 0x0B00 0106
GIUINTSTATL GPIO Interrupt Status Register L 0x0B00 0108
GIUINTSTATH GPIO Interrupt Status Register H 0x0B00 010A
GIUINTENL GPIO Interrupt Enable Register L 0x0B00O 010C
GIUINTENH GPIO Interrupt Enable Register H 0x0B00 010E
GIUINTTYPL GPIO Interrupt Type (Edge or Level) Select Register L 0x0B00 0110
GIUINTTYPH GPIO Interrupt Type (Edge or Level) Select Register H 0x0B00 0112

GIUINTALSELL

GPIO Interrupt Active Level Select Register L

0x0B00 0114

GIUINTALSELH

GPIO Interrupt Active Level Select Register H

0x0B00 0116

GIUINTHTSELL

GPIO Interrupt Hold/Through Select Register L

0x0B00 0118

GIUINTHTSELH

GPIO Interrupt Hold/Through Select Register H

0x0B00 011A

GIUPODATL GPIO Port Output Data Register L 0x0B00O 011C
GIUPODATH GPIO Port Output Data Register H 0x0BO00 011E
GIUUSEUPDN GPIO Pull-up/Pull-down Enable Register 0x0B00 02E0

GIUTERMUPDN

GPIO Pull-up/Pull-down Set Register

0x0B00 02E2
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Table 1-10. PIU Registers

Register symbols

Function

Address

PIUCNTREG PIU Control Register 0x0B00 0122
PIUINTREG PIU Interrupt Cause Register 0x0B00 0124
PIUSIVLREG PIU Data Sampling Interval Register 0x0B00 0126
PIUSTBLREG PIU A/D Converter Start Delay Register 0x0B00 0128
PIUCMDREG PIU A/D Command Register 0x0B00 012A
PIUASCNREG PIU A/D Port Scan Register 0x0BO00 0130
PIUAMSKREG PIU A/D Scan Mask Register 0x0B00 0132
PIUCIVLREG PIU Check Interval Register 0x0BO00 013E
PIUPBOOREG PIU Page 0 Buffer 0 Register 0x0B00 02A0
PIUPBO1REG PIU Page 0 Buffer 1 Register 0x0B00 02A2
PIUPBO2REG PIU Page 0 Buffer 2 Register 0x0B00 02A4
PIUPBO3REG PIU Page 0 Buffer 3 Register 0x0B00 02A6
PIUPB10REG PIU Page 1 Buffer 0 Register 0x0B00 02A8
PIUPB11REG PIU Page 1 Buffer 1 Register 0x0B00 02AA
PIUPB12REG PIU Page 1 Buffer 2 Register 0x0B00 02AC
PIUPB13REG PIU Page 1 Buffer 3 Register 0x0B00 02AE
PIUABOREG PIU AD Scan Buffer 0 Register 0x0B00 02B0O
PIUAB1REG PIU AD Scan Buffer 1 Register 0x0B00 02B2
PIUAB2REG PIU AD Scan Buffer 2 Register 0x0B00 02B4
PIUAB3REG PIU AD Scan Buffer 3 Register 0x0B00 02B6
PIUPBO4REG PIU Page 0 Buffer 4 Register 0x0B00 02BC
PIUPB14REG PIU Page 1 Buffer 4 Register 0x0B00 02BE
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Table 1-11. AlU Registers

Register symbols

Function

Address

MDMADATREG Mike Input DMA Data Register 0x0B00 0160
SDMADATREG Speaker Output DMA Data Register 0x0B00 0162
SODATREG Speaker Output Data Register 0x0B00 0166
SCNTREG Speaker Output Control Register 0x0B00 0168
SCNVRREG Speaker Conversion Rate Register 0x0B00 016A
MIDATREG Mike Input Data Register 0x0B00 0170
MCNTREG Mike Input Control Register 0x0B00 0172
MCNVRREG Mike Conversion Rate Register 0x0B00 0174
DVALIDREG Data Valid Register 0x0B00 0178
SEQREG Sequential Operation Enable Register 0x0B00 017A
INTREG AlU Interrupt Register 0x0B00 017C
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Table 1-12. KIU Registers

Register symbols

Function

Address

KIUDATO KIU DataO Register 0x0B00 0180
KIUDAT1 KIU Datal Register 0x0B00 0182
KIUDAT2 KIU Data2 Register 0x0B00 0184
KIUDAT3 KIU Data3 Register 0x0B00 0186
KIUDAT4 KIU Data4 Register 0x0B00 0188
KIUDAT5 KIU Data5 Register 0x0B00 018A
KIUSCANREP KIU Scan/Repeat Register 0x0B00 0190
KIUSCANS KIU Scan Status Register 0x0B00 0192
KIUWKS KIU Wait Keyscan Stable Register 0x0B00 0194
KIUWKI KIU Wait Keyscan Interval Register 0x0B00 0196
KIUINT KIU Interrupt Register 0x0B00 0198
KIURST KIU Reset Register 0x0B00 019A
KIUGPEN KIU General Purpose Output Enable Register 0x0B00 019C
SCANLINE KIU Scan Line Register 0x0B00 019E

Table 1-13. DSIU Registers

Register symbols

Function

Address

PORTREG Port Change Register 0x0B00 01A0
MODEMREG Modem Control Register 0x0B00 01A2
ASIMOOREG Asynchronous Mode 0 Register 0x0B00 01A4
ASIMO1REG Asynchronous Mode 1 Register 0x0B00 01A6
RXBORREG Receive Buffer Register (Extended) 0x0B00 01A8
RXBOLREG Receive Buffer Register 0x0B00 01AA
TXSORREG Transmit Data Register (Extended) 0x0B00 01AC
TXSOLREG Transmit Data Register 0x0B00 O1AE
ASISOREG Status Register 0x0B00 01BO
INTROREG Debug SIU Interrupt Register 0x0B00 01B2
BPRMOREG Baud-rate Generator Prescaler Mode Register 0x0B00 01B6

DSIURESETREG

Debug SIU Reset Register

0x0B00 01B8
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Table 1-14. LED Registers

Register symbols Function Address
LEDHTSREG LED H Time Set Register 0x0B00 0240
LEDLTSREG LED L Time Set Register 0x0B00 0242
LEDCNTREG LED Control Register 0x0B00 0248
LEDASTCREG LED Auto Stop Time Count Register 0x0B00 024A
LEDINTREG LED Interrupt Register 0x0B00 024C

Table 1-15. SIU Registers

Register symbols Function LCR[7] Address
SIURB Receiver Buffer Register (Read) 0 0x0CO00 0000
SIUTH Transmitter Holding Register (Write)

SIUDLL Divisor Latch (Least Significant Byte) Register 1

SIVIE Interrupt Enable Register 0 0x0C00 0001
SIUDLM Divisor Latch (Most Significant Byte) Register 1

SIVIID Interrupt Identification Register (Read) - 0x0C00 0002
SIUFC FIFO Control Register (Write)

SIULC Line Control Register - 0x0C00 0003
SIUMC MODEM Control Register - 0x0C00 0004
SIULS Line Status Register - 0x0C00 0005
SIUMS MODEM Status Register - 0x0C00 0006
SIUSC Scratch Register - 0x0C00 0007
SIUIRSEL SIU/FIR IrDA Selector - 0x0C00 0008
SIURESET SIU Reset Register - 0x0C00 0009
SIUCSEL SIU Echo Back Control Register - 0x0CO00 000A

Remark LCRJ[7]is bit 7 of the SIULC register.

Table 1-16. HSP Registers

Register symbols Function

Address

HSPINIT

HSP Initialize Register

0x0C00 0020

HSPDATA[7:0]

HSP Data Register [7:0]

0x0C00 0022

HSPDATA[15:8]

HSP Data Register [15:8]

0x0CO00 0023

HSPINDEX HSP Index Register 0x0CO00 0024
HSPID[7:0] HSP ID Register 0x0C00 0028
HSPPCSJ[7:0] HSP 1/O Address Program Confirmation Register 0x0C00 0029

HSPPCTEL[7:0]

HSP Signature Checking Port

0x0CO00 0029
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Table 1-17. FIR Registers

Register symbols Function Address
FRSTR FIR Reset Register 0x0C00 0040
DPINTR DMA Page Interrupt Register 0x0C00 0042
DPCNTR DMA Page Control Register 0x0CO00 0044
TDR Transmit Data Register 0x0C00 0050
RDR Receive Data Register 0x0C00 0052
IMR Interrupt Mask Register 0x0CO00 0054
FSR FIFO Setup Register 0x0C00 0056
IRSR1 IR Setup Register 1 0x0C00 0058
CRCSR CRC Setup Register 0x0C00 005C
FIRCR FIR Control Register 0x0C00 005E
MIRCR MIR Control Register 0x0C00 0060
DMACR DMA Control Register 0x0C00 0062
DMAER DMA Enable Register 0x0C00 0064
TXIR Transmission Indicate Register 0x0C00 0066
RXIR Reception Indicate Register 0x0CO00 0068
IFR Interrupt Flag Register 0x0CO00 006A
RXSTS Reception Status Register 0x0C00 006C
TXFL Transmit Frame Length Register 0x0C00 006E
MRXF Maximum Receive Frame Length Register 0x0C00 0070
RXFL Receive Frame Length Register 0x0C00 0074
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1.5 Vr4110 CPU CORE

Figure 1-2 shows the internal block diagram of the Vr4110 CPU core.

In addition to the conventional high-performance integer operation units, this CPU core has the full-associative
format translation look aside buffer (TLB), which has 32 entries that provide mapping to 2- page pairs (odd and even)
for one entry. Moreover, it also has instruction caches, data caches, and bus interface.

Figure 1-2. Vr4110 CPU Core Internal Block Diagram

VR4110 CPU core

VA bus R
- A A A A A v
ID bus -
D A A A A AT
LA Yy A A A
Bus Data Instruction CPO CPU
Control(o)
Control(i) »| Interface Cache Cache
Address/Data(0) (8K bytes) (16K bytes) TLB
Address/Datay(j) >

Clock
Generator

?

Internal Clock

1.5.1 Internal Block Configuration

(1) CcPU
CPU has hardware resources to process an integer instruction. They are the 64-bit register file, 64-bit integer
data bus, and multiply-and-accumulate operation unit.

(2) Coprocessor 0 (CPO0)
CPO incorporates a memory management unit (MMU) and exception handling function. MMU checks whether
there is an access between different memory segments (user, supervisor, and kernel) by executing address
conversion. The translation lookaside buffer (TLB) converts virtual addresses to physical addresses.

(3) Instruction cache
The instruction cache employs direct mapping, virtual index, and physical tag. Its capacity is 16K bytes.

(4) Data cache
The data cache employs direct mapping, virtual index, physical tag, and write back. Its capacity is 8K bytes.
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(5) CPU bus interface
The CPU bus interface controls data transmission/reception between the Vr4110 CPU core and the BCU, which

is one of peripheral units. The Vr4110 CPU interface consists of two 32-bit multiplexed address/data buses (one
is for input, and another is for output), clock signals, and control signals such as interrupts.

(6) Clock generator
The following clock inputs are oscillated and supplied to internal units.
 32.768-kHz clock for RTC unit:
oscillating a 32.768-kHz crystal resonator input via an internal oscillator to supply to the RTC unit.
« 18.432-MHz clock for serial interface and the Vr4111's reference operating clock:
oscillating an 18.432-MHz crystal resonator input via an internal oscillator, and then multiplying it by phase-

locked loop (PLL) to generate a pipeline clock (PClock). The internal bus clock (TClock) is generated from
PClock and supplied to peripheral units.
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1.5.2 CPU Registers

The Vr4110 CPU core has thirty two 64-bit general-purpose registers (GPRSs).
In addition, the processor provides the following special registers:

< 64-hit Program Counter (PC)

< 64-bit HI register, containing the integer multiply and divide upper doubleword result
< 64-hit LO register, containing the integer multiply and divide lower doubleword result

Two of the general-purpose registers have assigned the following functions:

<~ r0 is hardwired to a value of zero, and can be used as the target register for any instruction whose result is to
be discarded. r0 can also be used as a source when a zero value is needed.

< r31is the link register used by link instruction, such as JAL (Jump and Link) instructions. This register can be

used for other instructions. However, be careful that use of the register by a link instruction will not coincide
with use of the register for other operations.

The register group is provided within the CPO, to process exceptions and to manage addresses.
CPU registers can operate as either 32-bit or 64-bit registers, depending on the Vr4111 processor mode of

operation.

The operation of the CPU register differs depending on what instructions are executed: 32-bit instructions or
MIPS16 instructions. For details, refer to CHAPTER 4 MIPS16 INSTRUTION SET SUMMARY.
Figure 1-3 shows the CPU registers.

Figure 1-3. VRr4111 CPU Registers

General-purpose register

63 3231 0 Multiply/divide register
r0=0 63 3231 0
rl | Hi I
r2
63 3231 0
; |
. 0 |
O
O
r29 Program Counter
r30 63 3231 0
r31 = LinkAddress PC I

The Vr4111 has no Program Status Word (PSW) register as such; this is covered by the Status and Cause
registers incorporated within the System Control Coprocessor (CPO0).

The CPO registers are used for exception handling or address management. The overview of these registers is
described in 1.5.5 Coprocessors (CPO0).
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1.5.3 CPU Instruction Set Overview
For CPU instructions, there are two types of instructions — 32-bit length instruction (MIPS IllI) and 16-bit length
instruction (MIPS16).

(1) MIPS Il Instruction
All the CPU instructions are 32-bit length when executing MIPS Il instructions, and they are classified into three
instruction formats as shown in Figure 1-4: immediate (I-type), jump (J-type), and register (R-type). The field of
each instruction format is described in CHAPTER 3 MIPS 1lIl INSTRUCTION SET SUMMARY .

Figure 1-4. CPU Instruction Formats (32-bit length instruction)

31 26 25 21 20 16 15 0
I-type (immediate) op rs rt immediate

31 26 25 0
J-type (jump) op target

31 26 25 21 20 16 15 11 10 65 0
R-type (register) op rs rt rd sa funct

The instruction set can be further divided into the following five groupings:

(1) Load and store instructions move data between memory and general-purpose registers. They are all
immediate (I-type) instructions, since the only addressing mode supported is base register plus 16-bit,
signed immediate offset.

(2) Computational instructions perform arithmetic, logical, shift, multiply, and divide operations on values in
registers. They include R-type (in which both the operands and the result are stored in registers) and I-type
(in which one operand is a 16-bit signed immediate value) formats.

(3) Jump and branch instructions change the control flow of a program. Jumps are always made to an absolute
address formed by combining a 26-bit target address with the high-order bits of the Program Counter (J-type
format) or register address (R-type format). The format of the branch instructions is | type. Branches have
16-hit offsets relative to the Program Counter. JAL instructions save their return address in register 31.

(4) Coprocessor 0 (System Control Coprocessor, CPO) instructions perform operations on CPO registers to
control the memory-management and exception-handling facilities of the processor.

(5) Special instructions perform system calls and breakpoint operations, or cause a branch to the general
exception-handling vector based upon the result of a comparison. These instructions occur in both R-type
(both the operands and the result are stored in registers) and I-type (one operand is a 16-bit signed
immediate value) formats.

For the operation of each instruction, refer to CHAPTER 3 MIPS Il INSTRUCTION SET SUMMARY and
CHAPTER 28 MIPS 11l INSTRUCTION SET DETAILS.
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(2) MIPS16 Instruction
All the CPU instructions except for JAL and JALX are 16-bit length when executing MIPS16 instructions, and they
are classified into thirteen instruction formats as shown in Figure 1-5.
The field of each instruction format is described in CHAPTER 4 MIPS 16 INSTRUCTION SET.

Figure 1-5. CPU Instruction Formats (16-bit length instruction)

15 1110 0
I-type | op | immediate |
15 1110 87 0
RI-type | op | rX I immediate |
15 1110 87 54 0
RR-type | op | X I ry | funct |
15 1110 87 54 0
RRI-type | RRI | rX I ry | immediate |
15 1110 87 54 21 0
RRR-type | RRR | x [ v | = [ F]
15 1110 87 5 4 3 0
RRIA-type | RRR-A | X I ry | F I immediatel
15 1110 87 54 21 0
Shift-type | SHIFT | rX I ry | Shamt | F |
15 1110 87 0
18-type | 18 | funct I immediate |
15 1110 87 54 0
I8_MOVR324ype | I8 [ funct | v | 3o |
15 1110 87 43 0
I8_MOV32Rtype | I8 | fnct | reopoazy | 2 |
15 1110 87 0
164-type | 164 | funct I immediate |
15 1110 87 54 0
RI164-type | 164 | funct I ry immediate |

JAL, JALX-type

31 27 26 25 21 20 16 15 0
JAL I X |immediate 20:16|immediate 25:21 immediate 15:0
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The instruction set can be further divided into the following four groupings:

(a) Load and store instructions move data between memory and general-purpose registers. They include RRI-,
RI-, 18-, and RI64-types.

(b) Computational instructions perform arithmetic, logical, shift, multiply, and divide operations on values in
registers. They include RI-, RRIA-, 18-, RI64-, 164-, RR-, RRR-, I8_MOVR32-, and I18_MOV32R-types.

(c) Jump and branch instructions change the control flow of a program. They include JAL-/JALX-, RR-, RI-, 18-,
and I-types.

(d) Special instructions are break and extend instructions. The break instruction transfers control to an exception
handler. The extend instruction extends the immediate field of the next instruction. They are RR- and I-types.
When extending the immediate field of the next instruction by using the extend instruction, one cycle is
needed for executing the extend instruction, and another cycle is needed for executing the next instruction.

For more details of each instruction’s operation, refer to CHAPTER 4 MIPS16 INSTRUCTION SET and
CHAPTER 29 MIPS16 INSTRUCTION SET FORMAT.

1.5.4 Data Formats and Addressing
The Vr4111 uses following four data formats:

<> Doubleword (64 bits)
<> Word (32 bits)

<> Halfword (16 bits)

<> Byte (8 bits)

For the VrR4110 CPU core, byte ordering within all of the larger data formats - halfword, word, doubleword - can

be configured in either big-endian or little-endian order. However, the V r4111 supports the little-endian order
only.

Endianness refers to the location of byte 0 within the multi-byte data structure.

When configured as a little-endian system, byte 0 is always the least-significant (rightmost) byte, which is
compatible with iIAPX™ and DEC VAX™ conventions. Figures 1-6 and 1-7 show this configuration.

Figure 1-6. Little-Endian Byte Ordering in Word Data

Higher Word Bityo.

address address %1 o4 23 o 15 - o\
12 | 15 | 14 | 13 I " |
8 | u || 1w || o & |
4 | 7 | 6 | 5 I 4 |

Lower o | 3 | 2 | 1 || o |

address

Remarks 1. The lowest byte is the lowest address.

2. The address of word data is specified by the lowest byte’s address.
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In this manual, bit 0 is always the least-significant (rightmost) bit; thus, bit designations are always little-endian.
Figure 1-7 shows little-endian byte ordering in doublewords.

Figure 1-7. Little-Endian Byte Ordering in Double Word Data

. Word Half word Byte
a%grk;irs Do;dbclltraevsvsrd {63 4_8JL 47 3£ {31 * 16‘ 15 8 7 0
16 |23 | 22 | 20 | 20 || 10| 18 | 17 | 16 |
8 |15 [ 1413 12110 o 5]
Lower o [7 e s fafsf2]a]fol]

address

Remarks 1. The lowest byte is the lowest address.
2. The address of word data is specified by the lowest byte’s address.

The CPU core uses the following byte boundaries for halfword, word, and doubleword accesses:
< Halfword: An even byte boundary (0, 2, 4...)
<~ Word: A byte boundary divisible by four (0, 4, 8...)

<- Doubleword: A byte boundary divisible by eight (0, 8, 16...)

The following special instructions to load and store data that are not aligned on 4-byte (word) or 8-byte
(doubleword) boundaries:

LWL LWR SWL SWR
LDL LDR SDL SDR

These instructions are used in pairs to provide an access to misaligned data. Accessing misaligned data incurs
one additional instruction cycle over that required for accessing aligned data.

Figure 1-8 shows the access of a misaligned word that has byte address 3 for the little-endian conventions.

Figure 1-8. Misaligned Word Accessing (Little-Endian)

Higher Bit No.

address . A
31 24 23 16 15 8 7 0
| s [ s 4 |
E | | | |

Lower

address
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1.5.5 Coprocessors (CPO0)
MIPS ISA defines 4 types of coprocessors (CPO to CP3).

» CPO translates virtual addresses to physical addresses, switches the operating mode (kernel, supervisor, or
user mode), and manages exceptions. It also controls the cache subsystem to analyze a cause and to return
from the error state.

» CP1isreserved for floating-point instructions.

» CP2isreserved for future definition by MIPS.

» CP3is no longer defined. CP3 instructions are reserved for future extensions.

Figure 1-9 shows the definitions of the CPO register, and Table 1-18 shows simple descriptions of each register.
For the detailed descriptions of the registers related to the virtual system memory, refer to Chapter 6. For the

detailed descriptions of the registers related to exception handling, refer to Chapter 7.

Figure 1-9. CPO Registers

Register No. Register name Register No. Register name
0 Index* 16 Config*
1 Random* 17 LLAddr*
2 EntryLoO* 18 WatchLo**
3 EntryLol* 19 WatchHi**
4 Context** 20 XContext**
5 PageMask* 21 -
6 Wired* 22 -
7 - 23 -
8 BadVAddr** 24 -
9 Count** 25 -
10 EntryHi* 26 PErr*
11 Compare** 27 CacheErr**
12 Status** 28 TagLo*
13 Cause** 29 TagHi*
14 EPC** 30 ErrorEPC**
15 PRId* 31 -

*  for Memory management
** for Exception handling
- Reserved
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Table 1-18. System Control Coprocessor (CP0) Register Definitions

Number Register Description
0 Index Programmable pointer to TLB array
1 Random Pseudo-random pointer to TLB array (read only)
2 EntryLoO Low half of TLB entry for even VPN
3 EntryLol Low half of TLB entry for odd VPN
4 Context Pointer to kernel virtual PTE in 32-bit mode
5 PageMask TLB page mask
6 Wired Number of wired TLB entries
7 O Reserved for future use
8 BadVAddr Virtual address where the most recent error occurred
9 Count Timer count
10 EntryHi High half of TLB entry (including ASID)
11 Compare Timer compare
12 Status Status register
13 Cause Cause of last exception
14 EPC Exception Program Counter
15 PRId Processor revision identifier
16 Config Configuration register (specifying memory mode system)
17 LLAddr Reserved for future use
18 WatchLo Memory reference trap address low bits
19 WatchHi Memory reference trap address high bits
20 XContext Pointer to kernel virtual PTE in 64-bit mode
21to 25 O Reserved for future use
26 PEr"* Cache parity bits
27 CacheErr'™* Index and status of cache error
28 TagLo Cache Tag register (low)
29 TagHi Cache Tag register (high)
30 ErrorEPC Error Exception Program Counter
31 O Reserved for future use

Note This register is defined to maintain compatibility with the Vr4100™. This register is not used
VRr4111 hardware.

in the
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1.5.6 Floating-Point Unit (FPU)

The Vr4111 does not support the floating-point unit (FPU). Coprocessor Unusable exception will occur if any
FPU instructions are executed. If necessary, FPU instructions should be emulated by software in an exception
handler.
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1.6 CPU CORE MEMORY MANAGEMENT SYSTEM (MMU)

The Vr4111 has a 32-bit physical addressing range of 4 Gbytes. However, since it is rare for systems to
implement a physical memory space as large as that memory space, the CPU provides a logical expansion of
memory space by translating addresses composed in the large virtual address space into available physical memory
addresses. The Vr4111 supports the following two addressing modes:

<> 32-bit mode, in which the virtual address space is divided into 2 Ghytes for user process and 2 Ghytes for the
kernel.
<> 64-bit mode, in which the virtual address is expanded tol Tbyte (2° bytes) of user virtual address space.

A detailed description of these address spaces is given in Chapter 6.

1.6.1 Translation Lookaside Buffer (TLB)

Virtual memory mapping is performed using the translation lookaside buffer (TLB). The TLB converts virtual
addresses to physical addresses. It runs by a full-associative method. It has 32 entries, each mapping a pair of
pages having a variable size (1 KB to 256 KB).

(1) Joint TLB (JTLB)

JTLB holds both an instruction address and data address.

For fast virtual-to-physical address decoding, the Vr4111 uses a large, fully associative TLB (joint TLB) that
translates 64 virtual pages to their corresponding physical addresses. The TLB is organized as 32 pairs of even-odd
entries, and maps a virtual address and address space identifier (ASID) into the 4-Gbyte physical address space.

The page size can be configured, on a per-entry basis, to map a page size of 1 KB to 256 KB. A CPO register
stores the size of the page to be mapped, and that size is entered into the TLB when a new entry is written. Thus,
operating systems can provide special purpose maps; for example, a typical frame buffer can be memory-mapped
using only one TLB entry.

Translating a virtual address to a physical address begins by comparing the virtual address from the processor
with the physical addresses in the TLB; there is a match when the virtual page number (VPN) of the address is the
same as the VPN field of the entry, and either the Global (G) bit of the TLB entry is set, or the ASID field of the virtual
address is the same as the ASID field of the TLB entry.

This match is referred to as a TLB hit. If there is no match, a TLB Miss exception is taken by the processor and
software is allowed to refill the TLB from a page table of virtual/physical addresses in memory.

1.6.2 Operating Modes
The Vr4111 has three operating modes:

< User mode
< Supervisor mode

< Kernel mode

The manner in which memory addresses are translated or mapped depends on these operating modes. Refer to
CHAPTER 6 MEMORY MANAGEMENT SYSTEM for details.
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1.6.3 Cache

The Vr4111 chip incorporates instruction and data caches, which are independent of each other. This
configuration enables high-performance pipeline operations. Both caches have a 64-bit data bus, enabling a one-
clock access. These buses can be accessed in parallel. The instruction cache of the Vr4111 has a storage
capacity of 4 KB, while the data cache has a capacity of 1 KB.

A detailed description of caches is given in CHAPETE 9 CACHE ORGANIZATION AND OPERATION .

1.7 INSTRUCTION PIPELINE

The Vr4111 has a 5-stage instruction pipeline. Under normal circumstances, one instruction is issued each
cycle.
A detailed description of pipeline is provided in Chapter 5.

1.8 CLOCK INTERFACE

The Vr4111 has the following nine clocks.

< CLKX1, CLKX2 (input)
These are oscillation inputs of 18.432 MHz, and used to generate operation clocks for the CPU core, serial
interface, and touch panel interface.
< RTCX1, RTCX2 (input)
These are oscillation inputs of 32.768 kHz, and used for PMU and RTC.
< FIRCLK (input)
This is a 48-MHz clock input, and used for FIR.
< PClock (internal)
This clock is used to control the pipeline used in the Vr4110 CPU core, and for units relating to the pipeline.
This clock is generated from the clock input of CLKX1 and CLKX2 pins. Its frequency is determined by
CLKSELJ2..0] pins.
< MasterOut (internal)
This is a bus clock of the Vr4110 CPU core, and used for interrupt control. The contents of the CP0Q’s count
register are incremented synchronously with this clock. Its frequency is 1/8, 1/12, or 1/16 of PClock
frequency, and is determined by the CLKSEL][2..0] pins.
< TClock (internal)
This is an operation clock for VrR4110 CPU core bus, internal bus of the Vr4111, and on-chip peripheral unit.
Its frequency is 1/2, 1/3, or 1/4 of the PClock frequency, and is determined by the CLKSEL[2..0] pins.
< BUSCLK (output)
This clock is supplied to the controller on the system bus. Its frequency in determined by CLKSEL[2..0] pins.
< HSPMCLK (output)
This clock is supplied to the external CODEC. Its frequency is determined by the HSPMCLKD register.
< HSPSCLK (input)
This is an operation clock for the external CODEC and the modem interface.
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Table 1-19. Relationships Between CLKSEL Pin Settings and Clock Frequencies

CLKSEL[2:0] PClock TClock MasterOut BUSCLK
111 98.1 MHz 24.5 MHz 6.13 MHz 6.13 MHz
110 90.5 MHz 22.7 MHz 5.67 MHz 5.67 MHz
101 84.1 MHz 28.0 MHz 7.01 MHz 7.01 MHz
100 78.5 MHz 26.2 MHz 6.54 MHz 6.54 MHz
011 69.3 MHz 23.1 MHz 5.77 MHz 5.77 MHz
010 65.4 MHz 21.8 MHz 5.45 MHz 5.45 MHz
001 62.0 MHz 20.7 MHz 5.17 MHz 5.17 MHz
000 49.1 MHz 24.5 MHz 6.13 MHz 6.13 MHz

Figure 1-10 shows an external circuit of the clock oscillator.

Figure 1-10. External Circuit of Clock Oscillator

(a) Crystal oscillation (b) External clock
VR4111 VR4111

! GND External
77'7- Note 1
e o
T

Open | Note 2

Note 2

Notes 1. CLKX1, RTCX1
2. CLKX2, RTCX2

Cautions 1. When using a clock oscillator, run wires in the area of this figure shown by broken lines,
according to the following rules, to avoid effects such as stray capacitance:

¢ Minimize the wire.

* Never cause the wires to cross other signal lines or run near a line carrying a large
varying current.

« Cause the grounding point of the capacitor of the oscillator circuit to have the same
potential as GND. Never connect the capacitor to a ground pattern carrying a large
current.

« Never extract a signal from the oscillator.

2. Take it into consideration that no load such as wiring capacity is applied to the CLKX2 or
RTCX2 pin when inputting an external clock.

Figure 1-11 shows examples of oscillator having bad connection.
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Figure 1-11. Examples of Oscillator with Bad Connection

(a) Connection circuit wiring is too long.

Notel Note2 GND|
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i sl
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(c) A high varying current flows near a signal line.

Notel Note2 GND
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(e) A signal is extracted.

Note2 Notel GND
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(b) There is another signal line crossing.

Notel Note2 GND
X
R

77T

(d) A current flows over the ground line of the
generator circuit
(The potentials of points A, B, and C change).

VDD

Notel Note2 GND
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s

Notes 1. CLKX2, RTCX2
2. CLKX1, RTCX1



CHAPTER 2 PIN FUNCTIONS

2.1 PIN CONFIGURATION

» 224-pin fine-pitch GBA (16 x 16 mm)

*

uPD30111S1-80-3C

uPD30111S1-100-3C

Top View

Bottom View

O

o~ © W1 T O
B R - |

N o
o -

Qo o~ © W1 T MmN o

1

x

000000
000000
000000
000000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
000000
000000
000000
000000

OO
OO
OO
OO

0O
cO
0O
0O

00O
00O
00O

(©]
(©]
(©]
(©] 00O

(ON©)]
(ON©)]
(ON©)]
(ON©)]

000000
000000
000000
000000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

/

M NP R T UV

K L

G H J

A B C D E F

K J HGF E DC B A

V UTRPNML

Index mark

59



CHAPTER 2

PIN FUNCTIONS

Pin No. | Power Pin Name Pin No. | Power Pin Name Pin No. | Power Pin Name
System System System

Al 3.3V | Vbp3 C15 3.3V RTS#/CLKSEL1 H15 3.3V GND3

A2 3.3V SHB# C16 3.3V GND3 H16 33V KPORT6

A3 3.3V BUSCLK C17 3.3V ILCSENSE H17 3.3V KPORT4

A4 3.3V HLDACK# C18 3.3V AFERST# H18 25V | Vbbp2

A5 3.3V IOCHRDY D1 3.3V DATAS5 J1 33V DATA20/GPIO20

A6 3.3V MEMW# D2 3.3V DATA3 J2 3.3V DATA17/GPIO17

A7 3.3V | ADD23 D3 3.3V DATAG6 J3 3.3V DATA22/GPI022

A8 3.3V | Vbp3 D4 3.3V GND3 Ja 3.3V DATA19/GPIO19

A9 3.3V | ADD18 D5 3.3V MEMCS16# J15 3.3V KSCAN9/GPI041

Al0 3.3V | ADD15 D6 3.3V ADD25 J16 3.3V | Vbbp3

All 3.3V | ADD8 D7 3.3V GND3 Ji7 25V GND2

Al2 3.3V | ADD7 D8 3.3V ADD19 J18 3.3V KSCAN11/GPIO43

Al3 25V | Vbb2 D9 3.3V | ADD16 K1 3.3V DATA23/GP1023

Ala 3.3V DCD#/GPIO15 D10 3.3V ADD14 K2 3.3V DATA26/GPI026

Al5 3.3V | TxD/CLKSEL2 D11 3.3V VbD3 K3 3.3V DATA25/GPI1025

Al6 3.3V IRDOUT# D12 3.3V GND3 K4 3.3V DATA21/GPI1021

Al7 3.3V IRING D13 3.3V ADD4 K15 3.3V KSCAN7/GPI039

Al8 3.3V | Vbp3 D14 3.3V CTS# K16 3.3V KSCAN10/GP1042

B1 3.3V DATA1 D15 3.3V GND3 K17 3.3V KSCANS5/GPI037

B2 3.3V IOR# D16 3.3V GND3 K18 3.3V KSCANS8/GPI1040

B3 3.3V IOW# D17 3.3V SDI L1 3.3V DATA27/GPI027

B4 3.3V LEDOUT# D18 3.3V SDO L2 3.3V DATA31/GPIO31

B5 3.3V FIRCLK E1l 3.3V DATA9 L3 3.3V DATA29/GPIO29

B6 3.3V HLDRQ# E2 3.3V DATA4 L4 3.3V DATA24/GP1024

B7 3.3V | ZWS# E3 3.3V DATA7 L15 3.3V KSCAN3/GPIO35

B8 3.3V | ADD24 E4 3.3V DATA10 L16 33V KSCANG6/GPIO38

B9 3.3V | ADD21 E15 3.3V OPD# L17 3.3V KSCANO/GPI032

B10 3.3V | ADD12 E16 3.3V HSPSCLK L18 3.3V KSCAN4/GPI036

B11 3.3V | ADD6 E17 3.3V FS M1 3.3V DATA30/GPIO30

B12 25V GND2 E18 3.3V HCO M2 3.3V | Vbbp3

B13 3.3V DSR# F1 3.3V DATA13 M3 3.3V GND3

B14 3.3V IRDIN F2 3.3V DATAS8 M4 3.3V DATA28/GPI028

B15 3.3V FIRDIN#/SEL F3 3.3V DATA11l M15 3.3V KSCAN2/GPI0O34

B16 3.3V BATTINH/BATTINT# F4 3.3V DATA14 M16 3.3V MIPS16EN

B17 3.3V OFFHOOK F15 3.3V KPORT3 M17 3.3V GND3

B18 3.3V MUTE F16 3.3V HSPMCLK M18 3.3V KSCAN1/GPIO33

C1l 3.3V DATA2 F17 3.3V TELCON N1 25V | Vbbp2

Cc2 3.3V DATAO F18 3.3V KPORT1 N2 3.3V | ADD3

C3 3.3V GND3 Gl 25V VbD2 N3 3.3V | ADD10

Cc4 3.3V GND3 G2 3.3V DATA12 N4 3.3V GND2

C5 3.3V GND3 G3 3.3V DATA15 N15 3.3V GND3

C6 3.3V | I0CS16# G4 3.3V | GND3 N16 3.3V | Vbp3

Cc7 3.3V MEMR# G15 3.3V KPORT7 N17 25V | VbpP

C8 3.3V | ADD22 G16 3.3V KPORT2 N18 3.3V GND3

c9 3.3V | ADD20 G17 3.3V KPORTO P1 3.3V ADD9

C10 3.3V | ADD17 G18 3.3V KPORT5 P2 3.3V | ADDO

Cl1 3.3V | ADD13 H1l 3.3V DATA16/GPIO16 P3 3.3V | ADD2

C12 3.3V | ADD5 H2 25V GND2 P4 3.3V | ADD11

C13 3.3V RxD H3 3.3V DATA18/GPIO18 P15 2.5V | Vbbp2 (VbDPD)

Cl4 3.3V DTR#/CLKSELO H4 3.3V VbD3 P16 25V GNDP
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Pin No. Power Pin Name Pin No. Power Pin Name Pin Power | Pin Name
System System No. System

P17 3.3V CLKX2 T6 3.3V AVDD U13 3.3V GPIO9

P18 25V GND2 (GNDPD) T7 3.3V LCAS# ul4 3.3V GPIO6

R1 3.3V ADD1 T8 3.3V ROMCS2# U15 3.3V GPIOS

R2 3.3V POWER T9 3.3V RD# Ul6 3.3V GPIO1

R3 3.3V GND3 T10 3.3V WR# ul7 3.3V GPIO2

R4 3.3V GND3 T11 3.3V DBUS32/GP1048 u18 3.3V CGND

R5 3.3V AUDIOIN T12 3.3V DDOUT/GPI044 V1 3.3V VbD3

R6 3.3V DVbD T13 3.3V GPIO11 V2 3.3V PIUGND

R7 3.3V MRAS2#/ULCAS# T14 3.3V GPIO8 V3 3.3V TPX0

R8 3.3V MRAS1# T15 3.3V GND3 A 3.3V TPY1

R9 3.3V ROMCS1# T16 33V GND3 V5 3.3V ADIN2

R10 3.3V RSTOUT T17 3.3V GPIOO V6 3.3V AUDIOOUT

R11 3.3V GND3 T18 3.3V RTCX1 V7 3.3V MRAS3#/UUCAS#

R12 3.3V GPIO49 Ul 3.3V MPOWER V8 3.3V MRASO#

R13 3.3V DDIN/GP1045 U2 3.3V RTCRST# V9 3.3V ROMCSO0#

R14 3.3V GPIO12 U3 3.3V AGND V10 3.3V VbD3

R15 3.3V GND U4 3.3V TPX1 V11l 3.3V LCDCS#

R16 3.3V CVbD U5 3.3V TPYO V12 3.3V DCTS#/GPI047

R17 3.3V RTCX2 U6 3.3V ADIN1 V13 3.3V GPIO14

R18 3.3V CLKX1 u7 3.3V DGND V14 3.3V GPIO10

T1 3.3V POWERON u8 3.3V UCAS# V15 3.3V GPIO7

T2 3.3V RSTSW# U9 3.3V ROMCS3# V16 33V GPIO4

T3 3.3V GND3 uU10 3.3V LDCRDY V17 3.3V GPIO3

T4 3.3V PIUVDD Ull 3.3V DRTS#/GP1046 V18 3.3V VbD3

T5 3.3V ADINO U1z 3.3V GPIO13

61




CHAPTER 2 PIN FUNCTIONS

PIN IDENTIFICATION

ADD [0:25]
ADIN [0:2]
AFERST#
AGND
AUDIOIN
AUDIOOUT
AVDD
BATTINH
BATTINT
BUSCLK
CGND
CLKSEL [0:2]
CLKX1
CLKX2
CTS#
CVbD
DATA [0:31]
DBUS32
DCD#
DCTS#
DDIN
DDOUT
DGND
DRTS#
DSR#
DTR#
DVbD
FIRCLK
FIRDIN#
FS

GND2, GND3
GNDP, GNDPD
GPIO [0:49]
HCO
HLDACK#
HLDRQ#
HSPMCLK
HSPSCLK
ILCSENSE
IOCHRDY
IOCS16#
IOR#

IOW#
IRDIN

: Address Bus

: General Purpose Input for A/D
. AFE Reset

: GND for A/D

: Audio Input

: Audio Output

: Vob for A/ID

: Battery Inhibit

: Battery Interrupt Request
: System Bus Clock

: GND for Oscillator

: Clock Select

: Clock X1

: Clock X2

: Clear to Send

: VoD for Oscillator

: Data Bus

: Data Bus 32

: Data Carrier Detect

: Debug Serial Clear to Send
: Debug Serial Data Input

: Debug Serial Data Output
: GND for D/A

: Debug Serial Request to Send
: Data Set Ready

: Data Terminal Ready

: Vop for D/A

: FIR Clock

: FIR Data Input

: Frame Synchronization

: Ground

: Ground for PLL

: General Purpose 1/0

: Hardware Control 0

: Hold Acknowledge

: Hold Request

: HSP Codec Master Clock
: HSP Codec Serial Clock

. Input Loop Current Sensing
: 1/O Channel Ready

: 1/O Chip Select 16

: 1/0 Read

: 1/O Write

. IrDA Data Input

Remark # indicates active low.
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IRDOUT#
IRING
KPORT [0:7]
KSCAN [0:11]
LCAS#
LCDCS#
LCDRDY
LEDOUT#
MEMCS16#
MEMR#
MEMW#
MIPS16EN
MPOWER
MRAS [0:3]#
MUTE
OFFHOOK
OPD#
PIUGND
PIUVDD
POWER
POWERON
RD#
ROMCS [0:3]#
RSTOUT
RSTSW#
RTCRST#
RTCX1
RTCX2
RTS#

RxD

SDI

SDO

SEL

SHB#
TELCON
TPX [0:1]
TPY [0:1]
TxD

UCAS#
ULCAS#

UUCAS#

VbD2, VDD3
VobpP, VbbPD
WR#

Z\WSH#

. IrDA Data Output

. Input Ring

: Key Code Data Input

: Key Scan Line

: Lower Column Address Strobe
: LCD Chip Select

: LCD Ready

. LED Output

: Memory Chip Select 16

: Memory Read

: Memory Write

: MIPS16 Enable

: Main Power

: DRAM Row Address Strobe

: Mute

: Off Hook

: Output Power Down

: GND for Touch Panel Interface
: Vop for Touch Panel Interface
: Power Switch

: Power On State

: Read

: ROM Chip Select

: System Bus Reset Output

: Reset Switch

: Real-time Clock Reset

: Real-time Clock X1

: Real-time Clock X2

: Request to Send

: Receive Data

: HSP Serial Data Input

: HSP Serial Data Output

: IrDA Module Select

: System Hi-Byte Enable

: Telephone Control

: Touch Panel X I1/0

: Touch Panel Y I/O

: Transmit Data

: Upper Column Address Strobe
: Lower Byte of Upper Column

Address Strobe

: Upper Byte of Upper Column

Address Strobe

: Power Supply Voltage
: Vob for PLL

: Write

: Zero Wait State
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2.2 PIN FUNCTION DESCRIPTION

The functional classification of the Vr4111 pins is listed below.

Remark # indicates active low.

RxD

TxD/CLKSEL2

RS-232C RTS#/CLKSEL1

Interface DTR#/CLKSELO

CTS#

DCD#/GPI015

DSR#

I'DA FIRDIN#/SEL

Interface IRDIN

IRDOUT#

DDOUT/GPIO44

Debug serial DDIN/GPIO45

Interface DRTS#/GP1046

DCTS#/GPI1047

POWER

Initialization RSTSW#

Interface RTCRST#

MPOWER

POWERON

Battery monitor BATTINH/

Interface { BATTINT#

Keyboard KPORT (0:7)

Interface KSCAN (0:11)/

GPIO (32:43)

Audio { AUDIOOUT

Interface AUDIOIN

CLKX1

Clock CLKX2

Interface RTCX1

RTCX2

FIRCLK

LED { LEDOUT#
Interface

VobP

GNDP

CVobp

CGND

DVob

Dedicated DGND

Voo, GND AVop

AGND

PIUVop

PIUGND

VooPD

GNDPD

Figure 2-1. V r4111 Signal Classification

Vr4102

ADD (0:25)
DATA (0:15)
DATA (16:31)/
GPIO (16:31)
LCDRDY
LCDCS#

RD#

WR#

ROMCS (0:3)#
UUCASH#MRAS3#
ULCAS#MRAS2#
MRAS (0:1)#
UCAS#
LCASH#
BUSCLK
SHB#

|OR#

IOW#

MEMR#
MEMW#
ZWSH#
RSTOUT
MEMCS16#
lOCS16#
IOCHRDY
HLDRQ#
HLDACK#

LCD
Interface

Memory
Interface

~

~System bus interface

ISA bus
Interface

I:zé EgB } Touch panel/

: general-purpose A/D interface
ADIN (0:2)
General-purpose 1/0
(including alternate-function

pins and DCD# inputs)

GPIO (0:49)

IRING
ILCSENSE
OFFHOOK
MUTE
AFERST#
SDI

FS > HSP modem interface
SDO
HSPSCLK
TELCON
HCO
HSPMCLK
OPD#

DBUS32/GPI048

Initialization setting
MIPS16EN
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2.2.1 System Bus Interface Signals
These signals are used when the Vr4111 is connected to a DRAM, ROM, or LCD, or other devices in the system
through the system bus.

Table 2-1. System Bus Interface Signals (1/2)

Signal

/10

Description of function

ADDI[25..0]

This is a 26-bit address bus. The VR4111 uses this to specify addresses for the DRAM, ROM, LCD, or
system bus (ISA).

DATA[15..0]

/10

This is a 16-bit data bus. The VR4111 uses this to transmit and receive data with a DRAM, ROM, LCD,
or system bus.

DATA[31..16)/
GPIO[31..16]

/10

This function differs depending on how the DBUS32 pin is set.

<When DBUS32 = 1> : DATA[31..16]
It is the high-order 16 bits of the 32-bit data bus.
This bus is used for transmitting and receiving data between the VR4111 and the DRAM and ROM.

<When DBUS32 = 0> : GPIO[31..16]
It is a general-purpose 1/0 (GPIO) port.

LCDCS#

This is the LCD chip select signal. This signal is active when the VrR4111 is performing LCD access
using the ADD/DATA bus.

RD#

This is active when the VR4111 is reading data from the LCD, RAM, or ROM.

WR#

This is active when the VR4111 is writing data to the LCD, RAM, or ROM.

LCDRDY

This is the LCD ready signal. Set this signal as active when the LCD controller is ready to receive
access from the VrR4111.

ROMCSI[3..2J#

The function differs with the setting of the DBUS32 pin.
<When DBUS32 = 1>

This becomes the chip select signal for the extended ROM or DRAM.
<When DBUS32 = 0>

This is the ROM chip select signal.

ROMCSI1..0J#

This is the ROM chip select signal.

UUCASH/
MRAS[3]#

This function differs depending on how the DBUS32 pin is set.

<When DBUS32 = 1> : UUCAS#
This signal is active when a valid column address is output via the ADD bus during access of
DATA[31:24] in the 32-bit data bus.
When the access bus size to the LCD is 32 bits, this also becomes active when a valid address is
output to the ADD bus while accessing DATA[31:24].

<When DBUS32 = 0> : MRAS[3]#
This is the DRAM’s RAS signal. Up to four DRAM units can be connected, and this signal is active
when a valid row address is output via the ADD bus for the DRAM connected to the high-order address.

ULCASH/
MRAS[2]#

This function differs depending on how the DBUS32 pin is set.

<When DBUS32 = 1> ULCAS#
This signal is active when a valid column address is output via the ADD bus during access of
DATA[23:16] in the 32-bit data bus.
When the access bus size to the LCD is 32 bits, this also becomes active when a valid address is
output to the ADD bus while accessing DATA[23:16].

<When DBUS32 = 0> MRAS[2]#
This is the DRAM’s RAS signal. This signal is active when a valid row address is output via the ADD
bus for the DRAM connected to the next-highest address after the highest high-order address.
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Table 2-1. System Bus Interface Signals (2/2)

Signal 110 Description of function

MRAS[1..0J# O | This is the DRAM’s RAS signal.

UCAS# O | This is the DRAM’s CAS signal. This signal is active when a valid column address is output via the ADD
bus during access of DATA[15:8] in the DRAM.
When the access bus size to the LCD is 32 bits, this also becomes active when a valid address is output
to the ADD bus while accessing DATA[15:8].

LCAS# O [ This is the DRAM's CAS signal. This signal is active when a valid column address is output via the ADD
bus during access of DATA[7:0] in the DRAM.
When the access bus size to the LCD is 32 bits, this also becomes active when a valid address is output
to the ADD bus while accessing DATA[7:0].

BUSCLK O | This is the system bus clock. It is used to output the clock that is supplied to the controller on the
system bus. Its frequency is determined by the state of the CLKSEL2/TxD, CLKSEL1/RTS#, and
CLKSELO/DTR# pins. (See 2.2.5 RS-232C Interface Signals .)

SHB# O [ This is the system bus high-byte enable signal. During system bus access, this signal is active when the
high-order byte is valid on the data bus.

IOR# O | This is the system bus I/O read signal. It is active when the VR4111 accesses the system bus to read
data from an I/O port.

IOW# O [ This is the system bus I/O write signal. It is active when the VR4111 accesses the system bus to write
data to an 1/O port.

MEMR# O | This is the system bus memory read signal. It is active when the VR4111 accesses the system bus to
read data from memory.

MEMW# O | This is the system bus memory write signal. It is active when the VR4111 accesses the system bus to
write data to memory.

ZWS# I | This is the system bus zero wait state signal. Set this signal as active to enable the controller on the
system bus to be accessed by the VrR4111 without a wait interval.

RSTOUT O [ This is the system bus reset signal. It is active when the VR4111 resets the system bus controller.

MEMCS16# I | This is a dynamic bus sizing request signal.
Set this signal as active when system bus memory accesses data in 16-bit width.

10CS16# I | This is a dynamic bus sizing request signal.
Set this signal as active when system bus 1/0 accesses data in 16-bit width.

IOCHRDY I | This is the system bus ready signal. Set this signal as active when the system bus controller is ready to
be accessed by the VrR4111.

HLDRQ# || This is a hold request signal for the system bus and DRAM bus that is sent from an external bus master.

HLDACK# O | This is a hold acknowledge signal for the system bus and DRAM bus that is sent to an external bus

master.
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2.2.2 Clock Interface Signals
These signals are used to supply clocks. Table 2-2 lists functions of these signals.

Table 2-2. Clock Interface Signals

Signal 1/0 Description of function
RTCX1 I | This is the 32.768-kHz oscillator’s input pin. It is connected to one side of a crystal resonator.
RTCX2 O | This is the 32.768-kHz oscillator's output pin. It is connected to one side of a crystal resonator.
CLKX1 | | This is the 18.432-MHz oscillator’s input pin. It is connected to one side of a crystal resonator.
CLKX2 O | This is the 18.432-MHz oscillator’s output pin. It is connected to one side of a crystal resonator.
FIRCLK I | This is the 48-MHz clock input pin. Fix this at high level when FIR is not used.

The operating frequency of CPUCORE can be set by the CLKSEL2/TxD, CLKSEL1/RTS#, and CLKSELO/DTR#

signals.
For details of these signals, refer to 2.2.5 RS-232C Interface Signals .

2.2.3 Battery Monitor Interface Signals
These signals indicate when an external agent is able to provide enough power for system operations. Table 2-3

describes the functions of these signals.

Table 2-3. Battery Monitor Interface Signals

Signal I/0 Description of function
BATTINH/ | | This function differs depending on how the MPOWER pin is set.
BATTINT# <When MPOWER = 0>

BATTINH function
This signal enables/prohibits activation due to power-on.
1: Enable activation (power-on)
0 : Prohibit activation (power on)

<When MPOWER = 1>

BATTINT# function
This is an interrupt signal that is output when remaining power is low during normal operations. The
external agent checks the remaining battery power. Activate the signal at this pin if voltage sufficient
for operations cannot be supplied.
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2.2.4 Initialization Interface Signals

These signals are used when an external agent initializes the processor operation parameters. Table 2-4
describes the functions of these signals.

Table 2-4. Initialization Interface Signals

Signal I/0 Description of function
* | MPOWER O [ This signal indicates the VR4111 is operating. This signal is inactive during Hibernate mode.
POWERON O | This signal indicates the VR4111 is ready to operate. It becomes active when a power-on factor is

detected and becomes inactive when the BATTINH/BATTINT# signal check operation is completed.

POWER | | This signal indicates that the POWER ON switch has been pressed.
RSTSW# I | This signal indicates that the RESET switch has been pressed.
RTCRST# I | This signal resets RTC. When power is first supplied to a device, the external agent must assert the

signal at this pin for about 600 ms.
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2.2.5 RS-232C Interface Signals
These signals control data transmission and reception between the VR4111 and an RS-232C controller. Table 2-
5 describes the functions of these signals.

Table 2-5. RS-232C Interface Signals

Signal 110 Description of function
RxD | [ This is a receive data signal. It is used when the RS-232C controller sends serial data to the VrR4111.
CTS# I | This is the transmit enable (“clear-to-send”) signal. This signal is asserted when the RS-232C controller is

ready to receive transmission of serial data.

DCD#/ I [ This is a carrier detection signal. This signal is asserted when valid serial data is being received. It is
GPIO[15] also used when detecting a power-on factor for the VR4111.
When this pin is not used for DCD# signal, this pin can be used as an interrupt detection function for the
GIU unit.
DSR# | | This is the data set ready signal. Assert this signal to set up transmission and reception of serial data

between the RS-232C controller and the VrR4111.

TxD/ 1/0 | This function differs depending on the operating status.

CLKSEL[2), « During normal operation (output)

RTS#/ Signals used for serial communication

CLKSEL[1], TxD signal (output):

DTR# This is a transmit data signal. It is used when the VR4111 sends serial data to the RS-232C controller.
CLKSEL[0] RTS# signal (output):

This is a transmit request signal. This signal is asserted when the VR4111 is ready to receive serial
data from the RS-232C controller.

DTR# signal (output):
This is a terminal equipment ready signal. This signal is asserted when the VR4111 is ready to
transmit or receive serial data.

¢ When RTC reset (input)
Signals (CLKSEL[2:0]) used to set the CPU core operation frequency, BUSLK frequency, and internal
bus clock frequency. These signals are sampled when the RTCRST# signal changes from low level to
high level.
The relationships between the CLK pin setting and each clock frequency are shown below.

CLKSEL[2:0] CPU core operation BUSCLK output Internal bus clock Interrupt control

frequency frequency frequency clock frequency
111 98.1 MHz 6.13 MHz 24.5 MHz 6.13 MHz
110 90.5 MHz 5.67 MHz 22.6 MHz 5.67 MHz
101 84.1 MHz 7.01 MHz 28.0 MHz 7.01 MHz
100 78.5 MHz 6.54 MHz 26.2 MHz 6.54 MHz
011 69.3 MHz 5.77 MHz 23.1 MHz 5.77 MHz
010 65.4 MHz 5.45 MHz 21.8 MHz 5.45 MHz
001 62.0 MHz 5.17 MHz 20.7 MHz 5.17 MHz
000 49.1 MHz 6.13 MHz 24.5 MHz 6.13 MHz

Caution Some of these frequency settings may not be selectable in the future.
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2.2.6 IrDA Interface Signals
These signals are used to control data transmission and reception between the VR4111 and an IrDA controller.
Table 2-6 describes the functions of these signals.

Table 2-6. IrDA Interface Signals

Signal I/O | Description of function
IRDIN I | This is the IrDA serial data input signal. It is used when the VR4111 sends serial data to the IrDA
controller, for both FIR and SIR. If the IrDA controller used is an HP product, however, this signal should
be used for only SIR.
FIRDIN#/SEL 1/0 | This function differs according to the IrDA controller used (for how to switch a controller, refer to 24.2.13).
* HP’s controller
FIRDIN#: It is an FIR receive data input signal.
* TEMIC's controller
SEL: It is an output port for external FIR/SIR switching.
* SHARP’s controller
Use is prohibited.
IRDOUT# O | This is the IrDA serial data output signal for both SIR and FIR. It is used when the IrDA controller sends
serial data to the VR4111.

2.2.7 Debug Serial Interface Signals
These signals are used to control data transmission and reception between the VR4111 and a external debug

serial controller.

Table 2-7 describes the functions of these signals.

Table 2-7. Debug Serial Interface Signals

Signal 110 Description of function

DDOUT/ O | This is the debug serial data output signal. It is used when an external debug serial data controller sends
GPI0O[44] serial data to the VrR4111.

When this pin is not used for the DDOUT signal, it can be used as a general-purpose output port.
DDIN/ 1/0 | This is the debug serial data input signal. It is used when the VR4111 sends serial data to an external
GPIO[45] debug serial controller.

When this pin is not used for the DDIN signal, it can be used as a general-purpose output port.
DRTS#/ O | This is a transmission request signal. The VR4111 asserts this signal before sending serial data.
GPIO[46] When this pin is not used for the DRTS# signal, it can be used as a general-purpose output port.
DCTS#/ 1/0 | This is a transmit acknowledge signal. The VR4111 asserts this signal when it is ready to receive
GPIO[47] transmitted serial data.

When this pin is not used for the DCTS# signal, it can be used as a general-purpose output port.
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2.2.8 Keyboard Interface Signals

These signals are used to control a keyboard circuit to the VR4111. Table 2-8 describes the functions of these
signals.

Table 2-8. Keyboard Interface Signals

Signal 1/0 Description of function

KPORT[7..0] I | This is a keyboard scan data input signal. It is used to scan for pressed keys on the keyboard.

KSCAN[11..0}/ O | These signal are used as keyboard scan data output signals and a general-purpose output port. The scan
GPIO[43..32] line is set as active when scanning for pressed keys on the keyboard.

Pins that are not used for the key scan operation can be used as a general-purpose output port.

2.2.9 Audio Interface Signals

This signal is used to input/output audio signals. Table 2-9 describes the functions of this signal.

Table 2-9. Audio Interface Signals

Signal 110 Description of function

AUDIOOUT O [ This is an audio output signal. Analog signals that have been converted via the on-chip 10-bit D/A
converter are output.

AUDIOIN || This pin is the audio input pin.

2.2.10 Touch Panel/General Purpose A/D Interface Signals
These are the signals to the on-chip A/D converter of the Vr4111. Four of these signals are used for a touch

panel, and the remaining three are used as general-purpose input pins. Table 2-10 describes the functions of these
signals.

Table 2-10. Touch Panel/General Purpose A/D Interface Signals

Signal 110 Description of function

TPX[1..0] 1/0 | This is an I/O signal that is used for the touch panel. It uses the voltage applied to the X coordinate and
the voltage input to the Y coordinate to detect which coordinates on the touch panel are being pressed.

TPY[1..0] I/0 | This is an I/O signal that is used for the touch panel. It uses the voltage applied to the Y coordinate and
the voltage input to the X coordinate to detect which coordinates on the touch panel are being pressed.

ADIN[2..0] | [ This is a general-purpose A/D input signal.
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2.2.11 General-purpose /O Signals
These are general-purpose 1/O pins of the VR4111. Ordinary, 33 of the 49 GPIO pins are used as alternate-
function pins. Table 2-11 describes the functions of these signals.

Table 2-11. General-purpose I/O Signals

Signal 110 Description of function
GPIO[3..0] 1/0 | These are maskable power-on factors. After start-up, they are used as ordinary GPIO pins.
GPIO[8..4] 1/0 | These are ordinary GPIO pins.
GPIO[12..9] 1/0 | These are maskable power-on factors. After start-up, they are used as ordinary GPIO pins.

GPIO[14..13] 1/0 | These are ordinary GPIO pins.

DATA[31..16])/ | I/O | See 2.2.1 System Bus Interface Signals

GPIO[31..16]

KSCAN[11..0)/ O | See 2.2.8 Keyboard Interface Signals
GPIO[43..32]

DDOUT/ O | See 2.2.7 Debug Serial Interface Signals
GP10[44]

DDIN/GPIO[45] | I/O | See 2.2.7 Debug Serial Interface Signals

DRTS#/ O |See 2.2.7 Debug Serial Interface Signals

GPIO[46]

DCTS#/ 1/0 | See 2.2.7 Debug Serial Interface Signals

GPIO[47]

DBUS32/ 1/0 | See 2.2.14 Initialization Setting Signals

GPIO[48]

GPIO[49] O | This function differs depending on the operating status.

« During normal operation
It can be used as a general-purpose output port.

¢ When RTC reset
This signal is sampled when the RTCRTS# signal changes from low level to high level.
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2.2.12 HSP MODEM Interface Signals

Table 2-12. HSP MODEM Interface Signals

Signal 1/0 Function
IRING I | RING signal detect signal. This pin becomes active when the RING signal is detected.
ILCSENSE | | Handset detect signal.
OFFHOOK O | On-hook relay control signal.
MUTE O | Modem speaker mute control signal.
AFERST# O | CODEC reset signal.
SDI | | Serial input signal from CODEC.
FS | | Frame synchronization signal from CODEC.
SDO O | Serial output signal to CODEC.
HSPSCLK | | Operation clock input of modem interface block for CODEC.
TELCON O | Handset relay control signal.
HCO O | CODEC control signal.
HSPMCLK O | Clock output to CODEC.
OPD# O | Use this pin for controlling power of CODEC and DAA. This signal is set as active when to set power
supply to them ON.

2.2.13 LED Interface Signal

Table 2-13. LED Interface Signal

Signal

Description of function

LEDOUT#

This is an output signal for lighting LEDs.

2.2.14 Initial Setting Signals

Table 2-14. Initial Setting Signals

Signal Name

1/0 Function Description

DBUS32/
GPI0[48]

1/0 The function differs with the state of the RTCRST# signal

« During normal operation (output)
This can be used as a general-purpose output port.

e When RTC reset (input)
This is the switching signal for the data bus width. This signal is sampled when the RTCRST#
signal changes from low level to high level.

1: The data bus has a 32-bit width.
0: The data bus has a 16-bit width.

MIPS16EN

This pin enables the use of MIPS16 instructions. This signal is sampled when the RTCRST#
signal changes from low level to high level.

1: Enables the use of MIPS16 instructions
0: Disables the use of MIPS16 instructions
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2.2.15 Dedicated V oo and GND Signals

Table 2-15. Dedicated V oo and GND Signals

Signal Name Power-Supply System Function Description

VobP 25V Dedicated Vop for the PLL analog unit.

GNDP 25V Dedicated GND for the PLL analog unit.

VbbPD 25V Dedicated Vob for the PLL digital unit. Its function is identical to Voo2.

GNDPD 25V Dedicated GND for the PLL digital unit. Its function is identical to GND2.

CVbD 3.3V Dedicated Vob for the oscillator.

CGND 3.3V Dedicated GND for the oscillator.

DVbbp 3.3V Dedicated Vob for the D/A converter. The voltage applied to this pin
becomes the maximum of the analog output of AUDIOOUT.

DGND 3.3V Dedicated GND for D/A converter. The voltage applied to this pin
becomes the minimum of the analog output of AUDIOOUT.

AVop 3.3V Dedicated Vob for the A/D converter. The voltage applied to this pin
becomes the maximum voltage that can be detected by the A/D interface
signals (8 lines).

AGND 3.3V Dedicated GND for the A/D converter. The voltage applied to this pin
becomes the minimum voltage that can be detected by the A/D interface
signals (8 lines).

PIUVDD 33V Dedicated Vbp for touch-sensitive panel interface.

PIUGND 3.3V Dedicated GND for touch-sensitive panel interface.

VDD2 25V Normal 2.5-V system Vbb.

GND2 25V Normal 2.5-V system GND.

Vbb3 3.3V Normal 3.3-V system Vbb.

GND3 3.3V Normal 3.3-V system GND.

% Caution The V r4111 has two types of power supplies. There are no restrictions as to the sequence in
which these power supplies are applied. However, do not apply one type of power for more than
one second while the other power supply is not applied.
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2.3 PIN STATUS

2.3.1 Pin Status upon Specific States
Table 2-16 lists the pin states after the Vr4111 is reset or when it is in the power mode.

Table 2-16. Pin Status upon Specific States (1/3)

After Reset by the

In the Hibernate

Signal Name ﬁlf;e;_?z;i:y Deadman’s Switch :\;Otzz Suspend Mode or Shut. Down Ezlr;ng aBus
or RSTSW by the HAL Timer
ADD[25..0] 0 0 Note 1 0 Hi-z
DATA[15..0] 0 0 Note 1 0 Hi-Z
DATA[31..16]/ o/ o/ Note 1 o/ Hi-z/
GPIO[31..16] Hi-Z Hi-Z Hi-Z Note 1
LCDCS# Hi-Z 1 1 Hi-Z 1
RD# Hi-Z 1 1 Hi-Z Hi-Z
WR# Hi-Z 1 1 Hi-Z Hi-Z
LCDRDY O O | | |
ROMCS#[3..2] Hi-Z Note 2 Note 2 Note 2 Note 2
ROMCS#{1..0] Hi-Z 1 1 Hi-Z 1
UUCAS#/MRAS#[3] Note 3 Note 4 0 0 Hi-z
ULCAS#/MRAS#(2] Note 3 Note 4 0 0 Hi-Z
MRAS#[1..0] 1 Note 4 0 0 Hi-Z
UCAS# 0 Note 4 0 0 Hi-Z
LCAS# 0 Note 4 0 0 Hi-z
BUSCLK 0 0 Note 1 0 Note 5
SHB# Hi-Z 1 1 Hi-Z Hi-Z
IOR# Hi-Z 1 1 Hi-Z Hi-Z
IOW# Hi-Z 1 1 Hi-Z Hi-Z
MEMR# Hi-Z 1 1 Hi-Z Hi-Z
MEMW# Hi-Z 1 1 Hi-Z Hi-Z
Z\WSH# O O | | |
RSTOUT Hi-Z 1 0 Hi-Z Note 6
Notes 1. Maintains the state of the previous Full-Speed Mode.

2. When used as the chip select for the ROM or extended ROM, this is the same as ROMCSJ[1..0]#.
When used as the RAS for the extended DRAM, this is the same as MRAS[1..0]#.

3. When DBUS32 =1, the low level is output.
When DBUS32 = 0, the high level is output.

4. Reset by the RSTSW# signal: The pin outputs a low level. (Self refresh)

Reset by the Deadman’s switch: The pin outputs a high level.

5. Bus hold from the Suspend Mode: The state of the previous Full-Speed Mode is maintained.
Bus hold from Full-Speed Mode or Standby Mode: Outputs clocks.
6. Normal operation proceeds.
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Table 2-16. Pin Status upon Specific States (2/3)

After Reset by the

In the Hibernate

Signal Name ﬁtﬂe};?g:z:y Deadman’s Switch :\:;22 Suspend Mode or Shut Down zglr;ng aBus
or RSTSW by the HAL Timer
I0CS16# O O O O O
MEMCS16# O O O O O
IOCHRDY O O O O O
HLDRQ# 0 0 0 O 0
HLDACK# Hi-Z 1 Note 1 Hi-Z Note 1
RTCX1 O O O O O
RTCX2 O O O O O
CLKX1 O O O O O
CLKX2 O O O O O
FIRCLK O O O O O
BATTINH/BATTINT O O O O O
#
MPOWER 0 1 1 0 1
POWERON 0 0 0 0 0
POWER O O O O O
RSTSW# O O O O O
RTCRST# O O O O O
RxD O O O O O
TxD/CLKSEL[2] Hi-Z 1 1 1 Note 1
RTS#/CLKSEL[1] Hi-Z 1 1 1 Note 1
CTS# O O O O O
DCD#/GPIO[15] O O O O O
DTR#/CLKSEL][O] Hi-Z 1 1 1 Note 1
DSR# O O O O O
IRDIN# O O O O O
IRDOUT 0 0 0 0 Note 1
FIRDIN#/SEL Hi-Z Hi-Z Note 2 Hi-Z Note 2
DDIN#/ g/ g/ o/ o/ o/
GPIO[45]"*® Hi-Z Note 2 Note 2 Note 2 Note 2
DDOUT#/ 1/ 1 1 1/ 1/
GPIO[44]"*? 1 Note 2 Note 2 Note 2 Note 2
DRTSH#/ 1/ 1 1 1/ 1/
GPIO[46]"*® 1 Note 2 Note 2 Note 2 Note 2
DCTS#/ g/ g/ o/ o/ o/
GPIO[47]"*® Hi-Z Note 2 Note 2 Note 2 Note 2

Notes 1.

Normal operation proceeds.

2. The state of the previous Full-Speed Mode is maintained.
3. Software can switch the function pin and the output port.
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Table 2-16. Pin Status upon Specific States (3/3)

After Reset by the

In the Hibernate

Signal Name ﬁtﬂe};?g:z:y Deadman’s Switch :\:;22 Suspend Mode or Shut Down zglr(ijng aBus
or RSTSW by the HAL Timer
KPORTI[7..0] O O O O O
KSCAN[11..0]/ Hi-Z/ Hi-z/ Note 2/ Hi-z/ Note 3
GPIO[43..32]""* Hi-Z Note 2 Note 2 Note 2
AUDIOOUT 0 0 Note 2 0 Note 3
TPX[1..0] 1 1 Note 2 1 Note 3
TPY[1..0] Hi-Z Hi-Z Note 2 Hi-Z Note 3
ADIN[2..0] O O O O 0
AUDIOIN O O O O O
GPI0[14..0] Hi-Z Hi-Z Note 2 Hi-Z Note 3
IRING O O O O O
ILCSENSE O O | | O
OFFHOOK™"** Hi-Z Hi-Z Note 2 Hi-Z Note 2
MUTE"™"* Hi-Z Hi-Z Note 2 Hi-Z Note 2
AFERST""* 0 0 Note 2 0 Note 2
SDI O O | | O
FS O O O O O
SDO 0 0 Note 2 0 Note 2
HSPSCLK O O O O O
TELCON™"* Hi-Z Hi-Z Note 2 Hi-Z Note 2
HCo™ 0 0 Note 2 0 Note 2
HSPMCLK"™** 0 0 Note 2 0 Note 2
OPD# 0 0 Note 2 0 Note 2
LEDOUT# 1 Note 3 Note 3 Note 3 Note 3
DBUS32/ Hi-z/ Hi-z/ Note 2/ Hi-z/ Note 2/
GPIO[48]"** Hi-Z Note 2 Note 2 Note 2 Note 2
MIPS16EN Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
GPIO[49]"*® Note 6 Note 2 Note 2 Note 2 Note 2

Notes 1.

Software can switch the function pin and the output port.

The state of the previous Full-Speed Mode is maintained.

R L
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2.3.2 Connection of Unused Pins and Pin I/O Circuits

Table 2-17. Connection of Unused Pins and Pin I/O Circuit Type (1/3)

Signal Internal External Drive 1/O circuit type
processing processing capability

ADD[25..0] Slew rate buffer - 120 pF A
DATA[15..0] - - 40 pF A
DATA[31..16)/ - Note 1 40 pF A
GPIO[31..16]

LCDCS# Slew rate buffer - 40 pF A
RD# Slew rate buffer Note 2 120 pF A
WR# Slew rate buffer Note 2 120 pF A
LCDRDY - Note 3 - A
ROMCSJ[3..2]# Slew rate buffer Note 4 40 pF A
ROMCSJ1..0]# Slew rate buffer - 40 pF A
UUCAS#/MRAS[3]# | Slew rate buffer Note 2 120 pF A
ULCAS#/MRAS|2]# Slew rate buffer Note 2 120 pF A
MRASI1..0]# Slew rate buffer Note 2 40 pF A
UCAS# Slew rate buffer Note 2 120 pF A
LCAS# Slew rate buffer Note 2 120 pF A
BUSCLK Slew rate buffer - 40 pF A
SHB# Slew rate buffer Note 2 40 pF A
IOR# Slew rate buffer Note 2 40 pF A
Iow# Slew rate buffer Note 2 40 pF A
MEMR# Slew rate buffer Note 2 40 pF A
MEMW# Slew rate buffer Note 2 40 pF A
Z\WSH# Note 5 Note 3 - A
RSTOUT Slew rate buffer Pull up 40 pF A
IOCS16# Note 5 Note 3 - A
MEMCS16# Note 5 Note 3 - A
IOCHRDY Note 5 Note 3 - A

Notes 1. Pins DATA[31...16] in the Vr4111 function as GPIO[31...16] when using the 16-bit data bus.

When using these pins as GPIO[31...16], pull them up or pull down so as not to input an
intermediate-level signal.
2. When the bus hold function is used, pull-ups are recommended outside the Vr4111.
Do not input an intermediate-level signal.
4. When used as the RAS signal of extended DRAM, external pull-up is recommended for the

VR4111.

5. When the MPOWER pin outputs the low-level, intermediate-level input is enabled.
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Table 2-17. Connection of Unused Pins and Pin I/O Circuit Type (2/3)

Signal Internal External Drive 1/O circuit type
processing processing capability

HLDRQ# Note 1 Note 2 - A

HLDACK# Slew rate buffer - 40 pF A

RTCX1 - Resonator - -

RTCX2 - Resonator - -

CLKX1 - Resonator - -

CLKX2 - Resonator - -

FIRCLK - Note 3 - A

BATTINH/ Schmitt - - B

BATTINT#

MPOWER - - 40 pF A

POWERON - - 40 pF A

POWER Schmitt - - B

RSTSW# Schmitt - - B

RTCRST# Schmitt - - B

RxD - - - A

TxD/CLKSEL[2] - Pull up/ 40 pF A
Pull down

RTS#/CLKSEL[1] - Pull up/ 40 pF A
Pull down

CTS# - - - A

DCD#/GPIO[15] Schmitt Pull up - B

DTR#/CLKSEL[0] - Pull up/ 40 pF A
Pull down

DSR# - - - A

IRDIN - Pull up - A

IRDOUT# - - 40 pF A

FIRDIN#/SEL - Pull up/ 40 pF A
Pull down

DDIN#/ - B 40 pF A

GPIO[45]

DDOUT/ - - 40 pF A

GPIO[44]

DRTS#/ - - 40 pF A

GPIO[46]

DCTSH/ - B 40 pF A

GPIO[47]

Notes 1. Intermediate-level inputis enabled when the MPOWER pin is set for low-level output.
2. When the bus hold function is used : Pull up.
When the bus hold function is not used : Connect to Voo.
3. When FIR unit is used : Attach an oscillator.
When FIR unit is not used : Connect to Voo.
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Table 2-17. Connection of Unused Pins and Pin I/O Circuit Type (3/3)

Signal Internal External Drive 1/O circuit type
processing processing capability
KPORT[7..0] Schmitt, Pull down - - B
KSCANJ[11..0)/ - - 40 pF A
GPIO[43..32]
AUDIOOUT - Note 1 - F
TPX[1..0] - - 120 pF or more C
TPY[1] - - 120 pF or more D
TPY[0] - - 120 pF or more C
ADIN[2..0] - - - E
AUDIOIN - - - E
GPIO[14..0] Schmitt Note 2 40 pF B
Note 2
IRING Schmitt Pull down - B
ILCSENSE - Pull down - A
OFFHOOK - - 40 pF A
MUTE - - 40 pF A
AFERST# - - 40 pF A
SDI - Pull up/ - A
Pull down
FS - Pull up/ - A
Pull down
SDO - - 40 pF A
HSPSCLK - - - A
TELCON - - 40 pF A
HCO - - 40 pF A
HSPMCLK - - 40 pF A
OPD# - - 40 pF A
LEDOUT# - - 40 pF A
DBUS32/ - Pull up/ 40 pF A
GPIO[48] Pull down
MIPS16EN - Pull up/ 40 pF A
Pull down
GPI0O[49] - Pull down - A

Notes 1. Connect an operation amplifier which has high-impedance input characteristics, since the output level

of AUDIOOUT pin varies according to the external impedance.

2. If internal pull-ups or pull-downs are used in GPIO[14:0], software can switch between pull up, pull

down, and open.

If an internal pull-up or pull-down resistor is not used, then provide an external pull-up or pull-down

resistor.
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2.3.3 Pin I/O Circuits
Type A Type D
VoD % Vop
data ":D—l P-ch data ":D—l P-ch
IN/OUT IN/OUT
output N-ch output N-ch
disable disable
P-ch==
o V]
T
input J _ml_ ==
enable
Type B VDD Vref
pullup DC l . —
enable |L_> P-ch erlgg;g ® I N-ch
% vop
data ':Do—l P-ch
IN/OUT
Type E
—1 p_
open drain _D | Nech IN V] P-ch
output * ° Y oh == *
disable - T >
» Vref
Type F
|
pulldown | N-ch |
enable analog o OUT
output
voltage
Type C
VDD
data ':D—l P-ch
IN/OUT
o
output N-ch
disable
P-ch==
1
N-c'r_i_

Vref
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CHAPTER 3 MIPS Il INSTRUCTION SET SUMMARY

This chapter is an overview of the MIPS 1l ISA central processing unit (CPU) instruction set; refer to the Chapter
28 MIPS 1l INSTRUCTION SET DETAILS for detailed descriptions of individual CPU instructions.

3.1 CPU INSTRUCTION FORMATS

Each MIPS Ill ISA CPU instruction consists of a single 32-bit word, aligned on a word boundary. There are three
instruction formats - immediate (I-type), jump (J-type), and register (R-type) - as shown in Figure 3-1. The use of a
small number of instruction formats simplifies instruction decoding, allowing the compiler to synthesize more
complicated and less frequently used instruction and addressing modes from these three formats as needed.

Figure 3-1. MIPS lll ISA CPU Instruction Formats

31 26 25 2120 16 15 0
I-type (immediate) | op rs rt immediate I
31 2625 0
J-type (jump) | op target I
31 26 25 2120 16 15 1110 65 0
R-type (register) | op rs rt rd sa func I
op: 6-bit operation code
rs: 5-bit source register specifier
rt: 5-bit target (source/destination) register specifier or

branch condition

immediate: 16-bit immediate value, branch displacement, or
address displacement

target: 26-bit unconditional branch target address
rd: 5-bit destination register specifier

sa: 5-bit shift amount

func: 6-bit function field

(1) Support of the MIPS ISA

The Vr4111 does not support a multiprocessor operating environment. Thus the synchronization support
instructions defined in the MIPS Il and MIPS Il ISA - the load linked and store conditional instructions - cause
reserved instruction exception. The load/link (LL) bit is eliminated.

Note that the SYNC instruction is handled as a NOP instruction since all load/store instructions in this processor
are executed in program order.
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3.2 INSTRUCTION CLASSES

The CPU instructions are classified into five classes.

3.2.1 Load and Store Instructions

Load and store are immediate (I-type) instructions that move data between memory and the general-purpose

registers. The only addressing mode that load and store instructions directly support is base register plus 16-bit
signed immediate offset.

)

@)

®)
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Scheduling a Load Delay Slot

A load instruction that does not allow its result to be used by the instruction immediately following is called a
delayed load instruction. The instruction slot immediately following this delayed load instruction is referred to as
the load delay slot.

In the VR4000 Series, a load instruction can be followed directly by an instruction that accesses a register that is
loaded by the load instruction. In this case, however, an interlock occurs for a necessary number of cycles. Any
instruction can follow a load instruction, but the load delay slot should be scheduled appropriately for both
performance and compatibility with the VR Series microprocessors. For detail, see CHAPTER 5 Vr4111
PIPELINE.

Store Delay Slot

When a store instruction is writing data to a cache, the data cache is kept busy at the DC and WB stages. If an
instruction (such as load) that follows directly the store instruction accesses the data cache in the DC stage, a
hardware-driven interlock occurs. To overcome this problem, the store delay slot should be scheduled.

Table 3-1. Number of Delay Slot Cycles Necessary for Load and Store Instructions

Instruction Necessary number of PCycles
Load 1
Store 1

Defining Access Types

Access type indicates the size of a VR4111 processor data item to be loaded or stored, set by the load or store
instruction opcode. Access types and accessed byte are shown in Table 3-2.

Regardless of access type or byte ordering (endianness), the address given specifies the low-order byte in the
addressed field. For a little-endian configuration, the low-order byte is the least-significant byte.

The access type, together with the three low-order bits of the address, define the bytes accessed within the
addressed doubleword (shown in Table 3-2). Only the combinations shown in Table 3-2 are permissible; other
combinations cause address error exceptions.

Tables 3-2 and 3-3 list the ISA-defined load/store instructions and extended-ISA instructions, respectively.
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Figure 3-2. Byte Specification Related to Load and Store Instructions

Access type Low-order Accessed byte
(value) address bit (Little endian)
2 1 0|63 0
Doubleword (7) 0|0 |O |7 |6 |5]4 (3 ]2 ]|1]|O0
7-byte (6) o|o |0 6 |54 |32 ]1]o0
0|0 |12 |7 |6 (5 ]4 |3 [|2]1
6-byte (5) o|o |0 5 |4 |3 ]2 1 ]o0
0|1 |0 |7 |6 |5 ]4 |3 |2
5-byte (4) oo |o 4 |3 ]2 |10
O |1 (1|7 |6 |5 |4 |3
Word (3) oo |o 31210
1 ]0 (0|7 [6 |5 |4
Triple byte (2) 0|0 |O 2 (1|0
0|0 |1 312 |1
11]0 |0 6 |5 |4
1 ]0 (1 ]7 (6 |5
Halfword (1) 0|0 |O 110
0|1 {0 3 ]2
11]0 |0 5 |4
1|1 (0 |7 |6
Byte (0) 0|0 |O 0
0|0 |1 1
0|1 {0 2
0 1 |1 3
11]0 ([0 4
11]0 |1 5
11|10 6
1|1 (1 (7
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Table 3-2. Load/Store Instruction

Instruction

Format and Description op base | rt | offset

Load Byte

LB rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The bytes of the memory location specified by the address are sign extended and loaded into register rt.

Load Byte Unsigned

LBU rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The bytes of the memory location specified by the address are zero extended and loaded into register rt.

Load Halfword

LH rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The halfword of the memory location specified by the address is sign extended and loaded to register rt.

Load Halfword

LHU rt, offset (base)

Unsigned The offset is sign extended and then added to the contents of the register base to form the virtual address.
The halfword of the memory location specified by the address is zero extended and loaded to register rt.
Load Word LW rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
The word of the memory location specified by the address is sign extended and loaded to register rt. In the
64-bit mode, it is further sign extended to 64 bits.

Load Word Left

LWL rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the left the word whose address is specified so that the address-specified byte is at the left-
most position of the word. The result of the shift operation is merged with the contents of register rt
and loaded to register rt. In the 64-bit mode, it is further sign extended to 64 bits.

Load Word Right

LWR rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the right the word whose address is specified so that the address-specified byte is at the right-
most position of the word. The result of the shift operation is merged with the contents of register rt and
loaded to register rt. In the 64-bit mode, it is further sign extended to 64 bits.

Store Byte

SB rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The least significant byte of register rt is stored to the memory location specified by the address.

Store Halfword

SH rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The least significant halfword of register rt is stored to the memory location specified by the address.

Store Word

SW rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The lower word of register rt is stored to the memory location specified by the address.

Store Word Left

SWL rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the right the contents of register rt so that the left-most byte of the word is in the position of the
address-specified byte. The result is stored to the lower word in memory.

Store Word Right

SWR rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the left the contents of register rt so that the right-most byte of the word is in the position of the
address-specified byte. The result is stored to the upper word in memory.
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Table 3-3. Load/Store Instruction (Extended ISA)

Instruction

Format and Description | op | base | rt | offset

Load Doubleword

LD rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The doubleword of the memory location specified by the address are loaded into register rt.

Load Doubleword Left

LDL rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the left the double word whose address is specified so that the address-specified byte is at the
left-most position of the double word. The result of the shift operation is merged with the contents of
register rt and loaded to register rt.

Load Doubleword
Right

LDR rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the right the double word whose address is specified so that the address-specified byte is at
the right-most position of the double word. The result of the shift operation is merged with the contents
of register rt and loaded to register rt.

Load Word Unsigned

LWU rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The word of the memory location specified by the address are zero extended and loaded into register rt

Store Doubleword

SD rt, offset (base)
The offset is sign extended and then added to the contents of the register base to form the virtual address.
The contents of register rt are stored to the memory location specified by the address.

Store Doubleword Left

SDL rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the right the contents of register rt so that the left-most byte of the double word is in the
position of the address-specified byte. The result is stored to the lower doubleword in memory.

Store Doubleword
Right

SDR rt, offset (base)

The offset is sign extended and then added to the contents of the register base to form the virtual address.
Shifts to the left the contents of register rt so that the right-most byte of the double word is in the
position of the address-specified byte. The result is stored to the upper doubleword in memory.
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3.2.2 Computational Instructions

Computational instructions perform arithmetic, logical, and shift operations on values in registers. Computational
instructions can be either in register (R-type) format, in which both operands are registers, or in immediate (I-type)
format, in which one operand is a 16-bit immediate.

Computational instructions are classified as:

(1) ALU immediate instructions (Tables 3-4 and 3-5)

(2) Three-operand type instructions (Tables 3-6 and 3-7)
(3) Shift instructions (Tables 3-8 and 3-9)

(4) Multiply/divide instructions (Table 3-10 and 3-11)

To maintain data compatibility between the 64- and 32-bit modes, it is necessary to sign-extend 32-bit operands
correctly. If the sign extension is not correct, the 32-bit operation result is meaningless.

Table 3-4. ALU Immediate Instruction

Instruction

Format and Description | op rs rt immediate

Add Immediate

ADDI rt, rs, immediate

The 16-bit immediate is sign extended and then added to the contents of register rs to form a 32-bit
result. The result is stored into register rt. In the 64-bit mode, the operand must be sign extended. An
exception occurs on the generation of 2's complement overflow.

Add Immediate
Unsigned

ADDIU rt, rs, immediate

The 16-bit immediate is sign extended and then added to the contents of register rs to form a 32-bit
result. The result is stored into register rt. In the 64-bit mode, the operand must be sign extended. No
exception occurs on the generation of integer overflow.

Set On Less Than
Immediate

SLTI rt, rs, immediate

The 16-bit immediate is sign extended and then compared to the contents of register rt treating both
operands as signed integers. If rs is less than the immediate, the result is set to 1; otherwise, the result
is set to 0. The result is stored to register rt.

Set On Less Than
Immediate Unsigned

SLTIU rt, rs, immediate

The 16-bit immediate is sign extended and then compared to the contents of register rt treating both
operands as unsigned integers. If rs is less than the immediate, the result is set to 1; otherwise, the
result is set to 0. The result is stored to register rt.

And Immediate

ANDI rt, rs, immediate
The 16-bit immediate is zero extended and then ANDed with the contents of the register. The result is
stored into register rt.

Or Immediate

ORI rt, rs, immediate
The 16-bit immediate is zero extended and then ORed with the contents of the register. The result is
stored into register rt.

Exclusive Or XORI rt, rs, immediate

Immediate The 16-bit immediate is zero extended and then Ex-ORed with the contents of the register. The result
is stored into register rt.

Load Upper LUI rt, immediate

Immediate The 16-bit immediate is shifted left by 16 bits to set the lower 16 bits of word to 0. The result is stored

into register rt. In the 64-bit mode, the operand must be sign extended.
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Table 3-5. ALU Immediate Instruction (Extended ISA)

Instruction

Format and Description | op | rs | rt immediate

Doubleword Add
Immediate

DADDI rt, rs, immediate

The 16-bit immediate is sign extended to 64 bits and then added to the contents of register rs to form a
64-bit result. The result is stored into register rt.

An exception occurs on the generation of integer overflow.

Doubleword Add
Immediate Unsigned

DADDIU rt, rs, immediate

The 16-bit immediate is sign extended to 64 bits and then added to the contents of register rs to form a
64-bit result. The result is stored into register rt.

No exception occurs on the generation of overflow.

Table 3-6. Three-Operand Type Instruction

Instruction

Format and Description | op | rs | rt | rd | sa | funct

Add

ADD rd, rs, rt

The contents of registers rs and rt are added together to form a 32-bit result. The result is stored into
register rd. In the 64-bit mode, the operand must be sign extended. An exception occurs on the
generation of integer overflow.

Add Unsigned

ADDU rd, rs, rt

The contents of registers rs and rt are added together to form a 32-bit result. The result is stored into
register rd. In the 64-bit mode, the operand must be sign extended. No exception occurs on the
generation of integer overflow.

Subtract

SUB rd, rs, rt

The contents of register rt are subtracted from the contents of register rs. The 32-bit result is stored
into register rd. In the 64-bit mode, the operand must be sign extended. An exception occurs on the
generation of integer overflow.

Subtract Unsigned

SUBU rd, rs, 1t

The contents of register rt are subtracted from the contents of register rs. The 32-bit result is stored
into register rd. In the 64-bit mode, the operand must be sign extended. No exception occurs on the
generation of integer overflow.

Set On Less Than

SLT rd, rs, rt

The contents of registers rs and rt are compared, treating both operands as signed integers. If the
contents of register rs is less than that of register rt, the result is set to 1; otherwise, the result is set to
0. The result is stored to register rd.

Set On Less Than
Unsigned

SLTU rd, rs, rt

The contents of registers rs and rt are compared treating both operands as unsigned integers. If the
contents of register rs is less than that of register rt, the result is set to 1; otherwise, the result is set to
0. The result is stored to register rd.

And

AND rd, rt, rs
The contents of register rs are logical ANDed with that of general register rt bit-wise. The result is
stored to register rd.

OR rd, t, rs
The contents of register rs are logical ORed with that of general register rt bit-wise. The result is stored
to register rd.

Exclusive Or

XOR rd, it, rs
The contents of register rs are logical Ex-ORed with that of general register rt bit-wise. The result is
stored to register rd.

Nor

NOR rd, rt, rs
The contents of register rs are logical NORed with that of general register rt bit-wise. The result is
stored to register rd.
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Table 3-7. Three-Operand Type Instruction (Extended ISA)

Instruction

Format and Description | op | rs | r | rd sa funct

Doubleword Add

DADD rd, rt, rs
The contents of register rs are added to that of register rt. The 64-bit result is stored into register rd.
An exception occurs on the generation of integer overflow.

Doubleword Add
Unsigned

DADDU rd, rt, rs
The contents of register rs are added to that of register rt. The 64-bit result is stored into register rd. No
exception occurs on the generation of integer overflow.

Doubleword Subtract

DSUB rd, rt, rs
The contents of register rt are subtracted from that of register rs. The 64-bit result is stored into register
rd. An exception occurs on the generation of integer overflow.

Doubleword Subtract
Unsigned

DSUBU rd, rt, rs
The contents of register rt are subtracted from that of register rs. The 64-bit result is stored into register
rd. No exception occurs on the generation of integer overflow.

Table 3-8. Shift Instruction

Instruction

Format and Description | op s rt rd sa funct

Shift Left Logical

SLL rd, rs, sa
The contents of register rt are shifted left by sa bits and zeros are inserted into the emptied lower bits.
The 32-bit result is stored into register rd. In the 64-bit mode, the operand must be sign extended.

Shift Right Logical

SRL rd, rs, sa
The contents of register rt are shifted right by sa bits and zeros are inserted into the emptied higher
bits. The 32-bit result is stored into register rd. In the 64-bit mode, the operand must be sign extended.

Shift Right Arithmetic

SRA rd, rt, sa
The contents of register rt are shifted right by sa bits and the emptied higher bits are sign extended.
The 32-bit result is stored into register rd. In the 64-bit mode, the operand must be sign extended.

Shift Left Logical
Variable

SLLV rd, rt, rs

The contents of register rt are shifted left and zeros are inserted into the emptied lower bits. The lower
five bits of register rs specify the shift count. The 32-bit result is stored into register rd. In the 64-bit
mode, the operand must be sign extended.

Shift Right Logical
Variable

SRLV rd, it, rs

The contents of register rt are shifted right and zeros are inserted into the emptied higher bits. The
lower five bits of register rs specify the shift count. The 32-bit result is stored into register rd. In the 64-
bit mode, the operand must be sign extended.

Shift Right Arithmetic
Variable

SRAV rd, rt, rs

The contents of register rt are shifted right and the emptied higher bits are sign extended. The lower
five bits of register rs specify the shift count. The 32-bit result is stored into register rd. In the 64-bit
mode, the operand must be sign extended.
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Table 3-9. Shift Instruction (Extended ISA)

Instruction

Format and Description | op | rs | r rd sa funct

Doubleword Shift Left
Logical

DSLL rd, rs, sa
The contents of register rt are shifted left by sa bits and zeros are inserted into the emptied lower bits.
The 64-bit result is stored into register rd.

Doubleword Shift
Right Logical

DSRL rd, rs, sa
The contents of register rt are shifted right by sa bits and zeros are inserted into the emptied higher
bits. The 64-bit result is stored into register rd.

Doubleword Shift
Right Arithmetic

DSRA rd, rt, sa
The contents of register rt are shifted right by sa bits and the emptied higher bits are sign extended.
The 64-bit result is stored into register rd.

Doubleword Shift Left
Logical Variable

DSLLV rd, rt, rs
The contents of register rt are shifted left and zeros are inserted into the emptied lower bits. The lower
six bits of register rs specify the shift count. The 64-bit result is stored into register rd.

Doubleword Shift
Right Logical Variable

DSRLV rd, i, rs
The contents of register rt are shifted right and zeros are inserted into the emptied higher bits. The
lower six bits of register rs specify the shift count. The 64-bit result is stored into register rd.

Doubleword Shift
Right Arithmetic
Variable

DSRAV rd, rt, rs
The contents of register rt are shifted right and the emptied higher bits are sign extended. The lower six
bits of register rs specify the shift count. The 64-bit result is stored into register rd.

Doubleword Shift Left
Logical + 32

DSLL32 rd, rt, sa
The contents of register rt are shifted left by 32 + sa bits and zeros are inserted into the emptied lower
bits. The 64-bit result is stored into register rd.

Doubleword Shift
Right Logical + 32

DSRL32 rd, it, sa
The contents of register rt are shifted right by 32 + sa bits and zeros are inserted into the emptied
higher bits. The 64-bit result is stored into register rd.

Doubleword Shift
Right Arithmetic + 32

DSRA32 rd, rit, sa
The contents of register rt are shifted right by 32 + sa bits and the emptied higher bits are sign
extended. The 64-bit result is stored into register rd.
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Table 3-10. Multiply/Divide Instructions

Instruction

Format and Description | op rs r rd sa funct

Multiply

MULT rs, rt

The contents of registers rt and rs are multiplied, treating both operands as 32-bit signed integers. The
64-bit result is stored into special registers HI and LO. In the 64-bit mode, the operand must be sign
extended.

Multiply Unsigned

MULTU rs, 1t

The contents of registers rt and rs are multiplied, treating both operands as 32-bit unsigned integers.
The 64-bit result is stored into special registers HI and LO. In the 64-bit mode, the operand must be
sign extended.

Divide

DIV rs, 1t

The contents of register rs are divided by that of register rt, treating both operands as 32-bit signed
integers. The 32-bit quotient is stored into special register LO, and the 32-bit remainder is stored into
special register HI. In the 64-bit mode, the operand must be sign extended.

Divide Unsigned

DIVU rs, 1t

The contents of register rs are divided by that of register rt, treating both operands as 32-bit unsigned
integers. The 32-bit quotient is stored into special register LO, and the 32-bit remainder is stored into
special register HI. In the 64-bit mode, the operand must be sign extended.

Move From HI

MFHI rd
The contents of special register HI are loaded into register rd.

Move From LO

MFLO rd
The contents of special register LO are loaded into register rd.

Move To HI MTHI rs
The contents of register rs are loaded into special register HI.
Move To LO MTLO rs
The contents of register rs are loaded into special register LO.
Table 3-11. Multiply/Divide Instructions (Extended ISA) (1/2)
Instruction Format and Description | op | rs | r | rd sa funct
Doubleword Multiply DMULT rs, 1t

The contents of registers rt and rs are multiplied, treating both operands as signed integers. The 128-
bit result is stored into special registers HIl and LO.

Doubleword Multiply
Unsigned

DMULTU rs, rt
The contents of registers rt and rs are multiplied, treating both operands as unsigned integers. The
128-bit result is stored into special registers HI and LO.

Doubleword Divide

DDIV rs, 1t

The contents of register rs are divided by that of register rt, treating both operands as signed integers.
The 64-bit quotient is stored into special register LO, and the 64-bit remainder is stored into special
register HI.

Doubleword Divide
Unsigned

DDIVU rs, rt

The contents of register rs are divided by that of register rt, treating both operands as unsigned
integers. The 64-bit quotient is stored into special register LO, and the 64-bit remainder is stored into
special register HI.
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Table 3-11. Multiply/Divide Instructions (Extended ISA) (2/2)

Instruction Format and Description | op | rs | r | rd sa | funct |
Multiply and Add 16- MADD16 rs, rt
bit Integer The contents of registers rt and rs are multiplied, treating both operands as 16-bit signed integers (by
sign extending to 64 bits). The result is added to the combined value of special registers HI and LO.
The 64-bit result is stored into special registers HI and LO.
Doubleword Multiply DMADD16 rs, rt

and Add 16-bit Integer The contents of registers rt and rs are multiplied, treating both operands as 16-bit signed integers (by
sign extending to 64 bits). The result is added to value of special register LO. The 64-bit result is stored

into special register LO.

MFHI and MFLO instructions after a multiply or divide instruction generate interlocks to delay execution of the
next instruction, inhibiting the result from being read until the multiply or divide instruction completes.
Table 3-12 gives the number of processor cycles (PCycles) required to resolve interlock or stall between various

multiply or divide instructions and a subsequent MFHI or MFLO instruction.

Table 3-12. Number of Stall Cycles in Multiply and Divide Instructions

Instruction Number of instruction cycles
MULT 1
MULTU 1
DIV 35
DIVU 35
DMULT 4
DMULTU 4
DDIV 67
DDIVU 67
MADD16 1
DMADD16 1
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3.2.3 Jump and Branch Instructions

Jump and branch instructions change the control flow of a program. All jump and branch instructions occur with a
delay of one instruction: that is, the instruction immediately following the jump or branch instruction (this is known as
the instruction in the delay slot) always executes while the target instruction is being fetched from memory.

For instructions involving a link (such as JAL and BLTZAL), the return address is saved in register r31.

Table 3-13. Number of Delay Slot Cycles in Jump and Branch Instructions

Instruction Necessary number of cycles
Branch instruction 1
Jump instruction 1

(1) Overview of jump instructions

Subroutine calls in high-level languages are usually implemented with J or JAL instructions, both of which are J-
type instructions. In J-type format, the 26-bit target address shifts left 2 bits and combines with the high-order 4
bits of the current program counter to form a 32-bit or 64-bit absolute address.

Returns, dispatches, and cross-page jumps are usually implemented with the JR or JALR instructions. Both are
R-type instructions that take the 32-bit or 64-bit byte address contained in one of the general-purpose registers.
For more information, refer to Chapter 28 MIPS 1l INSTRUCTION SET DETAILS .

(2) Overview of branch instructions

A branch instruction has a PC-related signed 16-hit offset.
Tables 3-14 through 3-16 show the lists of Jump, Branch, and Extended ISA instructions, respectively.
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Table 3-14. Jump Instruction

Instruction Format and Description | op target

Jump J target
The contents of 26-bit target address is shifted left by two bits and combined with the high-order four
bits of the PC. The program jumps to this calculated address with a delay of one instruction.

Jump And Link JAL target

The contents of 26-bit target address is shifted left by two bits and combined with the high-order four
bits of the PC. The program jumps to this calculated address with a delay of one instruction. The
address of the instruction following the delay slot is stored into r31 (link register).

Instruction Format and Description op target
Jump And Link JALX target
Exchange The contents of 26-bit target address is shifted left by two bits and combined with the high-order four

bits of the PC. The program jumps to this calculated address with a delay of one instruction, and then
the ISA mode bit is reversed. The address of the instruction following the delay slot is stored into r31
(link register).

Instruction Format and Description op rs rn rd sa funct
Jump Register JR rs
The program jumps to the address specified in register rs with a delay of one instruction.
Jump And Link JALR rs, rd
Register The program jumps to the address specified in register rs with a delay of one instruction.

The address of the instruction following the delay slot is stored into rd.

There are the following common restrictions for Tables 3-15 and 3-16.

(1) Branch address

All branch instruction target addresses are computed by adding the address of the instruction in the delay slot to
the 16-bit offset (shifted left by 2 bits and sign-extended to 64 bits). All branches occur with a delay of one
instruction.

(2) Operation when unbranched

If the branch condition does not meet in executing a Likely instruction, the instruction in its delay slot is nullified.
For all other branch instructions, the instruction in its delay slot is unconditionally executed.

Remark The target instruction of the branch is fetched at the EX stage of the branch instruction. Comparison
of the operands of the branch instruction and calculation of the target address is performed at phase 2
of the RF stage and phase 1 of the EX stage of the instruction. Branch instructions require one cycle
of the branch delay slot defined by the architecture. Jump instructions also require one cycle of delay
slot. If the branch condition is not satisfied in a branch likely instruction, the instruction in its delay slot
is nullified.
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There are special symbols used in the instruction formats of Tables 3-15 through 3-19.

REGIMM : Opcode
Sub : Sub-operation code
CO : Sub-operation identifier
BC : BC sub-operation code
br : Branch condition identifier
op : Operation code
Table 3-15. Branch Instructions
Instruction Format and Description | op rs rt offset

Branch On Equal

BEQ rs, rt, offset
If the contents of register rs are equal to that of register rt, the program branches to the target address.

Branch On Not Equal

BNE rs, rt, offset
If the contents of register rs are not equal to that of register rt, the program branches to the target
address.

Branch On Less Than
Or Equal To Zero

BLEZ rs, offset
If the contents of register rs are less than or equal to zero, the program branches to the target address.

Branch On Greater
Than Zero

BGTZ rs, offset
If the contents of register rs are greater than zero, the program branches to the target address.

Instruction

Format and Description REGIMM rs sub offset

Branch On Less Than
Zero

BLTZ rs, offset
If the contents of register rs are less than zero, the program branches to the target address.

Branch On Greater
Than Or Equal To
Zero

BGEZ rs, offset
If the contents of register rs are greater than or equal to zero, the program branches to the target
address.

Branch On Less Than
Zero And Link

BLTZAL rs, offset
The address of the instruction that follows delay slot is stored to register r31 (link register). If the
contents of register rs are less than zero, the program branches to the target address.

Branch On Greater
Than Or Equal To
Zero And Link

BGEZAL rs, offset
The address of the instruction that follows delay slot is stored to register r31 (link register). If the
contents of register rs are greater than or equal to zero, the program branches to the target address.

Instruction

Format and Description COPO BC | br | offset

Branch On
Coprocessor 0 True

BCOT offset

Adds the 16-bit offset (shifted left by two bits and sign extended to 32 bits) to the address of the
instruction in the delay slot to calculate out the branch target address. If the conditional signal of the
coprocessor 0 is true, the program branches to the target address with one-instruction delay.

Branch On
Coprocessor 0 False

BCOF offset

Adds the 16-bit offset (shifted left by two bits and sign extended to 32 bits) to the address of the
instruction in the delay slot to calculate out the branch target address. If the conditional signal of the
coprocessor 0 is false, the program branches to the target address with one-instruction delay.
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Table 3-16. Branch Instructions (Extended ISA)

Instruction

Format and Description | op | rs | rt offset

Branch On Equal
Likely

BEQL rs, rt, offset
If the contents of register rs are equal to that of register rt, the program branches to the target address.
If the branch condition is not met, the instruction in the delay slot is discarded.

Branch On Not Equal
Likely

BNEL rs, rt, offset
If the contents of register rs are not equal to that of register rt, the program branches to the target
address. If the branch condition is not met, the instruction in the delay slot is discarded.

Branch On Less Than
Or Equal To Zero
Likely

BLEZL rs, offset
If the contents of register rs are less than or equal to zero, the program branches to the target address.
If the branch condition is not met, the instruction in the delay slot is discarded.

Branch On Greater

BGTZL rs, offset

Than Zero If the contents of register rs are greater than zero, the program branches to the target address. If the
branch condition is not met, the instruction in the delay slot is discarded.
Instruction Format and Description REGIMM rs sub offset

Branch On Less Than
Zero Likely

BLTZL rs, offset
If the contents of register rs are less than zero, the program branches to the target address. If the
branch condition is not met, the instruction in the delay slot is discarded.

Branch On Greater
Than Or Equal To
Zero Likely

BGEZL rs, offset
If the contents of register rs are greater than or equal to zero, the program branches to the target
address. If the branch condition is not met, the instruction in the delay slot is discarded.

Branch On Less Than
Zero And Link Likely

BLTZALL rs, offset

The address of the instruction that follows delay slot is stored to register r31 (link register). If the
contents of register rs are less than zero, the program branches to the target address. If the branch
condition is not met, the instruction in the delay slot is discarded.

Branch On Greater
Than Or Equal To
Zero And Link Likely

BGEZALL rs, offset

The address of the instruction that follows delay slot is stored to register r31 (link register). If the
contents of register rs are greater than or equal to zero, the program branches to the target address. If
the branch condition is not met, the instruction in the delay slot is discarded.

Instruction

Format and Description COPO BC | br | offset

Branch On
Coprocessor 0 True
Likely

BCOTL offset

Adds the 16-bit offset (shifted left by two bits and sign extended to 32 bits) to the address of the
instruction in the delay slot to calculate out the branch target address. If the conditional signal of the
coprocessor 0 is true, the program branches to the target address with one-instruction delay. If the
branch condition is not met, the instruction in the delay slot is discarded.

Branch On
Coprocessor 0 False
Likely

BCOFL offset

Adds the 16-bit offset (shifted left by two bits and sign extended to 32 bits) to the address of the
instruction in the delay slot to calculate out the branch target address. If the conditional signal of the
coprocessor 0O is false, the program branches to the target address with one-instruction delay. If the
branch condition is not met, the instruction in the delay slot is discarded.
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3.2.4 Special Instructions

Special instructions generate software exceptions.

Their formats are R-type (Syscall, Break). The Trap

instruction is available only for the VrR4000 Series. All the other instructions are available for all Vr Series.

Table 3-17. Special Instructions

Instruction

Format and Description | SPECIAL| 1S rn rd sa funct

Synchronize

SYNC
Completes the load/store instruction executing in the current pipeline before the next load/store
instruction starts execution.

System Call SYSCALL
Generates a system call exception, and then transits control to the exception handling program.
Breakpoint BREAK
Generates a break point exception, and then transits control to the exception handling program.
Table 3-18. Special Instructions (Extended ISA) (1/2)
Instruction Format and Description |SPECIAL| s | rt rd sa funct

Trap If Greater Than
Or Equal

TGE rs, 1t

The contents of register rs are compared with that of register rt, treating both operands as signed
integers. If the contents of register rs are greater than or equal to that of register rt, an exception
occurs.

Trap If Greater Than
Or Equal Unsigned

TGEU rs, 1t

The contents of register rs are compared with that of register rt, treating both operands as unsigned
integers. If the contents of register rs are greater than or equal to that of register rt, an exception
occurs.

Trap If Less Than

TLT rs, 1t
The contents of register rs are compared with that of register rt, treating both operands as signed
integers. If the contents of register rs are less than that of register rt, an exception occurs.

Trap If Less Than

TLTU rs, 1t

Unsigned The contents of register rs are compared with that of register rt, treating both operands as unsigned
integers. If the contents of register rs are less than that of register rt, an exception occurs.
Trap If Equal TEQ rs, 1t

If the contents of registers rs and rt are equal, an exception occurs.

Trap If Not Equal

TNE rs, 1t
If the contents of registers rs and rt are not equal, an exception occurs.
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Table 3-18. Special Instructions (Extended ISA) (2/2)

Instruction

Format and Description |REG|MM| rs | sub immediate

Trap If Greater Than
Or Equal Immediate

TGEI rs, immediate

The contents of register rs are compared with 16-bit sign-extended immediate data, treating both
operands as signed integers. If the contents of register rs are greater than or equal to 16-bit sign-
extended immediate data, an exception occurs.

Trap If Greater Than
Or Equal Immediate
Unsigned

TGEIU rs, immediate

The contents of register rs are compared with 16-bit zero-extended immediate data, treating both
operands as unsigned integers. If the contents of register rs are greater than or equal to 16-bit sign-
extended immediate data, an exception occurs.

Trap If Less Than
Immediate

TLTI rs, immediate

The contents of register rs are compared with 16-bit sign-extended immediate data, treating both
operands as signed integers. If the contents of register rs are less than 16-bit sign-extended immediate
data, an exception occurs.

Trap If Less Than
Immediate Unsigned

TLTIU rs, immediate

The contents of register rs are compared with 16-bit zero-extended immediate data, treating both
operands as unsigned integers. If the contents of register rs are less than 16-bit sign-extended
immediate data, an exception occurs.

Trap If Equal
Immediate

TEQI rs, immediate
If the contents of register rs and immediate data are equal, an exception occurs.

Trap If Not Equal
Immediate

TNEI rs, immediate
If the contents of register rs and immediate data are not equal, an exception occurs.

3.2.5 System Control Coprocessor (CP0) Instructions

System control coprocessor (CPO) instructions perform operations specifically on the CPO registers to manipulate
the memory management and exception handling facilities of the processor.

Table 3-19. System Control Coprocessor (CPO) Instructions (1/2)

Instruction

Format and Description |COPO | sub | rt | rd 0

Move To System
Control Coprocessor

MTCO rt, rd
The word data of general-purpose register rt in the CPU are loaded into general-purpose register rd in
the CPO.

Move From System
Control Coprocessor

MFCO rt, rd
The word data of general-purpose register rd in the CPO are loaded into general-purpose register rt in
the CPU.

Doubleword Move To
System Control
Coprocessor 0

DMTCO rt, rd
The doubleword data of general-purpose register rt in the CPU are loaded into general-purpose register
rd in the CPO.

Doubleword Move
From System Control
Coprocessor 0

DMFCO rt, rd
The doubleword data of general-purpose register rd in the CPO are loaded into general-purpose
register rt in the CPU.
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Table 3-19. System Control Coprocessor (CPO) Instructions (2/2)

Instruction

Format and Description |COP0 | co | funct

Read Indexed TLB
Entry

TLBR
The TLB entry indexed by the index register is loaded into the entryHi, entryLo0, entryLol, or page
mask register.

Write Indexed TLB
Entry

TLBWI
The contents of the entryHi, entryLoO, entryLol, or page mask register are loaded into the TLB entry
indexed by the index register.

Write Random TLB
Entry

TLBWR
The contents of the entryHi, entryLoO, entryLol, or page mask register are loaded into the TLB entry
indexed by the random register.

Probe TLB For
Matching Entry

TLBP
The address of the TLB entry that matches with the contents of entryHi register is loaded into the index
register.

Return From

ERET

Exception The program returns from exception, interrupt, or error trap.
Instruction Format and Description COPO co funct
STANDBY STANDBY
The processor’s operating mode is transited from fullspeed mode to standby mode.
SUSPEND SUSPEND
The processor’s operating mode is transited from fullspeed mode to suspend mode.
HIBERNATE HIBERNATE
The processor’s operating mode is transited from fullspeed mode to hibernate mode.
Instruction Format and Description CACHE | base | op offset

Cache Operation

Cache op, offset (base)

The 16-bit offset is sign extended to 32 bits and added to the contents of the register case, to form
virtual address. This virtual address is translated to physical address with TLB. For this physical
address, cache operation that is indicated by 5-bit sub-opcode is performed.
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4.1 OUTLINE

If the MIPS16 ASE (Application-Specific Extension), which is an expanded function for MIPS ISA (Instruction Set
Architecture), is used, system costs can be considerably reduced by lowering the memory capacity requirement of
embedded hardware. MIPS16 is an instruction set that uses the 16-bit instruction length, and is compatible with MIPS
I, 1, 11, 1V, and V" instruction sets in any combination. Moreover, 32-bit instruction length binary data can be
executed with the VR4111.

Note The VR4100 Series currently supports the MIPS |, I, and Il instruction sets.
4.2 FEATURES

» 16-bit length instruction format

* Reduces memory capacity requirements to lower overall system cost

» MIPS16 instructions can be used with MIPS instruction binary

» Compatibility with MIPS I, 11, 111, IV, and V instruction sets

» Used with switching between MIPS16 instruction length mode and 32-bit MIPS instruction length mode.
* Supports 8-bit, 16-bit, 32-bit, and 64-bit data formats

» Provides 8 general-purpose registers and special registers

» Improved code generation efficiency using special 16-bit dedicated instructions
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4.3 REGISTER SET

Tables 4-1 and 4-2 show the MIPS16 register sets. These register sets form part of the register sets that can be
accessed in 32-bit instruction length mode. MIPS16 ASE can directly access 8 of the 32 registers that can be used in
the 32-bit instruction length mode.

In addition to these 8 general-purpose registers, the special instructions of MIPS16 ASE reference the stack
pointer register (sp), return address register (ra), condition code register (t8), and program counter (pc). sp and ra are
mapped by fixing to the general-purpose registers in the 32-bit instruction length mode.

MIPS16 has 2 move instructions that are used in addressing 32 general-purpose registers.

Table 4-1. General-Purpose Registers

MIPS16 register 32-bit MIPS
] . . Symbol Comment
encoding register encoding
0 16 sO General-purpose register
1 17 sl General-purpose register
2 2 vO General-purpose register
3 3 vl General-purpose register
4 4 a0 General-purpose register
5 5 al General-purpose register
6 6 a2 General-purpose register
7 7 a3 General-purpose register
N/A 24 t8 MIPS16 condition code register. BTEQZ, BTNEZ,
CMP, CMPI, SLT, SLTU, SLTI, and SLTIU instructions
are implicitly referenced.
N/A 29 sp Stack pointer register
N/A 31 ra Return address register

Notes 1. The symbols are the general assembler symbols.

2. The MIPS register encoding numbers 0 to 7 correspond to the MIPS16 binary encoding of the
registers, and are used to show the relationship between this encoding and the MIPS registers. The
numbers 0 to 7 are not used to reference registers, except within binary MIPS16 instructions. Registers
are referenced from the assembler using the MIPS name ($16, $17, $2, etc.) or the symbol name (s0,
s1, v0, etc.). For example, when register number 17 is accessed with the register file, the programmer
references either $17 or sl even if the MIPS16 encoding of this register is 001.

3. The general-purpose registers not shown in this table cannot be accessed with a MIPS16 instruction
set other than the Move instruction. The Move instruction of MIPS16 can access all 32 general-purpose
registers.

4. To reference the MIPS16 condition code registers with this manual, either T, t8, or $24 has to be used,
depending on the case. These three names reference the same physical register.
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Table 4-2. Special Registers

Symbol

Description

PC

Program counter. The PC-relative Add instruction and Load
instruction can access this register.

HI

The upper word of the multiply or divide result is inserted

LO

The lower word of the multiply or divide result is inserted

4.4 ISA MODE

MIPS16 ASE supports procedure calling, and returns from the MIPS16 instruction length mode or the 32-bit MIPS

instruction length mode to the MIPS16 instruction length mode or the 32-bit MIPS instruction length mode.

» The JAL instruction supports calling to the same ISA.

» The JALX instruction supports calling that inverses ISA.

» The JALR instruction supports calling to either ISA.

» The JR instruction supports also returning to either ISA.

* MIPS16 ASE also supports a return operation from exception processing.

» The ERET instruction, which is defined only in 32-bit instruction length mode, supports returning to ISA when

an exception has not occurred.

The ISA mode bit defines the instruction length mode to be executed. If the ISA mode bit is 0, the processor

executes only 32-bit MIPS instructions. If the ISA mode bit is 1, the processor executes only MIPS16 instructions.

4.4.1 Changing ISA Mode Bit by Software

Only the JALX, JR, and JALR instructions change the ISA mode bit between the MIPS16 instruction mode and the
32-bit instruction length mode. The ISA mode bit cannot be directly overwritten by software. The JALX changes the
ISA mode bit to select another ISA mode. The JR instruction and JALR instruction load the ISA mode bit from bit O of
the general-purpose register that holds the target address. Bit 0 is not a part of the target address. Bit 0 of the target

address is always 0, and no address exception is generated.

Moreover, the JAL, JALR, and JALX instructions save the ISA mode bit to bit O of the general-purpose register that
acquires the return address. The contents of this general-purpose register are later used by the JR and JALR
instruction for return and restoration of the ISA mode.

* 4.4.2 Changing ISA Mode Bit by Exception
Even if an exception occurs, the ISA mode does not change. When an exception occurs, the ISA mode bit is
cleared to 0 so that the exception is serviced with 32-bit code. Then the ISA mode status before the exception
occurred is saved to the least significant bit of the EPC register or the error EPC register. During return from an
exception, the ISA mode before the exception occurred is returned to by executing the JR or ERET instruction with
the contents of this register. Moreover, the ISA mode bit is cleared to O after cold reset and soft reset of the CPU
core, and the 32-bit instruction length mode returns to its initial state.
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% 4.4.3 Enabling Change ISA Mode Bit

Changing the ISA mode bit is valid only MIPS16EN is set to active when the RTCRST is selected, and the MIPS16
instruction mode is enabled. The operation of the JALX, JALR, JR, and ERET instructions in the 32-bit instruction
mode, differs depending on whether the MIPS16 instruction mode is enabled or prohibited. If the MIPS16 instruction
mode is prohibited, the JALX instruction generates a reserved instruction exception. The JR and JALR instructions
generate an address exception when bit 0 of the source register is 1. The ERET instruction generates an address
exception when bit 0 of the EPC or error EPC register is 1. If the MIPS16 instruction mode is enabled, the JALX
instruction executes JAL, and the ISA mode bit is inverted. The JR and JALR instructions load the ISA mode from bit
0 of the source register. The ERET instruction loads the ISA mode from bit O of the EPC or error EPC register. Bit 0
of the target address is always 0, and no address exception is generated even when bit 0 of the source register is 1.

4.5 TYPES OF INSTRUCTIONS
This section describes the different types of instructions, and indicates the MIPS16 instructions included in each

group.
Instructions are divided into the following types.

Load and Store instructions : Move data between memory and the general-purpose registers.

Computational instructions  : Perform arithmetic operations, logical operations, and shift operations on values
in registers.

Jump and Branch instructions: Change the control flow of a program.

Special instructions . Break instructions and Extend instructions. Break transfers control to an

exception handler. Extend enlarges the immediate field of the next instruction.
Instructions that can be extended with Extend are indicated as Note 1 in Table
4-3 MIPS16 Instruction Set Outline.
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Table 4-3. MIPS16 Instruction Set Outline

Op Description Op Description
Load and Store instructions Multiply/Divide instructions
LB Load Byte MULT Multiply
LBU"™"* Load Byte Unsigned MULTU Multiply Unsigned
LH"e! Load Halfword DIV Divide
LHU"™** Load Halfword Unsigned DIVU Divide Unsigned
Lwteet Load Word MFHI Move From HI
Lwuyreest Load Word Unsigned MFLO Move From LO
LD"e=n? Load Doubleword DMULT""? Doubleword Multiply
SBhet Store Byte DMULTU™"? Doubleword Multiply Unsigned
SH"™** Store Halfword DDIV"*? Doubleword Divide
Sswieet Store Word DDIVU"™*? Doubleword Divide Unsigned
spheet? Store Doubleword

Jump/Branch instructions

Arithmetic instructions: ALU immediate instructions JAL Jump and Link

LIt Load Immediate JALX Jump and Link Exchange

ADDIU™"* Add Immediate Unsigned JR Jump Register

DADDIU™*? | Doubleword Add Immediate Unsigned JALR Jump and Link Register

SLTI"! Set on Less Than Immediate BEQZ"™"* Branch on Equal to Zero

SLTIU™e* Set on Less Than Immediate Unsigned BNEZ"*! Branch on Not Equal to Zero

CMP™** Compare Immediate BTEQZ™"* Branch on T Equal to Zero
BTNEZ""* Branch on T Not Equal to Zero

Arithmetic instructions: 2/3 operand register instructions Bt Branch Unconditional

ADDU Add Unsigned

SUBU Subtract Unsigned Shift instructions

DADDU"™"? Doubleword Add Unsigned SLLYe* Shift Left Logical

DSUBU"*? Doubleword Subtract Unsigned SRL"™** Shift Right Logical

SLT Set on Less Than SRAY®* Shift Right Arithmetic

SLTU Set on Less Than Unsigned SLLV Shift Left Logical Variable

CMP Compare SRLV Shift Right Logical Variable

NEG Negate SRAV Shift Right Arithmetic Variable

AND AND DSLL"*"? Doubleword Shift Left Logical

OR OR DSRL"*"? Doubleword Shift Right Logical

XOR Exclusive OR DSRA"*2 Doubleword Shift Right Arithmetic

NOT Not DSLLV"™*? Doubleword Shift Left Logical Variable

MOVE Move DSRLV"*? Doubleword Shift Right Logical Variable
DSRAV"*? Doubleword Shift Right Arithmetic Variable

Special instructions

EXTEND Extend
BREAK Breakpoint
Notes 1. Extendable instruction. For details, see 4.8.2 Extend instructions

2.

Can be used in 64-bit mode and 32-bit kernel mode.
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4.6 INSTRUCTION FORMAT

The MIPS16 instruction set has a length of 16 bits and is located at the half-word boundary. One part of Jump
instructions and instructions for which the Extend instruction extends immediate become 32 bits in length, but
crossing the word boundary does not represent a problem.

The instruction format is shown below. Variable subfields are indicated with lower case letters (rx, ry, rz,
immediate, etc.).

In the case of special functions, constants are input to the two instruction subfields op and funct. These values are
indicated by upper case mnemonics. For example, in the case of the Load Byte instruction, op is LB, and in the case
of the Add instruction, op is SPECIAL, and function is ADD.

The constants of the fields used in the instruction formats are shown below.

Table 4-4. Field Definition

Field Definition
op 5-bit major operation code
rx 3-bit source/destination register specification
ry 3-bit source/destination register specification
immediate or imm 4-bit, 5-bit, 8-bit, or 11-bit immediate value,

branch displacement, or address displacement

rz 3-bit source/destination register specification

Functor F Function field

I-type (immediate) instruction format

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

op immediate

RI-type instruction format

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

op rx immediate

RR-type instruction format

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

op rx ry Funct

RRI-type instruction format

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

op rx ry immediate
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RRR-type instruction format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
RRR rx ry rz F
RRI-A type instruction format
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
RRI-A rx ry F immediate
SHIFT instruction format
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
SHIFT rx ry shamt Nete F

Note The 3-bit shamt field can encode shift count numbers from 0 to 7. 0-bit shift (NOP) cannot be executed. 0 is
regarded as shift count 8.

15

14

13

12

11

I8-type instruction format

10

9

5

4

3

2 1

18

Funct

immediate

15

I8 MOVR32 instruction format (used only with MOVR32 instruction)

14

13

12

11

10

9

8

7

6

5

4

3

2 1

18

Funct

ry

r32[4:0]

15

I8_MOV32R instruction format (used only with MOV32R instruction)

14

13

12

11

10

9

8

7

6

5

4

3

2 1

18

Funct

r32[2:0, 4:3]No

rz

Note The r32 field uses special bit encoding. For example, encoding of $7 (00111) is 11100 in the r32 field.
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164-type | nstruction format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
164 Funct immediate
R164-type instruction format
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

164 Funct ry immediate

JAL and JALX instruction format

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
JAL X | immediate 20:16 immediate 25:21 immediate 15:0
JAL in case of X = 0 instruction
JALX in case of X = 1 instruction
EXT-I instruction format
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
EXTEND immediate 10:5 immediate 15:11 MAJOR ojojojoJo]o immediate 4.0
EXT-RI instruction format
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
EXTEND immediate 10:5 immediate 15:11 MAJOR X 0]0]0 immediate 4.0
EXT-RRI instruction format
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

EXTEND

immediate 10:5

immediate 15:11

MAJOR

ry

immediate 4.0
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EXT-RRI-A instruction format

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
EXTEND immediate 10:4 imm 14:11 RRI-A X ry F imm 3:0
EXT-SHIFT instruction format
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

EXTEND

immediate 4.0

S5Nm

0jo0ojojJjo]oO

SHIFT

X

ry

0

0|0 F

Note Only in the case of DSLL, the S5 bit is the most significant bit of the

6-bit shift count field (shamt).

In the case of all 32-bit extended shifts, S5 must be 0. For a normal shift instruction, the display of shift

count 0 is considered as shift count 8, but the extended shift instruction does not perform such mapping

changes. Therefore, 0-bit shift using the extended format is possible.

EXT-I8 instruction format

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
EXTEND immediate 10:5 immediate 15:11 18 Funct ofofo immediate 4:0
EXT-164 instruction format
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
EXTEND immediate 10:5 immediate 15:11 164 Funct o|o0|oO immediate 4:0
EXT-RI64 instruction format
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
EXTEND immediate 10:5 immediate 15:11 164 Funct ry immediate 4:0
EXT-SHIFT64 instruction format
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
EXTEND shamt 4:0 sefoJOof0]0O]O0 RR ojo|oO ry Function

Note The S5 bit is the most significant bit of the 6-bit shift count field (shamt). In the case of a normal shift

instruction, the display of shift count 0 is considered as shift count 8, but the extended shift instruction does

not perform such mapping changes.

Therefore, 0-bit shift using the extended format is possible.
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4.7 MIPS16 OPERATION CODE BIT ENCODING
This section describes encoding for major operation code and minor operation code. Table 4-5 shows bit encoding
of the MIPS16 major operation code. Tables 4-6 to 4-11 show bit encoding of the minor operation code. The italic

operation codes in the tables are instructions for the extended ISA.

Table 4-5. Bit Encoding of Major Operation Code (op)

Instruction Instruction bits [13:11]
bits
[15:14] 000 001 010 011 100 101 110 111
00 addiusp™** | addiupc™*? b jal(xte® beqz bnez SHIFT Id
01 RRI-A addiug"** slti sltiu 18 li cmpi sd
10 b Ih lwsp Iw Ibu lhu lwpc Iwu
11 sb sh sSwsp Sw RRR RR extend 164

Notes 1. addiusp : addiu rx, sp, immediate
2. addiupc : addiu rx, pc, immediate
3. jal(x) : jalinstruction and jalx instruction
4. addiu8 : aadiu rx, immediate

Table 4-6. RR Minor Operation Code (RR-Type Instruction)

Instruction Instruction bits [2:0]
bits
[4:3] 000 001 010 011 100 101 110 111
00 j@ahrteet O st sltu sliv break srlv srav
01 dsrf*°? [0 cmp neg and or xor not
10 Mfhi ] mflo dsra**’ dsllv O dsrlv dsrav
11 mult multu div divu dmult dmultu ddiv ddivu

Notes 1.  J(al)r: jr rx instruction (ry = 000)
jr ra instruction (ry = 001, rx = 000)
jalr ra, rx instruction (ry = 010)
2. dsrl and dsra use the rx register field to encode the shift count (8-digit shift for 0). In the case of the
extended version of these two instructions, the EXT-SHIFT64 format is used. Only these two RR
instructions can be extended.

Remarks The symbols in the figures have the following meaning.
0: Execution of operation code with an asterisk on the current VrR4111 causes a reserved instruction
exception to be generated. This code is reserved for future extension.
@ : Operation code with @is invalid, but no reserved instruction exception is generated in the Vr4111.
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Table 4-8. RRRI-A Minor Operation Code (RRI-Type ADD Instruction)

Table 4-7. RRR Minor Operation Code (RRR-Type Instruction)

00

Instruction bits [1:0]

01

10

11

daddu

addu

dsubu

subu

Instruction bit [4]

0

1

addiu***

daddiu™**

Notes 1. . addiu ry, rx, immediate
2. daddiu: daddiu ry, rx immediate
Table 4-9. SHIFT Minor Operation Code (SHIFT-Type Instruction)
Instruction bits [1:0]
00 01 10 11
sli dsll srl sra
Table 4-10. 18 Minor Operation Code (I18-Type Instruction)
Instruction bits [10:8]
000 001 010 011 100 101 110 111
bteqz btnez swrasp"*** adjsp™*°? 0 mov32r "*°? 0 movr32"**
Notes 1. swrasp: sw ra, immediate(sp)
2. adjsp : addiu sp, immediate

3. mov32r: move r32,rz
4. movr32: move ry, r32

Remark The symbols used in the figures have the following meaning.

0: Execution of operation code with an asterisk on the current VrR4111 causes a reserved instruction
exception to be generated. This code is reserved for future extension.

109



CHAPTER 4 MIPS16 INSTRUCTION SET

Table 4-11. 164 Minor Operation Code (64-bit Only, 164-Type Instruction)

000

001

Instruction bits [10:8]

010 011 100 101 110

111

Idsp

Note 1

Note 2

sdsp

Note 5

ldpc

Note 7

dadiupc

Note 3

sdrasp dadjsp"** daddiu5"*®

Note 8

dadiusp

Notes 1.

110

© N oG WD

Idsp
sdsp
sdrasp
dadjsp
Idpc
daddiu5:
dadiupc:
dadiusp:

. Id ry, immediate

. sd ry, immediate

. sd ra, immediate

. daddiu sp, immediate
. Id ry, immediate

daddiu ry, immediate
daddiu ry, pc, immediate
daddiu ry, sp, immediate
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4.8 OUTLINE OF INSTRUCTIONS

This section describes the assembler syntax and defines each instruction. Instructions can be divided into the

following four types.

* Load and Store instructions

» Computational instructions

« Jump and Branch instructions
* Special instructions

4.8.1 PC-Relative Instructions

PC-relative instructions is the instruction format first defined among the MIPS16 instruction set. MIPS16 supports

both extension and non-extension through the Extend instruction for four PC-relative instructions.

Load Word LW rx, offset(pc)

Load Doubleword LD ry, offset(pc)

Add Immediate Unsigned ADDIU rx, pc, immediate
Doubleword Add Immediate Unsigned DADDIU ry, pc, immediate

All these instructions calculate the PC value of a PC-relative instruction or the PC value of the instruction
immediately preceding as the base address. The address calculation base using various function combinations is

shown next.

Table 4-12. Base PC Address Setting

Instruction

Base PC value

Non-extension PC-relative instructions
not located in Jump delay slot

PC of instruction

Extension PC-relative instruction

PC of Extend instruction

Non-extension PC-relative instruction in
Jump delay slot of JR or JALR

PC of JR instruction or JALR instruction

Non-extension PC-relative instruction in
Jump delay slot of JAL or JALX

PC of initial halfword of JAL or JALX"™®

Note Because the JAL and JALX instruction length is 32 bits.

The PC value used as the base for address calculation for the PC-relative instruction outlines shown in tables 4-14
and 4-15 is called base PC value. The base PC value is defined so as to be equivalent to the exception program

counter (EPC) value related to the PC-relative instruction.
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4.8.2 Extend Instruction

The Extend instruction can extend the immediate fields of MIPS16 instructions, which have fewer immediate fields
than equivalent 32-bit MIPS instructions. The Extend instruction must always precede (by one instruction) the
instruction whose immediate field you want to extend. Every extended instruction consumes four bytes in program
memory instead of two bytes (two bytes for Extend and two bytes for the instruction being extended), and it can cross
a word boundary.

For example, the MIPS16 instruction

Iw ry, offset (rx)

contains a five-bit immediate. The immediate expands to 16 bits (000000000 offset(1100) before execution in the
pipeline. This allows 32 different offset values of 0, 4, 8, and up through 124. Once extended, this instruction can hold
any of the normal 65,536 values in the range —32768 through 32767.

Shift instructions are extended to 5-bit unsigned immediate values. All other immediate instructions expand to
either signed or unsigned 16-bit immediate values. The only exceptions are

addiu ry, rx, immediate
daddiu ry, rx, immediate

which can be extended only to a 15-bit signed immediate.

There is only one restriction. Extended instructions should not be placed in jump delay slots. Otherwise, the
results are unpredictable because the pipeline would attempt to execute one half the instruction.

Table 4-13 lists the MIPS16 extendable instructions, the size of their immediate, and how much each immediate
can be extended when preceded with the Extend instruction.

For the instruction format of the Extend instruction, see 4.6 Instruction Format .
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Table 4-13. Extendable MIPS16 Instructions

. . ) Extended Instruction
MIPS16 Instruction MIPS16 Immediate Instruction Format )
Immediate Format
Load Byte 5 RRI 16 EXT-RRI
Load Byte Unsigned 5 RRI 16 EXT-RRI
Load Halfword 5 RRI 16 EXT-RRI
Load Halfword Unsigned 5 RRI 16 EXT-RRI
Load Word 5 RRI 16 EXT-RRI
8 RI 16 EXT-RI
Load Word Unsigned 5 RRI 16 EXT-RRI
Load Doubleword 5 RRI 16 EXT-RRI
Store Byte 5 RRI 16 EXT-RRI
Store Halfword 5 RRI 16 EXT-RRI
Store Word 5 (Other) RRI 16 EXT-RRI
8 (SW rx, offset(sp)) RI 16 EXT-RI
8 (SW ra, offset(sp)) 18 16 EXT-I8
Store Doubleword 5 (SD ry, offset(rx)) RRI 16 EXT-RRI
8 (Other) 164 16 EXT-164
Load Immediate 8 RI 16 EXT-RI
Add Immediate Unsigned 4 (ADDIU ry, rx, imm) RRI-A 15 EXT-RRI-A
8 (ADDIU sp, imm) 18 16 EXT-I8
8 (Other) RI 16 EXT-RI
Doubleword Add Immediate Unsigned 4 (DADDIU ry, rx, imm) RRI-A 15 EXT-RRI-A
5 (DADDIU 1y, pc, imm) RI64 16 EXT-RI64
164 16 EXT-164
8 (Other)
Set on Less Than Immediate 8 RI 16 EXT-RI
Set on Less Than Immediate Unsigned 8 RI 16 EXT-RI
Compare Immediate 8 RI 16 EXT-RI
Shift Left Logical 3 SHIFT 5 EXT-SHIFT
Shift Right Logical 3 SHIFT 5 EXT-SHIFT
Shift Right Arithmetic 3 SHIFT 5 EXT-SHIFT
Doubleword Shift Left Logical 3 SHIFT 6 EXT-SHIFT
Doubleword Shift Right Logical 3 RR 6 EXT- SHIFT64
Doubleword Shift Right Arithmetic 3 RR 6 EXT- SHIFT64
Branch on Equal to Zero 8 RI 16 EXT-RI
Branch on Not Equal to Zero 8 RI 16 EXT-RI
Branch on T Equal to Zero 8 18 16 EXT-I8
Branch on T Not Equal to Zero 8 18 16 EXT-18
Branch Unconditional 11 | 16 EXT-I
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4.8.3 Delay Slots
MIPS16 instructions normally execute in one cycle. However, some instructions have special requirements that

must be met to assure optimum instruction flow. The instructions include All Load, Branch, and Multiply/Divide

instr

1)

@)

®)

(4)

114

uctions.

Load delay slots
MIPS16 operates with delayed loads. This is similar to the method used by 32-bit MIPS instruction sets. If
another instruction references the load destination register before the load operation is completed, one cycle
occurs automatically. To assure the best performance, the compiler should always schedule load delay slots as
early as possible.

Branch delay slots not supported

Unlike for 32-bit MIPS instructions, there are no branch delay slots for branch instructions in MIPS16. If a branch
is taken, the instruction that immediately follows the branch (instruction corresponding to 32-bit MIPS delay slot)
is cancelled. There are no restrictions on the instruction that follows a branch instruction, and such instruction is
executed only when a branch is not taken. Branches, jumps, and extended instructions are permitted in the
instruction slot after a branch.

Jump delay slots
With MIPS186, there is a delay of one cycle after each jump instruction. The processor executes any instruction in
the jump delay slot before it executes the jump target instruction. Two restrictions apply to any instruction placed
in the jump delay slot:
1. Do not specify a branch or jump in the delay slot.
2. Do not specify an extended instruction (32-bits) in the delay slot. Doing so will make the results
unpredictable.

Multiply and divide scheduling

Multiply and divide latency depends on the hardware implementation. If an MFLO or MFHI instruction references
the Multiply or Divide result registers before the result is ready, the pipeline stalls until the operation is complete
and the result is available. However, to assure the best performance, the compiler should always schedule
Multiply and Divide instructions as early as possible.

MIPS16 requires that all MFHI and MFLO instructions be followed by two instructions that do not write to the HI
or LO registers. Otherwise, the data read by MFLO or MFHI will be undefined. The Extend instruction is counted
singly as one instruction.
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4.8.4 Instruction Details
(1) Load and Store Instructions
Load and Store instructions move data between memory and the general-purpose registers. The only addressing

mode that is supported is the mode for adding immediate offset to the base register.

Table 4-14. Load and Store Instructions (1/3)

Instruction Format and Description

Load Byte LB ry, offset (rx)

The 5-bit immediate is zero extended and then added to the contents of general-purpose register rx to
form the virtual address. The bytes of the memory location specified by the address are sign extended
and loaded into general-purpose register ry.

Load Byte Unsigned LBU ry, offset (rx)

The 5-bit immediate is zero extended and then added to the contents of general-purpose register rx to
form the virtual address. The bytes of the memory location specified by the address are zero extended
and loaded into general-purpose register ry

Load Halfword LH ry, offset (rx)

The 5-bit immediate is shifted left one bit, zero extended, and then added to the contents of general-
purpose register rx to form the virtual address. The halfword of the memory location specified by the
address is sign extended and loaded to general-purpose register ry.

If the least significant bit of the address is not 0, an address error exception is generated.

Load Halfword LHU ry, offset (rx)

Unsigned The 5-bit immediate is shifted left one bit, zero extended, and then added to the contents of general-
purpose register rx to form the virtual address. The halfword of the memory location specified by the
address is zero extended and loaded to general-purpose register ry.

If the least significant bit of the address is not 0, an address error exception is generated.

Load Word LW ry, offset (rx)

The 5-bit immediate is shifted left two bits, zero extended, and then added to the contents of general-
purpose register rx to form the virtual address. The word of the memory location specified by the
address is loaded to general-purpose register ry. In the 64-bit mode, it is further sign extended to 64
bits.

If either of the lower two bits is not 0, an address error exception is generated.

LW rx, offset (pc)

The two lower bits of the BasePC value associated with the instruction are cleared to form the masked
BasePC value. The 8-bit immediate is shifted left two bits, zero extended, and then added to the
masked BasePC to form the virtual address. The contents of the word at the memory location specified
by the address are loaded to general-purpose register rx. In the 64-bit mode, it is further sign extended
to 64 bits.

LW rx, offset (sp).

The 8-bit immediate is shifted left two bits, zero extended, and then added to the contents of general-
purpose register sp to form the virtual address. The contents of the word at the memory location
specified by the address are loaded to general-purpose register rx. In the 64-bit mode, it is further sign
extended to 64 bits.

If either of the two lower bits of the address is 0, an address error exception is generated.
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Table 4-14. Load and Store Instructions (2/3)

Instruction

Format and Description

Load Word Unsigned

LWU ry, offset (rx)

The 5-bit immediate is shifted left two bits, zero extended to 64 bits, and then added to the contents of
general-purpose register rx to form the virtual address. The word of the memory location specified by
the address is zero extended and loaded to general-purpose register ry.

If either of the two lower bits of the address is not 0, an address error exception is generated.

This operation is defined in the 64-bit mode and the 32-bit kernel mode. When this instruction is
executed in the 32-bit user/supervisor mode, a reserved instruction exception is generated.

Load Doubleword

LD ry, offset (rx)

The 5-bit immediate is shifted left three bits, zero extended to 64 bits, and then added to the contents
of general-purpose register rx to form the virtual address. The 64-bit doubleword of the memory
location specified by the address is loaded to general-purpose register ry.

If any of the lower three bits of the address is not 0, an address error exception is generated.

This operation is defined in the 64-bit mode and the 32-bit kernel mode. When this instruction is
executed in the 32-bit user/supervisor mode, a reserved instruction exception is generated.

LD ry, offset (pc)

The lower three bits of the base PC value related to the instruction are cleared to form the masked
BasePC value.

The 5-bit immediate is shifted left three bits, zero extended to 64 bits, and then added to the masked
BasePC to form the virtual address. The 64-bit doubleword at the memory location specified by the
address is loaded to general-purpose register ry.

This operation is defined in the 64-bit mode and the 32-bit kernel mode. When this instruction is
executed in the 32-bit user/supervisor mode, a reserved instruction exception is generated.

LD ry, offset (sp)

The 5-bit immediate is shifted left three bits, zero extended to 64 bits, and added to the contents of
general-purpose register sp to form the virtual address. The 64-bit doubleword at the memory location
specified by the address is loaded to general-purpose register ry.

If any of the three lower bits of the address is not 0, an address error exception is generated.

This operation is defined in the 64-bit mode and the 32-bit kernel mode. When this instruction is
executed in the 32-bit user/supervisor mode, a reserved instruction exception is generated.
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Table 4-14. Load and Store Instructions (3/3)

Instruction

Format and Description

Store Byte

SB ry, offset (rx)

The 5-bit immediate is zero extended and then added to the contents of general-purpose register rx to
form the virtual address. The least significant byte of general-purpose register ry is stored to the
memory location specified by the address.

Store Halfword

SH ry, offset (rx)

The 5-bit immediate is shifted left one bit, zero extended, and then added to the contents of general-
purpose register rx to form the virtual address. The lower halfword of general-purpose register ry is
stored to the memory location specified by the address.

If the least significant bit of the address is not 0, an address error exception is generated.

Store Word

SW ry, offset (rx)

The 5-bit immediate is shifted left two bits, zero extended, and then added to the contents of general-
purpose register rx to form a virtual address. The contents of general-purpose register ry are stored to
the memory location specified by the address. If either of the two lower bits of the address is not 0, an
address error exception is generated.

SW rx, offset (sp)

The 8-bit immediate is shifted left two bits, zero extended, and then added to the contents of general-
purpose register sp to form the virtual address. The contents of general-purpose register rx are stored
to the memory location specified by the address. If either of the two lower bits of the address is not O,
and address error exception is generated.

SW ra, offset (sp)

The 8-bit immediate is shifted left two bits, zero extended, and then added to the contents of general-
purpose register sp to form the virtual address. The contents of general-purpose register ra are stored
to the memory location specified by the address. If either of the two lower bits of the address is not 0,
an address error exception is generated.

Store Doubleword

SD ry, offset (rx)

The 5-bit immediate is shifted left three bits, zero extended to 64 bits, and then added to the contents
of general-purpose register rx to form the virtual address. The 64 bits of general-purpose register ry are
stored to the memory location specified by the address. If any of the lower three bits of the address is
not 0, an address error exception is generated.

This operation is defined in the 64-bit mode and the 32-bit kernel mode. When this instruction is
executed in the 32-bit user/supervisor mode, a reserved instruction exception is generated.

SD ry, offset (sp)

The 5-bit immediate is shifted left three bits, zero extended to 64 bits, and then added to the contents
of general-purpose register sp to form the virtual address. The 64 bits of general-purpose register ry
are stored to the memory location specified by the address.

If any of the lower three bits of the address is not 0, an address error exception is generated.

This operation is defined in the 64-bit m