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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vi1 (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi. (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vop or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A 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 when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up 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
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

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

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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e The information in this document is current as of August, 2005. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

e Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

e NEC Electronics products are classified into the following three quality grades: "Standard”, "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program” for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product 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": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).
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Regional Information

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

« Device availability
« Ordering information

e 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.

[GLOBAL SUPPORT]

http://www.necel.com/en/support/support.htmi

NEC Electronics America, Inc. (U.S.)
Santa Clara, California
Tel: 408-588-6000

800-366-9782

NEC Electronics (Europe) GmbH
Duesseldorf, Germany
Tel: 0211-65030

* Sucursal en Espana
Madrid, Spain
Tel: 091-504 27 87

* Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 5800

« Filiale Italiana
Milano, Italy
Tel: 02-66 75 41

* Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-2654010

» Tyskland Filial
Taeby, Sweden
Tel: 08-63 87 200

 United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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Tel: 021-5888-5400

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for users who wish to understand the functions of the
V850E/ME2 (uPD703111A) to design application systems using the V850E/ME2.

The purpose of this manual is for users to gain an understanding of the hardware
functions of the V850E/ME2.

The V850E/ME2 User’s Manual is divided into two parts: Hardware (this manual)
and Architecture (VB50E1 Architecture User’s Manual). The organization of each
manual is as follows:

Hardware Architecture
¢ Pin functions o Data type
e CPU function * Register set
e Internal peripheral functions e Instruction format and instruction set
e Electrical specifications e Interrupts and exceptions

¢ Pipeline operation

It is assumed that the readers of this manual have general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

¢ To find the details of a register where the name is known
—Refer to APPENDIX A REGISTER INDEX.

¢ To understand the details of an instruction function
— Refer to the V850E1 Architecture User’s Manual.

To know the electrical specifications of the VB50E/ME2
— Refer to CHAPTER 17 ELECTRICAL SPECIFICATIONS.

¢ To understand the overall functions of the V850E/ME2
—Read this manual according to the CONTENTS.

¢ How to interpret the register format
—For a bit whose bit number is enclosed in brackets, its bit name is defined as a

reserved word in the device file.

The mark * shows major revised points.

User's Manual U16031EJ4V1UD



Conventions Data significance:
Active low representation:
Memory map address:

Note:

Caution:

Remark:

Numeric representation:

Prefix indicating power of 2
(address space, memory
capacity):

Data type:

Higher digits on the left and lower digits on the right
XXX (overscore over pin or signal name)

Higher addresses on the top and lower addresses on
the bottom

Footnote for item marked with Note in the text
Information requiring particular attention
Supplementary information

Binary ... xxxx or xxxxB

Decimal ... xxxx

Hexadecimal ... xxxxH

K (kilo): 2'° = 1,024

M (mega): 2° = 1,024°
G (giga): 2*° = 1,024’
Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits

Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Document related to V850E/ME2

Document Name Document No.
V850E1 Architecture User's Manual U14559E
V850E/ME2 Hardware User’'s Manual This manual
V850E/ME2 Hardware Application Note U16794E
V850E/ME2 USB Function Drivers Application Note U17069E
V850E/MA1, VB50E/MA2, VB50E/MA3, VB850E/ME2 PCI Host Bridge Macro Application Note U17121E
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Document related to development tools (user’s manuals)

Document Name Document No.
CA850 Ver. 3.00 C Compiler Package Operation U17293E
C Language U17291E
Assembly Language U17292E
Link Directive U17294E
PM plus Ver. 6.00 U17178E
RX850 Ver. 3.13 or Later Real-Time OS Basics U13430E
Installation U13410E
Technical U13431E
RX850 Pro Ver. 3.15 Real-Time OS Basics U13773E
Installation U13774E
Technical U13772E
RD850 Ver. 3.01 Task Debugger U13737E
RD850 Pro Ver. 3.01 Task Debugger U13916E
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CHAPTER 1 INTRODUCTION

The V850E/ME?2 is a product of the NEC Electronics single-chip microcontroller “V850 Series”. This chapter gives
a simple outline of the VB50E/ME2.

1.1 Outline

The V850E/ME2 is a 32-bit single-chip microcontroller that integrates the V850E1 CPU, which is a 32-bit RISC-
type CPU core for ASIC, newly developed as the CPU core central to system LSI for the current age of system-on-
chip. This device incorporates cache, data RAM, instruction RAM, and various peripheral functions such as memory

controllers, a DMA controller, timer/counter, serial interfaces, USB function controller (USBF), and an A/D converter

for realizing high-capacity data processing and sophisticated real-time control.

M

()

(©)

(4)

V850E1 CPU

The V850E1 CPU is a CPU core that enhances the external bus interface performance of the V850 CPU,
which is the CPU core integrated in the V850 Series, and has added instructions supporting high-level
languages, such as C-language switch statement processing, table lookup branching, stack frame
creation/deletion, and data conversion. This enhances the performance of both data processing and control.
It is possible to use the software resources of the V850 CPU integrated system since the instruction codes of
the VB50E1 are upwardly compatible at the object code level with those of the V850 CPU.

External memory interface function

The V850E/ME2 features various on-chip external memory interfaces including separately configured
address (26 bits) and data (32 bits) buses, and SDRAM and ROM interfaces, as well as on-chip memory
controllers that can be directly linked to page ROM, etc., thereby raising system performance and reducing
the number of parts needed for application systems.

Also, through the DMA controller, CPU internal calculations and data transfers can be performed
simultaneously with transfers to and from the external memory, so it is possible to process large volumes of
image data or voice data, etc., and through high-speed execution of instructions using internal data RAM and
instruction RAM, motor control, communications control and other real-time control tasks can be realized
simultaneously.

Internal instruction RAM
The instruction RAM can be accessed at high speed, in one clock, so that application programs can be
executed in real time.

A full range of middleware and development environment products

The V850E/ME2 can execute middleware such as JPEG, JBIG, MH/MR/MMR, and TCP/IP at high speed.
Also, middleware that enables speech recognition, voice synthesis, and other such processing is available,
and by including these middleware programs, a multimedia system can be easily realized.

A development environment system that includes an optimized C compiler, debugger, in-circuit emulator, and
other elements is also available.
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1.2 Features

O Number of instructions:

O Minimum instruction execution time:

O General-purpose registers:

O Instruction set:

O Memory space:

O External bus interface:

O Internal memory

O Instruction cache

O Interrupts/exceptions:

O Memory access controller

18

80
10 ns/7.5 ns/6.7 ns (at internal 100 MHz/133 MHz/150 MHz operation)
32 bits x 32

V850E1 CPU

Signed multiplication (16 bits x 16 bits — 32 bits or 32 bits x 32 bits —
64 bits): 1 to 2 clocks

Saturated operation instructions (with overflow/underflow detection
function)

32-bit shift instructions: 1 clock

Bit manipulation instructions

Load/store instructions with long/short format

Signed load instructions

256 MB linear address space (common program/data use)
Chip select output function: 8 spaces

Memory block division function: 2, 4, 6, 8, 64 MB/block
Programmable wait function

Idle state insertion function

32-bit data bus (address/data separated)

32-/16-/8-bit bus sizing function

External bus division function: 1/1, 1/2, 1/3, 1/4 (66 MHz MAX.)
Bus hold function

External wait function

Address setup wait function

Endian control function

Instruction RAM: 128 KB
Data RAM: 16 KB

8 KB 2-way set associative

External interrupts: 40 (including NMI)
Internal interrupts: 59 sources
Exceptions: 2 sources

Eight levels of priorities can be set.

DRAM controller (compatible with SDRAM)
Page ROM controller
Speculative read/write buffer function
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O DMA controller:

O 1/0O lines:

O Timer/counter function:

O Serial interfaces:

O A/D converter:

O PWM (Pulse Width Modulation):

O Clock generator:

O Power-save function:

O Package:

O CMOS technology:

4 channels

Transfer unit: 8 bits/16 bits/32 bits

Maximum transfer count: 65,536 (2'°)

Transfer type: Flyby (1-cycle)/2-cycle

Transfer mode: Single/Single step/Block

Transfer target: Memory <> memory, memory < /O

Transfer request: External request/On-chip peripheral I/O/ Software
DMA transfer terminate (terminal count) output signal

Next address setting function

Input ports: 1
I/O ports: 77

16-bit timer/event counter: 6 channels (no capture operation for 2
channels)
16-bit timers: 6
16-bit capture/compare registers: 12
16-bit interval timer: 4 channels
Up/down counter/general-purpose timer for 16-bit 2-phase encoder
input: 2 channels
16-bit capture/compare registers: 4
16-bit compare registers: 4

Asynchronous serial interface B (UARTB)
Clocked serial interface 3 (CSI3)
CSI3/UARTB: 1 channel
UARTB: 1 channel
CSI3: 1 channel
USB function controller (USBF): 1 channel
Full speed (12 Mbps)
Endpoint Control transfer: 64 bytes x 2
Interrupt transfer: 8 bytes x 2
Bulk transfer (IN): 64 bytes x 2 banks x 2
Bulk transfer (OUT): 64 bytes x 2 banks x 2

10-bit resolution A/D converter: 8 channels
16-bit resolution PWM: 2 channels

%8 function using SSCG
HALT/IDLE/software STOP mode

176-pin plastic LQFP (fine pitch) (24 x 24)
240-pin plastic FBGA (16 x 16)

All static circuits
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1.3 Applications

Servo control, NC machine tools, ink-jet printers, facsimiles, DVD players, video printers, PPC, information
equipment, etc.

* 1.4 Ordering Information

Part Number Package Maximum Operating Frequency
uPD703111AGM-10-UEU 176-pin plastic LQFP (fine pitch) (24 x 24) 100 MHz
uPD703111AGM-10-UEU-A 176-pin plastic LQFP (fine pitch) (24 x 24) 100 MHz
uPD703111AGM-13-UEU 176-pin plastic LQFP (fine pitch) (24 x 24) 133 MHz
uPD703111AGM-13-UEU-A 176-pin plastic LQFP (fine pitch) (24 x 24) 133 MHz
uPD703111AGM-15-UEU 176-pin plastic LQFP (fine pitch) (24 x 24) 150 MHz
uPD703111AGM-15-UEU-A 176-pin plastic LQFP (fine pitch) (24 x 24) 150 MHz
uPD703111AF1-13-GA3 240-pin plastic FBGA (16 x 16) 133 MHz
#PD703111AF1-13-GAS3-A 240-pin plastic FBGA (16 x 16) 133 MHz
uPD703111AF1-15-GA3 240-pin plastic FBGA (16 x 16) 150 MHz
uPD703111AF1-15-GA3-A 240-pin plastic FBGA (16 x 16) 150 MHz

Remark Products with -A at the end of the part number are lead-free products.
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1.5 Pin Configuration

e 176-pin plastic LQFP (fine pitch) (24 x 24)
u#PD703111AGM-10-UEU
4uPD703111AGM-10-UEU-A
uPD703111AGM-13-UEU
#PD703111AGM-13-UEU-A
#PD703111AGM-15-UEU
uPD703111AGM-15-UEU-A
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ANI3—=| 8 125 |~+— PDH11/D27/INTPD11/INTP111/TCLR11
ANI4 —=1 9 124 |~+—w» PDH10/D26 PD10/INTP110/TCUD11
ANI5 ——=| 10 123 |~a—»~ PDH9/D25/INTPD9/TIUD10
ANI6 —=| 11 122 |~=—== PDH8/D24/INTPD8/TO10
ANI7 ——=| 12 121 |~«—»~ PDH7/D23/INTPD7/INTP101/TCLR10
AVrerm —m=| 13 120 |~=—== PDH6/D22/INTPD6/INTP100/TCUD10
AVss 14 119 |~+—= PDH5/D21/INTPD5/TOC5
MODE1 —| 15 118 |~—= PDH4/D20/INTPD4
MODEQ ——=| 16 117 |~+—= PDH3/D19/INTPD3
INTP67/TOC1/P67 ~—==| 17 116 EVss
INTP66/INTPC11/P66 ~+—=| 18 115 EVoo
INTP65/TIC1/INTPC10/P65 ~—m=| 19 114 |~+—== PDH2/D18/INTPD2/TOC4
TOCO/TC1/P55 ~a—w| 20 113 |~«—» PDH1/D17/INTPD1
INTPCO1/DMAAK1/P54 ~a—m=| 21 112 |~=—= PDHO/D16/INTPDO
INTPCOO/TICO/DMARQ1/P53 ~—w-| 22 111 |-—=D15
INTP52/TCO/P52 ~a—wm-| 23 110 |~+~—» D14
INTP51/DMAAKO/P51 ~—w| 24 109 |-+—» D13
INTP50/DMARQO/P50 ~&—w~| 25 108 |-~+—» D12
Voo 26 107 |=+—= D11
1Vss 27 106 |~+— D10
ESET—»| 28 105 |-+— D9
ADTRG/SELFREF/PCM5 ~a—w~| 29 104 |~+—» D8
REFRQ/PCM4 ~a—»~| 30 103 IVss
HLDRQ/PCM3 ~«—-| 31 102 Voo
HLDAK/PCM2 ~a—w| 32 101 EVss
PCM1 —-—»| 33 100 EVoo
WAIT/PCMO ~—w| 34 99 [-«—= D7
CS7/PCS7 ~—| 35 98 |~=—= D6
CS6/PCS6 ~—»| 36 97 |-+—» D5
IORD/CS5/PCS5 ~—w=| 37 96 |-=— D4
EVoo 38 95 |-+—»-D3
__ EVss 39 94 |-—=D2
TS4/PCS4 ~—w| 40 93 |-«—» D1
CS3/PCS3 w—w| 41 92 |-«—= D0
IOWR/CS2/PCS2 ~—wm=-| 42 91 |-~+—» SDCKE/PCDO
CS1/PCS1 ~a—=-| 43 90 EVss
CS0/PCSO ~—==| 44 89 EVoo
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e 240-pin plastic FBGA (16 x 16)
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CHAPTER 1 INTRODUCTION
(1/2)
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
A1 - Cc12 1Vop G3 EVss
A2 |IVss C13  |PAH2/A18 G4 D7
A3 |PCTO/LLWR/LLBE/LLDQM C14 |PAH4/A20 G15 |PCM1
A4 - C15 |PAH6/A22 G16  |PCM3/HLDRQ
A5 |PCT4/RD C16 - G17  |PCM4/REFRQ
A6 - C17 |PCS0/CS0 G18 |PCM5/ADTRG/SELFREF
A7 - c18 - H1 -
A8 |EVop D1 DO H2 D8
A9 |A9 D2 |EVss H3 D9
A10 - D3 |PCDO/SDCKE H4 D10
A1l |A14 D4 |EVoo H5 IVss
A12  |[IVss D5 |PCT1/LUWR/LUBE/LUDQM H14 -
A13  |EVm D6 - H15 |RESET
Al4 - D7  |PALO/INTPLO/AO H16  |IVss
A15 | PAH5/A21 D8 |A4 H17 -
A16 |PAH7/A23 D9 |A6 H18  |IVop
A17 | PAH9/A25 D10 - J1 -
A18 - D11 |A13 J2 D11
B1 - D12 |EVss J3 D12
B2 |PCD1/BUSCLK D13  |PAH3/A19 Ja -
B3 |PCD2/SDCAS D14 - Js D13
B4 - D15 - J14 -
B5 |PCT3/UUWR/UUBE/UUDQM D16 |PCS2/CS2/IOWR J15 | P50/INTP50/DMARQO
B6 |PCT7/BCYST D17 |PCS3/CS3 J16 | P51/INTP51/DMAAKO
B7 |A2 D18 |EVop J17 | P52/INTP52/TCO
B8 - ET D3 J18 P53/INTPC00/TICO/DMARQ1
B9 |A8 E2 |D2 K1 D14
B10 |A12 E3 |D1 K2 D15
B11 |PAHO/A16 E4 - K3 PDH0/D16/INTPDO
B12 - E8 |A3 K4 PDH1/D17/INTPD1
B13 - E9 |A5 K5 PDH2/D18/INTPD2/TOC4
B14 - E10 |A10 K14  |P55/TOCO/TCA
B15 - E11  |PAH1/A17 K15 | P54/INTPC0O1/DMAAKT
B16 |PAH8/A24 E15 |PCS4/CS4 K16 | P65/INTP65/INTPC10/TIC1
B17 - E16 |EVss K17 | P66/INTP66/INTPC11
B18 |PCS1/CS1 E17 |PCS5/CS5/I0RD K18 -
C1 - E18 |PCS6/CS6 L1 EVoo
c2 - F1 D6 L2 -
C3 |PCD3/SDRAS F2 |D5 L3 EVss
C4 |IVop F3 |D4 L4 PDH3/D19/INTPD3
C5 |PCT2/ULWR/ULBE/ULDQM F4 - L5 PDH4/D20/INTPD4
C6 |PCT5/WE/WR F15 - L14  |MODE1
C7  |PAL1/INTPL1/A1 F16 |PCS7/CS7 L15 -
C8 |EVss F17  |PCMO/WAIT L16 MODEO
Co |A7 F18 |PCM2/HLDAK L17 -
C10 |A11 Gi1 Voo L18 P67/INTP67/TOC1
C11 |A15 G2 |EVoo M1 -
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CHAPTER 1 INTRODUCTION
(2/2)
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
M2 | PDH5/D21/INTPD5/TOC5 R7 DCK U4 -
M3 | PDH6/D22/INTPD6/INTP100/TCUD10 R8 EVoo us TRCCLK
M4 - R9 P11/INTP11/SCKO U6 DRST
M15 |ANI6 R10  |[IVss u7 P25/INTP25/SO1
M16 | AVRerm R11 UDM us P22/INTP22/TXD1
M17 |ANI7 R12 |X2 U9 EVss
M18 AVss R13 PLLVop u10 1Vob
N1 PDH7/D23/INTPD7/INTP101/TCLR10 R14 |SSELO uti -
N2  |PDH8/D24/INTPD8/TO10 R15 - Ut2 |OSCVoo
N3 | PDH9/D25/INTPD9/TIUD10 R16 | AVrere u13 -
N4 | PDH10/D26/INTPD10/INTP110/TCUD11 R17  |AVop ut4 -
N15 |ANI2 R18 - U15 | P76/INTPC31/DMAAK3
N16 |ANI3 T EVoo U16 |P73/INTPC21/DMAAK2
N17 |ANI4 T2 TRCDATA3 U17  |P72/INTPC20/TIC2/DMARQ2
N18 |ANI5 T3 - u1s -
P1 - T4 TRCDATA1 Vi -
P2 | PDH11/D27/INTPDT1/INTP111/TCLR11 T5 TRCEND V2 TRCDATA2
P3 |PDH13/D29/INTPD13/TIUD11 T6 DDI V3 IVss
P4 - T7 - V4 TRCDATAO
P8 | P23/INTP23/SCK1 T8 P21/INTP21/RXD1 V5 -
P9  |P12/SI0/RXDO T9 P20/NMI V6 DMS
P10 - T10 - V7 P24/INTP24/SI1
P11 |UVoo T11 uUDP V8 -
P15 - T12  |X1 V9 P13/SO0/TXD0
P16 |ANIO T13  |OSCVss V10  |PLLSEL
P17 |ANN T14 SSEL1 Vi1 P10/INTP10/UCLK
P18 - T15 P75/INTPC30/TIC3/DMARQ3 V12 -
R1 PDH12/D28/INTPD12/TO11 T16 - V13 -
R2 |EVss T17  [JIT Vi4 -
R3 |PDH14/D30/INTPD14/PWMO Ti8  [JITO V15  |PLLVss
R4 IVop U1 PDH15/D31/INTPD15/PWM1 V16 P77/TOC3/TC3
R5 - U2 - V17  |P74/TOC2/TC2
R6 |DDO us - V18 -

Remark Leave the A1, A4, A6, A7, A10, A14, A18, B1, B4, B8, B12 to B15, B17, C1, C2, C16, C18, D6, D10,
D14, D15, E4, F4, F15, H1, H14, H17, J1, J4, J14, K18, L2, L15, L17, M1, M4, P1, P4, P10, P15, P18,
R5, R15, R18, T3, T7, T10, T16, U2 to U4, U11, U13, U14, U18, V1, V5, V8, V12 to V14, and V18 pins
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CHAPTER 1 INTRODUCTION
Pin Identification
A0 to A25: Address bus P72 to P77: Port 7
ADTRG: A/D trigger input PAHO to PAH9: Port AH
ANIO to ANI7: Analog input PALO, PALT1: Port AL
AVob: Analog power supply PCDO to PCDa3: Port CD
AVREFM: Analog reference voltage PCMO to PCM5: Port CM
AVREFP: Analog reference voltage PCSO0 to PCS7: Port CS
AVss: Analog ground PCTO to PCT5, PCT7: Port CT
BCYST: Bus cycle start timing PDHO to PDH15: Port DH
BUSCLK: Bus clock output PLLSEL: PLL operating mode select
CSO0to CS7: Chip select PLLVbD: PLL power supply
DO to D31: Data bus PLLVss: PLL ground
DCK: Debug clock input PWMO, PWM1: Pulse width modulation
DDI: Debug data input RD: Read strobe
DDO: Debug data output REFRQ: Refresh request
DRST: Debug reset RESET: Reset
DMS: Debug mode RXDO0, RXD1: Receive data
DMAAKO to DMAAK3: DMA acknowledge SCKO, SCKi: Serial clock
DMARQO to DMARQ3: DMA request SDCAS: SDRAM column address strobe
EVob: Power supply for external pins SDCKE: SDRAM clock enable
EVss: Ground for external pins SDRAS: SDRAM row address strobe
HLDAK: Hold acknowledge SELFREF: Self-refresh request
HLDRQ: Hold request slo, SI1: Serial input
INTP10, INTP11, : External interrupt input S00, SO1: Serial output

INTP21 to INTP25,
INTP50 to INTP52,
INTP65 to INTP67,
INTP100, INTP101,
INTP110, INTP111,
INTPCO0, INTPCO1,
INTPC10, INTPC11,
INTPC20, INTPC21,
INTPC30, INTPC31,
INTPDO to INTPD15
INTPLO, INTPLT
|ORD:

IOWR:

IVoD:

IVss:

JITO, JIT1:

LLBE:

LLDQM:

LLW
LUBE:

LUDQM:

LUWR:

MODEO, MODEH1:
NMI:

OSCVoo:
OSCVss:

P10 to P13:

P20 to P25:

P50 to P55:

P65 to P67:

py

I/O read strobe

I/O write strobe

Power supply for internal unit
Ground for internal unit

SSCQG jitter select

Lower byte enable (DO to D7)
Lower DQ mask enable (DO to D7)
Lower write strobe (DO to D7)
Lower byte enable (D8 to D15)

Lower DQ mask enable (D8 to D15)

Lower write strobe (D8 to D15)
Mode

Non-maskable interrupt request
Clock generator power supply
Clock generator ground

Port 1

Port 2

Port 5

Port 6

SSELO, SSELT:

TCO to TC3:

TCLR10, TCLR11:
TCUD10, TCUD11:

TICO to TICS:
TIUD10, TIUD11:
TO10, TO11, :
TOCO to TOC5
TRCCLK:
TRCDATAO to:
TRCDATA3
TRCEND:
TXDO, TXD1:
UCLK:

UDM:

UDP:

ULBE:
ULDQM:

ULWR:
UUBE:
UuuDQM:

UUWR:
UVoob:
WAIT:
WE:
WR:
X1, X2:

User's Manual U16031EJ4V1UD

Clock generator operating mode
select

Terminal count signal

Timer clear

Timer control pulse input

Timer input

Timer count pulse input

Timer output

Trace clock
Trace data output

Trace end status output
Transmit data

USB external clock input

USB data input & output (-)
USB data input & output (+)
Upper byte enable (D16 to D23)
Upper DQ mask enable (D16 to
D23)

Upper write strobe (D16 to D23)
Upper byte enable (D24 to D31)
Upper DQ mask enable (D24 to
D31)

Upper write strobe (D24 to D31)
Power supply for USB unit

Wait

Write enable

Write strobe output enable
Crystal
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CHAPTER 1 INTRODUCTION
1.6 Function Blocks
1.6.1 Internal block diagram
DRST, DCK,C)
DMS, DDI
DCU —
DDO, TRCCLK, (] CPU MEMC XlVI_AE')TR 5
TRCDATAO to TRCDATAS, HLDAK
TRCEND ;
. BCU sramc| =) Ao to A25
INTP10, INTP11C)| — pC () D0 to D31
INTP21 to INTP25 INTC Instruction ﬁ ﬁ @
INTP50 to INTP52 - Instruction || muttiplier queue CS4, CS6, CS7
INTP65 to INTP67 P
INTPDO to INTPD15 cache (82x32 - 64) ROMC [ . Ts2iowR
INTPLO, INTPL1 [~ CS5/I0RD
2o eS80
barrel shifte - -~ RD
TCLR10, TCLR11
TIUD10, TIUD11 ) ‘ > xXWR/xxBE
TCUD10, TCUD11 Instruction soRAMC| [ WR
INTP100, INTP110 TMENCT ) RAM — BUSCLK
INTP101, INTP111 System — SDCKE
TO10, TO11 registers SDRAS
L [~ SDCAS
TICO to TIC3C ) — : WE
INTPCOO, INTPCOT, |:> Data RAM General-purpose - );(XI?FQR,\(A)
INTPC10, INTPC11, ™C W tegitrs =
INTPC20, INTPC21, ) - o) SELFREF
INTPC30, INTPC31
1000 to TOG3 ——1 DMARQO to DMARQ3
DMAC  [~—) DMAAKO to DMAAK3
Tocs, Tocs(— TMc (o) [ TCOto TC3
BBR
T™MD
SI0/RXD0 —
SO0/TXD0 ~—{csiz0uARTBO ) i PWM [~ PWMO, PWM!1
SCKO~—
Ports
("~ ANIO to ANI7
St R R (R R VI ~— ADTRG
SO1-—1 CSI31 @ 8 8 5 Kk o % 8 g (',\) |': © ADC <;:| AVerere, AVRerm
SCK1 oo o o 0o < £ O O O O I _
2 2 g g ¢ & aada g a B AVeo
o - o w o S 2 2 o £ w L AVss
- © ~ = = 2
RXDT—| et () B e dEa T 28 oe g6 o
TXD1=— 82 Q8 ez T uoP
g user [~ UDM
O -— UCLK
SSELO, SSEL1 a OVor
JITO, JIT1
PLLSEL —+
g 1 e -—— RESET
OSCVo» 1 MODEO, MODE1
OSCVss System L vy,
PLLVoo controller | Vss
PLLVss EVoo
- —— EVss

Remark xx:LL, LU, UL, UU
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CHAPTER 1 INTRODUCTION

1.6.2 On-chip units

M

)

(©)

(4)

CPU

The CPU uses five-stage pipeline control to enable single-clock execution of address calculations, arithmetic
logic operations, data transfers, and almost all other instruction processing.

Other dedicated on-chip hardware, such as a multiplier (16 bits x 16 bits — 32 bits or 32 bits x 32 bits — 64
bits) and a barrel shifter (32 bits), help accelerate complex processing.

Bus control unit (BCU)

The BCU starts the required external bus cycle based on the physical address obtained by the CPU. When
an instruction is fetched from external memory area and the CPU does not send a bus cycle start request, the
BCU generates a prefetch address and prefetches the instruction code. The prefetched instruction code is
stored in an instruction queue in the CPU.

The BCU controls an SDRAM controller (SDRAMC), SRAM controller (SRAMC), page ROM controller
(ROMC), and DMA controller (DMAC) and performs external memory access and DMA transfer.

(a) SDRAM controller (SDRAMC)
The SDRAM controller generates the SDRAS, SDCAS, UUDQM, ULDQM, LUDQM, and LLDQM signals
and performs access control for SDRAM.
CAS latency 1 (excluding flyby DMA transfer), 2, and 3 are supported, and the burst length is fixed to 1.
A refresh function that supports the CBR (auto) refresh cycle and a dynamic self-refresh function based
on an external input are also available.

(b) Page ROM controller (ROMC)
This controller supports accessing ROM that includes the page access function.
It performs address comparisons with the immediately preceding bus cycle and executes wait control for
normal access (off-page)/page access (on-page).

(c) DMA controller (DMAC)
This controller controls data transfer between memory and I/O instead of the CPU.
There are two address modes: flyby (1-cycle) transfer, and 2-cycle transfer. There are three bus modes,
single transfer, single step transfer, and block transfer.

RAM

Instruction RAM (128 KB) and data RAM (16 KB) are provided.

The instruction RAM can be accessed in one clock from the CPU when an instruction is fetched. Its write
access time depends on the BUSCLK frequency to the CS0 space and the number of wait cycles. This RAM
is mapped from address 00000000H.

The data RAM can be accessed in one clock from the CPU when its data is read or written. It is mapped
from address FFFF8000H.

Cache
A 2-way set associative instruction cache (8 KB) is provided.
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®)

(6)

@

®)

)

Interrupt controller (INTC)

This controller handles hardware interrupt requests (NMI, INTPn) from on-chip peripheral hardware and
external hardware. Eight levels of interrupt priorities can be specified for these interrupt requests, and
multiple-interrupt servicing control can be performed (n = 10, 11, 21 to 25, 50 to 52, 65 to 67, DO to D15, LO,
L1, C00, CO1, C10, C11, C20, C21, C30, C31).

Clock generator (CG)
This clock generator supplies frequencies which are 8 times the input clock (Fx) (using an on-chip PLL) as the
internal system clock (fcik). As the input clock, an external oscillator is input from pins X1 and X2.

Timer/counter function

This unit incorporates a 6-channel 16-bit timer/event counter C (TMC), 4-channel 16-bit interval timer D
(TMD), and 2-channel up/down counter/general-purpose timer (TMENC1) for 16-bit 2-phase encoder input
and can measure pulse widths or frequency and output a programmable pulse.

Serial interfaces

The serial interfaces consist of 3 channels divided between an asynchronous serial interface B (UARTB) and
clocked serial interface 3 (CSI3). Of these 3 channels, one is alternative with UARTB and CSI3, one is fixed
to CSI3, and one is fixed to UARTB.

UARTB transfers data by using the TXDn and RXDn pins (n =0, 1).

CSI3 transfers data by using the SOn, Sin, and SCKn pins (n =0, 1).

In addition, a USB function controller (USBF) is also provided.

A/D converter (ADC)
This high-speed, high-resolution 10-bit A/D converter includes 8 analog input pins. Conversion is performed
using the successive approximation method.

(10) PWM

Two channels for PWM signal output of 16-bit resolution have been provided. By connecting an external
low-pass filter, PWM output can be used as digital to analog conversion output. PWM is ideal for actuator
control signals such as those in motors.

(11) On-chip debug function (DCU)

An on-chip debug function via an N-Wire type emulator is provided.
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(12) Ports

As shown below, the following ports have general-purpose port functions and control pin functions.

Port I/0 Control Function
Port 1 4-bit I/0 Serial interface /0, USB clock signal input, external interrupt input
Port 2 1-bit input, NMI input, serial interface 1/0O, external interrupt input
5-bit I/O
Port 5 6-bit I/0 DMA controller I/O, external interrupt input, timer/counter 1/0
Port 6 3-bit I/0 Timer/counter 1/O, external interrupt input
Port 7 6-bit I/0 DMA controller /O, timer/counter 1/O, external interrupt input
Port AL 2-bit 110 External address bus, external interrupt input
Port AH 10-bit /0 External address bus
Port DH 16-bit I/0 External data bus, external interrupt input, PWM output, timer/counter 1/O
Port CS 8-bit I/0 External bus interface control signal output
Port CT 7-bit 1/0 External bus interface control signal output
Port CM 6-bit I/0 Wait insertion signal input, external bus interface control signal 1/O, self-refresh request
signal input, A/D converter external trigger input
Port CD 4-bit I/0 External bus interface control signal output, bus clock output
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CHAPTER 2 PIN FUNCTIONS

The names and functions of the pins in the V850E/ME2 are listed below. These pins can be divided into port pins

and non-port pins according to their functions.

2.1 List of Pin Functions

(1) Port pins

(1/3)
Pin Name Pin No. 1/0 Function Alternate Function
GM | F1
P10 159 | V11 I/0 Port 1 INTP10/UCLK
P11 155 | R9 4-bit /O port INTP11/SCKO
Input data can be read/output data can be written in 1-bit
P12 154 | P9 units. SI0/RXDO
P13 153 | V9 SO0/TXDO
P20 152 | T9 | Input | Port2 NMI
P21 149 | T8 /O P20 is an input port dedicated to checking the NMI input INTP21/RXDA
status. —
P22 148 | U8 If a valid edge is input, it operates as an NMI input. INTP22/TXD1
P23 147 | P8 P21 to P25 are a 5-bit I/O port. INTP23/SCK1
| t dat tput dat itten in 1-bit —
Po4 146 | v7 npu data can be read/output data can be written in 1-bi INTP24/SI1
units.
P25 145 | U7 INTP25/SO1
P50 25 [ J15 I/0 Port 5 INTP50/DMARQO
P51 24 | J16 6-bit /O port INTP51/DMAAKO
Input data can be read/output data can be written in 1-bit
P52 23 | J17 units. INTP52/TCO
P53 22 | J18 INTPCOO0/TICO/DMARQ1
P54 21 | K15 INTPCO1/DMAAKA1
P55 20 K14 TOCO/TC1
P65 19 | K16 I/0 Port 6 INTP65/INTPC10/TICA
P66 18 | K17 3-bit O port INTP66/INTPC11
Input data can be read/output data can be written in 1-bit
P67 17 | L18 units. INTP67/TOCH
P72 176 |U17| 1/O Port 7 INTPC20/TIC2/DMARQ2
P73 175 | U16 6-bit /O port INTPC21/DMAAK2
Input data can be read/output data can be written in 1-bit
P74 174 | V17 units. TOC2/TC2
P75 173 | T15 INTPC30/TIC3/DMARQ3
P76 172 | U15 INTPC31/DMAAK3
P77 171 | V16 TOC3/TC3
Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)

F1:
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240-pin plastic FBGA (16 x 16)
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(2/3)
Pin Name Pin No. I/0 Function Alternate Function
GM | F1
PAHO 58 | B11 I/O Port AH A16
PAH1 57 | E11 8-/10-bit |/O port A17
Input data can be read/output data can be written in 1-bit
PAH2 52 [C13 units. A18
PAH3 51 | D13 A19
PAH4 50 |C14 A20
PAH5 49 | A15 A21
PAH6 48 [ C15 A22
PAH7 47 | A16 A23
PAH8 46 | B16 A24
PAH9 45 | A17 A25
PALO 76 | D7 | VO | PortAL INTPLO/AO
PAL1 75 | c7 2-bit /O port INTPLA/AT
Input data can be read/output data can be written in 1-bit
units.
PDHO 112 | K3 I/O Port DH D16/INTPDO
PDH1 113 | K4 8-/16-bit /0 port D17/INTPD1
Input data can be read/output data can be written in 1-bit
PDH2 114 | K5 units. D18/INTPD2/TOC4
PDH3 117 | L4 D19/INTPD3
PDH4 118 | L5 D20/INTPD4
PDH5 119 | M2 D21/INTPD5/TOC5
PDH6 120 | M3 D22/INTPD6/INTP100/TCUD10
PDH7 121 | N1 D23/INTPD7/INTP101/TCLR10
PDH8 122 | N2 D24/INTPD8/TO10
PDH9 123 | N3 D25/INTPD9/TIUD10
PDH10 124 | N4 D26/INTPD10/INTP110/TCUD11
PDH11 125 | P2 D27/INTPD11/INTP111/TCLR11
PDH12 126 | R1 D28/INTPD12/TO11
PDH13 127 | P3 D29/INTPD13/TIUD11
PDH14 130 | R3 D30/INTPD14/PWMO
PDH15 131 | U1 D31/INTPD15/PWMH1
PCDO 91 | D3 I/0 Port CD SDCKE
PCD1 88 | B2 4-bit VO port BUSCLK
Input data can be read/output data can be written in 1-bit
PCD2 87 | B3 units. SDCAS
PCD3 86 | C3 SDRAS
Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)

F1: 240-pin plastic FBGA (16 x 16)
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(3/3)
Pin Name Pin No. 110 Function Alternate Function
GM | F1
PCMO 34 | F17 1/0 Port CM WAIT
PCM1 33 |G15 6-bit 1/O port -
Input data can be read/output data can be written in 1-bit
PCM2 32 | F18 units. HLDAK
PCM3 31 [G16 HLDRQ
PCM4 30 | G17 REFRQ
PCM5 29 | G18 ADTRG/SELFREF
PCS0 44 | C17 110 Port CS CSo
PCS1 43 |B18 8-bit I/O port csi
Input data can be read/output data can be written in 1-bit
PCS2 42 | D16 units. CS2/IOWR
PCS3 41 | D17 CS3
PCS4 40 | E15 CS4
PCS5 37 | E17 CS5/IORD
PCS6 36 |E18 CS6
PCS7 35 | F16 Cs7
PCTO 83 | A3 110 Port CT LLWR/LLBE/LLDQM
PCT 82 | D5 7-bit VO port CUWR/LUBE/LUDQM
Input data can be read/output data can be written in 1-bit
PCT2 81 | C5 units. ULWR/ULBE/ULDQM
PCT3 80 | B5 UUWR/UUBE/UUDQM
PCT4 79 | A5 RD
PCT5 78 | C6 ‘WE/WR
PCT7 77 | B6 BCYST
Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
F1: 240-pin plastic FBGA (16 x 16)
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(2) Non-port pins

(1/7)
Pin Name Pin No. I/0 Function Alternate Function
GM | F1
A0 76 | D7 | Output | 26-bit address bus for external memory PALO/INTPLO
A1 75 | C7 PAL1/INTPLT
A2 74 | B7 -
A3 73 | E8 -
A4 72 | D8 -
A5 69 | E9 -
A6 68 | D9 -
A7 67 | C9 -
A8 66 | B9 -
A9 65 | A9 -
A10 64 | E10 -
Al 63 | C10 -
A12 62 | B10 -
A13 61 | D11 -
Al4 60 | Al -
A15 59 | C11 _
A16 58 | B11 PAHO
A17 57 | E11 PAH1
A18 52 | C13 PAH2
A19 51 | D13 PAH3
A20 50 | C14 PAH4
A21 49 | A15 PAH5
A22 48 | C15 PAH6
A23 47 | A16 PAH7
A24 46 | B16 PAH8
A25 45 | A17 PAH9
ADTRG 29 | G18 Input A/D converter external trigger input PCM5/SELFREF
ANIO 5 | P16 Input Analog inputs to A/D converter -
ANI1 6 | P17 -
ANI2 7 | N15 -
ANI3 8 | N16 -
ANI4 9 | N17 -
ANI5 10 | N18 -
ANI6 11 | M15 -
ANI7 12 | M17 -

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
240-pin plastic FBGA (16 x 16)

F1:
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2/7)
Pin Name Pin No. 110 Function Alternate Function
GM | F1
AVop 3 | R17 - 3.3 V positive power supply for A/D converter -
AVRerm 13 |M16 | Input Reference voltage input for A/D converter -
AVrerp 4 | R16 _
AVss 14 | M18 - Ground potential for A/D converter -
BCYST 77 | B6 | Output | Strobe signal output that shows the start of PCT7
the bus cycle
BUSCLK 88 | B2 | Output | Clock output for SDRAM PCD1
CSo 44 | C17 | Output | Chip select signal output PCS0
cs1 43 | B18 PCS1
Ccs2 42 | D16 PCS2/10WR
Cs3 41 | D17 PCS3
Cs4 40 | E15 PCS4
Css 37 |E17 PCS5/10RD
[ 36 | E18 PCS6
cs7 35 | F16 PCS7
DO 92 | D1 110 32-bit data bus for external memory -
D1 93 | ES -
D2 94 | E2 -
D3 95 E1 -
D4 96 | F3 -
D5 97 | F2 -
D6 98 | F1 -
D7 9 | G4 -
D8 104 | H2 -
D9 105 | H3 -
D10 106 | H4 -
D11 107 | J2 -
D12 108 | J3 -
D13 109 | J5 -
D14 110 | K1 -
D15 111 | K2 -
D16 112 | K3 PDHO/INTPDO
D17 113 | K4 PDH1/INTPD1
D18 114 | K5 PDH2/INTPD2/TOC4
D19 117 | L4 PDH3/INTPD3
D20 118 | L5 PDH4/INTPD4

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
240-pin plastic FBGA (16 x 16)

F1:
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(3/7)
Pin Name Pin No. 1/0 Function Alternate Function
GM | F1
D21 119 | M2 /0 32-bit data bus for external memory PDH5/INTPD5/TOC5
D22 120 | M3 PDH6/INTPD6/INTP100/TCUD10
D23 121 | N1 PDH7/INTPD7/INTP101/TCLR10
D24 122 | N2 PDH8/INTPD8/TO10
D25 123 | N3 PDH9/INTPD9/TIUD10
D26 124 | N4 PDH10/INTPD10/INTP110/TCUD11
D27 125 | P2 PDH11/INTPD11/INTP111/TCLR11
D28 126 | R1 PDH12/INTPD12/TO11
D29 127 | P3 PDH13/INTPD13/TIUD11
D30 130 | R3 PDH14/INTPD14/PWMO
D31 131 | U1 PDH15/INTPD15/PWM1
DCK 144 | R7 Input Debug clock input -
DDI 141 | T6 Input Debug data input -
DDO 140 | R6 | Output | Debug data output -
DMAAKO 24 | J16 | Output | DMA acknowledge signal output P51/INTP51
DMAAKT 21 | K15 P54/INTPCO1
DMAAK2 175 | U16 P73/INTPC21
DMAAK3 ™ 172 | U15 P76/INTPC31
DMARQO 25 | J15 | Input | DMA request signal input P50/INTP50
DMARQT 22 | J18 P53/INTPCO0/TICO
DMARQ2 176 | U17 P72/INTPC20/TIC2
DMARQ3 173 | T15 P75/INTPC30/TIC3
DMS 143 | V6 Input Debug mode select -
DRST 142 | U6 | Input | Resetinput for debugging -
EVoo Note 1| Note 2 - 3.3 V positive power supply for external pin -
EVss Note 3 | Note 4 - Ground potential for external pin -
HLDAK 32 | F18 | Output | Bus hold acknowledge output PCM2
HLDRQ 31 | G16 Input Bus hold request input PCM3
INTP10 159 | V11 Input External maskable interrupt request input P10/UCLK
INTP11 155 | R9 P11/SCKO
INTP21 149 | T8 P21/RXD1
INTP22 148 | U8 P22/TXD1
Notes 1. 38, 53, 70, 89, 100, 115, 128, 150
2. A8,A13,D4,D18,G2,L1,R8, T1
3. 39,54,71,90, 101, 116, 129, 151
4. C8,D2,D12, E16, G3, L3, R2, U9
Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)

F1: 240-pin plastic FBGA (16 x 16)
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(4/7)
Pin Name Pin No. 110 Function Alternate Function
GM | F1
INTP23 147 | P8 Input External maskable interrupt request input P23/SCK1
INTP24 146 | V7 P24/SI1
INTP25 145 | U7 P25/SO1
INTP50 25 | J15 P50/DMARQO
INTP51 24 | J16 P51/DMAAKO
INTP52 23 | J17 P52/TCO
INTP65 19 | K16 P65/TIC1/INTPC10
INTP66 18 | K17 P66/INTPC11
INTP67 17 | L18 P67/TOCA
INTPDO 112 | K3 PDHO0/D16
INTPD1 113 | K4 PDH1/D17
INTPD2 114 | K5 PDH2/TOC4/D18
INTPD3 117 | L4 PDH3/D19
INTPD4 118 | L5 PDH4/D20
INTPD5 119 | M2 PDH5/TOC5/D21
INTPD6 120 | M3 PDH6/INTP100/TCUD10/D22
INTPD7 121 | N1 PDH7/INTP101/TCLR10/D23
INTPD8 122 | N2 PDH8/TO10/D24
INTPD9 123 | N3 PDH9/TIUD10/D25
INTPD10’ 124 | N4 PDH10/INTP110/TCUD11/D26
INTPD11 125 | P2 PDH11/INTP111/TCLR11/D27
INTPD12 126 | R1 PDH12/TO11/D28
INTPD13 127 | P3 PDH13/TIUD11/D29
INTPD14 130 | R3 PDH14/PWM0/D30
INTPD15 131 | U1 PDH15/PWM1/D31
INTPLO 76 | D7 PALO/AQ
INTPL1 75 | C7 PAL1/A1
INTP100 120 | M3 Input Timer ENC10 external capture trigger input PDH6/TCUD10/D22/INTPD6
INTP101 121 | N1 PDH7/TCLR10/D23/INTPD7
INTP110 124 | N4 Input Timer ENC11 external capture trigger input PDH10/TCUD11/D26/INTPD10
INTP111 125 | P2 PDH11/TCLR11/D27/INTPD11
INTPCO0 22 | J18 | Input | External maskable interrupt request P53/TICO/DMARQ1
INTPCO1 o1 | K15 input/timer CO external capture trigger input P54/DMAAKT
INTPC10 19 | K16 External maskable interrupt request P65/INTP65/TICT
INTPCA1 18 | K17 input/timer C1 external capture trigger input PG6/INTP66

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
240-pin plastic FBGA (16 x 16)

F1:
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(5/7)
Pin Name Pin No. I/0 Function Alternate Function
GM | F1
INTPC20 176 | U17 Input External maskable interrupt request P72/TIC2/DMARQ2
INTPC21 175 | Ute input/timer C2 external capture trigger input P73/DMAAK2
INTPC30 173 | T15 External maskable interrupt request P75/TIC3/DMARQ3
INTPC31 172 | u1s input/timer C3 external capture trigger input P76/DMAAKS
IORD 37 | E17 | Output | DMA read strobe signal output PCS5/CS5
IOWR 42 | D16 | Output | DMA write strobe signal output PCS2/CS2
1Vop Note 1| Note 2 - 1.5 V positive power supply for internal unit -
IVss Note 3 | Note 4 Ground potential for internal unit -
JITo 2 | T18 Input Specifying SSCG operating mode -
JIT1 1 | T17 -
LLBE 83 | A3 | Output | External data bus byte enable signal output PCTO/LLDQM/LLWR
(lowest byte (DO to D7))
LLDQM 83 | A3 | Output | Output disable/write mask signal output for PCTO/LLWR/LLBE
SDRAM (lowest byte (DO to D7))
LLWR 83 | A3 | Output | External data bus write strobe signal output PCTO/LLBE/LLDQM
(lowest byte (DO to D7))
LUBE 82 | D5 | Output | External data bus byte enable signal output PCT1/LUDQM/LUWR
(third byte (D8 to D15))
LUDQM 82 | D5 | Output | Output disable/write mask signal output for PCT1/LUWR/LUBE
SDRAM (third byte (D8 to D15))
LUWR 82 | D5 | Output | External data bus write strobe signal output PCT1/LUBE/LUDQM
(third byte (D8 to D15))
MODEO 16 | L16 Input Specifying V850E/ME2 operating mode -
MODEH1 15 | L14 -
NMI 152 | T9 Input Non-maskable interrupt request signal input P20
OSCVop 163 | U12 - 3.3 V positive power supply for oscillator -
OSCVss 166 | T13 Ground potential for oscillator -
PLLSEL 156 | V10 Input Input specifying PLL operating mode -
PLLVop 167 | R13 - 1.5V positive power supply for PLL -
synthesizer
PLLVss 168 | V15 Ground potential for PLL synthesizer -
PWMO 130 | R3 | Output | PWM pulse signal output PDH14/D30/INTPD14
PWM1 131 | U1 PDH15/D31/INTPD15
RD 79 | A5 | Output | External data bus read strobe signal output PCT4
REFRQ 30 | G17 | Output | Refresh request signal output for SDRAM PCM4
Notes 1. 26, 55, 84, 102, 134, 157
2. (C4,C12,G1, H18, R4, U10
3. 27,56, 85,103, 135, 158
4. A2, A12, H5, H16, R10, V3
Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)

F1: 240-pin plastic FBGA (16 x 16)
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(6/7)
Pin Name Pin No. 110 Function Alternate Function
GM | F1
RESET 28 | H15 Input System reset input -
RXDO 154 | P9 Input UARTBO and UARTB1 serial receive data P12/S10
RXD1 149 | T8 input P21/INTP21
SCKO 155 | R9 110 CSI30 and CSI31 serial clock 1/O (3-wire) P11/INTP11
SCK1 147 | P8 P23/INTP23
SDCAS 87 | B3 | Output | Column address strobe signal output for PCD2
SDRAM
SDCKE 91 | D3 | Output | SDRAM clock enable signal output PCDO
SDRAS 86 | C3 | Output | Row address strobe signal output for SDRAM PCD3
SELFREF 29 | G18 Input Self-refresh request input for SDRAM PCM5/ADTRG
SIo 154 | P9 Input CSI30 and CSI31 serial receive data input (3- P12/RXD0
sl 146 | v7 wire) P24/INTP24
SO0 153 | V9 | Output | CSI30 and CSI31 serial transmit data output P13/TXD0
SOt 145 | U7 (3-wire) P25/INTP25
SSELO 170 | R14 | Input Specifying the clock generator’s operating -
SSELT 169 | T14 mode _
TCO 23 | J17 | Output | DMA transfer end (terminal count) signal P52/INTP52
Tl 20 | K14 output P55/TOCO
TC2 174 | V17 P74/TOC2
TC3 171 | V16 P77/TOC3
TCLR10 121 | N1 Input Clear signal input to timer ENC10 and ENC11 PDH7/D23/INTPD7/INTP101
TCLR11 125 | P2 PDH11/D27/INTPD11/INTP111
TCUD10 120 | M3 Input Count operation switching signal input to timer | PDH6/D22/INTPD6/INTP100
TCUD11 124 | N4 ENC10 and ENC11 PDH10/D26/INTPD10/INTP110
TICO 22 | J18 Input External count clock input of timer CO to C3 P53/DMARQ1/INTPC00
TIC1 19 | K16 P65/INTP65/INTPC10
TIC2 176 | U17 P72/INTPC20/DMARQ2
TIC3 173 | T15 P75/INTPC30/DMARQ3
TIUD10 123 | N3 Input External count clock input to timer ENC10 and | PDH9/D25/INTPD9
TIUD11 127 | P3 ENC11 PDH13/D29/INTPD13
TO10 122 | N2 | Output | Pulse signal output of timer ENC10 and PDH8/D24/INTPD8
TO11 126 | R1 ENC11 PDH12/D28/INTPD12
TOCO 20 | K14 | Output | Pulse signal output of timer CO to C5 P55/TC1
TOCHT 17 | L18 P67/INTP67
TOC2 174 | V17 P74/TC2
TOC3 171 | V16 P77/TC3

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
240-pin plastic FBGA (16 x 16)

F1:
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(7/7)
Pin Name Pin No. I/0 Function Alternate Function
GM | F1
TOC4 114 | K5 | Output | Pulse signal output of timer CO to C5 PDH2/D18/INTPD2
TOC5 119 | M2 PDH5/D21/INTPD5
TRCCLK 139 | U5 | Output | Trace clock output -
TRCDATAO 137 | V4 | Output | Trace data output (DO to D3) -
TRCDATA1 136 | T4 -
TRCDATA2 133 | V2 -
TRCDATA3 132 | T2 -
TRCEND 138 | T5 | Output | Trace end status output -
TXDO 153 | V9 | Output | UARTBO and UARTB1 serial transmit data P13/S0O0
TXD1 148 | Us output P22/INTP22
UCLK"™™ 159 | V11| Input | USB clock signal input P10/INTP10
UDM 161 | R11 I/O USB data I/0 (-) -
UDP 160 | T11 I/0 USB data I/0 (+) -
ULBE 81 | C5 | Output | External data bus byte enable signal output PCT2/ULDQM/ULWR
(second byte (D16 to D23))
uLDQM 81 | C5 | Output | Output disable/write mask signal output for PCT2/ULWR/ULBE
SDRAM (second byte (D16 to D23))
ULWR 81 | C5 | Output | External data bus write strobe signal output PCT2/ULBE/ULDQM
(second byte (D16 to D23))
UUBE 80 | B5 | Output | External data bus byte enable signal output PCT3/UUWR/UUDQM
(highest byte (D24 to D31))
uubaM 80 | B5 | Output | Output disable/write mask signal output for PCT3/UUWR/UUBE
SDRAM (highest byte (D24 to D31))
UUWR 80 | B5 | Output | External data bus write strobe signal output PCT3/UUDQM/UUBE
(highest byte (D24 to D31))
UVop 162 | P11 - 3.3 V positive power supply for USB -
WAIT 34 | F17 Input Control signal input that inserts a wait in the PCMO
bus cycle
WE 78 | C6 | Output | Write enable signal output for SDRAM PCT5/WR
WR 78 | C6 | Output | Write strobe signal output for SODRAM PCT5/WE
X1 164 | T12 Input Connects the crystal resonator for system -
X2 165 | R12 _ clock oscillation. _
Note When using as the UCLK pin, be careful to avoid the input of a staircase waveform due to reflection, etc., or

the input of noise.

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
240-pin plastic FBGA (16 x 16)

F1:
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CHAPTER 2 PIN FUNCTIONS

2.2 Pin Status

The status of each pin after reset, in power-save mode (software STOP, IDLE, HALT modes), and during DMA
transfer, refresh, and bus hold (TH) is shown below.

Operating Status Reset IDLE Mode/ HALT Mode/ Bus Hold
Software STOP During DMA (TH)™*!

Pin Mode Transfer/Refresh
A0 to A1 (PALO to PAL1) Hi-Z Hi-Z Operating Hi-Z
A2 to A15 Hi-Z Hi-Z Operating Hi-Z
A16 to A25 (PAHO to PAH9) Hi-Z Hi-Z Operating Hi-Z
DO to D15 Hi-Z Hi-Z Operating Hi-Z
D16 to D31 (PDH to PDH15) Hi-Z Hi-Z Operating Hi-Z
CS0 to CS7 (PCSO0 to PCS7) Hi-Z SELF Operating Hi-Z
IOWR (PCS?2) x H Operating Hi-z
IORD (PCS5) X H Operating Hi-Z
LLWR, LUWR, ULWR, UUWR (PCTO to PCT3) Hi-Z H Operating Hi-Z
LLBE, LUBE, ULBE, UUBE (PCTO to PCT3) X H Operating Hi-Z
LLDQM, LUDQM, ULDQM, UUDQM (PCTO to PCT3) X H Operating Hi-Z
RD (PCT4) Hi-Z H Operating Hi-Z
WR (PCT5) Hi-Z H Operating Hi-Z
WE (PCT5) x H Operating Hi-Z
BCYST (PCT7) Hi-Z H Operating Hi-Z
WAIT (PCMO) Hi-Z - Operating -
HLDAK (PCM2) Hi-Z H Operating L
HLDRQ (PCM3) Hi-Z - Operating Operating
REFRQ (PCM4) Hi-Z Operating"™*? Operating Operating
SELFREF (PCM5) Hi-Zz - Operating Operating
SDCKE (PCDO0) Hi-Z SELF"*? Operating Operating
BUSCLK (PCD1) Operating SELF Operating Operating
SDCAS (PCD2) Hi-Z SELF Operating Hi-z
SDRAS (PCD3) Hi-z SELF Operating Hi-Z
DMAAKO (P51) X H Operating H
DMAAK1 (P54) X H Operating H
DMAAK?2 (P73) x H Operating H
DMAAK3 (P76) X H Operating H
MODEO, MODE1 MODEO, MODET1 input
DDI, DMS, DCK DDI, DMS, DCK input
NMI (P20) NMI input
SSELO, SSEL1 SSELO, SSEL1 input
PLLSEL PLLSEL input
Peripheral function input pin other than above X - Operating Operating
Peripheral function output pin other than above X Hold Operating Operating
Port input pin other than above Hi-Z - - Operating
Port output pin other than above X Hold Hold Operating

Remark Explanation on Note and Remark are given on the next page.
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Notes 1. The pin set in the port mode holds the status immediately before.
2. High-level output when the SDRAM controller is not used

Remark Hi-Z: High-impedance
H: High-level output
L: Low-level output
- No sampling of input
X: No select function at reset
SELF: Self-refresh state when pins are connected to SDRAM

Notes on turning on/off power
The V850E/ME2 has two power supply pins: a power supply pin for internal units (IVoo) and a power supply pin
for external pins (EVop). The I/O status of an alternate-function I/O pin may be undefined outside the range in
which the operation is guaranteed. If this undefined I/O status affects the system, the pin can be made to go into
a high-impedance state using the following measure.

e When turning on power
Keep the voltage on the EVop pin at 0 V until the voltage on the IVop pin reaches the operation guaranteed
range (100 MHz product, 133 MHz product: 1.35 to 1.65 V, 150 MHz product: 1.40 to 1.65 V).

e When turning off power
Keep the voltage on the IVop pin to within the operation guaranteed range (100 MHz product, 133 MHz
product: 1.35 to 1.65 V, 150 MHz product: 1.40 to 1.65 V) until the voltage on the EVob pin dropsto 0 V.

Note Note
1Vop / 7\
[
)]
EVoo Oscillati \_
oV L scillation oV

stabilization
time

RESET (input)

Note 100 MHz product, 133 MHz product: 1.35V
150 MHz product: 140V
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2.3 Description of Pin Functions

(1) P10 to P13 (Port 1) .- 3-state I/O
P10 to P13 function as a 4-bit I/O port that can read input data or write output data in 1-bit units.
Besides functioning as an I/O port, in the control mode, these pins operate as serial interface I/O (UARTBO,
CSI30), USB clock signal input, and external interrupt request input.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMC1 register.

(a) Port mode
P10 to P13 can be set to input or output in 1-bit units using the PM1 register.

(b) Control mode
P10 to P13 can be set to port/control mode in 1-bit units using the PMC1 register.

(i) INTP10, INTP11 (Interrupt request from peripherals) --- input
These are external interrupt request input pins.

(ii) SO0 (Serial output) --- output
This is a serial transmit data output pin of CSI30.

(iii) SIO (Serial input) --- input
This is a serial receive data input pin of CSI30.

(iv) SCKO (Serial clock) --- 3-state I/O
This is a CSI30 serial clock 1/0O pin.

(v) TXDO (Transmit data) --- output
This is a serial transmit data output pin of UARTBO.

(vi) RXDO (Receive data) --- input
This is a serial receive data input pin of UARTBO.

(vii)UCLK (USB clock) --- input
This is a clock input pin of the USB.
When using as the UCLK pin, be careful to avoid the input of a staircase waveform due to reflection,
etc., or the input of noise.
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(2) P20 to P25 (Port 2) -.- 3-state I/O
Port 2, except P20, which is an input pin dedicated to checking the input status of NMI, is a 5-bit I/O port that

can read input data or write output data in 1-bit units.

Besides functioning as an I/O port, in the control mode, these pins operate as serial interface 1/O
(UARTB1/CSI31) and external interrupt request input.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMC2 register.

(a)

(b)

Port mode

P21 to P25 can be set to input or output in 1-bit units using the PM2 register. P20 is an input port

dedicated to checking the NMI input status, and if a valid edge is input, it operates as an NMI input.

Control mode
P21 to P25 can be set to port/control mode in 1-bit units using the PMC2 register.

(i) NMI (Non-maskable interrupt request) --- input
This is the non-maskable interrupt request input pin.

(i) INTP21 to INTP25 (Interrupt request from peripherals) --- input
These are external interrupt request input pins.

(iii) SO1 (Serial output) --- output
This is a serial transmit data output pin of CSI31.

(iv) SI1 (Serial input) --- input
This is a serial receive data input pin of CSI31.

(v) SCK1 (Serial clock) --- 3-state I/O
This is a CSI31 serial clock 1/O pin.

(vi) TXD1 (Transmit data) --- output
This is a serial transmit data output pin of UARTB1.

(vii)RXD1 (Receive data) --- input
This is a serial receive data input pin of UARTB1.
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(3) P50 to P55 (Port 5) --- 3-state 1/O
P50 to P55 function as a 6-bit 1/0 port that can read input data or write output data in 1-bit units.
Besides functioning as an I/O port, in the control mode, these pins operate as DMA request input, DMA

acknowledge output, DMA transfer termination output (terminal count), timer/counter I/O, and external

interrupt request input.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMCS5 register.

(a) Port mode
P50 to P55 can be set to input or output in 1-bit units using the PM5 register.

(b)

Control mode
P50 to P55 can be set to port/control mode in 1-bit units using the PMC5 register.

(M)

(ii)

DMARQO, DMARQ1 (DMA request) --- input

These are DMA service request signal input pins. They correspond to DMA channels 0 and 1,
respectively, and operate independently of each other. The priority order is fixed to DMARQO >
DMARQ1 > DMARQ2 > DMARQ3.

These signals are sampled at the rising edge of the BUSCLK signal. Maintain an active level until a
DMA request is acknowledged.

DMAAKO, DMAAK1 (DMA acknowledge) --- output

These are acknowledge signal output pins that show a DMA service request was granted. They
correspond to DMA channels 0 and 1, respectively, and operate independently of each other.

In flyby transfer, these signals become active when external memory is being accessed and internal
instruction RAM (in the write mode) is being accessed. When DMA transfers are being executed
between internal data RAM, internal instruction RAM (in the read mode), and on-chip peripheral I/O,
they do not become active.

In 2-cycle transfer, these are used as the signals to control the DMARQO and DMARQ1 signals.

(iii) TCO, TC1 (Terminal count) .- output

These are terminal count signal output pins that show that the DMA transfer from the DMA controller
is complete. These pins correspond to DMA channels 0 and 1 respectively, and operate
independently of each other. The terminal count signals of DMA channels 0 to 3 can be commonly
output from the TCO pin.

(iv) INTPCOO, INTPCO1 (Interrupt request from peripherals) --- input

These are external interrupt request input pins and the external capture trigger input pins of timer CO.

(v) TICO (Timer input) --- input

This is an external count clock input pin of timer CO.

(vi) TOCO (Timer output) .- output

This is a pulse signal output pin of timer CO.

(vii)INTP50 to INTP52 (Interrupt request from peripherals) --- input

These are external interrupt request input pins.
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(4) P65 to P67 (Port 6) --- 3-state I/O
P65 to P67 function as a 3-bit I/0 port that can read input data or write output data in 1-bit units.
Besides functioning as an I/O port, in the control mode, these pins operate as timer/counter I/O and external
interrupt request input.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMCB6 register.

(a) Port mode
P65 to P67 can be set to input or output in 1-bit units using the PM6 register.

(b) Control mode
P65 to P67 can be set to port/control mode in 1-bit units using the PMC®6 register.

(i) TIC1 (Timer input) --- input
This is the external count clock input pin for timer C1.

(ii) TOC1 (Timer output) --- output
This is the pulse signal output pin for timer C1.

(iii) INTP65 to INTP67 (Interrupt request from peripherals) --- input
These are external interrupt request input pins.

(iv) INTPC10, INTPC11 (Interrupt request from peripherals) --- input
These are external interrupt request input pins and the external capture trigger input pins of timer C1.
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(5) P72 to P77 (Port 7) .- 3-state I/O
P72 to P77 function as a 6-bit 1/0 port that can read input data or write output data in 1-bit units.
Besides functioning as an I/O port, in the control mode, these pins operate as DMA request input, DMA

acknowledge output, DMA transfer termination output (terminal count), timer/counter I/O, and external

interrupt request input.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMC?7 register.

(a) Port mode

P72 to P77 can be set to input or output in 1-bit units using the PM7 register.

(b) Control mode
P72 to P77 can be set to port/control mode in 1-bit units using the PMC?7 register.

(M)

(ii)

DMARQ2, DMARQ3 (DMA request) --- input

These are DMA service request signal input pins. They correspond to DMA channels 2 and 3,
respectively, and operate independently of each other. The priority order is fixed to DMARQO >
DMARQ1 > DMARQ2 > DMARQS.

These signals are sampled at the rising edge of the BUSCLK signal. Maintain an active level until a

DMA request is acknowledged.

DMAAK2, DMAAK3 (DMA acknowledge) --- output

These are acknowledge signal output pins that show a DMA service request was granted. They
correspond to DMA channels 2 and 3, respectively, and operate independently of each other.

In flyby transfer, these signals become active only when external memory is being accessed and
internal instruction RAM (in the write mode) is being accessed. When DMA transfers are being
executed between internal data RAM, internal instruction RAM (in the read mode), and on-chip
peripheral I/0, they do not become active.

In 2-cycle transfer, these are used as the signals to control the DMARQ2 and DMARQS signals.

(iii) TC2, TC3 (Terminal count) --- output

These are terminal count signal output pins that show that DMA transfer from the DMA controller is
complete. These pins correspond to DMA channels 2 and 3 respectively, and operate independently
of each other. The terminal count signals of DMA channels 0 to 3 can be commonly output from the
TCO pin.

(iv) INTPC20, INTPC21, INTPC30, INTPC31 (Interrupt request from peripherals) --- input

)

These are external interrupt request input pins and the external capture trigger input pins of timers
C2 and C3.

TIC2, TIC3 (Timer input) --- input
These are external count clock input pins of timers C2 and C3.

(vi) TOC2, TOC3 (Timer output) --- output

These are pulse signal output pins of timers C2 and C3.
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(6) PCMO to PCM5 (Port CM) -.. 3-state I/O
PCMO to PCMS5 function as a 6-bit 1/0 port that can read input data or write output data in 1-bit units.

Besides functioning as a port, in the control mode, these pins operate as wait insertion signal input, bus hold

control signal, refresh request signal output for SDRAM, self-refresh request signal input, and A/D converter

external trigger input.

The operation mode can be set to port or control in 1-bit units, specified by the PMCCM register.

(a) Port mode
PCMO to PCM5 can be set to input or output in 1-bit units using the PMCM register.

(b) Control mode
PCMO to PCM5 can be set to port/control mode in 1-bit units using the PMCCM register.

(M

(i)

WAIT (Wait) --- input

This is the control signal input pin at which a data wait is inserted in the bus cycle. The WAIT signal
can be input asynchronously to the BUSCLK signal. When the BUSCLK signal falls, sampling is
executed. When the set/hold time is not terminated within the sampling timing, wait insertion may
not be executed.

Caution Input to the WAIT pin is valid immediately after reset release. If a low level is input
to the WAIT pin because an external pull-down resistor is connected to it, the
external bus is placed in the bus hold status.

HLDAK (Hold acknowledge) - output

This is the acknowledge signal output pin that indicates the high impedance status for the address
bus, data bus, and control bus when the V850E/ME2 receives a bus hold request.

While this signal is active, the impedance of the address bus, data bus, and control bus becomes
high and the bus mastership is transferred to the external bus master.

(iii) HLDRQ (Hold request) --- input

This is the input pin through which an external device requests the V850E/ME2 to release the
address bus, data bus, and control bus. The HLDRQ signal can be input asynchronously to the
BUSCLK signal. When this pin is active, the address bus, data bus, and control bus are set to the
high impedance status. This occurs either when the V850E/ME2 completes execution of the current
bus cycle or immediately if no bus cycle is being executed, then the HLDAK signal is set as active
and the bus is released.

In order to make the bus hold state secure, keep the HLDRQ signal active until the HLDAK signal is
output.

Caution Input to the HLDRQ pin is valid immediately after reset release. If a low level is

input to the HLDRQ pin because an external pull-down resistor is connected to it,
the external bus is placed in the bus hold status.
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(iv) REFRQ (Refresh request) --- output
This is the refresh request signal output pin for SDRAM.
This signal becomes active during the refresh cycle. Also, during bus hold, it becomes active when a
refresh request is generated and notifies the external bus master that a refresh request was
generated.

(v) SELFREF (Self refresh request) - input
This is a self-refresh request signal input pin for SDRAM.
The internal data RAM and internal instruction RAM (in the read mode) can be accessed even in the
self-refresh cycle. However, access to an on-chip peripheral I/O register or external device is held
pending until the self-refresh cycle is cancelled.

Caution Input to the SELFREF pin becomes valid immediately after the reset signal has been
cleared. Consequently, if a low level is input to the SELFREF pin by an external
pull-down resistor, self refreshing is started. Note that, at this time, the normal
instruction fetch cycle does not occur.

(vi) ADTRG (A/D trigger input) - input
This is an external trigger input pin of the A/D converter.
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(7) PCTO to PCT5, PCT7 (Port CT) --- 3-state 1/0
PCTO to PCT5 and PCT7 function as a 7-bit 1/O port that can read input data or write output data in 1-bit

units.

Besides functioning as a port, in the control mode, these pins operate as control signal outputs for when

memory is expanded externally.

The operation mode can be set to port or control mode in 1-bit units, specified by the PMCCT register.

(a) Port mode
PCTO0 to PCT5 and PCT7 can be set to input or output in 1-bit units using the PMCT register.

(b) Control mode
PCTO to PCT5 and PCT7 can be set to port/control mode in 1-bit units using the PMCCT register.

(M

(i)

LLWR (Lower lower byte write strobe) --- 3-state output

This is a strobe signal output pin that shows whether the bus cycle currently being executed is a
write cycle for the SRAM, external ROM, or external peripheral I/O area.

For the data bus, the lowest byte (DO to D7) becomes valid. If the bus cycle is a lowest memory
write, it becomes active at the falling edge of the BUSCLK signal in the T1 state and becomes
inactive at the falling edge of the BUSCLK signal in the T2 state.

LUWR (Lower upper byte write strobe) --- 3-state output

This is a strobe signal output pin that shows whether the bus cycle currently being executed is a
write cycle for the SRAM, external ROM, or external peripheral I/O area.

For the data bus, the third byte (D8 to D15) becomes valid. If the bus cycle is a third byte memory
write, it becomes active at the falling edge of the BUSCLK signal in the T1 state and becomes
inactive at the falling edge of the BUSCLK signal in the T2 state.

(iii) ULWR (Upper lower byte write strobe) --- 3-state output

This is a strobe signal output pin that shows whether the bus cycle currently being executed is a
write cycle for the SRAM, external ROM, or external peripheral I/O area.

For the data bus, the second byte (D16 to D23) becomes valid. If the bus cycle is a second byte
memory write, it becomes active at the falling edge of the BUSCLK signal in the T1 state and
becomes inactive at the falling edge of the BUSCLK signal in the T2 state.

(iv) UUWR (Upper upper byte write strobe) --- 3-state output

(v)

This is a strobe signal output pin that shows whether the bus cycle currently being executed is a
write cycle for the SRAM, external ROM, or external peripheral I/O area.

For the data bus, the highest byte (D24 to D31) becomes valid. If the bus cycle is a highest memory
write, it becomes active at the falling edge of the BUSCLK signal in the T1 state and becomes
inactive at the falling edge of the BUSCLK signal in the T2 state.

LLBE (Lower lower byte enable) --- 3-state output
This is a signal output pin that enables the lowest byte (DO to D7) of the external data bus.

(vi) LUBE (Lower upper byte enable) --- 3-state output

This is a signal output pin that enables the third byte (D8 to D15) of the external data bus.
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(vii) ULBE (Upper lower byte enable) -.- 3-state output
This is a signal output pin that enables the second byte (D16 to D23) of the external data bus.

(viii) UUBE (Upper upper byte enable) --- 3-state output
This is a signal output pin that enables the highest byte (D24 to D31) of the external data bus.

(ix) LLDQM (Lower lower DQ mask enable) --- 3-state output
This is a control signal output pin for the data bus to SDRAM. For the data bus, the lowest byte (DO
to D7) is valid. This signal carries out SDRAM output disable control during a read operation, and
SDRAM byte mask control during a write operation.

(x) LUDQM (Lower upper DQ mask enable) --- 3-state output
This is a control signal output pin for the data bus to SDRAM. For the data bus, the third byte (D8 to
D15) is valid. This signal carries out SDRAM output disable control during a read operation, and
SDRAM byte mask control during a write operation.

(xi) ULDQM (Upper lower DQ mask enable) --- 3-state output
This is a control signal output pin for the data bus to SDRAM. For the data bus, the second byte
(D16 to D23) is valid. This signal carries out SDRAM output disable control during a read operation,
and SDRAM byte mask control during a write operation.

(xii) UUDQM (Upper upper DQ mask enable) --- 3-state output
This is a control signal output pin for the data bus to SDRAM. For the data bus, the highest byte
(D24 to D31) is valid. This signal carries out SDRAM output disable control during a read operation,
and SDRAM byte mask control during a write operation.

(xiii) RD (Read strobe) --- 3-state output
This is a strobe signal output pin that shows the bus cycle currently being executed is a read cycle
for the SRAM, external ROM, external peripheral I/O, or page ROM area. In the idle state (TI), it
becomes inactive.

(xiv) WR (Write strobe) --- 3-state output
This is a strobe signal output pin that shows the bus cycle currently being executed is a write cycle
for the SRAM, external ROM, or external peripheral I/O area.
It becomes active at the falling edge of the BUSCLK signal in the T1 state and becomes inactive at
the falling edge of the BUSCLK signal in the T2 state.

(xv) WE (Write enable) --- 3-state output
This is an enable signal output pin that shows the bus cycle currently being executed is a write cycle
for the SDRAM area. In the idle state (TI), it becomes inactive.

(xvi) BCYST (Bus cycle start timing) --- 3-state output

This is a status signal output pin that shows the start of the bus cycle. It becomes active for 1-clock
cycle from the start of each cycle.
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(8) PCSO0 to PCS7 (Port CS) .- 3-state I/O
PCSO0 to PCS7 function as an 8-bit I/O port that can read input data or write output data in 1-bit units.
Besides functioning as a port, in the control mode, these pins operate as control signal outputs for when
memory and peripheral I/0 are expanded externally.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMCCS register.

(a) Port mode
PCS0 to PCS7 can be set to input or output in 1-bit units using the PMCS register.

(b) Control mode
PCS0 to PCS7 can be set to port/control mode in 1-bit units using the PMCCS register.

(i) CSO0 to CS7 (Chip select) --- 3-state output
These are the chip select signal output pins for the SRAM, external ROM, external peripheral 1/O,
and page ROM area.
The CSn signal is assigned to memory block n (n = 0 to 7).
It becomes active while the bus cycle that accesses the corresponding memory block is activated.
In the idle state (TI), it becomes inactive.

(i) TOWR (I/O write) --- 3-state output
This is a write strobe signal output pin for external I/O during DMA flyby transfer. It indicates
whether the bus cycle currently being executed is a write cycle for external 1/0 during DMA flyby
transfer, or a write cycle for the SRAM area.
Note that if the IOEN bit of the bus cycle period control register (BCP) is set (1), this signal can be
output even in the normal SRAM, external ROM, or external I/O cycle.

(i) IORD (I/O read) --- 3-state output
This is a read strobe signal output pin for external 1/O during DMA flyby transfer. It indicates
whether the bus cycle currently being executed is a read cycle for external I/O during DMA flyby
transfer, or a read cycle for the SRAM area.
Note that if the IOEN bit of the BCP register is set (1), this signal can be output even in the normal
SRAM, external ROM, or external I/O cycle.
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(9) PCDO to PCD3 (Port CD) -.- 3-state I/O
PCDO to PCD3 function as a 4-bit I/O port that can read input data or write output data in 1-bit units.
Besides functioning as a port, in control mode, these pins operate as control signal outputs for when the
memory and peripheral /0 are expanded externally.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMCCD register.

(a) Port mode
PCDO to PCD3 can be set to input or output in 1-bit units using the PMCD register.

(b) Control mode
PCDO to PCD3 can be set to port or control mode in 1-bit units using the PMCCD register.

(i) SDCKE (SDRAM clock enable) --- output
This is the SDRAM clock enable output signal. It becomes inactive in self-refresh and standby
mode.

(ii) BUSCLK (Clock output) --- output
This is a clock output pin for SDRAM.

(iii) SDCAS (SDRAM column address strobe) --- 3-state output
This is a command output signal for SDRAM.

(iv) SDRAS (SDRAM row address strobe) --- 3-state output
This is a command output signal for SDRAM.

(10) PAHO to PAH9 (Port AH) -.- 3-state I/O
PAHO to PAH9 function as an 8- or 10-bit I/O port that can read input data or write output data in 1-bit units.
Besides functioning as a port, in control mode, these pins operate as an address bus (A16 to A25) for when
the memory is expanded externally.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMCAH register.

(a) Port mode
PAHO to PAH9 can be set to input or output in 1-bit units using the PMAH register.

(b) Control mode
PAHO to PAH9 can be set to function alternately as A16 to A25 using the PMCAH register.

(i) A16 to A25 (Address) --- 3-state output
These are the address output pins of the higher 10 bits of the address bus’s 26-bit address when
the external memory is accessed.
The output changes in synchronization with the fall of the BUSCLK signal in the T1 state. In the idle
state (Tl), the address of the bus cycle immediately before is retained.
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(11) PALO, PAL1 (Port AL) --- 3-state I/O
PALO and PAL1 function as a 2-bit I/O port that can read input data or write output data in 1-bit units.
Besides functioning as a port, in control mode, these pins operate as an address bus (A0, A1) and external
interrupt request input for when the memory is expanded externally.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMCAL register.

(a) Port mode
PALO and PAL1 can be set to input or output in 1-bit units using the PMAL register.

(b) Control mode
PALO and PAL1 can be set to port or control mode in 1-bit units using the PMCAL register.

(i) AO, A1 (Address) --- 3-state output
These are the address output pins of the lower 2 bits of the address bus’s 26-bit address when the
external memory is accessed.
The output changes in synchronization with the fall of the BUSCLK signal in the T1 state. In the idle
state (TI), the address of the bus cycle immediately before is retained.

(ii) INTPLO, INTPL1 (Interrupt request from peripherals) --- input
These are external interrupt request input pins.
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(12) PDHO to PDH15 (Port DH) --- 3-state I/O
PDHO to PDH15 function as an 8- or 16-bit I/O port that can read input data or write output data in 1-bit units.
Besides functioning as a port, in control mode, these pins operate as timer/counter /0, PWM output, data
bus (D16 to D31), and external interrupt request input.
The operation mode can be set to port or control mode in 1-bit units, specified by the PMCDH register.

(a) Port mode
PDHO to PDH15 can be set to input or output in 1-bit units using the PMDH register.

(b) Control mode
PDHO to PDH15 can be set to port or control mode in 1-bit units using the PMCDH register.

(i) INTPDO to INTPD15 (Interrupt request from peripherals) --- input
These are external interrupt request input pins.

(ii) TOC4, TOCS5 (Timer output) --- output
These are pulse signal output pins of timers C4 and C5.

(iii) INTP100, INTP101, INTP110, INTP111 (Timer capture trigger input) --- input
These are external capture trigger input pins of timers ENC10 and ENC11.

(iv) TIUD10, TIUD11 (Timer count pulse input) --- input
These are external count clock input pins of timers ENC10 and ENC11.

(v) TCUD10, TCUD11 (Timer control pulse input) --- input
These are external count clock input pins of timers ENC10 and ENC11.

(vi) TCLR10, TCLR11 (Timer clear) --- input
These are clear signal input pins of timers ENC10 and ENC11.

(vii) TO10, TO11 (Timer output) --- output
These are pulse signal output pins of timers ENC10 and ENC11.

(viii)PWMO, PWM1 (Pulse width modulation) --- output
These pins output the PWM pulse signal.

(ix) D16 to D31 (Data) --- 3-state 1/0
These pins constitute a data bus for when the external memory is accessed. These are the higher
16-bit 1/0O bus pins of the 32-bit data.
The output changes in synchronization with the rise of the BUSCLK signal in the T1 state.

(13) PLLSEL (PLL operating mode select) - input
This is an input pin used to specify the PLL operating mode. Fix the operating mode via a resistor.

(14) PLLVop (PLL power supply)
This is a 1.5 V positive power supply pin for PLL synthesizer.
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(15) PLLVss (PLL ground)
This is a ground pin for PLL synthesizer.

(16) SSELO, SSEL1 (Clock generator operating mode select) --- input
These are input pins used to specify the clock generator's operating mode. Fix the operating mode via a
resistor.

(17) JITO, JIT1 (SSCG (spread spectrum frequency synthesizer phase locked loop) clock generator
operating mode select) --- input
These are input pins used to specify the SSCG operating mode. Fix the operating mode via a resistor.

(18) DCK (Debug clock) --- input
This pin inputs a debug clock. At the rising edge of the DCK signal, the DMS and DDI signals are sampled,
and data is output from the DDO pin at the falling edge of the DCK signal. Keep this pin high when the
debug function is not used.

(19) DDI (Debug data input) --- input
This pin inputs debug data. This pin is sampled at the rising edge of the DCK signal when the debug serial
interface is in the shift state. Data is input with the LSB first. Keep this pin high when the debug function is
not used.

(20) DDO (Debug data output) --- 3-state output
This pin outputs debug data. It outputs data at the falling edge of the DCK signal when the debug serial
interface is in the shift state. Data is output with the LSB first.

(21) DMS (Debug mode select) --- input
This input pin selects a debug mode. Depending on the level of the DMS signal, the state machine of the
debug serial interface changes. This pin is sampled at the rising edge of the DCK signal. Keep this pin high
when the debug function is not used.

(22) DRST (Debug reset) --- input
This pin inputs a debug reset signal that is a negative-logic signal to initialize the DCU asynchronously.
When this signal goes low, the DCU is reset/invalidated. Keep this pin low when the debug function is not
used.

(23) MODEO, MODE1 (Mode) --- input
These are input pins used to specify the operating mode. Fix the operating mode via a resistor.

(24) RESET (Reset) - input
RESET is a signal that is input asynchronously and that has a constant low level width regardless of the
operating clock’s status. When this signal is input, a system reset is executed as the first priority ahead of all
other operations.
In addition to being used for ordinary initialization/start operations, this pin can also be used to release a
standby mode (HALT, IDLE, or software STOP).

(25) X1, X2 (Crystal)
These pins are used to connect the resonator that generates the system clock.
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(26) ANIO to ANI7 (Analog input) --- input
These are analog input pins for the A/D converter.
Connect a capacitor between these pins and AVss to prevent noise-related operation faults. Also, do not
apply voltage that is outside the range for AVss and AVop to pins that are being used as inputs for the A/D
converter. If it is possible for noise above the AVbb range or below the AVss to enter, clamp these pins using
a diode that has a small VF value.

(27) AVrerm, AVrerp (Analog reference voltage) - input
These are reference voltage supply pins for the A/D converter.

(28) AVobp (Analog power supply)
This is a 3.3 V positive power supply pin for the A/D converter.

(29) AVss (Analog ground)
This is a ground pin for the A/D converter.

(30) EVop (Port power supply)
This is a 3.3 V positive power supply pin for port.

(31) EVss (Port ground)
This is a ground pin for port.

(32) OSCVop (Power supply for clock generator)
This is a 3.3 V positive power supply pin for the clock generator.

(33) OSCVss (Ground for clock generator)
This is a ground pin for the clock generator.

(34) UVobb (Ground)
This is a 3.3 V positive power supply pin for the USB.

(35) UDP (USB Data +) --- I/0
This is a data /O pin (+) of the USB.

(36) UDM (USB Data-) --- I/O
This is a data 1/O pin (-) of the USB.

(37) IVop (Power supply)
These are 1.5 V positive power supply pins for each internal unit. All the Vb pins should be connected to a
positive power supply.

(38) IVss (Ground)
These are ground pins. All the IVss pins should be grounded.

(39) A2 to A15 (Address) --- output

These are the address output pins of the lower 14 bits of the address bus’s 26-bit address when the external
memory is accessed.
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(40) DO to D15 (Data) --- 3-state I/O
These pins constitute a data bus for when the external memory is accessed. These are the lower 16-bit I/O
bus pins of the 32-bit data.
The output changes in synchronization with the rise of the BUSCLK signal in the T1 state.

(41) TRCCLK (Trace clock) --- output
This is a trace clock output pin.

(42) TRCDATAO to TRCDATAS3 (Trace data output) --- output
These are trace data output (DO to D3) pins.

(43) TRCEND (Trace end status output) --- output
This is a trace end status output pin.
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2.4 Pin /O Circuits and Recommended Connection of Unused Pins

It is recommended that 1 to 10 kQ resistors be used when connecting to Vop or Vss via resistors.

(1/5)
Pin Alternate Pin Pin No. 1/0O Circuit Type Recommended Connection
GM F1
P10 INTP10/UCLK 159 Vi1 5 Input:  Independently connect to EVop or
P11 INTP11/SCKO 155 | R9 8-J EVss via a resistor.
Output: Leave open.
P12 SI0/RXD0 154 P9
P13 SO0/TXD0 153 V9 5
P20 NMI 152 T9 2 Connect to Vss directly.
P21 INTP21/RXD1 149 T8 8-J Input:  Independently connect to EVoo or
P22 INTP22/TXD1 148 | U8 5 EVss via a resistor.
Output: Leave open.
P23 INTP23/SCK1 147 P8 8-J
P24 INTP24/SIH 146 V7
P25 INTP25/SO1 145 u7 5
P50 INTP50/DMARQO 25 J15 Input:  Independently connect to EVop via a
resistor.
Output: Leave open.
P51 INTP51/DMAAKO 24 J16 Input:  Independently connect to EVoo or
P52 INTP52/TCO 23 17 EVss via a resistor.
Output: Leave open.
P53 INTPCO0/TICO/DMARQA1 22 J18 Input:  Independently connect to EVoo via a
resistor.
Output: Leave open.
P54 INTPCO1/DMAAK1 21 K15 Input:  Independently connect to EVop or
P55 TOCOTC1 20 K14 EVss via a resistor.
Output: Leave open.
P65 INTP65/INTPC10/TICA 19 K16
P66 INTP66/INTPC11 18 K17
P67 INTP67/TOC1 17 L18
P72 INTPC20/TIC2/DMARQ2 176 u17 Input:  Independently connect to EVop via a
resistor.
Output: Leave open.
P73 INTPC21/DMAAK2 175 u16 Input:  Independently connect to EVop or
P74 TOC2/TCo 174 V17 EVss via a resistor.
Output: Leave open.
P75 INTPC30/TIC3/DMARQ3 173 T15 Input:  Independently connect to EVoo via a
resistor.
Output: Leave open.
P76 INTPC31/DMAAK3 172 u15 Input:  Independently connect to EVop or
P77 TOC3TC3 171 V16 EVss via a resistor.
Output: Leave open.
Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
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(2/5)
Pin Alternate Pin Pin No. 1/0O Circuit Type Recommended Connection
GM F1
PAHO A16 58 B11 5 Input:  Independently connect to EVop or
PAH1 A17 57 E11 EVss via a resistor.
PAH2 A18 50 c13 Output: Leave open.
PAH3 A19 51 D13
PAH4 A20 50 cl4
PAHS5 A21 49 A15
PAH6 A22 48 ci15
PAH7 A23 47 A16
PAHS8 A24 46 B16
PAH9 A25 45 A17
PALO INTPLO/AO 76 D7
PAL1 INTPL1/A1 75 c7
PDHO D16/INTPDO 112 K3
PDH1 D17/INTPD1 113 K4
PDH2 D18/INTPD2/TOC4 114 K5
PDH3 D19/INTPD3 117 L4
PDH4 D20/INTPD4 118 L5
PDH5 D21/INTPD5/TOC5 119 M2
PDH6 D22/INTPD6/INTP100/ 120 M3
TCUD10
PDH7 D23/INTPD7/INTP101/ 121 N1
TCLR10
PDH8 D24/INTPD8/TO10 122 N2
PDH9 D25/INTPD9/TIUD10 123 N3
PDH10 | D26/INTPD10/INTP110/ 124 N4
TCUD11
PDH11 | D27/INTPD11/INTP111/ 125 P2
TCLR11
PDH12 | D28/INTPD12/TO11 126 R1
PDH13 | D29/INTPD13/TIUD11 127 P3
PDH14 | D30/INTPD14/PWMO 130 R3
PDH15 | D31/INTPD15/PWM1 131 U1
PCS0 CS0 44 c17
PCS1 cs1 43 B18
PCS2 CS2/I0WR 42 D16
PCS3 CS3 41 D17
PCS4 Cs4 40 E15
PCS5 CS5/10RD 37 E17
PCS6 CS6 36 E18
PCS7 Ccs7 35 F16

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)

F1: 240-pin plastic FBGA (16 x 16)
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(3/5)
Pin Alternate Pin Pin No. 1/0 Circuit Type Recommended Connection
GM F1
PCTO LLWR/LLBE/LLDQM 83 A3 5 Input:  Independently connect to EVop or
PCT1 LUWR/LUBE/LUDQM 82 D5 EVss via a resistor.
PCT2 | ULWR/ULBE/ULDQM 81 cs Output: Leave open.
PCT3 | UUWR/UUBE/UUDQM 80 B5
PCT4 RD 79 A5
PCT5 WE/WR 78 Cé
PCT7 | BCYST 77 B6
PCMO WAIT 34 F17 Input:  Independently connect to EVop via a
resistor.
Output: Leave open.
PCM1 - 33 G15 8-J Input:  Independently connect to EVop or
PCM2 HLDAK 32 F18 5 EVss via a resistor.
Output: Leave open.
PCM3 HLDRQ 31 G16 Input:  Independently connect to EVop via a
resistor.
Output: Leave open.
PCM4 REFRQ 30 G17 Input:  Independently connect to EVop or
EVss via a resistor.
Output: Leave open.
PCM5 ADTRG/SELFREF 29 G18 Input:  Independently connect to EVop via a
resistor.
Output: Leave open.
PCDO SDCKE 91 D3 Input:  Independently connect to EVop or
PCD1 BUSCLK 88 B2 EVss via a resistor.
PCD2 SDCAS 87 B3 Output: Leave open.
PCD3 SDRAS 86 C3
A2 - 74 B7
A3 - 73 ES8
A4 - 72 D8
A5 - 69 E9
A6 - 68 D9
A7 - 67 C9
A8 - 66 B9
A9 - 65 A9
A10 - 64 E10
A1 - 63 c10
Al12 - 62 B10
A13 - 61 D11
Al4 - 60 Al
A15 - 59 C11

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
F1: 240-pin plastic FBGA (16 x 16)
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(4/5)
Pin Alternate Pin Pin No. 1/0O Circuit Type Recommended Connection

GM F1
DO - 92 D1 5 Input:  Independently connect to EVop or
D1 _ 93 E3 EVss via a resistor.

Output: Leave open.

D2 - 94 E2
D3 - 95 E1
D4 - 96 F3
D5 - 97 F2
D6 - 98 F1
D7 - 99 G4
D8 - 104 H2
D9 - 105 H3
D10 - 106 H4
D11 - 107 J2
D12 - 108 J3
D13 - 109 J5
D14 - 110 K1
D15 - 111 K2

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
F1:

240-pin plastic FBGA (16 x 16)
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(5/5)
Pin Alternate Pin Pin No. 1/0 Circuit Type Recommended Connection

GM F1

AVop - 3 R17 - Connect to EVop.

AVss - 14 M18 - Connect to EVss.

DCK - 144 R7 1 Connect to EVop via a resistor.

DDI - 141 T6

DMS - 143 V6

DDO - 140 R6 Leave open.

DRST - 142 ue Connect to EVss.

TRCCLK - 139 us Leave open.

TRCDATAO - 137 \Z

TRCDATA1 - 136 T4

TRCDATA2 - 133 V2

TRCDATAS3 - 132 T2

TRCEND - 138 T5

UVop - 162 P11 - Connect to EVop.

UDM - 161 R11 24-A Connect to EVss.

UDP - 160 T11

ANIO - 5 P16 9-E

ANN - 6 P17

ANI2 - 7 N15

ANI3 - 8 N16

ANI4 - 9 N17

ANI5 - 10 N18

ANI6 - 11 M15

ANI7 - 12 M17

AVrerm - 13 M16 -

AVRerp - 4 R16 - Connect to EVoo.

Remark GM: 176-pin plastic LQFP (fine pitch) (24 x 24)
F1: 240-pin plastic FBGA (16 x 16)
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2.5 Pin I/O Circuits

Type 1 Type 8-J
Vob
Vob
Data
P-ch
P-ch j:>—| IN/OUT
IN r—O
Output N-ch
N-ch disable
<7
0
~
Type 2 Type 9-E
1
IN INO—e t L
-
AVss AVRer
Schmitt-triggered input with hysteresis characteristics
Type 5 Type 24-A
Voo UVop
Data | )D | P-ch
IN/OUT o |
O utput data [ P-ch
Input dat
Output N-ch nput data INOUT
disable
Output data H N-ch
Input
enable EVss
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CHAPTER 3 CPU FUNCTION

The CPU of the VB50E/ME2 is based on RISC architecture and executes almost all the instructions in one clock
cycle using 5-stage pipeline control.

3.1 Features

* Minimum instruction execution time: 10 ns/7.5 ns/6.7 ns (@100 MHz/133 MHz/150 MHz internal operation)
* Memory space Program space: 64 MB linear
Data space: 4 GB linear
e Thirty-two 32-bit general-purpose registers
* Internal 32-bit architecture
* Five-stage pipeline control
* Multiply/divide instructions
e Saturated operation instructions
* One-clock 32-bit shift instruction
* Load/store instruction with long/short format
* Four types of bit manipulation instructions
e SET1
e CLR1
* NOT1
e TST1
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3.2 CPU Register Set
The registers of the V850E/ME2 can be classified into two categories: a general program register set and a
dedicated system register set. All the registers have a 32-bit width.

For details, refer to V850E1 Architecture User’s Manual.

Figure 3-1. CPU Register Set

(1) Program register set (2) System register set

31 0 31 0
r0 (Zero register) EIPC (Status saving register during interrupt)
r1  (Assembler-reserved register) EIPSW (Status saving register during interrupt)
r2
r3  (Stack pointer (SP)) FEPC (Status saving register during NMI)
r4  (Global pointer (GP)) FEPSW (Status saving register during NMI)
r5 (Text pointer (TP))
ré
r7
r8
r9
r10 CTPC (Status saving register during CALLT execution)
ri1 CTPSW (Status saving register during CALLT execution)
r12
r13 DBPC (Status saving register during exception/debug trap)
r14 DBPSW (Status saving register during exception/debug trap)
r15
r16 | CTBP (CALLT base pointer) |
r7
r18
r19
r20
r21
r22
r23
r24
r25
r26
r27
r28
r29
r30 (Element pointer (EP))
r31 (Link pointer (LP))

ECR (Interrupt source register) |

PSW (Program status word) |

31 0
| PC (Program counter)
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3.2.1 Program register set
The program register set includes general-purpose registers and a program counter.

(1) General-purpose registers (r0 to r31)
Thirty-two general-purpose registers, r0 to r31, are provided. All these registers can be used for data

variables or address variables.

However, care must be exercised as follows in using the r0 to r5, r30, and r31 registers.

(a) ro0, r30
r0 and r30 are implicitly used by instructions.

(b

r0 is a register that always holds 0, and is used for operations using 0 and offset 0 addressing.

r30 is used as a base pointer when accessing memory using the SLD and SST instructions.

) r1, r3 tor5, r31
r1, r3 to r5, and r31 are implicitly used by the assembler and C compiler.

Therefore, their contents must be saved before using these registers so that they are not lost.

The contents must be restored to the registers after the registers have been used.

(c) r2
r2 is sometimes used by a real-time OS. When the real-time OS to be used is not using r2, r2 can be
used as an address variable register or a data variable register.
Table 3-1. General-Purpose Registers
Name Usage Operation
r0 Zero register Always holds 0
r1 Assembler-reserved register | Working register for generating 32-bit immediate data
r2 Address/data variable register (when r2 is not used by the real-time OS)
r3 Stack pointer Used to generate stack frame when function is called
r4 Global pointer Used to access global variable in data area
r5 Text pointer Register to indicate the start of the text area (where program
code is allocated)
r6 to r29 Address/data variable registers
r30 Element pointer Base pointer when memory is accessed
r31 Link pointer Used by compiler when calling function

Remark For detailed descriptions of r1, r3 to r5, and r31 used by an assembler or C compiler, refer to the

CA850 (C Compiler Package) Assembly Language User’s Manual.

(2) Program counter (PC)
This register holds the instruction address during program execution. The lower 26 bits of this register are

valid, and bits 31 to 26 are fixed to 0. If a carry occurs from bit 25 to 26, it is ignored.
Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

PC

31

2625

Fixed to 0

I O B B I I Y
Instruction address during execution

o

After reset
00100000H
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3.2.2 System register set

System registers control the status of the CPU and hold interrupt information.

To read/write these system registers, specify a system register number indicated below using the system register
load/store instruction (LDSR or STSR instruction).

Table 3-2. System Register Numbers

No. System Register Name Operand Specification

LDSR Instruction STSR Instruction

0 Status saving register during interrupt (EIPC)""" ) 0]
1 Status saving register during interrupt (EIPSW)"*" @) @)
2 Status saving register during NMI (FEPC) ©) O
3 Status saving register during NMI (FEPSW) @) @)
4 Interrupt source register (ECR) X O
5 Program status word (PSW) O O
61to 15 Reserved for future function expansion (operations that access these X X

register numbers cannot be guaranteed).

16 Status saving register during CALLT execution (CTPC) (@) @)
17 Status saving register during CALLT execution (CTPSW) ©) @)
18 Status saving register during exception/debug trap (DBPC) o2 onewe?
19 Status saving register during exception/debug trap (DBPSW) oMre? QM2
20 CALLT base pointer (CTBP) (@) @)
2110 31 | Reserved for future function expansion (operations that access these X X

register numbers cannot be guaranteed).

Notes 1. Because these registers have only one set, to enable multiple interrupts, it is necessary to save these
registers by program.

2. These registers can be accessed in the period between DBTRAP instruction execution and DBRET
instruction execution.

Caution Even if bit 0 of EIPC, FEPC, or CTPC is set to 1 by the LDSR instruction, bit 0 will be ignored
when the program is returned to with the RETI instruction after interrupt servicing (because bit 0
of the PC is fixed to 0). When setting the value of EIPC, FEPC, and CTPC, use an even value (bit
0 =0).

Remark O: Access allowed
x: Access prohibited
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* (1) Interrupt status saving registers (EIPC, EIPSW)
There are two interrupt status saving registers, EIPC and EIPSW.
Upon occurrence of a software exception or a maskable interrupt, the contents of the program counter (PC)
are saved to EIPC and the contents of the program status word (PSW) are saved to EIPSW (upon
occurrence of a non-maskable interrupt (NMI), the contents are saved to the NMI status saving registers
(FEPC, FEPSW)).
The address of the next instruction following the instruction executed when a software exception or maskable
interrupt occurs is saved to EIPC, except for some instructions (see 7.8 Period in Which CPU Does Not
Acknowledge Interrupts).
The current PSW contents are saved to EIPSW.
Since there is only one set of interrupt status saving registers, the contents of these registers must be saved
by the program when multiple interrupt servicing is enabled.
Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved (fixed to 0) for future function expansion.
When the RETI instruction is executed, the values in EIPC and EIPSW are restored to the PC and PSW,
respectively.

31 2625 0

O B B O S O I B After reset
EIPC o|0|0f0|0]|0 (PC contents saved)

OxxxxxxxH
(x: Undefined)

31 8 7 0

L

After reset
EIPSW 0/0/0/0|0O(0|0|0O|0|0O(0|0|0|0|0|0|0O|0|0|0O|0|0O|0|O0|(PSW contents saved) 000000xxH

(x: Undefined)
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(2) NMI status saving registers (FEPC, FEPSW)
There are two NMI status saving registers, FEPC and FEPSW.

Upon occurrence of a non-maskable interrupt (NMI), the contents of the program counter (PC) are saved to
FEPC and the contents of the program status word (PSW) are saved to FEPSW.
The address of the next instruction following the instruction executed when a non-maskable interrupt occurs

is saved to FEPC, except for some instructions.

The current PSW contents are saved to FEPSW.

Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved (fixed to 0) for future function expansion.
When the RETI instruction has been executed, the values of FEPC and FEPSW are restored to the PC and

PSW, respectively.

FEPC

FEPSW

After reset
OxxxxxxxH

(x: Undefined)

31 2625 0
I S N O D O IO Y B B
ojojo|o 0 (PC contents saved)
31 8 7 0
I R I
ojojo|o 0/0/0{0|0|0|0|0|0|0|0O|0O|O(0|0O(0[0|0|O|(PSW contents saved)

After reset
000000xxH

(x: Undefined)

(3) Interrupt source register (ECR)
Upon occurrence of an interrupt or an exception, the interrupt source register (ECR) holds the source of an

interrupt or an exception. The value held by ECR is the exception code coded for each interrupt source. This
register is a read-only register, and thus data cannot be written to it using the LDSR instruction.

31 1615 0
ccn 1 1 T 11 \FE\CC\ I B B 1 1 T 11 \EI\CC\ 1 1 T 11 After reset
00000000H
Bit position | Bit name Description
31to 16 FECC Non-maskable interrupt (NMI) exception code
15t00 EICC Exception, maskable interrupt exception code
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(4) Program status word (PSW)

The program status word (PSW) is a collection of flags that indicate the program status (instruction execution
result) and the CPU status.

When the contents of this register are changed using the LDSR instruction, the new contents become valid
immediately following completion of LDSR instruction execution. Interrupt request acknowledgment is held
pending while a write to the PSW is being executed by the LDSR instruction.

Bits 31 to 8 are reserved (fixed to 0) for future function expansion.

(1/2)
31 876543210
L L L L L L L
After reset
PSW RFU NP|EP|ID [SAT|ICY|OV|S | Z 00000020H
Bit position | Flag name Description
31t08 RFU Reserved field. Fixed to 0.
7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress. This flag is set to 1 when
an NMI request is acknowledged, and disables multiple interrupts.
0: NMI servicing not in progress
1: NMI servicing in progress
6 EP Indicates that exception processing is in progress. This flag is set to 1 when an exception
occurs. Moreover, interrupt requests can be acknowledged even when this bit is set.
0: Exception processing not in progress
1: Exception processing in progress
5 ID Indicates whether maskable interrupt request acknowledgment is enabled.
0: Interrupt enabled (EI)
1: Interrupt disabled (DI)
4 SAT™" Indicates that the result of executing a saturated operation instruction has overflowed and that
the calculation result is saturated. Since this is a cumulative flag, it is set to 1 when the result of
a saturated operation instruction becomes saturated, and it is not cleared to 0 even if the
operation results of successive instructions do not become saturated. This flag is neither set nor
cleared when arithmetic operation instructions are executed.
0: Not saturated
1: Saturated
3 cY Indicates whether carry or borrow occurred as the result of an operation.
0: No carry or borrow occurred
1: Carry or borrow occurred
2 ov'e Indicates whether overflow occurred during an operation.
0: No overflow occurred
1: Overflow occurred.
1 S had Indicates whether the result of an operation is negative.
0: Operation result is positive or 0.
1: Operation result is negative.
0 Z Indicates whether operation result is 0.
0: Operation result is not 0.
1: Operation result is 0.
Remark Note is explained on the following page.
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2/2)

Note During saturated operation, the saturated operation results are determined by the contents of the OV
flag and S flag. The SAT flag is set (to 1) only when the OV flag is set (to 1) during saturated operation.

Operation result status Flag status Saturated
SAT oV s operation result
Maximum positive value exceeded 1 1 0 7FFFFFFFH
Maximum negative value exceeded 1 1 1 80000000H
Positive (maximum value not exceeded) Holds value 0 0 Actual operation
Negative (maximum value not exceeded) | Pefore operation 1 result

(5) CALLT execution status saving registers (CTPC, CTPSW)
There are two CALLT execution status saving registers, CTPC and CTPSW.
When the CALLT instruction is executed, the contents of the program counter (PC) are saved to CTPC, and
the program status word (PSW) contents are saved to CTPSW.
The contents saved to CTPC consist of the address of the next instruction after the CALLT instruction.
The current PSW contents are saved to CTPSW.
Bits 31 to 26 CTPC and bits 31 to 8 of CTPSW are reserved (fixed to 0) for future function expansion.

31 2625 0
I I S S S S ) B B I S I B O B After reset
CTPC 0/0|0|0|0]|0 (PC contents saved)
OxXxxXxxxH
(x: Undefined)
31 8 7 0
T T T T 11
After reset
CTPSW 0o|0/0(0|0|0O|0|0|0O|0O|0|0|0|0O|0|0|0|0|0|0|0|0|0|0|(PSW contents saved) 000000xxH

(x: Undefined)
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(6) Exception/debug trap status saving registers (DBPC, DBPSW)

There are two exception/debug trap status saving registers, DBPC and DBPSW.

Upon occurrence of an exception trap or debug trap, the contents of the program counter (PC) are saved to
DBPC, and the program status word (PSW) contents are saved to DBPSW.

The contents saved to DBPC consist of the address of the next instruction after the instruction executed when
an exception trap or debug trap occurs.

The current PSW contents are saved to DBPSW.

These registers can be read or written only in the period between DBTRAP instruction execution and DBRET
instruction execution.

Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved (fixed to 0) for future function expansion.
When the DBRET instruction has been executed, the values of DBPC and DBPSW are restored to the PC
and PSW, respectively.

31 2625 0
IR After reset
DBPC 0|0{0|0|0]|0 (PC contents saved)
OxxxxxxxH
(x: Undefined)
31 8 7 0
T T 1 T 11
After reset
DBPSW 0|0|0(0|0|0|0O|0|0|0O|0O(0|0|0|0O[0O|0|0|0|0|0|0|0|0|(PSW contents saved) 000000xxH

(x: Undefined)

(7) CALLT base pointer (CTBP)

The CALLT base pointer (CTBP) is used to specify table addresses and generate target addresses (bit O is
fixed to 0).
Bits 31 to 26 are reserved (fixed to 0) for future function expansion.

CTBP o|ojo|o|o|0O (Base address)

31 2625 0
O B Y B

OXxxxxxxH
(x: Undefined)

! After reset
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3.3 Operating Modes

3.3.1 Operating modes

The VB50E/ME2 has the following operating modes. Mode specification is carried out using the MODEO and
MODE!1 pins.

(1) Normal operation mode

32-bit mode, 16-bit mode
After system reset is cleared, each pin related to the bus interface enters the control mode, the SRAM cycle
branches to 0100000H (reset entry address) of the external device (memory), and instruction processing
starts.

In the 32-bit mode, the bus interface functions as a 32-bit data bus; it functions as a 16-bit data bus in the
16-bit mode.

Caution Be sure to allocate external memory to address 0100000H for correct operation.

3.3.2 Operating mode specification
The operating mode is specified according to the status of the MODEO and MODE1 pins. In an application system

fix the specification of these pins and do not change them during operation. Operation is not guaranteed if these pins
are changed during operation.

MODEH1 MODEO Operating Mode Remarks
L L Normal operation mode 32-bit mode 32-bit data bus
L H 16-bit mode 16-bit data bus
Other than above Setting prohibited

Remark L: Low-level input
H: High-level input
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3.4 Address Space

3.4.1 CPU address space

The CPU of the V850E/ME2 is of 32-bit architecture and supports up to 4 GB of linear address space (data space)
during operand addressing (data access). Also, in instruction address addressing, a maximum of 64 MB of linear
address space (program space) is supported.

Figure 3-2 shows the CPU address space.

Figure 3-2. CPU Address Space

CPU address space
FFFFFFFFH
= = Data area
(4 GB linear)
04000000H
03FFFFFFH
Program area
(64 MB linear)
00000000H
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3.4.2 Image

A 256 MB physical address space is seen as 16 images in the 4 GB CPU address space. In actuality, the same
256 MB physical address space is accessed regardless of the values of bits 31 to 28 of the CPU address. Figure 3-3

shows the image of the virtual addressing space.
Physical address x0000000H can be seen as CPU address 00000000H, and in addition, can be seen as address
10000000H, address 20000000H, ... , address EOO0O0000OH, or address FOOOO000H.

Figure 3-3. Images on Address Space

CPU address space

Physical address space

On-chip peripheral I/O FFFFFFFH
Internal data RAM
External memory

Internal instruction RAM 0000000H

FFFFFFFFH
Image

FO000000H

EFFFFFFFH
Image

E0000000H

DFFFFFFFH
Image

20000000H

1FFFFFFFH
Image

10000000H

OFFFFFFFH
Image

00000000H
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3.4.3 Wrap-around of CPU address space

(1) Program space

Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0, and only the lower 26 bits are
valid. Even if a carry or borrow occurs from bit 25 to 26 as a result of a branch address calculation, the

higher 6 bits ignore the carry or borrow.

Therefore, the upper-limit address 03FFFFFFH and the lower-limit address 00000000H of the program space
become contiguous addresses. Wrap-around refers to a situation like this whereby the upper-limit address

and lower-limit address become contiguous.

Caution The 32 KB area of 03FFF800H to 03FFFFFFH can be seen as an image of OFFFF800H to
OFFFFFFFH. Instructions cannot be fetched from this area because it is an on-chip
peripheral I/O area, internal data RAM area, or access-prohibited area. Therefore, do not
execute any branch address calculation in which the result will reside in any part of this

area.

00000001H

00000000H

03FFFFFFH

03FFFFFEH

Program space

Program space

(+) direction

(-) direction

(2) Data space

The result of an operand address calculation that exceeds 32 bits is ignored.

Therefore, the upper-limit address FFFFFFFFH and the lower-limit address 00000000H of the program space
are contiguous addresses, and the data space is wrapped around at the boundary of these addresses.

00000001H
00000000H
FFFFFFFFH

FFFFFFFEH

Data space

Data space

(+) direction

(-) direction
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3.4.4 Memory map
Areas are reserved in the V850E/ME2 as shown in Figure 3-4.

Figure 3-4. Memory Map

32-bit mode, 16-bit mode

xFFFFFFFH On-chip peripheral 1/0/ On-chip peripheral x:zllzllz:gg'l_'-l
XxFFF8000H | internal data RAM area VO area (4 KB) XFFFEFFFH
xFFF7FFFH . Internal data X
S RAM area (16 KB) xFFFBOOOH
R xFFFAFFFH
N ~ ik Note 2
Access-prohibited area XFFF8000H

External memory area

x4000000H
fg;';';’;ggn On-chip peripheral /0 mirrorNote 1
x3FFEFFFH :
<3FFBO0OH Internal data RAM mirror
x3FFAFFFH | Access-prohibited areaNete 2
x3FF8000H
x3FF7FFFH
External memory area
x0100000H
X00FFFFFH
Program area
(64 MB)
Internal instruction
RAM area (1 MB)
x0020000H
X001FFFFH Internal instruction
x0000000H [ RAM area (128 KB)

Notes 1. Accessing addresses 3FFFO00OH to 3FFFFFFH is prohibited. Specify addresses FFFFOOOH to
FFFFFFFH to access the on-chip peripheral I/0.
2. The operation is not guaranteed if an access-prohibited area is accessed.

Caution External memory access cannot be made to the internal data RAM, internal instruction RAM,
and on-chip peripheral I/O areas.
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3.4.5 Area

(1) Internal instruction RAM area

(a) Memory map
1 MB of internal instruction RAM area, addresses 0000000H to OOFFFFFH, is reserved. 128 KB are
provided at addresses 0000000H to 001FFFFH as physical instruction RAM.

Caution External memory access cannot be made to addresses 0020000H to OFFFFFFH. If this
area is accessed, the address bus (A0 to A25) outputs a low level, the data bus (DO to
D31) goes into a high-impedance state without outputting anything, and the external
bus control signal becomes inactive.

OOFFFFFH
0020000H)
001FFFFH
Internal instruction
RAM area (128 KB)
0000000H

(b) Interrupt/exception table
The V850E/ME2 increases the interrupt response speed by assigning handler addresses corresponding
to interrupts/exceptions.
The collection of these handler addresses is called an interrupt/exception table, which is allocated in the
internal instruction RAM area. When an interrupt/exception request is acknowledged, execution jumps to
the handler address, and the program written in that memory is executed. Table 3-3 shows the sources
of interrupts/exceptions, and the corresponding addresses.

Table 3-3. Interrupt/Exception Table (1/2)

Start Address of Interrupt/Exception Source Start Address of Interrupt/Exception Source
Interrupt/Exception Table Interrupt/Exception Table
00100000H RESET 000000DOH INTP24
00000010H NMIO 000000EOH INTP25
00000040H TRAPONn (n=0to F) 000000FOH INTP50
00000050H TRAP1n (n=0to F) 00000100H INTP51
00000060H ILGOP/DBGO 00000110H INTP52
00000080H INTP10 00000120H INTP65
00000090H INTP11 00000130H INTP66
000000AQH INTP21 00000140H INTP67
000000B0OH INTP22 00000150H INTPDO
000000COH INTP23 00000160H INTPD1
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Table 3-3. Interrupt/Exception Table (2/2)

Start Address of Interrupt/Exception Source Start Address of Interrupt/Exception Source

Interrupt/Exception Table Interrupt/Exception Table
00000170H INTPD2 000003COH INTCMD3
00000180H INTPD3 000003D0OH INTCC100
00000190H INTPD4 000003EOH INTCC101
000001A0H INTPD5 000003F0OH INTCM100
000001BOH INTPD6 00000400H INTCM101
000001COH INTPD7 00000410H INTOV10
000001DOH INTPD8 00000420H INTUD10
000001EOH INTPD9 00000430H INTCC110
000001FOH INTPD10 00000440H INTCC111
00000200H INTPD11 00000450H INTCM110
00000210H INTPD12 00000460H INTCM111
00000220H INTPD13 00000470H INTOV11
00000230H INTPD14 00000480H INTUD11
00000240H INTPD15 00000490H INTDMAO
00000250H INTPLO 000004COH INTDMA3
00000260H INTPLA1 000004DOH INTCSI30
00000270H INTOVCO 000004EO0H INTCOVF30
00000280H INTOVCAH 000004FOH INTCSI31
00000290H INTOVC2 00000500H INTCOVF31
000002A0H INTOVC3 00000510H UBTIREO
000002BOH INTOVC4 00000520H UBTIRO
000002COH INTOVC5 00000530H UBTITO
000002D0OH INTPCOO/INTCCCO00 00000540H UBTIFO
000002E0H INTPCO1/INTCCCO1 00000550H UBTITOO
000002F0H INTPC10/INTCCC10 00000560H UBTIRE1
00000300H INTPC11/INTCCC11 00000570H UBTIR1
00000310H INTPC20/INTCCC20 00000580H UBTIT1
00000320H INTPC21/INTCCC21 00000590H UBTIF1
00000330H INTPC30/INTCCC30 000005A0H UBTITO1
00000340H INTPC31/INTCCC31 000005B0OH INTAD
00000350H INTCCC40 000005COH INTUSBOB
00000360H INTCCC41 000005DOH INTUSB1B
00000370H INTCCC50 000005E0H INTUSB2B
00000380H INTCCC51 000005F0H USBSP2B
00000390H INTCMDO 00000600H USBSP4B
000003A0H INTCMDA1 00000610H INTRSUM
000003BOH INTCMD2
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(2) Internal data RAM area
The 16 KB area of addresses FFFBOOOH to FFFEFFFH is provided as the internal data RAM area. The 16
KB area of 3FFBO0OH to 3FFEFFFH can be seen as an image of FFFBOOOH to FFFEFFFH.

Cautions 1. External memory access cannot be made to addresses xFFF8000H to xFFFAFFFH and
x3FF8000H to x3FFAFFFH. The operation is not guaranteed if external memory access
is performed.

2. Do not execute the program in the internal data RAM area.

FFFEFFFH
Internal data
RAM area (16 KB)
FFFBOOOH
FFFAFFFH

Access-prohibited area

FFF8000H
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(©)

On-chip peripheral I/O area
4 KB of memory, addresses FFFFOOOH to FFFFFFFH, are provided as an on-chip peripheral 1/0 area.
An image of addresses FFFFOOOH to FFFFFFFH can be seen at addresses 3FFFO00H to 3FFFFFFH"",

Note Addresses 3FFFO00H to 3FFFFFFH are access-prohibited. To access the on-chip peripheral 1/O,
specify addresses FFFFOOOH to FFFFFFFH.

FFFFFFFH

On-chip peripheral I/O area
(4 KB)

FFFFOOOH

(4)

On-chip peripheral I/O registers associated with the operating mode specification and the state monitoring for
the on-chip peripheral /O are all memory-mapped to the on-chip peripheral I/O area. Program fetches
cannot be executed from this area.

Cautions 1. For registers in which byte access is possible, if halfword access is executed, the
higher 8 bits become undefined during a read operation, and the lower 8 bits of data are
written to the register during a write operation.

Do not access an 8-bit register in halfword units.

2. Addresses that are not defined as registers are reserved for future expansion. If these
addresses are accessed, the operation is undefined and not guaranteed.
Addresses 3FFFO000H to 3FFFFFFH cannot be specified as the source/destination
address of DMA transfer. Be sure to use addresses FFFFOOOH to FFFFFFFH for the
source/destination address of DMA transfer.

External memory area

256 MB are available for external memory area. The lower 64 MB can be used as program/data area and the
higher 192 MB as data area. The external memory area is addresses x0100000H to xFDFFFFFH.

Access to the external memory area is performed using the chip select signal assigned to each memory block
(which is carried out in the CS unit set by the CSCO0 and CSC1 registers).

Note that the internal instruction RAM, internal data RAM, and on-chip peripheral I/O areas cannot be used
as external memory areas.
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3.4.6 Recommended use of address space

The architecture of the V850E/ME2 requires that a register that serves as a pointer be secured for address
generation in operand data accessing of data space. Operand data access from instruction can be directly executed
at the address in this pointer register £32 KB area. However, because the general-purpose registers that can be used
as a pointer register are limited, by minimizing the deterioration of address calculation performance when changing
the pointer value, the number of usable general-purpose registers for handling variables is maximized, and the
program size can be saved.

In connection with the memory map of the V850E/ME2, the following usage is recommended to enhance the
efficiency of pointer operation.

(1) Program space
Of the 32 bits of the program counter (PC), the higher 6 bits are fixed to 0, and only the lower 26 bits are
valid. Therefore, a contiguous 64 MB space, starting from address 00000000H, unconditionally corresponds
to the memory map of the program space.

(2) Data space
To efficiently operate the resources using wrap-around of the data space, a consecutive 16 MB are used as a
data space at each of the 4 GB CPU address spaces of 00000000H to O0FFFFFFH and FFOOOOOOH to
FFFFFFFFH. With the VB50E/ME2, a 256 MB physical address space is seen as 16 images in the 4 GB
CPU address space. The highest bit (bit 25) of this 26-bit address is assigned as an address sign-extended
to 32 bits.

(a) Application of wrap-around
When R = r0 (zero register) is specified with the LD/ST disp16[R] instruction, an addressing range of
00000000H +32 KB can be referenced with the sign-extended disp16.
The zero register (r0) is a register fixed to 0 by the hardware, and eliminates the need for additional
registers for the pointer.

0001FFFFH
00007FFFH |~~~
Internal instruction
RAM area 32 KB
(R=) 00000000H
On-chip peripheral 4 KB
FFFFFOOOH /G area
FFFFEFFFH
Internal data
RAM area 16 KB
FFFFBOOOH
FFFFAFFFH
Access-prohibited area 12 KB
FFFF8000H
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Figure 3-5. Recommended Memory Map

Program space
64 MB

Notes 1.

Program space Data space
FFFFFFFFH
On-chip
peripheral /O
FFFFFOOOH| | .-
FFFFEFFFH Internal data
FFFFBOOOH| I
FFFFAFFFH Access
ihitagNote 2
FFFFso0OH| | B prohibited™ote
FFFF7FFFH
04000000H .
03FFFFFFH

On-chip
peripheral I/QNote 1

xFFFFFFFH
On-chip
peripheral /O
xFFFFOOOH
xFFFEFFFH
Internal data
|y RAM | xFFFBOOOH
Access xFFFAFFFH
it {Note 2
prohibited™®* | rrrgo00H
xFFF7FFFH
External
memory
x0100000H
X00FFFFFH
x0020000H
""""""""" x001FFFFH
Internal
instruction RAM x0000000H

03FFFO00H
O3FFEFFFH Internal data
03FFBOOOH| v RAM | External
03FFAFFFH Access memory
03FF8o0oH | Prohibitede®
03FF7FFFH

External

memory
00100000H i
000FFFFFH
00020000H| | e
0001FFFFH — e
00000000H | yinstruction RAM -1 instruction RAM| -

to FFFFFFFH.
2. The operation is not guaranteed if an access-prohibited area is accessed.

Remark The arrows indicate the recommended area.

This area is access-prohibited. To access the on-chip peripheral 1/O, specify addresses FFFFOO0H
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3.4.7 On-chip peripheral I/O registers

(1/26)
Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits
FFFFFOOOH Port AL PAL R/W J Undefined
FFFFFOOOH | Port ALL PALL R/W S Undefined
FFFFFOO1H | Port ALH PALH R \ 00H
FFFFFOO2H Port AH PAH R/W J Undefined
FFFFFOO2H | Port AHL PAHL R/W v J Undefined
FFFFFOO3H | Port AHH PAHH R/W v S Undefined
FFFFFOO6H Port DH PDH R/W \ Undefined
FFFFFO06H | Port DHL PDHL R/W v J Undefined
FFFFFOO7H | Port DHH PDHH R/W v J Undefined
FFFFFOO8H | Port CS PCS R/W V J Undefined
FFFFFOOAH | Port CT PCT R/W v \ Undefined
FFFFFOOCH | Port CM PCM R/W v J Undefined
FFFFFOOEH | Port CD PCD R/W v J Undefined
FFFFFO20H Port AL mode register PMAL R/W \ FFFFH
FFFFFO20H | Port AL mode register L PMALL R/W v \ FFH
FFFFF021H | Port AL mode register H PMALH R S FFH
FFFFFO022H Port AH mode register PMAH R/W S FFFFH
FFFFF022H | Port AH mode register L PMAHL R/W v S FFH
FFFFFO23H | Port AH mode register H PMAHH R/W v \ FFH
FFFFFO26H Port DH mode register PMDH R/W \/ FFFFH
FFFFF026H | Port DH mode register L PMDHL R/W v S FFH
FFFFFO27H | Port DH mode register H PMDHH R/W v S FFH
FFFFFO28H | Port CS mode register PMCS R/W v \ FFH
FFFFFO2AH | Port CT mode register PMCT R/W v J FFH
FFFFFO2CH | Port CM mode register PMCM R/W v S FFH
FFFFFO2EH | Port CD mode register PMCD R/W v \ FFH
FFFFF040H Port AL mode control register PMCAL R/W \ 0002H
FFFFF040H | Port AL mode control register L PMCALL R/W v J 02H
FFFFFO041H | Port AL mode control register H PMCALH R S 00H
FFFFF042H Port AH mode control register PMCAH R/W \ 03FFH
FFFFF042H | Port AH mode control register L PMCAHL R/W \ FFH
FFFFF043H | Port AH mode control register H PMCAHH R/W v J 03H
FFFFFO46H Port DH mode control register PMCDH R/W S 0000H
FFFFFO46H | Port DH mode control register L PMCDHL R/W V J 00H
FFFFF047H | Port DH mode control register H PMCDHH R/W v \ 00H
FFFFF048H | Port CS mode control register PMCCS R/W v J FFH
FFFFF049H | Port CS function control register PFCCS RW v S 00H
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(2/26)
Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits
FFFFFO4AH | Port CT mode control register PMCCT R/W v v BFH
FFFFFO4BH | Port CT function control register PFCCT R/W R v 00H
FFFFFO4CH | Port CM mode control register PMCCM R/W \ N 3DH
FFFFFO4DH | Port CM function control register PFCCM R/W \ N 00H
FFFFFO4EH | Port CD mode control register PMCCD R/W v v OFH
FFFFFO56H Port DH function control register PFCDH R/W \ 0000H
FFFFFO56H | Port DH function control register L PFCDHL R/W \ N 00H
FFFFFO57H | Port DH function control register H PFCDHH R/W 00H
FFFFFO58H Port AL function control register L PFCALL R/W v 03H
FFFFFO60H Chip area select control register 0 CSCo R/W \ 2C11H
FFFFFO62H Chip area select control register 1 CSCA1 R/W S 2C11H
FFFFFO68H Endian configuration register BEC R/W S 0000H
FFFFFO6AH | Cache configuration register BHC R/W S 0000H
FFFFFOBEH | System wait control register VSWC R/W R v 77H
FFFFFO70H | Instruction cache control register ICC R/W v | 0003H"""
FFFFFO70H | Instruction cache control register L ICCL R/W 03H""?
FFFFFO71H | Instruction cache control register H ICCH R/W v v 00H
FFFFFO74H Instruction cache data configuration register ICD R/W \ Undefined
FFFFFO80H DMA source address register OL DSAOL R/W S Undefined
FFFFFO82H DMA source address register OH DSAOH R/W S Undefined
FFFFF084H DMA destination address register OL DDAOL R/W S Undefined
FFFFFO86H DMA destination address register OH DDAOH R/W \ Undefined
FFFFFO88H DMA source address register 1L DSA1L R/W S Undefined
FFFFFO8AH DMA source address register 1H DSA1H R/W S Undefined
FFFFFO8CH DMA destination address register 1L DDA1L R/W S Undefined
FFFFFO8EH DMA destination address register 1H DDA1H R/W \ Undefined
FFFFFO90H DMA source address register 2L DSA2L R/W S Undefined
FFFFFO92H DMA source address register 2H DSA2H R/W S Undefined
FFFFF094H DMA destination address register 2L DDA2L R/W S Undefined
FFFFFO96H DMA destination address register 2H DDA2H R/W \ Undefined
FFFFFO98H DMA source address register 3L DSA3L R/W S Undefined
FFFFFO9AH DMA source address register 3H DSA3H R/W S Undefined
FFFFFO9CH DMA destination address register 3L DDA3L R/W S Undefined
Notes 1. This register is set to 0003H and the tag is automatically initialized when the reset signal becomes
active. When initialization of the tag is completed, the register is cleared to 0000H.
2. This register is set to 03H and the tag is automatically initialized when the reset signal becomes active.

When initialization of the tag is completed, the register is cleared to 00H.
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(3/26)
Address Function Register Name Symbol R/W  |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits
FFFFFO9EH DMA destination address register 3H DDASH R/W S Undefined
FFFFFOCOH | DMA transfer count register 0 DBCO R/W \ Undefined
FFFFFOC2H | DMA transfer count register 1 DBCH1 R/W \/ Undefined
FFFFFOC4H | DMA transfer count register 2 DBC2 R/W S Undefined
FFFFFOC6H DMA transfer count register 3 DBC3 R/W S Undefined
FFFFFODOH DMA addressing control register O DADCO R/W \ 0000H
FFFFFOD2H DMA addressing control register 1 DADCAH R/W \/ 0000H
FFFFFOD4H | DMA addressing control register 2 DADC2 R/W S 0000H
FFFFFOD6H | DMA addressing control register 3 DADC3 R/W S 0000H
FFFFFOEOH | DMA channel control register 0 DCHCO R/W v \ 00H
FFFFFOE2H | DMA channel control register 1 DCHC1 R/W v J 00H
FFFFFOE4H | DMA channel control register 2 DCHC2 R/W y J 00H
FFFFFOE6H | DMA channel control register 3 DCHC3 R/W v S 00H
FFFFF100H Interrupt mask register 0 IMRO R/W \ FFFFH
FFFFF100H | Interrupt mask register OL IMROL R/W v J FFH
FFFFF101H | Interrupt mask register OH IMROH R/W v S FFH
FFFFF102H Interrupt mask register 1 IMR1 R/W \ FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L R/W \ FFH
FFFFF103H | Interrupt mask register 1H IMR1H R/W S FFH
FFFFF104H Interrupt mask register 2 IMR2 R/W J FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L R/W S FFH
FFFFF105H | Interrupt mask register 2H IMR2H R/W \ FFH
FFFFF106H Interrupt mask register 3 IMR3 R/W \/ FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L R/W v S FFH
FFFFF107H | Interrupt mask register 3H IMR3H R/W \ FFH
FFFFF108H Interrupt mask register 4 IMR4 R/W \ FFFFH
FFFFF108H | Interrupt mask register 4L IMR4L R/W S FFH
FFFFF109H | Interrupt mask register 4H IMR4H R/W y J FFH
FFFFF10AH Interrupt mask register 5 IMR5 R/W \ FFFFH
FFFFF10AH | Interrupt mask register 5L IMR5L R/W v \ FFH
FFFFF10BH | Interrupt mask register 5H IMR5H R/W v J FFH
FFFFF110H | Interrupt control register 0 P11CO R/W y J 47H
FFFFF112H | Interrupt control register 1 P1IC1 R/W v \ 47H
FFFFF114H | Interrupt control register 2 P2IC1 R/W v \ 47H
FFFFF116H | Interrupt control register 3 P2ic2 R/W v J 47H
FFFFF118H | Interrupt control register 4 P2IC3 R/W y J 47H
FFFFF11AH | Interrupt control register 5 P2IC4 R/W v \ 47H
FFFFF11CH | Interrupt control register 6 P2IC5 R/W v \ 47H
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(4/26)
Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits
FFFFF11EH | Interrupt control register 7 P5ICO R/W N v 47H
FFFFF120H | Interrupt control register 8 P5IC1 R/W N \/ 47H
FFFFF122H | Interrupt control register 9 P5IC2 R/W \ \/ 47H
FFFFF124H | Interrupt control register 10 P6IC5 R/W \/ y 47H
FFFFF126H | Interrupt control register 11 P6IC6 R/W N v 47H
FFFFF128H | Interrupt control register 12 P6IC7 R/W N \/ 47H
FFFFF12AH | Interrupt control register 13 PDICO R/W \ N 47H
FFFFF12CH | Interrupt control register 14 PDIC1 R/W \ N 47H
FFFFF12EH | Interrupt control register 15 PDIC2 R/W N V 47H
FFFFF130H | Interrupt control register 16 PDIC3 R/W N \/ 47H
FFFFF132H Interrupt control register 17 PDIC4 R/W \ N 47H
FFFFF134H | Interrupt control register 18 PDIC5 R/W \/ y 47H
FFFFF136H | Interrupt control register 19 PDIC6 R/W N v 47H
FFFFF138H | Interrupt control register 20 PDIC7 R/W N \/ 47H
FFFFF13AH | Interrupt control register 21 PDIC8 R/W \ N 47H
FFFFF13CH | Interrupt control register 22 PDIC9 R/W \ N 47H
FFFFF13EH | Interrupt control register 23 PDIC10 R/W N v 47H
FFFFF140H | Interrupt control register 24 PDIC11 R/W N \/ 47H
FFFFF142H Interrupt control register 25 PDIC12 R/W \ N 47H
FFFFF144H | Interrupt control register 26 PDIC13 R/W \/ y 47H
FFFFF146H | Interrupt control register 27 PDIC14 R/W N V 47H
FFFFF148H | Interrupt control register 28 PDIC15 R/W RN N 47H
FFFFF14AH | Interrupt control register 29 PLICO R/W v v 47H
FFFFF14CH | Interrupt control register 30 PLIC1 R/W \/ y 47H
FFFFF14EH | Interrupt control register 31 QovCICo R/W N v 47H
FFFFF150H | Interrupt control register 32 ovcICt R/W N V 47H
FFFFF152H Interrupt control register 33 OVvcCIC2 R/W \ N 47H
FFFFF154H | Interrupt control register 34 ovCIC3 R/W \/ y 47H
FFFFF156H | Interrupt control register 35 ovcCic4 R/W R v 47H
FFFFF158H | Interrupt control register 36 OVCIC5 R/W R v 47H
FFFFF15AH | Interrupt control register 37 CCcolCco R/W \ N 47H
FFFFF15CH | Interrupt control register 38 cccolct R/W v y 47H
FFFFF15EH | Interrupt control register 39 CCcC1ICco R/W N v 47H
FFFFF160H | Interrupt control register 40 Ccciict R/W \/ V 47H
FFFFF162H Interrupt control register 41 Ccccaico R/W \ N 47H
FFFFF164H | Interrupt control register 42 ccealct R/W \/ y 47H
FFFFF166H Interrupt control register 43 CCC3ICo R/W N v 47H
FFFFF168H | Interrupt control register 44 cccaict R/W v N 47H
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(5/26)
Address Function Register Name Symbol R/W  |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits
FFFFF16AH | Interrupt control register 45 CCcC4ICo R/W v S 47H
FFFFF16CH | Interrupt control register 46 cccedict R/W v \ 47H
FFFFF16EH | Interrupt control register 47 CCCs5ICo R/W v S 47H
FFFFF170H | Interrupt control register 48 cccsict R/W v S 47H
FFFFF172H Interrupt control register 49 CMDICO R/W v S 47H
FFFFF174H | Interrupt control register 50 CMDIC1 R/W v \ 47H
FFFFF176H | Interrupt control register 51 CMDIC2 R/W v J 47H
FFFFF178H | Interrupt control register 52 CMDIC3 R/W y J 47H
FFFFF17AH | Interrupt control register 53 cc1oico R/W v S 47H
FFFFF17CH | Interrupt control register 54 cc1oICH R/W v \ 47H
FFFFF17EH | Interrupt control register 55 CM10ICO R/W v J 47H
FFFFF180H | Interrupt control register 56 CM10ICT R/W v S 47H
FFFFF182H | Interrupt control register 57 oviico R/W v S 47H
FFFFF184H | Interrupt control register 58 UD1ICO R/W v \ 47H
FFFFF186H | Interrupt control register 59 CC11ICo R/W v J 47H
FFFFF188H | Interrupt control register 60 cci1ict R/W v S 47H
FFFFF18AH | Interrupt control register 61 CM11I1CO R/W v S 47H
FFFFF18CH | Interrupt control register 62 CM11ICH R/W v \ 47H
FFFFF18EH | Interrupt control register 63 oV1IC1 R/W v J 47H
FFFFF190H | Interrupt control register 64 uD1IC1 R/W y J 47H
FFFFF192H | Interrupt control register 65 DMAICO R/W v S 47H
FFFFF194H | Interrupt control register 66 DMAICA R/W v \ 47H
FFFFF196H | Interrupt control register 67 DMAIC2 R/W v J 47H
FFFFF198H | Interrupt control register 68 DMAIC3 R/W y J 47H
FFFFF19AH | Interrupt control register 69 CsI3Ico R/W v \ 47H
FFFFF19CH | Interrupt control register 70 COVF3ICO | R/W v \ 47H
FFFFF19EH | Interrupt control register 71 CsI3IC1 R/W v J 47H
FFFFF1AOH | Interrupt control register 72 COVF3ICH1 R/W y J 47H
FFFFF1A2H Interrupt control register 73 UREICO R/W v \ 47H
FFFFF1A4H | Interrupt control register 74 URICO R/W v \ 47H
FFFFF1A6H | Interrupt control register 75 UTICO R/W v J 47H
FFFFF1A8H | Interrupt control register 76 UIFICO R/W v S 47H
FFFFF1AAH | Interrupt control register 77 uTolco R/W v \ 47H
FFFFF1ACH | Interrupt control register 78 UREICH R/W v \ 47H
FFFFF1AEH | Interrupt control register 79 URICH R/W v J 47H
FFFFF1BOH Interrupt control register 80 UTICA R/W v S 47H
FFFFF1B2H | Interrupt control register 81 UIFIC1 R/W v \ 47H
FFFFF1B4H | Interrupt control register 82 UTOICA R/W v \ 47H

88

User's Manual U16031EJ4V1UD




CHAPTER 3 CPU FUNCTION

(6/26)
Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFF1B6H | Interrupt control register 83 ADIC R/W v v 47H
FFFFF1B8H | Interrupt control register 84 USOBIC R/W R v 47H
FFFFF1BAH | Interrupt control register 85 US1BIC R/W \ N 47H
FFFFF1BCH | Interrupt control register 86 US2BIC R/W \ N 47H
FFFFF1BEH | Interrupt control register 87 UsP2iC R/W v v 47H
FFFFF1COH | Interrupt control register 88 USP4IC R/W R v 47H
FFFFF1C2H | Interrupt control register 89 RSUMIC R/W \ N 47H
FFFFF1FAH | In-service priority register ISPR R \ N 00H
FFFFF1FCH | Command register PRCMD w v Undefined
FFFFF1FEH | Power-save control register PSC R/W R v 00H
FFFFF200H A/D converter mode register 0 ADMO R/W \ N 00H
FFFFF201H | A/D converter mode register 1 ADMH R/W \/ y 00H
FFFFF202H A/D converter mode register 2 ADM2 R/W v v O00H
FFFFF210H A/D conversion result register 0 ADCRO R \ Undefined
FFFFF211H A/D conversion result register OH ADCROH R N Undefined
FFFFF212H A/D conversion result register 1 ADCR1 R J Undefined
FFFFF213H A/D conversion result register 1H ADCR1H R v Undefined
FFFFF214H A/D conversion result register 2 ADCR2 R \ Undefined
FFFFF215H A/D conversion result register 2H ADCR2H R N Undefined
FFFFF216H A/D conversion result register 3 ADCR3 R S Undefined
FFFFF217H A/D conversion result register 3H ADCR3H R v Undefined
FFFFF218H A/D conversion result register 4 ADCR4 R \ Undefined
FFFFF219H A/D conversion result register 4H ADCR4H R N Undefined
FFFFF21AH | A/D conversion result register 5 ADCR5 R J Undefined
FFFFF21BH | A/D conversion result register 5H ADCR5H R v Undefined
FFFFF21CH | A/D conversion result register 6 ADCR6 R \ Undefined
FFFFF21DH | A/D conversion result register 6H ADCR6H R N Undefined
FFFFF21EH | A/D conversion result register 7 ADCRY7 R J Undefined
FFFFF21FH A/D conversion result register 7H ADCR7H R v Undefined
FFFFF220H ADC trigger select register ADTS RW v O00H
FFFFF402H Port 1 P1 R/W J v Undefined
FFFFF404H | Port 2 P2 R/W J v Undefined
FFFFF40AH |Port5 P5 R/W V v Undefined
FFFFF40CH | Port6 P6 R/W \ v Undefined
FFFFF40EH | Port7 P7 R/W J v Undefined
FFFFF422H | Port 1 mode register PM1 R/W \ N FFH
FFFFF424H | Port 2 mode register PM2 R/W R v FFH
FFFFF42AH | Port 5 mode register PM5 R/W \ v FFH
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(7/26)
Address Function Register Name Symbol R/W  |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits
FFFFF42CH | Port 6 mode register PM6 R/W v S FFH
FFFFF42EH | Port 7 mode register PM7 R/W v \ FFH
FFFFF442H | Port 1 mode control register PMCH R/W v S 00H
FFFFF444H | Port 2 mode control register PMC2 R/W v v 01H
FFFFF44AH | Port 5 mode control register PMC5 R/W v S O0H
FFFFF44CH | Port 6 mode control register PMC6 R/W v \ 00H
FFFFF44EH | Port 7 mode control register PMC7 R/W v S 00H
FFFFF462H | Port 1 function control register PFC1 R/W v v 00H
FFFFF464H | Port 2 function control register PFC2 RW v S 00H
FFFFF46AH | Port 5 function control register PFC5 R/W v \ 00H
FFFFF46CH | Port 6 function control register PFC6 R/W v S 00H
FFFFF46EH | Port 7 function control register PFC7 R/W v v 00H
FFFFF480H | Bus cycle type configuration register 0 BCTO R/W J 8888H
FFFFF482H | Bus cycle type configuration register 1 BCT1 R/W J 8888H
FFFFF484H Data wait control register O DWCO R/W J 7777H
FFFFF486H Data wait control register 1 DWC1 R/W S 7777TH
FFFFF488H | Bus cycle control register BCC R/W v FFFFH
FFFFF48AH | Address setup wait control register ASC R/W J FFFFH
FFFFF48CH | Bus cycle period control register BCP R/W v v 00H
FFFFF48EH | Local bus sizing control register LBS R/W J 5555H/AAAAH""
FFFFF490H | Line buffer control register O LBCO R/W v 0000H
FFFFF492H | Line buffer control register 1 LBC1 R/W v | 0000H
FFFFF494H DMA flyby transfer wait control register FWC R/W v 7777H
FFFFF496H DMA flyby transfer idle control register FIC R/W J 3333H
FFFFF498H Bus mode control register BMC R/W S 00H
FFFFF49AH | Page ROM configuration register PRC R/W v | 7000H
FFFFF49CH | Write access synchronization control register WAS w J Undefined
FFFFF4A4H | SDRAM configuration register 1 SCR1 R/W v 30CO0H
FFFFF4A6H | SDRAM refresh control register 1 RFS1 R/W v | 0000H
FFFFF4ACH | SDRAM configuration register 3 SCR3 R/W v | 30COH
FFFFF4AEH | SDRAM refresh control register 3 RFS3 R/W v 0000H
FFFFF4BOH | SDRAM configuration register 4 SCR4 R/W v 30CO0H
FFFFF4B2H | SDRAM refresh control register 4 RFS4 R/W v | 0000H
FFFFF4B8H | SDRAM configuration register 6 SCR6 R/W v | 30COH
FFFFF4BAH | SDRAM refresh control register 6 RFS6 R/W v 0000H

Note 32-bit mode: AAAAH
16-bit mode: 5555H
For details of 32-bit mode and 16-bit mode, see 3.3.1 Operating modes.
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FFFFF540H | Timer DO TMDO R J 0000H
FFFFF542H Compare register DO CMDO R/W \ 0000H
FFFFF544H Timer mode control register DO TMCDO R/W \ N 00H
FFFFF550H | Timer D1 TMD1 R J 0000H
FFFFF552H Compare register D1 CMD1 R/W S 0000H
FFFFF554H | Timer mode control register D1 TMCD1 R/W R v 00H
FFFFF560H | Timer D2 TMD2 R J 0000H
FFFFF562H Compare register D2 CMD2 R/W S 0000H
FFFFF564H Timer mode control register D2 TMCD2 R/W v v 00H
FFFFF570H | Timer D3 TMD3 R \ 0000H
FFFFF572H Compare register D3 CMD3 R/W S 0000H
FFFFF574H | Timer mode control register D3 TMCD3 R/W \ N 00H
FFFFF5A0H | Timer ENC10 TMENC10 R/W J 0000H
FFFFF5A2H | Compare register 100 CM100 R/W \ 0000H
FFFFF5A4H | Compare register 101 CM101 R/W S 0000H
FFFFF5A6H Capture/compare register 100 CC100 R/W \/ 0000H
FFFFF5A8H | Capture/compare register 101 CccC1o01 R/W S 0000H
FFFFF5AAH | Capture/compare control register 10 CCR10 R/W R v 00H
FFFFF5ABH | Timer unit mode register 10 TUM10 R/W \ N 00H
FFFFF5ACH | Timer control register 10 TMC10 R/W \ N 00H
FFFFF5ADH | Valid edge select register 10 SESA10 R/W R N OO0H
FFFFF5AEH | Prescaler mode register 10 PRM10 R/W R v 07H
FFFFF5AFH | Status register 10 STATUS10 R \ N 00H
FFFFF5COH | Noise elimination width setting register 10 NCW10 R/W N 02H
FFFFF5DOH | Timer ENC11 TMENC11 R/W J 0000H
FFFFF5D2H | Compare register 110 CM110 R/W \ 0000H
FFFFF5D4H | Compare register 111 CM111 R/W S 0000H
FFFFF5D6H | Capture/compare register 110 CC110 R/W S 0000H
FFFFF5D8H | Capture/compare register 111 CC111 R/W S 0000H
FFFFF5DAH | Capture/compare control register 11 CCR11 R/W R v 00H
FFFFF5DBH | Timer unit mode register 11 TUM11 R/W \ N 00H
FFFFF5DCH | Timer control register 11 TMC11 R/W \ N 00H
FFFFF5DDH | Valid edge select register 11 SESA11 R/W RN N O0H
FFFFF5DEH | Prescaler mode register 11 PRM11 R/W R v 07H
FFFFF5DFH | Status register 11 STATUS11 R \ N 00H
FFFFF5FOH Noise elimination width setting register 11 NCW11 R/W N 02H
FFFFF600H | Timer CO TMCO R J 0000H
FFFFF602H Capture/compare register CO0 CCCO00 R/W \ 0000H
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FFFFF604H Capture/compare register CO1 CCcCo1 R/W S 0000H
FFFFF606H | Timer mode control register COO TMCCO00 R/W v \ 00H
FFFFF608H Timer mode control register CO1 TMCCO1 R/W N 20H
FFFFF609H Valid edge select register CO SESCO R/W S 00H
FFFFF610H Noise elimination width setting register CO NCWCO R/W \ 02H
FFFFF620H | Timer C1 TMC1 R \ 0000H
FFFFF622H Capture/compare register C10 CCcC10 R/W N 0000H
FFFFF624H Capture/compare register C11 CCC11 R/W S 0000H
FFFFF626H | Timer mode control register C10 TMCC10 RW v S 00H
FFFFF628H Timer mode control register C11 TMCC11 R/W \ 20H
FFFFF629H Valid edge select register C1 SESCA1 R/W N 00H
FFFFF630H Noise elimination width setting register C1 NCWCH1 R/W J 02H
FFFFF640H | Timer C2 TMC2 R J 0000H
FFFFF642H Capture/compare register C20 CCC20 R/W \ 0000H
FFFFF644H Capture/compare register C21 Cccc21 R/W N 0000H
FFFFF646H | Timer mode control register C20 TMCC20 R/W v S 00H
FFFFF648H Timer mode control register C21 TMCC21 R/W \ 20H
FFFFF649H Valid edge select register C2 SESC2 R/W \ 00H
FFFFF650H Noise elimination width setting register C2 NCWC2 R/W N 02H
FFFFF660H | Timer C3 TMC3 R J 0000H
FFFFF662H Capture/compare register C30 CCC30 R/W S 0000H
FFFFF664H Capture/compare register C31 CCC31 R/W \ 0000H
FFFFF666H | Timer mode control register C30 TMCC30 R/W v J 00H
FFFFF668H Timer mode control register C31 TMCC31 R/W S 20H
FFFFF669H Valid edge select register C3 SESC3 R/W S O00H
FFFFF670H Noise elimination width setting register C3 NCWC3 R/W \ 02H
FFFFF680H | Timer C4 TMC4 R J 0000H
FFFFF682H Capture/compare register C40 CCC40 R/W \/ 0000H
FFFFF684H Capture/compare register C41 CCC41 R/W S 0000H
FFFFF686H | Timer mode control register C40 TMCC40 R/W v \ 00H
FFFFF688H Timer mode control register C41 TMCC41 R/W S 20H
FFFFF6A0H | Timer C5 TMC5 R J 0000H
FFFFF6A2H | Capture/compare register C50 CCC50 R/W S 0000H
FFFFF6A4H | Capture/compare register C51 CCC51 R/W \ 0000H
FFFFF6A6H | Timer mode control register C50 TMCC50 R/W v J 00H
FFFFF6A8H | Timer mode control register C51 TMCC51 R/W S 20H
FFFFF6COH | Oscillation stabilization time select register OSTS R/W \ 04H
FFFFF80AH Internal instruction RAM mode register IRAMM R/W v \ 03H
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FFFFF80CH | NMI reset status register NRS R R N O0H
FFFFF810H | DMA trigger factor register O DTFRO R/W R v 00H
FFFFF812H DMA trigger factor register 1 DTFR1 R/W \ N 00H
FFFFF814H | DMA trigger factor register 2 DTFR2 R/W v y 00H
FFFFF816H | DMA trigger factor register 3 DTFR3 R/W v v 00H
FFFFF820H | Power-save mode register PSMR R/W R v 00H
FFFFF822H Clock control register CKC R/W N 03H
FFFFF824H | Lock register LOCKR R \ N 01H
FFFFF82CH | Clock source select register CKS R/W R N O0H
FFFFF82EH | USB clock control register UCKC R/W v O00H
FFFFF836H SSCG control register SSCGC R/W N Note 1
FFFFF8AOH | DMA terminal count output control register DTOC R/W \ N 01H
FFFFF8A8H | DMA interface control register DIFC R/W v v 00H
FFFFFAOOH | UARTBO control register O UBOCTLO R/W R v 10H
FFFFFAO2H | UARTBO control register 2 UBOCTL2 R/W J FFFFH
FFFFFAO4H | UARTBO status register UBOSTR R/W \ N 00H
FFFFFAO6H UARTBO receive data register AP"*** UBORXAP R \ O00FFH
FFFFFAO6H | UARTBO receive data register UBORX R v FFH
FFFFFAO8H UARTBO transmit data register UBOTX w N FFH
FFFFFAOAH | UARTBO FIFO control register 0 UBOFICO R/W y 00H
FFFFFAOBH | UARTBO FIFO control register 1 UBOFICH R/W v v 00H
FFFFFAOCH | UARTBO FIFO control register 2 UBOFIC2 R/W \ 0000H
FFFFFAOCH | UARTBO FIFO control register 2L UBOFIC2L R/W N 00H
FFFFFAODH | UARTBO FIFO control register 2H UBOFIC2H R/W y 00H
FFFFFAOEH | UARTBO FIFO status register 0 UBOFISO R N 00H
FFFFFAOFH | UARTBO FIFO status register 1 UBOFIS1 R v 10H
FFFFFA20H | UARTBH1 control register 0 UB1CTLO R/W J v 10H
FFFFFA22H UARTB!1 control register 2 UB1CTL2 R/W J FFFFH
FFFFFA24H | UARTBH1 status register UB1STR R/W V v 00H
FFFFFA26H UARTBH1 receive data register AP"*°* UB1RXAP R \ O00FFH
FFFFFA26H | UARTBH1 receive data register UB1RX R N FFH
FFFFFA28H UARTB!1 transmit data register UB1TX W y FFH
FFFFFA2AH | UARTB1 FIFO control register 0 UB1FICO R/W V v 00H
FFFFFA2BH | UARTB1 FIFO control register 1 UB1FIC1 R/W v 00H
Notes 1. For details, see 8.3.3 SSCG control register (SSCGC).

2. This register can be used only in FIFO mode.
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FFFFFA2CH | UARTB1 FIFO control register 2 UB1FIC2 R/W \ 0000H
FFFFFA2CH | UARTB1 FIFO control register 2L UB1FIC2L R/W \ 00H
FFFFFA2DH | UARTB1 FIFO control register 2H UB1FIC2H R/wW J 00H
FFFFFA2EH | UARTB1 FIFO status register 0 UB1FISO J 00H
FFFFFA2FH | UARTB1 FIFO status register 1 UB1FIS1 R J 10H
FFFFFBOOH | PWM control register 0 PWMCO R/W v \ 08H
FFFFFBO2H | PWM modulo register 0 PWMO R/wW J 0000H
FFFFFBO2H | PWM modulo register LO PWMLO R/wW J 00H
FFFFFBO3H | PWM modulo register HO PWMHO R/W \ 00H
FFFFFB10H | PWM control register 1 PWMCH R/W v \ 08H
FFFFFB12H | PWM modulo register 1 PWM1 R/wW J 0000H
FFFFFB12H | PWM modulo register L1 PWML1 R/wW J 00H
FFFFFB13H | PWM modulo register H1 PWMH1 R/W \ 00H
FFFFFCO2H External interrupt falling edge specification INTFA1 R/W v \ 00H
register 1
FFFFFCO4H | External interrupt falling edge specification INTF2 R/W v S 00H
register 2
FFFFFCOAH | External interrupt falling edge specification INTF5 R/W v S O0H
register 5
FFFFFCOCH | External interrupt falling edge specification INTF6 RW v \ 00H
register 6
FFFFFC10H External interrupt falling edge specification INTFAL R/W v \ 00H
register AL
FFFFFC16H | External interrupt falling edge specification INTFDH R/W S 0000H
register DH
FFFFFC16H | External interrupt falling edge specification INTFDHL R/W v S 00H
register DHL
FFFFFC17H | External interrupt falling edge specification INTFDHH R/W v \ 00H
register DHH
FFFFFC22H | External interrupt rising edge specification INTR1 R/W v \ 03H
register 1
FFFFFC24H | External interrupt rising edge specification INTR2 R/W v S 3FH
register 2
FFFFFC2AH | External interrupt rising edge specification INTR5 R/W y J 07H
register 5
FFFFFC2CH | External interrupt rising edge specification INTR6 R/W v \ EOH
register 6
FFFFFC30H | External interrupt rising edge specification INTRAL R/W v \ 03H

register AL
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FFFFFC36H External interrupt rising edge specification INTRDH R/W \ FFFFH
register DH
FFFFFC36H | External interrupt rising edge specification INTRDHL R/W R v FFH
register DHL
FFFFFC37H | External interrupt rising edge specification INTRDHH R/W \ N FFH
register DHH
FFFFFDOOH | Clocked serial interface mode register 30 CSIM30 R/W 00H
FFFFFDO1H | Clocked serial interface clock select register 30 | CSIC30 R/W v v 07H
FFFFFDO2H Receive data buffer register 30 SIRB30 R \ 0000H
FFFFFDO2H | Receive data buffer register 30L SIRB30L R 00H
FFFFFDO3H | Receive data buffer register 30H SIRB30H R N 00H
FFFFFDO6H | Transmit data CSI buffer register 30 SFDB30 R/W \ 0000H
FFFFFDO6H | Transmit data CSI buffer register 30L SFDB30L R/W v O00H
FFFFFDO7H | Transmit data CSI buffer register 30H SFDB30H R/W N 00H
FFFFFDO8H | CSIBUF status register 30 SFA30 R/W \ N 20H
FFFFFDO9H | Transfer data length select register 30 CSIL30 R/W v v 00H
FFFFFDOCH | Transfer data number specification register 30 | SFN30 R/W R v O00H
FFFFFD20H | Clocked serial interface mode register 31 CSIM31 R/W \ N 00H
FFFFFD21H | Clocked serial interface clock select register 31 | CSIC31 R/W J v 07H
FFFFFD22H | Receive data buffer register 31 SIRB31 R \ 0000H
FFFFFD22H | Receive data buffer register 31L SIRB31L R v O00H
FFFFFD23H | Receive data buffer register 31H SIRB31H R N 00H
FFFFFD26H | Transmit data CSI buffer register 31 SFDB31 R/W S 0000H
FFFFFD26H | Transmit data CSI buffer register 31L SFDB31L R/W v 00H
FFFFFD27H | Transmit data CSI buffer register 31H SFDB31H R/W v O00H
FFFFFD28H | CSIBUF status register 31 SFA31 R/W \ N 20H
FFFFFD29H | Transfer data length select register 31 CSIL31 R/W \ N 00H
FFFFFD2CH | Transfer data number specification register 31 | SFN31 R/W R v O00H
FFFFFDFOH | USB function 0 DMA channel select register UFOCS R/W \ 0000H
FFFFFDF2H | USB function 0 buffer control register UFOBC R/W \ N 00H
FFFFFEOOH | UFO EPONAK register UFOEON R/W y 00H
FFFFFEO1H | UFO EPONAKALL register UFOEONA R/W 3 00H
FFFFFEO2H | UFO EPNAK register UFOEN R/W v 00H
FFFFFEO3H | UFO EPNAK mask register UFOENM R/W v 00H
FFFFFEO4H | UFO SNDSIE register UFOSDS R/W y 00H
FFFFFEO5H UFO CLR request register UFOCLR R N 00H
FFFFFEO6H | UFO SET request register UFOSET R v O00H
FFFFFEO7H UFO EP status 0 register UFOEPSO R N 00H
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FFFFFEO8H UFO EP status 1 register UFOEPS1 R S 00H
FFFFFEO9H | UFO EP status 2 register UFOEPS2 R \ 00H
FFFFFE10H | UFO INT status O register UF0ISO R J 00H
FFFFFE11H UFO INT status 1 register UFO0IS1 R S 00H
FFFFFE12H UFO INT status 2 register UFO0IS2 R \ 00H
FFFFFE13H | UFO INT status 3 register UF0IS3 R \ 00H
FFFFFE14H | UFO INT status 4 register UFo0IS4 R J 00H
FFFFFE17H | UFO INT mask O register UFOIMO R/W J 00H
FFFFFE18H UFO INT mask 1 register UFO0IM1 R/W \ 00H
FFFFFE19H | UFO INT mask 2 register UF0IM2 R/W \ 00H
FFFFFE1AH | UFO INT mask 3 register UF0IM3 R/W J 00H
FFFFFE1BH | UFO INT mask 4 register UF0IM4 R/W J 00H
FFFFFE1EH | UFO INT clear O register UF0ICO w S FFH
FFFFFE1FH | UFO INT clear 1 register UFOICA W \ FFH
FFFFFE20H | UFO INT clear 2 register UFoIC2 w J FFH
FFFFFE21H UFO INT clear 3 register UFO0IC3 W S FFH
FFFFFE22H UFO INT clear 4 register UFO0IC4 w \ FFH
FFFFFE26H | UFO INT & DMARQ register UFOIDR R/W \ 00H
FFFFFE27H | UFO DMA status O register UFODMSO0 R J 00H
FFFFFE28H UFO0 DMA status 1 register UFODMSH1 R S 00H
FFFFFE30H UFO FIFO clear 0O register UFOFICO w S 00H
FFFFFE31H | UFO FIFO clear 1 register UFOFICA W \ 00H
FFFFFE35H UFO data end register UFODEND R/W S 00H
FFFFFE37H | UFO GPR register UFOGPR W J 00H
FFFFFE3AH | UFO mode control register UFOMODC R/W \ 00H
FFFFFE3CH | UFO mode status register UFOMODS R \ 00H
FFFFFE40H UFO0 active interface number register UFOAIFN R/W S 00H
FFFFFE41H UFO0 active alternative setting register UFOAAS R/W S 00H
FFFFFE42H UFO0 alternative setting status register UFO0ASS R S O00H
FFFFFE43H UF0 endpoint 1 interface mapping register UFOE1IM R/W \ 00H
FFFFFE44H UFO0 endpoint 2 interface mapping register UFOE2IM R/W N 00H
FFFFFE45H UFO0 endpoint 3 interface mapping register UFOE3IM R/W S 00H
FFFFFE46H UFO0 endpoint 4 interface mapping register UFOE4IM R/W \ 00H
FFFFFE49H UF0 endpoint 7 interface mapping register UFOE7IM R/W \ 00H
FFFFFE4AH UFO0 endpoint 8 interface mapping register UFOES8IM R/W N 00H
FFFFFE8OH UFO EPO read register UFOEOR R S Undefined
FFFFFE81H UF0 EPO length register UFOEOL R S O00H
FFFFFE82H | UFO EPO setup register UFOEOST R \ 00H
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FFFFFE83H UFO0 EPO write register UFOEOW w N Undefined
FFFFFE84H UFO bulk out 1 register UF0BO1 R v Undefined
FFFFFE85H UFO bulk out 1 length register UFOBO1L R N 00H
FFFFFE86H UFO bulk out 2 register UF0BO2 R N Undefined
FFFFFE87H UFO bulk out 2 length register UF0OBO2L R N 00H
FFFFFE88H UFO bulk in 1 register UFO0BI1 W v Undefined
FFFFFE89H UFO bulk in 2 register UFO0BI2 w N Undefined
FFFFFE8AH | UFO interrupt 1 register UFOINT1 w N Undefined
FFFFFE8BH | UFO interrupt 2 register UFOINT2 w v Undefined
FFFFFEA2H | UFO device status register L UFODSTL R/W v O00H
FFFFFEA6H | UFO EPO status register L UFOEOSL R/W N 00H
FFFFFEA8H | UFO EP1 status register L UFOE1SL R/W N 00H
FFFFFEAAH | UFO EP2 status register L UFOE2SL R/W v 00H
FFFFFEACH | UFO EPS3 status register L UFOE3SL R/W v 00H
FFFFFEAEH | UFO EP4 status register L UFOE4SL R/W N 00H
FFFFFEB4H | UFO EP7 status register L UFOE7SL R/W y 00H
FFFFFEB6H | UFO EP8 status register L UFOE8SL R/W v 00H
FFFFFECOH | UFO address register UFOADRS R v O00H
FFFFFEC1H | UFO configuration register UFOCNF R N 00H
FFFFFEC2H | UFO interface O register UFOIFO R N 00H
FFFFFEC3H | UFO interface 1 register UFOIF1 R N 00H
FFFFFEC4H | UFO interface 2 register UFOIF2 R v O00H
FFFFFEC5H | UFO interface 3 register UFOIF3 R N 00H
FFFFFEC6H | UFO interface 4 register UFOIF4 R N 00H
FFFFFEDOH | UFO descriptor length register UFODSCL R/W v 00H
FFFFFED1H | UFO device descriptor register 0 UFODDO R/W v Undefined
FFFFFED2H | UFO device descriptor register 1 UFODD1 R/W N Undefined
FFFFFED3H | UFO device descriptor register 2 UFODD2 R/W N Undefined
FFFFFED4H | UFO device descriptor register 3 UFODD3 R/W N Undefined
FFFFFED5H | UFO device descriptor register 4 UFODD4 R/W v Undefined
FFFFFED6H | UFO device descriptor register 5 UFODD5 R/W N Undefined
FFFFFED7H | UFO device descriptor register 6 UFODD6 R/W N Undefined
FFFFFED8H | UFO device descriptor register 7 UFODD7 R/W N Undefined
FFFFFED9H | UFO device descriptor register 8 UFODD8 R/W v Undefined
FFFFFEDAH | UFO device descriptor register 9 UFODD9 R/W N Undefined
FFFFFEDBH | UFO device descriptor register 10 UFODD10 R/W N Undefined
FFFFFEDCH | UFO device descriptor register 11 UFODD11 R/W N Undefined
FFFFFEDDH | UFO device descriptor register 12 UFODD12 R/W v Undefined
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FFFFFEDEH | UFO device descriptor register 13 UFODD13 R/W S Undefined

FFFFFEDFH | UFO device descriptor register 14 UFODD14 R/W \ Undefined

FFFFFEEOH | UFO device descriptor register 15 UFODD15 R/W N Undefined

FFFFFEE1H | UFO device descriptor register 16 UFODD16 R/W S Undefined

FFFFFEE2H | UFO device descriptor register 17 UFODD17 R/W \ Undefined

FFFFFEE3H | UFO configuration/interface/ UFOCIEO R/W \ Undefined
endpoint descriptor register 0

FFFFFEE4H | UFO configuration/interface/ UFOCIE1 R/W N Undefined
endpoint descriptor register 1

FFFFFEE5SH | UFO configuration/interface/ UFOCIE2 R/W S Undefined
endpoint descriptor register 2

FFFFFEE6H | UFO configuration/interface/ UFOCIE3 R/W S Undefined
endpoint descriptor register 3

FFFFFEE7H | UFO configuration/interface/ UFOCIE4 R/W \ Undefined
endpoint descriptor register 4

FFFFFEE8H | UFO configuration/interface/ UFOCIE5 R/W N Undefined
endpoint descriptor register 5

FFFFFEE9H | UFO configuration/interface/ UFOCIE6 R/W S Undefined
endpoint descriptor register 6

FFFFFEEAH | UFO configuration/interface/ UFOCIE7 R/W \ Undefined
endpoint descriptor register 7

FFFFFEEBH | UFO configuration/interface/ UFOCIE8 R/W \ Undefined
endpoint descriptor register 8

FFFFFEECH | UFO configuration/interface/ UFOCIE9 R/W S Undefined
endpoint descriptor register 9

FFFFFEEDH | UFO configuration/interface/ UFOCIE10 R/W S Undefined
endpoint descriptor register 10

FFFFFEEEH | UFO configuration/interface/ UFOCIE11 R/W \ Undefined
endpoint descriptor register 11

FFFFFEEFH | UFO configuration/interface/ UFOCIE12 R/W \ Undefined
endpoint descriptor register 12

FFFFFEFOH | UFO configuration/interface/ UFOCIE13 R/W S Undefined
endpoint descriptor register 13

FFFFFEF1H | UFO configuration/interface/ UFOCIE14 R/W S Undefined
endpoint descriptor register 14

FFFFFEF2H | UFO configuration/interface/ UFOCIE15 R/W \ Undefined
endpoint descriptor register 15

FFFFFEF3H | UFO configuration/interface/ UFOCIE16 R/W \ Undefined
endpoint descriptor register 16

FFFFFEF4H | UFO configuration/interface/ UFOCIE17 R/W S Undefined
endpoint descriptor register 17

FFFFFEF5H | UFO configuration/interface/ UFOCIE18 R/W S Undefined
endpoint descriptor register 18
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FFFFFEF6H UFO configuration/interface/ UFOCIE19 R/W N Undefined
endpoint descriptor register 19

FFFFFEF7H | UFO configuration/interface/ UFOCIE20 R/W v Undefined
endpoint descriptor register 20

FFFFFEF8H | UFO configuration/interface/ UFOCIE21 R/W N Undefined
endpoint descriptor register 21

FFFFFEF9H | UFO configuration/interface/ UFOCIE22 R/W N Undefined
endpoint descriptor register 22

FFFFFEFAH | UFO configuration/interface/ UFOCIE23 R/W v Undefined
endpoint descriptor register 23

FFFFFEFBH | UFO configuration/interface/ UFOCIE24 R/W v Undefined
endpoint descriptor register 24

FFFFFEFCH | UFO configuration/interface/ UFOCIE25 R/W N Undefined
endpoint descriptor register 25

FFFFFEFDH | UFO configuration/interface/ UFOCIE26 R/W N Undefined
endpoint descriptor register 26

FFFFFEFEH | UFO configuration/interface/ UFOCIE27 R/W v Undefined
endpoint descriptor register 27

FFFFFEFFH | UFO configuration/interface/ UFOCIE28 R/W v Undefined
endpoint descriptor register 28

FFFFFFOOH UFO configuration/interface/ UFOCIE29 R/W N Undefined
endpoint descriptor register 29

FFFFFFO1H UFO configuration/interface/ UFOCIE30 R/W N Undefined
endpoint descriptor register 30

FFFFFFO2H UFO configuration/interface/ UFOCIE31 R/W N Undefined
endpoint descriptor register 31

FFFFFFO3H UFO configuration/interface/ UFOCIE32 R/W v Undefined
endpoint descriptor register 32

FFFFFFO4H UFO configuration/interface/ UFOCIE33 R/W N Undefined
endpoint descriptor register 33

FFFFFFO5H UFO configuration/interface/ UFOCIE34 R/W N Undefined
endpoint descriptor register 34

FFFFFFO6H UFO configuration/interface/ UFOCIE35 R/W N Undefined
endpoint descriptor register 35

FFFFFFO7H UFO configuration/interface/ UFOCIE36 R/W v Undefined
endpoint descriptor register 36

FFFFFFO8H UFO configuration/interface/ UFOCIE37 R/W N Undefined
endpoint descriptor register 37

FFFFFFO9H UFO configuration/interface/ UFOCIE38 R/W N Undefined
endpoint descriptor register 38

FFFFFFOAH | UFO configuration/interface/ UFOCIE39 R/W N Undefined
endpoint descriptor register 39

FFFFFFOBH | UFO configuration/interface/ UFOCIE40 R/W v Undefined
endpoint descriptor register 40
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FFFFFFOCH | UFO configuration/interface/ UFOCIE41 R/W \ Undefined
endpoint descriptor register 41

FFFFFFODH | UFO configuration/interface/ UFOCIE42 R/W \ Undefined
endpoint descriptor register 42

FFFFFFOEH | UFO configuration/interface/ UFOCIE43 R/W N Undefined
endpoint descriptor register 43

FFFFFFOFH | UFO configuration/interface/ UFOCIE44 | R/W v Undefined
endpoint descriptor register 44

FFFFFF10H UFO configuration/interface/ UFOCIE45 R/W \ Undefined
endpoint descriptor register 45

FFFFFF11H UFO configuration/interface/ UFOCIE46 R/W \ Undefined
endpoint descriptor register 46

FFFFFF12H UFO configuration/interface/ UFOCIE47 R/W N Undefined
endpoint descriptor register 47

FFFFFF13H UFO configuration/interface/ UFOCIE48 R/W J Undefined
endpoint descriptor register 48

FFFFFF14H UFO configuration/interface/ UFOCIE49 R/W \ Undefined
endpoint descriptor register 49

FFFFFF15H UFO configuration/interface/ UFOCIE50 R/W \ Undefined
endpoint descriptor register 50

FFFFFF16H UFO configuration/interface/ UFOCIE51 R/W N Undefined
endpoint descriptor register 51

FFFFFF17H UFO configuration/interface/ UFOCIE52 R/W J Undefined
endpoint descriptor register 52

FFFFFF18H UFO configuration/interface/ UFOCIE53 R/W \ Undefined
endpoint descriptor register 53

FFFFFF19H UFO configuration/interface/ UFOCIE54 R/W \ Undefined
endpoint descriptor register 54

FFFFFF1AH | UFO configuration/interface/ UFOCIE55 R/W S Undefined
endpoint descriptor register 55

FFFFFF1BH | UFO configuration/interface/ UFOCIE56 R/W J Undefined
endpoint descriptor register 56

FFFFFF1CH | UFO configuration/interface/ UFOCIE57 R/W \ Undefined
endpoint descriptor register 57

FFFFFF1DH | UFO configuration/interface/ UFOCIE58 R/W \ Undefined
endpoint descriptor register 58

FFFFFF1EH | UFO configuration/interface/ UFOCIE59 R/W S Undefined
endpoint descriptor register 59

FFFFFF1FH | UFO configuration/interface/ UFOCIE60 R/W J Undefined
endpoint descriptor register 60

FFFFFF20H UFO configuration/interface/ UFOCIE61 R/W \ Undefined
endpoint descriptor register 61

FFFFFF21H UFO configuration/interface/ UFOCIE62 R/W \ Undefined
endpoint descriptor register 62
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Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFF22H UFO configuration/interface/ UFOCIE63 R/W N Undefined
endpoint descriptor register 63

FFFFFF23H UFO configuration/interface/ UFOCIE64 R/W v Undefined
endpoint descriptor register 64

FFFFFF24H UFO configuration/interface/ UFOCIE65 R/W N Undefined
endpoint descriptor register 65

FFFFFF25H UFO configuration/interface/ UFOCIE66 R/W N Undefined
endpoint descriptor register 66

FFFFFF26H UFO configuration/interface/ UFOCIE67 R/W N Undefined
endpoint descriptor register 67

FFFFFF27H UFO configuration/interface/ UFOCIE6G8 R/W v Undefined
endpoint descriptor register 68

FFFFFF28H UFO configuration/interface/ UFOCIE69 R/W N Undefined
endpoint descriptor register 69

FFFFFF29H UFO configuration/interface/ UFOCIE70 R/W N Undefined
endpoint descriptor register 70

FFFFFF2AH | UFO configuration/interface/ UFOCIE71 R/W v Undefined
endpoint descriptor register 71

FFFFFF2BH | UFO configuration/interface/ UFOCIE72 R/W v Undefined
endpoint descriptor register 72

FFFFFF2CH | UFO configuration/interface/ UFOCIE73 R/W N Undefined
endpoint descriptor register 73

FFFFFF2DH | UFO configuration/interface/ UFOCIE74 R/W N Undefined
endpoint descriptor register 74

FFFFFF2EH | UFO configuration/interface/ UFOCIE75 R/W v Undefined
endpoint descriptor register 75

FFFFFF2FH UFO configuration/interface/ UFOCIE76 R/W v Undefined
endpoint descriptor register 76

FFFFFF30H UFO configuration/interface/ UFOCIE77 R/W N Undefined
endpoint descriptor register 77

FFFFFF31H UFO configuration/interface/ UFOCIE78 R/W N Undefined
endpoint descriptor register 78

FFFFFF32H UFO configuration/interface/ UFOCIE79 R/W N Undefined
endpoint descriptor register 79

FFFFFF33H UFO configuration/interface/ UFOCIE80 R/W v Undefined
endpoint descriptor register 80

FFFFFF34H UFO configuration/interface/ UFOCIES81 R/W N Undefined
endpoint descriptor register 81

FFFFFF35H UFO configuration/interface/ UFOCIE82 R/W N Undefined
endpoint descriptor register 82

FFFFFF36H UFO configuration/interface/ UFOCIE83 R/W N Undefined
endpoint descriptor register 83

FFFFFF37H UFO configuration/interface/ UFOCIE84 R/W v Undefined
endpoint descriptor register 84
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Address Function Register Name Symbol R/W  |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFF38H UFO configuration/interface/ UFOCIE85 R/W \ Undefined
endpoint descriptor register 85

FFFFFF39H UFO configuration/interface/ UFOCIE86 R/W \ Undefined
endpoint descriptor register 86

FFFFFF3AH | UFO configuration/interface/ UFOCIE87 R/W N Undefined
endpoint descriptor register 87

FFFFFF3BH | UFO configuration/interface/ UFOCIE88 R/W J Undefined
endpoint descriptor register 88

FFFFFF3CH | UFO configuration/interface/ UFOCIE89 R/W \ Undefined
endpoint descriptor register 89

FFFFFF3DH | UFO configuration/interface/ UFOCIE90 R/W \ Undefined
endpoint descriptor register 90

FFFFFF3EH | UFO configuration/interface/ UFOCIE91 R/W N Undefined
endpoint descriptor register 91

FFFFFF3FH | UFO configuration/interface/ UFOCIE92 R/W J Undefined
endpoint descriptor register 92

FFFFFF40H UFO configuration/interface/ UFOCIE93 R/W \ Undefined
endpoint descriptor register 93

FFFFFF41H UFO configuration/interface/ UFOCIE94 R/W \ Undefined
endpoint descriptor register 94

FFFFFF42H UFO configuration/interface/ UFOCIE95 R/W N Undefined
endpoint descriptor register 95

FFFFFF43H UFO configuration/interface/ UFOCIE96 R/W J Undefined
endpoint descriptor register 96

FFFFFF44H UFO configuration/interface/ UFOCIE97 R/W \ Undefined
endpoint descriptor register 97

FFFFFF45H UFO configuration/interface/ UFOCIE98 R/W \ Undefined
endpoint descriptor register 98

FFFFFF46H UFO configuration/interface/ UFOCIE99 R/W S Undefined
endpoint descriptor register 99

FFFFFF47H UFO configuration/interface/ UFOCIE100 | R/W J Undefined
endpoint descriptor register 100

FFFFFF48H UFO configuration/interface/ UFOCIE101 R/W \ Undefined
endpoint descriptor register 101

FFFFFF49H UFO configuration/interface/ UFOCIE102 | R/W \ Undefined
endpoint descriptor register 102

FFFFFF4AH | UFO configuration/interface/ UFOCIE103 | R/W S Undefined
endpoint descriptor register 103

FFFFFF4BH | UFO configuration/interface/ UFOCIE104 | R/W J Undefined
endpoint descriptor register 104

FFFFFF4CH | UFO configuration/interface/ UFOCIE105 | R/W \ Undefined
endpoint descriptor register 105

FFFFFF4DH | UFO configuration/interface/ UFOCIE106 | R/W \ Undefined
endpoint descriptor register 106
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Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFF4EH | UFO configuration/interface/ UFOCIE107 | R/W v Undefined
endpoint descriptor register 107

FFFFFF4FH UFO configuration/interface/ UFOCIE108 | R/W v Undefined
endpoint descriptor register 108

FFFFFF50H UFO configuration/interface/ UFOCIE109 | R/W N Undefined
endpoint descriptor register 109

FFFFFF51H UFO configuration/interface/ UFOCIE110 | R/W N Undefined
endpoint descriptor register 110

FFFFFF52H UFO configuration/interface/ UFOCIE111 R/W v Undefined
endpoint descriptor register 111

FFFFFF53H UFO configuration/interface/ UFOCIE112 | R/W v Undefined
endpoint descriptor register 112

FFFFFF54H UFO configuration/interface/ UFOCIE113 | R/W N Undefined
endpoint descriptor register 113

FFFFFF55H UFO configuration/interface/ UFOCIE114 | R/W N Undefined
endpoint descriptor register 114

FFFFFF56H UFO configuration/interface/ UFOCIE115 R/W N Undefined
endpoint descriptor register 115

FFFFFF57H UFO configuration/interface/ UFOCIE116 | R/W v Undefined
endpoint descriptor register 116

FFFFFF58H UFO configuration/interface/ UFOCIE117 | R/W N Undefined
endpoint descriptor register 117

FFFFFF59H UFO configuration/interface/ UFOCIE118 | R/W N Undefined
endpoint descriptor register 118

FFFFFF5AH | UFO configuration/interface/ UFOCIE119 | R/W v Undefined
endpoint descriptor register 119

FFFFFF5BH | UFO configuration/interface/ UFOCIE120 | R/W v Undefined
endpoint descriptor register 120

FFFFFF5CH | UFO configuration/interface/ UFOCIE121 R/W N Undefined
endpoint descriptor register 121

FFFFFF5DH | UFO configuration/interface/ UFOCIE122 | R/W N Undefined
endpoint descriptor register 122

FFFFFF5EH | UFO configuration/interface/ UFOCIE123 | R/W v Undefined
endpoint descriptor register 123

FFFFFF5FH UFO configuration/interface/ UFOCIE124 | R/W v Undefined
endpoint descriptor register 124

FFFFFF60H UFO configuration/interface/ UFOCIE125 | R/W N Undefined
endpoint descriptor register 125

FFFFFF61H UFO configuration/interface/ UFOCIE126 | R/W N Undefined
endpoint descriptor register 126

FFFFFF62H UFO configuration/interface/ UFOCIE127 | R/W v Undefined
endpoint descriptor register 127

FFFFFF63H UFO configuration/interface/ UFOCIE128 | R/W v Undefined
endpoint descriptor register 128
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Address Function Register Name Symbol R/W  |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFF64H UFO configuration/interface/ UFOCIE129 | R/W \ Undefined
endpoint descriptor register 129

FFFFFF65H UFO configuration/interface/ UFOCIE130 | R/W \ Undefined
endpoint descriptor register 130

FFFFFF66H UFO configuration/interface/ UFOCIE131 R/W N Undefined
endpoint descriptor register 131

FFFFFF67H UFO configuration/interface/ UFOCIE132 | R/W J Undefined
endpoint descriptor register 132

FFFFFF68H UFO configuration/interface/ UFOCIE133 | R/W \ Undefined
endpoint descriptor register 133

FFFFFF69H UFO configuration/interface/ UFOCIE134 | R/W \ Undefined
endpoint descriptor register 134

FFFFFF6AH | UFO configuration/interface/ UFOCIE135 | R/W N Undefined
endpoint descriptor register 135

FFFFFF6BH | UFO configuration/interface/ UFOCIE136 | R/W J Undefined
endpoint descriptor register 136

FFFFFF6CH | UFO configuration/interface/ UFOCIE137 | R/W \ Undefined
endpoint descriptor register 137

FFFFFF6DH | UFO configuration/interface/ UFOCIE138 | R/W \ Undefined
endpoint descriptor register 138

FFFFFF6EH | UFO configuration/interface/ UFOCIE139 | R/W N Undefined
endpoint descriptor register 139

FFFFFF6FH | UFO configuration/interface/ UFOCIE140 | R/W J Undefined
endpoint descriptor register 140

FFFFFF70H UFO configuration/interface/ UFOCIE141 R/W \ Undefined
endpoint descriptor register 141

FFFFFF71H UFO configuration/interface/ UFOCIE142 | R/W \ Undefined
endpoint descriptor register 142

FFFFFF72H UFO configuration/interface/ UFOCIE143 | R/W S Undefined
endpoint descriptor register 143

FFFFFF73H | UFO configuration/interface/ UFOCIE144 | R/W v Undefined
endpoint descriptor register 144

FFFFFF74H UFO configuration/interface/ UFOCIE145 | R/W \ Undefined
endpoint descriptor register 145

FFFFFF75H UFO configuration/interface/ UFOCIE146 | R/W \ Undefined
endpoint descriptor register 146

FFFFFF76H UFO configuration/interface/ UFOCIE147 | R/W S Undefined
endpoint descriptor register 147

FFFFFF77H UFO configuration/interface/ UFOCIE148 | R/W J Undefined
endpoint descriptor register 148

FFFFFF78H UFO configuration/interface/ UFOCIE149 | R/W \ Undefined
endpoint descriptor register 149

FFFFFF79H UFO configuration/interface/ UFOCIE150 | R/W \ Undefined
endpoint descriptor register 150
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Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFF7AH | UFO configuration/interface/ UFOCIE151 R/W v Undefined
endpoint descriptor register 151

FFFFFF7BH | UFO configuration/interface/ UFOCIE152 | R/W v Undefined
endpoint descriptor register 152

FFFFFF7CH | UFO configuration/interface/ UFOCIE153 | R/W N Undefined
endpoint descriptor register 153

FFFFFF7DH | UFO configuration/interface/ UFOCIE154 | R/W N Undefined
endpoint descriptor register 154

FFFFFF7EH | UFO configuration/interface/ UFOCIE155 | R/W v Undefined
endpoint descriptor register 155

FFFFFF7FH UFO configuration/interface/ UFOCIE156 | R/W v Undefined
endpoint descriptor register 156

FFFFFF80H UFO configuration/interface/ UFOCIE157 | R/W N Undefined
endpoint descriptor register 157

FFFFFF81H UFO configuration/interface/ UFOCIE158 | R/W N Undefined
endpoint descriptor register 158

FFFFFF82H UFO configuration/interface/ UFOCIE159 | R/W N Undefined
endpoint descriptor register 159

FFFFFF83H UFO configuration/interface/ UFOCIE160 | R/W v Undefined
endpoint descriptor register 160

FFFFFF84H UFO configuration/interface/ UFOCIE161 R/W N Undefined
endpoint descriptor register 161

FFFFFF85H UFO configuration/interface/ UFOCIE162 | R/W N Undefined
endpoint descriptor register 162

FFFFFF86H UFO configuration/interface/ UFOCIE163 | R/W N Undefined
endpoint descriptor register 163

FFFFFF87H UFO configuration/interface/ UFOCIE164 | R/W v Undefined
endpoint descriptor register 164

FFFFFF88H UFO configuration/interface/ UFOCIE165 | R/W N Undefined
endpoint descriptor register 165

FFFFFF89H UFO configuration/interface/ UFOCIE166 | R/W N Undefined
endpoint descriptor register 166

FFFFFF8AH | UFO configuration/interface/ UFOCIE167 | R/W v Undefined
endpoint descriptor register 167

FFFFFF8BH | UFO configuration/interface/ UFOCIE168 | R/W v Undefined
endpoint descriptor register 168

FFFFFF8CH | UFO configuration/interface/ UFOCIE169 | R/W N Undefined
endpoint descriptor register 169

FFFFFF8DH | UFO configuration/interface/ UFOCIE170 | R/W N Undefined
endpoint descriptor register 170

FFFFFF8EH | UFO configuration/interface/ UFOCIE171 R/W v Undefined
endpoint descriptor register 171

FFFFFF8FH UFO configuration/interface/ UFOCIE172 | R/W v Undefined
endpoint descriptor register 172
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Address Function Register Name Symbol R/W  |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFFO0H UFO0 configuration/interface/ UFOCIE173 R/W S Undefined
endpoint descriptor register 173

FFFFFF91H UFO configuration/interface/ UFOCIE174 | R/W \ Undefined
endpoint descriptor register 174

FFFFFF92H UFO configuration/interface/ UFOCIE175 | R/W N Undefined
endpoint descriptor register 175

FFFFFF93H UFO configuration/interface/ UFOCIE176 | R/W S Undefined
endpoint descriptor register 176

FFFFFF94H UFO configuration/interface/ UFOCIE177 R/W S Undefined
endpoint descriptor register 177

FFFFFF95H UFO configuration/interface/ UFOCIE178 | R/W \ Undefined
endpoint descriptor register 178

FFFFFF96H UFO configuration/interface/ UFOCIE179 | R/W N Undefined
endpoint descriptor register 179

FFFFFF97H UFO configuration/interface/ UFOCIE180 | R/W S Undefined
endpoint descriptor register 180

FFFFFF98H UFO configuration/interface/ UFOCIE181 R/W S Undefined
endpoint descriptor register 181

FFFFFF99H UFO configuration/interface/ UFOCIE182 | R/W \ Undefined
endpoint descriptor register 182

FFFFFF9AH | UFO configuration/interface/ UFOCIE183 | R/W N Undefined
endpoint descriptor register 183

FFFFFF9BH | UFO configuration/interface/ UFOCIE184 | R/W S Undefined
endpoint descriptor register 184

FFFFFFOCH | UFO configuration/interface/ UFOCIE185 | R/W S Undefined
endpoint descriptor register 185

FFFFFFODH | UFO configuration/interface/ UFOCIE186 | R/W \ Undefined
endpoint descriptor register 186

FFFFFFOEH | UFO configuration/interface/ UFOCIE187 | R/W S Undefined
endpoint descriptor register 187

FFFFFFOFH UFO configuration/interface/ UFOCIE188 | R/W S Undefined
endpoint descriptor register 188

FFFFFFAOH | UFO configuration/interface/ UFOCIE189 | R/W S Undefined
endpoint descriptor register 189

FFFFFFA1H | UFO configuration/interface/ UFOCIE190 | R/W \ Undefined
endpoint descriptor register 190

FFFFFFA2H | UFO configuration/interface/ UFOCIE191 R/W S Undefined
endpoint descriptor register 191

FFFFFFA3H | UFO configuration/interface/ UFOCIE192 | R/W S Undefined
endpoint descriptor register 192

FFFFFFA4H UFO configuration/interface/ UFOCIE193 R/W S Undefined
endpoint descriptor register 193

FFFFFFA5H | UFO configuration/interface/ UFOCIE194 | R/W \ Undefined
endpoint descriptor register 194
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Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFFAB6H | UFO configuration/interface/ UFOCIE195 | R/W N Undefined
endpoint descriptor register 195

FFFFFFA7H | UFO configuration/interface/ UFOCIE196 | R/W v Undefined
endpoint descriptor register 196

FFFFFFA8H | UFO configuration/interface/ UFOCIE197 | R/W N Undefined
endpoint descriptor register 197

FFFFFFA9H | UFO configuration/interface/ UFOCIE198 | R/W N Undefined
endpoint descriptor register 198

FFFFFFAAH | UFO configuration/interface/ UFOCIE199 | R/W v Undefined
endpoint descriptor register 199

FFFFFFABH | UFO configuration/interface/ UFOCIE200 | R/W v Undefined
endpoint descriptor register 200

FFFFFFACH | UFO configuration/interface/ UFOCIE201 R/W N Undefined
endpoint descriptor register 201

FFFFFFADH | UFO configuration/interface/ UFOCIE202 | R/W N Undefined
endpoint descriptor register 202

FFFFFFAEH | UFO configuration/interface/ UFOCIE203 | R/W v Undefined
endpoint descriptor register 203

FFFFFFAFH | UFO configuration/interface/ UFOCIE204 | R/W v Undefined
endpoint descriptor register 204

FFFFFFBOH | UFO configuration/interface/ UFOCIE205 | R/W N Undefined
endpoint descriptor register 205

FFFFFFB1H | UFO configuration/interface/ UFOCIE206 | R/W N Undefined
endpoint descriptor register 206

FFFFFFB2H | UFO configuration/interface/ UFOCIE207 | R/W v Undefined
endpoint descriptor register 207

FFFFFFB3H | UFO configuration/interface/ UFOCIE208 | R/W v Undefined
endpoint descriptor register 208

FFFFFFB4H | UFO configuration/interface/ UFOCIE209 | R/W N Undefined
endpoint descriptor register 209

FFFFFFB5H | UFO configuration/interface/ UFOCIE210 | R/W N Undefined
endpoint descriptor register 210

FFFFFFB6H | UFO configuration/interface/ UFOCIE211 R/W v Undefined
endpoint descriptor register 211

FFFFFFB7H | UFO configuration/interface/ UFOCIE212 | R/W v Undefined
endpoint descriptor register 212

FFFFFFB8H | UFO configuration/interface/ UFOCIE213 | R/W N Undefined
endpoint descriptor register 213

FFFFFFB9H | UFO configuration/interface/ UFOCIE214 | R/W N Undefined
endpoint descriptor register 214

FFFFFFBAH | UFO configuration/interface/ UFOCIE215 | R/W v Undefined
endpoint descriptor register 215

FFFFFFBBH | UFO configuration/interface/ UFOCIE216 | R/W v Undefined
endpoint descriptor register 216
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Address Function Register Name Symbol R/W  |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFFBCH | UFO configuration/interface/ UFOCIE217 | R/W \ Undefined
endpoint descriptor register 217

FFFFFFBDH | UFO configuration/interface/ UFOCIE218 | R/W \ Undefined
endpoint descriptor register 218

FFFFFFBEH | UFO configuration/interface/ UFOCIE219 | R/W N Undefined
endpoint descriptor register 219

FFFFFFBFH | UFO configuration/interface/ UFOCIE220 | R/W S Undefined
endpoint descriptor register 220

FFFFFFCOH | UFO configuration/interface/ UFOCIE221 R/W S Undefined
endpoint descriptor register 221

FFFFFFC1H | UFO configuration/interface/ UFOCIE222 | R/W \ Undefined
endpoint descriptor register 222

FFFFFFC2H | UFO configuration/interface/ UFOCIE223 | R/W N Undefined
endpoint descriptor register 223

FFFFFFC3H | UFO configuration/interface/ UFOCIE224 | R/W S Undefined
endpoint descriptor register 224

FFFFFFC4H | UFO configuration/interface/ UFOCIE225 R/W S Undefined
endpoint descriptor register 225

FFFFFFC5H | UFO configuration/interface/ UFOCIE226 | R/W \ Undefined
endpoint descriptor register 226

FFFFFFC6H | UFO configuration/interface/ UFOCIE227 | R/W N Undefined
endpoint descriptor register 227

FFFFFFC7H | UFO configuration/interface/ UFOCIE228 | R/W S Undefined
endpoint descriptor register 228

FFFFFFC8H | UFO configuration/interface/ UFOCIE229 R/W S Undefined
endpoint descriptor register 229

FFFFFFCOH | UFO configuration/interface/ UFOCIE230 | R/W \ Undefined
endpoint descriptor register 230

FFFFFFCAH | UFO configuration/interface/ UFOCIE231 R/W S Undefined
endpoint descriptor register 231

FFFFFFCBH | UFO configuration/interface/ UFOCIE232 | R/W S Undefined
endpoint descriptor register 232

FFFFFFCCH | UFO configuration/interface/ UFOCIE233 | R/W S Undefined
endpoint descriptor register 233

FFFFFFCDH | UFO configuration/interface/ UFOCIE234 | R/W \ Undefined
endpoint descriptor register 234

FFFFFFCEH | UFO configuration/interface/ UFOCIE235 | R/W S Undefined
endpoint descriptor register 235

FFFFFFCFH | UFO configuration/interface/ UFOCIE236 | R/W S Undefined
endpoint descriptor register 236

FFFFFFDOH | UFO configuration/interface/ UFOCIE237 R/W S Undefined
endpoint descriptor register 237

FFFFFFD1H | UFO configuration/interface/ UFOCIE238 | R/W \ Undefined
endpoint descriptor register 238
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Address Function Register Name Symbol R/W |Bit Units for Manipulation|  After Reset
1 Bit | 8 Bits | 16 Bits

FFFFFFD2H | UFO configuration/interface/ UFOCIE239 | R/W v Undefined
endpoint descriptor register 239

FFFFFFD3H | UFO configuration/interface/ UFOCIE240 | R/W v Undefined
endpoint descriptor register 240

FFFFFFD4H | UFO configuration/interface/ UFOCIE241 R/W N Undefined
endpoint descriptor register 241

FFFFFFD5H | UFO configuration/interface/ UFOCIE242 | R/W N Undefined
endpoint descriptor register 242

FFFFFFD6H | UFO configuration/interface/ UFOCIE243 | R/W v Undefined
endpoint descriptor register 243

FFFFFFD7H | UFO configuration/interface/ UFOCIE244 | R/W v Undefined
endpoint descriptor register 244

FFFFFFD8H | UFO configuration/interface/ UFOCIE245 | R/W N Undefined
endpoint descriptor register 245

FFFFFFD9H | UFO configuration/interface/ UFOCIE246 | R/W N Undefined
endpoint descriptor register 246

FFFFFFDAH | UFO configuration/interface/ UFOCIE247 | R/W v Undefined
endpoint descriptor register 247

FFFFFFDBH | UFO configuration/interface/ UFOCIE248 | R/W v Undefined
endpoint descriptor register 248

FFFFFFDCH | UFO configuration/interface/ UFOCIE249 | R/W N Undefined
endpoint descriptor register 249

FFFFFFDDH | UFO configuration/interface/ UFOCIE250 | R/W N Undefined
endpoint descriptor register 250

FFFFFFDEH | UFO configuration/interface/ UFOCIE251 R/W v Undefined
endpoint descriptor register 251

FFFFFFDFH | UFO configuration/interface/ UFOCIE252 | R/W v Undefined
endpoint descriptor register 252

FFFFFFEOH | UFO configuration/interface/ UFOCIE253 | R/W N Undefined
endpoint descriptor register 253

FFFFFFE1H | UFO configuration/interface/ UFOCIE254 | R/W N Undefined
endpoint descriptor register 254

FFFFFFE2H | UFO configuration/interface/ UFOCIE255 | R/W v Undefined
endpoint descriptor register 255
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3.4.8 Specific registers

Specific registers are registers that are protected from being written with illegal data due to erroneous program
execution, etc. The V850E/ME2 has four specific registers, the power-save control register (PSC) (see 8.6.2 (3)
Power-save control register (PSC)), clock control register (CKC) (see 8.3.1 Clock control register (CKC)), clock
source select register (CKS) (see 8.3.2 Clock source select register (CKS)), and SSCG control register (SSCGC)
(see 8.3.3 SSCG control register (SSCGC)). Disable DMA transfer when writing to a specific register.

There is also the command register (PRCMD), a protection register supporting write operations for specific
registers to avoid an unexpected stoppage of the application system due to erroneous program execution (see 8.6.2
(2) Command register (PRCMD)).

3.4.9 System wait control register (VSWC)

The VSWC register is a register that controls the bus access wait for the on-chip peripheral I/O registers.

Access to on-chip peripheral I/O registers is made in 3 clocks (without wait), however, in the V850E/ME2 waits may
be required depending on the operation frequency. Set the values described in the table below to the VSWC in
accordance with the operation frequency used.

This register can be read or written in 1-bit or 8-bit units (address: FFFFFO6EH, initial value: 77H).

Operation Frequency (fx) Number of Waits VSWC Setting Value
10.00 MHz < fx £ 25.00 MHz 0 00H
25.00 MHz < fx < 34.00 MHz 1 10H
34.00 MHz < fx < 68.00 MHz 2 11H
68.00 MHz < fx < 75.00 MHz 3 12H
75.00 MHz < fx < 103.00 MHz 4 22H
103.00 MHz < fx £ 125.00 MHz 5 23H
125.00 MHz < fx < 150.00 MHz 6 33H

Remark If the timing of changing a count value contend with the timing of accessing a register when accessing
a register having status flags that indicate the status of the on-chip peripheral functions (such as
UBNSTR) or a register that indicates the count value of a timer (such as TMCn), the register access is
retried. As a result, it may take a longer time to access an on-chip peripheral I/O register.
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3.4.10 Initialization sequence
Initialize the V850E/MEZ2 in the following sequence.

<1>

<2>

Automatically branch to address 100000H after reset is cleared

Set the following registers that affect the external bus access performance using the program allocated at
address 100000H. Execution automatically branches to 100000H when the reset signal is input in the
power-on status.

e System wait control register (VSWC)
Setting of a wait cycle for accessing the on-chip peripheral I/O
e Data wait control registers 0 and 1 (DWCO0 and DWC1)
Setting of a data wait cycle of the external bus
¢ Address setup wait control register (ASC)
Setting of an address setup wait cycle of the external bus
¢ Bus cycle control register (BCC)
Setting of an idle state of the external bus

As necessary, set chip area select control registers 0 and 1 (CSCO0 and CSCH1), bus cycle type configuration
registers 0 and 1 (BCTO and BCT1), the local bus sizing control register (LBS), the endian configuration
register (BEC), line buffer control registers 0 and 1 (LBCO and LBC1), the page ROM configuration register
(PRC), port DH function control register (PFCDH), and port CS function control register (PFCCS).

Cautions 1. Disable all interrupts from when the reset signal is cleared until when the program
code is completely transferred to the internal instruction RAM (while steps <1> to <3>
of the initialization sequence are being executed). Maskable interrupts are masked by
default and do not have to be disabled.

2. Set SDRAM configuration registers 1, 3, 4, and 6 (SCR1, SCR3, SCR4, and SCR6) after
the processing of step <2>.

Checking LOCK bit of lock register (LOCKR)
After setting the registers in <1> above, check whether the LOCK bit of the LOCKR register is cleared to 0
(PLL is locked), and set the registers as follows.

(i) System wait control register (VSWC)
Set to x7H (x: Value set in <1>)
For example, if 11H is set in <1>, set 17H here.
(i) Bus mode control register (BMC)
Set the frequency division value of the external bus.
(iii) System wait control register (VSWC)
Re-set the value set in <1>.
(iv) Clock control register (CKC)
Set the internal system clock frequency (fcLk) division value.
(v) Clock source select register (CKS)
Switch from OSC output to SSCG output (switch the clock supply to the CPU from the input frequency
to the X1 and X2 pins to the frequency multiplied by 8 by the PLL).

Remark The CKC and CKS registers must be rewritten in a special sequence because they are specific
registers.
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<3> Transferring program code to internal instruction RAM

Transfer the program code to the internal instruction RAM by program processing or using the DMA
function. When using the DMA function, check the completion of DMA transfer by polling bit 7 (DMAIFn) of
the DMA interrupt control register (DMAICn), without using the DMA transfer end interrupt (INTDMAR) (n = 0
to 3). After transferring the program code, set the internal instruction RAM in the read mode using the
following procedure.

(i) Set the read mode by using (clearing to 0) the IRAMMO bit of the internal instruction RAM mode register
(IRAMM). Note that the setting of the IRAMMO bit must not be changed before it is cleared here.

(i) After clearing the IRAMMO bit of the IRAMM register to 0, read the IRAMMO bit that has been cleared to
0 to confirm that the read mode has been set (to prevent speculative instruction execution by pipeline
operation).

(ili) Branch to the internal instruction RAM area by executing a branch instruction.

Cautions 1. After the reset signal has been cleared, the NMI input is masked by hardware. The NMI
is unmasked as soon as the IRAMMO bit of the IRAMM register is cleared in step <3> of
the initialization sequence.

2. If it is necessary to confirm NMI input immediately after the reset signal has been
cleared and before the internal instruction RAM is set in the read mode, read the
NMIRS bit of the NMI reset status register (NRS). If this bit is set to 1, it indicates that
the NMI valid edge has been input. Execute the NMI servicing routine as necessary.
The NRS register is used only to check NMI input after the reset signal has been
cleared and before the internal instruction RAM is set in the read mode. This register
is not cleared after the reset signal has been cleared.

3. The software exception and exception trap cannot be masked. Do not execute the
TRAP and DBTRAP instructions until the program code has been transferred to the
internal instruction RAM.

Remarks 1. The NMIRS bit of the NRS register is also set to 1 if an NMI is input after the internal
instruction RAM has been set in the read mode. In this case, execution automatically
branches to the NMI servicing routine and it is not necessary to confirm the status of the
NMIRS bit.

2. The NMI input mask function is valid after the reset signal has been cleared and before the
internal instruction RAM is set in the read mode.

3. To write data to instruction RAM bank 0 of the internal instruction RAM in the middle of
program execution, set the NP bit of the PSW to 1 to disable NMI and maskable interrupts, so
that the software exception and exception trap do not occur. Clear the NP bit after the
program has been rewritten, and after it has been confirmed that the IRAMMO bit of the
IRAMM register has been set to 1 and the read mode has been set.

4. NMI and maskable interrupt requests that are generated while the NP bit of the PSW is set to
1 are held pending. An NMI request is acknowledged immediately after the NP bit has been
cleared to 0. A maskable interrupt is acknowledged immediately after the NP bit has been
cleared to 0 if interrupts are not disabled (DI status) and the interrupt request is not cleared
(by clearing the xxIFn bit of the interrupt control register (xxICn) to 0) before the NP bit is
cleared to 0, and if the xxMKn bit of the interrupt control register is not set to 1. However,
only one of the NMI and maskable interrupt requests is held pending for each interrupt
source, and only one interrupt request is acknowledged even if the same interrupt request is
generated two times or more.
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3.4.11 Restriction on conflict between sld instruction and interrupt request

(a) Description
If a conflict occurs between the decode operation of an instruction in <2> immediately before the sld instruction
following an instruction in <1> and an interrupt request before the instruction in <1> is complete, the execution
result of the instruction in <1> may not be stored in a register.

Instruction <1>
e |d instruction: Id.b, Id.h, Id.w, Id.bu, Id.hu
e sld instruction: sld.b, sld.h, sld.w, sld.bu, sld.hu
¢ Multiplication instruction: mul, mulh, mulhi, mulu

Instruction <2>

mov reg1, reg2 not regt, reg2 satsubr regi, reg2 satsub reg1, reg2
satadd reg1, reg2 satadd immb5, reg2 or regl, reg2 xor reg1, reg2
and reg1, reg2 tst regl, reg2 subr reg1, reg2 sub reg1, reg2
add reg1, reg2 add immb5, reg2 cmp regl, reg2 cmp immb, reg2
mulh reg1, reg2 shr immb5, reg2 sar immb>, reg2 shl immb5, reg2
<Example>
<i> ld.w [r11],r10 If the decode operation of the mov instruction <ii> immediately before the sld

° instruction <iii> and an interrupt request conflict before execution of the Id instruction
. <i> is complete, the execution result of instruction <i> may not be stored in a register.
<ii> mov r10, r28

<iii> sld.w 0x28, r10

(b) Countermeasure

<1> When compiler (CA850) is used
Use CA850 Ver. 2.61 or later because generation of the corresponding instruction sequence can be
automatically suppressed.

<2> For assembler
When executing the sld instruction immediately after instruction <ii>, avoid the above operation using
either of the following methods.

¢ Insert a nop instruction immediately before the sld instruction.

e Do not use the same register as the sld instruction destination register in the above instruction <ii>
executed immediately before the sld instruction.
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*x 3.5 Cautions
Cautions concerning the CPU function are shown below.

(1) Allocation to address 0100000H
Be sure to allocate external memory to address 0100000H for correct operation.

(2) Program execution in internal data RAM area
Do not execute the program in the internal data RAM area.

(3) Source/destination address of DMA transfer
Be sure to use addresses FFFFOOOH to FFFFFFFH for the source/destination address of DMA transfer.

(4) Initialization sequence
Disable all interrupts from when the reset signal is released until when the program code is completely
transferred to the internal instruction RAM.

(5) Program code transfer to internal instruction RAM

Do not execute the TRAP and DBTRAP instructions until the program code has been transferred to the
internal instruction RAM.
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The VB50E/ME2 is provided with an external bus interface function by which external I/O and memories, such as
ROM and RAM, can be connected.

4.1

Features

32-bit/16-bit/8-bit data bus sizing function

e 8-space chip select function
e Wait function

¢ Programmable wait function, through which up to 7 wait states can be inserted for each memory block

* External wait function via WAIT pin

* |dle state insertion function
¢ Bus mastership arbitration function
¢ Bus hold function

e External device connection enabled via bus control/port alternate function pins

4.2 Bus Control Pins

The following pins are used for connection to external devices.

Bus Control Pin (Function When in Control Mode)

Function When in Port Mode

Register for Port/Control
Mode Switching

Data bus (DO to D15)

Data bus (D16 to D31) PDHO to PDH15 (Port DH) PMCDH
Address bus (A0, A1) PALO, PAL1 (Port AL) PMCAL
Address bus (A16 to A25) PAHO to PAH9 (Port AH) PMCAH
Chip select (CS0 to CS7, IOWR, IORD) PCSO0 to PCS7 (Port CS) PMCCS
SDRAM sync control (SDCKE) PCDO (Port CD) PMCCD
Bus clock (BUSCLK) PCD1 (Port CD)

SDRAM control (SDCAS, SDRAS) PCD2, PCD3 (Port CD)

Read/write control (LLWR/LLBE/LLDQM, PCTO to PCT5 (Port CT) PMCCT
LUWR/LUBE/LUDQM, ULWR/ULBE/ULDQM,

UUDQM/UUBE/UUWR, RD, WE/WR)

Bus cycle start (BCYST) PCT7 (Port CT)

External wait control (WAIT) PCMO (Port CM) PMCCM

Bus hold control (HLDRQ, HLDAK)

PCM2, PCM3 (Port CM)

SDRAM refresh control (REFRQ)

PCM4 (Port CM)

Self-refresh control (SELFREF)

PCM5 (Port CM)

Remark When the system is reset, each bus control pin becomes unconditionally valid. (However, D16 to D31,
ULWR/ULBE/ULDQM, and UUWR/UUBE/UUDQM are valid only in 32-bit mode.)
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4.2.1 Pin status during internal instruction RAM, internal data RAM, and on-chip peripheral /0 access

While accessing internal instruction RAM (in the read mode), internal data RAM, and on-chip peripheral I/O, the
address bus outputs low level, and the data bus outputs nothing and enters the high-impedance state. The external
bus control signals become inactive.

When the internal instruction RAM is accessed (in the write mode), the address bus and data bus output data. The
external bus control signals other than UUWR, ULWR, LUWR, LLWR, and WR become active. If output of the IOWR
signal is enabled by setting the IOEN bit of the bus cycle period control register (BCP) to 1, the IOWR signal becomes
inactive.
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4.3 Memory Block Function

The 256 MB memory space is divided into four areas including seven 2 MB memory blocks and one 1 MB memory

block.

The area that can be used as program area is the 64 MB space of addresses 0000000H to 3FFFFFFH.

CS6

Cs4

CS3

cst

Notes 1.

Area 3

Area 2

Area 1

Area 0

On-chip peripheral
1/0 area (4 KB)

Internal data RAM area
(16 KB)

Access-prohibited area°'®?

FFFFFFFH Block 7
FEOO00OH (2 MB)
FDFFFFFH Block 6
FCO0000H (2 MB)
FBFFFFFH Block 5
FA00000H (2MB)
FOFFFFFH Block 4
F800000H (2 MB)
F7FFFFFH
CO000000H
BFFFFFFH
8000000H
7FFFFFFH
4000000H
3FFFFFFH | On-chip peripheral
3FFFO00H | I/O mirrorMee (4 KB)
SFFEFFFH Internal data
3FFBOOOH RAM mirror (16 KB)
3FFAFFFH """""f'.""'"N;t;;
3FF8000H Access-prohibited area
3FF7FFFH
0800000H
07FFFFFH Block 3
0600000H (2 MB)
05FFFFFH Block 2
0400000H (2 MB)
03FFFFFH Block 1
0200000H (2 MB)
O01FFFFFH Block 0
0100000H (1 MB)
OOFFFFFH Internal instruction
0000000H RAM area (1 MB)

External memory area

FFFFFFFH
FFFFO00H
FFFEFFFH
FFFBO0OH
FFFAFFFH
FFF8000H

Addresses 3FFFO00H to 3FFFFFFH are access-prohibited. To access the on-chip peripheral 1/0O,
specify addresses FFFFOOOH to FFFFFFFH.
2. The operation is not guaranteed if an access-prohibited area is accessed.
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4.3.1 Chip select control function
Each memory block can be divided by the CSC0 and CSC1 registers to control the chip select signal.
The memory area can be effectively used by dividing it into memory blocks using the chip select control function.

The priority order is described below.

(1) Chip area select control registers 0, 1 (CSC0, CSC1)

118

These registers can be read or written in 16-bit units and become valid by setting each bit to 1.
If different chip select signal outputs are set to the same block, the priority order is controlled as follows.

CSC0: CS0 > CS2 > CS1
CSC1:CS7 > CS5>CS6

If the CSON and CS2n bits of the CSCO register are cleared to 00, CS1 is output to the corresponding block (n
=0to 3).
Similarly, if the CS5n and CS7n bits of the CSC1 register are cleared to 00, CS6 is output to the

corresponding block (n = 0 to 3).

Caution Write to the CSC0 and CSC1 registers after reset, and then do not change the set value.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSCO  [0833|CS32 0831|CS30]CS23(C522)CS21 020|CS13(0812{CS 11| C10/CS03)CS02 Cs01 [CS00| '_f*FdFdF'gZ%H Ag‘g foset
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSC1  |csaa|cs42cs41|csa0|cs53]0S52|CS51/CS50|0S63|CS62|CS61/CS60CS73|CS72|CS71|CS70 FFAFdFdF'EZSZH Agecr foset
Bit position Bit name Function
15t00 CSnm Chip select is enabled by setting the CSnm bit to 1.
(n=0t07)
(m=0to3) CSnm CS operation

CS00 'CS0 output during block 0 access
CSo1 'CS0 output during block 1 access.
CS02 'CS0 output during block 2 access.
CS03 'CS0 output during block 3 access.
CS10to CS13 Setting has no meaning.
CS20 'CS2 output during block 0 access.
CS21 'CS2 output during block 1 access.
CS22 'CS2 output during block 2 access.
CS23 'CS2 output during block 3 access.
CS30to CS33 Setting has no meaning.
CS401to CS43 Setting has no meaning.
CS50 'CS5 output during block 7 access.
CS51 ‘CS5 output during block 6 access.
CS52 'CS5 output during block 5 access.
CS53 'CS5 output during block 4 access.
CS60 to CS63 Setting has no meaning.
CS70 ‘CS7 output during block 7 access.
CS71 'CS7 output during block 6 access.
CS72 'CS7 output during block 5 access.
CS73 ‘CS7 output during block 4 access.

The following diagram shows the CS signal that is enabled for area 0 when the CSCO register is set to
OFO3H.

When the CSCO register is set to 0FO3H, CS0 and CS2 are output to block 0 and block 1, but since CS0 has
priority over CS2, CSO0 is output if the addresses of block 0 and block 1 are accessed.

If the addresses of block 2 and block 3 are accessed, CS2 is output.

If the addresses of area 0 other than blocks 0 to 3 are accessed, CS1 is output.

The following shows an example when the CSCO register is set to 0803H and the CSC1 register is set to
0601H.
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Figure 4-1. Example When CSCO Register Is Set to 0803H and CSC1 Register Is Set to 0601H

Y 1 FFFFFFFH }
Block 7 .
2 MB CS7 is output.
Al FE000OOH (2 MB) J
FDFFFFFH Block 6
FCO0000H (2MB) .
4 MB FBFFFFFH Block 5 CS5 is output.
v FAO0000H (2MB)
Area 3 FOFFFFFH Block 4
F800000H (2MB)
F7FFFFFH
58 MB CSé6 is output.
v _1Y  CO000000H
BFFFFFFH
64 MB | Area2 CS4 is output.
v _Y_ 8000000H
7FFFFFFH
64 MB | Areaft CS83is output.
v ~Y  4000000H
3FFFFFFH
56 MB CS1 is output.
i 0800000H ]
07FFFFFH Block 3 } N
2 MB CS2 is output.
Y 0600000H (2 MB) P
Area 0 05FFFFFH Block 2 }
2 MB CS1 is output.
v 0400000H (2 MB) P
03FFFFFH Block 1
0200000H (2 MB) vy
3 MB 01EFEEFH Biock 0 CS0 is output.
v 0100000H (1 MB)
00FFFFFH .
FD((f ?\A";)e a } Internal instruction RAM area
_ 0000000H
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4.4 Bus Cycle Type Control Function

In the VB50E/MEZ2, the following external devices can be connected directly to each memory block.

¢ SRAM, external ROM, external I/O

¢ Page ROM
e SDRAM

Connected external devices are specified by the BCTO and BCT1 registers.

(1) Bus cycle type configuration registers 0, 1 (BCT0, BCT1)

These registers can be read or written in 16-bit units.

Be sure to clear bits 14, 10, 6, and 2 to 0. If they are set to 1, the operation is not guaranteed.

Caution Write to the BCTO0 and BCT1 registers after reset, and then do not change the set value
(however, the MEn bit value can be changed). Also, do not access an external memory area

other than the one for this initialization routine until the initial setting of the BCT0 and BCT1

registers is complete.
initialization settings are complete.

However, it is possible to access external memory areas whose

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
BCTO [ME3| o |BTs1|BT30/ME2| o |BT21/BT20[MET| 0 |BTH1]BTI0/MEO| O [BTO1|BTOO| FFFFF4sOH  ssssH
- B [S— [B— [S—
CSn signal CS3 CS2 CS1 CSo
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
BCT1 |ME7‘ 0 ‘BT71 ‘BT70‘ MEG‘ 0 ‘BT61‘BT60‘ MES‘ 0 ‘BT51 ‘BTSO‘ ME4‘ 0 ‘BT41‘BT40| FFFFF482H 8888H
L] L1 L L
CSn signal Cs7 CS6 CS5 Cs4
Bit position Bit name Function
15,11,7,3 MEn Sets memory controller operation enable for each chip select.
0: Operation disabled
1: Operation enabled
13,12,9, 8, BTn1, BTnO Specifies the device to be connected to the CSn signal.
5,4,1,0

BTn1 BTnO External device connected to CSn signal
0 0 SRAM, external I/O
0 1 Page ROM
1 0 Setting prohibited

n=1,3,4,6: SDRAM
n=0,2,5,7: Setting prohibited

Remark n=0to7
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4.5 Bus Access

4.5.1 Number of access clocks
The number of base clocks necessary for accessing each resource is as follows.

Bus Cycle Configuration Instruction Fetch Operand Data Access
Resource (Bus Width) Read Write
Internal instruction RAM (32 bits) 1 1 onee
Internal data RAM (32 bits) - 1

* Note Since the internal instruction RAM (in the write mode) is accessed using BUSCLK (internal instruction
RAM (in the read mode) is accessed using the internal system clock (fcLk)), programmable waits, address
setup waits, and idle states can be inserted for the CS0 space.

Remark Unit: Clock/access

122 User's Manual U16031EJ4V1UD



CHAPTER 4 BUS CONTROL FUNCTION

4.5.2 Bus sizing function
The bus sizing function controls the data bus width for each CS space. The data bus width is specified by using

the LBS register.

(1) Local bus sizing control register (LBS)

This register can be read or written in 16-bit units.

Cautions 1. Write to the LBS register after reset, and then do not change the set value. Also, do not

access an external memory area other than the one for this initialization routine until the
initial setting of the LBS register is complete. However, it is possible to access external
memory areas whose initialization settings are complete.

2. When the data bus width is specified as 8 bits, only the signal shown below becomes
active.
LLWR: When accessing SRAM, external ROM, or external I/O (write cycle)

3. When the data bus width is specified as 16 bits, only the signals shown below become
active.
LLWR, LUWR: When accessing SRAM, external ROM, or external I/O (write cycle)

15

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  After resetNote

LBS |LB71 ‘LB70‘LBG1 ‘LBGO‘L851 ‘ LBSO‘ LB41 ‘LB40‘LBB1 ‘ LB30‘ LB21 ‘ LBZO‘ LB11 ‘ LB10‘ LBO1 ‘ LBOO| FFFFF48EH 5555H/
[ J [ J [ J [ J [ J [ J [ J [ J

Note

CSnsignal  CS7 Cs6 Cs5 Cs4 Cs3 cs2 cst Cso

AAAAH

When in 32-bit mode: AAAAH
When in 16-bit mode: 5555H
For details of 32-bit mode and 16-bit mode, see 3.3.1 Operating modes.

Bit position

Bit name Function

15t00

LBn1, LBnO Sets the data bus width of the CSn space.

LBn1 LBn0O Data bus width of CSn space
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1

Remark n=0to7
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4.5.3 Endian control function

The endian control function can be used to set processing of word data in memory using either the big endian
method or the little endian method for each CS space selected with the chip select signals (CS0 to CS7). Switching of
the endian method is specified using the BEC register.

Caution In the following areas, the data processing method is fixed to little endian, so the setting of the
BEC register is invalid.

e On-chip peripheral I/O area

e Internal instruction RAM area

¢ Internal data RAM area

e Area same as internal data RAM area of addresses 3FF8000H to 3FFBFFFH
e Program fetch area for external memory

(1) Endian configuration register (BEC)
This register can be read or written in 16-bit units.

Be sure to clear bits 15, 13, 11,9, 7, 5, 3, and 1 to 0. If they are set to 1, the operation is not guaranteed.

Caution Write to the BEC register after reset, and then do not change the set value.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BEC | 0 |BE70| 0 |BEG0| O |BE5O| O |BE40| O |BE30| O |BE20| O |BE10| O |BEQO Address After reset
FFFFFO68H 0000H
\ | \ | \ | \ | \ | [ | [ | [ |
CSn signal Ccs7 CS6 CS5 Ccs4 CS3 CSs2 CSt CS0
Bit position Bit name Function
14,12, 10, 8, BEnO Specifies the endian method.
6,4,2,0 0: Little endian method
1: Big endian method

Remark n=0to7
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Figure 4-2. Big Endian Addresses Within Word

31 2423 16 15 87
0008H 0009H 000AH 000BH
0004H 0005H 0006H 0007H
0000H 0001H 0002H 0003H

Figure 4-3. Little Endian Addresses Within Word

31 2423 16 15 8 7
000BH 000AH 0009H 0008H
0007H 0006H 0005H 0004H
0003H 0002H 0001H 0000H

4.5.4 Big endian method usage restrictions in NEC Electronics development tools

(1) When using a debugger (ID850)
The big endian method is supported only in the memory window display.

(2) When using a compiler (CA850)

(a) Restrictions in C language

(i)

(ii)

There are restrictions for variables allocated to/located in the big endian space, as shown below.

e union cannot be used.

bitfield cannot be used.

Access with cast (changing access size) cannot be used.
Variables with initial values cannot be used.

It is necessary to specify the following optimization inhibit options because optimization may cause a
change in the access size.

¢ For global optimization part (opt850)... -Wo, -XTb
¢ For optimization depending on model part (impr850)... -Wi, +arg_reg_opt=OFF, +stld_trans_opt=OFF

The specification of the optimization inhibit options shown above is not necessary, however, if the

access is not an access with cast or with masking/shifting"**.

Note This is on the condition that a pattern that may cause the following optimization is not used.
However, because it is very difficult for users to check the patterns completely in cases such
as when several patterns are mixed (especially for optimization depending on model part), it
is recommended that the optimization inhibit options shown above be specified.
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[Related global optimization part]
e 1-bit set using bit or

inti;

i A=1;

e 1-bit clear using bit and

i &= ~1;
¢ 1-bit not using bit xor
in=1;

¢ 1-bit test using bit and
if(i & 1);

[Related optimization depending on model part]
Accessing the same variable in a different size

e Cast

o Mask

o Shift

Example int i, *ip;

char c;

c=*((char*)ip) ;

Q
1l

Oxff & 1i;

(i<<24) >>24;

-
1l

(b) Restrictions in assembly language
For variables allocated in the big endian space, a quasi directive that secures an area of other than byte
size (.hword, .word, .float, .shword) cannot be used.
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4.5.5 Bus width

The VB850E/ME2 accesses on-chip peripheral 1/0 and external memory in 8-bit, 16-bit, or 32-bit units. The

following shows the operation for each type of access. All data is accessed in order starting from the lower order side.

(1) Byte access (8 bits)

(a) When the data bus width is 32 bits (little endian)

<1> Access to
address (4n)

Address
31

24
23

16
15

S ] N ——1

~ 00

4n
0 0

Byte data External

data bus

<2> Access to
address (4n + 1)

Address
3177
244 1
23, !
16
15
4n + 1
8
7 7.
0 0:
Byte data External
data bus

Byte data

<3> Access to
address (4n + 2)

Address

31

24
23

] 4n +2

16
15

~
~

S LLLITE LT
'

(S R ———

0 0

External
data bus

<4> Access to
address (4n + 3)

Address
31

4n +3

24
23

16
15

I L L L

0 0
Byte data

External
data bus

(b) When the data bus width is 16 bits (little endian)

<1> Access to
address (4n)

Address
15773
8.
7 7
4n
0 0
Byte data External
data bus

<2> Access to
address (4n + 1)

Address
15
4n +1
8
7 7: H
0 0:
Byte data External
data bus

<3> Access to
address (4n + 2)

Address
153770
g:
7 7
4n + 2
0 0
Byte data External
data bus

<4> Access to
address (4n + 3)

Address
15
4n + 3
8
7 7.
0 0 1
Byte data External
data bus
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(c) When the data bus width is 8 bits (little endian)

<1> Access to
address (4n)

Address
7 7
4n
0 0
Byte data External
data bus

<2> Access to
address (4n + 1)

Address
7 7
4n +1
0 0
Byte data External
data bus

<3> Access to
address (4n + 2)

Address
7 7
4n +2
0 0
Byte data External
data bus

<4> Access to
address (4n + 3)

Address
7 7
4n + 3
0 0
Byte data External
data bus

(d) When the data bus width is 32 bits (big endian)

<1> Access to
address (4n)

Address
31
4n

24
23

16
15

[ ——

~
N
mmemeemegeeea———-
'
e

0 0

Byte data External

data bus

<2> Access to
address (4n + 1)

Address

31

24
23

— 4n +1

16
15

]
N
memmmmmmqmmm————-
'
Yy

0 0

External
data bus

Byte data

<3> Access to
address (4n + 2)

Address

31

24
23

16
15

— 4n + 2

0 0
Byte data

External
data bus

<4> Access to
address (4n + 3)

Address
31

24
23

16
15

! R

4n + 3
0 0

Byte data External

data bus

(e) When the data bus width is 16 bits (big endian)

<1> Access to
address (4n)

Address
15
4n
8
7 7 v
0 I
Byte data External
data bus

<2> Access to
address (4n + 1)

Address
153770
81
7 7
4n +1
0 0
Byte data External
data bus

<3> Accessto
address (4n + 2)

Address
15
4n +2
8
7 7 v
0 I
Byte data External
data bus

<4> Access to
address (4n + 3)

Address
153770
81
7 7
4n +3
0 0
Byte data External
data bus
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(f) When the data bus width is 8 bits (big endian)

<1> Access to <2> Access to <3> Access to <4> Access to
address (4n) address (4n + 1) address (4n + 2) address (4n + 3)
Address Address Address Address
7 7 7 7 7 7 7 7
4n 4n +1 4n + 2 4n + 3
0 0 0 0 0 0 0 0
Byte data External Byte data External Byte data External Byte data External
data bus data bus data bus data bus
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(2) Halfword access (16 bits)

(a) When the data bus width is 32 bits (little endian)

<1> Access to address (4n) <2> Access to address (4n + 1)
___Address .._Address
31770 311
24} | 24}
23, 23
P 4n+2
16 ¢ _ 16 ||
15 15 15 15
4an +1 4n + 1
8 8| 8 8
7 7 71 7
4n P
0 ol o] oLt
Halfword External Halfword External
data data bus data data bus
<3> Access to address (4n + 2) <4> Access to address (4n + 3)
1st access 2nd access
___Address Address _..Address
31 31 3140
4n+ 3 4n+ 3 : :
24 || 24 241 1
23 23 . ! 23 !
4n+2 Pl P
- 16 || - 16 1 _ 16 1
15 15 v 15 15 ' H 15 15 ' '
8| | 81 s || 8 8| | 81 .
7 770 7 770 7 7
P - an+a
o] oL} o[ ] oLt o] 0
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
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(b) When the data bus width is 16 bits (little endian)

<1> Access to address (4n)

~ 0o

0

Halfword
data

Address
15
4n + 1
8
7
4n
0
External
data bus

<3> Access to address (4n + 2)

0

Halfword
data

Address
15
4n +3
8
7
4n + 2
0
External
data bus

<2> Access to address (4n + 1)

2nd access
Address
15[ ] 15470
8 | g1
7 7
4n + 2
0| 0
Halfword External
data data bus

<4> Access to address (4n + 3)

1st access
Address
15 [ 15
— 4n +1
8 | 8
7 7.
o 0t
Halfword External
data data bus
1st access
Address
15[ ] 15
— 4n + 3
8| 8
7 7.
o 0t
Halfword External
data data bus

2nd access
Address
15 [ 153770
8[| 8.
7 7
4n+4
0l | 0
Halfword External
data data bus
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(c) When the data bus width is 8 bits (little endian)

<1> Access to address (4n)

1st access
15 [
8 Address
7 [ 7
4n
0 | 0
Halfword External
data data bus
1st access
15 [ ]
8 Address
71 7
4n + 2
0| 0
Halfword External
data data bus

2nd access
15 [
8 Address
71 1 7
4n + 1

0| 0

Halfword External

data data bus

<3> Access to address (4n + 2)

2nd access
15 [ ]
8 Address
7 7
4n+3
0| 0
Halfword External
data data bus

<2> Access to address (4n + 1)

2nd access
15[
8 Address
71 7
4n +2
0| 0
Halfword External
data data bus

<4> Access to address (4n + 3)

1st access
15[ ]
8 Address
71 7
4n +1
0l | 0
Halfword External
data data bus
1st access
15 [ ]
8 Address
71 7
4n +3
(0N 0
Halfword External
data data bus

2nd access
15 [
8 Address
7 7
an+4
0 | 0
Halfword External
data data bus
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(d) When the data bus width is 32 bits (big endian)

<1> Access to address (4n) <2> Access to address (4n + 1)
___Address .. Address
31 314,
4n : :
24| | 24
23 23
4n +1 4n +1
- 16 | | - 16 ||
15 15 15 15
o 4n+2
8| | 8. 8 | 8] |
7 770 7 7. .
o[ | oLt o[ 0Lt
Halfword External Halfword External
data data bus data data bus
<3> Access to address (4n + 2) <4> Access to address (4n + 3)
1st access 2nd access
__.Address ... Address Address
31770 31, 31
P Do 4n+4
244 1 24} 1 24
237 23, 23,
16} BTN T S
15 15 15 15770 15 151771
4n+2 Do o
8 8| | 8| I 8| | 8i
7 7 7 7 7 77
4n+3 L 4an + 3 E H
0 ol ol 0 ol oL
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
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(e) When the data bus width is 16 bits (big endian)

<1> Access to address (4n)

15

~ 0o

0

Halfword

data

Address
15

4n
8
7

4n + 1
0
External
data bus

<3> Access to address (4n + 2)

15

0

Halfword

data

Address
15
4n+2
8
7
4n + 3
0
External
data bus

<2> Access to address (4n + 1)

1st access 2nd access
Address Address
15 [ 153770 15 [ 15
b —| lan+2
8| 8 8| | 8
7 7 7 7
4n +1 P
ol 0 ol oLt
Halfword External Halfword External
data data bus data data bus
<4> Access to address (4n + 3)
1st access 2nd access
Address Address
15[ 15770 15[ ] 15
P —| |an+a
8| | gi ¢ 8| | 8
7 7 7 700
an+3 b
ol 0 ol oL
Halfword External Halfword External
data data bus data data bus

134

User's Manual U16031EJ4V1UD




CHAPTER 4 BUS CONTROL FUNCTION

(f) When the data bus width is 8 bits (big endian)

<1> Access to address (4n)

2nd access
15[ ]
8 Address
71 7
4n + 1

0l | 0

Halfword External

data data bus

<3> Access to address (4n + 2)

1st access
15 [
8 Address
71 7
4n
0l | 0
Halfword External
data data bus
1st access
15 [ ]
8 Address
71 7
4n + 2
0| 0
Halfword External
data data bus

2nd access
15[ ]
8 Address
71 7
4n + 3
0| 0
Halfword External
data data bus

<2> Access to address (4n + 1)

2nd access
15 [
8 Address
7 7
4n +2
(N I 0
Halfword External
data data bus

<4> Access to address (4n + 3)

1st access
15 [ ]
8 Address
71 7
4n + 1
0| 0
Halfword External
data data bus
1st access
15 [ ]
8 Address
7 7
4n+3
0| 0
Halfword External
data data bus

2nd access
15 [ ]
8 Address
71 1 7
4n+ 4
0 [ | 0
Halfword External
data data bus
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(3) Word access (32 bits)

(a) When the data bus width is 32 bits (little endian)

<1> Access to address (4n) <2> Access to address (4n + 1)
1st access 2nd access
_ __ Address Address Address
31 8 31 [ 31 [ ] 31 [] 31173
an+3 an+3 P
B B[ A T - S
4n+2 4n +2
UnlRn e R R = B S
4n + 1 4n + 1 : :
8 8 P
"o HOte S
4n b 4n+4
o[ | ol | ol | 0.t ol 0
Word data E;(tt:rt?l?sl Word data  External Word data  External
data bus data bus
<3> Access to address (4n + 2) <4> Access to address (4n + 3)
1st access 2nd access 1st access 2nd access
_ _Address - . _Address Address . _Address
31 31 31 3t 31 [ ] 31 31 [ 31 7h
4n+3 Pl 4n+3 P
24 24 | | 24 04} ! 24 24 24 o4} ¢
23 [ 23 23 [ 23 177 23 [ 23, : 23 [ 23
4n+2 : : P 4n+6
16 | | e[ w6 | | e 6] | |16 16 || 16 [
15 15, . 15 15 15 157710 15 15
: 4n+5 : 4n+5
8 || 8 ! 8 8 8 81 ! 8 8| |
7 7 ;’“E 71 71 71 7;‘ E 71 7
P 4n +4 P 4n+4
ol oL ol ol ol oL ol ol
Word data External Word data External Word data External Word data External
data bus data bus data bus data bus
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(b) When the data bus width is 16 bits (little endian) (1/2)

<1> Access to address (4n)

31

24

—_—_
ao

~ o

0

1st access
Address
15[ ]
4n + 1
8 —
7
4n
0L

Word data External

<2> Access to address (4n + 1)

31

24

—_—_
ao

~ ©

0

data bus

1st access
Address
15
4n + 1
8
7 : H
0L

Word data External

data bus

2nd access
31 [ ]
24 | |
23
16 |_| __Address
15 15
4n + 3
8 | 8 |
7 7
4n +2
0L | 0L |
Word data External
data bus
2nd access
31 [ ]
24 | |
23
16 || _Address
15 15
4n + 3
8 | 81 |
7 7
4n + 2
0| | 0] |
Word data External
data bus

3rd access
31 [ ]
24 | |
23
16 [ ___Address
15 1570
8 81
7 7
4n +4
0| 0
Word data External
data bus
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(b) When the data bus width is 16 bits (little endian) (2/2)

<3> Access to address (4n + 2)

1st access
31 [ ]
24| |
23
16 || _Address
15 15
4n+ 3
81 | 8 |
7 7
an+2
(N I 0L |
Word data External
data bus

<4> Access to address (4n + 3)

1st access
31 [ ]
24 | |
23
16 | Address
15 15
4n+ 3
8[| 8
7 7: H
o] oLt
Word data External
data bus

2nd access
31 [ ]
24 | |
23
16 || _Address
15 15
4n +5
8 | 8] |
7 7
4n + 4
0L | (0N
Word data External
data bus
2nd access
31 [ ]
24 | |
23
16 ___Address
15 [ | 15
4n+5
8 | 81 |
7 7
an+4
0] | 0L |
Word data External
data bus

3rd access
31 [ ]
24 | |
23
16 Address
15 [ 15 :'
8 | I
7 7
4n + 6
o[ 0
Word data External
data bus
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(c) When the data bus width is 8 bits (little endian) (1/2)

<1> Access to address (4n)

1st access
31 [ ]
24| |
23
16 [ |
15
8 Address
71 7
4n

0] | 0
Word data External

data bus

<2> Access to address (4n + 1)

1st access
31 [ ]
241 |
23
16 | |
15
8| Address
7 7

4n +1
(o8 0
Word data External
data bus

2nd access
31 [ 1
24 | |
23
16 [ |
15
8 Address
71 7
4n +1
0 | 0
Word data External
data bus
2nd access
31 [ 1
24| |
23
16 ||
15
8| | Address
7 7
4an + 2
(N I 0
Word data External
data bus

3rd access

31 [ ]

241 |

23

16 [ |

15

8 Address
71 7

4n + 2

0 | 0

Word data External

data bus
3rd access

31 [ ]
241 |
23

16 ||

15

8| | Address
7 7

4n +3

(o8 0

Word data External

data bus

4th access
31 [ 1
24 | |
23
16 ||
15
8 Address
7] 7
4n +3

o[ | 0
Word data External

data bus

4th access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n + 4

(0N 0
Word data External

data bus
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(c) When the data bus width is 8 bits (little endian) (2/2)

1st access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n + 2
0] | 0
Word data External
data bus

1st access
31 [ ]
24 1 |
23
16 | |
15
8| Address
7 7

4n+3
0] | 0
Word data External
data bus

<3> Access to address (4n + 2)

<4> Access to address (4n + 3)

2nd access
31 [ 1
24| |
23
16 [ |
15
8 Address
71 7
4n +3
0 | 0
Word data External
data bus
2nd access
31 [ 1
24| |
23
16 ||
15
8| | Address
7 7
an + 4
(N 0
Word data External
data bus

3rd access

31 [ ]

241 |

23

16 [ |

15

8 Address
71 7

4n + 4

0 | 0

Word data External

data bus
3rd access

31 [ ]
24 |
23

16 ||

15

8| | Address
7 7

4n+5

(o8 0

Word data External

data bus

4th access
31 [ 1
24 | |
23
16 ||
15
8 Address
7] 7
4n+5

o[ | 0
Word data External

data bus

4th access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n +6

(0N I 0
Word data External

data bus
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(d) When the data bus width is 32 bits (big endian)

31

24

—_—
[$;1e)]

~ 0

0

<1> Access to address (4n)

<2> Access to address (4n + 1)

2nd access
Address
31 [ ] 31
4n +4
24 24
23 [ 23, !
16 | 16
15 15770
8| 81
7 770
o] oi !
Word data External
data bus

<4> Access to address (4n + 3)

1st access
Address _ __ Address
31 ] 31 ] 31 31 ;
4n : :
53 28 5 B
4n + 1 4n + 1
tH  EH BB
4n+2 4n+2
SIS i=Blis
4n+3 4n + 3
0 0 0l | 0l |
Word data External Word data External
data bus data bus
<3> Access to address (4n + 2)
1st access 2nd access 1st access
_ . _Address _Address __Address
31 31 [ ] 31 31 [] 31177
P 4n+4 P
24} & 24 24| | 24 24} 1
| 23 5“5 23 [ 23 23 [ | 237 5
P 4n+5 P
n 16 ¢ 16 || 16 | 16| 16
15 15 15, 15 1573
4n+2 P P
n 8| 8| | 8 ! s |_| 81
7 7 7 :' : 7 7
4n+3 P —{ |4n+3
|| o ol 0f_ ol 0
Word data External Word data External Word data External
data bus data bus data bus

2nd access
_Address
31 [ ] 31
4n + 4
24 24 | ]
23 [ | 23
4n+5
16 || 16 ||
15 15
4n + 6
81 | 8|
7 7.
o 0t
Word data External
data bus
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(e) When the data bus width is 16 bits (big endian) (1/2)

<1> Access to address (4n)

31

24

—_—
ao

~ o

0

1st access
16  Address
15 []
4n
8 —
7
4n +1
0L |

Word data External

<2> Access to address (4n + 1)

31

24

—_—_
ao

~ o

0

data bus

1st access
Address
15 5'";
8
7
4n +1
0

Word data External

data bus

2nd access
31 [ ]
24| |
23
16 Address
15 [ 15[ ]
4n + 2
8 | 8 |
7 7
4n + 3
0L | 0L |
Word data External
data bus
2nd access
31 [ ]
24 ||
23
16 16 Address
15 [ 15[ ]
4n + 2
81 | 8 |
7 7
4n+ 3
0| 0|
Word data External
data bus

3rd access
31 [ ]
24 | |
23
16 Address
15 [ 15
an+4
8 | 8
7 70
o] I
Word data External
data bus
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(e) When the data bus width is 16 bits (big endian) (2/2)

<3> Access to address (4n + 2)

1st access 2nd access
31 [ | 31 [ ]
24 | | 24 | ]
23 23
16 16  Address 16 Address
15 [ 15 [ ] 15 [ | 15[ ]
4n + 2 an+4
8| | 8 | 81 | 81 |
7 7 7 7
4n + 3 4n +5
0l | 0l | 0 | 0 |
Word data External Word data External
data bus data bus

<4> Access to address (4n + 3)

1st access 2nd access 3rd access
31 [ ] 31 [ ] 31 [
24| | 24 | | 241 |
23 23 23
16 Address 16 16 Address 16 Address
15 [ 15770 15 [ 15 [ ] 15 [ | 15
: : an + 4 4n +6
8| | g1 8| 8 8| | 8
7 7 7 7 7 7: H
4n+3 4an+5 - '
o] 0 o ol o[ I
Word data External Word data External Word data External
data bus data bus data bus
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(f) When the data bus width is 8 bits (big endian) (1/2)

1st access
31 [ ]
24| |
23
16 ||
15
8 Address
7] 7
4n

o[ | 0
Word data External

data bus

1st access
31 [ ]
241 |
23
16 ||
15
8 Address
71 7

4n + 1
(o8 0
Word data External
data bus

<1> Access to address (4n)

<2> Access to address (4n + 1)

2nd access
31 [ ]
24| |
23
16 [ |
15
8| | Address
7 7
4n +1
0 | 0
Word data External
data bus
2nd access
31 [ ]
24| |
23
16 ||
15
8| | Address
7 7
4n + 2
(N I 0
Word data External
data bus

3rd access

31 [ ]

241 |

23

16 ||

15

8 Address
71 7

4n + 2

0 | 0

Word data External

data bus
3rd access

31 [ ]
24 | |
23

16 ||

15

8| Address
7 7

4n+3

(o8 0

Word data External

data bus

4th access
31 [
24| |
23
16 ||
15
8 Address
7 7
4n+3

(N I 0
Word data External

data bus

4th access
31 [ ]
24 | |
23
16 [
15
8 || Address
7 7
4n+4

(N I 0
Word data External

data bus
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(f) When the data bus width is 8 bits (big endian) (2/2)

<3> Access to address (4n + 2)

1st access
31 [ ]
24 | |
23
16 ||
15
8 Address
7] 7
4n + 2
o[ | 0
Word data External
data bus

<4> Access to address (4n + 3)

1st access
31 [ ]
241 |
23
16 ||
15
8 Address
71 7

4n+3
(o8 0
Word data External
data bus

2nd access
31 [ ]
24| |
23
16 [ |
15
8| | Address
7 7
4n +3
0 | 0
Word data External
data bus
2nd access
31 [ ]
24| |
23
16 ||
15
8| Address
7 7
4n + 4
(N 0
Word data External
data bus

3rd access
31 [ ]
241 |
23
16 [ |
15
8 Address
71 7
4n + 4

0 | 0
Word data External

data bus

3rd access
31 [ ]
24 | |
23
16 ||
15
8| Address
7 7
4n+5

(o8 0
Word data External

data bus

4th access
31 [
24| |
23
16 ||
15
8 Address
7 7
4n+5

(N 0
Word data External

data bus

4th access
31 [ 1
24| |
23
16 [
15
8| | Address
7 7
4n+6

(N 0
Word data External

data bus
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4.5.6 Data read control function

(1) Line buffer control registers 0, 1 (LBCO, LBC1)
The V850E/ME2 has a read buffer.
The LBCO and LBC1 registers set the operating conditions of the read buffer in each CS space.
These registers can be read or written in 16-bit units.
Be sure to clear bits 15, 14, 11, 10, 7, 6, 3, and 2 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1. Be sure to write data to the LBCO and LBC1 registers after reset. After writing data to

these registers, do not change their values.

2. When the speculative read function is set for each CSn space, do not insert an idle state
in the CSn space for which the speculative read function is enabled by the BCC register
(n =0 to 7). If an idle state is required to be inserted in the CSn space for which the
speculative read function is enabled, enable the speculative read function for all CSn
spaces (set the LBCO and LBC1 registers to 3333H) or disable the speculative read
function for all CSn spaces (set the LBCO and LBC1 registers to 0000H).

3. Do not enable the speculative read function for SDRAM that is accessed via a 32-bit
bus.

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

Leco | o | o |mesi|reso] o | o |me21/re20] o | o |mBri/RB10] 0 | 0 |RBO1/RBOO| FFFFF490H  000OH
. ! [S— —] [S—
CSn signal CS3 Cs2 Csit CSo
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
teci | 0 | o |me71lre7o] o | o |mesilreeo] o | o |mesi/reso o | o |RBa1/RB40| FFFFF492H  000OH
L
CSn signal Cs7 CS6 CS5 CS4
Bit position Bit name Function
13,12,9, 8, RBn1, RBn0 These bits set the operating conditions of the read buffer (timing of speculative read) in
5,4,1,0 each CSn space.
RBn1 RBn0O Timing of speculative read
0 0 Without speculative read (operation of read buffer is
0 1 prohibited)
1 0 Setting prohibited
1 1 In all cycles (including data access)

Remarks 1. n=0to 7
2. If the setting of the RBn1 and RBNO bits is changed, the data in the read buffer is immediately
invalidated.
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(a) Speculative read function (read buffer function)
The VB50E/ME2 has speculative read buffers consisting of 4 words (128 bits). If the operating conditions
set by the LBCO or LBC1 register are satisfied when a read request is issued from the CPU or DMA
controller to a CSn space, the requested address is read and the remaining three words of data are read
(speculatively) to the read buffers, regardless of whether a request is issued from the CPU or DMA
controller. Data is read to the read buffers in the sequence of critical first access.

Example of transfer: For speculative reading of 32 bits

(i) x0xx00H — xxxxx04H — xxxxx08H — xxxxx0CH
(i) xxxxx04H — xxxxx08H — xxxxx0CH — xxxxx00H

Note

(i) xxxxx01H — xxxxx05H — xxxxx09H — xxxxx0DH

Note If the lower 2 bits of an address are not used in the 32-bit mode, the operation is the
same as (i) above.

The four words of data that have been read are held in the read buffers. If the following conditions are
satisfied, the data in the buffers is lost.

e Speculative read miss hit (read request to external memory area not stored in read buffer)
e Writing BCTO or BCT1 register

e Writing LBS register

e Writing LBCO or LBC1 register

e Generation of bus hold

¢ Generation of DMA flyby cycle (not dependent on CS space)

¢ Memory write access to speculatively read line address

If the CPU or DMA controller requests reading the data held in the read buffers, the data is transferred to
the CPU or DMA controller without generating an external memory cycle.

Remark If the speculative read function is enabled in the 32-bit mode (with a 32-bit data bus width) and
the LD.W instruction is executed at address xxxxxODH, the following bus cycles are

successively generated.

XXXXX0CH — &(xxxOOH — Xxxxx04H — xxxxxOB/H -

v . .
Penalty cycle due to speculative reading

XXXxXX10H — )&XXX14H — Xxxxx18H — xxxxx1CB

~ : .
Penalty cycle due to speculative reading

The CPU reads the following data when it stores data in the read buffer.

xxxxxODH (8 bits) — xxxxxO0EH (16 bits) — xxxxx10H (8 bits)
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The speculative read operation is outlined below.

Figure 4-4. Outline of Speculative Read Operation

<2> <1>
Read buffer 1 (32 bits) @ External interface
<3>
CPU Read buffer 2 (32 bits)
or <6>F <4>
DMA controller Read buffer 3 (32 bits)
t <5>
Read buffer 4 (32 bits)

(A) A read cycle to the address requested by the CPU or DMA controller is executed (<1>).

(B) The CPU or DMA controller reads the data loaded to read buffer 1 (<2>).

(C) Read buffers 2 to 4 are speculatively read, and a read cycle of the remaining three words is executed (<3>
to <5>).

(D) If the CPU or DMA controller generates a read request to an address that has already been speculatively
read, data is read from read buffers 2 to 4 (a read access to the external memory does not occur) (<6>).

Remarks 1. (B) and (C) are executed in parallel ((D) is also executed in parallel if data is stored in the read
buffers).
2. If the CPU or DMA controller issues a read request to an address that is not speculatively read
in (C) in the cycle of (D), the operation is kept waiting until the operation of (C) is completed.
After completion of the operation of (C), all data in the read buffers is discarded, and an
operation in response to the next address request is executed starting from (A) (miss hit
operation of the speculative read function).

148

(b) Write buffer function
The V850E/ME2 has an on-chip write buffer of 4 words (128 bits). The write buffer stores data if a write

Note

cycle cannot be executed while the external bus is occupied™". The next instructions are speculatively
executed until the write buffer becomes full. The write buffer is valid for all the external memory areas. If
a write request is generated while the write buffer is full, the next instruction execution is postponed until
there is a vacancy in the write buffer.

While data is being stored in the write buffer (when a write operation to the external memory has not
been completed), DMA flyby and bus hold requests are not acknowledged (DMA flyby and bus hold
requests are acknowledged and an enable signal is generated after all the data of the write buffers has

been written to the external memory).

Note The external bus is occupied when there is a bus cycle currently under execution. If instruction
fetch cycles are successively executed, all write cycles for the write data stored in the write buffer
are always generated after the bus cycle currently under execution (instruction fetch cycle) is
completed.

User's Manual U16031EJ4V1UD



CHAPTER 4 BUS CONTROL FUNCTION

Cautions 1.

Because the write buffer consists of four stages, the write buffer becomes full after
4 bytes (32 bits) when a byte write operation is executed (while a write operation to
the external memory is standing by). Similarly, the conditions under which the write
buffer becomes full vary due to an address miss-align access, etc.
When data is written to an external device, the write operation to the external device
may not be executed even when a CPU write operation has been completed by the
write buffer. The CPU can access the on-chip peripheral I/O registers after the write
operation has been completed even if data exist in the write buffer. Therefore, if it is
necessary to change the value of an on-chip peripheral I/O register after completion
of execution of an external memory cycle, write the same value as the default value
to the LBCO or LBC1 register or write 00H to the WAS register before writing the on-
chip peripheral I/O register whose value is to be changed. When writing an on-chip
peripheral 1/O register other than the LBCO or LBC1 register without writing the
same value as the default value to the LBCO or LBC1 register, or writing an on-chip
peripheral I/O register other than the WAS register without writing 00H to the WAS
register, the register value may be changed before completion of the external
memory cycle. Although rewriting the LBCO and LBC1 registers is prohibited, the
same value can be rewritten to the registers in this case. However, if a value
different from the default value is written to the LBCO or LBC1 register, the
operation is not guaranteed.

If an read access to the external device occurs when data exist in the write buffer,

reading from the external device is executed after the writing all data in the write

buffer to the external device.

During 2-cycle transfer that writes data to the external device, the write operation to

the external device may not be completed even if TCn bit of DCHCn register = 1

(DMA transfer completion) is read by the write buffer (n = 0 to 3). If it is necessary

to change the value of an on-chip peripheral 1/O register after completion of DMA

transfer (completion of a write operation to the external device), perform either of
the following operations.

¢ Monitor the TCn signal (the TCn signal becomes active in synchronization with a
write operation to the external device).

o After detecting setting (to 1) of the TCn bit, write 00H to the WAS register or write

the same value as the default value to the LBCO or LBC1 register, and then
change the value of the on-chip peripheral I/O register. If the value of an on-chip
peripheral I/O register other than the LBCO and LBC1 registers is changed
without writing the same value to LBCO or LBC1 or the value of an on-chip
peripheral I/O register other than the WAS register is changed without writing 00H
to the WAS register, the value of the on-chip peripheral /0 register may be
changed before completion of DMA transfer.
Although rewriting the LBCO and LBC1 registers is prohibited, the same value
can be rewritten to the registers in this case. However, if a value different from
the default value is written to the LBCO or LBC1 register, the operation is not
guaranteed.

User's Manual U16031EJ4V1UD 149



CHAPTER 4 BUS CONTROL FUNCTION

(2) Write access synchronization control register (WAS)
When an external device is written, even if the write operation by the CPU via the write buffer is complete,
writing to the external device may not be complete. The WAS register is used to complete writing all data in
the write buffer to the external device. See 4.5.6 (1) (b) Write buffer function for details.
This register is write-only, in 8-bit units.

7 6 5 4 8 2 1 0 Address After reset
was| o | o | o | o | o | o | o | o | FFFFF49CH Undefined

Caution Be sure to write 00H to the WAS register. Operation cannot be guaranteed if value other than
O0H is written.
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4.6 Bus Clock Control Function

(1) Bus mode control register (BMC)
This register sets the division rate of the bus clock (BUSCLK) with respect to the internal system clock (fci).
Writing the BMC register stops BUSCLK once at low level. BUSCLK resumes operation with the set divided
clock after it has been stopped. While BUSCLK is stopped, the operation of the SDRAM refresh control
register (RFSn) of SDRAM is also stopped (n =1, 3, 4, 6).
This register can be read or written in 8-bit units.

Be sure to clear bits 7 to 2 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1.

Write the BMC register after reset, and then do not change the value that has been
written.

Before writing to the BMC register, be sure to set the VSWC register to x7H (x: VSWC
register value before the set value of the BMC register is changed). Even if the VSWC
register value is x7H before the set value of the BMC register was changed, be sure to
set the VSWC register to x7H. After changing the set value of the BMC register, re-set
the value of the VSWC register to the value before the set value of the BMC register was
changed (see 3.4.10 Initialization sequence).

Set the number of waits (using the DWk2 to DWkO bits of the DWCm register) or address
setup waits (using the ACk1 and ACKkO bits of the ASC register) for all the CS spaces in
which an SRAM or page-ROM interface cycle is activated to 1 or more when the same
clock is used as the internal system clock (fck) and bus clock (CKM1 and CKMO bits =
00) and the speculative read function is enabled (RBk1 and RBkO bits of LBCm register
=11)(m=0,1,k=01t0 7).

The maximum operating frequency of BUSCLK is 66 MHz. Set the BMC register so that
BUSCLK does not exceed 66 MHz.

6 5 4 3 2 1 0 Address After reset

BMC | o0 |

o | o | o | o | o | ckwi | ckmo | FFFFFassH  ooH

Bit position

Bit name Function

1,0 CKM1, CKMO | These bits set the division ratio of the bus clock (BUSCLK) with respect to the internal

system clock (fcik).

CKM1 CKMO Division ratio of BUSCLK vs. fcik

0 0 fork

0 1 fowk/2

1 0 fok/3

1 1 foLk/4

Remark fcik: Internal system clock
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Figure 4-5. BMC Register Switching Timing

AN AV AV AV AV AV AV a VAV AV aVaV aVaVaVaVaVaVaVaVaWaN
Within feu x 12 clocks feuk x 12 clocks ToNote T
BuscLk utpw 1/ N/ N/ T\ N\ /TN N/
AO to A25 (output) X
BCYST (output) \
€S0 to CS7 (output) \
RD (output) "\
WR (output) |
\
D010 D31 (O) = = = fm = o = == = ot = | e e e e m e e e e e e (C T

BMC register changed

Notes 1. State (T0) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remark The broken lines indicate the high-impedance state.
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4.7 Wait Function

4.7.1 Programmable wait function

(1) Data wait control registers 0, 1 (DWC0, DWC1)
To facilitate interfacing with low-speed memory and 1/Os, it is possible to insert up to 7 data wait states in the

starting bus cycle for each CS space.

The number of wait states can be specified by program using DWCO0 and DWC1 registers. Just after system

reset, all blocks have 7 data wait states inserted.

These registers can be read or written in 16-bit units.

Cautions 1.

The internal instruction RAM area (in the read mode) and internal data RAM area are not
subject to programmable waits and ordinarily no wait access is carried out.
When the internal instruction RAM area is accessed (in the write mode), the
programmable wait value set for the CS0 space becomes valid.
The on-chip peripheral I/O area is not subject to programmable waits, with wait control
performed by each peripheral function only.
In the following cases, the settings of the DWCO and DWC1 registers are invalid (wait
control is performed by each memory controller).

 Page ROM on-page access

o SDRAM access
Write to the DWCO0 and DWC1 registers after reset, and then do not change the set
values. Also, do not access an external memory area other than the one for this
initialization routine until the initial setting of the DWC0 and DWC1 registers is
complete. However, it is possible to access external memory areas whose initialization
settings are complete.
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i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DWCO | O |DW32DW31|DW30| O DW22DW21DW20| O DW12DW11DWio| O DWozDwotpwool ;‘;’Fd;izz ’ Af;‘;;r?eljm
_ - - - -
CSn signal CS3 CS2 CS1 CSo
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWC1 | O |DW72[DW71|DW70| O |DW62|DW61[DW60| O |DW52|DW51DW50| O  [DW42|DW41|DWA Flflflijzz ’ Af;‘?;;e:et
. ! ! - -
CSn signal CS7 CS6 CS5 CS4
Bit position Bit name Function
1410 12, DWn2 to Specifies the number of wait states inserted in the CSn space.
160tt048‘ DWno DWn2 DWn1 DWnO Number of wait states inserted in CSn space
2 t?) 0’ 0 0 0 Not inserted
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

Remark n=0to7
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(2) Address setup wait control register (ASC)
The VB50E/ME2 allows insertion of address setup wait states before the SRAM/page ROM cycle (the setting
of the ASC register in the SDRAM cycle is invalid).
The number of address setup wait states can be set with the ASC register for each CS space.

This register can be read or written in 16-bit units.

Cautions 1. The internal instruction RAM area (in the read mode), internal data RAM area, and on-
chip peripheral I/O area are not subject to address setup wait insertion.
When the internal instruction RAM area is accessed (in the write mode), the address
setup wait value set for the CS0 space becomes valid.
2. During an address setup wait, the WAIT pin-based external wait function is disabled.
3. Write to the ASC register after reset, and then do not change the set value.
4. Be sure to set the number of waits to 1 or more if the CSn signal is delayed using the
PFCCS register.
5. The address setup wait setting value is valid during DMA flyby transfer.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Address After reset
ASC |AC71|AC70|AC61|AC60(AC51|AC50|{AC41|AC40/AC31|AC30|AC21|AC20(AC11|/AC10{ACO1|ACO0 FFEFF48AH FEFEH
\ I | \ | \ | \ I | \ | \ |
CSnsignal CS7 CS6 CS5 Cs4 CS3 Cs2 CSH CSso
Bit position Bit name Function
15100 ACn1, ACnO Specifies the number of address setup wait states inserted before the SRAM/page ROM

cycle for each CSn space.

ACn1 ACn0 Number of wait states
0 0 Not inserted
0 1 1
1 0 2
1 1 3

Remark n=0to7
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(3) Bus cycle period control register (BCP)
With the V850E/ME2, the operations of IORD and IOWR can be enabled or disabled in the SRAM, external
ROM, and external I/O cycles.
This register can be read or written in 8-bit or 1-bit units.
Be sure to clear bits 7 to 4 and 2 to 0 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1. During a flyby DMA transfer for SRAM, external ROM, or external I/O, the IORD and
IOWR signals are always output, irrespective of the IOEN bit setting.

Flyby transfer from external I/O to external memory: I0RD and WR signals become active.
Flyby transfer from external memory to external I/O: IOWR and RD signals become active.

In page ROM cycle, on the other hand, the IOEN bit setting has no meaning.

2. Write to the BCP register after reset, and then do not change the set values.

3. If the internal instruction RAM is accessed while the IOEN bit is set (1) (in the write
mode), the IOWR signal becomes inactive.

7 6 5 4 3 2 1 0 Address After reset
Bcr| o | o | o | o |wen | o | o | o | FFFFFascH  OOH
Bit position Bit name Function
3 IOEN Specifies whether to enable/disable the operation of [ORD and IOWR in SRAM, external
ROM, and external I/O cycles.
IOEN Enable/disable IORD and IOWR operation
0 Disables the operation of IORD and IOWR in SRAM, external ROM,

and external 1/O cycles.

1 Enables the operation of IORD and IOWR in SRAM, external ROM, and
external I/O cycles.
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(4) DMA flyby transfer wait control register (FWC)
The FWC register sets the number of data wait cycles during DMA flyby transfer for each channel n (see the
timing chart in 6.5.2 Flyby transfer) (n = 0 to 3).
The set value of this register is valid during DMA flyby transfer, and the set values of the DWCO0, DWC1, and
PRC registers are invalid.
This register can be read or written in 16-bit units.

Cautions 1. The internal instruction RAM area and internal data RAM area are not subject to the
programmable wait operation and are always accessed with no wait cycle. The on-chip
peripheral /O area is also not subject to the programmable wait operation, and is
subject only to wait control by each peripheral function.

2. Write to the FWC register after reset, and then do not change the set values.

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

Fwe | o |Fwalrwst[Fwao] o |FweelFwer|Fweo| o |rwiz[pwiiFwio] o [PwozFworlFwoo| FRFFFagan 7777

Bit position Bit name Function
14t0 12, FWn2 to These bits set the number of data wait cycles to each channel n during DMA flyby
10 to 8, FWnO transfer.
Zttc; A(') FWn2 FWn1 FWnO Number of data wait cycles
When SDRAM is not When SDRAM is
accessed accessed
0 0 0 Not inserted 1
0 0 1 1 2
0 1 0 2 3
0 1 1 3 4
1 0 0 4 5
1 0 1 5 6
1 1 0 6 7
1 1 1 7 8

Remark n=01t03
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*4.7.2 External wait function
When an extremely slow memory, 1/O, or asynchronous system is connected, an arbitrary number of wait states
can be inserted in the bus cycle by the external wait pin (WAIT) for synchronization with the external device.
Just as with programmable waits, accessing internal instruction RAM (in the read mode), internal data RAM, and
on-chip peripheral I/0O areas cannot be controlled by external waits.
The external WAIT signal can be input asynchronously to BUSCLK and is sampled at the rising edge of BUSCLK
immediately after the T1 and TW states of a bus cycle. If the setup/hold time in the sampling timing is not satisfied,

the wait state may or may not be inserted in the next state.

4.7.3 Relationship between programmable wait and external wait
A wait cycle is inserted as the result of an OR operation between the wait cycle specified by the set value of the
programmable wait and the wait cycle controlled by the WAIT pin.

Programmable wait
Wait control
Wait by WAIT pin

For example, if the timings of the programmable wait and the WAIT pin signal are as illustrated below, three wait
states will be inserted in the bus cycle.

Figure 4-6. Example of Wait Insertion

‘ T1 ‘ T™W ‘ ™ ‘ TW ‘ T2 ‘

Sy~ [ N A B S
WAIT pin [ LA [ ]

Wait by WAIT pin / \

Programmable wait / \

Wait control j \

Remark The circle O indicates the sampling timing.
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4.7.4 Bus cycles in which wait function is valid

In the VB50E/ME2, the number of waits can be specified according to the memory type specified for each memory

block. The following shows the bus cycles in which the wait function is valid and the registers used for wait setting.

Table 4-1. Bus Cycles in Which Wait Function Is Valid

Bus Cycle Type of Wait Programmable Wait Setting
Wait from
Register Bit Wait | WAIT pin
Count
SRAM, external ROM, external 1/O Address setup wait ASC ACn1, ACnO 0to 3 | — (invalid)
cycles Data access wait DWCO, DWC1 | DWn2to DWn0 |0t 7 | v (valid)
Page ROM cycle Address setup wait ASC ACn1, ACnO 0to 3 | — (invalid)
Off-page | Data access wait DWCO0, DWCH1 DWn2 to DWn0 0to7 |V (valid)
On-page | Data access wait PRC PRW2 to PRWO 0to7 |V (valid)
SDRAM cycle Row address precharge | SCRm BCWm1, BCWmO |1to 3 | — (invalid)
DMA flyby External /O <> SRAM Flyby transfer wait FWC FWa2 to FWa0 Oto7 | (valid)
”""”IS'er Address setup wait ASC ACn1, ACnO 0t03 | - (invalid)
e External /O | Off-page | Row address precharge | SCRm BCWm1, BCWmO |1to 3 | — (invalid)
— SDRAM Flyby transfer wait FWC FWa2to FWa0  |1to8 | — (invalid)
On-page | Row address precharge | SCRm BCWm1, BCWmO |1to 3 | —(invalid)
Flyby transfer wait FWC FWa2 to FWa0 1to 8 | — (invalid)

Remark n=0to7,m=1,3,4,6,a=0t03
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4.8 Idle State Insertion Function
(1) Bus cycle control register (BCC)
To facilitate interfacing with low-speed memory devices, an idle state (Tl) can be inserted into the current bus
cycle after the T2 state to meet the data output float delay time on memory read access for each CS space.
The bus cycle following the T2 state starts after the idle state is inserted.
An idle state is inserted at the timing shown below.
o After read/write cycles for SRAM, external 1/O, or external ROM
o After a read cycle for page ROM
o After a read cycle for SDRAM
The idle state insertion setting can be specified by program using the BCC register.
Immediately after the system reset, idle state insertion is automatically programmed for all memory blocks.
For the timing when an idle state is inserted, see the memory access timings in Chapter 5.
This register can be read or written in 16-bit units.

Cautions 1. The internal instruction RAM area (in the read mode), internal data RAM area, and on-
chip peripheral I/O area are not subject to idle state insertion.
When the internal instruction RAM area is accessed (in the write mode), the idle state
value set for the CS0 space becomes valid.
2. Write to the BCC register after reset, and then do not change the set values. Also, do

not access an external memory area other than the one for this initialization routine until
the initial setting of the BCC register is complete. However, it is possible to access
external memory areas whose initialization settings are complete.

3. The chip select signal (CSn) does not become active in the idle state (n = 0 to 7).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Address After reset
B BC71|BC70|BC61|B! BC51(B BC41|BC40(BC31|B BC21|BC20(BC11|BC10|BCO1|B!
CC C71|BC70|BC61|BC60|BC51|BC50{BC41|BC40|BC31|BC30/BC21|{BC20|BC11{BC10{BC0O1|BCOO FFFFF488H FFEFH
\ | \ | \ | \ | \ | \ | \ | \ |
CSnsignal CS7 CS6 CS5 Cs4 CS3 Cs2 CSt CSo
Bit position Bit name Function
15t0 0 BCn1, BCnO Specifies the insertion of an idle state in the CSn space.
BCn1 BCnO Idle state in CSn space
0 0 Not inserted
0 1 1
1 0 2
1 1 3

Remark n=0to7
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(2) DMA flyby transfer idle control register (FIC)

The FIC register sets the number of idle states during DMA flyby transfer for each DMA channel n (see the
timing chart in 6.5.2 Flyby transfer) (n = 0 to 3). The idle state is inserted at the end of DMA flyby transfer.
During DMA flyby transfer, the set value of this register is valid, and the set value of the BCC register is

invalid.
This register can be read or written in 16-bit units.

Cautions 1. The internal instruction RAM area, internal data RAM area, and on-chip peripheral I/O

area are not subject to idle state insertion.
2. Write to the FIC register after reset, and then do not change the set values.

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

Fic| o | o |[Fst|Fao| o o |Fer|Fo] o | o [Fit|Fmo] o | o |Foi|Foo| FFFFFaseH  3a3aH

Bit position Bit name Function
13, 12,9, 8, Fin1, FInO These bits specify the number of idle states during DMA flyby transfer for each channel
54,1,0 n.
Fin1 FInO Idle state during DMA flyby transfer
0 0 Not inserted
0 1 1
1 0 2
1 1 3

Remark n=01t03
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4.9 Instruction Cache Function

The V850E/ME2 has an 8 KB 2-way set associative instruction cache.

This instruction cache uses an LRU (Least Recently Used) algorithm. This cache uses two ways as the cache,
with the way to be replaced in case of a miss hit determined by the internal LRU bit. If the way is specified as a
cacheable area, a 4-word burst sequential read cycle is issued (when the external 32-bit bus operates) (when the
external 16-bit bus operates, an 8-halfword burst read cycle is issued).

Set the instruction cache using the following procedure, after system reset.

<1> Wait until the value of the ICC register reaches “0000H” (until the tag is initialized).
<2> Make the setting of the instruction cache cacheable by using the BHC register.

Caution Be sure to set the BHC register in an uncached area (instructions cannot be fetched correctly if it
is set from a cacheable area).

4.9.1 Cache configuration register (BHC)

(1) Cache configuration register (BHC)
This register can set the configuration of the cache memory in each CS space selected by the chip select
signals (CSO0 to CS2). Setting a cacheable area becomes valid immediately after the BHC register has been
set.
This register can be read or written in 16-bit units.
Be sure to clear bits 15 to 5 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1. Write the BHC register after reset, and then do not change the set values.

2. The area that includes the instruction that sets the BHC register cannot be set from an
uncached area to a cacheable area, or from a cacheable area to an uncached area. In
this case, branch to area 1 and then set area 0 to a cacheable area by an instruction in
area 1. If necessary, branch to area 0 again.

An uncached area and a cacheable area can be set in any CS space in the internal
instruction RAM area.

(Example of prohibited setting)
o If the instruction that sets the BHC register is in area 0

Before setting BHC After setting BHC (area 0 is set as cacheable area in area 0)
Area 0 Uncached area Area 0 Cacheable area
Area 1 Uncached area Area 1 Uncached area
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Cautions 3. If adjacent memory areas are a cacheable area and an uncached area, only a branch

instruction can be used to successively access this memory boundary. The operation
is not guaranteed if this memory boundary is successively accessed by an instruction
other than a branch instruction.

(Operation example)
e An access from area 0 to area 1 can be made only by a branch instruction.
e Successive accesses can be made from area 1 to area 2.

Area 0 Uncached area
Area 1 Cacheable area
Area 2 Cacheable area
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset

BHc | 0 [ o [ o ool ololo] o] ol olsreo olsio o[sHoo| FFFFFosAH  0000H
] L] L1

CSn signal CSs2 CS1 CSo
Bit position Bit name Function
4,2,0 BHNO These bits set the instruction cache placed in the CSn space.
0: Uncached
1: Cacheable

Remark n=0to2
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4.9.2 8 KB 2-way set associative cache

The data memory of the 8 KB 2-way set associative cache has two ways each consisting of 4-word lines and
blocks of 256 entries, and has a total capacity of 8 KB. If a cache miss occurs, the data memory is refilled in 1-line
units.

Only the instructions related to data access of the cacheable area can be cached in the instruction cache.

Figure 4-7. Configuration of 8 KB 2-Way Set Associative Instruction Cache

25 12 11 43210
TAG INDEX
14 8 2
Tag Data (4 words)
] ] \ \ \ 1l
| | 1 word 1 word 1 word 1 word

entries
S Internal bus S
32
|
{ Internal bus \
Comparator
2
Way select control signal
when a hit occurs
Selector
32
IIHIT Instruction data

4.9.3 LRU algorithm
This algorithm is used to record accesses to blocks and replace the block that has not been used for the longest
time, so that information that may be necessary is not discarded immediately.
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4.9.4 Instruction cache control function

(1) Instruction cache control register (ICC)
This register sets two types of functions, tag clear and auto fill.
This register can be read or written in 16-bit units.
If the higher 8 bits of the ICC register are used as an ICCH register, and the lower 8 bits, as an ICCL register,
these registers can be read or written in 8-bit or 1-bit units.
Bit 12 can only be read and cleared.
Be sure to clear bits 15to 13, 11 t0 5, 3, and 2 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1. Do not forcibly clear bits 0, 1, and 4 when they are set to 1.
2. Do not set bit 4 to 1 at the same time as the other bits.
3. Do not set bit 12 to 1. This bit can only be cleared to 0.
4. Be sure to set the ICC register in an uncached area (except setting of bit 4).

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

icc| o] o] ook o o] oo o o] olr ol olwcwricag FFFFFO70H  0003HNew

Note The value of this register is 0003H when the reset signal becomes active, and initialization of the tag is
automatically started. When initialization of the tag has been completed, the value of this register is

cleared to 0000H.
Bit position Bit name Function
12 LOCKIO Indicates the cache lock status of way 0.
The cache is locked when way 0 is filled, and this bit is automatically set to 1. When this
bit is cleared to 0, cache lock of way 0 is cleared.
0: Way 0 is not locked.
1: Way 0 is locked.
4 FILLO Sets auto fill of way 0.
When this bit is set to 1, way 0 is automatically filled. When auto fill has been
completed, this bit is automatically cleared to 0.
0: Filling way 0 is completed.
1: Way 0 is being filled.
1 TCLR1 Sets tag clear of way 1.
When this bit is set to 1, the tag of way 1 is cleared (invalidated).
When clearing the tag has been completed, this bit is automatically cleared to 0.
0: Clearing tag of way 1 is completed.
1: Tag of way 1 is being cleared.
0 TCLRO Sets tag clear of way 0.
When this bit is set to 1, the tag of way 0 is cleared (invalidated).
When clearing the tag has been completed, this bit is automatically cleared to 0.
0: Clearing tag of way 0 is completed.
1: Tag of way 0 is being cleared.
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(2) Instruction cache data configuration register (ICD)
This register sets the address of the memory area that is automatically filled by the auto fill function.

This register can be read or written in 16-bit units.
Be sure to clear bit 0 to 0. If it is set to 1, the operation is not guaranteed.

Cautions 1. Do not rewrite the ICD register during the auto fill operation. The operation is not

guaranteed if it is rewritten.

2. Because the default value of the ICD register is undefined, be sure to set a value to the

ICD register when the auto fill function is used, and then set the FILLO bit of the ICC
register to 1. If the FILLO bit of the ICC register is set to 1 without setting a value to the
ICD register, the operation is not guaranteed.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
ico| o |!CD|ICD|ICD |ICD |ICD |ICD |ICD|ICD ICD |ICD |ICD|ICD|ICD|ICD| g FFFFFO74H  Undefined
14 13 (12|11 | 10| 9 8 7 6 5 4 3 2 1
Bit position Bit name Function
14to 1 ICD14 to Set the higher 14 bits of tag information (bits 25 to 12 of the first address of the memory
ICDA1 area to be automatically filled).
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4.9.5 Tag clear function
The tag of one way is cleared (invalidated).
After reset, all the ways, tags, and LRU are automatically cleared (invalidated).
The instruction cache tag is cleared using the following procedure.

<1> The ICC register is read to confirm that both the TCLRO and TCLR1 bits are cleared to 0.

<2> The ICC register is read to confirm that the LOCKIO bit is cleared to 0. Bit 13 of the ICC register is always
cleared to 0.

<3> The TCLRO and TCLR1 bits of the ICC register are set as follows.

Cautions 1. Perform operations <1> to <3> above (tag clear) in an uncached area (the tag is not cleared
from a cacheable area).

e To clear both ways 0 and 1 at the same time

(a) Set the TCLRO and TCLR1 bits to 1.

(b) Read the TCLRO and TCLR1 bits to confirm that they are cleared to 0.
¢ To clear ways 0 and 1 separately""

(a) Set the TCLRO bit to 1.

(b) Read the TCLRO bit to confirm that it is cleared to 0.

(c) Set the TCLR1 bit to 1.

(d) Read the TCLR1 bit to confirm that it is cleared to 0.

Note The ways can be cleared separately also in the order of (c) - (d) - (a) - (b).

2. The counter for clearing the tag of ways 0 and 1 is shared.

Therefore, clear the tag (by setting the TCLRO or TCLR1 bit of the ICC register) when the
counter for clearing the tag is stopped (when TCLRO = TCLR1 = 0). When clearing the tags of
ways 0 and 1 separately, the counter stops while a tag is being cleared if the tag of one other
way is cleared while the tag of the other way is being cleared (TCLRO or TCLR1 = 1).
Consequently, the tag cannot be cleared correctly because the tag of the other way is cleared
with the counter indicating a midway value. Be sure to clear the tag of one other way after
confirming that the tag of the other way has been cleared (TCLRO or TCLR1 = 0).

There is no problem if both the bits are set at the same time as follows.

mov 0x3, r2

LOPO:
1d.h ICC[x0], rl
cmp r0, rl
bnz LOPO
st.h r2, ICC[rO]
LOP1:

ld.h ICC[x0], rl
cmp r0, rl
bnz LOP1

3. Do not perform other processing in parallel with clearing the tag until it is confirmed by
reading the TCLRO and TCLR1 bits of the ICC register that the tag has been cleared to 0.
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4.9.6 Auto fill function (way 0 only)

The instruction of one way is automatically filled.

The way that has been filled automatically is automatically locked and prohibited from being written, and performs
the same operation as ROM that can be accessed in one cycle. After the way is unlocked, it operates as an
instruction cache again.

The instruction cache is automatically filled using the following procedure.

<1> Clear (invalidate) the tag of way 0 (see 4.9.5 Tag clear function).

<2> Set information on the tag corresponding to the memory area to be automatically filled to the ICD register.

<3> Branch to the cacheable area corresponding to the tag information set to the ICD register.

<4> Set the FILLO bit of the ICC register to 1.

<5> When auto fill is completed, the LOCKIO bit of the ICC register is automatically set to 1, and way 0 is locked.
At this time, read the FILLO bit of the ICC register at the same time to confirm that this bit is cleared to 0.

Caution Perform the above operations in the following areas.

<1>, <2>, <3>........ Uncached area

<> e Cacheable area
If the FILLO bit of the ICC register is set to 1 from an uncached area, auto
fill cannot be executed (is invalidated).

<B> e This can be done from both an uncached area and a cacheable area.

Remark To unlock the way, clear the LOCKIO bit of the ICC register to 0.

4.9.7 Cautions

When a refill read cycle is activated by the occurrence of a cache miss, the instruction read in that bus cycle may
be discarded without being registered in the instruction cache. When this operation occurs for a conditional branch
instruction in a program loop, for example, an illegal refill read cycle occurs in the subsequent cache line each time
the program loops, which degrades the system performance. The effect of performance degradation is particularly
large in a small-scale loop. However, program execution is performed normally even under this circumstance and the
execution result is logically correct.

In order to make up for performance degradation due to the uncertain operation by the instruction cache, an
instruction RAM is provided in the V850E/ME2, which assures certain instruction execution in a 1-clock pitch.
Therefore, execute a routine that may cause this problem using the instruction RAM.
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4.10 Internal Instruction RAM Control Function

The V850E/ME2 has 128 KB of instruction RAM (16 KB x 32 bits x 2 banks).
While one bank is being read, the other bank can be written in parallel.

4.10.1 Internal instruction RAM mode register (IRAMM)

(1) Internal instruction RAM mode register (IRAMM)
This register specifies a mode in which the instruction RAM is accessed.
This register can be read or written in 8-bit or 1-bit units.

Cautions 1. When the setting of a mode is changed, the next access (such as code fetching) to the

internal instruction RAM may be executed first because of the pipeline operation of the
CPU. When the setting of the IRAMM register is changed, therefore, be sure to read the
IRAMM register to confirm that writing has been executed, and then execute an access
to the internal instruction RAM.

2. Data can be written to the internal instruction RAM only by a word access.

3. Address miss-align access to the internal instruction RAM is prohibited.

6 5 4 3 2 1 0 Address After reset
IRAMM | o | o | o | o | o [iRAMM1|IRAMMO| FFFFFsoAH o3
Bit position Bit name Function
1 IRAMM1 Specifies the access mode of instruction RAM bank 1.
0: Read mode
1: Write mode
0 IRAMMO Specifies the access mode of instruction RAM bank 0.
0: Read mode
1: Write mode

Figure 4-8. Memory Map of Internal Instruction RAM

001FFFFH
Instruction RAM bank 1
(64 KB)
0010000H
000FFFFH
Instruction RAM bank O
(64 KB)
0000000H
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4.10.2 Operation

170

(1) Read operation
The internal instruction RAM can be read by normal RAM access without having to be aware of the banks if

the read mode is selected by the IRAMM register.

Cautions 1.
2.

A bank in the write mode cannot be read.
The internal instruction RAM (in the read mode) is accessed using the x1 internal
system clock (fcLk).

(2) Write operation

The internal instruction RAM can be written by normal RAM access without having to be aware of the banks if

the write mode is selected by the IRAMM register.

Cautions 1.
2.

A bank in the read mode cannot be written.

Internal instruction RAM bank 0 area is allocated to interrupt and exception tables.
Disable interrupts until writing an instruction code to bank 0 of the internal instruction
RAM is completed. Similarly, disable interrupts when bank 0 of the internal instruction
RAM is set in the write mode.

For disabling maskable interrupts, refer to interrupt mask registers 0 to 5 (IMRO to IMR5)
(7.3.5 Interrupt mask registers 0 to 5 (IMRO to IMR5)). To disable the non-maskable
interrupt, set the NP bit of the PSW to 1 to disable multiple interrupts (see 3.2.2 (4)
Program status word (PSW)). For the NMI mask operation when reset is cleared, refer to
the NMI reset status register (NRS) (7.3.6 NMI reset status register (NRS)).

Since the internal instruction RAM (in the write mode) is accessed using BUSCLK
(internal instruction RAM (in the read mode) is accessed using internal system clock
(fck)), programmable waits, address setup waits, and idle states can be inserted for the
CSO0 space.
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4.10.3 Cautions

(1)

Disable all interrupts from when reset is cleared until when program codes are completely transferred to the
internal instruction RAM. It is not necessary to disable maskable interrupts because they are masked by
default. Because the software exception and exception trap cannot be masked, do not execute the TRAP
and DBTRAP instructions until transfer of program codes to the internal instruction RAM is completed.

After reset has been cleared, the NMI input is masked by hardware. The NMI is unmasked as soon as the
IRAMMO bit of the IRAMM register has been cleared to 0.

To write data to instruction RAM bank 0 of the internal instruction RAM, set the NP bit of the PSW to 1 to
disable the NMI and maskable interrupts and suppress occurrence of the software exception and exception
trap. Clear the NP bit by setting the IRAMMO bit of the IRAMM register to 1 and confirming that the read
mode is set, after the program has been rewritten.

NMI or maskable interrupt requests that have been generated while the NP bit of the PSW is set to 1 are held
pending. An NMI request is acknowledged immediately after the NP bit has been cleared to 0. A maskable
interrupt is acknowledged immediately after the NP bit has been cleared to 0, if the interrupt request is not
cleared (by clearing the xxIFn bit of the interrupt control register (xxICn) to 0), if interrupts are not disabled (DI
status), and if the xxMKn bit of the interrupt control register is not set to 1 before the NP bit is cleared to O.
However, only one interrupt request, NMI request or a maskable interrupt request, can be held pending per
interrupt source. Even if the same interrupt request is generated more than once, only the first interrupt
request is acknowledged (xx: Peripheral unit identification name (see Table 7-2), n: Peripheral unit number
(see Table 7-2)).

When the internal instruction RAM is accessed (in the write mode), the CSO signal, address bus, and data
bus output data. The external bus control signals other than UUWR, ULWR, LUWR, LLWR, and WR become
active. If output of the IOWR signal is enabled by setting the IOEN bit of the BCP register to 1, the IOWR
signal becomes inactive.
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4.11 Bus Hold Function

4.11.1 Function outline

If the PCM2 and PCMS3 pins are specified in the control mode, the HLDAK and HLDRQ functions become valid.
If it is determined that the HLDRQ pin has become active (low level) as a bus mastership request from another bus

master, the external address/data bus and each strobe pin are shifted to high impedance and then released (bus hold

state). If the HLDRQ pin becomes inactive (high level) and the bus mastership request is canceled, driving of these

pins begins again.

During the bus hold period, the internal operations of the VB50E/ME2 continue until the external memory or an on-
chip peripheral 1/O register is accessed.

The bus hold state can be known by the HLDAK pin becoming active (low level).

The period from when the

HLDRQ pin becomes active (low level) to when the HLDAK pin becomes active (low level) is at least 2 clocks.

In a multiprocessor configuration, etc., a system with multiple bus masters can be configured.

State Data Bus Access Type Timing at Which Bus Hold Request Cannot
Width Be Acknowledged
CPU bus lock 32 bits Word access for 4n+1 address | Between first and second accesses
Between second and third accesses
Word access for 4n+2 address | Between first and second accesses
Word access for 4n+3 address | Between first and second accesses
Between second and third accesses
Halfword access for odd Between first and second accesses
address
16 bits Word access for even address | Between first and second accesses
Word access for odd address Between first and second accesses
Between second and third accesses
Halfword access for odd Between first and second accesses
address
8 bits Word access Between first and second accesses

Between second and third accesses

Between third and forth accesses

Halfword access

Between first and second accesses

Read modify write access of bit

manipulation instruction

Between read access and write access

Cautions 1.

When an external bus master accesses SDRAM during a bus hold state, make sure that the

external bus master executes the all-bank precharge command.
The CPU always executes the all-bank precharge command to release a bus hold state. In a
bus hold state, do not allow an external bus master to change the SDRAM command

register value.
2. The HLDRQ function is invalid during a reset period. The HLDAK pin becomes active either
immediately after or after the insertion of a 1-clock address cycle from when the RESET pin
is set to inactive following the simultaneous activation of the RESET and HLDRQ pins.
When a bus master other than the V850E/ME2 is externally connected, use the RESET signal
for bus arbitration at power-on.

172

User's Manual U16031EJ4V1UD




CHAPTER 4 BUS CONTROL FUNCTION

4.11.2 Bus hold procedure

The procedure of the bus hold function is illustrated below.

<1> HLDRQ = 0 acknowledged

<2> All bus cycle start requests held pending
<3> End of current bus cycle

<4> Transition to bus idle state

<5> HLDAK =0

<6> HLDRQ = 1 acknowledged

<7> HLDAK = 1

<8> Pending bus cycle start requests released
<9> Start of bus cycle

HLDRQ (input)

Normal state

Bus hold state

Normal state

HLDAK (output)

<1><2>

<3><4>

<5>

<6>| <7><8><9>

4.11.3 Operation in power-save mode

In the software STOP or IDLE mode, the internal system clock (fcwk) is stopped. Consequently, the bus hold state

is not set since the HLDRQ pin cannot be acknowledged even if it becomes active.

In the HALT mode, the HLDAK pin immediately becomes active when the HLDRQ pin becomes active, and the bus

hold state is set. When the HLDRQ pin becomes inactive after that, the HLDAK pin also becomes inactive. As a

result, the bus hold state is cleared and the HALT mode is set again.
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4.11.4 Bus hold timing

(1) If bus hold request is issued when bus cycle is not generated

TINote 1 TINo!e 1 TH TH TINote 1 TONole 2
BUSCLK (output) _/_\_J_\_J_\ \ \ \ \
HLDRQ (input) \ /
HLDAK (output)
AO to A25 (output) Undefined —_——r - ( Undefined
BCYST (output) e

ﬁ to E (output)

ﬁ(output) =-==T=== \ |

Note 3 (output)

DOto D31 (input) = - = = = =[ = = = = = = = = —|— = = = = — = — = — — — -———-f—f--

WAIT (input)

Notes 1. This idle state (Tl) is independent of the BCC register setting.
2. State (TO) inserted between bus cycles
3. LLWR/LBE/LLDQM, UUWR/UUBE/UUDQM, LUWR/LUBE/LUDQM, ULWR/ULBE/ULDQM,
WE/WR, IORD, IOWR, SDRAS, SDCAS

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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4.11.5 Bus hold timing (SRAM)

(1) SRAM (when read, without speculative read, no idle state inserted, BUSCLK = fcLk/2)

BUSCLK (output) =

HLDRQ (input)

HLDAK (output)

A0 to A25 (output)

BCYST (output)

CS0to CS7 (output)

IORD"™*, RD (output)

Note 4 (output)

WR, IOWR (output)

DO to D31 (input)

WAIT (input)

TONo(e 1 T1 T2 TIane 2 TH TH TONoIe 1
N\ \ \ \ \ \ \
/
Address Undefined ———m = ( Undefined
| SR RS
\ | SNURRRIS ER \
| S S
EEEEL T e SEEEE EEEE EEEEE SRR TX T
/ \

Notes 1. State (TO0) inserted between bus cycles
2. This idle state (Tl) is independent of the BCC register setting.
3. When the IOEN bit of the BCP register is set to 1.

4. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.
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(2) SRAM (when read, with speculative read, no idle state inserted, BUSCLK = fcLk/2)

T1 T2 T1 T2 I TH H
BUSCLK (output) _/ \_/ \_4! \_4( \_4{ \_4{ \ \
HLDRQ (input) /
HLDAK (output)
A0 to A25 (output)
Address Undefined —— e -
BCYST (output) __| /
CS0to CS7 (output)
| S
IORD"™*?, RD (output)
\ / \ | W -
Note 4 (output)
| S
WR, IOWR (output)
DO to D31 (input) -TTTTT "
WAIT (input) - Data =« |Data e ———— ]
—/ |/ \

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.

Notes 1. This idle state (Tl) is independent of the BCC register setting.
2. State (TO) inserted between bus cycles
3. When the IOEN bit of the BCP register is set to 1.
4. UUBE, ULBE, LUBE, LLBE
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(3) SRAM (when written, two idle states inserted, BUSCLK = fcLk/2)

TONG'E 1 T1 T2 TlNﬂiEZ TINOKEZ TINO(EJ TH TH TOND'B 1
Buscikoupu) Y~ N N 4 o & & V

HALDRQ (input) / ?

HLDAK (output)

A0 to A25 (output) Address X Undefined ——— = - { Undefined

BCYST (output) / _——t

CS0 to CS7 (output) -l

IOWR"™"*, WR (output) \ / . \
Note 5 (output) /—\_ _———————

RD, IORD (output) _———t———

DO to D31 (input) = fm = = = = Data ) SRR R ) A —_ _————f=T

WAIT (input) 7 T \

Notes 1. State (TO) inserted between bus cycles

2. This idle state (Tl) is inserted by means of a BCC register setting.
3. This idle state (Tl) is independent of the BCC register setting.

4. When the IOEN bit of the BCP register is set to 1.

5. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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4.11.6 Bus hold timing (SDRAM)

(1) SDRAM (when read, latency = 2, no idle state inserted)

ToM!

BUSCLK (output) —/_\—/_\—e(_\—e(_\—e

HLDRQ (input)

TACT

TREAD

TLATE

TLATE

TNete2

[\

TH

TH

TNote2 ToMe!

TPRE"®?

HLDAK (output)

A2 to A11 (output)

Col.

ndefined

A12""°* (output)

Bank address (output)

Undefined,

Undefined )= = = =

Note 5 (output)

BCYST (output)

csn (output)

SDRAS (output)

Address

ndefin

SDCAS (output)

E(output) H

Note 6 (output)

Note 7 (output)

DOto D31 (input) — T = = = 7

Data

Undefined

Undefined

Undefined

Undefined

SDCKE (output) H

Notes 1. State (TO) inserted between bus cycles
2. This idle state (Tl) is independent of the BCC register setting.

3. The all-bank precharge command is always executed.

4. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,

and A10 when the 8-bit bus is used.

5. Addresses other than the bank address, A12, and A2 to A11.

6. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)

7. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.

3. n=1,3,4,6
m=0to3
xx = UU, UL,

LU, LL

4. Bnk.: Bank address
Col.: Column address
Row: Row address
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(2) SDRAM (when read, latency = 2, two idle states inserted, 32-bit bus width)

TO“*' | TACT |TREAD | TLATE | TLATE | TI™®* | Ti™** | TI™=* | TH TH | TI™= | TO%*' |[TPREM"*
susctkoupw) - N/ o N N
HLDRQ (input) /
HLDAK (output)
A2 to A11 (output) Row Col. Undefinedf—= = = = = = =

Undeined
A12"%"* (output) Row Undefined)= = = = = = = Undeined

Bank address (output) Bnk. Undm}‘ e Undﬁfined
Note 6 (output) Address Address ndefin —_——_——— Undefined
ﬁ(output) / —_——— - ——

CSn (output) _—— - —- - \
M(output) Y _—— - —- - ,
SDCAS (output) / _——ad _—a

WE (output)  [H S ,

Note 7 (output)

Note 8 (output) S
D0toD3 inputy == ==|===F===F==—Tpaa == --——tr-—=——|-=—=—q---—t-——f-—a-—--T---
SDCKE (output) H

Notes 1. State (TO) inserted between bus cycles

2. This idle state (TI) is inserted by means of a BCC register setting.

3. This idle state (Tl) is independent of the BCC register setting.

4. The all-bank precharge command is always executed.

5. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
Addresses other than the bank address, A12, and A2 to A11.

. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
8. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

—

The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
3. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
4. Bnk.: Bank address
Col.: Column address
Row: Row address

Remarks
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(3) SDRAM (when written)

TONme 1 TACT TWR TINmp 2 TH TH TINuIa 2 TONuIe 1 TPRENO!B 3
suseuoann /"N /"N TN YN NN
HLDRQ (input) \ /
HLDAK (output)
A2 to A11 (output) Row Col. Undefined J= = = = T+ = = = = ( Undefined
i .
A12"* (output) Row Undefined J= = = = = = = = = ( Undefined
i .
Bank address (output) Bnk.A Undefined /= = = =T ———— Undefined
Note 5 (output) Address X_ Address X Undefined = = = = T = = = = ( Undefined
BCYST (output) e
-
CSn (output) _———r = ——
S -
SDRAS (output)
S
SDCAS (output)
WE (output) , SRR I
S I S —
Note 6 (output)
S U A
Note 7 (output)
DOtoD31(/0) — T ———=— Data 0 ) RS U _————
SDCKE (output) H

Notes 1. State (TO) inserted between bus cycles
2. This idle state (Tl) is independent of the BCC register setting.
3. The all-bank precharge command is always executed.
4. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
5. Addresses other than the bank address, A12, and A2 to A11.
6. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
7. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
3. n=1,3,4,6
m=0to3
xx = UU, UL, LU, LL
4. Bnk.: Bank address
Col.: Column address
Row: Row address
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(4) SDRAM (when written, when bus hold request acknowledged during on-page access)

TONME 1 TWR TNote 2 TiNete2 TH TH TiNete2 TONme 1 TPREM"?

suscLk oy~ N/ N\ T

HLDRQ (input) \ /

HLDAK (output)

A2 to A11 (output) Col. Undefined —_—— - ¢ Undefined

\ \
A12"°* (output) Und(‘efined —_———r———— ( Undefined
Bank address (output) Undt‘efined -———T==-- ( Und‘efined

Note 5 (output) Address Undefined R T — { Undefined

Y R \
———r-—- \

e /_
/_

BCYST (output)

CSn (output)

SDRAS (output)

SDCAS (output) | I

RN AN ——

WE (output)

Note 6 (output)

DO to D31 (JO)y= T = = = = (_Data_|

SDCKE (output)  |H

TS SN NS S
I
I
I

Notes 1. State (TO) inserted between bus cycles
2. This idle state (TI) is independent of the BCC register setting.
3. The all-bank precharge command is always executed.
4. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
5. Addresses other than the bank address, A12, and A2 to A11.
6. UUDQM, ULDQM, LUDQM, LLDQM

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
3. n=1,3,4,6
4. Col.: Column address
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4.12 Bus Priority Order

There are five external bus cycles: bus hold, instruction fetch, operand data access, DMA cycle, and refresh cycle.

In order of priority, bus hold is the highest, followed by the refresh cycle, DMA cycle, operand data access, and
instruction fetch, in that order.

An instruction fetch may be inserted between a read access and write access during a read modify write access.

Also, an instruction fetch may be inserted between bus accesses when the CPU bus clock is used.

Table 4-2. Bus Priority Order

Priority External Bus Cycle Bus Master
Order
High Bus hold External device
Refresh cycle SDRAM controller
DMA cycle DMA controller
Operand data access CPU
Low Instruction fetch CPU

4.13 Boundary Operation Conditions

4.13.1 Program space
Branching to the on-chip peripheral I/O area is prohibited. If the above is performed, undefined data is fetched,
and fetching from the external memory is not performed.

4.13.2 Data space

The V850E/ME2 is provided with an address misalign function.

Through this function, regardless of the data format (word or halfword), data can be allocated to all addresses.
However, in the case of word data and halfword data, if the data is not subject to boundary alignment, the bus cycle
will be generated at least 2 times and bus efficiency will drop.

(1) External bus width: 16 bits

(a) In the case of halfword-length data access
When the address’s LSB is 1, a byte-length bus cycle will be generated 2 times.

(b) In the case of word-length data access

(i) When the address’s LSB is 1, bus cycles will be generated in the order of byte-length bus cycle,
halfword-length bus cycle, and byte-length bus cycle.
(i) When the address’s lower 2 bits are 10, a halfword-length bus cycle will be generated 2 times.

(2) External bus width: 32 bits

(a) In the case of halfword-length data access
When the address’s lower 2 bits are 11, a byte-length bus cycle will be generated 2 times.

(b) In the case of word-length data access
When the address’s lower 2 bits are 10, a halfword-length bus cycle will be generated 2 times.
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4.14 Timing at Which TO0 State Is Not Inserted

A TO state is not inserted at the following timing.

(1)

)

Read

O During a refill operation when instruction cache is used (in the second and subsequent cycles)

O During speculative reading (in the second and subsequent cycles)

O If a read request (including a read request by instruction fetch or DMA) is generated before a write
operation to the external device is completed when a read operation occurs immediately after a write
operation

O If a read request (including a read request by instruction fetch or DMA) that is greater than the bus width of
the external device is generated (in the second and subsequent cycles)

[Example]
e 32-bit read access with 16-bit external bus width
o 32-bit or 16-bit read access with 8-bit external bus width

Write

O If a write request (including a write request by DMA) is generated before a write operation to the external
device is completed when a write operation occurs immediately after a write operation, and data is stored
in the write buffer (a cycle in which the data stored in the write buffer is written to the external device)

O If a write request (including a write request by DMA) is generated during a speculative read operation (if
data is stored in the write buffer)

O If a write request (including a write request by DMA) greater than the bus width of the external bus is
generated (after the second and subsequent cycles)

[Example]

e 32-bit write access with external 16-bit bus width
o 32-bit or 16-bit write access with external 8-bit bus
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% 4.15 Cautions

Cautions concerning the bus control function are shown below.

184

(1M

)

@)

(4)

Access to internal instruction RAM (in write mode)

Since the internal instruction RAM (in the write mode) is accessed using BUSCLK (internal instruction RAM
(in the read mode) is accessed using internal system clock (fcLk)), programmable waits, address setup waits,
and idle states can be inserted in the CS0 space.

Cautions on setting LBCn register

¢ When the speculative read function is set for each CSn space, do not insert an idle state in the CSn space
for which the speculative read function is enabled by the BCC register (n = 0 to 7). If an idle state is
required to be inserted in the CSn space for which the speculative read function is enabled, enable the
speculative read function for all CSn spaces (set the LBCO and LBC1 registers to 3333H) or disable the
speculative read function for all CSn spaces (set the LBCO and LBC1 registers to 0000H).

¢ Do not enable the speculative read function for SDRAM that is accessed via a 32-bit bus.

Write operation to external device

When data is written to an external device, the write operation to the external device may not be executed
even when a CPU write operation has been completed by the write buffer. The CPU can access the on-chip
peripheral I/O registers after the write operation has been completed even if data exist in the write buffer.
Therefore, if it is necessary to change the value of an on-chip peripheral I/O register after completion of
execution of an external memory cycle, write the same value as the default value to the LBCO or LBC1
register or write 00H to the WAS register before writing the on-chip peripheral I/O register whose value is to
be changed. When writing an on-chip peripheral 1/O register other than the LBCO or LBC1 register without
writing the same value as the default value to the LBCO or LBC1 register, or writing an on-chip peripheral I/O
register other than the WAS register without writing 00H to the WAS register, the register value may be
changed before completion of the external memory cycle.

2-cycle transfer that writes data to external device

During 2-cycle transfer that writes data to the external device, the write operation to the external device may
not be completed even if TCn bit of DCHCn register = 1 (DMA transfer completion) is read by the write buffer
(n =0 to 3). Ifitis necessary to change the value of an on-chip peripheral I/O register after completion of
DMA transfer (completion of a write operation to the external device), perform either of the following
operations.

« Monitor the TCn signal (the TCn signal becomes active in synchronization with a write operation to the
external device).

¢ After detecting setting (to 1) of the TCn bit, write 00H to the WAS register or write the same value as the
default value to the LBCO or LBC1 register, and then change the value of the on-chip peripheral 1/0
register. If the value of an on-chip peripheral I/O register other than the LBCO and LBC1 registers is
changed without writing the same value to LBCO or LBC1 or the value of an on-chip peripheral I/O register
other than the WAS register is changed without writing 00H to the WAS register, the value of the on-chip
peripheral I/O register may be changed before completion of DMA transfer.
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(5) Caution on setting BMC register
Set the number of waits (using the DWk2 to DWKO bits of the DWCm register) or address setup waits (using
the ACk1 and ACKO bits of the ASC register) for all the CS spaces in which an SRAM or page-ROM interface
cycle is activated to 1 or more when the same clock is used as the internal system clock and bus clock
(CKM1 and CKMO bits of the BMC register = 00) and the speculative read function is enabled (RBk1 and
RBkO bits of LBCm register =11) m=0,1, k=010 7).

(6) Caution on setting DWCn register
When the internal instruction RAM area is accessed (in the write mode), the programmable wait value set for
the CS0 space becomes valid.

(7) Caution on setting ASC register
Be sure to set the number of address setup wait states to 1 or more if the CSn signal is delayed using the
PFCCS register (n =0to 7).

(8) Caution on BCP register setting
If the internal instruction RAM is accessed while the IOEN bit of the BCP register is set (1) (in the write
mode), the IOWR signal becomes inactive.

(9) Caution on setting BCC register
The CSn signal does not become active in the idle state (n = 0 to 7).

(10) Caution on setting BHC register

e Be sure to set the BHC register in an uncached area (instructions cannot be fetched correctly if it is set
from a cacheable area).

e The area that includes the instruction that sets the BHC register cannot be set from an uncached area to a
cacheable area, or from a cacheable area to an uncached area. In this case, branch to area 1 and then
set area 0 to a cacheable area by an instruction in area 1. If necessary, branch to area 0 again.
An uncached area and a cacheable area can be set in any CS space in the internal instruction RAM area.

¢ If adjacent memory areas are a cacheable area and an uncached area, only a branch instruction can be
used to successively access this memory boundary. The operation is not guaranteed if this memory
boundary is successively accessed by an instruction other than a branch instruction.

(11) Caution on setting IRAMM register
o Data can be written to the internal instruction RAM only by a word access.
o Address miss-align access to the internal instruction RAM is prohibited.

(12) Write operation to internal instruction RAM area
Internal instruction RAM bank 0 area is allocated to interrupt and exception tables. Disable interrupts until
writing an instruction code to bank 0 of the internal instruction RAM is completed. Similarly, disable interrupts
when bank 0 of the internal instruction RAM is set in the write mode.
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5.1 SRAM, External ROM, External I/O Interface
5.1.1 Features

e SRAM is accessed in a minimum of 2 states.

e Up to 7 states of programmable data waits can be inserted by setting the DWCO0 and DWC1 registers (DMA
flyby transfer: FWC register).

« Data wait can be controlled via WAIT pin input.

e Up to 3 idle states can be inserted after a read/write cycle by setting the BCC register (DMA flyby transfer: FIC
register).

e Up to 3 address setup wait states can be inserted by setting the ASC register.

¢ DMA flyby transfer can be activated (SRAM — external I/O, external I/O — SRAM)
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5.1.2 SRAM connection

Examples of connection to SRAM are shown below.

Figure 5-1. Examples of Connection to SRAM (1/2)

V850E/ME2
A2to A18
D24 to D31

csn
_RD
UUWR

D16 to D23

ULWR

D8 to D15

LUWR

DO to D7

LLWR

(a) When data bus width is 8 bits

AQ to A16

I/01 to 1/08
SRAM

¢S (128 Kwords x 8 bits)
oE
WE

AO to A16

I/01 to 1/08
SRAM

Cs (128 Kwords x 8 bits)

O
WE

AO to A16

I/01 to 1/08
SRAM

Cs (128 Kwords x 8 bits)
oE
WE

Remark n=0to7

A0 to A16

I/01 to 1/08
SRAM

Cs (128 Kwords x 8 bits)

oE
WE
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Figure 5-1. Examples of Connection to SRAM (2/2)

V850E/ME2
A2to A19
D16 to D31

csn
RD
UUBE
ULBE
WR

DO to D15

LUBE
LLBE

(b) When data bus width is 16 bits

Remark n=0to7

AO to A17
I/01 to I/016
SRAM
(256 Kwords x 16 bits)
cs
OE
HB
LB
WE
A0 to A17
I/01 to I/016
SRAM
(256 Kwords x 16 bits)
cs
OE
HB
LB
WE
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5.1.3 SRAM, external ROM, external I/O access

Figure 5-2. SRAM, External ROM, External I/O Access Timing (1/10)

(a) When read (without speculative read)

TONote 1 T1 T2 TONote 1 T1 TW T2 TONote 1
BUSCLK (output) /™ \ \ \ \ \ /_\_ /_\_
A0 to A25 (output) Address X Address
BCYST (output) /
TS0 to CS7 (outpu) \
RD (output) \ \
Note 2 (output) \
DO to D31 (input)— = — — = — -=-< Data ———x=-< Data - — =~
WAIT (input) / \ \ / \

Notes 1. State (TO) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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Figure 5-2. SRAM, External ROM, External /0O Access Timing (2/10)

(b) When read (without speculative read, address setup wait, idle state insertion)

TONote 1 TASW T T2 I TONote 1

BUSCLK (output) _/_\_/ \_/ \_/ \_/ \_/_\_

A0 to A25 (output) Address

BCYST (output) /

CS0 to CS7 (output)

RD (output) \

Note 2 (output)

DOto D31 (nput)= = T = = = = == = = = = = -=-= S S

WAIT (input) / \

Notes 1. State (TO) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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Figure 5-2. SRAM, External ROM, External /0 Access Timing (3/10)

(c) When read (with speculative read, 32-bit bus width)

TONote1 T T2 T T2 T T2 s T2 TONote1
BUSCLK (output) |/~ \_| /T
AO to A25 (output) Address A Address A+4 Address A+8 Address A+C
BCYST (output) N/ ‘ / \_/ A _/
(€SO0 to CS7 (output)
‘RD (output) \
Note 2 (output)
DO to D31 (input)y= = = = = = --< Data -< Data -~ Data -< Data -—-"
'WAIT (input) / \_L_/ |/ N \

Notes 1. State (TO0) inserted between bus cycles

2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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Figure 5-2. SRAM, External ROM, External /0O Access Timing (4/10)

(d) When read (with speculative read, access on another line)

Access by CPU ( Read from Address (A) X Read from Address (B) )
TQNote 1 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2
BUSCLK (output) __/~  \___
AO to A25 (output) Address A Address A+4 Address A+8 Address A+C Address B

BCYST (output) / - N - ___ -

CS0 to CS7 (output)

RD (output) \

Note 2 (output)

DO to D31 (input)y = T — — — — - -( Data —( Data - -( Data - -( Data - -( Data
WAIT (inpu) / |/ |/ |/ |/ |
N Speculative read cycle (fill cycle of speculative read buffer) " ‘Speculative read cycle
|
——

Penalty cycle accompanying with another line access request

Notes 1. State (TO0) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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Figure 5-2. SRAM, External ROM, External /0 Access Timing (5/10)

(e) When read (with speculative read, 32-bit bus width, address setup wait, idle state insertion)

TONote 1| TASW | T1 T2 T |TASW| TH T2 T |TASW | T1 T2 T |TASW| T1 T2 Tl |TONetet
BUSGLK (output) |~ \_J/~ \_| M\ AANAR M\ [\
A0 to A25 (output) Address A Address A+4 Address A+8 Address A+C X
BCYST (output) _____/ U U _____/
CS0to CS7 (output) R B ) |
‘RD (output) \ \ \ \ |
Note 2 (output) ]
DO to D31 (input) = + = =+ === = Data -——F+=——+—{_ Data -----+-{_Data -----+-(_Data -—F--
WAIT (input) /T \ VAR / ‘ \ / ‘ \

Notes 1. State (TO) inserted between bus cycles

2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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Figure 5-2. SRAM, External ROM, External /O Access Timing (6/10)

(f) When written (1/2)

BUSCLK (output)

/ \/

\

\

/S

Access by CPU ( Write to address (A) ) ( Write to address (B) )
TOQNete t il T2 TOQNete t T ™W T2 TOQNote t
BUSCLK (output) __| \ \ \ \ \ \ \ \
A0 to A25 (output) Address A Address B
BCYST (output) /
'CS0 to @(output)
W(output) \_ / \
Note 2 (output)
DO to D31 (output) = = = = = = = = ( S S 4 Data | = | p=———
WAIT (input) / \ \ / \
(f) When written (2/2)
Access by CPU ( Write to address (A) X Write to address (B) )
TQNote 1 T T2 T ™ T2 TQNote 1

\

A0 to A25 (output)

BCYST (output)

CSO0 to CS7 (output)

m(output)

Note 2 (output)

DO to D31 (output) = =7

Address A Address B
/ 7/
/T N\ /
—————— ( Data Data ——— -

WAIT (input)

Notes 1.

Remarks 1.

State (TO) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.
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Figure 5-2. SRAM, External ROM, External /0 Access Timing (7/10)

BUSCLK (output)
A0 to A25 (output)
BCYST (output)
CS0 to CS7 (output)
WR (output)

Note 2 (output)

DO to D31 (output)

WAIT (input)

Notes 1.

(g) When written (address setup wait, idle state insertion)

ToNote 1

/N

TASW

/N

T

/N

T2

/N

TI

/N

Ad

dress

Data

2. UUBE, ULBE, LUBE, LLBE

Remarks 1.

State (TO) inserted between bus cycles

The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.

User's Manual U16031EJ4V1UD

195




CHAPTER 5 MEMORY ACCESS CONTROL FUNCTION

Figure 5-2. SRAM, External ROM, External /O Access Timing (8/10)

(h) For read (without speculative read) — write operation

Remarks 1.

2. UUBE, ULBE, LUBE, LLBE

The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.

ToNote 1 T1 T2 ToNote 1 T1 T2
BUSCLK outpu) _ /~ N\__/~ \ \ "/ \_/ \ \
A0 to A25 (output) Address Address
BCYST (output) / /
CS0 to CS7 (output) \
RD (output) \ \—
WR (output) \ / \_
Note 2 (output) \
DO to D31 (input)= o = = — = — — -=-=( Data |[p————~— ( Data - - (- -
WAIT (input) / \ / \
Notes 1. State (TO0) inserted between bus cycles
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Figure 5-2. SRAM, External ROM, External /0 Access Timing (9/10)

(i) For write — read operation (1/2)

Access by CPU ( Write to address (A) ) ( Read from address (B)
T(QNote 1 T1 T2 TQNote 1 T1 T2
BUSCLK (output) |/~ \ \ "/ _/ \ \ \
A0 to A25 (output) Address A Address B
BCYST (output) / /
CS0 to CS7 (output) \
ﬁ(output) \
'WR (output) \ / \
Note 2 (output) \
DOto D31 (input) = | = = = — — = ( Data = )y === =-- -—= ( Data -= '< - =
WAIT (input) / \ / \

Notes 1. State (TO) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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Figure 5-2. SRAM, External ROM, External I/0 Access Timing (10/10)

(i) For write — read operation (2/2)

Access by CPU ( Write to address (A) X Read from address (B)

TQNote 1 T1 T2 T1 T2

susckouput) /N /" \/ _/ ./ __

A0 to A25 (output) Address A Address B

BCYST (output) / \ _/

CSO0to CS7 (output)

‘RD (output) \

WR (output) \ /

Note 2 (output)

DO to D31 (input) = = = = = = = = ( Data - —( Data

WAIT (input) / \ / \

Notes 1. State (TO) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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5.2 Page ROM Controller (ROMC)

The page ROM controller (ROMC) is provided for accessing ROM (page ROM) with a page access function.
Addresses are compared with the immediately preceding bus cycle and wait control for normal access (off-page)
and page access (on-page) is executed. This controller can handle page widths from 8 to 128 bytes.

5.2.1 Features

¢ Direct connection to 8-bit/16-bit/32-bit page ROM supported
o For 32-bit bus width: 2/4/8/16/32-word page access supported
For 16-bit bus width: 4/8/16/32/64-word page access supported
For 8-bit bus width: 8/16/32/64/128-word page access supported
e Page ROM is accessed in a minimum of 2 states.
e On-page judgment function
e Addresses to be compared can be changed by setting the PRC register.
e Up to 7 states of programmable data waits can be inserted by setting the following registers.
During on-page cycle: PRC register
During off-page cycle: DWCO0 and DWCH1 registers
During DMA flyby cycle: FWC register
e Waits can be controlled via WAIT pin input.
* DMA flyby cycle can be activated (page ROM — external I/O)
o SRAM write cycle is started when a write cycle request is issued to a CSn space (n = 0 to 7) where page ROM
is allocated
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5.2.2 Page ROM connection
Examples of connection to page ROM are shown below.

Figure 5-3. Examples of Connection to Page ROM

V850E/ME2
A2 to A21
D16 to D31

Csn
RD

DO to D15

(a) When data bus width is 16 bits

A0 to A19
00to 015

Page ROM
(1 Mword x 16 bits)
CE
OE

V850E/ME2
A2 to A22
D24 to D31

oS
RD

D16 to D23

D8 to D15

DO to D7

(b) When data bus width is 8 bits

AO to A19
0O0to O15

Page ROM
(1 Mword x 16 bits)
CE
OE

A0 to A20

00 to O7
Page ROM

CE (2 Mwords x 8 bits)
OE

A0 to A20

00 to O7
Page ROM

CE (2 Mwords x 8 bits)
OE

A0 to A20

00 to O7
Page ROM

CE (2 Mwords x 8 bits)
OE

Remark n=0to7

AO to A20

00 to O7
Page ROM

CE (2 Mwords x 8 bits)
OE
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5.2.3 On-page/off-page judgment
Whether a page ROM cycle is on-page or off-page is judged by latching the address of the previous cycle and
comparing it with the address of the current cycle. If no speculative reading is specified (RBn1 and RBnO bits of the
LBCm register = 00, 01) or use of the instruction cache is not specified, an off-page cycle is always started, except in
the following cases (m =0, 1,n=0t0 7).
* 16/32-bit access to 8-bit bus
® 32-bit access to 16-bit bus
One of the addresses (A3 to AB) is set as the masking address (no comparison is made) according to the
configuration of the connected page ROM and the number of continuously readable bits set by the PRC register.
An example of controlling address masking when four page ROMs of 1 Mword x 8 bits are connected is shown
below.

Figure 5-4. Example of Control by MA6 to MA3 Bits of PRC Register

Internal address latch
(immediately preceding | 825 | @24 | a23 | a22 |a21 | = | a7 | a6 | a5 | a4 | a3

address) A ' A ' A A A [} A [

MAG | MA5 | MA4 | MA3 PRC register setting

( Comparison J

Y Y Y Y Y Y i Y i Y
A25 | A24 | A23 | A22 | A21 A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

Note

V850E/ME2
address output

Page ROM address A19 A5 | A4 | A3 | A2 | A1 | AO

Off-page address On-page address

Note Not used with a 32-bit data bus width
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5.2.4 Page ROM configuration register (PRC)

The masking address (no comparison is made) out of the addresses (A3 to A6) corresponding to the configuration
of the connected page ROM and the number of bits that can be read continuously, as well as the number of waits

corresponding to the internal system clock (fck), are set.

This register can be read or written in 16-bit units.

Caution Write to the PRC register after reset, and then do not change the set value. Also, do not
access an external memory area other than the one for this initialization routine until the
initial setting of the PRC register is complete. However, it is possible to access external
memory areas whose initialization settings are complete.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRC | 0 |PRW2PRWiPRWO| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |MABMAS|MA4|MA3 FFAFdFdFri;SAH Af;%roz)e;‘e‘
Bit position Bit name Function
14t0 12 PRW?2 to Sets the number of waits corresponding to the internal system clock (fcik).
PRWO The number of waits set by these bits is inserted only for on-page access. For off-page
access, the waits set by registers DWCO0 and DWC1 are inserted.
PRW2 | PRW1 | PRWO Number of inserted wait cycles
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
3t00 MAG to Each respective address (A6 to A3) corresponding to MA6 to MA3 is masked (by 1). The
MA3 masked address is not subject to comparison during on/off-page judgment, and is set

according to the number of continuously readable bits.

MA6 MA5 MA4 MA3 Number of continuously readable bits
0 0 0 0 2 x 32 bits, 4 x 16 bits, 8 x 8 bits
0 0 0 1 4 x 32 bits, 8 x 16 bits, 16 x 8 bits
0 0 1 1 8 x 32 bits, 16 x 16 bits, 32 x 8 bits
0 1 1 1 16 x 32 bits, 32 x 16 bits, 64 x 8 bits

1

1

1

32 x 32 bits, 64 x 16 bits, 128 x 8 bits

Other than above

Setting prohibited
(The operation cannot be guaranteed if other bits
are set.)
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5.2.5 Page ROM access

Figure 5-5. Page ROM Access Timing (1/6)

(a) When read (without speculative read, 32-bit bus width, other than cache fill operation)

2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.

TONote ! T T2 TONote 1 g T2 ToNote 1 T T2 ToNete 1 T T2 ToNote1
A0 to A25 (output) Off-page address Off-page address Off-page address X___Off-page address
BCYST (output) ) —
€S0 to CS7 (output) ) S ) S
RD (output \ |\ |\ |\ T
'WR (output) H
Note 2 (output) ] A
DO to D31 (inputy 7 = — = = + = —{_| Data ---1--(_ Daa --=-1t--(_|Daa -—-—-t--(_|Daa ---
WAIT (input) / \ / \ / | | 7/ \
Notes 1. State (TO0) inserted between bus cycles
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Figure 5-5. Page ROM Access Timing (2/6)

(b) When read (without speculative read, 32-bit bus width, cache fill operation)

[— Off-page —><+— On-page —»¢— On-page —><¢— On-page —>
ToNete 1 T TyNote2 T2 TO1 TO2 TO1 TO2 TO1 TO2 ToNete1
A0 to A25 (output) Address A Address A+4 Address A+8 Address A+C
BCYST (output) / | /T N/
CS0 to (ﬁ(output)
RD (output) \
WR (output) | H
Note 3 (output)
DO to D31 (input) = = = = = = --< Data Data Data Data ----
WAIT (input) / |/ |/ |/ \

Notes 1. State (TO0) inserted between bus cycles

2. Programmable wait = 1 wait insertion

3. UUBE, ULBE, LUBE, LLBE

Remarks 1.

The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.
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Figure 5-5. Page ROM Access Timing (3/6)

(c) When read (with speculative read, 32-bit bus width)

S Off-page —_—— On-page —— On-page —>— On-page —
TQNote 1 T T™W W T™W T2 TO1 TOW TO2 TO1 TOW TO2 TO1 TOW TO2 TQNote 1
BUSCLK (outputy [/~ \__/~ \_/~ \_| /| [\
A0 to A25 (output) Address A Address A+4 Address A+8 Address A+C
BCYST (output) ! _ / \— _J
CS0to CS7 (output)
ﬁ(output) \
WR (output) | H
Note 2 (output)
DO to D31 (input) =t = = = T = ( Data Data Data Data =-="
WAIT (input) / \ / \ / \ / \

Notes 1. State (TO) inserted between bus cycles

2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.
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Figure 5-5. Page ROM Access Timing (4/6)

(d) When read (without speculative read, address setup wait,
idle state inserted, 32-bit bus width, other than cache fill operation)

Notes 1. State (TO0) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.

TONoe I TASW | T1 | T2 Tl [TONete ! TASW | T1 | T2 Tl [TONetel TASW | T1 | T2 TI [TONete! TASW | T1 | T2 Tl [TQNotel
BUSCLK (output)_/_\_ /_\_ /_\_ /_\_ /_\_
AQ to A25 (output) bff-pagé addres‘ ‘Off-pag; addreg:_s bff-pagé addres‘- bff-pagé addres: s
BCYST (output) J — — e
CS0 to CS7 (output)
ﬁ(output) \ \ \ \
WR (output) H
Note 2 (output) ) Bl )
DotoDsumput)--—---—--(_’[)aL _""""(_’DEL """"'(_’DaL i _————
WAIT (input) / ‘ \ / ‘ \ / ‘ \ / \
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Figure 5-5. Page ROM Access Timing (5/6)

(e) When read (without speculative read,
address setup wait, idle state inserted, 32-bit bus width, cache fill operation)

-« Off-page —><+— On-page —P»¢— On-page —>t— On-page —>
TQNote 1 TASW T T2 TO1 TO2 TO1 TO2 TO1 TO2 Tl
BUSCLK (output) _/~ \__/~ \__| /T /T
AO to A25 (output) Address AC Address A+4 Address A+8 Address A+C
BCYST (output) / N e/ e/
CS0 to CS7 (output)
RD (output) \
WR (output
(output) m
Note 2 (output)
DO to D31 (input)= = = = = += = = = = --{ Data Data Data Data [ e
WATIT (input) / N n_| / |/ \

Notes 1. State (TO) inserted between bus cycles

2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.

2. The broken lines indicate the high-impedance state.
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Figure 5-5. Page ROM Access Timing (6/6)

(f) When read (with speculative read, address setup wait, idle state inserted, 32-bit bus width)

ToNote?| TASW | T1 ™w ™ ™w T2 TO1 | TOW | TO2 | TO1 | TOW | TO2 | TO1 | TOW | TO2 ul

f— Off-page —><«— On-page —»¢—  On-page —>— On-page —>

BUSCLK (output) /_\_/_\_/_\_/_\_F_L/_\_/_\_/_\_F_\_h/_\_k\_h/_\_ [\

A0 to A25 (output) Address A Address A+4 Address A+8 Address A+C

BCYST (output)

CS0to CS7 (output)

ﬁ(output) \

WR (output) | H

Note 2 (output)

DO to D31 (input)=f = = =|= = = = _(

Data Data Data Data --

WAIT (input) / \ / \ / \ / \

Notes 1. State (TO) inserted between bus cycles
2. UUBE, ULBE, LUBE, LLBE

Remarks 1. The circle O indicates the sampling timing.
2. The broken lines indicate the high-impedance state.
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5.3 SDRAM Controller (SDRAMC)
5.3.1 Features

¢ Burst length: 1

o Wrap type: Sequential

e CAS latency: 1, 2, and 3 supported (only 2 and 3 supported during DMA flyby transfer)
e 4 types of SDRAM can be assigned to 4 memory blocks.

¢ Row and column address multiplex widths can be changed.

¢ Waits (0 to 3 waits) can be inserted between the bank active command and the read/write command.

e Supports CBR (auto) refresh and self-refresh.
+ DMA flyby cycle (from external /O to SDRAM) can be activated.

5.3.2 SDRAM connection
An example of connection to SDRAM is shown below.

Figure 5-6. Example of Connection to SDRAM

V850E/ME2
A2to A13 ¥ A0 to A11
A22, A23Note Taml A12, A13
D16 to D31 DQO to DQ15
SDRAM
(1 Mword x 16 bits x 4 banks)
BUSCLK — CLK
SDCKE — CKE
CSn — CS
SDRAS — RAS
SDCAS — CAS
uubQM — HDQM
uLbaMm — LDQM
WE — WE
| —————————— 3 AOto A1l
A12, A13
DO to D15 DQO to DQ15
SDRAM
(1 Mword x 16 bits x 4 banks)
CLK
CKE
cs_
RAS
CAS
LUDQM HDQM
LLDQM LDQM
WE

Note The address signals to be used differ depending on the SDRAM product.

Remark n=1,3,4,6
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5.3.3 Address multiplex function

Depending on the value of the SAWNn0 and SAWn1 bits in the SCRn register, the row address output in the
SDRAM cycle is multiplexed as shown in Figure 5-7 (a) (n = 1, 3, 4, 6). Depending on the value of the SSOn0 and
SSOn1 bits of the SCRn register, the column address output in the SDRAM cycle is multiplexed as shown in Figure 5-
7 (b) (n=1, 3, 4, 6). In Figures 5-7 (a) and (b), a0 to a25 indicate the addresses output from the CPU, and A0 to A25
indicate the address pins of the V850E/ME2.

Figure 5-7. Row Address/Column Address Output (1/2)

(a) Row address output

Address pin A25t0 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
Row address
(SAWnN1, SAWNO bits = 11)

[a25t0a18]a17 | a16|a15]a25 |a24|a23 | a22]a21|a20|a19] a18]a17/a16 |a15 |a14]a13/a12]al1 |

Row address
(SAWn1, SAWNO bits = 10) [a25 0 a18]a17]a16 |a25 |a24 |a23 [a22 |a21 [a20 |19 a18 [a17 [a16 a15 [a14 [a13 [a12 |at11 [at0]

Row address
(SAWn{, SAWNO bits = 01) 25 10 a18] 17| a25| a24] a23| a22] a21| a20| a19] a18] a17a16]a15 a14] a13|a12] a11]a10] a9 |

Row address
(SAWn1, SAWNO bits = 00) [225 0 a18| a25 224 |a23 [a22 |a21 [a20 |a19 |a18 |a17 |a16 [a15 [a14 |a13]a12 [at1 [a10 | a9 | a8 |

Remark n=1,3,4,6

(b) Column address output (using all-bank precharge command)

Address pin A25t0 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

Column address
(SSOn1, SSONO bits = 00)

[a2510a18|a17]a16|at5]a14]a13[a12|a11] 1 | a9 | a8 | a7| a6 | a5 [ad |a3] a2 at | a0 |

Column address
(SSON1, SSONO bits = 01 | 825 10 a18|a17| a16[a15|a14|a13]a12| 1 [a10] a9 | a8| a7 a6 | a5 | a4 | a3|a2|at a0

(ssom,s(:s%unrgnbsgirjzj|325‘°a‘8‘a17‘ at6]at15]at4]a13] 1 [at1]a10] a9] a8|a7[a6] a5] a4]as|a2]at a0 |

Remark n=1,3,4,6

(c) Column address output (using register write command)

Address pin A25t0A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

Col dd

(ssom,ss%unrgnbﬁs:r%%ﬂ o JoJofofofJoJo ofoJofo]o[umemime ojofo]o|
Col dd

(ssont, ssonobits=01) 0| 0] 0] 0[oJofoJoJoJoofmeummme oJoJo o[o]
S addree ™ T o o] o0o]o]o] o] o] o] omemimm o] o]o]o]o]o]

(SSOn1, SSONO bits = 10)

Remark n=1,34,6
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Figure 5-7. Row Address/Column Address Output (2/2)

(d) Column address output (using read/write command)

Address pin A25t0A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

Column address
(SSOnN1, SSONO bits = 00)

[a25t0a18]a17 | a16|a15]at4|at2]at1 |a10| 0 | a9 | a8 | a7 | a6 a5 a4 | a3 | a2 |at |ao |

(SSOn1,SCSO(I)un%nbﬁsdcin(a)S1$)|625t°a18‘a17‘ at6]at5]at4]at2[a11] 0 [at0[ a9 a8| a7 [ a6 a5| a4|a3]a2| a1 |a0|

(SSOnLSCSOC')“nrgnbﬁgir?%s)|a25toa18\a17\ at6]a15/a14]a12] 0 [at1]a10] a9] a8| a7 | a6 ] a5] a4] a3 ] a2 | at a0

Remark n=1,346
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* (1) Output of each address and connection of SDRAM
The set contents of the SCRn register, physical address, address output from the V850E/MEZ2, and
connection between the V850E/ME2 and SDRAM at each data bus width (8 bits or 16 bits) are described
below.

(a) At 8-bit data bus width
An example of connecting 64 Mb SDRAM (2 Mwords x 8 bits x 4 banks) at 8-bit data bus width is shown
below.

¢ Set contents of SCRn register
SSOn1, SSONO bits = 00: Data bus width = 8 bits
RAWnN1, RAWNO bits = 01: Row address width = 12 bits
SAWnN1, SAWNO bits = 01: Column address width = 9 bits

¢ Physical address
A22, A21: Bank address
A20 to A9: Row address
A81to AO: Column address

e Address output from V850E/ME2
A22, A21: Bank address
A11 to AO: Row address (12 bits), column address (9 bits)

(i) Row address, bank address output (with active command)

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A1l AT0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25\a24\a23 a22\a21 azo\a19\a18\a17\a25\a24\a23\a22\a21 azo\a19\a18\a17\a16\a15\a14\a13\a12\a11\am\ a9

Bank address Row address

(ii) Column address output (with read/write command)

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
|a25‘a24‘323‘a22‘a21‘a20‘a19‘a18‘a17‘a16‘a15‘a14‘a12‘a11‘a10‘ 0 \ag a8\a7\a6\a5\a4\a3\a2\a1 \ao

Column address

e Connection of VB50E/ME2 and SDRAM
A22, A21 (V850E/ME2) — BAO (A13), BA1 (A12) (SDRAM)
A11 to AO (V850E/ME2) — A11 to A0 (SDRAM)
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(b) At 16-bit data bus width
An example of connecting 512 Mb SDRAM (8 Mwords x 16 bits x 4 banks) at 16-bit data bus width is
shown below.

o Set contents of SCRn register
SSOn1, SSONO bits = 01: Data bus width = 16 bits
RAWnN1, RAWNO bits = 10: Row address width = 13 bits
SAWnN1, SAWNO bits = 10: Column address width = 10 bits

e Physical address
A25, A24: Bank address
A23 to A11: Row address
A10to A1:  Column address

¢ Address output from V850E/ME2
A25, A24: Bank address
A13 to A1: Row address (13 bits), column address (10 bits)

(i) Row address, bank address output (with active command)

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
a25‘a24 a23‘322‘a21‘a20‘a19‘a18‘a17‘a16‘325‘a24 a23‘322‘a21 ‘a20‘a19‘a18‘a17‘a16‘a15‘a14‘a13‘a12‘a11 a10|

Bank address Row address

(ii) Column address output (with read/write command)

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘a24‘a23‘a22‘a21‘a20‘a19‘a18‘a17‘a16‘a15‘a14‘a12‘a11‘ 0 a10\a9\a8\a7\a6\a5\a4\a3\a2\a1 a0|

Column address

e Connection of V850E/ME2 and SDRAM
A25, A24 (VB50E/ME2) — BAO (A14), BA1 (A13) (SDRAM)
A13 to A1 (VB50E/ME2) — A12 to A0 (SDRAM)
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(c) At 32-bit data bus width
An example of connecting 512 Mb SDRAM (256 Mb SDRAM (4 Mwords x 16 bits x 4 banks) x 2) at 32-
bit data bus width is shown below.

e Set contents of SCRn register
SSOn1, SSONO bits = 10: Data bus width = 32 bits
RAWnN1, RAWNO bits = 10: Row address width = 13 bits
SAWN1, SAWNO bits = 01: Column address width = 9 bits

¢ Physical address
A25, A24:  Bank address
A23 to A11: Row address
A10to A2: Column address

¢ Address output from V850E/ME2
A25, A24: Bank address
A14 to A2: Row address (13 bits), column address (9 bits)

(i) Row address, bank address output (with active command)

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 AT0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
a25‘a24 a23‘a22‘a21‘a20‘a19‘a18‘a17‘a25‘a24 a23‘a22‘321 ‘a20‘a19‘a18‘a17‘a16‘a15‘a14‘a13‘a12‘a11 a10‘ a9|

Bank address Row address

(ii) Column address output (with read/write command)

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
|a25‘a24‘a23‘a22‘a21‘a20‘a19‘a18‘a17‘a16‘a15‘a14‘a12‘ 0 \aﬁ a1o\ a9 \ a8 \ a7 \ a6 \ a5 \ ad \ a3 \ a2 | at \ao|

Column address

e Connection of V850E/ME2 and SDRAM
A25, A24 (V850E/ME2) — BAO (A14), BA1 (A13) (SDRAM)
A14 to A2 (V850E/ME2) — A12 to A0 (SDRAM)
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(2) Bank address output

The V850E/ME2 precharges a bank to access by using a bank precharge command when a row address is

output immediately after page change. After bank change, it precharges the bank previously accessed when

a column address is output. Therefore, a bank is precharged both when a row address is output and when a
column address is output. To connect SDRAM with the contents described in 5.3.3 (1) (a) At 8-bit data bus
width, always connect the pins (A22 and A21) of the V850E/ME2 that outputs bank addresses to the bank
address pins (A13 and A12) of SDRAM.
An example of address output by the bank precharge command when the page or bank is changed if SDRAM
is connected with the contents described in 5.3.3 (1) (a) At 8-bit data bus width is shown below.

(a) When page is changed (at 8-bit data bus width)
When the page is changed, the precharge command outputs the physical addresses to be accessed
(a20 and a18 to a9) to the A11 and A9 to A0 pins, and the bank addresses to be accessed (a22 and a21)
to the A22 and A21 pins.

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

|a25\a24\a23

a22 ‘ a21

a20‘a19‘a18‘a17‘a25‘a24‘a23‘a22‘a21

azo\ 0 \a18\a17\a16\a15\a14\a13\a12\a11\a1o\a9

Bank address to be accessed

Row address

(b) When bank is changed (at 8-bit data bus width)
When the bank is changed, the bank precharge command outputs the physical addresses to be
accessed (a8 to a0) to the A8 to A0 pins, and the bank addresses previously accessed (a22 and a21) to
the A22 and A21 pins.

Address pin A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

|a25\a24\a23

a22 ‘ a21

azo\a19\a18\a17\a16\a15\a14\a12\a11\a1o\ 0 \ag a8 \a7 \as \as \a4 \as \az\ a1\ a0

Bank address previously accessed

Column address

The bits that determine the precharge mode (A10: 8-bit data bus width, A11: 16-bit data bus width, A12:
32-bit data bus width) output a high level when the all bank precharge command is executed, and a low

level when any other command is executed for precharging.
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5.3.4 SDRAM configuration registers 1, 3, 4, 6 (SCR1, SCR3, SCR4, SCR6)

These registers specify the number of waits and the address multiplex width. The SCRn register corresponds to
CSn (n=1, 3, 4, 6). For example, to connect SDRAM to @, set the SCR1 register. These registers can be read or
written in 16-bit units.

Cautions 1. An SDRAM read/write cycle is not generated prior to executing a register write operation.

Access SDRAM after reading the value of the SCRn register and confirming that the WCFn
bitis setto1(n=1, 3, 4, 6).

2. To write to the SCRn register again following access to SDRAM, clear the MEn bit of the
BCTO and BCT1 registers to 0, and then set it to 1 again before performing access (n = 0 to
6).

3. Do not execute continuous instructions to write to the SCRn register. Be sure to insert
another instruction between commands to write to the SCRn register.

4. Start accessing SDRAM after all the SCRn registers have been set. Set the RFSn register
before setting the SCRn register (n =1, 3, 4, 6).

(1/3)

15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 0 Address After reset
scrt [ o [umidumiilommo] o | o |

o

‘WCF1 ‘BCW11‘BCW10‘SSO1 1 ‘SSO10‘HAW1 1‘RAW10‘SAW1 1 ‘SAW10| FFFFF4A4H 30COH

o

SCR3| 0 ‘LTMSQ‘LTMM‘LTMSO‘ 0 \ 0 \ ‘WCFS‘BCWM‘BCWSO‘SSOM‘ssoao‘RAwm‘RAwso‘SAwm‘SAwsol FFFFF4ACH  30COH

o

scra | o [umeimariieo] o | o | o |wore|sowsi|sowsissostissoslpansi awadsawst savs| FFFFFaBOH  30COH

scre | o [wedimustveo] 0 | o | o |wors|ecwst sowsossostissoso et Rawsdsawst saweo| FFFFF4B8H  30COH
Bit position Bit name Function
14to 12 LTMn2 to Sets the CAS latency value for reading.
LTMnO LTMn2 LTMn1 LTMnO Latency
0 0 1 1 (setting prohibited during DMA flyby transfer)
0 1 0 2
0 1 1 3
Other than above Setting prohibited
8 WCFn Indicates that execution of a register write command on SDRAM has been completed
after the SCRn register was set. This bit is set to 1 when a register write command is
generated. This bit can only be read.
0: Setting not completed
1. Setting completed

Remark n=1,3,4,6
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(2/3)

Bit position Bit name Function
7,6 BCWn1, Specifies the number of wait states inserted from the bank active command to a
BCWnO read/write command, or from the precharge command to the bank active command.
BCWn1 BCWnO Number of wait states inserted

0 0 Setting prohibited
0 1 1
1 0 2
1 1 3

5,4 SSOnf1, Specifies the address shift width during on-page judgment.

SSOno0 If the external data bus width is set to 16 or 32 bits, the system does not use the lower
address (A0 or A1, A0). Set these bits in accordance with the contents of the LBS
register corresponding to CSn.

SSOn1 SSOn0 Address shift width
0 0 0 bits (external data bus width: 8 bits)
0 1 1 bit (external data bus width: 16 bits)"*
1 0 2 bits (external data bus width: 32 bits)"**
1 1 Setting prohibited
3,2 RAWnN1, Specifies the row address width.
RAWNO RAWnR1 RAWNO Row address width
0 0 11 bits
0 1 12 bits"™
1 0 13 bits"*
1 1 Setting prohibited
1,0 SAWN1, Specifies the address multiplex width (column address width) during SDRAM access.
SAWnO SAWN1 SAWNO Address multiplex width (column address width)
0 0 8 bits
0 1 9 bits
1 0 10 bits"™*
1 1 11 bits"™
Remarks 1. The Note is described on the next page.
2. n=1,3,4,6
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Note The following setting is prohibited because the upper limit of the address is exceeded.

SSOn1 SSOn0 RAWN1 RAWnNO SAWN1 SAWNO Setting

0 1 1 0 1 1 Data bus width: 16 bits
Row address width: 13 bits

Column address width: 11 bits

1 0 0 1 1 1 Data bus width: 32 bits
Row address width: 12 bits

Column address width: 11 bits

1 0 1 0 1 0 Data bus width: 32 bits
Row address width: 13 bits

Column address width: 10 bits

1 Data bus width: 32 bits

Row address width: 13 bits

Column address width: 11 bits

Remark n=1,34,6
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5.3.5 SDRAM access

During power-on or a refresh operation, the all-bank precharge command is always issued for SDRAM. When

accessing SDRAM after that, therefore, the active command and read/write command are issued in that order (see

<1> in Figure 5-8).

If a page change occurs following this, the precharge command, active command, and read/write command are

issued in that order (see <2> in Figure 5-8).

If a bank change occurs, the active command and read/write command for the bank to be accessed next are

issued in that order.

before the bank currently being accessed will be issued (see <3> in Figure 5-8).

Figure 5-8. State Transition of SDRAM Access

Following this read/write command, the precharge command for the bank that was accessed

All-bank

Bank A
active
command

/

Read/Write
command

©

Read/Write

(Page change) command

777777777777777777777777777

precharge
command

/

Bank A
active
command

Bank A
Read/Write
command

precharge command
(Power on/refresh)

n-page access)

(Bank change)

Bank B
active
command

Bank B
Read/Write
command

Bank A precharge
command

: Y

(Bank change)

Bank A
active
command

Bank A
Read/Write
command
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220

(1) SDRAM single read cycle

The SDRAM single read cycle is a cycle for reading from SDRAM by executing a load instruction (LD) for the
SDRAM area, by fetching an instruction, or by 2-cycle DMA transfer.

In the SDRAM single read cycle, the active command (ACT) and read command (RD) are issued to SDRAM
in that order. During on-page access, however, only the read command is issued and the precharge
command and active command are not issued. When a page change occurs in the same bank, the
precharge command (PRE) is issued before the active command.

A one-state TO cycle is always inserted immediately before all read commands activated by the CPU.

The number of idle states (Tl) set by the BCC register are inserted after the read cycle (no idle states are
inserted, however, if BCn1 and BCnO are 00) (n = 1, 3, 4, 6). The timing charts of the SDRAM single read
cycle are shown below.

Caution When executing a write access to SRAM or external I/O after read accessing SDRAM, data
conflict may occur depending on the SDRAM data output float delay time. In such a case,
avoid data conflict by inserting an idle state in the SDRAM space via a setting in the BCC
register.
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Figure 5-9. SDRAM Single Read Cycle (1/5)

(a) During off-page access (when latency = 2, BCW = 1)

TO ! TACT TREAD TLATE TLATE TO !
BUSCLK (output) _/_\_/_\_/ \_/ \_/_\
Command | ACT | RD |
A2 to A11 (output) Row Col.
A12""* (output) Row Address
Bank address (output) Bnk. Address
Note 3 (output) Address Address
BCYST (output) /
csn (output)
SDRAS (output) /
SDCAS (output) /
M(output) H
Note 4 (output)
Note 5 (output)
DOto D31 (input)y — T - —-—-—-—-F-—T—-—T—T99 -7 ~—-—-==—-% <I>‘ —————

Latency = 1 %

Notes 1. State (TO0) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-9. SDRAM Single Read Cycle (2/5)

Tov! TACT TREAD TLATE TLATE Tl Tl Tov
BUSCLK (output) __| / \ \ \ \ \ \ \
Command | ACT | RD |
A2 to A11 (output) Row Col.
A12"°% (output) Row Address
Bank address (output) Bnk. Address
Note 3 (output) Address Address
m(output) /
ﬁ (output)
SDRAS (output) /
m (output) /
WE (output) H
Note 4 (output)
Note 5 (output)
DOtoD31 (input) = T = = = = == = - = —— - (E)- _________________

Notes 1.
2.
3.

(b) During off-page access (latency = 2, idle state 2 insertion)

Latency = 2 ﬁ

State (T0) inserted between bus cycles

Addresses other than the bank address, A12, and A2 to A11.

This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.

When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)

When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.

2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-9. SDRAM Single Read Cycle (3/5)

(c) During off-page access (when latency = 2, page change, BCW = 1)

TO™ ™! TACT TREAD TLATE TLATE TO"™! TPREC TACT TREAD TLATE TLATE TO"™!
susctk oupw) __/ \__| /N /N

Command ACT D L ere_ [ act | mo |

A2 to A11 (output) Col, Col.

A12""* (output) Bow Addre Row Addres:

Bank address (output) Bnk. Address Bnk. Addres

Note 3 (output) Addre Addre: Addres:

BCYST (output)

CSn (output)

SDRAS (output)

SDCAS (output) / /

WE (output) H N

Note 4 (output)

Note 5 (output)

e EEEEE EEEEI TR T it (o -~

-

Latency = 2 Latency = 2
4 ﬁ Page change 4 ﬁ

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-9. SDRAM Single Read Cycle (4/5)

BUSCLK (output)

Command

A2 to A11 (output)
A12""°* (output)

Bank address (output)

Note 3 (output)

BCYST (output)

CSn (output)

SDRAS (output)
SDCAS (output)
WE (output)
Note 4 (output)

Note 5 (output)

DO to D31 (input)

(d) During off-page access (latency = 2, bank change)

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1.
2.

The broken lines indicate the high-impedance state.
n=1,3,4,6

m=0to3

xx = UU, UL, LU, LL

Bnk.: Bank address

Col.: Column address

Row: Row address

TO"*! TACT TREAD TLATE TLATE TO"*! TACT TREAD TLATE TLATE TO"*!
ACT RD |AcT@®nkB] RD __ |PRE(Bnk.A)

Col Address

Row Address Row Address Address

Bnk.A Address Bnk.B Address Bnk.A Address

Address Address Address Address Address
H
Latency = 2 Latency = 2 g
T_T Bank change T_T
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Figure 5-9. SDRAM Single Read Cycle (5/5)

(e) During on-page access (when latency = 2, 32-bit bus width)

TO™! TREAD TLATE TLATE TOM™!
BUSCLK (output) /' \ \ \ \ \
Command | RD I
A2 to A11 (output) Col. Col.
A12""? (output) Address Address
Bank address (output) Address Address
Note 3 (output) Address Address
BCYST (output) /

CSn (output)

SDRAS (output) H

SDCAS (output) /

‘WE (output) H

Note 4 (output)

DO to D31 (input) = T= = = = =|m= = = = = = —— - < Data >_ -

Latency =2 T_T

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
4. UuDQM, ULDQM, LUDQM, LLDQM

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
3. Col.: Column address
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* (2) SDRAM single write cycle
The SDRAM single write cycle is a cycle for writing to SDRAM by executing a write instruction (ST) for the
SDRAM area or by 2-cycle DMA transfer.
In the SDRAM single write cycle, the active command (ACT) and write command (WR) are issued to SDRAM
in that order. During on-page access, however, only the write command is issued and the precharge
command and active command are not issued. When a page change occurs in the same bank, the
precharge command (PRE) is issued before the active command.
The timing charts of the SDRAM single write cycle are shown below.
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Figure 5-10. SDRAM Single Write Cycle (1/6)

(a) During off-page access

TOND‘E 1 TACT TWR
BUSCLK (outouty __/ \ \ \ \

|lactenka)|  wr |

Command
A2 to A11 (output) Row Col.
A12""°* (output) Row
Bank address (output) Bnk.A
Note 3 (output) Address
BCYST (output) /

Csn (output)

SDRAS (output) /

SDCAS (output)

WE (output)

11

Note 4 (output)

Note 5 (output)

DOtoD31 (/0) = T = === ( Data

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-10. SDRAM Single Write Cycle (2/6)

(b) Page change (1/2)

Access by CPU ( Write to address (A) X Write to address (B) )

TO" TACT TWR TW TPREC TACT TWR
BUSCLK (outputy __ [/ \ \ \ \ \ \ \ \
Command lactenka)]  wr | [PrE@nk.A) | AcTEkA)]  wr ]
A2 to A11 (output) Row Col.(A) Address Row Col.(B)
A12"%"°? (output) Row Address Row Address
Bank address (output) Bnk.A Address Bnk.A Address
Note 3 (output) Address Address Address Address

BCYST (output) / \ _/

csn (output)

SDRAS (output) /

SDCAS (output)

WE (output)

Note 4 (output)

Note 5 (output) \

—
/
—

DOtoD31 (I0) = = = = = = ( Data

Data

Notes 1. State (TO0) inserted between bus cycles

Page change

2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,

and A10 when the 8-bit bus is used.

4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-10. SDRAM Single Write Cycle (3/6)

(b) Page change (2/2)

Access by CPU ( Write to address (A) ) ( Write to address (B) )
TO"*' TACT TWR To" "' TPREC TACT TWR
BUSCLK (output) | / \ \ \ \ \ \ \ \
Command lactenkan)]  wr | I PrE@nk.A) | AcTErkA)]  wr |
A2 to A11 (output) Row Col.(A) Row Col.(B)
A12"°* (output) Row Address Row Address
Bank address (output) Bnk.A Address Bnk.A Address
Note 3 (output) Address Address Address Address

BCYST (output) \
cSn (output) ] \ \
A

SDRAS (output)

SDCAS (output) /

/_
WE (output) / / /
/_

Note 4 (output)
Note 5 (output) \ \
DOtoD31 (/0) =— T — ==~ ( Data --—A Data

Page change

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-10. SDRAM Single Write Cycle (4/6)

(c) Bank change (1/2)

Access by CPU Write to address (A Write to address (B

/ﬂ"\‘_ TACT TWR w TACT TWR WPRE WEND
BUSCLK (output) __| /_\_
Command actEnkal wr | lacterkml  wr  |PRE®nkA)
A2 to A11 (output) Row Col.(A) Address Row Col.(B) Row Address
A12%*2 (output) Row Address Row Address Address
Bank address (output) Bnk.A Address Bnk.B Address Bnk.A Address
\
Note 3 (output) Address Address Address Address Address Address

BCYST (output)

CSn (output)

/ n____/

SDRAS (output)

SDCAS (output)

WE (output)

Note 4 (output)

Note 5 (output)

DOto D31 (/0) ~ \

Data Data ) —————

oy

Bank change

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.

3. This is the signal when the

32-bit external bus is used. Read it as A11 when the 16-bit bus is used,

and A10 when the 8-bit bus is used.
4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.

2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-10. SDRAM Single Write Cycle (5/6)

(c) Bank change (2/2)

Access by CPU  {_Wiite to address (A) ) {_Write fo address (B) )
To"! TACT TWR To"! TACT TWR WPRE WEND
BUSCLK (output) __ /_\_
Command lact@nka)] wr | lactenkel  wr  IpRE@NKA)
A2 to A11 (output) Row Col.(A) Address Row Col.(B) Row Address
A12"2 (output) Row Address Row Address Address
Command Bnk.A Address Bnk.B Address Bnk.A Address
Note 3 (output) Address Address Address X Address Address X Address
BCYST (output) / /
@(output) \
SDRAS (output) \_
SDCAS (output) /
ﬁ(output)
Note 4 (output)
Note 5 (output) \
DOtoD31 (JO) ~T =~~~ D"Tta --—A Data ) il
Bank change >
Notes 1. State (TO0) inserted between bus cycles

2. Addresses other than the bank address, A12, and A2 to A11.

3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,

and A10 when the 8-bit bus is used.

Remarks 1.

2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL

3. Bnk.: Bank address

Column address

Row: Row address

Col.:

The broken lines indicate the high-impedance state.

When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)
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Figure 5-10. SDRAM Single Write Cycle (6/6)

(d) During on-page access (32-bit bus width)

BUSCLK (output) __|

Command

T(QNote 1

/N

TWR

[\

[ w

e

A2 to A11 (output)

Col. (A)

A12 (output)

Address

Bank address (output)

Address

Note 2 (output)

Address

BCYST (output)

CSn (output)

SDRAS (output)

SDCAS (output)

ﬁ (output)

Note 3 (output)

DO to D31 (1/0) =

Notes 1. State (TO) inserted between bus cycl

es

\ Data

PITTT

2. Addresses other than the bank address, A12, and A2 to A11.

3. uubDQM, ULDQM, LUDQM, LLDQM

Remarks 1.
2. n=1,3,4,6
3. Col.: Column address

The broken lines indicate the high-impedance state.
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(3) SDRAM access timing control
The SDRAM access timing can be controlled by the SCRn register (n = 1, 3, 4, 6). For details, see 5.3.4
SDRAM configuration registers 1, 3, 4, 6 (SCR1, SCR3, SCR4, SCR6).

Caution Wait control by the WAIT pin is not available during SDRAM access.

(a)

(b)

(c)

(d)

Number of waits from bank active command to read/write command
The number of wait states from bank active command issue to read/write command issue can be set by
setting the BCWn1 and BCWnO bits of the SCRn register.

BCWn1, BCWnO bits = 01: 1 wait
BCWn1, BCWnO bits = 10: 2 waits
BCWn1, BCWnO bits = 11: 3 waits

Number of waits from precharge command to bank active command
The number of wait states from precharge command issue to bank active command issue can be set by
setting the BCWn1 and BCWnO bits of the SCRn register.

BCWn1, BCWnO bits = 01: 1 wait
BCWn1, BCWnO0 bits = 10: 2 waits
BCWn1, BCWnO bits = 11: 3 waits

CAS latency setting when read
The CAS latency during a read operation can be set by setting the LTMn2 to LTMnO bits of the SCRn
register.

LTMn2 to LTMnO bits = 001: Latency = 1 (setting prohibited during DMA flyby transfer)
LTMn2 to LTMnO bits = 010: Latency =2
LTMn2 to LTMnO bits = 011: Latency =3

Number of waits from refresh command to next command

The number of wait states from refresh command issue to next command issue can be set by setting the
BCWn1 and BCWnO bits of the SCRn register. The number of wait states becomes four times the value
set by BCWn1 and BCWnO bits.

BCWn1, BCWnO bits = 01: 4 waits

BCWn1, BCWnO bits = 10: 8 waits
BCWn1, BCWnO bits = 11: 12 waits
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Figure 5-11. SDRAM Access Timing (1/9)

BUSCLK (output)

Command

A2 to A11 (output)

A12 (output)

Bank address (output)

Note 2 (output)

BCYST (output)

@ (output)

SDRAS (output)
SDCAS (output)

WE (output)
Note 3 (output)
Note 4 (output)

DO to D31 (input)

(a) When read (with speculative read, 32-bit bus width, BCW = 2, latency = 2)

TONU‘.‘
Row Col.(A) Col.(A+4) Col.(A+8) Col.(A+C) Undefined
Row Address Address Undefined
Bnk Address Address Undﬁﬁned
Address Address Address Undefined
H
e e e e e Data X Data X Data X Data -————
Latency =2 L3
Y i .
LatencY =2 ﬁ
‘ Latency = VTI
Latency =2 ﬁ

When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3.
4.

Remarks 1.

2. n=1,3,4,6

m=0to 3
xx = UU, UL, LU, LL

3. Bnk.: Bank address

Col.: Column address
Row: Row address

The broken lines indicate the high-impedance state.
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Figure 5-11. SDRAM Access Timing (2/9)

(b) When read (with speculative read, access on another line, 32-bit bus width, BCW = 2, latency = 2)

Access by CPU ( Read from address (A) X Read from I B
Tove! TW TREAD
BUSCLK (output) ey
Command 2D
A2 to A11 (output) Row Col.(A) Col.(A+4) Col.(A+8) X_Col.(A+C) Undefined Col.(B)
\ 1
A12 (output) Row Address Address Undg]fiﬁd Address
ank ?ggtr;jts) Bnk. Address Address Undefined Address
Note 2 (outputs) Address Address Address Undefined Address
BCYST (output)
csn (output)
SDRAS (output)
SDCAS (output)
WE (output) H
Note 3 (output)
Note 4 (output)
DOtoD31 (input) ~ T~ =~ =TT T T T T T T T s AT T s s (_ Data X_ Data X Data X Data ——— s
Latency =2 ot
ﬁﬁg—% -
Latency =2 VI,I
| —————————————— Speculative read cycle (fill cycle of speculative read buffer) Latenc‘( 2 EI srzaegﬂ;:;: >

Y
Penalty cycle accompanying request to access another line

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
4, 'When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-11. SDRAM Access Timing (3/9)

(c) When read (16-bit bus width, cache fill operation, latency = 3)

TREAD TREAD TREAD TREAD TREAD TREAD TREAD TLATE TLATE TLATE TQNote 1

N

TQNote 1 TREAD

BUSCLK (output) _/_\_

Command |l rob | mo | mro | RO | mrD | RO | mrD | RD |
A1 to A10 (output) Col. (A) X Col. (A+2) X Col. (A+4) X Col. (A+6) X Col. (A+8) X Col. (A+A)X Col. (A+C) X Col. (A+E) Undefined
A11 (output) Address Address Address Address Address Address Address Address Undefined
Bank address (output) Address Address Address Address Address Address Address Address Undefined
Note 2 (output) Address Address Address |X_Address [X_Address Address |X_Address |\ _Address Undefined

BCYST (output)

CSn (output)

SDRAS (output) |H

SDCAS (output)

WE (output) | H

Note 3 (output)
DO to D15 (/0)= T = = = = ————————r === {__Data Data Data Data Data |X_ Data [X_ Data |[X_ Data [ — — —
"_atency =3 T_T .- Latency =3 | VT_T .
}Latency =3 1 ﬁ J Latency = 3 1T
} Latency = 3 ﬁ N f_alency =3 17 _

Latency =3 ﬁ ' Latency =3 ﬁ

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A11, and A1 to A10.

3. uubDQM, ULDQM, LUDQM, LLDQM

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
3. Col.: Column address
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Figure 5-11. SDRAM Access Timing (4/9)

(d) For read — write operation (with speculative read, latency = 2, 32-bit bus width) (1/2)

Access by CPU ( Read from address (A) X Note 4 X Note 5 X Write to address (A) )
) Speculative read cycle (fill cycle of speculative read buffer) P Write cycle =
TQNote 1 TREAD TREAD TREAD TREAD TLATE TLATE T™W TWR

BUSCLK (outputy )/~ \__| N\ /|
Command |l mo | RO | RO | RD | IEVEI

A2 to A11 (output) Col. (A) Col. (A+4) X Col. (A+8) Col. (A+C) Co;. (A)
A12 (output) Ad(‘iress Ad(‘!ress
Bank address (output) Address Address
Note 2 (output) Ad(‘iress Adc‘!ress
BCYST (output) /
CSn (output)

SDRAS (output) H

SDCAS (output) /
WE (output) /
Note 3 (output) \ y
DOtoD31 (/Q)= T+ = = = —=|= = = = = = = — = (_ Data Data Data Data —( Data -——
Latency =2

Penalty cycle accompanying with another line access request

Latency =2
Latency =2

Latency = 2 T_T

Notes 1. State (TO) inserted between bus cycles
Addresses other than the bank address, A12, and A2 to A11.

3. uubQmMm, ULDQM, LUDQM, LLDQM
4. Read from address (A+4)
5. Read from address (A+8)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
3. Col.: Column address
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Figure 5-11. SDRAM Access Timing (5/9)

(d) For read — write operation (with speculative read, latency = 2, 32-bit bus width) (2/2)

Access by CPU ( Read from address (A) X Note 4 X Note 5 X Note 6 X Write to (A) )
. Speculative read cycle (fill cycle of speculative read buffer) | Write cycle
TQNote 1 TREAD TREAD TREAD TREAD TLATE TLATE TQNote 1 TWR
BUSCLK (output) _/_\_ /_\_/_\_/_\_/_\_
Command L ro | mOo | rD | mD | Cwr ]
A2 to A11 (output) Col. (A) Col. (A+4) X Col. (A+8) Col. (A+C) Col. (A)
A12 (output) Address Address
|
Bank address (output) Address Address
|
Note 2 (output) Address Address
BCYST (output) / \
CSn (output) \
SDRAS (output) H
SDCAS (output) /
WE (output) /
Note 3 (output) \_/
DOtoD31 (/0)= = = = = =|= = = = = = = = = Data Data Data Data - Data -
Latency =2 Vj E
Latency =2
Latency = 2 T_T
Latency =2 T_T

Notes 1. State (TO0) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
uubDQM, ULDQM, LUDQM, LLDQM
Read from address (A+4)
Read from address (A+8)
Read from address (A+C)

oo kW

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
3. Col.: Column address
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Figure 5-11. SDRAM Access Timing (6/9)

(e) When read (without speculative read, 16-bit bus width word access, page change, BCW = 2, latency = 2)

TO""' TBCW | TREAD | TREAD | TLATE T0"*"' | TPREC | TBCW TBCW | TREAD | TREAD | TLATE To"*!
BUSCLK (output) __J /_\_
Command [ACT(Brk.A) | [PREEkA)] | [AcTBrkA)]
A1 o A10 (output) Row ﬁol. Gol. Undefined Row X Address X Row Col. Col. Undefined
A11 (output) Row AdTress Address Undeined Row X Address Row AdJ;Iress Address Und‘efined
Bank ?gi’;j; Bnk.A Address Address Undefined Bnk.A XAddress X Bnk.A Adllress Address Undlﬁned
Note 2 (output) Address Ad(“lress Address Undeined Address X Address X Address Adc‘iress Address Und"’fined
BCYST (output) | W | S—
csn (output)
SDR(output) | W
SDR (output)
E(output) o
Note 3 (output)
Note 4 (output)
DOto D15 (input) —|= = = T == =|= = =T == =|— == Data Data ——t === ==t+ === ===1+======{ Data Data -
» >
. Latency =2 VT_T | -~ Latency = 2 T_T
BCW Latency =2 T_T - BCW BCW Latency =2 ﬁ

Page change

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A11, and A1 to A10
3. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
4. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-11. SDRAM Access Timing (7/9)

(f) When read (without speculative read, 16-bit bus width word access, bank change, BCW = 2, latency = 2)

TO"™"! TACT TBCW TREAD | TREAD TLATE TLATE TO™"! TACT TBCW TREAD | TREAD TLATE TLATE TO"!

BUSCLK (output) _/_\_, /_\_
Command | AcTenk.A) | | AcT@nkB) | | PRE(BNK.A) |
A1 to A10 (output) Row Col. Col. Undéﬁned Row Col. Col. Undefined) Undefined|
A11 (output) Row AdLress Address Undeined Row Adc‘iress Address Undefined|
Bank ?SS{:;S) Bnk.A Adq:iress Address Undf‘ fined Bnk.B Adt:iress Address X Bnk.A Undefined
Note 2 (output) Address Address Address Undefined Address Address Address X Undefined) Undefined
BCYST (output) | — —
C!Tn (output)
SDRAS (output) / — W
SDCAS (output)
W‘E (output) ________/
Note 3 (output)
Note 4 (output) \ \
DO to D15 (input) ————————————————-———-< Data Data —— e m === -—-— Data Data -=--
P Latency = 2 VTI _ Latency = 2 Vﬁ
BCW | Latency = 2 ﬁ b BTW Latency = 2 ﬁ

Bank change

Notes 1. State (TO) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
4, When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-11. SDRAM Access Timing (8/9)

(g) For write — read operation

Access by CPU { Write to (A) X witeto® X Read from (C) N
TOY! TACT ™™ TPREC | TBCW
BUSCLK (output) _/_\_ /—\_
Command | AcT@nk.A) | [ wr | [ PRE®BNK.A)| [ AcTBnk.A) | | wr | [AcT(Bnk.B | rD |PRE®nK.A)]
A2 to A11 (output) Row X Col.(A) Address Row__ )X Address Row Col.(B) Address Row Col.(C) Row A Address
A12""* (output) Row X Address Address Address A Row Address Address X Row Address Address
Bank address ‘ ‘
(output) Bnk.A X Adc‘iress Address A Bnk.A X Address A Bnk.A AdTress Address X Bnk.B Address Bnk.A X Address
Note 3 (output) Addressx Address Address |\ Address X Address [\ Address Address Address X Address Address Address X Address
BCYST (output) /
csn (output)
SDRAS (output) /
SDCAS (output) !
E(output) / /
Note 4 (output) / /
Note 5 (output)
DOto D31 (I/0) = |= = = 7 Data Data bl e Mt ml i Data -
N U— -t ! -t - -t -
BCW BCW BCW BCW
] >
Page change Bank change Latency =2 T_T

Notes 1. State (TO0) inserted between bus cycles
2. Addresses other than the bank address, A12, and A2 to A11.
3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
4. When xxWR output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 0)
5. When xxBE output mode/xxDQM output mode is set (PFCCTm bit of PFCCT register = 1)

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
m=0to 3
xx = UU, UL, LU, LL
3. Bnk.: Bank address
Col.: Column address
Row: Row address
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Figure 5-11. SDRAM Access Timing (9/9)

BUSCLK (output)

Command

A2 to A11 (output)
A12""°? (output)

Bank address (output)

Note 3 (output)

(h) When written (during on-page continuous access)

TO"™! TWR TO"*! TWR TO" ! TWR TO"™' TWR
N\
WR WR WR WR
Col. Address Col. X Address Col. Address Col.
Address Address Address X Address Address Address Address
Address Address Address X Address Address Address Address
Address Address Address X Address Address Address Address

BCYST (output)

CSn (output)

W

\—

~

SDRAS (output)

SDCAS (output)
‘WE (output)
Note 4 (output)

DO to D31 (I/O)

Notes 1.

Remarks 1.
2.

n=1,3,4,6

3. Col.: Column address

J11)
(LLLL

< Data >— -— '< Data >— - "< Data

State (T0) inserted between bus cycles
This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
Addresses other than the bank address, A12, and A2 to A11.
uubDQM, ULDQM, LUDQM, LLDQM

The broken lines indicate the high-impedance state.

SN

n
\
n

Il
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5.3.6 Refresh control function

The VB50E/ME2 can generate a refresh cycle. The refresh cycle is set with the RFSn register (n =1, 3, 4, 6). The
RFSn register corresponds to CSn. For example, to connect SDRAM to CS1, set the RFST register.

When another bus master occupies the external bus, the DRAM controller cannot occupy the external bus. In this
case, the DRAM controller issues a refresh request to the bus master by changing the REFRQ signal to active (low

level).

During a refresh operation, the address bus retains the state it was in just before the refresh cycle.

(1) SDRAM refresh control registers 1, 3, 4, 6 (RFS1, RFS3, RFS4, RFS6)
These registers are used to enable or disable a refresh and set the refresh interval. The refresh interval is
determined by the following calculation formula.

Refresh interval (us) = Refresh count clock (Trey) x Interval factor

The refresh count clock and interval factor are determined by the RCCn1 and RCCnO bits and RIN5n to

RINOn bits, respectively.
Note that n corresponds to the register number (1, 3, 4, 6) of the SCR1, SCR3, SCR4, and SCR6 registers.
These registers can be read or written in 16-bit units.

Cautions 1.

Write to the RFS1, RFS3, RFS4, and RFS6 registers after reset, and then do not change
the set values. However, when the SDRAM refresh interval needs to be changed by
changing the CKC register set value (internal system clock (fck)), the set value of the
RFS1, RFS3, RFS4, and RFS6 registers can be changed. For details, refer to Caution 2
in 8.3.1 Clock control register (CKC). Also, do not access an external memory area
other than the one for this initialization routine until the initial settings of the RFS1,
RFS3, RFS4, and RFS6 registers are complete. However, it is possible to access
external memory areas whose initialization settings are complete.

To change the refresh interval, consider and set a value at which refreshing can be
performed in time even while the refresh interval is changed. For details, see 8.3.1 (1)
Notes on changing refresh interval.
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i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
RFs1 JRent] o [ o | o [ o | o |ecripccid lRiNts it RiNialRINT2RINT RiNo|  FFFFF4A6H  0000H

o
o

Rrs3 [ReNg o [ o [ o | o | o Recaioca

o
o

‘RINSS‘RINM‘RIN33‘RIN32‘RIN31‘RIN30| FFFFF4AEH  0000H

[RiNgs RN |RiNda|RINa2lRING1 RiNdo|  FFFFF4B2H  0000H

o
o

Rrs4 [reng) o [ o [ o | o | o cceroc

Rrs6 [Rens 0 | o [ o | o | o [Recstroosd

o
o

IRING5 RiNG4 |RING3| RIN62[RING 1 RIN60| FFFFF4BAH  0000H

Bit position Bit name Function
15 RENN Specifies whether CBR (auto) refresh is enabled or disabled.
0: Refresh disabled
1: Refresh enabled
9,8 RCCn1, Specifies the refresh count clock (Trcy).
RCCnO RCCn1 RCCn0O Refresh count clock (Trecy)
0 0 32/BUSCLK
0 1 128/BUSCLK
1 0 256/BUSCLK
1 1 Setting prohibited
5t00 RINN5 to Sets the interval factor of the interval timer for the generation of the refresh timing.
RINnO RINn5 | RINn4 | RINn3 | RINn2 RINNn1 RINNO Interval factor
0 0 0 0 0 0 1
0 0 0 0 0 1 2
0 0 0 0 1 0 3
0 0 0 0 1 1 4
1 1 1 1 1 1 64

Remark n=1,3,4,6
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Table 5-1. Example of Interval Factor Settings

Specified Refresh Interval

Refresh Count Clock (Trev)

Interval Factor Value

Notes 1,2

Value (us) BUSCLK = 66 MHz BUSCLK = 50 MHz
15.6 32/BUSCLK 32 (15.5) 24 (15.4)
128/BUSCLK 8 (15.5) 6 (15.4)
256/BUSCLK 4 (15.5) 3(15.4)
Notes 1. The interval factor is set by the RINnO to RINN5 bits (n = 1, 3, 4, 6).

2. The values in parentheses are the calculated values for the refresh interval (us).

Refresh interval (us) = Refresh count clock (Trey) x Interval factor

The VB50E/ME2 can automatically generate a CBR (auto) refresh cycle and a self-refresh cycle.
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(2) CBR (auto) refresh cycle
In the CBR (auto) refresh cycle, the CBR (auto) refresh command (REF) is issued four clocks after the
precharge command for all banks (PALL) is issued.

Figure 5-12. CBR (Auto) Refresh Cycle

— CBR (auto) refresh cycle
TABPW | TREFW | TREFW | TREFW | TREF

BUSCLK (output)_| /™~ / U/ L

Command PALL REF

A2 to A11 (output): Address

A12"%"" (output) _|

/
Bank address (output) ::X Address

Note 2 (output): Address

BCYST (output) H

E(output)_\ /

N
SDRAS (output)_\_/ \._
N

SDCAS (output)

11)

WE (output) |\ /

Note 3 (output) |H

SDCKE (output) |H

DOtoD31 (I/O) | = == ==9=-=====7=7~=~-= ===

Notes 1. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
2. Addresses other than the bank address, A12, and A2 to A11.
3 uubDQM, ULDQM, LUDQM, LLDQM

Remarks 1. The broken lines indicate the high-impedance state.
2. n=1,3,4,6
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(3) CBR (auto) refresh timing

Figure 5-13. CBR (Auto) Refresh Timing (SDRAM)

TRPW | TRPW | TRPW | TRPW | TRPW | TABPW[TREFW [TREFW [TREFW | TREF [TREFW TREFW [TREFW [TREFW | TRPW | TRPW |TO™®" | T1
BUSCLK (output) _/—\_/_\_/,—\_/F\JF\_/F\JF\J,—\JF\JF\_/F\JﬂQJF\JF\JF\JF\JF\JF\_/_\J,—\J,
A2to A1 (output) __IX X X
A12 ouputy X /N X X
Bank address (output) X X X
Note 3 (output) __IX X X
BOYST (outpuyy  H /
Csn (output) \_/ \__/
SDRAS (output) \__/ \__/
SDCAS (output) \__/
'WE (output) /
Note 4 (output)  H
SDCKE (output)  H
A - i >
Refresh counter match timing All-bank precharge command ?:r:;s;nd BOWxdelk

Notes 1. State (TO0) inserted between bus cycles
2. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
3. Addresses other than the bank address, A12, and A2 to A11.
4. UuDQM, ULDQM, LUDQM, LLDQM

Remarks 1. The number of wait states set by the BCWn1 and BCWnO bits of the SCRn register x 4 clocks will
be inserted in the BCW X 4clk period.
2. n=1,3,4,6
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5.3.7 Self-refresh control function
In the case of transition to the IDLE or software STOP mode, or if the SELFREF signal becomes active, the DRAM
controller generates the self-refresh cycle.

Cautions 1. When the transition to the self-refresh cycle is caused by SELFREF signal input, releasing
the self-refresh cycle is only possible by inputting an inactive level to the SELFREF pin.
2. The internal instruction RAM (only in the read mode) and internal data RAM can be
accessed even in the self-refresh cycle. However, access to an on-chip peripheral I/O
register or external device is held pending until the self-refresh cycle is cleared.

To release the self-refresh cycle, use one of the three methods below.
(1) Release by NMI input

(a) In the case of self-refresh cycle in IDLE mode
To release the self-refresh cycle, make the SDRAS and SDCAS signals inactive immediately.

(b) In the case of self-refresh cycle in software STOP mode
To release the self-refresh cycle, make the SDRAS and SDCAS signals inactive after stabilizing
oscillation.

(2) Release by INTPONO and INTPONn1 inputs (n = 0 to 3)

(a) In the case of self-refresh cycle in IDLE mode
To release the self-refresh cycle, make the SDRAS and SDCAS signals inactive immediately.

(b) In the case of self-refresh cycle in software STOP mode
To release the self-refresh cycle, make the SDRAS and SDCAS signals inactive after stabilizing
oscillation.

(3) Release by RESET input
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Figure 5-14. Self-Refresh Timing (SDRAM)

TRPW | TRPW | TRPW | TRPW | TRPW [TABPW [TREFW [TREFW [TREFW | TREF [TREFW |TREFW [TREFW [TREFW [TREFW [TREFW | TRPW TRPW | TRPW | TRPW | TRPW | TO™*
T T AYAYAYAWAYWAWAW AW AW AW a e avavs Navavawawaw:
A210 AT1 (output) __|X X—T
A12°* output) __IX. / N\ XTI
Bank address (output) :x X::
Note 4 (output) :X X::
BCYST (outputy H
CSn (output) \ / \ / \ /
SDRAS (output) U/ \__/
SDCAS (output) —/
W(output) /
Note 5 (output) H
SDCKE (output) \ /
R -« > |
All-bank NoP Refresh NoP
precharge COmmand‘ command command
command [ > >
Self-refresh mode BCW x 4clk

Notes 1. Shown above is the case when the self-refresh cycle is started in the IDLE or software STOP
mode. If the self-refresh cycle is started by inputting the active level of the SELFREF signal,
BUSCLK does not stop (SDCKE goes low).

2. State (TO) inserted between bus cycles

3. This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,

and A10 when the 8-bit bus is used.
4. Addresses other than the bank address, A12, and A2 to A11.
5. UuDQM, ULDQM, LUDQM, LLDQM

Remarks 1. The number of wait states set by the BCWn1 and BCWnO bits of the SCRn register x 4 clocks
will be inserted in the BCW x 4clk period.
2. n=1,3,4,6
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% 5.3.8 SDRAM initialization sequence
Be sure to initialize SDRAM when applying power. Initialize SDRAM in the following procedure.

(1)

Set the registers of SDRAM (other than SDRAM configuration register n (SCRn) and SDRAM refresh control
register n (RFSn)).

¢ Bus cycle type configuration registers 0 and 1 (BCTO and BCT1)
e Bus cycle control register (BCC)

Set other than the RENn bit of SDRAM refresh control registers 1, 3, 4, 6 (RFS1, RFS3, RFS4, RFS6). Clear
the RENnN bit to 0.

Set SDRAM configuration registers 1, 3, 4, 6 (SCR1, SCR3, SCR4, SCR6). When writing data to the SCRn
register, the following commands are issued for SDRAM in the order shown below.

¢ All-bank precharge command
¢ Refresh command (8 times)
¢ Command that is used to set a mode register

After confirming that all the SDRAM initialization steps have been completed using the WCFn bit of the SCRn
register, set the RENn bit of the RFSn register to 1. Set the value set in step (2) to other bits than the RENn
bit.

Cautions 1. To set the SCR1, SCR3, SCR4, and SCR6 registers, confirm that the LOCK bit of the
LOCKR register is set to 1, set the CKSSEL bit of the CKS register to 1, and change
clock supply to the CPU to SSCG output (see 3.4.10 Initialization sequence).

2. If it is necessary to make the input levels of the UUDQM, ULDQM, LUDQM, and LLDQM
pins high until initialization of SDRAM is completed, do not change the set values of the
PFCCT3 to PFCCTO bits of the PFCCT register and do not write the external device until
initialization of SDRAM is completed.

Figures 5-15 and 5-16 show examples of the SDRAM mode register setting timing.
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Figure 5-15. SDRAM Mode Register Setting Cycle

BUSCLK (output) ,/~ \__

Command

A2 to A11 (output)

A12""" (output)

Bank address (output)

Note 2 (output)

BCYST (output) H

Cﬁ (output)

SDRAS (output)

SDCAS (output)

WE (output)

Note 3 (output) H

SDCKE (output) H

Mode register setting cycle g
TABPW | TREFW TREFW | TREF TREFW | TREGW
/\_ \—/_i}-./_\.—
REF REGWR
RXOXXXXXHXXXIXIOOOOO XXX XXX_Valid |\
KIQOOOXNXIXNT QOO
KOOI QOO
N/ N/ N/
N/ N/ N/
N/ N/
AN / \ /
DOtoD31 (/O)= = = =t = = = |= = = = = = == = == = === — - T = =

Notes 1.

Refresh command (REF)
generated 8 times

2. Addresses other than the bank address, A12, and A2 to A11.

3. uubDQM, ULDQM, LUDQM, LLDQM

Remarks 1.

2. n=1,3,4,6

The broken lines indicate the high-impedance state.

This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
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Figure 5-16. SDRAM Register Write Operation Timing

A2 to A11 (output)
A12""" (output)

Bank address (output)
Note 2 (output)
W(output)
ﬁ(outpm)

SDRAS (output)

SDCAS (output)
WE (output)

Note 3 (output)

Notes 1.

Remark

TWO | TWO | TWO | TWO

Buscik eupuy £ \A A\ A\

TWO

TWO

T™WO

TWO [TABPWTREFWTREFWTREFW TREF [TREFWTREFWTREFW

\Jﬂ

X0000OCO0000C000000

R

XAO0OKKXXXXOR XXX

VITRPW|TRPW,|

0

ANV

TRPW| TRPW|TRPW,|

AYAVAVAN

Valid

KRR XK |
MANIWAANANARAN A

GO0

VYV

rnnn
AW

YY) \'A’A'A‘A‘A.‘ )

CXXKRR)

RXRER)
.A.A.A.A'l. A

H

SDCKE (output) H

SCRn register write

[ -t
All-bank lap| Refreshinterval x 1/2
precharge command Refresh
command
(1st time)

Refresh end
(1st time)

Refresh x 7

[
ARefresh
command

[

Register
write command

(2nd time)

Refresh end
(8th time)

SDRAM access
enable

This is the signal when the 32-bit external bus is used. Read it as A11 when the 16-bit bus is used,
and A10 when the 8-bit bus is used.
Addresses other than the bank address, A12, and A2 to A11.
uubDQM, ULDQM, LUDQM, LLDQM

n=1,34,6
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5.4 Cautions

Cautions concerning the memory access control function are shown below.

(1)

)

Write access to SRAM or external I/O after read accessing SDRAM

When executing a write access to SRAM or external 1/O after read accessing SDRAM, data conflict may
occur depending on the SDRAM data output float delay time. In such a case, avoid data conflict by inserting
an idle state in the SDRAM space via a setting in the BCC register.

Caution on self-refresh control function

The internal instruction RAM (only in the read mode) and internal data RAM can be accessed even in the
self-refresh cycle. However, access to an on-chip peripheral 1/O register or external device is held pending
until the self-refresh cycle is cleared.
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The V850E/ME2 includes a direct memory access (DMA) controller (DMAC) that executes and controls DMA
transfer.

The DMAC controls data transfer between memory and 1/O, or among memories, based on requests by interrupts
from on-chip peripheral 1/O (serial interface, timer/counter, and A/D converter) or DMA requests issued by the
DMARQO to DMARQS3 pins, software triggers, or USB. Memory refers to the internal instruction RAM, internal data
RAM, or external memory. However, the internal instruction RAM can be used only as the transfer destination.

6.1 Features

* 4 independent DMA channels
* Transfer unit: 8/16/32 bits
e Maximum transfer count: 65,536 (2'°)
* Two types of transfer
* Flyby (1-cycle) transfer
e 2-cycle transfer
* Three transfer modes
* Single transfer mode
¢ Single-step transfer mode
* Block transfer mode
e Transfer requests
* Request by interrupts from on-chip peripheral I/O (serial interface, timer/counter, A/D converter)
* Requests via DMARQO to DMARQ3 pin input
* Requests by software trigger

* Requests by USB (only in the single transfer mode)
e Transfer targets

* Memory < I/O

* Memory <> memory
» DMA transfer end output signals (TCO to TC3)
* Next address setting function

254 User's Manual U16031EJ4V1UD



CHAPTER 6 DMA FUNCTIONS (DMA CONTROLLER)

6.2 Configuration

Internal :
Internal instruction On-chip
data RAM RAM peripheral 10

@ Internal bus ﬁ

D

On-chip peripheral I/O bus >
CPU
PN PN PN
A4 A4 A4
Data Address DMA source address
control control regiSter (DSAnH/DSAnL)
4 ! DMA destination address
register (DDAnH/DDAnNL)
Count [~ || DMA transfer count
TCnO 1 control [T | [ register (DBCn)
DMA terminal count output
L control register (DTOC)

DMA channel control
DMARQn © — register (DCHCn)

DMAAKnN O — Channel DMA addressing control
control register (DADCn)

DMA trigger factor
register (DTFRn)

| | DMA interface control
register (DIFC)

DMAC
Bus interface
AN
¢ 1 External bus V850E/ME2
External External
External I/O RAM ROM

Remark n=0t03
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6.3 Control Registers

6.3.1 DMA source address registers 0 to 3 (DSAO0 to DSA3)

These registers are used to set the DMA transfer source address (28 bits) for DMA channel n (n = 0 to 3). They
are divided into two 16-bit registers, DSAnH and DSAnNL.

Since these registers are buffer registers with a 2-stage FIFO format that is configured by master register and slave
register, a new transfer source address for DMA transfer can be specified during DMA transfer (see 6.8 Next
Address Setting Function). In this case, the newly set value of the DSAn register is transferred to the slave register
and becomes valid only when DMA transfer has been completed normally and the TCn bit of the DCHCn register is
set to 1, or when the INITn bit of the DCHCn register is set to 1 (n = 0 to 3). However, the set value of the DSAn
register is invalid even when the Enn bit of the DCHCn register is cleared to 0 to disable DMA transfer and then the
DSAnN register is set.

When flyby transfer is specified with the TTYPn bit of DMA addressing control register n (DADCn), the external
memory addresses are set by the DSAn register, regardless of the transfer direction. At this time, the setting of DMA
destination address register n (DDAn) is ignored (n = 0 to 3).

(1) DMA source address registers OH to 3H (DSAOQOH to DSA3H)
These registers can be read or written in 16-bit units.
Be sure to clear bits 14 to 12 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1. When setting an address of an on-chip peripheral I/O register for the source address, be
sure to specify an address between FFFFOO0OH and FFFFFFFH. An address of the on-
chip peripheral I/O register image (3FFFO00H to 3FFFFFFH) must not be specified.

2. Do not set the DSANH register while DMA transfer is suspended.

i5 14 13 12 1 10 9 8 7 6 5 4 3 0 Address After reset
psAoH [Irso] 0 | o | o \SA027\5A026\8A025\3A024\SA023\SAozz\SAom\SAozo\SAmg\SAm SA017‘SA016| FFFFF082H  Undefined

DSAtH [IRs1] 0 | o | o |sarz7]saioelsatasisataalsatagsat2asati saragsat19/satigsat 17isaite] FFFFFOBAH  Undefined

i
!
!
!

DSA2H [IRs2| 0 | o | o |sao7|snoogsaosisnonalsaoog saczasazi|saaagsaotelsaotglsaizisnote| FFFFF092H  Undefined

DSA3H [IRs3| 0 | 0 | o |saaer|saaeqsasosisasnelsaseg saseasaaei|sagsastelsastglsasizsaste| FFFFF09AH  Undefined

Bit position Bit name Function

15 IRSNn Specifies the DMA transfer source address.
0: External memory, on-chip peripheral /0
1: Internal data RAM

11t00 SAN27 to Sets the DMA transfer source address (A27 to A16). During DMA transfer, it stores the
SAn16 next DMA transfer source address. During flyby transfer, it stores an external memory
address.

Remark n=0t03
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(2) DMA source address registers OL to 3L (DSAOL to DSA3L)
These registers can be read or written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
DSAOL [5A015/5014/54013(5401215A011 SA010/SA09 |SA08| SA07| SA0K SA0S| SA04[SA03|SA02 SA01/SAGO| FFFFFO8OH  Undefined

DSA1L |SA115‘SA114‘SA113‘SA112‘SA111‘SA110‘SA19‘SA18‘SA17‘SA16‘SA15‘SA14‘SA13‘SA12‘SA11‘SA10| FFFFFO88H  Undefined

DSA2L [sA2155A214[3A213|5A2125211/5A210 SA29|5A28 | SA27| SA26| SA25| SA24|SA23] SA22| SA21 SA20| FFFFFOS0H  Undefined

DSAGL. [SA315/5A314{5A313|5A31215A311 SA310/SA39|SA38| SA37| SA36 SA35| SA34|SAS3|SAB2 SA31/SAB0| FFFFF098H  Undefined

Bit position Bit name Function
15t00 SAn15 to Sets the DMA transfer source address (A15 to A0). During DMA transfer, it stores the
SAn0O next DMA transfer source address. During flyby transfer, it stores an external memory
address.

Remark n=0t03
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6.3.2 DMA destination address registers 0 to 3 (DDAO to DDA3)

These registers are used to set the DMA transfer destination address (28 bits) for DMA channel n (n = 0 to 3).
They are divided into two 16-bit registers, DDAnH and DDAnNL.

Since these registers are buffer registers with a 2-stage FIFO format that is configured by master register and slave
register, a new transfer destination address for DMA transfer can be specified during DMA transfer (see 6.8 Next
Address Setting Function). In this case, the newly set value of the DDAnN register is transferred to the slave register
and becomes valid only when DMA transfer has been completed normally and the TCn bit of the DCHCn register is
set to 1, or when the INITn bit of the DCHCn register is set to 1 (n = 0 to 3). However, the set value of the DDAn
register is invalid even when the Enn bit of the DCHCn register is cleared to 0 to disable DMA transfer and then the

DDA register is set.
When flyby transfer is specified with the TTYPn bit of DMA addressing control register n (DADCn), the setting of
DMA destination address register n (DDAn) is ignored, regardless of the transfer direction.

(1) DMA destination address registers OH to 3H (DDAOH to DDA3H)
These registers can be read or written in 16-bit units.

Be sure to clear bits 14 to 12 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1. When setting an address of an on-chip peripheral I/O register for the destination

address, be sure to specify an address between FFFFOOOH and FFFFFFFH. An address
of the on-chip peripheral I/O register image (3FFFO00H to 3FFFFFFH) must not be
specified.

2. Do not set the DDANH register while DMA transfer is suspended.

3. When enabling the speculative read function is selected for the CS space at the DMA
transfer destination, set the DMA transfer destination address so that the address on
which a speculative read is performed and the line address to which the last DMA
transfer data is written are not the same line address (the same line address means that
A25 to A4 are the same in the same CS space).

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
DDAOH [IRD0| 0 | 0 | 0 [pAoa7|DA026|DA025lDAG24|DAO23 DA022 D021 DAC0 DAOTS|DAOIgDAOT7IDAOTE|  FFFFFOB6H  Undefined
DDATH [IRD1| 0 | o | o |pata7]Dat26lDAt25DAt24]DA123]DAt22DA121 DAT20DAT 19|DAT1gDAI 17[DAI 16| FFFFFOBEH  Undefined
DDA2H [IRD2] 0 | 0 | 0 |pa227|paceg Dazosipacae|pacag Daz22DA221 D220 DR2 19| DR21BDA I TDA21E|  FFFFFO96H  Undefined
DDA3H [IRD3| 0 | 0 | 0 |pAs7|paseq DAsosiDAsRe|DAs2g DAs22DAGR1|DAGR0 DS 19|DAB18|DAST7DASYE|  FFFFFO9EH  Undefined
Bit position Bit name Function
15 IRDn Specifies the DMA transfer destination address.
0: External memory, on-chip peripheral I/O, internal instruction RAM
1: Internal data RAM
11t00 DAN27 to Sets the DMA transfer destination address (A27 to A16). During DMA transfer, it stores
DAn16 the next DMA transfer destination address. This setting is ignored during flyby transfer.

Remark n=0t03
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(2) DMA destination address registers OL to 3L (DDAOL to DDA3L)
These registers can be read or written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
DDAOL. [DA015DA014|DA013[DA012IDA011 DA010{DAOS DAOB| DAOT| DAOK DAOS| DAO4|DAOS|DAOZ DAO1DAD| FFFFF084H  Undefined

DDA1L|DA115‘DA114‘DA113‘DA112‘DA111‘DA110‘DA19‘DA18‘DA17‘DA16‘DA15‘DA14‘DA13‘DA12‘DA11‘DA10| FFFFFO8CH  Undefined

DDA2L [pA215DA214|DA213|DA212DA211/DA210| DA28|DA28 | DA27| DA26| DA2S| DA24|DA2S| DA22|DA21[DA20|  FFFFF094H  Undefined

DDAGL. [DAS15DA314|DA313|DA312IDA311 DA310|DAS9 |DA38| DAS7| DA3S DA3S| DA34|DAS3|DAS2| DAB1DABD| FFFFFOSCH  Undefined

Bit position Bit name Function
15t00 DAn15 to Sets the DMA transfer destination address (A15 to A0). During DMA transfer, it stores
DANnO the next DMA transfer destination address. This setting is ignored during flyby transfer.

Remark n=01t03
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6.3.3 DMA transfer count registers 0 to 3 (DBCO to DBC3)

These 16-bit registers are used to set the byte transfer count for DMA channel n (n = 0 to 3). They store the
remaining transfer count during DMA transfer.

Since these registers are buffer registers with a 2-stage FIFO format that is configured by master register and slave
register, a new DMA byte transfer count for DMA transfer can be specified during DMA transfer (see 6.8 Next
Address Setting Function). In this case, the newly set value of the DBCn register is transferred to the slave register
and becomes valid only when DMA transfer has been completed normally and the TCn bit of the DCHCn register is
set to 1, or when the INITn bit of the DCHCn register is set to 1 (n = 0 to 3). However, the set value of the DBCn
register is invalid even when the Enn bit of the DCHCn register is cleared to 0 to disable DMA transfer and then the

DBChn register is set.

These registers are decremented by 1 for each transfer, and transfer ends when a borrow occurs.

These registers can be read or written in 16-bit units.

Cautions 1. If the DBCn register is read during DMA transfer after a terminal count has occurred
without the register being overwritten, the value set immediately before the DMA
transfer will be read out (0000H will not be read, even if DMA transfer has ended).

2. Do not set the DBCn register while DMA transfer is suspended.
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0 Address After reset

DBCO [BC015BC014BC013/BC0128C011 BC010/BC09|BCO8|BCo7| BCos BCOS|BCo4|BC03] BC02|BCO1]BC00| FFFFFOCOH

DBC1 [BC1158C114BC113(BC128C111]8C110[BC19]BC18|BC17|BC16)BC15BC14|BC 13 BC12)BC11]BC 10| FFFFFOC2H

DBC2 [BC215BC214BC213/BC2128C211BC210[BC29|BC28|BC27|BC26 BC25| BC24|BC23] BC22BC21]BC20| FFFFFOCAH

DBC3 [BC315BC314BC313/BC3128C3118C310[BC39]BC38|BC37|BC36 BCas| BC34|BCas| BCazBCa1|aCao| FFFFFOCSH

Undefined

Undefined

Undefined

Undefined

Bit position Bit name Function
15100 BCn15 to Sets the byte transfer count and stores the remaining byte transfer count during DMA
BCnO transfer.
DBCn States
0000H Byte transfer count 1 or remaining byte transfer count
0001H Byte transfer count 2 or remaining byte transfer count
FFFFH | Byte transfer count 65,536 (2'°) or remaining byte transfer count

Remark n=0t03
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6.3.4 DMA addressing control registers 0 to 3 (DADCO to DADC3)
These 16-bit registers are used to control the DMA transfer mode for DMA channel n (n = 0 to 3). These registers

cannot be accessed during DMA operation.

These registers can be read or written in 16-bit units.

Be sure to clear bits 13 to 8 to 0. If they are set to 1, the operation is not guaranteed.

Cautions 1.

The DSn1 and DSnO0 bits set how many bits of data are to be transferred.

When 8-bit data is set (DSn1 and DSn0 bits = 00), the lower bytes of the data bus (DO to
D7) are not always used.

If the transfer data size is set to 16 bits, transfer is always started from an address with
the lowest bit of the address aligned to “0”. If the data size is set to 32 bits, transfer is
started from an address with the lowest 2 bits of the address aligned to “0”. In this
case, transfer cannot be started from an odd address.

Set the DADCn register at the following timing while the target DMA channel is in
operation or is not suspended (the operation is not guaranteed if the register is set at
any other timing).

o Period from system reset to generation of the first DMA transfer request

e Period from completion of DMA transfer (after generation of terminal count) to
generation of the next DMA transfer request

o Period from forced termination of DMA transfer (after the INITn bit of the DCHCn
register is set to 1) to generation of the next DMA transfer request

Do not set flyby transfer via the TTYPn bit if all the following conditions are satisfied (n
=0 to 3).

BMC register = 00H

FWn2 to FWnO bits of FWC register = 000

FIn1 to FInO bits of FIC register = 00

ACn1 and ACnO bits of the CSn space subject to flyby transfer by the ASC register =
00 (during transfer to/from SRAM)

When the flyby transfer is set by setting the TTYPn bit to 1, the address count direction
of the external memory is set using the SADn1 and SADnO bits regardless of the
transfer direction (the settings of the DADn1 and DADNO bits are ignored).
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DADCO [psotpsoo] 0 | o | o | o | o | o |sabofsanoopaoibanog ot mmoofrrvro[roiml
DADC1 [ps11psto] o | o [ o [ o | o | o saptisapigDaD1{DADIGTMI1/TMt0[TTYP1[TDIR|
pADC2 [ps21ps20] 0 | o | o | o | o | o |sabqsanao]papzibaneg Tzt muzofrrveelToime|
0 | 0 [sAa1saD30|DAD3{DADGOTMS1/TM30[TTYPS[TDIRY|

DADC3 [psatlpsso] 0 | o [ o | o]

Address
FFFFFODOH

FFFFFOD2H

FFFFFOD4H

FFFFFOD6H

After reset
0000H

0000H

0000H

0000H

Bit position Bit name Function
15, 14 DSn1, DSnO Sets the transfer data size for DMA transfer.
DSn1 DSnoO Transfer data size
0 0 8 bits
0 1 16 bits
1 0 32 bits
1 1 Setting prohibited
7,6 SADnN1, Sets the count direction of the source address for DMA channel n.
SADn0 SADN1 SADNO Count direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
5,4 DADN1, Sets the count direction of the destination address for DMA channel n.
DADnO DADn1 | DADRO Count direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited

Remark n=0t0o3
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(2/2)

Bit position Bit name Function
3,2 TMn1, TMnO Sets the transfer mode during DMA transfer.
TMn1 TMnO Transfer mode
0 0 Single transfer mode
0 1 Single-step transfer mode
1 0 Setting prohibited
1 1 Block transfer mode
1 TTYPn Sets the DMA transfer type.
0: 2-cycle transfer
1: Flyby transfer
0 TDIRn Sets the transfer direction during transfer between 1/0O and memory. The setting is valid

0: Memory — I/O (read)
1: /O — memory (write)

during flyby transfer only and ignored during 2-cycle transfer.

Remark n=0t03
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6.3.5 DMA channel control registers 0 to 3 (DCHCO to DCHC3)
These 8-bit registers are used to control the DMA transfer operating mode for DMA channel n (n = 0 to 3).

These registers can be read or written in 8-bit or 1-bit units. (However, bit 7 is read only and bits 2 and 1 are write
only. If bits 2 and 1 are read, the read value is always 0.)
Be sure to clear bits 6 to 4 to 0. If they are set to 1, the operation is not guaranteed.

264

Cautions 1.

During a 2-cycle transfer that performs a write operation on the external device, the write
operation on the external device may not be completed even if the TCn bit of the DCHCn
register is set to 1 (DMA transfer completion) by the write buffer function. Recognize
completion of the write operation on the external device as follows, if necessary.

 Monitor the signal of the TCn pin (the TCn pin becomes active in synchronization with a
write operation to the external device).

o After it has been detected that the TCn bit of the DCHCn register is set to 1, write 00H to
the WAS register or write the same value as that set to the LBCO or LBC1 register. When
this write is completed, completion of an access from the write buffer to the external
device can be recognized. If the set value of the LBCO or LBC1 register is rewritten when
a dummy write to the LBCO or LBC1 register is executed, the operation is not guaranteed.

Setting the MLEn bit to 1 is valid only when DMA transfer (hardware DMA) is started by

DMARQN pin input or an interrupt from the on-chip peripheral /0. To start DMA transfer by

setting the STGn bit to 1 (software DMA), read the TCn bit and confirm that it is set to 1, and
then set the STGn bit to 1.

Set the MLEN bit at the following timing while the target DMA channel is in operation or is
not suspended (the operation is not guaranteed if the register is set at any other timing).

e Period from system reset to generation of the first DMA transfer request

¢ Period from completion of DMA transfer (after generation of terminal count) to generation
of the next DMA transfer request

e Period from forced termination of DMA transfer (after the INITn bit is set to 1) to
generation of the next DMA transfer request

If DMA transfer is forcibly terminated in the last transfer cycle with the MLEn bit set to 1, the
same operation as that performed when transfer is completed is performed (the TCn bit is
set to 1). (The Enn bit is cleared to 0 on completion of forced termination, regardless of the
value of the MLEn bit.)

In this case, the TCn bit must be read (cleared to 0) in addition to setting the Enn bit when
the next DMA transfer is requested.

Do not set the STGn bit to 1 while DMA is suspended.

Each bit is updated upon completion of DMA transfer (at terminal count) with the Enn bit
cleared to 0 and the TCn bit set to 1 in that order. While the statuses of the TCh and Enn
bits are being polled, therefore, values indicating the status of “transfer not completed and
prohibited” (TCn bit = 0 and Enn bit = 0) may be read if the DCHCn register is read while
each bit is being updated.
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Cautions 7. The TCn bit does not have to be read (cleared to 0) on completion of DMA transfer (on
generation of the terminal count) only if the following two conditions are satisfied. If either
of the conditions is not satisfied, be sure to read the TCn bit (cleared to 0) before the next
DMA transfer request is generated.

o If the MLEN bit is set to 1 upon completion of DMA transfer (at terminal count)
o If the source that starts the next DMA transfer is an external pin (DMARQn)

If these two conditions are not satisfied, the operation is not guaranteed if the next DMA
transfer request is generated with the TCn bit set to 1.
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<7>

5 4 <3> <2> <1> <0> Address After reset

DCHCO | TGO

o | o | meo | nmo | steo | Eoo | FFFFFoEOH  ooH

pcHCt | TC1

MLE1 | INT1 | STG1 | E11 | FFFFFOE2H  oOH

pcHe2 | Te2

o | o | me2 | nm2 | sta2 | E22 | FFFFFoE4H  ooH

DCHC3 | TC3

o | o | mes | nms | stas | Ess | FrFFFoEeH  ooH

Bit position

Bit name

Function

7

TCn

This status bit indicates whether DMA transfer through DMA channel n is complete or
not.
This bit is read-only. It is set to 1 during the last DMA transfer and cleared to 0 when it is
read.

0: DMA transfer is not complete.

1: DMA transfer is complete.

Caution To read the TCn bit on completion of a DMA transfer that transfers data
to/from the internal data RAM, first read the status in which the TCn bit was
set to 1, and then insert two dummy reads of the DCHCn register in a row.

MLEn

If this bit is set to 1 when DMA transfer is complete (at terminal count output), the Enn bit
is not cleared to 0 and the DMA transfer enable state is retained.

If the next DMA transfer startup factor is input from the DMARQn pin or is an interrupt
from the on-chip peripheral I/0O (hardware DMA), the DMA transfer request is
acknowledged even if the TCn bit is not read.

If the next DMA transfer startup factor is input by setting the STGn bit to 1 (software
DMA), the DMA transfer request is acknowledged if the TCn bit is read and cleared to 0.
If this bit is cleared to 0 when DMA transfer is complete (at terminal count output), the
Enn bit is cleared to 0 and the DMA transfer disable state is entered. At the next DMA
transfer request, the Enn bit must be set to 1 and the TCn bit read.

INITn

If this bit is set to 1 during DMA transfer or after DMA is forcibly suspended by NMI input,
DMA transfer is forcibly terminated.

STGn

If this bit is set to 1 in the DMA transfer enable state (TCn bit = 0, Enn bit = 1), DMA
transfer is started.

Enn

Specifies whether DMA transfer through DMA channel n is to be enabled or disabled.
This bit is cleared to 0 when DMA transfer ends. It is also cleared to 0 when DMA
transfer is forcibly interrupted or forcibly terminated by setting the INITn bit to 1 or by NMI
input.

0: DMA transfer disabled

1: DMA transfer enabled

Caution If the Enn bit is set to 1, forcibly terminate DMA transfer using the INITn
bit after the number of DMA transfers set by the DBCn register is
complete or the Enn bit is cleared to 0 (if the Enn bit is cleared to 0
during DMA transfer, do not re-set the Enn bit to 1).

Remark n=0t03
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6.3.6 DMA terminal count output control register (DTOC)

The DMA terminal count output control register (DTOC) is an 8-bit register that controls the terminal count output
from each DMA channel and DMA transfer during NMI input. Terminal count signals from each DMA channel can be
brought together and output from the TCO pin.

This register can be read or written in 8-bit or 1-bit units.

Be sure to clear bits 5 and 4 to 0, and set bit 0 to 1. Otherwise, the operation is not guaranteed.

7 6 5 4 <3> <2> <1> 0 Address After reset
pToc |pmsTPm|DAKEBG| 0 | o | Tcos | Tco2 | Tcot | 1 | FrrFFBaoH  otH
Bit position Bit name Function
7 DMSTPM Controls DMA transfer when NMI is input.

0: Forcibly aborts DMA transfer when NMI is input.
1: Does not abort DMA transfer when NMI is input.

Cautions 1. When DMSTPM bit = 0, NMI servicing can be executed immediately
after completion of the DMA cycle currently under execution. Before
executing the aborted DMA transfer, however, be sure to re-initialize
it.

2. When DMSTPM bit = 1, NMI servicing is held pending in the block
transfer mode until DMA transfer has been completed the preset
number of times. In the single transfer mode and single-step transfer
mode, NMI servicing is executed after the DMA cycle currently under
execution is completed. As necessary, forcibly terminate DMA
transfer by setting the INITn bit of the DCHCn register to 1 (n = 0 to 3).

3. Be sure to change the value of the DMSTPM bit when DMA is not
used.

The operation is not guaranteed if the value of the DMSTPM bit is
changed after registers related to DMAC have been set or during DMA
transfer.

6 DAKEBC Specifies extension of the active width of the DMAAKN signal while the DAKER bit of the
DIFC register = 1.

0: Active width extended by 4 x fcik.

1: Active width extended by 6 to 7 x fck.

Remark For details of the function to extend the active width of the DMAAKR signal,
see 6.3.8 DMA interface control register (DIFC) or 6.5.1 (2) DMAAKn
signal active width extension function.

3to1 TCO3 to Indicates the state of the TCO pin.
TCO1 0: Channel n terminal count signal not output from TCO pin.
1: Channel n terminal count signal output from TCO pin.

Remark fcik: Internal system clock
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The following shows an example of the case when the DTOC register is set to 03H.

XpmAoXDMAOX CPU XDMA1XDMA1X CPU XDMA2XDMA2X

DMA channel 0 DMA channel 1 DMA channel 2
terminal count terminal count terminal count

TCO (output)

TC2 (output)

6.3.7 DMA trigger factor registers 0 to 3 (DTFRO to DTFR3)

These 8-bit registers are used to control the DMA transfer start trigger through interrupt requests from on-chip
peripheral 1/0.

The interrupt requests set by these registers serve as DMA transfer startup factors.

These registers can be read or written in 8-bit or 1-bit units. However, only bit 7 (DFn) can be read or written in 1-
bit units.

Cautions 1. To change the setting of the DTFRn register, be sure to stop the DMA operation.

2. An interrupt request from an on-chip peripheral I/O input in the standby mode (IDLE or
software STOP mode) is held pending as a DMA transfer start factor. The held DMA start
factor is executed following return to the normal operation mode.

3. If the factor of starting DMA transfer is changed by using the IFCn6 to IFCnO bits, be sure to
clear the DFn bit to 0 using the instruction immediately after.

4. When a transmission completion interrupt request signal (UBTITO or UBTIT1) of UARTB is
used as the factor of starting DMA transfer, the factor of starting DMA transfer that is
triggered by the interrupt request signal generated when the last transmission was
completed is retained. In this case, clear the DFn bit to 0 to clear the DMA transfer request.
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(1/3)
> 6 5 4 3 2 1 0 Address  After reset

DTFRO [ DFo | IFCos | IFCos | IFco4 | IFCos | IFco2 | IFco1 | IFCoo | FFFFFetoH  0oH

DTFR1 [ DF1 | IFC16 | IFC15 | IFC14 | IFC13 | IFC12 | IFC11 | IFC10 | FFFFFe12H  0OH

DTFR2 [ DF2 | IFC26 | IFC25 | IFc24 | IFC23 | IFC22 | IFC21 | IFC20 | FFFFF814H  0OH

DTFR3 | DF3 | IFCas | IFC3s | IFCa4 | IFCas | IFCs2 | IFCa1 | IFCso | FFFFFeteH  0OH

Bit position Bit name Function

7 DFn This is a DMA transfer request flag.
Only 0 can be written to this flag.

0: DMA transfer not requested

1: DMA transfer requested
If the interrupt specified as the DMA transfer startup trigger occurs and it is necessary to
clear the DMA transfer request while DMA transfer is disabled (including when it is
aborted by NMI or forcibly terminated by software), stop the operation of the source
causing the interrupt, and then clear the DFn bit to 0 (for example, disable reception in
the case of serial reception). If it is clear that the interrupt will not occur until DMA
transfer is resumed next, it is not necessary to stop the operation of the source causing
the interrupt.

6t00 IFCn6 to This code is used to set the interrupt sources serving as DMA transfer startup factors.
IFCnO IFCn6 | IFCn5 | IFCn4 | IFCn3 | IFCn2 | IFCn1 | IFCn0O Interrupt source
0 0 0 0 0 0 0 Level detection mode of

DMARQn pin input
(DMA request from on-
chip peripheral I/O
disabled)

0 0 0 0 0 0 1 Edge detection mode of
DMARQn pin input
(DMA request from on-
chip peripheral I/O

disabled)
0 0 0 0 0 1 0 INTP10
0 0 0 0 0 1 1 INTP11
0 0 0 0 1 0 0 INTP21
0 0 0 0 1 0 1 INTP22
0 0 0 0 1 1 0 INTP23
0 0 0 0 1 1 1 INTP24
0 0 0 1 0 0 0 INTP25

Remark n=0t03
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Bit position Bit name Function
6to0 IFCn6 to
IFCnO IFCn6 | IFCn5 | IFCn4 | IFCn3 | IFCn2 | IFCn1 | IFCnO Interrupt source
0 0 0 1 0 0 1 INTP50
0 0 0 1 0 1 0 INTP51
0 0 0 1 0 1 1 INTP52
0 0 0 1 1 0 0 INTP65
0 0 0 1 1 0 1 INTP66
0 0 0 1 1 1 0 INTP67
0 0 0 1 1 1 1 INTPDO
0 0 1 0 0 0 0 INTPDA
0 0 1 0 0 0 1 INTPD2
0 0 1 0 0 1 0 INTPD3
0 0 1 0 0 1 1 INTPD4
0 0 1 0 1 0 0 INTPD5
0 0 1 0 1 0 1 INTPD6
0 0 1 0 1 1 0 INTPD7
0 0 1 0 1 1 1 INTPD8
0 0 1 1 0 0 0 INTPD9
0 0 1 1 0 0 1 INTPD10
0 0 1 1 0 1 0 INTPD11
0 0 1 1 0 1 1 INTPD12
0 0 1 1 1 0 0 INTPD13
0 0 1 1 1 0 1 INTPD14
0 0 1 1 1 1 0 INTPD15
0 0 1 1 1 1 1 INTPLO
0 1 0 0 0 0 0 INTPL1
0 1 0 0 0 0 1 INTPCO0/INTCCCO0
0 1 0 0 0 1 0 INTPCO1/INTCCCO1
0 1 0 0 0 1 1 INTPC10/INTCCC10
0 1 0 0 1 0 0 INTPC11/INTCCC11
0 1 0 0 1 0 1 INTPC20/INTCCC20
0 1 0 0 1 1 0 INTPC21/INTCCC21
0 1 0 0 1 1 1 INTPC30/INTCCC30
0 1 0 1 0 0 0 INTPC31/INTCCC31

Remark n=0t03
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(3/3)

Bit position Bit name Function
6t00 IFCn6 to
IFCnO IFCn6 | IFCn5 | IFCn4 | IFCn3 | IFCn2 | IFCn1 | IFCn0O Interrupt source
0 1 0 1 0 0 1 INTCCC40
0 1 0 1 0 1 0 INTCCC41
0 1 0 1 0 1 1 INTCCC50
0 1 0 1 1 0 0 INTCCC51
0 1 0 1 1 0 1 INTCMDO
0 1 0 1 1 1 0 INTCMD1
0 1 0 1 1 1 1 INTCMD2
0 1 1 0 0 0 0 INTCMD3
0 1 1 0 0 0 1 INTCC100
0 1 1 0 0 1 0 INTCC101
0 1 1 0 0 1 1 INTCM100
0 1 1 0 1 0 0 INTCM101
0 1 1 0 1 0 1 INTCC110
0 1 1 0 1 1 0 INTCC111
0 1 1 0 1 1 1 INTCM110
0 1 1 1 0 0 0 INTCM111
0 1 1 1 0 0 1 INTCSI30
0 1 1 1 0 1 0 INTCSI31
0 1 1 1 0 1 1 UBTIRO
0 1 1 1 1 0 0 UBTITO
0 1 1 1 1 0 1 UBTIR1
0 1 1 1 1 1 0 UBTIT1
0 1 1 1 1 1 1 INTAD
1 1 1 1 1 1 1 UFDRQnN
Other than above Setting prohibited
Caution When using an external interrupt (when IFCn6 to IFCn0 bits = 0000010B
to 0100000B) as a DMA trigger source, be sure to specify an edge (do
not use level detection).

Remark n=01t03
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The relationship between the DMARQn signal and the interrupt source that serves as a DMA transfer trigger is as

follows (n =0 to 3).

DMARQn (O
O——
O— 5
O——— E —  Internal DMA request signal
Interrupt source 3
O——
O——

{0

IFCnO to IFCn6

Remark If an interrupt request is specified as the DMA transfer start factor, an interrupt request will be
generated if DMA transfer starts. To prevent an interrupt from being generated, mask the interrupt by
setting the interrupt request control register. DMA transfer starts even if an interrupt is masked.

For the level detection mode (IFCn6 to IFCn0 bits = 0000000) and edge detection mode (IFCn6 to IFCnO bits =
0000001) of the DMARQn pin input, see Figures 6-8 to 6-10 (n = 0 to 3).
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(1) DMA request detection function
The V850E/ME2 has a level detection mode and an edge detection mode as functions to sample the
DMARQnN pin (n = 0 to 3). The level detection mode also has a mask mode in which sampling the DMA

request is masked.

(a)

(b)

Level detection mode (IFCn6 to IFCn0 bits = 0000000)
In this mode, handshaking of the DMARQn and DMAAKRN signals can be executed at high speeds. In the

single transfer mode, deassert the DMARQn signal for the duration of 2 x fcik from the rising edge of the

DMAAKnN signal, in order not to start the DMA transfer cycle next to that currently under execution. If the
DMARAQn signal is active for the duration of 2 x fcik, the next DMA request is recognized. In the 2-cycle

transfer mode, however, the active period of the DMAAKn signal may be shortened depending on the
combination of the transfer source and transfer destination (Min.: 2 x fcik). Consequently, if the inactive
timing of the DMARQn signal is generated from the falling edge of the DMAAKn signal, for example, the
timing may be 4 x fck at the shortest.

For the active width of the DMAAKn signal for 2-cycle transfer, see Table 6-4 Minimum Value of Active
Width of DMAAKn Signal for 2-Cycle Transfer.

Remark fcik: Internal system clock

<1> Mask mode (IFCn6 to IFCnO bits = 0000000 and DRMKn bit of DIFC register = 1)
This mode is used to establish handshaking of the DMARQn and DMAAKn signals in
synchronization with BUSCLK in the level detection mode. In the single transfer mode, deassert the
DMARQn signal within 3 x BUSCLK after sampling the rising edge of the DMAAKn signal, in order
not to start the DMA transfer cycle next to that currently under execution. When the mask mode is

set, sampling the DMA request is always masked for the duration of 3 x BUSCLK period from the
rising edge of the DMARQn signal, regardless of the division ratio of BUSCLK (set by the BMC
register).

Edge detection mode (IFCn6 to IFCn0 bits = 0000001)
This mode uses the falling edge of the DMARQn signal as a DMA request. It realizes handshaking of the

DMARQn and DMAAKn signals at a speed much lower than that when the mask mode is used.
However, note that the falling edge of the DMARQn signal is ignored, even if input, while the DMAAKn
signal is active.

For the detailed timing in each mode, see CHAPTER 17 ELECTRICAL SPECIFICATIONS.
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6.3.8 DMA interface control register (DIFC)

This 8-bit register controls the active width of the DMAAKn signal of each DMA channel and controls the mask
function (DMA mask mode) of the DMARQn signal (n = 0 to 3).

This register can be read or written in 8-bit or 1-bit units.

7 6 5 4 3 2 1 0 Address After reset
DIFC | DAKE3 ‘ DAKE2 ‘ DAKE1 ‘ DAKEO ‘ DRMK3 ‘ DRMK2 ‘ DRMK1 ‘ DRMKOl FFFFF8A8H 00H
Bit position Bit name Function
7t04 DAKEnN These bits specify the active width of the DMAAKnR signal.

0: Active width of DMAAKnN signal output from DMAC
1: Active width of DMAAKn signal + active extension width output from DMAC

Note The active width is extended by the DAKER bit as follows.
e 4 x fck when DAKEBC bit of DTOC register = 0
e 6to 7 x fck when DAKEBC bit of DTOC register = 1
For details of the function to extend the active width of the DMAAKnN signal, see
6.3.8 DMA interface control register (DIFC) or 6.5.1 (2) DMAAKn signal
active width extension function.

Cautions 1. Do not set the DAKERN bits to 1 during flyby transfer.

2. If either of the following conditions is satisfied when the function to
extend the active width of the DMAAKn signal is used, the next
DMAAKn signal is asserted while the active width of the preceding
DMAAKn signal is extended. As a result, the active cycles of more
than one DMAAKn signal combine into one DMAAKn signal, and the
number of times the DMAAKn signal is asserted is less than the
actual number of DMA cycles.

o During block transfer or single-step transfer

e When the DMARQN signal is kept active (including when the next
DMA request is generated while the DMAAKn signal is active or
immediately after it has been deasserted in the pending mode of
UARTB)

3t00 DRMKn These are mask bits of the DMARQn signal. They specify the DMA mask mode.

0: Do not mask the DMARQn signal.

1: Mask input of the DMARQH signal for the duration of 3 bus clocks from the rising
edge of the DMAAKn signal.

Caution The period masked by the DRMKn bit is three bus clocks (BUSCLK) from
the rising edge of the DMAAKnN signal. If the rising edge of the DMAAKn
signal is sampled with DRMKn bit = 1, the DMA controller does not
recognize the next DMA transfer request if the DMARQN signal is
deasserted within 3 bus clocks (BUSCLK) after the rising edge (high
level) of the DMAAKnN signal has been sampled with BUSCLK.

Remarks 1. n=0to 3
2. fcwk: Internal system clock
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6.4 Transfer Modes

6.4.1 Single transfer mode

In single transfer mode, the DMAC releases the bus at each byte/halfword/word transfer. If there is a subsequent
DMA transfer request, transfer is performed again once. This operation continues until a terminal count occurs.

When the DMAC has released the bus, if another higher priority DMA transfer request is issued, the higher priority
DMA request always takes precedence. If other DMA transfer request with the lower priority occurs one clock after
single transfer has been completed, however, this request does not take precedence even if the previous DMA
transfer request signal with the higher priority remains active. DMA transfer with the lower priority newly request is
executed after the CPU bus has been released.

Figures 6-1 to 6-4 show examples of single transfer.

Figure 6-1. Single Transfer Example 1

DMARQ3 / \ [

(input)

Note Note Note Note

DMA channel 3 terminal count

Note The bus is always released.

Figure 6-2 shows an example of a single transfer in which a higher priority DMA request is issued. DMA channels
0 to 2 are in the block transfer mode and channel 3 is in the single transfer mode.

Figure 6-2. Single Transfer Example 2

DMARQO \ /

(input)
DMARQ1
(input)
DMARQ2
(input)

DMARQ3 \ [

(input)

—
~——

—
~——

DMA channel 1
terminal count

DMA channel 0 DMA channel 2
terminal count terminal count

DMA channel 3
terminal count

Note The bus is always released.

User's Manual U16031EJ4V1UD 275



CHAPTER 6 DMA FUNCTIONS (DMA CONTROLLER)

Figure 6-3 is an example of single transfer where a DMA transfer request with the lower priority is issued one clock
after single transfer has been completed. DMA channels 0 and 3 are used for single transfer. If two DMA transfer
request signals become active at the same time, two DMA transfer operations are alternately executed.

Figure 6-3. Single Transfer Example 3

DMARQO ~ \ /
(input)
DMARQ3 \ /
(input)

Note Note Note Note Note Note Note

' ' ' ' 1 ' 1
{OMAGXCPUXDMASKCPUXDMAOXCPUXDMASKCPUXDMAXCPUXDMA)

DMA channel 3 DMA channel 0
terminal count terminal count

Note The bus is always released.

Figure 6-4 is an example of single transfer where two or more DMA transfer requests with the lower priority are
issued one clock after single transfer has been completed. DMA channels 0, 2, and 3 are used for single transfer. If
three or more DMA transfer request signals become active at the same time, two DMA transfer operations are
alternately executed, always starting from the one with the highest priority.

Figure 6-4. Single Transfer Example 4

DMARQO \ /
(input)

DMARQ2 \ /
(input)

DMARQ3 _\ /

(input) Note Note Note Note Note Note Note Note Note

DMA channel 0 DMA channel 3
terminal count DMA channel 2 terminal count
terminal count

Note The bus is always released.
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6.4.2 Single-step transfer mode

In single-step transfer mode, the DMAC releases the bus at each byte/halfword/word transfer. |If there is a
subsequent DMA transfer request signal (DMARQO to DMARQS), transfer is performed again. This operation

continues until a terminal count occurs.

When the DMAC has released the bus, if another higher priority DMA transfer request is issued, the higher priority

DMA request always takes precedence.

The following shows an example of a single-step transfer. Figure 6-6 shows an example of single-step transfer

made in which a higher priority DMA request is issued. DMA channels 0 and 1 are in the single-step transfer mode.

Figure 6-5. Single-Step Transfer Example 1

DMARQ1 \ /

(input)

DMA channel 1 terminal count

Note The bus is always released.

Figure 6-6. Single-Step Transfer Example 2

DMARQO \ /

(input)

DMARQ1 \ /

(input)

Note Note Note Note Note Note

DMA channel 0 DMA channel 1
terminal count terminal count

Note The bus is always released.
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6.4.3 Block transfer mode

In the block transfer mode, once transfer starts, the DMAC continues the transfer operation without releasing the
bus until a terminal count occurs. No other DMA requests are acknowledged during block transfer.

After the block transfer ends and the DMAC releases the bus, another DMA transfer can be acknowledged. The
bus cycle of the CPU is not inserted during block transfer, but bus hold and refresh cycles are inserted in between
DMA transfer operations.

The following shows an example of block transfer in which a higher priority DMA request is issued. DMA channels
2 and 3 are in the block transfer mode.

Figure 6-7. Block Transfer Example

DMARQ2 \ /
(input)

DMARQ3 \ /

(input)
™ (CPUXCPUXCPUXDMAS X DMAS X DAS X DAS X DMAS X DMAS X DMAS X DHAS X C P UX DNAZ) DMA2) DMAZ) DMAZX DVA2)
The bus is always

DMA channel 3 released.
terminal count
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6.5 Transfer Types

6.5.1 2-cycle transfer

In 2-cycle transfer, data transfer is performed in two cycles, a read cycle (source to DMAC) and a write cycle
(DMAC to destination).

In the first cycle, the source address is output and reading is performed from the source to the DMAC. In the
second cycle, the destination address is output and writing is performed from the DMAC to the destination.

Cautions 1. Anidle cycle of 1 to 2 clocks is always inserted between a read cycle and a write cycle.
2. See 6.15 (8) Restriction on 2-cycle DMA transfer for restrictions on 2-cycle DMA transfer.

Figure 6-8. Timing of 2-Cycle DMA Transfer (SRAM — External I/O) (1/2)

(a) Single transfer mode (0 waits, BMC register = 00H, level detection mode)

T T2 T Tl T2

BUSCLK (output) -/_\—él_\—él_\—él_\—él_\—/_\—/_\—/_\—/_\—/_\—/_\—/_\-
\

DMARQXx (input)

DMAAKXx (output)

BCYST (output) / y

CSm (output) of
SRAM area

CSn (output) of
external I/O area

RD (output) \
WR (output) \__/_

Note 2 (output) \

SDCKE (output) H

SDRAS (output) H

SDCAS (output) H

DOto D31 (/O) = = = o = = o e = T e e < Data -—-{ Data -

Notes 1. This idle state (Tl) is independent of the BCC register setting.
2. UUBE/UUDQM, ULBE/ULDQM, LLBE/LLDQM, LUBE/LUDQM

Remarks 1. The broken lines indicate the high-impedance state.
2. n=0to7,m=0to7 (n#m)
x=0to3
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Figure 6-8. Timing of 2-Cycle DMA Transfer (SRAM — External I/O) (2/2)

(b) Single transfer mode (0 waits, BMC register = 00H, edge detection mode)

T T2 T T T2

suscikeuu Y N7 N7 V" V VYV VL
DMARQX (input) T\ /

DMAAKX (output)

BCYST (output) / y

CSm (output) of
SRAM area

CSn (output) of
external I/O area

RD (output) \
WR (output) \__/_

Note 2 (output) \

SDCKE (output) H

SDRAS (output) H

SDCAS (output)

DO to D31 (input) = == == == = |em o= o o o o o e —_—— e === —— -'( Data ----( Data -

Notes 1. This idle state (TI) is independent of the BCC register setting.
2. UUBE/UUDQM, ULBE/ULDQM, LLBE/LLDQM, LUBE/LUDQM

Remarks 1. The broken lines indicate the high-impedance state.
2. n=0to7,m=0to7 (n=m)
x=0t03
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Figure 6-9. Timing of 2-Cycle DMA Transfer (SDRAM — SRAM):
Single Transfer Mode (SRAM Data 1 Wait, SDRAM Latency = 2,
BMC Register = 00H, Level Detection Mode)

TACT | TREAD | TLATE | TLATE | TI**' T1 W T2

Busclkoupu Y~ N\~ NV V" V"

DMARQXx (input) \

DMAAKX (output)

BCYST (output) / /

CSm (output) of

SRAM area

CSn (output) of
external I/O area

RD (output)
WR (output) /

Note 2 (output) \

SDCKE (output)

SDRAS (output) /

SDCAS (output)

DOto D31 (input) = = =+ = = = = = = = e = e — — e — — =t === - = = =("Daa el Data

Notes 1. This idle state (Tl) is independent of the BCC register setting.
2. UUBE/UUDQM, ULBE/ULDQM, LLBE/LLDQM, LUBE/LUDQM

Remarks 1. The broken lines indicate the high-impedance state.

2. m=0to7
n=1,3,4,6
x=0t03
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