9.3.8 DMA Transfer End

The DMA transfer ending conditions vary when channels end individually and when both
channels end together.

Conditionsfor Channels Ending I ndividually: When either of the following conditions are met,
the transfer will end in the relevant channel only:

¢ Thevaue of the channel’s DMA transfer count register (TCR) becomes 0.
When the TCR value becomes 0, the DMA transfer for that channel ends and the transfer-end
flag bit (TE) isset in CHCR. If the |E (interrupt enable) bit has already been set, aDMAC
interrupt (DEI) request is sent to the CPU. In 16-byte transfer, when the TCR is 3,2,1 during
the final transfer, the source address will be output four times, but the destination address will
only be output the number of timesfound in TCR before transfer ends.

« TheDE bit of the DMA channel control register (CHCR) is cleared to O.

When the DMA enable bit (DE) in CHCR is cleared, DMA transfers in the affected channel
are halted. The TE bit is not set when this happens.

Source Source Source Source Destination Destination
address address address address address address
firsttime secondtime thirdtime fourthtime firsttime second time

D D S D G S €

+
TCR=0
(transfer ends normally)

Figure9.52 16-Byte Transfer when TCR =2

Conditionsfor Both Channels Ending Simultaneously: Transfers on both channels end when
either of the following conditionsis met:

*  The NMIF (NMI flag) bit or AE (address error flag) bitissetto 1in DMAOR.

When an NMI interrupt or DMAC address error occurs and the NMIF or AE bitissetto 1in
DMAOR, al channels stop their transfers. The DMA source address register (SAR),
designation address register (DAR), and transfer count register (TCR) are all updated by the
transfer immediately preceding the halt. When this transfer isthe final transfer, TE = 1 and the
transfer ends. To resume transfer after NMI interrupt exception handling or address error
exception handling, clear the appropriate flag bit. When the DE bit isthen set to 1, the transfer
on that channel will restart. To avoid this, keep its DE bit at 0. In dual address mode, DMA
transfer will be halted after the completion of the following write cycle evenyfieming etdiess
error occursin theinitial read cycle. SAR, DAR and TCR are updated by the final transfer.
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* The DMA master enable (DME) bit in DMAOR iscleared to O.

Clearing the DME bit in DMAOR forcibly aborts the transfers on both channels at the end of
the current bus cycle. When the transfer is the final transfer, TE = 1 and the transfer ends.

94 Examples of Use

94.1 DMA Transfer Between On-Chip SCI and External Memory

In the following example, data received on the on-chip serial communication interface (SCI) is
transferred to external memory using DMAC channel 1. Table 9.9 shows the transfer conditions
and register settings.

Table9.9 Register Settingsfor Transfersbetween On-Chip SCI and External Memory

Transfer Conditions Register Setting

Transfer source: RDR of on-chip SCI SAR1 H'FFFFFEOS
Transfer destination: external memory (word space) DAR1 Destination address
Number of transfers: 64 TCR1 H'0040

Transfer destination address: incremented CHCR1 H'4045

Transfer source address: fixed

Bus mode: cycle-steal

Transfer unit: byte

DEI interrupt request generated at end of transfer (DE = 1)

Channel priority: Fixed (0 > 1) (DME = 1) DMAOR H'0001

Transfer request source (transfer request signal): SCI (RXl) DRCR1 H'01

Note: Check the CPU interrupt level when interrupts are enabled in the SCI.

www.DataSheetdU.com
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9.5 Usage Notes

© N o g b

DMA request/response selection control registers 0 and 1 (DRCRO and DRCR1) should be
accessed in bytes. All other registers should be accessed in longword units.

Before rewriting CHCRO, CHCR1, DRCRO, and DRCRI, first clear the DE bit for the
specified channel to O or clear the DME bit in DMAOR to O.

When the DMAC is not operating, the NMIF bit in DMAOR is set even when an NMI
interrupt isinput.

When the cache is used as on-chip RAM, the DMAC cannot access this RAM.

Set to standby mode after the DME bit in DMAOR is set to 0.

Do not access the DMAC, BSC, and UBC on-chip peripheral modules.

Do not access the cache (address array, data array, associative purge area).

To detect the DREQ pin signal in single address mode, use edge detection.
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Section 10 Division Unit

10.1 Overview

The division unit (DIVU) divides 64 bits by 32 bits and 32 bits by 32 hits. The results are
expressed as a 32-hit quotient and a 32-bit remainder. When the operation produces an overflow,
an interrupt can be generated as specified.

10.1.1 Features

The division unit has the following features:

Performs signed division of 64 bits by 32 bits and 32 bits by 32 bits
Handles 32-bit quotient, 32-bit remainder

Completes operation execution in 39 cycles

Controls enabling/disabling of over/underflow interrupts

Even during the division process, instructions not accessing the division unit can be parallel-
processed
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the division unit.

Bus
interface Internal data bus >

DVSR
Division DVDNT
oper- m
ation 2
circuit DVDNTH ©
©
©
DVDNTL 2
°
(=]
v =
Division DVCR
control
circuit >‘ VCRDIV |<

— Internal interrupt signal

DVSR: Divisor register
DVDNT: Dividend register L for 32-bit division
DVDNTH: Dividend register H
DVDNTL: Dividend register L
DVCR: Division control register
VCRDIV: Vector number setting register DIV

Figure10.1 Division Unit Block Diagram

10.1.3 Register Configuration

Table 10.1 shows the register configuration of the division unit.
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Table 10.1 Division Unit Register Configuration

Register Abbr. R/W Initial Value Address Access Size™l
Divisor register DVSR R/W Undefined H'FFFFFFOO 32

Dividend register L for 32-bit DVDNT R/W  Undefined H'FFFFFFO4 32

division

Division control register DVCR R/W H'00000000 H'FFFFFFO08 16, 32

Vector number setting register VCRDIV R/W  Undefined? H'FFFFFFOC 16, 32
DIv

Dividend register H DVDNTH R/W Undefined H'FFFFFF10 32
Dividend register L DVDNTL R/W Undefined H'FFFFFF14 32

Notes: 1. Accesses to the division unit are read and written in 32-bit units. DVCR and VCRDIV
permit 16 and 32-bit accesses. When registers other than CONT and VCRDIV are
accessed with word accesses, undefined values are read or written.

2. The initial value of VCRDIV is H'0000**** (asterisks represent undefined values).

10.2  Description of Registers

10.2.1 Divisor Register (DVSR)

Bit: 31 30 29 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ’ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W e R/W R/W R/W R/W

The divisor register (DVSR) is a 32-bit read/write register in which the divisor for the operation is
written. It isnot initialized by a power-on reset or manual reset, in standby mode, or during
module standbys.

10.2.2 Dividend Register L for 32-Bit Division (DVDNT)

Bit: 31 30 29 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W . R/W R/W R/W R/W

vww.DataSheet4U.com
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The dividend register L for 32-bit division (DVDNT) is a 32-bit read/write register in which the
32-hit dividend used for 32-bit + 32-bit division operationsis written. When 32-bit + 32-bit
division isrun, the value set as the dividend is lost and the quotient written at the end of division.
When thisregister is written to, the same value iswritten in the DVDNTL register. The MSB
written is sign-extended in the DVDNTH register. Writing to this register starts the 32-bit + 32-bit
division operation. It is not initialized by a power-on reset or manual reset, in standby mode, or
during module standbys.

10.2.3 Division Control Register (DVCR)

Bitt 31 30 29 3 2 1 0
Bitname:| — | — | — | . | — | — |OVFE| OVF |
Initial value: 0 0 0 0 0 0 0
RW: R R R R R RW  RW

The division control register (DVCR) is a 32-bit read/write register, but is also 16-bit accessible. It
controls enabling/disabling of the overflow interrupt. This register isinitialized to H'00000000 by
apower-on reset or manual reset. It is not initialized in standby mode or during module standbys.

e Bits31to 2: Reserved. These bits always read 0. The write value should always be 0.

» Bit1: OVF Interrupt Enable (OVFIE): Selects enabling or disabling of the OVF interrupt
request (OVFI) upon overflow.

Bit 1: OVFIE Description
0 Interrupt request (OVFI) caused by OVF disabled (Initial value)
1 Interrupt request (OVFI) caused by OVF enabled

Note: Always set the OVFIE bit before starting the operation whenever executing interrupt
handling for overflows.

» Bit 0: Overflow Flag (OVF). Flag indicating an overflow has occurred.

Bit 0: OVF Description

0 No overflow has occurred (Initial value)
1 Overflow has occurred
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10.24  Vector Number Setting Register DIV (VCRDIV)

Bit: 31 30 29 19 18 17 16
Bit name: ‘ — ‘ — ‘ — ‘ ‘ — ‘ — ‘ — ‘ — ‘
Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 15 14 13 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ’ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W e R/W R/W R/W R/W

Vector number setting register DIV (VCRDIV) is a 32-bit read/write register, but is also 16-bit
accessible. The destination vector number is set in VCRDIV when an interrupt occurs in the
division unit due to an overflow or underflow. Values can be set in the 16 bits from bit 15 to bit O,
but only the last 7 bits (bits 6-0) are valid. Always set 0 for the 9 bits from bit 15 to bit 7.
VCRDIV isnot initialized by a power-on reset or manual reset, in standby mode, or during
module standbys.

e Bits31to 7: Reserved. These bits always read 0. The write value should always be 0.

e Bits61to0: Interrupt Vector Number. Sets'the interrupt destination vector number. Only the 7
bits 6-0 are valid (as the vector number).

1025  Dividend Register H (DVDNTH)

Bit: 31 30 39 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W . R/W R/W R/W R/W

Dividend register H (DVDNTH) is a 32-bit read/write register in which the upper 32 bits of the
dividend used for 64 bit + 32 bit division operations are written. When a division operation is
executed, the value set as the dividend islost and the remainder written here at the end of the
operation. Theinitial value of DVDNTH is undefined, and its value is also undefined after a
power-on reset or manual reset, in standby mode, and during in module standbys. When the
DVDNT register is set with a dividend value, the previous DVDNTH valueislost and the MSB of
the DVDNT register is extended to al bitsin the DVDNTH register.
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1026  Dividend Register L (DVDNTL)

Bit: 31 30 39 ... 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ . ’ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W . R/W R/W R/W R/W

Dividend register L (DVDNTL) is a 32-bit read/write register in which the lower 32 bits of the
dividend used for 64-bit + 32-bit division operations are written. When avalue is set in this
register, the 64-bit + 32-bit division operation begins. The value written in the DVDNT register
for 32-bit + 32-bit division is also set in this register. When a 64-bit + 32-bit division operation is
executed, the value set as the dividend is lost and the quotient written here at the end of the
operation. The contents of this register are undefined after a power-on reset or manual reset, in
standby mode, and during module standbys.

10.3 Operation

10.3.1  64-Bit + 32-Bit Operations
64-bit + 32-bit operations work as follows:

1. The 32-hit divisor is set in the divisor'register (DVSR).

2. The 64-bit dividend is set in dividend registers H and L (DVDNTH and DVDNTL). First set
thevaluein DVDNTH. When avalueiswritten to DVDNTL, the 64-bit + 32-bit operation
begins.

3/ This unit finishes a single operation in 39 cycles (starting from the setting of the valuein
DVDNTL). When an overflow occurs, however, the operation endsin 6 cycles. See section
10.3.3, Handling of Overflows, for more information. Note that operation is signed.

4. After the operation, the 32-bit remainder iswritten to DVDNTH and the 32-bit quotient is
written to DVDNTL.

10.3.2  32-Bit + 32-Bit Operations
32-bit + 32-bit operations work as follows:

1. The 32-bit divisor is set in the divisor register (DV SR).

2. The 32-hit dividend is set in dividend register L (DVDNT) for 32-bit division. When avalueis
written to DVDNT, the 32-bit + 32-bit operation begins.

3. Thisunit finishes a single operation in 39 cycles (starting from the setting of thevatg i
DVDNT). When an overflow occurs, however, the operation ends in 6 cycles. See section
10.3.3, Handling of Overflows, for more information. Note that the operation is signed.
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4. After the operation, the 32-bit remainder iswritten to DVDNTH and the 32-bit quotient is
written to DVDNT.

10.3.3 Handling of Overflows

When the results of operations exceed the ranges expressed as signed 32 bits (when, in division
between two negative numbers, the quotient is the maximum value and aremainder (negative
number) is generated) or when the divisor is 0, an overflow will result.

When an overflow occurs, the OVF bit is set and an overflow interrupt is generated if interrupt
generation is enabled (the OVFIE bit in DVCR is 1). The operation will then end with the result
after 6 cycles of operation stored in the DVDNTH and DVDNTL registers. If interrupt generation
isdisabled (the OVFIE hit is 0), the operation will end with the operation result at 6 cyclesset in
DVDNTH and the maximum value H'7FFFFFFF or minimum value H'80000000 set in DVDNTL.
In the SH7604, the maximum value results when a positive quotient overflows; the minimum
value results when a negative quotient overflows. The first three cycles of the 6 cycles executed
when an overflow occurs are used for flag setting within the division unit and the next three for
division.

10.4  Usage Notes

104.1 Access

All accesses to the division unit except DVCR and VCRDIV must be 32-bit reads or writes. Word
accesses to registers other than DVCR and VCRDIV result in reading or writing of undefined
values. In the division unit, aread instruction is extended for one cycleimmediately after an
instruction that writes to aregister, even if the register is the same, to ensure that the value written
is accurately set in the destination register in the division unit.

When aread or write instruction is issued while the division unit is operating, the read or write
instruction is continuously extended until the operation ends. This means that instructions that do
not access the division unit can be parallel-processed. When an instruction is executed that writes
to any register of the division unit immediately following an instruction that writes to the division
start-up registers (DVDNTL or DVDNT), the correct value may not be set in the start-up register.
Specify an instruction other than one that writesto adivision unit register for the instruction
immediately following instruction that writes to a start-up register.

Because of the above restrictions, efficient processing can be achieved by executing instructions
that do not access the division unit for 39 cycles after starting the operation, then issuing aread
instruction after the 39th cycle.
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104.2

Overflow Flag

When an overflow occurs, the overflow flag (OVF) is set and is not automatically reset. When
OVF is set, the operation is not affected. When necessary, clear it before the operation. The states
of registers when overflow occurs are shown in table 10.2.

Table10.2 Overflow Processing

Register Overflow Interrupt Enabled Overflow Interrupt Disabled

DVSR Holds the value written Holds the value written

DVDNT Holds the results of operations until The maximum value is set for overflow to
overflow generation is detected* the plus side, or the minimum value for

overflow to the minus side

DVCR The OVF bit is set The OVF bit is set

VCRDIV Holds the value written Holds the value written

DVDNTH Holds the results of operations until Holds the results of operations until
overflow generation is detected* overflow generation is detected *

DVDNTL Holds the results of operations until The maximum value is set for overflow to

overflow generation is detected*

the plus side, or the minimum value for
overflow to the minus side

Note: In division processing, the intermediate operation result is written for cycles up to detection
of overflow generation.
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Section 11 16-Bit Free-Running Timer

11.1 Overview

The SH7604 has a single-channel, 16-bit free-running timer (FRT) on-chip. The FRT isbased on a
16-bit free-running counter (FRC) and can output two types of independent waveforms. The FRT
can aso measure the width of input pulses and the cycle of external clocks.

11.1.1 Features

The FRT has the following features:

» Allows selection between four types of counter input clocks. Select from external clock or
three types of internal clocks (¢/8, @/32, and ¢/128). (External events can be counted.)

e Two independent comparators. Two types of waveforms can be output.
* Input capture. Select rising edge or falling edge.
e Counter clear can be specified. The counter value can be cleared upon compare match A.

« Four types of interrupt sources. Two compare matches, one input capture, and one overflow
are available as interrupt sources, and interrupts can be requested independently for each.
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11.1.2

Block Diagram

Figure 11.1 shows a block diagram of the FRT.

Internal clock
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OCRA,B: Output compare registers A,B (16 bits)
FRC: Free-running counter (16 hits)
ICR: Input capture register (16 bits)
TCR: Timer control register (8 bits)
TIER: Timer interrupt enable register (8 bits)
FTCSR: Free-running timer control/status register (8 bits)
TOCR: Timer output compare control register (8 bits
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11.1.3  Pin Configuration
Table 11.1 lists FRT 1/O pins and their functions.

Table11.1 Pin Configuration

Channel Pin /10 Function

Counter clock input pin FTCI | FRC counter clock input pin
Output compare A output pin FTOA O Output pin for output compare A
Output compare B output pin FTOB (@) Qutput pin for output compare B

Input capture input pin FTI Input pin for input capture

11.14 Register Configuration
Table 11.2 shows the FRT register configuration.

Table11.2 Register Configuration

Register Abbreviation R/W valjluael Address
Timer interrupt enable register TIER R/W H'01  HFFFFFE10
Free-running timer control/status register- . FTCSR R/(W)*1  HO00 HFFFFFE11
Free-running counter H FRC H R/W H'00 HFFFFFE12
Free-running counter L FRC L R/W H'00 HFFFFFE13
Output compare register A H OCRAH R/W H'FF HFFFFFE14%2
Output compare register A L OCRAL R/W H'FF HFFFFFE15*2
Output compare register B H OCRBH R/W HFF  HFFFFFE14*2
Output compare register B L OCRB L R/W H'FF HFFFFFE15*2
Timer control register TCR R/W H'00 HFFFFFE16
Timer output compare control register TOCR R/W HEO  HFFFFFE17
Input capture register H ICRH R H'00  HFFFFFE18
Input capture register L ICRL R H'00 HFFFFFE19

Notes: 1. Bits 7 to 1 are read-only. The only value that can be written is a 0, which is used to
clear flags. Bit O can be read or written.

2. OCRA and OCRB have the same address. The OCRS bit in TOCR is used to switch
between them.
3. Use byte-size access for all registers.
www.DataSheetdU.com
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11.2  Register Descriptions

11.21  Free-Running Counter (FRC)

Bit: 15 14 13 ... 3 2 1 0
siname: [ ||| . [ ]
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W ... R/W R/W R/W R/W

FRC is a 16-bit read/write up-counter. It increments upon input of a clock. Theinput clock can be
selected using clock select bits 1 and 0 (CKS1, CKS0) in TCR. FRC can be cleared upon compare
match A.

When FRC overflows (H'FFFF — H'0000), the overflow flag (OVF) in FTCSR isset to 1. FRC
can be read or written to by the CPU, but because it is 16 bits long, data transfers involving the
CPU are performed via atemporary register (TEMP). See section 11.3, CPU Interface, for more
detailed information.

FRC isinitialized to H'0000 by areset, in standby mode, and when the module standby functionis
used.

11.2.2  Output Compare Registers A and B (OCRA‘and OCRB)

Bit: 15 14 13 . 3 2 1 0
seame: | [ ] . [ [ [ [ ]
Initial value: 1 1 1 1 1 1 1
R/W: R/W R/W R/W e R/W R/W R/W R/W

OCR is composed of two 16-bit read/write registers (OCRA and OCRB). The contents of OCR are
always compared to the FRC value. When the two values are the same, the output compare flags
in FTCSR (OCFA and OCFB) are set to 1.

When the OCR and FRC values are the same (compare match), the output level values set in the
output level bits (OLVLA and OLVLB) are output to the output compare pins (FTOA and FTOB).
After areset, FTOA and FTOB output O until the first compare match occurs.

Because OCR is a 16-bit register, data transfers involving the CPU are performed via a temporary
register (TEMP). See section 11.3, CPU Interface, for more detailed information.

OCRisinitialized to H'FFFF by areset, in standby mode, and when the module stériddyafiaatish
isused.
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11.2.3 Input Capture Register (ICR)

Bit: 15 14 13 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0
R/W:

ICR isa16-hit read-only register. When arising edge or falling edge of the input capture signal is
detected, the current FRC value istransferred to ICR. At the same time, the input capture flag
(ICF) in FTCSR is set to 1. The edge of the input signal can be selected using the input edge select
bit (IEDGA) in TCR.

Because ICR is a 16-hit register, data transfers involving the CPU are performed via atemporary
register (TEMP). See Section 11.3, CPU Interface, for more detailed information. To ensure that
the input capture operation is reliably performed, set the pulse width of the input capture input
signal to six system clocks (¢) or more.

ICRisinitialized to H'0000 by areset, in standby mode, and when the module standby function is
used.

11.24 Timer Interrupt Enable Register (TIER)

Bitt 7 6 5 4 3 2 1 0

Bitname:| ICE | — | — | — | OCIAE| OCIBE | OVIE | — |
Initial value: 0 0 0 0 0 0 0 1
RW:  RIW — — — RW RW RW  —

TIER is an 8-bit read/write register that controls enabling of all interrupt requests. TIER is
initialized to H'01 by areset, in standby mode, and when the module standby function is used.

e Bit 7—Input Capture Interrupt Enable (ICIE): Selects enabling/disabling of the ICI interrupt
request when the input capture flag (ICF) in FTCSR is set to 1.

Bit 7: ICIE Description
0 Interrupt request (ICI) caused by ICF disabled (Initial value)
1 Interrupt request (ICI) caused by ICF enabled

¢ Bits6to 4—Reserved: These bits always read 0. The write value should always be 0. Do not
write 1,
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» Bit 3—Output Compare Interrupt A Enable (OCIAE): Selects enabling/disabling of the OCIA
interrupt request when the output compare flag A (OCFA) in FTCSR isset to 1.

Bit 3: OCIAE Description
0 Interrupt request (OCIA) caused by OCFA disabled (Initial value)
1 Interrupt request (OCIA) caused by OCFA enabled

» Bit 2—Output Compare Interrupt B Enable (OCIBE): Selects enabling/disabling of the OCIB
interrupt request when the output compare flag B (OCFB) in FTCSR is set to 1.

Bit 2: OCIBE Description
0 Interrupt request (OCIB) caused by OCFB disabled (Initial value)
1 Interrupt request (OCIB) caused by OCFB enabled

» Bit 1—Timer Overflow Interrupt Enable (OVIE): Selects enabling/disabling of the OVI
interrupt request when the overflow flag (OVF) in FTCSR isset to 1.

Bit 1. OVIE Description
0 Interrupt request (FOVI) caused by OVF disabled (initial value)
1 Interrupt request (FOVI) caused by OVF enabled

* Bit 0—Reserved: Thisbit always reads 1. The write value should always be 1.

11.25 Free-Running Timer Control/Status Register (FTCSR)

Bitt 7 6 5 4 3 2 1 0

Bitname:| ICF | — | — | — | OCFA | OCFB | OVF | CCLRA|
Initial value: 0 0 0 0 0 0 0 0
RIW: RIW)*  — _ —  RIW)* RIW)* RIW)* RW

Note: For bits 7, and 3 to 1, the only value that can be written is O (to clear the flags).

FTCSR isan 8-bit register that selects counter clearing and controls interrupt request signals.
FTCSRisinitialized to H'00 by areset, in standby mode, and when the modul e standby function is
used. See section 11.4, Operation, for the timing.

e Bit 7—Input Capture Flag (ICF): Status flag that indicates that the FRC value has been sent to
FICR by the input capture signal. Thisflag is cleared by software and set by hardware. It
cannot be set by software.
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Bit 7: ICF

Description

Clear conditions: When ICF is read while setto 1, and then O is
written to it (Initial value)

Set conditions: When the FRC value is sent to ICR by the input
capture signal

¢ Bits6to 4—Reserved: These bits always read 0. The write value should always be 0.

e Bit 3—Output Compare Flag A (OCFA): Status flag that indicates when the values of the FRC
and OCRA match. Thisflag is cleared by software and set by hardware. It cannot be set by

software.
Bit 3: OCFA Description
0 Clear conditions: When OCFA is read while set to 1, and then O is
written to it (Initial value)
1 Set conditions: When the FRC value becomes equal to OCRA

e Bit 2—Output Compare Flag B (OCFB): Status flag that indicates when the values of FRC and
OCRB match. Thisflag is cleared by software and set by hardware. It cannot be set by

software.
Bit 2: OCFB Description
0 Clear conditions: When OCFB is read while set to 1, and then 0 is
written to it (Initial value)
1 Set conditions: When the FRC value becomes equal to OCRB

e Bit 1—Timer Overflow Flag (OVF): Status flag that indicates when FRC overflows (from
H'FFFF to H'0000). Thisflag is cleared by software and set by hardware. It cannot be set by

software.

Bit 1: OVF

Description

0

Clear conditions: When OVF is read while set to 1, and then 0 is
written to it (Initial value)

Set conditions: When the FRC value changes from H'FFFF to H'0000

e Bit 0—Counter Clear A (CCLRA): Selects whether or not to clear FRC on compare match A
(signal indicating match of FRC and OCRA).
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Bit 0: CCLRA Description

0 FRC clear disabled (Initial value)

1 FRC cleared on compare match A

11.26 Timer Control Register (TCR)

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ IEDGA‘ — ] — \ — ’ — \ — \ CKS1 ] CKS0 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TCRisan 8-hit read/write register that selects the input edge for input capture and selects the
input clock for FRC. TCRisinitialized to H'00 by areset, in standby mode, and when the module
standby function is used.

e Bit 7—Input Edge Select (IEDG): Selects whether to capture the input capture input (FT1) on
the falling edge or rising edge.

Bit 7: IEDG Description
0 Input captured on falling edge (Initial value)
1 Input capturedon rising edge

» Bits6to 2—Reserved: These bits always read 0. The write value should always be 0. Do not
write 1.

» Bits1and 0—Clock Select (CKS1, CKS0): These hits select whether to use an external clock
or one of threeinternal clocks for input to FRC. The external clock is counted at the rising
edge.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Internal clock: count at @/8 (Initial value)
1 Internal clock: count at ¢/32

1 0 Internal clock: count at ¢/128
1 External clock: count at rising edge
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11.2.7  Timer Output Compare Control Register (TOCR)

Bit. 7 6 5 4 3 2 1 0
Bitname:) — | — | — | OCRS| — | — |OLVLA|OLVB |
Initial value: 1 1 1 0 0 0 0 0
RIW:  — — _ RW RW RW RW RW

TOCR is an 8-bit read/write register that selects the output level for output compare, enables
output compare output, and controls switching between access of output compare registers A and
B. TOCR isinitialized to H'EQ by areset, in standby mode, and when the module standby function
isused.

Bits 7 to 5—Reserved: These bits always read 1. The write value should always be 1. Do not write
0.

Bit 4—Output Compare Register Select (OCRS): OCRA and OCRB share the same address. The
OCRS bit controls which register is selected when reading/writing to this address. It does not
affect the operation of OCRA and OCRB.

Bit 4: OCRS Description
0 OCRA register selected (Initial value)
1 OCRSB register selected

Bits 3 and 2—Reserved: These bits aways read 0. The write value should always be 0. Do not
write 1.

Bit 1—Output Level A (OLVLA): Selectsthe level output to the output compare A output pin
upon compare match A (signal indicating match of FRC and OCRA).

Bit 1: OLVLA Description
0 0 output on compare match A (Initial value)
1 1 output on compare match A

Bit 0—Output Level B (OLVLB): Selectsthe level output to the output compare B output pin
upon compare match B (signal indicating match of FRC and OCRB).

Bit 0: OLVLB Description
0 0 output on compare match B (Initial value)
1 1 output on compare match B
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11.3 CPU Interface

FRC, OCRA, OCRB, and FICR are 16-hit registers. The data bus width between the CPU and
FRT, however, is only 8 bits. Access of these three types of registers from the CPU therefore
needs to be performed via an 8-bit temporary register called TEMP.

The following describes how these registers are read from and written to:

» Writing to 16-bit Registers
The upper byte is written, which results in the upper byte of data being stored in TEMP. The
lower byteisthen written, which resultsin 16 bits of data being written to the register when
combined with the upper byte valuein TEMP.

* Reading from 16-bit Registers
The upper byte of datais read, which results in the upper byte value being transferred to the
CPU. The lower byte valueistransferred to TEMP. The lower byte is then read, which results
in the lower byte value in TEMP being sent to the CPU.

When registers of these three types are accessed, two byte accesses should always be performed,
first to the upper byte, then the lower byte. The same applies to accesses with the on-chip direct
memory access controller. If only the upper byte or lower byte is accessed, the data will not be
transferred properly.

Figure 11.2 and 11.3 show the flow of datawhen' FRC'is'accessed. Other registers function in the
same way. When reading OCRA and OCRB, however, both upper and lower-byte datais
transferred directly to the CPU without passing through TEMP.
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(Write to upper byte)
(Hc.:::; Data bus within module
Bus interf
upper 4 Bus interface
byte
TEMP
(H'AA)
FRCH FRC L
« ) « )
(Write to lower byte)
(,_(i; Data bus within module
lower ” Bus interface
byte
TEMP
(H'AA)
FRC H FRC L
(H'AA) (H'55)

Figure11.2 FRC Access Operation (CPU WritesH'AA55 to FRC)
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(Read from upper byte)

CPU
(HAA) 4mmmmp| Bus interface
upper
byte

Data bus within module

(Read from lower byte)

CPU
(H'55)

lower “ Bus interface

byte

Data bus within module

TEMP
(H'AA)

U

ﬁ

FRC H
()

FRCL
¢ )
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Figure11.3 FRC Access Operation (CPU Reads H'AA55 from FRC)
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114  Operation

1141 FRC Count Timing
The FRC increments on clock input (internal or external).

Internal Clock Operation: Set the CKS1 and CKS0 hitsin TCR to select which of the three
internal clocks created by dividing system clock ¢ (¢/8, ¢/32, ¢/128) is used. Figure 11.4 shows
the timing.

rmerave | L] L LT LI L LT

clock

)
Internal clock _I ~ |

(( |\
L i !
FRC input ,—I
clock « « ,—\—
C (¢
FRC N-1 X 7 N o X N+1
U U

Figure11.4 Count Timing (Internal Clock Operation)

External Clock Operation: Set the CKS1 and CK S0 bitsin TCR to select the external clock.

External clock pulses are counted on the rising edge. The pulse width of the external clock must be
at least 6 system clocks (@). A smaller pulse width will result in inaccurate operation. Figures 11.5

shows the timing.

Timer drive M
clock ﬂ

External clock P
input pin $S |\ |—
FRC input
g P
(C C
FRC « N X WN+1
P P2

Figure11.5 Count Timing (External Clock Operation)
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114.2

Output Timing for Output Compare

When a compare match occurs, the output level set in the OLVL bit in TOCR is output from the
output compare output pins (FTOA, FTOB). Figure 11.6 shows the timing for output of output

compare A.

Timer drive
clock

FRC

OCRA

Compare
match A
signal

OLVLA

Output
compare A
output pin
FTOA

Note:

ipEpEpEyEpEYERE NN

N

X  N+1 o

27
(C

N

X N+1

P

((

)7

((

U

(C

))

(C

P

S I

)7

(C

))

‘Clear*

U

))

((

))

((

| 27

| Indicates instruction execution by software

))

11:4.3

Figure11.6 Output Timing for Output Compare A

FRC Clear Timing

FRC can be cleared on compare match A. Figure 11.7 shows the timing.

Timer drive J L

clock
Compare
match A

signal \A

FRC N X H'0000
Figure11.7 CompareMatch A Clear Timing
vww.DataSheet4U.com
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11.4.4  Input Capturelnput Timing

Either the rising edge or falling edge, can be selected for input capture input using the IEDG bit in
TCR. Figure 11.8 shows the timing when the rising edge is selected (IEDG = 1).

Timer drive ’_SS—‘ L
clock

Input capture

input pin « \A
)

Input capture
signal Iq¢

Figure11.8 Input Capture Signal Timing (Normal)

When the input capture signal isinput when ICR isread (upper-byte read), the input capture signal
is delayed by one cycle of the clock that drives the timer. Figure 11.9 shows the timing.

ICR upper-byte read cycle
Timer drive ’_35—‘ L
clock

Input capture

input pin «
. \\A’_\(
Input capture rm== = —L
signal « |

Figure11.9 Input Capture Signal Timing (Input Capture Input when ICR is Read)
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1145 Input CaptureFlag (ICF) Setting Timing

Input capture input sets the input capture flag (ICF) to 1 and simultaneously transfers the FRC

valueto ICR. Figure 11.10 shows the timing.

Timer drive
clock

Input capture

L

signal \

ICF

FRC \ \ N

ICR X N

Figure11.10 |CF Setting Timing

1146  Output Compare Flag (OCFA, OCFB) Setting Timing

The compare match signal output (when OCRA or OCRB matches the FRC value) sets output

compare flag OCFA or OCFB to 1. The compare match signal is generated in the last state in

which the values matched (at the timing for updating the count value that matched the FRC). After
OCRA or OCRB matches the FRC, no compare match signal is generated until the increment lock

is generated. Figure 11.11 shows the timing for setting OCFA and OCFB.

310
RENESAS

www.DataSheet4U.com




Timer drive L
clock

FRC N X N+ 1

OCRA, OCRB N

Compare match

signal \

OCFA, OCFB

Figure11.11 OCF Setting Timing

1147 Timer Overflow Flag (OVF) Setting Timing

FRC overflow (from H'FFFF to H'0000) sets the timer overflow flag (OVF) to 1. Figure 11.12
shows the timing.

Timer drive J L
clock

FRC H'FFFF X H'0000

Overflow
signal

N\

OVF

Figure11.12 OVF Setting Timing
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11.5 Interrupt Sources

There are four FRT interrupt sources of three types (ICI, OCIA/OCIB, and OVI). Table 11.3 lists
the interrupt sources and their priorities after areset is cleared. The interrupt enable bitsin TIER
are used to enable or disable the interrupt bits. Each interrupt request is sent to the interrupt
controller independently. See section 4, Exception Handling, for more information about priorities
and the relationship to interrupts other than those of the FRT.

Table11.3 FRT Interrupt Sourcesand Priorities

Interrupt Source Description Priority
ICI Interrupt by ICF High
OCIA, OCIB Interrupt by OCFA or OCFB 1

ovi Interrupt by OVF Low

11.6 Exampleof FRT Use

Figure 11.13 shows an example in which pulses with a 50% duty factor and arbitrary phase
relationship are output. The procedure is as follows:

1. Setthe CCLRA bitin FTCSRto 1.
2. The OLVLA and OLVLB bits are inverted by software whenever a compare match occurs.

FRC Counter clear

OCRA -—>

OCRB ---

H'0000 ---

FTOA

FTOB

Figure11.13 Example of Pulse Output _
www.DataSheet4U.com
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11.7 Usage Notes
Note that the following contention and operations occur when the FRT is operating:

1. FRC operates on the timer drive clock (¢/4), which has a cycle of 4 times the system clock (¢).
For this reason, when the CPU performs an access, both the CPU and FRT will be operating,
so aWAIT request will be generated from the FRT to the CPU. The number of access cycles
thus varies by between 3 and 12 cycles.

2. Contention between FRC Write and Clear
When a counter clear signal is generated with the timing shown in figure 11.14 during the
write cycle for the lower byte of FRC, writing does not occur to the FRC, and the FRC clear
takes priority.

FRC lower-byte write cycle

Timer drive
clock J | | | | | | L
Address X FRC address ><
Internal write —\—,7
signal
Counter clear
signal

FRC N >< H'0000

Figure11.14 Contention between FRC Writeand Clear

3. Contention between FRC Write and Increment

When an increment occurs with the timing shown in figure 11.15 during the write cycle for the
lower byte of FRC, no increment is performed and the counter write takes priority.

vww.DataSheet4U.com
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FRC upper-byte write cycle

[iboioo i I O N O R O B
Address 3< FRC address ><
Internal write
signal
FRC input ,—‘
clock

FRC N ><1M

Write data

Figure11.15 Contention between FRC Write and I ncrement

4. Contention between OCR Write and Compare Match

When a compare match occurs with the timing shown in figure 11.16, during the write cycle
for the lower byte of OCRA or OCRB;,.the OCR write takes priority and the compare match
signal is disabled.
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FRC lower-byte write cycle

oo I I R O R R
Address 3< OCR address ><
Internal write
signal

FRC N >< N+1
OCR N >< « M
Write data
Compare match P i *
signal ' '
Disabled

Figure11.16 Contention between OCR and Compare Match

5. Interna Clock Switching and Counter Operation

FRC will sometimes begin incrementing because of the timing of switching between internal
clocks. Table 11.4 shows the relationship between internal clock switching timing (CKS1 and
CK S0 bit rewrites) and FRC operation.

When an internal clock is used, the FRC clock is generated when the falling edge of an internal
clock (crested by dividing the system clock (¢)) is detected. When aclock is switched to high
before the switching and to low after switching, as shown in case 3in table 11.4, the
switchover is considered afalling edge and an FRC clock pulse is generated, causing FRC to
increment. FRC may also increment when switching between an internal clock and an external
clock.
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Table11.4 Internal Clock Switching and FRC Operation

Timing of Rewrite of
No. CKS1 and CKSO Bits FRC Operation

1 Low-to-low switch

|
Clock before i
switching |
Clock after —\
switching

1

FRC clock |_|

FRC N ><} N+1 X

2 Low-to-high switch
|
Clock before }
switching \ }
Clock after —\
switching / |
FRC clock |_| |_|
FRC N >< N+1 >€ N+2 X

|
Rewrite of CKS hit
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Table11.4 Internal Clock Switching and FRC Operation (cont)

Timing of Rewrite of
No. CKS1 and CKSO Bits FRC Operation

3 High-to-low switch
|
Clock before :
switching !
|
Clock after !
switching i | \—
/ |
FRC clock |_| (‘m
|
FRC N >< N+1 | >< N+ 2 X

Rewrite of CKS bit

— ]

4  High-to-high switch
|
Clock before ‘
switching }
|
K i
Clock after [
switching | } _
|
/ Y
FRC clock |_| |_| } |_|
|
|
|
1
|

FRC N >< N+1 >< N+ 2 X
|

Rewrite of CKS bit

Note: Because the switchover is considered a falling edge, FRC starts counting up.

6. Timer Output (FTOA, FTOB)

During a power-on reset, the timer outputs (FTOA, FTOB) will be unreliable until the
oscillation stabilizes. Theinitial valueis output after the oscillation settling time has el apsed.
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Section 12 Watchdog Timer (WDT)

121  Overview

The SH7604 has a single-channel watchdog timer (WDT) for monitoring system operations. If a
system becomes uncontrolled and the timer counter overflows without being rewritten correctly by
the CPU, an overflow signal (WDTOVF) is output externally. The WDT can simultaneously
generate an internal reset signal for the entire chip.

When this watchdog function is not needed, the WDT can be used as an interval timer. In the
interval timer operation, an interval timer interrupt is generated at each counter overflow. The
WDT is also used when recovering from standby mode, in modifying a clock frequency, and in
clock pause mode.

12.1.1 Features

« Worksin watchdog timer mode or interval timer mode.

 Outputs WDTOVF in watchdog timer mode. When the counter overflows in watchdog timer
mode, overflow signal WDTOVF is output externaly. It is possible to select whether to reset
the chip internally when this happens. Either the power-on reset or manual reset signal can be
selected asthe internal reset signal.

* Generatesinterruptsin interval timer mode. When the counter overflows, it generates an
interval timer interrupt.

« Used for standby mode clearing, clock frequency modification, and clock pause mode.

*  Workswith eight counter clock sources.
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12.1.2

Block Diagram

Figure 12.1 shows a block diagram of the WDT.

|
TI : Overflow -« @2 i
(interrupt <« Interrupt «— @64 |
request signal) || control e «— @128 |
| |
: Clock Clock [ @256 |
! select [€¢— @512 !
! A\ 4 «— /1024 !
WDTOVF <+ poget — 4096 |
Internal | control «— @8192 |
reset signal* | . 7y Internal PN
|
I clock |
| ! i
: v g
: | RSTCSR | TCNT |<—>| TCSR | : ﬁ
| | c
g | 8 2
| Bus LE
i( Module bus interface (| »
|
| |
: |

WTCSR:  Watchdog timer control/status register
WTCNT:  Watchdog timer counter
RSTCSR: Reset control/status register

Note: The internal reset signal can be generated by a register setting. The type of reset can be

selected (power-on or manual reset).

<

12.1.3

Figure12.1 WDT Block Diagram

Pin Configuration

Table 12.1 shows the pin configuration.

Table12.1 Pin Configuration

Pin

Abbreviation

/0 Function

Watchdog timer overflow  WDTOVF

(0] Outputs the counter overflow signal in

watchdog mode
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1214 Register Configuration

Table 12.2 summarizes the three WDT registers. They are used to select the clock, switch the
WDT mode, and control the reset signal .

Table12.2 WDT Registers

Address
Name Abbreviation R/W Initial Value ~ Write™ Read*?2
Watchdog timer WTCSR R/(W)*3  H18 H'FFFFFE80 H'FFFFFE80
control/status register
Watchdog timer WTCNT R/W H'00 H'FFFFFES80 H'FFFFFESL
counter
Reset control/status RSTCSR RI(W)*3  H1F HFFFFFE82 H'FFFFFE83
register

Notes: 1. Write by word access. It cannot be written by byte or longword access.

2. Read by byte access. The correct value cannot be read by word or longword access.

3. Only 0 can be written in bit 7 to clear the flag.

12.2  Register Descriptions

1221  Watchdog Timer Counter (WTCNT)

WTCNT isan 8-bit read/write up-counter. WTCNT differs from other registersin that it is more

difficult to write. See section 12.2.4, Register Access, for details. When the timer enable bit
(TME) in the watchdog timer control/status register (WTCSR) is set to 1, the watchdog timer
counter starts counting pulses of an internal clock source selected by clock select bits2to 0

(CKS2 to CKS0) in WTCSR. When the value of WTCNT overflows (changes from H'FF to H'00),

awatchdog timer overflow signal (WDTOVF) or interval timer interrupt (ITI) is generated,
depending on the mode selected in the WT/IT bit in WTCSR. WTCNT isinitialized to H'00 by
reset and when the TME bit is cleared to O. It is not initialized in standby mode.

a

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

RENESAS
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12.2.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit read/write register. WTCSR
differs from other registersin being more difficult to write. See section 12.2.4, Register Access,
for details. Its functions include selecting the timer mode and clock source. Bits 7to 5 are
initialized to 000 by areset and in standby mode. Bits 2 to O are initialized to 000 by areset, but
retain their values in standby mode.

Bitt 7 6 5 4 3 2 1 0

Bitname:| OVF | WT/T | TME | — | — | CKS2 | CKSL | CKSO |
Initial value: 0 0 0 1 1 0 0 0
RW: RIW) RW  RW _ — RW  RW  RW

* Bit 7—Overflow Flag (OVF): Indicates that WTCNT has overflowed from H'FF to H'00. It is
not set in watchdog timer mode.

Bit 7: OVF Description

0 No overflow of WTCNT in interval timer mode (Initial value)
Cleared by reading OVF, then writing 0 in OVF

1 WTCNT overflow in interval timer mode

+ Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or
interval timer. When WTCNT overflows, the WDT either generates an interval timer interrupt
(ITI) or generatesa WDTOVF signal, depending on the mode selected.

Bit6: WTAT Description

0 Interval timer mode: interval timer interrupt (ITI) request to the CPU
when WTCNT overflows (Initial value)

1 Watchdog timer mode: WDTOVF signal output externally when WTCNT

overflows. Section 12.2.3, Reset Control/Status Register (RSTCSR),
describes in detail what happens when WTCNT overflows in watchdog
timer mode.

* Bit 5—Timer Enable (TME): Enables or disables the timer.

Bit 5: TME Description
0 Timer disabled: WTCNT is initialized to H'00 and count-up stops

(Initial value)
1 Timer enabled: WTCNT starts counting. A WDTOVF signal or interrupt

is generated when WTCNT overflows.
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¢ Bits4 and 3—Reserved: These bits alwaysread 1. The write value shoul always be 1.

e Bits2to 0—Clock Select 2 to 0 (CKS2 to CKS0): These bits select one of eight internal clock
sources for input to WTCNT. The clock signals are obtained by dividing the frequency of the
system clock (¢).

Description

Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKSO Clock Source Overflow Interval* (¢ = 28.7 MHz)
0 0 0 @2 (Initial value)  17.8 ps

0 0 1 @64 570.8 ps

0 1 0 @128 1.1ms

0 1 1 @256 2.2ms

1 0 0 @/512 45ms

1 0 1 @1024 9.1 ms

1 1 0 @/4096 36.5 ms

1 1 1 ©/8192 73.0ms

Note: The overflow interval listed is the time from when the WTCNT begins counting at H'00 until
an overflow occurs.

12.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an eight-bit read/write register that controls output of the reset signal generated by
watchdog timer counter (WTCNT) overflow and selectsthe internal reset signal type. RSTCSR
differs from other registersin that it is more difficult to write. See section 12.2.4, Register Access,
for details. RSTCR is initialized to H'1F by input of areset signal from the RES pin, but is not
initialized by the internal reset signal generated by overflow of the WDT. It isinitialized to H'1F
in standby mode.

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ WOVF ‘ RSTE \ RSTS \ — \ _ \ _ ‘ _ ‘ _ ‘
Initial value: 0 0 0 1 1 1 1 1

R/W:  R/(W)* R/W R/W — — — — —
Note: Only 0 can be written in bit 7 to clear the flag.

e Bit 7—Watchdog Timer Overflow Flag (WOVF): Indicates that WTCNT has overflowed
(from H'FF to H'00) in watchdog timer mode. It is not set in interval timer mode.

vww.DataSheet4U.com
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Bit 7. WOVF Description

0 No WTCNT overflow in watchdog timer mode (Initial value)
Cleared by reading WOVF, then writing 0 in WOVF
1 Set by WTCNT overflow in watchdog timer mode

» Bit 6—Reset Enable (RSTE): Selects whether to reset the chip internally if WTCNT overflows
in watchdog timer mode.

Bit 6: RSTE Description

0 Not reset when WTCNT overflows (Initial value)
LSI not reset internally, but WTCNT and WTCSR reset within WDT

1 Reset when WTCNT overflows

» Bit 5—Reseat Select (RSTS): Selects the type of internal reset generated if WTCNT overflows
in watchdog timer mode.

Bit 5. RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

» Bits4to 0—Reserved: These bits always read as 1. The write value should aways be 1.

12.2.4  Register Access

The watchdog timer’'sWTCNT, WTCSR, and RSTCSR registers differ from other registersin that
they are more difficult to write. The procedures for writing and reading these registers are given
below.

Writingto WTCNT and WTCSR: These registers must be written by aword transfer
instruction. They cannot be written by byte or longword transfer instructions. WTCNT and
WTCSR both have the same write address. The write data must be contained in the lower byte of
the written word. The upper byte must be H'5A (for WTCNT) or H'A5 (for WTCSR) (figure 12.2).
Thistransfers the write data from the lower byte to WTCNT or WTCSR.
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Writing to WTCNT

15 87 0
Address: H'FFFFFESO | H'5A | Wiite data |
Writing to WTCSR

15 87 0
Address: H'FFFFFESO | H'AS | Write data |

Figure12.2 Writingto WTCNT and WTCSR

Writing to RSTCSR: RSTCSR must be written by aword access to address H'FFFFFES2. It

cannot be written by byte or longword transfer instructions. Procedures for writing 0 in WOVF
(bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are different, as shown in figure 12.3. To
write 0 in the WOV F bit, the write data must be H'A5 in the upper byte and H'00 in the lower byte.
This clears the WOVF bit to 0. The RSTE and RSTS hits are not affected. To write to the RSTE
and RSTS hits, the upper byte must be H'5A and the lower byte must be the write data. The values

of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS hits, respectively. The
WOVF bit is not affected.

Writing O to the WOVF bit

15 87 0

Address: H'FFFFFES?2 ‘ H'AS ‘ H'00 ‘
Writing to the RSTE and RSTS bits

15 87 0

Address: H'EFFEFES2 \ H'5A \ Write data \

Figure12.3 Writingto RSTCSR

Reading from WTCNT, WTCSR, and RSTCSR: WTCNT, WTCSR, and RSTCSR are read
like other registers. Use byte transfer instructions. The read addresses are H'FFFFFESO for
WTCSR, H'FFFFFE8L for WTCNT, and H'FFFFFE83 for RSTCSR.
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12.3  Operation

12.3.1  Operation in Watchdog Timer Mode

To use the WDT as awatchdog timer, set the WT/IT and TME bitsin WTCSR to 1. Software
must prevent WTCNT overflow by rewriting the WTCNT value (normally by writing H'00) before
overflow occurs. If WTCNT fails to be rewritten and overflows occur due to a system crash or the
like, aWDTOVF signal isoutput (figure 12.4). The WDTOVF signal can be used to reset the
system. The WDTOVF signal is output for 128 ¢ clock cycles.

If the RSTE bitin RSTCSR is set to 1, asignal to reset the chip will be generated internally
simultaneously with the WDTOVF signal when WTCNT overflows. Either a power-on reset or a
manual reset can be selected by the RSTS bit. The internal reset signal is output for 512 ¢ clock
cycles.

When awatchdog reset is generated simultaneously with input at the RES pin, the software
distinguishes the RES reset from the watchdog reset by checking the WOVF bit in RSTCSR. The
RES reset takes priority. The WOVF bit is cleared to O.
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WTCNT value

A
L e s I it

Overflow

| »

H'00 ? \ ? /1

WTAT=1 HOO written
TME=1 in WTCNT

'

? \ f Tiae

WOVF =1 WT/T =1 H'00 written

TME=1

WDTOVF and
internal reset generated

v

in WTCNT

WDTOVF
signal

Internal
reset

<>

128 @ clocks

signal*

WT/T: Timer mode select bit
TME: Timer enable bit

< »

512 @clocks

Note: Internal reset signal is generated ‘only' whenthe RSTE bit is set to 1.

Figure12.4 Operation in Watchdog Timer Mode
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12.3.2 Operation in Interval Timer Mode

To usethe WDT asan interval timer, clear WT/IT to 0 and set TME to 1in WTSCR. An interval
timer interrupt (ITI) is generated each time the watchdog timer counter (WTCNT) overflows. This
function can be used to generate interval timer interrupts at regular intervals (figure 12.5).

WTCNT value

HEE A Overflow Overflow Overflow Overflow

H'00 ? ¢ ¢ ¢ ¢ Time
WT/IIT=0 ITI ITI ITI ITI
TME = 1

ITI: Interval timer interrupt request generation

Figure12.5 Operationin Interval Timer Mode

12.3.3 Operation in Standby Mode

The watchdog timer has a special function to clear standby mode with an NMI interrupt. When
using standby mode, set the WDT as described below.

Transition to Standby Mode: The TME bit in WTCSR must be cleared to 0 to stop the watchdog
timer counter before it enters standby mode. The chip cannot enter standby mode while the TME
bit isset to 1. Set bits CKS2 to CKS0 in WTCSR so that the counter overflow interval is equal to
or longer than the oscillation settling time. See section15.3, AC Characteristics, for the oscillation
settling time.

Recovery from Standby M ode: When an NMI request signal is received in standby mode the
clock oscillator starts running and the watchdog timer starts counting at the rate selected by bits
CKS2 to CK S0 before standby mode was entered. When WTCNT overflows (changes from H'FF
to H'00) the system clock (@) is presumed to be stable and usable; clock signals are supplied to the
entire chip and standby mode ends.

For details on standby mode, see section 14, Power Down Modes.
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12.3.4 Timing of Overflow Flag (OVF) Setting

Ininterval timer mode, when WTCNT overflows, the OVF flagin WTCSR is set to 1 and an
interval timer interrupt (I T1) isrequested (figure 12.6).

o L LI LI LT LI L

WTCNT \\ H'FF>< H'00

Overflow signal
(internal signal) i

OVF |

(C
))

Figure12.6 Timing of OVF Setting

12.35 Timing of Watchdog Timer Overflow Flag (WOVF) Setting

When WTCNT overflows the WOV F flag in RSTCSR is set to 1 and a WDTOVF signal is outpuit.
When the RSTE bit isset to 1, WTCNT overflow enables an internal reset signal to be generated
for the entire chip (figure 12.7).

N T B e e B e B e M

WTCNT \ H'FF>< H'00

—

Overflow signal

(internal signal) —_ «

WOVF |

(¢
)]

Figure12.7 Timing of WOVF Setting
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12.4  Usage Notes

12.4.1 Contention between WTCNT Write and I ncrement

If atimer counter clock pulse is generated during the T3 state of awrite cycleto WTCNT, the
write takes priority and the timer counter is not incremented (figure 12.8).

200 I N O I O I R
Address >< WTCNT address ><
Internal write
signal
WTCNT input
clock
WTCNT N >< 1M
Counter write data

Figure 12.8 Contention between WTCNT Writeand I ncrement

124.2 Changing CKS2to CKS0 Bit Values

If the values of bits CKS2 to CKS0 are altered while the WDT is running, the count may
increment incorrectly. Always stop the watchdog timer (by clearing the TME bit to 0) before
changing the values of bits CKS2 to CKS0.

12.4.3  Switching between Watchdog Timer and Interval Timer Mode

To prevent incorrect operation, always stop the watchdog timer (by clearing the TME bit to 0)
before switching between interval timer mode and watchdog timer mode.
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1244  System Reset with WDTOVF

If aWDTOVF signal isinput to the RES pin, the device cannot initialize correctly. Avoid logical
input of the WDTOVF output signal to the RES input pin. To reset the entire system with the
WDTOVF signal, use the circuit shown in figure 12.9.

SH microprocessor

Reset input —C RES

Reset signal to
entire system WDTOVF

Figure12.9 Example of Circuit for System Reset with WDTOVF Signal

1245 Internal Reset in Watchdog Timer Mode

If the RSTE hit is cleared to 0 in watchdog timer mode, the chip will not reset internally when a
WTCNT overflow occurs, but WTCNT and WTCSR in the WDT will reset.
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131

Section 13 Serial Communication Interface

Overview

The SH7604 has a serial communication interface (SCI) that supports both asynchronous and
clocked synchronous serial communication. It also has a multiprocessor communication function
for serial communication among two or more processors.

1311

Features

Selection of asynchronous or clock synchronous as the serial communication mode

¢ Asynchronous mode:

O

Ooo0ooogodg

Seria data communication is synchronized by the start-stop method in character units. The
SCI can communicate with a universal asynchronous receiver/transmitter (UART), an
asynchronous communication interface adapter (ACIA), or any other chip that employs
standard asynchronous serial communication. It can also communicate with two or more
other processors using the multiprocessor communication function. There are twelve
selectable serial data communication formats.

Data length: seven or eight hits

Stop bit length: one or two bits

Parity: even, odd, or none

Multiprocessor bit: one or none

Receive error detection: parity, overrun, and framing errors

e Clocked synchronous mode:

O

O
g

Seria data communication is synchronized with aclock signal. The SCI can communicate
with other chips having a clocked synchronous communication function. There is one serial
data communication format.

Datalength: eight bits

Receive error detection: overrun errors

e Full duplex communication. The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneously. Both sections use double buffering, so
continuous data transfer is possible in both the transmit and receive directions.

¢ Built-in baud rate generator with selectable bit rates

e Internal or external transmit/receive clock source. Baud rate generator (internal) or SCK pin
(external)

e Four types of interrupts. Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently. The transmit-data-empty and regewercatestuti
interrupts can start the direct memory access controller (DMAC) to transfer data.

333
RENESAS



13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the SCI.

|
|
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@ Internal
i Module data bus = | data bus
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 [ROR ] [TDR ] SSR [ BRR !
T ScR A
|
rRxD—»[ | RSR_|[ | TSR SMR_| | Baudrate l« | @16
Y Transmit/ generator e
| receive — o
[ control «—— (/256
TxD < . - A A |
i Panty generation t Clock !
SCK < Parity check External clock |
! > TEI
| Ly TXI
| > RXI
| Ly ERI
e SCl-—————mm =1

RSR: Receive shift register

RDR: Receive data register

TSR: Transmit shift register

TDR: Transmit data register

SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

13.1.3

Figure13.1

Pin Configuration

Table 13.1 summarizes the SCI pins.

Table13.1 SCI Pins

SCI Block Diagram

Pin Name Abbreviation Input/Output Function

Serial clock pin SCK Input/output Clock input/output
Receive data pin RxD Input Receive data input
Transmit data pin TXD Output Transmit data output
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13.1.4 Register Configuration

Table 13.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or clock synchronous), specify the data format and bit rate, and control the
transmitter and receiver sections.

Table13.2 Registers

Name Abbreviation R/W Initial Value Address Access size
Serial mode register SMR R/W H'00 H'FFFFFEOO 8
Bit rate register BRR R/W H'FF H'FFFFFEO1 8
Serial control register SCR R/W H'00 H'FFFFFEO2 8
Transmit data register TDR R/W H'FF H'FFFFFEO3 8
Serial status register SSR R/(W)" H'84 H'FFFFFEO4 8
Receive data register RDR R H'00 H'FFFFFEO5 8

Note: The only value that can be written is a 0 to clear the flags.

13.2 Register Descriptions

13.21 Receive Shift Register (RSR)

The receive shift register (RSR) receives seria data. Datainput at the RxD pin isloaded into RSR
in the order received, LSB (bit 0) first, converting the data to parallel form. When one byte has
been received, it is automatically transferred to RDR. The CPU cannot read or write to RSR
directly.

Bit: 7 6 5 4 3 2 1 0
Bit name: | ] ] | ] |
R/W: — — — — — — — —

13.2.2 Receive Data Register (RDR)

The receive data register (RDR) stores seria receive data. The SCI completes the reception of one
byte of serial data by moving the received data from the receive shift register (RSR) into RDR for
storage. RSR is then ready to receive the next data. This double buffering allows the SCI to
receive data continuously.

The CPU can read but not write to RDR. RDR isinitialized to H'00 by areset and in Eﬁﬂ?\byeaquv i

W
module standby mode.
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Bit: 7 6 5 4 3 2 1 0

Bit name: ‘ ‘ ’ ‘ ’ ‘ ’
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

13.23 Transmit Shift Register (TSR)

The transmit shift register (TSR) transmits serial data. The SCI loads transmit data from the
transmit data register (TDR) into TSR, then transmits the data serially from the TxD pin, LSB (bit
0) first. After transmitting one data byte, the SCI automatically loads the next transmit data from
TDRinto TSR and starts transmitting again. If the TDRE bit in SSR is 1, however, the SCI does
not load the TDR contents into TSR. The CPU cannot read or write to TSR directly.

Bit: 7 6 5 4 3 2 1 0

name:| | [ [ [ [ [ |

RIW:  — — — — — — — —

13.24 Transmit Data Register (TDR)

The transmit data register (TDR) is an 8-bit register that stores data for serial transmission. When
the SCI detects that the transmit shift register (TSR) is empty, it moves transmit datawritten in
TDRinto TSR and starts serial transmission. Continuous serial transmission is possible by writing
the next transmit datain TDR during serial transmission from TSR.

The CPU can always read and writeto TDR. TDR isinitialized to H'FF by areset and in standby,
and module standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ’
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

13.25 Serial Mode Register (SMR)

The serial mode register (SMR) is an 8-bit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

The CPU can always read and writeto SMR. SMR isinitialized to H'00 by aresgi, and i standhy

and module standby mode.
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Bt 7 6 5 4 3 2 1 0

Bitname:| C/A | CHR | PE | O/E | STOP | MP | CKSL | CKSO |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

 Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
clocked synchronous mode.

Bit 7: C/IA Description
0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

« Bit 6—Character Length (CHR): Selects 7-bit or 8-bit datain asynchronous mode. In clocked
synchronous mode, the data length is always eight bits, regardless of the CHR setting.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data. (When 7-bit data is selected, the MSB (bit 7) of the transmit

data register is not transmitted.)

e Bit 5—Parity Enable (PE): Selects whether to:add a parity bit to transmit data and to check the
parity of receive data, in asynchronous mode. In clocked synchronous mode, a parity bit is
neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked. When PE is set to 1, an even or odd

parity bit is added to transmit data, depending on the parity mode (O/E)
setting. Receive data parity is checked according to the even/odd (O/E)
mode setting.

 Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checked.
The O/E setting is used only in asynchronous mode and only when the parity enable bit (PE) is
set to 1 to enable parity addition and checking. The O/E setting isignored in clocked
synchronous mode, and in asynchronous mode when parity addition and checking is disabled.
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Bit 4: O/E Description

0

Even parity (Initial value)

If even parity is selected, the parity bit is added to transmit data to make
an even number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an even number of
1s in the received character and parity bit combined.

Odd parity

If odd parity is selected, the parity bit is added to transmit data to make
an odd number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an odd number of 1s
in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two hits as the stop bit length in asynchronous
mode. This setting is used only in asynchronous mode. It isignored in clocked synchronous
mode because no stop bits are added.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1, it istreated as a stop hit, but if the second stop bit is 0, it istreated as the start bit
of the next incoming character.

Bit 3: STOP Description

0

One stop bit (Initial value)

In transmitting, ‘a single~1-bit.is-added at the end of each transmitted
character

Two stop bits

In transmitting, two 1-bits are added at the end of each transmitted
character

Bit 2—M ultiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor
format is selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored.
The MP bit setting is used only in asynchronous mode; it isignored in clocked synchronous
mode. For the multiprocessor communication function, see section 13.3.3, Multiprocessor
Communication.

Bit 2: MP Description

0

Multiprocessor function disabled (Initial value)

1

Multiprocessor format selected
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« Bits1and 0—Clock Select 1 and 0 (CKS1 and CKS0): These hits select the internal clock
source of the built-in baud rate generator. Four clock sources are available. ¢/4, ¢/16, ¢/64 and
@/256. For further information on the clock source, bit rate register settings, and baud rate, see
section 13.2.8, Bit Rate Register.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 @4 (Initial value)
1 ©/16

1 0 @64
1 ©/256

13.2.6  Serial Control Register (SCR)

The serial control register (SCR) operates the SCI transmitter/receiver, selects the serial clock
output in asynchronous mode, enables/disables interrupts, and selects the transmit/receive clock
source. The CPU can always read and write to SCR. SCR isinitialized to H'00 by areset and in
standby and module standby modes.

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ TIE ‘ RIE \ TE \ RE \ MPIE \ TEIE ‘ CKE1 \ CKEO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the transmit data register empty bit (TDRE) in the seria status register
(SSR) isset to 1 dueto transfer of seria transmit datafrom TDR to TSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled (Initial value)

The TXI interrupt request can be cleared by reading TDRE after it has
been set to 1, then clearing TDRE to 0, or by clearing TIE to 0.

1 Transmit-data-empty interrupt request (TXI) is enabled

¢ Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt
(RX1) requested when the receive data register full bit (RDRF) in the seria status register
(SSR) isset to 1 dueto transfer of serial receive datafrom RSR to RDR. It also enables or
disables receive-error interrupt (ERI) requests.
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Bit 6: RIE Description

0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are disabled (Initial value)

RXI and ERI interrupt requests can be cleared by reading the RDRF
flag or error flag (FER, PER, or ORER) after it has been set to 1, then
clearing the flag to O, or by clearing RIE to O.

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are enabled

* Bit 5—Transmit Enable (TE): Enables or disablesthe SCI serial transmitter.

Bit5: TE Description
0 Transmitter disabled (Initial value)

The transmit data register empty bit (TDRE) in the serial status register
(SSR) is locked at 1

1 Transmitter enabled

Serial transmission starts when the transmit data register empty (TDRE)
bit in the serial status register (SSR) is cleared to O after writing of
transmit data into TDR. Select the transmit format in SMR before setting
TE to 1.

e Bit 4—Receive Enable (RE): Enables or disables the SCI serial receiver.

Bit 4: RE Description

0 Receiver disabled (Initial value)

Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER,
ORER). These flags retain their previous values.

1 Receiver enabled

Serial reception starts when a start bit is detected in asynchronous
mode, or synchronous clock input is detected in clocked synchronous
mode. Select the receive format in SMR before setting RE to 1.

e Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is used only in asynchronous mode, and only if the multiprocessor mode bit
(MP) in the serial mode register (SMR) is set to 1 during reception. The MPIE setting is
ignored in clocked synchronous mode or when the MP bit is cleared to O.
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Bit 3: MPIE

Description

0

Multiprocessor interrupts are disabled (normal receive operation)
(Initial value)

MPE is cleared to 0 when MPIE is cleared to 0, or the multiprocessor bit
(MPB) is set to 1 in receive data.

Multiprocessor interrupts are enabled

Receive-data-full interrupt requests (RXI), receive-error interrupt
requests (ERI), and setting of the RDRF, FER, and ORER status flags
in the serial status register (SSR) are disabled until the multiprocessor
bit is set to 1.

The SCI does not transfer receive data from RSR to RDR, does not
detect receive errors, and does not set the RDRF, FER, and ORER
flags in the serial status register (SSR). When it receives data that
includes MPB = 1, MPB is set to 1 in SSR, and the SCI automatically
clears MPIE to 0, generates RXI and ERI interrupts (if the TIE and RIE
bits in SCR are set to 1), and enables the FER and ORER bits to be set.

e Bit 2—Transmit-End linterrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt (TEI) requests are disabled* (Initial value)
1 Transmit-end interrupt:(TEl) requests are enabled*

Note: The TEI request can be cleared by reading the TDRE bit in the serial status register (SSR)
after it has been set to 1, then clearing TDRE to 0; by clearing the transmit end (TEND) bit
to 0; or by clearing the TEIE bit to 0.

e Bits1 and 0—Clock Enable 1 and 0 (CKE1 and CKEOQ): These bits select the SCI clock source
and enable or disable clock output from the SCK pin. Depending on the combination of CKE1
and CKEQ, the SCK pin can be used for general-purpose input/output, serial clock output, or

seria clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in clocked synchronous mode, or when an
external clock source is selected (CKE1 = 1). Select the SCI operating mode in the serial mode
register (SMR) before setting CKE1 and CKEQ. For further details on selection of the SCI
clock source, see table 13.9 in section 13.3, Operation.
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Bit 1. Bit0:
CKE1 CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input signal
is ignored or output pin output level is undefined)™®

Clocked synchronous mode Internal clock, SCK pin used for synchronous clock

output*1
0 1 Asynchronous mode Internal clock, SCK pin used for clock output*2
Clocked synchronous mode Internal clock, SCK pin used for synchronous clock
output
1 0 Asynchronous mode External clock, SCK pin used for clock input*3
Clocked synchronous mode External clock, SCK pin used for synchronous clock
input
1 1 Asynchronous mode External clock, SCK pin used for clock input*3

Clocked synchronous mode External clock, SCK pin used for synchronous clock
input

Notes: 1. Initial value
. The output clock frequency is the same as the bit rate.
. The input clock frequency is 16 times the bit rate.

w N

13.2.7  Serial Status Register (SSR)

The serial status register (SSR) is an 8-bit register containing multiprocessor bit values, and status
flags that indicate the SCI operating status.

The CPU can always read and write to SSR, but cannot write 1 in the status flags (TDRE, RDRF,
ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read (after
being set to 1). Bits 2 (TEND) and 1 (MPB) are read-only bits that cannot be written. SSR is
initialized to H'84 by areset and in standby and module standby mode.

Bitt 7 6 5 4 3 2 1 0

Bitname:  TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value: 1 0 0 0 0 1 0 0
RW: RIW)*  RIW)* RIW)* RIW)* R(W)* R R RIW

Note: The only value that can be written is a 0 to clear the flag.

* Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from TDR into TSR and new serial transmit data can be written in TDR.
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Bit 7: TDRE Description
0 TDR contains valid transmit data

TDRE is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE, or the DMAC writes data in TDR.

1 TDR does not contain valid transmit data (Initial value)

TDRE is set to 1 when the chip is reset or enters standby mode, the TE bit in the
serial control register (SCR) is cleared to 0, or TDR contents are loaded into
TSR, so new data can be written in TDR.

» Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains received data.

Bit 6: RDRF Description

0 RDR does not contain valid receive data (Initial value)

RDREF is cleared to 0 when the chip is reset or enters standby mode, software
reads RDRF after it has been set to 1, then writes 0 in RDRF, or the DMAC
reads data from RDR.

1 RDR contains valid received data

RDRF is set to 1 when serial data is received normally and transferred from RSR
to RDR.

Note: RDR and RDRF are not affected by detection of receive errors or by clearing of the RE bit
to 0 in the serial control register. They retain their previous contents. If RDRF is still setto 1
when reception of the next data ends, an overrun error (ORER) occurs and the received
data is lost.

e Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally dueto an
QVerrun error.

Bit 5: ORER Description

0 Receiving is in progress or has ended normally*! (Initial value)

ORER is cleared to 0 when the chip is reset or enters standby mode, or software
reads ORER after it has been set to 1, then writes 0 in ORER.

1 A receive overrun error occurred”?
ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1.

Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the ORER bit, which
retains its previous value.
2. RDR continues to hold the data received before the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while ORER is set to 1. In clocked
synchronous mode, serial transmitting is disabled.

343
RENESAS



e Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to a framing
error in asynchronous mode.

Bit 4: FER Description

0 Receiving is in progress or has ended normally (Initial value)
Clearing the RE bit to 0 in the serial control register does not affect the FER bit,
which retains its previous value.
FER is cleared to 0 when the chip is reset or enters standby mode, or software
reads FER after it has been set to 1, then writes 0 in FER.

1 A receive framing error occurred

When the stop bit length is two bits, only the first bit is checked. The second stop
bit is not checked. When a framing error occurs, the SCI transfers the receive
data into RDR but does not set RDRF. Serial receiving cannot continue while
FER is set to 1. In clocked synchronous mode, serial transmitting is also
disabled.

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0.

» Bit 3—Parity Error (PER): Indicates that data reception (with parity) ended abnormally dueto
aparity error in asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress-orhas ended normally (Initial value)
Clearing the RE bit to 0 in the serial control register does not affect the PER bit,
which retains its previous value.
PER is cleared to 0 when the chip is reset or enters standby mode, or software
reads PER after it has been set to 1, then writes 0 in PER.

1 A receive parity error occurred
When a parity error occurs, the SCI transfers the receive data into RDR but does
not RDRF. Serial receiving cannot continue while PER is set to 1. In clocked
synchronous mode, serial transmitting is also disabled.
PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SMR).
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e Bit 2—Transmit End (TEND): Indicates that when the last hit of a serial character was
transmitted, TDR did not contain valid data, so transmission has ended. TEND is aread-only
bit and cannot be written.

Bit 2: TEND Description

0 Transmission is in progress
TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE, or the DMAC writes data in TDR.

1 End of transmission (Initial value)

TEND is set to 1 when the chip is reset or enters standby mode, TE is cleared to
0 in the serial control register (SCR), or TDRE is 1 when the last bit of a one-byte
serial character is transmitted.

e Bit 1I—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is selected for receiving in asynchronous mode. MPB is aread-
only bit and cannot be written.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is 0 (Initial value)
If RE is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

1 Multiprocessor bit value in receive data is 1

e Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added
to transmit data when a multiprocessor format is selected for transmitting in asynchronous
mode. The MPBT setting isignored in clocked synchronous mode, when a multiprocessor
format is not selected, or when the SCI is not transmitting.

Bit 0: MPBT Description
0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1
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13.28 Bit Rate Register (BRR)

The bit rate register (BRR) is an 8-bit register that, together with the baud rate generator clock
source selected by the CKS1 and CK S0 bits in the serial mode register (SMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write to BRR. BRR isinitialized to H'FF by areset and in standby
mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ’
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 13.3 shows examples of BRR settings in asynchronous mode; table 13.4 shows examples of
BBR settings in clocked synchronous mode.
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Table 13.3 Bit Ratesand BRR Settingsin Asynchronous Mode

¢ (MHz)

4 4.9152 8 9.8304
Bit Rate n N Error n N Error n N Error Error
(bits/s) (%) (%) (%) n N (%)
110 1 70 003 1 86 031 1 141 003 1 174 -0.26
150 0 207 016 O 255 0.00 1 103 0.16 1 127 0.00
300 0 103 016 O 127 000 O 207 016 O 255 0.00
600 0 51 016 O 63 000 O 103 016 O 127 0.00
1200 0 25 016 O 31 000 O 51 016 O 63 0.00
2400 0 12 016 O 15 000 O 25 016 O 31 0.00
4800 - = = 0 7 000 O 12 016 O 15  0.00
9600 — — — 0 3 0.00 — — — 0 7 0.00
19200 - = = 0 1 000 — — — 0 3 0.00
31250 0 0 000 — — — 0 1 000 — — —
38400 — — — 0 0 0.00 — — — 0 1 0.00

¢ (MH2)

12 147456 16 19.6608
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 212 0.03 2 64 0.70 2 70 0.03 2 86 0.31
150 1 155 0.16 1 191 000 1 207 016 1 255 0.00
300 1 77 016 1 95 000 1 103 016 1 127 0.00
600 0 155 0.16 O 191 000 O 207 016 O 255 0.00
1200 0 77 016 O 95 000 O 103 016 O 127 0.00
2400 0 38 016 O 47 000 O 51 016 O 63  0.00
4800 0 19 -2.34 0 23 000 O 25 016 O 31 0.00
9600 0 -234 0 11 000 O 12 016 O 15  0.00
19200 0 -234 0 5 000 — — — 0 0.00
31250 0 0.00 — — — 0 3 0.00 O 4 -1.70
38400 - = = 0 2 000 — — — 0 0.00
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Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)
20 24 24.576 28.7
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 88 -0.25 2 106 -0.44 2 108 0.08 2 126 0.31
150 2 64 0.16 2 77 0.16 2 79 0.00 2 92 0.46
300 1 129 016 1 155 016 1 159 0.00 1 186 -0.08
600 1 64 016 1 77 016 1 79 000 1 92  0.46
1200 0 129 016 O 155 0.16 O 159 000 O 186 -0.08
2400 0 64 016 O 77 016 O 79 000 O 92  0.46
4800 0 32 -136 0 38 016 O 39 000 O 46  -0.61
9600 0 15 173 O 19 -2.34 0 19 0.00 O 22 1.55
19200 0 173 0 9 -234 0 9 0.00 O 11  -2.68
31250 0 000 O 000 O 240 O 2.50
38400 0 173 O 4 -2.34 0 4 0.00 O 5 -2.68
www.DataSheet4U.com
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Table 13.4 Bit Ratesand BRR Settingsin Clocked Synchronous Mode

¢ (MHz)

Bit Rate 4 8 16 28.7
(bits/s) n N n N n N n N
110 2 141 3 70 3 141 3 254
250 1 249 2 124 2 249 3 111
500 1 124 1 249 2 124 2 223
1k 0 249 1 124 1 249 2 111
2.5k 0 99 0 199 1 99 1 178
5k 0 49 0 99 0 199 1 89
10k 0 24 0 49 0 99 0 178
25k 0 0 19 0 39 0 71
50k 0 4 0 0 19 0 35
100k — — 0 4 0 0 17
250k 0 0* 0 0 — —
500k 0 0* 0 — —
1M 0 o* — —

Note: Settings with an error of 1% or less are recommended.
Explanation of symbols:
Blank: No setting possible
—:  Setting possible, but error occurs
*. Continuous transmission/reception not possible
The BRR setting is calculated as follows:
Asynchronous mode:

N = k4 x 10 — 1
256 x 22"~ 1 x g

Clocked synchronous mode:

N = e x 10% - 1
32 x 22"-1 x g

Bit rate (bit/s)
BRR setting for baud rate generator (0 < N < 255)
Operating frequency (MHz)

Baud rate generator clock source (n =0, 1, 2, 3) (For the clock sources and values of n,
see table 13.6.)

2 rzw
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Table13.5 SMR Settings

SMR Settings

n Clock Source CKs1 CKSO0
0 o4 0 0
1 @16 0 1
2 /164 1 0
3 ®/256 1 1
The bit rate error for asynchronous mode is given by the following equation:

@ % 108

0
Error (%) = - x 100
( B(N+1)><B><256><22“‘1 15

Table 13.6 shows the maximum bit rates in asynchronous mode when the baud rate generator is
being used. Tables 13.7 and 13.8 show the maximum rates for external clock input.

Table13.6 Maximum Bit Ratesfor Various Frequencies with Baud Rate Generator

(Asynchronous M ode)
Settings
¢ (MHz) Maximum Bit Rate (bits/s) n N
4 31250 0 0
4.9152 38400 0 0
8 62500 0 0
9.8304 76800 0 0
12 93750 0 0
14.7456 115200 0 0
16 125000 0 0
19.6608 153600 0 0
20 156250 0 0
24 187500 0 0
24.576 192000 0 0
28.7 224218 0 0
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Table 13.7 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
4 0.2500 15625
4.9152 0.3072 19200
8 0.5000 31250
9.8304 0.6144 38400
12 0.7500 46875
14.7456 0.9216 57600
16 1.0000 62500
19.6608 1.2288 76800
20 1.2500 78125
24 1.5000 93750
24.576 1.5360 96000
28.7 1.79375 112109

Table 13.8 Maximum Bit Rateswith External Clock Input (Clocked Synchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
8 0.3333 333333.3

16 0.6667 666666.7

24 1.0000 1000000.0

28.7 1.1958 1195833.3

RENESAS
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13.3 Operation

13.3.1 Overview

For serial communication, the SCI has an asynchronous mode in which characters are
synchronized individually, and a clocked synchronous mode in which communication is
synchronized with clock pulses. Asynchronous/clocked synchronous mode and the communication
format are selected in the serial mode register (SMR), as shown in table 13.9. The SCI clock
source is selected by the C/A bit in the seriadl mode register (SMR) and the CKE1 and CKEO bits
in the serial control register (SCR), as shown in table 13.10.

Asynchronous M ode:

» Datalength is selectable. seven or eight bits.

» Parity and multiprocessor bits are selectable, asis the stop bit length (one or two bits). The
preceding selections constitute the communication format and character length.

* Inreceiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
state.

* Aninternal or externa clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the built-in baud rate generator,
and can output a serial clock signal with a frequency matching the bit rate.

0 When an external clock is selected, the external clock input must have a frequency 16 times
the hit rate. (The built-in baud rate generator is not used.)

Clocked Synchronous Maode:

+ 1 The communication format has afixed eight-bit data length.
* Inreceiving, it is possible to detect overrun errors.
* Aninterna or external clock can be selected as the SCI clock source.
O When aninternal clock is selected, the SCI operates using the built-in baud rate generator,
and outputs a synchronous clock signal to external devices.

00 When an external clock is selected, the SCI operates on the input synchronous clock. The
built-in baud rate generator is not used.
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Table13.9 Serial Mode Register Settingsand SCI Communication Formats

SMR Settings SCI Communication Format
Bit7 Bit6 Bit5 Bit2 Bit3 Data Parity  Multipro- Stop Bit
Mode C/A° CHR PE MP STOP Length Bit cessor Bit Length
Asynchronous 0 0 0 0 0 8-bit Not set Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
Asynchronous 0 0 * 1 0 8-bit Not set Set 1 bit
(multiprocessor % 1 2 bits
format) - S —
1 * 0 7-bit 1 bit
* 1 2 bits
Clocked 1 * * * * 8-bit Not set Not set None
synchronous
Note: Asterisks (*) in the table indicate don't care; bits.
Table13.10 SMR and SCR Settings and SCI Clock Sour ce Selection
SMR SCR Settings SCI Transmit/Receive Clock
Bit7 Bitl Bit 0
Mode C/A  CKEl1 CKEO Clock Source SCK Pin Function
Asynchronous 0 0 0 Internal SCI does not use the SCK pin
1 Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16 times
the bit rate
1
Clocked synch- 1 0 0 Internal Outputs the synchronous clock
ronous 1
1 0 External Inputs the synchronous clock
1
wirrBrataSheettt.com
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13.3.2

Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends with
astop hit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication lineis normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One seria character consists of a start bit (low), data (L SB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes on the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit rate.
Receive dataislatched at the center of each bit.

Idle (mark) state

1 (LSB) (MSB)

1

serial | 0 | D, | D, | D,| Dy | D, | Ds | Dg| D, | 021

Transmit/receive data

» < » <
< <

1

Stop
bit

»

<« >

data -
State Parity
bit bit
1#

1 bit 7 or 8 bits i 1or

no bit

One unit of communication data (character or frame)

lor
2 bits

\ 4

A

354

Figure13.2 Example of Data Format in Asynchronous Communication

(8-Bit Data with Parity and Two Stop Bits)
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Transmit/Receive Formats. Table 13.11 shows the 12 communication formats that can be
selected in asynchronous mode. The format is selected by settings in the serial mode register
(SMR).

Table13.11 Serial Communication Formats (Asynchronous M ode)

SMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12

0O 0 0 0 |START| 8-bit data  sTOP |

0 0 0 1 |START| 8-bit data  sTOP| sTOP|

0O 1 0 0 |START| 8-bit data P |sTop|

0 1 0 1 |START| 8-bit data P |sTop|sToP]|
1 0 0 0 | START| 7-bit data | sToP|

1 0 0 1 |START| 7-bit data | sTOP| STOP |

1 1 0 0 | START| 7-bit data | P |sToP

1 1 0 1 | START| 7-bit data | P |sToP|sToP|

0 — 1 0 |START| 8-bit data | MPB | STOP |

0 — 1 1 |START| 8-bit data | MPB | STOP | STOP|
1 — 1 0 |START| 7-bit data | MPB | STOP |

1 — 1 1 |START| 7-bit data | MPB | STOP | STOP |

—: Don't care bits.
START: Start bit
STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit

vww.DataSheet4U.com
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Clock: Aninternal clock generated by the built-in baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the serial control
register (SCR) (table 13.9).

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase is aligned asin figure 13.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

O o A 0 I A

| o |po|Dp1|D2|D3|Da|D5|D6|D7[0OL] 1 1

1 frame

< »
“ V‘

Figure 13.3 Output Clock and Serial Data Timing (Asynchronous M ode)
Transmitting and Receiving Data

SCI Initialization (Asynchronous M ode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in the seria control register (SCR), then initialize the SCI asfollows.

When changing the operation mode or communication format, always clear the TE and RE bitsto
0 before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the
transmit shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER,
and ORER flags and receive data register (RDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 shows a sample flowchart for initializing the SCI. The procedure for initializing the
SCl isasfollows:

1. Select the communication format in the serial mode register (SMR).
2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external
clock isused.

3. Select the clock source in the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE
and RE cleared to 0. If clock output is selected in asynchronous mode, clock output starts
immediately after the setting is made in SCR. www.DataSheet4U.com
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Wait for at [east the interval required to transmit or receive one bit, then set TE or RE in the

seria control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE as necessary. Setting TE
or RE enables the SCI to use the TxD or RxD pin. Theinitial states are the mark state when

transmitting, and the idle state when receiving (waiting for a start bit).

< Initialization >
[

Clear TE and RE bitsin SCRto 0
I

Select transmit/receive @
format in SMR

[
Set value in BRR ®

Set CKE1 and CKEQO bits in SCR ®
(TE and RE bits are 0)

Wait

Has a 1-bit No
interval elapsed?

Set TE and RE bits in SCR to 1 @
and set RIE, TEIE, and MPIE bits

( = )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure 13.4 Sample Flowchart for SCI Initialization

www.DataSheet4U.com
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Transmitting Serial Data (Asynchronous Mode): Figure 13.5 shows a sample flowchart for
transmitting serial data. The procedure for transmitting serial datais as follows:

1. SCI status check and transmit data write: read the seria status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit data register (TDR) and clear TDRE
to 0.

2. To continue transmitting serial data, read the TDRE bit to check whether it is safe to write (if it
reads 1); if so, write datain TDR, then clear TDRE to 0. When the DMAC is started by a
transmit-data-empty interrupt request (TXI1) in order to write datain TDR, the TDRE bit is
checked and cleared automatically.

< Start transmission >

[

Read TDRE bit in SSR @

No

Yes

Write transmit data to TDR and
clear TDRE bitin SSRto 0

All data transmitted?

Yes

<

Read TEND bit in SSR

No

Yes

( End transmission >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitorsthe TDRE bit in SSR. When TDRE is cleared to 0, the SCI recognizes that
the transmit dataregister (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

2. After loading the data from TDR into TSR, the SCI sets the TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) isset to 1 in SCR, the SCI
requests a transmit-data-empty interrupt (TXI1) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

a Start bit: one 0-bit is output.

b. Transmit data: seven or eight bits of data are output, LSB first.

c. Parity bit or multiprocessor bit: one parity bit (even or odd parity) or one multiprocessor bit
isoutput. Formats in which neither a parity bit nor a multiprocessor bit is output can also
be selected.

d. Stop bit: one or two 1-bits (stop bits) are output.

Mark state: output of 1-bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads new
datafrom TDR into TSR, outputs the stop bit, then begins seria transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND hit to 1 in SSR, outputs the stop bit, then
continues output of 1-bits (mark state). If the transmit-end interrupt enable bit (TEIE) in SCR
is set to 1, atransmit-end interrupt (TEI) is'requested.

Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.
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Start Parity Stop Start Parity Stop

1 bit Data bit  bit  bit Data bit  bit 1

Serial | | | |»| | s d
0| Dpo|D:| | Dy om_| 1 | 0 | D0| D1| | D7|(M1| 1 e
data 5 f (mark)
State

(

))
TDRE |
(C
))
TEND T T T
(C (C
))

| | | ’ !
TXlinterrupt  TXI interrupt TXI interrupt
request  handler writes request TEl interrupt
generated  datato TDR generated request
and clears generated
TDRE bitto 0
| 1 frame

Example: 8-bit data with parity and one stop bit

Figure13.6 Exampleof SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and One Stop Bit)

Receiving Serial Data (Asynchronous Mode): Figure 13.7 shows a sample flowchart for
receiving seria data. The procedure for receiving serial datais asfollows:

1. Receive error handling: if areceive error occurs, read the ORER, PER and FER bits of the SSR
to identify the error. After executing the necessary error handling, clear ORER, PER and FER
all to 0. Receiving cannot resume if ORER, PER or FER remain set to 1.

2. SCI status check and receive-data read: read the serial status register (SSR), check that RDRF
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

3. To continue receiving serial data: read the RDRF and RDR bits and clear RDRF to 0 before the
stop bit of the current frame isreceived. If the DMAC is started by areceive-data-full interrupt
(RX1) to read RDR, the RDRF hit is cleared automatically so this step is unnecessary.

vww.DataSheet4U.com
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< Start reception )

Read ORER, PER, and FER
bits in SSR

PER, FER, ORER =17?

Error handling

Read RDRF bit in SSR @)

No

Yes

Read receive data in RDR, and @
clear RDRF bitin SSRto 0

All data received?

Clear RE bitin SCRto 0

< End reception >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.7 Sample Flowchart for Receiving Serial Data
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< Error handling

—

No
Yes
Overrun error handling
‘l
No
Yes
Framing error handling
>l
No
PER =17
Yes

Parity error handling

—
-

Clear ORER, PER, and
FER bits in SSRto 0

( e )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.7 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows:

1

The SCI monitors the receive data line. When it detects a start bit (0), the SCI synchronizes

internally and starts receiving.

Receive datais shifted into RSR in order from LSB to MSB.

The parity bit and stop bit are received. After receiving these hits, the SCI makes the following

checks:

a Parity check: the number of 1sin the receive data must match the even or odd parity setting
of the O/E bit in SMR.

b. Stop bit check: the stop bit value must be 1. If there are two stop bits, only the first stop bit
is checked.

c. Statuscheck: RDRF must be 0 so that receive data can be loaded from RSR into RDR.

If these checks all pass, the SCI sets RDRF to 1 and stores the received datain RDR. If one of
the checks fails (receive error), the SCI operates asindicated in table 13.11.

Note: When areceive error flag is set, further receiving is disabled. In reception, the RDRF
bit is not set to 1. Be sure to clear the error flags.

After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1 in SCR,
the SCI requests a receive-data-full interrupt (RXI1). If one of the error flags (ORER, PER, or
FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in SCR isalso set to 1, the
SCI requests a receive-error interrupt(ERI).

Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Table13.12 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition Data Transfer
QOverrun error ORER Receiving of next data ends while Receive data not loaded
RDREF is still setto 1 in SSR from RSR into RDR
Framing error FER Stop bitis 0 Receive data loaded from
RSR into RDR
Parity error PER Parity of receive data differs from  Receive data loaded from

even/odd parity setting in SMR RSR into RDR
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Start Parity Stop Start Parity Stop

bit Data  bit  bit bit Data bit  bit 1
i )) ))
Seral 0 | Do|Di| [D7|on| 1| o0|Do|Di| [Dr]orn]o | Idle
ata 5 D (mark)
‘ state
TDRE ,—L
S A S
RXI interrupt
FER request generated
5 ‘ 5 T
1 frame > RXI interrupt ERI interrupt
handler reads request generated
data and clears by framing error
RDRF bitto 0

Figure 13.8 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by aunique ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes |D-sending cycles from data-sending
cycles. The transmitting processor starts by sending the ID of the receiving processor with which it
wants to communicate as data with the multiprocessor bit set to 1. Next, the transmitting processor
sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching 1D continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain this way.

Figure 13.9 shows an example of communication among processors using the multiprocessor
format.
www.DataSheet4U.com
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Transmitting

processor

X Serial communication line

: I v v
Receiving Receiving Receiving Receiving

processor A

Serial

(ID=01)

processor B

processor C

processor D

(ID = 02)

(ID = 03)

(ID=04)

H'01

H'AA

data

(MPB = 1) (MPB = 0)

A
\ 4
A
\ 4

Data transmit cycle =
data transmission to
receiving station specified
by ID

ID transmit cycle =
receiving station
specification

MPB: Multiprocessor bit

Figure13.9 Example of Communication among Processors Using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)

Communication Formats: Four formats are available. Parity-bit settings are ignored when the
multiprocessor format is selected. For details see table 13.8.

Clock: See the description in the asynchronous mode section.

Transmitting Multiprocessor Serial Data: Figure 13.10 shows a sample flowchart for
transmitting multiprocessor serial data. The procedure for transmitting multiprocessor serial datais
asfollows:

1. SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit dataregister (TDR). Also set the MPBT
(multiprocessor bit transfer) bitto O or 1in SSR. Finaly, clear TDRE to 0.

2. To continue transmitting serial data, read the TDRE bit to check whether it is safe to write (if it
reads 1); if so, write datain TDR, then clear TDRE to 0. When the DMAC is started by a
transmit-data-empty interrupt request (TXI) to write datain TDR, the TDRE bit is checked and
cleared automatically.

vww.DataSheet4U.com
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( Start transmission )

[
[C

| Read TDREbitinSSR | @

Yes

Write transmit data to TDR
and set MPBT bitin SSR

Clear TDRE bitto 0 |

| Read TEND bit in SSR |

e

Yes

( End transmission )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.10 Sample Flowchart for Transmitting Multiprocessor Serial Data
In transmitting seria data, the SCI operates as follows:

1. The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit dataregister (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

2. After loading the datafrom TDR into TSR, the SCI sets the TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCR is set to 1, the SCI
requests a transmit-data-empty interrupt (TXI1) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:
a. Start bit: one 0 bit is output.

b. Transmit data: seven or eight bits are output, L SB first.
c. Multiprocessor hit: one multiprocessor bit (MPBT value) is output.
d.” 'Stopbit: one or two 1-bits (stop bits) are outpu. www.DataSheet4U.com
e. Mark state: output of 1-bits continues until the start bit of the next transmit data.
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3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads data
from TDR into TSR, outputs the stop bit, then begins serial transmission of the next frame. If
TDRE is 1, the SCI setsthe TEND bit in SSR to 1, outputs the stop bit, then continues output
of 1-bitsin the mark state. If the transmit-end interrupt enable bit (TEIE) in SCRissetto 1, a
transmit-end interrupt (TEI) is requested at this time.

Multi- Multi-
processor processor
Start bit Stop Start bit Stop
Serial 1 bit D%ta vy bit  Dit D%ta v bit 1
o | 0| Do|Di| |D7|on| 1| o0]Do|D:i| [Dr|onn]1 Idle
ata { { (mark)
state
(C
TDRE j |
((C
TEND T T T
I 1
TXlinterrupt  TXI interrupt TXI interrupt TEl interrupt
request handler writes request request
generated datato TDR generated generated
and clears
‘ TDRE bitto 0
‘ 1 frame "

Figure13.11 Example of SCI Multiprocessor Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

Receiving M ultiprocessor Serial Data: Figure 13.12 shows a sample flowchart for receiving
multiprocessor serial data. The procedure for receiving multiprocessor serial datais asfollows.

1. ID receive cycle: set the MPIE bit in the serial control register (SCR) to 1.

2. SCI status check, 1D reception and comparison: read the seria status register (SSR), check that
RDRF is set to 1, then read data from the receive data register (RDR) and compare with the
processor’sown ID. If the ID does not match the receive data, set MPIE to 1 again and clear
RDRF to 0. If the ID matches the receive data, clear RDRF to 0.

3. Receive error handling: if areceive error occurs (figure 13.12 (cont)), read the ORER and FER
bitsin SSR to identify the error. After executing the necessary error handling, clear both
ORER and FER to 0. Receiving cannot resume if ORER or FER remains set to 1. When a
framing error occurs, the RxD pin can be read to detect the break state.

4. SCI status check and data receiving: read SSR, check that RDRF is set to 1, then read data
fromthereceive dataregister (RDR).
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< Start reception >

»
>

| SetMPIEbitinSCRt01 | @
I
Read ORER and FER
bits in SSR

FER =1 or ORER =1?

| ReadRDRFbitinSSR | @

Yes
| Read receive data in RDR |

Is ID this
processor’s ID?

Yes [«
Read ORER and FER
bits in SSR

Yes

FER =1 or ORER = 17

| ReadRDRFbitinSSR | @

Yes

| Read receive data in RDR |

®

( Error handling >

All data received?

Clear RE bitin SCRto 0
I

< End reception )

Note; ,  Circled numbers refer to the preceding description of the procedure in the texiv.DataSheet AU, com

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data
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( Error handling

—/

No

Yes

Overrun error handling

‘l
»

No

Yes

Framing error handling

»
P

Clear ORER and
FER bits in SSRto 0

( end )

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (cont)
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Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.

Start Data Stop Start Data Stop
1 bt (D1) MPB bit bit (datal) MPB bit 1
Serial 7 )i
0| Do| D D|1 1|0 |Dg|D D | 0|1 dle
8" o [oo[o[[or] = 1|0 oo[ou] or] o[z e
State

« (

% )
MPB |
(¢

)

MPIE y \ »

RDRF s / g

alyJd A
e \

RDR 7 \
value / \5‘) ID1 \
RXI interrupt request RXI interrupt handler ID is not this No RXI
(multiprocessor reads RDR data processor’s ID, interrupt
interrupt) and clears RDRF so MPIE bit is generated,;
generated, MPIE = 0 bit to 0 set to 1 again RDR state
is held

Figure 13.13 Example of SCI Receive Operation
(Own 1D Does Not Match Data, 8-Bit Data with Multiprocessor Bit and One Stop Bit)

www.DataSheet4U.com
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Start Data Stop Start Data Stop

1 bpit (ID2) . MPB it bit (Data2) MPB bit 1
i ) P .
Serial O|D0|D1||D7|1 1|O|D0|D1| |D7|0|1 Idling
data 5 ss (marking)
(¢ «
P U
MPB ) |
)
§
MPIE |

T

o § / \ 5
sy RN,

RDR } >< ID2 >< Data2

value IDl//)} K’

RXI interrupt RXI interrupt ID is that of MPIE
request handler this processor, bit setto 1
(multiprocessor reads RDR data SO reception again
interrupt) and clears continues unchanged
generated, RDRF bitto 0 and data is received
MPIE =0 by the RXI interrupt
handler

Figure 13.13 Example of‘'SCI-Receive Operation
(Own 1D Matches Data, 8-Bit Data with Multiprocessor Bit and One Stop Bit) (cont)

13.34  Clocked Synchronous Operation

In clocked synchronous mode, the SCI transmits and receives datain synchronization with clock
pulses. This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full duplex communication is possible while
sharing the same clock. The transmitter and receiver are also double buffered, so continuous
transmitting or receiving is possible by reading or writing data while transmitting or receiving isin
progress.

Figure 13.14 shows the general format in clocked synchronous serial communication.

vww.DataSheet4U.com
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Transfer direction
One unit of communication data (character or frame)

Serial clock T

LSB MSB
Serial data Bit 0 )( Bit 1)( Bit 2)( Bit 3 )( Bit 4 )( Bit5 )( Bit 6 )( Bit 7

Note: High except in continuous transmitting or receiving.

Figure13.14 Data Format in Clocked Synchronous Communication

In clocked synchronous serial communication, each data bit is output on the communication line
from one falling edge of the serial clock to the next. Datais guaranteed valid at the rising edge of
the serial clock. In each character, the serial data bits are transmitted in order from LSB (first) to
MSB (last). After output of the MSB, the communication line remainsin the state of the MSB. In
clocked synchronous mode, the SCI transmits or receives data by synchronizing with the falling
edge of the seria clock.

Communication Format: The datalength isfixed at eight bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the built-in baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the serial control
register (SCR). See table 13.9.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state.

Figure 13.15 shows an example of SCI transmit operation. In transmitting serial data, the SCI
operates as follows.

1. The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit dataregister (TDR) contains new data and loads this datafrom TDR into the
transmit shift register (TSR).
2. After loading the datafrom TDR into TSR, the SCI sets the TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCR is set to 1, the SCI
requests a transmit-data-empty interrupt (TXI1) at thistime.
I ¢lock output mode is selected, the SCI outputs eight synchronous clock pul &3\ axigeif L. com
clock source is selected, the SCI outputs data in synchronization with the input clock. Datais

output from the TxD pinin order from LSB (bit 0) to MSB (bit 7).
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3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
datafrom TDR into TSR, transmits the M SB, then begins serial transmission of the next frame.
If TDRE is1, the SCI setsthe TEND bit in SSR to 1, transmits the M SB, then holds the
transmit data pin (TxD) in the MSB state. If the transmit-end interrupt enable bit (TEIE) in
SCRisset to 1, atransmit-end interrupt (TEI) is requested at thistime.

4. After theend of serial transmission, the SCK pinisheld in the high state.

Transfer direction
Serial clock
LSB « MSB «
. . . U . . . U . .
Serial data Bit 0 X Bit1 X S X Bit 7]} Bit0 X Bit 1 X s X Bit 6 X Bit 7
v
TDRE .
A A 7 A
TEND « «
7 ’ ‘P
TXI interrupt TXI interrupt TXI interrupt TEI interrupt
request handler writes data request request
generated to TDR and clears  generated generated
TDRE bitto 0
D 1 frame 7

Figure 13.15 Example of SCI Transmit Operation
Transmitting and Receiving Data

SCI Initialization (Clocked Synchronous Mode): Before transmitting or receiving, software
must clear the TE and RE bitsto 0 in the serial control register (SCR), then initialize the SCI as
follows.

When changing the mode or communication format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

Figure 13.16 shows a sample flowchart for initializing the SCI. The procedure for initializing the
SCl isasfollows.

1. Select the communication format in the serial mode register (SMR). www.DataSheet4U.com

2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external
clock isused.
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3. Select the clock source in the seria control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE
and RE cleared to 0.

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
serial control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE.

< Initialization >
|
Clear TE and RE bits in SCRto 0

Set transmit/receive format in SMR |

|
Set value in BRR ®

Set RIE, TIE, TEIE, MPIE, CKEL1,
and CKEO bits in SCR ®
(TE and RE are 0)

[ Wait

Has a 1-bit
period elapsed?

No

Set TE and RE bits in SCR to 1 and @
set RIE, TIE, TEIE, and MPIE bits

( )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.16 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Clocked Synchronous Mode): Figure 13.17 shows a sample
flowchart for transmitting serial data. The procedure for transmitting serial datais as follows.

1. SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit data register (TDR) and clear TDRE
to 0.

2. To continue transmitting serial data, read the TDRE bit to check whether it is safe to write (if it
reads 1); if so, write datain TDR, then clear TDRE to 0. When the DMAC isgaiied v & eetau.com
transmit-data-empty interrupt request (TXI) to write datain TDR, the TDRE bit is checked and
cleared automatically.
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C

Start transmission >

[

[«

Read TDRE bit in SSR

Yes

No

Write transmssion data to TDR
and clear TDRE bitin SSRto 0

All data transmitted?

Read TEND bit in SSR

Yes

No

Clear TE bitin SCRto 0

C

End transmission

)

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure 13.17 Sample Flowchart for Serial Transmitting

Receiving Serial Data (Clocked Synchronous M ode): Figure 13.18 shows a sample flowchart
for receiving serial data. When switching from asynchronous mode to clocked synchronous mode,
make sure that ORER, PER, and FER are cleared to O. If PER or FER is set to 1, the RDRF bhit
will not be set and both transmitting and receiving will be disabled. Figure 13.19 shows an
example of the SCI receive operation.

The procedure for receiving serial datais asfollows:

1. Receive error handling: if areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

RENESAS
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2. SCI status check and receive data read: read the seria status register (SSR), check that RDRF
isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

3. To continue receiving serial data: read RDR, and clear RDRF to 0 before the MSB (hit 7) of
the current frame is received. If the DMAC is started by areceive-data-full interrupt (RXI) to
read RDR, the RDRF bit is cleared automatically so this step is unnecessary.

( Start reception >

>
Ll

Read ORER bit in SSR

Yes
ORER = 1? @
No < Error processing >
Read RDRF bit in SSR @)

No

Yes

Read receive data in RDR and @
clear RDRF bitin SSRto 0

All data received?

Clear RE bitin SCRto 0
[

( End reception >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure 13.18 Sample Flowchart for Serial Receiving

www.DataSheet4U.com
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< Error handling >

No

Yes

Overrun error handling

S

Clear ORER bitin SSRto 0

( = )

Figure13.18 Sample Flowchart for Serial Receiving (cont)

Transfer direction
-

sevatcoec | [ [T LI
. « «
%ﬁg::XBHYXBHOX; X Bit7 X Bit0 X Bit1 X ;XBHGXBH7

(¢

W7
RDRF |

(¢

ORER /f ] \\ . r_
/

(«
7 \ U ?

RXl interrupt| RXI interrupt RXI interrupt ERI interrupt
request handler reads request request
generated |data and clears generated generated

RDRF bitto 0 by overrun
P error
1 frame

Figure13.19 Example of SCI Receive Operation

www.DataSheet4U.com
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In receiving, the SCI operates as follows:

The SCI synchronizes with serial clock input or output and initializes internally.

Receive datais shifted into RSR in order from LSB to MSB. After receiving the data, the SCI
checksthat RDRF is 0 so that receive data can be loaded from RSR into RDR. If this check
passes, the SCI sets RDRF to 1 and stores the received datain RDR. If the check does not pass
(receive error), the SCI operates asindicated in table 13.8. The RDRF bit isnot set to 1. Be
sureto clear the error flag.

After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 in SCR,
the SCI requests a receive-data-full interrupt (RXI1). If the ORER hit is set to 1 and the receive-
data-full interrupt enable bit (RIE) in SCR isalso set to 1, the SCI requests a receive-error
interrupt (ERI).

Transmitting and Receiving Serial Data Simultaneously (Clocked Synchronous M ode):
Figure 13.20 shows a sample flowchart for transmitting and receiving serial data simultaneously.
The procedure for transmitting and receiving serial data simultaneoudly is as follows:

1

SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit data register (TDR) and clear TDRE to
0. The TXI interrupt can also be used to determine if the TDRE bit has changed from 0 to 1.

Receive error handling: if areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to-1.

SCI status check and receive data read: read the serial status register (SSR), check that RDRF
isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1.

To continue transmitting and receiving serial data: read the RDRF bit and RDR, and clear
RDRF to 0 before the MSB (bit 7) of the current frame is received. Also read the TDRE bit to
check whether it is safe to write (if it reads 1); if so, write datain TDR, then clear TDRE to O
before the MSB (bit 7) of the current frame is transmitted. When the DMAC is started by a
transmit-data-empty interrupt request (TXI) to write datain TDR, the TDRE bit is checked and
cleared automatically. When the DMAC is started by areceive-data-full interrupt (RX1) to read
RDR, the RDRF bit is cleared automatically.
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( Start transmission/reception >

‘I
1

Read TDRE bit in SSR @)

No

Yes

Write transmit data to TDR
and clear TDRE bitin SSRto 0

Lt

Read ORER bit in SSR

ORER =17 ves

No ( Error handling >

Read RDRF bit in SSR ®

No

Yes

Read receive data in RDR
and clear RDRF bitin SSR to 0 @

All data
transmitted/received?

No

Clear TE and RE bits
inSCR1t00
I

< End transmission/reception >

Note: When switching from transmitting or receiving to simultaneous transmitting and receiving,
clear both TE and RE to 0, then set both TE and RE to 1.
Circled numbers refer to the preceding description of the procedure in the text.

Figure 13.20 Sample Flowchart for Serial Transmitting
www.DataSheet4U.com
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134 SCI Interrupt Sourcesand the DMAC

The SCI has four interrupt sources in each channel: transmit-end (TEI), receive-error (ERI),
receive-data-full (RX1), and transmit-data-empty (TX1). Table 13.13 lists the interrupt sources and
indicates their priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE
bitsin the serial control register (SCR). Each interrupt request is sent separately to the interrupt
controller.

TXI isrequested when the TDRE bit in SSR is set to 1. TXI can start the direct memory access
controller (DMAC) to transfer data. TDRE is automatically cleared to O when the DMAC writes
datain the transmit dataregister (TDR).

RXI isrequested when the RDRF bit in SSR is set to 1. RX| can start the DMAC to transfer data.
RDRF is automatically cleared to 0 when the DMAC reads the receive data register (RDR).

ERI isrequested when the ORER, PER, or FER bit in SSRis set to 1. ERI cannot start the DMAC.

TEI isrequested when the TEND bit in SSR is set to 1. TEI cannot start the DMAC. Where the
TXI interrupt indicates that transmit data writing is enabled, the TEI interrupt indicates that the
transmit operation is complete.

Table13.13 SCI Interrupt Sources

Interrupt Source Description DMAC Availability Priority
ERI Receive error (ORER, PER, or FER) No High
RXI Receive data register full (RDRF) Yes 1
TXI Transmit data register empty (TDRE) Yes !
TEI Transmit end (TEND) No Low

See section 4, Exception Handling, for information on the priority order and relationship to non-
SCI interrupts.

13,5 Usage Notes
Note the following points when using the SCI.

TDR Writeand TDRE Flag: The TDRE bit in the seria status register (SSR) is a status flag
indicating loading of transmit data from TDR into TSR. The SCI sets TDRE to 1 when it transfers
datafrom TDR to TSR. Data can be written to TDR regardless of the TDRE hit status. If new data
iswritten in TDR when TDRE is 0, however, the old data stored in TDR will be lost because the
data has not yet been transferred to TSR. Before writing transmit datato TDR, be sure/to . check
that TDRE issetto 1.
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Simultaneous Multiple Receive Errors: Table 13.14 indicates the state of the SSR status flags
when multiple receive errors occur simultaneously. When an overrun error occurs, the RSR

contents cannot be transferred to RDR, so receive datais |ost.

Table13.14 SSR StatusFlagsand Transfer of Receive Data

SSR Status Flags

Receive Data
Transfer

Receive Error Status RDRF

ORER FER

PER

RSR - RDR

Overrun error

0

Framing error

Parity error

Overrun error + parity error

Framing error + parity error

1
0
0
Overrun error + framing error 1
1
0
1

Overrun error + framing error + parity
error

Rr|lOo|lRr|RP|O|O|R

RlRr|O|R,r|O|F

RPRlRr|RP|O|Rr|O|O

X|O|X|X]|O|0O|X

O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.

Break Detection and Processing: In the break state, the input from the RxD pin consists of all Os,
so FER is set and the parity error flag (PER) may aso be set. In the break state, the SCI receiver

continues to operate, so if the FER bit iscleared to O, it will be set to 1 again.

Receive Error Flagsand Transmitter Operation (Clocked Synchronous Mode Only): When a
receive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting even if
TDRE isset to 1. Be sure to clear the receive error flags to 0 before starting to transmit. Note that
clearing RE to 0 does not clear the receive error flags.

Receive Data Sampling Timing and Receive Margin in Asynchronous M ode: In asynchronous
mode, the SCI operates on a base clock of 16 times the bit rate frequency. In receiving, the SCI
synchronizesinternally with the falling edge of the start bit, which it samples on the base clock.
Receive datais latched on the rising edge of the eighth base clock pulse. See figure 13.21.

RENESAS
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P 16 clocks |

D 8 clocks "

CLK 0123456 7891011121314150 1 2 3 456 78 910111213141501 2 3 45

_ —7.5clocks :: +7.5 clocks

Receive —|
data (RxD)

! Startbit I DO [ b1

Synchronization

sampling _ [y
timing

Data
sampling v v
timing

Figure13.21 Receive Data Sampling Timing in Asynchronous M ode
The receive margin in asynchronous mode can therefore be expressed as in equation 1.

Equation 1:

M:‘Q)ﬁ—i - - (L-05)F - P -=08 ;g « 100%
2N N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D = 0-1.0)

Frame length (L = 9-12)

Absolute deviation of clock frequency

mroz

From equation (1), if F=0and D = 0.5 the receive margin is 46.875%, as given by equation 2.

Equation 2:
D =05F=0
M =(0.5-1/(2 x 16)) x 100%

=46.875%

Thisisatheoretical value. A reasonable margin to allow in system designs is 20-30%.

www.DataSheet4U.com
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Constraintson DMAC Use:

¢ When using an external clock source for the seria clock, update TDR with the DMAC, and
then after twenty system clock cycles or more elapse, input atransmit clock. If atransmit clock
isinput in the first four states after TDR is written, an error may occur (figure 13.22).

* Beforereading the receive dataregister (RDR) with the DMAC, select the receive-data-full
interrupt of the SCI as an activation source using the resource select bit (RS) in the channel
control register (CHCR).

pipipinlp i

TDRE |
><DO><D1><D2><D3><D4><D5><D6><D7><:

Note: During external clock operation, an error may occur if t is 4 states or less.

Figure 13.22 Example of Clocked Synchronous Transmission with DMAC
Cautionsfor Clocked Synchronous External Clock Mode:

e Set TE = RE =1 only when external clock SCK is 1.

e Donotset TE=RE =1 until at least four clock cycles after external clock SCK has changed
fromOto 1.

*  When receiving, RDRF is set to 1 when RE is cleared to 0 2.5-3.5 clocks after the rising edge
of the RxD D7 hit SCK input, but it cannot be copied to RDR.

Caution for Clocked Synchronous Internal Clock Mode: When receiving, RDRF is set to 1
when RE is cleared to 0 1.5 clocks after the rising edge of the RxD D7 bit SCK output, but it
cannot be copied to RDR.

vww.DataSheet4U.com

383
RENESAS



www.DataSheet4U.com

www.DataSheet4U.com

384
RENESAS



Section 14 Power-Down Modes

141 Overview

The SH7604 has a modul e standby function (which selectively halts operation of some on-chip
peripheral modules), a sleep mode (which halts CPU function), and a standby mode (which halts
al functions).

14.1.1 Power-Down Modes

In addition to the sleep mode and standby mode, the SH7604 also has a third power-down mode,
the module standby function, which halts the DMAC, multiplication unit, division unit, free-
running timer, and SCI on-chip peripheral modules.

Table 14.1 shows the transition conditions for entering the modes from the program execution
state, aswell asthe CPU and peripheral module states in each mode and the procedures for
canceling each mode.
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Table14.1 Power-Down M odes

State
CPU, FRT, SCI,
Transition MULT, UBC, DMAC, DIV, Canceling
Mode Condition Clock Cache BSC INTC, WDT, Pins Procedure
Sleep SLEEP Runs  Halted Runs Runs Runs 1. Interrupt
mode instruction _ 2 DMA
execut_ed with address
_SBY bit setto 0 error
in SBYCR
3. Power-
on reset
4. Manual
reset
Standby SLEEP Halted Halted Held Halted Held or high 1. NMI
mode instruction impedance interrupt
execut.ed with 2. Power-
SBY bit setto 1 on reset
in SBYCR
3. Manual
reset
Module  MSTP bit for Runs  Run Runs When FRT and Clear MSTP
standby relevant module (MULT MSTP bit SCl pins bit to O
function issettol is held) is 1, the are
supply of initialized,
the clock to and others
the relevant operate.
module is
halted.
14.1.2 Register
Table 14.2 shows the register configuration.
Table14.2 Register Configuration
Name Abbreviation R/W Initial Value Address
Standby control register SBYCR R/W  H'60 H'FFFFFE91
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14.2  Description of Register

1421 Standby Control Register (SBYCR)

The standby control register (SBY CR) is an 8-bit read/write register that sets the power-down
mode. SBY CRisinitialized to H'00 by a reset.

Bit. 7 6 5 4 3 2 1 0
Bitname: | SBY | HIZ | — | MSTP4| MSTP3| MSTP2 | MSTP1| MSTPO |
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW  — RW RW RW RW RW

e Bit 7—Standby (SBY): Specifiestransition to standby mode. The SBY hit cannot be set to 1
while the watchdog timer is running (when the TME bit in the WDt'sSWTCSR register is 1).
To enter the standby mode, halt the WDT (set the TME bit in WTCSR to 0) and set the SBY
bit.

Bit 7: SBY Description
0 Executing a SLEEP instruction puts the chip into sleep mode (Initial value)
1 Executing a SLEEP instruction puts the chip into standby mode

« Bit 6—Port High Impedance (HIZ): Selects whether output pins are set to high impedance or
retain the output state in standby mode. When HIZ = 0 (initia state), the specified pin retains
its output state. When HIZ = 1, the pin goes to the high-impedance state. See Appendix A.1,
Pin States during Resets, Power-Down States and Bus Release State, for which pins are
controlled.

Bit 6: HIZ Description
0 Pin state retained in standby mode (Initial value)
1 Pin goes to high impedance in standby mode

* Bit 5—Reserved: Thisbit always reads 0. The write value should always be 0.

e Bit4: Module stop 4 (MSTP4): Specifies halting the clock supply to the DMAC. When
MSTPA4 bit is set to 1, the supply of the clock to the DMAC is halted. When the clock halts, the
DMAC retainsits pre-halt state. When MSTPA4 is cleared to 0 and the DMAC begins running
again, its starts operating from its pre-halt state. Set this bit while the DMAC is halted; this bit
cannot be set while the DMAC is operating (transferring data).
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Bit 4: MSTP4 Description
0 DMAC running (Initial value)
1 Clock supply to DMAC halted

» Bit 3—Module Stop 3 (MSTP3): Specifies halting the clock supply to the multiplication unit
(MULT). When the MSTP3 hit is set to 1, the supply of the clock to MULT is halted. When
the clock halts, MULT retains its pre-halt state. This bit should be set when the MULT is
halted.

Bit 3: MSTP3 Description
0 MULT running (Initial value)
1 Clock supply to MULT halted

* Bit2—Module Stop 2 (MSTP2): Specifies halting the clock supply to the division unit
(DIVU). When the MSTP2 bit is set to 1, the supply of the clock to DIVU is halted. When the
clock halts, the DIVU registersretain their pre-halt state. This bit should be set when the DIVU
is halted.

Bit 2: MSTP2  Description
0 DIVU running (Initial value)
1 Clock supply to DIVU halted

» Bit 1—Module Stop 1 (MSTP1): Specifies halting the clock supply to the 16-bit free-running
timer (FRT). When the MSTP1 bit is set to 1, the supply of the clock to the FRT is halted.
When the clock halts, all FRT registers are initialized except the FRT interrupt vector register
in INTC, which holds its previous value. When MSTPL is cleared to 0 and the FRT begins
running again, its starts operating from itsinitial state.

Bit 1: MSTP1 Description
0 FRT running (Initial value)

1 Clock supply to FRT halted

» Bit 0—Module Stop 0 (MSTPO): Specifies halting the clock supply to the serial
communication interface (SCI). When the MSTPO bit is set to 1, the supply of the clock to the
SCl is halted. When the clock halts, all SCI registers are initialized except the SCI interrupt
vector register in INTC, which holds its previous value. When MSTPO is cleared to 0 and the
SCI begins running again, its starts operating from itsinitia state.
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Bit 0: MSTPO  Description

0 SCI running (Initial value)

1 Clock supply to SCI halted

14.3 Sleep Mode

14.3.1 Transitionto Sleep Mode

Executing the SLEEP instruction when the SBY bit in SBY CR is 0 causes atransition from the
program execution state to sleep mode. Although the CPU haltsimmediately after executing the
SLEEP instruction, the contents of itsinternal registers remain unchanged. The on-chip peripheral
modules continue to run in sleep mode.

14.3.2 Canceling Sleep Mode
Sleep mode is canceled by an interrupt, DMA address error, power-on reset, or manual reset.

Cancellation by an Interrupt: When an interrupt occurs, sleep mode is canceled and interrupt
exception handling is executed. Sleep mode is not canceled if the interrupt cannot be accepted
because its priority level isequal to or less than the mask level set in the CPU’ s status register
(SR) or if an interrupt by an on-chip peripheral module is disabled at the peripheral module.

Cancellation by aDMA AddressError: If aDMA address error occurs, sleep mode is canceled
and DMA address error exception handling is executed.

Cancellation by a Power-On Reset: A power-on reset cancels sleep mode.

Cancellation by a Manual Reset: A manual reset cancels sleep mode.
144  Standby Mode

1441 Transition to Standby Mode

To enter standby mode, set the SBY bit to 1 in SBY CR, then execute the SLEEP instruction. The
chip switches from the program execution state to standby mode. The NMI interrupt cannot be
accepted when the SLEEP instruction is executed, or for the following five cycles. In standby
mode, power consumption is greatly reduced by halting not only the CPU, but the clock and on-
chip peripheral modules as well. CPU register contents are held, and some on-chip peripheral
modules are initialized.
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Table 14.3 Register Statesin Standby Mode

Registers that Retain

Registers with

Module Registers Initialized Data Undefined Contents
Interrupt controller — All registers —

(INTC)

User break controller — All registers —

(UBC)

Bus state controller — All registers —

(BSC)

DMAC DMA channel control All registers except DMA —
register O channel control register
DMA channel control 0, DMA channel control
register 1 reglstgr 1, ant_j DMA
] ) operation register
DMA operation register
DIVU — — All registers

Watchdog timer (WDT)

Bits 7-5 of the timer
control/status register

Reset control/status
register

Bits 2—0 of the timer
control/status register

Timer counter

16-bit free-running timer  All registers — —
(FRT)
Serial communication All registers — —

interface (SCI)

Others — Standby control register —
Frequency modification
register

144.2 Canceling Standby Mode

Standby mode is canceled by an NMI interrupt, a power-on reset, or amanual reset.

Cancellation by an NMI: When arising edge or falling edge is detected in the NMI signal, after
the elapse of the time set in the WDT timer control/status register, clocks are supplied to the entire
chip, standby mode is canceled, and NMI exception handling begins.

Cancellation by a Power-On Reset: A power-on reset cancels standby mode.

Cancellation by a Manual Reset: A manual reset cancels standby mode.
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1443 Standby Mode Cancellation by NM|I

The following example describes moving to the standby mode upon the fall of the NMI signal and
clearing the standby when the NM1 signal rises. Figure 14.1 shows the timing.

When the NMI pin level changes from high to low after the NMI edge select bit (NMIE) of the
interrupt control register (ICR) has been set to O (detect falling edge), an NMI interrupt is
accepted. When the NMIE bit is set to 1 (detect rising edge) by the NM1 exception service routine,
the standby bit (SBY) of the standby control register (SBY CR) is set to 1 and a SLEEP instruction
is executed, the standby mode is entered. The standby mode is cleared the next time the NMI pin
level changes from low level to high level.

Oscillator (( \
| )7 | |
| | |
. (( | e
CKIO )] ‘/I/I/I/
(output) ‘ Lo L L
| | |
| h T T
NMI [ ! ‘
Y (( | (« ‘ !
) T >) ‘ ‘
| | | | |
NMIE | | | | |
| (( | | | |
| )] | | | |
| | | | |
| [ | | |
w ‘ : —
|
SBY | | | Oscillation |
| (¢ | I : ; I
! )] |  settling time |
———————————————p
INMI | | | |
exception } } ! WDT |
handling \ Standby mode | }set time !
I » »l »l » »
! Exception ! 'Start of | "NMI exception
service routine, oscillation handling
SBY =1,
SLEEP instruction

Figure14.1 Standby Mode Cancellation by NM|

1444 Clock Pause Function

When the clock is input from the CKI10O pin, the clock frequency can be modified or the clock
stopped. The SH7604 has a CKPREQ/CKM pin for this purpose. The clock pause function is used
as described below. Note that clock pauses are not accepted while the watchdog timer (WDT) is

operating (i.e. when the timer enable bit (TME) in the WDT’ stimer control/status register
(WTCSR)is 1). ww.DataSheet4U.com

391
RENESAS



1. Setthe TME bit in the watchdog timer’s WTCSR register to 0.

2. Set the overflow timein bits CKS2 to CKS0 bits in the watchdog timer’ s WTCSR register
(overflow time should be calculated using the clock frequency after modification).

3. After the SLEEP instruction is executed and standby mode is entered, apply alow level from
the CKPREQ/CKM pin.

4. When the chipisinternally ready to modify the operating clock, alow level is output from the
CKPACK pin.

5. After the CKPACK pin goes low, the clocks are stopped and the frequency is modified. The
internal chip state is the same asin standby mode.

6. When the clock pause state (standby) is canceled, the WDT starts to count up at the falling
edge or rising edge of the NMI pin (when the NMIE bit of INTC is set).

7. When afrequency is modified, the CKPACK pin goes high after the time set by the WDT, and
the clock pause function gives external notification that the chip can again be operated
(standby mode is canceled).

8. When aclock is halted, the clock is applied again to the CKIO pin and NMI input is generated.
After the time set by the WDT, the CKPACK pin goes high, and the clock pause function gives
external notification that the chip can again be operated (standby mode is canceled).

The standby state, all internal functions and all pin states during clock pause are equivalent to
those of the normal standby mode. Figure 14.2 shows the timing chart for the clock pause
function.

| Clock frequency modification

CKIO input gs |_, |_,

CKPREQ/CKM input \ £
i Clock pause request cancellation
CKPACK output !
| (« («
| : )7 2 :
NMI input ! : !
l : 5 l
: | : | NMI
W .t‘. ¢ > ! WDT | exception
ating for | I setting time | handling
clock pause | |
i Standby time i
I: =I
Figure 14.2 Clock Pause Function Timing www.DataSheet4U.com
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1445 Noteson Standby Maode

1. When the SH7604 enters standby mode during use of the cache, disable the cache before
making the mode transition. Initialize the cache beforehand when the cache is used after
returning to standby mode. The contents of the on-chip RAM are not retained in standby mode
when cache is used as on-chip RAM.

2. If an on-chip peripheral register iswritten in the 10 clock cycles before the SH7604 transits to
standby mode, read the register before executing the SL EEP instruction.

3. When using clock mode 0, 1, or 2, the CKIO pin isthe clock output pin. Note the following
when standby mode is used in these clock modes. When standby mode is canceled by NMI, an
unstable clock is output from the CK10 pin during the oscillation settling time after NMI input.
This also appliesto clock output in the case of cancellation by a power-on reset or manual
reset. Power-on reset and manual reset input should be continued for a period at least equal to
for the oscillation settling time.

145 Module Standby Function

1451 Transition to Module Standby Function

By setting one of standby control register bits MSTP4-MSTPO to 1, the supply of the clock to the
corresponding on-chip peripheral module can be halted. This function can be used to reduce the
power consumption in sleep mode. Do not perform read/write operations for a module in module
standby mode.

The external pins and registers of the DMAC, MULT, and DIVVU on-chip peripheral modules
retain their states prior to halting. The external pins of the FRT and SCI are reset and all their
registers are initialized.

Do not switch on-chip peripheral modules to module standby mode while they are running.

1452 Clearing the Module Standby Function

Clear the module standby function by clearing the MSTP4-M STPO bits, or by a power-on reset or
manual reset.

To effect amodule stop, halt the relevant module or disable interrupts.
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Section 15 Electrical Characteristics (5V Version)

15.1  Absolute Maximum Ratings
Table 15.1 shows the absol ute maximum ratings.

Table15.1 Absolute Maximum Ratings

Iltem Symbol Rating Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Input voltage Vin —-0.3t0 Ve +0.3 \Y
Operating temperature Topr —20to +75 °C
Storage temperature Tstg -55 to +125 °C

Caution: Operating the chip in excess of the absolute maximum rating may result in permanent
damage.
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15.2 DC Characteristics
Tables 15.2 and 15.3 list DC characteristics.

Table15.2 DC Characteristics (Conditions: Vcc =5.0V + 10%, Ta=-20to +75° C)

Item Symbol Min Typ Max Unit Test Conditions
Input high- RES, NMI, Vig Vec—-05 —  Vec+03 V. During standby
level MD5-MDO Vec—07 —  Vgc+03 V Normal operation
voltage EXTAL, CKIO Vee—07 —  Vee+03 V
Other input pins 2.2 —  Vget+03 V
Input low- RES, NMI, Vi -0.3 — 05 \% During standby
level MD5-MDO -0.3 — 08 V  Normal operation
voltage
Other input pins -0.3 — 038 \%
Input leak RES [lin| — — 10 MA  Vin=05t0 Vec—-0.5V
current NMI, MD5-MDO — — 10 HA  Vin=0.5t0 Vee—05V
Other input pins — — 1.0 MA  Vin=05t0Vcc—-05V
3-state A26-A0, D31~ |Igy|| — — 10 MA  Vin=0.5t0Vec—0.5V
leak DO, BS, CS3—-

current CS0, RD/WR,
(while offy RAS, CAS,

WES3-WEQ, RD,

IVECF
Output All output pins  Vgou Vec—-05 — — \Y lon =—-200 pA
high-level 35 - Vo log=-1mA
voltage
Output All output pins VgL — — 04 \% loL =1.6 mA
low-level
voltage
Input RES Cin — — 15 pF  Vin=0V
capaci- NMI _ — 15 DF f=1MHz
tance Ta=25°C

All other input — — 15 pF

pins (including

D31-DO0)

www.DataSheet4U.com
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Table15.2 DC Characteristics (Conditions: Vcc =5.0V + 10%, Ta=-20to +75° C) (cont)

Iltem Symbol Min Typ Max Unit Test Conditions
Current Normal lec — 60 80 mA f=8MHz
consump- operation _ 80 100 mA  f=16 MHz
fon — 110 160 mA =287 MHz
Sleep — 30 55 mA f=8MHz
— 50 70 mA f=16 MHz
— 80 100 mA f=28.7 MHz
Standby — 1 15 MA Ta<50°C
— — 60 MA  50°C < Ta

Notes: 1. When no PLL is used, do not leave the PLLV¢c and PLLVgg pins open. Connect
PLLVCC to VCC and PLLVSS to Vss.

2. Current consumption values shown are the values at which all output pins are without
load under conditions of Vi min = Ve — 0.5V, V) max=0.5V.

Table 15.3 Permitted Output Current Values (Conditions: Voc =5.0V + 10%, Ta=-20to

+75°C)
Item Symbol  Min Typ Max Unit
Output low-level permissible current (per_pin) loL — — 2.0 mA
Output low-level permissible current (total) > loL — — 80 mA
Output high-level permissible current (per pin) —lon — — 2.0 mA
Output high-level permissible current (total) SHlon) — — 25 mA

Caution: To ensure chip reliability, do not exceed the output current values given in table 15.3.

vww.DataSheet4U.com
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15.3 AC Characteristics

153.1 Clock Timing

Table15.4 Clock Timing (Conditions: Vcc =5.0V £ 10%, Ta=-20t0 +75°C)

Item Symbol Min Max Unit  Figures
Operating frequency fop 4 28.7 MHz 15.1
Clock cycle time toye 35 143" or ns
2502

Clock high pulse width ten 81 or152 — ns

Clock low pulse width teL 81 or152 — ns

Clock rise time tcr — 5 ns

Clock fall time tcr — 5 ns

EXTAL clock input frequency fex 4 8 MHz 152
EXTAL clock input cycle time tExcyc 125 250 ns

EXTAL clock input low-level pulse width texL 50 — ns

EXTAL clock input high-level pulse width teExH 50 — ns

EXTAL clock input rise time texr — 5 ns

EXTAL clock input clock fall time texE — 5 ns
Power-on oscillation settling time tosc1 10 — ms 15.3
Software standby oscillation settling time 1 tggco 10 — ms 154
Software standby oscillation settling time 2 tggcs 10 — ms 15.5
PLL synchronization settling time tpLL 1 — ps 15.6

Notes: 1. With PLL circuit 1 operating.
2. With PLL circuit 1 not used.

A
A 4

CKIO i 1/2 Ve
(input)
| CF o lefer
i il www.DataSheetaU

Figure15.1 CKIO Input Timing
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EXTAL 1/2 Ve
(inputy e Vi

texF
<l —

Note: External clock input from EXTAL pin.

Figure15.2 EXTAL Clock Input Timing
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Note: Oscillation settling time when on-chip crystal oscillator is used.

Figure 15.3 Oscillation Settling Time at Power-On

www.DataSheet4U.com

399
RENESAS



Standby

period Stable oscillation
R

CKIO,
internal
clock

tRESW
ES \

Note: Oscillation settling time when on-chip crystal oscillator is used.
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Figure15.4 Oscillation Settling Time at Standby Return (via RES)
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Note: Oscillation settling time when on-chip crystal oscillator is used.

Figure15.5 Oscillation Settling Time at Standby Return (via NMI)
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Figure15.6 PLL Synchronization Settling Time
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1532

Control Signal Timing

Table15.5 Control Signal Timing (Conditions: V¢cc =5.0V + 10%, Ta=-20t0 +75°C)

Item Symbol Min Max Unit Figure
RES rise, fall tresn  — 200 ns 157
tRESS
RES pulse width tresw 20 — toye
NMI reset setup time tymirs  teyc+ 10 — ns
NMI reset hold time tnmirn teyc+10 0 — ns
NMI rise, fall tNMIr — 200 ns
Emie
NMI minimum pulse width tiroes 3 — tcyc
RES setup time” tress 30 — ns 15.8,
NMI setup time” tamis 30 — ns 199
IRL3-IRLO setup time” tirLs 30 — ns
RES hold time tresy 10 — ns 15.8,
NMI hold time tNMIH 10 — ns 159
TRL3-IRLO hold time tirLH 10 — ns
BRLS setup time 1 (PLL on) tglss1  12tcyc+9 — ns  15.10
BRLS hold time 1 (PLL on) tgisn  9-1/2tcyc — ns
BGR delay time 1 (PLL on) tsgrD1 — 1/2 tcyc + 18 ns
BRLS setup time 1 (PLL on, 1/4 cycle delay) tg gs1 1/4tcyc+9 — ns  15.10
BRLS hold time 1 (PLL on, 1/4 cycle delay)  tg gy1 9 - 1/4tcyc — ns
BGR delay time 1 (PLL on, 1/4 cycle delay) teerD1 — 3/4tcyc + 18 ns
BRLS setup time 2 (PLL off) tglss2 9 — ns  15.11
BRLS hold time 2 (PLL off) teisye 19 — ns
BGR delay time 2 (PLL off) tscrD2 — 28 ns

Note: The RES, NMI and IRL3-IRLO signals are asynchronous inputs, but when the setup times
shown here are observed, the signals are considered to have changed at clock fall. If the
setup times are not observed, recognition may be delayed until the next clock fall.
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Table15.5 Control Signal Timing (Conditions; Vcc =5.0V + 10%, Ta=-20t0 +75°C)

(cont)

Item Symbol Min Max Unit Figure
BREQ delay time 1 (PLL on) teropL  — 1/2tcyc+18 ns  15.12
BACK setup time 1 (PLL on) tgakst 1/2tcyc+9 — ns

BACK hold time 1 (PLL on) teaky 9 - 1/2tcyc — ns

BREQ delay time 1 (PLL on, 1/4 cycle delay) teropr  — 3/4 tcyc + 18 ns 15.12
BACK setup time 1 (PLL on, 1/4 cycle delay) tgaksy 1/4tcyc+9 — ns

BACK hold time 1 (PLL on, 1/4 cycle delay) tgakHi 9-1/dtcyc — ns

BREQ delay time 2 (PLL off) teroD2  — 28 ns  15.13
BACK setup time 2 (PLL off) teaks2 9 — ns

BACK hold time 2 (PLL off) teaknz 19 — ns

Bus tri-state delay time 1 (PLL on) teorrr O 25 ns 15.10,
Bus buffer on time 1 (PLL on) teoNn1 0 18 ns 1512
Bus tri-state delay time 1 (PLL on, 1/4 cycle  tgopp1  1/4 tcyc 1/4 tcyc + 25 ns 15.10,
delay) 15.12
Bus buffer on time 1 (PLL on, 1/4 cycle delay) tgon1 1/4 tcyc 1/4 tcyc + 18 ns

Bus tri-state delay time 1 (PLL off) teorrr O 30 ns 15.11,
Bus buffer on time 1 (PLL off) toNt 0 25 ns 1513
Bus tri-state delay time 2 (PLL on) teorr2z  1/2 tcyc 1/2 tcyc + 25 ns 15.10,
Bus buffer on time 2 (PLL on) tgoN2 1/2 tcyc 1/2 tcyc + 18 ns 1512

Bus tri-state delay time 2 (PLL on, 1/4 cycle  tgoprx  3/4 tcyc 3/4 tcyc + 25 ns 15.10,
delay)

Bus buffer on time 2 (PLL on, 1/4 cycle delay) tgon2 3/4 teyc 3/4tcyc + 18 ns 1512

Bus tri-state delay time 3 (PLL off) teorrz O 30 ns 15.11,

Bus buffer on time 3 (PLL off) teonz 0 25 ns 15.13
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Figure15.7 Reset Input Timing

tRESH tRESS
— e 2
ViH
Vi

RES
Ctumie o tamis
Viy
NMI
Vie
o bren RS
R Vin
IRL3-IRLO
Vie

Figure15.8 Interrupt Signal Input Timing (With PLL 1 Off)
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Figure15.9 Interrupt Signal Input Timing (PLL1 On)
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Figure15.10 BusRelease Timing (Master Mode, PLL1 On)
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Figure15.11 BusRelease Timing (Master Mode, PL L 1 Off)

R AVAY AV
BREQ %—» BRQD1 tgroD1 <—j
(output) ( S< ey

BACK IBAKH1 j tBAKH]

Y
—
[vd]
>
~
(%]
-

(
(input) 7

I=Tn} R 1
RgAIZDéng ~BONZ, * tBOFF2

CSn, WEn, E_;

BS, IVECF tBONLlr

NN
A

j tBoFF1
\

[N
R

A26-A0
D31-D0O

NN

Figure15.12 BusRelease Timing (Slave Mode, PLL 1 On)
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15.3.3 BusTiming

Table15.6 BusTiming With PLL On [Mode 0, 4] (Conditions: Vcc = 5.0V £10%,
Ta=-20to0+75°C)

Item Symbol  Min Max Unit Figures

Address delay time taD 3 18 ns 15.14, 15.20, 15.40,
15.52, 15.66, 15.68

BS delay time tesp — 21 ns  15.14, 15.20, 15.40,
15.52, 15.66

CS delay time 1 tespr — 21 ns  15.14, 15.20, 15.40,
15.52, 15.66

CS delay time 2 tcsp2 — 1/2tcyc+21 ns  15.14, 15.66

Read/write delay time trRWD 3 18 ns 15.14, 15.20, 15.40,
15.52, 15.66

Read strobe delay time 1 trsD1 — 1/2tcyc + 16 ns 15.14, 15.40, 15.52,
15.66, 15.68

Read data setup time 1 trRDS1 1/2 tcyc + 10 — ns 15.14, 15.40, 15.52,
15.66, 15.68

Read data setup time 3 trDsS3 1/2tcyc+8 — ns 15.20

(SDRAM)

Read data hold time 2 tRDH2 — ns 15.14, 15.66

Read data hold time 4 tRDH4 — ns 15.20

(SDRAM)

Read data hold time 5 tRDH5 0 — ns 15.40

(DRAM)

Read data hold time 6 tRDHS 0 — ns 15.52

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 15.68

(interrupt vector)

Write enable delay time tweb1 1/2tcyc+3 1/2tcyc+18 ns 15.14, 15.15, 15.52,
15.53

Write data delay time 1 twpb 3 18 ns 15.15, 15.27, 15.41,
15.53

Write data hold time 1 twDH1 3 — ns 15.15, 15.27, 15.41,
15.53

Data buffer on time tbon — 18 ns 15.15, 15.27, 15.41,
15.53

Data buffer off time toor — 18 ns 15.15, 15.27, 15.41

15 9ww.DataSheetaU.com
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Table15.6 BusTimingWith PLL On [Moaode 0, 4] (cont)

(Conditions: Vcc =5.0V £10%, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

DACK delay time 1 tbacD1 — 18 ns 15.14, 15.20, 15.40,
15.52, 15.66

DACK delay time 2 tbacD2 — 1/2 tcyc + 18 ns 15.14, 15.20, 15.40,
15.52, 15.66

WAIT setup time twrs 20 — ns  15.19, 15.43, 15.55,
15.66, 15.70

WAIT hold time twTh 5 — ns  15.19, 15.43, 15.55,
15.66, 15.70

RAS delay time 1 (SDRAM) tpaspr = — 18 ns  15.20

RAS delay time 2 (DRAM)  traspz 1/2tcyc+3 1/2tcyc + 18 ns 15.40

CAS delay time 1 (SDRAM) tcaspr = — 18 ns  15.20

CAS delay time 2 (DRAM)  tcaspa 1/2tcyc+3 1/2tcyc + 18 ns 15.40

DQM delay time tbomp — 18 ns 15.20

CKE delay time tckeD — 21 ns 15.37

CE delay time 1 tcep1 1/2tcyc+3 1/2tcyc + 18 ns 15.52

OE delay time 1 toep1 — 1/2tcyc+18 ns  15.52

IVECF delay time tivp 1 18 ns  15.68

Address input setup time tasIN 14 — ns 15.71

Address input hold time tAHIN 3 — ns 15.71

BS input setup time tess 15 — ns 1571

BS input hold time tasy 3 — ns  15.71

Read/write input setup time  tgws 15 — ns 15.71

Read/write input hold time  tgwn 3 — ns 15.71

Address hold time 1 taAH1 5 — ns 15.15

RENESAS

www.DataSheet4U.com

409



Table15.7 BusTiming With PLL On and 1/4 Cycle Delay [Mode 1, 5]
(Conditions: Ve =5.0V +£10%, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

Address delay time taD 1/4tcyc+3 1/4tcyc +18 ns 15.14, 15.20, 15.40,
15.52, 15.66, 15.68

BS delay time tssp — l4tcyc+21 ns  15.14, 15.20, 15.40,
15.52, 15.66

CS delay time 1 tespl — 1/4tcyc+21 ns  15.14, 15.20, 15.40,
15.52, 15.66

CS delay time 2 tcsp2 — 3/4tcyc+21 ns  15.14,15.66

Read/write delay time trRwD 1/4tcyc+3 1ll/dtcyc + 18 ns 15.14, 15.20, 15.40,
15.52, 15.66

Read strobe delay time 1 trgps — 3/4tcyc +16 ns 15.14, 15.40, 15.52,
15.66, 15.68

Read data setup time 1 trRDS1 1/4tcyc + 10 — ns 15.14, 15.40, 15.52,
15.66, 15.68

Read data setup time 3 trDs3 1/4tcyc+8 — ns 15.20

(SDRAM)

Read data hold time 2 tRDH2 0 — ns 15.14, 15.66

Read data hold time 4 tRDH4 0 — ns 15.20

(SDRAM)

Read data hold time 5 tRDHS5 0 — ns 15.40

(DRAM)

Read data hold time 6 tRDHG 0 — ns 15.52

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 15.68

(interrupt vector)

Write enable delay time twep1 3/4tcyc+3 3l/dtcyc+ 18 ns 15.14, 15.15, 15.52,
15.53

Write data delay time 1 twob 1/4tcyc+3 1l/dtcyc + 18 ns 15.15, 15.27, 15.41,
15.53

Write data hold time 1 twpH1 1/4tcyc+3 — ns 15.15, 15.27, 15.41,
15.53

Data buffer on time tbon — 1/4 tcyc + 18 ns 15.15, 15.27, 15.41,
15.53

Data buffer off time tbor — 1/4 tcyc + 18 ns 15.15, 15.27, 15.41,

15.53
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Table15.7 BusTimingWith PLL On and 1/4 Cycle Delay [M ode 1, 5] (cont)

(Conditions: Vcc =5.0V £10%, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

DACK delay time 1 tbacD1 — 1/4 tcyc + 18 ns 15.14, 15.20, 15.40,
15.52, 15.66

DACK delay time 2 tbacD2 — 3/4tcyc +18 ns 15.14, 15.20, 15.40,
15.52, 15.66

WAIT setup time twTs 20— 1/4tcyc — ns  15.19, 15.43, 15.55,
15.66, 15.70

WAIT hold time twTH l4tcyc+5 — ns  15.19, 15.43, 15.55,
15.66, 15.70

RAS delay time 1 (SDRAM) traspi — l/4tcyc+18 ns  15.20

RAS delay time 2 (DRAM)  tgrasp2 3/4tcyc+3 3ldtcyc+ 18 ns 15.40

CAS delay time 1 (SDRAM) tcaspi — 1/4tcyc+18 ns  15.20

CAS delay time 2 (DRAM)  tcaspz 3/4tcyc+3 3l/dtcyc+ 18 ns 15.40

DQM delay time tbomp — 1/4 tcyc + 18 ns 15.20

CKE delay time tckED — 1/4tcyc +21 ns 15.37

CE delay time 1 tceD1 3/4tcyc+3 3l/dtcyc+ 18 ns 15.52

OE delay time 1 toep1 — 3/4tcyc+18 ns  15.52

IVECF delay time two 1 1/4tcyc+18 ns  15.68

Address input setup time tasIN 14 -1/4 tcyc — ns 15.71

Address input hold time tAHIN 1/4tcyc+3 — ns 15.71

BS input setup time tess 15-1/4 tcyc — ns 1571

BS input hold time tasn l4tcyc+3 — ns  15.71

Read/write input setup time trws 15-1/4tcyc — ns 15.71

Read/write input hold time  trywh l/4tcyc+3 — ns 15.71

Address hold time 1 taAH1 5 — ns 15.15

RENESAS
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Table 15.8 BusTiming With PLL Off (CKIO Input) [Mode 6]
(Conditions: Vcc =5.0V £10%, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

Address delay time taD 13 28 ns 15.16, 15.38, 15.47,
15.60, 15.67, 15.69

BS delay time tesp — 30 ns  15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 1 tespl — 30 ns  15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 3 tcspa — 28 ns  15.16, 15.67

Read write delay time trRwD 13 28 ns 15.16, 15.38, 15.47,
15.60, 15.67

Read strobe delay time 2 trgpo — 26 ns 15.16, 15.47, 15.60,
15.67, 15.69

Read data setup time 2 tRDS2 10 — ns 15.16, 15.38, 15.47,
15.60, 15.67, 15.69

Read data hold time 2 tRDH2 0 — ns 15.16, 15.67

Read data hold time 3 tRDH3 15 — ns 15.38

Read data hold time 5 tRDHS5 0 — ns 15.47

(DRAM)

Read data hold time 6 tRDHG 0 — ns 15.60

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 15.69

(interrupt vector)

Write enable delay time 2 tywep2 10 25 ns 15.17, 15.61

Write data delay time twobp 10 25 ns 15.17, 15.39, 15.48,
15.61

Write data hold time 1 tWDH1 3 ns 15.17, 15.39, 15.48,
15.61

Write data hold time 2 twDH2 5 ns 15.17

Write data hold time 3 twpH3 ns 15.61

DACK delay time 1 tpacDL — 25 ns  15.16, 15.38, 15.47,
15.60, 15.67

DACK delay time 3 tbacD3 — 25 ns 15.16, 15.38, 15.47,
15.60, 15.67
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Table15.8 BusTiming With PLL Off (CKI1O Input) [Mode 6] (cont)
(Conditions: Vcc = 5.0V £10%, Ta=-20t0 +75°C)

Item Symbol  Min Max Unit Figures

WAIT setup time twTs 20 — ns  15.19, 15.43, 15.55,
15.67, 15.70

WAIT hold time twTH 15 — ns  15.19, 15.43, 15.55,
15.67, 15.70

RAS delay time 1 (SDRAM) traspi — 25 ns  15.38

RAS delay time 3 (DRAM)  tgrasps 10 25 ns 15.47

CAS delay time 1 (SDRAM) tcaspi — 25 ns  15.38

CAS delay time 3 (DRAM)  tcasps 10 25 ns  15.47

DQM delay time tbomp — 25 ns 15.38

CKE delay time tckED — 25 ns 15.37

CE delay time 2 tcep2 10 25 ns  15.60

OE delay time 2 toep2 — 25 ns  15.60

IVECF delay time two — 25 ns  15.69

WE setup time twes1 0 — ns 15.16

Address setup time 1 tasi 0 — ns 15.17

Address setup time 2 taso 3 — ns 15.60

Address hold time 2 taAH2 0 — ns 15.17

Row address setup time tasr 3 — ns 15.47

Column address setup time tagc 3 — ns 15.47

Write command setup time  tycs 3 — ns 15.48

Write data setup time twops 3 — ns 15.48

Address input setup time*  tagy 15 — ns 1571

Address input hold time*  tayn 10 — ns 1571

BS input setup time” tgss 15 — ns 1571

BS input hold time” tasn 10 — ns 1571

Read/write input setup time” trys 15 — ns 15.71

Read/write input hold time*  trwy 10 — ns 15.71

Data buffer on time tbon — 25 ns 15.17, 15.39, 15.48,
15.61

Data buffer off time tbor — 25 ns 15.17, 15.39, 15.48,
15.61

Note: - When the external addresses monitor function is used, the PLL must be T RatnIhrrtie o
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Table15.9 BusTiming With PLL Off (CK10 Output) [Mode 2]
(Conditions: Vcc =5.0V £10%, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

Address delay time taD 3 18 ns 15.16, 15.38, 15.47,
15.60, 15.67, 15.69

BS delay time tssp — 21 ns  15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 1 tespl — 21 ns  15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 3 tcspa — 21 ns  15.16, 15.67

Read write delay time trRwD 3 18 ns 15.16, 15.38, 15.47,
15.60, 15.67

Read strobe delay time 2 trgpo — 16 ns 15.16, 15.47, 15.60,
15.67, 15.69

Read data setup time 2 tRDS2 12 — ns 15.16, 15.38, 15.47,
15.60, 15.67, 15.69

Read data hold time 2 tRDH2 0 — ns 15.16, 15.67

Read data hold time 3 tRDH3 1/2 tcyc — ns 15.38

(SDRAM)

Read data hold time 5 tRDHS5 0 — ns 15.47

(DRAM)

Read data hold time 6 tRDH6 0 — ns 15.60

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 15.69

(interrupt vector)

Write enable delay time 2 twep2 3 18 ns 15.17, 15.61

Write data delay time twobp 3 18 ns 15.17, 15.39, 15.48,
15.61

Write data hold time 1 twDH1 3 — ns 15.17, 15.39, 15.48,
15.61

Write data hold time 2 twDH2 5 — ns 15.17

Write data hold time 3 twpH3 3 — ns 15.61

DACK delay time 1 tpACDI — 18 ns  15.16, 15.38, 15.47,
15.60, 15.67

DACK delay time 3 tbACDS — 18 ns  15.16, 15.38, 15.47,
15.60, 15.67
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Table15.9 BusTiming With PLL Off (CKI1O Output) [Mode 2] (cont)
(Conditions: Vcc = 5.0V £10%, Ta=-20t0 +75°C)

Item Symbol  Min Max Unit Figures

WAIT setup time twTs 22 — ns  15.19, 15.43, 15.55,
15.67, 15.70

WAIT hold time twTH 5 — ns  15.19, 15.43, 15.55,
15.67, 15.70

RAS delay time 1 (SDRAM) traspi — 18 ns  15.38

RAS delay time 3 (DRAM)  tgrasps 3 18 ns  15.47

CAS delay time 1 (SDRAM) tcaspi — 18 ns  15.38

CAS delay time 3 (DRAM)  tcasps 3 18 ns  15.47

DQM delay time tbomp — 18 ns 15.38

CKE delay time tckED — 21 ns 15.37

CE delay time 2 tcens 3 18 ns  15.60

OE delay time 2 toep2 — 18 ns  15.60

IVECF delay time two — 18 ns  15.69

Address input setup time*  tagy 14 — ns 15.71

Address input hold time*  tayn 3 — ns 1571

BS input setup time” tess 15 — ns 1571

BS input hold time” tasH 3 — ns 1571

Read/write input setup time” tgys 15 — ns 15.71

Read/write input hold time”™  tgrwy 3 — ns 1571

Data buffer on time tbon — 18 ns 15.17, 15.39, 15.48,
15.61

Data buffer off time tbor — 18 ns 15.17, 15.39, 15.48,
15.61

Address hold time 2 taAH2 5 — ns 15.17

Note: When the external addresses monitor function is used, the PLL must be on.
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. trpn2 is specified from the rise of CSn or RD, whichever is first.
3. The DACKn waveform shown is for the case where active-high has been specified.

Figure15.14 Basic Read Cycle (No Waits, PLL On)
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2.  The DACKn waveform shown is for the case where active-high has been
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Figure 15.15 Basic Write Cycle (No Waits, PLL On)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. trpn2 is specified from the rise of CSn or RD, whichever is first.
3. The DACKn waveform shown is for the case where active-high has been specified.

Figure15.16 Basic Read Cycle (No Waits, PLL Off)

www.DataSheet4U.com

418
RENESAS



Ty T2

tap  tas1

A26-A0

tgsp ta

&
(]
l\
|
|
T
|
|
|
|
t = y
| o]
A,
! I% =K

tcsp tcsps

g
=

=i
!

trsD2

tyy,
<—>\ (]

l’: 7LtWDH2

twop tbor
bWDH1 le—»|

trsD2
>
ED2 twep2 ~

tbon

D31-D0

o
!

tpacDL tbacp3

WAIT

CKE

Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure15.17 Basic Write Cycle (No Waits, PLL Off)
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2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 15.18 Basic Bus Cycle (1 Wait Cycle)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure15.19 Basic Bus Cycle (External Wait I nput)
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2.  The DACKn waveform shown is for the case where active-high has been specified.

Figure 15.20 Synchronous DRAM Read BusCycle
(RCD =1 Cycle, CASLatency = 1 Cycle, Bursts=4, PLL Oriww.natasheet4l.com
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Figure15.21 Synchronous DRAM Single Read Bus Cycle
(RCD =1Cycle, CASLatency = 1 Cycle, Bursts=4, PLL On)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 15.23 Synchronous DRAM Read Bus Cycle
(Bank Active, Same Row Access, CAS Latency = 1 Cycle)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.24 Synchronous DRAM Read Bus Cycle
(Bank Active, Same Row Access, CAS Latency = 2 Cycles)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.25 Synchronous DRAM Read Bus Cycle (Bank Active, Different Row Access,
TRP =1 Cycle, RCD =1 Cycle, CASLatency =1 Cycle)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.26 Synchronous DRAM Read Bus Cycle (Bank Active, Different Row Access,
TRP =2 Cycles, RCD =1 Cycle, CAS Latency = 1 Cycle)
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Figure 15.27 Synchronous DRAM Write Bus Cycle
(RCD =1Cycle, TRWL =1Cycle, PLL On)
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2. The DACKn waveform shown is for the case where active-high has been specified.

Figure15.28 Synchronous DRAM Write BusCycle

(RCD = 2 Cycles, TRWL = 2 Cycles) www.DataSheet4U.com
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.29 Synchronous DRAM Write Bus Cycle (Bank Active, Same Row Access)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 15.30 Synchronous DRAM Consecutive Write Cycles
(Bank Active, Same Row Access)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.31 Synchronous DRAM Write BusCycle
(Bank Active, Different Row Access, TRP =1 Cycle, RCD =1 Cycle)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.32 Synchronous DRAM Write Bus Cycle
(Bank Active, Different Row Access, TRP = 2 Cycles, RCD = 2 Cycles)
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Figure 15.33 Synchronous DRAM Mode Register Write Cycle (TRP =1 Cycle)
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Figure15.34 Synchronous DRAM Moaode Register Write Cycle (TRP = 2 Cycles)
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Figure15.35 Synchronous DRAM Auto-Refresh Cycle (TRAS =2 Cycles)
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Figure 15.36 Synchronous DRAM Auto-Refresh Cycle
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Figure 15.37 Synchronous DRAM Self-Refresh Cycle (TRAS=2)
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Figure 15.38 Synchronous DRAM Read Bus Cycle
(RCD =1 Cycle, CASLatency = 1 Cycle, TRP =1 Cycle, Bursts= 4, Rivte. OftpSheetdl.com

440
RENESAS



CKIO

Upper
address

Lower
address

WEn
CASxx
DQMxx twoDp

tbon
tbacps
DACKnN /

CKE
Notes: 1. Dotted lines show the waveforms when synchronous DRAM in another CS space
is accessed.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure15.39 Synchronous DRAM Write Bus Cycle
(RCD =1 Cycle, TRWL =1 CyCIe, PLL Off) www.DataSheet4U.com
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Figure15.40 DRAM Read Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.41 DRAM WriteCycle

(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.42 DRAM BusCycle (TRP =2 Cycles, RCD = 2 Cycles, 1 Wait)
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Figure 1543 DRAM BusCycle (TRP =1 Cycle, RCD = 1 Cycle, External Wait | nput)
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Figure 1544 DRAM Burst Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 1545 DRAM Burst Write Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Figure15.46 DRAM CAS-Before-RAS Refresh Cycle
(TRP=1Cycle, TRAS=2Cycles, PLL On)
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Notes: 1. tgpus is specified from the rise of RD or CASxx, whichever is first.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 1547 DRAM Read Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 1548 DRAM Write Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Notes: 1. tgpus is specified from the rise of RD or CASxx, whichever is first.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 1549 DRAM Burst Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.50 DRAM Burst Write Cycle
(TRP =1Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Figure15.51 DRAM CAS-Before-RAS Refresh Cycle
(TRP =1Cycle, TRAS =2 Cycles, PLL Off)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.52 Pseudo-SRAM Read Cycle
(PLL On, TRP =1 Cycle, RCD =1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 1553 Pseudo-SRAM Write Cycle

(PLL On, TRP =1Cycle, RCD =1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 15.54 Pseudo-SRAM Bus Cycle (TRP =2 Cycles, RCD =2 Cycles, 1 Wait)
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Figure 1555 Pseudo-SRAM BusCycle
(TRP =1 Cycle, RCD =1 Cycle, External Wait I nput)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.56 Pseudo-SRAM Read Cycle

(Static Column Mode, PLL On, TRP =1 Cycle, RCD =1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 1557 Pseudo-SRAM Write Cycle
(Static Column Mode, PLL On, TRP =1 Cycle, RCD =1 Cycle, No Waits)
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Figure15.58 Pseudo-SRAM Auto-Refresh Cycle
(PLL On, TRP =1 Cycle, TRAS =2 Cycles)
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Figure15.60 Pseudo-SRAM Read Cycle
PLL Off, TRP =1 Cycle, RCD = 1 Cycle, No Waits
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.61 Pseudo-SRAM Write Cycle
(PLL Off, TRP =1 Cycle, RCD = 1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 15.62 Pseudo-SRAM Read Cycle
(Static Column Mode, PLL Off, TRP =1 Cycle, RCD = 1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 15.63 Pseudo-SRAM Write Cycle
(Static Column Mode, PLL Off, TRP = 1 Cycle, RCD =1 Cycle, No Waits)
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Figure15.64 Pseudo-SRAM Auto-Refresh Cycle
(PLL Off, TRP =1 Cycle, TRAS =2 Cycles)

www.DataSheet4U.com

466
RENESAS



>t4U.

rom

Address

WEn,
CASXxx,
DQMxx

D31-DO0

WAIT

CKE

Tp Trc

Trcl

Trc2 | Trc2

Trc2

Trcl

Tre

~——

Daegl 0

DataSh -

D

tcep2
> -

toEp2

toEp2
<« > |+

g

Data

She

DataSheet4U.com

DataSheet4 U.com

Figure 15.65 Pseudo-SRAM Self-Refresh Cycle
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.66 Burst ROM Read Cycle (PLL On, 1 Wait)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure15.67 Burst ROM Read Cycle (PLL Off, 1 Wait)
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Figure 15.68 Interrupt Vector Fetch Cycle (PLL On, No Waits)

www.DataSheet4U.com

470
RENESAS



. T1 L T2 -
CKIO / \ A Sﬁ /
_ N ]
) tap - ) tap -
A4-A0 X
thD thD
IVECF \ 7
trwD
RD/WR /
-/ \
tRsD2 trsp2
RD /I
trDS2
« > tRDH7
D7-DO _\ /_ ———
_/ U
‘tWTS‘ ‘tWTH‘
WAIT 7/ '\
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1534 DMAC Timing

Table15.10 DMAC Timing (Conditions: Vcc =5.0V +10%, Ta=-20to +75°C)

Item Symbol Min Max Unit Figure
DREQO, DREQ1 setup time (PLL Off, On) tbros 30 — ns 1572
DREQO, DREQ1 setup time (PLL On, 1/4 cycle delay) tprgs 30-1/4tcyc — ns
DREQO, DREQ1 hold time (PLL Off, On) tproH 15 — ns
DREQO, DREQL hold time (PLL On, 1/4 cycle delay) tproH 1/4tcyc+15 — ns
DREQO, DREQ1 low level width tprow 1.5 —  leye
CKIO J—\—/ \
tbros
DREQO, DREQ1
level
x
tbros tbrRQH
-« > (>
A
DREQO, DREQ1
edge
g x
j tbros -
A
DREQO, DREQ1
level cancellation

Figure15.72 DREQO, DREQ1 Input Timing
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1535 Free-Running Timer Timing

Table15.11 Free-Running Timer Timing (Conditions: Vcc =5.0V £10%, Ta=-20to

+75°C)
Item Symbol  Min Max Unit  Figure
Output compare output delay time ttocp — 160 ns 15.73
(PLL Off, On)
Output compare output delay time ttocp — 1/4 tcyc + 160 ns
(PLL On, 1/4 cycle delay)
Input capture input setup time trics 80 — ns
(PLL Off, On)
Input capture input setup time ttics 80 -1/4tcyc — ns
(PLL On, 1/4 cycle delay)
Timer clock input setup time treks 80 — ns 15.74
(PLL Off, On)
Timer clock input setup time ttcks 80 -1/4tcyc — ns
(PLL On, 1/4 cycle delay)
Timer clock pulse width (single edge) tteckwn 4.5 — teye
Timer clock pulse width (both edges) trekwL 8.5 — teye

CKIO §_/—\—7_/ \
§
trocp
«—

FTOA, -

FTOB X"

trics
FTI X

Figure 15.73 FRT Input/Output Timing

CKIO M

FTCI
% trekwi

§—/

treks

N

(¢

trckwH

iy

|

»
>

<
%
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Figure15.74 FRT Clock Input Timing
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15.3.6 Watchdog Timer Timing

Table15.12 Watchdog Timer Timing (Conditions: Vcc =5.0V £10%, Ta=-20t0 +75°C)

Item Symbol Min Max Unit Figure
WDTOVF delay time (PLL Off, On) twovbp — 70 ns 15.75
WDTOVF delay time (PLL On, 1/4 cycle  twovp — 1/4tcyc+ 70 ns

delay)

CKIO
twovp { twovp
> -«
WDTOVF \L « %‘
))

Figure 15.75 Watchdog Timer Output Timing
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15.3.7  Serial Communication Interface Timing

Table15.13 Serial Communication I nterface Timing
(Conditions: Vg =5.0V +10%, Ta=-20t0 +75°C)

Item Symbol  Min Max Unit  Figure
Input clock cycle tseye 16 — teye 15.76
Input clock cycle (clocked synchronous mode) tseye 24 — teye
Input clock pulse width tsckw 0.4 0.6 tseye
Transmit data delay time (clocked synchronous  tyxp — 70 ns 15.77
mode)
Receive data setup time (clocked synchronous  tgxs 70 — ns
mode)
Receive data hold time (clocked synchronous tRXH 70 — ns
mode)
tsckw
>
SCKO
X tscyc i

Figure15.76 Input Clock Input/Output Timing

tscye
«— 7
scko  / \ _Zm
trxp
TxDO
(transmit data)
trxs | | tRxH
>

(receiveFél);lt:;(; >< >< Z: :E >< ><

Figure 15.77 SCI Input/Output Timing (Clocked Synchronous M ode)
vww.DataSheet4U.com
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15.3.8 AC Characteristics M easurement Conditions

* |/Osignal referencelevel: 1.5V
¢ Input pulselevel: Vggto 3.0 V (where RES, NMI, CKIO and MD5-MDO are within the range

VsstoVee)
* Inputriseand fall times: 1 ns

lor
SH7604
output DUT output
pin
;[ CL VRErF
loH
Notes: 1. C, is atotal value that includes the capacitance of measurement instruments, etc.,
and is set as follows for each pin.
30 pF: CKIO, RAS, CAS, CKE, CS0-CS3, BREQ, BACK, DACKO, DACK1, IVECF,
CKPACK.
50 pF: All output pins other than the above.
2. lpLand lgy values are as shown in section 15.2, DC Characteristics, and table
15.3, Permitted Output Current Values.

Figure15.78 Output Load Circuit
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478
RENESAS



Section 16 Electrical Characteristics (3V Version)

16.1  Absolute Maximum Ratings
Table 16.1 shows the absol ute maximum ratings.

Table16.1 Absolute Maximum Ratings

Iltem Symbol Rating Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Input voltage Vin —-0.3t0 Ve +0.3 \Y
Operating temperature Topr —20to +75 °C
Storage temperature Tstg -55 to +125 °C

Caution: Operating the chip in excess of the absolute maximum rating may result in permanent
damage.

479
RENESAS



16.2 DC Characteristics
Tables 16.2 and 16.3 list DC characteristics.

Table 16.2 DC Characteristics (Conditions: Vcc =3.0t05.5V, Ta=-20to +75° C)

Item Symbol Min Typ Max Unit Test Conditions
Input high- RES, NMI, Vig Veex0.9 —  Vec+0.3 Vo During standby
level MD5-MDO Veex09 —  Vec+03 V Normal operation
voltage EXTAL, CKIO Veex0.9 —  Vee+03 V
Other input pins Veex0.7 —  Vee+03 V
Input low- RES, NMI, Vi -0.3 —  Veex01  V During standby
level MD5-MDO -0.3 —  Veex0.1 Vo Normal operation
voltage
Other input pins -0.3 —  Vgex01  V
Input leak RES [lin| — — 10 MA  Vin=05t0 Vec—-0.5V
current NMI, MD5-MDO — — 10 HA  Vin=0.5t0 Vee—05V
Other input pins — — 1.0 MA  Vin=05t0Vcc—-05V
3-state A26-A0, D31~ |Igy|| — — 10 MA  Vin=0.5t0Vec—0.5V
leak DO, BS, CS3—-

current CS0, RD/WR,
(while offy RAS, CAS,

WES3-WEQ, RD,

IVECF
Output All output pins  Vgou Vec—-05 — — \Y lon =—-200 pA
high-level _

Vee—-1.0 — — \ lop=-1mA

voltage ce OH
Output low All output pins VgL — — 04 \% loL =1.6 mA
level
voltage
Input RES Cin — — 15 pF  Vin=0V
capaci- NMI _ — 15 DF f=1MHz
tance Ta=25°C

All other input — — 15 pF

pins (including

D31-DO0)

www.DataSheet4U.com
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Table16.2 DC Characteristics (Conditions: Vcc =3.0t05.5V, Ta=-20to +75° C) (cont)

Iltem Symbol Min Typ Max Unit Test Conditions
Current Normal lec — 25 30 mA f=8MHz
consump-  operation _ 45 55 mA  f=16 MHz
fon — 60 70 mA f=28.7 MHz
Sleep — 15 20 mA f=8MHz
— 30 40 mA f=16 MHz
— 40 50 mA =287 MHz
Standby — 1 5 MA Ta<50°C
— — 20 MA  50°C < Ta

Notes: 1. When no PLL is used, do not leave the PLLV¢c and PLLVgg pins open. Connect

PLLVCC to VCC and PLLVSS to Vss.

2. Current consumption values shown are the values at which all output pins are without

load under conditions of Vi min = Ve — 0.5V, V) max=0.5V.

Table 16.3 Permitted Output Current Values (Conditions: Vcc =5.0V + 10%, Ta=-20to

+75°C)
Item Symbol  Min Typ Max Unit
Output low-level permissible current (per_pin) loL — — 2.0 mA
Output low-level permissible current (total) > loL — — 80 mA
Output high-level permissible current (per pin) —lon — — 2.0 mA
Output high-level permissible current (total) SHlon) — — 25 mA

Caution: To ensure chip reliability, do not exceed the output current values given in table 16.3.

RENESAS
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16.3 AC Characteristics

16.3.1 Clock Timing

Table16.4 Clock Timing (Conditions: Ve = 3.0t0 0.5V, Ta=-20t0 +75°C)

Item Symbol Min Max Unit Figures
Operating frequency fop 4 20 MHz 16.1
Clock cycle time toye 50 143" or 250" ns
Clock high pulse width ten 81 or152 — ns
Clock low pulse width teL 81 ori1572 — ns
Clock rise time tcr — 5 ns
Clock fall time tcr — 5 ns
EXTAL clock input frequency fEx 4 8 MHz 16.2
EXTAL clock input cycle time tExcye 125 250 ns
EXTAL clock input low level pulse width text 50 — ns
EXTAL clock input high level pulse width tEXH 50 — ns
EXTAL clock input rise time texr — ns
EXTAL clock input clock fall time texe — ns
Power-on oscillation settling time tosét 10 — ms 16.3
Software standby oscillation settling time 1~ tosco 10 — ms 16.4
Software standby oscillation settling time 2 tgscs 10 — ms 16.5
PLL synchronization settling time tpLL 1 — ps  16.6
Notes: 1. With PLL circuit 1 operating.
2. With PLL circuit 1 not used.
< feye >
CKIO
(input)
v BataSheetd

Figure16.1 CKIO Input Timing
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EXTAL  1/2 Ve

(input)

Note:

A 4

A

texL

4
\ 4

K Vi ViL7

texF
<l —

External clock input from EXTAL pin.

Figure16.2 EXTAL Clock Input Timing

Stable oscillation

v

CKIO,
internal clock

/

A

\

NIES
<~

VCC min
Vee

((
)

tosci

tRESW

\ 4

By}
m
(@]

-~
~

Note:

-~
<~

Oscillation settling time when on-chip crystal oscillator is used.

Figure 16.3 Oscillation Settling Time at Power-On
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Standby

period Stable oscillation
R

CKIO,
internal
clock

tRESW
ES \

Note: Oscillation settling time when on-chip crystal oscillator is used.

tosc2

A
vy

I
<~
(o
~

Figure16.4 Oscillation Settling Time at Standby Return (via RES)

Standby
period Stable oscillation
— >
CKIO,
internal
clock

toscs

A

NMI

NS
<~

Note: Oscillation settling time when on-chip crystal oscillator is used.

Figure16.5 Oscillation Settling Time at Standby Return (via NMI)
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EXTAL
or CKIO

Internal
clock

Stable
oscillation

Oscillation frequency

modification

Stable
oscillation

>

- » <

AYAVAYAY ANV

PLL
synchronization
‘P

AR AYAYAYAY AT

tpLL \synchronlzatlon

Figure16.6 PLL Synchronization Settling Time
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16.3.2

Control Signal Timing

Table16.5 Control Signal Timing (Conditions: Vcc =3.0t05.5V, Ta=-20t0 +75°C)

Item Symbol Min Max Unit Figure
RES rise, fall tres, = — 200 ns  16.7
tRESS
RES pulse width tresw 20 — toye
NMI reset setup time tamirs  teyc + 10 — ns
NMI reset hold time tamire - teyc + 10 — ns
NMI rise, fall tNMiIrs — 200 ns
Emie
NMI minimum pulse width tirges 3 — tcyc
RES setup time” tress 40 — ns  16.8,
NMI setup time” tamis 40 — ns 169
IRL3-IRLO setup time” tirLs 40 — ns
RES hold time tresy 20 — ns  16.8,
NMI hold time tNMIH 20 — ns 16.9
TRL3-IRLO hold time tiRLH 20 — ns
BRLS setup time 1 (PLL on) tglss1  1/2tcyc +20 — ns  16.10
BRLS hold time 1 (PLL on) tgisy1 15— 1/2tcyc — ns
BGR delay time 1 (PLL on) tserD1 = — 1/2 tcyc + 25 ns
BRLS setup time 1 (PLL on, 1/4 cycle delay) tg gs:  1/4 tcyc + 20 — ns  16.10
BRLS hold time 1 (PLL on, 1/4 cycle delay)  tg gy 15— 1/4 tcyc — ns
BGR delay time 1 (PLL on, 1/4 cycle delay) tggroi — 3/4tcyc + 25 ns
BRLS setup time 2 (PLL off) tglssz 20 — ns  16.11
BRLS hold time 2 (PLL off) taisye 30 — ns
BGR delay time 2 (PLL off) tsgrD2 — 40 ns

Note: The RES, NMI and IRL3-IRLO signals are asynchronous inputs, but when the setup times
shown here are observed, the signals are considered to have changed at clock fall. If the
setup times are not observed, recognition may be delayed until the next clock fall.
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Table16.5 Control Signal Timing (cont)
(Conditions: Vcc =3.0t05.5V, Ta=-20to +75°C)

Item Symbol Min Max Unit Figure
BREQ delay time 1 (PLL on) teropl  — 1/2tcyc+25 ns  16.12
BACK setup time 1 (PLL on) tgakst  1/2tcyc + 20 — ns

BACK hold time 1 (PLL on) tgaknr 15— 1/2 teyc — ns

BREQ delay time 1 (PLL on, 1/4 cycle delay) teropr  — 3/4 tcyc + 25 ns 16.12
BACK setup time 1 (PLL on, 1/4 cycle delay) tgaksy  1/4 tcyc + 20 — ns

BACK hold time 1 (PLL on, 1/4 cycle delay) tgaky: 15— 1/4 tcyc — ns

BREQ delay time 2 (PLL off) teroD2  — 40 ns  16.13
BACK setup time 2 (PLL off) tgaksey 20 — ns

BACK hold time 2 (PLL off) teaknz 30 — ns

Bus tri-state delay time 1 (PLL on) teorrr O 35 ns 16.10,
Bus buffer on time 1 (PLL on) teoN1 0 33 ns 16.12
Bus tri-state delay time 1 (PLL on, 1/4 cycle tgopp1  1/4 tcyc 1/4 tcyc + 35 ns 16.10,
delay)

Bus buffer on time 1 (PLL on, 1/4 cycle delay) tgon1 1/4 tcyc 1/4 tcyc + 33 ns 16.12
Bus tri-state delay time 1 (PLL off) teorrr O 45 ns 16.11,
Bus buffer on time 1 (PLL off) teON1 0 40 ns 16.13
Bus tri-state delay time 2 (PLL on) teore2z  1/2 tcyc 1/2 tcyc + 35 ns 16.10,
Bus buffer on time 2 (PLL on) tgoN2 1/2 tcyc 1/2 tcyc + 33 ns 16.12
Bus tri-state delay time 2 (PLL on, 1/4 cycle tgopr,  3/4 tcyc 3/4 tcyc + 35 ns 16.10,
delay)

Bus buffer on time 2 (PLL on, 1/4 cycle delay) tgon2 3/4 tcyc 3/4 tcyc + 33 ns 16.12
Bus tri-state delay time 3 (PLL off) teorrz O 45 ns 16.11,
Bus buffer on time 3 (PLL off) teonz 0 40 ns 16.13

vww.DataSheet4U.com
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1,
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Vil
ViL

INMIRH

v

_ Vin
RES Vi
tNMIRS P
-
Vin
NMI
Vi

(C
)]

ViH

Figure16.7 Reset Input Timing

cKio /—\4/—X

/) N/

tRESH tRESS
— e 2
ViH
RES
Vi

Ctumie o tamis
Viy
NMI
Vie
o bren RS
R Vin
IRL3-IRLO
Vie

Figure16.8 Interrupt Signal Input Timing (PLL 1 Off)
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12 teye or 3/4 teye 1/2 teye or 3/4 teye
> |

CKIO 7[ \

tRESH tRESS

\

4
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|

uy)
m
w

ViL

tNMIH tmis

- »
< >

ViH

ViL

YRLH tirLs

« |

Viy
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Figure16.9 Interrupt Signal Input Timing (PLL1 On)

CKIo A\ # F NS F N F
{BLSH1 = taisst {BLSHL*» tgl 551
BRLS F /
tBGRD1 taGRD
BGR 95 —
(output) 9
RD, RD/WR, » 1BOFF2 tBoN2
RAS, CAS, Y > -~
CSn, WED, 5 t teon1
BS, IVECF « BOFF1 R
A26-A0 S | 3 K
D31-D0 G ‘ 7 i

Figure16.10 BusRelease Timing (Master Mode, PLL 1 On)
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cKio Y_/—X’T% Emw UZ—L
18I SH2 leple—»/ tBLSS2 taLsH2 QE@E

BRLS  \
(input) 55 5

m SEBGRDZ | tBGRDZ 4—»][
(output)

w tBoFF3 tgoNg > F

N
=~

RD, RD/WR,
RAS, CAS,
CSn, WEn,
BS, IVECF

A26-A0
D31-D0

N

N
NN

N NN
X

tBOFF1

tsoN1 ‘«

X

N
=~

NCRN
R

Figure16.11 BusRelease Timing (Master Mode, PL L 1 Off)
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Figure16.12 BusRelease Timing (Slave Mode, PLL 1 On)
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Figure 16.13 BusRelease Timing (Slave M ode, PL L 1 Off)
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16.3.3 BusTiming

Table16.6 BusTiming With PLL On [ModeO0, 4]

(Conditions: Ve =3.0to5.5V, Ta=-20t0 +75°C)

Item Symbol  Min Max Unit Figures

Address delay time taD — 28 ns 16.14, 16.20, 16.40,
16.52, 16.66, 16.68

BS delay time tesp — 25 ns  16.14, 16.20, 16.40,
16.52, 16.66

CS delay time 1 tespr — 25 ns  16.14, 16.20, 16.40,
16.52, 16.66

CS delay time 2 tcsp2 — 1/2tcyc+25 ns  16.14, 16.66

Read/write delay time trRWD — 25 ns 16.14, 16.20, 16.40,
16.52, 16.66

Read strobe delay time 1 trsD1 — 1/2tcyc +25 ns 16.14, 16.40, 16.52,
16.66, 16.68

Read data setup time 1 trRDS1 1/2 tcyc + 10 — ns 16.14, 16.40, 16.52,
16.66, 16.68

Read data setup time 3 trDsS3 1/2 tcyc + 10 — ns 16.20

(SDRAM)

Read data hold time 2 tRDH2 — ns 16.14, 16.66

Read data hold time 4 tRDH4 — ns 16.20

(SDRAM)

Read data hold time 5 tRDH5 0 — ns 16.40

(DRAM)

Read data hold time 6 tRDHS 0 — ns 16.52

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 16.68

(interrupt vector)

Write enable delay time tweb1 1/2tcyc+3 1/2tcyc+25 ns 16.14, 16.15, 16.52,
16.53

Write data delay time 1 twpb — 25 ns 16.15, 16.27, 16.41,
16.53

Write data hold time 1 twDH1 3 — ns 16.15, 16.27, 16.41,
16.53

Data buffer on time tbon — 25 ns 16.15, 16.27, 16.41,
16.53

Data buffer off time toor — 25 ns 16.15, 16.27, 16.41

16.29ww.DataSheetaU.com
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Table16.6 BusTimingWith PLL On [Mode 0, 4] (cont)
(Conditions: Vcc =3.0t05.5V, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

DACK delay time 1 tbacD1 — 25 ns 16.14, 16.20, 16.40,
16.52, 16.66

DACK delay time 2 tbacD2 — 1/2 tcyc + 25 ns 16.14, 16.20, 16.40,
16.52, 16.66

WAIT setup time twrs 20 — ns  16.19, 16.43, 16.55,
16.66, 16.70

WAIT hold time twTh 10 — ns  16.19, 16.43, 16.55,
16.66, 16.70

RAS delay time 1 (SDRAM) tpaspr = — 25 ns  16.20

RAS delay time 2 (DRAM)  traspz 1/2tcyc+3 1/2tcyc+25 ns 16.40

CAS delay time 1 (SDRAM) tcaspr = — 25 ns  16.20

CAS delay time 2 (DRAM)  tcaspa 1/2tcyc+3 1/2tcyc+25 ns 16.40

DQM delay time tbomp — 25 ns 16.20

CKE delay time tckeD — 33 ns 16.37

CE delay time 1 tcep1 1/2tcyc+3 1/2tcyc+25 ns 16.52

OE delay time 1 toep1 — 1/2tcyc+25 ns  16.52

IVECF delay time tivp 1 25 ns  16.68

Address input setup time tasIN 25 — ns 16.71

Address input hold time tAHIN 10 — ns 16.71

BS input setup time tess 25 — ns  16.71

BS input hold time tasy 10 — ns  16.71

Read/write input setup time  tgws 25 — ns 16.71

Read/write input hold time  tgwn 10 — ns 16.71
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Table16.7

(Conditions: Ve =3.0to 5.5V, Ta=-20t0 +75°C)

Bus Timing With PLL On and 1/4 Cycle Delay [Mode 1, 5]

Item Symbol  Min Max Unit Figures

Address delay time taD — 1/4 tcyc + 28 ns 16.14, 16.20, 16.40,
16.52, 16.66, 16.68

BS delay time tesp — l4tcyc+25 ns  16.14, 16.20, 16.40,
16.52, 16.66

CS delay time 1 tespr — 1/4tcyc+25 ns  16.14, 16.20, 16.40,
16.52, 16.66

CS delay time 2 tcsp2 — 3/4tcyc+25 ns  16.14, 16.66

Read/write delay time trwD — 1/4tcyc + 25 ns 16.14, 16.20, 16.40,
16.52, 16.66

Read strobe delay time 1 trsD1 — 3/4tcyc + 25 ns 16.14, 16.40, 16.52,
16.66, 16.68

Read data setup time 1 trDS1 1/4tcyc + 10 — ns 16.14, 16.40, 16.52,
16.66, 16.68

Read data setup time 3 trDsS3 1/4 tcyc + 10 — ns 16.20

(SDRAM)

Read data hold time 2 tRDH2 0 — ns 16.14, 16.66

Read data hold time 4 tRDH4 0 — ns 16.20

(SDRAM)

Read data hold time 5 tRDH5 0 — ns 16.40

(DRAM)

Read data hold time 6 tRDHS 0 — ns 16.52

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 16.68

(interrupt vector)

Write enable delay time twED1 3/4tcyc+3 3ldtcyc+25 ns 16.14, 16.15, 16.52,
16.53

Write data delay time 1 twpbp — 1/4tcyc + 25 ns 16.15, 16.27, 16.41,
16.53

Write data hold time 1 twDH1 1/4tcyc+3 — ns 16.15, 16.27, 16.41,
16.53

Data buffer on time tpon — 1/4tcyc + 25 ns 16.15, 16.27, 16.41,
16.53

Data buffer off time tbor — 1/4tcyc + 25 ns 16.15, 16.27, 16.41,

16.53

494

RENESAS

vww.DataSheet4U.com



Table16.7 BusTimingWith PLL On and 1/4 Cycle Delay [M ode 1, 5] (cont)
(Conditions: Vcc =3.0t05.5V, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

DACK delay time 1 tbacD1 — 1/4tcyc + 25 ns 16.14, 16.20, 16.40,
16.52, 16.66

DACK delay time 2 tbacD2 — 3/4tcyc + 25 ns 16.14, 16.20, 16.40,
16.52, 16.66

WAIT setup time twrs 20 -1/4tcyc — ns  16.19, 16.43, 16.55,
16.66, 16.70

WAIT hold time twTh 1/4 tcyc+10  — ns  16.19, 16.43, 16.55,
16.66, 16.70

RAS delay time 1 (SDRAM) tpaspr = — l/4tcyc+25 ns  16.20

RAS delay time 2 (DRAM)  traspz 3/4tcyc+3 3ldtcyc+25 ns 16.40

CAS delay time 1 (SDRAM) tcaspr = — 1/4tcyc+25 ns  16.20

CAS delay time 2 (DRAM)  tcaspa 3/dtcyc+3 3ldtcyc+25 ns 16.40

DQM delay time tbomp — 1/4tcyc + 25 ns 16.20

CKE delay time tckeD — 1/4 tcyc + 33 ns 16.37

CE delay time 1 tcep1 3/dtcyc+3 3ldtcyc+25 ns 16.52

OE delay time 1 toep1 — 3/4tcyc+25 ns  16.52

IVECF delay time tivp 1 1/4'tcyc+25 ns  16.68

Address input setup time tasIN 25-1/4tcyc — ns 16.71

Address input hold time tAHIN 1/4 tcyc+10 — ns 16.71

BS input setup time tess 25 -1/4 tcyc — ns  16.71

BS input hold time tasH 1/4 tcyc +10 — ns  16.71

Read/write input setup time  tgws 25-1/4tcyc — ns 16.71

Read/write input hold time  tgwn 1/4 tcyc +10 — ns 16.71
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Table16.8 BusTiming With PLL Off (CKIO Input) [Mode 6]
(Conditions: Vcc =3.0t05.5V, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

Address delay time taD — 43 ns 16.16, 16.38, 16.47,
16.60, 16.67, 16.69

BS delay time tesp — 40 ns  16.16, 16.38, 16.47,
16.60, 16.67

CS delay time 1 tespr — 40 ns  16.16, 16.38, 16.47,
16.60, 16.67

CS delay time 3 tcspa — 40 ns  16.16, 16.67

Read write delay time trwD — 40 ns 16.16, 16.38, 16.47,
16.60, 16.67

Read strobe delay time 2 trsD2 — 40 ns 16.16, 16.47, 16.60,
16.67, 16.69

Read data setup time 2 tRDS2 10 — ns 16.16, 16.38, 16.47,
16.60, 16.67, 16.69

Read data hold time 2 tRDH2 0 — ns 16.16, 16.67

Read data hold time 3 tRDH3 30 — ns 16.38

Read data hold time 5 tRDH5 0 — ns 16.47

(DRAM)

Read data hold time 6 tRDHG 0 — ns 16.60

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 16.69

(interrupt vector)

Write enable delay time 2 twED2 — 40 ns 16.17, 16.61

Write data delay time twpbp — 40 ns 16.17, 16.39, 16.48,
16.61

Write data hold time 1 tWDH1 3 ns 16.17, 16.39, 16.48,
16.61

Write data hold time 2 twDH2 5 ns 16.17

Write data hold time 3 twDH3 3 ns 16.61

DACK delay time 1 topacpl — 40 ns  16.16, 16.38, 16.47,
16.60, 16.67

DACK delay time 3 tpAcD3 — 40 ns 16.16, 16.38, 16.47,
16.60, 16.67
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Table16.8

Bus Timing With PLL Off (CKI1O Input) [Mode 6] (cont)
(Conditions: Vcc =3.0t05.5V, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

WAIT setup time twrs 20 — ns  16.19, 16.43, 16.55,
16.67, 16.70

WAIT hold time twTh 25 — ns  16.19, 16.43, 16.55,
16.67, 16.70

RAS delay time 1 (SDRAM) tpaspr = — 40 ns  16.38

RAS delay time 3 (DRAM)  tgaspz  — 40 ns  16.47

CAS delay time 1 (SDRAM) tcaspr = — 40 ns  16.38

CAS delay time 3 (DRAM)  tcasps = — 40 ns  16.47

DQM delay time tbomp — 40 ns 16.38

CKE delay time tckeD — 48 ns 16.37

CE delay time 2 tcep: — 40 ns  16.60

OE delay time 2 toep2 — 40 ns  16.60

IVECF delay time tivp — 40 ns  16.69

WE setup time twes1 0 — ns  16.16

Address setup time 1 tas1 0 — ns 16.17

Address setup time 2 taso 3 — ns 16.60

Address hold time 2 taAH2 0 — ns 16.17

Row address setup time tasr 3 — ns 16.47

Column address setup time  tasc 3 — ns 16.47

Write command setup time  tycs 3 — ns 16.48

Write data setup time twps 3 — ns 16.48

Address input setup time*  tagn 20 — ns  16.71

Address input hold time” tAHIN 25 — ns 16.71

BS input setup time” tess 20 — ns  16.71

BS input hold time” tesy 25 — ns  16.71

Read/write input setup time” trws 20 — ns 16.71

Read/write input hold time*  trwn 25 — ns 16.71

Data buffer on time tbon — 40 ns 16.17, 16.39, 16.48,
16.61

Data buffer off time tboF — 40 ns 16.17, 16.39, 16.48,
16.61

Note: - When the external addresses monitor function is used, the PLL must be T RatnIhrrtie o
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Table16.9 BusTiming With PLL Off (CK10 Output) [Mode 2]
(Conditions: Vcc =3.0t05.5V, Ta=-20to +75°C)

Item Symbol  Min Max Unit Figures

Address delay time taD — 28 ns 16.16, 16.38, 16.47,
16.60, 16.67, 16.69

BS delay time tesp — 25 ns  16.16, 16.38, 16.47,
16.60, 16.67

CS delay time 1 tespr — 25 ns  16.16, 16.38, 16.47,
16.60, 16.67

CS delay time 3 tcspa — 25 ns  16.16, 16.67

Read write delay time trwD — 25 ns 16.16, 16.38, 16.47,
16.60, 16.67

Read strobe delay time 2 trsD2 — 25 ns 16.16, 16.47, 16.60,
16.67, 16.69

Read data setup time 2 tRDS2 10 — ns 16.16, 16.38, 16.47,
16.60, 16.67, 16.69

Read data hold time 2 tRDH2 0 — ns 16.16, 16.67

Read data hold time 3 tRDH3 1/2 tcyc — ns 16.38

(SDRAM)

Read data hold time 5 tRDHS5 0 — ns 16.47

(DRAM)

Read data hold time 6 tRDH6 0 — ns 16.60

(PSRAM)

Read data hold time 7 tRDH7 0 — ns 16.69

(interrupt vector)

Write enable delay time 2 twED2 3 25 ns 16.17, 16.61

Write data delay time twbbp — 25 ns 16.17, 16.39, 16.48,
16.61

Write data hold time 1 twbH1 3 — ns 16.17, 16.39, 16.48,
16.61

Write data hold time 2 twDH2 5 — ns 16.17

Write data hold time 3 twpH3 3 — ns 16.61

DACK delay time 1 tDACDl — 25 ns 16.16, 16.38, 16.47,
16.60, 16.67

DACK delay time 3 tpacbs = — 25 ns  16.16, 16.38, 16.47,
16.60, 16.67
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Table16.9 BusTiming With PLL Off (CKI1O Output) [Mode 2] (cont)
(Conditions: Vcc =3.0t05.5V, Ta=-20t0 +75°C)

Item Symbol  Min Max Unit Figures

WAIT setup time twrs 20 — ns  16.19, 16.43, 16.55,
16.67, 16.70

WAIT hold time twTh 10 — ns  16.19, 16.43, 16.55,
16.67, 16.70

RAS delay time 1 (SDRAM) tpaspr = — 25 ns  16.38

RAS delay time 3 (DRAM)  tgaspz 3 25 ns  16.47

CAS delay time 1 (SDRAM) tcaspr = — 25 ns  16.38

CAS delay time 3 (DRAM)  tcasps 3 25 ns  16.47

DQM delay time tbomp — 25 ns 16.38

CKE delay time tckeD — 33 ns 16.37

CE delay time 2 tcep: 3 25 ns  16.60

OE delay time 2 toep2 — 25 ns  16.60

IVECF delay time tivp — 25 ns  16.69

Address input setup time” tasIN 25 — ns 16.71

Address input hold time” tAHIN 10 — ns  16.71

BS input setup time” tess 25 — ns  16.71

BS input hold time” tasH 10 — ns  16.71

Read/write input setup time” tgws 25 — ns 16.71

Read/write input hold time*  trywn 10 — ns  16.71

Data buffer on time tbon — 25 ns 16.17, 16.39, 16.48,
16.61

Data buffer off time tbor — 25 ns 16.17, 16.39, 16.48,
16.61

Note: When the external addresses monitor function is used, the PLL must be on.
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. trpn2 is specified from the rise of CSn or RD, whichever is first.
3. The DACKn waveform shown is for the case where active-high has been specified.

Figure16.14 Basic Read Cycle (No Waits, PLL On)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2.  The DACKn waveform shown is for the case where active-high has been
specified.

Figure 16.15 Basic Write Cycle (No Waits, PLL On)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. trpn2 is specified from the rise of CSn or RD, whichever is first.
3. The DACKn waveform shown is for the case where active-high has been specified.

Figure16.16 Basic Read Cycle (No Waits, PLL Off)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure16.17 Basic Write Cycle (No Waits, PLL Off)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.18 Basic Bus Cycle (1 Wait Cycle)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM is connected.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure16.19 Basic Bus Cycle (External Wait I nput)
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2.  The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.20 Synchronous DRAM Read BusCycle
(RCD =1 Cycle, CASLatency = 1 Cycle, Bursts=4, PLL Oriww.natasheet4l.com
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Note:  The dotted line shows the waveform when synchronous DRAM in another CS space is
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Figure16.21 Synchronous DRAM Single Read Bus Cycle
(RCD =1Cycle, CASLatency = 1 Cycle, Bursts=4, PLL On)
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Figure 16.22 Synchronous DRAM Read Bus Cycle
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.23 Synchronous DRAM Read Bus Cycle
(Bank Active, Same Row Access, CAS Latency = 1 Cycle)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.24 Synchronous DRAM Read Bus Cycle
(Bank Active, Same Row Access, CAS Latency = 2 Cycles)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.25 Synchronous DRAM Read Bus Cycle (Bank Active, Different Row Access,
TRP =1 Cycle, RCD =1 Cycle, CASLatency = 1 Cycle)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.26 Synchronous DRAM Read Bus Cycle (Bank Active, Different Row Access,
TRP =2 Cycles, RCD =1 Cycle, CAS Latency = 1 Cycle)
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2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.27 Synchronous DRAM Write Bus Cycle
(RCD =1Cycle, TRWL =1Cycle, PLL On)
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Notes: 1. Dotted lines show the waveforms when synchronous DRAM in another CS space
is accessed.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure16.28 Synchronous DRAM Write BusCycle

(RCD = 2 Cycles, TRWL = 2 Cycles) www.DataSheet4U.com
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.29 Synchronous DRAM Write Bus Cycle (Bank Active, Same Row Access)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.30 Synchronous DRAM Consecutive Write Cycles
(Bank Active, Same Row Access)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.31 Synchronous DRAM Write Bus Cycle
(Bank Active, Different Row Access, TRP =1 Cycle, RCD =1 Cycle)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.32 Synchronous DRAM Write Bus Cycle
(Bank Active, Different Row Access, TRP = 2 Cycles, RCD = 2 Cycles)
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Figure 16.33 Synchronous DRAM M ode Register Write Cycle (TRP =1 Cycle)
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Figure16.34 Synchronous DRAM Moaode Register Write Cycle (TRP = 2 Cycles)

www.DataSheet4U.com

520
RENESAS



Trr Trcl Trc2 Tre Tnop

ciio JF\Jm

Upper
address

.
b

tap tap

s
Lower <_§<
address

tssp

]
[

tespa tesp

trwD trwD

1
TT//F%

DACKnN
AIT
trasD1 trasD1 trasD1
] > >
RAS,
E
tcaspl tcaspl
|
CAS,
OE
CKE

Note: A precharge cycle always precedes the auto-refresh cycle by the number of cycles
specified by TRP.

Figure16.35 Synchronous DRAM Auto-Refresh Cycle (TRAS =2 Cycles)
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Figure 16.36 Synchronous DRAM Auto-Refresh Cycle
(Shown From Precharge Cycle, TRP = 1 Cycle, TRAS = 2 Cycles)
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Figure 16.37 Synchronous DRAM Self-Refresh Cycle (TRAS=2)
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Notes: 1. The dotted line shows the waveform when synchronous DRAM in another CS space
is accessed.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.38 Synchronous DRAM Read Bus Cycle
(RCD =1 Cycle, CASLatency = 1 Cycle, TRP =1 Cycle, Bursts= 4, Rivte. OftpSheetdl.com

524
RENESAS



CKIO

Upper
address

Lower
address

WEn
CASxx
DQMxx twoDp

tbon
tbacps
DACKnN /

CKE
Notes: 1. Dotted lines show the waveforms when synchronous DRAM in another CS space
is accessed.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure16.39 Synchronous DRAM Write BusCycle
(RCD =1 Cycle, TRWL =1 CyCIe, PLL Off) www.DataSheet4U.com
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Figure16.40 DRAM Read Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.41 DRAM WriteCycle

(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.42 DRAM BusCycle (TRP =2 Cycles, RCD = 2 Cycles, 1 Wait)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.43 DRAM BusCycle (TRP =1 Cycle, RCD = 1 Cycle, External Wait | nput)
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Notes: 1. trpus is specified from the rise of RD or CASxx, whichever is first.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.44 DRAM Burst Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.45 DRAM Burst Write Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL On)
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Figure16.46 DRAM CAS-Before-RAS Refresh Cycle
(TRP=1Cycle, TRAS=2Cycles, PLL On)
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Notes: 1. tgpus is specified from the rise of RD or CASxx, whichever is first.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.47 DRAM Read Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.48 DRAM Write Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Notes: 1. tgpus is specified from the rise of RD or CASxx, whichever is first.
2. The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.49 DRAM Burst Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL Off)

www.DataSheet4U.com

535
RENESAS



Upper
address
taD
>
Lower
address >< >< ><

tBsp tesp

S A e e
X X
X

T

RD/WR, \

WE

RD tcasps tcasps \_

tasc
WEn
CASxx \
DQMxx twpp tV\‘IDS
twoH1

%
.

CKE
Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.50 DRAM Burst Write Cycle
(TRP =1Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Figure16.51 DRAM CAS-Before-RAS Refresh Cycle
(TRP =1Cycle, TRAS =2 Cycles, PLL Off)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.52 Pseudo-SRAM Read Cycle
(PLL On, TRP =1 Cycle, RCD =1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.53 Pseudo-SRAM Write Cycle

(PLL On, TRP =1Cycle, RCD =1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.54 Pseudo-SRAM Bus Cycle (TRP =2 Cycles, RCD =2 Cycles, 1 Wait)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.55 Pseudo-SRAM BusCycle
(TRP =1 Cycle, RCD =1 Cycle, External Wait I nput)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.56 Pseudo-SRAM Read Cycle

(Static Column Mode, PLL On, TRP =1 Cycle, RCD =1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.57 Pseudo-SRAM Write Cycle
(Static Column Mode, PLL On, TRP =1 Cycle, RCD =1 Cycle, No Waits)
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Figure16.58 Pseudo-SRAM Auto-Refresh Cycle
(PLL On, TRP =1 Cycle, TRAS =2 Cycles)
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Figure16.60 Pseudo-SRAM Read Cycle
PLL Off, TRP =1 Cycle, RCD = 1 Cycle, No Waits
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.61 Pseudo-SRAM Write Cycle
(PLL Off, TRP =1 Cycle, RCD = 1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.62 Pseudo-SRAM Read Cycle
(Static Column Mode, PLL Off, TRP =1 Cycle, RCD = 1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure 16.63 Pseudo-SRAM Write Cycle
(Static Column Mode, PLL Off, TRP = 1 Cycle, RCD =1 Cycle, No Waits)
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Figure16.64 Pseudo-SRAM Auto-Refresh Cycle
(PLL Off, TRP =1 Cycle, TRAS =2 Cycles)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.66 Burst ROM Read Cycle (PLL On, 1 Wait)
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Note: The DACKn waveform shown is for the case where active-high has been specified.

Figure16.67 Burst ROM Read Cycle (PLL Off, 1 Wait)
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Figure 16.69 Interrupt Vector Fetch Cycle (PLL Off, No Waits)

www.DataSheet4U.com

555
RENESAS



‘ Lal Ll »
CKIO Jml \ 71 \ 7%
S(
A4-AD >< 5 ><
IVECF "
()(
RD/WR g
RD <
D7-DO <;<:><
twrs | twrH twrs | twrH
WAIT A Vs \
N / 3%7 N

Figure16.70 Interrupt Vector Fetch Cycle (1 External Wait Cycle)

www.DataSheet4U.com

556
RENESAS



tasin | tamiN
P>

A26-A2 >L<

_ less | lgsH

A 4

trws | TRwH

RD/WR

Figure16.71 Address Monitor Cycle

www.DataSheet4U.com

557
RENESAS



16.3.4 DMAC Timing

Table16.10 DMAC Timing (Conditions: Vcc =3.0t0 55V, Ta=-20to0 +75°C)

Item Symbol Min Max Unit Figure
DREQO, DREQ1 setup time (PLL Off, On) tbros 50 — ns 16.72
DREQO, DREQ1 setup time (PLL On, 1/4 cycle delay) tprgs 50-1/4tcyc — ns
DREQO, DREQ1 hold time (PLL Off, On) tpron 50 — ns
DREQO, DREQL hold time (PLL On, 1/4 cycle delay) tproH 1/4tcyc+50 — ns
DREQO, DREQ1 low level width tprow 1.5 —  leye
CKIO J—\— / \
tbros
DREQO, DREQ1
level
x
tbros tbrRQH
-« > |—>
A
DREQO, DREQ1
edge
g *
j tbros -
A
DREQO, DREQ1
level cancellation

Figure16.72 DREQO, DREQ1 Input Timing
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16.35 Free-Running Timer Timing

Table16.11  Free-Running Timer Timing (Conditions: Vocc =3.0t05.5V, Ta=-20to

+75°C)
Item Symbol  Min Max Unit  Figure
Output compare output delay time ttocp — 320 ns 16.73
(PLL Off, On)
Output compare output delay time ttocp — 1/4 tcyc + 320 ns
(PLL On, 1/4 cycle delay)
Input capture input setup time ttics 80 — ns
(PLL Off, On)
Input capture input setup time ttics 80 -1/4tcyc — ns
(PLL On, 1/4 cycle delay)
Timer clock input setup time treks 80 — ns 16.74
(PLL Off, On)
Timer clock input setup time ttcks 80 -1/4tcyc — ns
(PLL On, 1/4 cycle delay)
Timer clock pulse width (single edge) tteckwn 4.5 — teye
Timer clock pulse width (both edges) trekwL 8.5 — teye

CKIO §_/—\—7_/ \
§
trocp
«—
FTOA, -
FTOB X"
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Figure 16.73 FRT Input/Output Timing
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Figure16.74 FRT Clock Input Timing
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16.3.6 Watchdog Timer Timing

Table16.12 Watchdog Timer Timing (Conditions; Vcc =3.0t05.5V, Ta=-20t0 +75°C)

Item Symbol Min Max Unit Figure
WDTOVF delay time (PLL Off, On) twovbp — 70 ns 16.75
WDTOVF delay time (PLL On, 1/4 cycle  twovp — 1/4tcyc+ 70 ns

delay)

CKIO
twovp { twovp
> -«
WDTOVF \L « %‘
))

Figure16.75 Watchdog Timer Output Timing
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16.3.7  Serial Communication Interface Timing

Table16.13  Serial Communication Interface Timing
(Conditions: Vcc =3.0to 5.5V, Ta=-20t0 +75°C)

Item Symbol  Min Max Unit  Figure
Input clock cycle tseye 16 — teye 16.76
Input clock cycle (clocked synchronous mode) tseye 24 — teye
Input clock pulse width tsckw 0.4 0.6 tseye
Transmission data delay time (clocked ttxp — 70 ns 16.77
synchronous mode)
Receive data setup time (clocked synchronous  tgxs 70 — ns
mode)
Receive data hold time (clocked synchronous tRXH 70 — ns
mode)
tsckw
>
SCKO
X tscyc i

Figure16.76 Input Clock Input/Output Timing

tscye
«— 7
scko  / \ _Zm
trxp
TxDO
(transmit data)
trxs | | tRxH
>

(receivez)e(tlzeg >< >< Z: :E >< ><

Figure 16.77 SCI Input/Output Timing (Clocked Synchronous M ode)
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16.3.8 AC Characteristics M easurement Conditions

* |/Osignal referencelevel: 1.5V
* Input pulseleve: Vssto 3.0V (where RES, NMI, CKIO and MD5-MDO are within the range

VsstoVee)
* Inputriseand fall times: 1 ns

lor
SH7604
output DUT output
pin
;[ CL VRErF
loH
Notes: 1. C, is atotal value that includes the capacitance of measurement instruments, etc.,
and is set as follows for each pin.
30 pF: CKIO, RAS, CAS, CKE, CS0-CS3, BREQ, BACK, DACKO, DACK1, IVECF,
CKPACK.
50 pF: All output pins other than the above.
2. lpLand lgy values are as shown in section 16.2, DC Characteristics, and table
16.3, Permitted Output Current Values.

Figure 16.78 Output Load Cir cuit
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Appendix A Pin States

TableA.1 Pin States During Resets, Power-Down State, and Bus-Released State

Pin States
Reset Reset Power-Down
Power-On Manual Modes Bus-
Bus Bus Released

Category Pin Master Slave  Acquired Released Standby Sleep Mode
Clock CKIO 10" 10" 10" 10" 10" 10t 10"

EXTAL I I I I I I I

XTAL o o* o* o* 0" o* o*

CKPREQ z z I I I I I

CKPACK H H H H H™2 H H
System control RESET I I I I I I I

WDTOVF H H H H 0 o} o}

BACK, BRLS z z I I z I I

BREQ, BGR H H o] o} H o] o]

MD5-MDO I I I I I I I
Interrupt NMI | | | | | | |

IRL3-IRLO z z z z I I I

IVECF H H H H H'3 H H
Address bus A26-A0 0 z 0 Z z o z
Data bus D31-D0 z z [o] z z z z
Bus control CS3-CS0 H z e} z H H z

BS H z 0 Z H H z

RD/WR H z o} z H H z

RAS, CE H z e} z H H z

CAS, OE H z 0 Z H H z

CASHH, DQMUU H z 0 z H H z

CASHL, DQMUL H z o z H H z

CASLH, DQMLU H z o) z H H z

CASLL, DQMLL H z o] z H H z

RD H z o) z H H z

CKE H H o H o 1*fﬁ%w.[)aiaﬁ-‘.he&tdu.wm

WAIT z z I z z I Ignored
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TableA.1 Pin States During Resets, Power-Down State, and Bus-Released State (cont)

Pin States
Reset Reset Power-Down
Power-On Manual Modes Bus-
Bus Bus Released

Category Pin Master Slave  Acquired Released Standby Sleep Mode
Direct memory DACKO, DACK1 H H H H K3 o] o]
access DREQO, DREQ1 Z z z z z I I
controller
(DMAC)
16-bit free- FTOA L L L L K3 o] o]
running timer FTOB L L L L K'3 o o
(FRT) .

FTI z z z z K3 | |

FTCI z z z z K3 | |
Serial RXD z z z z K'3 | |
communication TXD H H H H K'3 o o
interface (SCI) "

SCK z z z z K3 10 |

I: Input
O: Output

H: High-level output
L: Low-level output
Z: High impedance
K: Input pins are high impedance, output pins retain their state
Notes: 1. Depends on the clock mode (MD2-MDO setting).

2. Low-level output in standby mode when the clock is paused.

3. When the high impedance bit (HIZ) in the standby control register (SBYCR) is set to 1,

output pins become high impedance.

4. Input when the external bus cycle address monitor function is used.

Other: In sleep mode, if the DMAC is running, the address/data bus and bus control signals
change according to the DMAC operation (the same applies during refreshing).
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Appendix B List of Registers

B.1 Listof I/O Registers

RENESAS

Abbrevia-

tion of Bit Name
Address Register Bit7 Bit 6 Bit 5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFEOO  SMR C/A CHR PE O[E  STOP MP CKS1 CKSO SCI
H'FFFFFEOL  BRR
H'FFFFFEO2 SCR TIE RIE TE RE MPIE  TEIE CKE1 CKEO
H'FFFFFEO3 TDR
H'FFFFFEO4 SSR TDRE RDRF ORER FER PER TEND MPB MPBT
H'FFFFFEO5 RDR
H'FFFFFEO6 — — — — — — — — — —
to
H'FFFFFE09
HFFFFFE10 TIER ICIE — — — OCIAE OCIBE OVIE — FRT
H'FFFFFE1l FTCSR ICF  — — — OCFA OCFB OVF CCLRA
H'FFFFFE12 FRC
H'FFFFFE13 OCRA/B
HFFFFFELL
H'FFFFFE15 TCR
'HFFFFFEL6 IEDGA — — — — — CKS1 CKSO
H'FFFFFE17 TOCR — — — OCRS — — OLVLA OLVLB
H'FFFFFE18 FICR
HFFFFFELD
H'FFFFFE20 — — — — — — — — — —
to
H'FFFFFE59
H'FFFFFE60  IPRB SCIIP3 SCIIP2 SCIIP1 SCIIPO FRTIP3 FRTIP2 FRTIP1 FRTIPO INTC
HFFFFFE6L - - - - - - - -
H'FFFFFE62 VCRA — SERV6 SERV5 SERV4 SERV3 SERV2 SERV1 SERVO
H'FFFFFEG3 — SRXV6 SRXV5 SRXV4 SRXV3 SRXV2 SRXV1 SRXVO
H'FFFFFE64 VCRB — STXV6 STXV5 STXV4 STXV3 STXV2 STXV1 STXVO
H'FFFFFEGS — STEV6 STEV5 STEV4 STEV3 STEV2 STEV1 STEVO )

wrwnDrataShest-Httom
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Abbrevia-

tion of Bit Name

Address Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

H'FFFFFE66 VCRC — FICV6 FICV5 FICV4 FICV3 FICV2 FICV1 FICVO INTC

H'FFFFFEG7 — FOCV6 FOCV5 FOCV4 FOCV3 FOCV2 FOCV1 FOCVO

H'FFFFFE68 VCRD — FOVV6 FOVV5 FOVV4 FOVV3 FOVV2 FOVV1l FOVVO

H'FFFFFE69 — — — — — — — —

H'FFFFFEGA — — — — — — — — — —

to

H'FFFFFE70

HFFFFFE71 DRCRO  — — — — — — RS1 RSO DMAC
(channel 0)

H'FFFFFE72 DRCR1 — — — — — — RS1 RSO DMAC
(channel 1)

H'FFFFFE73 — — — — — — — — — —

to

H'FFFFFE7F

H'FFFFFEB0 WTCSR* OVF WT/IT TME — — CKS2 CKS1 CKSO WDT

H'FFFFFE81 WTCNT*

H'FFFFFES2 — — — — — — — — —

H'FFFFFE83 RSTCSR* WOVF RSTE RSTS == S — — —

H'FFFFFE84 — — — — — — — — —

to

H'FFFFFEQO

HFFFFFE91 SBYCR SBY Hiz — MSTP4 MSTP3 MSTP2 MSTP1 MSTPO Power-
down

H'FFFFFE92 CCR w1 WO — CP ™ ocC 1D CE Cache

H'FFFFFE93 — — — — — — — — — —

to

H'FFFFFE9F

Note: Address for reading. When writing, the address is H'FFFFFE80 for WTCSR and WTCNT,
and H'FFFFFE82 for RSTCSR. See Section 12.2.4, Register Access, in Section 12,
Watchdog Timer (WDT), for more information.
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Address

Abbrevia-
tion of
Register

Bit Name

Bit 7

Bit 6

Bit 5 Bit 4 Bit 3

Bit 2 Bit 1 Bit 0 Module

H'FFFFFEEO

HFFFFFEEL

ICR

NIMIL

NIMIE INTC

VECMD

H'FFFFFEE2

HFFFFFEE3

IPRA

DIVUIP3

DIVUIP2

DIVUIP1 DIVUIPO DMACI3

DMACI2 DMACI1 DMACIO

WDTIP3

WDTIP2

WDTIP1 WDTIPO

H'FFFFFEE4

H'FFFFFEES

VCRWDT

WITV6

WITV5 WITV4 WITV3

WITV2 WITV1 WITVO

BCMV6

BCMV5 BCMV4 BCMV3

BCMV2 BCMV1 BCMVO

H'FFFFFEE6
to
H'FFFFFEFF

H'FFFFFFO0

HFFFFFFOL

H'FFFFFFO2

H'FFFFFFO3

DVSR

DIVU

HFFFFFFO4

H'FFFFFFO5
H'FFFFFFO6

HFFFFFFO7

DVDNT

H'FFFFFFO8

H'FFFFFFO9

H'FFFFFFOA

H'FFFFFFOB

DVCR

OVFIE OVF

H'FFFFFFOC

H'FFFFFFOD

H'FFFFFFOE

H'FFFFFFOF

VCRDIV

HFFFFFF10

H'FFFFFF11

H'FFFFFF12

HFFFFFF13

DVDNTH

RENESAS
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Abbrevia-
tion of

Bit Name

RENESAS

Address Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

H'FFFFFF14 DVDNTL DIVU

'HFFFFFF15

'HEFFFFF16

HFEEFFF17

HFFFFFF18 — — — — — — — — — —

to

H'FFFFFF3F

HFFFFFF40 BARAH  BAA3L BAA30 BAA29 BAA28 BAA27 BAA26 BAA25 BAA24 UBC

H'FFFFFFA1 BAA23 BAA22 BAA21 BAA20 BAALO BAALS BAAL7 BAAle (ChannelA)

HFFFFFF42 BARAL  BAAL5S BAAl4 BAAI3 BAAI2 BAALL BAALO BAA9 BAA8

H'FFFFFF43 BAA7 BAA6 BAA5 BAA4 BAA3 BAA2 BAAL BAAO

H'FFFFFF44 BAMRAH BAMA31 BAMA30 BAMA29 BAMA28 BAMA27 BAMA26 BAMA25 BAMA24

H'FFFFFF45 BAMA23 BAMA22 BAMA21 BAMA20 BAMA19 BAMA18 BAMA1l7 BAMA16

H'FFFFFF46 BAMRAL BAMA15 BAMA14 BAMA13 BAMA12 BAMA1l BAMA10 BAMA9 BAMAS

H'FFFFFF47 BAMA7 BAMA6 BAMA5 BAMA4 BAMA3 BAMA2 BAMAl BAMAO

HFFFFFF48 BBRA  — — — - — — — —

H'FFFFFF49 CPAL CPAO DAL IDA0- ‘RWA1 RWAO SZAl SZAO

HFFFFFF4A — — — — — — — — — —

to

H'FFFFFFSF

HFFFFFF60 BARBH  BAB3l BAB30 BAB29 BAB28 BAB27 BAB26 BAB25 BAB24 UBC

H'FFFFFF61 BAB23 BAB22 BAB21 BAB20 BABL9 BAB18 BAB17 BABle (ChannelB)

HFFFFFF62 BARBL  BAB15 BAB14 BAB13 BABI2 BABLl BABLO BABY BABS

H'FFFFFF63 BAB7 BAB6 BAB5 BAB4 BAB3 BAB2 BABL BABO

H'FFFFFF64 BAMRBH BAMB31 BAMB30 BAMB29 BAMB28 BAMB27 BAMB26 BAMB25 BAMB24

H'FFFFFF65 BAMB23 BAMB22 BAMB21 BAMB20 BAMB19 BAMB18 BAMB17 BAMB16
www.DataSheet4U.com
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Abbrevia-

tion of Bit Name
Address Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFF66 BAMRBL BAMB15 BAMB14 BAMB13 BAMB12 BAMB11 BAMB10 BAMB9 BAMB8 UBC
HFFFFFF67 BAMB7 BAMB6 BAMBS BAMB4 BAMB3 BAMB2 BAMBL BAMBo (ChannelB)
HFFFFFF68 BBRB ~ — — — - — — — —
HFFFFFF69 CPBL CPBO IDBL IDBO RWB1 RWBO SZBl SZBO
HFFFFFF6A — — — — — — — — —
to
H'FFFFFF6F
HFFFFFF70 BDRBH BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB24
HFFFFFF71 BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB16
HFFFFFF72 BDRBL  BDB15 BDB14 BDB13 BDB12 BDB1l BDB10 BDB9 BDBS
HFFFFFF73 BDB7 BDB6 BDB5 BDB4 BDB3 BDB2 BDBL BDBO
H'FFFFFF74 BDMRBH BDMB31 BDMB30 BDMB29 BDMB28 BDMB27 BDMB26 BDMB25 BDMB24
H'FFFFFF75 BDMB23 BDMB22 BDMB21 BDMB20 BDMB19 BDMB18 BDMB17 BDMB16
H'FFFFFF76 BDMRBL BDMB15 BDMB14 BDMB13 BDMB12 BDMB11 BDMB10 BDMB9 BDMBS8
H'FFFFFF77 BDMB7 BDMB6 BDMB5 BDMB4 BDMB3 BDMB2 BDMB1 BDMBO
HFFFFFF78 BRCR  CMFCA CMFPA EBBE UMD — PCBA — —
HFFFFFF79 CMFCB CMFPB- - SEQ “‘DBEB PCBB — _
HFFFFFF7TA — — — — — — — — — —
to
HFFFFFF7F

RENESAS
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Address

Abbrevia-

tion of Bit Name

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3

Bit 2

Bit 1

Bit 0 Module

H'FFFFFF80

HFFFFFF81

H'FFFFFF82

H'FFFFFF83

SARO

DMAC

(channel 0)

HFFFFFF84

H'FFFFFF85

H'FFFFFF86

HFFFFFF87

DARO

H'FFFFFF88

H'FFFFFF89

HFFFFFF8A

H'FFFFFF8B

TCRO — — — — —

H'FFFFFF8C

H'FFFFFF8D
H'FFFFFFSE

H'FFFFFF8F

CHCRO — — — — —

DM1 DMO SM1 SMO TS1

AR

AM

AL DS DL 1B TA

TE

DE

HFFFFFF90

H'FFFFFF91

H'FFFFFF92

H'FFFFFFO3

SAR1

DMAC

(channel 1)

H'FFFFFF94

H'FFFFFF95

HFFFFFF96

H'FFFFFF97

DAR1

H'FFFFFF98

HFFFFFF99

H'FFFFFF9A

H'FFFFFFOB

TCR1 — — — — —
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Address

Abbrevia-
tion of
Register

Bit Name

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0 Module

H'FFFFFFIC

HFFFFFFID

H'FFFFFFOE

H'FFFFFFOF

CHCR1

— DMAC

(channel 1)

DM1

MDO

SM1

SMO

TS1

AR

AM

AL

DS

DL

B

TA

TE

DE

HFFFFFFAO

H'FFFFFFAL

H'FFFFFFA2

HFFFFFFA3

VCRMAO

— DMAC

(channel 0)

VC7

VC6

VC5

VC4

VC3

VC2

VC1

VCO

H'FFFFFFA4
to
H'FFFFFFA7

HFFFFFFA8

H'FFFFFFAQ

H'FFFFFFAA

HFFFFFFAB

VCRDMA1

— DMAC

(channel 1)

VC7

VC6

VC5

VC4

VC3

VC2

VC1

VCO

H'FFFFFFAC
to
H'FFFFFFAF

HFFFFFFBO

H'FFFFFFB1

HFFFFFFB2

HFFFFFFB3

DMAOR

— DMAC

(channels

Oand1)

PR

AE

NMIF

DME

H'FFFFFFB4
to
H'FFFFFFDF

RENESAS
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Address

Abbrevia-
tion of
Register

Bit Name

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

H'FFFFFFEO

HFFFFFFEL

H'FFFFFFE2

HFFFFFFE3

BCR1

BSC

MASTR

ENDIAN

BSTROM

PSHR

AHLW1

AHLWO

AlLW1

A1LWO

AOLW1

AOLWO

DRAM2

DRAM1

DRAMO

HFFFFFFE4

H'FFFFFFES

HFFFFFFE6

HFFFFFFE7

BCR2

A3SZ0

A2S71

A2SZ0

H'FFFFFFES

H'FFFFFFEQ

HFFFFFFEA

H'FFFFFFEB

WCR

W31

IW30

W20

w21

IW10

W11

W01

IWO00

w31

W30

W20

w21

W10

Wil

wo1

W00

HFFFFFFEC

H'FFFFFFED
H'FFFFFFEE

HFFFFFFEF

MCR

TRP

RCD

TRWL

TRAS1

TRSO

BE

AMX2

SZ

AMX1

AMXO0

RFSH

RMD

HFFFFFFFO

H'FFFFFFFL

HFFFFFFF2

HFFFFFFF3

RTCSR

CMF

CMIE

CKS2

CKs1

CKSO0

H'FFFFFFF4

H'FFFFFFF5

HFFFFFFF6

H'FFFFFFF7

RTCNT

H'FFFFFFF8

HFFFFFFF9

H'FFFFFFFA
HFFFFFFFB

RTCOR

H'FFFFFFFC
to
H'FFFFFFFF
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B.2 Register Chart

Register
overview

Bit
function

[ Bit

Register name (abbreviation) Access size Module
Start address
SCI
Serial mode register (SMR) H'FFFFFEOO 8
Item Bit
7 6 5 4 3 2 1 0
Bit Name  C/A CHR PE O/E STOP MP CKS1  CKSO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Name Value Description
7  Communication mode 0 Asynchronous mode (Initial value)
(C/A) 1 Clocked synchronous mode
6  Character length 0 Eight-bit data (Initial value)
(CHR) 1 Seven-bit data
5 Parity enable 0 Parity bit not added or checked (Initial value)
(PE) 1 Parity bit added and checked
4 Parity mode 0 Even parity (Initial value)
(OE) 1 Odd parity
3 Stop bit length 0 One stop bit (Initial value)
(STOP) 1 Two stop bits
2 Multiprocessor mode 0 Multiprocessor function disabled (Initial value)
(MP) 1 Multiprocessor format selected
1 Clockselect1and0 0 0 @4 (Initial value)
_ (CKS1, CKS0) 0 1 16
0 1 0 @64
\ 1 1 @256
Bit number  Bit name Bit value . . Bit description
(abbreviation) (When there is a set of bits,

the upper bit is on the left,
and the lower bit on the right.)
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SCI |

Serial mode register (SMR) H'FFFFFEOOQ 8
Bit
Iltem 7 6 5 4 3 2 1 0
Bit Name C/IA CHR PE O/E STOP MP CKS1 CKSO0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Value Description
7 Communication mode 0 Asynchronous mode (Initial value)
(CIA) 1 Clocked synchronous mode
6 Character length 0 Eight-bit data (Initial value)
(CHR) 1 Seven-bit data
5 Parity enable 0 Parity bit not added or checked (Initial value)
(PE) 1 Parity bit added and checked
4 Parity mode 0 Even parity (Initial value)
(OE) 1 Odd parity
3 Stop bit length 0 One stop bit (Initial value)
(STOP) 1 Two stop bits
2 Multiprocessor mode 0 Multiprocessor function disabled (Initial value)
(MP) 1 Multiprocessor format selected
1 Clock select 1 and 0 0 0 @4 (Initial value)
(CKS1, CKS0) 0 1 @16
0 1 0 ¢64
1 1 ¢/256
Bit rate register (BRR) H'FFFFFEO1 8
Bit
ltem 7 6 5 4 3 2 1 0
Bit Name
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Description
7to0 (Bit rate setting) Sets serial transmit/receive bit rate
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[ SCI

Serial control register (SCR) H'FFFFFEQ2

Bit

0
CKEO

7
TIE

5
TE

3
MPIE

2 1
TEIE CKE1

Item
Bit Name

RIE RE

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Description
Transmit-data-empty interrupt request (TXI) is disabled
(Initial value)
Transmit-data-empty interrupt request (TXI) is enabled

Bit Name Value
Transmit interrupt

enable (TIE)

Bit
7

(@

Receive interrupt enable
(RIE)

Receive-data-full interrupt (RXI) and receive-error
interrupt (ERI) requests are disabled (Initial value)
Receive-data-full interrupt (RXI) and receive-error
interrupt (ERI) requests are enabled

[EnY

Transmitter disabled (Initial value)
Transmitter enabled

Transmit enable (TE)

Receiver disabled (Initial value)
Receiver enabled

Receive enable (RE)

Multiprocessor interrupt
enable (MPIE)

Multiprocessor interrupts are disabled (nomal receive
operation) (Initial value).

MPE is cleared to 0 when MPIE is cleared to 0, or the
multiprocessor bit (MPB) is set to 1 in receive data.

1 Multiprocessor interrupts are enabled. Receive-data-full
interrupt requests (RXI), receive-error interrupt requests
(ERDandsetting of the RDRF, FER, and ORER status
flags in the serial status register (SSR) are disabled until
the multiprocessor bit is set to 1.

Transmit-end interrupt 0

enable (TEIE)

Transmit-end interrupt (TEI) requests are disabled
(Initial value)
1 Transmit-end interrupt (TEI) requests are enabled

1,0 Clock enable 1 and 0 0 0 Asynchronous Internal clock, SCK pin used for

(CKE1 and CKE2)

mode

input pin (input signal is ignored

or

output pin output level is undefined)

Clocked
synchronous mode

Internal clock, SCK pin used for
synchronous clock output

1

Asynchronous
mode

Internal clock, SCK pin used for
clock output

Clocked
synchronous mode

Internal clock, SCK pin used for
synchronous clock output

0

Asynchronous
mode

Internal clock, SCK pin used for
clock input

Clocked
synchronous mode

Internal clock, SCK pin used for
synchronous clock input

1

Asynchronous
mode

Internal clock, SCK pin used for
clock input

Clocked
synchronous mode

Internal clock, SCK pin used for
synchronous clock input

RENESAS
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[ SCI |

Transmit data register (TDR) H'FFFFFEO3 8
Bit
Item 7 6 5 4 3 2 1 0
Bit Name
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Description

7t0 0 (Stores transmit data) Stores data for serial transmission

Serial status register (SSR) H'FFFFFEO4 8
Bit
Item 7 6 5 4 3 2 1 0
Bit Name TDRE RDRF ORER FER PER TEND MPB MPBT
Initial Value 1 0 0 0 0 1 0 0
RIW RW)*  RW)*  RW)* RW)*  R(W)* R R RIW

Note: Only 0 can be written to clear flags.

Bit Bit Name Value Description
7 Transmit data register 0 TDR contains valid transmit data
empty (TDRE) TDRE is cleared to 0 when software reads TDRE after it

has been set to 1, then writes 0 in TDRE, or the DMAC
writes data in TDR.

1 TDR does not contain valid transmit data (Initial value)
TDRE is set to 1 when the chip is reset or enters standby
mode, the TE bit in the serial control register (SCR) is
cleared to 0, or TDR contents are loaded into TSR, so
new data can be written in TDR.

6 Receive data register 0 RDR does not contain valid received data (Initial value)
full (RDRF) RDREF is cleared to 0 when the chip is reset or enters

standby mode, software reads RDRF after it has been set
to 1, then writes 0 in RDRF, or the DMAC reads data
from RDR.

1 RDR contains valid received data
RDRF is set to 1 when serial data is received normally
and transferred from RSR to RDR.
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[ SCI |

Bit Bit Name Value Description

5 Overrun error (ORER) 0 Receiving is in progress or has ended normally (Initial
value)
ORER is cleared to 0 when the chip is reset or enters
standby mode, or software reads ORER after it has been
set to 1, then writes 0 in ORER.

1 Arreceive overrun error occurred

ORER is set to 1 if reception of the next serial data ends
when RDRF is set to 1.

4 Framing error (FER) 0 Receiving is in progress or has ended normally (Initial
value)
FER is cleared to 0 when the chip is reset or enters
standby mode, or software reads FER after it has been
set to 1, then writes 0 in FER.

1 Areceive framing error occurred

FER is set to 1 if the stop bit at the end of receive data is
checked and found to be 0.

3 Parity error (PER) 0 Receiving is in progress or has ended nomally (Initial
value)
PER is cleared to 0 when the chip is reset or enters
standby mode or software reads PER after it has been
set to 1, then writes 0 in PER.

1 Areceive parity error occurred

PER is set to 1 if the number of Is in receive data,
including the parity bit, does not match the even or odd
parity setting of the parity mode bit (O/E) in the serial
mode register (SMR).

2 Transmit end (TEND) 0 Transmission is in progress
TEND is cleared to 0 when software reads TDRD after it
has been set to 1, then writes 0 in TDRE, or the DMAC
writes data in TDR.

1 End of transmission (Initial value)

TEND is set to 1 when the chip is reset or enters standby
mode, TE is cleared to O in the serial control register
(SCR), or TDRE is 1 when the last bit of a one-byte serial
character is transmitted.

o

1 Multiprocessor bit Multiprocessor bit value in receive data is 0 (Initial value)
(MPB) Multiprocessor bit value in receive data is 1

[EnY

0 Multiprocessor bit 0 Multiprocessor bit value in transmit data is O (Initial value)
transfer (MPBT)

1 Multiprocessor bit value in transmit data is 1
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Receive data register (RDR) H'FFFFFEQ5 8
Bit
Item 7 6 5 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit Bit Name Description
7to 0 (Stores serial receive Stores the received serial data
data)
www.DataSheet4U.com
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Timer interrupt enable register

(TIER) H'FFFFFE10 8
Bit
Iltem 7 6 5 4 3 2 1 0
Name ICIE — — — OCIAE OCIBE OVIE —
Initial Value 0 0 0 0 0 0 0 1
R/W R/W R/W R/W R/IW R/W R/W R/W R/W
Bit Bit Name Value Description
7 Input capture interrupt 0 Disables interrupt requests (ICI) from ICF (Initial value)
enable (ICIE)

1 Enables interrupt requests (ICI) from the ICF

3 Output compare
interrupt A enable
(OCIAE)

0 Disables interrupt requests (OCIA) from OCFA
(Initial value)

1 Enables interrupt requests (OCIA) from OCFA

2 Output compare
interrupt B enable
(OCIBE)

0 Disables interrupt requests (OCIB) from OCFB
(Initial value)

1 Enables interrupt requests (OCIB) from OCFB

1 Timer overflow interrupt
enable (OVIE)

0 Disables interrupt requests (OVI) from OVF (Initial value)

1 Enables interrupt requests (OVI) from OVF

| Free-running timer control/status

register (FTCSR) H'FEEFFE11 8
Bit
Item 7 6 5 4 3 2 1 0
Bit Name ICF — — — OCFA OCFB OVF CCLRA
Initial Value 0 0 0 0 0 0 0 0
R/W R/I(W)* — — — R/(W)*  R/I(W)* R/(W)* R/W
Note: For bits 7, and 3 to 1, the only value that can be written is O (to clear the flags)

Bit Bit Name

Value

Description

7 Input capture flag (ICF)

0 Clear conditions: When ICF = 1, ICF is read and then O is
written to it (Initial value)

1 Set conditions: When FRC value is sent to ICR by the
input capture signal

3 Output compare flag A
(OCFA)

0 Clear conditions: When OCFA =1, OCFA is read and
then 0 is written to it (Initial value)

1 Set conditions: When FRC value becomes equal to
OCRA
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Bit Bit Name Value Description
2 Output compare flag B 0 Clear conditions: When OCFB =1, OCFB is read and
(OCFB) then 0 is written to it (Initial value)
1 Set conditions: When FRC value becomes equal to
OCRB
1 Timer overflow flag 0 Clear conditions: When OVF = 1, OVF is read and then 0
(OVF) is written to it (Initial value)
1 Set conditions: When FRC value changes from H'FFFF to
H'0000
0 Counter clear A 0 Disables FRC clear (Initial value)
(CCLRA) 1 Clears FRC on compare match A
H'FFFFFE12(FRCH)
Free-running counter (FRC) H'FFFFFE13(FRCL) 16*

Note: Access FRCH first and then FRCL, two 8-bit units.

Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW R/W R/W RW R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W R/W
Bit Bit Name Description
15to 0 (Count value) Counts input clock pulses

Output compare register A/B*1 H'FFFFFE14(OCRA/BH
(OCRA/B) H'FFFFFE15(OCRA/BL) 16*2

Notes: 1. Switch registers with OCRS in TOCR.
2. Access OCRA/BH first and then OCRA/BL, in two 8-bit units.

Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW R/W R/W RW R/W RW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Description

15t0 0 (FRC value comparison) Sets OCFA when OCFA = FRC
Sets OCFB when OCFB = FFC
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Timer control register (TCR) H'FFFFFE16 8
Bit
Iltem 7 6 5 4 3 2 1 0
Bit Name IEDGA — — — — — CKs1 CKSO0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Value Description
7 Input edge select 0 Captures input on falling edge (Initial value)
(IEDG) 1 Captures input on rising edge
1,0 Clock selects 0 O Internal clock: count on @/8 (Initial value)
(CKS1 and CKSO0) 0 1 Internal clock: count on ¢/32
1 0 Internal clock: count on (/128
1 1 External clock: count on rising edge
Timer output compare control
register (TOCR) H'FFFFFE17 8
Bit
Item 7 6 5 4 3 2 1 0
Bit Name — — — OCRS — — OLVLA OLVLB
Initial Value 1 1 1 0 0 0 0 0
R/W — — — R/W R/W R/W R/W R/W
Bit Bit Name Value Description
4 Output compare register 0 Selects OCRA register (Initial value)
select (OCRS) 1 Selects OCRB register
1 Output level A (OLVLA) 0 Outputs 0 on compare match A (Initial value)
1 Outputs 1 on compare match A
0 Output level B (OLVLB) 0 Outputs 0 on compare match B (Initial value)
1 Outputs 1 on compare match B
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H'FFFFFE18 (ICRH)
Input capture register (ICR) H'FFFFFE19 (ICRL) 16*

Note: Access ICRH first and then ICRL, in two 8-bit units.

Bit
Item 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Bit Name
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R R R R R R R R R R R R R R R
Bit Bit Name Description
15t0 0 (Stores FRC value) Stores FRC value when an input capture signal occurs
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Interrupt priority level setting
register A (IPRA)

H'FFFFFEE2

8/16

Bit

Item 15 14 13 12

11 10 9 8

7

6

5

4

Bit Name DIVU DIVU DIVU DIVU DMACDMAC DMACDMAC WDT WDT WDT WDT

IP3 IP2 IP1 IPO

IP3 IP2 IP1 IPO

P3

1P2

IP1

IPO

Initial Value 0 0 0 0

0 0 0 0

0

0

0

0

R/IW RW RW R/W R/W

RW RW RW RW RW RW RW RW R R R R

Bit Bit Name

Description

15to 12 Division unit (DIVU) interrupt

priority level (DIVUIP3-DIVUIPO) priority level

These bits set the division unit (DIVU) interrupt

11to 8 DMA controller interrupt priority

level (DMACIP3-DMACIPO) priority level

These bits set the DMA controller (DMAC) interrupt

7to4  Watchdog timer (WDT) interrupt
priority level (WDTIP3-

These bits set the watchdog timer (WDT) interrupt

WDTIPO) priority level and bus state controller (BSC) interrupt

priority level
Interrupt priority level setting
register B (IPRB) H'FFFFFE6G0 8/16
Bit
Item 15 14 13 12 11 10 9 8 7 6 3 2 1 0

Bit Name SCI SCI SCI SCI
IP3 1P2 IP1 PO

FRT FRT FRT FRT
IP3 IP2 IP1 IPO —

Initial Value 0 0 0 0

0 0 0 0 0

R/W R/W R/W R/W R/W

RW RW RW RW R

Bit Bit Name

Description

15to 12 Serial communication interface
(SCI) interrupt priority level

(SCIIP3-SCIIPO)

These bits set the serial communication interface
(SCI) interrupt priority level

11to 8 Free-running timer (FRT) interrupt These bits set the free-running timer (FRT) interrupt
priority level (FRTIP3—FRTIPO) priority level

RENESAS
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Vector number setting register A

(VCRA) H'FFFFFE62 8/16
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name SER SER SER SER SER SER SER SRX SRX SRX SRX SRX SRX SRX
— V6 V5 V4 V3 V2 VI VO — V6 V5 V4 V3 V2 V1 VO
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R RW RW RW RW RW RW RW R RMW RW RW RW RW RW R/W
Bit Bit Name Description

14 to 8 Serial communication interface These bits set the vector number for the serial
(SCI) receive-error interrupt vector communication interface (SCI) receive-error interrupt
number (SERV6-SERV0) (ERI)

6to 0 Serial communication interface These bits set the vector number for the serial
(SCI) receive-data-full interrupt communication interface (SCI) receive-data-full
vector number (SRXV6—-SRXV0) interrupt (RXI)

Vector number setting register B

(VCRB) H'FEEEFE64 8/16
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name STX STX STX STX STX STX STX STE STE STE STE STE STE STE
— V6 V5 V4 V3 V2 V1 VO — V6 V5 V4 V3 V2 V1 VO
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R RW RW RW RW RW RW RW R R/W RW RW R/W RW R/W R/W
Bit Bit Name Description
14 to 8 Serial communication interface These bits set the vector number for the serial
(SCI) transmit-data-empty communication interface (SCI) transmit-data-empty
interrupt vector number (STXV6— interrupt (TXI)
STXVO0)

6to 0 Serial communication interface These bits set the vector number for the serial
(SCI) transmit-end interrupt vector communication interface (SCI) transmit-end interrupt
number (STEV6-STEV0) (TEI)
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Vector number setting register C

(VCRC) H'FFFFFEG6 8/16
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name FIC FIC FIC FIC FIC FIC FIC FOC FOC FOC FOC FOC FOC FOC
V6 V5 Vv4 V3 V2 VI VO — V6 V5 V4 V3 V2 V1l VO

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW RW RW RW RW RW RW RW R RW RW RW RW RW R/W R/W

Py}

Bit Bit Name Description
14t0 8 Free-running timer (FRT) input- These bits set the vector number for the free-running
capture interrupt vector number  timer (FRT) input-capture interrupt (ICI)
(FICV6-FICV0)
6to 0 Free-running timer (FRT) output- These bits set the vector number for the free-running

compare interrupt vector number timer (FRT) output-compare interrupt (OCI)
(FOCV6—-FOCV0)

Vector number setting register D

(VCRD) H'FFFFFEG8 8/16
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name FOV FOV FOV FOV FOV FOV FOV

— V6 V5 V4 V3 V2 VI VO — @ — — @ — @ — @ — —
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW RW RW R/W R/W RW R/W R R R R R R R R

ps)

Bit Bit Name Description

14to 8 Free-running timer (FRT) overflow These bit set the vector number for the free-running
interrupt vector number (FOVV6— timer(FRT) overflow interrupt (OVI)
FOVVO0)
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Vector number setting register

WDT (VCRWDT) H'FFFFFEE4 8/16
Bit

Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name WIT WIT WIT WIT WIT WIT WIT BCM BCM BCM BCM BCM BCM BCM
— V6 V5 V4 V3 V2 VI VO — V6 V5 V4 V3 V2 V1 VO
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R RW RW RW RW RW RW RW R RMW RW RW RW RW RW R/W

Bit Bit Name Description

14to 8 Watchdog timer (WDT) interval These bits set the vector number for the interval
interupt vector number (WITV6—  interrupt (ITl) of the watchdog timer (WDT)

WITVO0)

6to 0 Bus state controller (BSC) compareThese bits set the vector number for the compare
match interrupt vector number match interrupt (CMI) of the bus state controller
(BCMV6-BCMVO0) (BSC)

Vector number setting register
DIV (VCRDIV) H'FFFFFFOC 32

Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name —_ = = = — -

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R R R R R R R
Iltem 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit Name
Initial Value — — - = = = - = = = - = = =

R/W RW RW RW RW RW R/W RW RW RW RW RW RW R/W R/W RW R/W

Bit Bit Name Description
15to 0 (Vector number setting) These bits set the vector number for the interrupt
when caused by overflow or underflow of the division
unit
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Vector number setting registers H'FFFFFFAO (channel 0)
DMAO and DMA1 (VCRDMAO, H'FFFFFFA8 (channel 1) 32
VCRDMAL)
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BitName — — — - - - - - - - - - - — — —
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R R R R R R R R R R R R R R R R
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name _ = = = — — — — VC7 VC6 VC5 VC4 VC3 VC2 VvCi1 VvCo
Initial Value 0 0 0 0 0 0 0 0 _ = = = _- = = =
RIW R R R R R R R R RW RW RW RW RW RW RW R/W
Bit Bit Name Description
7to 0 Vector number bits (VC7-VCO0) These bits set the vector number at the end of DMA
transfer
Interrupt control register (ICR) H'FEFFFEEO 8/16
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name VEC
NML — — — — — — NME — — — — — — — MD
Initial Value 0/1* 0 0 0 0 0 0 0 _ = = = _ = = =
R/W R R R R R R R RW R R R R R R R RW
Note: When NMI input is high: 1; when NMI input is low: O
Bit Bit Name Value Description
15  NMl input level (NMIL) 0 NMlinput level is low
1 NMlinput level is high
8 NMI edge select (NMIE) 0 Interrupt request is detected on falling edge of NMI input

(Initial value)

1 Interrupt request is detected on rising edge of NMI input

1 RL interrupt vector

(Initial value)

Auto-vector mode, automatically set internall

mode select (VECMD) 1

External vector mode, external input
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Watchdog timer control/status 8 (read)
register (WTCSR) H'FFFFFE80 16 (write)
Bit
Iltem 7 6 4 3 2 1 0
Bit Name OVF WT/IT TME — CKS2 CKS1 CKSO0
Initial Value 0 0 1 1 0 0 0
R/W R/(W)* R/W R/W — — R/W R/W R/W
Note: WTCSR differs from other registers in being more difficult to write. See section 12.2.4,
Register Access, for details.
Bit Bit Name Value Description
7 Overflow flag (OVF) 0 No overflow of WTCNT in interval timer mode (Initial
value
Clear)ed by reading OVF, then writing 0 in OVF
1 WTCNT overflow in interval timer mode
6 Timer mode select 0 Interval timer mode: Interval timer interrupt (ITI) request
(WT/IT) to the CPU when WTCNT overflows (Initial value)
1 Watchdog timer mode: WDTOVF signal is output
externally when WTCNT overflows
5 Timer enable (TME) 0 Timer disabled: WTCNT is initialized to H'00 and count-
up stops (Initial value)
1 Timer enabled: WTCNT starts counting
A'WDTOVF signal or interrupt is generated when
WTCNT overflows
2t0 0 Clock select2to 0 CKS2 CKS1 CKSO Clock Source Overflow Interval
(CKS2 to CKS0) (p=28.7 MHz)
0 0 0 @2 (Initial value)  17.8pus
0 0 1 q64 570.8us
0 1 0 @128 1.1ms
0 1 1 @256 2.2ms
1 0 0 @512 4.5ms
1 0 1 @1024 9.1ms
1 1 0 @4096 35.5ms
1 1 1 @8192 73.0ms
vww.DataSheet4U.com
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Watchdog timer counter H'FFFFFES8O (write) 16 (write)
(WTCNT) H'FFFFFE81 (read) 8 (read)
Bit
Item 7 6 5 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Description

7t00 (Countvalue)

Input clock count value

Reset control/status register H'FFFFFE82 (write) 16 (write)
(RSTCSR) H'FFFFFE83 (read) 8 (read)
Bit
Item 7 6 5 4 3 2 1 0
Bit Name WOVF RSTE RSTS 1| — — — —
Initial Value 0 0 0 1 1 1 1 1
R/W R/(W)* R/W R/W — — — — —

Note: Only 0 can be written in bit 7 to clear the flag.

Bit Bit Name

7 Watchdog timer
overflow flag (WOVF)

Value Description
0 No WTCNT overflow in watchdog timer mode
(Initial value)
Cleared when software reads WOVF, then writes 0 in
WOVF

1 Set by WTCNT overflow in watchdog timer mode

6 Reset enable (RSTE)

o

No internal reset when WTCNT overflows
(Initial value)

1 Internal reset when WTCNT overflows

5 Reset select (RSTS)

o

Power-on reset  (Initial value)

1 Manual reset
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Divisor register (DVSR) H'FFFFFEOO 32
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name
Initial Value @— — — @ — - - - - - - - - - - — —
R/W R/W R/W R/W RW R/W RW R/W RW R/W RW R/W RW R/W RW R/W R/W
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name
Initial Value @— — — @ — - - - - - - - - - - — —
R/W R/W R/W RW RW R/W RW R/W RW R/W RW R/W RW R/W RW R/W R/W
Bit Bit Name Description
31to 0 (Written with divisor) Used to write the divisor for the operation

Dividend register L for 32-bit

division (DVDNT) H'FFFFFEQ4 32
Bit

Item 31 30 29 28 27 .26152501424.0023 22 21 20 19 18 17 16
Bit Name

Initial vValuoe @— — — @ — - - - - - - - - — — — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name

Initial vValuoe @— — — @ — - - - - - - - - — — — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Description

31to 0 (Dividend setting) Set with the 32-bit dividend used for 32-bit/32-bit division

operations
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Division control register (DVCR) | H'FFFFFF08 16/32
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name _ = = = = = = = = = = = = = = =
Initial Value 0 0 0 O 0O 0 0 o© 0O 0 0 © 0O 0 0 ©
R/W R R R R R R R R R R R R R R R R
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name OVF
- - - - - - - - - - — — — — IE OVF
Initial Value 0 0 0 O 0O 0 0 o© 0 0 o0 0O 0 0 ©
R/W R R R R R R R R R R R R R R R/W RW
Bit Bit Name Value Description
1 OVF interrupt enable 0 Disables interrupt request (OVFI) caused by OVF
(OVFIE) (Initial value)
1 Enables interrupt request (OVFI) caused by OVF
0 Overflow flag (OVF) 0 No overflow has occurred (Initial value)
1 Overflow has occurred

Dividend register H (DVDNTH) H'FFFFFF10 32
Bit
Iltem 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name
Initial valoe @— @ — @ — @ — @ - - - - - - - - - - — —
R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Iltem 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name
Initial valoe @— @ — @ — @ — @ - - - - - - - - - - — —
R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Description
31tol (Dividend setting) Set with the upper 32 bits of the dividend used for 64-bit/32-

bit division operations
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Dividend regiater L (DVDNTL) H'FFFFFF14 32
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name
Initial Value @— — — @ — - - - - - - - - - - — —
R/W R/W R/W R/W RW R/W RW R/W RW R/W RW R/W RW R/W RW R/W R/W
Item 15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
Bit Name
Initial Value @— — — @ — - - - - - - - - - - — —
R/W R/W R/W RW RW R/W RW R/W RW R/W RW R/W RW R/W RW R/W R/W
Bit Bit Name Description
31to 1 (Dividend setting) Set with the lower 32 bits of the dividend used for 64-bit/32-

bit division operations
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Break address register AH
(BARAH) H'FFFFFF40 16/32

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

Bit Name  BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Description
15to 0 Break address BAA31- These bits specify the upper bits (bit 31 to bit 16) of the
BAA16 channel A break condition address

Break address register AL
(BARAL) H'FFFFFF42 16

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

Bit Name BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA
15 14 13 12 11109 8 7 6 5 4 3 2 1 0

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W RW R/W RW R/W RW R/W R/W RW RW RW RW RW R/W RW R/W R/W
Bit Bit Name Description
15t0 0 Break address BAA15— These bits specify the lower bits (bit 15 to bit 0) of the
BAAO channel A break condition address
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Break address mask register AH
(BAMRAH) H'FFFFFF44 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit Name BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM
A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 A19 A18 Al7 Al6
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W RW R/W R/W R/W RW R/W RW R/W RW R/W R/W
Bit Bit Name Value Description
15to 0 Break address 0 Channel A break address BAAn is included in the break
BAMA31-BAMA16 conditions (Initial value)

1 Channel A break address BAAn is not included in the
break conditions

n=31to0 16

Break address mask register AL
(BAMRAL) H'FFFFFF46 16
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name

BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM
Al5 Al4 Al13 Al2 A1l A0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0
R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W RW R/W RW R/W R/W
Bit Bit Name Value Description
15to 0 Break address 0 Channel A break address BAAn is included in the break
BAMA15-BAMAO conditions (Initial value)

1 Channel A break address BAAn is not included in the
break conditions

n=15t0 0
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Break bus cycle register A

(BBRA) H'FFFFFF48 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name - - —- - - — — — CPA CPAIDA1 IDAO RWA RW SZA SZA
1 0 1 A0 1 0
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R/W R/W RW R/W R/W R/W R/W R/W
Bit Bit Name Value Description
7,6 CPU cycle/peripheral 0 O No channel A user break interrupt generated
cycle select A (Initial value)
(CPAL, CPAD) 0 1 Break only on CPU cycles
1 0 Break only on peripheral cycles
1 1 Break on both CPU and peripheral cycles
5,4 Instruction fetch/data 0 O No channel A user break interrupt generated
access select A (Initial value)

(IDA1, IDAO) Break only on instruction fetch cycles
Break only on data access cycles

Break on both instruction fetch and data access cycles

Ok |k |O
O[Ok

3,2 Read/write select A No channel A user break interrupt generated
(RWA1, RWAQ) (Initial value)

Break only.onread cycles

Break only on write cycles

Break on both read and write cycles

1,0 Operand size select A
(SZA1, SZA0)

Operand size is not a break condition (Initial value)
Break on byte access

Break on word access

Break on longword access

Rk |o|lok|k|o
ROk |lok|o|k

Break address register BH
(BARBH) H'FFFFFF60 16/32

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

Bit Name BAB BAB BAB BAB BAB BAB BAB BAB BAB BAB BAB BAB BAB BAB BAB BAB
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIW RW RW RW RW RMW RMW RW RW RW RW RMW RMW RMW RW RW RW
Bit Bit Name Description
1510 0 Break address BAB31— _ These bits specify the upper bits (bit 31 (0 DR L&) BRHEE e U-comm
BAB16 channel B break condition address
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Break address register BL
(BARBL) H'FFFFFF62 16

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

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

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W RW R/W R/W R/W R/W RW R/W RW R/W R/W RW R/W R/W R/W R/W R/W
Bit Bit Name Description
15to 0 Break address BAB15— These bits specify the lower bits (bit 15 to bit 0) of the
BABO channel B break condition address

Break address mask register BH
(BAMRBH) H'FFFFFF64 16/32

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

Bit Name BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM
B31 B30 B29 B28 B27, B26_B25 B24 B23 B22 B21 B20 B19 B18 B17 Bl6

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/IW R/W RW R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W
Bit Bit Name Value Description
15to 0 Break address mask 0 Channel B break address BABn is included in the break
BAMB31-BAMB16 conditions (Initial value)

1 Channel B break address BABnN is not included in the
break conditions

n=31to 16
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Break address mask register BL
(BAMRBL) H'FFFFFF66 16

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

Bit Name BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM BAM
B15 Bl14 B13 Bl12 Bl1l1 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W RW R/W R/W R/W RW R/W RW R/W R/W R/W R/W
Bit Bit Name Value Description
15to 0 Break address mask 0 Channel B break address BABnN is included in the break
BAMB15-BAMBO conditions (Initial value)

1 Channel B break address BABn is not included in the
break conditions

n=15t0 0

Break data register BH (BDRBH) | H'FFFFFF70 16/32

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

Bit Name BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R/W RW R/W R/W R/W RW R/W RW R/W RW R/W RW R/W R/W R/W R/W
Bit Bit Name Description
15to 0 Break data BDB31— These bits specify the upper bits (bit 31 to bit 16) of the
BDB16 channel B break condition data
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Break data register BL (BDRBL) | HFFFFFF72 16/32

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

Bit Name BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB BDB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W RW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W

Bit Bit Name Description

15to 0 Break data BDB15-BDB0  These bits specify the lower bits (bit 15 to bit 0) of the
channel B break condition data

Break data mask register BH
(BDMRBH) H'FFFEFF74 16/32

Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM
B31 B30 B29 B28 B27-B26 -B25 '‘B24-'B23 B22 B21 B20 B19 B18 B17 Bl6
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIW R/W R/W R/W R/W R/W R/W RW RW R/W R/W R/W RW RW RW RW R/W
Bit Bit Name Value Description
15to 0 Break data mask 0 Channel B break address BDBn is included in the break
BDMB31-BDMB16 conditions (Initial value)

1 Channel B break address BDBn is masked and therefore
not included in the break conditions

n=31to 16
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Break data mask register BL
(BDMRBL) H'FFFFFF76

16

Bit

Item 15 14 13 12 11 10 9 8

3 2 1 0

Bit Name BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM BDM

B15 B14 B13 B12 Bl1l1 B10 B9 B8

B6

B3 B2 Bl BO

Initial Value 0 0 0 0 0 0 0 0

0 0 0 0

R/W R/W R/W R/W R/W R/W RW R/W R/W R/W RW R/W RW R/W R/W R/W R/W
Bit Bit Name Value Description
15to O Break data mask 0 Channel B break address BDBn is included in the break
BDMB15-BDMBO conditions (Initial value)

1 Channel B break address BDBn is masked and therefore

not included in the break conditions

RENESAS

n=15t0 0
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Break bus cycle register B

(BBRB) H'FFFFFF68 16/32
Bit

Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BtName — — — — — — — — CPB CPB IDB IDB RWB RWB SZB SZB
1 0 1 0 1 0 1 0
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R/W RW R/W RW RW RW R/W R/W

Bit Bit Name Value Description

7,6 CPU cycle/peripheral
cycle select B

0 O No channel B user break interrupt generated
(Initial value)

(CPB1, CPBO) 0 1 Break only on CPU cycles
1 0 Break only on peripheral cycles
1 1 Break on both CPU and peripheral cycles
5,4 Instruction fetch/data 0 O No channel B user break interrupt generated
access select B (Initial value)

(IDB1, IDBO)

Break only on instruction fetch cyclcs

Break only on data access cycles

Break on both instruction fetch and data access cycles

3,2 Read/write select B
(RWB1, RWBO0)

ol |o
ol o+

(Initial value)

No channel B user break interrupt generated

Break only'on read cycles

Break only on write cycles

Break on both read and write cycles

1,0 Operand size select B
(SzB1, SZB0)

Operand size is not a break condition (Initial value)

Break on byte access

Break on word access

Rk ook |kr|o
===

Break on longword access

600

RENESAS

vww.DataSheet4U.com



[ UBC

Break control register (BRCR) H'FFFFFF78 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit N\ame  CMF CMF CMF CMF

CA PA EBBE UMD

PCBA — — CB PB — SEQ DBEBPCBB — .

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW RW RW RW R RW R R RWRW R RW RW RW R
Bit Bit Name Value Description
15 CPU condition match 0 Channel A CPU cycle conditions do not match, no user
flag A (CMFCA) break interrupt generated (Initial value)
1 Channel A CPU cycle conditions have matched, user
break interrupt generated
14  Peripheral condition 0 Channel A peripheral cycle conditions do not match, no
match flag A (CMFPA) user break interrupt generated (Initial value)
1 Channel A peripheral cycle conditions have matched,
user break interrupt generated
13  External bus break 0 Chip-external bus cycle not included in break conditions
enable (EBBE) (Initial value)
1 Chip-external bus cycle included in break conditions
12 UBC mode (UMD) 0 Compatible mode for SH7000-series UBCs (Initial value)
1 SH7604 mode
10  PC break select A 0l =Placesthe channel A instruction fetch cycle break before
(PCBA) instruction execution (Initial value)
1 Places the channel A instruction fetch cycle break after
instruction execution
7 CPU condition match 1 Channel B CPU cycle conditions do not match, no user
flag B (CMFCB) break interrupt generated (Initial value)
0 Channel B CPU cycle conditions have matched, user
break interrupt generated
6 Peripheral condition 0 Channel B peripheral cycle conditions do not match, no
match flag B (CMFPB) user break interrupt generated (Initial value)
1 Channel B peripheral cycle conditions have matched,
user break interrupt generated
4 Sequence condition 0 Compare channel A and B conditions independently
select (SEQ) (Initial value)
1 Compare channel A and B conditions sequentially
(channel A, then channel B)
3 Data break enable B 0 Do notinclude data bus conditions in the channel B
(DBEB) conditions (Initial value)
1 Include data bus conditions in the channel B conditions
2 Instruction break select 0 Places the channel B instruction fetch cycle break before
B (PCBB) instruction execution (Initial value)
1 Places the channel B instruction fetch cycle break after

instruction execution
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DMA source address registers 0 | H'FFFFFF80 (channel 0)
and 1 (SARO and SAR1) H'FFFFFF90 (channel 1) 32
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name
Initial Value @— — — @ — - - - - - - - - - - — —
R/W R/W R/W R/W RW R/W RW R/W RW R/W RW R/W RW R/W RW R/W R/W
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name
Initial Value @— — — @ — - - - - - - - - - - — —
R/W R/W R/W RW RW R/W RW R/W RW R/W RW R/W RW R/W RW R/W R/W
Bit Bit Name Description
31to 0 (Transfer source address These bits specify the DMA transfer source address
specification)

DMA destination address registers | H'FFFFFF84 (channel 0)
0 and 1 (DARO and DAR1) H'FFFFFF94 (channel 1) 32
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name
Initial valuoe @— — @ — @ — - - - - - - - - - — — —
R/W R/W R/W R/W R/W R/W RW RW RW RW RW R/W R/W R/W R/W R/W R/W
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name
Initial valuoe @— — @ — @ — - - - - - - - - - — — —
R/W RW R/W R/W R/W R/W RW RW RW RW RW R/W R/W R/W R/W R/W R/W
Bit Bit Name Description
31to 0 (Transfer destination These bits specify the DMA transfer destination address

address specification)

www.DataSheet4U.com

602
RENESAS



[ DMAC

DMA transfer count registers 0 and | H'FFFFFF88 (channel 0)

1 (TCRO and TCR1) H'FFFFFF98 (channel 1) 32
Bit

Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name _ = = = = = = =

Initial Value 0 0 0 0 0 0 0 0 _ = = = = = = =
R/W R R R R R R R R R/W RW R/W RW R/W R/W R/W R/W
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name

Initial Value @— — @ — @ — - - - - - - - - - — — —

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW RW R/W R/W R/W R/W

Bit Bit Name Description
23to 0 (Transfer count Specifies the DMA transfer count (during a DMA transfer,
specification) these bits indicate the remaining transfer count)

DMA channel control registers 0, 1 | H'FFFFFF8C (channel 0)

(CHCRO, CHCR1) H'FFFFFFIOC (channel 1) 32
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit Name _ = = = = = = = = = = = = = = =
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R R R R R R R
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit Name DM1 DMO SM1 SMO TS1 TSO AR AM AL DS DL TB TA IE TE DE
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W RW R/W RW R/W RW RW RW R/W RW R/ R/W

(W)
Note: Only O can be written, after reading 1, to clear the flag.
Bit Bit Name Value Description
14,15 Destination address 0 O Fixed destination address (Initial value)
mode bits 1, 0 0 1 Destination address is incremented (+1 for byte transfer
(DM1, DMO0) size, +2 for word transfer size, +4 for longword transfer

size, and +16 for 16-byte transfer size)

1 0 Destination address is decremented (-1 for byte transfer
size, —2 for word transfer size, —4 for longword transfer
size, and —16 for 16-byte transfer size)

1 1 Reserved (setting prohibited)

wihw. Datasheetdl.com
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Bit Bit Name Value Description
13,12 Source address mode 0 O Fixed source address (+16 for 16-byte transfer size)
bits 1, 0 (SM1, SMO0) (Initial value)

0 1 Source address is incremented (+1 for byte transfer size,
+2 for word transfer size, +4 for longword transfer size,
and +16 for 16-byte transfer size)

1 0 Source address is decremented (-1 for byte transfer size,
-2 for word transfer size, —4 for longword transfer size,
and +16 for 16-byte transfer size)

1 1 Reserved (setting prohibited)

11,10 Transfer size bits 1, 0 0 Byte unit (Initial value)
(TS1, TSO) 0 Word (2-byte) unit
1 Longword (4-byte) unit
1 16-byte unit (4 longword transfers)
9 Auto-request mode bit 0 Module request mode (Initial value)
(AR) 1 Auto-request mode
8 Acknowledge/transfer 0 DACK output in read cycle/transfer from memory to
mode bit (AM) device (Initial value)
1 DACK output in write cycle/transfer from device to
memory
7 Acknowledge level bit 0 DACK is an active-low signal (Initial value)
(AL) 1 DACK is an active-high signal
6 DREQ select bit (DS) 0 Detected by level (Initial value)
1 Detected by edge
5 DREQ level bit (DL) 0 When DS is 0, DREQ is detected by low level; when DS
is 1, DREQ is detected by fall (Initial value)
1 When DS is 0, DREQ is detected by high level; when DS
is 1, DREQ is detected by rise
4 Transfer bus mode bit 0 Cycle-steal mode
(TB)
1 Burst mode
3 Transfer address mode 0 Dnal address mode
bit (TA)
1 Single address mode
2 Interrupt enable bit (IE) 0 Interrupt disabled (Initial value)
1 Interrupt enabled
1 Transfer-end flag bit 0 DMA has not ended or was aborted (Initial value)
(TE) Cleared by reading 1 from the TE bit and then writing 0
1 DMA has ended nomally (by TCR = 0)
0 DMA enable bit (DE) 0 DMA transfer disabled (Initial value)
1 DMA transfer enabled
www.DataSheet4U.com
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DMA request/response selection control | H'FFFFFE71 (channel 0)
registers 0 and 1 (DRCRO, H'FFFFFE72 (channel 1) 8
DRCR1)
Bit
Iltem 7 6 5 4 3 2 1 0
Bit Name — — — — — — RS1 RSO
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R/W R/W
Bit Bit Name Value Description
1,0 Resource select bits 0 0 DREQ (external request) (Initial value)
1, 0 (RS1, RSO0) 0 1 RXI (receive-data-full interrupt transfer request of the on-
chip serial communication interface (SCI))
1 0 TXI (transmit-data-full interrupt transfer request of the on-
chip SCI)
1 1 Reserved (setting prohibited)
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DMA operation register (DMAOR) | HFFFFFFBO 32
Bit
Item 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BitName @ — — — - - - - - - - - - - — — —
Initalvave © 0 O O O O O O O O O O 0 0 O0 O
R/W R R R R R R R R R R R R R R R
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name - - - - - - - — — — — — PR AE NMIFDME
Initalvave © 0 O O O O O O O O O O 0 0 O0 O
R/W R R R R R R R R R RW R/ R/ RW
(W)* (W)*
Note: Only O can be written, to clear the flag.
Bit Bit Name Value Description
3 Priority mode bit (PR) 0 Fixed priority (Ch 0 > Ch 1) (Initial value)
1 Round-robin mode (High priority switches to low after
each transfer)
(The priority for the first DMA transfer after a reset is
Ch1>Cho0)
2 Address error flag bit 0 No DMAC address error (Initial value)
(AE) 1 - Address error by DMAC
1 NMI flag bit (NMIF) 0 No NMIF interrupt (Initial value)
To clear the NMIF bit, read 1 from it and then write O
1 NMIF has occurred
0 DMA master enable bit 0 DMA transfers disabled on all channels (Initial value)
(DME) 1 DMA transfers enabled on all channels
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Bus control register 1 (BCR1) H'FFFFFFEQ 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name MAS END BST PSHR AHLW AHLW A1LW ALLW AOLW AOLW DRAM DRAM DRAM
TER — — IAN ROM 1 0 1 0 1 0o — 2 1 0
Initial Vaue — 0 0 O 0 0 1 1 1 1 1 1 0 0 0 0
RIW R R R RW RW RW RW RW RW RW RW RW R RW RW RW
Bit Bit Name Value Description
15  Bus arbitration 0 Master mode
(MASTER) 1 Slave mode
12  Endian specification for 0 Big-endian, as in other areas (Initial value)
area 2 (ENDIAN) 1 Little-endian
11  Area 0 burst ROM 0 Area 0 is accessed normally (Initial value)
enable (BSTROM) 1 Area 0 is accessed as burst ROM
10  Partial space share 0 Total master mode when MD5 = 0 (Initial mode)
specification (PSHR) 1 Partial-share master mode when MD5 = 0
9,8 Long wait specification 0 0 3 waits (Initial value)
for areas 2 and 3 0 1 4waits
(AHLW1, AHLWO) 1 0 5waits
1. 1 6waits
7,6 Long wait specification 0 0 3 waits (Initial value)
for area 1 (A1LW1, 0 1 4 waits
A1LWO) 1 0 5waits
1 1 6waits
5,4 Long wait specification 0 0 3 waits (Initial value)
for area O (AOLW1, 0 1 4waits
AOLWO) 1 0 5waits
1 1 6 waits
2to 0 Enable for DRAMand 0 0 O Areas 2 and 3 are ordinary spaces (Initial value)
other memory (DRAM2— 0 0 1 Area 2 is ordinary space; area 3 is synchronous
DRAMO) DRAM space
0 1 0 AreaZ2isordinary space; area 3 is DRAM space
0 1 1 AreaZ2isordinary space; area 3 is pseudo-SRAM
space
1 0 O Area?2issynchronous DRAM space; area 3 is
ordinary space
1 0 1 Areas?2and 3 are synchronous DRAM spaces
1 1 0 Reserved (setting prohibited)
1 1 1 Reserved (setting prohibited)

vww.DataSheet4U.com
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Bus control register 2 (BCR2) H'FFFFFFE4 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name A3 A3 A2 A2 Al Al

- - - - - - — — 8Z1 SZ0 SsZi1 Sz0 SzZ1 SZ20 — —

Initial Value 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0
R/W R R R R R R R R RWRWRWRW RWRW R R
Bit Bit Name Value Description
7,6 Bus size specification 0 0 Reserved (setting prohibited)

for area 3 (A3SZ1-

A3SZ0)(Valid only 0 1 Byte (8-bit) size

when setting ordinary 1 0 Word (16-hit) size

space) 1 1 Longword (32-bit) size (Initial value)
5,4 Bus size specification 0 0 Reserved (setting prohibited)

for area 2 (A2SZ1-

A2SZ0) (Valid only Byte (8-bit) size

when setting ordinary Word (16-bit) size

space) Longword (32-bit) size (Initial value)

3,2 Bus size specification Reserved (setting prohibited)

for area 1 (A1SZ1- Byte (8-bit) size

=== Y=}
ROk |ok|o|k

A1SZ0) Word. (16:bit) size
Longword (32-bit) size (Initial value)
Wait control register (WCR) H'FFFFFFES8 16/32

Bit

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

Bit Name IW31 IW30 IW21 IW20 IW11 IW10 IW01 IW00 W31 W30 W21 w20 Wil wi0 W01 WO0O0

Initial Value 1 0 1 0 1 0 1 0 1 1 1 1 1 1 1 1

R/W RW RW RW RW R/W R/W RW RW RW RW RW RW R/W R/W RW R/W

Bit Bit Name Value Description
15to 8 Idles between cycles IW31 IW30
forareas 3t0 0 IW21 IW20
(IW31-1WO00) IW11 IW10
IWO01 IWO00

0 0 Noidle cycle

One idle cycle inserted

0 1
1 0 Two idle cycles inserted (Initial value)
1 1 Reserved (setting prohibited)

608
RENESAS



[ BSC

Bit Bit Name Value Description

7to 0 Wait control of areas 3 During basic cycle
to 0 (W31-WO00) W31 W30
W21 W20
W11 W10
W01 W00
0 External wait input disabled without waits
1 External wait input enabled with one wait
0 External wait input enabled with two waits
1 Complies with the long wait specification of bus control
register 1 (BCR1)
External wait input is enabled (Initial value)
When area 3 is DRAM
W31 W30
0 0 1CASassertcycle
0 1 2CASassertcycles
1 0 3CASassertcycles
1 1 Reserved (setting prohibited)
When area 2 or 3 is synchronous DRAM
W31 W30
W21 W20
0 0 1CAS latency cycle
0 1 2CAS latency cycles
1 0 3CAS latency cycles
1 1,4 CAS latency cycles (Initial value)
When area 3 is pseudo-SRAM
W31 W30
0 0 2cycles from BS signal assertion to end of cycle
0 1 3cycles from BS signal assertion to end of cycle
1 0 4cyclesfrom BS signal assertion to end of cycle
1 1 Reserved (setting prohibited)

Rk |O|O

Individual memory control register

(MCR) H'FFFFFFEC 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit Name TRAS TRAS
TRP RCD TRWL 1 0 BE RASD — AMX2 SZ AMX1 AMX0 RFSH RMD — —

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W RW RW RW RW RW RW RW R RW RW RW RW RW RW R R

vww.DataSheet4U.com
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Bit Bit Name Value Description
15 RAS precharge time 0 1 cycle (Initial value)

(TRP) 1 2 cycles
14  RAS-CAS delay (RCD) 0 1 cycle (Initial value)

1 2 cycles

13  Write-precharge delay 0 1 cycle (Initial value)

(TRWL) 1 2 cycles

12,11 CAS-before-RAS 0 0 2 cycles (Initial value)
refresh RAS assert time 0 1 3cycles
(TRAS1, TRASO0) 1 0 4cycles
1 1 Reserved (setting prohibited)

10  Burst enable (BE) 0 Burst disabled (Initial value)

1 High-speed page mode during DRAM interface is
enabled. Data is continuously transferred in static
column mode during pseudo-SRAM interfacing.
During synchronous DRAM access, burst is always
enabled regardless of this bit.

9 Bank active mode (RASD) 0 For synchronous DRAM, read or write is performed
using auto-precharge mode.
The next access always starts with a bank active
command.

1 For synchronous DRAM, access ends with bank
active status. This is only valid for area 3. When
area 2 is synchronous DRAM, the mode is always
auto-precharge.

vww.DataSheet4U.com
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Bit Bit Name Value Description

7,5,4 Address multiplex For DRAM interface
(AMX2—-AMX0) 8-bit column address DRAM (Initial value)
9-bit column address DRAM
10-bit column address DRAM
11-bit column address DRAM
Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)
hronous DRAM interface
16-Mbit DRAM (1M x 16 bits) (Initial value)
16-Mbit DRAM (2M x 8 bits)
16-Mbit DRAM (4M x 4 bits)
4-Mbit DRAM (256k x 16 hits)
Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)
2-Mbit DRAM (128k x 16 hits)

Il il [ellellel o]

T
o
=

n

Rlo|lr|lo|rkr|lolk o8| o|r|lor|lokr|lo

il il il i (el elle )]

6 Memory data size (SZ) Word (Initial value)

Longword

3 Refresh control (RFSH) No refresh (Initial value)

Refresh

2 Refresh mode (RMODE) Normal refresh (Initial value)

Self-refresh

Rlo|k|lo|k|lo|r|k|lolok|ikrlool@ |k |k |loor |k oo
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Refresh timer control/status

register (RTCSR) H'FFFFFFFO 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BtName — — — — — — — — CMFCMIECKS2CKS1CKSO — — —

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R R R R R R R R RWRWRWRWRW R R R
Bit Bit Name Value Description
7 Compare match flag — RTCNT and RTCOR match

(CMF) Clear condition: After RTCSR is read when CMF is 1,
0 is written in CMF
6 Compare match 0 Disables interrupt request caused by CMF (Initial value)
interrupt enable (CMIE)
1 Enables interrupt request caused by CMF
5t0 3 Clock select bits 0 0 O Disables count up (Initial value)
(CKS2-CKS0) 0 0 1 CLK/M4
0 1 0 CLK/16
0 1 1 CLK/64
1 0 0 CLK/256
1 0 1 CLK/1024
1 1 0 CLK/2048
1 1 1 CLK/4096
Refresh timer counter (RTCNT) H'FFFFFFF4 16/32
Bit
Item 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BitName @— @ — - - - - - —

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R R R R R R R R RWRW RW RW RW RW RW RW
Bit Bit Name Description
7to0 (Countvalue) Input clock count value

Refresh time constant register

(RTCOR) H'FFFFFFF8 16/32

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

Bit Name —_ = = = _- = = =

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R R R R R R R R RWRW RW RW RW RW RW R/W
Bit Bit Name Description www.DataSheet4U.com

7t00 (Timer constant)

Sets the refresh cycle
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Cache control register (CCR) H'FFFFFE92 8
Bit
Item 7 6 5 4 3 2 1 0
Bit Name w1 WO — CP T™W oD ID CE
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit Bit Name Value Description
7,6  Way specification 0 0 Way 0 (Initial value)
(W1, wW0) 0 1 Wwayl
1 0 Way?2
1 1 Way3
4 Cache purge (CP) 0 Normal operation (Initial value)
1 Cache purge
3 Two-way mode (TW) 0 Four-way mode (Initial value)
1 Two-way mode
2 Data replacement 0 Normal operation (Initial value)
disable (OD) 1 Data not replaced even when cache miss occurs in data
access
1 Instruction replacement 0 Normal operation (Initial value)
disable (ID) 1 Data not replaced even when cache miss occurs in
instruction fetch
0 Cache enable (CE) 0 Cache disabled (Initial value)

1 Cache enabled
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Power-down |

Standby control register H'FFFFFE91 8
(SBYCR)
Bit
Iltem 7 6 5 4 3 2 1 0
Bit Name SBY HIZ — MSTP4 MSTP3 MSTP2 MSTP1 MSTPO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W — R/W R/W R/W R/W R/W
Bit Bit Name Value Description
7 Standby (SBY) 0 Executing SLEEP instruction puts the chip into sleep

mode (Initial value)

1 Executing SLEEP instruction puts the chip into standby
mode
6 Port high impedance 0 Pin states held in standby mode (Initial value)
(H1Z2) 1 Pins at high impedance in standby mode
4 Module stop 4 (MSTP4) 0 DMAC running (Initial value)
1 Clock supply to DMAC halted
3 Module stop 3 (MSTP3) 0 MULT running (Initial value)
1 Clock supply to MULT halted
2 Module stop 2 (MSTP2) 0 DIVU running (Initial value)
1 Clock supply to DIVU halted
1 Module stop 1 (MSTP1) 0~ “'FRT running (Initial value)
1 Clock supply to FRT halted
0 Module stop 0 (MSTPO) 0  SCI running (Initial value)
1 Clock supply to SCI halted
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Appendix C External Dimensions

Figure C.1 shows the external dimensions of the SH7604 (FP144J).
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FigureC.1 External Dimensions
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Figure C.2 shows the external dimensions of the SH7604 (TBP-176).
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Figure C.2 External Dimensions
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