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Section 2 CPU

No | Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa:8 31 2423 87 0
|Don't carel H'FFFF | |
@aa:16 31 2423 16 15 0
| op | abs | |Don't carel Sign extensionl |
@aa:24 31 2423 0
| op | abs | |Don't carel |
@aa:32
op 31 2423 0
abs |Don't carel
6 Immediate
B/ 16/4#xx:32 Operand is immediate data.
op IMM
7 | Program-counter relative 23
@(d:8,PC)@(d:16,PC) | PC contents ’—‘
op disp
31 2423 0
|Don't carel
8 Memory indirect @@aa:8
« Normal mode*
31 87 l 0
| o | s H000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |Don't carel H'00 | |
« Advanced mode
5 31 87 l 0
| op [ abs H000000 | abs | 31 2423 o
31 0 |Don't carel

Memory contents

Note: * For this LS|, normal mode is not available.
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Section 6 Bus Controller (BSC)

Table6.2 Bus Specificationsfor Each Area (Basic Bus Interface)

ABWCR ASTCR WTCRA, WTCRB Bus Specifications (Basic Bus Interface)
Access Program Wait
ABWn ASTn Wn2 Wnl WnoO Bus Width  States States
0 0 — — — 16 2 0
1 0 0 0 3 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7
1 0 — — — 8 0
0 0 0 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7
(n=0t07)

Read Strobe Timing: RDNCR can be used to select either of two negation timings (at the end of
the read cycle or one half-state before the end of the read cycle) for the read strobe (RD) used in
the basic bus interface space.

Chip Select (CS) Assertion Period Extension States: Some external 1/0O devices require a setup
time and hold time between address and CS signals and strobe signals such asRD, HWR, and
LWR. CSACR can be used to insert states in which only the CS, AS, and address signals are
asserted before and after a basic bus space access cycle.
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Section 6 Bus Controller (BSC)

e Normal space access after DRAM space write access

Whilethe ICIS2 bitisset to 1 in BCR and a normal space read access occurs after DRAM
space write access, idle cycle isinserted in the first read cycle. The number of states of the idle
cycleto beinserted isin accordance with the setting of the IDLC bit. It does not depend on the
DRMI hit in DRACCR. Figure 6.78 shows an example of idle cycle operation when the | CIS2
bitisset to 1.

RAM space read External space read DRAM space rea
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Figure6.78 Example of Idle Cycle Operation after DRAM Write Access
(IDLC=0,ICISL=0,RAST =0, CAST =0)

Idle Cyclein Case of Normal Space Access after Continuous Synchronous DRAM Space
Access:

Note: Inthe H8S/2378 Group, the synchronous DRAM interface is not supported.

e Normal space access after a continuous synchronous DRAM space read access
While the DRMI hit iscleared to 0 in DRACCR, idle cycle insertion after continuous
synchronous DRAM space read accessis disabled. Idle cycle insertion after continuous
synchronous DRAM space read access can be enabled by setting the DRMI bitto 1. The
conditions and number of states of theidle cycle to be inserted are in accordance with the
settings of bits ICISL, ICISO, and IDLC in RCR. Figure 6.79 shows an example of idle cycle
operation when the DRMI bit is set to 1. When the DRMI bit iscleared to 0, anidle cycleis
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Section 7 DMA Controller (DMAC)

734 DMA Control Registers (DMACRA and DMACRB)
DMACR controls the operation of each DMAC channel.

The DMA has four DMACR registers: DMACR_0A in channel 0 (channel 0A), DMACR_0B in
channel 0 (channel 0B), DMACR_1A in channel 1 (channel 1A), and DMACR_1B in channel 1
(channel 1B).

In short address mode, channels A and B operate independently, and in full address mode,
channels A and B operate together. The bit functionsin the DMACR registers differ according to
the transfer mode.

Short Address M ode:
e DMACR 0A, DMACR_0B, DMACR 1A, and DMARC 1B

Bit Bit Name Initial Value  R/W Description
7 DTSz 0 RW Data Transfer Size

Selects the size of data to be transferred at one
time.

0: Byte-size transfer
1: Word-size transfer
6 DTID 0 R/W Data Transfer Increment/Decrement

Selects incrementing or decrementing of MAR after
every data transfer in sequential mode or repeat
mode. In idle mode, MAR is neither incremented
nor decremented.

0: MAR is incremented after a data transfer
(Initial value)

When DTSZ =0, MAR is incremented by 1
When DTSZ =1, MAR is incremented by 2
1: MAR is decremented after a data transfer

e When DTSZ =0, MAR is decremented by 1
When DTSZ =1, MAR is decremented by 2
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Section 7 DMA Controller (DMAC)

7.7.3 Write Data Buffer Function

When the WDBE hit of BCR in the bus controller is set to 1, enabling the write data buffer
function, dual address transfer external write cycles or single address transfers and internal
accesses (on-chip memory or internal 1/0 registers) are executed in parallel.

e Write data buffer function and DMAC register setting

If the setting of aregister that controls external accessesis changed during execution of an
external access by means of the write data buffer function, the external access may not be
performed normally. Registers that control external accesses should only be manipulated when
external reads, etc., are used with DMAC operation disabled, and the operation is not
performed in parallel with external access.

e Write data buffer function and DMAC operation timing
The DMAC can start its next operation during external access using the write data buffer
function. Consequently, the DREQ pin sampling timing, TEND output timing, etc., are
different from the case in which the write data buffer function is disabled. Also, internal bus
cycles maybe hidden, and not visible.

774 TEND Output

If the last transfer cycleis for an internal address, note that even if low-level output at the TEND
pin has been set, alow level may not be output at the TEND pin under the following external bus
conditions since the last transfer cycle (internal bus cycle) and the external bus cycle are executed
inparallel.

EXDMAC cycle

Write cycle with write buffer mode enabled

DMAC single address cycle for a different channel with write buffer mode enabled
Busrelease cycle

CBR refresh cycle

o s w e

Figure 7.41 shows an example in which alow level is not output from the TEND pin in case 2
above.

If the last transfer cycleis an external address cycle, alow level is output at the TEND pinin
synchronization with the bus cycle.
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Section 9 Data Transfer Controller (DTC)

9.5 Operation

The DTC stores register information in the on-chip RAM. When activated, the DTC reads register
information that is already stored in the on-chip RAM and transfers data on the basis of that
register information. After the data transfer, it writes updated register information back to the on-
chip RAM. Pre-storage of register information in the on-chip RAM makesit possible to transfer
data over any required number of channels. There are three transfer modes: normal mode, repeat
mode, and block transfer mode. Setting the CHNE bit to 1 makes it possible to perform a number
of transfers with a single activation (chain transfer). A setting can also be made to have chain
transfer performed only when the transfer counter value is 0. This enables DTC re-setting to be
performed by the DTC itself.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Figure 9.5 shows a flowchart of DTC operation, and table 9.3 summarizes the chain transfer
conditions (combinations for performing the second and third transfers are omitted).
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Section 10 1/O Ports

Mode 7 Input/
Port| Description |Mode 1**|Mode 2*°| Mode 4 Output
EXPE =1 EXPE =0 Type
Port |General I/O port  |PH3/CS7/(IRQ7)/OE/CKE™* PH3/(IRQ7) Only PH2
H |also functioning 1o =g 1RQE) PH2/(IRQS) and PH3
as Interrupt |nputs are
and bus control  |PH1/CS5/RAS5/SDRAM¢** PH1/SDRAM§™* Schmitt-
/0s PHO/CS4/RASA/WE™" PHO triggered
inputs
when
used as
the IRQ
input
Notes: 1. Not supported by the H8S/2378 0.18um F-ZTAT Group, H8S/2377, H8S/2375, and

H8S/2373.
2. Not supported by the H8S/2375, H8S/2375R, H8S/2373, and H8S/2373R.
3. Only modes 1 and 2 are supported on ROM-less versions.

101  Portl
Port 1 isan 8-bit I/O port that also has other functions. The port 1 has the following registers.

e Port 1 data direction register (PADDR)
e Port 1 dataregister (P1DR)
e Port 1register (PORT1)

10.1.1 Port 1 Data Direction Register (P1IDDR)

Theindividua bits of PLDDR specify input or output for the pins of port 1.

Bit Bit Name Initial Value R/W Description

7 P17DDR 0 W When a pin function is specified to a general

¢ PR G W pupose 1O seing o bt o1 mkes e

5 P15DDR 0 W clearing this bit to 0 makes the pin an input pin.
4 P14DDR 0 W

3 P13DDR 0 W

2 P12DDR 0 W

1 P11DDR 0 W

0 P10DDR 0 w
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Section 10 1/O Ports

10.4.2 Pin Functions

Port 4 also functions as the pins for A/D converter analog input and D/A converter anal og output.
The correspondence between pins are as follows.

e P47/AN7/DAL*

Pin function AN7 input

DA1 output

Note: * Not available for the H8S/2375, H8S/2375R, H8S/2373, and H8S/2373R.

e P46/AN6/DAQ*

Pin function ANSG input

DAO output

Note: * Not available for the H8S/2375, H8S/2375R, H8S/2373, and H8S/2373R.

e P45/AN5
‘Pin function | ANS5 input
o P44/AN4
‘Pin function | AN4 input
e P43/AN3
‘Pin function | AN3 input
o P42/AN2
‘Pin function | AN2 input
e P41/AN1
‘Pin function | AN1 input
e P40/ANO
‘Pin function | ANO input
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Section 10 1/O Ports

10.9.2 Port A Data Register (PADR)

PADR stores output data for the port A pins.

Bit  Bit Name Initial Value R/W Description

7 PA7DR 0 R/W Output data for a pin is stored when the pin function
6 PAGDR 0 RIW is specified to a general purpose /0.

5 PA5SDR 0 R/W

4 PA4DR 0 R/W

3 PA3DR 0 R/W

2 PA2DR 0 R/W

1 PA1DR 0 R/W

0 PAODR 0 R/W

10.9.3 Port A Register (PORTA)
PORTA shows port A pin states.

PORTA cannot be modified.

Bit Bit Name Initial Value R/W Description
7 PA7 —* R If a port A read is performed while PADDR bits are
set to 1, the PADR values are read. If a port A read
6 PAG6 —* R ; . .
is performed while PADDR bits are cleared to 0, the
5 PAS — R pin states are read.
4 PA4 —* R
3 PA3 — R
2 PA2 —* R
1 PAl — R
0 PAO —* R

Note: * Determined by the states of pins PA7 to PAO.
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Section 15 Serial Communication Interface (SCI, IrDA)

Table15.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

External Input  Maximum Bit External Input  Maximum Bit
¢ (MHz)  Clock (MHz) Rate (bit/s) ¢ (MHz)  Clock (MHz) Rate (bit/s)
8 1.3333 1333333.3 20 3.3333 3333333.3
10 1.6667 1666666.7 25 4.1667 4166666.7
12 2.0000 2000000.0 30 5.0000 5000000.0
14 2.3333 2333333.3 33 5.5000 5500000.0
16 2.6667 2666666.7 341 5.6667 5666666.7
18 3.0000 3000000.0 35*2 5.8336 5833625.0
Notes: 1. Supported on the H8S/2378 0.18um F-ZTAT Group and H8S/2378R 0.18um F-ZTAT
Group only.

2. Supported on the H8S/2378 only.

Table 15.8 Examplesof Bit Ratefor Various BRR Settings (Smart Card Interface M ode)
(whenn=0and S=2372)

Operating Frequency ¢ (MHz)

10.00 10.7136 13.00 14.2848
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
9600 0 1 30.00 O 1 25.00 0 1 899 O 1 0.00
Operating Frequency ¢ (MHz)
16.00 18.00 20.00 25.00
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
9600 0 1 1201 O 2 1599 0 2 6.66 O 3 12.49
Operating Frequency ¢ (MHz)
30.00 33.00 34.00*" 35.00%?
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
9600 0 3 501 O 4 759 0 4 479 0 4 1.99
Notes: 1. Supported on the H8S/2378 0.18um F-ZTAT Group and H8S/2378R 0.18um F-ZTAT
Group only.

2. Supported on the H8S/2378 only.
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Section 15 Serial Communication Interface (SCI, IrDA)

[5] < Error handling >

No

ORER =17

Yes

Overrun error handling

—
|

FER=1?

Yes

Break?

No

Y
Framing error handling | | Clear RE bitin SCRto 0

— ‘

—
| e}

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 15.13 Sample Multiprocessor Serial Reception Flowchart (2)
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Section 15 Serial Communication Interface (SCI, IrDA)

15.76  Data Transmission (Except for Block Transfer M ode)

Asdatatransmission in Smart Card interface mode involves error signal sampling and
retransmission processing, the operations are different from those in normal serial communication
interface mode (except for block transfer mode). Figure 15.26 illustrates the retransfer operation
when the SCI isin transmit mode.

1. If anerror signal is sampled from the receiving end after transmission of one frameis
completed, the ERS bit in SSR is set to 1. If the RIE bit in SCR is set at thistime, an ERI
interrupt request is generated. The ERS bit in SSR should be cleared to 0 before the next parity
bit is sampled.

2. The TEND bit in SSRis not set for aframe for which an error signal isreceived. Datais
retransferred from TDR to TSR, and retransmitted automatically.

3. If anerror signal is not sent back from the receiving end, the ERS bit in SSR is not set.

4. Transmission of one frame, including aretransfer, isjudged to have been completed, and the
TEND bitin SSRisset to 1. If the TIE bit in SCRis set at thistime, a TXI interrupt request is
generated. Writing transmit datato TDR transfers the next transmit data.

Figure 15.28 shows a flowchart for transmission. The sequence of transmit operations can be
performed automatically by specifying the DTC or DMAC to be activated with a TXI interrupt
source. In atransmit operation, the TDRE flag is also set to 1 at the same time asthe TEND flag in
SSR, and a TXI interrupt will be generated if the TIE bit in SCR has been set to 1. If the TXI
reguest is designated beforehand asa DTC or DMAC activation source, the DTC or DMAC will
be activated by the TXI request, and transfer of the transmit data will be carried out. The TDRE
and TEND flags are automatically cleared to 0 when data transfer is performed by the DTC or
DMAC. In the event of an error, the SCI retransmits the same data automatically. During this
period, the TEND flag remains cleared to 0 and the DTC or DMAC is not activated. Therefore, the
SCl and DTC or DMAC will automatically transmit the specified number of bytesin the event of
an error, including retransmission. However, the ERS flag is not cleared automatically when an
error occurs, and so the RIE bit should be set to 1 beforehand so that an ERI request will be
generated in the event of an error, and the ERS flag will be cleared.

When performing transfer using the DTC or DMAC, it is essential to set and enablethe DTC or
DMAC before carrying out SCI setting. For details on the DTC or DMAC setting procedures,
refer to section 9, Data Transfer Controller (DTC) or section 7, DMA Controller (DMAC).
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Section 15 Serial Communication Interface (SCI, IrDA)

15.10.4 Receive Error Flagsand Transmit Operations (Clocked Synchronous M ode Only)

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to O even if the RE bit is cleared
to 0.

15.10.5 Relation between Writesto TDR and the TDRE Flag

The TDRE flag in SSR is a status flag that indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to 0, the data stored in TDR will be lost sinceit has
not yet been transferred to TSR. It is therefore essential to check that the TDRE flag isset to 1
before writing transmit datato TDR.

15.10.6 Restrictionson Use of DMAC or DTC

e When an external clock sourceis used asthe seria clock, the transmit clock should not be
input until at least 5 ¢ clock cycles after TDR is updated by the DMAC or DTC. Misoperation
may occur if the transmit clock isinput within 4 ¢ clocks after TDR is updated. (Figure 15.35)

e When RDR isread by the DMAC or DTC, be sure to set the activation source to the relevant
SCI receive-data-full interrupt (RXI).

SCK |

' LSB

Serial data >< po X D1 X p2 X b3 X p4 X b5 X D6 X D7 >C

Note: When operating on an external clock, set t > 4 clocks.

Figure 15.35 Example of Synchronous Transmission Using DTC
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Section 21 Flash Memory (0.18-pum F-ZTAT Version)

21.3.2  Programming/Erasing I nterface Parameter

The programming/erasing interface parameter specifies the operating frequency, storage place for
program data, programming destination address, and erase block and exchanges the processing
result for the downloaded on-chip program. This parameter uses the general registers of the CPU
(ERO and ER1) or the on-chip RAM area. Theinitial valueis undefined at a power-on reset or in
hardware standby mode.

When download, initialization, or on-chip program is executed, registers of the CPU except for
ERO and ERL1 are stored. The return value of the processing result is written in ERO, ER1. Since
the stack areais used for storing the registers except for ERO, ER1, the stack area must be saved at
the processing start. (A maximum size of a stack areato be used is 128 bytes.)

The programming/erasing interface parameter is used in the following four items.

Download control

Initialization before programming or erasing
Programming

Erasing

> w NP

These items use different parameters. The correspondence table is shown in table 21.4. The
meaning of the bitsin FPFR varies in each processing program: initialization, programming, or
erasure. For details, see descriptions of FPFR for each process.

Rev.7.00 Mar. 18, 2009 page 879 of 1136
REJ09B0109-0700

RENESAS



Section 26 Electrical Characteristics

(2) Control Signal Timing

Table 26.32 Control Signal Timing

Conditions. Vec=3.0V1t03.6V,AVcc=3.0V103.6V, V=30V 10AVcc, Vss=AVsgs=
0V, ¢=8MHzto 34 MHz, T,=-20°C to+75°C (regular specifications),
T.=-40°C to +85°C (wide-range specifications)

Item Symbol Min. Max. Unit Test Conditions
RES setup time tress 200 — ns Figure 26.5

RES pulse width tresw 20 — teye

NMI setup time tnmis 150 — ns Figure 26.6

NMI hold time tNMIH 10 —

NMI pulse width (in recovery from  tnwiw 200 —

software standby mode)

IRQ setup time tiros 150 — ns

IRQ hold time tiroH 10 —

IRQ pulse width (in recovery from  tirow 200 —

software standby mode)
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Appendix

D. Bus State during Execution of Instructions
Table D.1 shows the execution state of each instruction in this LS.

[Explanation of Table Contents:]

roov oy

Order of execution

Instruction 1 2 3 4 5 6 7 8
I state of inter
R:W 2nd nal operation RW EA

A

A {
End of instruction

Read the effective address in words.

Read/write is not performed.

Read the second word of the instruction that is being executed in words.

[Legend:]

R:B Reading in bytes

R:W Reading in words

W:B Writing in bytes

W:w Writing in words

‘M Bus mastership cannot be handed over immediately after this cycle
2nd Address of second word (3rd and 4th bytes)

3rd Address of third word (5th and 6th bytes)

4th Address of fourth word (7th and 8th bytes)

5th Address of fifth word (9th and 10th bytes)

NEXT Start address of instruction immediately following the instruction being executed
EA Effective address

VEC Vector address

Figure D.1 shows the timing of the address bus, RD, HWR, and LWR during execution of the
sample instruction above (example in "Explanation of Table Contents") with an 8-bit bus, 3-state
access, and no wait.
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Appendix

TableD.1 Execution State of Instructions

Instruction 1 2 3 4 5
ADD.B #xx:8,Rd [R:W
NEXT
ADD.B Rs,Rd R:W
NEXT
ADD.W R:W 2nd [R:W
#xx:16,Rd NEXT
ADD.W Rs,Rd |[R:W
NEXT
ADD.L R:W 2nd [R:W 3rd [R:W
#xx:32,ERd NEXT
ADD.L ERs,ERd |[R:W
NEXT
ADDS R:W

#1/2/4,ERd NEXT

ADDX #xx:8,Rd |[R:W

NEXT
ADDX Rs,Rd R:W

NEXT
AND.B #xx:8,Rd [R:W

NEXT
AND.B Rs,Rd R:W

NEXT
AND.W R:W 2nd [R:W:
#xx:16,Rd NEXT
AND.W Rs,Rd |[R:W

NEXT
AND.L R:W 2nd [R:W 3rd [R:W
#xx:32,ERd NEXT
AND.L ERs,ERd|R:W 2nd |[R:W

NEXT

ANDC R:W
#xx:8,CCR NEXT
ANDC R:W 2nd |R:W
#xx:8,EXR NEXT
BAND #xx:3,Rd |[R:W

NEXT
BAND R:W 2nd |[R.BEA |[R:W
#xx:3, @ERd NEXT
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Instruction 1 2 3 4 5 6 7 8 9
STM.L (ERn- R:W 2nd |R:W 1 state of W:W:M (W:W
ERN+3), NEXT internal  [Stack (H) |Stack (L)
@-SP™® operation |*? 2
STMAC R:W
MACH,ERd NEXT
STMAC R:W
MACL,ERd NEXT
SUB.B Rs,Rd R:W

NEXT
SUB.W R:W 2nd [R:W
#xx:16,Rd NEXT
SUB.W Rs,Rd |[R:W
NEXT
SUB.L R:W 2nd |[R:W 3rd |R:W
#xx:32,ERd NEXT
SUB.L ERs,ERd [R:W
NEXT
SUBS R:W
#1/2/4,ERd NEXT
SUBX #xx:8,Rd |[R:W
NEXT
SUBX Rs,Rd R:W
NEXT
TAS @ERd™  |R:W 2nd |R:W R:B:M EA|W:B EA
NEXT
TRAPA |advanced |R:W 1 state of [W:W W:W ALY RW:M |RW 1 state of [R:W *°
#X:2 NEXT internal  |Stack (L) [Stack (H) |Stack VEC VEC+2 |internal
operation (EXR) operation
XOR.B #xx8,Rd |[R:W
NEXT
XOR.B Rs,Rd R:W
NEXT
XOR.W R:W 2nd |R:W
#xx:16,Rd NEXT
XOR.W Rs,Rd |[R:W
NEXT
XOR.L R:W 2nd [R:W 3rd [R:W
#xx:32,ERd NEXT
XOR.L ERs,ERd|R:W 2nd |R:W
NEXT
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