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Section 6 Bus Controller (BSC)

(7) Areab6

Area 6 includesinternal 1/0 registers. In externa extended mode, area 6 other than on-chip I/0
register areais external address space.

When area 6 external address space is accessed, the CS6 signal can be output.

Either of the basic businterface, byte control SRAM interface, or address/data multiplexed I/0O
interface can be selected for area 6 by the MPXES bit in MPXCR and the BCSEL6 bit in
SRAMCR. Table 6.13 shows the external interface of area 6.

Table6.13 Area6 External Interface

Register Setting

Interface MPXE6 of MPXCR BCSEL6 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(8) Area?

Area 7 includesinternal 1/0 registers. In external extended mode, area 7 other than internal 1/0
register areais external address space.

When area 7 external address space is accessed, the CS7 signal can be output.

Either of the basic businterface, byte control SRAM interface, or address/data multiplexed I/0
interface can be selected for area 7 by the MPXE7 bit in MPXCR and the BCSEL7 hit in
SRAMCR. Table 6.14 shows the external interface of area 7.

Table6.14 Area7 External Interface

Register Setting

Interface MPXE7 of MPXCR BCSEL7 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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Section 6 Bus Controller (BSC)

(4 BREQO Output Timing

When the BREQOE hit is set to 1 and the BREQO signal is output, both the BREQO and BACK
signals may go low simultaneously.

Thiswill occur if the next external access request occurs while internal bus arbitrationisin
progress after the chip samples alow level of the BREQ signal.
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Section 7 DMA Controller (DMAC)

Figure 7.15 shows an example of the extended repeat area operation.

When the area represented by the lower three bits of DSAR (eight bytes)
is specified as the extended repeat area (SARA4 to SARAQ = B'00011)
External memory

: Area specified
H23FFFE by DSAR
H'23FFFF
H240000| ~ [H240000 |~ Repeat
H'240001 H'240001
H'240002 H'240002
H'240003 H'240003
H'240004 H'240004
H'240005 H'240005
H'240006 H'240006
H'240007 H'240007 .
Taa000a] " — An interrupt request by extended repeat area
overflow can be generated.
H'240009

Figure7.15 Example of Extended Repeat Area Operation

When an interrupt by an extended repeat area overflow is used in block transfer mode, the
following should be taken into consideration.

When atransfer is stopped by an interrupt by an extended repeat area overflow, the address
register must be set so that the block size is a power of 2 or the block size boundary is aligned with
the extended repeat area boundary. When an overflow on the extended repeat area occurs during a
transfer of one block, the interrupt by the overflow is suspended and the transfer overruns.
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Section 8 Data Transfer Controller (DTC)

821  DTC ModeRegister A (MRA)

MRA selects DTC operating mode. MRA cannot be accessed directly by the CPU.

Bit 7

6

5

4 3 2 1 0

Bit Name | MD1

| MDO

Sz1

[ s2o | swi [ swo | O 0

Initial Value Undefined

R/W 0

Bit Bit Name

Undefined
O

Initial
Value

Undefined

O

R/W

Undefined  Undefined Undefined Undefined Undefined

O O O O 0

Description

7 MD1
6 MDO

Undefined
Undefined

DTC Mode 1 and 0

Specify DTC transfer mode.
00: Normal mode

01: Repeat mode

10: Block transfer mode

11: Setting prohibited

5 Sz1
4 Sz0

Undefined
Undefined

DTC Data Transfer Size 1 and 0

Specify the size of data to be transferred.
00: Byte-size transfer

01: Word-size transfer

10: Longword-size transfer

11: Setting prohibited

3 SM1
2 SMO

Undefined
Undefined

Source Address Mode 1 and 0
Specify an SAR operation after a data transfer.
0x: SAR is fixed
(SAR writeback is skipped)
10: SAR is incremented after a transfer

(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

11: SAR is decremented after a transfer

(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

1,0

Undefined

Reserved
The write value should always be 0.

[Legend]
X: Don't care
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Section 8 Data Transfer Controller (DTC)

Initial
Bit Bit Name Value R/W Description
15 DTCE15 O R/W DTC Activation Enable 15 to 0
14 DTCE14 0 R/W Setting this bit to 1 specifies a relevant interrupt source to
13 DTCE13 0 R/W a DTC activation source.
12 DTCE12 0 r/w  [Clearing conditions]
11 DTCE11 O rw * When writing 0 to the bit to be cleared after reading 1
10 DTCE10 O Rw * Whenthe DISEL bitis 1 and the data transfer has
9 DTCE9 0 RIW ended N
8 DTCES 0 R/W _-rh th: the spetcn‘:ed nL(ijl;er o:‘htratr;lséeEri Ei\{e gnde;d
7 DTCE7 0 R/W theezgeclifsi’eacljr?u;\r?lbc;re 21[etra:’1vsf2rr]s hgve not enlde "
6 DTCE6 0 R/W
5 DTCES5 0 R/W
4 DTCE4 0 R/W
3 DTCES3 0 R/W
2 DTCE2 0 R/W
1 DTCEH1 0 R/W
0 DTCEO 0 R/W
828 DTC Control Register (DTCCR)

DTCCR specifies transfer information read skip.

Bit 7 6 5 4 3 2 1 0
Bit Name | 0 0 O | RRS | RCHNE O O ERR
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R R R/(W)*
Note: * Only 0 can be written to clear the flag.
Initial
Bit Bit Name Value R/W Description
7t05 — AllO R/W Reserved

These bits are always read as 0. The write value should
always be 0.
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Section 9 /O Ports

9.35 Port Function Control Register 6 (PFCR6)

PFCRG6 selects the TPU clock input pin.

Bit 7 6 5 4 3 2 1 o
BtName [ 0 [wwwroe [ o [ o TCLKS O O O
Initial Value 1 1 1 0 0 0 0 0
R/W R/W R/W R/W R R/W RW RW R/W

Initial
Bit Bit Name Value R/W Description
7 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
6 LHWROE 1 R/W  LHWR Output Enable
Enables/disables LHWR output (valid in external
extended mode).
0: Specifies pin PA4 as I/O port
1: Specifies pin PA4 as LHWR output pin
5 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
4 — 0 R Reserved
This is a read-only bit and cannot be modified.
3 TCLKS 0 R/W TPU External Clock Input Pin Select
Selects the TPU external clock input pins.
0: External clock input pins cannot be used.
1: Specifies pins P14 to P17 as external clock inputs
2to0 — AllO R/W Reserved

These bits are always read as 0. The write value should
always be 0.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.13 TIORH_O

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_O
10B3 I0B2 I0B1 10BO Function TIOCBO Pin Function

0 0 0 0 Output Output disabled
compare
register

0 0 0 1 — Setting prohibited

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 X

1 1 X X Input Capture input source is channel 1/count clock
capture nhut capture at TCNT_1 count-up/count-down*
register

[Legend]

X: Don't care

Note: When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.
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Section 10 16-Bit Timer Pulse Unit (TPU)

Table10.19 TIOR_4

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_4
10B3 I0B2 I0B1 10B0O Function TIOCB4 Pin Function
0 0 0 0 Output Output disabled
0 0 0 1 compare nitial output is 0 output
register
0 output at compare match
0 0 1 0 Initial output is O output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
0 1 0 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB4 pin
capture 5t capture at rising edge
register
1 0 0 Capture input source is TIOCB4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB4 pin
Input capture at both edges
1 1 X X Capture input source is TGRC_3 compare
match/input capture
Input capture at generation of TGRC_3 compare
match/input capture
[Legend]
X: Don't care
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Section 12 8-Bit Timers (TMR)

1254 Timing of Counter Clear by Compare Match

TCNT is cleared when compare match A or B occurs, depending on the settings of the bits
CCLR1 and CCLROin TCR. Figure 12.11 shows the timing of this operation.

Py A Y

Compare match

signal |\_’\I
A

TCNT N

H'00

Figure12.11 Timing of Counter Clear by Compare Match

1255 Timing of TCNT External Reset*

TCNT iscleared at the rising edge or high level of an external reset input, depending on the
settings of bits CCLR1 and CCLRO in TCR. The clear pulse width must be at least 2 states. Figure
12.12 and Figure 12.13 shows the timing of this operation.

Note: * Clearing by an external reset is available only in units 0 and 1.

Po S I I I

External reset
input pin
Clear signal

TCNT N—1 X N X Hoo

Figure12.12 Timing of Clearance by External Reset (Rising Edge)

Po S S I

External reset
input pin I

Clear signal I

TCNT N1 X N X Hoo

Figure12.13 Timing of Clearance by External Reset (High Level)
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Section 14 Serial Communication Interface (SCI, IrDA, CRC)

*UONEZIUOJYOUAS ¥90[0 8SEQ BU) O} BUIPIOOOE SBUEA JIg 9UO JO YIBUS| BYL » 910N

%650°0- = sy 9126 UM 10112 abeIoAY
sday £50° 126 =8/ZHIN ¥89E L = el Jojsuel} abesony
8 x Y00|0 8seg = }q |

8§ .9 S¥v £ i
| ZHIN 7898 'L

(ebeiony)

ZHN ¥89€E°L =
(£8/S€) x ZHIN 2L
ZHN 2 = 2/ZHIN v

_ ZHN N—IV_ ~— 300J0 oseg

L I Y Y U N N e N e ¥ e Y N N N N N e ¥ o o N oy ¥ N Wy Wy Wy Ny Wy W g Ny N W e ¥
2 | LS9555¥5 €525 1S 0S 6V 8 L O Sv¥¥ €T Ly OF 6E 8E LE 9€ G VE €€ 2E€ L€ 0E 6082 L2 92 Sevgee e k202 6181 LLOLSIVLELCLLLOL 6 8 L 9 S ¥ € T |

(L1018 = 0 0} €S0V) ye4 Jojsuel} ebelone SAaY-£S0" 126 UM %00[0 aseg

%0F = sdgy 0g. Yum Jowe ebeieny
sdqy 022 =8/ZHIN 92°G = eyel Jajsue} abelany

48 x %00[0 8sed = 4 |

| ZHN 92'S

_ ZHN 21— |

Govececee 1e0c6L 8LLLOLSLYLELCLLLIOL 6 8 L 9 G ¥ € ¢ | G2¥ceccctec0c6L8LLL9LGLYIELCLLILIOL 6 8 L 9 G ¥ € ¢ |

(ebeiaAY)

ZHN 9L'S =

(S2/eh) x ZHN 2+
ZHIN 2} = Z/ZHIN ¥2
300|0 aseg

(01019 = 0 0} £50V) djel Jojsuel} abelaAe SAQX-02.L UM %00[0 eseq

%650°0- = Sda¥ 9126 UM Jouie ebeieny
sday 925°09% = 9L/ZHN ¥89€"L = 8jed Jajsuel) abesany

«91 x 4000 eseg =1q |

9lsl vilel e 10ob 68 29 S¥ E2 |
| ZHIN v89EL
_ ZHIN 21— |

L Y S Y e N N Y Y N N e N Y o o Y v ¥ W ¥ gy W g Wy Wy Wy N Ny W W ey 81
2 | LG95G5¥S €G2S LS 0S 67 8% L¥ 9 Sv vy Ev ey L OF 6€ 8E LE 9E GE YE €€ 2€ L€ O 6282 L2 92 G2 v2€2 c2 1202 6L 8L LLOLGLYLELZLLLOL 6 8 L 9 G ¥ € T |

-

(ebeiany)

ZHN p89EL =
(£5/5€) x ZHN 2}
ZHIN 2} = 2/ZHIN v
00|20 8seg

(L0018 = 0 01 €SV) olel Jojsues) abelone sdgx-92S 09 UIM 400[0 oseg

%650°0- = SAQY Z'GL L YIMm Joue abeleny
SdQy ZEL'GHE = 9L/ZHIN 1218’ L= olel Jojsuel} abelony

9L x 400[0 8s8g = }q |

9LGL vhel 2k 1oL 68 L9 Sv £z i
| ZHIN 12v8'k
_ ZHN € — |

Y Y N N e ¥ o N N N e ¥ o o N oy ¥y W Ny Wy Wy W W W ¥y W g ey ¥
2 | LG9S 555 €52S 1S 0S 6V 8 L OY Sv ¥y Ev2Y Ly OF 6E 8E LE 9€ GE VE €€ 2€ L€ 0F 6282 L2 92 GC¥2EC 22 1202 61 8L LLILGLVLELZLLIOL 6 8 L 9 G ¥ € 2 |

(ebeione)

ZHIN tev8’) =
(28/5€) x ZHN €
ZHIN € = 8/ZHIN 2
00| aseg

(00048 = 0 01 €SOV) ojes Jojsuel) obelone SAQ-ZE |G UIM %00[d aseg

ZHIN vg = usym

Figure 14.3 Examples of Base Clock when Average Transfer Rate Is Selected (3)

Rev.1.00 Sep. 08, 2005 Page 583 of 966

REJ09B0219-0100

RENESAS



Section 14 Serial Communication Interface (SClI, IrDA, CRC)

(n+1)th
|<— nth transfer frame —>|<— Retransfer frame —>|<— transfer frame
-|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|-LEI—|Ds|D0|D1 |Dz|D3|D4|Ds|D6|D7|Dp|&|Ds|Do|D1|D2|DS|D4|
TTransfer from TDR to TSR TTransfer from TDR to TSR *Transfer from TDR to TSR

b t
FER/ERS |

‘T 1 ? [3]

TDRE J

TEND

Figure14.29 Data Re-Transfer Operation in SCI Transmission M ode

Note that the TEND flag is set in different timings depending on the GM hit setting in SMR.
Figure 14.30 shows the TEND flag set timing.

I/O data Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp ' DE ; |
I Guard t|mei
(TEND interrupt) le - —
_ 12.5 etu '
GM=0 B :
I R
B 11.0 etu -
GM =1 - > '
[Legend]
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure14.30 TEND Flag Set Timing during Transmission
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Section 16 I°C Bus Interface2 (IIC2)

Section 16 1°C Bus Interface2 (11C2)

This LS| has atwo-channel 1°C bus interface.

The I°C bus interface conforms to and provides a subset of the Philips I*C bus (inter-IC bus)
interface functions. The register configuration that controls the I°C bus differs partly from the
Philips configuration, however.

Figure 16.1 shows the block diagram of the I’C bus interface2.

Figure 16.2 shows an example of I/O pin connections to external circuits.

16.1 Features

¢ Continuous transmission/reception

Since the shift register, transmit data register, and receive data register are independent from
each other, the continuous transmission/reception can be performed.

e Start and stop conditions generated automatically in master mode
e Selection of acknowledge output levels when receiving

e Automatic loading of acknowledge bit when transmitting

e Bit synchronization/wait function

In master mode, the state of SCL is monitored per bit, and the timing is synchronized
automatically. If transmission or reception is not yet possible, drive the SCL signal low until
preparations are completed

e Six interrupt sources

Transmit-data-empty (including slave-address match), transmit-end, receive-data-fulll
(including slave-address match), arbitration lost, NACK detection, and stop condition
detection

e Direct busdrive
Two pins, the SCL and SDA pins function as NMOS open-drain outputs.
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Section 16 I°C Bus Interface2 (I1C2)

|l Slave transmit mode ||
T

[ ClearAASInICSR | |[1] [1] Clearthe AAS fiag.
- - T [2] Set the transmit data for ICDRT (except the last byte).
Write the transmit data 2]
to ICDRT i [3] Wait for ICDRT empty.
| Read TRD in ICSR | ] [4] Set the last byte of transmit data.
No @ [38]  [5] Wait for the last byte of data to be transmitted.
i [6] Clear the TEND flag.
Yes _

No @ [7] Set to slave receive mode.

Yes [4] [8] Dummy read ICDRR to free the SCL line.
Write the transmit data [9] Clear the TDRE flag.
to ICDRT

|  Read TENDinICSR |

Yes i
Clear TEND in ICSR Jier
Im

|
e

Set TRS = 0 (ICCRA)
|
o

Dummy read ICDRR

T
Clear TDRE in ICSR

End

Figure16.16 Sample Flowchart for Slave Transmit Mode
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Section 17 A/D Converter
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Section 20 Flash Memory (0.18-um F-ZTAT Version)

20.5

I nput/Output Pins

The flash memory is controlled through the input/output pins shown in table 20.2.

Table20.2 Pin Configuration

Abbreviation 1/0 Function
RES Input Reset
EMLE Input On-chip emulator enable pin
(EMLE = 0 for flash memory programming/erasing)
MD2 to MDO Input Set operating mode of this LSI
PM2 Input SCI boot mode/USB boot mode setting
(for boot mode setting by MD2 to MDO)
TxD4 Output Serial transmit data output (used in SCI boot mode)
RxD4 Input Serial receive data input (used in SCI boot mode)
USD+, USD- I/0 USB data I/O (used in USB boot mode)
VBUS Input USB cable connection/disconnection detect (used in USB boot mode)
PM3 Input USB bus power mode/self power mode setting (used in USB boot
mode)
PM4 Output D+ pull-up control (used in USB boot mode)
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Section 20 Flash Memory (0.18-um F-ZTAT Version)

(4) Flash Key Code Register (FKEY)

FKEY isaregister for software protection that enables to download the on-chip program and
perform programming/erasing of the flash memory.

Bit 7 6 5 4 3 2 1 0
Bit Name | K7 | K6 | K5 | K4 | K3 | K2 | K1 | KO |
Initial Value 0 0 0 0 0 0 (0] 0
R/W R/W R/W R/W RW RW RW R/W R/W
Initial
Bit Bit Name Value R/W Description
7 K7 0 R/W Key Code
6 K6 0 R/W When H'A5 is written to FKEY, writing to the SCO bit in
5 K5 0 R/W FCCS is enabled. When a value other than H'A5 is
written, the SCO bit cannot be set to 1. Therefore, the
4 K4 0 R/W on-chip program cannot be downloaded to the on-chip
3 K3 0 R/W RAM.
2 K2 0 R/W Only when H'5A is written can programming/erasing of
the flash memory be executed. When a value other than
1 K1 0 R/W —n ; . .
H'5A is written, even if the programming/erasing
0 KO 0 R/W program is executed, programming/erasing cannot be

performed.

H'A5: Writing to the SCO bit is enabled. (The SCO bit
cannot be set to 1 when FKEY is a value other
than H'A5.)

H'5A: Programming/erasing of the flash memory is
enabled. (When FKEY is a value other than
H'A5, the software protection state is entered.)

H'00: |Initial value
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Section 23 List of Registers

Register All-Module- Software Hardware
Abbreviation Reset Sleep Module Stop  Clock-Stop Standby Standby Module
TCR_2 Initialized — — — — Initialized TPU_2
TMDR_2 Initialized — — — — Initialized

TIOR_2 Initialized — — — — Initialized

TIER_2 Initialized - — - —_ Initialized

TSR_2 Initialized — — — — Initialized

TCNT_2 Initialized — — — — Initialized

TGRA_2 Initialized — — — — Initialized

TGRB_2 Initialized - —_ - —_ Initialized

TCR_3 Initialized — — — — Initialized TPU_3
TMDR_3 Initialized — — — — Initialized

TIORH_3 Initialized — — — — Initialized

TIORL_3 Initialized - — - —_ Initialized

TIER_3 Initialized — — — — Initialized

TSR_3 Initialized — — — — Initialized

TCNT_3 Initialized — — — — Initialized

TGRA_3 Initialized - —_ - —_ Initialized

TGRB_3 Initialized — — — — Initialized

TGRC_3 Initialized — — — — Initialized

TGRD_3 Initialized — — — — Initialized
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Appendix

Hardware Software Standby Mode
Port MCU Operating Standby Bus Released
Name Mode Reset Mode OPE=1 OPE=0 State
PA6/ Single-chip mode  Hi-Z Hi-Z [AS, BS output] [AS, AH,BS  [AS, AH, BS
AS/ (EXPE = 0) H output] output]
gv"'f . External extended  H Aoupuy M2 Hi-Z
mode (EXPE = 1) L [Other than [Other than
above] above]
[Other than
above] Keep Keep
Keep
PA7/Bé Single-chip mode Hi-Z Hi-Z [Clock output]  [Clock output] [Clock output]
(EXPE = 0) H H Clock output
External extended = Clock output Hi-Z [Other than [Other than [Other than
mode (EXPE =1) above] above] above]
Keep Keep Keep
PBO/ Single-chip mode  Hi-Z Hi-Z [CS output] [CS output] [CS output]
CSo0/ (EXPE =0) H Hi-Z Hi-Z
cs4/ External extended  H
CS5-B xternal extende [Otherthan  [Otherthan  [Other than
mode (EXPE = 1) above] above] above]
Keep Keep Keep
PB1/ All Hi-Z Hi-Z [CS output] [CS output] [CS output]
csv/ H Hi-Z Hi-Z
CS2-B/
CS5-A/ [Other than [Other than [Other than
CS6-B/ above] above] above]
CS7-B Keep Keep Keep
PB2/ All Hi-Z Hi-Z [CS output] [CS output] [CS output]
Cs2-A/ H Hi-Z Hi-Z
CS6-A
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep
PB3/ All Hi-z Hi-z [CS output] [CS output] [CS output]
csy/ H Hi-Z Hi-Z
CS7-A
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep
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