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DESCRIPTION * Power source voltage (QzZROM version)
. - [In frequency/2 mode]

g:; i?{jlzjrgr;z:lllli (ﬁogl; 8-bit microcomputer based on the 740 FXIN) < 12.5 MHz 451055V

The 38D2 Group is pin-compatible with the 38C2 Group. fXN) < 8 MHz..... o 4010 5.5V

The 38D2 Group has an LCD drive control circuit, an A/D f(XIN) K4 MHzZ.....cooveiieieeeececeee e 20t05.5V

converter, a serial interface, and a ROM correction function and fXIN) S2 MHzZ.ooiicicccccceee 1.8t05.5V

on-chip oscillator as additional functions. [In frequency/4 mode]

The QzROM version and the flash memory version are available. fIXIN) S 16 MHZ....covveeeeeeeeeeeee 45t055V

The flash memory version does not have a selection function for f(Xm) < 8 MHz...... ... 20055V

the oscillation start mode. Only the on-chip oscillator starts f(XIN) < 4 MHz... . 18t055V

oscillating. [In frequency/8 mode]

The various microcomputers include variations of memory size, 110, B 13715 L2 45155V

iﬁi&?i"nkgagmg' For details, refer to the section on part FXIN) € 8 MHZe oo 20055V

’ fIXIN) S 4 MHZ.....oooiuiiiiiiicciieeeiceeeenenes 1.8t05.5V
[In low-speed mode].......cccevveveververierieneriereeeenens 1.8t05.5V

FEATURES Note. 12.5 MHz < f(XIN) < 16 MHz is not available in the fre-

quency/2 mode.

* Basic machine-language instructions .............ccccoceeeeeeeenene 71 * Power source voltage (Flash memory version)

* The minimum instruction execution time ................... 0.32 ps [In frequency/2 mode]

(at 12.5 MHz oscillation frequency) FXINY € 12.5 MHZeoveoeeoeeeeeeeeeeee e 45155V

« Memory size (QZROM version) fIXIN) S 8 MHZ.....oouiuiiiiieiciceiiieieieieieeieienenes 40t0 55V
ROM . 16 K to 60 K bytes fIXIN) S 4 MHZ.....cooiuiiiiiiiiiciieccicieeeienenes 27t055V
TN 640 to 2048 bytes [In frequency/4 mode]

« Memory size (Flash memory version) FXINY € 16 MHZe oo 45155V
12300 S 60 K bytes fXIN) S B MHZconnen 27055V
RAM oo 2048 bytes In frequency/8 mode]

« Programmable input/output ports .. 51 (common to SEG: 24) fIXIN) S 16 MHZ.....cocoouimiiiiiiiciiicciceeieieenes 45t055V

« Tnterrupts 18 sources, 16 vectors fIXIN) S 8 MHZ.....oouiuiiieiiiciccicieicieieieeneienenes 27t055V

© THNEES ovveeeeeeeeeesees e 8-bit x 4, 16-bit x 2 [ 1oW-5peed MOMe].cvvvvvrvvssrssssrsssssnsssrssssnnsns 2710355V

+ Serial interface ....... 8-bit x 2 (UART or Clock-synchronized) Note. 12.5 MHz < fXi) < 16 MHz is not available in the fre-

quency/2 mode.

* PWM ... 10-bit x 2, 16-bit x 1 (common to IGBT output) « Power dissipation (QzZROM version)

* A/D CONVEITET ...oveveneeniieniriinieienieenienieaene 10-bit x 8 channels + In frequency/2 Mode .........c..cooorvereeerrrreennnnn. Typ. 32 mW
(A/D converter can be operated in low-speed mode.) (Vce =5V, f(XIN) = 12.5 MHz, Ta = 25°C)

o Watchdog timer .........ccevueveneneninireeeeeeeenee 8-bit x 1 * In low-speed MOde ........occocoovevveveeeereeean, Typ. 18 uW

* ROM correction function ............cccceeenee 32 bytes x 2 vectors (Vee = 2.5V, fXIN) = stop, fiXCIN) = 32 kHz, Ta = 25°C)

* LED direct drive POIL e, 8 * Power dissipation (Flash memory Version)

(average current: 15 mA, peak current: 30 mA, total current: 90 mA)
LCD drive control circuit

BIAS oo 1/2,1/3
DULY e 2,3,4
COMMON OULPUL ...ttt eae s 4
SeZMENt OULPUL ....eveieiiiiiiiiiieniiieeieereeie ettt 24

* Main clock generating CirCUit ...........ccecveeveievierierierierienrenienne 1
(connect to external ceramic resonator or on-chip oscillator)

* Sub-clock generating CirCuit ..........cooceverereecereerierienieneennenes 1

(connect to external quartz-crystal oscillator)

* In frequency/2 mode ........cccooueveeninininiennnne. Typ. 20 mW
(Vee =5V, f{XIN) = 12.5 MHz, Ta = 25°C)

* In low-speed mode ........cecveveieriirienieniennnne Typ. 1.1 mW
(Vee =2.7 V, f(XIN) = stop, f(XCIN) = 32 kHz, Ta = 25°C)

* Operating temperature range.............ceeveeveeveeneene —20 to 85°C

Flash Memory Mode

* Program/Erase voltage ..........ccccceceveunnnee Vee=27t055V
* Program method .... Programming in unit of byte
* Erase method .......ccocoveviiininiininiicicee Block erasing

* Program/Erase control by software command

APPLICATION

Household products, Consumer electronics, etc.
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38D2 Group

PIN CONFIGURATION
(TOP VIEW)
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POo/SEG0/(KW4)4—» [52_|
P57/SRov1/(KW3) <+—» [53_|
P56/ScLk1/(KW2) € [54_|
P55/TxD1/(KW1) < [55_|
P54/RxD1/(KWo) «— [56 |
P53/T4out/PWM1 €—» [57_|
P52/T3out/PWMo «— [58 ]
P51/INT1 ¢—» [59 |
P50/INTo «—» [60 |

AVss — [61_|

VREF — [67 |
P47/RTP1/AN7 «—» [63_|
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[ 24] —» COM3

[ 23] «—» P30/SroY2/(LEDO)
| 22] «—» P31/Scik2/(LED1)
[ 21] «—» P32/TxD2/(LED2)
[ 20] «—» P33/RxD2/(LED3)
[ 19] «—» P34/INT2/(LED4)
18] «—» P35/TxouT1/(LEDs)
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P60/CNTR1 €+—» [&

P37/CNTRo/TxouT2/(LED7) +—» |5

17 | «—» P36/T20uT/CKOUT/(LEDs)

Note 1: CNVss in flash
memory version

Package type : PLQPO0B4GA-A(64P6U-A)/PLQP0064KB-A(64P6Q-A)

Fig. 1 Pin configuration (LQFP Package)
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38D2 Group

Table 1

Performance overview

Parameter

Function

Number of basic instructions

7

Instruction execution time

0.32 ps (Minimum instruction, Oscillation frequency 12.5 MHz)

Oscillation frequency

16 MHz (Maximum)(1)

Memory sizes ROM 16 K to 60 K bytes

(QzROM version) RAM 640 to 2048 bytes

Memory sizes ROM 60 K bytes

(Flash memory version) | RAM 2048 bytes

1/O port PO-P5, P60-P62 8-bit x 6, 3-bit x 1 (24 pins sharing SEG)

Interrupt 18 sources, 16 vectors (includes key input interrupt)
Timer 8-bit x 4, 16-bit x 2

Serial Interface

8-bit x 2 (UART or Clock-synchronized)

PWM

10-bit x 2, 16-bit x 1 (common to IGBT output)

A/D converter

10-bit x 8 (operated in low-speed mode)

Watchdog timer

8-bit x 1

ROM correction function

32 bytes x 2 vectors

LED direct drive port

8 (average current: 15 mA, peak current: 30 mA, total current: 90 mA)

LCD drive control Bias 1/2,1/3

circuit Duty 2,3,4
Common output 4
Segment output 24

Main clock generating circuits

Built-in (connect to external ceramic resonator or on-chip oscillator)

Sub-clock generating circuits Built-in (connect to external quartz-crystal oscillator)
Power source voltage | In frequency/2 mode |f(XIN)<12.5MHz|4.5t05.5V
(QzROM version) ™M fXIN)<8MHz |4.0t055V
f(XIN) <4 MHz 20to55V
f(XIN) <2 MHz 1.8t05.5V
In frequency/4 mode |f(XIN)<16 MHz |4.5t05.5V
f(XIN) < 8 MHz 20to55V
f(XIN) <4 MHz 1.8t05.5V
In frequency/8 mode |f(XIN)<16 MHz |4.5t05.5V
f(XIN) < 8 MHz 20to55V
f(XIN) <4 MHz 1.8t055V
In low-speed mode 1.8t055V
Power source voltage | In frequency/2 mode |f(XIN)<12.5MHz|4.5t05.5V
(Flash memory version) | (1) fXIN)<8MHz |4.0t055V
f(XIN) <4 MHz 27t055V
In frequency/4 mode |f(XIN)<16 MHz |4.5t05.5V
f(XIN) < 8 MHz 27t055V
In frequency/8 mode |f(XIN)<16 MHz |4.5t05.5V
f(XIN) < 8 MHz 27t055V
In low-speed mode 27t055V

Power dissipation
(QzROM version)

In frequency/2 mode

Std. 32 mW (Vcc = 5 V, f(XIN) = 12.5 MHz, Ta = 25°C)

In low-speed mode

Std. 18 uW (Ve = 2.5 V, f(XIN) = stop, f(XCIN) = 32 kHz, Ta = 25°C)

Power dissipation
(Flash memory version)

In frequency/2 mode

Std. 20 mW (Vcc =5V, f(XIN) = 12.5 MHz, Ta = 25°C)

In low-speed mode

Std. 1.1 mW (Ve = 2.7 V, f(XIN) = stop, f(XCIN) = 32 kHz, Ta = 25°C)

Input/Output Input/Output withstand voltage Vcc
characteristics Output current 10 mA
Operating temperature range -20 to 85°C

Device structure

CMOS silicon gate

Package

64-pin plastic molded LQFP

NOTE:

1. 12.5 MHz < f(XIN) < 16 MHz is not available in the frequency/2 mode.

Rev.3.02
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38D2 Group
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Fig. 2 Functional block diagram
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38D2 Group

PIN DESCRIPTION

Table 2  Pin description (1)
Pin Name Function Function except a port function
Vcce, Vss Power source * Apply 1.8 to 5.5 V to Vcc, and 0 V to Vss.
RESET Reset input * Reset input pin for active “L”.
XIN Clock input * Input and output pins for the main clock generating circuit.
XouT Clock output » Connect a ceramic resonator or a quartz-crystal oscillator between the XiN and Xout pins to
set the oscillation frequency. When an external clock is used, connect the clock source to
XIN, and leave XouT pin open.
» Feedback resistor is built in between XIN pin and XouT pin.
AV/K] LCD power * Input 0 < VL1 < VL2 < V13 voltage.
source * Input 0 — VL3 voltage to LCD.
COMo- Common output |+ LCD common output pins.
COMs * COM2 and COMs are not used at 1/2 duty ratio.
* COMs is not used at 1/3 duty ratio.
POo/SEGo/(KW4)— | 1/O port PO « 8-bit 1/0 port. « LCD segment » Key input interrupt
PO3/SEG3/(KW7) * CMOS compatible input level. output pins input pins
P04/SEG4— » CMOS 3-state output structure.
P07/SEG7 + 1/O direction register allows each pin to be
individually programmed as either input or output.
* Pull-up control is enabled in a bit unit.
P10/SEGs- 1/0O port P1 * 8-bit I/0 port.
P17/SEG15 * CMOS compatible input level.
* CMOS 3-state output structure.
+ |/O direction register allows each pin to be
individually programmed as either input or output.
* Pull-up control is enabled in a bit unit.
P20/SEG16— 1/O port P2 * 8-bit I/0 port.
P25/SEG21 * CMOS compatible input level.
P26/SEG22/VL1 + CMOS 3-state output structure. « LCD power source
P27/SEG23/VL2 + 1/0 direction register allows each pin to be pins
individually programmed as either input or output.
* Pull-up control is enabled in a bit unit.
P30/SrbY2/(LED0) | I/O port P3 « 8-bit 1/0 port. « Serial 1/02 function pins
P31/Scik2/(LED1) * CMOS compatible input level.
P32/TxD2/(LED2) + CMOS 3-state output structure.
P33/RxD2/(LED3) « /O direction register allows each pin to be
P34/INT2/(LEDa4) individually programmed as eithgr in.put or output. | « External interrupt pin
P35/TxouT1/(LEDs) * Pull-up control is enabled in 4-bit unit. < Timer X, Timer 2 output pins
P36/T20uT/CKOUT/
(LEDs)
P37/CNTRo/TxouTt2/  Timer X function pin
(LED7)
P40/Oouto/ANo 1/O port P4 * 8-bit I/0 port. « A/D convertor * Oscillation
P41/0OouT1/AN1 * CMOS compatible input level. input pins external output
* CMOS 3-state output structure. pins
P42/AN2/ADKEY » 1/O direction register allows each pin to be « ADKEY
P43/AN3—P45/AN5 individually programmed as either input or output.
* Pull-up control is enabled in 4-bit unit. -
P46/RTPo/ANe * Real time port
P47/RTP1/AN7 function pins
P50/INTo I/0 port P5 * 8-bit I/0 port. * External input pins
P51/INT1 * CMOS compatible input level.
P52/T30UT/PWMo + CMOS 3-state output structure. « Timer 3, Timer 4 output pins
P53/T40uT/PWM1 + 1/0 direction register allows each pin to be « PWM output pins
P54/RxD1/(KWo) individually programmed gs elthgr |n.put or output. Serial /01 function pins
P55/TxD1/(KW1) * Pull-up control is enabled in 4-bit unit « Key input interrupt input pins
P56/ScLk1/(KW2)
P57/SRDY1/(KW3)
Rev.3.02 Apr 10,2008 Page 5 of 131 .ZENESAS
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38D2 Group

Table 3  Pin description (2)
Pin Name Function - -
Function except a port function
P60/CNTR1 1/O port P6 « .3-bit /0 port. « Timer Y function pins
P61/XCIN + CMOS compatible input level. + Sub clock generating circuit /O pins
P62/XcouT + CMOS 3-state output structure. (oscillator connected)
« /O direction register allows each pin to be
individually programmed as either input or output.
* Pull-up control is enabled in 3-bit unit
OSCSEL Oscillation start | « Whether oscillation starts by an oscillator between the Xin and XouT pins or an on-chip
(Only QzROM selection pin oscillator is selected.
version) VPP power source input pin in the QzZROM writing mode.
CNVss CNVss « Pin for controlling the operating mode of the chip. Connect to Vss.
(Only flash memory
version)
VREF Analog reference |+ Reference voltage input pin for A/D converter.
voltage
AVss Analog power » Analog power source input pin for A/D converter. Connect to Vss.
source
Rev.3.02 Apr 10,2008 Page 6 of 131 .ZENESAS
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38D2 Group

PART NUMBERING

Product M38D2 4

©
o
<
<
<

[

Package type
FP: PLQP0064GA-A package
HP: PLQP0064KB-A package

ROM number
Omitted in the shipped in blank version.

ROM memory size
: 4096 bytes

: 8192 bytes

: 12288 bytes

9 : 36864 bytes
A
B
: 16384 bytes C
D
E
F

: 40960 bytes
: 45056 bytes
: 49152 bytes
: 53248 bytes
: 57344 bytes
: 61440 bytes

: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes

O~NO O WN -

The first 128 bytes and the last 2 bytes of ROM
are reserved areas ; they cannot be used.

Memory type
G : QzROM version
F : Flash memory version

RAM size

: 192 bytes

: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

: 768 bytes

: 896 bytes

: 1024 bytes
: 1536 bytes
: 2048 bytes

©CoOoO~NOOOHAWN-=0O

Fig. 3 Part numbering
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38D2 Group

GROUP EXPANSION Packages
Renesas plans to expand the 38D2 Group as follows. * PLQPO064GA-A ............... 0.8 mm-pitch plastic molded LQFP
* PLQP0O064KB-A ............... 0.5 mm-pitch plastic molded LQFP
Memory Size
<QzROM version>
* ROM SIZ€ ...ovvviiiiiiiieieeccceeeee 16 K to 60 K bytes
® RAM SIZ€ ...ovvieiieiieieieeeeeeeeee 640 to 2048 bytes
<Flash memory version>
® ROM SI1Z€ .vvevvenieieiecieiesieeteeceteeeeee e 60 K bytes
2048 bytes
Under developmen:
ROMsize 60K[{~ -~ " T~~~ =~~~ ~~"0~ -~ ~~"7T- -~ 1~~~ ~~~7"~~~7-7777~~1(WM38D29GF/FE
(bytes) i i | i i i | i i
K[~ T~ r/-———/" I/~~~ T r-TT T T Tt T T T T T B D =
i i i i | i i i i
e A S s ~=--~{(usep296¢
1 1 1 I | I I I I
s e S — .
I I 1 1 | I I I I
32K |~ ((W38D28GB) -
S N S S SO (NS S s B g
S IR A A C | |
oK f————t+-——-F-——-"-——o{(M38D24G6 )} —— -4~ 4 -
I I I I I I I I I
1 1 ] 1 | 1 ] 1 ] ]
20K [T~ T T TT T[T T T T T Tl I it T
. o | |
L e e S e (D e T 1
] ] [} [} I I I I ]
] R i e e e B oo -
1 I I I | I I I I 1
e T S S |
I I I I | I I I I I
] ] 1 1 | I I ] [} [}
4K[f-———t————fF———————A————t-———F——— - —————— H-—————— -
I I I I | I I I I I
P! ! ! I ! ! ! ! |
192 256 384 512 640 768 896 1,024 1,536 2,048
RAM size (bytes)
Products under development or planning : the development schedule and specification may be revised without notice.

Fig. 4 Memory expansion plan

Rev.3.02 Apr10,2008 Page80of131 LXENESANAS
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38D2 Group

Currently supported products are listed below

Table 4  Support products As of August 2007
ROM size (bytes) RAM size
Part No. ROM size for User in () (bytes) Package Remarks
M38D29GF-XXXFP PLQPO064GA-A
M38D29GF-XXXHP 61440 PLQP0064KB-A
2048
M38D29GFFP (61310) PLQP0064GA-A Blank
M38D29GFHP PLQP0064KB-A Blank
M38D29GC-XXXFP PLQP0064GA-A
M38D29GC-XXXHP 49152 PLQP0064KB-A
2048
M38D29GCFP (49022) PLQP0064GA-A Blank
M38D29GCHP PLQP0064KB-A Blank
M38D28G8-XXXFP PLQP0064GA-A
M38D28G8-XXXHP 32768 1536 PLQP0064KB-A
M38D28G8FP (32638) PLQPO064GA-A Blank
M38D28G8HP PLQP0064KB-A Blank
M38D24G6-XXXFP PLQPO064GA-A
M38D24G6-XXXHP 24576 PLQP0064KB-A
640
M38D24G6FP (24446) PLQP0064GA-A Blank
M38D24G6HP PLQP0064KB-A Blank
M38D24G4-XXXFP PLQP0064GA-A
M38D24G4-XXXHP 16384 PLQP0064KB-A
640
M38D24G4FP (16254) PLQP0064GA-A Blank
M38D24G4HP PLQP0064KB-A Blank
M38D29FFFP 61440 2048 PLQPO064GA-A Flash memory version
M38D29FFHP PLQP0064KB-A

Rev.3.02 Apr10,2008 Page90f131 LLENESANAS
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38D2 Group

Table 5

Differences between QzROM and flash memory versions

QzROM version

Flash memory version

Oscillation circuit at reset and at returning from stop mode

Main clock XIN or on-chip oscillator selectable

On-chip oscillator

by OSCSEL pin
,rTermination of OSCEL/CNVss pin OSCSEL = “H” OSCSEL =“L” CNVss =“L"
hryee e -
Main clock oscillation at reset and at returning from Oscillation on Stop Stop

: stop mode

1 On-chip oscillator oscillation at reset and at returning
! from stop mode

Oscillation on

Oscillation on

; System clock ¢ oscillation at reset and at returning
| from stop mode

f(OCO)/32

f(0CO)/32

: Mounting of main clock oscillation circuit

Required

Optional

Optional

On-chip oscillator oscillation in low speed-mode

Stop

Stop by setting the on-chip
oscillator stop bit because it
is not stopped.

Writing “1” to on-chip oscillator stop bit in on-chip
oscillator mode

On-chip oscillator is stopped

On-chip oscillator is not
stopped

Reset input “L” pulse width 2 us or more 2 ms or more
Absolute maximum rating: OSCSEL/CNVSss pin -0.3t08.0 -0.3to Vcc +0.3
Minimum operating power source voltage 1.8V 27V

A/D converter minimum operating power source voltage 20V 2.7V

NOTE:

1.

For detailed specifications, confirm the descriptions in the Datasheet.

Notes on Differences between QzROM and Flash Mem-
ory Versions

(M

@)
3)

“)

©)

The memory map, the writing modes and programming
circuits vary because of the differences in their internal
memories.

The oscillation parameters of XIN-XOUT and XCIN-XCOUT
may vary.

The QzROM version and the flash memory version MCUs
differ in their manufacturing processes, built-in ROM, and
layout patterns. Because of these differences, characteristic
values, operation margins, A/D conversion accuracy, noise
immunity, and noise radiation may vary within the specified
range of electrical characteristics.

When switching from the flash memory version to the
QzROM version, implement system evaluations equivalent
to those implemented in the flash memory version.

The both operations except the electrical characteristics are
same at the emulator (emulator MCU board: M38D29T-
RLFS).

Rev.3.02
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38D2 Group

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The 38D2 Group uses the standard 740 Family instruction set.
Refer to the 740 Family Software Manual for details on the
instruction set.
Machine-resident 740 Family instructions are as follows:

The FST and SLW instructions cannot be used.

The STP, WIT, MUL, and DIV instructions can be used.
The central processing unit (CPU) has six registers. Figure 5
shows the 740 Family CPU register structure.

[Accumulator (A)]

The accumulator is an 8-bit register. Data operations such as
arithmetic data transfer, etc., are executed mainly through the
accumulator.

[Index Register X (X)]

The index register X is an 8-bit register. In the index addressing
modes, the value of the OPERAND is added to the contents of
register X and specifies the real address.

[Index Register Y (Y)]

The index register Y is an 8-bit register. In partial instruction, the
value of the OPERAND is added to the contents of register Y
and specifies the real address.

[Stack Pointer (S)]

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. This register indicates start address of stored area
(stack) for storing registers during subroutine calls and
interrupts.

The low-order 8 bits of the stack address are determined by the
contents of the stack pointer. The high-order 8 bits of the stack
address are determined by the stack page selection bit. If the
stack page selection bit is “0”, the high-order 8 bits becomes
“0016”. If the stack page selection bit is “1”, the high-order 8 bits
becomes “0116”.

The operations of pushing register contents onto the stack and
popping them from the stack are shown in Figure 6.

Table 6 shows the push and pop instructions of accumulator or
processor status register.

Store registers other than those described in Figure 6 with
program when the user needs them during interrupts or
subroutine calls.

[Program Counter (PC)]

The program counter is a 16-bit counter consisting of two 8-bit
registers PCH and PCL. It is used to indicate the address of the
next instruction to be executed.

b7 b0
| A | Accumulator
b7 b0
| X | Index register X
b7 b0
| Y | Index register Y
b7 b0
| S | Stack pointer

b15 b7 b0

PCH | PCL | Program counter

b7 b0

|N|V| T|B|D| I |Z|C| Processor status register (PS)

Carry flag

L—— Interrupt disable flag

—— Zero flag

Decimal mode flag

Break flag
Index X mode flag
Overflow flag
Negative flag

Fig. 5 740 Family CPU register structure
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” On-going Routine ||

Push return address
on stack

M(S) « (PCL)

Execute RTS

(S) < (S) +1

(PCL) « M(S)

POP return address
from stack

(PCH) « M(S)

Push return address
on stack

M(S) « (PCL)

M(S) « (PS)

Push contents of processor
status register on stack

Interrupt Service

Routine

| Flag is set from “0” to “1”
Fetch the jump vector
Execute RTI

POP contents of
processor status
register from stack

POP return
address
from stack

(PCH) « M(S)

Note1: Condition for acceptance of an interrupt request here — Interrupt disable flag is “0” and

Interrupt enable bit corresponding to each interrupt source is “1”

Fig. 6 Register push and pop at interrupt generation and subroutine call

Table 6 Push and pop instructions of accumulator or processor status register
Push instruction to stack Pop instruction from stack
Accumulator PHA PLA
Processor status register PHP PLP
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[

Processor Status Register (PS)]

The processor status register is an 8-bit register consisting of 5
flags which indicate the status of the processor after an
arithmetic operation and 3 flags which decide MCU operation.
Branch operations can be performed by testing the Carry (C)
flag, Zero (Z) flag, Overflow (V) flag, or the Negative (N) flag.
In decimal mode, the Z, V, N flags are not valid.

Bit 0: Carry flag (C)

The C flag contains a carry or borrow generated by the
arithmetic logic unit (ALU) immediately after an arithmetic
operation. It can also be changed by a shift or rotate
instruction.

Bit 1: Zero flag (Z)

The Z flag is set to “1” if the result of an immediate arithmetic
operation or a data transfer is “0”, and set to “0” if the result is
anything other than “0”.

Bit 2: Interrupt disable flag (I)

The 1 flag disables all interrupts except for the interrupt
generated by the BRK instruction.

Interrupts are disabled when the I flag is “1”.

Bit 3: Decimal mode flag (D)

The D flag determines whether additions and subtractions are
executed in binary or decimal. Binary arithmetic is executed
when this flag is “0”; decimal arithmetic is executed when it is
“17.

Decimal correction is automatic in decimal mode. Only the
ADC and SBC instructions can be used for decimal arithmetic.

Bit 4: Break flag (B)

The B flag is used to indicate that the current interrupt was
generated by the BRK instruction. When the BRK instruction
is generated, the B flag is set to “1” automatically. When the
other interrupts are generated, the B flag is set to “0”, and the
processor status register is pushed onto the stack.

Bit 5: Index X mode flag (T)

When the T flag is “0”, arithmetic operations are performed
between accumulator and memory. When the T flag is “17,
direct arithmetic operations and direct data transfers are
enabled between memory locations.

Bit 6: Overflow flag (V)

The V flag is used during the addition or subtraction of one
byte of signed data. It is set if the result exceeds +127 to -128.
When the BIT instruction is executed, bit 6 of the memory
location operated on by the BIT instruction is stored in the
overflow flag.

Bit 7: Negative flag (N)

The N flag is set to “1” if the result of an arithmetic operation
or data transfer is negative. When the BIT instruction is
executed, bit 7 of the memory location operated on by the BIT
instruction is stored in the negative flag.

Table 7 Set and clear instructions of each bit of processor status register
C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED - SET - -
Clear instruction CLC - CLI CLD - CLT CLv -
Rev.3.02 Apr 10,2008 Page 13 of 131 .ZEI\IESAS
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[CPU Mode Register (CPUM)] 003B16

The CPU mode register contains the stack page selection bit, etc.
This register is allocated at address 003B16.

After the system is released from reset, the mode depends on the
OSCSEL pin state in the QzZROM version.

When the OSCSEL pin state is GND level, only the on-chip
oscillator starts oscillation. The XIN-XOUT oscillation stops
oscillating, and XCIN and XcoUT pins function as I/O ports. The
operating mode is the on-chip oscillator mode.

When the OSCSEL pin state is Vcce level, the XIN-XOUT
oscillation divided by 8 starts oscillation. The on-chip oscillator
stops oscillating, and the XcIN and XcouT pins function as I/O
ports. The operating mode is the frequency/8 mode.

In the flash memory version, only the on-chip oscillator starts
oscillating. The XIN-XoUT oscillation stops oscillating, and the
XcIN and XcouT pins function as I/O ports. The operating mode
is the on-chip oscillator mode.

When the main clock or sub-clock is used, after the XiN-XouT
oscillation and the XCIN-XCOUT oscillation are enabled, wait in
the on-chip oscillator mode etc. until the oscillation stabilizes,
and then switch the operation mode.

When the main clock is not used (XIN-XOUT oscillation and an
external clock input are not used), connect the XIN pin to Vcc
through a resistor and leave XOUT open.

[CPU Mode Register 2 (CPUM2)] 001116

The CPU mode register 2 contains the control bits for the on-chip
oscillator.

The CPU mode register 2 is allocated at address 001116.

b7 b0 CPUM2

(

b7 b0  CPUM

(

b1 b0

1

CPU mode register 2

|CM8| (address 001116, QzROM version, OSCSEL-=L, initial value: 0016)
(

On-chip oscillator stop bit (1)
0 : Oscillating
1 : Stopped
Not used (do not write “17)
Not used (returns “0” when read)
Not used (do not write “17)

CPU mode register

[cm7 [cme [cms [cma [ema [omz [omt [emo] (address 003B16,QzROM version, OSCSEL=L, initial value: EO16)
(

Processor mode bits

0 0: Single-chip mode
01:
10:

1:

Stack page selection bit
0:0 page
1:1 page
Internal system clock selection bit
0 : Main clock selected (includes OCO, XIN)
1 : XCIN-XCOUT selected
Port Xc switch bit(2)
0 : I/O port function (Oscillation stop)
1 : XCIN-XCOUT oscillating function
XIN-XOUT oscillation stop bit(3)

QzROM version, OSCSEL=H, initial value: 0116)

Flash memory version, initial value: 0016)

QzROM version, OSCSEL=H, initial value: 4016)

Flash memory version, initial value: E0Q16)

Not available

0 : Oscillating
1 : Stopped

Main clock division ratio selection bit (Valid only when CM3=0) (4)
b7 b6
00

: f(XIN)/2 (frequency/2 mode)
0 1:f(XIN)/8 (frequency/8 mode)
1 0: f(XIN)/4 (frequency/4 mode)
1 1 : On-chip oscillator

Notes 1: When the on-chip oscillator is selected by the watchdog timer count source selection bit 2 (bit 5 of

watchdog timer control register (address 002916)), the on-chip oscillator does not stop
even when the on-chip oscillator stop bit is set to “1”.
Also, when the low-speed mode is set, the on-chip oscillator stops regardless of the value of this bit in
the QzROM version. The on-chip oscillator does not stop in the flash memory version, so set this bit to
“1” to stop the oscillation.
In on-chip oscillator mode, even if this bit is set to “1”, the on-chip oscillator does not stop in the flash
memory version, but stops in the QzZROM version.

2: In low-speed mode, the XCIN-XCOUT oscillation stops if the port XC switch bit is set to “0”.

3: In XIN mode, the XIN-XOUT oscillation does not stop even if the XIN-XOUT oscillation stop bit is set to “1”.

4: 12.5 MHz < f(XIN) < 16 MHz is not available in the frequency/2 mode.

Fig. 7 Structure of CPU mode register
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<QzROM version>

( )

OSCSEL ?

H |

L Wait by operation until establishment

. Start with an on-chip oscillator. ’ The CPU starts its operation
( After fe'eis'”g reset ) Initial value of CPUM is EO16. :Aﬂer re'easj'”g reset ) in the built-in XIN mode.

Initial value of CPUM2 is 0016. Initial value of CPUM is 4016.
As for the details of condition for Initial value of CPUM2 is 0116.
transition among each mode,
refer to the state transition of
system clock.

Low-speed/XiN mode ?

Nt Oscillator starts oscillation.
(bﬁéafgﬂg gsgf'"gg‘l’_,”M) Do not change bit 3, bit 6 and bit 7
of CPUM until oscillation stabilizes.

Wait by on-chip oscillator operation until
establishment of oscillator clock

. Select internal system clock.
Select internal system clock | Do not change bit 3, bit 6 and bit
(bit 3 of CPUM or bit 7, 6 = “01") 7 of CPUM at the same time.

le

System can operate in on-chip
oscillator mode until oscillation
stabilize.

Switch the main clock division ratio gel_ecrt] mafin clock di/\éisior; ratio. /4 mode h
selection bit (bit 7, 6 = “00” or “10") witch to frequency/2 or frequency/4 mode here,

if necessary.

r|

Main routine

<Flash memory version>

( )
v

( After releasing reset

) Start with an on-chip oscillator.
Initial value of CPUM is E016.
Initial value of CPUM2 is 0016.
As for the details of condition for
transition among each mode,
refer to the state transition of system clock.

Low-speed/XiN mode ?

ot Oscillator starts oscillation.
(bﬁfﬂﬂg gsgf'”é‘g‘g”M) Do not change bit 3, bit 6 and bit 7 of CPUM until
oscillation stabilizes.

Wait by on-chip oscillator operation until
establishment of oscillator clock

Select internal system clock.

Select internal system clock Do not change bit 3, bit 6 and bit 7 of CPUM at the
(bit 3 of CPUM or bit 7, 6 = “01”) same time.

!

Switch the main clock division ratio Sel_ect main clock division ratio. .
selection bit (bit 7, 6 = 00 or *10”) Switch to frequency/2 or 4 mode here, if necessary.

N

Main routine

System can operate in on-chip oscillator mode until
oscillation stabilize.

Fig. 8 Switch procedure of CPU mode register
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MEMORY

 Special Function Register (SFR) Area
The Special Function Register area in the zero page contains
control registers such as I/O ports and timers.

* RAM
RAM is used for data storage and for stack area of subroutine
calls and interrupts.

* ROM

In the QzZROM version, the first 128 Kbytes and the last 2 bytes
are reserved for device testing and the rest is the user area. Also,
1 byte of address FFDBI6 is reserved.

In the flash memory version, programming and erase operations
can be performed to reserved ROM areas.

¢ Interrupt Vector Area
The interrupt vector area contains reset and interrupt vectors.

* Zero Page
Access to this area with only 2 bytes is possible in the zero page
addressing mode.

* Special Page
Access to this area with only 2 bytes is possible in the special
page addressing mode.

* ROM Code Protect Address in QzZROM Version (Address
FFDB16)
Address FFDBI6 as reserved ROM area in the QzZROM version
is ROM code protect address. “0016” or “FE16” is written into
this address when selecting the protect bit write by using a serial
programmer and selecting protect enabled for writing shipment
by Renesas Technology Corp. When “0016” or “FE16” is set to
the ROM code protect address, the protect function is enabled, so
that reading or writing from/to the corresponding area is disabled
by a serial programmer.
As for the QzZROM product in blank, the ROM code is protected
by selecting the protect bit write at ROM writing with a serial
programmer.
The protect can be performed, dividing twice. The protect area 1
is from the beginning address of ROM to address “EFFF16”.
As for the QzROM product shipped after writing, “0016” (protect
enabled to all area), “FE16” (protect enabled to the protect area 1)
or “FF16” (protect disabled) is written into the ROM code protect
address when Renesas Technology Corp. performs writing. The
writing of “0016”, “FE16” or “FF16” can be selected as ROM
option setup (“MASK option” written in the mask file converter)
when ordering.
For the ROM code protect in the flash memory version, refer to
the “FLASH MEMORY MODE”.

<Notes>

 After areset, the contents of RAM are undefined. Make sure to
set the initial value before use.

When Renesas ships QzROM write products, we write ROM
option data* specified by the mask file converter MM to the
ROM code protect address. Therefore, set FF16 to the ROM
code protect address in ROM data regardless of the presence
or absence of a protect. When data other than FF16 is set, we
may ask that the ROM data be submitted again.

* ROM option data: mask option noted in MM

RAM area 000016
RAMsize | Address SFRarea
(bytes) XXXX16 004016 | |CD display RAM area Zero page
192 00FF16 004C16
256 013F16
384 01BF16 RAM | 010016 J @
512 023F16
640 02BF16 I e,
768 033F16 Reserved area
896 03BF16
1024 | 043F1s 084015 Not used
1536 | 063F1s OFDO1e
2048 083F 16 OFEO16 Reserved area
SFR area("
ROM area OFEFs
OFFO16 SFR area
ROM size Address Address 1000
(bytes) YYYY16 272216 N . ] _
4096 | F00016 F08016 YYYY16 | ceserved ROM area
8192 E00016 E08016 (128 bytes)
12288 D00016 D08016 Protect area 1
16384 | C0001s C08016 2777218
20480 B00016 B08016 EFFF1s i
24576 A00016 A08016 1@
28672 900016 908016 ROM| FFOO16 7
32768 800016 808016
36864 700016 708016 FFD416 [ Reserved ROM area(™
40960 600016 608016 = (lDdC;%?')VI
FFDB16 eserve area :
45056 500016 508016 (ROM code protect) Special page
49152 400016 408016 FFDC1s
53248 300016 308016 Interrupt vector area
57344 200016 208016 FEFE1s
61440 | 100018 108016 L FFFF1s | ResevedROMarea | |
Note 1: This area is available in the flash memory version only.
2: ROM correction vectors are assigned. As for the details, refer to the “ROM CORRECTION FUNCTION".
3: In the flash memory version, programming and erase operations can be performed to reserved ROM areas.
Note that their areas are different from those in the QzZROM version.

Fig. 9 Memory map diagram
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000016 |_Port PO (P0)

000116 |_Port PO direction register (POD)

000216 | _Port P1 (P1)

000316 |_Port P1 direction register (P1D)

000416 |_Port P2 (P2)

000516 |_Port P2 direction register (P2D)

000616 |_Port P3 (P3)

00071¢| Port P3 direction register (P3D)

000816 |_Port P4 (P4)

000916 | Port P4 direction register (P4D)

000A16|_Port P5 (P5)

000B1s| Port P5 direction register (P5D)

000C+e| Port P6 (P6)

000D+s| Port P6 direction register (P6D)

000E16

000F16

00101¢| Oscillation output control register (OSCOUT)

001116 | CPU mode register 2 (CPUM2)

001216 | RREF register (RRFR)

001316| LCD mode register (LM)

001416 | LCD power control register (VLCON)

001516 | AD control register (ADCON)

001616 | AD conversion register (low-order) (ADL)

001716| AD conversion register (high-order) (ADH)

001816| Transmit/receive buffer register 1 (TB1/RB1)

001916 | Serial /01 status register (SIO1STS)

001A16| Serial 1/01 control register (SIO1CON)

001B16] UART1 control register (UART1CON)

001C16| Baud rate generator 1 (BRG1)

001D16| Transmit/receive buffer register 2 (TB2/RB2)

001E18| Serial /02 status register (SIO2STS)

001F16| Serial /02 control register (SIO2CON)

OFEOQ16 | Flash memory control register 0 (FMCRO)

OFE116 | Flash memory control register 1 (FMCR1)

OFE216 | Flash memory control register 2 (FMCR2)

OFE316 | Reserved (!

OFE416 | Reserved (!

OFE516 | Reserved (1

OFE616 | Reserved (1

OFE716 | Reserved (1

OFE816| Reserved (1

OFE916 | Reserved (1

OFEA16| Reserved (1

OFEB16| Reserved (1

OFEC16| Reserved(1

OFED16| Reserved (1

OFEE16| Reserved (1

OFEF16

™
™
™
™
™
™
™)
™)
™
™
™
™

Reserved (1

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

OFFO016
OFF116
OFF216
OFF316
OFF416
OFF516
OFF616
OFF716
OFF816
OFF916
OFFA1e
OFFB16
OFFC16
OFFD16
OFFE1e
OFFF16

Note 1: The blanks are reserved. Do not write data to these areas.
2: No memory access is allowed to the blank areas within the SFRs.
3: Addresses OFEQ16 to OFEF16 are available in the flash memory version only.

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer 4 (T4)

PWMO01 register (PWMO01)

Timer 12 mode register (T12M)

Timer 34 mode register (T34M)

Timer 1234 mode register (T1234M)

Timer 1234 frequency division selection register (PRE1234)

Watchdog timer control register (WDTCON)

Timer X (low-order) (TXL)

Timer X (high-order) (TXH)

Timer X (extension) (TXEX)

Timer X mode register (TXM)

Timer X control register 1 (TXCON1)

Timer X control register 2 (TXCON2)

Compare register 1 (low-order) (COMP1L)

Compare register 1 (high-order) (COMP1H)

Compare register 2 (low-order) (COMP2L)

Compare register 2 (high-order) (COMP2H)

Compare register 3 (low-order) (COMP3L)

Compare register 3 (high-order) (COMP3H)

Timer Y (low-order) (TYL)

Timer Y (high-order) (TYH)

Timer Y mode register (TYM)

Timer Y control register (TYCON)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)

PULL register (PULL)

UART2 control register (UART2CON)

Baud rate generator 2 (BRG2)

Clock output control register (CKOUT)

Segment output disable register 0 (SEGO)

Segment output disable register 1 (SEG1)

Segment output disable register 2 (SEG2)

Key input control register (KIC)

ROM correction address 1 high-order register (RCA1H)

ROM correction address 2 high-order register (RCA2H)

(

ROM correction address 1 low-order register (RCA1L)
(
(

ROM correction address 2 low-order register (RCA2L)

ROM correction enable register (RCR)

Reserved(1)

Reserved (1)

Reserved (1)

Fig. 10 Memory map of special function register (SFR)
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/0 PORTS

* Direction Registers

The I/O ports PO—P6 have direction registers which determine
the input/output direction of each individual pin. Each bit in a
direction register corresponds to one pin, each pin can be set to
be input port or output port.

When “0” is written to the bit of the direction register, the
corresponding pin becomes an input pin. As for ports PO-P2,
when “1” is written to the bit of the direction register and the
segment output disable register, the corresponding pin becomes
an output pin. As for ports P3—P6, when “1” is written to the bit
of the direction register, the corresponding pin becomes an
output pin.

If data is read from a pin set to output, the value of the port latch
is read, not the value of the pin itself. However, when peripheral
output (RTP1, RTPo, TXouT1, T4ouT, T30UT, T20UT/CKOUT,
Oouro, and OOUT!) is selected, the output value is read. Pins set
to input are floating. If a pin set to input is written to, only the
port output latch is written to and the pin remains floating.

* Pull-up Control

Each individual bit of ports PO—P2 can be pulled up with a
program by setting direction registers and segment output disable
registers 0 to 2 (addresses 0FF416 to 0FF616).

The pin is pulled up by setting “0” to the direction register and
“1” to the segment output disable register.

By setting the PULL register (addresses 0FF016), ports P3—P6
can control pull-up with a program.

However, the contents of PULL register do not affect ports
programmed as the output ports.

Segment output
disable register
D\' : giste “«0” “qn
irection
register
Initial state
“? Input port Input port
No pull-up | Pull-up
wqn Segment
1 output Port output

Fig. 11 Structure of ports PO to P2

b7 bO
|

PULL register
(PULL : address OFF016)

P30-P33 pull-up
P34-P37 pull-up
P40-P43 pull-up
P44-P47 pull-up
P50-P53 pull-up
P54-P57 pull-up
P60-P62 pull-up
Not used (return “0” when read)

0 : No pull-up
1 : Pull-up

b7 b0
| | Segment output disable register 0

(SEGO : address OFF416)

[

POo pull-up
PO1 pull-up
PO2 pull-up
PO3 pull-up
P04 pull-up
POs pull-up
POs pull-up
PO7 pull-up

0 : No pull-up
1 : Pull-up

| | | Segment output disable register 1
(SEG1 : address OFF516)

[~

P10 pull-up

P11 pull-up

P12 pull-up
P13 pull-up
P14 pull-up
P15 pull-up
P16 pull-up
P17 pull-up

0 : No pull-up
1 : Pull-up

b7 b0
|

Segment output disable register 2
(SEG2 : address OFF616)

P20 pull-up
P21 pull-up
P22 pull-up
P23 pull-up
P24 pull-up
P25 pull-up
P26 pull-up
P27 pull-up

0 : No pull-up
1: Pull-up

Notes 1: The PULL register and segment output disable
register affect only ports programmed as the input
ports.

2: When the VL pin input selection bit (VLSEL) of the
LCD power control register (address 001416) is “1”,
settings of P26 and P27 are invalid.

Fig. 12 Structure of PULL register and segment output
disable register

Rev.3.02 Apr 10, 2008
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Table 8  List of I/O port function
Pin Name Input/Output 1/0 format Non-port function Related SFRs Ref. No.
PO0/SEG0/(KW4)— | Port PO | Input/Output, | CMOS compatible input level | LCD segment | Key input Segment output disable (1)
PO3/SEG3/(KW7) individual bits | CMOS 3-state output output (key-on wakeup) | register O
interrupt input
P04/SEG4- 2
PO7/SEG7
P10/SEGs- Port P1 Input/Output, | CMOS compatible input level Segment output disable
P17/SEG15 individual bits | CMOS 3-state output register 1
P20/SEG16— Port P2 | Input/Output, | CMOS compatible input level Segment output disable
P25/SEG21 individual bits | CMOS 3-state output register 2
P26/SEG22/VL1 LCD power
P27/SEG23/VL2 input
P30/SRDY2/(LED0) | Port P3 | Input/Output, | CMOS compatible input level | Serial 1/02 function 1/0 PULL register 3)
P31/ScLk2/(LED1) individual bits | CMOS 3-state output Serial 1/02 control (4)
P32/TxD2/(LED2) register (5)
P33/RxD2/(LED3) Serial /02 status (6)
register
UART?2 control register
P34/INT2/(LED4) External interrupt input PULL register (7)
Interrupt edge selection
register
P35/TxouT1/(LED5) Timer X output 1 PULL register (8)
P36/T20UT/CKOUT Timer 2 output | Clock output Timer X mode register 9)
/(LEDs) Timer 12 mode register
Clock output control
register
P37/CNTRo/TxouT2 Timer X function input PULL register (10)
/(LED7) Timer X output 2 Timer X mode register
P40/0OouTo/ANo Port P4 | Input/Output, | CMOS compatible input level Oscillation PULL register (13)
P41/0O0uT1/AN1 individual bits | CMOS 3-state output external AD control register
output pins Oscillation output
control register
P42/AN2/ADKEY A/D conversion input PULL register (11)
P43/AN3-P45/AN5 AD control register (12)
P46/RTPo/AN6 Real time PULL register (13)
P47/RTP1/AN7 port function AD control register
output Timer Y mode register
P50/INTo Port P5 | Input/Output, | CMOS compatible input level | External interrupt input PULL register 7)
P51/INT1 individual bits | CMOS 3-state output Interrupt edge selection
register
P52/T30UT/PWMo Timer 3 output PULL register 9)
P53/T40UT/PWM1 Timer 4 output Timer 34 mode register
PWM output
P54/RxD1/(KWo) Serial 1/101 Key input PULL register (14)
P55/TxD1/(KW1) function 1/10 (key-on Serial 1/01 control (15)
P56/ScLK1/(KW2) wakeup) register (16)
P57/SRDY1/(KW3) interrupt input | Serial /01 status 17)
register
UART1 control register
P60/CNTR1 Port P6 | Input/Output, | CMOS compatible input level | Timer Y function input PULL register 7)
individual bits | CMOS 3-state output Timer Y mode register
P61/XCIN Sub-clock oscillation circuit PULL register (18)
P62/Xcout CPU mode register (19)
COMo -COM3 Common | Output LCD common output LCD mode register (20)

Notes 1: For details of how to use double/triple function ports as function I/O ports, refer to the applicable sections.
2: Make sure that the input level at each pin is either 0 V or Vcc during execution of the STP instruction.
When an input level is at an intermediate potential, a current will flow from Vcc to Vss through the input-stage gate.
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(1) Ports P0o-P03

Segment output disable bit

Segment data

Segment output disable bit

Direction
register

Port latch

VL2/VL3 ?

——D—%
VL1/VSS

— |
e
e |

Key-on wakeup
interrupt input

<‘C}:‘<<1£T(ey input control

(3) Port P30

Serial /0 mode selection bit
Serial I/0 enable bit}D—
SRpY2 output enable bit

Pull-up control %

Data bus HFP‘ Port latch

(5) Port P32

Direction — > ﬂ )
register
+—O
LS
~N
Serial /0 ready output——— >——
-

(2) Ports P04-P07, P1, P2

VL2/VL3
Segment output disable bit ——DoiDDL
VL1/VSss j

Segment output disable bit

Segment data

only for P26, P27

(4) Port P31
Serial 1/0 synchronous
clock selection bit

Serial 1/0 enable bit

Pull-up control —]
i;

-

Serial I/0 mode selection bit
Serial I/0 enable bit

Direction
register

Data bus— Port latch

~N

Serial 1/0 clock output%}*

Serial I/0 clock input

(6) Port P33

Pull-up control 4{
P32/TxD2 P-channel output disable bit

|
Serial I/O enable bit@_ ]
o+
Y 0

Direction
register

Data bus HHD{ Port latch

Transmit enable bit

~N

Serial I/0 output—— >——

Serial 1/0 enable bit
Receive enable bit

Direction
register

Pull-up control #

]

Data bUS*F*‘ Port latch

>
e

T4

Serial 1/O input«

Fig. 13 Port block diagram (1)
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38D2 Group

Direction
register

(7) Ports P34, P50, P51, P6o

Pull-up control %

Data busfﬁ Port latch |

(9) Ports P36, P52, P53

Direction
register

CNTRY1 interrupt input
INTo-INT2 interrupt input

Data bus 7»‘ Port latch

< G-

Pull-up control %

&/

Port/Timer output selection
Timer output/PWM output
Timer output/System clock ¢ output

(11) Ports P42

!

—_—]

Pull-up control %

Direction
register

Data busw—bf Port latch |

%
—
YDH%
~N

ADK

Analog input pin selection bit
A-D conversion input ¢——o

Direction
register

Data bus—%{ Port latch

EY enable bit

(13) Ports P40, P41, P4s, P47

Pull-up control %

—

Data for real time port

N
=3
Oscillation output control bit/ h |
Real time control bit
Oscillation output/ 4

A-D conversion input ¢——o0—o0——

Analog input pin selection bit

C3r

—
Eﬂe?ﬂ

(8) Port P35

Pull-up control %

> Direction
register —D’%
Data bus— Port latch % 4DH
~N
Pulse output mode—————
Timer X output—————1>——
(10) Ports P37
Pull-up control %
Direction
D

N
Port/Timer output selection ————

Timer output ———— >——

CNTRo interrupt input¢————

Port latch

1>

(12) Ports P43-P4s5

Data bus +—»{ Port latch |

(14) Port P54

Serial

Data bus—;

1/0 enable bit.
Receive enable bit@—

Port latch

@F

©-
Pull-up control %

—

Direction
register

=

D

A-D conversion input ¢———o—o0——
Analog input pin selection bit

Direction
register

Pull-up control %

R

D =
el

Serial I/O input <

Key-on wakeup interrupt inpuM—G'@

-

Fig. 14 Port block diagram
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38D2 Group

(15) Port P55
©

Pull-up control %
P55/TxD1 P-channel output disable bit%>°7 |

Serial I/0 enable bit !
Transmit enable bitjj— 