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LENESAS

3823 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

REJO3B0146-0202

DESCRIPTION

The 3823 group is the 8-bit microcomputer based on the 740 fam-
ily core technology.

The 3823 group has the LCD drive control circuit, an 8-channel A/
D converter, a serial interface, a watchdog timer, a ROM correc-
tion function, and as additional functions.

The various microcomputers in the 3823 group include variations
of internal memory size and packaging. For details, refer to the
section on part numbering.

FEATURES
e Basic machine-language inStructions ............ccccceeeeiiieeninneene 71
e The minimum instruction execution time ...........ccccevcveeens 0.4 ps

(at f(XIN) = 10 MHz, High-speed mode)
e Memory size

ROM o 16 K to 60 K bytes
RAM L 640 to 2560 bytes

o ROM correction function ...........cccccevevennene 32 bytes [J 2 blocks
o \Watchdog tIMer ......cc.ooiiiiiiiiiiieeee e 8-bit [0 1
e Programmable input/output ports ..........ccccceeviiiiiniiiiiiciies 49
© INPUL POITS it 5
o Software pull-up/pull-down resistors (Ports PO-P7 except port P4o)
® INTEITUPLS oo 17 sources, 16 vectors
(includes key input interrupt)

e Key Input Interrupt (Key-on Wake-Up) ........ccccoviieiiiiienniinnnnns 8
® TIMEIS .t 8-bit 0 3, 16-bit O 2
e Serial interface ............ 8-bit 0 1 (UART or Clock-synchronized)
e A/D converter ............ 10-bit O 8 channels or 8-bit 0 8 channels

Rev.2.02
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e LCD drive control circuit
BIAS oottt 1/2, 1/3
DULY ot 1/2, 1/3, 1/4
COomMMON OULPUL ... 4
SegmMeNnt OULPUL .......eeiiiiii i 32

Main clock generating circuits Built-in feedback resistor
(connect to external ceramic resonator or quartz-crystal oscillator)
Sub-clock generating circuits

(connect to external quartz-crystal oscillator or on-chip oscillator)
Power source voltage

In frequency/2 mode (f(XIN) <10 MHz) .... ..45t055V
In frequency/2 mode (f(XIN) <8 MHZ) .......cccevueenen. 40to55V
In frequency/4 mode (f(XIN) <10 MHZ) .......cccoeeee. 25t055V
In frequency/4 mode (f(XIN) <8 MHZ) .......ccceeveeen. 20to55V
In frequency/4 mode (f(XIN) <5 MHZz) ......ccccevvenen. 1.8to 5.5V
In frequency/8 mode (f(XIN) <10 MHz) .... ..25t055V
In frequency/8 mode (f(XIN) <=8 MHZz) .......c.ccuveneen. 20to55V
In frequency/8 mode (f(XIN) =5 MHz) .......cceevenen. 1.8to 55V
IN low-speed MOAE .........coviiiiiiiiieiiee e 1.8to55V
e Power dissipation
In frequency/2 Mode .........ccceeiiiiieiiiieiceee e 18 mW (std.)
(at f(XIN) = 8 MHz, Vcc =5V, Ta = 25 °C)
In low-speed mode at XCIN ..o, 18 uW (std.)
(at f(XIN) stopped, f(XcIN) = 32 kHz, Vcc = 2.5V, Ta = 25 °C)
In low-speed mode at on-chip oscillator .................. 35 uW (std.)
(at f(XIN) stopped, f(XCIN) = stopped, Vcc = 2.5V, Ta = 25 °C)
e Operating temperature range.........cccoceeeveeireeneeenns —-20t0 85°C
APPLICATIONS

Camera, audio equipment, household appliances, consumer elec-
tronics, etc.
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3823 Group
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3823 Group

Table 3 Pin description (2)

Pin Name Function - -
Function except a port function

P4o Input port P4 | «1-bit Input port. *QzROM program power pin

*CMOS compatible input level.
P41/¢ I/0 port P4 +7-bit I/O port. *¢ clock output pin
P42/INTo, *CMOS compatible input level. eInterrupt input pins
P43/INT1 «CMOS 3-state output structure. _ _
Eig;"?;DD *1/O direction regigter qllows each pin to be individually *Serial interface function pins
P46/SC|_|%, programmed as either input or output.
P47/SRDY/SOUT *Pull-up control is enabled.
P50/INT2, 1/0 port P5 8-bit 1/0 port. eInterrupt input pins
P51/INT3 «CMOS compatible input level.
P52/RTPO, *CMOS 3-state output structure. «Real time port function pins
P53/RTP1 «I/O direction register allows each pin to be individually

programmed as either input or output. - - -
P54/CNTRo, . *Timer X, Y function pins
P55/CNTR1 *Pull-up control is enabled.
P56/Tout «Timer 2 output pins
P57/ADT *A/D trigger input pins
P60/ANo0— 1/O port P6 *8-bit 1/0O port. *A/D conversion input pins
P67/AN7 *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.
P70/XcourT, 1/0 port P7 *2-bit 1/0 port. *Sub-clock generating circuit /O pins.
P71/XCIN *CMOS compatible input level. (Connect a resonator. External clock

*CMOS 3-state output structure. cannot be used.)

«I/O direction register allows each pin to be individually

programmed as either input or output.

*Pull-up control is enabled.
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3823 Group

PART NUMBERING

Product M38234 G 6 -XXX

Package code
FP : PRQPO080GB-A package
HP : PLQPO080KB-A package

ROM number
Omitted in the shipped in blank version.

ROM/PROM size
: 4096 bytes

: 8192 bytes

: 12288 bytes

: 16384 bytes

: 20480 bytes

: 24576 bytes

: 28672 bytes

: 32768 bytes

36864 bytes
40960 bytes
. 45056 bytes
: 49152 bytes
: 53248 bytes
. 57344 bytes
61440 bytes

© N WN R
mmoQOm>»©o

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

Memory type
G : QzROM version

RAM size

: 192 bytes
: 256 bytes
: 384 bytes
: 512 bytes
: 640 bytes
: 768 bytes
: 896 bytes
: 1024 bytes
: 1536 bytes
: 2048 bytes
: 2560 bytes

> OO ~NOOUNWNERO

Fig. 4 Part numbering
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3823 Group

(7) Port P45 (8) Port P4s
P-Ch : : ; ST T r— Serial I/0 clock-
-Channel output disabled selection bit Pull-up control —| synchronized selection bit
P4s/TxD, P47/SrRov/Sout P-channel output disable bit j )c Serial I/0 enable bit

Serial I/0 enable bit . N
Transmit enable bit Serial I/0O mode selection bit

|
—] —|
Serial 1/0 enable bit
—ﬂ Direction register ’_):>_ N p— "
irection register
+—O
—O
Data bus —-={Port latch > — > Ny
= Port latch ? ¢

Pull-up control —|

Data bus —

) 4
Asynchronous serial 1/0 output N
Synchronous serial I/O output pin selection bit Serial 1/0 clock output H\ﬁ
Serial I/O output Serial /O clock input ~=——

(synchronous or asynchronous)

(9) Port P47 (10) Ports P52, P53
P-Channel output disabled selection bit Pull-up control —|
P4s/TxD, P47/Srov/Sout P-channel output disable bit ] Bull-up controi _|

Serial /0 mode selection bit I
Serial 1/0 enable bit}D—
Srov,SouT output enable bit

Y ° Y
Data bus —+={ Port latch 1S 4D°_| Data bus f*‘ Port latch L\{

j

. N
Synchronous serial I/O output Real time port control bit s
Synchronous serial /0 output pin selection bit Data for real time port —_—
Serial 1/0 ready output

(11) Port P54 (12) Ports P55, P57

Pull-up control —‘ Pull-up control —|

—§ ——|
—

| Direction register —D_¢
—==| Direction register

Y o Y o

Data bus —¢={ Port latch D § >°_‘ b , D_|
Data bus —=| Port latch ?

Timer X operating mode bit N @ @;

(Pulse output mode selection) —— ¢ N

Timer output ———— >—— CNTR1 interrupt input

A/D trigger interrupt input

CNTRo interrupt input -——

Fig. 14 Port block diagram (2)
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3823 Group

Termination of unused pins

« Termination of common pins

1/0 ports: Select an input port or an output port and follow
each processing method.

Output ports: Open.

Input ports:  If the input level become unstable, through current
flow to an input circuit, and the power supply current
may increase.

Especially, when expecting low consumption current
(at STP or WIT instruction execution etc.), pull-up or
pull-down input ports to prevent through current
(built-in resistor can be used). Pull-down the P4o/
(VPP) pin.

We recommend processing unused pins through a
resistor which can secure |OH(avg) or IOL(avg).
Because, when an 1/O port or a pin which have an
output function is selected as an input port, it may
operate as an output port by incorrect operation etc.

Rev.2.02 Jun 19,2007 page 21 of 73 RENESAS
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3823 Group

Interrupt edge selection register
(INTEDGE : address 003Az16)

b7 b0
|

INTo interrupt edge selection bit
INT1 interrupt edge selection bit
INT2 interrupt edge selection bit
INT3 interrupt edge selection bit

0 : Falling edge active
1: Rising edge active

Not used (return “0” when read)

b7 b0 b7
|

(IREQ1 : address 003Cz16)

Interrupt request register 1 I | | | | | | |bOI Interrupt request register 2

(IREQ2 : address 003D16)

INTo interrupt request bit

INT1 interrupt request bit

Serial I/O receive interrupt request bit
Serial I/O transmit interrupt request bit
Timer X interrupt request bit

Timer Y interrupt request bit

Timer 2 interrupt request bit

CNTRo interrupt request bit

CNTRu interrupt request bit

Timer 1 interrupt request bit

INT2 interrupt request bit

INT3 interrupt request bit

Key input interrupt request bit

ADT/AD conversion interrupt request bit

Timer 3 interrupt request bit

Not used (returns “0” when read)

0 : No interrupt request issued
1: Interrupt request issued

Interrupt control register 2

b7 b0 . b7
I | | | | | | | IInterruptcontrol register 1

(ICONL1 : address 003E16) I | | | | | | |

b0
I (ICON2 : address 003F16)

INTo interrupt enable bit

INT1 interrupt enable bit

Serial 1/0 receive interrupt enable bit
Serial I/O transmit interrupt enable bit
Timer X interrupt enable bit

Timer Y interrupt enable bit

Timer 2 interrupt enable bit

CNTRo interrupt enable bit

CNTRu interrupt enable bit

Timer 1 interrupt enable bit

INT2 interrupt enable bit

INT3 interrupt enable bit

Key input interrupt enable bit

ADT/AD conversion interrupt enable bit

Timer 3 interrupt enable bit

Not used (returns “0” when read)
(Do not write “1” to this bit.)

0 : Interrupts disabled
1 : Interrupts enabled

Fig. 17 Structure of interrupt-related registers
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3823 Group

SERIAL INTERFACE

Serial I/0

Serial 1/0 can be used as either clock synchronous or asynchro-
nous (UART) serial 1/0O. A dedicated timer (baud rate generator) is
also provided for baud rate generation.

(1) Clock Synchronous Serial I/O Mode

Clock synchronous serial 1/0 can be selected by setting the mode
selection bit of the serial I/O control register to “1”.

For clock synchronous serial I/O, the transmitter and the receiver
must use the same clock. If an internal clock is used, transfer is
started by a write signal to the transmit/receive buffer register.
The MSB first transfer is selected as the transfer direction by setting
the bit 0 in the peripheral function expansion register to “1”. Also, the
synchronous serial I/O output switches to the P47/SRDY/SouT pin by
setting the bit 1 in the peripheral function expansion register to “1”.

Data bus

Address 001816

Transfer direction selection bit —— Receive buffer register |+ p» Receive buffer full flag (RBF)

PA4RXD O
Shift clock

[ Serial I/0 control register ] Address 001A16

L Receive interrupt request (RI)

P4s/Scik o
Serial /10
clock selection bit _
o) BRG count source selection bit Frequency division ratio 1/(n+1)
IN

Baud rate generator ]7

(f(SUB) in low-speed mode)
L

Serial output pin selection bit

Shift clock

y

Address 001C16

P47/SROVISoUT 9— Falling-edge detector

Transmit shift register shift completion flag (TSC)
Transmit interrupt source selection bit

P4s/TXxD O—" ~&|_Transmit shift register Transmit interrupt request (TI)
Serial output pin T fer directi
selection bit ransseeﬁec';ﬁfn'ﬁﬂ Transmit buffer register » Transmit buffer empty flag (TBE)
| Serial I/O status register ] Address 001916
|Address 001816 T
Data bus

Note: f(SUB) is the source oscillation frequency in low-speed mode. f(SUB) shows the oscillation frequency of Xcin or the on-chip oscillator.

Fig. 26 Block diagram of clock synchronous serial 1/0

Transfer shift clock
(1/2 to 1/2048 of the internal

clock, or an external clock) L \_r‘ | | | | [ | [ |
Serial output TxD Do 5 X ] X 5 X B X B X e X DI7
(or Sour) j -

Serial input RxD

X Do X D1 X D2

TxD and RxD above shows the operation when selecting LSB first transfer.

XDsXD4XD5XDsXDI7

Receive enable signal Sroy

Write signal to receive/transmit ; E
buffer register (address 001816) I I !

TBE=1
TSC=0

TBE=0

Notes 1:

output continuously from the TxD pin.

The transmit interrupt (TI) can be generated either when the transmit buffer register has emptied (TBE=1) or after the transmit
shift operation has ended (TSC=1), by setting the transmit interrupt source selection bit (TIC) of the serial I/O control register.
2 : If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial data is

3: The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1” .

\
RBF =1
TSC=1
Overrun error (OE)
detection

Fig. 27 Operation of clock synchronous serial I/O function
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3823 Group

(2) Asynchronous Serial I/O (UART) Mode ter, but the two buffers have the same address in memory. Since

Clock asynchronous serial I/0O mode (UART) can be selected by the shift register cannot be written to or read from directly, transmit
clearing the serial I/0 mode selection bit of the serial /O control data is written to the transmit buffer, and receive data is read from

register to “0”. the receive buffer.

Eight serial data transfer formats can be selected, and the transfer The transmit buffer can also hold the next data to be transmitted,
formats used by a transmitter and receiver must be identical and the receive buffer register can hold a character while the next

The transmit and receive shift registers each have a buffer regis- character is being received.

Data bus

)

[ Serial I/0 control register ] Address 001A16

Receive buffer full flag (RBF)
Receive interrupt request (RI)

Address 001816

OE

Character length selection bit

P44/RxD O—“ STdetector ||-[ 7 bits
8 hits

Receive buffer register

Receive shift register

+ F} 1/16
PE FE |[ 'SP detector UART control register

[ Clock control circuit |—#» Address 001B16

— 1
N

BRG count source selection bit Frequency division ratio 1/(n+1)

f(XIN) [
(f(SUB) in low-speed mode) g * Baud rate generator ]
1/4

Address 001Cz16

ST/SP/PA generator

Serial 1/0 synchronous clock selection bit

P4s/ScLk O

———® Transmit shift register shift completion flag (TSC)

Transmit interrupt source selection bit
—> Transmit interrupt request (TI)

1

P4s/TxD O <
Character length selection bit.

Transmit shift register

Transmit buffer empty flag (TBE)

Address 001816 |_Serial I/ status register | Address 001916
N2

Data bus

Note: f(SUB) is the source oscillation frequency in low-speed mode. f(SUB) shows the oscillation frequency of Xcin or the on-chip oscillator.
Internal clock ¢ is f(SUB)/2 in the low-speed mode.

Fig. 28 Block diagram of UART serial 1/0

Transmit or receive clock

Transmit buffer write signal

TBE=0Q
TSC=0
TBE=1

Serial output TxD
1 start bit
4——7or8databts————————————»
1 or 0O parity bit
1 or 2 stop bit (s)

OGenerated at 2nd bit in 2-stop-bit mode

Receive buffer read signal

seratinputr N\ ST Ao X 0 X

Notes 1 : Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
2 : The transmit interrupt (T1) can be selected to occur when either the TBE or TSC flag becomes “1” by the setting of the transmit interrupt source
selection bit (TIC) of the serial I/O control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1”.
4 : After data is written to the transmit buffer register when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 29 Operation of UART serial I/O function
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[Transmit Buffer/Receive Buffer Register
(TB/RB)] 001816

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer register is
write-only and the receive buffer register is read-only. If a charac-
ter bit length is 7 bits, the MSB of data stored in the receive buffer
register is “0”".

[Serial 1/0O Status Register (SIOSTS)] 001916
The read-only serial 1/0O status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial 1/0
function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART mode.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer is read.

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the receive buffer full flag is set. A write to the serial 1/0
status register clears all the error flags OE, PE, FE, and SE. Writ-
ing “0” to the serial 1/0 enable bit (SIOE) also clears all the status
flags, including the error flags.

All bits of the serial I/O status register are initialized to “0” at reset,
but if the transmit enable bit (bit 4) of the serial 1/O control register
has been set to “1”, the transmit shift register shift completion flag
(bit 2) and the transmit buffer empty flag (bit 0) become “1".

[Serial 1/0 Control Register (SIOCON)] 001A16
The serial 1/0O control register contains eight control bits for the se-
rial 1/O function.

[UART Control Register (UARTCON) ]001B16
The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial I/O is selected and set
the data format of an data transfer. One bit in this register (bit 4) is
always valid and sets the output structure of the P4s/TxD pin.

[Baud Rate Generator (BRG)] 001C16

The baud rate generator determines the baud rate for serial trans-
fer.

The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate genera-
tor.

m Notes on serial I1/0

When setting the transmit enable bit to “1”, the serial I/O transmit

interrupt request bit is automatically set to “1”. When not requiring

the interrupt occurrence synchronized with the transmission

enalbed, take the following sequence.

[JSet the serial I/O transmit interrupt enable bit to “0” (disabled).

[JSet the transmit enable bit to “1”.

[JSet the serial I/O transmit interrupt request bit to “0” after 1 or
more instructions have been executed.

[JSet the serial I/O transmit interrupt enable bit to “1” (enabled).

Rev.2.02 Jun 19,2007 page 36 of 73 RENESAS
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AD conversion high-order register
(Address 003516) ADH

AD conversion low-order register
(Address 003616) ADL

(Address 003516)

« 10 bit reading (Read address 003516 before 003616)

b7 b0
b9 [b8 |b7 | b6 | b5 [b4 |b3|b2| (High-order)
b7 b0

bi|bof0 |0 |0 (low-order)

« 8 bit reading (Read only address 003516)

b7

|— Conversion mode selection bit
AD conversion speed selection bit

Note: The bit 5 to bit 3 of address 003616 become "0" at reading.

b0

b7

b6

b4 |b3|b2|bl|b0o

Fig. 34 A/D conversion register reading

Data bus

b7 |

AD control register [ | |

P57/ADTO

L] _SlZ

y
oo

.

P60/SIN2/AN0 O—
P61/AN1 O—
P62/AN2 O—
P63/AN3 O—
P64/AN4 O—

A .
A/D control circuit | —0/0L>ADT/A/D interrupt

request

Y

high-order register

AD conversion AD conversion
low-order register

(Address 003516) (Address 003616)

Resistor ladder

P65/AN5 O—»
P66/AN6  O—
P67/AN7 O—

Channel selector

54

AVSs VREF

Fig. 35 A/D converter block diagram
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)

)

(©)

(4)

©)

(6)

@)

®)

9)

(10)
1y
(12)
(13)
(14
(15)
(16)
an
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
@7)
(28)
(29)
(30)
(CXY)
(32
(33)
(34)
(35)
(36)
@7
(38)
(39)
(40)
(41)
(42)
(43)

Port PO direction register

Port P1 direction register

Port P2 direction register

Port P4 direction register

Port P5 direction register

Port P6 direction register

Port P7 direction register

ROM correctoin enable register (RCR)
PULL register A

PULL register B

Sirial I/O status register

Sirial I/O control register

UART control register

Timer X high-order register
Timer X low-order register
Timer Y high-order register
Timer Y low-order register
Timer 1 register

Timer 2 register

Timer 3 register

Timer X mode register

Timer Y mode register

Timer 123 mode register

¢ output control register

CPU mode extension register
Temporary data register 0
Temporary data register 1
Temporary data register 2

RRF register

Peripheral function extension register
AD control register

AD conversion low-order register
Watchdog timer control register
Segment output enable register
LCD mode register

Interrupt edge selection register
CPU mode register

Interrupt request register 1
Interrupt request register 2
Interrupt control register 1
Interrupt control register 2
Processor status register
Program counter

initialized by software.
0: undefined

Address

000116
000316
000516
000916
000B16
000D16
000F16
001416
001616
001716
001916
001A16
001B16
002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003416
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16
(PS)
(PCH)
(PCu)

Register Contents

0016

0016

0016

0016

0016

0016

0016

0016

0

[0JOJO[1]O]1]1

0016

1

[0]0[0[0][0[0]0

0016

1

[T 1]0]0]0]0]0

FF16

FF16

FF16

FF16

FF16

0116

FFi6

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

0016

[I]0][0][1]0]0]0

0016

0016

0016

0016

0
O

[0 0 ool [op |

Contents of address FFFD16

l
[
l
l
l
l
l
l
l
l
l
l
[
[
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
[
l
l
l
l
l
l
l
l
l
l
l
l
l

Contents of address FFFC16

Note: The contents of all other registers and RAM are undefined after reset, so they must be

Fig. 53 Initial status of microcomputer after reset
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3823 Group

CLOCK GENERATING CIRCUIT

The 3823 group has two built-in oscillation circuits. An oscillation
circuit can be formed by connecting a resonator between XiN and
XouT (XcIN and XcourT). Use the circuit constants in accordance
with the resonator manufacturer's recommended values. The os-
cillation start voltage and the oscillation start time differ in
accordance with an oscillator, a circuit constant, or temperature,
etc.

When power supply voltage is low and the high frequency oscilla-
tor is used, an oscillation start will require sufficient conditions. No
external resistor is needed between XIN and XouT since a feed-
back resistor exists on-chip. (an external feed-back resistor may
be needed depending on conditions.) However, an external feed-
back resistor is needed between XcIN and XCouT since a resistor
does not exist between them.

To supply a clock signal externally, input it to the XIN pin and make
the XouT pin open. The sub-clock XcIN-XcouT oscillation circuit
cannot directly input clocks that are externally generated. Accord-
ingly, be sure to cause an external resonator to oscillate.
Immediately after poweron, only the XIN oscillation circuit starts
oscillating, and XcIN and XcouT pins function as 1/O ports.

XCIN_XcouT XIN__ Xout

I
Ccm; 7LCCOUT 7l_CIN 7J;_COUT

Note : Insert a damping resistor if required. The resistance will vary
depending on the oscillator and the oscillation drive capacity
setting. Use the value recommended by the maker of the
oscillator. Also, if the oscillator manufacturer's data sheet
specifies that  a feedback resistor be added external to the chip
though a feedback resistor exists on-chip, insert a feedback
resistor between Xin and Xourt following the instruction.

Fig. 54 Ceramic resonator circuit example

XcIN_ XcouT XIN Xout
Rf Rd Open
|:| External oscillation circuit

CcIN 7; ;_CCOUT
Vss

Fig. 55 External clock input circuit

Frequency Control

(1) frequency/8 Mode

The internal clock ¢ is the frequency of XIN divided by 8.
After reset, this mode is selected.

(2) frequency/4 Mode
The internal clock ¢ is the frequency of XiN divided by 4.

(3) frequency/2 Mode

The internal clock ¢ is half the frequency of XIN.

(4) Low-speed Mode

e The internal clock ¢ is the frequency of XIN or on-chip oscillation
frequency divided by 2.

e A low-power consumption operation can be realized by stopping
the main clock XIN in this mode. To stop the main clock, set bit 5
of the CPU mode register to “1”.

When the main clock XIN is restarted, set enough time for oscil-
lation to stabilize by programming.

In low speed mode, the system clock ¢ can be switched to the
on-chip oscillator or Xcin. Use the on-chip oscillator control bit
(bit 0 in the CPU mode expansion register) for settings. To set
this bit to “0” from “1”, wait until Xcin oscillation stabilizes.

Note 1: If you switch the mode between frequency/2/4/8 mode
and low-speed, stabilize both XiN and XcIN oscillations.
The sufficient time is required for the sub-clock to stabi-
lize, especially immediately after poweron and at
returning from stop mode. When switching the mode be-
tween middle/high-speed and low-speed, set the

frequency on condition that f(XIN) > 3f(XCIN).

2: In frequency/2/4/8 mode, XIiN-XouT oscillation does not
stop even if the main clock (XiN-XouT) stop bit is set to
e

3: In low speed mode, XciN-XcouT oscillation does not stop
even if the port Xc switch bit is set to "0".
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3823 Group

b7 b4

CPU mode extension register

(EXPCM : address: 002B1s,)

)= 1MH2)

CM7 = 0 (8 MHz selected)
CMe = 1 (Frequency/8)

CMs = 0 (8 MHz oscillating)
CMa = 0 (Stopped)

¢) = 4 MHz)
or frequency/4 mode (f(¢) = 2 MHz)
CM7 = 0 (8 MHz selected)
CMes = 0 (Frequency/2/4)
CMs = 0 (8 MHz oscillating)
CMa = 0 (Stopped)

On-chip oscillator control bit
0 : On-chip oscillator not used
(on-chip oscillator stopping)
1 : On-chip oscillator used (Note 1)
(on-chip oscillator oscillating)

Frequency/4 mode control bit (Note 2)
(Valid only when high-speed mode)

0 : Frequency/2 mode ¢ = f(Xin)/2

1 : Frequency/4 mode ¢ = f(Xin)/4

Not used (returns “0” when read)
(Do not write “1” to this bit)

)= 1 MHz) CMe
CM7 =0 (8 MHz selected)
CMs = 1 (frequency/8)
CMs = 0 (8 MHz oscillating)
CMa4 = 1 (Oscillating)

or EXPCMO = 1
(On-chip oscillato

¢) = 4 MHz)
or frequency/4 mode (f(¢) = 2 MHz)
CM7 = 0 (8 MHz selected)

CMs = 0 (Frequency/2/4)
CMs = 0 (8 MHz oscillating)

Note 1 : The on-chip oscillator is selected for the operation clock
in low-speed mode regardless of XciN-XcouT.
2 : Valid only when the main clock division ratio selection bit
CMa=1 (o?SECQE'cWR%: N (bit 6 in the CPU mode register) is set to "0".
(On-chip oscillator os€illation) When "1" (frequency/8 mode) is selected for the main clock
division ratio selection bit or when the internal system clock

b7 b4

CPU mode register
(CPUM : address 003Bu16)

g
M

~
=
[§)

CMs
‘1" € 0"

Low-speed mode (f(SUB)/2)

CM7 = 1 (32 kHz or on-chip
oscillator selected)

CMe = 1 (Middle-speed)
CMs = 0 (8 MHz oscillating)
CMa = 1 (Oscillating)

Low-speed mode (f(SUB)/2)
CM7 = 1 (32 kHz or on-chip
oscillator selected)

CMe6 = 0 (High-speed)

CMs = 0 (8 MHz oscillating)
CMa4 = 1 (Oscillating)

CMa : Port Xc switch bit (Note 1)
0: I/O port (Oscillation stopped)
1: Xcin, Xcourt oscillating function
CMs: Main clock (Xin—XouT) stop bit (Note 2)
: Oscillating
: Stopped
CMe : Main clock division ratio selection bit
0: f(Xin)/2 (frequency/2 mode),
or f(Xin)/4 (frequency/4 mode) (Note 3)
: f(Xin)/8 (frequency/8 mode)
CMz: Internal system clock selection bit
0: Xin—Xour selected (frequency/2/4/8 mode)
1: Xcin—Xcourt, or on-chip oscillator selected
(low-speed mode) (Note 4)

= O

i

Low-power dissipation mode
(f(SUB)/2)

CM7 = 1 (32 kHz or on-chip
oscillator selected)

CMe = 1 (Middle-speed)
CMs = 1 (8 MHz stopped)
CMa = 1 (Oscillating)

Low-power dissipation mode
(f(SUB)/2)

Note 1 : In low speed mode (Xcin is selected as the system clock @ ),

“17 € > 0"

CM7 = 1 (32 kHz or on-chip
oscillator selected)

CMe = 0 (high-speed)
CMs = 1 (8 MHz stopped)
CMa = 1 (Oscillating)

Xcin-Xcour oscillation does not stop even if the port Xc switch bit
is set to "0".

2 : In frequency/2/4/8 mode, Xin-Xout oscillation does not stop even if
the main clock (XiN-XouT) stop bit is set to "1".

3 : When the system clock ¢ is divided by 4 of f(Xin), set the bit 6 in
the CPU mode register to “0” after setting the bit 1 in the CPU
mode extension register to “1”.

4 : When using the on-chip oscillator in low-speed mode, set the bit 7
in the CPU mode register to “1” after setting the bit 0 in the CPU
mode extension register to “1”.

Notes 1 : Switch the mode by the allows shown between the mode blocks. (Do not switch between the mode directly without an allow.)

2 : The all modes can be switched to the stop mode or the wait mode and returned to the source mode when the stop mode or the wait mode is ended.
3: Timer and LCD operate in the wait mode.
4 : When the stop mode is ended, a delay of approximately 1 ms occurs automatically by timer 1 and timer 2 in frequency/2/4/8 mode.

5 : When the stop mode is ended, a delay of approximately 0.25 s occurs automatically by timer 1 and timer 2 in low-speed mode.

6 : Wait until oscillation stabilizes after oscillating the main clock Xin before the switching from the low-speed mode to frequency/2/4/8 mode.

7 : The example assumes that 8 MHz is being applied to the Xin pin and 32 kHz to the Xcin pin. ¢ indicates the internal clock.

8: f(SUB) is the source oscillation frequency in low-speed mode. f(SUB) shows the oscillation frequency of Xcin or the on-chip oscillator.

Internal clock ¢ is f(SUB)/2 in the low-speed mode.

9 : Set the CPU mode expansion register in advance when switching to low-speed mode which uses mode divided by 4 and on-chip oscillator.

10: In low speed mode, the system clock ¢ can be switched to the on-chip oscillator or Xcin. Use the on-chip oscillator control bit (bit 0 in the CPU mode
expansion register) for settings. To set this bit to "0" from "1", wait until Xcin oscillation stabilizes.

selection bit is set to 1, set "0" to the frequency/4 mode control bit.

Fig. 57 State transitions of system clock
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Fig. 58 Pin connection diagram (M3823XGX-XXXFP)

RENESAS

ESDA

PLQPO0SOKB-A (80P6Q-A)

Fig. 59 Pin connection diagram (M3823XGX-XXXHP)
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a reset are
undefined, except for the interrupt disable flag (I) which is “1”. Af-
ter a reset, initialize flags which affect program execution.

In particular, it is essential to initialize the index X mode (T) and

the decimal mode (D) flags because of their effect on calculations.
Initialize these flags at the beginning of the program.

Interrupt

The contents of the interrupt request bits do not change immedi-
ately after they have been written. After writing to an interrupt
request register, execute at least one instruction before perform-
ing a BBC or BBS instruction.

Decimal Calculations

« To calculate in decimal notation, set the decimal mode flag (D)
to “1”, then execute an ADC or SBC instruction. After executing
an ADC or SBC instruction, execute at least one instruction be-
fore executing a SEC, CLC, or CLD instruction.

In decimal mode, the values of the negative (N), overflow (V),
and zero (2) flags are invalid.

Timers
If a value n (between 0 and 255) is written to a timer latch, the fre-
quency division ratio is 1/(n + 1).

Multiplication and Division Instructions

The index mode (T) and the decimal mode (D) flags do not affect
the MUL and DIV instruction.

The execution of these instructions does not change the contents
of the processor status register.

Ports

The contents of the port direction registers cannot be read.

The following cannot be used:

* The data transfer instruction (LDA, etc.)

* The operation instruction when the index X mode flag (T) is “1”

¢ The addressing mode which uses the value of a direction regis-
ter as an index

« The bit-test instruction (BBC or BBS, etc.) to a direction register

¢ The read-modify-write instruction (ROR, CLB, or SEB, etc.) to a
direction register

Use instructions such as LDM and STA, etc., to set the port direc-

tion registers.

Serial Interface

In clock synchronous serial 1/O, if the receive side is using an ex-
ternal clock and it is to output the SRDY signal, set the transmit
enable bit, the receive enable bit, and the SRDY output enable bit
to “1".

Serial 1/0 continues to output the final bit from the TxD pin after
transmission is completed.

A/D Converter

The comparator is constructed linked to a capacitor. The conver-
sion accuracy may be low because the charge is lost if the
conversion speed is not enough. Accordingly, set f(XIN) to at least
500kHz during A/D conversion in the middle-or high-speed mode.
Also, do not execute the STP or WIT instruction during an A/D
conversion.

In the low-speed mode, since the A/D conversion is executed by
the on-chip oscillator, the minimum value of f(XIN) frequency is not
limited.

LCD Drive Control Circuit

Execution of the STP instruction sets the LCD enable bit (bit 3 of
the LCD mode register) to “0” and the LCD panel turns off.To
make the LCD panel turn on after returning from the stop mode,
set the LCD enable bit to “1".

Instruction Execution Time

The instruction execution time is obtained by multiplying the fre-
quency of the internal clock ¢ by the number of cycles needed to
execute an instruction.

The number of cycles required to execute an instruction is shown
in the list of machine instructions.

The frequency of the internal clock ¢ is half of the XiN frequency.
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Table 17 Recommended operating conditions (3)
(Vcc=1.8t05.5V, Ta =-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. | Typ. Max.
SloH(peak) | “H” total peak output current P00—P07, P10—P17, P20—P27 (Note 1) -40 mA
SloH(peak) | “H” total peak output current P41-P47, P50-P57, P60-P67, P70, P71 (Note 1) -40 mA
SloL(peak) | “L” total peak output current P00—P07, P10—P17, P20—P27 (Note 1) 40 mA
SloL(peak) | “L” total peak output current P41-P47, P50-P57, P60-P67, P70, P71 (Note 1) 40 mA
Sl0H(avg) “H" total average output current  pPOo—P07, P1o—P17, P20—P27 (Note 1) —20 mA
SI0H(avg) “H" total average output current  p41-P47, P50-P57, P60-P67, P70, P71 (Note 1) —20 mA
S10L(avg) “L” total average output current  PQo—PQ7, P1o—P17, P20—P27 (Note 1) 20 mA
S10L(avg) “L” total average output current  P41-P47, P50—P57, P60-P67, P70, P71 (Note 1) 20 mA
|OH(peak) “H" peak output current P00—P07, P10—-P17 (Note 2) -2 mA
|OH(peak) “H" peak output current P20-P27, P41-P47, P50-P57, P60—-P67, P70, P71 -5 mA
(Note 2)
IOL(peak) “L” peak output current P00-P07, P10—P17 (Note 2) 5 mA
IOL(peak) “L” peak output current P20-P27, P41-P47, P50—-P57, P60—-P67, P70, P71 10 mA
(Note 2)
|OH(avg) “H” average output current P00o-P07, P10—P17 (Note 3) -1.0 mA
IOH(avg) “H” average output current P20-P27, P41-P47, P50-P57, P60-P67, P70, P71 -2.5 mA
(Note 3)
IoL(avg) “L” average output current P0o-P07, P1o—P17 (Note 3) 2.5 mA
I0L(avg) “L" average output current P20-P27, P41-P47, P50-P57, P60-P67, P70, P71 5.0 mA
(Note 3)
f(CNTRo) Input frequency for timers X and Y (45V =Vcc=55V) 5.0 MHz
f(CNTR1) | (duty cycle 50%) (4.0V <Vcc =4.5V) 20Vcc—4 | MHz
(20V=Vcc=4.0V) 0.750Vcc+1| MHz
(Vcc<2.0V) 6.250Vcc-10| MHz
f(XIN) Main clock input oscillation frequency Frequency/2 mode 10.0 MHz
(duty cycle 50%) (45V =sVccs55V)
(Note 4) Frequency/2 mode 40Vcc-8 | MHz
(4.0V =Vcc=45V)
Frequency/2 mode 1.50Vcee +2| MHz
(20V =Vcc=4.0V)
Frequency/2 mode 1250Vce-20{ MHz
(1.8V=Vcc=20V)
Frequency/4 mode 10.0 MHz
(25V =Vcc =55V)
Frequency/4 mode 4 00 Vcee MHz
2.0V =Vcc=25V)
Frequency/4 mode 150Veec-22| MHz
(1.8V=Vccs=20V)
Frequency/8 mode 10.0 MHz
25V =Vcc=55V)
Frequency/8 mode 40 Vce MHz
(20V<=sVccs25V)
Frequency/8 mode 150Vee-22| MHz
(1.8V=Vcc=20V)
f(XcIN) Sub-clock input oscillation frequency 32.768 80 kHz
(duty cycle 50%)
(Note 5)

Notes 1: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average value

measured over 100 ms. The total peak current is the peak value of all the currents.
2: The peak output current is the peak current flowing in each port.
3: The average output current is an average value measured over 100 ms.
4: When the A/D converter is used, refer to the recommended operating condition for A/D converter.
5: When using the microcomputer in low-speed mode, make sure that the sub-clock input oscillation frequency on condition that f(XcIN) < f(XIN)/3.
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Table 18 Electrical characteristics (1)
(Vcc=4.0t0 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
i IoH = -2.5 mA Vce-2.0 \Y
VoH H” output voltage on = 06 mA
P00-P0O7, P10-P17 - _
Vee = 2.5 V Vce-1.0 \%
H tout volt IOH = -5 mA Vce-2.0 \%
“H” output voltage _
VOH P20-P27, P41-P47, P50-P57, P60-P67, | 19H = —1.25 MA Vee-0.5 v
P70, P71 (Note) IoH = -1.25 mA Vee-1.0 v
Vcc =25V '
loL=5mA 2.0 \
VoL “L” output voltage loL =1.25 mA 0.5 \%
P00-P0O7, P1o-P7 oL = 1.25 mA 1o v
Vcc =25V )
“L” output voltage loL =10 mA 2.0 Vi
utput v
VoL P20-P27, P41-P47, P50-P57, P60-P67, | 10L=2.5MA 0.5 v
P70, P71 (Note) loL=2.5mA
Vcc =25V 1.0 v
VT+—VT- | Hysteresis
INTo-INT3, ADT, CNTRo, CNTR1, P20-P27 05 v
VT+—VT- | Hysteresis ScLK, RxD 0.5 \Y;
VT+—VT- | Hysteresis RESET RESET :Vcc=2.0Vto55V 05
IIH “H” input current Vi=Vcc 50 A
P00-P07, P10-P17, P34-P37 Pull-downs “off’ ' "
Vcc =5V, Vi=Vcc
Pull-downs “on” 30 70 140 uA
Vcc =3V, Vi=Vcc
Pull-downs “on” 6.0 25 45 uA
IIH “H” input current Vi=Vcc
P20-P27, P40-P47, P50-P57, P60-P67, 5.0 uA
P70, P71 (Note)
IIH “H” input current  RESET Vi=Vcc 5.0 uA
lH “H” input current  XIN Vi=Vcc 4.0 uA
IiL “L” input current VI=Vss 50 A
P00—-P07, P10-P17, P34-P37,P40 ’ u
I “L” input current Vi=Vss -5.0 wA
P20-P27, P41-P47, P50-P57, P60-P67, Pull-ups “off”
P70, P71 (Note) Vcc=5V, Vi=Vss
Pull-ups “on” -30 =70 —140 uA
Vcec =3V, Vi=Vss
Pull-ups “on” —6.0 —25 —45 uA
liL “L” input current RESET VI=Vss -5.0 uA
liL “L” input current  XIN Vi=Vss —4.0 uA
VRAM RAM hold voltage When clock is stopped 1.8 55 \Y;
Note: when “1” is set to the port Xc switch bit (bit 4 at address 003B16) of CPU mode register, the drive ability of port P70 is different from the value above
mentioned.
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Table 19 Electrical characteristics (2)
(Vcc=1.8t05.5V, Ta =-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

Icc Power source current Frequency/2 mode |[Vcc=5.0V | f(XIN) =10 MHz 4.3 8.6 mA
f(XIN) = 8 MHz 3.7 74 | mA
f(XIN) = 4 MHz 2.5 50 | mA

Vcc =25V | f(XIN) =4 MHz 0.8 1.6 mA

f(XIN) = 2 MHz 0.4 0.8 mA

Frequency/4 mode |[Vcc=5.0V | f(XIN) =10 MHz 2.9 5.8 mA

f(XIN) = 8 MHz 2.5 50 | mA

f(XIN) = 4 MHz 1.7 34 | mA

Vcec =25V | f(XIN) = 10 MHz 1.0 2.0 mA

f(XIN) = 8 MHz 0.8 1.6 mA

f(XIN) = 4 MHz 0.5 1.0 | mA

f(XIN) = 2 MHz 0.3 0.6 mA

Frequency/8 mode |[Vcc=5.0V | f(XIN) =10 MHz 2.2 4.4 mA

f(XIN) = 8 MHz 1.9 3.8 | mA

f(XIN) = 4 MHz 1.4 28 | mA

f(XIN) = 2 MHz 1.0 2.0 mA

Vcc =25V | f(XIN) = 10 MHz 0.7 1.4 mA

f(XIN) = 8 MHz 0.6 1.2 mA

f(XIN) = 4 MHz 0.4 0.8 | mA

f(XIN) = 2 MHz 0.2 04 | mA

Frequency/2/4/8 Vcec =5.0V | f(XIN) = 10 MHz 1.35 2.7 mA

mode f(XIN) = 8 MHz 1.2 2.4 mA

In WIT state f(XIN) = 4 MHz 0.9 1.8 mA

f(XIN) = 2 MHz 0.8 1.6 mA

Vecc =25V | f(XIN) = 10 MHz 0.35 0.7 mA

f(XIN) = 8 MHz 0.3 06 | mA

f(XIN) = 4 MHz 0.2 04 | mA

f(XIN) = 2 MHz 015 | 0.3 | mA

Low-speed mode Vcc =5.0V | f(XcIN) = 32 kHz 13 26 uA

f(XIN) = stopped On-chip oscillator 80 240 uA

Vcec =25V | f(XcIN) = 32 kHz 7 14 uA

On-chip oscillator 14 42 uA

Low-speed mode Vcec =5.0V | f(XcIN) = 32 kHz 5.5 11 uA

f(XIN) = stopped On-chip oscillator 20 60 uA

In WIT state Vcc =25V | f(XcIN) = 32 kHz 3.5 7 uA

On-chip oscillator 3.5 10 uA

Current increased at vee =5V, all modes 500 uA

A/D converter operating Vce = 2.5V, all modes 50 uA

All oscillation stopped 0.1 1.0 uA
Ta = 25 °C, Output transistors “off” (in STP state)

All oscillation stopped 10 uA
Ta = 85 °C, Output transistors “off” (in STP state)

Roco On-chip oscillator oscillatoin Vcc=25V,Ta=25°C 80 kHz
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Table 20 A/D converter characteristics (1) (in 8 bit A/D mode)
(Vecc =1.81t05.5V, Ta=-20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. | Typ. Max.
- Resolution 8 Bits
ABS Absolute accuracy ADL2 =“0", ADL1 = “0", CPUM7 =*“0" +2 LSB
(excluding quantization error) 22V =Vcc=VREF=<55V
f(XIN) =2 00 Vcc MHz < 10 MHz
ADL2 =*“0", ADL1 =“0", CPUM7 = “0" +3 LSB
20V =<sVcc=VREF<22V
f(XIN) = 4.4 MHz
ADL2 =“0", ADL1 = “1", CPUM7 = “0" +3 LSB
Vcc=VREF=4.0t0 5.5V
f(XIN) =2 00 Vcc MHz < 10 MHz
ADL2 =“1", ADL1 = “0", CPUM7 = “1" and EXPCMO = “1" +4 LSB
Vcc=VREF=1.81t02.2V
tCoNv Conversion time f(XIN) = 8 MHz (ADL2 = “0", ADL1 = “0", CPUM7 = “0") TC(XIN)J100 | us
RLADDER | Ladder resistor 12 | 35 100 kQ
IVREF Reference power source input current | VREF = 5 V 50 | 150 200 uA
lIA Analog port input current 5.0 uA
Table 21 A/D converter characteristics (2) (in 10 bit A/D mode)
(Vcc=1.8t05.5V, Ta =-20 to 85 °C, unless otherwise noted)
" Limits .
Symbol Parameter Test conditions - Unit
Min. | Typ. Max.
- Resolution 10 Bits
ABS Absolute accuracy ADL2 =*“0", ADL1 = “0", CPUM7 =“0" +4 LSB
(excluding quantization error) 22V <sVcc=VREF=55V
f(XiIN) =2 0 Vcc MHz < 10 MHz
ADL2 =*“0", ADL1 = “1", CPUM7 =“0" +4 LSB
Vcc=VREF=4.0t0 5.5V
f(XiIN) =2 0 Vcc MHz < 10 MHz
ADL2 =“1", ADL1 = “0", CPUM7 = “1" and EXPCMO = “1" +4 LSB
Vcc=VREF=1.81t02.2V
tCONV Conversion time f(XIN) = 8 MHz (ADL2 = “0", ADL1 = “0", CPUM7 = “0") TC(XIN)100 us
RLADDER |Ladder resistor 12 | 35 100 kQ
IVREF Reference power source input current | VREF =5 V 50 | 150 200 uA
lIA Analog port input current 5.0 uA
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