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LENESAS

7546 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

REJO3B0160-0122
Rev.1.22
Mar 13, 2009

DESCRIPTION

The 7546 Group is the QzROM version of 7542 Group.

The 7546 Group has the pin-compatibility with the 7542 Group. As
new functions, the power-on reset, the low voltage detection cir-
cuit, and the function set ROM are added.

FEATURES
» Basic machine-language inStructions ...........c.ccceeviieeiiiieeninns 71
» The minimum instruction execution time .............cc.ccccveeeene 0.25 us

(at 8 MHz oscillation frequency, double-speed mode for the
shortest instruction)
- Memory size

ROM ..o 8K, 16K bytes

RAM i 384, 512 bytes

« Programmable 1/O POItS .......cccoveiviiiiiiiieiceeesee e 25
o INterrupts ... 18 sources, 16 vectors
o TIMEIS oot 8-bit [0 2
...................................................................................... 16-bit O 2

¢ OULPUL COMPAIE ...oeieiiiiieiiie et 4-channel
¢ INPUL CAPLUIE .ooeiiiieiieie et 2-channel
- Serial interface ............ 8-bit 0 2 (UART or Clock-synchronized)
o A/D CONVEIET ....ooviiieiiiiieie e 10-bit O 6 channels
» Clock generating CirCUIt........ccccverveeieeiiienieeeeseee Built-in type

(low-power dissipation by an on-chip oscillator)
(connected to external ceramic resonator or quartz-crystal
oscillator permitting RC oscillation)

o Watchdog timer .......cocviiiiiiiieiiecee e 16-bit O 1
« POWEr-0Nn reSet CirCUIt .......ooovverveeiiiiieiiee e Built-in type
- Low voltage detection circuit Built-in type
- Power source voltage

XIN oscillation frequency at ceramic oscillation, in double-speed mode

AtB8 MHZ .o, 45t055V
AtB.5 MHZ .., 40to 55V
At 2 MHz 24t055V
At 1 MHz 22t055V

XIN oscillation frequency at ceramic oscillation, in high-speed
mode or middle-speed mode

At8 MHZ ..o 40to55V
At 4 MHz 24t055V
At 2 MHz 22t055V

XIN oscillation frequency at RC oscillation in high-speed mode or
middle-speed mode

A4 MHZ oo 40to 55V
At 2 MHz 24t055V
At 1 MHz 22t055V
XIN oscillation frequency at on-chip oscillation.......... 1.8to 5.5V
o Power disSipation .........ccocceeeiiiieniiie e 29.5 mW (Typ.)
- Operating temperature range ...........ccocveeervveeninnens —201t0 85 °C
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Fig. 6 Functional block diagram (Package type: PWQNOO36KA-A)

RENESAS

REJO3B0160-0122 Rev.1.22 Mar 13, 2009

page 7 of 100



7546 Group

Interrupts

The 7546 Group interrupts are vector interrupts with a fixed prior-
ity scheme, and generated by 16 sources among 18 sources: 6
external, 11 internal, and 1 software.

The interrupt sources, vector addresses(®) , and interrupt priority
are shown in Table 8.

Each interrupt except the BRK instruction interrupt has the inter-
rupt request bit and the interrupt enable bit. These bits and the
interrupt disable flag (I flag) control the acceptance of interrupt re-

An interrupt request is accepted when all of the following condi-
tions are satisfied:

* Interrupt disable flag...........ccocovvveiiiiincnne “0”
e Interrupt request bit..........ccoociiiiiiincinns “1”
e Interrupt enable bit.............ccccooviiin. “1”

Though the interrupt priority is determined by hardware, priority
processing can be performed by software using the above bits
and flag.

quests. Fig. 20 shows an interrupt control diagram.

Table 8 Interrupt vector addresses and priority

. .| Vector addresses (Note 1) ) .
Interrupt source |Priority Interrupt request generating conditions Remarks
High-order | Low-order
Reset (Note 2) 1 FFFD16 FFFC16 |Atresetinput Non-maskable
Serial I/0O1 receive 2 FFFB16 FFFA16 | At completion of serial I/O1 data receive [Valid only when serial I/O1 is selected
Serial 1/01 transmit 3 FFF916 FFF816 | At completion of serial /01 transmit shift |Valid only when serial 1/01 is selected
or when transmit buffer is empty
Serial I/02 receive 4 FFF716 FFF616 | At completion of serial /02 data receive |Valid only when serial 1/02 is selected
Serial 1/02 transmit 5 FFF516 FFF416 | At completion of serial 1/02 transmit shift |Valid only when serial 1/02 is selected
or when transmit buffer is empty
INTo 6 FFF316 FFF216 | At detection of either rising or falling edge |External interrupt
of INTo input (active edge selectable)
INT1 7 FFF1l16 FFFO16 | At detection of either rising or falling edge |External interrupt
of INT1 input (active edge selectable)
Key-on wake-up/ 8 FFEF16 FFEE16 |At falling of conjunction of input logical External interrupt
UART1 bus level for port PO (at input) (valid at falling edge)
collision detection At detection of UART1 bus collision When UART1 bus collision detection
(Note 3) detection interrupt is enabled.
CNTRo 9 FFED16 FFEC16 |At detection of either rising or falling edge |External interrupt
of CNTRo input (active edge selectable)
Capture 0 10 FFEB16 FFEA16 | At detection of either rising or falling edge |External interrupt
of Capture 0 input (active edge selectable)
Capture 1 11 FFE916 FFE816 |At detection of either rising or falling edge |External interrupt
of Capture 1 input (active edge selectable)
Compare 12 FFE716 FFE616 |At compare matched Compare interrupt source is selected.
Timer X 13 FFE516 FFE416 |Attimer X underflow
Timer A 14 FFE316 FFE216 |At timer A underflow
Timer B 15 FFE1l16 FFEO16 |Attimer B underflow
A/D conversion/ 16 FFDF16 FFDE16 |At completion of A/D conversion STP release timer underflow
Timer 1 (Note 4) At timer 1 underflow
BRK instruction 17 FFDD16 FFDC16 |At BRK instruction execution Non-maskable software interrupt

Notes1: Vector addresses contain internal jump destination addresses.
2: Reset function in the same way as an interrupt with the highest priority.
3: Key-on wakeup interrupt and UART1 bus collision detection interrupt can be enabled by setting of interrupt source set register. The occurrence of
these interrupts are discriminated by interrupt source discrimination register.
4: A/ID conversion interrupt and Timer 1 interrupt can be enabled by setting of interrupt source set register. The occurrence of these interrupts are dis-

criminated by interrupt source discrimination register.
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Key-on wakeup interrupt
discrimination bit
Key-on wakeup interrupt request

Key-on wakeup interrupt valid bit — Key-on wakeup/

» UART1 bus collision
detection interrupt
request bit

UART1 bus
collision detection

UART1 bus collision detection interrupt

interrupt request discrimination bit
UART1 bus collision detection —
interrupt valid bit
A/D conversion interrupt

discrimination bit
AID conversion interrupt request
AID conversion interrupt valid bit

Timer 1 interrupt

) ; discrimination bit
Timer 1 interrupt request

Timer 1 interrupt valid bit

» A/D conversion/
Timer 1 interrupt
request bit

Interrupt request bit—

Interrupt enable bit —

Interrupt disable flag |

BRK instruction
Reset

Interrupt acceptance

Note: For key-on wakeup, UARTL1 bus collision detection, A/D conversion and Timer 1 interrupt,
even if interrupt valid bit (000A16) is set “0: Invalid”,
interrupt discrimination bit (000B16) is set to “1: interrupt occurs”
when corresponding interrupt request occurs.
But corresponding interrupt request bit (003C16, 003D16) is not set to “1”.

Fig. 20 Interrupt control

« Interrupt Disable Flag

The interrupt disable flag is assigned to bit 2 of the processor sta-
tus register. This flag controls the acceptance of all interrupt
requests except for the BRK instruction. When this flag is set to
“1", the acceptance of interrupt requests is disabled. When it is set
to “0”, the acceptance of interrupt requests is enabled. This flag is
set to “1” with the SEI instruction and set to “0” with the CLI in-
struction.

When an interrupt request is accepted, the contents of the proces-
sor status register are pushed onto the stack while the interrupt
disable flag remains set to “0”. Subsequently, this flag is automati-
cally set to “1” and multiple interrupts are disabled.

To use multiple interrupts, set this flag to “0” with the CLI instruc-
tion within the interrupt processing routine.

The contents of the processor status register are popped off the
stack with the RTI instruction.

« Interrupt Request Bits

Once an interrupt request is generated, the corresponding inter-
rupt request bit is set to “1” and remains “1” until the request is
accepted. When the request is accepted, this bit is automatically
set to “0”".

Each interrupt request bit can be set to “0”, but cannot be set to
“1”, by software.

* Interrupt Enable Bits
The interrupt enable bits control the acceptance of the corre-
sponding interrupt requests. When an interrupt enable bit is set to
“0”, the acceptance of the corresponding interrupt request is dis-
abled. If an interrupt request occurs in this condition, the
corresponding interrupt request bit is set to “1”, but the interrupt
request is not accepted. When an interrupt enable bit is set to “1”,
the acceptance of the corresponding interrupt request is enabled.
Each interrupt enable bit can be set to “0” or “1” by software.
The interrupt enable bit for an unused interrupt should be set to
“0”.
e Interrupt Enable Setting
The following interrupt sources can be set to valid or invalid by the
interrupt source set register (000A16).

* Key-on wakeup

* UART1 bus collision detection interrupt

* A/D conversion

 Timer 1 interrupt

e Interrupt edge selection

The valid edge of external interrupt INTo and INT1 can be selected
by the interrupt edge selection bit of the interrupt edge selection
register (003A16), respectively.

Set bit 2 of interrupt edge selection register to “1”.

* Key-on wakeup

Enable/disable of a key-on wakeup of pins POo, P04, and POe can
be selected by the key-on wakeup enable bit of the interrupt edge
selection register (003A16), respectively.
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I— Key-on wakeup interrupt valid bit

A/D conversion interrupt valid bit

Timer 1 interrupt valid bit

Not used (returns “0” when read)

0: Interrupt invalid
1: Interrupt valid

l l l l l l l Ibol Interrupt source discrimination register

L

UART1 bus collision detection
interrupt discrimination bit

Timer 1 interrupt discrimination bit

Not used (returns “0” when read)
0: Interrupt does not occur
1: Interrupt occurs

Interrupt edge selection register

LTI

INTO mterrupt edge selection bit
Falling edge active
1 Rising edge active

INT1 interrupt edge selection bit
0 : Falling edge active
1: Rising edge active

Set “1” to this bit certainly.

Not used (returns “0” when read)

P00 key-on wakeup enable bit
0 : Key-on wakeup enabled
1 : Key-on wakeup disabled

P04 key on wakeup enable bit
0 :’Key-on wakeup enabled
1 : Key-on wakeup disabled

P06 key-on wakeup enable bit
0 : Key-on wakeup enabled
1: Key-on wakeup disabled

Interrupt source set register
(INTSET: address 000A16, initial value: 0016)

UART1 bus collision detection interrupt valid bit

(INTDIS: address 000B16, initial value: 0016)
Key-on wakeup interrupt discrimination bit

A/D conversion interrupt discrimination bit

EEEEEEEN

EEEEEEEN

(INTEDGE : address 003A16, initial value: 0016)

EEEEEEEN

EEEEEEEN

[©

Interrupt request register 1
(IREQ1 : address 003C16, initial value : 0016)

Serial /01 receive interrupt request bit
Serial /01 transmit interrupt request bit

Serial /02 receive interrupt request bit

Serial /02 transmit interrupt request bit

INTO interrupt request bit

INT1 interrupt request bit

Key-on wake up/UART1 bus collision detection

interrupt request bit

CNTRO interrupt request bit
0 : No interrupt request issued
1: Interrupt request issued

Interrupt request register 2
(IREQ2 : address 003D16, initial value : 0016)

Capture 0 interrupt request bit

Capture 1 interrupt request bit

Compare interrupt request bit

Timer X interrupt request bit

Timer A interrupt request bit

Timer B interrupt request bit

A/D conversion/Timer 1 interrupt request bit
Not used (returns “0” when read)

(Do not write “1” to this bit)

0 : No interrupt request issued
1 : Interrupt request issued

Interrupt control register 1
(ICON1 : address 003E16, initial value : 0016)

Serial I/01 receive interrupt enable bit
Serial /01 transmit interrupt enable bit
Serial /02 receive interrupt enable bit
Serial /02 transmit interrupt enable bit
INTO interrupt enable bit
INT1 interrupt enable bit
Key-on wake up/UART1 bus collision
detection interrupt enable bit
CNTRO interrupt enable bit
0 : Interrupts disabled
1 : Interrupts enabled
Interrupt control register 2
ICON2 : address 003F16, initial value : 0016)

Capture 0 interrupt enable bit

Capture 1 interrupt enable bit

Compare interrupt enable bit

Timer X interrupt enable bit

Timer A interrupt enable bit

Timer B interrupt enable bit

A/D conversion/Timer 1 interrupt enable bit
Not used (returns “0” when read)

(Do not write “1” to this bit)

0 : Interrupts disabled
1 : Interrunts enabled

Fig. 21 Structure of Interrupt-related registers
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(4) Pulse width measurement mode

In the pulse width measurement mode, the pulse width of the sig-
nal input to P14/CNTRo pin is measured.

The operation of Timer X can be controlled by the level of the sig-
nal input from the CNTRo pin.

When the CNTRo active edge switch bit is “0”, the signal selected
by the timer X count source selection bit is counted while the input
signal level of CNTRo pin is “H”. The count is stopped while the
pin is “L". Also, when the CNTRo active edge switch bit is “1”, the
signal selected by the timer X count source selection bit is
counted while the input signal level of CNTRo pin is “L”. The count
is stopped while the pin is “H".

Timer X can stop counting by setting “1” to the timer X count stop
bit in any mode.

Also, when Timer X underflows, the timer X interrupt request bit is
setto “1".

Note on Timer X is described below;

m Note on Timer X

(1) CNTRo interrupt active edge selection-1

CNTRo interrupt active edge depends on the CNTRo active edge
switch bit.

When this bit is “0”, the CNTRo interrupt request bit is set to “1” at
the falling edge of CNTRo pin input signal. When this bit is “1”, the
CNTRo interrupt request bit is set to “1” at the rising edge of
CNTRo pin input signal.

(2) CNTRo interrupt active edge selection-2

According to the setting value of CNTRo active edge switch bit,

the interrupt request bit may be set to “1".

When not requiring the interrupt occurrence synchronized with

these setting, take the following sequence.

O Set the corresponding interrupt enable bit to “0” (disabled).

O Set the active edge switch bit.

O Set the corresponding interrupt request bit to “0” after 1 or more
instructions have been executed.

0 Set the corresponding interrupt enable bit to “1” (enabled).

b7 b0
’ ’ l l l l ’ ’ Timer X mode register
(TXM : address 002B18, initial value: 0016)

Timer X operating mode bits
bl b0
0 O0:Timer mode
0 1: Pulse output mode
1 0: Event counter mode
1 1: Pulse width measurement mode

CNTRO active edge switch bit
0 : Interrupt at falling edge
Count at rising edge
(in event counter mode)
1 : Interrupt at rising edge
Count at falling edge
(in event counter mode)

Timer X count stop bit
0 : Count start
1 : Count stop

PO3/TXOUT output valid bit
0 : Output invalid (1/O port)
1 : Qutput valid (Inverted CNTRO output)

Not used (return “0” when read)

Fig. 26 Structure of timer X mode register

b7 b0
Timer count source set register
(TCSS : address 002A16, initial value: 0016)
LI Timer X count source selection bits
bl b0
0 0:f(XIN)/16
0 1:f(XIN)/2
1 0:f(XIN) (Note 1)
1 1:Notavailable
Timer A count source selection bits
b4 b3 b2
0

: f(XIN)/16

: f(XIN)/2

: f(XIN)/32

: f(XIN)/64

: f(XIN)/128

: f(XIN)/256

: On-chip oscillator output (Note 2)
: Not available

nt source selection bits

O POPRPORORrRO

c

—
Hl—‘l—‘OOOOUB PRPRPPOOOO

~N e
PRrOORROOZWE PR OOREO
aQ

: f(XIN)/16

: f(XIN)/2

: f(XIN)/32

: f(XIN)/64

: f(XIN)/128

: f(XIN)/256

: Timer A underflow
: Not available

rOPrORORORZ

1

Notes 1: f(XIN) can be used as timer X count source when using
a ceramic resonator or on-chip oscillator.
Do not use it at RC oscillation.
2: On-chip oscillator can be used when the on-chip oscillator
0 is enabled by bit 3 of CPUM.

Fig. 27 Timer count source set register
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b7

[(TTTTTTT]

Capture/Compare port register
(CCPR : address 001E1s, initial value: 0016)

Capture 0 input port bits
bl b0

0 0: Capture from P00
0 1: Capture from P10
1 0:Ring/512

1 1:Not available

Compare 0 output port bit
0: P01 is /O port
1: PO1 is Compare 0

Compare 1 output port bit
0: P02 is I/O port
1: P02 is Compare 1

Capture 1 input port bit
0: Capture from P30
1: Ring/512

Compare 2 output port bit
0: P31is I/O port
1: P31 is Compare 2

Compare 3 output port bit
0: P32is I/O port
1: P32 is Compare 3

—— Not used (returns “0” when read)

Fig. 34 Structure of capture/compare port register

b7 b0
rrr H Timer source selection register
{ (TMSR : address 001F16, initial value: 0016)

— Compare 0 timer source bit

——— Compare 1 timer source bit

Compare 2 timer source bit
Compare 3 timer source bit
Capture 0 timer source bit

Capture 1 timer source bit

Not used (returns “0” when read)

O: Timer A
1: Timer B

Fig. 35 Structure of timer source selection register

b7

b0

r Compare output mode register
(CMOM : address 002116, initial value: 0016)

— Compare 0 output level latch
0: Positive
1: Negative

——— Compare 1 output level latch

0: Positive
1: Negative

Compare 2 output level latch
0: Positive
1: Negative

Compare 3 output level latch
0: Positive
1: Negative

Compare 0 trigger enable bit
0: Disabled
1: Enabled

Compare 1 trigger enable bit
0: Disabled
1: Enabled

Compare 2 trigger enable bit
0: Disabled
1: Enabled

Compare 3 trigger enable bit
0: Disabled
1: Enabled

b7 b0

INREREN

Capture/Compare status register
(CCSR : address 002216, initial value: 0016)

[ Compare 0 output status bit

0: “L” level output
1: “H” level output

—— Compare 1 output status bit

0: “L” level output
1: “H” level output

Compare 2 output status bit
0: “L” level output
1: “H” level output

Compare 3 output status bit
0: “L" level output
1: “H” level output

Capture 0 status bit
0: latch 00 captured
1: latch 01 captured

———— Capture 1 status bit

0: latch 10 captured
1: latch 11 captured

Not used (returns “0” when read)

Fig. 37 Structure of capture/compare status register

b7 b0

INNREER

Compare interrupt source register
(CISR : address 002316, initial value: 0016)

[ Compare latch 00 interrupt source bit

— Compare latch 01 interrupt source bit

Compare latch 10 interrupt source bit
Compare latch 11 interrupt source bit

Compare latch 20 interrupt source bit

————— Compare latch 21 interrupt source bit

-————— Compare latch 30 interrupt source bit

Compare latch 31 interrupt source bit

0: Disabled
1: Enabled

Fig. 36 Structure of compare output mode register

Fig. 38 Structure of compare interrupt source register
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Compare latch 00

; Compare latch 01
PO1/CMPo | Timer A latch |
O—| Wave latch channel 0 -
? e I Timer A counter |
| Compare 0 timer source bit | ;
O 7 I Timer B counter |
Soyehy [Compatechannel [ mmerBlacn |
: N,
: Compare channel 2 ——
PBL/CMP2 1 rmmrr o r e e :
Compare channel 3

P32/CIMP3 - ons s oo e

Fig. 39 Block diagram of output compare

Compare register
write pointer ' H
(0012186, bits 0 to 2)

Compare latch 00, 01

re-load bit =I -
(001416, bit 0) : v

|COmPafe latch 00 (16) | |Compare latch 01 (16)
Compare 0 output Compare 0 output Compare 0 trigger Compare register
port bit status bit enable bit R :
(001Ez1s, bit 2) (002218, bit 0) (002118, bit 4)
1/0 port
O Oo—cp o7 0] ‘
Output latch «—oO
P01/CMP0 06— O—| Timer A counter (16) |
Compare latch 00 <+—O
Compare 0 output interrupt source |« O | Timer B counter (16) |
level latch bit (002318, bit 0)

(002118, bit 0)

Compare latch 01 -
Compare interrupt < interrupt source [ Compare 0 timer

bit (002316, bit 1) ?OoglfCF‘iebiLit 0

Fig. 40 Block diagram of compare channel 0
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Compare register F P B T TR
/O write pointer H - -
P01/CMPo O port (001218, bits 0 to 2) :
T O—( Compare buffer 00 (16) | | Compare buffer 01 (16) |
Compare 0 output Compare latch 00, 01
port bit re-load bit - >
(001E1s, bit 2) (00144186, bit 0) v
Compare latch 00 (16) | |Compare latch 01 (16)

Compare 0 output Compare 0 trigger Compare register

p| status bit enable bit e :
(002216, bit 0) (002118, bit 4)

_O/O— Output latch < O

T o—O Oi—l Timer A counter (16)

—O

Compare 0 output O—
level latch
(002118, bit 0)

Compare 0 (1)
timer source bits |
(001F1s, Pit 0 (bit 1)

Underflow

Compare 1 output Compare 1 trigger
status bit enable bit
(002218, bit 1) (002118, bit 5) o—

< O \/
* O——| Timer B counter (16)

—O/O— Output latch < O

T 4——‘
Compare 1 output
level latch T 1
(002116, bit 1) H Compare register :
i [ comparelatch10(16) | | Compare laich 11 16) | :
Compare latch 10, 11 A i

re-load bit
(001418, bit 1)

Compare buffer 10 (16) Compare buffer 11 (16)

Compare register A

write pointer
(0012186, bits O to 2)

Fig. 41 Block diagram at modulation mode

REJ03B0160-0122 Rev.1.22 Mar 13, 2009 RENESAS

page 36 of 100



7546 Group

Timer A underflow

Compare latch 00
Compare latch 01
Compare 00 match
Compare 01 match
Compare 0 output

Compare 0 output status bit

Compare latch 10
Compare latch 11
Compare 10 match
Compare 11 match
Compare 1 output
Compare interrupt

Compare 1 output status bit

Carrier wave generated by Compare 0

Timer A count clock

L L L L
1

JEpERERERERERE .

[ ]

L -

Timer A count value 0004X0003

0002

00010000 0007) 0006

0005 )0004 ) 00030002

0001)0000) 0007

0006

0005 {0004 {0003}

0006

0002

Timer A underflow
Compare 0 output

L1 1|
Uyl

:
Tyl

Timer B count value 0004

00030002

0001

0000) 0007 { 0006 {0005

00030002

0001

0000) 0007 {0006} 0005 Y 0004

0004

0001

Y_

Y_

Y_

0

Port output waveform

Modulation output '

Note: Compare interrupt occurs only for the interrupt source selected by Compare interrupt source register.

. .

JTUL

Fig. 44 Output compare mode (compare 0, 1 modulation mode)
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e Serial 1/102

Serial 1/02 can be used as either clock synchronous or asynchro-
nous (UART) serial 1/0. A dedicated timer is also provided for
baud rate generation.

(1) Clock Synchronous Serial 1/02 Mode

Clock synchronous serial /02 mode can be selected by setting
the serial /02 mode selection bit of the serial 1/02 control register
(bit 6) to “1".

For clock synchronous serial 1/02, 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 TB/RB.

Data bus

Address 002E16 | Serial I/02 control register | Address 003016

Receive buffer register 2L+ = Receive buffer full flag (RBF)

)

| Receive shift register 2 |

P04/RxD2 O

——— = Receive interrupt request (RI)

Clock control circuit|<—

Shift clock

P0s/ScLk2 O

Serial 1/02 synchronous
clock selection bit

BRG count source selection bit Frequency division ratio 1/(n+1)
XN O ' ~ lBaudrate generator2 || 1/4

14 Address 003216
P07/Srovz O <—| Falling-edge detector —————| Clock control circuit |«
Shift clock ——— = Transmit shift completion flag (TSC)

| v i Transmit interrupt source selection bit
1 Transmit shift register 2 |——>°

f)—> Transmit interrupt request (T1)
Transmit buffer empty flag (TBE)

| Serial /02 status register | Address 002F16
Address 002Ez16 T

P0s/TxD2 O

Transmit buffer register ?I

Data bus

Fig. 60 Block diagram of clock synchronous serial 1/02

Transfer shift clock
(1/2 to 1/2048 of the internal L I 7 7 17 °_I °_I ©[1_]
clock, or an external clock) i

Serial output TxD2

X Do D1><Dj\><D3><D4><D5><D6><Dj7

Serial input RxD2 Do D1 D2 D3 D4 Ds Dé D7

Receive enable signal SRDY2

Write pulse to receive/transmit _,—| ; f
buffer register 2 (address 002Ez16) V : y

TBE=0 _ RBF =1
TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

Notes 1: As the transmit interrupt (T1), which can be selected, either when the transmit buffer 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 1/02 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 output continuously from the TxD2 pin.
3: The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1” .

Fig. 61 Operation of clock synchronous serial /02 function
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Source clock selection
(auto-switch depending on setting of CPUM)

Watchdog timer H count source
selection bit (bit 2 of FSROM2)
ar bit 7 of WDTCON

On-chip oscillator output can be
fixed by bit 0 of FSROM2

Write “FF16” to
WDTCON

XIN clock 0
On-chip oscillator

<

Data bus

Write "FF16" to
WDTCON

Watchdog timer L (8)

© 1/16

A

Watchdog timer H (8)
aqn
) A

Count start

(bit 1 of FSROM2))

(Watchdotm timer start selection bit

or writing arbitrary value to WDTCON

STP instruction function selection bit

(bit 3 of FSROM2)
STP InstructiontD

Bit 6 of WDTCON
Reset pin input

FSROM2: Function set ROM data 2
WDTCON: Watchdog timer control register
CPUM: CPU mode register

Reset

o [ Internal reset
circuit

Fig. 68 Block diagram of watchdog timer

Watchdog timer control register (Note 1)

(WDTCON: address 003918, initial value: 3F16)

Watchdog timer H (read only for high-order 6-bit)

STP instruction function selection bit

(Note 1, Note 3)

0 : System enters into the stop mode

O at the STP instruction execution

1: Internal reset occurs at the STP instruction execution

O

oooooogzZz

Watchdog timer H count source selection bit
(Note 1, Note 4)

0 : Watchdog timer L underflow

1 : On-chip oscillator/16 or f(XIN)/16

Control by Function set ROM data 2
(FSROM2: address FFDA16) (Note 2)

This cannot be controlled by FSROM2.

This bit function can be set by setting bit 3 of FSROM2.
Bit 3 of FSROM2 = 0: Bit 6 of WDTCON is fixed to “0".
Bit 3 of FSROM2 = 1: Bit 6 of WDTCON is fixed to “1".

The initial value of this bit is changed by setting bit 2 of
FSROM2.

Bit 2 of FSROM2 = 0:

Initial value of bit 7 of WDTCON is changed to “0”.

Bit 2 of FSROM2 = 1:

Initial value of bit 7 of WDTCON is changed to “
The following setting can be available by setting b|t 0 of FSROM2.

(This setting cannot be set by WDTCON)

Bit O of FSROMZ 0: The source clock of Watchdoi; timer is always
the on-chip oscillator output/16.

BI'[ 0 of FSROM2 = 1: The source clock of watchdog timer is the
on- Chlp oscillator output/16 of f(XIN)/16.

otes 1: When the setting by the function set ROM data 2 (FSROM2) is performed, the |n|t|a| value of CPUM is changed
after releasing reset since bits 6 and 7 of WDTCON are fixed.

2: The setting values of FSROM2 become valid by setting “0” to bit 0 of function set ROM data 0 (FSROMO).

0 The setting values of FSROM2 are invalid by setting “1” to this bit.[0]

3:The setting value of this bit can be fixed after releasing reset by FSROM2, and then, the setting value cannot be changed by program.

O Also, when the setting by program is performed, this bit can be rewritten only once after releasing reset.

O  After rewriting it is disable to write any data to this bit.
4: When FSROM2 is used to select the watchdod timer H count source, the initial value of this bit is chanaged after releasina reset.

Fig. 69 Structure of watchdog timer control register

REJO3B0160-0122 Rev.1.22 Mar 13, 2009

page 56 of 100

RENESAS




7546 Group

Clock Generating Circuit

An oscillation circuit can be formed by connecting a resonator be-
tween XIN and XouT, and an RC oscillation circuit can be formed
by connecting a resistor and a capacitor.

Use the circuit constants in accordance with the resonator
manufacturer's recommended values.

No external resistor is needed between XIN and XouUT since a
feed-back resistor exists on-chip. (An external feed-back resistor
may be needed depending on conditions.)

(1) On-chip oscillator operation

When the MCU operates by the on-chip oscillator for the main
clock, connect XIN pin to Vcc through a resistor and leave XouT
pin open.

The clock frequency of the on-chip oscillator depends on the sup-
ply voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

(2) Ceramic resonator

When the ceramic resonator is used for the main clock, connect
the ceramic resonator and the external circuit to pins XIN and
XouT at the shortest distance. A feedback resistor is built in be-
tween pins XIN and XouT.

(3) RC oscillation

When the RC oscillation is used for the main clock, connect the
XIN pin and XouT pin to the external circuit of resistor R and the
capacitor C at the shortest distance.

The frequency is affected by a capacitor, a resistor and a micro-
computer.

So, set the constants within the range of the frequency limits.

(4) External clock

When the external signal clock is used for the main clock, connect
the XIN pin to the clock source and leave XouT pin open.

Select “0” (ceramic oscillation) to oscillation mode selection bit of
CPU mode register (003B16).

Note: The clock frequency of the
on-chip oscillator depends
on the supply voltage and
the operation temperature
range.

Be careful that variable
frequencies and obtain
the sufficient margin.

M37546

XIN Xout
R
Open

Fig. 74 Processing of XIN and XouT pins at on-chip oscillator
operation

M37546

XIN Xout

Rd

OO L
ik »

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 feed-
back resistor between XIN and XouT following the
instruction.

Cout

Fig. 75 External circuit of ceramic resonator

Note: Connect the external
circuit of resistor R
and the capacitor C at
the shortest distance.
The frequency is af-

g fected by a capacitor,
R

M37546

XIN Xout

a resistor and a micro-
J_ computer.
C So, set the constants
7L within the range of the
frequency limits.

Fig. 76 External circuit of RC oscillation

M37546

XIN Xout

y |

_ n
External oscillation Ope

circuit
v TLILULT
Vss

Fig. 77 External clock input circuit
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Qaggiiég
3 S><
GEEED0UZ
eE 38N E8 s
[afalaNajafajalal
W Wl wow
ddddId=2d
S83838s88 &
A e AW s s M Al A o
e e
PO7(LED07)/SroY2 <> [25] 16> P34(LED14)
ESPGMB P10/RxD1/CAPo <> 24} 15| <> P33(LED13)/INT1
ESDA P11/TxD1 =[] [14] <> P3(LED12)/CMPs3
[EscLK ] P12/Scik1 <> [2g] [13] <> P31(LED11)/CMP2
PlaSrovi =g~ MS7946GXGP e oo (LED10)/CAP:
P14/CNTRo <> [ag] 1] vss
P20/ANo <= [21] [10] — Xout —0
P21/AN1 <> [32] [ ol*«—xy —o0 ) *

Package type

£
=50

BTTs T ]
# t # # T ? ? * : Connect to oscillation circuit
NSO U 0 O I:lQZROMpln
Z2Z2Z2Z 4yvo
IIILEpz>
§ § § § i O Vce
VPP

|RESET

: PLQP0032GB-A (32P6U-A)

Fig. 89 Pin connection diagram (M37546GxGP)
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NOTES ON USE
Countermeasures against noise
1. Shortest wiring length

(1) Package

Select the smallest possible package to make the total wiring
length short.

<Reason>

The wiring length depends on a microcomputer package. Use of a
small package, for example QFP and not DIP, makes the total wir-
ing length short to reduce influence of noise.

DIP

DIP_
O ]
O ]
g = SDIP
O ]
d - SOP
O ] -
O m}
= 5 - FP
O m] g B

Fig. 94 Selection of packages

(2) Wiring for RESET pin

Make the length of wiring which is connected to the RESET pin as
short as possible. Especially, connect a capacitor across the
RESET pin and the Vss pin with the shortest possible wiring
(within 20 mm).

<Reason>

The width of a pulse input into the RESET pin is determined by the
timing necessary conditions. If noise having a shorter pulse width
than the standard is input to the RESET pin, the reset is released
before the internal state of the microcomputer is completely initial-
ized. This may cause a program runaway.

Noise
Reset J —
circuit ¢ RESET
Vss Vss
N.G.
—
Reset p—
circuit - [ |RESET
Vss - I Vss
O.K.

Fig. 95 Wiring for the RESET pin

(3) Wiring for clock input/output pins

» Make the length of wiring which is connected to clock I/O pins as
short as possible.

» Make the length of wiring (within 20 mm) across the grounding
lead of a capacitor which is connected to an oscillator and the
Vss pin of a microcomputer as short as possible.

» Separate the Vss pattern only for oscillation from other Vss pat-
terns.

<Reason>

If noise enters clock I/0 pins, clock waveforms may be deformed.

This may cause a program failure or program runaway. Also, if a

potential difference is caused by the noise between the Vss level

of a microcomputer and the Vss level of an oscillator, the correct
clock will not be input in the microcomputer.

Noise
i—é_— XIN |%_XIN
—+—Xout H—Xout
Vss Vss
N.G. O.K.

Fig. 96 Wiring for clock 1/0 pins

(4) Wiring to CNVss pin

Connect CNVss pin to a GND pattern at the shortest distance.
The GND pattern is required to be as close as possible to the
GND supplied to Vss.

In order to improve the noise reduction, to connect a 5 kQ resistor
serially to the CNVss pin - GND line may be valid.

As well as the above-mentioned, in this case, connect to a GND
pattern at the shortest distance. The GND pattern is required to be
as close as possible to the GND supplied to Vss.

<Reason>

The CNVss pin of the QzROM is the power source input pin for
the built-in QzZROM. When programming in the built-in QzROM,
the impedance of the CNVss pin is low to allow the electric cur-
rent for writing flow into the QzROM. Because of this, noise can
enter easily. If noise enters the CNVss pin, abnormal instruction
codes or data are read from the built-in QzROM, which may cause
a program runaway.

(Note) . The shortest

About 5kQ

CNVss

(Note) ™ k/The shortest

Note: This indicates pin.

Fig. 97 Wiring for the CNVss pin of the QzPROM
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2. Connection of bypass capacitor across Vss line and Vcc line

Connect an approximately 0.1 uF bypass capacitor across the Vss

line and the Vcc line as follows:

« Connect a bypass capacitor across the Vss pin and the Vcc pin
at equal length.

« Connect a bypass capacitor across the Vss pin and the VVcc pin
with the shortest possible wiring.

» Use lines with a larger diameter than other signal lines for Vss
line and Vcc line.

« Connect the power source wiring via a bypass capacitor to the
Vss pin and the Vcc pin.

Vcc cc

4
N\

Vss Vss

N.G. O.K.

3. Wiring to analog input pins

» Connect an approximately 100 Q to 1 kQ resistor to an analog
signal line which is connected to an analog input pin in series.
Besides, connect the resistor to the microcomputer as close as
possible.

» Connect an approximately 1000 pF capacitor across the Vss pin
and the analog input pin. Besides, connect the capacitor to the
Vss pin as close as possible. Also, connect the capacitor across
the analog input pin and the Vss pin at equal length.

<Reason>
Signals which is input in an analog input pin (such as an A/D con-
verter/comparator input pin) are usually output signals from
sensor. The sensor which detects a change of event is installed far
from the printed circuit board with a microcomputer, the wiring to
an analog input pin is longer necessarily. This long wiring func-
tions as an antenna which feeds noise into the microcomputer,
which causes noise to an analog input pin.

Fig. 98 Bypass capacitor across the Vss line and the Vcc line

Noise
(Note)

Microcomputer
e . —AAN Analog
Thermistorl input pin
; l N.G. O.K.
) Vss

77

Note : The resistor is used for dividing
resistance with a thermistor.

Fig. 99 Analog signal line and a resistor and a capacitor

» The analog input pin is connected to the capacitor of a voltage
comparator. Accordingly, sufficient accuracy may not be ob-
tained by the charge/discharge current at the time of A/D
conversion when the analog signal source of high-impedance is
connected to an analog input pin. In order to obtain the A/D con-
version result stabilized more, please lower the impedance of an
analog signal source, or add the smoothing capacitor to an ana-
log input pin.
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4. Oscillator concerns
Take care to prevent an oscillator that generates clocks for a mi-
crocomputer operation from being affected by other signals.

(1) Keeping oscillator away from large current signal lines

Install a microcomputer (and especially an oscillator) as far as
possible from signal lines where a current larger than the toler-
ance of current value flows.

<Reason>

In the system using a microcomputer, there are signal lines for
controlling motors, LEDs, and thermal heads or others. When a
large current flows through those signal lines, strong noise occurs
because of mutual inductance.

(2) Installing oscillator away from signal lines where potential lev-
els change frequently

Install an oscillator and a connecting pattern of an oscillator away

from signal lines where potential levels change frequently. Also, do

not cross such signal lines over the clock lines or the signal lines

which are sensitive to noise.

<Reason>

Signal lines where potential levels change frequently (such as the

CNTR pin signal line) may affect other lines at signal rising edge

or falling edge. If such lines cross over a clock line, clock wave-

forms may be deformed, which causes a microcomputer failure or

a program runaway.

[ Keeping oscillator away from large current signal lines

Microcomputer
Mutual inductance :LM) ~

(1N

rvvi

Large = = XIN
current JJ | =15 Xout
Vss

GND

O Installing oscillator away from signal lines where potential lev-
els change frequently

\y
N.G.

Do not cross CNTR
f - XIN
—+——XouT

,J, Vss

\/

Fig. 100 Wiring for a large current signal line/Writing of signal
lines where potential levels change frequently

(3) Oscillator protection using Vss pattern

As for a two-sided printed circuit board, print a Vss pattern on the
underside (soldering side) of the position (on the component side)
where an oscillator is mounted.

Connect the Vss pattern to the microcomputer Vss pin with the
shortest possible wiring. Besides, separate this Vss pattern from
other Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

Oscillator wiring
pattern example

Separate the Vss line for oscillation from other Vss lines

Fig. 101 Vss pattern on the underside of an oscillator
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Electrical characteristics (2)
(Vcc=1.8t0 5.5V, Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

-~ Limits )
Symbol | Parameter Test conditions Min. Tvp. Max. Unit
Icc Power source |f(XIN) =8 MHz Double-speed mode 5.9 9.5 mA
current Output transistors “off” High-speed mode 3.9 7.0 mA
*LVD is valid Middle-speed mode 2.4 5.5 mA
(except at STP) (xin) = 2 MHz, High-speed mode 0.45 1.25 mA
Vcc =22V

Output transistors “off”
On-chip oscillator Frequency/1 1.55 3.3 mA
operation mode, Frequency/2 0.95 2.3 mA
Output transistors “off” Frequency/8 0.4 1.1 mA
Frequency/128 0.25 0.7 mA
f(XIN) = 8 MHz (in WIT state), 2.0 3.5 mA

functions except timer 1 disabled,
Output transistors “off”

f(XIN) =2 MHz, Vcc =2.2V 0.25 mA
(in WIT state),

functions except timer 1 disabled,
Output transistors “off”

On-chip oscillator operation mode, 0.25 0.7 mA
(in WIT state),

functions except timer 1 disabled,
Output transistors “off”

Increment when A/D conversion is executed 0.5 mA
f(XIN) =8 MHz, Vcc =5V

All oscillation stopped Ta=25°C 0.1 1.0 uA
(in STP state) Ta=85°C 10 uA
Output transistors “off”

Low voltage detection Ta=25°C 70 uA
circuit self consumption |Vcc=5V

current

Note: Increment when A/D conversion is executed includes the reference power source input current (IVREF).
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CNTRo

INTo, INT1
CAPo, CAP1

RESET

XIN

ScLk1

RxDz1 (at receive)

)

| tc(CNTRo)
) twH(CNTROo) Lo twiL(CNTRo)
0.8Vcc 0.9Vee |
. twH(INTo) - twL(INTo)
/] 0.8Vcc )’\‘( 0.9Vee

tw(RESET) ,

>‘< 0.2Vcc

S

7P‘o.e
Vcc

tc(XIN)

L twL(XIN)

)
) twH(XIN)
0.8Vcc

)’\L 0.2Vcc A

tc(ScLk1)
tf twi(ScLk1) tr twH(ScLk1)
—_— L N
N 0.2Vee /] 08Vee

tsu(RxD1-ScLk1)

th(ScLki-RxDz1)

N

:

0.2

DRSS

K

Vcc
ta(Scik1-TxD1) tv(ScLk1-TxD1)
TxDa1 (at transmit)
Fig. 107 Timing chart
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Termination of Unused Pins

1. Terminate unused pins

Perform the following wiring at the shortest possible distance (20

mm or less) from microcomputer pins.

(1) I/O ports

Set the 1/0 ports for the input mode and connect each pin to Vcc

or Vss through each resistor of 1 kQ to 10 kQ. The port which can

select a built-in pull-up resistor can also use the built-in pull-up re-
sistor.

When using the 1/O ports as the output mode, open them at “L” or

“H".

* When opening them in the output mode, the input mode of the
initial status remains until the mode of the ports is switched over
to the output mode by the program after reset. Thus, the poten-
tial at these pins is undefined and the power source current may
increase in the input mode. With regard to an effects on the sys-
tem, thoroughly perform system evaluation on the user side.

« Since the direction register setup may be changed because of a
program runaway or noise, set direction registers by program
periodically to increase the reliability of program.

2. Termination remarks

(1) I/O ports setting as input mode

[1] Do not open in the input mode.

<Reason>

* The power source current may increase depending on the first-
stage circuit.

« An effect due to noise may be easily produced as compared with
proper termination (1) shown on the above “1. Terminate unused
pins”.

[2] Do not connect to Vcc or Vss directly.

<Reason>

If the direction register setup changes for the output mode be-
cause of a program runaway or noise, a short circuit may occur.

[3] Do not connect multiple ports in a lump to Vcc or Vss through
a resistor.

<Reason>

If the direction register setup changes for the output mode be-

cause of a program runaway or noise, a short circuit may occur

between ports.

Notes on Interrupts

1. Change of relevant register settings

When not requiring for the interrupt occurrence synchronous with

the following case, take the sequence shown in Fig. 4.

» When switching external interrupt active edge

* When switching interrupt sources of an interrupt vector address
where two or more interrupt sources are allocated

Set the corresponding interrupt enable bit to “0” (disabled) . |
!
Set the interrupt edge selection bit, active edge switch bit, or
the interrupt source selection bit.
|
NOP (One or more instructions)
|
Set the corresponding interrupt request bit to “0”
(no interrupt request issued).
!
Set the corresponding interrupt enable bit to “1” (enabled). |

Fig. 4 Sequence of changing relevant register

<Reason>
When setting the followings, the interrupt request bit of the corre-
sponding interrupt may be set to “1”.
» When switching external interrupt active edge
INTo interrupt edge selection bit
(bit O of Interrupt edge selection register (address 003A16))
INT1 interrupt edge selection bit
(bit 1 of Interrupt edge selection register)
CNTRo active edge switch bit
(bit 2 of timer X mode register (address 002B16))
Capture 0 interrupt edge selection bit
(bits 1 and 0 of capture mode register (address 002016))
Capture 1 interrupt edge selection bit
(bits 3 and 2 of capture mode register)

2. Check of interrupt request bit

When executing the BBC or BBS instruction to determine an in-
terrupt request bit immediately after this bit is set to “0”, take the
following sequence.

<Reason>

If the BBC or BBS instruction is executed immediately after an in-
terrupt request bit is cleared to “0”, the value of the interrupt
request bit before being cleared to “0” is read.

|Set the interrupt request bit to “0” (no interrupt issued)|

!

| NOP (one or more instructions) [

|
| Execute the BBC or BBS instruction |

Fig. 5 Sequence of check of interrupt request bit
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