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CHAPTER 3 CPU FUNCTION

(3/6)
Address Function Register Name Symbol R/W | Bit Units for Manipulation | After Reset
1 8 16
FFFFF310H External interrupt noise elimination control INTPNRC R/W \ \ 00H
register

FFFFF400H Port 0 register PO \ \ Undefined
FFFFF402H Port 1 register P1 \ \ Undefined
FFFFF404H Port 2 register P2 \ \ Undefined
FFFFF406H Port 3 register P3 S \ Undefined
FFFFF408H Port 4 register P4 \ \ Undefined
FFFFF420H Port 0 mode register PMO \ \ FFH
FFFFF422H Port 1 mode register PM1 \ \ FFH
FFFFF424H Port 2 mode register PM2 \ \ FFH
FFFFF426H Port 3 mode register PM3 \ S FFH
FFFFF428H Port 4 mode register PM4 J J FFH
FFFFF440H Port 0 mode control register PMCO S \ OO0H
FFFFF442H Port 1 mode control register PMCH1 J J 00H
FFFFF444H Port 2 mode control register PMC2 \ \ OO0H
FFFFF446H Port 3 mode control register PMC3 \ \ 00H
FFFFF448H Port 4 mode control register PMC4 \ \ OO0H
FFFFF462H Port 1 function control register PFCA1 \ \ 00H
FFFFF466H Port 3 function control register PFC3 J J 00H
FFFFF468H Port 4 function control register PFC4 \ \ 00H
FFFFF540H TMMO control register 0 TMOCTLO \ \ 00H
FFFFF544H TMMO compare register 0 TMOCMPO v 0000H
FFFFF5COH | TMQO control register 0 TQOCTLO S \ O0H
FFFFF5C1H | TMQO control register 1 TQOCTLA1 \ \ 00H
FFFFF5C2H TMQO I/0 control register 0 TQOIOCO \ \ 00H
FFFFF5C3H TMQO /O control register 1 TQOIOCH S \ 00H
FFFFF5C4H | TMQO I/O control register 2 TQOIOC2 J J 00H
FFFFF5C5H TMQO option register 0 TQOOPTO \ \ 00H
FFFFF5C6H TMQO capture/compare register 0 TQOCCRO S 0000H
FFFFF5C8H TMQO capture/compare register 1 TQOCCR1 \/ 0000H
FFFFF5CAH TMQO capture/compare register 2 TQOCCR2 S 0000H
FFFFF5CCH TMQO capture/compare register 3 TQOCCRS3 S 0000H
FFFFF5CEH TMQO counter read buffer register TQOCNT R \ 0000H
FFFFF5FOH High-impedance output control register 00 HZAOCTLO R/W S \ 00H
FFFFF5F1H High-impedance output control register 01 HZAOCTLA \ \ 00H
FFFFF600H TMQ1 control register 0 TQ1CTLO S S OO0H
FFFFF601H | TMQ1 control register 1 TQ1CTL1 J J 00H
FFFFF602H TMQ?1 I/O control register 0 TQ110CO S \ OO0H
FFFFF605H TMQ1 option register 0 TQ10PTO S \ O0H
FFFFF606H TMQ1 capture/compare register 0 TQ1CCRO \ 0000H
FFFFF608H TMQ1 capture/compare register 1 TQ1CCR1 S 0000H
FFFFF60AH TMQ1 capture/compare register 2 TQ1CCR2 S 0000H
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CHAPTER 4 PORT FUNCTIONS

Figure 4-19. Block Diagram of P42 Pin
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CHAPTER 5 CLOCK GENERATOR

5.4 PLL Function

5.4.1 Overview
The CPU and the operating clock of the peripheral macro can be switched between output of the oscillation
frequency multiplied by 8, and clock-through mode.

When PLL function is used: Input clock (fx) = 2.5 MHz, output clock (fxx) = 20 MHz
Clock-through mode: Input clock (fx) = 2.5 MHz, output clock (fxx) = 2.5 MHz

5.4.2 PLL mode

In the PLL mode, the oscillation frequency (fx) is multiplied by 8 with the PLL to generate a system clock (fxx).

In the PLL mode, the clock is input from the oscillator to the PLL. A clock at a stable frequency must be supplied to
the internal circuit after the lapse of the lockup time (frequency stabilization time) during which the phase is locked at a
specific frequency and oscillation is stabilized. In the VB50ES/IE2, the lockup time after release of reset is secured
automatically.

5.4.3 Clock-through mode

In the clock-through mode, a system clock (fxx) of the same frequency as the oscillation frequency (fx) is
generated.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(7) TMPn capture/compare register 0 (TPnCCRO0)
The TPOCCRO and TP2CCRO registers are 16-bit registers that can be used as capture registers or compare
registers depending on the mode. The TP1CCRO and TP3CCRO registers are 16-bit registers that can only be
used as compare registers.
The TPOCCRO and TP2CCRO registers can be used as a capture register or a compare register only in the
free-running timer mode, depending on the setting of the TPOOPTO0.TPOCCSO0 or TP20PT0.TP2CCSO0 bit. In
the pulse width measurement mode, the TPnCCRO register can be used only as a capture register. In any
other mode, this register can be used only as a compare register.
The TPnCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

After reset: 0000H R/W Address:  TPOCCRO FFFFF646H, TP1CCRO FFFFF666H,
TP2CCRO FFFFF686H, TP3CCRO FFFFF6A6H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocoro | [ | 0 [ [ [ [ [ [ P[]

(n=01t0 3)
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(1) Operation flow in PWM output mode

Figure 6-34. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo

D1o D1o D1o Do
0000H

TPmCE bit

TPmCCRO register :X Doo Dot Doo

CCRO buffer register Doo X Do1 X Doo

INTTPmMCCO signal —| —| —| _| _| —|

TOPOQO pin output

TPmCCR1 register } D1o D1o D11 Do

CCR1 buffer register D1o X D1o X D11 X D1o

INTTPMCC1 signal —| —| —| —| —| —|
TOPmM1 pin output J |

<1> <2> <3> <4> <5>

Remark m=0,2,3
k=0,2
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

6.6.6 Free-running timer mode (TPnMD2 to TPnMDO bits = 101)
The compare function is valid for all of TMPO to TMP3. The capture function is valid only for TMP0O and TMP2.
In the free-running timer mode, 16-bit timer/event counter P starts counting when the TPnCTLO.TPnCE bit is set to
1. At this time, the TPKCCRO and TPkCCR1 registers can be used as compare registers or capture registers,

depending on the setting of the TPkOPTO0.TPkCCS0 and TPKOPTO.TPkCCS1 bits.

Figure 6-35. Configuration in Free-Running Timer Mode

Internal count clock —=

TIPkO pinNotet
(external event

TPnCCR1 register

(compare)

L]

TPnCCRO register
(compare)

Ly

Qutput
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TPkCCSO0, TPkCCSH1 bits
(capture/compare selection)

count input/

capture
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o
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(capture

trigger input)

Notes 1.

Remark

Count ﬁ
|| clock = 16-bit counter

Edge selection
detector

TPnCE bit
Edge
detector

TPKCCRO register
(capture)

Edge
detector

TPKkCCRH1 register
(capture)

INTTPnOV signal

— INTTPnCC1 signal

INTTPnCCO signal

Because the external event count input pin (TIPkO), capture trigger input pin (TIPkO), and

timer output pin (TOP00) share the same alternate-function pin, two or more functions

cannot be used at the same time.

Because the capture trigger input pin (TIPk1) and timer output pin (TOPk1) share the same

alternate-function pin, two functions cannot be used at the same time.

n=0to3
m=0,2,3
k=0,2
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

252

(a) Function as compare register
The TQnCCRO register can be rewritten even when the TQnCTLO.TQNCE bit = 1.
The set value of the TQnCCRO register is transferred to the CCRO buffer register. When the value of the
16-bit counter matches the value of the CCRO buffer register, a compare match interrupt request signal
(INTTQNCCQO) is generated. If TOQNO pin output is enabled at this time, the output of the TOQnNO pin is
inverted.
When the TQnCCRO register is used as a cycle register in the interval timer mode, external event count

Note Note Note

, or PWM output mode™",

Note

mode ™", external trigger pulse output mode™", one-shot pulse output mode
the value of the 16-bit counter is cleared (0000H) if its count value matches the value of the CCRO buffer
register.

The compare register is not cleared by the TQnCTLO.TQNCE bit = 0.

Note These modes can be set only in TMQO. They cannot be set in TMQ1.

(b) Function as capture register (TQOCCRO register only)
When the TQOCCRO register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCRO register if the valid edge of the capture trigger input pin
(TIQOO0 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQOO pin) is detected.
Even if the capture operation and reading the TQOCCRO register conflict, the correct value of the
TQOCCRO register can be read.
The capture register is cleared by the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 7-4. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write

External event counter*™®’ Compare register Anytime write

External trigger pulse output™*"? Compare register Batch write"**

One-shot pulse output™**"? Compare register Anytime write

PWM output™*’ Compare register Batch write"*®®

Free-running timer Capture/compare register Anytime write

Pulse width measurement™®’ Capture register None

Notes 1. TMQO only
2. This mode can be set only with the software trigger. No external trigger input pin is available.
3. Writing to the TQOCCR1 register is the trigger.

Remark For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(2) Interval timer mode operation timing

(a) Operation if TQnCCRO register is set to 0000H
If the TQnCCRO register is set to 0000H, the INTTQnCCO signal is generated at each count clock, and the
output of the TOQnNO pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH 0000H 0000H 0000H 0000H
TQnCE bit
TQNnCCRO register 0000H

TOQnNO pin output

INTTQNnCCO signal

Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle

Remark n=0,1
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

When the TQOCE bit is set to 1, 16-bit timer/event counter Q waits for a trigger. When the trigger is generated, the
16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a one-shot pulse from the TOQOb pin.
After the one-shot pulse is output, the 16-bit counter is cleared to 0000H, stops counting, and waits for a trigger.
When the trigger is generated again, the 16-bit counter starts counting from 0000H. If a trigger is generated again
while the one-shot pulse is being output, it is ignored.

The output delay period and active level width of the one-shot pulse can be calculated as follows.

Output delay period = (Set value of TQOCCRD register) x Count clock cycle
Active level width = (Set value of TQOCCRO register — Set value of TQOCCRDb register + 1) x Count clock cycle

The compare match interrupt request signal INTTQOCCO is generated when the 16-bit counter counts after its
count value matches the value of the CCRO buffer register. The compare match interrupt request signal INTTQOCCb
is generated when the count value of the 16-bit counter matches the value of the CCRb buffer register.

Only setting the software trigger (TQOCTL1.TQOEST bit) to 1 is used as the trigger.

Remark b=1t03

Figure 7-28. Register Setting in One-Shot Pulse Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TaocTo [ on | o | o | o | o | o1 | ot | on |

———— Select count clockN*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TQOCTL1.TQOEEE bit = 1.

(b) TMQO control register 1 (TQOCTL1)
TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TQOCTL1 | 0 ‘ o ‘ o ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |

0,1, 1:
One-shot pulse output mode

0: Operate on count clock
selected by TQOCKSO to
TQOCKS?2 bits

1: Count external event
input signal

Generate software trigger
when 1 is written

User's Manual U17716EJ2V0OUD 307



CHAPTER 9 MOTOR CONTROL FUNCTION

(1) TMQ1 dead-time compare register (TQ1DTC)
The TQ1DTC register is a 10-bit compare register that specifies a dead-time value.
Rewriting this register is prohibited when the TQ1CTLO.TQ1CE bit = 1.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

<R> Caution To generate the dead-time period, set the TQ1DTC register to 1 or more.
When the operation is stopped (TQ1CTLO.TQ1CE bit = 0), the dead-time period is not
generated and the output level of the TOQ1T1 to TOQ1T3 pins and TOQ1B1 to TOQ1B3 pins
will be in the initial status. For the system protection, therefore, before operation is being
stopped, set the TOQ1T1 to TOQ1T3 and TOQ1B1 to TOQ1B3 pins to the high impedance
state, or set the output level of pins and switch them to the port mode.
If a dead time period is not needed, set the TQ1DTC register to 0.

After reset: 0000H R/W Address: FFFFF624H

15 10 9 0
TQ1DTC 000000 TQ1DTC9 to TQ1DTCO

(2) Dead-time counters 1 to 3
The dead-time counters are 10-bit counters that count dead time.
These counters are cleared or count up at the rising or falling edge of the TOQ1m output signal by TMQ1, and
are cleared or stopped when their count value matches the value of the TQ1DTC register. The count clock of
these counters is the same as that set by the TQ1CTL0.TQ1CKS2 to TQ1CTL0.TQ1CKSO bits of TMQ1.

Remarks 1. The operation differs when the TQ1OPT2.TQ1DTM bit = 1. For details, see 9.4.2 (4) Automatic
dead-time width narrowing function (TQ1OPT2.TQ1DTM bit = 1).
2. m=1t03
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CHAPTER 9 MOTOR CONTROL FUNCTION

(4) Automatic dead-time width narrowing function (TQ1OPT2.TQ1DTM bit = 1)
The dead-time width can be automatically narrowed in the vicinity of 0% output or 100% output by setting the
TQ1OPT2.TQ1DTM bit to 1.
By setting the TQ1DTM bit to 1, the dead-time counter is not cleared, but starts counting down if the TOQ1m
(internal signal) output of timer Q changes during dead-time counting.
The following timing chart shows the operation of the dead-time counter when the TQ1DTM bit is set to 1.

Figure 9-13. Operation of Dead-Time Counter m (1)

(a) In vicinity of 0% output (TQ1CCRm register =i > M + 1 — a/2, TQ1CCRO register = M, TQ1DTC register = a)

16-bit
counter /\/\/\
0000H
TOQ1m signal —l |__| |——|
(internal signal)
Dead-time RMPRR
counter m : : A\ PAN
000H n -
TOQ1Tm T "~ Dead-time counter m starts counting down.
pin output
TOQ1Bm
pin output | | | |
Negative-phase wave output width: (M + 1 —i) x 4

(e.g., output width is 4 where TQ1CCRm = M).

(b) In vicinity of 100% output (TQ1CCRm register = i < a/2, TQ1CCRO register = M, TQ1DTC register = a)

16-bit
counter /\/\/\
0000H
TOQ1m signal
(internal signal) J J J
Dead-time / RRNEIN
counter m 000H /. /\
TOQ1Tm e RN
pin output |
T0QiB Dead-time counter m starts counting down.
m —
pin output —l | |
! !
Note

Positive-phase wave output width: (M + 1 —i) x 2 — (i x 2)
(e.g., output width is M x 2 — 2 where TQ1CCRm = 0001H.)

Note The output width of the first wave differs from that of the second and subsequent waves immediately
after the TQ1CTLO.TQ1CE bit has been set. The first wave is shorter than the second wave because

the dead time is fully counted.

Remark m=1t03
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CHAPTER 9 MOTOR CONTROL FUNCTION

Figure 9-31. Basic Operation in Intermittent Batch Rewrite Mode

16-bit counter
Transfer <Q2>
timing <Q4> <?4>
TQ1CCRO X <Q3>
register \ I I I T I I I I
CCRO buffer X Y
register

| I
Taiccht <Q1>&<P1> X

register
CCRH1 buffer X '
register { —T- T
TQ1CCR2 X <Q3>
register T \ \ \ T \ \ \ \
CCR2 buffer X '
register \ T \ \ \ \ \

TQ1CCR3 X <Q3>
register

CCR8 buffer Y
register X \

TQ1OPTH X \ <Q3>
register T \ \ - T \ \ \

OPT1 buffer \ T
register \

INTTQ1QV signal

-

INTTQ1CCO signal P

16-bit counter
(TMP1) /

Transfer <P4> <P2> <P4>
timing i i

TP1CCRO X <P3>
register

CCRO buffer X '
register

TP1CCR1 X <P3>
register

CCR1 buffer 1
register ‘X ‘ ‘ ‘

[TMQ1 operation]

<Q1> Write the TQ1CCR1 register.

<Q2> Rewrite the register at the transfer timing that is generated after the TQ1CCR1 register has been rewritten.
<Q3> The registers are transferred all at once at the transfer timing.

<Q4> The transfer timing is also culled as the interrupts are culled.

[TMP1 operation]

<P1> Write the TQ1CCR1 register.

<P2> Rewrite the register at the transfer timing that is generated after the TQ1CCR1 register has been rewritten.
<P3> The registers are transferred all at once at the transfer timing.

<P4> The transfer timing is also culled as the interrupts are culled.

Remark This is an example of the operation when the TQ1OPT1.TQ1ICE bit = 1, TQ1OPT1.TQ1IOE bit = 1,
TQ10PT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00001.
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CHAPTER 11 A/D CONVERTERS 0 AND 1

(2) Operation mode
There are four operation modes in which the ANIn0 to ANIn3 pins are set: continuous select mode, continuous
scan mode, one-shot select mode, and one-shot scan mode. The continuous select mode and one-shot select
mode have sub-modes that consist of 1-buffer mode and 4-buffer mode. These modes are set by the
ADANMO and ADANM2 registers.

Remark n=0,1

(a) Continuous select mode
In this mode, the analog input pin (ANInm) specified by the ADANS register is A/D converted continuously.
The conversion results are stored in the A/Dn conversion result register (ADAnNCRm) corresponding to the
ANInm pin. In this mode, the 1-buffer mode and 4-buffer mode are provided for storing the A/D conversion
results.

¢ 1-buffer mode
In this mode, the voltage of the analog input pin (ANInm) specified by the ADANS register is A/D
converted. The conversion results are stored in the ADAnNCRm register corresponding to the ANInm
pin. The ANInm pin and the ADAnCRm register correspond one to one, and an A/Dn conversion end
interrupt request signal (INTADnN) is generated each time one A/D conversion ends.
After the end of A/D conversion, the conversion is repeated again unless the ADAnMO.ADANCE bit is
cleared to 0.

Remark n=0, 1
m=0to 3
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CHAPTER 11 A/D CONVERTERS 0 AND 1

11.9.8 Restrictions on setting one-shot mode and software trigger mode

If the A/D converters 0 and 1 are set in the one-shot select mode and software trigger mode (ADANMO register =
1010XX0XB) or one-shot scan mode and software trigger mode (ADANMO register = 1011XX0XB), a re-conversion
operation should be performed in a new condition when data is written to any of the ADAnMO, ADAnM2, and ADANS
registers upon completion of an A/D conversion operation. However, the re-conversion operation is not performed but
the conversion operation is enabled (ADANMO0.ADANCE bit = 1) and stopped (ADANMO.ADANEF bit = 0). The A/Dn
conversion end interrupt request signal (INTADn) is not generated, nor is the last A/D conversion result stored.
However, the data is correctly written to any of the ADANMO, ADAnM2, and ADANS registers.

If this happens, normal operation can be restored by setting the ADAnNMO0.ADANCE bit to 1.

For example, if the ANInO and ANIn1 pins are set in the scan mode (ADANS register = 00000001B) and data is
written to the ADANMO register upon completion of an A/D conversion operation in the one-shot scan mode and
software trigger mode (ADANMO register = 1011XX0XB), the signal of the ANInO pin is correctly converted and the
conversion result is correctly stored in the ADAnCRO register. However, the result of converting the signal of the
ANIn1 pin which has been performed immediately before the completion of the A/D conversion is not stored in the
ADANCR1 register, nor is the INTADnN interrupt request signal generated.

[Countermeasure]
The above restriction can be avoided by performing any of steps <1> to <3>, below.

<1> Before writing to any of the ADAnMO, ADAnM2, and ADAnNS registers, confirm that A/D conversion is
stopped (ADANMO.ADANEF bit = 0).

<2> After disabling the interrupt (PSW.ID bit = 1), execute an instruction that writes data to any of the ADAnMO,
ADANnM2, and ADANS registers and an instruction that sets the ADAnNMO.ADANCE bit to 1 consecutively, and
then enable the interrupt (PSW.ID bit = 0).
This action is to avoid coincidence between the completion of the A/D conversion operation and writing to the
ADANnMO, ADANM2, or ADANS register. If, for example, executing a write instruction and the completion of
the A/D conversion operation coincide and thus the A/D conversion is stopped, the A/D conversion can be
started by setting of the ADANCE bit to 1. If the ADAnNMO.ADANCE bit = 1, the ADANCE bit is set to 1 again
consecutively.

<3> Disable the A/D conversion operation by clearing the ADANnCE bit to 0, write data to any of the ADAnMO,

ADANnM2, and ADANS registers, enable the A/D conversion operation by setting the ADAnCE bit to 1, and
start the A/D conversion.
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CHAPTER 13 3-WIRE VARIABLE-LENGTH SERIAL 1/0 (CSIB)

(a) How to use CBOSCE bit

U

(i)

In single reception mode

<1>

<2>

When the reception of the last data is completed with INTCBOR interrupt servicing, clear the
CBOSCE bit to 0, and then read the CBORX register.

When the reception is disabled after the reception of the last data has been completed, check
that the CBOSTR.CBOTSF bit is 0, and then clear the CBOPWR and CBORXE bits to 0. To
continue reception, set the CBOSCE bit to 1 and start the next receive operation by performing a
dummy read of the CBORX register.

In continuous reception mode

<1>

<2>

<3>

Clear the CBOSCE bit to 0 during reception of the last data with INTCBOR interrupt servicing by
the reception before the last reception, and then read the CBORX register.

After receiving the INTCBOR signal of the last reception, read the last data from the CBORX
register.

When the reception is disabled after the reception of the last data has been completed, check
that the CBOSTR.CBOTSF bit is 0, and then clear the CBOPWR and CBORXE bits to 0. To
continue reception, set the CBOSCE bit to 1 and start the next receive operation by performing a
dummy read of the CBORX register.

Caution In continuous reception mode, the serial clock is not stopped until the

reception executed when the CBOSCE bit is cleared to 0 is completed after the
reception is started by a dummy read.
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CHAPTER 13 3-WIRE VARIABLE-LENGTH SERIAL 1/0 (CSIB)

(1) Operation flow

START

CBOCTL1 register « 07H
(1), (2), (3) | CBOCTL2 register < 00H
CBOCTLO register « E3H

(4) Write CBOTX register

@) ‘_—:"' SCKBO pin input \'_~ No

"~.\ started? Jitiae

l Yes

-2 ; \'\.__ No
®), (1) -2 INTCBOT interrupt -

*-.._ generated? _..-*"

. ) Yes (11)
Is data being transmitted

last data?

(7) Write CBOTX register

\
T

® .-~ INTCBOR interrupi ™~ _Yes (9
"*s-... generated? _.--*"

(10)

_1[\10 Read CBORX register

No_..-~INTCBORE interrupt **-.,
“*~.._ generated? _.-° )

Is receive data
lYes (13)

last data?

(13) Read CBORX register

CBOOVE bit = 0
(CBOSTR)

(14)

CBOTSF bit = 0?
(CBOSTR)

(15)

(15) | CBOCTLO register < 00H

END

Remarks 1. The broken lines indicate the hardware processing.
2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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CHAPTER 16 RESET FUNCTIONS

16.3.3 Low-voltage detector (LVI)

(1) Functions
The low-voltage detector (LVI) has the following functions.

e Compares the supply voltage (Vop) and detection voltage (VLvi) and generates an interrupt request signal or

internal reset signal when Vop < Vivi.
¢ The level of the supply voltage to be detected can be changed in two steps.
o An interrupt request signal or internal reset signal can be selected.
e Can operate in HALT/IDLE/STOP mode.
o Operation can be stopped by software.

(2) Configuration
The block diagram is shown below.

Figure 16-4. Block Diagram of Low-Voltage Detector

Vop
Vop
'—|°W' N-ch—] |———
vo tage — Internal reset signal
detection
level I 5
selector . E
(O]
— %)
INTLVI
Detection voltage
source (Vv
LVISO | LVION| LVIMD| LVIF |
Low-voltage detection level Low-voltage detection
select register (LVIS) register (LVIM)
2 Internal bus 2
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CHAPTER 19 ELECTRICAL SPECIFICATIONS

CSIB Timing: CBOCTL1.CBOCKP, CBOCTL1.CBODAP Bits = 00

<11>, <17>

P
<12>,<18> <12>,<18>

<

SCKBO (1/0) \ /

<13>, <14>,
<19> <20>

SIBO (input) - === ===~ - Input data - - - - —<:>-— -

<15>,
<21> <16>, <22>

SOBO (output) Output data ><

Remark The broken lines indicate high impedance.

CSIB Timing: CBOCTL1.CBOCKP, CBOCTL1.CBODAP Bits = 01

<11>, <17>
<12>, <18> <12>,<18>
L e
SCKBO (I/0)
<13>,| | <14>
<19> <20>
st <o+ ey e
<15>, <21>
<16>, <22>
SOBO (output) >< Output data ><

Remark The broken lines indicate high impedance.
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CHAPTER 19 ELECTRICAL SPECIFICATIONS

Characteristics of A/D Converters 0, 1
(Ta = -40 to +85°C, Vop = EVpp = 4.5 to 5.5V, AVppo = AVbp1 = 4.5 t0 5.5V, Vss = EVss = AVsso = AVss1 =0V, CL =

50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error™*™’ +4.0 LSB
Conversion time tcony 2 10 us
Zero-scale error"™®’ +4.0 LSB
Full-scale error*™’ +4.0 LSB
Integral linearity error*’ +4.0 LSB

Note 1

Differential linearity error -1to+2 LSB

Analog reference voltage AVRer AVRero = AVRer1 = AVbpo = 4.5 5.5 \Y
AVop1
Analog input voltage Vian AVss AVop Vv
AVboo, AVopt supply current? Alop During operation 6 10 mA
<R> Albps In STOP mode"*® 0.5 25 A

Notes 1. Excluding quantization error (0.5 LSB).
2. This value is one cycle of A/D converter 0 or A/D converter 1.
3. Stop the operation of A/D converters 0 and 1 (ADANMO.ADANCE bit = 0) before setting to the STOP
mode.

Remarks 1. LSB: Least Significant Bit
2. n=0,1
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APPENDIX A CAUTIONS

A.1 Restriction on Conflict Between sld Instruction and Interrupt Request

A.1.1 Description

If a conflict occurs between the decode operation of an instruction in <2> immediately before the sld instruction
following an instruction in <1> and an interrupt request before the instruction in <1> is complete, the execution result
of the instruction in <1> may not be stored in a register.

Instruction <1>
e |d instruction: Id.b, Id.h, Id.w, Id.bu, Id.hu
e sld instruction: sld.b, sld.h, sld.w, sld.bu, sid.hu
e Multiplication instruction: mul, mulh, mulhi, mulu

Instruction <2>

mov reg1, reg2 not regt, reg2 satsubr regi, reg2 satsub reg1, reg2
satadd regi, reg2 satadd immb5, reg2 or regl, reg2 xor regi, reg2
and regl, reg2 tst regi, reg2 subr regi, reg2 sub reg1, reg2
add reg1, reg2 add immb5, reg2 cmp regl, reg2 cmp immb5, reg2
mulh regi, reg2 shr immb5, reg2 sar immb5, reg2 shl immb5, reg2
<Example>
<i> Idw [r11],r10 If the decode operation of the mov instruction <ii> immediately before the sld
g instruction <iii> and an interrupt request conflict before execution of the Id instruction
: <i> is complete, the execution result of instruction <i> may not be stored in a register.

<ii> mov r10, r28
<iii> sld.w 0x28, r10

A.1.2 Countermeasure

(1) When compiler (CA850) is used
Use CA850 Ver. 2.61 or later because generation of the corresponding instruction sequence can be
automatically suppressed.

(2) For assembler
When executing the sld instruction immediately after instruction <ii>, avoid the above operation using either of
the following methods.

¢ Insert a nop instruction immediately before the sld instruction.

¢ Do not use the same register as the sld instruction destination register in the above instruction <ii> executed
immediately before the sld instruction.
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