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Conventions

Numeric formats follow the rules as shown below:
Hexadecimal: OxABC
Decimal: 123 or 0d123 — Only when it needs to be explicitly shown that they are decimal numbers.
Binary: Obl111 - It is possible to omit the "0b" when the number of bit can be distinctly
understood from a sentence.

" N" is added to the end of signal names to indicate low active signals.

e Itis called "assert” that a signal moves to its active level, "deassert” to its inactive level.
e When two or more signal names are referred, they are described like as [m: n].

Example: S[3:0] shows four signal names S3, S2, S1 and SO together.

The characters surrounded by [ ] defines the register.
Example: [ABCD]
"n" substitutes suffix number of two or more same kind of registers, fields, and bit names.
Example: [XYZ1], [XYZ2], [XYZ3] = [XYZn]
"X" substitutes suffix number or character of units and channels in the Register List.
In case of unit, "x" means A, B, and C ...
Example: [ADACRO0], [ADBCROQ], [ADCCROQ] - [ADxCRO0]
In case of channel, "x" means 0, 1, and 2 ...
Example: [T32A0RUNA], [T32A1RUNA], [T32A2RUNA] = [T32AXRUNA]
The bit range of a register is written like as [m: n].
Example: Bit[3: 0] expresses the range of bit 3 to 0.
The configuration value of a register is expressed by either the hexadecimal number or the binary number.
Example: [ABCD]<EFG> =0x01 (hexadecimal), [XYZn]<VW> =1 (binary)
Word and Byte represent the following bit length.

Byte: 8 bits
Half word: 16 bits
Word: 32 bits

Double word: 64 bits
Properties of each bit in a register are expressed as follows:

R: Read only
W: Write only
R/W: Read and Write are possible

Unless otherwise specified, register access supports only word access.
The register defined as reserved must not be rewritten. Moreover, do not use the read value.
The value read from the bit having default value of "—" is unknown.

When a register containing both of writable bits and read-only bits is written, read-only bits should be
written with their default value, In the cases that default is "—", follow the definition of each register.

Reserved bits of the Write-only register should be written with their default value.
In the cases that default is "—", follow the definition of each register.

Do not use read-modified-write processing to the register of a definition which is different by writing and
read out.

2018-10-03 6 / 53 Rev. 1.0
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Arm, Cortex and Thumb are registered trademarks of Arm Limited (or its subsidiaries) in the US
and/or elsewhere. All rights reserved.

*kkkkkkkkkkkkhhhhhhhkhhkhkhkhkhkhkhkkkkhhhhhhhkhhhhkhhkhkhkkkkkkkkkkkkkhhhkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkhkhkhkkkkkkkkkkkkkkkhhkkkkkkkkk

arm

The Flash memory uses the Super Flash® technology under license from Silicon Storage Technology, Inc.
Super Flash® is registered trademark of Silicon Storage Technology, Inc.

All other company names, product names, and service names mentioned herein may be trademarks of their
respective companies.
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Terms and Abbreviations

Some of abbreviations used in this document are as follows:

ADC Analog to Digital Converter

A-ENC32 Advanced Encoder Input Circuit (32bit)
A-VE Advanced Vector Engine

PMD Programmable Motor Control Circuit Plus
PWM Pulse Width Modulation

2018-10-03 8 /53 Rev. 1.0
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1. Outlines

The programmable motor control circuit plus (PMD) can operate as a motor control circuit of 1 channel per unit.
The following is a list of functions. The following is a list of functions.

Function

Classification AU ETET Operation
The count resolution of PWM carrier: 1/fsys or 4/fsys.
Resolution Resolution of PWM period and Duty

Output waveform
generation

Saw-tooth wave carrier: 1/fsys or 4/fsys
Triangular wave carrier: 2/fsys or 8/fsys

PWM generation

PWM carrier waveform: Saw-tooth wave or Triangular wave

3-phase PWM can be generated with three comparators.
3-phase mode: 3-phase common duty or 3-phase independent duty

Output waveform
(Conduction control)

Each of the U/X, V/Y and W/Z phases can be selected PWM or High/Low
output.

Upper-phase output or lower-phase output respectively can be set to
low-active or high-active.

This function has the common PWM carrier waveform and generates
independent 3-phase complementary PWM.

Trigger generation

Synchronous
trigger generation

It generates a synchronous sampling signal that starts AD conversion at an
arbitrary timing synchronized with the PWM catrrier.

Buffer function

PWM period, Duty, Synchronous trigger timing, and 6 port output setting
are double-buffered. These setting can be changed during operation.

Update timing can be selected by Asynchronous, Carrier bottom,
Carrier peak and Carrier peak/bottom.

Protection
function

Protection control

This function stop output by protection signal input (OFF output or output
disabled)

Two types of protection function: EMG and OVV.
OVV can be selected monitor function of ADC for protection input.

Dead time control

The dead time control inserts the dead time for preventing short-circuit at
switching between the upper-phase and lower-phase (U/X, VIY, W/Z). The
complementary PWM is output.

Interrupt request

PWM interrupt

PWM interrupt request is generated at a synchronous timing with the PWM
period.

- Interrupt timing: PWM carrier bottom or PWM carrier peak

- Interrupt frequency: Half PWM period, one PWM period, two PWM period,
or four PWM period.

EMG interrupt

This interrupt request is generated by the EMG protection of EMGx_N input

OVV interrupt

This interrupt request is generated by the OVV protection of OVV input

2018-10-03
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The PMD realizes 3-phase motor control including Vector control when it cooperates with an advanced vector
engine (hereafter, abbreviated as VE), an analog to digital converter (hereafter, abbreviated as ADC), and an
advanced encoder input circuit (32-bit) (hereafter, abbreviated as A-ENC).

The pulse width modulation circuit, the conduction control circuit, and the synchronous trigger generation circuit
can be controlled by the VE. The synchronous trigger generation circuit can start operating ADC. The conduction
control circuit can perform commutation control by trigger input signal from the A-ENC.

A-ENC Position signal input Port
PWM synchronous
T32A sampling signal
N
Commutation trigger
PWM D | .
T . ut.y va ule input PWM output Port
- rldgg(i_r |m|ngtva|1 ueI PMD chO o]
VE onduction control valué Protection bort
signal input Protection signal input
Conversion
start trigger
Conversion result Monitor
(Current, Voltage) function
~ output Analog input Port
Conversion end interrupt ADC unit A

Figure 1.1 Functions related to PMD

2018-10-03 10 / 53 Rev. 1.0
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2. Configuration

[PMDXEMGREL]
[PMDXMDPOT] [PMDXEMGCR]
[[PMDxMDCR]]| [[PMDxMDOUT] ] [PMDxOVVCR]
» INTPWMX
VEXEMGRS > |NTEMGX,
VEXOUTCR 111 i 1 INTOVVX
VEXCMPU, EXCMPV, U u » UG
VEXCMPW 7 X
[PMDxCMPU] — Pulse oMY X X »1 XOx
[PMDXxCMPV] | width PWMV_Jfconduction|—Y Protection | Dead time » 1 VOX
[PMDXCMPW] |—| modulation | PWMW { - control Y control | ¥ control > YOX
INTENCXO, VZV VZV »1 WOX
PMDXTMR, »1Z0x
ENCXCTRGO .
ADXCMPOL_N, S OVSX—N
ADXCMP1L_N X_
» PMDXPWMON
[ [PMDXxMDPRD] | 1
[PMDXMDCNT] [PMDXEMGSTA] | [ [PMDxDTR] |
[PMDXCNTSTA] [PMDXOVVSTA]
Wavef
averorm generator [PMDXMDEN]
_________________________ - [PMDXPORTMD]
Synchronous trigger 1 [PMDXMDSEL]
generator !
VEXTRGSEL 1 | [ {PMDXTRGSEL] :
[PMDXTRGCMPO] ! PMDXTRGO
[PMDXTRGCMP1]}—»¥ Synchro- : PMDXTRG1
[PMDXTRGCMP2][—»  nous . » PMDXTRG2
PMDXxTRGCMP3]|—» trigger PMDXTRG3
VEXTRGCMPO, [ ! »| generation : PMDXTRG4
VEXTRGCMP1 T | PMDXTRGS
[PMDXTRGCR] |
[PMDXTRGSYNCR] :
[PMDXTRGMD] |
Figure 2.1 PMD Block diagram
2018-10-03 11 / 53 Rev. 1.0
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Table 2.1 List of signals

No Signal name /0 Related Reference manual
1 | UOx U-phase output pin Output | Product Information
2 | XOx X-phase output pin Output | Product Information
3 | VOx V-phase output pin Output | Product Information
4 | YOx Y-phase output pin Output | Product Information
5 [ WOx W-phase output pin Output | Product Information
6 [ ZOx Z-phase output pin Output | Product Information
7 | EMGx N EMG detection input pin Input | Product Information
8 | OVVx N QOVV detection input pin Input | Product Information
9 [ PMDXPWMON | PWM signal for the encoder input Output | Product Information

Commutation trigger .

10 | INTENCXO (A-ENC positiongc?etection synchronization) Input | Product Information

11 | PMDXTMR Commutation trlgggr L Input | Product Information
(General-purpose timer synchronization)
Commutation trigger .

12 | ENCXCTRGO (A-ENC MCMP ggmpletion synchronization) Input | Product Information
13 | ADxCMPOL_N E)A\I/Dvn?éantiet}osrlglrr?étion 0) Input | Product Information
14 | ADxCMP1L_N a\lgvn?éantiet}osrlglrr?étion 1) Input | Product Information
15 | PMDXTRGO ADC synchronous sampling output 0 Output | Product Information
16 | PMDXTRG1 ADC synchronous sampling output 1 Output | Product Information
17 | PMDXTRG2 ADC synchronous sampling output 2 Output | Product Information
18 | PMDXTRG3 ADC synchronous sampling output 3 Output | Product Information
19 | PMDXTRG4 ADC synchronous sampling output 4 Output | Product Information
20 | PMDXTRG5 ADC synchronous sampling output 5 Output | Product Information
21 | INTPWMx PWM interrupt Output | Exception, Product Information
22 | INTEMGx EMG interrupt Output | Exception
23 [ INTOVVX OVV interrupt Output | Exception
24 | VExCMPU VE U-phase PWM duty Input | Product Information
25 | VExCMPV VE V-phase PWM duty Input | Product Information
26 | VEXCMPW VE W-phase PWM duty Input | Product Information
27 | VEXTRGCMPO | VE Trigger compare 0 Input | Product Information
28 | VEXTRGCMP1 | VE Trigger compare 1 Input | Product Information
29 | VEXTRGSEL VE Synchronous trigger output selection Input | Product Information
30 [ VExOUTCR VE Conduction control / output control Input | Product Information
31 | VEXEMGRS VE EMG return Input | Product Information

2018-10-03
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3. Function and Operation

The PMD circuit consists of two blocks of a wave generation circuit and a synchronous trigger generation circuit.
The wave generation circuit includes a pulse width modulation circuit, a conduction control circuit, a protection
control circuit, and a dead time control circuit.

e  The pulse width modulation circuit has the common PWM carrier waveform and generates independent
3-phase PWM waveforms.

e  The conduction control circuit determines the output pattern for each of the upper and lower sides of the U-,
V-, and W-phases.

e  The protection control circuit controls emergency output stop by EMG input and OVV input.

e  The dead time control circuit prevents a short circuit which may occur when the upper side and lower side are
switched.

e  The synchronous trigger generation circuit generates synchronous trigger signals to the ADC for starting AD
conversion.

3.1. Clock Supply

When using PMD, set an applicable clock enable bit to "1™ (clock supply) in Clock supply and stop register A for
fsys ([CGFSYSENA], [CGFSYSMENA]), Clock supply and stop register B for fsys ([CGFSYSENB],
[CGFSYSMENB]), and Clock supply and stop register for fc (([CGFCEN]). An applicable register and the bit
position vary according to a product. Therefore, the register may not exist with the product. Please refer to "Clock
Control and Operation Mode" of the reference manual for the details.

2018-10-03 13 / 53 Rev. 1.0
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3.2. Pulse Width Modulation Circuit

__PWM Carrier Generation Circuit e
[PMDxXCNTSTA] [PMDxMDCR]
l <PWMCK,PINT,INTPRD,PWMMD>
PWM Interrupt request
- > INTPWMXx
PWM control Carrier Bottom
Carrier Peak
Up/Down L
A
[PMDXMDCR] Update PWM
<DSYNCS> control counter
[
Buffer update signal 1
Lower limit T | =
[PMDxMDPRD] —p ing » Buffer »

| 1" detection PWM counter read

» [PMDXMDCNT]

.....................................................

[PMDXCMPU] — < PWMU
VEXCMPU . (
[PMDXCMPV] Bufr'_' < PWMV
VEXCMPV JETEE i
' L) :
[PMDXCMPW] = < PWMW
VEXCMPW JETEE '

[PMDXMODESEL]<MDSELO>

..........................................................................................................................

Figure 3.1 Pulse Width Modulation Circuit

The pulse width modulation circuit has a 16-bit PWM up/down-counter and generates PWM carrier waveforms
with a resolution of 1/fsys. The PWM period extension mode ([PMDxMDCR]<PWMCK>=1) is also available.
When this mode is selected, the PWM counter generates PWM carrier waveforms with a resolution of 4/fsys.

The PWM carrier waveform mode can be selected from mode 0 (edge-aligned PWM, saw-tooth waveform) and
mode 1 (center-aligned PWM, triangular waveform). (Refer to "Figure 3.2 PWM Waveforms".)
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3.2.1. Setting the PWM period

The PWM period is determined by the [PMDxMDPRD] register. This register is double-buffered.

The subsequent stage buffer is updated at every PWM period. It is also possible to update at every half PWM
period. (Refer to "Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W] buffer Update Timing™.)

System clock fsys [HZ]
PWM frequency [Hz]

Sawtooth wave PWM [PMDxMDPRD] value =

System clock fsys [HZ]
PWM frequency [Hz] X2

Triangular wave PWM [PMDxMDPRD] value =

3.2.2. Compare function

The pulse width modulation circuit generates PWM waveforms of the desired duty by comparing the magnitude of
the 3 phase PWM compare registers ([PMDxCMPU], [PMDxCMPV], [PMDxCMPW]) and the PWM carrier
which is generated by the PWM counter ((PMDxMDCNT]).

The PWM compare register of each phase has a double-buffered register. The PWM compare register value is
loaded into the subsequent stage buffer at every PWM period. It is also possible to update at every half a PWM
period. (Refer to "Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W] buffer Update Timing".)

[Sawtooth wave]
[PMDXMDCNT]

[PMDxMDCNT] counts up to [PMDxMDPRD] value
and is cleared to "1" in the next cycle.

[PMDXxMDPRD] |----------------/>q-\--------- 7 --------------------------

[PMDXCMPU]

Time

PWMU on |
waveform off

[Triangular wave] "1" continues for 2 cycles when The peak value ([PMDxMDPRD] value)
switching from count down to count continues for 2 cycles when switching from
[PMDXMDCNT]  (yp. / count up to count down.

[PMDXMDPRD] \ ”””””” \
[PMDxCMPU] ;

Time

PWMU  on ‘ ‘ |
waveform off Q ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, l

Figure 3.2 PWM Waveforms
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When triangular wave carrier, the PWM waveform of each phase is selected from the center-aligned PWM, the
falling edge fixed PWM and the rising edge fixed PWM by [PMDxMDCR]<nPWMES>(n = U,V,W) setting.

(Refer to "Figure 3.3 Waveforms of PWM triangular wave carrier using fixed edge").

[PMDXCMPU]

PWM Carrier [PMDXMDCNT]

Duty

<UPWM>=1,
<UPWMES>=00

Normal PWM(Center ON)

<UPWM>=1,
<UPWMES>=11

Fixed Falling Edge

<UPWM>=1,
<UPWMES>=10

—

—

Fixed Rising Edge

[PMDXCMPU]

/

-

(a) U phase conduction setting [PMDxMDOUT]<UOC> =1
PWM Carrier [PMDxMDCNT]

Duty

<UPWM>=1,

<UPWMES>=00
Normal PWM(Center OFF)

<UPWM>=1,

<UPWMES>=11
Fixed Falling Edge

<UPWM>=1,

| |

<UPWMES>=10
Fixed Rising Edge

Figure 3.3 Waveforms of PWM triangular wave carrier using fixed edge

Also, PWM output of each phase of 3 phase PWM, can be switched between the center-on PWM and the
center-off PWM with combination of [PMDxMDOUT]<nOC>, <nPWM>(n=U, V, W), and

o

||

]

(b) U phase conduction setting [PMDxMDOUT]<UOC> =0

[PMDxMDCR]<SYNTMD> (Refer to 3.3 Conduction Control Circuit").
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3.2.3. Waveform mode
3-phase PWM waveforms can be generated in the following two modes by [PMDxMDCR]<DTY MD> setting:

e  3-phase independent mode:

Each of the PWM compare registers for the three phases is set independently to generate independent PWM
waveforms for each phase. This mode is used to generate drive waveforms such as sinusoidal waves.

e  3-phase common mode:

Only the U-phase PWM compare register is set to generate identical PWM waveforms for all the three phases.
This mode is used for rectangular wave drive of brushless DC motors.

3.2.4. Interrupt processing

The pulse width modulation circuit generates PWM interrupt requests in synchronization with PWM waveforms.
Interrupt request timing can be selected either at PWM carrier peak or at PWM carrier bottom.

The frequency of PWM interrupts can be set to half a PWM period, one PWM period, two PWM periods or four
PWM periods.
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3.3. Conduction Control Circuit

[PMDXMDPOT]

Commutation trigger 1 <SYNCS> <PSYNCS>
INTENCX0O —| Commutation
PMDXTMR —|  control

ENCXCTRGO —

Update

PWM carrier peak / botom  ——>

[PMDXMODESEL]<MDSEL1> EMG retum enable
[PMDXxMDCR]<SYNTMD>
PMDXMDOUT] —»
[PMDADOUT _.ﬁ—»m— !
UPWM
uocC Energization
Up/Down — T control
PWMU — > Edge < > U
‘ % control pwmin — X
[PMDXMDCR]<UPWMES> VPWM_| Energization
VOC control
PWMV | Edge < I >V
‘ % control pwmin —>Y
[PMDXMDCR]<VPWMES> WPWM _ | Energization
~ WOC control
PWMW __ Edge J W
:B_, control »| pwmin — 7
PMDXMDCR]<WPWMES>
[ ] [ PWM to AENC
[PMDXMDCR]<DTYMD> »| Synchro- | PMDXPWMON
nization
»  signal
[PMDXMDCR]<DTYMD>

Figure 3.4 Conduction Control Circuit

The conduction control circuit performs the six phase outputs (U/X, V/Y, W/Z) control according to the settings
made in the output control register [PMDxMDOUT] / VEXOUTCR and the output setting register
[PMDxMDPOT]. [PMDxMDOUT]/VEXOUTCR register is double-buffered and update timing can be select
as synchronous or asynchronous to PWM. Update timing synchronizing with trigger input from another peripheral
function can also be selected. (For details of update timing, refer to "Table 3.1 [PMDxMDOUT]/VEXOUTCR
buffer Update Timing".)

<UPWM>, <VPWM>, <WPWM?> of the [PMDxMDOUT] register selects PWM or High/Low output for each of
the U/X, VIY and W/Z phases. When PWM output is selected, PWM waveforms are output. When High/Low
output is selected, output is fixed to either a High level or Low level. Each output is set to "High" or "Low" by
<UOC>, <VOC>, <WOC> of the register [PMDxMDOUT] / VExXOUTCR.
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Refer to "Table 3.2 Decode circuit outputs according to [PMDxMDOUT] / VEXOUTCR and

[PMDxMDCR]<SYNTMD> setting" for six phase outputs control with the output control setting
([PMDxMDOUT] / VEXOUTCR and [PMDxMDPQOT]), and the port output setting
([PMDxMDCR]<SYNTMD>).

In addition, using [PMDxMDPOT]<POLH>,<POLL>, six output ports can be set to low-active or high-active on
upper-phase outputs (UOx,VOx,WOX) or lower-phase outputs (XOx,Y Ox,ZOx) respectively.

The conduction control circuit outputs a PWM signal (PWMON) to the encoder input circuit (A-ENC). The
external input signal in the A-ENC is sampled synchronously with the PWMON.

Table 3.1 [PMDxMDOUT] / VEXOUTCR buffer Update Timing
[PMDxMDPOT]<PSYNCS> setting
00 01 10 11

[PMDXxMDPOT]
<SYNCS>
setting

PWM carrier peak and

00 Constant update PWM carrier bottom PWM carrier peak PWM carrier bottom
The first PWM carrier | The first PWM carrier Either the first PWM
When INTENCXO0 bottom every time peak every time carrier peak or the first
01 (Note2) when INTENCxO0 when INTENCxO0 carrier bottom every time
is arisen (Note2) (Note2) when INTENCxO(Note2)
is arisen. is arisen. is arisen.
The first PWM carrier | The first PWM carrier Either the first PWM
When PMDXTMR bottom every time peak every time carrier peak or the first
10 (Note2) when PMDxTMR when PMDXTMR carrier bottom every time
is arisen. (Note2) (Note2) when PMDXTMR(Note2)
is arisen. is arisen. is arisen.

11

When ENCXCTRGO
(Note2)
(MCMP compare
established)
is arisen.

The first PWM carrier
bottom every time
when ENCxCTRGO
(Note2)
is arisen.

The first PWM carrier
peak every time
when ENCxCTRGO
(Note2)
is arisen.

Either the first PWM
carrier peak or the first
carrier bottom every time
when ENCxCTRGO
(Note2)
is arisen.

Notel: If PMD is disabled ([PMDxMDEN]<PWMEN>=0), the retained trigger condition is cleared.

Note2: The connection destination depend on the product. For details, refer to "Product Information™ of the
reference manual.
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Table 3.2 Decode circuit outputs according to [PMDxMDOUT] / VEXOUTCR and

[PMDXMDCR]<SYNTMD>=0

[PMDxMDCR]<SYNTMD> setting

PWM output setting
[PMDxMDOUT]<nPWM>

0: H/L output

1: PWM output

Conduction setting
[PMDxMDOUT]
<nOC>

Upper-phase

Lower-phase

Upper-phase

Lower-phase

00 Low Low PWM_N PWM
01 Low High Low PWM
10 High Low PWM Low
11 High High PWM PWM_N

[PMDXMDCR]<SYNTMD>=1

PWM output setting
[PMDxMDOUT]<nPWM>

0: H/L output

1: PWM output

Conduction setting
[PMDxMDOUT]
<nOC>

Upper-phase

Lower-phase

Upper-phase

Lower-phase

00 Low Low PWM_N PWM
01 Low High Low PWM_N
10 High Low PWM Low
11 High High PWM PWM_N

Note: n=U\V,W
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e Center-ON PWM

[PMDXMDCR]<PWMMD>=1
[PMDXMDOUT]<nPWM>=1
[PMDXMDOUT]<nOC>=11

[PMDXxMDPRD]

[PMDxCMPnN]

Upper-phase
output wave
Lower-phase
output wave

High
Low
High
Low

PWM carrier([PMDxMDCNT] value)

S  H6dnrH- P

y

[PMDxCMPn] = PWM carrier [PMDXCMPn] < PWM carrier

e Center-OFF PWM

[PMDXMDCR]<PWMMD>=1
[PMDXMDOUT]<nPWM>=1
[PMDXxMDOUT]<nOC>=00

y

[PMDxMDPRD]

[PMDxCMPnN]

Upper-phase
output wave
Lower-phase
output wave

High
Low
High
Low

PWM carrier((PMDxMDCNT] value)

s i -n-

» Time

[PMDxCMPnN] = PWM carrier [PMDXCMPn] < PWM carrier

» Time
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3.4. Protection Control Circuit

The protection control circuit consists of a protection control unit and a protect output control unit.
The protection control unit consists of the EMG protection control circuit and the OVV protection control circuit.

[PMDXEMGCR] [PMDXOVVCR]

[PMDXEMGREL]  [PMDXEMGSTA]

[PMDXMODESEL] l .
<MDSEL0> — Protection control —
VEXEMGRS —») e

N < X = < C

i EEEEE—
EMG protection INTEMGXx
control ———— OVVx N
ADXCMPOL_N
OVV protection « ADXCMP1L N
control ————— INTOVVx

Protect output control

S
J

1 ’-|_> v
> % !
"—D_'E y

___________________________________

EMG detection input (Port)

EMG interrupt

OVV detection input (Port)

OVV detection input (ADC monitor function0)
OVV detection input (ADC monitor functionl)
OVV interrupt

Figure 3.5 Protection Control Circuit
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3.4.1. EMG Protection Circuit

The EMG protection circuit is an emergency stop protection circuit and operates when the EMGXx_N input goes
"Low ". EMG protection is set through the EMG Control Register (([PMDXEMGCRY]).

Note: After reset, the EMG protection circuit is enabled.

e EMG input

The noise filter is inserted in the EMGx_N input. The noise detection time is selected with the EMG input
detection time setting ((PMDXEMGCR]<EMGCNT>).

e EMG protection operation

The EMG protection circuit offers an emergency stop mechanism: when the EMGx_N input is asserted
(H—>L), all six port outputs are immediately disabled (depending on the [PMDXEMGCR]<EMGMD>
setting) and an EMG interrupt (INTEMGX) is generated. [PMDXEMGCR] <EMGMD> can be set to output a
control signal that sets external output ports to High-impedance in case of an emergency.

A read value of "1" in [PMDXEMGSTA]<EMGST?> indicates that the EMG protection circuit is active.

e  Return from the EMG protection

In the EMG protection state, it can be released by setting all the port output lines inactive (Set "0" to
<UPWM>,<VPWM> <WPWM> <UOC>,<VOC>,<WOC> of [PMDxMDOUT] / VEXOUTCR.) (Notel)
and then setting either <EMGRS> of [PMDXEMGCR] / VEXEMGRS to "1". While the EMGXx_N input is
"Low", any attempt to return from the EMG protection state is ignored. The EMG protection state can return
after that confirming the status flag of [PMDXEMGSTA]J<EMGI> is "1".

Notel: The data of [PMDxMDOUT]/VEXOUTCR is necessary to be reflected in the subsequent stage
buffer.

Note2: EMG return procedure after the reset deassertion.

After reset, the EMG function is enabled but EMGx_N pin is configured as a normal port. Therefore,
as the EMG protection might be valid, release the EMG protection by the following procedure at the
initial sequence.

(1) Selects EMG function by the Port function register([PxFRn]).
(2) Reads [PMDXEMGSTA]<EMGI> to confirm it as "1".

(3) Sets <UPWM><VPWM><WPWM><UOC><VOC><WOC> of [PMDxMDOUT] /
VEXOUTCR to "0" to make all ports in-active.

(4) Return EMG protection by setting <EMGRS> of [PMDXEMGCR] / VEXEMGRS to "1".

e Disable of the EMG protection function

To disable the EMG protection function, write "Ox5A™ and "0xA5" in this order to the EMG release register
[PMDXEMGREL] and then clear [PMDXEMGCR]<EMGEN> to "0". These 3 instructions must be executed
consecutively to prevent the EMG protection function from being inadvertently disabled.
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3.4.2. OVV Protection Circuit

The OVV protection circuit is activated when the OVV input becomes "Low". This protection control is set by
OVV control register ((PMDxOVVCRY)).

e OVVinput

The OVV input can be selected from the OVVx_N pin and the OVV status signal (ADXCMPOL_N,
ADXCMP1L_N) of the AD monitor function by [PMDxOVVCR] <OVVISEL>, <ADINOEN>, and
<ADIN1EN>.

The noise filter is inserted in the OVV input. The noise detection time is selected with the OVV input
detection time setting ([PMDxOVVCR]<OVVCNT>).

e OVV protection operation

OVV protection circuit fixes 6 port outputs in the port output disable unit to High level or Low level, when
OVV signal input is active continuously for a predetermined interval time (set by <OVVCNT>). And OVV
interrupt (INTOVVX) is generated. [PMDxOVVCR]<OVVMD> setting selects from among Lower-phases
OFF/Upper-phases ON, Upper-phases OFF/Lower-phases ON, and all phases OFF.

A read value of "1" in [PMDxOVVSTA]<OVVST> indicates that the OVV protection circuit is active.

e  Return from the OVV protection

The return from the OVV protection state is enabled by setting [PMDxOVVCR]<OVVRS> to "1". And after
the OVV input becomes inactive, the OVV protection is automatically returned at a predetermined timing.
(While the OVV protection input is "Low", any attempt to return from the OVV protection state is ignored.
The state of the port can be checked by reading [PMDxOVVSTA]<OVVI>)

The OVV protection state is returned in synchronization with the PWM period (at the timing when PWM
count ([PMDxMDCNT]) matches [PMDxMDPRD]. However if an interrupt on a half period of PWM is set,
the protection state is returned when PWM count is "0x0001" or matches [PMDxMDPRD].).

e Disable of the OVV protection function

In order to disable OVV function, EMG release register [PMDXEMGREL] should be set to "Ox5A" and next,
"0xA5". Then [PMDxOVVCR]<OVVEN> should be set to "0". These 3 instructions should be executed
continuously to prevent the OVV protection function from being inadvertently disabled.

3.4.3. Protection control when using the debug tool

When using the debug tool, PMD output ports can be disabled when PMD is stopped by the debug halt.

In the debug halt, whether the port output becomes High-impedance or PMD output is selected by
[PMDxPORTMD]<PORTMD> setting.
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3.5. Dead time Control Circuit

[PMDxDTR]
[PMDxMDPOT]<POLH>
Dead time circuit l
u ——PWM Upper-phase PWM Output [—» UOx
X ————PWM N Lowerphase PWM polarity —» VOx
- — change [—» WOxX
Dead time circuit
vV, Output —» XOx
y — polaity —» YOx
Dead time circuit change [—%» ZOx
W —
Z — [PMDxMDPOT]<POLL>

Figure 3.6 Dead time Control Circuit

[PMDxMDCR]<DTCREN>
Dead time correction :— ________ ; .
! ) | Timer period
! 1 value Couri ¢
1
[PMDXDTR] — ! Timer ounter outpu
b Timer output
Edge detection
A A
' Edge
' detection
' o
! Edge ] | Deadtime insertion
1
1

! 1
r detection | 'TDO—DJ—’ Upper-phase
PWM —fdTTTTTTTTImRIIIIIIS ' ! PWM
| M Lower-phase
PWM_N ! , PWM

Figure 3.7 Dead Time Circuit

The dead time control circuit consists of a dead time unit and an output polarity switching unit. The dead time unit
consists of the edge detection block, timer block, dead time insert block, and dead time correction block. (Refer to
"Figure 3.7 Dead Time Circuit™)

For each of the U-, V-, and W-phases, the dead -time units delay the ON-timing of each phase when the
upper-phase and lower-phase are switched to prevent a short circuit. The dead time is set to the Dead Time
Register ([PMDxDTR] <DTR[7:0]>) as an 8-bit value with a resolution of 8/fsys can be set.

The output polarity switching circuit allows the polarity (active high or active low) of the upper-output (UOX,
VOXx, WOx) and lower-output (XOx,YOx, ZOx) phases to be independently set through PMD output setting
register [PMDxMDPOT]<POLH> and <POLL>.

2018-10-03 25 / 53 Rev. 1.0



TOS H I BA TXZ Family

Programmable Motor Control Circuit plus

In the dead time correction block, when one of the on-period of the upper PWM or the lower PWM is 0 width, if
[PMDxMDCR]<DTCREN> is set to 1", the other PWM delay time is corrected to be shortened. If the PWM
signal is OFF during the dead time period, the delay time of the counter phase is shortened in the rest of dead time
(dead time register setting time - ON time). When the upper PWM becomes OFF during the dead time period, the
delay time of the lower PWM should be corrected to be shortened. When the lower PWM becomes OFF during
the dead time period, the delay time of the upper PWM should be corrected to be shortened. Figure 3.8 shows
dead time correction. A delay time is corrected in the vicinity of duty of 100% of the upper PWM and it also is
corrected in the vicinity of duty of 0%.

Lower ph timi
ower phase dead time [PMDXDTR]*8
4 < > Dead time
[PMDxDTR]x8 k/ correction
0 >
PWM ON interval [PMDxMDPRD]
Higher phase dead time
Dead time correction

[PMDXDTR]x8 Z/

[PMDXDTR] x8 P\NM_N ONinterval [PMDXMDP;?D]

Figure 3.8 Dead Time Correction
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3.6. Synchronous Trigger Generation Circuit

[PMDXMODESEL]

<MDSEL2>

[PMDXTRGCMPO]
VEXTRGCMPO

[PMDXTRGCMP1]
VEXTRGCMP1

[PMDXTRGCMP2] —>|T‘_fei

[PMDXTRGCMP3]

[PMDXTRGSYNCR]
<TSYNCS>

Buffer

Buffer

PWM carrier
[PMDXMDCNT]

Update
control

UP/DOWN

[PMDxTRGMD]
<TRGOUT>

Figure 3.9 Synchronous Trigger Generation Circuit

Carrier peak [PMDXTRGSEL] VEXTRGSEL
Carrier bottom [PMDxMODESEL]
<MDSEL3>
[PMDxTRGCR]
Buffer update
<TRGfMD> signal
- TRGO
Trlggtlar type
select Trigger [ PMDXTRGO
output
[PMDxTRGCR] select —» PMDXTRG1
<TRG1MD>
| —» PMDXTRG2
Trigger type TRG1
[ o >
select —» PMDXTRG3
— PMDXTRG4
[PMDxTRGCR]
<TRG2MD>
l —» PMDXTRG5
. TRG2
) Trigger type N
select
[PMDxTRGCR]
<TRG3MD>
. l TRG3
Trigger type .
select

The synchronous trigger generation circuit generates four trigger signals (TRGO to TRG3) for starting ADC
sampling in synchronization with PWM. When VE mode is selected in [PMDxMODESEL]<MDSEL2>,
[PMDxTRGCMPO0] and [PMDXTRGCMP1] are switched to VEXTRGCMPO and VEXTRGCMPL1 in the VE

register output.

The trigger timing can be selected following 6 types.

(1) Atup count operation compare-match (Notel)(Note2)
(2) At down count operation compare-match (Notel)(Note3)

(3) Atup/down count operation compare-match (Notel)(Note3)(Note4)

(4) PWNM carrier peak
(5) PWM carrier bottom(Note3)
(6) PWM carrier peak and PWM carrier bottom(Note3)

Notel: The compare-match is between PWM counter ([PMDXMDCNT]) and ([PMDXTRGCMPnN](n=0 to 3))

Note2: If PWM is started while [PMDXTRGCMPN](n=0 to 3) is set to "0x0001" with saw-tooth wave
carrier(KPWMMD>=0), there is no trigger output in the first PWM cycle.

Note3: When saw-tooth wave carrier(<PWMMD>=0) is selected, it cannot be selected.

Note4: When trigger output at up/down-count match, [PMDxTRGCMPN](n=0 to 3)=0x0001 and triangular
wave (<KPWMMD>=1),one trigger output is made per period.
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During in trigger select output mode: [PMDXTRGMD]<TRGOUT>=1. The TRGO signal is output from ADC
synchronous trigger ([PMDxTRGO0] to [PMDxTRG5]) selected by the trigger output select register
[PMDXTRGSEL] / VEXTRGSEL. The TRGO setting is set by [PMDXTRGCMPO0] / VEXTRGCMPO and
[PMDXTRGCR]<TRGOMD>. (Refer to "Table 4.4 Trigger Output Patterns".)

When [PMDxTRGMD]<EMGTGE>=1, this circuit outputs trigger signals in EMG protection state.
An example of using the synchronization trigger generation circuit is shown below.

e In the case of 3-shunt

PWMU !

1 1
1 1
1 1
1 1 1
PWM output wave PWMV ! ! |_‘_|' l—
1 1 1
PWMW !
: :
1 1
1 1
1 1

Trigger timing setting '
[PMDXTRGCMPOQ] \ /\

AN /

»Time

Trigger mode setting
[PMDXxTRGCR]<TRGOMD>

All upper phase OFF timing
100: PWM carrier peak

Delay from all upper phase
OFF timing
001: down-count match

Figure 3.10 Example of using the PMD trigger at 3-shunt

Trigger output mode setting ((PMDXTRGMD]<TRGOUT>) is set to "1"(Trigger selection output).

Trigger mode setting 0 ([PMDXTRGCR]<TRGOMD>) is set to "100"(Trigger output at PWM carrier peak), when
trigger is generated at the timing of all upper-phases OFF. Trigger mode setting 1 ((PMDXTRGCR]<TRG1MD>)
is set to "001"(Trigger output at down-count match) and [PMDXTRGCMPQ] is set to delay timing, when delayed
trigger is generated at the timing of all upper-phases OFF.

By setting trigger output select ((PMDXTRGSEL]<TRGSEL>) according to the position (sector) of the motor, it
is possible to generate six Kinds of triggers for each sector.
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e In the case of 1-shunt

PWMU :

PWM output wave PWMV

P L i i

Trigger timing setting \ i i/\ i i/\ i i/
[PMDXTRGCMP1] — — —
[PMDXTRGCMPO] AN /. AN /.

» Time
Trigger mode setting
[PMDXTRGCR]<TRGOMD>
Timing between OFF edges
010: Up-count match
[PMDxTRGCR]<TRG1MD>

Timing between OFF edges
010: Up-count match

Figure 3.11 Example of using the PMD trigger at 1-shunt

Trigger output mode setting ([PMDXTRGMD]<TRGOUT?>) is set to "0"(Fixed trigger output).

Trigger mode setting 0 and 1([PMDXTRGCR]<TRGOMD>,<TRG1MD>) is set to "010"(Trigger output at
up-count match), when trigger is generated at the timing between OFF edges. Or trigger mode setting 0 and
1(<TRGOMD>, <TRG1MD>) is set to "001"(Trigger output at down-count match), when trigger is generated at
the timing between ON edges.

The previous trigger is set to [PMDxTRGCMPO0], and the subsequent trigger is set to [PMDXTRGCMP1].
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4. Registers
4.1. List of Registers

The following table lists the control registers and their addresses:

) . ) Base Address
Peripheral Function Name Channel/Unit
TYPE1 TYPE2 TYPE3
chO 0x400F6000 | Ox400E9000 | 0x40089000
o chl 0x400F6100 | Ox400E9400 | 0x40089400
Programmable Motor Control Circuit Plus PMD+
ch2 0x400F6200 | Ox400E9800 | 0x40089800
ch3 — 0x400E9CO00 | 0x40089C00

Note:

The Channel/Unit and Base address type are different by products. Please refer to "Product Information™
of the reference manual for the details.

Register Name Address(Base+)
PMD Enable Register [PMDxMDEN] 0x0000
Port Output Mode Register [PMDxPORTMD] 0x0004
PMD Control Register [PMDxMDCR] 0x0008
PWM Counter Status Register [PMDxXCNTSTA] 0x000C
PWM Counter Register [PMDxMDCNT] 0x0010
PWM Period Register [PMDxMDPRD] 0x0014
PMD Compare U Register [PMDxCMPU] 0x0018
PMD Compare V Register [PMDxCMPV] 0x001C
PMD Compare W Register [PMDxCMPW] 0x0020
Mode Selection Register [PMDxMODESEL] 0x0024
PMD Conduction Control Register [PMDxMDOUT] 0x0028
PMD Output Setting Register [PMDxMDPOT] 0x002C
EMG Release Register [PMDXEMGREL] 0x0030
EMG Control Register [PMDXEMGCR] 0x0034
EMG Status Register [PMDXEMGSTA] 0x0038
OVV Control Register [PMDxOVVCR] 0x003C
OVV Status Register [PMDxOVVSTA] 0x0040
Dead time Register [PMDxDTR] 0x0044
Trigger Compare 0 Register [PMDXxTRGCMPO] 0x0048
Trigger Compare 1 Register [PMDxTRGCMP1] 0x004C
Trigger Compare 2 Register [PMDXTRGCMP2] 0x0050
Trigger Compare 3 Register [PMDXTRGCMP3] 0x0054
Trigger Control Register [PMDxTRGCR] 0x0058
Trigger Output Mode Setting Register [PMDXTRGMD] 0x005C
Trigger Output Select Register [PMDXTRGSEL] 0x0060
Trigger Update Timing Setting Register [PMDXTRGSYNCR] 0x0064
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4.2. Details of Registers
4.2.1. [PMDxMDEN] (PMD Enable Register)

Bit Bit Symbol After reset | Type Function
311 — 0 R |Readas"0"
Enables or disables waveform synthesis.(Notel), (Note2)
0 PWMEN 0 R/W 0: Disable
1: Enable

Notel: When the port is set to a function output (PMD output), the port disables output (High-impedance) by
setting <PWMEN>=0. For details of a port setting, refer to "Input/Output Ports" of the reference

manual.

Note2: <PWMEN>=1 should be set after initial settings other than <PWMEN> like an output polarity are set.

4.2.2. [PMDxPORTMD] (Port Output Mode Register)

Bit Bit Symbol

After reset

Type

Function

31:2 —

0

R

Read as "0".

1:0 PORTMDI1:0]

00

RW

Port control setting when a debug halt occurs
(Notel)(Note2)(Note3)

00: Upper-phases High-impedance / lower-phases
High-impedance

01: Upper-phases High-impedance / lower-phases PMD output

10: Upper-phases PMD output / lower-phases High-impedance

11: Upper-phases PMD output / lower-phases PMD output

Sets the port output for both upper-phases (UOX/VOx/WOXx) and
the lower-phases (XOx/YOx/ZOx) when a debug halt occurs in
the use of ports for function output (PMD output).

When a debug halt occurs while High-impedance is selected, the
ports are disabled to output (High-impedance).

In other cases, external port outputs depend on PMD outputs.

Notel: When [PMDxMDEN]<PWMEN>=0, output ports are disabled to output (High-impedance) regardless

of the <PORTMD[1:0]> setting.

Note2: Depending on the setting of [PMDXEMGCR]<EMGMDI1: 0]>, port output control is also performed
during EMG protection.

Note3: For details of a port setting, refer to "Input/Output Ports" of the reference manual.
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4.2.3. [PMDxMODESEL] (Mode Selection Register)

After

Bit Bit Symbol Reset

Type Function

31:8 — 0 R |Read as "0".

Enables auto switching between VE register and PMD register (Notel)
0: Two register switching disable

(only uses <MDSELO> setting register)
1: Two register switching enabled

(switches between the first half and last half of PWM period)
This bit is enabled in case of <MDSELO>=1.

This bit is enabled when a triangular wave carrier is selected
([PMDxMDCR]<PWMMD>=1).

7 DCMPEN 0 RW

6:4 — 0 R |Read as "0".

Mode selection 3

0: Bus mode (uses PMD register: [PMDxXTRGSEL])
1: VE mode (uses VE register: [VEXTRGSEL])

[PMDXTRGSEL] / VEXTRGSEL register selection

3 MDSEL3 0 RW

Mode selection 2

0: Bus mode

(uses PMD register: [PMDxTRGCMPO0] and [PMDxTRGCMP1])
2 MDSEL2 0 R/W 1: VE mode
(uses VE registers: [VEXTRGCMPO] and [VEXTRGCMP1])

[PMDxTRGCMPOQ] / VEXTRGCMPO and [PMDXxTRGCMP1] /
VEXTRGCMP1 registers selection

Mode selection 1

0: Bus mode (uses PMD register: [PMDxMDOUT])
1:VE mode (uses VE register: [VEXOUTCR])

[PMDxMDOUT] / VEXOUTCR register selection

1 MDSEL1 0 R/W

Mode selection O

0: Bus mode

(uses PMD registers: [PMDxCMPU]/[PMDxCMPV] and
0 MDSELO 0 RW [PMDxCMPW])

1: VE mode
(uses VE registers: [VEXCMPU] / [VExXCMPV] / [VEXCMPW)]
registers selection and [VEXEMGRS] register enable setting)
Notel: When auto switching to VE register is enabled, set "1" to [VEXEN] and [VEXREPTIME], to use VE
register ([VEXCMPU], [VEXCMPV], and [VEXCMPW]).

Note2: For details of VE, refer to the reference manual, "Advanced Vector Engine".
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4.2.4. [PMDxMDCR] (PMD Control Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R |Readas"0"

W-phase edge setting (Notel)

00: Edge unfixed (center-aligned PWM)
15:14 WPWMESI1:0] 00 RW 01: Reserved

10: PWM rising-edge fixed (to the PWM carrier bottom)
11: PWM falling-edge fixed (to the PWM carrier bottom)

V-phase edge setting (Notel)

00: Edge unfixed (center-aligned PWM)
13:12 VPWMESJ[1:0] 00 RW 01: Reserved

10: PWM rising-edge fixed (to the PWM carrier bottom)
11: PWM falling-edge fixed (to the PWM carrier bottom)

U-phase edge setting (Notel)

00: Edge unfixed (center-aligned PWM)

11:10 UPWMES[1:0] 00 R/W 01: Reserved

10: PWM rising-edge fixed (to the PWM carrier bottom)
11: PWM falling-edge fixed (to the PWM carrier bottom)

Double-buffer update timing for the PWM compare register and
PWM period register. (Note2)(Note3)

00: Depends on interrupt period setting (refer to the Table 4.1)
Updates at the carrier peak and carrier bottom when

9:8 DSYNCS[1:0] 00 RIW 0.5 PWM period is selected (<INTPRD>=00). Otherwise,
updates at the carrier peak.

01: Updates at PWM carrier bottom

10: Updates at PWM carrier peak

11: Updates at both PWM carrier peak and bottom

Set a dead time correction.
7 DTCREN 0 R/W 0: Disable
1: Enable

PWM period extension mode

0: Normal period
1: 4 x period
Sets the counting period of the PWM counter.

Normal period setting:

Saw-tooth wave 1/fsys / Triangular wave 2/fsys
4 x period setting:

Saw-tooth wave 4/fsys / Triangular wave 8/fsys

6 PWMCK 0 RW

Port output mode setting

5 SYNTMD 0 R/ |Portoutputs are controlled by a combination of [PMDxMDOUT]
<nOC>,<nPWM>, [PMDxMDPOT]<POLH>, <POLL> and
<SYNTMD> (refer to Table 4.2).

Duty mode selection
0: 3-phase common mode
1. 3-phase independent mode

Select whether to set the duty setting independently for each
phase of [PMDxCMPU/V/W], or to use the [PMDxCMPU] register
as common 3 phases.

4 DTYMD 0 RW

PWM interrupt request timing selection (Note4)(Note5)

0: Interrupt request occurs at PWM carrier bottom
3 PINT 0 R/W ([PMDxMDCNT] =0x0001).

1: Interrupt request occurs at PWM carrier peak
([PMDxMDCNT] = [PMDxMDPRD]).
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Bit Bit Symbol After reset | Type Function

PWM interrupt request period selection

00: Interrupt request at every 0.5 PWM period (Note6)(Note7)
01: Interrupt request at every PWM period

10: Interrupt request at every two PWM periods

11: Interrupt request at every four PWM periods

This field selects the PWM interrupt request period from 0.5 PWM

period, one PWM period, two PWM periods and four PWM
periods.

2:1 INTPRD[1:0] 00 R/W

PWM carrier waveform selection

0 PWMMD 0 RW 0: PWM mode 0 (edge-aligned PWM and saw-tooth wave)
1. PWM mode 1(center-aligned PWM and triangular wave)

Notel: Valid when triangular carrier PWM is selected (<PWMMD>=1).

Note2: Updates at carrier peak when saw-tooth wave carrier is selected (<PWMMD>=0) regardless of the
setting.

Note3: When [PMDxMDEN]<PWMEN>=0, updates asynchronously regardless of setting.
Noted: Interrupt request occurs at carrier peak when the PWM carrier is saw-tooth wave (<PWMMD>=0).

Note5: Interrupt request occurs both at carrier peak and carrier bottom when the interrupt period is 0.5 period
(<INTPRD>=00).

Note6: PWM interrupt request period can be configured only when the PWM carrier is triangular wave
(<PWMMD>=1)

Note7: The subsequent stage of the double-buffer of the compare registers ([PMDxCMPU/V/W]) and the
period register (([PMDxMDPRD]) are updated by peak and bottom of the PWM carrier.

Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W] buffer Update Timing

Settings Update Timing
<DSYNCS> <INTPRD>
1x Updates at PWM carrier peak
00 x1 Updates at PWM carrier peak
00 Updates at PWM carrier peak and PWM carrier bottom
01 XX Updates at PWM carrier bottom
10 XX Updates at PWM carrier peak
11 XX Updates at PWM carrier peak and PWM carrier bottom

Note: x: Don’t care

4.2.5. [PMDXCNTSTA] (PWM Counter Status Register)

Bit Bit Symbol After reset | Type Function
311 — 0 R |Readas"0"

PWM counter flag (Note)
0: Up-counting
0 UPDWN 0 R 1: Down-counting
This bit indicates whether the PWM counter is up-counting or
down-counting.

Note: The PWM carrier is a saw-tooth wave ([PMDxMDCR]<PWMMD>=0), a zero is always read.
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4.2.6. [PMDxMDCNT] (PWM Counter Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R |Readas "0".
PWM counter(Note)
A value can be read from the up-down counter generating a PWM
carrier wave.
15:0 MDCNT[15:0] 0x0000 R | Counter resolution: 1/fsys
When a 4 x period mode is selected
([PMDxMDCR]<PWMCK>=1), time resolution of the counter is
4/fsys.
Note:  Depending on the setting of the PWM carrier (([PMDxXMDCR]<PWMMD?>), the PWM counter values

when PMD is disabled ([PMDxMDEN]<PWMEN>=0) are as follows:
In case of [PMDxMDCR]<PWMMD>=0: 0x0001
In case of [PMDxMDCR]<PWMMD>=1: the value of [PMDxMDPRD]

4.2.7. [PMDxMDPRD] (PWM Period Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R |Readas"0".
PWM period
[PMDxMDPRD] = 0x0010 (Note1)
By the combination of the PWM period extension mode
([PMDxMDCR]<PWMCK>) and the PWM carrier waveform
150 MDPRDI[15:0] 0x0000 RIW ]ECZ:\Q\I/DVE'I\/IDCR]<PWMMD>, the PWM period can be calculated as
When <PWMCK>=0, <PWMMD>=0: [PMDxMDPRD] x 1/fsys
<PWMMD>=1: [PMDxMDPRD] x 2/fsys
When <PWMCK>=1, <PWMMD>=0: [PMDXxMDPRD] x 4/fsys
<PWMMD>=1: [PMDxMDPRD] x 8/fsys
Notel: If [PMDxMDPRD] is set to a value less than "0x0010", it is automatically assumed to be *0x0010".
(The register retains the actual value that is written.)
Note2: Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written
separately, operation cannot be guaranteed.
Note3: Since the [PMDxMDPRDY] register is double-buffered, the PWM period can be changed during the
operation of the PWM counter.
Note4: For detailed update timing of the subsequent stage buffer,
refer to the "Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W] buffer Update Timing".
Note5: Read value is the first buffer value (the latest data set via a bus).
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4.2.8. [PMDxCMPU] (PWM Compare U Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R |Readas"0".
PWM pulse width of U Phase (Notel)
0x0000 through OXFFFF
<CMPU> are compare registers for determining the output pulse
width of the U-phase. These registers are double-buffered. Pulse
width is determined by comparing the subsequent stage buffer
and the PWM counter to evaluate which is small or large.
15:0 CMPU[15:0] 0x0000 r/W | BY the combination of the PWM period extension mode
' ' ([PMDxMDCR]<PWMCK>) and the PWM carrier waveform
([PMDxMDCR]<PWMMD>), the pulse width can be calculated as
follows:
When <PWMCK>=0, <PWMMD>=0: [PMDxCMPU] x 1/fsys
<PWMMD>=1: [PMDxCMPU] x 2/fsys
When <PWMCK>=1, <PWMMD>=0: [PMDxCMPU] x 4/fsys
<PWMMD>=1: [PMDxCMPU] x 8/fsys
Notel: When [PMDxCMPU] > [PMDxMDPRD], the duty is 100%.
Note2: When the compare register updated by the bus is loaded to the subsequent stage buffer, set the bus mode
(default) by writing "0" to [PMDXMODESEL]<MDSELO0>.
Note3: Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written
separately, operation cannot be guaranteed.
Noted: Since the [PMDxCMPU] register is double-buffered, the PWM pulse width can be changed during the
operation of the PWM counter.
Note5: For detailed update timing of the subsequent stage buffer,
refer to the "Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W] buffer Update Timing".
Note6: Read value is the first buffer value (the latest data set via a bus).

4.2.9. [PMDxCMPV] (PWM Compare V Register)

Bit

Bit Symbol

After reset

Type

Function

31:16

0

R

Read as "0".

15:0

CMPV[15:0]

0x0000

R/W

PWM pulse width of V Phase (Notel)
0x0000 through OXFFFF

<CMPV> are compare registers for determining the output pulse
width of the V-phase. These registers are double-buffered. Pulse
width is determined by comparing the subsequent stage buffer
and the PWM counter to evaluate which is small or large.
By the combination of the PWM period extension mode
([PMDxMDCR]<PWMCK>) and the PWM carrier waveform
([PMDxMDCR]<PWMMD>), the pulse width can be calculated as
follows:
When <PWMCK>=0, <PWMMD>=0: [PMDxCMPV] x 1/fsys
<PWMMD>=1: [PMDxCMPV] x 2/fsys
When <PWMCK>=1, <PWMMD>=0: [PMDxCMPV] x 4/fsys
<PWMMD>=1: [PMDxCMPV] x 8/fsys

Notel:
Note2:

Note3:

Note4:

When [PMDXCMPV] > [PMDxMDPRD], the duty is 100%.

When the compare register updated by the bus is loaded to the subsequent stage buffer, set the bus mode

(default) by writing "0" to [PMDXMODESEL]<MDSELO0>.

Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written

separately, operation cannot be guaranteed.

Since the [PMDxCMPV] register is double-buffered, the PWM pulse width can be changed during the

operation of the PWM counter.
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Note5: For detailed update timing of the subsequent stage buffer,
refer to the "Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W] buffer Update Timing".

Note6: Read value is the first buffer value (the latest data set via a bus).

4.2.10. [PMDxCMPW] (PWM Compare W Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R |Readas "0".
PWM pulse width of W Phase (Notel)
0x0000 through OXFFFF
<CMPW> are compare registers for determining the output pulse
width of the W-phase. These registers are double-buffered. Pulse
width is determined by comparing the subsequent stage buffer
and the PWM counter to evaluate which is small or large.
15:0 CMPW([15:0] 0x0000 r/W | BY the combination of the PWM period extension mode
' ' ([PMDxMDCR]<PWMCK>) and the PWM carrier waveform
([PMDxMDCR]<PWMMD>), the pulse width can be calculated as
follows:
When <PWMCK>=0, <PWMMD>=0: [PMDxCMPW] x 1/fsys
<PWMMD>=1: [PMDXxCMPW] x 2/fsys
When <PWMCK>=1, <PWMMD>=0: [PMDxCMPW] x 4/fsys
<PWMMD>=1: [PMDxCMPW] x 8/fsys
Notel: When [PMDxCMPW] > [PMDxMDPRD], the duty is 100%.
Note2: When the compare register updated by the bus is loaded to the subsequent stage buffer, set the bus mode
(default) by writing "0" to [PMDXMODESEL] <MDSELO0>.
Note3: Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written
separately, operation cannot be guaranteed.
Noted: Since the [PMDxCMPW] register is double-buffered, the PWM pulse width can be changed during the
operation of the PWM counter.
Note5: For detailed update timing of the subsequent stage buffer,
refer to the "Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W] buffer Update Timing".
Note6: Read value is the first buffer value (the latest data set via a bus).
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4.2.11. [PMDxMDPOT] (PMD Output Setting Register)

Bit

Bit Symbol After reset | Type Function

31:10

— 0 R Read as "0".

9:8

Selects [PMDxMDOUT] / VEXOUTCR transfer timing (trigger
synchronous setting).

00: asynchronous(Note4)

01: when INTENCxO0 (A-ENCx interrupt request)(Note6) occurs

SYNCSJ1:0] 00 R/W 10: when PMDXTMR (Timer interrupt request)(Note6) occurs
11: when ENCXCTRGO (A-ENCx MCMP completed)(Note6)

occurs

Selects the subsequent stage buffer update timing of the
conduction control register. (Note2)(Note3)

7:4

— 0 R Read as "0".

Selects the output polarity of the upper-phase outputs (UOx, VOX,
WOX).

0: Active low

1: Active high

POLH 0 RW

Selects the output polarity of the lower-phase outputs (XOx, YOX,
ZOx).

0: Active low
1: Active high

POLL 0 R/W

1:0

Selects [PMDxMDOUT] / VExXOUTCR transfer timing (PWM
synchronous setting).

00: asynchronous to PWM (Note4)

01: Carrier bottom (when [PMDxMDCNT] =0x0001)

10: Carrier peak ([PMDxMDCNT] = [PMDxMDPRD])

11: Carrier peak and carrier bottom
Selects the subsequent stage buffer update timing of the
conduction control register. (Note2)(Note3)(Note5)

PSYNCS[1:0] 00 RIW

Notel:

Note2:

Note3:

Note4:

Note5:

Note6:

This register must be set while [PMDxMDEN]<PWMEN>=0.

By the combination of the settings for <PSYNCS> and <SYNCS>, the buffer update timing can be
determined (refer to the "Table 3.2 Decode circuit outputs according to [PMDxMDOUT] /
VEXOUTCR and [PMDxMDCR]<SYNTMD> setting").

When PMD is disabled ([PMDxMDEN]<PWMEN>=0), the timing is asynchronous regardless of
settings.

When <SYNCS> and <PSYNCS> are set to "0", the setting is applied to the port output at the same time
that the [PMDxMDOUT] / VEXOUTCR registers.

When the PWM carrier is saw-tooth wave, the buffer update timing is the carrier peak, except
<PSYNCS>=00

The connection destination depend on the product. For details, refer to "Product Information™ of the
reference manual.
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4.2.12. [PMDxMDOUT] (PMD Conduction Control Register)

Bit Bit Symbol After reset | Type Function
31:11 — 0 R |Readas"0"
W-phase PWM output setting
0: High/Low Output
10 WPWM 0 RIW 1: PWM Output
Port output is controlled by the combination of <WOC>,
<WPWM>, [PMDXMDPOT]<POLH>, <POLL> and [PMDxMDCR]
<SYNTMD> (refer to the Table 4.2).
V-phase PWM output setting
0: High/Low Output
9 VPWM 0 RIW 1: PWM Output
Port output is controlled by the combination of <VOC>, <VPWM>,
[PMDxMDPOT]<POLH>, <POLL> and [PMDxMDCR]
<SYNTMD> (refer to the Table 4.2).
U-phase PWM output setting
0: High/Low Output
8 UPWM 0 RIW 1: PWM Output
Port output is controlled by the combination of <UOC>,
<UPWM>,[PMDxMDPOT]<POLH>,<POLL> and [PMDxMDCR]
<SYNTMD> (refer to the Table 4.2)
7.6 — 0 R |Readas"0"
W-phase conduction control setting
54 WOC[1:0] 00 R/ |Portoutputis controlled by the combination of <WOC>,
' ' <WPWM>, [PMDXMDPOT]<POLH>, <POLL> and [PMDxMDCR]
<SYNTMD> (refer to the Table 4.2).
V-phase conduction control setting
3:2 VOC[1:0] 00 R/ |Portoutputis controlled by the combination of <VOC>, <VPWM>,
' ' [PMDxMDPOT]<POLH>, <POLL> and [PMDxMDCR]
<SYNTMD> (refer to the Table 4.2).
U-phase conduction control setting
1:0 UOC[L:0] 00 R/ |Portoutputis controlled by the combination of <UOC>, <UPWM>,
' ' [PMDxMDPOT]<POLH>, <POLL> and [PMDxMDCR]
<SYNTMD> (refer to the Table 4.2).
Notel: When the [PMDxMDOUT]/VEXOUTCR register updated by the bus is loaded to the subsequent stage
buffer, set the bus mode (default) by writing 0" to [PMDxMODESEL] <MDSEL1>.
Note2: Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written
separately, operation cannot be guaranteed.
Note3: Since the conduction control register is double-buffered, the setting value can be changed during the
operation of the PWM counter.
Noted: For detailed update timing of the subsequent stage buffer,
refer to the "Table 3.1 [PMDxMDOUT]/VEXOUTCR buffer Update Timing".
Note5: Read value is the first buffer value (the latest data set via a bus).
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Table 4.2 Port Outputs according to <nOC>, <nPWM>, <POLH><POLL>and <SYNTMD> settings

[PMDxMDCR]<SYNTMD>=0 [PMDxMDCR]<SYNTMD>=0
Polarity: Active high (([PMDxMDPOT]<POLH><POLL>=11) Polarity: Active low ([PMDxMDPOT]<POLH><POLL>=00)
Conduction control . Conduction control .
. PWM output setting . PWM output setting
setting setting
<nPWM> <nPWM>
Upper Lower Upper Lower
0: H/L output 1: PWM output 0: H/L output 1: PWM output
<nOC[1]> | <nOC[0]> | uUpper | Lower | Upper | Lower |]<nOC[1]>|<nOC[0]>| Upper | Lower | Upper | Lower
phase phase phase phase phase phase phase phase
0 0 L L /PWMn [ PWMn 0 0 H H PWMn | /PWMn
0 1 L H L PWMn 0 1 H L H /PWMn
1 0 H L PWMn L 1 0 L H /PWMn H
1 1 H H PWMn | /PWMn 1 1 L L /PWMn [ PWMn
[PMDxMDCR]<SYNTMD>=1 [PMDxMDCR]<SYNTMD>=1
Polarity: Active high (([PMDxMDPOT]<POLH><POLL>=11) Polarity: Active low ([PMDxMDPOT]<POLH><POLL>=00)
Conduction control . Conduction control .
. PWM output setting . PWM output setting
setting setting
<nPWM> <nPWM>
Upper Lower Upper Lower
0: H/L output 1: PWM output 0: H/L output 1: PWM output
<nOC[1]> | <nOC[O]> | uUpper | Lower | Upper | Lower <nOC[1]> | <nOC[O]> | uUpper | Lower | Upper | Lower
phase phase phase phase phase phase phase phase
0 0 L L /PWMn | PWMn 0 0 H H PWMn | /PWMn
0 1 L H L /PWMn 0 1 H L H PWMn
1 0 H L PWMn L 1 0 L H IPWMn H
1 1 H H PWMn | /PWMn 1 1 L L /PWMn [ PWMn

Notel: n=U,V, W
Note2: PWMn: PWM signal of PWM compare setting ~ /PWMn: Inversion signal of PWMn

4.2.13. [PMDXEMGREL] (EMG Release Register)

Bit Bit Symbol After reset | Type Function
31:8 — 0 R |Read as "0".

EMG/OVV disable code

By setting "Ox5A" — "OxA5", EMG function and OVV function
7:0 EMGREL[7:0] 0x00 W | can be disabled.

After writing the disable code, set [PMDXxEMGCR]<EMGEN>=0
or [PMDxOVVCR]<OVVEN>=0 continuously.

Note: Write a disable code each at disabling EMG and OVV.
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4.2.14. [PMDXEMGCR] (EMG Control Register)

Bit Bit Symbol After reset | Type Function
31:12 — 0 R |Readas"0"

EMGx_N input detection time

0x0 to OxF
(When <EMGCNT>=0x0, the noise filter is bypassed.)

The noise filtering length of anomaly detection input set to these
bits. And this value can be calculated by following formula.

<EMGCNT[3:0]> x 16/fsys
Please set it while EMG protection is prohibited (<KEMGEN>=0).
(Notel)

7:6 — 0 R Read as "0".

11:8 EMGCNTI[3:0] 0x0 R/W

Debug halt enable/disable

0: Disable
5 INHEN 1 R/W 1: Enable (Enabled in the initial status)

This bit selects whether or not to stop the PMD when the debug
halt signal is input.

EMG protection mode select (Note2)

00: All phases High-impedance
01: All upper-phases ON / all lower-phases High-impedance
10: All upper-phases High-impedance / all lower-phases ON
11: All phases High-impedance

ON indicates that PWM output continues.

Sets the port output both the upper (UOx, VOx, WOx) and the
lower (XOx, YOx, ZOx) for the case when EMG occurs.

2 — 0 R/W | Always write "0".

4:3 EMGMD[1:0] 11 RIW

EMG protection release

0: Don't care

1: Release protection

1 EMGRS 0 W After setting "0x000" in the [PMDxMDOUT] / VEXOUTCR register
(Note3), confirm that [PMDXEMGSTA]<EMGI> becomes "1",
then set "1" to <EMGRS>. It returns from the EMG protection
state.

Always reads as "0".

EMG protection circuit enable/disable
0: Disable
1: Enable (Enabled in the initial status)

0 EMGEN 1 RW |10 disable the function, write "Ox5A" and then write "OxA5" to the
EMG release register ((PMDXEMGREL]). Then, set "0" to
<EMGEN> (These three instructions must be executed
consecutively.).

Notel: If <EMGCNT> is changed while EMG protection circuit is enabled, it may become the protection state.
Therefore, when <EMGCNT?> is changed, please release the protection state by the following procedure:

(1) [PMDXEMGSTA]<EMGI> should be read to confirm its value is "1".
(2) [PMDxMDOUT] / VEXOUTCR <UPWM>, <VPWM>, <WPWM>, <UOC>, <VOC>, and <WOC>
should be set to ""0" to set all port outputs to inactive state.
(3) <EMGRS> of [PMDXEMGCR] / VEXEMGRS should be set to "1" to exit EMG protection state.
Note2: <EMGMD?> protection mode setting is prioritized when OVV and EMG occur at the same time.

Note3: EMG protection cannot be released if the subsequent stage buffer of [PMDxMDOUT] / VEXOUTCR is
not updated to "0x000".
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4.2.15. [PMDXEMGSTA] (EMG Status Register)

Bit Bit Symbol After reset | Type Function
31:2 — 0 R |Readas"0"

EMGx_N input state
0: Active input.

1 EMGI Undefined R : o
1: Inactive input.
EMGx_N input status can be checked by reading this bit.
EMG protection state
0 EMGST 0 R 0: Normal operation

1: Protected
EMG protection status can be checked by reading this bit.

4.2.16. [PMDxOVVCR] (OVV Control Register)

Bit Bit Symbol After reset | Type Function
31:12 — 0 R Read as "0".

OVV input detection time
0x1 to OxF (If 0xO0 is set, it is handled as 0x1.)
The noise filtering length of OVV input set to these bits. And this

11:8 OVVCNT[3:0] 0x0 RIW value can be calculated by following formula.
<OVVCNT[3:0]> x 16/fsys
Please set it while OVV protection is prohibited(<OVVEN>=0).
7 — 0 R [Readas"0"

AD monitor function 1 input enable (Notel)

0: Disable input

1: Enable input

6 ADIN1EN 0 RIW | selects enable/disable signals from AD monitor function 1 of the
ADC. If you enable it and select AD monitor function signal for
input (KOVVISEL>=1), the results of the AD monitor function 1 as
OVV inputs (if OVV protection is enabled).

AD monitoring function 0 input enable (Notel)

0: Disable input

1: Enable input

S ADINOEN 0 RIW | selects enable/disable signals from AD monitor function 0 of the
ADC. If you enable it and select AD monitor function signal for
input (KOVVISEL>=1), the results of the AD monitor function O as
OVV inputs (if OVV protection is enabled).

Selects OVV protection mode (Note2)

00: No output control

01: All upper-phases ON, all lower-phases OFF

10: All upper-phases OFF, all lower-phases ON

11: All phases OFF
This field controls the outputs of the upper (UOx, VOx, WOx) and
lower(XOx, YOx, ZOx) phases when an OVV condition occurs.

ON indicates that it's fixed to active output. OFF indicates that it's
fixed inactive output. Active and inactive are depends on the
settings of <POLL> and <POLH>.

4:3 OVVMD[1:0] 00 RIW
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Bit Bit Symbol After reset | Type Function
Selects OVV input
0: OVVx_N pin input
1: AD monitor function signal
This bit selects whether to use port input or the monitor signal
2 OVVISEL 0 R/W | from the ADC as the OVV signal to be input to the protection
circuit.
When the AD monitor function signal is selected, the setting of
OVV input detection time <OVVCNT[3:0]> becomes
invalid.(Direct input)
Selects OVV protection state release
0: Disable automatic release of OVV protection state
1: Enable automatic release of OVV protection state
If automatic release of OVV protection is enabled, when the state
1 OVVRS 0 R/\W |changes to OVV protection after detecting anomaly (OVV input
makes a high-to-low transition), the OVV protection state can be
automatically released when updating the buffer of PWM period
register [PMDxMDPRD] after the OVV input transition to high.
(Refer to the "Table 4.1 [PMDxMDPRD], [PMDxCMPU/V/W]
buffer Update Timing".)
OVV protection circuit enable/disable
0: Disable
1: Enable
0 OVVEN 0 RW |10 disable the function, write "Ox5A" and then write "OxA5" to the
EMG release register ((PMDXEMGREL]).
Then, set "0" to <OVVEN>. (These three instructions must be
executed consecutively.)

Notel: Refer to the chapter "AD Monitor Function” in the Reference Manual of "12-bit Analog to Digital
Converter" for detailed information about AD monitor function.

Note2: If OVV and EMG conditions occur simultaneously, the protection mode settings in the bits of

<EMGMDI[1:0]> become effective.

4.2.17. [PMDxOVVSTA] (OVV Status Register)

Bit Bit Symbol After reset | Type Function
31:2 — 0 R |Readas"0"
OVVI input state
1 oWl Undefined | R | O'Activeinput
1: Inactive input.
OVVI input status can be checked by reading this bit.
OVV protection state
0 OWVST 0 R O Normal operation
1: In protected
OVV protection status can be checked by reading this bit.
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4.2.18. [PMDxDTR] (Dead time Register)

Bit Bit Symbol After reset | Type Function
31:8 — 0 R |Readas"0"

Sets dead time
0x00 to OxFF

The dead time value can be calculated by following formula.
[PMDxDTR] x 8/fsys

Note: Do not change [PMDxDTR] register while [PMDXMDEN]<PWMEN> =1,

7:0 DTRJ[7:0] 0x00 R/W

4.2.19. [PMDxTRGCMPQ] (Trigger Compare 0 Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R |Readas"0"

Trigger output compare register
Range: 0x0001 to [[PMDxMDPRD] value - 1].

When the PWM counter value [PMDxMDCNT] matches the value
set in [PMDxTRGCMPO], TRGO is output.

Note: It is prohibited to set [PMDxTRGCMPO] to "0x0000" and
[PMDxTRGCMPO] = [PMDxMDPRD].

Notel: When the compare register updated by the bus is loaded to the subsequent stage buffer, set the bus mode
(default) by writing "0" to [PMDXMODESEL] <MDSEL2>.

Note2: Do not write to this register in byte unit. If the upper 8 bits[15:8] and the lower 8 bits[7:0] are written
separately, operation cannot be guaranteed.

Note3: Since the trigger compare register is double-buffered, this register can be changed during the operation
of the PWM counter.

Noted: For detailed update timing of the subsequent stage buffer,
refer to the "Table 4.3 [PMDXTRGCMPnN] buffer Update Timing".

Note5: Read value is the first buffer value (the latest data set via a bus).

Note6: If PWM(<PWMEN>=1) is started while [PMDXTRGCMPnN](n=0 to 3) is set to "0x0001" with
saw-tooth wave carrier(<PWMMD>=0), there is no trigger output in the first PWM cycle.

15:0 | TRGCMPO[15:0] 0x0000 | RW
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Table 4.3 [PMDxTRGCMPnN] buffer Update Timing

[PMDXTRGSYNCR]
<TSYNCS>setting

[PMDXTRGCR]
<TRGnMD>setting

[PMDXxTRGCMPN]
Buffer update timing

000 Updates immediately
001 Update when PWM carrier peak
00 010 Update when PWM carrier bottom
Update when PWM carrier peak or PWM carrier bottom
011
(Notel)
1xx Updates immediately
01 XXX Update when PWM carrier bottom
10 XXX Update when PWM carrier peak
Update when PWM carrier peak or PWM carrier bottom
11 XXX

(Notel)

Notel: Updates at carrier peak when saw-tooth wave carrier is selected ([PMDxMDCR]<PWMMD>=0).
Note2: x: Don’t care

Note3: When [PMDxMDEN]<PWMEN>=0, the immediate update is done regardless of the setting.

4.2.20. [PMDxTRGCMP1] (Trigger Compare 1 Register)

Bit

Bit Symbol

After reset

Type

Function

31:16

0

R

Read as "0".

15:0

TRGCMP1[15:0]

0x0000

R/W

Trigger output compare register
Range: 0x0001 to [[PMDxMDPRD] value - 1].

When the PWM counter value [PMDxMDCNT] matches the value

set in [PMDxTRGCMP1], TRG1 is output.

Note: It is prohibited to set [PMDxTRGCMP1] to "0x0000" and

[PMDXTRGCMP1] = [PMDXMDPRD].

Notel

Note2:

Note3:

Note4:

Note5:
Note6:

- When the compare register updated by the bus is loaded to the subsequent stage buffer, set the bus mode
(default) by writing "0" to [PMDXMODESEL] <MDSEL2>.

separately, operation cannot be guaranteed.

of the PWM counter.

For detailed update timing of the subsequent stage buffer,

refer to the "Table 4.3 [PMDxTRGCMPnN] buffer Update Timing".

Read value is the first buffer value (the latest data set via a bus).
If PWM is started(<PWMEN>=1) while [PMDXTRGCMPn](n=0 to 3) is set to "0x0001" with

saw-tooth wave carrier(<PWMMD>=0), there is no trigger output in the first PWM cycle.

Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written

Since the trigger compare register is double-buffered, this register can be changed during the operation
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4.2.21. [PMDxTRGCMPZ2] (Trigger Compare 2 Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R |Readas"0"

Trigger output compare register
Range: 0x0001 to [[PMDxMDPRD] value - 1].

When the PWM counter value [PMDxMDCNT] matches the value
set in [PMDXTRGCMP2], TRG2 is output.

Note: It is prohibited to set [PMDxTRGCMP2] to" 0x0000" and
[PMDXxTRGCMP2] = [PMDxMDPRD].

Notel: Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written
separately, operation cannot be guaranteed.

Note2: Since the trigger compare register is double-buffered, this register can be changed during the operation
of the PWM counter.

Note3: For detailed update timing of the subsequent stage buffer,
refer to the "Table 4.3 [PMDXxTRGCMPnN] buffer Update Timing".

Note4: Read value is the first buffer value (the latest data set via a bus).

Note5: If PWM is started(<PWMEN>=1) while [PMDXTRGCMPnN](n=0 to 3) is set to "0x0001" with
saw-tooth wave carrier(<PWMMD>=0), there is no trigger output in the first PWM cycle.

15:0 | TRGCMP2[15:0] 0x0000 | RW

4.2.22. [PMDxTRGCMP3] (Trigger Compare 3 Register)

Bit Bit Symbol After reset | Type Function
31:16 — 0 R Read as "0".

Trigger output compare register
Range: 0x0001 to [[PMDxMDPRD] value- 1].

When the PWM counter value [PMDxMDCNT] matches the value

set in [PMDXTRGCMP3], TRG3 is output.

Note: It is prohibited to set [PMDXxTRGCMP3] to "0x0000" and
[PMDXxTRGCMP3] =2 [PMDxMDPRD].

Notel: Do not write to this register in byte unit. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written
separately, operation cannot be guaranteed.

Note2: Since the trigger compare register is double-buffered, this register can be changed during the operation
of the PWM counter.

Note3: For detailed update timing of the subsequent stage buffer,
refer to the "Table 4.3 [PMDxTRGCMPnN] buffer Update Timing".

Noted: Read value is the first buffer value (the latest data set via a bus).

Note5: If PWM is started(<PWMEN>=1) while [PMDXTRGCMPnN](n=0 to 3) is set to "0x0001" with
saw-tooth wave carrier(<PWMMD>=0), there is no trigger output in the first PWM cycle.

15:0 | TRGCMP3[15:0] 0x0000 R/W
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4.2.23. [PMDxTRGCR] (Trigger Control Register)

Bit

Bit Symbol

After reset

Type

Function

31:16

0

R

Read as "0".

15

TRG3BE

R/W

Asynchronous update of the [PMDxTRGCMP3] buffer

This bit enables asynchronous updating to the subsequent stage
buffer from [PMDxTRGCMP3]. (Notel) (Note2)

0: Synchronous update
1: Asynchronous update
(The value written to [PMDxTRGCMP3] is immediately
reflected.)

14:12

TRG3MD[2:0]

000

RW

[PMDxTRGCMP3] mode setting
This register selects a match-mode of trigger output(TRG3).

000: Trigger output disabled

001: Trigger output at down-count match (Note3)

010: Trigger output at up-count match (Note4)

011: Trigger output at up/down-count match (Note3) (Note5)
100: Trigger output at PWM carrier peak

101: Trigger output at PWM carrier bottom (Note3)

110: Trigger output at PWM carrier peak/bottom (Note3)
111: Trigger output disabled

11

TRG2BE

R/W

Asynchronous update of the [PMDxTRGCMP?2] buffer

This bit enables asynchronous updating to the subsequent stage
buffer from [PMDxTRGCMP2]. (Notel) (Note2)

0: Synchronous update
1: Asynchronous update
(The value written to [PMDxTRGCMPZ2] is immediately
reflected.)

10:8

TRG2MDJ[2:0]

000

RW

[PMDxTRGCMP2] mode setting
This register selects a match-mode of trigger output(TRG2).

000: Trigger output disabled

001: Trigger output at down-count match (Note3)

010: Trigger output at up-count match (Note4)

011: Trigger output at up/down-count match (Note3) (Note5)
100: Trigger output at PWM carrier peak

101: Trigger output at PWM carrier bottom (Note3)

110: Trigger output at PWM carrier peak/bottom (Note3)
111: Trigger output disabled

TRG1BE

R/W

Asynchronous update of the [PMDxTRGCMP1] / VEXTRGCMP1
buffer

This bit enables asynchronous updating to the subsequent stage
buffer from [PMDxTRGCMP1]. (Notel) (Note2)

0: Synchronous update
1: Asynchronous update
(The value written to [PMDxTRGCMP1] is immediately
reflected.)

6:4

TRG1MDI[2:0]

000

R/W

[PMDxTRGCMP1] / VEXTRGCMP1 mode setting
This register selects a match-mode of trigger output(TRG1).

000: Trigger output disabled

001: Trigger output at down-count match (Note3)

010: Trigger output at up-count match (Note4)

011: Trigger output at up/down-count match (Note3) (Note5)
100: Trigger output at PWM carrier peak

101: Trigger output at PWM carrier bottom (Note3)

110: Trigger output at PWM carrier peak/bottom (Note3)
111: Trigger output disabled
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Bit Bit Symbol After reset | Type Function

Asynchronous update of the [PMDxTRGCMPOQ] / VEXTRGCMPO
buffer

This bit enables asynchronous updating to the subsequent stage
buffer from [PMDxTRGCMPOQ]. (Notel)(Note2)

0: Synchronous update
1: Asynchronous update
(The value written to [PMDxTRGCMPQ] is immediately
reflected.)

[PMDxTRGCMPO] / VEXTRGCMPO mode setting

This register selects a match-mode of trigger output(TRGO).

000: Trigger output disabled
001: Trigger output at down-count match (Note3)

2:0 TRGOMD[2:0] 000 R/W 010: Trigger output at up-count match (Note4)

011: Trigger output at up/down-count match (Note3) (Note5)
100: Trigger output at PWM carrier peak

101: Trigger output at PWM carrier bottom (Note3)

110: Trigger output at PWM carrier peak/bottom (Note3)
111: Trigger output disabled

Notel: When [PMDxMDEN]<PWMEN>=0, updates asynchronously regardless of setting.
Note2: For detailed update timing, refer to the "Table 4.3 [PMDxTRGCMPnN] buffer Update Timing".
Note3: When a "0" is set to [PMDxMDCR]<PWMMD> (Saw-tooth wave), please do not select.

Noted: If PWM is started(<PWMEN>=1) while [PMDXTRGCMPnN](n=0 to 3) is set to "0x0001" with
saw-tooth wave carrier(<PWMMD>=0), there is no trigger output in the first PWM cycle.

Note5: When [PMDXTRGCMPN]=0x0001 (n=0 to 3) and [PMDxMDCR]<PWMMD>=1 (triangular wave),
one trigger output is made per period.

3 TRGOBE 0 R/W

4.2.24. [PMDxTRGSYNCR] (Trigger Update Timing Setting Register)

Bit Bit Symbol After reset | Type Function
31:2 — 0 R |Readas "0".
Update timing setting for the buffer of the trigger compare
register.
00: PWM carrier bottom or PWM carrier peak is set for each
1:0 TSYNCS[1:0] 00 RW trigger by setting [PMDxTRGCR]<TRGnhMD> (n=0 to 3).

01: PWM carrier bottom
10: PWM carrier peak
11: PWM carrier peak and PWM carrier bottom

Notel: Asynchronous update [PMDxMDEN]<PWMEN>=0 regardless of setting.
Note2: Refertothe "Table 4.3 [PMDxTRGCMPnN] buffer Update Timing".
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4.2.25. [PMDxTRGMD] (Trigger Output Mode Setting Register)

Bit Bit Symbol After reset | Type Function
31:2 — 0 R |Readas"0"

Trigger output mode

0: Fixed trigger output
1: Variable trigger output

When fixed trigger outputs are selected, trigger outputs from
PMDXTRGO to PMDXTRG3 output the trigger signals generated
1 TRGOUT 0 RW |BY2a ma}tch with [PMDXTRGCMPO] to [PMDxTRGCMP3]
respectively. A PMDXTRG4 and a PMDXTRG5 are not output the
trigger signals.

When variable trigger output is selected, output signals of the
[PMDxTRGCMPOQ] are output to one of trigger output from
PMDxXTRGO to PMDXTRG5. The trigger output signal is selected
by trigger output select register.(Note)

Output enable in EMG protection state

0: Disable trigger output in the protection state
0 EMGTGE 0 R/W 1: Enable trigger output in the protection state

This bit enables or disables trigger output in the EMG protection
state.

Note: Refer to the "Table 4.4 Trigger Output Patterns” when variable trigger outputs is selected
(KTRGOUT>=1).

Table 4.4 Trigger Output Patterns

<TRGOUT> Setting Compare Register <TRGSEL> Setting Trigger Output
[PMDXxTRGCMPO] PMDXTRGO
[PMDXxTRGCMP1] PMDXTRG1
<TRGOUT>=0 N/A
[PMDXxTRGCMP2] PMDXTRG2
[PMDXxTRGCMP3] PMDXTRG3
0 PMDXTRGO
1 PMDXTRG1
2 PMDXTRG2
[PMDXxTRGCMPO]
3 PMDXTRG3
<TRGOUT>=1 4 PMDXTRG4
5 PMDXTRG5
[PMDxTRGCMP1] N/A No trigger output
[PMDxTRGCMP?2] N/A No trigger output
[PMDXTRGCMP3] N/A No trigger output
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4.2.26. [PMDxTRGSEL] (Trigger Output Select Register)

Bit Bit Symbol After reset | Type Function
31:3 — 0 R |Readas "0".
Trigger output select
000: Output from PMDXTRGO
001: Output from PMDXTRG1
010: Output from PMDXTRG2
011: Output from PMDXTRG3
100: Output from PMDxTRG4
2:0 TRGSEL[2:0] 000 R/W 101: Output from PMDXTRG5
110: No trigger output
111: No trigger output
This field is effective when the variable trigger output mode is
selected ((PMDxTRGMD]<TRGOUT>=1). And an output trigger
can be selected by setting the [PMDxTRGCMPQ] register. (Refer
to the "Table 4.4 Trigger Output Patterns".)
Notel: When the compare register updated by the bus is loaded to the subsequent stage buffer, set the bus
mode (default) by writing "0" to [PMDxMODESEL]<MDSEL3>.
Note2: Since the trigger output selecting register is double-buffered, this register can be changed during the
operation of the PWM counter.
Note3: The update timing of the subsequent stage buffer is as the same as the compare register
([PMDxCMPU/V/WY).
Note4: When PMD is disabled ((PMDxMDEN]<PWMEN>=0), updates asynchronously.
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5. Precautions

When PMD cooperate with a ADC, please refer to the reference manual "12-bit Analog to Digital Convertor".
The byte write of registers is disabled regardless of whether PWM is operating or stopped.

[PMDxMDCNT] value has changed during PWM operation. Therefore, the byte read of [PMDxMDCNT]
should not be done. Read should be done with Word or Half-word unit.

The following registers have the double-buffer structure. The data written to these registers is transferred to
the subsequent stage buffer at each update timing (depending on the setting).

[PMDXCMPU], [PMDXCMPV], [PMDXCMPW]
[PMDXMDOUT]

—  [PMDXTRGSEL]

—  [PMDXMDPRD]

—  [PMDXTRGCMPO] to [PMDXTRGCMP3]

Even in the setting of [PMDXMDCR]<PWMMD>=1(Triangular wave carrier) and [PMDXTRGCR]
<TRGNMD> =011(Trigger output at up/down-count match), when [PMDxTRGCMPn] (n=0 to 3) setting is
"0x0001", TRGn is generated only once in the PWM period.

The PWM carrier is set to the saw-tooth wave, and [PMDxTRGCMPnN] (n=0 to 3) is set to "0x0001". Then, if
[PMDxMDEN]<PWMEN?> is changed to enable, the TRGn is not generated in the first PWM period.

Be sure to release processing from the EMG protection state before using the PMD(After setting PORT).

The EMG protection function is enabled after reset. If it is not used, prohibit it with the following procedure.

(1) [PMDXEMGREL] should be set to "Ox5A".
(2) [PMDXEMGREL] should be set to "0xA5".
(3) [PMDXEMGCR]<EMGEN> should be set to "0".

Note: These 3 instructions must be executed consecutively.

When attempting to stop supplying the clock, make sure to check whether the PMD is stopping. Note that
when the MCU shift STOP1/STOP2 mode, make sure to check whether the PMD is stopping as well.
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6. Revision History

Table 6.1 Revision History

Revision

Date

Description

1.0

2018-10-03

First release

2018-10-03
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and other transportation, traffic signaling equipment, equipment used to control combustions or explosions, safety devices, elevators and
escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR
PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable
laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for the
design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without
limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF
NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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