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10.4.5 Mode control register 1
7 6 5 4 3 2 1 0
bit Symbol 12S0 FDPX1 FDPX0 TXE SINT2 SINT1 SINTO
SCOMODL Read/Write RIW RIW RIW RIW RIW R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
IDLE Transfer mode setting Transmit Interval time of continuous | Write “0”.
Function | o: stop 00: Transfer prohibited | control transmission
1: Start 01: Half duplex(RX) 0:Disabled | (for I/O interface)
10:Half duplex(TX) 1: Enabled | 000: None 100:8SCLK
11:Full duplex 001:1SCLK 101:16SCLK
010:2SCLK 110:32SCLK
011:4SCLK 111:64SCLK
<|2S0>: Specifies the IDLE mode operation.
<FDPX1:0>: Configures the transfer mode in the 1/O interface mode. Also configures the FIFO if it is
enabled. In the UART mode, it is used only to specify the FIFO configuration.
<TXE>: This bit enables transmission and is valid for all the transfer modes (see note).
<SINT2:0>:  Specifies the interval time of continuous transmission when double buffering or FIFO is

enabled in the I/O interface mode. This parameter is valid only for the I/O interface
mode when SCLKO pin input is not selected.

[ (Note) Specify the mode first and then specify the <TXE> bit.
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10.4.6 Mode control register 2
7 6 5 4 3 2 1 0
bit Symbol TBEMP RBFLL TXRUN SBLEN DRCHG WBUF | SWRST1 | SWRSTO
Read/Write R R/W
SCOMOD2 | after reset 1 0 0 0 0 0 o | o
Transmit Receive In STOP bit  |Setting \W-buffer SOFT RESET
buffer Buffer full  [transmission|(for UART) [transfer 0: Disabled | Overwrite “01” on “10"to
Function [empty flag [flag flag 0: 1-bit direction 1: Enabled | reset.
0: full 0: Empty 0: Stop 1: 2-bit 0: LSB first
1: Empty 1: full 1: Start 1: MSB first
<TBEMP>:  This flag shows that the transmit double buffers are empty. When data in the transmit
double buffers is moved to the transmit shift register and the double buffers are empty,
this bit is set to “1.” Writing data again to the double buffers sets this bit to “0.”
If double buffering is disabled, this flag is insignificant.
<RBFLL>: This is a flag to show that the receive double buffers are full. When a receive operation
is completed and received data is moved from the receive shift register to the receive
double buffers, this bit changes to “1” while reading this bit changes it to “0.”
If double buffering is disabled, this flag is insignificant.
<TXRUN>: This is a status flag to show that data transmission is in progress.
<TXRUN> and <TBEMP> bits indicate the following status.
<TXRUN> | <TBEMP> Status
1 - Transmission in progress
0 1 Transmission completed
0 Wait state with data in TX buffer
<SBLEN>: This specifies the length of stop bit transmission in the UART mode. On the receive
side, the decision is made using only a single bit regardless of the <SBLEN> setting.
<DRCHG>: Specifies the direction of data transfer in the I/O interface mode. In the UART mode, it is
fixed to LSB first.
<WBUF>: This parameter enables or disables the transmit/receive buffers to transmit (in both
SCLK output/input modes) and receive (in SCLK output mode) data in the 1/O interface
mode and to transmit data in the UART. When receiving data in the I/O interface mode (I
SCLK input) and UART mode, double buffering is enabled in both cases that 0 or 1 is
set to <WBUF> bit.
<SWRST1:0>: Overwriting “01” in place of “10” generates a software reset. When this software reset

is executed, the following bits and their internal circuits are initialized (see note 1, 2
and 3).

Register Bit
SCOMODOQ | RXE
SCOMOD1 | TXE
SCOMOD2 | TBEMP,RBFLL, TXRUN,
SCOCR OERR,PERR,FERR
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(Note 1) While data transmission is in progress, any software reset operation must be
executed twice in succession.

(Note 2) A software reset requires 2 clocks-duration at the time between the end of
recognition and the start of execution of software reset instruction.

(Note 3) A software reset initializes other bits. Resetting a mode register and a control
register are needed.
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10.4.7 Baud rate generator control register(SCOBRCR)
Baud rate generator control register 2(SCOBRADD)
7 6 5 4 3 2 1 0
bit Symbol BROADDE | BROCK1 | BROCKO BROS3 BROS2 BROS1 BROSO
Read/Write R/W
SCOBRCR | After reset 0 0 o | o o | o | o | o
Wiite “0". N + (16 — K)/ | Select input clock to the | Division ratio “N”
16 divider baud rate generator 0000: 16
) function 00: ¢T1 0001: 1
Function 0: disabled | 01: ¢T4 0010: 2
1: enabled | 10: ¢T16 :
11: ¢T64 1111: 15
7 | 6 | 5 | 4 3 2 1 0
bit Symbol BROK3 BROK2 BROK1 BROKO
Read/Write R RIW
SCOBRADD After reset 0 0 | 0 | 0 | 0
“0” is read. Specify K for the “N + (16 — K)/16” division
0000: Prohibited
Function 000L: K=1
. 0010; K=2
1111: K=15
<RBOADDE>: Specifies N + (16-K)/16 division function.
N + (16-K)/16 division function can only be used in the UART mode.
<RBOCK1:0>: Specifies the baud rate generator input clock.
<RB0S3:0>: Specifies division ratio “N”.
<RBOK3:0>: Specifies K for the “N+(16-K)/16” division.

The division ratio of the baud rate generator can be specified in the registers shown above.
Table 10-5 lists the settings of baud rate generator division ratio.

Table 10-5 Setting division ratio

BROADDE=0 BROADDE=1 (Note 1)
(Only UART)
BROS Specify “N” (Note 2) (Note 3)
BROK No setting required Setting “K” (Note 4)
Division ratio Divide by N N+ @6-% division

16
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(Note 1) To use the “N + (16 - K)/16" division function, be sure to set BROK <BROADDE> to
“1" after setting the K value to BROK. The “N + (16 - K)/16" division function can
only be used in the UART mode.

(Note 2) The division ratio 1(*0001") and 16(*0000") cannot be applied when the “N + (16 -
K)/16” division function is used in the UART mode.

(Note 3) The division ratio 1 (*0001") is available only for using double buffer in the 1/O
interface mode.

(Note 4) Specifying “K = 0" is prohibited.
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10.

4.8 FIFO configuration register

7 6 5 4 3 2 1 0

bit Symbol

Reserved | Reserved | Reserved RFST TFIE RFIE RXTXCNT CNFG

Read/Write

R/W

SCOFCNF

After reset o | o [ o 0 0 0 0 0

Automatic | FIFO

Function

Be sure to write *

*000”.

Bytes used

1:Same as

TX interrupt
in RX FIFO [for TX FIFO
0: Maximum [0: Disabled

1: Enabled

RX interrupt
for RX FIFO
0:Disabled
1: Enabled

disable of
RXE/TXE
0:None

enable
0: Disabled
1: Enabled

1:Auto
disabl
e

FILL level of
RX FIFO

<RFST>:

<TFIE>:

<RFIE>:

<RXTXCNT>:

<CNFG>:

When RX FIFO is enabled, the number of RX FIFO bytes to be used is selected (see

note).
0: The maximum number of bytes of the FIFO configured (see also <CNFG>).
1: Same as the fill level for receive interrupt generation specified by SCORFC <RIL1:0>.

When TX FIFO is enabled, transmit interrupts are enabled or disabled by this parameter.
When RX FIFO is enabled, receive interrupts are enabled or disabled by this parameter.
Controls automatic disabling of transmission and reception.

The mode control register SCOMOD1 <FDPX1:0> is used to set the types of TX/RX.
Setting “1” enables to operate as follows.

When the receive shift register, receive buffer and RX FIFO are filled
up to the specified number of valid bytes, SCOMODO<RXE> is
automatically set to “0” to inhibit further reception.

When the data transfer in the TX FIFO, the transmit buffer and the
transmit  shift register is completed, SCOMODI1<TXE> is
automatically set to “0” to inhibit further transmission.

When either of the above two conditions is satisfied, TXE/RXE are
automatically set to “0” to inhibit further transmission and

reception.

Half duplex
RX

Half duplex
X

Full duplex

Enables FIFO.

If enabled, the SCOMOD1 <FDPX1:0> setting automatically configures FIFO as follows:
(The type of TX/RX can be specified in the mode control register 1
SCOMOD1<FDPX1:0>).

Half duplex | RX FIFO 4byte
RX
Half duplex
X

Full duplex

TX FIFO 4byte

RX FIFO 2byte TX FIFO 2byte

(Notel)

(Note2)

Regarding TX FIFO, the maximum number of bytes being configured is always
available. The available number of bytes is the bytes already written to the TX FIFO.
FIFO cannot be used in the 9bit UART mode.
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10.4.9 RXFIFO configuration register

0

bit Symbol

RFCS

RFIS

RIL1

RILO

Read/Write

W

R/W

R/W

SCORFC

After reset

0

0

0

0

Function

RX FIFO
clear

1: Clear

“0” is read.

Select
interrupt
generation
condition
0: when the
data reaches
to the
specified fill
level.
1: when the
data reaches to
the specified fill
level or the data
exceeds the
specified fill
level at the
time data is

read.

“0” is read.

FIFO fill level to generate RX

interrupts

00:4byte

(2 Byte at full duplex)

01:1byte
10:2byte
11:3byte

<RFCS>:

<RFIS>:

<RIL1:0>:

Clears RX FIFO

Setting “1” clears RX FIFO and “0” is always read.

Specifies the condition of interrupt generation.

0: An interrupt is generated when it reaches to the specified fill level.
An interrupt is generated when it is reaches to the specified fill level or if it exceeds the

specified fill level at the time data is read.

Specifies FIFO fill level(see note).

Half duplex

Full duplex

00

4byte

2byte

01

lbyte

lbyte

10

2byte

2byte

11

3byte

lbyte

(Note 1)
(Note 2)

RIL1 is ignored when FDPX1:0 = 11 (full duplex).
Clearing the receive FIFO should be done after the setting of transfer mode and

enabling FIFO.
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10.4.10 TX FIFO configuration register
7 6 5 | 1 0
bit Symbol TFCS TFIS TIL1 TILO
Read/Write W R/W R/W
SCOTFC After reset 0 0 0 | 0
TX FIFO Select “0” is read. FIFO fill level to generate TX
clear interrupt interrupts.
generation
1:Clear condition 00:Empty
Always 0: when the 01:1byte
reads “0". data reaches 10:2byte
to the 11:3byte
specified fill Note: TIL1 is ignored when
. level. FDPX1:0=11 (full duplex).
Function 1: when the
data reaches to
the specified fill
level or the datal
cannot reach
the
specified fill
level at the
time new data
is read.
<TFCS>: Clears TX FIFO.
Setting “1” clears TX FIFO and “0” is always read.
<TFIS>: Selects interrupt generation condition.
0: An interrupt is generated when the data reaches to the specified fill level.
1: An interrupt is generated when the data reaches to the specified fill level or the data
cannot reach the
specified fill level at the time new data is read.
<TIL1:0>: Selects FIFO fill level (see note).

Half duplex Full duplex
00 | Empty Empty
01 | lbyte lbyte
10 | 2byte Empty
11 | 3byte lbyte

(Note 1) TIL1 is ignored when FDPX1:0 = 11 (full duplex).

(Note 2) Please do clear transmission FIFO when FIFO is used after setting the forwarding
mode of SIO, and permitting FIFO.

(Note 3) Please set SCOTFC again when shifting to standby mode (IDLE,STOP) with
SCOEN<0>=0 (SIO operation prohibition * clock stop) or SCOMOD1<7>=0 (operation
stop * clock stop of the standby mode inside).
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10.4.11 RX FIFO status register
7 6 | 5 | 4 | 3 2 1 0
bit Symbol ROR RLVL2 RLVL1 RLVLO
Read/Write R R R
SCORST After reset 0 0 0 | 0 | 0
RX FIFO “0” is read. Status of RX FIFO fill level
Overrun 000:Empty
Funcii 001:1Byte
unction 4. 010:2Byte
Generated 011:3Byte
100:4Byte
<ROR>: Flags for RX FIFO overrun. When the overrun occurs, these bits are set to “1” (see note).
<RLVL2:0>: Shows the fill level of RX FIFO.
(Note) The <ROR> bit is cleared to “0” when receive data is read from the SCOBUF

register.

10.4.12 TX FIFO status register

7 6 | 5 | 4 3 2 0
bit Symbol TUR TLVL2 TLVL1 TLVLO
Read/Write R R
SCoTST After reset 1 0 | 0 | 0
TX FIFO “0" is read. Status of TX FIFO fill level
Under run 000:Empty
Functi 1:Generated 001:1Byte
unction 1 cleared by 010:2Byte
writing FIFO 011:3Byte
100:4Byte
<TUR>: Flags for TX FIFO underrun. When the underrun occurs, these bits are set to “1” (see
note).
<TLVL2:0>: Shows the fill level of TX FIFO.
(Note) The <TUR> bit is cleared to “0” when transmit data is written to the SCOBUF

register.
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10.5 Operation in Each Mode

10.5.1 Mode 0 (/O interface mode)

Mode 0 consists of two modes, the “SCLK output” mode to output synchronous clock and
the “SCLK input” mode to accept synchronous clock from an external source. The following
operational descriptions are for the case use of FIFO is disabled. For details of FIFO
operation, refer to the previous sections describing receive/transmit FIFO functions.

) Transmitting data
SCLK output mode

In the SCLK output mode, if SCOMOD2<WBUF> is set to “0” and the transmit double
buffers are disabled, 8 bits of data are output from the TXDO pin and the synchronous
clock is output from the SCLKO pin each time the CPU writes data to the transmit buffer.
When all data is output, the INTTXO interrupt is generated.

If SCOMOD2 <WBUF> is set to “1” and the transmit double buffers are enabled, data is
moved from Transmit Buffer 2 to Transmit Buffer 1 when the CPU writes data to
Transmit Buffer 2 while data transmission is halted or when data transmission from
Transmit Buffer 1 (shift register) is completed. When data is moved from Transmit
Buffer 2 to Transmit Buffer 1, the transmit buffer empty flag SCOMOD2 <TBEMP> is
setto “1,” and the INTTXO interrupt is generated. If Transmit Buffer 2 has no data to be
moved to Transmit Buffer 1, the INTTXO interrupt is not generated and the SCLKO
output stops.
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Transmit data |_+\ « |_+\

write timing \ »

. \
SCLKO output ) ) _()é\ ) ~Se | L

(4

TXDO bit 0 bit \ bit 6 bit 7 X bio_ X

7

(INTTXO interrupt request)

I
)

TXRUN I

<WBUF>="0" (if double buffering is disabled)

Transimit data - «)_ﬁ'\
write timing 1\ ,’
SCLKO output ‘ T T 4}& | | | T | r
TXDO bit 0 bit 1 > bit & itz X_bito A
Y

(INTTXO interrupt requs strl

<
n

'
reRUN ml
= J

<WBUF>="1" (if double buffering is enabled and there is data in buffer 2)

Transmit data F’:\ «
write timing 1\ )’
SCLKO output ‘ 1 ) _%SX )
(d
TXDO bit 0 bit 1 ) bit 6 bit 7

v
(INTTXO interrupt request)|_|

TBRUN ’J
¥
TBEMP |_|

<WBUF>="1" (if double buffering is enabled and there is no data in buffer 2)

Fig. 10-10 Transmit Operation in the I/O Interface Mode (SCLKO Output Mode)
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SCLK input mode

In the SCLK input mode, if SCOMOD2 <WBUF> is set to “0” and the transmit double
buffers are disabled, 8-bit data that has been written in the transmit buffer is output
from the TXDO pin when the SCLKO input becomes active. When all 8 bits are sent, the
INTTXO interrupt is generated. The next transmit data must be written before the
timing point “A” as shown in Fig. 10-11.

If SCOMOD2 <WBUF> is set to “1” and the transmit double buffers are enabled, data is
moved from Transmit Buffer 2 to Transmit Buffer 1 when the CPU writes data to
Transmit Buffer 2 before the SCLKO becomes active or when data transmission from
Transmit Buffer 1 (shift register) is completed. As data is moved from Transmit Buffer 2
to Transmit Buffer 1, the transmit buffer empty flag SCOMOD2 <TBEMP> is set to “1”
and the INTTXO interrupt is generated. If the SCLKO input becomes active while no
data is in Transmit Buffer 2, although the internal bit counter is started, an under-run
error occurs and 8-bit dummy data (FFh) is sent.
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Transimit data A
write timing I | « |-|
»
SCLKO input
(<SCLKS>=0 T T ‘ (rll T T T
Rising edge mode) _()
SCLKO input —S%l
(<ScLKS=1 ¢ | ¢ ¢ ¢
Falling edge mode) «
. . » o . . . . .
TXDO bit 0 bit 1 (_bit5 bit 6 bit 7 bit 0 bit 1
»
(INTTXO interrupt request) % _l
»
<WBUF>="0" (if double buffering is disabled
A

Transimit data
write timing I |

{( |-|

SCLKO input

»

(<SCLKS>=0

Rising edge more)

SCLKO input
(<SCLKS>=1

Falling edge mode)

(4

TXDO

bit 0

bit 6

bit 7

bit 0

bit 1

(INTTXO interrupt request

»
bit 1 ( bit5
»

(4

»

TBRUN _I

TREMP ||

L |

<WBUF>="1" (if double buffering is enabled and there is data in buffer 2)

Transmit data
write timing I |

L

»

SCLKO input
(<SCLKS>=0
Rising edge mode)
SCLKO input
(<SCLKS>=1

Falling edge mode)

TXDO

bit 0

bit 6

X

(INTTXO Interrupt request;

. » o .
bit 1 (C bit 5
»

(4

bit 7

»

TBRUN _I

TBEMP ||

PERR (functions to detect under-run errors)

<WBUF>="1" (if double buffering is enabled and there is no data in buffer 2)

Fig. 10-11 Transmit Operation in the I/O Interface Mode (SCLKO Input Mode)
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@ Receiving data
SCLK output mode

In the SCLK output mode, if SCOMOD2 <WBUF> = “0" and receive double buffering is
disabled, a synchronous clock pulse is output from the SCLKO pin and the next data is
shifted into receive buffer 1 each time the CPU reads received data. When all the 8 bits
are received, the INTRXO interrupt is generated.

The first SCLK output can be started by setting the receive enable bit SCOMODO
<RXE>to “1.” If the receive double buffering is enabled with SCOMOD2 <WBUF> set
to “1,” the first frame received is moved to receive buffer 2 and receive buffer 1 can
receive the next frame successively. As data is moved from receive buffer 1 to receive
buffer 2, the receive buffer full flag SCOMOD2 <RBFULL> is set to “1"” and the INTRX0
interrupt is generated.

While data is in receive buffer 2, if CPU cannot read data from receive buffer 2 before
completing reception of the next 8 bits, the INTRXO interrupt is not generated and the
SCLKO clock stops. In this state, reading data from receive buffer 2 allows data in
receive buffer 1 to move to receive buffer 2 and thus the INTRXO interrupt is generated
and data reception resumes.

Receive data « R
write timing /” /
SCLKO output T T Q\ T &+ T | T_
7
(4
RXDO bit 0 bit 1 > bit 6 bit 7 X__bito X
(INTRXO interrupt request) « -l
)]
<WBUF>="0" (if double buffering is disabled)
Receive data |-| «
write timing /”
scukooup|__{ f 1§ 1L L 1L
(4
RXDO bit / bit O bit 1 ) bit 6 bit7 X bito X

(INTRXO Interrupt request)

|-| {( -I

)]

RBFULL Q | |

<WBUF>="1" (if double buffering is enabled and data is read from buffer 2)

Receive data

write timing

SCLKO outpyt

f f 1§ f

RXDO

bit / bit 0 bit 1 bit 6

(INTRXO Interrupt request)

/7

[1 ’

bit 7

)]

RBFULL I

<WBUF>="1" (if double buffering is enabled and data cannot be read from buffer 2)
Fig. 10-12 Receive Operation in the I/O Interface Mode (SCLKO Output Mode)
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SCLK input mode

In the SCLK input mode, receiving double buffering is always enabled, the received frame
can be moved to receive buffer 2 and receive buffer 1 can receive the next frame

successively.

The INTRX receive interrupt is generated each time received data is moved to received

buffer 2.

Receive data
read timing

SCLKO input

(<SCLKS>=0
Rising edge mode)

SCLKO input

(<SCLKS>=1
Falling edge mode)

RXDO

bit 0

bit 1 (_bit5

bit 6

bit 7

bit 0

INTRXO Interrupt requeFtb

RBFULL _I

Receive data
read timing

If data is read from buffer 2

e

SCLKO input

»

(<SCLKS>=0
Rising edge mode)

SCLKO input

1L

(<SCLKS>=1
Falling edge mode)

RXDO

bit 0

bit 1 (_bit5

bit 6

bit 7

bit 0

INTRXO Interrupt requeFtb

RBFULL _I

OERR

If data cannot be read from buffer 2

Fig. 10-13 Receive Operation in the I/O Interface Mode (SCLKO Input Mode)

(Note) To receive data, SCOMOD <RXE> must always be set to “1” (receive enable) in the
SCLK output / SCLK input mode.
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® Transmit and receive (full-duplex)

The full-duplex mode is enabled by setting bit 6 <FDPX0> of the serial mode control
register 1 (SCOMOD1) to “1".

SCLK output mode

In the SCLK output mode, if SCOMOD2 <WBUF> is set to “0” and both the transmit
and receive double buffers are disabled, SCLK is output when the CPU writes data to
the transmit buffer. Subsequently, 8 bits of data are shifted into receive buffer 1 and the
INTRXO receive interrupt is generated. Concurrently, 8 bits of data written to the
transmit buffer are output from the TXDO pin, the INTTXO transmit interrupt is
generated when transmission of all data bits has been completed. Then, the SCLK
output stops. In this, the next round of data transmission and reception starts when the
data is read from the receive buffer and the next transmit data is written to the transmit
buffer by the CPU. The order of reading the receive buffer and writing to the transmit
buffer can be freely determined. Data transmission is resumed only when both
conditions are satisfied.

If SCOMOD2 <WBUF> =“1" and double buffering is enabled for both transmission and
reception, SCLK is output when the CPU writes data to the transmit buffer.
Subsequently, 8 bits of data are shifted into receive buffer 1, moved to receive buffer 2,
and the INTRXO interrupt is generated. While 8 bits of data is received, 8 bits of
transmit data is output from the TXDO pin. When all data bits are sent out, the INTTXO0
interrupt is generated and the next data is moved from the Transmit Buffer 2 to
Transmit Buffer 1. If Transmit Buffer 2 has no data to be moved to Transmit Buffer 1
(SCOMOD2 <TBEMP> = 1) or when receive buffer 2 is full (SCOMOD2 <RBFULL> = 1),
the SCLK clock is stopped. When both conditions, receive data is read and transmit
data is written, are satisfied, the SCLK output is resumed and the next round of data
transmission is started.
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Receive data
read timing
Transmit data
write timing J_kl rk/
SCLKO output T T L« I T T T L
f
TXDO bit 0 bit 1 ( bit 5 bit 6 bit 7 bit 0 bit 1
{(
RXDO bit 0 bit 1 { bit 5 bit 6 bit 7 bit 0 bit 1
(INTTXO Interrupt request) «
»
(INTRXO Interrupt request) « |-|
»
<WBUF>="0" (if double buffering is disabled)
Receive data |'|
read timing
Transmit data
write timing J_+7 rl
sclkooutput ¢ ] | » ] | i) i)
<
. )
TXDO bit 0 bit 1 ( bit 5 bit 6 bit 7 bit 0 bit 1
{(
. )
RXDO bit 0 bit 1 ( bit 5 bit 6 bit 7 bit 0 bit 1

(INTRXO Interrupt request)

I
»

Receive data

I
n

<WBUF>="1" (if double buffering is enabled)

read timing

Transmit data
write timing J_+7

SCLKO output 1 1 | | 1
§
TXDO bit 0 bit 1 ( bits bit 6 hit 7
{( .
R )
RXDO bit 0 bit 1 ( bits bit 6 bit 7

(INTTXO Interrupt requedt)

{¢

(INTRXO Interrupt request)

»

{¢

<WBUF>="1" (if double buffering is enabled)

»

Fig. 10-14 Transmit/Receive Operation in the 1/O Interface Mode (SCLKO Output Mode)
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SCLK input mode

In the SCLK input mode with SCOMOD2 <WBUF> set to “0” and the transmit double
buffers are disabled (double buffering is always enabled for the receive side), 8-bit
data written in the transmit buffer is output from the TXDO pin and 8 bits of data is
shifted into the receive buffer when the SCLK input becomes active. The INTTX0
interrupt is generated upon completion of data transmission and the INTRXO interrupt
is generated at the instant the received data is moved from receive buffer 1 to receive
buffer 2. Note that transmit data must be written into the transmit buffer before the
SCLK input for the next frame (data must be written before the point A in Fig. 10-15).
As double buffering is enabled for data reception, data must be read before completing
reception of the next frame data.

If SCOMOD2 <WBUF> =“1" and double buffering is enabled for both transmission and
reception, the interrupt INTRXO is generated at the timing Transmit Buffer 2 data is
moved to Transmit Buffer 1 after completing data transmission from Transmit Buffer 1.
At the same time, the 8 bits of data received is shifted to buffer 1, it is moved to receive
buffer 2, and the INTRXO interrupt is generated. Upon the SCLK input for the next
frame, transmission from Transmit Buffer 1 (in which data has been moved from
Transmit Buffer 2) is started while receive data is shifted into receive buffer 1
simultaneously. If data in receive buffer 2 has not been read when the last bit of the
frame is received, an overrun error occurs. Similarly, if there is no data written to
Transmit Buffer 2 when SCLK for the next frame is input, an under-run error occurs.
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Receive data | |'|

read timing
Transmit data ﬂ |'| l

write timing /
SCLKO input 1 1 _%_T ) i) 1
! ¥ ¥ ! ! '
«
TXDO bit 0 bit 1 {_bit 5 bit 6 bit 7 bit 0 bit 1

{( H
RxDO___ X__ bito_ X__bitl X;{ bits _ X__ bit6  X__ bit7 X_bito X__bitr X

(INTTXO Interrupt request)

{4
»

(INTRXO Interrupt request) « |-|

<WBUF>="0" (if double buffering is disabled)

e )
T 1
SCLKO input f I} _%_T I} I} T L
! ! ! { { 'l
«
TXDO bit 0 bit 1 {_bit 5 bit 6 bit 7 bit 0 bit 1

{( H
RXDO___ X__ bito_ X__ bitl X;{ bit5 X bite  X__ bit7 X bito X_ btz X

(INTTXO Interrupt reqth)

L
»
(INTRXO Interrupt request)

{( |-|
»

<WBUF>="1" (if double buffering is enabled with no errors)

e ]
e ]
SCLKO input f I} _%_T I} I} 1}
! ! ! { { '
«
TXDO bit 0 bit 1 { bit 5 bit 6 bit 7 bit 0 bit 1

{( H
RXDO___ X__ bito X__ bitl X;{ bits X bit6  X__ bit7 X bito X__bitr_ X

(INTTXO Interrupt reqth)

{4
»

« [

)
PERR Under-run errors |

(INTRXO Interrupt request)

<WBUF>="1" (if double buffering is enabled with error generation)
Fig. 10-15 Transmit/Receive Operation in the I/O Interface Mode (SCLKO Input Mode)
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10.5.2 Mode 1 (7-bit UART Mode)

The 7-bit UART mode can be selected by setting the serial mode control register (SCOMOD
<SM1, 0>) to “01".

In this mode, parity bits can be added to the transmit data stream; the serial mode control
register (SCOCR <PE>) controls the parity enable/disable setting. When <PE> is set to “1”
(enable), either even or odd parity may be selected using the SCOCR <EVEN> bit. The
length of the stop bit can be specified using SCOMOD2<SBLEN>.

The following table shows the control register settings for transmitting in the following data

........ \start/<bit0>< ) X 5 X : X 4 X 5 X 6 Xr?;ﬁtr; stop

<€— Transmission direction (Transmission rate of 2400 bps @ fc = 9.8304 MHz)

format.

* Clocking conditions System clock : high- speed (fc)
High-speed clock gear ;o x1 (fc)
Prescaler clock  fperiphi2 (fperiph = fsys)
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10.5.3 Mode 2 (8-bit UART Mode)
The 8-bit UART mode can be selected by setting SCOMODO0 <SM1:0> to “10.” In this mode,
parity bits can be added and parity enable/disable is controlled using SCOCR <PE>. If <PE>
“1” (enabled), either even or odd parity can be selected using SCOCR <EVEN>.

The control register settings for receiving data in the following format are as follows:

AT 0000000

<€—— Transmission direction (transmission rate of 9600 bps @ fc = 9.8304 MHz)

High-speed (fc)
x1 (fc)
fperiph/4 (fperiph = fsys)

* Clocking conditions System clock
High-speed clock gear

Prescaler clock
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10.5.4 Mode 3 (9-bit UART)

The 9-bit UART mode can be selected by setting SCOMODO <SM1:0> to “11.” In this mode,
parity bits must be disabled (SCOCR <PE> = “0").

The most significant bit (9th bit) is written to bit 7 <TB8> of the serial mode control register 0
(SCOMODO) for transmitting data. The data is stored in bit 7 <RB8> of the serial control
register SCOCR. When writing or reading data to/from the buffers, the most significant bit
must be written or read first before writing or reading to/from SCOBUF. The stop bit length
can be specified using SCOMOD2 <SBLEN>.

Wakeup function

In the 9-bit UART mode, slave controllers can be operated in the wake-up mode by setting
the wake-up function control bit SCOMODO <WU> to “1.” In this case, the interrupt INTRX0
will be generated only when SCOCR <RB8> is set to “1".

TXD RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Slave 2 Slave 3

(Note)The TXD pin of the slave controller must be set to the open drain output mode
using the ODE register.

Fig. 10-16 Serial Links to Use Wake-up Function
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® Select the 9-bit UART mode for the master and slave controllers.
@ Set SCOMOD <WU> to “1” for the slave controllers to make them ready to receive data.
® The master controller is to transmit a single frame of data that includes the slave controller
select code (8 bits). In this, the most significant bit (bit 8) <TB8> must be set to “1".
\start/<b|t OX X X X X X X >/ Vstop
Slave controller select code
@ Each slave controller receives the above data frame; if the code received matches with the
controller's own select code, it clears the WU bit to “0”.
® The master controller transmits data to the designated slave controller (the controller of
which SCOMOD <WU> hit is cleared to “0"). In this, the most significant bit (bit 8) <TB8>
must be set to “0”.
\start/<b|t0>< X X X X X X >\b|t8 / stop
Data
® The slave controllers with the <WU> bit set to “1” ignore the receive data because the most

significant bit (bit 8) <RB8> is set to “0” and thus no interrupt (INTRXO) is generated.

Also, the slave controller with the <WU> bit set to “0” can transmit data to the master
controller to inform that the data has been successfully received.

An example: Using the internal clock fsys as the transfer clock, two slave controllers are

serially linked as follows.

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010
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11 Watchdog Timer (Watch Dog Timer)

The watchdog timer (WDT) is for detecting malfunctions (runaways) of the CPU caused by noises or
other disturbances and remedying them to return the CPU to normal operation. If the timer detects a
runaway, it generates a non-maskable interrupt or an internal reset to notify the CPU. The watchdog

timer starts immediately after reset release.

11.1 Configuration

Fig. 11-1 shows the block diagram of the watchdog timer

WDMOD <RESCR> RESET pin

\;1 >— Internal reset

— 1 Non-maskable

- - interrupt request
(NMI)

WDMOD — Selector
<WDTP2:0>

fsvs

Reset (5

7>

Internal reset

Write
Ox4E

Watch dog timer
Control Register WDCR

~
i

Internal data bus

Fig. 11-1 Block Diagram of the Watchdog Timer
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11.2 Outline

The watchdog timer consists of the binary counters that are arranged in 25 stages and work using the
fsys system clock as an input clock. The outputs produced by these binary counters are 2*°, 27, 2*°,
22! 2% are 2% By selecting one of these outputs with WDMOD <WDTP2:0>, NMI can be generated
when an overflow occurs, as shown in Fig. 11-2.

11.2.1 Interrupt Mode (WDMOD<RESCR>=0)

When an overflow occurs, the watchdog timer generates NMI to the CPU.

£<

WDT counter n X Overflow X ::

« X
I [ ’ <

))

Write of a clear code N
WDT clear «
12

Fig. 11-2 Interrupt Mode

11.2.2 Reset Mode (WDMOD<RESCR>=1)

When an overflow occurs, resetting the chip itself is an option to choose. If the chip is reset, a reset is
affected for a 32-state time, as shown in Fig. 11-3. If this reset is affected, the clock fsys that the clock
gear generates by dividing the clock f¢ of the high-speed oscillator by 1 is used as an input clock fsys.

Overflow

WDT counter n X_\ «

»

NMI «
D]

{(
n

Internal reset

32-state :
(3.2 us @ fosc = 10 MHz, fc = fsys = 10 MHz,)

Fig. 11-3 Reset Mode
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11.3 Control Registers
The watchdog timer (WDT) is controlled by two control registers WDMOD and WDCR.
11.3.1 Watchdog Timer Mode Register (WDMOD)

1. Enabling/disabling the watchdog timer <WDTE>
When resetting, WDMOD <WDTE> is initialized to "1" and the watchdog timer is enabled.

To disable the watchdog timer, this bit must be set to "0" and, at the same time, the disable code
(OxB1) must be written to the WDCR register. This dual setting is intended to minimize the
probability that the watchdog timer may inadvertently be disabled if a runaway occurs.

To change the status of the watchdog timer from "disable" to "enable," set the <WDTE> hit to "1".

2. Specifying the detection time of the watchdog timer <WDTP2: 0>

This is a 3-bit register for specifying the NMI time for runaway detection. When a reset is effected,
this register is initialized to WDMOD <WDTP2: 0> = "000." Fig. 11-4 shows the detection time of
the watchdog timer.

3. Enabling/disabling the watchdog timer in IDLE mode <I2WDT>

Enabling/disabling the watchdog timer in IDLE mode is controlled by this bit. Writing “1” to this bit
enables the watchdog timer and writing “0” to this bit disables the watchdog timer in IDLE mode.

(Note) The watchdog timer is halted in STOP mode.

4. Watchdog timer out reset connection <RESCR>

Setting this bit to "1" enables the watch dog timer to be reset when a runaway is detected. Since a
reset initializes this bit to "1," a counter overflow causes a reset.

11.3.2 Watchdog Timer Control Register (WDCR)

This is a register for disabling the watchdog timer function and controlling the clearing function of
the binary counter.

e Disabling control

By writing the disable code (0xB1) to this WDCR register after setting WDMOD <WDTE> to "0," the
watchdog timer can be disabled.

WDMOD «+ 0 — — — — — — — Clears WDTE to "0."
WDCR <~ 10110001 Writes the disable code (0xB1).

e Enabling control
Set WDMOD <WDTE> to "1".

e Watchdog timer clearing control

Writing the clear code (Ox4E) to the WDCR register clears the binary counter and allows it to
resume counting.

WDCR «~01001110 Writes the clear code (Ox4E)

(Note) Writing the disable code (0xB1) clears the binary counter.

TMPM370 11-3 Watchdog Timer
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Watchdog Timer Mode Register
7 6 5 4 3 2 1 0
bit Symbol WDTE WDTP2 WDTP1 WDTPO 12WDT RESCR
WDMOD Read/Write R/W R/W R R/W R/W
(0x4004_0000) |After reset 1 0 | 0 | 0 0 1 0
Function WDT Selects WDT detection time "0"is read. |IDLE WDT Write "0."
control 000: 215/fSYS 0: Stop Out control
' 001: 217/f3y3 1: Start 0: Generates
0: Disable | 1. 219/fSYS NMI
1: Enable 011: 221/fSY5
100: 223/fSYS 1: Generates
25 reset
101: 27 ffsys
110: Setting prohibited
111: Setting prohibited
Watchdog timer out control
N 0 Generates NMI

1 Generates reset

— Detection time of watchdog timer @ fc =80 MHz
SYSCR1 Detection time of watchdog timer
clock gear WDMOD<WDTP2:0>
value 000 001 010 011 100 101
<GEAR2:0>
000 fc 0.41 ms 1.64 ms 6.55 ms 26.21 ms 104.21 ms 419.43 ms
100 (fc/2) 0.82 ms 3.28 ms 13.11 ms 52.43 ms 209.72 ms 838.86 ms
101 (fc/4) 1.64 ms 6.55 ms 26.21 ms 104.86 ms 419.43 ms 1.68s
110 (fc/8) 3.28 ms 13.11 ms 52.43 ms 209.72 ms 838.86 ms 3.36s
111 (fc/16) 6.55 ms 26.21 ms 104.86 ms 419.43 ms 1.68 s 6.71s

Enable/disable control of the watchdog timer

WDCR
(0x4004_0004)

0 Disable
1 Enable
Watchdog Timer Control Register
7 | 6 | 5 | 4 | 3 | 2 | 1 | o
bit Symbol -
Read/Write W
After reset -
Function 0xB1: WDT disable code

Ox4E : WDT clear code

L Disable & clear of WDT

0xB1 WDT disable code
Ox4E WDT clear code
Others -

Fig. 11-4 Watchdog Timer Registers
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11.4 Operation

The watchdog timer generates the NMI or an internal reset after a lapse of the detection time specified
by the WDMOD <WDTP2: 0> register. Before generating the NMI or an internal reset, the binary
counter for the watchdog timer must be cleared to "0" using software (instruction). If the CPU
malfunctions (runaways) due to noise or other disturbances and cannot execute the instruction to
clear the binary counter, the binary counter overflows and the non-maskable interrupt by the NMI or
an internal reset is generated. The CPU is able to recognize the occurrence of a malfunction
(runaway) by identifying the non-maskable interrupt and to restore the faulty condition to normal by
using a malfunction (runaway) countermeasure program.

The watchdog timer begins operation immediately after a reset is cleared.

In STOP mode, the watchdog timer is reset and in an idle state. In IDLE mode, its operation depends
on the WDMOD <I2WDT> setting. Before putting it in IDLE mode, WDMOD <I2WDT> must be set to
an appropriate setting, as required.

Example:

1. To clear the binary counter

76543210
WDCR «<~ 01001110 Writes the clear code (0x4E)

2. To set the detection time of the watchdog timer to 2 ffsys.

76543210
WDMOD «~ 1001 —-—— —

3. To disable the watchdog timer.

76543210
WDMOD « 0 — — — — — — — Clears WDTE to "0"
WDCR «+ 10110001 Writes the disable code (0xB1)

(Note 1) The counter of the watchdog timer stops at the debug mode.
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12. Oscillation Frequency Detector (OFD)

12.1 Configuration

The oscillation frequency detector generates a reset for 1/O if the oscillation of high frequency for CPU clock
OFDMNPLLexceeds the detection frequency range.

The oscillation frequency detection is controlled by OFDCR1, OFDCR?2 registers and the detection frequency
range is specified by OFDMNPLLOFF/OFDMNPLLON/OFDMXPLLOFF/OFDMXPLLON which are the detec-
tion frequency setting registers. The lower detection frequency is specified by OFDMNPLLOFF/OFDMNPLLON
registers and the higher detection frequency is specified by OFDMXPLLOFF/OFDMXPLLON registers. An initial
value of detection frequency is shown in Figure 12-1.

When the oscillation frequency detection is enabled, writing to OFDMNPLLOFF/OFDMNPLLON/OFDMX-
PLLOFF/OFDMXPLLON registers is disabled. Therefore, the setting the detection frequency to these registers
should be done when the oscillation frequency detection is disabled. And writing to OFDCR2/OFDMNPLLOFF/
OFDMNPLLON/OFDMXPLLOFF/OFDMXPLLON registers is controlled by OFDCR1 register. To write
OFDCR2/OFDMNPLLOFF/OFDMNPLLON/OFDMXPLLOFF/OFDMXPLLON registers, the write enable code
"0xF9" should be set to OFDCR1 bheforehand. To enable the oscillation frequency detector, set "0xE4" to OFDCR2
after setting "OxF9" to OFDCRL. Since the oscillation frequency detection is disabled after an external reset input,
write "0xF9" to OFDCR1 and write "0xE4" to OFDCR?2 register to enable its function.

When the TMPM370 detects the out of frequency by lower and higher detection frequency setting registers, all 1/
Os become high impedance by reset. In case of PLLOFF, OFDMNPLLOFF and OFDMXPLLOFF registers are valid
for detection and the setting value of OFDMNPLLON/OFDMXPLLON registers are ignored. In case of PLLON,
OFDMNPLLON and OFDMXPLLON registers are valid for detection and the setting value of OFDMNPLLOFF/
OFDMXPLLOFF registers are ignored. By the oscillation frequency detection reset, all 1/0s except power supply
pins, RESET, X1 and X2 become high impedance. If oscillation frequency detection reset is generated by detecting
the stopping of high frequency, the internal circuities such as registers hold the condition at the timing of oscillation
stop. To initialize these internal circuitries, an external re-starting of oscillation is needed.

Since all registers for oscillation frequency detector (OFDCR1/OFDCR2/OFDMNPLLOFF/OFDMNPLLON/
OFDMXPLLOFF/OFDMXPLLON) are not initialized by the reset generated from oscillation frequency detector,
the detection of oscillation is keeps its function during the reset period of oscillation frequency detection. Therefore,
if the oscillation frequency detection reset occurs, the reset is not released unless the CPU clock resumes its normal
frequency.

Note 1: The oscillation frequency detection reset is available only in NORMAL and IDLE modes. In STOP mode, the oscil-
lation frequency detection reset is disabled automatically.

Note 2: OFDMNPLLOFF/OFDMXPLLOFF and OFDMNPLLON/OFDMXPLLON are automatically switched over by the
setting of PLLON.
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Detection Area

+10%
VDD [V] M Harmonics
Subharmonics ! ! of 10MHz-10%
of 10MHz+10% : '
1 1
1 1
55 Y Y
45 T e I
o ! 1 ! 1 1
o ! 1 ! 1 1
o ! 1 ! 1 1
L ! L ! L L
5 55 9 10 11 18 20
fc [MHz]
(a) In case of PLLOFF
Detection Area
+10Y
VDD [V] M Harmonics
Subharmonics ! ! of 80MHz-10%
of 80MHz+10% : |
1 1
1 1
s L A Y
45 T e I
o ! 1 ! 1 1
o ! 1 ! 1 1
o ! 1 ! 1 1
L ! L ! L L
40 44 72 80 88 144 160
fc [MHZz]

(b) In case of PLLON

Figure 12-1 Detection frequency range (Initial value)

PLLON

y

PLLSEL

XEN
X1 High Frequency
X2 —— Oscillator

PLL

y

A
>

fc

Oscillation
Frequency
Detector

Oscillation Frequency
Detection Reset

>

Figure 12-2 Oscillation Frequency Detector
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12.2 Control

The oscillation frequency detection is controlled by oscillation frequency detection control register 2 (OFDCR?2).
The detection frequency is specified by lower/higher detection frequency setting registers (OFDMNPLLOFF, OFD-
MNPLLON, OFDMXPLLOFF and OFDMXPLLON). Writing to OFDCR2/OFDMNPLLOFF/OFDMNPLLON/
OFDMXPLLOFF/OFDMXPLLON is controlled by oscillation frequency control register 1 (OFDCR1).

Oscillation frequency detection control register 1

OFDCR1
(0x4004_0800)

31-8

Bit Symbol
Read/Write
After reset

7 6 5 4 3 2 1 0
Bit Symbol CLKWEN7 | CLKWENG6 | CLKWEN5 | CLKWEN4 | CLKWEN3 | CLKWEN2 [ CLKWEN1 | CLKWENO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/IW
After reset 0 0 0 0 0 1 1 0
Function 0x06: Disabling of writing to OFDCR2/OFDMNPLLOFF/OFDMNPLLON/OFDMXPLLOFF/

OFDMXPLLON (Write disable code)

0xF9: Enabling of writing to OFDCR2/OFDMNPLLOFF/OFDMNPLLON/OFDMXPLLOFF/

OFDMXPLLON (Write enable code)

Others: Reserved (Note 1)

Note 1: Only "0x06" and "0xF9" is valid to OFDCRL. If other value than "0x06" and "0xF9" is written to OFDCR1, "0x06" is
written to OFDCR1 automatically.

Note 2: OFDCRL1 is not initialized by an internal factor reset including oscillation frequency detection reset. To initialize this

registers, set the RESET pin (external factor reset) to the low level.

Oscillation frequency detection control register 2

OFDCR2
(0x4004_0804)

31-8

Bit Symbol
Read/Write
After reset

7 6 5 4 3 2 1 0
Bit Symbol CLKSEN7 | CLKSENG6 | CLKSEN5 | CLKSEN4 | CLKSEN3 [ CLKSEN2 | CLKSEN1 | CLKSENO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function 0x00: Disabling of oscillation frequency detection

0xE4: Enabling of oscillation frequency detection

Others: Reserved (Note 1)

Note 1: Only "0x00" and "0xE4" is valid to OFDCR2. Writing other value than "0x00" and "OxE4" to OFDCR2 is ignored.

Note 2: Writing to OFDCR2 is protected by setting "0x06" to OFDCR1 but reading from OFDCR2 is always enabled with-
out setting of OFDCR1.
Note 3: OFDCR2 is not initialized by an internal factor reset including oscillation frequency detection reset. To initialize this

registers, set the RESET pin (external factor reset) to the low level.

TMPM370 12-3
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Lower detection frequency setting register (In case of PLL OFF)
31-9 8
OFDMNPLLOFF Bit Symbol - OFDMNPLLOFF
(0x4004_0808) Read/Write R RIW
After reset 0 0
7 6 5 4 3 2 1 0
Bit Symbol OFDMNPLLOFF
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 1 1 1 1 1
Lower detection frequency setting register (In case of PLL ON)
31-9 8
OFDMNPLLON Bit Symbol - OFDMNPLLON
(0x4004_080C) Read/Write R RIW
After reset 0 0
7 6 5 4 3 2 1 0
Bit Symbol OFDMNPLLON
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 1 1 1 1 0 0 0 1
Higher detection frequency setting register (In case of PLL OFF)
31-9 8
OFDMXPLLOFF | Bit Symbol - OFDMXPLLOFF
(0x4004_0810) Read/Write R RIW
After reset 0 0
7 6 5 4 3 2 1 0
Bit Symbol OFDMXPLLOFF
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 1 1 0 1 1 1
Higher detection frequency setting register (In case of PLL ON)
31-9 8
OFDMXPLLON Bit Symbol - OFDMXPLLON
(0x4004_0814) Read/Write R RIW
After reset 0 0
7 6 5 4 3 2 1 0
Bit Symbol OFDMXPLLON
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 1 1 0 0 0 0 0 0

Note 1: OFDMNPLLOFF, OFDMNPLLON, OFDMXPLLOFF and OFDMXPLLON can not be written when the oscillation frequency
detection circuit is enabled (OFDCR2="0xE4") or writing is disabled with OFDCR1="0x06". An attempt to write OFDMN-
PLLOFF, OFDMNPLLON, OFDMXPLLOFF and OFDMXPLLON can not complete a write operation.

Note 2: Writing to OFDMNPLLOFF, OFDMNPLLON, OFDMXPLLOFF and OFDMXPLLON is protected by setting "0x06" to
OFDCRL1 but reading from OFDMNPLLOFF, OFDMNPLLON, OFDMXPLLOFF and OFDMXPLLON is always enabled
without setting of OFDCRL1.

Note 3: Specify an appropriate value to OFDMNPLLOFF and OFDMXPLLOFF depending on the clock frequency to be used
under the condition of OFDMNPLLOFF<OFDMXPLLOFF. For how to calculate the value, refer to " 12.3.2 Setting the

Lower and Higher Frequency for Detection ".
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Note 4: Specify an appropriate value to OFDMNPLLON and OFDMXPLLON depending on the clock frequency to be used under
the condition of OFDMNPLLON<OFDMXPLLON. For how to calculate the value, refer to " 12.3.2 Setting the Lower and
Higher Frequency for Detection ".

Note 5: OFDMNPLLOFF, OFDMNPLLON, OFDMXPLLOFF and OFDMXPLLON are not initialized by an internal factor reset
including oscillation frequency detection reset. To initialize these registers, set the RESET pin (external factor reset) to the

low level.

Note 6: OFDMNPLLOFF/OFDMXPLLOFF and OFDMNPLLON/OFDMXPLLON are automatically switched over by the setting of

PLLON.

12.3 Function

12.3.1 Enabling and Disabling the Oscillation Frequency Detection

Writing "OxE4" to OFDCR2 with OFDCR1="0xF9" enables the oscillation frequency detection, and writing
"0x00" to OFDCR2 with OFDCR1="0xF9" disables the oscillation frequency detection.

Setting "0xF9" to OFDCR1 enables writing to OFDCR2 and setting "0x06" to OFDCR1 disables writing to
OFDCR2. Reading from OFDCR?2 is always enabled without setting of OFDCR1. OFDCRL1 is initialized to
"0x06" by external reset and OFDCR?2 is initialized to "0x00" by external reset. However, OFDCR1 and
OFDCR?2 are not initialized by internal reset which are SYSRESETREQ reset, watchdog timer reset and oscil-
lation frequency detection reset.

Note: After writing data to OFDCR2, set "0x06" to OFDCRL to protect OFDCR?2 register.

When STOP mode is executed with OFDCR2=0xE4, the oscillation frequency detection is automatically dis-
abled. After releasing STOP and warming up period, the oscillation frequency detection is enabled. The oscil-
lation frequency detection is available only in NORMAL and IDLE mode. Table 12-1 shows the availability of
oscillation frequency detector.

Table 12-1 Availability of oscillation frequency detector

Operating Mode Oscillation Frequency Detection All 1/Os condition after Oscillation Frequency Detection RESET
perating (OFDCR2=0xE4) (Except power supply, RESET, X1, X2 pins)
NORMAL Available High impedance
IDLE Available High impedance
STOP L L .
. ) . Oscillation Frequency Detection is disabled automatically.
(Including warming up period)
RESET by osc.lllatlon frequency Available High impedance
detection reset
RESET by internal reset (Note 1) Available High impedance
RESET by external reset Disable

Note 1: Internal reset; Watchdog timer reset, SYSRESETREQ reset

Enabling by writting

Enabling by writting

( OXxE4 to CLKSCR ( OxE4 to CLKSCR
:‘ Disable ‘: Enable :‘ Disable ‘:‘ Enable ‘: Disable : Enable
3 > > < > <€ >, ;
1 | ! (C ! ! !
T
voo | ! : % . ; ;
1 1 1 1 1
. 1 1 1 ! 1 1
High-frequency ! mmmml AR AARRRRRE R AR A AN AN A AN AR AN A AT AR AR A R A
clock ! HH\HHHH:H LARRRRRRERAA AR 0000 RRRRRRRERE T ARRRRRRERRAA AR HHHHHH\H\IHHHHHHHH HHHH\H:\H\HHHHHHHH AR
| ! : ¢ ' : :
External RESET i [ j > j ]
input i ! b e 1 | ! ] 1
Internal RESET | 3 ) R ' ! [
1 1 I | i ! |
- i ' i ' ! X : .
Oscillation Frequency 1 T | ]
Detector control | ' « i ! I—, 1
)J 1 1
| External , NORMALoOr | STOP mode 1 NORMAL or; Internal ! NORMAL or | External | NORMAL or
! RESET ! IDLE mode ! including warming up | [DLE mode | RESET , IDLE mode 1 RESET ' IDLE mode
| | |

Figure 12-3 Availability of Oscillation Frequency Detection
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12.3.2 Setting the Lower and Higher Frequency for Detection
The detection frequency is specified by OFDMNPLLOFF, OFDMNPLLON, OFDMXPLLOFF and OFD-

MXPLLON registers. The relation between the setting value to these registers and the detection frequency is
shown in Table 12-2.

Table 12-2 High frequency and Setting value for detection frequency

. Detection frequency Non detection frequency . .
High frequency Range range [MHz] range [MHz] Setting value Decimal (Hex)
8MHz Lower <4.12 >7.76 OFDMNPLLOFF 24 (0x18)
(PLL OFF) Upper >15.52 <8.24 OFDMXPLLOFF 47 (0x2F)
10MHz Lower <5.15 >9.7 OFDMNPLLOFF 30 (OX1E)
(PLL OFF) Upper >10.4 <103 OFDMXPLLOFF 59 (0x3B)
64MHz Lower <32.96 > 62.08 OFDMNPLLON 190 (OXBE)
(PLLON) Upper >124.16 <65.92 OFDMXPLLON 379 (0x17B)
BOMHz Lower <412 >77.6 OFDMNPLLON 238 (OXEE)
(PLL ON) Upper >155.2 <82.4 OFDMXPLLON 473 (0x1D9)

12.3.3 Oscillation Frequency Detection Reset
If the TMPM370 detects lower frequency specified by OFDMNPLLOFF/OFDMNPLLON or higher fre-
quency specified by OFDMXPLLOFF/CLKCMXPLLON, the oscillation frequency detector outputs a reset
signal for all 1/Os.

a. When the high frequency oscillation becomes abnormal

When an abnormal (lower or higher) frequency oscillation continues for some period (Togp), the

oscillation frequency detection reset is generated. By oscillation frequency detection reset initializes
all 1/0s except power supply pins, RESET, X1 and X2 become high impedance.

b. When the high frequency oscillation stops

When the high frequency oscillation stops for some period (Togp), the oscillation frequency detec-

tion reset is generated. By oscillation frequency detection reset initializes all 1/0s except power sup-
ply pins, RESET, X1 and X2 become high impedance. However, since the internal circuitries such as
CPU are initialized by a reset signal latched by high frequency, the internal circuitries hold the state
at the oscillation frequency detection.

When the oscillation resumes its normal frequency and continues for some period (Togp), the oscillation fre-
quency detection reset is released.

TMPM370 12-6 Oscillation Frequency Detector (OFD)
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- When the high-frequency clock becomes abnormal
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! ! X | ~When normal oscillation continues
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All /0s E E > AL :
] I ! 1
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! ! . Yy for some period, the oscillation
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1 1
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Figure 12-4 Oscillation Frequency Detection Reset Timing
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13. Power-on Reset Circuit (POR)

The power-on reset circuit generates a reset when the power is turned on. When the supply voltage is
lower than the detection voltage of the power-on reset circuit, a power-on reset signal is generated.

13.1 Configuration

The power-on reset circuit consists of a reference voltage generation circuit, a comparator and a
power-on counter.

The supply voltage divided by ladder resistor is compared with the voltage generated by the reference
voltage generation circuit by the comparator.

DVDDS5, DVDDSE, RVDD5

fosc

!

Power-on counter |—>Power—0n reset signal

Power-on

Reference voltage detection signal
generation circuit

h

Figure 13-1 Power-on Reset Circuit
13.2 Function

When power supply voltage goes on, if the supply voltage is equal to or lower than the releasing voltage
of the power-on reset circuit, a power-on reset signal is generated. If the power supply voltage exceeds
the releasing voltage of the power-on reset circuit, power-on counter is activated and 2*/fosc (s) later, a
power-on reset signal is released.

When power supply voltage goes down, if the supply voltage is equal to or lower than the detecting
voltage of the power-on reset circuit, a power-on reset signal is generated.

During the generation of power-on reset, the power-on counter circuit, the CPU and peripheral circuits
are reset.

When the power-on reset cuicuit is activated without an external reset input signal, the supply voltage
should be increased to the recommended operating voltage range (Note) within 3ms from the detection

of the releasing voltage of the power-on reset circuit. If the supply voltage does not reach the range, the
TMPM370 cannot operate properly.

(Note When the supply voltage rises, until the supply voltage (at DVDD5,DVDD5E and RVDD5 pins) reach the
recommended operating voltage range (4.5V through 5.5V) and 200pus passes by, the following condition should
be satisfied; Port L (PLO and PL1) is opened or the input voltage is within 0.5 volts.

TMPM370 13-1 Power-on Reset
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Supply voltage
4.5V e

tPORPW

VPORH
AV/=To] =TT SR O S S S N
Minimum voltageof } /' i _ . . . . . . . . . . i ...
POR circuit
Power-on
detection signal g
(Low-level enable)
tPORDT1 tPORDT1
L > i< tPORDT2
Power-on J‘|_|'| J‘”"
counter - -
<>
tPWUP tPWUP

Power-on reset
signal
(Low-level enable)

Note 1: The power-on reset circuit may operate improperly, depending on fluctuations in the supply voltage. Refer to the electrical
characteristics and take them into consideration when designing equipment.

Note 2: If the supply voltage is lower than the minimum voltage of Power-on Reset circuit in which the circuit cannot operate
properly, the power-on reset signal becomes undefined value.

Figure 13-2 Operation Timing of Power-on Reset

Symbol Parameter Min Typ. Max Unit
VPORH Power-on Reset releasing voltage 2.8 3 3.2 \Y
VPORL Power-on Reset detection voltage 2.6 2.8 3.0 \
tPORDT1 Power-on Reset release response time 30 us
tPORDT2 Power-on Reset detection response time 30 us
tPORPW Power-on Reset minimum pulse width 45 Us
tPWUP Power-on counter (Note 2) 215”020 s

Note 1 : Since the power-on reset releasing voltage and the power-on reset detection voltage relatively change, the
detection voltage is never reversed.
Note 2 : 3.2ms at 10MHz.

For the details about Power-on sequence, refer to the chapter of “Electrical Characteristics”.

For the details about how to use external reset input, refer to “reset exceptions” in the chapter of
“Exceptions”.

TMPM370 13-2 Power-on Reset
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14. \Voltage Detection Circuit (VLTD)

The voltage detection circuit detects any decrease in the supply voltage and generates voltage

detection reset signals

Note: The voltage detection circuit may operate improperly, depending on fluctuations in the supply voltage (DVDD5, DVDD5E,
RVDDS5). Refer to the electrical characteristics and take them into consideration when designing equipment.

14.1 Configuration

The voltage detection circuit consists of a reference voltage generation circuit, a detection voltage
level selection circuit, a comparator and control registers.

The supply voltage (DVDD5, DVDDSE and RVDD5) is divided by the ladder resistor and input to the
detection voltage selection circuit. The detection voltage selection circuit selects a voltage according to
the specified detection voltage (VDLVL), and the comparator compares it with the reference voltage.

When the supply voltage (DVDD5, DVDD5E and RVDD5) becomes lower than the detection voltage

(VDLVL), a voltage detection reset signal is generated.

DVDD5,DVDD5E,RVDD5

+ Voltaae detection reset

Detection voltage
level selection circuit
|

Reference voltage
generation circuit

Figure 14-1 Voltage Detection Circuit

TMPM370 14-1 Voltage Detection Circuit
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14.2 Control

The voltage detection circuit is controlled by voltage detection control registers.

Voltage detection control register

VDCR 7 6 5 4 3 2 1 0
(0x4004_0900) | Bit Symbol - - - - - VDLVL1 VDLVLO VDEN
Read/Write R R R R R R/W R/W
After reset 0 0 0 0 0 00 0
00 : Reserved
VDLVL[1:0] | Selection for detection voltage 01:41£02V
10:44+02V
11:46+02V
VDEN Enables/disab.les the operation of 0 : Disables the operation of voltage detection
voltage detection 1 : Enables the operation of voltage detection

Note 1: VDCR is initialized by a power-on reset or an external reset input.

14.3 Function
The detection voltage can be selected by VDCR<VDLVL[1:0]>. Enabling/disabling the voltage detection

can be programmed by VDCR<VDEN>.
After the voltage detection operation is enabled, When the supply voltage (DVDD5, DVDD5E and

RVDDS5) becomes lower than the detection voltage <VDLVL[1:0]>, a voltage detection reset signal is

generated.

14.3.1 Enabling/disabling the voltage detection operation
Setting VDCR<VDEN-> to "1" enables the voltage detection operation. Setting it to "0" disables the

operation.
VDCR<VDEN-> is cleared to "0" immediately after a power-on reset or a reset by an external reset input

is released.

Note: When the supply voltage (DVDD5, DVDDSE and RVDD5) is lower than the detection voltage (VDLVL), setting

VDCR<VDEN> to "1" generates reset signal at the time.

TMPM370 14-2 Voltage Detection Circuit
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14.3.2 Selecting the detection voltage level

Select a detection voltage at VDCR<VDLVL[1:0]>.

Power voltage tVDPW

VLTD

etection Voltage
POR ; »

etection Voltage [ =75~~~ 7 7777777 TTooTmmo s ommmmm oo

Power-on reset
signal

tVDEN

_tVDEN .
Voltage < ( <.
detection JEEE— tvDDT1 tvDDT2 tvDDT1 | |
Software —> <« —> «— —> i« Software
Voltage detection :
reset signal
Figure 14-2 Voltage Detection Timing
Symbol Parameter Min Typ. Max Unit
tVDEN Setup time after enabling voltage detection 40 ys
tvDDT1 Voltage detection response time 40 us
tvDDT2 Voltage detection releasing time 40 us
tvDPW Voltage detection minimum pulse width 45 us

TMPM370 14-3 Voltage Detection Circuit
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15. Vector Engine (VE)

15.1 Overview

15.1.1 Features

The Vector Engine provides the following features:

1) Executes basic tasks for vector control (coordinate conversion, phase conversion and SIN/COS
computation).

* Uses fixed-point format data.
=> No need for software to manage the decimal point alignment.

2) Enables interface (output control, trigger generation, input processing) with the motor control circuit
(PMD: Programmable Motor Driver) and AD converter (ADC).

* Converts computation results from fixed-point format to data format usable in the PMD.
* Generates timing data for interactive operation with the PMD and ADC.
* Converts AD conversion results into fixed-point format.

3) Calculates current, voltage and rotation speed by using normalized values with respect to their
maximum values in fixed-point format.

4) Implements PI control in current control.

5) Implements phase interpolation (integration of rotation speed). .

Current control
ld_ref » Pl control Phase DUTY
—> : ; 2 > L >
vd Coordinate | VA_| conversion DUTYb | Output
Iq_ref »(PI control vg | conversion| v | 23 DUTYC | control > WM output
"] dg—AB i SECTOR : > setting (PMD)
VY (SVM) > —>
X _ L5 )
Trigger Sync. trigger
SIN/COS computation generation setting (PMD)
o > Phase sin,cos =\
w > | : ’ COS
interpolation
\ 4
Vdc
Vdc <« Input D —
A A 4
" I 3 l—
d < Id Coordinate | _ 1A Phase [« ; processing Current/voltage
: I conversion :|B conversion |« detection (ADC)
o < dg—AB [ 23 |l

Figure 15-1 Block Diagram of Vector Control
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15.1.2 Key Specifications

1) Space vector conversion is used for 2-phase-to-3-phase conversion. Both 2-phase modulation and
3-phase modulation are supported.

2) ADC sampling timing can be generated for sensorless current detection. Current detection can be
performed by the 1-shunt, 3-shunt and 2-sensor methods.

3) In current control, PI control is implemented independently for d-axis and g-axis. It is also possible to
directly supply reference voltage information without using current control.

4) SIN/COS computations are performed with approximations using series values.
Phase information can be directly specified or computed from rotation speed by using phase
interpolation.

* For using the Vector Engine, the PMD must be set to the VE mode through the mode select register
(MODESEL).
It is also necessary to make appropriate settings in the ADC (enabling trigger and selecting AIN and
result registers to be used) for each synchronizing trigger from the PMD.

TMPM370 15-2 Vector Engine (VE)
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15.2 Configuration

Figure 15-2 shows the configuration of the Vector Engine.

Schedule management Scheduler Tasks
C tati it
| Schedule control | [ scheduleo | [ current control | ompuiation tn
| [Schedue1 ]| || Ouputvoliage || | Decoder
ADC interrupt I Start control | Schedule 1 conversion
.
PWM interrupt——>| Error detection | Trigger
Schedule 9 generation Registers
VE interrupt 4__| Interrupt control | Input processing 'y
Input voltage

conversion

v
ADC PMD
Figure 15-2 Configuration of the Vector Engine

15.2.1 Interaction among Vector Engine, Motor Control Circuit and A/D Converter

The Vector Engine can control two motors by interacting with two channels of motor control circuit (PMD)
and two units of AD converter (ADC). Channel 0 of the Vector Engine controls PMD channel 0, and channel
1 of the Vector Engine controls PMD channel 1.

As shown in Figure 15-3, the Vector Engine allows direct interaction with the PMD and ADC.

When the PMDOMODESEL register is set to the VE mode, the PMD channel 0 registers PMDOCMPU,
PMDOCMPV, PMDOCMPW, PMDOMDOUT, PMDOTRGCMPO, PMDOTRGCMP1 and PMDOTRGSEL are
switched to the Vector Engine registers VECMPUO, VECMPV0, VECMPWO, VEOUTCRO, VETRGCMPQO,
VETRGCMP10 and VETRGSELO respectively. Likewise, the PMD channel 1 registers are switched to
Vector Engine registers VECMPU1, VECMPV1, VECMPW1, VEOUTCR1, VETRGCMPO01, VETRGCMP11
and VETRGSELL. In this case, these registers can only be controlled from the Vector Engine, and cannot
be written from the PMD. Other PMD registers have no read/write restrictions.

The ADC unit A registers ADAREGO, ADAREG1, ADAREG2, ADAREG3 and UVWISx0, UVWISx1,
UVWISx2, UVWISx3 which are the phase information specified by ADAPSETx are read into the Vector
Engine as the Vector Engine registers VEADREGOA, VEADREG1A, VEADREG2A, VEADREG3A,
VEPHNUMOA, VEPNNUM1A, VEPHNUM2A and VEPHNUMB3A respectively. (These registers cannot be
accessed from the CPU.) Likewise, the ADC unit B registers are read into the Vector Engine as the Vector
Engine registers VEADREGOB, VEADREG1B, VEADREG2B, VEADREG3B, VEPHNUMOB, VEPNNUM1B,
VEPHNUM2B and VEPHNUMS3B. (These registers cannot be accessed from the CPU.) These ADC
registers can be written and read from the ADC.

(x=0to5)

TMPM370 15-3 Vector Engine (VE)
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Figure 15-3 Interaction among Vector Engine, PMD and ADC
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15.3 List of Registers
The Vector Engine registers are divided into the following three types:
VE control registers : Vector Engine control registers and temporary registers
Common registers : Registers common to both channels
Channel-specific registers  : Computation data and control registers for each channel
Table 15-1 List of Registers (1) — VE Control Registers
Address Register Name Channel Description Read/Write
0x4005-0000 VEEN - VE enable/disable R/IW
0x4005-0004 | VECPURUNTRG - CPU start trigger selection W
0x4005-0008 VETASKAPP - Task selection R/W
0x4005-000C VEACTSCH - Operation schedule selection R/W
0x4005-0010 VEREPTIME - Schedule repeat count R/W
0x4005-0014 VETRGMODE - Start trigger mode R/W
0x4005-0018 VEERRINTEN - Error interrupt enable/disable R/W
0x4005-001C VECOMPEND - VE forced termination w
0x4005-0020 VEERRDET - Error detection R
0x4005-0024 |VESCHTASKRUN - Schedule executing flag/executing task R
0x4005-0028 - - Reserved R
0x4005-002C VETMPREGO - Temporary register R/W
0x4005-0030 VETMPREG1 - Temporary register R/W
0x4005-0034 VETMPREG2 - Temporary register R/W
0x4005-0038 VETMPREG3 - Temporary register R/W
0x4005-003C VETMPREG4 - Temporary register R/W
0x4005-0040 VETMPREG5 - Temporary register R/W
0x4005-01BC - - Reserved R
Table 15-2 List of Registers (2) — Common Registers
Address Register Name Channel Description Read/Write
0x4005-0174 - - Reserved RIW
0x4005-0178 VETADC Common |ADC conversion time (based on PWM clock) R/W

TMPM370 15-5
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Table 15-3 List of Registers (3) — Channel-Specific Registers for Channel 0
Address Register Name Channel Description Read/Write

0x4005-0044 VEMCTLFO 0 Status flags R/W
0x4005-0048 VEMODEOQO 0 Task control mode R/W
0x4005-004C VEFMODEO 0 Flow control R/W
0x4005-0050 VETPWMO 0 PWM period rate (PWM period [s] x maximum speed*' x 2/16) R/W
0x4005-0054 VEOMEGAOQ 0 Rotation speed (speed [Hz]+ maximum speed *1 'x 2715) R/W
0x4005-0058 VETHETAO 0 Motor phase (motor phase [deg]/360 x 2/16) R/W
0x4005-005C VEIDREFO 0 d-axis reference value (current [A] + maximum current* x 2/715) R/W
0x4005-0060 VEIQREFO 0 g-axis reference value (current [A] + maximum current ** x 2°15) R/W
0x4005-0064 VEVDO 0 d-axis voltage (voltage [V] + maximum voltage ** x 231) R/W
0x4005-0068 VEVQO 0 g-axis voltage (voltage [V] + maximum voltage ** x 2/31) R/W
0x4005-006C VECIDKIO 0 Integral coefficient for Pl control of d-axis R/W
0x4005-0070 VECIDKPO 0 Proportional coefficient for Pl control of d-axis R/W
0x4005-0074 VECIQKIO 0 Integral coefficient for Pl control of g-axis R/W
0x4005-0078 VECIQKPO 0 Proportional coefficient for Pl control of g-axis R/W
0x4005-007C VEVDIHO 0 Upper 32 bits of integral term (VDI ) of d-axis voltage R/W
0x4005-0080 VEVDILHO 0 Lower 32 bits of integral term (VDI) of d-axis voltage R/W
0x4005-0084 VEVQIHO 0 Upper 32 bits of integral term (VQI) of g-axis voltage R/W
0x4005-0088 VEVQILHO 0 Lower 32 bits of integral term (VQI) of g-axis voltage R/W
0x4005-008C |VEFPWMCHGO 0 Switching speed (for 2-phase modulation and shift PWM) R/W
0x4005-0090 VEMDPRDO 0 PWM period (to be set identically with PMD’s PWM period) R/W
0x4005-0094 VEMINPLSO 0 Minimum pulse width R/W
0x4005-0098 VETRGCRCO 0 Synchronizing trigger correction value R/W
0x4005-009C - - Reserved R/W
0x4005-00A0 VECOSO0 0 Cosine value at THETA for output conversion (Q15 data) R/W
0x4005-00A4 VESINO 0 Sine value at THETA for output conversion (Q15 data) R/W
0x4005-00A8 VECOSMO 0 Previous cosine value for input processing (Q15 data) R/W
0x4005-00AC VESINMO 0 Previous sine value for input processing (Q15 data) R/W
0x4005-00B0 VESECTORO 0 Sector information (0-11) R/W
0x4005-00B4 | VESECTORMO 0 Previous sector information for input processing (0-11) R/W
0x4005-00B8 VEIA0O 0 AD conversion result of a-phase zero-current ** R/W
0x4005-00BC VEIBOO 0 AD conversion result of b-phase zero-current ** R/W
0x4005-00C0 VEICO00 0 AD conversion result of c-phase zero-current ** R/W
0x4005-00C4 VEIAADCO 0 AD conversion result of a-phase current ** R/W
0x4005-00C8 VEIBADCO 0 AD conversion result of b-phase current ** R/W
0x4005-00CC VEICADCO 0 AD conversion result of c-phase current ** R/W
0x4005-00D0 VEVDCO 0 DC supply voltage (voltage [V] + maximum voltage ** x 2/15) R/W
0x4005-00D4 VEIDO 0 d-axis current (current [A] + maximum current ** x 2A31) R/W
0x4005-00D8 VEIQO 0 g-axis current (current [A] + maximum current *? x 2/31) R/W
0x4005-017C VECMPUOQ 0 PMD control: CMPU setting R/W
0x4005-0180 VECMPVO 0 PMD control: CMPV setting R/W
0x4005-0184 VECMPWO 0 PMD control: CMPW setting R/W
0x4005-0188 VEOUTCRO 0 PMD control: Output control (MDOUT) R/W
0x4005-018C | VETRGCMPOO 0 PMD control: TRGCMPO setting R/W
0x4005-0190 | VETRGCMP10 0 PMD control: TRGCMP1 setting R/IW
0x4005-0194 VETRGSELO 0 PMD control: Trigger selection R/W
0x4005-0198 VEEMGRSO0 0 PMD control: EMG return (EMGCR[EMGRS]) W

*1) Maximum speed: Maximum rotation speed [Hz] that can be controlled or operated

*2) Maximum current: (Phase current value [A] which corresponds to 1 LSB of AD converter) x 2”11

*3) Maximum voltage: (Supply voltage (VDC) value [V] which corresponds to 1 LSB of AD conveter) x 2/12
*4) AD conversion results are stored in the upper 12 bits of each 16-bit register.

TMPM370 15-6

Vector Engine (VE)



TOSHIBA

TMPM370
Table 15-4 List of Registers (4) — Channel-Specific Registers for Channel 1
Address Register Name Channel Description Read/Write

0x4005-00DC VEMCTLF1 1 Status flags R/W
0x4005-00E0 VEMODE1 1 Task control mode R/W
0x4005-00E4 VEFMODE1 1 Flow control R/W
0x4005-00E8 VETPWM1 1 PWM period rate (PWM period [s] x maximum speed*’ x 2/16) R/W
0x4005-00EC VEOMEGA1 1 Rotation speed (speed [Hz]+ maximum speed *1 'x 2715) R/W
0x4005-00F0 VETHETAL1 1 Motor phase (motor phase [deg]/360 x 2/16) R/W
0x4005-00F4 VEIDREF1 1 d-axis reference value (current [A] + maximum current* x 2/715) R/W
0x4005-00F8 VEIQREF1 1 g-axis reference value (current [A] + maximum current ** x 2°15) R/W
0x4005-00FC VEVD1 1 d-axis voltage (voltage [V] + maximum voltage **x 2/31) R/W
0x4005-0100 VEVQ1 1 g-axis voltage (voltage [V] + maximum voltage ** x 2/31) R/W
0x4005-0104 VECIDKI1 1 Integral coefficient for Pl control of d-axis R/W
0x4005-0108 VECIDKP1 1 Proportional coefficient for Pl control of d-axis R/W
0x4005-010C VECIQKI1 1 Integral coefficient for Pl control of g-axis R/W
0x4005-0110 VECIQKP1 1 Proportional coefficient for Pl control of g-axis R/W
0x4005-0114 VEVDIH1 1 Upper 32 bits of integral term (VDI ) of d-axis voltage R/W
0x4005-0118 VEVDILH1 1 Lower 32 hits of integral term (VDI) of d-axis voltage R/W
0x4005-011C VEVQIH1 1 Upper 32 bits of integral term (VQI) of g-axis voltage R/W
0x4005-0120 VEVQILH1 1 Lower 32 bits of integral term (VQ_I) of g-axis voltage R/W
0x4005-0124 |VEFPWMCHG1 1 Switching speed (for 2-phase modulation and shift PWM) R/W
0x4005-0128 VEMDPRD1 1 PWM period (to be set identically with PMD’s PWM period) R/W
0x4005-012C VEMINPLS1 1 Minimum pulse width R/W
0x4005-0130 VETRGCRC1 1 Synchronizing trigger correction value R/W
0x4005-0134 - - Reserved R/W
0x4005-0138 VECOS1 1 Cosine value at THETA for output conversion (Q15 data) R/W
0x4005-013C VESIN1 1 Sine value at THETA for output conversion (Q15 data) R/W
0x4005-0140 VECOSM1 1 Previous cosine value for input processing (Q15 data) R/W
0x4005-0144 VESINM1 1 Previous sine value for input processing (Q15 data) R/W
0x4005-0148 VESECTORL1 1 Sector information (0-11) R/W
0x4005-014C | VESECTORM1 1 Previous sector information for input processing (0-11) R/W
0x4005-0150 VEIAO1 1 AD conversion result of a-phase zero-current ** R/W
0x4005-0154 VEIBO1 1 AD conversion result of b-phase zero-current ** R/W
0x4005-0158 VEICO1 1 AD conversion result of c-phase zero-current ** R/W
0x4005-015C VEIAADC1 1 AD conversion result of a-phase current ** R/W
0x4005-0160 VEIBADC1 1 AD conversion result of b-phase current ** R/W
0x4005-0164 VEICADC1 1 AD conversion result of c-phase current ** R/W
0x4005-0168 VEVDC1 1 DC supply voltage (voltage [V] + maximum voltage ** x 2415) R/W
0x4005-016C VEID1 1 d-axis current (current [A] + maximum current ** x 2A31) R/W
0x4005-0170 VEIQ1 1 g-axis current (current [A] + maximum current ** x 2/31) R/W
0x4005-019C VECMPU1 1 PMD control: CMPU setting R/W
0x4005-01A0 VECMPV1 1 PMD control: CMPV setting R/W
0x4005-01A4 VECMPW1 1 PMD control: CMPW setting R/W
0x4005-01A8 VEOUTCR1 1 PMD control: Output control (MDOUT) R/W
0x4005-01AC | VETRGCMPO1 1 PMD control: TRGCMPO setting R/W
0x4005-01B0 | VETRGCMP11 1 PMD control: TRGCMP1 setting R/W
0x4005-01B4 VETRGSEL1 1 PMD control: Trigger selection R/W
0x4005-01B8 VEEMGRS1 1 PMD control: EMG return (EMGCR[EMGRS]) W

*1) Maximum speed: Maximum rotation speed [Hz] that can be controlled or operated

*2) Maximum current: (Phase current value [A] which corresponds to 1 LSB of AD converter) x 2”11

*3) Maximum voltage: (Supply voltage (VDC) value [V] which corresponds to 1 LSB of AD conveter) x 2/12
*4) AD conversion results are stored in the upper 12 bits of each 16-bit register.
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15.4 Description of Registers
15.4.1 VE Control Registers
15.4.1.1 VEEN Register
31 | 9 8
VEEN bit Symbol
(Ox4005_0000) | Read/Write R
After reset 0x00000000
Function
7 3 2 1 0
bit Symbol VEIDLEN VEEN
Read/Write R R/W R/W
After reset 000000 0 0
Operation in IDLE VE enable
Function mode ' 0: Disable
0: Inactive 1: Enable
1: Active

<VEEN> Disables or enables the Vector Engine.
<VEIDLEN> Controls whether or not the clock is supplied to the Vector Engine in IDLE mode.

15.4.1.2 VECPURUNTRG Register

31 | 9 8
VECPURUNTRG | bit Symbol
(0x4005_0004) | Read/Write R
After reset 0x000000
Function
7 3 2 1 0
bit Symbol VCPURTB VCPURTA
Read/Write R w W
After reset 000000 0 0
Channel 1 start Channel 0O start
Function command command
0: 0:
1: Start 1: Start

<VCPURTA> Starts channel 0 by programming.
<VCPURTB> Starts channel 1 by programming.
* When “1” is written to these bits, it is cleared in the next cycle. These bits always read as 0.
The task to be performed is determined by the settings of the ACTSCH and TASKAPP registers.

If a channel under executing will be restarted, it must be terminated by COMPEND register
before a start command executed.

*

*
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15.4.1.3 VETASKAPP Register
31 | 9 8
VETASKAPP bit Symbol
(0x4005_0008) | Read/Write R
After reset 0x000000
Function
7 6 3 2 0
bit Symbol VTASKB VTASKA
Read/Write R/W R/W
After reset 0x0 0x0
Channel 1 task selection Channel 0 task selection
0x0: Output control 0x0: Output control
0x1: Trigger generation 0x1: Trigger generation
0x2: Input processing 0x2: Input processing
0x3: Input phase conversion 0x3: Input phase conversion
Function  |Ox4: Input coordinate axis conversion 0x4: Input coordinate axis conversion
0x5: Current control 0x5: Current control
0x6: SIN/COS computation 0x6: SIN/COS computation
0x7: Output coordinate axis conversion 0x7: Output coordinate axis conversion
0x8: Output phase conversion 0x8: Output phase conversion
0x9 -OxF: Reserved 0x9 -OxF: Reserved
<VTASKA> Specifies the task to be performed when channel 0 is started by programming.
<VTASKB> Specifies the task to be performed when channel 1 is started by programming.
* Only those tasks that are included in schedules can be specified.
15.4.1.4 VEACTSCH Register
31 | | 9 8
VEACTSCH bit Symbol
(0x4005_000C) | Read/Write R
After reset 0x000000
Function
7 6 3 2 1 0
bit Symbol VACTB VACTA
Read/Write R/W R/W
After reset 0x0 0x0
Channel 1 schedule Channel 0 schedule
0x0: Individual task execution 0x0: Individual task execution
Function 0x1: Schedule 1 0x1: Schedule 1

0x4: Schedule 4
0x9: Schedule 9
Other: Reserved

0x4: Schedule 4
0x9: Schedule 9
Other: Reserved

<VACTA> Specifies an individual task execution or a schedule for channel 0.
<VACTB> Specifies an individual task execution or a schedule for channel 1.
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15.4.1.5 VEREPTIME Register
31 | 9 | 8
VEREPTIME bit Symbol
(0x4005_0010) | Read/Write R
After reset 0x000000
Function
7 6 3 2 1 0
bit Symbol VREPB VREPA
Read/Write R/W R/W
After reset 0x0 0x0
Channel 1 repeat count Channel 0 repeat count
Function 0: Do not execute schedule 0: Do not execute schedule
1-15: Execute schedule a specified number of 1-15: Execute schedule a specified number of
times times

<VREPA> Specifies the repeat times a schedule is to be executed in channel 0.
<VREPB> Specifies the repeat times a schedule is to be executed in channel 1.

15.4.1.6 VETRGMODE Register
31 | 9 8
VETRGMODE | bit Symbol
(0x4005_0014) | Read/Write R
After reset 0x000000
Function
7 6 3 2 1 0
bit Symbol VTRGB VTRGA
Read/Write R R/IW R/IW
After reset 0x0 00 00
Channel 1 trigger mode |Channel 0 trigger mode
00: Ignore both INTBO  [00: Ignore both INTAO
(unit A) and INTB1 (unit A) and INTA1
(unit B) (unit B)
Function 01: Start by INTBO (unit A){01: Start by INTAO (unit A)
10: Start by INTB1 (unit |10: Start by INTA1 (unit B)
B) 11: Start when both
11: Start when both INTAO (unit A) and
INTBO (unit A) and INTAL (unit B) occur
INTB1 (unit B) occur

* When “0” is set, no schedule is executed.

<VTRGA> Specifies the AD conversion end interrupt that triggers input processing in channel 0.
<VTRGB> Specifies the AD conversion end interrupt that triggers input processing in channel 1.

TMPM370 15-10

Vector Engine (VE)



TOSHIBA

TMPM370
15.4.1.7 VEERRINTEN Register
31 | 9 | 8
VEERRINTEN bit Symbol
(0x4005_0018) | Read/Write R
After reset 0x000000
Function
7 1 0
bit Symbol VERRENB VERRENA
Read/Write R R/W R/W
After reset 000000 0 0
Channel 1 error Channel 0 error
. interrupt enable interrupt enable
Function 0: Disable 0: Disable
1: Enable 1: Enable
<VERRENA> Enables or disables the error detection interrupt in channel 0.
<VERRENB> Enables or disables the error detection interrupt in channel 1.
15.4.1.8 VECOMPEND Register
31 | 9 8
VECOMPEND bit Symbol
(0x4005_001C) | Read/Write R
After reset 0x000000
Function
7 1 0
bit Symbol VCENDB VCENDA
Read/Write R w W
After reset 000000 0 0
Channel 1 forced Channel 0 forced
Function termination termination
0: 0:
1: Terminate 1: Terminate

<VCENDA> Forcefully terminates the currently executing schedule in channel 0.
<VCENDB> Forcefully terminates the currently executing schedule in channel 1.

* When “1” is written to these bits, it is cleared in the next cycle. These bits always read as "0".
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15.4.1.9 VEERRDET Register
31 | 9 | 8
VEERRDET bit Symbol
(Ox4005_0020) | Read/Write R
After reset 0x000000
Function
7 3 2 1 0
bit Symbol VERRDB VERRDA
Read/Write R R R
After reset 000000 0 0
Channel 1 error flag Channel 0 error flag
Function 0: No error detected 0: No error detected
1: Error detected 1: Error detected

<VERRDA> Channel 0 error flag
<VERRDB> Channel 1 error flag
The error flags are set when a PWM interrupt is detected during execution of a schedule (excluding
standby periods waiting for a start trigger).

* The error flags are cleared by a read of this register.

15.4.1.10 VESCHTASKRUN Register

31 | 17 16
VESCHTASKRUN] bit Symbol
(0x4005_0024) | Read/Write R
After reset 0x0000
Function
15 11 10
bit Symbol
Read/Write R
After reset 000000
Function
o | 8 | 7 [ & 5 4 | 3 | 2 | 1 0
bit Symbol VRTASKB VRSCHB VRTASKA VRSCHA
Read/Write R R R R
After reset 0x0 0 0x0 0
Task executing in channel 1 Channel 1 | Task executing in channel 0 Channel 0
0x0: Output control schedule | 0x0: Output control schedule
0x1: Trigger generation status 0x1: Trigger generation status
0x2: Input processing 0x2: Input processing 0: Not
0x3: Input phase conversion 0: Not 0x3: Input phase conversion executing
0x4: Input coordinate axis conversion| executing | 0x4: Input  coordinate axis | 1:
Function |0x5: Current control 1: conversion Executing
0x6: SIN/COS computation Executing | 0x5: Current control
0x7:  Output coordinate  axis 0x6: SIN/COS computation
conversion 0x7: Output coordinate  axis
0x8: Output phase conversion conversion
0x9 -OxF: Reserved 0x8: Output phase conversion
0x9-OxF: Reserved

<VRSCHA> Schedule execution status in channel 0
<VRTASKA> Task Number currently executing in channel 0
<VRSCHB> Schedule execution status in channel 1
<VRTASKB> Task Number currently executing in channel 1
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15.4.1.11 Temporary Registers
31 | 0
VETMPREGO | bit Symbol TMPREGO
(0x4005_002C) | Read/Write R/W
After reset 0x00000000
Function
31 0
VETMPREG1 | bit Symbol TMPREG1
(Ox4005_0030) | Read/Write R/W
After reset 0x00000000
Function
31 0
VETMPREG2 | bit Symbol TMPREG?2
(0x4005_0034) | Read/Write R/W
After reset 0x00000000
Function
31 0
VETMPREG3 | bit Symbol TMPREG3
(Ox4005_0038) | Read/Write R/W
After reset 0x00000000
Function
31 0
VETMPREG4 | bit Symbol TMPREG4
(0x4005_003C) | Read/Write R/W
After reset 0x00000000
Function
31 0
VETMPREGS5 | bit Symbol TMPREG5
(Ox4005_0040) | Read/Write R/W
After reset 0x00000000
Function
<TMPREGO0> Temporary register 0
<TMPREG1> Temporary register 1
<TMPREG2> Temporary register 2
<TMPREG3> Temporary register 3
<TMPREG4> Temporary register 4
<TMPREG5> Temporary register 5
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15.4.2 Common Registers
15.4.2.1 VETADC Register
31 | 17 16
VETADC bit Symbol
(0x4005_0178) | Read/Write R
After reset 0x0000
Function
15 1 0
bit Symbol TADC
Read/Write R/W
After reset 0x0000
Function ADC conversion time
0x0000-0xFFFF

<TADC> The value to be set is:

ADC conversion time [s] + PWM counter clock frequency [s]

* This register is effective when the 1-shunt current detection mode is selected and PWM shift is

enabled.
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15.4.3 Channel-Specific Registers
15.4.3.1 VEMODE Register
31 | 9 8
VEMODEO bit Symbol
(0x4005_0048) | Read/Write R
VEMODEL1 After reset 0x000000
(0x4005_00E0) Function
7 5 4 3 2 1 0
bit Symbol OCRMD ZIEN PVIEN
Read/Write R/W R/W R/W R/W
After reset 0 00 0 0
Write as ‘0’ Output control Zero- Phase
00: Output OFF current interpolation
Function 01: Output enable dete.ction 0: Disable
10: Reserved 0: Disable | 1: Enable
11: Output OFF and 1: Enable
EMG return

<PVIEN> Enables or disables phase interpolation.
<ZIEN> Enables or disables zero-current detection.
<OCRMD> Controls output operation (output OFF, output enable or EMG return).

The upper and lower register names correspond to channel 0 and channel 1 respectively.
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15.4.3.2 VEFMODE Register
31 | 17 | 16
VEFMODEO bit Symbol
(0x4005_004C) | Read/Write R
VEFMODE1 After reset 0x0000
(Ox4005_00E4) Function
15 | 14 | 13 12 11 | 10 9 8
bit Symbol MREGDIS —
Read/Write R/W R/W R/W
After reset 0 | 0 | 0 0 0 | 0 0 0
Write as ‘0’ Keep the |Write as ‘0’
previous
value of
) SIN/COS/S
Function ECTOR
0: effective
1:no_effec
tive
7 6 5 4 3 2 1 0
bit Symbol ADCSEL PMDSEL IDMODE SPWMEN C2PEN
Read/Write R/W R/W R/W R/W R/W R/W
After reset 00 0 0 00 0 0
ADC unit Write as ‘0’ | PMD Current detection mode | PWM shift | Modulation
00: Unit A channel 00: 3-shunt enable mode
01: UnitB 0: Channel | 01: 2-sensor 0: Disable |0: 3-phase
Function  ]10: Unit A,B 0 10: 1-shunt (for up 1: Enable | modulation
11: UnitAB 1: Channel [ count PMDTRG) 1: 2-phase
1 11: 1-shunt (for down modulation
count PMDTRG)
The upper and lower register names correspond to channel 0 and channel 1 respectively.
<C2PEN>: Selects 3-phase or 2-phase modulation.
<SPWMEN>: Enables or disables PWM shift.
<IDMODE>: Selects the 3-shunt, 2-sensor or 1-shunt current detection mode.
When the 1-shunt mode is used, the acceptable PMDTRG is as follows.
VEFMODEO | VEFMODE1 PMDOTRGCR PMDOTRGCR PMD1TRGCR PMD1TRGCR
<IDMODE> | <IDMODE> <TRGOMD> <TRG1MD> <TRGOMD> <TRG1MD>
10 - 010 (up-count) 010 (up-count) - -
10 - 101 (carrier bottom) [010 (up-count) - -
11 - 001 (down-count) 001 (down-count) - -
11 - 001 (down-count) 101 (carrier bottom) - -
- 10 - - 010 (up-count) 010 (up-count)
- 10 - - 101 (carrier bottom) [010 (up-count)
- 11 - - 001 (down-count) 001 (down-count)
- 11 - - 001 (down-count) 101 (carrier bottom)

<PMDSEL>: Selects PMD channel 0 or channel 1.
* Select PMD channel 0 when Vector Engine channel 0 is used .
Select PMD channel 1 when Vector Engine channel 1 is used .
<ADCSEL>: Selects the ADC unit to be used.
* Select unit A or unit A/unit B when Vector Engine channel 0 is used .
Select unit B or unit A/unit B when Vector Engine channel 1 is used

MREGDIS

: Keep or Not_keep the previous value of SIN/COS/SECTOR.

* |n case of no_effective, SINM=SIN,COSM=COS,SECTORM=SECTOR.
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15.4.3.3 VETPWM Register
31 | 17 | 16
VETPWMO bit Symbol
(0x4005_0050) | Read/Write R
VETPWM1 After reset 0x0000
(Ox4005_00ES8) Function
15 1 0
bit Symbol TPWM
Read/Write R/W
After reset 0x0000
Function PWM period rate
0x0000 to OXFFFF
The upper and lower register names correspond to channel 0 and channel 1 respectively.
<TPWM> Set a PWM period rate (it is valid when the phase interpolation is enabled,
16-bit fixed-point data: 0.0 to 1.0) as follows:
PWM period [s] x Max_Hzx2"16
* Max_Hz: Maximum rotation speed
* |t indicates a ratio between PWM frequency and maximum rotation speed.
15.4.3.4 VEOMEGA Register
31 | | 17 | 16
VEOMEGAO bit Symbol
(0x4005_0054) | Read/Write R
VEOMEGA1 After reset 0x0000
(0x4005_00EC) Function
15 1 0
bit Symbol OMEGA
Read/Write R/W
After reset 0x0000
Function Rotation speed
0x0000 to OXFFFF
The upper and lower register names correspond to channel 0 and channel 1 respectively.
<OMEGA> Set a rotation speed (16-bit fixed-point data: -1.0 to 1.0) as follows:
Rotation speed [Hz] + Max_Hzx2"15
* Max_Hz: Maximum rotation speed [Hz]
15.4.3.5 VETHETA Register
31 | 17 16
VETHETAO bit Symbol
(0x4005_0058) | Read/Write R
VETHETA1 After reset 0x0000
(Ox4005_00F0) Function
15 1 0
bit Symbol THETA
Read/Write R/W
After reset 0x0000
Function Phase data

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<THETA> Set phase data (16-bit fixed-point data: 0.0 to 1.0) as follows:
Phase [deg] + 360 x 216
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15.4.3.6  VESIN/COS Registers
31 | 17 16
VECOSO0 bit Symbol
(0x4005_00A0) | Read/Write R
VECOS1 After reset 0x0000
(0Ox4005_0138) Function
15 1 0
bit Symbol COS
Read/Write R/W
After reset 0x0000
Function Cosine value: 0x0000-OxFFFF
31 17 16
VESINO bit Symbol
(Ox4005_00A4) | Read/Write R
VESIN1 After reset 0x0000
(0x4005_013C) Function
15 1 0
bit Symbol SIN
Read/Write R/W
After reset 0x0000
Function Sine value: 0x0000-0xFFFF
31 17 16
VECOSMO bit Symbol
(Ox4005_00A8) | Read/Write R
VECOSM1 After reset 0x0000
(0x4005_0140) Function
15 1 0
bit Symbol COSM
Read/Write R/W
After reset 0x0000
Function Cosine value (previous value): 0x0000-OxFFFF
31 17 16
VESINMO bit Symbol
(0x4005_00AC) | Read/Write R
VESINM1 After reset 0x0000
(0Ox4005_0144) Function
15 1 0
bit Symbol SINM
Read/Write R/W
After reset 0x0000
Function Sine value (previous value): 0x0000-OxFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<COS> Cosine value based on the THETA value (16-bit fixed-point data: -1.0 to 1.0)

<SIN> Sine value based on the THETA value (16-bit fixed-point data: -1.0 to 1.0)
<COSM> Previous value of the COS register
<SINM> Previous value of the SIN register
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15.4.3.7 dq Current Reference Registers
31 | 17 16
VEIDREFO bit Symbol
(0x4005_005C) | Read/Write R
VEIDREF1 After reset 0x0000
(Ox4005_00F4) Function
15 1 0
bit Symbol IDREF
Read/Write R/W
After reset 0x0000
Function Reference value of d-axis current: 0x0000 to OxFFFF
31 17 16
VEIQREFO bit Symbol
(Ox4005_0060) | Read/Write R
VEIQREF1 After reset 0x0000
(Ox4005_00F8) Function
15 1 0
bit Symbol IQREF
Read/Write R/W
After reset 0x0000
Function Reference value of g-axis current: 0x0000 to OxFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<ID_REF> Reference value of d-axis current (16-bit fixed-point data: -1.0 to 1.0)
<IQ_REF> Reference value of g-axis current (16-bit fixed-point data: -1.0 to 1.0)

The value to be set is:
Axis current reference [A] + Max_Ix2"15

* Max_I: (Phase current value [A] which corresponds to 1 LSB of ADC) x 2°11

15.4.3.8 dqg Voltage Registers
31 | | 1 0
VEVDO bit Symbol VD
(0x4005_0064) | Read/Write R/W
VEVD1 After reset 0x00000000
(0x4005_00FC) | _ Function d-axis voltage: 0X00000000-OxFFFFFFFF
31 1 0
VEVQO bit Symbol VQ
(0x4005_0068) | Read/Write R/W
VEVQ1 After reset 0x00000000
(0x4005_0100) Function g-axis voltage: 0x00000000-0xFFFFFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<VD>

d-axis voltage (32-bit fixed-point data: -1.0 to 1.0)

<VQ> g-axis voltage (32-bit fixed-point data: -1.0 to 1.0)

The value to be set is as follows:
Axis voltage + Max_Vx2731

* Max_V: (Supply voltage (VDC) value [V] which corresponds to 1 LSB of ADC) x 2°12

TMPM370 15-19

Vector Engine (VE)



TOSHIBA

TMPM370
15.4.3.9 PI Control Coefficient Registers
31 | 17 16
VECIDKIO bit Symbol
(0x4005_006C) | Read/Write R
VECIDKI1 After reset 0x0000
(0Ox4005_0104) Function
15 1 0
bit Symbol CIDKI
Read/Write R/W
After reset 0x0000
Function Integral coefficient for PI control of d-axis: 0x0000-OxFFFF
31 17 16
VECIDKPO bit Symbol
(0Ox4005_0070) | Read/Write R
VECIDKP1 After reset 0x0000
(0x4005_0108) Function
15 1 0
bit Symbol CIDKP
Read/Write R/W
After reset 0x0000
Function Proportional coefficient for Pl control of d-axis: 0x0000-OxFFFF
31 17 16
VECIQKIO bit Symbol
(0x4005_0074) | Read/Write R
VECIQKI1 After reset 0x0000
(0x4005_010C) Function
15 1 0
bit Symbol CIQKI
Read/Write R/W
After reset 0x0000
Function Integral coefficient for PI control of g-axis: 0x0000-OxFFFF
31 17 16
VECIQKPO bit Symbol
(0x4005_0078) | Read/Write R
VECIQKP1 After reset 0x0000
(0Ox4005_0110) Function
15 1 0
bit Symbol CIQKP
Read/Write R/W
After reset 0x0000
Function Proportional coefficient for Pl control of g-axis: 0x0000-OxFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<CIDKI> Integral coefficient for Pl control of d-axis
<CIDKP> Proportional coefficient for Pl control of d-axis
<CIQKI> Integral coefficient for Pl control of g-axis
<CIQKP> Proportional coefficient for Pl control of g-axis
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15.4.3.10 PI Control Integral Term Registers
31 | 1 0
VEVDIHO bit Symbol VDIH
(0x4005_007C) | Read/Write R/W
VEVD_H1 After reset 0x00000000
(0Ox4005_0114) Function Upper 32 bits of VDI
31 17 16
VEVDILHO bit Symbol VDILH
(0x4005_0080) | Read/Write R/W
VEVDILH1 After reset 0x0000
(0Ox4005_0118) Function
15 1 0
bit Symbol
Read/Write R
After reset 0x0000
Function
31 1 0
VEVQIHO bit Symbol VQIH
(Ox4005_0084) | Read/Write R/W
VEVQIH1 After reset 0x00000000
(0x4005_011C) Function
31 17 16
VEVQILHO bit Symbol VQILH
(Ox4005_0088) | Read/Write R/W
VEVQILH1 After reset 0x0000
(0x4005_0120) Function
15 1 0
bit Symbol
Read/Write R
After reset 0x0000
Function

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<VDIH> Upper 32 bits of the integral term (VDI) for PI control of d-axis
<VDILH> Bit 31 to 16 of the integral term (VDI) for PI control of d-axis

VDI: 64-bit fixed-point data with 63 fractional bits (-1.0 to 1.0)

<VQIH> Upper 32 bits of the integral term (VQI) for PI control of g-axis
<VQILH> Bit 31 to 16 of the integral term (VQI) for PI control of g-axis

VQI: 64-bit fixed-point data with 63 fractional bits (-1.0 to 1.0)

TMPM370 15-21 Vector Engine (VE)



TOSHIBA

TMPM370
15.4.3.11 VEMCTLF Register
31 | 9 8
VEMCTLFO bit Symbol
(0x4005_0044) | Read/Write R
VEMCTLF1 After reset 0x000000
(0x4005_00DC) Function
7 6 5 4 3 2 1 0
bit Symbol PLSLFM PLSLF LVTE LAVFM LAVF
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Write as ‘0’| Write as ‘0’| Previous | Disparity |Writeas ‘0’| Supply [ Previous Low-speed
value of of pulse voltage |LAVF value |flag
Function PLSLFM width lower flag 0:
small flag High-speed
1
Low-speed
The upper and lower register names correspond to channel 0 and channel 1 respectively.
<LAVF> Low-speed flag OMEGA > FPWMCHG case =0
OMEGA < FPWMCHG case =1
<LAVFM> Previous LAVF value
<LVTF> Supply voltage lower flag VDC 0x0100(1/128) case =0,
VDC 0x0100(1/128) case =1
PLSLF> Minimum disparity of pulse width MINPLS case =0
Minimum disparity of pulse width MINPLS case =1
<PLSLFM> Previous value of PLSLF
15.4.3.12 VEFPWMCHG Register
31 17 16
VEFPWMCHGO| bit Symbol
(0x4005_008C) | Read/Write R
VEFPWMCHG1| After reset 0x0000
(0x4005_0124) Function
15
bit Symbol FPWMCHG
Read/Write R/W
After reset 0x0000
Function Rotation speed when PWM shift is enabled

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<FPWMCHG> Rortation speed when PWM shift is enabled. The value to be set is:

Rortation speed [Hz] + Max_Hzx2"15

* Max_Hz: Maximum rotation speed [Hz]
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15.4.3.13 PWM Period Register
31 | 17 | 16
VEVMDPRDO | bit Symbol
(0x4005_0090) | Read/Write R
VEVMDPRD1 After reset 0x0000
(0Ox4005_0128) Function
15 1 0
bit Symbol VMDPRD
Read/Write R/IW
After reset 0x0000
Function PWM period
The upper and lower register names correspond to channel 0 and channel 1 respectively.
<VMDPRD> PWM period. Set the value of the PMD’s MDPRD register.
15.4.3.14 VEMINPLS Register
31 | 17 16
VEMINPLSO bit Symbol
(0x4005_0094) | Read/Write R
VEMINPLS1 After reset 0x0000
(0x4005_012C) Function
15 1 0
bit Symbol MINPLS
Read/Write R/IW
After reset 0x0000
Function Minimum disparity of pulse width

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<MINPLS> Set the minimum disparity of pulse width among the duty of VECMPU, VECMPYV,
VECMPW.

Disparity of pulse width [s] + PWM counter clock period [s]
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15.4.3.15 Sector Registers
31 | 9 8
VESECTORO bit Symbol
(0x4005_00B0) | Read/Write R
VESECTOR1 After reset 0x000000
(0Ox4005_0148) Function
7 5 4 3 2 1 0
bit Symbol SECTOR
Read/Write R R/W
After reset 0x0 0x0
Function Sector information
0x0-OxF:
31 9 8
VESECTORMO | bit Symbol
(0x4005_00B4) | Read/Write R
VESECTORM1 Function
(0x4005_014C) | After reset 0x000000
7 5 4 3 2 1 0
bit Symbol SECTORM
Read/Write R R/W
After reset 0x0 0x0
Function Sector information
0x0-0xF:

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<SECTOR> Sector information. Indicates the rotation position at the time of output by 12 sectors
each having 30 degrees.

<SECTORM> Previous sector information. Used in input processing.
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15.4.3.16 Zero-Current Registers

VEIA00
(0x4005_00B8)
VEIAOL
(0x4005_0150)

VEIBOO
(0x4005_00BC)
VEIBO1
(0x4005_0154)

VEIC00
(0x4005_00C0)
VEICO01
(0x4005_0158)

<IAO> Stores the AD conversion result of U-phase current when the motor is at stop.
<IB0O> Stores the AD conversion result of V-phase current when the motor is at stop
<ICO> Stores the AD conversion result of W-phase current when the motor is at stop

31 17 16
bit Symbol
Read/Write R
After reset 0x0000
Function
15 1 0
bit Symbol 1A0
Read/Write R/W
After reset 0x0000
Function AD conversion result of U-phase at zero-current
31 17 16
bit Symbol
Read/Write R
After reset 0x0000
Function
15 1 0
bit Symbol 1BO
Read/Write R/W
After reset 0x0000
Function AD conversion result of V-phase at zero-current
31 17 16
bit Symbol
Read/Write R
After reset 0x0000
Function
15 1 0
bit Symbol 1CO
Read/Write R/W
After reset 0x0000
Function AD conversion result of W-phase at zero-current

The upper and lower register names correspond to channel 0 and channel 1 respectively.

* When the zero-current detection is enabled, AD conversion results are automatically

stored to these registers.
* AD conversion results are stored in the 15--4 bits, with the 3--0 bits always “0".
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15.4.3.17 Current ADC Result Registers

31 | 17 16
VEIAADCO bit Symbol
(0x4005_00C4) | Read/Write R
VEIAADC1 After reset 0x0000
(0x4005_015C) Function
15 1 0
bit Symbol IAADC
Read/Write R/W
After reset 0x0000
Function AD conversion result of U-phase current : 0x0000-OxFFFF
31 17 16
VEIBADCO bit Symbol
(0x4005_00C8) | Read/Write R
VEIBADC1 After reset 0x0000
(0x4005_0160) Function
15 1 0
bit Symbol IBADC
Read/Write R/W
After reset 0x0000
Function AD conversion result of V-phase current: 0x0000-OxFFFF
31 17 16
VEICADCO bit Symbol
(0x4005_00CC)| Read/Write R
VEICADC1 After reset 0x0000
(0x4005_0164) Function
15 1 0
bit Symbol ICADC
Read/Write R/W
After reset 0x0000
Function AD conversion result of W-phase current: 0x0000-OxFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<IAADC> Stores the AD conversion result of U-phase current.
<IBADC> Stores the AD conversion result of V-phase current.
<ICADC> Stores the AD conversion result of W-phase current.

* AD conversion results are stored in the 15--4 bits, with the 3--0 bits always “0”.
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15.4.3.18 Supply Voltage Register
31 | 17 | 16
VEVDCO bit Symbol
(0x4005_00D0) | Read/Write R
VEVDC1 After reset 0x0000
(0Ox4005_0168) Function
15 1 0
bit Symbol VDC
Read/Write R/W
After reset 0x0000
Function Supply voltage: 0x0000-OxXFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.
<VDC> Supply voltage (16-bit fixed-point data: 0 to 1.0)
The actual voltage value is:
VDC value + Max_V value x 2715

* Max_V: (Supply voltage (VDC) value [V] which corresponds to 1 LSB of ADC) x 212

15.4.3.19 dq Current Registers

31 | 1 0
VEIDO bit Symbol ID
(0x4005_00D4) | Read/Write R/W
VEID1 After reset 0x00000000
(0x4005_016C) Function d-axis current: 0X00000000-0xFFFFFFFF
31 1 0
VEIQO bit Symbol 1Q
(0x4005_00D8) | Read/Write R/W
VEIQ1 After reset 0x00000000
(0x4005_0170) Function g-axis current: 0X00000000-0xFFFFFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<ID> d-axis current (32-bit fixed-point data: -1.0 to 1.0)
<lQ> g-axis current (32-bit fixed-point data: -1.0 to 1.0)

The actual current value is:
ID (or 1Q) value + Max_1 value x 231

* Max_I: (Phase current value [A] which corresponds to 1 LSB of ADC) x 2711
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15.4.3.20 PWM Duty Register

VECMPUO
(0x4005_017C)
VECMPU1
(0x4005_019C)

VECMPVO
(0x4005_0180)
VECMPV1
(0x4005_01A0)

VECMPWO
(0x4005_0184)
VECMPW1
(0x4005_01A4)

31 | 17 16
bit Symbol
Read/Write R
After reset 0x0000
Function
15 1 0
bit Symbol VCMPU
Read/Write R/W
After reset 0x0000
Function PWM pulse width of U-phase: 0-OxFFFF
31 17 16
bit Symbol
Read/Write R
After reset 0x0000
Function
15 1 0
bit Symbol VCMPV
Read/Write R/W
After reset 0x0000
Function PWM pulse width of V-phase: 0-OxFFFF
31 17 16
bit Symbol
Read/Write R
After reset 0x0000
Function
15 1 0
bit Symbol VCMPW
Read/Write R/W
After reset 0x0000
Function PWM pulse width of W-phase: 0-OXxFFFF

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<VCMPU> PMD setting: PWM setting of U-phase
<VCMPV> PMD setting: PWM setting of V-phase
<VCMPW> PMD setting: PWM setting of W-phase
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15.4.3.21 6-Phase Output Control Register
31 | 17 16
VEOUTCRO bit Symbol
(Ox4005_0188) | Read/Write R
VEOUTCR1 After reset 0x0000
(0x4005_01A8) Function
15 14 13 | 12 11 10 9 8
bit Symbol WPWM
Read/Write R R/W
After reset 0000000 0
PWM of
W-phase
. 0: ON/OFF
Function
output
1: PWM
output
7 6 5 | 4 3 | 2 1 0
bit Symbol VPWM UPWM WOC VOC UoC
Read/Write R/W R/W R/W R/W R/W
After reset 0 0 00 00 00
PWM of PWM of Output control of Output control of Output control of
V-phase U-phase | W-phase V-phase U-phase
0: ON/OFF | 0: ON/OFF | 00:W0 OFF, z0 OFF” | 00: VO OFF, YO OFF” |00: U0 OFF, X0 OFF"
Function output output 01: WO ON, zZ0 OFF 01: VO ON, YO OFF 01: UO ON, X0 OFF
1: PWM 1: PWM 10: WO OFF, Z0 ON 10: VO OFF, YO ON 11: | 10: U0 OFF, X0 ON
output output 11: WO ON, Z0 ON VO ON, YO ON 11: U0 ON, X0 ON
*WO0 and Z0 are both *V0 and YO are both *U0 and X0 are both
ON when WPWM=1. ON when VPWM=1. ON when UPWM=1.

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<UPWM>, <UOC> PMD setting: Output control of U-phase (U0,X0)

Setting Output
UPWM uoc U0 X0
0 00 OFF output OFF output
1 00 PWMU PWMU
inverted output output
1 11 PWMU PWMU
output inverted output

*The table shows only those combinations that are used in the VE.

<VPWM>,<VOC> PMD setting: Output control of V-phase (V0,Y0)

Setting Output
VPWM VOC VO YO
0 00 OFF output OFF output
1 00 PWMV PWMV
inverted output output
1 11 PWMV PWMV
output inverted output

*The table shows only those combinations that are used in the VE.

<WPWM>,<WO0C> PMD setting: Output control of W-phase (W0,Z0)

Setting Output
WPWM WoC W0 Z0
0 00 OFF output OFF output
1 00 PWMW PWMW
inverted output output
1 11 PWMW PWMW
output inverted output

* The table shows only those combinations that are used in the VE.

TMPM370 15-29

Vector Engine (VE)



TOSHIBA

TMPM370
15.4.3.22 VETRGCRC Register
31 | 17 | 16
VETRGCRCO bit Symbol
(0x4005_0098) | Read/Write R
VETRGCRC1 After reset 0x0000
(0Ox4005_0130) Function
15 1 0
bit Symbol TRGCRC
Read/Write R/W
After reset 0x0000
Function Trigger correction
The upper and lower register names correspond to channel 0 and channel 1 respectively.
<TRGCRC>: Used to correct the synchronizing trigger timing. The value to be set is:
Correction time [s] + PWM counter clock frequency [s]
15.4.3.23 VETRGCMP Register
31 | | 17 16
VETRGCMPOO | bit Symbol
(0x4005_018C) | Read/Write R
VETRGCMPO1 | After reset 0x0000
(0x4005_01AC) Function
15 1 0
bit Symbol VTRGCMPO
Read/Write R/W
After reset 0x0000
Trigger timing setting
Function 0x0000: Prohibited . N
0x0001 to (MDPRD value -1): Trigger timing
MDPRD value to OxFFFF: Prohibited
31 17 16
VETRGCMP10 | bit Symbol
(0x4005_0190) | Read/Write R
VETRGCMP11 | After reset 0x0000
(0x4005_01B0) Function
15 1 0
bit Symbol VTRGCMP1
Read/Write R/W
After reset 0x0000
Trigger timing setting
Function 0x0000:Prohibited . N
0x0001 to (MDPRD value-1): Trigger timing
MDPRD value to OXFFFF: Prohibited

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<VTRGCMPO> PMD setting: Specifies the trigger timing for sampling ADC in synchronization with
PMD.
<VTRGCMP1> PMD setting: Specifies the trigger timing for sampling ADC in synchronization with
PMD.
* These registers are effective when one of the following PMD trigger modes is selected:
count-down match, count-up match, count-up/-down match

* These registers are ineffective when the PMD trigger output mode is set to trigger select output
(TRGOUT=1).
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15.4.3.24 VETRGSEL Register
31 | 9 8
VETRGSELO bit Symbol
(0x4005_0194) | Read/Write R
VETRGSEL1 After reset 0x000000
(0x4005_01B4) Function
7 6 5 4 3 2 1 0
bit Symbol VTRGSEL
Read/Write R R/W
After reset 00000 000
Synchronizing trigger
Function 0-5: Output trigger number
6-7: Prohibited

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<VTRGSEL> PMD setting: Specifies the synchronizing trigger number to be output at the timing
specified in the VTRGCMPO register.

* These registers are effective when the PMD trigger output mode is set to trigger select output
(TRGOUT=1).

15.4.3.25 VEEMGRS Register

31 | 9 8
VEEMGRSO0 bit Symbol
(0x4005_0198) | Read/Write R
VEEMGRS1 After reset 0x000000
(0x4005_01B8) Function
7 2 1 0
bit Symbol EMGRS
Read/Write R R/W
After reset 0000000 0
EMG return
Function 0: Nop
1: EMG return
command

The upper and lower register names correspond to channel 0 and channel 1 respectively.

<EMGRS> PMD setting : EMG return command for returning from the EMG state
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15.5 Description of Operations

15.5.1 Schedule Management

Figure 15-4 shows a flowchart for motor control. The Vector Engine makes state transitions according to the
schedule and mode settings which are programmed through the relevant registers.

RESET

\ 4

Initial setting
VE/PMD/ADC

Enable VE
A\ 4
R Stop | —Gragea|  Iniial input
i VEMOD
Change VEACTSCH AN
A 4 AN
Positioning N
\
\
Chapde VEMODE
Change VEACTSCH N
Change VEMODE ¢ R \\
Forced AN o\
commutation v
R R
Change VEACTSCH Change VEACTSCH A EMG retum
Change VEMODE Change VEMODE, ¥
Speed controlby | .-~ <
current feedback L ’
, 4
Change VEACTSCH L’
Change VEMODE .
Brake
Change VEACTSCH ] :Executed by the VE

_—; : Software control

Figure 15-4 Example of Motor Control Flow

RESET : Microcontroller reset

Initial setting - Initial setting by a user-created program

Stop : Stop the motor.

Initial input : Sample and store zero-current data when the motor is at stop
Positioning : Determine the initial motor position.

Forced commutation : Start the motor. For a specified period, the motor is rotated at a specified
speed, not controlled by current feedback.
Speed control by

current feedback : Control motor rotation by current feedback.
Brake : Deceleration control
EMG return : Return from the EMG state.
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Schedule Control

The VEACTSCH register is used to select the schedule to be executed. A schedule is comprised of an
output schedule handling output-related tasks and an input schedule handling input-related tasks. Table
15-5 shows the tasks that are executed in each schedule.

The VEMODE register is used to enable or disable phase interpolation, control output operation, and
enable or disable zero-current detection as appropriate for each step of the motor control flow (see Table
15-6).

Table 15-5 Tasks To Be Executed in Each Schedule

Output Schedule Input Schedule
Schedule Selection c SIN/COS Ou;out Output o Ti | | h Ingut
(VEACTSCH) urrent ; coor !nate phase utput rlgggr nput- nput p gse coor !nate
control  |computation axis ] control generation | processing | conversion axis
) conversion .
conversion conversion
Individual
0 . *1 *1 *1 *1 *1 *1 *1 *1 *1
execution
1  Schedule 1 V/ V/*Z V V «*3 « V/*4 V \//
4 Schedule 4 «*2 « V/ \/*3 V/ V/*4 V/ V{
9  Schedule 9 V/*S V/ \/*4
*1: Each task is executed only when it is specified.
*2: Phase interpolation
*3: Output OFF/EMGRS
*4: Task operation to be switched by zero-current detection

Table 15-6 Typical Setting Example

Register Setting
Motor Control Flow Schedule selection | Task specification |Phase interpolation| Output control Zero-cu.rrent
(VEACTSCH) (VETASKAPP) (VEMODE) (VEMODE) detection

(VEMODE)
Stop 9 0 X 00 0
Initial input 9 0 X 00 1
Positioning 1 5 0 01 0
Forced commutation 1 5 1 01 0

Speed control by current 5

feedback ! ! 01 0
Brake 4 6 01 0
EMG return 9 0 11 0
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An output schedule begins executing by the VECPURUNTRG command. When all output-related tasks
are completed, the Vector Engine enters a standby state and waits for a start trigger for input-related tasks.
At this time, schedules of the other channel can be executed.

An input schedule begins executing by a start trigger. When all input-related tasks are completed, the
Vector Engine generates an interrupt to the CPU and enters a halt state. However, if the schedule has its
repeat count (VEREPTIME) set to “2” or more, an interrupt is not generated until the schedule is executed
the specified number of times.

( Start command )

&
«

A4
Execute
output schedule

v
Wait for
start trigger

Start trigger

\ 4
Execute
input schedule

Repeated specified
number of times?

Schedule end

Figure 15-5 Schedule Execution Flow
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15.5.1.2 Start Control

Enable the Vector Engine with the VEEN register. Specify a schedule (VEACTSCH register), task to be
executed (VETASKAPP register) and repeat count (VEREPTIME register).

A schedule of the Vector Engine is comprised of an output schedule and an input schedule. Typically, the
Vector Engine executes an output schedule first, enters a standby state, and then starts executing an input
schedule by a start trigger.

An output schedule is started:

i) By the VECPURUNTRG command. In this case, the task specified in the VETASKAPP register is

executed.

i) On arepeat start (when VEREPTIME > 2) after the corresponding input schedule is completed.

An input schedule is started:

i) By a start trigger (selected in the VETRGMODE register) after the corresponding output schedule is

completed.

i) By the VECPURUNTRG command. In this case, the task specified in the VETASKAPP register is
executed.

15.5.2 Summary of Tasks

Table 15-7 gives a summary of tasks executed in output and input schedules. When each task is to be
executed individually or specified as a startup task, use the task number shown in this table.

Table 15-7 List of Tasks

Task Description Task Number
Current control Controls dq currents. 5
) Performs sine/cosine computation and
SIN/COS computation . ) 6
phase interpolation.
Output coordinate axis ) )
Output ] Converts dq coordinates to a§ coordinates. 7
conversion
schedule -
Qutput phase conversion Converts 2-phase to 3-phase. 8
Converts data to PMD setting format.
Qutput control . . 0
Switches PWM shift.
Trigger generation Generates synchronization trigger timing. 1
) Captures AD conversion results and
Input processing . . . 2
_— converts them into fixed-point format
npu -
Input phase conversion Converts 2-phase to 3-phase. 3
schedule putp - - B P
Input coordinate axis . )
) Converts af coordinates to dq coordinates. 4
conversion
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Current Control

The current control unit is comprised of a PI control unit for d-axis and a PI control unit for g-axis, and
calculates d-axis and g-axis voltages.

i) PI control of d-axis current

[Equations]

AID = VEIDREF x2716 - ID

: Difference between current reference value and current feedback

VDI = VECIDKI x2716 x AID x2+ VDI . Integral term computation
VEVD = (VECIDKP %2716 x AID x2+ VDI) / 2232 : Voltage calculation using proportional term
Register Name Description
VEIDn d-axis current 32-bit fixed-point data (31 fractional bits)
Input | VEIDREFn |Reference value of d-axis 16-bit fixed-point data (15 fractional bits)
current
VECIDKPn |Proportional coefficient 16-bit data
VECIDKIn _[Integral coefficient 16-bit data
Output VEVDn d-axis voltage 32-bit fixed-point data (31 fractional bits)
Internal VDIn Integral term of d-axis voltage |64-bit fixed-point data (63 fractional bits)

i) PI control of g-axis current

[Equations]

AIQ = VEIQREFx2"16 - 1Q

n = channel number

: Difference between current reference value and current feedback

VQI = VECIQKI x2716 xAlQ x2+ VQI . Integral term computation
VEVQ = (VECIQKP %2716 x AIQ x2 + VQI) / 2*32 : Voltage calculation using proportional term
Register Name Description
VEIQn g-axis current 32-bit fixed-point data (31 fractional bits)
Input | VEIQREFNn [Reference value of g-axis 16-bit fixed-point data (15 fractional bits)
current
VECIQKPnN |Proportional coefficient 16-bit data
VECIQKIn |Integral coefficient 16-bit data
Output VEVQn g-axis voltage 32-bit fixed-point data (31 fractional bits)
Internal VQIn Integral term of g-axis voltage |64-bit fixed-point data (63 fractional bits)

n = channel number

TMPM370 15-36

Vector Engine (VE)



TOSHIBA

TMPM370

15.5.2.2  SIN/COS Computation

The SIN/COS computation unit is comprised of a phase interpolation unit and a SIN/COS computation

unit.

Phase interpolation calculates the rotation speed by integrating with the PWM period. It is executed only
when phase interpolation is enabled.

i) Phase interpolation

[Equations]

VETHEATA = (VEOMEGA xVETPWM + VETHEATA x 2731) / 231

: Integration of rotation speed.
Only when phase interpolation is enabled.

Register Name

Description

VETHETANn |Phase 6 16-bit fixed-point data (0.0 to1.0, 16 fractional bits)
Input | VEOMEGAnN |Rotation speed 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)

VETPWM |PWM period rate 16-bit data

VEMODER |Phase interpolation enable Mode settings

Output| VETHETAN

Phase 6

16-bit fixed-point data (0.0 to 1.0, 16 fractional bits))

i) SIN/COS computation

[Equations]

VESINM = VESIN
VECOSM = VECOS

VESIN = sin(VETHETA x 11

2/15) x2"15

n = channel number

: Saves previous value (for input processing).
: Saves previous value (for input processing).

VECOS = sin(VETHETA 0x4000)xTr  2715) x2715

: SIN/COS computation

Register Name

Description

Input | VETHETAN

Phase 6

16-bit fixed-point data (0.0 to 1.0, 16 fractional bits)

VESINN Sine value at 8 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)

Output| VECOSn |Cosine value at 8 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)
VESINMn |Previous sine value 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)
VECOSMn |Previous cosine value 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)

n = channel number
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15.5.2.3  Output Voltage Conversion (Coordinate axis Conversion/Phase Conversion)

Output voltage conversion is comprised of dg-to-af3 coordinate axis conversion and 2-phase-to-3-phase
conversion.

The dg-to-ap coordinate axis conversion calculates Va and V from Vd, Vq in SIN and COS.

The 2-phase-to-3-phase conversion performs segmentation by using Va and VB and performs space
vector conversion to calculate Va, Vb and Vc.

For the 2-phase-to-3-phase conversion, either 2-phase modulation or 3-phase modulation can be
selected.

(1) dg-to-ap coordinate conversion
[Equations]
VETMPREGS3 = (VECOS xVEVD - VESIN xVEVQ) / 215
VETMPREG4 = (VESIN xVEVD + VECOS xVEVQ) / 215

: Calculates Va.
: Calculates V8.

Register Name Description
VEVDn d-axis voltage 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)
Input VEVQn g-axis voltage 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VESINN Sine value at 6 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)
VECOSn  |Cosine value at 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)
Output | VETMPREG3 |a-axis voltage 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VETMPREG4 |B-axis voltage 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)

n = channel number

(2) 2-phase-to-3-phase conversion (space vector conversion)
i) Segmentation
[Equations]
VESECTORM = VESECTOR
if(Va=0 & VB>0)
if((Val>|VB|+V3)

: Saves previous sector.

if(|Va|+\/32|V[3|) SECTOR=0
else SECTOR=1
else SECTOR=2
else if(Va<0 & V(>0)
if(|Va|<|V[3|+\/3) SECTOR=3
else if(|Va|+V3<|VB|) SECTOR=4
else SECTOR=5
else if(Va<0 & VB<0)
if(Val > [VB|+V3)
if(IVal+\3>|VB|) SECTOR=6
else SECTOR=7
else SECTOR=8
else if(Va=0 & VB<0)
if((Val < [VB|+V3) SECTOR=9
else if(|Va|+V3<|VB|) SECTOR=10
else SECTOR=11
Register Name Description
Input | VETMPREGS3 |a-axis voltage 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VETMPREG4 |B-axis voltage 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)
Output| VESECTORN [Sector 4-bit data
VESECTORMN|Previous sector 4-bit data

n=

channel number
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i) 3-phase voltage calculation (when 3-phase modulation is selected and SECTOR=0)
[Equations]

t1 = V3/VEVDC %2715 x(vV3/2xVa - 1/2xVp)
t2 = V3/VEVDC x2/15 xVp

: Calculates V1 period.
: Calculates V2 period.

t3=1-t1-t2 : Calculates VO+V7 period.
VETMPREGO tl1+ t2+1t3+2 : Calculates Va.
VETMPREG1 tl1+ t3+2 : Calculates Vb.
VETMPREG2 t3+2 : Calculates Vc.
Register Name Description
VETMPREG3 |a-axis voltage 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)
Input | VETMPREG4 |B-axis voltage 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VEVDCn  |Supply voltage 16-bit fixed-point data (0.0 to 1.0, 15 fractional bits)
VESECTORnN |Sector 4-bit data
VEFMODEN [Modulation mode Mode settings
Output| VETMPREGO |a-phase voltage 32-bit fixed-point data (0.0 to 1.0, 31 fractional bits)
VETMPREG1 |b-phase voltage 32-bit fixed-point data (0.0 to 1.0, 31 fractional bits)
VETMPREG2 |c-phase voltage 32-bit fixed-point data (0.0 to 1.0, 31 fractional bits)
n = channel number
15.5.2.4  Output Control

The output control unit converts 3-phase voltage values into PWM setting format (VECMPU, VECMPV
and VECMPW ), and sets the VEOUTCR register to control output operation.

When 1-shunt current detection and 2-phase modulation are selected and PWM is enabled, if the rotation
speed is slower than the PWM shift switching reference value, output is switched to shift PWM output.

Register Name Description
VETMPREGO |a-phase voltage 32-hit fixed-point data (0.0 to 1.0, 31 fractional bits)
Input | VETMPREG1 |b-phase voltage 32-bit fixed-point data (0.0 to 1.0, 31 fractional bits)
VETMPREG2 |c-phase voltage 32-bit fixed-point data (0.0 to 1.0, 31 fractional bits)
VEMDPRDn |PWM period 16-bit data (PMD PWM period )
VESECTORN |Sector 4-bit data
VEOMEGAnN [Rotation speed 16-bit fixed-point data (-1.0 to 1.0, 15 fractional bits)
VEFPWMCHGnN|PWM shift switching reference |16-bit fixed-point data (0 to 1.0, 15 fractional bits)
VEMODEN |Output control operation Mode settings
VEFMODEnN |PMD channel/ shift enable/ Mode settings
modulation mode/ detection
mode
VECMPUn [PMD U-phase PMW setting 16- bit data (0 to MDPRD value)
Output| VECMPVn [PMD V-phase PWM setting 16-bit data (0 to MDPRD value)
VECMPWn |PMD W-phase PWM setting 16-bit data (0 to MDPRD value)
VEOUTCRn [PMD output control setting 9-bit setting
VEEMGRSn |PMD EMG return 1-bit setting
VEMCTLFn |Shift switching flag Status

n = channel number
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15.5.2.5 Trigger Generation

The trigger generation unit calculates the trigger timing from the PWM setting values (VECMPU, VECMPV
and VECMPW) as appropriate to the current detection method, and sets the VETRGCMPO and
VETRGCMPL1 registers.

Register Name Description
VECMPUNn |PMD U-phase PWM setting 16-bit data (0 to MDPRD value)
Input | VECMPVn |[PMD V-phase PWM setting 16-bit data (0 to MDPRD value)
VECMPWn [PMD W-phase PWM setting 16- bit data (0 to MDPRD value)
VEMDPRDn |PWM period setting 16-bit data (PMD PWM period)
VETADC |AD conversion time 16-bit data (0 to MDPRD value)
VETRGCRCn |Trigger correction value 16-bit data (0 to MDPRD value)
VESECTORnN |Sector 4-bit data
VEMODERN |Output control operation Mode settings
VEFMODERN |[PMD channel/ shift enable/ Mode settings
modulation mode/ detection
mode
VEMCTLFn [Shift switching flag Status
VETRGCMPO |PMD trigger 0 timing 16-bit data (0 to MDPRD value)
Output| VETRGCMP1 |PMD trigger 1 timing 16-bit data (0 to MDPRD value)
VETRGSELNn |PMD trigger selection 3-bit data

n = channel number
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15.5.2.6

Input Processing

The input processing unit saves segmented 3-phase current conversion results, and converts the current
and voltage conversion results into fixed-point data.
It saves zero-current conversion results in the initial input processing..

Register Name Description
VEADREGOA |ADC unit A conversion result 0 16-bit data (The upper 12 bits are used.)

Input | VEADREG1A |ADC unit A conversion result 1 16-bit data (The upper 12 bits are used.)
VEADREG2A |ADC unit A conversion result 2 16-bit data (The upper 12 hits are used.)
VEADREGS3A |ADC unit A conversion result 3 16-bit data (The upper 12 bits are used.)
VEADREGOB |ADC unit B conversion result 0 16-bit data (The upper 12 bits are used.)
VEADREG1B |ADC unit B conversion result 1 16-bit data (The upper 12 bits are used.)
VEADREG2B |ADC unit B conversion result 2 16-bit data (The upper 12 bits are used.)
VEADREG3B |ADC unit B conversion result 3 16-bit data (The upper 12 bits are used.)
VEPHNUMOA |ADREGOA detected phase information 2-bit data
VEPHNUM1A |ADREG1A detected phase information 2-bit data
VEPHNUM2A |ADREG2A detected phase information 2-bit data
VEPHNUMS3A |ADREG3A detected phase information 2-bit data
VEPHNUMOB |ADREGOB detected phase information 2-bit data
VEPHNUM1B |ADREG1B detected phase information 2-bit data
VEPHNUM2B |ADREG2B detected phase information 2-bit data
VEPHNUMS3B |ADREG3B detected phase information 2-bit data

VESECTORMN|Sector information 4-bit data
VEMODEN |Zero-current detection Mode settings
VEFMODEN |PMD channel /current detection mode / Mode settings
ADC unit /shift enable
VEMCTLFn |Shift switching flag Status
VEVDCn Supply voltage 16-bit fixed-point data (0.0 to 1.0, 15 fractional bits)
Output | VETMPREGO |a-phase current 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VETMPREGL1 |b-phase current 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VETMPREG2 |c-phase current 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)
IAONn a-phase zero-current conversion result 16-bit data (The upper 12 bits are used.)
Internal IBOn b-phase zero-current conversion result 16-bit data (The upper 12 bits are used.)
ICOn c-phase zero-current conversion result 16-bit data (The upper 12 bits are used.)
IAADCn a-phase current conversion result 16-bit data (The upper 12 bits are used.)
IBADCn b-phase current conversion result 16-bit data (The upper 12 bits are used.)
ICADCn c-phase current conversion result 16-bit data (The upper 12 bits are used.)

n = channel number
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15.5.2.7 Input Current Conversion (Phase Conversion/Coordinate axis Conversion)

Input current conversion is comprised of 3-phase-to-2-phase conversion and ap-to-dq coordinate axis

conversion.

The 3-phase-to-2-phase conversion calculates la and I from la, Ib and Ic.

The ap-to-dg coordinate axis conversion calculates Id and Ig from la, IB, VESINM and VECOSM.

(1) 3-phase-to-2-phase conversion

[Equations]

VETMPREG3 = VETMPREGO
VETMPREG4 = 1/N3 XVETMPREGL - 1/N3 xVETMPREG2

: Calculates la.
: Calculates IB.

Register Name

Description

Input | VETMPREGO

a-phase current

32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)

VETMPREG1 |b-phase current 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VETMPREG2 |c-phase current 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)
Output | VETMPREG3 |a-axis current 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)

VETMPREG4

B-axis current

32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)

(2) ap-to-dg coordinate conversion

[Equations]

VEID = VECOSMxVETMPREGS3 + VESINMxVETMPREG4
VEIQ = -VESINMxXVETMPREG3 + VECOSMxVETMPREG4

n = channel number

: Calculates Id.
: Calculates Iqg.

Register Name

Description

Input | VETMPREG3

a-axis current

32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)

VETMPREG4

B-axis current

32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)

VESINMn _ |Sine value at 6 16-bit fixed-point data (-1.0 1.0, 15 fractional bits)
VECOSMn |Cosine value at 8 16-bit fixed-point data (-1.0 1.0, 15 fractional bits)

Output VEIDn d-axis current 32-bit fixed-point data (-1.0 to 1.0, 31 fractional bits)
VEIQn g-axis current 32-hit fixed-point data (-1.0 to 1.0, 31 fractional bits)

n = channel number
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15.6 Combinations of VE Channel, ADC Unit and PMD Channel

Table 15-8 and Table 15-9 show the combinations of AD unit and PMD channel that can be used with
each Vector Engine channel depending on the current detection mode to be used.
The Vector Engine calculates the stored value in AD conversion result register 0 to 2 (ADXREGO to 2) as
a current data and calculates the sotred value in AD conversion result register 3 (ADXREG3) as a voltage
data. Therefore, please specify it with proper setting, referring to Table 15-9.
(x=Aor B)

Table 15-8 Combination of VE and PMD

Vector Engine PMD
Channel 0 Channel 0
Channel 1 Channel 1

Table 15-9 Combination of VE and ADC

Vector Engine ADC Unit A ADC Unit B
VEMODE(Note 1)
Current ADC
Channel . . IADAREGOADAREG1ADAREG2ADAREG3ADBREGOADBREG1ADBREG2ADBREG3
detection | selection
<IDMODE><ADCSEL>|
00 Current | Current Note 2 |VDC data i i i i
Ox data 1 data 2
0 1x Current - Note 2 |VDC data| CU"e™ - ; -
data 1 data 2
Current | Current
1x 00 data 1 data 2 - VDC data - - - -
o1 i ) i i Current | Current Note 2 |VDC data
0x data 1 data 2
Current Current
1 1 - - - - Note 2 |VD
X data 2 data 1 ote C data
1x o1 i ) i i Current | Current ) VDC data
data 1 data 2

Note 1: Please do not use the combination of VE and ADC which is not allowed in the table.
Note 2: Specifying the phase information to the register is necessary. However the AD conversion result of its
register is not used for calculation.
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16. Motor Control Circuit (PMD: Programmable Motor Driver)

The TMPM370 contains a two-channel programmable motor driver (PMD). The PMD of this product has
newly added features of conduction output control and DC overvoltage detection to realize sensorless
motor control and supports interaction with the AD converter.

CPU
IO Bus I/F
=
Interrupt Interrupt Interrupt
N\ /]\ N
VE
>~ <
rd <
~" N ~
PMD < ADC
PW M/Trigger setting Conversion Result
S
ADC Trigger -
EMG detection input Overvoltage Detection Input Conduction output Analog Input
JEMG JOVV UV,W X)Y,Z Motor current,Motor voltage

Figure 16-1 Motor Control-related Block Constitution

TMPM370 16-1 Motor control circuit



TOSHIBA

TMPM370

16.1 PMD Input/Output Signals

The table below shows the signals that are input to and output from each PMD.

Table 16-1 Input/Output Signals

Channel Pin Name PMD Signal Name Description
PC7/0VV0 (O)VAVA] OVV state signal
PC6/EMGO EMG 0 EMG state signal
PCO/UOO0 uoo U-phase output

PMDO PC1/X00 X 00 X-phase output
PC2/VO0 VvV 00 V-phase output
PC3/YO0 Y O0 Y- phase output
PC4/WO0 W 00 W-phase output
PC5/Z200 Z 00 Z-phase output
PG7/0VV1 OWV 1 OVV state signal
PG6/EMG1 EMG 1 EMG state signal
PGO/UO1 uo 1 U-phase output

PMD1 PG1/X01 X 01 X-phase output
PG2/VO1 V O1 V-phase output
PG3/YO1 Y O1 Y-phase output
PG4/WO1 W o1 W-phase output
PG5/201 Z 01 Z-phase output
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16.2 PMD Registers

The table below shows the registers related to the PMD. (The Address column shows a PMDO address
first followed by a PMD1 address on the next line.)

Table 16-2 PMD Registers

Address Mnemonic Register Name
0x4005 0400 PMDOMDEN .
0x4005 0480 PMD1MDEN PMD Enable Register
0x4005 0404 PMDOPORTMD .
0x4005 0484 PMD1PORTMD Port Output Mode Register
0x4005 0408 PMDOMDCR .
0x4005 0488 PMD1MDCR PMD Control Register
0x4005 040C PMDOCNTSTA .
0x4005 048C PMD1CNTSTA PWM Counter Status Register
0x4005 0410 PMDOMDCNT .
0x4005 0490 PMD1MDCNT PWM Counter Register
0x4005 0414 PMDOMDPRD . .
0x4005 0494 PMD1MDPRD PWM Period Register
0x4005 0418 PMDOCMPU .
0x4005 0498 PMD1CMPU PMD Compare U Register
0x4005 041C PMDOCMPV .
0x4005 049C PMD1CMPV PMD Compare V Register
0x4005 0420 PMDOCMPW .
0x4005 04A0 PMD1CMPW PMD Compare W Register
0x4005 0424 PMDOMODESEL Mode Select Reaistor
0x4005 04A4 PMD1MODESEL ode select Registe
0x4005 0428 PMDOMDOUT .
0x4005 04A8 PMD1MDOUT PMD Output Control Register
0x4005 042C PMDOMDPOT . .
0x4005 04AC PMD1MDPOT PMD Output Setting Register
0x4005 0430 PMDOEMGREL .
0x4005 04BO PMD1EMGREL EMG Release Register
0x4005 0434 PMDOEMGCR .
0x4005 04B4 PMD1EMGCR EMG Control Register
0x4005 0438 PMDOEMGSTA .
0x4005 04B8 PMD1EMGSTA EMG Status Register
0x4005 043C PMDOOVVCR .
0x4005 04BC PMD10VVCR OVV Control Register
0x4005 0440 PMDOOVVSTA .
0x4005 04C0 PMD10VVSTA OVV Status Register
0x4005 0444 PMDODTR . .
0x4005 04C4 PMD1DTR Dead Time Register
0x4005 0448 PMDOTRGCMPO Tiger Combare 0 Redicter
0x4005 04C8 PMD1TRGCMPO 99 p 9
0x4005 044C PMDOTRGCMP1 Tiager Compare 1 Redicter
0x4005 04CC PMD1TRGCMP1 99 P 9
0x4005 0450 PMDOTRGCMP2 Tiager Compare 2 Redister
0x4005 04D0 PMD1TRGCMP2 99 P 9
0x4005 0454 PMDOTRGCMP3 e Combare 3 Registor
0x4005 04D4 PMD1TRGCMP3 ggeri.-ompare S Registe
0x4005 0458 PMDOTRGCR Trigger Control Register
0x4005 04D8 PMD1TRGCR 99 9
0x4005 045C PMDOTRGMD _ . .
0x4005 04DC PMD1TRGMD Trigger Output Mode Setting Register
0x4005 0460 PMDOTRGSEL _ .
0x4005 04EQ PMD1TRGSEL Trigger Output Select Register
0x4005 047C

Reserved -

0x4005 04FC

Note: Do not access to “Reserved” address.
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16.3 PMD Circuit
ettt
1 Wave Generation Circuit :
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Figure 16-2 Block diagram of PMD Circuit

The PMD circuit consists of two blocks of a wave generation circuit and a sync trigger generation circuit.

The wave generation circuit includes a pulse width modulation circuit, a conduction control circuit, a
protection control circuit, a dead time control circuit.

- The pulse width modulation circuit generates independent 3-phase PWM waveforms with the same

PWM frequency.

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

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

- The dead time control circuit prevents a short circuit which may occur when the upper side and lower

side are switched.

- The sync trigger generation circuit generates sync trigger signals to the AD converter.
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16.3.1 PMD mode control registers
16.3.1.1 PMD Enable Register (PMDnMDEN)

(PMDO0:0x4005 0400, PMD1:0x4005 0480)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - - PWMEN
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R/IW
After reset 0 0 0 0 0 0 0 0

<PWMEN>: Enables or disables waveform synthesis.

0: Disable

1: Enable

Output ports that are used for the PMD become high impedance when the PMD is disabled.
Before enabling the PMD, Setting <PWMEN>="1"(enable) other relevant settings, such as output
port polarity.

16.3.1.2 Port Output Mode Register (PMDnPORTMD)
(PMDO0:0x4005 0404, PMD1:0x4005 0484)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - PORTMD
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R/W
After reset 0 0 0 0 0 0 | 0

<PORTMD>: Port control setting
00: Upper phases = High-Z, lower phases = High-Z

01: Upper phases = High-Z, lower phases = PMD output
10: Upper phases = PMD output, lower phases = High-Z

11: Upper phases = PMD output, lower phases = PMD output

The <PORTMD> setting controls external port outputs of the upper phases (U, V and W phases) and
the lower phases (X, Y and Z phases). When a tool break occurs while “High-Z” is selected, the upper
and lower phases of external output ports are set to high impedance. In other cases, external port

outputs depend on PMD outputs.

* When PWMEN=0, output ports are set to high impedance regardless of the output port setting.
* When an EMG input occurs, external port outputs are controlled depending on the EMGMD setting.
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16.3.1.3 Mode Select Register (PMDnMODESEL)
(PMDO0:0x4005 0424, PMD1:0x4005 04A4)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - - MDSEL
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R/W
After reset 0 0 0 0 0 0 0 0

<MDSEL>: Mode select register
0: Bus mode
1: VE mode

This bit selects whether to load the second buffer of each double-buffered register with the register
value set via the bus (bus mode) or the value supplied from the Vector Engine (VE mode). The PWM
compare registers (CMPU, CMPV, CMPW), trigger compare registers (TRGCMP0, TRGCMP1) and
MDOUT register are double-buffered, and the second buffers are loaded in synchronization with the
PMD’s internal update timing.
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16.3.2 Pulse Width Modulation Circuit

PMD Counter Status Register PWM Counter Register
PMDnCNTSTA PMDnMDCR PMDnMDCNT
VN
r— 4
PWM Sync Clock
UPEQUS,DNEQUS PWM PWM nterrupt Request
b Control J INTPWM
CMPRLD Up/Down
> PWM Counter |
fsys —i Clock control > _
y n MDCNT
_'; Selector
0x0001 §
| M pm
PWM Period Register —Selector/Latch a
PMDnMDPRD —>]
PWM Compare Register
pare heg |
PMDnCMPU > A=B > pwmu
BufferU >
VEVCMPU ==
*=—>
PMDnCMPV > A=B > pwmv
BufferV >
VEVCMPV ==))
—)
PMDnCMPW > A=B > pwmw
BuffelV
VEVCMPW ==

PMDnMODESEL

Figure 16-3 Pulse Width Modulation Circuit

The pulse width modulation circuit has a 16-bit PMD up-/down-counter and generates PWM carrier
waveforms with a resolution of 12.5 nsec at 80 MHz. The PWM carrier waveform mode can be selected
from mode 0 (edge-aligned PWM, sawtooth wave modulation) and mode 1 (center-aligned PWM,
triangular wave modulation).

The PWM period extension mode (MDCR<PWMCK> = 1) is also available. When this mode is selected,
the PWM counter generates PWM carrier waveforms with a resolution of 50 nsec.
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(1) Setting the PWM period
The PWM period is determined by the MDPRD register. This register is double-buffered. Comparator
input is updated at every PWM period. It is also possible to update comparator input at every half PWM
period.

Oscillation frequency [HZz]

Sawtooth wave PWM: MDPRD register value =
PWM frequency [HZ]

Oscillation frequency [Hz]

Triangular wave PWM: MDPRD register value =
PWM frequency [Hz] x 2

(2) Compare function
The pulse width modulation circuit compares the PWM compare registers of the 3 phases (PMDnCMPU/
V/W) and the carrier wave generated by the PWM counter (PMDnMDCNT) to determine which is larger to
generate PWM waveforms with the desired duty.
The PWM compare register of each phase has a double-buffered compare register. The PWM compare
register value is loaded at every PWM period (when the internal counter value matches the MDPRD value).
It is also possible to update the compare register at every 0.5 PWM period.

[Sawtooth wave] MDCNT counts up to MDPRD and
MDCNT is cleared to 1 in the next cycle.
A
[MDPRD] f-=-===-=-=-=-=-- "'""“"“"""""""-----/' -------
[CMPU
\ > Time
PWMU on —
waveform
When switching from counting
Tri | When switching from counting down to counting up,
[Triangular|” 4oun to counting up, MDCNT=peak value (MDPRD)
wave] MDCNT=1 in two cycles. intwo cycles.
AN
[MDPRD]
[cMPU \/
> Time
PWMU on
waveform
off O DN

Figure 16-4 PWM Waveforms
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(3) Waveform mode
Three-phase PWM waveforms can be generated in the following two modes:

i) 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.

i) 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.

(4) Interrupt processing
The pulse width modulation circuit generates PWM interrupt requests in synchronization with PWM
waveforms. The PWM interrupt period can be set to half a PWM period, one PWM period, two PWM
periods or four PWM periods.
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16.3.2.1 PMD Control Register (PMDnMDCR)
(PMDO0:0x4005 0408, PMD1:0x4005 0488)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - PWMCK SYNTMD DTYMD PINT INTPRD PWMMD
Read/Write R—0 R/W
After reset 0 0 | 0 | 0 | 0 | 0 | 0 | 0

<PWMMD>: PWM carrier waveform
0: PWM mode 0 (edge-aligned PWM, sawtooth wave)
1: PWM mode 1(center-aligned PWM, triangular wave)
This bit selects the PWM mode. PWM mode 0O is edge-aligned PWM and PWM mode 1 is
center-aligned PWM.
<INTPRD>: PWM interrupt period
00: Interrupt request at every 0.5 PWM period (PWM mode 1 only)
01: Interrupt request at every PWM period
10: Interrupt request at every 2 PWM periods
11: Interrupt request at every 4 PWM periods

This field selects the PWM interrupt period from 0.5 PWM period, one PWM period, two PWM periods
and four PWM periods.

When <INTPRD>=00, the contents of the compare registers (CMPU, CMPV, CMPW) and period
register (MDPRD) are updated into their respective buffers when the internal counter equals 1 or the
MDPRD value.

<PINT>: PWM interrupt timing
0: Interrupt request when PWM counter = 1
1: Interrupt request when PWM counter = MDPRD

This bit selects whether to generate an interrupt request when the PWM counter equals its minimum or
maximum value. When the edge-aligned PWM mode is selected, an interrupt request is generated
when the PWM counter equals the MDPRD value. When the PWM interrupt period is set to every 0.5
PWM period, an interrupt request is generated when the PWM counter equals 1 or MDPRD.)

<DTYMD>: Duty mode
0: 3-phase common mode
1: 3-phase independent mode

This bit selects whether to make duty setting independently for each phase or to use the CMPU

register for all three phases.
<SYNTMD>: Port output mode
This bit specifies the port output setting of the U, V and W phases. (See Table 16-4.)
<PWMCK>: PWM period extension mode
0: Normal period
1: 4x period
When <PWMCK>=0, the PWM counter operates with a resolution of 12.5 ns at fsys=80 MHz.
* Sawtooth wave: 12.5 ns, triangular wave: 25 ns
When <PWMCK>=1, the PWM counter operates with a resolution of 50 ns at fsys=80 MHz.
* Sawtooth wave: 50 ns, triangular wave: 100 ns
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16.3.2.2 PWM Counter Status Register (PMDnCNTSTA)
(PMD0:0x4005 040C, PMD1:0x4005 048C)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - - UPDWN
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R
After reset 0 0 0 0 0 0 0 0

<UPDWN>: PWM counter flag
0: Up-counting
1: Down-counting
This bit indicates whether the PWM counter is up-counting or down-counting.
When the edge-aligned PWM mode is selected, this bit is always read as 0.

16.3.2.3 PWM Counter Register (PMDNnMDCNT)
(PMD0:0x4005 0410, PMD1:0x4005 0490)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol MDCNT
Read/Write R
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol MDCNT
Read/Write R
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 1

<MDCNT>: PWM counter
PMD counter value (resolution: 12.5 ns at fsys = 80 MHz)
* Sawtooth wave: 12.5 ns, triangular wave: 25 ns
* When MDCR<PWMCK>=1, the counter resolution becomes 50 ns.
A16-bit counter for reading the PWM period count value. It is read-only.

* When the PMD is disabled (PWMEN=0), the value of PWM counter depends on the setting of
PWMMD (PWM carrier waveform). The value is as follows.

In case of PWMMD=0: 0x0001

In case of PWMMD=1: the value of MDPRD
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16.3.2.4 PWM Period Register (PMDnMDPRD)
(PMDO0:0x4005 0414, PMD1:0x4005 0494)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol MDPRD
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol MDPRD
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

<MDPRD>: PWM period

MDPRD=0x0010

A 16-bit register for specifying the PWM period. This register is double-buffered and can be changed
even when the PWM counter is operating. The buffer is loaded at every PWM period. (That is, when the
PWM counter matches the MDPRD value. When 0.5 PWM period is selected, loading is performed
when the PWM counter matches 1 or MDPRD. The least significant bit must be set as 0.)

If <MDPRD> is set to a value less than 0x0010, it is automatically assumed to be 0x0010. (The register
retains the actual value that is written.)

* Do not write to this register in byte units. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are written
separately, operation cannot be guaranteed.
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16.3.2.5 PWM Compare Registers (PMDnCMPU, PMDnCMPV, PMDnCMPW)
PMDO0(0x4005 0418-041B),PMD1( 0x4005 0498-049B)
31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol CMPUO,1
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol CMPUO,1
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 0 0
PMDO(0x4005 041C-041F),PMD1( 0x4005 049C-049F)
31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol CMPVO,1
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol CMPVO,1
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 0 0
PMDO0(0x4005 0420-0423),PMD1( 0x4005 04A0-04A3)
31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol CMPWO0,1
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol CMPWO0,1
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 0 0
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<CMPU, CMPV, CMPW>: PWM pulse width
Compare registers (resolution : 12.5 ns at fsys =80 MHz)
* Sawtooth wave: 12.5 ns, triangular wave: 25 ns
* When MDCR<PWMCK>=1, the counter resolution becomes 50 ns.

CMPU, CMPV and CMPW are compare registers for determining the output pulse width of the U, V
and W phases. Theses registers are double-buffered. Pulse width is determined by comparing the
buffer and the PWM counter to evaluate which is larger. (To be loaded when the PWM counter value
matches the MDPRD value. When 0.5 PWM period is selected, loading is performed when the PWM
counter matches 1 or MDPRD.) When this register is read, the value of the first buffer (data set via the
bus) is returned.

* To load the second buffer with the value in the compare register updated via the bus, select the bus
mode (default) by setting MODESEL<MDSEL> to 0.

* Do not write to these registers in byte units. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are
written separately, operation cannot be guaranteed.
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16.3.3 Conduction Control Circuit
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Figure 16-5 Conduction Control Circuit

The conduction control circuit performs output port control according to the settings made in the PMD
output register (MDOUT). The MDOUT register bits are divided into two parts: settings for the
synchronizing signal for port output and settings for port output. The latter part is double-buffered and
update timing can be set as synchronous or asynchronous to PWM.

The output settings for six port lines are made independently for each of the upper and lower phases
through the bits 10 to 8 of the MDOUT register and bits 3 and 2 of the MDPOT register. In addition, bits 10
to 8 of the MDOUT register select PWM or H/L output for each of the U, V and W phases. When PWM
output is selected, PWM waveforms are output. When H/L output is selected, output is fixed to either a
high or low level. Table 16-3 shows a summary of port outputs according to port output settings in the
MDOUT register and polarity settings in the MDCR register.
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16.3.3.1 PMD Output Setting Register (PMDnMDPOT)
(PMDO0:0x4005 042C, PMD1:0x4005 04AC)
31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol - - - - POLH POLL PSYNCS
Read/Write R—0 R—0 R—0 R—0 RIW RIW R/W
After reset 0 0 0 0 0 0 | 0

<PSYNCS>: MDOUT transfer timing
00: Async to PWM
01: Load when PWM counter = 1
10: Load when PWM counter= MDPRD
11: Load when PWM counter = 1 or MDPRD
PSYNCS selects the timing when the U-, V- and W-phase output settings are reflected in port outputs
(sync or async to the PWM counter peak, bottom or peak/bottom).
When “00” (Async to PWM) is selected, the changing of MDOUT register is applied to the U-, V- and
W-phase output immediately. The <PSYNCS> is also available in the vector engine.
* This field must be set while MDEN<PWMEN>=0.
<POLL>: Lower phase port polarity
0: Active low
1: Active high
POLL selects the output port polarity of the lower phases.
* This bit must be set while MDEN<PWMEN>=0.
<POLH>: Upper phase port polarity
0: Active low
1: Active high
POLH selects the output port polarity of the upper phases.
* This bit must be set while MDEN<PWMEN>=0.
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16.3.3.2 PMD Output Control Register (PMDnMDOUT)
(PMDO0:0x4005 0428, PMD1:0x4005 04A8)
30 29 28 27 26 25 24
Bit Symbol - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0
22 21 20 19 18 17 16
Bit Symbol - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0
14 13 12 11 10 9 8
Bit Symbol - - - - WPWM VPWM UPWM
Read/Write R—0 R—0 R—0 R—0 R—0 R/W R/W R/W
After reset 0 0 0 0 0 0
6 5 4 3 1 0
Bit Symbol - WOC VOC uocC
Read/Write R—0 R—0 R/W R/W R/W
After reset 0 0 | 0 0 | 0 | 0

<UOC, VOC, WOC><UPWM, VPWM,WPWM>: U-, V-, and W-phase output control
The MDOUT register controls the port outputs of the U, V and W phases (see Table 16-3 below.)

* To load the second buffer of MDOUT with a value updated via the bus, select the bus mode (default)

by setting MODESEL<MDSEL> to 0.

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

OPMDNMDCR<SYNTMD>=0
Polarity: Active high (MDPOT bits 3, 2=1)

Polarity: Active low (MDPOT bits 3, 2=0)

MDOUT MDOUT Bits 10, 9, 8 MDOUT MDOUT Bits 10, 9, 8
Output Control H/L or PWM Output Select Output Control H/L or PWM Output Select

Bits 5, 3, 1 i Bits 4, 2,0 0: H/L output 1: PWM output Bits 5,3,1 i Bits 4,2,0 0: H/L output 1: PWM output
Upper Lower Upper Lower | Upper Lower Upper Lower Upper Lower | Upper Lower
phase phase phase | phase | phase | phase phase phase phase | phase | phase | phase
i output | output | output : output output ! output | output ! output
0 I 0 L | L /PWM | PWM 0 ! 0 H ! H PWM | /PWM
EEE L ! H L | PWM EEE H oL H | /PWM

1.1 0 H L PWM | L 1. 1 0 L i\ H |/PwM i H
1 5 1 H @ H PWM ! /PWM 1 5 1 L+ L /PWM | PWM

OPMDNMDCR<SYNTMD>=1
Polarity: Active high (MDPOT bits 3, 2=1)

Polarity: Active low (MDPOT bits 3, 2=0)

MDOUT MDOUT Bits 10, 9, 8 MDOUT MDOUT Bits 10, 9, 8
Output Control H/L or PWM Output Select Output Control H/L or PWM Output Select

Bits 5, 3, 1 Bits 4, 2, 0 0: H/L output 1: PWM output Bits 5,3,1 Bits 4,2,0 0: H/L output 1: PWM output
Upper . Lower Upper | Lower | Upper | Lower Upper . Lower Upper ! Lower | Upper ! Lower
phase : phase phase | phase | phase | phase phase : phase phase | phase | phase | phase
output output output output output output | output output
0o ! o0 L L /PWM | PWM 0o ' 0 H ! H PWM | /PWM
0 ; 1 L : H L ' /PWM 0 ; 1 H @ L H | PWM

1. . 0 H L PWM | L 1. 1 0 L ! H /PWM | H
1 H | H PWM | /PWM TR L L /PWM | PWM

Table 16-3 Port Outputs according to the UOC, VOC, WOC, UPWM, VPWM and WPWM Settings
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Output Settings for Center-off PWM
Center-off PWM can be supported by the following settings.

Table 16-4 Register Settings for Center-off PWM
Normal PWM U-Phase PWM V-Phase PWM W-Phase PWM
cennter on center off centert off center offt
CMPU duty U MDPRD-duty U duty U duty U
CMPV duty V duty_V MDPRD-duty_V duty_V
CMPW duty W duty W duty W MDPRD-duty_W
uocC 11 00 11 11
VOC 11 11 00 11
WOoC 11 11 11 00
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16.3.4 Protection Control Circuit
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Figure 16-6 Protection Control Circuit

The protection control circuit consists of an EMG protection control circuit and an OVV protection control
circuit.

16.3.4.1 EMG Protection Circuit

The EMG protection circuit consists of an EMG protection control unit and a port output disable unit. This
circuit is activated when the EMG input becomes low. The EMG protection circuit offers an emergency
stop mechanism: when the EMG input is asserted (H — L), all six port outputs are immediately disabled
(depending on the EMGCR<EMGMD> setting) and an EMG interrupt (INTEMG) is generated.
EMGCR<EMGMD> can be set to output a control signal that sets external output ports to high impedance
in case of an emergency.

Atool break also disables all six PWM output lines depending on the EMGCR<EMGMD> setting. When a
tool break occurs, external output ports can be set to high impedance through the setting of the PORTMD
register.

EMG protection is set through the EMG Control Register (EMGCR). A read value of 1 in
EMGSTA<EMGST> indicates that the EMG protection circuit is active. In this state, EMG protection can
be released by setting all the port output lines inactive (MDOUT[10:8][5:0]) and then setting
EMGCR<EMGRS> to 1.

To disable the EMG protection function, write 0x5A and 0xA5 in this order to the EMGREL register and
then clear EMGCR<EMGEN?> to 0. (These three instructions must be executed consecutively.) While the
EMG protection input is low, any attempt to release the EMG protection state is ignored. Before setting
EMGCR<EMGRS> to 1 to release EMG protection, make sure that EMGST<EMGI> is high.

The EMG protection circuit can be disabled only after the specified key codes (0x5A, 0xA5) are written in
the EMGREL register to prevent it from being inadvertently disabled.
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16.3.4.2 EMG Release Register (PMDnEMGREL)
(PMDO0:0x4005 0430, PMD1:0x4005 04B0)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol EMGREL
Read/Write W
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

<EMGREL>: EMG disable code
The EMG and OVV protection functions can be disabled by setting 5A and A5 in this order to bits 7 to 0
of the EMGREL register.
When disabling these functions, EMGCR<EMGEN> and OVVCR<OVVEN> must be cleared to 0.
* This register is used for both the EMG and OVV functions.

16.3.4.3 EMG Control Register (PMDnEMGCR)
(PMDO0:0x4005 0434, PMD1:0x4005 04B4)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - EMGCNT
Read/Write R—0 R—0 R—0 R—0 R/W
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - INHEN EMGMD EMGISEL EMGRS EMGEN
Read/Write R—0 R—0 R/W R/W R/W W R/W
After reset 0 0 1 1 | 1 0 0 1

<EMGEN>: EMG protection circuit enable/disable
0: Disable
1: Enable
The EMG protection circuit is enabled by setting this bit to 1. In the initial state, the EMG protection
circuit is enabled.
To disable this circuit, write 5A and AS in this order to the EMGREL register and then clear the EMGEN
bit to 0.
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<EMGRS>: EMG protection release
0: -
1: Release protection
EMG protection can be released by setting the MDOUT register to 0 and then setting the EMGRS bit
to 1.
This bit is always read as 0.
* Be sure to write 0 to both the upper bits [10:8] and lower bits [5:0].
* Before releasing EMG protection, make sure that the EMG input has returned to high.
<EMGISEL>: EMG input select
0: Port input
1: Comparator output
This bit selects whether to use port input or comparator output as the EMG signal to be input to the
protection circuit.
<EMGMD>: EMG protection mode select
00: PWM output control disabled / Port output = All phases High-Z
01: All upper phases ON, all lower phases OFF / Port output = Lower phases High-Z
10: All upper phases OFF, all lower phases ON / Port output = Upper phases High-Z
11: All phases OFF / Port output = All phases High-Z
* ON = PWM output (no output control), OFF = Low [when <POLL>,<POLH>=1 (active high)]
This field controls PWM output and port output of the upper and lower phases in case of an emergency.
<INHEN>: Tool break enable/disable
0: Disable
1: Enable
This bit selects whether or not to stop the PMD when the PMD stop signal is input from the tool. In the
initial state, tool breaks are enabled.
<EMGCNT>: EMG input detection time
0 to 15 (When <EMGCNT=0, the noise filter is bypassed.)
EMGCNTx16/fsys (resolution: 200[nsec] at 80 MHz)

16.3.4.4 EMG Status Register (PMDnEMGSTA)
(PMDO0:0x4005 0438, PMD1:0x4005 04B8)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - EMGI EMGST
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R R
After reset 0 0 0 0 0 0 - 0

<EMGST>: EMG protection state
0: Normal operation
1: Protected
The EMG protection state can be known by reading this bit.

<EMGI>: EMG input
EMG protection state
The EMG input state can be known by reading this bit.
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16.3.4.5 OVV Protection Control Circuit (OVV)

The OVV protection control circuit consists of an OVV protection control unit and a port output disable
unit. This circuit is activated when the OVV input port is asserted.

When the OVV input is asserted (H — L) for a specified period (set in OVVCR<OVVCNT>), the OVV
protection circuit fixes the six port output lines in the conduction control circuit to high or low. At this time,
an OVV interrupt (INTOV) is generated. It is possible to turn off only the upper or lower phases or all
phases.

OVV protection is set through the OVV Control Register (OVVCR). A read value of 1 in
OVVSTA<OVVST> indicates that the OVV protection circuit is active.

The release of the OVV protection state is enabled by setting OVVCR<OVVEN> to 1. Then, OVV
protection is automatically released after the OVV protection circuit completes its operation.

* The OVV protection state is not released while the OVV protection input is low. The state of this port
input can be checked by reading OVVSTA<OVVI>.

The OVV protection state is released in synchronization with the PWM period (when the PWM count
matches the MDPRD value). (When 0.5 PWM period is selected, the release timing is when the PWM
counter equals 1 or MDPRD.)

To disable the OVV protection function, write 0x5A and 0xAS5 in this order to the EMGREL register and
then clear OVVCR<OVVEN> to 0. (These three instructions must be executed consecutively.)

The OVV protection circuit can be disabled only after the specified key codes (0x5A, 0xA5) are written in
the EMGREL register to prevent it from being inadvertently disabled.

16.3.4.6 OVV Control Register (PMDnOVVCR)
(PMDO0:0x4005 043C, PMD1:0x4005 04BC)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - OVVCNT
Read/Write R—0 R—0 R—0 R—0 R/W
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - ADIN1EN ADINOEN OVVMD OVVISEL OVVRS OVVEN
Read/Write R—0 R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 | 0 0 0 0

<OVVEN>: OVV protection circuit enable/disable
0: Disable

1: Enable

The OVV protection circuit is enabled by setting this bit to 1. In the initial state, the OVV protection

circuit is disabled.

To disable this circuit, write 5A and A5 in this order to the EMGREL register and then clear this bit to 0.
(These three instructions must be executed consecutively.)
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<OVVRS>: OVV protection release
0: Disable automatic release of OVV protection
1: Disable automatic release of OVV protection
The OVV protection state is entered when the overvoltage detection signal makes a high-to-low
transition. After the overvoltage detection signal returns high, the OVV protection state can be
automatically released by a match between the PWM counter and the MDPRD register by setting this bit
to 1.
* When 0.5 PWM period is selected (MDCR<INTPRD>=00), the OVV protection state is released
when the PWM counter equals 1 or MDPRD.
<OVVISEL>: OVV input select
0: Port input
1: ADC monitor signal
This bit selects whether to use port input or the monitor signal from the ADC as the OVV signal to be
input to the protection circuit.
When the ADC monitor signal is selected, <OVVCNT> becomes invalid.
<OVVMD>: OVV protection mode
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
* ON=High, OFF=Low [when <POLL>,<POLH>=1 (active high)]

This field controls the outputs of the upper and lower phases when an OVV condition occurs.
* If OVV and EMG conditions occur simultaneously, the protection mode settings in the EMGCR
register become effective.
<ADINOEN>: ADC A monitor interrupt input enable
0: Disable
1: Enable

This bit selects whether to enable or disable the monitor signal input from ADC A.

When this bit is set to enable and <OVVISEL>=1, the PMD is placed in a protection state (if OVV
protection is enabled) by an interrupt signal from ADC A that is generated by a match between an AD
conversion result and the specified compare value.

* For details, see the chapter on the ADC.
<ADIN1EN>: ADC B monitor interrupt input enable

0: Disable input

1: Enable input

This bit selects whether to enable or disable the monitor signal input from ADC B.

When this bit is set to enable and <OVVISEL>=1, the PMD is placed in a protection state (if OVV
protection is enabled) by an interrupt signal from ADC B that is generated by a match between an AD
conversion result and the specified compare value.

* For details, see the chapter on the ADC.
<OVVCNT=>: OVV input detection time
1-15 (If O is set, itis handled as 1.)

OVVCNTx%16/fsys (resolution: 200[nsec] at 80 MHz )

* OVVCNT is effective only when port input is selected as the OVV signal (<OVVISEL>=1).
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16.3.4.7 OVV Status Register (PMDnOVVSTA)
(PMDO0:0x4005 0440, PMD1:0x4005 04C0)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - owVI OVVST
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R R
After reset 0 0 0 0 0 0 - 0

<OVVST>: OVV protection state
0: Normal operation
1: Protected
The OVV state can be known by reading this bit.
<OVVI>: OVWVI input
OVVI state
The OVV input state (selected by OVVCR<OVVISEL>) can be known by reading this bit.
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16.3.5 Dead Time Circuit
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Figure 16-6 Dead Time Circuit

The dead time circuit consists of a dead time unit and an output polarity switching unit.

For each of the U, V and W phases, the ON delay circuit introduces a delay (dead time) when the upper
and lower phases are switched to prevent a short circuit. The dead time is set to the Dead Time Register
(DTR) as an 8-bit value with a resolution of 100 ns at 80 MHz.

The output polarity switching circuit allows the polarity (active high or active low) of the upper and lower
phases to be independently set through MDPOT<POLH> and <POLL>.

16.3.5.1 Dead Time Register (PMDnDTR)
(PMDO0:0x4005 0444, PMD1:0x4005 04C4)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol DTR
Read/Write R/W
After reset 0 | 0 0 | 0 | 0 | 0 0 | 0

<DTR>: Dead time

100 nsec x 8 bits (up to 25.5 psec at fsys = 80 MHz)

* Do not change this register while MDEN<PWMEN>=1.
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16.3.6 Sync Trigger Generation Circuit
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Figure 16-7 Sync Trigger Generation Circuit

The sync trigger generation circuit generates trigger signals for starting ADC sampling in synchronization
with PWM. The ADC trigger signal (PMDTRG) is generated by a match between MDCNT and TRGCMP.
The signal generation timing can be selected from up-count match, down-count match and
up-/down-count match. When the edge-aligned PWM mode is selected, the ADC trigger signal is
generated on an up-count match. When PWM output is disabled (MDEN<PWMEN>=0), trigger output is

also disabled.

When the trigger select output mode is selected, the trigger output port is switched according to the
TRGSEL register setting or sector information from the Vector Engine.
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16.3.6.1 Trigger Compare Registers (PMDnTRGCMPO ~3)
PMDO (0x4005 0448-044B) , PMD1 (0x4005 04C8-04CB)
31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol TRGCMPO
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol TRGCMPO
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 0 0
PMDO (0x4005 044C-044F) , PMD1 (0x4005 04CC-04CF)
31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol TRGCMP1
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol TRGCMP1
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 0 0
PMDO (0x4005 0450-0453) , PMD1 (0x4005 04D0-04D3)
31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol TRGCMP2
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol TRGCMP2
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 0 0
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PMDO (0x4005 0454-0458) , PMD1 (0x4005 04D4-04D7)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit Symbol TRGCMP3
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit Symbol TRGCMP3
Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

<TRGCMPO0-3>:; Trigger output compare registers

When the PMD counter value (MDCNT) matches the value set in TRGCMPx, PMDTRG is output.
When TRGCMPx is read, the value in the first buffer of the double buffers (data set via the bus) is
returned.

TRGCMPx should be set in a range of 1 to [MDPRD set value — 1].

* It is prohibited to set TRGCMPx to 0 or the MDPRD value.

* To load the data in TRGCMPO and TRGCMP1 to the second buffers, select the bus mode (default)
by setting MODESEL<MDSEL> to 0.

* Do not write to these registers in byte units. If the upper 8 bits [15:8] and the lower 8 bits [7:0] are
written separately, operation cannot be guaranteed.

* When TRGCMPx is set to 0x0001, no trigger output is made only in the first cycle after PWM
start (MDEN<PWMEN>1).

Update Timing of the Trigger Compare Register (TRGCMPx)

The Trigger Compare Register (TRGCMPX) is double-buffered. The timing at which the data written to
TRGCMPx is loaded to the second buffer depends on the setting of TRGCR<TRGxMD>. When
TRGCR<TRGXBE> is set to 1, data written to TRGCMPx is immediately loaded to the second buffer.

Table 16-6 TRGCMPx Buffer Update Timing according to Trigger Output Mode Setting

TRGxMD TBUFx Update Timing
000:Trigger output disabled Always updated
001:Trigger output on down-count match Updated when PWM counter equals MDPRD (PWM carrier peak)
010:Trigger output on up-count match Updated when PWM counter equals 1 (PWM carrier bottom)

Updated when PWM counter equals 1 or MDPRD

011:Trigger output on up-/down-count match (PWM carrier peak/bottom)

100:Trigger output at PWM carrier peak

101:Trigger output at PWM carrier bottom

- - Always updated
110:Trigger output at PWM carrier peak/bottom

111:Trigger output disabled
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16.3.6.2 Trigger Control Register (PMDnTRGCR)

(PMDO0:0x4005 0458, PMD1:0x4005 04D8)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol | TRG3BE TRG3MD TRG2BE TRG2MD
Read/Write RIW RIW R/W RIW
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol | TRG1BE TRG1MD TRGOBE TRGOMD
Read/Write R/W R/W R/W R/W
After reset 0 0 | 0 | 0 0 0 | 0 | 0

<TRGOMD, TRG1MD, TRG2MD, TRG3MD>: PMDTRGO to PMDTRG3 mode setting
000: Trigger output disabled
001: Trigger output at down-count match
010: Trigger output at up-count match
011: Trigger output at up-/down-count match
100: Trigger output at PWM carrier peak
101: Trigger output at PWM carrier bottom
110: Trigger output at PWM carrier peak/bottom
111: Trigger output disabled

This register selects trigger output timing.

When the PMD is set to the edge-aligned mode, trigger outputs are made on up-count match or at

PWM carrier peak even if down-count match or PWM carrier bottom is selected.

* When <TRGxMD>=011, TRGCMPx=0x0001 and MDCR<PWMMD>=1 (triangular wave),

one trigger output is made per period.

When the 1-shunt mode is used, the acceptable PMDTRG is as follows.

VEFMODEO | VEFMODE1 PMDOTRGCR PMDOTRGCR PMD1TRGCR PMD1TRGCR
<IDMODE> | <IDMODE> <TRGOMD> <TRG1MD> <TRG6MD> <TRG7MD>
10 - 010 (up-count) 010 (up-count) - -
10 - 101 (carrier bottom) |010 (up-count) - -

001 (down-count)

001 (down-count)

(
001 (down-count)
101 (carrier bottom)

10

010 (up-count)

010 (up-count)

10

101 (carrier bottom)

010 (up-count)

1

001 (down-count)

001 (down-count)

11

001 (down-count)

101 (carrier bottom)

< TRGOBE. TRG1BE, TRG2BE. TRG3BE >: PMDTRGO to PMDTRG3 buffer update timing

0: Sync

1: Async (The value written to PMDTRGX is immediately reflected.)

This bit enables asynchronous updating of the PMDTRGO to PMDTRG3 buffers.
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16.3.6.3 Trigger Output Mode Setting Register (PMDnTRGMD)

(PMDO0:0x4005 045C, PMD1:0x4005 04DC)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - TRGOUT EMGTGE
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R/W R/W
After reset 0 0 0 0 0 0 0 0

<EMGTGE>: Output enable in EMG protection state
0: Disable trigger output in the protection state
1: Enable trigger output in the protection state

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

<TRGOUT>: Trigger output mode
0: Fixed trigger output
1: Variable trigger output

When <TRGOUT>=0, trigger outputs PMDTRGO to PMDTRG3 output the trigger signals generated by
a match with TRGCMPO to TRGCMP3 respectively.PMDTRG4 and PMDTRGS5 are fixed to a low level.
When <TRGOUT>=1, trigger output by TRGCMPO is switched according to the TRGSEL register
setting or sector information from the Vector Engine. For details, see the table below.

Table 16-7 Trigger Output Patterns

TRGOUT Setting Compare Register TRGSEL Setting Trigger Output
TRGCMPO PMDTRGO
TRGCMP1 PMDTRG1
TRGOUT=0 X
TRGCMP2 PMDTRG2
TRGCMP3 PMDTRG3
0 PMDTRGO
1 PMDTRG1
2 PMDTRG2
TRGCMPO
3 PMDTRG3
TRGOUT=1 4 PMDTRG4
5 PMDTRG5
TRGCMP1 X No trigger output
TRGCMP2 X No trigger output
TRGCMP3 X No trigger output
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16.3.6.4 Trigger Output Select Register (PMDnTRGSEL)
(PMD0:0x4005 0460 . PMD1:0x4005 04EO0)

31 30 29 28 27 26 25 24
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
Bit Symbol - - - - - - - -
Read/Write R—0 R—0 R—0 R—0 R—0 R—0 R—0 R—0
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
Bit Symbol - - - - - TRGSEL
Read/Write R—0 R—0 R—0 R—0 R—0 R/W
After reset 0 0 0 0 0 0 | 0 | 0

<TRGSEL>: Trigger output select
000: Output from PMDTRGO
001: Output from PMDTRG1
010: Output from PMDTRG2
011: Output from PMDTRG3
100: Output from PMDTRG4
101: Output from PMDTRGS
110: No trigger output
111: No trigger output

This field is effective when the variable trigger output mode is selected (TRGMD<TRGOUT>=1). The
selected trigger is output by a match between the PMD counter and the TRGCMPO value. (See Table
16-6.)
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17. 12-Bit Analog-to-Digital Converters

The TMPM370 FY contains two 12-bit successive-approximation analog-to-digital converters (ADCSs).

The ADC unit A (ADC A) has 15 analog inputs. Six inputs are able to use for shunt resistor currents of
motor 0. Three of six inputs are connected with operational amp/ comparator outputs. Thus twelve
inputs can use for external input.

The ADC unit B (ADC B) has 17 analog inputs. Six inputs are able to use for shunt resistor currents of
motor 0. And two inputs are able to use for shut resistor currents of motor 1. four of eight inputs are
connected with operational amp/ comparator outputs. Thus thirteen inputs can use for external input.

Twenty two external analog input pins (AINAO to AINAS8, AINA9/AINBO, AINAL1O/AINB1,
AINA11/AINB2, AINB3 to AINB12) can also be used as input/output ports.

Functions and features

(1) It can select analog input and start AD conversion when receiving trigger signal from PMD or
TMRB(interrupt).

(2) It can select analog input, in the Software Trigger Program and the Constant Trigger Program.

(3) The ADCs has twelve register for AD conversion result.

(4) The ADCs generate interrupt signal at the end of the program which was started by PMD trigger
and TMRB trigger.

(5) The ADCs generate interrupt signal at the end of the program which are the Software Trigger
Program and the Constant Trigger Program.

(6) The ADCs have the AD conversion monitoring function. When this function is enabled, an interrupt
is generated when a conversion result matches the specified comparison value.
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17.1 Block Diagram

The following shows a block diagram of the ADCs.
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Fig 17.1 AD converters Block Diagram
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17.2 List of Registers

The ADCs have the following registers.

Table 17.1 ADC Registers

Address(Unit A) Address(Unit B) Register Name Description
4003_00_00 4003_02_00 ADXCLK ADC Clock Setting Register
4003_00_04 4003_02_04 ADxMODO ADC Mode Setting Register 0
4003 _00_08 4003_02_08 ADxMOD1 ADC Mode Setting Register 1
4003_00_0C 4003_02_0C ADxMOD2 ADC Mode Setting Register 2
4003_00_10 4003_02_10 ADXCMPCRO Monitoring Setting Register 0
4003_00_14 4003_02_14 ADXCMPCR1 Monitoring Setting Register 1
4003_00_18 4003_02_18 ADxCMPO AD Conversion Result Compare Register 0
4003_00_1C 4003_02_1C ADXCMP1 AD Conversion Result Compare Register 1
4003_00_20 4003_02_20 ADXREGO AD Conversion Result Register 0
4003_00_24 4003_02_24 ADXREG1 AD Conversion Result Register 1
4003_00_28 4003_02_28 ADXREG2 AD Conversion Result Register 2
4003_00_2C 4003_02_2C ADXREG3 AD Conversion Result Register 3
4003_00_30 4003_02_30 ADXREG4 AD Conversion Result Register 4
4003 _00_34 4003_02_34 ADXREG5 AD Conversion Result Register 5
4003 _00_38 4003_02_38 ADXREG6 AD Conversion Result Register 6
4003_00_3C 4003_02_3C ADXREG7 AD Conversion Result Register 7
4003_00_40 4003_02_40 ADXREGS8 AD Conversion Result Register 8
4003_00_44 4003_02_44 ADXREG9 AD Conversion Result Register 9
4003_00_48 4003_02_48 ADXREG10 AD Conversion Result Register 10
4003_00_4C 4003_02_4C ADXREG11 AD Conversion Result Register 11
4003_00_50 4003_02_50 ADXPSELO PMD Trigger Program Number Select Register O
4003_00_54 4003_02_54 ADXPSEL1 PMD Trigger Program Number Select Register 1
4003_00_58 4003_02_58 ADXPSEL?2 PMD Trigger Program Number Select Register 2
4003_00_5C 4003_02_5C ADXPSEL3 PMD Trigger Program Number Select Register 3
4003_00_60 4003_02_60 ADXPSEL4 PMD Trigger Program Number Select Register 4
4003 _00_64 4003_02_64 ADXPSEL5 PMD Trigger Program Number Select Register 5
4003 _00_68 4003_02_68 ADXPSEL6 PMD Trigger Program Number Select Register 6
4003_00_6C 4003_02_6C ADXPSEL7 PMD Trigger Program Number Select Register 7
4003_00_70 4003_02_70 ADXPSEL8 PMD Trigger Program Number Select Register 8
4003_00_74 4003_02_74 ADXPSEL9 PMD Trigger Program Number Select Register O
4003_00_78 4003_02_78 ADXPSEL10 PMD Trigger Program Number Select Register 10
4003_00_7C 4003_02_7C ADXPSEL11 PMD Trigger Program Number Select Register 11
4003_00_80 4003_02_80 ADXPINTSO PMD Trigger Interrupt Select Register 0
4003_00_84 4003_02_84 ADXPINTS1 PMD Trigger Interrupt Select Register 1
4003_00_88 4003_02_88 ADXPINTS2 PMD Trigger Interrupt Select Register 2
4003_00_8C 4003_02_8C ADXPINTS3 PMD Trigger Interrupt Select Register 3
4003_00_90 4003_02_90 ADXPINTS4 PMD Trigger Interrupt Select Register 4
4003_00 94 4003_02_94 ADXPINTS5 PMD Trigger Interrupt Select Register 5
4003_00_98 4003_02_98 ADXPSETO_REG PMD Trigger Program Register 0
4003_00_9C 4003_02_9C ADXPSET1_REG PMD Trigger Program Register 1
4003_00_A0 4003_02_A0 ADXPSET2_REG PMD Trigger Program Register 2
4003_00_A4 4003_02_A4 ADXPSET3_REG PMD Trigger Program Register 3
4003_00_A8 4003_02_A8 ADXPSET4_REG PMD Trigger Program Register 4
4003_00_AC 4003_02_AC ADXPSET5_REG PMD Trigger Program Register 5
4003_00_B0 4003_02_B0 ADXTSET_REGO03 | Timer Trigger Program Registers 0 to 3
4003_00_B4 4003_02_B4 ADXTSET_REGA47 | Timer Trigger Program Registers 4 to 7
4003_00_B8 4003_02_B8 ADXTSET_REG811 | Timer Trigger Program Registers 8 to 11
4003_00_BC 4003_02_BC ADXSSET_REGO03 | Software Trigger Program Registers 0 to 3
4003_00_CO0 4003_02_CO0 ADXSSET_REG47 | Software Trigger Program Registers 4 to 7
4003 _00_C4 4003_02_C4 ADXSSET_REGS811 | Software Trigger Program Registers 8 to 11
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Address(Unit A) Address(Unit B) Register Name Description
4003_00_C8 4003_02_C8 ADXASET_REGO03 | Constant Conversion Program Registers 0 to 3
4003_00_CC 4003_02_CC ADXASET_REG47 | Constant Conversion Program Registers 4 to 7
4003_00_DO0O 4003_02_DO0O ADXASET_REGS811 | Constant Conversion Program Registers 8 to 11
4003_00_D4 4003_02_D4 ADxMOD3 ADC Mode Setting Register 3

(Note) x= A or B : ADC Unit
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17.3 Register Descriptions

AD conversion is performed at the clock frequency selected in the ADC Clock Setting Register.

17.3.1 ADC Clock Setting Register (ADxCLK)

ADACLK 7 6 5 4 3 2 1 0
0x4003_0000 Bit symbol - TSH3 TSH2 TSH1 TSHO ADCLK2 ADCLK1 ADCLKO
Read/Write R R/W R/W
ADBCLK After reset 0 1011 000
0x4003_0200 |  Function | Always read Write “1001" AD prescaler output (SCLK) select
as 0. 000: fc (Notel) 001: fc/2
010: fc/4 011: fc/8
1XX: fc/16
f 000 001 010 011 1XX ADCLK][2:0]
C
—» =1 | =2 | =4 |=8 |=16
L
> SCLK
> —
>
>

Note 1: Frequency of SCLK can be use up to 40MHz. Do not set ADCLK[2:0] to “000” when fc=80MHz.
Note 2: AD conversion is performed at the clock frequency selected in this register. The conversion clock frequency must be selected to

ensure the guaranteed accuracy.

Note 3: The conversion clock must not be changed while AD conversion is in progress.

17.3.2 Mode Setting Registers

The ADC Mode Setting Registers (ADxMODO, ADxMOD1, ADxMOD2 and ADxMOD3) are used to select
how AD conversion is started. (x=A, B : ADC unit)

ADAMODO
0x4003_0004

ADBMODO
0x4003_0204

Setting <DACON> to “1”, when using the ADC.

ADxMODO
7 6 5 4 3 2 1 0
Bit symbol - DACON ADSS
Read/Write R R/W W
After reset 0 0 0
Function Always read as 0. DAC control | Software
triggered
0: off conversion
1:On
0 Don'tcare
1: Start

Setting <ADSS> to ““17” starts AD conversion (software triggered conversion). Receiving trigger signal from
PMD or TMRB(interrupt) starts AD conversion also.

For detail setting, please read the chapter about PMD and TMRB.
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ADxMOD1
ADAMOD1 7 6 5 4 3 2 1 0
0xc4003_0008 | Bit symbol ADEN ADAS
Read/Write R/W R/W
ADBMOD1 After reset 0 0
0x4003_0208 Function AD Always read as 0. Constant
conversion AD
control conversion
control
0: Disable 0: Disable
1: Enable 1: Enable

Setting <ADEN> to “1”, when using the ADC. After Setting <ADEN> to “1”, setting <ADAS> to “1” starts AD
conversion and repeat conversion.

ADAMOD2
0x4003_000C

ADBMOD2
0x4003_020C

ADxMOD2
7 6 5 4 3 2 1 0
Bit symbol - ADSFN ADBFN
Read/Write R R R
After reset 0 0 0
Function Always read as 0. Software AD
conversion conversion
busy flag busy flag
0: 0:
Conversion Conversion
completed not in
1: progress
Conversion 1:
in progress Conversion
in progress

The <ADBFN> is an AD conversion busy flag. When AD conversion is started regardless of conversion
factor (PMD, Timer, Software, Constant), <ADBFN> is set to “1". When finished AD conversion, <ADBFN> is
cleared to “0".

The <ADSFN> is a software AD conversion busy flag. After <ADSS> was set to “1”, when AD conversion is

actually started, <ADSFN> is set to “1”. When finished AD conversion, <ADSFN> is cleared to “0”".

ADAMOD3
0x4003_00D4

ADBMOD3
0x4003_02D4

ADxMOD3
7 6 5 4 3 2 1 0
Bit symbol - - PMODE?2 PMODE1 PMODEO - - -
Read/Write R/W R/W R/W RIW R/W R/W R/W RIW
After reset 0 1 0 1 1 0 0 0
Function Write “0” Write “1” Write “100” Write “0” Write “0” Write “0”
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 1 0 1
Function Write “0” Write “0” Write “0” Write “0” Write “0” Write “1” Write “0” Write “1”

Note : <PMODE[2:0]> must be set to “100”

. And do not change other bits in ADxMOD3 register.
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17.3.3 Monitoring Setting Registers

The ADCs have the AD conversion result monitoring function.

17.3.3.1 ADxCMPCRO, ADxCMPCR1

The ADxCMPCRO and ADxCMPCR1 registers are used to enable or disable comparison between an AD
conversion result and the specified comparison value, to select the register to be compared with an AD
conversion result and to set how many times comparison should be performed to determine the result.

After fixing the conversion result, the interrupt signal (INTADxCPA, INTADXCPB) is generated.

(x=A, B : ADC unit)

ADxCMPCRO
ADACMPCRO 7 6 5 4 3 2 1 0
0x4003_0010 Bit symbol CMPOEN - - ADBIGO REGSO03 REGS02 REGS01 REGS00
Read/Write R/W R R/W R/W R/W R/W R/W
ADBCMPRO After reset 0 0 0 0 0 0 0 0
0x4003_0210 | Function Monitoring |Always read  |Always read Comparison |AD conversion result register to be compared
function as 0. as 0. condition
0: Larger than or |0000: ADREGO  0100: ADREG4  1000: ADREGS
0: Disable equal to compare |{0001: ADREG1 0101: ADREG5 1001: ADREG9
1: Enable register 0010: ADREG2 0110: ADREG6 1010: ADREG10
1: Smaller than or |11 ADREG3  0111: ADREG7 1011: ADREG11
equal to compare
register
15 14 13 12 11 10 9 8
Bit symbol - - - - CMPCNTO03 | CMPCNTO02 | CMPCNTO1 | CMPCNTOO
Read/Write R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function |Always read |Alwaysread [Alwaysread |Always read as |[Comparison count for determining the result
as 0. as 0. as 0. 0. 0000: After every comparison
0001: After two comparisons
1111: After 16 comparisons
ADXxCMPCR1
ADACMPCR1 7 6 5 4 3 2 1 0
0x4003_0014 Bit symbol CMP1EN - - ADBIG1 REGS13 REGS12 REGS11 REGS10
Read/Write R/W R R/W R/W R/W R/W R/W
ADBCMPR1 After reset 0 0 0 0 0 0 0 0
0x4003_0214 Function Monitoring  [Always read  |Always read Comparison |AD conversion result register to be compared
function as 0. as 0. condition
0: Larger than or |0000: ADREGO  0100: ADREG4  1000: ADREGS
0: Disable equal to compare |{0001: ADREG1 0101: ADREG5 1001: ADREGY
1: Enable register 0010: ADREG2 0110: ADREG6 1010: ADREG10
L: Smaller than or 17 ADREG3 0111: ADREG7 1011: ADREG11
equal to compare
register
15 14 13 12 11 10 9 8
Bit symbol - - - - CMPCNT13 | CMPCNT12 | CMPCNT11 | CMPCNT10
Read/Write R R R R/W R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
Function  |Always read |Always read |Alwaysread |Always read as |Comparison count for determining the result
as 0. as 0. as 0. 0. 0000: After every comparison
0001: After two comparisons
1111: After 16 comparisons
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17.3.3.2 Conversion Result Compare Register

The ADxCMPO and ADxCMP1 registers specify the value to be compared with an AD conversion result. The
upper 12 bits (bits 4 to 15) are used. (X=A, B : ADC unit)

ADACMPO
0x4003_0018

ADBCMPO
0x4003_0218

ADACMP1
0x4003_001C

ADBCMP1
0x4003_021C

ADxCMPO
7 6 5 4 3 2 1 0
Bit symbol ADOCMP03 | ADOCMP02 | ADOCMPO1 | ADOCMPOO - - - -
Read/Write R/W R/W R/W R/W R R R R
After reset 0 0 0 0 0 0 0 0
Function Bits 0 to 3 of the value to be compared with an AD conversion | Always read as 0.
result
15 14 13 12 11 10 9 8
Bit symbol ADOCMP11 ADOCMP10 ADOCMPO09 ADOCMPO8 ADOCMPOQ7 ADOCMPO06 ADOCMPO5 ADOCMP04
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function Bits 4 to 11 of the value to be compared with an AD conversion result
ADxCMP1
7 6 5 4 3 2 1 0
Bit symbol AD1CMP03 | AD1CMP02 | AD1CMPO1 | AD1CMPOO - - - -
Read/Write R/W R/W R/W R/W R R R R
After reset 0 0 0 0 0 0 0 0
Function Bits 0 to 3 of the value to be compared with an AD conversion | Always read as 0.
result
15 14 13 12 11 10 9 8
Bit symbol AD1CMP11 AD1CMP10 AD1CMP09 AD1CMPO8 AD1CMPO7 AD1CMP06 AD1CMPO5 AD1CMP0O4
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function Bits 4 to 11 of the value to be compared with an AD conversion result
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17.3.4 AD Conversion Result Registers

17.3.4.1 ADxREGO to ADXxREG11

The ADXREGnN (n = 0 to 11) register is used to store the result of an AD conversion. Bit 0 <ADRnNRF> is
a flag that is set when an AD conversion result is stored in the ADXREGn register and is cleared when the
low-order byte of ADXREGn is read. Bit 1 <OVRn> is an overrun flag. This flag is set when a new AD
conversion result is stored before the low-order byte of ADXREGnN is read and is cleared when the

low-order byte of ADXREGn is read.

There are twelve ADXREGN registers, which are all functionally equivalent. Only the ADREGO register is

explained here. (x=A, B : ADC unit)

AD Conversion Result Register (ADXREGO0)

ADAREGO 7 6 5 4 3 2 1 0
0x4003_0020 Bit symbol ADRO003 ADRO002 ADRO001 ADRO0O OVRO ADRORF
Read/Write R R R R R R R R
ADBREGO After reset 0 0 0 0 0 0 0 0
0x4003_0220 Function Bits O to 3 of an AD conversion result Always read | Always read | Overrun flag | AD conversion
as 0. as 0. result store
0: No flag
overrun 0: No result
occurred stored
1: Overrun 1: Result
occurred stored
15 14 13 12 11 10 9 8
Bit symbol ADRO011 ADRO010 ADRO009 ADRO008 ADRO07 ADRO006 ADRO05 ADRO004
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
Function Bits 4 to 11 of an AD conversion result
AD Conversion Result Register (ADXREG1)
ADAREG1 7 6 5 4 3 2 1 0
0x4003_0024 Bit symbol ADR103 ADR102 ADR101 ADR100 OVR1 ADR1RF
Read/Write R R R R R R R R
ADBREGO After reset 0 0 0 0 0 0 0 0
0x4003_0224 Function Bits O to 3 of an AD conversion result Always read | Always read | Overrun flag | AD conversion
as 0. as 0. result store
0: No flag
overrun 0: No result
occurred stored
1: Overrun 1: Result
occurred stored
15 14 13 12 11 10 9 8
Bit symbol ADR111 ADR110 ADR109 ADR108 ADR107 ADR106 ADR105 ADR104
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
Function Bits 4 to 11 of an AD conversion result
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AD Conversion Result Register (ADXREG2)
ADAREG2 7 6 5 4 3 2 1 0
0x4003_0028 Bit symbol ADR203 ADR202 ADR201 ADR200 - - OVR2 ADR2RF
Read/Write R R R R R R R R
ADBREG2 After reset 0 0 0 0 0 0 0 0
0x4003_0228 Function Bits 0 to 3 of an AD conversion result Always read | Always read | Overrun flag | AD conversion
as 0. as 0. result store
0: No flag
overrun 0: No result
occurred stored
1: Overrun 1: Result
occurred stored
15 14 13 12 11 10 9 8
Bit symbol ADR211 ADR210 ADR209 ADR208 ADR207 ADR206 ADR205 ADR204
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
Function Bits 4 to 11 of an AD conversion result
AD Conversion Result Register (ADXREG3)
ADAREG3 7 6 5 4 3 2 1 0
0x4003_002C Bit symbol ADR303 ADR302 ADR301 ADR300 - - OVR3 ADR3RF
Read