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4. Clock Pulse Generator

Table 4.1 shows the operating clock for each module.

Table 4.1 Operating Clock for Each Module

Operating clock Operating Module

System clock (¢) CPU
uUBC
DTC
BSC
DMAC
WDT
AUD
ROM
RAM

Peripheral clock (P¢) MTU
POE
SCI
I’C
A/D
CMT
H-UDI
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6. Interrupt Controller (INTC)

Bit

Bit Name Initial Value

R/W

Description

IRQ3S 0

R/W

IRQ3 Sense Select

This bit sets the IRQ3 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ3
input

1: Interrupt request is detected on edge of IRQ3 input
(edge direction is selected by ICR2)

IRQ4S 0

R/W

IRQ4 Sense Select

This bit sets the IRQ4 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ4
input

1: Interrupt request is detected on edge of IRQ4 input
(edge direction is selected by ICR2)

IRQ5S 0

R/W

IRQ5 Sense Select

This bit sets the IRQ5 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ5
input

1: Interrupt request is detected on edge of IRQS5 input
(edge direction is selected by ICR2)

IRQ6S 0

R/W

IRQ6 Sense Select

This bit sets the IRQ6 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ6
input

1: Interrupt request is detected on edge of IRQ6 input
(edge direction is selected by ICR2)

IRQ7S 0

R/W

IRQ7 Sense Select

This bit sets the IRQ7 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ7
input

1: Interrupt request is detected on edge of IRQ7 input
(edge direction is selected by ICR2)
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8. Data Transfer Controller (DTC)

Bit Bit Name Initial Value

R/W

Description

7 DTS Undefined

DTC Transfer Mode Select

Specifies whether the source or the destination is set
to be a repeat area or block area, in repeat mode or
block transfer mode.

0: Destination is repeat area or block area
1: Source is repeat area or block area

6 CHNE Undefined

DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed.

0: Chain transfer is canceled
1: Chain transfer is set

In data transfer with CHNE set to 1, determination of
the end of the specified number of transfers, clearing
of the activation source flag, and clearing of DTER is
not performed.

5 DISEL Undefined

DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time a data transfer ends. When this
bit is set to 0, a CPU interrupt request is generated at
the time when the specified number of data transfer
ends.

4 NMIM Undefined

DTC NMI Mode

This bit designates whether to terminate transfers
when an NMl is input during DTC transfers.

0: Terminate DTC transfer upon an NMI

1: Continue DTC transfer until end of transfer being
executed

3to0 — Undefined

Reserved

These bits have no effect on DTC operation. The
write value should always be 0.

[Legend]
X: Don’t care
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8. Data Transfer Controller (DTC)

8.2.2 DTC Source Address Register (DTSAR)

The DTC source address register (DTSAR) is a 32-bit register that specifies the DTC transfer
source address. For the word size transfer, specify an even source address. For the longword size
transfer, specify a multiple-of-four address.

The initial value of DTSAR is undefined.

8.2.3 DTC Destination Address Register (DTDAR)

The DTC destination address register (DTDAR) is a 32-bit register that specifies the DTC transfer
destination address. For the word size transfer, specify an even source address. For the longword
size transfer, specify a multiple-of-four address.

The initial value of DTDAR is undefined.

8.24 DTC Initial Address Register (DTIAR)

The DTC initial address register (DTIAR) is a 32-bit register that specifies the initial transfer
source/transfer destination address in repeat mode. In repeat mode, when the DTS bit is set to 1,
specify the initial transfer source address in the repeat area, and when the DTS bit is cleared to O,
specify the initial transfer destination address in the repeat area.

The initial value of DTTAR is undefined.

8.2.5 DTC Transfer Count Register A (DTCRA)

DTCRA is a 16-bit register that designates the number of times data is to be transferred by the
DTC.

In normal mode, the DTCRA functions as a 16-bit transfer counter (1 to 65536). It is decremented
by 1 every time data is transferred, and transfer ends when the count reaches H'0000. The number
of transfers is 1 when the set value is H'0001, 65535 when it is HFFFF, and 65536 when it is
H'0000.

In repeat mode, upper 8-bit DTCRAH maintains the transfer count value and lower 8-bit
DTCRAL functions as an 8-bit transfer counter. The number of transfers is 1 when the set value is
DTCRAH = DTCRAL = H'01, 255 when they are H'FF, and 256 when it is H'00.

In block transfer mode, the DTCRA functions as a 16-bit transfer counter. The number of transfers
is 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.
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10.

Direct Memory Access Controller (DMAC)

Figure 10.2 is a flowchart of this procedure.

( Start )

Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR)

DE, DME =1 and
NMIF, AE, TE = 0?

Transfer request
occurs?1

Iy DREQ detection selection

<

Bus mode,
%3 transfer request mode,

Transfer (1 transfer unit);
DMATCR - 1 — DMATCR,
SAR and DAR updated

system

DMATCR = 0?

NMIF =1, AE=1,
DE =0, or DME

DEI interrupt request (when IE = 1) I (

Transfer aborted )

NMIF =1, AE =1,
DE =0, or DME

( Transfer ends ) (

4
Normal end )

Notes: 1.

2.

3.

In auto-request mode, transfer begins when NMIF, AE, and TE are all O,
and the DE and DME bits are set to 1.

DREQ = level detection in burst mode (external request) or cycle-steal
mode.

DREQ = edge detection in burst mode (external request), or auto-request
mode in burst mode.

Figure 10.2 DMAC Transfer Flowchart
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11.  Multi-Function Timer Pulse Unit (MTU)

2. Examples of Waveform Output Operation:
Figure 11.7 shows an example of O output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been made
such that 1 is output by compare match A, and 0 is output by compare match B. When the set level
and the pin level coincide, the pin level does not change.

TCNT value

[ o o o R e s B Ry TP

TGRA [--mmmmmmm e e e e T T

TGRB | --- e ?-oo - By T B e Fommmmem e

H'0000 T T T T T T Time
E ! E é No change E é No change

TIOCA ! I ! ! 1 output

TIOCB _No change _No change 0 output

Figure 11.7  Example of 0 Output/1 Output Operation
Figure 11.8 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.

TCNT value

Counter cleared by TGRB compare match

[ o o // ------------------------------------------

H'0000 T ' T f T ' T * Time

:ﬂ:ﬂ Toggle output
TIOCA ‘ I ‘ I Toggle output

Figure 11.8  Example of Toggle Output Operation

Rev.4.00 Mar. 27,2008 Page 262 of 882
REJ09B0108-0400
RENESAS



11.  Multi-Function Timer Pulse Unit (MTU)

Procedure for Selecting the Reset-Synchronized PWM Mode: Figure 11.30 shows an example
of procedure for selecting the reset synchronized PWM mode.

Reset-synchronized [1] Clear the CST3 and CST4 bits in the TSTR
( PWM mode ) to 0 to halt the counting of TCNT. The

reset-synchronized PWM mode must be set
up while TCNT_3 and TCNT_4 are halted.

| Stop counting |[1]
| .

Set bits TPSC2-TPSCO0 and CKEG1 and
CKEGO in the TCR_3 to select the counter
Select counter clock and clock and clock edge for channel 3. Set bits

counter clear source 2] CCLR2-CCLRO in the TCR_3 to select TGRA
| compare-match as a counter clear source.
Brushless DC motor [3] When performing brushless DC motor control,

control setting (3] set bit BDC in the timer gate control register
(TGCR) and set the feedback signal input source
| and output chopping or gate signal direct output.

| Set TONT |4
| [4] Reset TCNT_3 and TCNT_4 to H'0000.
| Set TGR |[5] [5] TGRA_3 is the period register. Set the waveform
| period value in TGRA_3. Set the transition timing
of the PWM output waveforms in TGRB_3,
PWM cycle output enabling, TGRA_4, and TGRB_4. Set times within the
PWM output level setting (6] compare-match range of TCNT_3.
| X < TGRA_3 (X: set value).
Set reset-synchronized 7] [6] Select enabling/disabling of toggle output
PWM mode synchronized with the PMW cycle using bit PSYE
| in the timer output control register (TOCR), and set
the PWM output level with bits OLSP and OLSN.
| Enable waveform output |[8]
| [7] Set bits MD3-MDO0 in TMDR_3 to B'1000 to select
the reset-synchronized PWM mode. Do not set to TMDR_4.
| PFC setting [
| [8] Set the enabling/disabling of the PWM waveform output
pin in TOER.
| startcount operation |11
[9] Set the port control register and the port I/O register.
Reset-synchronized PWM mode [10] Set the CST3 bit in the TSTR to 1 to start the count

operation.

Note: The output waveform starts to toggle operation at the point of
TCNT_3 =TGRA_3 = X by setting X = TGRA, i.e., cycle = duty.

Figure 11.30  Procedure for Selecting Reset-Synchronized PWM Mode
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11.  Multi-Function Timer Pulse Unit (MTU)

11.6  Operation Timing

11.6.1 Input/Output Timing

TCNT Count Timing: Figure 11.54 shows TCNT count timing in internal clock operation, and
figure 11.55 shows TCNT count timing in external clock operation (normal mode), and figure
11.56 shows TCNT count timing in external clock operation (phase counting mode).

o ST UL L
Internal clock (l) Falling edge (I) Rising edge |

\ \
dook [ 1] [ 1 [ 1

TCNT N1 ) N ) N+1

Figure 11.54  Count Timing in Internal Clock Operation

»  JLLTLTLT LT L L

External clock 1} Falling edge (|S\Ris\ing edge El) Falling edge

| N
o T Tl T

TCNT N-1 X N X N+1 X N+2

Figure 11.55  Count Timing in External Clock Operation

External 1) Falling edge Rising edge Falling edge

clock \ d)\q: QQ\A
TCNT input | | | | |
clock

TCONT N-1 X N X N+1

Figure 11.56  Count Timing in External Clock Operation (Phase Counting Mode)
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11.  Multi-Function Timer Pulse Unit (MTU)

11.6.2  Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 11.64 shows the timing for
setting of the TGF flag in TSR on compare match, and TGI interrupt request signal timing.

oo T L LT L L L L
TCNT input | |
clock

TONT N ) N+1
TGR N

Compare l_l

match signal

TGF flag |

TGl interrupt |

Figure 11.64  TGI Interrupt Timing (Compare Match)

TGF Flag Setting Timing in Case of Input Capture: Figure 11.65 shows the timing for setting
of the TGF flag in TSR on input capture, and TGI interrupt request signal timing.

A I U I O I O I
Input capture
signal | |

TCNT N

TGR )N
TGF flag |

TGl interrupt |

Figure 11.65 TGI Interrupt Timing (Input Capture)
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13. Serial Communication Interface (SCI)

Table 13.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode) (3)
Operating Frequency P¢ (MHz)
Logical Bit 24 25 26 28 30
Rate (bit/s) n N n N n N n N n N
250 3 187 3 194 3 202 3 218 3 233
500 3 93 3 97 3 101 3 108 3 116
1000 2 187 2 194 2 202 2 218 2 233
2500 2 74 2 77 2 80 2 86 2 93
5000 1 149 1 155 1 162 1 174 1 187
10000 1 74 1 77 1 80 1 86 1 93
25000 1 29 0 249 — — 1 34 — —
50000 1 14 0 124 0 129 0 139 0 149
100000 0 59 0 62 0 64 0 69 0 74
250000 0 23 0 24 0 25 0 27 0 29
500000 0 11 - — 0 12 0 13 0 14
1000000 0 5 - — - - 0 6 - -
2500000 - — - — - — - — 0 2
5000000 - — - — - — - — - —
Table 13.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode) (4)
Operating Frequency P¢ (MHz)
Logical Bit 32 34 36 38 40
Rate (bit/s) n N n N n N n N n N
250 3 249 — — — — — — — —
500 3 124 3 132 3 140 3 147 3 155
1000 2 249 3 65 3 69 3 73 3 77
2500 2 99 2 105 2 112 2 118 2 124
5000 2 49 1 212 1 224 1 237 1 249
10000 2 24 1 105 1 112 1 118 1 124
25000 2 9 — — 1 44 — — 1 49
50000 2 4 0 169 0 179 0 189 1 24
100000 1 9 0 84 0 89 0 94 0 99
250000 1 3 0 33 0 35 0 37 0 39
500000 1 1 0 16 0 17 0 18 0 19
1000000 1 0 — — 0 8 — — 0 9
2500000 — — — — — — — — 0 3
5000000 — — — — — — — — 0 1
[Legend]

— : Can be set, but there will be a degree of error.
* 1 Continuous transfer is not possible.
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13. Serial Communication Interface (SCI)

[3]

( Error processing )

A

| Framing error processing | | Clear RE bitin SCR to 0

No

Parity error processing

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 13.9 Sample Serial Reception Data Flowchart (2)
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14. I’C Bus Interface (IIC) Option

|| Master receive mode ||
I

| setTRs=o(ccr) |
Il

| SetACKB=0(ICSR) |
1

| SetHNDS =0 (SCRX) |
1

| Clear the IRIC flag in ICCR
1

| SetwWAIT=1(CMR) |
| Read ICDR |

| Read the IRIC flag in ICCR|

| Read ICDR |

|Clear the IRIC flag in ICCR |

| Set ACKB =1 (ICSR)
1

| SetTRS =1 (ICCR)
|

|

| Wait for 1 cycle |
L

|

|

| Read ICDR

1
| Clear the IRIC flag in ICCR]

——

| Read the IRIC flag in ICCR]|

|Clear the IRIC flag in ICCR |

| SetWAIT=0(CMR) |

Il
|Clear the IRIC flag in ICCR |
1

| Read ICDR |
1

Write 0 to BBSY and SCP
(ICCR)

[1] Set receive mode.

] [2] Start receiving. Dummy read.

[3] Wait for a receive wait
(set IRIC at the falling edge of the 8th cycle)
or,
wait for 1 byte to be received
(set IRIC at the rising edge of the 9th cycle).

[4] Determine the end of data reception.

] [5] Read the receive data.

] [6] Clear the IRIC flag (to cancel wait).

] [7] Set acknowledge data for the final reception.

| 81 wait for TRS setting.

] [9] Set TRS for stop condition issuance.

] [10] Read the receive data.

] [11] Clear the IRIC flag (to cancel wait).

[12] Wait for a receive wait

(set IRIC at the falling edge of the 8th cycle)
Svréit for 1 byte to be received

(set IRIC at the rising edge of the 9th cycle).

[13] Determine the end of data reception.
] [14] Clear the IRIC flag (to cancel wait).

[15] Cancel wait mode. Clear the IRIC flag.
(IRIC should be cleared to 0 after setting WAIT = 0)

] [16] Read final receive data.

] [17] Issue stop condition.

Figure 14.13 Example: Flowchart of Operations in Master Receive Mode
(Multiple Bytes Reception) (WAIT =1)
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14. [F’C Bus Interface (IIC) Option

When WAIT = 1, and FS = 0 or FSX = 0 (I12C bus format, wait inserted)

SCL P \
/ 8 \ / N 9 1 2 3

IRIC

User processing
IRIC clear IRIC clear

(a) When data transfer ends with ICDRE = 0 at transmission, or ICDRF = 0 at reception.

IRIC

N

IRIC clear ICDR write (during transmission) IRIC clear
or ICDR read (during reception)

User processing

(b) When data transfer ends with ICDRE = 1 at transmission, or ICDRF = 1 at reception.

Figure 14.26 IRIC Flag Set Timing and the Control of SCL (2)
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14. [F’C Bus Interface (IIC) Option

If the IRIC flag-clear is delayed due to the interrupt or other processes and the value of BC
counter is turned to 1 or 0, please confirm the SCL pins are in L’ state after the counter
value of BC2 through BCO is turned to 0, and clear the IRIC flag. (See figure 14.32.)

IRIC flag clear available IRIC flag clear available

ASD | A | Transmit/receive data | A Transrgziatt/;eceive |

— [ SCL=
SCL 7
scesco [ o |7 e |5 ez ] \o 7o |5 ]

i \ IRIC clear ¥ When BC2-0 > 2
IRIC J E i E l_‘ IRIC clear
(operation vt !
example) v !

IRIC flag clear unavailable

Figure 14.32 IRIC Flag Clear Timing on WAIT Operation

11. Points for caution of clearing the IRIC flag when the wait function is used
While the wait function is used in I'C bus interface master mode, if the rise time of SCL
exceeds the specified value or if a slave device in which a wait can be inserted by driving SCL
low is used, read SCL in the following way to confirm that SCL has become low, and then
clear the IRIC flag.
If the IRIC flag is cleared to O with WAIT = 1 while SCL is extending the high level period,
the SDA level may change before SCL becomes low, generate a start or stop condition
erroneously.

Secure period in which SCL is high
scL VIH __/(/

SCL isidetected as low

son X /X

IRIC
' '

[1] Decision on whether or not [2] IRIC clear
SCL is low

Figure 14.33 Timing for Clearing IRIC Flag When WAIT =1
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15. A/D Converter

Section 15 A/D Converter

This LSI includes a successive approximation type 10-bit A/D converter. The block diagram of the
A/D converter is shown in figure 15.1.

15.1 Features

e 10-bit resolution
e Input channels
— 8 channels (two independent A/D conversion modules)

e Conversion time: 5.4 us per channel (at P$p = 25-MHz operation), 6.7us per channel (at P =
20-MHz operation)

e Three operating modes
— Single mode: Single-channel A/D conversion
— Continuous scan mode: Continuous A/D conversion on 1 to 4 channels
— Single-cycle scan mode: Single-cycle A/D conversion on 1 to 4 channels
e Data registers
— Conversion results are held in a 16-bit data register for each channel
e Sample and hold function
e Three methods for conversion start
— Software
— Conversion start trigger from multifunction timer pulse unit (MTU)
— External trigger signal
e Interrupt request
— An A/D conversion end interrupt request (ADI) can be generated

e Module standby mode can be set
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15. A/D Converter

15.3  Register Descriptions

The A/D converter has the following registers. For details on register addresses and register states
in each processing state, refer to section 25, List of Registers.

e A/D dataregister 0 (ADDRO)

e A/D dataregister | (ADDR1)

e A/D dataregister 2 (ADDR?2)

e A/D dataregister 3 (ADDR3)

e A/D dataregister 4 (ADDR4)

e A/D dataregister 5 (ADDRS)

e A/D dataregister 6 (ADDRO6)

e A/D dataregister 7 (ADDR7)

e A/D control/status register_0 (ADCSR_0)
e A/D control/status register_1 (ADCSR_1)
e A/D control register_0 (ADCR_0)

e A/D control register_1 (ADCR_1)

e A/D trigger select register (ADTSR)

15.3.1 A/D Data Registers 0 to 7 (ADDRO to ADDR?7)

ADDRs are 16-bit read-only registers. The conversion result for each analog input channel is
stored in ADDR with the corresponding number. (For example, the conversion result of AN4 is
stored in ADDR4.)

The converted 10-bit data is stored in bits 6 to 15. The lower 6 bits are always read as 0.

The data bus between the CPU and the A/D converter is 8 bits wide. The upper byte can be read
directly from the CPU, however the lower byte should be read via a temporary register. The
temporary register contents are transferred from the ADDR when the upper byte data is read.
When reading the ADDR, read the upper byte before the lower byte, or read in word unit.

The initial value of ADDR is H'0000.
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15. A/D Converter

15.6  Definitions of A/D Conversion Accuracy

This LSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 15.4).

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'00) to
B'0000000001 (H'01) (see figure 15.5).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 15.5).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between zero voltage and full-
scale voltage. Does not include offset error, full-scale error, or quantization error (see figure
15.5).

Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset error, full-
scale error, quantization error, and nonlinearity error.
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19. Flash Memory (F-ZTAT Version)

19.9  Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

19.9.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted. Flash memory control register 1 (FLMCR1), flash memory control register 2
(FLMCR?2), erase block register 1 (EBR1), and erase block register 2 (EBR2) are initialized.

Item

Protect Function

Description Program Erase

FWP pin protect

When a high level is input to the FWP pin, Yes Yes
FLMCR1, EBR 1, and EBR 2 are initialized, and the
program/erase protection state is entered.*

Reset/standby
protect

In the reset state (including the reset state when Yes Yes
the WDT overflows) and standby mode, FLMCRA1,

EBR 1, and EBR 2 are initialized, and the

program/erase protection state is entered.

In a reset via the RES pin, the reset state is not
entered unless the RES pin is held low until
oscillation stabilizes after powering on. In the case
of a reset during operation, hold the RES pin low
for the RES pulse width specified in the AC
Characteristics section.

Note: * Protection by the FWP pin cannot be made when using E10A (when DBGMD is high).
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23. Advanced User Debugger (AUD)

23.5.7  Settings of AUD-Related Pins when Using E10A

When using the E10A and AUD functions of the SH7145, use port D and the multiplexed AUD-
related pins.
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26. Electrical Characteristics

Measurement
ltem Symbol Min. Typ. Max. Unit Conditions
Input RES C, 20 pF Vin=0V
capacitance NMI 20 oF f=1 MHz

All other input pins 20 pF Ta=25¢
Current Normal Clock 1:1  Icc 150 210 mA f=40 MHz
I .
consumption™ - operation “, - 1172 160 220 mA  f=50 MHz
Sleep Clock 1:1 110 170 mA f=40 MHz
Clock 1:1/2 120 180 mA f =50 MHz
Standby 3 50 A T, d50 €
500 HA 508 <T,
Flash Clock 1:1 150 210 mA Vee=3.3V
program f = 40 MHz
ming -
Clock 1:1/2 160 220 mA V=33V
f=50 MHz
Analog Power  During A/D Al 2 5 mA
supply current  conversion
Waiting for A/D 2 mA
conversion
Standby 5 UA
Reference During A/D Al 2 mA
power supply  conversion
current Waiting for A/D 2 mA
conversion
Standby 5 HA
RAM standby voltage Vo 2.0 — \ Ve
[Operating Precautions]
1. When the A/D converter is not used, do not leave the AV, and AV pins open.

2. The current consumption is measured when V, min=V_-0.5V, V, =0.5 V, with all output
pins unloaded.
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