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Section 1 Overview

Section 1l Overview

1.1 Features

o High-speed H8/300H central processing unit with an internal 16-bit architecture
— Upward-compatible with H8/300 CPU on an abject level
— Sixteen 16-bit general registers
— 62 basic instructions
e Various peripheral functions
— Timer V (8-bit timer)
— Timer W (16-bit timer)
— Watchdog timer
— SCI3 (Asynchronous or clocked synchronous serial communication interface)
— 10-bit A/D converter
e On-chip memory

Model

On-Chip Power-
On Reset and

Low-Voltage
Standard Detecting
Product Classification Version Circuit Version ROM RAM
Flash memory  H8/36024F HDB4F36024  HDG4F36024G 32 kbytes 2,048 bytes
version H8/36022F HD64F36022  HDB4F36022G 16 kbytes 2,048 bytes
\(I';ém)T H8/36014F HDG4F36014  HDG4F36014G 32 kbytes 2,048 bytes
H8/36012F HD64F36012  HDB4F36012G 16 kbytes 2,048 bytes
Masked ROM  H8/36024  HD64336024  HD64336024G 32 kbytes 1,024 bytes
version H8/36023  HD64336023  HD64336023G 24 kbytes 1,024 bytes
H8/36022  HD64336022  HDG4336022G 16 kbytes 512 bytes
H8/36014  HD64336014  HD64336014G 32 kbytes 1,024 bytes
H8/36013  HD64336013  HD64336013G 24 kbytes 1,024 bytes
H8/36012  HD64336012  HD64336012G 16 kbytes 512 bytes
H8/36011  HD64336011  HD64336011G 12 kbytes 512 bytes
H8/36010  HD64336010  HD64336010G 8 kbytes 512 bytes
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Section2 CPU

H'3FFF

H'F600
HF74F

H'FD80

H'FF7F
HFF80

HFFFF

H8/36022
H8/36012
(Masked ROM version)

Interrupt vector

On-chip ROM
(16 kbytes)

Not used

Internal 1/O register

Not used

On-chip RAM
(512 bytes)

Internal 1/0O register

H2FFF

H'F600
HF74F

H'FD80

H'FF7F
H'FF80

H'FFFF

H8/36011
(Masked ROM version)

Interrupt vector

On-chip ROM
(12 kbytes)

Not used

Internal 1/O register

Not used

On-chip RAM
(512 bytes)

Internal 1/0O register

H8/36010
(Masked ROM version)
H.gggg Interrupt vector
H'0046 |~~~ """ T
On-chip ROM
(8 kbytes)
H'1FFF
' Not used '
H'F600 .
HE74F Internal I/0O register
: Not used :
H'FD80
On-chip RAM
HFE7F (512 bytes)
H'FF80
Internal 1/O register
H'FFFF

Figure2.1 Memory Map (2)
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Section2 CPU
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Section 3 Exception Handling

324 Interrupt Flag Register 1 (IRR1)

IRR1 is a status flag register for direct transition interrupts, and IRQ3 and IRQO interrupt requests.

Initial
Bit Bit Name Value R/W Description

7 IRRDT 0 R/W Direct Transfer Interrupt Request Flag
[Setting condition]

When a direct transfer is made by executing a SLEEP
instruction while DTON in SYSCR2 is set to 1.

[Clearing condition]
When IRRDT is cleared by writing 0

6 — 0 — Reserved
This bit is always read as 0.

54 — All 1 — Reserved
These bits are always read as 1.

3 IRRI3 0 R/W IRQS Interrupt Request Flag
[Setting condition]

When IRQ3 pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IRRI3 is cleared by writing O

2,1 — All O — Reserved
These bits are always read as 0.

0 IRRIO 0 R/W IRQO Interrupt Request Flag
[Setting condition]

When IRQO pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IRRIO is cleared by writing 0

Rev. 4.00 Sep. 23,2005 Page 50 of 354
REJ09B0025-0400 RENESAS



Section 4 Address Break

413  Break AddressRegisters (BARH, BARL)

BARH and BARL are 16-bit read/write registers that set the address for generating an address
break interrupt. When setting the address break condition to the instruction execution cycle, set
the first byte address of the instruction. Theinitial value of thisregister is H'FFFF.

414 Break Data Registers (BDRH, BDRL)

BDRH and BDRL are 16-bit read/write registers that set the data for generating an address break
interrupt. BDRH is compared with the upper 8-bit databus. BDRL is compared with the lower 8-
bit data bus. When memory or registers are accessed by byte, the upper 8-bit data busis used for
even and odd addresses in the data transmission. Therefore, comparison data must be set in
BDRH for byte access. For word access, the data bus used depends on the address. See section
4.1.1, Address Break Control Register (ABRKCR), for details. Theinitial value of thisregister is
undefined.

4.2 Operation

When the ABIF and ABIE bitsin ABRKSR are set to 1, the address break function generates an
interrupt request to the CPU. The ABIF bit in ABRKSR isset to 1 by the combination of the
address set in BAR, the data set in BDR, and the conditions set in ABRKCR. When the interrupt
request is accepted, interrupt exception handling starts after the instruction being executed ends.
The address break interrupt is not masked because of the | bit in CCR of the CPU.

Rev. 4.00 Sep. 23,2005 Page 62 of 354
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Section 4 Address Break

Figures 4.2 show the operation examples of the address break interrupt setting.

When the address break is specified in instruction execution cycle

Register setting Program
* ABRKCR = H'80 0258 NOP
* BAR = H'025A * 025A NOP
! 0 L
0260 NOP Underline indicates the address
to be stacked.

0262 NOP

NOP NOP MOV MOV
instruc-  instruc- instruc-  instruc-
tion tion tion 1 tion2 Internal
prefetch prefetch prefetch prefetch processing Stack save
| ! ! ! ! 1 |

S e ipipipipipipipigipigigigish

padress Y ozs8_)_o25A {0250 ) 025E X_sP-2 X _SP-4

bus

Interrupt I
request

t

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (1)

When the address break is specified in the data read cycle

Register setting Program
* ABRKCR = H'A0 0258 NOP
* BAR = H'025A 025A NOP
*025C MOV.W @H'025A,R0
0260 NOP Underline indicates the address

0262 NOP to be stacked.

MOV MOV NOP MOV NOP Next

instruc-  instruc- instruc-  instruc- instruc-  instru-

tion 1 tion 2 tion tion tion ction Internal  Stack
prefetch prefetch prefetch execution prefetch prefetch processing save
[l | ! ! | | | |

o UYL

bus©°® —o25C |o25E (0260 X 025A Y ose2 Y oee4 X sp-2
Interrupt | :
request ?

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (2)

Rev. 4.00 Sep. 23,2005 Page 63 of 354
RENESAS REJ09B0025-0400




Section 7 ROM

7.2 Register Descriptions
The flash memory has the following registers.

e Flash memory control register 1 (FLMCR1)
e Flash memory control register 2 (FLMCR2)
e Eraseblock register 1 (EBR1)

e Flash memory enable register (FENR)

721 Flash Memory Control Register 1 (FLMCR1)

FLMCRL1 is aregister that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 7.4, Flash
Memory Programming/Erasing.

Initial

Bit Bit Name Value R/W Description

7 — 0 — Reserved
This bit is always read as 0.

6 SWE 0 R/W Software Write Enable
When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit is cleared
to 0, other FLMCR1 register bits and all EBR1 bits cannot
be set.

5 ESU 0 R/W Erase Setup

When this bit is set to 1, the flash memory changes to the
erase setup state. When it is cleared to 0, the erase setup
state is cancelled. Set this bit to 1 before setting the E bit

to 1 in FLMCR1.

4 PSU 0 R/W Program Setup

When this bit is set to 1, the flash memory changes to the
program setup state. When it is cleared to 0, the program
setup state is cancelled. Set this bit to 1 before setting the
P bit in FLMCR1.

3 EV 0 R/W Erase-Verify

When this bit is set to 1, the flash memory changes to
erase-verify mode. When it is cleared to 0, erase-verify
mode is cancelled.
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Section 9 1/0O Ports

94.1 Port Control Register 7 (PCR7)

PCRY selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 7.

Initial
Bit Bit Name Value R/W Description
7 — — — Reserved
6 PCR76 0 w Setting a PCR7 bit to 1 makes the corresponding pin an
5 PCR75 0 W output port, while clearing the bit to 0 makes the pin an
input port. Note that the TCSRYV setting of the timer V has
4 PCR74 0 W priority for deciding input/output direction of the
3 PCR73 0 w P76/TMOV pin.
2 PCR72 0 W
1 PCR71 0 w
0 PCR70 0 W

94.2 Port Data Register 7 (PDR7)

PDRY7 isageneral 1/O port data register of port 7.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 P76 0 R/W PDRY7 stores output data for port 7 pins.
5 P75 0 R/W If PDR7 is read while PCR7 bits are set to 1, the value
4 P74 0 R/W stored in PDR7 is read. If PDR7 is read while PCR7 bits
are cleared to 0, the pin states are read regardless of the
3 P73 0 R/W value stored in PDR7.
2 P72 0 R/W
1 P71 0 R/W
0 P70 0 R/W
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Section 10 Timer V

104  Operation

104.1 Timer V Operation

1.

According to table 10.2, six internal/external clock signals output by prescaler S can be
selected asthe timer V operating clock signals. When the operating clock signal is selected,
TCNTV starts counting-up. Figure 10.2 shows the count timing with an internal clock signal
selected, and figure 10.3 shows the count timing with both edges of an external clock signal
selected.

When TCNTV overflows (changes from H'FF to H'00), the overflow flag (OVF) in TCRVO
will be set. Thetiming at thistimeis shown in figure 10.4. An interrupt request is sent to the
CPU when OVIEIin TCRVOis 1.

TCNTV is constantly compared with TCORA and TCORB. Compare match flag A or B
(CMFA or CMFB) is set to 1 when TCNTV matches TCORA or TCORB, respectively. The
compare-match signal is generated in the last state in which the values match. Figure 10.5
shows the timing. An interrupt request is generated for the CPU when CMIEA or CMIEB in
TCRVOis 1.

When a compare match A or B is generated, the TMOV responds with the output value
selected by bits OS3 to OS0 in TCSRV. Figure 10.6 shows the timing when the output is
toggled by compare match A.

When CCLR1 or CCLROin TCRVO0is01 or 10, TCNTV can be cleared by the corresponding
compare match. Figure 10.7 shows the timing.

When CCLR1 or CCLROin TCRVO0is 11, TCNTV can be cleared by therising edge of the
input of TMRIV pin. A TMRIV input pulse-width of at least 1.5 system clocks is necessary.
Figure 10.8 shows the timing.

When a counter-clearing source is generated with TRGE in TCRV 1 set to 1, the counting-up is
halted as soon as TCNTYV is cleared. TCNTV resumes counting-up when the edge selected by
TVEG1 or TVEGO in TCRV 1 isinput from the TGRV pin.
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Section 10 Timer V

0 N I Iy

TMRIV(External
counter reset
input pin )

TCNTV reset
signal

TCNTV

\l_l

N-—1 X N X

H'00

Figure10.8 Clear Timing by TMRIV Input
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Section 11 Timer W

11.3.7 Timer Counter (TCNT)

TCNT is a16-hit readable/writable up-counter. The clock source is selected by hits CKS2 to
CKS0in TCRW. TCNT can be cleared to H'0000 through a compare match with GRA by setting
the CCLR in TCRW to 1. When TCNT overflows (changes from H'FFFF to H'0000), the OVF
flagin TSRW issetto 1. If OVIE in TIERW is set to 1 at thistime, an interrupt request is
generated. TCNT must always be read or written in 16-bit units; 8-bit accessis not allowed.
TCNT isinitialized to H'0000 by a reset.

11.3.8 General Registers A to D (GRA to GRD)

Each general register is a 16-bit readable/writable register that can function as either an output-
compare register or an input-capture register. The function is selected by settingsin TIOR0 and
TIORL1.

When ageneral register is used as an input-compare register, its value is constantly compared with
the TCNT value. When the two values match (a compare match), the corresponding flag (IMFA,
IMFB, IMFC, or IMFD) in TSRW is set to 1. An interrupt request is generated at this time, when
IMIEA, IMIEB, IMIEC, or IMIED is set to 1. Compare match output can be selected in TIOR.

When ageneral register is used as an input-capture register, an external input-capture signal is
detected and the current TCNT valueis stored in the general register. The corresponding flag
(IMFA, IMFB, IMFC, or IMFD) in TSRW is set to 1. If the corresponding interrupt-enable bit
(IMIEA, IMIEB, IMIEC, or IMIED) in TSRW is set to 1 at thistime, an interrupt request is
generated. The edge of the input-capture signal is selected in TIOR.

GRC and GRD can be used as buffer registers of GRA and GRB, respectively, by setting BUFEA
and BUFEB in TMRW.

For example, when GRA is set as an output-compare register and GRC is set as the buffer register
for GRA, the value in the buffer register GRC is sent to GRA whenever compare match A is
generated.

When GRA is set as an input-capture register and GRC is set as the buffer register for GRA, the
valuein TCNT istransferred to GRA and the value in the buffer register GRC istransferred to
GRA whenever an input capture is generated.

GRA to GRD must be written or read in 16-bit units; 8-bit access is not allowed. GRA to GRD are
initialized to H'FFFF by areset.
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Section 14 A/D Converter

14.3.2 A/D Control/Status Register (ADCSR)

ADCSR consists of the control bits and conversion end status bits of the A/D converter.

Initial

Bit Bit Name Value R/W Description

7 ADF 0 R/W A/D End Flag
[Setting conditions]
e When A/D conversion ends in single mode
e When A/D conversion ends on all the channels

selected in scan mode

[Clearing conditions]
e When 0 is written after reading ADF =1

6 ADIE 0 R/W A/D Interrupt Enable
A/D conversion end interrupt (ADI) request enabled by
ADF when 1 is set

5 ADST 0 R/W A/D Start
Setting this bit to 1 starts A/D conversion. In single mode,
this bit is cleared to 0 automatically when conversion on
the specified channel is complete. In scan mode,
conversion continues sequentially on the specified
channels until this bit is cleared to 0 by software, a reset,
or a transition to standby mode.

4 SCAN 0 R/W Scan Mode
Selects single mode or scan mode as the A/D conversion
operating mode.
0: Single mode
1: Scan mode

3 CKS 0 R/W Clock Select

Selects the A/D conversions time
0: Conversion time = 134 states (max.)
1: Conversion time = 70 states (max.)

Clear the ADST bit to 0 before switching the conversion
time.
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Section 14 A/D Converter

145 A/D Conversion Accuracy Definitions

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 (seefigure 14.4).
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 0000000000 to 0000000001
(seefigure 14.5).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from 1111111110 to 1111111111 (seefigure 14.5).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristics between zero voltage and
full-scale voltage. Does not include offset error, full-scale error, or quantization error.

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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Section 18 Electrical Characteristics
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Appendix

TableA.2 Operation Code Map (2)

any HOX S[6] ans dND aav AOW VL
any dOX 5[] ans dND aav AOW 6.
ERic| 199 114 399 INg adg SAg OoNnd 039 aNg Siel:] 004 sS4 IHg Ndg vdg 8G
dND sva El
03a 03a ans 03a 03a sdans dal
ans 03a vi
S1X3 S1X3 93aN O3N NnLx3 NLX3 1ON 1ON Ll
d1lod d10d dXx1o4d dXx104d el
1104 1L04H X104 IX10d cl
HVHS dvHS HIHS H1HS LE
VHS VHS TIHS TIHS (o]
AOW vva 40
ONI ONI saav ONI ONI saav 40
aav ONI VO
L L . 43318 o1s/0a1 AOW 10
El El a o} g v 6 8 L 9 S 14 € c 8 0 Im._< Hv
19 [Hg [ IV [HY
91Aq puz | @1Aq ST | BP0 UOIONISU|
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Appendix

TableA.3 Number of Cyclesin Each Instruction

Execution Status Access Location

(Instruction Cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read S,

Stack operation S,

Byte data access S, 2o0r3*

Word data access S, 2 or 3*

Internal operation S, 1

Note: * Depends on which on-chip peripheral module is accessed. See section 17.1, Register
Addresses (Address Order).
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Appendix

Internal data bus
AN

PMOS

[Pur] [ D

[For] P> O—

sciz 3 ~

Legend

PMR: Port mode register
PDR: Port data register
PCR: Port control register

FigureB.10 Port 5 Block Diagram (P57) (H8/36024)
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Appendix

Internal data bus

A RES S‘BY
||PUCR|| :i Jo
\—4 Pull-up MOS
||PMR II o) [ »—d
[Por | —{>—
=
f‘}
~
NV
ADTRG<—I
Legend

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.12 Port 5 Block Diagram (P55)
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Appendix

Product Type

Product Code

Model Marking

Package Code

H8/36013 Masked ROM Standard HD64336013FP HD64336013(***)FP  LQFP-64 (FP-64E)
version product  “\ns4336013FX  HDB4336013(***)FX  LQFP-48 (FP-48F)
HD64336013FY  HD64336013(***)FY LQFP-48 (FP-48B)
HD64336013FT  HD64336013(***)FT  QFN-48(TNP-48)
Product HD64336013GFP  HD64336013G(***)FP LQFP-64 (FP-64E)
"&"i:_hVPD%R HD64336013GFX  HD64336013G(***)FX LQFP-48 (FP-48F)
HD64336013GFY  HD64336013G(***)FY LQFP-48 (FP-48B)
HD64336013GFT  HD64336013G(***)FT QFN-48(TNP-48)
H8/36012 Flash memory Standard HD64F36012FP  HDG4F36012FP LQFP-64 (FP-64E)
version product  “\nsiras012FX  HDB4F36012FX LQFP-48 (FP-48F)
HD64F36012FY  HDG4F36012FY LQFP-48 (FP-48B)
HD64F36012FT  HDG4F36012FT QFN-48(TNP-48)
Product HDG4F36012GFP  HDG4F36012GFP  LQFP-64 (FP-64E)
‘gi:_hvgg'q HD64F36012GFX  HDG64F36012GFX  LQFP-48 (FP-48F)
HD64F36012GFY  HD64F36012GFY  LQFP-48 (FP-48B)
HD64F36012GFT  HDG64F36012GFT  QFN-48(TNP-48)
Masked ROM Standard HD64336012FP  HD64336012(***)FP  LQFP-64 (FP-64E)
version Product  "ng336012FX  HD64336012(**)FX  LQFP-48 (FP-48F)
HD64336012FY  HD64336012(***)FY LQFP-48 (FP-48B)
HD64336012FT  HD64336012(***)FT  QFN-48(TNP-48)
Product HD64336012GFP  HD64336012G(***)FP LQFP-64 (FP-64E)
‘gi:_hv';?:ﬂ HD64336012GFX  HD64336012G(***)FX LQFP-48 (FP-48F)
HD64336012GFY  HD64336012G(***)FY LQFP-48 (FP-48B)
HD64336012GFT  HD64336012G(***)FT QFN-48(TNP-48)
H8/36011 Masked ROM Standard HD64336011FP  HD64336011(***)FP LQFP-64 (FP-64E)
version product  “\ns4336011FX  HDB4336011(***)FX  LQFP-48 (FP-48F)
HD64336011FY  HD64336011(***)FY LQFP-48 (FP-48B)
HD64336011FT  HD64336011(***)FT  QFN-48(TNP-48)
Product HD64336011GFP  HD64336011G(***)FP LQFP-64 (FP-64E)
"&"i:_hVPD%R HD64336011GFX  HD64336011G(***)FX LQFP-48 (FP-48F)
HD64336011GFY  HD64336011G(***)FY LQFP-48 (FP-48B)
HD64336011GFT  HD64336011G(***)FT QFN-48(TNP-48)
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