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Section 1 Overview
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Chip size: 3.99 mm x 3.99 mm
Voltage level on the back of the chip: GND

Figure 1.5 Bonding Pad L ocation Diagram of HCD64338024, HCD64338023,
HCD64338022, HCD64338021, and HCD64338020 (Top View)
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Section 2 CPU

24

241

Addressing M odes

Addressing M odes

The H8/300L CPU supports the eight addressing modes listed in table 2.1. Each instruction uses a
subset of these addressing modes.

Table2.1 Addressing Modes

No. Address Modes Symbol

1 Register direct Rn

2 Register indirect @Rn

3 Register indirect with displacement @(d:16, Rn)

4 Register indirect with post-increment @RN+
Register indirect with pre-decrement @-Rn

5 Absolute address @aa:8 or @aa:16

6 Immediate #xX:8 or #xx:16

7 Program-counter relative @(d:8, PC)

8 Memory indirect @@aa:8

Register Direct—Rn: The register field of the instruction specifies an 8- or 16-bit general register
containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 hits x 8 bits), and

DIV XU (16 bits + 8 bits) instructions have 16-bit operands.

Register Indirect—@Rn: The register field of the instruction specifies a 16-bit general register
containing the address of the operand in memory.

Register Indirect with Displacement—@(d: 16, Rn): The instruction has a second word (bytes 3
and 4) containing a displacement which is added to the contents of the specified general register to
obtain the operand address in memory.

Thismodeisused only in MOV instructions. For the MOV.W instruction, the resulting address
must be even.
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Section 2 CPU

251 Data Transfer Instructions

Table 2.4 describes the data transfer instructions. Figure 2.5 shows their object code formats.

Table2.4 DataTransfer Instructions

Instruction Size*

Function

MOV B/W

(EAs) - Rd, Rs — (EAd)

Moves data between two general registers or between a general
register and memory, or moves immediate data to a general
register.

The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for word data. The @aa:8
addressing mode is available for byte data only.

The @—-R7 and @R7+ modes require word operands. Do not
specify byte size for these two modes.

POP w

@SP+ — Rn

Pops a 16-bit general register from the stack. Equivalent to
MOV.W @SP+, Rn.

PUSH W

Rn —-» @-SP

Pushes a 16-bit general register onto the stack. Equivalent to
MOV.W Rn, @-SP.

Note: * Size: Operand size

B: Byte
W:  Word

Certain precautions are required in data access. See section 2.9.1, Notes on Data Access, for

details.

Figure 2.7 lists the format of the bit manipulation instructions.
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Section 2 CPU

Figure 2.6 shows the instruction code format of arithmetic, logic, and shift instructions.

15 8 7 0

B - : — | T ADD, SUB, CMP,
p ADDX, SUBX (Rm)

15 8 7 0

™ — 87 | — ] ADDS, SUBS, INC, DEC,
op m DAA, DAS, NEG, NOT

15 8 7 0
| op \ rm \ m | MULXU, DIVXU

15 8 7 0
| — — ‘ : Vv —1 ADD, ADDX, SUBX,

p CMP (#XX:8)

15 8 7 0
| op [T m m | AND, OR, XOR (Rm)

15 8 7 0
| op m | IMM | AND, OR, XOR (#xx:8)

15 8 7 0
| ‘ U T SHAL, SHAR, SHLL, SHLR,

P ROTL, ROTR, ROTXL, ROTXR

[Legend]

op: Operation field
rm, rn: Register field
IMM:  Immediate data

Figure2.6 Arithmetic, Logic, and Shift Instruction Codes
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Section 2 CPU

Reset cleared

Y

Reset state - Exception-handling state

Reset occurs

Reset Interrupt

occurs source .

Reset oCCUrs Interrupt Exception-

occurs source handling
occurs complete

Program halt state Program execution state

SLEEP instruction executed

Figure2.15 State Transitions

2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

There are three modes in this state, two active modes (high speed and medium speed) and one
subactive mode. Operation is synchronized with the system clock in active mode (high speed and
medium speed), and with the subclock in subactive mode. See section 5, Power-Down Modes for
details on these modes.

273 Program Halt State

In the program halt state there are five modes. two sleep modes (high speed and medium speed),
standby mode, watch mode, and subsleep mode. See section 5, Power-Down Modes for details on
these modes.

274 Exception-Handling State

The exception-handling state is a transient state occurring when exception handling is started by a
reset or interrupt and the CPU changesits normal processing flow. In exception handling caused
by an interrupt, SP (R7) is referenced and the PC and CCR values are saved on the stack.

For details on interrupt handling, see section 3.3, Interrupts.
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Section 8 1/0O Ports

854 Pin States
Table 8.13 shows the port 5 pin states in each operating mode.

Table8.13 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P57/ WKP7/ High- Retains Retains  High- Retains Functional Functional
SEGg to P50/ impedance previous previous impedance® previous

WKP,/SEG; state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
In the HD64F38024 the previous pin state is retained.

855  MOSInput Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRS bhit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function isin the off state after areset.

PCR5, 0 0 1
PUCR5, 0 1 *
MOS input pull-up Off On Off
(n=7100)
*: Don't care
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Section 8 1/0O Ports

Port Data Register 6 (PDR6)

Bit 7 6 5 4 3 2 1 0

‘ P66+ ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P64 ‘ P6¢
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR6 is an 8-hit register that stores data for port 6 pins P6; to P6,.

If port 6 is read while PCR6 bits are set to 1, the values stored in PDR6 are read, regardless of the
actual pin states. If port 6 isread while PCR6 bits are cleared to 0, the pin states are read.

Upon reset, PDR6 isinitialized to H'00.

Port Control Register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0

‘ PCR67 ‘ PCR66‘ PCR65 ‘ PCR6, ‘ PCR65 ‘ PCR6, ‘ PCR6 ‘ PCR6
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRG6 is an 8-hit register for controlling whether each of the port 6 pins P6; to P6, functions as an
input pin or output pin.

Setting a PCR6 bit to 1 makes the corresponding pin (P6; to P6) an output pin, while clearing the
bit to 0 makes the pin an input pin. PCR6 and PDR6 settings are valid when the corresponding
pins are designated for genera -purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR6 isinitialized to H'00.

PCR6 is awrite-only register, which isalwaysread as all 1s.

Rev. 8.00 Mar. 09, 2010 Page 221 of 658
REJ09B0042-0800
RENESAS



Section 10 Serial Communication Interface

Table10.4 Relation between n and Clock

SMR Setting
n Clock CKS1 CKS0
0 B 0 0
0 owi2* pw*? 0 1
2 /16 1 0
3 o/64 1 1

Notes: 1. ¢ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. ¢ wclock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is ¢w/2 only.

Table 10.5 shows the maximum bit rate for each frequency. The values shown are for active
(high-speed) mode.

Table10.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Rate Setting
OSC (MHz) ¢ (MHz) (bit/s) n N
0.0384* 0.0192 600 0 0
2 1 31250 0 0
2.4576 1.2288 38400 0 0
4 2 62500 0 0
10 5 156250 0 0
16 8 250000 0 0
20 10 312500 0 0

Note: * When SMR is set up to CKS1 =0, CKS0 = 1.
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Section 10 Serial Communication Interface

SCI 3 operates as follows when receiving data.

SCI3 performs internal synchronization and begins reception in synchronization with the seria
clock input or output.

Thereceived datais placed in RSR in LSB-to-M SB order.

After the data has been received, SCI3 checksthat bit RDRF is set to 0, indicating that the receive
data can be transferred from RSR to RDR.

If this check shows that there is no overrun error, bit RDRF is set to 1, and the receive datais
stored in RDR. If bit RIE isset to 1 in SCR3, an RXI interrupt is requested. If the check
identifies an overrun error, bit OER is set to 1.

Bit RDRF remainssetto 1. If bit RIEissetto 1in SCR3, an ERI interrupt is requested.
See table 10.12 for the conditions for detecting a receive error, and receive data processing.

Note:  No further receive operations are possible while areceive error flag is set. Bits OER,
FER, PER, and RDRF must therefore be cleared to 0 before resuming reception.

Figure 10.14 shows an example of the operation when receiving in synchronous mode.

VANV VAWV WANVANVAVAVA WA

Serial Bit7 X BitO Bit7 X Bito X Bit1 Bit 6 Bit 7
data 2 2

1 frame 1 frame

RORF [ [ ‘

oSN J, I
LSI RXI request RDRE cleared RXI request ERI request in
operation to0 response to
overrun error
User . RDR data read RDR data has Overrun error
processing not been read processing

(RDRF = 1)

Figure 10.14 Example of Operation when Receiving in Synchronous M ode
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Section 10 Serial Communication Interface

* Simultaneous transmit/receive

Figure 10.15 shows an example of aflowchart for a simultaneous transmit/receive operation. This
procedure should be followed for simultaneous transmission/reception after initializing SCI3.

Sets bit SPC32 to
1in SPCR

Read bit TDRE
in SSR

1]

Yes

Write transmit
data to TDR

—————

Read bit OER
in SSR

OER=1?

No

Read bit RDRF 2
in SSR

Yes

Read receive data

transmission/reception?

Clear bits TE and
RE to 0 in SCR3

End

in RDR
[4]
Overrun error
processing
e
Continue data Yes

[1] Read the serial status register (SSR) and

check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically.

Read SSR and check that bit RDRF is set
to 1. Ifitis, read the receive data in RDR.
When the RDR data is read, bit RDRF is
cleared to 0 automatically.

When continuing data transmission/reception,
finish reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current frame.
Before receiving the MSB (bit 7) of the current
frame, also read TDRE = 1 to confirm that a
write can be performed, then write data to TDR.
When data is written to TDR, bit TDRE is cleared
to 0 automatically, and when the data in RDR is
read, bit RDRF is cleared to 0 automatically.

If an overrun error has occurred, read bit OER
in SSR, and after carrying out the necessary
error processing, clear bit OER to 0. Transmis-
sion and reception cannot be resumed if bit
OER s setto 1.

See figure 10.13 for details on overrun error
processing.

Figure 10.15 Example of Simultaneous Data Transmission/Reception Flowchart
(Synchronous M ode)
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Section 11 10-Bit PWM

Section 11 10-Bit PWM

11.1 Overview

The H8/38024 Group is provided with two on-chip 10-bit PWMs (pulse width modulators),
designated PWM 1 and PWM2, with identical functions. The PWMs can be used as D/A
converters by connecting alow-pass filter. In this section the suffix m (m =1 or 2) is used with
register names, etc., asin PWDRLm, which denotes the PWDRL registers for each PWM.

11.1.1 Features
Features of the 10-bit PWMs are as follows.

e Choice of four conversion periods
Any of the following conversion periods can be chosen:
4,096/¢, with a minimum modulation width of 4/¢
2,048/¢, with a minimum modulation width of 2/¢
1,024/¢, with a minimum modulation width of 1/¢
512/¢, with a minimum modul ation width of /2 ¢

e Pulsedivision method for less ripple

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.

On the H8/38124 Group it is possible to select between two types of PWM output: pulse-division
PWM and event counter PWM (PWM incorporating AEC). (The H8/38024 Group, H8/38024F-
ZTAT Group, and H8/38024S Group can only produce pulse-division PWM output.) Refer to
section 9.7, Asynchronous Event Counter, for information on event counter PWM.
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Section 11 10-Bit PWM

Bits 7 to 2—Reserved/Bits 7 to 3—Reser ved*

Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.
Note: * Implemented on H8/38124 Group only.

Bit 2—Output Format Select (PWCRm2)*

This hit selects the format of the output from the PWMm output pin.

This bit iswrite-only. Reading it always returns 1.

Bit 2

PWCRmM2 Description

0 Pulse-division PWM (initial value)
1 Event counter PWM

Note: * Implemented on H8/38124 Group only.
Bits 1 and 0—Clock Select 1 and 0 (PWCRm1, PWCRmMO)

Bits 1 and O select the clock supplied to the 10-bit PWM. These bits are write-only bits; they are
awaysread as 1.

Bit 1 Bit 0
PWCRm1 PWCRmMO Description
0 0 The input clock is ¢ (t§* = 1/¢) (initial value)

The conversion period is 512/¢, with a minimum modulation
width of 1/2¢

0 1 The input clock is ¢/2 (t¢* = 2/¢)
The conversion period is 1,024/¢, with a minimum
modulation width of 1/¢

1 0 The input clock is ¢/4 (t¢* = 4/¢)
The conversion period is 2,048/¢, with a minimum
modulation width of 2/¢

1 1 The input clock is ¢/8 (t¢* = 8/¢)
The conversion period is 4,096/¢, with a minimum
modulation width of 4/¢

Note: * Period of PWM input clock.
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Section 13 LCD Controller/Driver

Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bit1 Bit 0

H'F740 SEG2 | SEG2 | SEG2 SEG1 | SEG1 | SEG1

HF74F SEG32 | SEG32 | SEG32 SEG31 | SEG31 | SEG31
Y Y Y Y Y Y Y

COM3 COM2  COM1 COM3 COM2  COM1

|:| Space not used for display

Figure 13.4 LCD RAM Map (1/3 Duty)
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Section 14 Power-On Reset and Low-Voltage Detection Circuits (H8/38124 Group Only)

Table 14.3 shows the relationship between LV DCR settings and function selections. Refer to table
14.3 when making settings to LVDCR.

Table14.3 LVDCR Settings and Function Selections

Low-Voltage Low-Voltage

LVDCR Setting Value Low-Voltage Detection Detection
Power-on  Detection Voltage Drop Voltage Rise
LVDE LVDSEL LVDRE LVDDE LVDUE Reset Reset Interrupt Interrupt
0 * * * * O — —_ I
1 1 1 0 0 O O — —
1 0 0 1 0 O — O —
1 0 0 1 1 O — @) ©)
1 0 1 1 1 O O O O

Note: Setting values marked with an asterisk (*) are invalid.

1422 Low-Voltage Detection Status Register (LVDSR)

Bit 7 6 5 4 3 2 1 0
| OVF | — ‘ — ‘ — ‘VREFSEL‘ — ‘ LVDDF ‘ LVDUF |
Initial value 0* 0 0 0 0 0 0* 0*

Read/Write RW RW R/W R/W R/W R/W R/W R/W

Note: * These bits initialized by resets trigged by LVDR.

LVDSR isan 8-bit read/write register. It is used to control external input selection, indicates when
the reference voltage is stable, and indicatesif the power supply voltage goes below or above a
specified range.

Bit 7—L VD Reference Voltage Stabilized Flag (OVF)

This bit indicates when the low-voltage detection counter (LVDCNT) overflows.

Bit 7

OVF Description

0 [Clearing condition] (initial value)
When 0 is written after reading 1

1 [Setting condition]

When the low-voltage detection counter (LVDCNT) overflows
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Section 16 Electrical Characteristics

16.4.6

Table 16.13 lists the flash memory characteristics.

Flash Memory Characteristics

Table 16.13 Flash M emory Characteristics

AVcc=27V1036V,Vss=AVss=0.0V, V=27V t0 3.6V (operating voltage range in
reading), Vcc= 3.0V to 3.6 V (operating voltage range in programming/erasing), T, =—-20t0
+75°C (operating temperature range in programming/erasing)

Values

Test
Item Symbol Min Typ Max Unit  Condition
Programming time (per 128 bytes)** *2** tp — 7 200 ms
Erase time (per block) ** ***® te — 100 1200 ms
Maximum number of reprogrammings Nwec }898 3.90000 — Times
100 10000 —
*8 %12 *9
Data retention time tore 107 — — Years
Programming Wait time after SWE bit setting™ 1 — — us
Wait time after PSU bit setting™* y 50 — — us
Wait time after P bit setting™* ** z1 28 30 32 us 1<n<6
z2 198 200 202 us 7 <n <1000
z3 8 10 12 us Additional-
programming
Wait time after P bit clear™* a 5 — — us
Wait time after PSU bit clear™* B 5 — — us
Wait time after PV bit setting™* y 4 — — us
Wait time after dummy write™* € 2 — — us
Wait time after PV bit clear** n 2 — — us
Wait time after SWE bit clear™* 0 100 — — us
Maximum programming count™* ** *>N — — 1000 Times
Erase Wait time after SWE bit setting™  x 1 — — us
Wait time after ESU bit setting™* y 100 — — us
Wait time after E bit setting™* *® z 10 — 100 ms
Wait time after E bit clear™* a 10 — — us
Wait time after ESU bit clear™* B 10 — — us
Wait time after EV bit setting™* y 20 — — us
Wait time after dummy write** € 2 — — us
Wait time after EV bit clear** n 4 — — us
Wait time after SWE bit clear** 0 100 — — us
Maximum erase count™* *®*7 N — — 120 Times
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Section 16 Electrical Characteristics

Table16.30 Power Supply Voltage Detection Circuit Characteristics (3)

Using on-chip reference voltage and detect voltage external input (VREFSEL = 0, VINTDSEL

and VINTUSEL = 1)

Rated Values

Item

Symbol  Min Typ Max Unit Test Condition
extD/extU interrupt  Vexd 0.80 1.20 1.60 \%
detection level
extD/extU pin input VextD*' -0.3 — Vec+0.30rAVee V Vec=2.7t03.3V
voltage*? VextU*! + 0.3, whichever is
lower
-0.3 — 3.6 0rAVec +0.3, V

Vec=3.3t05.5V
whichever is lower

Notes: 1. The VextD voltage must always be greater than the VextU voltage.
2. The maximum input voltage of the extD and extU pins is 3.6 V.
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Appendix B Internal I/0O Registers

PDR4—Port Data Register 4 H'D7 I/O Ports
Bit 7 6 5 4 3 2 1 0
= = = [ — e [ pa | Py | Pa |
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — R R/W R/W R/W

‘ Data for port 4 pins

Reads P45 state

PDR5—Port Data Register 5 H'D8 I/O Ports
Bit 7 6 5 4 3 2 1 0
‘ P5, ‘ P5¢ ‘ P55 ‘ P5, ‘ P54 ‘ P5, ‘ P5;, P5q
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data for port 5 pins
PDR6—Port Data Register 6 H'D9 I/O Ports
Bit 7 6 5 4 3 2 1 0
‘ P6-, ‘ P6g ‘ P65 ‘ P6, ‘ P65 ‘ P6, ‘ P6, P6g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
\
Data for port 6 pins
PDR7—~Port Data Register 7 H'DA I/O Ports
Bit 7 6 5 4 3 2 1 0
‘ P7, ‘ P7¢ ‘ P75 ‘ P7, ‘ P7, ‘ P7, ‘ P7, P7,
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port 7 pins
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Appendix C /O Port Block Diagrams

SBY
G«: PUCR1;
Vee
o C ] PMRTs p
| I a
]
©
P1s % PDR13 %
= 5
(9]
c
Vss +— PCR13
L~ Timer G
module
4@—» ™IG

PDR1:  Port data register 1

PCR1:  Port control register 1
PMR1:  Port mode register 1
PUCR1: Port pull-up control register 1

FigureC.1(c) Port 1 Block Diagram (Pin P1y)
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Appendix C

I/O Port Block Diagrams

| SCINV3 |<—>

VCC I_I
SPC32
— 013 module
= A= TXD32.
PDR4,
(2]
3
8
[}
1 PCRA42 S
2
VSS §
S
L

PDR4: Port data register 4
PCRA4: Port control register 4

Figure C.3(b) Port 4 Block Diagram (Pin P4,)
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