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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

231 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as shown in figure 2.3.

Data Type Register No. Data Format
7 o
1-bit data rRiH |76 ]5]4]3][2]1]0] Dontcare
____________________________________________ 7 0
1-bit data RAL G Dontcare |716]5/al3]l2]1]0]
7 o
Byte data RnH |mMsB_ ‘LSB| ________________ p.c.).r]'p.c”a.rle. .................
____________________________________________ 7 0
Byte data RoL @ Dontcare |MSB‘ ‘LSB|
15 0
Word data Rn |MSB‘ ‘LSB|
7 4 3 o
4bitBCDdata  RnH |  Upperdigit Lowerdigt | Dontcare
............................................ 7 4 3 0
4-bit BCD data RnL _________________ D _o_r_1'_t_9_a_rg ________________ | , Upper digit  Lower digit
[Legend]

RnH: Upper byte of general register
RnL: Lower byte of general register
MSB: Most significant bit
LSB: Least significant bit

Figure2.3 Register Data Formats
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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 4 Clock Pulse Generators

External Clock Input Method

Connect an external clock signal to pin OSC,, and leave pin OSC, open. Figure 4.7 shows a
typical connection.

0osCy — External clock input

0OSC; ——— Open

Figure4.7 External Clock Input (Example)

Frequency Oscillator Clock (posc)

Duty cycle 45% to 55%

On-Chip Oscillator Selection M ethod (H8/38124 Group Only)

The on-chip oscillator is selected by setting the IRQAEC pin input level during resets.* Table 4.3
lists the methods for selecting the system clock oscillator and the on-chip oscillator. The IRQAEC
pin input level set during resets must be fixed at Vcc or GND, based on the oscillator to be
selected. It is not necessary to connect an oscillator to pins OSC1 and OSC2 if the on-chip
oscillator is selected. In this case, pin OSC1 should be fixed at Vc or GND.

Note: The system clock oscillator must be selected in order to program or erase flash memory as
part of operations such as on-board programming. Also, when using the on-chip emulator,
an oscillator should be connected, or an external clock input, even if the on-chip oscillator
is selected.

*  QOther than watchdog timer or low-voltage detect circuit reset.

Table4.3 System Clock Oscillator and On-Chip Oscillator Selection M ethods

IRQAEC pin input level (during resets) 0 1
System clock oscillator Enabled Disabled
On-chip oscillator Disabled Enabled
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Section 5 Power-Down Modes

11. On the H8/38124 Group, operates only when the on-chip oscillator is selected; otherwise stops and stands by. On

the H8/38024, H8/38024S, and H8/38024R Group, stops and stands by.

511 System Control Registers

The operation mode is selected using the system control registers described in table 5.3.

Table5.3 System Control Registers

Name Abbreviation R/W Initial Value Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'FO H'FFF1
System Control Register 1 (SYSCR1)
Bit 7 6 5 4 3 2 1 0
| SSBY | STS2 | STS1 | STSO | LSON | — | MAT | MAO |
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W
SY SCRL1 is an 8-hit read/write register for control of the power-down modes.
Upon reset, SYSCR1 isinitialized to H'07.
Bit 7—Softwar e Standby (SSBY)
This bit designates transition to standby mode or watch mode.
Bit 7
SSBY Description
0 e When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to sleep mode
e When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode
1 e When a SLEEP instruction is executed in active mode, a transition is made to

standby mode or watch mode

e When a SLEEP instruction is executed in subactive mode, a transition is made to

watch mode

Rev. 8.00 Mar. 09, 2010 Page 124 of 658
REJ09B0042-0800

RENESAS



Section 5 Power-Down Modes

Bit 2

MSON Description

0 Operation in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode

Bits 1 and 0—Subactive M ode Clock Select (SA1, SAQ)

These bits select the CPU clock rate (¢w/2, dw/4, or dw/8) in subactive mode. SA1 and SAO
cannot be modified in subactive mode.

Bit 1 Bit 0

SAl SA0 Description

0 0 ow/8 (initial value)
0 1 dwl4

1 * owl2

*: Don't care

52 Sleep Mode

521 Transition to Sleep M ode

1. Transition to sleep (high-speed) mode

The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON and DTON
bitsin SY SCR2 are cleared to 0. In sleep mode CPU operation is halted but the on-chip
peripheral functions. CPU register contents are retained.

2. Transition to sleep (medium-speed) mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction
is executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON bit in
SYSCR2issetto 1, and the DTON bit in SYSCR2 is cleared to 0. In sleep (medi um-speed)
mode, asin sleep (high-speed) mode, CPU operation is halted but the on-chip peripheral
functions are operational. The clock frequency in sleep (medium-speed) mode is determined
by the MA1 and MAO bitsin SYSCR1. CPU register contents are retained.

Furthermore, it sometimes acts with half state early timing at the time of transition to sleep
(medium-speed) mode.
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Section 5 Power-Down Modes

55 Subsleep Mode

551 Transition to Subsleep M ode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
while the SSBY bit in SYSCR1 is cleared to O, LSON bit in SYSCR1 isset to 1, and TMA3 bit in
TMA issetto 1. In subsleep mode, operation of on-chip peripheral modules other than the A/D
converter and PWM isin active state. Aslong as aminimum required voltage is applied, the
contents of CPU registers, the on-chip RAM and some registers of the on-chip peripheral modules
areretained. 1/0 ports keep the same states as before the transition.

55.2 Clearing Subsleep M ode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer F, timer G, asynchronous event
counter, SCI3, IRQAEC, IRQq, IRQs, IRQy, IRQo, WKP; to WKPy) or by alow input at the RES

pin.

e Clearing by interrupt
When an interrupt is requested, subsleep mode is cleared and interrupt exception handling
starts. Subsleep modeis not cleared if the | bit of CCR is set to 1 or the particular interrupt is
disabled in the interrupt enable register.
To synchronize the interrupt request signal with the system clock, up to 2/¢s,s(S) delay may
occur after the interrupt request signal occurrence, before the interrupt exception handling
Start.

e Clearing by RES input
Clearing by RES pin isthe same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.
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Section 8 1/0O Ports

Pin Pin Functions and Selection Method

PB1/AN1/extU Switching is accomplished by combining CH3 to CHO in AMR and VINTUSEL in
LVDCR as shown below. Note that VINTUSEL is implemented on the H8/38124

Group only.
VINTUSEL 0 1
CH3 to CHO Not B'0101 B'0101 *
Pin function PB; input pin AN;3 input pin extyU input pin

Note: The extU pin is implemented on the H8/38124 Group only.

PBo/ANo/extD Switching is accomplished by combining CH3 to CHO in AMR and VINTDSEL in
LVDCR as shown below. Note that VINTDSEL is implemented on the H8/38124

Group only.
VINTDSEL 0 1
CH3 to CHO Not B'0100 B'0100 *
Pin function PBo input pin ANp input pin extD input pin

Note: The extD pin is implemented on the H8/38124 Group only.

*: Don’t care

8.12  Input/Output Data Inversion Function

8.12.1 Overview

With input pin RXD3, and output pin TXD3,, the data can be handled in inverted form.

SCINV2

P44/RXDs; MD RXD3,

SCINV3

P4,/TXD3y Dﬂg TXDa,

Figure8.11 Input/Output Data Inversion Function
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Section 9 Timers

9.24 Timer A Operation States
Table 9.3 summarizes the timer A operation states.

Table9.3 Timer A Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted Halted

TMA Reset Functions Retained Retained Functions Retained Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in
active mode or sleep mode, the internal clock is not synchronous with the system clock, so
it is synchronized by a synchronizing circuit. This may result in a maximum error of 1/¢ (s) in
the count cycle.

9.25 Application Note

When bit 0 (TACKSTP) of the clock stop register 1 (CKSTPRL1) is cleared to 0, bit 3 (TMAS3) of
the timer mode register A (TMA) cannot be rewritten.

Set hit 0 (TACKSTP) of the clock stop register 1 (CKSTPRL) to 1 before rewriting bit 3 (TMA3)
of the timer mode register A (TMA).
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Section 10 Serial Communication Interface

10.1.3  Pin Configuration

Table 10.1 shows the SCI3 pin configuration.

Table10.1 Pin Configuration

Name Abbr. I/O Function

SCI3 clock SCKa2 I/0 SCI3 clock input/output
SCI3 receive data input RXD32 Input SCI3 receive data input
SCI3 transmit data output TXD32 Output SCI3 transmit data output
10.14 Register Configuration

Table 10.2 shows the SCI3 register configuration.

Table10.2 Registers

Name Abbr. R/W Initial Value Address
Serial mode register SMR R/W H'00 H'FFA8
Bit rate register BRR R/W H'FF H'FFA9
Serial control register 3 SCR3 R/W H'00 H'FFAA
Transmit data register TDR R/W H'FF H'FFAB
Serial status register SSR R/W H'84 H'FFAC
Receive data register RDR R H'00 H'FFAD
Transmit shift register TSR Protected — —
Receive shift register RSR Protected — —

Bit rate counter BRC Protected — —
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
Serial port control register SPCR R/W — H'FF91
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Section 10 Serial Communication Interface

SCI 3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then setsbit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 is set to 1 at thistime, a TXI request is made.

Serial datais transmitted from the TXDs, pin using the relevant data transfer format in table 10.11.
When the stop bit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and when the stop hit has been sent, starts transmission of the next frame. If
bit TDRE isset to 1, bit TEND in SSR bit is set to 1the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3isset to 1 at thistime, a TEI
request is made.

Figure 10.7 shows an example of the operation when transmitting in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit bit data bit  bit state
Seral 1 |0 |po|p1] | [p7[o] 1o po|D1]  [D7 [om | 1 1
data : !
L 1 frame 1 frame |

\ \
)]

TDRE ) | L

TEND ? T )} ? )

LSI TXI request TDRE TXI request TEI request
operation cleared to 0

User Data written

processing to TDR

Figure 10.7 Example of Operation when Transmitting in Asynchronous M ode
(8-bit data, parity, 1 stop bit)
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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 [ [ ‘

I AN 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 16 Electrical Characteristics

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Allowable X —loy  All output pins — — 15.0 mMA Vcc=40Vto55V
output high — — 10.0 Except the above
current
(total)

Notes: Connect the TEST pin to Vss.
1. Applies to the Mask ROM products.
2. Applies to the HD64738024.
3. Pin states during current measurement.

RES Other LCD Power

Mode Pin Internal State Pins Supply Oscillator Pins
Active (high-speed) Vcc  Operates Vee Halted System clock oscillator:
mode (lope1) crystal
Active (medium- Subclock oscillator:
speed) mode (lope2) Pin X; = GND
Sleep mode Vee Only timers operate  Vcc Halted
Subactive mode Vee Operates Vee Halted System clock oscillator:
Subsleep mode Vce  Only timers operate,  Vcc Halted crystal

CPU stops Subclock oscillator:
Watch mode Vce  Only time base Vee Halted crystal

operates, CPU stops
Standby mode Vee CPU and timers both  Vcc Halted System clock oscillator:

stop

crystal

Subclock oscillator:
Pin X; = GND

4. Excludes current in pull-up MOS transistors and output buffers.

5. When the PIOFF bit in the port mode register 9 is 0.
6. When the PIOFF bit in the port mode register 9 is 1.
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Section 16 Electrical Characteristics

Item

Values

Symbol Applicable Pins Min

Typ Max

Unit Test Condition

Output low Vo,
voltage

P13, P1,,

P1ls, P15,

P3o to P37,
P4, to P4,,
P5, to P5;,
P6, to P67,
P?o to P77,
P80 to P87,
PAO to PA3

— 0.5

\%

lo. = 0.4 mA

Pgo to P92

*1

|o|_ =25 mA

lo. = 10 mA *2

P93 to P95

|o|_ =10 mA

Input/output | I |
leakage
current

RES, P4,
OSCy, Xy,
P13, P1,,
P1e, P15,
P3, to P3;,
P4, to P4,,
PSO to P57,
P60 to P67,
P?o to P77,
P8, to P8,
IRQAEC,
P9, to P9s,
PAO to PA3

HA

Vin=0.5Vto
Vec— 0.5V

PBO to PB7

HA

V|N =0.5Vto
AVcc—-05V

Pull-up —lp
MOS
current

P1;, Pl,,
Ple, P15,
P3, to P37,
P5, to P57,
P6, to P67

30

— 180

HA

Vee =3V,
V|N=OV

Input Cin
capacitance

All input pins
except power
supply and
IRQAEC

— 15.0

pF

IRQAEC

— 30.0

pF

f=1 MHz,
Vin=0V,
Ta=25°C

Notes
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Appendix A CPU Instruction Set

TableA.2 Operation Code Map

‘suononuisul AOW 0} @Benbue| sujyoew ul [EOUSP] B1e SUORONIISUI JOd PUE HSNd BUL « :9ION

AOW 4
anv 3
HOX a
o) o
xans g
dNo v
xaay 6
aav 8
qiig _~[aNvig_~HOXig_~|H0id
suoponaisur uopeindiuew-ig AOWd33 AOW L
Fm_m._m aNvE | ~HOX8 |~ ¥08| |51g | yiog | LONg | 13ss
OW 9
1s8
usr dnr a1y | ¥ss | sl AXAIG | NXTINW | S
38 | loa | 118 309 | g dg | sn@ | ong | o3g | 3ng | sog | 008 | sS4 IHg NYE | vug ¥
£
AOW
z
BEN gIoY_~T7I09 _~|avHs | VS
sva | xans do sans | o3a ans anv | HOX ) 0
10N XLOY|_~IXLOM|_~¥1HS |~ THS
wa | xaav AOW saav | ONI aav oa1 | oanv | odox | o¥o | oa1 | ois | d3FIS | dON 0
4 3 a 2 g v 6 8 L 9 S v ¢ z b 0 YBH
>>Ol_
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Appendix A CPU Instruction Set

Instruction Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation  Access Access Operation
Instruction ~ Mnemonic | J K L M N
MOV MOV.W Rs, @Rd 1 1
MOV.W Rs, @(d:16, Rd) 2 1
MOV.W Rs, @-Rd 1 1 2
MOV.W Rs, @aa:16 2 1
MULXU MULXU.B Rs, Rd 1 12
NEG NEG.B Rd 1
NOP NOP 1
NOT NOT.B Rd 1
OR OR.B #xx:8, Rd 1
OR.B Rs, Rd 1
ORC ORC #xx:8, CCR 1
ROTL ROTL.B Rd 1
ROTR ROTR.B Rd 1
ROTXL ROTXL.B Rd 1
ROTXR ROTXR.B Rd 1
RTE RTE 2 2
RTS RTS 2 1
SHAL SHAL.B Rd 1
SHAR SHAR.B Rd 1
SHLL SHLL.B Rd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SuB SUB.B Rs, Rd 1
SUB.W Rs, Rd 1
SUBS SUBS.W #1, Rd 1
SUBS.W #2, Rd 1
POP POP Rd 1 1
PUSH PUSH Rs 1 1
SUBX SUBX.B #xx:8, Rd 1
SUBX.B Rs, Rd 1
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XORC XORC #xx:8, CCR 1
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Appendix B Internal I/0O Registers

Appendix B

B.1 Addresses

Upper Address: H'FO

Lower Register

Internal 1/O Registers

Bit Names

Address Name Bit 7

Bit 6

Bit 5

Bit 4 Bit 3

Bit 2

Bit 1 Bit 0

Module Name

H'20 FLMCR1 —

SWE

ESU

PSU EV

PV

H'21 FLMCR2 FLER

H'22 FLPWCR  PDWND

H'23 EBR .

EB4 EB3

EB2

EB1 EBO

H'24

H'25

H'26

H'27

H'28

H'29

H'2A

H'2B FENR FLSHE

H'2C

H'2D

H'2E

H'2F

ROM
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Appendix B Internal I/0O Registers

Upper Address: H'FF

Lower Register Bit Names

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module Name
H'A0

H'AL

H'A2

H'A3

H'A4

H'A5

H'A6

H'A7

H'A8 SMR COM CHR PE PM STOP MP CKS1 CKSO SCI3
H'A9 BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO

H'AA SCR3 TIE RIE TE RE — TEIE CKE1 CKEO

H'AB TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO

H'AC SSR TDRE RDRF OER FER PER TEND — —

H"AD RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

H'AE

H'AF

H'BO TMA — — — — TMA3 TMA2 TMAL TMAO Timer A
H'B1 TCA TCA7 TCA6 TCA5 TCA4 TCA3 TCA2 TCAL TCAO

H'B2 TCSRW B6WI TCWE B4WI TCSRWE  B2wI WDON BOWI WRST Watchdog
H'B3 TCW TCW7 TCW6 TCW5 TCW4 TCW3 TCW2 TCW1 TCWO timer
H'B4 T™MC TMC7 TMC6 TMC5 — — T™MC2 TMC1 TMCO Timer C
H'B5 TCC/TLC  TCC7/TLC7 TCC6/TLC6 TCC5/TLC5 TCC4/TLC4 TCC3/TLC3 TCC2/TLC2 TCC1/TLC1 TCCO/TLCO

H'B6 TCRF TOLH CKSH2 CKSH1 CKSHO TOLL CKSL2 CKSL1 CKSLO Timer F
H'B7 TCSRF OVFH CMFH OVIEH CCLRH OVFL CMFL OVIEL CCLRL

H'B8 TCFH TCFH7 TCFH6 TCFH5 TCFH4 TCFH3 TCFH2 TCFH1 TCFHO

H'B9 TCFL TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1 TCFLO

H'BA OCRFH OCRFH7 OCRFH6  OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1  OCRFHO

H'BB OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFLO

H'BC T™MG OVFH OVFL OVIE IIEGS CCLR1 CCLRO CKS1 CKSO Timer G
H'BD ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF1 ICRGFO

H'BE ICRGR ICRGR7 ICRGR6 ICRGR5 ICRGR4 ICRGR3 ICRGR2 ICRGR1 ICRGRO

H'BF
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Appendix | Specifications of Chip Tray

The specifications of the chip tray for the HCD64338024, HCD64338023, HCD64338022,
HCD64338021, and HCD64338020 are shown in figure I.1. The specifications of the chip tray for
the HCD64F38024 and HCD64F38024R are shown in figure I.2. The specifications of the chip
tray for the HCD64338024S, HCD64338023S, HCD64338022S, HCD64338021S, and
HCD64338020S are shown in figure 1.3.

A
A\ 4

Chip direction

= -
i 7 N - Type name

Chip

3.99

3.99

- »

Chip tray name
DAINIPPON-INK-&-CHEMICALS-INC.
Type: CT015

Y \. Y, Carved code: TCT45-060P

51
[ |
Dooodoc
[ |
[ |
[ |
[ |
|||

4.5+0.05

40+0.1

Unit: mm

X-X' cross section

Figurel.l Specificationsof Chip Tray for the HCD64338024, HCD64338023,
HCD64338022, HCD64338021, and HCD64338020
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