HD63701Y0, HD637A01Y0,

HD637B01Y0

Description

The HD63701Y0 is a CMOS 8-bit single-chip micro-
computer unit with 16k-byte EPROM, programmed
by the same method as the standard 27256 EPROM.
It is available in a ceramic package. The user-
programmable on-chip EPROM reduces lead time
between software development and production. The
ceramic package with window is used in the debug-
ging development stage and small volume produc-
tion. The ceramic package is a hermetically sealed
64-pin shrink DIP with quartz window that allows
for EPROM erasure in the same way as a 27256
EPROM.

FEATURES

Instruction set compatible with the HD6301Y0
16k bytes EPROM
256 bytes RAM
53 parallel O lines
Parsllel handshake interface (port 6)
Dartington transistor direct drive lines (port 2} and port 6}
16-bit programmable timer
8-bit reloadable timer
Serial communications interface (SCl)
Three kinds of memory-ready function for iow-speed mem-
ory access
Hailt function
Error detection function (address arror, opcode error)
Interrupts
—3 extarnal
—7 internal
® MCU operation modes
—Mode 1: expanded mode (internal ROM inhibited)
—Mode 2: expanded mode (internal ROM valid)
—Mode 3: single-chip mode
® EPROM programming mode
® Address space up to 65k bytes
& Low power modes
—Sleep mode
—Standby mode
® Minimum instruction time 0.5 s (f=2 MHz)

PROGRAM DEVELOPMENT SUPPORT TOOLS

Cross assembler and C compiler software for IBM PC
and compatibles

@ |n circuit emuiator for use with IBM PCs and compatibles
® Programming socket adapter for programming the
EPROM-on-chip device.

(Limiting Supplies. For Development Only.)

HD83701Y0C
HDE37A01YOC
HDE37BC1Y0C

B PIN ARRANGEMENT

HD63701Y0C

WR/PT,
R/W/PT:
UA/P7s
BA/P7.
Do/P30/EQ0
D1 /P31/EO)
D2/P32/EO:
D3/P33/EOQy
Da/P34/ECs
Ds/P3s/EOs
Ds/P3e/EOs
D»/P37/EO:
Ao/Plo/EAo
A/P1/EA
Aa/P13/EA2
Az/Plii/EAa
A4/Pl4/EAs
As/P1s/EAs
As/P1s/EAs
A2/P11/EA;
Vss
As/Pdo/EAs
As/P4./QE
A1o/P42/EArw
A11/P43/EAL
Av2/Pa./EA
Ara/Pas/EAra
A14/Pds/EAI4
Arws/P42/CE
Vee

Part No. Clock Freq. {(MHz) Package
HD63701Y0C 01t01.0 64-pin ceramic
HD637A01YOC 0.1t0 1.5 shrink DIP
HD637B01Y0C 0.1102.0 (DC-645)
GO HITACHI
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HD63701Y0, HD637A01Y0, HD637B01Y0

Block Diagram
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HD63701Y0, HD637A01Y0, HD637B01Y0

Pin Description

Pin No. Mode 1, Mode 2 Mode 3 EPROM Mode
Pin Pin Pin
DC-64S5 Name Function Name Function Name Function
1 Vss Ground Vss Ground Vss  Ground
2 XTAL Crystal connection XTAL Crystal connection
3 EXTAL Crystai or external EXTAL Crystal or external
ciock connection clock connection
4 MPg Mode select inputs MPo Mode select inputs
5 MP; MP;
6 RES Reset input RES Reset input Vep EPROM Programming
voltage
7 STBY Standby mode input  STBY Standby mode input
8 NMI Nonmaskable NMI Nonmaskable EAg  Address bus, bit 9
interrupt interrupt
9 P20/Tin Port 2, bit 0/ P20/Tin Port 2, bit 0/
Timer 1 input Timer 1 input
10 P21/Tautl Port2, bitl/ P21/Toutl Port2 bitl/
Timer 1 output 1 Timer 1 output i
11 P22/SCLK Port 2, bit 2/ P22/SCLK Port 2, bit2/
SCI clock SClI ciock
12 P23/Rx Port 2, bit 3/ P23/Rx Port 2, bit 3/
SCI receive input SCI receive input
13 P24/ Ty Port 2, bit 4/ P24/Tx Port 2, bit 4/
SCi transmit output SCI transmit output
14 P25/Tout 2 Port2, bit5/ P25/Tout 2 Port 2, bit 5/
Timer 1 output 2 Timer 1 output 2
15 P26/Tot 3 Port2 bit6/ P2¢/Towt 3 Port 2, bité/
Timer 2 output 3 Timer 2 output 3
16 P27/TCLK Port2, bit 7/ P27/TCLK Port 2, bit 7/
Timer 2 clock Timer 2 clock
17 P50/IRQh  Port 5, bit 0/ P50/IRQ;  Port5, bit0/
Interrupt input 1 interrupt input 1
18 P5:/IRQ2  Port5, bit 1/ P5./IRQ2 Port5, bit1/
Interrupt input 2 Interrupt input 2
19 P52/MR Port 5, bit 2/ P52 Port 5, bit 2
Memory ready input
20 P53/HALT Port5, bit 3/ P53 Port 5, bit 3
Halt input
21 P54/1S  Port5, bit4/ P54/IS  Port5, bit4/
Input strobe Input strobe
22 PSs/0S  Port5, bit 5/ P5s/05  Port5, bit5/
Output strobe QOutput strobe
23 P5¢ Port 5, P5¢ Port 5,
24 P57 bits 6 and 7 P57 bits 6 and 7
{continued)
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HD63701Y0, HD637A01Y0, HD637B01Y0

Pin Description (Cont)

Pin No. Mode 1, Mode 2 Mode 3 EPROM Mode

Pin Pin Pin
DC-645 Name  Function Name Function Name Function
25 Pé6o Port 6, bits 0-7 P6o Port 6, bits 0-7
26 P61 P6;
27 P62 P6;
28 P63 P63
29 P64 P&,
30 Pbs Pés
31 P6s Pbe¢
32 P67 P67
33 Voo +5V power supply Voe +5 V¥ power supply Yeo +5V power supply
34 A:s Address bus, P4, Port 4, bits 7-0 cE Chip enable
35 A bits 15-8 P4g EAis Address bus,
36 Als P4s EA3 bits 14-10
37 A1z P4, EAsz
38 An P43 EA11
39 Ao P4; EAio
40 Ag P&y OF Output enable
41 As Pdo EAg  Address bus, bit8
42 Vss Ground Vss Ground Vss Ground
43 A7 Address bus, Ply Port 1, bits 7-0 EA7 Address bus,
44 As bits 7-0 Ple EAg bits 7-0
45 As Pls EAs
46 As P14 EAs
47 A3 Pl3 EAs
48 Az Pis EA;
49 A; P1; EA;
50 Ap Plo EAo
51 Dy Data bus, P3; Port 3, bits 7-0 EQ; Data bus,
52 Ds bits 7-0 P3s €06 bits 7-0
53 Ds P3s EQs
54 Da P34 EOQs
55 D3 P33 EOQ3
56 D2 P3; EQ:
57 (o) P3; £0;
58 Do P3gy EQo
59 BA Bus available output P74 Port 7, bits 4-0
60 R Load instruction P73

register output
61 R/W  Read/Write output P7;
62 WR Write output P7:
63 RD Read output P70
64 E External E External
clock output clock output
G HiITACHI
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HD63701Y0, HD637A01Y0, HD637B01Y0

Pin Function

Power (Vcc, Vss)

Vec and Vs are the power supply pins. Apply +3V
+10% to Ve Connect the Vg pins to ground.

Clock (XTAL, EXTAL)

XTAL and EXTAL connected to an AT-cut
paralle! resonant crystal supply the system clock.
The chip has a divide-by-four circuit. For example,
if a 4 MHz crystal is used, the system clock will be
1 MHz.

Figurel is an example of the crystal oscillator
connection. The crystal and C,, and C,;, should be
located as close as possible to the XTAL and
EXTAL pins. No line must cross the lines between
the crystal oscillator and the XTAL and EXTAL
pins.

The EXTAL pin can be driven by an external clock
with a 45% to 55% duty cycle. The LSI divides the
external clock frequency by foru. The external
clock should therefore be less than four times the
maximum clock frequency. When using an external
clock, the XTAL pin should be left open.

Enable Clock (E)

E provides a system clock to external circuits. Its
frequency is one-fourth that of the crystal oscillator
or external clock.

Reset (RES)

This pin resets the MCU’s internal state and
initiates a startup procedure.

Nonmaskable Interrupt (NME)

When CPU detects a falling edge at the NMI input,
it begins the internal nonmaskable interrupt
sequence. The instruction being executed when the
NMI is detected will proceed to completion. The
interrupt mask bit of the condition code register
does not affect the nonmaskable interrupt.

Interrupt Requests (IRQ1, IRQ2)

The interrupt requests are level-sensitive inputs
which request an internal interrupt sequence from
the CPU.

XTAL

=

EXTAL

le Lo
— L}

AT Cut Parallel Resonant Crystal Oscillator

Frequency(MHz) | 2.5 | 40 | 8.0 |B.0

Rs max (Q) 500 | 120 80 60

Co max (pF) 7.0

Cui=C=10pF to 22 pF+20%

Avoid signal lines

I 20mm max

in this area.
GND
|
Cy Crystal [Cu %
E
£
E
S
o~
/1
2 64 ]
3
HD63701Y0
(DC-64S)

Figure 1. Recommended Crystal Oscillator Connection
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HD63701Y0, HD637A01Y0, HD637B01YQ

Mode Program (MPo, MP1)

These pins determine the MCU operation mode
(expanded modes 1 or 2, or single-chip mode 3).

Standby (STBY)

The STBY pin puts the MCU in standby mode.
Halt (HALT)

The halt control input stops instruction execution
and release the buses. When HALT switches low,

the CPU finishes the current instruction, then stops
and enters the halt state.

Memory Ready (MR)

The memory ready control input lengthens the
system clock’s high period to allow access to low-
speed memory.

Read and Write (RD, WR)

The read and write outputs show active low outputs
to peripherals or memories when the CPU is
reading or writing.

Read/Write (R/W)

The read/write signal is high when the CPU is
reading, and low when it is writing to peripherals or
memory.

Load Instruction Register (LIR)

The TiR output is low when the CPU executes an
opcode fetch cycle.

Bus Available (BA)

The bus available output control signal goes high
when the CPU accepts HALT and releases the
buses. It is normally low.

Input Handshake, Output Handshake (I8, OS)

TS and OS are the handshake interface input and
output.

Timer 1 Input (Tin)
Tin is the external input-capture pin for timer 1.
Timer 1 Outputs 1 and 2 (Toutl, Tout2)

Toutl and Tout2 are the outputs of timer 1's output
compare registers.

Timer 2 Output (Tout3)

Tout3 is the output for timer 2.

Timer 2 Clock Input (TCLK}
TCLK is timer 2's external clock input.
SCI Clock (SCLK)

SCLX is the serial communication interface (SCI)
I/0 pin.

Receive, Transmit (Rx, Tx)

Rx and Tx are the SCI receive input and transmit
output.

Port { (Plo-P17)

In mode 3 (single-chip mode), these pins are an 8-bit
1/0 port.

Port 2 (P2¢-P27)
Port 2 is an B-bit 1/Q port.
Port 3 {(P3o-P37)

In mode 3 {single-chip mode}, these pins are an 8-bit
1/0 port.

Port 4 (P40-P47)

In mode 3 (single-chip mode), these pins are an B-bit
1/0 port.

Port 5 (P50-P57)
Port 5 is an 8-bit 1/O port.
Port 6 (P6o-P67)
Port 6 is an 8-bit 1/O port.
Port 7 (P70-PT74)

In mode 3 (single-chip mode), port 7 is a 5-bit
output port.

Address Bus (Ao-A15)

In modes 1 and 2 (expanded modes), these pins are
the 16-bit address bus.

Data Bus (Do-D7)

In modes 1 and 2 (expanded modes), these pins are
the 8-bit data bus.

Chip Enable (CE)
The chip enable input enables EPROM program-

ming and verifying. When this signal is low, the
EPROM is enabled.
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HD63701Y0, HD637A01Y0, HD637B01Y0

Program Voltage (Vpp) EPROM Address Bus (EAp-EA )

Vee is the input for the program voltage (12.5V =+ In the PROM programming mode, EA,-EA,, are
0.3V) for programming the EPROM. the PROM address bus.

Output Enable (OE) EPROM Data Bus (EA¢-EA;

OF is the control for data verification output. In the PROM programming mode, EO,-EQ; are the

PROM data bus.
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HD63701Y0, HD637A01Y0, HD637B01Y0

Functional Description

CPU

Registers : Figure 2 is the HD63701Y0 register
programming model. The double accumulator D
consists of accumulators A and B, so using
accumulator D destroys the contents of A and B.

CPU Operation Modes : When active, the CPU
fetches an instruction from a memory location and
executes it. This sequence starts when reset is

cancelled, and repeats if not affected by a special
instruction (such as SWI, RTI, WAI, or SLP), or
control signal (such as NMI, TRQ,, IRQ,. IRQ,,
HALT, or STBY). Other than the active mode, the
CPU can be in the reset mode, the halt mode, or
either of the low power dissipation modes, sleep or
standby. Figure 3 shows the operation mode
transitions, and figure 4 is a flow chart of the
transition control. Table 1 shows the CPU oper-
ating states and port states.

Table 1. CPU Operation and Port States

Port Mode Reset STBY 4 HALT 3 Sleep

Port 1 Mode 1, 2 High High Z High 2 High

(Ao to A7) Mode 3 High Z Keep

Port 2 Mode 1, 2 High Z High Z Keep Keep
Mode 3

Port 3 Mode 1, 2 High Z High Z High Z High Z

(Do to D7) Mode 3 Keep

Port 4 Mode 1 High High Z High Z High

{(Ag to Ais) Mode 2 High Z Note 5
Mode 3 Keep

Port 5 Mode 1, 2 High Z High Z Keep Keep
Mode 3

Port 6 Mode 1, 2 High Z High Z Keep Keep
Mode 3

Port 7 Mode 1, 2 Note 1 High Z Note 2 Note 1
Mode 3 High Z Keep

Notes : RD, WR, R/W, LIR=High, BA=Low

1
2. RD, WR, R/W=High Z LIR, BA=High
3. HALT is unacceptable in mode 3.
4. E pin goes to high impedance state.
5 Address output pin=High
Input port=High Z

6. Keep: The output port is retained, and the input port goes to the high impedance state.
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HD63701Y0, HD637A01Y0, HD637B01Y0

7 A ol |7 B Y 8-Bit Accumulators A and B
15 D o| Or 16-Bit Double Accumulator D
156 X O] Index Register {X)
|15 sP ol Stack Pointer (SP)
[15 PC 0] Program Counter {PC)
7 0

1|1]H IrN Z| V| C] Condition Code Register (CCR)

L Carry/Borrow from MSB
Overflow

Zero

Negative

Interrupt

Half Carry (from Bit 3)

Figure 2. CPU Registers

Figure 3. CPU Operation Mode Transitions
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HD63701Y0, HD637A01Y0, HD637B01Y0

Reset Mode : To reset the MCU, held RES low for
at least 3 clock cycles during operation. or for at

least 20 ms during power-up. When RES is brought
high, the MCU begins the reset procedure :

Table 2. Registers at Reset
Address Register Abbreviation R/W?2 Value at Reset 3
00 Port 1 DDR (Data Direction Register) P1DDR w $FE
01 Port 2 DDR P2DDR w $00
02 Port 1 PORT1 R/W Indefinite
03 Port 2 PORT2 R/W Indefinite
04 Port 3 DDR P3DDR w $FE
05 Port 4 DDR P4DDR w $00
06 Port 3 PORT3 R/W Indefinite
07 Port 4 PORT4 R/W Indefinite
08 Timer Control/Status Register 1 TCSR1 R/W $00
09 Free Running Counter (MSB} FRCH R/W $00
0A Free Running Counter (LSB) FRCL R/W $00
0B Output Compare Register 1 (MSB) OCR1H R/W $FF
oc Output Compare Register 1 (LSB) OCRIL R/W $FF
0D Input Capture Register (MSB) ICRH R $00
OE Input Capture Register (LSB) ICRL R $00
OF Tirmer Control/Status Register 2 TCSR2 R/W $10
10 Rate/Mode Control Register RMCR R/W $CO
11 Tx/Rx Control Status Register 1 TRCSR1 R/W $20
12 Receive Data Register RDR R $00
13 Transmit Data Register TOR W Indefinite
14 RAM/Port 5 Control Register RP5CR R/W $F8 or $78
15 Port 5 PORTS R/W Indefinite
16 Port 6 DDR P6DDR w $00
17 Port 6 PORTS R/W Indetinite
1B Port 7 PORT?7 R/W indefinite
19 Output Compare Register 2 (MSB) OCR2H R/W $FF
1A Qutput Compare Register 2 (LSB) OCR2L R/W $FF
1B Timer Control/Status Register 3 TCSR3 R/W $20
1C Time Constand Register TCONR w $FF
1D Timer 2 Up Counter T2CNT R/W $00
1E Tx/Rx Control Status Register 2 TRCSR2 R/W $28
1F Reserved (Note 1) TSTREG - -
20 Port 5 DDR PS5DDR w $00
21 Port 6 Control/Status Register P6CSR R/W $07
22 Reserved —_ - -
23 Reserved - — —
24 Reserved — — —
25 Reserved - - -
26 Reserved — - -
27 Reserved - - —
Notes: 1. Test register. Don't access this register.

2. R: Read-only register, W : Write-only register, R/W : Read/write register.
3. Unused bits set to 1.

728
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HD63701Y0, HD637A01Y0, HD637B01Y0

1. Latch the value of the poert mode program pins

(MP,, MP,)

Initialize the internal registers (table 2)

. Set the interrupt mask bit

. Put the contents of the last two addresses
($FFFE, FFFF) into the program counter
(start address) and start the program from this
address.

= G T

Halt Mode . When the HALT signal is low. the
CPU will be in halt mode. In halt mode, the CPU
does not execute instructions, and address and data
buses are released.

® Internal clocks do not stop
@ Peripherals (timer, SCI. ete) function
® Interrupts are accepted

Table 1 shows the state of each port. Halt mode is
released when HALT goes high. A RES or STBY
signal also releases the halt mode and put the CPU
into reset or standby modes, respectively.

Sleep Mode : The SLP instruction causes the CPU
to stop operation and go into sleep mode. In sleep
mode. power dissipation is one-fifth of that in the
active mode.

Internal clocks stop

Register contents are retained
Peripherals function
Interrupts are accepted

Table 1 shows the state of each port. Sleep mode is
released by a RES, STBY, or interrupt. After being
released, the CPU goes to reset. standby, or
interrupt, respectively.

Standby Mode : The MCU goes to standby mode
when the STBY signal goes low, or when the STBY
flag in the RAM /part 5 control register (RP5CR:
$0014) is cleared by software (figure 3). In standby
mede, power dissipation is reduced to several gA.

& All clocks stop
e MCU goes to reset state
® RAM contents are retained

Table 1 shows the state of each port. Reset releases
standby mode.
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.

C—)l

NMi
HDE3701Y0
STBY
@
RES 3

al

HD63701Y0

§TBY

>

=

£

T_T;_I

Standby Mode by the STBY Flag

————rre—
@ NMi
{4
| P
|
|
|
l
|
| (L
) ! v !
t |
I | [
| | |
t |
—— | !
2 BTBY | t
I 1
. —~ !
| | | |
| | | |
! f I i
| H | |
r oy S |
© Save Registers Standby Mode o Oscillator:
© RAM/Port 5§ Control Register Set
&g Start b e
Time |
Restart
Standby Mode by STBY
< R
— )
RES
} ! |
I '
i
1
1
[
' Standby Mode H
) 1
0 Oscillator
o E‘}'BY FLAG Start
ear Time |
) Restart

730

Figure 5. Standby Mode Timing
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Interrupts

The HD63701Y0 provides 3 external and 7 internal
interrupts (figure 6, table3). At an interrupt
request, the CPU will complete the current
instruction before beginning the interrupt sequence.

The MCU pushes the program counter, index
register, accumulator, and condition code register
onto the stack. Then the CPU sets the interrupt
mask bit. Finally, it fetches the interrupt’s vector
{table 4) and branches to the interrupt routine that
begins at the vector address.

Condition
Code
Register

| Mask
0, £nable
1; Disable

-0 0

Interrupt
—q_}——- Request
Signal

Sleep
D—' Cancel
Signal

Each Status Register's Interrupt
Enable Flag
1, Enable, 0;Disable
ISF o0
ROy O
W& 00
-
ICF Yo qutllo} 1c
OCF1 -0 O
[1¢]
ocr2 —0—0
TOl
TOF 00
1RQ3
CMmi
CMF O
RDRF—
PER o O
ORFE —— S0
TDRE -0 O
\.
—_ Edge
NMI Detective
Circuit
Address Error TRAP
Op Code £rror
Detective Circuit
SW

Figure 6.

Interrupt Block Diagram
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Table 3. Interrupt Sources

Type Interrupt Symbol Description
External Nonmaskable interrupt NMI Generated by falling edge of NMI signal.
Accepted regardless of interrupt mask bit
Interrupt request 1, 2 IRQy, Generated by low leve! at IRQh, TRQz pins.
IRQ2
Port 6 input strobe ISF Generated by IS
Soft Software interrupt Swi Generated by interrupt instruction
Trap TRAP Generated by fetching undefined instruction or
request
Timer Timer 1 input capture ICI The timer and serial interrupts generate the
Timer 1 output compare OCl internal interrupt IRQ3
Timer 1 overflow TO!
Timer 2 counter match CMI
Serial Serial-interrupt SCI
Table 4. Interrupt Vectors
VYector
Priority MSB LSB Interrupt kind
Highest FFFE FFFF RES —
FFEE FFEF TRAP Soft
FFFC FFFD NMI' External
FFFA FFFB SWI (Software interrupt) Soft
FFF8 FFF9 1RQ1, ISF (Port 6 input strobe) External
FFF& FFF7 ICH (Timer 1 input capture) Timer
FFF4 FFF5 OCI (Timer 1 output compare 1, 2) Timer
FFF2 FFF3 TOI (Timer 1 overflow) Timer
FFEC FFED CMI (Timer 2 counter match) Timer
FFEA FFEB IRQz External
Lowest FFFO FFF1 SI0 (RDRF+ORFE+TDRE+PER) Serial
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Memory Ready Trap

The CPU generates an internal interrupt with the
highest priority, TRAP, when it tries to fetch an
undefined instruction or address. At a TRAP, the
CPU pushes the internal registers onto the stack
and restarts from $FFEE, $FFEF.

When MR is high, the system clock operates
normally. But when MR is low, the high period will
be lengthened depending on its low time in integral
multiples of its cycle time. It can be lengthened up
to 9 us. The one of three memory ready functions
can be chosen by the MRE and AMRE bits in the
RAM/port 5 control register (figure 7). See RAM/
port 5 control register for details.

The TRAP prevents the system from failing due to
noise or program error. Which addresses are un-
defined depend on the port mode (table 5).
During internal address or invalid memory access.

MR is prohibited internally from decreasing

operation speed. Even in the halt state, MR can

lengthen the high period of the system clock to

allow peripheral devices to access low-speed
memories. MR is also used as P5,.
Table 5. Undefined Address Space
Mode 1 Mode 2 Mode 3
$0000 to $0000 to $0000 to
$0027 $0027 $003F,
$0140 to
$BFFF
MRE=0, AMRE=1
1 t t
e T M3 5 ur i1 11
:ﬂ:ress x E‘c}g'{;‘;’; x External Address X K‘Eg';:g; X External Address x H‘(}g{,’e‘g; x
MRE=1, AMRE=1
i i
E 1 7 LI J i}
Address el Tternal \L ExternalAddress __ X__ Sgermal XT\\ External Address K
MR (CS pin of slow memory) \ / \
MRE=1, AMRE=0
y r v T
A e Y e T D O T U B S N |
Address ~ Internal External External Address X External x Internal x
Bus Addr ress
tHMA ja— tSMA
MR 3 1
Figure 7. Memory Ready Timing
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Port Mode Selection

The mode program pins, MP, and MP,, determine
the operation mode of the MCU as shown in table 6.
These modes allow for either external memory
access (expanded modes) or more I/Q ports
(single-chip mode). Table 7 and figure 8 show how
the ports are used in the 3 modes.

Mode 1 (Expanded) : In mode 1, port 3 is the data
bus. Port 1 is the lower address bus and port 4 is the
upper address bus. These buses interface directly
with the HMCS6800 buses. Port 7 is used for control

signals. In mode 1, on-chip ROM is disabled, and
external address space is expandable up to 65k
bytes.

Mode 2 (Expanded) ' In mode 2, on-chip ROM is
available. External address space is expandable to
48k dytes. Port 3 is the data bus. Port 1 is the lower
address bus and port 4 can be either the upper
address bus or an input port.

Mode 3 (Single Chip) : In mode 3, all ports are
available for 1/0. No external memory can be
accessed.

Table 6. Mode Selection

Mode MP, MPo ROM RAM Interrupt Vector
1 {Expanded) Low High Ext Int* Ext
2 (Expanded) High Low Int Int* fnt
3 (Single chip) High High Int int Int

Note : *External RAM can be addressed by clearing the RAME bit in RPSCR ($0014).

Table 7. Ports in Each Mode

Port Mode 1 Mode 2 Mode 3
1 Address Bus (Ap—A7) Address Bus (Ag—A7) 1/0 Port
2 1/0 Port 1/Q Port 1/ Port
3 Data Bus (Do—D7} Data Bus (Dp—D7) 1/0 Port
4 Address Bus (Ag—As) 1/0 Port or Address Bus (Ag—A,s) 1/0 Port
5 /0O Port 1/0 Port 1/0 Port
6 1/Q Port 1/0 Port 1/0 Port
7 RD, WR, R/W, LIR, BA RD, WR, R/W, LIR, BA Output Port
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(o]
MPo Vo € MP: Ve € MP Mee .
’F-‘ MP MPo MPo
L_— XTAL . r‘ XTAL —_ T XTAL
ol il m} "o a ) Port 7
T dexTaL - WH T JextaL = &R T JexraL
HES — —= R/W RES ——o4 = R/ RES ——=
STEY— f——e= TR STBY—-—= l— R STBY —— (:___> Port 3
NMI —— HC83701YD |— BA NMi—™ HDEIA7O1YD ——t= BA NM| ——a= HDBI701YD
Port 2 Pont 3 Port 2 Port 3 ":f'" 2
(;3’" 1,2|<:) <:> D:ta Bus ;;wr Lz)@ C> Data Bus ;q ”m <:> Port 1
Port § Port 1 Port § Port 1 Port 5
iRG.IRG; IRG:.
tﬁ%)(ﬂ :> Address Bus ('_,g%‘_sm{)CD :> Address Bus (:Eésm)<:> C> porc 4
7505 Port 4 13, Portd Por 6
Port & <:> Addrass Bus Port & Addrass Bus o
es Ve Ves s of Input Ports Vas Vs
| | I
nr ﬂL’ T
$0000 $0000 $0000
Internal Internal Internal
Register (Note 1 Register (Note 2 Register
$0027 egister ( : $0027 °9r ( : $0027 egs
External Memory Space External Memory Space
$0040 $0040 $0040
internal RAM internal RAM Internal RAM
256 Bytes 256 Bytes 256 Bytes
$013F $013F $O13F
External
Memory
External Space
Memory
Space $Co00 $C000
Internal ROM Internal ROM
16k Bytes 16k Bytes
$FFFF $FFFF $FFFF
Note 1: Mode 1 does not Note 2: Mode 2 does not
include the addresses: include the addresses:
$00, 302, $04, $05, $00, $02, $04, $06,
$06, $07 and $18 which and $18 which can be
can be used externally. used externally.
Mode 1 Mode 2 Mode 3

Figure 8.

Operation Mode Pin Function and Memory Map
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Ports

The HD63701Y0 provides six 8-bit 1/O ports and
one 5-bit output-only port. Each [/0O port has a data
direction register (DDR} which controls the
direction of the port (0=input, 1=output). The
DDRs are cleared at reset, and the 1/O ports all
become input ports.

Port 1 : Port 1 is an 8-bit I/O port (figure 9). The
LSB of the DDR ($0000) selects the data direction
of the whole port (Figure 10). In the expanded
modes (1 and 2) port 1 is the lower address bus
{A;- Ag). Port 1 can drive one TTL load and 90 pF
capacitance.

WP1D
|
Mode 1 C p ‘
Mode 2—] S**
RES— R ¢
P1DDR*
[}
3
@
Mode 3 g 3
Port — ; K
o 14 D * & E
n Mode 1 Pin cl:)ata TE’ %
Mode 2 2
3
1 p E
— WP1 §
RES: Reset Signal
RP1 WP1D: DDR Write Signal
N — WP1: Port Write Signal
l/ f \ RP1: Port Read Signal
* 8-bit Common Register
* % Priority: Set> reset
Figure 9. Port 1 Block Diagram
MSB LSB
P1DDR ($0000)
_ _ - _ _ _ _ Pl (Write only, bit 0
DDR is cleared during
reset.)
PORT1 ($0002)
(R/W, not ini-
Pl; Plg Pls Pls Pla P12 Pl Plp tialized during
I reset.)

736

Figure 10. Port 1 Register and Data Direction Register
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Port 2 : Port 2 is an 8-bit 1/0 port (figure 11}, to directly drive the base of a Darlington transistor.
Each bit of the DDR ($0001) defines the data
direction of the corresponding bit of port 2 (figure Port 2 pins are also used as I/0 pins by timers 1, 2.
12). Port 2 can drive one TTL load and 30 pF and the SCI (table 8. The pin functions are
capacitance. It can produce 1 mA when V,,,=15V controlled by registers in timers 1, 2, and the SCI.
RES
[ A
R
Q D
P2, DDR
C
N 3
WP2D o
8
o
P2o Q D 9
\I g
P2, Data 5
[ £
I
RP2 we2 WP2D: DDR Write Signal
| : L WP2: Port Write Signal
1 ' RP2: Port Read Signal
Timer 1

l/ : Input Capture Input

P20/Tin
RES 4
1
S R
Q D -
3
P2, DDR m
p:]
¥ 8
WP2D E
]
P2,,P24 a D ’_!':'
P2s.P2s SCH, Timer 1, Timer 2
P2. Data I—- —————————
Y |
! $
WP2 i
|
! : Qutput Data
ll Qutput Enable Signal
RP2 t
= l
I WP2D: DDR Wirite Signal
| WP2 : Port Write Signal
Y RP2: Port Read Signal

P2, /Toutl, P24/Tx, P2s/Tout2, P2s/Tout3

Figure 11. Port 2 Block Diagram (continued)
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RES

1l

S R Rz
Q D

P2: DDR
C

WP2D

D

P2: , 1 5 Q
\] scl
P22 Data _————
]
¢ ]
I I
we2 : Clock Input Enable
— | Signal
t Output Clock
!
|

Internal Data Bus

1l

Clack Qutput Enable
Signal

RP2 ) >
>—’_‘ Input Clock
' WP2D: DDR Write Signa!

|\ WP2: Port Write Signal

]

RP2: Port Read Signal

RP2: Port Read Signal

P2,/SCLK
RES
| [ 14
R1 R2
Q D "
=
P2, DDR -9
c £
T (=)
WP2D f_g
8
£
P21,P27 Q D
\I SCH, Timer 2
P2. Data o —— - ————
|
T !
RP2 WP2 1 I .
nput Enable signal
\ 1 i P 9
:—-—SCI Receive Data,
/ | Timer 2 External Clockd
!
\ |  WP2D: DDR Write Signal
/ : WP2: Port Write Signal
|

P23/Rx, P2+/TCLK
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MSB LS8
P2, | P2s | P25 | P2s | P23 | P22 | P21 | P20 '(’fv?i?foffo%%lg
DDR DDR DDR DDR DDR DDR DDR DDR . Y.
during reset.)
PORT2 ($0003)
P27 P2s¢ P2s P2a P23 P2> P2 P2g (R/W, not initialized
during reset.)
Figure 12. Port 2 Register and Data Direction Register

Table 8. Port 2 Pin Functions

Port 2 Pin Alternate Function Description

P2o Tin Timer 1 input

P2 Toutl Timer 1 output 1
P22 SCLK SCI clock

P23 Rx SCi receive input
P24 Tx SCI transmit output
P25 Tout2 Timer 1 output 2
P2¢ Tout3 Timer 2 output 3
P2y TCLK Timer 2 clock
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Port 3 : Port 3 is an 8-bit I/O port (figure 13). The modes (1 and 2) port 3 is the lower data bus (D;-
LSB of the DDR {$0004) selects the data direction Dy). Port 3 can drive one TTL load and 90 pF
of the whole port (figure 14). In the expanded capacitance.
WP3D RES
I | i
Cc R
Mode 3 —®1 p3DDR* o]
Mode 1
Made 2 Data Bus Control
Mode 3
Port E
A N 3
an \, Q b g )
P3, Data @ E
c 2 2
Mode 1 T o 35
Mode 2 WP3 b a
5 (&)
— E
External Address Internal Address
Read, RP3 READ WP3D: DDR Write Signal
L —l— WP3: Port Write Signal
RP3: Port Read Signal
' * 8-Bit Comman Register
Figure 13. Port 3 Block Diagram
MSB LSB

P3DDR ($0004)
- — _ _ P3 {Write only, bit O

DDR 1s cleared during
reset.)

PORT3 ($0006)
{R/W, not ini-
tialized during
reset.)

P3; P3¢ P3s P34 P33 P32 P31 P3p

Figure 14. Port 3 Register and Data Direction Register
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Port 4 . Port 4 is an 8-bit 170 port (figure 15).
Each bit of the DDR ($0005) defines the data
direction of the corresponding bit of port 4 (figure
16). In the expanded modes {1 and 2), port 4 is the
upper address bus tA;s-Ag). In mode 1 {expanded
mode with no external ROM). the DDR is set

automatically and port 4 outputs addresses. In
mode 2 {expanded mode with external ROM). the
DDR must be set to 1 for port 4 to function as the
address bus. Pins that are not needed for the
address bus can be used as input pins. Port 4 can
drive one TTL load and 90 pF capacitance.

Mode 1 RES

Port
4n

o
Internal Data Bus

Upper internal Address Bus

WPAD: DDR Wirite Signal
WP4 - Port Write Signal
RP4: Port Read Signal

ot

* Prionty: set> reset

Figure 15. Port 4 Block Diagram

MSB

LSB

P4, P4g P4s P44 P43
DDR | DDR | DDR | DDR | DDR

P4, P4, P4y
DDR | DDR | DDR

PADDR ($0005)
(Write only, $00
during reset.)

P47 P4¢ P4s P4, P43

P4, | P4y | Pao

PORT4 ($0007)
(R/W, not initialized
during reset.)

Figure 16. Port 4 Register and Data Direction Register
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Port 5. Port 5 is an 8-bit [/O port (figure 17). P5,-P5, are also used as control pins {table 9). The
Each bit of the DDR ($0020) befines the data function of these pins is determined by the RAM/
direction of the corresponding bit of port 5 (figure port 3 control register (RPACR), except for P3,/IS
18). Port 5 can drive one TTL load and 30 pF and P5,/0S, which are controlled by the port 6
capacitance. control/status register (P6CSR).

RES
L A
R1 Rz
Q D
P5n DDR
c
WPISD
8
o]
>~ g WP5D: DDR Write Signal
P60.P51, L~ a WP5: Port Wiite Signal
P52,P63 \ Q D E RP5 : Port Read Signal
PEn Data 13
£
C
I *

RPS WPS .
| RAM/Port
5 Control
Register
*Value after reset;

IRQ1E=0, IRQ2E=0, MRE=0"", HLTE=1""
* % P5; and P53 can be used as 1/0 ports
in spite of the value of this register in Mode 3.

P5o/TAT:, P5./TRTGz, P52/MR, P53/HALT
RES

l —_I
R
Q D

P5¢s DDR
C

L
WP5D

P5a Q D
\] P54 Data

WPSD: DDR Write Signal
WP5: Part Write Signal
RP5: Port Read Signal

Internal Data Bus

ll> i a= Port 6 Control Status Register

P58

(continued)
Figure 17. Port 5 Block Diagram
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S R
Q D 8
P5s DDR @
g wWP5D: DDR Write Signal
C a WPS: Port Write Signal
WIE’SD = RAPS: Port Read Signal
§
P5s o] D £
P5s Data
c Port 6 Control/Status Register
- [o————————
WP5 |
== o5
OSE (1 : 05 output )
APS 0: OS5 output disable
> ‘
|
|

P5s/0%S
RES
|
R
a D
P5. DDR
Cc
Wiz 2
5
PSG.?S/ Q D p—
\17 P5n Data E
o
< £
I
WP5H
WPED: DDR Write Signal
RP5 WP5 : Port Write Signal
[ ] RP5 : Port Read Signal
P5s, P57

Figure 17, Port 5 Block Diagram (Cont)
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MSB LSB

P5DDR ($0020)
(Write only, $00
during reset.)

P57 P5¢ PSs P54 P53 P5; P5, P5q
DDR DDR DDR DDR DDR DDR DDR DOR

PORTS5 ($0015)
P5; P5¢ P5s P54 P53 P52 P5; P5q (R/W, not initialized
during reset.)

Figure 18. Port 5 Register and Data Direction Register

Table 9. Port 5 Pin Functions

Port 5 Pin Alternate Function Description
PSa RQ: Interrupt input 1
P5; IRQ2 Interrupt input 2
P52 MR Memory ready input
P53 HALT Halt input
P54 5] input strobe
P5s 05 Output strobe

® HITACHI
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RAM/Port 5 Control Register - The RAM/ ®STBY FLAG: Clearing STBY FLAG by soft-

port 5 control register (RPSCR: $0014) controls ware puts the MCU into standby mode. This flag
onchip RAM and port 5 (figure 19). is set to 1 at reset, so reset cancels the standby

mobe. If the STBY pin is low, this flag cannot be
@ IRQ.E, IRQ,E : Setting IRQ.E and IRQ.E to 1 cleared.

selects P5, and P5, as the IRQ, and IRQ: interrupt

inputs. These bits are cleared at reset. ® RAME : When RAME is set to 1, on-chip RAM is

enabled. When 9, it is disabled. RAME is set to 1

o MRE, AMRE : When MRE or AMRE is set to 1. at reset. This bit should be set to 0 before going
P5, becomes the MR input. When both are 4. into standby state to protect on-chip RAM data.
memory ready is inhibited (table 10). In mode 3.
memory ready is always inhibited, regardless of eSTBY PWR: When V is not provided in
these bits. MRE is cleared at reset, AMRE is set standby mode, STBY PWR is cleared. If STBY
to 1. PWR is set before the MCU goes to standby, and

remains set after standby, V¢ was continuously

o HLTE: When HLTE is set to 1, P5; becomes the supplied, and the contents of on-chip RAM are
HALT input. When 0, RALT is inhibited. In valid.

mode 3, HALT is always inhibited, regardless of
HLTE. This bit is set to 1 at reset.

@ HITACH!
Hitachi America, Ltd.  Hitachi Plaza = 2000 Sierra Point Pkwy. e Brishane, CA 94005-1819 e (415) 589-8300 745



HD63701Y0, HD637A01Y0, HD637B01Y0

7

6

RAM/Port 5 Control Register (RP5CR)
5 4 3 2 1 0

sTBY
PWR

RAME

STBY IRQ2 iRQ;
FLAG AMRE HLTE MRE E E $0014

RAM Enable

0-On-chip RAM disabled
1-On-chip RAM enabled
Standby Power
0-Vcc has not been provided during standby mode
1-Vec has been provided in standby mode

Standby Flag

IRQ1 Enable
0-P5p is an 1/0 port

1-P5¢ is IRQy
IRQ2 Enable
0-P5; is an 1/0 port
1-P5; is IRQ:
MR Enable
0-Memory ready disabled
1-P5:2 is MR, memory ready function enabled
HALT Enable
0-P53 is an 1/0 port
1-P53 is HALT input
Auto Memory Ready Enable
0-Automatic memory ready disabled
1-P52 is MR, auto memory ready enabiled

0-Setting this flag to O puts MCU in stancby mode
1-STBY FLAG is set to 1 by reset, releasing standby mode

Figure 19. RAM/Port 5 Control Register

Table 10, Memory Ready Function

MRE AMRE Function

0 0 Memory ready inhibited.

0 1 Auto memory ready. When the CPU accesses the external address regardiess of MR,
E clock automatically stays high one-cycle longer. This state is retained during reset.

1 0 Memory ready. MR pin controls E clock high time.

1 1 When the CPU accesses the external address space with the P52 (MR) pin low the

auto memory ready operates. This function useful if there is both high-speed memory
and slow memory outside. Input CS signal of slow memory to MR pin.
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Port 6 : Port 6 is an 8-bit 1/O port (figure 20).
defines the data
direction of the corresponding bit of port 6 (figure
21y, Port 5 can drive one TTL load and 30 pF
capacitance. In addition. it can drive the base of
Darlington transistors directly.

Each bit of the DDR

{$0016)

Port 6 can function as a parallel handshake
interface under the control of the port 6 control/
status register (P6CSR : $0021). Port 6 has a data
latch for input data (IS LATCH).

RES
|
R
Q D s
P6. DDR s
: 3
WP6D E
Port &
Q D c
6n ~ P6. Data
C
|
RES wpP6 WP6D: DDR Write Signal
| RP6 WP6 : Port Write Signal
R 1 RP6: Port Read Signal
D Q -
IS Latch
c Y
‘ Port 6
Control/Status Register
Figure 20. Port 6 Block Diagram
MSB LSB
Pes | P6s | P6s | P6s | Pes | P62 | Per | Peo | homin (S0GH
DDR DDR DDR DDR DDR DDR DDR DDR R Y.
during reset.)
PORT6 (30017)
(R/W, not ini-
P P P :
67 66 65 P64 P63 P62 P6; P50 tialized during
reset.)
Figure 21. Port 6 Register and Data Direction Register
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Port 6 Control/Status Register .| The port 6
control/status register (P6CSR: $0021) controls
and holds the status of the port 6 handshake
interface (figure 22). The handshake interface
functions as follows.

1. Latches the data input at port 6 on the falling
edge of IS (P5,}.

2. Qutputs OS (P5;) when reading or writing to
port 6.

3. When IS FLAG is set by the falling edge of IS,
an interrupt occurs (figure 23).

o LATCH ENABLE: The LATCH ENABLE bit
controis the port 6 input latch (IS LATCH).
When it is set, the input data at port 6 will be
latched in at the falling edge of IS (P5,). Reading
port 6 clears the latch. If LATCH ENABLE is 0.
the input latch is disabled, and P5, acts as an
ordinary I/0 port. LATCH ENABLE is cleared
at reset.

0 0SS : When OSS is set, writing to port 6 initiates
an output strobe signal (0S/P5;). When OSS is
cleared, reading port 6 initiates an OS. OSS is
cleared at reset.

®OSE: When OSE is set, P5; is the output strobe,
0S5. When cleared. it is a normal I/0 port.

1S IRQ, ENABLE: When IS IRQ, ENABLE is
set, IS FLAG set causes an IRQ, interrupt. When
cleared, 1S FLAG does not cause an interrupt.
This bit is cleared at reset.

oIS FLAG: The IS FLAG is set hy the falling edge
of IS. It is a read-only flag. It is cleared by
reading or writing to port 6 after reading the
P6CSR. IS FLAG is cleared during reset.

Table 11 shows the conditions that set and reset the
port 6 control/status register flags.
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Port 6 Control/Status Register

7 6 5 4 3 2 1 0
IS
IS LATCH
iRQ, OSE 0SS %0021
FLAG ENABLE ENABLE
Latch Enable

0-Port & latch disabled
1-Port 6 input latched by IS

Output Strobe Select

0-0S output on port & read

1-0S output on port 6 write

Qutput Strobe Enable

0-P5s is 1/0 port

1-P5s is output strobe (0S)

Input Strabe Interrupt Enable

O-Interrupt on IS FLAG inhibited

1-IRQ: interrupt on IS FLAG enabled

Input Strobe Flag

0-No IS

1-1S falling edge detected

Figure 22. Port 6 Control/Status Register

HDB63701Y0
MSB
Port 6 Control/Status Register
'S FLAG ISIRG
ENABLE

R
P50 DG

IRQ

Figure 23. Input Strobe Interrupt Block Diagram

Table 11. Port 6 Control Status Register Status Flags Set and Reset Conditions
Flag Set Condition Clear Condition
IS FLAG Falling edge input to P54 (IS) « Read the P6CSR then read or write the port
6, when IS FLAG=1
~ RES=0
ICF FRC—ICR by rising or falling edge input to - Read the TCSR1 or TCSR2 then ICRH, when
P20. (Selected by IEDG) ICF=1
« RES=0
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to high-impedance state during reset. Port 7 can

Port 7 . Port 7 is a 5-bit output only port {figures
drive one TTL load and 30 pF capacitance.

24, 25). In the expanded modes 11 and 2}, port 7
outputs control signals from the CPU. Port 7 goes

RES —] R a 4
WPT — 5.
Mode 1, Mode 2— S,*
Mode 3 :.g
Port | a
n J 1 Q D 8
\I P7. Data Té,
c :
| = WP7: Port Write Signal
RP7: Port Read Signal
wh7 RP7 ort Read Signa
.
I
Mode 1
Mode 2
. -
CPU Control
» Priority: S2>R, S+ Signal

1y

Figure 24. Port 7 Block Diagram

MsS8 LSB
PORT7: %0018

- P74 P73 P72 P7; P70 {R/W, not deter-
mined during reset.)

Figure 25. Port 7 Register
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16-Bit Programmable Timer (Timer 1) Registers :

- Control/status registers 1 and 2
Timer 1 can simultaneously measure an input - Free-running counter
waveform and generate two independent output - Output compare registers L and 2
waveforms. The pulse widths of both input and - Input capture register

outputs can vary from microseconds to seconds.
Timer I/O pins:
Timer 1 (figure 26! is configured as follows: - Tin (P2, input
Toutl (P2}, output
Tout2 (P2,), output

4 HD63701Y0 Internal Data Bus >
OCR2 OCR1 FRC

ICR

$19, $1A $08, $0C $09, $0A $0D, $0E
Qutput Compare Output Compare Free Running Input Capture
Aegister 2 Register 1 16-Bit Counter Register

, [l H ﬁj
| v

Output Compare 2 Qutput Compare 1 Overflow Detect Edge Detect
— RES
[ D Q
ICF Jocrl TOF | EIC! EOCI ETOI|IEDG jOLVLY CLKR
T B B TCSR1 L—oe
*; : -I $08
(o Q] s r D ol
[ICF Iocm ocF2| — [EOCIZOLVLZ OE2 | OE1 CLK
TCSR2 R
IRQ3% I $OF L
{ I ¥
r I P25 P2y P2o
HTout2)(Tout1) (Tin)

Figure 26. Timer 1 Block Diagram
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Free-Running Counter . The free-running
counter (FRC: $0009. $000A) is a 16-bit free-
running counter incremented by the system clock.
Its value can be read without affecting its oper-
ation. The FRC is cleared at reset.

Output Compare Registers . The output com-
pare registers (OCR1: $000B, $000C, OCR2 : 30019,
$001A) are 16-bit read/write registers that control
the output waveforms. The data in the FRC is
always being compared to the OCRs. When the data
matches, an output compare flag (OCF) is set in the
corresponding timer control/status register
(TCSR}.

Input Capture Register : The input capture
register (ICR : $000D, $000E) is a 16-bit read-only
register which stores the FRC's value when a P2,
transition causes an input capture puise. IEDG of
TCSR1 determines which transition causes the
input capture. ICR is cleared at reset.

Timer Control/Status Register 1. The timer
control/status register 1 {TCSR1: 30008 ; figure
27} is an eight bit register. All bits can be read and
the lower five can be written. The upper three are
read-only status bits. TCSR1 is cleared at reset.

Timer Control/Status Register 1

7 6 5 4

2 1 0

ICF OCF1 TOF EICI EOCI1

ETOI IEDG OLVL1 $0008

Output Level 1
0-Toutl outputs O

1-Toutl outputs 1
Input Edge
O-Input capture triggered by
falling edge of Tin
1-Input capture triggered by
rising edge of Tin
Enable Timer Overflow Interrupt
O-Interrupt on TQ! inhibited
1-iRQ3 interrupt on TOI enabled

Enable Qutput Compare Interrupt 1
O-Interrupt on OCI1 inhibited
1-IRQ3z interrupt on OCI1 enabled
Enable Input Capture Interrupt

O-Interrupt on ICI inhibited

1-IRQ3 interrupt on IC! enabled

Timer Overflow Flag

0-No overflow

1-Timer overflow

Output Compare Flag 1

0-OCR1 and FRC don't match

1-OCR1 and FRC match

Input Capture Flag

O-No input capture trigger

1-Tin triggered input capture

752

Figure 27. Timer Control/Status Register 1
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S®OLVL1: If OE1 of TCSR? is set, the value of
OLVL1 will appear at Toutl (P2;) when a match
occurs between the FRC and OCR1.

o [EDG : IEDG determines which edge of Tin/P2,
will trigger data transfer from the counter to the
ICR. IEDG=1 selects the falling edge (high to
low transition}, IJEDG=1 selects the rising edge
{low to high transition).

@ ETOI: When ETOI is set to 1, timer overflow
will cause internal interrupt IRQ;. When it is
cleared, the interrupt is inhibited.

® EOCI1 : When EQCI1 is set to 1, a counter match
with OCI1 will cause an IRQ; interrupt. When it is
cleared, the interrupt is inhibited.

o EICI: When EICI is set to 1. an input capture
signal (Tin) will cause an interrupt IRQs. When
it is cleared. the interrupt is inhibited.

® TOF : The read-only flag TOF is set to 1 when
the counter increments from $FFFF to $0000. It is

cleared when the CPU reads the FRC’s upper byte
($0009) after it reads the TCSR1 with TOF=1.

@ OCF1: The read-only flag OCF1 is set to 1 when
a match occurs between OCR1 and the FRC. It is
cleared when the CPU writes to the OCR1 ($000B
or $000C) after it reads the TCSR1 or TCSR2
with OCF1 or OCF2=1. OCF1 is also available at
TCSR2, bit 6.

®ICF: The read-only flag ICF1 is set to 1 when
Tin/P2, makes the transition defined by IEDG
and the FRC is transferred to the ICR. It is
cleared when the CPU reads the upper byte or the
ICR after it reads the TCSR1 or TCSR2 with ICF
=1. ICF is also available at TCSR2, bit 7.

Timer Control/Status Register 2 ! The timer
control/status register 2 (TCSR2: $000F ; figure
28) is a seven bit register. All bits can be read and
the lower four can be written, The upper three are
read-only status bits. All bits are cleared at reset,
except bit 4, which isn’t used.

6 5 4

3

Timer Control/Status Register 2

2 1 0

ICF OCF1 OCF2

EOCI2

OLvL2 02 OEl $000F

Qutput Enable 1
0-P2: is 1/0 port
1-P2; is Toutl

Output Enable 2

0-P2s5 is 1/0 port

1-P2s5 is Tout2

Qutput Level 2

0-Tout2 outputs O

1-Tout2 outputs 1

Enable Qutput Compare Interrupt 2

O-interrupt on OCI2 inhibited
1-IRQ3 interrupt on OC12 enabled

QOutput Compare Flag 2

Output Compare Flag 1

1-OCR1 and FRC match

Input Capture Flag
0-No input capture trigger
1-Tin triggered input capture

0-0CR1 and FRC don't match

0-0OCR2 and FRC don't match
1-OCR2 and FRC match

Figure 28.

Timer Control/Status Register 2
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@®0OE1: When OELl is set, OLVL1 will be output to
Toutl/P2, when there is a match between the
FRC and OCR1. When OEl is 0, P2, will be an
1/0 port.

®DE2: When OE2 is set, OLVL2 will be output to
Tout2/P2, when there is a match between the
FRC and OCR2. When OEl is 0, P2; will be an
1/0 port.

@ OLVL2: If OE2 of the TCSR2 is set, the value of
OLVL2 will appear at Tout2 (P2;) when a match
occurs between the FRC and OCR2.

@ EOC!2: When EOCI? is set. a counter match with
0OCI2 will cause an interrupt IRQ,. When it is
cleared, the interrupt is inhibited.

®0OCF2: The read-only flag OCF2 is set when a
match occurs between OCR2 and the FRC. It is
cleared when the CPU writes to OCR2 ($0019 or
$001A) after it reads the TCSR2 with OCF2=1.

o OCF1, ICF: OCF1, ICF in the TCSk2 are the

same as in the TCSR1. They can be addressed at
either register.

Table 12 shows the conditions that set and reset the
timer 1 flags.

R-Bit Reloadable Timer (Timer 2}

In addition to timer 1, the HD63701Y0 has an 8-bit
reloadable timer, which can count external events.
Timer 2 has one output. so together with timer 1,
the HD63701Y) can output three independent
waveforms.

Timer 2 (figure 29} is configured as follows :

Registers :
Control/status register (7 bits)
Upcounter (8 bits)
Time constant register (8 bits)

Timer 1/0 pins :
Tout3 (P2}, output
TCLK (P2}, input

Table 12. Timer 1 Status Flags Set and Reset Conditions

Flag Set Condition

Clear Condition

OCF1 OCR1=FRC

» Read the TCSR1 or TCSR2 then write to the OCR1H or

OCR1L, when OCF1 =1

= RES=0

» Read the TCSR2 then write to the OCR2H or OCR2L, when
OCF2=1

+ RES=0

» Read the TCSR1 then FRCH, when TOF=1

+ RES=0

OCF2 OCR2=FRC

TOF FRC=$FFFF+1 cycle
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HD83701Y0 Internal Data Bus

TCONR T2CNT Timer 1 FRC
$iC $1D

|
Clock I
Time Timer 2 Input 1
Constant Up Countar Clock t————+—P2; (TCLK)
Register Select ll
|
|
|
|
|
v 3 |
4 |
g i
€
Compare 2 ]
(5] |
|
I
|
Qutput |
Leve! 4 P25 (Tout3)
Control :
|
R3
CMF ECMI - T2E TOS1 TOS0 CKS1 CKSO 1(1::

IRA> <——CL

Figure 29. Timer 2 Block Diagram

G HITACHI
Hitachi America, Ltd.  Hitachi Plaza ® 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819  (415) 589-8300 755



HD63701Y0, HD637A01Y0, HD637B01Y0

Timer 2 Upcounter . The 8-bit upcounter
(T2CNT : 3001D) counts the clock specified by
CKS0 and CKS1 of the TCSR3. The CPU can
read the value of the T2CNT at any time without
affecting its operation. In addition, any value can be
written to it at any time, even when counting.

It is cleared when a match occurs between the
T2CNT and the TCONR, or at reset.

Time Constant Register . The 8-bit, write-only

time constant register (TCONR: $001C) is con-
stantly compared to the T2CNT. A match sets the
counter match flag {CMF) of the timer control
status register 3 (TCSR3}. It is set to $FF at reset.

Timer Control/Status Register 3. Timer
control/status register 3 (TCSR3: $001B; figure
30) is a 7-bit register. All bits can be read and all
bits except for bit 7. CMF, can be written to. CMF
can only be cleared. not set. The TCSR3 is cleared
at reset.

Timer Control/Status Register 3

7 6 5 4 3

2 1 0

CMF ECMI T2E TOS1

TGSO CKS1 CKSO $001l8

Timer Qutput Select 0, 1

Input Clock Select 0, 1

00-E clock

01-E clock/8*

10-E clock/128"

11-External clock TCLK (P27)

*Note : These clocks come from timer 1.
Do not write to timer 1's FRC
when using these clocks.

Timer 2 Enable
0-T2CNT inhibit
1-T2CNT count

Enable Counter Match Interrupt
O-interrupt on CMi inhibited
1-1RQ3 interrupt on CMI enabled

Counter Match Flag
0-No T2CNT match
1-T2CNT matches TCONR

00-Timer output inhibited
01-Toggle output
10-Output O

11-Output 1

Figure 30. Timer Control/Status Register 3
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® CKS0, CKS1: CKS0 and CKS1 select timer 2's
input clock as shown in figure 30. When an
external clock is selected, P27 will be the clock
input automatically.

@ TOS0, TOS1 : TOS0 and TOS1 select the output
that occurs on a counter match as shown is figure
30.

@ T2E: When TZ2E is set, a clock is input to the
T2CNT. When it is 0, the clock is inhibited.

®ECMI: When ECMI is set, a match between the
T2CNT and the TCONR will cause an interrupt
IRQ,. When it is cleared, the interrupt is
inhibited.

®CMF: CMF is set by a match between the
T2CNT and the TCONR. It is cleared by writing
a 0 to it when it is set to 1. You cannot write a 1
to CMF.

Table 13 shows the conditions that set and reset the
timer 2 flags.

Serial Communication Interface

The serial communications interface (SCI) oper-
ates in two modes: asynchronous with NRZ en-
coding, and synchronous.

The SCI (figure 31) is configured as follows:

Registers :

. Transmit/receive control/status registers 1 and 2
(TRCSR1, TRCSR2)

- Rate/mode contro! register (RMCR)

- Receive data register (RDR)

- Receive shift register

- Transmit data register (TDR)

- Transmit shift register

SCI 1/0 pins:

- SCLK(P2,), input/output
» Ry (P2;), input

- Ty (P2,). output

Asynchronous Mode : The asynchronous mode
has eight transfer frame formats with 7 or 8 data
bits, 1 or 2 stop bits and parity or no parity (figure
32).

Setting TE in the TRCSRI1 enables transmission,
making P2, the serial output Tx regardless of the
direction set in port 2's DDR. To transmit data, set
the desired format in the RMCR and the TRCSR2.
‘When TE is set, transmission can begin after a
preamble for internal synchronization, consisting of
one frame with all 1s for the data. At this stage, if
the TDR is empty (TDRE=1), consecutive 1s are
output to indicate the idle state. If the TDR
contains data, it is sent to the transmit shift register
and transmitted.

During data transmission, the SCI transmits a 0
start bit first, then the 7-or 8-bit data, starting with
bit 0. When PEN of the TRCSR2=1, it sends the
even or odd parity bit as selected by EOP. Lastly,
the SCI sends one or two stop bits of 1.

When the TDR is empty, hardware sets the TDRE
flag. If the CPU doesn’t respond to the flag before
the next data transfer to the transmit shift register
should take place, a 1 is sent instead of the 0 start
bit, and continues to transmit s {marking) until
the CPU puts data in the TDR.

Setting the RE bit of the TRCSR1 enables
reception, making P2, the serial input Rx. The
TRCSR2 and the RMCR specify reception oper-
ation. The SCI uses the first 0 received as a start
bit, and synchronizes the receive bit flow. Each
following bit will be strobed in the middle.

If a stop bit is not 1, the SCI assumes a framing
error, and sets ORFE. Then the received data is
transferred to the RDR so the CPU can read it. This
makes it possible to detect a line break. ORFE is
cleared when the CPU reads the RDR after reading
the TRCSR.

When PEN is set to 1, the SCI checks the parity bit.
If the parity bit does not match the parity selected
by EOP, the SCI set PER to indicate a parity error.
The data can be read after a parity error, as with
the framing error.

Table 13. Timer 2 Status Flag Set and Reset Conditions

Flag Set Condition

Clear Condition

CMF T2CNT=TCONR

« Write 0 to CMF, when CMF=1
- RES=0
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Rx/P2; —ee

Parity Check/
Generator

i

TRCSRA2
$1E

Receive Shift Register

R

DRF | ORFEY TDRE| PER

PEN § EOP | SBL

TRCSR1Y
$11

MSB LSB R T T
RDA RDRF JORFE | TORE| RIE RE TIE TE wu
s12
4L 1§
HDB3701Y( internal Data Bus
RMCR
MSB LS8 $10
TOR — | - Iss2{ccz]cer| coof ss1|sso
$13 L/
Transmit Shift Register — Bit Aate [«8—— Timer 1 FRC
‘—I Genertor |y Yimer 2 T2CNT
TP J ]
$CLK/P2,
Figure 31. SCI Block Diagram
(1) Start 7-Bit Data Stop
2 Start 7-Bit Data 2 Stop Bits
(3) Start 7-Bit Data Parity Stop
(4) Start 7-Bit Data Parity 2 Stop Bits
(5) Start 8.Bit Data Stop
6) Start 8 Bit Data 2 Stop Bits
v Start 8-Bit Data Parity Stop
8 Start 8-Bit Data Parity 2 Stop Bits
Figure 32. Asynchronous Formats
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The SCI sets the RDRF flag if the frame is received
without framing or parity errors. The CPU can get

the received data by reading the RDR after reading -

the TRCSR, which clears RDRF. If RDRF is still set
when the SCI is receiving the stop bit of the next
frame, the SCI sets the ORFE flag to indicate an
overflow error. In 7-bit data format, bit 8 is 0.

The clock source is selected by CCl and CCO. If
they are 10, the internal bit rate clock is output at
P2,, regardless of TE or RE. If they are 11, an
external TTL-compatible clock must be connected
to P2, at 16 times (16X ) the desired bit rate, but not
greater than E.

Synchronous Mode . In the clocked synchronous
mode, data is transmitted synchronously with a
clock pulse. Since the HD63701Y0 has an in-
dependent transmitter and receiver, full duplex
operation is available, but only in asynchronous
mode. In synchronous mode. P2; is the only clock
pin, 0 simultaneous transmission and reception is
impossible. TE and RE should therefore never be
set to 1 at the same time. Figure 33 shows the clock
and data format in synchronous mode.

Setting TE in TRCSR1 enables transmission.
making P2, the serial output Tx regardless of the
direction set in port 2’s DDR. To transmit data, set
the desired format in RMCR and TRCSR2. When
an external clock is selected and TDRE is 0, the SCI

transmits data from Tx, synchronized with 8 clock
pulses input at SCLK. If clock output is selected, the
SCI outputs transmit data and clock pulses.

The SCI transmits data starting with bit 0. TDRE is
set when the transmit shift register is empty. After
eight clock pulses, external clock pulses are
ignored.

Setting the RE bit of the TRCSR1 enables
reception, making P2, the serial input Rx.
Reception operation is specified by the TRCSR2
and the RMCR.

If external clock input is selected, eight external
clock pulses and synchronized data are input at Rx
and SCLK. The SCI receives the data in the receive
shift register by this clock, and sets the RDRF flag
after it receives the eighth data bit. More than eight
external clock pulses are ignored. When RDRF is
cleared, the SCI starts receiving the next data
immediately, so RDRF should be cleared when
SCLK is high.

When clock output is selected, eight clocks are
output from SCLK when RE is set. The external
transmitter should synchronize to these clocks.
Reception of the first byte of data sets RDREF.
Clearing RDRF causes reception to continue by
transmitting eight more clocks.

<:,_—__—_: Transmit Direction

Synchronaus | I | I l l | I | I ‘ l | l ‘ I
clock

Data Bit 0 it it Bit5 it Bit
2SS, e

Transmit data is produced from a falling edge of a synchronous clock to the next falling edge.
Receive data is latched at the rising edge.

Figure 33. Synchronous Format
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Transmit/Receive Control/Status Register bits, four of which can also be written to. It is
1 : Transmit/receive control/status register 1 initialized to $20 at reset.
(TRCSR1: $0011 ; figure 34) has eight readable

Transmit/Receive Control/Status Register 1

7 6 5 4 3 2 1 0
RDRF ORFE TDRE RIE RE TIE TE wu $0011
Wake Up

0-Normal reception
1-lgnore until next message

Transmit Enable
0-P24 is I/0 port
1-P24is Tx

Transmit Interrupt Enable
O-Interrupt on TDRE inhibited
1-TDRE causes IRQ3 interrupt

Receive Enable
0-P23is I/0 port
1-P23is Ry

Receive Interrupt Enable
O-Interrupt on RDRF or ORFE inhibited
1-RDRF or ORFE causes IRQ3 interrupt

Transmit Data Register Empty
0-Data in TDR
1-TDR empty

Overrun Framing Error
0-No overrun or framing error
1-Overrun or framing error detected

Receive Data Register Full
0-No valid data in RDR
1-Vahd data received in RDR

Figure 34. Transmit/Receive Control/Status Register 1
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®#WU: WU is the asynchronous mode wake-up
function. When WU is set, the SCI stops receiving
data until the next message. The reception of a
frame of consecutive 1s wakes the SCI up, clears
WU and starts reception. The RE flag should be
set before setting WU. The wake-up function is
not available in synchronous mode.

®TE: When TE is set, transmit data will appear
at Tx/P2.. It is preceded by a one-frame pre-
amble in asynchronous mode, in synchronous
mode it appears immediately.

o TIE: When TIE is set, TDRE set will cause an
IRQ, interrupt. When it is cleared, the interrupt is
inhibited. TIE is cleared at reset.

® RE : When RE is set, a signal is input at Rx/P2;.
When RE is cleared. P2, can be used as an I/O

port.

®RIE: When RIE is set, RDRF or ORFE set will
cause an IRQ, interrupt. When it is cleared, the
interrupt is inhibited. RIE is cleared at reset.

® TDRE: The SCI sets TDRE when the TDR is
transferred to the transmit shift register in the
asynchronous mode, leaving the TDR empty. It is
set in the synchronous mode when the transmit
shift register is empty. TDRE is cleared by
reading the TRCSR1 or the TRCSR2 and writing
new data to the TDR while TDRE=1. TDRE is
set to 1 at reset. The TDRE should be cleared in
the transmit state after TE is set.

® ORFE: The SCI sets ORFE when an overrun or
framing error occurs during data receive. ORFE
is cleared by reading the TRCSR1 or the TR-
CSR2 and the RDR when ORFE=1. ORFE is
cleared at reset.

®RDRF: The SCI sets RDRF when data is
received normally and transferred from the
receive shift register to the RDR. It is cleared by
reading the TRCSR1 or the TRCSR? and the
RDR when RDRF=1. RDRF is cleared at reset.
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Transmit/Receive Control/Status Register
2 { Transmit/receive control/status register 2
(TRCSR2: $001E ; figure 33) has seven readable
bits, the lower three of which can also be written to.

@ SBL : When SBL is 0, 1 stop bit is selected for
asynchronous mode. When SBL is 1, 2 stop bits
are used. SBL is cleared at reset.

@ EOP: EOP selects even or odd parity in asyn-
chronous mode if PEN=1. If EOP is 1, the SCI
uses odd parity. If it is 0, the SCI uses even parity.

®PEN : If PEN is 1, the SCI generates and checks

parity bits in the asynchronous mode. If it is 0, it
uses no parity.

The above 3 bits (SBL. EOP, PEN; do not affect
the SCI operation in the clocked svnchronous
mode.

® PER : PER is set when a parity error occurs. It is
cleared by reading the RDR after reading the
TRCSR2 with PER=1.

e TDRE. ORFE, RDRF : TDRE, ORFE, RDRF are
the same as in the TRCSR1. These bits can be
accessed at either address.

7 6 5 4

Transmit/Receive Control/Status Register 2

3

2 1 0

RORF ORFE TORE PER

PEN EOP SBL $001E

Parity Error

0-No parity error
1-Parity error detected

Transmit Data Register Empty

Stop Bit Length
0-1 stop hit
1-2 stop bits

Even/Qdd Parity
0-Even parity
1-0dd parity

Parity Enable
0-No parity
1-Parity

0-Data in TDR
1-TDR empty

Overrun Framing Error
0-No overrun or framing error

Receive Data Register Fuli
0-No valid data in RDR
1-Valid data received in RDR

1-Overrun or framing error detected

Figure 35. Transmit/Receive Control/Status Register 2
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Transfer Rate/Mode Control Register . The 6- @ CC0-CC2 : CC0-CC2 control the data format and
bit transfer rate/mode control register (RMCR: clock source as shown in table 16. CC0-CC2 are
80010 ; figure 36) controls the following SCI cleared at reset, putting the SCI into clock
functions. synchronous mode with external clock. This

makes P2, into the serial clock input. To use P2,
as an [/O port after reset. set CCl and CCO to 0,
1.

- Baud rate

« Clock source

+ Operation mode
- Data format

. P2,/SCLK function When using the SCI with an internal clock. do not

write to the timer/counter which is the clock source
All bits are read/write. Bits 0-6 are cleared at reset. for the SCI.
Table 17 shows the conditions that set and reset the

@ 550-552: 550-552 select the transf t
select the transfer rate as SCI flags,

shown in tables 14 and 15.

Transfer Rate/Mode Control Register

7 6 5 4 3 2 1 0
$S52 CC2 CC1 CcCo SS1 S$S0 $0010
Speed Select 0-2
Async Sync

000-E+16 E+2
001-E+128 E-+16
010-E+1024 E+128
011-E+4096 E=512
1xx-Bit rate set by timer 2

Clock Control/Format Select 0-2

Figure 36. Transfer Rate/Mode Control Register
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Tahle 14. SCI Bit Times and Transfer Rates

(1) Asynchronous Mode

XTAL 2.4576 MHz 4.0 MHz 4.9152 MHz
§82 SS1 SSO E 614.4 kHz 1.0 MHz 1.2288 MHz
0 0 0 E+1l6 26 us/38400 Baud 16 4s/62500 Baud 13 4s/76800 Baud
0 0 1 E+128 208 us/4800 Baud 128 4s/7812.5Baud 104.2 »5/9600 Baud
0 1 Q E+1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 £s/1200 Baud
0 1 1 E+-4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud  3.333 ms/300 Baud
1 —_ — — * * *

*When $52 is 1, timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N.
_ f i f: input clock frequency to the timer 2 counter
Baud Rate= 33 (N+1) N=0—255

(2) Clocked Synchronous Mode*

XTAL 4.0 MHz 6.0 MHz 8.0 MHz

§82 S8S1 SSO E 1.0 MHz 1.5 MHz 2.0 MHz
0 0 0 Ex2 2 us/bit 1.33 us/bit 1 xs/bit
0 0 1 E+16 16 us/bit 10.7 us/bit B xs/bit
0 1 0 E+12B 128 us/bit 85.3 ws/bit 64 us/bit
0 1 1 E+512 512 uxs/bit 341 us/bit 256 us/bit
1 — — —~ * % * %k * %

*Bit rates in the case of internai clock operation. In the case of external clock operation, the external clock is operatable up to DC to 1/2 system

clock.

**The bit rate is shown as follows with the TCONR as N.
Bit Rate (;rs/bit) = 4(Nf+l) L:zig;f;;l;ck frequency to the timer 2 counter

Table 15. Baud Rate and TCONR Example

XTAL
Baud Rate(Baud) 24576 MHz 3.6864 MHz 4.0 MHz 4.9152 MHz 8.0 MHz
110 21 32 35° 43+ 70*
150 127 191 207 255 51*
300 63 95 103 127 207
600 31 47 51 63 103
1200 15 23 25 31 51
2400 7 11 12 15 25
4800 3 5 — 7 12
9600 1 2 — 3 -
19200 0 — — 1 -
38400 — — — 0 —
*E/8 clock is input to the timer 2 up counter. E clock for all others.
@ HITACHI
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Table 16. SCI Format and Clock Source

CC2 cCl cco Mode Transmit Format Clock Source
o) 0 0 Ciock Sync 8-hit data Ext
O 0 1 Async 8-bit data Int
0 1 0 Async 8-bit data Int
0 1 1 Async 8-bit data Ext
1 o 0 Clock Sync 8-bit data Int
1 0 1 Async 7-bit data Int
1 1 0 Async 7-bit data Int
1 1 1 Async 7-bit data Ext

Table. 17. SCI Status Flags Set and Reset Conditions

Flag Set Condition Clear Condition
RDRF Receive shift register—RDR « Read the TRCSR1 or TRCSRZ2 then RDR,
when RDRF=1
« RES=0
ORFE - Framing error {Asynchronous mode) » Read the TRCSR1 or TRCSR2 then RDR,
Stop bit=0 when ORFE=1
« Overrun error (Asynchronous mode) + RES=0
Receive shift register—RDR when RDRF=1
TDRE + Asynchronous mode + Read the TRCSR1 or TRCSR2 then write to
TDR—Transmit shift register the TDR, when TDRE=1
- Clocked synchronous mede
Transmit shift register is “‘empty"’ Note: TDRE should be reset after the TE is
+ RES=0 set.
PER Parity when PEN=1 «~ Read the TRCSR2 then RDR, when PER=1
» RES=0
G HITACHI
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EPROM Operation

The HD63701Y0’s on-chip EPROM is programmed programmed like a standard 27256 EPROM using a
in the EPROM mode (figures 37 and 38). EPROM standard EPROM programmer and a socket
mode is set by bringing MPg, MPy, and STBY low. In adapter. Table 18 lists recommended EPROM pro-
PROM mode, the MCU doesn’t operate. It can be grammers and socket adapters.

MPo

L AES ‘Vrp

Plo—P1y

P4,

$C000
MPt Data
Ver sray PR P¥ EQa—EO7

NMI Address
PA;—P4s EAs—EAre

Addresses Addresses
in MCU mode in EIHOM mode
Y $0000

> Internal EPROM

.

SFFFF 7 $3FFF

[Note)

5
-
a

o ——————
b o e - ————

P4, DE
------- S7FFF
P4; CE
Note: When reading this
7)7 address space,
$FF is output.
Figure 37. EPROM Mode Functional Diagram and Memory Map
Table 18. EPROM Programmers and Socket Adapters
EPROM Programmer Socket Adapter
Type Name
Maker Type Name Maker Part Number
DATA I/O 1218 Hitachi HS31YESS11H
228
29B
AVAL Corp PKW-1000 HS31YESS21H
Table 19. EPROM Mode Selection
Pin

Mode CE OE Vep EOo—EO;
Programming Low High VP Data input
Verify High Low Vrp Data output
Programming inhibited High High Vep High impedance

G HITACHI
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@~ o AW N -
O

xd
>
aininin/nininisinininlsl

To5c5 e

1§
18
17

19
20
21
22
23
24
5
26
7
1]
29
30
3N
12

NONNOA0NOOO0AnN0an

501 EAo

HDE3701YOC, [ EA:
1s{DC-648) 41[7] EA,

{Top View)

Figure 38. EPROM Mode Pin Arrangement

Programming and Verification

The HD63701Y0 can be high-speed programmed
without causing voltage stress or affecting data
reliability. Table 19 shows how programming and
verification modes are selected. Figure 39 is a
programming flowchart, and figure 54 is a timing
chart.

Since the HD63701Y0 has a 16k byte capacity, when
programming start at address $0000 and end at
$3FFF (figure 37), and data from address $4000 to
3$7FFF should be programmed $FF.

Erasing

The EPROM on HD63701Y0s in ceramic “window”
packages can be erased by ultraviolet light. All
erased bits become 1s.

Erasing conditions are : ultraviolet (UV) light with
wavelength 2537 A with a minimum irradiation of
15 W-s/cm?. These conditions are satisfied by
exposing the LSI to a 12,0004 W/cm?* UV source for
15-20 minutes, at a distance of 1 inch.

Precautions

Note that the ceramic package HD63701Y0 can be
erased and reprogrammed, but the plastic package
type cannot.

If an attempt is made to access addresses of $4600

or higher, the EPROM may not be programmed or
verified correctly.

Be careful that the EPROM programmer, socket
adapter and LSI match. Using the wrong pro-
grammer of socket adapter may cause an OVer-
voltage and damage the LSI. Make sure that the
LSI is firmly fixed in the socket adapter, and that
the socket adapter is firmly fixed in the pro-
grammer.

The EPROM should be programmed with Vpp=12.5
V. Other PROMs use 21 V. If 21 V is applied to the
HD63701Y0, the LSI may be permanently damaged.
125V is Intel’s 27256 Ve, specification.

To avoid erasure, shield the window of ceramic-

@ HITACHI
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SET PROG./VERIFY MODE
Ver=12530.3V. Vc=6.0%025V

[ Program trw = 1ms + 5%

| Address + 1 — Address ]

r Program torw = 3n ms

Last
Address 7

NO

SET READ MODE
Vee=5.020.5V. Ver=Vec +0.8Y

AEAD

All Address

Figure 39. High-Speed Programming Flowchart

Instruction Set

HD63701Y0 object code is upwardly compatible
with the HD6801 to use the entire instruction set of
the HMCS6800. It also reduces the execution times
of key instructions to improve throughput. Bit
manipulation, index and accumulator change, and
sleep instructions have alsc been added.

Addressing Modes
The HD63701Y0 provides 7 addressing modes.

Accumulator (ACCX) Addressing: Only one
accumulator, A or B, is selected. These are one-byte
instructions.

Immediate Addressing . The data is located in
the second byte of the instruction, except for LDS
and LLDX, where the data is in the second and third
bytes. These are two-or three-byte instructions.

Direct Addressing: The second byte of the
instruction is the address that the data is stored at.
Bytes $00 through $FF (0-253) can be addressed
directly. Storing data in this area reduces execution
time, so it is suggested that $00-3FF by used as
user's data storage when configuring a system.
These are two-byte instructions, or three bytes for
AIM, OIM, EIM, or TIM.

Extended Addressing: The second byte is the
upper 8 bits of the data's absolute address, and the
third byte is the lower 8 bits. These are three-byte
instructions.

Indexed Addressing: The lower eight bits of the
index register are added to the second byte of the
instruction (third byte for AIM, OIM, EIM, or
TIM). The carry is added to the upper byte of the
index register and the result is put in the temporary
address register so the index register contents don’t
change. This result is the address of the data. These
are two-byte instructions, or three bytes for AIM,
OIM, EIM, or TIM.

Implied Addressing: The instruction only ad-
dresses particular operands, such as the stack
pointer, or index register. These are one-dyte
instructions.

Relative Addressing: The second byte of the
instruction is added to the lower eight bits of the
program counter. The carry or berrow is added to
the upper 8 bits. This allows addresses from —126
to +129 bytes from the current instruction to be
accessed. These are two-byte instructions.

Instruction Set Summary
Table 20 shows the general operation of each

instruction. Table 21 is an opcode map. Table 22
shows the detailed operation of the instructions.

G HiITACHI
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Table 20. Instruction Set Summary
Accumulator, Memory Manipulation Instructions

Addressing Modes | ! Con:::i):mcrode
| Bootean/
Operations Mnemonic| IMMED | DIRECT | INDEX | EXTEND | IMPLIED i 5(4(3|2]1]0
I T 4 Arithmetic Operation
0P~#0P~#0P~ROP~#OPL~4J lHyinfz|vic
Add ADDA |8B|2 | 2|9B|3|2|AB{4 |2 |BBj4 3 ;A+M'~A e
ADDB (cB| 2 |2|pB| 3| 2|EB| 4| 2[FB| 4|3 i ie+mraar Y T
Add Double ADDD |C3| 3 | 3|D3| 4|2 |e3l5|2|F3isl3]| | EQ§S+M:M“‘ e e!
Add Accumulators | ABA 1811 1 1 ;A+B-A NI T R A
Add With Carry ADCA |Bg|2|2|99|3(2lro| a4 |2{B9 4|3 ! | A+M+C-A e
ApcB |col2l2|oel3|2|E9|a|2|F9) 4 3 [BYM+C-B e |
AND ANDA [84] 2] 2|94 3|2 |Ad:4 |2 B4 4 3] | !AvM»B oioi RE.
ANDB |Cai2 |2 (D43 2 |€a|la|2|Faj a3} | |B-M-B ;oiLo : R, ®
Bit Test BITA 852|295 3|2|As|4|2{B5;4!3 1;-‘M77 ‘c'oi R|®
BITB ¢5|2|2|D5| 3|2 E5|4 | 2|F5]4 3 1 8 M ele. i :iR|®
Clear CLR 6F| 512 |7F| 5|31 © | 00-M e|olr|s R LA
CLRA 4F|1 1 00-A ejeiR|S{R|R
CLRB i 5Fi111|00-B e e RISIR|R
Compare cMPA la1lz2 2|93 ]2!a1jal2]|B1|a!3 Fa—m io“ SR
cwps (cl|2 |2 (01|32 e1]4f2if]ala] L] B—M ele
Compare ors CBA ; 11ﬁiL1 (11A-B oo ]
Complement, 1's | COM 63627363 | MM e ol :|:iR!S
COMA I lazj1i1la-n o i R|S
comB 53/ 1|1]|88B e :|:1R]s
Complement, 2's NEG 60| 6 2|70]613 i G0-M-—M ;. 1 ||| I 2
{Negate) NEGA 40| 1 | 1 |00—A—A LN 2
NEGB 50{1]1|00-8-B olei i1z
: Converts binary :
Decimal Adjust, A | DAA ; 19,21 |308 of BCD chal e e 1113
format [ I
Decrement DEC GA| 61 2 |7TA|B6: 3 M—1—-M e e . (|4 e
DECA 4A1 1 1 A=1-A [ I ] 4| ®
DECB 5A | 1 1 |B8-1—8 e e ! M-S )
Exclusive OR ECRA |88 2 2!98| 3|2 |A8| 4|2 B8l 4|3 | AFM-~A sjel1|l1|R(®
EORB [c8|2|2!D8y 3|2 |EB| 4|2 |FB|4 3 BEM--B e R|®
Increment INC 6C| 6 | 2|7C| 6|3 M+1-M ole 51 e
INCA | Jaci 1 Ar1-a ole Ele
INCB | sCl1|1|B+1—B |1e!e® |} 5
Load LoaA |86|2|2/9613|2|A6|la;2/B6| 4| 3| | M--A elo i |R|®
Accumulator
LDAB |C6|2 |2 (06| 3]2iE6:4|2|F6| 4|3 M-B ei/o|1iiR|e®
Load Dauble b [cc|3 3(ocia 2 ecisla|Fei5i3] Mt1=BM-A |e|e R|®
}
Multiply Unsigned | MUL 3017 1 |AXB~A:B e oo e e 1
OR, Inchusive ORAA |BAl 212 |oal3 2 aalal2|Balalz) A M A ole 1R e
ORAB (CA| 2 |2 |DA| 3|2 'EA/ 4|2 FA 4|3, i | BgM—B o, 01| R0
Push Data PSHA i | ‘36J ai 25‘3115"39 . ‘e o] . ol
PSHB | ! [ ! | | 1 leraha ?é‘-”f-‘ﬁsp e oio oo
(continued)
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Accumulator, Memory Manipulation Instructions {Cont)

Addressing Modes Con:nemi):t:ode
Bookean/ g
Operations Mnemonic| iMMED | DIRECT INDEX | EXTEND | IMPLIED 5(a4(3]271]|0
Arithmetic Operation
oP| ~ aP|~| #1OP|~| #|OP|~| £ [OP|~| # H{1|N[Z|V]|C
SP+1-+5P,
Pull Data PULA 32131 Msp—A (BN BN BN BN BN ]
PULB 33(311 ﬁ'l:;-_l.ESP eole|e|e|eo|e
Rolate Left ROL 69/6|2|79/63 e|le|1!l1|®]|!
ROLA 2911 1 Yoo e e 11 |®]
ROLB 5911 |1 e|lell|1|®]!
Rotate Right ROR 66| 6| 2|76|6]3 ele 1|1 |®f1
RORA 46| 1 |1 1} oa| e fe [ 1| 1 {®]
RORB 5611 efe|1|1|®]:
Shift Left ASL 68/6|2|78]6|3 e|le|1|1|®]!
Arithmetic " -—
ASLA 4811 |1 |- OTT-<| ® | ®] L | 1 |®] !
ASLB 58)1 1 ele|1|1i@®]|1
Double Shift — .
Left, Arithmetic | ASLD 05|11 ] el 11 ®]!
Shift Right ASR 67|62(77/613 ool |®]1
Arithmetic M —
ASRA 4711 |1+~ [JO|e (o1 |1 &1
ASRB 57011 sle|l |l | ® ]
Shift Right LSR 64| 6| 274|613 eje|R|!|®|!
Logicat . e
LSRA 41 |1 legaag) eje (R} @1
LSRB 5411 ele | RII |®]!
Double Shift [
Right Logical LSRD 04l 1)1 |. e|elr|!|®] 1
Store STAA 97| 3|2 |a7/ a2 |B7|4]3 A—-M elef[1|[1|R|e
Accumulator STAB D7/ 3|2 [E7 4 |2F7|4 3 B—M ele|i|1|r]e
Store Double A—M
Aerrrutor STD DD 4|2 [eD{ 52 |FD| 5| 3 BM+1 ool 1 |R]|e
Subtract SuBA |80 2 90, 3|2.,A0| 4|2 |BOf4|3 A-M—A eflei1 1|11
SUBB CO| 2 Dol 3|2ie0|4 2|Fo[4 |3 B-M-B ef{e |1 |1]1 |1
Double Subtract | SuBD  |83| 3 9342 (a3 5|2(B3{5]3 AiB MMl glel 1|11
Subtract — B
Aecurmulators SBA 10(1 |1 |A-B=A e|le |1 1|11
Sabtract SBCA 82| 2 92|/ 3|2ia2|4|2|B2]4]|3 A-M—-C—A e|lej1 1|11
With Carry
SBCB  |C2| 2 D2| 3|2 |E2|4|2]|F2| 4|3 B-M—-C—8 eloi1 1|11
Transfer TAB 16/ 1|1 |A-B eimil | 1IR|e®
Accumulators
TBA 17| 1|1 |B—A eie|1|1iR]|e@
Test Zero or TST 6D 4| 217D 4| 3 M-00 e|®|I1!/I1|R|R
Minus
TSTA ap| 1|1 jA-00 oo |1 I |R|R
TSTB 50| 1]1|B-00 e|o|I|1|R]|R
And Immediate AlM 7116 |3(|61]7]|3 M- IMM—M e|lel1|1|R]e
OR Immediate OIM 7216 | 3621713 M| MMM ejieo ] | l]R|e
EOR Immediate EIM 75| 6 |3(65]7 |3 MEPIMM—M e/o|1il | R|e
Test Immediate TiM 7B 4| 3 |6B| 5| 3 M+ IMM o|® |1 |[R|e
G HITACH
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Index Register, Stack Manipulation Instructions

Addressing Modes ] C°";::i’:t§°d°
Pointer Boolean/
Mnemonic| IMMED | DWRECT | INDEX | EXTEND | 1MPLIED 5|a|3|211]0
Operations Arithmetic Operation
ol ~| #lor|~|gfori~| t|OP ~| ¢t 0P|~ 14 wliinlz|v]|c
Compare index Reg | CPX  |BC| 3 1 319C| 4 | 2{AC|5 2 BC|5|3 X—MM+1 NI ERERERE
3:""‘"‘ Index DEX 09) 11 |x—1-X sle/s| 1 ele
Decrement Stack Pntr | DES 34i1{1|S5P—-1—5P e|(o | 0|0 0| e
Increment index Reg INX 0811 X+1-X e o|9 ] | e @
Increment Stack Pnir | INS 31{1|1([SP+1-SP e e|® |0 o @
Load Index Reg  |LDX |CE| 3|3 |DE| 4|2 |EE{5 |2 |FE|5 3 '(“M“f{‘)'dh ele @1 R|0
Load Stack Potr  |1DS  |8E| 3| 39E( 4|2 aEls5 |2 BE| 5|3 M o, o|o|Z|1|R]|®
Store Index Reg | STX DFl 42 |EF| 5|2 |FF|5 |2 §fj{$+” ele|mi1lR]e
Store Stack Ptr | STS gF| a2 AF| 5|2 |BF| 5|3 G T elalz|i|r]|e
Index Reg — Stack | 1xs 351 |1 |x-1-3pP eie|eloinle
g‘:‘F" Potr—index | rgx 30|11 SP+1-X ejo|elo|sfe
Add ABX 3A1 |1 | B+X—X [BE BE N BN BN J
Push Data PSHX 3¢|5 (1 ;:1’;‘&%’;‘_‘1:55‘; ele|ejein e
Pull Data PULX 384 1| ENETH (e ejele0s e
Exchange XGDX 18| 2 | 1 | ACCO—IX e|lo|es @ |0 0
® HITACHI
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Jump, Branch Instructions

Addressing Modes Con:i:::snt:ode

Operations Mremonic| RELATIVE | DIRECT INDEX EXTEND | IMPLIED Branch Test 5432|110

OP(~! £ |OP|~|  |OP|~ | % |OP|~ | # [OP{~| } H|lI N2 |V]C
Branch Always BRA 20(312 None [ BN AN BN NN NN ]
Branch Never BRN 21132 None [ B RN BN BN NN
Branchit Carry  \gcc  |24[3 2 c=0 elelo|oeie
Branch if Carry Set | BCS 25132 c=1 e|lo|jo|ojole
Branch if=2ero BEQ 271312 =1 s|lejo|oj0|e
Branch if&Zero BGE 2C( 3,2 NPV =0 (AN B K EN BN
Branch if >Z2ero BGT 2E| 3 ]2 Z+ (NPV) =0 ejojeo|0|e|e
Branch if Higher BHI 22(3)2 C+2=0 sjlejo|0jele
Branch ifsZero BLE 2F| 3| 2 2+ (NBV) =1 [ AR AR FE BN )
Sranch if Lower Or \ g5 |23[3 |2 c+2=1 eje[elo]ele
Branch if <2ero BLT 2032 NPY=1 [ B BN NN BN NN J
Branch if Minus BMI 28|32 N=1 (BN BN NN RN BN
BranchifNotEqual  gye 26| 3 | 2 z=0 elejojofe|e
g:a"f‘h it Overflow | gye 28|32 v=0 elelo|ojofe
Branch it Overflow | gys 29| 3| 2 v=1 elejo|ofele
Branch if Plus BPL 2hn| 3|2 N=0 [ BN AR AR AR BN )
Branch To Subroutine | BSR 80| 5|2 (BN AN B RN AN ]
Jump JMP BE| 3| 27|13 |3 o|leo|(m|e|lo|e
Jump To Sutroutine | JSR 90| 5 | 2(AD| 5|2 {BD| 6| 3 (AN IR B R AN
No Operation NOP o1{1¢1 eg:r"gn’fy Prog. o|e|ojo|e]|e
Return From Interrupt | RTI 3B|10] 1 —
gz‘;mg,’:m RTS 3951 ele|ojo|e]|e
Software Interrupt | SWI IF|12|1 ei{iS|s|eje|e
Wait for Interrupt® | WAI 3E|9}1 ei@|o|o|0}]e
Sleep SLP 1A 4 1 ejo|o|oje|s

Note: *WAS puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state,

772
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Condition Code Register Manipulation Instructions

Addressing Modes Condition Code Register

Operations Mnemonic IMPLIED Boolean Operation 514;312|1]|0

oP ~ £ H|lI|N|ZjViC

Clear Carry CLC ocC 1 1 0—-C e o|/eo eo|@®|R

Clear Interrupt Mask CcLl OE 1 1 0l ¢e|R|e|ole|e

Clear Overflow CLv DA 1 1 0V e|e[e|(® R |®

Sat Carry SEC oD 1 1 1-C e|o|lo|(o|®|S

Set Interrupt Mask SEI OF 1 1 11 eS| e jole|e

Set Overflow SEV 0B 1 1 1-v eiejieo/e!S!le
Accumutator A—CCR TAP 06 1 1 A—CCR a0

CCR—Accumulator A TPA 07 |1 [ 1 CCR—A ojefefee]e

Legend:

OP  Operation Code (Hexadecimal)
~ Number of MCU Cycles
Ms, Contents of memory location pointed by Stack Pointer

—— Description of symbols ——

Condition Code Symbols:
Half-carry from bit 3 to bit 4
Interrupt mask

Negative (sign bit)

Zero (byte)

Overflow, 2's complement
Carry/Barrow from/to bit 7
Reset Always

Set Always

Set if true after test or clear
Not Affected

o~ WDV O<NZ—~I

Note: Condition Code Register Notes : {Bit set if test is true and cleared otherwise)

Result=100000007
Result+000000007
BCD Character of highorder byte greater than 10? (Not cleared if previously set.)

: Operand=10000000 prior to execution?

Operand=01111111 prior to execution?
Set equal to NPC=1 after the execution of instructions
Result less than zero? (Bit 15=1)

Load Condition Code Register from Stack.
Set when interrupt occurs. if previously set, a Non-Maskable Interrupt is required to exit the wait

Set according to the contents of Accumulator A.

¥ Number of Program Bytes

+ Arithmetic plus

- Arithmetic Minus

[ ] Boolean AND

4  Boolean Inclusive OR

<) Boolean Exclusive OR

M Complement of M

- Transfer into

0 Bit=Zero

00 Byte=Zero
D (BitV) Test :
@ (BitC) Test :
3 (BitC) Test :
@ (BitV) Test
® (BitV) Test :
® (BitV) Test ;
@ {(Bit N) Test :
® (All Bit}
9 (Bitl)

state.

(All Bit)
@ (BitC)

Result of Multiplication Bit 7=1? (ACCB)

@ HITACHI
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Table 21. Opcode Map
oP ACC | ACC EX ACCA or SP ACCB or X
CODE Al e |™ | AR wmor | w0 [ext | wm] om | mo | ex3
Ht | 000C | 0001 | 0010 | 0011 | 0100 | 101 [0110|0111 | 1000 | 1001 | 1010 1011 | 2100|1101 | 1210 | 1111
Lo o |1 |2 ]|3{a s |6 | 7|8 9| alB|lcio]|e]|F
o00c | © SBA | BRA | TSX NEG suB 0
0001 | 1 | NOP | CBA | BRN | INS AIM CMP 1
0010 | 2 BHI [PULA oim SBC 2
oo11 | 3 BLS | PULB coMm SUBD ADDD 3
0100 | 4 [LSRD BCC | DES LSR AND 4
0101 | 5 |ASLD BCS | TXS EiM BIT 5
0110 | 6 | TAP | TAB | BNE | PSHA ROR LDA 6
o111 | 7 | TPA | TBA | BEQ |PSHB ASR | STA L1 STA 7
1000 | 8 | INX |XGDX| BVC | PULX ASL EOR 8
1000 | 9 | DEx | DAA | BVS | RTS ROL ADC 9
1010 | A | CLV | SLP | BPL | ABX DEC ORA A
1011 | B | SEV | ABA | BM! | RTI TIM ADD B
1100 | ¢ | cte BGE | PSHX INC CPX LDD c
1ol | o | sec BLT | MUL TST BSR | ISR sTD D
1110 | E | cUl BGT WAl | __— | we LDS LDX E
1111 | F | sEl BLE | SWI CLR sTS STX F
o 1|2 ]3]a]lsTse 7805 [a]slclo]e]cr
Notes: 1. Undefined Opcode [_—]

774
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Table 22. Cycle-by-Cycle Operation

Address Mode & Cycle o l s5 | we | 1w
Instructions Cycles t Address Bus R/W 1 R E R LIR Data Bus
IMMEDIATE
ADC  ADD 1 | Op Code Address+1 1 0 1 | Operand Data
AND BIT 2 Op Code Address+2 1 0 1 0 Next Op Code
CMP  EOR 2
LDA  ORA
SBC SuB
ADDD CPX 1 Op Code Address+1 1 0 1 1 Operand Data (MSB)
LDD LDS 3 2 | Op Code Address+2 1 0 1 Operand Data (LSB)
LDX susD 3 | Op Code Address+3 1 0 1 0 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+1 1 0 1 1 Address of Operand (LSB)
AND BIT 2 | Address of Operand 1 0 1 1 Operand Data
CMP  EOR 3 3 Op Code Address+2 1 0 1 0 Next Op Code
LDA ORA
SBC SuB
STA 1 Op Code Address+1 1 0 1 1 Destination Address
3 2 Destination Address 0 1 0 1 Accumulator Data
3 | Op Code Address+2 1 0 1 0 Next Op Code
ADDD CPX 1 Op Code Address+1 1 0 1 1 Address of Operand (LSB)
LDD LDS 4 2 | Address of Operand 1 0 1 1 | Operand Data (MSB)
LDX SUBD 3 Address of Operand+1 1 0 1 1 Operand Data (LSB)
4 Op Code Address+2 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+1 1 0 1 1 Destination Address (LSB)
STX 4 2 | Destination Address 0 1 0 1 | Register Data (MSB)
3 | Destination Address+1 0 1 0 1 Register Data (LSB)
4 | Op Code Address+2 1 0 1 0 Next Op Code
JSR 1 Op Code Address+1 1 0 1 1 Jump Address (LSB)
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 | Stack Pointer 0 1 0 1 Return Address (LSB)
4 | Stack Pointer—1 0 1 0 1 Return Address (MSB)
5 Jump Address 1 0 1 0 First Subroutine Op Code
TM 1 Op Code Address+1 1 0 1 1 immediate Data
4 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
3 | Address of Operand 1 0 1 1 Operand Data
4 | Op Code Address+3 1 0 1 o] Next Op Code
AM EM 1 | Op Code Address+1 1 0 1 1 | Immediate Data
oM 2 | Op Code Address+2 1 0 1 1 Address of Operand (LSB)
6 3 | Address of Operand 1 0 1 1 Operand Data
4 FFFF 1 1 1 1 Restart Address (LSB)
5 | Address of Operand 0 1 0 1 New Operand Data
6 | Op Code Address+3 1 0 1 0 | Next Op Code

{continued)
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Table 22. Cycle-by-Cycle Operation (Cont)

Adﬂrﬁfﬁcﬂggg & Cycles C&cle Address Bus RA'W| RD | WR | LIR Data Bus
INDEXED
JMP 1 Op Code Address+1 1 0 1 1 Offset
3 2 | FFFF 1 1 1 1 Restart Address (LSB)
3 | Jump Address 1 0 1 0O | First Op Code of Jump
Routine
ADC ADD 1 Op Code Address+1 1 0 1 1 Offset
AND BIT 2 | FFFF 1 1 1 1 Restart Address (LSB)
CMP EQOR 4 3 | IX+Offset 1 0 1 1 Operand Data
LDA  ORA 4 | Op Code Address+2 1 o] 1 0 | Next Op Code
SBC SUB
TST
STA 1 Op Code Address+1 1 0 1 1 Offset
4 2 FFFF 1 1 1 1 Restart Address (LSB)
3 I1X+Offset C 1 0 1 Accumulator Data
4 | Op Code Address+2 1 0 1 O | Next Op Code
ADDD CPX 1 | Op Code Address+1 1 0 1 1 | Offset
DD LDS 2 | FFFF 1 1 1 1 Restart Address (LSB)
LDX  SuBD 5 3 | IX+0Offset 1 0 1 1 Operand Data {MSB)
ADD 4 | IX+Offset+1 1 o 1 1 | Operand Data (LSB)
5 | Op Code Address+2 1 0 1 0 | Next Op Code
STD  STS 1 Op Code Address+1 1 0 1 1 Offset
STX 2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 | iX+Offset 0 1 0 1 Register Data (MSB)
4 | IX+Offset+1 0 1 0 1 Register Data (LSB)
5 | Op Code Address+2 1 0 1 0 | Next Op Code
JSR 1 Op Code Address+1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Return Address (LSB)
4 | Stack Pointer—1 o} 1 0 1 Return Address (MSB)
5 1X +Offset 1 0 1 0 First Subroutine Op Code
ASL  ASR 1 | Op Code Address+1 1 0 1 1 | Offset
COM DEC 2 | FFFF 1 1 1 1 Restart Address (LSB)
INC LSR 6 3 | D{+Offset 1 0 1 1 Operand Data
NEG ROL 4 | FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 IX+Offset 0 1 0 1 New Operand Data
6 Op Code Address+2 1 0 1 0 Next Op Code
TiM 1 | Op Code Address+1 1 0 1 1 | Immediate Data
2 | Op Code Address+2 1 0 1 1 | Offset
5 3 FFFF 1 1 1 1 Restart Address (LSB)
4 IX+Oftset 1 0 1 1 Operand Data
5 Op Code Address+3 1 0 1 0 Next Op Code
CLR 1 Op Code Address+1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 | IX+Offset 1 0 1 1 Operand Data
4 | iX+0Offset 0 1 0 1 00
5 | Op Code Address+2 1 0 1 0 | Next Op Code
AIM  EM 1 | Op Code Address+1 1 0 1 1 | Immediate Data
Otm 2 | Op Code Address+2 1 0 1 1 | Offset
3 | FFFF 1 1 1 1 | Restart Address (LSB)
7 4 | IX+0ffset 1 0] 1 1 Operand Data
5 | FFFF 1 1 1 1 | Restart Address (LS8)
6 IX+0Offset 0 1 0 1 New Operand Data
7 Op Code Address+3 1 0 1 0 Next Op Code
{continued)
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Table 22. Cycle-by-Cycle Operation [Cont)

Adﬁ";?f’:ggg: & cycles Cy#cle Address Bus R/W{ RD | WR | LIR Data Bus
EXTEND
JMP 1 Op Code Address+1 1 0 1 1 Jump Address (MSB)
3 2 Op Code Address+2 1 0 1 1 Jump Address (LSB)
3 Jump Address 1 0 1 0 Next Op Code
ADC ADD TST 1 Op Code Address+1 1 0 1 1 Address of Operand (MSB)
AND BIT 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
CMP EOR 4 3 Address of Operand 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+3 1 0 1 0 Next Op Code
SBC SuB
STA 1 Op Code Address+1 1 0 1 1 Destination Address {MSB)
4 2 | Op Code Address+2 1 0 1 1 Destination Address (LSB)
3 Destination Address 0 1 0 1 Accumulator Data
4 Op Code Address+3 1 0 1 0 Next Op Code
ADDD 1 Op Code Address+1 1 0 1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
LDS LDX 5 3 Address of Operand 1 Q 1 1 Operand Data (MSB}
SUBD 4 | Address of Operand+1 1 0 1 1 Operand Data (LS8}
5 Op Code Address+3 1 [ 1 0 Next Op Code
STD STS 1 Op Code Address+1 1 0 1 1 Destination Address (MSB)
STX 2 | Op Code Address+2 1 0 1 1 Destination Address (LSB)
5 3 | Destination Address 0 1 0 1 Register Data (M3B)
4 | Destination Address+1 0 1 o] 1 Register Data (LSB)
5 Op Code Address+3 1 0 1 0 Next Op Code
JSR 1 | Op Code Address+1 1 0 1 1 | Jump Address (MSB)
2 | Op Code Address+2 1 0 1 1 | Jump Address (LSB)
6 3 FFFF 1 1 1 1 Restart Address (LSB)
4 | Stack Pointer 0 1 0 1 Return Address (LSB}
5 | Stack Pointer—1 0 1 0 1 Return Address (MSB)
& | Jump Address 1 0 1 0 | First Subroutine Op Code
ASL  ASR 1 | Op Code Address+1 1 0 1 1 | Address of Operand (MSB)
COM DEC 2 | Op Code Address+2 1 0 1 1 | Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 0 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 Address of Operand 0 1 0 1 New Operand Data
6 | Op Code Address+3 1 0 1 0 Next Op Code
CLR 1 Op Code Address+1 1 0] 1 1 Address of Operand (MSB)
2 Op Code Address+2 1 0 1 1 Address of Operand {LSB)
5 3 Address of Operand 1 0 1 1 Operand Data
4 | Address of Operand 0 1 0 1 00
5 Op Code Address+3 1 0 1 0 Next Op Code

(continued)
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Table 22. Cyele-by-Cycle Operation {Cont)

Aﬁ?‘zﬁﬁmggg & Icycles Cy;:le Address Bus R/W | RD | WR | LIR Data Bus
IMPLIED
ABA ABX 1 Op Code Address+1 1 0 1 ¢ Next Op Code
ASL ASLD
ASR CBA
CLC cu
CLR CLv
COM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SEl SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA  XGDX P 1 Op Code Address+1 1 0 1 0 | Next Op Code
2 | FFFF 1 1 1 1 | Restart Address (LSB)
PULA PULB 1 Op Code Address+1 1 0] 1 0 | Next Op Code
3 2 | FFFF 1 1 1 1 Restart Address (LSB)
3 | Stack Pointer+1 1 (v} 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 0 1 1 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Accumulator Data
4 | Op Code Address+1 1 ¢ 1 0 | Next Op Code
PULX 1 Op Code Address+1 1 0 1 0 | Next Op Code
" 2 | FFFF 1 1 1 1 | Restart Address (LSB)
3 | Stack Pointer+1 1 0 1 1 Data from Stack {MSB)
4 Stack Pointer+ 2 1 0 1 1 Data from Stack (LSB)
PSHX 1 Op Code Address+1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 | Stack Pointer 0 1 ) 1 Index Register (LSB)
4 | Stack Pointer—1 0 1 ¢ 1 Index Register (MSB)
5 | Op Code Address+1 1 o 1 0 Next Op Code
RTS 1 | Op Code Address+1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 0 1 1 Return Address (MSB)
4 | Stack Pointer+2 1 0 1 1 | Return Address (LSB)
5 Return Address 1 0 1 0 First Op Code of Return Routine
MUL 1 | Op Code Address+1 1 0 1 0 i Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 | FFFF 1 1 1 1 | Restart Address (LSB)
7 4 FFFF 1 1 1 1 Restart Address (LSB)
5 | FFFF 1 1 1 1 | Restart Address (LSB)
6 FFFF 1 1 1 1 Restart Address (LSB)
7 | FFFF 1 1 1 1 | Restart Address (LSB)

(continued)
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Table 22. Cycle-by-Cycle Operation (Cont)

Adldnr:t?f:chgggg & |cycles Cy;:le Address Bus R/W| RD | WR | LiR Data Bus
IMPLIED
WAI 1 Op Code Address+1 1 0 1 1 Next Op Code
2 | FFFF 1 1 1 1 Restart Address (LSB)
3 | Stack Pointer 0 1 0 1 Return Address (LSB)
4 Stack Pointer—1 0 1 0 1 Return Address (MSB)
9 5 Stack Pointer—2 0 1 0 1 Index Register (LSB)
€6 | Stack Pointer—3 0 1 0 1 Index Register (MSB)
7 Stack Pointer—4 0 1 0 1 Accumulator A
8 Stack Pointer—5 0 1 0 1 Accumulator B
9 | Stack Pointer—6 0 1 0 1 | Conditional Code Register
RTI 1 Op Code Address+1 1 0 1 1 Next Op Code
2 | FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer+1 1 0 1 1 Conditional Code Register
4 Stack Pointer+2 1 0 1 1 Accumulator A
10 5 | Stack Pointer+3 1 0 1 1 Accumulator B
6 | Stack Pointer+4 1 0 1 1 Index Register (MSB)
7 | Stack Pointer+5 1 0 1 1 | Index Register (LSB)
8 Stack Pointer+6 1 0 1 1 Return Address (MSB)
9 | Stack Pointer+7 1 0 1 1 Return Address (LSB)
10 | Return Address 1 0 1 ] First Op Code of Retun Routine
Swi 1 Op Code Address+1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 4} 1 Return Address {LSB)
4 | Stack Pointer—1 o 1 0 1 Return Address (MSB)
5 | Stack Pointer—2 o 1 o] 1 Index Register (LSB)
6 | Stack Pointer—3 0 1 ) 1 Index Register (MSB)
12 7 Stack Pointer—4 o] 1 (o} 1 Accumulator A
8 | Stack Pointer—5 o] 1 0 1 Accumulator B
9 : Stack Pointer—6 0 1 0 1 | Conditional Code Register
Address of SWI Routine
10 | Vector Address FFFA 1 0 1 1 (MSB)
11 | Vector Address FFFB 1 0 1 1 ':fgl':)“ of SWi Routine
12 | Address of SWI Routine | 1 0 1 0 First Op Code of SWI Routine
StLP 1 Op Code’Address+1 1 0 1 1 Next Op Code
T FFFF 1 1 1 1 Restart Address (LSB)
4 T 1 l l ‘
3 FFFF 1 1 1 1 Restart Address (LSB)
4 | Op Code Address+1 1 0 1 0 | Next Op Code
{continued)
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Table 22. Cycle-by-Cycle Operation (Cont)

Adﬂgﬁfﬁmgg: & Icycles Cy‘cle Address Bus R/W | RD | WR | LIR Data Bus
RELATIVE
BCC 8Cs 1 Op Code Address+1 1 0 1 1 Branch Offset
BEQ B8GE 2 FFFF 1 1 1 1 Restart Address (LSB)
BGT BHI 3 { Branch Address-Test="1" 1 0 1 0 First Op Code of Branch Routine
BLE BLS 3 Op Code Address+2- Test="0" Next Op Code
BLT BMT
BNE BPL
BRA BRN
BvVC BVS
BSR 1 Op Code Address+1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 | Stack Pointer o] 1 0 1 Return Address (LSB)
4 Stack Pointer—1 0 1 0 1 Return Address {MSB)
| 5 Branch Address 1 0 1 0 First Op Code of Subroutine
The Differences Between HD63701Y0 and HD6301Y0
tem HD63701Y0 HD6301Y0
Input low ViL = 0.6 Y max ViL = 0.8 V max
voltage of RES,
MPg, MP1
lin and Cin lin = 10 g A max tin = 1.0 zA max
of RES Cin = 65 pF max Cin = 12.5 pF max
lin and Cin are larger than HD6301Y0 because RES is also
used as VYpp.
Crystal Internal resistance Internal resistance
oscilator of crystal oscillator Rs of crystal oscitlator Rs
characteristics
Frequency (MHz) 25| 40 | 60 | BO Rs = 60 {1 max
Rs max () 500 | 120 | 80 | 60
Storage Tstg = —55 t0 125°C Tsig = —55 to 150°C
temperature
Caution The HD63701Y0 differs from HD6301YO0 in chip design and manufacturing process. When

applying the HD63701Y0 system to HD6301Y0, and HDE301Y0 system to HD63701YO0,
note that characteristic values are not exactly the same even if guaranteed values are the
same.
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Absolute Maximum Ratings

tem Symbol Value Unit

Supply voitage Vee -03to +7.0 v

Vep voltage Vep —0.3to +130 v

input voitage Vin —0.3t0 Vec+0.3 v

QOperating temperature Topr 0 to +70 °C

Storage temperature Tstg —55t0 +125 C
Note: This product has protection circuits in input terminal from high static electricity voltage and high electric field.

But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the
normal operation, we recommend Vo, Vou: Vss3 (Vi OF Vou) SVcc.

Electrical Characteristics

DC Characteristics
(Vee=5.0V £ 10%, f=0.1 to 2.0 MHz, Vss=0V, Ta=0 to + 70 °C, unless otherwise noted.)

Item Symbol Min Typ Max Unit Test Condition
input high voltage RES, STBY, MPo, MP;  Viy Vec—0.5 Vec+03 ¥
EXTAL Veex0.7 Vect+0.3  V
Other inputs 20 Vee+03 Y
Input low voltage RES, MPg, MPy, SCLK(P22)8 Vi -0.3 0.6 v
All other inputs -0.3 0.8 v
input leakage current RES lbinl 100 uh Yin=0.5 to Vgc—0.5V
NMI, STBY, MPg, MP1 1.0 uh
Three state Ports 1, 2, 3, 4, lirsi 1.0 #A  Vin=0.5to Vcc—0.5V
leakage current 5, 6,
Output high voltage Vo 24 v ion=—200 uA
vee—0.7 v low=—10 kA
Output low voltage VoL 04 v loo=1.6mA
Darlington drive Ports 2, 6 —loH 1.0 10.0 mA  Vy,t=15V
current
Input capacitance RES Cin 65 pF Vin=0V, t=1 MHz,
All other inputs 125 pF Ta=25C
Standby current Not operating isTe 3.0 15.0 A
Current dissipation? IsLp 1.5 30 mA  Sleeping (f=1 MHz2}
23 45 mA  Sleeping (f=1.5MHz2)
30 60 mA  Sleeping (f=2 MHz2)
Icc 7.0 100 mA  Operating {f=1 MHz2)
105 150 mA  Operating (f=1.5 MHz2)
140 200 mA  Operating (f=2 MHz2)
RAM standby voltage VRAM 20 v

Notes -
1.V, min=VY.—1.0V, ¥V, max=0.8V (All output terminals are at no load.}
2. Current dissipation of the operating or sieeping condition is proportional to the operating frequency. So the typ. or max. values about
current dissipations at x MHz operation are decided according to the following formula:
typ velue (F=xMHz) =typ value (=1 MHz) Xx
max value (f=x MHz) =max value {f=1 MHz) Xx
(both the steeping and operating)}
3 Only serial clock use.
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AC Characteristics
(Vec=5.0V £109%, f=0.1 to 20 MHz, Vss=0V, Ta=0 to +70 °C, unless otherwise noted.)

Bus Timing

HD63701Y0 HDE37A01Y0 HD637801Y0
Hem Symbol  Min  Typ Max Min  Typ Max Min Typ Max Unit 1%
Condition

Cycle time teye 1 10 0.666 10 0.5 10 us Fig. 40
Enable rise time ter 25 25 25 ns
Enable fall time tey 25 25 25 ns
Enable pulse width high level! PWgy 450 300 220 ns
Enable puise width low level? PWEL 450 300 220 ns
Address, R/W delay timel tap 250 190 160 ns
Data delay time (Write) toow 200 160 120 ns
Data set-up time {Read) tosk 80 70 60 ns
Address, R/W hald timel taH 80 50 40 ns
Data hold time (Write) 1 tHw 80 50 40 ns

[Read) tHR 0 0 0 ns
RD, WR pulse width! PWpw 450 300 220 ns
RD, WR delay time tRWD 40 40 40 ns
RD, WR hold time tHRW 20 20 20 ns
UIR detay time toLr 200 160 120 ns
IR hold time tHLR 10 10 10 ns
MR set-up time! tsmr 400 280 230 ns Fig. 41
MR hold time? tHMR 100 70 50 ns
E clock pulse width at MR PWemr 9 9 9 uS
Processor control set-up time tpcs 200 200 200 ns ;:5‘5;'2'
Processor control rise time tper 100 100 100 ns Figs 41, 42
Processor control fall time tpet 100 100 100 ns
BA delay time tBA 250 190 160 ns Fig. 42
Oscillator stabilization time trc 20 20 20 ms Fig. 53
Reset pulse width PWgsT 3 3 3 teye

Note: 1. These timings change in approximate proportion to teye The figures in this characteristics represent those when teye 1S minimum (=in
the highest speed operation).
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Peripheral Port Timing

HD63701Y0 HDE37A01Y0 HD637B01Y0D
Item Symbol  Min T Ma Min T Max Min T Max Unit Test
y e * » ye Condition
Peripheral data (Ports 1, 2, 3 _
|4 20 200 200 Fig. 44
set-up time 4,5, 6) PDSU 0 ns Fig
Peripheral data (Ports 1, 2, 3
t 200 200 200
hald time 4,5, 6) POH "
Delay time (From
Ports 1, 2, 3 )
enable fali edge to (4"55 6 oW 300 300 300 s Fig. 45
peripheral output) T
t
Input strobe pulse tpwis 200 200 200 ns Fig, 49
width
Input data hold time {Port &) tH 150 150 150 ns
Input data set-up time (Port 6) s 100 100 100 ns
t |
Output  strobe  delay tospi 200 200 200 ns Fig. 50
time
tospz2
Timer, SCI Timing
HD63701Y0 HDE37A01Y0 HD637B01Y0
Item Symbol  Min T Max Min T Max Min T Max Unit Test
¥ » p » Condition
Timer 1 input pulse width tPwT 20 20 2.0 teyc Fig. 48
Delay time {(enable positive )
t 400 Lt 4 F 46 4
transition to timer output) oD 00 o0 ns  Figs. 46, 47
SCt input {Async. mode) tseye 1.0 1.0 1.0 teye Fig. 48
clock cycle (Clock sync.) 20 20 20 toyc Fig 43
SC! transmit data delay
t 220 220 220 Fig. 43
time (Clock sync. mode) TXD 2 nsoTe
SCI receive data set-up
t 260 260 260
time (Clock sync. mode) SRX 8 "
SCI receive data hotd time
t 100 10 100
(Clock sync. mode) HRX 0 ns
SCI input clock pulse width tpwsck 0.4 0.6 0.4 0.6 04 0.6 tseyc Fig. 48
Timer 2 input clack cycle treye 2.0 2.0 2.0 teyc
Timer 2 input clock pulse width tpwick 200 200 200 ns
Timer 1 + 2, SCI input clock
e P tCKr 100 100 100 s
rise time
Timer 1 » 2, SCI input clock
. toxt 100 100 100 ns
falt time
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s ‘tcyc
2.4V V x
£ PWeL ———] / _——P\‘\len_—\
0.8v 7 \
tap — tEr tEf taH
Ao—Ars, 2.4V
R/W 0.8V
tHRW
trwo PWhw ]
HD, WH 2.4v
0.8v
]
feult—— tDDW [l vy
MCU Wi 2.4y
Do—D> 0.8V
tosnﬁ tHA
MCU Read 2.0v
Do—D> 0.8V
[— tOLR tHLR
R
0.8v

Figure 40, Mode 1, Mode 2 Bus Timing
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PWemA
g / \ 7l 2.4V f _\
K 0.8V
tHMR 1SMR
MR 2.0V y
C 0.8v Z
e tpcy ” tecr
Figure 41. Memory Ready and E Clock Timing
Last In;struction Instruction Execution
i Execution Cycle i HALT Cycle | Cycle
P g ‘ |
2.4V
13
0.8V
2.0V S Z
HALT e 0.8V
tect tecs ¥ trCe trcs Tea
tea o | g
2.4V \
BA ] 0.8V

Synchronous Clock

Transmit Data

Receive Data

*2.0V is high level when clock input.
2.4V is high level when clock output.

Figure 43. SCI Clocked Synchronous Timing
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E

P1o—P12
P20—P2;
P4o—P4;
P5o—P5;
P6o—P6>
{Inputs)
P3,—P3>
{Inputs)

r— MCU Read

2.4v
0.8V f-
— tPOH
trosu|

N

2% X oata vai
I

d

trosu

et ]

troH

2.0v
0.8V

Data Valid

€ 0‘8\/!

P1o—P11, P20—P2;
P30c—P37, P4o—P4;
P5¢—P57, P6o—P67
P70—P74

[— MCU Write

tPwD

./

),

%g\\; Data Valid

{Outputs)

Figure 44. Port Data Set-up and Hold Times
(MCU Read)

Figure 45. Port Data Delay Times (MCU Write)

AR N e

Qutput
Timer 1 Tompare
FRC Matched
—-I tTop |—-—
P2,. P2 YR
Outputs I O.8v

Figure 46. Timer 1 Qutput Timing

E I 2.4V

T2CNT N X $00
ls— trop

P2¢ X 2.4V

Output 0.8v

2.0v [ ! a

c.8v
tCKr 1

* ¥ text *

**Timer 1; tPWT
Timer 2; tPWTCK
SCI 1 tPWSCK

*Timer 2; tcyc
SCl ;tScye

Figure 47, Timer 2 Output Timing

tewis
s TiH
Port 6
Data gg& Data Valid
{Input) | |

Figure 48. Timer 1 - 2, SCI Input Clock Timing

Figure 49. Port 6 Input Latch Timing

MCU access of

Port 6

2av I \ , s
E 0.8V

10801

PS¢ ;}
05) 0.8v

10502

:l
Y
<

Vec

Ri=2.2kQ

Test Point

1520748
c R or equiv.

C=90pF for Port 1, Port 3, Port 4, E
=30pF for Port2, Port 5, Port 6, Port 7
R=12kQ for Port 1—Port 7, E

Figure 50. Output Strobe Timing

Figure 51. Bus Timing Test Loads (TTL Load)
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Interrupt
Test
e o
Neligigipgigigipgigigipipupspupunsy
Internal
e ¢ D GED Gl Gl D GED W GIN SD & C XX X
Op Code Op Code FFFF 5P SP-1 SP-2 spP-3 SP-4 SP-5 SP-B‘#&‘B‘” LSBN g'aw
HMI, TRGy, Address Address+1 8 AddressAddress
iRO2, IRQs 0.8V =
—® |4 TpcS

Internal | ——y N\ Y\ X X XX X XXX

Data Bus Op OperandirrelovantPCO— PCB— X0~ 1X8— ACCA ACCB CCR Vector Vector First inst. of
CodeOp CodeData PC7 PC15 X7 IX15 MSB LSB Interrupt Routine
Internal ——
Read ~
Internal ...__.__—J_ \
Wite

Figure 52. Interrupt Sequence

; mmmmmmr—mm

ed el ol L &
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. i Vec- 0.5V
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J vee-0.5v l 0.8V
RES — § 0.8v - 4f R

§ —— i
Address 5F
Bus
FFFF FFFF FFFF FFFF FFFF FFFE FEFF New PC FFFF FFFF  FFFF
e N NRRR, i o VI
Read 1 —f -
Internal §
Write ¢ " {L L5
LLd ? 4 [l
o 5 "t
~ [ Y YO
rgd (4
LR RN NSNS T
(4 -t G
= Y VAW

Data T s g pl 1}
T T —0-0—{ i~

Bus
PC15 PC? Instruction

Figure 53. Reset Timing
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HD63701Y0, HD637A01Y0, HD637B01Y0

Programming Electrical Characteristics

DC Characteristics
(Yec=6V X2 025V, Vpp=125V £ 0.3V, Vss=0V, Ta=25°C * 5°C, unless otherwise notes.)

Item Symbol Min Typ Max Unit Test Condition
Input high voltage 00—07, Ao—A14, OF, CE Vi 22 — VYec+0.3 v

Input low voltage 0o—07, Aoc—A14, OF, CE ViL -03— 08 v

Output high voltage 00—07 Vou 24 — — v lon=—200uA
Output low voltage 0o—07 VoL - - 0.45 v lo.=1.6mA
Input leakage current  Op—07, Ao—A14, OE, CE  [lIu} - - 2 A Vin=5.25V/0.5V
Ve current lcc — — 30 mA

Vee current lpp - — 40 mA

AC Characteristics
(Vec=6V £ 025V, Vep=125V £ 0.3V, Ta=25°C * 5°C, unless otherwise noted.}

Item Symbol Min Typ Max Unit Test Condition
Address set-up time tas 2 — - us Fig. 54*
OE set-up time toes 2 — — us

Data set-up time tos 2 - — us

Address hold time taH 9] - - K5

Data hold time ton 2 - - #S

Qutput disable delay time tor - - 130 ns

Vpp set-up time tvps 2 - - us

Program pulse width tew 0.95 1.0 1.05 ms

CE pulse width when overprogramming torw 285 — 7875 ms

Vec set-up time tves 2 - - us

Data output delay time toe 0 - 500 ns

Note:  =Input Pulse level 0.8~2.2V
Input rising/falling time 520ns
input LoV, 2.0V

Timing reference level {output .08V, 2.0V

L Program Verify )
= il [}
Address 1
s tan
Data Data In Stable Data Out Valid
o8 tom toF

Vep
ver Vee J tves

Vo Vec
c
GND J tves

tew to£s toe

topw

Figure 54. EPROM Programming/ Verify timing
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HD63701Y0, HD637A01Y0, HD637B01Y0

Warning Concerning the Board of Oscillation

Circuit
|‘—20mm manv——|
Avoid signal lines

turb the normal oscillation if signal lines are placed
near the oscillation circuit as shown in Figure 55.

When designing a board, note that crosstalk may dis- r
-

GND / in this area.

Place the crystal and C; as close to the HD63701Y0 as CLN Cryaal [(CL “l

possible. 2

E

&

'"? @ 2 o £
Cp -
i ™ ? ‘
=
oo HDB3701Y0
: HDB3?01Y0 (DC-84S)
(Top view)

Do not use this kind of print board design,

Figure 55 Warning congermning board design
of oscillation circuit

Figure 56 Example of Oscillation Circuits in Board Design

Receive Margin of the SCI Table 23
Bit distortion tolerance Character distortion tolerance
Receive margin of the SCI contained in the (-0} Ao (T-To) /o
HDA3701Y0 is shown in Table 22. +43.7% £4.37%
Note: SCI =Serial Communication Interface.
5 6 7 8 sToP

START 1 2 3 4

I 1

Ideal Waveform

Bit length I’-'o-"l

Character length T

S

Real Waveform

I
=

T
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HD63701Y0, HD637A01Y0, HD637B01Y0

Warning Concerning WAI Instruction

If the HALT signal is accepted by the MCU while the
WALI instruction is executing, the CPU will not oper-
ate correctly after HALT mode is canceled.

WALl is a instruction which waits for an interrupt. The
corresponding interrupt routine is executed after an
interrupt occurs.

However, during the execution of the WAI instruction,

HALT input makes the CPU malfunction and fetch an

abnormal interrupt vectoring address.

In HALT mode, the CPU operates correctly without
the WAI instruction and WAI is executed correctly
without HALT input. Therefore, if HALT input is
necessary, make interrupts wait during the loop rou-
tine, as shown in Figure 57.

. |

wal * HALT input
waiting for

| interrupt j

I~ * interrupt occurs

3\
A0
L W

wrong vector address

{ms8) vector fetch for interrupt
wrong vector address
(LSB)
op-code fetch
. | interrupt routine

Figure 57 MAC function during WAI

b CLI
cu Loop BAA
WA LooP

*
L 3

i) MAL function i) Recommended method

Figure 58 Program to wait for interrupt

Write-Only Register

When the CPU reads a write-only register, the read
data is always $FF, regardless of the value in the
write-only register. Therefore, be careful of the
results of instructions which read write-only register
and perform an arithmetic or logical operation on its
contents, such as AIM, ADD, or ROL, is executed,
because the arithmetic or logical operation is always
done with the data $FF. In particulars, don’t use the
AIM, OIM or EIM instruction to manipulate the DDR
bit of PORT.

Warning Concerning Power Start-Up

RES must be held low for at least 20 ms when the
power starts up. In this case, the internal reset func-
tion is not effective untii the oscillation hegins at
power-on. The RES signal is input to the LSI in
synchronism with the internal clock ¢ (shown in
Figure 59.)

Therefore, after power starts up, the LSI conditions
such as its [/O ports and operating mode, are unstable.
Fix the level of 1/0 ports by means of an external
circuit to determine the level for system operation dur-
ing the oscillation stabilization time.

LSl ]

—— &

A interna)l reset
ES pin D a D Q—" gjgnal

Figure 59 RES circuit
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